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CHAPRTER 14
"THE KELLAWAYS BEDS AND THE OXFORD CLAY
by J. H. CALLOMON

&, THE CORNBRASH

"~ The Combrash marks a return everywhere from the regresswe, in part deltaic, facies
_of the Bathonian to fully marine conditions. Its deposition reflects a major trans-
- gression of the seas in many parts of the world, covering for the first time some areas,

_such as parts of the 1U.S.S.R. and the Baltic shield, which probably had been above
- water since Palaeozoic times. The sediments which filled the newly formed basins of
“deposition were the products of remewed, but slow erosion of nearby landmasses,
..comparable tothe Lias, ard the thick dark clays and shales with thin muddy limestones
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‘and cementstone concretions which form the ‘Oxford Clay stard in great contrast to
“thie calcareous rocks and cross-bedded sandstones of the Lower Qolites. The deepening
. 'of the seas also freed the processes of sedimentation from the-immediate effects of

. qurrents and wave-action, so that the deposits sumedmg the Kellaways Beds were

laid down with remarkable uniformity. Whereas the Liassic seas transgressed across
< a highly undulating surface reflecting the remnants of Armorican folding, and :their -

- sediments vary rapidly in thickness and facies, these pre-Mesozoic irregularities. had by
.- Upper Jurassic times been almost finally smoothed out, and the Oxford Clay is one of
.,the most uniform deposits in the European Jurassic. Beds a few feet or even inches
~thick persist over great distances, and the constaney of the faunal successions permits
“the setting up of 2 zonal and subzonal scheme of stratigraphic subdivision which has

_few rivals in the wideness of its apphcabmty

B. THE OXFORD CLAY AND KELLAWAYS BEDS

" The Oxford Clay and Kellaways Beds attain their greatest thickness in England in the

south, up to 600 ft. having been reécorded in borings in Wiltshire. Following the oat-
crop northwards, the observed thicknesses decrease. At Shellingford [SU 3393], near
Faringdon (Berks ), 450 ft. were recently measured (Falcon and Keat 1960, p. 14).

- In the region of Oxford, the estimatéd thickness is around 350 ft. (Arkell 1947),
and at Bluntisham [TL 3674}, 11 miles northwest of Cambridge, and March [TL 4197},
15 miles east of Peterborqugh, old borings showed 300 and 214 ft. At Warboys, 13

_ miles southeast of Peterborough, a recent Geological Survey boring combined with

the séction in the neatby brick-pit gave a total thickness of 250 ft.*. Thicknesses of
this order seem to persist northwards through Lincolnshire; eastwards a boring at

North Creake [TF 85381, Norfolk (Kent 1947), indicated only 184 ft. This thinning is
due in part to subsequent erosion, for younger beds of two widely differing ages cut

down into, and come to rest on, intermediate zones of the Oxford Clay. Middle and -
* The permission of the Director of H.M. Geolegical Survey to quote some data obtained from

the Warboys borehole is gratefully acknowledged.
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1 The standard zonss. of the Callovian and Dxfordian, their authiors, synonjh‘ns-and type-localities .
were recently reviewed by Callomon: (1964}

¢ Formerly S. plamicerclus Subzone. Comparison of the

of 5. planicerclus’ (Buf:hmm 1923) with a

plaster-cast of the'holotype of 5. enodatu (Nihun 18%1) kindly supplied by the Geological Institute
of: I.enmgrad shows'them to be conspemﬁc The holotype is refigured by Tintant (1963)
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per Oxfordian (Qakley Beds and Ampthill Clay) rest on the Cardioceras pragcor-
. or C. scarburgense Subzones of the Q. marige Zone in Buckinghamshire,
und Ampthﬂl [7Z 0337} and. at least locally in Huntingdonshire; and Lower
Greensand in furn-cuts out all the Upper Jurassic sometimes down to the 'C. scarbur-
. gense Subzone in the region of Woburn [SP 9433) and Sandy [T 1649]. Further to
‘the southeast, the Oxford Clay wedges out completely against the old London-
-Arxdennes Island under the Cretaceous overstep.

" . In part, however, the thinning of the Oxford Clay northeastwards is also the result
of genuinely reduced sedimentation in a manner similar to but milder than that
observed in earlier members of the Jurassic system. It coincides with an upswell in

the undetlying Palacozoic platform on what may have been a ridge between London.

Ardennes Island and the Palagozoic rocks of the Midlands (the Moreton and Chsrnian
- axesof authors). Thus, at Shellingford [SU 3393), 14 miles southwsst of Oxford, the
‘base of the Ke]laways Beds lies 960 ft. above the Keuper and 1585 ft. above the
* Palaeozoics, but at Noke [SP 5473), only 5 miles northeast of Oxford (Falcon and
" Kent 1960, p. 46), the height above Palaeozoics is reduced to 403 ft. At Calvert [SP
6824 itis 345 ft.; at Bletchley [SP 8733], 271 ft.; and Little Missenden [ST7 9298], 22
. miles south of Bletchley, only'172 ft. Except for those removed by erosion at the top,
+* gil the Zones and subzones of the Oxford Clay appear nevertheless to be everywhere
mt, and the variations of total thickness are not reflections of non-sequences.
er to the east, the Palacozoic platform -drops again, to 1159 ft. below the
Kﬂllaways near Peterborough (Kent 1962) and 1303 ft. at North Creake,
%% Physically, the soft deposits weather to a flat, featureless and marshy landscape
- wafit for much besides pasture. In much of our region they are moreover concealed
_beneath glacial drift or Fen deposits. Natural exposures are rare, and little would
. be obsgrvahle of the geology of the Oxford Clay, other than in the coastal sections in
-, Xorkshire and Dorset, were it not for its particular suitability for brick-making, The
. ‘Oxford Clay now supports a very large and flourishing brick industry which is
- concentrated mainly in four areas: around Peterborough; south of Bedford; near
.. ‘Bletchley; and at Calvert, 6 miles east of Bicester. In these areas it is mainly the
- shales of the Lower Oxford Clay that are explmtad The more plastic and calcareous

‘Middle and Upper Oxford Clay are worked in  few isolated pits outside the immediate:

‘atea considered. here, at ‘Warboys [TL 3080], 15 miles southeast of Peterborough;
- Woodham {SP 7117}, 4 miles south of Calvert; and. Purton [SU 0887], 5 miles
- morthwest of Swindon. Between them, the pits expose an almost contignous section
- in central England from Cornbrash to Coraliian, and it has become clear that the
- - Succession is better and more fully developed in this country than anywhere else. The
‘beds are splendidly exposed to depths of 100 it. in many enormous excavations, a

compensation to the geologist for the closuré which mechanization. and modern
. techniques have forced on the ubiquitous smail brickyards flourishing in the last
century. Yet despite this, and with & few notable exceptions, the sections have so far

tiardly been studied, and many details remain to be worked out.

L I?ze Oxford Clay Brick Industry

Rt seems that any argillaceous rock that is sufficiently plastic to be workable can be
- fited to give a brick of sorts, but the economics of the process depend on five main
. factors. These are the water, free lime, clay-mineral, and orgamc (carbonaccous}
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contents of the basic material; and the absence of impurities such as calcareous
macrofossils. The Lower Oxford Clay at present accounts for about a third of the
‘bricks made in this country, and this reflects what is probably a uniquely favourable

- combination of these factors which are explmted in the ‘Fletton’ process, so named

after the village near Peterborough where it was developed some. seventy years ago,
Only about the lowest 60 ft. of the strata afe suitable, but this thickness varies some-
what from pit to p1t v
® Water-content

Too much mmsture in clay is undesirable for two reasons. Firstly, it makes the clay
plastlc, so that the freshly pressed green bricks have to be separately dried before
firing, to acquire enough strength to be stacked in kilns witheut distorting under
their own weight during firing, and to ‘shrink uniformly. Secondly, expulsion of
moisture is 4 major contributor to the fuel costs of firing.  The Lower Oxford Clay
contdins arcund 20, moisture, which is low, and the green bricks have enough
strength to be stacked straight into the kilns to their full height. The bricks are
handled manually only once, and thereafter: all movement is by fork-ift trucks.

- (i) Lime and Clay-mmerals

The. hmc-contcnt determines shrinkage during ﬁnng, and the colour, density and
porusity of the fired brick (Freeman 1956) A minimum of at least 5% free calcium
carbenate seems desirable to prevent serious shrinkage during the hottest period of
the firing cycle; but amounts above 159 only increase the porosity of the product and
add to the fuel costs through the expulsion of carbon dioxide. The lims-content of the

- Lower Oxford Clay varies between 2-3% in the K. jason Zone, 5-15%; in the E.

coronatum Zone, and exceeds 159 anly in the higher zones, which are not worked in
the Fletton process.

The clay-minerals determine the plastic characteristics of the clay, the details of the
firing-cycle, and the strength of the product.- The first of these is of dominant impor-
tance here, for the beds of the K. Jjason and E. coronatum Zones which are selected are
shales rather than clays, containing up to 707, of micaceous non-clay minerals Whlch
give the green bricks their strength. The clays are mamly of illite types

: (i) Organic Content
The Fletton process owes its economic advantage largely to the unusually high fuel-
contents of the Lower Oxford Clay. This has a calorific value equivalent to about
59 free carbon (Freeman 1956; Brinkmann 1929a), which is sufficient to bring the

_bricks up to their full ﬁnng—tcmperauue of 1050°C. Coal has in fact only to be

added to control the firing and to maintain the bricks at their full temperature for a
*soaking’ period of about twenty-four hours. The coal consumption is as low as 375 of
the wexght of the finished bricks, compared with 10-20% usual:in other processes.
]':.qua]ly important is the low ignition-temperature of the bituminous material present
in theclays. Were this too high, the fuel would either distill off, or its calorific value
would riot be available for the energy-consuming part of the cycIc Some of the more
volatile fractions do.in fact distill over, and with a northerly wind the charactenstm
smell of Peterborough is easily detectable in London, 70 miles to the south. The

- displacement of carbonaceous material leaves voids in the bricks without apparently
‘diminishing their crushmg~strength the kiln chimneys, up te 300 fi. high are: built

of them,
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(iv) Impurities
ammonly contain calcitic macrofossils such 4s belemnites and Gryphaes. These
yublesome to remove, and if left even as small fragments after grinding can give

, washower. The Lower Oxford Clay is highly fossiliferous, but except for a few
im pyritic shell beds the fossils are mostly preserved in soft friable lime. Gryphdea
_throughout the worked beds, and only suddenly reappear in quantity iin the upper
P/ athleta Zone. Cementstone concretions and stone bands are also only minor
“features, and the excavating, grinding and pressing operations can all be highly

. Their cheapness: is one of the main reasons why the pressed, solid bricks used so

. much:in this country have not given way to the much lighter, extruded hollow blocks
favoured on the Continent.

. 2. Summary of the Succession

The Oxford Clay and Kellaways Beds have long been. renowned for their fossils, yet
“becanse of the paucity of natural eéxposures and, formerly, the scatter of isolated
. small brick-pits, the faunal and stratigraphical successions in our region have been
worked out only in fairly recent times. The earlier discoveries and descriptions are
~mow of little but historical interest and are summarized by Woodward (1895), and
-Arkell (1933, pp. 347-358). The first modern attempts at classification are due to
- Buckman and Motley Davies, who attempted to combine information from the
~Xorkshire coast (Buckman 1913) and from pits aed cuttings in Buckinghamshire
~(Pavies 1916), In his later years Buckman published descriptions of numerous

" Callovian and Oxfordian aminonites in ‘Type Ammionites” (Buckman 1909-30),.

- many from old pits of O%ford, Buckinghamshire and Huntingdonshire, and some from
-the Oxford Clay shales of Calvert, The majority were not however from kaown levels
‘in recorded sections, and Buckman’s impressive chronological and faunal tables were
“based more on zoological arguments in ‘which he: claimed to be able to arrange
ammonites actording to the evolutionary stage they had supposedly attained, rather
. than established stratigraphical sequences. A summary of the generalized succession

 around Peterborough was published by Neaverson (1925), deduced from field observa-

tions but also without descriptions of actual sections. -

» - The first detailed account of any of the.large Oxford Clay brickpits was published
in a classical memoir by Brinkmarnn (1929a). He had been attracted by the profusion
-apd apparently continuous succgssion of forms of the ammonite genus Kosmaceras

to be seen in the pits round Peterborough, to undertake a minute examination of the

faunal succession to see what light it could shed on the processes of evolution. Tdeally
the subjects of such 2 study should be organisms which evolved rapidly, died and
were preserved intact where they lived, and left an abundant and uninterrupted fossil
record corresponding to a.considerable period of time. A combination of these factors
is rarely met, and it seemed that the succession at Peterborough mipht approach the
ideal as closely as could be hoped for. Brinkmann therefore selected the lowest 43 ft.

of the Oxford Clay above the Kellaiways Rock in three pits South and east of Peter- .
‘borough, and divided them into 1300: horizons at 1-cm. intervals as a basic strati- -

graphical scale to which to refer heights and thicknesses of beds and their contained

s of quick-lime in the fited brick which they split when slaked by the

ites abound in the lowest beds (up to K. medea Subzone), but are then rare
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fossils. The level zero on this scale was atbitrarily fixed at the base of the pits. He
collected some 3000 complete ammonites in situ, recording the height of each. to the

‘nearest centimetre, and measuring size, proportions, and details of ribbirg. - According

to abundance, the data from suitable packets .of strata ranging from 1 to 120 cm.

thick were combined and treated statistically. , Finally, he monographed the genus

Kosmoceras systematically (Brinkmann 19295). N _

The palaeontological results cannot here be:gone into in detail, only some general
conclusions summarized. The at first glance monotonous uniformity of the Oxford
Clay is only apparent, and closer inspection reveals a rapid succession of distinct
beds separated by sharp lithological boundaries. These boundaries often coincide .
with, thin shell-beds or breccias, crowded with croshed ammonifes (‘ammonite-
plasters’) or bivalves, chiefly Nucula, and are sometimes pyritic. Two types of such.
shell-beds can be distinguished: basal shell-beds, marking the onset of a cydle of
sedimentation; and terminal shell-beds marking its end. Oxford Clay sedimentation
was thus no less discontinuous than in other formations. (For a summary in English,
see Arkell 1933, pp. 57-58.) Similar discontinuities were found in the succession of
Kosmoceras coinciding, where they occurred, with Lithological breaks. There was
therefore no way of deciding whether faunal breaks were to be;attribjlted to evqlutmm
ary jumps or to gaps in deposition. Brinkmann preferred the latter interpretation and
in a number of cases made an estimate of the facuna by interpolation. This problem
is oneof several which might be solved by a study like Brinkmann’s at anothier locality.
In the meantime the breaks in development of Kosmoceras are very convement
stratigraphically in defining the precise limits of ammonite zones and subzones: in
at least one area, and the Peterborough succession must remain the principal starting
point for any zonal classification of the Callovian stage. It providesa useful secondary
standard for those zones and subzones which were originally defined elsewhere.

In the account that follows the palacontological emphasis is inevitably on ammon-
ites, because of their leading position in systematic stratigraphy. This is not to belittle
the other faumas that occur, often in equal profusion. The Lower Oxford Clay has
long been renowned for its vertebrate remains, both of fishes and reptiles (for biblio-
graphy and modern summary, se¢ Arkell 1933, p. 357). The use of mechanical
excavators means that these are no longer recovered tact, but loose vertebrae, Jaws:
and teeth are still easy to find. ‘Crustaceais include the crabs Mecochirus and Gonio-
chieirus, comman 4t certain levels. The belemnites are Cylindroteuthis. puzosiana
(d’Orbigny)} (= Bel. oweni aiictt.), Belemnopsis sulcata (Miller), and the Tﬁﬂl}’m
Hibolites hastatus (Blainville), the Iast named common ouly in the Middle-Upper
Oxford Clay; and the Lower Oxford Clay ‘yields Belemnoteuthis antiqua Mantell, a
Boreal form in which the guard is reduced. to a thin conical .covering on a Jarge
phragraacone. At certain levels in the shales the phragmacones are fuily ‘preserved
complete with pro-ostracum, but impressions of whole animals with ink-sac, hooked
tentacles and eyes have not been found in this country in Oxford Clay outside
Wiltshire. ' . , .

Brachiopoda include Rhynchonelloidella socialis (Phillips), 'Aulacathyrig_bfzmadfna_
(d’Orbigny) (= TerebratulaWaldheimia impressa auctt.) and Acenthothiris lorioli
(Rollier), all from Middle-Upper Oxford Clay. Among the echinoderms, ossicles of
Penitacrinus and tests of the echinoid’ Collyrites are found in the P. athleta Zone. A
few gastropoda are common i the clays, including Procerithium muricatum (Sowetby)
in colonies at certain levels, and Dicroloma trifida (Phillips) in the Lower O_qurd Clay.

J—
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"“Many others occur in the less muddy beds of the Kellaways Rock and occasional
limestone bands, for example in the Lamberti Limestone. Lamellibranch species are
too many to list, but are strongly facies-dependent, In the shales bivalves often form
fossil plasters, but usually of only on¢ or two species at a time; e.g., Nucula spp.
- with vaives closed, or Pinna lanceolata Sowerhy, Thracia depressa (Sowetby), Oxytomi
- inaequivalviy (Sowerby), Meleagrinella (= Pseudomonotis auctt.) sp., and ubiquitous
aysters. As with the gastropoda, they occur together in the less argillaceous, more
. calcareous beds and are there joined by Pectens, Plagiostoma and Trigonia. The beds
‘are also rich, if mtermittently so, in microfaunas, and the relationships. between

sedimentary lithology and biofacies should provide interesting problemis for future

study. Floral femains are confined to. fossilized wood, common in the Lower and
Middie Oxford Clays at all levels, and seed-capsules, but more delicate structures such
as leaves have not been preserved. © ‘

4 (1) Kellaways Beds

‘The transition from the limestones of the Cornbrash to the mass of the Oxford Clay

i3 gradual and the intervening Kellaways Beds, although very variable, consist almost

-everywhere of a lower Kellaways Clay and an upper Kellaways Sand, The boundaries

are however diachronous and beds of the same name can have quite different ages at

«different places. In south and central England, some or all of the following members

roay be represented. ‘

'Y Oxford Clay, above.

IV 8. calloviense Zone and Subzone: Kellaways Rock: fine sands or silts, locaily
soft sandstones with oceasional doggers. Sigaloceras calfoviense, Proplanulites,

- Kepplerites, Cadoceras; Gryphaed bilobata auctt.; belemnites,

I P. koenigi Subzone: upper Kellaways Clay: light blue plastic.clay. Proplanuites,
Kepplerites, Cadoceras, Macrocephalites (Pleurocephalites); Ostrea (Catinula)
alimena aucit, - , -

I M. macrocephalus Zone, M. kampius Subzone: lower Kellaways Clay: black

- shaly clay with pyrites and buff phosphatic nodules. Macrocephalites (Kampto-

_ kephalites, Dolikephalites); Ostrea (Exogyrd) nana; Trigonia elongata.
- 1 M. kamptus andfor M. macrocephalus Subzone: Upper Cornbrash, below.

Member II has been separataly traced {Callomon 1955) from Yeovil, where it attains
its greatest thickness of 25 ft., via Frome (15 ft.), Kidlington (Oxford) (12 ft.), Bletchley,
Bedford (Stewartby) (3} ft.), to-Peterborough. (7 ft.); and it is probably present in
the: Casewick cutting (10 ft.) northwest of Peterborough, from which was recorded
‘Am. [= Kamptokephalites] Herveyi abundantly (Morris 1853). Member III is
known separately only from Wiltshite southwards; and from Oxford to the northeast
it may have changed to sands and merged indistinguishably with the Kellaways Rock.
Elgewhere undifferentiated Kellaways Clay attains 10 ft. at Akeley, near Buckingham
(Douglas and Arkell 1932), 6 ft. at Calvert and 7} ft. at Chetwode {old borings,
Whitaker 1921), 10 ft. around Bedford (Woodward 1895), and 123 £t. and 10 ft. at
Dgogsihorpe and Werrington, Peterborough, respectively (Woodward and Thompson
1909, | *; 165)

The Kellaways Rock (IV) in our tegion rarely yields the abundant and perfectly

preserved ammonites for which it is renowned in Wiltshire and Yorkshire, but this is
probably because of its softness. If is occasionally seen in drainage trenches dug in
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the floor of one of the large pits; and usnally contains profuse bilobate Gryphaea and
belemnites. At Peterborough Brinkmanin recorded loose sands with doggers ranging
up-to Jevel —120 cm. below zero, followed by sandy clays without fossils up to the base
of the pits. at level ‘zero.” These lower beds were well exposed in large temporary
excavations down to Cornbrash between Fletton and Yaxley in 1963. They consist
in fact of fine silts with a hard bed at the top yielding profuse Sigaloceras calloviense
amongst other species, and are thus:all part of the Kellaways Rock. Brinkmann’s level -

~zero therefore coincides with the junction between Kellaways Rock and Oxford Clay,

S. calloviense and S. emodatim Subzones. The junction with the Kellaways Clay
(7 ft.) below was sharp, and the thickness of the Kellaways Rock 11 ft. (350 cm.).

Elsewhere, thicknesses of 5-10 ft. seem typical. The contact with the overlying:
Oxford Clay is ysually fairly sharp, but sandy intercalations may persist into the.
K. jason Zone. ) _

{ii) Lower Oxford Clay ‘

The most striking feature among the many fossils to be found in the Lower Oxford.
Clay is the profusion of ammonites which, although crushed, are otherwise usually
complete up to the final aperture, with test often still preserved in iridescent white
aragonite. By far the overwhelming proportion belong to the genus Kosmoceras, apd-
the zonal classification ig based on the evolutionary changes observed in this genus.

“Twa groups of shells can be distinguished at all levels {Callomen 1955): large forms—

macroconchs—in which the final body-chaimber may become smooth, with simple,
sinupus apettore; and smaller forms—microconchs—which are strongly ribbed to the
end, and which bear long lappets on the final aperture.

(a) S. callpviense Zone, . enodatum Subzone. The diagrostic ammonite is the
macroconch Sigaloceras (Catasigaloceras) enodatum (Nikitin), with short primary
ribs dividing low on the whorlside into sheaves of fasciculate secondary ribs which
cross the tabulate venter uainterruptedly. There are no tubercles, the coiling is
extremely involute, and the final body-chamber is smooth, Maximum diameter is
¢. 60 mm. Oysters, inchiding Gryphaeq, and belemnites are very common,

The S. enodaium Subzone was until recently known in this country only at its

type-locality, South Cave [SE 9331), near Market Weighton, where it occurs as 10 ft.
. of typical Kellaways Rock. For this reason it was classed as part of the §. calloviense

Zone. It is niow clear that elsewhere it occuss widely as the lowest part of thq .iOxford
Clay. At Peterborough it is represented by Brinkmann’s levels 0-20 cm. (8 in.), At
Stewartby, south of Bedford; it is about 1} ft. (45 om.) thick; at Bletchley, 2}.&.
(75 em.}; and at Kidlington ammonites collected too late to be inchided in the descrip-
tion of the section there (Callomion 1955) show that it has thickened to 6 ft. (180.cm.,
beds 7, 8). The subzone is also widely known abroad: - in Normandy (Calvados),
Deux-Sévres, Haute Marne, Sadne-st-Loire; northwest Germany (Wesergebirge),
Franconia (‘Goldschneckenfauna’), Argovian Jura; U.SS.R.: Elatma, Saratov,
Cancasus and Trans-Caspia (Mangyshiak). -

(6) K. jason Zone ,

(1) X. medea Subzone. Diagnostic macroconchs Kosmoceras (Gulielmites) medea
Callomon; like §. enodatum, but slightly larger (60-90 mm.), with lateral tubercles at
points of furcation, and one to each secondary rib at the vedtral margins. These
tubercles distinguish Kosmoceras from Sigaloceras. The venter is smooth and the
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ribs are accentuated at the umbilical margin into a second row of incipient
Oysters.and belemnites are still profuse. At Peterborough, levels 21-55 cm.
), thickening to 2% ft. at Stewartby, ¢. 6 ft. at Bletcliley, 5 ft. at Kidlington.

. jason Subzone, Diagnostic macroconch K. (Gulielmites) jason (Reinecke);
medea, but larger (100130 mm.) and ribbed to correspondingly later stages,
the body-chamber is still smooth. Pmnary ribbing consists of two rows of
roles separated by 4 spiral smobth band. The microconch is X, (Gulielmi-
elmi (Sowerby) somewhat larger than 50 mm., but otherwise unchanged
ecessors in the lower subzones. Belemnites and oysters are now rare, and
son Subzone is the lowest to be used everywhere for bricks, At Peterborough,

35cm. (2 ft. 7in.), thlckenmg to ¢. 10 fi. at Stewartby, ¢. 15 ft. at Bletchley,
si Calvert, and at least 43 ft. at Kidlington north of Qxford

coronatiim Zone.
ough Kosmoceras continues to be the dominant genus, others begin to con-

Stephanoceratid genus Erymmoceras which provides the zomal index. Little
nown until recently about the occurrence of this genus ih England, and there
s:doubts whether outside Dorset the index (common in France and the Jura)
arred at all. It is in fact very common in the E. coromatum Zoue, and the
ex (including E. reginaldi (Morris), holotype figured by Arkell, 1933, plateXXXVT
e 1, at most a variety of . coronafum) is most appropriate.
:;K obductum Subzone, K. (Zugokosmokeras) obductum is the first -of the
oconchs to retain some ornament to the end. It is. somewhat smalier than
K jason (50-100 mm.), more involute .and coarsely ribbed, and the ventral tubercles
=pr ribs persist on the body-chamber. Microconchs like K. gukelmz continue little
changed, but are joined by new, much more coarsely-ribbed and spinous forms of the
sabgenus Spinikosmokeras. E. coronatum is common at all levels. At Peterborough,
.leVeIs 136-559 cm. (13 ft. 10in J; Bletchley, c. 11 ft;" Calvert, c. 12 ft.

- (2) K. grossoyvrei Subzone. K obductum is sucweded by forms which are similasly
and wholly ribbed but larger (130 mm.) and more evolute, which Brinkmann called
K.(Z) obductiim posterior (Peterborough, 560-854 cim,), and these dre in turn repla;ced
by the evolute, equally large and extremely densely finely ribbed K. (Z ) grossowvrei
(Douvillé) (= Zugokosmokeras zugium Buckman) (855-1093 cm.). These two forms

. &re not easy to distinguish in the field, and are best combined in the same subzone.
Microconchs now include the coarsest form of Spinikosmokeras, K. (S.) poltux and
ornatumn, as well as K. (G.) ¢f, gulielmi much, s previously. The subzone and zone
terminate sharply with an ammonite plaster crowded with forms dominant amongst

) Whmh are Perisphinctidae transitional to Peitoceras. Their inner whorls are extremely
evolute and densely ribbed with fine, straight, single or simply b]fu:catmg ribs that

‘curve backwards on the venter, and have no constrictions. Pending generic separation.

they are ugually referred to ‘Perisphinctes’ or ‘Binatisphinctes’: comptoni, mosquensis,
-j:@pmenm {microconchs) and fluctuosus (macroconch). dmmonites mosquensis
tscher has recently been made type of a new genus Okaites by Sasanov. Various
cies of Hecticoceras are also common, and Erymnoceras still occurs. This bed, a
_»:ennmetres thick, lies at level 1093 cm. at Peterborough, and is equally sharply
hed at Bletchley, 45 miles to the southwest. It is recognizable at Bedford and

and was exposed in temporary excavations near Wythar, Oxford. The types

» appreciably to the total fauna, and are common at certain levels, One of these -

ZONES.
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Figure 45. Diagrammatic representation of the Lower Oxford Clay in the various sections, up to the base of the 2. ;fkfeta-zene, o

show the lateral variation of thickness of the individual zones and subzones.

A =z léveis-at which ammonites are partionlarly common.
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proni and P, fluctuosys (Pratt) came from: Christian Malford [ST 9678],
and the P. mosquensis-group is common in the US.S.R.

range of the subzone at Peterborough is 560-1093 em. (i7ft. 10in.)}; at
, €. 17ft.; and at Calvert, e. 14 ft.

', athleta Zone.

zone is: at present less well known than the preceding ones manly because
at the base ammonites are much rarer. Lithologically there is a fundamental
somewhat below the middle of the zone in central England. The lower

of grey or brown more or less biturninous shales with crushed white fossils
pore, and is stll suitable for Fletton bricks, There is then a fairly rapid transition
: or grey-green plastic and apparently nonstratified clays in the higher parts
zone, and this lithology continues thence to the top-of the formation. The

en Lower and Middle Oxford Clay. Palaeontologically, three successive
moceratid ammonite faunas can be distinguished in. the zone and these may
me come to be the basis of separate subzones. Pending the necessary systematic
however, the zone will here be divided only into lower, middle and upper

(1) Lower P. athleta Zone. The level 1094 cm. at Peterborongh sees a sharp change
the Kosmocgratidae from the forms of the K. grossouvrei Subzone to similar forms
which a new character is appareat; secondary ribs reunite in pairs at the ventral
bercles, which gain in prominence, so that the number of secondary ribs per whorl
eds the number of véntral tubercles, The ratio on the last whorl, termed by
ann the ‘bundling-niumber,” juinps in the finely-ribbed macroconchs from
2-1-05 (K. grossouvrei) to 1-2-1+4 (K. phaeinum, proniae), and in the microconchs

ifiorn 1-02-1-07 (K. aff. gulielmi)to. 1-4-18 (K. rimosum); the différence in the micro-

eonchs is unmistakable in the field. Bundling is also observed in the coarse micro-
vonchs—K. (Spintkosmokeras) acutistriatum Buckman reépiaces X, castor; andincoarse
“macroconchs of the subgenus Hoplikosmokeras—K. (H.) hoplistes Buckman and
‘gemmatum (Phillips) replace K. pollucimum (Teisseyre). At first glance this fauna
-seems more closely related to that of the E. coronatum Zone below than to the pyritized
‘shells from higher up, but when due allowance has been made for the difference in
“preservation this i3 seen not to be so. In defining the boundaries of zones palaeonto-
Togical grounds take precedence over lithological changes, and the sudden appearance
- of bundled ribs in the Kosmoceratids marks an easily and widely recognizable levet at

“ which to.draw a zonal boundary. For this reason, and because of the disappearance
of Erymnoceras, the beds above level 1094 ¢cm. at Peterborough and their equivalents
- elsewhere are already included in the P. arhleta Zone. Perisphinctidae of the P.
mosquensis group and Hecticoceras continue to be common at certain levels, although
not as common as in the top beds of the E. coronatum Zone. '

The basal part :of the Lower P. athleta Zone is highly.calcareous and widely

. developed as a band of specially hard shale or limestone called by Buckman the
. Acutistriatum Band at Calvert (Buckman 1909-30, vol. v., plate 484c), a pame that
- seems: worth preserving for a useful marker-horizon. The special lithology seems to

- extend to Wiltshire, for it is now clear that most of the famous crushed but otherwise

perfectly preserved ammonites on small tablets of mudstone from Christian Malford

gical break is prominent in sections, for the lower shales support almost .
joal faces whereas the clays flow; and it serves conveniently to defing the boundary

i
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to be found in almost every museum are of this age (Pratt 1842; Quenstedt 1887,
plate 83, figure 27; Douvillé 1815, plate xii, figures 1, 2; plate xiii, figures 1, 2, 3, 5;
Buckman 1924, vol. 'V, plates 486-90, 531, 532, Arkell 1933, plate 38, figure 2),

At Peterborough, levels 1094—e. 1600 cm. (16 ft.); thicknessesat Bedford, ¢. 31 ft.,
at Bletchiey, ¢, 25 ft. and. at Calvert, 25 ft. '

) (iil) Middle Oxford Clay :
The non-bituminous, rather calcareous clays of the Middle and Upper Oxford Clay
differ from the shales of the Lower Oxford Clay not only in their lithclogy but.also
biofacies. They are on the whole much more poorly fossiliferous. Gone are the fossil
“plasters” with their profision of crushed white shells, Instead large Gryphdea re-
appears (G. lituola, G. dilatata), crowded in certain levels into complete fossil oyster-
beds, Ammonites are also confined to a few levels:and are preserved as uncrushed:
pyritic casts, usually of the inner whorls only. Other features are brachiopods, crinoid
ossicles and hastate belemnites, Although the fauna and absence of bituminous

* matter gives the'impression of much clearer and more aerated waters than those from

which the Lower Oxford Clay was deposited; the ammonites. at certain levels are
unusual in that they are all juveniles, having died while less than half-grown. In
contrast complete but immatire shells in the Lowet Oxford Clay dre extremely rare..
The reason for these micromorphic ammonite faunas is not known, although some’
sort of annual ‘water-bloom’ cycle has been postulated (Rutten 1956), such as is
known in. parts of the world today, leading to' periodic complete deaeration of the
sea and the death of all life in it. . _

(2) Middle P. athleta Zone. This produces the fauna which hag usually been.
associated with the zone as a whole; ‘pyritized Kosmoceras and large Peltoceras.
Among the former, the leading maeroconchs are K. (Zugokosmokeras) rowlstonense
(Young ‘and Bird), K. (Lobokosmokeras) proniae (Teisseyre) with many varieties,
and duncani (Sowerby). K. proniae was the name used by Brinkmann for all the forms
with bundled secondary ribs and double row of lateral tubercles separated by a spiral
smooth band found from the top of the E. coronatum Zone upwards. The shells in
the Lower P. athleta Zone are however strongly ribbed to the end, and it is nseful to
retain for them Buckman's name: K. phaeinum to distinguish them from the true
proniae of the Middle P. athleta Zome, which becomes smooth:on the bady-chamber.
K. duncani (Sowerby) is characterized by flexuous ribbing and secondaries that reunite
in sheaves of fhree or four at latero-ventral clavi rather than tubercles (neotype
figured by Arkell 1939). Also common are K. rimosum (Quenstedt) (like K. duncani
but with paired secondary ribs; Quenstedt 1886-87, plate 83, figure 15), K. (Kosmo-
ceras) tidmoorense Arkelt and K. {Spinikosmokeras) transitionis (Krenkel non Nikitin).
The true X. spinosum does: not seem to occur. The Peltoceratids include P, athleta
{Phillips) and varieties, species of P. (Rursiceras), and Pseudopeltoceras. The material
is nsually fragmentary and close identification of the extremely variable forms is

. difficult (for illustrations seé Quenstedt 1886-87; Priesér 1937; Jeannet 1951).

Only sonae of the large pits worked for Fletton bricks go as high as these beds, so

that any pyritized ammonites from them are likely to be of this age. Two old pitsin

the Middle 7. arhleta Zone from which large collections now widely dispersed were
formerly obtained were at Wolvercote [SP 4981041 and Summertown [SP 504086], in
north Oxford. Both the Wolvercote section and a typical collection from it have been

. described by Arkell (Arkell 1947, p. 71; 1939, p. 207), who showed that attempts o
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“ubdivide this part of the P. athleta Zone further according to the ranges of . proniae,

“duncani and P. athleta have so far been unsuccessful.

2. (3)Upper P. athleta Zone. Thisis characterized by an abundance of the irregularly-
‘tibbed K. (Kosmoceras) spinosum (Sowerby) and its allies, K. tidmoorense Arkell,
‘wmulatum (Quenstedr), spoliarum (Quenstedt), distreceum (Quenstedt), and arkelli
‘(Makowski 1952). Macroconchs also include K. rowlstonense, K. compressum
“(Quenstedt) and allied species, widely and incorrectly described under the name
'K duncani, and K. transitionis (Nikitin). Perisphinctids (Grossoupria) are relatively
‘e¢émimon, as are Hecticoceras and the bicarinate Oppelids Distichoceras and Horio-

“ceras. Successors of Erymnoceras reappear in the form of species of Pachyceras.

i+ The Upper . dgthleta Zoné is at present exposed in only one pit, at Woodham,
~where it is at least 35 ft. thick. There are no continuous sections through the whole
P, athleta Zone anywhere, and the toral thickness of Middle:and Upper parts arehard
‘1o estimate, although unlikely to be less than 50ft, There used to be a section in a
favitted patch at Eye Gteen pit [TF 230034], near Peterborough (Neaverson 1925),in
‘which, according to Brinkmann, the Middle-Upper -P. athleta Zone extended from
Hevel 1600 to 2800 cm. (39 ft.). '

d Q. lamberti Zones, which could not be separated in the.cores,

(e) O lamberti Zone, :
- Just as this country was probably part of the area in which the Kosmoceratidae
-prospered most, another family, the Cardioceratidae, had its true home further north

“4n Middle Callovian times, in what was probably then, as now, the Arctic Ocean.
“Fhus although they do occur rarely in the E. coronatum and 2. athleta Zones in this
“eountry, Cardioceratidae abound, for example, in Arctic Russia, Siberia and Alaska,
‘where Kosmoceratidae in turn are rare. This complementary distribution was
“gtddenly upset, and Cardioceratidae swarmed southwards in enormous numbers as
ifar as the Alps, to dominate the ammonite faunas in ‘this country almost to Upper
-Oxfordian times and occasionally later. They therefore replace the ‘Kosmoceratidae
Jor zoning. Roughly simultaneously with the southerly spread of the Cardioceratidae,
tother families normally -dominant in yet ancther fannal realm, that of the ancient
Tethys, south of the Alps, spread temporarily northwards. As a result, the Q. lamberyi
‘Zone yields in this country an ampionite fauna quite unusually zich both in species
‘and individuals: some eighteen peficra, Tepresentative of nine families, have been
‘found side by side in the same bed.

. The arrival in this country of the Cardioceratidad defines the base of the Q.
“lamberti Zone. The first to appear in quantity were forms still with rounded ventér—
- Quenstedtoceras (Eboracicéras) henrici Douvillé. These were quickly joined. by forms
"with sharp venter—Q. (Lamberticeras) lamberti (Sowerby) and allies. Kosmoceras
-still persists in the Q. lamberti Zone, including X. spinosum (of which it yielded the

type) and K. compressum, but then becomes extinct. The Tethyan elements include -

Perisphinctidae, Oppeliidae, Aspidoceratidae (dspidoceras first appears in the zomie),
- Pachyceratidae, and more rarely Reineckeidae (also becoming extinct thereafter),
_tl_’.hy]loceraﬁdae and Lyteceratidae. They make up some 35% of the individuals
found. : .
* _The zone is now permanently exposed only at Woodham, where it consists of a bed
-of limestone a foot thick, together with about 3 ft. of clay beneath. ‘At Peterborough,

The recent boring at Warboys showed a total of 103 ft. for the combined P. athleta
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Brinkmann recorded its fauna from levels 2800-3100 cm. (10ft,). To judge from
collectichs in the museums it was formerly worked elsewhere, particularly in Hunting-
donshire. Itcrops out in the centre of Oxford, whete it consists of at least 5 ft. of clay.
At its type-locality, in Normandy, it is 30t. thick.

(iv) Upper Oxford Clay

(/) Q. mariae Zone, o

(1) C. scarburgense Subzone. There is a sharp faunal bredk at the top of the
Q. lamberti Zone, and Cardioceratidae become the dominant -forms. They are
often pyritized or limonitized. Quenstedioceras marige (d’Orbigny) is common
in the basal part of the zome, to be gradually replaced in pumbers by more
sharply keeled, compressed forms: Q. woodhamense Arkell and Cardioceras {(Scarbur-
gizeras)y scarburgense (Young and Bird). A characteristic accessory form is an Oppelid
with a crenulate keel, Creniceras renggeri (Oppel), recently redescribed by Palframan
(1966), after which beds of this age on the Continent are often called the Renggeri
Marls. Gryphaea dilatata is common. " o

The subzone forms the 30:ft. of clay above the Lamberti Limestone-at Woodham,
and about 29 ft. used to be visible in the lower part of the pit-at Warboys. The thick-
ness in the borchole was 48 ft. L _

(2) C. praecordaium Subzone, Cardioceras continned to develop, the secandary

" 1ibs sweeping more and more forward on the venter to form a well differentiated keel

n C. (Scarburgiceras) praecordanem Douwvillé which becomes the commonest form -
after overlapping for a short range with C. scarburgense. The subzone js well-exposed
at Warboys, where it is ¢. 22 ft. thick, and Purton, Wilts (Arkeil 1941), where at least
30 fi. could be seen. Various parts of the Q. mariaze Zone nsed to be worked in pits
around St Neots and St Ives, Hunts.

(g) C. cordatum Zone. ‘ -

The only part of the zone now visible in the area is the lowest C. bukowskii Sub-
zone, which forms the top 29 ft. of clay at Warboys. The forward sweep of the
secondary ribs om the venter becomes extreme in C. (Searburgiceras) bukowskil
Maire, and forms with prominent shoulders at the ventro-lateral margin and more
inflated whorl-sections begin to appear. Various species of Peltoceras are common,
especially P. (Parawedekindia) drduennense (d'Orbigny). - :

Higher subzones of the C. cordatum Zone appear to be.largely missing along the
outcrop between Yorkshire and Oxfordshire, having probably been removed by
grosion, and the Oxford Clay is at many places immediately succeeded by Oakley
Beds, Ampthill or Kimmeridge Clay, or Lower Greensand. Small islands of Corallian
were preserved, e.g., at Elsworth and Upware, and at these places clays ot ferruginons
tiaris of the €. costicardia subzone have been seen in temporary exposures.

LOCAL EXPOSURES
Al the clay-pits listcd here are in active work and are highly industrialized and it ie necessary
to obtain written permission to visit from. the owners beforehand; usually from their main
office. ) : _ .
N4/l Peterborough| (Yaxley [TL 17911, Fletton [TL 1895], Kingsdyke [TL 259?]2 after
i Brinkmann 1929a, with amendmients. These are the classical sections studied by
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' ‘Superficial deposits
‘Boulder Clay, with Chalk (Y: axley)

Fen-deposits: black Joam, containing large roots of hog:
oak, and arctic willow (Kingsdyke)

Rwer-_g:ave_l, sandy, well-bedded (Kingsdyke)

MippLe OXFORD CLAY

Q. lamberti Zone . . . . . tap,

28 Clay, with. occasxon.al conicretions; pynt:zecl K. spimosum;
.. lamberti, sufherlandiae, grande Perwpkmc:es sp ey
Hecticoceras sp., Aspidoceras sp. .

‘Upp‘er.-Middle P, ath_xeta Zone:
27b Blue-grey. clhy, Gryphaea lituola, pyritized ammonites
a As above, oceasional G. fitucla ovly

Lower P, gthlerz Zone
26 Clay, greenish-grey, unstratified, barren

Lower OXFORD CLay

+ 25 Shales, grey, alternating with greetish clays Armonites
crushed, in white calcite, from here downwards; species
as in bed 23, collected systemancally only up to level
1310 cm.

24 Clay, preen, plastn: unstratlﬁed

23 Acutistriatum Band; bituminous shales, many ammonites .

K, phaemum, gemmafzmz, acuristriatum, aculeatwn, Ornatimn;

E, coronatum Zone, K. grossowvrei Subzone
22¢ Comptoni Bed, 2 in.; many ammonites: K. grossouvrei,
afl. gulielmi, P. comptoni {profuse), Heeticoceras spp.
b Shale, brown, b1t1unmnrus, VETY. fossﬂlfemus as above, 1 ft.
a Nuculag-bed, 2in. . . : togethey

21 Clays, green ar grey, alternating wﬂh brown biturtinons

K. grossouvrei, castor, poltux, of. aculeatum, aff.
guhelmr, som already with occasional bundied ribs.

20 Clay, grey, with plasters of well-preserved ammonites at
the base and the top: K. grossouvrei, castor, pollux

19 Clay, grey, with plaster of well-preserved ammonites at the
base

K. obductum posterior, grossoutrei, aff. gulwlmt,
eastor, pollux, E. corongtum-common

together ¢.

23

14

14

0

e. 3100

&, 2800

e 2100

- 1600

1160

1135

1093

1054

895

864

854
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18f Clay, shaly, grey; barren, 2 ft.
e Ammomte—plaster X’ abdztumn pas;‘emr gulie!m:, castor,
pollex | : . oo« oat
d Clay, shaly, grey ba.rren, Il .
¢ Shell-bed with Meleagrinella, Nucula, amrdonites, 2i in. at

b Clay, shaly, dark grey, few fossils except near the top;
Belemnoreuthis artigua, 2 ft. 3 in.

18a Nucula-bed: clay, pyritic, crowded withi shells, ammonites,

K, abductwn posterior, etc., 41n, | . together
17b Shaly clay, very dark, massive, few fossils
a Ammonite and Nucula-plaster at the base, with weil-
pmervedsheils K. obductmpasfmor Fulielmi, castor

K. obductum Subzone °
16b Nucula-bed, 1 in.
‘a Clay, shaly, with p]astar of weli prmetved a.mnmn.itm at

- the base

15 Nuculabed: c}ay with Mex’eagrmella in the Iuwer part and.
T T Growded with Nueula above; ammonites .

14 Clay or shales, grey, ammonites rare except at the top,-
«crabs.¢ommon 2 ff. above the base, and belemmnites with

phragmocones preserved in lowest 61t X, obducmm,
gulielmi, castor, E. coronatum

K. jason Zone, and Subzone

13 Shell-bed with ammonite plaster, $in. . . at

12 -Clay, shaly, green, and brown shales, many ammumtms
K. jason, gulielmi - Hib hasfafi.g ar 2o rephe “fearda

11 Shell-bed with amrmonite p]aster . at

10 Clay, green-grey, or brown-black paper-shales enclosmg
a layer of septarian com cementstone nodules
which mark the- ‘working-base of the pits and enclose un-
crushed ammonites in white calcite. K. jason,
gulielnti, Reineckeia aff, smebelz, R. cf. rehmiaini (Arkell

. cglik)& 5‘) grﬁgjrw;ez R tyranmjbrmw (@omon CGH)

K. medeq Subzone
9 Shell-bed: profuse belemnites and oysters . . at

8 Clay, shaly, greenish, or brown bituminous paper-shalee
Many ammonites: K. medea, gulielmi . .

i

7 Shell-bed, pyritic, many belemnites and: Oysters . at
6 Clay, grey-green, many ammonites, 41in. &
b Ammonite plaster, with oysters ., N ;. at

6a Clay, shaly and Sandy, 3 in., many ammomtes

279
Brink-
wienn's
scale,
793
765
5 8 680
3 10 559
8
& 530
12 10 135
‘ 135
I e A
o
9 55 -
55
6 39
' 33
28
7 2

539
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mann's -
scale,
i €7,
5 Shell-bed: many oysters, ‘belemnites, ammonites. K. :
medeq, gulielni . . ; : . . 1 - 20
S. calloviense Zone, S. enodatum Subzone ’
4 Clay, green, massive, many ammonites nedr the top. S. )
(Catasigalocerasy enodatum, K, gulielmi anterior Brink.. 8 o -

KELLAWAYS B'Ens
s. ealloviense Subzone - M in

3 Keilaways.Rock. Fine olive-grey sanid or silt, locally snft sandstone,
especially at the top, sometimes with doggers. Many white friable
crushed fossils in the fresh rock, particularly in the top and bottom two
feet. Sigaloceras calloviense, Kepplerites gowerianus, Toricellites sp.,
Proplanalites kaenjgi and very large species; common Choffatia, sp.,
and belemnites. Among the bivaives thie comimonest: are Gryphaea
bilobata, Pleuromya alduini, Pholadomya de!tozdea, Ph.. I:raza, Modiolus. -
bipartitus, Oxytoma expansa . . . 11 &

M. macrocephalus Zone, M kamptas Subzone

2 Lower Kellaways Clay, Sharp ]uncnon with the silts above, then blue-
black tenaceous clay, non-calcarecus and non-bituminous, a few white
crushed fossils. Many small buff-white lenticalar phosphat(c Concre-
tions bearing cracks filled with zinc-blende, concentrated mainly into
two courses about 1 ft and 2 ft from the top; lenticles of a sand of -
pyrites . . . . : . . . . . . |

Urrer CORNBRASH

1b Limestone, sheily, rubbly to massive, undulatmg upper surface. Large
" Pholadornya sp., Trigonia elongata . . . (in boringsy 5 0

la Ma.ri or clay, black, paclced with goarse shelly detritus. Meleqgrinella
echinata . . (in borings): 3§ O

The sections appear at Srst sight rather featureless, but three beds act-as markers: the
basal layer of concretions, bed 10; the massive dark shales. of bed 17 sandwiched
between Nucula-beds; and the green clay of bed 24. Most of the pits south of the
town expose only Lower Osford Clay, but those to the east, near Whittlesea, go up to.
bed. 27a. 'The higher heds used to: be exposed in a down-faulted patch near Eye
Green. Some of the beds at the top of the E, coronatum Zoune are highly calcareous
and yield occasional un¢rushed ammonite hody chambers, among thetn .a large
Reineckela substelnmanni (Lepioine). The bigher beds at Eye Green have produced.
? yritized ammonites of the Middle-Upper P. athleta Zone in the past, just like those
rom Bletchley, Calvert or Oxford: K. rowistonense, proniae, compressum, spinosum,
transitionis, duncani, etc.; also Longaeviceras plaventa (Leckenby) and Remeckefa sp-
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T4 Bedford (Siewariby)[SP 0142), Marston Moretaine [SP 96391,

Topeoil and Drift.

MbLE OxroRD CLAY

Middle P, athleta Zone | .
22 Clay, weathered yeﬂcrw . . : ] . . seen
21 Limestone, soft, impersistent; Peltaceras sp

28 Clay, Piast:lc, weathered yellow at the x:op, ﬁmn b}’.u.e occaswnal”

Gr:yphaea fituola

LoweR OxFoRD CLAY

Lower P. atkleta Zone. .

19 Shell-bed, pyntm, variable .

18 Shales and clays with white crushed fossils .

17 Acutistriatum Band: y calcaregus light grey fissile sha!es, loc'ally
hardened to cementstone welded to the beds below. Many ammonites:
K. acutistriatum, phaetnum, ornatum, rimosum (all with bundled Tibs},
P. comproni, fluctuosus, Hecticoceras spp. - . .G

E. coromatum Zone

16. Shell-bed (‘44 ft "), yntlc, a mass of N.u:cula, vanable Jocally thin of

absent . . up to
15 Comptonti Bed: hard hght caleareous shale, fall of Nucula, locally

lenticles of limestone: Ammonites: K. grossouvrei, castor, aff. gulielmi,
pollux; P, compiopi, fuctuosus very common,, aptychi

14 Shales, light, very calcareous, octasional crushed pynn:'anunomtes

K. grossouvrei, pal.lucmum

13 Shell-bed (‘38 ft.), pyritic, not very pmmment

12 Shales, brown, bituminous, papery .
11 Shell-bed (341, pyritic, prominent, a fnazs of Nucula, ammumtﬁss
K, grossouvrei, obductiem posterior .. . 2in.to

10 Shaly clay, dark, with well-presarved belennites, and E. coronatum -

crushed, pyritized and encrusted with pyrites into small concretions

8¢ Shales.

281

b Layer of elhpsmdal septaman ceﬂhentstone congretions, mmy fcsrmed -

attached to, and bedring the imprint of, a large Er)vnnoceras also
E. obducturm, castor, gultelmt . . Dio

8a C]ay .

) Nucula-Pyntes Bed 16 ft. T the mam shell—bod m the lowm' part of the
succession; a miass of Nucwld as pyritic casts with valves closed. K.
obduciumn, gulielni, castor; Hectxcoae;:ls lugeont Tsyt.; E. coronatum,

e pattly pyritized and well preserv

& gl):?ly clay:,y _lt:ark grey, teugh Pl;fod K obductum 3% ft. down thin

pyritic sheIl bed 24 ft. down in places

K, jason Zone and Subzone '

6b Shaly clay as above: good K. jason and forms intermediate to X.

obducmm at the top; K. jason profuse 2 ft. below the top,. with locally
a thin pyritic shelF bed; and very common at the bottom. Also X.

gulielmi ‘ ' . e

10

14
9 Shell-bed (20, pyiic, variable S Ot |

S

oy
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GEOLOGY OF THE EAST MIDLANDS

& medea Subzone : _
6a Shaly clay-ag above, Khaki; miany X, med'ea, gu[teﬂrd .
5 Shell-bed (‘base’), downtawh]ehthepltsaraworkeﬁ amassof

pyritized fossils. K. medea, gulielmi, Hecticoceras sp., C@daurw,
perisphinctids, oysters, belenmites, fossil wood . . -

8. ealloviense Zone, 5. enodatunr Subzone

4 Clayey silis alternativiz with stff clays; many fossils! S, enodatum,
K. gulielmi anterior, Gryphaea bilobata auctt., belemmt&; att very

common, especially at the ts.:p .
Krirawivs Beps )
? S. calliviensé Subzone
3 Kellaways Rock. Light grey fine silts or soft sa.ndstone lettmg some
water; ‘harren. Seeninpmtosft in botings :
T M. nmcrocephafns Zone -
2 Kellaways Clay, black; io borings .
CORNBRASH
1 lewume, in bori
(Upper Estaarine Series clays beiow)

J

3

The prominent features.in the section dre the cilcareous beds near the middle, 1417,
the sudden change from dark bitumitious shales'below beidg marked By . line. of

vegetation on older faces where water

seeps; and the various pyritie shell-beds which

‘weather to risty bands. The main ones have been labelled with their hei ghts above the
.basal dhell-bed,, soine beingdhus reférred to when met in. exploratory drilling in which
they act as markers. To be nioted is the fact that the impersisterit limestone near the

‘middle is here mainly at the top of the K. grossouvrei Subzone rathier than in the.

Actitistriatum Band; ie., stratigraphically stightly lower than the similar beds at

t level,

gravel, sandy, well bedded . - . . . . Ote
f Boulder Clay . . . - T . . . Oto

-preserved ammonites: X. rowisionense, pronige,
am var. o Krenkel, duncani; Pseudopeltoceras retrorsum
¥ A (Pelroaeras) athleta, ibid. var, spathi Pricser, aff. armiger
), trifidum( MQuenstedt) Prieser, P (Peltoceraioides) of, athletoides
sen, P, (Rumcems)baykz(Pncscr},P (TR} aff, kontkiewiczi(Siem,),
Parawedekindia) oeschingenense Prieser; G. (Grossotzwm) subtilis

ayr); Largraemcgramp nov. . . “Oito

dllsyntlc concretions formed round pieces of fossil

5

;Hktchley and Caivert. The ‘cementstone com:muons of bed § are also at a slightly

ley. | There are at present two large pits in work, (a) that of the: Lcmdon Brick

pany [SP §532] to the sonthiwest of the town, on the road to Newton Longville;
@) oue of Flettons Led. [SP 8536] on the northeast side of the Watling

miles northwest of Fenny Stratford. - The following is a combined record of both

Street,

o

15 Clay -

r

THE KELLAWAYS BEDS AND THE OXFORD 'CLAY

20 Limestone, argillaceous, impersistent ) . . . . Oto

19 Clay, grey, occasional G. fitwola =~ . . . . . . =
Lower OXFORD CLAY
Lower: P, arhletn ZTonk

13 Altefnating clays and shajes s follows
18f- Clay, shaly, grey, with crushed 'white fossils

e Bed of bltummous dark brewn pyritic paper shales, 6 in., 19 fi. abeve

the base
d Shaly ciay as above
¢ Brown bituminous paper: shalm, puritic, 6 in., 15 ft. above the bage
b Shaly clay; as above
18a Basal Nucila-breccia, 6in.

Crushed pyritized and eficristed ammdnites from thig bed but found.
loose inciviie K. phaeinum, of. acuistrigtum and ormaram. Together, c.
17 Acutistriatum Band. Hard calecareous shales, locally impersistent.
lenticnlar limestone which breaks: along septarian jointing: planes: filled
the impression when seen frem,

in, the middle with black calcite, giving
the side of an inmer dark band sandwiched hetwsen lighter layers K
phaeinon, Fenvnatum, acutistrigium, rimosum, aff. duncani; occasionalt

"P. comptont, mosquensis, Hectivoceras sp Langaewcerassp Apg;chus
(Praestriapiychus) . .

E. coronatum Zene, K. grossouvrei Subzone

16 Comptoni Bed. Nucula-breccia in hard: shales, locaily pyritic, the top
part an ammonite plaster, and here and there consolidated inte a fissile
limestone welded ta the underside of the bed above. A mass of fossils,
including a profusion of ammonites, some very latge: K. grassouvrei,
typical, gulielmi posterior, aculeaturn, castor; P. comptoni'in profusion,
with lappets, and its macroconch, P. fluctuosus; Hecticoceras lonsdali
(Pratf); Erymnacems argomense(]eannet),E (Rallzemes)sp bele?mtes

m. to

14 Nucu!a-bcd, A mass’ af pyrmzed fossn]s in dark clay, belcnm:ltes
13e Clay, brows . . .

& Clay, grey: a crocodilian j jawr .

¢ Shales, dark brown, bituminons, many bmken fmsxls

b Clay, stiff, khaki: K. grossoyvrei, fgullebm Pa.s'rerwr ;

a Locally 2 thin continuous-band o pyrites, § in.
12g .Alternating light.and dark grey shales and clays .

f Ldyer of occasional pyritized and encrusted crushed ammommes E.

coronatimn

¢ Shaly clay as above .

d Another layer of-occasional pymtlzed ammonites: K. grossouum

¢ Shaly clay as above

b Pnucxpal Iayer of mm a.mmumtes preserved and encruswd i

pyrites to form pyritic concretions, commenly found loose in the pit.
E. coronatum common; K. obductum posterzar, castory pollex,;

Cadoceras milaschevic! (Nikitin), Longaevicerax sp.; Grossouvria

leptoidey(Till). Proterithiunmi muriéatum in coltnies
a Shaly clay as above . . . .
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- GEQLOGY OF THE EAST MIDLANDS
LK. obductum Subzone _

*11 Nucula-Pyrites. Bed, the most prominerit shellbed in the lower part
: of the succeasfon, incorporating " odcasional cementstone concretions,
‘ A mass of pyritized Nucula with closed valves, Procerithium, Astarte
and oysters. Ammonites mostly crushed and pyritized but yiclding
occasionally well-preserveid &pecimeris: K. obducium, gufielmi; E.
- corgngtun: and varieties common, E, argoviense; C.'(Pseudocadoceras)
concinnum and laminctun Buckmann; Hecticocerns rosseinse {Teiss.) .

;19 Clay, grey, with a few crushed pyritized emmonites. XK. obductum,
Lo E, corongium . . . . . . * i .
9 Layer of ellipsoidal septarian cementstone concretions, best seén in tips.

Few fossils, badly distorted; K. obductumn

8o Cldy, grey, as abave. K. obductum . . . 4 &2 6

fio in.

X. jazon Zone and Subzope r .
8a Clay, grey, as above. K. jason, gulielmi, at top and bottom . e 15 8
7 Shell-bed, pytitic, many oysters and belenmites. . . 4
K. medeu Subzone _ '
6 Clay, dark: K. medea . . . . 1 6
5 Shell-bed, pyritic, with oysters and Nuewls . . e i
4 Clay, shaly: K. medea, Lulielmi common, Pseutlocadvesras sp.; to
working base of pits . R . S

8. calloviense Zons, S. enodatum Subzone :
3b Fine silt, with Gryphaea aff. bilobata, Oxyioma Spp., Rhynchonella, and
. Grushed ammonites: S. enodatum very common . . . . 8
Ja 3uff clay with partings of silt' 1-2{n. thick and worm-tracks. .
enodatum; K, guiielmi anterfor; Choffaria (Homeuplanudites) sp. commion
at tep; oysters . . . O A
- KELLAWAYS BEDS ’ "
8. calloviense Subzone
2 Kellaways Rock. Silt or soft sandstome with calcareous nodules,
Sigaloceras callguierse, Chamoussetia lenticularis (Phillips), Proplanulites
koenigi, P. sp. (large); Gryphaeca Bilobata, Ostrea alimena, Trigonia. :
scarburgensis; and belemnites <L ; . seene. 2 @
- M..macrocephalus Zone, M. kamptus Subzone
1 Kellaways Clay. Black silty clay with buff ‘phicephatic nodules: Macro-

cepholites (Kamprokephalites) of. herveyi, M. (Delikephalites) typicus
Biake '

Beds 13 to 18 are best studied at the Fletton’s pit, whete the profusion and preservation
fossils in the Comptoni-Acutistriatum Beds approaches that of the famed Christian

ord beds. All the other beds are better seen in the London Brick Cothipany’s pi.
e long exposed faces in this pit show that.all the highe: beds have been tectonically
rbed, the crumpling of the Acutistriatim Band being particularly prominent.
e disturbances do not extend down to the base of the pit, Bowever, and must
ifore be.of glacial origin, a legacy perhaps of permafrost conditions. As a conse-
ce some of the estirated thicknesses given above arein some doubt. Thejunction
Rtween K. jason and E. coronatum Zones.is not miarked lithologically and remains to

e fixed precisely. .

e

THE KELLAWAYS REDS AND THE OXFORD CLAY = 288

“This i5 one of the most tewartling pits palacontologically, for both Kellaways Beds
and P. athleta Zone- have yielded unusually rich faunas.” Its special feature is the
abundance of Erymnoceras in the E. coronatam Zene, ouly partly crushed Specimens
being 1ot uncommion. However, 2 note of warning is nezessary: of the pyritic
spectmens obtained from this pit only those from heds 11 and 18 are stable, the others
rapidly decorposing when exposed to air.

(B _CakeriiisP 5723). | f i
Topsoil _ ,
Boulder<clay with Bunter pebbles, traces in places
MIDDLE GXFORD CLAY
? Upper P. athleta Zone, S

[3¢ Clay, wedthered yellow, plastic, much selenite, profuse Gryphaea
litnole. Linionitic aminonités cofmon at a Tevel about 10 £, up: K,
spinosum and sp, aff., tidinovrensé, Hecticocefas {Brighitid) glyptum and
Sp., Perisphinctes auclei. Also common is the small sitnple-coral TFocko-

 eyvathus magnevillianus. (Michelin) . . seetoe. 20 Q

 Middle P. arhleia Zone

13b Clay, plastic, blue, with Gryphaed, mainly concentrated in 2 few beds.
- Rh. socialis, crinoid ossicles, gustropods, Pectens; FHib. hastatus.
Uncrushed pyritized ammonites> K. rowlstonense, proniae, pronive-
dunceni var. o Krenkel, duncani, bigoti (Douvilld), rimosum, transitionts
Krenkel ron Nikitin, tidmoorense, <f. spinasum; P..(Peltaceras) athleta
vax. bifidum (Quen.), trifidum (?Quen.) Prieser, P. (Peltoceratoides) cf.
trapezoidzs. (Prieser), ef. broilii (Prieser), P. (Rursiceras) pratti Spath
and spp., duclei common, P. (Parawedekindia) oeschingenense (Prieser),
and 3pp. indet.; Grosseuvrig compoluta (Quenstedt) s1.: Hecticoceras
pseudopynciatum (Lalnisen), surfrulint (Oppel); Reineckeiasp. oncleuse. 8 @
13a- Row-of oceasional septarian cementstone concretions.
Lower P, athiern Tone
12 Clay, blue, plastit, very few fossils; occasional Pachyteuthis, very rare
- Gryphasa . . . . . . . . . Soo. % 0
Lower Oxrorn CrLay '
11 Alternating sliales and clays as follows:
o Shale, light grey, calcareous, hard, serving us working platform for the
+ mechanical excavators at the top of the pit. Crushed white fossils:
K. rowlstoriense, &f. pronide 0. . . . . .
mShalyclay . .
I Shale, hard, calcareous . - . .
k Thin bed of black pyrites, continueus, }in.
j Clays, shaly, grey . . . . .
1 Paper-shales, hard, galcaréous
.k Shaly clay .. " - .
g Paper-shales, hard, calcareous
fChay . . . ", .
e Paper-shales, hard, caleareous
d Clay, shaly, as above . . . . . . . .
¢ Thin shell-bed with layer of pyritic nodules: K. Aoplistes (Buckinan)
b: Shaly clay, as above . . S e e, .
- 11a “Basal Nucula-breccig, a mass of non-pyritic shells in.shale. .
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GROLOGY OF THE EAST MIDLANDY

10 Acutistriafum Band, Hard compact highly calcareous sha.les, locglly
lenticies of limestone with dark calcite veins in the midile of jointing-
planes az at Bletchley. K. pkaemum, rimasum, Srngtum, P, wn;otam,
Aptychus (Praesitiaptychus) . . . . -,

E. coronatum Zon¢, K. grossouvrel Subzons

$ Comptoni Bed. Mucula-breccls, a mass of shells, more o less pyritic, the
top inch an ammoniie plaster; K. grossourei, castor, etc.; P. comptoni

. (very common), fluctuosus; Erymmoceras sp. . . Ainto
8 Alternating brown, friable, “bituminous and grey sh.'ﬂes and clays as
follows:
i Grén-grey shalyclay . . . -
h Shell-bed, pyrltw . . i
g Shales

f Sheli-bed, pyrmc .
¢ Alternating shales, eic. .
" d Layer of ‘pyritig: coneretions; fonmd rowd crushed ammonites: .
. Obductum posterior ,
" ¢ Shales, etc. .
'b Sheli-bed, thin, with py'rmc Nucula, and pyntmed and encrusted crushed
ammonites: K. obducturn posterior, E. coronatum
fa Shiles, tough: K. obductum pusterior, pollﬂx
K. obductum Subzons
-7 Nueula-Pyrites Bed, the main shell- bndmtheiowerparmf t.hc sucressiin ;
A mass of pyritized fossils. ‘Crushed ammonites, very large E. coronatum,
argoviense, thick, belemnpites .
6 Clay, shaly, tough, dark brown, bituminous, enclosmg at the top a layer
* of ellipsoidalseptarian cementstoneconcretions., Profusecrushed but well-
préserved ammetiites inthe clay K abducfnm, rare obdictunt, pastemr
castor, gulielmi ) K
Nucpla-bed; a ma.ss of mora or less, pyrmmcl shells .
- Clay, shaly, tough, khaki, with crushed but Well-prem-vad fossils.
K. obductiini common in at least the basal 4 ft. of the bed (from which

grey, with 'proﬁxsc Nucila; K. jasonvar. tranmuanal to abcincrwn,
fatia ap Meleagrinelle, Brocerithium, gysteas and belemnites ¢,

y c.lays, .

bmwmsh, many K -,-a.w;x, typlwl buta little smaller thas usual T
tough, grey, shaly, with two rows of crushed pyritic ammonites
K. Jjason typical, Jarge, common throughout, but especially
oot of the bed, K. gulielmi, Cadoceras compressum (Nikitin),

,pyritie’ (‘base’), down to which the pits are wotked. A plastex

0o, crushed but beautifully-preserved ammonites: XK. jasen,

Choffaria cf, pating (Neumayr), Ch. (Elatmites) submutata

minon, Grossouvria sp., Cadoceras sp.; Nuculaspp Astarte.
i scarbmgem belemnites and oyst:rs .

X

 camivthe tyjpe), with oceasional pynumd amipyntas«emmsted spmmms ;
y

eras concinnum; Dicroloma trifida . e
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THE KELEAWANS BEDS AND THE OXFORD CLAY %7
X medea Subzone . f. _in

1e Clay, green. K. medea, gulieimi . i >

d Ammonite-plaster, in ting a layer of occasional small elhpsmdal T
buff. conctetions, perhaps 3in thiek and 1281 across. X. medea, %
Zuliglmi . i

¢ C]ay,f gresn, tough many (Illﬂhﬁd but we]l-preserved K medea .

{0 . ;

b Shale, soft, ﬂaky dark hrown, ammomtm as above . . _g‘“

iz Clayg khaki, many oysiers, belemuitos, X. medes, gulielm; seet in -
trench to at leasn Gin. .

(8. callpviense Fone, S. enod‘azum Subzoke not seen)

Total thickness of &. medea and . enodatuon Subzopesin borings . 10 ©

S, mlioménse Subzone:

gc}la,ways Rock; Sand with G. é;labata, formeriy mposad in d:a:a.mage
itches

At the top, most of the pits reach up only into the lower - part of bed 13- wh:ch is then

wholly weathered, and all that remains of the fossils is Gryphaen and suggestive:
patches of limonite, Higher parts of the bed and the fanna recorded here are to be
segn at only oné place, a down-faulted afea at the western extrenid of a ‘Iaxpe pit now
disused, one mile due west of Calvert stition. The faulting is very localized and the:
expet sucpession through the higher beds not easy to pick out: The impression during

'collecnng was that there were two distinct faunas of pyritized ammonites in bed 13b:

a lower one with large P. athleta, K. proniae and allies, and many small nuclei of
Peltoceras and K. cf. spinoywn slightly Higher up. Cumpanson of thie Iatter with
collsctions from Woodham show them to be szmﬂa.r but not-quite the same. Higher
still, the limonitic forms frem bed 13c resemble very closely thege fram the Jowest
beds of Woodham, including now in both cases an appreciable proportion of Oppe-
Hidae and P ctidae, and there seems thus to be a small s&ahgra.pbma.l averlap
bétween ‘the Calvert and Woodham successions.

Of the marker-beds in the main faces, the. Acutistristunt Band (10 and Nucula~
Pyrites Bed (T)rcorrelate readily with the: similar beds at Bletchiey, but the main layer
of septarian concretiqns at Calvert (6), Bletchley (9) and Stewartby (8Y) are, dmpxte
their sinilarity, all at different Tevels. Palasontologlca]ly, the ity at Calvert iy
thie basaf shell-bed of the K. jason Zon® from which, with a Rttie ciire, exquisite
specimens may be obtained. The pyrites from this bed and beds 7 and 11 s stable but:
that from ‘others again liable to decomposs. Another feature at Calvert is the occur-
rence of uncrushed body-chambers of a variety of X. jason named Gulielmites effuigens
by Buckman. It differs from the typical forms of the species mainly in being almost
wholly smoothrand has been found'in sitw(). Hotrell c6li.) only 3 ft. above the base of
the X. jasom Subzoune, The holotype came from Kidlington, only 14 miles west-
southwest, where it was found 43 fi. above:the base of the X jgson Subzope (Callomon
1935). - There seems therefore little doubt that the thickening of the K. fason Subzone,
from 2 ft. 7 in. at Peterborongh to 18 ft. at Calvert, continues westwards with increas-

ireg rapidity.

(4[5 _Woodham ISP 7117]. The pit is on the main road halfway between Bicester aad

Aylesbury. The section has’ describied in detail by Arkell (Arkell 1939; see also
Arkell 1947; Rutten 1956; Callomon 1957;. Palframan 1968). Subsequent collecting

saxpandcd the faunal lists still furthery; some: 100 ammonm spégies have now been
recorded.
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GEOLOGY OF THE EAST MIDLANDS
UPPER OxroRp CLaY

0. mariae Zone, €. searburgense Subzone

A Selenitic' Mariae' Clays. Brown weathered clays with selenite; un-
crushed limonitic ammonites, mainly Cordivceras scarburgense {900/, of
the fauna) ‘Additions to Arkell's Hst inchide another Phylloceras
demidoffi, Quenstedioreras (Pavlomce;ras) pavfam Douvillé, Goliathiceras
sp., larpe Card. of. harmionicum Maire .

B Blue Mariae t;‘lays with many small pyritized, ammomtm. wpccml]y m
the lower part. Q. marice, woodhamense and C. scarburgense’ equally
commpn; Taramelliceras richei, Creniceras renggeri, and many others
Also Lﬂoczms polyapchomenur Gemmellaro . .

MmDLE OXPCRD €LaY

47 famberti Zone

€ TLamberti Limestone. Mudstene or marly hmestone packed with
fossils, ma.mly crushed ammonites. Comrnonsst are Boreal Quenstedto-
ceras, ranging from small Q. ss. Ieacki to the huge Q. (Eboraciceras)
grande Arkell, Tound ‘ag a cannon-ball; but Tethyan Oppeliidae,
Parisphinctidae and Aspldoceraudae make up 35%4 of the fauna. The
commonest Aspidoceras is A, ferrugineun Jeannet, whose outer whorls
are indistinguishable from those of P. aihlers, and it is doubtful whether
the fragments quoted as such by Arkell are correctly identified. Other

THE KELLAWAYS BEDS AND THE OXFdRD CLAY

- Clﬂy, bluish-black, highly pyritic, becoming selenitic. on weatheri

mall crushed white ammonites: Amoebocéras. (dmoeboceras) cf.
alferm and spp., closely resembling foims from the Birmenstorfer .
Beds of Switzerland, Cardiocetas app., Gryphoea dilaiaia, Pectens, .
Astarie Sp-; Plewromya sp,, Homarmnya sp., Pinng sp., and belermnites
Non-sequence '

[The whole of the P Pplicatilis. Zuue, and the upper two subzanes of the C.
cordatum Zone missing. ]

Urmm OxpORD CLAY
C. cordatium Zong, C. bukawskii Subzone

8b Clay, light greenish-grey. Angular pieces' of this clay praject mto the
overlying Ampthill Clay and vicesversa, and wholly detached pieces |
fora a kind of clay breecia, aithouph the boundaty between thetwokinds -
of clay is ev&ywhgre linesharp. Paitdceras sp., & pytitic. nucleis, i situ
in a detached piece of Qxford Clay entirely surrounded by Ampth:ll
Clay

H Row of infrefjuent flat mlweous conieretions

8a Clay, blug-grey, calcaregus, with pyritized ammonites; Cardioceras
bukowskii Maire (= martini vir. onglica Spath), C. svelfa Maire

= sugssiforme Spa’r.h), Gollathideras sp., Creniceras crenatum. (w

pat't), C. renggeri (lower Pa.rt), Ochetoceras henrici (d’Orb ), Peftarg?erﬁs

additions inclode several more Reineckeiidae, Pachycexatxdae, Horwcems © &F, ardusnnense commoﬂ in the upper Paft . - T 4
baugieri and Lytoceras adeloides (Kud)) . 1 = (G Lirhestone, at . . . 3
D(2) Upper Spinosum Clays. Khaki clays, poorly fossiliferons besides . 7 Clay, as above -. ' 6 O
Quenstedtorerashenyizi(Douvillg), pyritized and quitecommon, thesource . F Calcazeous band or lmpcrmstcnt marly limestone 6
of many found on, tip-heaps. At the bottom a bed of Gryphaea fituola 3 -
- " ' - ‘@wustedtaceras mariae Zone, C. praecordatum Subzane\
Upper P. arkleta Zons “6 Cliy, as above: C. praecordatur and varieties transivional to C.
D(1) Khaki dlay as dbove, 2-3 layets of Griphada, 4 6 ift. nnidstode bahd at bukowskii, C. alphacordaban Spath, rare Q. cf. marize . . . 4 3
. thebase. X, s:pmo,ﬂtm, rowlstoniense, Hibolites hastatus . . B E Calcaredus band .or impersisient marly limestone . 6
E Lower Spinosum Clays. Khaki clay as above, occasional GU’Pﬁﬂé’a _ 5 . Cldy, as above, aminonites as in bed 6; also Peltoceras aff. engemx )
uncrushed pyritic small. K. spinosum, tidmaorense, pronige, compressum, ‘ (d°Orbigny), Scephitodites scaphitoides (ngiluand), belemnites . 4 3
Peltoceras;” Rh. soelalis, Formeﬂy seen to 29 it., now . c. 15 D Marly limestone . 6
Addmonal speoics from beds D-E include Pachyeeras of, crasswm Douvillé, Long- ,._4f ghz;arwab;vfp av?ovm; ;ia;auzmwmi:;wn, C alp hacordatun;, 12 8
aeviceras, 8p,, and Pseudocadoceras boreale Buckman, . "w‘p ® © Marly limestone T P,
The specimens of Lyroceras from beds B and C are the first to be recorded in this Y =
muntry between the Inferior Oolite-and the Cretaceous. _ . scarburgense Subzone :
“Warboys\[TL 3182). ‘The section and fauna were described by Spath (1939) and the 3. Clay, as above: C. scarburgense and varieties transitional to C. prae-
o miualugy revised by Arkell. (1941). Spath’s numbering is.retained here, with cordatum, Q. marige .. oL ... s 1
- sorie modifications at the top where the beds are now more extensively exposed than B Maﬂ}’ limestore . . . . ... s
. formerly. -2 Clay . . . . . - . . : -1
 AMPTAEL CLAY ‘ S B 1 Clay, as above C scarbwgeme, Q marme, bclcmmtes, former]y seen

@ Soono

.1 G transversarium Zone

i 15
%12 C}ay, black, pyritic or selenitic, wea.thcred, profuse buge Gryphaca ‘
E .

Btlicr ammonites found Joose include Pemphmcre.r (Prapemphmctes)
bernensis de Loriol, Aspidoceras sp., Q. (Panloviceras) pavlows Douvillg,

ith . . : , .
o dilatata m;’crusted wi 56;?;“!11% : Y :g g "g Hecticoceras spp.,.and Grossoavria rmmnda dg Loriol

There has been much discussion as tothe agexof the limestone beds ut the top. Arkell
always maintained thém to be Corallian of ‘the P. plicatilis Zone, but rathier more
Petisphinctids now avdilable show them to be distidct. from thiose of the P. plicarilis

Mudstone, silty, or soft limestone, vmable., a mass of Gryphaea and
other lamellibranchs in lowest 6-12in, T.argc Perisphmres ('P Ari-
sphinctes) seen in bits . c. 1 0




' -GEOLOGY OF THE EAST MIDLANDS L
jgne (Callomon 1960, p. 192). The Cardioceratids in the bed immediately underneath
d 9) still resemble; as far as can be seen, the highly keeled, compressed forms like

lon that this and overlying beds were still in the C. cordatum Zone. However, the
Jorms of bed 9 could equally well be small dmoeboceras, and the Peris hiinctids of bed
- accord closest with Upper Oxfordian types of the subgenus Pseu:%iisp}:‘inctes, A
citen of Amoeboceras (Prionodoceras) has alse been found in the pit (Spath 1939, .
. '83). The interpretation here adopied agrees also with the Geological Survey,
#rich haz mapped the.top of Warboys Hill as Ampthili-Clay:
g Thanks are due to the London Brick Cottipany for providing data from some of
Peir exploratory boreholes. ) - : _

bukowskii; and on the strength of this the-present author previously inclined to the™ .
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