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Preface

There is such a diversity o f rocks, minerals, fossils and landforms packed into the 
piece o f the Earth’s crust we call ‘Britain’ that it is difficult not to be impressed by 
the long, complex history o f geological change to which they are testimony. But 
if we are to improve our understanding o f the nature o f the geological forces that 
have shaped our islands, further unravel their history in ‘deep time’ and learn 
more o f the history o f life on Earth, we must ensure that the most scientifically 
important o f Britain’s geological localities are conserved for future generations to 
study, research and enjoy. Moreover, as an educational field resource and as 
training grounds for new generations o f geologists on which to hone their skills, 
it is essential that such sites continue to remain available for study. The first step 
in achieving this goal is to identify the key sites, both at national and local levels.

The GCR, launched in 1977, is a world-first in the systematic selection and 
documentation o f a country’s best Earth science sites. No other country has 
attempted such a comprehensive and systematic review o f its Earth science sites 
on anything near the same scale. After over two decades o f site evaluation and 
documentation, we now have an inventory o f over 3000 GCR sites, selected for 
around 100 categories covering the entire range o f the geological and geomor- 
phological features o f Britain.

This volume, describing the British Lower Jurassic rocks o f Great Britain, is the 
30th to be published in the intended 43-volume GCR series. Not only does it 
contain the descriptions o f key localities that will be conserved for their contribu
tion to our understanding o f the stratigraphy o f rocks o f this age, but also provides 
an excellent summary o f the palaeontological and sedimentological features, and 
palaeogeographical significance to be found in them, and it outlines the research 
that has been undertaken on them. The book will be invaluable as an essential 
reference book to those engaged in the study o f these rocks and will provide a 
stimulus for further investigation. It will also be helpful to teachers and lecturers 
and for those people who, in one way or another, have a vested interest in the 
GCR sites: owners, occupiers, planners, those concerned with the practicalities o f 
site conservation and indeed the local people for whom such sites are an 
environmental asset. The conservation value o f the sites is mosdy based on a 
specialist understanding o f the stratigraphical, palaeontological and sedimento
logical features present and is therefore, o f a technical nature. The account o f 
each site in this book ends, however, with a brief summary o f the geological 
interest, framed in less technical language, in order to help the non-specialist. The
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Preface

first chapter o f the volume, used in conjunction with the glossary, is also aimed at 
a less specialized audience. This volume is not intended to be a field guide to the 
sites, nor does it cover the practical problems o f their ongoing conservation. Its 
remit is to put on record the scientific justification for conserving the sites.

This volume deals with the state o f knowledge o f the sites available at the time 
o f writing, in 1998-2003, and must be seen in this context. Stratigraphy, like any 
other science, is an ever-developing pursuit with new discoveries being made, and 
existing models are subject to continual testing and modification as new data 
come to light. Increased or hitherto unrecognized significance may be seen in 
new sites, and it is possible that further sites worthy o f conservation will be 
identified in future years.

There is still much more to learn and the sites described in this volume are as 
important today as they have ever been in increasing our knowledge and under
standing o f the geological history o f Britain. This account clearly demonstrates 
the value o f these sites for research, and their important place in Britain’s scientific 
and natural heritage. This, after all, is the raison d'etre o f the GCR Series o f 
publications.

N.V. Ellis
GCR Publications Manager 
June 2003
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British Lower Jurassic stratigraphy:

an introduction



Introduction

INTRODUCTION

MJ. Simms

The Lower Jurassic Series encompasses about 
22 million years (Ma) o f the geological record, 
from about 200 Ma to 178 Ma, a little more than 
a third o f the total duration o f the 58 Ma o f the 
Jurassic Period as based on the most recent 
radiometric dates (P£lfy et a l., 2000a-c). The 
chronostratigraphically defined Lower Jurassic 
Series, incorporating the Hettangian to Toarcian 
stages (Figure 1.1), corresponds almost exactly 
to the lithostratigraphically defined Lias Group 
(but see later discussion on the base o f the 
Jurassic System). The Lias Group crops out 
extensively in England, with a significant out
lying area in south Wales (Figure 1.2). The 
outcrop area o f the Lias Group in Scodand is 
relatively small, comprising a remnant in the 
Solway Firth Basin, a small area in north-eastern 
Scodand (the Dunrobin Coast Section GCR 
site), and more extensive and better-documented 
outcrops in the Hebrides Basin o f north-western 
Scotland. With few exceptions these deposits 
are fully marine and mark a striking contrast 
with the prcdominandy terrestrial deposits o f 
the preceding Triassic System. They encompass 
a broad range o f facies representing a correspon
dingly diverse range o f environments. Most o f 
these facies are fossiliferous, sometimes richly 
so, or yield exceptionally preserved material. 
Consequendy they have been studied far more 
intensively than the Triassic sediments beneath.

Lower Jurassic strata in southern England 
figured in some o f the earliest stratigraphical 
investigations anywhere in the world (Smith, 
1797, MSS; Douglas and Cox, 1949) and many 
early 19th century collectors acquired some o f 
the more spectacular fossils for which the Lower 
Jurassic Series was already noted as a result o f 
the labours o f Mary Aiming and others (Lang, 
1939). Although the coastal exposures o f Dorset 
and Yorkshire clearly were important sources o f 
fossil material and stratigraphical information, 
inland exposures also were a major source o f 
information in these formative years o f the 
sciences o f geology and palaeontology. Until the 
mid-19th century numerous small quarries were 
opened along the Lower Jurassic outcrop to 
provide sources o f building stone, bricks, 
cement and iron, and the materials were 
commonly used only locally in areas not well 
served by roads or rail. Even the coastal 
exposures were extensively modified by 
quarrying, for stone, lime, cement, alum and jet. 
Some quarries survived into the early 20th 
century in areas where transport links were 
poor, but most were abandoned as others, 
producing better-quality materials, assumed 
dominance o f the market. Only a small number, 
such as that producing Ham Hill Stone, still 
thrive today providing material for a specialist 
market. O f the countless brickpits and cement 
works, very few large sites now still operate, 
such as Blockley Station Quarry.

The Industrial Revolution witnessed the 
establishment o f many new quarries to exploit

Figure 1.1 Chronostratigraphy and radiometric dates for the Lower Jurassic Series and its constituent stages. 
Based on Harland et al. (1990) and Pdlfy et al. (2000c).
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Figure 1.2 Outcrop and subcrop map for the Lias Group in England and Wales showing the location of the 
main sedimentary basins. After Cox et al. (1999).

the ironstones that are a conspicuous feature 
o f the Lower Jurassic succession on parts o f 
the Yorkshire coast, in the east Midlands and 
in the Hebrides. The scale o f some o f these

excavations can be judged from figures cited 
by Whitehead et al. (1952), who noted that 
more than 500 million tons o f Liassic ironstone 
had been worked up to 1945. The Yorkshire
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Establishment o f Lower Jurassic chronostratigraphy

succession for a while also supported a flourish
ing industry extracting alum from some o f the 
Toarcian mudstones, while the growth in popu
larity o f jet jewellery in the 19th century resulted 
in many small-scale excavations along this 
stretch o f coast. The construction o f the railways 
between the mid-19th and early 20th centuries 
also gave rise to many temporary exposures that 
added to our knowledge o f the Lower Jurassic 
Series and its contained fauna (e.g. Gavey, 1853; 
Richardson, 1918). Economic changes in the 
latter part o f the 19th century and early part o f 
the 20th century saw the decline o f the various 
quarrying industries. Generally the smaller pits 
became overgrown or flooded and the larger 
quarries often were used as landfill sites. By the 
mid-1970s many had all but vanished. Many 
important sites were never properly documented 
and received only cursory mention, if at all, 
in publications. Notable among these is the 
publication by Woodward (1893), which provides 
the only record o f many sites for which nothing 
more was ever published. Indeed, many 
museum collections contain material from sites 
for which virtually nothing is known, although 
an inventory o f a great many Lower Jurassic sites 
and their stratigraphical position, as deduced 
from museum material, was compiled some 
years ago by C.P Palmer (pers. comm.).

THE ESTABLISHMENT OF THE 
JURASSIC SYSTEM AND THE STAGES 
OF THE LOWER JURASSIC SERIES

K.N. Page

The term ‘Jurassique’ was introduced by 
Brongniart in 1829 for a distinct period o f 
geological time first identified within the rocks 
o f the Jura Mountains, in eastern France and 
Switzerland, by Alexander von Humbolt in 1795 
(Torrens in Cope et a l., 1980a). However, it was 
not until the publication o f Alcide d ’Orbigny’s 
Palaeontologie Frangatse, terrains Jurassique 
(1842-1849), that the system was subdivided 
into stages (Arkell, 1933; Rioult, 1974; Page, 
2003). D’Orbigny recognized three successive 
stages in the Lower Jurassic Series. The lowest 
was the Sin&murien Stage, named after Semur- 
en-Auxois in Burgundy, eastern France. Above 
was the Liasien Stage, it’s name derived from the 
old geological term ‘Lias1, and the third and 
youngest, the Toarcien Stage, was named after

Thouars in western France. D ’Orbigny’s 
divisions were intended to be applied world
wide, this being based on the assumption that 
stage boundaries marked global mass extinction 
events followed by rapid re-establishment o f 
new and distinctive faunas (Arkell, 1933, p. 9).

Albert Oppel (1856-1858) established the 
equivalence o f a Lower Jurassic, or Untererjura, 
Subsystem to the earlier established, and 
essentially lithostratigraphical, division known 
as ‘Lias’ and erected his own sequence o f stages, 
called ‘zonengruppen’ or ‘£tagen’. These were 
based, in part, on d ’Orbigny’s subdivisions 
but instead were termed ‘Semur-Gruppe’ 
(equivalent to d’Orbigny’s Sin£murian Stage), 
‘Pliensbach-Gruppe’ (equivalent to the Liasien 
Stage, and named after Pliensbach in 
Wiirttemberg, Germany) and ‘Thouars-Gruppe’ 
(equivalent to the Toarcien Stage). The only 
significant change subsequently was the 
creation o f the Hettangien Stage by Renevier 
(1864), incorporating the first two zones o f 
Oppel’s original scheme for the Semur-Gruppe 
(Page, 2003). Numerous other stage names 
have, at various times, been proposed for parts 
o f the Lower Jurassic Series in Europe. A few are 
still used occasionally for divisions at substage 
level, but most are now redundant (Arkell, 
1933).

Hettangian Stage

The Hettangian Stage as originally proposed by 
Renevier (1864) corresponded to the first two 
zones o f Oppel’s scheme (1856-1858) for the 
Jurassic System, namely those o f Ammonites 
(Psiloceras) planorbis and Ammonites (Scblo- 
tbeimia) angulatus. This interpretation 
remains essentially unchanged except for the 
addition, by Collenot (1869), o f a Liasicus Zone 
for the lower part o f the original angulatus 
Zone. Donovan (in Dean et aLy 1961) estab
lished the basic framework o f subzones for the 
stage, with minor later additions by Elmi and 
Mouterde (1965) and Bloos (1979, 1983). This 
scheme was summarized diagrammatically by 
Mouterde and Coma (1991) and reviewed by 
Mouterde and Coma (1997). The sequence o f 
zones, subzones and biohorizons currently 
recognized in the Hettangian Stage o f north
west Europe, based on Mouterde and Coma 
(1991, 1997), Page (1994a), Page and Bloos
(1998) and Bloos and Page (2000a), is 
summarized in Figure 1.3.
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Figure 1.3 Sequence of zones, subzones and biohorizons for the Hettangian Stage, with the stratigraphical 
ranges of ammonite genera indicated (solid line -  proven; dashed line -  inferred ghost range). After Page 
(2002) and unpublished observations.

The base o f the Hettangian Stage and the 
Jurassic System

Oppel (1856-1858) first established a zone o f 
Ammonites (Psiloceras) planorbis to mark the 
base o f the Jurassic System and this usage was 
finally stabilized at the first Jurassic colloquium 
in Luxembourg in 1962 (Mauberge, 1964). In 
north-west Europe, this chronozone marks 
the first occurrence o f ammonites following the 
re-establishment o f fully marine conditions 
towards the end o f the Triassic Period.

The type locality o f the index fossil for the 
Planorbis Zone, Psiloceras planorbis (J. de C. 
Sowerby, 1812-1846), and its lowest subzone, is 
on the coast o f west Somerset near Watchet in 
south-west England, part o f the Blue Anchor- 
Lilstock Coast GCR site. Subsequently, and 
almost inevitably, a type section for the subzone, 
and hence the Planorbis Zone, Hettangian Stage 
and the Jurassic System, was proposed in this 
district (Donovan et al. in Morton, 1971). There 
has been considerable discussion as to where 
exactly the boundary should be drawn in the
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Establishment o f Lower Jurassic chronostratigraphy

coastal sections in this area, especially as to 
whether the base o f the Blue Lias Formation or 
the first occurrence o f psiloceratid ammonites 
represents the most appropriate datum (Torrens 
and Getty in Cope et a l., 1980a; Ivimey-Cook et 
a l., 1980; Warrington and Ivimey-Cook, 1995; 
Benton et a l., 2002). The matter was finally 
resolved by the formal proposal for Global 
Stratotype Section and Point (GSSP) status o f a 
section at St Audrie’s Bay, east o f Watchet 
(Warrington et a l., 1994). This proposal placed 
the base o f the subzone and zone at the lowest 
recorded occurrence, at that time, o f ammonites 
in Bed A21 o f Palmer (1972; =  beds 13-15 o f 
Whittaker and Green, 1983). The subsequent 
discovery, by Hodges (1994) o f ammonites at 
still lower stratigraphical levels at the proposed 
St Audrie’s GSSP (in beds A18 and A19 o f Palmer, 
1972; =  beds 8 and 9 o f Whittaker and Green,
1983), and by Page and Bloos (1998; see also 
Bloos and Page, 2000a) farther along the coast 
and nearer Watchet, forced a revision o f this 
definition. Warrington and Ivimey-Cook (1995) 
subsequendy modified their original proposal 
and placed the base o f the Jurassic System at the 
base o f Bed A18 (=  Bed 8 o f Whittaker and 
Green, 1983). Characteristic Triassic ammonoids 
are entirely lacking in Britain, and the only 
British record to date o f a supposedly late 
Triassic ammonite is that o f an indeterminate 
and problematic psiloceratid from the Westbury 
Formation o f the Penarth Group near Bristol 
(Donovan et a l., 1989).

By comparison with the remarkably complete 
and expanded Planorbis Subzone seen in the 
Wilkesley Borehole in Cheshire, north-west 
England (Page and Bloos, 1998; Bloos and Page, 
2000a), the lowest ammonite fauna on the west 
Somerset coast, in Bed 8, was determined as 
Psiloceras erugatum (Phillips), a species well 
known from loose blocks at the Normanby Stye 
Batts-Miller’s Nab (Robin H ood ’s Bay) GCR 
site in Yorkshire, but never confirmed previously 
in a surface exposure. Remarkably, the occur
rence o f this species below P. planorbis had 
already been noted by Donovan (in Poole and 
Whiteman, 1966) in the Wilkesley Borehole, but 
subsequently had been overlooked in later 
works. Re-examination o f higher levels in this 
borehole revealed additional faunas, dominated 
by Neopbyllites, below P. planorbis. A similar 
sequence is also present in west Somerset with 
Neopbyllites in the lower part o f Bed 9, below

the first P. planorbis in the upper part o f the 
same bed, and especially from Bed 13 to the 
basal part only o f Bed 24 (Page and Bloos, 1998; 
Bloos and Page, 2000a).

More complete sequences o f ammonite 
faunas are known from uppermost Triassic 
(Rhaetian Stage) to lowermost Jurassic 
successions elsewhere in the world, and two 
have been proposed as candidates for GSSPs; in 
Nevada, USA (Guex, 1980, 1982; Guex et a l.,
1997) and in northern Peru (von Hillebrandt, 
1994, 1997). It remains to be seen whether a 
‘New World’ definition for the base o f the 
Jurassic System could be accepted in the face o f 
historical reasons for defining it in Europe. 
However, it is clear that the current state o f 
knowledge is inadequate to correlate these 
sections accurately with any in Europe (Bloos 
and Page, 2000a; Page, in press).

Sinemurian Stage

The zonal sequence o f the Sinemurian Stage, 
with the Bucklandi Zone at the base and the 
Raricostatum Zone at the top, remains 
essentially the same as that originally proposed 
by Oppel (1856-1858), once Renevicr’s (1864) 
Hettangian Stage is separated from it. 
Occasionally, especially in French publications, 
the Upper Sinemurian Substage is referred to as 
‘Lotharingian’, after Lorraine, in eastern France 
(Page, 2003). Subdivision o f the stage into 
zones and subzones, started by Oppel (1856), 
developed through the work o f Lang and Spath, 
primarily on the Dorset coast (Lang et a l., 1923; 
Lang, 1924; Spath, 1924, 1942; Lang and Spath, 
1926). The work o f S.S. Buckman (1909-1930) 
was also significant in incorporating considerable 
information from the Yorkshire coast, especially 
Robin Hood’s Bay. The basic scheme, refined by 
Donovan (in Dean et a l., 1961) is still widely 
used. There have been only minor modifi
cations since, arising primarily through the 
re-naming o f a few subzones following the 
identification o f senior synonyms o f the index 
species. Further subdivision o f the stage into 
zonules and biohorizons is based largely on 
the work o f Corna (1987), Page (1992), 
Dommergues (1993), Dommergues et al.
(1994), Page (1995), Coma et al. (1997), Bloos 
and Page (2000b) and Page et al. (2000) as 
reviewed by Page (2002) and summarized in 
Figures 1.4 and 1.5.
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Figure 1.5 Sequence of zones, subzones and biohorizons for the upper part of the Sinemurian Stage, with the 
stratigraphical ranges of ammonite genera indicated (solid line -  proven; dashed line -  inferred ghost range). 
After Page (2002) and unpublished observations.
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The base of the Sinemurian Stage

The base o f the Conybeari Subzone o f the 
Bucklandi Zone defines the base o f the 
Sinemurian Stage. Historically the best-known 
sections across the Hettangian-Sinemurian 
boundary are on the Devon-Dorset coast near 
Lyme Regis, within the Pinhay Bay to Fault 
Corner GCR site. Consequendy Donovan (in 
Morton, 1971) proposed that the stage boundary 
stratotype should be in this area. West o f Lyme 
Regis, in east Devon, the earliest Sinemurian 
ammonites are very poorly preserved fragments, 
possibly o f Vermiceras, found in the upper part 
o f Bed 18 (Page, unpublished) and occasional 
large Metophioceras ex grp. brevidorsale 
found in nodules on the base o f Bed 19 o f Lang 
(1924). These are at least 0.6 m lower than the 
base o f Bed 21, the stage boundary originally 
proposed by Donovan (in Morton, 1971) (Page,
1992).

Subsequent investigation o f the considerably 
expanded Hettangian-Sinemurian succession 
on the west Somerset coast (Blue Anchor- 
Lilstock Coast GCR site), described by Palmer
(1972), Whittaker and Green (1983) and 
Warrington and Ivimey-Cook (1995), especially 
exposures near the village o f East Quantoxhead, 
east o f Watchet, have revealed a much more 
complete sequence o f ammonite faunas across 
the lower stage boundary. Crucially, it is possi
ble to demonstrate that on the west Somerset 
coast there are two clearly distinguishable 
Sinemurian-type faunas below that o f Bed 19 in 
Devon, the lowest characterized by abundant 
Vermiceras quantoxense (Page, 1992, 1994b; 
Bloos and Page, 2000b). The remarkable 
expansion o f the East Quantoxhead succession, 
at 14 m being nearly five times thicker than the 
Conybeari Subzone on the Devon-Dorset coast, 
clearly established its potential as a GSSP for 
the base o f the Sinemurian Stage and it was 
proposed as such by Page et al. (2000). 
Elsewhere, for instance in Germany and south
east France, correlative successions are usually 
much thinner and less complete (Bloos and 
Page, 2000b). GSSP status was confirmed by 
the International Commission on Stratigraphy 
(ICS) and the International Union o f 
Geological Sciences (IUGS) in 2000, and the 
site represents the first formalized Jurassic 
stage stratotype in Britain, as reviewed by Page 
(2002).

Ammonite provincialism and correlation 
in the Hettangian and Sinemurian stages

Hettangian and Sinemurian ammonite faunas 
show litde provincialism compared with those 
from later stages although a distinction can be 
made between a North-west European Province 
in the north, extending across much o f Europe 
including Britain, and a Mediterranean Province, 
characterized by deeper-water forms, in the south 
(Dommergucs and Moutcrde, 1987). In Britain 
taxa with Mediterranean affinities are very rare 
but include occasional phylloceratids such as 
Galaticeras (Howarth and Donovan, 1964).

Pliensbachian Stage

The name o f the Pliensbachian Stage follows 
Oppel’s (1856) adoption o f a ‘Pliensbach- 
Gruppe’, although the division is essentially the 
same as the earlier, non-geographically named, 
Liasien Stage o f d ’Orbigny (1842-1849). Another 
synonym, ‘Charmouthian’, named after the well- 
known Dorset locality forming part o f the Pinhay 
Bay to Fault Com er GCR site, has been attributed 
to Mayer-Eymar (1864) but was first published 
by Renevier (1874; Dean et a l., 1961). The 
Pliensbachian Stage commonly is subdivided into 
named substages; the Carixian Substage (after 
Carixa = Charmouth; Lang, 1914) correspon
ding to the Lower Pliensbachian Substage, and 
the Domerian Substage (after Monte Domaro in 
the Lombardy Alps, Italy; Bonarelli, 1894) corre
sponding to the Upper Pliensbachian Substage.

The zonal framework of the Lower Pliensbachian 
North-west European Province is based on Oppel’s 
original scheme from 1856, with a sequence o f 
subzones stabilized by Donovan (in Dean et a l., 
1961). A sequence o f zonules was established for 
the substage by Dommergues (1979) and Phelps
(1985), with later revisions by Dommergues and 
Meister (1992) and Dommergues et al. (1991,
1997). This scheme is reviewed by Page (in 
press) (Figure 1.6). The basic zonal and subzonal 
framework employed follows Howarth (in Dean 
et a l., 1961), formalized by Howarth (1992) 
through the definition o f basal stratotypes at 
several o f the GCR sites on the Yorkshire coast. 
Page (in press) presents a preliminary sequence 
o f biohorizons for the Upper Pliensbachian 
Substage in Britain, based largely on Howarth’s 
meticulous and detailed faunal records for the 
region (1955, 1956, 1957, 1992).
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The base of the Pliensbacbian Stage

Following Oppel (1856), the base o f the 
Pliensbachian Stage is still taken as the base o f 
the Jamesoni Zone, the lowest recognized 
subdivision o f which is the Taylori Subzone. 
According to Donovan (in Morton, 1971) the 
Taylori Subzone was first recognized on the 
Dorset coast, near Charmouth, within the 
Pinhay Bay to Fault Corner GCR site, with the 
base o f the Pliensbachian Stage corresponding 
to the base o f Bed 105 o f Lang et al. (1928). 
Immediately below, however, is a non-sequence 
that omits the two highest subzones o f the 
Sinemurian Stage and renders the site unsuit
able for defining a stage boundary according to 
ICS standards.

More complete Sinemurian-Pliensbachian 
successions are exposed elsewhere in Britain, 
for instance at the Normanby Stye Batts- 
M iller’s Nab (Robin H ood ’s Bay) GCR site on 
the Yorkshire coast (Tate and Blake, 1876; 
Dommergues and Meister, 1992; Page, 1992; 
Hessclbo and Jenkyns, 1995) and on the Isle o f 
Raasay in western Scotland (Oates, 1976; 
Donovan, 1990; Page, 1992; Hesselbo et a l., 
1998). Robin Hood’s Bay in particular shows 
one o f the most complete and accessible 
boundary sequences in Europe and the expo
sures at Wine Haven, in the southern part o f the 
bay, have been designated as the Global 
Stratotype Section and Point (GSSP) for the base 
o f the Pliensbachian Stage (Hesselbo et a l., 
2000; Meister, 2003; Page, in press). Above the 
last typical Sinemurian ammonites (Paltechio- 
ceras spp.) in Robin Hood’s Bay there is a fauna 
with a small eoderoceratid described by 
Dommergues and Meister (1992) as Bifericeras 
donovani. The earliest examples o f Apodero- 
ceras are also found at this level; this is a genus 
more characteristic o f the Taylori Subzone than 
the index fossil, Phricodoceras taylori, itself. 
Indeed Apoderoceras is typical o f the lowest 
Pliensbachian succession throughout north-west 
Europe and is, therefore, a valuable correlation 
tool.

Ammonite provincialism and correlation 
in the Pliensbacbian Stage

Early Pliensbachian faunas show considerable 
uniformity throughout northern Europe and 
most o f the region is included in a North-west 
European Province. In the upper part o f the

Lower Pliensbachian Substage and throughout 
the Upper Pliensbachian Substage, however, the 
establishment o f direct connections with Boreal 
regions resulted in a faunal spectrum develop
ing across Europe from assemblages dominated 
by Boreal taxa in the northern areas (character
izing a Subboreal Province) through faunas 
dominated by Mediterranean faunas in central 
and western areas (Submediterranean Province) 
to true Mediterranean Province faunas in the 
south. Nonetheless, good inter-provincial faunal 
links allow correlation between these provinces 
and the same standard zonation can be used 
throughout most o f Europe, although faunal 
sequences may be very different at horizon level 
(Page, in press).

Increased faunal polarization between 
southern and northern Europe in the Upper 
Pliensbachian Substage can make infra-subzonal 
correlation difficult or impossible as a distinctive 
Subboreal Province developed. Subboreal 
faunas are dominant in Britain and characterized 
by Amaltheidae with only rare representatives 
o f Mediterranean and Submediterranean 
Hildocerataceae. Parallel development o f a 
Submediterranean Province, in central and 
southern France and adjacent areas, during 
the Upper Pliensbachian Substage was 
characterized by ammonite faunas dominated by 
Hildocerataceae, with some Amaltheidae and 
Dactyiioceratidae. Elements o f these faunas are 
occasionally encountered in Britain, especially 
in more southerly areas such as Dorset and 
Somerset.

Toarcian Stage

The type area o f the Toarcian Stage o f d ’Orbigny 
(1842-1849) is Thouars in central western 
France (Poitou) where this division is well 
developed and rich in ammonites. Although the 
stage is divided into two substages -  a lower 
Whitbian Substage (after Whitby in Yorkshire; 
Buckman, 1910) and an upper Yeovilian 
Substage (after Yeovil in Somerset; Buckman, 
1910) -  these terms are now rarely used.

Unlike those o f the earlier Lower Jurassic 
stages, all o f the zones o f the modem Toarcian 
Stage post-date Oppel’s simple scheme o f 1856, 
which comprised only a Zone des Posidonia 
bronni, followed by a Zone des Ammonites 
jurensis. Most recent British work on the 
Toarcian Stage has employed the basic zonal 
schemes compiled by Howarth and Dean (in
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Dean et al., 1961) (e.g. Cope et al., 1980a). 
However this scheme has been considerably 
refined through work elsewhere in Europe, 
especially in France (e.g. by Gabilly et a l., 
1971, Gabilly, 1976, Elmi et a l., 1991, 1994; 
Elmi, 1997). The results provide a new standard 
that should now be applied to British 
successions, as proposed by Page (2003), and 
which has been adopted in this volume (Figures
1.7 and 1.8).

The base of the Toarcian Stage

The base o f the Toarcian Stage corresponds, in 
north-west Europe, to the change-over from 
typical Pliensbachian ammonite faunas with 
Pleuroceras to typical Toarcian faunas with 
abundant Dactylioceras, and is drawn at the 
base o f the Tenuicostatum Zone. This zone, as 
proposed by Buckman (1910), has its type 
locality on the Yorkshire coast and this has led to 
various proposals or assumptions that the basal 
boundary stratotype o f the stage should be 
defined in this area (e.g. Howarth in Morton, 
1971; Cox, 1990; Howarth, 1992). The lower 
part o f the Tenuicostatum Zone corresponds to 
a Paltus Subzone, the base o f which was defined 
by Howarth (1992) as the base o f Bed 26 at 
Ketdeness, or the base o f Bed 38 at Staithes. 
Both are in Yorkshire (Howarth, 1955, 1973) but 
only the latter (Staithes to Port Mulgrave) is a 
GCR site at present. In Yorkshire the subzonal 
index fossil, Protogrammoceras paltum , is rare 
and Dactylioceras at this level is extremely rare. 
In contrast, in the type area o f the original paltus 
Hemera o f Buckman (1922) on the Dorset 
coast the index fossil can be abundant, though 
confined to thin pockets within the highly 
condensed and stratigraphically incomplete 
Beacon Limestone Formation (Buckman, 1910; 
Jackson, 1926).

Farther south in Europe similar Protogram
moceras (or 4Paltarpites’) can occur at both 
higher and lower levels (Howarth, 1992, p. 7) 
and the first Toarcian Dactylioceras are often 
abundant and characteristic (Elmi et a l., 1997). 
Although correlation between southern European 
sections, for instance in Spain and Portugal, and 
the northern European Tenuicostatum Zone is 
not yet well-established, it seems clear that 
sections in Britain are unlikely to be suitable 
candidates for GSSPs as their relatively 
impoverished faunas have limited correlation 
potential.

Ammonite provincialism and correlation 
in the Toarcian Stage

Early Toarcian faunas show distribution patterns 
similar to those o f late Pliensbachian times, 
reflecting the persistence o f Boreal connections 
throughout the substage, and a Submediterranean 
to Subboreal transition is recognizable across 
north-west Europe. Unlike the Pliensbachian 
Stage, however, the boundary between the two 
provinces lay across southern Britain, with 
Submediterranean faunas in southern England 
and Subboreal faunas in northern England 
and Scodand. Separate zonal schemes have 
been established for both provinces (Figure 1.7), 
although as the links are so close it is debatable 
whether this is really necessary. Even at infra- 
subzonal level similarities are great and many 
cross-correlations are possible in the Lower 
Toarcian Substage (Page, 2003). The restricted 
Subboreal Province is characterized by faunas 
dominated by dactylioceratids with less common 
Submediterranean Hildocerataceae and several 
levels at which Boreal Hildocerataceans, 
including Tiltoniceras, Elegantuliceras, Ovati- 
ceras and Pseudolioceras, are common. The 
zonal scheme for the Subboreal Province is that 
established by Howarth (in Dean et al., 1961) as 
modified by Howarth (1973), formally defined 
by Howarth (1992) and reviewed by Page 
(2003). A sequence o f biohorizons for the 
province has been compiled by Page (2003) 
based on his own unpublished observations and 
drawing on the records by Howarth (1962a, 
1973, 1978, 1992) (Figures 1.7 and 1.8).

Farther south in Britain, faunas become 
more Submediterranean in character and later 
Dactylioceratids o f the Bifirons Zone are rare in 
Dorset and Somerset. Although very strong 
links exist between northern and southern 
regions, faunas o f Submediterranean areas in 
the Lower Toarcian Substage are usually 
richer in Hildocerataceae, sometimes to the 
virtual exclusion o f Dactylioceratidae. The 
Submediterranean zonal scheme established in 
France by Elmi et al. (1991, 1994) after Gabilly 
(in Gabilly et al., 1971) and Gabilly (1976) and 
reviewed by Elmi et al. (1997) and Page (2003) 
is therefore most appropriate for these southern 
English sections (Figure 1.7).

In the Upper Toarcian Substage, similarities 
are so great that only one zonal scheme is 
justifiable in north-west Europe (Figure
1.8). Rare Boreal links include occasional
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Figure 1.7 Sequence of zones, subzones, biohorizons and zonules for the lower part of the Toarcian Stage, with the stratigraphical ranges of ammonite 
genera indicated (solid line -  proven; dashed line -  inferred ghost range). After Page (2002) and unpublished observations.
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Figure 1.8 Sequence of zones, subzones and zonules for the upper part of the Toarcian Stage, with the stratigraphical ranges of ammonite genera indicated 
(solid line -  proven; dashed line -  inferred ghost range). After Page (2002) and unpublished observations.
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Pseudolioceras, mainly in northern Britain. 
Faunas are richer in more southerly areas, 
especially in Phymatoceratidae, but the bulk 
o f the correlatively important Grammoceratinae 
(Hildoceratidae) are very widespread (Page, 
2003). The basic zonal scheme o f Dean (in Dean 
et al., 1961) has been extensively refined (Page, 
2003) and is adopted in this volume.

RADIOMETRIC DATING AND THE 
BASE OF THE JURASSIC SYSTEM

MJ. Simms

The approximate position o f the Triassic- 
Jurassic boundary in marine successions across 
Europe was effectively defined in the mid- 19th 
century by the obvious faunal changes caused by 
the end-Triassic extinction (Hallam, 1990a), in 
particular the disappearance o f the ceratitid 
ammonites. Since then there has been much 
discussion regarding the precise position o f the 
boundary. Continuous fully marine successions 
through late Triassic and into early Jurassic times 
are known from several parts o f the world, such 
as South America (c.g. von Hillcbrandt, 1990) 
and parts o f central Europe (e.g. Golcbiowski,
1990). This is not the case in Britain where a 
terrestrial Triassic succession passes up through 
the quasi-marine Penarth Group into the fully 
marine Lias Group. Nonetheless, the British 
succession, and in particular part o f the Blue 
Anchor-Lilstock Coast GCR site, has been 
central to discussions surrounding the placing o f 
the Triassic-Jurassic boundary (see ‘The base o f 
the Hcttangian Stage and the Jurassic System’, 
this chapter; and Blue Anchor Point GCR site 
report in Benton et a l., 2002).

Torrens and Getty (in Cope et al., 1980a) 
summarized the history o f this particular issue 
prior to 1980. Since then the base o f the 
Hettangian Stage, and by implication the base o f 
the Jurassic System, has been defined at the first 
appearance o f psiloceratid ammonites. This 
definition assumes that the spread o f these 
ammonites across Europe, and farther afield, 
was effectively synchronous (in geological 
terms) but as yet there is no independent 
evidence to verify this. Psilocerasplanorbis was 
long regarded as the earliest Jurassic ammonite 
in Britain, but the discoveries o f Hodges (1994) 
and Bloos and Page (2000a) have identified 
other psiloceratid ammonites below the first

P. planorbis at several sites. These discoveries 
may be construed as merely refining the precise 
position o f the Triassic-Jurassic boundary, but 
other factors raise more serious questions. In 
general ammonites are rare or absent in the 
critical interval, between the last Cboristoceras 
and the first Psiloceras, at most sites investigated 
throughout the world (e.g. Hallam, 1990b; von 
Hillebrandt, 1990), suggesting that ammonites 
were excluded from these sites either by some 
extrinsic factor or, alternatively, that they have 
not yet been found owing to their very low 
numbers at this time. Psiloceras tilmanni and 
P. spelae have been recorded in low numbers up 
to c. 5 m below the highest occurrence o f 
Cboristoceras minutum in the Muller Canyon o f 
Nevada (Taylor et al., 1999), while Psiloceras 
and Cboristoceras minutum are also found 
together in Peru and British Columbia, although 
not yet in Europe (Jean Guex, pers. comm.). 
Hence, the base o f the Jurassic System, as 
currendy defined by the first appearance o f 
Psiloceras, may actually be diachronous, a 
possibility suggested by Hesselbo et al. (2002). 
In this respect, the supposed psiloceratid 
ammonite from the Westbury Formation o f the 
Penarth Group (Donovan et al., 1989) may 
provide a glimpse o f this elusive boundary 
fauna, and has considerable implications for 
defining the boundary.

It has been suggested that the Triassic- 
Jurassic boundary might be defined on litho- 
stratigraphical grounds tied in to biostratigraphy 
(see ‘The base o f the Hettangian Stage and 
the Jurassic System’, this chapter). Hallam 
( 1990b,c) used this as a basis for suggesting that 
the Triassic-Jurassic boundary be placed at the 
base o f the Blue Lias Formation in St Audrie’s 
Bay, on the north Somerset coast, and the base 
o f the Grenzmergel in Austria. At both localities 
an erosion surface with phosphatic nodules is 
overlain by marine mudstones. Hallam (1990b) 
interpreted this as evidence for a brief episode 
o f shallowing and emergence followed by 
deepening. This led to deposition o f condensed 
and anoxic facies that correlated with marked 
faunal and microfloral changes. An alternative 
view, proposed by Poole (1979, 1980, 1991), was 
that the boundary be drawn immediately above 
the Cotham Member o f the Penarth Group at the 
base o f the Langport Member, which is marked 
by a distinctive change in both facies and biota. 
Hesselbo et al. (2002) identified a globally 
correctable isotope excursion within the
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Cotham Member, which they linked with the 
immediate effects o f the end-Triassic mass 
extinction, and proposed this as a suitable 
marker for the base o f the Jurassic System. 
Certainly, adopting the first appearance o f some 
fossil taxon to define the base o f a system, and 
hence the top o f the previous system, would 
appear to be fundamentally flawed in instances 
such as this where the dramatic change in biota 
between the two systems was due to a mass 
extinction. The defining event is the extinction, 
not the essentially arbitrary arrival o f some 
element o f the post-extinction fauna. Similarly it 
is midnight on the 31st December, not the 
arrival o f the first bus on New Year’s morning, 
that defines the start o f the New Year.

Intriguingly, the isotope excursion o f Hesselbo 
et al. (2002) lies just above an uniquely 
extensive seismite horizon, typically 1-2 m thick 
(Mayall, 1983; Simms, 2003a) that can be traced 
across the entire Penarth Group outcrop/ 
subcrop from north-west Ulster to east Yorkshire 
and down to south Wales and south-west 
England. This suggests a causal link may exist 
between the seismic event and the isotope 
excursion. Hesselbo et al. (2002) have 
suggested massive volcanism associated with the 
Central Atlantic Magmatic Province as the 
ultimate cause for the mass extinction and the 
isotope excursion. The areal extent o f the 
seismite is on a scale unparalleled in the British 
Phanerozoic and a volcanic or fault-related cause 
is improbable. On this basis, Simms (2003a) 
tentatively suggested that the seismite and 
associated tsunamite might be attributable to 
bolide impact, though without there necessarily 
being a direct link between this event and the 
end-Triassic mass extinction.

Radiometric dates for the base o f the Jurassic 
System have been derived from sites outside o f 
Britain. Harland et al. (1990) settled for a date 
o f 210.5 Ma but accepted that the resolution o f 
this was poor and it could range from 201.7 Ma 
to 216.7 Ma. The base o f the Hettangian Stage 
has recently been dated both in terrestrial and 
marine sequences (Pilfy et a l., 2000a). The 
former is derived from sills ’thought to be 
feeders to basalt flows immediately above the 
Triassic-Jurassic boundary’ in eastern North 
America but this, coupled with difficulties 
inherent in correlation between terrestrial and 
marine sequences, introduces considerable 
uncertainty to the accuracy o f this date. 
However, another radiometric date for the base

o f the Hettangian Stage, obtained from a tuff 
layer within a marine succession biostratigraphi- 
cally dated using radiolaria (Palfy et al., 2000a), 
has given a date o f 199.6 ±  0.3 Ma, which is 
close to the date for the non-marine sequence o f 
approximately 201 Ma (Palfy et al., 2000a). The 
dating o f the stage boundaries for the Lower 
Jurassic Series (Figure 1.1) has also been 
significantly refined (Palfy et al., 2000b,c). The 
dates for the bases o f the Aalenian (178.0 Ma + 
1.0,-1.5), Toarcian (183.6 Ma + 1.7, -1.1) and 
Pliensbachian (191.5 Ma +1.9, -4.7) stages were 
based on dating o f volcaniclastic sediments 
intercalated with ammonite-bearing marine 
strata (Pdlfy et al., 2000b), but the date for the 
base o f the Sinemurian Stage (196.5 Ma + 
1.7, -5.7) was derived from a marine sequence 
dated by fossils other than ammonites.

CHRONOSTRATIGRAPHY IN 
THE JURASSIC SYSTEM

KN. Page

The establishment o f a standardized geological 
timescale using rock units as standards for 
reference is known as chronostratigraphy 
(Hedberg, 1976; Callomon, 1985b; Whittaker et 
al., 1991; Salvador, 1994). Chronostratigraphical 
divisions are defined only at their base in a suit
able stratotype section, the top o f the unit being 
drawn at the actual or correlated base o f the 
next equivalent ranked division o f the scale. 
Chronostratigraphical divisions form a hierarchy 
with systems, series and stages being three 
divisions o f decreasing rank, although the term 
’series’ is not commonly referred to in Jurassic 
stratigraphy.

The definitions o f stages and systems are 
regulated by the International Commission on 
Stratigraphy (ICS) through subcommissions 
focused on single systems; in the case o f the 
Jurassic System this is the International Subcom
mission on Jurassic Stratigraphy (ISJS). Their 
aims are to formally recognize an internationally 
agreed Global Stratotype Section and Point 
(GSSP) for the base o f every system and for every 
stage o f every system (Salvador, 1994; Remane et 
al.y 1996). For the Lower Jurassic Series only the 
Sinemurian Stage has an agreed GSSP, as 
discussed further below (and in Page, 2001).

Below the level o f stage, subdivisions at the 
level o f ebronozone and ultimately zonule can
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be used, although there is no formal regulation 
o f these through the ISJS or the ICS. In the 
Jurassic System the frequent occurrence o f 
ammonites and their wide geographical distri
bution has led to their use for correlating 
sequences o f standard zones. As discussed at 
great length elsewhere (e.g. by Callomon, 1965, 
1985b; Callomon and Donovan, 1974; Cox, 
1990; Page, 1995), these 'standard zones’ are 
chronozones and should therefore be treated as 
such -  a point overlooked by some authors (e.g. 
in Whittaker et al., 1991) who confuse Jurassic 
ammonite zones with biozones, where the use 
o f fossils in correlation is not implicitly linked to 
a geological timescale. The use o f the term 
‘zone’ in a chronostratigraphical sense was first 
established for the Jurassic System by Albert 
Oppel (1856-1858) who developed a sequence 
o f such divisions for the entire system. This 
convention continues today within the working 
groups o f the ISJS.

Like stages, chronozones require definition at 
their bases in stratigraphical reference sections, 
or stratotypes, to establish full chronostrati
graphical meaning. Although most Lower 
Jurassic standard ammonite zones are now 
defined in this way (e.g. in Cox, 1990; Howarth, 
1992; Page, 1992; Page and Bloos, 1998), 
confusion does still exist, even in recent 
published literature and reviews. In addition, 
although the names o f the chronozone units are 
derived from species names they are by 
convention quoted non-italicized (e.g. Jamesoni 
(Standard) Zone or Chronozone and not 
Uptonia jamesoni Zone).

Other fossil groups, especially microfossils, 
have been used to construct true biozonal 
schemes for the Jurassic System, but the 
resolution o f these schemes is always inferior to 
the ammonite scale. Indeed, the latter is often 
used as a 'standard* against which other 
biozonal schemes are correlated. For this reason 
only the ammonite-based standard zonations for 
Europe will be considered further here. Zonal 
schemes for the Lower Jurassic Series based on 
microfossils and non-ammonite macrofossils are 
discussed in a later section.

High resolution stratigraphy -bioborizons 
and zonules

Jurassic standard zones (chronozones) are often 
divided into subzones, largely for historical 
reasons but also to maintain a degree o f

nomenclatural stability at zonal level (Figures 
1.3-1.8). Smaller, infra-subzonal divisions, 
known as ‘horizons’, are also frequendy used in 
Jurassic ammonite stradgraphy to further refine 
correlations. However, somewhat confusingly 
the term can refer to two conceptually different 
types o f unit known more precisely as zonules or 
biohorizons (Page, 1995). Zonules (following 
Phelps, 1985, after Hedberg, 1976) are the 
smallest resolvable segments o f a chrono
stratigraphical scale and should, therefore, be 
defined by a basal boundary stratotype, as for 
higher divisions. Biohorizons, however, are
conceptually biochronological events, which 
were defined by Callomon (1985a,b) as ‘a bed 
or series o f beds characterized by a fossil 
assemblage within which no further strati
graphical differentiation o f the fauna (or flora) 
can be made’. The much earlier term hemera, as 
used by S.S. Buckman (1902), would be the 
chronological equivalent o f biohorizon (cf. 
Callomon, 1985a), i.e. as period is the time 
equivalent o f system. A biohorizon is the 
smallest palaeontologically correctable unit o f 
geological time and, unlike a normal chrono
zone, is effectively defined at both the base and 
top. The duration o f a biohorizon typically is 
very short, geologically, but a significant time 
gap may exist between each successive unit and 
is shown as an interval on any correlation 
diagram (e.g. in Page, 1992, 1995; Dommergues 
et a l., 1994). As the use o f biohorizons is 
broadly analogous to events in event strati
graphy, they allow correlation o f virtually 
isochronous time-lines between successions at 
different localities (Callomon, 1985a,b). By
chronostratigraphical convention zonules 
should be quoted in a similar fashion to 
zones and subzones, i.e. with a non-italicized 
specific name (e.g. Planorbis Zonule), but 
biohorizons retain an italicized specific epithet 
(e.g.planorbis Biohorizon). In practice, however, 
many named zonules use, misleadingly, an 
italicized specific name and are referred to as 
‘horizons’ ; analysis o f supporting text is 
necessary to clarify such ambiguities.

Biohorizonal and zonule schemes applicable 
to the Lower Jurassic Series in Britain are intro
duced below. They represent the ultimate in 
biostratigraphically resolvable chronology for 
the Jurassic System as the average zonule or 
biohorizon-plus-interval duration is potentially 
less than 200 000 years in the Lower Jurassic 
Series o f north-west Europe (Page, 1995, 2003).
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OUTCROP, SUBCROP AND STRUC
TURAL FRAMEWORK OF THE LOWER 
JURASSIC SERIES IN BRITAIN

MJ. Simms

The main outcrop o f the Lower Jurassic Series in 
Britain forms an almost unbroken strip o f varying 
width extending from the east Devon and west 
Dorset coast, NNE through Somerset, Gloucester
shire, the east Midlands and Humberside, to the 
coast o f Cleveland and North Yorkshire. Signi
ficant outliers occur on either side o f the Bristol 
Channel, in the Hebrides and adjacent west 
coast o f Scotland, and in north-east Scotland 
(Figure 1.2; and Figure 8.1, Chapter 8), with 
others around Prees in Shropshire and Carlisle. 
The GCR sites described in this volume include 
representatives from the main outcrop and from 
the main oudiers, with the exception o f the 
Carlisle and Prees outliers where there are no 
permanent exposures.

To the east o f its main outcrop the Lias has an 
extensive subcrop in England (Figure 1.2), which 
onlaps the London-Brabant Massif (Arkell, 1933; 
Donovan et al., 1979). Investigation o f both 
onshore and offshore outcrop/subcrop by 
drilling and geophysical methods, usually in 
association with hydrocarbon exploration, has 
revealed much about the nature, extent and 
structure o f Lower Jurassic strata in Britain. 
Thick Lower Jurassic successions have been 
proven by boreholes in the North Sea, Hebrides 
Sea, Irish Sea, Bristol Channel and Cardigan Bay. 
The Mochras Borehole, on the edge o f Cardigan 
Bay, proved more than 1300 m o f Lias, the 
thickest Lower Jurassic succession yet encoun
tered in the British Isles (Woodland, 1971).

To the north and west o f the main outcrop there 
is evidence that much o f the former cover o f Lower 
Jurassic sediment has been lost through erosion. 
The Carlisle and Prees outliers are examples o f 
erosional remnants of outcrops that formerly were 
much more extensive. Estimating the original 
depositional limits o f the Lias is difficult. The 
presence o f marginal facies, such as those 
exposed on the south Wales coast at the Pant y  
Slade to Witches Point GCR site, and adjacent 
to the Mendip Hills in the Hobbs Quarry and 
Viaduct Quarry GCR sites, provides evidence 
for the vicinity o f shorelines at those specific times. 
However, such marginal facies are relatively rare 
and pass laterally and vertically up into offshore 
facies that provide litde information on the limits

o f deposition. Furthermore, the picture has been 
complicated by post-Jurassic faulting so that the 
present-day juxtaposition o f Palaeozoic and 
Lower Jurassic outcrops cannot be taken as 
evidence for the location of shorelines during early 
Jurassic times. For example, in the Quantock 
Hills o f Somerset, Devonian sandstones crop 
out within 1 km o f coastal exposures o f Lower 
Jurassic mudstones that contain no evidence o f 
proximity to marginal deposits. Similarly, the 
presence o f more than 1300 m o f Lower Jurassic 
and 600 m o f Tertiary sediments in the Mochras 
Borehole, adjacent to outcrops o f Cambrian 
strata, testifies to the scale o f post-Jurassic 
faulting at the margins o f some basins.

Extensional stresses associated with the break
up o f Pangaea in early Mesozoic times saw the 
development o f several major sedimentary basins 
across Britain, each o f which accumulated hun
dreds o f metres of Lower Jurassic sediment as part 
o f a total Mesozoic fill sometimes several kilometres 
thick. To a large extent the configuration o f these 
various Mesozoic basins was determined by pre
existing faults, a concept already alluded to by 
Godwin-Austen (1856). These fractures originated 
during the Variscan, Caledonian or even earlier 
orogenies, and hence show orientations character
istic o f these events. In several instances Mesozoic 
periods o f subsidence represent only one episode 
in a sometimes complex history o f basin subsi
dence and inversion (Chadwick, 1993). The fact 
that deposition was far from uniform across 
Britain during early Jurassic times was noted from 
the earliest days o f geology; examples such as the 
highly condensed sequence in the Radstock district 
were often compared with the much thicker 
sequence in Dorset (e.g. Moore, 1867a). Subse
quently, more subtle variations in thickness o f 
the Lower Jurassic succession were noted across 
particular areas, for instance in the Market 
Weighton area of eastern England (Kendall, 1905) 
and in the north and mid-Cotswolds (Buckman, 
1901). Attention seems often to have been focused 
on these persistent areas o f reduced or interrupted 
sedimentation, which became known as ‘axes o f 
uplift’ and were perceived as subdividing the 
troughs into distinct basins o f deposition. Arkell 
(1933, pp. 59-87) provides a useful summary o f 
the various ‘axes’ as they were recognized more 
than half a century ago, grouping them according 
to the major underlying structural trends that 
they seem to follow. Subsequently Hallam 
(1938) formulated the concept o f ‘swells’, as 
rather broader positive features than the almost
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two-dimensional ‘axes* proposed by Arkell (1933), 
separating basins in which sedimentation was 
comparatively rapid. The concept was refined 
for the Pliensbachian to Bajocian interval by 
Sellwood and Jenkyns (1975), who highlighted 
the fact that ‘basinal* facies often occurred within 
sediment sequences developed over these 
‘swells*. Their conclusions invoked considerable 
discussion (Hudson, 1976; Kent, 1976) but, 
simultaneously, Whittaker (1975) had proposed 
a fault-bounded rift-valley model for the Mesozoic 
basins in southern Britain. Whittaker’s model 
predicted overlap o f earlier by later Mesozoic 
strata, implying that faults in the lower, Triassic, 
parts o f the succession would pass up into 
asymmetric folds in the higher, Jurassic, parts o f 
the sediment pile. It was this concealment o f the 
bounding faults o f many basins that appears to 
have led to the notion o f the rather ill-defined 
‘swells’ o f Hallam (1958) and Sellwood and 
Jenkyns (1975) and, in earlier times, the ‘axes o f 
uplift* o f Buckman (1901) and others that were 
thought, ultimately, to have been determined by 
folding in the underlying basement. Subsequent 
research has largely verified Whittaker’s predic
tions, with bounding faults identified at the 
margins o f all o f the major Mesozoic basins and 
other faults commonly subdividing these basins 
into smaller sub-basins by the development o f 
graben or half-graben structures (e.g. Chadwick, 
1985, 1986). Since then the development and 
widespread use o f various geophysical techniques 
(e.g. Chadwick, 1985, 1986), coupled with refined 
interpretation o f field observations (e.g. Jenkyns 
and Senior, 1991), has vasdy increased our 
knowledge o f the structure o f these basins and 
their development through early Jurassic times.

On this basis several distinct early Jurassic 
depositional areas can be recognized in Britain, 
o f which nine are covered by the selected GCR 
sites (Figure 1.2). These are the Wessex Basin, 
Bristol Channel/Somerset Basin, Mendip High and 
Radstock Shel£ Severn Basin, East Midlands Shel£ 
Market Weighton High, Cleveland Basin, Hebrides 
Basin and the Moray Firth Basin. O f those not 
represented in this GCR volume, the most signifi
cant onshore area is the Cheshire Basin. This 
contains an enormous thickness o f Mesozoic sedi
ment but Jurassic strata have been largely eroded 
away except in the Prees outlier, although even 
here the thickness o f the Hettangian to Upper 
Pliensbachian succession is some 600 m. How
ever, exposure is very poor and hence there are 
no sites suitable for GCR status.

PALAEOGEOGRAPHY

M.J. Simms

Britain lay between 30° and 40° north o f the 
equator during early Jurassic times and occupied 
a key position in an epeiric seaway extending 
south-east into Tethys and north-east towards 
the Arctic (Figure 1.9). Although the break-up o f 
Pangaea had commenced in Mid-Triassic times, 
about 230 Ma (Veevers, 1989), with rifting 
already well advanced by the start o f the Jurassic 
Period, true ocean crust did not start forming in 
the north Adantic until Toarcian times, about 
180 Ma (Hallam, 1975). Hence throughout early 
Jurassic times the major landmasses o f North 
America and Greenland never lay far to the 
north and west, with further extensive areas o f 
land present to the north-east in Scandinavia. 
These may have formed a source o f some o f 
the terrestrial elements o f the biota, such as 
plants, insects and dinosaurs, which are found 
occasionally in these marine sediments, though 
many may have originated from the various 
minor islands that must have dotted this shallow 
seaway.

In the most recently published detailed 
reconstruction o f the palaeogeography during 
early Jurassic times Bradshaw et al. (1992) 
considered that much o f Scotland, the London 
Platform and the extreme south-west o f England 
were land areas (Figure 1.10). The Mendip Hills

Figure 1.9 Generalized palaeogeographical 
reconstruction for the North Atlantic region during 
the Early Jurassic Epoch (light shading -  sea; dark 
shading -  land). After Scotese (2002).
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Figure 1.10 Palaeogeographical reconstruction for the British area during the Hettangian Stage of the Lower 
Jurassic Series (light shading -  sea; dark shading -  land). After Bradshaw et al. (1992).
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and south-west Wales were considered to have 
been land for part o f early Jurassic times but had 
become submerged by Toarcian times.

CLIMATE AND SEA LEVEL

MJ. Simms

TWo environmental factors, climate and sea 
level, and their influence on Lower Jurassic 
facies, have been the subject o f several reviews 
by Hallam (1981, 1984, 1985, 1992a, 1994). 
Britain is considered to have lain towards the 
southern edge o f a seasonally wet climatic zone 
through early Jurassic times (Hallam, 1985,
1994) while climate models suggest a strong 
monsoonal influence. There is some evidence 
for atmospheric levels o f carbon dioxide as 
much as four times higher than today, with 
temperatures globally being generally warmer 
and more equable with no evidence o f Polar 
ice (Chandler et al., 1992). There have been 
frequent suggestions over the last two decades 
for short-term climatic variations reflected in 
minor, rhythmic, facies variations. These 
commonly have been attributed to orbital 
forcing, probably mediated through variations in 
temperature and humidity and their influence 
on weathering and runoff (House, 1985; 
Weedon, 1986; Weedon and Jenkyns, 1990, 
1999; Waterhouse, 1999; Weedon et al., 1999).

Widespread facies changes within the Lower 
Jurassic succession in Great Britain, and farther 
afield, commonly have been interpreted as a 
reflection o f eustatic sea-level change. However, 
unequivocal indicators o f water depth, such as 
algae, hermatypic scleractinian corals and other 
organisms associated with the photic zone, 
generally are scarce in the British Lower Jurassic 
Series. Consequendy, interpretations o f sea- 
level change through this time interval have 
been based largely on the interpretation o f facies 
changes, knowledge o f the areal extent o f 
successive units, and seismic stratigraphy 
(Hallam, 1975, 1978, 1981, 1992a). However, 
these techniques, particularly facies analysis, 
have significant limitations. Firstly, facies 
analysis provides only a qualitative measure o f 
sea level, relative to the facies units above and 
below, without any quantitative component; 
depths cited by different authors for the same 
facies unit may vary by an order o f magnitude. 
Secondly, and perhaps more significandy, the

interpretation o f particular facies is based largely 
on depositional models rather than empirical 
observation. As a result interpretations have 
changed significandy over the last few decades. 
For instance, marine black (organic-rich) shales 
would at one time have been considered to be 
‘deep-water’ facies while erosion surfaces or 
condensed units were interpreted as ‘shallow- 
water or emergent’ facies (Arkell, 1933). 
However, current interpretations view many 
black shales as transgressive facies (Wignall and 
Maynard, 1993), without necessarily implying any 
particular depth, while condensed horizons and 
erosion surfaces are commonly interpreted as 
the result o f sediment starvation associated with 
high sea level (compare the views o f Haq et al., 
1987; Hcsselbo and Palmer, 1992; and Hallam, 
1999). In the past two decades several 
independent sea-level curves for early Jurassic 
times have been published based on these 
various techniques (Hallam, 1981; Haq et al., 
1987; Hesselbo and Jenkyns, 1998), though 
these differ significantly in detail at many points.

Several major Phanerozoic extinction events 
have been attributed to the effects o f sea-level 
change, notable among which are events at the 
Triassic-Jurassic boundary (Hallam, 1990a) and 
in early Toarcian times (Little and Benton, 1995; 
Little, 1996). However, Smith et al. (2001) have 
questioned how merely changing sea level could 
have such an apparently profound effect on the 
marine biota and have suggested that the apparent 
changes in biodiversity in fact largely reflect bias 
in the rock record. Other factors have been 
invoked for these extinction events, such as large- 
scale volcanic activity for both the early Toarcian 
(Palfy and Smith, 2000) and the Triassic-Jurassic 
events (Hallam, 1990a, 1996; Hesselbo et al., 
2002), or bolide impact for the Triassic-Jurassic 
boundary event (Olsen et al., 1987, 2002), but 
the precise cause(s) remain to be determined.

LITHOSTRATIGRAPHICAL FRAME
WORK FOR THE LOWER JURASSIC 
SERIES OF GREAT BRITAIN

MJ. Simms

The Lower Jurassic rocks o f Great Britain are 
predominantly marine mudstones that have 
been grouped together under the name ‘Lias’ 
since the early part o f the 19th century. They 
form a distinctive succession between the mostly
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red, non-marine sediments o f the Triassic 
System, and the marine carbonates (in southern 
Britain), or predominantly non-marine sands (in 
northern Britain) o f the Middle Jurassic Series. 
The Lias was deposited in a series o f inter
connected sedimentary basins and shelf areas, 
producing local differences in the sedimentary 
successions. Nonetheless these local succes
sions can be correlated with some precision. At 
some stratigraphical levels the same lithostrati
graphical formation can be recognized across 
large areas o f Britain. Examples are the Blue 
Lias Formation and the Marlstone Rock 
Formation/Member, both o f which were already 
in use as lithostratigraphical terms in the 
early 19th century. During the 19th and 20th 
centuries many new names were introduced for 
local subdivisions within the Lias. These were 
often rather poorly defined, with imprecise 
boundaries and often based on a combination o f 
lithological and palaeontological characters. 
Consequendy in some areas several different 
names might be used for the same unit. Much o f 
this nomenclature was rationalized by Cope et 
al. (1980a) and, for the Lias o f England and 
Wales, was further revised by Cox et al. (1999). 
A similar rationalization o f the lithostratigraphi- 
cal framework has been carried out for the 
Hebrides Basin (Hesselbo et a l., 1998, 1999; 
Morton, 1999a). These frameworks are now 
widely accepted and have been adopted in this 
volume (Figure 1.11). They are also to be 
adopted in the revised edition o f the Geological 
Society o f London’s correlation guide for the 
Lower Jurassic Series, currendy in preparation 
(K.N. Page, pers. comm.). Intra-basinal sub
divisions o f these formations have yet to be 
rationalized although at least some have been, 
or will be, afforded member status (Cox et a l., 
1999).

Although this approach has attempted to 
unify lithostratigraphical nomenclature across 
England and Wales, it concedes that substantial 
facies differences do exist between some areas, 
particularly between northern and southern 
England. Hence both temporal and geogra
phical factors have been taken into account in 
defining the 12 formations proposed by Cox et 
al. (1999). The Lower Jurassic Series in 
Scodand was not considered in their report, but 
most o f the GCR sites there are located within 
the Hebrides Basin where recent work on 
the succession there has sought to establish 
a consistent lithostratigraphical framework

(Hesselbo etal., 1998, 1999; Morton; 1999a, this 
volume). Details o f lithologies within the litho
stratigraphical formations recognized on the 
east coast o f Scodand are not included here but 
are described in the Dunrobin Coast Section 
GCR site report (see Chapter 7).

The Lias Group, as defined by Cox et al.
(1999), encompasses the entire Lower Jurassic 
succession together with the uppermost beds o f 
the Triassic System (the ‘Pre-Planorbis Beds’ o f 
earlier accounts) and the lowermost part o f the 
Middle Jurassic Series in those areas where the 
upper part o f the Bridport Sand Formation is 
Aalenian in age. For the purposes o f their litho
stratigraphical revision Cox et al. (1999) divided 
England and Wales into four main depositional 
areas; the Wessex Basin, including parts o f 
Somerset and south Wales; the Severn 
(=  Worcester) Basin and adjoining Bristol- 
Radstock Shelf area; the East Midlands Shelf; and 
the Cleveland Basin. They also recognized that 
other significant, though poorly exposed, out
crops in the Cheshire and Carlisle basins were 
not fully covered in their report, whereas off
shore successions and those in Scotland were 
specifically excluded. In this volume the litho
stratigraphical framework for the Lias Group o f 
each region is given in a table at the start o f 
the relevant chapter. The main lithological 
characteristics o f each formation are described 
below, in alphabetical order for each o f three 
main regions (southern England and Wales, 
northern England, and Scotland), following the 
nomenclature o f Cox et al. (1999). Although 
certain o f the formations are quite localized in 
their areal distribution, others, such as the 
Charmouth Mudstone Formation and the 
Whitby Mudstone Formation, extend across 
several basins.

Southern England and Wales

Beacon Limestone Formation

The Beacon Limestone Formation broadly 
corresponds to the ‘Junction Bed’ o f Dorset and 
Somerset. In Dorset it incorporates the 
Marlstone Rock Member, a thin ferruginous 
oolitic and conglomeratic limestone o f upper
most Pliensbachian to lowermost Toarcian age, 
and the Eype Mouth Limestone Member, a series 
o f calcilutitic to conglomeratic pink to cream 
limestones with very little clastic material present. 
In the Uminster area o f Somerset the sequence is
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Figure 1.11 Lithostratigraphical nomenclature for the Lias Group in Britain showing the dominant lithologies 
of each formation. Thick Lines indicate the foranational boundaries. Based on Cox et al. (1999) and Morton 
(this volume).

more expanded and mudstones are locally a 
significant element within a sequence o f 
argillaceous and conglomeratic limestones; this 
has been termed the ‘Barrington Limestone 
Member’ . A consistent characteristic o f this 
formation is that it is a highly condensed 
sequence, with several ammonite zones reduced

to a succession no more than a few metres in 
thickness and packed with ammonites. The 
most detailed accounts o f this formation on the 
Dorset coast are by Jackson (1922, 1926) and 
Jenkyns and Senior (1991). There has been little 
recent work in the Ilminster area since that o f 
Wilson et al. (1958).
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Blue Lias Form ation

The Blue Lias Formation is perhaps the best 
known o f ail Lower Jurassic lithofacies. In its 
most characteristic development it consists o f 
decimetre-scale alternations o f argillaceous 
limestone and mudstone. These may show 
symmetrical cycles o f limestone-marl- 
mudstone-marl-limestone (Hallam, 1964a). 
The limestones themselves vary from tabular to 
nodular and impersistent and may be massive 
or, less commonly, laminated; many are at least 
partly diagenetic in origin. The limestones may 
locally form only a minor component at some 
levels, notably in the Liasicus Zone o f the 
Hettangian Stage. Adjacent to Palaeozoic 
highs the Blue Lias Formation lithofacies passes 
laterally into marginal facies dominated by 
bioclastic and skeletal limestones. The 
formation encompasses several ammonite 
zones, from the ‘Pre-Planorbis Beds’ into the 
Lower Sinemurian Substage. Member names 
have been proposed for various parts o f the Blue 
Lias Formation across southern Britain. 
However, these have yet to be fully rationalized 
and currently there is considerable duplication. 
For instance names applied to the mudstone- 
dominated part o f the succession in the Liasicus 
Zone include the Saltford Shale, St. Audrie’s 
Shale and Lavemock Shale members. These 
various provisional member names are 
mentioned in the text, where appropriate, but 
have not been incorporated into the figures 
summarizing the lithostratigraphy for each 
region. Detailed accounts o f the Blue Lias 
Formation can be found in Hallam (1960a) and 
Wobber (1965).

B rid port Sand Form ation

The Bridport Sand Formation encompasses 
several older lithostratigraphical names for 
geographically defined units o f similar facies; the 
‘Cotteswold Sands’, ‘Midford Sands’, ‘Yeovil 
Sands’ and ‘Bridport Sands’. The typical, and 
dominant, facies consists o f yellow-weathering 
bioturbated silts and fine sands with many 
calcite-cemented beds or lentides. Other facies 
may be developed locally, such as sandy 
mudstones near the base (the Down Cliff 
Clay Member), bioclastic limestones near the 
middle (the Ham Hill Limestone Member) or 
ironshot marls and limestone at the top (the 
Cotteswold Cephalopod Bed Member). These

units are o f a broadly similar, late Toarcian, 
age but both the base and top are markedly 
diachronous, being younger in the south than 
in the north. Davies (1969) gives the fullest 
account o f the lithologies in the Bridport Sand 
Formation.

Cbarm outb Mudstone Form ation

The Charmouth Mudstone Formation is 
dominated by mudstones, from dark-grey 
laminated organic-rich shales to pale-grey 
calcareous mudstones. Argillaceous limestone 
beds form only a very minor component, 
although diagenetic carbonate or siderite 
nodules, or pyrite, may be common at some 
levels. There may be local developments o f 
sandy or silty units a few metres thick. Several 
discrete members have been recognized on the 
Dorset coast but are less readily applicable 
inland. On the Radstock Shel£ north o f the 
Mendip High, the succession is highly 
condensed into a series o f thin limestones and 
clays only a few metres thick. The formation 
broadly corresponds to the Lower Lias Clay 
o f many earlier accounts, and typically 
encompasses much o f the Sinemurian Stage and 
Lower Pliensbachian Substage. Both the base 
and top are diachronous and often difficult to 
define precisely. The best recent account o f the 
lithologies o f this formation in its type area is by 
Hesselbo and Jenkyns (1995).

Dyrbam Form ation

The Dyrham Formation is dominated by grey to 
greenish-grey silty to sandy mudstone. There 
may be local developments o f ferruginous 
limestone or sandstone beds, while diagenetic 
carbonate or siderite nodules, and sometimes 
large sandstone doggers, may also be present. 
The formation encompasses the upper part o f 
the Lower Pliensbachian Substage and much o f 
the Upper Pliensbachian Substage. The base is 
diachronous, whereas the top is drawn at the 
base o f the Marlstone Rock Member/Formation. 
Hesselbo and Jenkyns (1995) provide a good 
account o f Dyrham Formation lithologies on the 
Dorset coast. Details for the remainder o f the 
outcrop can be found in the various regional 
guides for the [British] Geological Survey 
(e.g. Wilson et al., 1958; Edmonds et a l.y 1965) 
and in the unpublished thesis o f Chidlaw
(1987).
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Marlstone Rock Formation

The Marlstone Rock Formation is a distinctive 
ferruginous limestone. It is typically oolitic, 
often sandy or conglomeratic, and generally 
is highly fossiliferous. Where it is closely 
associated with overlying condensed Toarcian 
limestones, as in the Beacon Limestone 
Formation o f Dorset, the Marlstone Rock 
Formation is reduced to member status. It has 
long been recognized as marking the top o f the 
Pliensbachian Stage, and o f the Middle Lias, but 
in many places it extends into the basal Toarcian 
Stage. The base generally is sharply defined 
but it may be continuous with indurated sands 
o f the upper part o f the Dyrham Formation. 
Whitehead (1952), Edmonds et at. (1965), 
Hallam (1967a), Simms (1990a) and the unpub
lished thesis o f Chidlaw (1987) all give good 
descriptions o f lithologies in the Marlstone Rock 
Formation.

Northern England

Blea Wyke Sandstone Formation

The Blea Wyke Sandstone Formation consists o f 
grey- or yellow-weathering argillaceous to silty 
sands and is confined to a restricted area o f 
the Cleveland Basin, having been removed by 
pre-Aalenian erosion elsewhere in northern 
England. It encompasses only the uppermost 
part o f the Toarcian Stage, with a gradational 
boundary with the Whitby Mudstone Formation 
below. Knox (1984) and Hesselbo and Jenkyns
(1995) give the only recent accounts o f this 
formation.

Cleveland Ironstone Formation

The Cleveland Ironstone Formation is 
characterized by rhythmic sequences o f dark 
argillaceous siltstone and silty sandstone capped 
by relatively thin, but laterally persistent, beds o f 
ooidal ironstone. It is confined to the Cleveland 
Basin, and encompasses a large part o f the 
Upper Pliensbachian Substage. The lower 
boundary o f the Cleveland Ironstone Formation 
is gradational from the Staithes Sandstone 
Formation below, and the upper boundary is 
sharply defined by the incoming o f dark 
mudstones at the base o f the Whitby Mudstone 
Formation. It was described in detail by Young 
et al. (1990a).

Redcar Mudstone Formation

The Redcar Mudstone Formation is dominated 
by grey fissile mudstones and siltstones, but thin 
beds o f shelly limestone occur in the middle o f 
the formation, and siderite concretions are 
prominent towards the top o f the formation. It 
is confined to the Cleveland Basin, and has been 
subdivided into four members: the Calcareous 
Shale, Siliceous Shale, Pyritous Shale and 
Ironstone Shale members. It encompasses 
much o f the Lower Lias from the Hettangian 
Stage through to the upper part o f the Lower 
Pliensbachian Substage, and as such can be 
correlated with the Blue Lias and Charmouth 
Mudstone formations o f southern England. 
Facies within this formation have been described 
by van Buchem and McCave (1989) and Hesslbo 
and Jenkyns (1995).

Scunthorpe Mudstone Formation

The Scunthorpe Mudstone Formation is domi
nated by grey mudstones with thin argillaceous 
limestones and calcareous siltstones. It is 
confined to the northern part o f the East 
Midlands Shelf, south o f the Market Weighton 
High. In Humberside, the upper part o f the 
formation consists o f an ooidal and richly 
bioclastic ironstone, more than 10 m thick 
called the ‘Frodingham Ironstone Member*. It 
is succeeded abruptly by the Charmouth 
Mudstone Formation. The Scunthorpe 
Mudstone Formation encompasses the 
Hettangian (and ‘Pre-Planorbis Beds’ below) 
and much o f the Sinemurian (up to the 
Obtusum or Oxynotum zones) stages. The 
Frodingham Ironstone Member was described in 
considerable detail by Young et al. (1990b), but 
other parts o f the Scunthorpe Mudstone 
Formation have more rarely been exposed and 
received only passing mention (e.g. Hallam, 
1968a).

Staithes Sandstone Formation

The Staithes Sandstone Formation is dominated 
by argillaceous silty sandstones, often intensely 
bioturbated and with a range o f small-scale 
sedimentary structures, with several metre-scale 
beds o f laminated cleaner-washed sandstone in 
the upper part. It is confined to the Cleveland 
Basin, and both the upper and lower boundaries 
are gradational. The formation encompasses the
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upper part o f the Lower Piiensbachian Substage 
and lower part o f the Upper Piiensbachian 
Substage. Lithological descriptions o f this 
formation can be found in Brenchley et al.
(1991).

Whitby Mudstone Formation

The Whitby Mudstone Formation is dominated 
overwhelmingly by dark-grey mudstones that are 
commonly laminated. Diagenetic carbonate, or 
less commonly, siderite or pyrite, nodules are 
common at certain levels. It broadly corres
ponds to the ‘Upper Lias Clay’ o f many earlier 
accounts. It encompasses most or all o f the 
Lower Toarcian Substage and a varying amount 
o f the Upper Toarcian Substage, passing 
upwards into the sandier facies o f the Blea Wyke 
Sandstone Formation or, in the Severn Basin, 
the Bridport Sand Formation. In the Wessex 
Basin it is replaced by the highly condensed 
Beacon Limestone Formation. Many published 
accounts exist o f the lithologies and diagenesis 
o f this formation in its type area. Good 
summaries and references to more detailed 
descriptions can be found in Hesselbo 
and Jenkyns (1995) and Rawson and Wright 
(1995).

Scotland (Hebrides Basin only)

Ardnisb Formation

The Ardnish Formation is dominated by sand
stones and sandy siltstones that are often highly 
micaceous and ferruginous. The formation 
corresponds to the upper part o f the succession 
formerly included within the Broadford Beds o f 
earlier accounts, and the lower part o f an 
expanded Pabay Shale Formation as was defined 
by Hesselbo et al. (1998). Hence it can be 
correlated with the upper part o f the Blue Lias 
Formation and lower part o f the Charmouth 
Mudstone Formation, the lower part o f the 
Frodingham Ironstone Member o f the 
Scunthorpe Mudstone Formation, or part o f 
the Redcar Mudstone Formation. Morton 
(1999a) separated it as a lithologically distinct 
formation between the traditional ‘Pabba Shales’ 
and the upper unit o f his more restricted 
‘Broadford Beds’, now re-named the Breakish 
Formation. The lithologies are described by 
Morton and Hudson (1995) and Hesselbo et 
al. (1998).

Bearreraig Sandstone Formation

The Bearreraig Sandstone Formation falls largely 
in the Middle Jurassic Series but its lowermost 
unit, the Dun Caan Shale Member, consists o f 
bioturbated mudstones and is o f uppermost 
Toarcian age (Morton and Hudson, 1995).

Blue Lias Formation

The Blue Lias Formation consists o f alternating 
mudstones and limestones. It is o f identical facies 
to the Blue Lias Formation o f south-west England 
and so the same name has generally also been 
used in Scodand. This succession, found in Mull 
and Movem, encompasses the Hettangian Stage 
and Lower Sinemurian Substage. The formation 
passes laterally, through intermediate sandy 
limestones and shales, into the more lithologi
cally varied Breakish Formation. Hesselbo et al.
(1998) provide a summary o f lithologies.

Breakish Formation

The Breakish Formation is dominated by lime
stones, often richly bioclastic and with corals and 
oolites at some levels. Mudstones and coarser 
clastic material form only a minor component. 
The formation corresponds to the lower part o f 
the Broadford Beds o f early accounts, and the 
‘Broadford Formation’ o f Hesselbo et al. (1998), 
and can be correlated with the lower part o f the 
Blue Lias, Redcar Mudstone or Scunthorpe 
Mudstone formations o f other regions. Good 
summaries o f the facies are given by Morton and 
Hudson (1995) and by Hesselbo et al. (1998).

Pabay Shale Formation

The Pabay Shale Formation is dominated by silty 
and sandy mudstones, siltstones, and some 
sandstone, with the two main developments o f 
sandstone recognized as distinct members with
in the formation. It largely corresponds to the 
Charmouth Mudstone Formation farther south. 
Lithologies are described in Morton and Hudson 
(1995) and in Hesselbo et al. (1998).

Portree Shale Formation

The Portree Shale Formation consists o f 
dark-grey, or black, laminated to organic-rich 
mudstones, much like its correlative the 
Whitby Mudstone Formation farther south. It
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corresponds to part o f the Lower Toarcian Sub
stage. The formation was described by Morton 
and Hudson (199$), but is rarely exposed.

Raasay Ironstone Formation

The Raasay Ironstone Formation comprises a 
chamositic or sideritic, often oolitic, ironstone 
no more than a few metres thick in the middle o f 
the Lower Toarcian Substage, and gradational 
from shaly limestones with chamosite ooliths 
seen in the upper part o f the Portree Shale 
Formation. There is a brief description in 
Morton and Hudson (199$)

Scalpay Sandstone Formation

The Scalpay Sandstone Formation consists o f an 
upward-coarsening sequence o f siltstones to 
massive fine-grained sandstones. It extends 
from the middle o f the Lower Pliensbachian 
Substage through to the basal Toarcian Stage, 
and hence encompasses the Dyrham and 
Marlstone Rock formations and Staithes 
Sandstone and Cleveland Ironstone formations 
o f other regions. Descriptions can be found in 
Morton and Hudson (199$).

Stornoway Formation

The Stornoway Formation encompasses 
continental red-beds o f late Triassic to earliest 
Jurassic age in some areas. The facies 
represented are described by Morton and 
Hudson (199$).

BIOSTRATIGRAPHY OF 
INVERTEBRATE MACROFOSSILS 
AND MICROFOSSILS

MJ. Simms and P. Hodges

The criteria for using particular fossil groups as 
biostratigraphical index fossils are well known. 
Such fossil species must have existed for a 
relatively short period o f time, and hence be 
found through only a limited vertical thickness 
o f rock; they must have a wide geographical 
distribution to allow correlation between 
widely separate sites; they must be relatively 
independent o f facies, again to allow correlation 
between widely separated sites and different 
palaeoenvironments; they must be common and

easy to collect; and they must be readily identi
fiable to species level. Within the British Lower 
Jurassic succession various macrofossil taxa, 
particularly ammonites, have been used for this 
purpose since the earliest days o f geology 
(Smith, 1797, MSS). Other macrofossil groups 
have also been shown to have some strati- 
graphical use in the Lower Jurassic Series, 
especially where their stratigraphical distribution 
can be tied in to the ammonite biostratigraphy. 
Neaverson (19$$) summarized the strati
graphical ranges o f some o f the more important 
non-ammonite taxa. Range charts or zone/ 
subzone specific lists for various taxonomic 
groups or stratigraphical intervals have also 
been published, and can provide a useful source 
o f information, particularly for groups that 
have received no recent taxonomic treatment 
(Melville, 19$6; Hallam, 1961, 1987a; Whittaker 
and Ivimey-Cook, 1972; Ivimey-Cook, 1978, 
1982; Hauff and Hauff, 1981; Dommergues, 
1997).

Over the last few decades the needs o f the 
hydrocarbon-exploration industry have led to the 
development and refinement o f a range o f bio
stratigraphical schemes based on microfossils. 
Most commercial boreholes produce only rock 
chips rather than cores and hence macrofossils 
o f any sort are seldom identifiable. Under such 
circumstances biostratigraphical correlation is 
achieved through the use o f various microfossil 
groups, each with particular advantages and 
drawbacks. None o f the microfossil biostrati
graphical schemes has attained a resolution 
comparable to that provided by ammonites, and 
the criteria used to define microfossil zones and 
subzones commonly are less rigorous than those 
for ammonites. However, used together these 
microfossil zonal schemes can provide a reason
able level o f stratigraphical precision.

Macrofossils

Ammonites

KN. Page

Amm onite biostratigraphy and chronostrati- 
graphy and the British Lower Jurassic Series 
The importance o f ammonites in the biostrati
graphical subdivision o f the British Lower 
Jurassic Series is unparalleled. They possess all 
o f the essential attributes o f ideal zonal index 
fossils; genera and species typically have a wide
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geographical distribution, are largely facies 
independent, are often common and easily 
identified, and evolved rapidly such that 
successive taxa represent geologically short 
periods o f time. The stratigraphical range o f 
most o f the ammonite genera found in Britain is 
summarized in Figures 1.3-1.8. The principal 
limitations o f ammonites are that they are 
exclusively marine and that their aragonitic 
shells are prone to dissolution in deep-water 
environments or through diagenesis. Since 
Oppel (1858) first established his biozonal 
scheme for the Jurassic System there has been 
increasing refinement o f the ammonite zonal 
scheme so that today we can recognize 
successive Jurassic ammonite faunas with an 
average duration o f only 120 000 years 
(Callomon, 1995; Page 1995). With their great 
reliability and superb potential for high- 
resolution correlation, ammonite-correlated 
zones are established as the backbone o f Jurassic 
stratigraphy, providing a standard against 
which all other biostratigraphical schemes are 
compared. Not surprisingly, therefore, their use 
in Jurassic correlation has meant that they have 
transcended biostratigraphical method and 
ammonite zones are now used as chronostrati- 
graphical units to define the bases o f actual 
named units o f geological time; namely the 
Hettangian, Sinemurian, Pliensbachian and 
Toarcian stages o f the Lower Jurassic Series.

British successions and localities have 
contributed significandy to the establishment o f 
this role through the work both o f British 
authors and visiting Europeans. For instance, 
the seminal works o f d ’Orbigny (1842-1849) 
and Oppel (1856-1858), which established the 
basic sequence o f Jurassic stages and their 
mainly ammonite-correlated zones, were 
primarily syntheses o f information from 
France, Germany and Britain. Indeed, five o f 
d ’Orbigny’s Stages and four o f Oppel’s Etagen, 
though none o f them from the Lower Jurassic 
Series, were named after English locations 
(Arkell, 1933, pp. 8-17).

William Smith's work in England began the 
process o f establishing the sequence o f 
guide fossils for the Jurassic System for Britain, 
culminating in his Stratigraphical System o f 
Organised Fossils o f 1817. A remarkably early, 
and long-forgotten, study showing the value o f a 
bed-by-bed approach to sampling and the 
correlation potential o f ammonites, was that 
o f Louis Hunton (Hunton, 1836; Arkell, 1933,

pp. 14-15). His work on the Middle and 
Upper Lias o f North Yorkshire and Cleveland 
was based on the Boulby Quarries GCR site 
and, remarkably, remains the most detailed 
published stratigraphical description o f the 
latter locality. The significance o f this work 
would not have been lost on one o f Hunton’s 
contemporaries, Martin Simpson, who was 
based at Whitby Museum from 1837 and 
began to describe extensive ammonite collec
tions from the district, including notes on their 
stratigraphical occurrence (Simpson, 1843, 
1868). These same Yorkshire sections, and 
their contained fossil faunas, had already been 
described by John Phillips (1829), a nephew o f 
William Smith who applied Smith’s undescribed 
stratigraphical methods. Throughout the 19th 
century these Yorkshire coast sections remained 
fundamental to the development o f Lower 
Jurassic biostratigraphy in Britain (e.g. in Tate 
and Blake, 1876; Fox-Strangways, 1892) and 
certainly were more influential in this respect 
than correlative sections in Dorset.

It was work in Germany, however, by 
Quenstedt (1856-1858) and Oppel (1856-1858) 
that refined that theory and method o f 
Jurassic biostratigraphy (Arkell, 1933, pp. 8-17). 
Remarkably, Oppel’s basic Hettangian to 
Pliensbachian zonal sequence is broadly the 
same as that used today, although zonation o f 
the Toarcian Stage has been significandy refined, 
a process contributed to by Thomas Wright 
(1860a, 1878-1886) in his review and subse
quent monograph o f British Lower Jurassic 
ammonites. The latter work was the first 
attempt to provide a systematic overview o f 
ammonite taxonomy and faunal successions in 
Britain, although it must now be viewed in 
conjunction with Donovan’s synoptic supple
ment o f 1954.

The next major advance was based on 
detailed bed-by-bed, layer-by-layer documen
tation o f British strata and marked a major 
conceptual leap in the use o f ammonites as 
stratigraphical guide fossils, the full significance 
o f which has only really been appreciated in the 
last 30 years or so. S.S. Buckman’s early work 
concentrated on determining the sequence o f 
ammonite faunas in the mainly Aalenian- 
Bajocian Inferior Oolite Group o f his home 
district o f Dorset and Somerset. He soon 
realized that the existing ammonite zones 
could be subdivided further into many 
distinctive horizons, each with its own unique
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and correlatable ammonite fauna. He coined 
the term ‘bemera’ for these subdivisions and, 
through his thoughtful analysis o f geochronology 
and biostratigraphical theory, the science o f 
‘high-resolution’ stratigraphy was born (e.g. 
Buckman, 1887-1907, 1902; Arkell, 1933, pp. 
17-25). He even established the concept o f 
biozones (Buckman, 1902). However, except 
for the uppermost Toarcian Stage, which was 
encompassed by his work on the Inferior Oolite 
Group (Buckman, 1887-1907), his interpreta
tion o f Lower Jurassic ammonite faunas was 
more theoretical. Although he created many 
hemerae for the subsystem (e.g. in 1909-1930), 
not all were based on actual field observation o f 
specimens in situ. Inevitably stratigraphical 
sequencing errors crept in, providing 
ammunition for the critics o f his method and 
even forcing him to publish some o f his results 
privately. Nonetheless, the value o f many o f 
the units he established can be judged from the 
use o f many o f the same index ammonite taxa 
for the ammonite biohorizons o f Page (1992, 
2003).

The meticulous bed-by-bed collecting o f 
ammonites by Lang, largely identified by Spath, 
from the Lower Lias o f the Dorset coast (Lang, 
1914, 1917, 1924, 1932, 1936; Lang et al., 1923, 
1928; Lang and Spath, 1926) complemented the 
largely theoretical chronology o f Buckman 
(1898) by establishing high-resolution sequences 
o f zones in the field, mainly in the Sinemurian 
and Pliensbachian stages. As with Buckman’s 
hemera, however, these units were largely 
overlooked in later generalized syntheses 
o f Lower Jurassic ammonite zones. Spath 
continued to contribute to the understanding 
o f the British Lower Jurassic Series himself 
through various important works (Spath, 1924, 
1925a-h, 1926a-d, 1942, 1956).

In the 1950s and 1960s major advances were 
made in documenting Lower Jurassic ammonite 
sequences in other areas in Britain. Howarth 
investigated the Upper Pliensbachian Substage 
o f Yorkshire, Dorset and north-west Scotland 
(Howarth, 1955, 1956, 1957, 1958) and the 
Lower Toarcian Substage o f Yorkshire and 
Northamptonshire (Howarth, 1962a, 1973, 
1978, 1992), while Donovan worked on the 
Hettangian and basal Sinemurian stages o f the 
Bristol-Bath area (Donovan, 1952a,b, 1956). It 
was their work in the 1950s that ultimately led to 
the publication o f the then-definitive work on

the standard zonal framework for the entire 
Lower Jurassic Series o f north-west Europe 
(Dean et a l., 1961). Ammonite faunas from the 
remainder o f the Sinemurian Stage and the 
Lower Pliensbachian Substage have received 
rather less coverage although monographic 
treatments o f some taxa have been published, 
such as the Juraphyllitidae (Howarth and 
Donovan, 1964) and the Echioceratidae (Getty, 
1972, 1973) to name but two.

Subsequent refinement o f the ammonite 
stratigraphy o f the British Lower Jurassic Series 
has concentrated largely on establishing 
rigorously defined, high-resolution, correlation 
schemes using ‘horizons’ , including ‘faunal 
horizons’ or biohorizons, as pioneered by 
Callomon in the Middle and Upper Jurassic 
series (e.g. Callomon, 1985a,b) or zonules 
( sensu Phelps, 1985), the ‘horizons’ o f French 
authors (Page, 1995). These are incorporated 
into Figures 1.3-1.8 o f this volume. Biohorizon 
schemes have been proposed for the British 
Hettangian Stage (Page and Bloos, 1998; Bloos 
and Page, 2000a,b), for the Sinemurian Stage 
(Page, 1992; Dommergues et a l., 1994; Bloos 
and Page, 2000a) and for the Lower Toarcian 
Substage (Page, 2003). A system o f zonules for 
the British Lower Pliensbachian Substage was 
proposed by Phelps (1985) while zonule 
schemes for the Upper Pliensbachian and Upper 
Toarcian substages follow Page (2003), based on 
Dommergues et al. (1997) and Elmi et al.
(1997), respectively.

Despite the numerous revisions, compilations 
and refinements o f the last 150 years or so, the 
ammonite-based zonation for the north-west 
European Lower Jurassic Series is still heavily 
dependent on British reference sections. At 
least 9 o f the 22 zones, and around 33 o f the 
61 subzones still use an index fossil based on a 
type specimen from a British or Northern Irish 
locality. Inevitably, therefore, these sections will 
continue to play a key role in Lower Jurassic 
stratigraphy on a global scale as stratotypes for 
each unit are proposed and internationally 
agreed.

Ammonoid provincialism in the 
Lower Jurassic Series o f Europe
Like any group o f organisms, ammonoids show 
distinctive geographical distribution patterns, 
reflecting ecological and physical controls on 
individuals and populations. These patterns are
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characterized as biogeographical provinces and 
the inevitable consequence o f using ammonites 
for correlation purposes is that every province, 
almost by definition, will have a different 
scheme o f standard zones. These differences 
inevitably make inter-provincial correlations at 
zonal, and especially subzonal and horizon, level 
difficult.

Representatives from up to three contempo
raneous faunal provinces can be recognized at 
various levels in the Lower Jurassic Series o f 
Britain (Page, 1996) and are summarized 
below:

1. North-west European Province: The 
province is typical o f much o f the shelf seas 
o f Europe from Hettangian to Early Pliensba- 
chian times and again in Late Toarcian 
times, when great faunal uniformity charac
terized most o f the region. Faunal affinities 
are almost entirely from southern or 
Tethyan areas (i.e. from a Mediterranean 
Province) and direct connection to an Arctic 
or Boreal Sea is lacking (except perhaps in 
earlier Late Toarcian times). Zonal schemes 
o f the North-west European Province are 
well developed reflecting the long history 
o f research on the area.

2. Subhoreal Province: The establishment 
o f direct marine connections with the circum
polar Boreal Sea in Late Pliensbachian and 
Toarcian times enabled some mixing o f Arctic 
Province faunas and the previously separated 
faunas o f north-west Europe (Figure 1.9). 
The abundance o f Boreal taxa alongside 
forms with more southerly affinities distin
guishes the province in northern Britain. A 
standard zonation is well established and 
correlates fairly well with more southerly 
areas as a result o f faunal overlap.

3. Submediterranean Province: The 
province developed in parallel with the 
Subboreal Province in late Pliensbachian 
times in regions between the former and 
the southern European Mediterranean 
Province. Boreal taxa usually are infre
quent and an independent zonation is used 
in the Lower Toarcian Substage, but with 
significant links to that o f Subboreal areas. 
Typical Mediterranean Province faunas are 
never developed in Britain, although a few 
genera and species typical o f the province 
(e.g. Phylloceratina and Lytoceratina) do

turn up occasionally, mainly in the Pliens
bachian and Toarcian stages, interestingly 
associated with both Submediterranean 
and Subboreal faunas.

Belemnites

MJ. Simms

Belemnites are the only nektonic group o f inver
tebrate macrofossils, other than ammonites, that 
have been proposed as biostratigraphical index 
fossils for the Lower Jurassic Series. Records o f 
belemnites from the Carboniferous Period are 
questionable, the first definite appearance 
being in upper Triassic or lower Jurassic strata o f 
Europe. However, their potential as biostrati
graphical index fossils in the Lower Jurassic 
sequence is limited by several factors. They are 
rare in the Hettangian Stage and do not become 
abundant until the mid-Sinemurian Stage. They 
may have been facies-dependent to some extent, 
with several species apparently affected by 
benthic anoxia in early Toarcian times (Simms, 
1986; Doyle, 1990-1992); and the identification 
o f individual species can be difficult, being based 
largely on subde variations in guard morpho
logy. However, belemnites have the advantage 
that they are abundant at some stratigraphical 
levels and their tough calcitic guards have a very 
high preservation potential, even in environ
ments where the aragonitic shells o f ammonites 
are destroyed or poorly preserved.

The belemnite biostratigraphy o f the Lower 
Jurassic Series o f north-west Europe was 
reviewed by Doyle and Bennett (1995), incor
porating earlier work by Stoyanova-Vergilova
(1977) and Doyle (1990-1992). In a more 
recent study, Comb6morel (1997) attempted 
direct correlation between the established 
ammonite zonation and a series o f proposed 
belemnite zones and subzones (Figure 1.12). 
The Hettangian Stage is characterized by the rare 
genus Schwegleria, although in Combemoref s 
scheme this genus is confined to the Planorbis 
Zone. The Sinemurian Stage is dominated by 
species o f Nannobelus, a genus first appearing 
in latest Hettangian times. Comb6morel (1997) 
includes the entire Sinemurian Stage in his 
Nannobelus acutus Zone. Only the index 
species is present in the Lower Sinemurian 
sequence but Nannobelus oppeli and N. alveo-  

latus appear in the Upper Sinemurian sequence
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Figure 1.12 Proposed belemnite biozonation schemes for the Lower Jurassic Series of north-west Europe. 
Based on Doyle (1990-1992), Doyle and Bennett (1995) and Combemorel (1997).

and allow division o f this zone into two sub
zones. Belemnites are abundant in the Upper 
Sinemurian sequence and particularly from the 
Pliensbachian Stage onwards. Lang (in Lang et

a l., 1928) demonstrated the biostratigraphical 
resolution that could be achieved within the 
Lower Pliensbachian Substage, listing the strati- 
graphical range (by bed number) o f 26 nominal
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species found within the Belemnite Marl 
Member o f the Pinhay Bay to Fault Com er 
GCR site. Although some o f these nominal 
taxa must be no more than ecophenotypic, 
ontogenetic or sexual variants, nonetheless, 
there does appear to be some stratigraphical 
significance at the generic level. Thus slender 
elongate forms o f Pseudobastites are particularly 
abundant in the lower part o f the Jamesoni 
Zone (Taylori and Polymorphus subzones), 
Clastoteuthis in the upper Polymorphus 
Subzone, Angeloteuthis in the top Jamesoni 
and lower Ibex zones (Jamesoni to Valdani 
subzones) and Hastites in the Ibex and Davoei 
zones. However, both Hastites and slender 
forms o f Pseudobastites are known to extend 
higher in the succession while the robust forms 
o f Pseudobastites, such as Pseudobastites apici- 
curvata itself, range throughout the Lower 
Pliensbachian Substage. Combemorel (1997) 
recognized a single zone o f Hastites clavatus 
in the Lower Pliensbachian sequence, divisible 
into two subzones. Typical species additional 
to the zonal/subzonal index fossils include 
Nannobelus armatus, Passaloteutbis elongatus 
and, in the Davoei Zone, Hastites cbarmoutb- 
ensis. Doyle (1990-1992) considered the 
Passalotbeutbis bisulcata Biozone to corre
spond broadly to the Upper Pliensbachian 
Substage and basal Toarcian Stage, but in 
Combemorers scheme this species is taken as 
the zonal index fossil only for the Tenuicostatum 
Zone and the Upper Pliensbachian Substage is 
encompassed by the zone o f Parapassaloteutbis 
zieteni, with Pseudobastites longiformis also 
characteristic.

Belemnite diversity is higher for the Toarcian 
Stage than for earlier stages, allowing for greater 
refinement o f belemnite biozonation. By mid- 
Toarcian times the Belemnitinae were replaced 
by the more diverse Megateuthidinae. Doyle 
(1990-1992) proposed five belemnite biozones 
for the Toarcian Stage, based on a combination 
o f the ranges o f the biozonal index fossils and 
o f other species, and provided an indication of 
their correlation with the standard ammonite 
zones. Combemorel (1997) recognized four 
zones and three subzones but there is a reason
able correspondence between the two schemes. 
Combemorel (1997) cites characteristic species 
for each o f his zones and subzones whereas 
Doyle (1990-1992) provides range charts for all 
species o f belemnite found in the British 
Toarcian Stage.

Bivalves

P. Hodges and M.J. Simms

Bivalves occur in large numbers throughout the 
Lias and dominate the shelf fauna o f the early 
Jurassic seas. Most bivalve species in the early 
Jurassic Period have relatively long strati
graphical ranges compared to ammonite 
species, and consequently they do not generally 
give the same degree o f resolution. Further
more, most bivalves are benthic and strongly 
facies dependent, which detracts from potential 
use in correlation between different facies. 
However, use can be made o f the first and last 
occurrences o f many bivalve species in the strati
graphical column, correlated with known 
ammonite zones. Some species are known to 
extend virtually unchanged through several 
zones, or even stages, o f the Lower Jurassic 
Series (Hallam, 1987a) although certain bivalve 
groups do show distinct and well-documented 
evolutionary changes through early Jurassic 
times and hence do have a limited biostrati- 
graphical significance. O f these the most 
notable is the ostreid genus Gryphaea, which 
Trueman (1922a) was the first to use in bio- 
stratigraphical correlation based on material 
from the Pant y  Slade to Witches Point GCR 
site. Subsequent publications challenged his 
conclusion that Gryphaea evolved from 
Liostrea, proposing instead an origin from 
late Triassic gryphaeate oysters. Nonetheless 
Gryphaea does exhibit distinct morphological 
changes through early Jurassic times, with three 
distinct species recognized (Figure 1.13); 
Gryphaea arcuata from the (upper Hettangian 
to lower Sinemurian) Angulata Zone to 
Semicostatum Zone, Gryphaea mccullochi from 
the (lower Sinemurian to basal Lower 
Pliensbachian) upper Semicostatum Zone to 
lower Jamesoni Zone, and Gryphaea gigantea 
from the (Lower Pliensbachian to upper 
Toarcian) Ibex Zone to Pseudoradiosa Zone. 
The lineage exhibits not only a clear paedomor- 
phocline but also an overall size increase 
through early Jurassic times (Hallam, 1968b, 
1982; Johnson, 1994). Other bivalve taxa 
(Entolium lunare and Pseudopecten equivalvis) 
documented by Johnson (1994) also show 
similar size increases through time, though with
out significant change in shape comparable to 
that seen in the Gryphaea lineage. Hence it is 
the morphometric changes associated with the
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Figure 1.13 The Gryphaea evolutionary lineage, showing pronounced paedomorphosis and size increase. All 
specimens are from the Severn Basin. From left to right: Gryphaea arcuata, Bucklandi Subzone, Hock Cliff 
GCR site; G. mccullochi, Oxynotum Subzone, Bishops Cleeve; G. gigantea, Spinatum Zone, Bredon Hill. 
G. gigantea is 11.5 cm across.

Gryphaea paedomorphocline that are biostrati- 
graphically significant. A few papers dealing 
with specific bivalve groups provide information 
on their stratigraphical distribution (Cox, 1963; 
Johnson, 1984), but many more taxa remain 
neglected. Lists and tables that give the strati
graphical range o f many bivalve taxa are 
included in the descriptions o f several boreholes 
(Melville, 1956; Whittaker and Ivimey-Cook, 
1972; Ivimey-Cook, 1978, 1982) and other 
general accounts o f the Lower Jurassic Series 
(Hallam, 1960a, 1961).

Detailed investigation by Peter Hodges o f the 
bivalve faunas in several boreholes drilled by the 
British Geological Survey, and from coastal 
exposures in south-west Britain, indicate that 
some species are stratigraphically useful, 
particularly where ammonites are absent. His 
observations, summarized below, and in Figure 
1.14, are published here for the first time.

In south-west Britain the Pre-Planorbis 
Beds o f the Lower Lias are dominated by 
the mussel Modiolus (Modiolus) minimus, 
which locally may cover the upper surfaces o f 
limestone beds. They suggest very shallow- 
water, possibly intertidal, conditions. The

last occurrence o f Modiolus (M .) minimus, 
coincides with the first appearance o f 
Plagiostoma giganteum and indicates a marked 
increase in water depth. This relationship can 
be demonstrated at the Pant y  Slade to Witches 
Point GCR site, in south Wales, where the Blue 
Lias Formation shows an eastwards transition 
along the coast from shallow-water marginal 
facies to deeper water offshore facies. It is also 
possible to pick out the occurrence o f various 
bivalve species that coincide with these deepen
ing water conditions. In the immediate vicinity 
o f the Carboniferous Limestone Jurassic ‘island’ 
at Ogmore-by-Sea large numbers o f the oyster 
Terquemia difformis occur with Chlamys 
(Chlamys) valoniensis. In the deeper-water 
facies east o f Dunraven Bay these species 
disappear and are replaced by Plagiostoma 
giganteum and Pinna (Pinna) similis, which can 
be seen on the limestone beds exposed at low 
tide.

Throughout south-west Britain, the first 
occurrence o f Plagiostoma giganteum precedes 
the first occurrence o f the ammonite genus 
Psiloceras (Hodges, 1994). In the absence o f 
ammonites, it can be used as a biostratigraphical
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marker for the approximate base o f the 
Planorbis Zone. In the BGS Burton Row 
Borehole, Somerset (ST 3356 5208),Plagiostoma 
giganteum  occurs 1.3 m below  the first 
appearance o f Psiloceras and in the Elton Farm 
Borehole, Dundiy (ST 5636 6589) (Ivimey-Cook, 
1978), it occurs 0.8 m below. The last occur
rence o f Plagiostoma giganteum  is 4 m above 
the base o f the Sauzeanum Subzone in the 
Burton Row Borehole, and 5 m above the base 
o f this subzone in the Elton Farm Borehole. 
These observations are confirmed in coastal 
sections o f the Lias in south-west Britain. Other 
bivalve species that have their last occurrence in 
the Semicostatum Zone are Pinna (P.) similis, 
Oxytoma (O.) sinemuriensis, Entolium  (E.) 
liasinum , Camptonectes subulatus, Eopecten 
angularis, Atreta intusstriata , Antiquilim a  
antiquata, Pseudolimea dentata and Gresslya 
galathea. With the exception o f Gresslya 
galathea, an infaunal burrowing bivalve, and 
Atreta intusstriata, an encrusting species, all 
o f the others are epifaunal, byssally attached, 
species. The disappearance o f all o f these 
species coincides with a further transgression 
and deepening o f the Jurassic sea in north-west 
Europe during the Semicostatum Zone (Hallam,
1981).

Pteromya tatei is one o f the very few short- 
ranged bivalve species in the Lias o f south-west 
Britain, and as such is another useful biostrati- 
graphical marker. First appearing 2.5 m below 
the first appearance o f Psiloceras in the Burton 
Row Borehole, and 2 m below this level in the 
Elton Farm Borehole. Its last occurrence in 
both boreholes is approximately 3.5 m 
above the base o f the Johnstoni Subzone. Other 
short-ranged species are Chlamys (C.) pollux , 
which first occurs in the Pre-Planorbis Beds 
and ranges up to the Johnstoni Subzone; 
Ctenostreon pbilocles, ranging from the 
Pre-Planorbis Beds to the Complanata Subzone; 
Pholadomya (P .) glabra , ranging from the 
Pre-Planorbis Beds to the Rotiforme Subzone; 
and Camptonectes punctatissimus, which 
ranges from the Planorbis Zone to the Bucklandi 
Zone.

In the Liasicus Zone Cardinia ovalis occurs in 
large numbers and is by far the most common 
bivalve. It ranges from the Pre-Planorbis Beds to 
the Bucklandi Zone. Cardinia listeri first occurs 
in the Complanata Subzone and ranges up to the

Raricostatum Zone while Cardinia nilssoni first 
occurs in the Sauzeanum Subzone and ranges 
up to the Margaritatus Zone. The Angulata Zone 
marks the first appearance o f Grammatodon 
(iGrammatodon) pullus and Camptonectes 
jamoignensis, both o f which range up to the 
Jamesoni Zone, and Tutcberia heberti, which 
ranges up to the Davoei Zone. The Complanata 
Subzone also marks the first appearance in 
Britain o f Grypbaea arcuata, probably one o f 
the most common and most intensely studied 
bivalves in the Lower Jurassic Series. It ranges 
up to the Semicostatum Zone where it is 
succeeded by Grypbaea mccullochi, which in 
turn ranges up to the Jamesoni Zone, where it is 
succeeded by Grypbaea gigantea, which extends 
into the upper Toarcian Stage (Hallam, 1968b). 
Bivalves often identified as Grypbaea below 
the Complanata Subzone are in fact usually 
Liostrea hisingeri. This species first appears in 
the late Rhaetian Westbury Formation and is 
recorded throughout the Lias o f south-west 
Britain ranging up to the Semicostatum Zone 
and beyond.

The palaeotaxodont infaunal bivalves are quite 
long-ranging, with Palaeonucula navis first 
occurring in the Planorbis Zone, and ranging up 
to the Margaritatus Zone. Dacryomya heberti 
ranges from the Angulata Zone to the Oxynotum 
Zone. Palaeoneilo elliptica  ranges from the 
Planorbis Zone to the Davoei Zone. Rollieria 
bronni ranges from the Pre-Planorbis Beds to 
the Davoei Zone. Ryderia texturata ranges from 
the Rhaetian Cotham Member up to the 
Margaritatus Zone, exhibiting a progressive size 
increase throughout its range. Ryderia doris 
ranges from the Liasicus Zone to the Davoei 
Zone. A few o f the isofilobranch semi-infaunal 
bivalves are also long-ranging, with Myoconcba 
(M .) psilonoti ranging from the upper Rhaetian 
Langport Member to the Jamesoni Zone, and 
Myoconcba (Modiolina ) decorata ranging from 
the Pre-Planorbis Beds to the Margaritatus Zone. 
The infaunal species Mactromya cardiodeum 
is also one o f the longest-ranging o f the Lias 
bivalves. It first appears in the Pre-Planorbis 
Beds and ranges up to the Spinatum Zone. It is 
found in both shales and limestone beds and 
appears to be remarkably tolerant o f water 
depth and facies changes. Towards the latter 
part o f its range it also exhibits a marked 
increase in overall size. Another long-ranging
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infaunal species is Pleuromya liasina, which 
ranges from the Planorbis Zone up to the 
Spinatum Zone.

The dominance o f some species at certain 
horizons can also be used locally as stratigraphi- 
cal markers. This can be demonstrated by the 
bivalve genus Posidonia, which can be picked 
out as a distinct marker bed, owing to its 
abundance, in both the Burton Row and Elton 
Farm boreholes. This Posidonia-dominated 
shale occurs approximately 5 m above the base 
o f the Lyra Subzone in both boreholes.

In conclusion, it can be seen that infaunal 
bivalves are relatively tolerant o f changes in water 
depth, and are quite long-ranging stratigraphi- 
cally. However, the epifaunal bivalve species, 
particularly the byssally attached species, are 
more susceptible to changes in water depth. 
The first and last recorded occurrences o f 
bivalve species that are water-depth dependant 
can, therefore, be useful as chronostratigraphi- 
cal event markers over a wide area o f western 
Europe during the early part o f the Jurassic 
Period.

Gastropods and scaphopods

M.J. Simms

Gastropods are locally common in the Lower 
Jurassic Series but they have never been an 
intensively studied group and no substantial 
work has been published in several decades. 
Hudleston and Wilson (1892) published a 
census o f Jurassic gastropods but more than 
40 years ago this was described as suffering 
from outdated nomenclature and a lack o f 
stratigraphical precision (Wilson et al., 1958). 
Melville (1956) published distribution tables for 
gastropod taxa recorded from the Sinemurian, 
Pliensbachian and Toarcian stages o f the Stowell 
Park Borehole, also describing several new taxa 
from there, but recognized that their signifi
cance for correlation remained to be assessed. 
Hallam (1961) commented that species 
appeared to be long-ranging, citing as examples 
Pleurotom aria anglica and Cryptaenia 
expansa, which are found from at least the 
Lower Sinemurian to the Upper Pliensbachian 
substages. McDonald and Trueman (1921) 
specifically addressed the biostratigraphical 
potential o f gastropods in the Lower Jurassic

Series but discussed only selected taxa. They 
noted that, in general, gastropod evolution was 
slow during early Jurassic times and hence did 
not favour their use in biostratigraphy. 
However, they also commented that some 
species o f the Procerithidae were found to 
characterize specific horizons, suggesting that 
further work might render these taxa useful in 
correlation. There remains considerable scope 
for research in this area.

Scaphopods, although locally quite common, 
are an even more neglected group. Remarkably, 
however, a tentative biostratigraphical scheme 
was established almost a century ago 
(Richardson, 1906a). This encompassed 16 
nominal taxa o f 4Dentalium ' whose distribution 
was depicted in a range chart spanning the 
entire Lower Jurassic Series. Engeser and Riedel
(1992) briefly reviewed Richardson’s work, 
discussing the generic affinities o f each taxon 
(Dentalium  sensu stricto is a Miocene to 
Recent genus) and replacing several pre
occupied species names. Palmer (2001) has 
since demonstrated that Dentalium giganteum 
is an annelid tube allied to the genus Ditrupa. 
A stratigraphically and taxonomically updated 
version o f Richardon’s (1906a) chart is shown 
in Figure 1.15. A significant proportion o f 
the species appear to have quite restricted 
stratigraphical ranges but, since several o f 
these species are based on collections from only 
a few sites, this may be an artifact o f collection 
failure.

Bracbiopods

M.J. Simms

Although benthic in habit and therefore facies 
dependent, the morphological distinctiveness 
o f certain brachiopod taxa, their relative 
abundance in the Lower Jurassic Series, and 
the existence o f monographic studies, 
notably by Ager (1956-1967, 1956b, 1990), 
lends brachiopods some biostratigraphical 
significance. Derek Ager’s rhynchonellid 
monograph (Ager, 1956-1967) is the standard 
reference work for this group in the Lias and 
provides data on the stratigraphical range o f 
each species. However, he was able to 
complete only Part 1 o f the terebratulid 
monograph (Ager, 1990) before his death,
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Figure 1.15 Range chart for Lower Jurassic scaphopods. Data from Richardson (1906a); with taxonomy revised 
by Engeser and Riedel (1992).

whilst a proposed monograph on the genus 
Spiriferina never came to fruition. Nonetheless, 
in the terebratulid monograph and an earlier 
publication (Ager, 1978) he provided a valuable 
overview o f Lower Jurassic brachiopod 
biostratigraphy, based both on his own 
work and that o f others. He concluded that 
rhynchonellids were the most useful group on 
account o f their greater diversity and more rapid 
evolution, though, with few exceptions, 
individual species ranges extend through 
several ammonite zones (Figure 1.16). For the 
terebratulids Ager (1990) noted that they were 
extremely facies-restricted and he attempted 
subdivision only to stage level.

The biostratigraphical potential o f other 
brachiopod taxa is poorly known, though some 
have been discussed in earlier publications. 
Davidson (1851-1852, 1876-1878) described a 
diverse range o f Lower Jurassic species and 
provided a table showing the stratigraphical 
distribution o f all o f the taxa in his monograph, 
although the stratigraphical resolution o f this 
was low and divided only into the Lower, Middle 
and Upper Lias, and the ‘Passage beds, Midford 
Sands’ . Neaverson (1955) briefly described 
the application o f species o f terebratulid, 
rhynchonellid and Spiriferina  in Lower 
Jurassic biostratigraphy, and Revert and 
Tchoumatchenco (1973) included Spiriferina
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Gibbirhynchia micra 
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Gibbirhynchia northamptonensis — ! j

m Gibbirhynchia thomcombiensis
j Gibbirhynchia tiltonensis 
* Grandirhynchia grandis 
*Grandirhynchia laevigata 

Holcorhynchia standishensis ■
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Maxillirhynchia implicata f- f-

j I Nannirhynchia pygmaea
Piarorhynchia juvensis 

Piarorhynchia radstockensis 
Piarorhynchia rostellata \

Prionorhynchia quinqueplicata 
Prionorhynchia serrata

Pseudogibbirhynchia moorei •

Quadratirhynchia quadrata and spp.
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Rimirhynchia elevata \ ! S
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Squamirhynchia squamiplexj 1
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Tetrarhynchia tetrahedra, dumbletonensis 
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quenstedti as one o f their brachiopod zonal 
index fossils for the Sinemurian Stage, though 
other zones were based on rhynchonellid or 
terebratulid species.

The brachiopod biozonal scheme for the 
Lower Jurassic succession o f Britain proposed by 
Ager (1978, 1990) has a low resolution, except at 
certain levels (see Table 1.1).

The stratigraphical distribution o f terebra- 
tulids in the British Lower Jurassic succession is 
still less precise and was summarized by Ager
(1990) as in Table 1.2.

Recent work in the field o f brachiopod 
biostratigraphy (Almeras et a l., 1997) has

established two parallel zonation schemes 
for the Lower Jurassic succession o f 
France, covering the North Tethyan and 
North-west European provinces respectively. 
Index species from both schemes are 
encountered in the British Lower Jurassic 
sequence and hence both are shown in 
Figure 1.17. There are some discrepancies 
between stratigraphical ranges o f certain 
taxa recorded by Ager (see Figure 1.16) and 
their use as index species in the french 
scheme, although this may be a reflection o f 
facies control rather than true stratigraphical 
range.

Table 1.1 Brachiopod biozonal scheme for the Lower Jurassic Series o f Great Britain. After Ager 
(1978, 1990).

Chronostratigraphy Brachiopod Biozones Amm onite zone equivalents
Upper Toarcian none
Lower Toarcian Stolmorhyncbia (?) 

bouchardii
Nannirhyncbia pygrnaea

Serpentinum-Bifrons
Tenuicostatum

Pliensbachian Prionorbyncbia serrata 
Homoeorhynchia acuta 
Gibbirbyncbia curviceps

Spinatum
Spinatum
J amesoni-Margari tatus

Sinemurian Cuneirbyncbia oxynoti 
Piarorbynchia juvensis

Semicosta tum-Raricosta turn 
Semicosta turn

Hettangian Calcirbynchia calcaria Planorbis-Bucklandi

Table 1.2 Terebratulid stratigraphical distribution in the Lower Jurassic Series o f Great Britain. After 
Ager (1990).

Chronostratigraphy Terebratulid Biozones
Upper Toarcian Lobothyris baresfieldensis 

Zeilleria lycetti
Lower Toarcian Orthotoma globulina
Upper Pliensbachian Zeilleria quadrifida 

Aulacothyris resupinata 
Lobothyris punctata

Lower Pliensbachian Cincta numismalis 
Zeilleria darwini

Upper Sinemurian Cincta cor
Lower Sinemurian Zeilleria vicinalis
Hettangian Zeilleria perforata
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Ammonite zones North-west European brachiopod 
zones and subzones

Aalensis

Rseudoradiosa

Dispansum

Thouar sense

Variabilis

Bifrons

Serpentinum

Tenuicostatum

Stroudithyris infraoolithica 
and Zeilleria lycetti

Homoeorhynchia
cynocepnala

Pseudogibbirhynchia
jurensis

Spinatum

Margaritatus

Davoei

Ibex

Jamesoni

Raricostatum

Oxynotum

Obtusum

Turned

Semicosta turn

Bucklandi

Telothyris jauberti and 
Telothyns pyrenaica

Quadrattrhynchia quadrata 
and Zailleria quadrifida

Zeilleria sarthacensis

Rudirhynchia rudis and 
Scalpellnbynchia scalpellum

Cincta numismalis

Piarorbynchia juvensis 
ana Cincta cor

Zeilleria vicinalis 
and Spiriferina walcotti

Stolmorhynchia
bouchardi

Konmckella bouchardi

Calcirhynchia
calcaria

Angulata

Liasicus

Planorbis

Zeilleria perforata

North Tethyan brachiopod 
zones and subzones

Homoeorhynchia 
cynocephala and 
Zeilleria lycetti

Stroudithyris infraoolithica and 
Stroudtthyris stephanoides

S. infraoolithica 
and S. stephanoides

Sphaeroidothyris vari and 
Sphaeoroidothyris decipiens

5. vari and S. decipiens

S. perfida

Homoeorhynchia meridionals 
and Telothyris jauberti

H. meridionals and 
T. jauberti

Stolmorhynchia
bouchardi

Leosphiferina falloti 
and Zjeilleria quadrifida

Narmirbynchia pygmaea and 
Konmckella bouchardi

Quadratirhynchia quadrata 
and Aulacothyris iherica

G. amalthei and Z. sarthacensis

Rudirhynchia rudis

Gibbirhynchia curviceps

Gibbirhynchia
curviceps

CuersithyrS davidsoni 
and CuersithyrS 

radstockensS

Spiriferina betacalcis, 
Putrorhvnchia juvensis 

and Cincta cor

Cuneirhynchia oxynoti 
and Zetlleria vicinalis

Zeilleria perforata

Figure 1.17 Brachiopod zonation for the Lower Jurassic Series of France. After Almeras et al. (1997).
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Crinoids

M.J. Simms

Lower Jurassic crinoids are, for the most part, 
strongly facies dependent and hence are poorly 
suited for use as biostratigraphical index 
fossils. However, individual species within 
the order Isocrinida are widely distributed, 
often common and sufficiendy distinctive for 
identification o f fragmentary material. This led 
Oppel (1856-1858) to use one species, 
Isocrinus (=  ‘Pentacrinus') tuberculatus in his 
biostratigraphical subdivision o f the Lower

Jurassic Series, corresponding roughly to the 
Tumeri Zone o f the modern schemes (Dean et 
al., 1961). Crinoids have not otherwise been 
used in Lower Jurassic biostratigraphy but the 
monographic treatment o f this group by Simms 
(1989) provides all o f the data necessary to 
establish a crinoid biostratigraphy in parallel 
with that for ammonites and other groups 
(Figure 1.18). Representatives o f the order 
Millericrinida generally are very rare within the 
British Lower Jurassic succession and restricted 
to hardground environments. At present the 
known geographical and stratigraphical distri
bution o f this group reflects little more than the

Figure 1.18 Stratigraphical range chart for Lower Jurassic isocrinid crinoids. After Simms (1989).
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occurrence o f such environments rather than 
any underlying phylogenetic pattern that might 
provide the basis for a biostratigraphical 
scheme. Furthermore, the shape and articula
tion surfaces o f isolated columnals, even within 
local populations, appear highly polymorphic 
(Simms, 1989) and this provides a further 
hindrance to identification. However, repre
sentatives o f the order Isocrinida are, for the 
most part, considerably more abundant than 
millericrinids, far less environmentally restricted 
and easier to identify to species level using even 
fragmentary material.

Isocrinus tuberculatus has a stratigraphical 
range substantially greater than the Tlimeri 
Zone, spanning the Semicostatum to Oxynotum 
zones. Several common species provide a 
similar biostratigraphical resolution, though 
others, such as Hispidocrinus schlumbergeri, 
extend through several stages and hence are o f 
limited use. Most species o f each lineage appear 
suddenly in the fossil record, without forms 
transitional from their presumed ancestors; this 
is particularly evident in the genus Balanocrinus 
(Simms, 1985, 1988). However, transitional 
morphotypes between Isocrinus psilonoti and 
I. tuberculatus, and between /. tuberculatus and 
/. robustus are known and provide a slighdy 
enhanced level o f biostratigraphical resolution, 
since they occupy relatively restricted strati
graphical ranges in the Bucklandi and 
Semicostatum zones and the Oxynotum and 
Raricostatum zones respectively.

Although most Lower Jurassic crinoid species 
are exclusively benthic, two genera o f the 
Pentacrinitidae, Pentacrinites and Seirocrinus, 
were pseudoplanktonic in habit and hence are 
facies independent. Other attributes that render 
them potentially useful as biostratigraphical 
index fossils are an exceptionally wide 
geographical distribution (Simms, 1986) and 
a distinctive morphology (Simms, 1989). 
However, although abundant at certain localized 
horizons, they are in general extremely rare and 
have a highly disjunct distribution even within 
their known stratigraphical range.

Holotburians

M.J. Simms

With rare exceptions fossil holothurians are 
found only as disarticulated, usually micro
scopic, sclerites whose precise taxonomic

affinities can seldom be determined easily. 
Indeed, frequendy it is not even clear that a 
particular sclerite morphospecies actually 
originated from a holothurian! Knowledge o f 
Lower Jurassic holothurians has increased 
through the work o f Gilliland (1992, 1993) but 
this also highlighted the limitations inherent in 
any biostratigraphical scheme using this group. 
Rioult (1961) published a subdivision o f the 
Lower Jurassic Series based on holothurian 
sclerites in which he recognized three morpho
species associations that defined the Hettangian 
and Sinemurian stages, the Pliensbachian and 
lowermost Toarcian (Tenuicostatum Zone) 
stages, and the remainder o f the Toarcian Stage. 
Gilliland (1992) concluded that only the lower 
two sclerite assemblage zones o f Rioult (1961) 
were still recognizable, in modified form, as 
below. The biostratigraphical resolution that 
can be achieved using holothurian sclerites is 
poor by comparison with many other fossil 
groups, and likely to remain so.

Hettangian-Sinemurian stages: Binoculites 
terquemi, Cucumarites mortenseni and 
Mortensenites circularis 

Pliensbachian-lowermost Toarcian stages; Theelia 
crassidentata, T. mortenseni, T. rigauda, 
M yriotrochites (=  Stueria)? cost i f  era, 
Ambulacrites (=  Sticbopites) terquemi and
A. (5.) polymorpha. Also characterized by a 
predominance o f wide-armed Staurocu- 
mites bartensteini and early growth stages 
o f Binoculites jurassica.

O ther ecbinoderm s

M J. Simms

Articulated specimens o f the three other echino- 
derm classes represented in the Lower Jurassic 
Series are rare but fragmentary material often is 
common and frequently is morphologically 
distinctive. However, there have been no 
detailed monographic investigations since the 
publications o f Thomas Wright (1857-1880) and 
the lack o f modem taxonomic treatments is a 
major hindrance to identification. Coupled with 
this they exhibit strong facies dependence, 
and so clearly have a very limited application in 
biostratigraphy.

Asteroids are poorly known and intact speci
mens are very rare, although isolated ossicles are 
not uncommon in washed mudstones. Little can
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be said about the stratigraphical distribution o f 
species or even genera until a thorough investi
gation o f such disarticulated material has been 
undertaken. Intact ophiuroids are similarly rare 
and generally confined to particular horizons, 
the Starfish Bed in the Stokesi Subzone o f the 
Pinhay Bay to Fault C om er GCR site being 
perhaps the best-known example (Goldring and 
Stephenson, 1972). In a study o f disarticulated 
ophiuroid ossicles from Jurassic clays, Hess 
(I960, 1962, 1964) described various Lower 
Jurassic taxa and their approximate strati
graphical ranges. These studies may provide 
a basis for the future development o f an 
ophiuroid biostratigraphy for the Lower Jurassic 
but the current state o f knowledge is inadequate 
to draw any firm conclusions about the 
stratigraphical distribution o f this group.

Echinoids are also rare as intact specimens in 
the British Lower Jurassic Series, though 
significandy less so than either o f the other two 
echinoderm groups. Disarticulated echinoid 
plates and spines are common but litde has 
been published on this group in recent years. 
Unpublished observations (Simms, 1987) 
suggest that most taxa are fairly long-ranging. 
For instance Miocidaris lobatum  ranges at least 
from the Planorbis Zone to the Semicosta turn 
Zone, whereas higher in the succession 
Eodiadema minuta extends from the Oxynotum 
Zone to at least the Davoei Zone. Thierry et al.
(1997) tabulated the stratigraphical distribution 
o f 32 echinoid species in the Lower Jurassic 
succession o f France, but only a small 
proportion o f these are taxa known to occur in 
the British Lias. Most o f the species included in 
their table have poor stratigraphical resolution; 
most precision is no better than stage or 
substage level and only four species are confined 
to individual ammonite zones.

Corals

MJ. Simms

The predominandy argillaceous sediments o f 
the Lower Jurassic succession in Britain do 
not favour the growth o f hermatypic colonial 
corals, and even solitary corals, presumably 
ahermatypic, generally are far from common. 
They occur in abundance at only a few sites, 
such as on the Ob Lusa to Ardnish Coast GCR 
site on the Isle o f Skye, and the Pant y  Slade to 
Witches Point GCR site in south Wales. There

has been no modem monographic treatment o f 
the group since that o f Duncan (1867a) and the 
tabulated data o f Negus (1991) provides only a 
tripartite division o f the Lower Jurassic Series 
into Lower, Middle and Upper Lias. Even with 
more precise information on the stratigraphical 
distribution o f coral species in the Lower 
Jurassic Series it is unlikely that their value as 
biostratigraphical index fossils would be signifi
cant owing to the overwhelming facies control 
that they suffer, their relatively slow rate o f 
evolution, and difficulties o f identification for 
many species. However, certain coral-bearing 
horizons do have a value as local marker bands 
that in some instances can be traced over 
distances o f several tens o f kilometres; examples 
include the Coral Band containing abundant 
Stylophyllopsis rugosa in the Raricostatum 
Zone o f Gloucestershire and Worcestershire 
(Richardson, 1918), and a limestone bed (Bed 
28 o f Trueman, 1930) containing profuse 
M ontlivaltia  guettardi in the Conybeari 
Subzone o f the Pant y  Slade to Witches Point 
GCR site in south Wales (Wobber, 1968a).

Microfossils

MJ. Simms

Foram inifera

All Early Jurassic foraminifera were benthic in 
habit and hence facies controlled. Nonetheless, 
they are often abundant and diverse in Lower 
Jurassic mudstones and many species have 
limited stratigraphical ranges. They also have 
been documented and described for more 
than a century and a half (Strickland, 1846), 
substantially longer than any other microfossil 
group known from the Jurassic Period. Several 
GCR sites have been important sources o f 
material from these earliest papers right up to 
the present time (e.g. Tate and Blake, 1876; 
Richardson, 1908; Macfadyen, 1941; Barnard, 
1950; Hylton, 1998). Lower Jurassic foramini- 
feral assemblages comparable with those found 
in Britain have been studied in many other parts 
o f Europe. Bartenstein and Brand (1937) were 
the first to appreciate the stratigraphical signifi
cance o f foraminifera in the Lower Jurassic 
Series and paved the way for all subsequent 
zonation schemes. Various regional zonal 
schemes have been proposed, reflecting facies 
control and/or provincialism, most recently that
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by Ainsworth et al. (1998a) who recognized 
10 foraminifera zones within the Lower Jurassic 
Series in the southern part o f the Wessex Basin, 
spanning the interval from late Rhaetian to 
earliest Bajocian times. Copestake and Johnson
(1989) summarized the stratigraphical ranges o f 
62 taxa, based on samples that included many 
o f the Lower Jurassic GCR sites, and defined 
16 foraminifera zones (JF1-JF16) for the Lower 
Jurassic Series (Figure 1.19); the boundaries o f 
these were defined by a combination o f first and 
last appearances and by other foraminiferal 
‘events’, such as flood occurrences. They noted 
that, in general, new appearances were asso
ciated with transgressions while extinctions 
were associated with regressions. As expected 
from their benthic habit, foraminifera were 
largely absent from anoxic facies, with the 
prolonged and widespread Toarcian anoxic 
event causing a major turnover among this 
group.

Ostracods

Most early Jurassic ostracods were benthic in 
habit and hence strongly influenced by facies. 
However, they arc often abundant and appear to 
have evolved rapidly. In consequence, biostrati- 
graphical ostracod zonation schemes for the 
Lower Jurassic Series o f north-west Europe have 
been widely used. Very few publications on 
Lower Jurassic ostracods pre-date I960 and it 
was not until 1975 that any attempt was made to 
establish a biozonation scheme, with Micheisen
(1975) subdividing the Hettangian to 
Pliensbachian interval o f the offshore Danish 
Embayment while Bate and Coleman (1975) 
established a biozonation for part o f the 
Toarcian Stage o f the east Midlands. The zona
tion for the Hettangian to Lower Pliensbachian 
interval was further refined by Park (1987) based 
on records from the southern North Sea Basin. 
More recent biozonation schemes include 
those established by Boomer (1991), based on 
material from the exceptionally thick succession 
in the Mochras Borehole, and by Ainsworth 
et al. (1998a) for the southern part o f the 
Wessex Basin (Figure 1.19). These schemes 
extend through all or much o f the Lower Jurassic 
interval although Boomer (1991) noted that a 
direct comparison between ostracod faunas o f 
the Mochras Borehole and those from elsewhere 
in north-west Europe was not always possible. 
At certain stratigraphical levels these differences

are acute but at others, notably the Hettangian 
and Toarcian intervals, the correspondence is 
much closer. The difficulty o f establishing a 
single ostracod biozonation for the whole o f 
north-west Europe is evident from the diversity 
o f zonal schemes that have been proposed 
for different areas across the region and 
undoubtedly reflects the strong facies 
dependence o f this group and perhaps also a 
certain degree o f endemism. Within the Lower 
Jurassic Series, biostratigraphical resolution 
using ostracods typically is o f the order o f two 
to three ammonite zones. The Hettangian to 
lowermost Toarcian interval is dominated by 
the Metacopina, Cypridacea, Cytheracea and 
Bairdiacea. The Metacopina are important in 
Hettangian, late Sinemurian, late Pliensbachian 
and earliest Toarcian times, while the Cypridacea 
and Cytheracea assume dominance during 
mid-Sinemurian and early Pliensbachian times. 
Widespread anoxia in the Serpentinum Zone 
caused the extinction o f the Metacopina, with 
the remainder o f the Toarcian Age being domi
nated by the Cytheracea, with the Platycopina 
also important locally. There is a progressive 
increase in ostracod diversity through early 
Jurassic times following the onset o f marine 
conditions across much o f Britain in the late 
Triassic Period, with some 50-60 species 
recorded for the late Toarcian Age (Boomer,
1991). Minor fluctuations in abundance, 
diversity and taxonomic composition can, in 
many cases, be linked directly to facies changes 
associated with eustatic change or the develop
ment o f anaerobic/dysaerobic conditions 
(Boomer and Whatley, 1992).

Dinojlagellates

The diversity o f dinoflagellates is low in the 
Rhaetian and Lower Jurassic succession, with 
fewer than 20 species recognized in total. Their 
use in biostratigraphical correlation o f the 
Jurassic System has been discussed particularly 
by Woollam and Riding (1983), Riding (1984a), 
Riding and Thomas (1992) and Ainsworth et al. 
(1998a). Because o f their low diversity in the 
Lower Jurassic Series, biostratigraphical resolu
tion is rather poor, with each dinoflagellate cyst 
subzone corresponding to between two and 
four ammonite zones (Figure 1.19). Woollam 
and Riding (1983) recognized four dinocyst 
zones within the Lower Jurassic Series; the 
Dapcodinium priscum  Zone (Pre-Planorbis
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Figure 1.19 Microfaunal and microfloral biostratigraphy for the British Lowerjurassic Series. Foraminifera after Copestake (1989); ostracods after Ainsworth 
et al. (1998a); dinoflagellates after Riding and Thomas (1992); miospores after Koppelhus and Batten (1996); calcareous nannofossils after Bown (1987).
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Beds to Tlimeri Zone), Liasidium variabile 
Zone (Obtusum to Davoei zones), Luehndea 
spinosa Zone (Margaritatus and Spinatum 
zones), and the Mancodinium semitabulatum 
Zone (Tenuicostatum Zone to top Aalenian). 
Ainsworth et al. (1998a) recognized only two 
zones within the Lower Jurassic Series but sub
divided them into 11 distinct biostratigraphical 
units (subzones and ‘zonules’). However, the 
‘zonules’ were based largely on changes in 
abundance o f particular species recorded from 
boreholes in the English Channel, events that 
remain unproven outside o f the southern 
Wessex Basin. Nonetheless, the index species 
are common throughout Britain and hence 
potentially have much wider application. 
Fenton and Fisher (1978) claimed that the 
ranges o f some Middle Jurassic taxa might be 
discordant between different areas, although 
this is perhaps less likely in the generally more 
open-marine conditions that prevailed during 
early Jurassic times.

Pollen and spores

Pollen and spores comprise just two elements 
o f the larger collective termed ‘palynomorph’, 
which encompasses a range o f chitinous micro
fossil material o f which dinoflagellages are 
another important group (see Batten, 1996a, 
for a full discussion o f palynomorphs and 
palynofades). They are o f enormous value in 
biostratigraphy since potentially they allow 
correlation between non-marine environments 
in which they originate, and in which often they 
are the only biostratigraphically useful fossils, 
and marine sequences, which commonly are 
much better dated using a variety o f fossil 
groups. However, palynomorphs are subject to 
latitudinal zonation and provincialism, and may 
have diachronous ranges, so correlation over 
long distances may be unreliable. Some 
proposed miospore zones are applicable only 
within individual sedimentary basins, limiting 
any wider application, while they are often 
difficult to identify. Batten (1996b) has high
lighted the need to consider palynofacies in all 
such biostratigraphical investigations since this 
reflects the proximity o f terrestrial vegetation, 
the sedimentary environment, and subsequent 
diagenesis.

Although the Lower Jurassic succession across 
virtually the entire United Kingdom is marine 
almost throughout, and hence commonly yields

abundant macrofossil dating evidence, mio- 
spores have proven important for correlation 
with non-marine successions, such as those o f 
the Newark Supergroup o f eastern North 
America, and in helping to identify the 
provenance o f important fossil material for 
which original collection data are lacking (e.g. 
Martill et a l., 2000). Koppeihus and Batten
(1996) reviewed the stratigraphical distribution 
o f miospores for the Lower Jurassic interval and 
listed the ranges for many taxa in north-west 
Europe on which miospore zonation schemes 
have been based (Figure 1.19). The upper 
Rhaetian Stage is commonly characterized by an 
abundance o f Corollina  spp., which may 
comprise more than 90% o f assemblages near 
the Triassic-Jurassic boundary. The lower 
Hettangian Stage typically contains a mixed 
assemblage with forms more common in 
Rhaetian strata, and soon to disappear 
altogether, alongside long-ranging forms. These 
latter taxa continue into upper Hettangian and 
Lower Sinemurian successions, which otherwise 
are distinguished from the lower Hettangian 
strata only by the absence o f the Rhaetian relics. 
The Upper Sinemurian and Lower Pliensbachian 
succession yields a rather restricted flora, often 
with abundant Corollina spp. again, and the 
Pliensbachian Stage especially appears to be 
characterized over much o f north-west Europe 
by an impoverished assemblage. The mid- 
Pliensbachian to earliest Toarcian succession is 
characterized by Ceratosporites spinosus, one o f 
only a few short-ranging Lower Jurassic 
miospore taxa. Lower Toarcian palynomorph 
assemblages across much o f north-west Europe 
are typically rich in amorphous organic matter 
and marine algae but associated miospores, 
such as Chasmatosporites, are mosdy gymno- 
spermous and o f little biostratigraphical value. A 
range o f taxa appear for the first time in the 
upper Toarcian Stage, allowing lower and upper 
Toarcian strata to be distinguished.

Calcareous Nannofossils

Coccolithophorid algae are the dominant 
calcareous nannofossil in the Jurassic System. 
The Early Jurassic Epoch was a time o f major 
diversification for the group, from their first 
appearance in the fossil record in the Upper 
Triassic Series to six major families by the 
Pliensbachian Stage and more than 50 
described species in the Toarcian Stage. In

47



British Lower Jurassic stratigraphy: an introduction

a comprehensive review o f Lower Jurassic 
calcareous nannofossils in north-west Europe, 
Bown (1987) standardized the biostratigraphical 
zonation scheme for the group (Figure 1.19) and 
summarized the ranges o f individual species. He 
proposed eight zones, three o f them being 
further subdivided into two subzones each, 
defined by first appearances o f particular taxa 
though a few are tied to last occurrences. 
Biostratigraphical resolution is, in most cases, o f 
the order o f two to three ammonite zones but 
may be significandy less than one ammonite 
zone.

Other groups

Several other fossil groups have not been 
considered here since they form only minor or 
low-diversity components o f most described 
faunas and their distributions are relatively 
poorly documented. They include benthic 
invertebrate groups such as bryozoa, annelids 
and arthropods, the nektobenthic nautiloids, 
vertebrates (fish and reptiles) and trace fossils. 
Ultimately some may prove to be o f limited 
stratigraphical use, or at least display well- 
defined stratigraphical distributions. There is 
some evidence for this among vertebrates 
(Benton and Spencer, 1995) but the data is 
insufficient to establish any meaningful ‘zonal’ 
scheme at present. The rarity o f intact material 
and the difficulty o f identifying isolated bones 
and teeth would render any such schemes o f 
limited use, although further work on isolated 
fish teeth may eventually establish them as o f 
some value in stratigraphy.

EVENT STRATIGRAPHY IN THE 
BRITISH LOWER JURASSIC SERIES

M.J. Simms

Recent decades have seen the emergence o f 
various techniques for refining the chronostrati- 
graphy o f sedimentary sequences independendy 
o f any fossil biota they might contain, or o f 
identifying specific events within the succession. 
These include the use o f stable isotopes, 
particularly o f strontium (Jones et al., 1994) or 
carbon (Hesselbo et a l.y 2002), radiometric 
techniques (Pilfy et a l.y 2000a-c), identification 
o f ejecta from bolide impacts or volcanic 
eruptions, sedimentary events associated with

tectonic activity, rhythmic or cyclic sedimentary 
sequences caused by climate change linked to 
Milankovitch cyclicity (House, 1985, 1986; 
Weedon, 1986; Weedon and Jenkyns, 1990, 
1999; Weedon et a l.y 1999) and sea-level change 
(Hallam, 1981, 1988; Haq et a l., 1988). O f 
these, most have only limited, if any, application 
within the British Lower Jurassic Series. 
Radiometric dating is, o f course, crucial to 
defining the absolute dates for stratigraphical 
boundaries at stage level and above, but this has 
not been possible for any British site and hence 
stage boundary dates have been defined else
where. Analysis o f strontium isotope ratios 
has been employed as just one o f a suite o f 
techniques used to define proposed GSSPs in 
the British Lower Jurassic Series (Hesselbo et a l.y 
2000) but otherwise it has little general strati
graphical application at this level o f resolution. 
Ejecta from bolide impacts, such as are well 
documented for the Cretaceous-Tertiary 
boundary (Smit, 1999) have not been found at 
any level in the British Lower Jurassic sequence, 
although an iridium anomaly has been reported 
from the terrestrial Triassic-Jurassic boundary in 
the Newark Supergroup o f eastern North 
America and cited as tentative evidence for 
bolide impact at the end o f the Triassic Period 
(Olsen et a l.y 2002). The most recent dating o f 
the Manicouagan impact crater at 214 ±  1 Ma 
(Hodych and Dunning, 1992) places it almost 
within the range o f the Triassic-Jurassic 
boundary as defined by Harland et al. (1990), 
but re-dating o f the boundary close to 200 Ma 
(Palfy et a l.y 2000a) eliminates any possible link 
between this impact and events at the Triassic- 
Jurassic boundary. Volcanic ejecta also have not 
be found in the British Lower Jurassic sequence 
despite the presence o f extensive flood basalts in 
the Hettangian Stage o f the Newark Supergroup 
on the eastern seaboard o f North America 
(Tankard and Balkwill, 1989; Hesselbo et a l.y 
2002), although this apparent absence may 
merely reflect a lack o f intensive searching. 
Major tectonic events might be anticipated to 
show up in the sedimentary record but although 
there is clear evidence for local influence o f 
tectonic activity on adjacent sediments (e.g. 
Jenkyns and Senior, 1991), more widespread 
event horizons o f this type have yet to be found 
in the British Lower Jurassic Series. However, 
a major, uniquely extensive horizon o f soft- 
sediment deformation occurs in the Cotham 
Member o f the Penarth Group, a little below the
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base o f the Lias Group. This deformation, 
ascribed to seismic activity (Mayall, 1983) can be 
traced at the same level across the entire UK and 
appears to represent a seismic event o f unique 
magnitude for the British Phanerozoic, possibly 
attributable to bolide impact (Simms, 2003a).

The only factors that appear to have had 
widespread, frequent and easily discernable 
effects on the sedimentary sequence are climate 
and sea level, although it can often be 
difficult to distinguish between the effects o f 
the two. The link between orbitally induced 
climatic fluctuations and small-scale sedimentary 
cyclicity in the British Lower Jurassic sequence 
is now fairly well-established, with well- 
documented case studies from several GCR sites 
(House, 1986; Weedon, 1986; Weedon and 
Jenkyns, 1990, 1999; van Buchem et a l., 1994; 
Weedon et a l., 1999). Direct correlation o f 
individual decimetre-scale units between Dorset 
and Yorkshire, a distance o f more than 400 km, 
has even been attempted (Hesselbo and 
Jenkyns, 1995). However, although these 
Milankovitch-scale sedimentary rhythms may be 
common and widespread, they are by no means 
ubiquitous and other factors may effectively 
mask the climatic signal. Furthermore, although 
broad-scale correlation o f the larger units may 
be relatively straightforward, correlation o f 
individual beds in isolation from these larger 
units is gready hampered by the presence o f 
other, essentially indistinguishable, beds in close 
stratigraphical proximity. Essentially, these 
small-scale, climatically induced, sedimentary 
rhythms do represent extremely widespread 
event horizons. However, they appear to be 
preserved only in certain parts o f the Lower 
Jurassic succession where their stratigraphical 
frequency is too high for individual beds to be 
especially useful as marker horizons. Although 
there have been claims that these climatically 
controlled sedimentary sequences offer 
potential for establishing a high-resolution 
absolute timescale (House, 1985), in truth the 
stratigraphical distribution o f such sequences 
is far too disjunct for this to be realized at 
present.

That changes in sea level can effect the Lower 
Jurassic sedimentary sequences has been 
recognized for far longer than has the influence 
o f climate change, being exemplified by sites 
such as Pant y  Slade to Witches Point, south 
Wales, where there is a clear upward, and lateral, 
transition from marginal to ‘offshore* facies. As

discussed elsewhere in this volume, changes in 
relative sea level, as interpreted from the sedi
mentary sequence at a particular site, can be 
under the control o f several factors. However, 
global or eustatic sea-level changes should be 
traceable across many sites over a very wide 
area and, as such, offer the potential for useful 
event horizons, if these can be identified. 
Consideration o f the effects o f rising or falling 
sea level on the style o f deposition in the Lower 
Jurassic Series has been a subject o f investigation 
for many decades. For instance Arkeil (1933) 
wrote widely o f the evidence for transgressions 
and regressions in the British Jurassic System 
while in a series o f papers Hallam (1961, 1964b, 
1978) discussed the patterns o f cyclic sequences 
produced by eustatic changes. These lines o f 
investigation led ultimately to the development 
o f the concept o f ‘sequence stratigraphy* 
(e.g. Haq et al., 1987; Vail et al., 1991), with 
several orders o f cycles discernable under ideal 
conditions. Critical to applying the sequence 
stratigraphy concept in the field is the identifica
tion o f key surfaces within a given sedimentary 
cycle, o f which there are three main types; 
sequence boundaries, transgressive surfaces, 
and maximum flooding surfaces. The precise 
sedimentary expression o f any one o f these 
varies according to position along a proximal- 
distal transect but the following criteria were 
used by Hesslbo and Jenkyns (1998) for their 
analysis o f the British Lower Jurassic Series. 
They diagnosed a sequence boundary as an 
erosional unconformity or an abrupt basinward 
facies shift inferred to be its conformable 
correlative; a transgressive surface was indicated 
by an abrupt juxtaposition o f deep-water facies 
over shallow; and a maximum flooding surface 
was indicated by stratigraphical condensation. 
Within the British Lower Jurassic sequence 
Hesselbo and Jenkyns (1998) were able to 
identify key surfaces for several second-order, 
or transgressive-regressive facies cycles, and a 
large number o f third-order, or sequence cycles, 
with a significant number o f the latter being 
correlatable across Britain. Second-order cycles 
are o f durations comparable with stratigraphical 
stages or substages while third-order cycles are 
broadly comparable in duration to ammonite 
zones or subzones. The overall implication o f 
the technique is that if these cycles are primarily 
under eustatic control then the key surfaces 
are effectively synchronous and, in geological 
terms, instantaneous. Consequendy they can be
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considered to represent event horizons that 
potentially can be correlated over very large 
areas. However, a significant constraint is that it 
is dependent on individual interpretation o f 
sedimentary sequences in the field and it is quite 
possible for the same, apparendy quite straight
forward, feature to give rise to quite different 
interpretations, with consequent significance for 
broader-scale correlation (e.g. Hcsselbo and 
Palmer, 1992; Hallam, 1999).

Morton (1993) contends that within indivi
dual basins or broader regions the influence o f 
tectonics may be greater than eustatic changes. 
Hence major sequence boundaries may be 
diachronous, in marked contrast to what is 
implied by eustatically determined sequence 
boundaries. This is ‘genetic stratigraphy’, in 
which gradationally changing packages o f sedi
ment are bounded by major abrupt changes o f 
facies that often correspond to hiatuses or 
unconformities. These genetic sequences 
represent a record o f the dynamic development 
and infill by sediment o f a basin and hence 
are the basic unit for analysis o f basin 
evolution. Inevitably these genetic stratigra- 
phical sequences are not synonymous with 
stratigraphical sequences defined by eustatic 
events (e.g. Haq et al., 1987; Vail et al., 1991; 
Hesselbo and Jcnkyns, 1998) but eustatic events 
may be superimposed upon the genetic strati
graphy.

GCR SITE SELECTION

M.J. Simms

The rationale, methodology and history behind 
the selection o f sites for inclusion within the 
Geological Conservation Review programme 
was discussed in detail by Wimbledon et al.
(1993) and much o f this has been re-iterated in 
the introductory GCR volume (Ellis et a l., 1996). 
The main factors considered during the selec
tion process for the stratigraphy GCR sites are: 
(a) is the site o f importance to the international 
Earth scientist community on account o f the site 
being the type locality for a particular time inter
val, boundary or fossil species? (b) does the site 
encompass exceptional geological features? (c) 
is the site nationally important because features 
there are representative o f geological events 
or processes that are fundamental to under
standing the geological history o f Britain? and

(d ) is the site o f historical significance in the 
development o f the science? There is also a 
stated philosophy in site selection that within 
the list for a particular stratigraphical interval 
(such as the Lower Jurassic Series), the site 
should be the best-available example and should 
encompass a minimum o f duplication with 
features seen at other GCR sites. Ideally it 
should also be accessible and not obviously 
vulnerable to any threat that might compromise 
its scientific importance.

Following these basic guidelines an initial 
selection o f Lower Jurassic GCR sites was under
taken in the early 1980s through consultation 
with appropriate Earth scientists with relevant 
experience, and preliminary reports were 
prepared. Inevitably the list that was compiled 
reflected, to some extent, the personal 
preferences and knowledge o f those consulted 
so that a number o f important or poorly 
documented sites were excluded. In the inter
vening two decades some o f the selected sites 
have become degraded through weathering and 
growth o f vegetation, although this does not 
necessarily detract from their ultimate scientific 
importance if they still remain recoverable with 
only a litde excavation. Other important new 
sites have become available but, with the 
increasing reluctance o f many journal editors to 
publish descriptive accounts o f such sites, they 
often remain poorly known. However, with only 
one or two additions and deletions from the 
original list the selection o f Lower Jurassic GCR 
sites has remained largely unchanged, although 
undoubtedly there are sites that others will feel 
should have been included.

Although the title o f this volume is ‘British 
Lower Jurassic Stratigraphy*, the site accounts 
are not confined only to the description and 
interpretation o f that particular aspect o f their 
geology. Many sites are justly important for 
their fossil biotas or have been the subject 
o f palaeoenvironmental, diagenetic or other 
investigations. The scientific value o f any site 
is increased by the breadth o f research under
taken there and hence the site accounts have 
attempted to be as comprehensive as possible in 
their coverage. For some there has been litde 
modem research and hence description and 
interpretation is correspondingly brief but for 
others a great deal more has been published and 
so much fuller accounts have been compiled. 
Hopefully one outcome o f this review is that 
long-neglected sites may be looked at afresh and
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act as a spur to further research on the British 
Lower Jurassic Series as a whole.

Within this GCR volume the sites are arranged 
broadly in terms o f the depositional basin in 
which they are located, moving northwards 
through the Wessex Basin, Mendip High, Severn 
Basin, East Midlands Shel£ Cleveland Basin 
and the Scottish localities, with all but one o f 
the latter located in the Hebrides Basin. Within 
this framework the sites are then arranged 
in approximate stratigraphical order, where 
applicable, following a brief overview o f each 
depocentre.

Although some o f the GCR sites have been the 
subject o f intensive research for many decades, 
and hence are well documented, many other 
sites have long been neglected. Some are 
represented by little more than a general 
account o f the stratigraphy, often published in a 
local journal a century or more ago and with 
little interpretation relevant to the present 
account. The situation now is little better and 
indeed quite possibly worse than in the past. 
Although basic stratigraphical investigations 
o f sites must form the basis for larger-scale 
geological and palaeoenvironmental inter
pretations, such research is seldom supported 
by academic institutions today and many journals 
are reluctant to publish the results. As a result 
new exposures, which may have significant 
implications for palaeogeography, facies analysis 
or basin history, often remain unknown to 
geologists active in those fields o f research. 
Journal editors, PhD supervisors and research 
students, must strive to ensure that this basic 
stratigraphical data enters the public realm 
before published interpretations become too 
distant from the actual field exposures on 
which, ultimately, they are based. With the 
ever increasing pressure on journal space, these 
GCR stratigraphy volumes therefore serve an 
invaluable function. Unconstrained by the 
research "fashions* o f the day, they provide a 
vehicle for the publication o f reviews, newly

measured sections and new interpretations o f 
old sites that otherwise would never receive the 
attention they deserve. Furthermore it attempts 
to take a holistic view, with even the smallest, 
seemingly insignificant, site contributing to an 
understanding o f the whole picture o f Lower 
Jurassic events in Great Britain.

Invertebrate fossils and GCR site 
selection

Although the relatively common invertebrate 
fossils do not have a separate selection category 
in the GCR in their own right, the scientific 
importance o f many stratigraphy sites lies in 
their fossil content. Invertebrate fossils are 
important in stratigraphy because they help to 
characterize stratal units. In practice, strati
graphy is at its most secure where adequate 
fossils are found. One o f the main tasks o f 
stratigraphers is to determine the relative ages 
o f strata and to compare or correlate them 
with strata o f the same age elsewhere. Fossils 
have long provided one o f the most reliable 
and accurate means o f approaching these 
problems.

Therefore, some ‘stratigraphy’ GCR sites arc 
selected specifically for their faunal content, 
which facilitates stratal correlation and enables 
the interpretation o f the environments in which 
the animals lived. Other ‘stratigraphy’ GCR sites 
are o f crucial importance palaeontologically and 
palaeobiologically, because they yield significant 
assemblages o f invertebrates that provide 
evidence for past ecosystems and the evolution 
o f life. Moreover, some sites have international 
significance because they have yielded fossils 
that are the ‘type’ material for a species.

In contrast to the manner in which most 
invertebrate fossils are represented in the 
GCR, fossils o f vertebrates, arthropods (except 
trilobites) and terrestrial plants do have their 
own dedicated selection categories, owing to the 
relative rarity o f the fossil material.
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The Wessex Basin has seen more intensive 
research than any other single Lower Jurassic 
depocentre in Britain. This is largely on account 
o f the exceptional exposure along the Dorset 
coast o f virtually the entire Jurassic succession, 
but it perhaps also owes something to the fact 
that the exhumed periclines o f the Mendip Hills, 
at the north-western edge o f the basin, allow 
direct observation o f the Palaeozoic basement 
structures that are believed to have controlled 
subsidence and uplift throughout the basin's 
history. Numerous papers have been published 
on various aspects o f the basin, or parts o f it 
(e.g. Stoneley, 1982; Chadwick et a l., 1983; 
Whittaker, 1985; Chadwick, 1986; Lake and 
Kamer, 1987; Jenkyns and Senior, 1991; Evans 
and Chadwick, 1994, to name but a few). There 
is also a substantial body o f sub-surface data 
obtained from a large number o f boreholes that 
have been drilled in the search for hydrocarbons 
(e.g. Sellwood et a l., 1986; Ainsworth et a l., 
1998b) and from geophysical surveys that have 
been conducted across the area.

The Wessex Basin comprises a series o f 
linked, but nonetheless distinct, roughly E-W- 
trending, fault-bounded basins separated by 
relative highs (Chadwick, 1986; 1993; Lake and 
Kamer, 1987; Ainsworth et a l., 1998b) (Figure 
2.1). In all it covers more than 20 000 km2 
onshore, encompassing the Dorset and Central 
Somerset basins in the west, and the Pewsey, 
Weald and part o f the Portland-Wight basins 
farther to the east. At least a comparable area 
to the south lies beneath the English Channel 
(Chadwick, 1986), with a further north
westward offshore extension represented by the 
Bristol Channel Basin (Lloyd et a l., 1973; Evans 
and Thompson, 1979; Tappin et al., 1994). The 
northern margin o f the basin lies roughly along 
the Variscan Front, defined by the southern 
flanks o f the Welsh Massif and the Mendip High 
in the west and the London Platform to the east. 
To the west Palaeozoic basement crops out in 
Devon, and to the east beneath Kent Lower 
Jurassic strata onlap the basement o f the 
London-Brabant High (Donovan et a l., 1979). 
Within the basin the sedimentary fill, o f Permian 
to Tertiary age, lies unconformably upon Lower 
Palaeozoic to Carboniferous rocks. Typically the 
fill is about 2 km thick though locally it may 
exceed 3 km.

The only areas o f the Wessex Basin that 
expose Lower Jurassic strata are in the south
west, extending from the Dorset coast north
wards through Somerset to the Bristol Channel. 
Only the Dorset and Bristol Channel coasts 
expose extensive sections through the Lower 
Jurassic Series and elsewhere in the basin 
exposure is poor. Documentation o f small and 
temporary inland exposures has been made by, 
among others, Lang (1932), Kellaway and Wilson 
(1941a), Hallam (1956), Wilson et al. (1958), 
Green and Welch (1965), Hollingworth et al.
(1990) and Prudden (pers. comm.); much o f 
this information is summarized in Cope et al. 
(1980a).

Lithostratigraphy and facies

Details o f facies and lithostratigraphy in Dorset 
largely are covered in the site account for the 
Dorset coast, and are also summarized in 
Ainsworth et al. (1998b). In general the 
succession in the Dorset Basin is attenuated 
by comparison with that farther north, in the 
Central Somerset Basin. The exceptional 
exposure along the Dorset coast has allowed 
detailed lithostratigraphical subdivision o f the 
succession. Many o f the named units are well 
established with a long history o f use. Recent 
rationalization o f the Lower Jurassic lithostrati
graphy for England and Wales (Cox et al., 1999) 
has largely retained these original names. 
Within this revised lithostratigraphical frame
work five formations are recognized on the 
Dorset coast (Figure 2.2) and can, for the most 
part, be mapped at outcrop inland. Ten 
members were formally named for the Dorset 
coast succession, with an eleventh, the 
Stonebarrow Pyritic Member, proposed for the 
upper part o f the Upper Sinemurian Substage 
(K.N. Page, pers. comm.). Other finer sub
divisions have yet to be accorded formal status. 
The lithostratigraphical framework recognized 
farther north, and summarized in Figure 2.3 
mostly lacks the high resolution o f that on the 
Dorset coast, reflecting generally poorer 
exposure and less extensive documentation.

The Blue Lias Formation encompasses the 
highest part o f the Triassic Rhaetian Stage, the 
Hettangian Stage and the lowest part o f the 
Sinemurian Stage. Throughout the Wessex 
Basin it is developed in typical facies o f alter
nating limestones and mudstones, superbly
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Figure 2.1 The major structural elements and sub-basins of the Wessex Basin and its margins. Numbers 
correspond to the locations of the GCR sites: 1 -  Pinhay Bay to Fault Comer and East Cliff; 2 -  Cliff Hill Road 
Section; 3 -  Blue Anchor-Lilstock Coast; 4 -  Hurcott Lane Cutting; 5 -  Babylon Hill; 6 -  Ham Hill; 7 -  Maes 
Down; 8 -  Lavemock to St Mary’s Well Bay; 9 -  Pant y Slade to Witches Point; 10 -  Viaduct Quarry; 11 -  Hobbs 
Quarry; 12 -  Bowldish Quarry; 13 -  Kilmersdon Road Quarry; 14 -  Huish Colliery Quarry; 15 -  Cloford Quarry; 
16 -  Holwell Quarry; 17 -  Leighton Road Cutting. After Lake and Kamer (1987).

exposed at the Pinhay Bay to Fault Corner and 
Blue Anchor-Lilstock Coast GCR sites in the 
Dorset and Central Somerset basins respectively. 
At the basin margins it passes laterally into a 
more massive limestone, as seen at the Hobbs 
Quarry and Viaduct Quarry GCR sites on the 
Mendip High and the Pant y  Slade to Witches

Point GCR site in south Wales (Chapter 3). The 
succeeding Charmouth Mudstone Formation, 
which encompasses much o f the Sinemurian 
Stage and the lower part o f the Pliensbachian 
Stage, is divided into five members (Figure 2.2). 
These members have been mapped out only 
close to the coastal exposures, but they have
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Figure 2.2 Lithostratigraphical subdivisions and stratigraphical ranges of GCR sites for the Lias Group of the 
Dorset coast, in the southern pan of the Wessex Basin.

been identified inland in Dorset (e.g. Lang, 
1932). On the Dorset coast the Shales-with-Beef 
Member consists o f finely laminated and 
bituminous dark-grey mudstones with a few 
bands o f limestone nodules or septaria and thin 
beds of fibrous calcite, or beef’, which give the 
member its name. The succeeding Black Ven 
Marl Member is very similar lithologically, 
although beef’ lenses are less well-developed.

The boundary between the two is essentially 
arbitrary but was drawn below a conspicuous 
limestone band, the Birchi Tabular (Bed 76a of 
Lang et a l., 1923). In the Central Somerset 
Basin correlative strata are developed in similar 
facies to that seen on the Dorset coast, although 
there is little development o f beef’ . Separate 
members can be recognized only where distinc
tive marker beds are present, such as at Chard
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Figure 2.3 Lithostratigraphical subdivisions and stratigraphical ranges of GCR sites for the Lias Group in the 
northern part of the Wessex Basin (Central Somerset and Bristol Channel basins) and the Mendip High and 
Welsh Massif.

Junction where the Stellare Nodules near the 
top o f the Black Ven Marl Member have been 
identified (M.J. Simms, unpublished observa
tions). The succeeding Stonebarrow Pyritic 
Member, proposed by Page (pers. comm.) for 
the upper part o f the Sincmurian Stage, 
comprises blue-grey shaly to blocky mudstones 
with often abundant pyritic ammonites. On the 
Dorset coast it is represented by some 14 m o f 
sediment in the lower part o f the Raricostatum

Zone, bounded above and below by significant 
non-sequences. In the Central Somerset Basin 
it is more fully developed; at Castle Cary the 
member is more than 24 m thick and encom
passes both the Oxynotum and Raricostatum 
zones (Hollingworth et al., 1990). Between the 
Dorset and Central Somerset basins the 
Stonebarrow Pyritic Member is gready reduced 
in thickness. At Chard Junction it comprises 
only about 2 m o f mudstone o f the Raricostatum
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Zone resting non-sequentially on dark mud
stones with septaria o f the Black Ven Marl 
Member, and is overlain, also non-sequentially, 
by pale belemnite-rich mudstones o f the 
Belemnite Marl Member (M.J. Simms, unpub
lished observations).

The Belemnite Marl Member on the Dorset 
coast comprises rhythmic alternations o f light 
and dark calcareous or pyritic mudstones often 
rich in belemnites. The succeeding Green 
Ammonite Mudstone Member consists o f blue- 
grey mudstones with a few thin beds o f nodules. 
They are seldom identified as separate members 
at outcrop in the Central Somerset Basin, 
although belemnite-rich mudstones are present 
in the lower part. The Dyrham Formation is 
divided into three members on the Dorset coast 
but these cannot be recognized inland. The 
formation is significantly thinner in the Central 
Somerset Basin than in Dorset, though this can 
be ascribed largely to the anomalous thickness 
o f the Hype Clay Member. The Beacon 
Limestone Formation comprises two units; the 
Marlstone Rock Member below and the Eype 
Mouth Limestone Member (in the Dorset Basin) 
and Barrington Limestone Member (in the 
Central Somerset Basin) above. The formation 
is highly condensed and shows marked 
lateral thickness changes associated with syn- 
sedimentary faults (Jenkyns and Senior, 1991). 
It spans the highest part o f the Pliensbachian 
Stage and most o f the Toarcian Stage. On the 
Dorset coast it is succeeded by several tens o f 
metres o f siltstones and sandstones o f the 
Bridport Sand Formation, which encompasses 
the highest part o f the Toarcian Stage and the 
lowest part o f the Aalenian Stage. There are 
local developments o f bioclastic limestone 
within the Bridport Sand Formation o f the 
Central Somerset Basin, notably at the Ham Hill 
GCR site. The lithostratigraphical subdivisions 
o f the Lias Group for the Dorset coast are 
summarized in Figure 2.2. The lithostratigraphy 
o f GCR sites farther north in the Wessex Basin, 
and on the Mendip High and South Wales Massif 
is summarized in Figure 2.3.

Basin development

The ‘Wessex Basin’ is an inclusive term for a series 
o f inter-connected E-W-orientated asymmetric 
grabens or half-grabens bounded by major faults 
or fault zones downthrowing mainly to the 
south (Figure 2.1). Geophysical investigations

show that these normal faults developed in 
association with extensional re-activation o f 
concealed Variscan thrust faults in the basement 
rocks (Chadwick et al., 1983; Chadwick, 1986,
1993). The syn-depositional nature o f this 
extensional faulting is shown by significantly 
thicker sequences on the downthrown side o f 
many o f the faults (e.g. Chadwick, 1986; Jenkyns 
and Senior, 1991; Hesselbo and Jenkyns, 1995). 
The structure o f part o f the underlying basement 
can be examined at outcrop in the Mendip 
Hills, where direct evidence o f Mesozoic fault 
activity is well documented (Jenkyns and Senior, 
1991; Simms, 1997), and on the south Wales 
coast (Chapter 3). Concealed basement highs 
analogous to the Mendip High have been 
identified at depth on the south side o f some o f 
the major extensional faults that cross the 
Wessex Basin (Holloway and Chadwick, 1984; 
Evans and Chadwick, 1994). The Wessex Basin 
experienced tectonic inversion as a result o f 
compression during Tertiary times (Lake and 
Karner, 1987; Chadwick, 1993), the latest 
episode in a long history o f subsidence and 
inversion.

The Central Somerset Basin lies towards the 
north-western corner o f the larger Wessex Basin 
and is bounded to the north by the Palaeozoic 
outcrop o f the Mendip High. Geophysical 
evidence shows that its structure at depth is 
essentially the same as that now exposed on the 
Mendip High (Chadwick et al., 1983; Chadwick, 
1986, 1993). To the east it is continuous with 
the Pewsey Basin whereas to the north-west 
it passes into the Bristol Channel Basin. Van 
Hoorn (1987a) and Brooks et al. (1988) 
interpreted the latter as a Mesozoic half-graben 
formed above a southward-dipping normal fault 
developed on a re-activated Variscan thrust. The 
boundary between the Central Somerset and 
Bristol Channel basins is perhaps best defined 
by a major strike-slip structure, the Watchet- 
Cothelstone-Hatch Fault System. The Central 
Somerset and Dorset basins are separated by 
the westward extension o f the Cranborne- 
Fordingbridge High (Figure 2.1).

The Dorset, Central Somerset and Bristol 
Channel basins probably formed during the 
Permian Period, with the Watchet-Cothelstone- 
Hatch Fault System acting as a zone o f transfer 
between southern and northern, possibly syn- 
orogenic, extension. The east-west strike o f the 
basement thrusts is reflected in the east-west 
orientation o f the Bristol Channel Basin and the
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Mendip and Cranbourne-Fordingbridge highs, 
while the NW-trending faults, which together 
comprise the Watchet-Cothelstone-Hatch Fault 
System, represent lateral ramps to these thrusts.

Comparison with other areas

Because o f the long history o f investigation o f 
the Lower Jurassic succession on the Dorset 
coast, the sequence there is often taken as the 
Standard’ against which correlative successions 
elsewhere are compared. The lithostratigraphy 
o f the Wessex Basin shows greater contrasts with 
the more distant basins, such as those o f 
Cleveland and the Hebrides, than with those o f 
the nearby Severn Basin and East Midlands Shelf. 
In a comparison o f the Wessex and Cleveland 
basins, Hesselbo and Jenkyns (1995) concluded 
that the large-scale facies differences between 
the two reflected the more proximal (to land) 
setting o f the Cleveland Basin. The same 
interpretation can probably be applied to the 
Hebrides Basin. The most obvious significant 
difference between the Wessex Basin succession 
and those elsewhere occurs in the Toarcian 
Stage, where dark laminated mudstones, which 
arc present across most o f Britain and mainland 
Europe, are represented by the highly condensed 
Beacon Limestone Formation. This difference 
undoubtedly reflects local structural controls. 
Structural influences on the Wessex Basin 
succession are also evident from the reduced 
thickness o f the overall succession and greater 
frequency o f hiatuses on the Dorset coast 
compared with that in the Central Somerset 
Basin, or with those in the Severn or Cleveland 
basins.

The distribution o f faunal elements through 
the Lower Jurassic succession o f the Wessex 
Basin typically reflects either their biostrati- 
graphical range (vertical distribution) or facies 
control (lateral distribution). Provincialism has 
been documented among two invertebrate 
groups in particular. In the Upper Pliensbachian 
Stage Ager’s (1956a) work on brachiopods 
distinguished a South-western Province (the 
Wessex and Severn basins) from three others 
farther north. Within this province he recog
nized distinct Bridport and Ilminster sub- 
provinces, which effectively correspond to the 
Dorset and Central Somerset basins, and a 
Gloucester Subprovince corresponding to the 
Severn Basin, that was transitional to the 
Midland Province farther north. Howarth

(1958) noted a close correlation between the 
brachiopod provinces recognized by Ager (1956a) 
and the distribution o f species o f the ammonite 
genus Pleuroceras. Both authors noted a 
profound difference in faunal composition 
between the South-western and Yorkshire 
provinces that they attributed to physical 
barriers to migration o f the various taxa.

PINHAY BAY TO FAULT CORNER, 
and EAST CLIFF, DORSET 
(SY 317 907-SY 453 907 and 
SY 463 902-8Y 475 896)

Introduction

The importance o f the Lower Jurassic succession 
exposed at the Pinhay Bay to Fault Comer GCR 
site, which incorporates the Seatown to Watton 
Cliff GCR site, and farther east at the East Cliff 
GCR site, cannot be overstated. This locality 
provides the most continuous section o f this 
stratigraphical interval exposed anywhere in 
Britain, exposing a diverse range o f facies, and is 
among the most intensively studied Jurassic 
areas in Britain. The succession at Pinhay Bay to 
Fault Corner is more frequently cited as a 
comparative succession for Lower Jurassic 
sequences elsewhere than any other site in 
Britain and, probably, the world. The diverse 
fossil fauna from this locality is uniquely well- 
documented and includes a greater number o f 
type specimens than any other Lower Jurassic 
site in Britain. The sites form part o f the Dorset 
and east Devon Coast, England's only natural 
World Heritage Site. They are o f immense 
importance for understanding early Jurassic strati
graphy, palaeontology and sedimentology.

The earliest reference to the Lias o f Dorset 
was by Woodward (1728) who commented on 
‘incredible numbers o f these shells thus flat
tened and extremely tender in shivery stone 
about Pyrton Passage, Lime and Watchet’. Maton 
(1797) gave a general description o f the Dorset 
Lias, referring to the presence o f septarian 
nodules and also to the abundance o f pyrite 
and organic matter in the shales. Other early 
accounts included those o f De Luc (1805) and 
Townsend (1813); more detailed descriptions 
were published by De la Beche (1822, 1826) and 
Conybeare and Phillips (1822). De la Beche 
(1826) noted the main lithological and palaeon
tological features and was the first to illustrate
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the cliffs and their contained successions in the 
schematic form that has become characteristic o f 
publications dealing with this stretch o f coast. 
Many subsequent publications have referred to 
the Dorset Lias in some context. Notable among 
these are the works o f Day (1863), Wright 
(1878-1886), Woodward (1893), Woodward et 
al. (1911), Wilson et al. (1958) and the seminal 
series o f papers by Lang (1914 to 1936). The 
application o f new technology has seen the 
publication o f useful alternative stratigraphies 
based on, for instance, spectral gamma-ray 
analysis (Parkinson, 1996; Bessa and Hesselbo, 
1997) which has proven a useful aid to corre
lation with successions elsewhere as well as a 
tool for palaeoecological interpretations.

There have been many useful summary 
accounts o f the succession, notable among 
which are those by Wilson et al. (1958), 
Macfadyen (1970), House (1989), Callomon and 
Cope (1995), and Hesselbo and Jenkyns (1995), 
although Arkell’s (1933) description seems 
somewhat confused in parts.

The succession in this locality is o f immense 
palaeontological significance on account o f its 
extensive exposures, the often fossiliferous 
nature o f the succession, and the exceptional 
preservation at some horizons. Material from 
here has formed the basis o f many monographic 
studies and continues to do so. It is the type 
locality for at least 14 species o f fossil reptile 
(Benton and Spencer, 1995), many species o f 
fish (Dineley and Metcalf 1999), and an even 
greater diversity o f invertebrates o f all types. It 
also played an important part in the early 
development o f the science o f palaeontology 
and the theory o f evolution, particularly through 
the collecting o f Mary Aiming.

Description

The western boundary o f this locality lies just 
west o f a fault that downthrows the lower part o f 
the Blue Lias Formation to the west against the 
Triassic Langport Member (formerly White Lias) 
o f the Lilstock Formation (Figure 2.4). The 
Langport Member, described by Hallam (1957), 
consists largely o f matrix-supported intraclastic 
conglomerates, with individual beds showing 
internal deformation due to slumping. It is 
succeeded by the lowest, late Triassic part o f the 
Blue Lias Formation, which is exposed only at 
the western end o f the GCR site and has been 
described recently by Wignall (2001). The Blue

Lias Formation, as recognized here, is about 26 m 
thick at Lyme Regis. The formation is wholly 
exposed in the cliffs and foreshore between 
Pinhay Bay and Monmouth Beach, Lyme Regis, 
in an easterly dipping section that brings succes
sively higher beds to beach level (Figure 2.4). 
The upper half o f the formation is exposed in 
Church Cliffs (Figure 2.5), to the east o f the 
town, before descending eastwards below beach 
level under the western flank o f Black Ven. It 
was divided by Lang (1924) into 143 beds; beds 
1 to 53 for the succession exposed in the Church 
Cliffs and Chippel Bay anticlines (Lang, 1914), 
and H I to H91 for lower parts o f the succession 
exposed only farther west. Although Lang 
(1924) took Table Ledge (Bed 53) as the top o f 
the formation, on lithofacies grounds it is more 
appropriately placed above Bed 49 (Hesselbo 
and Jenkyns, 1995) (Figure 2.6).

The Blue Lias Formation comprises frequent 
alternations, mostly on a scale o f a few deci
metres or less, o f tabular or nodular micritic 
limestones interbedded with darker, organic- 
rich, laminated shales, and light and dark marls 
(Figure 2.5). Symmetrical cycles, displaying a 
sequence o f limestone-marl-mudstone-marl- 
limcstonc, arc well developed at some levels. 
The limestones are o f two types; most are 
tabular to highly nodular with numerous fossils 
and burrow mottling but no trace o f lamination. 
Much rarer are tabular limestones with planar 
surfaces, lamination and a virtual absence o f 
benthos. These laminated limestones are 
restricted, within the Blue Lias Formation, to 
two groups within the Johnstoni Subzone (Lang 
beds H30, H32, H34 and H36, and H46, H48, 
H50 and H52). The marls show various degrees 
o f burrowing and evidence o f benthos while the 
laminated shales contain neither benthos nor 
burrows (Moghadam and Paul, 2000). The 
limestones and marls typically are sharply 
demarcated from each other. Any laminations 
within the marls envelope, rather than are cut 
by, irregularities in the surface o f the limestones. 
Thin (<  2 cm) fibrous calcite, or ‘beef’, seams 
may be present at marl-shale junctions. Some o f 
the limestones form distinctive marker bands 
and many o f these were named by quarrymen 
who worked the limestones for building stone 
and cement manufacture. Intruder (Bed H30) is 
a homogeneous, fine-grained limestone with a 
strikingly sharp base, and is the most distinctive 
o f the lower beds exposed to the west o f Lyme 
Regis. It is unusual in having centimetre-wide
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Pinhay Bay to Fault Corner and East Cliff

Figure 2.5 Looking eastwards along Church Clifts to Black Ven. The classic limestone-mudstone alternations 
of the Blue Lias Formation are exposed in Church Clifts, with the various members of the Charmouth Mudstone 
Formation exposed in the extensively slipped cliffs of Black Ven behind. The pale mudstones of the Belemnite 
Marl Member are clearly visible across the middle of Black Ven. (Photo: M.J. Simms.)

vertical fissures part-filled with bioclastic lime
stone, a feature otherwise seen only in Under 
Copper (Bed 11), and in containing limestone 
intraclasts. Mongrel (Bed 23) is conspicuous by 
its highly undulose upper surface, while Top 
Tape (Bed 29) has its upper surface crowded 
with large specimens o f the ammonite 
Metopbioceras conybeari. Grey Ledge (Bed 49) 
is also distinctive. Its upper surface is charac
terized by an erosion surface with truncated 
ammonites, shell and belemnite accumulations, 
together with glauconite, phosphate and lime
stone intraclasts.

On a larger scale, division into limestone- 
dominated and shale-dominated intervals is less 
strongly developed than at some other sites, 
such as the Blue Anchor-Lilstock Coast or the 
Lavem ock to St Mary’s Weil Bay GCR sites, 
although mudstone-dominated intervals are 
evident in the Liasicus and mid-Bucklandi zones. 
This can be seen clearly in Church Cliffs, where 
the lower 5 m is characterized by crowded lime
stones with Top Tape (Bed 29) at the top, and is 
overlain by some 9 m o f more widely spaced 
limestones.

The Blue Lias Formation contains a rich and 
diverse fauna. Benthic taxa are well represented, 
particularly in some o f the limestones and the

paler mudstones but not in the organic-rich 
paper shales. Benthos includes various 
species o f bivalve, including Plagiostoma and 
Gryphaea arcuata, the crinoid Isocrinus 
psilonoti, echinoids including Miocidaris 
lobatum and Diademopsis, the brachiopods 
Calcirbynchia calcaria and Spiriferina and, at 
some horizons, gastropods, bryozoa and, rarely, 
isastraeid corals. The microfauna includes 
foraminifera and ostracods (Lord and Boomer, 
1990), ophiuroid and holothurian debris 
(Gilliland, 1992), and both marine and non- 
marine palynomorphs (Cole and Harding, 1998; 
Waterhouse, 1999). Copestake (pers. comm, in 
Parkinson, 1996) noted a significant incursion o f 
benthic foraminifera near the top o f the Blue 
Lias Formation. Among the non-benthic fauna 
ammonites are the most conspicuous element, 
and many, particularly the schlotheimiids and 
coroniceratids, attain a large size. They are 
sufficiently common and well preserved to have 
allowed a detailed biostratigraphical subdivision 
to be developed with the identification o f several 
ammonite-correlated horizons in the Hettangian 
and Sinemurian stages (Page, 1992, 1994a, 
2002). Other non-benthic invertebrate macro
fossils are much rarer. They include the 
belemnite Nannobelus and the pseudoplanktonic
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Figure 2.6a Section through the Penarth Group, Blue Lias Formation, Shales-with-Beef Member and basal 
Black Ven Marl Member west of Charmouth. After Hesselbo and Jenkyns (1995); with ammonite zones, sub- 
zones and biohorizons after Page (1992); and bed numbers after Lang (1924), Lang et al. (1923) and Lang and 
Spath (1926) . See Figure 2.6b for a key to the lithologies.
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crinoid Pentacrinites doreckae, which has been 
found in an exquisite state o f preservation 
comparable with examples o f the better-known 
P. fossilis from higher in the succession. 
Vertebrate remains, other than occasional disarti
culated teeth and bones, are rare but the Blue 
Lias Formation and overlying Shales-with-Beef 
Member along this stretch o f coast has furnished 
many type specimens o f fish and marine reptile 
(Benton and Spencer, 1995; Dineley and 
Metcalf 1999). Many specimens were obtained 
by early collectors such as Mary Aiming, but 
articulated skeletons are still being found.

The Blue Lias Formation is succeeded by a 
substantial thickness o f mudstone-dominated 
strata, the Charmouth Mudstone Formation, 
which has as its type section the cliffs and fore
shore o f Black Ven and Stonebarrow (Figure 
2.4). It has been subdivided into several 
members following the work o f Lang (1936; 
Lang et a l., 1923, 1928; Lang and Spath, 1926). 
The lowest o f these is the Shales-with-Beef 
Member (Lang et al.f 1923), incorporating about 
30 m o f strata from the top o f Grey Ledge (Bed 
49) to the base o f the Birchi Tabular (Bed 76a) 
spanning the Scipionianum Subzone to about 
the middle o f the Birchi Subzone (Figure 2.6). 
Above Grey Ledge (Bed 49) there is a marked 
increase in the proportion o f mudstone. The 
Birchi Tabular (Bed 76a) is a lenticular, and 
usually beef-enveloped, limestone that forms a

conspicuous marker band across The Spittles 
and Black Ven, before finally descending below 
beach level at the mouth o f the River Char. The 
Shales-with-Beef Member is well exposed in the 
cliffs and terraces o f The Spitdes and Black Ven, 
and also as a series o f ledges on the foreshore 
below, where they were mapped out by Lang 
(Lang et a l., 1923, fig. 1). The succession is 
dominated by dark mudstones, many of them 
organic-rich and finely laminated. Such paper 
shales are prominent in the lower part o f the 
member, which includes the Fish Bed Shales 
(Bed 50), Fish Bed (Bed 51) and Saurian Beds 
(Bed 52), and particularly in the middle part o f 
the member (beds 74 and 75). The mudstones 
contain numerous thin beds (mosdy < 10 cm) 
o f fibrous calcite, or ‘b ee f’ , which were 
discussed in detail by Richardson (in Lang et a l., 
1923). Typically they form double or multiple 
seams, separated by clay partings, which often 
show cone-in-cone structure. They are always 
developed along bedding planes except where 
they envelope nodules and fossils; seams often 
thin or even pinch out altogether beneath large 
nodules. Most o f the reefs on the foreshore 
outcrop are formed by thick ‘beef’ seams. 
Richardson (in Langef <?/., 1923) recorded small 
biconvex discs o f barite in the paper shales o f 
Bed 71e.

The Shales-with-Beef Member contains a few 
limestone beds, most o f which are nodular 
and/or laterally impersistent. Several contain 
well-preserved ammonites from which they take 
their names, as in the Brooki Bed (Bed 74d), the 
Black Amioceras (or Hartmanni) Bed (Bed 74f) 
and the Birchi Nodular (Bed 75a) (Figure 2.7). 
The last has been the subject o f research into the 
growth o f carbonate nodules and fibrous calcite 
veins within mudstones (Raiswell, 1971; 
Marshall, 1982). Preservation o f ammonites and 
other invertebrate fossils in the mudstones is 
almost invariably poor. The lower part o f the 
Shales-with-Beef Member contains a moderately 
diverse benthic fauna similar to that in the 
mudstones o f the Blue Lias Formation. Lang et 
al. (1923) recorded a number o f bivalve taxa, 
including Plagiostoma, Grypbaea, Liostrea, 
Chlamys, Avicula and Gervillia, from numerous 
levels between Table Ledge (Bed 52) and Little 
Ledge (Bed 74). Brachiopods are present at 
several horizons and include clusters o f 
Piarorhynchia juvensis in Table Ledge (Bed 53) 
and Spiriferina in the Paramioceras alcinoe Bed 
(Bed 70c). Fragmentary remains o f the crinoid
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Figure 2.7 Diagenetic concretion in the Shales-with- 
Beef Member containing a topotype specimen of 
the ammonite subzonal index fossil Microderoceras 
bircbi (M.J. Simms collection, 1981). (Photo: M.J. 
Simms.)

Isocrinus tuberculatus are not uncommon at 
some horizons. In the lower part o f the Shales- 
with-Beef Member the organic-rich mudstones 
o f beds 50 to 52 are reputed to have been the 
source o f many o f the superbly preserved fossil 
fish and marine reptiles obtained from the 
Dorset Lias over the past two centuries, though 
precise horizons for most o f these are lacking 
(Benton and Spencer, 1995; Dineley and 
Metcalf 1999). Little Ledge (Bed 74) marks an 
abrupt change to the organic-rich paper shales 
that dominate the upper part o f the Shales-with- 
Beef Member. These have yielded virtually no 
benthic fauna, containing only nektonic, plank
tonic or pseudoplanktonic taxa, including 
ammonites, the bivalve Avicula and, rarely, the 
crinoid Pentacrinites fossilis.

The base o f the Black Ven Marl Member (Lang 
and Spath, 1926) is taken at the base o f the 
Birchi Tabular (Bed 76a) and the top is defined 
by the hiatus above the Coinstone (Bed 89) on 
Stonebarrow, although a comparable develop
ment o f hiatus concretions has not been 
observed on Black Ven (Hesselbo and Palmer,
1992). The full thickness o f the member is 
exposed on Black Ven and all except the lowest 
part on Stonebarrow. It comprises about 27 m 
o f mostly dark-grey mudstones, with sub
ordinate beds o f nodular and tabular limestone 
(Figure 2.8). A 6.5 m-thick development o f 
organic-rich paper shales in the upper part o f 
the member corresponds to a peak in authigenic 
uranium concentration documented by Bessa

and Hesselbo (1997). Within the mudstones 
there are several good marker horizons. The 
lowest o f these, about 7 m above the Birchi 
Tabular (Bed 76a), is the 0.3 m-thick Lower 
Cement Bed (Bed 80), which is particularly 
conspicuous at the western end o f Stonebarrow. 
The only other continuous limestone bands are 
the rather irregular Pavior (Bed 82), about 5 m 
above the Lower Cement Bed, and the 0.25 m- 
thick Limestone with Brachiopods (Bed 87), 
some 11m above this. Other marker horizons 
include the Flatstones (Bed 83), a band o f 
lenticular, laminated limestone nodules famed 
for their superbly preserved ammonites 
(Asteroceras, Promicroceras, Xipheroceras); the 
Topstones (Mudstone o f Lang and Spath, 1926; 
Bed 85), which has yielded an important 
vertebrate fauna including the giant ichthyosaur 
Leptopterygius (now Leptonectes) solei, now 
held in Bristol City Museum (McGowan, 1993), 
and several specimens o f the dinosaur 
Scelidosaurus harrisoni\ and the Stellare 
Nodules (Bed 88f), spheroidal septaria famed 
for the large Asteroceras stellare they sometimes 
contain. The so-called ‘Pentacrinite Bed’ (Bed 
84b) is not a single horizon but actually 
encompasses more than 2 m o f organic-rich 
mudstones through which groups o f the crinoid 
Pentacrinites fossilis, often associated with drift
wood and exquisitely preserved (Figure 2.9), are 
scattered (Simms, 1986, 1999). Lang and Spath 
(1926) commented on the difficulties o f 
correlating several o f the nodular limestone 
beds between Black Ven and Stonebarrow. 
Several distinct bands o f laminated limestone 
nodules, known locally as the ‘Yellowstones’, 
‘Woodstones’, ‘Lower Flatstones’, ‘Goldstones’ 
and ‘Flatstones’, are present on Black Ven but 
not all have been recognized on Stonebarrow. 
Hesselbo and Jenkyns (1995) noted that the 
succession was slightly expanded on Black Ven 
in comparison with that on Stonebarrow, with 
the first Asteroceras appearing at a slightly 
higher level above the Pavior (Bed 82) on Black 
Ven. On Stonebarrow they noted a distinctive 
burrowed surface with a concentration o f 
belemnites a short distance above the Pavior 
(Bed 82).

The highest part o f the Black Ven Marl 
Member is perhaps the most intensely collected 
part o f the entire Lower Jurassic succession, 
mostly for commercially valuable fossils such as 
ammonites (Figure 2.7), vertebrates and 
Pentacrinites (Figure 2.9). The organic-rich
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Figure 2.8 Section through the Black Ven Marl, Stonebarrow Pyritic and Belemnite Marl members of the 
Charmouth Mudstone Formation on Black Ven and Stonebarrow. After Hesselbo and Jenkyns (1995); with 
ammonite zones, subzones and biohorizons after Page (1992); and bed numbers after Lang and Spath (1926) 
and Lang et al. (1928).

mudstone parts o f the succession, and particu
larly the laminated, early diagenetic concretions, 
have yielded much scientifically important 
material. A rich insect fauna (Zeuner, 1962; 
Whalley, 1985) has been obtained, particularly 
from the Flatstones nodules, and includes the 
oldest known representative o f the Lepidoptera. 
Soft-part preservation o f both vertebrates 
(Martill, 1991, 1995) and invertebrates (Kear et 
a l., 1995) has also been described. Other 
elements o f the fauna have received little

attention other than by Lang and Spath (1926). 
In general the fauna in the organic-rich mud
stones is dominated by nektonic, planktonic and 
pseudoplanktonic organisms, mainly ammonites, 
belemnites and pseudoplanktonic bivalve taxa 
such as Cuneigervillia and Oxytoma. Nonethe
less, even here there are occasional thin discrete 
horizons in which benthic bivalves, notably 
Plagiostoma, occur and benthic bivalve spat 
(less than 2 mm) across are common throughout 
(Simms, 1986). The limestone bands o f the
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Figure 2.9 The pseudoplanktonic crinoid 
Pentacrinites fossilis, originally described from the 
Stellare Subzone of the Dorset coast. Specimen 
collected by M.J. Simms (1982); now in the Natural 
History Museum, London (BMNH E69605). (Photo: 
M.J. Simms.)

Pavior (Bed 82) and the Limestone with 
Brachiopods (Bed 87) contain a noticeably 
richer benthic fauna than is typical o f the 
mudstones, with the Pavior yielding the bivalve 
Chlamys and the brachiopod Spiriferina, while 
the Limestone with Brachiopods contains 
Plagiostoma and abundant Cuneirbynchia 
oxynoti. The Coinstone (Bed 89) on 
Stonebarrow is an irregular bed o f bored, 
encrusted and partly pyritized septarian hiatus 
nodules that preserve evidence for a complex 
history o f burial, exhumation and re-burial (Lang, 
194$; Hallam, 1969, 1999; Hesselbo and Palmer, 
1992; Coe and Hesselbo, 2000). Nodules are 
present at this level on Black Ven, to the west, 
but the hiatus itself lies more than 1 m above, at

a thin horizon o f bored belemnites (Lang, 
194$; Hesselbo and Palmer, 1992). The diverse 
benthic fauna associated with the Coinstone 
and its enveloping marl is related to post- 
diagenetic exhumation o f the nodules rather 
than being a primary feature. Hesselbo and 
Palmer (1992) record a range o f borings 
( Trypanites and indeterminate bivalves) and 
encrusting taxa (Dorsoserpula, Plicatula and 
exogyrine oysters, Nubeculinella, bereniciform 
and stomatoporiform bryozoa) as well as scratch 
marks interpreted as those o f burrowing 
crustaceans. Simms (1989) described the 
millericrinid Shroshaecrinus obliquistratus 
from holdfasts and disarticulated ossicles 
associated with the hiatus on Stonebarrow and 
Black Ven. The Stellare Nodules (Bed 88f), 
which also are exposed at this hiatus surface on 
Stonebarrow, represent the stellare Biohorizon 
(Horizon 40) o f Page (1992) (Figure l.$, 
Chapter 1).

The Black Ven Marl sensu Lang was some 
44 m thick, with the lower 27 m being lithologi
cally and stratigraphically continuous with the 
underlying Shales-with-Beef Member but distinct 
from the upper 16.8 m, which lies above a hiatus 
at about the level o f the Coinstonc (Bed 89). 
This hiatus represents a substantial stratigra- 
phical break, encompassing part o f the Stellare 
Subzone, the entire Denotatus Subzone, and all 
o f the Oxynotum Zone. The strata that succeed 
it are lithologically distinct from the Black Ven 
Marl Member beneath and comprise dark-grey, 
often highly pyritic, mudstones. Although pyrite 
also is abundant in the Shales-with-Beef and 
Black Ven Marl members below the Coinstone, 
pyritic preservation o f ammonites there is 
relatively uncommon and, where it does occur, 
the pyrite usually occurs as a surface encrustation 
o f a previously crushed ammonite. However, 
in the dark mudstones above the Coinstone, 
pyrite commonly occurs as well-preserved and 
uncrushed internal moulds o f ammonites, 
bivalves and gastropods. The 16.8 m o f dark 
mudstone above the Coinstone also lacks the 
large diagenetic nodules characteristic o f the 
Black Ven Marl Member. The only prominent 
development o f limestone is the Watch 
Ammonite Stone (Bed 99), a lenticular unit up 
to 0.3 m thick and often packed with abundant 
Echioceras grp. aeneutn lying at various angles 
to the bedding. Occasional small limestone 
nodules may be present at other levels. Thin 
seams o f ‘b e e f are present but they too are on a
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greatly reduced scale compared with those 
in the Shales-with-Beef Member. It has been 
proposed (Page, pers. comm.) to re-name this 
part o f the succession, spanning the lower part 
o f the Raricostatum Zone (Densinodulum and 
Raricostatum subzones) and characterized by 
abundant uncrushed pyritic moulds o f 
ammonites, as the Stonebarrow Pyritic Member. 
On this style o f fossil preservation alone it can 
easily be distinguished from the superficially 
dark mudstones below and has been recognized 
at outcrop throughout southern England (e.g. 
Hollingworth et al., 1990; Simms, 2003b).

The fauna o f the Stonebarrow Pyritic Member 
is dominated by ammonites such as Crucilobi- 
ceras, Eoderoceras, Echioceras and the distinctive 
Oxynoticeras lymense, whose uncrushed 
pyritized phragmocones are conspicuous and 
readily collected. A low-diversity benthic fauna 
o f mostly thin-shelled, byssate epifaunal and 
free-living bivalves is present throughout much 
o f the mudstone sequence (Sellwood, 1972). 
Benthic diversity is significandy higher in the 
Watch Ammonite Stone (Bed 99) and the 
bioturbated marl associated with it, and includes 
several genera o f bivalves, gastropods and 
brachiopods, including Gtyphaea m ccullochi, 
which otherwise is rare in the member, and 
14 species o f foraminifera (Barnard, 1950). 
Sellwood (1972) noted that the fossils are 
concentrated mainly in the top 0.09 m o f the 
limestone, which has a lighter colour than the 
lower part, while the limestone lenticles them
selves have a sharp contact with an overlying, 
intensely bioturbated, shell-hash rich in fragments 
o f the crinoid Hispidocrinus schlumbergeri. A 
second small increase in benthic diversity occurs 
about 1.6 m below the base o f Hummocky (Bed 
103), where an abrupt change from laminated to 
more homogeneous mudstones is associated 
with the appearance o f protobranch bivalves and 
an increased abundance o f other species already 
present lower in the succession.

The abundant ammonites (Figure 2.7) found 
throughout the Sinemurian part o f the 
Charmouth Mudstone Formation have allowed 
for a detailed biostratigraphical subdivision 
o f this part o f the succession. Page (1992) 
established a sequence o f ammonite-correlated 
biohorizons for the Sinemurian Stage (Figures 
1.4 and 1.5, Chapter 1), with the Dorset coast as 
type locality for several o f these. Although most 
o f the species in Page’s scheme are common and 
widespread elsewhere, Oxynoticeras lymense is

known only from the basal Densinodulum 
Subzone (beds 90-92) o f this site.

The Stonebarrow Pyritic Member is overlain 
by the Belemnite Marl Member, a 23 m-thick 
succession o f blue-grey, occasionally organic- 
rich, mudstones alternating with pale-grey, richly 
calcareous mudstones. These form the upper
most Lias precipice on Black Ven and on the 
western flank o f Stonebarrow (Figures 2.5 and 
2.10), descending to form the lower part o f the 
Westhay Cliffs before being faulted below beach 
level at the Ridge Fault. The upper beds are also 
exposed in some o f the foreshore reefs below 
Golden Cap. The base o f the Belemnite Marl 
Member is taken at the base o f Hummocky (Bed 
103), an irregular limestone band up to 0.15 m 
thick. Abundant echioceratid ammonites are 
present on its lower surface while serpulid- 
encrusted examples also occur sparsely through
out Bed 103 and the overlying 0.1 m-thick clay o f 
Bed 104, the latter also yielding Eoderoceras 
miles. Hummocky contains abundant bioclastic 
material, including bivalves, belemnites, crinoid 
and echinoid debris, serpulids and fragments o f 
reptile bone. The upper part o f Hummocky and 
the basal few centimetres o f Bed 104 contain 
numerous intra-formational limestone clasts; 
these are sometimes bored, contain phosphatic 
specks and have a pyritic skin. Both units are 
intensely burrowed but these burrows are 
compacted only in the top centimetre or so o f 
Hummocky. The Apoderoceras Limestone (Bed 
105) is a 0.3-0.4 m-thick pale limestone with 
abundant bioclastic debris and with Chondrites 
and Rhizocorallium  burrows preserved in relief. 
Fallen blocks below Black Ven indicate that 
locally beds 103-105 may merge into a single 
complex limestone unit up to 1 m thick.

Much o f the remainder o f the Belemnite Marl 
Member, more than three quarters o f which lies 
within the Jamesoni Zone, comprises alternating 
pale and dark mudstone bands, which are 
clearly visible in the near-vertical cliffs on Black 
Ven and Stonebarrow (Figure 2.10). Weakly 
laminated organic-rich shales form a minor 
component, particularly near the top. In 
addition to the basic stratigraphical description 
o f Lang et al. (1928), detailed analyses o f this 
part o f the Charmouth Mudstone Formation 
have been made by Sellwood (1970, 1972) and 
by Weedon and Jenkyns (1990, 1999). The latter 
demonstrated an inverse relationship between 
carbonate content (higher in the pale bands) 
and total organic carbon content (higher in the
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Figure 2.10 Conspicuously striped mudstones and marls of the Belemnite Marl Member, overlying dark mud
stones of the Stonebarrow Pyritic Member (largely obscured by talus) at the eastern end of Stonebarrow, 
Charmouth. (Photo: M.J. Simms.)

darker bands). This correlation is also reflected 
in the concentrations o f radioactive uranium, 
thorium and potassium as documented by Bessa 
and Hesselbo (1997). Sellwood (1970, 1972) 
showed that both the body-fossil and trace-fossil 
assemblages changed in parallel with the light- 
dark couplets. The pale, carbonate-rich bands 
proved to contain abundant fine bioclastic 
debris such as crinoid and echinoid fragments, 
foraminifera, ostracods and faecal pellets, while 
the more organic-rich darker units yielded a 
more depauperate fauna. Both the light and 
dark units show intense burrow mottling. 
Sellwood (1970) described from here his 'Type 
IT cycles and the trace fossils associated with 
them. He noted that Diplocraterion  were 
present only in the tops o f the pale units, piping 
darker sediment downwards, while Rhizoco- 
rallium  and Thalassinoides were conspicuous 
at the lower junctions, piping paler sediment 
down into the darker mudstones beneath. Only 
very small Chondrites are present within the 
pale units. Larger Chondrites, where they 
extend down from the dark units into the paler 
horizons below, were found by Simpson (1957)

usually to follow the dark clay fill o f pre-existing 
Rhizocorallium or Diplocraterion burrows.

The rhythmicity conspicuous throughout 
much o f the Belemnite Marl Member is less well- 
developed in the highest 4 m at the top o f the 
member (Lang, 1917). The upper 2 m is 
dominated by dark, weakly laminated, organic- 
rich shales. At some levels, notably the thin 
Belemnite Bed (Bed 120c), belemnites are 
profuse, while pyritized ammonites are abundant 
in beds 120a-b. Storm scours up to 1 m wide 
and 0.1 m deep, and filled with debris o f 
Isocrinus basalt iformis, belemnites, brachio- 
pods and wood, are a conspicuous feature in 
this part o f the succession. Jones et al. (1994) 
noted a sudden increase in the strontium iso
tope values at the level o f the Belemnite Bed. 
The Belemnite Marl Member is capped by the 
Belemnite Stone (Bed 121), an irregular, pale 
grey-brown, richly bioclastic limestone seldom 
more than 0.15 m thick, which has yielded a 
Luridum Subzone fauna. Despite the condensed 
nature o f the Ibex Zone here, the sequence o f 
ammonite zonules is largely complete (Phelps, 
1985).
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Much o f the Belemnite Marl Member contains 
a limited benthic assemblage. Some elements o f 
the fauna, namely ammonites, belemnites, 
bivalves, gastropods and brachiopods, were 
described in Lang et al. (1928). Throughout the 
sequence only belemnites are common and well 
preserved. They are especially abundant in the 
Belemnite Bed (Bed 120c) and in the Belemnite 
Stone (Bed 121), and in the Inferior Belemnite 
Bed o f Hesselbo and Jenkyns (1995) about
0.6 m lower in the succession. Belemnites in 
general are the most conspicuous fossils else
where in the member, which led Lang et al. 
(1928) to describe the stratigraphical succession 
o f morphotypes (see Chapter 1). Ammonites 
usually are poorly preserved, either as pyritized 
phragmocones or mudstone impressions. There 
are no infaunal, semi-infaunal or protobranch 
bivalves, and Grypbaea also is absent. Only 
Plagiostoma, Parainoceramus ventricosus and 
thin-shelled pectinids are at all common. 
Barnard (1950) noted an extreme paucity o f 
forminifera in this part o f the succession. 
Disarticulated remains o f Isocrinus basalti- 
form is are locally abundant in storm scours 
near the top o f the Belemnite Marl Member. 
Brachiopods generally arc rare except at two 
levels; in beds 111-114 and 118-119. In common 
with other organic-rich mudstones elsewhere 
in the Lias Group o f Dorset, those that occur 
immediately below the Belemnite Stone (beds 
119-120) have yielded well-preserved vertebrate 
remains including a new species o f ichthyosaur 
(McGowan and Milner, 1999) and remains o f 
Scelidosaurus (Ensom, 1987, 1989).

The Belemnite Stone is overlain by the Green 
Ammonite Mudstone Member, which comprises 
blue-grey mudstones (Figure 2.11). The 
member is well exposed beneath Golden Cap, 
though often badly slumped in cliff sections to 
the west where they form a low-angle slope 
above the steep cliffs o f the Belemnite Marl 
Member. There is a marked eastward thickening 
o f the member from about 15 m on Stonebarrow 
to 34 m beneath Golden Cap (Lang, 1936). Only 
about 5 m remains on the eastern flank o f Black 
Ven beneath the Cretaceous overstep. Originally 
described by Lang (1936), the stratigraphy was 
significandy revised by Phelps (1985). Most o f 
the succession falls within the Davoei Zone 
though the top 3 m contains Amaltheus and 
hence lies within the Stokesi Subzone at the base 
o f the Upper Pliensbachian Substage. Limestone 
nodules occur scattered through the mudstone

and, particularly in the lowest 6 m, may contain 
the so-called ‘green ammonites' with their 
camerae filled with green calcite. More 
persistent irregular limestone bands occur at 
three levels. These are the Lower Limestone 
(Bed 123a o f Lang, 1936; Bed 14 o f Phelps, 
1985), a persistent horizon o f flattened blue- 
grey nodules; the Red Band (Lang’s Bed 
126; Phelps’ beds 21-23), a series o f three, red- 
weathering limestones separated by shales; and 
the Upper Limestone (Lang’s Bed 129; Phelps’ 
beds 32 and 34). The mudstones that dominate 
the member become increasingly sandy towards 
the top, which is taken at the base o f the lowest 
o f the Three Tiers, a 2 m-thick sandstone. The 
upper 2 m o f the Green Ammonite Mudstone 
Member (Lang’s beds 132b-c; Phelps* beds 
40-41) is a dark, highly pyritic mudstone litho
logically unlike any other mudstone in the 
Green Ammonite Mudstone Member or the 
Pliensbachian Stage o f Dorset.

Ammonites are abundant in the Green 
Ammonite Mudstone Member and include 
species o f Aegoceras, Oistoceras, Liparoceras 
and Tragopbylloceras. Several species o f 
Prodactylioceras, a relatively rare genus in the 
British Lias, occur in the middle part o f the 
member. Lytoceras is very rare in the Green 
Ammonite Mudstone Member although it occurs 
commonly in the Belemnite Stone below and in 
the Three Tiers above. Phelps (1985) defined a 
series o f fine-resolution ammonite zonules 
within the Ibex and Davoei zones based largely 
on the Dorset coast succession. He showed that 
all three subzones and the full sequence o f 
zonules o f the Davoei Zone are present in the 
GCR sections. The Maculatum Subzone at the 
base is much thinner than the Capricomus and 
Figulinum subzones. He also identified here a 
local Cymbites horizon between his Figulinum 
and Bifurcus zonules, the latter equivalent to the 
Occidental and Monestieri zonules o f Figure 
1.6 (Chapter 1) indicating that the Davoei Zone 
and basal Margaritatus Zone succession is 
unusually complete on the Dorset coast. 
Belemnites also are common; stout species o f 
Pseudobastites are particularly conspicuous, 
and slender hastitids are present throughout.

A diverse benthic fauna was recorded from 
the Green Ammonite Mudstone Member by Lang 
(1936), with several new species o f bivalve, 
gastropod and brachiopod described by Cox 
(1936) and Muir-Wood (1936). Small gastropods 
are particularly abundant in the lowest few
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Figure 2.11 Section from the (Lower Pliensbachian) Green Ammonite Mudstone Member to the (Toarcian) 
Down Cliff Clay Member of the Dorset coast. After Hesselbo and Jenkyns (1995); with ammonite zonules after 
Phelps (1985); and bed numbers after Lang (1936) and Howarth (1957).
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metres, together with the epibenthic bivalve 
Parainoceramus ventricosus, the echinoid 
Eodiadema minuta and the crinoids Isocrinus 
basaltiformis and Balanocrinus subteroides. 
Higher in the succession shallow-burrowing 
nuculid bivalves are the only common macro- 
benthos. Macfadyen (1941) recorded a total o f 
55 species o f foraminifera, together with sparse 
ostracods, in the Green Ammonite Mudstone 
Member.

The Charmouth Mudstone Formation is 
succeeded by the Dyrham Formation, which 
equates approximately with the lower part o f the 
Upper Pliensbachian Substage (Figure 2.2). Its 
outcrop on the coast extends from the western 
flank o f Stonebarrow, where only a few metres 
are preserved beneath the Cretaceous overstep, 
eastwards for about 5 km, beneath Golden Cap 
and Thorncombe Beacon (Figure 2.12), to 
where it is faulted out against the Bathonian 
strata o f West Cliff. The base o f the Dyrham 
Formation is marked by an abrupt lithological 
change from the mudstones o f the Green

Figure 2.12 The sheer cliff face of the Eype Clay 
Member below Golden Cap, part of the spectacularly 
thick development of the Stokesi Subzone in Dorset. 
Thorncombe Beacon and East Cliff are visible in the 
distance. (Photo: M.J. Simms.)

Ammonite Mudstone Member to the 
sandstones that comprise the Three Tiers at the 
base o f the Eype Clay Member. The Dyrham 
Formation o f Dorset attains a thickness o f about 
123 m o f which all but about 0.5 m can be 
assigned to the Margaritatus Zone. This is the 
maximum thickness o f the zone anywhere in 
Britain. The succession was described in detail 
by Howarth (1957) and by Hesselbo and Jenkyns 
(1995).

Three well-cemented, fine-grained, muddy 
sandstones, each 0.5-1 m thick, form conspi
cuous marker bands in the lowest part o f the 
Dyrham Formation. They form prominent 
ledges in the cliffs and have long been known 
as the ‘Three Tiers’ . Each has a gradational 
boundary with the intervening, less cemented, 
silty and sandy mudstones and, although often 
well-bioturbated with conspicuous Thalassi- 
noides (Sellwood et al., 1970), show planar and 
ripple bedding. Above the Upper Tier lies about 
60 m o f grey, micaceous, silty mudstone, the 
Eype Clay Member, in which there are a few 
thin sandstone beds (Figure 2.12). Body 
fossils, other than crushed Amaltheus and 
Tragophylloceras loscombi, are scarce except at 
two levels. The lower o f these is the Eype Nodule 
Bed, some 38 m above the Upper Tier, which 
contains bivalves, brachiopods, crinoids and 
Crustacea along with a diverse ammonite fauna 
(Howarth, 1957), some o f which show evidence 
o f predation (Ensom, 1985a). Beneath Golden 
Cap the Eype Nodule Bed is overlain by a bed 
o f blue-grey calcareous sandstone up to 
almost 1 m thick which, in places, incorporates 
some o f the nodules into its base. The fauna o f 
this sandstone includes bivalves, brachiopods, 
gastropods, ammonites and a montlivaltiid coral. 
Eastwards from there the sandstone pinches out 
and the nodules show the development o f 
pyritic rims and clear evidence o f reworking by 
burrowing organisms. Near Eype Mouth the 
nodules were exhumed and colonized by a 
diverse range o f encrusting organisms before 
being re-buried (Ensom, 1985b; Hesselbo and 
Jenkyns, 1995).

Near the top o f the Eype Clay Member is Day’s 
Shell Bed, an indurated shelly and crinoidal 
mudstone less than 0.3 m thick with occasional 
small calcareous nodules. It has yielded an 
abundant and diverse benthic fauna together 
with ammonites and belemnites, described by 
Palmer (1966), many o f which are immature 
individuals.
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About 1 m above Day’s Shell Bed a 
conspicuous fine-grained sandstone, the Starfish 
Bed, marks the base o f the Down Cliff Sand 
Member. The Starfish Bed is a composite unit 
about 1 m thick that comprises several distinct 
beds, each o f which has a sharp base succeeded 
by planar-laminated sands. The sands are locally 
rippled or show hummocky cross-stratification, 
and become increasingly bioturbated upwards. 
The ophiuroids, from which the Starfish Bed 
gets its name, are confined to the sole o f 
the lowermost o f these units (Goldring and 
Stephenson, 1972). Most are immature 
individuals o f Palaeocoma m ille ri, with a 
second species referred to by Hess (I960) as 
Ophioderma tenuibrachiata. Scattered remains 
o f the crinoid Balanocrinus gracilis also occur 
together with rare examples o f the asteroid 
Tropidaster pectinatus. Ensom (1988) recorded 
siltstone dykes in fallen blocks o f the Starfish 
Bed near Eype Mouth, though not on 
Thomcombe Beacon farther to the west. The 
Down Cliff Sand Member consists mainly o f 
grey-brown sandy mudstones, becoming more 
sandy towards the top. It contains many 
indurated lenticles (Howarth, 1957), some o f 
which contain abundant superbly preserved 
examples o f Balanocrinus gracilis  and 
Palaeocoma m illeri (Simms, 1989), together 
with rarer examples o f the ophiuroid 
Hemieuryale lunaris and the asteroids 
Tropidaster pectinatus, Archastropecten and 
Solaster (C. Moore, pers. comm.). Sellwood et 
al. (1970) noted abundant trace fossils and the 
presence, locally, o f load structures on the sole 
o f some beds. Wilson et a l (1958) cited a 
thickness o f about 30 m for the Down Cliff Sand 
Member below Thomcombe Beacon, thinning 
eastwards to about 22 m near Eype Mouth. The 
Margaritatus Stone, a 0.3 m-thick bluish fossili- 
ferous sandy limestone, is the only conspicuous 
marker band within the member and defines its 
top, although Wilson et al. (1958) noted several 
other minor marker horizons within the 
member. The ammonite fauna shows this bed 
to correspond to the base o f the Subnodosus 
Subzone. Sellwood et al. (1970) described the 
Margaritatus Stone as a complex conglomeratic 
bed with angular sandstone blocks up to 0.6 m 
long as well as rolled and bored bioclasts and 
lithoclasts.

The Margaritatus Stone is succeeded by the 
Thomcombe Sand Member. This is mosdy 
more yellow-weathering and homogeneous

than the Down Cliff Sand Member, and contains 
conspicuous cemented ‘doggers’, up to 2 m 
thick and 3 m across at several levels, together 
with a 0.3 m-thick sandy limestone about mid
way up the succession. The sands frequently 
exhibit bioturbated units interbedded with 
hummocky cross-stratification (Sellwood et a l., 
1970). The basal 2 m o f the member is a blue- 
grey mudstone, termed the ‘Blue Band’ or 
‘Margaritatus Clay’ . The top 2.3 m o f the 
member also is o f grey mudstone. This is over- 
lain by the Thomcombiensis Bed, a 0.36 m-thick 
bipartite unit o f highly bioclastic limestone and 
calcareous mudstone that yields an ammonite 
assemblage indicative o f the Gibbosus Subzone. 
Fossils, notably amaltheid ammonites (Howarth, 
1957), rhynchonellid brachiopods (Ager, 1956- 
1967) and crinoids (Simms, 1989), are locally 
abundant. Lord (1974) recorded some 40 species 
o f ostracod from from the clays and silts o f the 
Margaritatus Zone, with species o f Ogmoconcba 
particularly abundant.

The base o f the Beacon Limestone Formation 
(=  Junction Bed sensu lato o f earlier authors) 
rests on an erosion surface at the top o f the 
Thomcombe Sand Member. At West Cliff the 
Thomcombiensis Bed and overlying clays are 
absent and the Beacon Limestone Formation 
contains large blocks o f Thomcombiensis Bed 
at its base (Howarth, 1957). The Beacon 
Limestone Formation is exposed only in the 
cliffs between Seatown and West Cliff and is 
rarely accessible in situ ; its type locality is on 
Thomcombe Beacon (SY 4354 9148). Detailed 
accounts o f the Beacon Limestone Formation 
were published by Jackson (1922, 1926), 
Jenkyns and Senior (1991) and Howarth (1992), 
with descriptions o f some inland sections by 
Walker (1892). The formation reaches a 
maximum thickness o f 3.65 m adjacent to the 
Eypemouth Fault but thins rapidly westwards 
and typically is less than 1 m thick. It contains a 
diverse ammonite fauna, mainly o f amaltheids 
and hildoceratids, which establishes the 
presence o f the full sequence o f seven successive 
ammonite zones, and many o f the subzones, 
from the Spinatum Zone to the Dispansum 
Zone; on the Yorkshire coast this interval is 
represented by almost 130 m o f strata. At the 
base o f the Beacon Limestone Formation is the 
Marlstone Rock Member, a brown or pink, 
conglomeratic limestone with abundant 
berthierine and goethite ooliths, and containing 
a diverse fauna including ammonites (Howarth,
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1957, 1980), brachiopods (Ager, 1956-1967, 
1990), bivalves and other invertebrates (Jackson, 
1926). There is a conspicuous planar hard- 
ground surface between the Marlstone Rock 
Member and the overlying Eype Mouth 
Limestone Member (=  Junction Bed sensu 
stricto o f earlier authors). The basal bed o f the 
Eype Mouth Limestone Member comprises pink 
to buff stromatolitic calcilutites, containing 
ammonites indicative o f the Serpentinum 
Zone, overlain by pale conglomeratic limestones 
containing ammonites indicative o f the Bifrons 
to Dispansum zones. Planar erosional hiatuses 
occur at several levels and are often conspi
cuously marked by planed-off ammonites and 
other fossils. Pebble beds and worn and broken 
ammonites also occur at some levels. The Eype 
Mouth Limestone Member is traversed by 
numerous fissures, mostly sub-parallel to 
bedding but with some at an angle to it (Jenkyns 
and Senior, 1991). These are filled with pale 
calcilutites, sometimes cross-bedded, which 
contain ammonites younger than the enclosing 
sediments. Both the matrix sediments and 
fissure fills have yielded a moderately diverse 
benthic fauna alongside the rich ammonite 
assemblages. Certain elements o f the fauna 
within this member here are unique to the 
British Lias. These include several species o f

ammonite (Howarth, 1992) and brachiopod 
(Ager, 1956-1967) o f Tethyan affinities, and the 
crinoid Plicatocrinus inomatus, which occurs 
as profuse disarticulated ossicles in vertical 
fissures close to the Eypemouth Fault (Simms, 
1989).

The Eype Mouth Limestone Member is over- 
lain by the Down Cliff Clay Member o f the 
Bridport Sand Formation (Figure 2.11). The 
latter member comprises silty clays that pass up 
into sandy siltstones with cemented horizons. 
The Down Cliff Clay Member reaches a maximum 
thickness o f 21 m in the Bridport area, but thins 
rapidly away from there and is less than 11m 
thick at East Cliff. It is succeeded by the main 
part o f the Bridport Sand Formation, magnifi
cently exposed in the sheer cliffs between West 
Bay and Burton Bradstock, the type section o f 
the formation being at East Cliff (Figure 2.13) 
and Burton Cliff (the latter is a Middle Jurassic 
GCR site, see Cox and Sumbler, 2002). Its thick
ness is fairly constant, at a little over 40 m, 
between West Bay and Burton Bradstock. 
Farther west, on Thomcombe Beacon, less than 
half o f the formation, extending up to about Bed 
10 o f Hesselbo and Jenkyns (1995), is preserved 
beneath the Cretaceous overstep yet there is a 
140% expansion in thickness relative to the same 
succession to the east.

Figure 2.13 The Bridport Sand Formation at East Cliff west of Burton Bradstock. (Photo: M.J. Simms.)
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There is a progressive increase in grain size 
from the silty clays o f the Down Cliff Clay 
Member, through siltstones to fine sand about 
the middle o f the Bridport Sand Formation 
and then a decrease again towards the top 
(Hesselbo and Jenkyns, 1995). This grain-size 
pattern is roughly coincident with an increase, 
and then decrease, in bed spacing upwards 
through the succession. Calcite-cemented bands 
and ‘doggers’ are a conspicuous feature o f 
weathered exposures o f the Bridport Sand 
Formation (Figure 2.13). Sellwood et al. (1970) 
noted that detrital mica grains are crumpled in 
the softer bands but remain undistorted in the 
cemented units, indicating pre-compactional 
cementation. Intense bioturbation has 
destroyed most non-biogenic sedimentary 
structures, although small-scale scours occur 
sporadically in the lower part o f the formation 
(Davies, 1967, 1969; Hounslow, 1987). Near the 
base o f the Bridport Sand Formation both on 
East Cliff and on Thomcombe Beacon there is a 
series o f conspicuous undulating cemented 
bands, with a wavelength o f about 20 m and 
amplitude o f about 3 m, that have been 
described by Hesselbo and Jenkyns (1995) and 
Pickering (1995). The top o f the Bridport Sand 
Formation is marked by a hardground that is 
locally overlain by a thin iron-stained clay seam, 
immediately beneath the Scissum Bed at the 
base o f the Inferior Oolite Group.

Identifiable fossil material is generally sparse 
in the Bridport Sand Formation except in the 
uppermost beds, which are packed with 
ammonites and other fossils. Buckman (1910) 
and Jackson (1926) recorded impressions o f the 
ammonite Dum ortieria  in the Down Cliff Clay 
Member, but generally only the more robust 
calcitic fossil material such as belemnites (Doyle, 
1990-1992) and crinoids (Simms, 1989) have 
survived. There has been little work on the 
microfauna, though Lord (1974) recovered ten 
species o f ostracod from the lower part o f the 
Down Cliff Clay Member.

Interpretation

The Lias Group on the Dorset coast has been the 
subject o f intense collecting and research for at 
least two centuries. An outline o f the ammonite 
sequence was already well-established by the 
time Lang and his co-authors (1914 to 1936) 
described the stratigraphy in this area. 
Subsequent stratigraphical work has served to

refine the earlier stratigraphical schemes and 
define the position o f the biostratigraphical and 
lithostratigraphical boundaries.

The base o f the Lias Group and o f the Blue 
Lias Formation was placed by Lang (1924) at the 
base o f a conspicuous paper shale (Bed H I), 
which rests on an erosion surface at the top 
o f the limestones o f the Langport Member 
(formerly White Lias) o f the Penarth Group 
(Wignall, 2001). This boundary was formerly 
taken to mark the base o f the Jurassic System, 
but this is now defined by the first appearance 
o f the ammonite Psiloceras, which at Pinhay 
Bay occurs in Lang’s Bed H25 (Cope et a l., 
1980a).

The junction o f the Blue Lias Formation and 
the overlying Charmouth Mudstone Formation 
was originally placed by Lang (1924; Lang et a l., 
1923) at Table Ledge (Bed 53). However, this 
boundary is well above the onset o f mudstone- 
dominated deposition and accordingly it is now 
placed at an erosion surface at the top o f Grey 
Ledge (Bed 49), which marks the upper limit o f 
closely spaced limestones in the type section. 
The junction between the Shales-with-Beef 
and the Black Ven Marl members is taken at the 
base o f the Birchi Tabular (Bed 76a) at an 
upward change from predominantly organic- 
rich to carbonate-rich mudstones. A significant 
boundary, and hiatus representing at least three 
ammonite subzones, lies within the Black Ven 
Marls o f Lang and Spath (1926) at about the 
level o f the Coinstone (Bed 89). Although the 
dark-grey mudstones above the hiatus resemble 
those below, they lack the large diagenetic lime
stone nodules and are much richer in pyritized 
ammonites. This same facies can be recognized 
elsewhere in the Wessex Basin and in the Severn 
Basin, and at its maximum development spans 
the Oxynotum and Raricostatum zones. 
Accordingly Page (pers. comm.) has proposed 
that the Black Ven Marl Member be emended to 
include only the lower part o f the succession 
beneath the Coinstone, with the pyritic 
ammonite-rich mudstones above being re-named 
as the ‘Stonebarrow Pyritic Member’ .

The position o f the Sinemurian-Pliensbachian 
boundary has been the subject o f some debate. 
Lang et al. (1928) placed the boundary below 
the upper part o f Hummocky (Bed 103b) but, 
based on later discoveries, Cope et al. (1980a) 
placed it at the base o f the Apoderoceras 
Limestone (Bed 105), as did Page (1992). How
ever, Hesselbo and Jenkyns (1995) maintained
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that Hummocky and the clays above Hummocky 
(beds 103 and 104) accumulated during 
extensive reworking o f Raricostatum Zone 
sediments in earliest Pliensbachian times and 
hence the boundary should be drawn at the 
base o f Hummocky (below Bed 103a). The 
boundary between the Belemnite Marl and 
Green Ammonite Mudstone members is clearly 
defined, both lithostratigraphically and biostrati- 
graphically, by the top o f the Belemnite Stone, 
which is coincident with the Ibex-Davoei zonal 
boundary.

The junction between the Charmouth 
Mudstone Formation, and hence also the 
Green Ammonite Mudstone Member, and the 
succeeding Dyrham Formation is placed 
immediately below the lowest o f the Three 
Tiers at the base o f the Eype Clay Member, one 
o f three members within the formation. This is 
not quite coincident with the base o f the Upper 
Pliensbachian Substage, which is marked by the 
first appearance o f amaltheid ammonites about 
3 m below the top o f the Charmouth Mudstone 
Formation. The base o f the Down Cliff Sand 
Member is drawn at the base o f the Starfish 
Bed, with the base o f the Thomcombe Sand 
Member placed at the top o f the Margaritatus 
Stone. An erosion-surface contact with the 
highly condensed Marlstone Rock Member 
marks the junction o f the Dyrham Formation 
with the Beacon Limestone Formation. The 
Marlstone Rock Member has yielded ammonites 
indicating both subzones o f the Spina turn Zone 
and all but the Clevelandicum Subzone o f the 
Tenuicostatum Zone (Howarth, 1980). The 
vertical extent o f pale, fine-grained limestones o f 
the overlying Eype Mouth Limestone Member 
clearly define its boundaries. The member is 
highly condensed and incorporates represen
tatives o f nearly all o f the Toarcian zones and 
subzones. Howarth (1980) noted that there was 
no evidence for the presence o f the lower part o f 
the Exaratum Subzone. However, the presence 
o f ammonites in the neptunian fissures caused 
considerable difficulties o f interpretation for 
some o f the earlier accounts (Buckman, 1922; 
Jackson, 1922, 1926) and was not satisfactorily 
resolved until the work o f Jenkyns and Senior 
(1977, 1991). The base o f the overlying Bridport 
Sand Formation is clearly drawn above the top
most limestone bed o f the Beacon Limestone 
Formation and, although more than ten times as 
thick as the latter formation, it represents only 
the uppermost two ammonite zones o f the

Toarcian Stage. A distinct hiatus marks the 
boundary with the succeeding Middle Jurassic 
succession.

There has been considerable discussion 
concerning the primary or secondary (diagenetic) 
nature o f some o f the conspicuously rhythmic 
sequences developed in the Lias Group o f 
Dorset. Richardson (in Lang et al., 1923) 
proposed a secondary origin for both the Blue 
Lias Formation limestones and the limestone 
nodules higher in the succession. Hallam 
(1957) and Simpson (1957) described evidence, 
particularly from trace fossils, for an essentially 
primary origin for the limestones although 
subsequently Hallam (1960a, 1964a) conceded 
that many o f the limestones in the Blue Lias 
Formation were accentuated to some degree by 
diagenetic segregation. More recendy Hallam
(1986) proposed that many may have formed 
solely through rhythmic unmixing o f calcium 
carbonate during diagenesis. Bottrell and 
Raiswell (1989) concluded from a study o f pyrite 
abundance and sulphur-isotope composition 
that the limestone-mudstone rhythms reflected 
primary differences in the carbonate content o f 
the sediment, which subsequendy exerted a 
direct effect on the diagenetic accentuation o f 
the carbonate-rich units. They noted that 
diagenetic cementation would be enhanced by 
a hiatus in sedimentation. Moghadam and Paul
(2000) concluded that the limestone units were 
entirely diagenetic, but that the rhythmicity 
evident in the Blue Lias Formation reflected 
primary differences in the sediment rather than 
the effects o f diagenetic unmixing. Hesselbo 
and Jenkyns (1995) have suggested that a few o f 
the limestones, notably beds H4 and H30, may 
have been deposited from submarine mud
flows, analogous to those seen in the Langport 
Member (formerly White Lias) at the western 
end o f the GCR site (Hallam, 1960b), or from 
low-density turbidity currents.

Hallam (1960a, 1964a) suggested that the 
rhythmicity in the Blue Lias Formation might 
reflect epeirogenic oscillations in sea level. 
Others have suggested climatic control related 
to Milankovitch orbital cycles (House, 1985; 
Weedon, 1986, 1987; Smith, 1989; Weedon et 
a l., 1999). Waterhouse (1999) described paly- 
nofacies cycles in the Blue Lias Formation that 
appear independent o f lithology and which may 
also be linked to Milankovitch cycles. Cole and 
Harding (1998) found a close correspondence 
between palynofacies cycles and transgressive-
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regressive sequence boundaries in the 
Charmouth Mudstone Formation. Bessa and 
Hesselbo (1997) noted cyclicity in their gamma- 
ray log for the Belemnite Marl Member reflecting 
variable calcium carbonate contents through the 
succession. Supposed Milankovitch cyclicity has 
also been described from beds 110 to 117 
(Polymorphus to Jamesoni subzones) in the 
Belemnite Marl Member (Weedon and Jenkyns, 
1990, 1999). Bioturbation and changes in the 
body-fossil and trace-fossil assemblages in 
parallel with the light-dark couplets indicate a 
primary origin for these cycles, which they 
considered had experienced less diagenetic 
modification than the Blue Lias Formation. 
Weedon and Jenkyns (1990, 1999) identified at 
least two scales o f cycle that they they inter
preted as a 20 ka precession cycle and more 
irregular, larger amplitude, climatic variations. 
Van Buchem and McCave (1989) documented 
a strikingly similar succession o f light-dark 
sediment couplets in the Banded Shales, also 
spanning the Polymorphus to Jamesoni 
subzones, o f the Redcar Mudstone Formation 
at Robin Hood’s Bay. They too suggested a 
periodicity o f 20 ka for each couplet. House 
(1986) has identified analogous rhythms else
where in the Lias succession, specifically in the 
Shales-with-Beef Member and Bridport Sand 
Formation. In both cases there is evidence for 
at least some diagenetic accentuation o f the 
cyclicity. Hesselbo and Jenkyns (1995) also 
identified small-scale, coarsening-upward cycles 
in the Bridport Sand Formation. Diagenetically 
cemented bands within this formation also 
display a conspicuous rhythmicity but Davies 
(1967) suggested that the cementation reflected 
primary differences in the detrital carbonate 
content o f the sediments.

Evidence for a diagenetic origin is clearer for 
many o f the limestones in the Shales-with-Beef 
and Black Ven Marl members, most o f which are 
discontinuous and nodular. Many are laminated 
or have a septarian structure, and the frequent 
presence o f beautifully preserved uncrushed 
ammonites indicates nodule formation at 
shallow burial depth before compaction. 
Raiswell (1971) considered that the Birchi 
Nodules (Bed 75) (Figure 2.7) may have 
developed during a pause in deposition, with 
porosity estimates, strontium isotopes and 
mineralogy indicating growth in a geochemical 
system partially open to the sea. Hesselbo and 
Palmer (1992) have described the sequence o f

events in diagenetic nodule formation. In the 
Lias within the GCR section this reached its 
acme in the Coinstone (Bed 89) and associated 
nodule horizons that experienced burial, 
exhumation and re-burial over the duration 
o f at least three ammonite subzones. Their 
observations indicate that initial fracturing 
during septaria formation occurred not in a 
hard, britde material, such as the nodules 
present today, but in a more plastic medium 
perhaps analogous to cheese.

The development o f early diagenetic lime
stone nodules in the Shales-with-Beef and Black 
Ven Marl members contrasts with their scarcity 
in the Stonebarrow Pyritic Member. Conversely, 
although pyrite is common in all three members 
it is only in the Stonebarrow Pyritic Member that 
it commonly occurs as uncrushed pyritic moulds 
o f ammonites and other fossils, indicating early 
diagenetic formation. In the Shales-with-Beef 
and Black Ven Marl members it more typically 
occurs as nodules and encrustations o f 
already crushed ammonites, indicating forma
tion later in diagenesis. Both pyrite and early 
diagenetic carbonate nodules form in the 
sulphate reduction zone but differences in the 
development o f these in the mudstones above 
and below the Coinstone hiatus may reflect 
differences in sedimentation rates and probably 
in benthic oxygen levels. Precipitation o f 
pyrite is inhibited by rapid burial o f organic-rich 
sediment, since this allows insufficient time for 
the necessary downward diffusion o f sulphate 
(Curtis, 1995). Downward diffusion rates o f 
sulphate will also be slowed significandy by the 
exclusion o f burrowing benthos, which is a 
consequence o f benthic anoxia, since burrows 
provide potential diffusion routes for sulphate 
ions. Consequendy, pyritization o f fossil 
material in the Shales-with-Beef and Black Ven 
Marl members tends to occur at a relatively late 
stage, after the fossils have been crushed by 
sediment compaction. However, benthic anoxia 
does seem to favour the precipitation o f 
very early diagenetic calcite concretions in 
which the ammonites are uncrushed; these are a 
conspicuous feature o f many organic-rich 
mudstone units at this site, particularly in the 
Shales-with-Beef and Black Ven Marl members, 
but are also a significant component o f organic- 
rich successions at other GCR sites, notably 
those in the Toarcian succession on the 
Yorkshire coast. There are at least two horizons 
in the Dorset Lias, the Coinstone (Bed 89) o f the

78



Pinhay Bay to Fault Corner and East Cliff

Black Ven Marl Member and the Eype Nodule 
Bed o f the Eype Clay Member, where early 
diagenetic calcite concretions locally have a 
pyrite skin. In both instances this is associated 
with a history o f burial, exhumation and 
re-burial, thereby allowing two distinct periods 
o f sulphate reduction to occur at these horizons. 
Observations made by Hesselbo and Palmer 
(1992) indicate that this pyritization did not 
occur during the exhumation phase but was 
associated with, or shortly preceded, re-burial by 
the mudstones o f the Stonebarrow Pyritic 
Member. These examples may be analogous to 
some o f the pyrite-skinned carbonate nodules 
noted in the Jet Rock o f the Mulgrave Shale 
Member on the Yorkshire coast (Hallam, 1962a; 
Coleman and Raiswell, 1981), such as at the 
Staithes to Port Mulgrave GCR site.

The development o f discontinous layers and 
lenses, or seams, o f fibrous calcite, or ‘beef’, 
within parts o f the Dorset Lias, notably in the 
Shales-with-Beef Member, has long elicited 
debate. Richardson (in Lang et al., 1923) 
recognized that the ‘beef’ seams post-dated the 
carbonate nodules and concluded that the ‘beef’ 
was deposited by downwardly percolating 
carbonate solutions into cracks that had opened 
as a result o f the desiccation and contraction o f 
the shales. It is now thought that ‘beef’ seams 
form as a result o f rapid over-pressuring o f 
organic-rich shales at burial depths o f several 
tens to hundreds o f metres, within the 
methanogenic zone (Marshall, 1982; Stoneley, 
1983). On the Dorset coast, about 100 m above 
the Shales-with-Beef Member lies the base o f the 
Dyrham Formation, o f which the lowest 93 m 
(the Eype Clay and Down Cliff Sand members) 
was deposited during just one ammonite 
subzone (Stokesi Subzone) (Figure 2.11). This 
rapid influx o f sediment may have caused the 
hydrostatic over-pressuring o f the organic-rich 
shales o f the Shales-with-Beef and Black Ven 
Marl members while their high organic content 
ensured that sufficient carbon survived oxida
tion in the sulphate-reducing zone to generate 
carbonate for ‘beef’ formation during methano- 
genesis. The absence or poor development o f 
‘beef’ in organic-rich successions elsewhere in 
the British Lias may reflect the unusually high 
sedimentation rate during the Stokesi Subzone 
in Dorset, while its poor development in 
the Blue Lias Formation and other parts o f 
the Charmouth Mudstone Formation reflects 
generally lower organic-carbon contents.

The Dorset Lias has been important for under
standing the varied nature o f stratigraphical 
hiatuses, the processes by which they are 
formed, and the various techniques by which 
they can be detected. That associated with 
the Coinstone (Bed 89) is among the best 
documented o f these. Hesselbo and Palmer 
(1992) attribute the exhumation o f the 
carbonate nodules in large part to bio-erosion 
but could not decide whether this event 
reflected lower sea level or reduced sediment 
supply. Hallam (1969, 1999) favoured the 
former and cited the absence o f any associated 
condensed facies as evidence against sediment 
starvation. Further examples include the hiatus 
at the top o f the Watch Ammonite Stone (Bed 
99), the top o f Hummocky (Bed 103) (Sellwood, 
1972) and, in the Upper Pliensbachian, the Eype 
Nodule Bed (Ensom, 1985b), the Margaritatus 
Stone (Sellwood et a l., 1970) and others noted 
by Wilson et al. (1958). The Beacon Limestone 
Formation, encompassing the top o f the 
Pliensbachian Stage and much o f the Toarcian 
Stage, is highly condensed and contains 
spectacular hiatuses with ammonites and other 
fossils abrupdy truncated along some surfaces 
(Jackson, 1922, 1926; Jenkyns and Senior, 1977, 
1991). Many hiatuses elsewhere in the Lias 
are less obvious, with no evidence o f a major 
biostratigraphical break or lithological change. 
They may be indicated by concentrations o f 
obdurate fossils, such as belemnites, or by 
reworked lithoclasts, or an intensely burrowed 
horizon. Examples include the erosion hiatus 
surfaces at Grey Ledge (Bed 49), in the mud
stones o f Bed 83 (Hesselbo and Jenkyns, 1995), 
and at the top o f the Belemnite Bed (Bed 120c). 
Jones et al. (1994) also found evidence in the 
strontium isotope record for a hiatus at this 
last horizon. More tenuously, Smith (1989) 
suggested, on the basis o f correlation o f 
presumed Milankovitch cycles, that there was 
a hiatus within the Angulata Zone o f the Blue 
Lias Formation on the Dorset coast that is not 
present in equivalent strata in the Somerset 
coast section.

The Dorset Lias has contributed a great deal 
to our understanding o f the effects o f syn- 
sedimentary fault movement and its manifes
tation in the geological record. One example is 
the westward thinning o f the Belemnite Marl 
Member and the Green Ammonite Mudstone 
Member away from the Eypemouth Fault. The 
Bridport Sand Formation has been cited as an
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exception to this westward thinning, showing 
a distinct thickening westwards from East Cliff 
to Thomcombe Beacon (Hesselbo and Jenkyns,
1995). However, this supposed exception does 
not take into account the fact that different 
stretches o f the coastline are being compared. 
The sections through the Belemnite Marl and 
Green Ammonite Mudstone members referred 
to all lie to the west o f the Eypemouth Fault, 
known to have been active during Early Jurassic 
times (Jenkyns and Senior, 1977, 1991), whereas 
the Bridport Sand Formation exposures are 
located both to east and west o f the fault. Hence 
the apparent westward thickening o f the latter 
formation may reflect thickness differences 
across the fault rather than being analogous with 
the eastward thickening o f the Belemnite Marl 
and Green Ammonite Mudstone members. 
More direct evidence o f syn-sedimentary move
ment comes from the correlation o f individual 
marker bands across specific faults. Various 
authors (Lang, 1945; Hallam, 1969; Hesselbo 
and Palmer, 1992) noted that whereas there was 
a hiatus directly above the Coinstone (Bed 89) 
on Stonebarrow, the same hiatus occurred more 
than 1 m above the level o f the Coinstone on 
Black Ven. Similarly, the difficulties o f tracing 
several o f the nodule bands in the Obtusum 
Zone from Black Ven to Stonebarrow, a 
problem noted by Lang and Spath (1926), may 
be attributable to erosive removal o f the 
Woodstone (Bed 830 and Lower Flatstones 
(Bed 83d) horizons on Stonebarrow. This is 
suggested by a hiatus surface above the Pavior 
(Bed 82) at the latter site (Hesselbo and Jenkyns, 
1995). Both the Coinstone and Pavior hiatuses 
may indicate syn-sedimentary movement on the 
nearby Char Fault.

The Eypemouth Fault at the eastern end o f 
the GCR site has provided some o f the most 
convincing evidence for syn-sedimentary fault
ing (Jenkyns and Senior, 1977, 1991). As the 
fault is approached from the west the Eype 
Mouth Limestone Member thickens dramatically, 
from less than 0.5 m to as much as 3.5 m over a 
distance o f less than 0.5 km, and is cut by many 
sediment-filled ‘neptunian’ sills and dykes. 
These formed as a result o f tectonic stresses 
associated with fault movements and allowed 
ammonites and other fossils to become inter
calated, out o f sequence, into older parts o f 
the succession. Ensom’s (1988) observations o f 
siltstone dykes cutting the Starfish Bed near 
Eype Mouth, and their absence from this same

unit farther west, provides further evidence o f 
syn-sedimentary movement on this fault and 
the extent o f its influence on surrounding 
sediments.

The relationship between syn-sedimentary 
movement on faults and the development o f 
erosional hiatuses is exemplified by the diachro
nous nature o f the hiatus surface associated with 
the Eype Nodule Bed. As the Eypemouth Fault 
is approached from the west the sequence 
shows an initial incorporation o f nodules into 
the base o f the overlying sandstone, then the 
pinching out o f the sandstone and development 
o f pyritic rims on the nodules, and finally 
evidence o f exhumation and encrustation o f 
nodules adjacent to the fault.

There have been few broad-based palaeo- 
environmental interpretations o f the Lias o f 
Dorset, largely because the mudstone-dominated 
nature o f much o f the succession has deterred 
investigations o f this type. Hesselbo and 
Jenkyns (1998) provide the only general 
account, describing the succession in terms o f 
sequence stratigraphy and relative sea level. 
They have interpreted the organic-rich mud
stones, such as those o f the Shales-with-Beef and 
Black Ven Marl members, as deposited during 
periods o f sea-level rise or highstand, and the 
erosional hiatuses associated with the Coinstone 
and the Hummocky horizons to represent 
sediment starvation during deepening events. 
In the Belemnite Marl Member, they attributed 
the condensed nature o f the Belemnite Bed to 
shallowing, and condensation in the Belemnite 
Stone to deepening. They concluded that the 
facies developed at any particular level reflect 
the interplay o f a variety o f factors.

Some o f the sandier units in the Lias have 
been specifically discussed and some general 
observations and interpretations can be made 
for other parts o f the succession or extrapolated 
from contiguous strata. Goldring and Stephenson 
(1972) concluded that the exceptional 
preservation o f the ophiuroids in the Starfish 
Bed at the base o f the Down Cliff Sand 
Member was due to burial by a sudden influx 
o f sand that was thick enough to prevent 
subsequent disruption o f the remains by 
bioturbation. The load structures reported by 
Sellwood et al. (1970) from other levels in 
the Down Cliff Sand Member also suggest rapid 
sedimentation. A similar mechanism can be 
invoked for the occurrence o f most intact 
echinoderms throughout the Lias Group o f
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Dorset, including other occurrences o f intact 
crinoids, ophiuroids and asteroids from the 
Eype Clay Member and intact examples o f the 
echinoid Miocidaris lobatum  and the ophiuroid 
Palaeocoma escberi from the Blue Lias 
Formation. In other parts o f the sucession the 
presence o f intact multi-element skeletons, such 
as echinoderms and vertebrates, is due largely to 
preservation in anoxic or dysaerobic benthic 
environments. The organic-rich pans o f the 
Shales-with-Beef and Black Ven Marl members 
are developed in such facies and have proven 
an important source o f well-preserved marine 
reptiles and fish. Simms (1986) demonstrated 
that the extraordinary preservation o f the 
crinoid Pentacrinites fossilis in the Black Ven 
Marl Member was also due to benthic anoxia, 
though current winnowing o f the upper 
surfaces o f these specimens demonstrated that 
conditions were not entirely stagnant and that 
sedimentation rates were low. Although very 
low levels o f bioturbation sometimes are present 
in these organic-rich mudstones, benthic bivalve 
larvae did not generally survive spatfall except 
during brief periods o f more oxygenated condi
tions that allowed the development o f thin shell 
pavements. In contrast, the pseudoplanktonic 
Pentacrinites was brought in on floating drift
wood, which then sank to the anoxic sea floor. 
Simms (1999) has suggested that a current gyre 
may have developed across this area for a rela
tively brief period during the Obtusum Zone, 
trapping many crinoid-laden floating logs that 
eventually sank to form a relatively high concen
tration o f specimens through some 2 m o f the 
Black Ven Marl Member.

Dysaerobic benthic conditions appear to have 
been fairly prevalent in the basal part o f the Blue 
Lias Formation on the Dorset coast, and in other 
areas such as the north Somerset coast. The 
fauna has a relatively low diversity dominated by 
the bivalve Liostrea bisingeri and the slender- 
spined echinoids Diademopsis and Eodiadema, 
presumably tolerant o f low oxygen levels. The 
echinoids typically are disarticulated but intact 
material occurs in some laminated shales, 
suggesting that benthic oxygen levels periodically 
dropped still further.

Despite the overwhelming dominance o f 
marine organisms in the Lias at this GCR site, 
fossil evidence for a nearby landmass is also 
present. Fossil driftwood occurs sporadically 
thoughout the Lias Group, but it is particularly 
abundant in the upper part o f the Shales-

with-Beef and Black Ven Marl members, where 
trunks up to nearly 4 m long have been 
recorded (Macfadyen, 1970). This part o f the 
succession has also yielded a rich fauna o f 
insects, which are otherwise virtually unrepre
sented in the Dorset Lias, and several specimens 
o f the omithischian dinosaur Scelidosaurus. 
Whalley (198$) postulated that the preservation 
o f the insects indicated a landmass less than 
80 km away, perhaps an extension o f the 
Comubian Massif to the west (Figure 1.10; 
Chapter 1), which may have persisted for a few 
hundred thousand years.

The Bridport Sand Formation has been the 
subject o f several palaeoenvironmental analyses. 
More than a century ago (Buckman, 1889) 
showed that the Toarcian sands o f south-west 
England were diachronous and younged to the 
south. Davies (1969) proposed that the sands 
represented a large migrating sand-bar while 
others have suggested deposition in a lower or 
middle shoreface environment above storm 
wave-base (Colter and Harvard, 1981; 
Hounslow, 1987; Bryant et a l., 1988). More 
recently, Pickering (1995) proposed that broadly 
undulating cemented bands near the base o f 
the Bridport Sand Formation formed as near- 
symmetrical scours beneath standing waves in 
shallow water, while Hesselbo and Jenkyns 
(199$) suggested that they are predominandy 
aggradational and formed as ridges at the toe o f 
an advancing sand slope. The well-cemented 
layers have been interpreted as tempestites and 
have a significandy lower clay content than the 
uncemented layers. This suggests that their 
higher permeability allowed earlier cementation 
o f these horizons (Bryant et a l., 1988).

The Lias succession in Dorset has long served 
as a standard against which other Lower Jurassic 
successions in Britain and farther afield have 
been compared. The most recent lithostrati- 
graphical comparison was by Hesselbo and 
Jenkyns (1995), between the Dorset succession 
and that exposed on the Yorkshire coast. 
Although some eustatic signals are evident in 
both basins, they noted a relationship between 
several o f the facies units in the two areas in 
which a coarser-grained unit in one basin would 
be represented by a finer-grained one in the 
other basin and vice versa. Assuming the same 
sea-level histories for both areas they explained 
these differences in terms o f proximal and distal 
settings and the role o f local tectonics in creating 
accommodation space for sediment.
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Faunal differences between the Dorset Lias and 
correlative strata in other basins have formed the 
basis o f several palaeobiogeographical studies 
and established the existence o f distinct 
provinces for several groups o f fossils, notably 
ammonites (Howarth, 1958) and brachiopods 
(Ager, 1956a).

Conclusions

The Dorset coasdine between Pinhay Bay and 
Fault Comer, and the separate GCR site o f East 
Cliff provides unparalleled and readily accessible 
exposures through the entire Lower Jurassic 
succession. The site has been investigated and 
collected from for more than 200 years and has 
played an important role in the development o f 
geology as a science and in the sub-disciplines o f 
palaeontology and stratigraphy. As such it has 
been o f fundamental importance in establishing 
a biostratigraphy for the marine Lower Jurassic 
Series and has also furnished an impressive 
diversity o f type specimens o f both vertebrate 
and invertebrate fossils. It continues to be o f 
outstanding importance as a source o f fossil 
material. It incorporates lithostratigraphical 
type sections and has contributed signiffcandy to 
an understanding o f the relative roles o f climate, 
sea-level change, syn-sedimentary faulting and 
diagenesis on preserved sedimentary sequences. 
The organic-rich horizons within the succession 
are oil-source rocks for the richest onshore oil
field in Britain, at Wytch Farm, and hence have 
been much studied.

CUFF HILL ROAD SECTION,
DORSET (SY 486 892)

Introduction

The cliffs at Burton Bradstock have always 
afforded magnificant exposures o f the Bridport 
Sand Formation (Figure 2.13) but the upper 
beds are largely inaccessible there. In the 
early 1880s a lane cutting was excavated just 
to the north o f Burton Cliff (Figure 2.14) 
giving easy access to this part o f the succession 
for the first time (Woodward, 1885). This 
section, the Cliff Hill Road Section GCR site 
provides an excellent, accessible section 
through the boundary between the Lower and 
Middle Jurassic series, with the mainly 
Toarcian Bridport Sand Formation passing up

Figure 2.14 Geological map of the Burton Bradstock 
area showing the location of the Cliff Hill Road 
Section. After House (1989).

into the Aalenian and Bajocian Inferior 
Oolite Group. It provides possibly the best 
exposure o f the late Toarcian Aalensis Zone in 
Britain.

The richly fossiliferous Inferior Oolite 
Group in this section has always attracted 
attention, but the underlying Bridport Sand 
Formation has never been adequately recorded. 
An unannotated photograph o f the section 
was published by Richardson and Butt (1912, 
pi. vi), and Richardson (1915) provided a brief 
account and annotated log o f the section. 
Buckman (1910) published a composite log 
and annotated sketch section constructed from 
this site, the cliffs, two quarries and ‘even from 
the walls’ . Richardson (1928) mentioned the 
site again briefly and included an annotated 
version o f the photograph first published by 
Richardson and Butt (1912), and Arkell (1933) 
published a simplified version o f Richardson’s 
(1915) section. Subsequent brief descriptions 
include those by Wilson et a l. (1958),
Hemingway et al. (1969), and House (1989). 
Hesselbo and Jenkyns (1995) incorporated data 
from here into their composite log and 
description o f the Bridport Sand Formation and 
the section was also described by Callomon and 
Cope (1995).
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Description

More than 3 m o f the Bridport Sand Formation 
is visible beneath about 2m  o f the Inferior 
Oolite Group at the top o f the section (Figures 
2.13 and 2.16). The lowest part o f the 
succession exposed here (beds 32-36 o f 
Hesselbo and Jenkyns, 1995, fig. 15) comprises 
yellow, slighdy micaceous sands with several 
layers o f burrowed, concretionary, calcite- 
cemented sandstone. Richardson (1915, fig. 4) 
described these sandstone concretions as 
‘crowded with ammonites’ that Buckman (1910) 
and Callomon and Cope (1995) identified as 
Pleydellia aalensis, indicative o f the Aalensis 
Zone. This is overlain by a fairly continuous bed 
o f cemented sandstone 0.2 m thick (Bed 37) 
with P. aalensis, which is overlain by 0.6 m o f 
poorly cemented sand (Bed 38) from which no 
ammonites have been obtained. This latter unit

is intensely burrowed, with the burrows infilled 
by more cemented sand from the overlying basal 
bed o f the Inferior Oolite Group (Bed 4 o f 
Callomon and Cope, 1995) (Richardson, 1915), 
with which it has an undulating contact 
(Callomon and Cope, 1995). Richardson (1915) 
noted that the overlying fine sandstone was in 
two distinct layers, although it was assigned a 
single bed number (Bed 39) by Hesselbo and 
Jenkyns (1995). Callomon and Cope (1995) 
divided it into a more weakly calcareous lower 
unit (Bed 4a) about 0.2 m thick, and a more 
strongly calcareous and burrowed upper unit 
(Bed 4b) 0.25 m thick with local accumulations 
o f Leioceras opal in urn near the top and rare 
Tmetoceras scissum and Pacbylytoceras torulo- 
sum, together indicative o f the Opalinum Zone 
at the base o f the Aalenian Stage. Above this 
bipartite sandstone lies the most conspicuous 
unit, the Rusty (or Foxy) Bed (Bed 5 o f
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12-13 Astarte and Truelli beds 

u  Red Conglomerate

r  1

L0

9-10 Red Bed

Snuff Boxes 
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Figure 2.15 The section through the Lower-Middle Jurassic boundary exposed at the northern end of Cliff Hill 
Road Section, Burton Bradstock. After Hesselbo and Jenkyns (1995); with bed numbers for the Inferior Oolite 
Group from Callomon and Cope (1995).
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Figure 2.16 The eastern side of Cliff Hill Road, looking north. The continous hard band just below the 
vegetation is Bed 37. (Photo: M.J. Simms.)

Callomon and Cope, 1995; Bed 40 o f Hesselbo 
and Jenkyns, 1995), a 0.05 m-thick brown, some
what laminated, sandy marl that forms a useful 
marker horizon where it has weathered back to 
form a narrow slot (see Richardson, 1928, pi. vi). 
Immediately overlying the Rusty Bed is the 
Scissum Bed, a hard sandy limestone in two 
courses; the lower 0.3 m thick and poorly fossili- 
ferous, and the upper 0.2 m thick and richly 
fossiliferous with an ammonite fauna indicating 
the (Aalenian) Scissum Zone. The Yellow 
Conglomerate above encompasses much o f the 
remainder o f the Aalenian Stage, with higher 
beds in the section lying within the Bajocian 
Stage o f the Inferior Oolite Group.

Interpretation

The accessibility o f the highest part o f the 
Bridport Sand Formation at this site has enabled 
the stratigraphy and facies o f this critical part o f 
the succession to be interpreted. The presence 
o f the highest recorded Pleydellia aalensis at 
least 0.6 m below the lowest recorded Leioceras 
opalinum  indicates the approximate position o f 
the Toarcian-Aalenian boundary. Callomon and 
Cope (1995) and Hesselbo and Jenkyns (1995) 
included the highest unfossiliferous bed o f the 
Bridport Sand Formation within the Aalensis 
Zone; this appears to represent a continuation 
o f the facies beneath but is sharply demarcated

from the bed above, with Leioceras opalinum , 
by an undulating, possibly erosional, contact. 
Arkell (1933) reported fragmentary and badly 
preserved Pleydellia aalensis type’ ammonites 
for about 25 feet (7.7 m) below the Scissum Bed, 
but this seems an over-estimate o f the thickness 
o f this zone. Hesselbo and Jenkyns (1995) 
assigned just over 2 m o f strata (beds 35 to 38), 
Callomon and Cope (1995) about 1.5 m, to the 
Aalensis Zone with the lowest part o f the 
succession visible here lying within the upper 
part o f the Pseudoradiosa Subzone.

The boundary between the Bridport Sand 
Formation and the overlying Inferior Oolite 
Group was placed by Richardson (1915) at the 
top o f the Scissum Bed (Bed 6), a view 
maintained by Arkell (1933). Parsons (in Cope 
et al., 1980b) placed it at the base o f the 
’Scissum Beds’ (?Bed 6), Hesselbo and Jenkyns 
(1995) placed it at the base o f the Rusty Bed 
(Bed 5) while Callomon and Cope (1995) placed 
it at the base o f Bed 4. The most recent revision 
o f Lower Jurassic lithostratigraphy (Cox, et a l., 
1999) followed Parsons (in Cope et al., 1980b) 
and placed the top o f the Bridport Sand 
Formation at the base o f the Scissum Bed 
(Bed 6).

The highest part o f the Bridport Sand 
Formation represents a transition between two 
contrasting depositional regimes. The bulk o f 
the formation, which can be assigned to the
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Pseudoradiosa Subzone alone, indicates rapid 
sedimentation. In contrast the Inferior Oolite 
Group consists o f a condensed sequence o f 
limestones separated by hiatuses and siliciclastic 
units. Indeed the entire Aalenian and Bajocian 
interval within this group is contained in less 
than 6 m o f rock. The Aalensis Zone at the top 
o f the Toarcian succession, and accessible at 
this site, is represented by only 2 m o f intensely 
burrowed sand that is significantly more fossili- 
ferous than the lower part o f the formation. The 
gready reduced thickness by comparison with 
the Pseudoradiosa Subzone below indicates 
that deposition rates slowed abrupdy in this 
transition between the Bridport Sand Formation 
and the succeeding Inferior Oolite Group, 
perhaps reflecting sediment starvation as the 
sand supply was cut off.

Conclusions

The Cliff Hill Road Section GCR site exposes an 
easily accessible section that spans both the 
Toarcian-Aalenian stage boundary and the litho- 
stratigraphical boundary between the Bridport 
Sand Formation and the Inferior Oolite Group. 
The precise positions o f both boundaries has 
been the subject o f debate, which is still not fully 
resolved. The succession displays a transition 
from the relatively rapidly deposited sands o f 
the Bridport Sand Formation to the highly con
densed limestones o f the Inferior Oolite Group. 
The relatively condensed uppermost beds o f the 
Bridport Sand Formation are one o f the richest 
sources o f Aalensis Zone ammonites in Britain. 
Despite its stratigraphical importance, the site 
remains litde investigated.

BLUE ANCHOR-LILSTOCK COAST, 
SOMERSET (ST 033 436-ST 194 461)

Introduction

The Blue Anchor-Lilstock Coast GCR site 
stretches through almost continuous cliffs for 
20 km along the coast between the eastern end 
o f Blue Anchor Bay (ST 033 436) and Lilstock 
(ST 194 461) (Figure 2.17). The cliffs expose a 
section o f between 160 m and 200 m of Lower 
Lias, which rests conformably on the Penarth 
Group (Upper Triassic). The succession is 
complicated by numerous faults, that repeat 
parts o f the section, but the presence o f 
distinctive marker bands allows correlation 
between fault blocks.

The series o f sections provides an almost 
unbroken succession from the Penarth Group, 
through the Hettangian Stage and into the 
Lower Sinemurian Substage (Figure 2.18). It is 
developed largely in offshore facies o f the Blue 
Lias Formation, characterized by alternating 
limestones and mudstones in varying propor
tions. The Blue Lias Formation succession here 
is the thickest succession in Britain other than 
that proven in the Mochras Borehole. The 
section is internationally significant for its 
exceptionally complete, and abundant, succes
sion o f ammonite faunas. Part o f this site has 
been designated as Global Stratotype Section 
and Point (GSSP) for the base o f the Sinemurian 
Stage, and part has been proposed as a potential 
GSSP for the base o f the Hettangian Stage and o f 
the Jurassic System.

The section is invaluable for comparison with 
correlative sections at other GCR sites in south

Figure 2.17 Generalized geological map of the Blue Anchor-Lilstock Coast GCR site showing specific locations 
mentioned in the text.
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Wales and those on the Dorset-Devon coast. 
The Blue Anchor-Lilstock Coast section has the 
advantage over these other sites in that the 
succession is substantially expanded, recording 
a virtually unbroken period o f sedimentation, 
and fault-repetition o f parts o f the sequence 
provides access to greater volumes o f any parti
cular stratigraphical horizon than is possible at 
the other sites.

Homer (1816) was the first to refer to the 
Lias o f the Somerset coast, but he considered 
that the numerous faults prevented accurate 
measurement o f the succession. Furthermore, 
the faulting led him to believe that the red marls 
o f the Mercia Mudstone Group (Upper Triassic) 
were interbedded with the Lias. A series o f 
later papers (Dawkins, 1864; Etheridge, 1872; 
Bristow and Etheridge, 1873; Richardson, 1911) 
concentrated largely on the Penarth Group, with 
little more than passing mention o f any parts o f 
the succeeding Lias. Woodward (1893) was the 
first to provide a detailed account o f the Lias, 
although he greatly under-estimated its thickness 
at about 30 m. He subdivided the Lias into five 
units and was the first to recognize that the Blue 
Lias Formation facies, o f alternating limestones 
and mudstones, was interrupted by two thick 
mudstone developments. Later accounts by 
Arkell (1933) and Macfadyen (1970) were based 
largely on that o f Woodward (1893) and it was to 
be almost 80 years before the first detailed 
stratigraphical description was published, by 
Palmer (1972). He established correlations 
between fault blocks and recognized seven 
major units. Each o f these was assigned a 
formal name and accompanied by bed-by-bed 
descriptions o f lithology and fauna.

Hamilton and Whittaker (1977) briefly 
described the Triassic and Jurassic succession 
between Blue Anchor and Watchet, and 
Whittaker and Green (1983) published a 
detailed description o f the succession. This 
latter description was similar to that o f Palmer 
(1972), but divided the succession into five, 
rather than seven, units that were not formally 
named. Bessa and Hesselbo (1997) published 
gamma-ray logs for the succession that they used 
to define 10 gamma-ray units, while Hesselbo et 
al. (2002) analysed carbon isotopes from the top 
o f the Blue Anchor Formation (Upper Triassic) 
into the base o f the Blue Lias Formation at St 
Audrie’s Bay. Micropalaeontological elements o f 
the succession have been described in papers 
dealing with foraminifera (Copestake and

Johnson, 1989; Hylton, 1998), ostracods (Lord 
and Boomer, 1990), palynomorphs (Warrington, 
1983, 1985; Warrington and Ivimey-Cook, 1990) 
and coccoliths (Hamilton, 1982). The reptilian 
vertebrate fauna has been summarized by 
Benton and Spencer (1995). Invertebrate 
macrofossils, other than ammonites, have been 
litde investigated.

The ammonite faunas have formed the 
primary focus o f attention on account o f their 
biostratigraphical value (Ivimey-Cook and 
Donovan, 1983). Watchet is the type locality for 
the ammonite Psiloceras planorbis, the index 
species for the basal zone and subzone o f the 
Jurassic System. Consequently Watchet and, 
more recendy, St Audrie’s Bay (Figure 2.19) have 
been proposed as stratotypes for the Triassic- 
Jurassic boundary, with the precise horizon 
being defined on the basis o f lithostratigraphy 
(Whittaker, 1978; Hallam, 1990b,c), geochemistry 
(Hesselbo et a l., 2002) or biostratigraphy, in 
particular the first appearance o f Psiloceras, 
including P. planorbis (Cope et a l., 1980a; 
Cope, 1990; Hodges, 1994; Page, 1994a; Page et 
a l., 1994; Warrington et a l., 1994; Bloos, 1997; 
Page and Bloos, 1998; Bloos and Page, 2000b). 
The Sincmurian part o f the succession is o f 
considerable importance for its ammonite 
faunas and has furnished data crucial to the 
establishment o f a number o f ammonite- 
correlated horizons within the Lower Sinemurian 
Substage (Page, 1992). A section at East 
Quantoxhead, some 4 km west o f Lilstock, has 
been designated as the Global Stratotype Section 
and Point (GSSP) for the Hettangian-Sinemurian 
boundary (Figure 2.20) (Page, 1994b,c; Bloos 
and Page, 2000a, 2002; Page et a l., 2000).

The faulting exposed in the cliffs and fore
shore within the GCR site has been investigated 
by Chadwick (1986), Miliorizos and Ruffell
(1998) and Peacock and Sanderson (1999) with 
respect to the development o f the Bristol 
Channel and Central Somerset basins. Peacock 
and Sanderson (1999) proposed that the 
present southern margin o f the Bristol Channel 
Basin is bounded by the North Quantocks Fault, 
with a downthrow o f at least 1 km. As evidence 
they cited the striking change in relief between 
the Palaeozoic uplands o f the Quantock Hills 
and the low Mesozoic plain to the north, the 
southward dip o f the Mesozoic strata that 
developed as a rollover or reverse drag into a 
large northward-dipping fault just to the south, 
the high density o f faulting on the coast
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Figure 2.19 The basal Lias Group and candidate Global Stratotype Section and Point (GSSP) for the base of the 
Hettangian Stage and Jurassic System at St Audrie’s Bay, Somerset. The lowest level at which Psiloceras has been 
found is in Bed 8, visible immediately above the person's head. (Photo: M.J. Simms.)

Figure 2.20 Limekiln Steps, East Quantoxhead, west of Kilve, the Global Stratotype Section and Point (GSSP) 
for the base of the Sinemurian Stage. The limestone platform at the foot of the cliff is the top of Bed 144 and 
the Hettangian-Sinemurian boundary lies in the thick shale unit at the base of the cliff (beds 145-146). (Photo: 
M.J. Simms.)
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nearby, and the complete lack o f marginal facies 
anywhere in the exposed Mesozoic succession. 
They also suggested the existence o f a second 
fault to the west, the North Exmoor Fault, 
developed on a similar scale and offset by several 
kilometres to the north along the Watchet- 
Cothelstone-Hatch Fault System. The existence 
o f the North Quantocks Fault implies that the 
Blue Anchor-Lilstock Coast GCR site lies entirely 
within the south-eastern part o f the Bristol 
Channel Basin, whereas defining the boundary 
between this and the Central Somerset Basin 
places only the westernmost part o f the site 
within the Bristol Channel Basin.

The most recent general account o f the 
stratigraphy o f the sections within the GCR site, 
summarizing much o f the earlier work, is that by 
Warrington and Ivimey-Cook (1995).

Description

Palmer (1972) and Whittaker and Green (1983) 
have provided detailed descriptions o f the 
Lower Jurassic succession exposed within the 
GCR site. Their accounts are broadly in agree
ment, although correlation o f individual beds 
can be difficult. The bed numbers used here
are those o f Whittaker and Green (1983). Their 
logs also differ in minor respects from other 
published logs o f the basal Lias (Hodges, 1994; 
Page and Bloos, 1998: Bloos and Page, 2000a) 
and o f the Hettangian-Sinemurian boundary 
(Bloos and Page, 2000b, 2002; Page et al., 2000; 
Page, 2002). In places the section is disrupted 
by faulting, both normal and reverse, and 
Peacock and Sanderson (1999) noted that the 
complexity o f deformation is greater in the 
Lilstock area than in the Kilve-Watchet area. 
Among the largest o f the faults are the Doniford 
Bay Fault (ST 0840 43630), which throws down 
Semicostatum Zone strata to the south against 
red and grey mudstones o f the Mercia Mudstone 
Group, and the Blue Ben Fault (ST 202 4376), 
which brings Bucklandi Zone strata against 
red mudstones o f the Mercia Mudstone Group. 
The Watchet Fault, a major transcurrent fault 
(Whittaker, 1972a) intercepts the coast about 1 km 
west o f Watchet and is outside the GCR site.

The base o f the Lias Group was taken by 
Whittaker (1978; Whittaker and Green, 1983) at 
the base o f a fissile mudstone that rests on a 
hard, grey, calcareous mudstone, up to nearly 
1 m thick, which separates it from the pale 
limestone o f the Sun Bed beneath. The Sun Bed

itself is a marker band that can be traced 
throughout southern England. Palmer (1972) 
placed the base o f the Lias immediately above 
the Sun Bed.

The lowest part o f the Lias succession is 
exposed at several points along the coast, 
including Doniford Bay and Lilstock Bay, but it 
can be examined most easily in the cliff at St 
Audrie’s Bay (Figure 2.19). This section has 
been proposed as the Global Stratotype Section 
and Point GSSP) for the base o f the Jurassic 
System (Warrington et a l.y 1994) although, as 
noted by Bloos and Page (2000a), the ammonite 
sequence is actually better in Doniford Bay. 
Some 5 m o f mudstones and rather nodular 
limestones at the base o f the Lias are devoid o f 
ammonites but contain a moderately diverse 
bivalve fauna. Liostrea bisingeri, a characteristic 
species o f the basal Lias, occurs in some 
abundance at certain levels. The ammonite 
Psiloceras, taken as marking the base o f the 
Jurassic System, has been found as low as Bed 8 
(Figures 2.18 and 2.19) (Hodges, 1994), while 
Page and Bloos (1998) have identified a fauna o f 
weakly ribbed Psiloceras, including P. erugatum 
(Bloos and Page, 2000a) and Neophyllites, 
below the typical smooth forms o f Psiloceras in 
the lower part o f the Planorbis Subzone. 
Unequivocal Psiloceras planorbis is abundant in 
beds 13 to 19. Bed 24 comprises 2 m or more 
o f indurated laminated mudstone in which 
crushed iridescent specimens o f Psiloceras ex. 
grp. planorbis are abundant; it is from Bed 24, 
or possibly beds 14 or 18, at either Doniford Bay 
or west o f Watchet, that the lectotype o f this 
species probably was obtained. The Planorbis 
Subzone is about 4.3 m thick at St Audrie’s 
Bay and extends up to the base o f Bed 25, a 
limestone band in which the appearance o f 
Caloceras sp. marks the base o f the Johnstoni 
Subzone. The latter comprises 3.4 m o f 
limestones and mudstones. Hard laminated 
mudstones contain Caloceras johnstoni (in Bed 
36) and C. intermedium  (in Bed 37). Specimens 
o f Caloceras from Doniford Bay, near Watchet, 
are iridescent, suggesting that this may be the 
source o f the type o f C. johnstoni described by
J. de C. Sowerby (1824). The potential threat 
to these horizons from commercial exploitation 
has been discussed by Webber (2001). The base 
o f the succeeding Liasicus Zone is indicated by 
the appearance o f Waebneroceras sensu lato in 
Bed 43, with Laqueoceras appearing around 
Bed 67 to indicate the boundary between the
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Portlocki Subzone and the succeeding Laqueus 
Subzone. The Liasicus Zone is about 28 m thick 
and, particularly in its lower part up to about 
Bed 69, is dominated by mudstones with only 
subordinate limestones. The base o f the 
Angulata Zone is taken at the appearance o f 
Schlotheimia cf. amblygonia in Bed 80 and 
extends up to Bed 145 through some 40 m o f 
mudstones and nodular limestones. The bases 
o f the Complanata Subzone and the Depressa 
Subzone have been placed at the bases o f beds 
95 and 134 respectively by Bloos and Page 
(2000b). The ammonite faunas across the 
Hettangian-Sinemurian boundary have been 
documented in considerable detail (Page, 
1994b,c, 2001; Bloos and Page, 2000b, 2002; 
Page et a l.y 2000). Within a 27 m-thick 
sequence, from the upper Complanata to lower 
Rotiforme subzones, 15 distinct ammonite 
biohorizons have been recognized (Bloos and 
Page, 2002). From the Complanata into the 
Depressa subzones there is marked reduction 
in species diversity o f Schlotheim ia , the 
characteristic Angulata Zone genus. Schlo
theimia pseudomoreana is present virtually 
throughout the Depressa Subzone but around 
the middle o f the paper shale unit o f Bed 145 
the genus is abruptly replaced by an arietitid 
fauna dominated by species o f Vermiceras,
V. quantoxense, V. palm eri and V. elegans, from 
the basal Sinemurian Stage in the vicinity o f the 
GSSP at Limekiln Steps, East Quantoxhead.

The first appearance o f Vermiceras quan- 
toxense, V. palm eri and Metophioceras occurs
0.9 m above the base o f Bed 145, and this is 
taken as the base o f the Bucklandi Zone and the 
Sinemurian Stage (Bloos and Page, 2002). Bessa 
and Hesselbo (1997) also placed one o f their 
gamma-ray unit boundaries at the Hettangian- 
Sinemurian boundary on the basis o f a marked 
increase in uranium concentration. Elsewhere 
in Britain and north-west Europe species o f 
Schlotheimia are not found with Vermiceras 
and Metophioceras but, uniquely, they do occur 
together in the upper part o f Bed 145 at this site. 
There is a rapid turnover o f arietid faunas in 
the Conybeari Subzone enabling recognition o f 
nine distinct ammonite biohorizons (Page, 2001; 
Bloos and Page, 2002). The lowest two o f these 
have not been recognized elsewhere in north
west Europe and it is suspected that at most 
localities, including the Pinhay Bay to Fault 
C om er GCR site, they are represented by a 
hiatus. The Bucklandi Zone extends up to Bed

244, some 80 m higher in the succession and 
consists predominandy o f mudstone, in part 
fissile and bituminous, with limestones, some 
o f them laminated, at frequent intervals. Page 
(pers. comm.) has assigned beds 145 (upper) to 
164 to the Conybeari Subzone (14.2 m thick) 
and beds 165 to 202 to the Rotiforme Subzone 
(32.6 m thick), though this differs by up to 
almost 9 m from the intervals cited by 
Whittaker and Green (1983) and reproduced in 
Figure 2.18. Page (pers. comm.) assigned beds 
203-?244 to the Bucklandi Zone (about 41 m 
thick). The remainder o f the succession, 
about 50 m thick up to Bed 257, is mudstone 
dominated with only a few, mosdy nodular, beds 
o f limestone. Page (1992) assigned this part o f 
the succession to the Lyra Subzone, recognizing 
three distinct ammonite horizons within this 
part o f the succession at Doniford Bay. There 
is no conclusive evidence for higher subzones 
despite the supposed record o f Agassiceras from 
a fault-bounded block at East Quantoxhead 
(Ivimey-Cook and Donovan, 1983). This has been 
re-determined as a Coroniceras sp. cf. kridion 
(K.N. Page, pers. comm.). The completeness o f 
the succession has led to the recognition o f a 
series o f ammonite-correlated biohorizons. Page 
(1992) cited locations within the GCR site as 
stratotypes for 13 o f these, but more are added 
as the ammonite stratigraphy is refined.

Fossils other than ammonites have been 
relatively little investigated. Palmer (1972) 
recorded a few o f the more conspicuous taxa, 
notably bivalves and the trace fossil 
Diplocraterion , while Warrington and Ivimey- 
Cook (1995) provided lists o f some o f the more 
characteristic taxa. The macrofauna o f the 
Planorbis Zone is dominated by a few species 
o f bivalve, notably Liostrea, Camptonectes, 
Protocardia  and Pteromya. The echinoids 
Diademopsis and Eodiadema bechei are also 
present and, rather remarkably in such a facies, 
occasional small pyritized colonies o f the coral 
Heterastraea in the laminated mudstones o f 
Bed 24. Fragmentary, or more rarely articulated, 
skeletons o f ichthyosaurs and fish have 
been found in the Planorbis Zone and include 
an embryo within a large well-preserved 
ichthyosaur skeleton (Deeming et a l.y 1993).

The macrofauna o f the Liasicus Zone is more 
diverse than that o f the Planorbis Zone, with a 
range o f bivalve taxa (Camptonectes, Gervillia , 
Lucina, Liostrea, Modiolus, Plagiostoma and 
Pseudolimea)  including the lowest Gryphaea
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(Gryphaea cf. obliquata) in this area. The 
macrofauna o f the Angulata Zone, although 
relatively sparse, includes an increasing 
abundance o f Gryphaea arcuata and the 
brachiopod Calcirbyncbia calcaria. The lower 
part o f the Bucklandi Zone also has a sparse 
fauna, but the fauna o f the upper part 
(Bucklandi Subzone) is locally abundant and 
diverse. It includes epifaunal and shallow 
infaunal bivalves together with rhynchonellid 
and terebratulid brachiopods, gastropods, 
serpulids and vertebrate remains.

Warrington and Ivimey-Cook (1995) summa
rized much o f the micropalaeontological work 
that has been undertaken within the GCR site. 
Warrington (1983, 1985) found the Lower 
Jurassic spore, pollen and dinoflagellate cyst 
assemblages to be less diverse than those o f the 
underlying Penarth Group, and to be dominated 
by conifer pollen such as Classopolis. The 
stratigraphical range o f seven species o f 
foraminifera at Watchet and St Audrie’s Bay were 
listed by Copestake and Johnson (1989), but 
there are no published accounts o f foraminifera 
from the GCR site except that o f Hylton (1998), 
who examined foraminiferal assemblages across 
the Hettangian-Sinemurian boundary at East 
Quantoxhead. O f 35 sampled levels from the 
upper Angulata Zone to the Rotiforme Subzone 
(beds 135-170), Hylton (1998) found that most 
were barren and only 10, mosdy in the Hettan- 
gian part o f the succession, yielded foraminifera 
together with ostracods, echinoderm debris and 
microgastropods. These confirmed a micro- 
faunal change across the Hettangian-Sinemurian 
boundary; Lingulina tenera plex. substriata are 
confined to the uppermost Angulata Zone while 
Planularia inaequistriata and the Frondicu- 
laria terquemi plexus group make their first 
appearance above the boundary. The ostracod 
fauna was investigated by Lord and Boomer 
(1990) for the latest Triassic and Hettangian 
successions at Watchet and St Audrie’s Bay. The 
considerable stratigraphical overlap observed 
in some taxa prevented some o f the ostracod 
subzonal boundaries being defined.

The mudstones within the succession vary 
in their colour, carbonate and organic content, 
and in the extent o f bioturbation. Medium- 
to dark-grey, mostly non-fissile to only poorly 
fissile, blocky and calcareous mudstones are 
dominant but dark, brownish-grey, well- 
laminated bituminous mudstones are a major 
component o f some parts o f the succession with

some individual shale units exceeding 1 m in 
thickness. The mudstones, other than the lami
nated bituminous units, usually contain evidence 
o f benthic activity, either as body fossils or as bio
turbation and burrow mottling. The limestones 
are mostly o f two types. The more common are 
dark blue-grey, hard, compact and rather homo
geneous, often grading downwards into calcareous 
mudstone. Most are laterally persistent but they 
may be lenticular or nodular, particularly in 
mudstone-dominated parts o f the succession. 
Fossils are commonly associated with the 
boundaries o f these limestones. The second type 
o f limestone is fine grained or porcellanous, 
sometimes laminated; a few have a strikingly 
sharp junction with underlying mudstones.

Fossil preservation varies through the 
succession. Three-dimensional preservation is 
common in many o f the limestone beds while 
all but the more robust fossils typically are 
flattened in the intervening mudstones. Original 
aragonitic shell material is common in the more 
organic-rich mudstones and is seen perhaps 
most spectacularly in the iridescent ammonites 
from the laminated mudstones o f the Planorbis 
Zone. Pyrite is relatively uncommon as a 
preserving medium and silica is unknown.

Interpretation

The lithostratigraphy and ammonite biostrati
graphy o f the succession is now largely 
established, though some uncertainties still 
exist. Although the lithostratigraphies o f 
Palmer (1972) and Whittaker and Green (1983) 
are broadly in agreement, direct correlation o f 
individual beds can be difficult. There is a 
discrepancy between the measured thicknesses 
for part o f the Bucklandi Zone, where Whittaker 
and Green (1983) recorded 45.9 m for beds 
165-224 and Palmer (1972) recorded only 30.9 m 
for the equivalent beds (his beds D 1-E l5). This 
may partly account for the different total thick
nesses that they record; 178.9 m for Palmer 
(1972) against 203 m for Whittaker and Green 
(1983). Uncertainty also surrounds the strati
graphical continuity between the succession 
up to Bed 224 and that above (beds 225-257; 
about 70 m in total) since no continuous section 
exposes this interval.

There have been various interpretations o f 
the position o f the Triassic-Jurassic boundary at 
St Audrie’s Bay. Hallam (1990b,c) placed the 
boundary at the top o f the Langport Member
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o f the Penarth Group, while Hesselbo et al. 
(2002) suggested a position a litde lower, within 
the Cotham Member. Others have taken the 
boundary within the Blue Lias Formation, at 
the first appearance o f Psiloceras (Cope, 1990; 
Warrington et al., 1994; Page and Bloos, 1998; 
Benton et al., 2002). Intensive searching in 
the basal Lias by Hodges (1994) and others 
(Page and Bloos, 1998; Bloos and Page, 2000a) 
renders it unlikely that the range o f Psiloceras 
will be extended significandy lower at this GCR 
site. Recent work has also resolved the positions 
o f several zonal and subzonal boundaries higher 
in the succession, although biostratigraphical 
interpretation o f the upper part o f the succes
sion has long proved problematic. Woodward 
(1893) implied that the Tlimeri Zone might be 
present, but this has been ascribed to a mis- 
identification o f Amioceras bodleyi (Whittaker 
and Green, 1983). Palmer (1972) assigned beds 
229-253 to the Scipionianum Subzone and beds 
254-257 tentatively to the Sauzeanum Subzone. 
Warrington and Ivimey-Cook (1995) followed 
Palmer (1972) in this respect, though conceding 
that the presence o f these two subzones was 
largely unproven. Page (1992) has suggested 
that recognition at this GCR site o f subzoncs 
higher than the Lyra Subzone is based on 
mis-idcntifications.

The microfaunal biostratigraphy o f the succes
sion is poorly documented. The foraminiferal 
succession conforms to the zonal scheme 
proposed by Copestake (1989), and Hylton
(1998) has shown its importance for defining 
the Hettangian-Sinemurian boundary, which 
is particularly significant for the proposed 
designation o f the East Quantoxhead section 
as the Global Stratotype Section and Point 
(GSSP) for this boundary. Dinoflagellate cysts, 
coccoliths and ostracods from this site provide 
only a crude biostratigraphy compared with 
ammonites. Stratigraphical overlap o f the 
ostracod subzonal index fossils within the 
Ogmoconchella aspinata Biozone on the west 
Somerset coast prevented Lord and Boomer 
(1990) from identifying subzonal boundaries 
and cast doubt on the wider validity o f Lower 
Jurassic ostracod subzones.

The thick, often mudstone-dominated, 
Hettangian and Lower Sinemurian sequence o f 
this GCR site is comparable with the predomi
nantly argillaceous succession beneath the 
Bristol Channel (Lloyd et al., 1973). Whittaker 
and Green (1983, p. 98) noted similarities

between Lower Lias successions in the Bristol 
Channel and Central Somerset basins, and 
Miliorizos and Ruffell (1998) considered the 
former to be an offshore continuation o f the 
latter. A significant component o f the more than 
five-fold increase in thickness o f the Lias 
exposed at this GCR site, compared with the 
correlative succession at the Dorset GCR site, 
occurs in the mudstones suggesting that rapid 
subsidence in the Central Somerset Basin during 
early Jurassic times favoured the accumulation 
o f fine clastic material. The offshore Blue Lias 
Formation facies o f the south Wales succession, 
as seen at the Lavem ock to St M aty ’s Well Bay 
and Pant y  Slade to Witches Point GCR sites 
(see Chapter 3), shows a broad similarity to 
this GCR site in terms o f large-scale lithostrati- 
graphical units. Hence the major mudstone 
development in the Liasicus Zone, the ‘St 
Audrie’s Shales’ o f Palmer (1972), can be 
correlated with the Lavernock Shale Member o f 
south Wales. This can be traced to successions 
farther afield, notably the Saltford Shale Member 
o f the Bristol region (Donovan, 1956) and beds 
H55-H72 o f the Dorset coast (Lang, 1924). This 
widely traceable mudstone development has 
been ascribed to a sea-level rise o f at least 
regional extent (Hallam, 1981). Smith (1989) 
correlated presumed Milankovitch cycles 
between the Somerset coast, the nearby Burton 
Row Borehole (ST 3356 5208), and the Dorset 
coast, and found evidence for a hiatus in the 
Angulata Zone o f Dorset that was absent in 
Somerset. Similarly, Bessa and Hesselbo (1997) 
inferred a stratigraphical gap at the Planorbis- 
Liasicus zone boundary in the Somerset coast 
succession on the basis o f comparison between 
spectral gamma-ray data from St Audrie’s Bay 
and the correlative section at St Mary’s Well Bay 
in south Wales. However, the remarkably 
complete ammonite succession indicates virtually 
continuous sedimentation through the Hettangian 
and Sinemurian stages in this region and casts 
doubt on the existence o f these inferred hiatuses 
(K.N. Page, pers. comm.). The nature o f the 
much-studied Hettangian-Sinemurian boundary 
lends support to the view that sedimentation 
was not interrupted for any significant length o f 
time. The actual boundary occurs within a 
paper shale unit rather than at a lithological 
boundary and there is a unique coexistence o f 
the diagnostic ammonite groups for the upper 
Hettangian and lower Sinemurian stages. 
Whittaker (1978) attempted direct correlation o f
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individual beds at the base o f the Blue Lias 
Formation between Somerset and south Wales, 
demonstrating that Richardson's (1911) correla
tion o f the Watchet Beds o f Somerset with silty 
marls above the White Lias at Lavernock was 
incorrect. Whittaker and Green (1983) also noted 
the presence o f laminated limestones in the 
Johnstoni Subzone at roughly the same level as 
similar limestones in Dorset and south Wales 
(Hallam, 1960a, 1964a), and Palmer (1972) 
correlated Bed 147 (his Bed C101) with the 
Calcaria Bed near the base o f the Conybeari Sub
zone in the Keynsham area (Donovan, 1956). 
Page (1992) has made correlations o f individual 
sedimentary units between Somerset, Bristol (the 
Keynsham area) and the Devon-Dorset coast on 
the basis o f their characteristic ammonite faunas.

Many o f the individual beds and groups o f 
beds can be traced throughout this GCR site 
and can be correlated with the succession in 
the Burton Row Borehole (Ivimey-Cook and 
Donovan, 1983). This reveals an eastward 
thinning o f the succession from the St Audrie’s 
Bay and Watchet area to Blue Ben, particularly in 
the Angulata Zone and Conybeari Subzone, but 
also to some extent in the Planorbis Zone (Bloos 
and Page, 2000a). All o f the principal limestone 
beds are present throughout the section, but 
some o f those at Blue Ben have irregular 
junctions and the intervening shales have 
thinned markedly, perhaps indicating minor 
hiatuses. The Blue Ben section lies less than 
1 km from outcrops o f Devonian rock, and 
Whittaker and Green (1983) ascribed the eastward 
thinning o f the Lias to differential subsidence 
near the basin margin. Whittaker (1973, 1975) 
also found evidence for a northwards thickening 
o f the Lias away from the basin margin and 
toward an elongate ESE-trending basin. In this 
respect Bloos and Page (2002) noted that the

succession exposed on the south Wales coast is 
approximately twice as thick as at this GCR site. 
Many o f the faults that now cut the coastal 
sections probably relate to Tertiary basin 
inversion. However, two major faults that mark 
the northern edge o f the Quantock and Exmoor 
hills have recendy been identified as basin- 
bounding normal faults, with throws o f perhaps 
more than 1000 m during the Mesozoic Era 
(Peacock and Sanderson, 1999). The Watchet- 
Cothelstone-Hatch Fault System, which 
intersects the coast near Watchet (Whittaker, 
1972a) shows evidence o f movement during 
early Jurassic times (Miliorizos and Ruffell,
1998). The greater structural complexity o f the 
Lilstock area compared with the Kilve-Watchet 
section o f coast has been attributed to the 
location o f the latter within a stress shadow 
associated with a relay ramp represented by this 
fault system (Peacock and Sanderson, 1999).

Ivimey-Cook and Donovan (1983) noted an 
increase in the thicknesses o f individual 
ammonite zones in passing up through the 
succession. In the Hettangian Stage the 
Planorbis Zone is about 8 m thick, the Liasicus 
Zone is about 27 m thick, and the Angulata 
Zone is about 40 m thick. This trend appears to 
continue into the Sinemurian Stage, where the 
combined Conybeari and Rotiforme subzones 
are about 50 m thick and the thickness o f the 
combined Bucklandi and Lyra subzones may 
exceed 75 m. If the assumption o f Torrens (in 
Cope et al.y 1980a) is correct, that ammonite 
zones are o f similar duration (0.5-1 Ma), then 
the subsidence rates in this area, between the 
Mendip and Exmoor highs, increased from 
Hettangian into early Sinemurian times. 
Confirmation o f this comes from comparison 
with correlative successions in other basins in 
southern England (Table 2.1). The Planorbis

Table 2.1 Table of approximate zone/subzone-pair thicknesses for the Hettangian and basal Sinemurian 
stages at six different locations. (* = figures estimated from total zone thickness.) Data from Cope et al. 
(1980a), Warrington and Ivimey-Cook (1995) and Page (1992, unpublished Geological Society Correlation 
Guide).

Ammonite zones/ 
subzone pairs

Somerset
coast

South Wales 
(offshore facies)

Devon-Dorset
coast

Stowell Park 
Borehole

Mochras
Borehole

Radstock
shelf

Bucklandi-Lyra 90 7 4 35 c. 90* 0

Conybeari-Rotiforme 47 c. 35* 6 18 c. 70* 0

Angulata 40 30 5 17 60 0

Liasicus 27 30 4 18 59 0.5
Planorbis 8 9 4 11 18 2.5
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Zone is thin in most areas, but succeeding 
zones show a fairly consistent thickness 
within each succession (Dorset coast: 4-6 m; 
Severn Basin: c. 18 m; Mochras Borehole: 
60-80 m; south Wales: c. 30 m). These 
variations in thickness reflect different rates 
o f subsidence in each o f the basins but the 
Central Somerset Basin appears to be 
unusual in that the subsidence rate increased 
progressively through Hettangian and early 
Sinemurian times rather than maintaining a 
fairly constant subsidence rate, at least for the 
Hettangian Age, as is seen in the other basins. 
The dominance o f mudstones through much o f 
the succession at this GCR site testifies to 
rapid subsidence and generally low-energy 
conditions with litde erosion. The ammonite 
faunas documented by Page (1992, 1994b; 
Page and Bloos, 1998; Bloos and Page, 2000a,b, 
2002) also indicate that the succession here is 
more complete than elsewhere in southern 
Britain. This pattern o f deposition contrasts 
with that o f the Radstock Shelf. There the 
Planorbis and Liasicus zones usually are present, 
but the Angulata and Bucklandi zones are absent 
or represented only by derived fossils in the 
basal bed o f the overlying Sinemurian strata 
(Donovan and Kellaway, 1984).

Conclusions

The Blue Anchor-Lilstock Coast GCR site 
exposes a greater thickness o f Hettangian and 
Lower Sinemurian strata than is seen in any 
other correlative section in an onshore basin in 
Britain. Its basinal setting provides a valuable 
contrast with the basin-margin succession 
exposed on the southern flanks o f the Mendip 
High and along the south Wales coast. The 
succession contains an exceptionally full, and 
well-documented, sequence o f ammonite 
faunas that have served as the basis not only 
for further subdivision o f the established 
ammonite zonal scheme but also for 
designation o f the Global Stratotype Section and 
Point (GSSP) for the base o f the Sinemurian 
Stage, and a proposal for similar status for the 
base o f the Hettangian Stage and the Jurassic 
System. This is a site o f clear international 
significance for Lower Jurassic chronostrati- 
graphy.

HURCOTT LANE CUTTING, 
SOMERSET (ST 3985 1635)

Introduction

The Hurcott Lane Cutting GCR site, on Hurcott 
Lane, also known as ‘Hollow Road*, lies 
approximately 1 km south o f the village o f 
Shepton Beauchamp and about 4 km north-east 
o f llminster (Figure 2.21). It provides the 
finest exposure currently available o f the 
Barrington Limestone Member o f the Beacon 
Limestone Formation, found in the banks o f a 
sunken lane, a common feature o f this area. The 
Barrington Limestone Member is a highly 
condensed facies o f the Toarcian Stage 
developed locally in the llminster area. In

Figure 2.21 Geological map of the area around the 
Hurcott Lane Cutting GCR site showing the location 
of other published sections through the Beacon 
Limestone Formation.

94



Hurcott Lane Cutting

little more than 2 m o f strata it exposes a 
succession encompassing four ammonite zones 
and equivalent to more than 70 m of strata on 
the Yorkshire coast. The Barrington Limestone 
Member is spectacularly fossiliferous, yielding 
some o f the most diverse Toarcian ammonite 
faunas anywhere in Britain as well as an 
unusual benthic fauna with a high prevalence o f 
encrusting taxa.

This specific section was the subject o f a 
MSc thesis by Constable (1992), on which the 
following account is partly based, and was 
mentioned briefly by Wilson et a l. (1958, p. 56), 
but there have otherwise been no published 
descriptions. Previous accounts o f correlative 
successions in the area were published by 
Moore (1867b), Hamlet (1922), Pringle and 
Templeman (1922), Spath (1922a), Wilson et 
al. (1958), Boomer (1992) and Howarth 
(1992).

Description

Hurcott Lane Cutting exposes just over 2 m o f 
argillaceous limestones and calcareous mudstones 
o f the Barrington Limestone Member, formerly 
known as the ‘Junction Bed*. Much o f the cut
ting is vegetated and exposure is commonly 
poor; two minor landslips on the east side o f the 
lane have produced clearer sections, the larger 
o f which is about 10 m long (Figure 2.22).

Constable (1992) identified 27 beds within 
the exposed part o f the Barrington Limestone 
Member (Figure 2.23), with mudstone units 
greatly subordinate to limestones, which possibly 
are overlain by the basal part o f the Bridport 
Sand Formation. The limestones typically have 
irregular surfaces and several are discontinuous 
or reduced to nodules within mudstone units. 
There is a general upward increase in the pro
portion o f limestone to mudstone; mudstones

Figure 2.22 Landslip exposing the Barrington Limestone Member of the Beacon Limestone Formation 
on the east side of Hurcott Lane. The conspicuous notch is at about the level of beds 11-13. (Photo: 
M.J. Simms.)
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top of cutting possibly weathered Bridport Sand Formation

broken limestone; ammonites and belemnites 

broken limestone

limestone nodules in silty marl; abundant broken ammonites (Grammoceras 
thouarsense, G. spp.) and belemnites

limestone with shell debris; Haugia variabilis, Hildoceras semipolitum

faintly bedded limestone with shell debris, ammonites (H. variability 
H. semipolitum, Phymatoceras, Nodicoeloceras, }Catacoeloceras) and belemnites

white, highly-fractured, fine-grained limestone with 
belemnites and shell debris

ammonites (H. semipolitum),

limestone with ammonites (Hildoceras semipolitum, H. bifrons, Nodicoeloceras), 
belemnites, brachiopods, gastropods, echinoderm and shell debris

limestone with ammonites (flarpoceras subplanatum), belemnites and shell debris

limestone with ammonites (H. bifront), belemnites and shell debris 

irregular silty marl seam; Hildoceras bifrons
limestone, forming a distinct undercut ledge; Hildoceras bifrons and shell debris
irregular band of silty marl with ammonites (H. bifrons), belemnites, crinoid and 
shell debris, and serpulids
limestone with ammonites (H. bifrons), gastropods, bivalves, serpulids and shell debris

limestone; Hildoceras bifrons
impersistent silty marl; H. bifrons and Nodicoeloceras
limestone with irregular base; ammonites {fiildoceras aoertum, Dactylioceras
commune), bivalves, gastropods, and echinoderm and shell debris
irregular band of silty marl; H. apertum, D. commune and belemnites
impersistent bed of limestone nodules with ammonites (D. commune, D. spp.)*
bivalves, echinoderm and shell debris
irregular band of silty marl; D. commune and H. apertum
limestone with ammonites (D. commune), bivalves, echinoderm and shell debris,
and serpulids

y  irregular band of silty marl; Nodicoeloceras crassoides and bivalves
limestone with irregular top; Dactylioceras spp., echinoderm and shell debris
irregular band of silty shale with bivalves, belemnites and abundant ammonites 
(Harpoceras falciferum. Hildoceras crassum, H. caterinii, N. crassoides, D. commune); 
ammonites all lie parallel to bedding or wedged in crevices in top of bed 6

limestone with belemnites, crinoid debris, serpulids, echinoid debris, brachiopods, 
........................ ammonites (D. commune, H. falciferum, H. sp., Hildoceras

- ■ ■ — V. \  limestone with be 
A shell debris and ai
\laticosta, H. sp.)

'irrrm ilflr u am  ofN irregular seam of silty marl; Hildoceras laticosta
hard, fine-grained grey limestone with shell debris; no identifiable ammonites 
obtained  from beds 5 - 5

silty marl with irregular limestone beds and nodules; shell debris, gastropods and 
indeterminate ammonites

irregular limestone bed with shell debris

silty marl with limestone nodules, often encrusted with small oysters and serpulids; 
large ammonite fragments lie parallel to bedding, with smaller ammonites at all 
angles; silty marls become grey-green and brown towards the base; belemnites, 
bivalves and ammonites {pactynoceras semiarmulatum, D. spp., Nodicoeloceras 
crassoides, Harpoceras sp.)

1 |:I - r  t \ limestone with belemnites, ammonites, bivalves and shell debris

road level

Figure 2.23 Section through the Barrington Limestone Member of the Beacon Limestone Formation exposed 
in Hurcott Lane Cutting. After B. Constable, 1992, MSc thesis, Birkbeck College, London.

96



Hurcott Lane Cutting

predominate in beds 2-4 (middle Serpentinum 
Zone), and are common in beds $-18 (upper 
Serpentinum and lower Bifrons zones), whereas 
beds 19-27 (upper Bifrons, Variabilis and 
Thouarsense zones) are developed very largely 
in limestone. The uppermost limestone bed is 
overlain by weathered and disturbed yellow- 
brown sands but the precise nature o f the 
contact is difficult to ascertain. These may be 
the basal beds o f the Bridport Sand Formation.

Fossils are abundant in the limestones and 
mudstones, with ammonites forming a conspi
cuous component o f the fauna. The diverse 
fauna o f hildoceratids and dactylioceratids has 
enabled biostratigraphical boundaries to be 
identified with precision and has demonstrated 
a virtually complete sequence from the middle 
part o f the Serpentinum Zone through to the 
Thouarsense Zone at this site. On account o f the 
quality o f preservation and ease o f extraction o f 
the ammonites in the Barrington Limestone 
Member in this area, compared with the equiva
lent strata on the Dorset coast, many specimens 
have been figured in publications, notably 
those o f Howarth (1992) who commented that 
the ammonites o f the Falciferum Subzone in 
particular are more varied and abundant in this 
area than anywhere else in Britain.

The Barrington Limestone Member also yields 
common belemnites, occasional Cenoceras, and 
a rich and diverse benthic macrofauna o f 
bivalves, gastropods, brachiopods, echinoderms 
and other groups, along with a similarly diverse 
microfouna and flora. Elements o f the fauna 
were described and figured by Moore (1867b) 
and Boomer (1992). Aragonitic shell material is 
generally absent and many o f the ammonites are 
preserved as steinkems, or internal moulds, 
which subsequendy have been incorporated 
into the sediment. Deformed ammonite 
steinkems are common on the surfaces o f many 
o f the limestone beds. Preservation o f original 
calcitic material is usually good, though often 
broken. Encrusting organisms are common on 
many o f the macrofossils and on some o f the 
limestone nodules. They include foraminifera, 
oysters, serpulids and rarer solitary corals and 
cyrtocrinid holdfasts. A horizon near the base o f 
the Commune Subzone at the nearby Ilminster 
Bypass (ST 406 157) (Figure 2.21) yielded an 
exceptionally rich echinoderm fauna dominated 
by cyrtocrinids and Isocrinus lusitanicus 
(Simms, 1989), with common echinoid and 
ophiuroid debris. Closer examination o f the

Hurcott Lane Cutting may perhaps also reveal its 
presence there. Vertebrate remains occur in the 
Barrington Limestone Member, but are rare and 
typically disarticulated. Spectacularly well- 
preserved fish and marine reptiles described 
from this area by Moore (1867b) appear to be 
confined to the "Saurian and Fish Bed’, which 
occurs low in the Exaratum Subzone and is not 
exposed at Hurcott Lane Cutting.

Interpretation

The Toarcian succession at Hurcott Lane Cutting 
clearly is condensed. Four ammonite zones are 
present in litde more than 2 m here compared 
with more than 70 m for correlative strata on 
the Yorkshire coast. The succession here is 
expanded by comparison with correlative 
sections in this area (Wilson et al., 1958), and 
particularly with the Beacon Limestone 
Formation on the Dorset coast where equivalent 
strata locally are reduced to less than 1 m. No 
obvious hiatuses have been identified within the 
Barrington Limestone Member exposed at 
Hurcott Lane Cutting although they occur in the 
more condensed sections farther to the east, 
around Yeovil, and on the Dorset coast. The 
hildoceratid ammonites recorded from the 
Barrington Limestone Member indicate that the 
succession is also remarkably complete and 
includes some o f the ammonite-correlated 
horizons proposed by Gabilly (1976) in his 
refined biostratigraphy o f the Toarcian Stage. 
Despite the biostratigraphical detail with which 
the Hurcott Lane Cutting succession is 
known, lithostratigraphical correlation with 
other sections in the area (Boomer, 1992; 
Howarth, 1992) has proven difficult, suggesting 
that the Barrington Limestone Member shows 
rapid lateral variations. The succession at 
Hurcott Lane Cutting appears to be thinner, and 
with a lower proportion o f mudstone units, than 
that recorded by Hamlet (1922; reproduced in 
Howarth, 1992) at Barrington (ST 385 178), less 
than 2 km to the north-west (Figure 2.21). It is 
also slightly thinner than that published in 
Boomer (1992) on the Ilminster Bypass 
(ST 406 157), less than 1 km to the south-east. 
Kellaway and Wilson (1941a) commented on the 
changes in thickness o f the Beacon Limestone 
Formation between Ilminster and Yeovil and 
noted the disappearance o f Grammoceras 
faunas in the upper part o f the formation near 
Yeovil.
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Hesselbo and Jenkyns (1998) attributed the 
condensed nature o f the Beacon Limestone 
Formation o f Dorset to sediment starvation; the 
same probably is true for the Barrington 
Limestone Member. Sections in the llminster 
and Yeovil area include firmgrounds and/or 
hardgrounds which, together with the 
abundance o f ammonite and other shells, 
support the rich encrusting fauna that is such an 
unusual element o f the British Lower Jurassic 
Series but well represented in the Tethyan 
Province. These include encrusting oysters, 
serpulids, foraminifera and cyrtocrinid crinoids. 
Broken, distorted and heavily encrusted 
ammonite steinkerns found at many sites 
indicate periods o f exhumation and reworking 
o f fossil material, while fossils encased in 
oncolitic algal overgrowths indicate prolonged 
periods o f non-deposition in shallow water.

Some elements o f the fauna indicate a palaeo- 
biogeographical link between southern England 
and areas farther south, with Howarth (1992) 
noting the relatively frequent occurrence of 
Tethyan ammonite taxa in the Barrington 
Limestone Member. Boomer (1992) commented 
on the south European and north African 
affinites o f the ostracod fauna and its 
distinctiveness from faunas recorded from 
basins farther north in England and Wales. A 
similar pattern is seen in the contrast between 
the hildoceratid-dominated faunas o f southern 
England and the dactylioceratid-dominated 
faunas o f Northamptonshire and Yorkshire. 
Boomer (1992) attributed this to the opening o f 
new migration pathways associated with an early 
Toarcian sea-level rise.

Conclusions

The section exposed at Hurcott Lane Cutting is 
currently the best representative o f the 
Barrington Limestone Member, a local 
development o f the Beacon Limestone 
Formation, in the llminster area. It provides 
an important correlative section to the Beacon 
Limestone Formation exposed in the Pinhay 
Bay to Fault Corner GCR site, with which it 
shows significant contrasts. The Hurcott 
Lane Cutting section is highly condensed, with 
little more than 2 m o f strata representing 
4 ammonite zones and about 3 million years. It 
yields a more diverse and easily extractable

fauna than that o f the coastal exposures, inclu
ding ammonites and many other fossils. The 
ammonite and ostracod faunas from the 
Barrington Limestone Member show evidence o f 
Tethyan affinities and contrast markedly with 
faunas o f the same age farther north in England. 
The encrusting benthos found in the Barrington 
Limestone Member provides valuable insights 
into aspects o f the marine biota greatly under
represented in the British Lower Jurassic Series 
by comparison with many sites in the Tethyan 
Province.

BABYLON HILL, DORSET 
(ST 578 155-ST 584 161)

Introduction

The Babylon Hill GCR site comprises three road
side exposures, two o f which, Underdown 
Hollow  (ST 378 156) and Bradford Hollow 
(ST 577 155) (Figure 2.24) on the escarpment o f 
Babylon Hill, are found in sunken lanes, a 
common feature o f the Yeovil area caused by 
centuries o f erosion on unmetalled roads. The 
third exposure is a more recently exposed 
section on the south side o f the A30 Sherborne 
Road (ST 583 161), as it ascends the scarp. 
These roadside exposures represent the most 
extensive inland section in the Wessex Basin o f 
the Bridport Sand Formation (=  ‘Yeovil Sands* 
o f earlier authors). The Babylon Hill GCR site 
yields a sequence o f stratigraphically important 
Upper Toarcian ammonite faunas in the type 
area o f the Yeovilian Substage o f the Toarcian 
Stage.

Little detailed information has been 
published on the Bridport Sand Formation 
succession at Babylon Hill. James Buckman 
(1874) provided a descriptive summary and 
a sketch through the formation, and his son,
S.S. Buckman, reproduced this section and 
combined it with that o f the Inferior Oolite 
Group exposed in a nearby quarry at Bradford 
Abbas (Buckman, 1887-1907). The stratigraphy 
at Babylon Hill was discussed briefly by Kellaway 
and Wilson (1941a), Wilson et al. (1958) and 
Hemingway et al. (1969). The most recent 
account, by Torrens (1969), was based on 
sections measured and ammonites collected by 
Mr Hugh Prudden.
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Description

Exposures o f the Bridport Sand Formation 
occur in three areas along the scarp o f Babylon 
Hill, all o f which are part o f the GCR site. At 
the western end o f the scarp an unmetalled 
trackway, Bradford Hollow  (centred on 
ST 577 155), exposes more than 30 m o f the 
formation in faces up to 8 m high (Figure 2.25; 
Wilson et a l., 1958, pi. IV). To the east the 
formation is exposed, in faces up to 5 m high, 
along a minor metalled road at Underdown 
Hollow (centred on ST 578 156). A third area o f 
exposures, on the south side o f the A30 
Sherborne Road (centred on ST 583 161) was 
created during construction o f the dual carriage
way along this section o f road (Figures 2.24 and 
2.26) .

Wilson et al. (1958) suggested a total 
thickness o f about 60 m (200 ft) for the 
Bridport Sand Formation in the Yeovil district. 
James Buckman (1874) logged about 30 m 
(100 ft) o f the succession, comprising ‘fine

yellow sands' with at least ten ‘bands o f stone’, 
in either Bradford Hollow or Underdown 
H ollow  but neither he nor S.S. Buckman, 
who subsequently reproduced the section 
(Buckman, 1887-1907), specified which. In 
the latter work Buckman (1887-1907) 
indicated that only about an additional 3 m 
(10 ft) o f the Bridport Sand Formation lay above 
the highest unit recorded by his father 
(Buckman, 1874), with the formation being 
capped by a ‘hard, blue centred stone’ known as 
the ‘Dew Bed’ that was exposed in quarries at 
Bradford Abbas and Halfway House (Figure 
2.24).

James Buckman (1874) noted that some o f 
the indurated bands within the sands were 
richly fossiliferous, although well-preserved 
fossils were rare. Wilson et al. (1958) recorded 
Dum ortieria  fa lco fila  and D. tabu lata , 
together with the bivalves Grammatodon and 
Cucullaea, from a ‘roadside on Babylon Hill’, 
probably the old route o f the A30. Mr 
Hugh Prudden logged about 20 m o f the upper
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Figure 2.25 The Bridport Sand Formation exposed in Bradford Hollow, Babylon Hill, Yeovil. (Photo: M.J. 
Simms.)

part o f the Bridport Sand Formation at the 
GCR site on the south side o f the A30 
(Torrens, 1969) (Figure 2.26). The succession is 
dominated by poorly cemented sands with 
irregular bands or doggers o f well-cemented 
sandstone, and a thin bed o f shelly calcareous 
shale near the top o f the section (Bed U14). 
Although planar bedding was noted in beds 
L2 and U15, few sedimentary structures were 
observed. Prudden recorded loose specimens 
o f Pleydellia cf. fluens from this horizon or 
from Bed U12, and in-situ Pleydellia cf. aalensis 
grp. and Pleydellia  sp. from Bed U12, 
indicating the presence o f the late Toarcian 
Aalensis Zone, and also reported unidentified 
ammonites from Bed U10. Numerous 
ammonites from the sandstone o f Bed L8 
were mosdy Dum ortieria pseudoradiosa and 
D.costula, with rarer Dum ortieria moorei. This 
assemblage is indicative o f the Pseudoradiosa 
Zone and Subzone. Prudden (pers. comm.) 
has also found crustacean fragments 
associated with large burrow systems in the 
uppermost row o f sandstone doggers at 
Bradford Hollow.

Interpretation

Although probably up to 60 m thick at Babylon 
Hill, the Bridport Sand Formation in the Yeovil 
area encompasses at most only part o f three late 
Toarcian ammonite zones. The underlying 
Barrington Limestone Member o f the Beacon 
Limestone Formation, as seen at the Hurcott 
Lane Cutting GCR site, spans the remainder o f 
the Toarcian Stage. At Barrington, near 
llminster, 1.5 km north o f the Hurcott Lane 
Cutting GCR site (Figure 2.21) and some 20 km 
to the west o f Babylon Hill, the lowest 1.8 m o f 
the Bridport Sand Formation has yielded 
Phlyseogrammoceras dispansum, indicating 
that the lowest part o f the formation is o f 
Dispansum Zone age, with indeterminate 
?Dumortieria suggesting that succeeding strata 
in the lower part o f the formation lie within the 
lower part o f the Pseudoradiosa Zone (Howarth, 
1992).

At Babylon Hill only the upper part o f the 
Bridport Sand Formation is well exposed. James 
Buckman (1874) considered the sands there to 
correlate with the Ham Hill Limestone Member
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Figure 2.26 Sections through the Bridport Sand 
Formation on the south side of the A30 Sherborne 
Road (centred on ST 583 161) at Babylon Hill, Yeovil. 
After Prudden in Torrens (1969b).

and with the lower part o f the Inferior Oolite 
Group in the Cotswolds, although Wright (1856) 
had already contested that the sands were part 
o f the Lias. The latter view has long since 
been firmly established. The preponderance o f 
coarsely ribbed species o f Dum ortieria  
ammonite faunas collected by Prudden (in 
Torrens, 1969) from the lower part o f the 
succession at Babylon Hill suggests a position 
low  in the Pseudoradiosa Subzone. In 
general, coarse-ribbed species o f Dumortieria 
characteristic o f the Levesquei Subzone are 
superseded by fine-ribbed species typical o f 
the Pseudoradiosa Subzone but Prudden 
(1966) noted the difficulty o f distinguishing 
Pseudoradiosa and Levesquei subzone faunas 
without adequate sample sizes.

Prudden’s record o f Pleydellia from the 
upper part o f the succession establishes that at 
least the upper 3 m o f the Bridport Sand 
Formation at Babylon Hill lies within the

Aalensis Zone. Wilson et al. (1958) and White 
(1923) also cited evidence o f an Aalensis Zone 
age for the uppermost few metres o f the 
Bridport Sand Formation in the Yeovil area. This 
appears to conflict with earlier records o f 
Dumortieria moorei from the Dew Bed, an 
important marker bed that caps the Bridport 
Sand Formation in the Yeovil area (Buckman, 
1887-1907, Richardson, 1930). Gabilly (1976) 
has reported the co-occurrence o f Dumortieria 
m oorei with species o f Pleydellia  o f the 
Aalensis Zone but these records from the 
Dew Bed cannot easily be resolved without 
re-examination o f the material, which may have 
been mis-identified or reworked from older 
strata. However, they are more in support o f an 
Aalenian Stage Scissum Zone age for the Dew 
Bed, as proposed by Chandler and Sole (1996), 
rather than a Pseudoradiosa Subzone age 
suggested by Wilson et al. (1958) and Callomon 
and Cope (1995).

Identifying the ages o f the base and top o f the 
Bridport Sand Formation in the Yeovil area has 
demonstrated the diachroneity o f the formation 
along its outcrop (Buckman, 1889). At the 
Coaley Wood GCR site in the mid-Cotswolds the 
base o f the formation lies in the upper part o f 
the Bifrons Zone and the condensed carbonate- 
dominated facies o f the Cotswold Cephalopod 
Bed Member commences in the lower part o f 
the Thouarsense Zone. In the Yeovil area the 
formation spans the interval from the upper
most Dispansum Zone to the Aalensis Zone, 
while at the East C liff and C liff H ill Road 
Section GCR sites on the Dorset coast it extends 
from the lower part o f the Pseudoradiosa Zone 
to the top o f the Aalensis Zone.

In the Yeovil area the contrast in thickness o f 
the Bridport Sand Formation with contiguous 
sequences above and below, in thickness, 
duration and facies is striking, though 
comparable to that o f the Dorset coast. The 
condensed carbonate-dominated facies o f the 
Barrington Limestone Member o f the Beacon 
Limestone Formation encompasses most o f the 
Toarcian Stage in a sequence that in the Yeovil 
area may be reduced locally to less than 3 m 
(Wilson et a l., 1958). The overlying elastic- 
dominated Bridport Sand Formation spans 
barely more than two ammonite zones yet is 
about 60 m thick. The condensed, carbonate- 
dominated, Inferior Oolite Group that succeeds 
it represents the combined Aalenian and 
Bajocian stages yet barely exceeds 4 m in
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thickness (Cope e ta l., 1980b). In the correlative 
succession in the Severn Basin the Bridport 
Sand Formation is underlain by thick mudstones 
and overlain by an equally thick carbonate- 
dominated succession. The only condensed 
part o f the sequence in the Severn Basin is the 
late Toarcian Cotswold Ccphalopod Bed 
Member, as seen at the Wotton Hill, Coaley 
Wood and Haresfield H ill GCR sites. This can 
be correlated with the upper part o f the Bridport 
Sand Formation at Babylon Hill. The lack o f 
correspondence between the ages o f the 
condensed units in the Wessex and Severn 
basins probably reflects differences in local 
tectonism that caused lower subsidence rates in 
parts o f the Wessex Basin through much o f the 
Toarcian to Bajocian interval.

In contrast, the similarity in facies and thick
ness o f the Bridport Sand Formation across the 
Dorset, central Somerset and Severn basins 
suggests that the controlling factor in its 
development was sediment supply. A eustatic 
fall in sea level in late Toarcian times (Hesselbo 
and Jenkyns, 1998) may have increased the 
sediment supply from adjacent land areas. 
Boswell (1924) noted that the heavy-mineral 
assemblages in the Bridport Sand Formation 
were similar to those o f Armorican metamorphic 
rocks o f Brittany, which he considered to be a 
likely source. Davies (1969) used this evidence 
to suggest that sediment derived from these 
rocks was carried north-eastwards by longshore 
currents to form sand-bars. Other possible 
sources o f sediment include the reworking o f 
existing Toarcian sediments, which is known to 
have occurred from Oxfordshire to Yorkshire 
prior to the Aalenian Age (Bradshaw et al. 1992), 
or erosion o f Palaeozoic rocks on the London 
Platform.

Conclusions

The sections around Babylon Hill expose the 
best-documented inland succession through the 
Bridport Sand Formation. Its location between 
correlative GCR sites on the Dorset coast, 
around Burton Bradstock, and on the Cotswold 
scarp, around Wotton-under-Edge, is important 
for demonstrating the diachronous nature o f the 
formation. Along with the strikingly different 
facies developed at the Ham H ill GCR site, these 
sections provide essential comparative data for 
interpreting the history o f this part o f the Wessex 
Basin during late Toarcian times.

HAM HILL, SOMERSET (ST 481 165) 

Introduction

The Ham Hill GCR site encompasses exposures 
in a large active quarry at the south-western 
comer o f the Ham, or Hamdon, Hill plateau, and 
in a series o f disused quarries extending for 
about 1 km northwards along the western edge 
o f the hill (centred on ST 481 165). A natural 
exposure located in Hedgccock Hill Wood a litde 
farther east (ST 485 168) is also designated as a 
subsidiary GCR site (Figure 2.27). The quarries 
afford excellent exposures through almost the 
full thickness o f the Ham Hill Limestone 
Member at its maximum development. This 
geographically restricted facies represents a 
uniquely thick development o f biodastic lime
stones within the predominandy siliciclastic 
Bridport Sand Formation.

The unusual facies represented by the Ham 
Hill Limestone Member has long attracted 
researchers and aspects o f it have been 
described by Moore (1867b), Buckman (1889), 
Woodward (1893), Richardson et al. (1911), 
Arkell (1933), Kellaway and Wilson (1941a,b), 
Wilson et al. (1958), Davies (1969), Hemingway 
et al. (1969), Knox et al. (1982), Jenkyns and 
Senior (1991) and Hart et al. (1992). None o f 
these accounts has provided a detailed descrip
tion o f the succession. A popular guide book to 
the Ham Hill quarries has been produced by 
Prudden (1995). Ham Hill stone has been 
quarried since at least Roman times and was 
used widely in Dorset and Somerset as a prestige 
building stone from Norman times onward. The 
working quarry at the south end o f the hill still 
produces stone for new buildings and for 
restoration.

Description

The quarries at Ham Hill, all within the Ham 
Hill Limestone Member, expose up to 27 m o f 
biodastic limestone within the upper part o f the 
Bridport Sand Formation (Figure 2.28). This 
facies is peculiar to the Hamdon Hill outlier 
and others up to 10 km to the south, at 
Chiselborough Hill and Chinnock Hill (Figure 
2.27), where it is significantly thinner.

Patchily cemented, yellow-brown, micaceous, 
silty sands o f the Bridport Sand Formation 
(=  ‘Yeovil Sands' o f earlier authors) crop out on 
the lower slopes o f Hamdon Hill. These are not
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Figure 2.27 Geological map of the known 
outcrop area of the Ham Hill Limestone Member of 
the Bridport Sand Formation. After Wilson et al. 
(1958).

exposed within the quarry complex but the 
topmost few decimetres are visible beneath the 
base o f the Ham Hill Limestone Member 
exposed in Hedgecock Hill Wood. Extensive, 
but discontinuous, exposures o f sands with 
lines o f sandstone doggers are exposed in 
the sunken lane that ascends the hill from 
Montacute (ST 494 164). W inwood (in 
Richardson et al., 1911) noted that the hill 
thickness o f the sandy part o f the Bridport Sand

Formation was formerly exposed in this lane. 
He estimated the thickness o f the formation 
(excluding the Ham Hill Limestone Member) to 
be about 25 m (80 ft), while Buckman (1889) 
estimated it at 31 m (100 ft) and Kellaway and 
Wilson (1941a) at 38 m (125 ft).

The lowest unit o f the Ham Hill Limestone 
Member, exposed in Hedgecock Hill Wood 
(ST 485 168) and occasionally in the floor o f the 
working quarry, is a 0.5 m-thick conglomerate 
containing rather poorly rounded clasts, up to
0.2 m across, o f hard, micaceous, silty sandstone 
derived from the underlying Bridport Sand 
Formation (Hart et al., 1992). Most o f these 
are ovoid but some are cylindrical and may 
represent reworked Thalassinoides burrows 
(Hugh Prudden, pers. comm.). The clasts are 
penetrated by numerous bivalve crypts and 
other borings, and some are encrusted with 
serpulid tubes. The matrix is richly fossiliferous 
with abundant, though often fragmentary, 
remains o f bivalves, particularly oysters, 
belemnites, ammonites, crinoids, echinoids and 
asteroids. Prudden (in Torrens, 1969) recorded 
Dumortieria m oorei, D. pseudoradiosa and 
Plagiostoma cf. schimperi from this bed, and 
Simms (1989) figured fragmentary Isocrinus 
rollieri from here.

The conglomerate is succeeded by the Main 
Building Stone, which here is about 12 m thick 
(Figures 2.28 and 2.29). Richardson et al. 
(1911) divided this part o f the sequence into a 
lower series o f ‘Grey Beds’ and an upper 
series o f ‘Yellow Beds’, a division that is still 
evident in the quarries. The Main Building 
Stone succession is composed o f coarsely 
bioclastic sparry limestones with conspicuous 
trough cross-bedding. Shell debris is abundant, 
commonly forming the dominant component, 
but intact bivalves, brachiopods and other 
fossils generally are scarce (Wilson et al., 1958). 
Buckman (1887-1907), Winwood (in Richardson 
et al., 1911), Kellaway and Wilson (1941b) and 
Torrens (1969) all reported Dumortieria  from 
this part o f the succession indicating the late 
Toarcian Pseudoradiosa Zone. Quartz sand 
grains are absent from the lower part o f the Main 
Building Stone, appearing only in the top 3 m or 
so (Davies, 1969, fig. 11). The Main Building 
Stone is overlain, with an abrupt transition, by a 
4.5 m-thick sequence o f very fine-grained, 
cross-laminated sands indistinguishable from 
parts o f the typical sandy facies o f the Bridport 
Sand Formation. These are interbedded with
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Figure 2.28 Generalized lithostratigraphical succession and facies interpretation for the Ham Hill Limestone 
Member of the Bridport Sand Formation.

thin beds o f cross-bedded limestone and 
bioturbated sandstone. The sands are 
commonly bioturbated, sometimes with distinct 
burrows, though evidence o f bioturbation is 
largely absent from the cross-bedded limestone 
units. This passes up into 3.9 m o f thinly 
interbedded bioclastic limestone and cross- 
laminated fine-grained sands. A brachiopod 
bed, with Homoeorhyncbia cynocephala 
meridionalis, forms a marker bed about 1.8 m 
below the top and was the source o f material 
figured by Ager (1956-1967). It has also yielded 
a specimen o f Dum ortieria  sp. (Torrens, 1969). 
Richardson (in Richardson et a l., 1911) also 
mentioned that this brachiopod (then 
Rbynchonella cynica)  was abundant in several 
sandy layers between the beds o f limestone.

These beds are overlain by a 0.25 m-thick 
conglomerate that is lithologically very similar to 
that at the base o f the Ham Hill Limestone 
Member. Above this is about 6 m o f coarsely 
bioclastic limestone that is more thinly bedded 
than those o f the Main Building Stone in the 
lower part o f the succession but, like them, they 
show trough cross-bedding and lack quartz sand 
grains in the lower part. The highest beds seen 
on Ham Hill are weathered limestones referable 
to this unit. At Chiselborough Hill, less than 
2 km to the south, the Ham Hill Limestone 
Member is overlain by marly beds with Leioceras 
sp., indicating the Opalinum Zone o f the basal 
Aalenian Stage o f the Middle Jurassic Series 
(Kellaway and Wilson, 1941a; Wilson et a l., 
1958).
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Figure 2.29 The Main Building Stone of the Ham Hill 
Limestone Member in the working quarry on Ham 
Hill. (Photo: M.J. Simms.)

Interpretation

The unique facies o f the Ham Hill Limestone 
Member, at least in the context o f the British 
Toarcian Stage, led to considerable discussion in 
the 19th and early 20th centuries concerning its 
age and correlation with other bioclastic lime
stones around the Lower-Middle Jurassic 
boundary. Moore (1867b) included the Ham 
Hill Limestone Member and the underlying 
Bridport Sand Formation in the ‘Oolitic Series’ 
(Middle Jurassic), but noted that the ammonites 
indicated that these strata were the correlative o f 
part o f the Upper Lias. James Buckman (1874) 
held the same view and erroneously correlated 
the lower, greyer, beds o f the Ham Hill 
Limestone Member with the Pea Grit o f the 
Cotswolds and the upper, yellow and ochreous, 
beds at Ham Hill with the Freestones o f the 
Cotswolds. He correctly correlated the Ham Hill 
Limestone Member with the sands at Babylon 
Hill. Woodward (1887) concluded that the Ham

Hill Limestone Member should be correlated 
with the ‘upper part o f the Midford or Inferior 
Oolite Sands’, the Bridport Sand Formation o f 
modem terminology. S.S. Buckman (Buckman, 
1887-1907) initially considered that the Ham 
Hill Limestone Member lay within the lower 
part o f his Opalinum Zone, now considered to 
be equivalent to the upper part o f the 
Pseudoradiosa Zone. Subsequently Buckman 
(1889) correlated the Ham Hill Limestone 
Member with the Bridport Sand Formation at 
Babylon Hill but, in the same paper, he also 
correlated the member with the lower beds o f 
the Inferior Oolite Group in Gloucestershire. 
Richardson and Winwood, within the same 
paper (Richardson et a l., 1911), disagreed as 
to whether the Ham Hill Limestone Member 
should be assigned to the Upper Lias 
(Richardson’s view) or the basal Inferior Oolite 
(W inwood’s opinion), largely based on the 
identity and stratigraphical significance o f the 
common rhynchonellid (Homoeorhynchia 
cynocephala tneridionalis, then Rhyncbonella 
cynica) found in the Ham Hill Limestone 
Member. Arkell (1933) recognized a late 
Toarcian Moorei Subzone age (=  Pseudoradiosa 
Zone o f the scheme used here) for the Ilam Hill 
Limestone Member, following Winwood’s (in 
Richardson et a l., 1911) record o f Dumortieria 
moorei, and so correlated the member with the 
‘Dew Bed’ o f the Yeovil-Sherbome area, a hard, 
sandy, bioclastic limestone less than 1 m thick 
that caps the local Toarcian succession (Wilson 
et a l., 1958). Howarth (in Prudden, 1966) 
considered that the coarse-ribbed, stout- 
whorled species o f Dumortieria in the basal 
conglomerate also indicated the Pseudoradiosa 
Subzone while higher parts o f the Ham Hill 
Limestone Member also appear to lie within the 
Pseudoradiosa Zone. Evidence from the 
Babylon H ill GCR site indicates , that the upper 
part o f the Bridport Sand Formation, below the 
Dew Bed, is o f Aalensis Zone age (Torrens, 1969) 
while more recent work places the Dew Bed 
within the Scissum Zone at the base o f the 
Aalenian Stage (Chandler and Sole, 1996). 
Hence the Ham Hill Limestone Member and the 
Dew Bed cannot be considered correlatives.

There have been several interpretations o f the 
environment o f deposition o f the Ham Hill 
Limestone Member. James Buckman (1874) 
noted the similarity in facies between the Ham 
Hill Limestone Member and richly bioclastic
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units within the Bridport Sand Formation at 
Babylon Hill, implying that depositional 
environments represented by these thin shelly 
bands at Babylon Hill might have been similar to 
those that produced the bioclastic limestones 
at Ham Hill. Davies (1969) interpreted the 
conglomerates as channel lags and the sand- 
dominated sequence between the two main 
limestone units as a tidal flat sequence. He 
found fairly consistent north to north-easterly 
current orientations for the trough cross-beds 
throughout the Ham Hill Limestone Member 
that, combined with the minor 'channel lag 
conglomerate’ towards the top o f the sequence, 
and the dramatic east-west thickness changes, 
he interpreted as evidence for deposition in a 
flood-tide channel. The current directions 
contrast with the predominantly south-west 
current orientations observed in the Bridport 
Sand Formation in areas to north and south, and 
more obviously tidal bimodal orientations in 
the sands to east and west. Davies (1969) 
considered that the Bridport Sand Formation 
was deposited as a sand-bar, breached by tidal 
channels that migrated more than 100 km south
wards from the Cheltenham area to the Dorset 
coast during the course o f the Toarcian Stage. In 
Davies’ (1969) interpretation the exposures at 
the Ham Hill GCR site, and the adjacent outliers 
o f the Ham Hill Limestone Member, represent 
the only remaining example o f the tidal-channel 
facies within the Bridport Sand Formation.

Knox et al. (1982) suggested that the Ham 
Hill Limestone Member might have formed as 
a shell-rich sand wave sweeping across the 
area after a brief period o f non-deposition and 
erosion represented by the basal conglomerate. 
Jenkyns and Senior (1991) commented on the 
prevailing east-west orientation o f the clastic 
sedimentary environments postulated by Davies 
(1969) and suggested that this was consistent 
with fault control o f the submarine topography. 
In particular they noted the marked thinning o f 
the Ham Hill Limestone Member southwards 
across the east-west Coker Fault and suggested 
that the limestones may have been deposited on 
fault-controlled topographic highs on which 
there was little siliciclastic deposition. The 
absence o f the Ham Hill Limestone Member 
facies to the west o f the River Parrett, where the 
Inferior Oolite Group rests direcdy on typical 
Bridport Sand Formation facies (Wilson et a l.,

1958), also suggests that fault control influenced 
deposition and/or preservation from pre-Aalenian 
erosion o f the Ham Hill Limestone Member. 
Further support for a tectonic control on deposi
tion in this area during the Toarcian Age may also 
be indicated by marked thinning o f the Barrington 
Limestone Member, to 1.2 m at Montacute, and 
o f the Inferior Oolite Group, to 2.4 m at Stoford, 
2 km south-east o f Yeovil (Hugh Prudden, pers. 
comm.), both adjacent to the Coker Fault.

The limited evidence appears to favour depo
sition on a local fault-controlled high causing 
clastic sediment starvation and the accumulation 
o f a thick bioclastic sequence. The succession at 
Ham Hill shows two cycles, each with a siliddastic- 
dominated sequence abruptly succeeded by 
siliciclastic-free, cross-bedded, bioclastic lime
stones with a marked erosion surface at the base 
(Figure 2.28). It is suggested here that these 
erosion surfaces reflect discrete episodes o f 
localized uplift, following which siliciclastic 
material initially was excluded from the local 
highs that were created thereby allowing 
bioclastic limestones to accumulate from the 
comminuted debris derived from adjacent live 
shell beds. With time the differential relief o f 
these highs was reduced by regional subsidence 
and there was a progressive increase in the 
influx o f siliciclastic material from the 
surrounding areas to form the sand-dominated 
part o f the succession lying between the two 
main bioclastic units. A second episode o f uplift, 
erosion and carbonate deposition is represented 
by the upper conglomerate and the succeeding 
cross-bedded bioclastic limestones.

Conclusions

The importance o f the quarries on Ham Hill lies 
in their excellent exposures o f the Ham Hill 
Limestone Member, a thick local development o f 
bioclastic limestone unique within the Lias 
Group o f Britain. The member is restricted to a 
few oudiers west and south-west o f Yeovil. The 
Ham Hill GCR site represents the thickest 
development o f the member and affords the best 
exposures. The evidence suggests the influence 
o f syn-sedimentary fault movement during 
deposition. The site has been quarried for its 
building stone, and since roman times is one o f 
the most famous and widely used in southern 
England; a working quarry still exists.
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MAES DOWN, SOMERSET 
(ST 647 406)

Introduction

The Maes Down GCR site is a small disused 
quarry located 150 m south-east o f the summit 
o f Maes Down (Figure 2.30). It exposes a 
section through the Beacon Limestone 
Formation that shows no evidence for 
attenuation or development o f marginal facies, 
by comparison with correlative sections 
farther south in the Wessex Basin, despite

its location on the north margin o f the 
basin close to the Mendip structural high. It 
represents a key site for early Jurassic palaeo- 
geographical reconstructions. There are few 
published references to the site. The section 
was logged by Richardson (1906b), while 
investigating the Inferior Oolite Group o f the 
Doulting area, but even at that time it was 
rapidly becoming overgrown. The Marlstone Rock 
Member at the site was referred to subsequently 
by Richardson (1909, 1910a), Arkell (1933), 
Howarth (1980) and Bristow and Westhead 
(1993).

Figure 2.30 Geology and location map of the Maes Down area.
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Description

The Dyrham Formation and Beacon Limestone 
Formation crop out only on the southern flanks 
o f Maes Down. To the north a substantial 
east-west fault brings down Middle Jurassic sedi
ments against this Lower Jurassic outcrop. 
North o f this fault the Bridport Sand Formation 
appears to rest unconformably on the 
Charmouth Mudstone Formation and the corre
latives o f the succession described here are 
not seen again until north o f the Mendips. The 
section as recorded by Richardson (1906b) 
exposed about 4.4 m o f the Beacon Limestone 
Formation, comprising 3.2 m assigned to the 
Marlstone Rock Member overlain by 1.2 m o f the 
Barrington Limestone Member. In May 2000 
only the upper 1.5 m o f the Marlstone Rock 
Member was visible, dipping gently north 
(Figure 2.31).

Richardson’s (1906b) section, metricated 
and re-numbered from the base upwards, is as 
follows:

Figure 2.31 The Marlstone Rock Member of the 
Beacon Limestone Formation at Maes Down. (Photo: 
M.J. Simms.)

Thickness (m)
Beacon Limestone Formation 
Barrington Limestone Member 
9: Clay, brown and bluish.
8: Limestone, dark green, earthy, with

dark-yellow specks resulting from 
the decomposition of the ferruginous 
granules. Hildoceras sp., Dactylioceras 
sp., Pseudogibbirhynchia cf. jurensis and 
Pecten substriatus. 0.4

7: Limestone, brownish-grey, with a
few ferruginous granules. 0.05-0.15

6: Clay, dark-purplish. 0.45
5: Limestone, brownish-grey, somewhat

earthy, but hard in places, devoid of 
ferruginous granules. ICleviceras 
elegans, Cryptaulax scobina? 0.06

4: Clay, grey and brown. 0.10
Marlstone Rock Member 
3: Limestone, pale brown, ironshot.

Pleuroceras spinatum. 0.08
2: Clay, brown. 0.08
1: Limestone, hard, dark, ironshot; top

layer crowded with belemnites.
Passalotheutbis bisulcata, Lobothyris 
punctata, Tetrarbynchia tetrabedra, 
Cypricardia pellucida. 3.1

Above the Marlstone Rock Member Richardson 
(1906b) assigned beds 5 to 7 to the Serpentinum 
Zone, although biostratigraphically diagnostic 
fossils were found only in Bed 5. Beds 8 and 9 
were assigned to the Bifrons Zone. He 
commented that the clay o f Bed 4 occupied a 
position consistent with a Tenuicostatum Zone 
age but found no palaeontological evidence to 
confirm this. He noted (Richardson, 1909) that 
the Upper Lias beds had been visible when he 
first visited the site, implying that they had 
already become obscured. None o f this part o f 
the succession is visible today. Bristow and 
Westhead (1993) stated that fossils, including 
brachiopods, gastropods, bivalves, belemnites 
and ammonites, particularly species o f 
Pleuroceras, were common in the Marlstone 
Rock Member.

Interpretation

The quarry at Maes Down exposes one o f the 
most northerly developments o f the Marlstone 
Rock and Barrington Limestone members o f the 
Beacon Limestone Formation in the Wessex 
Basin. It is located less than 4 km south o f out
crops o f Carboniferous Limestone and only a 
few hundred metres south o f outcrops where 
Upper Pliensbachian strata are absent and the 
Bridport Sand Formation rests directly on the
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Charmouth Mudstone Formation. Around 
Doulting, 3 km to the north, an attenuated 
Toarcian succession o f sandy and ironshot lime
stones lies between clays presumed to represent 
the Charmouth Mudstone Formation and lime
stones o f the Inferior Oolite Group above 
(Green and Welch, 1965). The Hettangian to 
Lower Pliensbachian succession in this region 
is also characterized by coarse marginal facies, 
such as are exposed at the Viaduct Quarry GCR 
site. Despite the proximity o f the Maes Down 
GCR site to the basin margin, the Marlstone 
Rock Member is unusually thick (3.2 m), a fact 
remarked upon by Arkell (1933). The thick
nesses o f the Serpentinum and Bifrons zones 
recorded by Richardson (1906b) are comparable 
with those o f the more condensed sections 
around Yeovil (Wilson et al., 1958) but, unlike 
them, the Maes Down succession includes a 
significant thickness o f mudstones. The 
similarity o f the Beacon Limestone Formation 
here to that in the Ilminster and Yeovil area 
suggests that the Mendip Massif exerted a 
minimal influence on sedimentation at that 
time and that the absence o f this part o f the 
Lower Jurassic succession farther north is due 
largely to pre-Aalenian erosion rather than to 
non-deposition. However, from the absence o f 
Upper Pliensbachian strata immediately north o f 
the fault on Maes Down it is clear that this fault 
was active during early Jurassic times and that 
the survival o f such sediments to the south 
reflects this. The present relationship between 
the strata that crop out to north and south o f the 
fault suggests an episode o f tectonic inversion, 
as is well established elsewhere in the Wessex 
Basin (Chadwick, 1993).

The biostratigraphy o f the succession has yet 
to be fully resolved. Bristow and Westhead (1993) 
included the top part o f the Marlstone Rock 
Member in the Tenuicostatum Zone, as recorded 
elsewhere in the Wessex Basin (Howarth, 1980). 
However, Richardson’s (1906b) record o f 
Pleuroceras spinatum from Bed 3 contradicts 
this. The same authors stated that the Marlstone 
Rock Member in this area extended down into 
the Subnodosus Subzone. Although this has been 
claimed for parts o f the Severn Basin (Simms,

1990a), it has yet to be demonstrated anywhere 
in the Wessex Basin. The unusual thickness o f 
the Marlstone Rock Member in the Maes Down 
area may therefore be due either to earlier onset 
o f deposition o f this facies here than elsewhere 
in the Wessex Basin or to enhanced deposition 
rates in late Pliensbachian times.

Within the Barrington Limestone Member 
Richardson (1906b) obtained ammonites from 
only beds 5 and 8. He assigned beds 6 and 7 to 
the Serpentinum Zone on the basis o f their litho
logical similarity to Bed 5. However, the only 
ammonite he recorded from Bed 5, Polyplectus 
cape Minus, is probably a mis-identification since 
this is a synonym o f an Upper Toarcian species, 
Polyplectus discoides (Howarth, 1992). It might 
have been a Polyplectus pleuricostata or a 
Cleviceras elegans, both o f which occur in the 
Serpentinum Zone (Howarth, 1992), but the 
specimen has been lost. Richardson (1906b) 
recorded Hildoceras bifrons and Dactylioceras 
cf. hollandrei in Bed 8. The latter is probably a 
mis-identification, being a synonym o f a basal 
Tenuicostatum Zone species, Dactylioceras 
pseudocommune (Howarth, 1973). The identifi
cation o f Hildoceras bifrons may also be suspect 
since other species o f Hildoceras, from the 
Serpentinum to Variabilis zones, have commonly 
been mistaken for H. bifrons.

The ammonites recovered from the Toarcian 
part o f the succession at Maes Down have not 
resolved the biostratigraphy at the site. Even 
though Richardson (1906b) acknowledged the 
assistance o f the ammonite specialist S.S. 
Buckman, most would appear to have been 
mis-identified.

Conclusions

Despite the close proximity o f the Maes Down 
GCR site to the Mendip structural high, the 
section through the Beacon Limestone Forma
tion shows litde stratigraphical attenuation and 
is not a marginal facies. The site remains 
under-investigated despite its importance in 
elucidating the early Jurassic history o f the 
northern margin o f the Wessex Basin close to the 
Mendip structural high.
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Lavemock to St Mary's Well Bay

INTRODUCTION
The Mendip Hills o f Somerset form a major 
Palaeozoic inlier separating the predominandy 
Mesozoic rocks o f the Severn Basin to the north 
and the Wessex Basin to the south. They comprise 
an en-echelon series o f four asymmetric peridines 
developed in Carboniferous and older rocks, 
these peridines being markedly steeper, or even 
overturned, on their northern flanks and in 
several instances underlain by low-angle thrust 
planes (Williams and Chapman, 1986). Intensive 
subaerial erosion in Permo-Triassic times stripped 
away the Upper Carboniferous, and in places the 
Lower Carboniferous and underlying Devonian, 
rocks across the fold crests. Rising sea level during 
the Jurassic Period then saw the progressive 
submergence o f the Palaeozoic inlier and its 
complete burial by late Jurassic times (Simms, 
1997). Roughly along-strike to the W N ^  Triassic 
and Lias Group strata similarly onlap onto the 
Carboniferous basement o f the Welsh Massif and 
thicken southwards into the Bristol Channel 
Basin, a north-westward extension o f the Wessex 
Basin (Figure 2.1, Chapter 2). The precise effect 
o f proximity to these Palaeozoic massifs varies 
from locality to locality. The most widely 
observed effect is the development o f carbonate- 
dominated, often bioclastic, marginal facies such 
as are seen at the Pant y  Slade to Witches Point 
and Viaduct Quarry GCR sites o f south Wales 
and the southern Mendips respectively. In 
contrast the sequence to the north-east o f 
the Mendips, on the Radstock Shelf; is highly 
condensed but not necessarily o f marginal 
facies. It is clear that, just as for the main Wessex 
Basin, the Palaeozoic rocks o f the Mendip Hills 
experienced significant extension during the 
Mesozoic Era. The most graphic and spectacular 
evidence for this is the late Triassic and early 
Jurassic sediment-filled fissures that cut through 
the Carboniferous Limestone at the GCR sites o f 
C loford Quarry and Holwell Quarries.

The general lithostratigraphy o f the sites 
discussed in this chapter is summarized in 
Figure 2.3 (Chapter 2).

THE LIAS GROUP OF SOUTH 
WALES

The Lias Group successions exposed at the two 
GCR sites in south Wales exemplify the relation
ship between facies and proximity to Palaeozoic

basement rocks. The succession at the Pant y  
Slade to Witches Point GCR site shows clear 
lateral and vertical facies changes close to the 
underlying basement, whereas the succession at 
the Lavernock to St Mary’s Well Bay GCR site 
is typical o f more distal facies farther into the 
Bristol Channel Basin. The Welsh succession 
was documented by Trueman (1920, 1922b, 
1930), who provided the basis for later sedimen- 
tological and palaeoecological investigations 
by Hallam (1960a, 1964a) and by Wobber (1965, 
1966, 1968a,b). More recent accounts covering 
these sites are those o f Waters and Lawrence
(1987), Wilson et al. (1990) and Warrington and 
Ivimey Cook (1995).

LAVERNOCK TO ST MARY’S 
WELL BAY, GLAMORGAN 
(ST 174 676-ST 187 682)

Introduction

The Lavemock to St Mary’s Well Bay coastal 
section, covering a 2 km stretch o f coastline 
(Figure 3.1), provides the best offshore Blue 
Lias Formation section o f South Wales, exposing 
about 35 m o f marine Hettangian strata. The 
section from the Hettangian strata passes down 
through a continuous succession into the quasi- 
marine Penarth Group and the non-marine 
Mercia Mudstone Group o f the Triassic System.

The Blue Lias Formation at this site is o f 
typical facies, in contrast to the marginal facies 
o f equivalent age exposed at the Pant y  Slade to 
Witches Point GCR site farther west, and the 
site is therefore o f key importance for revealing 
the nature o f lateral facies changes through 
comparison both with the marginal facies at the 
Pant y Slade to Witches Point GCR, and with the 
correlative succession exposed on the south 
coast o f the Bristol Channel at the Blue Anchor- 
Lilstock Coast GCR site.

The Blue Lias Formation strata in the 
Lavemock to St Mary’s Well Bay section are folded 
into a gentle syncline, with the youngest strata 
exposed in the cliffs in the central part o f the 
GCR site (Figure 3.2). The lower part o f the 
Blue Lias Formation, exposed at the western and 
eastern ends o f the site, has been named the ‘St 
Mary’s Well Bay Member’. It comprises typical 
Blue Lias Formation facies o f alternating lime
stones and mudstones on a decimetre scale 
(Waters and Lawrence, 1987). It is succeeded by
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a mudstone-dominated sequence, called the 
‘Lavernock Shale Member’ (Strahan and Cantrill, 
1902), which forms part o f the cliffs in the centre 
o f the bay (Figure 3.2). This in turn is overlain 
by further Blue Lias Formation limestone- 
mudstone alternations representing the lower 
part o f the Porthkerry Member (Waters and 
Lawrence, 1987). The site is the type locality for 
the St Mary’s Well Bay Member and the 
Lavernock Shale Member.

The Lavernock to St Mary’s Well Bay GCR site 
is the only site in south Wales at which the 
transition from the Triassic Pcnarth Group to 
the early Jurassic Blue Lias Formation is exposed 
and, as such, has attracted the attention o f 
palaeontologists and stratigraphers for more 
than a century. Bristow and Etheridge (1873) 
provided vertical sections through the Penarth 
Group and Blue Lias Formation and Woodward 
(1893) gave a brief description. Further details 
were published by Strahan and Cantrill (1902, 
1912). Richardson (1903) published a strati- 
graphical account o f the lower part o f the 
succession, but did not provide any detail o f the

succession above the Planorbis Zone. Trueman 
(1920) published a detailed account o f the 
biostratigraphy and lithostratigraphy o f the Lias 
here, which included an outcrop map and 
sketch section o f the strata exposed in the cliff 
and foreshore. Hallam (1960a, 1964a) and 
Wobber (1965, 1966, 1968a,b) included the 
Lavernock to St Mary’s Well Bay GCR section in 
their sedimentological and palaeoecological 
investigations o f the south Wales Lias, and 
Wobber (1968a,b) provided a simplified graphic 
log for the entire section. Micropalaeontological 
investigations have been undertaken at this site 
(Wall, 1965; Copestake, 1989; Lord and Boomer, 
1990) and elements o f the bivalve fauna have 
been described from here (Hodges, 2000). 
Detailed accounts o f the sections have been 
published by Waters and Lawrence (1987) and 
by Warrington and Ivimey-Cook (1995). Hodges
(1994) published a detailed section through the 
basal Lias and described the biostratigraphy o f 
ammonites and bivalves through this part o f the 
succession. Bessa and Hesselbo (1997) have 
published gamma-ray logs for the site.
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Figure 3.2 Mudstones and limestones of the St Mary’s Well Bay Member overlain by the mudstone-dominated 
Lavemock Shale Member, as viewed from the west side of Lavemock Bay. The conspicuous limestone beds in 
the foreground lie immediately below the Planorbis Mudstones. (Photo: M.J. Simms.)

Description

Waters and Lawrence (1987) and Warrington and 
Ivimcy-Cook (1995) have provided detailed 
descriptions o f most o f the succession exposed 
between St Mary’s Well Bay and Lavemock Point. 
However, Trueman’s (1920) account remains the 
only one that describes the stratigraphy o f the 
upper part o f the section in detail, and is the 
only complete section to have been published. 
The section reproduced here is based upon 
Waters and Lawrence (1987) and Trueman 
(1920) (Figure 3 3). The base o f the Blue Lias 
Formation has been taken at the base o f a 
0.2 m-thick, well-laminated, silty mudstone, 
termed the ‘Paper Shales’, which rests on the 
Langport Member o f the Penarth Group. Above 
lies a 3.1 m-thick succession o f tabular lime
stones with subordinate mudstones (Figure 3.4) 
termed the ‘Bull Cliff Member’ (Waters and 
Lawrence, 1987). Ammonites are absent from 
this part o f the succession, referred to as the 
‘Pre-Planorbis Beds’ in early accounts, and the 
fauna is dominated by the bivalve molluscs 
Liostrea hisingeri and Modiolus minimus 
together with abundant disarticulated remains 
o f the echinoids Diademopsis serialis and 
Eodiadema beebei. The bivalve and echinoid 
remains occur in both limestones and mudstones, 
often as winnowed coquinas. The top o f the 
Bull Cliff Member is taken at the base o f the

lowest nodular limestone, termed the ‘Dual Bed’. 
There is a significant reduction in the limestone- 
mudstone ratio above the Bull Cliff Member 
and a corresponding decline in the abundance 
o f oysters. The molluscan fauna is dominated 
by pectinid genera, including Camptonectes, 
Chlamys, Oxytoma and Terquemia, together 
with shallow-burrowing bivalves such as Pinna 
and Plagiostoma giganteum. Hodges (1994) 
noted the first common occurrence o f the latter 
species in the Dual Bed, which he referred to 
as the ‘Plagiostoma Bed’ . Disarticulated remains 
o f the crinoid Isocrinus psilonoti are also 
abundant locally while scattered spines and 
plates o f the echinoid Miocidaris lobatum  may 
be common, though inconspicuous. The first 
Psiloceras planorbis, marking the base o f the 
Jurassic System, was recorded about 1.4 m 
above the Dual Bed (Hodges, 1994).

The succeeding 13.1 m, o f typical Blue Lias 
Formation facies, with nodular or tabular argilla
ceous limestones alternating with calcareous 
mudstones (Figure 3.2), is the St Mary’s Well Bay 
Member and has its stratotype at this GCR site. 
The limestones mostly are structureless, tabular or 
nodular calcilutites, or lines o f discrete nodules, 
and are separated by blue-grey shaly mudstones. 
Both mudstones and limestones contain scattered 
fossil remains, mostly molluscan and echinoderm, 
and often are burrowed or bioturbated. Lami
nated mudstones and limestones occur at only
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Figure 3.4 The section at St Mary’s Well Bay, show
ing the conspicuous tabular limestones o f  the Dull 
Cliff Member in the upper part of the cliff overlying 
the silty mudstones of the Langport Member of the 
Penarth Group, with prominent sandstones in the 
Cotham Member visible near the base of the cliff. 
(Photo: M.J. Simms.)

three levels In the St Mary’s Well Bay Member 
and form important marker bands. The lowest 
o f these, termed the ‘Planorbis Mudstones’ by 
Waters and Lawrence (1987), lie about 7 m above 
the base o f the bed and comprise 0.6$ m o f dark- 
grey fissile mudstone with abundant poorly 
preserved Psiloceras planorbis. The ‘Lower 
Laminated Beds’ lie about 1 m higher in the 
section, towards the top o f the Planorbis 
Subzone, and comprise 0.7 m o f fissile mudstone

^Figure 3.3 Section through the Blue Lias Formation 
in Lavemock Bay, based on Waters and Lawrence 
(1987) and Trueman (1920). The sequence through 
the Lavemock Shale and Porthkerry members has 
been compiled from Trueman’s (1920) description 
and should be considered only provisional (see com
ments in main text). Bed numbers are those of 
Waters and Lawrence (1987), and Trueman (1920) in 
brackets.

with a thin laminated limestone. Almost 2.5 m 
higher still, towards the middle o f the Johnstoni 
Subzone, are the ‘Upper Laminated Beds’, 
comprising a distinctive 0.08 m-thick laminated 
limestone within a 0.9 m-thick fissile mudstone 
capped by a further thin laminated limestone. 
These laminated limestones and mudstones 
typically are organic-rich and lack evidence o f 
burrowing or shelly benthos.

The uppermost 2.7 m o f the St Mary’s Well Bay 
Member has been assigned to the Liasicus Zone 
and is dominated by mudstones with only a few 
tabular or nodular limestones. The boundary 
with the overlying Lavemock Shale Member is 
arbitrary, and has been placed at the top o f a 
tabular limestone bed, Bed 86 o f Waters and 
Lawrence (1987). Here, at the stratotype section, 
the member is some 12 m thick but largely 
inaccessible (Figure 3.2). This part o f the 
succession was recorded by Trueman (1920) on 
the basis o f a log compiled from small exposures 
inland rather than from the cliff section itself. 
However, Waters and Lawrence (1987) considered 
Trueman’s record o f this part o f the section to be 
unreliable and to contain errors o f correlation 
and/or identification. It remains otherwise 
undocumented in any detail to the present day. 
The Lavemock Shale Member is dominated by 
grey calcareous mudstones with only a few thin 
nodular limestones. The sediments are fossili- 
ferous and bioturbated, with a varied fauna o f 
benthic molluscs, particularly bivalves such as 
Cardinia listeri, echinoderm debris and a few 
ammonites. The ammonites include Waehnero- 
ceras portlocki and Psilopbyllites hagenowi, 
indicative o f the Liasicus Zone. The top o f the 
member is taken at the base o f Bed 87 o f Waters 
and Lawrence (1987), within about 2 m o f where 
the dominandy mudstone sequence passes up 
into strata in which mudstones and nodular 
limestones occur in roughly equal proportions.

About 10 m o f alternating limestone and shale 
o f the Porthkerry Member is poorly exposed in 
the upper part o f the cliff in St Mary’s Well Bay. 
Much o f this lies within the upper part o f the 
Liasicus Zone, but Trueman (1920) reported a 
specimen o f Scblotbeimia aff. tbalassica from 
near the top o f the section, indicative o f the 
Angulata Zone.

Fossil preservation throughout the Blue Lias 
Formation at this GCR site almost invariably is 
calcitic or pyritic.
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Interpretation

Although the succession exposed at this site is 
fossiliferous and contains ammonites in much 
greater abundance than the marginal facies 
farther to the west, at the Pant y  Slade to 
Witches Point GCR site, details o f the biostrati
graphy o f parts o f the section have only recendy 
been clarified. Trueman (1920) assigned much 
o f the Lavemock Shale Member to the Angulata 
Zone on the basis o f numerous fragments 
o f supposed Schlotheimia spp. (presumably 
Saxoceras or immature Waebneroceras), and 
Alsatites liasicus from the uppermost part o f 
the succession. However, the rationalization o f 
the zonal stratigraphy o f the Lias by Dean et 
al. (1961) resulted in the lower part o f what 
had been the Angulata Zone becoming the 
Liasicus Zone. Wobber ( 1968a,b) continued to 
use Trueman’s (1920) zonal divisions and 
considered the Liasicus Zone to be only 1.2 m 
thick at this GCR site. In addition, he claimed to 
have found Vermiceras scylla near the top o f the 
section, indicative o f the Rotiforme Subzone 
(Page, 1992), but this probably arose through 
mis-identification o f Alsatites. The Lavemock 
Shale Member lies entirely within the Liasicus 
Zone and the strata preserved in the Lavemock 
oudier range no higher than the Angulata Zone 
(Waters and Lawrence, 1987).

The mudstone-dominated facies o f the 
Lavemock Shale Member can be correlated with 
the St Audrie’s Shales o f the Blue Anchor- 
L ilstock Coast GCR site (Palmer, 1972; 
Warrington and Ivimey-Cook, 1995), the Saltford 
Shale Member o f the Bristol district (Donovan, 
1956; Donovan and Kellaway, 1984) and a more 
argillaceous part o f the succession on the Dorset 
coast (Hesselbo and Jenkyns, 1995) (see Figure 
2.6, Chapter 2). This has been interpreted as 
evidence for a eustatic sea-level rise in Liasicus 
Zone times (Hallam, 1981). Bessa and Hesselbo
(1997) noted that the gamma-ray logs for the 
Blue Lias Formation o f the Somerset and south 
Wales coasts were similar, except close to the 
Planorbis-Liasicus zonal boundary where they 
inferred the St Mary’s Well Bay section to be the 
more complete. Individual limestone beds can, 
in many cases, be traced for kilometres along the 
south Wales coast while the distinctive Lower 
Laminated Beds and Upper Laminated Beds 
were traced across to the Pinhay Bay to Fault 
Corner GCR site by Hallam (1960a, 1964a). The 
Paper Shales, taken as the base o f the Blue Lias

Formation here, have also been correlated with 
similar shales which comprise most o f the 
Watchet Beds (Richardson, 1911) o f the Blue 
Anchor-Lilstock Coast GCR site (Whittaker, 
1978).

Wobber (1968b) recognized five offshore 
biofacies in the Blue Lias Formation o f the south 
Wales coast on the basis o f a broad range o f sedi- 
mentological features. These included carbonate 
content, benthic oxygen levels, sedimentation 
rates and bioclastic content. He used these to 
identify marginal and offshore lithofacies and 
biofacies and to relate them to relative depths o f 
deposition. Benthic oxygen levels seem rarely 
to have fallen sufficiently to exclude burrowing 
organisms, and there is a diverse shelly benthos 
at many levels. Wobber (1968b) noted that the 
faunas o f the limestones and mudstones were 
similar. Disarticulation o f echinoderms and the 
fragmentation o f much molluscan shell material 
indicates moderate- to high-energy conditions 
at times. Wobber (1968b) also considered 
burrowing and scavenging organisms to be 
critical for disrupting stratification and reducing 
bioclastic debris size. Laminated benthos-free 
sediments are present at only three levels, all in 
the Planorbis Zone, but since at least two have 
been correlated across to the Pinhay Bay to 
Fault C om er GCR site they probably relate to 
climatic or sea-level changes rather than to local 
sedimentological factors.

The benthic fauna throughout the Blue Lias 
Formation exposed at this site, as elsewhere in 
the offshore facies o f the south Wales Lias, is 
dominated by bivalve molluscs. Strongly 
ribbed bivalves are rare or fragmentary in the 
Lias at this site, suggesting that such remains 
are allochthonous here, whereas in the more 
marginal facies around Witches Point they are 
common and almost certainly autochthonous. 
Within the Lavemock section there is a clear 
ecological succession reflecting water depth 
and/or sedimentation rate. The abundance o f 
the cemented Liostrea bisingeri, the byssate 
M odiolus m inimus, and the algal-grazing 
echinoids Diademopsis and Eodiadema, in the 
limestone-dominated Bull Cliff Member suggests 
slow sedimentation and a firm substrate, 
perhaps with incipient hardgrounds. These 
epifaunal bivalves are largely replaced in the St 
Mary’s Well Bay Member by shallow burrowers, 
such as Plagiostoma, and pectinids, indicating 
an increased sedimentation rate and a stable, 
well-oxygenated sea floor with gentle currents.
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Pinna hartmanni occurs at a few levels and 
indicates more constant sedimentation rates 
during these intervals. The presence o f deeper 
burrowing forms, notably Cardinia listeri, in the 
Lavemock Shale Member indicates a softer sea 
floor associated with a rise in sea level.

Conclusions

The Lavemock to St Mary’s Well Bay GCR site 
exposes the most complete and representative 
section through the lower part o f the Blue Lias 
Formation in south Wales from its boundary 
with the underlying Penarth Group. It records 
particularly clearly the gradual change from the 
limestone-dominated Bull Cliff Member through 
to the mudstone-dominated Lavemock Shale 
Member, with corresponding faunal changes 
from a firm substrate epifauna to a soft substrate 
shallow infauna. Biostratigraphical correlation 
with the marginal facies o f the Pant y  Slade 
to Witches Point GCR site farther west, and 
correlative GCR successions on the Dorset and 
north Somerset coasts, provides a valuable 
insight into the nature o f early Jurassic sedimen
tation on this basin margin.

PANT Y SLADE TO WITCHES 
POINT, GLAMORGAN 
(SS 870 741-SS 890 726)

Introduction

The Pant y Slade to Witches Point GCR site is a 
coastal section, some 2 km in length (Figures 3.5 
and 3.6) that exposes, better than any other site, 
the lateral and vertical transitions from ’marginal’ 
facies unconformable on Carboniferous Lime
stone in the west through to more ‘offshore’ 
Blue Lias Formation facies in the east. As such it 
is one o f the classic British examples o f lateral 
facies changes in ancient sediments. Three 
distinct sedimentary units, the Sutton Stone 
Member, the Southemdown Member and the 
Blue Lias Formation (Porthkerry Member), can 
be recognized along the section although 
precise boundaries between them are 
diachronous and difficult to define. A gentle 
easterly dip brings the marginal facies, exposed 
in the upper part o f the cliff above the 
Carboniferous Limestone at Pant y Slade, down 
to beach level at Southemdown. Between there 
and Witches Point (Trwyn y Witch) the cliffs are

formed in alternating limestones and mudstones 
o f Blue Lias Formation facies. Faults on the 
western side o f Witches Point bring the 
Carboniferous Limestone into the lower part o f 
the cliffy with the marginal facies forming the 
cliffs above and descending to beach level a short 
distance to the east. This site is a key locality for 
demonstrating, through faunal evidence, the 
diachronous relationships o f facies.

The oldest Jurassic rocks, termed the ‘Sutton 
Stone’ by Henry De la Beche (1846), comprise 
coarse bioclastic calcarenites with reworked 
limestone lithoclasts and rest on an irregular 
surface o f Carboniferous Limestone. This passes 
up gradationally into more thinly bedded 
bioclastic calcarenites with fewer and smaller 
limestone lithoclasts, and a higher clay content. 
These were termed the ‘Southemdown Beds’ 
by Tawney (1866). In turn this passes up into 
offshore Blue Lias Formation facies o f the 
Porthkerry Member. The succession fines 
upwards from the coarsely conglomeratic base 
o f the Sutton Stone Member to the mudstones 
and argillaceous limestones o f the Blue Lias 
Formation. There is a corresponding increase in 
faunal diversity upward through the succession. 
The striking transition from marginal facies to 
offshore Blue Lias Formation sediments has 
been the focus o f considerable discussion since 
it was first noted by De la Beche (1846). 
Publications that have been concerned with the 
age o f the sediments and their fossil content 
included Tawney (1866), Bristow (1867), 
Duncan (1867a,b, 1886), Moore (1867a), Tate 
(1867), Tomes (1878, 1884) and Hodges (1986). 
One o f the most comprehensive descriptions o f 
the section is that o f Trueman (1922b): useful 
summaries were provided by Woodward (1888a, 
1893), Strahan and Cantrill (1904), Arkell 
(1933), Thomas (1970), Wilson et at. (1990) and 
Warrington and Ivimey-Cook (1995). Accounts 
by Hallam (1960a), Wobber (1965, 1966, 
1968a,b), Ager (1986a,b), Fletcher (1988) and 
Johnson and McKerrow (1995) have focused on 
the palaeoenvironments deduced from the 
sedimentology and palaeoecology.

Description

The Lias succession exposed along the coast 
between Pant y Slade and Witches Point shows 
vertical and lateral changes that demonstrate the 
transgressive nature o f the basal Lias in this area. 
The unconformity between the Lias marginal
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Figure 3.5 Sketch map of the Pant y Slade to Witches Point GCR site. After Wilson et al. (1990).

Figure 3.6 Coastal section from Pant y Slade to Witches Point, showing lateral facies changes in the Lias Group. 
After Trueman (1922b).

facies and the Carboniferous Limestone is best 
exposed at Pant y Slade (Figure 3.7) but can also 
be seen at Witches Point. The two lithofacies 
divisions o f the marginal facies, the Sutton Stone 
Member and the Southerndown Member, also 
are most accessible at Rant y Slade since their 
outcrop farther east is tidally restricted. The 
transition from marginal facies to the offshore 
facies o f the Porthkerry Member is most easily 
examined in the cliffs below Southerndown 
whereas the progressive increase in the 
proportion o f mudstone to limestone upwards 
through the succession can be seen in Dunraven 
Bay.

The surface on the Carboniferous Limestone 
beneath the marginal facies o f the Lias is mostly 
smooth or gently undulating. The unconformity 
is particularly striking below Southerndown, 
where it truncates a steep monocline in the 
Carboniferous Limestone. At Pant y Slade the

unconformity forms a broad trough, approxi
mately 150 m wide and more than 10 m deep, 
cut into the limestone (Figure 3.6). It was 
termed the ‘Slade Trough’ by Fletcher (1988). 
The margins o f the trough are steep and 
terraced, particularly on its western margin 
where the unconformity surface ascends steeply 
from beach level (Figure 3.7). On the platform 
just to the north-west o f the Slade Trough, 
Fletcher (1988) described a low, irregularly 
scalloped scarp beneath which a series o f broad 
channels and ridges descend the dip o f the 
unconformity surface for several metres before 
becoming more subdued as the unconformity 
surface levels out. The surfaces o f the ridges and 
troughs are intensively bored, as are the roof 
and walls o f occasional crevices; most o f the 
borings are narrow and elongate (Trypanites) 
but flask-shaped lithophagid bivalve crypts 
also occur. Johnson and McKerrow (1995) also
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Figure 3.7 Coarsely bedded marginal facies of the Lias Group resting unconformably on Carboniferous 
Limestone at the western edge of the Slade Trough. The paler bed immediately above the unconformity, and 
wedging-out rapidly westwards, is the heavily mineralized boulder bed unique to the Slade Trough. The person, 
for scale, is standing on the unconformity surface immediately west of the boulder bed (Photo: M.J. Simms.)

described corals and oysters encrusting the 
unconformity surface at this locality.

Resting direcdy upon this irregular unconfor
mity surface is the Sutton Stone Member, which 
may be formally assigned member status (Cox et 
al., 1999), and comprises thickly bedded, coarsely 
bioclastic calcarenites and conglomerates. The 
Sutton Stone Member is 10-13.5 m in thickness, 
being greatest where banked against the western 
margin o f the Slade Trough (Hallam, 1960a). 
Hallam (1960a) recognized two subdivisions 
within the Sutton Stone Member which he 
claimed were separated by an irregular bored 
surface. The lower unit, up to 10 m thick, is 
markedly conglomeratic towards the base with 
abundant pebbles o f Carboniferous Limestone 
(Figure 3.8). Coarse breccias are restricted 
to the lower part o f the Slade Trough, where 
irregular Carboniferous Limestone lithoclasts, 
up to 2 m across, are encrusted and bored by 
fossil marine organisms and set in a matrix o f 
smaller clasts and shell debris (Bed 1 in Figure
3.8). An impersistent calcarenite unit (Bed 2) 
lies between this and an overlying breccia (Bed

3) in which the clasts, generally smaller than 
those in the lower breccia, are supported in a 
coarse bioclastic matrix. Irregular colonial coral 
masses up to 0.5 m across occur in the lower 
part o f Bed 3. Massive- to thinly bedded poly- 
mictic framework-supported conglomerates with 
a sparry calcite cement are conspicuous a little 
higher in the succession (Bed 8). Above this, 
fragments o f limestone and chert are rarely more 
than 0.03 m across and tend to be confined to 
discrete layers above irregular partings. Within 
the conglomerates the sphericity o f limestone 
clasts (up to 0.90) consistendy is higher than 
that o f chert clasts (0.40-0.70). Many elongate 
or discoidal clasts have a preferred orientation, 
with some exhibiting imbrication. Hallam (1960a) 
described the upper unit as about 4 m o f thinly 
bedded calcarenites with abundant gravel- 
grade lithoclasts o f limestone and chert. Wobber 
(1965) considered that this division could be 
recognized only locally and that east o f Pant y 
Slade Hallam’s upper division could not be 
distinguished from the overlying Southemdown 
Member. Bands o f pseudo-oolite, sand-sized
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Figure 3.8 Lithological log of the lower part of the 
marginal facies of the Lias Group within and adjacent 
to the Slade Trough. After Fletcher (1988).

lithoclasts with semi-opaque rims o f micro
crystalline calcite, are common throughout the 
Sutton Stone Member (Hallam, 1960a; Wobber, 
1965).

The Sutton Stone Member passes vertically 
and laterally into the succeeding Southemdown 
Member but the transition is gradational and, 
locally, there is no distinct boundary between 
the two units. The Southemdown Member, 
like the Sutton Stone Member, comprises litho- 
clastic and biodastic sands and gravel-grade 
conglomerates but these contain a lower 
proportion o f limestone lithoclasts, a higher 
clay content and are more thinly bedded. The 
succession includes occasional thin (less than 
0.03 m) argillaceous units separating the lime
stone beds. Locally the upper part o f the 
Southemdown Member contains bands o f 
oolitic limestone which are associated with, and

gradational from, underlying conglomerates. 
Ooid nuclei are formed o f calcarenite grains, 
shell fragments and quartz grains.

There is a gradation, both vertically and 
laterally, from thinly bedded conglomeratic lime
stones o f the Southemdown Member into shales 
and nodular limestones o f the typical offshore 
facies o f the Porthkerry Member. The lateral 
changes, although visible, are inaccessible in the 
sheer cliffs between Pant y Slade and Seamouth 
but the vertical transition can be examined at 
some localities. At Seamouth (SS 883 733) an 
oolite bed at the top o f the Southemdown 
Member has a hummocky surface overlain by 
shale in which occur abundant boulders o f this 
same oolite, often encrusted by fossil oysters. 
About 400 m west o f this point the ‘boulder bed* 
is absent and there is a transition between facies, 
with an increase in mean chert lithodast size 
followed by a sharp decrease in lithoclast 
abundance in passing into the shale and 
limestone o f the more offshore facies o f the 
Porthkerry Member. There is a corresponding 
upward increase in pyrite abundance.

The Porthkerry Member is o f typical Blue Lias 
Formation facies, with centimetre- to decimetre- 
scale alternations o f mudstone and argillaceous 
limestone. Argillaceous micritic limestones, 
from 0.04 m to 0.76 m thick, comprise from 45% 
to 75% o f rock volume in different parts o f the 
Porthkerry Member exposed at the eastern end 
o f the GCR site. The limestone-mudstone ratio 
is useful as a broad lithostratigraphical indicator 
and enabled Wilson et al. (1990) to recognize 
four distinct lithostratigraphical units in the 
Porthkerry Member. Units A to C are limestone- 
dominated while Unit D has a significantly 
higher proportion o f mudstone. Limestones 
vary from bands o f isolated ellipsoidal nodules 
through to continuous semi-nodular or tabular 
beds. A few o f the tabular limestones are lami
nated, as are some o f the ellipsoidal nodules. 
Some distinctive limestone beds or groups o f 
beds can be traced for several kilometres along 
the main coastal exposures o f the Porthkerry 
Member to the east o f this GCR site, but Wilson 
et al. (1990) found it difficult to correlate any o f 
these with the succession exposed at Dunraven 
Bay. A few o f the limestone beds can be 
recognized by their distinctive fossil content, for 
instance corals or brachiopods (Wobber, 1968a). 
A limestone exposed on the foreshore in 
Dunraven Bay contains abundant M ontlivaltia  
baimei (Trueman, 1922b), and this same coral
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occurs in lower abundance in several o f the 
adjacent limestone beds. The fossil content o f 
the limestones varies from rare to more than 
50%, mosdy as biodastic debris. Based on this 
Wobber (1965) recognized four dominant 
limestone types; micrite, pelmicrite, fossiliferous 
micrite and biomicrite. Most o f the bioclastic 
debris is randomly distributed and orientated, 
and highly fragmented. Winnowed accumula
tions commonly occur on the top o f limestone 
bands. Fossils within the limestone typically are 
uncrushed.

Most o f the mudstone units within the 
Porthkerry Member are bioturbated calcareous 
shales containing a moderate to abundant benthic 
fauna. Fossils are commonly fragmentary or, 
where intact, distorted by compaction around 
irregular limestone nodules beneath them. Thin 
lenses o f fibrous caldte, or ‘beef’, occur locally 
and they too may be distorted around fossils or 
nodules. Organic-rich laminated shales occur 
throughout the succession but are rare; they 
are characterized by pyritized ammonites, fish 
debris and an impoverished bivalve fauna.

The striking facies changes which occur 
upwards through the Lias Group succession at 
this GCR site arc reflected in substantial faunal 
differences between the Sutton Stone Member, 
Southemdown Member and Porthkerry Member. 
Fossil material is common in the Sutton Stone 
Member, but is mosdy fragmentary or poorly 
preserved. The finer-grained units o f the Sutton 
Stone Member are characterized by a great 
abundance o f the bivalves Cblamys valoniensis 
and Terquemia arietis, both o f which are minor 
elements o f the offshore facies. Other common 
taxa in the Sutton Stone Member are Lima 
succinct a, Pseudolimea hettangiensis, Cardinia 
sp. and the patellid gastropod Acmaea sebmidti. 
Large poorly preserved colonial corals occur in 
the lower part o f the Sutton Stone Member, 
especially in the Slade Trough, and include 
Heterastraea latimeandroides, Isastraea 
globosa and Stylopbyllopsis murebisoniae. 
Several large thecosmiliid colonies at the base 
o f the Sutton Stone Member immediately west 
o f the Slade Trough have been replaced by 
barite. Their poor preservation has led to their 
mis-identifleation as serpulid reefs (Cope, 1971; 
Ager, 1986a; Johnson and McKerrow, 1995; 
Simms et a l., 2002). The coastal exposures o f 
the Sutton Stone Member do not preserve the 
rich and diverse fauna o f corals, bivalves, 
gastropods, serpulids and bryozoa which was

described from 19th century collections at 
inland quarries near Brocastle (SS 93 77) 
and Ewenny (SS 91 77) (Duncan, 1867b; 
Beauvais, 1976; Negus, 1983). The fauna o f the 
Southemdown Member has a closer resem
blance to that o f the offshore facies, but 
gastropods are more common and larger with 
several genera represented, among them 
Coelostylina, Katosira , Proceritbium  and 
Pseudomelania.

The succeeding offshore facies o f the 
Porthkerry Member contains a fairly rich and 
diverse fauna similar to that o f the Blue Lias 
Formation elsewhere. Bivalves are especially 
common. Grypbaea arcuata occurs profusely 
at some stratigraphical levels and specimens 
from Dunraven Bay formed the basis for part o f 
the classic investigation into the evolution o f this 
bivalve by Trueman (1922a), and more recent 
studies by Jones and Gould (1999). Large 
examples o f Pinna in life position also form a 
conspicuous element o f the fauna. Ammonites 
are common in the Porthkerry Member and 
provide good biostratigraphical control.

Ammonites are rare in the Sutton Stone and 
Southemdown members and seldom well- 
preserved, and precise biostratigraphical 
correlation with the offshore facies o f the Blue 
Lias Formation has proved difficult. Tawney 
(1866) assigned both the Sutton Stone and the 
Southemdown members to the Rhaetic (=  Upper 
Triassic, Penarth Group) despite recording 
Ammonites suttonensis and A. dunravenensis 
(subsequently re-identified by Tate, 1867), which 
demonstrably were Jurassic taxa, from the 
Sutton Stone Member. Hodges (1986) and 
Wilson et al. (1990) have summarized the 
known ammonite records recovered from the 
marginal facies. Within the GCR site the oldest 
dated marginal deposits are o f Johnstoni 
Subzone age. On the south side o f Witches Point 
the youngest marginal facies is o f Portlocki 
Subzone age and is succeeded by offshore facies 
o f proven Laqueus Subzone age at the base o f 
the Porthkerry Member. However, on the 
northern side o f Dunraven Bay, at Dancing 
Stones, the youngest marginal facies is o f 
Angulata Zone age and the base o f the overlying 
Porthkerry Member lies within the Conybeari 
Subzone. Trueman (1922b), Hallam (1960a) 
and Hodges (1986) established that inland from 
this GCR site the marginal facies extends up into 
the Bucklandi Zone and possibly even into the 
Semicosta turn Zone.
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Mineralization occurs to an unusual extent 
in the Lower Jurassic succession o f this area. 
Silicification is widespread, both in the marginal 
and offshore facies and particularly in the upper 
part o f the Porthkerry Member. Primary chert 
nodules are not uncommon and fossil material 
frequendy is beekitized, although preservation is 
often poor. Septal chambers o f ammonites and 
other cavities may be lined with drusy quartz 
crystals, occasionally amethystine. A striking 
feature o f the marginal facies is the widespread 
occurrence o f barite in the conglomerates and 
breccias. The barite occurs either as a micro- 
crystalline buff-coloured replacement o f fossils 
and geopetal sediments or as a white, more 
coarsely crystalline, interstitial cement or cavity 
fill, which often is associated with white, coarsely 
crystalline calcite. Galena crystals up to 15 mm 
across are common and concentrated particularly 
at the barite-calcite boundary. This barite-calcite- 
galena mineralization is particularly evident at 
the western margin o f the Slade Trough where it 
fills cavities dissolved in the bioclastic matrix o f 
the basal breccia as well as many o f the biogenic 
borings in the Carboniferous Limestone clasts 
(Fletcher, 1988). Shell coquinas and corals in 
this area also have experienced extensive 
replacive mineralization (Simms et al., 2002). 
There is a clear relationship between barite- 
calcite-galena mineralization in the base o f the 
marginal facies and the presence o f mineral 
veins in the Carboniferous Limestone beneath 
(Fletcher, 1988). Although little sulphide 
mineralization is evident in the offshore facies 
o f the Porthkerry Member, there is a frequent 
and conspicuous association between small 
crystals o f galena and pieces o f coalified drift
wood.

Interpretation

The vertical and lateral (diachronous) changes 
exposed within this GCR site, from the 
conglomeratic Sutton Stone Member, through 
the Southerndown Member into typical Blue 
Lias Formation mudstones and limestones o f 
the Porthkerry Member, confirm the observation 
o f Trueman (1922b) that wherever the Lias o f 
this region is in contact with the underlying 
Carboniferous rocks it is o f Sutton Stone 
Member facies, regardless o f age. Hence it is 
impossible to assign any biostratigraphical 
significance to a particular marginal facies. The 
Sutton Stone Member passes laterally and

vertically into Southerndown Member-type 
facies which, in turn, passes into typical offshore 
Blue Lias Formation facies. Clearly the boundaries 
between these units are diachronous and were 
determined by the interplay between local 
topography and the transgression o f the early 
Jurassic sea over the irregular surface o f the 
Palaeozoic rocks beneath. The Sutton Stone and 
Southerndown members should be regarded as 
no more than local names given to distinctive 
types o f marginal facies (Hodges, 1986). Even at 
this site, the type locality, the two units inter- 
digitate in a complex manner and often do not 
show a dear relationship to each other; Wobber 
(1965) noted the difficulty at Dunraven o f 
applying Hallam’s (1960a) two-fold division o f the 
Sutton Stone Member. Diachronous changes 
from Sutton Stone Member marginal facies 
through the Southerndown Member to fairly 
typical offshore facies o f the Porthkerry Member 
occur over quite short distances. For instance at 
Black Rocks Quarry, just beyond the north-west 
limit o f the site, the Laqueus Subzone is in 
Sutton Stone Member facies with the onset o f 
offshore facies not occurring until early in the 
Bucklandi Zone; yet less than 2 km to the south
east, on the south side o f Trwyn-y-Witch, the 
Laqueus Subzone is in offshore facies (Hodges, 
1986). The vertical and lateral changes seen 
in the Blue Lias Formation at this site therefore 
represent an exceptionally clear example o f 
Walther’s Law, in which facies occurring in a 
conformable vertical sequence were deposited 
in laterally adjacent environments.

The depositional environment o f the marginal 
facies has long been the subject o f discussion. 
Trueman (1922b) considered that the marginal 
facies o f the Sutton Stone and Southerndown 
members were littoral deposits that accumulated 
close to the shore o f an island archipelago which 
gradually was submerged by the transgression 
o f the early Jurassic sea. These 'islands' o f 
Carboniferous Limestone represent parts o f 
the breached and eroded Cardiff-Cowbridge 
Anticline against which the marginal facies are, 
in general, banked. However, elsewhere in 
south Wales the marginal facies may overlie 
Triassic rocks or be interbedded with typical 
offshore facies o f the Porthkerry Member, as was 
found in the St Fagans Borehole farther east, 
near Cardiff (Waters and Lawrence, 1987). Wilson 
et al. (1990) observed that facies boundaries 
appeared broadly to parallel several major faults, 
among them the Slade and Dunraven faults,
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which define the margins o f the narrow 
Dunraven Graben extending ENE towards 
Cowbridge. It would appear that periodic 
movement on these faults in early Jurassic times 
had a major influence on sedimentation in this 
area. Not only did it maintain the high-energy 
shorelines that sustained the marginal facies 
but it probably exerted an influence on sedi
mentation patterns within the offshore facies o f 
the Porthkerry Member sufficient to disrupt 
attempts at bed-by-bed correlation o f limestones 
between the Dunraven Graben and the main 
coastal exposures. Significantly; the NW-trending 
coastline in this area lies virtually on the strike o f 
the Napton and Nash faults that Kamerling 
(1979), Miliorizos and Ruffell (1998) and 
Chadwick (in Peacock and Sanderson, 1999) 
have proposed as the northward extension o f 
the Watchet-Cothelstone-Hatch Fault System 
(see Figure 2.1, Chapter 2). This has been 
interpreted as a major transfer fault between 
southern and northern areas o f extension in 
Mesozoic times. Its obvious proximity to the 
Slade Trough, which also parallels the trend o f 
the Bristol Channel Basin as a whole, suggests 
that movement on the Watchet-Cothelstone- 
Ilatch Fault System would have had a profound 
influence both on sedimentation immediately 
adjacent to it as well as in the Slade Trough. The 
evidence seen in the Slade Trough would seem 
to support this.

Hallam (1960a) considered the Sutton Stone 
Member to have been deposited in very shallow, 
clear water subject to strong current or wave 
action and experiencing periodic emergence. 
He ascribed the change to Southerndown 
Member facies to a marked deepening, with the 
localized oolite boulder bed at the transition to 
the offshore facies providing clear evidence for a 
further episode o f emergence immediately prior 
to this. The poorly sorted conglomerate bands 
elsewhere in the Southerndown Member he 
attributed to rapid deposition from density 
currents, though graded bedding is absent. 
Wobber (1965) considered the Sutton Stone 
Member sediments to derive from the mechanical 
and biological abrasion o f shell debris and 
Carboniferous Limestone, with seaward
winnowing o f any terrigenous silt or clay. The 
environment clearly was a high-energy one, with 
rock slivers indicating that impacts sometimes 
were sufficient to shatter clasts. Wobber
ascribed the presence o f the coarse breccias in 
the Slade Trough to subaqueous slides and the

undercutting o f the Carboniferous Limestone. 
Some o f the minor erosion surfaces and 
associated textural and sorting anomalies seen 
elsewhere in the marginal facies he attributed to 
slumping o f debris o ff the flanks o f the islands as 
well as to tidal and wave scour. He interpreted 
the Southerndown Member as merely a more 
seaward correlative o f the Sutton Stone Member, 
with the increased representation o f chert 
lithoclasts reflecting preferential destruction o f 
limestone clasts. Wobber (1968b) identified 
three subdivisions o f his marginal biofacies, 
along with five offshore biofacies. He attempted 
to correlate these with marginal and offshore 
lithofacies, linking them all to relative water 
depth.

Ager ( 1986a,b) compared the Sutton Stone 
Member at Pant y Slade with coarse breccias, o f 
presumed Triassic age, at Ogmore-by-Sea, little 
more than 1 km farther to the north-west. These 
latter breccias rest upon a highly irregular 
unconformity surface, with fissures, steps and 
steep faces cut into the Carboniferous Limestone. 
They are absent to the east, where the marginal 
Sutton Stone Member facies is developed. 
Furthermore, the unconformity surface on the 
Carboniferous Limestone beneath the Sutton 
Stone Member has a more subdued relief. Ager 
(1986a) interpreted these differences as due to 
the contrast between debris flows emplaced 
subaerially onto a karstified limestone surface, in 
the case o f the Ogmore breccias, and those 
emplaced onto a marine planation surface 
following the onset o f the early Jurassic 
transgression. On this basis he considered the 
lower, breccia-rich, part o f the Sutton Stone 
Member to have been deposited catastrophically 
as a single debris-flow generated by a major 
storm, with succeeding units in the Sutton 
Stone and Southerndown members representing 
subsequent lesser events. This interpretation 
was challenged by Fletcher et al. (1986) who 
considered storms to be just one o f several 
factors involved in deposition o f the Sutton 
Stone Member over a prolonged time period. In 
a subsequent paper, Fletcher (1988) attributed 
the morphology o f the unconformity surface 
beneath the Sutton Stone Member, with its 
stepped series o f low scalloped scarps and dip- 
parallel ridges and troughs, to tidal erosion and 
cliff-line retreat associated with still-stands 
during the early Jurassic transgression. He 
considered that the collapse o f overhangs led to 
the accumulation o f coarse angular debris which
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now lies adjacent to the low scarps, this being 
buried beneath bioclastic debris and calcarenites 
as the transgression progressed. Hesseibo and 
Jenkyns (1998) broadly supported Ager’s 
(1986a) debris-flow model and suggested a 
deeper-water origin for these marginal facies. 
In contrast, Johnson and McKerrow (1995) 
considered the Sutton Stone Member to have 
been deposited during transgression across a 
rocky shore, on which a range o f encrusting 
and boring organisms were preserved, and they 
did not support Ager’s (1986a) contention 
that it was a mass-flow deposit. However, the 
restriction o f Trypanites borings to only the 
underside o f the large blocks would seem to 
favour Ager’s (1986a) debris-flow theory for the 
basal breccia. It indicates that the blocks reached 
their present position within the breccia in an 
unbored state, as would be the case for material 
transported into a shallow marine environment 
by a debris flow originating subaerially, and 
only then did boring organisms commence to 
colonize their undersurfaces. If, as Fletcher
(1988) maintained, these large blocks originated 
from collapse o f overhangs in a marine 
environment then we might expect to find at 
least a moderate proportion o f the blocks to 
have overturned before reaching their final 
position and hence have a significant number o f 
borings on their present upper surfaces, relics 
from when they were actually on the underside 
o f these overhangs. This seems not to be the 
case.

The Dunraven Bay section is particularly 
important since the offshore facies at the 
Lavernock to St M ary’s Well Bay GCR site, the 
only other Lower Jurassic GCR site in south 
Wales, does not extend above the Angulata 
Zone. Both Hallam (1960a) and Wobber (1965) 
considered the environment o f deposition o f 
the offshore facies in some detail. Hallam 
(1960a) noted the apparent independence from 
terrigenous influence o f the calcareous ‘mud* 
component o f both marginal and offshore facies, 
from which he concluded that much o f the 
calcium carbonate in the limestones was 
inorganically precipitated rather than derived 
from bioclastic debris swept offshore. However, 
Wobber (1965) maintained that fine bioclastic 
debris was a significant component o f these 
same limestones and contributed to substrate 
firmness, a significant factor in his biofacies 
subdivisions. Hallam (1964a) considered initially 
that the limestones were, to a large extent,

primary in origin but more recently (Hallam, 
1986) suggested that many could originate solely 
from early diagenetic segregation o f calcium 
carbonate, citing the south Wales succession in 
evidence. This view has since been contested by 
Weedon (1987) who maintained that the lime
stones were, to a significant extent, primary in 
origin. The difficulty o f correlating limestone 
‘marker bands’ from the main coastal exposures 
into the Dunraven Graben is further evidence 
for the predominantly primary origin o f the 
limestones, indicating that local subsidence 
rates exerted a significant influence. Lenses o f 
fibrous calcite, or ‘beef’, are only a minor 
component o f the Porthkerry Member by 
comparison with correlative strata in the Dorset 
Lias, suggesting that sedimentation rates did not 
increase markedly in the latter part o f early 
Jurassic times.

The limestone-mudstone rhythms described 
by Hallam (1964a) from the Blue Lias Formation 
o f Dorset are, on the whole, rather poorly 
developed in the Porthkerry Member. Most o f 
the mudstone units are bioturbated and contain 
a benthic fauna; laminated, organic-rich shales 
are comparatively rare and this suggests that the 
Porthkerry Member was deposited in shallower 
water than correlative strata in Dorset, thereby 
preventing the development o f significant sea
floor anoxia. Bivalves are the most abundant 
element o f the fauna in the Porthkerry Member. 
Gryphaea is more common in the mudstones 
than in the limestones and may constitute up to 
60% by volume o f some mudstone units at 
Seamouth (SS 883 733), with 60-95% o f these in 
life position. Strongly ribbed bivalves are more 
common than in the more offshore facies o f the 
Blue Lias Formation, such as the Lavernock Shale 
Member. Pinna in life position is conspicuous at 
certain levels in Dunraven Bay and indicates 
periods o f stable sedimentation rate. The 
presence o f the coral M ontlivaltia  baim ei 
indicates very slow sedimentation rates, 
reaching a minimum in the limestone band in 
which this species occurs in profusion. 
Considerable bioturbation o f this limestone 
band, as o f others, is indicated by many 
specimens lying at a considerable angle from the 
horizontal. Wobber (1968a) analysed several 
gastropod taxa and found that, in general, they 
were more common and grew to a larger size on 
fine sand than on the finer sediments o f the off
shore facies. While some species are very facies 
restricted, others have a eurytopic distribution.
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Poorly preserved patellids (,Scurriopsis) are 
associated with cobbles and shelly sand in 
the Sutton Stone Member facies whereas 
Pleurotomaria is widespread in both offshore 
and marginal facies. Coelostylina, Zygopleura 
and Pseudomelania were more common 
where shale partings, indicating slight deepen
ing, were present in the Southerndown 
Member.

Hallam (1960a) compared the offshore facies 
at this site with correlative successions on the 
Dorset coast, at Tolcis Quarry near Axminster, 
and with the Saltford Railway Cutting near Bristol. 
Palmer (1972) made a similar comparison o f 
the Dorset and Glamorgan successions with that 
o f the north Somerset coast. The Porthkerry 
Member is substantially thicker than the corre
lative strata in Dorset, though slighdy thinner 
than the north Somerset coast succession. In 
the offshore facies exposed between Pant y Slade 
and Witches Point this is attributable to an 
increase in the limestone-mudstone ratio 
compared with Dorset and Somerset. Hallam 
(1960a), Palmer (1972) and Whittaker and 
Green (1983) have all commented on the corre
lation o f distinctive limestone or mudstone units 
along considerable stretches o f coastline, with 
some being broadly traceable from south Wales 
through Somerset to Dorset, implying that 
controls on offshore facies were not merely 
regional in their extent. The limestone- 
mudstone diagrams o f both Hallam (1960a) and 
Palmer (1972), in which they correlate the 
successions in south Wales, Somerset and 
Dorset, imply that the Bucklandi Zone in both 
Dorset and Somerset is substantially thicker than 
in south Wales. However, it is well established 
(Cope et al., 1980a) that the Bucklandi Zone in 
Dorset is significandy thinner than that o f either 
Somerset or south Wales, a fact more in keeping 
with the generally more attenuated succession 
in Dorset.

No precise correlation is possible between the 
marginal facies o f south Wales and those o f other 
regions, such as the Mendip-Radstock area or 
the western Scottish sites. The broad similarity 
o f facies found in these marginal environments 
reflects the influence o f local factors rather than 
the broader-scale influences which are evident in 
the offshore facies. Most marginal facies share 
a common prevalence o f massive bioclastic 
carbonate units with only minor mudstone 
development. The fauna o f such facies typically 
is dominated by corals and molluscs adapted to

high-energy environments; ammonites invariably 
are rare or absent. Nonetheless, attempts have 
been made to correlate the marginal facies o f the 
Pant y Slade to Witches Point GCR site with the 
offshore facies o f the Lavemock section farther 
east. The earliest proven age for the marginal 
facies is Johnstoni Subzone, thereby correlating 
with the upper part o f the St Mary’s Well Bay 
Member. On the north side o f Witches Point the 
overlying Liasicus Zone, largely equivalent to the 
Lavemock Shale Member, is entirely in marginal 
facies that extends up into the Angulata Zone. 
However, to the south o f Witches Point only the 
lower part o f the Liasicus Zone, the Pordocki 
Subzone, is in marginal facies and passes up 
into more offshore facies in the succeeding 
Laqueus Subzone. However, this ‘offshore’ 
facies o f alternating limestones and mudstones 
is still strikingly different from the mudstone- 
dominated Lavemock Shale Member. The only 
attempt at lithostratigraphical correlation 
between the marginal facies at Pant y Slade and 
the offshore facies o f the Lavemock outlier was 
by Wobber (1968b) who suggested that the 
degree o f lithoclast rounding and sorting in the 
marginal facies was, in some way, analogous to 
the limestone—mudstone ratio o f the offshore 
facies. More specifically, he suggested that the 
decrease in lithoclast percentage and sparite 
cement, and the presence o f clay partings in part 
o f the marginal facies, could be correlated with 
the general increase in dominance o f mudstone 
during the Liasicus Zone at Lavemock and else
where.

The calcite-barite-galena mineralization 
which pervades the marginal facies at Pant y 
Slade is one o f the most intriguing features o f 
this site. The association o f more intensively 
mineralized areas o f marginal facies with mineral 
veins cutting the Carboniferous Limestone 
directly beneath, described by Fletcher (1988), 
suggests that ‘cold seeps’ may have existed in 
this area in early Jurassic times. Fletcher (1988) 
noted that this mineralization was particularly 
evident in the Slade Trough, and elsewhere 
along the outcrop it is clear that there was a 
direct association between active faulting and 
mineralization. The close proximity o f these 
marginal sediments to the north-westward 
extension o f the Watchet-Cothelstone-Hatch 
Fault System, which lies just offshore and 
virtually parallel to the coast, may well account 
for the presence o f fairly extensive minerali
zation along this stretch o f coast. The barite-
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calcite mineralization appears to have favoured 
open framework sediments and cavities, being 
particularly evident where it replaces fossil 
material in shell coquinas and corals, and in the 
Trypanites borings. The association o f galena 
with driftwood in the Porthkerry Member is clear 
evidence that the mineralizing fluids pervaded 
the sediment pile for some distance above the 
unconformity, precipitating sulphides in the 
reducing environment represented by the wood. 
The sulphide mineralization in the marginal 
facies has been considered, on isotopic evidence, 
to be early Jurassic in age (Jenkins et al., 1990) 
although field relationships indicate only a post- 
Hettangian date. Fletcher et al. (1993) obtained 
isotopic evidence for at least two phases o f lead 
mineralization in the Mendip and south Wales 
orefield, with the later o f these being o f early 
Jurassic age. The existence o f cold seeps here 
seems quite plausible, therefore, if the sea 
floor was breached by faults or fractures along 
which mineralizing fluids were migrating. 
However, Haggerty et al. (1996) favoured a 
single mineralizing episode, probably o f Middle 
Jurassic age (see also Simms, 1997), for the 
Mississippi Valley-type deposits in the Mendip 
Hills. They attribute this to fluid expulsion from 
adjacent Mesozoic sedimentary basins, which in 
the case o f Ogmore would be the Bristol 
Channel Basin to the south, as a result o f over- 
pressuring associated with rapid subsidence in 
Triassic and Jurassic times. A post-early Jurassic 
age for the mineralization would seem to 
preclude the existence o f cold seeps in the 
Ogmore area although different rates and timing 
o f subsidence in the Bristol Channel, as 
compared with the Somerset and Wessex 
basins which border the Mendip Hills, may have 
led to the earlier onset o f mineralization in 
south Wales.

Conclusions

The coastal cliffs between Pant y Slade and 
Witches Point expose the finest sections any
where in Britain that show the transition from 
coarse marginal facies to much finer offshore 
facies o f the Hettangian Stage. The succession is 
o f crucial importance for demonstrating the 
early Jurassic transgression and for the inter
pretation o f both marginal and offshore Lower 
Jurassic sediments in the Bristol Channel and 
Mendip region. The site also provides evidence 
o f mineralization.

MARGINAL AND FISSURE 
FACIES OF SOUTH MENDIP
The Mendip Massif clearly exerted an enormous 
influence on early Jurassic sedimentation, with 
its flanks supporting a range o f distinctive 
palaeoenvironments and facies unrepresented 
in the basinal settings to the north and south. 
However, the nature o f this depositional influ
ence was far from uniform across the Mendip 
Massif, with particularly striking differences 
between those on the north and south flanks. 
Sedimentation on the northern flank was 
exemplified by the highly condensed successions 
o f the Radstock area, with the entire Sinemurian 
Stage represented by 1 m or less o f sediment, 
and individual ammonite zones locally by no 
more than a few centimetres. Even within the 
Radstock area the Lower Jurassic succession 
shows considerable thickness variations over 
short distances, with the three GCR sites o f 
Bowldish Quarry, Kilmersdon Road Quarry 
and Huish Colliery Quarry, being selected to 
show the style o f lateral variation characteristic 
o f this area.

In contrast to the succession at Radstock, 
sections through the Lower Lias in the Shcpton 
Mallet area, on the south side o f the massif are 
developed in a richly bioclastic limestone facies 
with subordinate bands o f quartzose conglo
merate. Unlike the highly condensed Radstock 
Lias, this ‘marginal’ facies is slightly thicker than 
correlative offshore units farther into the Wessex 
Basin. The contact o f the marginal facies with 
the underlying Carboniferous Limestone is clearly 
displayed at Hobbs Quarry, whereas a thicker 
sequence with hardgrounds and pebble beds is 
exposed at Viaduct Quarry.

A third distinctive facies type is developed on 
slightly higher parts o f the massif where Middle 
Jurassic rocks typically rest unconformably on 
the planed-off surface o f the Carboniferous 
Limestone with no intervening Lower Jurassic 
strata. The Lower Jurassic facies found here 
are predominantly a fine, yellowish or pinkish 
micritic limestone which usually is confined to 
fissures within the Carboniferous Limestone. 
Excellent examples are seen at C loford Quarry 
and H olw ell Quarries. Exceptionally, this 
same facies is seen as part o f a normal-bedded 
sequence, exposed at Leighton Road Cutting.

The precise controls on these strikingly differ
ent facies remain unclear. The highly condensed 
Radstock succession suggests considerable
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stability o f the massif, exceptionally low subsi
dence rates, and prolonged sediment starvation. 
However, the evidence from the fissure deposits 
and the marginal facies indicates that the area 
was far from tectonically quiet. This apparent 
conflict has yet to be resolved and much work 
still needs to be undertaken on the remarkable 
Lower Jurassic deposits o f the Mendip Hills.

VIADUCT QUARRY, SOMERSET 
(ST 621 443)

Introduction

The Viaduct Quarry GCR site is a disused quarry 
that lies 50 m east o f the abandoned railway 
viaduct where it crosses the Shepton Mallet- 
Downside road, on the northern outskirts o f 
Shepton Mallet (Figure 3.9). This site provides 
the best-exposed and thickest section seen in the 
Downside Stone marginal facies o f the Mendip

region. A succession o f coarsely bioclastic, and 
often conglomeratic, limestones contrasts 
markedly with the contemporaneous mudstone- 
dominated ‘offshore’ facies which is developed 
away from the Palaeozoic outcrop. Only a few 
brief descriptions o f this or nearby exposures, 
such as Beacon Farm (ST 635 448) or road 
cuttings to the north o f Shepton Mallet, which 
exposed very similar successions, have been 
published (Moore, 1867a; Woodward, 1893; 
Richardson, 1909; Reynolds, 1912, 1921;
Donovan, 1958a; Green and Welch, 1965; 
Savage, 1977; Copp in Duff et al., 1985).

Description

The vertical face o f Viaduct Quarry (Figure 3 .10) 
exposes about 9 m o f Downside Stone, a series 
o f coarsely bioclastic limestones which represent 
the marginal facies o f the Lower Lias in this area. 
The strata here dip gently southwards such that 
the lowest beds, estimated to lie about 4.5 m

Figure 3.9 Sketch map of the geology in the area around Viaduct Quarry and Hobbs Quarry.
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Figure 3.10 Marginal facies of the Hettangian and lowermost Sinemurian stages exposed in the main face of 
Viaduct Quarry, Shepton Mallet. (Photo: M.J. Simms.)

above the base, are exposed at the northern end 
o f the quarry. The contact with the underlying 
Carboniferous Limestone was exposed in the 
roadside just to the south o f the quarry (see 
Figure 3 9), where the unconformity surface 
was overlain by a 0.3 m-thick conglomerate o f 
Carboniferous Limestone and chert fragments 
(De la Beche, 1846; Moore, 1867a; Reynolds, 
1921; Green and Welch, 1965). The matrix 
contained vertebrate debris, quartz pebbles and 
the bivalve Rbaetavicula contort a, indicative o f 
the (Upper Triassic) Penarth Group.

Bedding planes within the marginal facies 
generally are indistinct but the quarry face can 
be divided roughly into three main units, each 
about 3 m thick. The lower two units, rather 
massive and sandy-textured, are divided by a 
conspicuous notch at the level o f a thin 
conglomerate. The upper third o f the face is 
more thinly bedded, on a 0.1-0.3 m scale, and 
somewhat ferruginous (Figure 3.11).

The lowest bed exposed is a compact, pale- 
brown, sandy-textured bioclastic limestone with 
a gendy undulating top penetrated by scattered, 
indistinct borings. It is sharply demarcated from 
a thin breccio-conglomerate o f small chert clasts

immediately above, which is succeeded by a 
0.15 m-thick shell coquina with scattered chert 
pebbles. A further 3 m o f sandy-textured 
bioclastic limestone is broken by three or four 
bedding planes and by thin shell-beds or 
coquinas up to 0.2 m thick. Some o f these 
bedding planes are penetrated by Trypanites 
borings; one occurs 1.6 m above the previous 
bored surface, but has proven difficult to trace 
into the southern part o f the quarry, while 
another lies 1.6 m higher immediately beneath 
another conglomerate band. Some o f the 
Trypanites borings are filled with small quartz 
and chert pebbles.

The highest conglomerate, termed the ‘Main 
Pebble Bed’ can be traced throughout the quarry 
and was mentioned specifically by Woodward 
(1893), Donovan (1958a) and Copp (in Duff et 
al., 1985). At the south end o f the quarry it forms 
a poorly sorted, clast-supported conglomerate 
up to 0.25 m thick showing crude stratification 
and with a fairly sharp top and base. Most clasts 
are o f angular to subrounded chert fragments, 
up to 8 cm across and often highly fractured, 
but poorly to well-rounded quartz pebbles are 
also common. The Main Pebble Bed thins
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Figure 3.11 Sketch section through the marginal 
facies of the Lias Group at Viaduct Quarry. Bed thick
nesses in the upper part of the quarry face are only 
approximate.

Comminuted bioclastic debris forms a 
significant component o f the Downside Stone 
but intact material occurs more sparsely. Fossils 
tend to occur concentrated into thin shell-bands 
or ‘coquinas’, sometimes containing scattered 
pebbles, but the shells are usually disarticulated 
and broken. The tops o f these shelly layers often 
show traces o f boring; Moore (1867a) noted that 
some o f the chert pebbles were encrusted 
with the bivalve Atreta intusstriata. In the inter
vening beds the shells are still articulated. The 
fauna is dominated by bivalves, typically 
epifaunal taxa, but also includes gastropods and 
montlivaltiid corals (Moore, 1867a; Copp in Duff 
et al., 1985). At this site, as elsewhere in the 
Downside Stone, many o f the fossils are 
preserved as moulds. Only those with originally 
calcitic shells, such as Ctenostreon tuberculatus 
and Liostrea laevis, have survived dissolution. 
Pseudopecten and Plagiostoma are the main 
taxa, with Liostrea also present in the lower 
beds. Ammonites are rare in the Downside 
Stone but several taxa have been found at this 
site. Specimens o f Alsatites and Waehneroceras 
are thought to be from the Main Pebble Bed, 
from which Copp (in Duff et a l., 1985) also 
recorded Schlotheitnia. Caloceras occurs below 
this while a large Coroniceras rotiforme has 
been found loose in quarry debris (N. Morton, 
pers. comm.). This establishes that the exposed 
section encompasses at least the Johnstoni and 
Pordocki subzones near the base o f the 
Hettangian Stage, the Angulata Zone at the top 
o f the Hettangian Stage, and the Rotiforme 
Subzone low in the succeeding Sinemurian 
Stage.

dramatically towards the north end o f the 
quarry, where it consists o f a 2-3 cm thick band 
o f scattered pebbles in a poorly sorted matrix. 
At the south end o f the quarry several cross- 
bedded units, each 0.15-0.25 m thick and with 
foresets dipping mostly to the south, occur 
above and below the Main Pebble Bed and are 
associated with shell beds containing scattered 
intact bivalve moulds. The cross-bedded units 
cannot be identified in the central and northern 
parts o f the quarry, where the Main Pebble Bed 
is succeeded by a particularly massive limestone 
bed about 1.5 m thick. Above are four to five 
thinner beds, each 0.3-0.5 m thick, passing up 
into still more thinly bedded limestones, each 
0.1-0.3 m thick, which comprise the top third o f 
the quarry face.

Interpretation

The section exposed at Viaduct Quarry 
complements that seen in the nearby Hobbs 
Quarry GCR site and also makes an interesting 
comparison with the Lower Lias marginal facies 
exposed far more extensively on the south Wales 
coast at the Pant y  Slade to Witches Point GCR 
site. Although the contact with the underlying 
Carboniferous Limestone (well exposed at the 
nearby Hobbs Quarry GCR site) is no longer 
exposed in the vicinity o f Viaduct Quarry, 
the presence o f pebbles o f Carboniferous 
Limestone, chert and quartz up to 8 m above the 
junction indicate continued erosion o f the 
nearby Palaeozoic outcrop during early Jurassic 
times. A similar conglomeratic unit was
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described by Donovan (1958a) from Beacon 
Farm Quarry (ST 635 448), just over 1 km to the 
north-east, and was correlated by him with the 
Main Pebble Bed at Viaduct Quarry. This would 
imply that a fairly widespread event transported 
pebbles from the Palaeozoic outcrop and into 
the early Jurassic marginal deposits. The lime
stone and chert clasts were derived from the 
Carboniferous Limestone while the quartz pebbles 
were considered by Woodward (1893) to originate 
in the Old Red Sandstone, which today crops out 
about 2 km to the north, demonstrating that the 
Carboniferous Limestone across the anticline 
crest had already been breached by Early Jurassic 
times. Similar discrete layers o f limestone and 
chert pebbles also occur some distance above 
the base o f the marginal facies o f the Lower 
Lias at the Pant y Slade to Witches Point GCR 
site. The presence o f pebbles and the greater 
disarticulation and fragmentation o f fossil 
material in the shell beds when compared with 
the intervening sediments suggests occasional 
brief periods o f increased turbulence or current 
activity, perhaps associated with storms. The 
presence o f bored surfaces beneath the 
conglomerates, and also at the top o f some o f 
the shelly units, demonstrates sufficicndy long 
pauses in sedimentation for hardgrounds to 
develop although some o f these hardgrounds 
appear to o f very local extent. Records o f both 
Liasicus- and Angulata-zone ammonites associated 
with the main hardground and conglomerate 
unit suggest that this hiatus may encompass at 
least the upper part o f the Liasicus Zone.

The upward lithological change at this site, 
from massive sandy textured beds into more 
thinly bedded units, is reflected in some elements 
o f the fauna, with the cemented bivalve Liostrea 
being confined to the lower beds. The upward 
lithological change parallels that seen at the 
Pant y  Slade to Witches Point GCR site in 
south Wales. By analogy with the latter site, this 
facies change probably records the increasing 
distance, both vertically and laterally, from the 
unconformable contact with underlying 
Palaeozoic rocks. It implies that here, as in the 
similar situation in south Wales, this boundary 
is diachronous, although biostratigraphical 
resolution within the marginal facies o f the 
Mendip region is inadequate to demonstrate 
this. However, correlation with other Lower Lias 
successions in the area shows the strongly 
diachronous nature o f the boundary between 
the marginal Downside Stone facies and the

more typical ‘offshore* facies in which mud
stones dominate or are at least a significant 
component. Less than 3 km to the south, at 
Cannard*s Grave (ST 629 414), there is little 
evidence o f the proximity o f the marginal facies. 
The 7.3 m-thick succession exposed there, 
encompassing the Planorbis to Bucklandi zones, 
is developed entirely in mudstones and lime
stones o f fairly typical ‘offshore’ Blue Lias 
Formation facies (Donovan, 1958b). In the 
vicinity o f Shepton Mallet this same interval is 
developed entirely in marginal Downside Stone 
facies, here attaining a thickness o f about 
25-30 m, before passing up into more normal 
‘offshore’ mudstone facies (Green and Welch, 
1965). These apparent rapid lateral transitions 
from marginal facies into basinal mudstone- 
limestone sequences may be attributable to the 
position o f these sites relative to east-west faults 
that were active during early Jurassic times 
(see Figure 2.1, Chapter 2). Comford (1986) 
and Jenkyns and Senior (1991) suggested that 
development o f the marginal facies might be 
associated with the northern-faulted boundary 
o f a half-graben, possibly now represented by 
the Beacon Hill Fault, and noted that in the 
Beacon Hill area the marginal facies extend still 
higher, to at least the Jamesoni Zone, and are 
overlain by mudstones o f the Davoei Zone.

Several earlier writers (Donovan, 1958b; 
Green and Welch, 1965; Savage, 1977) 
commented on the apparent greater thickness o f 
the Planorbis to Bucklandi zone succession 
when developed in marginal facies rather than 
the more basinal, or ‘offshore’, facies, attributing 
this to banking up o f these marginal sediments 
by offshore currents. However, the discovery 
o f Coroniceras rotiforme at Viaduct Quarry indi
cates that the marginal facies is not substantially 
thicker than the oft-cited correlative section at 
Cannard’s Grave (Donovan, 1958b).

The composition o f the fauna at the Viaduct 
Quarry GCR site bears considerable similarities 
to that seen in the analogous marginal facies o f 
the Pant y  Slade to Witches Point GCR site, as 
commented on by Moore (1867a), and clearly is 
facies controlled. At both sites the fauna is 
dominated by thick-shelled bivalves and a rela
tive abundance o f gastropods, and ammonites 
are very rare. However, whereas the south Wales 
site has yielded a rich and fairly diverse fauna o f 
colonial and solitary corals, only occasional 
solitary montlivaltiids have been recovered from 
the Downside Stone in the Mendip region.
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Conclusions

Viaduct Quarry exposes the best section through 
the Lower Lias marginal facies developed around 
the Mendip Hills. It complements the section at 
Hobbs Quarry nearby, which exposes the 
unconformable contact beneath the marginal 
facies, and provides an important comparative 
section to analogous marginal facies exposed in 
the Pant y  Slade to Witches Point GCR site.

HOBBS QUARRY, SOMERSET 
(ST 622 446)

Introduction

The Hobbs Quarry GCR site (also known as 
‘Hobbs Brothers Quarry’) is a small disused 
quarry, which lies on the north side o f the 
Shepton Mallet-Downside road (B3136) on the 
south-western edge o f the village o f Downside 
(Figure 3 9). At this site, the basal Downside 
Stone marginal facies o f the Hettangian Stage 
lies on a striking angular unconformity above 
steeply dipping Carboniferous Limestone. The 
site graphically illustrates the effects o f erosion 
on the flanks o f the ‘Mendip Islands’ during 
early Jurassic times and the progressive burial o f 
these islands by marginal marine facies. The site 
has seldom been cited in the literature and no 
detailed account has been published. A brief 
description was given in Donovan (1938a) with 
even more cursory mentions in Richardson 
(1911) and Green and Welch (1965).

Description

Hobbs Quarry is located just to the north o f a 
small inlier o f (Dinantian) Black Rock Limestone 
that lies within an extensive outcrop o f Lower 
Jurassic marginal facies. The Black Rock 
Limestone is exposed throughout the quarry to 
a height o f about 3 m and dips at 65° to 
the south (160°). The northern face formerly 
exposed about $ m o f Lower Jurassic marginal 
facies, but the top 3-4 m at the time o f writing 
was heavily overgrown (Figure 3.12). The Black 
Rock Limestone is well bedded on a decimetre- 
to metre-scale with a few thin (centimetre-scale) 
shale partings. Irregular to sheet-like chert bands 
5-20 cm thick are common within the richly 
bioclastic limestones. A N-S-orientated face at 
the western end o f the quarry, immediately

adjacent to the studied section, exposes a minor 
fault with a downthrow o f about 1.5 m to the 
east.

The unconformity surface on which the 
marginal Lias rests was reported by Donovan 
(1958a) as irregular, with a relief o f several 
decimetres, though this was not evident in 1999. 
The overlying Downside Stone marginal facies is 
a coarse, bioclastic, cream-coloured limestone, 
crudely bedded on a decimetre- to half-metre- 
scale. It is very porous and packed with shell 
debris towards the base, where elongate angular 
lathes o f reworked Carboniferous chert also 
occur. These chert lathes are distinct from the 
irregular, pale grey-brown chert bands which 
also occur near the base o f the Jurassic marginal 
facies here. The Downside Stone here is very 
fossiliferous, in places packed with thick-shelled, 
coarse-ribbed bivalves including Cercomya 
desbayesi, Ctenostreon tuberculatus, Atreta 
intusstriata, Liostrea cf. laevis, Plagiostoma 
valoniensis and Terquemia arietis (Donovan, 
1958a; Green and Welch, 1965). Donovan

Figure 3.12 Near-horizontal marginal facies of the 
Lias Group resting unconformably on Carboniferous 
Limestone dipping steeply southwards (towards the 
camera) at Hobbs Quarry, Shepton Mallet. The 
hammer, for scale, is in the lower left of the picture. 
(Photo: M.J. Simms.)
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(1958a) noted that gastropods and belemnites 
were also abundant at the site, but this was not 
confirmed in 1999. No ammonites have yet 
been recorded from the site.

Interpretation

The irregular nature o f the unconformity surface 
on the Black Rock Limestone was attributed by 
Donovan (1958a) to differential erosion o f the 
steeply dipping strata beneath, much as is found 
in modem sublittoral settings. However, observa
tions in 1999 could not confirm this and there 
were indications that the apparent irregularity o f 
the unconformity was due to the effects o f recent 
weathering and the relationship o f the studied 
section to the minor fault immediately to the west. 
Nonetheless, such small-scale relief is evident in 
parts o f the Pant y  Slade to Witches Point GCR 
site in south Wales, where horizontal to steeply 
dipping Carboniferous Limestone also is overlain 
by Lower Jurassic marginal facies, and hence its 
development here would not be unexpected. 
Significant marine erosion must have preceded 
the deposition o f the overlying Downside Stone 
marginal facies, which represent the first sediments 
to have entered the area after the transition from 
an erosional to a depositional regime. It is evident 
from the angular nature o f the reworked chert 
lathes that the eroded Carboniferous material 
experienced relatively little transportation.

Some details o f the facies at this site differ 
significandy from that at the nearby Viaduct 
Quarry GCR site. The irregular chert bands 
near the base o f the marginal facies here have 
not been recorded at Viaduct Quarry, while the 
angularity o f the derived Carboniferous chert 
fragments here contrasts with the generally 
more rounded Carboniferous pebbles which 
occur in the Viaduct Quarry succession. In addi
tion, intact fossil material at this site appears to 
be more common and more evenly distributed 
than at Viaduct Quarry where it tends to be 
concentrated at particular horizons.

The age o f the Downside Stone at Hobbs 
Quarry is uncertain. As with the south Wales 
marginal facies, ammonites are rare in the 
marginal facies around the Mendip Hills and 
none have been found at this site. Significantly, 
the Penarth Group conglomerate seen at the 
base o f the Downside Stone near Viaduct 
Quarry is absent here. Similarly, it was not seen 
at Bowlish Quarry, 1 km to the south-west, 
although Penarth Group material was present in

fissures in the Carboniferous Limestone at that 
locality (Richardson, 1911). These observations 
suggest that the base o f the marginal facies in the 
Mendip Hills is diachronous and may commence 
above the base o f the Hettangian Stage at Hobbs 
Quarry. Green and Welch (1965) concluded that 
the age o f the Downside Stone ranges from the 
Planorbis Zone to the Bucklandi Zone in the 
immediate area o f Downside and Shepton 
Mallet, although to the north it apparendy may 
extend as high as the Jamesoni Zone. None o f 
the bivalve taxa present at Hobbs Quarry are 
biostratigraphically diagnostic but together they 
suggest a Hettangian age for the deposit.

Conclusions

The succession at the Hobb Quarry GCR site 
exposes the best-remaining section through 
the unconformity between steeply dipping 
Carboniferous Limestone and the near-horizontal 
marginal facies o f the Lower Jurassic Series. It 
complements the thicker and lithologically more 
diverse section through the marginal facies found 
at the nearby Viaduct Quarry GCR site, where 
the contact with the underlying Carboniferous 
Limestone is not exposed. Together these two 
sites provide invaluable information on the 
nature o f the Lower Jurassic marginal facies o f 
the Mendip High, which can be further 
enhanced by comparison with the much more 
extensively exposed marginal Lias in the Pant y  
Slade to Witches Point GCR site o f south Wales.

CONDENSED FACIES OF THE 
RADSTOCK SHELF

GENERAL INTRODUCTION

The Radstock Shelf lies to the north-east o f the 
Mendip periclines and is underlain at shallow 
depth by the Coal Measures. A thin sequence o f 
arenaceous Mercia Mudstone Group facies and 
Penarth Group lie beneath the Lias Group strata. 
Middle Lias strata are absent from the Radstock 
Shelf and only a small remnant o f Upper Lias is 
present in the extreme north o f the area. The 
Lower Lias succession across most o f this area is 
overlain direcdy by bioclastic limestones o f the 
(Upper Bajocian) Upper Inferior Oolite.

The Lower Lias succession developed on the 
Radstock Shelf is one o f the most remarkable 
examples o f a condensed sequence anywhere in
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the British Jurassic System. There are consi
derable local variations in thickness and 
completeness o f the succession, but even at its 
maximum development the entire Hettangian 
and Sinemurian sequence attains a thickness o f 
less than 10 m compared with over 200 m for 
equivalent strata in adjacent basinal settings. 
The succession is highly fossiliferous, with 
abundant ammonites that have enabled fine sub
division o f the sequence. Among the published 
descriptions o f the Lias o f the area several have 
been distinguished by their great contributions 
to our understanding o f these deposits. Moore 
(1867a) was the first to call attention to the 
greatly condensed succession in the area, and 
Tawney (1875) confirmed the presence o f most 
o f the Lower Lias ammonite zones. Their work 
was summarized by Woodward (1893). In a 
seminal work, T\itcher and Trueman (1925) 
described more than 30 exposures o f the Lias 
Group in the Radstock area, including descrip
tions or lists o f the contained fauna. Most o f 
the exposures were small quarries, o f which all 
but a handful are now infilled or obscured by 
vegetation. They recognized the significance o f 
the facies changes and discussed in detail the 
conditions o f deposition o f the Radstock Lias 
and its relationship to underlying structural 
controls. Their account formed the basis o f 
almost all subsequent descriptions, notable 
among which was that o f Arkeil (1933) who 
summarized this earlier work. Not until the 
publication, more than 50 years later, o f a special 
memoir on the Lower Jurassic rocks o f the Bristol 
district (Donovan and Kellaway, 1984) did any 
new information become available. Although 
still reliant in part on the descriptions o f Tawney 
(1875) and Tiitcher and Trueman (1925), 
Donovan and Kellaway took the opportunity to 
re-interpret much o f the biostratigraphy and the 
controls on deposition in this area, as well as 
providing more detailed lithological descrip
tions o f the main stratigraphical units.

GENERAL DESCRIPTION

O f the many sites described by T\itcher and 
Trueman (1925) most have long been infilled 
or overgrown. Three o f the quarries in the 
Radstock area -  Bowldish Quarry, Kilmersdon 
Road Quarry and Huish Colliery Quarry -  
have been selected as GCR sites. They represent 
the best sites that remain accessible and

demonstrate some o f the lateral changes that 
characterize the Radstock Lias. To understand 
the significance o f the particular succession 
exposed at each site requires a knowledge o f the 
overall Lower Lias sequence in the Radstock area 
together with the extent and nature o f lateral 
and vertical variations in thickness and facies for 
which these three sites are considered represen
tative. The succession can be broadly divided 
into three stratigraphical units displaying similar 
facies developments; the Hettangian succession, 
the Sinemurian to early Lower Pliensbachian 
succession, and the late Lower Pliensbachian 
succession.

Hettangian succession

The Hettangian succession o f the Radstock 
district comprises mostly thin-bedded and 
commonly bioclastic impure limestones 
separated by thin shales or shaly partings. In 
early publications they were often termed the 
‘Com Grits’ . In most instances Tutcher and 
Trueman (1925) did not describe the Hettangian 
succession at each site in detail, instead citing 
only the total thickness o f limestones and shales 
for each zone. However, the Hettangian part o f 
several o f these sections was described by 
Tawney (1875). Even at its maximum develop
ment, only the Planorbis and Liasicus zones are 
present, typically resting on the Pre-Planorbis 
Beds or ‘Ostrea Beds’ and, in turn, underlain by 
the distinctive Sun Bed at the top o f the 
Langport Member (=  White Lias) o f the Penarth 
Group. The Angulata Zone is absent on the 
Radstock Shelf, the ‘lower Angulata Zone’ o f 
T\itcher and Trueman’s (1925) account being 
equivalent to the Liasicus Zone. On parts o f the 
Radstock Shelf to the south o f Radstock the 
Hettangian Stage is also absent (Figure 3.13), 
with Sinemurian deposits resting direedy on the 
Sun Bed. Thicknesses o f the Hettangian deposits 
increase northwards towards Bath and the Avon 
Valley (Figure 3.13), with the development o f 
four distinct facies units within the Blue Lias 
Formation (Donovan and Kellaway, 1984).

Sinemurian succession

The Sinemurian succession on the Radstock Shelf 
is highly condensed with several substantial 
hiatuses and a number o f ammonite subzones 
absent or known only from derived material in 
younger strata. T\itcher and Trueman (1925)
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Figure 3.13 Sketch map showing the southern limits of the Planorbis to Bucklandi zones in the Radstock 
district and the distribution of the Armatum Bed, Jamesoni Limestone and Valdani Limestone. The letters B, K 
and H correspond to the approximate locations of the three GCR sites of Bowldish Quarry, Kilmersdon Road 
Quarry and Huish Colliery Quarry. After Donovan and Kellaway (1984).

and Donovan and Kellaway (1984) recognized 
five distinct units within the Sinemurian succes
sion o f the Radstock Shelf (Figure 3.14). The 
lowest o f these, the Auckland! Bed*, is a 
0.05-0.75 m-thick fossiliferous limestone, which 
at Bowldish Quarry and several other sites is 
continuous with the topmost preserved lime
stone o f the underlying Hettangian succession. 
It has yielded a rich fauna o f brachiopods, 
bivalves and other fossils. Geographically it is 
restricted to an area roughly bounded by

Radstock, Timsbury and Paulton. Despite its 
name it is o f Semicostatum Zone, Sauzeanum 
Subzone, age, for although Getty (in Cope et a l.y 
1980a) cited the occurrence o f a fragmentary 
Arietites as evidence o f the presence o f the 
Bucklandi Zone, stout-ribbed coroniceratids 
similar to Arietites bucklandi also occur in the 
Scipionianum Subzone and are a more probable 
source for this specimen. It has also yielded 
derived and phosphatized Arnioceras,
Agassicerast Euagassiceras and Coroniceras.
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Figure 3.14 Lithostratigraphy and correlation of the Radstock GCR sites After Donovan and Kellaway (1984).

Donovan and Kellaway (1984) found no evidence 
for the presence o f the Bucklandi Zone on the 
Radstock Shelf (Figure 3.13). The succeeding 
Spiriferina Bed comprises a few centimetres o f 
grey sandy clay with abundant phosphatized 
nodules and fossils, notably the brachiopod 
Spiriferina walcotti. Derived ammonites o f 
the genera Arnioceras, Coroniceras and 
Euagassiceras indicate a late Semicostatum 
Zone, Sauzeanum Subzone age. The Spiriferina 
Bed represents the lowest part o f the TXimeri 
Clay, which, around Radstock comprises a few 
centimetres to 1.2 m o f blue, laminated clay. It 
thickens to the north. Moore (1867a) recorded 
28 species o f foraminifera from the Tlimeri Clay, 
which accordingly was termed by him and 
by Tate (1873) the Foraminifera-zone. The 
ammonites Caenisites and Arnioceras are 
present together with derived Agassiceras and 
Euagassiceras. The absence o f Microderoceras 
and Prom icroceras indicate that only the lower 
part o f the TXimeri Zone, the Brooki Subzone, is 
represented by the Tumeri Clay (Donovan and

Kellaway, 1984). The T\imeri Clay is overlain by 
the Obtusum Nodules. At Timsbury 0.43 m o f 
clay was present at this level and included two 
nodule bands. The upper o f these was consi
dered by Tutcher and Trueman (1925) to corre
spond with the single nodule layer or limestone 
band that is generally present elsewhere in this 
laterally persistent bed. The Obtusum Nodules 
have yielded Asteroceras and Arnioceras, 
together with rarer Promicroceras, Xipberoceras 
and Cymbites, which mostly indicate the 
Obtusum Subzone. Tutcher and Trueman 
(1925) also listed Asteroceras stellare, indicative 
o f the succeeding Stellare Subzone, but without 
any stratigraphical or locality information for 
this species. The Denotatus Subzone o f the 
Obtusum Zone, both subzones o f the Oxynotum 
Zone and the Densinodulum Subzone at the 
base o f the Raricostatum Zone have not been 
recorded in the Radstock succession. The lime
stone o f the Obtusum Nodules is overlain by a 
thin greenish-brown clay, the Raricostatum Clay, 
which reaches a maximum recorded thickness o f
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0.45 m at Hodder’s Quarry, Timsbury. Hitcher 
and Trueman (1925) noted poorly preserved 
Echioceras raricostatoides within the clay and 
derived Leptecbioceras macdonnelli in a thin 
nodule band at the top. These indicate the 
presence o f the Raricostatum and Macdonnelli 
subzones within the Raricostatum Clay, although 
Edmunds et al. (2003) found evidence only for 
the Raricostatum Subzone.

Lower Pliensbachian succession

Hitcher and Trueman (1925) recognized four 
main lithological units in the Lower Pliens
bachian succession o f the Radstock district. The 
lower three units represent a continuation o f the 
condensed sequence seen in the Sinemurian 
succession. This passes up into a succession o f 
clays with scattered nodules.

The Armatum Bed and the overlying Jamesoni 
Limestone appear to represent a single litho
logical unit, locally separated by a conspicuous 
bedding plane, o f cream-coloured, fine-grained, 
biodastic ironshot limestone. Together they attain 
a maximum thickness o f more than 2 m, but are 
restricted to an area within a few kilometres o f 
Radstock. Fossils, particularly ammonites, bivalves 
and brachiopods, are abundant. Echinoderm 
debris is abundant in thin-section although 
recognizable fragments are seldom evident in 
hand specimen. The basal part o f the Armatum 
Bed contains abundant derived nodules and 
phosphatized ammonites, the latter often 
beautifully preserved. Echioceras raricostatoides 
is particularly common, along with various 
species o f Paltechioceras, including Paltechio- 
ceras tardecrescens (=  P. aplanatum). Species 
o f Paltechioceras are preserved in light-grey 
limestone, in contrast to the dark-grey or black 
phosphatic limestone typical o f specimens o f 
Echioceras. These ammonites indicate the 
presence o f the Raricostatum and Aplanatum 
subzones. Other ammonites in the lower part o f 
the Armatum Bed include Oxynoticeras, 
Gleviceras, Eoderoceras and Epideroceras from 
the Raricostatum Zone. The higher part o f the 
Armatum Bed contains taxa typical o f the Taylori 
Subzone o f the succeeding Jamesoni Zone, such 
as Apoderoceras, Phricodoceras and Radstocki- 
ceras. A single specimen o f Gagaticeras neglec- 
turn from Rockhill Quarry (ST 6795 5540) may 
indicate the former presence o f the Oxynotum 
Zone in this area (Donovan and Kellaway, 1984). 
Detailed investigation o f a temporary section

1 km to the south-west o f Radstock revealed that 
the Armatum Bed there could be divided into 
five distinct units with discrete ammonite faunas 
(Edmunds et a l., 2003). The lower two, termed 
the ‘Gleviceras Limestone’, are assignable to the 
Raricostatum Zone, while the upper three, 
termed the ‘Apoderoceras Limestone*, are o f 
Taylori Subzone age. However, it has not yet 
been ascertained whether this sequence can be 
recognized at any o f the three GCR sites 
described here and, considering the rapid lateral 
variations seen in the Radstock Lias, it may be 
only very local in its extent.

From the succeeding Jamesoni Limestone a 
diverse ammonite fauna has been obtained 
(Hitcher and Trueman, 1925; Donovan and 
Kellaway, 1984), including the genera Polymor- 
pbites, Platypleurocerasy Uptonia, Tropidocerasy 
Tragopbylloceras, Lytoceras, Parinodicerast 
Liparoceras and Derolytoceras (Donovan and 
Howarth, 1982). Together these taxa indicate 
the presence within the Jamesoni Limestone o f 
the Polymorphus, Brevispina, Jamesoni and 
Masseanum subzones. The Jamesoni Limestone 
and Armatum Bed also contain a rich and 
abundant fauna o f bivalves, brachiopods and 
gastropods, most o f which were listed by 
Donovan and Kellaway (1984). Sellwood (1972) 
noted an abundance o f infaunal and epifaunal 
suspension-feeding bivalves and trace fossils, 
indicating unconsolidated sediment beneath 
agitated, probably shallow, water. Most o f the 
shells have been winnowed from life position but 
show little evidence for significant transportation. 
Corroded quartz grains within the Jamesoni 
Limestone indicate two phases o f cementation.

The uppermost unit o f the condensed 
Radstock Lias is the Valdani Limestone, which 
rests directly upon the Jamesoni Limestone 
across a restricted area between Radstock 
and Paulton (Figure 3.13). At its maximum 
development, in Old Pit Quarry (ST 6840 5563), 
it comprised 0.7 m o f coarse-grained, hard 
crystalline limestone, becoming more ironshot 
towards the base. The ammonites present 
within it include Acanthopleuroceras, Beaniceras, 
Liparocerasy Tragopbylloceras and Lytoceras, 
together indicating the Valdani Subzone. 
Bivalves and brachiopods also are abundant and 
diverse in this unit, though more difficult to 
extract than in the Jamesoni Limestone.

The succeeding clay units, the Striatum Clays 
and Capricomus Clays o f Hitcher and Trueman 
(1925) are nowhere exposed today but sections
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were recorded at Timsbury Sleight (ST 656 593) 
(Tutcher and Trueman, 1925) and at the 
Broadway Lane Claypit (ST 6670 5635) 
(Donovan and Kellaway, 1984). At Timsbury 
Sleight about 37 m o f blue clays with a few thin 
nodule bands were present between the top o f 
the Valdani Limestone and the unconformity 
with the Upper Lias above and could be assigned 
to the Luridum, Maculatum and Capricomus 
subzones. Donovan and Kellaway (1984) noted 
a progressive reduction southwards in the thick
ness o f these clays. At Clandown they are about 
30 m thick but they diminish rapidly south o f 
Radstock to less than 3 m north o f Upper 
Vobster (ST 700 490). Much o f this southward 
thinning can be attributed to erosion prior to 
deposition o f the overlying Inferior Oolite. 
Although a conspicuous conglomeratic unit at 
the Broadway Lane Claypit indicates a hiatus in 
the Maculatum Subzone, this is minor in 
comparison with those in the Sinemurian Stage 
and cannot be considered to have contributed 
significantly to this thinning southwards.

BOWLDISH QUARRY, BATH 
AND NORTH-EAST SOMERSET 
(ST 668 558)

Introduction

The Bowldish Quarry GCR site is a small, long- 
disused quarry (Figure 3.15) sometimes also 
known as ‘Bold Ditch Quarry’, which lies less 
than 1 km north o f the town o f Midsomer 
Norton (Figure 3.13). It is a classic site showing 
a remarkable attenuated and broken succession 
extending from the top o f the Penarth Group 
(Upper Triassic) to the lowest Pliensbachian 
Stage. The Lias section here is a textbook 
example o f the application o f stratigraphical 
principles. The refined Lias ammonite zonation 
proves the presence o f several major non
sequences, but even so the succession here is 
more complete than other localities on the 
Radstock Shelf. The section here, less than 3 m 
in thickness, is the equivalent o f the more than 
200 m o f strata on the north Somerset coast.

Figure 3.15 The section at Bowldish Quarry, Radstock. The thick limestone towards the top is the Bucklandi 
Bed, overlain by the Spiriferina Bed and Thmeri Clay. The lower part of the face is of more thinly bedded lime
stones and mudstones of the Planorbis Zone. (Photo: M.J. Simms.)
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The Bowldish Quarry succession was 
described by Tawney (1875), Woodward (1893) 
and, from the Spiriferina Bed upwards, by Tate 
(1875). It was ‘site 6’ o f Tutcher and Trueman 
(1925) but they gave only a summary description 
o f the succession. Discrepancies exist between 
some o f the bed thicknesses cited by Tawney 
(1875), Woodward (1893), and Hitcher and 
Trueman (1925). Other brief accounts were 
given by Reynolds (1921), Hitcher (1929) and 
Macfadyen (1970), though these accounts were 
based largely on the earlier publications. It was 
mentioned only briefly by Donovan and 
Kellaway (1984), as their ‘site R27’, although 
they figured a summary log o f the section. In 
addition to elements o f the macrofauna 
mentioned in the various publications cited above, 
foraminifera were also recorded from various 
units by Moore (1867a) and Macfadyen (1941).

Description

Bowldish Quarry provides a more complete 
succession than any other now seen on the 
Radstock Shelf (Figure 3.14), preserving evidence 
o f the Hettangian, Sinemurian and Pliensbachian 
stages. The section was overgrown at the time 
o f writing (Figure 3.15) and the following 
description is based upon the full section as it 
was seen by Tawney (1875), Woodward (1893) 
and Hitcher and Trueman (1925).

The lowest part o f the section exposed more 
than 1 m o f creamy argillaceous limestones and 
thin shales assigned to the White Lias (Langport 
Member) at the top o f the (Upper Triassic) 
Penarth Group. The highest o f the limestones, 
0.3 m thick, is the distinctive ‘Sun Bed’. This 
is succeeded by a sequence o f grey limestones 
and thin mudstones containing a typical basal 
Hettangian fauna and termed by Tawney (1875) 
the ‘Ostrea and Planorbis Beds’ . Tawney (1875) 
recorded less than 0.6 m o f strata within this 
part o f the succession but Hitcher and Trueman 
(1925) gave a figure close to 1 m (3 ft 2 in.). 
Hitcher and Trueman (1925) recorded Psiloceras 
planorbis from an unspecified horizon in this 
part o f the sequence, although their statement 
that the uppermost Hettangian limestone is 
continuous with the Bucklandi Bed above would 
seem to imply that Psiloceras was found at 
this level. The Bucklandi Bed at the base o f 
the Sinemurian succession is 0.20 m thick and 
yields a variety o f ammonite taxa (Agassiceras, 
Amiocerasy Euagassiceras and Paracoroniceras)

spanning the Semicostatum Zone. The Spiriferina 
Bed is well developed and distinctive, with 
abundant Spiriferina walcotti (Figure 3.16), and 
passes up into the T\irneri Clay. These two units 
together were recorded as almost 0.8 m 
(2 ft 6 in.) thick by Tawney (1875) but less than 
0.5 m (1 ft 6 in.) thick by Tiitcher and Trueman 
(1925). Above the Hirneri Clay the Obtusum 
Nodules form a fairly continuous, greenish-grey, 
laminated limestone about 0.1 m thick. This unit 
is succeeded abruptly by the Raricostatum Clay, 
with a tripartite division o f two clay units sepa
rated by a 0.08 m-thick nodular grey limestone 
totalling some 0.45 m (1 ft 5 in.) in thickness. 
The limestone has yielded Bifericeras subplani- 
costa gr. and both the limestone and upper clay 
contain EchioceraSy indicating the Raricostatum 
Subzone. Hitcher and Trueman (1925) recorded 
Leptechioceras meigeni from an unspecified 
horizon at Bowldish Quarry. The highest unit 
exposed at Bowldish Quarry is the Armatum 
Bed, o f which 0.3 m is preserved. It is highly 
fossiliferous and has yielded a diverse assemblage 
o f fossils, both primary and reworked, indicating 
a basal Jamesoni Zone age. The most conspicuous 
fossils are, however, the derived echioceratids 
and it is probably from the Armatum Bed that 
the record o f Leptechioceras came.

Tutcher and Trueman (1925) published an 
extensive table listing non-ammonite macro
fossil species and the horizons in which they 
occurred, though they made no reference to

Figure 3.16 The brachiopod Spiriferina walcotti, 
from the Spiriferina Bed at Bowldish Quarry, 
Radstock. The largest specimen is 43 mm across. 
Specimens from the T.R. Fry Collection, Bristol City 
Museum. (Photo: MJ. Simms.)
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specific localities and the site descriptions cited 
only the most common or most distinctive taxa. 
Tawney (187$) also listed some o f the more 
common taxa in his site descriptions. Moore 
(1867a) obtained a rich fauna o f foraminifera 
from the Tlimeri Clay while Macfadyen (1941) 
also recovered some from the lower unit o f 
the Raricostatum Clay. The Spiriferina Bed here 
was the source o f specimens used, and figured, 
by MacKinnon (1974) in an investigation o f 
spiriferid shell structure.

KILMERSDON ROAD QUARRY, BATH 
AND NORTH-EAST SOMERSET 
(ST 689 542)

Introduction

Kilmersdon Road Quarry is a small quarry, some
times referred to in the literature as ‘Radstock 
Grove’, which lies less than 1 km south o f 
Radstock (Figure 3.13). It is a key lias locality 
spanning much o f the Hettangian, Sinemurian 
and Pliensbachian stages. However, this has

developed in a greatly attenuated succession 
only 5 m in thickness. Evidence for six major 
non-sequences is found in this succession. The 
broken and condensed series o f rocks is o f 
outstanding importance in understanding the 
complete Lower Jurassic history o f the north 
Mendip area.

The site has received less attention than some 
o f the other Radstock sites although it is now the 
best exposed o f those remaining and is visited by 
many collectors in search o f the derived echio- 
ceratid ammonites in the Armatum Bed. Tutcher 
and Trueman (192$) were the first to describe the 
site, as their ‘site 10’, but stated only which beds 
were present in the quarry and their thickness. 
Nonetheless, they provided a more detailed log o f 
the succession as part o f their figure 3. Getty (in 
Hemingway et al., 1969) and Macfadyen (1970) 
provided a little more detail and the site was 
also mentioned briefly by Sellwood (1972). A 
graphic log o f the section (Figure 3.14) was 
published by Donovan and Kellaway (1984), 
who summarized the current state o f knowledge 
for this site. The site has recendy undergone 
major re-excavation (Figure 3.17).

Figure 3.17 The recendy cleared face of Kilmersdon Road Quarry. The main face is in thinly bedded limestones 
and mudstone of the Planorfois and Liasicus zones, capped by the planed-off surface of the Bucklandi Bed. The 
thin Sinemurian succession and the thicker bioclastic limestones of the Armatum Bed and Jamesoni Limestone 
are exposed in the low face above the conspicuous ledge. (Photo: M.J. Simms.)
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Description

The lowest strata seen by Hitcher and Trueman 
(192$) at Kilmersdon Road Quarry were o f late 
Triassic age, comprising the upper beds o f the 
Langport Member (=  White Lias) capped by the 
distinctive Sun Bed. Above lies just over 3 m 
(10 ft) o f Hettangian limestones with thin shales 
(Figure 3.14). Hitcher and Trueman recognized 
two main units within the Hettangian succession. 
The lower 2.6 m (8 ft 6 in.) comprised alternating 
limestones and thin shales containing Franzi- 
ceras ruidum , and can be assigned to the 
Planorbis Zone. The uppermost 0.45 m (1 ft 6 in.) 
is limestone-dominated with only minor 
shale partings and is assigned to the Liasicus 
Zone.

Getty (in Hemingway et a l., 1969) considered 
that, as at Bow ldish Quarry, the upper 
limestone o f the Hettangian succession was 
continuous with the Bucklandi Bed at the base 
o f the succeeding Sinemurian Stage, a view 
maintained by Donovan and Kellaway (1984). 
The Bucklandi Bed is a massive, pale, coarse 
shelly limestone with an irregular lower surface, 
and varies from 0.0$ m to 0.30 m in thickness. 
The upper surface is commonly ferruginous, 
traversed by cracks and pierced by small borings. 
In places it is capped by a phosphatic horizon, 
the Spiriferina Bed, while locally the phosphatic 
crust is overlain by a 0.1 m-thick limestone 
riddled with bivalve borings. In some instances 
these bivalve crypts are present both on the 
upper surface and on the sides o f these blocks. 
The remainder o f the Sinemurian succession is 
extremely attenuated, comprising from 0.1$ m 
to 0.30 m o f clay with lumps and nodules o f 
limestone at two levels. The lower nodule band 
lies within the Himeri Clay, and has yielded 
Amioceras semicostatum, while above lie the 
Obtusum Nodules, which contain both 
Am ioceras semicostatum  and Asteroceras 
confusum. The succeeding Raricostatum Clay is 
never more than a few centimetres thick.

The massive Lower Pliensbachian limestones 
above are well developed and clearly exposed 
around the quarry (Figure 3.17). The Armatum 
Bed at the base is 0.6 m (2 ft) thick and clearly 
divisible into two distinct units, the lower o f 
which contains abundant phosphate nodules 
and derived fossils. Echioceratid ammonites are 
a conspicuous element o f the fauna o f this lower 
unit, while large specimens o f Apoderoceras are

also common in the Armatum Bed. A specimen 
o f the rare late Sinemurian liparoceratid 
Vicininodiceras simplicicosta has also been 
recovered from the lower unit (Donovan, 1990). 
Donovan and Kellaway (1984) noted preser- 
vational differences between specimens o f 
Echioceras, Paltechioceras and Gleviceras in 
this bed (Figure 3.18), suggesting distinct 
origins for each, though they also inferred that 
specimens o f Gleviceras and o f Phricodoceras 
lamellosum  probably were contemporary with 
deposition o f the bed. Nominal ammonite taxa 
described from the Armatum Bed o f this site 
include lUtchericeras, now considered a 
synonym o f Gleviceras, and the genotype o f 
Paltechioceras.

Figure 3.18 Phosphatized specimens of 
Paltechioceras aureolum (left) and Echioceras 
raricostatum (right) from the Armatum Bed of 
Kilmersdon Road Quarry. Paltechioceras is 65 mm 
across. From the T.R. Fry Collection in Bristol City 
Museum. (Photo: M.J. Simms.)

The Armatum Bed is overlain directly by the 
Jamesoni Limestone, comprising 1.55 m (5 ft) o f 
ironshot, bioclastic, fossiliferous limestone, 
which at this site was the source o f the holotypes 
o f Platypleuroceras bituberculatum  and o f 
Aegolytoceras rotunidicosta  (Donovan and 
Howarth, 1982). A magnified thin-section through 
a sample o f Jamesoni Limestone from this site 
was figured by Hitcher and Trueman (1925, 
fig. 4), revealing an abundance o f echinoderm 
and shell debris. The basal part o f the Striatum 
Clays was indicated on Hitcher and Trueman’s 
section (1925, fig. 3) as resting directly on the 
Jamesoni Limestone, but they cannot be seen at 
present.
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HUISH COLLIERY QUARRY, BATH 
AND NORTH-EAST SOMERSET 
(ST 695 542)

Introduction

Huish Colliery Quarry sometimes also known as 
'Branch Huish Quarry’, ‘Foxhole Quarry’ or 
‘Writhlington Quarry’, lies little more than 
500 m south-east o f Radstock and only 600 m 
due east o f Kilmersdon Road Quarry (Figure 
3.13). It is a key site in the stratigraphically 
complex Lias o f the Radstock area. Most o f the 
Hettangian and virtually all o f the Sinemurian 
lithostratigraphical units typical o f the local 
Lower Lias successions are absent here due to 
erosion prior to Lower Pliensbachian deposi
tion. Instead Jamesoni Zone limestones rest 
directly on lowest Hettangian units o f the 
Planorbis Zone.

This site is an essential part o f the classic story 
o f erosion and attenuation on the Lower Lias 
o f the Radstock area, showing as it does the 
most extreme local example o f a non-sequence 
involving the loss o f almost two entire stages. A 
remarkable counterpart o f this is the fact that 
the Lower Pliensbachian lithostratigraphical 
units just above the non-sequence are much 
better developed here than at other key sites, 
such as Bowldish Quarry and Kilmersdon 
Road Quarry. It was described for the first 
time, and in some detail, by Tawney (1875, 
1878). Richardson (1910a) mentioned the site 
briefly and figured a photograph o f the section 
under the name o f ‘Writhlington Quarry’. It was 
described briefly by Tlitcher and Trueman 
(1925) as their ‘site 13\ by Savage (1977) and by 
Donovan and Kellaway (1984) as their ‘site R55’.

Description

The lowest part o f the section seen by Tawney 
(1875) comprised some 1.5 m (5 ft) o f ‘ordinary 
White Lias’, cream-coloured limestone in many 
thin beds now assigned to the Langport Member 
o f the Penarth Group. This is capped by 
the 0.6 m (2 ft)-thick Sun Bed, a cream-coloured 
limestone that splits into several beds; in more 
recent times this has formed the lowest part o f 
the section visible (Figure 3.14). Above this 
Tawney (1875) recorded some 1.3 m (4 ft 3 in.) 
o f ‘Com Grits* (Hettangian) comprising ten pale 
limestones separated by thin clay partings.

Donovan and Kellaway (1984) noted a similar 
thickness. From the presence o f Psiloceras 
planorbis in the top few centimetres o f the 
uppermost limestone it is evident that o f the 
Hettangian Stage only the Planorbis Zone is 
represented at this site. This limestone is 
succeeded direedy by the Armatum Bed and 
Jamesoni Limestone (Figure 3.19), and no inter
vening strata o f Sinemurian age are preserved. 
Woodward (1876) ascribed these Lower 
Pliensbachian limestones exposed in a quarry 
behind Branch Huish Farm to the Inferior Oolite 
Group, but Tawney (1878) recovered fossils that 
confirmed that it was the Jamesoni Limestone. 
The Armatum Bed is about 0.45 m thick and 
contains abundant phosphatic nodules and 
derived fossils, including Ecbioceras (Tawney, 
1875), in its lower part; the upper 0.10 m is a 
clay with scattered lumps o f limestone. Above 
this Donovan and Kellaway (1984) recorded 
1.5 m o f limestone, with a 0.1 m-thick clay band 
about 0.3 m from the base. Tutcher and

Figure 3.19 The limestone-dominated succession at 
Huish Colliery Quarry. The lower part of the face 
exposes limestones and thin mudstones of the 
Planorbis Zone, overlain by more massive bioclastic 
limestones of the Armatum Bed and Jamesoni 
Limestone in the upper part of the picture. (Photo: 
M.J. Simms.)
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Trueman (1925) assigned the top 0.3 m (1 ft) to 
the Valdani Limestone and the remainder to the 
Jamesoni Limestone. Davidson (1876-1878) 
described the brachiopod Lobothyris radstocki- 
ensis from the Armatum Bed o f this site, 
which he referred to as ‘Huish Quarry’. The 
brachiopod was re-figured and described by 
Ager (1990). Up to 2.5 m (8 ft) o f the overlying 
Striatum Clays was recorded in earlier accounts, 
though mistaken by Tawney (1875) for the 
Upper Lias clays. The Striatum Clays yielded 
Androgynoceras sparsicosta from the lowest 
0.15 m, indicating the Maculatum Subzone. 
TUtcher and Trueman (1925) observed that 
rubbly (Bajocian) Inferior Oolite limestones 
appeared to overlie this modest thickness o f 
Striatum Clays, but recognized that these 
limestones might have slipped and concealed 
the true thickness o f the clays.

GENERAL INTERPRETATION

The observations made by T\itcher and Trueman 
(1925) in the Radstock district enabled them to 
undertake a detailed bed-by-bed interpretation 
o f the sequence o f events during deposition o f 
this condensed Lower Lias succession. Many o f 
their conclusions remain valid today although 
they need to be placed in a broader regional 
context, as was done to some extent by Donovan 
and Keilaway (1984). Although each o f the three 
GCR sites provides a unique record o f the local 
Lower Jurassic succession in that part o f the 
Radstock Shelfj their greatest value is the way in 
which together they demonstrate the rapid lateral 
thickness variations, which are such a character
istic feature o f the Lias succession in this area.

Hettangian succession

The Hettangian succession on the Radstock 
Shelf is the least distinctive o f the three Lower 
Jurassic stages represented in the area. It lacks 
the distinctive facies o f the Sinemurian or early 
Pliensbachian units, instead comprising lime
stones and thin shales not dissimilar to those 
seen elsewhere in the Blue Lias Formation. 
Nonetheless, the Hettangian sequence is highly 
attenuated, reaching no more than a few metres 
in thickness, and only the Planorbis and Uasicus 
zones are present (Figure 3.14). This reflects 
slow rates o f subsidence and deposition across 
the Radstock Shelf during this period.

The Hettangian strata here are locally under
lain by an exceptionally thick (about 5-6 m) 
development o f the Langport Member (=  White 
Lias) o f the Penarth Group, which occupies a 
narrow east-west belt in this area. Comprising 
pale mudstones and calcilutitic limestones with 
desiccation cracks and a restricted fauna o f 
bivalves, gastropods and ostracods, it was 
deposited in a shallow, occasionally emergent, 
marginal-marine environment. The Hettangian 
strata show an increasing marine influence as 
the early Jurassic transgression flooded across 
the area allowing more diverse faunas, including 
ammonites, to become established. Structurally, 
the Hettangian strata show a similar disposition 
to that o f the White Lias (Langport Member), 
again thickening into an E-W-trending belt 
passing roughly through Radstock. This is the 
same general trend as many o f the faults that 
have been mapped out in this area, and for the 
Mendip region as a whole (see Figure 2.1, 
Chapter 2), suggesting that, in late Triassic and 
Hettangian times at least, minor fault-bounded 
basins developed within the confines o f the 
Radstock Shelf, as has been demonstrated to the 
south o f the Mendip Hills (Jenkyns and Senior,
1991) . Although TUtcher and Trueman (1925) 
identified two distinct east-west troughs, 
Donovan and Keilaway (1984) suggested that, 
on the limited data available, this was not the 
only interpretation possible to account for the 
Hettangian subcrop pattern. Thickness variations 
in the Planorbis and Liasicus zones, and the 
configuration o f the Hettangian subcrop pattern 
beneath the Sinemurian strata (Figure 3.13), 
indicate an interplay between primary controls 
on Hettangian deposition and subsequent 
erosion in late or post-Hettangian times (Green,
1992) . The Hettangian strata appear to have 
been gently folded prior to early Sinemurian 
planation and deposition o f the Bucklandi Bed. 
The most severe o f these minor flexures is 
located about Radstock itself where a more than 
7 m-thick Hettangian succession, extending up 
into the Liasicus Zone, thins northwards to 1 m 
or less in under 2 km (Donovan and Keilaway,
1984). This roughly coincides with similar 
thickness changes already noted in the Langport 
Member below and indicates a common under
lying control on sedimentation and/or erosion. 
The relatively thin successions on basement 
highs, notably an extensive area to the south o f 
Radstock, were removed by erosion whereas the 
thicker successions in the minor basins survived.
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Hence, although Bowldish Quarry is the most 
northerly o f the three GCR sites (Figure 3.13), its 
position on this flexure led to pre-Sinemurian 
removal o f all but a thin remnant o f Hettangian 
sediments (Figure 3.14). Even at Huish 
Colliery Quarry, more than 3 km to the south
east, a greater thickness o f Hettangian strata 
has survived than at Bowldish Quarry, while at 
Kilmersdon Road Quarry, located between the 
two other sites, the Hettangian succession 
extends up through the entire Planorbis Zone 
and part o f the Liasicus Zone.

Throughout the area the Angulata and 
Bucklandi zones are absent (Figure 3.13). 
Tutcher and Trueman (1925) did record 
Epammonites isis from the Spiriferina Bed o f 
Bowldish Quarry, a species known to be 
diagnostic o f the Bucklandi Subzone (Page, 
1992), but no other evidence o f either the 
Bucklandi or Angulata zones has been found 
among the diversity o f derived ammonites in the 
Bucklandi Bed, suggesting absence is due to 
non-deposition rather than to pre-Semicostaturn 
Zone erosion. In support o f this, Hallam (1981) 
noted a late Hettangian regression following on 
from a minor deepening phase in the Liasicus 
Zone. Basin ward from the Radstock Shclf  ̂
towards Keynsham and Bristol (Figure 3.13), this 
can be recognized in the transition from the 
Saltford Shales o f the Liasicus Zone (Division 
B o f Donovan and Kellaway, 1984) to the 
more limestone-dominated successions o f the 
Angulata Zone (Division C), and Bucklandi to 
early Semicostatum zones (Division D). Early 
Bucklandi Zone shallowing is particularly clearly 
indicated by the condensed Calcaria Bed 
(Donovan and Kellaway, 1984). This late 
Hettangian to early Sinemurian period o f regional 
shallowing evident in basinal successions 
appears to correlate closely with the strati- 
graphical gap between the Hettangian and 
Sinemurian stages on the Radstock Shelf.

Sinemurian succession

The Sinemurian succession is the most striking 
part o f the Lower Lias succession on the 
Radstock Shelf. Its south-eastward pattern o f 
thinning is thought largely to reflect original 
depositional controls (Green, 1992), a view 
supported by the remarkable persistence 
across much o f the Radstock Shelf o f all o f the 
characteristic Sinemurian lithostratigraphical 
units despite their local extreme attenuation. All

are well represented at Bowldish Quarry, 
where they total more than 1.5 m. At 
Kilmersdon Road Quarry (Figures 3.13 and 
3.14), 3 km to the south-east, this part o f the 
succession is less than 0.5 m thick, yet still 
retains all o f the characteristic lithostrati
graphical units o f the Sinemurian Stage in this 
area. At Huish Colliery Quarry, 1 km farther 
east, the Sinemurian succession has been 
removed by early Pliensbachian erosion and its 
former presence is represented only by derived 
Raricostatum Zone fossils in the base o f the 
(Lower Pliensbachian) Armatum Bed, which 
here rests directly on the Planorbis Zone.

Sinemurian deposition in the Radstock 
district commenced in the Scipionianum 
Subzone, as indicated by derived Agassiceras in 
the Bucklandi Bed, and correlates closely with 
a widespread transgression (Hallam, 1981) 
marked by mudstone-dominated successions in 
the Wessex and Severn basins and by the early 
Sinemurian transgression across the London 
Platform (Donovan et al., 1979). By latest 
Semicostatum Zone times this transgression had 
advanced to affect deposition across the entire 
Radstock Shelf. Hence the Bucklandi Bed is 
found in nearly all exposures except where it has 
been removed by post-Sinemurian erosion. 
Continued deepening o f the sea led to deposi
tion o f the T\imeri Clay, almost all o f which was 
removed by erosion from the southern part o f 
the shelf around Radstock, prior to renewed 
deposition in the Obtusum Zone. There is no 
evidence o f a hiatus between the Tlimeri and 
Obtusum zones in the adjacent Severn Basin to 
the north and Wessex Basin to the south and 
hence it can be attributed at Radstock to 
localized tectonic movement. The Obtusum 
Nodules are remarkably constant in character 
over almost the entire area: the associated mud
stones were winnowed away at most localities to 
leave what is essentially a remanie nodule bed. 
The lithology o f the Obtusum Nodules -  dark 
laminated limestone containing ammonites and 
flsh scales -  is reminiscent o f similar nodules 
encountered in the Obtusum Zone elsewhere, 
notably in the Black Ven Marl Member o f the 
Dorset coast (Lang and Spath, 1926). The latter 
were deposited in an anoxic benthic environment 
and indicate that such conditions were wide
spread during Obtusum Zone times and hence 
must reflect an underlying eustatic control.

The absence o f the Denotatus Subzone, 
the Oxynotum Zone and the Densinodulum
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Subzone on the Radstock Shelf is evident also 
in the Dorset coast succession. The Oxynotum 
Zone in particular appears largely confined to 
the thicker basinal successions o f the Severn and 
Wessex basins (Hollingworth et al., 1990), and 
suggests a eustatic control since it correlates 
with a Europe-wide shallowing event (Hallam, 
1981). The succeeding Raricostatum Clay appears 
to represent a late Sinemurian transgression 
well documented on the Dorset coast, the 
London Platform (Donovan eta l., 1979), Europe 
and South America (Hallam, 1981). Hence it is 
probably also eustatic in origin. The Sinemurian- 
Pliensbachian boundary in the Radstock district, 
with its conspicuous reworking o f fossils from 
the Raricostatum Clay, bears some similarities to 
the successions in Dorset and Yorkshire, which 
also show evidence o f shallowing and reworking. 
In Dorset both the Macdonnelli and Aplanatum 
subzones are absent, removed by erosion 
prior to deposition o f Hummocky (Bed 103 o f 
Lang and Spath, 1926). Hummocky contains 
reworked and encrusted nodule fragments and 
echioceratid ammonites, though none from the 
missing two subzones. It is clearly condensed 
and shows many similarities with the Armatum 
Bed o f the Radstock succession, although the 
latter includes evidence for the Macdonnelli and 
Aplanatum subzones. It suggests that the event 
which caused erosion o f the Raricostatum Clay, 
whether due to uplift or regression, was not 
confined to the Radstock Shelf; though Hallam 
(1981) notes the lack o f evidence for a large- 
scale eustatic fall at this time.

The remarkable lateral persistence o f each o f 
the distinctive lithostratigraphical units o f the 
Sinemurian succession indicates that subsidence 
rates on the Radstock Shelf throughout the 
Sinemurian Stage were minimal but increased 
slowly northwards. The sometimes striking 
correlation o f some o f the lithostratigraphical 
units, such as the T\imeri Clay or Obtusum 
Nodules, with periods o f transgression or 
eustatic highstand, suggests that eustasy was a 
major factor influencing the nature o f the 
Sinemurian succession on the Radstock Shelf. 
The effects o f erosion, rather than original 
depositional controls, increase southwards but 
appear largely confined to winnowing o f the clay 
units, leaving a still more highly condensed 
sequence o f reworked nodules and remanid 
fossil horizons. There seems to be no 
progressive loss southwards o f individual

lithostratigraphical units from the Sinemurian 
succession, analogous to that seen in the 
Hettangian Stage. Instead the loss o f the 
Sinemurian strata passing southwards appears 
to be sudden and complete, as exemplified in 
passing from Kilmersdon Road Quarry to 
Huish Colliery Quarry (Figure 3.14). The 
widespread occurrence o f abundant reworked 
late Sinemurian fossils in the Armatum Bed 
testifies to a significant episode o f erosion at 
about the Sinemurian-Pliensbachian boundary. 
It suggests that on the southern part o f the 
Radstock Shelf; where the Sinemurian sequence 
was already highly attenuated, this erosion 
event was sufficient to remove the Sinemurian 
succession in its entirety, as apparently occurred 
at Huish Colliery Quarry. Although the derived 
fauna o f the Armatum Bed is largely o f 
Raricostatum Zone age, Donovan (1958a) 
recorded the occurrence o f derived Prom icro  
ceras in this unit at Upper Vobster (ST 707 497), 
where the Jamesoni Limestone and Armatum 
Bed rest directly on a planed surface o f 
Carboniferous Limestone, indicating that 
erosion extended down at least to the Obtusum 
Zone. It may have removed the last remnants o f 
the Hettangian succession here. Still farther 
south, on the Carboniferous Limestone 
periclines o f the Mendip Hills, the Lias is absent 
as a discrete stratigraphical unit although the 
former presence o f early Jurassic sediments is 
indicated by fissure fills o f Sinemurian age 
(Jenkyns and Senior, 1991; Simms, 1997), as at 
the Cloford Quarry GCR site.

Pliensbachian succession

The massive bioclastic limestones o f the 
Jamesoni and Valdani limestones show a 
strikingly different pattern to that o f the under
lying Sinemurian succession. Both are restricted 
to the Radstock Shelf; passing northwards into 
more typical open-water clay facies (Donovan 
and Kellaway, 1984), but the Valdani Limestone 
occupies a considerably more restricted area 
than the underlying Jamesoni Limestone 
(Figure 3.13). Unlike the Sinemurian strata, the 
Jamesoni Limestone continues southwards, 
finally disappearing only where overstepped by 
the (Bajocian) Inferior Oolite Group. At Upper 
Vobster, the Jamesoni Limestone is the sole 
representative o f the entire Lias succession. The 
striking contrast between the distribution o f the
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Sinemurian deposits and that o f the basal 
Pliensbachian limestones indicates a significant 
change in depositional regime around the 
Sinemurian-Pliensbachian boundary. Both 
indicate deposition on a shallow shelf dipping 
gently to the north or north-west. In Sinemurian 
times subsidence rates across this shelf were 
negligible and periods o f deposition, represented 
by the main lithostratigraphical units, correlate 
fairly closely with transgressions or eustatic high- 
stands. The southward spread o f the Jamesoni 
Limestone, onto areas where earlier Liassic 
sediments were absent, suggests that subsidence 
o f the shelf was the dominant control on 
deposition in early Pliensbachian times. The 
shallower southern parts o f the shelf extending 
towards the Mendip periclines favoured the 
accumulation o f dean-washed biodastic lime
stones analogous to the Southemdown Member 
o f the Hettangian Stage at the Pant y  Slade to 
W itches Point GCR site. The region o f 
maximum development o f the basal Pliensbachian 
limestones roughly coincides with that where 
the White Lias (Langport Member) reaches its 
maximum thickness and Hettangian thicknesses 
are reduced. This suggests that a local basement 
high, probably associated with one o f the 
re-activated Mendip thrusts, persisted in this 
region throughout late Triassic and early Jurassic 
times and exerted a major control on 
deposition. Passing northwards into deeper 
water these limestones gave way to mudstone 
facies more typical o f the basal Pliensbachian 
succession elsewhere. The Valdani Limestone 
appears to represent the final episode o f this 
shallow-shelf deposition, confined to the local 
basement high. Later subsidence rates were 
sufficient over the whole shelf for deposition o f 
normal open-water mudstone facies, the 
Striatum Clays and Capricomus Clays, to occur. 
Nonetheless, even this part o f the succession 
shows significant attenuation compared with 
correlative strata farther north (Donovan and 
Kellaway, 1984).

The persistence o f condensed deposits 
through the Jamesoni Zone contrasts with the 
20 m-thick mudstone succession which comprises 
much o f the Belemnite Marl Member on the 
Dorset coast. Similar thick mudstone-dominated 
successions occur in the Severn Basin (Cope et 
a l.y 1980a) and on the Yorkshire coast (Hesselbo 
and Jenkyns, 199$) suggesting that the highly 
condensed nature o f the Radstock Shelf

succession is due to local tectonic controls. The 
succeeding Valdani Limestone encompasses the 
Masseanum and Valdani subzones, and may also 
be attributed largely to local tectonic control. 
On both the Yorkshire and Dorset coasts, the 
Ibex Zone successions are greatly reduced in 
comparison with those o f the Jamesoni Zone, 
suggesting that there might also be some eustatic 
influence.

Above the Valdani Limestone there is an 
abrupt change to a much thicker, mudstone- 
dominated succession on the Radstock Shel£ 
not dissimilar to that encountered in more 
basinal settings. The Davoei Zone and upper
most Ibex Zone, represented by the ‘Striatus and 
Capricomus Clays’, together exceed the entire 
thickness o f the condensed Lower Lias sequence 
suggesting that the local tectonic controls on 
sedimentation were greatly reduced during the 
later interval. This appears to have been a 
temporary feature: at most localities the 
remainder o f the Lower Jurassic succession was 
removed by erosion prior to deposition o f Upper 
Inferior Oolite (Upper Bajocian) limestones.

GENERAL CONCLUSIONS

The three GCR sites at Bowldish Quarry, 
Kilmersdon Road Quarry and Huish Colliery 
Quarry exemplify the various factors, including 
subsidence rates, eustasy and erosion, which 
together determined the nature o f the preserved 
succession on the Radstock Shelf in Hettangian 
to Lower Pliensbachian times. Although there 
was a southward depositional attenuation o f the 
Hettangian succession, pre-Sinemurian tectonic 
flexuring and subsequent erosion exerted a 
greater influence on the distribution of individual 
Hettangian strata across the Radstock Shelf. 
Bowldish Quarry, located on the largest o f these 
flexures, experienced greater pre-Sinemurian 
erosion than the successions at Kilmersdon 
Road Quarry or Huish Colliery Quarry farther 
south. The main lithostratigraphical units o f 
the succeeding Sinemurian sequence show a 
remarkable continuity between Bowldish 
Quarry and Kilmersdon Road Quarry despite a 
more than three-fold attenuation, suggesting 
considerable stability o f the Radstock Shelf 
during this interval, with depositional and 
erosional episodes largely under eustatic control. 
The Jamesoni and Valdani limestones o f the
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basal Pliensbachian succession mark a striking 
contrast to patterns o f sedimentation during the 
Sinemurian Stage. They reach their maximum 
development on local highs, extending south 
onto progressively older rocks ultimately to rest 
direcdy on the Palaeozoic basement, and pass 
northwards into thicker basinal clay facies. They 
appear to represent a high-energy, shallow-water 
marginal facies that developed during the initial 
stage o f a general subsidence o f the Radstock 
Shelf and which culminated in the resumption 
o f normal open-water mudstone deposition 
across the entire shelf.

FISSURE DEPOSITS OR  
‘NEPTUNIAN DYKES’

Some o f the most interesting Lower Jurassic 
sediments in Britain occur within ‘fissures’ in 
older rocks. These fissure deposits are almost 
all confined to areas where the Carboniferous 
Limestone was exposed during early Jurassic 
times. Examples have been reported from south 
Wales (Robinson, 1957; Simms, 1990b; Benton 
and Spencer, 1995) and the Mendip Hills 
(Moore, 1867a; Savage, 1977, 1993; Benton and 
Spencer, 1995), and they are o f exceptional 
importance for the terrestrial vertebrate faunas, 
including early mammals, that they have yielded 
(Moore, 1867a; Kermack et al., 1968; Savage,
1993). Their faunas show that some fissure fills 
were terrestrial in origin while others were 
marine. The south Wales fissures, and some o f 
those in the Mendips, contain terrestrial fills that 
have proved difficult to date precisely. In others, 
the associated flora indicates an early Jurassic 
age (Harris, 1957; Lewame and Pallot, 1957). A 
significant proportion o f the fossiliferous 
Mendip fissures have yielded both vertebrate 
and invertebrate marine fossils that indicate a 
late Triassic to at least mid-Jurassic age range 
(Copp in Duffer al., 1985).

A diverse range o f lithologies in the Mendip 
fissure-fills, includes breccias, red pebbly mud
stones and grey mudstones similar to typical 
bedded Liassic sequences, and limestones. The 
limestones are the most characteristic facies and 
comprise a very fine-grained micritic limestone, 
often yellowish or pinkish in colour. Bedding 
within these sediments may be sub-horizontal, 
and may exhibit post-depositional sagging, but 
most commonly appear to have been deposited 
sub-parallel to the fissure walls. A minority o f

examples appear to represent karstic conduits 
or caves, and appear to be mosdy o f Triassic 
age (Simms, 1990b). The dominant fissure-type 
in the Mendip Hills is elongate, sometimes 
extending for hundreds o f metres, straight and 
parallel-sided, with most orientated WSW-ENE. 
Commonly they are associated with lead and 
zinc mineralization (Stanton, 1991; Simms, 
1997). Most o f these fissures extend below the 
quarry floors and hence their depth is unknown. 
Moore (1862, 1867a) recorded a rich Lias fauna 
from sediments intercepted at a depth o f 270 ft 
(83 m) in a lead mine at Charterhouse, as did 
Stanton (1991) more recendy.

The origin o f the fissures has been 
controversial. Simms (1990b) suggested that 
they represent solutional ‘giant grikes’ but it is 
now clear that they are ‘pull-apart’ structures 
developed on major joint sets during brief 
periods o f extension during late Triassic to mid- 
Jurassic times. This basic mechanism was 
suggested by Moore (1867a) and expanded 
upon by Copp (in Duff et a l., 1985) and Smart et 
al. (1988). Jenkyns and Senior (1991) attributed 
the presence o f Hettangian to Bajocian sediments 
in these fissures to a period o f extensional 
faulting in this region, correlating with the early 
rifting phase o f the Central Adantic area. The 
frequency and widths o f these fissures should 
provide an indication o f the scale o f this 
extension across the Mendip Hills, on the north
ern margin o f the Wessex Basin. Moore (1867a) 
estimated that as much as a quarter o f the face 
o f the Holweil Quarries GCR site comprised 
Lower Jurassic sediments, indicating a crustal 
extension o f up to 25%. This is probably an 
over-estimate (Jenkyns and Senior, 1991) but it 
broadly corresponds to the figure o f 13-17% 
cited by Chadwick (1986) for basinwide crustal 
extension in the Wessex Basin.

Three GCR sites exemplify the fissures and 
their unusual associated facies in the Mendip 
Hills. The Cloford Quarry GCR site exposes 
numerous fissures, which have yielded a 
significant marine invertebrate fauna, and 
shows more clearly than elsewhere the relation
ship o f the fissures to the surrounding country 
rock. The Holweil Quarries GCR site is o f 
considerable historical importance as well as 
yielding a diverse fauna with both marine and 
terrestrial elements. Finally, the Leighton 
Road Cutting GCR site exposes the interface 
between the fissures and normal-bedded marine 
sediments.
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CLOFORD QUARRY, SOMERSET 
(ST 718 444)

Introduction

Cloford Quarry; a large disused aggregate quarry; 
is a nationally important site exposing the finest 
assemblage o f Mesozoic fissure-fills seen any
where in Britain, ranging from Triassic to early 
Jurassic in age. These are overlain by Middle 
Jurassic limestones that cap the unconformity 
on the Carboniferous Limestone. Some o f the 
fissures here have been crucial to understanding 
the mechanism o f fissure development and in 
reconstructing the history o f this area in early 
Jurassic times. The fissure fills have been the 
subject o f several research projects notably by 
Charles Copp and subsequently by Gavin Wall, 
but little has been published. Copp (in Duff et 
a l.y 1985) tabulated the main facies and 
ammonite zones present at Cloford Quarry and 
other Mendip fissure sites, but otherwise the 
only publications that specifically referred to this 
site were by Copestake (1982) who described 
the significance o f foraminifera and ostracods 
from one o f the fissures, by Fraser (1994) 
who noted some o f the vertebrate material,

and by Simms (1997, fig. 7) who figured the 
clearest example o f a pull-apart fissure from 
here.

Description

Cloford Quarry is excavated into Lower 
Carboniferous limestones o f the Vallis Limestone 
Formation, part o f the Clifton Down Group, on 
the south-east flank o f Beacon Hill, about 1 km 
west o f the village o f Holwell (Figure 3.20). 
Bedding is on a metre-scale and dips at about 
18° to the south-west, broken only by slight 
flexuring in the north-west corner. The 
Carboniferous limestones are truncated by a 
planar unconformity, above which lies a thin, 
near-horizontal, development o f bioclastic 
limestones o f the (Upper Bajocian) Upper 
Inferior Oolite Group (Copestake, 1982). The 
Carboniferous Limestone is cut by numerous 
sub-vertical, sediment-filled fissures (Figure 
3.21), which are truncated at the unconformity 
surface. Copp (unpublished) identified 21 
fissures at Cloford Quarry, numbered Cl to 
CXXI, but recognized that some probably linked 
up across the quarry. On a visit to the site in May 
2000 at least 26 ‘fissures' o f various types were

Tidwell

Q uarry

C lo fo rd '* -
Q uarry

Leighton Road
Cutting:

Middle Jurassic

S  Leighton
Carboniferous Limestone

fault, tick on 
downthrow side

Figure 3.20 Sketch map of the geology in the Cloford and Holwell area of the eastern Mendip Hills.
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Figure 3.21 Pull-apart, sediment-filled fissure 
(Fissure 24 of Figure 3.22) at Cloford Quarry. At least 
three distinct events are discemable in this example; 
(1) extension to form a 0.5 m-wide joint-guided pull- 
apart fissure subsequently filled with pale Fine
grained sediment; (2) lateral offset of parts of this 
fissure by movement on a bedding plane (on which 
the hammer rests); (3) further extension to form a 
0.1 m-wide fissure whose sediment fill (slighdy darker 
and coarser than the earlier fill) is continuous across 
the bedding plane on which the earlier offset 
occurred. The bedding plane offset and opening of 
the second fissure probably represent different 
phases of the same extensional event. (Photo: M.J. 
Simms.)

noted (Figure 3.22), although several clearly 
represented different parts o f the same fissure. 
At least some o f these can be matched with those 
identified by Copp.

Most o f the fissures have an ENE-WSW 
orientation, roughly parallel to the axis o f the 
Beacon Hill pericline, although a few have 
discordant trends. By far the largest is Fissure 1, 
and its continuation farther west as Fissure 25 
(=  Cl and CXXI o f Copp, unpublished), which 
has been left as an unquarried ridge o f 
Carboniferous Limestone and fissure-fill sedi
ments extending across the quarry floor. This 
fissure is up to 6 m wide and 15 m high, though 
extending to an unknown depth below the 
quarry floor, and can be traced along-strike for 
several hundred metres. Copp (unpublished) 
recorded a complex assemblage o f distinctive 
facies occurring in a definite sequence, from the 
margins towards the centre, within this fissure 
and also within Fissure 5 (=  CIV o f Copp,

unpublished). Against the walls o f the fissure is 
commonly found a red, haematite-stained lime
stone and limestone breccia. Observations o f 
Fissure 5, made in May 2000, revealed that here 
at least this marginal layer is a thin flowstone, 
analogous to re-deposited calcite flowstones 
found in many limestone caves and fissures. 
This is succeeded by three distinct units; a 
‘Complex Breccia*, a clastic limestone, and a 
pink crinoidal limestone. The fissure fill is 
commonly divided medially by a vuggy calcite 
vein, with this same facies sequence mirrored 
on the opposite side. The ‘Complex Breccia’ 
comprises an assemblage o f intermixed breccias, 
conglomerates and marine limestones. The 
marine limestones include pale-yellow calcilutite, 
pale-grey calcarenite and pink biosparite, while 
the breccias and conglomerates contain clasts o f 
Carboniferous Limestone, chert and weathered 
andesites and tuffs. One conglomerate type has 
rounded clasts o f calcilutite in a clastic limestone 
matrix and this, and the other rudaceous facies, 
are sometimes rich in late Triassic (Rhaetian or 
Penarth Group) fish teeth. Laminations are pre- 
dominandy sub-parallel to the fissure walls but 
some blocks are horizontally bedded and may 
show soft-sediment deformation.

Succeeding the ‘Complex Breccia*, towards 
the centre o f the fissure, are pale bioclastic 
limestones and pink crinoidal biosparites. The 
pale limestone is often richly fossiliferous, 
particularly with bivalves, mosdy infaunal taxa, 
and brachiopods but also yielding belemnites, 
gastropods and solitary corals. The base (outer 
edge) o f this limestone grades down into 
calcarenite locally rich in hybodont shark teeth. 
The pink crinoidal biosparite is coarse grained

Figure 3.22 Sketch map of the distribution of 
Mesozoic fissures identified in Cloford Quarry in May 
2000 (widths of fissures not to scale).
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and contains occasional angular clasts o f 
Carboniferous Limestone and chert. It contains 
a fossil fauna similar to, though better-preserved 
than, that o f the pale limestone beneath including 
the brachiopods Cirpa fron to , Zeilleria sub- 
digona , Z. sarthacensis and Tetrarbynchia 
subconcinna, the bivalves Chlamys, Oxytoma, 
Placunopsis and Grypbaea, and rare Pechioceratid 
ammonite fragments.

Although these two limestone types occur 
towards the centre o f the largest fissures, they 
may also comprise the main infill o f some o f the 
smaller fissures. Additional facies associated 
with these two limestone facies are a blue-grey 
argillaceous limestone, with belemnites and 
brachiopods, and a brown siltstone in the centre 
o f Copp’s Fissure CXIV (Fissure ?22). The latter 
facies yielded a rich microfauna dominated 
by the foraminifera Planularia protracta  and 
representatives o f the Lingulina tenera group, 
along with several other species and some 
indeterminate cytheacean ostracods (Copestake,
1982). Pale cream-coloured, ironshot limestone 
in Copp’s Fissure CXX yielded well-preserved 
Toarcian ammonites, including Hildoceras, 
Hildaites, Nodicoeloceras and Lytoceras (Figure 
3.23).

O f the remaining fissures it is Fissure 24 
(figured by Copestake, 1982, fig. 3; Simms, 
1997, fig. 7) that is perhaps o f greatest interest. 
Copestake (1982) noted that this had sub
parallel sides and a flat base coincident with a 
bedding plane in the Carboniferous Limestone, 
but observations in 1991 showed that this 
apparent base represented a plane o f offset, o f

Figure 3.23 Hildoceras (left) and Nodicoeloceras 
(right) from Fissure CXX at Cloford Quarry, indicating 
a Lower Toarcian Bifrons Zone age for the infill. 
Specimens from the Charles Copp Collection at 
Bristol City Museum. Nodicoeloceras is 50 mm 
across. (Photo: M.J. Simms.)

about 0.5 m to the south, with the fissure 
continuing down below the quarry floor. 
Furthermore, the main fissure-fill is cut by a 
second parallel fissure, filled with slightly 
darker and coarser sediment, which passes 
across the bedding plane without any offset 
(Figure 3.21).

In general the narrower fissures have fissure- 
parallel sediments, such as in fissures 6, 12 and 
13 but the larger ones often have slumped, 
sub-horizontal sediments, such as in fissures 
5 and 23. Although the fissure walls tend to be 
sub-parallel, they often converge upwards or 
downwards; for instance Fissure 11 narrows 
upwards, the adjacent Fissure 12 narrows down
wards, while Fissure 4 pinches out altogether 
about halfway up the quarry face and Fissure 19 
bifurcates and then rejoins in the upper part o f 
the quarry face.

Copp (unpublished) recorded the presence 
o f at least one fissure (his Fissure CIX), since 
destroyed, that appeared to have uneven, ‘water 
eroded’ walls but no similar examples were 
visible in May 2000 or on an earlier visit in 1991.

Interpretation

The history o f the fissures at Cloford Quarry is 
complex and enigmatic, although observations 
made here have proven crucial to understanding 
their origin. The straight and often sub-parallel 
sides o f many o f the fissures has established that 
most o f the fissures at this site, and indeed 
throughout the Mendip region, are ‘pull-apart’ 
structures resulting from extensional tectonic 
activity. Their orientation sub-parallel to the 
major Leighton Fault suggests that their develop
ment was associated with intra-Jurassic movement 
on this structure, as was proposed for similar 
fault-parallel fissures at the Leighton Road 
Cutting GCR site (Jenkyns and Senior, 1991). 
Fissure 24 is particularly illuminating in this 
respect since the offset o f the earlier fissure-fill 
but not the later one (Figure 3.21) indicates at 
least two extensional events, with the later one 
initially being accommodated by bedding-plane 
sliding prior to further widening o f the original 
fissure.

The presence o f red flowstone against the 
walls o f Fissure 4 demonstrates that its initial 
phase o f development must have occurred in a 
subaerial environment, probably in late Triassic 
times (Simms, 1990b), but the major early 
Jurassic transgression clearly led to the relatively
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rapid submergence o f the area, with the result 
that all subsequent sediments are demonstrably 
marine in origin. Copp (in Duff et al., 1985) 
proposed a model whereby much o f the Jurassic 
sediment was sucked into the fissures as they 
opened abrupdy beneath a cover o f sediment on 
the sea floor. He termed these ‘injection 
fissures’ and cited various lines o f evidence to 
support this interpretation, among them the 
lack o f solutional modification o f the fissure 
walls, the common occurrence o f fissure-parallel 
laminations, and the frequent reworking o f 
older sediments. However, all can be accounted 
for by more conventional processes. The lack o f 
solutional modification may reflect limited 
hydrological input during the subaerial phase 
and exclusion o f light, upon which marine 
bio-erosion is dependent, following submergence 
(direct dissolution o f limestone by seawater does 
not occur; see Simms, 1990c). The accretion 
o f sediment parallel to the walls is a well- 
documented phenomenon in caves and fissures 
(Bull, 1981), while collapse and reworking o f 
earlier sediments might be expected if the 
fissure experiences more than one episode o f 
extension. It is clear that the largest fissures 
experienced several successive episodes o f 
widening, now represented by the distinct 
‘zones’ o f fissure-parallel sediments and an often 
central calcite vein. It is unlikely that many o f 
these fissures were open on the sea floor during 
the early Jurassic Period for more than very short 
periods o f time. Certainly, upward-narrowing 
fissures, such as Fissure 4, cannot have done so 
while even those that extended to the sea floor 
may well have had the actual opening blocked 
by collapse debris and accumulated sediment, 
such that sediments and fossils worked their way 
only slowly down into the lower parts o f the 
fissures (Simms, 1997). The presence o f angular 
blocks o f Carboniferous Limestone within the 
finer Jurassic sediments is dear evidence o f 
instability and collapse o f the fissure walls, while 
the presence o f large rounded clasts and larger 
fossils, indistinguishable from those in normal 
bedded sequences such as those o f the Radstock 
Shel£ indicates periods when the fissures were 
more open to the sea floor. It is unlikely that 
most o f the fossils were actually living in the 
fissures, while the rounded calcilutite clasts, o f 
presumed reworked Jurassic sediment, cannot 
have reached this state within the confines o f the 
fissure and indicate erosion on the sea floor 
before being incorporated into the fissure. The

presence o f ‘fissure facies’ limestones in a 
‘normal* bedded sequence at the Leighton 
Road Cutting GCR site is particularly significant 
in this respect, but the lithology o f other clasts in 
the conglomerates indicate that the Mendip 
Massif was already deeply eroded, with the 
presence o f andesitic clasts indicating that even 
the Silurian volcanic rocks were unroofed by 
earliest Jurassic times.

The inferred age range o f the various facies 
represented in the Cloford Quarry fissures is 
considerable and their relationship to each 
other apparendy complex. The results were 
summarized in a table by Copp (in Duff et al.,
1985). Conventionally the reddened sediments 
close to the fissure walls have been interpreted 
as Triassic in age although there is no conclusive 
proof o f this. Copp (in Duff et a l., 1985) 
considered much o f the ‘Complex Breccia’ to be 
latest Triassic (Penarth Group) or earliest 
Hettangian in age. The pale bioclastic lime
stones and calcilutitic conglomerates were 
assigned a Raricostatum Zone age and the 
succeeding pink crinoidal limestones were 
considered to be o f Jamesoni Zone age, although 
at least one o f the brachiopods, Tetrarhynchia 
subconcinna, is known only from the Spina turn 
Zone (Ager, 1956-1967). Copp (in Duff et a l., 
1985) also noted the presence at Cloford Quarry 
o f sediments o f the (Upper Pliensbachian) 
?Margaritatus Zone, the (Toarcian) Serpentinum 
and Bifrons zones and the (Upper Bajocian) 
Garantiana Zone.

Only the microfossil work by Copestake 
(1982) has been published in any detail. He 
noted that most o f the foraminifera recovered 
from the brown siltstone in Fissure CXIV were o f 
long-ranging taxa known to extend from at least 
the Rhaetian or Hettangian strata to high in the 
Lower Jurassic succession. However, most o f 
these taxa are characteristic o f the Lower 
Sinemurian Substage and, by comparison with 
other well-documented sites such as Hock 
Cliff, he suggested that the fauna indicated a 
Bucklandi Zone or Semicostatum Zone age.

Conclusions

The Carboniferous Limestone at Cloford Quarry 
is cut by an unusually clear and diverse 
assemblage o f the sediment-filled, tectonic pull- 
apart fissures which are such a long-noted 
feature o f the Mesozoic succession in the 
Mendip Hills. Certain o f the fissures here
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provide important evidence for the mechanism 
by which these fissures form, whereas others 
record a clear sequence o f distinctive facies 
demonstrating a long and complex history o f 
extension in this region. The earliest phase o f 
fissure opening appears to have been in a 
subaerial (?Triassic) environment although 
subsequently this was inundated by the early 
Jurassic transgression and all subsequent sedi
ments are exclusively marine. The presence in 
the fissure fills o f locally derived Silurian, 
Devonian and Carboniferous clasts testifies to 
the extent o f erosion o f the Mendip Massif 
already by Early Jurassic times.

HOLWELL QUARRIES, SOMERSET 
(ST 726 450)

Introduction

The Holwell Quarries GCR site is a site o f 
international importance both geologically and 
historically from which Charles Moore obtained 
some o f the earliest known mammals. Fissure 
fills here range from late Triassic to mid-Jurassic 
in age and include a diverse fauna o f both 
terrestrial and marine vertebrates and inverte
brates. The site provides important evidence for 
the relationship between faulting and the 
pull-apart fissures, and the relationship o f the 
fissures to late Triassic and mid-Jurassic palaeo- 
surfaces also exposed in the quarry complex.

Limestone was being quarried at this site in 
the first half o f the 19th century and this 
quarrying continued for the next 150 years, 
leading to a complex o f abandoned quarries 
that straddle the A36l, the main Frome-Shepton 
Mallet road (Figure 3.20). Charles Moore was 
the first to recognize that the Carboniferous 
Limestone here was cut by numerous fissures 
filled with substantially younger material. His 
investigations, described in a major paper 
(Moore, 1867a) revealed that these fissure fills 
were Mesozoic, principally late Triassic and early 
Jurassic, in age. The discovery o f teeth o f what, 
at that time, were the earliest known mammals 
provoked most interest in the fissures at Holwell 
Quarries. Further work on the vertebrates was 
undertaken by Kiihne (1947), Robinson (1957), 
Benton and Spencer (1995) and Dineley and 
Metcalf (1999). Savage and Waldman (1966) 
included a description o f the site and a sketch 
map o f the main geological features visible in the

quarry complex at Holwell, and Savage (1971) 
described a tritylodontid maxilla from here. 
Savage (1977) published an updated description 
o f the quarry and (Savage, 1993) described the 
history o f investigation o f the site and included a 
photograph, taken in 1864, o f the main face 
described by Charles Moore. There have been 
many other brief references or descriptions, 
such as those o f Richardson (1909), Reynolds 
(1921) and Macfadyen (1970), particularly in 
relation to the taxonomy o f the mammals and 
other vertebrates. However, since the vertebrates 
are considered to be largely Triassic in age 
(Evans and Kermack, 1994) they are not 
considered in any detail here.

Although much discussed by Moore (1867a), 
the Lower Jurassic marine invertebrate fauna 
from the fissure fills has been largely neglected. 
Some elements were mentioned by Copp (in 
Duff et al., 1985), who described the disused 
quarry at Holwell Brook (ST 729 450), and 
Copestake (1982) discussed the microfauna 
obtained from one fissure fill here.

Description

Carboniferous Limestone o f the Vallis Limestone 
Formation crops out in an elongate window, 
extending north-east towards Frome, but other
wise is concealed beneath a cover o f Middle 
Jurassic (Upper Bajocian-Bathonian) limestones 
and clays. In the vicinity o f the quarry complex 
the Carboniferous Limestone dips almost due 
south at about 20° and is traversed by several 
major faults with east-west or north-east- 
south-west trends. Savage and Waldman (1966) 
provide the only sketch map o f the distribution 
o f fissures and other geological features within 
the quarry complex covered by the GCR site. A 
third quarry is currendy operating to the north 
o f those figured by Savage and Waldman (1966), 
but lies beyond the GCR site boundary. In the 
original description by Moore (1867a) it was 
observed that several o f the fissures narrowed 
upwards, from 8 m or 9 m near the quarry floor 
to almost nothing at the top. Moore (1867a) 
noted a range o f lithologies within these 
fissures, including clays, laminated limestone 
and conglomeratic units, and listed (Moore, 
1867b) 32 Lower Jurassic species from them. In 
particular he recorded the brachiopods 
Spiriferina walcotti, S. munsteri, 4Rbyncbonella’ 
variabilis (possibly Cirpa sp.; see Ager, 1956- 
1967, pp. 55-56) and Lobothyris punctata from
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two o f the wider fissures. Moore (1867a) 
commented on the diversity o f small gastropods 
obtained from one fissure, citing the presence o f 
ten genera; Hudelston and Wilson (1892) 
subsequendy produced a revised list o f 11 
gastropod species. Copestake (1982) recorded 
four species o f foraminifera and three species o f 
ostracod from a grey siltstone in one fissure on 
the southern wall o f the southern quarry. The 
vertebrate fauna has always formed the main 
focus o f palaeontological interest at this site. 
It was recognized by Moore and by others 
subsequendy as being largely Triassic in age.

Although some o f the fissure fills are at least 
partly Triassic in age, the site is important for 
demonstrating the relationship o f the fissures to 
the geology. Most o f the fissures cut the 
Carboniferous Limestone. Savage (1977) noted 
that they were truncated by horizontally bedded 
Middle Jurassic limestones which overlie the 
planed-off Carboniferous Limestone just to the 
north o f the GCR site. In the southern part o f 
the site several almost vertical fissures penetrate 
an extensive boulder conglomerate, o f presumed 
Triassic age, described and mapped out by 
Savage and Waldman (1966). Another fissure 
cutdng through Carboniferous Limestone on the 
west face is developed on a minor dip-slip fault.

Interpretation

Most o f the fissures in the Holwell Quarries 
GCR site do not differ significandy in their 
configuration and in the nature o f their sedi
ment infills from examples seen at the C loford 
Quarry GCR site. However, at least one shows 
a clear relationship between faulting and fissure 
development. Other fissures within this site 
cut through boulder conglomerates that were 
interpreted by Savage and Waldman (1966) as 
Triassic wadi deposits. The relationship o f the 
fissure boundaries, which cut some o f the 
larger clasts, demonstrates that these wadi-fill 
conglomerates were well cemented by the onset 
o f Assuring.

The age range o f the fissures cannot be 
constrained precisely although at least some 
post-date emplacement o f the boulder 
conglomerates and many, if not all, pre-date 
deposition o f the Inferior Oolite Group lime
stones above the unconformity surface. Much o f 
the vertebrate material appears to be latest 
Triassic in age. Kiihne (1947) noted consider
able similarities between the Holwell Quarries

fauna and that isolated from the basal Penarth 
Group bone bed at Aust Cliff. Although 
Oligokyphus is considered an early Jurassic 
taxon on the basis o f evidence from Windsor Hill 
Quariy (ST 614 452) (Kiihne, 1956), Savage and 
Waldman (1966) did not make any assumptions 
concerning the age o f the specimen found at 
Holwell Quarries. This was subsequently shown 
to be referable to an indeterminate tritylodontid, 
a group known to span the Triassic-Jurassic 
boundary (Savage, 1971). The invertebrate 
fauna also does not enable fissure fills to be 
precisely dated, particularly since no ammonites 
have been found. Moore (1867b) claimed a 
Pliensbachian age for at least one fissure, on the 
basis o f gastropods, but accepted a late Triassic, 
Rhaetian, age for another fissure on the basis o f 
its vertebrate fauna. The brachiopods suggest 
an age range spanning much o f the Sinemurian 
and Pliensbachian stages. Copestake (1982) 
deduced that the microfauna indicated a Lower 
Sinemurian, Bucklandi Zone, age for the sample 
he analysed. Most o f the remaining fauna is o f 
little biostratigraphical value, although Isocrinus 
tuberculatus also suggests a Lower Sinemurian 
age.

Conclusions

The importance o f the fissure fills at the 
Holwell Quarries GCR site concerns the early 
mammalian fauna that they have yielded. 
Although traditionally this fauna has been 
considered late Triassic in age, other elements o f 
the invertebrate fauna from this site indicate a 
substantial early Jurassic component to the 
fissure fills. The site is also important for 
demonstrating the relationship o f the fissures to 
minor faults and to earlier Mesozoic terrestrial 
deposits.

LEIGHTON ROAD CUTTING, 
SOMERSET (ST 702 437)

Introduction

The Leighton Road Cutting GCR site is a small 
road cutting on the north side o f the A361, 
about 8 km south-west o f Frome (Figure 3.20), 
which was excavated during road improvements 
in the 1970s. It exposes the only section 
through a normally bedded Lower Jurassic 
sequence in facies analogous to those
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encountered more widely in fissure fills across 
the Mendip Hills. As such it is fundamental to 
understanding the nature o f these fissure fills 
and their relationship to the early Jurassic 
palaeosurface in this area. The section was 
investigated by Charles Copp and was also 
visited by Hugh Jenkyns, some o f whose notes 
and sketches were published subsequently 
(Jenkyns and Senior, 1991). These remain the 
only published account o f this crucial site.

Description

In 1999 the section at Leighton Road Cutting 
was largely obscured by soil and vegetation, but 
in 1977 Jenkyns made a sketch o f the exposure 
(Jenkyns and Senior, 1991, fig. 12). This showed 
a knoll-like outcrop o f moderately dipping 
Carboniferous Limestone overlain unconfor- 
mably by Jurassic sediments (Figure 3.24). The 
unconformity surface was penetrated by 
4Lithophaga and other borings' and, on its lower 
flanks, by small cavities filled with laminated

sediment. The main body o f the limestone was 
cut by several small clastic dykes orientated 
roughly north-east-south-west and filled with 
red crinoidal limestone. These yielded a 
brachiopod fauna including Quadratirbyncbia, 
Prionorhyncbia and juvenile Cirpa. Above 
the unconformity surface, and onlapping onto 
the lower part o f the ‘knoll’, was up to 0.73 m o f 
red crinoidal limestones capped by an oyster- 
encrusted planar unconformity surface and 
overlain by Upper Bajocian (Parkinsoni Zone) 
limestones. The latter onlapped direcdy 
onto the upper part o f the ‘knoll’ . Copp 
(unpublished) reported a more complex 
sequence below the Upper Bajocian limestone, 
passing from pale limestone, through pink 
crinoidal limestone with Citpa, to a yellowish 
crinoidal limestone some distance above. 
Jenkyns and Senior (1991) reported that 
these normally bedded sediments were them
selves cut by clastic dykes and bed-parallel 
fissures filled with fine-grained laminated 
carbonates.

oyster-encrusted * 
planar unconformity Lithophaga and 

' o ther borings N

Carboniferous
Limestone

red crinoidal 
limestone dykes

laminated
cavity

Upper 1
Marty Limestone 
(Parkinsoni Zone)

oyster-covered 
S'*^planar unconformity

Upper Plicnsbachian 
crinoidal limestone

Parkinsoni Zone
marly limestone
oyster-encrusted surface

Upper Pliensbachian

marly crinoidal limestone

bored surface 
Carboniferous Limestone

Figure 3.24 Sketch of exposure at Leighton Road Cutting, as seen in 1977, and detail o f succession. After 
Jenkyns and Senior (1991).
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Interpretation

The various facies, and the sequence in which 
they occur here, show similarities to the 
successions which have been observed in some 
o f the fissures at sites such as C loford Quarry 
and Holwell Quarries. The ages o f these 
facies, as deduced from the biota, are broadly 
comparable between the two settings, being o f 
Upper Sinemurian to Upper Pliensbachian age. 
O f significance is the fact that these normally 
bedded sediments are indistinguishable from 
their correlatives in the fissure fills, indicating 
that they were deposited in similar environ
ments. The presence o f an intensely bored 
surface on the Carboniferous Limestone beneath 
the Lower Jurassic sediments indicates that 
there was a period o f marine erosion and non
deposition before the earliest Jurassic sediments 
represented here. Similarly, the oyster-encrusted 
surface immediately below the Upper Bajocian 
limestone indicates that higher parts o f the Lower 
Jurassic succession may have been removed by 
erosion in Middle Jurassic times. Indeed it sug
gests that the prevalence o f these Lower Jurassic 
sediments in fissures, and their rarity in normally

bedded sequences on the southern flanks o f the 
Mendip Massif may be attributable largely to 
Middle Jurassic erosion. Jenkyns and Senior
(1991) noted the parallel orientation o f most o f 
the clastic dykes here with the trend o f the 
Leighton Fault just to the south (Figure 3.20), 
and suggested that they may have developed in 
association with movement on this fault.

Conclusions

The facies and ages o f the Lower Jurassic 
normally bedded succession at the Leighton 
Road Cutting GCR site are similar to those 
recorded from fissure fills at other sites in the 
area, such as at C loford Quarry and Holwell 
Quarries. The presence o f these sediments 
here demonstrates that those contained within 
the fissures do not represent a distinct and 
unique Assure facies’ but are marine shelf 
sediments that have collapsed into the fissures. 
Their relationship to the Carboniferous 
Limestone below and the Upper Bajocian 
limestones above suggest that outcrops o f these 
sediments in this area may largely have been 
removed in Middle Jurassic times.
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INTRODUCTION

MJ. Simms

The Severn Basin, sometimes also known as the 
‘Worcester Basin’ or ‘Worcester Graben’, is an 
elongate basin trending north-south containing 
a thick Mesozoic succession. Its eastern and 
western boundaries are well defined by the Vale 
o f Moreton Anticline and the East Malvern 
Fault respectively (Figure 4.1), a width o f about 
50 km. The north and south limits o f the basin 
are less clearly delimited but extend probably 
from the Kidderminster-Bromsgrove area in the 
north, southward to beyond Stroud, a distance 
o f 90 km or more (Sellwood et al., 1986). Lower 
Jurassic rocks crop out extensively in the 
southern part o f the basin and attain a total 
thickness o f almost 500 m. However, details o f 
many parts o f the succession are poorly known. 
The Stowell Park Borehole penetrated the full 
succession in the eastern part o f the basin and 
was well documented (Green and Melville, 
1956; Melville, 1956; Spath, 1956), with several 
other boreholes subsequendy penetrating parts 
o f the Lower Jurassic sequence elsewhere, such 
as the Ilcttangian and lowermost Sincmurian 
successions at TWyning (Worssam et a l., 1989) 
and the Pliensbachian and Toarcian sequences 
on Bredon Hill (Whittaker and Ivimey-Cook, 
1972). However, although virtually all ammonite 
zones and subzones have been proven at 
surface outcrop (Simms, 2003b), there are few 
permanent exposures. A few low cliffs and 
foreshore exposures occur along the banks o f 
the River Severn and Severn Estuary down
stream o f Gloucester, but these expose only 
Hettangian and lowermost Sinemurian strata 
and remain mostly undocumented. Later 
Sinemurian strata have been exposed only in 
temporary excavations while Pliensbachian and 
Toarcian strata, which crop out mosdy on or at 
the foot o f the Cotswold scarp and its oudiers, 
are exposed only in occasional landslip scars 
or in brickpits and quarries, the latter now 
mostly defunct. Seven sites have been selected 
for GCR status, representing parts o f the Lower 
Sinemurian and the Lower Pliensbachian, almost 
the entire Upper Pliensbachian, part o f the 
Lower Toarcian and the Upper Toarcian 
sequences (Figure 4.2). Other parts o f the 
succession are too poorly known or exposed to 
warrant designation o f GCR sites.

By far the finest Lower Sinemurian exposure 
is at Hock Cliff. At the still active B lockley 
Station Quarry an exceptionally thick and 
fossiliferous sequence through part o f the Lower 
Pliensbachian succession is exposed. Farther 
south the long disused Robin’s Wood H ill 
Quarry still affords a magnificent exposure 
through much o f the Pliensbachian succession. 
All the quarries excavated in the Whitby 
Mudstone Formation o f the lower part o f the 
Toarcian Stage are long disused and heavily 
overgrown. The most famous o f these, 
A lderton  H ill Quarry, has yielded an 
exceptional fossil fauna including fish and 
insects. In the southern part o f the basin three 
Upper Toarcian sites, namely Wotton Hill, 
Coaley Wood and Haresfield Hill, have been 
selected to show the range o f lateral variation 
within the Cotswold Cephalopod Bed Member, 
a unique facies development o f the Bridport 
Sand Formation.

Lithostratigraphy and facies

Data obtained from the few permanent 
exposures and from temporary exposures across 
the Severn Basin over a more than 30-ycar period 
(Simms, 2003b) have helped to build up a fairly 
clear picture o f the stratigraphy o f this thick 
Lias Group succession. Typical Penarth Group 
mudstones with thin sandstones and limestones 
are exposed in river cliffs at Wainlode Hill 
(SO 845 257) north o f Gloucester, and at 
Westbury-on-Sevem (SO 717 129) (descriptions 
summarized in Macfadyen, 1970) and are 
succeeded by poorly exposed alternating mud
stones and limestones o f the basal Lias Group 
‘Pre-Planorbis Beds’. Some o f the limestones in 
this part o f the succession are laminated and 
have yielded rich insect faunas from these sites 
and from 19th century quarries. , The Planorbis 
and Liasicus zones are seldom well-exposed 
but are developed in fairly typical Blue Lias 
Formation facies o f limestones, sometimes 
laminated, and mudstones. Limestone-mudstone 
alternations are particularly frequent in the 
succeeding Angulata Zone and in the Conybeari 
Subzone at the base o f the Sinemurian Stage; 
this part o f the succession is rather indifferendy 
exposed on the foreshore and low cliffs 
along the Severn Estuary around Gatcombe 
(SO 685 057), Awre (SO 706 074) and Arlingham 
(SO 712 098). Limestones are more widely
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Figure 4.1 Generalized geology o f the Severn Basin and western edge o f the East Midlands Shelf. Only the 
main basin-bounding faults are indicated. Numbers correspond to the locations o f the GCR sites: 18 -  Hock 
Cliff; 19 -  Blockley Station Quarry; 20 -  Robin’s Wood Hill Quarry; 21 -  Alderton Hill Quarry; 22 -  Wotton 
Hill; 23 -  Coaley Wood; 24 -  Haresfield Hill; 25 -  Newnham (Wilmcote) Quarry (Chapter 5); MB -  Mickleton 
Borehole; SPB -  Stowell Park Borehole.
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Figure 4.2 I.ithostratigraphical subdivisions and stratigraphical ranges o f GCR sites for the Lias G roup o f the 
Severn Basin.

spaced in the Rotiforme, Bucklandi and 
Lyra subzones, with dark laminated shales a 
conspicuous feature in the Rotiforme Subzone. 
This part o f the succession is exposed at several 
points along the Severn Estuary, on the fore
shore at Awre, near Arlingham (Glass Cliff), at 
Maisemore (SO 818 216) (Richardson, 1906c) 
and especially at H ock  Cliff. The remainder o f 
the Sinemurian Stage is only ever represented by 
exposures o f mudstones with few limestone 
beds in temporary excavations. They can

be assigned to the Charmouth Mudstone 
Formation. The Semicostatum to Obtusum zones 
typically comprise blue-grey clays, commonly 
with cementstone nodules. Phosphatic nodules 
and fossils are common in the lower part o f the 
Sauzeanum Subzone, suggesting a minor hiatus. 
The Denotatus Subzone is less than 0.5 m thick 
and there is a hiatus, indicated by bored and 
encrusted bivalves and belemnites, at the 
junction with the succeeding Simpsoni 
Subzone. The Oxynotum Zone and the ensuing
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Raricostatum Zone are quite thickly developed 
in blue-grey mudstones with an abundant, 
commonly pyritized, fauna (Simms in 
Hollingworth et al., 1990; Simms, 2003b), 
equivalent to the Stonebarrow Pyritic Member 
o f the Wessex Basin.

Lithostratigraphical descriptions o f the Upper 
Sinemurian succession in the Severn Basin made 
by Murchison (184$) and by Wright (1878-1886) 
have influenced subsequent interpretation o f 
this part o f the sequence (e.g. Cope et a l., 
1980a). Wright’s observations were broadly 
correct and are still useful today, notably his 
recognition o f a thin ‘Coral Bed’ packed 
with Styllopbylopsis rugosa. However, it has 
proven impossible to reconcile Murchison’s 
descriptions o f the Upper Sinemurian to Lower 
Pliensbachian sequence with that deduced from 
abundant observations o f temporary exposures 
across the Severn Basin over the last 30 years 
(Simms, 2003b). It appears to have little basis in 
reality, despite incorporation into the Geological 
Society correlation volume o f Cope et al. 
(1980a).

The Jamesoni Zone at the base o f the Lower 
Pliensbachian Substage is developed in alter
nating light and dark mudstones, lithologically 
similar to the Belemnite Marl Member o f the 
Dorset coast, with abundant bclemnites and a 
diverse fauna o f pyritized ammonites. The Ibex 
Zone comprises grey, commonly richly fossiii- 
fcrous, mudstones with cementstone nodules 
and some shell beds, as exposed at the Blockley 
Station Quarry GCR site. The Davoei Zone is 
characterized by grey mudstones that become 
increasingly silty upwards and are transitional to 
the Dyrham Formation. A conspicuous sandy 
siltstone unit around the middle o f the zone, the 
Capricomus Sandstone, is an important marker 
band that can be traced from at least Bredon Hill 
in the north (M.J. Simms, unpublished observa
tions) southwards to the Stroud area (Palmer, 
1971) and perhaps to Hawkesbury, 5 km south 
o f Wotton-under-Edge (Cave, 1977). The entire 
Davoei Zone (including the Capricomus 
Sandstone) and Dyrham Formation is superbly 
exposed at the Robin ’s W ood H ill Quarry GCR 
site, this being the type locality for the formation 
(Cox et a l., 1999). Poor exposures are seen 
occasionally along the steep scarp o f the 
Cotswold Hills and outliers to the west. The 
Dyrham Formation comprises silty mudstones

with several distinctive, and often widely trace
able, limestone or sandstone bands (Simms, 
1990a). The overlying Marlstone Rock 
Formation shows considerable variation in facies 
and thickness, apparently related to underlying 
structural controls. The junction with the 
Dyrham Formation may represent a significant 
erosion surface (Simms, 1990a). The overlying 
Whitby Mudstone Formation is poorly exposed 
in the extensively slipped ground along the 
Cotswold scarp and the oudying hills. Recent 
observations (M.J. Simms, unpublished) and 
published accounts (Tomes, 1886; Richardson, 
1929b; Whittaker and Ivimey-Cook, 1972) 
indicate that it is predominandy o f blue-grey 
mudstone, sometimes finely laminated as in the 
Dumbleton Member o f Alderton H ill Quarry, 
with subordinate argillaceous limestone bands. 
South o f Cheltenham the upper part o f the 
Toarcian succession is replaced by the Bridport 
Sand Formation, which may extend as low as 
the Bifrons Zone. It is not significandy different 
here from where it is better exposed on the 
Dorset Coast at the East C liff GCR site, 
comprising dull yellow, commonly silty and 
extensively bioturbated, friable sands with 
harder bands o f calcareous sandstone. Both in 
the north, on Bredon Hill (Buckman, 1903), and 
south, in the Wotton-under-Edge area, the upper 
part o f the succession (Variabilis Zone and 
above) is developed in sandy bioclasdc lime
stones with ammonites abundant at many 
levels. In the Wotton-under-Edge area this 
facies is particularly well-developed and has 
been distinguished as the Cotswold Cephalopod 
Bed Member. Together with the upper part 
o f the underlying sandy facies o f the Bridport 
Sand Formation, it is well exposed in various 
disused quarries, sunken lanes and natural 
exposures, including the GCR sites at 
H aresfleld H ill, W otton H ill and Coaley 
Wood.

In conclusion, the Severn Basin preserves a 
thick and almost complete Lower Jurassic 
succession in which every ammonite zone, and 
almost every subzone, is represented.

Basin development

Within the Severn Basin, Permian and Mesozoic 
sediments reach thicknesses o f more than 
2 km, with no borehole having penetrated the
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Palaeozoic basement (Chadwick, 1985). 
Palaeozoic and Precambrian rocks crop out 
immediately to the west o f the basin, and to the 
east o f the Vale o f Moreton Anticline 
Palaeozoic strata have been proved at relatively 
shallow depth. Following suggestions that 
the margins o f the basin were fault-controlled, 
Whittaker (1975) proposed that the Severn 
Basin was a post-Variscan graben bounded by 
faults on which intermittent movements 
occurred throughout Triassic and early 
Jurassic times. It is now clear that the main 
graben structure comprises a complex o f 
horsts, grabens and half-grabens (Chadwick, 
1985, pers. comm.), with many o f these 
faults active at various times throughout the 
Mesozoic Era. Thickness changes in Cambrian 
strata across faults to the west o f the East 
Malvems Fault suggest that the origins o f the 
Severn Basin are pre-Caledonian, although its 
present north-south trend has been influenced 
by Caledonian and Variscan events. The basin 
experienced at least one episode o f tectonic 
inversion. Palaeozoic sediments are preserved 
on footwall blocks on either side o f the Severn 
Basin but are absent from the basin itself, with 
Permian and Mesozoic strata thought to rest 
directly on Precambrian basement (Chadwick, 
1985). Whittaker (1972b) observed that the Lias 
within the basin thinned across N-S-trending 
anticlines and thickened into the intervening 
synclines, demonstrating that movement must 
have occurred during early Jurassic times. The 
Severn Basin has clearly had a long and 
complex history due to re-activation o f pre
existing faults.

Facies variations within the basin must there
fore reflect a range o f structural controls as 
well as the effects o f exogenous factors such as 
climate and sea level. In particular, major 
environmental changes occurred at the close o f 
the Toarcian Stage, which affected deposition 
in the Severn Basin. Sea levels continued to fall 
and carbonate deposition expanded in response 
to climatic warming (Bradshaw et a l., 1992). A 
disconformity is recognized across the Severn 
Basin at the Early-Middle Jurassic boundary 
(Barron et a l., 1997), above which the Birdlip 
Limestone Formation was deposited. In the 
mid-Cotswolds, its base is marked by the 
Opaliniforme Bed, an iron-oolitic bioclastic 
limestone.

Comparison with other areas

Although many pans o f the Lower Jurassic 
succession in the Severn Basin are poorly 
known, they can be compared with other 
successions in Britain that are exposed at 
many o f the GCR sites. The Severn Basin 
succession is similar to that in the Wessex 
Basin to the south, and most o f the formations 
are lithologically similar to those o f the 
Dorset coast. These include the Blue Lias, 
Charmouth Mudstone and Bridport Sand 
formations. There are, however, differences in 
thicknesses, which enable some o f the under
lying controls on early Jurassic sedimentation 
to be identified, and help in reconstructing 
the early Jurassic history o f the basins. For 
example, in Dorset the Stokesi Subzone o f the 
Upper Pliensbachian Substage is represented by 
93 m o f mudstone, but by only 20 m at the 
Robin’s Wood H ill Quarry GCR site in the 
Severn Basin. In contrast, the Luridum Subzone 
(0.15 m in Dorset) and the Lower Toarcian 
succession (0.5 m in Dorset), are highly 
condensed in parts o f the Wessex Basin, but 
correlative strata in the Severn Basin attain a 
thickness o f 17 m (Luridum Subzonc at the 
B lock ley Station Quarry GCR site) and 
almost 100 m (Lower Toarcian succession) in the 
northern area o f the basin (Cope et a l., 1980a). 
Depositional rates within each basin clearly were 
influenced by local factors such as re-activation 
along fault lines.

However, some thin lithostratigraphical 
units in the Severn Basin succession are 
laterally widespread, such as the laminated 
limestone nodules, or ‘Fish Bed*, o f the Lower 
Toarcian Dumbleton Member. Similar nodules 
occur at closely comparable stratigraphical 
levels in the llminster area o f Somerset (Moore, 
1867b) and on the East Midlands Shelf 
(Howarth, 1978), indicating a wide-scale, 
probably eustatic, control. The distribution o f 
the Bridport Sand Formation also has 
interesting implications for the history o f both 
the Severn and Wessex basins. Its restricted 
areal distribution and diachronous nature, 
becoming younger southwards, precludes any 
purely eustatic control and indicates that the 
Mendip Massif did not present a significant 
barrier to north-south movement o f clastic 
sediment at this time.
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HOCK CLIFF, FRETHERNE, 
GLOUCESTERSHIRE (SO 725 093)

Potential GCR site

MJ. Simms

Introduction

Exposures o f  upper Hettangian and Lower 
Sinemurian strata occur at several localities 
along the tidal reaches o f  the River Severn 
between Gloucester and Sharpness. These 
include river cliffs at Maisemore (SO 818 216) 
(Richardson, 1906c), Fretheme (SO 725 093) 
(Richardson, 1908; Henderson, 1934) and 
Purton (SO 695 045) (Woodward, 1728; Weaver, 
1824; Woodward, 1893) and foreshore expo
sures at Awre (SO 706 074) (W itton, 1830), 
Arlingham (SO 712 098) and Gatcombe 
(SO 685 057). By far the most extensive o f  these 
is that at Hock Cliffy near Fretheme, about 10 km 
south-west o f Gloucester (Figure 4.1), a site that 
represents the best exposure in the Severn Basin 
o f the Blue Lias Formation. It exposes limestone- 
mudstone rhythms that pass up into a sequence 
with more widely spaced limestones, transitional 
to the Charmouth Mudstone Formation. The 
site has yielded an exceptionally diverse macro- 
and microfauna, including the type specimens 
o f  several bivalve species and holothurian 
morphospecies, undescribed species o f  asteroid 
and ophiuroid, and tw o amm onite genera 
unique in the British Lias.

The earliest description o f  the site was 
by George Cumberland in 1822. Brodie (1853) 
gave a further short account; a fuller description, 
w ith coloured sections, was published by 
Lucy (1883). The site was mentioned briefly by 
Woodward (1893), who ascribed the strata to the 
Angulata, Bucklandi and possibly higher zones. 
Richardson (1908) provided the first detailed 
stratigraphical description, concluding from 
ammonite evidence that the strata could be 
assigned a ‘marmorae-birchi’ age (=  Angulata to 
Tlim eri zones o f  the present system) or even a 
‘possible extension to megastomatos-obtusi’ 
( =  Laqueus to Obtusum subzones). However, 
he stated subsequendy (Richardson, 1910a) that 
‘the topmost limestones o f  marmorea hemera 
are just visible at low  tide and are succeeded 
by nodule-lined clays o f rotiformis-gmuendensis 
and possibly later hem erae’ ( =  topm ost 
Angulata Zone to Lyra Subzone). In a short note

on the section Trueman (1922a) stated that ‘it 
appears from recent observations that no beds 
lower than the bucklandi zone are present’ . 
Henderson (1934) gave a more detailed account 
o f  the fauna although her stratigraphical section 
was essentially the same as that o f  Richardson 
(1908). Other accounts have been concerned 
solely with aspects o f the fossil fauna. Ager 
(1954) figured material o f  two rhynchonellid 
species from here and Simms (1989) described 
crinoid material from the site. Gilliland (1992) 
gave a summary graphic log o f the succession 
and figured numerous holothurian spicules, 
including several new species based on material 
from the site.

Description

The Lower Lias exposed at Hock C liff extends for 
almost 1 km along the shore o f the Severn 
Estuary a few  hundred metres to the south-west 
o f  the village o f  Fretheme (Figure 4.3). At low  
tide a more than 17 m-thick succession o f mud
stones with subordinate limestone bands is 
exposed in the cliff and foreshore (Figures 4.4 
and 4.5), with the lowest limestone forming a 
ledge extending more dian 100 in into die river. 
A minor anticlinal fold occurs in the middle part 
o f the section, and a small but conspicuous 
asymmetric anticline is present towards the 
eastern end o f  the cliff. Slight flexuring occurs at 
the extreme western end, but the strata in the

Figure 4.3 Geology and location map for the Hock 
Cliff GCR site.
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Figure 4.4 Simplified graphic log of the succession 
exposed at Hock Cliff, Fretheme.

western half o f the cliff are almost horizontal. 
East o f the central anticline they dip gently east 
so that the highest part o f the succession is 
present only towards the eastern end. The 
section reproduced here is based on measure
ments made in 1999 and 2002 and observations 
made on numerous visits since 1976. Equivalent

bed numbers used by Richardson (1908) 
are included in parentheses; these are the same 
as those used subsequently by Henderson 
(1934).

Thickness (m)
29: Mudstone, yellowish-weathered (Bed 1). 0.45
28: Yellow Limestone. Limestone, grey, 

shelly, weathering yellow (Bed 2).
Arietites bucklandi, Coroniceras lyra, 
Amioceras ceratitoides. Cuneirbynchia 
oxynoti abundant, Cenoceras sp.,
Plagiostoma giganteum, Gryphaea
arcuata, Cblamys. 0.15

27c: Mudstone, grey-to yellow-weathered. c. 1.2 
27b: Paper shale, dark grey-brown, well

laminated. Fish debris. 0.22
27a: Mudstone, grey, shaly. 0.45
26: Limestone, impersistent, grey, earthy. 0.20
25e: Mudstone, grey, shaly. 1.50
25d: Mudstone, dark grey, shelly. 0.40
25c: Mudstone, grey, shaly, passing

downwards into; 0.30
25b: Shale, dark grey, passing downwards into; 0.10 
25a: Mudstone, grey, shaly. 0.10
24: Limestone, impersistent. 0.12
23: Mudstone, grey, shaly, with pyritized

burrows. 0.65
22: Limestone, fairly persistent. 0.15
21c: Mudstone, grey, shaly. 1.80
21b: Shale, dark grey. 0.08
21a: Mudstone, blue-grey, with occasional

limestone lenticles. 0.65
20: Limestone, persistent (Bed 10). In places

with an abundant benthic fauna including
Gryphaea, Plagiostoma, Antiquilima,
Cblamys, Oxytoma, Isocrinus and 
Miocidaris. 0.20

19c: Mudstone, grey, shaly, with burrow
motding towards top. Spines of 
Miocidaris lobatum abundant at base. 0.60 

19b: Mudstone, dark grey, shaly. 0.10
19a: Mudstone, grey, shaly, with burrow

mottling towards base. Hybodus tooth. 
Pyritized Amioceras sp. common 
throughout beds 19a-c. 0.65

18: Limestone, persistent (Bed 12).
Eucoroniceras sinemuriense. 0.16

17d: Clay, dark grey, shaly. Pyritized
multi-costate Coroniceras. 0.11

17c: Clay, grey, shaly, with occasional shelly
limestone lenses. 0.36

17b: Limestone, impersistent, lenticular.
Fossiliferous on upper surface. 0.12

17a: Clay, grey, shaly. Cfoarmasseiceras
cbarmassei. 0.72

16: Limestone, persistent (Bed 14). 0.20
15: Mudstone, grey, with occasional shelly

limestone lenticles (Bed 15).
Charmasseiceras cbarmassei.
Piarorbyncbia juvensis abundant
throughout. Gryphaea arcuata abundant
0.3 m below top, commonly as
intact specimens. Zeilleria sp.. 0.60
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Figure 4.5 Alternating mudstones and limestones o f the Bucklandi Zone near the top o f the Blue Lias 
Formation at Hock Cliffy looking eastwards. Bed 2 is exposed at river level on the lower right; the three 
conspicuous limestone bands in the lower half o f the main cliff face are beds 16, 18 and 20, with Bed 22 being 
the hunter band about 2 m higher. (Photo: M J. Simms.)

Thickness (m)
14: Limestone, fairly persistent (Bed 16).

Cenoceras striatus. 0.12
13c: Mudstone, grey, shaly, with abundant, 

dark, burrow mottling. Cbarmassei- 
ceras charmassei, abundant 
Piarorbynchia juvensis, occasional 
bio-eroded Gryphaea valves,
Pleurotomaria anglica, Oxytoma 
inequivalvis, Camptonectes sp.,
Isocrinus psilonoti. 0.72

13b: Shale, dark grey, very well-laminated.
Many pyritized burrows. 0.05

13a: Mudstone, blue-grey. Oxytoma
inequivalvis, intact Gryphaea arcuata 
and plesiosaur rib. 0.35

12: Limestone, rather constant, tabular
(Bed 18). Abundant Gryphaea arcuata. 
Cenoceras striatus. 0.12

11: Mudstone, blue-grey, darker and
more shaly in top 0.12 m. Abundant 
shell debris and darker Diplocraterion 
burrows. Charmasseiceras 
charmassei. 0.36

10: Limestone, rather impersistent (more 
so than beds 6 or 8). Charmasseiceras 
charmassei. 0.08

9c: Mudstone, blue-grey, shaly, darker 
towards base and with paler burrow 
motding. Worn ichthyosaur vertebra 
and bio-eroded Gryphaea. Passes 
down into; 0.28

9b: Shale, dark grey, very well-laminated, 
with conspicuous jointing and forming 
prominent break in shale slope. 
Charmasseiceras charmassei. Passes 
down into; 0.08

9a: Mudstone, blue-grey, becoming
darker towards top. Burrow motding 
in upper part and abundant dark 
Diplocraterion burrows in the
lower part. Gryphaea arcuata. 0.22

8: Limestone, rather impersistent
and forming irregular lendcular 
masses. 0.12

7e: Mudstone, fairly dark-grey, very shaly.
Gryphaea common and commonly 
highly bio-eroded. 0.09

7d: Shale, dark-grey, well laminated. 0.05
7c: Mudstone, blue-grey, shaly. Gryphaea

common and commonly highly 
bio-eroded. 0.08

7b: Mudstone, dark grey, shaly. Forms
conspicuous break on shore. 0.04

7a: Mudstone, blue-grey, shaly.
Charmasseiceras, Gryphaea common, 
sometimes bio-eroded. 0.30

6: Limestone, rather impersistent and
forming irregular lenticular masses 
(Bed 20). Driftwood. 0.12

5c: Shale, fairly dark-grey. Charmasseiceras,
Gryphaea common. 0.15

5b: Shale, dark grey, well laminated, forming
break on shore. 0.03
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Thickness (m)
5a: Mudstone, blue-grey, shaly, with 

occasional limestone lenticles and 
nodules. Crinoid and echinoid 
debris common, particularly in 
limestone lenticles. Pyritized and 
crushed 0.3 m-diameter Coroniceras
cf. rotiforme. 0.30

4: Limestone (Bed 22). 0.10
3c: Mudstone, blue-grey, shaly. 0.25
3b: Shale, dark grey, very well-laminated,

particularly in upper part. Coroniceras ? 
rotiforme, Vermiceras scylla. 0.10

3a: Mudstone, blue-grey, shaly. Crinoid
and echinoid debris common in shelly 
patches. 0.22

2: Limestone, grey, persistent, forming
conspicuous wide ledge at northern 
end of cliff at low tide (Bed 24). Upper 
0.05 m bluish and rather softer and 
contains common Vermiceras scylla. 0.25 

1: Mudstone, grey, fbssiliferous, exposed
only at northernmost end of foreshore 
during low tides (Bed 25). Vermiceras 
scylla, Gryphaea arcuata, Camptonectes 
sp., Isocrinus psilonoti, Miocidaris 
spines. 0.45 (seen)

Earlier accounts o f the section (Richardson, 
1908; Henderson, 1934) generally lacked detail, 
distinguishing only mudstones from limestones, 
but it is clear that the mudstones show signifi
cant facies variations. Nine persistent limestone 
bands can be recognized in the cliff and fore
shore. A further six, although impersistent, are 
sufficiendy well-developed to be easily traced 
along the cliff section, but other isolated lime
stone lenticles occur sporadically at any level, 
commonly associated with fossil debris. The 
lower part o f the succession (beds 1 to 14) 
shows a fairly distinct rhythmicity closely 
comparable with that considered typical o f the 
Blue Lias Formation by Hallam (1964a), with 
thin, dark, commonly pyritic, well-laminated 
shale units occurring towards the middle o f the 
paler, bioturbated mudstones that separate the 
limestones. Above Bed 14 these rhythms are 
indistinct or absent and the limestone bands are, 
in general, more widely spaced. The abundance 
o f Gryphaea in Bed 12 and towards the top o f 
Bed 15 render these useful marker horizons for 
both the eastern and western parts o f the cliff. 
The yellow-weathering shelly limestone o f Bed 
28 is particularly conspicuous as fallen blocks 
towards the eastern end o f the section, although 
it may be difficult to locate in situ.

Other than Bed 28, which contains fairly 
abundant brachiopods, bivalves, ammonites and

echinoderm debris, the limestone bands are, in 
general, rather poorly fossiliferous. With the 
exception o f ammonites, large specimens o f the 
nautilus Cenoceras, and Gryphaea, fossils are 
largely confined to localized patches on the 
upper surface o f the limestones and commonly 
are associated with these large cephalopods or 
with large pieces o f driftwood. Within the 
mudstones benthic macrofossils also tend to be 
concentrated at certain horizons or in localized 
patches. For example, the brachiopod Piaro- 
rhynchia juvensis is abundant throughout 
Bed 15 whereas spines o f the echinoid 
Miocidaris lobatum  are abundant at the base o f 
Bed 19c. The richest accumulations tend to be 
associated with shelly and crinoidal limestone 
lenses that have a flat top and irregular base. 
Although much o f the fossil material is 
broken and disarticulated, intact crinoids and 
ophiuroids have been found on the upper 
surface o f some o f these lenses. The thin, dark, 
well-laminated mudstone units in the lower part 
o f the succession have yielded only ammonites, 
although vertical pyritized burrow-fills are 
common in Bed 13b. The other mudstones 
show varying degrees o f bioturbation, with 
darker mudstones showing less disruption o f 
lamination than paler units. Distinct Chondrites 
and Diplocraterion burrows are visible at several 
levels.

Most o f the beds have only a limited foreshore 
outcrop and fossil material can be difficult to 
find in situ in the cliff. Nonetheless an 
exceptionally rich and diverse macrofauna has 
been recovered, primarily from loose material 
on the shore. Ammonites are common but often 
rather poorly preserved, immature and o f poorly 
understood arietitid taxa. Charmasseiceras 
charmassei is not uncommon in the lower 
part o f the section, while various small arietitids 
and Amioceras dominate the upper part o f the 
section. Large specimens o f both Arietites 
hucklandi and Coroniceras lyra have been 
recovered from Bed 28, which also commonly 
contains Amioceras ceratitoides (Spath, 1956). 
A large specimen o f Coroniceras cf. vercinge- 
torix  was also figured from here by Wright 
(1878-1886) (as Arietites hisulcatus\ see 
Donovan, 1954). More than 30 specimens o f 
the Tethyan micromorph Canavarites, together 
with a few o f the closely related genus 
Pseudotropites, have been found towards the 
eastern end o f this site and appear confined to 
the upper part o f the section. As such they
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represent unique records o f these genera in the 
British Lower Jurassic sequence.

Bivalves are a com m on, and often 
conspicuous, element o f  the fauna with many 
typical Blue Lias Formation taxa represented. 
The site has long been known for the occurrence 
o f  numerous large examples o f  Grypbaea 
arcuata with both valves articulated, and 
articulated examples at all stages o f  growth 
are common. Indeed, this is the type locality 
for the subspecies Grypbaea arcuata incurva 
(Sowerby, 1815), one o f  the best known o f 
British Lower Jurassic fossils; the holotype was 
re-figured by Hallam (1968b) and material from 
here has been used in investigations o f  the 
evolu tion  o f  this genus (Hallam, 1968b; 
Johnson, 1993; Jones and Gould, 1999). The 
holotype o f Antiquilim a antiquata (Sowerby, 
1815) was also from  here, as were three nominal 
species o f  Cardinia -  C. cuneata, C. ovalis and 
C. imbricata -  described by Stutchbury (1842) 
and re-figured by Palmer (1975).

Brachiopods are fairly common, particularly 
at two horizons; with Piarorbyncbia juvensis 
abundant in the mudstones o f Bed 15 and 
Cuneirhynchia oxynoti in the uppermost lime
stone, Bed 28. Ager (1956-1967) used material 
from this site to obtain serial sections o f both 
species. The terebratulid Zeilleria perforata 
has been recorded occasionally, from Bed 18 
(Richardson, 1908) and from Bed 15. Davidson 
(1851-1852, 1876-1878) described a new 
species o f  inarticulate brachiopod, Discinisca 
( =  Orbiculd) townsbendi from  here although 
initially he incorrectly attributed it to the Oxford 
Clay o f  southern England. With a diameter o f 
42 mm and height o f 16 mm this was the largest 
species known to him.

The echinoderm fauna recorded from this site 
is the most diverse in the British Lias from such 
a lim ited stratigraphical interval, with three 
species o f  crinoid (Simms, 1989), at least three 
species o f  echinoid, three species o f  asteroid, 
tw o species o f  oph iuroid  and at least six 
holothurian sclerite morphospecies (Gilliland, 
1992). TWo o f  the holothurian sclerite morpho
species were based on material from here, while 
undescribed species o f an asteroid, Terminaster, 
and an ophiuroid, Opbiocantba , are the 
earliest known representatives o f  the family 
Zoroasteridae and suborder Laemophiurinae 
respectively (Simms et al., 1993). Most o f  the 
echinoderm  material is disarticulated, with

columnals o f  Isocrinus psilonoti and plates 
and spines o f Miocidaris lobatum  being by far 
the dominant component o f this fauna, but 
examples o f  all but the holothurians have 
also been found articulated, sometimes 
preserved in the finest detail (Figure 4.6). The 
site is o f key importance for understanding 
the evolution o f  the Isocrinus clade, having 
yielded material transitional between Isocrinus 
psilonoti and Isocrinus tuberculatus (Simms, 
1988).

Figure 4.6 Intact test (32 mm across) of the echinoid 
Miocidaris lobatum, from the lower part of the 
Bucklandi Subzone at Hock Cliff. Isolated plates and 
spines of this species are one of the most common 
elements of the exceptionally rich and diverse 
echinoderm fauna at this site. (Photo: M.J. Simms.)

Other more occasional elements o f  the macro
fauna include encrusting bryozoa (Richardson, 
1908), the solitary coral M ontlivaltia  
baimei, decapod Crustacea and the belemnite 
Nannobelus acutus. A rich fauna o f  small pyritic 
gastropods and bivalves remains to be investi
gated. The vertebrate fauna is known only from 
fragmentary remains since little in-situ material 
has been found. Isolated bones and teeth o f 
ichthyosaurs and, less frequendy, plesiosaurs are 
not uncommon; most are from rather small 
individuals, with vertebral centra rarely 
exceeding 5 cm in diameter. The most 
frequendy found fish remains are the teeth o f  
Acrodus, but fragmentary remains o f several 
other typical Lower Jurassic genera have also 
been found. O f these the most significant are a 
fin spine and part o f  a head spine o f  the early 
chimaeroid Metopacantbus granulatus.
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A rich and diverse microfauna is present and 
has formed a topic of discussion from some o f 
the earliest publications pertaining to this site 
(Brodie, 1853), though much o f this early 
work needs to be re-interpreted in terms o f 
modem taxonomy. Both Richardson (1908) 
and Henderson (1934) gave lists o f species 
o f foraminifera from several o f the mudstone 
units; this was one o f many GCR sites 
investigated by Copestake (1989). Gilliland
(1992) also reported very high yields o f 
holothurian spicules from some mudstones at 
this site.

Interpretation

Correlation between the section recorded here 
and those published by Richardson (1908) and 
Henderson (1934) is straightforward for parts o f 
the succession but less dear for others. In the 
lower part o f the section there is a good match 
from beds 1 to 7 o f this account, correlating 
with beds 25 to 19 o f Richardson (1908). 
However, more than 1 m o f strata above this, 
corresponding to beds 8 to 11 o f this account, 
is unrepresented in the earlier descriptions. 
Presumably this was due to an oversight by 
Richardson, an error unfortunately perpetuated 
by Henderson (1934) who appears merely to 
have transcribed Richardson's bed thicknesses 
without actually re-measuring the section. Beds 
12 to 22 o f the section here correlate fairly well 
with beds 18 to 8 o f Richardson (1908), based 
on his description and photograph o f the 
western end o f the cliff. The highly distinctive 
limestone o f Bed 28 here obviously correlates 
with Richardson's Bed 2, but it has proven 
impossible to resolve his description o f beds 
3 to 7 with beds 23 to 27 o f the present 
section.

The age range o f the succession exposed at 
Hock Cliff is now well-constrained, although 
further work is needed to refine the ammonite 
sequence within these limits. Vermiceras scylla 
occurs in beds 1, 2 and 3b, and poorly preserved 
Coroniceras cf. rotiforme in Bed 5a, establishing 
that the lowest 1.5 m o f the succession lies 
within the Rotiforme Subzone. Coroniceras lyra 
in Bed 28 demonstrates that at least the top 
0.6 m o f the section can be assigned to the Lyra 
Subzone (Page, 1992). The remainder, more 
than 14 m, is assumed to lie entirely within the 
Bucklandi Subzone. Although the succession

here is obviously less condensed than the 
well-documented type succession o f the Blue 
Lias Formation in the Keynsham area, near 
Bristol, where the combined Bucklandi and 
Semicostatum zones may be only 6 m thick and 
packed with ammonites (Donovan, 1956), the 
occurrence at Hock Cliff o f Arietites bucklandi 
and Coroniceras lyra in the same limestone, 
Bed 28, is unique in the British Lias. Further 
work on the ammonite faunas at this site may 
help to identify some o f the biohorizons within 
the Bucklandi Subzone described by Page 
(1992); the highest o f these is known to be 
present from the occurrence here o f Coroniceras 
vercingetorix. The presence at this site o f 
the Tethyan micromorphs Canavarites and 
Pseudotropites is unique for the British Isles: it 
may relate to the widely observed eustatic sea- 
level rise in early Sinemurian times (Hallam, 
1978, 1981; Hesselbo and Jenkyns, 1998) 
allowing dispersal o f these southern taxa into 
the region. Their apparent absence from other 
well-documented sites o f this age in southern 
Britain may reflect preservation or collection 
failure.

At more than 14 m, the Bucklandi Subzone 
here is substantially thicker dian on the Dorset 
coast or in the Bristol district (Donovan and 
Kellaway, 1984), though less than a fifth o f 
that on the north Somerset coast and only 
about half o f that in the Stowell Park Borehole 
(Spath, 1956). This suggests that during early 
Sinemurian times Hock Cliff lay in a less actively 
subsiding graben or half-graben within the 
Severn Basin, perhaps reflecting its position less 
than 4 km from the western margin o f the basin 
(Figure 4.1).

The succession at Hock Cliff appears to 
record the upward transition from facies typical 
o f the Blue Lias Formation to those more typical 
o f the Charmouth Mudstone Formation. The 
pattern o f limestone-mudstone rhythmicity 
described by Hallam (1964a) becomes 
increasingly indistinct above Bed 14 while the 
limestone bands become more widely spaced. 
These changes probably reflect an interplay 
between several factors, such as climate, sea 
level and basin subsidence rates. The ubiquity 
o f the transition to Charmouth Mudstone 
Formation facies suggests exogenic control, such 
as climate or sea-level change; Hesselbo and 
Jenkyns (1998) suggest a sharp rise in sea level 
from the late Bucklandi Zone to the early
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Semicostatum Zone. However, since the forma- 
tional boundary appears to be diachronous, for 
instance occurring earlier here in the Severn 
Basin than on the Dorset coast in the Wessex 
Basin, endogenic factors, in the form o f 
differences in basin subsidence rates or 
sediment supply, must also be significant. The 
succession at Hock Cliff shows that sedimen
tation rates were not constant in this part o f 
the Severn Basin. Reduction or cessation o f 
sedimentation for brief periods is indicated by 
burrowed horizons within several o f the mud
stone units and by the severely bio-eroded 
Grypbaea in beds 7, 9 and 13. Irregular shallow 
scours up to 1-2 m across and 0.15 m deep are 
not uncommon, typically now occupied by flat- 
topped shelly and crinoidal limestone lenticles. 
Concentrations o f intact Miocidaris tests (Figure 
4.6) or articulated crinoid or ophiuroid remains 
are sometimes associated with these scour 
infills, either at their base or top. They are 
classic obrution deposits (Seilacher et a l., 1985) 
and testify to sudden influxes o f fine-grained 
sediment, perhaps generated by storm activity. 
Hallam (1968b) noted a much higher proportion 
o f specimens o f Gryphaea with the valves 
articulated than was typical o f  other sites. This 
appears to hold true for all growth stages o f this 
bivalve, suggesting sedimentation rates often 
were sufficiently high to prevent the valves 
disarticulating. Benthic oxygen levels also 
experienced significant variation, from the thin, 
dark, finely laminated mudstones deposited 
under anoxic conditions to the paler, bioturbated 
mudstones with a locally abundant benthic 
fauna, deposited in well-oxygenated conditions.

Conclusions

The exposure at Hock Cliff represents the finest 
(Lower Sinemurian) Blue Lias Formation and 
basal Charmouth Mudstone Formation section 
in the Severn Basin. It differs substantially in 
thickness from correlative strata on the Dorset 
coast, north Somerset coast and the Bristol-Bath 
area, thereby providing information on 
regional differences in subsidence rates and 
palaeoenvironments between three adjacent 
depositional basins and their margins. The 
unusually rich fauna from this site provides 
critical information on the palaeoecology, 
evolution and migration o f several fossil 
groups.

BLOCKLEY STATION QUARRY, 
GLOUCESTERSHIRE (SP 180 370)

MJ. Simms

Introduction

Blockley Station Quarry is a large, cutrendy 
active, brickpit, located on the western side o f 
the main Oxford-Birmingham railway line 4 km 
to the NNW o f Moreton-in-Marsh (Figure 4.1 and 
4.7). The quarry is an outstanding site, exposing 
a mudstone-dominated succession in virtually 
horizontal strata (Figure 4.8), comprising part 
o f the Charmouth Mudstone Formation and 
representing the best-developed Luridum Sub
zone succession in the Lower Pliensbachian 
Substage o f Britain.

Unlike most occurrences o f this interval, which 
are condensed, incomplete or poorly known, 
the section at Blockley Station Quarry is thick, 
abundandy fossiliferous and well documented. 
The rich ammonite fauna has been o f consider
able significance in the development o f ideas 
concerning sexual dimorphism and evolution,

o Y c Y o Y  Inferior Oolite Group r ’ 'r, ' I Dyrium Formation

Whitby Mudstone Formation £ 

Marlstone Rock Formation

Figure 4.7 Geology and location map for the 
Blockley Station Quarry GCR site.

170



Blockley Station Quarry

Figure 4.8 The exceptionally thick development of Luridum Subzone clays at Blockley Station Quany. The 
floor of the pit is at about the level of the top of the Crinoid-Belemnite Bed (Bed Z); the projecting, and slighdy 
undercut, band above the second terrace is formed by beds 2-4; the remainder of the succession comprises 
beds 5 and 6. (Photo: CJ. Underwood.)

and will continue to be invaluable in refining the 
biostratigraphy o f this interval.

The quarry was opened in 1925 and first 
recorded by Richardson in 1929. It was 
described briefly by Channon (1950), who was 
the first to appreciate the richness o f the fauna. 
It was cited by Dean et al. (1961) as exposing a 
good section through the Luridum Subzone. 
Callomon (in Hallam, 1968a; in Hemingway et 
a l., 1969) gave a more detailed description o f 
the lithological succession and sequence of 
ammonites, together with an updated list o f 
bivalves and gastropods from the site. This 
faunal list was expanded by Ager et al. (1973). 
Hewitt and Hurst (1977) described the section, 
and analysed size changes and ecology o f 
various molluscs through the middle part o f the 
succession. Aspects o f the fauna and sedimen- 
tology were discussed in subsequent papers by

Hewitt (1980a,b, 1989, 1996) who has under
taken a detailed study o f the site; some o f his 
observations are reported here for the first time. 
A longer lithostratigraphical log was published 
by Phelps (1985), who tied the section into the 
ammonite biostratigraphy and found the site 
invaluable in subdividing the Luridum Subzone 
into zonules. Callomon and Oates (1993) 
provided an updated account, and Bessa and 
Hesselbo (1997) published a gamma-ray log o f 
the section. The most recent account, which 
reproduces the section by Callomon and Oates
(1993), is in the Fossil Fishes o f Great Britain 
GCR volume (Dineley and Metcalf, 1999). Other 
papers have been concerned largely with 
palaeontological aspects o f the site. It has pro
vided material for interpreting the evolution o f 
the liparoceratid ammonites (Callomon, 1963; 
in Hemingway et a l.y 1969) and the bivalve
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Gryphaea (Jones and Gould, 1999), for 
estimating the depth limits in life o f several 
ammonite species (Hewitt, 1996), for investi
gating echinoid lantern morphology in relation 
to the origin o f irregular echinoids (Smith, 
1981), and for providing a control sample for 
belemnite abundance in Jurassic clays (Hewitt, 
1980b). Johnson (1984) figured specimens o f 
the bivalve Pseudopecten equivalvis from the 
locality, and Simms (1989) figured some o f the 
crinoid material. Howarth and Donovan (1964) 
figured two specimens o f Tragopbylloceras 
carinatum  from here as para types o f this rare 
ammonite species. Aspects o f the microfauna 
were described by Malz and Lord (1976) and by 
Macfadyen (1941).

Description

The most complete section o f Blockley Station 
Quarry is that o f Callomon and Oates (1993; 
reproduced in Dineley and Metcalf 1999). They 
recorded just over 20 m of, predominandy, 
mudstones divided into nine distinct beds (Figure
4.9). The log by Phelps (1983) was divided into 
12 lithostratigraphical units in a 17 m-thick 
section. The lower six o f his units correspond 
to a section described by Callomon (in Hallam, 
1968a). The description o f Hewitt and Hurst 
(1977) adds lithological detail, but less o f the 
succession was exposed at that time.

The present-day working floor o f the brickpit 
lies on a moderately well-cemented shelly

Figure 4.9 Sketch section of the succession at Blockley Station Quarry and correlation with that on the Dorset 
coast. Roman numerals refer to ammonite faunas described by Callomon and discussed in the text. Based on 
Callomon (in Hemingway et a l 1969) and unpublished observations by C.J. Underwood.
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limestone referred to as the ‘Crinoid-Belemnite 
Bed’ (Cailomon and Oates, 1993), or ‘Bed Z* 
(Dineley and Metcalf, 1999). This bed is richly 
fossiliferous with several species o f bivalve and 
abundant belemnites, crinoid and comminuted 
shell and fish debris. Glauconite grains and 
?phosphatic nodules are present, and some o f 
the thick-shelled bivalves are somewhat worn 
and bio-eroded (R.G. Clements, pers. comm.). 
Ammonites are relatively common, but poorly 
preserved. They appear to be referable to 
Acanthopleuroceras (R.G. Clements, pers. 
comm.), corresponding to Fauna I o f Cailomon 
(in Hemingway et al., 1969). Older strata have 
been exposed in a drainage sump (C.J. 
Underwood, pers. comm.). Bed Z is underlain 
by 0.9 m o f dark-grey shelly marl, with irregular 
cemented patches up to 0.2 m across. Below are 
two 0.1 m-thick nodular shelly limestones, the 
upper one with abundant Gryphaea, separated 
by 0.13 m o f grey shelly clay. Below this, the 
succession was largely flooded: it comprises 
grey clay with relatively few shells.

Above Bed Z, Bed 1 o f Cailomon (in Hallam, 
1968a; Cailomon and Oates, 1993) comprises 
8.5 m o f richly fossiliferous grey silty micaceous 
mudstone with scattered nodules and francolitc- 
cemented Thalassinoides burrows. It has yielded 
species o f Liparoceras and Aegoceras, which 
Cailomon grouped together as his Fauna II. The 
upper 1.5 m shows an increase in silt content 
and a marked increase in the abundance o f fossil 
material and pyrite (Hewitt and Hurst, 1977). 
Bed 2 is the ‘Blockley Shell Bed*, referred to by 
Cailomon (in Hallam, 1968a) and Hewitt and 
Hurst (1977) as the ‘Pecten Bed*. This is a highly 
fossiliferous mudstone or series o f siderite 
nodules set in the top o f a shell gravel. Small 
francolite concretions, containing crustacean 
fragments and encrusted with Plicatula  and 
millimetre-scale borings, occur at the base o f this 
bed (R. Hewitt, pers. comm.). Bed 2 is up to 
0.5 m in thickness and forms the most important 
marker band o f the succession. It contains L. 
fim briatum  and T. loscombi together with 
liparoceratids o f Callomon*s Fauna III. Phelps 
(1985) placed the boundary between his 
Rotundum and Crassum zonules at the base o f 
Bed 2. The Blockley Shell Bed is separated by 
0.3 m o f grey mudstone from Bed 4, a second 
horizon o f siderite nodules in a mudstone 
matrix. This has yielded a distinct assemblage 
o f liparoceratids (Callomon’s Fauna IV). Bed 4 
is succeeded by 10 m o f silty mudstone with

scattered nodules and layers o f shell debris, 
divided into two distinct beds by Cailomon (in 
Hallam, 1968a). There is a marked change in the 
diagenetic mineral content o f the sediments, 
from francolite and pyrite in beds 1 and 2 to 
siderite in beds 3 to 6 (R. Hewitt, pers. comm.). 
The exposed succession is capped by an 
impersistent, buf£ bioturbated siltstone up to 
0.2 m thick overlain by 1-2 m o f weathered 
clay. These two units (beds 7 and 8) have been 
tentatively assigned to the Maculatum Subzone 
(Cailomon and Oates, 1993).

The abundant and diverse fauna at this site is 
dominated by molluscs. There are at least 
44 species o f bivalve, 9 species o f gastropod, 
14 species o f ammonite, and scaphopods and 
belemnites (Cailomon in Hallam, 1968a; R. 
Hewitt, pers. comm.). Most o f the liparoceratid 
species have a restricted vertical range within the 
succession while Lytoceras fim briatum  and 
Tragophylloceras loscombi occur commonly 
throughout. Hewitt (pers. comm.) noted that 
the mudstones o f Bed 1 are dominated by 
Cardinia, including large numbers o f juveniles 
only a few millimetres across, whereas the shell 
gravels o f Bed 2 support an adult-dominated 
population o f the bivalve Astarte. Other common 
invertebrate macrofossils include brachiopods, 
crustaceans, crinoids and echinoids. Scaphopods 
are particularly common in Bed 5. Preservation 
is often extremely good, with many bivalves and 
ammonites crushed flat but with their original 
aragonitic shells preserved intact and unworn. 
Ammonites and other fossils preserved in 
nodules typically retain their three-dimensional 
shape although the septa o f ammonites are 
commonly fragmented. The hollow gas chambers 
o f the ammonites, and some o f the unfilled 
fractures in septaria, are commonly lined with 
small crystals o f pyrite and, more rarely, 
sphalerite. Crustacean remains in the francolite 
nodules o f Bed 1 preserve parabolic chitin fibre 
patterns, but these are lacking in the francolite 
nodules o f Bed 2. Although articulated crinoid 
and ophiuroid material has been found, echino- 
derm material is more typically disarticulated. 
Nonetheless, it is commonly unworn and shows 
exquisite stereom preservation (Smith, 1981; 
Simms, 1988, 1989). Vertebrate material is 
scarce but has included partial skeletons o f at 
least three plesiosaurs, one o f which is now in 
Gloucester City Museum. The most recently 
discovered o f these, now in New Walk Museum, 
Leicester (cat. no. LEICT G 1.2002), is the most
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complete, comprising more than 80% o f a 3 m- 
long skeleton including parts o f the skull. It was 
recoverd from the mudstones o f Bed 1, just 
above the Crinoid-Belemnite Bed.

The microfauna includes foraminifera and 
abundant ostracods, together with disarticulated 
ophiuroid and asteroid debris, and the micro
fossils are also abundant, diverse and very well- 
preserved. This was one o f many GCR sites 
investigated for foraminifera by Copestake
(1989) and was the source o f paratype material 
for Haplophragmoides lincolnensis (Copestake,
1986). Microshark and semionotid teeth, 
denticles and scales are common in the Crinoid- 
Belemnite Bed (Dineley and Metcalf; 1999), 
and at least two taxa o f fish otoliths have 
been recovered from the clays o f Bed 1 (C.J. 
Underwood, pers. comm.).

Interpretation

The biostratigraphical significance o f the succes
sion exposed at Blockley Station Quarry has 
been recognized for several decades. Dean et 
al. (1961) referred to the site in their description 
o f the Luridum Subzone, contrasting its thick 
development there with the highly condensed 
sequence on the Dorset coast (Figure 4.9). 
Callomon (in Hemingway et a l., 1969) recog
nized the importance o f the liparoceratid faunas 
in subdividing the succession, identifying four 
distinct assemblages (Faunas I-IV). Subsequendy 
Phelps (1985) subdivided the Luridum Subzone 
into what he termed ‘zonules’. He assigned Bed 
1 at Blockley Station Quarry to his ‘Rotundum 
Zonule’ and the remainder o f the exposed 
succession, some 11 m in total at that time, to 
his ‘Crassum Zonule’ . However, there are doubts 
surrounding the identity o f the specimens 
Phelps identified as Beaniceras crassum (J.H. 
Callomon, pers. comm.); they represent a form 
distinct from B. rotundum  but are also distinct 
from S.S. Buckman’s holotype o f B. crassum. 
The latter almost certainly came from a level 
lower in the Ibex Zone. Callomon (pers. comm.) 
has recorded forms close to Beaniceras luridum  
in beds 2, 3 and 4. Evidence from the Napton 
H ill Quarry GCR site indicates that Liparoceras 
naptonense and L. kilsbiense, constituents o f 
Callomon’s Fauna IV at Blockley Station Quarry, 
occur close to the Luridum-Maculatum subzone 
boundary. Here there is an apparent conflict 
between the interpretation o f Phelps (1985) o f 
the biostratigraphical succession at Blockley

Station Quarry and the evidence from ammonite 
species other than Beaniceras.

Nonetheless, it is probable that the entire 
Luridum Subzone is exposed. The presence o f 
Acantbopleuroceras in the Crinoid-Belemnite 
Bed exposed in the floor o f the quarry suggests 
a correlation o f this indurated bed with the ‘85’ 
Marker Member o f Horton and Poole (1977), 
which is, for convenience, taken to mark the 
boundary between the Valdani and Luridum 
subzones (Bessa and Hesselbo, 1997). The 
presence o f Callomon’s Fauna IV in Bed 4, and 
possibly Bed 5, suggests that the section extends 
up into the lower part o f the Davoei Zone, 
Maculatum Subzone. If so, Blockley Station 
Quarry offers the best exposure anywhere in 
Britain o f the Luridum Subzone. Despite its 
exceptional thickness at this site, there is clear 
evidence that the succession is not complete. 
The bored and encrusted francolite concretions 
noted by Hewitt (1980a, 1989) at the base o f Bed 
2 are similar to the francolite-cemented Thalas- 
sinoides burrows seen lower in the succession. 
Both testify to periods o f non-deposition and/or 
erosion. Similarly, the presence o f phosphate 
nodules and bio-eroded shells in the Crinoid- 
Belemnite Bed (Bed Z) indicate that this too 
represents a condensed deposit.

The comparison by Phelps (1985) o f the 
Blockley Station Quarry succession with that o f 
the Stowell Park Borehole (SP084 118), 25 km 
to the SSW (Figure 4.1), indicates that the former 
succession is slightly thicker. This probably reflects 
its position close to the axis o f the Mickleton 
Syncline where 293 m o f Lower Lias was proved 
in the Mickleton Borehole (SP 174 433). Near 
Ilmington, less than 5 km to the east on the East 
Midlands Shel£ the Lower Lias succession is 
61 m thick (Whittaker, 1972b; Williams and 
Whittaker, 1974). The contrast between the 
succession at Blockley Station Quarry and that in 
the Wessex Basin is particularly striking (Figure
4.9). On the Dorset coast the Luridum Subzone 
is represented by the Belemnite Stone (Bed 121 
o f Lang et a l., 1928), 0.1 m o f condensed lime
stone. Callomon (in Hemingway et a l., 1969) 
correlated Bed 2 o f Blockley Station Quarry with 
the Belemnite Stone, and Bed 1, tentatively, with 
the 0.02 m-thick Crumbly Bed, Bed 120e o f Lang 
et al. (1928). The presence o f a hiatus above the 
Belemnite Stone is significant in that several 
conspicuous species o f ammonite in beds 3 to 5 
at Blockley Station Quarry (Callomon’s Fauna 
IV) are absent from the Dorset coast. These
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thickness differences between Blockley Station 
Quarry and Dorset demonstrate that subsidence 
rates in the Severn Basin were greater than in 
the Wessex Basin during this time interval, with 
0.17 m in Dorset equivalent to some 9 m at 
Bockley Station Quarry (Callomon in Hemingway 
e ta l.y 1969).

The abundantly fossiliferous mudstones at 
Blockley Station Quarry are similar to correlative 
mudstones seen at the base o f the succession 
exposed at the Robin's Wood Hill Quarry GCR 
site. Both contain a fauna that is significantly 
more diverse than that o f the Davoei and 
Margaritatus zones, indicating that Luridum 
Subzone conditions were less inimical to the 
benthic fauna. Hewitt and Hurst (1977) have 
published the only palaeoecological description 
o f the Blockley Station Quarry succession. 
They noted a significandy greater diversity and 
larger size for molluscs from the Blockley Shell 
Bed, than from the mudstones o f Bed 1, an 
observation in keeping with that made by 
Callomon (1963; in Hallam, 1968a) on the 
liparoceradd ammonites. Fossil material is worn 
and disarticulated in the lower part o f the 
Blockley Shell Bed, compared with the same 
species higher in the Blockley Shell Bed and in 
the mudstones. This indicates that the lower 
part o f the Blockley Shell Bed is a winnowed 
deposit and this appears to have allowed a 
greater diversity o f benthic taxa to flourish on 
the shell gravels. This is particularly evident 
among the bivalves, where the Cardinia- 
dominated, r-selected, population in the mud
stones o f Bed 1 is replaced by the Astarte- 
dominated, K-selected, populations on the shell 
gravels in Bed 2. The change in diagenetic 
minerals, from francolite and pyrite in beds 1 
and 2 to siderite in beds 3 to 6, also indicates 
an increase in sedimentation rate. Palmer
(1973) noted a similar increase in mollusc size 
and diversity in the nodule bands in the 
sequence at Robin's Wood Hill Quarry, and 
considered that this indicated that substrate 
firmness was a major control on benthic 
diversity during this interval. Malz and Lord
(1976) noted that the ostracod assemblage at 
Blockley Station Quarry was dominated by 
smooth species, contrasting with that from 
broadly correlative beds at Robin’s Wood Hill 
Quarry where they found a much higher 
incidence o f ornamented and heavily calcified 
ostracods. They considered this as evidence for 
deeper and quieter water conditions at Blockley

Station Quarry, perhaps lending support for the 
greater subsidence rate deduced for this area. 
Hewitt (1996) analysed septal strength in several 
common ammonite species at Blockley Station 
Quarry, from which he was able to calculate the 
maximum depth limit in life. Since ammonites 
are considered to have been nektobenthic, this 
gives a minimum water depth in which the 
various units were deposited. Hewitt (1996) 
obtained figures o f 94 m for Liparoceras 
cheltiense in concretions from Bed 1, 45 m for 
Liparoceras elegans in Bed 2 and 60 m for 
Lytoceras fim briatum  from Bed 4.

The abundance and excellent preservation o f 
many elements o f the fauna at Blockley Station 
Quarry has attracted palaeontological research. 
The expanded succession here was crucial to 
Callomon’s (1963) research on the ammonite 
family Uparoceratidae. In this he was able to 
demonstrate that the evolutionary sequences 
proposed by Trueman (1918) and by Spath 
(1938), from capricorn Aegoceras to sphaerocone 
Liparoceras and vice-versa, were untenable. 
Callomon (1963) proposed that these morpho- 
types, which occur together at Blockley Station 
Quarry, represent sexual dimorphs. Subsequently, 
Hewitt (1989) concluded, from differences in the 
ontogeny o f the sutures in the two morphological 
groups, that they represented distinct evolutionary 
lineages. This interpretation was supported by 
Phelps (1983). However, unless repeated iterative 
evolution is invoked, the close parallelism in 
the evolution o f both morphological groups 
supports Callomon’s original proposal for 
sexual dimorphism in the Uparoceratidae.

Only a small proportion o f the remaining fauna 
has been described. Simms (1989) covered the 
crinoids, and the lantern o f an echinoid, Eodia- 
dema minuta was described by Smith (1981). 
Johnson (1984) figured examples o f the abundant 
and exceptionally well-preserved - pectinids. 
Differential wear on the upper and lower valves 
o f specimens o f Pseudopecten equivalvis from 
this site suggest that these were among the earliest 
pectinids to adopt a swimming habit (A.LA. 
Johnson, pers. comm). Harper et al. (1998) 
figured examples o f predatory borings in the 
bivalves Astarte gueuxii and Plicatula spinosa. 
The most recently discovered plesiosaur (LEICT 
G1.2002), yet to be formally described (Mark 
Evans, pers. comm.) is o f considerable impor
tance since no valid plesiosaur taxa are known 
between Upper Sinemurian and Toarcian times, 
a key time for the evolution o f this group.
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Conclusions

Blockley Station Quarry is one o f the few inland 
sites in Britain to expose a section through the 
Charmouth Mudstone Formation o f the middle 
part o f the Lower Pliensbachian Stage, and has 
yielded data for comparison with the well- 
documented coastal sections in Dorset, Yorkshire 
and the Hebrides. It provides one o f the 
thickest and most fossiliferous developments 
o f the Luridum Subzone o f the Ibex Zone and 
as such will be o f crucial importance for 
any future refinement o f the ammonite bio
stratigraphy o f this interval. It has yielded an 
abundant and diverse fauna, elements o f which 
have been figured and described. In particular, 
ammonites from this site have been central to 
the debate on sexual dimorphism in the family 
Liparoceratidae.

ROBIN’S WOOD HILL QUARRY, 
GLOUCESTERSHIRE (SO 835 148)

MJ. Simms and N. Cbidlaw

Introduction

The Robin’s Wood Hill Quarry GCR site 
comprises a large quarry, disused for several 
decades, excavated into the south-western flank 
o f Robin’s Wood Hill overlooking T\iffley, a 
suburb o f Gloucester (Figure 4.10). The section 
exposes a more than 60 m-thick succession o f 
Pliensbachian mudstones and siltstones, with 
subordinate sandstone and bioclastic limestone 
units, and represents the finest inland section in 
Britain o f the Upper Pliensbachian Substage 
(Middle Lias), here exposed almost in its entirety, 
as well as a considerable thickness o f the under
lying Lower Pliensbachian succession. This is 
represented by a good section through the 
Dyrham Formation, designated as its type 
locality by Sumbler et al. (1999), part o f the 
overlying Marlstone Rock Formation, and under
lain by the top o f the Charmouth Mudstone 
Formation. It is one o f a series o f key sites 
revealing lateral facies and thickness changes 
both within the Severn Basin and across the 
whole o f the Lower Jurassic outcrop. 
Excavations in 2000 have re-exposed a 
formerly obscured section through part o f the 
Dyrham Formation, while a small track-side

Figure 4.10 Geology and location map for the 
Robin’s Wood Hill Quarry GCR site.

excavation nearby (at SO 8367 1468) exposes 
the upper part o f the Marlstone Rock 
Formation and the base o f the Whitby Mudstone 
Formation (Toarcian) above. The succession, 
and its rich and diverse fauna, has been well 
documented.

Despite his extensive research into the geology 
o f this area, Robin’s Wood Hill received only 
passing mention in Richardson’s field guide to 
the geology o f Cheltenham (1904). The site 
formed the subject o f an excursion report 
(Watts, 1928), in which a general account o f the 
fossil fauna and its palaeoecology was given, but 
the lithological succession otherwise remained 
undescribed until an excursion report by Ager 
(195$). In this he estimated the ammonite zone 
ranges for the section. A general account o f the 
site was published by Dreghom (1967). The site 
formed part o f a major investigation by Palmer 
(1971, 1973) who described the stratigraphical 
succession in detail and attempted correlation 
with the succession in another disused pit, at
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Stonehouse (SO 816 050), 10 km to the south, 
as well as with the successions recorded in the 
Stowell Park Borehole (Figure 4.1), and those on 
the Dorset coast. In the earlier paper, Palmer 
(1971) established the positions o f the 
ammonite zonal and subzonal boundaries 
within the succession. He later (1973) listed 
the invertebrate fauna together with the 
lithostratigraphical distribution o f each species 
and commented on the palaeoecology o f parts 
o f the succession on the basis o f conclusions 
drawn from the diversity and composition o f 
the invertebrate fauna. In the latter paper 
he described two new species o f bivalve, 
Hippopodium tuffleyensis and Hettangia 
aperta. a third species, Cardinia tuffleyensis, 
was described in a subsequent paper (Palmer, 
1975). A new species o f crinoid, Balanocrinus 
solenotis, was based in part on fragmentary 
material from the upper part o f the Dyrham 
Formation at this site (Simms, 1989). Elements 
o f the microfauna have been investigated by 
Lord (1972, 1974).

Further details o f the Lower Pliensbachian 
stratigraphy at this site were published by 
Phelps (1985), and well-preserved crinoid 
material from near the base o f the Upper 
Pliensbachian succession was figured by 
Simms (1989). The Upper Pliensbachian 
succession at Robin’s Wood Hill Quarry also 
formed part o f a broader investigation into 
Upper Pliensbachian sedimentation patterns 
o f the Severn Basin (Simms, 1990a) during 
which some revisions o f the biostratigraphy 
established by Palmer (1971) were made. 
The most recent investigation o f the site 
was by Chidlaw (1987) who logged the 
succession in more detail than that o f earlier 
accounts.

Description

Robin’s Wood Hill Quarry has been excavated at 
two levels, described as the ‘upper quarry’ and 
‘lower quarry’ (Figure 4.11), and exposes almost 
60 m o f the Lower Jurassic succession (Figure 
4.12). Ager (1955) and Palmer (1971) reported 
about another 8 m exposed below the lowest 
beds currently visible. The Pliensbachian- 
Toarcian boundary section, described below, 
was exposed in a nearby track-side excavation 
(SO 8367 1468) and recorded by Chidlaw in 
October 2001.

Figure 4.11 View of the upper part of Robin’s Wood 
Hill Quarry. The conspicuous pale band near the top 
of the lower face is Bed 22; beds 28-30 are visible as 
a pale band about halfway up the face o f the upper  
quarry; with Bed 35 at the top of the section. (Photo: 
M.J. Simms.)

Thickness (m)
TOARCIAN STAGE 
Whitby Mudstone Formation
Tenuicostatum Zone (presumed)
D: Clay, fawn-brown, soft, sticky. 0.90 (seen)
C: Clay, motded, pale-grey/orange, soft, sticky.

This has a diffuse contact with Unit D above 
and infills, and overlies by a few cm, the 
irregular top of Unit B below. 0.30

UPPER PLIENSBACHIAN SUBSTAGE 
Marlstone Rock Formation 
Spinatum Zone (presumed)
B: Clay, motded, pale-grey/orange/rqd-brown,

soft, sticky, containing weathered clasts 
of Unit A; some are up to 0.35 m across, 
angular and only slighdy iron-stained; others 
are reddish-brown and friable, 3-4 cm across, 
subangular and of high sphericity. The contact 
with units above and below is irregular, with 
mammdated limonite nodules 2-5 cm across 
locally present on the upper surface. 0.45 

A  Limestone, massive, well jointed, greenish- 
grey, bioclastic, with abundant ferruginous 
ooids. Belemnites and bivalves common, 
with some rhynchonellid brachiopods. This 
bed is lithologically identical to Bed 37 
(=  16c of Palmer, 1971) of the main 
section reproduced below. 1.50 (seen)
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Figure 4.12 Simplified graphic log of the Pliensbachian succession exposed at Robin's Wood Hill Quarry. After 
Chidlaw (1987).
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The descriptions and bed numbers o f the units 
within the main quarry section, as shown below, 
and depicted in Figure 4.12, are based largely on 
the work o f Chidlaw (1987), but follow the 
lithostratigraphical divisions o f Cox et a l.
(1999). The bed numbers o f Palmer (1971) are 
given in parentheses.

Thickness (m)
UPPER PLIENSBACH1AN SUBSTAGE 
Marlstone Rock Formation
Spinatum Zone
37 (=  16c): Limestone, massive, rubbty

weathering, brownish-grey, bioclastic, with 
abundant ferruginous ooids. Scattered 
shelly fauna including belemnites, 
rhynchonellids and bivalves. Pleuroceras 
spinatum and Amaltheus cf. subnodosus 
recorded by Palmer (1971). 0.33

Dyrham Formation
Margaritatus Zone, Subnodosus to IGibbosus subzones 
36 (=  16b): Sandstone, yellow-buff weathering, 

ferruginous, friable, micaceous, fine, silty. 
Locally between 1.8 m and 3.3 m above 
the base of the unit are hard, calcite- 
cemented, irregular ‘doggers’ up to 
about 1.5 m thick and 3 m across, with 
smaller ellipsoidal calcite concretions 
below the dogger horizon and more 
laterally extensive, though discontinuous, 
bands of calcitc-ccmcntcd sand above 
the doggers. Abundant bioturbation, 
although trough cross-lamination and 
dish structures locally present. Fossils 
scattered and only well-preserved in 
cemented units, but including belemnites, 
bivalves and debris of the crinoid 
Balanocrinus solenotis. Simms 
(1990a) recorded Amaltheus subno
dosus up to 2.6 m above the base of 
the unit. 4.87

35 (=  16a): Conglomerate, irregular, pebble- 
to cobble-grade. Clasts mostly flat-lying 
discoidal or ellipsoidal, of pale-grey 
siltstone. Matrix of yellow-brown mudstone 
within abundant fine bioclastic debris.
Ager (1954) recorded Gibbirhynchia 
micra from the clasts. 0.18

34 (=  15 part): Siltstone, yellow-brown,
sandy, micaceous. Local indistinct and 
bioturbated planar laminations. 0.20

33 (=  15 part): Silt, pale greenish-grey, sandy, 
micaceous. Mosdy planar laminated with 
some cross-laminations near base. 1.80

32 (=  15 part): Silt, pale greenish-grey,
micaceous. Planar laminated. Grades 
up into Bed 33 above. 3.33

31 (=  15 part): Mudstone, dark blue-grey, 
clayey, micaceous, silty. Grades up into 
Bed 32 above. 3.00

30 (=  14 part): Congomerate, flat pebble- to 
cobble-grade, with siltstone clasts set in a 
green-grey, sandy micaceous silt matrix. 0.12

29 (=  14 part): Limestone, hard, pale-grey, 
bioclastic, with occasional ferruginous 
ooids in top 0.02 m. Undulating base 
and top. 0.24

28 (=  14 part): Conglomerate, pebble- to 
cobble-grade. Discoidal clasts of hard 
blue-grey siltstone with ferruginous rind 
in a matrix of green-grey mudstone with 
abundant bioclastic debris. Irregular base. 0.22 

Stokesi Subzone
27 (=  13 part): Silt, pale greenish-grey, locally 

cemented, sandy, micaceous. Bioturbated 
in top 0.25 m; cross-laminated below. 0.36

26 (=  13 part): Silt, pale greenish-grey,
sandy, micaceous. Cross-laminated in 
top 0.04 m; planar laminated below. 1.64 

25 (=  13 part): Silt, greenish-grey, clayey, 
micaceous, planar laminated in parts.
Grades up into Bed 26 above. 4.33

24 (=  12): Siltstone, hard, shelly, micaceous. 
Amaltheus stokesi and Lytoceras fim bri- 
atum recorded by Palmer (1971). 0.56

23 (=  11): Clay, blue-grey, silty, passing up
into dark greenish-grey, planar-laminated, 
clayey micaceous silt. Floor of upper 
quarry lies 0.2 m above the base of this 
unit on the south side of the quarry. 3.27

22 (=  10): Conglomerate, pebble-grade, with
hard, discoidal/ellipsoidal, blue-grey siltstone 
clasts in a matrix of grey-green mudstone 
with abundant coarse bioclastic debris and 
large thick-ribbcd bivalves. The upper 0.15 m  
is deeply weathered, with friable clasts and 
a 0.05 m-thick reddish-orange layer at the 
top. Erosion surface contact with Bed 21. 
Amaltheus wertheri and 7Yagophylloceras 
recorded by Phelps (1985). 0.35

21 (=  9g part): Silt, blue-grey, sandy, micaceous. 
Planar laminated but streaked with fine 
yellow sand in places. Occasional scattered 
siderite nodules up to 0.25 m across and 
0.06 m thick. 0.25

20 (=  9g part): Siltstone, blue-grey, sandy,
micaceous, massive, with pea-sized siderite 
nodules. Broken thin-shelled bivalves. 0.04

19 (=  9g part): Silt, pale blue-grey, sandy,
micaceous, with planar laminations locally 
disturbed by horizontal burrows. Occasional 
pea-sized siderite nodules and a discontinous 
row of larger siderite nodules at 1.7 m above 
the base. Small limonitic casts of amaltheid 
ammonites are common. Amaltheus stokesi 
and A. sp. recorded by Phelps (1985) from 
about this level. 3.52

18 (=  9f part): Siltstone, discontinuous, pale 
grey, commonly with abundant remains of 
Balanocrinus gracilis. Bivalves common 
and specimens of Amaltheus bifurcus and 
A. wertheri. 0-0.08

LOWER PLIENSBACHIAN SUBSTAGE 
Davoei Zone, Figulinum Subzone 
17 (=  9f part): Silt, green-grey, sandy, micaceous. 

Mostly planar laminated but cross-laminated 
towards base. 0.66
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Thickness (m)
16 (=  9e): Siltstone, pale blue-grey, indurated, 

planar- and cross-laminated, micaceous, 
with broken shell debris and small siderite 
concretions. Oistoceras? angulatum 
recorded by Phelps (1985). 0.10

15 (=  9d): Silt, blue-grey, micaceous, planar
laminated and locally bioturbated. 5.49

14 (=  9c): Siltstone, blue-grey, indurated, 
wavy laminated, micaceous, with 
burrow mottling. 0.08

Capricomus Subzone
13 (=  9b part): Silt, blue-grey, planar laminated,

micaceous. 6.62
12 (=  9b part): Silt, dark blue-grey, indistincdy 

laminated, muddy, micaceous. Aegoceras 
crescens transitional to Oistoceras 
angulatum recorded by Phelps (1985). 1.14

11 (=  ?): Iron-stained pebble conglomerate,
with siltstone clasts in a siltstone matrix. 0.08 

10 (=  ?): Silt, blue-grey, indistinctly laminated,
sandy, micaceous. 0.80

9 (=  ?): Iron-stained pebble-grade conglomerate,
with siltstone clasts in a siltstone matrix. 0.04 

8 (=  ?7): Silt, blue-grey, indistinctly laminated,
sandy, micaceous, with bivalve moulds. 0.80 

7 (=  ?): Pebble conglomerate, with siltstone 
clasts in a siltstone matrix. Aegoceras 
capricomus recorded by Phelps (1985). 0.05

6 (=  6): Siltstone, pale grey, indurated, clayey, 
micaceous, forming prominent hard band.
Together with beds 7 and 8 this represents 
the ‘Capricomus Sandstone’ of Palmer 
(1971). 1.65

Maculatum Subzone
5 (=  5 part): Siltstone, pale grey, indistinctly

laminated, clayey, micaceous. 1.14
4 (=  5 part): Silt, pale grey, planar laminated, 

clayey, micaceous. Moulds of small thin- 
ribbed bivalves near base. 5.37

3 (=  4): Siltstone, pale grey, planar laminated,
clayey, micaceous. 0.19

2 (=  3c part): Silt, pale grey, planar laminated, 
clayey, micaceous. Siderite nodule bands 
at 8 m and 9.2 m above base. 10.5

1 (=  3c part): Silt, blue-grey, planar laminated, 
micaceous, with moulds of small thin- 
ribbed bivalves. Strata below this level 
were recorded by Palmer (1971, 1973) 
but are no longer visible (bed numbers 
are those of Palmer, 1971). 1 (seen)

Charmouth Mudstone Formation
3c: (part): Shales, grey, silty, with ferruginous

nodules. c. 2
3b: Clay, blue, sticky, with ironstone nodules. 

Androgynoceras sparsicosta recorded by 
Phelps (1985) and Aegoceras maculatum
recorded by Palmer (1971). 1.82

Ibex Zone, Luridum Subzone
3a: Shales, grey, silty, grading up to dark-grey

clay. 1.23
2: Shales, hard, grey, sandy. ?Beaniceras 

luridum  recorded by Phelps (1985) and
Palmer (1971). 0.30

1: Shales, grey, with nodules. c. 3

The floor o f the lower quarry lies in a series o f 
grey mudstones and silty mudstones o f the 
Charmouth Mudstone Formation, which form 
beds 1 to 3 o f Palmer (1971), corresponding to 
the Luridum Subzone and lower part o f the 
Maculatum Subzone. This part o f the succession 
is now rarely exposed. The mudstones o f Palmer’s 
Bed 2 contain thin shell beds that yield Beani- 
ceras cf. luridum  and are similar to shell beds in 
the correlative strata o f the Charmouth Mudstone 
Formation at the Blockley Station Quarry GCR 
site that lies 40 km to the north-east.

Grey silty mudstones with several indurated 
units and siltstone clast conglomerate bands 
form the near-vertical face o f the lower 
quarry, more than 20 m high. This encompasses 
Bed 2 to the lower part o f Bed 23 o f this 
account (Palmer’s Bed 4 to the lower part o f Bed 
11), corresponding to much o f the Dyrham 
Formation, in which the upper part o f the 
Maculatum, the Capricomus, and the lower part 
o f the Stokesi subzones were identified. Bed 6 
forms the most prominent unit in the lower 
quarry and, together with beds 7 and 8 o f Palmer 
(1971), was correlated with the ‘Capricomus 
Sandstone’, a fossiliferous flaggy, micaceous 
sandstone, in the Stonchousc section, 10 km to 
the south (Palmer, 1971, 1973). Bed 8 o f Palmer 
(1971) has yielded the brachiopod Tetrarbyncbia 
dunrobinensis (Palmer, 1973), a predominantly 
northern species (Ager, 1956-1967).

The lowest 8 m or so o f the Stokesi Subzone 
is exposed at the top o f the lower quarry, with 
the upper quarry exposing the remainder o f the 
Dyrham Formation and the overlying Marlstone 
Rock Formation (Figure 4.11). Together the two 
formations attain a thickness o f approximately 
29 m at this site (Figure 4.12). The Upper 
Pliensbachian succession is dominated by grey 
silty mudstones but, like the Lower Pliensbachian 
succession immediately beneath, includes silt
stone clast conglomerates. Palmer (1973) noted 
a general paucity o f benthic fauna in the mud
stones and muddy siltstones in contrast to the 
limestones and conglomerates, which often are 
abundantly fossiliferous with many large filter- 
feeding bivalves. In the mid-1970s an impersis- 
tent siltstone unit (Bed 18 o f this account; about 
1 m above the base o f Bed 9f o f Palmer, 1971) 
yielded abundant articulated specimens o f the 
crinoid Balanocrinus gracilis together with 
large specimens o f the ophiuroid Palaeocoma 
m illeri and two intact examples o f the 
small ophiuroid Hemieuryale lunaris, known
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previously only from dissociated ossicles (Hess, 
1962). Some o f the crinoid material was figured 
by Simms (1986, 1989).

The Marlstone Rock Formation forms the upper
most 0.5 m o f the Upper Pliensbachian succession 
exposed in the upper quarry. It is a rather 
calcareous, flaggy, sometimes poorly oolitic, lime
stone, and has yielded Pleuroceras spinatum. 
Formerly (Palmer, 1971) the formation was taken 
to include the indurated, brown, micaceous sand
stone o f Bed 36 below, from which weather large 
spheroidal ‘doggers’, but Sumbler et al. (2000) 
have assigned these sandy beds to the Dyrham 
Formation. Specimens o f Amaltheus subnodo- 
sus have been found up to 2.6 m above the base 
o f this sandy unit, while a pebble bed at the base 
(Bed 35) yielded the brachiopod Gibbirbynchia 
micra (Ager, 1955; Palmer, 1971).

Interpretation

Palmer (1971) was the first to establish a 
detailed lithostratigraphy for the Robin’s Wood 
Hill Quarry GCR site and succeeded in identifying 
the principal biostratigraphical boundaries. 
Where ammonites could not be found in the 
succession these boundaries were based pardy 
on lithostratigraphical cross-correlation with 
the Stonehouse Brick and Tile Quarry, 10 km 
farther to the south (SO 816 050), and with the 
succession in the Stowell Park Borehole (Green 
and Melville, 1956).

Palmer (1971) assigned 7.7 m o f silty mud
stones o f the Dyrham Formation in his beds 9b-c 
(beds 12-14 o f this account) to the Figulinum 
Subzone on the basis o f such correlation. Phelps 
(1985) recovered a specimen o f Aegoceras 
crescens transitional to Oistoceras angulatum 
from Bed 12 (low  in Bed 9b o f Palmer, 1971) at 
Robin’s Wood Hill Quarry, indicating the upper
most zonule o f the Capricomus Subzone, and 
Oistoceras? angulatum from Bed 16 (Bed 9e o f 
Palmer, 1971). Accordingly, he placed the two 
nodule bands o f the Dyrham Formation, beds 9c 
and 9e (beds 14 and 16 o f this account), and the 
intervening 2.74 m o f silty mudstones, in the 
Figulinum Subzone. Amaltheus bifurcus, indi
cating the lowest zonule o f the Stokesi Subzone 
(Phelps, 1985), has been found in Bed 18 (M.J. 
Simms, unpublished observations), and hence 
the Lower-Upper Pliensbachian boundary can 
be placed with some confidence below Bed 18.

Higher in the succession, Ager (1955) and 
Palmer (1971) interpreted the presence o f

Gibbirbynchia micra in Bed 35 as evidence for 
the Spinatum Zone. Palmer (1971) failed to find 
evidence for the Gibbosus Subzone below Bed 
35 at Robin’s Wood Hill Quarry. However, 
Amaltheus subnodosus occurs up to 2.6 m 
above the base o f Bed 35 (Simms, 1990a) and 
hence the Gibbosus Subzone must lie above this 
level. Its presence has yet to be proven at this 
site, although it is known elsewhere in the 
northern Cotswolds. The Spinatum Zone is, 
therefore, probably confined to Bed 37 at the 
very top o f the quarry, and Cox et al. (1999) 
included beds 35 and 36 within the Dyrham 
Formation. The most recent detailed log o f the 
succession (Figure 4.12) can largely be correlated 
with the earlier accounts o f Palmer (1971, 1973), 
but Chidlaw (1987, and this account) was unable 
to reconcile his own observations with part o f 
the succession recorded by Palmer (beds 7, 8 
and 9a o f Palmer, 1971, broadly corresponding 
to beds 7-11 o f this account).

As the most extensive inland exposure o f the 
Pliensbachian Stage, incorporating the type 
section o f the Dyrham Formation, the overlying 
Marlstone Rock Formation, and part o f the 
underlying Charmouth Mudstone Formation, in 
the Severn Basin, the succession at Robin’s 
Wood Hill Quarry has played an important 
role in inter- and intra-basinal correlation and 
interpretation. Palmer (1971) demonstrated a 
striking lithostratigraphical continuity between 
the quarries at Robin’s Wood Hill and Stonehouse. 
He concluded, on lithostratigraphical and bio
stratigraphical grounds, that a sandy limestone 
and more than 6 m o f silts immediately below 
the Marlstone Rock Formation at Stonehouse -  
since considered to represent the Subnodosus 
Sandstone Member -  were absent from the 
section at Robin’s Wood Hill Quarry. This 
he attributed to differential erosion prior to 
deposition o f the highest part (beds 35-37) o f 
the Robin’s Wood Hill Quarry section.

Palmer (1971) also attempted correlation o f 
the Robin’s Wood Hill Quarry succession with 
those in the Stowell Park Borehole (Green and 
Melville, 1956). More recent work has helped 
to define formation boundaries within the 
succession. Sumbler et al. (1999) designated 
this as the type section o f the Dyrham Formation 
and suggested its lower boundary, with the 
underlying Charmouth Mudstone Formation, be 
placed at the base o f the Capricomus Sandstone 
(base o f Bed 6 o f this account) although we have 
placed it a little lower at the first appearance
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o f silts. Palmer (1971, 1973) assigned all o f his 
Bed 16 (beds 35-37 o f this account), to the 
Marlstone Rock Formation, but here it is 
restricted only to Bed 37 at the top o f the main 
quarry section, and beds A and B o f the trackside 
section.

Overall similarities between the Robin’s Wood 
Hill Quarry, Stowell Park Borehole and the 
Dorset coast successions, particularly in the 
general coarsening upwards through the 
sequence, reflect a regional (western Europe) 
shallowing that is evident in many Pliensbachian 
sequences (Hallam, 1981; Hesselbo and 
Jenkyns, 1998). More detailed lithostratigraphical 
correlation o f marker bands between Robin’s 
Wood Hill Quarry and the Dorset coast, located 
as they are in separate basins, must be regarded 
as tentative at best. For example, the Capricomus 
Sandstone, the most distinctive marker band 
in the Lower Pliensbachian successions o f 
the Severn Basin has no lithostratigraphical 
correlative in the Green Ammonite Mudstone 
Member o f the Wessex Basin (Hesselbo and 
Jenkyns, 1995), nor at Napton-on-the-Hill on the 
East Midlands Shelf (Callomon in Hallam, 
1968a). The Subnodosus Sandstone Member 
(Simms, 1990a) in the upper part o f the Dyrham 
Formation can be traced over an area similar to 
that o f the Capricomus Sandstone in the Severn 
Basin. Limestone beds o f comparable thickness 
and depth in the upper part o f the Dyrham 
Formation, are known beyond the Severn Basin 
at both the Neithrop Fields Cutting and the 
Napton H ill Quarry GCR sites and, in the case 
o f the latter at least, are o f proven Subnodosus 
Subzone age. However, correlation o f these 
widely separated occurrences must be consi
dered highly tentative at best.

The succession exposed at Robin’s Wood Hill 
Quarry has proven invaluable in understanding 
patterns and controls on sedimentation in the 
Severn Basin during early and mid-Jurassic 
times. The apparent absence o f the Subnodosus 
Sandstone Member at Robin’s Wood Hill 
Quarry (Palmer, 1971), was interpreted as a 
manifestation o f uplift along a WNW-ESE axis, 
probably associated with movement on a base
ment fault close to Robin’s Wood Hill late in 
Subnodosus Subzone times. Evidence o f 
intermittent uplift on this axis imparting a gentle 
northward dip o f the strata below the Marlstone 
Rock Formation has been recorded over an area 
extending at least 20 km to the north (Simms, 
1990a). Although this pattern is fairly dear to

the north o f Cheltenham, extrapolation farther 
southwards to Robin’s Wood Hill and Stonehouse 
is less certain. Simms (1990a) suggested that the 
Dyrham Formation at the Robins Wood Hill 
Quarry GCR site was deposited in a separate half- 
graben from that o f sites farther north (Bredon 
Hill to Cleeve Hill).

Chidlaw (1987) disagreed with this inter
pretation, suggesting that lithological marker 
bands used by Palmer (1971) and Simms 
(1990a) for correlation within the Severn Basin 
were confined to individual sub-basins. Another 
possibility is that the Subnodosus Sandstone 
Member, far from being absent at Robin’s Wood 
Hill Quarry, may in fact be represented in part 
by the thick silty sandstone o f Bed 36. Sumbler 
et al. (2000) suggested that differential 
subsidence and intermittent truncation across 
sedimentary highs at times o f eustatic lowstand, 
rather then any uplift, was the principal control 
on sedimentation erosion.

Conglomeratic horizons are developed at 
several levels throughout the succession at this 
site. Typically the clasts are o f siltstone, evidently 
derived from the sediments beneath, and 
commonly are o f a flattened discoidal shape. 
Palmer (1971) correlated some o f these beds 
across the Severn Basin and possibly beyond, 
indicating widespread episodes o f erosion and 
reduced sedimentation, which he (Palmer, 1973) 
attributed to periods o f shallowing. The relative 
abundance o f these episodes, represented by the 
conglomeratic horizons, at Robin’s Wood Hill 
Quarry may indicate proximity to an area o f uplift, 
and hence some may be o f local distribution. 
Chidlaw (unpublished observations) has noted 
evidence for prolonged weathering, with 
leaching and concentration o f iron oxide, at the 
top o f Bed 22 in the Dyrham Formation and at 
the top o f the Marlstone Rock Formation (Bed 
B) exposed in the track-side section. These 
horizons are developed at the top o f upward- 
shallowing cycles and they may represent the 
lower horizons o f lateritic palaeosols developed 
during brief periods o f emergence.

Robin’s Wood Hill Quarry has been the site 
o f a number o f significant palaeontological 
discoveries. The discovery o f Amaltbeus 
subnodosus up to 2.6 m above examples o f 
Gibbirhynchia micra in Bed 35 extends the 
known range o f this brachiopod, which formerly 
was recorded only from the uppermost 
Gibbosus Subzone and lower Spinatum Zone 
(Ager, 1954). The occurrence o f Tetrarbyncbia
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dunrobinensis in Bed 8 o f Palmer (1971, 1973) 
extends its geographical range from its previously 
known distribution in Yorkshire and Scotland. 
Palmer (1973) interpreted the abundance o f 
large filter-feeding bivalves in the coarser units o f 
the Dyrham Formation and the Marlstone Rock 
Formation as evidence o f well-oxygenated water 
and abundant ‘plankton rain* and concluded, from 
the occurrence o f trochid gastropods, that water 
depths did not exceed 100 m. The occurrence 
o f articulated crinoids and ophiuroids in an 
impersistent siltstone in the Dyrham Formation 
in Bed 18 represents an example o f an obrution 
deposit (Seilacher et a l., 1985) in which the 
crinoids and ophiuroids were killed and 
preserved as a result o f catastrophic burial, 
perhaps associated with storm re-suspenion o f 
sediment. Similar occurrences o f B. gracilis and
P. m illeri, preserved in siltstone lenticles by 
obrution, are found at a comparable stratigraphical 
level in the Stokesi Subzone on the Dorset coast. 
Such deposits indicate that the sea floor was 
above storm wave-base at this time, and the sea 
was much shallower, perhaps as little as 20 m or 
less (Hallam, 1997). Still further support for this 
comes from the investigations o f Lord (1972, 
1974) and Malz and Lord (1976), who found a 
higher incidence o f ornamented and heavily 
calcified ostracods in the Charmouth Mudstone 
and Dyrham formations at Robin’s Wood Hill 
Quarry than in the broadly coeval beds at the 
Blockley Station Quarry GCR site, indicating a 
rather shallower, higher-energy palaeoenviron- 
ment at Robin’s Wood Hill Quarry. Lord (1972, 
1974) also noted a strong similarity between the 
ostracod faunas of Robin’s Wood Hill and the 
Dorset coast and concluded that an open seaway 
connection existed between the two areas. In 
contrast, the connection with the East Midlands 
Shelf was much poorer. This equates broadly 
with the recognition by Ager (1956a) and 
Howarth (1958) o f distinct faunal provinces for 
the south-west and the Midlands.

Conclusions

Robin’s Wood Hill Quarry provides the finest 
section through the Pliensbachian Stage, in 
particular the Dyrham Formation for which it 
has been designated type locality, o f any site 
between the Dorset and Yorkshire coasts. The 
succession exposed here has proven critical to 
understanding the underlying controls on facies 
distribution in the Severn Basin from the Upper

Pliensbachian Substage into the Middle Jurassic 
Series. As one o f only a small number o f inland 
sites to still expose this part o f the Lower 
Jurassic succession, Robin’s Wood Hill Quarry is 
a key site for any investigations o f early Jurassic 
palaeogeography, basin development and 
eustasy in southern Britain.

ALDERTON HILL QUARRY, 
GLOUCESTERSHIRE (SP 006 345)

Potential GCR site

MJ. Simms

Introduction

Alderton Hill Quarry is the westernmost o f three 
small, long-abandoned quarries excavated into 
the Marlstone Rock Formation (Uppermost 
Pliensbachian) and Whitby Mudstone Formation 
(basal Toarcian) successions on the southern 
flank o f Alderton Hill (Figure 4.13). There are few 
records or specimens specifically from the other 
two quarries, Dumbleton Quarry and Naunton 
Farm Quarry, and both are extensively overgrown. 
More than a century ago Alderton Hill Quarry was 
said by Woodward (1893) to have been abandoned 
for some time. Frequent reference to the site as 
‘Dumbleton’ probably reflects the location o f all 
three quarries within the Dumbleton Estate.

The section at Alderton Hill Quarry exempli
fies the dramatic facies and faunal changes that 
occurred across the Pliensbachian-Toarcian 
boundary. The limestones o f the Marlstone Rock 
Formation contain a rich benthic fauna while the 
succeeding argillaceous Whitby Mudstone 
Formation (Toarcian) is dominated by nektonic 
taxa. This is the type locality for the Dumbleton 
Member o f the Whitby Mudstone Formation, a 
succession o f paper shales and laminated lime
stone nodules, including the ‘Fish Bed' nodules, 
which can be recognized over a large area o f 
southern Britain and beyond. The Marlstone 
Rock Formation and the Fish Bed nodules at 
this site have been the source o f many figured 
and type specimens, o f both vertebrates and 
invertebrates, particularly insects.

The three quarries were already well-known 
for their unusual fossil fauna by the mid-19th 
century, with a fine collection amassed by Miss 
Holland o f Dumbleton Hall (Wright, 1863). The 
succession was described or mentioned briefly
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Figure 4.13 Geology and location map for the 
Alderton Hill Quarry GCR site.

in various papers in the second half o f the 19th 
century and early 20th century (Brodie, 1843, 
1858, 1860a; Murchison, 1845; Hull, 1857; 
Moore, 1867b; Guise, 1880; Tomes, 1886; 
Smithe and Lucy, 1892; Woodward, 1893; 
Richardson, 1904, 1929b; Buckman, 1922), with 
elements o f the fauna listed or described in 
several additional publications (Brodie, 1849; 
Buckman, 1853; Wright, 1863; Tomes, 1886; 
Crick, 1896, 1922; AS. Woodward, 1911; H. 
Woodward, 1911; Tillyard, 1925, 1933; Ager, 
1956-1967, 1990; Howarth, 1958, 1992).

Description

Despite the numerous publications, the 
succession at Alderton Hill Quarry has never 
been documented in detail. O f the sections 
published (Murchison, 1845; Brodie, 1860a; 
Guise, 1880; Smithe and Lucy, 1892; Woodward, 
1893) only those by Tomes (1886) and

Richardson (1929b) provided more than the 
most general description. Tomes (1886) recorded 
a total thickness o f 8.7 m (28 ft 3 in.), including 
‘surface soil*: Richardson (1929b) recognized at 
least 12 distinct units within a total exposed 
thickness o f 10.75 m (35 ft). The different total 
thicknesses probably arose from the advance o f 
the quarry face into the hillside, but there are 
also significant differences between the two 
recorded sections. That reproduced below 
attempts to combine the detail from both 
accounts; beds 1-3 and 7-13 are based on 
Richardson’s (1929b) description, while beds 
4-6 are taken from Tomes (1886).

Thickness (m)
TO ARC LAN STAGE 
Whitby Mudstone Formation 
Dumbleton Member
13: Limestone, rubbly. 0.05 (2 in.)
12: Clay, pale blue-grey. 1.5 (5 ft)
11: Shales, light violet, interspersed

with nodular limestone. 0.9 (3 fit)
10: Limestone nodules, laminated -  ‘Fish 

Bed’ (this was recorded as 1 ft (0.3 m) 
thick by Tomes and overlain by 4 ft 
(1.23 m) of ‘surface soil’). 0.15 (6 in.)

9: Paper shales, bluish, with nodules. 0.25 (10 in.)
8: Paper shales, violet (beds ?7, 8 and

9 were united by Tomes into a single 
14 ft (4.3 m) unit of ‘laminated blue 
shales’). 3.9 (12 fit 9 in.)

7: Clay, light grey, shaly. 0.9 (3 ft)
6: Layer of intermittent nodules of hard

stone containing ‘fucoids’ (described 
by Richardson as ‘dark purple clay 
(JLeptaena Bed)’). 0.08 (3 in.)

5: Shales, blue, laminated (beds 4 and
5 were combined into a single unit 
by Richardson, who described them 
as a ‘hard band with limestone 
nodules’). 1.15 (3 ft)

4: Clay, whitish-grey, hard, breaking up
into angular lumps and weathering 
into a soft, light-coloured clay. 0.23 (9 in.) 

3: Shale, light blue, hard. In the lower
part are many belemnites, and in 
the upper part numerous small pyrite 
crystals, small ammonites (?Dactylio- 
ceras pseudocommune = Ammonites 
bolandrei), gastropods and Tbeco- 
cyathus tuberculatus. 0.38 (1 ft 3 in.)

UPPER PUENSBACHIAN SUBSTAGE 
Marlstone Rock Formation 
2: Marl, hard, containing Tetrarhyncbia

tetrabedra, Pleuroceras spinatum, belemnites 
and crinoid debris (Tomes described this 
as a ‘friable shale, having the appearance of 
soft marlstone, brown or ferruginous in 
colour, and sometimes micaceous’). 0.3 (1ft) 

1: Marlstone Rock Bed (with two
other bands not exposed). 1.02 (3 ft 4 in.)
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At the time o f writing, the section was largely 
obscured by vegetation, although slumping o f 
the upper part o f the face in the early 1980s 
exposed 2 m o f paper shales and the Fish Bed.

The Marlstone Rock Formation forms a 
conspicuous shelf below the quany although its 
exact thickness remains unclear. That part o f the 
pit was flooded when visited by Smithe and Lucy 
(1892), but Woodward (1893) reported its thick
ness as ‘about 14 feet’ (4.3 m), commenting 
that the beds were not fully exposed. Richardson 
(1929b) referred to ‘two other bands not 
exposed’, but it is unclear as to whether these were 
in the lower part o f the Marlstone Rock Forma
tion or in the underlying Dyrham Formation.

The Marlstone Rock Formation appears to be 
predominantly a shelly, micritic limestone, in 
places pyritic. It has been a prolific source o f 
well-preserved fossils, particularly molluscs. 
Richardson (1929) listed almost 30 nominal 
species. Amaltheid ammonites are a common 
and conspicuous element o f this fauna. It is the 
type locality for Pleuroceras spinatum var. buck- 
mani (Moxon, 1841) and Amaltheus sedgwicki, 
a synonym o f A. margaritatus (Howarth, 1958). 
It has also yielded a rich and fairly diverse 
brachiopod fauna, including the holotypc o f 
Tetrarhynchia dumbletonensis (Ager, 1956- 
1967). Murchison (1845) referred to crustacean 
and plant remains, including a carbonized cone, 
and the humerus o f a pterosaur from here.

The succeeding Toarcian Dumbleton Member 
o f the Whitby Mudstone Formation comprises 
mudstones and paper shales with a few grey, 
nodular, argillaceous limestone bands. In the 
absence o f any bed-by-bed collecting, many o f 
the species recorded by Richardson (1929b) and 
others cannot be tied into the lithostratigraphy. 
Tomes (1886) recorded numerous specimens o f 
the solitary coral Tbecocyathus tuberculatus, 
and a few Trocbocyatbus sp., from weathered 
Whitby Mudstone Formation clays at disused 
workings on Stanley Hill (SP 010 298), Gretton, 
just 5 km to the south. He collected two 
specimens o f T. tuberculatus from the upper 
part or top o f Bed 3 at Alderton Hill Quarry. 
S.S. Buckman (1922) and Richardson (1929b) 
recorded abundant specimens o f the minute 
brachiopods Orthotoma globulina (Ager, 1990) 
and Nannirhynchia pygmaea (Ager, 1956-1967) 
from beds 8 and 9, together with specimens o f 
Diademopsis cf. crinifera with spines intact. 
Upton (1906) also noted that fish fragments, 
echinoid spines and Pseudomytiloides dubius

were common in the paper shales, but ostracods 
and foraminifera were rare. More recent 
collecting from these shales in the 1970s and 
1980s (M.J. Simms, unpublished observations) 
yielded disarticulated fish remains, a partial 
thorax o f Coleia riebardsoni, and ammonites 
with aptychi in place.

Only the Fish Bed o f the Dumbleton Member 
is o f a sufficiently distinctive lithology to ensure 
that loose blocks and nodules can be assigned 
with confidence to this bed. Individual nodules 
may be 1 m o f more across, though commonly 
breaking into smaller blocks, but seldom are 
more than 0.2 m thick. Externally they are o f 
creamy-yellow laminated limestone, though they 
are commonly ‘blue-hearted’ at the centre. A 
fairly rich fauna has been obtained from the Fish 
Bed nodules here and at other sites on adjacent 
hills. The most abundant vertebrate is the small 
early teleost fish Leptolepis coryphaenoides, 
occasionally found intact (Figure 4.14) and with 
traces o f soft tissues but more usually as 
scattered bones; it was originally described from 
here as a new species, Leptolepis concentricus 
(Egerton in Brodie, 1849). Several other fish 
species occur more rarely, with this the type 
locality for the semionotid Tetragonolepis discus 
and the only British locality for the pachycormid 
Eutbynotus (A.S. Woodward, 1895, 1911).
Reptile remains have been found only rarely in 
the Fish Bed nodules in this area. Moore 
(1867b) referred to what would appear to be a 
fairly complete skeleton o f an ichthyosaur in the 
Fish Bed nodules at Dumbleton, and Smithe 
(1865) noted a tooth o f Teleosaurus and a

Figure 4.14 Large specimen (70 mm across) of the 
early teleost Leptolepis coryphaenoides, from the Fish 
Bed of the Dumbleton Member at Dumbleton Pit, just 
to the east of Alderton Hill Quarry. Specimen from 
the Simms Collection, in Bristol City Museum. 
(Photo: MJ. Simms.)
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scapular arch or coracoid o f a pterosaur from 
the Fish Bed nodules at Churchdown Hill 
(SO 880 190), near Gloucester.

The marine invertebrate fauna o f the Fish 
Bed nodules are dominated by nektonic and 
planktonic species. Three species o f ammonite, 
and isolated aptychi, have been recorded; 
Hildaites murleyi and H . fo rte , for both o f 
which this is the type locality (Moxon, 1841; 
Howarth, 1992), and Cleviceras elegans, all 
indicating the Exaratum Subzone o f the 
Serpentinum Zone. O f two species o f belemnite, 
Acrocoelites ilminsterensis and Chondroteutbis 
wunnenbergi, both have been found in 
exceptional states o f preservation with 
phragmocone and proostracum intact (Crick, 
1896; Doyle, 1990-1992), while isolated groups 
o f hooklets may also belong to one or other o f 
these species (Doyle, 1990-1992). Crick (1922) 
figured specimens o f the teuthids Geoteutbis 
agassizi and Teutbopsis brunelii from the Fish 
Bed nodules o f Alderton Hill. Among the 
other molluscs Pseudomytiloides dubius occurs 
sporadically and Goniomya tetragona only 
very rarely. By far the most abundant mollusc, 
or indeed fossil o f any type, in the Fish Bed 
nodules is the tiny gastropod Coelodiscus 
minutus. This can occur evenly scattered 
through some Fish Bed nodules, though it is 
absent from others; intact fish remains are rarely, 
if ever, encountered in those Fish Bed nodules 
in which the gastropod is abundant (M.J. Simms, 
unpublished observations). The only other 
invertebrates present are arthropods, represented 
by scarce benthic marine taxa, and a diverse 
and abundant fauna o f inseas, some o f them 
extraordinarily well-preserved. The arthropods 
include the holotype o f Coleia ricbardsoni 
(H. Woodward, 1911; Woods, 1925-1931), while 
examples o f the insects have been figured by 
Buckman (in Murchison, 1845; Buckman, 1848, 
1853), Brodie (1849) and Tillyard (1925, 1933). 
The Fish Bed nodules exposed in the quarries 
on the Dumbleton Estate were the source o f 
numerous insea holotypes, including the dragon
flies Heterophlebia buckmani, H. angulata and 
Liassogompbus brodiei, and the panorpoids 
Actinopblebia anglicana, Ortbopblebia brodiei, 
Protobittacus bandlirscbi, Necrotaulius pymg- 
maeus and Liassotipula anglicana. More 
material was collected in the 1970s and 1980s 
(M.J. Simms, unpublished; now held in Bristol 
City Museum; Figure 4.15): the entire entomo- 
fauna is in need o f further investigation.

Figure 4.15 Incomplete wing (30 mm long) of the 
dragonfly Heterophlebia buckmani, from the Fish 
Bed of the Dumbleton Member at Alderton Hill 
Quarry. Specimen from the Simms Collection, in 
Bristol City Museum. (Photo: M.J. Simms.)

Interpretation

Although ammonites are common throughout 
the succession formerly exposed here, a detailed 
biostratigraphy cannot be established because 
few o f the ammonites recorded were obtained 
in situ. Beds 1 and 2 contain abundant 
amaltheids, particularly species o f Pleuroceras, 
and hence lie within the Spina turn Zone. The 
identification o f the Ammonites bolandrei from 
Bed 3 as Dactylioceras pseudocotmnune is, at 
best, questionable but may indicate an early 
Tenuicostum Zone (Paltus Subzone) age. The 
only other proven records are o f Cleviceras 
elegans, Hildaites murleyi and H. forte  from the 
Fish Bed, indicating a position within the 
Exaratum Subzone o f the Serpentinum Zone.

The thickness o f the Marlstone Rock 
Formation has not been ascertained at this site: 
cited thicknesses vary from 1.32 m (Richardson, 
1929b) to 4.3 m (Woodward, 1893). Both are 
possible since the formation shows a dramatic 
southward thinning in this area from more than 
6 m on Bredon Hill (SO 957 399) to 0.5 m on 
Cleeve Hill (SO 979 256), a distance o f only 
14 km (Simms, 1990a). Alderton Hill Quarry is 
approximately midway between the thick, sandy 
facies o f the Marlstone Rock Formation o f 
Bredon Hill and the ferruginous, oolitic and 
conglomeratic facies o f Oxenton and Stanley 
hills. It shows greater lithological similarity to 
Bredon Hill than to the other sites. However, 
only excavation o f the site can establish its litho
logical succession.

The overlying (Toarcian) Dumbleton Member 
succession is charaaerized by nektonic and 
planktonic fauna, with evidence o f a significant 
benthic fauna at some levels. The most notable
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o f these is the presence o f corals at or near the 
top o f Bed 3, suggesting well-oxygenated 
conditions and a pause in sedimentation. The 
presence o f burrow systems (the ‘fucoids’ o f 
Tomes, 1886) in Bed 6 also indicates at least 
dysaerobic conditions for a brief period within 
the anoxic environment represented by the 
paper shales.

The unusual fauna o f the Fish Bed was noted 
by many early authors and comparisons were 
drawn with correlative sections elsewhere. 
Brodie (1860a) and Moore (1867b) noted 
similarities between the section at Alderton Hill 
Quarry and correlative strata in Somerset. 
Similar ‘Fish Bed’ facies are known from 
Northamptonshire and elsewhere in the East 
Midlands (Brodie, 1860a; Judd, 1873; Howarth, 
1978), and from farther afield in Normandy 
(Smithe and Lucy, 1892; Dineley and Metcalf
1999). In Germany and Switzerland the 
Exaratum Subzone is developed as bituminous 
paper shales with a laminated limestone band, 
the Unterer Stein, in which the most common 
fossil is Leptolepis corypbaenoides (Etter and 
Kuhn, 2000).

The mutual exclusion apparently shown by 
intact fish and the gastropod Coelodiscus 
minutus in the Fish Bed nodules, and the fact 
that the latter occur evenly scattered through 
some nodules but are absent from others, 
suggests that not all o f the Fish Bed nodules 
occur at exactly the same level and that benthic 
oxygen levels were higher during deposition o f 
the sediments containing abundant gastropods 
and only disarticulated fish. This is supported 
by the observations o f Smithe (1865), and 
Simms (unpublished observations), who noted 
that Fish Bed nodules can be found throughout 
some 2.5 m (8 ft) o f strata. The laminated nature 
o f the Fish Bed nodules, the presence within 
them o f uncrushed ammonites, and the similarity 
o f the fauna in the surrounding paper shales, 
suggests that they represent early diagenetic 
carbonate segregations which developed within 
the shales. Those that grew at horizons 
representing the most anoxic periods during 
shale deposition contain the best-preserved 
insects and vertebrates. In contrast, those that 
formed at levels representing less anoxic 
conditions contain only poorly preserved 
vertebrates together with a greater or lesser 
abundance o f benthic invertebrates, including 
an abundance o f gastropods. A detailed account 
o f the faunal distribution within the Fish Bed

nodules and adjacent paper shales must await a 
more detailed investigation o f the site.

The sudden lithological change exposed in 
the succession at Alderton Hill Quarry, from the 
shallow-water facies o f the Marlstone Rock 
Formation with its abundant shelly benthic 
fauna, overlain by the laminated mudstones and 
limestones o f the Dumbleton Member with its 
nektonic fauna and low-diversity benthos, marks 
a rapid eustatic rise in sea level in earliest 
Toarcian times (Hallam, 1981; Hesselbo and 
Jenkyns, 1998), which affected vast areas o f 
northern Europe and beyond, and that produced 
dramatic changes in marine faunas (Hallam, 
1987a; Voros, 2002).

Conclusions

Alderton Hill Quarry exposes a section repre
sentative o f the dramatic palaeoenvironmental 
changes that occurred in south-west England 
between the Marlstone Rock Formation and the 
Whitby Mudstone Formation. Sandstones with 
abundant shelly benthic faunas were replaced 
by mudstones with an overwhelmingly nektonic 
fauna that was preserved in the predominandy 
anoxic seabed conditions that prevailed during 
deposition o f the Dumbleton Member. The site 
has long been a rich source o f fossil material, 
particularly from the Marlstone Rock Formation 
and the Fish Bed, and has been an especially 
important source o f fossil insect remains.

THE COTSWOLD CEPHALOPOD 
BED MEMBER AND THE 
BRIDPORT SAND FORMATION

N. Chidlaw and M.J. Simms

GENERAL DESCRIPTION

The upper part o f the Toarcian Stage in the 
central and southern Cotswolds is developed 
in a predominandy arenaceous facies, which for 
many years was termed the ‘Cotteswold Sands’. 
This was recognized as being lithologically and 
stradgraphically equivalent to similar sands in 
northern and southern Somerset (the Midford 
Sands and Yeovil Sands) and, still farther south, 
in Dorset (the Bridport Sands). Consequendy it 
has now been subsumed within the Bridport 
Sand Formation (Sumbler et a l.y 1999). The 
lithology and facies o f the formation in the
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Cotswolds does not differ significantly from that 
seen farther south, in the Wessex Basin. 
Typically it comprises friable, dull yellow silty 
sands with fairly regular bands o f harder calcareous 
sandstone. Bioturbation commonly is intense 
and has largely destroyed any small-scale 
sedimentary structures, although cross-bedding, 
ripple cross-lamination, or individual burrows 
are evident in certain beds. Fossils generally are 
rather scarce, except at certain levels, while the 
friable nature o f much o f the formation leads to 
rapid weathering and degradation o f exposures. 
Consequently it is rather poorly documented 
although some exposures are described in Cave
(1977) and the formation as a whole was 
discussed by Davies (1969). The three GCR sites 
described here all expose the upper part o f 
the formation. An aspect o f the Bridport Sand 
Formation that has long intrigued geologists is 
the diachronous nature o f its top and base 
between Gloucestershire (older) and Dorset 
(younger) (Buckman, 1889; Davies, 1969).

In the central Cotswolds the upper part o f 
the Bridport Sand Formation is developed in a 
condensed, carbonate-rich facies commonly rich 
in ammonites and other fossils. The Cotswold 
Cephalopod Bed Member ( ‘Cephalopod Bed’ 
o f earlier accounts) o f the Bridport Sand 
Formation (formerly the ‘Cotteswold Sands’ in 
this area) was well documented by geologists in 
the late 19th and early 20th centuries, notably
J. Buckman (1879) and his son S.S. Buckman 
(1887-1907, 1889), on account o f its rich 
ammonite fauna. Important descriptive accounts 
published more recently are those o f Davies 
(1969) and Cave (1977). Several o f the classic 
sections exposed in quarries and sunken lanes 
are still accessible. Three sections, at Wotton 
Hill, Haresfield H ill and Coaley W ood (Figure 
4.16), have been selected for inclusion in the 
GCR as representative o f the member, and to 
demonstrate the nature o f lateral variations 
within it (Figure 4.17).

The Cotswold Cephalopod Bed Member 
comprises a series o f centimetre- to metre-scale 
units composed o f highly bioclastic, extensively 
bioturbated, yellow and brown marls and marly 
limestones commonly rich in limonite ooids. 
These include abundant dark-brown ferruginous 
ooids, or occasionally pisoids, often marginally 
abraded and with a nucleus o f limonite-coated, 
algal-bored, shell material. The member 
contains a rich and diverse shelly benthic 
and nektonic fauna. Ammonites, bivalves and

Figure 4.16 Outcrop/subcrop map of Toarcian strata 
in the Severn Basin, showing the geographical distri
bution of sand-dominated (Bridport Sand Formation 
> Whitby Mudstone Formation) and clay-dominated 
successions. The location of the three Cotswold 
Cephalopod Bed Member GCR sites is indicated: 
W -  Wotton Hill; C -  Coaley Wood; H -  Haresfield Hill. 
After Green (1992).

belemnites are particularly conspicuous, with the 
ammonites documented by Buckman (1887- 
1907) and the belemnites by Doyle (1990-1992). 
Brachiopods are also present (Ager, 1956-1967) 
together with crinoid and echinoid debris. Much 
o f the fossil material is fragmentary, extensively 
bored by algae and coated with limonite, though 
intact shells mosdy are unbored and lack the 
limonite coating. Horizontal and U-shaped 
burrows occur in some o f the units and 
bioturbation is ubiquitous. Lithologically, the 
several discrete units that together form the
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Figure 4.17 Lithostratigraphical and biostratigraphical correlation of named units within the Cotswold Cephalopod Bed Member (Bridport Sand Formation) 
at the GCR sites of Wotton Hill (from new observations by Chidlaw), Coaley Wood (after Richardson, 1910b) and Haresfield Hill (after Buckman, 1887-1907; 
and Richardson, 1904). Ammonite zonal stratigraphy revised by K.N. Page.
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Cotswold Cephalopod Bed Member are 
distinctive and, in the context o f the British 
Lower Jurassic sequence, unique. A well-defined 
lithostratigraphy was established for this succes
sion more than a century ago (Buckman, 1887, 
1889; Richardson, 1910b) and continues to be 
used to this day The member derives its name 
from a rich and diverse ammonite fauna, and 
from its restricted outcrop distribution in the 
mid-Cotswolds. The stratigraphical value o f the 
ammonites was recognized by these early workers 
and enabled correlation between the local 
lithostratigraphy and the ammonite sequence. 
This has demonstrated that the succession, 
although barely exceeding 4 m in maximum 
thickness, encompasses a fairly complete 
sequence through the top four ammonite zones 
o f the Toarcian Stage (Figure 4.17).

In its fullest development, at sites such as 
Wotton Hill, seven named, lithostratigraphical 
units have been recognized above the typical 
facies o f the Bridport Sand Formation 
( ‘Cotteswold Sands’) below. These can be tied 
in to the ammonite succession (revised here by
K.N. Page) with some precision (Figure 4.17). 
The lowest unit, the ‘Striatulum Bed’, is a slightly 
sandy, bioclastic limestone with abundant 
echinoderm debris and limonite superficial 
ooids. It contains ammonites indicative o f 
the lower part o f the Thouarsense Zone 
(=  Striatulum Subzone o f Dean et a l., 1961). 
The succeeding ‘Pedicum Bed’, or ‘Linseed Bed’ 
is distinguished by an abundance o f ellipsoidal 
ferruginous ooliths in a soft marl. Above, the 
Struckmani Bed’ is a calcite-cemented, very sandy 

biomicrite containing ellipsoidal ferruginous 
ooliths, and pisoids up to 4 mm across in 
its base. The Pedicum and Struckmani beds 
together represent the Fallaciosum and 
Fascigerum subzones o f the Thouarsense Zone. 
The ‘Dispansum Bed’ is a calcite-cemented marl 
with scattered large ferruginous ooliths, which 
contains a Dispansum Zone fauna. It is 
succeeded by a sandier, calcite-cemented marl 
o f the ‘Dumortieria Bed’, containing fauna 
indicative o f the Levesquei Subzone o f the 
Pseudoradiosa Zone, and is the only bed to 
contain intraclasts o f the host lithology. The 
‘Moorei Bed* can comprise two distinct facies 
units in its fullest development; a lower, calcite- 
cemented, iron-oolitic sandstone and an upper, 
calcite-cemented, iron-oolitic marl. Its fauna is 
indicative o f the Pseudoradiosa Subzone. This is 
overlain by the Aalensis Bed’, a marl unit that

locally contains reworked limestone pebbles 
more similar to the Opaliniforme Bed. It is the 
highest unit o f the Cotswold Cephalopod Bed 
Member in this area and its fauna indicates the 
Aalensis Zone.

The Cotswold Cephalopod Bed Member is 
overlain at the three GCR sites by the Birdlip 
Limestone Formation at the base o f the Middle 
Jurassic Inferior Oolite Group. The basal bed 
o f the Birdlip Limestone Formation is a thin, 
bioclastic limestone with ferruginous peloids, 
which contains ammonites indicative o f the 
Opalinum Zone o f the Aalenian Stage. It was 
termed the ‘Opaliniforme Bed’ by Richardson 
(1910b).

The ammonite and lithostratigraphical 
evidence indicates that a marked thinning o f the 
Cotswold Cephalopod Bed Member between 
Wotton H ill and Haresfield H ill is associated 
with the loss o f some o f the distinctive litho
stratigraphical units and increased condensation 
o f others (Figure 4.17). This is most strikingly 
seen at Haresfield Hill, where the lower 
ammonite zones present at Wotton Hill 
(Dispansum and Thouarsense zones) are absent 
and the Dumortieria Bed (Levesquei Subzone) 
rests on an irregular erosion surface, on lower 
Thouarsense Zone sediments o f the underlying 
Bridport Sand Formation. At Coaley Wood, both 
o f these lower zones are present. There too the 
lowest unit, the Striatulum Bed, was described 
by Buckman (1887-1907) as ‘filling irregularities 
in the bed below’, clearly indicating a hiatus 
caused by a period o f erosion and/or non
deposition between the Cotswold Cephalopod 
Bed Member and the underlying sands. Only 
the Dumortieria Bed (Levesquei Subzone) 
would appear to be absent at Coaley Wood, 
despite its presence in the more attenuated 
sequence at Haresfield Hill. The other units o f 
the Cotswold Cephalopod Bed Member at Coaley 
Wood are considerably more condensed than at 
Wotton Hill, with some lithostratigraphical units 
containing evidence o f more than one ammonite 
subzone. The thickness o f the succeeding 
Leckhampton Member, at the base o f the Middle 
Jurassic succession, is broadly comparable 
across the three sites (2.74 m at Wotton Hill, 
2.14 m at Coaley Wood, and 2.63 m at Haresfield 
Hill), contrasting with the variations seen in the 
Cotswold Cephalopod Bed Member beneath.

The Cotswold Cephalopod Bed Member is 
limited in its geographical extent along the 
Cotswold scarp, extending from the area north
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o f Stroud southwards to Old Sodbury (18 km 
north-east o f Bristol). To the south it passes 
laterally into sands o f the Bridport Sand Formation 
( ‘Midford Sands’). Northwards it passes into 
typical Bridport Sand Formation ( ‘Cotteswold 
Sands’) or into Whitby Mudstone Formation 
(Green, 1992). The member is thickest along 
the scarp between Wotton-under-Edge and 
Nibley Knoll, (see Figure 4.18, Wotton Hill GCR 
site report) attaining a thickness o f a little over 
4 m. The GCR site at Wotton Hill shows the 
Cotswold Cephalopod Bed Member at its 
measurable thickest o f 4.11 m: it thins along a 
NNE line linking the three GCR sites. At Coaley 
Wood, it is reduced to 0.79 m, and it is only
0.55 m thick on Haresfield Hill. It has been 
traced eastward from outcrop, thinning to as 
little as 0.08 m between Tetbury (ST 890 930) 
and Nailsworth (SO 000 850), where it contains 
representatives o f the Striatulum and Pseudo- 
radiosa subzones, before thickening north
eastwards to as much as 1.83 m in a borehole 
10 km east o f Tetbury (Cave, 1977).

INTERPRETATION

Early Toarcian sedimentation in the Cotswolds 
was dominated by mudrocks, the Whitby Mud
stone Formation, reflecting a eustatic sea-level 
rise following the close o f the Pliensbachian Age 
(Bradshaw et a l.t 1992). Thin, marly, ironshot 
limestones, assignable to the Barrington 
Member o f the Beacon Limestone Formation, 
occur to the south-west on the Avon Platform’ 
(Chidlaw, 1987), with similar facies also 
developed towards the base o f the Toarcian 
Stage in the Severn Basin itself (Whittaker and 
Ivimey-Cook, 1972), as at the Alderton Hill 
Quarry GCR site. Davies (1969) interpreted the 
mudrocks as deposited in deeper, low-energy 
conditions, and the limestones in shallower 
water often disrupted by strong currents. The 
mudstones are succeeded by the Bridport Sand 
Formation, considered by Davies (1969) to 
represent a sand-bar complex that advanced 
southwards from the Cheltenham area between 
mid-Toarcian times (Bifrons Zone, Crassum 
Subzone) and early Aalenian times (Opalinum 
Zone). Boswell’s (1924) heavy-mineral analysis 
o f the Bridport Sand Formation suggested that 
Armorican metamorphic rocks o f Brittany were a 
likely source. Davies (1969) suggested that the 
sediment was eroded from rocks there when

they were exposed as a land area situated in 
what is now the Western Approaches o f the 
English Channel. The sand was then carried 
north-eastwards by longshore currents to where 
the bar commenced formation upon meeting 
more powerful currents flowing towards the 
south-west. However, throughout its outcrop 
between Dorset and the Cotswold Hills, the 
Bridport Sand Formation lacks the extensive 
development o f cross-bedding and contrasting 
lithologies that might be expected either side o f 
the putative bar complex. Instead the facies 
represented are fine grained and silty, suggesting 
a rather lower-energy environment, such as a 
shelf sand blanket facies. Davies (1969) noted 
that sedimentary structures in the sands are 
difficult to observe owing to the fine grain-size, 
lithological uniformity and extensive bioturbation, 
but when seen they include mainly ripple- 
formed cross-laminations, with infrequent 
development o f large-scale cross-stratification. 
In addition, biostratigraphical evidence (Green, 
1992) shows that not only did the sands migrate 
to the south through time, but they also began 
to be deposited in the Cheltenham and north 
Cotswold areas from Variabilis Zone through to 
Aalcnsis Zone times. However, the Armorican 
metamorphic rocks are no longer considered 
the only possible source area for the sands. 
While uplift o f land or marine regression in west 
and south-west England is implied to have 
generated the sands, extensive erosion o f post 
mid-Bifrons Zone sediments occurred from 
Oxfordshire to Yorkshire before Aalenian 
deposits were laid down (Bradshaw et al., 
1992). It has been suggested that part o f this 
eastern area (the London Platform) could have 
been the source o f the sands, although, if so, its 
transportation into the western and central parts 
o f the Severn Basin could not have been direct, 
as the sands pass into mudstone-dominated 
sediments beneath the eastern Cotswolds and 
Oxfordshire (Green, 1992).

The Cotswold Cephalopod Bed Member is 
similar in several respects to the highly 
condensed Sinemurian and Lower Pliensbachian 
succession o f the Radstock district. In both 
successions ferruginous ooids are a significant 
component at some levels, and both can be 
divided into distinctive individual units that can 
be correlated on the basis o f their abundant 
ammonite assemblages. The highly condensed 
nature o f the Cotswold Cephalopod Bed Member 
succession indicates that low subsidence rates
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played a significant role, and sedimentary breaks 
and the occasional presence o f intraclasts at 
some sites indicates that erosion was important 
locally. Tectonic controls on sedimentation are 
well documented for the Severn Basin 
(Whittaker, 1972b, 1985; Simms 1990a) and 
clearly exerted a considerable influence on 
deposition o f the Cotswold Cephalopod Bed 
Member. Chidlaw (1987) noted a similar pattern 
o f lateral thickness variation for the Upper 
Pliensbachian succession (the Dyrham and 
Marls tone Rock formations) in the Severn Basin. 
He attributed this to syn-sedimentary extensional 
movement in a block-faulted basement, with 
deposition o f the most condensed successions 
on sediment-starved highs. Farther north in 
the Severn Basin the succession is strikingly 
different, with mudstones dominating much o f 
the Toarcian succession correlative with the 
Bridport Sand Formation farther south. None
theless, there does appear to be an increase in 
arenaceous sediments in the late Toarcian 
succession even on Bredon Hill, representing 
the deepest part o f the basin (Whittaker and 
Ivimey-Cook, 1972). This suggests that there 
was at least a minor eustatic component to the 
development o f the Cotswold Cephalopod Bed 
Member.

In the Cotswold Cephalopod Bed Member, 
the abundance o f fragmentary shell material and 
presence o f marginally abraded ooids suggests a 
fairly high-energy environment in which the 
lime-mud matrix may have been produced largely 
from the disintegration o f skeletal material, 
including calcareous green algae. Despite 
predominantly high-energy conditions, this lime 
mud remained in the environment through its 
entrapment by algal mucilage and macrophytes, 
indicating an algal-rich environment. This 
developed in response to an abrupt termination 
o f sand supply, perhaps associated with regional 
uplift rather in the manner suggested for the 
succession seen at the Ham H ill GCR site, 
creating improved conditions both for algae and 
for the shelly fauna, which rapidly colonized the 
sea floor. Remains o f the abundant benthic 
and nektonic fauna were often fragmented and 
comminuted by strong currents, and extensively 
bio-eroded by endolithic algae. However, the 
typically unbored and unencrusted preservation 
o f the intact ammonites indicates that they 
cannot have lain exposed on the sea floor for 
any length o f time but must have been buried 
fairly rapidly. This suggests that the richness o f

the ammonite fauna here did not arise from a 
slow accumulation o f ammonite conchs but 
more probably reflects a general abundance o f 
this group in the living fauna, with periodic 
episodes o f sediment re-suspension, perhaps 
due to storms, burying recently dead materials 
along with the bored and encrusted fragments o f 
other shells. Early diagenetic cementation and 
subsequent erosion o f the marly sediment 
produced intraclasts on at least one occasion.

In contrast, Davies (1969) concluded from the 
dominandy micritic matrix that the environment 
o f deposition was essentially one o f low energy, 
interrupted only occasionally by more powerful 
currents that produced the intraclasts and 
brought abraded ooliths, pisoliths and shell 
fragments into the area from dominandy higher 
energy conditions to the north-east. However, 
this appears unlikely, since that area is occupied 
by the Bridport Sand Formation ( ‘Cotteswold 
Sands') and Whitby Mudstone Formation, both 
o f which are relatively low-energy deposits.

An extensive facies belt broadly analogous to 
the Cotswold Cephalopod Bed Member, and 
similarly composed o f shelly lime mudstones 
with limonitic ooids and intraclasts, is present 
on the ‘Avon Platform’ as the Marlstone Rock 
Formation (Chidlaw, 1987). Here too, ooid 
nuclei consist o f shell fragments and siltstone 
and, like much o f the thick-shelled macrofauna, 
are sometimes broken. Chidlaw discounted the 
possibility o f the limonitic ooids here having 
been introduced from adjacent lithofacies belts, 
since ferruginous ooids from the latter are 
noticeably different in size and structure.

WOTTON HILL, GLOUCESTERSHIRE 
(ST 754 940)

N. Chidlaw

Introduction

The Wotton Hill GCR Site is located on the crest 
o f the Cotswold escarpment, at about 180 m OD, 
overlooking the north-western outskirts o f 
Wotton-under-Edge (Figure 4.18). It comprises 
two disused quarries, which together expose an 
almost continuous section through the upper
most formations o f the Lias Group to within the 
highest formations o f the Inferior Oolite Group. 
The larger o f the two quarries, on the plateau 
crest, lies entirely within the Inferior Oolite
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Figure 4.18 General geology and location map for the Wotton Hill GCR site and the Nibley Knoll exposure.

Group and is not discussed further here. The 
smaller, lower quarry exposes the boundary 
beds o f the Lower and Middle Jurassic succes
sions.

The section is well exposed (Figure 4.19), and 
contains the greatest measured thickness o f 
the Cotswold Cephalopod Bed Member, a locally 
developed condensed sequence within the 
Bridport Sand Formation, which is one o f the 
richest sources o f late Toarcian ammonites in 
Britain, and has yielded a more complete Upper 
Toarcian ammonite sequence than any other in 
the Severn Basin. The regional dip o f the strata 
is less than 1° to the south-east (Cave, 1977).

The expanded development o f the Cotswold 
Cephalopod Bed Member here contrasts with 
that seen at two adjacent GCR sites, Coaley 
Wood and Haresfield H ill; together these 
localities are o f critical importance for under
standing the late Toarcian history o f the Severn 
Basin.

The site was first described by Wright (1856), 
who gave a short faunal list for each o f the main 
units included on his log. The lower quarry 
was described in detail by Richardson (1910b), 
a summary o f his section being reproduced 
by Reynolds (1921), Ager (1955) and Ager et 
al. (1973). Murray and Hancock (in Savage,
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Figure 4.19 Upper part of the Bridport Sand Formation exposed in the lower quarry at Wotton Hill. Typical 
Bridport Sand Formation forms the lower, pale part of the central buttress and is overlain by the Cotswold 
Cephalopod Bed Member, with the Struckmanni Bed forming the conspicuous bipartite unit in its lower 
part. The Middle Jurassic Birdlip Limestone Formation above is clearly visible towards the top of the quarry in 
the background; its Junction with the Cotswold Cephalopod Bed Member below lies at the level of the 
conspicuous undercut. (Photo: M.J. Simms.)

1977) also described the section, and Doyle 
(1990-1992) provided a summary lithostrati- 
graphical log to accompany his work on Toarcian 
belemnitcs.

Description

The succession as recorded by Richardson 
(1910b) is described, with slight modifications, 
below. The section in the lower quarry was 
re-logged in August 1999 and is reproduced in 
graphic form in Figure 4.17. Biostratigraphical 
units are included to allow comparison between 
the description and Figure 4.17. There are no 
major differences in terms o f unit thicknesses 
and succession between the description o f 
Richardson (1910b) and Figure 4.17; the main 
discrepancies lie in details o f facies identification 
and interpretation. In particular the ‘limestone’ 
o f Richardson has been re-identified as 
calcite-cemented sandstone, while the terms 
‘ ironshot’ or ‘iron speckled’ refer to the 
presence o f limonitic superficial ooids and 
peloids.

Thickness (m)
AALENIAN STAGE
Birdlip Limestone Formation
Leckbampton Member ( ‘Scissum Beds')
Scissum Zone
13: Limestones, rather sandy, in

several beds. 1.40 (seen)
Opalinum Zone
12: Opaliniforme Bed: Limestone, hard,

slightly iron-speckled. 0.30
UPPER TOARCIAN SUBSTAGE 
Bridport Sand Formation
Cotswold Cephalopod Bed Member Total 4.11 
Aalensis Zone 
Aalensis Bed
11: Marl, ironshot, dirty-grey, indurated, 

with iron-peloidal limestone clasts 
lithologically similar to the overlying 
Opaliniforme Bed; very ferruginous 
at top. 0.15

10: Clay, dark brown. Homoeorbyncbia
cynocepbala. 0.05

Pseudoradiosa Zone, Pseudoradiosa Subzone 
Moorei Bed
9: Marl, ironshot, grey and brown.

Zeilleria? sp. near top. 0.46
8: Marl, ironshot, grey and brown, indurated.

Homoeorbyncbia cynocepbala. to 0.41
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Thickness (m )
Levesquei Subzone 
Dumortieria Bed
7: Marl, ironshot, brown and grey-

dappled, with thin and impersistent 
indurated bands. Dumortieria novata, 
Dumortieria sp., Catulloceras leesbergi, 
Hudlestonia seriddens. Lobothyris 
baresfteldensis in lower part. 0.91

6: Marl, sparsely ironshot, grey, indurated,
very ferruginous in places. 0.20

Dispansum Zone
5: Dispansum Bed: Limestone, coarsely

but not richly ironshot, with marl 
parting. Pblyseogrammoceras 
dispansum, Acrocoelites quenstedti,
Brevibelus breviformis. 0.76

Tbouarsense Zone, ?Fascigerum-Fallaciosum 
subzones (pan)
4: Struckmani Bed: Limestone, coarsely

but not richly ironshot, in two beds 
with marl parting. 0.51

3: Pedicum Bed ('Linseed Bed'): Marl,
coarsely ironshot, dark. Pseudo- 
grammoceras saemanni, Acrocoelites 
tricissus. 0.30

IBingmanni-Stratulum subzones 
2: Striatulum Bed: Limestone, ironshot,

massive. Grammoceras striatulum,
G. tbouarsense. 0.36

Bridport Sand Formation (‘Cotteswold Sands') 
Variabilis Zone
1: Sands, yellow, fine grained, micaceous;

indurated near top. 5.83 (seen)

Other than the ammonites and other fossils 
referred to in the description above, little 
attention has been given to other elements 
o f the fauna at this site. Doyle (1990-1992) 
identified four species o f belemnite from the 
site and figured a specimen o f Acrocoelites 
(Toarcibelus)  quenstedti. All but one species, 
Acrocoelites bobeti, were confined to the 
Dispansum, Dumortieria and Moorei beds. Ager 
(1956-1967) referred to examples o f Homoeo- 
rbyncbia cyanocepbala from this site.

A similar succession through the complete 
Cotswold Cephalopod Bed Member and a 
substantial thickness o f the underlying Bridport 
Sand Formation is exposed in the side o f a 
sunken lane at Nibley Knoll (ST 744 957) and 
was described in detail by Buckman (1887-1907, 
1889). Richardson (1910b) stated that ‘the 
sequence o f the component layers o f the 
Cephalopod Bed is so essentially the same as 
at Wotton Hill that it is unnecessary to detail 
it here*. The site was also mentioned by 
Cave (1977), but he did not provide any new 
information.

Wright (1856) recognized three units between 
the Bridport Sand Formation and what he 
regarded as Inferior Oolite for which the 
combined thickness was about 5.1 m (16 ft 6 in.). 
However, from his description o f the basal bed 
o f the Inferior Oolite as a ‘loose rubbly oolite’ it 
is probable that he included the Opaliniforme 
Bed within the Upper Lias, partly accounting for 
this exaggerated thickness. Nonetheless, he 
recognized that the affinities o f this part o f the 
succesion lay with the Upper Lias rather than the 
Inferior Oolite, contesting the earlier view o f 
Strickland (1850) that the Cotswold Cephalopod 
Bed Member was the equivalent o f the ‘Dundry 
Ammonite Bed’ o f Bajocian age.

Interpretation

The ammonite fauna from this site is well docu
mented and as a consequence the succession is 
stratigraphically well-constrained. Recent revision 
o f the zonal and subzonal scheme for the Toarcian 
Stage (see Chapter 1) has meant that some o f the 
zonal and subzonal boundaries at this and asso
ciated GCR sites may need revision. For example, 
the Moorei Bed was formerly regarded as coin
cident with the Moorei Subzone. This subzone 
has been superseded by the Pseudoradiosa 
Subzone (Figure 4.17), but Gabilly (1976) has 
reported that Dumortieria moorei occurs in the 
Mactra Subzone o f the Aalensis Zone. Re
examination o f accurately collected material will 
be necessary to resolve this, and similar issues.

The relatively thick and stratigraphically 
complete sucession at Wotton Hill contrasts with 
the much thinner, and less complete, sequences 
at the Coaley Wood and Haresfield Hill GCR 
sites (Figure 4.17). It indicates that subsidence 
was significandy greater here than farther east, 
in accordance with the site’s putative position 
close to the hanging-wall o f the half-graben fault. 
The succession is condensed, indicating that 
sedimentation rates in this mid-Cotswold region 
were very low towards the close o f the Toarcian 
Stage. However, the biostratigraphical succession 
is relatively complete, suggesting that this area 
was less affected by the erosional events recorded 
by irregular boundaries at the other two sites. 
Deposition rates appear to have been reduced 
even further at the start o f Middle Jurassic times, 
with the two ammonite zones o f the Leckhampton 
Member represented by only 2.74 m o f sediment 
compared with the 4.1 m for the Cotswold 
Cephalopod Bed Member beneath.
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Conclusions

The lower quarry at the Wotton Hill GCR site is 
o f exceptional importance because it exposes 
almost the fullest known development o f the 
Cotswold Cephalopod Bed Member. It is a key 
site in any investigation o f this local Upper 
Toarcian lithofacies and integral to interpreting 
the successions at the other two GCR sites o f 
Haresfield H ill and Coaley Wood. Typical 
Bridport Sand Formation facies are exposed 
below the Cotteswold Cephalopod Bed Member, 
and most o f the overlying Leckhampton Member 
(Scissum Beds) o f the Birdlip Limestone Formation 
is exposed above. This provides an opportunity 
to examine the local lithostratigraphy at the 
boundary o f the Early Jurassic Lias Group and 
Middle Jurassic Inferior Oolite Group. All the 
ammonite zones o f this interval are represented, 
from the Variabilis Zone through to the Scissum 
Zone: they demonstrate extreme condensation 
o f the upper part o f the Toarcian Stage in this 
area. The quality o f exposure is good, and this 
is maintained by a thick canopy o f mature wood
land, ensuring the limitation o f undergrowth. 
The site makes a valuable contribution towards 
understanding early—middle Jurassic geological 
history, both locally and nationally.

COALEY WOOD, GLOUCESTERSHIRE 
(ST 786 996)

TV. Cbidlaw

Introduction

The Coaley Wood GCR site is located on the crest 
and upper face o f the Cotswold escarpment 
at about 200 m OD, about 1.5 km north o f the 
village o f Uley (Figure 4.20). It comprises a 
disused quarry on the escarpment crest and two 
sunken lanes, which extend down the scarp face 
and beyond the limits o f the site. The site is 
critical in the interpretation o f the late Toarcian 
history o f the Severn Basin, and an almost 
continuous section is provided through the 
uppermost beds o f the Lias Group, consisting 
o f the Bridport Sand Formation and the 
Cotswold Cephalopod Bed Member, to within 
the highest formations o f the Inferior Oolite 
Group.

Figure 4.20 Geology and location map for the 
Coaley Wood GCR site.

The exposure o f the Cotswold Cephalopod 
Bed Member is more condensed than the 
equivalent succession at the Wotton Hill GCR 
site. This is inferred to have occurred 
through the non-deposition or ‘merging* o f 
lithostratigraphical units rather than any 
erosion or loss o f biostratigraphical units. 
Although a normal fault, with a strike o f 120° 
and a downthrow to the south, passes through 
the quarry, the strata are otherwise undisturbed 
and have a regional dip o f less than 1° to the 
south-east.

The upper part o f the sunken lanes and the 
quarry expose the Inferior Oolite Group, and 
hence are not discussed here. The remainder o f 
the sunken lanes within the lower part o f the 
GCR site expose the highest parts o f the Lias 
Group and the boundary beds o f the Lower and 
Middle Jurassic succession, and form the subject 
o f this account. These sections were described 
by Buckman (1887-1907, 1889), Richardson 
(1910b) and most recendy by Cave (1977).

196



Coaley Wood

Description

Richardson’s (1910b) section through the 
Cotswold Cephalopod Bed Member was said 
to be located ‘at the top o f the bank below 
[Coaley Wood] quarry’ ; the latter is the 
conspicuous quarry in the Inferior Oolite 
Group immediately west o f Crawley Barns 
(ST 7867 9950). Cave (1977) gave a grid 
reference o f ST 7863 9947 for an exposure o f 
the Cotswold Cephalopod Bed Member, 
which was at the approximate location o f 
Richardson’s section, but commented that there 
were ‘minor differences* between the two. 
Richardson’s (1910b) section is the more 
stratigraphically continuous o f the two, although 
Cave’s (1977) description employed more 
accurate lithological descriptions and mentioned 
additional fauna. Nonetheless, clear differences 
exist in the lithological descriptions o f some 
units as recorded by the two authors. The log 
reproduced in this account, and in Figure 4.17, 
combines data from Richardson (1910b) and 
Cave (1977) to give as full an account as 
possible. However, where uncertainties occur, 
Richardson’s descriptions have been adopted 
in preference to those o f Cave. The Bridport 
Sand Formation was described most fully by 
Buckman (1889) and it is his recorded section 
that is reproduced here, with some additional 
stratigraphical and faunal information from 
Richardson (1910b).

Thickness (m)
AALENIAN STAGE
Blrdlip Limestone Formation
Leckbampton Member ( ‘Scissum Beds’)
Scissum Zone
19: Limestones, somewhat sandy. c. 1.68
Opalinum Zone
18: Opaliniforme Bed: Limestone, oolitic, 

very hard, ooliths commonly replaced 
by limonite are contained in a matrix 
of sparry calcite. Base irregular and 
welded to bed below. Pseudolioceras 
beyrichi, Canavarina sp., rhynchonellid 
brachiopods, Myopborella aff. formosa, 
Parallelodon birsonensis, TancrediaP.,
Leioceras sp.. 0.46

UPPER TOARCIAN SUBSTAGE
Bridport Sand Formation 
Cotswold Cephalopod Bed Member Total 0.79
Aalensis Zone
17: Aalensis Bed: Limestone, rubbly,

conspicuously ironshot. Full of 
belemnites. 0.15

Thickness (m)
Pseudoradiosa and tAalensis zones 
16: ?Aalensis Bed and Moorei Bed:

Limestone, rubbly. Pleydellia leura,
Astarte lurida% Opis carinata,
Cypricardia brevis, ‘and in this bed 
or that below’ Hinnites objectus,
Pleuromya and Gervillia fomicata. 0.20

Dispansum Zone and Tbouarsense Zone,
Fallaciosum Subzone (part)
15: Dispansum and Struckmani beds:

Limestone, argillaceous, hard, with limonite 
pellets. Bivalves, belemnites, Neocrassina, 
Pseudogrammoceras doemtense, P. placidum,
P. bingmanni, P. quadratum, P. regale,
P. struckmanni, P. compact He, Polyplectus 
discoides, Hammatoceras insigne and 
Pblyseogrammoceras dispansum. 0.18

Fallaciosum Subzone (part)
14: Pedicum Bed ( ‘Linseed Bed’):

Marlstone, brown, rubbly. Esericeras eseri, 
Haugia aff. illustris, Pseudogrammoceras 
subfallaciosum, P. expeditum, P. thrasu,
P. pedicum. 0.18

Striatulum Subzone 
13: Striatulum Bed: Marl, filling 

irregularities in the bed below.
Grammoceras toarciense, G. audax. 0.08

Bridport Sand Formation ( ‘Cotteswold Sands’) 
Variabilis Zone
12: Very hard, bluish-grey sandy nodular bed. 0.08 
11: Hard, blue-centred stone. 0.15
10: Sands, micaceous, fine grained, yellow, c. 15.25 
9: Brownish, concretionary rock, very

slightly micaceous, containing dark oolitic 
grains and pieces of broken shells.
Similar to Unit 15 of the Cotswold 
Cephalopod Bed Member, but harder.
Some ammonites, but they are scarce. 0.84

8: T\vo bands of yellowish-blue, hard,
somewhat sandy stone. Phymatoceras 
pauper, Haugia sp., large Lima. 0.61

7: Sands, yellow, becoming blue in the
lower part. 3.05

6: Marl, concretionary, dark yellowish-
brown, with ammonites. 0.08

5: Band of yellowish-blue, hard, sandy stone.
Ammonites fairly abundant, especially on 
the top. Haugia variabilis, H. grandis, 
Lytoceras sublineatum, Catacoeloteras ? 
dumortieri, Phymatoceras obtecta. 0.23

Bifrons Zone, Crassum Subzone 
4: Sands, fine grained, yellow. c. 7.6
3: Sandstone band, yellowish-blue, hard.

Hildoceras bifrons abundant, H. semi- 
politum , Pseudolioceras lythense,
Plagiostoma sp., Hinnites objectus. 0.30

2: Sands, yellow, visible for some metres, and
conjectured to extend down to the spring. 12.2 

Serpentinum and Bifrons zones 
Whitby Mudstone Formation 
1: Clay, blue. Exposures mosdy obscured

by vegetation.
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Buckman (1889) divided the Bridport Sand 
Formation into two main units. The ‘Lilli Bed’ 
corresponds to beds 2 to 4 o f the above section, 
and the ‘Variabilis Bed’ encompasses beds 5 to 
12 o f the section. Only this latter part o f the 
formation, from Bed 5 upwards, is included 
within the GCR site boundary. Buckman’s 
estimated thickness for the Bridport Sand 
Formation here, as at Nibley Knoll, probably was 
under-estimated. Cave (1977) considered that 
the Bridport Sand Formation thickens north
wards and reached a thickness o f perhaps as 
much 76 m at Coaley Peak (1.8 km north o f 
Coaley Wood). A further 30 m o f the formation 
may, therefore, be present in the vicinity o f this 
site.

Wright (1878-1886) figured, as Harpoceras 
discoides, a specimen o f Polyplectus aff. discoides 
from the Dispansum and Struckmani beds 
(Donovan, 1954). Howarth (1992) described 
the type assemblage o f Hildoceras semipolitum , 
originally described by Buckman, from a 0.3 m- 
thick hard sandstone band 12 m above the base 
o f the Bridport Sand Formation; this is Bed 17 o f 
Buckman (1887-1907, 1889) and Bed 3 o f this 
section. It was said to be still exposed in the 
1960s, in the bed o f the track leading down the 
scarp through Coaley Wood.

Interpretation

Although the Cotswold Cephalopod Bed Member 
at Coaley Wood attains less than a fifth o f the 
thickness seen at the Wotton H ill GCR site it 
appears to have an almost equally complete 
ammonite sequence, lacking only the Levesquei 
Subzone ‘Dumortieria Bed’. The succession 
here is condensed to such an extent that only 
six distinct lithostratigraphical units can be 
recognized, as against ten at Wotton Hill, but the 
ammonite evidence shows that this has occurred 
through the apparent ‘merging’ o f successive 
units towards the top o f the sequence. How
ever, some uncertainty surrounds the precise 
details o f the ammonite sequence since several 
species listed in beds 14 and 15 by Richardson 
(1910b) and Cave (1977) are characteristic o f 
horizons lower in the Toarcian Stage. Only 
re-determination o f this material can resolve this 
issue (K.N. Page, pers. comm.).

The reduction in thickness from Wotton Hill 
to the Coaley Wood GCR site (Figure 4.17) can 
be ascribed to their relative positions within a

half-graben. The stratigraphical condensation at 
Coaley Wood accords well with its inferred 
position towards a ‘hingeline’ structural high 
and contrasts with the succession at Wotton Hill, 
inferred to lie closer to the hanging-wall o f the 
half-graben fault. The thickening o f the main 
part o f the Bridport Sand Formation towards 
Stroud, noted by Cave (1977), would appear to 
conflict with this, but the available evidence is 
insufficient to establish whether this thickening 
is at the expense o f the Whitby Mudstone 
Formation or reflects local or temporary variations 
in basin subsidence. The more highly condensed 
nature o f some o f the lithostratigraphical units, 
and the absence o f the Levesquei Subzone, 
suggests that the rate o f subsidence slowed 
down dramatically towards the close o f the 
Toarcian Stage. However, this contrasts with the 
situation at the third GCR site, Haresfield Hill. 
Here the Aalensis, Moorei and Dumortieria beds 
are well represented but the remainder o f the 
Cotswold Cephalopod Bed Member seen at the 
other two sites is absent. These differences 
between Coaley Wood and Haresfield Hill 
indicate significant differences in the timing and 
rates o f subsidence in different parts o f the 
Severn Basin during the Toarcian Stage and 
perhaps account for the apparently anomalous 
thickening o f the Bridport Sand Formation 
between Wotton Hill and this site.

The overlying Leckhampton Member is 
significantly thicker, at 2.14 m, than the 
Cotswold Cephalopod Bed Member but 
comparable with the other two sites. However, 
initially subsidence appears to have been 
rather greater than at the other two GCR sites, 
with the Opaliniforme Bed here being more 
than 50% thicker. Although the base o f the 
Leckhampton Member is not conglomeratic 
here, an erosional hiatus may be indicated by its 
irregular base.

Conclusions

The sunken lane exposure o f Upper Toarcian 
strata at the Coaley Wood GCR site provides an 
opportunity to examine the local lithostrati
graphical units at the boundary o f the Lower 
Jurassic Lias Group and the Middle Jurassic 
Inferior Oolite Group. All the ammonite zones 
are present, from the Variabilis Zone through to 
the Opalinum Zone, in a highly condensed 
succession. The site is well documented and
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provides a complete section through the 
Cotswold Cephalopod Bed Member, valuable for 
comparison with other exposures o f the same 
beds in this area, and particularly the other GCR 
sites at Wotton H ill and Haresfield Hill. 
Together they demonstrate differences in rate 
and timing o f subsidence across part o f the 
Severn Basin during late Toarcian times. The 
upper part o f the underlying Bridport Sand 
Formation ( ‘Cotteswold Sands') is also exposed, 
containing bands o f calcite-cemented sandstone 
with rare Haugia ammonites from the Variabilis 
Zone. The succession is capped by the 
Leckhampton Member (Scissum Beds) o f the 
Birdlip Limestone Formation.

HARESFIELD HILL, GLOUCESTER
SHIRE (SO 819 088)

N. Cbidlaw and MJ. Simms

Introduction

The GCR site at Haresfield Hill, sometimes 
known as ‘Haresfield Beacon’ or ‘Beacon Hill’, 
lies on the crest o f the Cotswold escarpment at 
204 m OD, some 10 km south o f Gloucester 
(Figures 4.16 and 4.21). The exposure consists 
o f a line o f crags that probably are largely natural 
and due to periglacial effects associated with the 
last (Devensian) glaciation. The uppermost beds 
o f the Lias Group, consisting o f the Bridport 
Sand Formation and the Cotswold Cephalopod 
Bed Member (Toarcian), and basal member o f 
the Inferior oolite Group (Middle Jurassic) are 
well exposed (Figure 4.22).

The site contains an excellent section through 
a highly condensed representative o f the 
Cotswold Cephalopod Bed Member underlain 
by sandy facies o f the Bridport Sand 
Formation. In contrast to the other two 
equivalent GCR sites, at W otton H ill and 
Coaley Wood, the Cotswold Cephalopod Bed 
Member and Bridport Sand Formation are 
incomplete both lithostratigraphically and in 
terms o f the ammonite sequence, with several 
subzones not proved. This demonstrates 
the complexity o f controls on condensed sedi
mentation in this area. The regional dip o f 
the strata is low and to the south-east, though at 
the exposure itself some localized disturbance is 
evident.

Figure 4.21 Geology and location map for the 
Haresfield Hill GCR site.

The exposure was first described by Wright 
(1856), subsequendy by S.S. Buckman (1887- 
1907) and later by Richardson (1904). Brief 
mention o f the site was made by J. Buckman 
(1879), Richardson (1910a), and by Ager et al. 
(1973), while Davies (1969) figured a 2.7 m 
graphic log through part o f the Bridport Sand 
Formation. Material from the site was figured 
and described in three monographs on 
brachiopods (Davidson, 1851-1852; Ager, 1956- 
1967, 1990). A sketch o f the exposure, some
what inaccurately labelled, was published by 
Dreghom (1967).

Description

The Toarcian and Aalenian succession as 
described by Buckman (1887-1907) and 
Richardson (1904) is described below. The GCR 
site itself encompasses only the top part o f the 
Bridport Sand Formation ( ‘Cotteswold Sands’). 
The lithostratigraphy and biostratigraphy is 
summarized in Figure 4.17.
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Figure 4.22 The Lower-Middle Jurassic boundary at 
Haresfield Hill. The prominent overhanging units are 
part of the Birdlip Limestone Formation, of Middle 
Jurassic age. The very thin development of the 
Cotswold Cephalopod Bed Member lies beneath the 
lower overhang and overlies an irregular erosion 
surface on the paler coloured sands of the Bridport 
Sand Formation. (Photo: K. Hitchings.)

Thickness (m)
AALEN1AN STAGE
Birdlip Limestone Formation
Leckbampton Member
Scissum Zone
8: Scissum Beds: Limestone, grey,

micaceous, sandy, in several beds; 
oolitic or ferruginous at some levels.
Poorly preserved Lioceras ambiguum? 
at about 1.3 m above base. 2.33

Opalinum Zone
7: Opaliniforme Bed: Limestone, very

hard, light greyish-yellow to dark-brown, 
containing very numerous very small 
dark-brown grains. Lioceras opalinum 
large and abundant, Cypholioceras 
opaliniforme, Lioceras comptum. 0.30

UPPER TOARCIAN SUBSTAGE 
Cotswold Cepbalopod Bed Member Total 0.55
Aalensis Zone
6: Aalensis Bed: Hardish yellow rock, softer

in lower part, with ferruginous grains; 
very closely attached to Opaliniforme 
‘beds’ above. Grammoceras aalense, 
Pleydellia aalensis, IHgonia ramseyi, 
Lytoceras wrigbti in bottom of bed. 0.10

Thickness (m)
Pseudoradiosa Zone, Pseudoradiosa Subzone 
Moorei Bed
5: Marl, yellow, somewhat soft, easily

broken, with dark-brown grains. 
Homoeorbyncbia cyanocepbala,
Dumortieria moorei, Lytoceras 
wrigbti, belemnites. 0.15

4: Marl, dark brown, full of Homeorbyn-
cbia cyanocepbala, Furcirhyncbia 
cotteswoldiae, ‘etc.’ 0.05

Levesquei Subzone
3: Dumortieria Bed: Marl, yellowish-brown,

containing at the base a line of nodules 
at regular intervals. These nodules are 
of bluish-grey, hard, sandy, micaceous stone, 
with no ferruginous grains and are similar 
to the stone occurring in the sands below. 
Lobotbyris haresfieldensis abundant 
throughout unit and Homoeorbyncbia 
cyanocepbala. Grammoceras striatulum 
occurs in fragments. Galeropygus 
dumortieri recorded by Paris (1908). 0.25

Bridport Sand Formation (‘Cotteswold Sands’) 
Bifrons and Variabilis zones 
2: Sands, yellow, micaceous, showing

rough alternation of ripple-laminated 
and bioturbated units at 0.2-0.3 m 
intervals. A sandstone band containing 
fragments of a variety of Hildoceras bifrons 
occurs about 21m below the top of the 
formation. 57.9

Whitby Mudstone Formation 
(No zonal data available)
1: Mudstone. 39.6

Wright (1856) published a short list o f fossils 
from the Cotswold Cephalopod Bed Member at 
this site, though interpretation is hindered by 
the taxonomy used, which has now been 
superseded. Several fossil species have been 
described from the Upper Toarcian sequence 
here, with the site particularly noted for its 
brachiopod fauna. Specimens o f Furcirhyncbia 
cotteswoldiae were figured and described from 
here and it is also the type locality for Lobotbyris 
haresfieldensis (Ager, 1956-1967, 1990). Homoeo
rbyncbia cynocepbala is common, particularly 
in the marl band o f Bed 4. This was commented 
upon by Wright (1856) and led to Lycett (1857) 
proposing the term ‘Cynocepbala Stage' for all 
the strata that later became the Bridport Sand 
Formation and the Cotswold Cephalopod Bed 
Member. Paris (1908) described, as Galeropygus 
dum ortieri, an irregular echinoid collected from 
here by Linsdall Richardson, stating that 4 it 
has the characteristic ironshot matrix o f the 
Dumortieria-Bed attached to it’ . Haresfield Hill 
is one o f very few Lower Jurassic sites in Britain 
to have yielded irregular echinoids.
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Interpretation

In one o f the earliest references to the Cotswold 
Cephalopod Bed Member at this site, Strickland 
(1850) considered it equivalent to the ‘ironshot 
oolite’ o f Dundry Hill, just south o f Bristol, 
though this is actually o f Lower Bajocian Sauzei 
Zone age (Parsons, 1979). Wright (1856) 
challenged this view, recognizing that the 
fossils in the Cotswold Cephalopod Bed Member 
indicated a position near the top o f the Upper 
Lias rather than within the Inferior Oolite.

Wright’s (1856) description o f the Cotswold 
Cephalopod Bed Member at Haresfield Hill is 
more accurate than his description o f the 
succession at Wotton Hill. He noted the marl 
band (beds 4 and 5 o f this account), with its 
abundant brachiopod fauna, but, judging from 
his statement that ’the entire bed measures 
from 2 ft to 2 ft 6 in. [0.62-0.77 m ]’, he did not 
differentiate the Opaliniforme Bed at the base o f 
the Aalenian succession from the Cotswold 
Cephalopod Bed Member below. This, and the 
finer subdivision o f the succession, only really 
became possible with further refinement o f the 
ammonite biostratigraphy.

The thickness o f the Cotswold Cephalopod 
Bed Member at Haresfield Hill is little more than 
two-thirds that at Coaley Wood and barely an 
eighth o f that at Wotton H ill (Figure 4.17). 
Much o f this attenuation can be attributed to a 
hiatus in the lower part o f the succession. 
Buckman (1887-1907) described 4a line o f 
nodules at regular intervals’, with Grammoceras 
striatulum  at the base o f the Dumortieria Bed. 
Re-examination o f the exposure suggests that 
they represent the dissected remnants o f a 
cemented band projecting above an erosion 
surface developed on the less indurated sands 
beneath. It suggests that in this area the lower 
part o f the Thouarsense Zone (=  Striatulum 
Subzone) was developed in typical Bridport 
Sand Formation facies. The Dumortieria Bed 
here accounts for almost half the total thickness 
o f the Cotswold Cephalopod Bed Member. The 
site may have been tectonically isolated to some

extent from events that affected the two nearby 
GCR sites at Wotton Hill and Coaley Wood, 
which perhaps were located in an adjacent half- 
graben. Differences in the rate and timing o f 
subsidence across different parts o f the Severn 
Basin are known to have exerted a significant 
influence on sedimentation and facies patterns 
at various times during early and middle Jurassic 
times (Chidlaw, 1987; Chidlaw and Campbell, 
1988; Simms, 1990a).

Above the Cotswold Cephalopod Bed 
Member, the Leckhampton Member is o f similar 
thickness at all three GCR sites. This suggests 
that subsidence patterns changed significandy 
between late Toarcian and early Aalenian times.

Davies (1969) considered the small-scale 
alternations within the Bridport Sand Formation 
at this site to indicate the early development 
o f an emergent sand-bar in this region, with 
ripple-laminated sands, representing intertidal 
deposits, intercalated with bioturbated beach 
sands. There is little evidence to support this 
specific scenario and more probably it merely 
reflects variations in sedimentation rate and con
sequent differences in the time o f exposure o f 
the substrate to bioturbation.

Conclusions

The Haresfield Hill GCR site is the only well- 
documented exposure o f the Cotswold 
Cephalopod Bed Member north o f Stroud, and 
hence close to its northern limit. The site 
exposes the top o f the arenaceous part o f the 
Bridport Sand Formation ( ‘Cotteswold Sands’) 
and the overlying Leckhampton Member o f the 
Birdlip Limestone Formation. It provides an 
opportunity to examine the local lithostrati- 
graphical units at the boundary o f the Lower 
Jurassic Lias Group and Middle Jurassic Inferior 
Oolite Group. The Cotswold Cephalopod Bed 
Member here is very thin, and the ammonite 
sequence incomplete, indicating a significantly 
different subsidence and depositional history 
from the nearby GCR sites at Wotton Hill and 
Coaley Wood.
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Introduction

INTRODUCTION

M.J. Simms

The East Midlands Shelf occupies an extensive 
area to the north-east o f the Severn Basin, north
west o f the London Platform and south o f the 
Cleveland Basin (Figure 1.2, Chapter 1). The 
Lower Jurassic succession crops out as a 
strip, typically 10-15 km wide, extending from 
Warwickshire to the River Humber (Figure 5.1), 
with a narrow outcrop passing across the Market 
Weighton High before expanding once again 
into the Cleveland Basin. Major bounding 
basement faults, manifested in the Lower Jurassic 
succession as the asymmetric Vale o f Moreton 
Anticline, define the western boundary between 
the Severn Basin and East Midlands Shelf 
(Figure 4.1, Chapter 4). To the south-east there 
is progressive onlap o f Lower Jurassic strata onto 
the Palaeozoic basement o f the London Platform 
(Donovan et al., 1979). The northern boundary 
is defined by the Market Weighton High, across 
which there is a greatly attenuated Lower 
Jurassic sequence, separating the East Midlands 
Shelf from the Cleveland Basin. The eastern 
margin lies offshore in die southern North Sea 
and corresponds to the western bounding fault 
o f the Sole Pit Trough (Bradshaw et a l., 1992) 
into which the Lower Jurassic strata thicken 
considerably (van Hoorn, 1987b). Across the 
East Midlands Shelf the Jurassic strata dip gendy 
to the east or south-east and have experienced 
litde disruption by faulting or folding. Some 
authors (e.g. Green et a l., 2001) have subdivided 
the region into two tectonic areas; the Midland 
Platform lying to the north and west o f the 
London Platform and bounded to the west by 
faults on the eastern edge o f the Severn Basin, 
passing gradually into the East Midlands Shelf 
sensu stricto that forms the western margin o f 
the North Sea Basin.

The Lower Jurassic outcrop is o f rather 
subdued relief and, in the absence o f any coastal 
outcrop, there are very few natural exposures. 
Most significant exposures were associated 
with extraction o f material for the production 
o f building stone, bricks, cement or iron, but 
very few o f these workings are still active today. 
Consequendy documentation o f the Lower 
Jurassic succession is biased towards those parts 
o f economic value. All o f the GCR sites on the 
East Midlands Shelf are associated with disused 
workings or with railway cuttings.

Figure 5.1 Generalized geology of the East Midlands 
Shelf Numbers correspond to the locations of the 
GCR sites: 26 -  Conesby Quarry; 27 -  Napton Hill 
Quany; 28 -  Neithrop Fields Cutting; 29 -  Tilton 
Railway Cutting.
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Lithostratigraphy and facies

Individual parts o f the succession have been 
described in numerous accounts published over 
the past 150 years, but there appears to be only 
one overview o f Lower Jurassic stratigraphy across 
this area, that by Hallam (1968a). The strati
graphy o f the Lower and Middle Lias (Ilettangian 
to Upper Pliensbachian) has been described by 
Brandon et al. (1990) and that o f the Upper Lias 
(Toarcian) by Ilowarth (1958, 1978, 1980, 1992). 
The lithostratigraphical nomenclature has been 
revised by Cox et al. (1999) (Figure 5.2).

Across the southern part o f the shelf the 
lithostratigraphy is closely similar to that in the 
Severn Basin, but gradual changes are seen in 
passing northwards. The Blue Lias Formation 
comprises regular alternations of mudstone and 
argillaceous limestone little different from that 
seen elsewhere in southern Hngland. In the south, 
the basal pan o f the formation, extending down 
into the 4Pre-Planorbis Beds’, is exposed at the 
Newnham (Wilmcote) Quarry GCR site. Higher 
parts o f the Blue Lias Formation, encompassing 
the (Hettangian and lower Sinemurian) Liasicus, 
Angulata, and Bucklandi zones, are spectacularly

Figure 5.2 Lithostratigraphical subdivisions and stratigraphical ranges of GCR sites for the Lias Group of the 
East Midlands Shelf.
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exposed in a working quarry at Southam 
(SP 419 629) (Clements, 1975) and a disused 
quarry at Rugby (SP 493 759) (Clements, 1977). 
Within the Blue Lias Formation Cox et al. (1999) 
recognized three members; the Wilmcote 
Limestone Member at the base, the Saltford 
Shale Member in the Liasicus Zone, and the 
Rugby Limestone Member for remaining strata 
up to the top o f the formation. The succeeding 
Charmouth Mudstone Formation in the south 
is a mudstone-dominated sequence, which 
encompasses the (lower Sinemurian to late 
Lower Pliensbachian) Semicosta turn to lower 
Davoei zones. It is not exposed at any o f the 
GCR sites on the East Midlands Shelf.

Farther north and east on the East Midlands 
Shelf the Blue Lias Formation becomes a 
mudstone-dominated facies termed the 
‘Scunthorpe Mudstone Formation’, which 
extends up to near the top o f the Oxynotum 
Zone (upper Sinemurian). The succeeding 
Charmouth Mudstone Formation, which extends 
to the Davoei Zone (late Lower Pliensbachian), 
much like in the southern part o f the shelf, is 
therefore o f shorter duration in this area.

Local developments o f ironstone and sand
stone are a significant feature o f the Scunthorpe 
Mudstone Formation on the more northern parts 
o f the East Midlands Shelf (Brandon et a l., 1990). 
The most important o f these economically 
is the Frodingham Ironstone Member o f the 
Humberside region. The Frodingham Ironstone 
Member, and part o f the succeeding Charmouth 
Mudstone Formation, are well exposed at the 
Conesby Quarry GCR site, located towards the 
north o f the East Midlands Shelf.

The formation o f iron-rich sediments, including 
iron oolites, at the present time, is very local
ized, and hence their origin in the geological 
record remains controversial (Taylor and Curtis, 
1995; Sturesson et a l.y 1999). It is likely that 
several different processes may produce them 
and suggestions for iron oolites range widely -  
for example ooid formation in tropical lateritic 
soils and subsequent incorporation into marine 
sediments (Madon, 1992); undercoatings o f 
microbial films (Chidlaw, 1987; Burkhalter, 
1995); or formed directly in the marine environ
ment by lateral accretion in a similar way to 
calcareous ooids (Sturesson et a l.y 1999). The 
source o f the iron-rich sediment is widely 
thought to be tropical lateritic soils (Young, 1989) 
and recendy this has been extended to include 
volcanic ash (e.g. Sturesson et a l.y 1999).

The major difficulty with understanding the 
formation o f ferruginous grains, matrix and 
cement is that often they are composed o f the 
iron silicate minerals berthierine and chamosite. 
These are chemically stable only in reducing 
conditions yet faunal assemblages and sedi
mentary structures in the host sediments often 
indicate formation in well-aerated, high-energy 
conditions. Berthierine will convert to 
chamosite if heated to 120-160°C, or buried to 
depths greater than 3 km, so the latter mineral 
is more common in Palaeozoic iron-rich sedi
ments. Recent consensus suggests that the 
most favoured origin for the berthierine and 
chamosite is a diagenetic one (Taylor and Curtis, 
1995). Clay minerals and iron oxides, brought 
into the depositional environment from adjacent 
land areas, combine to form berthierine in 
poorly oxygenated conditions below the surface 
o f the loose sediment, with the berthierine 
precipitated as laminae around nuclei (e.g. 
shell fragments, faecal pellets) to form ooids. 
Disturbance o f the sediment, such as by current 
action or bioturbation, will move some o f the 
berthierine ooids into the well-oxygenated zone 
near or at the surface o f the sediment, causing 
the berdiierine to be converted to iron oxides. 
Subsequent sediment disturbance could carry 
these grains back into the reducing conditions 
below, so that the iron oxides are converted back 
into berthierine. The process could be repeated 
many times, so that, depending on where the 
oolitic grains are transported in the sediment, 
they may range in composition from wholly 
berthierine through a mixture o f berthierine/ 
iron oxide laminae, to wholly iron oxides. In 
such circumstances the more frequendy the 
sediment is disturbed, the greater is the 
likelihood that the ooid laminae will be entirely 
o f iron oxide. Ferruginous pisoids and coatings 
on shell fragments could be produced by the 
same basic mechanism.

The base o f the succeeding Dyrham 
Formation is strongly diachronous within the 
East Midlands Shelf region. Towards the south, 
as in the Severn Basin, its base is marked by an 
upward change from mudstones to siltstones 
and fine sandstones, and lies approximately in 
the mid-Davoei Zone. Passing northwards the 
base moves into the Margaritatus Zone in 
Nottinghamshire, and, still farther north, the 
entire formation passes into mudstones 
(Brandon et a l.y 1990). The upper part o f the 
Dyrham Formation is well exposed at three GCR
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sites on the East Midlands Shelf; Napton Hill 
Quarry, Neithrop Fields Cutting and lllto n  
Railway Cutting. The Marlstone Rock Formation 
is also exposed at these three sites in lithologies 
that are typical o f the region. Sandy or oolitic 
ironstones commonly are the dominant facies 
and the formation may be divisable into the 
Tilton Sandrock and Banbury Ironstone 
members. The formation locally exceeds 10 m 
in thickness and encompasses the Spina turn 
Zone and part o f the Tenuicostatum Zone 
(Howarth, 1980). In some parts o f Lincolnshire 
and across the Market Weighton High, the 
formation is absent through intra-Jurassic 
erosion (Howarth, 1958).

The Whitby Mudstone Formation (Toarcian) 
shows consistency across the East Midlands 
Shelf. It is developed largely in dark mudstones 
with subordinate limestones (Howarth, 1978), 
lithologies similar to those in the Severn Basin. 
The youngest Whitby Mudstone Formation 
mudstones recorded on the shelf are o f Bifrons 
Zone (late Lower Toarcian) age. Younger Lower 
Jurassic strata were removed by erosion prior to 
the deposition o f the succeeding Middle Jurassic 
sediments. This erosive break increases in severity 
towards the Market Weighton High, where all 
later Jurassic strata were removed prior to the 
depostion o f late Cretaceous strata.

Basin development

Compared with fault-bounded basins to the 
south-west, where the Lias Group may show 
substantial thickness changes over distances o f 
only a few kilometres, the total thickness o f the 
Lias Group remains remarkably constant across 
much o f the East Midlands Shelf (Whittaker,
1985) at about 200-250 m. This is also 
substantially less than the maxima recorded 
for the major fault-bounded basins (Cleveland 
Basin > 400 m; Severn Basin >  500 m; Wessex 
Basin > 700 m). To the south-west and to the 
east there is a rapid thickening into the Severn 
Basin and Sole Pit Trough respectively, while to 
the south and to the north there is a relatively 
gentle thinning onto the London Platform and 
the Market Weighton High respectively. The 
onlap o f progressively younger zones onto the 
London Platform during the Hettangian to 
Lower Pliensbachian interval has been described 
by Donovan et al. (1979); Brandon et al. (1990) 
have indicated that higher parts o f the Lower 
Jurassic sequence were subsequently removed

by erosion so that Lias Group strata are now 
absent from an extensive area o f the London 
Platform. However, the palaeogeographical 
reconstructions o f Bradshaw et al. (1992) imply 
that the London Platform remained an area o f 
non-deposition throughout early Jurassic times. 
The effects o f the Market Weighton High have 
also been discussed at some length (Kent, 1955) 
and there is a marked overall thinning and 
development o f hiatuses within the Lias Group 
succession towards this positive structure. The 
Market Weighton High was attributed at one time 
(Sellwood and Jenkyns, 1975) to the effects o f 
halokinesis associated with Permian evaporites, 
but there is little evidence to support this; more 
recent geophysical evidence suggests that it is 
due to the presence at depth o f a granite body 
(Bott et a l., 1978). Much o f the reduction in 
overall thickness o f the Lias Group, however, can 
be attributed to post-Jurassic erosion and over
step by late Cretaceous strata.

Between these positive areas to north and 
south, and the rapidly subsiding basins to east 
and west, the East Midlands Shelf appears to 
have experienced a prolonged period o f slow 
stable subsidence. The only major regional hiatus, 
evident also across much o f the Cleveland Basin, 
is that which truncated the Toarcian succession 
above the Bifrons Zone. Whittaker (1985) 
observed that over much o f eastern England, 
with the exception o f the Cleveland Basin, subsi
dence was not directly associated with normal 
faulting but was primarily a peripheral effect o f 
extension beneath contemporaneous North Sea 
basins. Similarly, the regional hiatus between 
the Toarcian and the Middle Jurassic successions 
may be due to events in the North Sea. The 
stability o f the East Midlands Shelf may in part be 
linked to the presence o f deeply buried granite 
batholiths (Donato, 1993; Donato and Megson, 
1990) beneath the eastern part o f the shelf. 
Within the East Midlands Shelf some facies and 
thickness variations may reflect syn-depositional 
fault movement and localized differences in sub
sidence rates, these being perhaps most evident 
in the Marlstone Rock Formation.

Comparison with other areas

The lithostratigraphical succession developed 
on the East Midlands Shelf shows an essentially 
gradual transition between that seen in the 
Severn and Wessex basins to the south-west and 
that in the Cleveland Basin to the north. The

208



Newnham (Wilmcote) Quarry

mudstones and limestones o f the Blue Lias 
Formation, typical o f basins to the south and 
west, pass northward across the shelf into the 
shell beds and ironstones o f the Scunthorpe 
Mudstone Formation, marking a change from 
low-energy to higher-energy depositional 
environments. Higher in the succession the 
Marlstone Rock Formation and Whitby Mudstone 
Formation bear considerable similarity to 
correlative formations in the south-west. Unlike 
the Severn and Wessex basins to the south, 
though comparable to the situation across much 
o f the Cleveland Basin, post-Bifrons Zone strata 
o f the Whitby Mudstone Formation are absent, 
apparendy removed by erosion prior to deposi
tion o f Middle Jurassic sediments.

For the most part Lias Group faunas across 
the East Midlands Shelf are not substantially 
different from those elsewhere in Britain, with 
any differences largely reflecting facies control. 
However, the late Upper Pliensbachian fauna 
shows a distinct provincialism and exemplifies 
the transition between the north-east and the 
south-west. Pleuroceras ammonite faunas 
documented by Howarth (1958) differ markedly 
between the Cleveland Basin and the Severn 
and Wessex basins, while specimens arc rarely 
encountered at all on the East Midlands Shelf. 
Similar north-east/south-west distinction is evident 
among brachiopod faunas, as documented by 
Ager (1956a), although, unlike the ammonites, 
brachiopods form a major element o f benthic 
faunas on the East Midlands Shelf and comprise 
a faunal province distinct either from that to the 
north-east or to the south-west.

NEWNHAM (WILMCOTE) QUARRY, 
WARWICKSHIRE (SP 151 594)

M.J. Simms

Introduction

The Newnham Quarry GCR overlooks the village 
o f Astow Cantlow to the west and is less than 
1 km south o f the village o f Newnham. The 
village o f Wilmcote lies less than 1.5 km to the 
south-east and gives the site its alternative name, 
‘Wilmcote Quarry’. The site comprises a long- 
disused quarry excavated into the Blue Lias 
Formation (basal Lias Group), less than 500 m 
east o f a prominent scarp formed by the under
lying Penarth Group (Figure 5.3).

Figure 5.3 Geology and location map for the 
Newnham (Wilmcote) Quarry GCR site.

The quarry is one o f the few remaining 
inland exposures o f the Blue Lias Formation. It 
is the type locality for the lowest member o f 
the Blue Lias Formation in this area, the 
Wilmcote Limestone Member, and exposes 
part o f the overlying Saltford Shale Member. It 
also contains the best remaining section 
through the ‘Insect Beds’ o f the basal Lias 
Group, once widely exposed in small quarries 
across Gloucestershire, Worcestershire and 
Warwickshire. The Wilmcote Limestone Member 
is well known for its insect fauna, as well as 
yielding plant material and important marine 
vertebrates. Consequently, this part o f the 
succession often was referred to informally 
in 19th century publications as the ‘Insect 
Beds’, ‘Insect Limestone’ or ‘ Insect and Saurian 
Beds’ . Material was obtained from many 
quarries and pits in Warwickshire, but Newnham 
Quarry is the only site remaining at which 
the succession can still be seen. The site has 
proven o f outstanding importance for our 
understanding o f terrestrial biotas in earliest 
Jurassic times.

The stratigraphical succession exposed at this 
site (Figure 5.4) was described by Wright
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Figure 5.4 The section at Newnham (Wilmcote) Quarry as seen at the present day (Ambrose, 2001); and in the 
mid- 19th century (Wright, 1860b).

(1857-1880, 1860a, 1878-1886), Brodie (1860b, 
1868, 1887, 1897) and Woodward (1893). 
Similar successions were formerly exposed in 
several other quarries within a few kilometres 
radius, described in various publications 
(Brodie, 1845, 1868; Wright, 1860a; Williams 
and Whittaker, 1974). These are significant for 
the interpretation o f the succession at Newnham 
Quarry, which can be considered representative

o f the basal part o f the Lower Jurassic sequence 
in this area. Old et al. (1991) formally estab
lished the Wilmcote Limestone Member for the 
interbedded limestones and shales at the base o f 
the Lias, and the lithostratigraphy o f the site was 
discussed by Ambrose (2001). A faunal list for 
this part o f the Lias, based on material in 
Warwick Museum, was included in Old et al. 
(1991, appendix 5) but they did not specify the
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horizon or, in many cases, the location o f most 
o f the species cited. Brodie (1868, 1897) also 
mentioned various elements o f the fauna and 
flora while more specific accounts dealing with 
particular taxa were published by Jones (1862), 
Woods (1925-1931), Woodward (1866, 1888b) 
and Tomes (1878).

Description

The most extensive section at the Newnham 
Quarry site was recorded by Kirshaw and Tomes 
(in Wright, 1860a) (Figure 5.4). They described 
a section 16.32 m thick comprising 7.27 m (23 ft 
8 in.) o f Lower Lias above 9.05 m (29 ft 5 in.) o f 
Penarth Group. The Penarth Group and lowest 
two beds o f the Lias Group, beds 28 and 29 o f 
Wright (1860a), were recorded in an excavation 
made specifically for the purpose o f exposing 
this part o f the succession. The same section 
was reproduced by Brodie (1868), though with 
minor differences in thickness quoted for some 
o f the units. Brodie’s (1857, 1860b) description 
noted that the section was broken by numerous 
faults and implied that it occupied a syncline, 
with ‘several bands o f limestone and shale in a 
basin formed by the outcrop o f the Firestones, 
which dip at a considerable angle on the 
higher ground*. Many o f the limestone bands 
within the succession were given names by the 
quarrymen.

The base o f the Lias Group in this area is 
taken at the ‘Guinea Bed*, a thin (0.02-0.03 m 
thick) shelly limestone containing limestone 
intraclasts and a fairly diverse benthic fauna. 
From the Guinea Bed at Binton (SP 142 536), 
7 km to the south, Wright (1860a, 1878-1886) 
recorded a range o f encrusting, byssate and 
shallow-burrowing bivalves together with 
diademopsid echinoids and isastreid corals. 
Above the Guinea Bed, 0.3 m o f rather indurated 
shale is succeeded by a limestone 0.42 m thick, 
comprising four distinct beds with mudstone 
partings. The lower three o f these (beds 25-27 
o f Wright) which together were known as the 
‘Firestones*, comprise fine-grained, recrystallized 
limestones with fine shell debris, micrite pellets 
and quartzose silt, and contain a fauna o f 
encrusting, byssate and shallow-burrowing 
bivalves. These four limestone beds, the under
lying shale unit and the basal Guinea Bed, were 
named the ‘Stock Green Limestone’ by Old et al.
(1991).

The lowest 1.54 m (5 ft) o f the Lias succession, 
from the Guinea Bed (Bed 29) up to Bed 21 o f 
Wright (1860a) and Brodie (1868), yielded 
many remains o f large marine reptiles, notable 
among them a 4.4 m-long skeleton o f 
Rhomaleosaurus megacephalus from Bed 21, 
now in Warwickshire Museum (cited by 
Cruikshank, 1994). A megalosaurian limb bone 
described and figured from ‘Wilmcote’ by 
Woodward (1908) originated from the sinking 
o f a well near Wilmcote Railway Station 
(SP 168 583), in shelly limestones o f the 
Angulata Zone, not from the quarry. The lower 
part o f the succession also contains most o f the 
benthic invertebrates recorded at the site. 
Conspicuous among them is the encrusting 
bivalve Liostrea bisingeri, which led Wright 
(1860a) to term his beds 21 to 30 the ‘Ostrea 
liassica and Saurian Beds’. Brodie (1861) cited 
the occurrence o f 'Isastraea', presumably from 
this part o f the succession.

Overlying the ‘Ostrea liassica and Saurian 
Beds’ is the Grizzle Bed, a 0.08 m-thick bioclastic 
limestone containing vertebrate debris, a range 
o f encrusting, byssate and shallow-burrowing 
bivalves, and abundant echinoid spines. This is 
overlain by a 1.28 m-thick dark laminated mud
stone, the thickest unit o f the entire section and 
currendy the lowest unit exposed in the quarry. 
Above this Wright (1860a) and Brodie (1868) 
recognized nine limestone bands, from 0.05 m 
to 0.22 m thick, alternating with somewhat 
thicker (0.18-0.5 m) laminated mudstone units. 
The limestones are generally fine grained, 
argillaceous and, in the upper part o f the 
succession, mosdy laminated with thin dark 
organic partings. The mudstones also are 
well laminated with litde evidence o f biotur- 
bation.

Ammonites are virtually the only fossils cited 
by Wright (1860a) from Newnham Quarry. 
However, Brodie (1868) also recorded marine 
reptiles, fish and Crustacea, together with plant 
and insect remains, the latter apparently 
confined to the limestone bands. Brodie (1897) 
noted that the plants and insects were very 
fragmentary while the vertebrates and Crustacea 
were more-or-less intact. Buckman (1850) 
described several fossil plants from what he 
termed the ‘Insect Limestone’ or ‘Best Paving 
Slab* o f sites in Warwickshire, Worcestershire 
and Gloucestershire, though not specifically 
from Newnham Quarry. Tillyard (1925, 1933)
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described several insect taxa from adjacent 
sites, notably Binton. Wright (1860a, 1878-1886) 
noted that certain beds at Binton appeared to be 
barren, but others yielded vertebrate and insect 
remains. One limestone bed at Binton was said 
by Wright (1860a, 1878-1886) to contain ‘more 
insects than in all the other beds collectively*, 
but it appears to be either unrepresented at 
Wilmcote or can be correlated with part o f the 
laminated mudstone (Bed 19) immediately 
above the Grizzle Bed.

Greaves (1832) mentioned the discovery o f 
an ichthyosaur at the quarry and figured a large 
intact specimen o f the fish Dapedium. The same 
specimen was figured and described by Agassiz 
(1832) as Tetragonolepis angulifer. Benthic 
fossils appear to be very rare. They include 
several species o f Crustacea, among them 
forms described and figured by Woodward 
(1866, 1888b) as Eryon wilmcotensis, from the

‘Bottom Blocks* (Bed 4), and Aeger brodei. 
Woods (1925-1931) also figured and described 
these types, together with examples o f Coleia 
barroviensis for which he considered Coleia 
(=  Eryon) wilmcotensis probably to be a 
synonym. There has been little recent work on 
the fossils for which this site is famous, and 
Whalley (1985) acknowledged the need for 
re-examination o f the Midland fauna, which 
includes Newnham Quarry. Much o f Brodie’s 
fossil insect collection is held in the Natural 
History Museum in London, with further material 
in Warwickshire Museum. Cruickshank (1994) 
undertook a description and interpretation o f 
the skull o f Rbomaleosaurus megacepbalus 
but other vertebrates have remained largely 
neglected.

Today a litde over 7 m o f the section can be 
seen on the western side o f the quarry (Figures 
5.4 and 5.5). However, this includes about

Figure 5.5 The basal Lias Group exposed at Newnham (Wilmcote) Quarry. (Photo: British Geological 
Survey, No. A10835, reproduced by permission of the British Geological Survey. © NERC. All rights reserved. 
IPR/51-14C.)
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2.3 m o f mudstones above the highest strata 
recorded by Wright (1860a) while nothing can 
be seen below the upper part o f his Bed 19. 
O f the nine limestone bands recorded by 
Wright (1860a), only four could be identified 
by Old et al. (1991) and Ambrose (2001). Old 
et al. (1991) recorded Psiloceras plicatulum , 
Psiloceras sp., Caloceras jobnstoni, Caloceras ? 
intermedium , Caloceras sp. and IPsilopby Hites, 
indicating the presence o f both subzones o f the 
Planorbis Zone, and placed the boundary 
between the Planorbis and Johnstoni subzones 
immediately above Bed 8 o f Wright (1860a). 
Woodward (1893) claimed that a specimen o f 
Coroniceras rotiform is (now C. rotiforme) was 
found at the site, although clearly this is 
erroneous.

The Blue Lias Formation at Newnham Quarry 
has been divided into two members, and the site 
has been designated the type locality for the 
lower o f these, the Wilmcote Limestone Member 
(Old et a l., 1991; Ambrose, 2001). This unit 
encompasses strata from the Guinea Bed at the 
base o f the Lias, including the Stock Green Lime
stone, to the highest limestone band, the Top 
Blocks’ (Bed 2). Above this the succession is 
overwhelmingly dominated by llie mudstone 
facies o f the overlying member, the Saltford 
Shale Member (Ambrose, 2001) which persists 
through until the Angulata Zone (Figure 5.4).

Interpretation

Ammonites are the most common fossils in the 
upper two-thirds o f the Wilmcote Limestone 
Member and have enabled biostratigraphical 
subdivision o f the succession. The base o f the 
Lower Jurassic succession and the Planorbis 
Zone was placed by Old et al. (1991) at the 
Grizzle Bed, which contains Psiloceras, with 
the top o f the Planorbis Subzone 3.18 m higher, 
above Bed 8 o f Wright (1860a), where species 
o f Caloceras first appear. However, Wright 
(1860a, 1878-1886) and Brodie (1868) noted 
the occurrence o f a single Psiloceras planorbis 
from the Firestones at Binton, 7 km to the south. 
Old et al. (1991) were unable to confirm this 
and suggested that the record had been assigned 
to the wrong bed.

According to Wright, (1860a) the lower 
Wilmcote Limestone Member o f the Blue Lias 
Formation can be divided into two distinct 
facies assemblages. The lower o f these he

termed the 4Ostrea liassica and Saurian Beds’, 
corresponding to the Pre-Planorbis Beds, and 
contains a rich and diverse benthic fauna that 
demonstrates that benthic oxygen levels were 
high during deposition o f both mudstones and 
limestones. The predominance o f fine shell 
debris and micritic pellets in several o f the lime
stones indicates that they are primary features o f 
the succession. The presence o f several distinct 
trophic groups o f bivalves, including encrusters, 
epibyssate forms and shallow burrowers, is 
evidence for a significant diversity o f habitat, 
while the presence o f isastreid corals indicates 
clear warm water well within the photic zone. 
The base o f this facies assemblage is sharply 
defined by the Guinea Bed, which shows clear 
evidence o f a minor non-sequence originating 
from erosion between the Penarth Group and 
the succeeding Lias Group. Brodie (1887) 
noted that the Guinea Bed and Firestones 
were developed only where the ‘White Lias’ 
(=  Langport Member) was absent. Arkell (1933) 
attributed the presence o f limestone intraclasts 
in the Guinea Bed to early Hettangian erosion 
o f the Langport Member although Old et 
al. (1991) regarded them as shoreline debris 
transported from farther east. The abundance 
o f fossil material in this bed also suggests 
gready reduced rates o f sedimentation at this 
time. The top o f the 4Ostrea liassica and 
Saurian Beds’ is marked by a bed rather 
similar to the basal Guinea Bed, the Grizzle 
Bed, which again indicates, by its abundance 
o f shell debris, echinoid spines and vertebrate 
debris, that sedimentation rates were very 
low and perhaps accompanied by minor 
erosion.

Above the Grizzle Bed there is an abrupt 
change to laminated mudstones and limestones 
in which a benthic fauna is virtually absent. The 
almost complete lack o f bioturbation, and the 
fine preservation o f some o f the vertebrates and 
insect remains, indicates prolonged benthic 
anoxia during the deposition o f most o f this part 
o f the Wilmcote Limestone Member. However, 
Brodie’s (1897) statement that most o f the 
vertebrates are preserved more-or-less entire 
almost certainly reflects some degree o f collecting 
bias, since disarticulated or fragmentary remains 
were often ignored by early collectors when 
more intact material was available. The presence, 
in these apparently anoxic sediments, o f several 
species o f crustacean is somewhat anomalous,
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though not atypical o f laminated limestones in 
the Blue Lias Formation, suggesting either that 
they were not stricdy benthic taxa, that they 
were tolerant o f very low benthic oxygen levels, 
or that they were able to establish populations 
during transient benthic oxygenation events. 
The diversity o f the insect and plant remains 
suggests that a landmass, perhaps the western 
margin o f the London Platform, lay no great 
distance away, though Brodie (1897) noted that 
those from Newnham Quarry generally were 
more fragmentary than those from correlative 
strata at Strensham, farther west in the Severn 
Basin.

The laminated limestones lack the fine shell 
debris found in those near the base o f the 
member, below the Grizzle Bed, and appear to 
be largely diagenetic in origin. The crushed 
nature o f the ammonite shells indicates fairly 
late diagenetic cementation. Consequently 
Brodie’s (1868, 1897) assertion that insect 
remains are confined to the limestones can be 
seen as merely a consequence o f selective 
collecting; almost certainly insects must occur 
in the laminated shales but they have not been 
searched for there.

Lithostratigraphical correlation o f individual 
limestones between the various described 
quarries in this area was attempted by Old et al. 
(1991), with moderate success. They noted that 
although quarry names were assigned to most 
o f the limestones, these were not consistent 
between quarries. The only exceptions were the 
Guinea Bed, the Firestones, the Grizzle Bed and 
the Top Block, in addition, it appears that some 
limestones bands were not continuous and 
could not be correlated between quarries. In 
particular the insect-rich limestone at Binton 
appears to be represented by a thick mudstone 
with laminated horizons at Newnham. Brodie 
(1868, p. 16) noted that ‘in one o f the most 
westerly sections at Wilmcote ... the Insect Beds 
thin out and scarcely amount to three layers ... a 
thick mass o f shale succeeds undivided as 
elsewhere by limestones’ . The laminated nature 
o f many o f the limestones suggests that they 
developed through diagenetic modification o f 
laminated mudstones. Their apparent absence 
or discontinuous nature may therefore reflect 
local variation in diagenetic factors.

In terms o f larger-scale facies interpretations 
there are significant similarities between the 
succession at Newnham Quarry and that seen at

other sites, notably the Lavernock to St Mary’s 
Well Bay GCR site in south Wales. At the base 
o f the succession comparison may be drawn 
between the limestone-dominated Bull Cliff 
Member at Lavernock and the similarly limestone- 
dominated Stock Green Limestone o f the 
Wilmcote area, with both corresponding to the 
lower part o f the Pre-Planorbis Beds o f the Lias 
Group. At Lavernock this is succeeded by the 
limestone-rich St Mary’s Well Bay Member, 
which gives way early in the Liasicus Zone to 
the mudstone-dominated Lavernock Shale 
Member. A similar transition occurs between the 
Wilmcote Limestone Member and the Saltford 
Shale Member (Ambrose, 2001), although it 
appears to occur rather earlier here, with 
mudstones becoming dominant towards the 
middle o f the Johnstoni Subzone, and is 
presumed to relate to a eustatic rise in sea 
level. The laminated limestones that are such 
a significant element o f the succession at 
Newnham Quarry are by no means unique and 
occur quite commonly in the Planorbis 
Zone elsewhere, such as at Lavernock in 
south Wales, Pinhay Bay in east Devon, and in 
temporary exposures near Gloucester (Simms, 
2003a).

Conclusions

Newnham Quarry is the type locality for the 
Wilmcote Limestone Member at the base o f 
the (Hettangian) Blue Lias Formation, which 
includes the so-called ‘Insect Beds’, laminated 
limestones that are a particularly characteristic 
feature o f this part o f the Lias Group across the 
Midlands. The site is the best extant inland 
exposure o f the Blue Lias Formation and can 
be considered representative o f this facies 
development both on the East Midlands Shelf 
and in the Severn Basin (Figure 4.1, Chapter 4). 
The sequence shows a sharp transition from the 
well-oxygenated ‘Ostrea liassica and Saurian 
Beds’, with an abundant and diverse benthic 
fauna, to the predominandy anoxic ‘Insect 
Beds’, in which benthos is virtually absent and 
the fauna is dominated by vagile nekton and 
drifted terrestrial debris. In the 19th and early 
20th centuries the site was an important 
source o f fossil fish, marine reptiles, plants and 
especially insects, fine examples o f which are 
now in the Natural History Museum in London 
and the Warwickshire Museum.
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CONESBY QUARRY, NORTH 
LINCOLNSHIRE (TA 899 143)

K.N. page

Introduction

The Conesby and Yorkshire East quarries complex 
(Figure 5.6) has provided the richest documented 
faunas o f the Frodingham Ironstone Member 
o f the Scunthorpe Mudstone Formation, o f 
Sinemurian age, a deposit historically o f great 
economic importance. Bivalves dominate the 
fossil assemblages, accompanied by ammonites, 
belemnites and rare intact echinoderms. 
Ammonite faunas from this site indicate the 
presence here o f several biohorizons that, 
although rarely developed elswhere in Britain, 
are o f key significance for Upper Sinemurian 
correlation across Europe. Sedimentologically 
and palaeoecologically this site is important for 
understanding the development o f Lower Jurassic 
ironstone facies in Great Britain. Stratigraphi- 
cally and taxonomically it is a key site for the 
study o f mid-Sinemurian ammonite faunas.

Figure 5.6 Geology and location map for the Conesby 
Quarry GCR site and Yorkshire East Quarry.

The Frodingham Ironstone Member has 
been mined around Scunthorpe for more than 
130 years and was the basis for the town’s 
former prosperity in steel-making. These links 
are so strong that the town’s coat o f arms 
incorporates three Grypbaea, one o f the most 
conspicuous fossils in the surrounding quarries. 
The ironstone is no longer worked as an ore 
and, with the closing o f the workings, most o f 
the former exposures have been, or are in the 
process o f being, lost to landfill or are flooded 
(Knell, 1990). The Lower Jurassic succession is 
overstepped by an early Cretaceous unconformity 
as the Market Weighton High is approached 
(Cope et al., 1980a) and hence the Frodingham 
Ironstone Member does not extend far north o f 
the River Humber. To the south it can be traced 
for some 17 km before passing into mudstones 
and less ferruginous limestones. Scunthorpe itself 
lies on the present outcrop o f the Frodingham 
Ironstone Member, with its maximum preserved 
updip extent lying less than 5 km to the west. 
To the east it reaches a maximum thickness o f 
about 10 m (32 ft according to Hallam, 1963) at 
Santon, about 5 km east o f Scunthorpe, but 
has been traced at depth at least as far as 
Immingham, some 30 km east o f Scunthorpe, 
and may well extend beyond the coast (Knell, 
1990). The upper boundary o f the Frodingham 
Ironstone Member is quite sharply defined, with 
an abrupt change from ironstone to mudstone. 
However, the lower boundary is more ill-defined 
and typically shows a progressive upward 
increase in the proportion o f ironstone facies to 
mudstone (Hallam, 1963).

There is relatively litde early work on the iron
stone, the first account o f the orefield being in 
Cross (1875), which , with the addition o f a brief 
account in Ussher (1890), formed the basis o f all 
subsequent reports up to the publication o f 
Wilson (1948). Later work on the ironstone 
included that o f Hallimond (1925), Davies and 
Dixie (1951), and Whitehead et al. (1952). The 
stratigraphical distribution o f the ironstone has 
been discussed since some o f the earliest publi
cations, with more recent accounts including 
Hallam (1963), Cope et a l., (1980a), Gaunt et al.
(1992) and Page (1992). Specifically palaeo- 
environmental analyses are represented only 
by the work o f Hallam (1963) and Young et al. 
(1990b). In the late 1980s and early 1990s 
intense activity associated with a landfill scheme 
at the Conesby Quarry site, north-east o f
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Scunthorpe, yielded a considerable fauna from 
the ironstone (Knell, 1988), though few specimens 
were associated with precise stratigraphical 
information. This is particularly significant for the 
ammonite faunas, making precise comparison 
with other sites difficult. Sole (2001) and 
Thompson (2001) have given accounts o f the 
rescue-collecting operations at Conesby Quarry.

Yorkshire East Quarry is adjacent to the 
Conesby Quarry site and formerly was part o f 
the same quarry complex, though excluded 
from the landfill schemes; the construction o f a 
railway embankment partitioned the once 
continuous quarry face (Figure 5.6). Mechanical 
excavations at Yorkshire East Quarry, organized 
by British Steel in 1995, facilitated the first 
detailed stratigraphical recording o f a section in 
the Frodingham Ironstone Member, which has 
now, in part, compensated for the lack o f detailed 
information from the Conesby Quarry site. The 
new section showed the basal Charmouth 
Mudstone Formation, overlying the upper, fossil- 
rich, portion o f the Frodingham Ironstone 
Member and was recorded and sampled in detail 
(Page, 1995).

Description

The section at Conesby Quarry has never been 
documented in detail but is closely similar to 
other sites nearby that have. Hallam (1963) 
stated that the section through the Frodingham 
Ironstone Member at Conesby was ‘essentially 
similar’ to that which he gave for the Crosby 
Mine (TA 907 133), only 1 km to the south-east. 
At the latter site he recorded a section through 
8.54 m (27 ft 9 in.) o f the Frodingham Ironstone 
Member, dividing it into eight distinct beds 
capped by dark shales. The section reproduced 
below (Figure 5.7) is based largely on that 
exposed at Yorkshire East Quarry, where 
excavations exposed more than 7 m o f the 
Frodingham Ironstone Member (beds 0-23) 
and the lowest 3 5 m or so o f the Charmouth 
Mudstone Formation (beds 24a-c) (Figure 5.8). 
At least 10 m o f the mudstones were formerly 
seen in the adjacent Conesby Quarry site but have 
not been logged in any detail either for here or 
for the Yorkshire East Quarry, though records 
from Conesby Quarry have been incorporated 
into the section described below for Yorkshire 
East Quarry. Sellwood (1972) logged 34 m o f 
the predominantly argillaceous Charmouth 
Mudstone Formation in the Raricostatum and

sandstone 

shelly sandstone 

siltstone

|________| mudstone

oolite

J j ] limestone

Figure 5.7 The succession exposed in Yorkshire East 
Quarry. This is essentially the same as that still 
exposed in Conesby Quarry.

Jamesoni zones above the ironstone at Roxby 
Mine (SE 910 170), about 3 km to the north-east. 
Lithostratigraphical correlation between the 
section recorded here and those recorded by 
Hallam (1963) at Crosby Mine and Sellwood 
(1972) has proven difficult or impossible.
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Figure 5.8 Yorkshire East Quarry, Conesby; trial excavation in mid-1995, prior to SSSI notification. The 
lower face shows around 7 m of bedded Frodingham Ironstone Member above water level, with the top 1 m 
corresponding to beds 20-23 and yielding late Stellare to Denotatus subzone faunas. Above, and in die rear 
cliff, around 3.5 m of Charmouth Mudstone Formation can be seen, of Simpsoni Subzone age. The succession 
is capped by Quaternary ‘Cover Sands’. (Photo: K.N. Page.)

Thickness (m)
PLEISTOCENE
Sands, unconsolidated, pale.
UPPER SINEMURIAN-LOWER PLIENSBACHIAN
SUBSTAGES
Charmouth Mudstone Formation
24c: (Conesby Quarry). Mudstone, grey, 

with alternating paler, ?silty bands.
Occasional bands of small pale-coloured 
phosphatic nodules present. Bivalves 
and ammonites frequent, usually 
crushed in the mudstones, but occa
sionally partly preserved uncrushed 
in phosphatic nodules. Stratigraphically 
important faunas include: Apoderoceras 
sp. (gr. nodogigas/aculeatum Bio
horizon, Taylori Subzone), Paltecbioceras 
ex grp. aplanatum (aplanatum 
Biohorizon, Aplanatum Subzone), 
Leptechioceras cf. macdonelli 
(macdonnelli Biohorizon, Macdonnelli 
Subzone), Leptechioceras c£ planum 
(subplicatum Biohorizon, Macdonnelli 
Subzone), Echioceras sp. (Raricostatum 
Subzone) (Page, 1992). > 6.0

24a-b: (Yorkshire East Quarry). Marl, pale 
greenish-grey weathering, with 
scattered small micritic nodules and a 
pale-grey, burrowed (Chondrites) soft

calcareous lenticle at c. 1.45-1.60 m 
above base (= Bed 24b). Nodules 
yield small bivalves, including Oxytoma, 
and Gagaticeras sp.. Gagaticeras also 
occurs crushed in marl from around
0.55 m above the base of Bed 24a.
Oxynoticeras cf. simpsoni is present 
at approximately this level in the former 
Conesby Quarry site, indicating the 
Simpsoni Subzone. c. 3.5

Scunthorpe Mudstone Formation 
Frodingham Ironstone Member 
23: Chamositic band, rusty-weathering, 

typically soft and sandy, with small 
(c. 3-4 cm) black, hollow-centred 
concretions in lower part. Rare 
dark olive-green unweathered 
patches. 0.01

22: Sandstone, silty, chamositic, soft, shelly; 
dark olive-green with small white- 
shelled bivalves when unweathered.
Occasional Grypbaea present. Hardened 
dark, purplish-grey mudstone clast near 
top. Similar hard mudstone forms an 
impersistent band locally at base of bed. 
Calcareous shelly lenticles present 
locally. Eparietites denotatus present. 
Corresponds to the denotatus Biohorizon, 
Denotatus Subzone. 0.14
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Thickness (m)
21: Sandstone, chamositic, greenish- 

grey, with small white shells (when 
unweathered). Flaggy bedded, typically 
splitting into 3 bands (beds 21a-c).
Ammonite fauna includes Eparietites 
fowleri in upper 0.1 m (=  21c); 
corresponds to the fowleri Biohorizon, 
Denotatus Subzone. This is probably 
the level that has yielded very rare Xipbero- 
ceras trimodum and Angulaticeras sp. 
in Conesby Quarry. Aegasteroceras is 
also likely to be present. 0.28

20: Sandstone, chamositic, with white
calcareous shelly lenticles up to 1.5 cm 
thick full o f small bivalves and occasional 
ammonites. The latter commonly with 
green chamosite-impregnated shells.
Traces of cross-bedding present locally.
Some hard mudstone clasts present.
Ammonite fauna includes: ?Eparietites 
sp. (c. 0.05 m below top of bed; Denotatus 
Subzone); Asteroceras ex grp. smitbi 
(transitional to Aegasteroceras) ; ?Xipheroceras 
sp. (in upper c. 0.12 m); Asteroceras ex grp. 
smitbi sensu stricto (c. 0.15-0.3 m below top 
of bed; corresponds to the aff. am ouldi- 
blakei ss. biohorizons, Stellare Subzone); 
Asteroceras ex grp. stellare, Xipheroceras 
sp. (c. 0.4-0.77 m below top of bed) c. 0.5-0.8 

19: Sandstone, chamositic, silty, fine, 
sandstone, some shells (bivalves) 
present. 0.05-0.2

18: Sandstone, calcareous with some 
shelly lenticles. Impersistent hard 
marl (up to 0.06 m thick) seen in 
upper part. 0.1-0.72

17: Sandstone, ferruginous, soft, red-
brown weathering, with some harder 
bands. Scattered Grypbaea present. 0.45 

16: Sandstone, chamosite oolite, hard,
ferruginous, weathering a dark-brown 
colour. Shelly band with abundant 
Grypbaea in lower part. 0.45

15: Sandstone, ferruginous, brown, soft. 0.45 m 
14: Sandstone, calcareous, shell rich, with 

abundant large bivalves (Grypbaea 
and Cucullaea). 0.3-0.35

13: Seam, soft silty, fine, sandy. 0.1
12: Sandstone, shelly, oolitic, with

Cucullaea, etc. 0.45
11: Pebble bed, intraclastic, full of small 

ferruginous clasts generally < 1 cm 
in diameter. 0.10

10: Sandstone, calcareous and ferruginous, 
shelly, flaggy weathering in upper part, 
with large shells (Grypbaea, Cucullaea). 0.16

9: Sandstone, calcareous, ferruginous, shelly.
In two blocks separated by a parting.
Upper block (9b) with common large shells 
(Grypbaea, Cucullaea). Lower block (9a) 
with fewer shells, but concentrated near top. 
Some small intraclastic pebbles present in 
lower part of 9a. 0.6

8: Soft sandy parting. 0.05
7: Sandstone, shelly, calcareous, ferrugi

nous, with abundant Cucullaea, etc., 
and some pectinids. 0.28

6: Soft sandy parting. 0.05
5: Sandstone, calcareous, ferruginous,

with large shells (Cucullaea, etc.) 
concentrated near top. 0.2

4: Soft sandy parting. 0.05
3: Sandstone, very shelly, calcareous, full

of large shells, especially Cucullaea, 
with some Grypbaea. 0.22

2: Soft sandy parting. 0.05
1: Sandstone, massive, ferruginous, flaggy

weathering near top, with some 
Grypbaea. Around 0.4 m present 
above water level on north side of 
access ramp to conservation exposure, 
below massive-bedded ferruginous 
sandstone seen (largely inaccessible 
on south side of ramp). Lower part 
in southern area of site more flaggy 
bedded. c. 2.5

0: Soft silty band seen just above water
level on south side of site. c. 0.15 (seen)

(Loose blocks of soft silty sandstone beside 
the flooded excavation in the southern 
area of the Yorkshire East Quarry site 
yielded abundant Grypbaea and common 
Euagassiceras ex grp. resupinatum with 
?Amioceras sp.. The lithology and location 
suggest an origin within o r close to the base 
of Bed 2, Sauzeanum Subzone)

Within the ironstone itself, four basic lithologies 
have typically been recognized in the district 
(Davies and Dixie, 1951; Whitehead et al., 1952; 
Hallam, 1963; Gaunt et al., 1992), with a fifth 
described in Young et al. (1990b). Their basic 
characteristics, based largely on Young et al. 
(1990b) and Hallam (1963), are as follows:

type A : Bioclastic ooidal grain-ironstone -  calcitic 
bioclasts and goethite/berthierine ooids, 
more-or-less replaced by siderite, all covered 
with a thin berthierine grain coating and 
siderite cement. In hand specimen a spongy 
mass o f berthierine-bearing shiny ooids. 
Hallam (1963) noted that types A and C 
often tend to grade into one another. 

type B: Sideritic mud-ironstone -  small rhombs 
o f siderite among parallel-orientated 
berthierine flakes. Ooids and bioclasts 
virtually absent. In hand specimen a tough 
indurated blue-grey mudstone. Hallam 
(1963) noted that this type is remarkably 
free o f shells but, unlike the other types, it 
often contains minute shreds o f organic 
matter parallel to bedding.
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Type C : Goethite ooidal wacke-ironstone -  
goethite/berthierine ooids, more-or-less 
replaced by siderite, within a fine-grained 
berthierine/siderite matrix. The ooliths 
and pisoliths occur in a berthierine-rich 
mudstone with siderite crystals and quartz 
grains. Hallam (1963) noted that this is 
more argillaceous than Type A. 

type D: Ferruginous bioclastic limestone -  
goethite/berthierine ooids and calcareous 
bioclasts, more-or-less replaced by siderite, 
in a coarse sparry caldte cement (subdivided 
into D l, dominandy bioclastic, and D2, 
dominandy ooidal). Hallam (1963) noted 
that this often contains localized patches o f 
mudstone with indeterminate boundaries, 
as well as obvious mudstone lithodasts. 
Quartz silt is rarer in this type, while broken 
ooliths are somewhat commoner, than in 
the other types o f ironstone. This type 
often exhibits cross-bedding.

Type E: Berthierine-bearing silty ooidal mud
stone -  siderite absent and clastic material 
prominent.

All five types o f ironstone appear to be present 
in die Conesby district and lidiologies are 
often relatively fresh and in part unweathered, 
particularly at the centre o f large blocks. Types 
B and D are particularly distinct, with Type B 
often forming discontinuous or bifurcating 
seams within the more dominant Type D. The 
preservation o f this material is ideally suited for 
further work on the formation, especially into 
the mineralogy and diagenesis, and as no 
contemporary published study exists, beyond the 
observations o f Gaunt et al. (1992, pp. 35-6).

Fossils are frequendy abundant in the iron
stone, particularly in the topmost 1-2 m. 
Hallam (1963) listed more than 40 species 
whereas Young et al. (1990b) cited a figure o f 
42 species o f bivalve alone, and provided data 
on the facies distribution and life habits o f 35 
o f these. Individual shell bands typically are 
dominated by only one or two bivalve species, 
often Cardinia or Gryphaea. Shelly lentides in 
the upper part o f the ironstone may be rich in 
pectinids, including Camptonectes, Entolium  
and other bivalves, while the brachiopod 
Piarorbynchia (probably Cuneirbyncbia 
oxynoti, although there is no mention o f the 
Frodingham Ironstone Member in Ager’s 
(1956-1967) monograph) was said by Hallam 
(1963) to be abundant in the top 1.25 m (4 ft) o f

all sections through the Frodingham Ironstone 
Member, though uncommon below this level. 
Cross (1875) also recorded Spiriferina walcotti 
from the ironstone. Hallam (1963) noted that 
moulds o f thin-shelled bivalves occur in the 
types A and C ironstones and that other shells 
are at least partly replaced by chamosite. 
Calcitic preservation is found in Type D iron
stones, where the bivalves are predominantly 
disarticulated, with valves convex-up and 
showing a higher degree o f fragmentation than 
in other ironstone types and an abundance o f 
algal borings. Deeper-burrowing bivalve species 
often are preserved in life position in types A 
and C but are absent from Type D.

Echinoderm debris is a common component 
o f the more bioclastic units and intact echino
derm material has also been recovered. Knell
(1988) figured large intact specimens o f the 
asteroids Solaster and Arcbastropecten, while 
a specimen o f Isocrinus tuberculatus (mis- 
identified as Isocrinus robustus) was figured on 
the front cover o f the July/August 1990 (vol. 6, 
no. 4) issue o f Geology Today. These intact 
echinoderms invariably are associated with thin 
clay lenses within the ironstone.

Hallam (1963) observed numerous foraminifera 
in thin-sections o f the ironstone facies and was 
able to extract representatives o f six genera 
from the mudstone immediately overlying the 
Frodingham Ironstone Member at Crosby 
Quarry. He also described several types o f ichno- 
fossil from the member. Within the sediment 
itself he observed large, sub-horizontal, Rbizo- 
corallium  burrows and smaller, vertical U-tubes 
o f Diplocraterion. Although many were filled 
with the same material as the surrounding sedi
ment, some were seen to be filled with mudstone 
despite their position in exclusively ironstone 
parts o f the succession. He also described and 
figured three types o f microscopic or sub- 
microscopic boring from the shells o f Gryphaea 
and other bivalves at Crosby Mine. He attributed 
these to cirripedes, clionid sponges and algae, 
and noted that the algal borings were confined 
to shells in Type D ironstones.

Only Sellwood (1972) has investigated the 
palaeoecology o f the overlying Charmouth 
Mudstone Formation, though at Roxby Mine 
some 3 km to the north-east rather than at this 
site. Above a winnowed shell bed at the top o f 
the Frodingham Ironstone Member he identified 
seven minor cycles (Sellwood, 1970) up to the 
base o f the Aplanatum Subzone, with each
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cycle coarsening upwards from dark mudstones 
to paler bioturbated siltstones before being 
abruptly succeeded by the mudstones at the 
base o f the next cycle. The Aplanatum Subzone 
and Jamesoni Zone was developed in non- 
cyclic mudstones with a prominent shell bed, 
containing broken and encrusted material, at the 
Raricostatum-Jamesoni zonal boundary.

Interpretation

In the first geological account o f the Frodingham 
Ironstone Member, Cross (1875) recorded a 
number o f ammonite species that would now be 
assigned to the genera Amioceras, Agassiceras, 
Caenisites and Metopbioceras, together
indicative o f the Bucklandi, Semicostatum and 
Tumeri zones. Ussher (1890) interpreted this 
assemblage as representing the Semicostatum 
Zone while Arkell (1933) assigned the ironstone 
to the Semicostatum and part o f the Bucklandi 
zones. Hallam (1963) re-examined material in 
Scunthorpe Museum and collected new material, 
concluding that the Frodingham Ironstone Member 
spanned the interval from the Sauzeanum 
Subzone, near the top o f the Semicostatum 
Zone, to the Denotatus Subzone, at the top o f 
the Obtusum Zone. Earlier biostratigraphical 
mis-interpretations he attributed to the mis- 
identification o f Eparietites and Epopbioceras as 
Agassiceras and Metopbioceras respectively.

More recent collecting (K.N. Page, unpublished 
observations) has refined the biostratigraphy 
still further, with the recognition o f several 
discrete biohorizons (Page, 1992) in the upper 
part o f the Frodingham Ironstone Member and 
the Charmouth Mudstone Formation o f the 
Conesby Quarry area. Evidence for the presence 
o f further biohorizons in the district is indicated 
by museum material, especially in the collections 
o f Scunthorpe Museum that form the main 
repository o f specimens from the ironstone. 
The biohorizons recognized in the upper part o f 
the Frodingham Ironstone Member are particu
larly important. The lowest o f these, the blakei 
(X) Biohorizon, is one o f the most widespread in 
Europe, being recorded from North Yorkshire, 
Gloucestershire, possibly Somerset, Burgundy, 
the French Jura and Switzerland (Dommergues 
et al., 1994; Blau and Meister, 2000). This fauna 
at Conesby Quarry is the best preserved in 
Britain and hence o f primary importance for 
international correlation. Above the blakei 
Biohorizon fauna, the upper c. 0.12 m o f Bed 20

in Yorkshire East Quarry yields coarsely ribbed 
Asteroceras ex grp. sm ithi, transitional to 
Aegasteroceras spp.. A similar fauna occurs with 
Amioceras aff. am ouldi in Burgundy, suggesting 
a correlation with the aff. am ouldi (XI) Bio
horizon o f the Stellare Subzone. Aegasteroceras 
ex grp. sagittarium was formerly abundant in 
Conesby Quarry (Figure 5.9), indicating the 
succeeding sagittarium  (XII) Biohorizon, while 
Eparietites undaries, representing the c£ undaries 
(XIII) Biohorizon, has also been found near the 
top o f the Frodingham Ironstone Member (Joss, 
1980). However, both biohorizons remain 
unproven at Yorkshire East Quarry, with the next 
fauna recovered from that site being typical 
Eparietites fow leri in the upper c. 0.1 m o f Bed 21. 
The fow leri (XIV) Biohorizon is well documented 
in Britain only in the Conesby district, but has 
been recognized in Burgundy and in south-east 
France (Page, 1992; Blau and Meister, 2000). 
This fauna includes the rare eoderoceratid, 
Xipheroceras trimodum  and an unusual species 
o f extremely oxyconic Angulaticeras, apparently 
unlike anything recorded elsewhere in north-west 
Europe. Bed 22 yields well-preserved Eparietites 
denotatus indicating the denotatus (XV) 
Biohorizon. Records o f Oxynoticeras simpsoni 
in the topmost Frodingham Ironstone Member 
(e.g. in Gaunt et a l., 1992) could, therefore, be 
late Denotatus Subzone Eparietites, including
E. denotatus itself that has a body-chamber 
indistinguishable from true O. simpsoni.

Figure 5.9 Aegasteroceras and other fossils from the 
Stellare Subzone or Denotatus Subzone of the 
Frodingham Ironstone Member at Conesby Quarry. 
Specimen in the collections of the National Museum 
of Vfoles. (Photo: M.J. Simms.)
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The lower part o f the Frodingham Ironstone 
Member has been less intensively collected in 
recent years, but Hallam (1963) cited examples 
o f Amioceras aff. semicostatum, Faramioceras 
aff. alcinoe, Caenisites cf. brooki and Micro- 
deroceras bircbi in addition to various Obtusum 
Zone taxa. Specimens o f Euagassiceras from 
near the base o f the section recorded here, 
together with Hallam’s (1963) records, indicate 
the presence o f the Sauzeanum, Brooki, Birchi, 
Stellare and Dcnotatus subzones within the 
Frodingham Ironstone Member. No conclusive 
evidence has been found for the presence o f the 
Obtusum Subzone, an observation that was 
commented on by Hallam (1963).

In the overlying Charmouth Mudstone 
Formation Sellwood (1972) recognized a 
complete sequence o f subzones through the 
Raricostatum and Jamesoni zones at Roxby 
Mine, but assigned the top o f the Frodingham 
Ironstone Member and less than 1 m o f the 
overlying mudstone to the Oxynotum Zone. 
However, specimens o f Eparietites aff. glaber in 
Scunthorpe Museum indicate that the base o f 
the Charmouth Mudstone Formation lies in the 
uppermost Denotatus Subzone. Furthermore, the 
lowest part o f die formation in die Scundiorpe 
district has yielded a form, transitional between 
Eparietites and Oxynoticeras, referable to 
Eparietites collenotii (Dommergues et a l., 1994). 
This represents the aff. glaber Biohorizon 
previously recorded only from France and 
unknown elsewhere in Britain. Later faunas o f 
Raricostatum Zone and basal Jamesoni Zone 
were recorded from the Conesby Quarry sites, 
though cut out at Yorkshire East Quarry by 
Quaternary deposits, but the Oxynotum and 
Densinodulum subzones were unproven.

The absence o f any evidence for the Obtusum 
Subzone suggests a region-wide non-sequence 
at this level but the local absence o f other 
biostratigraphically defined faunas probably 
indicates no more than the sporadic occurrence 
o f fossil-rich lenses within the Frodingham 
Ironstone Member. Similarly, the apparent 
absence o f the Oxynotum and Densinodulum 
subzones at Conesby, despite their supposed 
presence at Roxby (Sellwood, 1972), probably 
reflects collection failure. Nonetheless, it is 
clear that sedimentation during deposition o f 
the Frodingham Ironstone Member was 
discontinuous. Hailam’s (1963) observation o f 
mudstone-filled Diplocraterion burrows within 
an entirely ironstone part o f the succession

implies modest periods o f erosion during 
deposition. Similarly the presence o f intensively 
bio-eroded Gryphaea shells suggests that shell 
material was exhumed or remained exposed 
on the sea floor for significant periods o f time. 
Sellwood’s (1972) comment, that subzonal 
boundaries within the Raricostatum Zone 
correlate with the tops o f minor sedimentary 
cycles, also implies that there may have been 
significant pauses during deposition o f this part 
o f the Charmouth Mudstone Formation.

The palaeoecology o f the ironstone has been 
discussed by Hallam (1963) and typical fossils 
illustrated in a booklet by Knell (1990). Young 
et a l. (1990b) provided a contemporary
review and suggested that grading, bioturbation, 
sedimentary structure and shell-rich coquinoid 
biofabrics indicated alternating storm and 
fair-weather conditions. These features are 
displayed in tripartite pseudo-cycles, comprising 
a storm couplet overlain by background sedi
ments, although they have been modified to 
varying degrees by subsequent lower-energy 
events. Young et al. (1990b) suggested that 
the major storm events represented in the 
Frodingham Ironstone Member might occur as 
infrequendy as once in 150 000 years yet they 
noted that the depth o f scouring was o f similar 
magnitude to the bed thickness. From this they 
inferred that sediment remained in the mobile 
superficial layer for a similar length o f time, 
perhaps accounting for the apparent mixing o f 
some o f the ammonite faunas.

These storm events, infrequent though they 
might have been, inevitably had a significant 
effect on the taphonomy o f the ironstone faunas, 
with shells being reworked, transported, and in 
some cases destroyed, although storm-produced 
units contain essentially the same species as inter- 
stratified fair-weather deposits. As discussed by 
Younger al. (1990b), Type C ironstones represent 
background fair-weather deposits with fossil- 
rich fabrics showing an interplay between physical 
and biological depositional processes, including 
intense bioturbation. In contrast the types D1 
and D2 ironstones represent tempestites, with 
sorting (both size and taxonomic), fragmentation 
and convex-up orientatation o f bivalve shells. 
Coquinas o f Cardinia and pectinids characterize 
the base o f many o f these tempestite pseudo
cycles. Hallam (1963) concluded that the organic 
material and lack o f bioturbation in the Type B 
ironstones suggested deposition in anoxic bottom 
waters.
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There is evidence within the Frodingham 
Ironstone Member o f both high-energy shoal 
conditions and lower-energy periods with 
deposition o f more muddy suspended sediment, 
which was then intensely bioturbated (Gaunt et 
al., 1992). This environmental instability, with 
rapid deposition following storms, was a major 
factor in the obrution mechanism that caused 
preservation o f articulated asteroids and crinoids 
beneath thin mudstone lenses. The prevalence o f 
tempestite facies within the member indicates 
that the sea floor was well above storm wave-base 
whereas the presence o f abundant endolithic 
algal borings in bivalves in Type D ironstones 
indicates a position well within the photic zone, 
with deposition perhaps occurring in no more 
than 20-25 m o f water (Hallam, 1963).

As with so many sedimentary ironstones, the 
precise reasons for the geographical and strati- 
graphical location o f the Frodingham Ironstone 
Member remain uncertain. However, it is perhaps 
significant that the Pecten Ironstone Member 
within the Charmouth Mudstone Formation, o f 
upper Jamesoni to lower Ibex zone age, is 
confined to the same geographical area as the 
older Frodingham Ironstone Member, suggesting 
a common underlying control. The somewhat 
condensed nature o f the Frodingham Ironstone 
Member, with barely 10 m o f ironstone correlating

with almost three times this thickness o f clastic 
sediments in Robin Hood’s Bay, to the north, 
and five times this thickness on the Dorset coast, 
suggests slow rates o f deposition. The often low 
proportion o f clastic material in these ironstones 
also indicates deposition in an area o f sediment 
starvation, perhaps on a local high. In this 
respect the proximity o f the Frodingham 
Ironstone Member to the southern margin o f the 
Market Weighton High may be significant (Figure
5.10), with periodic movement on this structure 
perhaps exerting a major influence on facies 
development in the Lower Jurassic Series o f the 
area. The absence o f similar ironstones at this 
level in adjacent basins, and their development 
instead at other levels, suggests that eustatic 
changes exerted only a minimal influence, if any 
at all, on the development o f these facies.

Young et al. (1990b) considered that the 
primary iron mineral in the ironstone was 
berthierine. The formation o f this mineral 
requires low-oxygen, low-salinity conditions, which 
conflicts with the apparent palaeoecological 
evidence for well-oxygenated conditions. It has 
been suggested that the berthierine was formed 
elsewhere, perhaps in brackish-water lagoons 
protected from die sea by some form o f barrier, 
perhaps shell banks, and received dissolved 
and particulate iron from an adjacent low-lying

Figure 5.10 Schematic section across the Cleveland Basin, Market Weighton High and northern end of the East 
Midlands Shelf showing the relationship of the Liassic ironstones to the underlying structure. After Howard 
(1985).
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and well-vegetated landmass with lateritic soil 
formation (Gaunt et al., 1992). Subsequently 
these berthierine-rich muds were washed into 
a fully marine, shallow-water environment, 
perhaps during storms. Nonetheless, the 
frequent low-diversity but high-abundance 
characteristics o f the benthic fauna does tend to 
suggest some form of restricted conditions at 
times, though this may have taken the form 
more o f physical factors associated with these 
facies rather than any chemical properties o f the 
seawater at this time.

Conclusions

Yorkshire East Quarry is one o f the last remaining 
exposures of the Frodingham Ironstone Member, 
adjacent to the former Conesby Quarry, which 
has yielded the richest-known faunas from this 
unit. The well-preserved ammonite faunas 
indicate the presence o f several biohorizons 
within the Obtusum Zone, including the blakei 
Biohorizon, a key reference level for correlating 
Upper Sinemurian sequences across Europe, and 
the aff. glaber Biohorizon, otherwise unknown 
in Britain. Other elements o f the fauna include 
intact specimens o f several species o f asteroid, 
an extreme rarity in the British Lower Jurassic 
Series, and o f Isocrinus tuberculatus.

NAPTON HILL QUARRY, 
WARWICKSHIRE (SP 457 613)

MJ. Simms

Introduction

The Napton Hill Quarry GCR site is a disused 
brickpit at Napton-on-the-Hill. It is one o f the 
few remaining inland exposures o f the Upper 
Pliensbachian (Middle Lias) succession in 
Britain, comprising the top o f the Dyrham 
Formation and the base o f the Marlstone Rock 
Formation. Napton Hill Quarry forms an outlier 
o f Upper Pliensbachian strata within a small 
fault-bounded block (Figure $.11) west o f the 
main outcrop in east Warwickshire. The quarry 
formerly exposed the entire Upper Pliensbachian 
(Middle Lias) succession, and the upper part o f 
the underlying Lower Pliensbachian (Lower 
Lias) succession, consisting o f the base o f the 
Dyrham Formation and the top o f the 
Charmouth Mudstone Formation, which was

Figure 5.11 Geology and location map for the 
Napton Hill Quarry GCR site.

worked for brick-making. Today only the Upper 
Pliensbachian succession remains exposed 
(Figure $.12), and the lower part o f the quarry 
has been back-filled. This is one o f a series o f 
key sites that together reveal lateral facies 
changes across the Upper Pliensbachian out
crop. Strata formerly exposed here yielded rich 
Lower Pliensbachian ammonite assemblages, 
which contributed to the development o f ideas 
on ammonite evolution and biostratigraphy.

The biostratigraphical succession was summa
rized by Trueman (1918) although his description 
lacked lithological detail or bed thicknesses. 
Howarth (1958) described the Upper Pliensbachian 
succession; a fuller section, extending down into 
the top o f the Lower Pliensbachian succession, 
was described by Callomon (in Hallam, 1968a). 
It was described again briefly in Lord’s (1974) 
study o f Upper Pliensbachian (=  Domerian) and 
Toarcian ostracods. The section, as currendy 
exposed, was described by Old et al. (1987). In 
the past the site was an important source o f 
liparoceratid ammonites that formed the basis o f 
phylogenetic and taxonomic research undertaken 
by Trueman (1918) and Spath (1938).
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Figure 5.12 The Upper Pliensbachian succession exposed at the Napton Hill Quarry GCR site. The Marlstone 
Rock Formation lies at the top of the section, with the sandstone of Bed 33 visible a litde lower in the face. The 
large blocks projecting from the lower part of the right-hand face are some of the doggers that occur in Bed 29. 
(Photo: M.J. Simms.)

Description

The most complete section o f the site was 
published by Callomon (in Hallam, 1968a). The 
biostratigraphical succession published by 
Trueman (1918) implies that older parts o f the 
succession may have been exposed at one 
time. However, it has been suggested (J.H. 
Callomon, pers. comm.) that the lower parts o f 
Trueman’s section may have been based on 
material from the immediate neighbourhood 
rather than from the pit itself. The section 
described by Callomon was almost 53 m thick 
and divided almost equally between the 
Lower and Upper Pliensbachian substages. The 
former comprised 26 m o f grey and blue-grey 
silty clays and shales with bands o f nodules,
0.05-0.2 m thick, at irregular intervals. The 
Lower and Upper Pliensbachian (=  Lower 
and Middle Lias) junction was identified by 
Howarth (1958) at a level 26.5 m (86 ft 2 in.) 
below the top o f the Marlstone Rock Formation. 
Much o f the Upper Pliensbachian comprises

typical Dyrham Formation facies, mostly 
siltstones and silty mudstones together with 
several horizons o f large sandstone ‘doggers’ 
and a 0.5 m-thick fossiliferous sandstone. The 
Upper Pliensbachian succession is capped by 
the Marlstone Rock Formation, here divisible 
into a lower sandstone unit and an upper 
limestone unit, with a basal pebble bed. Old 
et al. (1987) report that in this area the 
Lower Pliensbachian becomes more silty 
and micaceous upwards towards the Upper 
Pliensbachian, and is a paler grey than the clays 
lower in the succession. The upper part o f the 
Lower Pliensbachian also is more ferruginous in 
parts, with mudstone and ferruginous nodules 
forming a significant component o f this part o f 
the succession.

The following Upper Pliensbachian section 
is based largely on the description o f Old 
et al. (1987), with some additional data 
from Howarth (1958). The Lower Pliensbachian 
succession is that o f Callomon (in Hallam, 
1968a).
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Thickness (m)
Marlstone Rock Formation
37: Limestone, bioclastic, rubbly and flaggy, 

ferruginous, orange-brown, sandy; green 
when fresh. Camptonectes mundus,
Modiolus scalprum, Protocardia 
truncal a, Pseudolimea sp., crinoid 
debris. 3.00

36: Sandstone; fine grained and micaceous, 
soft and poorly cemented. Small 
rounded pebbles of sandstone and 
siltstone at the base. 0.50

Dyrham Formation
35: Siltstone; sandy and ferruginous, with

shell debris. Belemnites near base. 0.64
34: Siltstone; grey, ochreous and micaceous.

Poorly cemented, with iron-stained 
fractures and surfaces. 2.20

33: Sandstone; orange, poorly cemented
and calcareous, with iron-stained fractures. 
Many bivalves and other fossils; Modiolus 
scalprum, Protocardia truncata,
Unicardium cardioides, Camptonectes 
sp., Ceratomya sp., Pseudolimea sp., 
Pseudopecten sp., Amaltbeus subnodosus,
A. margaritatus and A. striatus. 0.54

32: Mudstone; pale grey, silty with sandy 
wisps and ferruginous doggers up to 
1 m across. 2.20

31: Limestone; grey-green, weathering reddish- 
orange. Sandy and ferruginous with 
shelly cementstone doggers. Protocardia 
truncata, Pboladomya sp., IPleuromya, 
Amaltbeus cf. subnodosus. 0-0.88

30: Mudstone; pale grey to brown,
increasingly silty towards top with shell 
debris and ironstone nodules. A row 
of scattered doggers 3.1m from the 
top. Liparoceras (Becheiceras) becbei 
in lowest 1.5 m.

29: Sandstone; poorly cemented, with 
patches of silt and abundant doggers 
up to 1.5 m thick and 5 m across, of 
medium-grained calcareous sandstone, 
blue-hearted but weathering green- 
brown or orange. Abundant fossils, 
particularly pectinids and other 
bivalves, crinoid debris and large 
specimens of Amaltbeus stokesi 
and Protogrammoceras nitescens.
Scattered grey phosphatic nodules 
weathering red-brown. Very sharp 
boundary with underlying mudstones.

28: Mudstone; pale grey, weathering brown, 
with a little silt towards the top and more 
towards the base. Ferruginous bands 
and small doggers are common in the 
top 1.0 m and a row of scattered doggers 
occur 9.2 m from the top. Junction 
with Charmouth Mudstone Formation 
at base (Howarth, 1958). The top 
4.0 m of this unit form the lowest 
part of the succession now seen in 
the quarry (Figure 5.12). 9.62

Charmouth Mudstone Formation
Davoei Zone, Figulinum Subzone
27: Clays, dark blue-grey. 0.23
26: Mudstone nodule band, impersistent,

ferruginous. 0.05
25: Clays, blue-grey. 0.40
24: Sandstone band, ferruginous,

nodular. 0.05-0.13
23: Clays, shaly, dark blue-grey. 1.70
22: Line of brown, ferruginous mudstone

nodules with ammonites. 0.10-0.20
21: Clays, shaly, blue-grey. 0.45
20: Brown ferruginous sandy mudstone

nodule band. 0.13
19: Clays, shaly, blue-grey. 0.45
18: Mudstone nodule band, ferruginous. 0.15
Capricomus Subzone
17: Clays with median nodule band; 

ammonites. 0.92
16: Nodules. 0.15
15: Clays, grey. 0.77
14: Mudstone nodules. 0.15
13: Clays. 1.08
12: Nodule band. 0.15
11: Clays and shales. 5.38
10: Seam of nodules. 0.08
9: Clays. 
Maculatum Subzone

0.45

8 Nodules. 0.08
7 Clays, dark. 0.23
6 Line of nodules. 0.08
5 Clays, grey. 1.54
4 Mudstone nodules. 0.10
3 Clays. 0.69
2 Nodules. 0.15
1 Clays below. seen to 10.15

Considerably less than half o f this total thickness 
is visible today. The Lower Pliensbachian succes- 

4.8 sion, consisting predominantly o f the Charmouth 
Mudstone Formation has long since been 
obscured by back-filled material as has the base 
o f the Upper Pliensbachian Dyrham Formation. 
The top 4 m o f Bed 28 are the lowest part o f the 
succession that can be seen clearly at present: 
the Marlstone Rock Formation is still well- 
exposed at the top o f the face (Figure 5.12).

Ammonites have figured prominendy in all 
descriptions o f the site, either for their biostrati- 
graphical value (Howarth, 1958; Callomon in 

15 Hallam, 1968a) or for their significance in 
interpreting the phylogeny o f the liparoceratids 
(Trueman, 1918; Spath, 1938; Callomon, 1963). 
Spath (1938) cited examples o f nine species o f 
liparoceratid from here, including the holotype 
o f Liparoceras naptonense. Other macrofossils 
have received litde attention. Palmer (1975) dted 
the bivalve Cardinia attenuata as occurring in 
the Ibex Zone, while Woods (1925-1931) 
figured a chela o f the crustacean Eryma sp. from
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the Marlstone Rock Formation here, but other
wise there appear to be no published accounts 
o f other elements o f the macrofauna. Lord (1974) 
recovered a limited microfauna o f ostracods and 
foraminifera from only one o f 17 samples; the 
productive level was a shelly sandstone (Bed 29) 
13 m below the Marlstone Rock Formation.

Interpretation

The biostratigraphy o f the main part o f the 
recorded section is fairly well-established 
through the investigations o f Howarth (1958) 
and Callomon (in Hallam, 1968), but is not fully 
resolved at some levels.

Uncertainty surrounds the age o f the Marlstone 
Rock Formation since it has not yielded any 
ammonites at this site. Howarth (1980) demon
strated the presence o f Tenuicostatum Zone 
ammonites in the upper part o f the formation 
at numerous sites, from Dorset to the East 
Midlands Shelt but no such evidence has been 
found here although this zone is proven in the 
top o f the Marlstone Rock Formation at Byfield, 
less than 10 km to the south-east (Howarth, 
1978). The lower part o f the Marlstone Rock 
Formation is assumed lo be at lcasl partly o f 
Spin a turn Zone age, although again no ammonites 
have been found here. Within the underlying 
Dyrham Formation the Stokesi Subzone (beds 
28-29) and the Subnodosus Subzone (beds 
30-33) are proven by the presence o f the index 
species, although Howarth (1958) and Old et al,
(1987) failed to find any age-diagnostic fauna 
between the base o f the Marlstone Rock 
Formation, and the highest occurrence o f 
Amaltheus subnodosus little more than 2 m 
below. The lower, sandy part o f the Marlstone 
Rock Formation at Napton Hill draws comparison 
with the Tilton Sandrock Member o f Leicester
shire, and similar facies below the Marlstone 
Rock Formation at the Robin ’s W ood H ill 
Quarry GCR site in Gloucestershire. At both 
sites these are at least partly o f Subnodosus 
Subzone age. The Gibbosus Subzone is present 
elsewhere on the margins o f the London 
Platform (Hallam, 1968) and in the Severn Basin 
(Simms, 1990a) but remains unproven here.

The Lower Pliensbachian succession at Napton 
Hill Quarry was famed for its ammonites, and 
Trueman (1919) recorded a series o f distinct 
faunas. The lowest o f these, described as ‘Beds 
with Tragophylloceras ibex ’ succeeded by ‘Beds 
with Acantbopleuroceras valdani\ correspond

to the Valdani Subzone o f the Ibex Zone. Above 
this a succession o f ‘capricorn’ and ‘involute’ 
liparoceratids suggests the presence o f higher 
parts o f the Valdani Subzone and the succeeding 
Luridum Subzone. No thickness or lithological 
information was dted in Trueman’s (1919) account 
o f the ammonite succession, while Callomon (in 
Hallam, 1968) did not recover any ammonites 
from more than 12 m o f clay below Bed 6. 
Hence it remains unclear if the Ibex Zone faunas 
described by Trueman (1919) came from beds
1-5 o f the Charmouth Mudstone Formation, 
described by Callomon (in Hallam, 1968), or 
were from a lower stratigraphical level that was 
no longer exposed when Callomon visited the 
site. It is even possible that Trueman’s Ibex Zone 
material came from other localities in the area.

The succession at Napton Hill Quarry presents 
interesting comparisons with other inland sites 
at a similar stratigraphical level. For example, 
the calcareous sandstone o f Bed 33 within the 
Dyrham Formation at Napton Hill Quarry, o f 
proven Subnodosus Subzone age, may represent 
a correlative o f the Subnodosus Sandstone Bed 
o f the Severn Basin (Simms, 1990a), which 
occurs at a similar depth below the Marlstone 
Rock Formation. The Marlstone Rock Formation 
itself is markedly less oolitic at Napton Hill 
Quarry than at the Neithrop Fields Cutting 
GCR site, 20 km to the south. The ooliths at 
Napton Hill occur only in patches suggesting 
that the site lay outside o f the main chamositic 
oolite shoals and that ooliths were transported 
to the area only during storm events.

The Upper Pliensbachian at Napton Hill Quarry 
is 25.88 m thick (Old et a l., 1987), similar to that 
at Robin’s Wood Hill Quarry where it is 28.42 m 
thick. This is in marked contrast to the Lower 
Pliensbachian, where correlative units at Napton 
Hill appear to be much thinner. The Figulinum 
Subzone is estimated to be 6.33 m thick at 
Robin’s Wood Hill and 3.81 m thick at Napton 
Hill Quarry, with corresponding figures for the 
Capricomus Subzone being 11.18 m and 9.13 m 
respectively. However, it has been suggested 
that more than 11 m o f the Upper Pliensbachian 
Dyrham Formation may have been removed by 
erosion at Robin’s Wood Hill Quarry prior to 
deposition o f the Marlstone Rock Formation 
(Palmer, 1971; Simms, 1990a). Hence the 
original thickness o f the Upper Pliensbachian 
succession at Robin’s Wood Hill Quarry may 
have been close to 40 m, a figure broadly in 
line with that for other sites in the Severn Basin,
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such as Bredon Hill where it reaches 41.2 m in 
thickness (Whittaker and Ivimey Cook, 1972). 
The Upper Pliensbachian succession at Napton 
Hill may also contain hiatuses, with the sharp 
contact between beds 28 and 29 perhaps being 
the best indication o f this (J.C. Callomon, pers. 
comm.). The current evidence indicates only that 
the thickness o f the Upper Pliensbachian, as for 
the Lower Pliensbachian, is significantly greater 
in the Severn Basin that at Napton Hill Quarry.

Within the Lower Pliensbachian succession 
nodule bands are frequent both at Napton Hill 
Quarry and at the Robin’s Wood Hill Quarry 
GCR site. However, the ‘Capricornus Sandstone 
Bed’, a prominent maker band at Robin's Wood 
Hill and elsewhere in the Severn Basin, appears to 
be absent at Napton Hill. Temporary exposures 
at SP 455 616, just below the site o f the old 
pit, exposed several metres o f silty clay, with 
Liparoceras cheltiense, Tragophylloceras ibex 
and Acanthopleuroceras valdani, capped by a 
coarsely bioclastic Gyrphaea-rich muddy lime
stone. This limestone may be the ‘85’ Marker 
Member o f Horton and Poole (1977) (J. Radley, 
pers. comm.), which is known to crop out only 
a few kilometres to the east, although there is 
no evidence from published accounts for the 
presence higher in the succession at Napton Hill 
o f the *100’ Marker Member.

Although the limestone and sandstone bands 
in the Dyrham Formation are sometimes richly 
fossiliferous, the intervening silty mudstones are 
poorly fossiliferous. Lord (1974) ascribed the 
scarcity o f fossils at most levels to secondary 
decalcification but correlative strata at the Robin’s 
Wood Hill Quarry and Dorset coast GCR sites, 
which have an overall lithological similarity, have 
equally sparse faunas and it is probable that this 
is due to primary environmental factors rather 
than post-diagenetic destruction o f fossil material.

Conclusions

Napton Hill Quarry is one o f very few 
exposures o f the Upper Pliensbachian Middle 
Lias remaining in inland Britain. It provides a 
stratigraphical succession invaluable for investi
gating facies changes, and their implications for 
palaeogeographical reconstructions, across the 
Middle Lias outcrop o f southern Britain. Lower 
Pliensbachian sediments formerly exposed at the 
site yielded a sequence o f ammonites that played 
a critical role in the changing interpretations o f 
the evolution o f the Liparoceratidae.

NEITHROP FIELDS CUTTING, 
OXFORDSHIRE (SP 439 419)

M.J. Simms

Introduction

The Neithrop Fields Cutting GCR site is a former 
mineral railway cutting (Figure 5.13), which is 
now a tarmacked path through a residential 
housing estate. It is the only site on the western 
edge o f the East Midlands Shelf at which parts o f 
the Upper Pliensbachian and Toarcian Middle 
and Upper Lias are exposed. It provides an out
standing section through the two, allowing the 
transition between them to be examined.

Although the Marlstone Rock Formation 
formerly was worked extensively in the Banbury 
district, either for low-grade ironstone or for 
building stone, the workings rarely penetrated 
the base o f the formation and the succeeding 
Whitby Mudstone Formation often was absent 
through recent erosion. The cutting at Neithrop 
Fields exposes the full thickness o f the 
Marlstone Rock Formation, almost 10 m o f the 
underlying Dyrham Formation and the lowest 
2 m o f the overlying Whitby Mudstone 
Formation (Figure 5.14).

Figure 5.13 Geology and location map for the 
Neithrop Fields Cutting GCR site.

227



The East Midlands Shelf

ESE WNW

Dyrham
Formation

continued
below)

-----path level

Banbuiy- 
Warwick Road

Marlstone Rock Whitby Mudstone

ESE WNW

Dyrham
Formation „ l̂ .

Marlstone Rock Whitby Mudstone

0 metres 20
continued

above)

L0

mudstone and shale

oolitic ironstone

silty mudstone

limestone

conglomerate 

--------- fault

Figure 5.14 The section at Neithrop Fields Cutting. After Edmonds et al. (1965).

This GCR site is one o f a series o f inland sites 
between the coastal exposures o f Yorkshire and 
Dorset that include the Napton H ill Quarry, 
l l lto n  Railway Cutting, Robin’s W ood Hill 
Quarry and Maes Down GCR sites. These sites 
reveal the lateral facies changes in the Upper 
Pliensbachian and Toarcian succession and their 
relationship to underlying structures. Neithrop 
Fields Cutting is a key palaeogeographical and 
stratigraphical locality.

The most detailed account o f the section was 
given by Edmonds et al. (1965), who provided a 
sketch o f the strata exposed on the southern face 
o f the cutting (Figure 5.14). It was also referred 
to, though in less detail, by Lamplugh et al. 
(1920), Arkell (1947) and Whitehead et al. 
(1952).

Description

The Lower Jurassic strata exposed in the 
Neithrop Fields Cutting dip gendy westwards 
and are disturbed by flexuring and minor fault
ing. The succession, modified after Edmonds et 
al. (1965), is as follows.

Thickness (m)
Whitby Mudstone Formation
28: Shale, grey. 0.30
27: Oolite, thinly bedded, ferruginous. 0.20
26: Upper Cephalopod Bed: Oolite,

greyish-blue, often ferruginous, 
ammonites; Harpoceras cf. falciferum 
and Zugodactylites cf braunianus 
recorded by Arkell (1947). 0.30

25: Clay, calcareous, shaly, with ammonites
near top. 0.60

24: Lower Cephalopod Bed: Limestone,
fine grained, with ammonites and 
calcite veining; Harpoceras falciferum, 
Dactylioceras athleticum, D. gracile,
Hildoceras sp. and 7Yacbylytoceras sp. 0.20

23: Clay. 0.23
22: Clay, oxidized, ferruginous. 0.02
21: Limestone, pale, discontinuous, 

sideritic. to 0.08
20: Conglomerate, discontinuous, with large 

flattened and rounded limestone clasts. to 0.05
Marlstone Rock Formation
19: Oolite, calcitic and sideritic or chamositic, 

in discontinuous beds, alternating with 
weathered limonitic horizons. Abundant 
bioclastic debris. Lobothyris punctata,
L. edwardsi, Tetrarbyncbia tetrabedra, 
Rudirbyncbia cf huntcliffensis, Gibbi- 
rbyncbia sp., Zeilleria sp., ISpiriferina,
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Thickness (m)
Camptonectes c£ mundus, Cblamys 
cf. julianus, Oxytoma inequivalvis,
Pleuromya cos tat a, Pseudopecten sp.,
Liostrea sp., Balanocrinus donovani
and belemnites. 4.3

18: Conglomerate, ferruginous, with
oysters above. 0.22

Dyrham Formation
17: Mudstone, silty, micaceous. 0.15
16: Limestone, thinly bedded, shelly,

ferruginous, with ironstone nodules. 0.15
15: Shell band, ferruginous, earthy. 0.10
14: Mudstone, limonitic, silty. 0.25
13: Mudstone, rather ferruginous, silty,

micaceous. 0.13
12: Mudstone, silty, micaceous, with

ferruginous layers and nodules. 0.93
11: Clay, grey, silty. 0.15
10: Limestone, bluish-grey, coarsely

bioclastic. 0.15
9: Mudstone, sandy and silty, calcareous,

micaceous. 0.72
8: Mudstone, micaceous, silty. 0.08
7: Shelly ferruginous band with ironstone

nodules. 0.20
6: Limestone, bluish-grey, locally ferruginous. 0.15
5: Mudstone, ferruginous, shelly, micaceous,

with ironstone nodules at top. 0.20
4: Limestone, shelly, ferruginous.

Amaltbeus sp.. 0.08
3: Clay, discontinous, micaceous, silty 0.01
2: Limestone, fine, massive, with calcite

veins. 0.82
1: Shale and mudstone, micaceous, with 

ferruginous bands and limestone and
ironstone nodules. 5.5

The Dyrham Formation comprises about 10 m o f 
micaceous, silty, and sometimes sandy, mud
stone. Limestone and ferruginous bands, often 
rich in shell debris, occur at several horizons, 
particularly in the upper part o f the section. 
Most are no more than 0.15 m thick but a finer, 
more massive limestone (Bed 2) reaches 0.8 m 
in thickness and is a useful marker horizon. 
Elsewhere, limestone and ironstone nodules 
occur scattered through the section or are 
concentrated at particular levels. Eastwards 
from the main cutting, discontinuous exposures 
o f brownish, silty, micaceous shale were 
reported by Edmonds et al. (1965) to pass into 
grey micaceous Lower Lias clays. Lamplugh et 
al. (1920) stated that only 40 feet (12.3 m) o f 
Middle Lias was present below the Marlstone 
Rock Formation.

The Marlstone Rock Formation here is 4.75 m 
thick and is dominated by calcareous chamositic 
and sideritic oolite, in places deeply weathered

to limonite. The ooliths may be scattered or 
concentrated in patches or clusters. Other 
elements o f the Marlstone Rock Formation 
include shell fragments, crystals o f chamosite 
and siderite, and ferruginous mud pellets similar 
in size to the ooliths. In unweathered samples 
the whole may be set in a matrix o f sideritic 
ferruginous mud or calcite cement. Weathering 
leaches out the carbonate component o f the 
Marlstone Rock Formation, concentrating the 
iron as the hydrated oxide limonite. Although 
Edmonds et al. (1965) divided the Marlstone 
Rock Formation into 13 distinct units, these 
show great lateral variation and few can be 
traced any distance. Cross-bedding is common 
throughout the formation and impersistent 
lenses o f shelly calcareous limestone commonly 
replace the dominant ferruginous oolite facies. 
The basal unit here comprises a 0.22 m-thick 
ferruginous conglomerate that can be traced 
over much o f the Banbury area. Clasts within 
the conglomerate are well-rounded fragments 
o f ironstone and phosphatic mudstone together 
with eroded belemnites and other fossil 
debris. The clasts are embedded in an ironstone 
matrix rich in quartz grains. Encrusting bivalves 
arc recorded from immediately above the 
conglomerate (Edmonds et a l., 1965).

Only about 2 m o f the succeeding Whitby 
Mudstone Formation was recorded by Edmonds 
et al. (1965). The lowest unit is a discontinuous 
conglomerate, up to 0.05 m thick, o f large 
flattened and rounded limestone clasts, which is 
overlain by up to 0.08 m o f pale sideritic oolite. 
Within the overlying grey mudstones are two 
further limestone units. The lower is a fine
grained limestone 0.2 m thick while 0.6 m 
higher is a 0.5 m-thick ferruginous oolite, more 
thinly bedded in the upper part.

Fossils, other than shell debris, are uncommon 
in the silty mudstones o f the Dyrham Formation 
but Edmonds et al. (1965) listed a number o f 
fossil taxa, mainly brachiopods and bivalves, 
from the Marlstone Rock Formation. Ammonites, 
bivalves and crinoid debris are fairly common in 
the overlying Whitby Mudstone Formation, 
although not in the conglomerate and oolite at 
the base. Edmonds et al. (1965) were rather 
imprecise about the exact horizons from which 
fossil material was obtained but their account 
suggests that most o f the Toarcian material was 
from the Upper Cephalopod and Lower 
Cephalopod beds.
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Interpretation

Only one ammonite, Amaltbeus sp., was recorded 
from the Dyrham Formation (Bed 4) by 
Edmonds et al. (1965). Although not sufficient 
to confirm a Margaritatus Zone age for the 
formation, this age is supported by litho- 
stratigraphical correlation with other sites in the 
general area, such as the Napton Hill Quarry 
GCR site 20 km to the north.

Amaltheid ammonites are extremely rare in 
the Marlstone Rock Formation o f the Midlands 
(Howarth, 1958), and none have been found at 
the Neithrop Fields Cutting. Other fossils listed 
by Edmonds et al. (1965), particularly some o f 
the brachiopods, indicate a Spinatum Zone age 
for most, if not all, o f this formation (Ager, 1956- 
1967). Edmonds etal. (1965) noted the apparent 
absence o f the so-called ‘Transition Bed’ 
(Walford, 1878) from this site despite its wide
spread occurrence at the top o f the Marlstone Rock 
Formation throughout the Banbury region and 
farther afield in Oxfordshire, Northamptonshire 
and Leicestershire. Howarth (1980) subsequently 
demonstrated that the ‘Transition Bed’ had no 
stratigraphical significance and was the weathered 
top o f the Marlstone Rock Formation. lie  also 
showed that at least the uppermost few centimetres 
o f the Marlstone Rock Formation in the Banbury 
district lie within the Tenuicostatum Zone o f the 
Toarcian Stage. Since no ammonites have been 
recorded either from the main body o f the Marl
stone Rock Formation or from the conglomerate 
(Bed 20) and limestone (Bed 21) that immediately 
succeed it, the placing o f the Pliensbachian- 
Toardan boundary at the base o f the conglomerate 
(Bed 20) is, essentially, arbitrary.

Edmonds et al. (1965) recorded stratigraphi- 
cally diagnostic ammonites from the Lower and 
Upper cephalopod beds in the Whitby Mudstone 
Formation, two prominent limestone marker 
bands recorded elsewhere in Northamptonshire. 
The Lower Cephalopod Bed is o f Falciferum 
Subzone age, as are the clays beneath (beds 
22 and 23) (Howarth, 1978). The Upper 
Cephalopod Bed, and the beds above (beds 27 
and 28) and immediately below (Bed 25), can be 
assigned to the Commune Subzone at the base 
o f the Bifrons Zone. The entire Tenuicostatum 
Zone and the succeeding Exaratum Subzone o f 
the Serpentinum Zone, if present, must lie 
within the upper part o f the Marlstone Rock 
Formation and the discontinuous conglomerate 
and limestone units immediately above.

The Dyrham Formation can be compared with 
the similar sections at the Napton H ill Quarry 
and Robin's Wood H ill Quarry GCR sites. The 
0.8 m-thick limestone (Bed 2) below the 
Marlstone Rock Formation at Neithrop may 
correlate with an impersistent 0.88 m-thick 
limestone 5.54 m below the Marlstone Rock 
Formation at Napton Hill Quarry but this is far 
from certain. The correlative beds at Robin’s 
Wood Hill Quarry, which lies towards the centre 
o f the Severn Basin, are siltstone-dominated in 
contrast to the slightly sandier sequences seen at 
Neithrop Fields Cutting and Napton Hill Quarry. 
The slighdy coarser sediments in the Banbury 
district have been attributed to greater uplift o f 
the London Platform in the Banbury district 
(Hallam, 1968a).

The Neithrop Fields Cutting GCR site is o f 
importance in exposing a complete section 
through the Marlstone Rock Formation in fairly 
typical ‘Banbury Ironstone’ facies o f chamositic 
oolite with minimal detrital elastics. Hallam 
(1967a) attributed the accumulation o f the 
oolitic ironstones in this area to deposition 
in fairly shallow-water on a submarine ‘high’ 
separated from terrigenous input by a deeper 
‘clastic trap’. However, it is equally important 
as one o f a series o f inland sites which together 
demonstrate lateral facies changes along the 
outcrop in this part o f the Lower Jurassic 
sequence. The Marlstone Rock Formation 
shows considerable variation in facies and 
thickness both to the south-west and north-east 
o f the Banbury region. In the Cotswold Hills to 
the south-west it is typically a relatively thin 
oolitic, often ferruginous, bioclastic limestone. 
In its thicker development towards the centre o f 
the Severn Basin it may contain a significant 
sandstone component as on Bredon Hill 
(Whittaker and Ivimey-Cook, 1972). To the 
north o f the Banbury region the ironstone facies 
thins and becomes less chamositic while the 
lower part o f the Marlstone Rock Formation is 
developed as a sandstone. Both units are 
well exposed at the Napton Hill Quarry GCR 
site. The Marlstone Rock Formation thickens 
again into an oolitic ironstone as it passes 
onto the East Midlands Shelf in north-east 
Leicestershire and southern Lincolnshire, but 
thins once more to the north and disappears 
entirely near Lincoln as the Market Weighton 
Block is approached.

The development o f the thick ironstone facies 
in both the Neithrop Fields Cutting and Tilton

230



Tilton Railway Cutting

Railway Cutting areas may reflect the presence 
o f local structurally controlled highs during this 
interval, leading to clastic starvation and the 
accumulation o f ironstones. The main difference 
between the Marlstone Rock Formation exposed 
at Neithrop Fields Cutting and that at Tilton 
Railway Cutting, in the Leicestershire Ironstone 
Field, is that the Tilton Sandrock Member 
underlies the main oolitic ironstone facies, the 
Banbury Ironstone Member, at the latter locality 
(Howarth, 1980). However, there is no firm 
basis for assuming a direct correlation between 
the Tilton Sandrock Member and the lower 
part o f the Banbury Ironstone Member and 
correlation instead with the sandy, upper part o f 
the Dyrham Formation beneath the Marlstone 
Rock Formation at Neithrop Fields Cutting may 
be more appropriate.

The Whitby Mudstone Formation exposed at 
Neithrop Fields Cutting provides an important 
comparative section to that at Tilton Railway 
Cutting, more than 60 km to the north-east. 
At the latter site, Exaratum Subzone strata 
are at least 1.5 m thick and the preceding 
Tenuicostatum Zone is represented in at least 
the upper 0.9 m o f the Marlstone Rock 
Formation. These two zones are unproven at 
Neithrop Fields Cutting, but Howarth (1978) 
showed that a few kilometres north-east o f 
Neithrop the Exaratum Subzone is represented 
by 1 m o f sediment and the Tenuicostatum Zone 
occupies almost the top 1 m o f the Marlstone 
Rock Formation. As with the sandy facies o f the 
Dyrham Formation near the base o f the section, 
the localized condensation o f the basal part o f 
the Whitby Mudstone Formation at Neithrop 
Fields Cutting may also reflea slightly greater 
uplift in this area o f the London Platform.

Conclusions

The importance o f the Neithrop Fields Cutting 
lies primarily in exposing a complete section 
through the thick, oolitic ironstone facies o f the 
Marlstone Rock Formation. This is developed 
over a considerable area around Banbury on 
the north-western margin o f the London 
Platform but, although widely exploited as an 
ore o f iron, the quarries rarely exposed the base 
and none are now working. It is one o f a series 
o f inland sites that together demonstrate the 
substantial facies changes shown by the Upper 
Pliensbachian succession in passing along the 
Jurassic outcrop between the Dorset and Yorkshire

coasts. As such, it is o f critical importance for 
any interpretation o f early Jurassic palaeo- 
geography and basin development. The Whitby 
Mudstone Formation above the Marlstone Rock 
Formation provides one o f the only exposures o f 
this part o f the Lias succession in this area.

TILTON RAILWAY CUTTING, 
LEICESTERSHIRE (SK 763 053)

MJ. Simms

Introduction

The Tilton Railway Cutting GCR site is a key 
geological site o f national importance. The 
section here goes through the Pliensbachian- 
Toarcian boundary, and the site exposes a 
section through the full thickness o f the 
Marlstone Rock Formation and parts o f the 
underlying Dyrham Formation and overlying 
Whitby Mudstone Formation (Figures 5.15 
and 5.16). It encompasses the only remaining 
exposure o f the Transition Bed’ at the top o f

Figure 5.15 Geology and location map of the Tilton 
Railway Cutting GCR site.
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Figure 5.16 The section exposed at Tilton Railway Cutting. After Roy Clements, unpublished, reproduced with 
permission.

the Marlstone Rock Formation, and has been 
designated as the type locality for the Marlstone 
Rock Formation (Cox et a ly 1999), which is 
represented here by the TUton Sandrock Member 
and the Banbury Ironstone Member.

This richly fossiliferous section has been o f 
critical importance for establishing the Toarcian 
age o f the upper part o f the Marlstone Rock 
Formation in the Midlands and for demonstrating 
the true nature o f the Transition Bed* as a 
weathering phenomenon.

The cutting has formed the subject o f several 
important palaeontological and stratigraphical 
publications. It was described by Wilson and 
Crick (1889) soon after it had been excavated;

their description included two new species 
from the site. Fox-Strangways (1903) published 
a photograph o f the section taken at about the 
same time. It was mentioned briefly by Woodward 
(1893) and Whitehead et al. (1952). The section 
was described in detail by Hallam (1955), who 
discussed the succession and the palaeoecology 
o f various brachiopod species within it (Hallam, 
1962b, 1968a). The site also figured significantly 
in Hallam’s (1967a) analysis o f the Pliensbachian- 
Toarcian boundary beds, while observations o f 
the Whitby Mudstone Formation here were 
incorporated in WignalTs (1991) model for the 
environment o f deposition o f transgressive 
black shales. The site has yield a rich and
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diverse invertebrate fauna. A new species o f 
brachiopod, Gibbirbyncbia tiltonensis, was 
described from the site by Ager (1954), who also 
discussed the palaeogeographical significance o f 
the Tilton brachiopod fauna (Ager, 1956a). Lord
(1974) investigated the site’s microfauna, but 
recovered only a few poorly preserved ostracods 
from the Tilton Sandrock Member. The ammonite 
fauna and its stratigraphical significance has 
been the focus o f the most recent publications, 
by Howarth (1980, 1992). The site gives its 
name to the Toarcian ammonite genus 
liltoniceras, which occurs abundandy in the top 
o f the Marlstone Rock Formation, although the 
lectotype itself is from the Yorkshire coast 
(Howarth, 1992).

Description

The lowest part o f the succession is exposed at 
the northern end o f the cutting, with higher 
beds descending with the gentle southerly dip 
o f the strata and the southward rise o f the 
cutting floor. Beds 1 to 3, assigned to the 
Dyrham Formation, comprise about 2 m o f 
silty mudstones with a 0.25 m-thick bipartite 
sandstone and limestone bed. This part of the 
succession has yielded Amaltbeus subnodosus 
and A. margaritatus.

There is a clear contact characterized by 
erosion between the Dyrham Formation and the 
overlying Marlstone Rock Formation, with 
reworked pebbles, containing Amaltbeus sp. 
(R.G. Clements, pers. comm.) incorporated into 
the lowest unit (Bed 4) o f the latter formation.

A broad two-fold division o f the Marlstone 
Rock Formation can be recognized in the East 
Midlands, into an upper ironstone unit, here 
termed the 'Banbury Ironstone Member’, and a 
lower sandstone unit, often referred to as the 
‘Sandrock’ and here termed the ‘Tilton Sandrock 
Member’. Hallam (1955) identified two biofacies 
within the Banbury Ironstone Member itself, 
each characterized by a distinctive brachiopod 
fauna. The lower o f these, Hallam’s ‘Band B’, is 
dominated by Tetrarbyncbia tetrahedra and 
Lobothyris punctata. These taxa become rare 
in the upper biofacies in the top 0.9 m o f the 
Marlstone Rock Formation, which instead is 
dominated by Gibbirbyncbia nortbamptonensis 
and Zeilleria subdigona. Both are also present 
in smaller numbers in the lower biofacies unit 
but the upper unit is distinguished by the first 
appearance o f Gibbirbyncbia tiltonensis.

The ‘Transition Bed’ at the top o f the 
Marlstone Rock Formation has been described as 
a pale-brown or cream, finely oolitic limestone, 
sometimes flaggy and sometimes passing up 
into sandy marl. It varies from 0.01 m to 0.25 m 
in thickness and gives the impression o f 
resting non-sequentially on an irregular surface 
developed on the dark-green oolitic ironstone 
beneath, with the boundary often marked by 
an undulating thin sheet o f limonite. Specimens 
o f Tiltoniceras antiquum , Dactylioceras semi- 
celatum  and Gibbirbyncbia tiltonensis are 
common in the top 0.2 m, together with many 
small gastropods and other fossils. A full list o f 
fossils found in the Marlstone Rock Formation 
was published by Wilson and Crick (1889) 
and included two new species; the bivalve 
Pinna tiltonensis and the echinoid Eodiadema 
granulata.

Lord’s (1974) investigation o f the microfauna 
proved the lowest paper shales o f the Whitby 
Mudstone Formation exposed nearby to be 
barren, though ostracods were recovered from 
the Tilton Sandrock Member. Most were heavily 
encrusted with quartz grains and many were 
unidentifiable, though examples o f Tirachycythere 
tubulosa tubulosa and T. verrucosa were 
recovered; they represent one o f very few 
records o f ostracods from this stratigraphical 
level (assumed by Lord to be the Spinatum 
Zone, but see ‘Interpretation’ below).

Interpretation

At the top o f the succession exposed at Tilton 
Railway Cutting, the Whitby Mudstone 
Formation lies entirely within the Serpentinum 
Zone. Howarth (1980) assigned the lower 
2.80 m to the Exaratum Subzone but concluded, 
from the absence o f Cleviceras exaratum  
itself that the lower part o f the subzone was 
represented by a non-sequence between the 
Whitby Mudstone Formation and the Marlstone 
Rock Formation beneath.

The site has proved critical to understanding 
the true nature o f the ‘Transition Bed’. From 
the time o f Wilson and Crick (1889) this was 
regarded as a distinct unit ‘welded’ to the top o f 
the Marlstone Rock Formation. This perception 
arose partly from the presence o f an abundant 
Toarcian fauna in the ‘Transition Bed’. Howarth 
(1980) showed that the ‘Transition Bed’ is not a 
separate unit but is merely the weathered top o f 
the Marlstone Rock Formation, in which the
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chamosite and siderite o f the oolitic ironstone 
have been weathered to limonite. Where it 
has been partly decalcified it assumes a friable 
granular texture. The Toarcian fauna is not 
confined to the ‘Transition Bed’ but extends into 
the unweathered ironstone beneath. Howarth 
(1980) even observed vertically embedded 
ammonites that cross the boundary between 
the ‘Transition Bed’ and the ironstone beneath, 
establishing unequivocally that the supposed 
non-sequence is no more than a weathering front.

Howarth’s (1980) observations at Tilton, and 
at other locations along the outcrop o f the 
Marlstone Rock Formation, showed that the 
upper part o f the formation was o f Toarcian age. 
At Tilton only the Semicelatum Subzone, the 
uppermost subzone o f the Tenuicostatum Zone, 
has been proven for the top 0.9 m. No evidence 
has been found for the lower three subzones. 
Pleuroceras cf. hawskerense, indicative o f the 
underlying Hawskerense Zone, has been found 
3.0 m below the top o f the Marlstone Rock 
Formation and hence it is possible that part or 
all o f the remainder o f the Tenuicostatum Zone 
is represented in the intervening 2.1 m. However, 
amaltheid ammonites are rare in the Marlstone 
Rock Formation o f the Midlands (Howarth, 
1958) and hence it can only be assumed that the 
lower part o f the formation here may lie entirely 
within the Spinatum Zone. Howarth (1958) 
concluded that the Banbury Ironstone Member 
corresponded broadly with the Hawskerense 
Subzone and the Tilton Sandrock Member could 
be assigned to the Apyrenum Subzone.

The presence o f Amaltheus stibnodosus and 
A. margaritatus indicates that the top o f the 
underlying Dyrham Formation can be assigned 
to the Subnodosus Subzone (R.G. Clements, 
pers. comm.). The erosion surface and the 
presence o f pebbles and derived specimens o f 
Amaltheus at the top o f this unit implies the 
existence o f a non-sequence that cuts out at least 
the overlying Gibbosus Subzone.

The rich brachiopod and mollusc fauna o f 
the Marlstone Rock Formation at Tilton has 
been the subject o f several palaeoecological and 
biogeographical publications (Ager, 1956a; 
Hallam, 1955, 1962b). Hallam (1955) noted 
that fossil material occurred in two distinct 
taphonomic settings. In one o f these, exemplified 
by his ‘Band A\ the brachiopods occur as 
small densely packed clusters o f Tetrarhynchia 
tetrahedra and Lobotbyris punctata showing 
little evidence o f disarticulation and with many

o f the shells filled with calcite rather than sedi
ment. They exhibit a wide size-range, suggesting 
a natural population; Hallam (1962b) considered 
them to represent life assemblages that grew 
during periods o f reduced current activity. 
Individual clusters o f brachiopods appear to 
have spread and coalesced, perhaps indicating a 
longer period o f relative quiescence. The other 
type o f shell accumulation, a thanatocoenosis, is 
exemplified by Hallam’s ‘Band B’ and contains 
broken and disarticulated shells o f bivalves, 
brachiopods and belemnites. Ager (1956a) 
recognized a distinctive brachiopod fauna in 
the Marlstone Rock Formation o f the Tilton area 
and proposed a separate Tilton Subprovince 
within the wider Midland Province. Like other 
parts o f the Midland Province the fauna is domi
nated by a super-abundance o f Tetrarhynchia 
tetrahedra and Lobotbyris punctata and an 
abundance o f Gibbirbynchia northamptonensis 
but is distinguished by abundant Zeilleria  
subdigona near the top o f the Marlstone Rock 
Formation. This last species it shares in 
common with the Spinatum Zone in Yorkshire 
but it lacks characteristic south-western taxa, 
such as Quadratirhynchia spp. and Homoeo- 
rhynchia acuta, and hence is distinct from the 
Banbury Subprovince to the south. Howarth 
(1958) commented on the remarkable correlation 
between Ager’s brachiopod provinces and the 
biogeography o f the various species o f the 
ammonite Pleuroceras. For this group the 
Midland Province appears to have represented 
a significant barrier between the faunas o f the 
South-western and Yorkshire provinces, with 
only a few individuals o f Pleuroceras spinatum 
and P. hawskerense appearing to have strayed 
into the region. Ager (1956a) commented on the 
relatively low diversity o f the Tilton brachiopod 
fauna, despite the abunance o f the four species 
mentioned. This suggests generally adverse 
conditions for brachiopod colonization and 
growth, perhaps associated with a mobile and 
unstable substrate. The life assemblages indicate 
periods o f relatively calm conditions punctuated 
by episodes o f stronger current activity and sedi
ment movement that brought about the death 
and burial o f the brachiopod clusters as well as 
transporting and breaking up fossil material and 
creating the prominent cross-bedded units. The 
same factors that restricted brachiopod diversity 
in this area may also have prevented the 
successful establishment o f the amaltheid 
ammonites during ironstone deposition.
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As one o f only a small number o f inland 
exposures o f the Marlstone Rock Formation and 
contiguous strata, Tilton Railway Cutting 
provides an important comparative section for 
other sites to north and south. The Marlstone 
Rock Formation at the Neithrop Fields Cutting 
GCR site, some 65 km to the south-west, differs 
from that seen here in being developed entirely 
in ironstone facies. The succession at the 
Napton H ill Quarry GCR site, 45 km to the 
south-west, shows greater affinities with that at 
Tilton since, although the ironstone facies is 
weakly developed, a 0.5 m-thick sandstone unit 
occurs in the lower part o f the Marlstone Rock 
Formation. The occurrence o f ironstone 
accumulations at Tilton, as elsewhere in the East 
Midlands Ironstone Field, indicates the presence 
o f a mechanism for clastic sediment starvation 
during deposition. The development o f iron
stone facies may have been associated with local 
highs on the sea floor, separated from sources o f 
terrigenous sediment by local depocentres. 
These putative features perhaps reflect the 
configuration o f en-echelon fault-bounded 
blocks in the underlying basement, with iron
stones accumulating on the upthrown crests o f 
these fault blocks and elastics deposited in the 
downdip troughs. Support for this comes from 
the general coincidence o f the south-western 
margin o f the Midlands Ironstone Field with the

Vale o f Moreton Anticline, which was known to 
have been active in Lower Jurassic times 
(Whittaker, 1972b). Intra-Liassic movement on 
some o f these basement faults may have shifted 
the location o f local depocentres over time and 
perhaps accounts for the upward transition from 
sandstone to ironstone facies in parts o f the 
ironstone field.

Conclusions

The exposure o f the Marlstone Rock Formation 
and contiguous strata at Tilton Railway Cutting 
is the finest remaining in the Leicestershire 
Ironstone Field, exposing both the ironstone 
and sandstone facies. It is a vital link in a 
small series o f inland sites that establish the 
distribution and nature o f regional variations 
in Upper Pliensbachian times between the 
coastal exposures o f Dorset and Yorkshire. 
Observations made here have proved critical to 
understanding the true nature o f the Transition 
Bed* and in establishing the Toarcian age o f 
the upper part o f the Marlstone Rock Formation 
in the Midlands. The rich brachiopod fauna 
has formed the subject o f important palaeo- 
ccological and biogeographical investigations. 
Several invertebrate species were first described 
from this site, which also lends its name to the 
basal Toarcian ammonite Tlltoniceras.
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INTRODUCTION

MJ. Simms

The Cleveland Basin is a relatively small 
sedimentary basin located in the north-east o f 
England. Separated from the East Midlands 
Shelf by the Market Weighton High, it lies on the 
western edge o f the extensive (Anglo-Dutch) 
North Sea Basin complex that underlies much o f 
the southern North Sea (Gatcliff et al., 1994). 
The Lower Jurassic part o f the succession attains 
a thickness o f more than 450 m in the north-east 
o f the onshore part o f the basin and is variously 
exposed in cliffs and foreshore along some 
50 km o f coast between Redcar in the north-west 
and Ravenscar in the south-east (Figure 6.1). In 
the offshore area, the Lower Jurassic successsion 
thickens dramatically to twice its onshore 
thickness (Kent, 1980).

With such magnificent and fossiliferous expo
sures o f Lower Jurassic rocks, it is not surprising 
that the Cleveland Basin was visited and written

about by many geologists in the 19th century. 
However, by comparison with the equivalent 
succession on the Dorset coast, it was relatively 
neglected through much o f the following 
century. The first half o f the 19th century saw 
the publication o f two important general works 
on the geology o f the Yorkshire coast, by Young 
and Bird (1822, 2nd edition 1828) and by 
Phillips (1829, later editions 1835 and 1875). 
These were followed by similar works by 
Simpson (1868), by the [British] Geological 
Survey (Fox-Strangways, 1892) and, most signifi
cantly, Tate and Blake’s (1876) The Yorkshire 
Lias. Despite the number o f books published on 
the geology o f this stretch o f coast, few papers 
were published in academic journals. Notable 
among these was the description by Hunton 
(1836) o f the Pliensbachian and Toarcian 
succession at Boulby Clift in which he recorded 
the bed-by-bed distribution o f particular 
ammonites and effectively pre-empted the work 
o f Oppel (1856-1858) more than 20 years later 
in recognizing ammonite ‘zones’.

Figure 6.1 Sketch map and structure of the Cleveland Basin. After Rawson and Wright (1992).
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The first half o f the 20th century saw little 
published on the Yorkshire Lias, other than a 
brief summary in Arkell (1933). The Upper 
Pliensbachian and Toarcian successions were 
re-described for the first time in some 80 years 
by Dean (1954) and Howarth (1955, 1962a, 
1973) and formed the basis for papers which 
subsequendy investigated the sedimentology, 
palaeontology and diagenesis o f this part o f 
the Lias. However, despite many years o f 
meticulous fieldwork in this area by Leslie 
Bairstow, new descriptions o f lower parts o f the 
Lias Group were not published until well into 
the second half o f the 20th century. None o f 
these match the detailed descriptions o f William 
Lang (Lang, 1914, 1917, 1924, 1932, 1936; Lang 
et a l.y 1923, 1928; Lang and Spath, 1926) on the 
correlative parts o f the Dorset coast succession. 
Only with the posthumous publication o f 
Bairstow’s maps and notes by Howarth (2002) 
has a detailed account o f the succession 
become available. Sellwood (1972) published a 
summary graphic log and faunal distribution for 
the Redcar Mudstone Formation from the 
Oxynotum Zone to the Ibex Zone, and Phelps
(1985) published a comparable graphic log, 
though with only the distribution o f the 
ammonites indicated, for the Ibex Zone to 
Stokesi Subzone. More recendy, a complete 
log through the Sinemurian and Lower 
Pliensbachian succession o f Robin Hood’s Bay 
was published by Hcsselbo and Jenkyns (1995). 
Even today the lowest, Hettangian and Lower 
Sinemurian, part o f the succession at Redcar, 
remains undescribed since the time o f Tate and 
Blake (1876).

Lithostratigraphy and facies

The Lower Jurassic succession o f the Cleveland 
Basin is dominated by mudrocks, with sub
ordinate sandstones and only a relatively minor, 
though conspicuous, development o f iron
stones. Limestones are only poorly developed, 
although diagenedc carbonate nodules form a 
conspicuous feature at some levels. Despite this 
predominance o f mudrocks, various units within 
the succession were sufficiendy distinctive, or 
were economically important enough in the 
past, to have been given lithostratigraphical 
names since at least the early 19th century 
(Young and Bird, 1822). These include the 
‘Staithes Beds’, ‘Ironstone Series’, ‘Jet Rock* and

‘Alum Shales’ . These lithostratigraphical names 
have been formalized by Cox et al. (1999), who 
recognize five distinct formations (Redcar 
Mudstone, Staithes Sandstone, Cleveland 
Ironstone, Whitby Mudstone and Blea Wyke 
Sandstone) in the Lower Jurassic succession 
(Figure 6.2). All but the Staithes Sandstone 
Formation are subdivided into two or more 
members, or smaller informal divisions, with all 
o f these divisions well exposed at one or 
more o f the seven GCR sites within the basin. 
An abundance o f ammonites has long enabled 
this lithostratigraphical framework to be tied in 
precisely to the ammonite biostratigraphy for 
the Lower Jurassic sequence.

The Redcar Mudstone Formation is by far the 
thickest, at about 250 m, o f the five formations 
and has been subdivided into four members. 
The lowest o f these, the Calcareous Shale 
Member, is composed predominantly o f mud
stones with thin, laterally persistent, shell beds. 
It rests on the Penarth Group (Upper Triassic) 
and extends up into the Obtusum Zone. The 
overlying Siliceous Shale Member comprises 
shales or silty shales with numerous siltstonc 
or fine sandstone bands, thin silt-sand laminae, 
and scour fills. It extends up to the 
Raricostatum Zone (Aplanatum Subzone), and 
the base o f the member was placed by Ivimey- 
Cook and Powell (1991) and by Hesselbo 
and Jenkyns (1995) at the base o f the lowest 
significant sandstone. The base o f the Pyritous 
Shale Member is marked by a rapid transition 
to dark pyritous mudstones. This member spans 
the Raricostatum-Jamesoni zonal boundary. The 
succeeding Ironstone Shale Member comprises 
mudstones, with fine silty streaks becoming 
increasingly abundant upwards, and bands and 
nodules o f sideritic ironstone. The base o f the 
member is placed at the lowest o f these iron
stone bands and the top is taken immediately 
below the Oyster Bed, a distinctive shell bed in 
the Davoei Zone (Maculatum Subzone) which 
can be traced across the Cleveland Basin.

The overlying Staithes Sandstone Formation, 
25 m thick, is dominated by sandstones and 
siltstones, often o f tempestitic facies. It 
extends up into the Margaritatus Zone and 
encompasses the Capricomus, Figulinum and 
Stokesi subzones. The Cleveland Ironstone 
Formation, encompassing the remainder o f 
the Margaritatus Zone and the entire Spina turn 
Zone, is characterized by silty mudstone
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Figure 6.2 Lithostratigraphical subdivisions and stratigraphical ranges of GCH sites for the Lias Group of the 
Cleveland Basin.

coarsening-upward cycles capped by berthierine- 
rich oolitic ironstones. Subdivided into two 
distinct units, the Penny Nab and Kettleness 
members, the formation shows greater lateral 
variation than any other in the Lower Jurassic 
succession o f the Cleveland Basin (Young et a l., 
1990a). The Penny Nab Member comprises up 
to five ironstone-capped cycles and is coarser, 
thicker, and more complete in the north-west. 
An erosion surface, more marked in the south
east, separates it from the overlying Kettleness 
Member. This shows a striking lateral transition 
from a well-developed oolitic ironstone in the 
north-west to interbedded mudstones and 
sandstones in the south-east, where the member 
is also thickest and most complete in contrast to 
the underlying Penny Nab Member.

The base o f the overlying Whitby Mudstone 
Formation is taken at a rapid upward change 
to mudstone and is coincident with the 
Pliensbachian-Toarcian boundary. The formation 
is characterized by a dark, mudstone-dominated 
sequence, more than 100 m thick. The formation 
has been divided into five members, commencing 
with the silty mudstones and calcareous or 
sideritic nodule bands o f the Grey Shale 
Member, passing through the predominantly 
bituminous shales o f the Mulgrave Shale and 
Alum Shale members, before passing back into 
silty mudstones o f the Peak Mudstone Member 
and finally the still more silty Fox Cliff 
Siltstone Member. The Mulgrave Shale and 
Alum Shale members have been further 
subdivided into several informal units, namely
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the Jet Rock and Bituminous Shales, and the 
Hard Shale Beds, Main Alum Shale Beds and 
Cement Shale Beds respectively.

The overlying Blea Wyke Sandstone Formation, 
at the top o f the Toarcian Stage, encompasses 
much o f the Dispansum and Pseudoradiosa 
zones. It is divisible into the Grey Sandstone 
Member, o f muddy micaceous siltstone or fine 
sandstone, and the overlying and somewhat 
coarser Yellow Sandstone Member. However, 
across much o f the Cleveland Basin the upper 
part o f the Toarcian succession is absent, with 
the base o f the Dogger Formation (Middle 
Jurassic) resting unconformably upon various 
levels in the Alum Shale Member. Only to the 
south-east o f the Peak Fault, as at Blea Wyke in 
the Peak Trough, are these higher Toarcian units 
preserved.

The Redcar Mudstone Formation represents a 
normal marine shelf environment in which the 
sea floor was sometimes subject to storm action, 
with some o f the differences between the 
various members being attributable directly to 
differences in water depth (van Buchem and 
McCave, 1989). The Siliceous Shale Member 
represents a more proximal environment than 
the Calcareous Shale Member, whereas the 
Pyritous Shale Member reflects a short-term 
deepening event and increase in sedimentation. 
Further shallowing occurred through the 
Ironstone Shale Member and into the Staithes 
Sandstone and Cleveland Ironstone formations, 
where signs o f frequent storm influence on 
sedimentation are evident. The striking lateral 
changes seen in the Cleveland Ironstone 
Formation have been attributed to initial 
progradation o f sediments from the north-west 
into the basin during deposition o f the Penny 
Nab Member, followed by progradation from 
the south-east towards the basin margin during 
deposition o f the Kettleness Member (Young 
et al., 1990a). The abrupt facies change at the 
base o f the Whitby Mudstone Formation marks 
a sudden eustatic rise in sea level (Hallam, 
1997) which saw the establishment o f very wide
spread benthic anoxia. This is exemplified by 
the laminated, organic-rich mudstones o f the 
Mulgrave Shale Member (Wignall, 1991), and 
precipitated a major extinction event (Little and 
Benton, 1995; Little, 1996). This anoxic event 
has recently been attributed to factors, such 
as climate change and eustatic sea-level rise, 
associated with flood-basalt volcanism in the 
Karoo Basin, South Africa (Palfy and Smith,

2000). A eustatic fall in sea level in the later 
part o f the Toarcian Stage saw the deposition 
o f more proximal, silticr sediments and 
re-establishment o f a benthic fauna as oxygen 
levels rose. The marked shallowing represented 
by the Blea Wyke Sandstone Formation reflects 
the initial phase o f a major period o f tectonic 
activity and uplift in the central and northern 
North Sea.

Faunal provinciality

The ammonite faunas o f the Cleveland 
Basin bear interesting comparison with those 
from elsewhere in Britain. Litde has been 
published concerning the Hettangian to Lower 
Plienbachian faunas but the Upper Pliensbachian 
and Toarcian faunas have been investigated in 
detail through the work o f Howarth (1955,1958, 
1962a, 1973, 1976, 1992). Howarth (1958) 
found no evidence for faunal differentiation 
across Great Britain during the Margaritatus 
Zone but the situation appears to have been 
different in the ensuing Spinatum Zone, with 
distinct faunas present in three main areas; 
south-west England, Yorkshire and the 
Hebrides. Notable absences from Yorkshire are 
Pleuroceras spinatum  and P. salebrosum , 
their place seemingly taken by P. bawskerense 
and P. apyrenum, both o f which are rare in the 
south-west and absent from the Hebrides. 
Similarly, Pseudoamaltheus engelbardti is very 
rare in the Yorkshire Province whereas 
Amouroceras lenticulare is found only there. 
The faunal provinces identified by Howarth 
(1958) show a good correlation with those 
described for the Spinatum Zone brachiopod 
faunas by Ager (1956a). O f eight species 
recognized in the Yorkshire Province he 
found that four, Rhynchonelloidea lineata , 
Homoeorbynchia capitulata , Aulacotbyris 
pyriform is and A. fusiform is, were virtually 
unknown elsewhere in Britain, as was the 
clevelandensis subspecies o f Lobotbyris punc
tata. Although some o f these species occur 
occasionally in the northern part o f the Midland 
Province, Ager (1956a) concluded that the 
Market Weighton High, and the relatively 
deep-water, mudstone-dominated facies in the 
southern part o f the Cleveland Basin, formed an 
effective barrier to migration between the two 
areas. Although there are indications o f a link 
between the Yorkshire and Hebrides provinces 
in late Pliensbachian times, in general the
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Yorkshire brachiopod fauna has more in 
common with that o f northern France and 
western Germany, as might be expected when 
the Cleveland Basin is seen as lying on the edge 
o f the Anglo-Dutch Basin that extends beneath 
the southern North Sea. The presence o f 
rare Tethyan ammonites, such as Canavaria 
cultraroi and Protogrammoceras turgidulum , 
in the Kettleness Member indicates weak links 
with southern Europe.

This regional provinciality appears to have 
developed only in late Pliensbachian times 
and is not evident in the ensuing Toarcian 
succession. Lower Toarcian ammonite faunas in 
the Cleveland Basin are typical o f a Subboreal 
Province, being dominated by dactylioceratids, 
though often with subordinate hildoceratids 
such as Hildoceras itself but with only very 
rare Tethyan migrants, such as Meneghiniceras 
lariense in the Grey Shale Member (Howarth,
1976). In the Upper Toarcian succession the 
faunas are firmly o f the North-west European 
Province and lack distinctive characters when 
compared to those farther south, although there 
is an increase in diversity southwards into 
southern England and France. However, Boreal 
elements occur much more frequently in 
Yorkshire than farther south, often in well- 
defined bands (e.g. Tiltoniceras at the top o f the 
Tenuicostatum Zone, Elegantuliceras in the 
Exaratum Subzone and Ovaticeras at the base o f 
the Bifrons Zone). In addition, Pseudolioceras 
is not uncommon in the late Lower Toarcian and 
Upper Toarcian successions and suggests that 
periodically, even if only briefly, there were good 
links with a Boreal Province to the north and west. 
The presence o f Frechiella, a predominantly 
Tethyan Province form, in the Commune 
Subzone o f Yorkshire and southern Britain 
suggests that a more open connection to the 
south was established briefly in mid-Toarcian 
times, perhaps as a result o f eustatic highstand at 
this time (Hesselbo and Jenkyns, 1998).

Doyle (1987) found evidence for provinciality 
among Toarcian belemnites, with certain species 
from Yorkshire, such as Acrocoelites subgracilis, 
being considered characteristic o f a Boreal 
Province while others, such as Salpingoteuthis 
trisulcata, are largely confined in Britain to 
southern England and hence considered 
representative o f a Tethyan Province. Riding's 
(1984b) investigation o f the Upper Toarcian 
dinocyst assemblages from Ravenscar also 
indicated well-developed provinciality. As for

the ammonites, most taxa are characteristic o f 
a North-west European Province but there are 
also indications o f a Boreal Province influence, 
with taxa such as Phallocysta eumekes and 
Wallodinium cylindricutn present in Yorkshire 
but not farther south.

Basin development

Through much o f the Mesozoic Era the North 
Sea Basin experienced considerable tectonic 
activity that led to the development o f a complex 
system o f extensional rifts and basins, though 
these have only a limited manifestation onshore. 
The Cleveland Basin forms part o f the North Sea 
Basin complex, and is associated particularly 
closely with the Sole Pit Trough. It appears 
to have been asymmetrical, with maximum 
sediment thicknesses towards the south close to 
the E-W-trending Howardian-Flamborough 
Fault Belt, which lies between the basin and the 
Market Weighton High (Figure 6.1).

Donato (1993) described a gravity anomaly 
suggesting the presence o f a large buried granite 
body to the east o f the Sole Pit Trough located 
offshore to the east and south-east o f the 
Cleveland Basin. This may be the same age as 
another granite proposed beneath the East 
Midlands Shelf to the south-west o f the Sole 
Pit Trough (Donato and Megson, 1990). Donato
(1993) inferred that major subsidence occurred 
in the Sole Pit Trough between these two 
granite-cored stable areas during periods o f 
extension, this presumably having a direct effect 
on the landwrard extension o f the Cleveland 
Basin. Rawson and Wright (1993) considered 
the basin to have developed in late Triassic times 
in response to southward tilting o f the Mid 
North Sea High (Knox et a l., 1990). Although 
the coastal exposures are relatively undisturbed, 
a number o f N-S-trending faults are present. 
The most significant o f these are the Peak Fault, 
well exposed at the M iller's Nab to Blea Wyke 
GCR site, and the Cayton Bay Fault System to 
the east. These define a narrow graben, the Peak 
Trough, about 5 km wide: this can be traced on 
seismic profiles for some 20-30 km offshore to 
the north (Milsom and Rawson, 1989). The 
most complete Toarcian succession in the region 
is preserved in the Peak Trough. Outside the 
graben erosion prior to deposition o f the 
Dogger Formation (Middle Jurassic) has cut 
dowm to the level o f the Alum Shale Member. 
Milsom and Rawrson (1989) considered that fault
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activity in the Peak Trough began in Triassic 
times and was renewed during mid-Jurassic 
times. However, significant thickness and litho- 
stratigraphical differences have also been noted 
in earlier parts o f the Toarcian succession on 
either side o f the Peak Fault (Howarth, 1962a; 
Gad et a l., 1969; Milsom and Rawson, 1989; 
Doyle, 1990-1992). Although intra-Toarcian 
subsidence within the Peak Trough might be 
invoked to account for these differences, and 
particularly for the preservation o f the late 
Toarcian sediments within the graben, the 
evidence remains inconclusive. It has also been 
suggested that these differences are due to, or 
have at least been accentuated by, up to 8 km o f 
post-Toarcian dextral strike-slip movement on 
the Peak Fault which has juxtaposed correlative 
successions originating in different parts o f the 
basin and which experienced different degrees 
o f post-Toarcian erosion (Gad et al., 1969; 
Hemingway, 1974; Knox et al., 1990). Although 
Milsom and Rawson (1989) accepted that 
transcurrent movement on this fault system may 
have occurred during inversion o f the Cleveland 
Basin, they considered it unlikely that this 
mechanism alone could account for the 
observed differences between successions 
within the basin and beyond it. Inversion o f the 
Cleveland Basin occurred in late Cretaceous or 
early Tertiary times (Kent, 1980), transforming it 
into a gende E-W-orientated pericline. The 
small dome exposed in the cliffs and foreshore 
o f Robin Hood’s Bay is a subsidiary structure 
within this dome.

Comparison with other areas

The Lower Jurassic succession in the Cleveland 
Basin provides similarities and contrasts with 
correlative sequences elsewhere in Britain, 
reflecting the varying control o f climate, sea level 
and local tectonic influences on sedimentation 
rates and styles. The area south o f the Market 
Weighton High remained as a stable block 
throughout early Jurassic times. It effectively 
separated the Cleveland Basin from the more 
slowly subsiding East Midlands Shelf to the 
south. The effects o f this are seen most 
markedly in the Humberside region, where 
much o f the Sinemurian sequence is developed 
in oolitic ironstone facies, the Frodingham 
Ironstone Member, in contrast to the siliciclastic 
sediments at this level in the Cleveland Basin,

while substantial parts o f the Pliensbachian 
and Toarcian sequences that are well represented 
in the Cleveland Basin are absent over a 
considerable area south o f the Market Weighton 
High (Cope et al., 1980a) (Figure 5.10, Chapter 
5). These hiatuses are thought to be due to 
uplift and erosion, rather than non-deposition 
(Kent, 1980), but are much less evident in the 
Cleveland Basin. In the Cleveland Basin the 
only significant hiatus, other than that which 
cuts out much o f the upper Toarcian succession, 
is a relatively minor unconformity between the 
Penny Nab and Kettleness members o f the 
Cleveland Ironstone Formation. Nonetheless, 
the southward increase in magnitude o f this 
hiatus does suggest that, like the larger hiatuses 
in Humberside, this too may be attributable to 
movement on the Market Weighton High.

Farther south on the East Midlands Shelf 
and in the Severn Basin the succession is again 
dominated by fine siliciclastic sediments, and 
hiatuses are gready reduced in magnitude. 
Correlatives o f the Cleveland Ironstone 
Formation are represented by other ironstones, 
especially the Marlstone Rock Formation, which 
are found towards the top o f the Pliensbachian 
Stage across a large area farther south. These 
indicate a common control, perhaps representing 
maximum flooding surfaces associated with 
eustatic sea-level rise (Hesselbo and Jenkyns,
1998). The strong eustatic signal seen in parts 
o f the Cleveland Basin strata is also evident in 
correlative sequences across the southern part 
o f the East Midlands Shelf and into the Severn 
Basin. Hence the coarsening-upward sequence 
from the Redcar Mudstone Formation into the 
Staithes Sandstone Formation can broadly be 
correlated, south o f the Market Weighton 
High, with the transition from the Charmouth 
Mudstone Formation into the silts and sands o f 
the Dyrham Formation (Cox et al., 1999). 
Similarly, in the Toarcian Stage the Exaratum 
Subzone anoxic event represented by the Jet 
Rock o f the Mulgrave Shale Member can be 
correlated with the paper shales and limestones 
o f the ‘Fish Beds’ on the East Midlands Shelf 
(Howarth, 1978) and with a similar facies, the 
Dumbleton Member, in the Severn Basin (see 
Chapter 4).

In the Wessex Basin, Hesselbo and Jenkyns
(1995) drew comparison between the Yorkshire 
and Dorset coast successions. On a coarse scale 
they mosdy found close agreement between the
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facies sequences seen in the two basins, with 
differences between the two reflecting the more 
proximal, and generally shallower-water, setting 
o f the Cleveland Basin succession. However, 
they also noted apparently reciprocal thickness 
relationships between the two basins in certain 
parts o f the sucession. The most striking o f 
these is seen in comparing the 100+ m o f the 
Whitby Mudstone Formation in the Cleveland 
Basin with the less than 3 m thickness o f its 
correlative unit, the Beacon limestone Formation, 
in the Wessex Basin. They attributed this 
relationship variously to availability o f sediment 
accommodation space and sediment starvation 
during periods o f changing sea level, although 
local tectonic factors need also to be considered 
(Jenkyns and Senior, 1991).

Many similarities can be drawn between parts 
o f the Lower Jurassic succession in the Cleveland 
Basin and correlative units to the north-west 
in the Hebrides Basin (Hesselbo et al., 1998; 
Morton and Hudson, 1995). The silty and 
micaceous shales o f the Pabay Shale Formation 
resemble parts o f the Redcar Mudstone Formation 
whereas the lower part o f the Scalpa Sandstone 
Formation is not dissimilar to the Staithes 
Sandstone Formation. The anoxic event in 
the Exaratum Subzone is seen in the Hebrides 
Basin too, in the dark, organic-rich shales o f 
the Portree Shale Formation, but it is succeeded 
by an oolitic ironstone, the Raasay Ironstone 
Formation, which has no analogous facies 
development farther south.

REDCAR ROCKS, REDCAR
AND CLEVELAND
(NZ 605 253-NZ 620 253)

K N . Page

Introduction

The Redcar Rocks GCR site exposes the 
oldest Jurassic strata seen on the North 
Yorkshire-Cleveland coast, the Redcar Mudstone 
Formation, which takes its name from this 
locality, and the lowest part o f the Staithes 
Sandstone Formation. Redcar Rocks and 
Coatham Rocks together expose the higher 
part o f the Hettangian Stage, and much o f 
the Lower Sinemurian and parts o f the 
Upper Sinemurian and Lower Pliensbachian

substages (Figure 6.3). The lowest part o f the 
Hettangian succession (Planorbis Zone) is not 
exposed at this site, although it is known to 
be present inland at Eston, 8 km south-west 
o f Redcar on the eastern outskirts o f 
Middlesborough (Tate and Blake, 1876; Cope 
et a l., 1980a). Most o f the Upper Sinemurian 
succession is not exposed, but there are 
records o f loose specimens o f that age that have 
presumably been derived from submarine or 
sub-beach outcrops. The outcrops expose 
much o f the succession which occurs below 
the lowest exposures at Robin Hood’s Bay 
(Normanby Stye Batts-Afiller’s Nab GCR site) 
where the oldest exposures are o f Semi- 
costatum Zone age. In addition, although only 
intermittandy exposed due to beach conditions, 
the sections yield a good sequence o f 
stratigraphically diagnostic ammonite faunas 
including some o f the best-preserved Semi- 
costatum Zone faunas in Britain. This is the 
northernmost coastal exposure o f Jurassic rocks 
in England.

The constant movement o f beach sand at 
Redcar Rocks has hindered detailed recording o f 
the sections and there are no modem published 
measured sections. The only detailed sections 
were published in Tate and Blake’s (1876) classic 
account o f the Yorkshire Lias, subsequendy 
reproduced in Fox-Strangways (1892). Tate and 
Blake were remarkably thorough in their study, 
describing how ‘our plan o f collecting the fossils 
is to crawl along the scars, during a bright sunny 
day, in a position so as not to intercept the 
rays o f sunlight -  also to wash the fossiliferous 
shales, as is done for Foraminifera, only that 
which is retained by the sieve will yield the small 
molluscan shells’ .

The site was also referred to by Wright (1878- 
1886), Barrow (1888), Blake (1891), Blake et 
al. (1891), Herries (1906a,b), Arkell (1933), 
and by Wilson et al. (1934). Gad (1966), in an 
unpublished thesis, measured a section across 
the Hettangian-Sinemurian boundary for a 
geochemical study, and Getty (in Cope et a l.f 
1980a) referred to the Redcar and Coatham rocks 
sequence based, in part, on his own unpublished 
records (including sections measured with
D.T. Donovan). Powell (1984) established the 
Redcar Rocks sections as the type locality o f 
the Redcar Mudstone Formation, but did not 
provide a description o f the site. Chemical and 
gamma-ray analysis o f the Hettangian and
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Figure 6.3 Sketch map of Redcar Rocks and Coatham Rocks, showing the location of the named scars and 
significant ammonite faunas.

Lower Sinemurian part o f the succession was 
undertaken by van Buchem et al. (1992). 
Correlation o f the sections is reviewed here 
based on previous descriptions combined with 
some new observations, but without a newly 
measured section.

Description

The only detailed published description o f 
the Redcar Rocks succession is by Tate and 
Blake (1876). Lord (1971) provided a sketch 
map o f the distribution o f part o f the Hettangian 
and Lower Sinemurian succession, and van 
Buchem et al. (1992) published a simplified 
sketch section and gamma-ray log for essentially 
the same strata. Herries (1906a,b) noted 
that the Redcar exposures represent the

western limb o f a large gende anticline, with 
similar strata sometimes exposed on the 
eastern limb in Marske Bay, some 7 km farther 
ESE along the coast. Exposures are entirely 
intertidal and discontinuous (Figure 6.4), with 
seasonal sand movement often obscuring 
parts o f the succession for long periods o f time. 
The composite section presented here is 
based on unpublished observations (K.N. Page) 
and the review o f Getty (in Cope et a l., 1980a). 
The lithostratigraphical framework follows 
Powell (1984), although Tate and Blake's 
Angulata Beds and Bucklandi Beds, as 
adopted by Getty (in Cope et a l., 1980a), are 
retained here as informal subdivisions o f 
uncertain status. Thicknesses are taken from 
Getty (in Cope et a l., 1980a), after Tate and 
Blake (1876).
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Figure 6.4 Redcar foreshore after storms have washed away the beach sand, exposing mudrocks of the Redcar 
Mudstone Formation, Calcareous Shale Member. This area exposes part of the ‘Upper Bucklandi Beds’ of Tate 
and Blake (1876), of Scipionianum Subzone to Sauzeanum Subzone age. (Photo: K.N. Page.)

PLIENSBACHIAN STAGE 
Staithes Sandstone Formation
Davoei to Margaritatus zones 
Shales and sandstones, silty, forming 

the outer part of Coatham Rocks 
(Inner Height and Outer Height) 
in the northern pan of the site.
The fauna includes bivalves 
(Oxytoma, Pseudopecten, Grypbaea, 
etc.), belemnites and ammonites 
(including Amaltbeus indicating 
the Margaritatus Zone and Aegoceras 
or Oistoceras from the Davoei Zone 
in the lowest beds of the scar).

?UPPER SINEMURIAN-LOWER PLIENSBACHIAN 
SUBSTAGES
Redcar Mudstone Formation 
Ironstone Shale Member and possibly Pyritous 
Shale Member 
^Raricostatum to Davoei zones 
Shales with bands of iron-rich (?sideritic) 

carbonate nodules exposed 
across West Scar, Coatham Rocks.
Ammonite records by the [British] 
Geological Survey (Sheet 34) and 
by Getty (in Cope et al., 1980a) 
suggest the presence of the 
Davoei, Jamesoni, and (?upper)
Raricostatum zones.

SINEMURIAN STAGE 
Siliceous Shale Member 
including Oxynotum Zone, Simpsoni Subzone 
and Obtusum Zone faunas 
Shale, hard, sandy, calcareous, with Oxyno- 

ticeras and lEoderoceras on High 
Stone. Oxynotum Zone and possibly 
early Raricostatum Zone, Densino- 
dulum Subzone. Getty (in Cope et al.,
1980a) recorded Simpsoni Subzone 
and Obtusum Zone faunas based 
on ex-situ specimens, presumably 
derived from submerged exposures 
or these reefs.

HETEANGIAN-LOWER SINEMURIAN SUBSTAGES 
Calcareous Shale Member 
Liasicus to Semicostatum zones 
‘Upper Bucklandi Beds’ (beds 1-18) of 

Tate and Blake (1876): Shale, grey, 
with silty bands forming low reefs 
exposed across Redcar Rocks with 
prominant Grypbaea-rich bands in 
upper part. Van Buchem et al. (1992) 
identified a shelly sandstone with ferru
ginous ooliths at the base of the 
Semicostatum Zone, capping a distinct 
coarsening-upward trend. Page 
(unpublished observations) has recorded 
the following sequence of faunas.
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Thickness (m)
Semicostatum Zone, Sauzeanum Subzone
5: Euagassiceras sp.. 2
4: Euagassiceras sp., Amioceras sp.. 2
3: ?Euagassiceras sp., IFaramioceras,

Amioceras sp.. 2
2: Euagassiceras sp. 1, lAmioceras sp., 

Nannobelus sp..
Scipionianum Subzone
1: ?Agassiceras sp. (large, crushed, 

compressed whorled ammonites).
Grey shale with some bands of calcareous 

nodules, with at least 3 distinguishable 
ammonite faunas present (=  beds 6? to 
10 of Tate and Blake, 1876).

3: Agassiceras sp. (including large crushed 
specimens).

2: Amioceras (abundant) and 
1 Par am ioceras sp..

1: Agassiceras sp..
These levels appear to have yielded Agassi- 

ceras scipionianum, A. personalum,
A. cf. decipiens and Amioceras acuti- 
carinatum according to T.A. Getty 
(pers. comm.).

Total thickness for shales and mudstones 
with Scipionianum and Sauzeanum subzone 
faunas: c. 15
'Lower and Middle Bucklandi Beds’

(beds 11-19): Shales, grey, with sandy 
and silty bands forming a number of 
prominent reefs (East Scar, Stokesley 
Scar and Jenny Leighs Scar) and low 
subordinate reefs. Some of the harder 
silty and sandy bands are rich in 
Gryphaea. Ammonites are present at 
a number of levels, including:

Lyra Subzone
5: Comiceras cf. lyra in the upper part

of East Scar (lyra Biohorizon). T.A 
Getty (pers. comm.) noted that the 
highest Coroniceras is present in Bed 
14 of Tate and Blake (1876), with large 
Paracoroniceras, around 1.5 m higher 
in the succession (probably in Bed 11)
-  the latter may in fact be the same as 
the lyra fauna noted first.

IBucklandi Zone, Bucklandi Subzone 
4: Amioceras sp. and a cf. Arietites sp.

in Stokesley Scar. T.A. Getty (pers. 
comm.) noted an apparendy similar 
fauna with the addition of Charmas- 
seiceras, as also recorded in Tate 
and Blake (1876).

Rotiforme Subzone 
3: Coroniceras ex grp. rotiforme in

Jenny Leighs Scar. T.A Getty (pers. 
comm.) recorded similar tuberculate 
Coroniceras in beds 57 and 58 of Tate 
and Blake (1876).

2: C. byatti common, with some C. cf
rotiforme in phosphatized nodules 
assigned to Bed 75 of Tate and Blake 
(1876) (T.A Getty pers. comm.).

Conybeari Subzone
1: Melopbioceras spp. in the lowest reef of

Jenny Leighs Scar. The genus appears to 
range up to Bed 31 of Gad (1966) (=  Bed 
90 of Tate and Blake, 1876; D.T. Donovan, 
pers. comm.).

Total for Jenny Leighs scar to East Scar: c. 38
Angulata Beds’ (beds 1-29 of Tate and 

Blake (1876); or beds 2-31 of Wright 
1878-1886): Shales, grey, with some 
silty bands forming very low reefs and 
occasional small calcareous nodules;
Gryphaea present, also occasional levels 
with ammonites, including:

3: Metopbioceras cf. grp. brevidorsale in
topmost part of shales, in base of Jenny 
Leighs Scar (Metopbioceras sp. B 
Biohorizon or conybearoides Biohorizon ?)
(=  Bed 17 of Gad, 1966 and Bed 1 of 
Tate and Blake’s (1876) Angulatus Beds). 
According to D.T. Donovan (pers. comm.) 
there is only an approximate 0.3 m gap 
between the last Hettangian Schlotbeimia 
and the first Sinemurian arietitids. 

HETTANGIAN STAGE 
Angulata Zone, Depressa Subzone 
2: Schlotbeimia cf. pseudomoreana common

in a narrow band (?pseudomoreana 
Biohorizon). Specimens resembling 
Schlotbeimia depressa itself may also 
be present close to this level (D.T.
Donovan, pers. comm.) although records 
of Schlotbeimia angulata (when correctly 
interpreted, a species of the Extranodosa 
Subzone) are more ambiguous and 
require confirmation.

Liasicus Zone, Laqueus Subzone 
1: Alsatites liasicus figured by Wright, 1878-

1886. Tate and Blake (1876) recorded 
*Ammonites johnstoni' at Redcar in 
Leigh Dam Scar, only accessible at low 
spring tides, but may have mis-identified 
Waebneroceras of the Liasicus Zone 
(D.T. Donovan, pers. comm., based on a 
re-examination of specimens in [British] 
Geological Survey collections).

There have been no detailed facies analyses o f 
the succession and little documentation o f the 
fauna since the work o f Tate and Blake (1876). 
Wright (1878-1886) figured a specimen o f 
Alsatites liasicus from here and several ammonite 
species were figured by Buckman (1909-1930). 
Spath (1925d) provided notes on the ammonite 
faunas o f the Hettangian Stage, especially the 
schlotheimiids, although without any real strati- 
graphical control. His determinations included 
Schlotbeimia exeoptyeba, S. cf. complanata, 
S. cf. depressa and ‘true* S. angulata. Further 
schlotheimiids are present in the Sinemurian 
sequence, recorded as Charmasseiceras both by
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Tate and Blake (1876) and by Spath (1925d). Tate 
and Blake (1876) also recorded Microderoceras 
birchi from here, indicating the Birchi Subzone.

Tate and Blake (1876) and Wright (1878-1886) 
gave an extensive list o f fossils from the 
Hettangian-Sinemurian boundary beds, including 
44 nominal species o f bivalve, 26 gastropods and 
scaphopods, 3 brachiopods, 3 corals, 4 cchino- 
derms, 6 annelids, a nautiloid, a belemnite and 
occasional vertebrates, including vertebrae and 
teeth o f ichthyosaurs, plesiosaurs and the fish 
Hybodus and Acrodus. The bivalve faunas 
typically occur in shell beds and seams: Tate and 
Blake (1876) noted that different bands some
times contained different assemblages o f species. 
Many bands are dominated by Gryphaea, often 
forming low scars, while others contain Hippo- 
podium ponderosum with Cardinia concinna, 
and others have Lucina limbata or Cardinia 
listeri with Unicardium cardioides. The coral 
M ontlivaltia guettardi occurs with Gryphaea in 
one band in the Sinemurian succession, but is 
also present a little lower in the succession, 
within the Angulata Zone, in Tate and Blake's 
Coral Bed (Bed 14) where it is associated with a 
varied bivalve assemblage and gastropods. Tate 
and Blake (1876) also recorded the isastreid 
Heterastraea excavata. The Natural History 
Museum has several intact crowns o f Isocrinus 
psilonoti from here, preserved in a dark-grey, 
micaceous siltstone (Simms, 1989); Tate and Blake 
(1876) also recorded echinoids which probably 
can be referred to Miocidaris lobatum and Diade- 
mopsis spp.. Amongst the microfauna, ostracods 
are recorded from Redcar with 16 species 
described in Tate and Blake (1876), including 
Bairdia redcarensis and Cytbere redcarensis, 
and 13 species in Lord (1971). Tate and Blake 
(1876) also cited the occurrence o f foraminifera 
and abundant microgastropods in some samples.

Interpretation

Despite the apparently meticulous investigation 
by Tate and Blake (1876), their description o f 
the section has proved difficult to correlate with 
that now seen (Lord, 1971). The sequence o f 
ammonite faunas present indicates a remarkably 
complete Hettangian to Lower Sinemurian 
succession. Key features include what is probably 
the best Hettangian-Sinemurian boundary section 
in northern Britain. The material recorded by 
Spath (1925d), if correctly determined, suggests 
that a complete Angulata Zone is present, with

evidence of the Extranodosa, Complanata and 
Depressa subzones. The site also incorporates a 
virtually unique Scipionianum to Sauzcanum 
subzone sequence which, once fully documented, 
will have great potential as a stratigraphical 
reference section since these two subzones rarely 
yield well-preserved faunas elsewhere in Britain.

Although higher parts o f the succession here 
are closely similar to those exposed farther 
south, around Robin Hood’s Bay (Normanby 
Stye Batts-Miller’s Nab GCR site), precise 
lithostratigraphical correlation is impossible 
due to the poor and discontinuous exposures at 
Redcar Rocks. The lower (mid-Hettangian to 
Lower Sinemurian) parts o f the succession are 
not seen at Robin Hood’s Bay or are exposed 
only on very low tides, although facies at the two 
sites would appear, overall, to be broadly similar 
and dominated by silty mudstones with few 
limestones. As such this part o f the succession at 
Redcar Rocks, comprising the Redcar Mudstone 
Formation, contrasts strikingly with correlative 
sections in basins to the south, such as the 
exposures o f the Blue Lias Formation in Dorset 
and around the Bristol Channel, and to the 
north in the Hebrides Basin where a similar Blue 
Lias Formation facies is developed at this level. 
However, the presence o f ferruginous ooiiths 
near the base o f the Semicostatum Zone invites 
comparison with the succession at the Conesby 
Quarry GCR site, to the south o f the Market 
Weighton High on the East Midlands Shelf. 
There the Semicostatum Zone coincides with the 
onset o f large-scale oolitic ironstone deposition, 
in the form o f the Frodingham Ironstone 
Member. The poor development o f facies typical 
o f the Blue Lias Formation and the Frodingham 
Ironstone Member at Redcar Rocks and Robin 
Hood’s Bay, suggests high levels o f terrigenous 
runoff into the Cleveland Basin during Hettangian 
and Lower Sinemurian times, by comparison 
with these other basins. This effectively swamped 
any climatic, tectonic and/or eustatic signal 
represented by the ironstone and mudstone- 
limestone facies o f the Frodingham Ironstone 
Member and Blue Lias Formation respectively.

Litde detailed interpretation o f the benthic 
fauna is possible in the absence o f any precise 
documentation. Although the bivalve faunas at 
Redcar Rocks appear typical o f clay-rich facies in 
the early part o f the Lower Lias, the relative 
abundance and diversity o f some other elements 
o f the fauna, notably the gastropods and serpulids, 
is unusual and may reflect factors associated with
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the atypical facies. The distribution o f many 
taxa, notably the bivalves, indicate significant 
palaeoecological or taphonomic control on fossil 
assemblages, but contemporary detailed study is 
lacking at Redcar Rocks. The presence o f intact 
crinoid material here indicates preservation by 
obrution and is reminiscent o f similar occurrences 
in the Sinemurian succession at Robin Hood’s 
Bay, while the presence o f corals, including 
isastreids, suggests periods o f very low sedimen
tation and depths well within the photic zone. 
The abundant microgastropods in some o f the 
samples analysed by Lord (1971) was taken as a 
tenative indication o f a brackish-water influence 
associated with the proximity o f a landmass to the 
west. However, microgastropods are a common, 
though poorly documented, element o f Lower 
Jurassic faunas at many sites and there is no 
evidence here, or elsewhere, that the majority o f 
these microgastropod assemblages are anything 
other than fully marine.

Conclusions

The mid-Hettangian to Lower Sinemurian 
succession at Redcar Rocks is remarkably 
complete and has great potential for further 
research. Its predominandy fine clastic facies 
contrasts strikingly with correlative successions

in southern Britain and in the Hebrides Basin, 
where Blue Lias Formation facies o f alternating 
limestone and mudstone are typical. Once fully 
documented, Redcar Rocks has potential as a 
key Hettangian-Sinemurian sequence and 
complements the better-known Robin Hood’s 
Bay succession where the basal Sinemurian 
and Hettangian stages are not exposed. The 
Semicosta turn Zone sequence, in particular, is 
one o f the best developed anywhere within the 
North-west European Province.

NORMANBY STYE BATTS- 
MILLER’S NAB (ROBIN HOOD’S 
BAY), NORTH YORKSHIRE 
(NZ 972 025-NZ 952 075)

K N . Page

Introduction

The cliffs and foreshore o f the Normanby Stye 
Batts-Miller’s Nab (Robin Hood’s Bay) GCR site 
(Figure 6.5) expose one o f the most important 
and complete mid-Sinemurian to Pliensbachian 
sequences in Europe. Several o f the lithostrati- 
graphical units o f the Cleveland Basin Lower 
Jurassic succession have type sections in Robin

Figure 6.5 Extensive foreshore exposures of the Redcar Mudstone Formation in Robin Hood’s Bay at low tide, 
viewed from Ravenscar. The concentric disposition of the ‘reefs’ demonstrates the domed structure of the out
crop here. (Photo: M.J. Simms.)
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Hood’s Bay; these include the Siliceous Shale, 
Pyritous Shale and Ironstone Shale members o f 
the Redcar Mudstone Formation (Powell, 1984; 
Cox et al., 1999). The sections in Robin Hood’s 
Bay have figured prominently in stratigraphical 
reviews, most importantly as stratotypes for 
zones, subzones and biohorizons (e.g. Buckman, 
1915; Dean et al., 1961; Phelps, 1985; Howarth 
1992, 2002; Page, 1992) and in more general 
accounts o f the Cleveland Basin (e.g. in Cope et 
al., 1980a; Hesselbo and Jenkyns, 1995; Rawson 
and Wright, 1995). The exposures in the south
ern part o f the bay, at Wine Haven, have been 
proposed as the Global Stratotype Section and 
Point (GSSP) for the base o f the Pliensbachian 
Stage (Hesselbo et a l., 2000; Meister et a l., 2003). 
Numerous type specimens o f stratigraphical 
indicator species, and other fossils, have also 
been described, and include the holotype o f 
Psiloceras erugatum , the earliest Jurassic 
ammonite in Europe.

The earliest scientific references to the site 
are probably those o f Young and Bird (1828), 
describing the Yorkshire coast as a whole, but 
surprisingly the only detailed published descrip
tion o f the lower part o f the section (Sinemurian 
to Lower Pliensbachian) prior to that o f I Iowarth 
(2002) was within Tate and Blake’s classic work 
The Yorkshire Lias (1876). This was subse
quently reproduced many times by later authors 
such as Fox-Strangways and Barrow (1882) and 
by Buckman (1915). A further general account, 
but including an outcrop map o f the shore, was 
published by Herries (1906a,b). Leslie Bairstow 
spent many years, from at least the 1930s, care
fully mapping and measuring the succession on 
the shore but never published more than the 
briefest o f summaries (e.g. in Sylvester-Bradley, 
1953; in Hemingway et al., 1969). The copious 
notes and specimens he left are now in the 
Natural History Museum in London and formed 
the basis o f Howarth’s (2002) description o f the 
site.

Partial sections were also produced by Gad 
(1966), Getty (1972), Phelps (1985) and 
Dommergues and Meister (1992). Hesselbo and 
Jenkyns (1995) and Howarth (2002) provide 
complete graphic logs for the succession, but 
only the latter provides supporting bed-by-bed 
description. Correlation between the section o f 
Tate and Blake (1876), Hesselbo and Jenkyns 
(1995) and that compiled by Bairstow has 
been tabulated by Howarth (2002). Further 
notes and observations have been incorporated

into field excursion guides to the area, such as 
those by Rawson and Wright (1992, 1995) and 
Scrutton (1996). The latter includes a useful 
map o f the foreshore outcrops (Figure 6.6) and 
advice for visitors. Howarth (2002) has published 
more detailed maps compiled by Bairstow.

Figure 6.6 Outcrop map of Lower Jurassic strata 
on the foreshore around Robin Hood’s Bay. After 
Rawson and Wright (1992).
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There have been few sedimentological studies 
o f the section, with most concentrated on the 
Pliensbachian strata (Sellwood, 1970, 1971, 
1972; van Buchem and McCave, 1989; Knox et 
al., 1990). Parkinson (1996) compiled a gamma- 
ray log at 0.5 m to 1 m intervals through the 
entire Lower Jurassic succession down to the 
lowest beds exposed in Robin Hood’s Bay, 
encompassing also the GCR sites to the north, 
around Hawsker (Castlecham ber to  Maw 
Wyke), and to the south o f the Peak Fault 
(M iller ’s Nab to Blea Wyke)

The most frequent references to Robin 
Hood’s Bay are in taxonomic and stratigraphical 
descriptions o f ammonite faunas. The earliest 
are in Young and Bird (1828), including their 
description o f the zonal index fossil, Ammonites 
(Amioceras) semicostatum (as re-figured by 
Buckman, 1909-1930; Dean eta/., 1961). Many 
new taxa were created by Simpson (1843, 1855), 
in part re-described by Buckman (1909-1930; 
including the creation o f further species) as 
reviewed by Howarth (1962b, 2002). Tate and 
Blake (1876), Spath (1925a-h, 1926a-d), Howarth 
(1955), Getty (1972, 1973), Dommergues and 
Meister (1992) and Bloos and Page (2000a) have 
contributed furdicr descriptions o f elements o f 
the ammonite faunas.

Description

The upper part o f the Sinemurian through into 
the Lower Pliensbachian is well exposed in the 
Normanby Stye Batts-Miller’s Nab GCR site 
(Figures 6.5 and 6.6) but the only detailed 
published description prior to that o f Howarth 
(2002) is that o f Tate and Blake (1876). Both 
Howarth (2002) and Hesselbo and Jenkyns 
(1995) provide graphic logs o f the section, but 
it is the latter bed numbers that are used 
here (Figure 6.7a,b). However, Howarth (2002, 
figs 19 and 20) provides tables correlating the 
bed numbers o f Bairstow with divisions used 
in previous schemes, notably those o f Tate and 
Blake (1876) and Hesselbo and Jenkyns (1995).

The basic lithostratigraphical framework 
follows Powell (1984). Ammonite zonal and 
subzonal boundaries cited here are based on 
new data and faunas referred to by Page (1992, 
1995) and may differ slighdy from those o f 
Howarth (2002). Comparison o f these records 
with the correlations given by Hesselbo and 
Jenkyns (1995) and Getty (in Cope et a l.y 1980a) 
is not possible as full descriptions have not been

published. Preliminary comparisons are, how
ever, now possible with Bairstow’s records (e.g. 
in Hemingway et a l.y 1969), thanks to the work 
o f Howarth (2002). There remain, however, 
some discrepancies and differences concerning 
taxonomic assignments and stratigraphy between 
the present account and other descriptions. The 
following summary o f the succession therefore 
incorporates some information from Howarth 
(2002), in particular in relation to subzonal 
boundaries, but further re-examination must 
encompass the correlation o f the recorded 
faunas with the zonal schemes o f Page (1992) 
and Dommergues et al. (1994). The following 
section is a composite section for the Sinemurian 
and Lower Pliensbachian succession o f the 
Robin Hood’s Bay to Casde Chamber area, 
summarized from Tate and Blake (1876), 
Howarth (1955, 1973, 1992, 2002), Howard 
(1985), Phelps (1985), Dommergues and 
Meister (1992), Hesselbo and Jenkyns (1995) 
and new observations by K.N. Page between 
1990 and 1999. With one or two exceptions, 
thicknesses are based on the graphic logs o f 
Hesselbo and Jenkyns (1995) and should be 
considered only approximate. The section is 
continuous with that described in the 
Castlechamber to Maw Wyke GCR site, which 
extends up through the Upper Pliensbachian 
Substage into the Lower Toarcian Substage 
(Figure 6.6; and see Figure 6.9 -  Casdechamber 
to Maw Wyke GCR site report.).

Thickness (m)
UPPER PLIENSBACHIAN SUBS1AGE 
Staithes Sandstone Formation
1-7 (of Howarth, 1955): Shale, sandy, with 

sandstone band and red calcareous 
concretions in lower part, with some 
bands rich in Grypbaea and other bivalves. 
Amaltbeus stokesi and A. bifurcus in 
Bed 1. Defined base of Stokesi Subzone 
corresponds to the base of Bed 1 para- 
stratotype (Howarth, 1992). 5.2

LOWER PLIENSBACHIAN SUBSTAGE 
Davoei Zone, Figulinum Subzone, Figulinum Zonule 
62-65 (of Phelps, 1985) (=  beds ii-v of 

Howarth, 1955): Two bands of red 
calcareous concretions separated by 
sandy shale and siltstone, with Oistoceras 
figulinum, O. curvicome and a form 
transitional to Amaltbeus bifurcus 
(Phelps, 1985) in the upper band and 
O. figulinum in the lower band. 0.45

Angulatum Zonule
59-61 (=  Bed i): Sandstone, hard, ferruginous, 

forming the floor of Castle Chamber.
Oistoceras angulatum. 2.15
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Figure 6.7a The stratigraphy o f the Sincmurian and Lower Pliensbachian succession in Robin Hood s Bay. 
Lithostratigraphy after Hesselbo and Jenkyns (1995).
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Thickness (m)
49-58: Siltstone with concretionary bands 

in upper part and mudstone with 
ferruginous concretions near base.
Oistoceras angulatum (including a form 
transitional from Aegoceras crescens), 
Oistoceras sinuosiforme and Liparoceras 
divaricosta in beds 49-51, with Oistoceras 
^angulatum and O. sp. in beds 54-55. 6.4

Capricomus Subzone, Crescens Zonule 
46-48: Siltstone with some ferruginous concre

tions, including as a basal band. Aegoceras 
crescens, including forms transitional from 
A. capricomus below and transitional to 
Oistoceras angulatum above. 1.6

Capricomus and Lataecosta zonules 
42-45: Siltstone with a band of ferruginous 

nodules and concretions. Aegoceras 
capricomus, A. lataecosta, A. artigyrus. 1.3

41: Oyster Bed: Ferruginous concretionary 
band. Aegoceras ?capricomus, A. 
lataecosta. 0.2

Red car Mudstone Formation 
Ironstone Shale Member 
Maculatum Subzone, Maculatum Zonule 
36-40: Mudstone, silty, with some bands of 

ferruginous nodules. Androgynoceras 
maculatum and A. maculatum vars 
beterogenes and leckenbyi. 2.7

Sparsicosta Zonule
19-?35: Mudstone, in part silty and generally

darker grey in lower part, including a sandy 
unit towards the middle of the sequence 
and bands of calcareous ferruginous 
concretions and nodules. Bed 21 is a 
nodular oolitic ironstone. Fauna of beds 
21-29 includes Aegoceras maculatum,
A. maculatum var. atavum, Androgynoceras
beterogenes, A. sparsicosta, A. sparsicosta 
var. naptonense, A. sp., Liparoceras 
beptangulare, L. naptonense, 7Yago- 
pbylloceras sp. and Lytoceras sp.. 15.5

Ibex Zone, Luridum Subzone, Luridum Zonule 
15-18: Mudstone, in part silty and dominantly 

dark in colour with bands of ferruginous 
nodules and concretions. Beaniceras luri
dum (probably including the holotype figured 
by Buckman, 1909-1930, pi. 73; also Dean 
et al., 1961, pi. 69, fig. 6), B. luridum var. 
geyeri, Liparoceras beptangulare, L. 
naptonense and Lytoceras fimbriatum . 7.3

Crassum Zonule
7-14: Mudstone, mainly dark, with bands of

ferruginous nodules. Beaniceras crassum,
B. crassum transitional from rotundum 
(in Bed 7), Liparoceras Icheltiense, L. 
beptangulare and Lytoceras sp. present. 10.8

IRotundum Zonule 
5-6: Mudstone, dark, with a band of 

ferruginous concretions. Lytoceras 
and 7Yagophylloceras. 2

Valdani Subzone, ?Valdani-Alisiense zonules 
4: Mudstones, alternating dark and pale, in

part silty. Acan tbopleuroceras lepidum 
present in 4b. 1.7

2-3: Mudstones, alternating dark and pale, 
in part silty, with a band of ferruginous 
nodules. Liparoceras cbeltiense. 1

Maugenesti Zonule
1: Band of ferruginous nodules with

Acan tbopleuroceras maugenesti. 0.1
Valdani Subzone, ?Arietiforme Zonule 
121 (part) of Hesselbo andjenkyns (1995):

Mudstone alternations, dark and pale, 
with a band of ferruginous lenticles.
Cymbites recorded by Phelps (1985)
(=  0 or 200 of Phelps, 1985). 1.1

Jamesoni Zone,Jamesoni Subzone 
?117 (?part)-121 (part): Mudstone alternations, 

dark and pale, in part silty, with bands of 
ferruginous nodules. Published faunal 
records very incomplete although Uptonia 
jamesoni and Lytoceras are present in the 
top 1.5 m (beds 197-199 of Phelps, 1985;
= beds 118-120 of Hesselbo andjenkyns, 
1995). Hesselbo andjenkyns suggest a 
thickness of around 7 m for the subzone, 
although Bairstows records, as quoted in 
Cope et al., 1980a, indicate only 3.5 m 
(=  beds 550-561 of Bairstow?). 7

Brevispina Subzone
?113 (?part)-?ll6 (?part): Mudstone alternations, 

dark and pale, in part silty, with bands of 
ferruginous nodules and concretions. Tate 
and Blake (1876) indicate that Platypleuro- 
ceras (including P. brevispina and Polymor- 
pbites) are present. Hesselbo and Jenkyns 
(1995) suggest a thickness of around 3.5 m 
for the subzone. Bairstow’s records, as 
quoted in Cope et al. (1980a), indicate 6 m. 3.5 

Polymorpbus Subzone
107-?113 (?part): Mudstone alternations, dark 

and pale, in part silty, with bands of ferru
ginous nodules and concretions. Tate and 
Blake (1876) indicate that Polymorphites 
is present. Hesselbo and Jenkyns (1995) 
suggest a thickness of c. 9.5 m for the 
subzone in Ironstone Shale Member facies 
(although Bairstow’s records, as quoted 
in Cope et al. (1980a), indicate only 6 m 
for the subzone, including levels in 
Pyritous Shale Member facies) 9.5

Taylori Subzone
102-106: Mudstone with bands of calcareous 

nodules
Pyritous Shale Member
72-101: Mudrocks, dark, with bands of

ferruginous nodules and concretions.
Large Apoderoceras are present, at least in 
the lower part of the sequence (e.g. beds 
75 and 76, unpublished observations) and 
Pbricodoceras was recorded by Tate 
and Blake (1876) and Buckman (1915) 
in Bed 47 of their Jamesoni Beds and 
in Bed 1013 of Dommergues and Meister 
(1992); as P. grp taylori and associated 
with Apoderoceras sp. (=  Bed 72 of 
Hesselbo and Jenkyns, 1995). 21

71 (part): Mudstone (top c. 0.4 m, = Bed 1012
of Dommergues and Meister, 1992). 0.4
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Thickness (m)
71 (part): Mudstone, with common small

fossils including ammonites, firequendy 
pyritized, especially Bifericeras donovani 
(type locality in Wine Haven, southern 
Robin Hood’s Bay; Dommergues and 
Meister, 1992, fig. 7, 1-11 and fig. 5, 8- 
10) and rarer Apoderoceras sp. and 
Gleviceras sp.. This is the donovani 
Biohorizon stratotype (c. 0.6-0.4 m below 
top = Bed 1011 of Dommergues and Meister, 
1992) and has been proposed as the Global 
Stratotype Section and Point (GSSP) for 
the base of the Pliensbachian Stage 
(Hesselbo et al., 2000). 0.2

UPPER SINEMUR1AN SUBSTAGE 
Raricostatum Zone, Aplanatum Subzone 
71 (part): Mudstone. 1.7
69 (topmost c. 0.15 m)-?70: Red-weathering 

nodular horizon in grey mudstone, with 
intermittant band of greyer nodules below. 
Paltecbioceras aplanatum, Eoderoceras and 
?Gleviceras. This is the stratotype for the 
aplanatum Biohorizon (Page, 1992). (=  Bed 
1004c-1005 of Dommergues and Meister,
1992; and Bed ?50 of Tate and Blake’s 
Jamesoni Beds; also the Upper Conybeari 
Bed of Buckman, 1915). 0.2

69 (part): Mudstone, including a siltstone
horizon and a band of nodules near its base. 
Paltecbioceras aureolum recorded by Getty 
(1973) and Dommergues and Meister (1992), 
from at least 0.2 m above the base of Bed 69. 
This is the stratotype for the aureolum 
Biohorizon (Page, 1992). 2.2

Siliceous Shale Member
68: Sandstone, silty, bioturbated in upper part 

and forming Landing Scar at Bay Town. 
Leptecbioceras grp. meigeni recorded 
by Dommergues and Meister (1992)
(=  Bed 1 of Tate and Blake’s Oxynotus 
Beds. Probably represents the fauna 
assigned to 4Paltecbioceras’ by Howarth 
(2002)). 0.8

Macdonnelli Subzone
64 (upper c. 0.8 m?)-67: Mudstone with silty 

horizons and some ferruginous and calca
reous lenticles and nodules: Leptebioceras 
macdonnelli, L. grp meigeni, Eoderoceras 
sp. and Radstockiceras (Dommergues and 
Meister, 1992; Page, 1992). Corresponds 
to the macdonnelli Biohorizon. 2.8

64 (lower part): Mudstone. Forms lower
part of cycle above, and hence presumed 
to be Macdonelli Subzone. 1

63*. Sandstone, silty, with siltstone below,
bioturbated at top. Forms East Scar. 0.7

61-62: Mudstone, silty in part, with some 
iron-rich calcareous lenticles. The 
presence of Leptecbioceras planum 
in Bed 61 as recorded by Howarth 
(2002) indicates the meigeni (=  planum) 
Biohorizon of the Macdonnelli Subzone 
(e.g. in Page, 1992). 1.9

Raricostatum Subzone 
60: Mudstone with carbonate lenticles and

a band of nodules yielding Echioceras 
cf. intermedium and Eoderoceras sp..
This represents the cf intermedium 
Biohorizon stratotype (Page, 1992). 0.6

59: Sandstone, calcareous. 0.2
58: Mudstone, silty in part. Ecbioceras ex

grp. raricostatum abundant, though 
mainly crushed in shale. Probably 
includes the raricostatum Biohorizon. 2

56-57: Mudrock overlain by a thin sandy 
siltstone band. Ecbioceras sp. juv. in 
Bed 56. 0.9

Densinodulum Subzone 
53 (upper band)-55: Sandstone, silty,

calcareous, thin (Bed 53, part), with 
small nodules yielding Crucilobiceras 
densinodulum overlain by mudstone, 
with a second thin sandy bed above 
(Bed 55). Probably includes the lymense 
Biohorizon. 1.2

Oxynotum Zone, Oxynotum Subzone 
50-53 (lower part): Mudstone, including a 

major (double) bed of calcareous silty 
sandstone (Bed 51 = c. 0.4 m) and some 
calcareous nodules and lenticles. 2.5

?48-?49: Sandstone, silty, forming a scar
overlain by mudstone. Large Oxynoti- 
ceras grp. oxynotum present in top of 
Bed ?48, with rare Bifericeras bifer also 
present and in Bed ?49. This Includes 
part of the grp. bifer Biohorizon. 1.3

45-47: Mudstone with more resistant silty 
bands and some lenticles. Bifericeras 
sp. present around 0.2 m above base.
Includes part of the grp. bifer Biohorizon. 2.1 

44: Mudstone, with a band of grey calcareous 
concretions in its lower part rich in small 
bivalves. Oxynoticeras grp. oxynotum 
present and possibly Cenoceras sp.. This 
may represent the grp. oxynotum 
Biohorizon and possibly is the type 
horizon of Opbideroceras zipboides 
(Spath, 1925b). 1.6

43: Double Band: Conspicuous double 
band of bioturbated fine sandstone 
(Figure 6.8), prominent at the base of 
a small promontory on the north side of 
Boggle Hole. Rich trace-fossil assemblages 
including Diplocraterion, Teicbicbnus, 
Opbiomorpba and Chondrites (=  beds 
21 and 22 of Tate and Blake’s Oxynotus 
Beds). 0.4

Simpsoni Subzone
42: Mudstone, with harder thin silty band

near top. Oxynoticeras oxynotum present 
0.86 m above base according to Howarth 
(2002). 1.8

41: Band of calcareous nodules with locally 
abundant Gagaticeras grp. gagateum and 
occasional Oxynoticeras simpsoni. This is 
the stratotype for the grp. gagateum 
Biohorizon (Page, 1992). 0.1
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Thickness (m)
38 (topmost c. 0.1 m)-39: Silty seam over- 

lain by mudstone with calcareous 
nodules. Oxynoticeras simpsoni and 
Gagaticeras grp. exortum common, 
with occasional Palaeoecbioceras aff. 
pierrei. Earlier records of O. simpsoni 
in Howarth (2002) may include late 
Eparietites which have a smooth simpsoni- 
like body chamber and a relatively short 
ribbed stage This is the stratotype for 
the exortum Biohorizon (Page, 1992). 0.2

Obtusum Zone, Denotatus Subzone 
37 (topmost c. 0.5 m)-38: Mudstone. 1.2
37 (c. 1-0.5 m below top): Band of calcareous 

concretions in mudrock. Eparietites 
denotatus frequent (probably including 
the holotype re-figured by Buckman,
1909-1930, pi. 67A,B), also very rare 
ICymbites sp.. This is the stratotype for 
the denotatus Biohorizon (Page, 1992). 0.5

34 (upper part)-37 (lower part): Mudstone 
with scattered lenticles and nodules. 
Aegasteroceras c£ simile present at 
the top of Bed 34 and Eparietites sp. 
in Bed 36. This probably includes the 
fowleri Biohorizon. 3

33 (topmost c. 0.1 m)-34 (basal c. 0.15 m):
Mudrock with some calcareous nodules. 
Eparietites impendens and Aegasteroceras 
ex grp. sagittarium. This is the stratotype 
for the impendens (=  cf. undarics)
Biohorizon (Page, 1992). In Howarth 
(2002) this fauna is recorded as ‘Epiarietites 
bairstowi nov.’ in Bed 455 which is stated 
as correlating with Bed 32 of Hesselbo 
and Jenkyns, which places it below the 
E. impendens fauna recorded here, 
thereby suggesting a minor discrepancy 
between the two sections. 0.25

Stellare Subzone
32-33 (excepting topmost c. 0.1 m): Mudstone 

with triple band of siltstone and calcareous 
concretions, often formed in ammonite 
body chambers. Aegasteroceras ? spp. 
common, including A. sagittarium in the 
basal part of Bed 33 (probably including 
the holotype figured by Wright, 1876-1886, 
pi. 35, figs 1-3). This is the stratotype for the 
sagittarium Biohorizon (Page, 1992). 1.4

?27—31: Mudstone, silty in part, with scattered 
lenticles and nodules, some formed inside 
ammonite body chambers. Asteroceras grp. 
blakei and Promicroceras common. This 
includes the the stratotype for the blakei 
s.s. Biohorizon (Page, 1992) (=  Bed 39 of 
Tate and Blake’s Oxynotus Beds). 1.9

26: Gryphaea Scar: Hard calcareous bed rich 
in Gryphaea, forming the top of a scar. 
Asteroceras sp. present, and probably the 
source horizon for large ex-situ Asteroceras 
grp. stellare. Probably corresponds to 
the Istellare Biohorizon (= Bed 40 of Tate 
and Blake's Oxynotus Beds). 0.15

24-25: Mudstone, silty, with a band of 
nodules near middle and traces of 
crushed ammonites near base, including 
Promicroceras and Epopbioceras. 2.6

23: Sandstone, calcareous, forming promi
nent scar, with concretionary band below 
(=  Bed 42 of Tate and Blake’s Oxynotus 
Beds). 0.6

Calcareous Shale Member 
Obtusum Zone, Obtusum Subzone 
22: Mudstone with two bands of calcareous 

nodules. Asteroceras spp., Promicroceras, 
Xipberoceras and Cymbites present. 1.71

LOWER SINEMUR1AN SUBSTAGE 
Tumeri Zone, Birchi Subzone 
14 (0.97 m below top)-21: Mudstone with 

silty bands and some bands of nodules. 
Promicroceras capricomoides and 
Microderoceras birchi present. 7.11

Brooki Subzone
12 (c. 30 cm below top)-l4: Mudstone with 

a harder calcareous band near the middle 
and at its top. Caenisites present in the 
upper part of Bed 12 and in Bed 15, 
including C. cf. brooki. This includes 
the brooki Biohorizon. 2.5

Semicostatum Zone, Sauzeanum Subzone 
1-12 (part): Mudstone with several harder 

silty bands in the lower part forming 
reefs in the centre of the bay, and with 
scattered calcareous lenticles and some 
bands o f  nodules. Arnioceras com m on  
at several levels including Bed ?7 and 
Bed ?6, the latter with Arnioceras cf. 
semicostatum, with Euagassiceras 
sp. also present. Paramioceras spp. 
is also recorded by Howarth (2002) 
as Coroniceras (Arietites) alcinoe.
Probably includes the cf semicostatum 
Biohorizon. 11 +

The Lower Lias succession in Robin Hood’s Bay 
includes the stratotypes o f the Calcareous Shale, 
Siliceous Shale, Pyritous Shale and Ironstone 
Shale members o f the Redcar Mudstone 
Formation o f Powell (1984). The Calcareous 
Shale Member is dominated by medium-grey 
mudstones, although lower levels are more silty 
and have scour hollows, now commonly infilled 
by siderite-cemented mudstone. Occasional 
shell beds are usually o f Gryphaea, which 
otherwise is virtually absent from the mud
stones; the thicker shell beds, up to 0.15 m 
thick, are typically o f broken but unworn 
material. The overlying Siliceous Shale Member 
contains abundant very fine-grained quartz sand 
as thin layers and scour fills. The muddy sand 
units form prominent foreshore scars (Figure 
6.8) in the northern and southern parts o f the 
bay, dependent on their thickness and degree o f

257



The Cleveland Basin

Figure 6.8 Cliff and foreshore exposures of the Redcar Mudstone Formation in the southern part of Robin 
Hood’s Bay. The level foreshore in the foreground exposes mudstones of Simpsoni Subzone age and the base 
of the Oxynotum Subzone is immediately above the conspicuous bipartite bed in the middle distance (the 
‘Double Band’ of Tate and Blake, 1876; Bed 43 of Hesselbo and Jenkyns, 1995). The cycles visible in the lower 
part of the cliff behind are in the upper part of the Siliceous Shale Member, of Raricostatum Zone age. They 
are overlain by darker and more homogenous mudstones of the Pyritous Shale and Ironstone Shale members, 
of Jamesoni Zone age, which are exposed in the upper part of the buttress towards the left of the picture. 
(Photo: K.N. Page.)

cementation. A series o f coarsening-upward 
cycles are developed at this level, as described by 
Sellwood (1970, 1972), although they are not 
always clearly discemable in the sections (Knox 
et a l., 1990; Hesselbo and Jenkyns, 1995). 
Benthic faunas are most abundant in the more 
sandy horizons at the top o f the cycles and 
include abundant trace fossils, such as 
Teichichnus, Rbizocorallium , Opbiomorpha, 
Diplocraterion  and Chondrites, and burrowing 
bivalves such as Gresslya, Pboladomya, and 
Pleuromya (Scrutton, 1996). The sandy floors 
o f some scour hollows may be capped with a 
thin layer o f dark clay, beneath which sometimes 
occur articulated remains o f asteroids, ophi- 
uroids, echinoids and the crinoid Hispidocrinus 
scalaris (Simms, 1987). The sideritic concre
tions, which firequendy lie above this clay layer, 
tend to be almost barren.

Within the Siliceous Shale Member ammonites 
tend to occur in discrete nodule bands within 
the mudstones, particularly towards the base o f 
the cycles, although most specimens are small.

Larger specimens, some over 0.3 m in diameter, 
occur only rarely but typically are found towards 
the top o f the sandy horizons. In only the 
Raricostatum Subzone are crushed ammonites 
abundant in the shales. The resilient guards o f 
belemnites are common in some o f the sandy 
horizons, though also occurring in the ammonite
bearing nodule bands. Bivalves occur scattered 
throughout the mudstones.

The overlying Pyritous Shale Member 
comprises dark-grey and black pyritic mud
stones that span the Sinemurian-Pliensbachian 
boundary, although they appear to be mainly o f 
early Pliensbachian, Tayiori Subzone age. Scour 
fills are developed only near the base and top. 
The benthic fauna includes thin-shelled bivalves, 
but ammonites and belemnites also occur 
though they are only common near the base 
o f the unit, across the stage boundary. 
Bioturbation is common, especially as pyritized 
Chondrites but also including Rhizocorallium, 
Opbiomorpha and Teichichnus. At higher levels 
large Apoderoceras occur occasionally.
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The Ironstone Shale Member is well exposed 
in the cliffs and foreshore north o f Bay Town 
and comprises variously silty, and locally sandy, 
horizons producing a distinctive light and dark 
banding. This is especially evident in the lower 
part o f the unit, comprising the Polymorphus, 
Brevispina and Jamesoni subzones, which led to 
van Buchem and McCave (1989) referring to this 
part o f the succession as the ‘Banded Shales’ 
(Hesselbo and Jenkyns, 1995). The lighter 
bands are coarser grained, more carbonate-rich, 
have less organic material and a more diverse 
benthic assemblages than the dark bands 
(Sellwood, 1972; van Buchem and McCave, 
1989; van Buchem et a l., 1992, 1994). The 
fauna o f the paler bands includes Pinna , 
Gryphaea and pectinids, with more scattered 
and thin-shelled bivalves in the darker bands 
(Tate and Blake, 1876; Sellwood, 1972). The 
organic matter fraction is much more uniform in 
size and shape than that from the paler layers. 
Both contain woody material and palyno- 
morphs, but the darker layers have a much lower 
abundance o f plant-tissue fragments (van 
Buchem and McCave, 1989). Above the Banded 
Shales, the Ironstone Shale Member contains 
numerous concretionary siderite layers and also 
much pyrite dispersed through the mudstone. 
Towards the top there are silt and fine-sand 
layers, sand-filled scours and shell beds, with 
several coarsening-upward cycles from 2 m to 
10 m in thickness. The upper part o f the 
member shows a return to finer-grained sedi
mentation but with coarsening-upwards cycles 
passing into those in the overlying Staithes 
Sandstone Formation (Hesselbo and Jenkyns,
1995) . The middle part o f the Ironstone Shale 
Member, corresponding roughly to the Ibex 
Zone, is particularly rich in Pinna, which often 
occur in life position but are also found current- 
sorted and lying parallel to bedding planes. The 
shales and silts o f the higher levels o f the 
member show common bivalves, including 
Pseudopecten, Pleuromya and three horizons o f 
current-sorted Gryphaea (Scrutton, 1996). At 
around this level, in Bed 21 o f Phelps (1985), 
there is a 0.1 m-thick bed o f composite sideritic 
nodules with chamositic ooliths preserved in 
burrow fills; this is the lowest level in the 
Jurassic sequence o f the Cleveland Basin where 
an oolitic ironstone is developed (Scrutton,
1996) . The transition to the overlying Staithes 
Sandstone Formation is gradual but is taken at 
the level o f the Oyster Bed, a distinctive 0.3 m-

thick shell bed that can be traced across the 
Lower Jurassic outcrop o f the Cleveland Basin.

Offshore exposures may extend down to the 
base o f the Hettangian Stage (see later discussion) 
but the lowest faunas proven in situ in the bay 
probably indicate the Sauzeanum Subzone. 
They include ?Euagassiceras sp. (Bairstow in 
Sylvester-Bradley, 1953) and Amioceras ex gr. 
semicostatum. Dean et al. (1961) figured a 
specimen o f Agassiceras scipionianum from here 
but this may have come from a loose block. 
Subdivision o f the overlying T\imeri Zone is 
unclear, although Caenisites sp. cf. brooki is 
present around the levels o f beds 12-14, 
indicating the Brooki Subzone. Microderoceras 
birchi has also been collected towards the top o f 
Bed 14 (Howarth, 2002), and the earliest 
Promicroceras in Bed 17 probably indicates the 
higher part o f the Birchi Subzone, as in Dorset 
(Page, 1992). The Obtusum and Stellare sub
zones are indicated by characteristic species o f 
Asteroceras and related taxa between Bed 22 
and the lower part o f Bed 33. Eparietites spp. 
range through beds 33 to 37 and indicate the 
Denotatus Subzone, with the incoming o f 
Oxynoticeras simpsoni (including the holotype 
re-figured by Buckman, 1909-1930, figs 66A,B; 
Dean et a l., 1961, pi. 67, fig. 4) at the top o f Bed 
38 marking the base o f the Oxynotum Zone, 
Simpsoni Subzone (Page, 1992). Oxynoticeras 
ex gr. oxynotum in the lower part o f Bed 44 
indicates the Oxynotum Subzone. References 
to the faunas o f the Raricostatum Zone are 
present in Getty (1973), Page (1992, 1994b) 
and Dommergues and Meister (1992) although 
the basal fauna o f the Densinodulum Subzone, 
with Plesechioceras delicatum  is not yet 
recognized here. Consequendy the base o f 
the Raricostatum Zone is drawn provisionally 
at the first occurrence o f Crucilobiceras 
densinodulum in Bed 53.

The Raricostatum Zone and the Taylori 
Subzone (basal Pliensbachian) have been an 
important source o f specimens of Eoderoceratid 
and related ammonites, including many type 
specimens o f Simpson, S.S. Buckman and 
others. In the Pliensbachian Stage these 
have been assigned mainly to the genus 
Apoderoceras, but in the Sinemurian Stage a 
variety o f Eoderoceras spp. are known and are 
particularly common in the upper Raricostatum 
Zone, cf. intermedium  Biohorizon, and are 
locally common in the earlier part o f the 
Aplanatum Subzone. The former level was an
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important source o f figured specimens, such as 
Eoderoceras aff. armatum  (Wright, 1878-1886, 
pi. 28, figs 1-5) and E. aculeatum  (Simpson, 
1855, pi. 30, figs 1-7). Rarer forms which have 
not been stratigraphically well-located include 
the late schlotheimiids Cbarmasseiceras and/or 
Angulaticeras mentioned by Tate and Blake 
(1876) and Spath (1925d). Elsewhere in Britain 
this genus is most common in the T\irneri Zone, 
Denotatus Subzone and especially Oxynotum 
Subzone (Hollingworth eta l.y 1990). Its probable 
descendant, or at least related taxon, is Phrico- 
doceras in the Lower Pliensbachian Substage, 
which is similarly rare.

This Sinemurian sequence in Robin Hood’s 
Bay has yielded many type specimens o f strati- 
graphical importance, including the zonal and 
subzonal index specimens Amioceras semi- 
costatum (Young and Bird, 1828), Eparietites 
denotatus (Simpson, 1855), Oxynoticeras 
simpsoni (Simpson, 1843) and Paltechioceras 
aplanatum  (Hyatt, 1889), with the additional 
biozonal index specimens Asteroceras blakei 
(Spath, 1925e), Aegasteroceras sagittarium  
(Blake in Tate and Blake, 1876), Gagaticeras 
exortum  (Simpson, 1855) and G. gagateum 
(Young and Bird, 1828). The area has interna
tional stratigraphical importance, as including 
provisional stratotypes for the Denotatus, 
Simpsoni and Aplanatum subzones and the 
Oxynotum Zone and the stratotypes, by original 
definition, o f the blakei s.s., sagittarium , cf. 
undariesy denotatus y exortum , gagateumy cf. 
intermedium  and aplanatum  biohorizons.

O f greater significance is the recognition o f one 
o f the most complete and expanded Sinemurian- 
Pliensbachian boundary sequences known in 
Europe. The boundary interval was first 
recognized by Dommergues and Meister (1992) 
who recognized a new species above the last 
Sinemurian Paltechioceras and below the first 
typically Pliensbachian Apoderoceras. The 
appropriate zonal, and hence stage, assignment 
o f this new form, Bifericeras donovani, was for 
long unclear (cf. Page, 1995), but is now estab
lished as earliest Pliensbachian in age by the 
confirmed co-occurence o f nuclei o f Apoderoceras. 
A multi-disciplinary assessment, combining sedi- 
mentological, geochemical, micro- and macro- 
palaeontological information, has led to the 
proposed designation o f the Wine Haven section 
as the Global Stratotype Section and Point 
(GSSP) for the base o f the Pliensbachian Stage 
(Hesselbo et a l.y 2000; Meister et a l.y 2003).

The only published account o f higher levels in 
the Jamesoni Zone is that o f Howarth (2002) 
based on extensive records made by L. Bairstow 
from the 1930s. The Ibex Zone to early 
Margaritatus Zone interval was re-described 
graphically by Phelps (1985) who included a 
complete re-assessment o f the ammonite faunas 
o f this interval and their assignment to a 
sequence o f zonules which could be applied 
throughout most o f north-west Europe. Wright 
(1878-1886) figured elements o f the Lower 
Pliensbachian faunas, and Spath (1938) provided 
a review o f part o f the fauna in his monograph o f 
Liparoceratid ammonites. The latter included 
several specimens from Robin Hood’s Bay, 
including Androgynoceras heterogenes var. 
gigaSy A. maculatumy Liparoceras heptangulare, 
and Oistoceras omissum. Most notable among 
the later Lower Pliensbachian holotypes o f 
Robin H ood ’s Bay are the subzonal index 
fossils Beaniceras luridum  and Androgynoceras 
maculatum.

Although many authors, most recently 
Howarth (2002), have figured and described 
ammonites from the Sinemurian and 
Pliensbachian sections exposed in the bay, few 
oilier elements o f die macrofauna have been 
investigated in recent years. Only the belemnite 
Pseudohastites scabrosus from the Jamesoni 
Zone o f North Cheek (Doyle, 1990-1992), the 
crinoid Hispidocrinus scalaris from the 
Oxynotum Zone o f the central part o f the bay 
(Simms, 1988, 1989), and the mis-identified 
serpulid Dentalium giganteum , common near 
the base o f the Staithes Sandstone Formation 
at Casde Chamber (Palmer, 2001) have been 
figured in recent publications.

Interpretation

The ammonite stratigraphy o f this site is well 
established. The lowest exposed beds in the 
bay have yielded forms indicative o f the upper 
Semicostatum Zone, but older strata may 
be exposed in the subtidal because pre- 
Semicostatum Zone ammonite taxa have been 
collected from beach material. However, there 
has been discussion as to whether these are 
derived from outcrops immediately offshore or 
from far-travelled glacial erratics derived from 
the till that forms much o f the cliffs at the back 
o f the bay. Persistent records from Robin Hood’s 
Bay, rather than any other localities, suggest a 
local source. Bairstow (1969) considered that
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the bay had eroded Into a dome and that it was 
unlikely that the offshore exposures extended 
much lower in the Sinemurian sequence. It 
seems unlikely that submarine erosion has 
reached the base o f the Lower Lias, which in the 
nearby Fisons’ No. 1 Borehole was about 90 m 
below the lowest beds at outcrop (Bairstow, 
1969).

The most notable o f the pre-Sinemurian taxa 
recorded from Robin Hood’s Bay is the type of 
the early Jurassic ammonite Psiloceras erugatum, 
collected from loose blocks on the beach. 
Recent studies o f basal Jurassic sections and 
sequences elsewhere in England, have shown 
this species to be the earliest typical Jurassic 
ammonite in Europe (Page and Bloos, 1998; 
Bloos and Page, 2000a). It characterizes an 
erugatum Biohorizon at the base o f the Planorbis 
Zone. Re-examination o f the Staithes Borehole 
has confirmed that P. erugatum is present in 
situ in the district in typical concretionary 
preservation, thereby supporting the case for a 
local source for the beach material. Yonger 
faunas are also present as derived material in 
the till at Robin Hood’s Bay and include 
evidence o f the Johnstoni Subzone (e.g. Caloceras 
belcheri and C. wrigbtf), both subzones o f 
the Liasicus Zone, the Angulata Zone (including 
Schlotheimia angulata) and probably the 
Bucklandi Zone. All may have a local source 
offshore, but derivation by ice transport from 
the extensive outcrops o f Hettangian strata that 
crop out on the northern flank o f the Cleveland 
Basin cannot be ruled out.

The boundaries between the members o f the 
Redcar Mudstone Formation are transitional 
and difficult to define precisely (Hesselbo and 
Jenkyns, 1995). The absence o f stratigraphical 
hiatuses means that the lithostratigraphical 
boundaries rarely coincide with ammonite 
zonal boundaries. Sedimentary cyclicity occurs 
throughout the Redcar Mudstone Formation. 
Van Buchem and McCave (1989) interpreted 
many o f the facies changes seen in terms o f four 
main depositional environments, essentially 
corresponding to four main facies units. They 
attributed the scours, silt and sand layers and 
shell beds o f the Calcareous Shale and Siliceous 
Shale members to deposition in a storm- 
dominated shallow marine setting. The Pyritous 
Shale Member, with its conspicuous concretionary 
horizons, was interpreted as a hemipelagic 
environment. The striking light and dark 
banding o f the lower part o f the Ironstone Shale

Member, which they termed the ‘Banded 
Shales’ , was attributed to deposition in a 
climate-dominated shallow marine setting. 
Finally, the interbedded sandstones, siltstones 
and mudstones o f the remainder o f the 
Ironstone Shale member was interpreted as 
evidence for a shallowing-upwards, pro-delta 
dominated, marine environment.

The silty lower beds o f the Calcareous Shale 
Member have been interpreted as evidence for a 
more proximal or shallower environment with 
greater storm influence on sedimentation than 
the higher parts o f the member (Hesselbo and 
Jenkyns, 1995). The presence o f shell beds in 
the higher parts has been interpreted to be the 
result o f winnowing on a sea floor just above 
storm wave-base (van Buchem and McCave, 
1989). The Siliceous Shale Member contains 
beds and scour fills o f sand: it represents a 
transition from proximal to distal storm beds 
in a shallow marine setting (Sellwood, 1972; van 
Buchem and McCave, 1989; van Buchem et a l.y 
1992). The coarser units were interpreted by 
Sellwood (1972) as the tops o f coarscning- 
upwards cycles, but Knox et al. (1990) inter
preted them as tempestites. The presence o f 
articulated echinoderms beneath thin inud 
drapes in some o f the scours suggests occasional 
re-suspension o f massive volumes o f sediment 
sufficient to bury these organisms to a depth 
beyond the reach o f bioturbating scavengers. 
Time-series analysis o f the conspicuous cycles 
in the Siliceous Shale Member did not detect 
any consistent pattern indicative o f Milankovitch 
cyclicity (van Buchem and McCave, 1989). The 
restriction o f ammonites largely to nodule 
bands, suggests that an ecological, or possibly 
diagenetic, factor has determined their distri
bution.

In the Pyritous Shale Member most o f the 
recorded benthic fauna comes from near the 
base and the top o f the member. This has led to 
the suggestion that the Siliceous Shale Member 
was followed by a relative rapid deepening o f 
the sea and more dysaerobic conditions 
(Sellwood, 1972; van Buchem and McCave, 
1989; Hesselbo and Jenkyns, 1995). Parkinson
(1996) recorded an increased uranium content 
in the Pyritous Shale Member, further evidence 
o f some degree o f anoxia in this part o f the 
succession (Wignall and Myers, 1988).

Van Buchem and McCave (1989) attributed 
the striking dark and light colour banding in the 
lower part o f the Ironstone Shale Member to the
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influence o f climatically driven variations in 
storm frequency related to Milankovitch cycles 
(van Buchem eta l., 1994). A similar explanation 
for the more-or-less time-equivalent Belemnite 
Marl Member in Dorset (Weedon and Jenkyns, 
1990) led Hesselbo and Jenkyns (1995) to 
suggest bed-by-bed correlations between the 
two members. Van Buchem and McCave (1989) 
suggested that each couplet represented about 
20 000 years, and that deposition took place in 
water depths o f about 70-100 m, at about storm 
wave-base. The sideritic nodule bands which 
give the Ironstone Shale Member its name were 
the subject o f investigation by Sellwood (1971), 
who concluded that the siderite was deposited 
close to successive sediment-water interfaces 
that represent minor non-sequences. Changes in 
the rate o f sedimentation produced the rhythmic 
alternations o f mudstone and siderite bands. 
Peaks in potassium, thorium and uranium 
contents in the middle o f the member were taken 
by Parkinson (1996) as evidence o f decreasing 
rates o f accommodation space creation associated 
with progradation. The upper part o f the 
Ironstone Shale Member becomes increasingly 
silty, with coarsening-upward cycles indicative o f 
shallowing, which continued into the Staithes 
Sandstone Formation above.

Hesselbo and Jenkyns (1995) compared the 
Robin Hood’s Bay succession with its correlative 
on the Dorset coast and attempted to account 
for the lithological differences. They found 
some evidence for correlating the coarser 
beds in the Redcar Mudstone Formation with 
calcareous mudstones in the Charmouth 
Mudstone Formation, and finer-grained beds in 
Yorkshire with laminated organic-rich mud
stones in Dorset, on the basis o f transgressive 
and regressive phases. The overall differences 
between the lithologies in the two basins were 
ascribed to a more proximal depositional setting 
for the Robin Hood’s Bay succession.

The Yorkshire succession is lithologically 
similar in part to that o f the Hebrides Basin. 
However, although broad-scale correlations 
between the facies units have been made on 
the basis o f sequence stratigraphy (Hesselbo 
and Jenkyns, 1998), stratigraphical refinement o f 
the Hebridean succession is not yet sufficient 
for more detailed correlation. In general the 
Sinemurian and Pliensbachian succession o f 
the Hebrides is developed in a still more 
proximal depositional setting than that o f 
Yorkshire.

Conclusions

The sections exposing the Redcar Mudstone 
Formation in the Normanby Stye Batts-Miller’s 
Nab (Robin Hood’s Bay) GCR site provide the 
most complete Sinemurian and Pliensbachian 
sequence in Britain. The fauna at this site has 
been little investigated compared with its Dorset 
counterpart but, nonetheless it is sufficiently 
well-documented for the section at Wine 
Haven, on the south side o f the bay, to be 
proposed as the Global Stratotype Section and 
Point (GSSP) for the base o f the Pliensbachian 
Stage. Robin Hood’s Bay also includes strato- 
types or potential stratotypes for numerous 
biohorizons, subzones and zones, and has yielded 
many type specimens o f invertebrate taxa, 
including stratigraphically important ammonites. 
This site contrasts with the correlative succes
sions in Dorset, which are more argillaceous 
and stratigraphically more interrupted. The 
differences have been attributed to deposition 
in more proximal environments at Robin Hood’s 
Bay.

CASTLECHAMBER TO MAW WYKE, 
NORTH YORKSHIRE 
(NZ 941 082-NZ 959 067)

KN. Page

Introduction

The cliff and foreshore exposures along the 
North Yorkshire coast between Castle Chamber 
and Maw Wyke, near Hawsker Bottoms, provide 
one o f the most complete Pliensbachian- 
Toarcian boundary sequences in Britain, and a 
continuous succession through the Staithes 
Sandstone, Cleveland Ironstone and Whitby 
Mudstone formations in the Pliensbachian and 
Toarcian o f the North Yorkshire coast. The 
succession here includes the type sections o f the 
Grey Shale and Mulgrave Shale members o f the 
Whitby Mudstone Formation, while the facies 
developments in the Staithes Sandstone and 
Cleveland Ironstone formations below are 
critical to understanding the sedimentary history 
o f the Cleveland Basin. The site is also the type 
locality for almost half o f the known British 
species o f amaltheid ammonites and has yielded 
indicator fossils for the basal Toarcian Paltus 
Subzone.
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The strata dip gendy west, unbroken by 
faults or folds, and represent a continuation 
from the succession exposed in the Normanby 
Stye Batts-Miller’s Nab (Robin H ood ’s Bay) 
GCR site to the south (Figures 6.6 and 6.9). The 
base o f the Upper Pliensbachian succession lies 
about 2 m above the floor o f Casde Chamber 
and progressively younger strata come down to 
shore level to the north-west. Highest beds

exposed in the site are at Maw Wyke where the 
upper part o f the Bituminous Shales o f the 
Mulgrave Shale Member is exposed on the 
shore. Still higher levels are exposed farther 
north but in the cliffs.

This section o f coast was well known to early 
geologists and was described by Phillips (1875) 
and Tate and Blake (1876). The latter publi
cation formed the basis for many subsequent

Figure 6.9 Outcrop map of the main lithostratigraphical units exposed on the foreshore between Robin Hood’s 
Bay and Hawsker Bottoms. After Knox et al. (1990).
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accounts o f the site. Further descriptions can be 
found in the [British] Geological Survey memoir 
for Whitby and Scarborough (Fox-Strangways 
and Barrow, 1882), although with some errors 
perpetuated in later memoirs (Fox-Strangways, 
1892; Fox-Strangways and Barrow, 1915). 
Herries (1906a,b) provided an account o f the 
succession, including a sketch section o f the 
cliffs and an outcrop map o f the shore. Further 
descriptions included those o f Buckman (1915) 
and Arkell (1933). Tate and Blake’s (1876) 
descriptions were not superseded until the Lias 
stratigraphy was revised in a series o f papers 
by Howarth (1955, 1962a, 1973). Wilson et 
al. (1934) traced aspects o f the variations in 
thickness o f the Upper Pliensbachian sequence, 
consisting o f the Staithes Sandstone Formation 
and Cleveland Ironstone Formation between 
Hawsker Bottoms and north-east o f Staithes, and 
Whitehead et al. (1952) discussed the petrology 
o f the ironstones. Howard (1985) revised the 
lithostratigraphy o f the Upper Pliensbachian 
sequence, based in part on the framework o f 
Powell (1984) and using Howarth’s (1955) 
bed numbers, but did not include a bed-by-bed 
re-description. A graphic log o f part o f the 
Pliensbachian succession, published by Phelps 
(1985), extended up into the base o f the 
succession here, while summary descriptions 
and logs o f the full sequence have been 
published by Hesselbo and Jenkyns (1995) 
(Figure 6.10). Powell (1984) proposed that 
the section near Hawsker Bottoms should be 
designated as stratotypes for the Grey Shale 
Member and Jet Rock o f the Mulgrave Shale 
Member, although clearly the latter should now 
be located at Port Mulgrave. He also proposed 
that the section from Hawsker Bottoms to 
Whitby Harbour be considered the stratotype for 
the Toarcian Whitby Mudstone Formation. The 
Toarcian sections at Hawsker Bottoms were 
referred to by Scrutton (1996), who noted that 
most o f the Alum Shale Member is exposed in 
the cliff. Elements o f the fauna from these 
higher levels are commonly found amongst 
fallen material on the beach. Reviews o f the 
sedimentology and petrology o f the Upper 
Pliensbachian succession are included in Hallam 
(1967a), Chowns (1968), Catt et al. (1971), 
Greensmith et al. (1980), Young et a l., (1990a) 
and Parkinson (1996).

The site has long been a rich source o f fossil 
material that was described by the early geologists, 
including Simpson (1855) and Tate and Blake

(1876), and in many other publications since, 
notably those o f Doyle (1990-1992) on the 
belemnites and Howarth (1958, 1962a, 1973, 
1992) on the ammonites. Almost half o f the 
known species o f amaltheid ammonite recorded 
in Britain were described originally from here 
and the site lends its name to the uppermost 
Pliensbachian ammonite Pleuroceras haws- 
kerense. The section is also an important source 
o f data contributing towards an understanding 
o f patterns and processes o f sedimentation in 
the Cleveland Basin. It has figured in discussion 
o f the origin o f the Cleveland Ironstone 
Formation (Young et al., 1990a).

Description

This section o f coast exposes a complete 
sequence through the local Upper Pliensbachian 
and Toarcian succession, consisting o f all or part 
o f the Staithes Sandstone, Cleveland Ironstone 
and Whitby Mudstone formations. The follow
ing section is based on information from 
Howarth (1955, 1962a, 1973) including faunal 
records from the Hawsker Bottoms area extracted 
from his more general records. Belemnite 
records from Doyle (1990-1992) are incorporated 
for the Grey Shale Member. Bed thicknesses and 
faunal details for the higher beds are those for 
the W hitby to Saltwick GCR site section, 
although Howarth (1962a) states that there is 
very litde thickness variation between these 
sites. The graphic log in Figure 6.10, although 
compiled independently by Hesselbo and 
Jenkyns (1995), does not differ substantially 
from the descriptive log below and the same bed 
numbers, o f Howarth (1955, 1962a, 1973) and 
Phelps (1985), are used.

Thickness (m)
LOWER TOARCIAN SUBSTAGE 
Whitby Mudstone Formation 
Alum Shale Member 
Main Alum Shale Beds (part)
51: Shale, seen on scar north-west of Maw Wyke 

Hole, above Bed 50. According to Howarth 
(1962a) no higher levels are exposed on the 
foreshore here.

Hard Shale Beds (NZ 942 083-NZ 940 085)
49-50: Shale with concretions, capped by a

0.13 m-thick red sideritic mudstone; lower 
part seen on the eastern side of Maw Wyke 
Hole and upper part in the scar a short 
distance north-west of Maw Wyke Hole. 
Belemnites (including Acrocoelites) and 
ammonites (Dactylioceras) present. Includes 
pan of the commune Biohorizon. 6.4
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Figure 6.10 The stratigraphy o f the Pliensbachian and Toarcian succession between Castle Chamber and 
Hawsker Bottoms. After Hcsselbo and Jenkyns (1995).
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Thickness (m)
Mulgrave Shale Member 
Bituminous Shales (NZ 942 083-NZ 947 081; 

partly covered by large boulders, with some 
levels only visible at low spring tides).

48: Ova turn Bed (or Band): Double row 
of large sideritic, concretions in grey 
shale well exposed from the cliff behind 
Pursglove Stye Batts north-westwards 
across the scar and into the east side 
of Maw Wyke Hole; Ovaticeras ovatum 
present and belemnites probably include 
Acrocoelites. Includes part of the 
ovatum Biohorizon. 0.25

47 (part): Shale, grey, bituminous, probably 
with Farapassaloteutbis, Acrocoelites, 
Odontobelus and Simpsonibelus.
Includes part of the ovatum 
Biohorizon. 0.75

Serpentinum Zone, Falciferum Subzone 
46-47 (part): Shale, grey, bituminous, with 

a 0.13 m sideritic mudstone at base, 
exposed on the western side of 
Pursglove Stye Batts. Belemnites 
probably include Farapassaloteutbis, 
Acrocoelites, Odontobelus and 
Simpsonibelus. 5

44-45: Shale, grey, bituminous, with row
of scattered concretions at base, partly 
covered by boulders; belemnites probably 
include Farapassaloteutbis, Acrocoelites 
and Simpsonibelus. Probably includes 
the falciferum  Biohorizon. 3.5

41-43: Shale, grey, bituminous, with a row 
of scattered pyrite-skinned concretions 
yielding abundant Pseudomytiloides near 
the middle (seen running north-south 
across Purs grove Stye Batts, about 80 m 
west of the Millstones). Harpoceras 
ex grp .falciferum, Youngibelus, Para- 
passalteutbis, Acrocoelites, Odontobelus 
and Simpsonibelus probably present.
Includes the mulgravium Biohorizon. 13.6

Jet Rock
Exaratum Subzone
40: Millstones: Giant lenticular calca

reous concretions, up to 4.5 m in 
diameter when seen from above, in 
grey bituminous shale; only poorly 
exposed here according to Howarth 
(1962a), with higher levels covered by 
boulders. Includes pan of the elegans 
Biohorizon. 0.3

39: Top Jet Dogger: Continuous band
of argillaceous limestone. Toarcibelus 
trisulculosus probably present.
Includes part of the elegans 
Biohorizon. 0.23

38: Shale, grey, bituminous, with occa
sional calcareous concretions, including 
a band 0.3 m above the base with 
Curling Stone-like nodules. Toarcibelus 
trisulculosus and T. ilminsterensis.
Includes part of the elegans Biohorizon. 1.5

37: Curling Stones: Calcareous concretions 
with pyritic skins and almost perfect 
spheroidal shapes, up to 45 cm in 
diameter, in grey bituminous shale.
Irregular lines of nodules, or "pseudo- 
vertebrae’, also occur at this level here. 
Cleviceras elegans, Phylloceras betero- 
pbyllum and probably also Dactylioceras 
sp., Toarcibelus trisulculosus and T. 
ilminsterensis present. Includes part 
of the elegans Biohorizon. 0.3

36: Shale, grey, bituminous. Toarcibelus
trisulculosus and T. ilminsterensis. 1.1

35: Whalestones: Large ovoid calcareous
concretions up to 3 m long and 1 m thick, 
with many smaller concretions, in grey 
bituminous shale. Cleviceras exaratum 
common, with less frequent Harpoceras 
serpentinum, Hildaites murleyi, H. forte, 
Phylloceras beteropbyllum, Lytoceras 
nitidum and probably also Dactylioceras 
sp., Toarcibelus trisulculosus and T. 
ilminsterensis. Elegantuliceras cf. elegan- 
tulum also recorded at Hawsker Bottoms 
by Howarth (1962a, as E. rugulatum, 
but not in 1992). Corresponds to the 
exaratum Biohorizon. 0.9

34: Shale, grey, bituminous, with frequent 
calcareous concretions. Elegantuliceras 
elegantulum frequent, Harpoceratoides 
sp. (reported by Howarth, 1962a), also 
Toarcibelus trisulculosus and T. ilm in
sterensis. Includes part of the elegantulum 
Biohorizon at Port Mulgrave. 2.6

33: Cannon Ball Doggers: Spherical calca
reous concretions up to 0.18 m in 
diameter, with common well-preserved 
Elegantuliceras elegantulum (including 
macro- and micro-conch forms) and rare 
Harpoceratoides sp. reported by Howarth 
(1962a). This horizon is well exposed 
near Hawsker Bottoms but conspicuous 
due to round holes in the beach platform, 
where the actual nodules have been 
removed by collectors. This includes 
part of the elegantidum Biohorizon. 0.15 

Grey Shale Member
Tenuicostatum Zone, Semicelatum Subzone 
32: Shale, grey, with occasional flat calcareous 

nodules and some shell beds, including 
near top, with crushed TUtoniceras anti
quum (including the lectotype figured by 
Howarth, 1992, text-fig. 13). Also Orthodac
tylites semicelatum, Passaloteuthis bisulcata 
and Posdonia radiata. Corresponds to the 
antiquum Biohorizon. 1.85

28-31: Shale, grey, with three bands of large
calcareous concretions, including a double 
row at the base, which are often pyritic 
and contain well-preserved Ortbodactylites 
semicelatum and large belemnites (P. bisul
cata). Menegbiniceras lariense in Bed 31 
(Howarth, 1976). Probably corresponds 
to the semicelatum Biohorizon. 3.53
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Thickness (m)
Tenuicostatum Zone, Tenuicostatum Subzone 
20-27: Shale, grey, with several bands of small 

calcareous nodules and a double band of 
large calcified lenses, weathering red, at 
the base. Well-preserved Orthodactylites 
tenuicostatum (including the neotype 
figured by Buckman, 1909-1930, pi. 57; 
see also Dean et al., 1961, pi. 72, %  i) 
occur in small nodules but generally 
this level is obscured beneath boulders 
on the beach at Hawsker Bottoms. 
Passaloteutbis bisulcata probably also 
present. Corresponds to the tenui
costatum Biohorizon. 2.72

Tenuicostatum Zone, Clevelandicum Subzone 
19c: Shale, grey. 0.8
19b: Shale, grey, including a band of red-

weathering lenticles with Ortbodactylites 
clevelandicum. Corresponds to the 
clevelandicum Biohorizon. 0.05

19a: Shale, laminated and bituminous (Bed 
19 is the probable source of Passalo- 
theutbis bisulcata, P. milleri and 
Pseudobastites longiformis in Doyle 
(1990-1992, text-fig. 3)). 0.41

18: Shale, grey with small calcareous concre
tions. Ortbodactylites crosbeyi and 
Passalotbeuthis bisulcata. Corresponds 
to the crosbeyi Biohorizon. 0.38

Tenuicostatum Zone, Paltus Subzone 
4-17: Shale, grey, with six bands of calcareous 

and sideritic concretions. Some 
belemnites and bivalves present, including 
Passalotbeuthis bisulcata, P. milleri 
and Pseudobastites longiformis. 5.42

3c: Band of sideritic, calcareous mudstone 
with rare Protogrammoceras paltum 
(Buckman), Dactylioceras sp. and also
P. bisulcata (=  Bed 45, part, of Howarth,
1955). This is the lowest typical Toarcian 
fauna in the region, corresponding to the 
paltus Biohorizon. 0.08

UPPER PL1ENSBACH1AN SUBSTAGE 
1-2 (= part of Bed 45 of Howarth, 1955): Shale, 

grey. Lytoceras sp. recorded at Kettleness. 
Doyle (1990-1992) records Passalo
teutbis bisulcata, Pseudobastites 
longiformis and Parapassaloteutbis 
zieteni in the district. c. 1.15

43 (part)-44 (of Howarth, 1955): Limestone, 
nodular, red-weathering, with Pseudo- 
pecten and other bivalves in upper 
part and bituminous shale of the 
Sulphur Band at the base. 0. 58

Cleveland Ironstone Formation 
Kettleness Member
Spinatum Zone, Hawskerense Subzone, Hawskerense 
Zonule
43 (part): Shale, grey, with calcareous nodules

yielding Pleuroceras hawskerense. 0.3
42: Ironstone, red, with irregular top and nests 

of Tetrarbyncbia tetrabedra, and bivalves, 
with Pleuroceras hawskerense. c. 0.12

40 (part)-41: Sandstone, calcareous, forming 
the top of Hawsker High Scar (0.45 m), 
with shale below, in part sandy. c. 1.7

Elaboratum Zonule
39-40 (part): Ironstone (c. 0.08 m thick), irre

gular, with shale and siltstone above (0.15 m 
thick) yielding Pleuroceras elaboratum and 
Amauroceras ferrugineum. 0.23

38: Shale and siltstone with occasional
ferruginous concretions. 2.1

37: Ironstone, forming the base of Hawsker 
High Scar, with Pleuroceras apyrenum,
P. hawskerense, P. elaboratum,
Amauroceras ferrugineum, A. lenticulare 
and Pseudoamaltbeus engelbardti. 0.08

35-36: Shale with ironstone band (0.1 m 
thick) below containing Pleuroceras 
elaboratum. 0.4

34: Shale with band of scattered calcareous
concretions near the middle. 1.35

33: Ironstone with abundant bivalves and
Pleuroceras paucicostatum (the holotype 
being from here; Howarth, 1958, pi. 6, 
figs 6-9), P. apyrenum, P. elaboratum, 
Amauroceras ferrugineum, A. lenticulare 
and Amaltbeus reticularis. 0.15

Apyrenum Subzone, Solare Zonule 
28-32: Shale and siltstone with two bands 

of ironstone below and a band of 
calcareous nodules in the upper part. 
Pseudopecten equivalvis present.
Pleuroceras apyrenum  in Bed 30. 3.75

25-27: Pecten Seam. Ironstone, oolitic, in two 
bands with shale between. Pleuroceras 
ex grp. solare (including the neotype;
Howarth, 1958, pi. 5, fig. 1), P. solare var. 
solitarium, Amaltbeus aff. margaritatus 
and A. laevigatus Howarth (holotype from 
Bed 25; Howarth, 1958, pi. 4, fig. 1). 0.43

Non sequence -  Transiens and Salebrosum zonules 
absent
Penny Nab Member
Margaritatus Zone, Gibbosus Subzone
24: Shale. 0.5
23: Raisdale Seam (=  Two Foot Seam in

Howarth, 1955): Ironstone. 0.1
21-22: Shale with siltstone above and sandy 

concretions and sandy streaks in upper 
1.5 m. Defined base of subzon^ 
corresponds to base of Bed 21 para- 
stratotype (Howarth, 1992). 4.95

Subnodosus Subzone
20: Avicula Seam: Ironstone with central

shale parting. Amaltbeus subnodosus. 0.4
19: Shale and siltstone with scattered

calcareous concretions and Amaltbeus 
subnodosus, A. striatus and A. marga
ritatus 0.45 m above base. Bed 19 or 
20 yielded Amaltbeus gloriosus (Howarth,
1958, pi. 3, fig. 3). 5.0

18: Osmotherley Seam: Ironstone. The
defined base of the subzone corresponds 
to the base of the bed parastratotype in 
Howarth (1992). 0.15
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Thickness (m)
Stokesi Subzone, Nitescens (?part) and Celebratum 
zonules
17: Shale with scattered calcareous concretions. 2.1 
Staithes Sandstone Formation 
14-16: Double band of sandy ironstones with 

Amaltheus stokesi separated by sandy 
shale and siltstone. Nests of Protocardia 
truncata in upper ironstone. 0.8

Nitescens Zonule, ?part
12-13: Ironstone, thin, red (c. 0.08 m thick), over- 

lain by thick sandy shale and siltstone with 
scattered calcareous concretions. Amaltheus 
stokesi, A. wertberi frequent, A. bifurcus 
(holotype from 1.7 m from top of Bed 13; 
Howarth, 1958, pi. 1, fig. 6) and rare Proto- 
grammoceras nitescens (possibly including 
the holotype from here or near Staithes 
re-figured by Howarth, 1992, pi. 4, fig. 4, 
and probably also the holotype of P. geome- 
tricum , pi. 4, fig. 2 and pi. 5, fig. 2). 5.6

Occidental and Monestieri zonules 
8-11: Sandstone and sandy shale and siltstone, 

with a basal band of calcareous concretions 
rich in Protocardia truncata. 1.8

1-7: Shale, sandy, with sandstone band and red 
calcareous concretions in lower part, with 
some bands rich in Grypbaea and other 
bivalves. Amaltheus stokesi and A. 
bifurcus in Bed 1. Defined base of Stokesi 
Subzone corresponds to the base of 
Bed 1 parastratotype (Howarth, 1992). 5.2

LOWER PLIENSBACHIAN SUBSTAGE 
Davoei Zone, Figulinum Subzone, Figulinum Zonule 
62-65 (of Phelps 1985) (=  beds ii-v of Howarth, 

1955): TWo bands of red calcareous concre
tions separated by sandy shale and siltstone, 
with Oistoceras figulinum , O. curvicome 
and a form transitional to Amaltheus bifurcus 
(Phelps, 1985) in the upper band and O. 
figulinum  in the lower band. 0.45

Angulatum Zonule
59-61 (=  Bed i): Sandstone, hard, ferruginous,

forming the floor of Casde Chamber. c. 2.15 
49-58: Siltstone with concretionary bands

in upper pan and mudstone with ferru
ginous concretions near base. Oistoceras 
angulatum (including a form transitional 
from Aegoceras crescens) and Liparoceras 
divaricosta present in beds 49-51, with 
Oistoceras langulatum and O. sp. in 
beds 54-55 (thicknesses estimated from 
Hesselbo and Jenkyns, 1995). c. 6.4

Capricomus Subzone, Crescens Zonule 
46-48: Siltstone with some ferruginous

concretions, including as a basal band. 
Aegoceras crescens present, including 
forms transitional from A. capricomus 
below and transitional to Oistoceras 
angulatum above (thickness estimated 
from Hesselbo and Jenkyns, 1995). c. 1.6 

Capricomus Zonule
42-45: Siltstone with a band of ferruginous 

nodules and concretions. Aegoceras 
capricomus present (thickness estimated 
from Hesselbo and Jenkyns, 1995). c. 1.3 

41: Oyster Bed: Ferruginous concretionary
band. Aegoceras ?capricomus. 0.2

The lower part o f the Staithes Sandstone 
Formation is exposed in and around Castle 
Chamber (Figure 6.9). The base o f the forma
tion is taken at the distinctive ferruginous shelly 
sandstone o f the Oyster Bed. The formation 
here is about 25.8 m thick and dominated by silt- 
stones with some mudstone units near the base 
and fine sandstone around the middle. Small- 
scale coarsening- and fining-upward cycles are 
evident. Most units are bioturbated, but some 
preserve hummocky cross-beds, wave ripples or 
gutter casts. Ironstone nodules are common at 
certain levels in the lower part o f the formation 
and were noted by Parkinson (1996) as having 
anomalously high thorium-potassium ratios. 
Calcareous nodules occur at several levels 
towards the top o f the formation.

The position of some o f the lithostratigraphical 
boundaries has been the subject o f some discus
sion. Cope et al. (1980a) placed the base o f the 
Cleveland Ironstone Formation at the base o f Bed 
14, but Powell (1984) placed it at the base o f Bed 
12, and Howard (1985) placed it at the base o f 
Bed 17 (Figure 6.10), a shale with scattered clay 
nodules, which is the position adopted in this 
account. The formation is 25.4 m thick and 
dominated by metre-scale coarsening-upward 
cycles o f light to dark mudstones and siltstones 
with ironstone nodules common at some 
levels and with several thin (<  0.3 m thick) but 
continuous ironstone bands at the tops o f the 
cycles. Unlike the ironstone bands at the top o f 
the cycles at Staithes (Myers, 1989), only the 
Pecten Seam shows a significant increase in 
thorium-potassium ratios (Parkinson, 1996). 
Some o f the nodules and ironstone beds are 
richly fossiliferous and this locality has yielded 
more species types o f amaltheid ammonite than 
any other site. These include Amaltheus bifurcus 
from Bed 13; possibly A. striatus from Bed 19; 
Amaltheus laevigatus, Pleuroceras solare and P. 
solare var. solitarium  from Bed 25; Amaltheus 
reticularis and Pleuroceras paucicostatum from 
Bed 33; Amouroceras ferrugineum, Pleuroceras 
birdi and possibly Amouroceras lenticulare 
from Bed 33 or Bed 37; Pleuroceras bawsker- 
ense transient elaboratum from Bed 40; and P. 
hawskerense from Bed 42 (Howarth, 1958). The 
silty mudstones o f Bed 21 at Far Jetticks yielded 
the holotype o f the crinoid Balanocrinus soleno- 
tis (Simms, 1989). Morgans (1999) examined 
calcitized and pyritized driftwood from the 
Penny Nab Member at this site, finding evidence 
for a seasonally wet and dry climate.

268



Castlechamber to Maw Wyke

The base o f the Whitby Mudstone Formation 
was placed at the base o f Bed 45 by Powell 
(1984), and around the middle o f Bed 43 by 
Cope et al. (1980a) and by Hesselbo and 
Jenkyns (1995); the latter is the postion adopted 
in this account. Towards the middle o f Bed 
43 (Howarth, 1955) is a finely laminated shale, 
taken to represent the Sulphur Band. The lowest 
0.3 m o f Bed 43 is a sandy mudstone (Howarth, 
1955).

The lower unit o f the Whitby Mudstone 
Formation, the Grey Shale Member, is 13.3 m 
thick and consists o f silty, micaceous, pyritic, mud
stone with bands o f typically small calcareous 
concretions, which tend to be more sideritic and 
weather a red colour in the lower part o f the 
sequence, passing into laminated shales above. 
Ripple-laminated siltstones are also present in 
the lower part o f the sequence. Howarth (1973) 
recognized that the general sequence o f beds 
within the member is remarkably constant, in 
terms o f lithology and fauna, throughout the 
coastal sections from Ravenscar to Port 
Mulgrave. Consequently he presented only a 
single composite section for the unit, but identi
fied the individual source localities o f the cited 
faunas. The first definite records o f Toarcian 
style ammonites, namely Protogrammoceras 
paltum  and Dactylioceras sp., are from Bed 3 o f 
the Grey Shale Member at Hawsker Bottoms 
(Howarth, 1973, 1992; =  Bed 45 o f Howarth, 
1955) and mark the base o f the Toarcian Stage in 
the Cleveland Basin. The type o f Tiltoniceras 
antiquum  was obtained from Bed 17 here or at 
Staithes. A single specimen of Meneghiniceras 
lariense recovered from Bed 31 represents the 
only known British occurrence o f this exclusively 
Tethyan juraphyllitid genus and is also strati- 
graphically younger than any other juraphyllitid 
in Britain (Howarth, 1976; Howarth and 
Donovan, 1964).

The base o f the overlying Mulgrave Shale 
Member is taken at a prominent bed, the 
Cannon Ball Doggers (Bed 33) (Powell, 1984). 
The Mulgrave Shale Member is remarkably 
consistent in thickness throughout its coastal 
exposure, with a figure o f 32.3 m (105 ft) cited 
by Howarth (1962a). It is dominated by oiganic- 
rich laminated shales with several distinctive 
bands o f often large calcareous nodules. The 
fauna is dominated by nektonic and planktonic 
taxa, particularly ammonites and belemnites. 
Rare remains o f teuthids, recorded as Geoteuthis 
by Tate and Blake (1876), also probably are from

the Mulgrave Shale Member here. Vertebrate 
remains have rarely been recorded from here. 
Benton and Taylor (1984) listed an example o f 
the ichthyosaur Leptopterygius acutirostris from 
an unspecified horizon, although examples o f 
this species from elsewhere have been recorded 
from the Mulgrave Shale and Alum Shale 
members.

Interpretation

The ammonite faunas o f the Upper Pliensbachian 
part o f the succession were described by 
Howarth (1955, 1958). They include proposed 
stratotypes, or parastratotypes, for the bases o f 
the Stokesi, Subnodosus, Gibbosus, Apyrenum 
and Hawskerense subzones and hence the 
Margaritatus and Spinatum zones themselves. 
The lectotype o f the subzonal index fossil 
Pleuroceras hawskerense (Young and Bird, 
1828) came from Hawsker Bottoms (Buckman, 
1923). Meister (1988) discussed further the 
evolution o f the Amaltheidae and figured a good 
selection o f specimens from Hawsker. Howarth 
(1955) proposed that the base o f the 
Hawskerense Subzone should be taken at the 
base o f Bed 38 o f die Cleveland Ironstone 
Formation at Hawsker. However, older faunas 
with Pleuroceras elaboratum  were considered 
by Dommergues et al. (1997) to characterize 
an Elaboratum Zonule in the lower part o f this 
subzone. Hence the base o f the Hawskerense 
Subzone should be drawn lower according to 
this latter scheme, probably at the base o f Bed 
33 according to records by Meister (1988). 
Ammonites characteristic o f the Solare Zonule 
are known from the Pecten Seam at Hawsker 
Bottoms, while the bed immediately below it 
near Staithes yields Amaltheus gibbosus (see 
Staithes to Port Mulgrave GCR site report), 
hence the base o f the Apyrenum Sybzone can be 
drawn at the base o f the Pecten Seam, Bed 25. 
However, information from France and elsewhere 
indicates that there are earlier Pleuroceras 
faunas, corresponding to the Transiens and 
Salebrosum zonules o f the Apyrenum Subzone 
(Dommergues et a l., 1997), that are not present 
in Yorkshire. The absence o f early Pleuroceras 
faunas in Yorkshire, including P. transiens 
which is known elsewhere in Britain on Raasay 
(Howarth, 1958), indicates a widespread non
sequence as already predicted on lithological 
and sedimentological grounds by Howard 
(1985).
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perhaps reflecting opposing directions o f sedi
ment progradation during the Penny Nab and 
Kettleness members. The thin laminated mud
stone o f the Sulphur Band has been attributed 
to eustatic sea-level rise. The influence of this 
becomes even more pervasive in the Mulgrave 
Shale and Alum Shale members which, except 
within the Peak Trough, show a remarkable 
uniformity o f thickness and facies development 
along the entire coast.

Conclusions

The coasdine between the Casde Chamber and 
Hawsker Bottoms area exposes a continuous 
section following on from that on the north side 
o f Robin Hood's Bay (Normanby Stye Batts- 
M iller’s Nab GCR site), extending from the 
base o f the Upper Pliensbachian Substage, 
through the Pliensbachian-Toarcian boundary, 
and well into the mid-Toarcian, encompassing 
the Staithes Sandstone Formadon, the Cleveland 
Ironstone Formation and the Whitby Mudstone 
Formadon. Facies developments in the Staithes 
Sandstone and Cleveland Ironstone formations 
here are fundamental to understanding the 
history o f sedimentation in the Cleveland Basin. 
The Toarcian section here complements that 
nearer Whitby, where the lower part o f the 
Toarcian succession is not exposed. The site is 
the location for the type populations o f almost 
half o f the known species o f amaltheid ammonite 
and hence is o f international importance for 
Upper Pliensbachian biostratigraphy.

MILLER’S NAB TO BLEA WYKE, 
NORTH YORKSHIRE 
(NZ 968 027-NZ 989 014)

K.N. Page

Introduction

The cliffs and foreshore o f the Miller’s Nab to 
Blea Wyke GCR site, located below the village o f 
Ravenscar, expose a Toarcian succession that is 
famous in Yorkshire and unique in Britain, being 
almost stratigraphically complete and in relatively 
expanded mudrock facies. The succession is the 
type locality for the higher subdivisions o f the 
Whitby Mudstone Formation in the Cleveland 
Basin, namely the Peak Mudstone and Fox 
Cliff Siltstone members, and the Blea Wyke

Sandstone Formation, comprising the Yellow 
Sandstone and Grey Sandstone members. 
The succession also has the most completely 
developed and expanded Lower-Upper Toarcian 
boundary sequence seen anywhere in Britain, 
and provides the only exposure in the basin 
where the Upper Toarcian succession is present 
beneath the unconformity at the base o f the 
Middle Jurassic Dogger Formation. This Upper 
Toarcian succession is absent from sites elsewhere 
along the Yorkshire coast, and the thickness 
and lithostratigraphy o f the Lower Toarcian 
succession also differs significandy from other 
Yorkshire coast sites, which has important 
implications for basin history. At Peak, on the 
south-east side o f Robin Hood’s Bay, the coast
line is cut by a major fault that juxtaposes 
Toarcian strata to the south against Sinemurian 
strata to the north (Figure 6.6).

The cliffs here are high and the beach platform 
narrow and boulder strewn, these factors being 
a significant hindrance to investigation o f the 
site (Dean, 1954; Rawson and Wright, 1995). 
Wright (1860b) was the first to describe the 
Upper Toarcian part o f the section, followed by 
Hudleston (1874). The description by Tate and 
Blake (1876) was based largely on Wright’s 
(1860b) account with only minor modification. 
Fox-Strangways (1892) described a section near 
Blea Wyke. Rastall (1905) and Herries (1906a) 
provided further descriptions o f the section, 
while Buckman’s (1915) account was largely a 
review o f earlier work. Davies (in Evans and 
Stubblefield, 1929) was the first to identify the 
position o f the Lower-Middle Jurassic boundary: 
this was followed by a description by Rastall and 
Hemingway (1939). These descriptions o f the 
site show significant variations in thickness and 
reflect the difficulties inherent in measuring the 
section.

Arkell (1933) and Sylvester-Bradley (1953) 
described the site briefly. Dean (1954) provided 
a detailed description o f the upper part o f the 
Toarcian Alum Shale Member and Howarth 
(1962a) described the beds between the Grey 
Shale Member and the Peak Mudstone Member. 
Hemingway et al. (1969) referred to the 
succession, and Knox (1984) established a 
formalized lithostratigraphical framework for 
the upper part, in part based on the scheme 
o f Powell (1984). This was correlated with the 
ammonite zonation o f Dean (1954). Hesselbo 
and Jenkyns (1995) used the same biostrati- 
graphical account. Rawson and Wright (1995)
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figured sections extending from the top o f the 
Grey Shale Member to the base o f the Peak 
Mudstone Member here. Doyle (1990-1992) 
described the complete succession, the only 
author to do so. He used the bed numbers o f 
Howarth (1962a) for the lower part o f the 
succession, but he re-numbered the higher beds 
found only at this site, making comparison with 
earlier descriptions difficult.

Decriptions o f the faunas are included in 
works by Simpson (1855), Buckman (1909- 
1930), Howarth (1992) and Doyle (1990-1992). 
Riding (1984b) reviewed the palynology o f the 
sequence using Knox's (1984) sections.

Description

At the northern end o f the site at Peak Steel 
the Peak Fault has a downthrow to the east o f 
about 150 m (Milsom and Rawson, 1989). The 
Staithes Sandstone Formation is exposed at 
low tide as a fault-bounded wedge on the north 
side o f the Peak Fault. The oldest strata exposed 
on the south side o f the fault are the top beds 
o f the Cleveland Ironstone Formation, equiva
lent to beds 43-44 o f the Hawsker Bottoms 
(Castlechamber to Maw Wyke GCR site) section. 
The Grey Shale Member is poorly exposed on 
the foreshore, with strata equivalent to beds 
12-27 o f other sites obscured by boulders. The 
lower part o f the Mulgrave Shale Member, the Jet 
Rock, is exposed on the shore with higher strata 
present in the cliff. A low southerly dip brings 
progressively younger strata to shore level 
between Peak Steel and Blea Wyke. Much o f the 
outcrop is obscured by beach deposits and cliff 
falls. At the southern end o f the site, the Blea 
Wyke Sandstone Formation forms part o f the 
headland o f Blea Wyke.

The following account is a composite 
based on several accounts. Notes on the Grey 
Shale Member follow  Howarth (1973), and 
descriptions o f the Mulgrave Shale and Alum 
Shale members are from Howarth (1962a, 
1992). Howarth (1962a, 1992) used roman 
numerals as bed numbers for this site (Figure 
6.12a,b) to distinguish the succession from the 
Whitby section. Dean's (1954) notes for the 
Upper Toarcian succession have been incorpo
rated into the lithostratigraphical framework 
established by Powell (1984) and Knox (1984) 
and his bed numbers have been used for all 
but the lowest five beds o f the Upper Toarcian 
Substage.

Thickness (m)
AALEN1AN STAGE (part)
Dogger Formation
? Opalinum Zone
Terebratula Bed: Sandstone, hard,

sideritic, with abundant phosphatic 
pebbles, derived from the Toarcian 
Stage below; with abundant Lobotyris 
triline at a, with Gresslya, Trigpnia, 
crinoidal and woody debris. Belemnites, 
in part at least derived from below include 
Acrocoelites pyramidalis, A. vulgaris,
A. levidensis, A. subtricissus, Brevibelus 
breviformis and Megateutbis rbenana.

UPPER TOARCIAN SUBSTAGE
Blea Wyke Sandstone Formation
Yellow Sandstone Member
Pseudoradiosa Zone, tLevesquei-Pseudoradiosa
subzones
82 (=  Bed 81 of Doyle): Sandstones, 

massive, yellow, fine grained, with 
scattered impersistent ferruginous 
layers; bivalves and brachiopods 
present, including Homeoeorbyncbia 
cynocephala, H. acuta, Lobotyris aff. 
triline at a, Gresslya sp., Gervillia 
tortuosa, G. lata, Modiolus sp.,
Oxytoma inaequivalvis, Pinna cuneata 
and THgonia striata, also Megateutbis 
rbenana. Ammonites reported by 
Dean include Dumortieria spp. (D. 
moorei, D. lata, D. alt. munda and 
D. cf. penexigua). Top surface of 
unit burrowed, with Skolitbos. 8 (26 ft)

Grey Sandstone Member 
IDispansum Zone
81 (=  Bed 80 of Doyle): Sandstone, 

grey, massive, with very uneven 
upper surface. Scattered ferruginous 
concretions, especially near top. 
Homeoeorbyncbia cynocephala,
H. acuta, Serpula deplexa, S. Icompressa, 
Oxytoma inaequivalvis, Aulacotbyris, 
Acrocoelites vulgaris, Simpsonibelus 
expansus, S. dorsalis, Brevibelus 
breviformis and Megateutbis 
glaber. 1.7 (5 ft 6 in.)

79-80 (=  beds 78-79? of Doyle): Sand
stone, grey, massive, forming part 
of the headland of Blea Wyke Point. 
Ferruginous hard band at base 
contains Pbylseogrammoceras 
dispansum, Hudlestonia affinis,
Lingula beani, S. deplexa and 
O. inaequivalvis. Upper 0.15 m 
is also ferruginous and rich in fossils, 
including S. deplexa, S. ?compressa,
Discinisca reflexa, Dentalium elon- 
gatum, Eryma birdi and many 
belemnites (from beds 78-79 of Doyle, 
these include Acrocoelites pyramidalis,
A. levidensis, A. subtricissus, Simpsoni
belus dorsalis and Megateutbis 
rbenana). 2 (6 ft 6 in.)
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Figure 6.12a The Lower Toarcian succession exposed at Blea Wyke. Based on Hcsselbo and Jcnkyns (1995) 
and Howarth (1962a).
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Figure 6.12b The Lower and Upper Toarcian succession exposed at Blea Wyke. Based on Hesselbo and 
Jenkyns (1995) and Howarth (1962a).
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Thickness (m)
70-78 (=  beds 58-77? of Doyle): Siltstone (?), 

grey, sandy, with ferruginous bands, and 
some concretions. Belemnites frequent, 
mainly in upper pan, including 
Acrocoelites pyramidalis, A. vulgaris,
A. levidensis, A. tncissus, Simpsonibelus 
expansus, S. dorsalis, S. lentus near base; 
Brevibelus breviformis, 8. cf. gingensis 
and Megateuthis rhenana near top.
Lingula beani and Serpula deplexa 
present. 6.3 (20 ft 6 in.)

Whitby Mudstone Formation 
Fox C liff Siltstone Member
60-69: Shale, grey, sandy, ferruginous above, 

with Lingula beani, Discinisca reflexa 
and Eryma birdi. 0.5 (1 ft 8 in.)

63-67: Shales, grey, sandy, with bands of
sandy ferruginous nodules. Phlyseogrammo- 
ceras dispansum, belemnites common 
(although no named species seem to 
be recorded by Doyle, 1990), Lingula 
beani first appears and Discinisca 
reflexa also present. 2.5 (8 fit 1 in.)

Thouarsense Zone, ?Fallaciosum Subzone 
59-62: Shales, typically micaceous and 

sandy, with two continuous bands 
of hard sideritic mudstone. 3.85 (12 ft 6 in.)

58: Grey micaceous shales with Pseudo- 
grammoceras latescens and many 
belemnites (probably close to beds 
31-37 of Doyle) including Acrocoelites 
inaequistriatus, S. expansus and S. 
lentus. 5.2 (17 ft)

Striatulum and Fascigerum subzones 
57: Ferruginous concretionary band, 

fossils abundant in places including 
Pseudolioceras boulbiense, Grammo
ceras sp. (recorded by Dean as G. 
cf. striatulum), Pseudogrammoceras 
(aff. doertense and ?aff. audax in Dean),
Ostrea subauricularis, Pseudomyti- 
loides sp., Camptonectes sp., Pecten 
disciformis. Oxytoma substriata 
and Venus tenuis. 0.23 (9 in.)

Peak Mudstone Member 
56: Shale, grey, micaceous, with

belemnites. 4.15 (13 ft 6 in.)
55: Sideritic nodule band. Ammonites 

include Pseudolioceras boulbiense, 
Grammoceras striatulum, G. cf. tbouar- 
sense and Lytoceras sp. bivalves 
abundant, including Oxytoma sub
striata, Ostrea sp., Pecten disciformis, 
Pseudomytiloides sp., Venus tenuis,
Act aeon? sp., Camptonectes sp., 
and Protocardia sp.. 0.15 (6 in.)

Variabilis Zone, ?Illustris-Vitiosa subzones to 
Thouarsense Zone, Bingmanni Subzone 
54: Shale, grey, micaceous, with abundant 

belemnites (probably equivalent to Bed 
19 of Doyle) with Acrocoelites tricissus, 
Simpsonibelus expansus, S. dorsalis 
and 5. lentus. 2.5 (8 ft)

53 (=  Bed 18 of Doyle?): Mudstone, 
sideritic, with uncrushed body 
chambers, and occasionally parts 
of other whorls, of large Podagrositesf 
Denckmannia (aff. bodei in Dean).
Ostrea subauricularis, Camptonectes, 
Acrocoelites levidensis, A. tricissus,
A. inaequistriatus, Simpsonibelus 
lentus also present. 0.08 (3 in.)

49-52: Shales, silty and micaceous, with
several nodular bands and large Haugia 
sp. (crushed); THgonia literata and Oxytoma 
substriata present. Belemnites include 
Acrocoelites levidensis, A. tricissus, A. 
subtricissus, A. inaequistriatus,
Simpsonibelus expansusy S. dorsalis,
S. lentus, Dactyloteutbis cf. venticosa, 
Brevibelus breviformiSy Megateuthis 
rhenana, M. glaber and AT.? longisulcata 
(probably close to beds 15-17 of 
Doyle). Probable horizon of c. 0.5 m 
length of articulated icthyosaur 
vertebrae (K.N. Page, unpublished 
observation, 1985). 2.4 (7 ft 9 in.)

?Variabilis Subzone
48: Shales, grey, silty and micaceous with 

THgonia literatay Haugia vaHablis 
(according to Dean), Pelecoceras sp. 
and Pbylloceras beteropbyllum. 0.9 (3 ft) 

45-47: Shale with nodule bands at top 
and bottom; Haugia (laige and 
fragmentary). 0.8 (2 ft 7 in.)

44b: Shale, grey, ?micaceous; Dean reported 
large Haugia (fragmentary), Pseudo
lioceras wbitbiensey THgonia literata 
and Gresslya donaciformis from an 
undivided Bed 44. 0.3

Alum Shale Member 
Cement Shale Beds 
43-44a: Shale, grey with band of large 

flattened nodules at base. Dean 
reported large Haugia (fragmentary), 
Pseudolioceras wbitbiensey THgonia 
literata and Gresslya donaciformis from 
an undivided Bed 44. Beds 43-48 of 
Dean (1954) probably equates to beds 
5-13 of Doyle (1990-1992) with Acrocoelites 
vulgaHSy A. tricissus, A. inaequistriatus, 
Simpsonibelus expansus, S. dorsalis,
5. lentus, Dactyloteutbis cf. venticosa, 
Megateuthis rbenana, M. glaber and 
M.? longisulcata. 1.6 (6 ft 4 in. for 43-44b) 

42: Shales with occasional nodules. Dean 
reported Lytoceras cornucopia and 
Haugia spp. (reported as H. beani and 
H. illustris, although these identifications 
may need revising). 0.8 (2 ft 6 in.)

39-41: Shale, grey, with nodule bands;
Dacromya ovum last appears at this 
level, Gresslya and Oxytoma substriata 
also present. 0.8 (2 ft 6 in.)

lviii (=  Bed 38 of Dean): Shale. Haugia 
sp., Catacoeloceras dumortieHy 
Pbylloceras beteropbyllum. 0.9 (3 ft)
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Thickness (m)
Ivii (=  Bed 37 of Dean): Band of calcareous 

nodules in grey shale. Oxytoma 
substriata and THgonia literata first 
appear at this level. 0.08 (3 in.)

liv-lvi: Shale with band of flat nodules or red 
limestone. Catacoeloceras durnorfieri,
C. crassum, Pseudolioceras boulbiense, 
Phylloceras beteropbyllum, and Acroco- 
elites levidensis. This corresponds to at 
least part of the Navis Zonule (=  Horizon) 
of Elmi et al. (1997). 1.9 (6 ft 1 in.)

LOWER TOARCIAN SUBSTAGE 
Bifrons Zone, Crassum Subzone 
xlviii-liii: Shale with bands of calcareous 

nodules. Catacoeloceras crassum,
Hildoceras semipolitum, Dacromya 
ovum, THgonia literata, Gresslya dona- 
ciformis, Acrocoelites levidensis, A. 
subtricissus, A. wrighti, A. inaequistriatus, 
Simpsonibelus dorsalis, Dactyloteuthis 
cf. venticosa, Megateuthis rbenana 
and M. glaber. This corresponds 
to part of the crassum-semipolitum 
Biohorizon. 2.5 (8 ft 1 in.)

xlv-xlvii: Shale with double row of large
concretions at base and band of small 
nodules at top. Catacoeloceras crassum, 
Hildoceras bifrons, Dacromya ovum,
THgonia literata, Gresslya donaciformis. 
Corresponds to part of the crassum- 
semipolitum Biohorizon. 1.3 (4 ft 1 in.)

Fibulatum Subzone 
xlii-xliv: Shale with many calcareous

concretions. Porpoceras ex grp. vortex, 
Hildoceras bifrons and occasional 
Pseudolioceras lythense and Harpoceras 
subplanatum. Dacromya ovum, Gresslya 
donaciformis, Acrocoelites pyramidalis,
A. vulgaHs, A. levidensis, A. tHcissus,
A. subtricissus, A. wHgbti, Simpsonibelus 
expansus, 5. dorsalis and Dactyloteuthis 
crossotela. The vortex Biohorizon extends 
down to the base of Bed xliv, around 1 m 
below the top. 3.1 (10 ft 1 in.)

xxxiii-xli (=  Whitby Beds 65-71 of Howarth 
1962a): Shale with bands of nodules and 
a 0.15 m-thick cementstone band at base; 
Hildoceras ex grp. bifrons, Pseudolioceras 
lythense, Acrocoelites pyramidalis, A. vulgaris, 
A. levidensis, A. tHcissus, A. subtricissus, A. 
inaequistriatus, Simpsonibelus expansus,
5. dorsalis, 5. lentus, Dactyloteuthis cf. 
venticosa, D. crossetela, Megateuthis rbenana, 
Af. glaber and Af? longisulcata, Dacromya 
ovum, Gresslya, Pseudomytiloides and 
pentacrinitid ossicles (in lower part). 4.6 (15 ft) 

Main Alum Shale Beds 
xxxii: Shale with many nodules; Hildoceras 

ex grp. bifrons, Pseudolioceras lythense, 
Acrocoelites vulgaris, A. tricissus,
A. inaequistriatus, Simpsonibelus 
expansus, 5. dorsalis, 5. lentus and 
Dacromya ovum. 2.0 (6 ft 6 in.)

xxxi: Band of large calcareous concretions 
in shale. Peronoceras subarmatum, 
Zugodactylites braunianus, Z. 
tbompsoni, Hildoceras ex grp. 
bifrons and occasional Pseudolioceras 
lythense. This corresponds to the 
braunianus Biohorizon. 0.15 (6 in.)

xxx: Shale with few nodules. Peronoceras 
fibulatum, />. perarmatum, Hildoceras 
ex grp. bifrons, Pseudolioceras lythense, 
Phylloceras beteropbyllum, Acrocoelites 
pyramidalis, A. vulgaris, A. tricissus,
A. subtricissus, A. inaequistriatus, 
Simpsonibelus expansus, 5. dorsalis 
and 5. lentus. 2.15 (7 ft)

xxix: Shale with many small nodules.
Peronoceras turriculatum common, 
also P. fibulatum and subarmatum,
Dacromya ovum, Gressyla donaciformis 
and Simpsonibelus expansus. This 
corresponds to the turriculatum 
Biohorizon. 0.9 (3 ft)

Commune Subzone
xxvii-xxviii: Shale with scattered nodules. 

Dactylioceras atbleticum common, 
with rare Hildoceras cf lusitanicum,
Dacromya ovum and Simpsonibelus 
expansus. Corresponds to the 
atbleticum Biohorizon. 1.4 (4 ft 6 in.)

xxvi: Shale with occasional nodules. Dacty
lioceras praepositum, Hildoceras 
ex grps lusitanicum or sublevisoni 
and Acrocoelites vulgaris. 1.28 (4 ft 3 in.) 

xviii-xxv: Shale with several bands of
nodules, including a level with large 
concretions at top and many small 
nodules between (Bed xxv). Dacty
lioceras commune common and 
occasional £>. tempera turn, with D. 
praepositum and £>. crassiusculum 
only recorded in Bed xxv. Hildoceras 
ex grp. sublevisoni and Phylloceras 
beteropbyllum also present. Dean 
recorded Frecbiella subcarinata 
in Bed xxi (his Bed 7) and Frecbiella 
sp. in Bed xviii (Bed 4). Dacromya 
ovum first appears in Bed xxii. Belemnites 
in Bed xxiv include Acrocoelites vulgaris,
A. subtricissus, A. inaequistriatus, 
Simpsonibelus expansus and 5. dorsalis. 
Corresponds to at least part of the 
commune Biohorizon. 12.6 (40 ft 11 in.)

Hard Shale Beds
xvi-xvii: Shale with band of large flat

nodules at top. Parapassaloteuthis 
robust a, Acrocoelites subtenuis and 
Simpsoniteutbis dorsalis. 4 (13 ft)

Mulgrave Shale Member 
xv: Ovatum Bed (=  Bed 48 at Whitby):

Double row of red-weathering large 
concretions with some pyritic masses, 
Ovaticeras ovatum, Dactylioceras sp., 
Phylloceras beteropbyllum. Corresponds 
to the ovatum Biohorizon. 0.35 (1 ft 2 in.)
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Thickness (m)
Bituminous Shales
Serpentinum Zone, Falciferum Subzone 
xii-xiv: Shale, grey, bituminous, with a band 

of red-weathering sideritic mudstone. 
Dactylioceras sp. and belemnites; 
Parapassaloteutbis robust a, P. polita, 
Acrocoelites subtenuis, A. pyramidalis 
(at top only), A. vulgaris, A. subtricissus,
A. inaequistriatus, Simpsonibelus 
dorsalis, Youngibelus tubularis and 
K simpsoni (latter two only 
near base). 13.7 (44 ft 7 in.)

xi: Peak Stones: Large lenticular
concretions, typically around 1.5 m 
diameter but sometimes latter, in grey 
shale with occasional Harpoceras ex grp. 
falciferum . They cap conspicuous 
pedestals of shale on the foreshore below 
Ravenscar and were termed the ‘fairy 
tables* by Bairstow and Hemingway 
(1961). 0.22 (9 in.)

viii-x: Shale, grey, bituminous, with scattered 
row of pyrite-skinned concretions 
with Pseudomytiloides just above 
the middle (=  Bed 42 at Whitby).
Harpoceras ex grp. falciferum ,
Dactylioceras spp. (including D. 
gracile) and rare Phylloceras hetero- 
phyllum and Lytoceras sp. present, 
though all typically crushed.
Hildaites sp. present in lowest 
1.5 m. 9.7 (31 ft 6 in.)

Jet Rock
Exaratum Subzone
vi-vii: Shale, grey with many flat concretions, 

capped by a level with occasional 
lenticular concretions, no more 
than 1.2 m in diameter; these are 
the Millstones (= Bed 40) of sections 
to the north-west. Harpoceras 
elegans present with Phylloceras 
beteropbyllum and Acrocoelites 
trisulcolosus. Corresponds to the 
elegans Biohorizon. 2.6 (8 ft 6 in.)

v: Shale, grey with paler calcareous
laminations weathers to form a small 
step on the scar. 0.22 (9 in.)

iv: Shale, grey, with numerous small
calcareous concretions and occasional 
large Whalestones (=  Bed 35 of sections 
to the north-west) up to 1.5 m long and 
0.6 m thick, with some jet; Harpoceras 
exaratum, Hildaites sp. and Elegantuli- 
ceras sp. present. Corresponds to the 
exaratum Biohorizon. 0.9 (3 ft)

iii: Shale, grey with paler calcareous
laminations. Weathers to form a small 
step on the scar. 0.3 (1ft)

ii: Shale, grey with many small calcareous
concretions. Elegantuliceras elegantulum, 
crushed, especially near base. Corresponds 
to the elegantulum Biohorizon. 1.85 (6 ft)

i: Shale, grey, with rare concretions. 2.45 (8 ft)

Grey Shale Member
Tenuicostatum Zone, Semicelatum Subzone 
28-32: Grey shale with occasional bands 

of calcareous nodules, well exposed 
below the base of the Jet Rock;
Dactylioceras semicelatum present.
According to Howarth (1973), beds 28 
and 30 were similar in lithology and 
thickness to the same levels farther 
north (e.g. Castlechamber to Maw 
Wyke and Staithes to Port Mulgrave 
GCR sites). No overall thickness recorded

Tenuicostatum Zone, Tenuicostatum, Clevelandicum 
and Paltus (part) subzones 
12-27: Obscured by

boulders. No overall thickness recorded.
Tenuicostatum Zone, Paltus Subzone (part)
3-11: Shale, grey with red-weathering

sideritic concretions exposed near Mean 
Low Water. Beds 3 and 5 were well 
exposed and similar in lithology and 
thickness to the same levels farther north 
(e.g. Castlechamber to Maw Wyke and 
Staithes to Port Mulgrave GCR sites).
No overall thickness recorded. Bed 3 
elsewhere yields the lowest typical 
Toarcian fauna in the region, e.g. at 
Hawsker Bottoms (Normanby Style 
Batts-Miller’s Nab GCR site) and at 
Kettleness.

UPPER PLIENSBACH1AN SUBSTAGE
Spinatum Zone, Hawskerense Subzone 
1-2: Shale, grey exposed near Mean Low

Water. Basal shales of Grey Shale Member 
probably also present as Cleveland 
Ironstone Formation is present below 
(e.g. equivalent to beds 43-44 at 
Hawsker Bottoms, see Normanby 
Style Batt»-Miller*s Nab GCR site 
report). No overall thickness recorded

Cleveland Ironstone Formation 
Kettleness Member
Seen below near Mean Low Water (Howarth, 1973).

The Toarcian Whitby Mudstone Formation 
contains relatively few marker beds. Beds o f 
sideritic or calcitic nodules, and a few more 
continuous beds occur throughout the succes
sion from the Grey Shale Member to the lower 
part o f the Fox Cliff Siltstone Member, but 
most are inconspicuous. The distinctive nodule 
bands in the Mulgrave Shale Member at the 
Castlechamber to Maw Wyke and Staithes to 
Port Mulgrave GCR sites are mosdy absent 
here, with only the Whalestones and the 
Millstones recognizable, though more poorly 
developed than farther north (Howarth, 1962a). 
An additional band o f large, circular, flattened 
nodules, the Peak Stones (Figure 6.13) is present 
and forms a conspicuous feature on the shore
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Figure 6.13 Concretions of the Peak Stones at least 1.5 m in diameter (Bed xi of Howarth, 1962a) in the 
Bituminous Shales of the Mulgrave Shale Member (Falciferum Subzone), on the shore below Ravenscar Hotel. 
(Photo: K.N. Page.)

where, perched on pillars o f shale, they form 
the ‘Fairy Tables* o f Bairstow and Hemingway 
(1961). The Ovatum Bed at the top o f the 
member also is well exposed but, between 
there and the base o f the Dogger Formation 
there are only two or three ferruginous bands 
in the Peak Mudstone and Fox Cliff Siltstone 
members that form useful markers. Phosphatic 
nodules occur in abundance at some levels in 
the Peak Mudstone Member, and continue up 
into the Fox Cliff Siltstone Member. Chamositic 
clay and ooliths first appear near the base o f 
the latter member. Knox (1984) identified five 
sedimentary cycles in the Upper Toarcian 
succession at Ravenscar. The first comprises the 
Peak Mudstone Member, its base marked by a 
sharp upward increase in silt and mica content, 
followed by a slow upward decrease in grain 
size. Cycles two and three, also fining upwards, 
are developed in the Fox Cliff Siltstone Member. 
An increase in grain size at the base o f the Grey 
Sandstone Member is followed by a (fourth) 
upward-coarsening cycle. The fifth cycle, repre
sented by the Yellow Sandstone Member, is also 
upward-coarsening.

The fauna o f the Toarcian succession is abun
dant and diverse at some levels. The ammonite 
assemblages from the lower part o f the succes
sion have been described by Howarth (1962a, 
1973, 1992), and those for the upper part by 
Dean (1954). This was the type locality for the 
zonal index fossil Grammoceras striatulum  (J. 
de C. Sowerby, 1812-1846; Buckman, 1887-1907), 
presumably from the Peak Mudstone Member 
but now apparently lost (Dean et al., 1961); for 
the holotype o f Lytoceras cornucopia (Young 
and Bird, 1822), from the Alum Shale Member 
or Peak Mudstone Member at Ravenscar; and 
for the holotypes o f Simpson’s (1855, 1884) 
Pseudolioceras simplex ( =  P. boulbiense) and 
Pseudolioceras leptopbyllus ( =  P. lytbense), 
re-figured by Howarth (1962b). The last 
specimen was considered by Howarth (1962b) 
to originate from the Grey Sandstone Member 
at Peak Steel (beds 79-81 o f Dean, 1954) and it 
remains the youngest record o f Pseudolioceras 
lytbense (Howarth, 1992). The holotype o f 
Pseudolioceras boulbiense was thought to be 
from the Striatulum Subzone here (Howarth, 
1992). Several hildoceratid species from the
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site were figured by Howarth (1992). Doyle 
(1990-1992) figured numerous specimens from 
here, including the lectotypes o f Odontobelus 
levidensis, Megateuthis rbenana and AT. glaber, 
and other material was used by Doyle (1985) to 
argue for the existence o f sexual dimorphism in 
the belemnite genus Youngibelus. Doyle and 
Macdonald (1993) described a ‘condensation 
and predation concentration’ type o f ‘Belemnite 
Battlefield’ from the Ovatum Bed (Bed xv), with 
abundant aligned specimens o f Acrocoelites 
vulgaris and A. subtenuis associated with 
belemnite hooklets and ichthyosaur vertebrae. 
The types o f the Crustacea Glypbaea prestwichi 
and Eryma birdi were described and figured 
from the Blea Wyke Sandstone Formation by 
Woods (1925-1931), and disarticulated remains 
o f the crinoid Chariocrinus wuerttembergicus, 
abundant in the Grey Sandstone Member, 
were figured by Simms (1989). Examples o f 
commensalism between the bivalve Dacromya 
ovum and the encrusting brachiopod Discinisca 
reflexa were described from the Alum Shale 
Member here (Watson, 1982). A list o f 77 
nominal species from the upper part o f the 
succession, above the Mulgrave Shale Member, 
was included by Dean (1954) in his descriptive 
section. Few vertebrates have been recovered 
from this site: Dean (1954) reported a ‘specimen 
o f Ichthyosaurus ... the bones relatively undis
turbed’ from shales about 3 m above the Ovatum 
Bed (Bed xv). Ichthyosaur vertebrae were also 
reported from the Ovatum Bed (Doyle and 
Macdonald, 1993), and an articulated series o f 
ichthyosaur vertebrae was found in beds 49-52 
o f the Peak Mudstone Member (K.N. Page, 
unpublished observation, 1985). Broadhurst 
and Duffy (1970) and Benton and Spencer 
(1995) reported a skeleton o f the plesiosaur 
Macroplata longirostris from the Bifrons Zone 
(beds xv-liii) between Peak and Blea Wyke. In 
addition to the ammonites and belemnites, 
other taxa provide stratigraphical markers within 
the section, and were recognized as such in the 
earliest descriptions. The upper part o f the 
Grey Sandstone Member is sufficiently rich in 
serpulids to have been termed the ‘Serpula 
Beds’ in most accounts from Wright (1860b) to 
Dean (1954). The brachiopod Lingula beani 
is common in the ‘Lingula Beds’ in the lower 
part o f this member. The Blea Wyke Sandstone 
Formation contains a richer and more diverse 
benthic fauna than lower parts o f the Toarcian 
succession. Unequivocally benthic elements are

absent from the Mulgrave Shale Member and 
lowest part o f the Alum Shale Member, but 
diversity gradually increases upwards. The Alum 
Shale Member benthos is virtually confined to a 
few species o f bivalve, notably Dacromya ovum 
(beds 7-41), Gressyla donaciformis (beds 12-44) 
and Trigonia literata  (beds 32-50) (Dean, 
1954). In the siltier beds o f the Peak Mudstone 
and Fox Cliff Siltstone members these are joined 
by an increasingly diverse bivalve fauna, and in 
the Blea Wyke Sandstone Formation by several 
species o f brachiopod.

Interpretation

It has long been appreciated by geologists that 
the succession to the south-east o f the Peak Fault 
shows significant differences, and in particular is 
substantially more complete than, the correlative 
sections farther along the coast to the north
west. Early observers (Wright, 1860b; Hudleston, 
1874; Tate and Blake, 1876; Fox-Strangways, 
1892, Rastall, 1905; Buckman, 1915) differed in 
their placement o f the Lower-Middle Jurassic 
boundary in the succession close to the village 
o f Ravenscar. These ranged from a level within 
die Peak Mudstone Member (Fox-Strangways, 
1892) to one well above the base o f the Dogger 
Formation (Rastall, 1905). The position o f the 
Toarcian-Aalenian boundary is now well- 
established here, on the basis o f the ammonite 
assemblages, and lies immediately below the 
Terebratula Bed at the base o f the Dogger 
Formation.

Lithological correlations between the succes
sion here and at other sites to the north-west, 
such as those at Whitby and Port Mulgrave (the 
W hitby to Saltwick and Staithes to Port 
Mulgrave GCR sites), become increasingly 
uncertain upwards. Howarth (1973) considered 
the Grey Shale Member succession here to be 
sufficiendy similar to that to the north-west for 
the same bed numbers to be applicable. In 
contrast, the Mulgrave Shale and Alum Shale 
members are sufficiendy different to require 
different numbering schemes (Howarth, 1962a). 
Howarth (1962a) showed that although the 
thickness o f the Mulgrave Shale Member was 
similar on both sides o f the Peak Fault, the Alum 
Shale Member was significandy thicker on the 
east side o f the fault at Ravenscar. Knox (1984) 
showed that the Upper Toarcian succession 
between Blea Wyke and Peak Steel also showed 
significant thinning to the north-west.
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The Upper Toarcian part o f the succession is 
o f especial interest at the Miller’s Nab to Blea 
Wyke GCR site, because equivalent strata have 
been removed by pre-Dogger erosion in more 
northerly sections. All descriptions o f the Upper 
Toarcian Substage at Ravenscar published over 
the last two decades (Knox, 1984; Howarth, 1992; 
Hesselbo and Jenkyns, 1995 ) have used the 
ammonite zonation established by Dean et al. 
(1961). This has been recently refined by work 
in France, Germany and Spain, notably by Elmi 
et al. (1997), and their scheme is provisionally 
applied here although some o f the specimens 
will need to be re-examined. For example, a fauna 
with Catacoeloceras dum ortieri, considered by 
Howarth (1962b, 1992) to be from the latest 
Lower Toarcian succession, would be interpreted 
as indicative o f the basal Upper Toarcian 
sequence by Elmi et al. (1997) on the basis o f 
the associated ammonites. Further collecting is 
needed. This illustrates the importance o f the 
site as the most completely developed and 
expanded Lower-Upper Toarcian boundary 
sequence known in Britain is exposed at this 
site. Cox (1990) considered that the sections 
here could provide reference sections for the 
Bifrons, Variabllis, Thouarsense and Levesque! 
zones, as defined in Dean et a l., (1961).

A hiatus exists at the top o f the sequence and 
cuts out the Aalensis Zone at the top o f the 
Toarcian Stage. Leioceras aff. opaliniforme is 
recorded from the middle o f the Dogger 
Formation at Ravenscar by Cope et al. (1980b) 
and hence the base o f the formation here is 
presumed to be o f basal Aalenian, Opalinum 
Subzone, age.

Knox (1984) attributed the discontinuous, 
but apparently cyclic, grain-size changes in the 
Upper Toarcian succession to a single under
lying shallowing trend culminating in the 
intensely bioturbated sands at the top o f the 
Yellow Sandstone Member. Brief episodes o f 
epeirogenic uplift were superimposed on this 
coarsening-upwards trend. These are cycles 
which were linked to stages in the development 
o f the North Sea dome. Knox (1984) noted 
that the incoming o f chamositic ooliths and 
clay in the upper part o f the Whitby Mudstone 
Formation, was associated with an influx o f 
coarser sediment. He suggested that this material 
was swept into the area from lagoonal areas 
bordering the western margin o f the Cleveland 
Basin. Hemingway’s (1974) observation o f

chamosite enrichment at similar stratigraphical 
levels in the Rosedale area, some 30 km to 
the west o f Ravenscar, lends support to this 
hypothesis. The overall upward grain-size 
increase from the Alum Shale Member to the 
Blea Wyke Formation is accompanied by a 
change from calcitic to sideritic concretions 
(Hallam, 1967b), and a changing and increasingly 
diverse benthic fauna (Dean, 1954). However, 
despite the upward shallowing indicated by 
these changes there is no evidence o f littoral 
or restricted marine facies. Ammonites and 
brachiopods are present throughout and indi
cate that fully marine conditions prevailed 
throughout the Whitby Mudstone and Blea 
Wyke Sandstone formations and into the Dogger 
Formation (Knox, 1984).

It is unclear whether Upper Toarcian sedi
ments similar to those at the Miller’s Nab to Blea 
Wyke GCR site were once present throughout 
the Cleveland Basin. Knox (1984) considered it 
unlikely that a continuous and uniform spread 
o f such sediments had existed. At Ravenscar the 
succession thins from south-east to north-west, 
and there are rapid thickness and facies changes 
in the late Toarcian successions preserved in 
several inland sub-basins (Hemingway, 1974). 
The absence o f derived phosphate nodules in 
the Blea Wyke Sandstone Formation was taken 
by Knox (1984) as evidence that there was little, 
if any, erosion o f older sediments. Alexander
(1986) considered that fault activity started 
during the Toarcian Stage and was responsible 
for the thick Middle Jurassic sands in the Peak 
Trough area. Milsom and Rawson (1989) and 
Rawson and Wright (1995) considered that 
Upper Toarcian sediments were preserved in 
small troughs.

The Toarcian succession at this GCR site is 
strikingly different from those in the Wessex Basin 
both on the Dorset coast and at the Hurcott 
Lane Cutting and Babylon Hill GCR sites. In 
the Wessex Basin, the Beacon Limestone 
Formation, rarely more than 2-3 m thick but 
encompassing seven ammonite zones, is over- 
lain by the Bridport Sand Formation which 
spans only two ammonite zones but is 70 m 
thick. Farther north, in the Severn Basin, the 
Lower Toarcian sequence is typically developed 
in more expanded mudstone facies, reaching a 
thickness o f almost 100 m north o f Cheltenham 
(Whittaker and Ivimey-Cook, 1972), but the Upper 
Toarcian sequence is mostly in a condensed sand
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or carbonate facies only a few metres thick as, 
for instance, at the Wotton H ill GCR site. 
Toarcian successions on the East Midlands 
Shelf and in the Hebrides Basin are far from 
complete and the only other succession 
comparable with that at Ravenscar is the extra
ordinarily thick sequence seen in the Mochras 
Borehole. At nearly 262 m thick it is more than 
twice as thick as that at Ravenscar, comprising a 
rather monotonous series o f mudstones with 
subordinate limestones and nodule bands 
(Woodland, 1971). The Mochras succession 
shows no evidence o f an overall coarsening- 
upwards sequence comparable with that in 
passing from the Alum Shale Member to the 
Yellow Sandstone Member at Ravenscar.

Conclusions

The Toarcian succession at Ravenscar represents 
the most complete and expanded section o f this 
part o f the Lower Jurassic sequence exposed 
anywhere in Britain. It provides the only sub
stantial evidence for late Toarcian events in the 
Cleveland Basin and is the type locality for the 
two uppermost members o f the Whitby 
Mudstone Formation, and for the Blea Wyke 
Sandstone Formation and its two constituent 
members. As such it is likely to form a corner
stone o f any future work on this much neglected 
subdivision o f the Jurassic System in Britain. It 
contrasts strikingly with the truncated Toarcian 
sections seen farther north in the Cleveland 
Basin, where only the Lower Toarcian sequence 
is preserved beneath the unconformity at the 
base o f the Dogger Formation.

STAITHES TO PORT MULGRAVE, 
NORTH YORKSHIRE 
(NZ 784 189-NZ 797 175)

KN. Page

Introduction

The 3 km stretch o f cliffs and foreshore between 
Staithes and Port Mulgrave exposes the type 
sections o f the Staithes Sandstone Formation 
and the Cleveland Ironstone Formation, 
including the Penny Nab Member, and the 
Mulgrave Shale Member o f the Whitby 
Mudstone Formation. There are also excellent

exposures o f the Grey Shale Member at the 
base o f the Whitby Mudstone Formation. It 
provides one o f the best exposures in Britain 
o f the Upper Plicnsbachian to Lower Toarcian 
succession, including the Pliensbachian-Toarcian 
stage boundary. It has been the location for 
many investigations into the palaeoenvironments 
and diagenesis o f this part o f the Lower Jurassic 
succession in Yorkshire and the source o f a rich 
fossil fauna.

The Cleveland Ironstone Formation that 
crops out in the Staithes to Port Mulgrave GCR 
site (Figure 6.14) was historically important as a 
source o f iron. The remains o f mine workings 
are still visible in the cliffs; mosdy at the level o f 
the highest quality seam known simply as the 
‘Main Seam’. Ore was shipped from Port 
Mulgrave to the smelters o f Tyneside (Rawson 
and Wright, 1992). In 1920, 6 million tonnes 
were extracted from the Main Seam in Cleveland 
(Lamplugh etal., 1920). Arkell (1933) noted that 
the low lime content o f the ore (around 5%), 
necessitated the extraction o f large quantities o f 
limestone for use as a flux. This came from 
quarries in the Oxfordian Corallian Group o f the 
Pickering district. In the latter part o f the 19th 
century, Jet was also mined in the area, with the 
remains o f old adits still visible in the cliff at 
Thomdale Wyke, where the Top Jet Dogger 
forms their roofs. The Jet Rock was also 
quarried on the foreshore and stacks o f large 
nodules, such as the Curling Stones, are still 
visible as a by-product o f this activity (Rawson 
and Wright, 1995).

Young and Bird (1822, 1828), in their attempt 
to develop a systematic review o f the geology o f 
the Yorkshire coast, first used the terms ‘Staithes 
Beds’ and ‘Kettleness Beds’ for the lower and 
upper subdivisions respectively o f the (Upper 
Pliensbachian) Middle Lias, and figured fossils 
from the Upper Pliensbachian succession o f 
the region. Phillips (1829) provided a detailed 
section for the Upper Pliensbachian at Staithes, 
which he divided into a lower ‘Marlstone Series’ 
and an upper ‘Ironstone Series’, together with a 
long list o f fossils. Tate and Blake (1876) 
provided sections which were to prove the basis 
for most later work, and Wright (1878-1886) 
also included a detailed section. The results o f 
these early studies, including the work o f the 
[British] Geological Survey (e.g. Barrow, 1888), 
was reviewed by Fox-Strangways (1892), and 
additional brief descriptions were provided by
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Figure 6.14 Outcrop map of the main lithostrati- 
graphical units between Staithes and Port Mulgrave. 
After Rawson and Wright (1992).

Herries ( 1906a,b). These works remained the 
basis for the reviews o f Buckman (1915) and 
Arkeil (1933). Wilson et al. (1934) described a 
section through the Ironstone Series at Staithes, 
and Whitehead et al. (1952) discussed the petro
logy o f the ironstones. Howarth’s (1955) sections 
have served as the standard stratigraphical 
framework on which most subsequent work has 
been based (e.g. Cope et al., 1980a; Hemingway 
et a l., 1969). The lithostratigraphy o f the 
Upper Pliensbachian sequence was revised by 
Howard (1985) based, in part, on the framework 
o f Powell (1984) and using Howarth’s bed 
numbers.

Tate and Blake’s (1876) general description o f 
the Grey Shale Member is useful but incomplete. 
Howarth (1962a) described the Mulgrave Shale 
Member and the Grey Shale Member (Howarth, 
1973). Further details o f both are included in 
Howarth (1992). Rawson and Wright (1995) 
published logs o f the Staithes Sandstone, 
Cleveland Ironstone and Whitby Mudstone 
formations here, based largely on the work o f 
Howarth (1955, 1962a, 1992), and Hesselbo and 
Jenkyns (1995) published a re-measured section 
through the Staithes Sandstone, Cleveland 
Ironstone and the lower part o f the Whitby 
Mudstone formations. Walkden et al. (1987) 
published a graphic log o f the Mulgrave Shale 
Member. All o f these used the bed numbers 
o f Howarth (1955, 1962a). Aspects o f the 
sedimcntology, petrology, geochemistry and 
palaeoecology o f parts o f the succession have 
been discussed by Hallam (1962a, 1967b), 
Chowns (1968), Gad et al. (1969), Catt et al. 
(1971), Raiswell (1971, 1976), Raiswell and 
White (1978), Morris, (1979), Greensmith et al. 
(1980, 1983), Coleman and Raiswell (1981), Pye 
and Krinsley (1986), Myers and Wignall (1987), 
Knox et al. (1990), Young et al. (1990a), 
Macquaker and Taylor (1996, 1997), Hesselbo
(1997) and Morgans (1999).

Description

The succession dips gently eastward with the 
oldest part exposed at Cowbar Nab, and the 
youngest at Port Mulgrave (Figure 6.14). Only a 
few minor faults interrupt the sequence. The 
following synthesis o f the Redcar Mudstone, 
Staithes Sandstone, Cleveland Ironstone and
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Whitby Mudstone formations (Figure 6.15a,b 
and description below) is based primarily on 
Howarth (195$, 1962a, 1973 and 1992) with 
additions and modifications based on Howard 
(1985) and Hesselbo and Jenkyns (1995). Bed

numbers for the Whitby Mudstone Formation 
are taken from Howarth (1962a, 1973), with 
those for the Pliensbachian succession from 
Howarth (1955). Details o f the lowermost beds 
are from Howard (1985).

Figure 6.15a Section through the Staithes Sandstone and Cleveland Ironstone formations between Cowbar 
Nab, Staithes, and Rose dale Wyke, Port Mulgrave. After Rawson and Wright (1995). Bed numbers are those of 
Howarth (1955, 1962a, 1973). The Cleveland Ironstone Formation cycles of Howard (1985) are indicated.

283



The Cleveland Basin

Figure 6.15b Section through the top of the 
Cleveland Ironstone and the Whitby Mudstone 
formations between Cowbar Nab, Staithes, and 
Rosedale Wyke, at Port Mulgrave. After Rawson and 
Wright (1995). Bed numbers are those of Howarth 
(1955, 1962a, 1973).

Thickness (m)
LOWER TOARCIAN SUBSTAGE 
Whitby Mudstone Formation 
Mulgrave Shale Member 
Bituminous Shales (pan)
Serpentinum Zone, Falciferum Subzone 
41: Shale, grey, bituminous, with crushed

Harpoceras ex grp. falciferum  (probably 
including H. mulgravium) seen above 
the Millstones on shore east of Port 
Mulgrave, towards High Lingrow and 
in cliff. The base of Bed 41 at Port 
Mulgrave is effectively a parastratotype 
for the base of the Falciferum Subzone 
in Howarth (1992). 5.9 (19 ft 3 in.)

Jet Rock
Exaratum Subzone
40: Millstones: Giant lenticular calcareous 

concretions, up to 4.5 m in diameter 
when seen from above, in grey bituminous 
shale. Cleviceras elegans, Hildaites 
murleyi and Dactylioceras sp., some
times forming a shell bed. Beds 37-40 
encompass the elegans Biohorizon. 0.3 (1ft) 

39: Top Jet Dogger: Continuous band 
of argillaceous limestone. Cleviceras 
elegans, Dactylioceras sp.. 0.23 (9 in.)

38: Shale, grey, bituminous, with occasional 
calcareous concretions. The Upper 
Pseudovertebrae of Howarth (1962a) 
occur about 0.3 m above the base.
Cleviceras elegans, Harpoceras 
serpentinum and occasional 
Phylloceras beteropbyllum. 1.54 (5 ft)

37: Curling Stones: Calcareous concre
tions with pyritic skins and a spheroidal 
shape up to 0.45 m in diameter, in grey 
bituminous shale. Cleviceras elegans, 
Harpoceras serpentinum, Dactylioceras 
semiannulatum, D. crassoides and 
Phylloceras beteropby llum. 0.3 (1 ft)

36: Shale, grey, bituminous. Cleviceras 
exaratum. This corresponds to part 
of the exaratum Biohorizon. 1.08 (3 ft 6 in.) 

35: Whalestones: Large ovoid calcareous 
concretions up to 3 m long and 1 m 
thick, with many smaller concretions, 
including the Lower Pseudovertebrae, 
in grey bituminous shale. Cleviceras 
exaratum common, with less frequent 
Harpoceras serpentinum, Phylloceras 
beteropbyllum and probably also 
Dactylioceras sp.. Corresponds to 
part of the exaratum Biohorizon. 0.9 (3 ft) 

34: Shale, grey, bituminous, with frequent 
calcareous concretions. Elegantuliceras 
elegantulum. Corresponds to part of 
the elegantulum Biohorizon. 2.7 (8 ft 6 in.) 

33: Cannon Ball Doggers: Spherical 
calcareous concretions up to 0.18 m 
in diameter, with common well- 
preserved Elegantuliceras elegantulum 
(including macro- and micro-conch 
forms). Corresponds to part of the 
elegantulum Biohorizon. 0.15 (6 in.)

284



Staithes to Port Mulgrave

Thickness (m)
Grey Shale Member
Tenuicostatum Zone, Semicelatum Subzone
32: Shale, grey, with occasional flat

calcareous nodules and widespread 
shell beds, especially near base, full 
of crushed TJltoniceras antiquum. 
Dactylioceras semicelatum and 
Posidonia radiata also present.
Corresponds to the antiquum
Biohorizon. 1.85 (6 ft)

28-31: Shale, grey, with three bands of
large calcareous concretions, including
a double row at the base, which are
often pyritic and contain well-
preserved D. semicelatum, large
belemnites and a nautiloid Cenoceras
astracoides. This corresponds to
the semicelatum Biohorizon. The
base of Bed 28 is a stratotype, or
at least a parastratotype, for the
base of the Semicelatum Subzone
in Howarth (1992). 3.55 (11 ft 7 in.)

Tenuicostatum Subzone
20-27: Shale, grey, with several bands 

of small calcareous nodules and 
a double band of large calcifled 
lenticular masses, weathering red, 
at base. Common well-preserved 
D. tenuicostatum in small nodules; 
the neotype of the species is from 
Bed 22 (Howarth, 1973). This 
corresponds to the tenuicostatum 
Biohorizon. The base of Bed 20 
is a stratotype, or at least a para- 
stratotype, for the base of the 
Tenuicostatum Subzone in 
Howarth (1992). 2.75 (8 ft 11 in.)

Clevelandicum Subzone
19c: Shale, grey. 0.81 (2 ft 8 in.)
19b: Shale, grey, including a band of

red-weathering lenticles and common
D. clevelandicum. This corresponds
to the clevelandicum Biohorizon. 0.05 (2 in.)

19a: Shale, laminated and
bituminous. 0.41 (1 ft 4 in.)

18: Shale, grey, with small calcareous
concretions and frequent D. crosbeyi.
This corresponds to the crosbeyi 
Biohorizon. The base of Bed 18 
is a stratotype, or at least a para- 
stratotype, for the base of the 
Clevelandicum Subzone in Howarth 
(1992). 0.38 (1 ft 3 in.)

Pttltus Subzone
4-17: Shale, grey, with six bands of

calcareous and sideritic concretions.
Some belemnites and bivalves
present. 2.75 (9 ft 1 in.)

3: This level elsewhere (e.g. at Hawsker
Bottoms and at Ketdeness) yields the 
lowest typical Toarcian fauna in the 
region, with Protogrammoceras 
paltum and Dactylioceras sp. indet.
(Howarth, 1973). 0.08 (3 in.)

UPPER PLIENSBACH1AN SUBSTAGE
Spinatum Zone, Hawskerense Subzone, Hawskerense
Zonule
2: Shale, dark grey, laminated and

bituminous. Lytoceras sp. recorded 
from base at Ketdeness. 0.53 (1 ft 9 in.)

1: Shale, grey. 0.51 (1 ft 8 in.)
59-60: Shale, with row of calcareous 

concretions at top, yielding 
Pseudopecten equivalvis and 
Pboladomya. 0.45 (1 ft 6 in.)

58: Sulphur Band: Finely laminated
shale with many lenticles of jet. 0.20 (8 in.)

Cleveland Ironstone Formation 
Ketdeness Member 
57: Shale, sandy, micaceous, with

Pleuroceras hawskerense. 0.45 (1 ft 6 in.) 
56: Ironstone, with irregular top surface 

and common Pleuroceras hawskerense 
and very rare Protogrammoceras 
turgidulum. 0.22 (9 in.)

55: Shale withP. hawskerense. 1.23 (4 ft)
Elahoratum Zonule
54: Main Seam (top block): Ironstone 

with branching burrows and 
concentrations of rolled fossils.
Amaltheid ammonites include 
Pleuroceras paucicostatum, P. 
elahoratum, P. apyrenum, Amauro- 
ceras ferrugineum and A. lenticulare, 
with a single example known of the 
hildoceratid Canavaria aff. cultraroi 
(Howarth, 1992). 0.75 (2 ft 6 in.)

Apyrenum Subzone, tSolare Zonule 
52-53: Main Seam (bottom block): Thick 

ironstone (1.4 m) separated from 
top block by shale. Burrows are 
present but concentrations of 
rolled fossils are rare. Ammonites 
are uncommon and difficult to 
extract, but probably include 
Pleuroceras paucicostatum. 1.70 (5 ft 6 in.) 

51: Shale, black, hard. 0.45 (1 ft 5 in.)
42-50: Pecten Seam: Ironstone, in five 

bands with shale between and shell 
beds at some levels. 1.3 (4 ft 2 in.)

41: Ferruginous shale with bivalve
shell bed at base. 0.25 (10 in.)

7Yansiens and Salebrosum zonules absent 
Penny Nab Member 
Margaritatus Zone, Gibbosus Subzone 
40: Shale. Crushed Amaltheus

gibbosus. 0.5 (1 ft 8 in.)
39: Itoo Foot Seam: Ironstone with rare 

Amaltheus ex grp. margaritatus and 
Pseudoamaltheus engelhardti. 0.4 (1 ft 3 in.) 

36-38: Shale with belemnite-rich band 
at top and band o f calcareous 
concretions 1.1m above base yielding 
Amaltheus gibbosus, A. margaritatus, 
Pseudoamaltheus engelhardti and 
Amauroceras ferrugineum. 2.9 (9 ft 5 in.)

35: Raisdale Seam: Ironstone with 
many Protocardia truncata and 
rare Amaltheus cf. margaritatus. 0.25 (10 in.)
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Thickness (m)
32-34: Siltstone and shale with pyritic 

masses in the lower part and a 
band of calcareous concretions 
1.25 m above base. The latter 
yield Amaltheus gibbosus, with 
Amauroceras ferrugineum in the 
0.6 m of shale above. The base of 
Bed 32 is a parastratotype for the 
base of the Gibbosus Subzone 
in Howarth (1992). 5 (16 ft 2 in.)

Subnodosus Zone
31: Avicula Seam: Ironstone, fine

grained, with pale-green chamositic 
ooliths, and a 0.1 m-thick mudstone 
parting in places around the middle.
Amaltheus ex grp. margaritatus 
and many bivalves, especially 
Oxytoma cygnipes and protocardiid 
burrows. 0.6 (2 ft)

27-30: Silty sandstone, siltstone and shale 
with bands of calcareous concretions 
and a 0.05 m shell bed 0.58 m below 
top with Protocardia truncata,
Entolium and other bivalves. Amaltheus 
subnodosus, A. striatus and A. marga
ritatus occur at several levels and are 
especially abundant in the lowest 
nodule band (Bed 27a), which 
yielded the neotype of A. subndosus 
(Howarth, 1958). 6.5 (21 ft 1 in.)

26: Osmotherley Seam: Band of small
calcareous concretions with Amaltheus 
subnodosus, A. striatus and A. stokesi, 
and many bivalves. The base of Bed 
26 is a parastratotype for the base 
of the Subnodosus Subzone in 
Howarth (1992). 0.08 (3 in.)

Stokesi Subzone, Nitescens to Celebratum zonules 
24-25: Shale with bands of calcareous 

concretions, the lowest containing 
abundant Amaltheus stokesi and 
A. wertheri. 2.6 (8 ft 6 in.)

Staithes Sandstone Formation 
Celebratum and Nitescens zonules 
23: Shale and sandstone with three bands 

of calcareous concretions, the middle 
of which contains Amaltheus stokesi 
and A. wertheri. 1.95 (6 ft 4 in.)

17 (part)-22: Thinly bedded sandstones 
with thin shales and bands of 
calcareous, and sometimes fossili- 
ferous, concretions. A thin shell-bed 
at the base yields Amaltheus stokesi 
and A. wertheri. 5.5 (17 ft 10 in.)

Occidental to Monestieri zonules 
12-17 (part): Thinly bedded sandstones 

with some sandy shale and bands 
of calcareous concretions and lentides, 
which often weather red and may be 
rich in bivalves; Amcdtbeus stokesi 
present sporadically. The base of 
Bed 12 is a parastratotype for the 
base of the Stokesi Subzone in 
Howarth (1992). 8.5 (27 ft 7 in.)

LOWER PUENSBACH1AN SUBSTAGE 
Davoei Zone, Figulinum Subzone 
11: Sandstone with bivalve shell beds. 0.3 (1 ft) 
10: Shale with scattered calcareous 

concretions, including abundant 
Oistoceras figulinum  in upper 
0.3 m and O. aff. figulinum  
near the middle. 1.7 (5 ft 6 in.)

4-9: Mainly sandstone alternating with 
sandy shale. Bivalve-rich shell beds 
occur near the top, with Gryphaea 
present below: Oistoceras sp. recorded 
from beds 4 and 8. Howard (1985) and 
Hesselbo and Jenkyns (1995) included 
Bed 2 in the Figulinum Subzone 
although without supporting 
evidence. 6.55 (21 ft 3 in.)

Capricomus Subzone 
1-3: Sandstone forming base of cliff at

Cowbar Nab, with sandy shale capped 
by band of calcareous concretions 
above. Androgynoceras lataecosta 

var. pyritosum figured by Spath (1938, 
pi. 19, fig. 6) probably came from this 
level. 2.7

Oyster Bed: Sandstone, calcareous and
ferruginous, with Gryphaea, Oxytoma 
and Pseudopecten. Marks the base of 
the Capricomus Subzone and of the 
Staithes Sandstone Formation. 0.3

Redcar Mudstone Formation 
Ironstone Shale Member 
Maculatum Subzone 
Shale with some siltstone in upper 7.5 m,

and with calcareous nodules and a thin 
oolitic ironstone 1.5 m above the base. 
Androgynoceras maculatum var. rigida 
from 8 m below sandy series at Staithes 
figured by Spath (1938). 20.25

The base o f the Staithes Sandstone Formation, 
exposed at Cowbar Nab, is gradational with the 
underlying Redcar Mudstone Formation. It has 
been drawn at the base o f the ‘Oyster Bed’ 
(Howard, 1985), a ferruginous sandstone 
packed with the bivalves Gryphaea gigantea, 
Oxytoma inaequivalvis and Pseudopecten 
equivalvis. The formation is 28.6 m thick here 
and superbly exposed to either side o f Staithes 
harbour (Figure 6.16). The lower 12.6 m has 
been assigned to the Davoei Zone (Capricomus 
and Figulinum subzones) and the remainder to 
the lower part o f the Stokesi Subzone (Hesselbo 
and Jenkyns, 1995; Rawson and Wright, 1995). 
Intensely bioturbated silty sandstones dominate 
the succession, becoming coarser in the middle 
o f the formation before fining again towards the 
top. Poorly bioturbated, fine sandstone bands 
occur at various levels and are thickest (up to 
about 4 m) in the middle o f the formation. They
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Figure 6.16 Foreshore and cliff exposures of the Staithes Sandstone Formation, of Stokesi Subzone age, on the 
west side of Penny Nab, Staithes. Sandstones and sandy mudstones form the steep lower portion of the cliff 
(mosdy in shade) and are overlain by mudstones, siltstones and ironstones of the Cleveland Ironstone 
Formation, Penny Nab Member (mainly Subnodosus-Margaritatus subzones) in the less steep (and well-lit) 
upper part of the cliff. (Photo: K.N. Page.)

show planar- and cross-lamination and some 
hummocky cross-stratification (Rawson et a l.,
1983). The bases o f some bear small erosional 
channels or gutter casts, up to 3 m long and 
0.3 m wide, with a predominant east-west trend 
which is roughly perpendicular to ripple marks 
in the same sequence (Greensmith et a l.y 1980). 
One hummocky cross-stratified unit at about the 
middle o f the formation is associated with abun
dant intact, but poorly preserved specimens o f 
the crinoid Balanocrinus gracilis. Other macro- 
fossils occur sparsely except in some nodules 
and shelly bands towards the top o f the forma
tion. They include the type o f Rudirbyncbia 
buntcliffensis (Ager, 1956-1967). Scrutton (1996) 
observed that the more muddy tops o f the 
sandstone beds have a benthos dominated by 
burrowing bivalves, such as Protocardia truncata 
and Oxytoma inequivalvis, the serpulid 
‘Dentalium ’ giganteum  (Palmer, 2001), and 
other species. Some assemblages are mixed,

especially in coquinas o f Protocardia which 
form the nuclei for sideritic nodule development. 
Elsewhere there are current-aligned clusters o f 
belemnites and fragments o f driftwood.

The Staithes Sandstone Formation passes up 
into the shaley mudstones with scattered 
siderite nodules o f the Cleveland Ironstone 
Formation. The ironstone is superbly exposed 
from Penny Nab (Figure 6.16) and Brackenberry 
Wyke. Its base has been taken at the base o f 
a row o f scattered siderite nodules with 
Amaltheus stokesi. This marks the lowest o f 
several coarsening-upward cycles within the 
formation (Rawson et a l., 1983; Howard, 1985). 
The Penny Nab Member comprises four beds 
o f oolitic ironstone (the Osmotherley, Avicula, 
Raisdale and Two Foot seams) separated by 
elastics with siderite nodules (Figure 6.17). 
Except for that beneath the TWo Foot Seam, each 
clastic unit coarsens upwards from silty pyritic 
shale to argillaceous fine sandstone, and a sharp
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Figure 6.17 Silty mudstones and ironstone bands in the Cleveland Ironstone Formation at Penny Nab, south 
of Staithes. The TWo Foot Seam, the six thin ironstones of the Pecten Seam, and the various beds of the Main 
Seam above can easily be recognized. The higher part of the cliff face is in the Whitby Mudstone Formation. 
(Photo: M.J. Simms.)

erosional contact with the ironstone above, 
marked by reworked and bio-eroded siderite 
nodules. Macquaker and Taylor (1996, 1997) 
maintained that the ironstones occur at the top 
o f upward-coarsening successions and are 
succeeded by units which fine upwards to day- 
rich mudstones with phosphate-rich carbonate 
concretions, in turn overlain by the next 
coarsening-upwards unit.

Beneath the Raisdale Seam is the ‘upper 
striped bed’ o f Greensmith et al. (1980). This 
comprises a series o f thin laminated siltstones 
that fine up to dark mudstone, each with a basal 
erosion surface and often with E-W-orientated 
gutter casts up to 0.5 m wide and several 
metres long. The oolitic ironstones are intensely 
bioturbated at their base, with ooids commonly 
deformed and broken. Petrologically the iron
stones comprise altered berthierine ooids in a 
more-or-less strongly sideritized muddy matrix 
(Young et a l., 1990a). Catt et a l. (1971) and 
Myers (1989) noted that the ironstones have 
remarkably high thorium-potassium ratios.

The base o f the Kettleness Member is taken at 
a minor erosion surface with occasional

phosphatic pebbles at the base o f the Pecten 
Seam. This member is less obviously cyclic in 
nature than the Penny Nab Member. The Pecten 
Seam comprises five thin (<  0.15 m) ironstone 
beds separated by thin silty shale bands, and is 
almost immediately succeeded by the Main Seam, 
divided by another thin silty shale into two 
distinct units. Small, often angular, phosphate 
clasts are common in the top block o f the Main 
Seam. The top o f the member is placed above a 
minor un-named ironstone seam with a highly 
irregular top (Bed 56 o f Howarth, 1955), which 
lies just below the top o f the Spinatum Zone.

Ammonites are a conspicuous element o f the 
macrofauna throughout the Cleveland Ironstone 
Formation (Howarth, 1955), providing good 
biostratigraphical control, although common 
only at certain levels. Virtually all are members 
o f the Amaltheidae, and include the neotype o f 
Amaltheus subnodosus from Bed 27, and possibly 
that o f Amaltheus striatus (Howarth, 1958). 
Howarth (1955, 1992) also recorded single 
specimens o f two species o f Tethyan hildoceratid, 
Canavaria cultraroi and Protogrammoceras 
turgidulum  (=  aff. bassanii), from beds 54 and
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56 respectively; these remain unique in the 
British Lias. The remainder o f the macrofauna is 
dominated by a fairly diverse assemblage o f 
bivalves, listed in Young et al. (1990a), together 
with belemnites, rhynchonellid and terebratu- 
loid brachiopods (Ager, 1956-1967, 1990), and 
other fossils. These include the type o f 
Rbyncbonelloidea lineata from near the base o f 
the Pecten Seam. The fauna o f the shales o f the 
Cleveland Ironstone Formation generally shows 
a reduction in benthos diversity compared to 
that o f the Staithes Sandstone Formation 
beneath, and a greater proportion o f pelagic 
elements, such as ammonites and belemnites. 
Intact specimens o f the crinoid Hispidocrinus 
scblumbergeri have been found in the mudstones 
o f Bed 40, above the Two Foot Seam, while well- 
preserved stems, cirri, and occasionally crowns, 
o f Balanocrinus solenotis are common a litde 
lower in the succession, in the mudstones o f 
beds 32 and 34 (Simms, 1989). Certain fossil 
species are characteristic o f particular units; for 
instance, the Avicula Seam is characterized by 
abundant specimens o f Oxytoma (=  Avicula) 
cygnipes, whereas the Pecten Seam contains 
abundant Pseudopecten equivalvis. Fossil drift
wood from the Penny Nab Member comprised 
part o f a broader investigation o f Pliensbachian 
to Bathonian tree growth-rings by Morgans
(1999). The macrofauna o f the Kettleness 
Member is less diverse and more poorly 
preserved than that o f the Penny Nab Member, 
and is largely confined to the lower part o f the 
Pecten Seam and the top block o f the Main 
Seam. Trace fossils are abundant and diverse 
at many levels in the Cleveland Ironstone 
Formation (Young et a l., 1990a), particularly in 
certain o f the ironstone seams, and there seems 
to be a distinction between these assemblages 
and those seen in the clastic units. They are par
ticularly spectacular in the top block o f the Main 
Seam, where profuse Rbizocorallium  burrows 
preserve scratch marks made by the crustaceans 
that inhabited them (Farrow, 1966). Catt et al. 
(1971) reported a very impoverished microfauna 
from the Pliensbachian succession o f this site, 
with only occasional specimens o f four species 
o f ostracod and a few benthic foraminifera.

The base o f the Whitby Mudstone Formation 
is taken at the base o f the Sulphur Band, a 0.2 m- 
thick, laminated, pyritic mudstone with lenses 
o f jet. The Grey Shale Member is dominated 
by pyritic, silty, micaceous mudstones with 
thin, ripple-laminated siltstones and numerous

nodule bands in the lower part. Many o f these 
nodules weather distinctly red and can be easily 
traced across the foreshore and into the cliff. At 
some levels almost every nodule contains an 
ammonite; at others they are absent. The base 
o f the predominantly laminated, organic-rich 
mudstones o f the Mulgrave Shale Member is 
taken here, the type locality, at the base o f the 
distinctive Cannon Ball Doggers (Cope et a l., 
1980a; Howarth, 1992). The Mulgrave Shale 
Member is divided into two informal sub
divisions. The lower subdivision, the Jet Rock, is 
characterized by bands o f often large nodules 
(the Whalestones, Curling Stones, and the 
Upper and Lower Pseudovertebrae), which form 
a conspicuous feature o f the foreshore at 
Rosedale Wyke. These nodules have formed the 
subject o f several papers. General accounts o f 
the formation and diagenesis o f these nodules 
have been given by Hallam (1962a) and Raiswell
(1976). More specific accounts have investigated 
the spatial distribution, size and orientation o f 
the Curling Stones exposed in situ at Port 
Mulgrave (Raiswell and White, 1978); the 
diagenetic history o f the Cannonball Doggers 
and Curling Stones (Coleman and Raiswell, 
1981); and the trace-element geochemistry o f 
concretionary pyrite (Raiswell and Plant, 1980). 
The lower part o f the upper subdivision, the 
Bituminous Shales, crops out on the foreshore 
on the eastern side o f Rosedale Wyke and are 
also well exposed, but mosdy inaccessible, in the 
adjacent cliffs. As their name implies they 
comprise mainly laminated, organic-rich, mud
stones. They contain fewer calcareous nodule 
bands and a greater abundance o f pyrite than 
the Jet Rock.

Through most o f the Grey Shale and Mulgrave 
Shale members the fauna is dominated by 
planktonic and nektonic forms, with benthic 
taxa largely confined to just a . few horizons. 
Ammonites, particularly dactylioceratids and 
hildoceratids (Howarth, 1962a, 1973, 1992), are 
a conspicuous element o f the fauna and the site 
is the type locality for Dactylioceras tenuicos- 
tatum. Several species o f belemnite (Doyle, 
1990-1992) and the bivalves Pseudomytiloides 
dubius and Bositra radiata are the only other 
common invertebrate fossils at many levels. 
Hemingway (1974) noted that B. radiata is 
abundant only in the lower 2 m o f the Mulgrave 
Shale Member, being replaced in higher beds 
by P. dubius. The pseudoplanktonic crinoids 
Pentacrinites dichotomus and Seirocrinus
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subangularis occur rarely in the Bituminous 
Shales (Simms, 1989). Port Mulgrave was one o f 
the sites examined by Morris (1979) in his 
palaeoenvironmental investigation o f this part o f 
the succession and was also included by Myers 
and Wignall (1987) in their study o f potential 
correlation between gamma-ray spectrometry 
and palaeoecological indices. Few vertebrates 
have been recorded from this site although the 
organic-rich shales o f the Mulgrave Shale 
Member might be expected to yield well- 
preserved remains. Benton and Taylor (1984) 
referred to the skeleton o f a crocodilian found 
here in 1791 and assumed it had fallen from the 
Alum Shale Member. However, Walkden et al.
(1987) demonstrated that crocodilians are 
present in the Mulgrave Shale Member and 
described a partial skeleton o f Steneosaurus 
from the upper part o f the Jet Rock.

The jet, which forms such a well-known, but 
scarce, component o f the Mulgrave Shale 
Member is the product o f diagenetically altered 
driftwood. Hemingway (1974) provided one o f 
the few scientific descriptions o f this material. 
‘Hard’ jet, the relatively tough form used in 
carving, is found in the upper 3 m o f the Jet 
Rock. The more brittle ‘soft’ jet is found in the 
Bituminous Shales and elsewhere in the Lower 
Jurassic succession. It may occur as thin ‘seams’ 
or as cylindrical masses with a silicified core 
in which original cell structure may be well 
preserved. Rounded quartz and garnet grains, 
and even an 80 mm-diameter quartzite pebble, 
have been found lodged in fissures in some 
pieces o f jet.

Interpretation

The succession exposed in the Staithes to Port 
Mulgrave GCR site differs in only minor respects 
from those sites at this stratigraphical level else
where in the Cleveland Basin. The extensive 
foreshore exposures have enabled the succession 
to be studied in detail, and it is the type site for 
the Staithes Sandstone Formation, the Cleveland 
Ironstone Formation and Penny Nab Member, 
and for the Mulgrave Shale Member o f the 
Whitby Mudstone Formation. The abundance o f 
ammonites at many horizons has enabled all o f 
the ammonite zones and subzones from the 
Maculatum Subzone (Lower Pliensbachian), to the 
Falciferum Subzone (Toarcian) to be identified 
at this site. Higher parts o f the Toarcian 
succession are present in the cliffs but are not

generally accessible. More detailed biostrati- 
graphical analysis has established the presence 
o f numerous ammonite-correlated ‘horizons’ 
and ‘zonules’ within the subzones (Page, 1995).

Cox (1990) suggested that the succession 
between Staithes and Port Mulgrave could 
provide reference sections for the Margaritatus, 
Spinatum, Tenuicostatum and Serpentinum 
(formerly Falciferum) zones. Howarth (1992) 
designated the site as stratotype, or at least 
parastratotype, for all three subzones o f the 
Margaritatus Zone and for three o f the four 
subzones o f the Tenuicostatum Zone. He also 
suggested that the base o f the Hawskerense 
Subzone could be defined at the base o f Bed 55 
in the Kettleness Member. However, Pleuroceras 
elaboration occurs in Bed 54, and was considered 
by Dommergues et al. (1997) to characterize the 
lower part o f the subzone. Information from 
France and elsewhere indicates the existence o f 
Pleuroceras faunas earlier than those recorded 
from Yorkshire: these correspond to the Transiens 
and Salebrosum zonules o f Dommergues et al. 
(1997). The base o f the Apyrenum Subzone was 
taken by Howarth (1992) at a level higher than 
that used here. Solare Zonule (basal Apyrenum 
Subzone) faunas have been recorded from the 
Pecten Seam at Hawsker Bottoms. The absence 
o f the Transiens and Salebrosum zonules in 
Yorkshire indicates a non-sequence between the 
Penny Nab and Ketdeness members (Figure 
6 . 11).

There is considerable uncertainty as to the 
position o f the Pliensbachian-Toarcian boundary. 
The highest unequivocally Pliensbachian species 
is Pleuroceras hawskerense in Bed 57 but the 
lowest definite Toarcian taxa are not found until 
Bed 3, almost 1.7 m higher in the succession. 
Cope et al. (1980a) and Howard (1985) placed 
the Pliensbachian-Toarcian boundary at the base 
o f Bed 58. Howarth (1955) placed the base o f 
the Tenuicostatum Zone immediately above Bed 
60, but subsequently (1992) proposed the base 
o f Bed 58 at Staithes, and an equivalent level at 
Kettleness (Bed 38), as parastratotypes for the 
base o f the Palms Subzone, and hence the 
Toarcian Stage. On current criteria, the 
Pliensbachian-Toarcian boundary is taken at 
the base o f Bed 3, the level at which the earliest 
typical Toarcian ammonites occur.

The Mulgrave Shale Member here must have 
been the source o f the unhorizoned holotype o f 
Harpoceras mulgravium  (Young and Bird, 
1822). Despite its name, this was said to be from
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Whitby, although the poorly localized nature o f 
many specimens collected in the early 19th 
century certainly does not preclude an origin 
from Port Mulgrave. Howarth (1992) considered 
this nominal species to be a synonym o f Harpo- 
ceras falciferum. Evidence from France and 
Somerset (K.N. Page, unpublished observations) 
indicates that relatively evolute and slender 
Harpoceras ex grp. falciferum  such as this are 
typical o f the lower part o f the Falciferum 
Subzone, and that the species can be considered 
distinct from the later, more involute and stout, 
H. falciferum  sensu stricto. This led to the 
recognition o f a Pseudoserpentinum Zonule in 
France (Elmi et a l., 1997), the index fossil o f 
which is considered here to be a synonym o f 
H. mulgravium. Howarth (1992) had already 
considered Harpoceras pseudoserpentinum to 
be an early subspecies o f H. falciferum.

The superb cliff and foreshore exposures have 
made this a favoured site for investigating 
palaeoenvironments and diagenetic processes 
in the Upper Pliensbachian and Lower Toarcian 
Staithes Sandstone Formation and Cleveland 
Ironstone Formation. The vertical grading, 
planar or low-angle cross-laminations, gutter 
casts and scours in the Staithes Sandstone 
Formation have been interpreted as tempestites 
(Greensmith et a l., 1980; Knox et a l., 1990). 
The orientation o f the cross-laminations and the 
gutter casts indicates eastward-flowing storm- 
surge ebb currents. Wave ripples on the tops o f 
the cross-laminated sands are orientated roughly 
perpendicular to this. The occurrence o f intact 
crinoids and ophiuroids at certain levels, which 
clearly represent obrution konservat lagerstatten 
(Seilacher et a l., 1985), support a tempestitic 
origin. The intervening ‘fair weather* deposits 
often were intensely bioturbated. Knox et al.
(1990) interpreted the lower part o f the Staithes 
Sandstone Formation as an innermost shelf 
facies, passing into a middle shelf facies in Bed 
17. This may reflect a local transgression but 
was quickly followed by shallowing, indicated 
by upward-coarsening, in the succeeding part 
o f the formation. The Cleveland Ironstone 
Formation was interpreted by Knox et al. (1990) 
as a middle to outer shelf environment, but 
Hesselbo and Jenkyns (1995) considered the 
formation to be the best example o f a storm- 
influenced, lower-shoreface, facies in the British 
Jurassic System. The coarsening-upward cycles, 
each capped by an erosively based ironstone 
band, have been interpreted as evidence for

repeated episodes o f shoaling, leading to 
deposition o f tempestites, followed by trans
gressions that cut o ff the sediment supply and 
allowed the deposition o f ironstones. The lack 
o f upward-coarsening in the clastic units 
beneath the TWo Foot Seam suggests that the 
transgression terminated clastic input before 
any significant shoaling had occurred. Macquaker 
and Taylor (1996, 1997) considered that the 
ironstones and the intervening phosphate-rich 
units formed during prolonged breaks in sedi
mentation. The non-sequence between the Penny 
Nab and Kettleness members is considered to 
reflect local tectonic movement, rather than the 
effects o f upward shoaling or eustatic change, 
since on a regional scale this boundary is seen to 
be markedly unconformable.

There has been considerable debate surround
ing the origin o f the ironstones (Hallam, 1966, 
1975; Chowns, 1968; Catt et al., 1971; Myers, 
1989; Young et al., 1990a). Most interpretations 
have favoured a terrigenous source for the iron, 
the result o f intense subaerial weathering o f 
thorium-bearing kaolinite being considered to 
account for the high thorium-potassium ratio. 
Such a weathering regime is perhaps supported 
by observations o f Early and Middle Jurassic tree 
rings, which were interpreted by Morgans
(1999) as evidence for an increasingly seasonal, 
Mediterranean-type, climate through this interval. 
However, Young et al. (1990a) consider that both 
iron and thorium may have been enriched on the 
sea floor during periods o f reduced sedimen
tation through degradation o f the background 
clastic sediment, in a process analogous to the 
formation o f lateritic soils. Textures observed 
within the ironstone beds probably are not 
primary but reflect biological mixing and 
reworking o f grainstone and mudstone 
interbeds, with some further modification by 
compaction, though the ooids may have been 
generated concurrently with reworking (Young 
et al., 1990a).

There is a striking facies change between the 
sandy micaceous shale at the top o f the 
Cleveland Ironstone Formation and the 
bituminous Sulphur Band at the base o f the 
Whitby Mudstone Formation. The lower part o f 
the Grey Shale Member is a normal shale*, as 
indicated by burrows, benthic invertebrates and 
the gamma-ray spectrometry (Morris, 1979; 
Myers and Wignall, 1987). It passes up into a 
‘restricted shale* facies towards the top o f the 
member and then, fairly abruptly, into laminated
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bituminous shales o f the Mulgrave Shale 
Member, in which benthic activity is limited or 
absent and the fauna is dominated by nektonic 
and pelagic organisms. The lower part o f the 
Mulgrave Shale Member was termed an ‘anoxic 
event’ by Jenkyns (1988) and can be traced 
across much o f Europe. It represents a 
significant extinction event for many benthic 
organisms (Litde, 1996). It shows evidence o f 
considerable stability by comparison with some 
other organic-rich mudrock sequences (Myers 
and Wignall, 1987), which has been taken as 
evidence o f greater water depth than the 
mudrocks above and below. Hallam (1997) 
suggested a water depth o f 50-100 m for the 
Mulgrave Shale Member, compared with no more 
than 20 m depth for the Staithes Sandstone and 
Cleveland Ironstone formations. He estimated 
that sea level rose at between 0.8 cm and 2.5 cm 
per ka in early Toarcian times, a figure equivalent 
to the growth rate o f mid-oceanic ridges. This 
rapid eustatic rise might explain the onset o f 
anoxic conditions at this time throughout much 
o f Europe. The foraminiferan Reinholdia 
maefadyeni occurs in abundance in the Grey 
Shale Member at Port Mulgrove (Hylton and Hart, 
2000), an indicator o f deep water (Broumer, 
1969) and implying a transgressive event. It 
disappears at the onset o f the low-oxygen 
conditions o f the Jet Rock.

Total organic carbon content o f the mudrocks 
o f the Mulgrave Shale Member ranges between 
5% and 15% (Kiispert, 1982; Raiswell and Berner, 
1985). The organic material in the mudrocks 
is mainly structureless but includes various 
microplankton, pollen and spores (Wall, 1965; 
Hallam, 1967a). Under laboratory distillation 
these mudrocks yield from 54 to 86 litres o f 
sulphurous oil per tonne (Hemingway, 1974). 
Calcareous concretions often emit a strong 
odour o f mineral oil when broken open (Arkell, 
1933) and cavities, such as ammonite chambers, 
may also occasionally contain an oil-like hydro
carbon. The development o f microbial mats 
has been invoked to explain certain levels with 
wavy laminations (O ’Brien, 1990) and a similar 
process may be responsible for peculiar patches 
o f very finely and wavy banded micritic lime
stone, occasionally found within some o f the 
calcareous concretions. A wide range o f different 
shapes and sizes o f concretions are developed 
within the Jet Rock, and at some levels have 
a characteristic outer pyritic skin or zoning

(Hallam, 1962a; Coleman and Raiswell, 1981). 
These nodules, which form such a conspicuous 
element o f parts o f the Whitby Mudstone 
Formation, have been the subject o f various 
papers. Hallam (1967b) found a correlation 
between sediment grain-size and the relative 
abundance o f sideritic and calcitic early 
diagenetic nodules. Siderite nodules are more 
abundant in sandier sediment, such as the 
Grey Shale Member, whereas calcitic nodules 
predominate in the mudrocks, particularly the 
Mulgrave Shale Member. Raiswell and White
(1978) concluded that the areal distribution 
o f nodules at a particular horizon was random, 
implying that adjacent nodules had no influence 
on the growth o f each other and did not 
compete for limited resources during growth. 
The discovery that some 30% had a long-axis 
orientation, with a prevailing NNE-SSW trend, 
indicated that there might be a preferred 
direction o f water transport along bedding 
planes during compaction. Raiswell (1976) and 
Coleman and Raiswell (1981) showed that most 
o f the calcite cement in these nodules originated 
from organic matter in the sulphate reduction 
zone and that the nodules formed at shallow 
depth beneath the sediment surface. They also 
demonstrated two phases o f pyrite growth, with 
sulphate reduction during the second phase 
providing the carbonate source for nodule 
growth. The pyrite-skinned nodules (Hallam, 
1962a; Coleman and Raiswell, 1981) may be 
analogous to the pyrite-skinned Coinstone and 
the Eype Nodule Bed o f the Dorset coast 
(Ensom, 1985b; Hesselbo and Jenkyns, 1995; 
Hesselbo and Palmer, 1992). Development o f 
the pyritic skin in the Dorset examples has 
been attributed to diagenesis associated with 
exhumation and re-burial o f the carbonate 
concretions, although there is no evidence for 
any hiatus surfaces associated with pyrite- 
skinned nodules in the Mulgrave Shale Member.

Hemingway’s (1974) observations o f jet in the 
Mulgrave Shale Member suggest that rather than 
being simple compressions o f intact logs, many 
pieces were formed from tree trunks split 
longitudinally, with these planks then being 
mechanically rounded prior to burial and 
compaction. Silicification o f the cores o f some 
pieces must have occurred early in diagenesis 
since these are largely uncompacted. The 
presence within some pieces o f jet o f detrital 
clastic grains suggests that many pieces o f wood
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had already experienced a long period floating 
at the surface, and occasionally being washed 
ashore, before they entered this area and sank to 
the sea floor.

The Toarcian succession seen at this site 
differs only in very minor respects from correla
tive sections farther along the Yorkshire coast. 
Howarth (1962a) recorded total thickness 
variations for the Mulgrave Shale Member o f less 
than 1 m over a distance o f almost 18 km along 
the coast and was able to correlate individual 
units over this distance. Similar constancy o f 
thickness was also seen in the Grey Shale Member 
(Howarth, 1973). The region was tectonically 
stable throughout this period. In contrast, the 
Cleveland Ironstone Formation shows marked 
lateral changes (Figure 6.11), particularly in the 
thickness o f the ironstone seams which thicken 
to the north-west o f Staithes but thin to the 
south-east at the expense o f the intervening 
elastics (Young et al., 1990a). In addition, the 
Kettleness Member onlaps unconformably onto 
the northward dipping Penny Nab Member. The 
thickening o f the ironstone seams to the 
north-west has been attributed to increasingly 
low subsidence rates towards the margins o f the 
basin while the southward onlap o f the 
Kettleness Member may relate to movement on 
the Market Weighton Block (Figure 5.10, 
Chapter 5).

Conclusions

The cliffs and foreshore between Staithes and 
Port Mulgrave, North Yorkshire expose one o f 
the most complete and accessible Upper 
Pliensbachian to Toarcian successions in Britain. 
The Pliensbachian sequence between Staithes 
and Port Mulgrave, includes the type sections o f 
the Staithes Sandstone and the Cleveland 
Ironstone formations, and o f the Penny Nab 
Member o f the latter formation. Because o f the 
extensive foreshore exposures, accessibility o f 
the site, and often fossiliferous nature o f the 
succession, this site has been the focus o f much 
research into a diverse range o f topics covering 
many aspects o f the palaeoecology, sedimento- 
logy and diagenesis o f the sequence. The results 
o f much o f this research have had considerable 
bearing on the interpretation o f other successions 
elsewhere in the geological record and makes 
it one o f the most important Lower Jurassic 
reference sections in Britain.

BOULBY QUARRIES, REDCAR
AND CLEVELAND
(NZ 735 200-NZ 757 194)

K N . Page and M.J. Simms

Introduction

The Boulby Quarries GCR site, also known as 
‘Boulby and Loftus Alum Shale Quarries’, 
comprises a series o f large pits excavated into 
the highest cliffs in England, which rise to 215 m 
above sea level. The quarries and the cliffs 
below expose a virtually complete, but largely 
inaccessible, succession through the Redcar 
Mudstone, Staithes Sandstone, Cleveland Iron
stone and Whitby Mudstone formations, thereby 
providing an almost unbroken sequence through 
the Pliensbachian and Toarcian stages in the 
Cleveland Basin. The term ‘Alum Rock’ was 
coined at this site by Young (1817) in reference 
to the whole Lower Jurassic succession exposed 
on Boulby Cliff, but the name has subsequently 
been refined to ‘Alum Shale Member’, representing 
just part o f the (Toarcian) Whitby Mudstone 
Formation. The Toarcian sequence in the alum 
shale quarries is now weathered and overgrown 
in places (Figure 6.18). The Lower Jurassic 
succession is capped by the Middle Jurassic 
(Aalenian-Bajocian) Dogger Formation and 
Ravenscar Group.

During their working life the quarries were an 
important source o f marine reptiles, including 
plesiosaurs, ichthyosaurs and a single pterosaur 
(Benton and Taylor, 1984; Benton and Spencer, 
1995). The first record o f vertebrate remains 
from the area, was that o f a plesiosaur vertebra 
from Loftus Quarry (Young and Bird, 1828). Most 
o f this fauna is likely to have been collected prior 
to closure o f the Loftus quarries in 1863, two 
years after the Boulby works had ceased operating 
(Fox-Strangways, 1892). The Alum Shale Member 
in particular has been a rich source o f marine 
reptiles, while the Pliensbachian succession 
below has yielded some o f the only intact 
asteroids known from the Yorkshire Lias.

Despite the remarkable nature o f the 
exposure at Boulby Quarries, little has been 
published on the stratigraphy o f the quarries or 
o f the main cliff; commonly known in early 
accounts as ‘Rockcliff*, for well over a century. 
Hence only general comparison can be made 
with better-known exposures, particularly that at
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Figure 6.18 The long-abandoned alum shale workings on Boulby Cliff, with the Middle Jurassic sandstones of 
the Dogger Formation rising behind them. (Photo: K.N. Page.)

the Staithes to Fort Mulgrave GCR site only a 
few kilometres farther east along the coast. The 
most complete and detailed section yet 
published o f the site, and still the most useful 
today, was by Hunton (1836). His graphic 
depiction o f the section exposed in the cliff 
enables the main modem lithostratigraphical 
units to be recognized (Figure 6.19). His 
account also documented the stratigraphical 
distribution o f the main fossils present and a 
separate list o f taxa and their occurrence. The 
site was mentioned by Phillips (1829, 1835, 
1875) and Henries (1906a,b), who also provided 
sketches o f the cliff face and its stratigraphy. 
Wright (1862-1880) reproduced part o f 
Hunton’s (1836) description, from the ‘Lower 
Lias Shales’ to the ‘Jet Rock’, but added little 
additional information. Rastall (1905) discussed 
the site briefly in connection with the relation
ship o f the Middle Jurassic beds to the Lias 
beneath. The area is also included in the 
descriptions o f the Yorkshire Lias o f Tate and 
Blake (1876) Taken together these accounts 
formed the basis for the brief description pro
vided by Fox-Strangways (1892). Other than the 
lists o f fossils published by Hunton (1836) and

Phillips (1829, 1835, 1875), only two taxonomic 
groups have been investigated in any detail here. 
The reptile fauna from the Toarcian strata has 
been described and much discussed over the 
past 150 years in publications by Carte and 
Bailey (1863), Seeley (1865), Tate and Blake 
(1876), Newton (1888), Watson (1911), Melmore 
(1930), Wellnhofer (1978), Benton and Taylor 
(1984), Taylor (1992), Benton and Spencer 
(1995). Wright (1862-1880) described and 
figured two species o f asteroid from here.

Description

The cliff and quarries form a vertical exposure 
through most o f the Pliensbachian to Toarcian 
succession o f North Yorkshire and Cleveland 
(Figure 6.19). Phillips (1829, 1835, 1875) and 
Herries (1906a) showed that the site lies on the 
axis o f a broad gende anticline that stretches 
from east o f Staithes westwards to Skinningrove 
Bay. Phillips (1829, 1835, 1875) noted that this 
stretch o f cliffs is unbroken by faults and stated 
that it was possible to measure almost every bed 
and collect its contained fauna, except from the 
inaccessible middle part o f the Middle Lias.
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Current stratigraphical nomenclature

Ravenscar Group 

Dogger Formation

Whitby
Mudstone
Formation

Cleveland
Ironstone
Formation

Cement Shale 
Beds

Alum Shale 
Member

Alum Shale Beds 1 
and Hard Shale 

Beds

Mulgrave
Shale

Member

Bituminous
Shales

Jet Rock

Grey Shale 
Member

Kettleness
Member

Main Seam (52-56) 1

Pecten Seam 1 
(42-50) 1

Two Foot Seam (39)

Raisdalc Seam (35)
Penny Nab 
Member Avicula Seam (31)

Osmotherlcy 
Scam {lb)

Staithes Sandstone Formation

Redcar Mudstone Formation

Hunton's (1836) description

sandstone beds containing plant seams

'Inferior Oolite’ 
shale, 10 feet

Hard or Cement-stone Seam: numerous 
calcareous nodules, exclusively 
manufactured into Roman cement, 25 feet

nodules in these and succeeding beds highly 
ferruginous, occasionally been smelted at 
Newcastle

lowest level worked for alum, 90 feet from 
the surface

Jet Rock: many pyritous nodules, very much 
flattened, 20 feet

hard compact shale, very sandy; a few small 
nodules; very barren in fossils, 30 feet

Main Ironstone Bands: connected blocks of 
hard ironstone, a foot and upwards in 
thickness, with thin seams of shale 
intervening, 25 feet

sandy shale and iron dogger bands

alternations of calcareous sandstone and 
sandy shale, generally one sandstone bed 
alternating with another similar bed; the 
seams covered with fossils, 40 feet

shaley marlstone

shaley sandstone, gradually partaking of the 
nature of the Lower Lias Shale, 20 feet

Lower Lias Shale
150 feet above the level of the sea

Figure 6.19 Sketch section of Boulby Cliff. After Hunton (1836). Bed numbers are those of Howarth (1955) 
for the Staithes section. Hunton’s original lithological notes are on the right-hand side of the column; the 
modem interpretation of the lithostratigraphy is on the left.

About 45 m (150 ft) o f shales and siltstones o f 
the upper part o f the Ironstone Shale Member o f 
the Redcar Mudstone Formation are exposed on 
the foreshore and in the lower part o f the cliff. 
Towards the base, grey shales with bands o f 
concretionary iron-rich (?sideritic) carbonate 
nodules contain ammonite faunas, in part 
pyritized, indicating at least three o f the four 
subzones o f the Jamesoni Zone; taxa include 
Polymorpbites (Polymorphus Subzone), Platy-

pleuroceras (Brevispina Subzone) and Uptonia 
(Jamesoni Subzone). It is unlikely that any lower 
strata are represented, although because o f 
the lack o f any other detailed studies north o f 
Staithes, this cannot be ruled out entirely. 
Higher parts o f this member were described by 
Hunton (1836) including an upward transition 
to the Staithes Sandstone Formation. At the top 
o f the Redcar Mudstone Formation, shell beds 
with Aegoceras maculatum may have been the
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source o f some o f the specimens o f the ophiuroid 
Palaeocoma m illeri as noted by Tate and Blake 
(1876); similar occurrences are known from this 
level at Cowbar Nab, west o f Staithes (Herries, 
1906a,b; M.J. Simms, unpublished observations).

The largely inaccessible 80-90 m-high cliff 
exposes the full thickness o f the Staithes 
Sandstone and Cleveland Ironstone formations, 
which Hunton (1836) estimated as 160 ft (50 m) 
thick (Figure 6.20). O f this, 77 ft (24.5 m) can be 
assigned to the Staithes Sandstone Formation, 
and 83 ft (25.5 m) to the Cleveland Ironstone 
Formation. Fox-Strangways (1892) recorded a 
section through part o f the Cleveland Ironstone 
Formation, including the Main Seam ironstone, 
in the old road below the Alum Works but this 
presumably is now lost owing to cliff erosion. 
Hunton (1836) and Wright (1862-1880) listed 
elements o f the invertebrate macrofauna,

Figure 6.20 The Pliensbachian succession on the 
lower face of Boulby Cliff viewed from the abandoned 
alum workings. The ironstone bands of the 
Cleveland Ironstone Formation are visible in the 
upper part of the face. Foreshore reefs are formed by 
the upper beds of the Redcar Mudstone Formation, 
Ironstone Shale Member. (Photo: K.N. Page.)

particularly bivalves and brachiopods, from parts 
o f the sequence. Rhyncbonelloidea lineata 
(=  Terebratula trilineata) was described as Very 
abundant’ in the upper part o f the Cleveland 
Ironstone Formation, an observation confirmed 
by Ager (1956-1967). Ammonites include 
Aegoceras capricomus in the Staithes Sandstone 
Formation, presumably near its base, and 
Amaltheus stokesi (Ammonites clevelandicus) 
and Amaltheus subnodosus (Ammonites vittatus) 
from the lower part o f the Cleveland Ironstone 
Formation. Wright (1862-1880) described and 
figured intact examples, from Staithes Sandstone 
Formation lithologies, o f the asteroids Archastro- 
pecten hastingiae and Uraster carinatus, and the 
ophiuroids Palaeocoma m illeri and Opbioderma 
carinata, the latter probably a junior synonym 
o iP . m illeri (Hess, I960).

The top o f the Cleveland Ironstone Formation 
forms a broad shelf behind which a further cliff 
rises to the summit (Figure 6.18) and exposes 
the entire Whitby Mudstone Formation, some 
72 m (235 ft) thick (Hunton, 1836). The alum 
shale quarries are excavated into the upper part 
o f this cliff. The thicknesses cited by Hunton 
(1836) are approximate but the boundaries o f 
the main lithostratigraphical units can be 
recognized from his description. The Grey Shale 
Member is about 9 m (30 ft) thick and was 
described as ‘hard compact shale, very sandy; a 
few small nodules. Very barren in fossils’ . Fox- 
Strangways (1892) also noted that it was seen in 
Boulby Cliff. Above lies the Jet Rock, 6 m (20 ft) 
thick, which from Hunton’s (1836) description 
o f ‘many pyritous nodules, very much flattened’ 
can be readily correlated with the lower part o f 
the Mulgrave Shale Member. Fox-Strangways 
(1892) mentioned that the Jet Rock had been 
worked for jet here, and that a small ledge had 
been excavated in the cliff at this level between 
the Boulby Alum Works and the west end o f 
Loftus Alum Works. From the Jet Rock and the 
lower part o f the Bituminous Shales Hunton 
(1836) recorded Harpoceras exaratum , H. 
falciferum  (=  Ammonites mulgravius), Elegantu- 
liceras elegant ulum, Ovaticeras ovatum , 
Pseudolioceras lytbense (=  Ammonites concavus), 
Pbylloceras beteropbyllum and a small lytoceratid 
that he identified as 4Ammonites fimbriatus\ 
He also noted remains o f Ichthyosaurus, 
Plesiosaurus and the crocodilian Pelagosaurus 
brongniarti ( =  Teleosaurus chapmanni), 
preserved ‘generally in pyritous nodules’, and 
the fish Lepidotes gigas which he described as
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being ‘rarely met with elsewhere*. The bivalve 
Pseudomytiloides dubius was found throughout 
what is considered here to represent the 
Mulgrave Shale Member.

Hun ton (1836) noted the lowest level worked 
for alum (Figure 6.19) but this may not corres
pond to the base o f the Alum Shale Member as 
currently defined, which probably lies a little 
higher. The ferruginous nodules in the Alum 
Shale Member here may be similar to the nodular 
siderite horizons described by Howarth (1962a) 
from the Hard Shale Beds and Main Alum 
Shale Beds. Hunton’s (1836) description o f the 
succeeding 25 ft (7.7 m), as the ‘Hard or Cement- 
stone Seam* with ‘numerous calcareous nodules, 
exclusively manufactured into Roman cement*, 
clearly corresponds to the lower part o f the 
Cement Shale Beds towards the top o f the Alum 
Shale Member, as does the the remaining 10 ft 
(3 m) o f ‘shale’ beneath the unconformity at the 
base o f the local Middle Jurassic succession.

The alum workings removed an enormous 
volume o f rock and the vertebrate remains 
were so numerous that one o f the walks at 
Boulby House was edged with saurian vertebrae 
(Fox-Strangways, 1892). Tate and Blake (1876) 
suggested that the vertebrate fauna came 
primarily from their zone o f A. communis, 
suggesting the early Bifrons Zone (=  Main Alum 
Shale Beds), a view supported by Benton and 
Spencer (1995) based on observations o f matrix 
adhering to specimens. The Cement Shale Beds 
have also been suggested as a source for some 
(Taylor, 1992). Benton and Spencer (1995) 
noted that the holotypes o f the plesiosaur 
Eretmosaurus macropterus, the pliosaur 
Rbomaleosaurus zetlandicus, the ichthyosaur 
Ichthyosaurus crassimanus and the only 
pterosaur known from the Toarcian Stage o f 
Britain, Parasicepbalus purdoni came from this 
locality. The ichthyosaur Temnodontosaurus 
platyodon was recorded by Simpson (1884): 
this species and Ichthyosaurus communis were 
noted by Hunton (1836), but without indicating 
the level within the Whitby Mudstone Formation 
that they occurred. The bivalve Nuculana ovum 
was stated by Hunton (1836) as very abundant in 
the Cement Shale Beds and present throughout 
much o f the Alum Shale Member. He commented 
that the species was used to indicate which part 
o f the shale succession was suitable for alum 
extraction. Among the fauna cited from the Alum 
Shale Member were Dactylioceras commune, 
Hildoceras bifrons (Ammonites walcotti),

Frechiella subcarinata, Catacoeloceras crassum, 
Peronoceras ftbulatum , P. subarmatum, Pseudo- 
lioceras lythense, Ps. boulbiense, Nodicoeloceras 
crassoides (=  Ammonites annulatus), Pbylloce- 
ras heterophyllum and 4Ammonites fimbriatus\ 
Other elements include Cenoceras astacoides, 
belemnites and the inarticulate brachiopod 
Discinisca reflexa.

The upper part o f the Cement Shale Beds and 
the Peak Mudstone Member are missing at this 
site beneath the unconformity at the base o f 
the Middle Jurassic Dogger Formation. Rastall 
(1905) indicated that there was palaeorelief on 
the unconformity o f perhaps as much as 50 ft 
(15 m). Fox-Strangways (1892) recorded around 
1.4 m (4 ft 6 in.) o f ironstone and ferruginous 
shale above the unconformity, perhaps repre
senting the Murchisonae Shale, a key marker 
horizon o f proven Aalenian (Murchisonae Zone) 
age which is seen only here on the Cleveland- 
Yorkshire coast. This in turn is succeeded by the 
Haybum Formation o f the Ravenscar Group, 
with some 25 m o f massive sandstone and 
subordinate shale forming the top pan o f the 
upper cliff (Figure 6.18).

Interpretation

The succession at the Boulby Quarries GCR site 
is similar to that at the Staithes to Port 
Mulgrave GCR site. Bed-by-bed correlation is 
possible for pans o f the succession (Figure 6.19). 
The ironstones o f the Cleveland Ironstone 
Formation are thicker here than east o f Staithes, 
a reflection o f the north-westerly thickening 
towards Eston (Young et al., 1990a) (Figure 6.11).

Some aspects o f the biostratigraphy o f the site 
are still unresolved. Hunton (1836) correctly 
cited Amaltheus subnodosus (=  Ammonites 
vittatus) as occurring in the Osmortherley Seam 
(Bed 26 o f Howarth, 1955) at ffie base o f the 
Subnodosus Subzone. However, his notes imply 
that he found Amaltheus stokesi (=  Ammonites 
clevelandicus), indicative o f the Stokesi Subzone, 
in beds equivalent to beds 29 to 38 o f the 
Penny Nab Member at Staithes (Howarth, 1955), 
whereas these beds actually lie within the 
succeeding Subnodosus and Gibbosus subzones. 
Pseudolioceras lythense was said to occur in the 
Mulgrave Shale Member, corresponding to the 
Serpentinum Zone, but this species is known to 
be restricted to the succeeding Commune 
Subzone (Howarth, 1992). Hunton (1836) cited 
Pseudolioceras boulbiense from the Alum Shale
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Member at this site but this species is confined 
to the Cement Shale Beds, and higher parts o f 
the Toarcian succession not preserved at Boulby 
Quarries. Simpson (1855) described a large slab 
from the Jet Rock, containing some 80 specimens 
o f Cleviceras exaratum  and the holotype and 
para type o f Phylloceras easingtonense (=  P. 
beteropbyllum ), the latter being re-figured by 
Howarth (1962b).

Some elements o f the Pliensbachian and 
Toarcian fauna listed by Hunton (1836) cannot 
now be interpreted, including most o f the 
belemnites and certain o f the ammonites and 
brachiopods. His identification o f Lytoceras 
( ‘Ammonites’) fim briatum  from the Mulgrave 
Shale and Alum Shale members is questionable 
because this is a Pliensbachian species. The 
Mulgrave Shale Member specimen may repre
sent Trachylytoceras nitidum , a small species 
with periodic raised annular ribs rather like 
those o f Lytoceras fim bria tum  (Howarth, 
1962a), while the Alum Shale Member record 
may refer to Lytoceras cornucopia, said to 
occur sporadically in the Bituminous Shales 
and in the Alum Shale Member (Howarth, 
1962a). Among the vertebrates, records o f the 
ichthyosaurs Temnodontosaurus platyodon 
and Ichthyosaurus communis (Hunton, 1836; 
Simpson, 1884) need to be confirmed since 
these are characteristically Hettangian and 
Sinemurian taxa.

This site was an important source o f intact 
echinoderms, from the Upper Pliensbachian 
sequence, and marine reptiles, from the 
Toarcian Stage, during the 19th century. The 
preservation o f the echinoderms is typical o f 
obrution deposits (Seilacher et al., 1985) and 
suggests a similar general palaeoenvironment to 
that o f the Staithes Sandstone Formation at its 
type locality, with frequent storm re-suspension 
o f sediment bringing about the burial and death 
o f many elements o f the benthos. However, 
although ophiuroids have been found at Staithes 
(M.J. Simms, unpublished observations) at a 
level comparable to that at which they are 
recorded here by Wright (1862-1880), asteroids 
have not been reported from the former site 
though this may reflect collection failure.

The Toarcian vertebrate remains have received 
more attention than other elements o f the fauna 
at this site, though there is little documentation 
o f the stratigraphical levels from which they 
were obtained. Early records suggest that more 
specimens were found in the Loftus Alum

Quarries than at Boulby Quarries (Tate and 
Blake, 1876; Fox-Strangways, 1892). However, 
this could reflect collector bias rather than a 
genuine difference in distribution, particularly if 
all o f the bones from Boulby were used to line 
pathways rather than ending up in collections! 
Benton and Spencer (1995) noted that the 
Loftus quarries appeared to have yielded a 
reptile fauna distinct from those from sites 
around Whitby. Only six specimens from the 
Boulby-Loftus area can now be positively 
traced but it is likely that a greater variety o f taxa 
was collected. The preservation o f these animals 
in laminated, organic-rich, mudstones is typical 
o f stagnation deposits (Seilacher et a l., 1985). 
Taylor’s (1992) investigation o f a large plesiosaur 
skeleton, Rbomaleosaurus zetlandicus, suggested 
that it had drifted and decayed before sinking to 
the sea floor. He found no evidence for post
mortem scavenging but the decay o f soft tissues 
continued on the sea floor and, in early diagenesis, 
probably caused the growth o f pyritous nodules 
around the axial skeleton.

Conclusions

The Boulby and Loftus alum quarries, and the 
cliffs and foreshore below, constitute the thickest 
vertical exposure o f the Lower Jurassic Series in 
Britain, representing levels from the Lower 
Pliensbachian Substage up to the Aalenian Stage, 
and including the base o f the Redcar Mudstone 
Formation and the Staithes Sandstone, Cleveland 
Ironstone and Whitby Mudstone formations. 
Despite the main description o f the site having 
been published more than 160 years ago, all 
o f the main lithostratigraphical units were 
recognized. Hunton’s (1836) attempt at an 
ammonite biostratigraphy o f the section is one 
o f the earliest known; its wider significance 
has perhaps been overlooked on account o f his 
premature death. The stratigraphy o f the site 
has been little studied since that time and has 
great potential for further investigation. The 
site has yielded important faunas o f Toarcian 
reptiles, including plesiosaurs, ichthyosaurs 
and a pterosaur, and o f Upper Pliensbachian 
asterozoan echinoderms. The Toarcian reptile 
fauna appears distinct from those known from 
correlative sections farther south. More precise 
data on thicknesses or facies o f individual sedi
mentary units will prove invaluable in under
standing regional patterns within the Lower 
Jurassic succession o f the Cleveland Basin.
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WHITBY TO SALTWICK, NORTH YORK
SHIRE (NZ 901115-NZ 916 109)

K.N. Page

Introduction

The town o f Whitby is one o f the best-known 
Lower Jurassic sites in Britain, and the Whitby to 
Saltwick coast section is o f international impor
tance for its classic Lower Toarcian exposures, 
unconformably overlain by the Middle Jurassic 
Dogger Formation. The location gives its name 
to the Whitby Mudstone Formation, with part o f 
its type section, and the type section o f the Alum 
Shale Member, falling within the boundaries o f 
this site (Powell, 1984). The term ‘Whitbian’ was 
also coined by Buckman (1910) for the lower 
part o f the Toarcian Stage. It was re-defined by 
Dean et al. (1961) as the Whitbian Substage, 
encompassing only the Lower Toarcian 
Tenuicostatum to Bifrons zones. Although the 
term is seldom now used, the section is the type 
locality for this substage. In addition, there are 
superb, and readily accessible, exposures o f the 
Alum Shale Member and underlying Mulgrave 
Shale Member, which have yielded a rich fauna 
o f vertebrates and invertebrates, including the 
type fossils o f many species. On the basis o f its 
ammonite faunas the site includes stratotypes, 
or at least parastratotypes for several zones and 
subzones.

The coastal exposures o f the Whitby Mudstone 
Formation (Toarcian) here have featured 
extensively in geological descriptions o f the 
Yorkshire coast, including Young and Bird (1822, 
1828), Phillips (1829, 1835, 1875), Simpson 
(1868, 1884), Tate and Blake (1876), Fox- 
Strangways (1892) and Herries ( 1906a,b), and 
Howarth (1962a). This last provides the best 
description o f the succession at this site. The 
vertebrate palaeontology o f the Whitby to 
Saltwick GCR site is included in the Fossil 
Reptiles o f Great Britain (Benton and Spencer, 
1995) and Fossil Fishes o f Great Britain  
(Dineley and Metcalf, 1999) GCR volumes. 
Excursion details for the site are included in 
Rawson and Wright (1992) and Scrutton (1996). 
The Toarcian o f the Whitby district has long been 
an important source o f fossils, including many 
type specimens. However, published accounts 
and museum labels are often vague about the 
original source locality. In many instances 
‘Whitby’ is just as likely to include specimens

from Ravenscar or Port Mulgrave as from close to 
the town itself and only taxa confined to strata 
above the Alum Shale Member or below the 
Mulgrave Shale Member can definitely be 
eliminated from any list o f ‘Whitby’ fossils. 
Skeletons o f large marine reptiles were among 
the first fossils to be described from here and, in 
contrast to so many other fossils, were some
times associated with quite precise location 
details (Chapman, 1758; Wooller, 1758; Benton 
and Spencer, 1995). The ammonite faunas are 
particularly well-known, although old descriptions 
and material are often poorly localized. Many 
species were figured and described by Simpson 
(1855,1884), Buckman (1909-1930) and Howarth 
(1962b, 1992). The belemnite faunas are similarly 
well-documented, with descriptions in Young 
and Bird (1822, 1828), Phillips (1835, 1875, 1865- 
1909), Simpson (1855, 1866, 1884), Tate and 
Blake (1876) and Doyle (1985, 1990-1992). The 
vertebrate fauna is also well-documented as a 
result o f three reviews (Benton and Taylor, 1984; 
Benton and Spencer, 1995; Dineley and Metcalf
1999). However, other than some o f the 19th 
century texts there has been little systematic 
recording o f other elements o f the fauna at this 
site. Simms (1989) cited some poorly localized 
crinoid remains from the Whitby district while 
Watson (1982) collected almost 300 specimens 
oiDacromya ovum with a few adherent specimens 
o f the brachiopod Discinisca reflexa.

Some o f the fossils for which Whitby is so well 
known have formed the basis for folklore. The 
best known o f these is the legend o f the Whitby 
snakestones. When St Hilda (614-680), founder 
o f one o f the first churches in England, arrived 
in Whitby she found the area infested with 
snakes. To eradicate this supposed evil she cut 
off the serpents’ heads and cast them into the 
sea, the legend thereby conveniently explaining 
why ammonites are common on the beaches 
o f the district (Scrutton, 1996). This event is 
commemorated by the three coiled ‘snakes’ 
(ammonites) on the town’s coat o f arms and it 
spawned a souvenir trade in the mid- to late- 
19th century, with snakes’ heads being carved on 
fossil ammonites (usually Dactylioceras). Legend 
meets science in the lectotype o f Dactylioceras 
commune, which bears just such a carved 
snake’s head at the end o f its last whorl (Dean et 
a l., 1961). St Hilda’s association with the town 
is further celebrated in the ammonite genus 
HildoceraSy the type species o f which, H. 
bifrons, came from the area. Jet was another
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geological product that was sold extensively, 
mostly as jewellery or small carvings, in Whitby 
during the 19th century, although most material 
was obtained from sites elsewhere on the coast 
since the main jet-bearing beds are exposed here 
only in small patches at low tide.

Description

Only the middle part o f the Whitby Mudstone 
Formation, comprising some 55 m o f strata, is 
exposed in the cliffs and foreshore between 
Whitby East Pier and Saltwick Nab (Figure 6.21). 
The strata are folded into a broad, asymmetric 
syncline, so that from Whitby to Saltwick the 
gentle dip swings from south, to south-east and 
then south-west. The lowest strata seen are at 
about the level o f the Whalestones (Bed 35 o f 
Howarth, 1962a), towards the middle o f the Jet 
Rock. They are exposed only around low-water 
mark along the seaward edge o f the shore 
north-east o f Saltwick Nab. Higher parts o f the 
Mulgrave Shale Member and the lull thickness o f 
the Alum Shale Member are exposed on the fore

shore to the north-east o f Whitby East Pier as far 
as Long Bight, where the core o f the syncline 
brings the base o f the Dogger Formation down 
to beach level. Between there and towards 
Whitby East Pier the foreshore exposures pass 
down through the sequence to the base o f the 
Alum Shale Member.

Howarth’s (1962a) description o f the Bitumi
nous Shales was based on the exposures around 
Saltwick Nab. This is the only location where 
the complete Bituminous Shales succession 
can be examined on the foreshore: it effectively 
forms the type locality for this bed. Lamination 
is less well-developed, and the organic content 
lower, in the Bituminous Shales than in the Jet 
Rock below. The Alum Shale Member section 
was recorded between Saltwick Nab and Whitby 
by Howarth (1962a) and this forms its type 
section. The Main Alum Shale Beds have a calcium 
carbonate content sufficiently low that formerly 
they were used in the manufacture o f Alum. The 
vast scars o f this former industry litter the coast 
from Whitby to Boulby. The removal o f many 
thousands o f tonnes o f shale led to the reduction

Figure 6.21 Outcrop map of the Whitby Mudstone Formation on the foreshore between Whitby and Saltwick. 
After Howarth (1962a).
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o f formerly grand headlands and cliffs to little 
more than stumps, such as at Saltwick Nab 
(Figure 6.22) and Ketdeness. The Hard Shale 
Beds and Cement Shale Beds have slightly higher 
carbonate contents: concretions in the latter 
were once worked for cement manufacture. 
Thicknesses and lithological description o f the 
Jet Rock are based on the section near Port 
Mulgrave, as recorded by Howarth (1962a). 
With minor revisions (Howarth, 1992), these 
form the basis o f the following section.

Thickness (m)
AALEN1AN STAGE 
Dogger Formation
Sandstone, grey, at base, lying unconformably 

on Whitby Mudstone Formation.
LOWER TOARCIAN SUBSTAGE 
Whitby Mudstone Formation 
Alum Shale Member 
Cement Shale Beds 
Bifrons Zone, Crassum Subzone 
72 (part): Shale, grey, with calcareous 

nodules. Catacoeloceras crassum,
Hildoceras semipolitum, H. ex grp 
bifrons. Belemnites include Acrocoelites 
levidensis, A. tricissus, A. subtricissus, 
Simpsonibelus expansus, S. dorsalis,
S. lentus and Dactyloteutbis crossotela.
This horizon corresponds to the crassum- 
bifrons and crassum-semipolitum 
biohorizons, while the base of the 
unit at Whitby is a parastratotype for 
defining the Crassum Subzone of 
Howarth (1992). 2.5

Fibulatum Subzone
72 (part): Shale, grey, with calcareous nodules. 

Porpoceras c£ vortex, P. verticosum,
Hildoceras ex grp. bifrons, Acrocoelites 
levidensis, A. tricissus, A. subtricissus, 
Simpsonibelus expansus, S. dorsalis,
S. lentus and Dactyloteutbis crossotela.
This corresponds to the vortex Biohorizon. 1.5 

65-71: Shale with several rows of calcareous 
concretions. Hildoceras ex grp. bifrons, 
occasional Phylloceras beteropbyllum 
and rare Lytoceras cornucopia at base. 
Acrocoelites levidensis, A. subtricissus,
A. inequistriatus, Simpsonibelus expansus,
S. dorsalis and S. lentus present. 1.85 (6 ft) 

Main Alum Shale Beds 
63 (part)-64: Shale with bands of calcareous

nodules. Peronoceras fibulatum, P. tunricu- 
latum, Zugodactylites braunianus, Pseudo- 
lioceras lytbense, Hildoceras ex grp. bifrons, 
Phylloceras beteropbyllum and Lytoceras 
cornucopia with Acrocoelites vulgaris, 
Simpsonibelus expansus and S. dorsalis. 
Corresponds to the braunianus Biohorizon. 1.9 

60-63 (part): Shale with bands of calcareous 
nodules. The fauna is reported to be in 
the lower approximately 1 m and includes 
Peronoceras fibulatum, P. turriculatum,
P. perarmatum, P. subarmatum, Pseudo- 
lioceras lytbense, Hildoceras ex grp. bifrons 
and Phylloceras. Belemnites include Acro
coelites vulgaris, A. tricissus, A. inequistriatus, 
Simpsonibelus expansus, 5. dorsalis and S. 
lentus. These beds correspond to the turri
culatum Biohorizon, while the base of Bed 
60 at Whitby corresponds to the base of the 
Fibulatum Subzone as defined by Howarth 
(1992). 1.33

Figure 6.22 The Whitby Mudstone Fbrmation in the cliffs at its type location. (Photo: K.N. Page.)
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Thickness (m)
Commune Subzone
55-59: Shale with bands of calcareous nodules. 

Dactylioceras atbleticum and D. spp., 
Hildoceras ex grp. lusitanicum, Pseudo- 
lioceras lytbense, Pbylloceras beterophyllum 
and Lytoceras cornucopia. Also Acroco- 
elites oxyconus, A. subtenuis, A. subgracilis,
A. pyramidalis, A. vulgaris, A. tricissus,
A. subtricissus, A. inequistriatus,
Simpsonibelus expansus, S. dorsalis 
and S. lent us. Corresponds to the 
atbleticum Biohorizon. 2.8 (9 ft 2 in)

51-54: Shale with bands of calcareous 
nodules. D. commune and D. spp.,
Hildoceras ex grp. lusitanicum,
Pbylloceras beterophyllum and rare 
Frechiella subcarinata. Belemnites 
include Acrocoelites oxy conus,
A. subtenuis, A. longiconus, A. sub
gracilis, A. pyramidalis, A. vulgaris, A. 
tricissus, A. subtricissus, A. inequistriatus, 
Simpsonibelus expansus and S. dorsalis. 
Corresponds to part of the commune 
Biohorizon. 9.5 (31 ft)

Hard Shale Beds
49-50: Shale with concretions and pyritic 

masses, capped by a 0.13 m-thick red 
sideritic mudstone band. Dactylioceras 
commune, D. temperatum in upper 
part, also Hildoceras ex grp. lusitanicum, 
Parapassaloteuthis pollta, Acrocoelites 
subtenuis and Simpsonibelus dorsalis.
This corresponds to the low er part o f  
the commune Biohorizon, while the 
base of Bed 49 here marks the base 
of the Commune Subzone as 
defined by Howarth (1992). 6.4 (20 ft 9 in.)

Mulgrave Shale Member 
Bituminous Shales
48: Ova turn Bed: Double row of large

sideritic concretions in grey shale, with 
irregular masses of pyrite and occasional 
‘belemnite battlefields’ with abundant 
Acrocoelites subtenuis and A. vulgaris. 
Ovaticeras ovatum formerly common, 
probably including the holotype, with 
Dactylioceras cf. consimile and 
occasional Pbylloceras beterophyllum. 
Corresponds to part of the ovatum 
Biohorizon. 0.25 (10 in.)

47 (part): Shale, grey bituminous with 
occasional Ovaticeras ovatum, also 
Parapassaloteuthis polita, Acrocoelites 
subtenuis, A. vulgaris and Simpsonibelus 
dorsalis. Corresponds to part of the 
ovatum Biohorizon. 0.75

Serpentinum Zone, Falciferum Subzone 
46-47 (part): Shale, grey, bituminous, with a 

0.13 m-thick sideritic mudstone at base. 
Dactylioceras sp., Parapassaloteuthis 
polita, Acrocoelites subtenuis, A. vulgaris 
and Simpsonibelus dorsalis. 4.98

44-45: Shale, grey, bituminous, with a row of 
scattered concretions at base. Harpoceras 
ex grp falciferum (|. Sowerby), D. c£ 
consimile and P. beterophyllum, also 
Parapassaloteuthis polita, Acrocoelites 
(A.) subtenuis, A. (O.) subtricissus and

Simpsonibelus dorsalis. The falciferum
Biohorizon lies within these two
beds. 3 5 (11 ft 6 in.)

41-43: Shale, grey, bituminous, with a row 
of scattered, pyrite-skinned concretions, 
containing abundant Pseudomytiloides, 
near the middle. Harpoceras ex grp. 
falciferum, including Harpoceras 
mulgravium, Dactylioceras spp. 
and Nodicoeloceras incrassatum, 
Parapassaloteuthis robusta, P. polita, 
Acrocoelites subtricissus, A. inequistriatus, 
Simpsonibelus dorsalis, Youngibelus 
tubularis and Y. simpsoni; the last two 
species are restricted to Bed 43 of 
Howarth (1962a), which was termed the 
‘tubularis Bed’ in unpublished notes 
by Phillips (Doyle, 1985). These beds 
probably include the mulgravium 
Biohorizon. The base of Bed 41 at 
Saltwick is effectively a parastratotype 
for the base of the Falciferum Subzone 
(Howarth, 1992). 13 8 (44 ft 10 in.)

Jet Rock
Exaratum Subzone
40: Millstones: Giant, flattened lenticular 

calcareous concretions, reaching more 
than 4.5 m in diameter, in grey bituminous 
shale. They are exposed near low-water 
mark to the north of Saltwick Nab, extending 
south-eastwards in the direction of 
Whitestone Point. Corresponds to part 
of the elegans Biohorizon. 0.3 (1 ft)

39: Top Jet Dogger: Continuous band o f  
argillaceous limestone. Acrocoelites 
trisulcolosus. Corresponds to part 
of the elegans Biohorizon. 0.23 (9 in)

38: Shale, grey, bituminous, with occasional 
calcareous concretions. Acrocoelites 
trisulcolosus and A. ilminsterensis 
present. 1.5 (5 ft)

37: Curling Stones: Calcareous concretions 
up to 0.45 m in diameter, with pyritic 
skins and almost perfect spheroidal 
shape, set in grey bituminous shale. 
Acrocoelites trisulcolosus and A. 
ilminsterensis present. Corresponds 
to part of the elegans Biohorizon. 0.3 (1ft)

36: Shale, grey, bituminous. Acroco
elites trisulcolosus and A. ilmin
sterensis. 1.08 (3 ft 6 in)

35: Whalestones: Large ovoid calcareous
concretions up to 3 m long and 1 m thick, 
with many smaller concretions, in grey 
bituminous shale. They form a conspicuous 
feature at low tide, beyond the outcrop of 
the Millstones, capping pillars of the under
lying shale (Bed 34). Between Black Nab 
and Whitestone Point their position is 
often marked by a line of breaking waves. 
Cleviceras exaratum, with less frequent 
Harpoceras serpentinum, Lytoceras 
crenatum and probably also Dactylio
ceras sp.. This may be the type locality 
and horizon for Hildaites forte and 
H. murleyi (Howarth, 1992). Acrocoelites 
trisulcolosus and A. ilminsterensis. 
Corresponds to part of the exaratum 
Biohorizon. 0.92 (3 ft)
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The invertebrate macrofossil fauna o f the Whitby 
Mudstone Formation at this site is dominated 
by cephalopods, mosdy dactylioceratid and 
hildoceratid ammonites and belemnites, but 
including the nautiloid Cenoceras astacoides 
from the Alum Shale Member (Howarth, 1962b). 
Belemnites are especially abundant and the 
Whitby district has yielded many type specimens; 
those definitely known to be from this site include 
Acrocoelites inequistriatus, A. trisulculosus, 
Simpsonibelus dorsalis, Youngibelus tubularis 
and Y. simpsoni. The type specimens o f several 
other species are said to be from Whitby (Doyle, 
1990-1992) but, as with many other old records, 
such labels may encompass several other sites 
along the coast. Specimens o f Youngibelus tubu
laris and Y. simpsoni from Bed 43 at Saltwick 
Nab were used by Doyle (1985) to argue that 
these two nominal species were sexual dimorphs 
o f a single species. Lenticular concentrations o f 
belemnites at the level o f the Ova turn Bed were 
termed ‘belemnite battlefields’ by Doyle and 
McDonald (1993). The remainder o f the inverte
brate fauna is o f low diversity, as is typical o f the 
Mulgrave Shale and Alum Shale members at other 
sites. In the Mulgrave Shale Member Pseudo- 
mytiloides dubius is one o f the few common non- 
cephalopod macrofossils, while in the succeeding 
Alum Shale Member Dacromya ovum may be 
abundant at certain levels, sometimes associated 
with commensalistic examples o f the brachiopod 
Discinisca reflexa (Watson, 1982). Morris
(1979) provides a more complete list o f bivalve 
taxa found in the two members. Rare examples 
o f the crinoids Pentacrinites dicbotomus and 
Seirocrinus subangularis have been recorded 
from the Bituminous Shales (Simms, 1989), with 
at least some probably recovered from this site. 
Small pyritic burrows occur at some levels in the 
Alum Shale Member.

The vertebrate fauna o f this site is well 
documented through the work o f Benton and 
Taylor (1984), Benton and Spencer (1995) 
and Dineley and Metcalf (1999). Among the 
reptile fauna plesiosaurs, ichthyosaurs, crocodiles 
and possibly a dinosaur are represented and 
include many nominal type species (Benton 
and Taylor, 1984). However, although detailed 
locality data is available for some specimens, 
even from more than two centuries ago (e.g. 
Chapman, 1758; Wooller, 1758), for many others 
a Whitby label is not necessarily proof that the 
specimen was obtained from this site. It is clear 
from Benton and Taylor’s (1984) study that

Saltwick was an exceptionally rich source o f 
fossil marine reptiles with most o f the better- 
recorded specimens obtained from the Main 
Alum Shale Beds (Benton and Spencer, 1995), 
the only level which was extensively quarried 
in the region, with a few from the Bituminous 
Shales. Fish remains have an almost equally 
long history o f study, with eight type species 
described from here in papers by Agassiz 
(1833-1845), Egerton (1852), Simpson (1855) 
and especially by Woodward (1896, 1897, 1898, 
1899). However, some taxa listed as from here 
have since been deemed indeterminate or are 
thought to have originated from localities out
side o f Yorkshire (Dineley and Metcalf 1999). 
Many o f the earlier collections were made from 
the Bituminous Shales but in later times material 
was also obtained from industrial workings o f 
the Alum Shale Member. Many o f the fish 
described from this site, particularly those within 
carbonate nodules, are beautifully preserved in a 
high degree o f articulation although others 
typically occur as disarticulated remains. Among 
these are remains o f the giant chondrostean 
Gyrosteus mirabilis, thought to reach lengths o f 
5-6 m. The fish fauna as a whole is dominated 
by osteichthyans, such as Gyrosteus, Lepidotes, 
Pachycormus, Pbolidophorus and Leptolepis. 
Chondrichthyans appear to be absent, or at least 
have not been recorded from here.

Interpretation

The ammonite faunas o f the Bituminous Shales 
and the Alum Shale Member at Whitby have 
formed the basis o f many stratigraphical reviews 
and include the stratotypes, or parastratotypes, 
o f the Commune, Fibulatum and Crassum 
subzones o f the Bifrons Zone (Howarth, 1992). 
Cox (1990) suggested that the area could 
provide reference sections for fhe Serpentinum 
(=  Falciferum) and Bifrons zones. The Whitby 
area is the type locality for many ammonite 
species (Howarth, 1962b, 1992) some o f which 
may not have come from the near the town. For 
example, the types o f Elegantuliceras elegan- 
tulum  and Dactylioceras semicelatum are both 
from levels stratigraphically lower than any beds 
currently exposed between Whitby and Saltwick 
(Howarth, 1973, 1992). They could have come 
from Hawsker Bottoms to the south or beyond 
Sandsend to the north. Type specimens o f some 
species, used as zonal indices, are more likely to 
have come from the Whitby to Saltwick area.
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These include Cleviceras exaratum, Dactylioceras 
commune, Hildoceras bifrons and Peronoceras 
fibulatum . Unusual elements in the ammonite 
faunas include the Tethyan giant Pbylloceras 
heterophyllum, which occurs sporadically through
out the succession here, and the rarer Lytoceras 
ex grp. cornucopia. Both appear to have greatly 
expanded their range northwards at this time, 
perhaps due to more open seaways associated 
with the mid-Toarcian eustatic highstand (Hesselbo 
and Jenkyns, 1998). This may also account for 
the presence o f the Mediterranean Bouleiceratine 
Frechiella subcarinata, o f which the holotype is 
probably from Whitby, which reached the area in 
small numbers during the Commune Subzone 
(Donovan, 1967).

Throughout the Whitby Mudstone Formation 
succession exposed here the fauna is dominated 
by nektonic, planktonic and pseudoplanktonic 
taxa, with few unequivocally benthic forms. 
Morris (1979) used these and other observations 
to interpret the Mulgrave Shale Member as a 
‘bituminous-shale facies’ and the succeeding 
Alum Shale Member as a ‘restricted-shale facies’ . 
The presence o f finely preserved, commonly 
articulated vertebrates indicates that scavenging 
benthos was largely absent from the Mulgrave 
Shale and Alum Shale members. O ’Brien (1990) 
noted that the organic content and the develop
ment o f lamination was weaker in the Bitumi
nous Shales than in the Jet Rock. He interpreted 
these as indicators o f increasing water depth. 
They might also indicate a decline in biological 
productivity in near-surface waters, perhaps 
reflecting changes in marine circulation or 
climatic conditions (Hesselbo and Jenkyns, 
1995).

The absence o f chondrichthyan Fish at this 
site, a common element o f many other early 
Jurassic fish faunas (Dineley and Metcalf, 1999) 
seems significant. However, this observation 
appears to hold largely true also for the German 
correlative o f these strata, the Posidonienschiefer. 
Only Hybodus hauffianus occurs in equivalent 
strata in Posidonienschiefer, where it has been 
reported from the Serpentinum Zone, but even 
there it occurs only rarely among a fish fauna 
comprising many thousands o f specimens. 
Perhaps the rarity o f chondrichthyans in these 
anoxic mudstone facies reflects an at least inter
mittently benthic habit for these fish which lack 
a swim bladder, and hence must swim actively to 
remain at the bottom.

The lithostratigraphy o f the Mulgrave Shale 
and Alum Shale members at this site is similar to 
that at others north-west o f the Peak Fault. Many 
o f the marker bands can be recognized along 
this whole stretch o f coast. The succession 
differs markedly from the correlative succession 
south-east o f the Peak Fault. There is little 
difference in the thickness o f the Mulgrave Shale 
Member on either side o f the fault (Howarth, 
1962a), but the nodule horizons in the Jet Rock 
at Whitby are largely absent south o f the fault. In 
the Bituminous Shales and Alum Shale Member 
there are again significant differences between 
the succession recorded here and that at Blea 
Wyke. Lithostratigraphical correlation between 
the two sites o f Whitby-Saltwick and Blea Wyke 
is difficult, with only the Ovatum Bed at the top o f 
the Bituminous Shales common to both sections. 
The ammonite faunas allowed Howarth (1962a) 
to make tentative correlation o f various horizons 
and to establish that the unconformity at the 
base o f the Dogger Formation cuts out approxi
mately the top 2 m o f the Alum Shale Member at 
Whitby. The most significant difference between 
the two sections is the expansion o f the succes
sion at Blea Wyke compared to that at Whitby, 
with most o f this occurring in the Cement Shale 
Beds. There is no evidence o f a non-sequence at 
this level in the Whitby section so presumably 
this represents a brief increase in subsidence 
rate within the Peak Trough.

Conclusions

The cliffs and foreshore between Whitby and 
Saltwick expose a classic Toarcian section 
which has been a rich source o f type and figured 
fossils, particularly ammonites and vertebrates. 
The section exposes the higher part o f the 
Mulgrave Shale Member and an almost complete 
Alum Shale Member succession: it is the only site 
where the Alum Shale Member is extensively 
exposed and accessible on the foreshore. At 
other sites this part o f the succession is exposed 
only in relatively inaccessible cliff sections or in 
old quarry workings now degraded by weathering. 
The section includes stratotypes, or at least para- 
stratotypes for several lithostratigraphical and 
chronostratigraphical units, and it is the type 
locality for the Toarcian Whitbian Substage. The 
ammonites have inspired legends o f serpents 
and are commemorated on the Whitby coat o f 
arms.
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The Moray Firth Basin



Dunrobin Coast Section

INTRODUCTION

MJ. Simms

Like the Cleveland Basin to the south, the 
Dunrobin Coast Section represents the landward 
extension o f a largely offshore basin intimately 
linked in its genesis with the extensional rift 
basins o f the North Sea. The onshore Jurassic 
successions are far from continuous but include 
some classic sites such as the coal-bearing Middle 
Jurassic strata around Brora (see British Middle 
Jurassic Stratigraphy for the Brora GCR site report, 
Cox and Sumbler, 2002) and the Upper Jurassic 
‘boulder beds* at Helmsdale (Cope et al., 1980a; 
Wignall and Pickering, 1993; see also British 
Upper Jurassic Stratigraphy for the Helmsdale 
GCR site report, Wright and Cox, 2001). Lower 
Jurassic rocks are known only from the western 
part o f the Moray Firth Basin.

Trewin (1991) summarized the Mesozoic 
history o f the Inner Moray Firth Basin. The basin 
was defined and controlled by a series o f major 
NE-SW- to ENE-WSW-trending faults, most 
notably the Great Glen and Helmsdale faults in 
the west and the Wick and Banff fault systems to 
the north and south respectively, with several 
kilometres o f extension during the Mesozoic Era 
(McQuillin et a l., 1982). O f these, the Helmsdale 
Fault was the main controlling influence on 
Mesozoic sedimentation, with some evidence for 
movement during earliest Jurassic times (Batten 
et a l., 1986) and, spectacularly demonstrated at 
Helmsdale itself, in the late Jurassic ‘boulder 
beds*. The Helmsdale Fault is thought to be a re
activated Caledonian structure, with rocks on the 
upthrow side comprising Moinian metasediments 
intruded by the Late Caledonian Helmsdale 
Granite and overlain unconformably by Lower Old 
Red Sandstone. Throughout much o f Mesozoic 
times this fault would have marked the westward 
limit o f the basin and o f marine deposition.

The stratigraphical nomenclature o f the Lower 
Jurassic succession was formalized by Batten et 
al. (1986) and revised by Richards et al. (1993) 
(Figure 7.1). The latter elevated the Dunrobin Bay 
Formation o f Batten et al. (1986) to the status 
o f a group, with the constituent subdivisions 
elevated to the ranks o f formation. Since the 
Lower Jurassic Series throughout the rest o f 
Britain is contained within the Lias Group there 
seems little justification for raising to such 
elevated rank these relatively minor stratigraphi
cal units within the local Lower Jurassic succession.

Accordingly the stratigraphical nomenclature o f 
Batten et al. (1986) is followed here.

DUNROBIN COAST SECTION, HIGH
LAND (ND 854 007-ND 860 009)

N.H. Trewin

Introduction

The Dunrobin Coast Section GCR site is the only 
exposed onshore section in the Lower Jurassic 
rocks o f the Moray Firth Basin on the western 
margin o f the North Sea. Besides its significance 
for correlation with offshore sequences, the 
section is unique in Britain in showing clear 
evidence for a freshwater to marginal marine 
succession. The higher part o f the succession 
can be correlated direedy with the Pabba Shales 
o f the Hebrides Basin. It is an important site for 
basinal and palaeogeographical reconstructions 
for the Early Jurassic Epoch in Britain.

The Lower Jurassic succession at Dunrobin 
crops out on the shore, mainly in the intertidal 
zone, between ND 834 007 and ND 860 009, 
near Dunrobin Casde, Golspie, Sutherland. This 
outcrop area includes the most extensive onshore 
development o f non-marine Lower Lias in Britain, 
showing an upward transition from freshwater 
to lagoonal and marine strata. Exposures along 
about 0.9 km o f shore show parts o f a 
Hettangian to Pliensbachian succession at the 
margin o f the Inner Moray Firth Basin.

The Dunrobin section was first described by 
Judd (1873). Lee (1925) gave a detailed account 
o f the section with bed-by-bed descriptions o f 
the fauna in the upper part o f the exposed 
succession, and further details were supplied by 
Sellwood (1972). The vagaries o f drifting beach 
sand and seaweed cover seldom allow detailed 
examination o f this section. Cored boreholes 
have provided information on unexposed parts 
o f the succession (Neves and Selley, 1975). The 
destruction o f Dunrobin Pier by storm action 
resulted in new exposures o f the basal part o f 
the Jurassic sequence, which were described by 
Batten et al. (1986).

Description

The rocks are intermittently exposed between 
ND 854 007, as intertidal reefs within the small 
bay west o f the former position o f Dunrobin 
Pier, and ND 860 009 where marine shales are
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Richards et al. Batten et al.
(1993) (1986)

Thickness Fades Palaeoenvironment

>54 m [>180 ft] Gudd, 1873) 
>18 m (Lee, 1925; Neves and 

SeUey, 1975)
32 m exposed: probably >48 m 

(Batten et aL, 1986)

shales, sandy and shelly beds, marine 
fauna; finer grained upwards; minor 
cydidty present

shallow water marine, becoming 
more open marine upwards; 
cydidty due to variation in water 
depth and energy conditions

22 m proved by drilling (Neves and medium cross-bedded sandstone; marginal marine, possibly
SeUey, 1975) carbonaceous debris, sparse marine estuarine channel complex

sheUy fauna and phytoplankton

120-150 m Gudd, 1873)

75-90 m (Lee, 1925)

73 m proved by drilling (Neves and 
SeUey, 1975)

shales and sUtstones, thin coals and 
rootlet beds; some marine 
phytoplankton in middle o f unit, but 
dominantly freshwater deposition 
indicated

alluvial lagoonal with occasional 
marine inundation

alluvial plain

15 m [50 ft] Gudd, 1873)
2 m (Neves and SeUey, 1975) 
>32 m (Batten et al.t 1986)

cross-bedded sandstone and 
conglomerate; freshwater 
pahmomorph assemblage; coarse 
carbonaceous debris in some beds 
erosion, climatic change, source uplift 
nodular caliche carbonates; 
calcrete/sUcrete crusts in red 
mudstone

local aUuvial fan, humid sub
tropical climate

semi-arid climate, low 
topographic relief to source area; 
low sediment supply

yeUow, cross-bedded sandstones, mixed aeolian dune and fluvial 
weU-rounded grains and bimodal size deposition 
distribution; variable silica cement

Figure 7.1 Summary stratigraphy and interpretation of the succession at Dunrobin. After Batten et al. (1986).
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exposed on the foreshore and in a low cliff. The 
difficulty in measuring the section has resulted 
in varying estimates o f the thicknesses o f the 
units present. The stratigraphy followed here 
has been summarized by Batten et al. (1986) 
and is presented in Figure 7.1 with details o f the 
various thickness estimates, major features o f 
the succession and an interpretation o f the 
palaeoenvironments represented.

The Dunrobin Bay Formation is divided into 
three members, the Dunrobin Pier Conglomerate 
Member, the Dunrobin Casde Member and the 
Lady’s Walk Shale Member. The Dunrobin Pier 
Conglomerate Member rests on an erosion 
surface on the underlying clays and calcretes 
that mark the top o f the Triassic succession in 
the Moray Firth, and contains reworked clasts 
o f Triassic calcrete, silcrete and sandstone. The 
member is at least 32 m thick (Batten et al.y 1986), 
and includes conglomeratic sandstones, sandstones 
with trough and planar cross-bedding, and shaly, 
carbonaceous sandstones. Cross-bedding direc
tions indicate transport to the north-east, parallel 
to the line o f the Helmsdale Fault. The cleaner 
cross-bedded sandstones, cemented by poikilo- 
topic calcite, occur as channel fills with basal 
erosion surfaces and stand out as reefs on the 
shore. The shaly, carbonaceous sandstones are 
seldom exposed but contain fragments o f 
carbonized woody debris up to 20 cm long and 
a rich terrestrial palynological assemblage.

The succeeding Dunrobin Casde Member is 
divisible into two distinct units. Detail o f the 
lower o f these, the ‘Carbonaceous Siltstone and 
Clay Unit’, is known mainly from drilling (Neves 
and Selley, 1973). The basal 28 m comprises 
green-grey clays and siltstones, with red-brown 
shale interbeds near the base. These strata 
are overlain by some 45 m o f rhythmic grey 
clays, and thin, fine-grained, buff sandstones. 
Carbonaceous layers, approaching coal in 
places, and roodet beds are present. The 
microflora (Lam and Porter, 1977) is dominated 
by bisaccate pollen, small deltoid spores and 
Cerebropollenites. Classopolis is locally 
common and Botryococcus is present in some 
beds, while the dinofiagellates Micrbystridium  
and Tasmanites also occur, sometimes in flood 
abundances. Correlative units in the offshore 
Beatrice Oilfield include shales with euestheriids 
as well as ostracods and abundant roodets. The 
White Sandstone Unit above is about 22 m thick, 
medium- to coarse-grained, quartzose and cross- 
bedded. Carbonaceous debris is common in

thin shaly partings or as carbonaceous drapes 
on the toe-sets o f cross-bedded units. Neves 
and Selley (1975) recorded Micrbystridium , 
Baltisphaeridium and Dapcodinium  from the 
shale partings within the sandstone, while Lee 
(1925) recorded marine bivalves, including 
Grammatodon, from a mudstone unit (his Bed 
2) about 2 m below the top o f the sandstone.

The Lady’s Walk Shale Member is the highest 
o f the three members but exposure is poor. Lee 
(1925) provided a numbered bed sequence for 
the member, reproduced in emended form here, 
although some o f the units he recorded are now 
difficult to recognize due to the poor exposure.

Thickness (m )
Lady's Walk Shale Member
20: Sands, muddy, soft, poorly sorted, 

containing broadly oblate calcareous 
nodules that pass laterally into an 
irregularly bedded, yellow-weathering, 
impersistent limestone. 1.55 (5 ft)

19: Clay, blue, with a band of limestone 
nodules 1 ft (0.3 m) from the base 
(?beds 19-21 of Lee, 1925). 1.85 (6 ft)

18: Limestone, irregularly bedded. 0.3 (1ft)
17: Clay or shale, blue. Apoderoceras 

cf. sociale, A. aft aculeatum and 
7Yagophylloceras sp.. 2.15 (7 ft)

16: Sandstone, coarse, dark, carbonaceous,
forming a reef on the foreshore. 0.28 (11 in.) 

15: Shale, sandy, with calcareous Gleviceras
cf. victoris. 0.6 (2 ft)

14: Sandstone, dark, calcareous, forming
reef on foreshore. 0.15 (6 in.)

13: Shale, sandy, micaceous. 0.15 (6 in.)
12: Sandstone, shaly, calcareous, bluish,

forming reef on foreshore. 0.15 (6 in.)
11: Shale, sandy, hard, concretionary. 0.9 (3 ft) 
10: Shale, sandy, strongly bioturbated, 

micaceous; blue and less sandy in 
lowest 1 m. 5.5 (18 ft)

GAP 0.6 (2 ft)
9: Shelly band, dark, passing into shelly

limestone. Abundant juvenile Grypbaea 
and disarticulated Pseudolimea.
Paltecbioceras. 0.15 (6 in.)

8: Mudstone, dark, with abundant Grypbaeay
together with Astarte, Cardinia, Pleuromya, 
Pseudolimea, disarticulated pectinids, 
Paltecbioceras and fish debris. Forms
prominent reef on foreshore. 0.6 (2 ft)

7: Shale, sandy, dark, passing into
limestone. 0.3 (1 ft)

6: Sandstone, soft, shaly, obscure. 0.05 (0-2 in.)
GAP 0.9 (3 ft)
5: Sandstone, greenish, micaceous. 0.45 (1 ft 6 in.)
4: Shale, sandy, micaceous and ferruginous,

weathering red and brown. 0.3 (1 ft)
GAP 0.9 (3 ft)
Top of White Sandstone Unit, Dunrobin 

Castle Member
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Lee’s quoted thickness o f 18 m seems too low 
and at least 32 m is present (Batten et a l.,
1986). Exposed reefs o f harder rock include 
calcareous and muddy sandstones that are inter- 
bedded with soft shales containing calcareous 
concretions. Sellwood (1972) observed several 
coarsening-upward cycles (Type 1 cycles o f 
Sellwood, 1970) within this part o f the succession. 
Although traces o f ripple lamination remain in 
some beds and a few are capped by coarse 
sand with scattered pebbles, the sandy tops o f 
these cycles are generally bioturbated, with 
Rhizocorallium, Spongeliomorpba, Siphonites 
and Chondrites observed. The fauna is other
wise generally sparse, with Astarte, Myoconcha, 
Modiolus and Gryphaea in the sandier units, 
and Mactromya and other lucinoids also 
present in the mudstones (Sellwood, 1972). 
Two shale beds (beds 8 and 9 o f Lee, 1925) are 
highly fossiliferous. Both contain abundant 
juvenile Gryphaea but, whereas Bed 8 is other
wise dominated by Pseudolimea, with original 
colour-banding preserved, Bed 9 contains a 
more diverse assemblage. Thalassinoides 
burrows in both units commonly are filled with 
minute bivalve-juvenile debris. Rhynchonellid 
brachiopods are also present and include 
Tetrarhynchia dunrobinensis, for which this is 
the type locality (Ager, 1956-1967). Copestake 
and Johnson (1989) noted that the foraminifera 
are abundant in the fully marine clays o f the 
Raricostatum Zone, represented by beds 8 and 
9. The top part o f the succession consists o f 
blue-grey shales, much less micaceous and 
with a much higher proportion o f illite than the 
lower part o f the member. Fossil preservation 
is poor but includes common Pseudopecten, 
Pseudolimea and Cardinia, together with 
Gryphaea, Chlamys, Parainoceramus, Astarte, 
Grammatodon and Protocardia. Calcareous 
concretions and several impersistent cemented 
sandstone beds up to 0.4 m thick are present at 
this level. The latter have basal erosion surfaces 
and contain rounded pebbles, belemnites, 
bivalves and woody debris. Lam and Porter
(1977) recorded a rich microflora from the 
shales, dominated by disaccate pollen and 
M icrhystridium , with local abundance o f 
Classopolis and Cerebropollenites.

Ammonites occur only rarely in the Lady’s 
Walk Shale Member. Lee (1925) cited various 
taxa which were re-identified by Donovan 
(in Berridge and Ivimey-Cook, 1967). Beds 7-15 
o f Lee (1925) yielded Eoderoceras miles,

Gleviceras guibalianum , Gleviceras cf. 
victoriSy Paltecbioceras sp. cf. favrei and P. 
rotbpletzi, while Bed 17 contains Apoderoceras 
cf. sociale, Apoderoceras aff. aculeatum and 
7Yagophylloceras. No ammonites are known 
from the highest part o f the succession now 
exposed.

Interpretation

Although poorly exposed, this section is the 
only onshore section o f the Lias succession 
characterizing the Moray Firth Basin. The 
obviously non-marine nature o f the lower part 
o f the sequence means that its age has been 
ascertained only on the basis o f palynological 
assemblages and hence the position o f the 
Triassic-Jurassic boundary cannot be identified 
with any certainty. Nonetheless, most, if not all, 
o f the succession can be attributed to the Lower 
Jurassic Series. Palynomorphs recovered from 
carbonaceous sandstones within the Dunrobin 
Pier Conglomerate Member were considered by 
Batten et al. (1986) to be probably o f Hettangian 
age, although a latest Rhaetian (Upper Triassic) 
age could not be discounted. The age o f the 
Dunrobin Casdc Member is poorly constrained 
but presumably fails largely, if not entirely, 
within the Sinemurian Stage. Only part o f the 
Lady’s Walk Shale Member has been dated with 
any degree o f precision, due to the presence 
o f ammonites at several levels. Lee (1925) 
suggested an age range encompassing the 
Raricostatum to Davoei zones, but this was 
based on the mis-identification o f some o f the 
ammonites by S.S. Buckman. It is now clear 
that they indicate only a narrow age range for 
this part o f the succession; specifically a 
Raricostatum Zone, Aplanatum Subzone (upper
most Sinemurian) age for beds 7-15 o f Lee 
(1925), and a Jamesoni Zone, Taylori Subzone 
(lowermost Lower Pliensbachian) age for Bed 
17. It is possible that higher zones are present 
but no information is available from the 
youngest strata now exposed.

The base o f the succession here probably 
is on an erosion surface on the underlying 
Triassic sediments, as indicated by the abundance 
o f derived clasts o f Triassic calcrete, silcrete and 
sandstone in the conglomerates o f the Dunrobin 
Pier Conglomerate Member. The Dunrobin Pier 
Conglomerate Member is absent from correla
tive sections offshore, where there is a transition 
between presumed Triassic red-beds and Uassic
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shales. This localized reworking o f Triassic clasts 
and the alignment o f cross-bed flow directions 
parallel to the Helmsdale Fault may indicate the 
first evidence o f Mesozoic movement on this 
major structure (Batten et a l., 1986). The 
sequence above represents a transition from the 
fluvial environment o f the Dunrobin Pier 
Conglomerate Member to an alluvial coastal 
plain setting in the basal unit o f the Dunrobin 
Casde Member. A major climatic change from 
the late Triassic semi-arid conditions to a more 
humid climate, in which a well-vegetated land- 
mass supplied abundant carbonaceous debris, is 
recorded at the base o f the section.

In the Dunrobin Castle Member, the 
Carbonaceous Siltstone and Clay Unit is domi
nated by freshwater palynomorphs, indicating a 
low-lying alluvial coastal plain*, the occasional 
floods o f dinocysts indicate intermittent marine 
influence (Lam and Porter, 1977). The White 
Sandstone Unit also contains increasing 
evidence o f marine influence, in the form o f 
marine microplankton and, towards the top, 
marine bivalves. Current exposure precludes 
detailed analysis but it is apparent that the 
sandstone represents a marine-marginal facies 
separating the marine facies o f the Lady's Walk 
Shale Member above from the predominantly 
non-marine strata o f the lower part o f the 
Dunrobin Castle Member below. A similar 
sandstone is also present in the offshore 
Beatrice Oilfield (Stevens, 1991) and a sheet-like 
morphology is indicated for sandstone units 
at this stratigraphical level. Neves and Selley
(1975) suggested deposition in an estuarine 
channel environment, while Stephen et al. 
(1993) envisaged a laterally migrating, sandy, 
estuarine or tidal-channel environment. Trewin 
(1993) proposed a sandy barrier bar as a 
possible environment, separating marine and 
dominantly non-marine environments. Breaching 
o f such a barrier by the sea might account for 
the weak marine influence in the underlying 
unit.

The Lady’s Walk Shale Member contains a 
varied, shallow marine, shelly fauna with rare 
belemnites and ammonites. The shales and thin 
sandy beds represent changing water depths, 
with coarse sand, pebble beds and the size- 
sorted nature o f some shell beds indicating 
winnowing in a near-shore environment. The 
rich microflora recorded by Lam and Porter 
(1977) from the shales is also typical o f a 
shallow inshore environment. Sellwood (1972)

considered that benthic diversity was inhibited 
by high sedimentation rates rather than salinity, 
and that the shell beds o f beds 8 and 9 (o f 
Lee, 1925) reflect reduced sedimentation rates 
and substrate stabilization, perhaps associated 
with a transgression. However, the scarcity o f 
cephalopods in the marine part o f the sequence 
may indicate a restricted connection between 
the Inner Moray Firth Basin and fully open 
marine conditions in early Jurassic times.

The abundance o f kaolinite in many o f the 
shales has been considered to indicate near
shore conditions (Sellwood, 1972). The high 
kaolinite content might be taken to indicate a 
humid tropical weathering environment, but 
Hurst (1985) argued for a subtropical, humid 
Jurassic climate, and considered the abundant 
kaolinite to be derived from reworking o f 
regoliths developed under humid tropical 
conditions in Carboniferous, rather than Jurassic 
times. Abundant carbonaceous debris from the 
adjacent Scottish landmass was available 
throughout deposition o f the sequence. The 
overall upward decrease in sand, mica and 
kaolinite content in the Lady’s Walk Shale 
Member is consistent with the general reduction 
o f sandy facies associated with sea-level rise at 
the Sinemurian-Pliensbachian boundary in 
Britain as noted by Sellwood (1972). The 
erosive-based sandstones near the top o f the 
Lady’s Walk Shale Member may represent 
tempestites, analogous to those recorded by 
Greensmith et al. (1980) from the Pliensbachian 
o f the Cleveland Basin, and indicate deposition 
above storm wave-base.

The succession exposed at Dunrobin bears 
close similarities to the sequence in the 
Lossiemouth Borehole (NJ 2158 6986), 50 km 
south-east o f Dunrobin, described by Berridge 
and Ivimey-Cook (1967), and to correlative sec
tions in the Inner Moray Firth Basin (Underhill, 
1991; Stephen et a l., 1993), particularly that o f 
the nearby Beatrice Oilfield (Linsley et a l., 1980; 
Stevens, 1991). Comparisons with the Lower 
Jurassic strata o f Scandinavia were first made by 
Judd (1873), while Norling (1972) noted the 
similarity with the Helsingborg Formation o f 
southern Sweden. The section contrasts 
markedly in lithologies, palaeontology and 
palaeoenvironments with Lower Jurassic 
sections in the west o f Scotland (Hesselbo et a l., 
1998; Morton, 1999a) which display greater 
open marine influence and a variety o f shallow- 
water marine carbonates.
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Conclusions

The Dunrobin Coast Section displays a transi
tion from deposition o f red mudstones and 
caliche soil profiles in a Late Triassic semi-arid 
climate, to fluvial and floodplain deposits in a 
wetter Early Jurassic climate. Marine conditions 
became established in Sinemurian times, and a 
shelly fauna invaded the shallow near-shore 
environment. Deepening marine conditions in

Pliensbachian times resulted in a reduction in 
sandy detritus, but the area remained in a near
shore position. Although similar successions are 
known from offshore oilwells, and the Lossie
mouth Borehole, this is the only exposed 
onshore sequence o f the Lower Jurassic part o f 
the Inner Moray Firth Basin succession. With its 
unique mix o f marine and non-marine facies, the 
Dunrobin Coast Section represents a key point 
in British Uassic palaeogeography.
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INTRODUCTION

TV. M orton

Geological Setting

The Hebrides Basin is one o f a series o f Mesozoic 
extensional basins, extending from Spitzbergen 
and Greenland in the north to Portugal in the 
south, which evolved during the early stages o f 
opening o f the North Atlantic Ocean (Trueblood 
and Morton, 1991; Morton, 1992a). These were 
mainly half-grabens, with alternating polarity o f 
faulted margin on the west (including Hebrides) 
or east. The Hebrides Basin ceased being part o f 
the system after the Jurassic Period, with basin 
inversion in Early Cretaceous times, when the main 
tilted fault'block structures were formed. It then 
became part o f the Thulean volcanic province 
during Palaeocene times so that most o f the 
Jurassic sequence is intruded by dykes and sills. 
These caused only local baking, but near the main 
plutonic centres o f central Skye, Ardnamurchan 
and Mull, thermal metamorphism has occurred.

Lower Jurassic rocks crop out on various islands 
o f the Inner Hebrides and on some neighbouring 
parts o f the western coast o f the Scottish main
land (Figure 8.1), in part preserved because o f an 
overlying protective cover o f Palaeogene plateau 
basalt lavas. More spectacularly, two small isolated 
outcrops, on Rum and Arran, owe their preserva
tion entirely to large-scale downward movements 
within or on the margins o f Tertiary igneous 
complexes. On a regional scale the rocks form a 
series o f westerly- to north-westerly-tilted fault- 
blocks cut by two main sets o f faulting. Both are 
downthrown predominandy to the east, with a 
small number o f very large NNE-SSW-trending 
faults o f mainly Early Cretaceous age (Morton, 
1992b), and a large number o f generally smaller 
NNW-SSE- to NW-SE-trending faults which are 
o f Palaeogene age.

In some areas, particularly near the Palaeocene 
plutonic igneous centres, the Jurassic succession 
has been thermally metamorphosed, posing 
problems o f interpretation in Ardnamurchan 
and parts o f Mull and o f Skye. The extent and 
effects o f the Skye plutonic centre are shown by 
Thrasher (1992) and Taylor and Forester (1971). 
Elsewhere there are fewer such problems and 
in Mull, Morvem, Skye, Pabay, Raasay and 
Applecross there are excellent outcrops o f Lower 
Jurassic sediments with normal diagenetic 
alteration, enabling reasonable syntheses o f the

stratigraphy, although there remain unresolved 
problems (Morton, 1989; Hesselbo et al., 1998).

Previous work

The first discovery o f a Hebridean Jurassic 
sequence is attributed to Pennant (1774) and 
early descriptions include Faujas de Saint-Fond 
(1797), Macculloch (1819), Bou6 (1820) and 
Necker-de-Saussure (1821). However the most 
important early contributions were by Murchison 
(1829, more important are the ammonites 
collected during his expedition which became 
Sowerby types), Geikie (1858), Miller (1858), 
Bryce (1873), Judd (1878) and others, sometimes 
in correspondence for presentation to meetings 
o f the Geological Society o f London or the British 
Association in the early part o f the 19th century.

During the early 20th century the [British] 
Geological Survey produced a series o f geological 
maps and descriptive memoirs, which gave 
details o f the stratigraphy and palaeontology 
(Peach et a l., 1910, 1913; Lee, 1920; Lee and 
Bailey, 1925; Tyrrell, 1928; Richey and Thomas, 
1930; the delayed North Skye Memoir 
by Anderson and Dunham, 1966, contributed 
litde new information on the Lower Jurassic 
succession). Some o f the memoirs included 
reports by S.S. Buckman on the ammonites 
collected by the [British] Geological Survey 
officers (most notably in Lee, 1920). The results 
were summarized by Lee and Pringle (1932). 
Other publications from these decades were 
by Woodward (1914), Spath (1922b,c, 1924), and 
Trueman (1942). ArkelTs (1933) descriptions 
were based on some o f these publications.

The next phase o f investigation on the Lower 
Jurassic sequence o f the Hebrides began in the 
1950s with the work o f various research students, 
including MacLennan (1954), Howarth (1956, 
1958; his brachiopod collections were used by 
Ager, 1956a) and Hallam (1959). Subsequent 
research students' work has been published only 
in part, including Amiri-Garoussi (1977), Oates
(1978) and Searl (1989, 1992, 1994). Unpub
lished doctoral theses which relate wholly or 
partly to the Lower Jurassic Series o f the 
Hebrides include Clark (1970), McCallum 
(1971), Getty (1972), Oates (1976), Amiri- 
Garoussi (1978), Corbin (1980), Phelps (1982), 
and Smith (1996). Other recent contributions 
on the Hebridean Lower Jurassic sequence 
include Nicholson (1978), Hesselbo et al. 1998), 
Morton (1999a,b) and Farris et al. (1999).
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^Figure 8.1 Map of the Jurassic (including Lias 
Group) outcrop in western Scotland, showing the 
locations of the GCR sites, indicated in bold, as 
follows: AI -  Aird na h-Iolaire; AL -  Allt Leacach; 
B -  Boreraig to Cam Dearg; CC -  Cadha Camach; 
H -  Hallaig; OL -  Ob Lusa to Ardnish; PC -  Prince 
Charles’ Cave to Holm; RL -  Rubha na Leac. After 
Hesselbo et al. (1998).

These established the Hebrides as a significant 
area to be included in European or even global 
syntheses o f Lower Jurassic stratigraphy, for 
example Hallam (1967a), Sellwood (1972), 
Getty (1973), Phelps (1983), Donovan (1990), 
Howarth (1992), Page (1992), Dommergues et 
al. (1994) and Hesselbo and Jenkyns (1998).

Syntheses and summaries o f the Hebrides 
Jurassic System are given by Hudson and 
Morton (in Hemingway et a l., 1969 -  field 
guide), Cope et al. (1980a -  on correlations), 
Hudson (1983), Morton (1987, 1989, 1992b -  
on basin evolution), Hallam (1991), Bradshaw 
et al. (1992 -  on palaeogeography), and Morton 
and Hudson (1995 -  field guide). The setting 
and stratigraphical evolution o f the Hebridean 
Lower Jurassic succession was described by 
Morton (1990) and in the broader context o f 
British Lower Jurassic sequence stratigraphy by 
Hesselbo and Jenkyns (1998).

Stratigraphical Framework

The Lower Jurassic rocks o f the Hebrides are 
predominantly silicidastics and the stratigraphi
cal evolution o f the area was different from that 
o f Yorkshire, Somerset or Dorset. Therefore a 
different scheme o f lithostratigraphical nomen
clature (Figure 8.2) has been developed. Many 
o f the names (now called formations) derive 
from Judd (1878), Woodward (1897) or other 
19th century authors and were used by the 
[British] Geological Survey. The more recent 
revisions concern mainly the lower part o f the 
Lower Jurassic succession or revision o f spelling 
o f place-names, and these are incorporated in 
the following summary.

1. For the Triassic (to lowermost Jurassic in 
the north) ‘New Red Sandstone* continental 
red-beds, wider use o f the name Stornoway 
Formation (Steel and Wilson, 1975) was 
suggested by Morton and Hudson (1995). 
The type section is near Stornoway and the 
best Inner Hebridean section, at Rubha na’

Leac on Raasay, is described by Morton and 
Hudson (1995).

2. The marine ‘Rhaetic* (only in the south) 
was identified with and named the Fenarth 
Group (e.g. Cope et a l., 1980a). The type 
section lies outside the Hebrides, but the 
best Hebridean section is in Gribun, western 
Mull, included in the Aird na h-Iolaire 
GCR site report.

3. The Hettangian to Lower Sinemurian 
succession o f Mull and Morvem, previously 
classified with the Broadford Beds, is 
developed in alternating limestone- 
mudstone facies identical to the Blue Lias 
Formation o f south-west England Oates
(1978) proposed using the same name, 
Blue Lias Formation, and this has been 
generally, though not universally, accepted. 
The Blue Lias Formation passes laterally 
through intermediate sandy limestones and 
shales, seen in northern Ardnamurchan, 
south-west Raasay and Sconser in Skye into 
the lithologically varied unit traditionally 
called the ‘Broadford Beds’. The type 
section lies outside the Hebrides, but 
details o f the best Hebridean section are 
given in the Allt Leacach GCR site report: 
see also Hesselbo et al. (1998).

4. The name ‘Broadford Beds’ has been 
applied to the lower part o f the Lower Lias 
since the 19th century, and subdivision 
into a lower more calcareous unit and a 
higher more siliciclastic unit widely used. 
Restriction in use o f the name ‘Broadford 
Formation’ to only the lower unit was 
proposed by Hesselbo et al. (1998), but 
to avoid confusion the new name Breakish 
Formation was introduced and defined by 
Morton (1999b). The type section east o f 
Broadford is described in the Ob Lusa to 
Ardnish Coast GCR site report.

5. The upper unit o f the former Broadford 
Beds was included within an expanded Pabay 
(see below) Shale Formation by Hesselbo 
et al. (1998). However, Morton (1999a) 
argued that there is a basin-wide mappable 
lithological distinction (cf. Hesselbo et a l., 
1999) between the traditional ‘Pabba Shales’ 
and the upper unit o f the ‘Broadford Beds’ 
and suggested the name Ardnish Forma
tion for the latter. This has been adopted 
by the [British] Geological Survey in the 
revised Broadford and Raasay 1:50 000 
maps. The most important sections o f the
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Figure 8.2 Chronostratigraphical (stages) and lithostratigraphical nomenclature of the Lower Jurassic Series in 
the Hebrides, with genetic stratigraphical sequences (after Morton, 1989) and sequence stratigraphy (based on 
Hesselbo and Jenkyns, 1998; and Hesselbo et al., 1998).
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formation are described in the Ob Lusa to 
Ardnish Coast and Boreraig to Cam Dearg 
GCR site reports. The Hallaig Sandstone 
Member designated by Hesselbo et al.
(1998) is used for the upper more sandy 
part o f this formation. The type section o f 
the member lies outside the GCR sites, but 
is described by Morton and Hudson (1995) 
and Hesselbo et al. (1998).

6. The ‘Pabba Shale’ was named after the Isle 
o f Pabay, but the anglicized names used by 
the original authors were the versions then 
current. The original spelling has been 
used more recently by the Ordnance Survey 
(and other official bodies) and adopted as 
appropriate for lithostratigraphical nomen
clature as Pabay Shale Formation. The type 
section has not been defined, but is likely 
to be designated in the Boreraig to Cam 
Dearg GCR site. More sandy units within 
this formation are recognized by Hesselbo 
et al. (1998) as the Suisnish Sandstone 
Member (Skye, Raasay) and the Torosay 
Sandstone Member (Mull). The classic 
Allt Feams section on the Isle o f Raasay 
(Getty, 1973; Page, 1992) is not included in 
a GCR site, but is described in Morton and 
Hudson (1995), while the section on Pabay 
is described by Hesselbo et al. (1998).

7. Similarly, the ‘Scalpa Sandstone’, named 
after the Isle o f Scalpay, has been amended 
to Scalpay Sandstone Formation, but the 
most appropriate type section is on the Isle 
o f Raasay; see Howarth (1956) and the 
Rubha na* Leac, Cadha Carnach and 
Hallaig Shore GCR site reports.

8. The lower shaly part o f the Upper Lias was 
named ‘Portree Shales’ in Lee (1920) after 
the capital town o f the Isle o f Skye (Portree, 
from Gaelic Port-an-Rigb =  King’s har
bour). This is retained as Portree Shale 
Formation and the type section is defined 
and described in the Prince Charles* Cave 
to Holm  GCR site report.

9. The shales pass up into the ‘Raasay 
Ironstone’, named after the Isle o f Raasay, 
almost everywhere in the Hebrides where 
the strata are exposed, justifying recogni
tion o f a Raasay Ironstone Formation 
even though it is frequendy less than 1 m 
thick. The type section at the opencast 
mine on the Isle o f Raasay is not included 
in any o f the GCR sites, but is described in 
Morton and Hudson (1995).

10. The uppermost Lower Jurassic succession 
is classified lithostratigraphically as part o f 
the Bearreraig Sandstone Formation, 
notably the Dun Caan Shale Member. 
This unit is described in the Middle Jurassic 
GCR volume under the Gualann na Leac 
and Bearreraig GCR site reports (Cox and 
Sumbler, 2002), and included here in the 
Cadha Carnach GCR site report.

The standard ammonite zonal and subzonal 
scheme for the Liassic o f north-west Europe 
(Dean et a l., 1961; modified in Cope et a l.y 
1980a; and revised by Page, 2003) is readily 
applicable to the Lower Jurassic sequence o f the 
Hebrides, as shown by Hesselbo et al. (1998). 
Indeed two index species have their type 
localities in the Hebrides. Except for the middle 
and upper Toarcian successions, nearly all zones 
and subzones can be recognized in at least one 
locality. Some localities yield detailed faunal 
sequences and are o f international significance 
for Lower Jurassic ammonite biostratigraphy, as 
indicated in the next section.

Locality Descriptions

Only brief descriptive notes on the most 
important features or potential o f the various 
localities are given here, for further details see 
the appropriate [British] Geological Survey 
memoir, or other references indicated. All the 
localities are shown on Figure 8.1.

Arran

The island o f Arran is not stricdy part o f the 
Hebrides, but is included here for completeness. 
Two small poorly exposed outcrops o f Lower 
Lias shales and decalcified mudstones are 
known, preserved by spectacular accident in 
Palaeocene vent agglomerates as a result o f 
collapse o f caldera walls. Ammonites o f the 
Planorbis (Trueman, 1942) and Angulata zones 
occur in separate places, and elsewhere marine 
‘Rhaetic’ shales and limestones and Upper 
Cretaceous chalk, thermally metamorphosed 
(Tyrrell, 1928). Comparisons may be made with 
Antrim in Northern Ireland where Lias up to 
Valdani Subzone is known in situ under Upper 
Cretaceous strata, and derived fragments from 
the Spinatum Zone and Lower Toarcian Substage 
are known from the Cretaceous basal 
conglomerate (Wilson and Robbie, 1966; Wilson
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and Manning, 1978). A greater lateral extent o f 
at least Lower Liassic rocks than might otherwise 
be expected is proved here.

Mull

Outcrops o f Lower (and the lower part o f 
Middle) Jurassic rocks are mosdy along the 
southern and eastern coasts o f Mull, but in 
many areas, especially around Loch Don, the 
rocks are thermally metamorphosed to varying 
degrees. Exceptions include the remote out
crops o f basal Lias in Gribun (Aird na h-Iolaire 
GCR site) and the important Upper Sinemurian 
to Lower Pliensbachian shore sections o f 
Carsaig Bay (the original type locality o f 
Ammonites Jamesoni Sowerby) (Oates, 1976; 
Hesselbo et a l.y 1998). Middle and upper parts 
o f the Lias (and up to Upper Bajocian) occur in 
the Loch Don area (Lee and Bailey, 1925), but 
structural complications and thermal metamor
phism sometimes make interpretation difficult. 
Higher parts o f the Jurassic sequence are cut out 
by unconformity beneath the Upper Cretaceous 
sediments and Palaeocene basalt lavas (except 
for a surprising outcrop o f Lower Kimmeridgian 
shales, see Morton, 1989). Isolated small out
crops o f Lias occur in northern Mull.

Morvem

Lower Lias (up to Upper Sinemurian) occurs 
on both sides o f Loch Aline on Movem, but 
the best sections are in streams to the east 
(MacLcnnan, 1954; Oates, 1976; Hesselbo et 
a l.y 1998), including the Alit Leacach GCR site. 
The Hettangian and Lower Sinemurian (to Lyra 
Subzone) successions are developed in classic 
Blue Lias Formation facies with spectacular 
Gryphaea beds, overlain unconformably by the 
Upper Sinemurian Pabay Shale Formation. 
Jurassic rocks above the Oxynotum Zone are 
missing beneath the Upper Cretaceous uncon
formity (Lee and Bailey, 1925).

Ardnamurcban

There are excellent Lower Jurassic outcrops on 
both the northern and southern coasts o f 
Ardnamurchan, but thermal metamorphism has 
limited the stratigraphical value o f some. A tran
sitional ‘sandy Blue Lias* facies is noteworthy on 
the northern coast (Oates, 1976) and coral beds 
correlated with Skye. Outcrops in the Kilchoan

area o f Pabay Shale and Scalpay Sandstone 
formations are generally too metamorphosed to 
be informative, but there are important small out
crops o f Toarcian strata on the coast, including 
the only recorded evidence for possible post- 
Bifrons Zone ammonites in the Raasay Ironstone 
Formation (Richey and Thomas, 1930).

Rum

No in-situ Jurassic sequence occurs on Rum 
because it forms part o f a central basement ridge 
uplifted during Early Cretaceous times (the 
westward dip results in an oudier o f Trias in the 
north-west). However a sliver o f metamorphosed 
Jurassic limestones, presumably o f the Blue Lias 
or Breakish formations, occurs in the ring-fault 
o f the Palaeocene granophyric and ultrabasic 
plutonic complexes (Emeleus in Craig, 1983) 
and proves former continuity across the 
Camasunary Fault (see Morton, 1992b).

Skye

Outcrops o f Lower Jurassic rocks occur in several 
parts o f Skye, the most extensive forming a broad 
stretch between Broadford and Loch Eishort. 
The oldest beds dated by ammonites in this part 
o f the Hebrides belong to the Angulata Zone, 
and are underlain by transitional ‘Passage Beds* 
and the continental red-beds o f the Stornoway 
Formation. This has been re-interpreted (Morton, 
1999b) as suggesting that the uppermost parts 
o f the ‘New Red Sandstone’ in this area probably 
belong to the Hettangian Stage. There are 
extensive excellent outcrops o f the Breakish and 
Ardnish formations east o f Broadford, especially 
in coastal sections including the Ob Lusa to 
Ardnish Coast GCR site, and north o f Loch 
Eishort, including the Boreraig to Cam Dearg 
GCR site, which are important for the 
Hettangian to Sinemurian stratigraphy o f the 
Hebrides. Outcrops o f the Pabay Shale 
Formation are less good around Broadford, but 
there are significant excellent stream and cliff 
sections on the north side o f Loch Eishort, in the 
Boreraig to Cam Dearg GCR site (Peach et al.y 
1910; Spath, 1922b; Trueman, 1942; Hallam, 
1959; Oates, 1976, 1978; Hesselbo et al.y 1998). 
From Loch Eishort northwards to Loch Slapin 
the Ardish Formation overlaps older Mesozoic 
strata to rest unconformably on the Ordovician 
Durness Limestone at Camas Malag and Torrin 
(Nicholson, 1978; Farris et al.y 1999), but the
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Breakish Formation again occurs north o f Torrin 
east o f the head o f Loch Slapin. On the west 
coast o f Loch Slapin outcrops o f the higher parts 
o f the Lower Jurassic succession occur on the 
east coast o f the Strathaird Peninsula (Morton 
and Hudson, 1995). Outcrops o f Breakish 
Formation (in transitional ‘sandy Blue Lias’ 
facies), Ardnish Formation and the lower part o f 
the Pabay Shale Formation occur south o f Loch 
Sligachan, south-west o f Sconser, but the rocks 
are slightly metamorphosed and strongly faulted. 
Smaller outcrops of Blue Lias (or Breakish) 
Formation occur locally under the Upper 
Cretaceous and Palaeocene unconformity west 
o f the basement ridge on the north shore o f Soay 
Sound and west o f Camasunary, while the 
Breakish, Ardnish and Pabay Shale formations 
crop out north o f Camasunary. Higher parts o f 
the Lower Jurassic succession are also well 
exposed in excellent coastal cliff exposures on 
the eastern coast o f the Trottemish Peninsula in 
northern Skye, south and north o f Portree, the 
latter in the Prince Charles’ Cave to Holm  GCR 
site.

Pabay

The low island o f Pabay gives its name to the 
Pabay Shale Formation, but in fact only the 
upper part o f the formation is exposed in the 
excellent coastal outcrops (Sellwood, 1972; Oates, 
1976; Hesselbo et al., 1998). The locality is 
internationally significant as the type locality o f 
Platypleuroceras brevispina (see Spath, 1922b).

Scalpay

The coastal outcrops o f the ‘name locality* o f the 
Scalpay Sandstone Formation and o f part o f the 
Pabay Shale Formation on the south-east coast 
o f the island o f Scalpay have not been studied 
recently and only limited information is available 
(Peach et al., 1910).

Applecross

The faulted Jurassic outlier in the remote village 
o f Applecross is stratigraphically restricted to the 
Hettangian to lowermost Sinemurian Breakish 
Formation, mainly in sedimentologically unusual 
carbonate facies, exposed in stream and coastal 
sections (Lee, 1920; Hallam, 1959; Searl, 1989, 
1992, 1994; Hesselbo et al., 1998; Morton, 
1999b).

Raasay

The renowned Jurassic outcrops in the 
southern half o f the Isle o f Raasay owe their 
preservation, at least in part, to an overlying 
intrusive sheet o f granophyre, but thermal 
metamorphism from this and other minor 
intrusions is fortunately limited. There are 
several superb stream, cliff and coastal 
exposures o f all parts o f the Lower Jurassic 
sequence. The contrast between the carbonate 
Breakish Formation and siliciclastic Ardnish 
Formation (with sandy Hallaig Sandstone 
Member) is well illustrated at Hallaig on the east 
coast (Hallam, 1959; Morton and Hudson, 1995; 
Hesselbo et al., 1998; Morton, 1999b) and 
transitional ‘sandy Blue Lias’ facies at Suisnish 
in the south-west (Morton and Hudson, 1995). 
The Allt Feams section in the Pabay Shale 
Formation is o f international importance for 
biostratigraphy, especially in the very thick 
Raricostatum Zone (Getty, 1972, 1973; Oates, 
1976; Donovan, 1990; Page, 1992; 
Dommergues et al., 1994; Morton and 
Hudson, 1995). Important cliff sections in 
the Scalpay Sandstone Formation were 
described by Ilowarth (1956) and yielded 
data on Lower Pliensbachian ammonites 
(Phelps, 1985), Upper Pliensbachian ammonites 
(Howarth, 1958) and brachiopods (Ager, 
1956a): see also Morton and Hudson (1995) 
and Hesselbo et al. (1998). These are included 
in the Cadha Carnach, Hallaig Shore and 
Rubha na* Leac GCR site reports, the latter 
proposed as the type section for the Scalpay 
Sandstone Formation. Data on the Toarcian 
succession is more limited (Lee, 1920; Morton, 
1965; Morton and Hudson, 1995). Outcrops o f 
Portree Shale Formation are rare (see Cadha 
Carnach GCR site report) but the Raasay 
Ironstone Formation is well exposed in the 
type section at the old opencast workings 
north-east o f Inverarish (Morton and Hudson, 
1995), and marginal-facies outcrops are 
included in the the Cadha Carnach and Rubha 
na’ Leac GCR site reports.

Gruinard Bay

From the south side o f Gruinard Bay to Loch 
Ewe there is a narrow strip o f faulted Mesozoic 
rocks, but only limited outcrops o f Lower 
Jurassic carbonates, presumed to be Breakish 
Formation (Peach et al., 1913).
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Sbiant Isles

The isolated Shiant Isles are composed mainly 
o f dolerite intrusions, but baked Jurassic shales 
with Toarcian ammonites (Portree Shale Forma
tion?) also occur (Penn and Merriman, 1978).

Stratigraphy

Two approaches to stratigraphical analysis o f the 
Jurassic System o f the Hebrides Basin have been 
employed by Morton (1987, 1989) and Hesselbo 
(Hesselbo and Jenkyns, 1998; Hesselbo et a l.y 
1998), genetic stratigraphy and sequence strati
graphy. These were used to emphasize, 
respectively, tectonic and sea-level controls o f 
stratigraphical evolution. These are generally 
complementary, but there are significant differ
ences o f interpretation (Figure 8.2).

Genetic stratigraphy

Analysis in terms o f genetic stratigraphical 
sequences (Morton, 1989) has resulted in the 
recognition o f three major sequences, plus a 
fourth which begins with the Aalensis Zone at 
the top o f the Lower Jurassic succession but is 
mainly Middle Jurassic. Sequence boundaries 
were defined at major changes o f facies, 
sometimes associated with a hiatus, and each 
sequence was found to be characterized by a 
distinctive style o f stratigraphical architecture 
(thickness and facies variation through the 
basin). Integration o f this data with information 
from analysis o f the subsidence history (Morton,
1987) has enabled interpretation o f the dynamic 
stratigraphical evolution o f the basin. The 
results for the Lower Jurassic succession are 
summarized below and in Figure 8.2.

Sequence A began with an episode o f litho
spheric extension causing fault-controlled 
(especially on the western margin) 
differential subsidence resulting in the 
deposition o f continental red-beds 
(Stornoway Formation) which onlap pre- 
Mesozoic basement. Continued subsidence 
and sea-level rise resulted in marine trans
gression in the south (Arran, Mull) during 
the latest Trias (Penarth Group) continuing 
northwards (Morvern, Ardnamurchan, 
Raasay) during early Hettangian times 
(Blue Lias Formation, Breakish Formation). 
Marine sedimentation did not begin in

some areas in the north (Skye, Applecross) 
until middle or late Hettangian times 
(Breakish Formation) (Morton, 1999b). 
Renewed transgression and onlap also 
occurs at the base o f the (Lower 
Sinemurian) Semicostatum Zone, most 
notably with the Ardnish Formation over
lapping the older Mesozoic strata to rest 
unconformably on the Durness Limestone 
o f the Loch Slapin area (Camas Malag- 
Torrin). The stratigraphical architecture o f 
this sequence is characterized by great 
lateral variability o f facies and thicknesses 
(see Morton, 1989, 1990 for details). These 
features are consistent with deposition 
during an episode o f lithospheric extension 
resulting in differential subsidence at the 
surface.

Sequence B begins with a hiatus which can be 
identified but is o f different ages in the 
various localities, although Morton's (1989) 
interpretation o f a diachronous hiatus is 
questioned by Hesselbo et a l. (1998). In 
Mull, Morvern and Ardnamurchan parts o f 
the Semicostatum and Tumeri zones are 
missing below the Pabay Shale Formation. 
In southern Skye (Loch Eishort) biostrati- 
graphical evidence for the age o f the 
Hallaig Sandstone Member is poor but 
possibly parts o f the Thmeri and Obtusum 
zones may be absent. On Raasay, especially 
at Hallaig, there is better evidence, with the 
top o f the Hallaig Sandstone Member o f 
Birchi Subzone age and the base o f the 
Pabay Shale Formation o f Oxynotum Zone 
(probably also subzone) age so that the 
Obtusum Zone and part o f the Oxynotum 
Zone are missing. Above the hiatus there is 
a sharp reduction o f grain size, and in most 
areas deposition begins with fine-grained 
organic-rich clays at the base o f the Pabay 
Shale Formation. Onlap above a minor 
unconformity is also seen in Morvern 
(Oates 1976,1978). The variations in facies 
and thickness seen in Sequence B are very 
much less than in Sequence A. Minor 
coarsening-up shale to sandstone cycles 
occur within an overall coarsening-up 
succession which includes the Pabay Shale 
and Scalpay Sandstone formations, but 
lateral variation in the shale-sandstone 
cycles has meant that the boundary between 
the two formations is drawn earlier in the 
north (Raasay and Skye) than in the south
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(Mull). The changes in stratigraphical 
architecture, after a submarine hiatus, 
sharp reduction o f the grain size o f silici- 
clastic input, and onlap, are interpreted as 
resulting from a change in tectonic regime. 
Lithospheric extension and differential 
subsidence during deposition o f Sequence 
A were replaced by broader and more 
uniform subsidence across the basin as a 
result o f thermal and loading sag.

Sequence C is marked at the base by a sharp 
change o f facies to dark organic-rich shales, 
the Portree Shale Formation. There does 
not appear to be a significant hiatus, at least 
at zonal level. The boundary is dated as at 
or close to the base o f the Serpentinum 
Zone wherever ammonite faunas have been 
found, so that it appears to be isochronous 
throughout the basin. The Portree Shale 
Formation passes up gradationally into the 
Raasay Ironstone Formation, and the lateral 
extent and uniformity o f facies in two such 
thin formations is remarkable. The Raasay 
Ironstone Formation shows evidence o f 
condensation, with stromatolitic hard- 
grounds, and is succeeded by a major hiatus 
in which most o f the Middle and Upper 
Toarcian sequence is missing. There is no 
apparent tectonic reason for the sequence 
boundary at the base o f this sequence, and 
its isochronous nature together with pre
cise correlation with similar deepening 
events in many other areas (Hallam, 2001) 
suggest that it was caused by a eustatic rise 
o f sea level. The low thicknesses and hiatus 
development indicates that this sequence 
corresponds to a phase o f basin and hinter
land stabilization when subsidence and uplift 
were reduced, limiting accommodation 
space availability and siliciclastic sediment 
supply. Careful assessment o f likely eustatic 
sea-level trends, compaction and other 
factors (Morton, 1987) suggests that there 
may even have been slight uplift o f the 
basement during most o f the Toarcian 
Stage. However, there is no evidence o f 
emergence and only very local erosion o f 
the Raasay Ironstone Formation.

Sequence D is mainly a Middle Jurassic sequence, 
so outside the scope o f this volume. It is 
characterized by being very thick and highly 
variable in facies as well as thickness, 
indicating a new episode o f renewed differ
ential subsidence as a result o f lithospheric

extension. This began in very latest Early 
Jurassic times, because sediment accummu- 
lation recommenced with the top Toarcian 
Aalensis Zone, which is itself extremely 
variable; for example the thickness on 
Raasay increases from 9.1 m to 38.2 m over 
a distance o f 3 km (Morton, 1963).

Sequence stratigraphy

Hesselbo et al. (1998) re-measured and re- 
studied a number o f the best Lower Jurassic 
sections in the Hebrides, publishing the first 
detailed measured successions for several 
decades. The stratigraphy was interpreted in the 
context o f a wider study by Hesselbo and 
Jenkyns (1998) o f Lower Jurassic secions in the 
Wessex, Bristol Channel and Cleveland basins as 
well as the Hebrides.

Four large-scale (second-order) transgressive- 
regressive cycles were recognized by Hesselbo 
et al. (1998), with boundaries in the Hallaig 
Sandstone Member, the Suisnish Sandstone 
Member and the Scalpay Sandstone Formation 
(see Figure 8.2). Hesselbo and Jenkyns (1998) 
interpreted the Hebrides Basin as exemplifying a 
proximal pattern o f sedimentation, with expanded 
sections corresponding to sea-level rise or high- 
stand, and condensed sections corresponding 
to relative sea-level fall or lowstand. The key 
medium-scale (third-order) sequence surfaces 
identified by Hesselbo and Jenkyns (1998) are 
shown on Figure 8.2. TWo types are identified -  
candidate sequence boundaries, defined at 
unconformities or intervals o f minimal accommo
dation space, and maximum flooding surfaces, 
recognized at condensed intervals in distal 
settings and maximum accommodation space in 
proximal settings. In each case major, medium 
or minor expressions can be distinguished, and 
these are shown on Figure 8.2.,

Palaeogeographical Evolution

Onshore evidence proves that subsidence in 
the Hebrides Basin started in the Triassic Period, 
and highly irregular topography resulted in 
deposition o f conglomerates and breccias, mosdy 
o f local derivation, in a series o f alluvial fans and 
mass-flow deposits. These pass laterally into 
fluvial sandstones and floodplain mudstones, 
and development o f caliche in semi-arid 
conditions was widespread and frequent (Steel,
1977). There is no direct evidence for dating,
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but a late Triassic (?Norian) age is likely. Arran 
was at this time part o f a separately evolving 
sedimentary basin, with evidence o f lacustrine 
deposition in a more varied environment. 
During the latest Trias (Rhaetian) the marine 
transgression spread northwards from the 
south-west o f the British Isles, to give marine 
conditions in Arran and as far north as Mull.

Dating events at the beginning o f the Jurassic 
Period is hampered by limitations o f biostrati- 
graphical evidence -  no Planoibis Zone ammonites 
are known north o f Mull, and Liasicus Zone 
ammonites (Franziceras) only from eastern 
Raasay (Morton, 1999b). Ammonites from the 
Angulata Zone (Schlotbeimia) are rare but more 
widespread (Applecross, Skye, Ardnamurchan, 
Morvem, Mull). Integrating facies and biostrati- 
graphical evidence from other fossil groups (e.g. 
bivalves) with the ammonite dating indicates 
that renewed transgression spread marine condi
tions farther north, to Morvem, Ardnamurchan 
and Raasay during early Hettangian times, and to 
Applecross probably in mid-Hettangian times. 
However, in southern Skye (Broadford area) an 
Angulata Zone ammonite occurs not far above 
the base o f the Breakish Formation. On the basis 
o f correlations based on biostratigraphical and 
lithostratigraphical markers, Morton (1999b) 
interpreted a diachronous transgression and 
facies change from continental Stornoway 
Formation to marine Breakish Formation in the 
Skye area. Therefore the Penarth Group passes 
laterally into the Stornoway Formation, while 
the Blue Lias Formation in offshore areas (e.g. 
Mull, Morvem; Oates, 1976, 1978) passes laterally 
through a transitional more sandy facies 
(Ardnamurchan, south-west Raasay and Sconser; 
Oates, 1976; Morton, 1999b), or into Breakish 
Formation carbonates/shales (eastern Raasay), 
then near-shore Breakish Formation carbonates/ 
sandstones (Applecross, southern Skye) and into 
the non-marine Stornoway Formation (Morton, 
1999b). The sandstones represent offshore sand
bars, sometimes with wave-, tide- and possibly 
storm-action evident. The carbonates vary 
from oolites to coral beds (small patch reefs), 
Liostrea coquinas and calcilutites which may 
represent shallow lagoonal deposits, and there 
is diagenetic evidence for several periods o f 
emergence near the basin margins at Applecross 
(Searl, 1989).

During the Semicosta turn Zone there was a 
major change in the depositional environment, 
and final onlap o f the topographic high related

to the area o f Cambro-Ordovician carbonates in 
the area north o f Loch Slapin. In Raasay, 
Broadford, Loch Eishort, Mull and possibly 
Ardnamurchan, carbonate-dominated facies were 
replaced abruptly by ferrugineous association 
(Hallam, 1975) sandstones, siltstones and shales 
(Ardnish Formation) with at least one ironstone 
bed (Broadford) and Grypbaea beds. In the 
Broadford area three coarsening-up cycles from 
siltstone to sandstone to ironstone (or at least 
goethite ooliths present) can be recognized 
(Taylor, Cointet, unpublished reports; see 
Morton and Hudson, 1995). In the Skye and 
Raasay area a thicker sandstone (Hallaig 
Sandstone Member) was deposited in the 
T\imeri Zone, while in Morvem slight tilting 
(presumably near the basin margin) resulted in 
the subsequent development o f a local angular 
unconformity (Oates, 1976).

During Late Sinemurian times more uniform 
depositional environments occurred throughout 
the basin. The sediments were deposited on a 
mud- or silt-dominated shelf with local sand-bars 
(Pabay Shale Formation), and similar conditions 
continued into Early Pliensbachian times. 
Upward shallowing in Late Pliensbachian times 
resulted in the spread across the basin o f extensive 
offshore sand-bars and sheet sands (Scalpay 
Sandstone Formation), influenced by tidal and 
storm activity (MacCallum, 1971; Oates, 1976). 
This continued into earliest Toarcian times.

The deepening event o f the Early Toarcian 
Serpentinum Zone caused the establishment o f 
deposition o f shales (Portree Shale Formation) 
in partially anaerobic conditions below wave-base. 
This is the local expression o f the widespread early 
Toarcian anoxic event (Jenkyns, 1988). Analysis 
o f the subsidence history and stratigraphical 
architecture indicates that this rise o f sea 
level postponed the development o f ‘basin-fill’ 
conditions o f stabilization in the Hebrides Basin, 
probably in a continuing marine environment, 
achieved during Early Toarcian times, with 
deposition o f the Raasay Ironstone Formation.

There is no evidence from outcrops for any 
deposition having occurred during middle and 
most o f late Toarcian times. Conversely there is 
evidence for only limited erosion in a few localities 
(e.g. Strathaird; see Morton, 1989), because the 
overlying Bearreraig Sandstone Formation rests 
everywhere on the Raasay Ironstone Formation 
even though this is very thin.

The top o f the Lower Jurassic succession in 
the Hebrides is genetically part o f the Middle
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Jurassic Series, with a lithospheric extension event 
beginning in latest Toarcian times (Morton,
1987) resulting in renewed subsidence in the 
Hebrides Basin and rejuvenation o f hinterland 
topography resulting in influx o f large quantities 
o f coarse siliciclastic sediment to form the 
Bearreraig Sandstone Formation, partly in tidal 
sand-wave environments (Morton, 1983).

OB LUSA TO ARDNISH COAST,
ISLE OF SKYE, HIGHLAND 
(NG 701 248-NG 676 245)

N. M orton

Introduction

The Ob Lusa to Ardnish Coast GCR site lies on 
the foreshore on the eastern side o f Broadford 
Bay on the Isle o f Skye. Here an extensive 
low-lying area is underlain by Lower Jurassic 
sediments, including the Ardnish Peninsula, the 
crofting townships o f Waterloo, Lower and 
Upper Breakish (part), and extending east to the 
Isle o f Skye airfield and Ob Lusa (Figure 8.3). 
This GCR site is probably the best-known Lias 
section in the Hebrides Basin. It exposes one o f 
the most extensive and readily accessible sections 
through the Hettangian and Lower Sinemurian 
succession o f the region. It includes the type 
locality for the carbonate-dominated Breakish 
Formation, with its remarkable coral beds, and 
the more elastic-dominated Ardnish Formation, 
contrasting markedly with the correlative Blue 
Lias Formation developed across much o f 
Britain. The Ob Lusa Coral Bed represents the 
only extensive development in the British Lias o f 
isastraeid corals.

The Jurassic rocks in central Skye are folded 
into a broad syncline and anticline, o f Tertiary 
age, but to the north and north-east these folds 
die out and on either side o f Broadford Bay the 
rocks show the simple north-westward tilting 
which is typical o f most o f the Hebridean 
Jurassic sequence. The low dips and extensive 
coastal outcrops expose large bedding surface 
areas that provide excellent opportunities to 
study the typical facies and faunas o f the Lower 
Lias o f the northern Hebrides. These include 
coral beds and oolitic ironstones as well as a 
variety o f carbonates and siliciclastic sediments, 
some o f which are richly fossiliferous. The best 
outcrops, giving almost continuous successions

through more than 73 m o f Hettangian (Angulata 
Zone) to Lower Sinemurian (Semicostatum 
Zone) strata occur in and adjacent to the Ob 
Lusa to Ardnish Coast GCR site, on the east side 
o f Broadford Bay, between Ob Lusa (NG 701 248) 
and the Ardnish Peninsula (NG 676 245 for GCR 
site, but extending south-west to Waterloo -  
NG 660 235) (Figure 8.3).

The Lower Lias o f the Broadford area o f 
central Skye has a long history o f investigation, 
most notably by Judd (1878) and the [British] 
Geological Survey (Peach et al., 1910). More 
recent accounts with detailed measured sections 
include those by Hallam (1959), Searl (1992,
1994), Morton and Hudson (1995) and Hesselbo 
et al. (1998). The outcrops in this area are the 
most easily accessible Jurassic outcrops in the 
Hebrides. They are also the most frequently 
studied, by generations o f geologists at all levels 
o f experience -  amateurs and tourists on holiday, 
students on field classes and professional 
geologists on field studies. An excursion guide 
is given by Morton and Hudson (1995).

Broadford is the type area o f the Broadford 
Beds, the lithostratigraphical name introduced 
by Woodward (in Peach et a l., 1910) for the low
est marine Jurassic succession in the Hebrides. 
More recent revisions o f the lithostratigraphical 
nomenclature by Oates (1978), Hesselbo et 
al. (1998, 1999) and Morton (1999a,b) are 
discussed below. The GCR site includes the type 
section o f the carbonate-dominated Breakish 
Formation, the lowest part o f the marine Lower 
Lias in this area. Named after the township o f 
Breakish, the type section is defined as the head
land on the west side o f Ob Lusa with the base 
at NG 6998 2492 and the top at NG 6972 2512 
(Morton 1999b). The succeeding strata are 
elastic-dominated and crop out extensively on 
the Ardnish Peninsula, particularly in the coastal 
areas. It is not yet formally defined but is 
termed here the Ardnish Formation’ . The base 
is seen in a small inlet on the south side o f the 
peninsula (NG 6796 2422) but the top is not 
seen in the peninsula.

Description

The Broadford area is part o f one o f the 
Hebrides tilted fault-blocks, formed during early 
Cretaceous times (Morton, 1992b), and the beds 
dip at low angles generally o f less than 10° to the 
north-west. The outcrop is cut by numerous 
small faults o f Palaeogene age, most with a
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8 [8 9]

7 [3-7]

6 [2]
5 [1]

4 [1]

3 [1]

2 [1]

D

c

B

A

1

massive and thinly bedded sandstones with cross-bedded 
sandstone and calcareous sandstone cycles; top 1.5 m 
conglomeratic

thinly bedded sandy limestones, wackestones to packstones 
interbedded with thin shales, bivalve and echinoderm debris

gap in exposures; thinly bedded limestones and shales 
occasionally exposed in Ob Breakish

dolerite sill

black (baked) shale, shelly
Ob Breakish Coral Bed: grey micridc limestone, shelly at top 
and base, bivalves, gastropods, corals (at Ob Breakish), some 
shale partings near base 
thinly bedded calcareous sandstone

micridc sandy limestones and packstones with bivalves and 
gastropods, middle part cross-bedded

thin sandstone with bivalves

grey sandy limestones, micrites and packstones with some 
ooliths and pellets, thin fos&ilifcrous layers with bivalves and 
gastropods

thinly bedded calcareous sandstones with shell bed

Ob Lusa Coral Bed: grey nodular very fossiliferous limestone 
grey sandy limestone with gastropods and bivalves

soft thinly bedded grey-green calcareous sandstone locally 
pebbly

micritic limestone, sandy at base, bivalve fragments 
grey-pink calcareous sandstone, calcareous nodules, bivalve 
Fragments
soft variegate-red pebbly calcareous sandstone

Figure 8.4 Succession through the Breakish Formation at Ob Lusa (NG 6998 2492 to NG 6972 2512). After 
D.J. Taylor and C. Cointet, modified from Morton and Hudson (1995). The bed numbers of Hesselbo et al.
(1998) are shown in square brackets.

Beds’ by Hallam (1959), and the ‘Broadford 
Formation’ (in a more restricted sense) by 
Hesselbo et al. (1998). In the light o f subsequent 
discussion it was re-named as the 'Breakish 
Formation’ in its present sense, by Morton 
(1999b). The best section (Figure 8.4) lies on 
the west side o f Ob Lusa where the unit is 34 m 
thick, but the succession can be correlated in 
detail across to the Ashaig Bum and Breakish

(Figure 8.3). The base is seen only at Ob Lusa 
(between beds 1 and 2 o f Morton and Hudson,
1995): and is not exposed elsewhere. The 
Breakish Formation contains several distinctive 
beds which form useful marker horizons. The 
Ob Lusa Coral Bed (Bed 6 o f Morton and 
Hudson, 1995; Bed 2 o f Hesselbo et a l., 1998) 
contains numerous subspherical colonies o f 
the compact colonial coral Heterastraea
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thickness mapped
(metres) units

ferruginous sandstones and sandy limestones with trough 
cross-bedding, berthierinc ooliths and Piarorbynchia

1-5
micaceous sandstones and silty shales with 
ammonites common

metres

L 0

silty micaceous shales with bivalves, especially Gryphaea

micaceous sandstones and siltststones, berthierinc ooliths 
present

gap (muddy inlet), ? shales

micaceous sandstones and siltststones with scattered small 
phosphadc nodules, abundant Amioceras and Gryphaea; 
forms prominent reef

silty shales with micaceous sandstones coarsening up to 
sandstones, with common Amioceras, Corcmiceras, 
Thalassmoides bivalves and echinoderm debris

Ardnish Ironstone: oolitic red ironstone with bivalves and 
Piarorbynchia., berthierinc oxidized to goethite 
micaceous silty sandstone, trace fossils towards top

silty shales with shell fragments; Amioceras and Coroniceras 

sandstone with local ironstone, very fossiliferous, large 
Coroniceras
thinly bedded siltstones with abundant Gryphaea 
gap (muddy inlet), silty shales sometimes exposed

silty micaceous shales with bivalves, including Gryphaea 

(sandstone at top o f Brealdsh Formation)

** Gryphaea beds

Figure 8.5 Succession in the Ardnish Formation in the Ardnish Peninsula. After D.J. Taylor and C. Cointet, 
modified from Morton and Hudson (1995). Bed numbers have been revised to start the base of the Ardnish 
Formation as Bed 1 (= Bed 18 of Morton and Hudson, 1995). The bed numbers of Hesselbo et al. (1998) are 
shown in square brackets.

murchisoni, many o f them in situ, together with 
bivalves, especially Liostrea and various 
pectinids, and gastropods. However, the coral 
bed has suffered severely from over-collecting in 
recent years and little in-situ material can now 
be seen (MacFadyen, 2001). The overlying beds

show hummocky cross-stratification and a wave- 
sorted shell bed with Cardinia. Oates (1976) 
found the only ammonite recorded in situ in 
these beds, a Scblotbeimia sp. about 3 m below 
the top. It indicates a late Hettangian, Angulata 
Zone, age. Near the top o f the Breakish
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Formation is the Ob Breakish Coral Bed (Bed 12 
o f Morton and Hudson, 1995; Bed 14 o f 
Hesselbo et al., 1998). It contains thicket-like 
colonies o f the loosely branching coral 
Tbecosmilia m artini at Ob Breakish, but at Ob 
Lusa has passed laterally into a cross-bedded 
shelly limestone with rare coral fragments. 
Shales and limestones overlie the Ob Breakish 
Coral Bed but are not well exposed at either Ob 
Lusa or in the Ob Breakish inlet, with a dolerite 
sill intruded at this level at both localities. The 
top o f the Breakish Formation is characterized 
by a thick calcareous quartzitic sandstone, cross- 
bedded in places, which forms the headland 
west o f Ob Lusa and a prominent scarp on 
the north side o f Ob Breakish. The top 1.5 m 
becomes conglomeratic, with mainly quartz 
pebbles.

The upper, elastic-dominated unit is the 
Ardnish Formation, comprising shales, siltstones 
and sandstones which characteristically are 
highly micaceous and ferruginous. It crops out 
extensively in the intertidal zone and small 
islands o f the Ardnish Peninsula, but numerous 
small faults make reconstruction o f a complete 
sequence difficult. Estimates o f the total thick
ness, excluding the top beds (Bed 31 o f Morton 
and Hudson, 1995), range from 36 m (Hesselbo 
et al., 1998) to 42 m (Morton and Hudson, 
1995). This unit was re-classified as part o f an 
extended Pabay Shale Formation by Hesselbo et 
al. (1998), but an alternative classification, as 
the Ardnish Formation*, was suggested in 
discussion o f this paper by Morton (1999a, and 
reply by Hesselbo et a l., 1999) and is being 
adopted here and for the revision o f the British 
Geological Survey 1:50 000-scale maps. To reflect 
this change in nomenclature bed numbers on 
Figure 8.5 have been revised from those given in 
Morton and Hudson (1995).

In a small inlet on the south side o f the 
Ardnish Peninsula (NG 6796 2422) outcrops o f 
the basal beds o f highly micaceous silty shales 
vary according to the state o f the beach. 
Hesselbo et al. (1998) recorded a gap o f 5-6 m 
(plus their Bed 1), but on different occasions 
this has been much less (beds 1 and 2 with 
a smaller gap). The facies change to highly 
micaceous sediments, and the incoming o f 
Gryphaea arcuata, marks the base o f the Ardnish 
Formation. However, dating o f this boundary 
to the basal Sinemurian Bucklandi Zone (after 
Hallam, 1959) or to the Semicostatum Zone is 
uncertain. The overlying beds 4 to 7 (Figure 8.5)

contain numerous fossils. In addition to Gryphaea 
arcuata, the calcareous silty sandstone pavements 
contain frequent very large Coroniceras lyra o f 
the Lyra Subzone, Semicostatum Zone. Two 
beds o f red-weathering oolitic ironstone contain 
berthierine ooids and a rich fauna including the 
ammonites Coroniceras and Amioceras, the 
small rhynchonellid Piarorhynchia juvenis, and 
numerous bivalves including Chlamys calva and 
Plagiostoma giganteum. The higher, and thicker, 
o f these ironstones (Bed 7 o f the Ardnish 
Formation) is known as the Ardnish Ironstone*. 
Above the ironstone are numerous coarsening- 
up shale-siltstone-sandstone cycles extending 
through some 10 m o f the succession. Large 
Coroniceras occur in the lower part, while small 
phosphatic nodules and phosphatized body 
chambers o f Amioceras are common, together 
with Gryphaea and other bivalves and trace fossils. 
Both Morton and Hudson (1995) and Hesselbo 
et al. (1998) recorded a gap in the succession. 
This is presumed to correspond to an interval o f 
shales, but higher parts o f the measured sections 
are more difficult to reconcile, presumably 
because o f problems o f correlating across the 
numerous small faults in the absence o f useful 
marker beds. The facies remain similar, with 
micaceous siltstones and sandstones containing 
ammonites mostly preserved as body-chamber 
moulds. Agassiceras and Euagassiceras replace 
Amioceras as the most common, and indicate 
higher subzones within the Semicostatum Zone. 
Bed 13 (Figure 8.5), subdivided into their beds 
12 to 25 by Hesselbo et al. (1998), forms a 
prominent scarp striking towards the most 
northerly point o f the peninsula. Details o f 
the highest beds cropping out in the intertidal 
zone to the north-west are not recorded in 
either o f the measured sections, but the 
youngest ammonites recorded still belong to the 
Semicostatum Zone.

Interpretation

Lithostratigraphical subdivision o f the traditional 
Broadford Beds into two units is now accepted 
by consensus by those who have worked on this 
part o f the Hebridean Jurassic sequence in 
recent years, with the lower unit being re-named 
the ‘Breakish Formation’ (Morton, 1999b). 
However, lithostratigraphical classification o f the 
upper unit, as part o f an enlarged and revised 
Pabay Shale Formation (Hesselbo et a l., 1998) 
or as a separate Ardnish Formation is not yet
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agreed. The latter is used here and has been 
adopted for the revision o f the British Geological 
Survey maps.

The age o f the succession and correlation 
with other sites has been discussed by Morton 
(1999b). Trueman (1942) concluded, largely on 
the basis o f the bivalve faunas, that the Ob Lusa 
Coral Bed and overlying strata up to the Ob 
Breakish Coral Bed belonged to the Angulata 
Zone. The Schlotheimia found 3 m below the 
Ob Breakish Coral Bed (Oates, 1976) at least 
partly confirm this. The two coral beds arc 
useful marker beds that can be correlated to 
Applecross, where Lee (1920) recorded Schlo
theimia cf. montana, indicating the Angulata 
Zone, from near the level o f the Ob Lusa Coral 
Bed. Although neither coral bed can be 
recognized at Hallaig on Raasay, an oolite 
marker bed below the Ob Lusa Coral Bed at 
Applecross is present at Hallaig though not 
in the Broadford area. These marker bed 
correlations support the interpretation that the 
base o f the Breakish Formation in the Broadford 
area falls within the Angulata Zone, and hence 
is younger than the base o f the formation at 
Applecross and Hallaig. Consequently the 
upper part o f the continental red-bed facies 
(Stornoway Formation) in the Broadford area is 
interpreted as Jurassic in age.

The sandstones above the Ob Breakish Coral 
Bed in Applecross yielded a Coroniceras 
coronaries to Lee (1920), since re-identified as 
Coroniceras caesar, a form characteristic o f the 
middle part o f the Conybeari Subzone (Morton, 
1999b). Consequently, the upper part o f the 
Breakish Formation in Ob Lusa and Ob Breakish 
is also interpreted as belonging to the Bucklandi 
Zone. However, the precise position o f the 
Hettangian-Sinemurian boundary remains 
uncertain. The Breakish Formation can be 
traced south-westwards from Ob Lusa towards 
Heaste and Loch Eishort, with both coral beds 
recognized though the sandstones become 
generally coarser grained.

In the succeeding Ardnish Formation 
ammonites are fairly common throughout the 
sequence. However, most frequent are small- to 
medium-sized body chambers o f Amioceras 
which are o f only limited biostratigraphical 
value. Hence, although the whole o f the 
formation exposed in the Ardnish Peninsula can 
be assigned to the Semicosta turn Zone, the 
precise positions o f the base o f the zone and 
o f subzonal boundaries remain less certain.

Beds 3-6 are characterized by common large 
(>  35 cm diameter) Coroniceras lyra (Lyra 
Subzone). A large (>  40 cm diameter) specimen 
o f Agassiceras superbum was found in Bed 12 
on the north coast o f Ardnish, indicating 
the Scipionianum Subzone, while Euagassiceras 
occurs in the upper part o f Bed 13 and above and 
indicate the Sauzeanum Subzone. Elsewhere in 
Skye (Loch Eishort) and on Raasay (Hallaig) the 
Ardnish Formation, as used here (cf. Hesselbo 
et a l.y 1998), encompasses younger strata, 
including the Hallaig Sandstone Member, which 
range up to the T\imeri Zone.

The Breakish Formation in the Ob Lusa to 
Ardnish Coast area consists o f limestones and 
clean (non-muddy) sandstones, with only 
subordinate shales. They are interpreted as 
having been deposited in generally shallow 
marine, near-shore environments with varying 
input o f siliciclastic sand from adjacent land 
areas. This produced pure carbonates, especially 
the coral beds, when siliciclastic input was low, 
and quartz sandstones or sandy limestones 
when siliciclastic input was higher. Most beds 
contain stenohaline fossils, such as bivalves, 
gastropods and echinoderms, as well as the 
corals, indicating deposition in fully marine 
conditions. Cross-bedding in some beds, notably 
the top sandstone and the Ob Breakish Coral 
Bed at Ob Lusa, indicate deposition by marine 
tidal currents. Hummocky cross-stratification, 
indicative o f the influence o f storms, occurs in 
the beds above the Ob Lusa Coral Bed.

A characteristic feature o f most o f the 
succeeding Ardnish Formation is the almost 
ubiquitous occurrence o f detrital mica. 
Lithologies range from micaceous shales 
through siltstones to sandstones, which tend to 
be muddy rather than the purer quartz sand
stones o f the Breakish Formation. The two 
formations provide a classic example o f the 
contrasts between Hallam’s (1975) ferruginous 
and calcareous facies associations. Berthierine 
( ‘chamosite’) ooliths occur in several beds in the 
lower part o f the succession (Searl, 1992) and 
are sufficiently abundant in two o f these towards 
the base o f the formation for them to be 
termed ‘ironstones’. At several levels metre- 
scale coarsening-up cycles occur.

Fossils occur throughout but are abundant 
only in some beds, with layers rich in Gryphaea 
arcuata being especially characteristic. The 
faunas consistendy include stenohaline groups 
such as ammonites and echinoderms indicating
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deposition in normal marine salinity. The 
sediments were deposited in an offshore shelf 
environment below or close to wave-base. 
Because the upper part o f the succession is 
missing, the upward change to sandstones is less 
fully developed in Ardnish than elsewhere in 
Skye or Raasay.

Conclusions

The Ob Lusa to Ardnish Coast GCR site includes 
the foreshore parts o f two main areas o f outcrop 
separated by the Isle o f Skye airstrip (construction 
o f which obscured some outcrops between). 
The two areas are complementary in showing 
different parts o f the Hettangian to lower 
Sinemurian succession in the classical facies o f 
the northern Hebrides Lower Lias.

Ob Lusa and the headland to the west shows 
the best and most accessible section o f 
Hettangian to basal Sinemurian sediments in the 
Hebrides, and is the type locality o f the Breakish 
Formation (formerly the ‘Lower Broadford 
Beds’). Sedimentological interest lies in the 
mixing and alternation o f shallow marine 
carbonates o f various types and quartzose sand
stones. O f greatest palaeontological interest is 
the Ob Lusa Coral Bed, with subspherical 
colonies, mosdy 10 cm to 25 cm in diameter, o f 
Heterastraeamurcbisoni. The upper part o f the 
Breakish Formation is discontinuously exposed 
on both sides o f Ob Breakish south o f the 
Ardnish Peninsula. Outcrops o f the Ob Breakish 
Coral Bed, with large masses o f the branching 
colonial coral Tbecosmilia m artini, occur at 
high-water mark below the eastern end o f Lower 
Breakish.

The Ardnish Peninsula, and especially the 
intertidal and supratidal shore zone and 
small islands at the eastern end included in 
the GCR site, shows very extensive outcrops 
o f the lower Sinemurian Semicosta turn Zone 
in the Ardnish Formation (formerly the 
‘Upper Broadford Beds’). The broad flat 
rocky platforms enable study o f large areas o f 
bedding plane in the micaceous silty shales, 
siltstones and silty sandstones. The Ardnish 
Ironstone and a lower, thinner bed are very 
fossiliferous iron-bearing oolites. Fossils 
include numerous ammonites, especially large 
Coroniceras in the lower part, and Amioceras 
and Agassiceras in the upper part, together with 
epifaunal and infaunal bivalves, layers with 
abundant Gryphaea, and brachiopods locally.

HALLAIG SHORE, ISLE OF 
RAASAY, HIGHLAND 
(NG 588 396-NG 591 390)

N. M orton

Introduction

The Hallaig Shore GCR site is the finest o f the 
very few exposures to show the transition from 
the Pabay Shale Formation into the Scalpay 
Sandstone Formation, a part o f the succession 
almost never exposed in the Hebrides. The site 
is o f key importance for dating the apparently 
diachronous junction between the two formations. 
The ammonite succession is well documented 
and enables detailed correlations to be made with 
the predominandy argillaceous Pliensbachian 
successions in southern England.

The area immediately north o f the abandoned 
crofting township o f Hallaig on the Isle o f Raasay, 
including the Hallaig Shore GCR site (Figure 
8.6), is underlain by a large rotational landslip. 
This consists mainly o f the thick sandstones of 
the (Aalenian-Bajocian) Bearreraig Sandstone 
Formation and the (Pliensbachian-basal Toarcian) 
Scalpay Sandstone Formation. Decollement is 
in the lower part o f the (Sinemurian-lower 
Pliensbachian) Pabay Shale Formation, which has 
been squeezed out so that the apparent thickness 
o f this part o f the formation is much reduced. 
The sole o f the landslip lies on the top sandstone 
bed (Sinemurian Tdrneri Zone) o f the Hallaig 
Sandstone Member o f the Ardnish Formation, 
which forms the top o f the cliff north of Hallaig 
waterfall (NG 5940 3870) and a scarp feature across 
the beach 200 m to the north (NG 5926 3887). 
Locally, very small masses o f in-situ basal Pabay 
Shale Formation (Sinemurian Oxynotum Zone) 
can be observed on top o f the sandstone.

In the southern part o f the landslip, around 
Hallaig township and Creag nan Cadhaig, it is 
not possible to establish a coherent stratigraphy 
and a chaotic arrangement o f small blocks is 
apparent in the few outcrops. The eastern 
edge o f this part o f the landslip, along the 
northern part o f the Hallaig Bum, the top o f the 
cliff north o f the waterfall and on the shore to 
the north is still active and subject to erosion. 
Elsewhere, it is more stable and there is no 
evidence o f significant movement in historical 
times; for example, the enclosure wall and 
foundations o f the former crofts remain largely 
intact.
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Figure 8.6 Map of Hallaig and the Hallaig Shore area, showing the main topographic features, the limits of the 
Hallaig landslip and the location of the GCR site. Selected dip arrows shown indicate the effects of the rotation 
associated with the landslip. The probable position of the Portree Shale and Raasay Ironstone formations, 
which are not exposed, is interpolated.

In the northern part o f the landslip the various 
parts o f the succession have generally main
tained their cohesion and relative stratigraphical 
positions, although displaced from their original 
positions and rotated through some 25° (see 
below). Consequently the upper part o f the 
Pabay Shale Formation exposed on the shore 
(NG 5907 3909), dips WNW beneath the Scalpay 
Sandstone Formation, which forms the lower cliff 
overlooking the shore (NG 5883 3952) southwards 
to north o f Creag nan Cadhaig (NG 5890 3907).

The Bearreraig Sandstone Formation forms 
the higher scarp, to the west o f a broad ledge 
interpreted to mark the position o f the Portree 
Shale and Raasay Ironstone formations. On the 
western edge o f the landslip it is possible locally 
to identify the Garantiana Clay Member and 
Cullaidh Shale Formation and map part o f the 
Great Estuarine Group (Figure 8.6).

A description o f the outcrops and lithologies, 
with a surprisingly brief faunal list, was given 
by Lee (1920). A more detailed measured
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succession was described by Howarth (1956) 
and further information about the ammonite 
succession was given by Phelps (1985). The 
sedimentary log by Hesselbo et al. (1998) is a 
composite o f this site and that at the Cadha 
Carnach GCR site located 1 km to the north.

Lithologies throughout the succession vary 
between micaceous silty shales and sandstones, 
frequently with calcareous nodules or doggers, 
and some calcareous beds. Some beds are 
reasonably fossiliferous, with ammonites, 
bivalves and brachiopods dominant, though the 
distributions are usually discontinuous strati- 
graphically, so that precise positions o f zonal or 
subzonal boundaries can rarely be defined.

Description

The most important outcrops within the Hallaig 
Shore GCR site are in the intertidal part o f the 
shore north o f Hallaig. The first outcrops north 
o f the top o f the Hallaig Sandstone Member (at 
NG 5926 3885) are o f fossiliferous dark shales, 
with numerous red-weathering calcareous 
nodules, comprising the main part o f the Pabay 
Shale Formation. They are strongly affected by 
faulting and shearing in llie base o f die landslip 
so that their thickness is reduced and bedding is 
not preserved. Hence these outcrops are not 
stratigraphically useful. The southern edge o f 
the GCR site (Figure 8.6) lies within this belt o f 
deformed shales.

The first coherent beds, dipping at 40° to WSV&£ 
crop out in a small headland (NG 5914 3906) 
260 m farther north and comprise dark-grey to 
black micaceous shales with calcareous nodules. 
The discrepancy o f the dip and NNW-SSE strike 
here, compared with the regional strike and 
outcrops to the north, suggest that this outcrop 
is a separate landslipped block which is not in 
stratigraphical continuity with the main section 
described below.

The main section within the GCR site is 120 m 
farther north along the shore, extending some 
400 m from NG 5904 3916 northwards to 
NG 5888 3958. The dip o f the beds over this 
section is consistendy close to 30° to the west 
and the strike close to north-south. Although 
the dip is significandy steeper than the regional 
dip (12° to 15° at Hallaig waterfall, for example), 
due to rotadon during landslipping, there is 
stradgraphical continuity throughout the section, 
and the succession shown in Figure 8.7 does not 
include any structural breaks. The sediments

are medium- to dark-grey micaceous shales with 
red-weathering calcareous nodules, gradually 
coarsening-up into muddy sandstones with 
calcareous lenticles and doggers.

The outcrops along the shore are separated, 
by a narrow emerged ( ‘raised’) beach platform, 
from the low cliff formed by the upper part o f 
the Scalpay Sandstone Formation. The main 
part o f this cliff is formed by massive sandstones 
(Bed 36 o f Howarth, 1956, in the Rubha na’ 
Leac GCR succession) but other beds can 
also be identified; for example, sandstones with 
doggers and with bands containing Pseudopecten 
equivalvis (Howarth’s beds 28 to 30) near the 
southern end o f the cliff. Some further rotational 
landslipping o f certain blocks is indicated by 
higher dips, up to 40°, but the unbroken nature 
o f the cliff line suggests that these movements 
are minor. Although this cliff lies within the GCR 
site, these strata have not been included in the 
measured succession (Figure 8.7).

The oldest strata seen within the GCR site 
are sheared black micaceous shales containing 
Raricostatum Zone Ecbioceras spp. and other 
fossils. However, these outcrops are not strati
graphically useful and undeformed strata o f this 
part o f die Pabay Shale Formation arc exposed 
elsewhere on Raasay, notably in the Allt Feams 
section 3 km to the south. Higher parts o f the 
Pabay Shale Formation crop out in the small 
headland near the southern boundary o f the 
GCR site, though they are also seen in the Allt 
Feams section. No detailed measured succes
sion is available and it is not at present possible 
to establish precise stratigraphical relationships 
with higher parts o f the succession, described 
below. However, these outcrops are note
worthy because they are richly fossiliferous, 
yielding ammonites (Polymorpbites cf. angusta, 
eoderoceratids and echioceratids), bivalves 
(including Gryphaea mccullocbi, Hippopodium 
ponderosum  and Pleuromya costata) and 
brachiopods (including Spiriferina pinguis and 
Rimirbyncbia anglica). It appears that both 
Raricostatum and Jamesoni zone faunas may be 
present and that this outcrop represents strata 
below the described section. The position o f the 
Sinemurian-Pliensbachian boundary remains to 
be established.

The main section, for which the site has been 
included in the GCR, is on the foreshore just to 
the north, though separated by a structural 
break. A detailed measured section re-drawn 
from data in Howarth (1956), Phelps (1985) and
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Figure 8.7 Detailed succession of the uppermost Pabay Shale Formation and lower Scalpay Sandstone 
Formation, together with records of ammonites and some other key fossils. Bed numbers are those of Howarth 
(1956), on whose work this figure is mainly based, with additional information from Hesselbo et al. (1998) and 
Phelps (1985). Note that Bed 3 is 4 m thicker than shown here. The boundary between the Pabay Shale and 
Scalpay Sandstone formations is transitional but taken at the base of Bed 4. Beds 14 to 18 are distinctive marker 
beds allowing correlation with other sections on Raasay, including the GCR sites at Rubha na* Leac 1.5 km to 
the south, and Cadha Caraach 1 km to the north.
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Hesselbo et a l. (1998) is given in Figure 8.7. 
Note that only the upper part o f Bed 1, which is 
about 12 m thick, is shown. Beds 1 and 2 are 
dark-grey micaceous, slighdy silty, shales with 
nodules and lenticles o f red-weathering, dark- 
grey to black, argillaceous limestone. Some o f 
the nodules were formed at a very early 
stage o f diagenesis, before compaction, while 
others appear to be later septarian nodules. 
Ammonites recorded by Howarth (1956), Oates
(1976) and Phelps (1985) include Jamesoni 
Zone Uptonia and Platypleuroceras in Bed 1, 
Ibex Zone Acanthopleuroceras and Trago- 
phylloceras in Bed 2. Bed 3 is a 7.62 m-thick 
succession o f micaceous shales with thin lenticles 
o f calcareous sandstone. Comminuted shell 
debris, mostly bivalve, occurs but no ammonites 
have been identified.

The base o f the Scalpay Sandstone Formation 
was placed by Howarth (1956) at the first 
continuous sandstone, Bed 4. In such a 
transitional situation any lithostratigraphical 
boundary is arbitrary, so that Howarth’s definition 
is accepted here, as it was by Hesselbo et al. 
(1998) even though elsewhere in the Hebrides 
it may be placed at biostratigraphically higher 
levels. Beds 5 to 10 vary between silty micaceous 
shales and muddy sandstones, with elongate 
calcareous doggers and thin beds o f calcareous 
sandstone. Recognizable fossils are uncommon 
other than poorly preserved infaunal bivalves 
QPboladomya and Pleuromya), but biotur- 
bation is pervasive. Exceptions are nodules with 
Piarorhynchia in Bed 5 and Tetrarhyncbia in 
Bed 9, while parts o f Bed 10 contain large 
specimens o f Grypbaea gigantea. The position 
o f the Valdani-Luridum subzonal boundary is 
uncertain. Silty shales characterize the 
upper part o f Howarth’s Bed 10 as well as 
Bed 11. Howarth (1956) listed Androgynoceras 
maculatum  from Bed 11 but Phelps (1985) 
recorded specimens o f Beaniceras transitional 
between crassum and luridum  from this level, 
placing these beds in the Luridum Subzone 
(Ibex Zone) rather than Maculatum Subzone 
(Davoei Zone). Beds 12 and 13 show a return 
to mainly muddy sandstones with thin beds 
and doggers o f calcareous sandstone and only 
minor silty shales. Phelps (1985) recorded 
Androgynoceras from Bed 13 and placed the 
base o f the Maculatum Subzone (and Davoei 
Zone) in Bed 12. Feldmann et al. (2002) 
described a new species o f crustacean, 
Pseudoglypbea foersteri, from a fallen block o f

fossiliferous Scalpay Sandstone Formation also 
containing Aegoceras cf. brevilobatum  indicative 
o f the Capricomus Subzone.

Near the top o f the shore section Howarth 
(1956) identified a sequence o f thin beds o f 
calcareous sandstones and fissile micaceous 
shales. These dark fissile shales are crowded 
with crushed bivalves and are unusually 
distinctive within the otherwise homogeneous 
silty shale to muddy sandstone facies o f the 
Scalpay Sandstone Formation. They are o f great 
importance as marker beds, providing a litho
stratigraphical correlation between this and other 
sections o f the Scalpay Sandstone Formation on 
Raasay. The overlying sandstones o f the main 
part o f the Scalpay Sandstone Formation crop 
out in the low cliff overlooking the shore. 
However, these beds are better exposed else
where. As noted above, identification o f the 
succession with beds seen south o f Rubha na’ 
Leac is usually straightforward.

Interpretation

Within the Hallaig Shore GCR site itself only the 
upper part o f the Pabay Shale Formation can be 
observed in stratigraphical succession, though 
undisturbed sections through the middle and 
lower parts o f the Pabay Shale Formation can be 
seen farther south, in the Hallaig Bum and its 
tributaries south o f Hallaig, and more especially 
in the classic Allt Feams section 3 km to the 
south. O f the overlying Scalpay Sandstone 
Formation only the lowest 40 m is discussed 
here. Better sections through the main part o f 
the formation can be found to the north (see 
Cadha Carnach GCR site report) and the south 
(see Rubha na* Leac GCR site report).

Ammonites occur only sporadically through 
the succession here and hence uncertainty 
surrounds some parts o f the biostratigraphy. 
The southernmost shore outcrops in the GCR 
site consist o f sheared shales with Ecbioceras 
and Eoderoceras o f the Raricostatum Zone. In 
contrast to the succession in Allt Feams Bum, 
where the four subzones o f the Raricostatum 
Zone can be readily identified (Getty, 1973; 
Morton and Hudson, 1995), the thickness here 
has been greatly reduced by landslipping. 
The lowest stratigraphically coherent block o f 
Pabay Shale Formation in the small headland 
(NG 5914 3906) has not been measured in 
detail so that the succession o f faunas is not 
known. However, ammonites recorded include
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Polymorphites cf. angusta, deroceratids and echio- 
ceratids suggesting that both the Raricostatum 
and Jamesoni zones may be present. A thin 
sandstone bed seen at about the zonal boundary 
in Allt Feams has not been observed here.

The main section to the north exposes about 
23 m o f the uppermost part o f the Pabay Shale 
Formation. In the upper part o f Bed 1 Uptonia 
is abundant, including U. jamesoni and U. 
angusta (Howarth, 1956) indicating the Jamesoni 
Subzone, while Platypleuroceras brevispina 
may come from slightly lower (Oates, 1976), 
indicating the Brevispina Subzone. Bed 2 
contains Acanthopleuroceras sp. and Trago- 
pbylloceras loscombi o f the Valdani Subzone, so 
that the Jamesoni-Ibex zonal boundary is placed 
between beds 1 and 2. However, in the absence 
o f diagnostic ammonites the position o f the 
Masseanum Subzone here is unknown. The top 
7.6 m o f the Pabay Shale Formation (Bed 3) has 
not yielded any ammonites but is presumed to 
be still in the Valdani Subzone.

The lower part o f the Scalpay Sandstone 
Formation contains very few ammonites so that 
the ages o f most beds and the positions o f zonal 
and subzonal boundaries are poorly constrained. 
The base o f the formation, and strata up to Bed 
8, are placed in the Valdani Subzone, with 
Piarorbyncbia cf. dejfneri in Bed 5. Phelps 
(1985) recorded Liparoceras cbeltiense from 
this level and indicated Valdani Subzone (his fig. 
3), although elsewhere (his fig. 9) he indicates 
the range o f this species as extending into the 
lower part o f the Luridum Subzone. The Valdani- 
Luridum subzonal boundary is tentatively placed 
in Bed 8, below the occurrence o f Tetrarhynchia 
dunrobinensis in Bed 9. Phelps* (1985) record 
o f specimens o f Beaniceras transitional between 
crassum and luridum  is consistent with a position 
in the m iddle-upper part o f the Luridum 
Subzone (see his fig. 9). The Ibex-Davoei zonal 
(Luridum-Maculatum subzone) boundary is 
interpolated between the Beaniceras specimens 
in Bed 11 and Androgynoceras in Bed 13. The 
ammonite from this level was identified by 
Phelps (1985) as transitional between A. sparsi- 
costa and A. maculatum , which is in the middle 
o f the Maculatum Subzone. Androgynoceras 
ranges up into the base o f the Capricomus 
Subzone (Phelps, 1985) so that the marker beds 
14 to 18 may be close to the Maculatum- 
Capricomus subzonal boundary. Phelps (1985) 
recorded Aegoceras capricomus (Capricomus 
Subzone) from the lower part o f Bed 19.

The overall succession at this site shows a 
gradual coarsening-up from uniformly micaceous 
silty shales typical o f the Pabay Shale Formation 
into silty and muddy fine-grained sandstones o f 
the Scalpay Sandstone Formation. Placing a 
lithostratigraphical boundary is arbitrary, and 
Howarth’s (1956) unambiguous definition o f the 
Scalpay Sandstone Formation as beginning with 
Bed 4 at this locality is accepted here.

The Pabay Shale Formation was deposited in 
normal marine conditions below wave-base. 
The abundance o f detrital mica as flakes 2-3 mm 
across in this part o f the formation suggests that 
transport from a nearby hinterland, identified 
from other evidence as the Scottish Highlands to 
the east, occurred via rivers and then tidal 
currents. However, there is no evidence for 
these inferred tidal currents having affected 
the sea floor depositional environment. By 
contrast, the occurrence o f lenses o f sand and 
comminuted shell-debris in Bed 3, presumably 
deposited in channels, indicates that the deposi
tional environment shallowed to near or slightly 
above storm wave-base. Through the lower part 
o f the Scalpay Sandstone Formation there is 
comparatively litde lithological variation other 
than relatively subtle changes between muddy 
fine sandstone and silty mudstone. The most 
striking aspect o f the lithology is the number o f 
calcite-cemented beds and doggers, most 
formed late during diagenesis. The depositional 
environment was normal marine, close to or 
slightly above wave-base. Large fragments o f 
driftwood suggest that the coastline and hinter
land were not very distant.

Conclusions

The most significant feature o f the Hallaig Shore 
GCR site is in providing the only good section o f 
the transition between the Pabay Shale and 
Scalpay Sandstone formations known in the 
northern part o f the Hebrides Basin. In this 
section the base o f the Scalpay Sandstone 
Formation is taken, following Howarth (1956), 
at the base o f the first sandstone bed in a gradual 
coarsening-up sequence. This occurs in the 
Lower Pliensbachian Valdani Subzone o f the 
Ibex Zone. This contrasts with the situation in 
Carsaig Bay (Isle o f Mull) where there is a similar 
gradual coarsening-up but the base o f the 
Scalpay Sandstone Formation is taken at an 
abrupt erosional base o f a more massive sand
stone (Oates, 1976) in the Upper Pliensbachian
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Subnodosus Subzone o f the Margaritatus 
Zone. From a palaeontological point o f view the 
main interest o f this section lies in the lower 
part, in which a good succession o f ammonites 
from the upper part o f the Jamesoni Zone 
and the lower part o f the Ibex Zone can be 
established. A structurally separate section o f 
a lower part o f the Pabay Shale Formation is 
also exposed within the GCR site. This fossili- 
ferous succession may span parts o f the 
Raricostatum and Jamesoni zones, and, there
fore, possibly the Sinemurian-Pliensbachian 
boundary.

CADHA CARNACH, ISLE OF 
RAASAY, HIGHLAND 
(NG 582 392-NG 585 412)

N. M orton

Introduction

The Cardha Camach GCR site contains one o f 
the best-documented and finest exposures 
through the Pliensbachian to basal Toarcian 
Scalpay Sandstone Formation. The site has also 
furnished important data on higher parts o f the 
Lower Jurassic succession; the Lower Toarcian

Portree Shale and Raasay Ironstone formations, 
and the uppermost Toarcian Dun Caan Shale 
Member o f the Bearreraig Sandstone Formation. 
The 300 m-high cliff, Druim an Aonaich, towards 
the north in the GCR site, extends as an almost 
linear north-south feature from Dun Caan to 
Screapadal and dominates the east coast o f the 
Isle o f Raasay (Figure 8.8). It is one o f the most 
spectacular British Jurassic exposures. It 
appears unrelated to any tectonic structures but 
has been interpreted as a product o f glacial 
erosion (Chesher et al., 1983)- This also caused 
oversteepening o f the slopes east o f Dun Caan, 
leading to instability and the formation o f the 
large Hallaig rotational landslip (see Hailaig 
Shore GCR site report). The southern part o f 
Cadha Carnach, at the southern end o f the GCR 
site, consists o f later smaller landslipped blocks 
mainly o f Middle Jurassic sandstones.

The southern part o f Druim an Aonaich, north 
o f Cadha Carnach, shows a clear tripartite 
division. The main vertical part o f the cliff 
comprises the (latest Toarcian to Upper Bajocian) 
Bearreraig Sandstone Formation. Below there 
is a distinct sloping ledge developed on the Dun 
Caan Shale Member (Aalensis Zone), the Raasay 
Ironstone Formation (Scrpcntinum Zone) and 
the Portree Shale Formation (also Serpentinum 
Zone). These are exposed only occasionally,

Figure 8.8 View from Rubha na’ Leac of the prominent peak of Dun Caan and the cliffs of Drum an Aonaich 
and Cadha Camach. The main cliff is of Bearreraig Sandstone Formation above a slope developed on the 
Portree Shale and Raasay Ironstone formations, with the Scalpay Sandstone Formation forming the lower pan 
of the cliff down to sea level. (Photo: N. Morton.)
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being largely obscured by fallen blocks and scree 
from the massive units above, but a trench was 
excavated by the [British] Geological Survey, 
during the mapping o f Raasay, to document the 
‘Upper Lias’ succession. The steep slope below 
these units is formed by the Scalpay Sandstone 
Formation (here Davoei Zone to Tenuicostatum 
Zone). Although partly covered by vegetation, 
stream gullies expose a complete succession 
down to the foreshore.

Above the main cliff a ledge marks the 
position o f the Garantiana Clay Member and the 
Cullaidh Shale Formation, both exposed at 
Cadha Camach. To the west, gentler scarps and 
slopes are underlain by the various units o f the 
Great Estuarine Group, cut by sills and capped 
by Palaeocene plateau basalts forming, within the 
GCR site, the summit o f Dun Caan. On the west
ern slopes o f Dun Caan fragments o f presumed 
Cenomanian greensand indicate the presence o f 
a thin Upper Cretaceous sequence between the 
Jurassic and Palaeocene successions.

Useful sections through the Lower Jurassic 
succession can be seen at various points, notably 
towards the northern end o f Druim an Aonaich 
(south o f Screapadal) and towards the southern 
end. This southern section forms the Lower 
Jurassic part o f the Cadha Camach GCR site, 
named after the break in the cliff immediately 
east o f Dun Caan. The Cadha Camach GCR 
site was designated as a Lower Jurassic site 
largely because o f the section through the 
(Pliensbachian to basal Toarcian) Scalpay 
Sandstone Formation, described by Howarth 
(1956, 1958) and Phelps (1985). However, 
important data can also be obtained (Lee, 
1920) about the Portree Shale and Raasay 
Ironstone formations (both Lower Toarcian) 
and the (topmost Toarcian) Dun Caan Shale 
Member o f the Bearreraig Sandstone 
Formation.

The eastern boundary o f the Cadha Camach 
GCR site lies between the in-situ strata o f Druim 
an Aonaich and the Hallaig landslip. The western 
boundary is the top o f the cliff with a westwards 
extension at the southern end to include Dun 
Caan. The GCR site extends north to the edge 
o f another landslip, which forms a shallow 
recess in the cliff and has buried the Lower 
Jurassic succession beneath large fallen blocks 
o f the Bearreraig Sandstone Formation. Access 
to the site is difficult, involving a long walk 
(c. 7 km) from the end o f the road at North 
Feams.

Description

Structurally the area is simple, comprising pan 
o f a large westerly tilted fault-block bounded to 
the west by the Screapadal Fault (see Morton 
and Hudson, 1995). Within the GCR site the 
strike o f the beds is almost north-south, with 
dips between 13° and 21° to just north o f west. 
The only fault within the site is an arcuate 
structure near the southern boundary, south o f 
Cadha Camach. Major dolerite and granophyre 
sills have been intruded into the Middle Jurassic 
sediments. The small granophyre sills represent 
the north-eastern edges o f a large granophyre 
sheet which covers much o f southern Raasay, 
while the dolerite sills are part o f the extensive 
suite o f sills which are prominent features in 
Trottemish, Isle o f Skye. Minor dolerite dykes 
are confined to Cadha Camach itself.

The Scalpay Sandstone Formation forms the 
steep slope in the lower part o f the cliff and the 
foreshore but is accessible in steep parallel 
stream gullies (NG 585 404) which were 
described by Howarth (1956, section 7; marked 
as ‘section’ on Figure 8.9), Phelps (1985) and 
Hesselbo et al. (1998). The strata can be 
traced northwards along the shore and slope 
to almost the northern boundary o f the GCR 
site (NG 586 411). The base o f the Scalpay 
Sandstone Formation is below sea level within 
the site, but crops out on the foreshore farther 
north (NG 5864 4249).

Exposures o f the Portree Shale and Raasay 
Ironstone formations are more limited along the 
narrow steep ledge above the Scalpay Sandstone 
Formation, but have been recorded at several 
locations (NG 5848 4026, NG 5851 4054 and 
NG 5853 4091). During the [British] Geological 
Survey mapping o f Raasay, R. Tait excavated a 
trench (at NG 5847 4022; marked as ‘trench’ on 
Figure. 8.9) through the Dun Caan Shale 
Member (Bearreraig Sandstone Formation), the 
Raasay Ironstone Formation and the Portree 
Shale Formation, which yielded important infor
mation about the succession (Buckman in Lee, 
1920) which has not been superseded.

The succession in the Scalpay Sandstone 
Formation o f the Cadha Camach area was first 
described in the [British] Geological Survey 
memoir (Lee, 1920). A more detailed descrip
tion o f the section was given by Howarth (1956) 
and this has served as the basis for more recent 
accounts (Phelps, 1985; Hesselbo et a l., 1998). 
The succession reproduced here (Figure 8.10) is
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Figure 8.9 Geological map of the area around Dun Caan, Isle of Raasay, based on the author's mapping 
and that of Bradshaw and Fenton (1982). The locations of Tait’s trench and the Raasay Ironstone/Portree Shale 
localities to the north are taken from part of the [British] Geological Survey field slip for Sheet Inverness 31NW
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based mainly on Howarth’s descriptions, with 
additional data from Phelps (1985), Hesselbo et 
al. (1998) and other sources. The base o f the 
formation lies below sea level and the lowest 
strata exposed on the foreshore are silty shales 
or muddy siltstones and thin sandstones (beds i 
to v o f Howarth, 1956). These were included in 
the Scalpay Sandstone Formation by Howarth 
but represent part o f a transitional series 
between the Scalpay Sandstone and Pabay Shale 
formations (see also discussion in Hesselbo et 
a l., 1998). They may belong, at least in part, to 
the Ibex Zone (see below). These beds coarsen 
up into the overlying Davoei Zone sandstones o f 
Howarth’s beds vi and vii, which form the lower 
part o f the cliff. Distinctive marker beds (beds 
14-18 o f Howarth, 1956), including fissile mica
ceous shales crowded with crushed bivalves, 
occur some 6 m above the base o f the cliff at this 
section and are important for correlation with 
Howarth’s other sections on Raasay (see also 
Hallaig Shore and Rubha na’ Leac GCR site 
reports). Beds 14 to 25 o f this section were used 
by Howarth (1956) as the basis for his composite 
section o f the Scalpay Sandstone Formation on 
Raasay. Beds 19 and 20 form the first thick, 
massive, calcareous sandstones at the top o f the 
Lower Pliensbachian succession. The overlying 
beds, Bed 21 up to Bed 25, mark a return to 
predominantly silty beds in the lower part o f the 
Upper Pliensbachian sequence. Thin beds and 
lenses o f fine-grained sandstone, scattered calca
reous nodules and bands o f nodules occur at 
several levels. Ammonites occur but are rarely 
abundant (see below) while Bed 23 is character
ized by numerous large Gryphaea gigantea. 
Hesselbo et al. (1998) noted a sheeptrack 
developed at the level o f the lower part o f Bed 
23, and this forms a useful identifiable feature 
on the hillside.

The more sandy upper part o f the Scalpay 
Sandstone Formation forms a steeper slope, up 
to the ledge formed by the Toarcian shales. The 
lowest massive sandstone, Bed 26, is the excep
tion. It is mottled by pervasive bioturbation and 
is softer and more poorly cemented, forming a 
recessed ledge and giving rise to distinctive 
honeycombe weathering. These features can be 
recognized in other sections on Raasay, notably 
south o f Rubha na* Leac (see GCR site report). 
Beds 28 and 30 are more calcareous, with 
nodular bands o f sandy limestone, and more 
fossiliferous with frequent Gryphaea gigantea, 
Pseudopecten equivalvis, ammonites and nests

o f brachiopods (especially rhynchonellids). 
Other beds contain more scattered calcareous 
doggers, and fossils are less common. The thick 
massive-weathering sandstone (Bed 36) that forms 
the main upper part o f the Scalpay Sandstone 
Formation is thinner here than south o f Rubha 
na’ Leac. It is capped by thinner beds o f ferrugi
nous and calcareous, though usually decalcified, 
sandstone which appears to correlate with the 
higher o f the two calcareous beds at Gualann na 
Leac (so here also numbered Bed 39).

There is a sharp lithological boundary 
between the top o f the Scalpay Sandstone 
Formation and the shales o f the Portree Shale 
Formation. The shales are dark-grey to black, 
fine grained with very small mica flakes in the 
lower part. Towards the top the mica flakes 
become larger and scattered ooliths appear so 
that, in the southern part o f the Cadha Carnach 
GCR site at least (see below), there is an upward 
transition into the Raasay Ironstone Formation. 
Howarth (1956) recorded shales with Dactylio- 
ceras spp. from the top o f his section 7 
(NG 5850 4041) but did not cite a thickness. In 
the trench dug by Tait (NG 5847 4022) 3 96 m 
(13 ft) o f the Portree Shale Formation is recorded. 
This compares with 2.74 m at Rubha na’ Lcac 
(NG 5983 3794) and 2.5 m at the opencast mine 
(NG 5718 3689) (Morton and Hudson, 1995). 
The ammonites are discussed below.

The succeeding Raasay Ironstone Formation 
also is rarely exposed along the ledge at the foot 
o f the high cliff. Data obtained by the [British] 
Geological Survey (Lee, 1920, and original 
Geological Survey fieldslip) is available for three 
localities:

(i) In Tait’s trench (NG 5847 4022) the Raasay 
Ironstone Formation was recorded (Lee, 
1920) as about 0.91 m (3 ft) thick, with a 
belemnite-rich layer at the (op (Dactylio- 
teutbis) and ammonites, discussed below. 
Lee (1920) noted that the ironstone was 
much thinner than in southern Raasay and 
that the chamositic oolite there had passed 
laterally at this locality into a ferruginous 
limestone with carbonate ooliths (largely 
siderite) and only minor traces o f chamosite.

(ii) Approximately 300 m to the north 
(NG 5851 4054) the thickness o f the iron
stone is reduced to 0.15 m (6 in.).

(iii) Near the northern end o f the GCR site 
(NG 5853 4091) the Raasay Ironstone 
Formation is absent.
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There is no evidence as to whether the north
ward thinning (from 2.4 m at the main opencast 
mine (NG 6690 3645) and 2.74 m at Rubha na’ 
Leac (NG 5983 3794)) and disappearance o f the 
Raasay Ironstone Formation is due to lateral 
change or to erosion before deposition o f the 
Bearreraig Sandstone Formation (see Morton, 
1989 for discussion).

The Raasay Ironstone Formation is succeeded 
by the Dun Caan Shale Member. The latter was 
proposed by S.S. Buckman, on account o f the 
conspicuous feature these shales make below 
Dun Caan, and subsequently accepted by the 
[British] Geological Survey (Lee, 1920). Natural 
exposures o f this part o f the succession are rare 
and occur in small disconnected patches. Hence 
Tait’s trench section (at NG 5847 4022) through 
about 23 m (75 ft) o f strata, exposing the 
complete thickness o f the shales, represents 
virtually the only source o f information 
about the Dun Caan Shale Member (Lee, 1920) 
and must be considered its type section. 
Supplementary information was also obtained 
from another locality ‘a few hundred yards 
further north, at Drium an Aonaich’ (Lee, 1920). 
The shales are dark-grey to black and usually 
highly micaceous with occasional calcareous 
nodules and slight upward-coarsening. 
Ammonites, preserved flattened, are the most 
common fossils, with belemnites and occasional 
layers crowded with small bivalves (Pseudo- 
mytiloides, Bositra). The thickness was given by 
Lee (1920, p. 66, but cf. p. 42!) as 23 m (75 ft), 
but the top 1.2 m (4 ft) includes thin limestone 
beds. By comparison with the Beinn na Leac 
section (see Morton and Hudson, 1995) the 
latter would be excluded from the Dun Caan 
Shale Member and included in the Beinn na Leac 
Sandstone Member. Therefore the true thick
ness o f the Dun Caan Shale Member is 21.8 m 
(71 ft) (see Morton, 1965; Morton and Hudson, 
1995 for comparison with other localities).

Interpretation

Within the Cardha Camach GCR site a virtually 
complete succession can be seen from near the 
base o f the Scalpay Sandstone Formation to near 
the top o f the Bearreraig Sandstone Formation. 
However, the section is steep and parts are 
almost inaccessible (the southern end o f the 
vertical cliff o f the Bearreraig Sandstone 
Formation can be climbed by a steep gully on 
the northern comer o f Cadha Camach). Natural

exposures o f the Toarcian succession are rare, 
but the rocks can be exposed with a litde effort 
and have been documented in the past (Lee, 
1920).

Dating o f the Scalpay Sandstone Formation in 
the Cadha Camach section comes largely from 
the work o f Howarth (1956, 1958), with some 
supplementary information about the lower
most part from Phelps (1985). The lowest beds 
(i and ii) have been placed in the Maculatum 
Subzone, but comparison with the Hallaig 
Shore GCR site suggests that they may be 
Ibex Zone. Androgynoceras maculatum  and 
Arieticeras sp. in Bed v indicate the Maculatum 
Subzone, and Aegoceras capricomus in Bed 
19 indicates the Capricomus Subzone, but the 
position o f the subzonal boundary is uncertain. 
From beds 21 to 26, Howarth (1956) recorded a 
good succession o f amaltheid faunas, summa
rized on Figure 8.10, indicating the presence o f 
the Stokesi (Bed 21), Subnodosus (beds 22-24) 
and Gibbosus (beds 25-26) subzones. The age 
o f Bed 27 is uncertain, though probably also 
Gibbosus Subzone since the lower part o f Bed 
28 contains early Pleuroceras (P. transiens) as 
well as Amaltheus from the lowermost Spinatum 
Zone (Apyrenum Subzone). The upper part o f 
Bed 28 and beds 29-30 also yield Apyrenum 
Subzone Pleuroceras, but ammonites are rare in 
the overlying beds with only occasional 
Pleuroceras spinatum (Hawskerense Subzone) 
in the massive sandstone o f Bed 36, which is 
thinner here than at Gualann na Leac (see 
Rubha na’ Leac GCR site report). The lower 
calcareous bed (Bed 37) has not been recog
nized here.

The [British] Geological Survey (Lee, 1920) 
recorded specimens o f Dactylioceras, indicating 
the Tenuicostatum Zone, from the top 1.8 m 
(6 ft) o f the Scalpay Sandstone Formation. 
These records have been confirmed from else
where on Raasay, but the preservation is too 
poor for specific identification, so that subzonal 
attribution is not possible. The abruptness o f 
the facies change to the overlying Portree Shale 
Formation suggests a hiatus representing part 
o f the Tenuicostatum Zone, but this cannot be 
confirmed from the ammonite evidence.

Fewer details o f facies and depositional 
environment are available than for the other 
Raasay GCR sites, but in general they appear 
similar. The Scalpay Sandstone Formation varies 
in grain size from silty shales to fine-grained 
sandstones. Three coarsening-up cycles can be
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identified here, as at Gualann na Leac, and are 
represented by beds i-20, beds 21-29, and beds 
30-36. Both early- and late-diagenetic calcareous 
nodules and doggers occur. Fossils are scattered 
except for some nodules which are crowded 
with various types, especially brachiopods (see 
Ager, 1956a), and some layers with Grypbaea or 
Pseudopecten. Extensive bioturbation is evident 
throughout, though identifiable trace fossils are 
rare.

The Cadha Carnach GCR site includes some o f 
the few localities on Raasay that expose the 
Portree Shale Formation, their value being 
enhanced by information gained from the 
exposure in Tait’s trench. The thickness recorded 
here, 3 96 m, is greater than the 3 m at Gualann 
na Leac (see Rubha na’ Leac GCR site report) or 
the 2.5 m at the opencast ironstone workings 
(Morton and Hudson, 1995), but is significantly 
less than on the Trottemish Peninsula o f Skye 
(see Prince Charles’ Cave to Holm  GCR site 
report). At all these localities there is an abrupt 
facies change from sandstones to dark-grey 
shales, which become slightly coarser and more 
micaceous upwards. Towards the top, scattered 
chamositic ooliths are present, indicating an 
upward transition to the Raasay Ironstone 
Formation. No benthic fossils have been 
recorded, only ammonites and belemnites, 
suggesting deposition in an anoxic environment 
during an episode o f sea-level rise. This 
correlates with the Exaratum Subzone global 
sea-level event identified by Jenkyns (1988; see 
Morton, 1989).

Buckman (in Lee, 1920) identified species o f 
Dactylioceras, Harpoceras and Peronoceras in 
the material from Tait’s trench, assigning the 
Portree Shale Formation to the Serpentinum 
Zone, with both the Falciferum and Exaratum 
subzones present. More recendy these age 
assignments have been corrected on the basis o f 
new collections made by Andrew B. Smith (o f the 
Natural History Museum, London) at Bearreraig 
Bay and identified by Howarth (1992). This 
material suggests that only the Exaratum 
Subzone and possibly part o f the Tenuicostatum 
Zone are represented in the Portree Shale 
Formation.

Above the Portree Shale Formation the Cadha 
Carnach GCR site exposes only a thinner more 
marginal facies o f the Raasay Ironstone 
Formation than that seen at the type section in 
southern Raasay. Furthermore, the formation 
disappears completely towards the northern

edge o f the GCR site, although whether this 
is due to lateral thinning/facies change or to 
subsequent erosion before deposition o f the 
Dun Caan Shale Member is unclear. Ammonites 
collected from the Raasay Ironstone Formation 
in Tait’s trench were identified by Buckman (in 
Lee, 1920) as Hildoceras bifrons d ’Orbigny (non 
Bruguifcre), Dactylioceras cf. crassiusculosum 
and, in the upper part, Coeloceras dayi. They 
were interpreted as indicating a Bifrons Zone, 
Commune Subzone, age but with the Dactylio
ceras possibly remanie, an age assignment 
accepted by Arkell (1933), Hallam (1967a) and 
Howarth (in Cope et a l., 1980a). However, 
material collected by Andrew Smith and identi
fied by Howarth (1992) included Harpoceras 
falciferum , Hildoceras laticosta and Dactylio
ceras toxopborum , indicating the Falciferum 
Subzone, and Cleviceras elegarts indicating the 
top o f the underlying Exaratum Subzone. There 
is no evidence on Raasay o f younger ammonites 
within the Raasay Ironstone Formation, which 
contrasts with the presence o f Thouarsense 
Zone ammonites in Ardnamurchan (Howarth, 
1992).

The Raasay Ironstone Formation at Cadha 
Carnach contains carbonate and sidcritc ooliths 
scattered in a fine-grained matrix. This 
contrasts with the more ferruginous, coarser- 
grained and sometimes cross-bedded ironstone 
seen at the main outcrops in southern Raasay 
(see also Rubha na’ Leac GCR site report). 
Interpretation o f the depth o f the depositional 
environment o f the Raasay Ironstone Formation 
regionally is controversial -  above wave-base in 
places (with cross-bedding, stromatolites) or 
below wave-base in a deep-water environment. 
The latter seems more likely at Cadha Carnach. 
Deposition occurred during an interval o f 
sediment starvation caused by sea-level rise 
(Hesselbo and Jenkyns, 1998) and/or tectonic 
stability (Morton, 1989). Supporting evidence 
includes the occurrence o f a belemnite lag, with 
Dactyloteuthis, at the top o f the ironstone.

Most o f the fossils collected by Tait from the 
Dun Caan Shale Member were ammonites, 
which were submitted to S.S. Buckman (in Lee, 
1920). Buckman’s identifications were summa
rized in his table 1 (in Lee, 1920), together with 
the collector’s detailed stratigraphy given in feet 
below a thin limestone bed crowded with 
ammonites (Leioceras ‘spp.’ which would now 
be classified as o f the L. comptum  group) 
belonging to the lower Aalenian Opalinum
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Zone. This work has never been superseded or 
independently verified, but is probably reliable 
because Buckman had recendy monographed 
(1887-1907) the ammonites o f this age in 
southern England and hence was very familiar 
with the faunas even though those from Raasay 
are crushed. Selected species are recorded in 
Figure 8.10.

Within the Dun Caan Shale Member Buckman 
(in Lee, 1920) distinguished an upper Venustula 
Zone 4.9 m (16 ft) thick, and a lower Aalensis 
Zone proper 16.8 m (49 ft -  should be 55 ft, 
corrected from table I) thick. In the appendix 
Buckman gave further details (table 1 and 
p. 67) and, comparing the Raasay succession 
with that in the Bridport Sand at Chideock, 
Dorset (Buckman, 1910), was able to identify 
three hemerae. Based on his identifications 
and comments on the faunas, the following 
characteristic morphological features can be 
recognized:

(iii) an upper Venustula Hemera (4.90 m) 
characterized by very finely ribbed 
ammonites in some o f which 'bundling* o f 
the ribs occurs, including Pleydellia  
(Canavarina) venustula and Pleurolyto- 
ceras leckenbyi.

(ii) A middle Digna Hemera (5.80 m) character
ized by well-ribbed ammonites with clear 
separate ribs which curve onto the 
venter, including Pleydellia (Canavarina) 
dignay forms transitional from this to
P. (C.) steinmanni, and Pleurolytoceras 
leckenbyi.

(i) A lower Cotteswoldia Hemera (11.00 m) 
characterized by ammonites with strong 
distant ribs which fade before the venter 
and also towards the aperture, including 
Pleydellia (<Cotteswoldia) subcandida, P. 
(C.) costulata, P. aalensis, P. (Walkeri- 
ceras) cf. burtonense, P. subcompta.

These faunal subdivisions o f the Aalensis Zone 
on Raasay appear to be comparable with the 
subzones recognized in Spain by Goy and 
Ureta (1991), as shown here in Figure 8.10. The 
lowest Pleydellia appear to have been found 
less than 0.20 m above the Raasay Ironstone 
Formation, while belemnites o f the Megateuthis 
tripartitus group occur immediately above the 
ironstone as well as higher. These confirm the 
occurrence o f a major hiatus in the Toarcian 
succession o f the Hebrides identified by

Buckman (Morton, 1989). The top 1.2 m (4 ft) 
as described by Buckman contain the first 
Leioceras (Cypbolioceras) opaliniforme (sensu 
Buckman) as well as Pleydellia (Walkericeras) 
subglabrum. They were placed in Buckman’s 
Opaliniforme Hemera, now basal Aalenian 
Opalinum Zone. However, the shales at this 
level include some limestone beds which, in 
comparison with the Beinn na Leac section (see 
Morton and Hudson, 1995) would be included 
in the basal part o f the Beinn na Leac Sandstone 
Member.

The lithology o f the Dun Caan Shale Member 
is apparendy uniform except for slight upwards 
coarsening and occasional shelly layers which 
suggest episodes o f relative sediment starvation. 
It marks a return to deposition in a strongly 
subsiding basin, which at Cadha Carnach 
possibly lay below wave-base in a dysaerobic 
environment. This follows a long interval o f 
stability which resulted in the Toarcian hiatus 
(see Morton, 1989).

Conclusions

The Cadha Carnach GCR site makes available 
steep, but largely accessible, Lower and Middle 
Jurassic sections (excluding parts o f the vertical 
cliff o f the Bearreraig Sandstone Formation). 
The section in the Scalpay Sandstone Formation 
complements those farther south on Raasay, 
in the Hallaig Shore and Rubha na* Leac 
GCR sites. It is particularly important for the 
succession o f Upper Pliensbachian ammonite 
faunas in the Margarita tus and lower Spina turn 
zones.

The GCR site is also o f importance for under
standing the Toarcian history o f the Hebrides, 
especially the section exposed by the [British] 
Geological Survey in the trench excavated by 
Tait. The ammonites found there enabled S.S. 
Buckman to identify a major hiatus representing 
much o f the Toarcian Stage, since confirmed 
as including the Bifrons to Pseudoradiosa 
(excluding Aalensis) zones. The ammonites 
collected from the Dun Caan Shale Member 
in the trench, the type section o f this litho- 
stratigraphical unit, were also identified and 
reported by Buckman. This collection, which 
has not yet been replicated, provides important 
evidence about the detailed succession o f 
ammonite faunal horizons in Britain. It has also 
enabled comparisons to be made with the 
Iberian subzonal scheme.
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PRINCE CHARLES’ CAVE TO HOLM, 
ISLE OF SKYE, HIGHLAND 
(NG 517 480-NG 519 515)

N. M orton

Introduction

The Prince Charles’ Cave to Holm GCR site is 
remote and poorly documented. The succession 
at the site includes a virtually complete upper
most Pliensbachian to Bajocian sequence o f the 
Hebrides Basin and presents several differences 
from other correlative Hebridean successions. 
In particular the Portree Shale Formation is 
thicker and more complete here than elsewhere, 
and this site accordingly is proposed as the type 
section for the formation.

The east coast o f the Trotternish Peninsula, 
from Portree north to Holm, is dominated by a 
high cliff composed o f Jurassic sediments over- 
lain by Tertiary lavas. The main part o f the cliff 
consists o f the Middle Jurassic Bearreraig 
Sandstone Formation, but from just south o f 
Prince Charles’ Cave (at NG $15 470) to south o f 
Holm (at NG $20 $07) the sea-cliff is formed by 
the Pliensbachian Scalpay Sandstone Formation 
(Figure 8.11). Above this is a ledge or slope 
formed by the softer Toarcian Portree Shale 
Formation, Raasay Ironstone Formation and the 
Dun Caan Shale Member o f the Bearreraig 
Sandstone Formation. The latter is not 
described here, but was included in the 
Bearreraig GCR site report in the Middle Jurassic 
GCR volume (Cox and Sumbler, 2002). The 
Lower Jurassic GCR site described here 
includes most o f the Lower Jurassic outcrop. 
From just over 1 km south o f the GCR site 
at (NG $14 46$), below Sithean Bhealaich 
Chumhaing, southwards to east o f Torvaig (at 
NG $0$ 44$) Jurassic rocks are hidden beneath 
scree and landslipped material. North o f Holm 
the top o f the Lower Jurassic sediments dips 
below sea level.

Lower Jurassic strata also crop out on the 
south side o f Portree Bay, between Scorr Skerry 
(NG 504 428) and Scarf Caves (NG 511 427), 
north-east and south-east o f Bein Tianavaig 
(NG 529 417 and NG $15 390), and on the fore
shore at Braes (NG $20 366). These are the only 
outcrops o f Lower Jurassic rocks in northern 
Skye outside o f the GCR site and brief reference 
to them will be included in this account where 
appropriate.

In this GCR area the lowest part o f the Lower 
Jurassic succession exposed is the upper part 
o f the Scalpay Sandstone Formation (Upper 
Pliensbachian to basal Toarcian). The Portree 
Shale Formation (lower Toarcian) is much 
thicker here (the type section) than elsewhere 
on Skye or on Raasay. However, the Raasay 
Ironstone Formation is much thinner in 
Trotternish than on Raasay.

The structure o f the area is simple,with dips 
o f 5°-10° towards just north o f west, so that the 
coast is exactly along-strike through the GCR 
site. There are no major faults and only a few 
minor NNW-SSE faults with displacements o f 1 m 
or less have been observed. Some are associated 
with dykes, often eroded to form the caves such 
as Prince Charles’ Cave, but these cause only 
very limited (<  1 m) baking o f the adjacent sedi
ments. The only substantial sill within the GCR 
site forms Holm Island and is intruded at the 
level o f the Raasay Ironstone Formation, not 
seen here, for some 2 km to the south. This sill 
has thermally altered the Portree Shale 
Formation for 2 m below its base and the over- 
lying Dun Caan Shale Member for about 3 m.

The Lower Jurassic rocks o f the area were 
noted by Murchison (1829), and a description 
was given by Bryce (1873). However, there are 
only two significant published accounts o f the 
stratigraphy o f the Lower Jurassic succession in 
this GCR site, both [British] Geological Survey 
memoirs, by Lee (1920) and Anderson and 
Dunham (1966), although the latter adds little 
new information on the Lower Jurassic succes
sion. The description and discussion given here 
are based mainly on unpublished work, including 
unpublished field observations and MSc theses 
by Bruce Farrer (1994) (on which descriptions o f 
the Portree Shale and Raasay Ironstone formations 
are largely based) and Neville Brookes (1989), 
both at Birkbeck College. Murray Edmunds has 
also provided valuable unpublished information 
based on his collections and those o f other 
amateur collectors who have visited the site. 
However, it is clear that further work is required 
to fully document this site.

The outcrops are difficult to access, involving 
a long walk across rough coastal terrain. They 
can be reached either from Bearreraig to the 
north (>  2 km to the northernmost outcrop) or 
from Torvaig to the south (4 km to the south
ernmost outcrop). Walking from the nearest 
point on the Portree-Staffin road, at the top o f 
the hill south o f Storr Lochs, and descending the
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Figure 8.11 Simplified geology and locality map of the Storr Lochs-Holm-Prince Charles’ Cave area north of 
Portree, Trottemish, Isle of Skye, showing locations of the main sections (especially for the Toarcian Stage).
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cliffs between Craig Ulatota and Fiumean is 
inadvisable. In good weather conditions access 
by boat to the shore at Prince Charles’ Cave is 
possible.

Description

The Scalpay Sandstone Formation forms an 
almost continuous sea-cliff in the GCR site, 
especially around Prince Charles’ Cave, but fallen 
blocks and the rough nature o f the coast place 
practical limits on the sections that can be 
examined (Figure 8.11). The measured section 
and description given here are based on three 
selected sections:

• at the point south-west o f Holm Island 
(NG 520 506) near the northern end o f the 
sea-cliff;

• approximately 1 km north o f Prince 
Charles’ Cave (NG 518 490);

• near the southern end o f the sea-cliff; 1 km 
south o f Prince Charles’ Cave (NG 515 471).

All o f these sections expose only the upper part 
o f the Scalpay Sandstone Formation. There is a 
more complete section on the south side o f 
Portree Bay, between Scorr Skerry and Scarf 
Caves, but this is almost inaccessible and there is 
no published description. Farther south, east o f 
Tianavaig Bay (NG 515 390) and at Eilean 
Tioram (NG 520 366), only the upper part o f the 
formation is exposed.

Outcrops o f the Portree Shale and Raasay 
Ironstone formations on the ledge and gentler 
slope above the sea-cliff are rarer. The most 
accessible section is 1 km south o f Prince 
Charles’ Cave (NG 515 471) while another, 1 km 
north o f Prince Charles’ Cave (at NG 518 490), 
exposes only the lower part o f the shales; these 
sections were recorded where landslips had 
stripped off the vegetation. During the earlier 
work by the [British] Geological Survey, Tkit 
excavated a section through the Raasay 
Ironstone Formation and all but the lowest 4 m 
o f the Portree Shale Formation. Lee (1920) gave 
the location as 0.75 miles (1.2 km) south o f 
Holm and 5.5 miles (8.9 km) north o f Portree, 
i.e. approximately halfway between Holm and 
Prince Charles’ Cave (NG 520 500). The Portree 
Shale Formation also crops out just south o f 
Holm but the shales here, though fossiliferous, 
have been baked by a thick dolerite sill (Figure 
8.11).

The succession recorded at the sections 
studied in and immediately south o f the GCR 
site is summarized in Figure 8.12. It is possible 
that slighdy lower strata may be visible above sea 
level at Prince Charles* Cave, but no details are 
available. Details o f the top o f the Scalpay 
Sandstone Formation, the Portree Shale 
Formation and the Raasay Ironstone Formation 
are modified from Farrer (1994), and the bed 
numbering has been added to help cross- 
reference with the descriptions.

The main (upper) part o f the Scalpay 
Sandstone Formation seen in the GCR site consists 
o f more-or-less massive, medium- to light-grey, 
mottled, fine- to medium-grained sandstones 
that weather pale brown. Bioturbation is 
extensive and pervasive but recognizable trace 
fossils have not been recorded. Large, up to 1 m 
diameter, calcareous doggers occur throughout 
but their distribution is irregular. Lithological 
details, and subdivision into beds 1 to 4, are 
based on the Holm section but can mostly be 
recognized farther south. At Holm a prominent 
band o f large doggers (Bed 3) is a distinctive 
marker bed and contains Pleuroceras spina turn. 
It can also be recognized at Prince Charles’ Cave, 
and to the north where it forms the roof o f 
an overhang. Here Murray Edmunds recorded 
Pseudoamaltheus engelhardti and Pleuroceras 
spinatum. Below this bed at Holm there is 
distinguishable a slighdy softer sandstone which 
is dearly cross-bedded (Bed 2), but this cannot be 
readily separated farther south. The underlying 
strata (Bed 1) are grey, slighdy silty, sandstones 
that contain fewer, more scattered, large 
doggers. In the larger outcrops near Prince 
Charles’ Cave, where a greater thickness o f strata 
is exposed, patches o f crinoid debris occur, 
either as collapsed colonies or in small channels, 
together with large bivalves, especially Pseudo- 
pecten equivalvis. Murray Edmunds recorded 
Amaltbeus gibbosus here. Bed 4 is a more-or- 
less massive, grey, pale-yellow weathering, 
sandstone with fewer scattered doggers. It is 
relatively homogeneous but also shows cross- 
bedding in places. The top is not exposed at 
Holm. Where it is more accessible farther south 
it can be seen to contain large bivalves, especially 
Pseudopecten equivalvis, some nests o f 
brachiopods, notably Tetrarhyncbia tetrahedra, 
belemnites and lenses o f crinoid debris, mosdy 
Hispidocrinus schlumbergeri with some Balano- 
crinus donovani (Simms, 1989). The belemnites 
do not show any preferred orientation, with
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^Figure 8.12 Succession from the upper Scalpay 
Sandstone Formation to the Dun Caan Shale Member 
at Trottemish, north of Portree, Isle of Skye, based 
mainly on unpublished descriptions by Bruce Fairer
(1994), observations by Morton (unpublished), and 
data from Murray Edmunds (unpublished) and Lee 
(1920). The composite section is based on three 
main localities: south of Holm (NG 520 506) (by Nicol 
Morton); between Holm and Prince Charles’ Cave 
(approx. NG 518 490) (by Bruce Farrer) and south of 
Prince Charles’ Cave (NG 515 471) (Bruce Farrer and 
Nicol Morton).

some even perpendicular to the bedding 
indicating the extent o f bioturbation. Ammonites 
are rare but Pleuroceras spinatum occurs at 
several levels.

The top beds o f the Scalpay Sandstone 
Formation are well exposed north o f Prince 
Charles’ Cave. Here Bed 4 becomes slightly 
finer grained and silty towards the top. The 
overlying Bed 5 continues the fining-up, from 
fine-grained sandstone at the base to a coarse 
micaceous siltstone. Occasional nodules occur 
and Murray Edmunds has recorded Dactylioceras 
(<Orthodactylites) cf. tenuicostatum  (more 
serpenticone than typical Whitby specimens). 
Bed 6 at the top o f the Scalpay Sandstone 
Formation is a calcareous sandy siltstone with a 
strongly ferruginous layer at the top, and 
contains Dactylioceras sp.. In outcrops south o f 
Portree Bay, east o f Beinn Tianavaig and at Eilean 
Tioram, there is a bed o f grey micaceous silty 
limestone crowded with small ammonites 
including Dactylioceras toxophorum, Harpo- 
ceras serpentinum  and Hildaites sp. (M. 
Howarth, pers. comm., 1984). It is not dear 
whether this represents a bed within the Portree 
Shale Formation or Bed 6 at the top o f the 
Scalpay Sandstone Formation. The grain size o f 
the terrigenous component is significantly 
coarser than the argillaceous limestones which 
typically occur within the Portree Shale 
Formation. This, together with the observed 
field setting suggest that the latter is more likely, 
and is suggested here, but neither is condusive 
and further work is required.

The base o f the Portree Shale Formation (Bed 
7) is overall a daystone, but becomes silty and 
even sandy towards the base and finer grained 
and more fissile towards the top. Small calcareous

nodules occur in the top 0.5 m. Belemnites 
occur at several levels and there is a layer with 
Dactylioceras and Lytoceras 1 m above the base 
(see further discussion below). Bed 8 is a light 
grey-brown daystone with iron- and sulphur- 
staining, suggesting weathering o f pyritic 
material. Belemnites occur but no ammonites. 
Bed 9 is a band o f iron-stained nodules and Bed 
10 is a silty nodular limestone with shell debris.

The overlying beds are light-, medium- or 
dark-grey daystones that mostly have a blocky 
fracture but locally are fissile, with some pyritic 
or iron- or sulphur-stained layers. There are 
several bands o f calcareous nodules, some 
forming more continuous limestone beds, such 
as beds 12 and 16. Fossils generally are not 
abundant, but some bedding planes contain small 
thin-shelled bivalves and occasional belemnites. 
Ammonites are common in some layers, such as 
beds 11, 13, 15 and 19, but not throughout, and 
tend to be crushed. These include Dactylio
ceras anguiforme, Cleviceras exaratum and 
Eleganticeras elegantulum. Details o f the 
ammonite succession, are discussed below.

The upward continuation o f the succession, 
with a gap o f about 1 m, can be seen in a parallel 
shallow gully 15 m to the south. The top beds o f 
the Portree Shale Formation, beds 23 and 24, 
contain scattered iron-ooliths and some layers 
crowded with belemnites (also seen on Raasay at 
the main opencast workings, NG 5690 3645) 
and the ammonites Dactylioceras sp. and 
Lytoceras. The occurrence o f scattered iron- 
ooliths indicates a transition into the overlying 
Raasay Ironstone Formation.

The base o f the Raasay Ironstone Formation is 
taken at the first hard ironstone bed (Bed 25). 
At this locality the formation can be divided into 
three parts. The basal 0.49 m (Bed 25) consists 
o f hard, massive, crystalline calcareous iron
stones or ferruginous limestones with a daystone 
parting. Harpoceras subplanatum was recorded 
by Farrer (1994). The middle part (Bed 26) is 
mainly daystone with two bands o f ironstone 
nodules. Belemnites are abundant, especially in 
the top layer, while the ammonites recorded are 
Harpoceras sp. and Peronoceras fibulatum  in 
the lower part and Pbylloceras beteropbyllum in 
the upper part. The upper part (Bed 27) is 
more similar to the ironstone seen in central
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Raasay -  a light- or medium-grey oolitic iron
stone, weathering rusty-brown to yellow-brown.

The Raasay Ironstone Formation is overlain by 
a thick succession o f dark-grey micaceous shales 
(Bed 28: only base shown in Figure 8.12) 
belonging to the Dun Caan Shale Member o f the 
Bearreraig Sandstone Formation. No ammonites 
were recorded near Prince Charles’ Cave, but 
Pleydellia sp., indicating the topmost Toarcian 
Aalensis Zone, occurs 5.5 m above the base at 
Holm (see Morton and Hudson, 1995).

Interpretation

The Jurassic succession within the Prince 
Charles’ Cave to Holm GCR site includes Lower 
and Middle Jurassic rocks ranging from Upper 
Pliensbachian to Upper Bajocian (and possibly 
Lower Bathonian) in age. In this account only 
the rocks up to lower Toarcian age are 
discussed. These are classified as the Scalpay 
Sandstone Formation, the Portree Shale 
Formation and the Raasay Ironstone Formation 
(Figure 8.12). Although the last two are very 
thin, they are lithologically distinctive through 
much o f the Hebrides Basin, justifying formation 
status. The boundary between the mosdy sandy 
Scalpay Sandstone Formation and the clays o f 
the Portree Shale Formation is more gradational 
and less abrupt here than in Raasay or 
Strathaird. It is placed at the top o f Bed 6 as 
described above. The topmost Toarcian (to 
lower Aalenian) Dun Caan Shale Member is 
excluded here because it is described in the 
Bearreraig GCR site report o f the Middle Jurassic 
GCR volume (Cox and Sumbler, 2002).

Only limited lithostratigraphical information 
about the Scalpay Sandstone Formation in 
Trottemish is available. For example there is 
almost no description in the [British] Geological 
Survey memoir (Lee, 1920), contrasting with 
the situation on the Isle o f Raasay where the 
formation is well described. For more detailed 
descriptions and discussions o f this part o f the 
successions see the Rubha na’ Leac, Hallaig 
Shore and Cadha Carnach GCR site reports. 
The shales which succeeded the Scalpay 
Sandstone Formation, and below the Raasay 
Ironstone Formation, were named the Portree 
Shale (Formation) by the [British] Geological 
Survey (proposed by S.S. Buckman in Lee, 
1920). The type locality, though not formally 
defined was clearly intended to be in the area o f 
Prince Charles’ Cave. In fact the best currendy

available section is south o f the cave, 1 km south 
o f the southern boundary o f the defined GCR 
site (Figure 8.11). This section, at NG 515 471, 
is formally proposed here as the type section; 
the details on Figure 8.12 are mainly from this 
locality. The succeeding Raasay Ironstone 
Formation is much thinner on Trottemish than 
in southern Raasay. It has not been identified 
south o f Portree Bay but does occur south o f 
Prince Charles’ Cave (Figure 8.12). Although 
there are few exposures to the north it can be 
traced to at least Bearreraig where a borehole 
(Lee, 1920) proved the ironstone to be slighdy 
thicker than at the GCR site. There is a transition 
from the Portree Shale Formation, with the boun
dary traditionally taken at the first harder bed.

The oldest known ammonites within the area 
included in this account, which extends slighdy 
south o f the GCR site, are Amaltbeus gibbosus 
from Bed 1 indicating the Gibbosus Subzone o f 
the Margaritatus Zone. This would correlate 
Bed 1 with beds 25-27 o f the succession south 
o f Rubha na’ Leac on Raasay. Bed 3, a band o f 
large calcareous doggers, is a distinctive traceable 
unit characterized by the common occurrence o f 
ammonites, especially Pleuroceras spinatum 
and Pseudoamaltbeus engelbardti. These arc 
characteristic o f the Spinatum Zone, with the 
latter suggesting the Apyrenum Subzone, and 
correlation with beds 28-30 at Rubha na’ Leac. 
Bed 4 contains Pleuroceras spinatum at several 
levels, but no other ammonites have been 
recorded confirming that this bed also belongs 
to the Spinatum Zone, Hawskerense Subzone 
according to Howarth (1958). This correlates 
with beds 36-37 at Rubha na’ Leac and indicates 
that this part o f the Scalpay Sandstone 
Formation is much thinner on Trottemish than 
on Raasay. The occurrence o f Dactylioceras 
(iOrthodactylites) cf. tenuicostatum in Bed 5 
(M. Edmunds, pers. comm.) indicates that this 
bed belongs to the Tenuicostatum Zone, but 
identification o f the subzone is not possible at 
present. It may be correlated with Bed 38 
(undated) at Rubha na’ Leac although it is finer 
grained (Figure 8.12). The top bed o f the 
Scalpay Sandstone Formation, Bed 6 (Figure 8.12), 
is a distinctive more calcareous and ferruginous 
bed which therefore correlates with Bed 39 o f 
the Raasay succession, and is again finer grained 
and more silty in Trottemish than on Raasay. 
Dactylioceras sp. is widely recorded and, 
although specific identity remains uncertain, 
correlation with the Tenuicostatum Zone has
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long been accepted (since Lee, 1920). However, 
if, as suggested above, the correlation with the 
silty limestone bed found south o f Portree Bay is 
correct, then this dating must be revised because 
this bed contains ammonites o f the Serpentinum 
Zone, Dactylioceras toxophorum , Harpoceras 
serpentinum and Hildaites sp.. This would 
indicate that the top o f the Scalpay Sandstone 
Formation is slightly younger than previously 
thought (Howarth, 1992).

The most complete ammonite succession 
from the Portree Shale Formation was obtained 
by Tait from the trench excavated during the 
[British] Geological Survey field mapping. The 
ammonites were submitted to S.S. Buckman and 
were reported in the appendix in Lee (1920). 
The formation belongs almost entirely to the 
Serpentinum Zone, with the possible exception 
o f the basal bed. The basal 4 m was not exposed 
by Tait. To date only Dactylioceras sp. and 
Lytoceras sp. have been found in Bed 7. 
Therefore the age cannot yet be independently 
verified as either Tenuicostatum Zone or, if 
the correlation of the top bed o f the Scalpay 
Sandstone Formation is correct, Serpentinum 
Zone. The latter is provisionally adopted here. 
In the overlying beds 8-13 ammonites, including 
Eleganticeras elegantulum, Cleviceras exaratum 
and Dactylioceras anguiforme, are common. 
These are characteristic o f the Exaratum Subzone 
o f the Serpentinum Zone (Howarth, 1992).

The position o f the boundary between the 
lower Exaratum Subzone and the higher 
Falciferum Subzone is placed near the base o f 
Bed 15 (Figure 8.12), which equates with the 
level between 4.8 m and 5.8 m above the base 
o f the formation identified by Buckman (in 
Lee, 1920). Higher beds contain mainly Dacty
lioceras spp., which are less reliable for dating, 
but are placed in the Falciferum Subzone.

Dating the Raasay Ironstone Formation with 
confidence has proven difficult because o f 
poor preservation and limited numbers o f 
ammonites recorded. Traditionally it has been 
placed in the Bifrons Zone, following Buckman’s 
identifications o f the ammonite fauna on Raasay. 
However, Howarth (1992) questioned the 
evidence for this and considered that all the 
ammonites he had seen were consistent with a 
Falciferum Subzone age. This was based on 
material collected on Raasay by Andrew Smith 
near the old mine buildings and confirmed 
subsequently from above the pier. However, 
both o f these collections are from spoil tips that

contain much shaly ironstone which may have 
come from the lower part o f the formation, 
which is, therefore, certainly o f Falciferum 
Subzone age. Those identified in Trottemish 
include Harpoceras subplanatum, Peronoceras 
fibulatum , Dactylioceras (toxophorum , teste 
Howarth), Pbylloceras heteropbyllum. How
ever, Bruce Farrer identified in the middle bed 
(Bed 26) o f the Raasay Ironstone Formation at 
Prince Charles’ Cave Harpoceras subplanatum 
and Peronoceras fibu la tum , together with 
Dactylioceras and Pbylloceras heteropbyllum. 
The first two, if confirmed by further work, are 
characteristic o f the Bifrons Zone (Howarth, 
1992). The allocation o f part o f the Raasay 
Ironstone Formation to the Bifrons Zone is 
supported by Murray Edmunds (pers. comm.) 
who found loose specimens o f poorly preserved 
Bifrons Zone Hildoceras semipolitum  near 
Prince Charles’ Cave.

Detailed descriptions and interpretations o f 
the facies and deposition o f the Scalpay 
Sandstone Formation can be found in the 
descriptions o f the three Raasay sites. The main 
difference in Trottemish seems to be that 
towards the top the formation becomes finer 
grained. The base o f the succeeding Portree 
Shale Formation differs here from elsewhere in 
the Hebrides, in that there is some transition 
with fining-up in the basal bed as well as in the 
top o f the Scalpay Sandstone Formation. The 
actual boundary is sharp but the lithological 
change is less extreme than elsewhere. This 
change in lithology reflects a marine flooding 
event and can be correlated with a global deep
ening event o f the Serpentinum Zone (Hallam,
2001). The shales were deposited in a restricted 
distal marine environment. The occurrence o f 
bivalves, mosdy small thin-shelled genera, and 
the blocky fracture suggests that some benthos 
was present, but other layers are fissile and may 
have been deposited in anoxic conditions.

The Raasay Ironstone Formation in 
Trottemish differs in facies from the thicker 
developments seen in central Raasay (e.g. at the 
opencast workings). The crystalline ferruginous 
limestones may be more similar to the crinoidal 
facies seen at Gualann na Leac (see Rubha na’ 
Leac GCR site report). The ‘typical’ facies is 
seen only in the uppermost Bed 27. The out
crops give litde useful information about the 
controversial depositional environment o f the 
ironstone. Fossils other than belemnites are rare, 
and even these are frequendy worn or corroded.
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Conclusions

The cliffs along the shore o f Trottemish from south 
o f Prince Charles’ Cave to Holm (Figure 8.11) 
show the most northerly extensive Lower Jurassic 
outcrops in the Skye area (excluding the limited 
outcrops in the Shiant Isles). However, through a 
combination o f relative inaccessibility and poor 
exposure o f the Toarcian shales the amount o f 
data available about this area is very limited. It 
is dear that the descriptions given here could be 
improved with further determined fieldwork, and 
it is known that some amateur collectors have 
collections and data that are as yet unpublished.

At this site there are good outcrops o f the 
upper part o f the Scalpay Sandstone Formation 
and the faunas are similar to those documented 
on Raasay, with ammonite evidence for the 
Upper Pliensbachian Gibbosus, Apyrenum and 
Hawskerense subzones, and o f the Lower 
Toarcian Tenuicostatum Zone. The facies are 
also similar, except that the boundary with the 
overlying Portree Shale Formation is more 
gradational and less abrupt than elsewhere in 
Skye and Raasay. However, the thicknesses are 
significantly less. The correlation and dating o f 
the top calcareous bed o f the Scalpay Sandstone 
Formation is unresolved. If the correlations 
suggested here can be verified by further work it 
may belong in the Exaratum Subzone rather than 
Tenuicostatum Zone. The Portree Shale Formation 
is not well exposed anywhere in the Hebrides, 
but the section south o f Prince Charles’ Cave is 
more complete and the formation much thicker 
than at other documented outcrops. This 
section is proposed here as the type section for 
the formation. Depending on resolution o f the 
problem o f the top bed o f the Scalpay Sandstone 
Formation, the basal part o f the Portree Shale 
Formation may still lie within the Tenuicostatum 
Zone rather than the Serpentinum Zone. The 
available ammonite faunas are not yet conclusive 
for independent verification. In the overlying 
shales both the Exaratum and Falciferum sub- 
zones have been identified; again the latter 
requires further proof. The few outcrops o f the 
Raasay Ironstone Formation show a thinner 
more ‘marginal’ facies than at the type section o f 
the formation in Raasay. The ammonites found 
to date in the middle part o f the formation 
appear to conflict with Howarth’s interpretation 
(based on Raasay material) o f a Serpentinum 
Zone rather than Bifirons Zone age.

RUBHA NA’ LEAC, ISLE OF 
RAASAY, HIGHLAND 
(NG 600 381-NG 599 367)

N. Morton

Introduction

The Rubha na’ Leac GCR site exposes an 
almost complete Upper Pliensbachian section, 
including one o f the thickest developments in 
Britain o f the Spinatum Zone at the top o f the 
Pliensbachian Stage. As such the site has been 
o f enormous importance in the investigation o f 
the evolution and migration o f amaltheid 
ammonites.

Outcrops o f the Scalpay Sandstone Formation 
in the Hebrides rarely expose more than a 
small part o f the total thickness, most usually 
only the uppermost 10-20 m, as for instance 
along the eastern coasts o f Strathaird and 
Trottemish. The section on the Isle o f Scalpay, 
from which the formation was named, has not 
been described recendy but is also incomplete, 
especially towards the top. The only area o f the 
Hebrides with complete sections through the 
Scalpay Sandstone Formation and contiguous 
strata are on the eastern side o f the Isle o f 
Raasay.

The most accessible section on Raasay is 
on the north-east comer o f Beinn na Leac, a 
faulted outlier o f Middle and Lower Jurassic 
strata. Here most o f the Scalpay Sandstone 
Formation is exposed on the foreshore and cliffs 
immediately south o f the arcuate fault which 
defines the outlier. This fault intercepts the 
coast in a small bay (NG 5994 3802) south o f 
Rubha na’ Leac (Figure 8.13). Rubha na’ Leac 
itself is composed o f conglomerates and 
sandstones o f the Stornoway Formation (Upper 
Triassic to basal Jurassic) so that the name 
given to the Lower Jurassic GCR locality is some
what inappropriate. There are no details o f this 
locality in the [British] Geological Survey 
memoir (Lee, 1920), but Howarth (1956, 1958) 
provided a detailed measured section as well 
as lists and descriptions o f the ammonites. Ager 
(1956a,b, 1958) discussed and monographed 
the brachiopods, and Hallam (1967a) described 
the facies and gave a list o f macrofossils from the 
upper part o f the succession. A field guide to 
the localities is contained in Morton and 
Hudson (1995).
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Figure 8.13 Geological map of the northern part of 
Beinn na Leac and Rubha na' Leac area, showing the 
main topographic features and localities described in 
text. The boundary of the notified GCR site is also 
shown.

The most spectacular outcrop and section is 
at the northern end o f the GCR site (Figure 8.14) 
where the main part o f the Scalpay Sandstone 
Formation forms a cliff (from NG 5990 3794 to 
NG 6004 3788; section 3 o f Howarth 1956, see 
Figure 8.13). Most beds are accessible in situ on 
the south side o f the gully associated with the 
fault at the northern end o f the cliff. The section 
continues upwards to just west o f the defined 
boundary o f the GCR site, to include the top

beds o f the Scalpay Sandstone Formation (at 
NG 5987 3793), the ledge formed by the Portree 
Shale Formation (not exposed), and the Raasay 
Ironstone Formation (exposed in an excavation 
at NG 5983 3794). This provides continuity o f 
succession from the Lower Jurassic GCR site 
Rubha na* Leac into the Middle Jurassic GCR 
site Beinn na Leac (see Cox and Sumbler, 2002) 
and has therefore been included in this site 
description.

At the foot o f the cliffy talus and large fallen 
blocks obscure the part o f the succession 
between the cliff and the extensive outcrops on 
the foreshore. These fallen blocks can usually be 
identified with individual beds in the cliff and 
make available large easily accessible surfaces on 
which the facies and faunas can be examined. 
The obscured strata are exposed in an accessible 
section a short distance to the south, below An 
Leac (at NG 5999 3745; section 2 o f Howarth, 
1956).

An important outcrop occurs at the boundary 
between the talus slope and the rocky shore at 
NG 6001 3781 approximately 200 m south o f the 
bay. Here the distinctive marker beds identified 
by Howarth (1956), which enable correlation 
with other localities, are exposed (see below).

South o f An Leac, and still within the GCR site, 
the succession is repeated by the small arcuate An 
Leac Fault (see Figure 8.13) while landslipping 
o f blocks makes it difficult to decipher the succes
sion. Farther south along the shore from the area 
shown on Figure 8.13 towards North Feams, 
lower beds o f the Scalpay Sandstone Formation 
(including one with a large Liparoceras) and the 
transition into the Pabay Shale Formation can be 
observed but have not been documented.

Description

Outcrops o f the Scalpay Sandstone Formation 
occur in two main forms within the area o f the 
Rubha na* Leac GCR site. The upper part o f the 
formation, dominated by massive fine-grained 
sandstones, forms a cliff about 70 m high which 
is near-vertical or overhanging. The lower, more 
silty, part forms the rocky foreshore. Numerous 
very large fallen blocks abound at the foot o f 
the cliff and on the foreshore, obscuring part o f 
the succession, but are useful in complementing 
the in-situ outcrops. A lower cliff farther south, 
below An Leac, exposes the obscured middle 
part o f the formation.
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Figure 8.14 Scalpay Sandstone Formation exposed 
in the cliff at Rubha na’ Leac, Raasay. (Photo: N. 
Morton.)

The structure o f most o f the GCR site, north 
o f An Leac (see Figure 8.13) is simple, with the 
beds dipping at less than 10° to just north o f 
west. There is no evidence o f faulting, even on 
a small scale, and the few minor basalt or 
dolerite intrusions cause only limited baking o f 
sediments. The area lies near the northern 
limit o f the regional thermal effects o f the central 
Skye Palaeocene plutonic centre (Thrasher, 
1992).

Towards the southern part o f the GCR site the 
An Leac Fault (Figure 8.13) is an arcuate listric 
fault, smaller in scale (throw about 30 m down 
to east) but similar in character to the main 
Beinn na Leac Fault (estimated throw 300 m). 
Coherence o f the succession has been 
maintained within the fault block, but rotational 
landslipping o f blocks, indicated by steeper dips, 
becomes significant farther south. At the northern 
end o f the GCR site a third small fault, with a 
downthrow o f 4 m to the east but decreasing 
southwards, is interpreted as a branch o f the 
main Beinn na Leac Fault (Figure 8.13), This

fault separates the cliff and dip-slope o f the main 
part o f the Scalpay Sandstone Formation to the 
east from the overlying strata to the west and 
forms a gully leading from north o f An Leac 
towards Rubha na’ Leac east o f the main North 
Fearns to Hallaig track.

Within the GCR site, as stricdy defined, all the 
strata are included in the Scalpay Sandstone 
Formation. The age range is from the Capricomus 
Subzone (Davoei Zone) to the Hawskerense 
Subzone (Spinatum Zone), hence spanning the 
Lower to Upper Pliensbachian boundary. Slight 
westwards extension o f the north-western comer 
o f the site expands the stratigraphical range 
upwards to include the top beds o f the Scalpay 
Sandstone Formation, the Portree Shale 
Formation (not exposed) and the Raasay 
Ironstone Formation. The top bed o f the 
Scalpay Sandstone Formation (exposed at 
NG 3987 3793) can be dated to the basal 
Toarcian Tenuicostatum Zone. The Portree 
Shale and Raasay Ironstone formations have 
not been dated at this locality, but elsewhere 
have been dated by Howarth (1992) to the 
Lower Toarcian Serpentinum Zone.

A detailed measured section o f the Scalpay 
Sandstone Formation was given by Howarth 
(1956) and the succession summarized in 
Figure 8.15 is based largely on this, with the 
addition o f some supplementary information. 
The bed numbers are those o f Howarth’s (1956) 
composite succession for Raasay, based on a 
different locality for beds up to Bed 25. Bed 13 
forms the rocky intertidal foreshore and consists 
o f interbedded silty and calcareous fine-grained 
sandstones exhibiting small-scale (1-2 m) 
cyclicity. Fossils are uncommon, generally 
fragmentary, and dominated by infaunal bivalves, 
but Aegoceras sp., indicating the Capricomus 
Subzone, has been observed. Beds 14-18 were 
identified by Howarth (1956) as useful marker 
beds for correlation with localities farther north 
(see Hallaig Shore and Cadha Caraach GCR 
site reports). They include two characteristic 
fissile, laminated micaceous shales crowded 
with crushed bivalves, especially Camptonectes 
and Plicatula , but no ammonites. They are 
exposed in a small outcrop directly below the 
second crag o f the cliff about 200 m south o f the 
bay, at the junction between the beach and the 
grassy talus slope just above normal high-tide 
level. The sandstones o f beds 19-20, overlying 
the marker beds, are not well exposed though 
Howarth (1956) recorded Oistoceras sp. o f the
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Figure 8.15 Succession through the Scalpay Sandstone Formation, Portree Shale Formation (not exposed) and 
Raasay Ironstone Formation in the shore, cliffs and hillside south and south-west of Rubha na* Leac and the 
north-east comer of Beinn na Leac, partly modified from Howarth (1956). Bed numbers for the Scalpay 
Sandstone Formation are those of Howarth’s composite measured succession, continued upwards, in brackets 
where this was based on other localities on Raasay.
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Figulinum Subzone. Better outcrops occur 
farther south below An Leac (NG 5999 3745) 
where calcareous doggers in the lower part o f 
the bed yielded Androgynoceras brevilobatum  
(Howarth, 1956), indicating the Capricomus 
Subzone. No evidence for the Figulinum 
Subzone has been found at this latter locality. 
Bed 21 forms the lower, accessible, part o f the 
lower cliff below An Leac. It consists o f thickly 
bedded silty sandstones and micaceous silty 
shales that are sparsely fossiliferous with only 
Pholadomya in life position, and Amaltbeus 
stokesi indicating the Stokesi Subzone. Small 
channels cut into the silty sandstones are filled 
with sandy limestone and crinoid debris. 
Farther north this bed is covered by talus. The 
outcrop o f Bed 22, sandy micaceous shales 
and thinly bedded sandstones with Amaltbeus 
subnodosus and A. margaritatus, indicating the 
Subnodosus Subzone, is separated from the 
main northern cliff by a talus slope (gap, Bed 
23). The foot o f this cliff is formed by Bed 24, o f 
similar lithology, suggesting continuity o f facies, 
with Amauroceras ferrugineum  (Subnodosus 
Subzone). Bed 25 is o f similar lithology to the 
underlying beds but with a greater proportion 
o f large calcareous nodules. The sediment is 
intensely bioturbated, and fossils, including 
bivalves and pockets o f crinoid debris, are 
concentrated in lenses in the nodules. 
Ammonites recorded by Howarth (1956) 
included Amauroceras ferrugineum , Amaltbeus 
margaritatus and Amaltbeus gibbosusy the 
latter characteristic o f the Gibbosus Subzone. 
Beds 26 and 27 are cleaner, more massive, 
sandstones with scattered large calcareous 
doggers and smaller fossiliferous nodules 
and together form a ledge and overhang in the 
cliff. Bioturbation is intense, with individual 
trace fossils (including Tbalassinoides) some
times recognizable. Ammonites reported by 
Howarth (1956) arc Amauroceras ferrugineum, 
Amaltbeus gibbosus and Amaltbeus laevigatas, 
with Amaltbeus margaritatus in the lower 
part. These are characteristic o f the Gibbosus 
Subzone.

The overlying beds, 27-36, are not accessible 
in the main cliff, but can be reached by scram
bling up the steep gully and grassy slope beside 
the northern end o f the cliff (NG 5993 3799). 
However fallen blocks on the talus slope and 
foreshore can usually be identified to source. 
Bed 28 is a hard massive sandstone with rows o f

large calcareous doggers and patches crowded 
with fossils, usually in nodules which may occur 
in the sandstone or in doggers. These contain 
some bivalves but more especially abundant 
brachiopods, frequently in nests dominated by 
Tetrarbynchia tetrahedra and Homoeorhynchia 
acuta (see Ager, 1956a), together with Pleuro- 
ceras solare o f the Apyrenum Subzone. Bed 30 
is a distinctive black-weathering bed o f hard 
sandy limestones and calcareous sandstones 
with common scattered chamosite ooliths, inter- 
bedded with black micaceous shales, and 
containing abundant fossils. Scattered chamosite 
ooliths are common. These include numerous 
large Pseudopecten equivalvis and Grypbaea 
gigantea together with Plicatu la  spinosa, 
Pholadomya ambigua and other bivalves. 
Ammonites include Pleuroceras solare, 
Pleuroceras salebrosum and Pleuroceras birdi 
o f the Apyrenum Subzone. The thin beds 31-35 
tend to form a ledge and are more muddy and 
only locally calcareous, with large Grypbaea 
gigantea. The main upper part o f the cliff is 
formed by a thick apparendy homogeneous 
massive fine-grained sandstone (Bed 36) at this 
locality, but traced laterally to the south can be 
seen to weather into more thinly bedded units 
with some cross-bedding and occasional large 
calcareous doggers. Fossils are extremely rare, 
but Howarth (1956) recorded Pleuroceras 
spinatum o f the Hawskerense Subzone.

Above the main cliff there is an extensive dip- 
slope (at NG 5992 3790) formed by Bed 37, a 
thinly bedded, more calcareous and argillaceous 
sandstone with Pleuroceras spinatum  
(Hawskerense Subzone). Bed 37 again crops 
out at the base o f a low cliff (NG 5987 3793) 
across a gully marking the position o f a small 
fault (Figure 8.13). It is overlain by a massive 
brown-weathering sandstone (Bed 38), which is 
similar to Bed 36 and is capped by thinly bedded 
sandstones o f Bed 39. The latter apparently are 
decalcified and, in places, red-weathering and 
ferruginous. This top bed o f the Scalpay 
Sandstone Formation contains Dactylioceras 
spp., indicative o f the Tenuicostatum Zone, but 
preservation is not good enough for more 
precise determination o f species and age.

Above the low cliff there is the dip-slope o f 
the top o f the Scalpay Sandstone Formation, 
followed by a ledge that marks the position o f 
the Portree Shale Formation. This is not 
exposed, but the thickness is estimated at 3 m.
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The overlying Raasay Ironstone Formation is 
exposed in a small excavation (at NG 5983 3794) 
made to test the quality o f the ironstone, which is 
here crinoidal with chamosite mud and ooliths. 
A thin shale near the top has yielded small 
unidentified rhynchonellids. No ammonites 
have been found here, though elsewhere on 
Raasay they indicate a Serpentinum Zone age 
(Howarth, 1992). Immediately overlying the 
Raasay Ironstone Formation are the basal beds 
o f the Dun Caan Shale Member o f the Bearreraig 
Sandstone Formation, described in the Middle 
Jurassic GCR volume (Cox and Sumbler, 2002). 
These contain Pleydellia spp. and are dated to 
the uppermost Toarcian Aalensis Zone.

Interpretation

Although the Scalpay Sandstone Formation is 
named after the Isle o f Scalpay, to the south o f 
Raasay, only part o f the formation actually crops 
out there. This GCR locality south o f Rubha na’ 
Leac on Raasay provides a more suitable type 
section, though it has yet to be formally defined. 
The top o f the formation is seen (see above) 
but not the base, so that a supplementary type 
section for the base o f the formation needs to be 
defined in the Hallaig Shore GCR site 2 km to 
the NNW The outcrops within the limits o f the 
GCR site as shown on Figure 8.13 are entirely 
within the Scalpay Sandstone Formation, and 
this section should be regarded as the primary 
type section o f that formation. However, 
extending the area o f the site slightly enables 
inclusion o f not only the top o f the Scalpay 
Sandstone Formation, but also the Portree Shale 
Formation (not exposed) and the Raasay 
Ironstone Formation. It also links this site 
geographically and stratigraphically with the 
Middle Jurassic Beinn na Leac GCR site (Cox and 
Sumbler, 2002).

By far the most important information about 
the ages and correlations o f the Scalpay 
Sandstone Formation comes from Howarth 
(1956). This is much more detailed than the 
information given in Lee (1920) and has yet to 
be superseded by more recent studies. The 
ammonites listed in Figure 8.15, and the 
positions o f the zonal and subzonal boundaries 
are based largely on those in Howarth (1956), 
though with some modifications and additions. 
Dating o f Bed 13 to the Capricomus Subzone 
(Lataecosta Subzone o f Howarth, 1956) can be

confirmed by a field identification, by M.J. Oates, 
o f a specimen o f Aegoceras sp.. According to 
Phelps (1985) Oistoceras is confined to the 
Figulinum Subzone, so that the position o f the 
Figulinum-Capricomus subzonal boundary has 
been adjusted slightly downwards in Figure 
8.15 from that shown by Howarth (1956). 
Material collected by Nicol Morton from An 
Leac and from loose blocks confirms Howarth’s 
records for the Stokesi to Apyrenum subzones. 
In-situ specimens o f Pleuroceras spinatum  
have also been recorded in Bed 37 (not studied 
by Howarth) from the Hawskerense Subzone 
and Dactylioceras spp. from near the top o f 
Bed 39 in the Tenuicostatum Zone (subzone 
uncertain), confirming Lee’s (1920) conclusion 
that the Pliensbachian-Toarcian boundary lies 
within the top o f the Scalpay Sandstone 
Formation.

In terms o f hides and depositional environment 
the Scalpay Sandstone Formation at this locality 
shows three overall coarsening-up cycles from 
siltstones to fine-grained sandstones:

(i) beds 13 to 20 in the Capricomus to 
Figulinum subzones, with possible brief 
anoxic events in beds 15 and 17;

(ii) beds 21 to 29 in the Stokesi through to 
Subnodosus and Gibbosus subzones to the 
lower part o f the Apyrenum Subzone.

(iii) beds 30 to 39 in the upper part o f the 
Apyrenum Subzone through the Hawskerense 
Subzone to the Tenuicostatum Zone 
(subzone not identified).

Within several o f the beds (e.g. Bed 13) smaller- 
scale (1-2 m) coarsening-up silty shale to sand
stone cycles can also be recognized, though no 
detailed descriptions have been published.

In general the Scalpay Sandstone Formation 
was deposited in an environment o f normal 
marine salinity, as indicated by the presence o f 
stenohaline fossils, within a basin into which 
there was an apparendy continuous input o f 
terrigenous sediment from the hinterland. The 
main exception may have been during deposition 
o f Bed 30, which is unusually fossiliferous and 
contains chamosite ooliths, perhaps indicating 
relative condensation and reduced terrigenous 
input. Sediment was re-distributed from 
presumed deltaic sources by marine currents 
and finer-grained parts o f the formation were 
deposited in an environment below normal
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wave-base. The occurrence o f small channels 
(e.g. in Bed 21) suggests that the sea floor was, 
at times, above storm wave-base. Cross-bedding 
can be observed in some places in the sandstone 
units, notably in Bed 36, suggesting the 
influence o f tidal currents.

Above the Scalpay Sandstone Formation on 
Raasay there is evidence o f an abrupt deepening 
event, defined as a sequence boundary by 
Morton (1989), to the black shales o f the Portree 
Shale Formation, dated by Howarth (1992) as 
Exaratum Subzone. It is likely that part o f the 
Tenuicostatum Zone is represented by a hiatus, 
though this remains unproven. The Portree Shale 
Formation forms a grassy ledge at this locality and 
does not crop out, so that no information can be 
given other than its estimated thickness o f 3 m.

The shales pass up into the Raasay Ironstone 
Formation, representing another coarsening-up 
cycle. The age o f the ironstone, previously placed 
in the Bifrons Zone, was revised by Howarth 
(1992) to the top o f the Exaratum Subzone o f 
the Serpentinum Zone. The main interest o f this 
locality for the Raasay Ironstone Formation is 
the lateral facies change compared with the type 
section o f the formation in central Raasay, 3 km 
to the south-west. At the main opencast mine in 
central Raasay the formation consists o f thinly 
bedded and cross-bedded chamosite oolites 
with ammonites and belemnites, deposited in a 
shallow marine environment above wave-base 
(see Morton and Hudson, 1995). On Beinn na 
Leac it passes into largely crinoidal limestone 
with a chamositic mud matrix and scattered 
ooliths deposited below wave-base. The thick
ness increases slightly from 2.40 m to 2.74 m. 
The presence oiPleydellia  spp. in the basal beds 
o f the Dun Caan Shale Member, indicating the 
uppermost Toarcian Aalensis Zone, is evidence 
for a major hiatus with most o f the Toarcian 
succession missing above the Raasay Ironstone 
Formation.

Conclusions

The cliffs and foreshore south o f Rubha na’ Leac 
furnish the best section in the Hebrides through 
most o f the Scalpay Sandstone Formation, while 
to the west outcrops o f overlying strata occur. 
The succession, in the upper part o f the Lower 
Pliensbachian and the Upper Pliensbachian 
sequence, is complete at subzonal level and 
thick, especially in the Hawskerense Subzone. 
However, although fossils are reasonably

common, they are discontinuously distributed 
through the succession, so that precise positions 
o f zonal and subzonal boundaries are uncertain. 
The site is o f great value as an example o f Lower 
Jurassic shallow marine siliciclastic facies, 
contrasting markedly with the other classic 
correlative successions o f the Dorset and 
Yorkshire coasts. The succession is typically 
representative o f an early Jurassic subsiding 
basin sufficiently near to a land area for 
sedimentation to be almost entirely siliclastic. 
The outcrops and large fallen blocks provide 
excellent illustrations o f shallow marine silt to 
fine-sand deposition just below  or above 
wave-base, with intense bioturbation being 
pervasive.

From a palaeontological perspective the 
most striking feature is the abundance o f large 
bivalves, and especially o f Pseudopecten equi- 
vatvis, together with Gryphaea gigantea (both 
epifaunal), and infaunal bivalves such as 
Pleuromya costata and Pholadomya ambigua, 
often in life position (see Hallam, 1967a, for a 
more detailed faunal list). The site is o f both 
national and international significance for its 
ammonite and brachiopod faunas in particular. 
It was demonstrated by Howarth (1958) to be 
o f great importance for the biostratigraphy, 
evolution, taxonomy and palaeobiogeography 
o f the ammonite family Amaltheidae, which 
dominates the Upper Pliensbachian Substage o f 
Britain. Examples o f evolution documented 
here include the Amaltbeus margaritatus to 
Amaltheus laevigatus lineage, and Amaltbeus 
gibbosus through Pleuroceras transiens to 
Pleuroceras solare. Brachiopods are also 
abundant in some beds, usually occurring in 
large numbers in ‘nests’ . Tetrarbynchia tetra- 
hedra and Homoeorbynchia acuta are dominant, 
but other significant species include Grandi- 
rbyncbia grandis and Zeilleria quadrifida. The 
palaeobiogeographical significance o f these was 
discussed by Ager (1956a), who recognized a 
distinctive Hebrides Province for Spinatum Zone 
brachiopods.

Immediately west o f the northern limit o f 
the GCR site as defined, the stratigraphical 
relationships o f the Scalpay Sandstone 
Formation to the overlying Jurassic up to 
Lower Bajocian succession can be seen. The 
Pliensbachian-Toarcian boundary can be 
identified but the characteristic ammonite 
faunas are separated by 4 m o f unfossiliferous 
strata.
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AIRD NA H-IOLAIRE, ISLE OF MULL, 
ARGYLL AND BUTE (NM 404 287)

N. M orton

Introduction

The sections at the Aird na h-Iolaire GCR site 
expose a succession from late Triassic terrestrial 
facies, through the quasi-marine Penarth Group, 
into the fully marine basal Jurassic Blue Lias 
Formation facies. As such it is one o f only two 
occurrences o f basal Jurassic marine deposits 
known in Scotland. This is a key site in palaeo- 
geographical reconstructions and for correlation 
with Lower Jurassic sections in southern Britain. 
Proven basal Jurassic (lower Hettangian 
Planorbis Zone) and uppermost Triassic 
(Norian-Rhaetian) marine sediments are recorded 
in western Scotland from only two areas; in 
the Central Ring Complex o f the Isle o f Arran 
in south-west Scotland (but see Cope et al., 
1980a), and in the south-western part o f the Isle 
o f Mull. Only the latter is geographically part o f 
the main area o f the Hebridean Jurassic System; 
palaeogeographically the Arran outcrops may 
have closer links to Northern Ireland than to the 
Hebrides Basin. The significance o f the Aird na 
h-Iolaire GCR site in the British Lower Jurassic 
sequence is that it represents the most northerly 
outcrop known o f the transition between upper
most Triassic and basal Jurassic marine strata, with 
Planorbis Zone ammonites. This is graphically 
illustrated by Hesselbo et al. (1998). Although 
the Planorbis Zone has been assumed to be 
present elsewhere, such as in Applecross 
(Hallam, 1959), this remains unproven and 
generally the lowest proven ammonite zone 
within the Hebridean region north o f Mull is the 
Angulata Zone.

Most o f the Isle o f Mull is geologically 
dominated by Palaeocene igneous rocks, 
including a thick pile o f plateau basalt lavas. 
Exceptions are the Ross o f Mull Peninsula and 
the area around Loch Don in the south and 
south-east respectively. Elsewhere there are, in 
places, narrow strips o f Mesozoic and older 
rocks which can be seen along the coast below 
the basalts. One such area is the Ardmeanach 
Peninsula, including the Aird na h-Iolaire 
GCR site (Figure 8.16). Here, between Rubha 
na h-Uahma (NM 402 279) and Gribun 
(NM 454 351), Triassic and Lower Jurassic sedi
ments, resting unconformably on Moine schists

and overlain unconformably by Upper Cretaceous 
sediments, occur along the coast below a high 
cliff o f the Palaeocene volcanic rocks. However, 
most Jurassic outcrops are obscured by landslips 
from the basalt scarp or are covered by scree and 
there are few in-situ sections.

The Triassic succession in this area comprises 
two formations. The Stornoway Formation, con
sisting o f conglomerates overlain by sandstones 
with calcretes (comstones), rests unconformably 
on an uneven surface o f Moine Schists. The 
unfossiliferous red-beds o f the Stornoway 
Formation are overlain by pale-coloured 
calcareous sandstones, dark sandy limestones 
and thin layers o f black shale containing 
marine bivalves, including ‘Cblamys* valoniensis 
and Rhaetavicula contorta. These beds are 
classified in the Penarth Group and, together 
with a locality on the edge o f the Central Ring 
Complex o f Arran, provide the only proof o f 
marine Rhaetian in Scotland. Other localities 
such as Loch Aline (Morvern) have different 
bivalve faunas and are o f uncertain age.

The Lower Jurassic sediments, classified by 
Oates (1976, 1978) as part o f the Blue Lias 
Formation, can be seen in situ in only two areas 
on the Ardmeanach Peninsula o f Mull (Figure 
8.16), at the Aird na h-Iolaire GCR site 
(NM 403 287) and in Allt na Teangaidh east o f 
Balmeanach Farm, Gribun (NM 451 333). This 
account will deal with both areas, but 
concentrate on the defined GCR site at the 
former locality, because it is the more completely 
known even though it is much more difficult to 
access in, aptly named, ‘The Wilderness*. The 
descriptions are based on the [British] 
Geological Survey memoir (Lee and Bailey, 
1925), a PhD thesis (Oates, 1976) and informa
tion provided by Michael Oates, Gert Bloos and 
Geoff Warrington.

The lithostratigraphical terminology used 
here follows that in Cope et al. (1980a), which 
included use o f Penarth Group for the ‘Rhaetic’ 
and Blue Lias Formation for the Lower Lias 
(follow ing Oates 1976, 1978), but with
Stornoway Formation used for the rest o f the 
so-called Trias ‘New Red Sandstone’ following 
Morton and Hudson (1995).

Access to Aird na h-lolaire by walking is best 
achieved by following a footpath westwards 
from Tavool House (NM 439 271) but remaining 
above the sea-diff past the fossil trees and Rubha 
na h-Uamha to regain the shore south o f Aird na 
h-Iolaire (M. Oates, pers. comm.).
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Figure 8.16 Simplified geology and topography map of the western part of the Ardmeanach Peninsula, western 
Mull. The two main localities discussed, Aird na h-Iolaire and Allt na Teangaidh, Gribun, are indicated.

Description

The outcrops o f the Lower Jurassic sediments at 
the Aird na h-lolaire GCR site are usually 
obscured by scree and landslipped material 
where the high scarp o f the Palaeocene lavas has

slipped on the soft Mesozoic sediments beneath. 
Oates (1976) identified two episodes o f scree 
formation, with the earlier scree including, in 
addition to basalt, blocks o f Mesozoic sedimen
tary rocks which included, in places, Blue Lias 
Formation limestone and shale with the
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Hettangian ammonite Psiloceras or with lower 
Sinemurian Grypbaea arcuata, together with 
Upper Cretaceous greensand, white sandstone 
and silicified chalk (see Lee and Bailey, 1925; 
Oates, 1976). The younger scree contains only 
basaltic material.

At Aird na h-Iolaire, apparently in-situ Lower 
Jurassic sediments crop out on the foreshore and 
in a low cliff at the foot o f the scree slope on 
both sides o f the point NM 402 288. The beds 
are almost horizontal but the sections are not 
continuous and do not show completely the strati- 
graphical relationships with older or younger 
strata. An alternative, though less likely, possibility 
is that the outcrops may be a more coherent part 
o f the larger Aird na h-Iolaire landslip.

This area o f Mesozoic sediments is bounded 
to the north by a NW-SE-trending fault which 
cuts the west coast o f the Ardmeanach Peninsula 
at Uamh nan Calmon (NM 405 293) and the 
south coast near Tavool House (NM 439 271) 
(Figure 8.16). North o f the fault the Palaeocene 
basalts rest on a thin development (c. 3 m) o f 
the Stornoway Formation which lies uncon- 
formably on Moine Schists. Upper Cretaceous 
sediments are not mapped by the [British] 
Geological Survey until 3 km to the north-east 
(at NM 434 313), near where they overstep the 
Penarth Group southwards to rest direedy on 
the Stornoway Formation (Figure 8.16). 
Therefore, the Uamh nan Calmon Fault must 
have a significant pre-Palaeocene downthrow to 
the south-east. The overstep by the Upper 
Cretaceous sediments on both sides o f the 
fault, and comparisons with the Camasunary 
and related faults in the Skye area, suggests 
that the main movement is likely to be o f a 
pre-Late Cretaceous age (Morton, 1992b). 
Although mapped by the [British] Geological 
Survey as cutting the Palaeocene lavas, there is 
evidence neither for significant displacement o f 
these nor o f a topographic feature south-west o f 
Creach Bheinn. By contrast several NNW-SSE 
faults (Figure 8.16) do displace the lavas and are 
associated with topographic features.

A coherent stratigraphical succession for the 
Aird na h-Iolaire area is possible only for short 
sections in the lower part o f the Mesozoic 
sequence. However, the overall succession here 
can be reconstructed based on information 
shown on the [British] Geological Survey map 
(Sheet 43, Iona) and published by Lee and Bailey 
(1925).

Paleocene: basalts (not differentiated here)
Upper
Cretaceous: silicified chalk (Turanian)

white sandstone (?Cenomanian) 
greensand (?Upper Albian- 
Cenomanian)

Lower Blue Lias limestones and shales
Jurassic: with Gryphaea (Sinemurian)

Blue Lias shales and limestones with 
Psiloceras and Liostrea c. 8 m

Triassic: Penarth Group sandstones and
shales (Rhaetian) 5.80 m

Stornoway Formation sandstones 
with conglomerates and 
comstones (undated) c. 6 m

base not seen

There are no coherent sections in the higher 
beds, so no estimates o f thickness can be given. 
A more detailed lowermost Jurassic succession 
at Aird na h-Iolaire, based on Oates (1976) and 
Lee and Bailey (1925), is shown in Figure 8.17. 
The strata exposed on the foreshore, partly 
obscured by mobile beach boulders, are silty 
bioturbated sandstones (Bed 2) capped by a 
more calcareous sandstone (Bed 3). These beds 
are extensively bioturbated but contain only 
plant remains. Lee and Bailey (1925) recorded 
5.8 m o f similar strata, with a 0.3 m-thick bed 
o f red mudstone below (Bed 1). The boundary 
with the overlying beds is obscured by beach 
debris (Oates, 1976).

In a low cliff at the foot o f the scree slope 
the lowest overlying beds observed are hard 
calcareous shaly sandstones (beds 5a-c). These 
become less sandy upwards and pass into 
alternating soft silty shales and thin argillaceous 
micritic limestones (beds 5d-j) crowded with 
Liostrea hisingeri, together with poorly 
preserved other bivalves including Modiolus 
hillanus, in the lower part but with a more 
diverse fauna, including more variable and 
more gibbous Liostrea, Cardinia concinna, 
Plagiostoma succinta and P. cf. giganteum , in 
the upper part. The thickness indicated by Lee 
and Bailey (1925; 2.4 m) is greater than that 
given by Oates (1976; 1.27 m). Above a soft, 
brown, silty, micaceous shale are alternating 
beds o f fine-grained, slighdy micaceous shales 
and argillaceous micritic limestone (beds 7-25). 
The similarity o f facies between this part o f 
the succession and the Blue Lias Formation o f 
England and Wales led Oates (1976, 1978) to 
extend this lithostratigraphical term to part o f 
the Lower Lias o f the Hebrides. A detailed 
measured section for the Blue Lias Formation at
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Figure 8.17 Uppermost Triassic and lowermost Jurassic measured succession just south of Aird na h-lolaire, 
based mainly on Oates (1976) with additional data from Lee and Bailey (1925) and Oates (1976). The bed 
numbering is added here for reference.

Aird na h-lolaire was given by Oates (1976), and 
this forms the basis for Figure 8.17 with the addi
tion o f numbers for the individual beds because 
these can be matched in detail with photographs 
(figs 2 and 5) in Oates’ thesis (1976). The fauna 
is more diverse, especially near the top o f the 
section in Bed 24 (Figure 8.17), with ammonites 
including Psiloceras planorbis (see below) o f 
the Planorbis Subzone, and bivalves including 
Cardinia, Modiolus, Pboladomya, Pinna and 
Plagiostoma. Oates (1976) also described sand
stone channels cutting the shales and limestones 
and resulting also in disruption o f bedding.

Higher Jurassic strata are not seen in situ or in 
stratigraphical continuity with the Hettangian

strata. However, Lee and Bailey (1925) recorded 
fallen blocks in the landslip which suggest the 
presence o f two higher units:

(i) grey shales and limestones with Psiloceras, 
Liostrea hisingeri and a ‘gryphaeid form’ o f 
Liostrea, o f lower Hettangian age;

(ii) limestones with typical Grypbaea arcuata, 
Plagiostoma giganteum  and Unicardium  
cardioidesy interpreted as from low in the 
Sinemurian Stage.

No evidence has yet been found for the presence 
o f Hettangian strata higher than the Planorbis 
Zone.
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From the cliff above Caisteal Sloe nam Ban (at 
NM 435 317) northwards into the Gribun area 
and Inch Kenneth, the Stornoway Formation 
increases dramatically in thickness and the 
Penarth Group re-appears below the Upper 
Cretaceous sediments and Palaeocene lavas. In 
the Gribun area there is an extensive raised 
beach area underlain mainly by the Stornoway 
Formation. East o f the Balmeanach Farm, in Allt 
na Teangaidh where the slope begins to steepen 
(NM 452 332), the Stornoway Formation is 
overlain by the Penarth Group and black shales 
o f the Lower Jurassic Series. The latter were not 
described by the [British] Geological Survey but 
descriptions are given by Oates (1976). This 
small area o f Jurassic sediments does not appear 
to extend north or south o f the Allt na Teangaidh 
valley.

The Gribun area shows better Triassic 
sections, both in the Stornoway Formation and 
the Penarth Group, than are seen at Aird na h- 
Iolaire. In the latter Manson (in Lee and Bailey, 
1925) recorded fish scales and bivalves typical 
o f the ‘zone o f Rhaetavicula contorta\ i.e. 
Rhaetian. There appear to be significant 
differences between the Rhaetian strata here 
compared with Aird na h-Iolairc, but details o f 
these are outside the scope o f this review. The 
top o f the Rhaetian and the overlying Jurassic 
were described by the [British] Geological 
Survey as obscured. However, Oates (1976) 
described small exposures o f Blue Lias 
Formation facies (confirmed by G. Warrington, 
pers. comm.) in the banks o f the Allt na 
Teangaidh. The section is not as useful as that at 
Aird na h-Iolaire, so that only additional facies or 
faunas at Gribun are commented on here. Oates 
(1976) described one facies not seen at Aird na 
h-Iolaire. This is a bed, 0.8 m thick, o f light-grey, 
laminated shales which contain a rich, but low- 
diversity, bivalve fauna dominated by small, up 
to c. 7 mm in length, specimens o f Modiolus sp. 
associated with Lingula. The Modiolus were 
interpreted as dwarfed and the fauna as possibly 
indicating an interval or reduced salinity. The 
stratigraphical relations o f this bed to the Blue 
Lias Formation o f the Planorbis Subzone at Aird 
na h-Iolaire is uncertain. From an outcrop 
stratigraphically higher than the laminated 
shales, Oates (1976, 1978) figured a specimen o f 
Caloceras ? johnstoni, indicating the presence o f 
the Johnstoni Subzone, and hence evidence for 
faunas younger than the Planorbis Subzone o f 
Aird na h-Iolaire.

Interpretation

The unfossiliferous conglomeratic and sandy 
‘red-beds’ o f the Stornoway Formation, at the 
base o f the Mesozoic succession in the Hebrides, 
are everywhere undated by direct evidence. 
Other than the palaeomagnetic evidence in the 
Stornoway area used by Storetvedt and Steel
(1977) to correlate these beds with the ‘New Red 
Sandstone’, rather than the Old Red Sandstone 
or Torridonian, only their conformable position 
below dated Lower Jurassic strata tentatively 
supports assignment to the Upper Triassic 
sequence (Morton, 1989). In Skye (Morton, 
1999b) the top o f the formation is thought to be 
Hettangian in age, but in the Ardmeanach area o f 
Mull it is overlain by dated Rhaetian and basal 
Hettangian strata.

Transitional beds between the clearly conti
nental Stornoway Formation and the clearly 
marine Lower Jurassic (Blue Lias Formation or 
Breakish Formation) sediments are widespread 
in the Hebrides. Those in the Ardmeanach 
Peninsula o f Mull differ in two main aspects. 
The first is that the fauna, dominated by bivalves, 
includes species such as ‘Chlamys’ valoniensis 
and Rhaetavicula contorta , which arc typical o f 
the Penarth Group o f England and Wales. The 
second is that they are overlain by dated basal 
Jurassic sediments o f the Planorbis Subzone. 
Similar strata elsewhere in the Hebrides, even in 
Morvem, tend to be more sandy and have a 
different bivalve fauna. In some areas at least, 
they may be o f Hettangian age (Morton, 1999b).

Overlying the ‘Ostrea Beds’ at Aird na h-Iolaire 
is a 5.80 m-thick succession o f interbedded 
shales and limestones (Figure 8.17) with a more 
diverse bivalve fauna and, more significantly, 
ammonites. This was placed in the Blue Lias 
Formation by Oates (1976, 1978) and correlated 
with the Pre-Planorbis Beds o f England and 
Wales (see also Hesselbo et al., 1998). The 
ammonites occur throughout but Oates (1976,
1978) allocated all o f his material to one species 
Psiloceras planorbis, index fossil o f the basal 
Jurassic Planorbis Subzone o f the Planorbis 
Zone.

For the [British] Geological Survey, Manson 
(in Lee and Bailey, 1925) carried out bed-by-bed 
sampling. The ammonites were submitted to 
S.S. Buckman who identified several species o f 
Psiloceras reported (in Lee and Bailey, 1923) as 
‘ indicat[ing] a zonal succession with tachy- 
genesis o f wider umbilication’ . Gert Bloos

363



The Hebrides Basin

(pers. comm., February 2001) has suggested 
that, if the identifications can be confirmed, the 
detailed succession in the Planorbis Subzone o f 
Mull could be one o f the most complete in 
Britain. Further work on the British Geological 
Survey and Michael Oates’ collections, preferably 
with collection o f new material, is required.

The equivalent strata do not appear to be well 
exposed in the Allt na Teangaidh section, from 
where Oates (1976) figured a specimen o f 
Caloceras ? johnstoni indicating the presence o f 
the Johnstoni Subzone, the upper subzone o f the 
Planorbis Zone. The facies, fauna and possible 
palaeoenvironmental significance o f the bed with 
dwarfed Modiolus from lower in the section 
were compared by Oates (1976) with an interval 
in the Johnstoni Subzone o f the Stowell Park 
Borehole in Gloucestershire.

The Triassic to Lower Jurassic succession 
exposed here represents a clear palaeoenviron
mental transition from terrestrial to marine. The 
basal beds are locally derived breccias deposited 
by flash-floods near an alluvial fan setting. The 
overlying conglomerates include lenticles o f 
cross-bedded pebbly sandstones and were 
deposited in a braided fluvial environment. 
Some pebbles in this unit are o f more distant 
origin and include clasts o f Durness Limestone 
from a considerable distance to the west (Lee 
and Bailey, 192$). In the Gribun and Inch 
Kenneth area the upper part o f the formation is 
dominated by pale-coloured calcite-cemented 
sandstones, with frequent development o f 
calcretes (cornstones). The formation varies 
enormously in thickness on the Ardmeanach 
Peninsula, as elsewhere in Mull and the 
Hebrides, from over 60 m at Inch Kenneth, 
opposite Gribun, to 3 m south o f Gribun. It was 
deposited in a terrestrial alluvial fan to braided 
floodplain environment in a predominandy 
semi-arid climate which resulted in evaporation 
o f groundwater to form the subsoil calcretes 
(Steel, 1974a,b).

The sandstones in the lower part o f the Penarth 
Group here, especially at Aird na h- lolaire, are 
hard, grey, micaceous calcareous sandstones 
with silty shales. The absence o f fossils other than 
plant remains, and the extensive bioturbation, 
suggests a marginal-marine environment. The 
succeeding sandy limestones and shales with 
pyrite and abundant Liostrea hisingeri are over- 
lain by beds with a different and more diverse 
bivalve fauna. Oates (1976) compared these 
beds with the Pre-Planorbis Beds o f England and

Wales and both are classified here as the ‘Ostrea 
Beds’. They record the latest Triassic marine 
transgression across this area, as in England and 
Wales. At Allt na Teangaidh the shales and 
limestones are thicker (Manson in Lee and 
Bailey, 1925, recorded 15 beds) and have a 
more diverse fauna o f Rhaetian bivalves and 
fish scales. There appear to be significant 
differences o f detail between the Allt na 
Teangaidh and Aird na h-Iolaire sections, 
although both environments were marine and 
below wave-base.

The Blue Lias Formation at this locality was 
described by Oates as his ‘Blue Lias Facies Type 
1’, characterized by a low carbonate content and 
fine-grained mud sediment. The limestones are 
argillaceous with mosdy sharp, planar bedding 
surfaces. The shales are softer, dark in colour 
with small detrital mica flakes and strongly 
compacted, though not laminated. Differential 
compaction is evident (Oates, 1976). Fossils are 
unevenly distributed through the sediment, but 
generally more abundant in the limestones, 
especially the uppermost limestone o f Bed 24. 
Ammonites o f one or more species o f Psiloceras, 
including P. planorbis, were reported both 
by Lee and Bailey (1925) and Oates (1976) as 
occurring throughout; in the limestones they are 
preserved with the body chambers filled with 
sediment and uncrushed but the phragmocones 
hollow and crushed. The bivalves are mosdy 
disarticulated but unbroken and include infaunal 
and epifaunal elements such as Cardinia, 
Pholadomya, Modiolus and Plagiostoma. The 
semi-infaunal genus Pinna occurs at several 
levels, but always preserved parallel to bedding. 
In addition fragments o f indeterminate pectinid 
bivalves, cidaroid radioles, crinoid ossicles, the 
ostracod Ogmaconcba and lignite fragments are 
reported. The disarticulation o f the bivalves and 
absence o f lamination suggest extensive biotur
bation o f the sediment, though no recognizable 
trace fossils have been identified. Deposition 
was clearly below wave-base in a fully marine 
environment, but not in anoxic conditions. 
Depth o f depositional environment and distance 
from shore cannot be deduced solely from the 
nature o f the limestone-mudstone interbeds. 
However, these interbeds are cut by two small 
sandstone-filled channels eroded into the shale 
(Oates, 1976). The sandstones are immature 
and glauconitic and have longitudinal flute casts 
at their base. Disruption o f the limestone- 
mudstone beds is interpreted by Oates as due to
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contemporaneous local deposition o f more 
porous sand subsequently influencing carbonate 
deposition, rather than a product o f compaction 
effects. The field evidence indicates that the 
channels are aligned east-west and they may 
represent tidal washout structures associated 
with rip currents (Oates, pers. comm.). Such an 
interpretation implies that deposition was not in 
deep water and not far from the shore, in a 
restricted tidally influenced basin.

Strata in the Allt na Teangaidh section at 
Gribun are less clearly exposed so that few 
comparisons can be made. However, Oates 
(1976) described light-grey laminated shales 
with apparendy dwarfed Modiolus which are 
unlike any o f the shales in the Aird na h-Iolaire 
section. It is possible that they are younger 
in age (Johnston! Subzone). Oates’ (1976) 
suggestion o f local near-shore development o f 
a lagoonal environment with slightly reduced 
salinity would be consistent with the suggestion 
above o f a restricted basin.

Overall, the presence o f marine basal Jurassic 
and quasi-marine Penarth Group strata on Mull 
contrasts with the situation on Skye and 
Applecross to the north, where the lowest 
ammonite-bearing strata can be assigned to the 
Angulata Zone. It suggests that these northern 
areas were emergent during late Triassic and 
earliest Jurassic times, while the presence there 
o f calcareous sandstones with coral-bearing 
horizons suggests shallower-water deposition in 
late Hettangian and early Sinemurian times, in 
contrast with the more typical Blue Lias 
Formation facies farther south.

Conclusions

The greatest significance o f the Aird na h-Iolaire 
GCR site is in being almost the only outcrop in 
Scotland known to show a good fossiliferous 
section through basal Jurassic sediments with 
lowermost Hettangian, Planorbis Subzone, 
ammonites. The detailed ammonite succession 
merits further investigation. In the wider 
context o f the Ardmeanach Peninsula (i.e. taking 
account also o f the outcrops farther north 
around Gribun) the area also demonstrates 
evidence for:

1. Differential subsidence with stratigraphical 
thickening and lateral facies change during 
late Triassic times, both in the Stornoway 
Formation and in the Penarth Group.

2. Late Triassic (Rhaetian) transgression into 
the southern part (at least) o f the Hebrides 
Basin resulting in deposition o f marine 
Rhaetian sediments that can be dated 
biostratigraphically in the black shales and 
limestone o f the Penarth Group.

3. Evidence that the Blue Lias Formation sedi
ments, normally interpreted as deposited 
in an offshore environment, were in this 
area deposited in a more restricted basin 
where the shoreline o f the Scottish land- 
mass was not far distant.

4. The NW-SE Uamh nan Calmon Fault in the 
south-western part o f the Ardmeanach 
Peninsula is a Mesozoic fault with pre-Late 
Cretaceous movement. The contrasts o f 
succession and facies in the Rhaetian and 
Hettangian sediments between Aird na h- 
lolaire and Gribun may suggest that earlier 
phases o f movement could also have 
occurred.

BORERAIG TO CARN DEARG, LOCH 
EISHORT, ISLE OF SKYE, HIGHLAND 
(NG 599 155-NG 622 164)

M.J. Oates

Introduction

Boreraig was a small settlement, abandoned at 
the time o f the (late 18th to early 19th century) 
'Highland Clearances’ . The shoreline below the 
degraded walls o f the old blackhouses and the 
cliffs (Dun Boreraig) and hillside (Beinn Bhuidhe) 
above have been carved from a complete 
sequence o f rocks o f the lower Lias Group, 
and the Breakish, Ardnish and Pabay Shale 
formations, although exposure is more limited 
than in other localities, such as Applecross 
and around Broadford, where less complete 
sequences are present. The Loch Eishort cliffs 
have been largely ignored by previous workers. 
Arkell (1933) stated that the cliffs here are 
thermally metamorphosed by Tertiary igneous 
activity although this is not actually the case. A 
composite section can be effectively measured 
from separate outcrops at Boreraig.

The geology o f this area o f Skye was investi
gated in the mid-19th century by Geikie (1858) 
with brief descriptions o f some o f the Lias Group 
fossils by Wright (in Geikie, 1858). Further 
details were published by Peach et al. (1910),
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including a summary section o f the Pabay Shale 
Formation o f the Loch Eishort area. A measured 
section o f the lower part o f the succession here, 
traditionally termed the ‘Broadford Beds’ but now 
referred to the Breakish and Ardnish formations, 
was published by Hallam (1959). The work o f 
Oates (1976) formed the basis o f the detailed 
sections published by Hesselbo et al. (1998), 
with amendments to the lithostratigraphical 
nomenclature and boundaries o f the latter based 
on the comments o f Morton (1999a), as outlined 
in the beginning o f this chapter. A brief review 
and summary log o f the site appeared in 
Hesselbo and Jenkyns (1998) and in Hesselbo 
and Coe (2000). Hesselbo et al. (1998) assigned 
separate sequences o f bed numbers to their 
Broadford Formation (32 beds), lower Pabay 
Shale and Hallaig Sandstone Member (71 beds), 
and the remainder o f the Pabay Shale and the 
Suisnish Sandstone Member (87 beds). These 
correspond closely to the Breakish, Ardnish and 
Pabay Shale formations o f the present account and 
the bed numbers are assigned here appropriate 
prefixes (B, A and P respectively) to distinguish 
them. Thus the full succession is numbered here 
as beds B1-B32, A1-A71 and P1-P87 (see Figure 
8.18). Oates (1976) and Hesselbo et al. (1998) 
established that the Raricostatum Zone here is 
exceptionally thick and that the site may be suit
able for designation as the type locality for the 
Pabay Shale Formation.

The entire Loch Eishort section is free from 
any significant structural complication, and 
along its length only a gentle south-westerly dip 
is evident. This brings the Suisnish Sandstone 
Member to shore level at Rubha Suisnish, where 
it has been worked for stone in historical time, 
and in which is eroded a large sea-cave.

Access to Loch Eishort is not practically 
difficult, but it is a long walk from the nearest 
road at either the head o f Loch Slapin, or Heaste. 
A reasonable footpath is present from Suisnish 
down the cliff to the foreshore, passing over a 
prominent picrite dyke o f the Tertiary Skye 
volcanic centre. Tides, in general, are not a 
factor in accessibility, except for the promontory 
with the best Obtusum Zone outcrop.

Description

A small marine inlet obscures the base o f the 
Breakish Formation, which overlies red-beds o f 
presumed Triassic or earliest Jurassic age. The 
succeeding section can be divided into three

decametre-scale cycles o f peloidal limestone and 
sandstone. The middle cycle may be a faulted 
repetition o f the lower cycle but, owing to 
incomplete exposure, this cannot be verified 
although the successions within each cycle are 
sufficiendy different as to suggest this is unlikely. 
Although fossil debris is abundant in the 
Breakish Formation, no ammonites have been 
found at this site. Keystone vugs and early vadose 
cement fabrics have been identified in some o f the 
lower limestone beds, with examples from Bed 
B3 being figured by Hesselbo and Coe (2000). 
Two fine-grained quartz sandstone beds (B l l  
and B18) show hummocky cross-stratification.

The actual contact o f the Breakish and Ardnish 
formations is obscured but Hallam (1959) noted 
the presence o f scattered pebbles at the top o f 
his Bed 7 (Bed B32 o f this account). At the base 
o f the Ardnish Formation, behind the obvious 
waterfall where Allt na Peighinn descends to 
the beach at Boreraig (NG 623 163), a more 
argillaceous sequence with thin mudstone beds 
and an abundance o f Grypbaea arcuata (Bed 8 
o f Hallam, 1959; Bed A l o f this account) shows 
a marked similarity to classic Blue Lias Formation 
facies, such as seen at the Allt Leacach GCR site. 
The lower part o f the Ardnish Formation is a 
litde over 35 m thick here and is dominated by 
mudstones and argillaceous, micaceous, sand
stones that become coarser and more massive 
upwards. This part o f the succession is well 
exposed along the foreshore and low clifls o f Dun 
Boreraig, although it is suspected that significant 
repetition o f the succession by extensional 
faulting may have caused its thickness to be over
estimated by Hallam (1959). Both mudstones and 
sandstones are thoroughly bioturbated with a fully 
marine fauna including bivalves, brachiopods 
and ammonites. Hallam (1959) recorded Am io- 
ceras aff. semicostatum throughout the Ardnish 
Formation with Coroniceras lyra in the lower 
two-thirds and Paramioceras aff. partbenope in 
the upper third (Hesselbo et a l., 1998).

The upper part o f the Ardnish Formation 
forms a distinct lithostratigraphical unit, the 
Hallaig Sandstone Member, which is just over 
45 m thick at this site. It is similar to the under
lying beds, but less argillaceous and continues 
an upward trend to more clean-washed sand
stones. Nowhere is its base exposed in the area 
but a topographic depression at the appropriate 
level suggests more easily weathered and 
eroded, possibly muddier, sediments up to 10 m 
thick. The member comprises well-cemented,
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Figure 8.18 Composite section through the Lias Group exposed at the Boreraig to Cam Dearg GCR site, Loch 
Eishort. After Hesselbo et al. (1998).
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fine- to medium-grained sandstone. Hesselbo et 
al. (1998) recognized three cycles grading from 
thin siltstones and intensely bioturbated muddy 
sandstones at the base up into strongly cross- 
bedded sandstones at the top. The bases o f 
the middle and upper cycles are each marked by 
a thin, poorly sorted sandstone with ferruginous 
cement and abundant marine fossils. Amioceras 
sp. is recorded from the lower o f these (Bed 
A50). The top o f the member is capped by about 
5 m o f thinly interbedded coarse sandstone 
and mudstone, with mud-chip intraclasts 
and symmetrical ripple marks. Other than 
the Amioceras sp. already referred to, only 
Caenisites (=  Euasteroceras o f Hallam, 1959) 
and Microderoceras (Oates, 1976) have been 
recorded from the member although the exact 
horizon o f these is unknown.

An erosion surface at the top o f the Hallaig 
Sandstone Member marks the boundary with the 
succeeding Pabay Shale Formation, o f which 
about 220 m is exposed at this site. About 10 m 
o f well-bioturbated sandy mudstones, coarsening 
upwards into a flaggy, very fine sandstone, are 
seen above the contact and are particularly 
well-exposed on the promontory, referred to as 
‘Obtusum Promontory’ in Ilcssclbo eta l. (1998), 
about 1.5 km west o f the Boreraig settlement. This 
part o f the succession has yielded an abundant 
ammonite fauna including Asteroceras stellare, 
Promicrocerasplanicosta and Xipheroceras sp., 
while an ex-situ specimen o f Eparietites was 
found above the Obtusum Promontory.

This is succeeded by an unexposed interval, 
above which the remaining Pabay Shale 
Formation is present in the cliffs and hillside 
above the coast between Boreraig and the 
promontory. Exposure o f the upper part is 
confined to unvegetated patches on the steep 
hillside and in the bed o f Allt Cul an Duin 
(NG 612 164-NG 611 165). The lowest 13 m 
(Bed P10) consists o f dark-grey, laminated, 
micaceous mudstones yielding Oxynoticeras 
oxynotum  and, near the top, occasional 
Bifericeras bifer. Above an erosion surface at 
the top o f Bed P10 the next approximately 
145 m o f the succession, which forms the main 
mass o f characteristically grey, crumbling cliff 
exposure along western Loch Eishort, shows a 
clear division into three coarsening-upward 
cycles. These become thicker and coarser 
towards the top, culminating in the 85 m-thick 
Suisnish Sandstone Member (beds P30-P64), 
for which the Loch Eishort section is the type

locality. Ammonites, mainly various echioceratid 
taxa and Eoderocerasy occur sporadically 
throughout this part o f the succession. Their 
stratigraphical distribution was summarized by 
Hesselbo et al. (1998), although none have 
been recovered from the upper 50 m o f the 
Suisnish Sandstone Member, above Bed P47. 
A noteworthy marker is an abundance o f 
Ortbecbioceras in a thin bed near the base o f the 
Aplanatum Subzone.

The Suisnish Sandstone Member is succeeded 
by more than 40 m o f medium-grey shale with 
calcareous and sideritic nodules. Marine 
molluscs, particularly belemnites and ammonites, 
are common. Ex-situ ammonite finds from 
isolated shale outcrops on the hillside below the 
top o f Beinn Bhuidhe include Apoderoceras sp., 
Platypleuroceras caprarium  and Uptonia 
jamesoni, with the latter also recorded from the 
Allt Cuil an Duin stream section.

A small outcrop o f sandstone marks the top o f 
Beinn Bhuidhe and, on the basis o f its appearance 
and lithology only, is assumed to be Scalpay 
Sandstone Formation (Upper Pliensbachian).

Interpretation

The lowest part o f the succession at this site is 
poorly dated. No ammonites have been 
recovered from the Breakish Formation here but 
evidence from other areas o f Skye, and from 
Applecross, indicates that assignment to the 
Angulata and Bucklandi zones is probable. This 
suggests that the red-beds immediately below 
may be lower Hettangian in age although there 
is no confirmatory evidence for this. At the 
north-east end o f Loch Slapin, a short distance 
from Boreraig, the lowest Jurassic beds are 
demonstrably o f Sinemurian age, probably 
Semicosta turn Zone, and rest unconformably 
upon a brecciated, karstic surface o f eroded 
Lower Palaeozoic Durness Limestone (Farris et 
a l.y 1999). The Boreraig section itself undoubt
edly represents an earlier initiation o f Jurassic 
sedimentation but, nonetheless, is probably still 
an intermediate stage in progradation up the 
ramp that culminated at the Loch Slapin expo
sure, or at a higher elevation as yet unknown. In 
the succeeding Ardnish Formation the Lyra 
Subzone is confirmed by the presence o f the 
index species, Coroniceras lyra. The remaining 
subzones o f the Semicostatum Zone are 
unproven but may perhaps be present in the 
lower part o f the Hallaig Sandstone Member and
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an unexposed 10 m gap beneath. However, ex- 
situ Caenisites and Microderoceras indicate a 
Turned Zone age for at least part o f the Hallaig 
Sandstone Member. There is clearly a non
sequence above this since the abundant 
ammonite fauna from the succeeding beds 
indicate the Stellare and Denotatus subzones, 
with no evidence for the Obtusum Subzone. 
The Oxynotum Subzone, indicated by the index 
species and by Bifericeras bifer, is succeeded by 
a characteristic sequence o f Raricostatum Zone 
ammonite faunas indicating the presence o f all 
four subzones up to the top o f the Suisnish 
Sandstone Member. Crucilobiceras indicates 
the Densinodulum Subzone; Ecbioceras spp. 
the Raricostatum Subzone; Leptechioceras the 
Macdonnelli Subzone; and Paltecbioceras 
aplanatum, P. oosteri and P. aureolum  the 
Aplanatum Subzone. Precisely locating the 
subzonal boundaries is not possible with the 
available information, particularly in the Suisnish 
Sandstone Member which, apart from the 
normally Aplanatum Subzone ammonite 
Eoderoceras, lacks any other diagnostic forms.

Apoderoceras occurs just above the Suisnish 
Sandstone Member, indicating a position low 
in the Taylori Subzonc. By analogy with the 
successively thinner Suisnish Sandstone Member 
sections to the north, on Pabay and Raasay, it is 
probable that the Jamesoni Zone boundary 
coincides more-or-less with the gradational top 
o f this sandstone. Platypleuroceras occurs at 
several levels around 20 m higher and indicates 
the Polymorphus Subzone. The remainder o f 
the Jamesoni Zone and the Ibex Zone probably 
occupies the 60-70 m o f obscured strata 
between the highest exposed beds (Bed P87) 
and the Scalpay Sandstone Member outcrop at 
the top o f Beinn Bhuidhe.

The succession exposed at this site is signifi
cant for the overall interpretation o f facies 
changes in the Lias Group of the Hebrides Basin, 
although there is little published work that 
is specific to the site. Near the base, in the 
Breakish Formation, keystone vugs and early 
vadose cement fabrics identified in some lime
stone beds were considered by Searl (1989) as 
evidence o f deposition in a littoral environment. 
A litde higher in the succession hummocky 
cross-stratification is seen in two fine-grained 
quartz sandstone beds (beds 11 and 18), indi
cating deposition in shallow marine conditions 
influenced by storm waves. The change from 
the deanwashed sandstones o f the Breakish

Formation to the somewhat muddier sandstones 
o f the succeeding Ardnish Formation are a further 
indication o f increasing depth below wave-base. 
The larger-scale sedimentary architecture o f the 
succession has been interpreted as evidence 
for transgressive-regressive cycles o f at least 
regional extent, with Hesselbo et al. (1998) 
recognizing three main cydes corresponding 
broadly to the Hallaig Sandstone Member, the 
Suisnish Sandstone Member, and the Scalpa 
Sandstone Formation. The Hallaig Sandstone 
Member has been interpreted as estuarine or at 
least tidally influenced (Hesselbo et a l., 1998). 
Each cyde within it has been explained as an 
upward-shallowing sequence while the ferruginous 
bases, with their ammonites and other marine 
fossils, mark sediment starvation associated with 
each deepening event. The extent o f erosion 
beneath the Hallaig Sandstone Member at this 
site is significantly greater here than on Raasay, 
at the type locality o f the Hallaig Sandstone 
Member. There the ammonite faunas beneath 
the Hallaig Sandstone Member extend up into the 
upper Semicosta turn Zone, certainly confirming 
Scipionianum and Resupinatum subzones and 
possibly the overlying Tlimeri Zone as well. In the 
Suisnish Sandstone Member the sediment is finer 
and sedimentary structures less well-developed 
than in the earlier Hallaig Sandstone Member, 
which Hesselbo and Jenkyns (1998) interpreted 
as evidence for deposition o f the younger sand
stone in deeper water. Marine fossils occur 
sporadically throughout the Suisnish Sandstone 
Member, indicating marine deposition.

Hesselbo et al. (1998) suggested that the 
exceptional thickness o f the Lias Group in 
general, superbly illustrated at this site by the 
development o f the Raricostatum Zone, reflects 
a period o f active rifting during deposition, 
although to what extent the faults present today 
were active in early Jurassic times remains open 
to debate. The sediment itself is thought to be 
derived both from the west, from a Lewisian 
source on the Hebrides Platform, and from 
Moinian, Torridonian and possibly Dalradian 
sources on the Scottish landmass to the east. 
Marked changes in clay mineralogy at the base 
o f the Ardnish Formation suggest a switch from 
proximal, smectite-rich sources to more distant 
illite and kaolinite-rich sources (Amiri-Garoussi, 
1977), either as a result o f drowning o f the 
irregular basement as the transgression pro
ceeded or as a consequence o f exhaustion o f the 
original sources.
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Conclusions

The combined exposures at this GCR site afford 
an almost continuous Hettangian through to 
Lower Pliensbachian sequence. It is noteworthy 
for the splendid exposures o f the Pabay Shale 
Formation, with the development o f major sand
stone units highlighting the large-scale cyclicity 
o f the succession. The Raricostatum Zone, within 
the Pabay Shale Formation, is substantially thicker 
at this site than at any other in Britain.

ALLT LEACACH, LOCH ALINE, 
HIGHLAND (NM 692 454)

M.J. Oates

Introduction

The Sound o f Mull is famed for its attractive 
Tertiary volcanic and Moinian basement 
scenery. Along the NE shores o f the Sound o f 
Mull, however, between Rubha na Ridire and 
the narrow entrance to Loch Aline, a noticeably 
different style o f cliff architecture is evident. 
This identifies the outcrop o f a Carboniferous 
to Cretaceous sequence, variably preserved 
beneath a horizontal cap o f Palaeocene basalt 
belonging to the Mull Tertiary igneous centre 
(Figure 8.19).

Included within this sequence is a more-or- 
less complete Hettangian to mid-Sinemurian 
Lias Group succession. These Jurassic rocks are 
most accessible in a series o f stream sections 
which expose the bedrock beneath an extensive 
scree that otherwise obscures the lower cliff 
section. These cliffs no longer experience active 
marine erosion, being protected by the ‘6 foot’ 
emerged ( ‘raised’) beach, a relatively recent 
effect o f post-glacial isostatic re-adjustment. The 
most complete sections are accessible in stream 
beds around the shores o f Loch Aline itself 
particularly on its south-east side. O f these Allt 
Leacach provides the best exposure, although 
not all beds can be examined at close quarters 
without either a top rope or taking unnecessary 
risks in scaling the lowest waterfall during a 
period o f low  runoff. Unlike many south 
Hebridean Jurassic outcrops, this area is largely 
unaffected by Tertiary igneous-related thermal 
metamorphism, excepting only the immediate 
vicinity o f intrusive sills and dykes.

The horizontal beds o f the lower Lias Group 
here span an interval from within the Angulata 
Zone, at the base, up to the Obtusum Zone 
immediately beneath the unconformity with 
overlying Cretaceous sediments. The lithostrati- 
graphical divisions are a lower Blue Lias 
Formation overlain by the Pabay Shale Forma
tion. The Blue Lias Formation, as elsewhere, 
comprises an alternating, decimetre-scale, series 
o f argillaceous limestone with silty shale. The 
Pabay Shale Formation consists predominandy 
o f coarser, heavily bioturbated elastics. Diligent 
searching has yielded many ammonites that 
have proven crucial to establishing the biostrati
graphy o f the succession.

Although Allt Leacach has been designated the 
principal GCR site for this area, it should not be 
considered in isolation. Beds higher than those 
exposed in Allt Leacach are accessible in Allt 
Mor, 2 km to the south (NM 700 435) and the 
slight unconformity between the Blue Lias and 
Pabay Shale formations can be demonstrated 
only by comparing the relevant sections in 
adjacent streams. Similarly, bed variation within 
the Blue Lias Formation becomes apparent only 
from examination o f all o f the principal sections

Figure 8.19 Geological sketch map of Loch Aline and 
Allt Leacach.
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around Loch Aline. This variation involves a 
breakdown o f the regular periodicity in the 
bedding, and an increase in limonite and coarse 
bioclastic material towards the north-east, 
possibly indicating the proximity o f a contem
porary coastline. As the most complete section 
in the area o f outcrop, it forms a useful reference 
section, against which the other stream and 
trackside exposures in the Loch Aline area 
may be compared. The site was first noted by 
Judd (1878), with further details o f the 
section recorded by MacLennan (1954). Other 
references to the site are found in Arkell (1933), 
Lee and Bailey (1925) and Richey and Thomas 
(1930), with a summary graphic log included in 
Copestake and Johnson (1989). More detailed 
accounts have been published by Oates (1976, 
1978) and Hesselbo et al. (1998).

Description

The principal section is that exposed in the 
degraded cliff line at Allt Leacach (Figure 8.20), 
the name being a Gaelic allusion to stone slabs. 
A total o f 62 m is exposed in three major water
falls and the stream beds joining them. The 
section is morc-or-lcss horizontally bedded and 
unfaulted. The strata exposed are grouped into 
two formations, the Blue Lias Formation and the 
Pabay Shale Formation (Figure 8.21). Nowhere 
is the base o f the Blue Lias Formation seen 
around Loch Aline. At Allt Leacach Scfolotbeimia 
similis appears in Bed 5, 2 m above the lowest 
beds observed in the stream, and is abundant 
through the next 7 m o f strata up to Bed 17. 
Only a small indeterminate schlotheimiid is 
recorded below this level, in the lower part o f 
Bed 4. A specimen o f Schreinbacbtites sp. 
(recorded as Vermiceras in Hesselbo et a l., 
1998) was found at the top o f Bed 10. The ratio 
o f shaley mudstone to limestone in this part o f 
the succession increases upwards to a thick 
mudstone unit well exposed at the base o f the 
lowest waterfall, but both the limestones and 
mudstones in this lower part o f the formation 
are poorly fossiliferous.

No ammonites have been recovered from an 
interval o f more than 11m above the last 
Schlotbeimia. The first appearance o f Gryphaea 
arcuata is in Bed 28. Above this level both lime
stones and mudstones are significantly more 
fossiliferous than lower in the succession; 
crinoid debris is common in the limestones

Figure 8.20 The lower cascade at Allt Leacach, showing 
typical limestone-mudstone alternations of the Blue 
Lias Formation. The mudstone-dominated Bed 30 is 
represented by the conspicuous undercut about 
halfway up the cascade. (Photo: M.J. Simms.)

while Grypbaea is abundant throughout. 
Foreshore exposures on the opposite, western, 
shore o f Loch Aline were the source o f specimens 
o f Gryphaea used in MacLennan and Trueman’s 
(1942) study o f morphological variation in this 
species. Metophioceras conybeari has been 
recorded from the base o f Bed 37, with 
Coroniceras cf. rotiforme in beds 42 and 44, 
abundant Coroniceras kridion  in Bed 47, and a 
single fragment o f Epammonites latisulcatus 
from about the middle o f Bed 47. Amioceras 
sp. is present in beds 52 and 53, just below the 
first appearance o f Oxytoma inaequivalvis. A 
thin, lenticular, limonitic bed is present in Bed 
40 and is an important marker bed.

The junction o f the Blue Lias and Pabay Shale 
formations is well exposed in the sloping 
stream bed above the lowest waterfall. The top 
o f the Blue Lias Formation weathers red while 
Gryphaea shells are occasionally truncated at 
the contact between the two formations. The 
Pabay Shale Formation comprises a more-or-less
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Figure 8.21 Section through the Blue Lias and Pabay Shale formations exposed in Allt Leacach. After Hesselbo 
et al. (1998).

continuous series o f bioturbated silts and sands 
with occasional nodular beds and thin sandstones. 
Caenisites tum eri, Microderoceras birchi and 
Promicroceras are abundant in laminated mud
stones in the lowest 9 m (beds 58 to 67). The 
base o f the sandy limestone o f Bed 68 has a 
slighdy erosional character and is succeeded by 
further laminated mudstones and thin sandstones 
that have yielded Promicroceras, Xipheroceras

and Asteroceras obtusum. A single Aegasteroceras 
fragment was found in the middle o f Bed 72. In 
Allt Leacach only 28 m o f the Pabay Shale 
Formation is preserved beneath the unconformity 
at the base o f the Cretaceous succession. The 
somewhat sandy nature o f the upper part o f the 
Pabay Shale Formation here led Arkell (1933) to 
refer to this part o f the succession as the ‘Loch 
Aline Sandstone*. This term has never otherwise
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been adopted; partly because it is somewhat 
o f a misnomer and also because o f possible 
confusion with the Cretaceous silica sand that is 
mined on the west side o f Loch Aline.

Interpretation

The lowest 9 m o f the Blue Lias Formation 
exposed here clearly lies entirely within the 
Angulata Zone, with Scblotbeimia sim ilis 
suggesting a level (similis Biohorizon) low in the 
Complanata Subzone. Higher levels in this zone 
remain unproven, although Scbreinbacbtites is 
typically a late-Angulata Zone genus (Depressa 
Subzone; see Figure 1.3, Chapter 1). Hesselbo 
et a l. (1998) placed the Hettangian-Sinemurian 
boundary at the level o f the first appearance o f 
Grypbaea arcuata, although this species is 
known to extend down into the Angulata Zone. 
At present the base o f the Bucklandi Zone, and 
Sinemurian Stage, must be drawn at the first 
appearance o f Metopbioceras conybeari, in Bed 
37, indicating the Conybeari Subzone. The base 
o f the succeeding Rotiforme Subzone is placed 
at the base o f Bed 42, marked by the first 
appearance o f Coroniceras cf. rotiform e, with 
Coroniceras kridion in Bed 47 indicating the 
kridion Biohorizon towards the top o f the sub
zone. The boundary with overlying Bucklandi 
Subzone is tentatively placed a little higher in 
Bed 47, indicated by Epammonites latisulcatus. 
The occurrence o f Amioceras in beds 52 and 53 
is definite evidence for a level above the 
Rotiforme Subzone, but is not conclusive proof 
o f the Semicostatum Subzone.

There is convincing evidence, both here and 
in adjacent exposures, for a minor unconformity 
between the Blue Lias and Pabay Shale formations. 
The iron-stained top to the Blue Lias Formation 
and the presence o f Grypbaea truncated by 
erosion is the most direct evidence, but it is 
also suggested by the absence o f any definite 
evidence for the Semicostatum Zone here. 
However, progressively younger beds within the 
Blue Lias Formation are found to the south. In 
the Allt Mor stream section, litde more than 
2 km to the south, a 1.8 m-thick series o f bedded 
crinoidal limestones not seen in Allt Leacach 
(Hesselbo et a l., 1998) has yielded Coroniceras 
lyra and Amioceras falcaries indicating the 
basal Semicostatum Zone, Lyra Subzone.

Abundant Caenisites turneri and M icro- 
deroceras birebi in the laminated mudstones

above the unconformity suggest that the basal 
Pabay Shale Formation is no older than the 
Birchi Subzone o f the T\imeri Zone, which 
continues up into the succeeding sandy 
mudstone. The precise boundary with the 
succeeding Obtusum Zone is uncertain but is 
provisionally placed below the occurrence o f 
Aegasteroceras in Bed 74. However, Aegas- 
teroceras is characteristic o f levels relatively high 
in the Obtusum Zone (upper-Stellare and 
Denotatus subzones) and so its apparent 
presence here, below Asteroceras obtusum , 
requires confirmation. The presence of Astero
ceras obtusum, Xipberoceras and Promicroceras 
from beds 78 upwards to the sub-Cretaceous 
erosion surface suggest that no level higher 
than the Stellare Subzone is present at this 
site. However, in nearby Allt Mor a single 
specimen o f Oxynoticeras oxynotum  10 m 
below the sub-Cretaceous unconformity proves 
the existence o f the Oxynotum Zone in the 
Morvem area.

The development here o f the Hettangian and 
basal Sinemurian in typical Blue Lias Formation 
facies contrasts with the thick biodastic lime
stones o f the Breakish Formation developed 
elsewhere in the Hebrides Basin, such as at the 
Ob Lusa to Ardnish Coast GCR site. By analo
gy with the Pant y  Slade to Witches Point GCR 
site in south Wales, where there is a clear lateral 
transition from marginal bioclastic limestones to 
more basinal limestone-mudstone alternations 
typical o f the Blue Lias Formation, the succes
sion in the Morvem area suggests deposition in 
water slighdy deeper than elsewhere in the 
Hebrides Basin. The preservation, to the south, 
o f progressively younger strata beneath the 
Pabay Shale Formation unconformity and the 
transition, north o f Loch Aline, from typical Blue 
Lias Formation to a more marginal facies suggests 
a tectonic component to controls on deposition 
in this area, with the sea floor tilted higher to the 
north than to the south. Currents passing across 
this erosion surface at the top o f the Blue Lias 
Formation may have encouraged colonization by 
filter-feading benthos such as crinoids, leading 
to the accumulation o f the crinoid-rich 
bioclastic limestones o f the Semicostatum 
Zone to the south o f Allt Leacach. The abrupt 
change in facies between the Blue Lias and Pabay 
Shale formations reflects a eustatic sea-level 
rise which affected the whole o f the Hebrides 
Basin.
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Conclusions

The exposures in the Alit Leacach Bum are 
the finest o f several in the Morvem area. The 
limestone-mudstone alternations o f the 
Hettangian and basal Sinemurian part o f the 
succession closely resemble typical Blue Lias

Formation farther south in Britain and contrast 
with the more marginal facies o f the Breakish 
Formation at other GCR sites in the Hebrides 
Basin. The site shows clear evidence o f a minor 
unconformity between the Blue Lias and 
succeeding Pabay Shale formations, and o f both 
tectonic and eustatic controls on deposition.
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Glossary

This glossary provides brief explanations o f the technical terms used in the introductions to the 
chapters and in the ‘conclusions* sections o f the site reports. These explanations are not rigorous 
scientific definitions but are intended to help the general reader. Detailed stratigraphical terms 
are omitted as they are given context within the tables and figures. Words in bold type indicate a 
reference to another glossary entry.

Aalenian Stage: a chronostratigraphical sub
division o f the Jurassic System, comprising 
the rocks deposited during the Aalenian Age. 
The first stage o f the Middle Jurassic Series, 
it is dated to approximately 178-173.5 Ma 
(Harland et a l.y 1990) and is preceded by the 
Lower Jurassic Toarcian Stage.

Abrasion: the process o f wearing away parts o f 
fossils or rocks by sediment-laden water or 
air. The process produces an increasingly 
smoothed and rounded outline shape.

Adit: a horizontal tunnel, for access or drainage, 
mined into a hillside.

Aerobic: an environment is which air (oxygen) 
is present, or a depositional environment 
with more than 1 ml o f dissolved oxygen 
per litre o f water. See also anaerobic and 
dysaerobic.

Age: a geological time unit (cf. chronostrati- 
graphy), usually taken to be the smallest 
standard division o f geological time.

Ahermatypic: not hermatypic, i.e. not reef
building.

Algae (sing, alga): a large and diverse division 
o f the plant kingdom, consisting o f mainly 
aquatic organisms. Simple plants that have 
no true stems, roots or leaves, they contain 
chlorophyll and therefore can photosynthe- 
size. They range from microscopic single 
cells to very large multi-cellular structures.

Allochthonous: descriptive o f fossils or rocks 
that lived or formed elsewhere to their cur
rent position.

Alluvial: a term applied to the environments, 
action and products o f rivers or streams. 
Alluvial deposits are composed o f clastic 
material deposited on the river floodplain.

Alluvial fan: a cone-shaped deposit made up o f 
water-laid deposits, and also some material 
transported by mud flows.

Ammonite: any ammonoid o f the order
Ammonitida (subclass Ammonidea, class 
Cephalopoda (see cephalopod), phylum 
Mollusca ( see mollusc). Typically character
ized by a coiled, chambered shell, with 
complex lines between the chamber walls and 
the outer wall o f the shell (sutures), they are 
an extinct relative o f the modern-day squid 
and cuttlefish.

Ammonoid: any extinct cephalopod belonging 
to the subclass Ammonoidea; they are impor
tant zone fossils for the Palaeozoic and 
Mesozoic eras.

Anaerobic: an environment in which air (oxygen) 
is absent, or a depositional environment with 
0-0.1 ml o f dissolved oxygen per litre o f water. 
See also aerobic and dysaerobic.

Annelid: any member o f the phylum Annelida, 
a major invertebrate group comprising seg
mented worms such as modem earthworms
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and leeches. In the fossil record they are 
usually preserved as trace fossils because 
they have almost no hard parts.

Anoxic: literally ‘without oxygen*; often used to 
describe an anaerobic environment.

Anticline: an arch-shaped upfold o f rocks
produced by tectonic activity with younger 
strata on the outermost part o f the arch and 
older rock in the core (cf. syncline).

Aptychus (pi. aptychi): a calcitic plate associated 
with M esozoic ammonites that normally 
occurs in pairs. Aptychi are shaped like 
bivalves and have an ornamented outer 
surface. They are believed to be the lower 
jaws o f ammonoids.

Aragonite: a form o f calcium carbonate, dis
tinguished from calcite by a different crystal 
structure. The shells o f some molluscs are 
composed largely o f aragonite.

Archipelago: a group o f islands.
Arenite (adj. arenaceous): a general term for a 

detrital, clastic sedimentary rock made o f 
sand-sized particles.

Argillite (adj. argillaceous): a general term for 
a fine-grained, clay-rich, clastic sedimentary 
rock.

A r t h r o p o d :  any member o f the p h y lu m

Arthropoda; the largest and most diverse 
phylum o f the animal kingdom. These inver
tebrate animals are characterized by a 
segmented body and paired antennae, wings 
or legs. Examples include insects, crusta
ceans and arachnids.

Ash (volcanic): an unconsolidated deposit 
consisting o f  pyroclastic material (glass 
shards, crystals, etc.) less than 2 mm in size. 
In consolidated rocks the term is often used 
to denote the size o f individual volcanidastic 
fragments (e.g coarse-ash and fine-ash grains).

Asteroidea (asteroids): a class o f the phylum 
Echinodermata (see echinoderm). Commonly 
known as ‘starfish* they are characterized by 
their star shape and five ‘arms’ .

Authigenic: descriptive o f materials, such as 
minerals or cement, that formed in place in 
the sediment or rock o f which they are a part, 
during, or soon after, its deposition.

Autochthonous: descriptive o f fossils or
rocks that lived or formed in their current 
positions.

Basalt: a fine-grained, usually dark-coloured, 
basic, volcanic (extrusive) igneous rock. It 
usually occurs as a lava or dyke.

Basement : the oldest rocks recognized in a 
given area; a complex o f m etam orphic 
and/or igneous rocks that underlies all the 
sedimentary formations.

Basin: an area o f subsidence, or depression, 
usually o f considerable size, in which sedi
ments accumulate and/or volcanic strata may 
be laid down.

Batholith: a large, irregular mass o f igneous 
rock emplaced deep in the Earth’s crust.

Bed: in lithostratigraphy, a subdivision o f 
either a member or a formation; the smallest 
unit within the scheme o f formal lithostrati- 
graphical classification. Also used informally 
to indicate a stratum within a sedimentary 
rock succession.

Bedding plane: a planar feature in sedimen
tary rocks representing an original surface o f 
deposition. Conspicuous bedding planes may 
indicate a short interruption in, or change in 
character o£ sediment deposition.

‘B ee f’ calcite: a fibrous form o f calcite that 
frequently has the appearance o f a series o f 
small-scale ‘nested’ cones stacked one inside 
the other.

Belemnite: any member o f the proposed extinct 
m a rin e  su b c la s s , o r  o r d e r ,  B c le m n o id c a  

(class Cephalopoda (see cephalopod), phy
lum Mollusca (see mollusc)). Characterized 
by a bullet-shaped internal shell o f calcium 
carbonate, surrounded by soft body parts, 
they are similar to a modern-day squid, and 
became extinct in the Eocene Epoch.

Benthos (adj. benthic): aquatic organisms 
living on or in the sea floor.

Bioclast (adj. bioclastic): a sediment grain 
consisting o f comminuted fossil remains.

Bio-erosion: the erosion  o f consolidated
material or a lithic substrate by the action o f 
living organisms.

Biofacies: a facies defined by its characteristic 
fossil assemblage, and reflecting a specific set 
o f environmental conditions.

Biogenic: produced by living organisms or 
biological processes.

Biohorizon: a bed or series o f beds character
ized by a particular fossil assemblage and 
within which no further stratigraphical 
refinement, on the basis o f that contained 
fossil fauna, can be made.

Biomicrite: a limestone containing bioclasts 
in a carbonate mud matrix.

Biosparite: a limestone containing bioclasts 
in a cementing matrix o f crystalline calcite.
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Biostratigraphy: the stratigraphical subdivision, 
classification and correlation o f sedimen
tary rocks based on their fossil content.

Biota: the flora and fauna o f a particular place; 
or the faunal and floral assemblage o f a bed 
or other stratigraphical unit.

Bioturbation: the physical disturbance o f
unconsolidated sediment, such as by 
burrowing and feeding, caused by the 
organisms living on or in it. These distur
bances are often preserved as trace fossils in 
ancient sediments.

Biozone: in biostratigraphy, a restricted unit 
o f sedimentary rock defined by its fossil 
content, most usefully by species o f narrowly 
defined temporal, but wide spatial, range, 
and named after one or more abundant or 
characteristic species.

Bitumen (adj. bitum inous): a group o f 
naturally occurring hydrocarbons that are 
organic-soluble.

Bivalve: any member o f the order Bivalvia 
(phylum Mollusca (.see mollusc)). These 
marine invertebrates are characterized by 
bodies enclosed in two, hinged, often mirror- 
image, shells (valves). Modem examples 
in c lu d e  cock les  and m ussels.

Bolide: a meteorite, typically one that explodes.
Boreal: referring to the north or a cold climate.
Brachiopod: any member o f the phylum

Brachiopoda. These marine invertebrates are 
superficially similar to bivalves but with a 
different anatomy and two hinged shells that 
are typically dissimilar.

Brackish: descriptive o f water with a salinity 
intermediate between fresh and marine.

Breccia: a rock composed o f angular broken 
fragments greater than 2 mm in diameter; can 
be pyroclastic, sedimentary or fault-related.

Bryozoan: any member o f the phylum
Bryozoa. These very small, moss-like aquatic 
organisms often form permanent colonies, 
linked by their box-like skeletons o f calcium 
carbonate.

Byssate: descriptive o f bivalves that are
attached to the substrate or some other object 
by strands o f byssus.

Calcarenite: a limestone composed mainly o f 
sand-sized calcium carbonate grains.

Calcareous: containing large quantities, or
composed, o f calcium carbonate.

Calci-: prefix indicating containing/composed 
o f calcium carbonate.

Calcilutite: a limestone composed mainly o f 
mud-sized calcium carbonate grains.

Calcite: the most common, rock-forming
crystalline form o f calcium carbonate; the 
main constituent o f limestone and the shells 
o f many molluscs, brachiopods, echino- 
derms and other invertebrates.

Calcium carbonate (CaCO^): a colourless or 
white crystal compound, which occurs natu
rally as limestone, marble and chalk. See 
also calcite.

Calcrete: see caliche.
Caliche: a soil horizon rich in nodular carbon

ate that forms in seasonally arid environ
ments.

Carbonaceous: containing carbon.
Carbonate: a mineral salt o f carbonic acid, 

usually referring to the common sedimentary 
form calcium carbonate in limestones and 
invertebrate shells, but also encompassing 
other minerals, notably dolom ite.

Cement: the mineral ‘glue’ that holds particles 
together in sedimentary rocks.

Cementstone: argillaceous limestone and
dolostone.

Cephalopod: any member o f the class
C e p h a lo p o d a , the m ost ad van ced  class o f  the  

phylum Mollusca (see m ollusc). These 
marine organisms include the modern-day 
squid, octopus, and cuttlefish, and the extinct 
belemnites and ammonites.

Chalk: poorly lithified, porous, white lim e
stone.

Chert: microcrystalline silica (quartz and
chalcedony), which may be o f organic or 
inorganic origin. It occurs as layers or 
modules in sedim entary rocks (mainly 
chalk and limestone). An example is flint.

Chronostratigraphy: the subdivision and
correlation o f rock units on the basis o f 
relative age. The hierarchy o f principal 
chronostratigraphical units to which layers o f 
sedimentary rock are allocated through the 
study and interpretation o f their stratigraphy 
is erathem, system, series and stage, which 
are related, respectively to the geological time 
units o f era, period, epoch and age. Rocks 
o f the Jurassic System (a chronostrati
graphical unit) were laid down in the Jurassic 
Period (a geological time unit).

Chronozone: a fine division o f geological
time based on some recognizable feature 
preserved in contemporaneous sedimentary 
strata.
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Glade: a group o f organisms that share a
common ancestor.

Class: a category used in the taxonomic classifi
cation o f organisms, which consists o f one or 
several related orders. Similar classes are 
grouped into a phylum.

Clast: (adj. clastic): a sedimentary particle -  a 
fragment o f a pre-existing rock or fossil 
(bioclast).

Clay: an extremely fine-grained sediment
(grain-size less than 0.004 mm) composed o f 
so-called ‘clay minerals’.

Coccolith: one o f the interlocking calcite plates 
which form the sphere-shaped skeleton 
(coccosphere) o f the coccolithophores (marine, 
microscopic, single-celled algae).

Comminuted: finely divided.
Concretion: a rounded or irregular mass o f 

mineral matter concentrated around a 
nucleus and formed during diagenesis in a 
sedimentary rock.

Conduit: a d issolu tional void, generally
greater than 100 mm in diameter, in lim e
stone; larger than a fissure, and including 
cave passages.

Conglomerate: a sedimentary rock consisting 
o f  ro u n d e d  p e b b le s  (cf. b r e c c i a ) .

Contemporaneous: formed or occurring at the 
same time.

Contiguous: touching, in contact.
Coquina: a sedimentary deposit largely made o f 

shells or their fragments.
Coral: any member o f the class Anthozoa

(phylum Coelenterata). These aquatic animals 
typically have a calcium carbonate external 
skeleton. They may live as individuals or in 
large colonies.

Cor ns tone: a concretionary lim estone
deposit typically developed in sandstones, 
characteristic o f arid terrestrial environments 
(synonymous with calcrete).

Correlation: the tracing and identification o f a 
stratigraphical unit away from its type area 
by comparing lithologies and/or fauna.

Crinoid: any member o f the class Crinoidea 
(phylum Echinodermata {see echinoderm )). 
These marine invertebrates have a flowering 
plant-like structure and are often called ‘sea 
lilies’ or ‘feather stars’. They may be sessile 
(with a stem) or free-floating.

Cross-stratification: subsidiary bedding surfaces 
oblique to the upper and lower bounding sur
faces o f a particular stratum and representing 
ripples or dunes formed in the sediment by

water currents (or wind). Large-scale features 
are named ‘cross-bedding’, small-scale features 
are known as ‘cross-lamination’.

Crustacean: any member o f the class Crustacea 
(phylum  Arthropoda {see a rthropod)). 
These animals have typically have two pairs o f 
antennae, a pair o f mandibles and often many 
other appendages, and are mainly aquatic. 
Examples include lobsters, shrimps, barnacles 
and wood lice.

Cryptic: descriptive o f ree f organisms, mainly 
invertebrates, that live under corals, shells 
and rocks.

Decapod: a crustacean with ten limbs for 
walking, such as the shrimp.

Decollement: the dislocation surface, commonly 
in soft strata, upon which rocks have slid and 
become fo lded or faulted, leaving the rocks 
below the surface relatively undeformed.

Depocentre: the centre o f (greatest) deposi
tion.

Dessication crack: a crack formed when wet 
sediment dries out.

Diachronous: descriptive o f a lithological unit, 
or contiguous rock body, that was deposited 
at d iffe ren t tim es in  d iffe ren t location s a n d  

therefore differs in age from place to place.
Diagenesis: (adj. d iagenetic ): the post- 

depositional changes in mineralogy and 
texture o f sediments and organisms that 
combine to produce rocks and fossils. The 
term excludes metamorphic alteration.

Dinoflagellate: mostly members o f the class 
Dinophyceae. These planktonic organisms 
are microscopic, single-celled and possess two 
flagella (tails) used in movement. Some cause 
Ted tides’ and some are bioluminescent.

Dip: the angle between a bedding surface and 
the horizontal.

D isconform ity (adj. disconformable): a break 
in continuity o f deposition, (unconform ity), 
where the beds above and below are parallel 
and therefore show no angular discordance.

Dissolution: the natural process o f dissolving 
a solid; specifically in karst processes, the 
dissolving o f carbonate rock to create a liquid 
solution o f calcium and bicarbonate ions in 
water; also known as ‘solution’.

Distal: far from the source.
Dogger: a traditional term for a type o f large 

concretion; also the name formerly used for 
the Middle Jurassic Series in continental 
Europe.
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Dolom ite (CaM g(C03) 2): a white or colourless 
mineral with a structure similar to calcite but 
with some calcium replaced by magnesium.

Downthrow: the amount o f downward displace
ment o f rock along a fault.

Druse (drusy): a cavity (vug) in an igneous 
rock or mineral vein into which well-formed 
crystals o f the rock or mineral vein project; or 
the crystals themselves.

Dyke: a band o f igneous rock that has ‘intruded* 
or ‘cut through’ pre-existing rocks. See also 
neptunian dyke.

Dysaerobic: a depositional environment with
0.1-1.Oml o f dissolved oxygen per litre o f 
water. See also aerobic and anaerobic.

Echinoderm: any member o f the phylum
Echinodermata. These marine invertebrates 
are characterized by a five-fold symmetry, 
an internal skeleton o f calcite plates and a 
complex water vascular system. Examples 
include echinoids (sea-urchins), crinoids, 
and starfish {see asteroidea).

Echinoid: a member o f the class Echinoidea 
(phylum Echinodermata {see echinoderm )). 
More commonly known as the ‘sea-urchin’, 
these o rgan ism s are  characterized  by a rig id , 

globular or disc-shaped shell.
Endemism: a situation in which a species or 

other taxonomic group is restricted to a 
particular geographical region, due to factors 
such as isolation, or a response to soil or 
climatic conditions.

Endogenic (endogenetic): in geomorphology, 
the forces operating below the Earth’s crust 
that are involved in the formation o f surface 
features.

Endolithic: descriptive o f organisms, such as 
algae or fungi, that live in minute burrows 
within sediments, rocks or shells.

Epeiric sea: a shallow sea that extends far into 
the interior o f a continent; and also a shallow 
sea area that cover the continental shelf and is 
partially enclosed.

Epeirogeny (adj. epeirogenic): broad and 
generally large-scale, vertical movements o f 
the Earth’s crust, which do not involve much 
alteration in the structure o f the rock.

Epibenthos (adj. epibenthic): organisms living 
on the surface o f the seabed or bed o f a 
lake.

Epibyssate: descriptive o f organisms that use 
the byssus {see byssate) to anchor themselves 
to rock or seaweed.

Epifauna: a collective term for the benthic 
organisms that live or lived on the substrate o f 
the sea floor, or attached to some solid object.

Epoch: a geological time unit (cf. chronostrati- 
graphy), o f shorter duration than a period 
and itself divisible into ages (e.g. the Late 
Triassic Epoch.

Era: a major geological time unit (cf. cbrono- 
stratigraphy), which is divided into periods 
(e.g. the Palaeozoic Era).

Erosion: the wearing away o f the land’s surface 
by mechanical processes such as the flow of 
water, ice or wind.

Erosion surface: a land or rock surface shaped 
by the processes o f erosion.

Eurytopic: able to tolerate a wide range o f 
several factors.

Eustatic: concerning worldwide (as distinct 
from local) changes in sea level that are 
caused by a major geological event such as 
tectonic activity or an ice-age.

Evaporite: a sediment or mineral grown from 
a saline solution by evaporation o f water, 
which may be marine or continental in 
origin.

Event stratigraphy: the correlation o f sedi
mentary rocks by recognition o f marker 
beds or event horizons which are considered 
to be isochronous.

Exogenous (exogen ic): descriptive o f processes 
originating at or near the surface o f the Earth, 
such as erosion, and o f rocks and landforms 
that owe their origin to such processes.

Extrusive: descriptive o f igneous rocks that 
have been extruded onto the Earth’s surface, 
rather than being intruded beneath the 
surface (intrusive).

Facies: the sum total o f a rock’s lithological 
and gross faunal/floral characteristics that 
together reflect the particular environment in 
which it formed.

Family: a category used in the taxonomic
classification o f organisms, which consists 
o f one or several related genera. Similar 
families are grouped into an order.

Fault: an approximately planar fracture surface 
in rock along which there has been some 
movement o f one side relative to the other.

Fauna: animals -  often referring to the charac
teristic animal assemblage o f a region/time 
period.

Ferruginous: containing iron or iron-rich
minerals.
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Fissile: descriptive o f a sedimentary rock 
that contains very thin bedding or cleavage 
laminae along which the rock splits into thin 
sheets.

Fissure: a fracture surface or crack within a rock 
along which a clear separation can be seen. 
Often filled with material, frequently mineral- 
bearing.

Flaggy: descriptive o f a sedimentary rock that 
contains bedding between 0.01 m and 0.1 m 
thick, along which the rock can be split into 
thick sheets (flagstones).

Flora: plants -  often referring to the character
istic plant assemblage o f a region/time period.

Flowstone: a deposit o f calcium carbonate 
formed by flowing water on the wall or floor 
o f a cave.

Fluvial: relating to a river or river system.
Fbld: a bend in rock strata produced by earth 

movements.
Foraminifera: a mainly marine order o f the 

subclass Sarcodina in the phylum Protozoa, 
consisting o f single-celled aquatic animals that 
have a calcareous protective external shell, 
often with an elaborate form. Usually micro
scopic in size but some are larger.

F o re se t : the s teep ly  d ip p in g  su rface  o f  c ro s s -  

bedded strata.
Formation: a succession o f contiguous rock 

strata that is distinctive enough in its lithology 
from the surrounding rocks to be mapped as 
a unit; the fundamental unit o f lithostrati- 
graphy.

Fossil: the preserved remains o f an animal or 
plant. See also trace fossil.

Friable: descriptive o f a rock that is crumbly or 
easily broken.

Gastropod: any member o f the class Gastro
poda (phylum  Mollusca (see m ollusc)). 
These ancient invertebrates are characterized 
by a well-developed head, a flattened foot, 
and spirally shaped shells o f aragonitic 
calcium carbonate. Examples include snails, 
slugs, limpets and conches.

GCR: Geological Conservation Review, in which 
nationally important geological and geomor- 
phological sites were assessed and selected 
with a view to their long-term conservation as 
SSSIs.

Genotype: the type species o f a genus.
Genus (pi: genera): a category used in the 

taxonomic classification o f organisms, which

consists o f one or several related species. 
Similar genera are grouped together into a 
family.

Geochronology: the measurement o f absolute 
geological time and its division into episodes, 
in years, or millions o f years (Ma), before the 
present time.

Geopetal: a sedimentary fabric that records the 
way up at the time o f deposition. Commonly 
found in cavity fills within limestones.

Graben: a linear block o f crust down thrown 
between two parallel faults to form a rift or 
trough-shaped valley.

Granite: a pale-coloured, coarse-grained, typi
cally plutonic (intrusive) igneous rock, 
with a high Si02 content. Commonly found 
in batholiths and veins.

Greensand: a sedimentary rock that contains 
a green mineral called glauconite.

Grike (gryke): a fissure between dints in a 
lim estone pavement, formed by dissolu- 
tional enlargement o f a joint.

Group: in lithostratigraphy, a grouping o f two 
or more formations with significant unifying 
lithological and/or genetic features.

GSSP (G lobal boundary Stratotype Section 
and Point): an  in te rn ation a lly  re c o g n iz e d  

chronostratigraphical boundary established 
following strict procedures o f the 
International Union o f Geological Sciences 
Subcommission on Stratigraphy.

Gymnosperm: a member o f a major division o f 
the plant kingdom, consisting o f woody 
plants with alternation o f generations and 
seeds not protected in an ovary. Examples 
include seed ferns and conifers.

Half-graben: an elongate trough bounded by a 
normal fault on one side only. See also 
graben.

Halokinesis: the mobilizaton and flow o f sub
surface salt, and the subsequent emplacment 
and resulting structure o f salt bodies.

Hardground: a bedding surface o f rock formed 
by cementation o f sedim ent soon after 
deposition whilst it was at or close to the 
sediment-water interface (the sea floor).

Hemera (pi. hemerae): an interval o f geolo
gical time characterized by the maximum 
abundance o f a named fossil.

Hermatypic: descriptive o f corals that contain 
zooxanthellae (unicellular dinoflagellates) 
and are ree f forming.
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Hettangian Stage: a chronostratigraphical
subdivision o f the Jurassic System, comprising 
the rocks deposited during the Hettangian 
Age. The first stage o f the Lower Jurassic 
Series, it is dated to approximately 199.6- 
196.5 Ma (Palfy et a l.y 2000c), and is preceded 
up the Upper Triassic Rhaetian Stage and 
followed by the Sinermurian Stage.

Highstand: a phase o f high sea level.
Holothurian: a member o f the class Holothu- 

roidea, o f the phylum Echinodermata {see 
ech inoderm ). Commonly known as ‘sea 
cucumbers’, these organisms typically have a 
non-rigid calcitic skeleton, composed o f small 
sclerites or spicules.

Holotype: the single specimen (the so-called 
‘type specimen’) selected to epitomize a 
particular named species.

Horizon: an informal term denoting a thin bed 
or plane within a succession o f strata. See 
also biohorizon.

Horst: an upfaulted block o f crustal rocks, often 
on either side o f a graben.

Ichthyosaur: an extinct marine reptile well 
adapted for swimming; it had a streamlined 
fish -sh aped  body, p a d d le -sh a p e d  lim bs, an d  

ranged from 1 m to 10 m in length.
Igneous rock: a rock that has formed from the 

cooling o f molten magma, either following 
volcanic activity or intrusive processes. It con
sists o f interlocking crystals, the size o f which 
depends on the rate o f cooling o f the magma.

Imbrication: a sedimentary fabric displaying 
typically elongate fragments that are aligned 
in a preferred angle to the bedding.

Index fossil (index species): a particular fossil 
(or species) that gives its name to a biozone.

Induration: the process o f compaction and 
cementation during which a soft sediment 
becomes a rock.

Infauna: a collective term for the organisms 
that live or lived below the sea floor, especially 
in burrows in soft sediments but also inclu
ding some rock-boring organisms.

Inlier: an outcrop o f older rocks surrounded, 
on a geological map, by younger rocks 
commonly exposed by erosion (cf. outlier).

Intertidal: littoral; the zone between high- and 
low-water marks on a shoreline.

Intraclast: a fragment o f rock derived from 
coeval parent material rather than an ‘older’ 
(extraformational) source.

Intrusion: (adj. intrusive): an igneous rock 
that has formed as a body intruded into other 
rocks below the Earth’s surface.

Ironshot: descriptive o f a rock that contains 
small granules or ooids o f iron or iron ore 
(often haematite and limonite).

Ironstone: an iron-rich sedimentary rock.
Isochronous: occurring at the same time.

Joint: a fracture in a rock that exhibits no 
displacement across it (unlike a fault). May be 
caused by shrinkage o f igneous rocks as they 
cool in the solid state, or, in sedimentary 
rocks, by regional extension or compression 
caused by earth movements.

Jurassic Period: a geological time division 
ranging from about 142 Ma to 200 Ma; it 
precedes the Cretaceous Period and succeeds 
the Triassic Period.

Jurassic System: a chronostratigraphical unit 
comprising all the rocks deposited during the 
Jurassic Period.

Karst: descriptive o f a distinctive terrain devel
oped upon a soluble rock, typically lim e
stone; characterized by caves, sinkholes and 
d ry  valleys.

Lacustrine: relating to, formed within in, or 
produced by, lakes.

Lagoon: an area o f shallow, generally salt, water 
more-or-less cut off from the sea by a narrow 
bar o f sediment.

Lamina (pi. laminae, laminations): the finest 
layer within a sedimentary rock, typically 
less than 10 mm thick.

Laminated: descriptive o f a bed with a fabric 
composed o f laminae.

Laterite (adj. lateritic): red subsoil, rich in 
hydrous oxides o f iron and/or aluminium 
and commonly with kaolinite and silica 
that develops as a residual product o f 
w eathering in tropical and subtropical 
climates.

Lectotype: a specimen chosen from available 
syntypes to be the designated type o f the 
species.

Lentide: a lens-shaped stratum or body o f rock.
Lias: a lithostratigraphical group o f mainly 

Early Jurassic age.
Limestone: sedimentary rock composed o f 

calcium carbonate, often pardy derived from 
the shells o f organisms.
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Lineation: any linear feature that appears on 
the bedding or other surface o f a rock. May 
be formed during deformation.

Lithic: relating to a rock clast found within a 
sedimentary rock.

Lithification: the conversion o f sediment into 
rock.

Lithoclast: a mechanically deposited rock frag
ment, normally greater than 2 mm in diameter, 
derived from any older, (pre-existing) lithi- 
fied  rock.

Lithofacies: a facies defined by sedimentary 
rock type (using, for example, colour, texture 
and mineral composition).

Lithology: descriptive o f the constitution o f a 
sediment or other rock, including composi
tion, texture, colour and hardness.

Lithosphere: the outer layer o f the solid Earth, 
including the crust and upper part o f the 
mantle, which forms tectonic plates above 
the asthenosphere.

Lithostratigraphy: the organization and division 
o f strata into mainly mappable rock units and 
their correlation, based entirely upon their 
lithological characteristics. Units are named 
according to their perceived rank in a formal 
hierarchy, n a m e ly  su p e rg ro u p , group, forma
tion, m em ber and bed.

Littoral: descriptive o f the zone between high- 
and low-water marks on a shoreline.

Log: a written or graphical record o f a borehole 
or rock section.

Lower Jurassic Series: a chronostratigraphica!
division o f the Jurassic System, comprising 
the rocks deposited during the Early Jurassic 
Epoch. The first series o f the Jurassic System, 
it is dated to approximately 199.6-178 Ma 
(Palfy et a l., 2000c), and is followed by the 
Middle Jurassic Series. It is divided into the 
Hettangian, Sinemurian, Pliensbachian 
and Toarcian stages.

Lowstand: a phase o f low sea level.

Macrofossil: a fossil that is easily seen by the 
naked eye.

Macrophyte: a plant that can be seen by the 
naked eye, typical o f aquatic regions.

Marker band (b ed ): a bed or layer within a rock 
succession with distinctive, easily recognizable 
characteristics that allow it to be traced for 
long distances or to serve as a reference or 
datum, and thereby enabling correlation.

Marl: a fine-grained calcium carbonate-rich 
mud or clay.

Mass extinction: a heightened rate o f extinc
tion as recorded in the fossil record by the 
termination o f a significant number o f 
species lineages over a relatively short period 
o f time (in geological terms), reflecting a 
biotic crisis that may have a variety o f causes, 
such as a change in sea level or climate.

Mass flow: the transport, down slope under the 
force o f gravity, o f large, coherent masses o f 
sediment, tephra or rock; commonly assisted 
by the incorporation o f water, ice or air.

Massif: a very large topographic or structural 
feature.

Massive: descriptive o f a bed or layer o f sedi
mentary rock with an apparendy uniform 
structure and lacking bedding fabric or lam i
nation.

Matrix: the fine-grained sediment or crystalline 
cement that infills the spaces between larger 
grains.

Megaspore: a fossil plant spore greater than
0.22 mm in diameter, for which the parent 
plant is often unknown.

Member: in lithostratigraphy, a subdivision o f 
a formation.

Mesozoic Era: a geological time division ranging 
from  65 to 247 m illion  years ago . It com prises  

the Triassic, Jurassic and Cretaceous periods.
Metamorphic rock: a rock that has been 

altered by the action o f heat and/or pressure, 
without melting.

Metamorphism (adj. metamorphic): the pro
cess o f radical alteration o f the mineralogical 
and/or physical nature o f rocks as a result o f 
pressure and/or temperature.

Metasediment: a sedimentary rock that has 
undergone metamorphism.

Micrite: a microcrystalline calcite; typically a 
lime mud.

Microfauna: a microscopic animal.
Microfossil: a microscopic fossil.
Miospore: a general term for any fossil plant 

spore smaller than 0.2 mm.
Mollusc: any member o f the phylum Mollusca, 

which comprises about 5000 species. These 
invertebrates are characterized by a fleshy 
soft body and, usually, a hard shell. They 
may be marine, freshwater or terrestrial, and 
examples include gastropods (snails, 
limpets), bivalves (oysters, mussels), and 
cephalopods.

Monocline: a stratigraphical unit that dips 
from the horizontal in one direction only, not 
as part o f an anticline or syncline.
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Morphospecies: a group o f biological organ
isms that differs in some morphological 
respect from all other groups.

Mucilage: a layer or mass o f organic matter, 
commonly coating the shells o f marine organ
isms and some grains such as ooids.

Mud: a mixture o f clay and silt.
Mudrock (mudstone): a fine-grained sedimen

tary rock; lith ified mud.

Nannofossil: an extremely small marine
(usually algal) fossil, smaller in size than a 
microfossil, such as a coccolith.

Nautiloid: a member o f the subclass Nauti- 
loidea o f the class Cephalopoda (see cephalo- 
pod). These marine invertebrates possess a 
multi-chambered external shell o f calcium 
carbonate that may be straight or coiled. 
Only one genus, the Nautlius, survives today.

Nekton (adj. nektonic): those organisms that 
actively swim in water.

Neotype: a specimen designated as the type 
specimen o f a species or subspecies when 
the holotype and all para types and syntypes 
have been lost or destroyed.

Neptunian dyke: a sheet-like body o f sand or 
other sediment that cuts through bedded 
sediment in a manner analogous to an igneous 
dyke. Formed by the upward or downward 
injection o f liquefied sand through a fissure, 
often as a result o f earthquake activity.

Neritic: relating to the sub-littoral zone,
between the continental shelf and low-water 
mark.

Nodule: a small concretion, generally roughly 
spherical or ellipsoidal.

Non-sequence: a relatively minor break in the 
accumulation o f sediment and therefore a 
gap in the sedimentary rock record.

Obdurate: hardened.
Obrution: sudden burial.
Onlap: associated with unconformities, beds 

that successively overlap each other.
Oncolite (adj. oncolitic): a spherical or sub- 

spherical particle, up to 5 cm in diameter, 
which is produced by the accretion o f 
sedimentary material on to a mobile grain 
through the action o f algae.

Ontogeny: the growth and development
through the life o f an individual organism.

Ooid (oolith ): a spherical or subspherical 
carbonate-coated, sedimentary particle, less 
than 2 mm in diameter.

Oolite: a rock, usually limestone, made up 
largely o f ooids produced by accretion of 
carbonate around a nucleus.

Order: a category used in the taxonomic classi
fication o f organisms, which consists o f one 
or several related families. Similar orders are 
grouped together in a class.

Orogeny: a process o f mountain building
during which the rocks and sediments o f a 
particular area o f a continent are deformed 
and uplifted to form mountain belts.

Ossicle: a small bone, or piece o f bone-like, 
calcitic or chitinous material found in various 
skeletal parts o f animals.

Ostracod: any member o f the subclass
Ostracoda (class Crustacea {see crustacean), 
phylum  Arthropoda {see arthropod)). 
These small invertebrates are mostly less than 
1 mm in size and consist o f two calcareous 
valves ( ‘shells'). They can be found in a wide 
range o f aquatic environments, both in firesh- 
and salt-water.

Outlier: an outcrop o f younger rocks sur
rounded, on a geological map, by older rocks 
(cf. inlier).

Overstep: a relationship in which a younger 
series o f sedimentary strata rests upon a 
progressively older series o f strata, the older 
and younger series o f strata being separated 
by a plane o f unconformity.

Palaeo-: ‘ancient'.
Palaeontology: the study o f fossil fauna and 

flora including their evolution and recon
struction o f pre-existing environments.

Palaeozoic Era: a geological time division; 
the first major division o f geological time 
characterized by abundant life. It precedes 
the Mesozoic Era.

Palaeosol: an ancient or ‘fossilized' soil.
Palyno-: prefix indicating ‘pollen ' or ‘spores’.
Palynology: the study o f pollen, spores and 

certain other, generally plant, microfossils.
Palynomorph: any o f the microscopic, acid- 

resistant, organic-walled bodies found in 
palynological preparations and studied in 
palynology.

Pangaea: a supercontinent formed by ocean 
floor subduction, plate collision and assem
bly o f all continents in late Permian times.

Paper shale: a shale that easily separates 
on weathering into thin layers or laminae 
resembling sheets o f paper. Often very 
carbonaceous.
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Parastratotype: a supplementary stratotype 
used to illustrate the diversity or hetero
geneity o f the defined stratigraphical unit or 
some critical feature not evident or exposed 
in the stratotype.

Para type: a specimen, other than the holotype, 
on which the original description o f a species 
or subspecies is based.

Patch reef: an isolated ree f development, 
commonly located on a carbonate platform, 
but away from the platform edge.

Pelagic: of, or relating to, the open sea;
particularly the organisms that swim or float 
within the water column.

Pelmicrite: a lim estone consisting o f a variable 
proportion o f peloids and carbonate mud 
(m icrite).

Peloid: a sand-sized to granule-sized grain o f 
finely crystalline carbonate o f many possible 
origins, including pellets.

Penecontemporaneous: formed or existing at 
almost the same time.

Pericline: a dome-shaped anticline.
Periglacial: a zone or environment peripheral 

to glaciers, so that it is very cold but is not 
covered by ice sheets; it is characterized by 
the frozen ground known as ‘permafrost’.

Period: a geological time unit (cf. chrono- 
stratigraphy); o f shorter duration than an 
era and itself divisible into epochs.

Petrology: the study o f the composition, occur
rence and origin o f rocks.

Phosphate: phosphourus salt, a mineral
frequently associated with the preservation o f 
bones and shells.

Phosphatic: descriptive o f a rock containing 
large quantities o f phosphate.

Phosphatize: the process o f becoming
enriched with phosphate.

Photic zone: the part o f a water body in which 
there is enough sunlight for photosynthesis 
to occur.

Photosynthesis: the process whereby green 
plants trap light in chlorophyll and use it to 
synthesize carbohydrates from carbon dioxide 
and water.

Phylum (pi. phyla): a category used in the 
taxonomic classification o f organisms, which 
consists o f one or several related classes. The 
phyla are grouped together into two king
doms, the Plantae (plants) and the Animalia 
(animals).

Phylogeny: the line, or lines, o f direct descent 
in a given group o f organisms.

Pisoid (pisolith): a large ooid  with a diameter 
o f more than 2 mm.

Planation: the process o f erosion  that
causes the erosion surface to become flat or 
level.

Plankton (adj. planktonic): minute aquatic 
organisms that drift with water movement.

Plesiosaur: a predatory marine reptile o f the 
Mesozoic Era, which had a long neck and a 
relatively small head, and swam with flipper
shaped limbs.

Pliensbachian Stage: a chronostratigraphical
subdivision o f the Jurassic System, comprising 
the rocks deposited during the Pliensbachian 
Age. The third stage o f the Lower Jurassic 
Series, it is dated to approximately 191.5- 
183.6 Ma (Palfy et a l., 2000c) and is preceded 
by the Sinemurian Stage and followed by the 
Toarcian Stage.

Pluton (adj. plutonic): an intrusion o f igneous 
rock emplaced at depth in the Earth’s crust.

Poik ilotopic: a sedimentary rock fabric in 
which coarse crystals o f cement enclose a 
number o f smaller, detrital grains.

Pollen: the microspores o f angiosperms and 
certain groups o f gymnosperm.

Polymictic: descriptive o f a conglomerate that 
contains clasts o f many different rock types.

Pseudoplankton (adj pseudop lankton ic ): 
organisms that are attached to floating material 
or mobile swimmers.

Province: the geographical region occupied 
by a particular assemblage o f organisms in 
response to certain environmental factors 
such as climate and water temperature.

Proximal: near to the source.
Pterosaur: a flying reptile o f the Jurassic and 

Cretaceous periods characterized by a 
membranous wing supported by an elongate 
fourth finger.

Pyroclastic: descriptive o f unconsolidated
deposits (tephra) and rocks that form direedy 
by explosive ejection from a volcano.

Quartz: a rock-forming mineral composed
entirely o f silica (SiO^; one o f the most 
common minerals o f the Earth’s crust.

Quartzose: containing quartz as a principal 
constituent.

Radiolarian (pi. radiolaria): a group o f marine, 
single-celled plankton, which secrete 
siliceous skeletons that are often preserved as 
fossils in deep-sea sediments.
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Radiom etric dating: methods o f dating certain 
rocks or minerals using the relative abun
dances o f radioactive and stable isotopes o f 
certain elements, together with known rates 
o f decay o f radioactive elements. Radiocarbon 
dating can extend back to only 50 000 years, 
but other elements (potassium, lead, uranium) 
can be used to obtain dates o f the order o f 
tens to thousands o f millions o f years.

Red-beds: a collective term applied to conti
nental sedimentary successions that are pre- 
dominandy red in colour due to the presence 
o f iron oxides and hydroxides formed in a 
highly oxidizing environment.

Reef: a rigid and wave-resistant carbonate buildup 
produced by the lime secreting activities o f 
marine invertebrates such as corals that lived 
in shallow, warm shelf seas.

Regolith : a layer o f unconsolidated, weathered, 
broken rock debris that lies below the soil and 
above the bedrock below.

Regression: the withdrawal o f the sea from the 
land due to a fall in relative sea level.

Reworking: the natural excavation and trans
portation o f sedim ent or fossil material that 
is then re-deposited elsewhere.

Rhaetian Stage: a chronostratigraphical 
division o f the Triassic System, comprising 
the rocks deposited during the Rhaetian Age. 
The last stage o f the late Triassic Series, it is 
dated to approximately 204-199.6 Ma and is 
followed by the Hettangian Stage.

Rift: a depressed area o f continental crust 
produced by tensile stretching o f the crust 
and down-faulting along parallel faults.

Rudite (adj: rudaceous): a coarse-grained sedi
m entary rock, either consolidated as in a 
conglom erate, or unconsolidated as in a till.

Sand: sedim ent particles typically between
0.625 mm and 2 mm in diameter.

Sandstone: a sedim entary rock composed o f 
lith ified  sand grains between 0.625 mm and 
2 mm in diameter.

Scaphopod: any member o f the class Scapho- 
poda (phylum  Mollusca {see m ollu sc)). 
These marine invertebrates burrow into 
sedim ent and secrete and occupy hollow  
calcareous tubes open at both ends.

Scar: a steep, rocky eminence or cliff where 
bare rock is prominently exposed.

Scarp: a steep or cliff-like slope, rising above 
the surrounding land. Typically produced by 
the outcrop o f a relatively hard unit o f rock.

Schist: a coarse-grained m etam orphic rock 
that displays a strong fo lia tion  (schistosity) 
that is often defined by mica alignment.

Sclerite: an exoskeletal element in the form o f 
plates or spines, often mineralized.

Scree: an accumulation o f rock fragments
formed by the mechanical weathering o f out
crops. The rock debris generally forms cones 
or slopes beneath cliffs.

Sedim ent: granular material such as sand or 
m ud derived from the w eathering and 
erosion o f pre-existing rocks, biological activity 
(e.g. shells and organic matter), or chemical 
precipitation (e.g. evaporites).

Sedim entary rock: a rock composed o f sedi
ments, deposited by water, wind or ice.

Sedim entology: the study o f sedim ents and 
sedim entary rocks, including their deposi
tion, structure and composition.

Seismic stratigraphy: the study o f stratigraphy 
and depositional facies through seismic data.

Seism ite: a deposit displaying soft-sediment 
deformation inferred to be o f seismic origin.

Sequence stratigraphy: the study o f strati
graphy through the use o f repetitive, related 
units bounded by surfaces o f erosion or non
deposition.

Series: a chronostratigraphical division com
prising all the rocks formed during an epoch; 
it can be divided into stages.

Serpulid: a member o f the fam ily Serpulidae 
(phylum  Annelida {see annelid )). These small 
marine worms build tubes that becom e 
mineralized with calcium  carbonate.

Shale: a m udrock that splits easily into layers.
Silcrete: a conglom erate consisting o f sand and 

gravel cemented into a hard mass by silica.
Siliciclastic: a sedim ent or sedim entary rock 

comprising a high proportion o f silica-rich 
grains or clasts.

Sill: a tabular body o f igneous rock that is 
more-or-less concordant with the bedding or 
foliation o f the host rocks.

Silt: a fine-grained sedim ent intermediate in 
grain size between clay and sand.

Siltstone: a rock made o f silt.
Sinem urian Stage: a chronostratigraphical 

subdivision o f the Jurassic System, comprising 
the rocks deposited during the Sinemurian 
Age. The second stage o f the Low er Jurassic 
Series, it is dated to approximately 196.5- 
191.5 Ma (Palfy et al., 2000c) and is preceded 
by the Hettangian Stage and followed by the 
Pliensbachian Stage.
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Sorting: the ordered distribution o f grain sizes. 
A well-sorted rock has a narrow range o f grain 
sizes. A poorly sorted rock has a wide range 
o f grain sizes.

Sparite (sparry ca lcite): a lim estone in which 
the sparite cem ent is more abundant than the 
m icrite m atrix.

Species: a category used in the taxonomic 
classification o f organisms. Similar species 
are grouped together in a genus.

Spicule: a small needle or spine.
Sponge: any member o f the phylum  Porifera; 

primitive multi-cellular aquatic animals which 
secrete a skeleton o f either silica, calcium  
carbonate or an organic material.

SSS1: Site o f Special Scientific Interest; the 
designation o f an area o f land for statutory 
protection under the W ildlife and Country
side Act 1981.

Stage: a chronostratigraphical division com
prising all the rocks formed during an age, 
and usually taken to be the smallest standard 
unit.

Steinkern: an internal mould caused by the 
preservation o f the internal features o f 
skeletal remains.

Stcnohalinc: descriptive o f organisms with a 
narrow tolerance range in water salinity.

Stratigraphy: the study o f the temporal and 
spatial relationships within a rock succession.

Stratotype: a sequence o f sedim entary rocks 
at a particular locality chosen as the standard 
against which other sequences can be 
compared. Stratotypes are established for 
lithostratigraphical and biostratigraphical 
units, both regionally and internationally.

Stratum (pi. strata): a bed or single layer in a 
succession o f rock.

Strike: the trend o f a geological surface (e.g. a 
bedding p lane) measured at right angles to 
the direction o f maximum slope or dip.

Strike-slip: a tecton ic break in strata in which 
the predom inant displacement is lateral 
rather than vertical.

Strom atolite: a lam inated, mounded structure 
com posed o f lim eston e built by cyano
bacteria. They are known in rocks through
out the geological record; today, they develop 
in warm, shallow tropical seas.

Subboreal: pertaining to a Jurassic faunal
province covering areas including southern 
England, northern France, northern Germany, 
parts o f Poland and Russia west o f the 
Urals.

Sub-littoral: see neritic.
Subduction: the process o f one crustal plate 

descending into the mantle beneath another 
during plate convergence and collision, 
with the release o f energy in the form o f 
earthquakes and often accompanied by 
volcanicity.

Subsidence: a sinking o f a local or regional 
portion o f the Earth’s surface with respect to 
its surroundings.

Supratidal: above the tides.
Syncline: a downfold o f rock produced by 

tecton ic deformation; the youngest rocks 
occur in its core.

Syn-: prefix indicating ‘the same as’ or ‘resem
bling’.

Syntype: any one o f a series o f specimens 
which characterize a species when there are 
no designated bolotypes and paratypes.

System: a ch ronostratigraph ical division
comprising all the rocks formed during a 
period; can be divided into stages.

Taphonomy: in palaeontology, the study o f 
the changes, including transportation, that 
affect organisms after death, including the 
physical and chemical interactions that take 
place between burial o f the organism and its 
subsequent discovery as a fossil.

Taxon (pi. taxa): any group o f organisms that 
has been scientifically designated as belong
ing to a specific taxonomic group.

Taxonomy: the study o f the rules o f classifica
tion o f living and extinct organisms.

Tectonic inversion: a change in the relative 
elevation o f a block o f crust (e.g. a basin 
becomes a basement high or vice versa), 
brought about by the reversal o f movement 
direction along structures such as faults, due 
to a change in regional forces.

Tectonism  (adj. tecton ic): deformation o f the 
Earth’s crust and the consequent structural 
effects (e.g. faults and fo lds).

Tem pestite: a storm deposit -  material depo
sited during a single storm, often on a conti
nental shelf where the tidal range is small and 
the prevailing winds are strong.

Terrigenous: deposited or formed on land, or 
derived from the land.

Tethys: an E-W-extending major ocean, which 
separated the southern supercontinent o f 
Gondwanaland from Laurasia in M esozoic 
times; subducted to form  the A lp ine- 
Himalaya mountain belt.
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Therm al (con tact) m etam orphism : the 
m etam orphism  or recrystallization o f rocks 
surrounding an igneous intrusion due to the 
heat supplied by the intrusion.

Throw: the amount o f vertical displacement 
between the rocks on either side o f a fault.

Thrust fault: a fault characterized by move
ment or rocks under lateral compression 
along a low-angle fault plane.

Toarcian Stage: a chronostratigraphica! sub
division o f the Jurassic System, comprising 
the rocks deposited during the Toarcian Age. 
The last stage o f the Lower Jurassic Series, 
it is dated to approximately 183.6-178 Ma 
(Palfy et a l., 2000c) and is preceded by the 
Pliensbachian Stage and followed by the 
Middle Jurassic Aaienian Stage.

Topotype: a specimen o f a particular species 
that comes from the same locality as the type 
specim en o f that species.

Trace fossil (ichnofossil): a b iogen ic sedimen
tary structure produced by activity o f an 
organism within a substrate; examples 
include burrows and footprints.

Transcurrent fault (strike-slip fau lt): a fault 
in which the major displacement is horizontal 
and parallel to the strike o f a vertical or 
sub-vertical fault plane. Localized zones o f 
deformation due to pressures and tensions 
across the fault occur at bends in the fault and 
can give rise to conditions o f transtension. 
The latter process may cause the formation o f 
rhombic-shaped basins, graben, or marginal 
basins that may be the focus o f rift-related 
volcanic activity.

Transgression: the encroachment o f the sea on 
the land due to a rise in relative sea level.

Trough cross-bedding: cross-bedding in 
which the lower bounding surfaces are curved 
surfaces o f erosion, due to local scour and 
subsequent deposition.

Truncation: the cutting or breaking o ff o f the 
top o f a geological structure or landform.

Tsunamite: a sedim ent or rock formed and 
deposited by a tsunami, often incorrecdy 
termed a ‘tidal wave’.

Tbflf: cemented and lith ified  volcanic ash, 
comprising rock and crystal fragments from 
an explosive eruption.

Type locality/area: the place where the type 
section (or stratotype) for a stratigraphical

unit is located, or from where the type 
specim en o f a fossil came.

Type section: see stratotype.
Type specim en: a single specimen designated 

as typifying a named species or subspecies. 
See also holotype and para type.

Unconform ity: the surface that separates two 
sedimentary sequences o f different ages; it 
represents a gap in the geological record 
when there was erosion, and/or tectonism  
and/or no deposition. There is often an 
angular discordance between the two 
sequences.

U plift: a structurally high area in the crust, pro
duced by movements that raise or upthrust 
the rocks, as in a dome or arch.

Upthrow: the amount o f upward displacement 
o f rock along a fault.

Vcigile: descriptive o f a plant or animal that is 
free to move about.

Volcanic rock: an extrusive igneous rock
formed by a volcanic eruption.

Volcaniclastic: generally applied to a clastic 
rock containing mainly material derived from 
volcanic activity, but without regard for its 
origin or environment o f deposition (includes 
pyroclastic rocks and sedim entary rocks 
containing volcanic debris).

Vug (adj. vuggy): a cavity in a rock, which may 
contain a lining o f crystalline minerals.

Wadi: a gorge-like valley formed in arid or semi- 
arid environments.

W eathering: the breaking down o f rocks
through the effects o f exposure to the weather; 
the term does not infer any transportation o f 
the weathered rock material.

W innowing: the selective sorting or removal o f 
fine-grained particles by the action o f water 
currents or wind, leaving coarser-grained 
material behind.

Zone: a stratigraph ica l unit in many
categories o f stratigraphical classification. 
In chronostratigraphy, a division smaller 
than a stage, defined by its base in a type 
section.

Zonule: a small subdivision o f a b iozone or 
subbiozone.
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288
A. subnodosus 177-81,

224-5, 232-4, 267, 286, 
288, 297,340, 354 

A. wertheri 178, 268, 286 
Amauroceras 11

A. ferrugineum  242, 267-8, 
285,340, 354,355 

Ambulacrites (=  Sicbopites) 
polymorpha 42 
A. (=  5.) terquemi 43 

Ammonites (Amioceras) sew/- 
costatum 252 
A. communis 296 
A. dunravenensis 123 
‘A. fim briatus' 296-7 
A. holandrei 184, 186 
A.jamesoni 319 
'A. johnstoni' 248 
A.jurensis 12
A. (Psiloceras) planorbis 5, 6 
A. (Scblotbeimia) angulatus 

5
A. suttonensis 123
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Androgynoceras 255,333, 
334-5
A. brevilobatum  334,355 
A. heterogenes 255, 260 
A. lataecosta 255, 286 
A. maculatum  255, 260, 

286,333, 334,340, 342 
A. sparsicosta 144, 180, 255 
A. tr. sparsicosta 333, 335 

Angeloteutbis 33 
Angulaticeras 216, 220, 260 
Antiquilim a  165

A. antiquata 36, 168 
Apoderoceras 11, 12, 69, 76, 

138, 142, 216, 255-6,
258-60, 309-10, 368 

Archastropecten 74, 219 
A. bastingiae 296 

Arieticeras 11 
arietitid fauna 90, 248 
Arietites 8, 136-7, 248 

A. bisulcatus 167 
A. bucklandi 136-7, 165, 

167, 169
Amioceras 8 ,9, 137, 140,165, 

217, 167, 219, 247-8, 257, 
328, 329-30, 371,372 
A. acuticarinatum  248 
A. aff. am ouldi 216, 220 
A. bodleyi 92 
A. ceratitoides 165, 167 
A. confusum 142 
A.falcarries 372 
A. lenticulare 242 
A. nodulosum 328 
A. semicostatum 142, 220, 

247-52, 257, 260,328, 366 
Astarte 172, 174, 309-10 

A. gueuxii 175 
A. lurida  196

Asteroceras 9, 67-8, 137, 216, 
220, 257, 259, 371, 257, 259 
A. Wafcef 257, 260 
A. obtusum 142, 371-3 
A. sagittarium  220, 257 
A. ex grp. smithi 216, 220 
A. ste/tare 67, 137, 216, 257, 

366
Atreta intusstriata 36, 131, 133 
Aulacothyris fusiform is 242 

A. iberica 41 
A. pyriform is 242 
A. resupinata 40 

Avicula 66-7

Bairdia redcarensis 249 
Bairdiacea 45 
Balanocrinus 43

8. donovani 42, 227, 347 
B. gracilis 42, 74, 178, 180, 

182, 286, 289 
8. quaiosensis 42
B. solenotis 42, 176, 178, 

268, 288
8. subteroides 42, 72 

Baltispbaeridium  309 
Baltodentalium limatulum 38 
Beaniceras 11, 139 

8. crassum 173, 255 
8. crassum tr. luridum 334, 

335
8. luridum  173, 180, 255, 

260
8. luridum  tr. crassum 334, 

335
8. rotundum  173 

Belemnitinae 33, 74, 76 
Bifericeras 9, 11, 256 

8. 256, 366
8. donovani 12, 256, 260 
8. subplanicosta gr. 140 

Binoculites Jurassica 43 
8. terquemi 43 

Biscutum fin ch ii 46 
8. intermedium 46 
8. novum 46 

Bositra 341 
8. radiata 289 

Botryococcus 309 
Brevibelus breviformis 32,

194, 272, 275 
8. cf. gingenis 275

Caenisites 8, 137, 219-20, 257, 
366
C. cf. feroofcf 220, 257, 259
C. fwrmrrf 371,372

Calcirbynchia calcaria 39, 40, 
4 i, 63, 90 

Callialasporites- 
Perinopollenites 46 

Caloceras 6, 89, 131, 212 
C. belcberi 261 
C. intermedium  89, 212 
C.jobnstoni 89, 212, 362-3 
C. wrighti 261 

Camptonectes 90, 115, 166, 
219, 224, 275, 354
C.jamoignensis 35, 36

C. mundus 224, 227 
C. punctatissimus 35 
C. sublatus 36 

Canavarina 167, 169, 196 
C. cultraroi 243, 285, 288 

Cardinia 123, 172, 174, 219, 
221, 309-10, 326-7, 362,
364
C. attenuata 225 
C. concinna 249, 362 
C. cuneata 168 
C. imbricata 168 
C. listeri 35, 36, 117-18,

249
C. naptonense 225 
C. nilssoni 35, 36 
C. ovalis 35, 36, 168 
C. tuffleyensis 176 

Catacoeloceras 14, 15, 96 
C. crassum 276, 297, 301 
C\ dumortieH  197, 275-6, 

279
C. leesbergi 194 

Catulloceras 15 
Cenoceras 97, 165, 166, 256 

C. astacoides 285, 297, 303 
C. st Hat us 166 

Ceratomya sp. 224 
CeratospoHtes spinosus 47 
Cercomya debayesi 133 
Cerebropollenites 309-10 

C. macroverrucosus 46 
CbaHoarinus wuerttembergicus 

42, 279
Charmasseiceras 8, 166, 248, 

260
C. chamtassei 165-7 

Cblamys 66, 68, 115, 150, 165, 
310,327 
C. calva 329 
C. (<Cblamys)  pollux  36 

C. (C.) valoniensis 36 
C. cf. julianus 227 
C. pollux  36
C. valoniensis 123, 360, 363 

Chondntes 69-70, 167, 216, 
256, 258, 310

Cbondroteutbis wunnenbergi 
185

Cbonstoceras 16 
C. minutum  16 

chrondrostean fish 303 
Cincta cor 40, 4/

C. numismalis 40, 4i
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Cirpa 154, 156 
C.fronto 39, 150 
C. longa 39 

Classopolis 91, 309 
Clastoteuthis 33 
Cleviceras 14

C. elegans 107, 109, 185-6, 
232, 264, 282, 341 

C. exaratum 233, 266, 284, 
298, 302-4,348, 349 

Coeloteuthis dens 32 
C. excavatus 32 

Coeloceras 11 
C. dayi 343

Coelodiscus minutus 185-6 
Coelostylina 123, 127 
Coleia barroviensis 212 

C. ricbardsoni 185 
C. wilmcotensis 212 

Corollina 48
Coroniceras 8, 137, 165, 248, 

328, 329-30
C. (Arietites) alcinoe 257 
C. caesar 327, 328-9 
C. coronaries 329 
C. hyatti 248 
C. kridion 90, 371, 372 
C. (yra 165, 167, 169, 248, 

328, 329, 366, 368, 372 
C. rotiforme 131-2, 166,

169, 212, 248, 371,372 
C. vercingetorix 167, 169 

Cotteswoldia 15 
Crepidolithus cavus 46 

C. crassus 46 
C. granulatus 46 
C. pliensbachensis 46 

crocodilians 290, 296, 302 
Crucilobiceras 9, 69

C. densinodulum 256, 259 
Cryptaenia expansa 37 
Cryptaulax sobrina? 107 
Ctenostreon philocles 35, 36 

C. tuberculatus 131, 133 
Cucullaea 100, 217 
Cucumarites mortenseni 43 
Cuersithyris davidsoni 41 

C. radstockensis 41 
Cuneigervillia 68 
Cuneirbyncbia dalmasi 39 

C. oxynoti 39, 40, 41, 68, 
165, 168, 219

Cymbites 8, 9, 71, 137, 255 
Cypbolioceras opaliniforme 199

Cypricardia brevis 196 
C.pellucida 107 

Cypridacea 45 
Cytheracea 45 
Cytbere redcarensis 249

Dacromya beberti 35, 36 
ZX ovum 275, 278, 299, 303 

Dactylioceras 13, 14, 96, 107, 
232, 264, 266-9, 276-7, 284, 
299, 302,340, 341, 342-3, 
347,348, 349,355, 356, 358 
ZX anguiforme 348, 349-50 
ZX athleticum 227, 276, 302 
ZX clevelandicum  284, 285 
ZX commune 96, 297, 299, 

302, 304
ZX cf. consimile 302 
ZX crassiusculum 276, 343 
ZX crassoides 284 
ZX crosbeyi 284, 285 
X). delicatum 340 
ZX gracile 227, 277 
ZX ?cf. hollandrei 109 
ZX praepositum  276 
ZX pseudocommune 109, 

184, 186
ZX semiannulatum 96, 284 
ZX semicelatum 232, 277, 

284, 285, 303 
ZX temperatum 276 
ZX tenuicostatum 284, 285, 

289, 347,348, 350 
ZX toxopborum  343, 347, 

348, 351
ZX cf. venticosa 275-6 

dactylioceratids 13, 96, 98, 
243, 289, 303

Dactyloteutbis 32, 341, 343 
ZX crossetela 276, 301 
ZX cf. venticosta 275-6 

Dapcodinium  309 
ZX priscum 46 

Dapedium 212 
Dayiceras 11 
Denckmannia 15 
Dentalium  36 

ZX angulatum 38 
ZX elongata 272 
ZX giganteum  37, 260, 287 
ZX hexangonale 38 
ZX oblongum 38 
ZX sabrinae 38 
ZX terquemi n.d. 38

Derolytoceras 138 
Diademopsis 63, 81, 90, 118, 

249
D. cf. crinifera 185 
ZX serialis 115

Diplocraterion 70, 90, 166-7, 
219, 221, 256, 258 

Discinisca (=  Orbicula) town- 
sbendi 168
D. reflexa 272, 275, 297,

299, 303
Discorbabdus ignotus 46 
Dorsoserpula 68 
Dumortieria  76, 100, 101,

104, 105, 195, 272 
ZX costula 101
D .fa lcofila  99 
ZX lata 272
ZX moorei 101, 104-5, 195, 

199, 272
ZX aff. munda 272 
D. novata 194
D. cf. penexigua 272
D. pseudoradiosa 101, 104 
ZX tabulata 99

Ecbioceras 8, 69, 138, 140-2, 
143, 216, 335, 368
E. grp. aeneum 68
E. intermedium  256
E. raricostatoides 138
E. raricostatum  Z42, 247, 

256
echioceratids 30, 69, 140-2, 

150, 334, 366, 368 
Elegantuliceras 13,14, 243, 

277
8. elegantulum 266, 276-7, 

284, 296, 303,348, 349-50 
8. rugulatum  266 

Entolium  219, 286 
8. liasinum  36 
8. lunare 33

Eocomatula interbrachiatus 
42

Eoderoceras 69, 247, 256, 259, 
334-5
8. aculeatum  260 
8. a ff armatum  259-60 
8. mtfes 69, 310 

Eodiadema 81, 118 
8. 90, 115
8. granulata 232 
8. mfowta 44, 72, 175
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Eopecten angularis 36 
Epammonites 8 

E. isis 140
E. latisulcatus 371,372 

Eparietites 216, 219-20, 257, 
259, 366
E. bairstowi nov. 257
E. collenoti 220 
E. denotatus 216, 220, 257, 

260
E.fow leri 216, 220 
E. aff. glaber 220
E. impendens 257 
E. cf. undaries 220, 257 

Epideroceras 9, 77, 138 
Epopbioceras 8, 9, 219, 257 
Eretmosaurus macropterus 

297
Erycites 15 
Eryma 225

5. Mnft 272, 279 
Eryon wilmcotensis 212 
Esericeras 15 

E. eseri 197 
euestheriids 309 
Euagassiceras 8, 64, 137, 140, 

220, 247, 257, 259, 329 
E. ex grp. resupinatum 

217
sauzeanum 328

E. terquetni 328 
Eucoroniceras sinemuriense

165
Eutbynotus 185

Eranziceras 323 
T7. ruidum  141 

Frecbiella 14, 243, 276 
T7. subcarinata 276, 297, 

302, 304
Frondicularia terquetni 91 
Furcirbyncbia cotteswoldiae 

39, 199-200
F. furcata 39
F. ilminsterensis 39
F. m elvillei 39

Gagaticeras 9, 216 
(7. exortum  257, 260 
<7. gagateum 256, 260 
G\ neglectum 138 

4Galaticeras’ auct. 9 
Galeropygus dum ortieri 

199-200

Geoteuthis 269 
(7. agassizi 185 

Gervillia  66, 90 
G .fom icata  196
G. tafc* 272 
<7. tortuosa 272 

Gibbirbyncbia amaltbei 39 
G. curviceps 39, 40, 47 
(7. gibbosa 39
G. grandis 39 
<7. laevigata 39 
G. micra 39 > 178, 180-2 
(7. muirwoodi 39
G. nortbamptonensis 39, 

232, 234
(7. tbomcombiensis 39 
G. tiltonensis 39, 231-2 

Gleviceras 9, 138, 142, 256 
G. guibalianium  310 
<7. cf. victoris 309-10 

Glyphaea prestwicbi 279 
Goniomya tetragona 185 
Grammatodon 100, 309-10 

(7. (<Grammatodon) pullus 
35

(7. pullus 34
Grammoceras 96, 97, 138, 275 

(7. aalense 199 
<7. audax 197 
(7. dum ortieri 199 
(7. striatulum  194, 199-200, 

275, 278
<7. thouarsense 96, 194, 275 
(7. toarciense 197 

Grammoceratinae 16 
Grandirhynchia grandis 358 
Gresslya 258, 272, 275-6 

<7. donaciformis 275-6, 279 
(7. galatbea 36 

Gruneria 15
Grypbaea 66, 71, 126, 150, 

165-6, 169-71, 216-17, 219, 
226, 247-9, 252, 257, 259, 
268, 286, 309-10, 319,325, 
330, 342, 361, 370-1,372 
(7. arcuata 33,34,35, 63, 

90, 123, 165-8, 328, 330, 
360, 362, 366, 370-1 
<7. **. incurva 167-8 

<7. gigantea 33,34,35, 286, 
334, 338,349, 356, 358 

G. mccullochi 33,34,35, 69 
<7. obliquata 90, 334 

Gyrosteus m irabilis 303

Hammatoceras 15 
H. insigne 196 

Haplophragmoides lincoln - 
erisfc 173

Harpoceras 14, 96, 227, 342, 
349
77. discoides 197 
77. elegans 277 
77. exaratum 277, 296 
H.falciferum  96, 227, 232, 

266, 277, 284, 290-1, 296, 
302, 343

77. mulgravium  290, 302, 
340

77. pseudoserpentinum 291 
77. serpentinum 232, 266, 

284, 302, 347,345, 350 
77. subplanatum 96, 276, 

345, 349, 351 
Harpoceratoides sp. 266 
hastitids 71, 73 
Hastites 33

77. clavatus 32, 33 
77. cbarmouthensis 33 

/tawgta i5 , 197, 275 
//. grandis 197 
77. aff. illustris 197 
77. variabilis 96, 197, 275 

Hemieuryale lunaris 74, 180 
Heterastraea 90 

77. excavata 249 
77. latimeandroides 123 
77. murchisoni 326,327, 330 

Heteropblebia angulata 185 
//. buckmani 185, 756 

Hettangia aperta 176 
Hildaites 14, 150, 277, 347, 

345, 350
H. forte  185-6, 266, 302 
//. murleyi 185-6, 266, 284, 

302
Hildoceras 14, 75, 5*>, 107,

109, 150, 757, 227, 243,
299-300 
77. apertum 96 
H. bifrons 96, 109, 197, 199, 

276, 297, 300-2, 304, 343 
77. caterinii 96 
77. crassum 96 
77. laticosta 96, 34$
77. lusitanicum  276, 302 
77. semipolitum 96, 197,

276, 301, 351 
77. sublevisoni 96
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Hildocerataceae 13, 16, 75 
hildoceratids 96, 98, 243, 

288-9, 303
Hinnites objectus 196, 197 
Hippopodium ponderosum 

249, 334
H. tuffleyensis 176 

Hispidocrinus scalaris 42,
258, 260
H. scblumbergeri 42, 43, 69, 

289, 347
Holcorbynchia standishensis

39
hoiothurians 43 
Homoeorbyncbia acuta 39, 

234, 272, 356, 358 
H. capitulata 39, 242
H. cynocepbala 39, 41, 

194-5, 199-200, 281 
H. c. meridionalis 104-5 

Huddlestonia affinis 272 
H. seridens 194 

Hybodus bauffianus 165, 304

ichthyosaurs 67, 71, 90, 185, 
247-9, 275, 279, 293, 301-3 

Ichthyosaurus 278, 296 
/. communis 297-8 
/. crassimanus 297 

Isastraea globosa 123 
Isocrinus 165

/. basaltiformis 42, 70-2 
/. lusitanicus 42, 97 
/. psilonoti 42, 43, 63, 115, 

166, 168, 249 
/. psilonoti trans. tuber- 

culatus 42 
/. robustus 42 
/. rollieri 42, 104 
/. (Pentacrinus) tubercula- 

tus 42, 66, 154, 168, 219, 
221

Juraphyilitid 9, 30 

Katosira 123
Koninckella boucbardi 41

Laemophiuinae 168 
Laevidentalium elongatum 38

L. etalense 38 
L. minimum 38 
Z. ricbardsoni 38 
L. subparvulum 38

Laqueoceras 89 
Leioceras 196, 343 

Z. opaliniforme 340 
L. afF. opaliniforme 280 
Z. opalinum  83-4 

Leospiriferina fa llo ti 41 
Lepidoptera 68 
Lepidotes 303 

L. gigas 296 
Leptecbioceras 9, 140 

Z. macdonnelli 138, 256 
L. cf. macdonnelli 216 
Z. meigeni 140, 256 
L. planum  216, 256 

Leptolepis 303
L. concentricus 185 
Z. coryphaenoides 185 

Leptopterygius acutirostris 
259, 269
L. (Leptonectes) so/ef 67 

Liasidium variabile 46 
Liassogomphus brodei 185 
Liassotipula anglicana 185 
Z/m* 197

Z. succincta 123 
Lingula 362

Z. 272, 275, 279
Lingulina tenera gp. 150 

Z. tenera plex. substriata 91 
Lioceras ambiguum? 199 

Z. comptum 199 
Z. opalinum  199 
Z. afF. opaliniforme 280 
Z. M/rfcJbtf 199

Liostrea 33, 66, 90, 104, 131, 
196, 227, 323, 326,327, 
361-20
Z. hisingeri 35, 36, 81, 89, 

115, 118, 211,362, 363 
Z. /aci/fc 131, 133 
Z. liassica 362 

Liparoceras 11, 71, 138-9,
171, 175, 353
Z. (Becbeiceras) bechei 224 
Z. cbeltiense 174, 226, 255, 

333, 335
Z. divaricosta 255, 268 
Z. elegans 175 
Z. beptangulare 255, 260 
Z. kilsbiense 173 
Z. naptonense 173, 225, 255 

iiparoceratids 170-5, 223,
225-7, 243, 260 

Litbopbaga 155

Lobotbyris edwardsi 227 
L. baresfieldensis 40, 194, 

199-200
L. punctata 40, 107, 154, 

227, 232, 234 
Z.p. clevelandensis 242 

Z. radstockiensis 143-4 
Z. trilineata 272 

Lotharingius baufii 46 
Lucina 90
Luebndea spinosa 46 
Lytoceras 11, Z4, Z5, 71, 138-9, 

150, 255, 267, 275, 277, 285, 
347-9,348
Z. cornucopia 275, 278, 298, 

301, 304 
Z. crenatum 302 
L. fim bria turn 171-2, 175, 

178, 255, 298 
Z. nitidum  266 

Lytoceratina 31, 296, 303

Macroplata longirostris 279 
Mactromya 310

Af. cardiodeum 35, 36 
Maxillirbyncbia implicata 39 
Mcgateuthidinae 33 
Megateuthis glaber 272,

275-6, 279
Af. ?longisulcata 275-6 
Af. rbenana 272, 275-6, 279 
Af. tripartitus 343-4 

Mendicodinium reticulatum  
46

Meneghiniceras 14
Af. lariense 243, 266, 269 

Metacopina 47 
Metacymbites 11 
Metaderoceras 11 
Metarinoceras leda 328 
Metopacanthus granulatus 168 
Metopbioceras 8, 10, 90, 219, 

248
Af. cf. grp. brevidorsale 10, 

248
Af. conybeari 63, 371,372 

Micrbystridium  309-10 
Microderoceras 8, 137, 366-8 

Af. MrcM 65, 220, 248, 257, 
259, 371,372 

microshark 173 
Miocidaris 165-7

Af. lobatum  44, 63, 80, 115, 
165, 167-70, 249
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M itrolitbus elegans 46 
Modiolus 90, 272, 310,362, 

363-4
M. billanus 362 
M. (Modiolus) minimus 34, 

35, 115, 118 
Af. scalprum 224 

M ontlivaltia guettardi 44, 249 
Af. baimei 121-3, 126, 168 

Mortensenites curcularis 43 
Myoconcba 310

Af. (M odiolina) decorata 35 
M. (Af.) psilonoti 35, 36 

Myopborella aft formosa 196 
Myriotrochites (=  Steuria)? 

costifera 43

Nannirhynchia pygmaea 39, 
40, 47, 185

Nannobelus 32, 63, 247 
AT. acutus 32, 168 
Af. alveolatus 31 
AT. armatus 33 
AT. oppeli 32

Nannoceratopsis gracilis 46 
Necrotaulius pymgmaeus 185 
Neocrassina 196 
Neopbyllites 6, 7, 89 
Nodicoeloceras 15,96, 150, 757 

Af. crassoides 96, 297 
Af. incrassatum 302 

Nubeculinella 68 
Nuculana ovum  297

Odontobelus 266 
O. levidensis 279 

Ogmoconcba 74, 364 
Ogmoconchella aspinata 92 
Oistoceras 11, 71, 247, 267, 

286, 354,355, 357 
angulatum  178, 180-91, 252, 

255, 268
O. crescens 340 
O. curvicom e 252, 268 
O.figulinum  252, 268, 286 
O. omissum 260 
O. sinuosiforme 255 

Oligokyphus 154 
Onycboceras 15 
Ophideroceras zipboides 256 
Ophiocantba 168 
Opbioderma carinata 296 

O. tenuibrachiata 74 
Ophiomorpba 256, 258

ophiuroids 44, 291 
0/>& carinata 196 
Orthechioceras 368 
Ortbodactylites clevelandicum 

267
O. crosbeyi 267 
O. semicelatum 232, 266 
O. tenuicostatum  266 

Ortbopblebia brodei 185 
Orthotoma globulina  40, 185 
Osperlioceras 15 
Ostrea 275

O. subauricularis 275 
Ovaticeras 13, 74, 243

O. ovatum  266, 296, 302 
Oxynoticeras 9, 138, 220, 247 

O. lymense 69
O. oxynotum  256, 366, 373
O. ex gr. oxynotum  256, 259
O. simpsoni 256-7, 259-60
O. cf. simpsoni 216, 220 

Oxytoma 68, 115, 150, 165, 
216, 247, 286
O. (-A v icu la ) cygnipes 286 
O. inaequivalvis 166, 227, 

272, 286-7, 371,372 
O. (Oxytoma) sinemuriensis 

36
O. substriata 275-6

Pachycormus 303 
Pachylytoceras torulosum  83 
Palaeocoma escberi 80

P. mf/ferf 74, 180, 182, 295 
Palaeoecbioceras 9

P. aft pierrei 257 
Pulaeoneilo elliptica 35, 36 
Palaeonucula navis 35, 36 
Paltarpites 13
Paltechioceras 9, 12, 138, 142, 

256, 260, 309 
P. aplanatum  138, 216,

256, 260, 368 
P. aureolum 142, 256, 368 
P. oosteri 368
P. sp. cf. favrei 310 
P. aft pierrei 257 
P. rotbpletzi 310 
P. tardecrescens 138 

Paracoroniceras 8, 140, 248 
Paradumortieria 15 
Parainoceramus 310 

P. aft parthenope 366 
P. ventricosus 71

Parallelodon birsonensis 196 
Parapassaloteutbis 266

P .polita  277, 302
P. robusta 276-7, 302 
P. zeiteni 32, 33, 267 

Paramioceras 8, 247, 248, 257 
P. aft alcinoe 220 

Parasicepbalus purdoni 297 
Parbabdolitbus liasicus 46

P. martbae 46 
Parinodiceras 138 
Passaloteutbis bisulcata 32,

33, 107, 266-7 
P. elongatus 33 
P. m illeri 267 

Pecten disciformis 275 
P. substriatus 107 

pectinids 71, 118, 174, 219, 
221, 224-5, 259, 309,327, 
364

Pelagosaurus brongniarti 296 
Pelecoceras sp. 275 
Pentacrinites 43, 68

P. dicbotomus 42, 289, 303 
P. doreckae 42, 63 
P.fossillis 42, 63, 67, 80-1 

Peronoceras 14, 342
P. attenuatum 340 
P.fibulatum  276, 297, 

301-2, 304,348, 349, 351 
P. peraramtum  276, 302 
P. subarmatum 276, 297, 

302
P. turriculatum  276, 302 

Phallocysta eumekes 243 
Phlyseogrammoceras 15

P. dispansum 100, 194, 197, 
272

Pholadomya 224, 258, 285, 
354, 362, 364 
P. ambigua 356, 358
P. (Pholadomya) glabra 35, 

36
Pbolidopborus 303 
Pbricodoceras 138, 255, 260 

P. lamellosum  142 
P. taylori 12 
P. grp. taylori 255 

Pbylloceras 14, 15, 302 
P. eastingtonense 298 
P. beterophyllum 232, 266, 

275-7, 284, 296-7, 298, 
301-2, 304,348, 349, 351 

Phylloceratina 31
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Pbymatoceras 14,96 
P. objecta 196 
P. pauper 196 

Phymatoceratidae 16 
Piarorbynchia 219, 334 

P. cf. deffneri 334 
P.juvensis 39, 40, 41, 66, 

165-7, 329
P. radstockensis 39
P. rostellata 39 

Pinna 115, 123, 126, 259, 362, 
364
P. cuneata 272 
P. hartmanni 118 
P. (Pinna) similis 36 
P. tiltonensis 232 

Pinuspollenites 46 
Placunopsis 150 
Plagiostoma 63, 66, 68, 71, 90, 

118, 131, 165, 197, 362, 364 
P. gtganteum 34,35, 36,

115, 165, 329, 362 
P. cf. scbimperi 104 
P. succinta 362 
P. valoniensis 133 

Planularia inaequistriata 91 
P.protracta  150 

Platycopina 45
Platypleuroceras 11, 138, 177, 

255, 294, 334, 368 
P. bituberculatum  142 
P. brevispina 334, 335 
P. caprarium  368 

Plesecbioceras delicatum  259 
plesiosaurs 173, 249, 279, 293, 

303
Plesiosaurus 296 
Pleuroceras 11, 13, 60, 108, 

209, 233-4, 269,348, 368 
P. apyrenum 232, 233-4, 

242, 267, 285 
P. birdi 268,355, 356 
P. elaboratum  267, 268,

269, 283, 285, 290 
P. hawskerense 232, 233-4, 

242, 264, 267, 268, 269, 
285, 290

P. c f hawskerense 233 
P. paucicostatum  267-8,

285
P. salebrosum 242,340,355 

356-8
P. solare 268,355, 356, 358 
P. ex grp. solare 267

P. ex grp. solare var. so/tf- 
tarium  267-8

P. spinatum 107-8, 177, 180, 
184, 234, 242,340, 342, 
547,348, 350,355, 356 

P. spinatum var. buckmani 
184

P. transiens 269,340, 342, 
358

Pleurolytoceras 340 
P. leckenbyi 343-4 

Pleuromya 196, 224, 258-9, 
309, 334
P. costata 227, 334, 358 
P. liasina 35, 37 

Pleurotomaria 127 
P. anglica 37, 166 

Pleydellia 15, 101, 349,355, 
356, 357
P. aalensis 82-4, 202, 199, 

340
P. cf. burtonense 340 
P. (Canavarina) digna 

343-4
P. (C.) steinmanni 343-4 
P. (C.) venustula 343-4 

P. costulata 340 
P. (Cotteswaldia) aalensis 

343-4
P. (C.) costulata 343-4 
P. (C.) subcandida 343-4 

P. 340 
P. c f fluens 100 
P. /ewra 196 
P. subcandida 340 
P. subcompta 340 
P. venustula 340 
P. (Walkericeras) burto

nense 343-4 
P. (V7.) subcompta 343-4 

Plicatocrinus inomatus 75 
Plicatula 68, 171, 354 

P. spinosa 175, 356 
Podagrosites 15, 275 
Polymorpbites 11, 138, 255, 

294
P. cf. angusta 333-5 

Polyplectus 15
P. capellinus 109, 196 
P. aff. diseoides 109, 196, 197 
P. Ipleuricosta 109 

Porpoceras 14 
P. verticosum  301 
P. cf. vortex 276, 301

Posidonia bronni 12 
P. radiata 266, 285 

Prionorbyncbia 156
P. quinqueplicata 39, 40 
P. serrata 39, 40 

Procerithidae 36 
Proceritbium  123 
Prodactylioceras 11, 71 
Prodentalium Hiassicum 38 
Progadalina subovata 38 

P. subtrigonalis 38 
P. trigonalis 38 

Promicroceras 8, 9, 67, 137, 
146, 257, 259, 371-3 
P. capricomoides 257 
P. planicosta 366 

Protobittacus handlirschi 185 
Protocardia 90, 275, 287, 310 

P. truncata 224, 267-8, 284, 
286-7

Protogrammoceras 11, 13, 24 
P. geometricum  268 
P. nitescens 225, 268 
P.paltum  11, 13, 24, 267, 

269, 285
P. turgidulum  243, 285,

288
Pseudoamaltheus 11 

P. engelhardti 242, 267,
285, 347,348, 350 

Pseudogibbirhynchia jurensis 
39, 41, 108 
P. moorei 39

Pseudoglypbea foersteri 334 
Pseudogrammoceras 15, 275 

P. bingmanni 197 
P. compactile 197 
P. doemtense 197 
P. expeditum 197 
P. latescens 275 
P. paltum  267, 269 
P. pedicum  197 
P. placidum  197 
P. quadratum  197 
P. regale 197 
P. saemanni 194 
P. struckmanni 197 
P. subfallaciosum 197 
P. thrasu 197 

Pseudohastites 33, 71 
P. apicicurvata 33 
P. longiformis 33, 267,
P. scabrosus 260 

Pseudolillia 15
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Pseudolimea 90, 224, 309-10 
P. dentata 36 
P. bettangiensis 123 

Pseudolioceras 13, 14, 15, 243 
P. beyrichi 196 
P. boulbiense (simplex) 

275-6, 278, 297 
P. lytbense ( leptopbyllus) 

196, 276, 278, 296-7, 
301-2

P. whitbiense 275 
Pseudomelan ia 123, 127 
Pseudomytiloides 266, 275, 

276-7, 302, 341 
P. rfwfctas 185, 289, 296, 303 

Pseudopecten 131, 224, 227, 
247, 259, 267, 286, 310, 342 
P. equivalvis 33, 67, 171, 

174, 267, 285-6, 289, 333, 
341, 347, 356, 358 

Pseudotropites 167, 169 
Psiloceras 5, 6, 16, 36, 76, 89,

91-2, 212, 213, 360-4 
P. erugatum 7, 89, 261 
P. planorbis 7, 16, 87-9, 

91-2, 115-17, 139-40,
143, 213, 363-4 

P. ex. grp. planorbis 89 
P.plicatulum  212 

Psilopbyllites 6, 212 
P. bagenowi 117 

Pteromya 90 
P. tatei 35, 36 

pterosaur 184-5, 293

Quadratirbyncbia quadrata
39, 41

Radstockiceras 9,11, 138,
256

Rhaetavicula contorta 130, 
360, 362, 363

Rheinboldia macfadyeni 292 
Rbizocorallium  69-70, 219, 

258, 289, 310 
Rhomaleosaurus mega- 

cepbalus 212 
R. zetlandicus 297-8 

Rbyncbonella cynica 104-5 
R. lineata 39, 242, 288, 296 
P . variabilis' QCirpa) 154 

Rimirbynchia anglica 39, 334 
P. elevata 39

Rollieria bronni 35, 36 
Rudirbyncbia fa llax 39 

P. huntcliffensis 39, 227, 
286-7

P. rio/fc 39, 42 
Ryderia doris 35, 36 

P. texturata 35, 36

Salpingoteutbis trisulcata 243 
Saxoceras 118
Scalpellirhyncbia scalpellum 

39, 41
Scelidosaurus 71, 81 

5. harrisoni 67 
Schizosphaerella punctata 46 
Schlotheimia 6, 90, 118, 131, 

323, 326,327, 329, 370,372 
5. amblygonia 89 
5. angulata 248, 261 
S. cf. complanata 248 
5. depressa 248 
5. exeoptycha 248 
5. cf. montana 329 
5. pseudomoreana 90 
5. similis 570,372 
S. aff. tbalassica 117 

Scbreinbacbtites 6, 370, 372 
Schwegleria 32 
Scurriopsis 127 
Seirocrinus 43

5. subangularis 42, 289, 303 
Serpula tcomplexa 272 

S. deplaxa 272, 275 
Shroshaecrinus obliquistratus 

68
Simpsonibelus 266

S. dorsalis 32, 272, 275-7, 
301-3

5. fenfws 275-6, 301-3 
Siphonites 310 
Skolitbos 272 
Solaster 74, 219 
Sphaeroidothyris decipiens 41 

S. perfida 41 
S. vari 41

Spiriferina 38, 63, 66, 68 
S. betacalcis 41 
S. munsteri 154 
S. pinguis 334 
S. quenstedti 40 
S. walcotti 41, 137, 140,

154, 219
Spongeliomotpha 310

Squamirbynchia squamiplex
39

Staurocumites bartensteini 43 
Steneosaurus 290 
Stolmorhyncbia boucbardi 39, 

40, 41
Strouditbyris infraoolitbica 

41
S. stephanoides 41 

Stylopbyllopsis murchisoni 
123
S. rugosa 44, 162 

Sulciferites 8

Tancredial 194 
Tasmanites 309 
Teichicbnus 256, 258 
Teleosaurus 185 
Telothryis jauberti 41

T. pyrenica 41
Temnodontosaurus platyodon 

297-8
Terminaster 168 
Terquemia 115 

r. arietis 123, 133 
r. difformis 34 

Tetragonolepis angulifer 212 
F. discus 185 

Tetrarhyncbia 334
r. dumbletonensis 39, 184 
P. dunrobinensis 39, 180, 

182, 310,334, 335 
P. subconcinna 39, 150,

152
T. tetrahedra 39, 107, 184, 

227, 232, 234, 267, 347, 
356, 358

Tbalassinoides 70, 73, 103-4, 
171, 173,310, 354,367 
T. fim briatum  171 

Thecocyathus tuberculatus 
184-5

Thecosmilia m artini 326,327, 
330

Theelia crassidentata 43 
P. mortenseni 43 
P. rigauda 43

Tiltoniceras 13, 24, 231, 243 
P. antiquum 232, 266, 269, 

285
Tmetoceras scissum 83 
Toarcibelus ilminsterensis 266 

T. trisulculosus 266
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Trachycytbere tubulosa tubu- 
losa 232 
T. verrucosa 232 

Tracbylytoceras 227 
T. nitidum  298

Tragopbylloceras 11, 71, 137-9, 
178, 235, 309, 334 
T. carinatum  170-1 
T. ibex 226
T. loscombi 73, 171-2,334 

THgonia 272
T. literata 275-6, 279 
r. ramseyi 199 
T. striata 272 

Procbocyatbus sp. 185 
Tropidaster pectinatus 74 
Tropidoceras 11, 138 
1Yypanites 68, 120, 126-8, 130 
Tutcheria heberti 35, 36 
Tutchericeras 142

Unicardium cardioides 224, 
249, 362

Uptonia 11, 138, 294, 334 
77. angusta 334, 335
U. jamesoni 18, 255,334, 

335, 368
Uraster carinatus 296

Venus tenuis 275 
Vermiceras 9, 10

V. elegans 90 
V. palmeri 90
V. quantoxense 10, 90
V. 118, 166, 169 

Vicinodiceras 11

Waehneroceras 6, 89, 131, 248 
portlocki 117 

Wallodinium cylindricum  
243

Xipberoceras 9, 67, 137, 216, 
257, 366, 371-3 
X. trimodum  216, 220

Youngibelus 266, 279 
K. simpsoni 277, 302-3 
r. tubularis 277, 302-3

Zeilleria  165, 227 
Z. darwini 40 
Z. lycetti 40, 4 i 
Z. perforata 40, 4 i, 168 
Z. quadrifida 40, 4 i, 358 
Z. sartbacensis 41, 150 
Z. subdigona 150, 232, 234 
Z. vicinalis 40, 4/ 

Zoroastcridae 168 
Zugodactylites 14

Z. braunianus 227, 276, 301 
Zygopleura 127
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General index

Individual fossil names are to be found in the Fossil index, but general terms, such as ‘belemnites’, 
are included here. Detailed stratigraphical names, and biostratigraphical biohorizon and zonule 
names, are omitted, since they are given within the figures and tables.
Note: Page numbers in bold  and ita lic type refer to tables and figures respectively.

Aalenian Stage 17, 23, 26, 29, 
47, 76, 83, 84, 101, 10$, 189, 
194-5, 197-198, 200 
Babylon Hill 101-2 
Boulby Quarries 293, 295, 

297-8
Cadha Camach 340, 343 
Cliff Hill Road Section 82,

83, 84-5
Coaley Wood 197 
Ham Hill 104-6 
Haresfield Hill 199-201 
M iller’s Nab to Blea Wyke 

272, 274, 279-80 
Opalinum Zone 83, 104-5, 

190, 272, 274, 280,340, 
343-4

Wotton Hill 194 
Aalensis Zone 15, 24, 82-5, 

190-1, 322,340,348 
Babylon Hill 100-1 
Cadha Camach 337, 344 
C liff Hill Road Section 82-5 
Coaley Wood 289, 197 
fauna 32,38,39, 41 
Ham Hill 105 
Haresfield Hill 289, 200 
Rubha na Leac 355, 357-8 
Wotton Hill 287-8, 194-5 

Aird na h-Iolaire 32 7, 317, 320, 
359-65
Blue Lias Formation 359-61, 

362, 363-5
Penarth Group 317, 359-65 
Stornoway Formation 359-64

Alderton Hill Quarry 159, 266, 
162, 183-7, 191 
Bridport Sand Formation

183- 7
fossil insects 159, 183-7 
Marlstone Rock Formation

184- 7
Whitby Mudstone Formation 

183-7
algae 98, 118, 188, 191-2, 219 
Allt Feams 318, 321, 334-5 
Allt Leacach 326, 317, 320,

366, 370-4 
Allt Mor 370, 373 
Blue Lias Formation 370-1, 

376,372, 373 
Breakish Formation 373-4 
Loch Aline 320, 370-1,376, 

373
Pabay Shale Formation, 

370-4
Allt na Teangaidh 359,366, 

3363-65
alum 3, 5, 293, 296, 297-9 
Alum Shale Member 242-44, 

264-6, 273-81, 289, 293-8, 
300-2
Boulby Quarries 242, 293-8 
Castlechamber to Maw Wyke 

264-5, 271
Cement Shale Beds 242-42, 

273-6, 295, 297-300, 301, 
304

Hard Shale Beds 242-42, 
264-5, 273-6

Main Alum Shale Beds 
241-2, 264-5, 273-6, 
295-8, 301-2 

M iller’s Nab to Blea Wyke 
242, 271, 273-6y 278-81 

Whitby to Saltwick 242,
300-4

ammonites 5—16, 17, 18, 24,
25, 28-31, 33, 34, 42, 60, 63, 
97-8, 137-9, 143-4, 146, 
188-90, 192, 209, 226, 242-3 
Aird na h-Iolaire 361-64 
Alderton H ill Quarry 184-7 
Babylon Hill 100-1 
Blockley Station Quarry 162,

171-75
Blue Anchor-Lilstock Coast 

6, 10, 86-7, 89-94 
Boreraig to Cam Dearg 366, 

368-9
Boulby Quarries 294-8 
Bowidish Quarry 139-41 
Cadha Camach 338,346-44 
Casdechamber to Maw Wyke 

264-71
CUff Hill Road Section 81-5 
Coaley Wood 196-8 
Conesby Quarry 214-22 
Dunrobin Coast Section 

309-11
Hallaig Shore 334-6 
Ham Hill 104-5 
Hock CUff 165-9 
Huish CoUiery Quarry 

143-4, 146
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Hurcott Lane Cutting 95-8 
Kilmersdon Road Quarry 

141-3
Lavemock to St Mary’s Well 

Bay 115-18 
Maes Down 107-9 
M iller’s Nab to Blea Wyke 

272-7
Napton Hill Quarry 223-7 
Neithrop Fields Cutting 

227-30
Newnham (Wilmcote) Quarry 

211-14
Normanby Stye Batts-Miller’s 

Nab 250-62
Ob Lusa to Ardnish Coast 

323-30
Pant y Slade to Witches Point 

123
Pinhay Bay to Fault Com er 

and East C liff 68-76 
Redcar Rocks 245-50 
Robin’s Wood Hill Quarry

176-81
Rubha na Leac 354-8 
Staithes to Port Mulgrave 

283-93
Tilton Railway Cutting 

231-5
Viaduct Quarry 131-2 
Whitby to Saltwick 299-304 
see also Fossil index 

An Leac 353, 354, 355-6 
Angulata Zone 6, 24, 46,

61-64, 93, 94, 135-7, 159, 
267, 266, 207, 247, 246, 
248-50, 320, 323,327, 
329-30, 358
AUt Leacach 323, 370-71 
Blue Anchor-Lilstock Coast 

84, 87-92
Boreraig to Cam Dearg 

367-8
fauna 32, 33,35, 36,38,39, 

47,42
Hock C liff 164-7 
Lavemock to St Mary’s Well 

Bay 113-18, 126 
Newnham (Wilmcote) Quarry 

211
Normanby Stye Batts-Miller’s 

Nab 247, 261 
Ob Lusa to Ardnish Coast 

234-7, 239-40, 323

Pant y Slade to Witches Point 
119-21, 123

Pinhay Bay to Fault Com er 
and East C liff 64, 79 

Redcar Rocks 247, 246, 
248-50

Viaduct Quarry 131 
Angulatum Zonule 77, 72, 252, 

254-5, 265, 267, 268 
anoxia 31, 5, 78, 81, 126, 145, 

170, 187, 214, 221, 242, 244, 
245, 261, 292, 304, 322, 343, 
351, 357, 364

Aplanatum Subzone 9, 135-8, 
145, 216, 219, 241, 256, 260 
Boreraig to Cam Dearg 

367-8
Conesby Quarry 216-17 
Dunrobin Coast 307-12 
Normanby Stye Batts-Miller’s 

Nab 253, 256-62 
Applecross 315,376,378, 321, 

324, 330, 359, 365, 368 
Apyrenum Subzone 77, 77,

247, 281
Cadha Camach 340, 342 
Casdechamber to Maw Wyke

265, 267, 269 
Pinhay Bay to Fault Com er 

77
Prince Charles’ Cave to 

Holm 348, 350-1 
Rubha na Leac 355-7 
Staithes to Port Mulgrave 

281, 283, 284, 285, 290 
Tilton Railway Cutting 232, 

233
Ardmeanach Peninsula 359, 

360, 361, 363-5 
Ardnamurchan 319, 320, 321, 

322, 323-4, 343 
Ardnish 324-6,326, 330 
Ardnish Formation 24, 27,378, 

323-30
Boreraig to Cam Dearg 

320-23, 326-30, 365-9 
Hallaig Sandstone Member 

321, 331, 365-9 
Ob Lusa to Ardnish Coast 

320, 323-4, 324-30 
Semicosta turn Zone 321-2, 

367-8
Arlington (Glass C liff) 159,

161, 764

Armatum Bed 66, 735-8, 140, 
143-4, 146-9 
Bowldish Quarry 140 
Huish Colliery Quarry 

143-4, 147-8 
Kilmersdon Road Quarry 

141-3
Arran 317-19, 321, 323 
arthropods 48, 185 

see also insects 
asteroids 43, 67-8, 72-4, 80, 

104, 168, 173, 221-2, 293-4, 
296, 298 

Aust C liff 154 
Avicula Seam 222, 282 

Boulby Quarries 295 
Casdechamber to Maw Wyke 

265, 267, 269 
Staithes to Port Mulgrave 

283, 286, 289 
Avon Platform* 191-92

Babylon Hill 56, 58, 98-102, 
105
Bridport Sand Formation 

98-102, 105, 280 
Bajocian Stage 21, 76, 83, 84, 

101, 134, 155-6, 351-2, 358 
Leighton Road Cutting 156 
Prince Charles* Cave to 

Holm 345, 349 
Balmeanach Farm 359,360,

363
Banbury Ironstone Member 

206-8, 230
Hawskerense Subzone 232-5 
Napton Hill Quarry 206, 208 
Neithrop Fields Cutting 206, 

208, 227-31
Tilton Railway Cutting 206, 

208, 232-5 
barite 65, 124, 127-8 
Barrington Limestone Member 

24, 58-9, 94-102, 106-8,
191
Babylon H ill 100-102 
Ham Hill 106
Hurcott Lane Cutting 94-8 
Maes Down 106-9 

Bath 30, 135,160 
Bathonian 350
Beacon Farm Quarry 129, 132 
Beacon Hill 132, 149, 150 

see also Haresfield Hill
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Beacon Limestone Formation 
13, 23-24, 24, 26, 27, 57, 39, 
60, 72, 74-5, 77, 79, 703,
245, 280
Barrington Limestone 

Member 94-8 
Eype Mouth Limestone 

Member 57, 59, 72, 74-7 
Hurcott Lane Cutting 94-8, 

280
Maes Down 106-9 
Marlstone Rock Member 57, 

59, 74-5, 77
Bearreraig Sandstone Formation 

25, 27, 324, 337-8,339 
Beinn na Leac Sandstone 

Member 341 
Cadha Camach 336-41 
Dun Caan Shale Member 

318, 336-44, 356 
Hallaig Shore 331 
Prince Charles’ Cave to Holm 

318, 345-6,348-50 
Rubha na Leac 353,355-8 

Beatrice O ilfield 309, 311 
beef’ 57, 61, 65, 68, 79, 123, 

126
Beinn Bhuidhe 365, 368, 369 
Beinn na Leac Fault 353, 354 
Beinn na Leac Sandstone 

Member 341, 343-4 
Belemnite Bed 67, 70-1, 79-80 
Belemnite Marl Member 57-9, 

62, 63, 67, 69, 70, 77-8, 80, 
147,161, 262
Pinhay Bay to Fault Comer 

33,57-9, 62, 63, 67, 69-72,
76-80

Belemnite Stone 67, 72, 76-7, 
80, 174

belemnites 31-3, 107-8, 161, 
162, 168, 188, 191-92, 347 
Alderton Hill Quarry 184-5 
Blockley Station Quarry 162, 

170-3
Boreraig to Cam Dearg 368 
Cadha Camach 343 
Casdechamber to Maw Wyke 

264-7, 269 
Cloford Quarry 150 
Coaley Wood 196 
Dunrobin Coast Section 

309-11
Ham Hill 104-5

Hobbs Quarry 133 
Hurcott Lane Cutting 96, 97 
Maes Down 107-8 
M iller’s Nab to Blea Wyke 

272-9
Napton Hill Quarry 224 
Neithrop Fields Cutting 227 
Normanby Stye Batts-Miller’s 

Nab 258, 260
Pinhay Bay to Fault Com er 

68, 70, 71, 73, 79 
Prince Charles* Cave to 

Holm 347-50 
Redcar Rocks 247-8 
Robin’s Wood Hill Quarry

177-81
Rubha na Leac 357 
Staithes to Port Mulgrave 

285-9
Whitby to Saltwick 299-302 
Wotton Hill 195 
see also Fossil index 

berthierine 207, 217-19, 222, 
241, 288, 328-30 

Bifrons Zone 13, 14, 24, 74-5, 
77, 762-2, 191, 206-8, 247, 
242-3, 319, 322 
Babylon Hill 101 
Boulby Quarries 297 
Casdechamber to Maw Wyke 

264
Cloford Quarry 152 
Coaley Wood 162, 197-̂ 8 
fauna 32,35,3#, 39, 47,42, 

242-3
Haresfield Hill 162, 200-1 
Hurcott Lane Cutting 95-7 
Maes Down 107-9 
M iller’s Nab to Blea Wyke 

247, 274, 276-7, 280 
Neithrop Fields Cutting 227, 

228
Prince Charles’ Cave to 

Holm 348, 350-2 
Whitby to Saltwick 300-4 
Wotton Hill 162 

Binton 211-14 
biohorizons 5, 7. 10, 18, 30 

Hettangian 6 
Pliensbachian 77 
Sinemurian 8-9  
Toarcian 74-75 
see also zonation; named 

zones

Birchi Nodular 64-5, 65, 78 
Birchi Subzone 8, 57-8, 240-7, 

253, 257, 322 
Allt Leacach 372, 373 
Conesby Quarry 220 
Normanby Stye Batts-Miller’s 

Nab 247, 253, 257, 259 
Pinhay Bay to Fault Com er 

and East C liff 64, 67, 72,
76, 78

Redcar Rocks 248 
Birdlip Limestone Formation 

163, 189, 190
Coaley Wood 190, 196, 198 
Haresfield Hill 190, 198-201 
Leckhampton Member 789, 

190, 198-201 
Wotton HOI 190, 192-5 

Bituminous Shales 241-2, 
264-6, 272, 290, 295, 302-4 
Boulby Quarries 295-8 
Casdechamber to Maw Wyke 

269-71
M iller’s Nab to Blea Wyke 

272, 273, 276-7, 278 
Staithes to Port Mulgrave 

281-3, 284, 288-92 
Whitby to Saltwick 300, 302-4 

bivalves 34-7, 136-9, 144, 161, 
188, 191-3, 361-4 
Babylon H ill 100-1 
Blockley Station Quarry 

170-75
Blue Anchor-Lilstock Coast 

89, 90-1
Boreraig to Cam Dearg 366 
Boulby Quarries 295-8 
Cadha Camach 338, 343 
Cloford Quarry 150 
Coaley Wood 196 
Conesby Quarry 214-19 
Dunrobin Coast Section 

309-11
Hallaig Shore 333-5 
Ham Hill 104-5 
Hobbs Quarry 133 
Hock C liff 165-8, 170 
Hurcott Lane Cutting 96, 97 
Lavemock to St Mary’s Well 

Bay 114-18 
Maes Down 107-8 
M iller’s Nab to Blea Wyke 

272-7
Napton H ill Quarry 224-5
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Newnham (Wilmcote) Quany 
211-13

Normanby Stye Batts-Miller’s 
Nab 235-62

Ob Lusa to Ardnish Coast 
322-8

Pant y Slade to Witches Point 
33, 120-1, 126 

Pinhay Bay to Fault Com er 
63-76, 80-1 

Prince Charles’ Cave to 
Holm 347-51 

Redcar Rocks 247-50 
Robin’s Wood Hill Quarry 

176-81
Rubha na Leac 354-8 
Staithes to Port Mulgrave 

283-6
Tilton Railway Cutting 232-3 
Viaduct Quarry 130-2 
Whitby to Saltwick 299,

301-4
see also Fossil index 

Black Rock Limestone 133 
Black Rocks Quarry 124 
Black Ven 62, 63, 74

see also Pinhay Bay to Fault 
Com er and East C liff 

Black Ven Marl Member 57-8, 
145
Pinhay Bay to Fault Com er 

61-69, 72, 76, 78, 80-1 
Stellare Nodules 57-8, 67,

69
Blea Wyke Sandstone Formation 

24, 26, 240-2, 269, 271, 272 
Grey Sandstone Member

241, 271, 272, 274-5, 279 
M iller’s Nab to Blea Wyke

272, 274-5, 279-81, 304 
Yellow Sandstone Member

242, 242, 271-2, 274, 280 
Blockley Station Quarry 3, 159,

160, 161, 162, 170-6 
Charmouth Mudstone 

Formation 170-5, 180 
Crinoid-Belemnite Bed

172-5, 182
Dyrham Formation 173-5, 

182
Blue Anchor-Lilstock Coast 6, 

10, 16, 56, 58, 63, 85-94 
Blue Lias Formation 56, 

85-94, 113, 136

Blue Lias Formation 7, 16, 23, 
25, 26, 34, 57, 58, 75-80,
159, 262, 163, 205-7, 249,
317,328, 321-2, 323-4 
Aird na h-Iolaire 362-4 
Allt Leacach 370-3 
Blue Anchor-Lilstock Coast 

56, 85-94 
Hobbs Quarry 56 
Hock C liff 262, 164-9 
Lavemock to St Mary’s Well 

Bay 58, 92, 113-17 
Pant y Slade to Witches Point 

33-4, 92, 119-25 
Pinhay Bay to Fault Com er 

10, 61-5, 76-7, 82 
Viaduct Quarry 129-33 

Boggle Hole 252, 256 
Bold Ditch Quarry see 

Bowldish Quarry 
Boreraig to Cam Dearg 326, 

318, 319, 320, 365-70 
Ardnish Formation 319, 

365-9
Breakish Formation 320, 

365-9
Pabay Shale Formation 319,

365-9
Boulby Quarries 239,242, 293-8 

ammonites 29 
Cleveland Ironstone Forma

tion 242, 293-7 
Dogger Formation 293, 295, 

297
Haybum Formation 297 
Ravenscar Group 293, 295 
Redcar Mudstone Formation 

293-4, 295
Staithes Sandstone Forma

tion 242, 293, 295, 296-8 
vertebrates 294, 295-6 
Whitby Mudstone Formation 

242, 293-8
Bowldish Quarry 56, 128, 136, 

237, 139-41, 145, 148 
Bucklandi Bed 139, 145 
fissures 128-9, 133 
Raricostatum Clay 140 
Tlim eri Clay 239, 141 

brachiopods 37-43, 63, 74, 75, 
90-1, 104-5, 136-8, 139-42, 
152, 164, 176, 180, 188, 
191-2, 194-7, 198, 242-3, 
247-9, 288, 334, 338, 343

Aird na h-lolaire 361-2 
Alderton Hill Quarry 184-5 
Blockley Station Quarry 

171-3
Boreraig to Cam Dearg 366 
Boulby Quarries 294-7 
Bowldish Quarry 140-1 
Cloford Quarry 150 
Conesby Quarry 218-19 
Hallaig Shore 333-4 
Ham Hill 104-5 
Hock C liff 165-8 
Holwell Quarries 154 
Huish Colliery Quarry 143-4 
Hurcott Lane Cutting 96 
Lavemock to St Mary’s Well 

Bay 115,117 
Leighton Road Cutting 

155-6
Maes Down 107-8 
M iller’s Nab to Blea Wyke 

272-7
Neithrop Fields Cutting 

227-30
Normanby Stye Batts-Miller’s 

Nab 255-62
Ob Lusa to Ardnish Coast 

323-8
Prince Charles’ Cave to 

Holm 347-50 
provincialism 40, 60, 209, 

234, 242-3
Robin’s Wood Hill Quarry 

177-82
Rubha na Leac 354-8 
Staithes to Port Mulgrave 

283-7
Tilton Railway Cutting 231-5 
Whitby to Saltwick 301-4 
see also Fossil index 

Bradford Hollow  98, 99,100 
Branch Huish Quarry see 

Huish Colliery Quarry 
Breakish Formation 24, 27,

317,328, 320-4 
Allt Leacach 321-2, 369-70, 

372-3
Boreraig to Cam Dearg 320, 

365-9
Hallaig Shore 321 
Ob Lusa to Ardnish Coast 

321,322-5,326,327, 328 
Bredon Hill 34, 159, 162, 182, 

186, 288, 192, 227, 230
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Brevispina Subzone 11, 67,
77-8, 138, 320 
Boulby Quarries 294 
Normanby Stye Batts-MUler’s 

Nab 254, 253, 259-62 
Bridport Sand Formation 24,

25, 27, 100-2,161, 162, 191, 
197-8, 200-1, 280 
Aalensis Zone 82-5, 100-1, 

102-6, 189, 193, 195, 196 
Alderton Hill Quarry 161, 163 
Babylon Hill 98-102, 105 
C liff Hill Road Section 82-5, 

101, i$9, 195 
Coaley Wood 191, 197-8 
Cotswold Cephalopod Bed 

Member 101, 159, 187-96, 
199-201

diachroneity 75-6, 79, 81, 
101, 163, 187-92 

Down C liff Clay Member 57, 
59, 72, 75-6

Ham Hill Limestone Mem
ber 101-2, 103, 105 

Haresfield Hill 198-201 
Hurcott Lane Cutting 94, 97 
Maes Down 106-9 
Pinhay Bay to Fault Comer 

and East C liff 57, 75-9 
Pseudoradiosa Zone 101-2, 

104-5, 162
Variabilis Zone 162, 189,

191, 194-5, 197-8, 200-1 
Wotton Hill 189-90, 194-5 

Bristol 7, 19, 20, 23, 30, 136, 
145, 169-70

Bristol Channel Basin 56, 57-9, 
88-9, 92, 113, 125, 128 

Broadford area 317, 320, 324,
325, 330, 365

Broadford Beds 27, 317, 325,
326, 329, 331, 366

Brooki Subzone 8, 64, 137, 220, 
240, 241, 253, 257 
Conesby Quarry 220 
Normanby Stye Batts-Miller’s 

Nab 241,253, 257, 259 
bryozoa 48, 63, 68, 123, 168 
Bucklandi Bed 136,137, 246, 

248-50
Bowidish Quarry 139-40, 145 
Kilmersdon Road Quarry 

141-2
Redcar Rocks 248

Bucklandi Zone 8, 24, 25, 44, 
61-5, 89, 93, 123-4, 127, 132, 
135-9, 145-6, 159, 161, 206, 
207, 240, 241 
Allt Leacach 371,372 
Blue Anchor-Lilstock Coast 

86, 90-4
Boreraig to Carn Dearg 367, 

368
Bowidish Quarry 140 
Cloford Quarry 153 
Conesby Quarry 219 
diachroneity 119-24, 127, 

132, 145
fauna 32 ,35,38,39, 41,42 
Hock C liff 165-9 
Holwell Quarries 154 
Kilmersdon Road Quarry 141 
Normanby Stye Batts-Miller’s 

Nab 261
Redcar Rocks 248-50 
Ob Lusa to Ardnish Coast 

327, 328
Pant y Slade to Witches Point 

123-4, 127
Pinhay Bay to Fault Com er 

and East C liff 63, 64 
Redcar Rocks 241, 248-50 
Viaduct Quarry 131 

Bull CUff Member 113-16, 117, 
119, 214

Burton Bradstock 75, 82, 102 
Burton Row Borehole 36, 37,

92-3

Cadha Camach 316,318, 319, 
331, 337-44, 349 
Cullaidh Shale Formation 337 
Dun Caan Shale Member 

318, 319, 337-42 
Garantiana Clay Member 336 
Hemera 343-4 
Portree Shale Formation 

321, 337-42
Raasay Ironstone Formation 

318, 319, 321, 337-42 
Scalpay Sandstone Forma

tion 318, 319, 331, 337-42 
Caisteal Sloe na Ban 360, 363 
Calcareous Shale Member 26, 

240, 241, 246-50 
Normanby Stye Batts-Miller’s 

Nab 241, 251, 253, 259-62 
Redcar Rocks 241, 245-50

Camas Malag 320, 321-2 
Camasunary Fault 316, 320, 360 
Cannon BaU Doggers 265, 266, 

269, 284, 289 
Capricomus Sandstone 

Member 161, 162, 178,
180-1, 226

Capricomus Subzone 11, 71,
72, 139, 147, 225-7 
Blockley Station Quarry 172 
Cadha Camach 337-44 
Casdechamber to Maw Wyke 

265, 268
HaUaig Shore 334, 335 
Normanby Stye Batts-MiUer’s 

Nab 252, 254, 255,
Pinhay Bay to Fault Com er 

and East C liff 71, 72 
Redcar Rocks 254, 255 
Robin’s Wood Hill Quarry 

162,178, 179-80, 226 
Rubha na Leac 354,355, 357 
Staithes to Port Mulgrave 

240, 241, 283, 286 
Carbonaceous Shales Member 

308 , 309-12
Carbonaceous Siltstone and 

Clay Unit 308, 309-12 
Carboniferous 31, 34, 108, 113, 

124-9, 131-4, 145-8, 369 
Cloford Quarry 149-33 
HolweU Quarries 153-4 
Leighton Road Cutting 155-6 
Pant y Slade to Witches Point 

119-20, 121, 124, 127-9 
Viaduct Quarry 129, 130-2 

Cardigan Bay Basin 19, 21 
CarUsle 19, 23 
Carsaig Bay 320, 336 
Casde Chamber 251, 260, 263 
Casdechamber to Maw Wyke 

252, 262-71, 272 
Cleveland Ironstone Forma

tion 241, 262, 265, 267-71 
Staithes Sandstone Forma

tion 241, 262, 265, 267-71 
Whitby Mudstone Formation 

262-7, 263, 269-71 
Cement Shale Beds 240-2,

274, 294, 295, 297-8 
Boulby Quarries 295, 297-8 
M iller’s Nab to Blea Wyke 

273, 274-7
Whitby to Saltwick 301-2
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chamosite 207, 218, 219, 224,
226-8, 231-3, 259, 278, 280, 
286, 329-30, 341, 356-8 

Charmouth Mudstone Forma
tion 23, 23, 26, 27, 56, 57, 
61-73, 76-61, 106-9, 159,
161, 163, 199, 207, 221, 244 
Blockley Station Quarry

170-5, 180
Conesby Quarry 215-17, 221 
Davoei Zone 206, 207, 225-7 
Green Ammonite Mudstone 

Member 56-8, 71-3, 76-7 
Hock C liff 164, 169-70 
Napton Hill Quarry 207-8, 

223
Pinhay Bay to Fault Com er 

and East C liff 56, 57,
61-71, 72, 76-7 

Robin’s Wood Hill Quarry 
176-83

Shales-with-Beef Member 
55, 57, 61-7, 72, 78-81 

Stonebarrow Pyritic Member 
57, 58, 67, 69,161 

Cheltenham area 105, 160,
162, 176, 182, 188, 189, 278  

Church Cliffs 57, 61, 63
see also Pinhay Bay to Fault 

Com er and East C liff 
Cleveland Basin 20, 21, 23, 26, 

51, 78, 205, 207-8, 222, 234, 
235, 241, 242-5, 249, 258-9, 
262, 264, 280-91, 291, 356-8 
lithostratigraphy 24, 26-7, 

60, 238-40
Cleveland Ironstone Formation 

24, 26, 240-2, 262, 265, 267, 
269-71, 281-6, 289-92, 293-8 
Boulby Quarries 242, 293-8 
Castlechamber to Maw Wyke 

242, 262-5, 267-71 
Kettleness Member 222,

242, 265, 267, 270-81,
277, 281-93

Penny Nab Member 222,242, 
253, 267-8, 281-3, 285-93 

Staithes to Port Mulgrave 
242, 282-3, 287-93 

Clevelandicum Subzone 24 
Castlechamber to Maw Wyke 

265, 267
Staithes to Port Mulgrave 

284, 285

Cliff Hill Road Section 56, 82-5, 
101
Bridport Sand Formation 

82-5, 101
Inferior Oolite Group 82-5 

Clifton Down Group 149-53 
Cloford Quarry 56, 149-53,

156
Carboniferous Limestone 

149-53
Clifton Down Group 149 
Complex Breccia 149, 152-3 
fissure deposits 113, 128, 

146, 148-9, 149-53 
foraminifera 150, 152-3 
Penarth Group 148-9, 152-3 

Coaley Wood 159-62, 188-9, 
195, 196-8, 199 
Birdlip lim estone Forma

tion 163, 188-90, 193-5, 
196, 198, 199-201 

Bridport Sand Formation 
101, 188-92, 189, 196-8 

Inferior Oolite Group 189, 
196, 198

Whitby Mudstone Formation 
1 9 7 -8

coals 134,308, 309, 311 
Coatham Rocks 244-50 
Coinstone 67, 68, 76, 78-80 
Commune Subzone 24, 77,

227, 229-30, 241-3, 266,
274, 276, 302-4 
Boulby Quarries 297 
Hurcott Lane Cutting 96,

97
M iller’s Nab to Blea Wyke 

242, 273, 275
Neithrop Fields Cutting 227, 

229-30
Whitby to Saltwick 302-4 

Complanata Subzone 6, 36, 86, 
89-90
Blue Anchor-Lilstock Coast 

86, 90, 92-4 
Redcar Rocks 248-50 

condensed facies 21, 26-8, 
134-9, 145, 147, 163, 173, 
194-5
Babylon H ill 101-2 
Beacon Limestone Forma

tion 59
Barrington Limestone 

Member 101-2

Belemnite Marl Member 
80-1, 147

Bridport Sand Formation 
100-2
Cotswold Cephalopod 

Bed Member 189-91 
Coaley Wood 190, 196-8 
Haresfield Hill 198-201 
Langport Member 134, 143 
Wotton Hill 195, 280-1 

Conesby Quarry 205, 206, 
214-20, 249 
Charmouth Mudstone 

Formation 215-17, 221 
Frodingham Ironstone Mem

ber 206, 207, 214-22, 249 
Yorkshire East Quarry 214-22 

conglomerates 74, 121, 177-9, 
182, 319-23

Conybeari Subzone 8, 10, 44, 
64, 86, 90, 93, 116-17,
123-4, 159, 248, 256 
Allt Leacach 371,372 
Blue Anchor-Lilstock Coast 
86, 90-2, 93

Ob Lusa to Ardnish Coast 
329

Pant y Slade to Witches Point 
44

Pinhay Bay to Fault Com er 
and East C liff 64, 123-4 

Redcar Rocks 246, 248-50 
coquinas 124, 128, 130-1, 221, 

287, 323
corals 22, 27, 44, 63, 90, 97, 

168, 249, 324-7, 329-30, 364 
Alderton Hill Quarry 185-7 
Cloford Quarry 150 
Newnham (Wilmcote) Quarry 

211-13
Ob Lusa to Ardnish Coast 

44, 323-30
Pant y Slade to Witches Point 

44, 121, 123-4, 128 
Redcar Rocks 248-50 
Viaduct Quarry 131-2 
see also Fossil index 

Cotham Member 17, 36, 48, 91 
Cotswold Cephalopod Bed 

Member 101, 159,161, 162, 
187-92, 193-6, 200-11 
Babylon Hill 101 
Coaley Wood 101, 159, 

187-92, 196-8
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Haresfield Hill 101, 159,
161, 187-92, 198-201 

Wotton Hill 101, 159-62, 
187-92, 193-5, 197 

Cotswolds 19, 159,160, 162, 
191, 198

Cotteswold Sands 25, 187, 
194-5, 196, 197, 200-1 
Coaley Wood 197-8 
Haresfield Hill 200-1 
Wotton Hill 194-5 

Cowbar Nab 282, 283, 286, 295 
Crassum Subzone 24, 77, 96, 

191,274, 275-6, 301-2 
Hurcott Lane Cutting 96 
M iller’s Nab to Blea Wyke 

241,274, 276 
Whitby to Saltwick 301-3 

Creach Bheinn 360, 361 
Creag nan Cadhaig 331-2,339 
Cretaceous 62, 71, 75, 244,

319, 358,360, 365, 369,370 
crinoids 42-3, 96, 98, 188, 249 

Aird na h-Iolaire 364 
Alderton Hill Quarry 184-5 
Allt Leacach 373 
Blocklcy Station Quarry 171-5 
Cloford Quarry 150, 152 
Conesby Quarry 219, 221-2 
Ham Hill 104 
Hock C liff 164-70 
Holwell Quarries 154 
Lavemock to St Mary’s Well 

Bay 115
Leighton Road Cutting 155-6 
M iller’s Nab to Blea Wyke 

272-9
Napton Hill Quarry 224-5 
Neithrop Fields Cutting

227-8, 229
Normanby Stye Batts-Miller’s 

Nab 260
Pinhay Bay to Fault Comer 

63, 66-70, 74-6, 80 
Prince Charles’ Cave to 

Holm 347-51 
Redcar Rocks 248-50 
Robin’s Wood Hill Quarry 

176-82
Rubha na Leac 354-6 
Staithes to Port Mulgrave 

283, 284-91
Whitby to Saltwick 302-4 
see also Fossil index

Crosby Mine 216, 219 
crustaceans 172, 184, 211-13, 

226, 289
see also arthropods; insects 

Cullaidh Shale Formation 331, 
337

Curling Stones 265, 266, 281, 
284, 285, 289, 302 
Casdechamber to Maw Wyke 

265, 266
Staithes to Port Mulgrave 

284, 289
Whitby to Saltwick 302 

cycles 25, 48-50, 241, 268, 283, 
291, 309, 321-3, 357, 361-4 
Allt Leacach 370-1 
Blue Anchor-Lilstock Coast 

89-93
Boreraig to Cam Dearg 365-9 
Conesby Quarry 216-18, 221 
Ham Hill 103-6 
M iller’s Nab to Blea Wyke 

272-8, 280
Normanby Stye Batts-Miller’s 

Nab 252-61
Ob Lusa to Ardnish Coast 

329
Pinhay Bay to Fault Com er 

58, 61, 69, 77-9

Davoei Zone 11,24, 26-7, 44, 
57,58, 71, 76-7, 132, 147, 
161, 162, 206, 207-8, 222, 
240, 247, 255, 262, 286 
Blockley Station Quarry 173 
Cadha Camach 337 
Casdechamber to Maw Wyke 

268
fauna 32, 33,35,37,38,39, 

42, 42
Hallaig Shore 333, 336, 338 
Napton Hill Quarry 225-7 
Normanby Stye Batts-Miller’s 

Nab 242, 252, 254, 258-60 
Redcar Rocks 242, 246, 250 
Robin’s Wood Hill Quarry

178-9
Rubha na Leac 338, 354,355 
Staithes to Port Mulgrave 

240, 242, 285 
Denotatus Subzone 9, 68, 

137-8, 146, 161, 163, 216 
Allt Leacach 373 
Conesby Quarry 216-18, 220

Normanby Stye Batts-Miller’s 
Nab 253, 257-60 

Densinodulum Subzone 9, 67, 
68-9, 137, 145, 253, 256 
Boreraig to Cam Dearg367, 

368
Normanby Stye Batts-Miller’s 

Nab 253, 256-62 
Pinhay Bay to Fault Com er 

and East C liff 67 
Depressa Subzone 6, 86, 89-91 

Blue Anchor-Lilstock Coast 
86, 90-4

Redcar Rocks 248-50 
Devon-Dorset Coast see 

Dorset Coast 
Dew Bed 100-1, 105 
diachroneity 25-6, 119-27,

132, 133-4, 169-70, 242,328 
Ardnish Formation 321-2 
Breakish Formation 328, 

321-3
Bridport Sand Formation 

75-6, 79, 81, 163, 187, 289, 
190-2, 195, 198 

Dyrham Formation 77, 127, 
207-8

Stornoway Formation 328, 
321, 323

diagenesis 25-7, 77-80, 187, 
207, 218-19, 221-2 
Alderton Hill Quarry 187 
Hallaig Shore 334, 336 
Newnham (Wilmcote) Quarry 

213-14
Pinhay Bay to Fault Com er 

and East C liff 63-4, 77-81 
Staithes to Port Mulgrave 

290-3
dinoflagellates 45-7, 91-2,

243, 311
dinosaurs 20, 67, 81, 303 

see also Fossil index 
Dispansum Zone 25, 24, 25, 57, 

58, 72, 74-7, 262, 162, 289, 
190, 193-8,242 
Babylon Hid 100-2, 280 
Coaley Wood 289, 190, 

196-8
fauna 32, 34,35,38,39, 42, 

42
M iller’s Nab to Blea Wyke 

242, 272, 274, 275, 278-81 
Wotton Hill 289, 190, 194-5
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Dogger Formation 243-4 
Boulby Quarries 293, 294, 

295, 297
M iller’s Nab to Blea Wyke 

272, 274, 278, 281 
Opalinum Zone 272, 274 
Whitby to Saltwick 300-1 

doggers 25, 178, 180, 354-6 
Babylon H ill 100-1 
Cadha Camach 338,340,

341
Castlechamber to Maw Wyke 

265, 267
Hallaig Shore 334, 336 
Ham Hill 103-5 
Napton Hill Quarry 224,

225
Pinhay Bay to Fault Com er 

and East C liff 61-78 
Prince Charles’ Cave to 

Holm 347-51 
Doniford Bay 85, 89, 90 
Dorset Basin 56, 145-7, 163,

169-70, 173-4, 181-3, 187-92 
Dorset Coast 3, 7, 10, 12, 13, 

19, 23, 55-85, 93, 98-102, 
118, 127, 272, 221-2, 225-9, 
234-5, 240, 244-5, 262, 292, 
356-8

Down C liff Clay Member 25,
57, 72, 75-6, 77-81 

Down C liff Sand Member 72, 
74, 77, 79-80

Downside Stone 229, 131-2 
Druim an Aonich 336,337, 341 
Dual Bed, Langport Member 

115, 226
Dumbleton Member 262, 162, 

183-7
Dumortieria Bed 289, 190,

193, 194-5, 198-201 
Dun Caan Shale Member 27,

317,318, 319, 336-44,348, 
349-50, 356-8

Dunraven Bay 120, 122-3, 125, 
126

Dunrobin Bay Formation 308, 
307-12

Dunrobin Castle Member 308, 
309-10

Dunrobin Coast Section 3, 23, 
307-12

Durness Limestone 320, 321-3, 
363, 368

Dyrham Formation 24, 25, 26, 
28, 57, 58, 59, 73, 77, 262, 
162, 176-83, 178, 187, 299, 
206, 208, 244 
Capricomus Sandstone 

Member 262, 162 
Down C liff Sand Member 

55, 57, 70-3, 75, 77 
Eype Clay Member 57, 59,

72, 74, 77, 79 
Maes Down 106-9 
Margaritatus Zone 77, 206, 

207, 228-9
Napton H ill Quarry 207-8, 

223, 227, 229-30 
Neithrop Fields Cutting 

207-8, 226, 227-31 
Pinhay Bay to Fault Com er 

57, 59, 72, 75, 77, 79 
Robin’s Wood Hill Quarry 

262, 162, 276, 183 
Subnodosus Sandstone 

Member 262, 181-2, 224-6 
Thomcombe Sand Member 

57, 59, 72, 75, 77 
Tilton Railway Cutting 207-8

East C liff 55, 72, 73, 77, 99, 160 
East Midlands Shelf 4, 19-20, 

21, 22-7, 51, 6 0 ,160, 163, 
173, 181-6, 205-35, 242-4 

East Quantoxhead GSSP 10,
85, 88, 90-2

echinoderms 43-4, 69-70, 
80-1, 90-1, 104, 138, 188 
Alderton Hill Quarry 185 
Blockley Station Quarry 170,

173-5
Boulby Quarries 294, 295-8 
Conesby Quarry 219 
Hallaig Shore 333-4 
Ham Hill 104 
Haresfield Hill 201 
Hock C liff 165-8 
Hurcott Lane Cutting 96, 97 
Kilmersdon Road Quarry 142 
Lavemock to St Mary’s Well 

Bay 115, 117-18 
Newnham (Wilmcote) Quarry 

2 1 1 , 213
Normanby Stye Batts-Miller’s 

Nab 261
Ob Lusa to Ardnish Coast 330 
Redcar Rocks 248-9

Elton Farm Borehole 36, 37 
Exaratum Subzone 14, 77, 

183-7, 242-3, 244-5, 265, 
266, 273, 277, 284, 300-2, 
357
Alderton Hill Quarry 183-7 
Cadha Camach 337-44 
Casdechamber to Maw Wyke 

264-6
Hallaig Shore 337-44 
Hurcott Lane Cutting 96, 97 
M iller’s Nab to Blea Wyke

273, 276-7
Neithrop Fields Cutting 227, 

229-30
Prince Charles’ Cave to 

Holm 348, 350-2 
Rubha na Leac 357 
Staithes to Port Mulgrave

78-9, 240, 241, 281, 284 
Tilton Railway Cutting 230, 

231, 232-5
Whitby to Saltwick 300-4 

Eype Clay Member 57, 59, 72, 
74, 79-80

Eype Mouth Limestone 
Member 23, 57, 59, 72, 75, 
77,80

Eypemouth Fault 56, 62, 74-5,
79-80

Falciferum Subzone 14, 77,232, 
235, 277, 337,340, 342 
Cadha Camach 337-44 
Casdechamber to Maw Wyke 

264-6, 264, 265, 302 
Hurcott Lane Cutting 96,

97
M iller’s Nab to Blea Wyke 

227, 229-30, 241, 273, 277 
Neithrop Fields Cutting 227, 

229-30
Prince Charles’ Cave to 

Holm 348, 350-2 
Staithes to Port Mulgrave 

241, 281, 284, 290 
Tilton Railway Cutting 

231-5, 232, 235 
Fallaciosum Subzone 25,

187-9, 289, 190, 194-5, 241 
Coaley Wood 289, 196-8 
M iller’s Nab to Blea Wyke

274, 275
Wotton Hill 194-5
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faults 19-21, 56, 59, 73-4, 93, 
120, 144-5, 147-8, 163, 191, 
205, 223-5, 235, 243-4, 280,
307,316,318, 320, 360, 365 
Aird na h-Iolaire 359, 360, 

365
Blue Anchor-Lilstock Coast 

88-9, 93
Boreraig to Cam Dearg 366, 

369
Ham Hill 106 
Hobbs Quany 133 
Holwell Quarries 153-4 
Huish Colliery Quarry 144 
Hurcott Lane Cutting 105-6 
Maes Down 106,107 
Miller’s Nab to Blea Wyke 

243, 271, 280 
Ob Lusa to Ardnish Coast 

326, 327, 329
Pant y Slade to Witches Point 

124-5, 127-8 
Rubha na Leac 352-4, 356 
Viaduct Quarry 132 

Fibulatum Subzone 14, 77 
Hurcott Lane Cutting 96 
Miller’s Nab to Blca Wyke 

241, 274, 276 
Whitby to Saltwick 301-3 

Figulinum Subzone 11, 71, 72, 
252, 254, 265, 267, 283, 286, 
340,348
Cadha Camach 336, 337-44 
Castlechamber to Maw Wyke 

265, 268
Napton Hill Quarry 225-7 
Normanby Stye Batts-Miller’s 

Nab 252, 254-5 
Pinhay Bay to Fault Comer 

and East C liff 71, 72 
Robin’s Wood Hill Quarry 

178-81
Rubha na Leac 354,355, 357 
Staithes to Port Mulgrave 

240-8, 251, 283, 286 
fish 48, 64-6, 80, 90, 97, 123, 

146, 162, 183-7, 244, 362 
Blockley Station Quarry 171, 

173
Cloford Quarry 150 
Dunrobin Coast Section 309 
Hock C liff 168 
Newnham (Wilmcote) Quarry 

212-14

Redcar Rocks 249 
Whitby to Saltwick 303-4 
see also vertebrates 

fissure deposits 113, 124-5, 
127-9, 145-6, 148-9, 150 
Bowldish Quarry 128-9, 133 
Cloford Quarry 113, 128-9, 

146, 149-53 
Holwell Quarries 153-6 
Leighton Road Cutting 155-6 
see also Neptunian dykes 

Fluitans Subzone 25, 337-44 
foraminifera 45-7, 137, 141, 245 

Alderton Hill Quarry 185 
Blockley Station Quarry 173 
Blue Anchor-Lilstock Coast 

88-9, 91
Bowldish Quarry 139-41 
Cloford Quarry 150, 152-3 
Hock C liff 168 
Holwell Quarries 154 
Hurcott Lane Cutting 97-8 
Pinhay Bay to Fault Comer 

and East C liff 63, 69-72 
Redcar Rocks 249 
Staithes to Port Mulgrave 

289, 292
Fox C liff Siltstone Member 

241, 242, 271, 274, 275, 278 
M iller’s Nab to Blea Wyke 

241, 271, 274, 275, 277-9 
Frodingham Ironstone Member 

26, 206, 207, 214-22 
Conesby Quarry 206, 214-22 
Newnham (Wilmcote) Quarry 

214-22

Garantiana Clay Member 331, 
332, 337,341 

Garantiana Zone 83, 152 
gastropods 37, 63, 68-9, 71-2, 

91,96, 97, 108 
Alderton Hill Quarry 186-7 
Blockley Station Quarry

170-5
Cloford Quarry 150 
condensed facies 138, 144 
Hobbs Quarry 133 
Holwell Quarries 154 
Hock C liff 168 
Hurcott Lane Cutting 96,

97
Ob Lusa to Ardnish Coast 

327,328

Pant y Slade to Witches Point 
123, 126, 127 

Redcar Rocks 248-9 
Robin’s Wood Hill Quarry 

176-8, 182
Viaduct Quarry 131-2 

Gibbosus Subzone 11, 72, 74, 
177-9, 181, 265, 267, 270 
Boulby Quarries 297-8 
Cadha Camach 340, 342 
Casdechamber to Maw Wyke 

265, 267
Napton Hill Quarry 226 
Pinhay Bay to Fault Com er 

72, 74-5
Prince Charles’ Cave to 

Holm 348, 350-1 
Rubha na Leac 354,355, 357 
Staithes to Port Mulgrave 

283, 285
Gloucester 18, 60, 159, 160, 

176, 185, 187, 198, 199, 214 
Golden Gap 57, 62, 69, 71-3 

see also Lyme Regis 
grabens 20, 26, 59, 125-6, 132, 

163, 169, 182, 195, 198, 200 
half-grabcns 59, 315, 326 

Green Ammonite Mudstone 
Member 55, 57, 62, 69, 181 
Pinhay Bay to Fault Com er 

71-3, 76-7, 79-80 
Grey Shale Member 241, 243, 

265, 281, 295-8 
Boulby Quarries 241 
Casdechamber to Maw Wyke 

241, 262-7, 269-71 
M iller’s Nab to Blea Wyke 

241, 273, 277-9 
Staithes to Port Mulgrave 

241, 281,282,284, 285, 
286-93

Gribun 316, 317, 319, 358-9, 
360, 362-4

Grizzle Bed 210, 211-214 
Gruinard Bay to Loch Ewe 321 
Gualann na Leac 318, 341,353 
Guinea Bed 210, 211-14

Hallaig Sandstone Member 
318, 321, 323, 324, 331-6 

Boreraig to Cam Dearg 318, 
319, 365-9

Ob Lusa to Ardnish Coast 
318, 319
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Hallaig Shore 316,318, 319-21, 
324, 331-7, 338, 349, 356 
Ardnish Formation 331-6 
Bearreraig Sandstone Forma

tion 331
Breakish Formation 321 
Cullaidh Shale Formation 331 
Garantiana Clay Member 331 
Pabay Shale Formation 321, 

331-6
Scalpay Sandstone Forma

tion 318, 319, 331-6
Ham Hill 56, 58, $9, 102-6 

Bridport Sand Formation 
103, 104-6

Ham Hill Limestone Member 
102-6

Hard Shale Beds 241-2 
Boulby Quarries 295, 297 
Casdechamber to Maw Wyke 

264
M iller’s Nab to Blea Wyke 

273, 276
Whitby to Saltwick 302

Haresfield Hill 139-61, 188, 
189, 194, 199-201 
Birdlip Limestone Forma

tion 189, 190, 199-201 
Bridport Sand Formation 

101, 159-61, 188-92, 199 
Whitby Mudstone Formation 

199, 200-1
Hawsker Bottoms 262-4, 266, 

269-71, 277, 28$, 290, 302
Hawskerense Subzone 11, 77, 

241, 265, 267, 283, 285 
Cadha Camach 337-44 
Casdechamber to Maw Wyke 

265, 267, 269 
M iller’s Nab to Blea Wyke 

273, 277
Pinhay Bay to Fault Com er 

and East C liff 72, 77 
Prince Charles’ Cave to 

Holm 348, 350-1 
Rubha na Leac 336,340,

342,355, 358 
Tilton Railway Cutting 232, 

234
Hebrides Basin 3-5, 19-20, 45, 

245, 249, 262, 315-74 
sea-level changes 318, 321-4 
stratigraphy 22-3, 24, 28-9,

60,318, 321-3

Hettangian 5, 6, 7, 10, 20, 21, 
24, 25-7, 29, 108, 143-5,
147-8, 159, 209, 210-14, 
240-3, 245-50, 261 
Aird na h-Iolaire 358-64 
Allt Leacach 316, 319, 321,

323
Boreraig to Cam Dearg 3 i 6, 

319-20
Blue Anchor-Lilstock Coast 

86, 90-4
Boreraig to Cam Dearg 

365-9
Bowidish Quarry 139 
Dunrobin Coast Section 

307-12
fauna 5, 6, 10, 30,31,32, 33, 

35,38,39, 41,43, 45, 47, 
48, 247-50 

Hobbs Quarry 133-4 
Hock C liff 161, 164-70 
Huish Colliery Quarry 143 
Kilmersdon Road Quarry 

141
Lavemock to St Mary’s Well 

Bay 113-19
Newnham (Wilmcote) Quarry

209-14
Normanby Stye Batts-Miller’s 

Nab 240-62
Ob Lusa to Ardnish Coast

324
Pant y Slade to Witches Point 

119-28
Hettangian-Sinemurian 56, 58,

93-4, 145-8, 159, 320-1, 323 
Allt Leacach 369-73 
Blue Anchor-Lilstock Coast 

GSSP 85-94 
Hobbs Quarry 133-4 
Kilmersdon Road Quarry 

141-3
Pinhay Bay to Fault Com er 

and East C liff 57, 64, 65, 76 
Redcar Rocks 245-50 
Viaduct Quarry 129-33 

hiatuses 61-80, 84, 90, 93, 105, 
132-4, 161-3, 173, 187, 191, 
206-8, 244,318, 321-3, 343 
Allt Leacach 322, 371-3 
Babylon H ill 101-2 
Blue Anchor-Lilstock Coast 

86, 89-93
Boreraig to Cam Dearg 368

Bowidish Quarry 136-9 
Cadha Camach 343-4 
Coaley Wood 197-8 
Conesby Quarry 216-18, 

220-2
Dunrobin Coast Section 
308, 309-10 

Haresfield Hill 200-1 
Hock C liff 169-70 
Huish Colliery Quarry 143-5 
Kilmersdon Road Quarry 

141-3, 145 
Maes Down 108 
Napton Hill Quarry 226 
Ob Lusa to Ardnish Coast 

329
Pinhay Bay to Fault Com er 

66, 68, 74, 76-81 
Robin’s Wood Hill Quarry 

162, 177-9, 182 
Staithes to Port Mulgrave 

283, 285, 287-91 
Tilton Railway Cutting 232, 

234
Hobbs Quarry 56, 58, 129, 131, 

133-4
Black Rock Limestone 133, 

134
Blue Lias Formation 55, 133 
Carboniferous Limestone 

133-4
Downside Stone 133-4 
fissures 128-9 
marginal facies 18, 128-34

Hock C liff 153, 159,161, 
164-70
Blue Lias Formation 161, 

164-8
Charmouth Mudstone 

Formation 164, 169-70
Holm see Prince Charles’ Cave 

to Holm
Holwell Quarries 56, 58, 149, 

153-6
Carboniferous Limestone 

153-6
fissures 128-9, 148-56 
Neptunian dykes 113, 128,

148-9, 153-6 
Penarth Group 154 
Vallis Limestone Formation 

153-5
Howardian-Flamborough Fault 

Belt 239, 243
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Huish Colliery Quarry 56, 58, 
128, 136-9, 143-8 
fissures 128-9, 148-9 

Hurcott Lane Cutting 56, 58,
94-8, 280
Beacon Limestone Forma

tion 94-8, 280 
Bridport Sand Formation 94, 

95, 97, 101

Ibex Zone 11, 24, 70-2, 76-7, 
147, 172, 182, 221, 240-2 
Blockley Station Quarry 161, 

164, 171-5
Boreraig to Cam Dearg 368 
Cadha Camach 338,340 
feuna 32, 33, 34,55,38,39, 

41, 171-5, 225 
Hallaig Shore 334, 335-6 
Napton Hill Quarry 225 
Normanby Stye Batts-Miller’s 

Nab 241, 255-60 
Illustris Subzone 15, 241, 274, 

275, 278, 279
Ilminster 23, 24, 60, 94, 97, 

108, 163
Inch Kenneth 366, 362-3 
Inferior Oolite Group 29-30, 

76, 135, 147, 149, 150, 190 
Babylon Hill 98-101, 105 
C liff Hill Road Section 82-5 
Coaley Wood 190, 196-8 
Ham Hill 103, 104-6 
Haresfield Hill 190, 198-201 
Hobbs Quarry 139 
Huish Colliery Quarry 144 
Maes Down 106, 107 
Viaduct Quarry 129 
Wotton Hill 190, 193-6 

Insect Limestone 209, 211, 213 
insects 20, 48, 68, 81, 185, 219 

Alderton Hill Quarry 159, 
185, 187

Newnham (Wilmcote) Quarry 
209, 211-14

ironstone 3-5, 25-8, 107-8, 138, 
141, 177, 182, 186, 190-1, 
205, 207-9, 214-22, 223-7,
228-30, 231-5, 249 

Ironstone Shale Member 26-7, 
240,241, 250-1, 254, 255, 
258-62
Boulby Quarries 293-5 
Brevispina Zone 254, 255

Davoei Zone 26-7, 240, 241, 
254, 255, 258-60 

Ibex Zone 240,241,254, 255 
Jamesoni Zone 254, 255, 294 
Normanby Stye Batts-Miller’s 

Nab 241, 254, 255, 258-62 
Redcar Rocks 241, 246, 

247-50

Jamesoni Zone 11, 12, 18, 24, 
66, 69, 72, 77-8, 132-40,
146-8, 162-4, 172, 294 
Boreraig to Cam Dearg 334, 

336,367, 368 
Boulby Quarries 294 
Cloford Quarry 152 
condensed facies 137, 138,

147-8, 220-2 
Conesby Quarry 216-22 
Dunrobin Coast Section 

307-12
fauna 32, 33,35,38,39, 41, 

42
Hallaig Shore 334, 336 
Huish Colliery Quarry 143-4 
Kilmersdon Road Quarry 

142-3
Normanby Stye Batts-Miller’s 

Nab 240, 241, 254, 256, 
259

Pinhay Bay to Fault Com er 
and East C liff 57, 58, 66, 
67, 69-70, 80, 147, 162-4 

Jet Rock 3-5, 7B-9, 240, 242, 
272,273, 284, 294-8, 300 
anoxia 242, 244-5, 302-4 
Boulby Quarries 294-8 
Cannon Ball Doggers 265, 

266, 284, 285, 289-92 
Casdechamber to Maw Wyke 

265, 266
Curling Stones 265, 264-6,

284, 285, 289-92, 302 
M iller’s Nab to Blea Wyke

273, 277
Millstones 265, 266, 284,

285, 289
Staithes to Port Mulgrave 

240, 281-4, 284, 289-92 
Top Jet Dogger 265, 266, 

281, 284, 302
Whalestones 265, 266, 277, 

284, 300-2
Whitby to Saltwick 301-3

Johnstoni Subzone 6, 61-5, 67, 
86, 92-3, 115-19, 210, 214 
Allt na Teangaidh 363 
Blue Anchor-Lilstock Coast 

86, 89, 91-4 
Aird na h-Iolaire 361-5 
Lavemock to St Mary’s Well 

Bay 115-19
Newnham (Wilmcote) Quarry 

210, 209-14
Normanby Stye Batts-Miller’s 

Nab 261
Pant y Slade to Witches Point 

123, 127
Viaduct Quarry 131 

Junction Bed 23, 74, 94-8

Ketdeness 13, 267, 270, 277, 
285

Ketdeness Member 222, 239, 
242, 244, 262, 265, 281, 283 
Boulby Quarries 295, 296-8 
Casdechamber to Maw Wyke 

265, 267-71
Main Seam 281, 281-2, 283, 

285-93, 295, 296 
Miller’s Nab to Blea Wyke 

277
Pecten Seam 283, 285, 

288-9, 295, 296 
Staithes to Port Mulgrave 

281-6, 288-93 
Keynsham 93, 136, 145, 169 
Kilmersdon Road Quarry 56,58, 

128-9, 136-9, 141-3, 148

Lady’s Walk Shale Member 
307-12

Langport Member 16, 36, 91-2, 
113-16,117, 119, 136, 143-7 
Bowldish Quarry 139 
Huish Colliery Quarry 143-4 
Kilmersdon Road Quarry 141 
Lavemock to St Mary’s Well 

Bay 113-16,117, 119 
Pinhay Bay to Fault Com er 

61-3, 64, 76-7, 214 
Laqueus Subzone 6, 116-18, 

123-4, 127
Blue Anchor-Lilstock Coast 

86, 89-90, 92-4 
Pinhay Bay to Fault Com er 

and East C liff 63-5 
Redcar Rocks 248-50
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Lavemock Shale Member 58, 
92, 113-19
Liasicus Zone 58, 92, 113-19, 

127
Lavemock to St Mary’s Well 

Bay 56, 58, 63, 92-4, 113-19, 
126, 214
Blue Lias Formation 92, 

113-19, 127
Leckhampton Member 189,

190, 193-5, 196, 198-201 
Coaley Wood 189, 190, 196-8 
Haresfield Hill 189, 190, 

198-201
Wotton Hill 190, 192-5 

Leicestershire Ironfield 229-30, 
231-5

Leighton Road Cutting 56, 58, 
128, 151-2, 154-6, 252 
Carboniferous Limestone 

155-6
Neptunian dykes 149, 154-6 

Levesquei Subzone 15, 101,
189, 190, 198, 199-201 
Babylon H ill 101 
Coaley Wood 189, 190 
Haresfield Hill 189, 190, 198, 

199-201
M iller’s Nab to Blea Wyke 

272, 274, 275, 280 
Wotton Hill 189, 190, 194-5 

lias Group 3, 4, 5, 16, 113,129,
148-9, 173
Aird na h-Iolaire 319, 358-61, 

363-5
Allt Leacach 319 
Blue Anchor-Lilstock Coast 

86, 87-97
Newnham (Wilmcote) Quarry 

209-14
Pinhay Bay to Fault Com er 

and East C liff 76-82 
Wotton H ill 195 

Liasicus Zone 6, 24, 25, 61-5, 
92-4, 116-19, 132-7, 145, 
147, 159, 161, 206, 207, 323 
Blue Anchor-Lilstock Coast 

86, 87-94
Bowldish Quarry 139-40 
fauna 32,35, 36,38,39, 41, 

42, 90-1
Huish Colliery Quarry 144 
Kilmersdon Road Quarry 

141, 145

Lavemock to St Mary’s Well 
Bay 116-19, 127 

Normanby Stye Batts-Miller’s 
Nab 240, 241, 261 

Pant y Slade to Witches Point 
123-4, 127

Pinhay Bay to Fault Com er 
and East C liff 63 

Redcar Rocks 246-8 
Viaduct Quarry 131 

Lilstock 85, 88-9, 93 
Ulstock Formation 35, 57, 86, 

114
limonite 188, 196, 227-8, 

233-5, 370
Lincolnshire 205, 208, 230 
Linseed Bed see Pedcum Bed 
lithostratigraphy 22-8 

Cleveland Basin 240-2 
East Midlands Shelf 205-8 
Mendip and South Wales 57, 

113
Severn Basin 159-62 
Wessex Basin 56, 57, 64, 66, 

72, 83, 86, 96, 103, 104 
Litde Ledge Bed 64, 66-7 
Loch Aline 316, 319, 369-73 
Loch Cadha Camach 332,339 
Loch Don 319, 358 
Loch Eishort 320, 322, 323-4, 

365, 366
Loch Slapin 318, 320, 323,

365, 368
Loftus Alum Quarries 293-8 
London Platform 19, 22, 56, 101, 

145, 191, 205, 208, 226, 230 
Lossiemouth Borehole 311-12 
Luridum Subzone 11, 67, 70, 

72, 139, 173
Blockley Station Quarry 163, 

170-5
Hallaig Shore 334, 335-6 
Napton Hill Quarry 226 
Normanby Stye Batts-Miller’s 

Nab 8, 254-5, 258-62 
Robin’s Wood Hill Quarry 

173-4,178, 180, 226 
Lyme Regis 10, 60-1, 62 
Lyra Subzone 8, 36, 64, 86, 92, 

159, 248,328
Blue Anchor-Lilstock Coast 

86, 90-4
Boreraig to Cam Dearg 367, 

368

Hock C liff 169 
Ob Lusa to Ardnish Coast 

323-4,328 
Redcar Rocks 248-50

Macdonnelli Subzone 9, 137, 
138, 145,216-17,253, 256 
Boreraig to Cam Dearg 367, 

368
Conesby Quarry 216-17 
Normanby Stye Batts-Miller’s 

Nab 253, 256-62 
Mactra Subzone 15, 195 

Cadha Camach 337-44 
Wotton Hill 195 

Macula turn Subzone 11, 26-7, 
66, 71, 72, 139, 144, 172-5, 
240, 254
Blockley Station Quarry 

172-3
Cadha Camach 337-44,340, 

342
Hallaig Shore 334, 336 
Huish Colliery Quarry 144 
Napton Hill Quarry 225-7 
Normanby Stye Batts-Miller’s 

Nab 7, 254, 255, 258-62 
Pinhay Bay to Fault Com er 

and East C liff 71, 72 
Robin’s Wood Hill Quarry 

178, 180
Staithes to Port Mulgrave 

286, 287, 290
Maes Down 56, 58, 107-9, 229 
Main Alum Shale Beds 241-2, 

273, 274-6
Boulby Quarries 296-8 
Castlechamber to Maw Wyke 

264,265
M iller’s Nab to Blea Wyke 

273, 276
Whitby to Saltwick 300-4 

Main Seam 265, 267, 270, 281, 
283, 285-93, 296 
Apyrenum Subzone 269,

281, 283, 285, 288-90 
Boulby Quarries 296 
Castlechamber to Maw Wyke 

270
Staithes to Port Mulgrave 

269, 281, 283, 285, 288-90 
Maisemore 161, 164 
mammals 148, 153 

see also vertebrates
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Margaritatus Zone 77, 24, 57, 
55, 71-3, 77, 79, 173-4,206, 
207, 222, 22B-9, 240, 247, 
267, 285, 336,340 
Boulby Quarries 241, 242 
Cadha Camach 337-44 
Castlechamber to Maw Wyke 

240, 242, 267-71 
Cloford Quarry 152 
fauna 32, 34,35,35,39, 42, 

42
Neithrop Fields Cutting 57, 

58, 206, 208, 22B-9 
Normanby Stye Batts-Miller’s 

Nab 260
Pinhay Bay to Fault Comer 

66, 71-4, 76 
Prince Charles* Cave to 

Holm 345
Redcar Rocks 246, 247-50 
Robin’s Wood Hill Quarry 

177
Staithes to Port Mulgrave 

242, 242, 267, 285-8, 290 
Tilton Railway Cutting 206 

Market Weighton High 20, 26,
205, 208, 215, 222, 227-30, 
242, 244

Marlstone Rock Formation 24, 
26, 27, 57, 59, 72, 74, 77,
262, 162, 270, 183-6, 191-2,
206, 209, 222, 226, 229-31 
Alderton Hill Quarry 183-7 
Banbury Ironstone Member

206, 209, 231-5 
Maes Down 107-9 
Napton Hill Quarry 208, 

223-7, 229-30 
Neithrop Fields Cutting 208, 

226, 227-31
Pinhay Bay to Fault Comer 

and East C liff 72, 74, 77 
Robin’s Wood Hill Quarry 

176-83
Tilton Railway Cutting 208, 

230, 231-5
Tilton Sandrock Member 

206, 208, 230, 231-5 
Masseanum Subzone 11, 26-7, 

66, 138, 147, 772, 240, 254, 
255, 258-62 
Blockley Station Quarry

171-5
Maw Wyke Hole 263, 264, 266

Meall Daimh 331, 334,339 
Mendip Hills 19-20, 27, 49, 56, 

58, 59, 93-4, 106, 108, 113, 
127-9, 131, 146-9, 163 

Mendip and South Wales 
massifs 113-156 
fissures 121-31, 124-9, 148,

149-53
lithostratigraphy 23-6, 56,

58, 113
Neptunian dykes 148-9 

Mercia Mudstone Group 55,
89, 774, 134

microfossils 96, 97, 168, 172, 
176, 292
Blue Anchor-Lilstock Coast 

91
Holwell Quarries 153 
Lavemock to St Mary’s Well 

Bay 114
Tilton Railway Cutting 232 
see also pollen; Fossil index 

Midford Sands 25, 187 
M iller’s Nab to Blea Wyke 247, 

252, 262-3, 271-81 
Blea Wyke Sandstone Forma

tion 247, 272, 274, 275, 
279-81

Dogger Formation 272, 274, 
278, 279, 281 

faults 243, 271, 280 
Ketdeness Member 273, 277 
Whitby Mudstone Formation 

247, 271-81
Millstones 265, 266, 284, 285, 

289, 302, 304
Mochras Borehole 19, 45, 85, 

93, 280
Mongrel Bed 61-3, 64 
Monmouth Beach 61, 62 
Moorei Bed 189, 190, 192, 

194-5, 196, 198, 199-201 
Coaley Wood 196 
Haresfield Hill 198, 199-201 
Wotton Hill 789, 190, 194-5 

Moray Firth Basin 19,27, 307-12 
Moreton-in-Marsh 766, 170 
Mulgrave Shale Member 247, 

242, 244, 262-6, 269-73 
Bituminous Shales 78-9, 

264-6, 272, 273, 276-7, 
300-4

Boulby Quarries 247, 242, 
295, 296-8

Castlechamber to Maw Wyke 
247, 242, 262-6, 269-71 

Jet Rock 264-6, 273, 276-7, 
284, 285, 289-92 

M iller’s Nab to Blea Wyke 
247, 242, 272, 273, 276-81 

Staithes to Port Mulgrave 
247, 242, 281-5, 289-93 

Whitby to Saltwick247, 242, 
299-304

Mull 27,376,377, 318-19,
321, 322, 323-4, 358-64 
Aird na h-Iolaire 376,377, 

318, 358-65 
Carsaig Bay 319

Napton Hill Quarry 173, 181,
265, 207, 223-7
Banbury Ironstone Member 

207-8
Charmouth Mudstone 

Formation 207-8, 223, 226 
Dyrham Formation 207-8, 

223, 227, 229-30 
Marlstone Rock Formation

207, 223, 227, 229-30, 234 
Whitby Mudstone Formation

266, 208
nautiloids 48, 248 

see also Fossil index 
Neithrop Fields Cutting 265,

266, 207, 227-31 
Banbury Ironstone Member

266, 208, 227-31 
Dyrham Formation 181, 

207-8, 227-31 
Marlstone Rock Formation

208, 226, 227-31, 234 
Whitby Mudstone Formation

266, 227-31
Neptunian dykes 61, 75, 77,

80, 148
Newark Supergroup 47-8 
Newnham (W ilmcote) Quarry 

266, 209-14 
Insect Beds 209 
Penarth Group 266, 269,

210- 14
Pre-Planorbis Beds 276,

211- 14
Saltford Shale Member 269, 

276
Wilmcote Limestone Member 

269, 276, 213-14
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Nibley Knoll 190,193, 195,
197

nodules 8, 25-7, 56-7, 59, 
65-8, 70, 72, 77, 162, 163,
172-5, 180, 226-7, 228, 240, 
245-8, 268, 272, 275-6, 283,
284-93, 295, 297, 367-8 
Alderton Hill Quarry 184-7 
Blue Anchor-Lilstock Coast 

91
Castlechamber to Maw Wyke 

266-9
Dunrobin Coast Section 309 
Hallaig Shore 331,333, 334 
Hurcott Lane Cutting 95 
Lavemock to St Mary’s Well 

Bay 115-17
M iller’s Nab to Blea Wyke 

272-5
Pant y Slade to Witches Point 

123
Pinhay Bay to Fault Com er 

and East C liff 57, 59, 61, 
65-8, 71, 72, 77-9 

Staithes to Port Mulgrave 
283-93

see also doggers; phosphatic 
nodules

Norian 206, 211-14
Normanby Stye Batts-Miller’s 

Nab (Robin H ood’s Bay) 7,
12, 78, 239, 240, 245,
250-62, 263, 271, 277 
Calcareous Shale Member 

239, 241, 257, 253, 257-62 
Frodingham Ironstone 

Member 221-2 
Ironstone Shale Member 

247, 254, 255, 2581 260 
Oyster Bed 254, 255, 259 
Pyritous Shale Member 247, 

253, 254-6, 259-62 
Siliceous Shale Member 240, 

247, 250, 253, 256-62 
Staithes Sandstone Forma

tion 257, 250, 254, 262 
Wine Haven GSSP 257, 256, 

260, 262
North Sea Basin 205, 208, 239, 

241-3, 307
North-west European Province 

31, 40, 62-5, 97-8, 242-3
Northamptonshire 7, 98, 186, 

205, 229

Ob Breakish Coral Bed 326, 
327, 329-30

Ob Lusa to Ardnish Coast 376, 
318, 319-20, 325-31, 365, 
373
Ardnish Formation 318, 319, 

320, 323, 325-30 
Breakish Formation 318,

319, 323, 326,327, 329-30 
Obtusum Nodules 737, 145-6 

Bowldish Quarry 140 
Huish Colliery Quarry 145-6 
Kilmersdon Road Quarry 142 

Obtusum Zone 9, 24, 27, 66, 
80-1, 138, 145-6, 767, 206, 
207, 214-22,372, 373 
Allt Leacach 372, 373 
Boreraig to Cam Dearg 

365-9
Bowldish Quarry 140 
Conesby Quarry 206, 216-22 
fauna 32,35, 36,37,38,39, 

41,42
Normanby Stye Batts-Miller’s 

Nab 240, 247, 257-62 
Redcar Rocks 247 

Ogmore-on-Sea 36, 125, 128 
Opaliniforme Bed 163,189, 

190, 192, 195-6, 198 
Coaley Wood 196, 198 
Haresfield HOI 198-201 
Opalinum Zone 193 
Wotton Hill 192-5, 198 

Opalinum Zone 83, 104-5,
189, 190, 194-5, 196-8, 
199-201, 337-44 
Cadha Camach 343-4 
C liff Hill Road Section 83 
Coaley Wood 196, 198 
Ham Hill 104-5 
Haresfield Hill 198-201 
M iller’s Nab to Blea Wyke 

272, 274, 278-SI 
Wotton Hill 192-4, 195, 198 

ophiuroids 63, 73-5, 80, 97, 
167-70, 173, 180, 182, 294-B 
see also starfish 

Osmotherley Seam 222, 265, 
267
Boulby Quarries 295, 297-8 
Castlechamber to Maw Wyke 

270
Staithes to Port Mulgrave 

222, 283, 285, 286

Subnodosus Subzone 265, 
267,283, 286-8, 297 

ostracods 45, 46, 98, 144 
Aird na h-Iolaire 364 
Alderton Hill Quarry 185 
Blockley Station Quarry

173-5, 182
Blue Anchor-Lilstock Coast 

87, 91-2
Cloford Quarry 150 
Dunrobin Coast Section 

309
Holwell Quarries 154 
Hurcott Lane Cutting 98 
Napton Hill Quarry 223-7 
Pinhay Bay to Fault Com er 

63, 70, 72, 74, 76 
Redcar Rocks 249 
Robin’s Wood Hill Quarry 

174, 176-8, 182 
Staithes to Port Mulgrave 

289
Tilton Railway Cutting 231-2 

Ostrea Beds 136, 139,362,
363, 364

Ostrea liassica and Saurian 
Beds 211-14

Ovatum Bed 240, 266, 273,
276, 302-4

Oxfordshire 101-2, 191, 229 
Oxynotum Zone 9, 24, 28, 57, 

59, 64, 68, 72, 78, 137-40, 
145,161, 163, 253, 256 
Allt Leacach 373 
Boreraig to Cam Dearg 322, 

367, 368
Conesby Quarry 206, 207, 

216
fauna 32,35, 36,38,39, 41, 

42
Normanby Stye Batts-Miller’s 

Nab 240, 241, 253, 256-62 
Redcar Rocks 246, 247-50 

Oyster Bed 240, 265, 268 
Capricomus Subzone 254-5, 

265, 268, 283, 286 
Normanby Stye Batts-Miller’s 

Nab 254, 255, 259 
Staithes to Port Mulgrave 

283, 286
oysters 96, 98, 104, 115 

Leighton Road Cutting 156 
Pant y Slade to Witches Point 

121-2
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Pabay 316,318, 320, 368 
Pabay Shale Formation 24, 27,

245,318, 319, 320, 321,322, 
324, 333-6,353, 354, 367-9 
Allt Leacach 319, 370-3 
Birchi Subzone 322,372, 373 
Boreraig to Cam D ea rg jf# , 

319, 320, 365-9 
Dunrobin Coast Section 307 
Hallaig Shore 321 
Rubha na Leac 353, 354 
Torosay Sandstone Member 

318, 319
Pabba Shales see Pabay Shale 

Formation
Paltus Subzone 13,14, 77, 265, 

267, 281-6
Alderton Hill Quarry 184-7 
Castlechamber to Maw Wyke 

262, 265, 267, 269-71, 275 
M iller’s Nab to Blea Wyke 

275, 277
Pinhay Bay to Fault Comer 

and East C liff 72, 77 
Staithes to Port Mulgrave 

284, 285, 290
Pant y Slade to Witches Point 

56, 58, 92-4, 119-28, 133-4, 
147, 373 
bivalves 33-4
Blue Lias Formation 35-7, 56, 

92, 117-18, 119-29, 131-2 
Porthkerry Member 58, 

113-20,121, 126 
Carboniferous Limestone 

118-20, 121 
Penarth Group 119-23 
Southemdown Member 

119-26, 147 
Sutton Stone Member 

119-26
paper shales 63-7, 76, 90, 92 

Alderton Hill Quarry 184-5 
Lavemock to St Mary’s Well 

Bay 113, 116, 118 
Passage Beds 37, 39, 320 
Peak Mudstone Member 241, 

271-81
Boulby Quarries 297 
M iller’s Nab to Blea Wyke 

241, 274, 275, 278-9 
Peak Stones 273, 276-7, 278 
Peak Trough 25,239, 243-4, 

280

Pecten Ironstone Member 221, 
222

Pecten Seam 265, 267, 269,
281, 283, 287-8, 295, 296 
Boulby Quarries 295, 296 
Casdechamber to Maw Wyke 

265, 267, 269 
Staithes to Port Mulgrave 

269, 283, 285, 288, 290
Pedicum Bed 188-90, 194-5, 

197-8
Penarth Group 7, 16, 17, 48,57, 

58, 61, 64, 76, 159, 161, 321 
Aird na h-Iolaire 317,318, 

323, 358-65
Blue Anchor-Lilstock Coast 

85-9,90-4 
Bowldish Quarry 139 
Cloford Quarry 150 
Complex Breccia 149-52 
Holwell Quarries 153-6 
Kilmersdon Road Quarry 141 
Lavemock to St Mary’s Well 

Bay 113-117, 119 
Newnham (Wilmcote) Quarry 

206,209, 211, 214 
Ostrea Beds 61, 64, 136,

137, 211-14, 362 
Pant y Slade to Witches Point 

119-23, 129-30 
Pre-Planorbis Zone 206, 210, 

211, 360-5
Stock Green Limestone 210, 

214
Viaduct Quarry 129, 130

Penny Nab Member 222, 241, 
242, 244, 281, 283, 285-93 
Avicula Seam 222, 265, 267, 

283, 286, 289 
Boulby Quarries 295, 298 
Casdechamber to Maw Wyke 

265, 267-71
Osmotherley Seam 222, 265, 

267, 270, 283, 286 
Raisdale Seam 222, 265,

267, 270, 283, 285-93 
Staithes to Port Mulgrave 

281, 283, 285-93 
TWo Foot Seam 222, 270,

285-93
phosphatic nodules 63, 69-70, 

137-8, 142, 143, 161, 172-3, 
248, 272, 278, 280, 291, 329 
see also nodules

Pinhay Bay to Fault Comer and 
East Cliff 10, 12, 56, 58, 60-82, 
118
Beacon Limestone Forma

tion 57, 59-60, 72, 75, 77, 
98

Blue Lias Formation 56-65,
77-82, 90

Bridport Sand Formation 
25, 57, 59, 72, 75-7 

Charmouth Mudstone Forma
tion 32, 56, 57, 61-73, 
76-81

Dyrham Formation 57, 59,
72, 75, 77-80 

fauna 42, 61, 63, 72, 74 
Fish Bed Shales 64, 65 
Langport Member 61, 64,

76, 214
Lower Laminated Beds 

115-18
Marlstone Rock Formation 

72, 74, 77 
Ostrea Beds 61, 64 
Pre-Planorbis Beds 61, 64 
Scissum Beds 76, 82, 84 
Starfish Bed 44, 72, 74, 77 
Upper Laminated Beds 

115-18
Planorbis Zone 5, 6, 25, 58, 61, 

64, 76, 93, 94, 114-19, 132, 
135, 136-9, 139,161, 209-14, 
240, 241, 245, 319, 323 
Aird na h-Iolaire 358-61, 

363-5
Blue Anchor-Lilstock Coast 

86, 87, 89-94 
Bowldish Quarry 140 
fauna 35,38,39, 41,42, 90 
Hobbs Quarry 134 
Huish Colliery Quarry 143-5 
Kilmersdon Road Quarry 

141-2, 145
Lavemock to St Mary’s Well 

Bay 116-19
Newnham (Wilmcote) Quarry 

206, 207, 209, 210, 212-14 
Pinhay Bay to Fault Com er 

and East C liff 57, 64, 76 
Viaduct Quarry 131 

plants 20, 96, 97, 148-9, 259, 
309
Aird na h-Iolaire 361 
Alderton Hill Quarry 184
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Boulby Quarries 297 
Newnham (Wilmcote) Quarry 

211-14
see also Jet Rock; pollen and 

spores; wood
Pliensbachian 3, 5, 10, 12, 16, 

19, 42, 46, 136, 137-43, 144, 
146-8, 139, 281-93 
Alderton Hill Quarry 184, 186 
biostratigraphy 30-47, 253, 

256, 260
Blockley Station Quarry 159, 

161, 170-3
Boulby Quarries 241, 293-8 
Cadha Camach 321 
Castlechamber to Maw Wyke 

262-7, 267-71 
Dunrobin Coast Section 

307-12
Hallaig Shore 318, 321 
Huish Colliery Quarry 143 
lithostratigraphy 24, 25-9, 

240-2
Maes Down 106-9 
Napton Hill Quarry 224-7 
Neithrop Fields Cutting 227 
Normanby Stye Batts-Miller’s 

Nab 12, 240, 253, 256, 260 
Pinhay Bay to Fault Com er 

10, 12, 56, 55, 60-82 
Redcar Rocks 245-50 
Robin’s Wood Hill Quarry 

159,161, 176-83 
Rubha na Leac 321 
Staithes to Port Mulgrave 

229, 281, 284, 285, 290 
Tilton Railway Cutting 231-5 

pollen and spores 47, 48, 91, 
292, 309
see also microfossils 

Polymorphus Subzone 11, 33, 
66, 77-8, 138
Boreraig to Cam Dearg333, 

334-6,367, 368 
Boulby Quarries 294 
Normanby Stye Batts-Miller’s 

Nab 254, 255, 259, 62 
Port Mulgrave 264, 266, 281, 

282, 292
Porthkerry Member 58, 113-29 

Lavemock to St Mary’s Well 
Bay 58, 113-19 

Pant y Slade to Witches Point 
58, 119-24, 126-8

Portlocki Subzone 6, 64, 86,
89
Blue Anchor-Lilstock Coast 

86, 89-90, 92-4 
Pant y Slade to Witches Point 

123, 127
Viaduct Quarry 131 

Portree Shale Formation 24, 29, 
245, 322, 324,348 
Cadha Camach 321, 336-44, 

340, 342
Prince Charles’ Cave to 

Holm 318, 318, 342-52 
Rubha na Leac 355, 358 

Pre-Planorbis Beds 5, 22-4, 26, 
27, 159,161, 210 
Aird na h-Iolaire 360-5 
bivalves 33-5 
Blue Blocks 210, 211 
Firestones 210, 214 
Grizzle Bed 220, 211,

213-14
Guinea Bed 210, 214 
Newnham (Wilmcote) Quarry 

210, 211
Ostrea liassica and Saurian 

Beds 211-14
Pendle and Jackets 210, 211 
Pinhay Bay to Fault Com er 

and East C liff 61-63, 64 
Stock Green Limestone 210, 

214
Prince Charles’ Cave to Holm 

316, 319, 342, 344-52 
Portree Shale Formation 

318, 319, 344-52 
Raasay Ironstone Formation 

344,345,348, 352 
Scalpay Sandstone Forma

tion 344-52
Pseudoradiosa Zone 25, 24, 77, 

84, 100-1,161, 162, 289, 191, 
194-5, 199-201 
Babylon Hill 100-2 
C liff Hill Road Section 83-4 
fauna 32, 34,35,38,39, 41, 

42
Ham Hill 103-5 
Haresfield Hill 199-201 
Pinhay Bay to Fault Com er 

and East C liff 57, 79, 101 
M iller’s Nab to Blea Wyke 

241, 272, 274, 279-81 
Wotton Hill 189, 190, 194-5

pyrite 59, 67-71, 76-80, 117, 
161-2, 165-7, 171-2, 184, 
266, 289-93, 296, 298, 347 

Pyritous Shale Member 26,
240, 241, 246, 247-50, 253 
Normanby Stye Batts-Miller’s 

Nab 240, 241, 253, 254-62 
Redcar Rocks 241,246, 247-9

Quantock Hills 19, 93

Raasay Ironstone Formation 
24, 28,318, 319, 320-2, 
331-44, 344-58 
Cadha Camach 318, 319, 

321,337, 338-44 
Prince Charles’ Cave to 

Holm 344-6,348, 349-52 
Rubha na Leac 321,353,355 

Raasay, Isle o f 12,326, 317, 
320-31, 357 
Allt Ferns 318 
Cadha Camach 336-44 
Hallaig Shore 331-6 

Radstock 235, 138, 141, 145 
Radstock Grove see 

Kilmersdon Road Quarry 
Radstock Shelf 19,24, 26,56, 

58, 93, 94, 134-9, 143-5 
Armatum Bed 237, 139, 

145-9
Bucklandi Bed 136, 237 
Coal Measures 134 
condensed facies 113, 128, 

134-9, 191
faults 144-6, 147, 148-53 
Jamesoni Limestone 235, 

237, 139, 145, 147-8 
Mercia Mudstone Group 134 
Ostrea Beds 136, 237 
Penarth Group 16-17, 143-5 
Raricostatum Clay 237, 138, 

146
Spiriferina Bed 136, 237 
Striatum Clays 139, 147 
Sun Bed 136, 237 
T\imeri Clay 237, 145-6 

Raisdale Seam 222, 265, 267, 
270, 283, 285-93, 295 
Boulby Quarries 295, 296 
Castlechamber to Maw Wyke 

265, 267, 270 
Staithes to Port Mulgrave 

283, 285-93
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Raricostatum Clay 737, 139,
141
Bowldish Quarry 140-1 
Raricostatum Zone 137, 138, 

142, 145-6
Raricostatum Zone 9, 25, 43,

57, 59, 66, 68, 70, 76, 737, 
138, 140, 142, 145-6, 767, 
163, 240, 247, 253, 255, 321 
Boreraig to Cam Dearg 365, 

367, 368
Cloford Quarry 152-3 
Conesby Quarry 216-17, 

220-1
Dunrobin Coast Section 

307-12
kuna32,35, 36,38,39, 47, 

42
Hallaig Shore 334 
Kilmersdon Road Quarry 

735, 138, 141, 142 
Normanby Stye Batts-Miller’s 

Nab 247, 253, 256-60 
Redcar Rocks 240, 247, 

247-50, 253, 254, 256-7 
Ravenscar 243, 257, 271, 277-9 
Rave ns car Group 293, 295, 297 
Redcar Mudstone Formation 

24, 26-7, 78, 746, 222, 240-2, 
248-62
Banded Shales 78 
Boulby Quarries 293, 295 
Calcareous Shale Member 

240-2, 246, 247-50 
Ironstone Shale Member 

26-7, 240-20, 246, 247-9, 
254, 255, 258-62 

Normanby Stye Batts-Miller’s 
Nab 256, 251-62 

Pyritous Shale Member 26, 
240, 242, 246, 247-50,
253, 255

Redcar Rocks 245-50 
Siliceous Shale Member 

240-2, 246, 247-50, 253, 
254-6

Staithes to Port Mulgrave 
282, 286

Redcar Rocks 247, 245-50 
Coatham 245, 246 
Redcar Mudstone Formation 

245-50
Staithes Sandstone Forma

tion 240, 247

reptiles 48, 80, 87, 185, 248-9 
Boulby Quarries 293, 296-8 
Newnham (Wilmcote) Quarry 

211-12, 214
Pinhay Bay to Fault Corner 

and East C liff 61, 63, 65-6, 
69

Whitby to Saltwick 299, 304 
see also vertebrates 

Rhaetian 3, 5-6, 34-6, 47, 57, 
735, 137, 159, 767, 214,378, 
319, 321, 323 
Aird na h-Iolaire 358-65 
Allt Leacach 360 
Blue Anchor-Lilstock Coast 

55, 85-9, 91 
Cloford Quarry 149-50,

152-3 
fauna 46
Holwell Quarries 154 
Lavemock to St Mary’s Well 

Bay 115-19
Pinhay Bay to Fault Comer 

and East C liff 55 
Robin Hood’s Bay 10, 12, 78, 

239, 240, 245, 250-63 271 
see also Normanby Stye 

Batts-Miller’s Nab 
Robin’s Wood Hill Quarry 

159-63, 176-83, 226-7, 229 
Charmouth Mudstone 

Formation 176-83 
Dyrham Formation 767, 162, 

176-83
hiatus 162, 177-9, 182 
Marlstone Rock Formation 

162, 176-83, 230 
Whitby Mudstone Formation 

176-7
Rosedale Wyke 282, 289 
Rotiforme Subzone 8, 35, 64, 

86, 159, 767 
Allt Leacach 371,372 
Blue Anchor-Lilstock Coast 

86, 90-3
Hock C iff 767, 168, 169 
Redcar Rocks 246, 248-50 
Viaduct Quarry 131 

Roxby Mine 216, 220-1 
Rubha na Leac 376,378, 321, 

333, 335,337, 338, 342, 349, 
352-8
Bearreraig Sandstone 

Formation 352,355, 358

Pabay Shale Formation 352, 
353

Portree Shale Formation
352,355, 358

Raasay Ironstone Formation 
321, 341,352,353,355,
357

Scalpay Sandstone Forma
tion 328, 319, 341, 351, 
352-8

Stornoway Formation 315, 
378, 352, 354, 358 

Rubha na h-Uamha 358-60 
Rubha Reidh Ridge 376, 369 
Rum 315,378, 320

St Audrie’s Shales 5-6, 85-9, 
91-3, 118

St Fagans Borehole 124-5 
St Hilda 299-300 
St Mary’s Well Bay Member 58, 

92,113-18, 127 
Salebrosum Zonule 77, 269, 

285, 290
Saltford Shale Member 92, 118, 

145,209, 211, 213
Newnham (Wilmcote) Quarry 

209, 270, 212 
Saltwick Nab 300-1, 303 
Sauzeanum Subzone 8, 36, 64, 

92, 136, 737, 161, 216 
Blue Anchor-Lilstock Coast 

92
Conesby Quarry 217-19 
Ob Lusa to Ardnish Coast 

328, 330
Redcar Rocks 245-50 
Normanby Stye Batts-Miller’s 

Nab 247, 245-50, 253, 
257-61

Scalpay Sandstone Formation 
24, 28, 245, 316,378, 320,
322-4, 335-40, 346-52, 
352-8
Boreraig to Cam Dearg 368 
Cadha Camach378, 319, 

331, 336-44, 354 
Hallaig Shore 378, 319, 354 
Prince Charles’ Cave to 

Holm 344-52 
Rubha na Leac 378, 319,

334, 341, 351, 352-8 
Spinatum Zone 336, 340, 

348, 354-6
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scaphopods 37, 172, 248 
Scarborough 239, 263, 264 
Scipionianum Subzone 137 

Blue Anchor-Lilstock Coast 
92

Boreraig to Cam Dearg 369 
Ob Lusa to Ardnish Coast 

328, 330
Pinhay Bay to Fault Com er 

and East C liff 64, 65 
Redcar Rocks 246, 247-50 

Scissum Beds 76, 83, 84, 163, 
189, 190
Haresfield HiU 198, 201 
Pinhay Bay to Fault Com er 

and East C liff 76, 83, 84 
Wotton Hill 193, 195 

Scissum Zone 76, 83, 84, 101, 
105, 163,189, 193-4, 195, 
196- 8, 199-201 
Babylon HiU 101 
C liff HiU Road Section 83, 84 
Coaley Wood 189, 190, 196, 

198
Haresfield HiU 198, 201 
Pinhay Bay to Fault Com er 

and East C liff 76 
Wotton HiU 190, 192-3, 195 

Scunthorpe 205, 215, 220, 222 
Scunthorpe Mudstone Forma

tion 24, 26-7, 206, 209, 
214-22
Frodingham Ironstone 

Member 214-22 
sea-level changes 20-2, 47-8, 

3 11-12
Cleveland Basin 242-5, 270, 

271, 291-2, 304 
Hebrides Basin 321-4, 342, 

351, 373
Mendips and South Wales 

massifs 113, 118, 144-8 
Severn Basin 163, 169, 182, 

186-7, 190-1
Wessex Basin 77, 79-82, 92, 

98, 101, 245
Semicelatum Subzone 15, 64, 

77, 265, 266, 284, 285 
Casdechamber to Maw Wyke 

265, 266, 269-71 
MiUer’s Nab to Blea Wyke 

273, 277
Pinhay Bay to Fault Com er 

and East C liff 72, 77

Staithes to Port Mulgrave 
284, 285

TUton Railway Cutting 231-5 
Semicostatum Zone 8, 24, 36, 

136,137, 140, 145-6, 161, 
207-8, 321-2, 323-4 
AUt Leacach 371, 72 
Blue Anchor-LUstaock Coast 

89, 91, 93-4
Boreraig to Cam Dearg 367, 

369
Cloford Quarry 153 
Conesby Quarry 216-20 
fauna 32, 53,35,38,39, 41, 

42
Hock C liff 169-70 
Normanby Stye Batts-MiUer’s 

Nab 239, 241, 245-50, 253, 
257, 260-2

Ob Lusa to Ardnish Coast
323-4

Pant y Slade to Witches Point 
124

Redcar Rocks 241, 245-50 
Serpentinum Zone 14,24, 45, 

161, 231-5, 241, 304, 322,
324,340, 342-4,348, 350,
354,355
Alderton HiU Quarry 183-7 
Cadha Camach 337-44 
Casdechamber to Maw Wyke 

264-6
Cloford Quarry 152 
Coaley Wood 197-8 
fauna 33,35,38,39, 41,42, 

45
Hurcott Lane Cutting 95-7 
Maes Down 107-9 
MUler’s Nab to Blea Wyke 

241, 264-6, 273, 277 
Pinhay Bay to Fault Com er 

and East C liff 74-5 
Prince Charles* Cave to 

Holm 348, 350-1, 354,355 
Staithes to Port Mulgrave 

281, 283, 284, 289-92 
TUton RaUway Cutting 231-5 
Whitby to Saltwick 297, 302-4 

serpuUds 69, 91, 96, 98, 104, 
123, 279
MiUer’s Nab to Blea Wyke 

260, 274, 275, 279 
Normanby Stye Batts-MiUer’s 

Nab 260

Redcar Rocks 249 
Staithes to Port Mulgrave 

285, 287
Severn Basin 3, 6-7, 18-19, 21, 

49, 94, 101, 145, 159,161, 
163, 164, 169-70, 173-5,
177, 181, 187-92, 208-9,
214, 226-7, 244, 280 
brachiopods 60 
lithostradgraphy 22-5, 60,

76, 101, 159-64 
Shales-with-Beef Member 55, 

57, 61-7, 72, 76, 78-81 
Shepton MaUet 128, 129, 132, 

133
siderite 24-5, 62, 171, 175,

218, 224, 227-8, 230-1, 259, 
262, 283-8, 292,367, 368 
Boulby Quarries 293, 295, 

297
Casdechamber to Maw Wyke 

265-7, 269
MiUer’s Nab to Blea Wyke 

276-7, 280
Siliceous Shale Member 25, 55, 

240, 241, 246, 247-50, 253 
Normanby Stye Batts-MiUer’s

Nab 241, 247,249,253, 
254, 256-62 

Redcar Rocks 241, 246, 
247-50

Simpsoni Subzone 9, 138, 216, 
253, 256-7
Conesby Quarry 216-18 
Normanby Stye Batts-MiUer’s 

Nab 253, 256-62 
Redcar Rocks 247-50 

SinemurianJ, 4, 17, 23, 24-7, 
46, 55-8, 61-72, 76, 93-4, 
128, 136-9, 144-7,161, 162, 
271, 319, 321-2 
Aird na h-lolaire 361 
AUt Leacach 371,372 
Blue Anchor-Lilstock Coast 

5, 17, 24-5, 85-9, 91-4 
basal GSSP 86, 90-4 

Blockley Station Quarry 
171-4

Conesby Quarry 214-22, 249 
Dunrobin Coast Section 

307-12
fauna 10, 32, 42
Hock C liff 159, 161
Huish CoUiery Quarry 143-8

454



General index

Leighton Road Cutting 153-6 
Normanby Stye Batts-MiUer’s 

Nab 240, 250-62 
Ob Lusa to Ardnish Coast 

324
Pinhay Bay to Fault Comer

10, 61-82
Redcar Rocks 245-50 

Skye 326, 317-20, 322, 323,
324-9, 344-52, 364, 365-9 
Boreraig to Cam Dearg 328, 

319, 365-9
Ob Lusa to Ardnish Coast 

318, 319, 324-9 
Prince Charles’ Cave to 

Holm 318, 319, 344-52 
Rubha na Leac 352-8 

Slade Fault 120, 123-4, 125 
Solare Zonule 11, 265, 267,

269, 283, 285, 290 
Sole Pit Trough 21, 265, 208, 

243
Somerset 5-6, 9, 12, 18, 24, 25, 

55, 56, 59, 60, 88-9, 92-102, 
103-8, 118, 119, 127-33, 
134-139, 139-56, 169, 186 

South Wales 93, 94, 113-19, 
119-29 148

Southemdown Member 119-20, 
123-5, 127, 147 

Spinatum Zone 11, 24, 72, 74, 
77, 206, 208,222, 240-2,
319, 336
Alderton Hill Quarry 184-7 
Boulby Quarries 241 
Cadha Camach 340, 342 
Castlechamber to Maw Wyke 

241, 262, 265, 267 
Cloford Quarry 152 
fauna 32, 36,38,39, 41,42 
Miller’s Nab to Blea Wyke 

273, 277
Neithrop Fields Cutting 229 
Pinhay Bay to Fault Comer 

and East C liff 72, 74, 77 
Prince Charles’ Cave to 

Holm 348, 350 
Robin’s Wood Hill Quarry 

177-9, 181
Staithes to Port Mulgrave 

241, 284, 285
Tilton Railway Cutting 233-4 

Spiriferina Bed 137, 139-41, 
142

Staithes Sandstone Formation 
24, 26-7, 222, 240-2, 244, 
247, 249, 252, 254, 255, 260, 
262, 265, 267-8, 281, 283,
286-7, 290
Boulby Quarries 241, 293, 

295, 296, 298
Casdechamber to Maw Wyke 

241, 252, 260-2, 267-71 
Normanby Stye Batts-Miller’s 

Nab 250, 252, 254, 262 
Oyster Bed 265, 268, 283, 

286
Redcar Rocks 241, 246, 247, 

252-60
Staithes to Port Mulgrave 

28-9, 241, 242, 281-7, 
288-93, 290-3 

Staithes to Port Mulgrave 12, 
222, 239, 261, 263, 264, 269, 
270, 279, 281-93 
Cleveland Ironstone Forma

tion 241, 269-71, 281-5,
287-93

Staithes Sandstone Forma
tion 28-9, 241, 242,
281-6, 288-93 

Whitby Mudstone Formation
78- 9, 240-2, 281-5, 288-93 

Starfish Bed 42, 72, 73, 77,
79-80

Stellare Nodules 57-8, 66, 68, 
72

Stellare Subzone 9, 66, 68,
137, 253, 257 
Allt Leacach 373 
Conesby Quarry 216, 218, 

220
Normanby Stye Batts-Miller’s 

Nab 253, 257-62 
Pinhay Bay to Fault Com er 

57-8, 66, 69, 72 
Stock Green Limestone 210, 

211-12
Stokesi Subzone 11, 44, 71-2, 

73, 79, 164, 240-2, 336,340 
Boulby Quarries 297 
Cadha Camach 337-44 
Casdechamber to Maw Wyke 

265, 268-9
Napton Hill Quarry 224-5 
Pinhay Bay to Fault Com er 

and East C liff 71-2, 73,
79- 80

Robin’s Wood Hill Quarry 
163, 177, 178, 179-81 

Rubha na Leac 354,355 
Staithes to Port Mulgrave 

283, 285, 286-7 
Stonebarrow Pyritic Member 

55, 57, 62, 69, 70, 72, 76, 
78-80, 161, 162-3 
Pinhay Bay to Fault Com er 

56-9, 62, 68-9, 70, 72, 80 
Stonehouse pit 176, 179-82 
Stornoway Formation 315-19, 

320, 321-2, 323, 358-64 
Aird na h-Iolaire 358-64 
Rubha na Leac 352-4, 358-64 

Storr Lochs 345,346 
Stowell Park Borehole 93, 159, 

160, 169, 173, 176, 180-1,
363

Striatulum Bed 188-90, 196-8 
Coaley Wood 189, 190, 194-6 
Wotton Hill 189, 190, 194-5 

Striatulum Subzone 15, 139, 
188, 289, 190, 194-5, 196-8 
Coaley Wood 197-8 
Haresfield Hill 200-1 
M iller’s Nab to Blca Wyke 

274, 275, 278-9 
Wotton Hill 289, 194-5 

Striatum Clays 139, 147 
Huish Colliery Quarry 144, 

147
Kilmersdon Road Quarry 

142-3
Stroud 159, 160, 162, 288,

190, 198, 201 
Struckmani Bed 289, 190, 

194-5, 196-8 
Coaley Wood 196-8 
Fallaciosum Subzone 289, 

190, 197-8
Wotton Hill 289, 190, 194-5 

Subnodosus Sandstone Member 
262, 181-2, 224-6 

Subnodosus Subzone 22, 59, 
72, 73-75, 77, 181, 232, 
233-5, 297, 336 
Boulby Quarries 297 
Cadha Camach 337,340, 342 
Casdechamber to Maw Wyke 

265, 267
Napton Hill Quarry 224-6 
Pinhay Bay to Fault Com er 

and East C liff 72, 74, 77-81

455



General index

Robin's Wood Hill Quarry 
177-8, 178

Rubha na Leac 354,355, 357 
Staithes to Port Mulgrave 

283, 286-7, 289 
Tilton Railway Cutting 232, 

233-5
Suisnish Sandstone Member 

318, 319, 321, 323 
Boreraig to Carn Dearg 319, 

365-9
Raricostatum Zone 367, 368 

Sulphur Band 265, 267, 270, 
271, 284, 285, 289, 291 

Sun Bed 136,137
Blue Anchor-Lilstock Coast 

86, 89
Huish Colliery Quarry 143 
Kilmersdon Road Quarry 

139, 141
Sutton Stone Member 123-6 

Pant y Slade to Witches Point 
119-28

syn-sedimentary faulting 59,
80, 82, 106, 108, 191, 208-9

Table Ledge 61, 64, 66 
Taylori Subzone 11, 12, 33, 67, 

138, 216
Boreraig to Cam Dearg 367, 

368
Dunrobin Coast Section 

307-12
Normanby Stye Batts-Miller’s 

Nab 253-254-62 
tectonic inversion 18, 59, 108, 

113, 146-9, 151-3, 163, 
243-5, 315

Tenuicostatum Zone 13,14, 24, 
58, 59, 77, 265, 284, 285, 299 
Alderton H ill Quarry 183-7 
Cadha Camach 337,340,

342
Casdechamber to Maw Wyke 

265, 266-7, 269-71, 277 
fauna 32, 33, 34,35,38,39, 

41, 42, 242-3 
Maes Down 107-9 
M iller's Nab to Blea Wyke 

241, 273, 277
Neithrop Fields Cutting 227, 

230-1
Pinhay Bay to Fault Com er 

and East C liff 77

Prince Charles' Cave to 
Holm 348, 350 

Robin’s Wood Hill Quarry 
177

Rubha na Leac 355, 356-8 
Staithes to Port Mulgrave 

277, 284, 285, 230 
Tilton Railway Cutting 230-4 

Terebratula Bed 272, 279 
Tertiary lavas 337,340 

Aird na h-Iolaire 358-62 
Allt Leacach 371-3 
Prince Charles’ Cave to 

Holm 344, 346 
Tethyan Province 31, 38, 40, 

97-8, 169, 242-3, 288, 304 
Thomcombe Beacon 57, 71-5, 

77, 79
Thomcombe Sand Member 57, 

59, 72, 73-5, 77 
Thomcombiensis Bed 72, 73-5 
Thouarsense Zone 15, 24, 72, 

77, 161, 162, 343 
Coaley Wood 188-90, 196 
fauna 32, 34 ,35 ,38,39 , 41, 

42
Haresfield H ill 189, 200-1 
Hurcott Lane Cutting 95-7 
M iller’s Nab to Blea Wyke 

241, 274, 275, 280 
Wotton Hill 101, 189, 194-5 

Three Tiers 62, 71-3, 77 
Tilton Railway Cutting 205, 

206-8, 226, 231-5 
Dyrham Formation 207-8, 

230, 231-5 
hiatus 232, 234 
Marlstone Rock Formation 

206, 208, 226, 230, 231-5 
Whitby Mudstone Formation 

206, 208, 231-5 
Tilton Sandrock Member 206, 

208, 230, 231-5 
Tilton Railway Cutting 231-5 

Toardan 3, 5, 12-16, 17, 22, 24, 
25-7, 60, 94-8, 159, 161, 176, 
193-5, 240-3,318, 319, 324 
Alderton H ill Quarry 159, 

161, 183-7 
Babylon Hill 98-102 
biostratigraphy 28-48 
Blockley Station Quarry 163 
Boulby Quarries 241, 293-8 
Cadha Camach 336-44

Casdechamber to Maw Wyke 
262-7, 269-71 

C liff Hill Road Section 82-5 
Coaley Wood 101,161, 162, 

196-8
Hallaig Shore 336-44 
Ham Hill 102-6 
Haresfield Hill 101,161,

162, 198-201
Hurcott Lane Cutting 94-8 
Maes Down 106-9 
M iller’s Nab to Blea Wyke 

241, 271-81 
miospores 47 
Mochras Borehole 280 
Neithrop Fields Cutting 

227-31
Pinhay Bay to Fault Com er 

and East C liff 72, 74-6, 
Prince Charles* Cave to 

Holm 344-52 
Rubha na Leac 352-8 
Staithes to Port Mulgrave 13 
Tilton Railway Cutting 231-5 
Whitby to Saltwick 299-304 
Wotton Hill 101,161, 162, 

193-6
Top Jet Dogger 265, 266, 281, 

284, 302
Top Tape 61, 63, 64 
Torosay Sandstone Member 

318, 319,370 
Torrin 320, 321-2 
Torvaig 344, 346 
trace fossils 47, 68-70, 75, 77, 

138, 289
Blue Anchor-Lilstock Coast 

90
Normanby Stye Batts-Miller’s 

Nab 258, 260 
Rubha na Leac 354 

Transition Bed 229, 231-5 
Triassic 3, 7, 16, 18-19, 23, 61, 

125, 148-53, 243-4, 317,
318, 320-1, 323, 358-65 
Dunrobin Coast Section 

308, 309-11
fauna 33, 45, 147-8, 153 
Lavemock to St Mary’s Well 

Bay 113-115,116, 119 
Triassic-Jurassic boundary 5, 16, 

17, 22, 48, 85-9, 91-2, 358-65 
Trottemish 320, 338, 342, 

344-52
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Trwyn-y-Witch 123-5 
TXimeri Clay 737, 141, 145-6 

Bowidish Quarry 139, 141 
condensed facies 137, 145-6 
Kilmersdon Road Quarry 142 

TXimeri Zone 8, 24, 57, 92,
137, 145, 161, 206, 240-2, 
253, 257, 324 
Allt Leacach 372 
Blue Anchor-Lilstock Coast 

92
Boreraig to Cam Dearg 367, 

368-9
Conesby Quarry 206, 216-19 
fauna 32,35, 36,38,39, 41, 

42
Hallaig Shore 324 
Normanby Stye Batts-Miller’s 

Nab 253, 257, 259 
Redcar Rocks 241 

TVo Foot Seam 222, 270, 
285-93
Boulby Quarries 295, 296 
Staithes to Port Mulgrave 

270, 283, 285-93, 288,
289

TWyning Borehole 159

Uamh nan Calmon Fault 360, 
361, 365

Underdown Road 98-102 
Unterer Stein, Alderton Hill 

Quarry 186-7
Upper Cephalopod Bed 227,

229-30
Upper Laminated Beds 115-19

Valdani Limestone 135, 138-9, 
147-8
Huish Colliery Quarry 143-4 

Valdani Subzone 11, 33, 67, 
137-9, 143-4, 147-8, 319 
Blockley Station Quarry 

171-5
Hallaig Shore 334, 335-6 
Napton Hill Quarry 226 
Normanby Stye Batts-Miller’s 

Nab 254, 255
Vale o f Moreton Anticline 159, 

160, 163, 205, 235 
Vallis Limestone Formation

149-53, 153-5 
Cloford Quarry 149-53 
Holwell Quarries 153-5

Variabilis Zone 75, 24, 77, 161, 
162, 789, 191, 194-8, 200-1, 
241, 274, 275-6 
Coaley Wood 162, 789, 197-8 
fauna 32, 33,35,38,39, 41, 

42
Haresfield Hill 162, 789, 200 
Hurcott Lane Cutting 96, 97 
M iller’s Nab to Blea Wyke 

241, 274, 275-6, 280 
Normanby Stye Batts-Miller’s 

Nab 241
Wotton Hill 789, 194-5 

Variscan Front 55, 59, 163 
Venustula Zone 340, 343-4 
vertebrates 63, 68, 80, 82, 91, 

97, 183-7
Boulby Quarries 294, 296-8 
Neptunian Dykes 148-9, 153 
Newnham (Wilmcote) Quarry 

211-14
Redcar Rocks 248-9 
Staithes to Port Mulgrave 

279, 289-90 
Viaduct Quarry 130 
Whitby to Saltwick 302 
see also dinosaurs; fish; 

mammals
Viaduct Quarry 19, 55, 56, 58, 

108, 113, 129-33, 134 
Blue Lias Formation 55, 

129-33
Carboniferous Limestone 

129-32
Downside Stone 129-33 
fissures 128-31 
Main Pebble Bed 129-32 
Penarth Group 129-30

Wales 16, 18-20, 27, 24
see also South Wales; Welsh 

Massif
Watch Ammonite Stone 67, 68, 

79
Watchet 5-7, 10, 60, 82-94, 118 
Watchet-Cothelstone-Hatch 

Fault 56, 58, 88-9, 93, 125, 
127-8

Welsh Massif 27, 55, 56, 59, 
111-27

Wessex Basin 19,27, 49, 55-109, 
145, 163, 173-4, 208-9, 243, 
249, 280 
brachiopods 60

corals 44 
extension 146-8 
foraminifera 44-5 
lithostratigraphy 22-6, 55-9 

Westbury Formation 7, 16, 17, 
114
bivalves 35, 36 
Blue Anchor-Lilstock Coast 

85-9
Westhay Cliffs 57, 62, 69 
Whalestones 265, 266, 277,

284, 300-2
Boulby Quarries 300-2 
Casdechamber to Maw Wyke 

265, 266
Miller’s Nab to Blea Wyke 

277
Staithes to Port Mulgrave 284 
Whitby to Saltwick 300-2 

Whitbian Substage 13, 301, 304 
Whitby Mudstone Formation 

24, 27, 170, 176, 183-7, 190, 
206, 208-9, 240-5 
Alderton Hill Quarry 767, 

162, 183-7, 191 
Alum Shale Member 264-6, 

273, 274-7
Bifrons Zone 191, 197-8, 

206, 208, 241, 264-6, 273, 
276-7, 280, 300-4 

Boulby Quarries 293-8 
Casdechamber to Maw Wyke 

262-7, 269-71 
Coaley Wood 188-90, 197-8 
Dumbleton Member 767, 

162, 183-7
Fox C liff Siltstone Member 

241, 242, 271,273, 275 
Grey Shale Member 241, 

264-7, 269-71, 273, 277, 
284, 285-93, 295-8 

Haresfield HOI 188-90,199, 
200-1

Lower Cephalopod Bed 227, 
230

M iller’s Nab to Blea Wyke 
241, 271-81 

Mulgrave Shale Member 
262-6

Napton Hill Quarry 206, 208 
Neithrop Fields Cutting 206, 

208, 227-31
Normanby Stye Batts-Miller’s 

Nab 241, 250-62

457



General index

Peak Mudstone Member 
247, 271-81, 274, 275 

Robin’s Wood Hill Quarry 
176

Serpentinum Zone 197-8, 
232-5, 241, 265, 266, 273, 
277, 284, 299-304 

Staithes to Port Mulgrave 
284, 285, 289-93 

Tenuicostatum Zone 58,
265, 266, 284, 285, 299 

Tilton Railway Cutting 206, 
208, 231-53

Upper Cephalopod Bed 227, 
230

Whitby to Saltwick 299-304 
Whitby to Saltwick 239, 264, 

277, 279, 299-304 
Dogger Formation 300-1 
reptiles 299, 303-4 
Whitby Mudstone Formation 

299-304
Mulgrave Shale Member 

241, 242, 299-304 
White Lias see Langport Member 
White Sandstone Unit 368,

309 12
Wilkesley borehole 5-7 
Wilmcote Quarry see 

Newnham (W ilm cote) Quarry 
Wilmcote Limestone Member 

210, 211-14 
Bottom Whites Bed 210 
Hoggs Bed 210

insects 209-14 
Livery Beds 210 
Mawms Bed 210 
Newnham (Wilmcote) Quarry

209, 210, 211-14 
Planorbis Zone 206, 207,

210, 211 
Ribs Bed 210

Windsor Hill Quarry 154 
Wine Haven 251, 256, 260, 262 
Witches Point 118, 119,120 
wood 70, 80, 124, 128, 259, 268 

Dunrobin Coast Section 309 
M iller’s Nab to Blea Wyke 

272
Staithes to Port Mulgrave 

287-90, 292 
Woodstones 67, 80 
Worcester Basin or Graben see 

Severn Basin
Wotton Hill 159-62, 188, 190, 

192-5, 280
Birdlip Limestone Forma

tion 188-90, 192-5 
Wotton-under-Edge 102, 760, 

162, 190, 193
Wirithlington Quarry see Huish 

Colliery Quarry

Yellow Conglomerate 83, 84 
Yellow Sandstone Member 241, 

272, 274, 275, 278-81 
Blea Wyke Sandstone Forma

tion 247, 242, 272, 274

M iller’s Nab to Blea Wyke 
247, 272, 274, 275, 278-81 

Yeovil 13, 97, 98-106, 108 
Yeovil Sands 25, 98, 187 
Yorkshire 3, 4, 8, 12-13, 16,

31, 74, 78, 101-2, 145-7,
191, 220, 227-31, 234-5, 
239-304
faunal province 12, 31, 60, 

97-8, 242-3
Yorkshire East Quarry 214-22 

see also Conesby Quarry 
214-22

Zeilleria 40, 47 
zonation 5-16

ammonites 5-15, 18, 28-31, 
280

belemnites 31-3 
bivalves 33-7 
brachiopods 37-40, 47 
corals 44 
crinoids 42-3 
dinoflagellates 45-7 
echinoderms 43-4 
foraminifera 44-5 
holothurians 43 
miospores 46, 47 
nanofossils 46, 47 
ostracods 45, 46, 91 
pollen 47 
scaphopods 37 
see also biohorizons; named 

zones
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