
ABSTRACT 

Assemblages of acid-insoluble microplankton, pollen, and spores are described from the Lias of England and South Wales. 
They include one new genus and nineteen new acritarch species and many others previously unrecordedfrom the Lower Juras­
sic. Forty-two pollen and spore genera, one new, are also recorded. The slratigraphic distribution of microplankton, pollen, and 
spores is described, and it is concluded that this is environmentally controlled. The relationship between stratigraphy micros 

fossil assemblage changes, Liassic transgressions, and facies changes is established, and its paleoecological significance is 
discussed. 
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INTRODUCTION 

Invest igat ion o f Liassic strata in England a n d Wales 
has revealed the presence o f numerous acid-insoluble 
microfossils, inc luding microplankton, pol len, and 
spores. In contrast to the exist ing information regarding 
these microfossils, the documentat ion concerning the 
stratigraphy of the British Lias is extremely abundant . 
T h e results of early pioneering work were summarised 
by Arkell (1933, pp . 117 -188) . R e c e n t years have seen a 
vigorous renewal o f interest in the Lias , with a series of 
studies on sedimentat ion ( H e m i n g w a y , 1951; H a l l a m , 
1960, 1961) , petrography (Davies a n d D i x i e , 1951; 
Bitterli, 1963), a n d pa leonto logy (Dean, D o n o v a n , a n d 
Howarth , 1961), to m e n t i o n but a few. S o m e of these 
comprehens ive s trat igraphk data were utilised during 
the col lect ion of samples and as an aid to the inter­
pretat ion of results in the present study 

AGES A N D LOCATIONS OF SAMPLES 

T h e basic stratigraphy of the sections sampled is sum­
marised in T a b l e 1, and localit ies y ie lding the samples 
are indicated in text-figure 1. T h e ages of a lmost all the 
samples, based u p o n a m m o n i t e chronology, were deter­
mined previously by the respective authors cited be low. 

Dorset 

1) The coastal section between Pinhay Bay, Lyme Regis, and 
West Bay: 
Blue Lias (Lang, 1924, beds H . 29 , H . 87 , 18, 40 , a n d 
5 0 ) ; Shales-with-Beef (Lang, Spath , a n d Richardson , 
1923, beds 7 4 e and 7 4 s - w ) ; Black V e n Maris (Lang, 
Spath , Cox , and M u i r - W o o d , 1926, beds 79, 88 f, a n d 
100); Belemnite Marls (Lang, 1928, beds 110a , 114, 
and 120); Green A m m o n i t e Beds (Lang , 1936, beds 
112b , 123h, a n d 136); T h r e e Tiers , Eype Clay, D o w n 

Cliff Sands (Wilson, W e l c h , R o b b i e , and Green, 1958, 
p . 3 7 ) ; Junc t ion Bed (Jackson, 1926, p . 513 , and Wi lson 
etal, 1958, p . 5 0 ) ; D o w n Cliff Clay (Wilson etal, 1958, 
p . 5 9 ) . 

Yorkshlra 

1) Robin Hoods Bay and Blea Wyke Point: 
' J a m e s o n i - b e d s " (Fox-Strangways , 1892, p . 52, beds 49 , 
50, a n d 5 4 ) ; "Capricornus-beds" (Fox-Strangways , 
1892, p . 56, beds 4 and 12; H o w a r t h , 1955, p . 155, bed 
1 v ) ; Bi tuminous Shales , H a r d Shales , Striatulus Shales, 
"Serpula Beds ," and Ye l low Beds (Dean , 1954, pp . 1 6 8 -
173, beds 2, 4 , 54 , 60 , 80, and 8 2 ) . 

2) Whitby to Port Mulgrave: 
Grey Shales , Je t Rock , Bi tuminous Shales (these s a m ­
ples were provided b y Dr. C . D o w n i e from an un­
published section kindly supplied b y Professor Sylvester-
Bradley) . T h e horizons sampled correspond to beds 31, 
32 , 34, 38 , and 39 in the section subsequently publ i shed 
by H o w a r t h , 1962, p p . 3 8 7 - 3 8 8 . 

Lincolnshire 

1) Crosby Warren, Scunthorpe: 
Frod ingham Ironstone (Hal lam, 1963* , p . 555, bed 
3(?)) . 

2) Cokewell Strip, Scunthorpe: 
Appleby-Frod ingham Borehole, 31 mi les east o f the 
rai lway stat ion, at depths of 60 , 95 , 135, a n d 150 ft. 
(text-fig. 2 ) . 

3) Bracebridge Brick Pit, Lincoln: 
Shale wi th Dactylioceras semuelatum (Trueman, 1918. 
p . 103). 
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TABLE 1 

Stratieraphic subdivision of the British Lias in Dorset, Lincolnshire and Yorkshire, from which samples were obtained. Stratal 
thicknesses are those at the sample localities. 

AMMONITE ZONES DORSET LINCOLNSHIRE YORXSHIRE 

D. Utesqitei Down Cliff Clay (35 ft.) 

Junction Bed (1 ft. 11 in.) 

Silty Clay (27 ft.) 

Black Shales (75 ft.) 

Blea Wyke Sands (66 ft.) 

C. thouaremt 

Down Cliff Clay (35 ft.) 

Junction Bed (1 ft. 11 in.) 

Silty Clay (27 ft.) 

Black Shales (75 ft.) 

Striatulus Shales (53 ft.) 

H. tariabilis 

Down Cliff Clay (35 ft.) 

Junction Bed (1 ft. 11 in.) 

Silty Clay (27 ft.) 

Black Shales (75 ft.) 

Peak Shales (28 ft.) 

H. bifrons 

Down Cliff Clay (35 ft.) 

Junction Bed (1 ft. 11 in.) 

Silty Clay (27 ft.) 

Black Shales (75 ft.) 

Cement Shales (17 ft.) 
Main Alum Shales (68 ft.) 
Hard Shales (14 ft.) 

H.falcifir 

Down Cliff Clay (35 ft.) 

Junction Bed (1 ft. 11 in.) 

Silty Clay (27 ft.) 

Black Shales (75 ft.) Bituminous Shales (75 ft.) 
Jet Rock (27 ft.) 

D. tenmcostalum 

Down Cliff Clay (35 ft.) 

Junction Bed (1 ft. 11 in.) 

Silty Clay (27 ft.) 

Black Shales (75 ft.) 

Grey Shales (30 ft.) 

P. spinaium Marlstone (2 in.) Marlstone (6 ft.) Ironstone Series (80 ft.) 

A. margaritatiis 

Thorncombe Sands (40 it.) 

Down Cliff Sands (85 ft.) 

Eype Clay (200 ft.) 

Three Tiers (41 ft.) 

Shales (81 ft.) Sandy Series (50 ft.) A. margaritatiis 

Green Ammonite Beds (105 ft.) 

Shales (81 ft.) 

"Capricornus"-beds (155 ft.) P. davoei Green Ammonite Beds (105 ft.) 

Clays (107 ft.) 

"Capricornus"-beds (155 ft.) 

T. ibex 
U. jamesom Belemnite Marls (75 ft.) 

Clays (107 ft.) 
"Jamesoni"-beds (100 ft.) 

E. laricostatum 

0. oxynotum Black Ven Marls (150 ft.) 

Clays (107 ft.) 

A. obtusion 

Black Ven Marls (150 ft.) 

Frodingham Ironstone 
(28 ft.) C. turntri 

A. semicostatum 
Shales-with-Beef (70 ft.) 

Frodingham Ironstone 
(28 ft.) 

A. bucklandi 

S. angulata 

A, liasicus 

P. planorbis 

Blue Lias (105 ft.) Not examined 

South Wales 

I ) Lavernock, Glamorgan: 
Ostrea-heds (Richardson , 1905, p . 392 , b e d 4 3 ) . 

PREPARATION TECHNIQUES 

Liassic dark shales a n d marls, in particular, y ie lded 
large quantit ies o f organic debris in w h i c h the micro­
fossils were often obscured b y other plant tissues. T o 
release and concentrate them, residues obta ined by 
solution o f the rock in hydrochloric and hydrofluoric 
acids were subjected to ultrasonic v ibrat ion. T h e y were 
then centrifuged in a saturated zinc chloride solut ion, 
and the l ight fraction from the separat ion was briefly 
treated wi th Schulze's solution a n d diluted potass ium 

hydroxide a n d stained wi th Safranin O . T h e two-stage 
m o u n t i n g technique described by Jeffords and J o n e s 
(1959) was followed during slide preparation. Addi t ion­
ally, some of the organic residue from each sample was 
w a s h e d through a very fine sieve (mesh approximately 
45[j.), so that greater numbers o f certain larger micro­
fossils could be examined . 

MICROPLANKTON 
Pravious licerature 

Evitt (1961u, 1961fr) described two Liassic dinoflagel-
lates, Nannoceratopsis gracilis (Albert!, 1961) Evitt , 1961, 
a n d Dapcodinium priscum Evitt , 1961, from the Lias o f 
Jut land , a n d Eisenack (1957, 1958) described several 
species o f Tasmanites, Tytthodiscus, Leiosphaeridia, and 
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TEXT-FIGURE ] 

Outcrop of the Lias in Britain and sample localities. 

Cymatiosphaera from the Posidonia shales o f Germany. 
Liassic spinose microplankton ("hystrichospheres") or 
acritarchs have not been described previously in any 
detail; Here, they are classified according to recent 
proposals by Evitt (1963) , D o w n i e and Sarjeant (1963) , 
a n d D o w n i e , Evit t , a n d Sarjeant ( 1 9 6 3 ) . 

Species list 

T h e species are listed under taxonomic categories after 
D o w n i e , Evitt , a n d Sarjeant (1963) , but wi th n o n -
taxonomic subdivis ion o f the Acanthomorphi tae to 
correspond to those g iven in T a b l e 7. 

Acri c&rchs 

1) Acanthomorph i tae : 
a) W i t h variously ornate processes: Baltisphaeridium 
dkersispinasum Wal l , n. sp. , Micrhystridium wriabile 
Yalensi , 1955, M, bigoti Def landre, 1947, M. clavatispi-
num Wal l n. sp., and M. wattonensis Wal l , n. sp. 

b* W i t h both s imple and bifurcate spines: Micrhystridium 
intromittum Wall , n. sp. , and Baltisphaeridium sp. A . 
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TEXT-FIGURE 2 

Lithologic succession in the Appleby-Frodingham Borehole 
M. 103 at Cokewell Strip, near Scunthorpe, Lincolnshire. 

c) W i t h a moderate ly thick, often double- layered wall 
a n d s imple , solid, c losed spines: Baltisphaeridium debi-
lispinum W a l l a n d D o w n i e , 1963, B. infulatum Wal l , n. 
sp. , B. micropunctatum Wal l , n. sp. , B. potytrichum Valensi , 
1947, Micrhystridium rarispinum Sarjeant, 1960, M. lymen-
sts Wal l , n. sp., M. nannacanthum Deflandre, 1942, and 
M. exilium Wal l , n. sp. 

d) W i t h a thin cell wal l and h o l l o w spines: Baltisphaer­
idium delicatum Wal l , n . sp. , B. stimuliferum (Deflandre, 
Sarjeant, 1961, Micrhystridium arachnoides Valensi , 1953, 
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M. deflandrei Valens i , 1953, M. echinoides Valens i , 1948, 
M. filigerum Valens i , 1953, M. fragile Deflandre, 1947, 
M. inconspicuum Deflandre, 1937, M. polyedricum Valensi , 
1948, M. recurvatum Valensi , 1953, M. stellatum Deflandre, 
1945, a n d M. minutispinum Wal l , n. sp. 

2) Po lygonomorphi tae 

Veryhachium collectvm Wal l , n. sp. , V. dualispinum Wal l , 
n. sp. , V. europaeiim Stockmans and Williere, 1960, F. 
formosum S tockmans and Will iere, 1960, V.? irregulare 
Jekhowsky. 1961, V, reductum (Deunff) Jekhowsky, 1961, 
V. rhomboidium D o w n i e , 1959, a n d V. sp. cf. V. trispino-
sum Eisenack, 1938. 

3) Xetromorphi tae 

Domasia liassica Wal l , n. sp., Leiofusa jurasstca Cookson 
and Eisenack. 1958, L. spkata Wal l , n. sp. , Metaleiofusa 
arcuata Wal l , n. gen . , n. sp. , M. diaqonalis Wall , n. gen. , 
n. sp., and Canttdodinium protuberatum Wal l , n. sp. 

4) Herkomorphitae 

Cymatiosphnaa bleawykensis Wal l , n. sp. , C. eupeplos 
(Valensi , 1948) Deflandre, 1954, C. pachytheca Eisenack, 
1957, C. sp. cf. C. pachytheca Eisenack, 1957, C. sp. cf. C. 
stigmata Cookson a n d Eisenack, 1958, C. sp. (A) , C. sp. 
(B), C. sp. (C) , C. sp. ( D ) , a n d C. sp. (E) . 

5) Sphaeromorphi tae 

Leiosphaeridia sp. 

Ic igjpher 's {Ch.lorophye««) 

Tasmanitfs newtoni Wal l , n. sp. , T. tardus Eisenack, 1958, 
Tasmanites suevicus (Eisenack, 1957) Wall , new c o m b . , 
Tasmanites sp. (A), and Crassophaera hexagonalisW all, n.sp. 

DlnolFafellittl 

1) Laterally compressed forms (Dinophysiales?): JVan-
noceratopsis gracilis (Alberti , 1961) Evit t , 1961. 

2) Forms with distally open processes (Hystrichosphaer-
id iaceae ) : Hystruhosphaeridium caminuspinum Wal l , n. sp., 
and H. langi Wall , n. sp. 

SYSTEMATIC DESCRIPTIONS 

All type material wil l be deposi ted in the collections 
of the Department o f Micropalaeonto logy , T h e U n i ­
versity, Sheffield. T h e locat ion of specimens in slides is 
indicated bv marking ink. 

I N C E R T A E SEDIS 

Group A G R I T A R C H A Evitt , 1963 
Subgroup A C A N T H O M O R P H I T A E D o w n i e , Evitt , and 

Sarjeant, 1963 
Genus BALTISPHAERFDIUM Eisenack, 1958 

Baltisphaeridium diversispinosum Wall , new species 
Plaie 1, figures 1-2; p late 7, figure 1 

Holotype: Preparation 01 /3 /3 , Green A m m o n i t e Beds 
(Bed 126b of Lang , 1936), St . Gabriel's M o u t h , 
Charmouth , Dorset. 

Diagnosis: Tes t spherical to ovo id , w i th numerous short 
processes (1 to 4p. long) , be tween 30 a n d 50 visible iri 
optical section at the periphery; processes variable , 
either s imple, capitate, or bifurcate, often wi th a stouter 
cylindrical base supporting a slender single or bifurcate 
distal projection, w h i c h m a y be capitate or minute ly 
forked. 

Description: T h e test appears dense, a l though the maxi ­
m u m wall thickness does not exceed 2u. a n d has a w a x y 
texture. Globules of organic matter somet imes occur 
within the test. T h e processes are delicate, clearly visible 
only in optical section, and easily broken. T h e most 
characteristic spines have a short cylindrical base, lu, 
w ide a n d 2u. high, w h i c h m a y g ive rise to one or t w o 
distal threads wi th touching capitate tips. T h e tops of 
the stouter cylindrical bases of adjoining processes m a y 
also be in contact . 

Dimensions: Tes t 18 to 34JA in diameter , spines 1 to 4u, 
long; ho lotype 28LI (test on ly) . Twenty-f ive spec imens 
measured. 

Occurrence: Lower S inemurian of Lincolnshire and Car-
ixian a n d lower Domer ian o f Dorset a n d Yorkshire. 

Comparisons: Th i s species is larger than Micrhystridium 
variabile Valens i a n d has more variable and shorter 
spines. It differs from Baltisphaeridium downiei Sarjeant in 
be ing smaller and in hav ing fewer a n d m o r e diverse 
processes. 

Baltisphaeridium micropunctatum Wal l , new species 
Plate 1. figures 3 - 4 ; plate 7, figure 2 

Holotype: Preparation D C / 6 / 6 , Junc t ion Bed, W a t t o n 
Cliff, 2 0 0 yards east o r E y p e m o u t h , Dorset . 

Diagnosis: A species wi th an o v o i d test whose wall is 
micropunctate and bears 20 to 30 small , po inted spines. 

Description: T h e test is ovo id in the fossil state, a l though 
it m a y have been spherical originally. T h e wal l is \\i 
thick and punctate . T h e r e are 20 to 30 randomly dis­
posed spines. T h e y are 1 to 2u long, stout, conical , 
sharply po inted , and often curved. 

Dimensions: Tes t m a x i m u m dimensions 24 to 30(i, spines 
1 to 2[j. long , rarely 4u.; holotype test m a x i m u m length 
26u., spines 2\x (four spec imens measured) . 

Occurrence: D o w n Cliff Sands, T h o r n c o m b e Sands (up­
per D o m e r i a n ) , and the J u n c t i o n Bed and D o w n Cliff 
Clay (upperToarc ian) at E y p e m o u t h and W a t t o n Cliff, 
Dorset . U n c o m m o n , seven specimens recorded. 

Comparisons: Th i s species is similar to Micrhystridium 
pachydermum Deflandre a n d Cookson, 1955, described 
from the Lower Cretaceous a n d Eocene of Australia, 
but is larger and has fewer spines. 
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Baltisphaeridium infulatum Wal l , new species 

Holotype: C 9 / 1 / 2 , Three Tiers (A. margaritatus Z o n e ) , 
Golden Cap, Dorset . 

Diagnosis: Tes t g lobular to weakly ell ipsoidal, moder­
ate ly thick-walled, smooth or micropunctate , w i t h t w o 
to twenty-five spines approximate ly equal in length to 
the test d imensions . Spines characteristically flattened 
and weakly microgranular (apart from their bases) or 
occasional ly flagelliform. 

Description: T w o distinctive varieties of this species c a n 
be found in the British Lias . T h e y differ in the n u m b e r 
o f spines present and are described separately be low. 

Baltisphaeridium infulatum Wal l var. infulatum Wal l , 
new variety 

Plate 1, figures 5 - 7 ; Plate 7, figure 3 

Type: As for the species ho lotype . 

Diagnosis: Tes t g lobular to slightly e longate , bearing 
t w o to nine spines. Spines wi th solid or hol low bases, 
circular in sect ion, quickly b e c o m i n g flattened a n d 
microgranular b e y o n d t h e m , variable in length but 
often long . A single flagelliform spine m a y be present. 

Description: T h e test wal l is smooth , moderate ly thick, 
easily split, and often folded. T h e spines are widely 
separated a n d s o m e w h a t irregularly arranged. Their 
length m a y exceed the test d imensions or be consider­
ably less for an individual . T h e spine bases m a y b e 
hol low or predominant ly solid and penetrated only b y 
a minute tubule; beyond their bases the spines are 
flattened and wi thout a spine cavity. Here their texture 
is coarser. T h e distal extremity is very fine a n d pointed , 
a n d the spine, because o f its del icate nature, m a y be 
split longitudinal ly . Mos t specimens also possess a single 
flagelliform thread w h o s e diameter is less than lu. 
throughout . 

Dimensions: M a x i m u m test d imensions 18 to 28u,, spines 
ifp to 33u. long; holotype, test only, 22u. (twenty-six 
spec imens measured) . 

Occurrence: Fairly c o m m o n in the lower D o m e r i a n a n d 
upper T o a r c i a n of Dorset a n d lower D o m e r i a n of 
Lincolnshire . 

Baltisphaeridium infulatum Wal l var. macroinfulatum 
Wal l , new variety 

Plate 1, figure 8 

Type: D C / 6 / 6 , J u n c t i o n Bed, U p p e r Lias, W a t t o n Cliff, 
E y p e m o u t h , Dorset . 

Diagnosis: A variety o f B. infulatum w i th characteristi­
cally flattened, r ibbon-shaped spines varying be tween 
12 a n d 25 in number . 

Description: T h e test is most ly spherical but easily 
distorted by folding. T h e wal l is moderate ly thick (1 to 
1.5|i), s m o o t h or micropunctate . T h e spine bases m a y 

b e relatively wide (3p.) and hol low or predormnar.r_K 
solid. T h e microgranulat ion o f the spines m a y be qui:e 
pronounced or weak ly deve loped. T h e spines are flex-j-
ous a n d c o m m o n l y 17 or 18 in number but 12 and 25 
in extreme cases. 

Dimensions: M a x i m u m test d imensions 18 to 28^. Spir_*= 
u p to 24p. long; test o f type spec imen 21.5 ' j . . the sp ir t s 
ca. 20u. (thirty specimens) . 

Occurrence: Fairly c o m m o n in the upper Toarcian o f 
Dorset , but also found in the Amaltkeus gibbosus subzone 
o f the Dorset D o m e r i a n . 

Comparisons: Bo th varieties o f B. infulatum differ from 
other acritarchs b y the characteristic spine structure. 

Baltisphaeridium debilispinum Wall and D o w n i e 
Plate 1, figure 9; p late 7, figure 4 

Baltisphaeridium debilispinum W A L L and DOWNIE, 1963, Palae­
ontology, vol. 5, pp. 777-778, pi. 112, figs. 1-2. 

Remarks: Th i s species, original ly recorded from the 
Lower Permian in England, persists into the Lower 
Jurassic , where it exhibits a similar degree of morpholog­
ical variat ion a n d range o f sizes (test 17 to 25JA). It oc ­
curs throughout the Lias but is most abundant in the 
lower Pl iensbachian and Het tang ian . 

Baltisphaeridium debilispinum W a l l and D o w n i e var. 
brevispinosum (Sarjeant) Wal l , new combination 

Plate 1, figure 10; p late 7, figure 5 

Baltisphaeridium ehrenbergi (Deflandre) var. brevispinosum Sarje­
ant, 1961, Palaeontology, vo l .4 , p. 103, pi. 15, fig. 8, 
text-fig. 8 a. 

Holotype: K 2 / 2 / 2 , Blue Lias {A. bucklandi Z o n e ) , L y m e 
Reg i s , Dorset . 

Diagnosis: A robust variety of B. debilispinum, w i th 50 to 
60 short spines. 

Description: T h e test is globular, smooth , a n d moderate ly 
thick-walled (1 to 2p.). T h e wal l has a clearly defined 
inner margin, w h i c h m a y be unevenly thickened. T h e 
spines are extremely numerous (50 to 60 ) , very short 
(approximately one-fifth of the test d iameter) , and 
have conical bases. T h e y are thin, hyal ine , curved, a n d 
appear to be solid. 

Dimensions: Tes t d iameter 25 to 29u,, spines 2.5 to 5a.: 
ho lotype test d iameter 25 .5p , spines 4 to 5[i (seven ex­
amples ) . 

Occurrence: Sporadic throughout the British Lias, un­
c o m m o n . 

Comparisons: T h i s form is clearly related to B. debilispi­
num, differing only in its greater number o f spines. T h e 
single spec imen from the Oxfordian of Yorkshire de­
scribed by Sarjeant (1961 , p . 103) is identical w i th the 
Liassic examples and is reclassified wi th this variety of 
B. debilispinum. 

1 5 5 



WALL 

Baltisphaeridium delicatum Wal l , new species 
Plate 1, figures 1 1 - 1 3 ; plate 7, figure6 

Holotype: K1/3/12, Blue Lias, (S. angulata Z o n e ) , L y m e 
Reg i s , Dorset. 

Diagnosis: An acritarch species wi th a del icate , ovo id to 
g lobular test bearing 20 to 40 s imple, hol low spines of 
m e d i u m length. 

Description: T h e test wall is very thin and easi ly folded. 
Its spines are hol low, most ly straight, and taper from 
bases 2 to 3 a wide to minutely rounded tips, w h i c h m a y 
be sol id. Individual spines vary between one-fifth and 
one-half of the m a x i m u m test d imens ion in l ength . 
Occas ioual lv the test is broken at o n e end; this is not a 
constant feature but is due to the del icate nature o f the 
test wall . 

Dimensions: T e s t only, 16 X 15p. t o 2 4 X 17u.; spines 
2.5 to 9jj: ho lotype 24 X 16fx, spines 4u. (twenty-five 
specimens) . 

Occurrence: Lower Lias (S. angulala to C. turneri Zones ) , 
L y m e Regis , Dorset . 

Comparisons: Th i s species closely resembles Baltisphaeridi­
um brevispinosum Eisenack var. wenlockensts D o w n i e , 1959, 
p . 59, from the Si lurian Wenlock Shale in England. I n 
addit ion to their considerably different geological ages, 
the Liassic species differs in its del icate test a n d some­
t imes blunt spine tips. 

Baltisphaeridium eypensis Wal l , new species 
Plate 7, Figure 8 

Holotype: P I / 5 / 2 , base of the D o w n Cliff Sands (A gib­
bosus Subzone ) , Seatown, Dorset . 

Diagnosis: A small species of Baltisphaeridium w i t h a 
micropunctate test a n d approximate ly 18 s imple, solid 
spines whose length is more or less equal to one-third of 
the test d iameter . 

Description: T h e test is spherical a n d micropunctate and 
has a moderate ly thick wall , which supports solid, point­
ed, straight or curved processes wi th conical bases. 

Dimensions: Ho lo type test d iameter 22.5JJ, spines ca. 7u,; 
o ther specimens recorded were a lmost exact ly the same 
size (9 examples ) . 

Occurrence: Amaltheus gibbosus Subzone and D. leoesquei 
Zone at Sea town and W a t t o n Cliff, Eypemouth , Dorset . 

Comparisons: Th i s species differs from B. micropunctatum 
Wall , n, sp., in hav ing longer processes. 

Genus MICRHYSTRIDIUM Deflandre, 1937 

Micrhystridium clavatispinum Wal l , new species 
Plate 1, figures 1 4 - 1 5 ; p late 7. figure 7 

Holotype: C9 /1 /4 , T h r e e Tiers {A. margaritatus Z o n e ) , 
G o l d e n Cap, Dorset . 

Diagnosis: A small, subspherical acritarch bearing 10 
to 20 hol low processes characterised by their w ide bases ' 
a n d bulbous tips. 

Description: T h e shape o f the test is subspherical, but its 
appearance in out l ine is modified by the occasional 
fusing o f spine bases. T h e wall is smooth , very thin, a n d 
often folded. T h e spine bases are relatively wide (3u.), 
a n d beyond t h e m the spines taper gradual ly to a distal 
constriction b e l o w the closed, bulbous t ip , approximate­
ly 1.5[j. across. T h e degree o f inflation of the spine ex­
tremity varies. T h e spines also vary i n l ength from 
one-third to two-thirds o f the test size. 

Dimensions: Test 12 to 17u., spine length 5 to IOu,; ho lo ­
type test 16u,, spines 8jx (10 specimens , 5 measurable) . 

Occurrence: Lower D o m e r i a n (Three Tiers) a n d upper 
Toarc ian (Junct ion Bed and D o w n Cliff Clay) , Dorset: 
Appleby-Frod ingham Bore (135 and 150 feet), Scun­
thorpe, Lincolnshire. 

Comparisons: T h i s species differs from Micrhystridium 
rhopalicum Sarjeant, 1962, p . 490 , from the Oxfordian 
of Yorkshire, in the absence o f the briefly bifurcate spines 
a n d in possessing a less symmetrical shape. 

Micrhystridium wattonensis Wal l , n e w species 
Plate 2 , figures 1-2; plate 7, figure 11 

Holotype: D C / 8 / 3 , top o f the D o w n Cliff Clay (D. leves-
quei Zone), W a t t o n Cliff, 300 yards east o f Eypemouth , 
Dorset . 

Diagnosis: A small g lobular acritarch wi th 50 to 60 short, 
ho l low spines wi th sol id capitate tips. 

Description: T h e test is spherical, smooth , and moder­
ately thick-walled. Approx imate ly 40 spines are visible 
in optical sect ion. T h e y are straight or curved and have 
narrow bases w h i c h are ho l low, weak ly conical , a n d 
m a y be connected to the lest lumen b y a small foramen 
penetrat ing the wall . T h e distal extremities are sol id 
wi th a minute ly capitate t ip. T h e spine length is c o m ­
monly one-quarter o f the test diameter , but in a few 
larger spec imens m a y be equal to one-hal f the diameter . 
T h e spines u p o n a single spec imen vary from slender, 
hairlike projections to relatively stout processes. 

Dimensions: Tes t d iameter 10.5 to 13.5u,, rarely u p to 17u,, 
spines 1.5 to 3u., rarely u p to 8u,; ho lo type test l ip . , 
spines 2.5p. long (fifteen specimens , seven measurable) . 

Occurrence: D o m e r i a n ( T h o r n c o m b e Sands, A. gibbosus 
Subzone) at E y p e m o u t h a n d upper T o a r c i a n (Junct ion 
Bed and D o w n Cliff Clay, D. leoesquei Zone) in W a t t o n 
Cliff, near Eypemouth , Dorset . 

Comparisons: Th i s species is separable from other small 
acritarchs w i t h numerous spines {M. inconspicuum) b y 
the structure o f its spines. 
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Micrhystridium intromittum Wal l , new species 

Holotype: C 9 / 1 / 4 , T h r e e Tiers (A. margaritatus Z o n e ) , 
G o l d e n C a p , Dorset . 

Diagnosis: A small acritarch species wi th a m o r e or less 
spherical test bearing e ight to twenty spines, most o f 
w h i c h are s imple but a few of which are bifurcate (usu­
ally forked prox imal ly ) . 

Remarks: T w o varieties o f this species are described be­
low, 

Micrhystridium intromittum W a l l var. intromittum 
Wal l , new variety 

Plate 2 , figures 3 - 5 ; p late 7, figure 9 

Type specimen: As for the species holotype , above . 

Diagnosis: A variety of M. intromittum w i th a m o r e or less 
spherical test bearing approximately twenty spines, 
on ly a few be ing bifurcate. 

Description: T h e test is smooth , thin-wal led, originally 
spherical or weakly polyhedral . A t least two-thirds o f 
the spines are s imple, hol low, sharply pointed, a n d wi th 
relatively wide bases. T h e others are bifurcate, the 
division being proximal in most instances. T h e branches 
m a y remain parallel or diverge widely . T h e spines are 
less than the test radius in l ength . 

Dimensions: Tes t 14.5 to 20|j,, spines 4 to 9.5u,; holotype 
test 20[A, spines 9.5u. (6 spec imens) . 

Occurrence: S. angulata, C. turneri, P. davoei, and A. margari­
tatus Zones of the Dorset coastal Lias. Relat ive ly rare. 

Comparisons: Micrhystridium heteracanthum Deflandre, 1937, 
from the Cretaceous of France, has a m u c h thicker cell 
wal l a n d m o r e briefly d is tally d iv ided spines. 

Comparisons: Th i s variety differs from o i a c L O M B C 
acritarchs in hav ing unequal spines and one B L B A K 
process. 

Micrhystridium rarispinum Sarjeant 
Plate 2 , figure 9 

Micrhystridium rarispinum SARJEANT, 1960, Yorkshire &r:i. 
Soc., Proc, vol. 32, pt. 4, no. 18, p. 400, pi. 14. ftgi. c - i . 
text-fig. II. 

Remarks: Examinat ion o f the type material and m a n y 
Liassic examples reveals that the spines are solid. T h e 
immedia te base of the spines m a y be penetrated by a 
small conical extension of the cell l u m e n . T h i s species 
be longs to a group o f Jurassic acritarchs that are com­
m o n in the Lias a n d possess a g lobular test, a moder­
ately thick wall , somet imes double- layered, and solid 
spines arising exogenous ly from the test. 

Micrhystridium lymensis Wal l , new species 

Holotype: K l / 3 / 2 , Blue Lias, bed H . 87 o f Lang (1924, 
p . 181) (A. liasicus Z o n e ) , P inhay Bay, L y m e Regis , 
Dorse t . 

Diagnosis: A small acritarch species characterised by its 
g lobular shape, moderate ly thick and somet imes double-
layered wal l , and exogenous solid spines. These vary in 
number be tween n ine and thirty a n d in length from 15 
to 100 percent of the test d iameter . Short spines are 
typically thornlike, but longer spines are less rigid and 
b e c o m e flexuous. 

Remarks: Th i s species is very c o m m o n in the Dorset 
Het tang ian , where it exhibits considerable infraspecific 
variation. Three c o m m o n varieties are described below. 
Transit ional forms occur but are less abundant . 

Micrhystridium intromittum Wal l var. transitorium 
1 Wal l , n e w variety 

Plate 2 , figures 6 - 8 ; p late 7, figure 10 

Holotype: L l / 6 / 2 , Shales-with-Beef (C. turned Zone), west 
of Charmouth , Dorset . 

Diagnosis: A variety o f M. intromittum w i th e ight to ten 
spines, one of w h i c h is bifurcate. 

Description: T h e test is m o r e or less globular, relatively 
thin-wal led, smooth , a n d bearing from eight to ten 
spines of unequal length. O n e spine bifurcates near its 
base. T h e other spines are ho l low a n d pointed , occas ion­
ally extremely fine but most ly stout, w i t h relatively 
wide bases. T h e spine l ength varies from one-quarter 
to three-quarters o f the test size. 

Dimensions: Tes t 15 to 18u, spines 4 to 12JA; holotype 
test I5|j, (four spec imens) . 

Occurrence: A, liasicus, S. angulata, C. turneri, and E. rari-
costatum Zones of the Dorset coastal Lias . 

Micrhystridium lymensis Wal l var. lymensis Wal l , 
new variety 

Plate 2 , figures 16 -17 ; p late 8, figure 3 

Type specimen: As for the species holotype. 

Diagnosis: A variety o f M. lymensis w i th a relatively 
small number (nine to fourteen) o f long, solid, flexuous 
spines whose length varies between 60 a n d 100 percent 
o f the test d iameter . 

Description: T h e low number o f long, rather s lender 
spines m a k e this a readily recognizable variety. T h e 
spines are normally complete ly sol id, but somet imes 
they are penetrated, in part, by a minute tubule. 

Dimensions: Tes t d iameter 1 l -17u. , spines 7 to 12IJ,; 
holotype test d iameter 15jx, spines 10|j,. 

Occurrence: A b u n d a n t in the Blue Lias (P. planorbis, A. 
liasicus, S. angulata, a n d A. bucklandi Zones) and in smaller 
numbers in the S inemurian, Pl iensbachian, and Toar-
cian o f Dorset a n d elsewhere in Britian. 
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Comparisons: T h i s variety differs from Micrhystridium 
fragile Deflandre by its relatively thicker wall and solid 
spines wi th conspicuous spine bases. 

Micrhystridium lymensis W a l l var. gliscum Wal l , 
new variety 

Plate 2 , figures 1 2 - 1 5 ; plate 8. figure 2 

Type specimen: K1 / 3 /2 , Blue Lias. Age and locality as for 
the previous variety. 

Diagnosis: A variety o f M. lymensis w i th fourteen to 
thirty spines w hose length varies be tween one-third a n d 
two-thirds of the test d iameter . T h e spines are strong. 

Description: T h e spines are predominant ly sol id, wel l 
deve loped, straight or curved. T h e spine bases m a y be 
hol low, and the inner cell-wall layer, w h e n present, 
l ines the basal cavity o f the spines. Occas ional ly , very 
fine processes are present. 

Dimensions: Test d iameter 14 to 18u., spines 5.5 to 8u,; 
ho lotype test l6(i, spines 8u.. 

Occurrence: C o m m o n in the H e t t a n g i a n of Dorset and 
South Wales and present in most horizons throughout 
the British Lias. 

Comparisons: Th i s variety differs from Micrhystridium 
recurvatum Valensi in hav ing a thicker wall and solid 
spines. Baltisphaeridium debilispinum has weaker, shorter 
spines and is larger. 

Micrhystridium lymensis Wall var. rigidum Wal l , 
new variety 

Plate 2 , figures 1 0 - 1 1 ; p late 8, figure 1 

Type specimen: K l / 3 / 2 , Blue Lias . A g e and local i ty as for 
the previous t w o varieties. 

Diagnosis: A variety o f M. lymensis w i th ten to twenty 
rigid, straight or s l ightly curved spines varying from 
15 to 33 percent of the test d iameter in length. 

Description: T h e test wall is relatively thick a n d bears 
short, thornlike spines that are characteristically rigid, 
usually straight, but somet imes weakly curved. T h e wal l 
m a y be prominent ly double- layered. 

Dimensions: Test d iameter 10 to 20p., spines 2 to 6u,; 
holotype test d iameter 15p, spines 2ji. 

Occurrence: As for M. lymensis var. gliscum. 

Comparisons: Liassic forms o f this variety differ from 
M. rarispinum Sarjeant (1960, p . 400) in their rigid 
spines. 

Micrhystridium exilium Wal l , new species 
Plate 2, figures 1 8 - 2 3 ; plate 8, figure 4 

Holotype: D C / 8 / 3 , top of the D o w n Cliff Clay (D. leoes­
quei Z o n e ) , W a t t o n Cliff, Eypemouth , Dorset . 

Diagnosis: A species o f Micrhystridium w i th a globular, 
moderate ly thick-walled test and a small n u m b e r ( two • 
to seven) o f spines whose lengths vary for and be tween 
individuals . 

Description: T h e test is spherical or sl ightly e longate , 
moderate ly thick-walled and s m o o t h or micropunctate . 
It is frequently split but has no primary apertures. T h e 
spines are s imple , pointed, straight or flexuous; they 
are sol id, apart from a short proximal cavity connect ing 
wi th the test lumen. T h e spines vary greatly in l ength , 
from a small fraction o f the test d iameter to twice as 
great. T h e spines o f individuals are also variable in 
l ength . 

Dimensions: Tes t d iameter 13 to 19u, spines 2 to 40u.; 
ho lotype test 15u,, spines u p to 10.5a. ( twenty examples , 
twelve measured) . 

Occurrence: Fairly c o m m o n i n the Eype Clay, T h o r n -
c o m b e Sands ( lower D o m e r i a n ) , a n d Junct ion Bed and 
D o w n Cliff Clay (upper Toarc ian) of Dorset at 
E y p e m o u t h ; Appleby-Frod ingham Bore, depth 60 feet. 

Comparisons: T h i s species most closely resembles B. in­
fulatum Wall , n. sp., but has s imple spines and is smaller. 
T h e small n u m b e r o f spines possessed by M. exilium is 
atypical for a n acanthomorphit id acritarch. Extreme 
variants wi th only two spines are morphological ly con­
vergent wi th Leiofusa jurassica but have a thicker cell 
wal l . 

Micrhystridium minutispinum Wal l , new species 
Plate 3 , figures 8 - 1 0 ; plate 7, figure 12 

Holotype: C9 /1 /2 , T h r e e Tiers {A. margaritatus Z o n e ) , 
Golden C a p , Dorset . 

Diagnosis: A small acritarch wi th a globular to sl ightly 
polyhedral test bearing from t w o to over twenty minute , 
conical spines. 

Description: T h e test m a y appear circular, ovoid , or 
weakly polyhedral in out l ine and has a very thin, easily 
folded wall . T h e spines are extremely reduced, be ing one 
micron or less h igh and straight, curved, and pointed. 

Dimensions: Test 6 to 15u., spines 0.5 to lu.; holotype test 
8jt, spines 0.5 to lu. (forty specimens measured) . 

Occurrence: A b u n d a n t in the A. margaritatus Zone (Three 
Tiers horizon, in particular) o f Dorset and in the U. 
jamesoni Z o n e at R o b i n H o o d s Bay, Yorkshire. 

Comparisons: Smal l , polyhedral forms wi th fewer than 
seven spines found in association wi th M. minutispinum 
are very similar and probably related to specimens wi th 
a greater number of spines. However , such forms were 
referred to V.? irregulare Jekhowsky on the basis o f their 
morphology , a geometrical rather than a natural system 
of classification be ing adapted for these small a n d 
problematical acritarchs. 

* 
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Subgroup POLYGONOMORPHITAE D o w n i e , Evitt , 
and Sarjeant, 1963 

Genus V E R Y H A C H I U M Deunff, 1958, 
e m e n d . D o w n i e a n d Sarjeant, 1963 

Veryhachium collectum Wal l , n e w species 
Plate 3 , figures 11 -14; p late 8, figure 6 

Holotype Prep. 01 /3 /4 , Green A m m o n i t e Beds (Bed 
126b o f L a n g , 1936), P . < W i ' Z o n e , St. Gabriels M o u t h , 
Charmouth , Dorset . 

Diagnosis: Tes t subtriangular to subrectangular (tra­
pezo ida l ) , tapering toward o n e end a n d bearing from 
four to eight s imple spines. 

Description: In outl ine , the test shows three equilateral 
sides and a fourth shorter s ide. O n e spine occurs at each 
corner o f the test, a n d t w o or three addi t ional spines 
m a y ornament the test faces at its broader end . A 
minute spine m a y occur at the base o f a larger "apica l" 
spine at one corner of the test. L e n g t h o f the spines 
varies from slightly less than half to as long as the 
m a x i m u m dimens ion o f the test (for the "apica l" 
spines). T h e i r bases m a y be narrow or relatively ex­
p a n d e d . 

Dimensions: Test 11 to 16u, ( m a x i m u m length) ; holotype 
test 15 X 12[i (eleven specimens , e ight measured) . 

Occurrence: Green A m m o n i t e Beds (P. davoei Zone) and 
T h r e e Tiers , Eype Clay, a n d D o w n Cliff Sands (A. mar-
garitatus Z o n e ) , Dorset; rarely in the Frod ingham Iron­
stone (lower S inemurian) , Lincolnshire . 

Comparisons: Micrhystridium polyedricum Valens i , 1948, is 
smaller, possessing an inflated test w h i c h does no t taper. 
Forms o f Veryhachium collectum m a y b e c o m e transitional 
toward V.formosum as the test assumes a triangular out­
line or toward V. reductum w h e n only four spines are 
present. 

Veryhachium dualispinum Wal l , new species 
Plate 3 , figures 1 5 - 1 8 ; p late 8, figure 7 

Holotype: D C / 6 / 6 , J u n c t i o n Bed (D. levesquei Zone?) 
W a t t o n Cliff, E y p e m o u t h , Dorset . 

Diagnosis: Tes t triangular in out l ine , sides straight to 
strongly convex , bearing six to nine short spines. A t one 
a n d often two apices of the test, two spines are situated 
close together. 

Description: Characteristically, the test has an a s y m ­
metrical shape d u e to convexi ty o f a side or rounding o f 
an apex . T h e spines are usually curved, ho l low or solid, 
a n d vary in l ength in an individual , somet imes be ing 
d iminut ive but not exceed ing one-hal f o f the test s ize. 
In addit ion to apical spines, w h i c h are somet imes paired, 
o ther spines ornament the test faces. T h e test has a 
britt le nature a n d is easily split. 

Dimensions: Tes t 15 to 18ft, spines 2 .5 to 8|i; ho lo type 
test 16[i (six specimens measured) . 

Occurrence: Green A m m o n i t e Beds (P. davoeiZont . T h r e e 
Tiers , Eype Clay, T h o r n c o m b e Sands '-4. marzeniGius 
Z o n e ) , a n d Junc t ion Bed (D. levesquei Zone , Dorse; . 

Comparisons: T h i s species diners from others be long . - . ; 
to the same genus in its spine arrangement and shape. 

Veryhachium europaeum Stockmans and Williere 
Plate 4, figures 1-2 

Veryhachium europaeum STOCKMANS and WILLIERE. 1960. 
Senckenbergiana Lethaea, vol. 41, p. 3, pi. 2. fig. 23. -
W A L L and DOWNIE, 1963, Palaeontology, vol. 5. pt. 4. 
p. 782, pi. 114, figs. 4-6, text-fig. 1. 

Remarks: Spec imens identical w i th those described from 
the British L o w e r Permian b y W a l l and D o w n i e (1963. 
p . 782) also occur in the English Lias, together wi th 
several n e w forms. 

Veryhachium europaeum Stockmans a n d Will iere forma 
nervosum Wal l , n e w forma 

Plate 4 , figures 3 - 5 

Type specimen: D C / 6 / 3 , Junc t ion Bed (D. levesquei Zone) , 
W a t t o n Cliff, E y p e m o u t h , Dorset . 

Description: Test tetrahedral , w i th straight sides whose 
edges are sharp and pronounced; four apical spines nor 
exceed ing one-third of the test size in length are present. 

Dimensions: Test size (apex to the side opposite) 8 to 14^, 
spines 1 to 4ft; type spec imen test 12|A, spines 4 a 
(numerous examples ) . 

Occurrence: Green A m m o n i t e Beds (P. davoei Zone) to the 
D o w n Cliff Clay {D. levesquei Zone) , Dorset Lias; very 
rarely in the F r o d i n g h a m Ironstone ( lower Sinemuri­
an) , Lincolnshire . 

Veryhachium formosum Stockmans a n d Will iere 
Plate 4, figures 6 - 7 

Veryhachium formosum STOCKMANS and WILLIERE, I960. 
Senckenbergiana Lethaea, vo l .41 , p. 2, pi. 2, fig. 28. -
W A L L and DOWNIE, 1963, Palaeontology, vol .5 , pt. 4. 
p. 783, pi. 114, figs. 7-11, text-fig. 1. 

Remarks: Spec imens identifiable as V. formosum forma 
formosum S tockmans and Will iere and formae 1 and 2 
of Wall and D o w n i e occur in the British Lias. 

Veryhachium formosum Stockmans and Williere forma 
ancorastrum Wal l , n e w forma 

Plate 4 , figures 8 - 9 ; plate 8, figure 5 

Type specimen: K 2 / 2 / 2 , Blue Lias [A. bucklandi Z o n e ' , 
L y m e Regis , Dorset . 

Description: Tes t outl ine triangular wi th convex sides, 
bearing five to six strong, curved spines whose length is 
100 to 200 percent of the test size; the spine bases are 
narrow. Three spines are apical , the remainder orna­
m e n t test faces. 
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Dimensions: Tes t 9 .5 to 14.5u,; type spec imen test 14.5u. 
( ten examples ) . 

Occurrence: Blue Lias {A. bucklandi Z o n e ) , Dorset; A p ­
p leby-Frod ingham B. H . 103, depth 150 feet. 

Comparisons: T h i s form differs from the species ho lotype 
in its inflated test and restricted spine bases, and from 
V. ambiguum Deunf f (1955, pi. 3 , fig. 2 ) , from the D e ­
vonian o f Canada , in its smaller size. 

Veryhachium? Irregulare Jekhowsky 
Plate 3 , figures 1 9 - 2 4 

Veryhachium? hiegulare DE JEKHOWSKY, 1 9 6 1 , Rev. Micropal., 
pp. 2 0 8 - 2 1 0 , pi. I, figs. 1 - 2 1 . - W A L L and DOWNIE, 1 9 6 3 , 
Palaeontology, v o l . 5 , pt. 4, p. 7 8 1 , pi. 1 1 3 , figs. 6 - 8 , 
text-fig. 1. 

Remarks: All the previously described morphotypes of 
V.? irregulare (formae irregulare, subhexaedron, subtetra-
edron, and pirula o f Jekhowsky ( 1 9 6 1 ) and forma 1 of 
Wall and D o w n i e ) were recorded from the Lias . O n e 
addit ional form, forma quadratum Wal l , n e w form, oc ­
curs in the Green A m m o n i t e Beds (P . davoei Zone) of 
Dorset . Its test is small (9 - lOu. ) , quadrate to subrectan-
gitlar in out l ine wi th five or six small spines (pi. 3 , 
figs. 2 3 - 2 4 ; pi . 7 , fig. 4 ) . 

Veryhachium reductum (Deunff ) Jekhowsky 
Plate 4 , figures 1 0 - 1 1 

Veryhachium trisuleum Deunff var. reductum DEUNFF, 1 9 5 8 , Soc. 
Geo]. Min. Bretagne, Bull., new ser., vol. 2 , p. 2 7 , pi. 1, 
figs. 8 , 1 1 . 

Veryhachium reduction (Deunff). - JEKHOWSKY. 1 9 6 1 , Rev. 
Micropal., vol. 3 , no. 4 , pp. 2 1 0 - 2 1 2 , pi. 2 , figs. 2 2 - 4 4 . -
W A L L and DOWNIE, 1 9 6 3 , Palaeontology, v o l . 5 , pt. 4, 
p. 7 8 0 , pi. 1 1 2 , figs. 7 - 9 . 

Remarks: V. reductum formae trispinoides, reductum, a n d 
breve of Jekhowsky ( 1 9 6 1 ) are frequently seen in the 
British Lias. Dist inct ive examples of forma breve w i th 
inflated tests and rounded spine tips (comparable wi th 
the spec imen figured by Jekhowsky in pi. 2 , fig. 3 8 ) are 
c o m m o n in the Lias in the P. davoei a n d lower A. mar­
garitatus Zones in the British province (pi. 4 , fig. I I ) . 

Veryhachium sp. cf. V. trispinosum (Eisenack) Deunff 
P late 4 , figures 1 2 - 1 3 

Hystikhosphaeridium trispinosum EISENACK, 1938, Zeitschr. Gesch. 
u. Flachlandsgeol., vol. 14, p. 16, text-fig. 2. 

Remarks: Several specimens , basical ly similar to Very­
hachium reductum but larger (test 30u,), were recorded 
from the Shales-with-Beef, Three Tiers , and Eype Clay 
of the Dorset Lias. T h e y differ from the Lower Palae­
ozoic type material described b y Eisenack (1938, p . 16) 
in possessing shorter spines. 

Subgroup N E T E O M O R P H I T A E D o w n i e , Evitt , 
and Sarjeant, 1963 

Genus CANTULODINIUM Albert i , 1961 

Cantulodinium protuberatum Wal l , new species 
Plate 4 , figures 14-20; p late 8, figure 8 

Holotype: C 9 / I / 4 , Three Tiers {A, margaritatus Z o n e ) , 
G o l d e n Cap, Dorset . 

Diagnosis: Tes t e longate , fusiform to subrectangular or, 
rarely, subtriangular in outl ine, bearing from four to 
seven short, rounded protuberances or bluntly pointed 
spines . 

Description: T h e hol low test is thin-wal led a n d occurs in 
a variety of shapes but is most often fusiform and some­
what bel l -shaped in out l ine , hav ing a bluntly po inted 
apex and a broader basal region. T h e spines are 
characteristically short, rounded, hol low protuberances 
but occasional ly are narrower and pointed . A few 
forms wi th the same type o f protuberances but hav ing 
a minute tetrahedral test are bel ieved to be long to this 
variable species. 

Dimensions: Overal l size 9-26[i., spines l - 4 u ; ho lotype 
26LI overall (25 specimens measured, over 30 recorded) . 

Occurrence: Green A m m o n i t e Beds (P. davoei Zone) , T h r e e 
Tiers , D o w n Cliff Sands and T h o r n c o m b e Sands (A. 
margaritatus Zone) and Junc t ion Bed (D. levesquei Z o n e ) , 
Dorset Lias. 

Comparisons: T h e shape and nature of the processes of 
this species strongly recall those of the Lower Cretaceous 
species Cantulodinium speciosum Alberti (1961 , p . 2 3 ) . 
T h e Liassic species is smaller and has a less inflated 
test. In v iew o f the close similarity of the two species 
and the uncertainty o f the dinoflagellate affinity o f C. 
speciosum, Cantulodinium is provisionally classified as a 
netromorphit id acritarch. 

Genus DOMASIA D o w n i e , 1960 

Domasia liassica Wal l , n e w species 
Plate 5, figures 1-3; plate 8, figure 9 

Holotype: 0 1 / 3 / 4 , Green A m m o n i t e Beds (P. davoei Z o n e ) , 
G o l d e n Cap, Dorset . 

Diagnosis: Test e longate , sl ightly ellipsoidal to e longate 
triangular, l ength approximate ly twice the breadth. T h e 
t w o anterior and single posterior spines merge gradual ly 
wi th the test; their length is variable but approximates 
the width of the test. 

Description: T h e test is thin-walled, and the spines are 
hol low. T h e y often curve distally and are finely po inted . 
T h e anterior spines l ie 6-8u. apart, and the test out l ine 
between their bases is m o r e or less straight. 

Dimensions: Tes t 17 X 10 to 24 X 10p; holotype test 
19 X l lu . (7 specimens measured) . 
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Occurrence: Green A m m o n i t e Beds, Three Tiers and Eype 
Clay, Dorset ; Apple by-Frodingham B. H. 103, depths 
135 and 150 feet; P. davoei Zone , Yorkshire Lias. 

Comparisons: T h i s species closely resembles Domasia tri-
spinosa D o w n i e , 1960, from the Wenlockian of Shrop­
shire. Th i s latter species is known only from the Silurian, 
a n d the Liassic forms are probably homoeomorphs o f 
separate origin. D. Uassica differs from D, trispinosa in 
hav ing shorter, nonseptate spines a n d its two anterior 
spines m o r e wide ly spaced. 

Genus LEIOFUSA Eisenack, 1938 

Leiofusa jurassica Cookson and Eisenack 
Plate 5, figures 6 - 1 1 ; plate 10, figure 10 

Leiofusa jurassica COOKSON and EISENACK, 1958, Roy. Soc. 
Victoria, Proc, vol. 70, p. 51, pi. 10, figs. 3-4. 

Remarks: Liassic forms vary from slender, e longate bodies 
( length-breadth ratio 3 :1 for the test alone) to broad 
forms ( length-breadth ratio 3 :2 ) , whilst the spine bases, 
normal ly relatively narrow, m a y b e c o m e inseparable 
from the test. Spine length relative to the longest axis of 
the test varies between 15 and 100 percent. Often they 
are smaller than the holotype . 

Dimensions: M a x i m u m test length 10-30(1 , c o m m o n l y 
!9-25[z, overall l ength 2 4 - 6 2 u . 

Occurrence: Found regularly in the Lias a b o v e the base o f 
the P. davoei Z o n e and rarely in the Frod ingham Iron­
stone. 

Leiofusa spicata Wal l , n e w species 
Plate 5, figures 12 -17 ; p late 8, figures 11-14 

Holotype: 0 1 / 3 / 3 , Green A m m o n i t e Beds (P.davoei Z o n e ) , 
G o l d e n Cap, Dorset . 

Diagnosis: Body spindle-shaped, small , unornamented , 
w i th sharply po inted to rounded apices. 

Description: T h e test is thin-walled, smooth , and spine­
less. Forms can be recognised wi th both apices complete­
ly rounded, w i t h only o n e rounded apex , a n d wi th b o t h 
apices po inted , somet imes w i t h a minute apical pro­
tuberance. T h e length-breadth ratio varies from 1.3:1 
to 3 . 5 : 1 . 

Dimensions: Tes t length I0-43u,, breadth 6 -19 | i ; ho lo ­
type test 31 X 16u- (120 measurements) . 

Occurrence: A b u n d a n t in the P. davoei Zone , especially in 
Yorkshire; less abundant but frequent in younger hori­
zons o f the Lias . 

Comparisons: Differs from L, jurassica in lacking spines, 
a l though some forms are transitional toward this species. 
Differs from other spineless leiofusids in its small size. 

Genus Metaleiofusa Wall , new genus 

Diagnosis: Tes t small , about 20;i in length, fusiform, 
ornamented by an apical spine at each pole and a small 
n u m b e r of addit ional subapical or lateral equatorial 
processes of a s imple nature. 

Type species: Metaleiofusa arcuala Wal l , n. sp. 

Remarks: Th i s genus is established for a problematical 
group of acritarchs which resemble Leiofusa, Domasia, 
and Veryhachium in certain respects but differ sufficiently 
to prevent satisfactory al locat ion to them. Metaleiofusa 
differs from Leiofusa in possessing more than two spines 
a n d hence lacking radial axial symmetry, and from 
Domasia in lacking truncat ion o f the anterior extremity 
of the test. Un l ike certain species o f Veryhachium, the 
species of Metaleiofusa possess a whol ly fusiform test 
w h i c h cannot appear triangular in surface v iew. 

Metaleiofusa arcuata Wal l , new species 
Plate 5, figures 18-20; p late 9, figures 1-2 

Holotype: C9 /1 /2 , T h r e e Tiers (A. margaritatus Zone) , 
G o l d e n C a p , Dorset . 

Diagnosis: Test el l ipsoidal w i t h a single apical spine at 
each pole and a third subapical or lateral equatoria l 
spine. 

Description: T h e test is distinctly fusiform wi th a length-
breadth ratio of approximate ly 2 : 1 . T h e two apical 
spines m a y not be directly opposed but m a y lie a long an 
arcuate polar axis. T h e addit ional spine m a y lie close 
to a pole or to the equator . Spine length varies from a 
few microns to approximate ly 20u.. 

Dimensions .-Test on ly 17 x 12 to 25 X I2(i; ho lotype test 
20 x 10(i, spines 8-14j i (12 measurements) . 

Occurrence: Found in small numbers in the P. davoei Zone 
and younger horizons in Dorset , Yorkshire, and 
Gloucestershire and in the Frodingham Ironstone and 
Appleby-Frod ingham B. H . 103 at depths of 135 and 
150 feet in Lincolnshire . 

Remarks: Metaleiofusa arcuata differs from Domasia lias-
ska n, sp. in possessing two pointed apices , but transi­
t ional forms occur. 

Metaleiofusa diafonalis Wall , new species 
Plate 5, figures 2 1 - 2 3 ; plate 9, figure 3 

Holotype: P l / 2 / 2 , Eype Clay (A. margaritatus Zone) , east 
of Seat o w n , Dorset . 

Diagnosis: Tes t el l ipsoidal, bearing four or five spines, 
two o f w h i c h are apical; the others are normal ly sub­
apical . 

Description: T h e test is thin-walled, smooth , and ellips­
o idal and has a length-breadth ratio of approx imateh 
2 : 1 . T h e r e is a s ingle apical spine at each pole; the 
remainder may be distributed one at each pole or all situ­
ated around o n e pole . L e n g t h o f the spines varies from 
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equivalent to the test breadth to 75 percent of the 
m a x i m u m length . 

Dimensions: M a x i m u m length of the test 1 6 - 2 3 a , spines 
u p to 12u long; ho lotype test 20 X 1 l u . 

Occurrence: Occas ional ly found in pos t -T . ibex zones of 
the Lias and rarely in older horizons. 

Comparisons: Th i s species differs from Domasia liassica and 
Metaldofusa arcuata in possessing at least four spines. 
S o m e forms o f Cantulodinium protuberatum n. sp. are 
similar but have rounded spine tips. 

Subgroup H E R K O M O R P H I T A E D o w n i e , Evit t , 
and Sarjeant, 1963 

Genus CYMATIOSPHAERA O . Wetze l 1933, 
e m e n d . Deflandre, 1954 

Cymatiosphaera bleawykensis Wal l , new species 
Plate 6, figures 2 - 3 

Holotype: D C / 8 / 4 , D o w n Cliff Clay (D. leoesquei Z o n e ) , 
W a t t o n Cliff, Dorset . 

Diagnosis: Central b o d y spherical , small , wal l u p to lu, 
thick; membrane del icate , its height approximate ly 
equal to the radius o f the central body, supported by 
solid spines, o f w h i c h four to six appear in optical 
sect ion. 

Description: T h e out l ine varies from subrectangular to 
circular but the central body remains globular. O n l y a 
few fields are present, and these are poorly defined in 
some specimens . 

Dimensions: Test 8 -1 l u , flanges 3 - 4 a h igh (5 specimens) . 

Occurrence: U p p e r Toarc ian , Dorset and Yorkshire. 
R a r e . 

Comparisons: Cymatiosphaera exilissima Deflandre, 1947, a 
Midd le Jurassic species, is also very small but has a 
lower m e m b r a n e . 

Cymatiosphaera pachytheca Eisenack 
Plate 9, figure 12 

Cymaliosphmra pachytheca EISENACK, 1957, Neuesjahrb. Geol. 
Pal., Abh., vol. 15, p. 245, pi. 19, figs. 4 -5 ; pi. 20, fig. 11. 

Remarks: Spec imens very similar to those described by 
Eisenack (1957, p . 245) from the Swabian Lias occur in 
the British H e t t a n g i a n a n d lower Toarcian in Dorset , 
Yorkshire, and Lincolnshire. Others (identified as C. cf. 
pachytheca) from the same horizons have thinner walls 
(5 to 7 percent of the test radius) a n d lower ridges 
( 1 - 1 . 5 a h igh) , lack wal l pores, a n d s h o w small inter­
stitial fields formed at the corners o f the larger fields. 

Cymatiosphaera sp.cf. C . stigmata Cookson a n d Eisenack 
Plate 6, figures 4 - 5 

PCymatiosphaem stigmata COOKSON AND EISENACK, 1958, Roy. 
Soc. Victoria, Proc , vol. 70, p. 50, pi. 9, fig. 14. 

Remarks: A single spec imen from the D o w n Cliff Clay 
{D. leoesquei Zone) at Watton Cliff resembles C, stigmata, 
described b y Cookson and Eisenack (1953, p. 50) from 
the Lower Cretaceous o f Western Australia. T h e Liassic 
specimen is 64a, across a n d is ornamented wi th 70 to 80 
polygonal fields (approximately 8 a across), each wi th a 
central tubercle and defined b y l ow ridges ( l a h i g h ) . 
T h i s spec imen differs from the holotype in possessing 
more numerous fields. 

Cymatiosphaera sp. A 
Plate 6, figure 7 

Type specimen: D C / 8 / 2 , D o w n Cliff Clay (D. levesquel 
Z o n e ) , W a t t o n Cliff", Dorset . 

Description: T h e central b o d y is circular to ovoid in out­
l ine, 2 6 a in size, dark and relatively thin-wal led. T h e 
ridges or muri are 5 a h igh and strengthened at their 
intersections by thin pillars, rarely bifurcate at their tips. 
T h e n u m b e r of fields per hemisphere appears to vary 
be tween six and twelve, and approximate ly twelve to 
fifteen pillars are visible in optical sect ion. Individual 
lumina m a y be up to lOu across. s 

Occurrence: U p p e r Toarcian, Dorset . 

Comparisons: Cymatiosphaera kraeuseli Stockmans a n d Wil­
liere from the D e v o n i a n of Be lg ium is similar, but its 
test is enclosed wi th in an outer membrane . Cymatio-
spaera nebulosa Deunff, a lso a D e v o n i a n species, has a 
slightiy smaller central body (20a) a n d a relatively wider 
flange (equal to one-quarter o f the b o d y ) . 

Cymatiosphaera sp. B 
Plate 9, figure 8 

Type specimen: D C / 8 / 4 , D o w n Cliff Clay {D. leoesquei 
Z o n e ) , W a t t o n Cliff, Dorset . 

Description: A single spec imen closely resembling 
Cymatiosphaera sp. A but almost twice as large was o b ­
served also in the D o w n Cliff Clay. Its test measured 40p. 
across, and the muri of the ret iculum were a n addit ional 
8p. h igh . T h e flange is folded a n d poorly preserved but 
appears to be supported by thin, tubular processes. 
There are approximate ly twelve such processes visible 
in optical section, w h i c h indicates that there is a re­
latively small number (about fifteen) of fields present 
wi th a m e s h of approximate ly 2 0 a each . 

Comparisons: I n general morpho logy a n d size, this form 
resembles Cymatiosphaera mirabilis Deunff, from the 
Caradocian of Brittany, but it cannot b e positively 
identified as that species . 

Cymatiosphaera sp. C 
Plate 9, figure 6 

Type specimen: M l / 2 / 2 , B l a c k V e n Marls (A. tumeriZone), 
east of Charmouth , Dorset . 

Description: Test central body ovo id , extremely th in-
wal led a n d delicate, 24-30p. across, ornamented b y a 
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del icate , m e m b r a n o u s ret iculum whose height is 5JA. 
T h e intersections of the fields are strengthened by thin 
pillars with capitate or minute ly forked tips. As m a n y 
as 35 pillars m a y appear in optical section, and the 
w i d t h of the fields is approximate ly 12(i. 

Occurrence; Black V e n Marls (A. turneri Z o n e ) , Dorse t ; 
Frodingham Ironstone, Lincolnshire. 

Comparisons: A l t h o u g h of a similar s ize to Cymatiosphaera 
sp. A, from the U p p e r Lias, the present form has a thin­
ner wall and more numerous and capitate processes. 

Cymatiosphaera sp. D 
Plate 6, figure 8; plate 9, figure 7 

Type specimen: K 2 / 2 / T 3 , Blue Lias (A. bucklandi Z o n e ) , 
L y m e Regis , Dorset . 

Description: T h e central b o d y is more or less circular in 
out l ine , approximate ly 43u, in diameter , a n d s m o o t h or 
weakly granular a n d supports a ret iculum whose he ight 
is equal to three-quarters of the d iameter o f the central 
body . T h e overall size is around lOOfi. T h e lumina o f 
the ret iculum widen distally, and the m e m b r a n e be­
comes folded and crenulate in surface v i ew . Approxi ­
mate ly six fields are visible o n each hemisphere . 

Occurrence: T h i s species was recorded only from the A. 
bucklandi Zone in Dorset; here it w a s fairly abundant , 
but only a few specimens were wel l preserved. 

Comparisons: Th i s large form does not compare closely 
wi th any other known species o f Cymatiosphaera. 

Class C H L O R O P H Y C E A E 
Family TASMANAC E A E Sommer , 1956 

Genus TASMANITES N e w t o n , 1875 

Tasmanites newtoni Wal l , new species 
Plate 9, figure 11; text-figure 3 A - D 

Tasmanites sp. cf. T. tardus Eisenack. - WALL, 1962, Geol. Mag., 
vol. 99, no. 4, p. 358, pi. 17, figs. 7-8; text-fig. 2a-b . 

Holotype: K 1 / 4 / T 3 , Blue Lias (bed 18 (Lang, 1924, 
p . 180), A. bucklandi Zone) , L y m e Regis , Dorset . 

Diagnosis: T e s t spherical but normal ly compressed to 
become disk-shaped, characterised by a thick wall 
penetrated whol ly or part ly b y closely spaced, minute 
punctae and more widely spaced, coarser pore-canals , 
bo th arranged radially. A short, s imple l inear suture is 
often present. 

Description: T h e test is circular in outl ine but variable in 
overall shape according to the degree o f compression it 
has undergone. T h e wal l is l ight ye l low to dark brown 
a n d is penetrated by two kinds of radial pores. These 
are fine punctat ions , whosed ensi ty is 150 -300 /100 sq. \j. 
of wall surface, a n d coarser pore-canals , two to five of 
w h i c h occur in a n equivalent area. A s imple suture is 
often present and constitutes a line of weakness a long 
w h i c h the test easily splits. 

Dimensions; Tes t d iameter 4 4 - 1 1 0 a , wall thickness 2 - 7 ^ 
( 8 - 2 2 percent of the diameter) ; holotype 84u. in d iam­
eter, wall 5(i thick. 

Occurrence: Occurs throughout the Lias but is most 
abundant in the Dorset Het tangian and the Lincoln­
shire and Yorkshire lower Toarc ian . 

Comparisons; Tasmanites tardus Eisenack is known to 
possess pore-canals but lacks the characteristic fine 
punctat ions o f T. newtoni. T h e pore-canals of Tasmanites 
noremi Eisenack, w h i c h is larger than T, newtoni. w iden 
internally and are more numerous . 

Comments: T h e present author previously compared T. 
newtoni n. sp. w i th a Recent species of green alga 
(Packysphaera sp . ) , under the n a m e Tasmanites sp. cf. 
T. tardus Eisenack (Wall , 1962, p. 358 ) ; that n a m e n o w 
b e c o m e s a s y n o n y m of T. newtoni. I n addit ion, speci­
m e n s figured by Eisenack (1957, pi . 20 , fig. 6) and bv 
G o c h t (1959, pi . 8, fig. 13) probably also be long to 
T. newtoni. 

Tasmanites suevicus (Eisenack) Wal l , new combination 
Text-figure 3 E - G 

Tytthodiseus suevicus EISENACK, 1957, Neues Jahrb. Geol. Pal., 
Abh., vol. 105, p. 241, pi. 19, figs. 1-3; pi. 20, figs. 1-3. 

Tytthodiseus sp. cf. T. suevicus Eisenack. - GOCHT, 1959, Pal. 
Zeitschr., vol. 33, no. 1-2, p. 78, pi. 6, figs. 1, 7. 

Tytthodiseus suevicus Eisenack. - BROSIUS, 1963, Eteutsch. Geol. 
Ges., Zeitschr., vol. 114, pt. 1, p. 50, pi. 6, fig. 4. 

Remarks: At lower magnif ications, the wall of this species 
has a h o n e y c o m b e d surface pattern comparable with 
that o f Tytthodiseus N o r e m , 1955. T h e authors quoted in 
the synonymy a b o v e have each c o m m e n t e d that clusters 
o f minute radial pores (punctae) are instrumental in 
forming this pattern. T h e present writer's examinat ions 
of numerous Liassic specimens confirms this conclusion. 
Also , pore-canals ("Tasmanites-pores"} are present in 
m a n y instances, so that the species in quest ion differs 
from Tasmanites newtoni n. sp. on ly in the concentrat ion 
o f the punctat ions into groups, three to eight in number 
for Liassic examples . There are no discrete hexagonal 
co lumnar units w i t h central tubules. 

T h e close relationship be tween Tasmanites newtoni and 
Tytthodiseus suevicus Eisenack is confirmed b y the dis­
covery o f Liassic forms in the Dorset Het tang ian whose 
punctae are grouped in to clusters in the outer wall 
reg ion but uniformly distributed over the inner wal l 
surface. Consequent ly , Tytthodiseus suevicus is transferred 
to Tasmanites. T h e surface ornamentat ion is so weakly 
deve loped that al locat ion to Crassosphaera is precluded. 

Tasmanites sp. A 

Type specimen: K 2 / 2 / T 1 , Blue Lias (A. bucklandi Z o n e ) , 
L y m e Reg i s , Dorset . 

Description: T h e test is weakly ovo id , relatively thick-
wal led, a lmost colourless, and normal ly perforated by 
a n irregular aperture on o n e surface. A l t h o u g h small 
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E F C H 

TEXT-FIGURE 3 

Wall structure of Liassic Tasmanaceae: a, optical section; b-c, surface views at two different levels of focus shown in A . A - D , 
Tasmanites newtoni Wall, n. sp,; E-G, Tasmanites suevicus (Eisenack), n. comb.; H, Crassopkaera hexagonalis Wall, n. sp. 

areas o f the wall appear smooth , the greater part is 
penetrated by porelike structures. T h e test a lways a p ­
pears to be corroded, and it is difficult to determine 
whether the pores are primary or secondary in origin. 

Dimensions: Test 94p, wal l thickness lOu.. 

Occurrence: Fairly numerous in the A. bucklandi Zone o f 
the Blue Lias in Dorset but not observed elsewhere. 

Genus CRASSOSPHAERA Cookson and M a n u m , 1960 

Crassosphaera hexagonalis Wal l , new species 
Plate 9, figure 10; text-figure 3 H 

Holotype: W l l / l / T l , Je t Rock (H. exaratum Subzone , 
bed 32 of H o w a r t h , 1962), Port Mulgrave , Yorkshire. 

Diagnosis: Test spherical, thick-walled, w i th a dist inctive 
surface ornament of very low, po lygonal prominences 
wi th flat or weakly rounded tops. T h e surface po lygons 
and the outer wal l are penetrated by clusters of minute 
punctae w h i c h most ly originate in the mid-wal l a n d 
end in. the centre of the surficial prominences . M o r e 
widely spaced, coarser canal pores are present, partially 
or complete ly penetrat ing the wall . 

Description: T h e punctae occur in groups of three to s ix 
and appear in the centre o f the four- to six-sided polyg­
onal areas on the surface a n d as radial striations in 
opt ica l sec t ion . T h e prominences are l u h i g h a n d 1-1 .5u 

across. T h e y are visible only at the surface o f the test. 
Pore-canals have a density o f 2 - 4 / 1 0 0 sq. p. of wall surface. 

Dimensions: Test d iameter 6 0 - 1 5 0 u , wall 3 - 2 7 u thick;' 
holotype test 142u, wall 8u. thick (120 measurements) . 

Occurrence: Je t Rock {H. exaratum Subzone ) , Yorkshire. 

Comparisons: Th i s species differs from Crassosphaera con-
cinna Cookson and M a n u m in the presence of punctae 
and pore-canals beneath the surface ornamentat ion . 
Tasmanites suevicus Eisenack has a similar subsurface 
wall structure, but its surface ornamentat ion is less 
pronounced and less polygonal in shape. C. hexagonalis 
lacks the co lumnar wal l structure of Tytlhodiscus chon-
drotus N o r e m . 

Class D l N O F L A G E L L A T A 
Order D I N O P H Y S I A L E S L i n d e m a n n ? 

Genus NANNOCERATOPSIS Deflandre, 1938, 
emend. Evitt, 1961 

Nannoceratopsis gracilis Alberti , e m e n d . Evitt 
Plate 6, figures 12 -13 

Nannoceratopsis? gracilis ALBERTI, 1961, Palaeontographica, vol. 
116, pt. A, p. 30, pi. 7, figs. 16-17. 

Nannoceratopsis deflandrei EVITT, 1961, Micropaleontology, 
vol. 7, no. 3, pp. 308-312, pi. 1, figs. 1-14; pi. 2, figs. 
1-29; text-figs. 5, 9-17. 

Nannoceratopsis gracilis Alberti, emend. Evitt. - EVITT, 1962, 
Jour. Pal., vol. 36, no. 5, pp. 1129-1130. 
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Remarks; Nannoceratopsis gracilis occurs in the Yorkshire 
and Lincolnshire lower Toarc ian . Here, it exhibits a 
range of morphologica l variation similar to that de ­
scribed by Evitt (196Io) for this species on the basis o f 
specimens from the Domer ian of Jut land. 

Order HYSTRICHOSPHAERALES Evitt, 1963 
Family HYSTRICHOSPHARIDIACEAE Evitt , 1963 

Genus HYSTRICHOSPHAERIDIUM Deflandre, 1937, 
e m e n d . Eisenack, 1958 

Hystrichosphaeridium caminuspinum Wal l , new species 
Plate 9, figure 4 

7 fo to (^ . -L l /6 /2 ,ShaIes -wi th -Bee f (bed 74 of Lang , 1923, 
C.turneri Z o n e ) , T h e Spittles, east o f L y m e Regis , Dorset . 

Diagnosis: T e s t spherical o r weaklv po lygona l , thin-
walled and smooth . Spines ho l low, normal ly equal in 
length to the test radius, tapering to a narrow distal part 
w i t h a thickened r im a n d small aperture. Between 20 
and 30 spines are present. 

Description: T h e processes are characterised by their 
thickened distal extremities w h i c h project laterally for 
0.5a. beyond the edges of the spines. Rarely, the tips are 
div ided. T h e spine bases are relatively wide (2u- across), 
a n d the cavity of the spines is continiuous with the cell 
lumen. 

Dimensions: Test d iameter 16 -20u , spine length 9-1 l[z; 
holotype test 18JA, spines 10u, (6 specimens measured) . 

Occurrence: Shales-with-Beef (C. turneri Z o n e ) , Dorset. 

Comparisons: Micrhystridium clavatispinum n. sp. is similar 

in general appearance but has closed, bulbous spine tips. 

Hystrichosphaeridium langi Wall , new species 
Plate 6, figures 9 - 1 1 ; plate 9, figure 9 

Holotype: K l / 2 / 3 . Blue Lias (bed H . 29 o f Lang , 1924, 
p . 184, P.planorhis Z o n e ) , L y m e Regis , Dorset . 

Diagnosis: A small species o f Hystrichosphaeridium w i th a 
micro granular test and a relatively small number 
( 2 5 - 4 0 ) of short, open appendages wi th a minute lateral 
rim or div ided tip. 

Description; T h e test is round, ovo id or sub rectangular 
i n outl ine, its wal l thin and micro granular. Approxi ­
mate ly twenty spines are visible in optical section, and 
they are equal to approximate ly 25 percent o f the test 
d iameter in length. T h e spines are small, and precise 
determination of the nature of the spine tip is difficult. 
T h e y usually appear to be minutely bifurcate or tri-
furcate o r e v e n t o produce several projections. Often the 
test is broken at one end , but not regularly so . 

Dimensions: M a x i m u m test d imensions 2I-32JA, spines 
3 -6 .5 \L long; holotype test 24 X 22fA, spines 5.5u. 
m a x i m u m . 

Occurrence: P. planorbis to E. rarkostatum Zones, Dvrsc: 
Lias; most frequent in the Het tang ian . 

Comparisons: Hystrichosphaeridium capitatum Cookson a-*3. 
Eisenack and H. rhabdophorum Valensi are similar, b - t 
bo th are larger a n d bear more numerous processes. 

Comments: Prior to the classification o f Hystrichosphatri£-
um w i th the Dinoflagel lata by Evitt (1963) , the two 
species here described from the Lias w o u l d have been 
confidently assigned to this genus; to d o so n o w implies 
dinoflagellate affinity. T h i s seems plausible but is un­
certain. 

POLLEN A N D SPORES 
Previous litarature 

Lower Jurassic pol len and spores have been described 
from Britain (Couper, 1958; Lantz, 1958), Germany 
(Pflug, 1953; Reissinger, 1950; Thiergart , 1949), S w e ­
den (Nilsson, 1958), Hungary (Goczan , 1956), Po land 
(Rogalska, 1954, 1956), Russ ia (Bolkhovit ina, 1952, 
1956, 1959), and Austral ia (Balme, 1957). A bibl io­
graphy o f 88 works relevant to the pa lynology o f the 
European R h a e t i c a n d Lias is g iven by Jekhowsky 
(1960) . Different systems of classification a n d n o m e n ­
clature were employed by several o f the authors m e n ­
t ioned above , and taxonomic revisions are needed, but 
these are beyond the scope of the present work. Here, 
exist ing taxa are utilised, and salient features o f the 
stratigraphic distribution of pol len and spores are illus­
trated by reference to morphological groups. T h e generic 
and specific composit ions of these groups are defined 
be low. 

Species l ist 

1) Trilete, triangular spores wi th a smooth exine: 
Leiotriletes adrienniformis Nilsson, 1958; L. medius Nilsson, 
1958; L, parvus Nilsson, 1958; Dktyophyllidites harrisii 
Couper, 1958; Sphagnumsporites psilatus Couper, 1958; 
Concavisporites toralis (Leschik) Nilsson, 1958; C. sub-
granulosus Couper, 1958; Auritulinasporites interstriatus 
Nilsson, 1958. 

2) Trilete spores wi th a sculptured ex ine: 
Trachysporiks punctulosus Ni lsson, 1958; T.fuscus Nilsson, 
1958; T.trigonus Nilsson, 1958; T.asper Nilsson, 1958; 
Acanthotriletes omlis Nilsson, 1958; A. varius Nilsson, 
1958; Lophotnletes sp . ; Osmundacidites wellmanti Couper, 
1958; Lycopodiumsporites gracilis Nilsson, 1958; L, pseudo-
annotinum Nilsson, 1958; L. clavatoides Couper, 1958; 
L. cemiidites (Ross) Delcourt a n d Sprumont; Tripartina 
(Leiotriletes) slelloides Bolkhovit ina, 1956; Corrugatisporites 
kiukiformis Ni lsson; C. scanicus Nilsson, a n d Rugulatispor-
iies sp. 

3) Tri lete spores with a smooth exine and circular out­
l ine: 
Calamospora mesozoica Couper, 1958; C. sp. cf. C. mesoioica 
Couper , 1958 ( indicated joint ly as "Calamospora" in 
T a b l e 4 ) ; Todisporites minor Couper, 1958. 
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4) Spores wi th a two-layered exine , the outer concentric 
around the inner: 

Concentrisporites hallei Wal l , n. gen . , n. sp. ( indicated as 
"pseudozonate spores" in T a b l e 4 ) . 

5) M o n o l e t e spores: 
Chasmatosporites major Nilsson, 1958; C. rimatus Nilsson, 
1958; C.hians Ni lsson, 1958; C. minor Ni lsson, 1958; 
C. apertus Nilsson, 1958; C. elegans Nilsson, 1958; Marat-
tisporites scabralus Couper, 1958. 

6) Bisaccate pol len: 

Vitreisporites pallidus (Reissinger) Nilsson, 1958; Alisporites 
thomasii (Couper) Nilsson, 1958; A. robuslus Nilsson, 
1958; Abietineaepollenites minimus Couper, 1958; Protopinus 
scankus Nilsson, 1958; Protopinus sp . ; Schismaiosporites 
ovalis Ni l sson; Sulcatisporites quairatus Ni lsson, 1958; S. 
pinoides Nilsson, 1958; Abiespollenites sp . ; Protopicea sp . ; 
Piceaepollenites sp. 

7) Inaperturate pol len: 
Tsugaepollenites mesozoicus Couper , 1958; Inaperturo-

pollenites orbiculatus Ni lsson, 1958; I, globulus Ni lsson. 
1958; AraurcariacUes (Granulonapites) punctatus (Cookson) 
Nilsson, 1958 (the latter species is indicated as "arau-
carton po l l en" in T a b l e 4 ) . 

8) Monosu lcate pol len: 
Monosulcttes minimus (Cookson) Couper, 1953; M. 
(Monocolpopollenites) ovalis Ni lsson, 1958; M. (Monocol-

popollenites) fusiformis Nilsson, 1958; M. sub granulosus 
Couper, 1958. 

9) M o n o p o r a t e pol len: 
Spheripollenites scabratus Couper, 1958; Classopollis torosus 
(Reissinger) Couper , 1958 (the latter species is con­
sidered to remain val id despite criticisms b y Pocock and 
Jansonius , 1961, p. 4 4 2 , o f the botanical affinities of the 
species suggested b y Couper, 1958, p . 156, since it is 
d iagnosed u p o n the basis of its morpho logy ) . 

SYSTEMATIC DESCRIPTIONS 

Genus Concentrisporites Wall , new genus 

Diagnosis: Spores wi th a spherical to subspherical central 
body surrounded by an outer coat , w h i c h is a t tached 
proximal ly but elsewhere clearly separated from the 
central body . T h e inner body is thicker-walled and 
m a y or m a y not show a trilete scar. Both layers smooth 
or weakly sculptured. 

Type species: Concentrisporites hallei (Nilsson) Wal l , n e w 
combinat ion . 

Comments: Th i s genus is established for spores previously 
a l located to Equisetosporites Daugherty , 1941, by Ni lsson 
(1958) . Scott (1960, p. 276) demonstrated that the 
genotvpe o f Equisetosporites, from the U p p e r Triassic of 
Arizona, is Ephedra pol len, a n d r e c o m m e n d e d that the 
genus Equisetosporites be abandoned . 

Concentrisporites hallei (Nilsson) Wal l , new combination 
Plate 9, figure 13 

Equisetosporites hallei NILSSON, 1958, Lund, Univ., Arsskr., new 
ser., sec. 2, vol. 54, no. 10, p. 66, pi. 5, figs. 20-21. 

Holotype: Equisetosporites hallei Ni lsson (1958, p. 66, pi. 5, 
fig. 20 ) , Rhaet i c o f Bjuv, Scania, Sweden . 

Diagnosis: Spores wi th a darker central body, rarely 
showing a trilete mark, normally characteristically 
split and gaping, surrounded by a loose, del icate , mi­
nute ly sculptured outer layer. O u t e r layer not extend­
ing b e y o n d the central b o d y by more than 10u. w h e n 
u n d a m a g e d . 

Dimensions: Overall size 4 0 - 6 0 p ; ho lotype central body 
43ji, overall size 47p . 

Occurrence: Found most abundant ly in the British Lias 
in the Frodingham Ironstone of Lincolnshire. 

Comments: In their compressed state o f preservation, 
these spores bear a superficial resemblance to some 
zonate spores (for example , Hymenospora Neves , 1961), 
a n d hence they are termed pseudozonate spores. Nilsson 
(1958, p . 66) suggests that the botanical affinities o f 
C. hallei lie w i t h Equisetites (Equiseloslachys} suedcus 
(Nathorst) Hal le (1908, p . 30, pi. 9, figs. 1-3) . 

STRATI GRAPHIC DISTRIBUTION OF MICROFOSSILS 
Heccangian 

A single species of Hystrichosphaeridium (H. langi), several 
species of leiospheres, a n d nineteen acritarch species 
were found in the Het tangian strata o f the Blue Lias at 
L y m e Regis . T h e acritarch populat ion w a s dominated, 
strongly by Micrhystridium lymensis, but M.fragile, M, 
nannacanthum, M. echinoides, M, stellalum, M. recurvatum, 
Baltisphaeridium delicatum a n d B. debilispinum were also 
c o m m o n l y encountered. Only two species of Veryhachium 
(V. formosum a n d V.? irregulare) were seen, a n d these 
rarely. 

T h e pollen-spore association was dominated by Clas­
sopollis, Araucariacites being the only other pol len genus 
that was at all c o m m o n . T h e Het tang ian o f South Wales 
yielded a similar assemblage: Classopollis was the domi­
nant pol len, a n d Micrhystridium lymensis the most c o m ­
m o n acritarch. 

Lower Slnemur'an 

T h e uppermost strata o f the Blue Lias contained twenty-
three acritarch species, several of which were absent from 
the beds below. T h e s e were Baltisphaeridium potytrichum, 
Micrhystridium deflandrei, M. arachnoides, Veryhachium 
europaeum, V. reductum, V. formosum f. ancorastrum, Cymatio­
sphaera eupeplos, C. sp. cf. areolatum, C. sp. D a n d Tas­
manites sp. A. Three further species, Hystrichosphaeridium 
caminuspinum, Veryhachium cf. trispinosum, and Cymatio­
sphaera sp. C, were encountered first in the overlying 
Shales-with-Beef. T h e microplankton of bo th horizons 
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TABLE 2 

Stratigraphies! distribution of microplankton in the Lias of England. 
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Siratigraphical relative frequency distribution of Acritarcha in the coastal Lias of Dorset. Units I -XI are those recognized as Klup-
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TABLE 4 

Stratigraphical distribution of commonly represented morphological groups of pollen and spores in the coastal Lias of Dorset. 

Triangular jporn 

was dominated by Micrhystridium stellatum a n d M. fragile. 
T h e pollen-spore association was almost identical with 
that of the Het tang ian , be ing largely composed of 
Classopollis, w i th some araucarian and bisaccate pol len 
and Calamospora. 

T h e Frodingham Ironstone was sampled at Crosby 
Warren M i n e , Lincolnshire, in a section subsequently 
described b y H a l l a m (19636, p . 555) . T h e best preserved 
specimens were from a nonool i t ic chamosi te mudstone 
part ing o f the type il lustrated by H a l l a m (1963ft, p . 560 , 
fig. 3 ) . T h e microplankton assemblage conta ined twenty 
acritarch species, of w h i c h Micrhystridium stellatum w a s 
most abundant a n d M. fragile and V.? irregulare were 
fairly c o m m o n . In this respect the assemblage was 
comparable wi th those from the C. turneri Z o n e in Dorset . 
However , several addi t ional species were represented 
only in Lincolnshire {Leicfusa spicata, L.jurasska, Domasia 
liassica, Metaleiofusa arcuata, M. diagonalis, Veryhachium 
europaeum f. nervosum, V. collection, and Baltisphaeridium 
dkersispinosum), a l though t h e y were very rare. 

T h e most abundant forms in the pollen-spore association 
were Concentrisporites, saccate grains, and Classopollis, 
but there was present a variety o f trilete spores including 
Lycopodiumsporites. Classopollis represented only approxi ­
mate ly one-fifth of the association. In the latter respects, 
the Frodingham Ironstone association differed from the 
lower S inemurian associations of Dorset. 

Upper Sinemurian 

Only sixteen acritarch species, all of w h i c h also occurred 
in older horizons, were found in the upper Sinemurian 
Black V e n Marls of Dorset . Micrhystridium stellatum h a d 
decreased in abundance , a n d M.fragile b e c a m e the 
dominant species. There was a relatively increased 
abundance o f veryhachid acritarchs, a l though only three 
species were recorded (V. europaeum, V. formosum, and 
V. ? irregulare). 

T h e pollen-spore association found at the top o f the A. 
obtusum Z o n e consisted almost entirely of Classopollis; 
that at the top of the E. rancostatum Zone differed in its 
greater content of Calamospora, w h i c h contributed a lmost 
half of the grains. 

Lower Pllensbachlan (Carlxlan) 

1) Belemnite Marls (U. jamesoni a n d T. ibex Zones ) : 
O n l y ten acritarch species were found in the U. jame­
soni Zone a n d fifteen in the T. ibex Zone . T h e lowest beds 
of the Belemnite Marls (U. jamesoni Zone) contained a 
microplankton populat ion w h i c h d id not differ signifi­
cantly from that o f the upper Sinemurian beds be low. 
T h e upper Belemnite Marls were characterised by a n 
abundance of Baltisphaeridium debilispinum a n d the pres­
ence o f Micrhystridium variabile. I n the T. ibex Zone , 
B. debilispinum w a s far less abundant relative to other 
acritarchs, a n d B. diversispinosum was recorded. 
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TABLE 5 

Stratigraphical distribution of pollen and spores in the Toarcian of Yorkshire. 

ZONE S06Z0NC STRATA 

Drinoortl 

D. t t va iqu t i 

P.iiruckaanni 

Slrtalulu s-Shalt* Slrtalulu s-Shalt* 

Jo/1 j 
Paafc Sha|«t 

Jo/1 

2. bravn.anu* C t n t f t i Sfcfltai 

P fibula r u * 

D. c o m m i t 

-JI/J — 0 v a i u * ftand- -JI/J 

HrfolclfcrHjv, 
Shala i 

-VMO 

H.aiqlqtudt 

0. ttnuicottotvm 
\ . . 

Gr*> Shahi 

P('C<nloqa IO LO 10 40 » *0 Jo TO VI IOO 10 10 10 TO 10 <•> JO lo S 10 JO 
fhobtrluropolltrhrai orb-culatui Q a i t o p o l j i Afoucariacirn * Cotano'pora Mieroplantlon 

Tri l i l i ( M o w t o t Spor.i 

T h e pollen-spore association of the Belemnite Marls also 
varied vertically. There was a relative decl ine in the 
abundance of Calamospora and a relative increase in 
Classopollis from older to younger beds . 

T h e "Jamesoni"-beds o f R o b i n H o o d s Bay, Yorkshire, 
conta ined a microplankton assemblage very similar to 
that found in the l o w e r horizons o f the Belemnite Marls 
in Dorset . T h e Yorkshire assemblages also contained 
M. variabile, and B. diversispinosum occurred here in the 
l\jamesoni Zone . Calamospora and Classopollis were the 
most c o m m o n palynomorphs . 

21 Green A m m o n i t e Beds (P. davoei Z o n e ) : 
T h e Green A m m o n i t e Beds conta ined a n u m b e r of 
acritarchs absent from older Liassic strata in Dorset . 
T h e s e inc luded Leiofusa spicata, L. jurassica, Melaleiofusa 
arcuata, M. diagonalis, Cantulodinium protuberatum, Domasia 
liassica, Veryhachium europaeum f. nervosum, V. collectum and 
1". dualispinum. T h e r e was n o clearly dominant species; 
the most abundant forms were Micrhystridium fragile, 
M. recurvatum, M. deflandrei, Veryhachium europaeum, 
Leiofusa spicata, and B. diversispinosum. 

T h e pollen-spore association could be regarded as a 
"mixed microflora," since no single species or type of 
grain w a s clearly more abundant than the remainder. 
T h e association comprised Classopollis, bisaccate pol len, 
Calamospora, a n d both s m o o t h a n d ornamented types 
of small, trilete spores. T h e " Capricornus"-beds o f 
Yorkshire were characterised by an a b u n d a n c e o f 

Leiofusa spicata and the presence of species of Melaleiofusa 
and Veryhachium collectum. 

U p p e r Pliensbachian (Damerl in) 

T h e T h r e e Tiers a n d Eype Clay (Amaltheus subnodosus 
Subzone) of the Dorset coastal Lias contained over 30 
Acritarcha species, inc luding several bel ieved to b e 
important stratigraphically. These are Baltisphaeridium 
infulatum var. infulatum, M. exilium, B. eypensis, Micrhy­
stridium clavatispinum, a n d Plerospermopsis cf. helios. T h e 
most abundant form was Veryhachium europaeum. 

T h e D o w n Cliff Sands (A. gibbosus Subzone) contained 
a less prolific assemblage of microplankton, which in­
c luded several n e w species , namely , Baltisphaeridium 
micropunctatum, B. infulatum var. macroinfulatum, a n d 
Micrhystridium wattonensis. M, deflandrei was dominant in 
the lower but not in the higher strata of the D o w n Cliff 
Sands . 

T h e pollen-spore associat ion in the Eype Clay was a 
species-rich " m i x e d microflora" w i thout dominance by 
any o n e type of pa lynomorph , but in the overlying 
D o w n Cliff Sands bisaccate grains were noticeably 
abundant . 

T w o samples from depths of 135 a n d 150 feet in the 
Apple by-Frodingham B. H . 103 conta ined prolific but 
less wel l preserved microplankton. Species present 
inc luded B. infulatum var. infulatum, M. clavatispinum, 
a n d V. europaeum f. nervosum, w h i c h suggests that the 
a g e o f the samples is l o w e r D o m e r i a n . 
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TABLE 6 

Stratigraphical distribution of pollen, spores and microplankton in the Lias of Lincolnshire. 
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TABLE 7 

Relative frequency distribution of morphological groups of Acritarcha in the coastal Lias of Dorse:. 

Opwigp-nn Solid ipint g.qloegler t c k l . i h t l woD. 
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Hollo* *p!iKL. gkibular reir,lhin *oB-

'Cfmarioiphaai 

Lower Toarcian 

Microplankton assemblages from the lower Toarc ian 
of Yorkshire and Lincolnshire were characterised by the 
presence of the dinoflagellate .Nannoceratopsis gracilis and 
an abundance o f leiospheres, inc luding Tasmanites 
newtoni, T. tardus, and T. suevicus. T h e latter were a lways 
c o m m o n , but Crassosphaera kexagonalis was found only in 
the J e t Rock [H. exaratum S u b z o n e ) . Acritarchs were 
rare a n d poorly preserved in the Yorkshire lower 
Toarc ian , but twenty - two species were identified in 
Lincolnshire. 

In both regions, the pollen-spore associations o f the 
lower Toarcian were similar and distinctive. T h e y 
primarily conta ined an enormous n u m b e r o f small 
inaperturate pol len grains be longing to the species In-
aperturopollenites orbiculatus a n d / . globulus, w h i c h were 
recorded also in large numbers by Nilsson (1958) in 
Liassic shales at Sandakra, Sweden . Smaller but signifi­
cant numbers o f the monole te spore Chasmatosporiles 
were also present, in contrast to their absence from 
older beds . ClassopolUs, Araucariacites, bisaccate grains, 
and a variety of smaller spores m a d e u p the remainder 
of the assemblage . 

Upper Toarcian 

U p p e r Toarc ian strata at Blea Wyke , Yorkshire, y ie lded 
only poorly preserved microfossils which did not permit 
statistical evaluat ion o f the assemblages. However , it 
w a s possible to see that these assemblages were c o n ­
siderably different from those in the lower Toarc ian; 
leiospheres were rare, dinoflagellates were absent , a n d 
Inaperturopollenites a n d Chasmatosporites were u n c o m m o n . 
T h e microflora essentially comprised a mixture of Clas­
sopolUs, bisaccates, Calamospora, and a few other pa lyno-
morphs . 

Well-preserved assemblages were obta ined from the 
Dorset upper Toarc ian near West Bay. Five species o f 
Cymatiosphaera were a m o n g the twenty-five species re­
corded. Baltisphaeridium infulatum was c o m m o n in one 
sample from the base of the D o w n Cliff Clay (Z>. leves­
quei Z o n e ) . 

T h e pollen-spore association varied vertically from the 
J u n c t i o n Bed to the base of the Bridport Sands . T h e 
Junc t ion Bed contained a relatively h igh content o f 
small trilete spores, but the basal D o w n Cliff Clay con­
tained m o r e numerous bisaccate pol len, and the upper 
beds were richer in ClassopolUs. 
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Transgressions and Palynoloficar Changes 

H a l l a m (1961, 1963a, b) discussed the transgressions, 
cycl ic sedimentat ion, a n d invertebrate faunal changes 
in the Lower Jurassic of Europe and elsewhere a n d 
drew attent ion to the widespread facies changes in the 
Pl iensbachian (1961 , p. 139; 1963a, p . 445) a n d lower 
To a rc ian (1961 , p . 154; 1963a, p. 4 4 5 ) . H e conc luded 
that there was widespread transgression accompanied 
b y faunal evolut ionary migrat ion during the early 
Pl iensbachian and extensive subsidence and temporary 
d iminut ion of faunas during the early Toarc ian , 

Important palynological changes were also found in the 
Pl iensbachian and lower Toarc ian , involv ing b o t h 
pollen-spore associations a n d microplankton assem­
blages. In the Dorset Het tang ian a n d S inemurian, 
ClassopolUs dominated the associations but was replaced 
in the late Carixian by a more varied microflora follow­
ing a temporary a b u n d a n c e o f Calamospora in the early 
Carix ian. During the lower Toarc ian there was an 
influx of small inaperturate pol len and Chasmatosporites, 
Similarly, older populat ions dominated by acantho-
morphit id acritarchs (Micrhystridium a n d Baltisphaeri-
dium) were replaced in the early Pl iensbachian b y 
populat ions richer in species of Veryhachium, Leiofusa, 
Metaleiofusa, a n d Cantulodinium, A reduct ion in the n u m ­
ber of species took p lace w i t h the onset of the lower 
Toarcian, but there was an increased abundance of 
leiospheres and the arrival o f dinoflagellates. 

Palaeoecolofy of pollen and spore associations 

Dur ing Liassic t imes, the area that is n o w Britain lay 
a long the northwestern shoreline o f the T e t h y e a n Sea, 
which covered m u c h of Europe. T h e r e were four m a i n 
basins of deposit ion in the British area: the southern 
Wessex Basin, the M i d l a n d Basin, the northeastern 
Yorkshire Basin, a n d the northwestern Hebridean Basin. 
These basins were bordered by the Armorican, Welsh , 
a n d Scott ish Massifs in the west and north and by the 
London-Ardennes landmass in the southeast . Submer­
gence a n d emergence of the coastal regions of these 
Jandmasses was o f prime importance in effecting changes 
in floras a n d resultant pollen-spore associations ac ­
cumulated i n the adjacent basins . 

T w o Liassic microfloras, the lower Lias Classopollis-
dominated association a n d the lower Toarcian In-
aperturopollenites-domimited association, were probably 
of local derivat ion, from more or less homogeneous 
coastal floras. There is strong ev idence from m u c h of 
the Jurassic that ClassopolUs microfloras were produced 
b y parent plants densely inhabit ing coastal regions 
(Pocock a n d Jansonius , 1961, p . 445) . U n i q u e c o n ­
firmatory evidence comes from the close agreement 
be tween the Het tang ian dispersed pol len association 
a n d a macroflora found in South Wales . Fissures in 
Carboniferous L imes tone immediate ly beneath the 
H e t t a n g i a n at C n a p T w t , Bridgend, contain a macro -
flora almost entirely composed o f the w o o d , leaves, 

P L A T E 1 

1-2 Baltisphaeridium diversispinosum Wall , n. sp. 
I , paratype, Green A m m o n i t e Beds, Dorset (Prep. 0 1 / 3 / 3 ) ; 2, processes, at a greater magnif ication. 

3 - 4 Baltisphaeridium micropunctatum Wal l , n. sp. 
3 , holotype, Junc t ion Bed, W a t t o n Cliff, Dorset (Prep. D C / 6 / 6 ) ; 4 , paratype {Prep. D C / 6 / 5 ) . 

5 -7 Baltisphaeridium infulatum var. infulatum Wal l , n. sp. , n. var. 
5, holotype, T h r e e Tiers , G o l d e n C a p , Dorset (Prep. C 9 / 1 / 2 ) ; 6 - 7 , paratypes. 

8 Baltisphaeridium infulatum var. macroinfulatum Wal l , n. sp. , n. var. 
H o l o t y p e , J u n c t i o n Bed , W a t t o n Cliff", Dorset (Prep. D C / 6 / 6 ) . 

9 Baltisphaeridium debilispimtm Wal l and D o w n i e 
Belemnite Marls , near Hawkfish Ledge , Dorset coastal Lias . 

10 Baltisphaeridium debiltspinum var. brevispinosum (Sarjeant) Wail , n. c o m b . 
T y p e specimen, Blue Lias, L y m e Regis (Prep. K 2 / 2 / 2 ) . 

11 -13 Baltisphaeridium deltcatum Wal l , n. sp. 
I I , ho lotype , Blue Lias, L y m e Regis (Prep. K l / 3 / 2 ) ; 12, paratype; 13, Blue Lias, L y m e R e g i s (Prep. K 2 / 2 / 2 ) . 

14 -15 Micrhystridium clavatispinum Wal l , n. sp. 
14, holotype, Three Tiers , Golden Cap, Dorset (Prep. C 9 / 1 / 4 ) ; 15, Appleby-Frodingham Bore M . 103, depth 
150 ft. 
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stems, and microsporophylJs of Chdrolepsis muensteri 
(Schenk) Schimper, described by Lewarne and Pallot 
(1957) and Harris (1957) . T h e pol len from the micro-
sporangia of this plant , described and il lustrated by 
Harris (1957, p . 300 , pi. 8, figs. 7-9) is identical w i th 
the pol len of Classopollis, which makes u p over 90 per­
cent of the grains in nearby sediments . 

Het tang ian strata in South Wales are proven littoral 
deposits w i th conglomerates marking the posi t ion o f the 
anc ient shoreline. T h e close similarity of South Wales 
a n d Dorset H e t t a n g i a n microfloras suggests that the 
shoreline also passed very close to L y m e Regis in the 
south. Th i s has always been implied in palaeogeographic 
reconstructions. 

I n its structure, the Inaperturopolknites microflora of the 
lower Toarc ian in Yorkshire a n d vicinity parallels a 
Classopollis microflora; that is, it is more or less h o m o ­
geneous . By analogy , it is also bel ieved to have originated 
from a relatively nearby coastal flora. T h e pol len also 
has some morphological similarity to Classopollis. 

Penological History 

A l t h o u g h the Het tang ian and lower Sinemurian micro­
floras were d o m i n a t e d by pol len of Classopollis from 
coastal floras rich in Cheirolepis, a considerat ion of 

palynological data, together wi th stratigraphic infor­
mat ion regarding the history of the Wessex Basin, sug­
gests that regression in the late S inemurian temporari ly 
created marginal s w a m p y ground favourable for in ­
habi tat ion by equisetalean plants , producing Calamo­
spora and Concentrisporites. Later, w i th the advance o f the 
Pl iensbachian transgression, this ground and previously 
emergent coastal plains were submerged. A flora o f 
s o m e w h a t different aspect, relatively richer in p inaceous 
and pteridophytic vegetat ion , appears to have resulted. 
T h e supply o f pter idophyt ic spores in particular in­
creased in the southern province during late Pliens­
bachian t imes, w h e n there was regional uplift in this 
d o m a i n wi th shal lowing of the Wessex Basin of depos i t ion 
toward the onset of lower Toarc ian times. 

In the northeastern province , pronounced vegetat ional 
change associated wi th some coastl ine regression is sug­
gested by the reversion from a sparse microflora to a 
rich Inaperturopolknites microflora coincident wi th a 
facies change from sandstone and ironstone to organic 
black shales at the Domer ian- lower Toarc ian boundary . 
Eustatic rise in sea level , as postulated b y H a l l a m 
(1963a) , must have been compensated for b y regional 
uplift related to the Market W e i g h t o n Swell a n d the 
Pennines a n d by relative downwarping o f t h e Yorkshire 
Basin. 

P L A T E 2 

1-2 Micrhystridium wattonensis Wal l , n. sp. 
I, ho lotype , D o w n Cliff Clay, W a t t o n Cliff, Dorset (Prep. D C / 8 / 3 ) ; 2, paratype (Prep. D C / 8 / 4 ) . 

3 - 5 Micrhystridium intromittum var. intromittum Wal l , n. sp., n. var. 
3 , ho lotype , Three Tiers, Dorset (Prep. C 9 / 1 / 4 ) ; 4 , Black V e n Marls , Charmouth , Dorset (Prep. M l / 2 / 3 ) ; 
5, Shales-with-Beef, Charmouth , Dorset (Prep. L I / 3 / 2 ) . 

6 - 8 Micrhystridium intromittum var. transitorium Wall , n. sp. , n. var. 
6, type specimen, Blue Lias, L y m e Regis (Prep. K l / 3 / 2 ) ; 7, Shales-with-Beef, Charmouth (Prep. L l / 6 / 2 ) ; 
8, paratype (Prep. K l / 3 / 3 ) . 

9 Micrhystridium rarispinum Sarjeant 
Blue Lias, L y m e Regis (Prep. K I / 3 / 3 ) . 

10-11 Micrhystridium lymensis var. rigidum Wal l , n. sp., n . var. 
10, type specimen, Blue Lias , L y m e R e g i s (Prep. K l / 3 / 2 ) ; I I , paratype. 

12-15 Micrhystridium lymensis var. gliscum Wal l , n. sp. , n. var. 
12, Blue Lias, L y m e R e g i s (Prep. K l / 2 / 4 ) ; 13, type specimen, Blue Lias, L y m e Regis (Prep. K l / 3 / 2 ) ; 1 4 - 1 5 , 
para types. 

16-17 Micrhystridium lymensis var. lymensis Wal l , n. sp., n. var. 
16, ho lo type , Blue Lias , L y m e R e g i s (Prep. K l / 3 / 2 ) ; 17, paratype. 

1 8 - 2 3 Micrhystridium exilium Wal l , n. sp. 
18-20, Junc t ion Bed, W a t t o n Cliff, Dorset , Sample D C / 6 ; 22 , holotype, D o w n Cliff Clay, W a t t o n Cliff (Prep. 
D C / 8 / 3 ) ; 21 , 23, paratypes. 
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Palaeoecoloo' of Microplankton Assemblages 

T h e distribution of Liassic microplankton was also 
environmental ly controlled, the configuration o f d e p o -
sitional basins and the oceanographic condit ions pre­
vail ing in them be ing instrumental in this respect. T h e 
influence of environmenta l control l ing factors u p o n the 
distribution o f the microplankton is shown by the 
diachronous occurrence of some acritarchs a n d d ino -
flageLlates. For example , Nannoceratopsis gracilis occurred 
in the Domer ian of Jut land (Evitt , 1961a) but only in 
the lower Toarc ian in Britain, whereas Dapcodinium 
priscum, present in the Het tang ian of J u t l a n d (Evitt , 
1961&), was found only in parts o f the R h a e t i c in Eng­
land. Moreover , there were significant fluctuations in 
the abundance of m a n y c o m m o n , long-ranging acrit­
archs throughout the Lias. Assemblages from different 
horizons were dominated variously b y acritarchs per­
sisting from the U p p e r Palaeozoic (Micrhystridium stel-
latum, Baltisphaeridium debilispinum) a n d others which 
have been found c o m m o n l y in the Midd le a n d U p p e r 
Jurassic (Micrhystridium fragile, M. recurvatum and M. 
deflandrei). 

With in the Lias, t w o types of assemblage c a n be dis­
t inguished in m a n y instances, one showing a tendency 
towards uniformity of composi t ion b y virtue o f strong 

dominat ion by a single species, the other be ing m o r e 
varied in composi t ion, the dominant species account ing 
for but a small n u m b e r o f the cells. Considerat ion of the 
distribution of these two types o f assemblages in connec­
t ion wi th other palynological and stratigraphic data 
suggests that populat ions dominated strongly by a 
single species were derived from algae inhabi t ing inshore 
waters, whereas the species-rich, heterogeneous assem­
blages were accumulated in a n offshore environment . 
Th i s distributional pattern is analogous to that of 
present-day phytop lankton populat ions described from 
the Atlant ic O c e a n b e t w e e n N e w England and Bermuda 
b y Hulburt (1963) , w h o recorded a reduction in the 
diversity o f species w i th in populat ions taken from estu-
arine and bay environments as compared wi th popula­
t ions from open-sea, coastal , and deep-ocean habitats . 
Th i s suggests that a relatively s imple relationship m a y 
have existed be tween the fossil acritarch remains and 
the populat ions from w h i c h they were derived. 

Furthermore, it appears that morphological ly different 
groups of acritarchs exh ib i ted preference for specific 
habitats during the Lias. H e n c e , members o f the 
Acanthomorphi tae {Micrhystridium a n d Baltisphaeridium) 
appear to have favoured an inshore, partly enclosed 
environment , whereas members o f the Po lygono-

P L A T E 3 

1-4 Micrhystridium stellatum Deflandre 
Black V e n Marls , Charmouth , Dorset . 

5 - 6 Micrhystridium fragile Deflandre 
Blue Lias, L y m e R e g i s . 

7 Micrhystridium deflandrei Va lens i 
"Capricornus"-beds, R o b i n H o o d s Bay, Yorkshire. 

8 - 1 0 Micrhystridium minutispinum Wal l , n. sp. 
8, holotype, Three Tiers , Dorset (Prep. C 9 / 1 / 2 ) ; 9 - 1 0 , paratypes . 

11 -14 Veryhachium collectum Wal l , n. sp. 
11, Ho lo type , Green A m m o n i t e Beds, G o l d e n Cap, Dorset (Prep. 0 1 / 3 / 4 ) ; 12 -13 , paratypes; 14, Eype Clay, 
E y p e m o u t h , Dorse t . 

1 5 - 1 8 Veryhachium dualispinum Wal l , n. sp. 
15, holotype, Three Tiers , Golden C a p , Dorset (Prep. C 9 / 1 / 2 ) ; 16, paratype; 17-18 , Junc t ion Bed, W a t t o n 
Cliff, Sample D C / 6 . 

19-24 Veryhachium? irregulare Jekhowsky 
19-22 , Blue Lias, L y m e Regis , Dorset; 23, forma quadratum n. f., Three Tiers, Dorset (Prep. C 9 / 1 / 2 ) ; 24 , 
paratype. 
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morphitae (Veryhachium) and Netromorphitac (Leiofusa, 
Metaleiofusa, Domasia, and Cantulodinium) appear to 
have favoured the open-sea environment . 

Wherever pa I aeo geographical data (litho logical, faunal, 
and palynological ) indicated the existence o f an inshore, 
basinal env ironment , populat ions were found to be 
dominated by the morphological ly comparable aeantho-
morphit ids Micrhystridium stellatum, M. fragile, M. re-
curvatum, M. deflandrei, M. lymensis, or Baltisphaeridium 
debilispinum. In a m o r e refined sense, it appears that 
forms with long spines (M. fragile, M. lymensis) favoured 
regions o f quiet deposit ion, whereas those wi th very 
reduced spines (M. deflandrei) were more tolerant of 
turbulent condit ions associated wi th sandstone deposi­
t ion. T h e latter species, for example , w a s most abundant 
in the D o w n Cliff Sands o f Dorset a n d the sandy beds 
o f the G l o u c e s t e r hire D o m e r i a n . Th i s is a pattern of 
distribution analogous to that described around reef 
env ironments i n the D e v o n i a n o f Alberta b y Stapl in 
(1961) . 

Stratigraphic changes in Liassic microplankton popula­
tions can be related to the onset a n d progression of Het ­
tangian , S inemurian, Pl iensbachian, a n d Toarc ian 
cycles o f sedimentat ion . Ini t iat ion a n d later deve lop­
ment o f e a c h cycle created a series o f changing envi­

ronments to w h i c h the plankton apparently responded 
(Table 7 ) . Dur ing the early phase o f each cycle, fossil 
microplankton populat ions t ended t o be uniform in 
composi t ion and dominated by acanthomorphit id acrit­
archs. Product ion of plankton, however , varied between 
the two extremes of abundance a n d paucity. It accu­
mulated w h e n relative deepening o f deposit ional basins 
took place , temporari ly a iding the genesis of b i tuminous 
strata (Hal lam, 1961, p . 152; Bitterli, 1963, p . 199); 
ecological condit ions were probably a combinat ion of 
intermittently good growing condit ions in a physically 
adverse environment such as favours reduct ion in diver­
sity of Recent phytoplankton populat ions (Hulburt , 
1963, p . 8 1 ) . 

Succeeding transgressive phases o f the cycles (in part icu­
lar that of the late Carix ian in the Dorset Pl iensbachian) 
created more open-sea condit ions where in marl a n d 
silty clay facies were accumulated . T h e i r microplankton 
was richer in species and included a greater proport ion 
of po lygonomorphi t id a n d netromorphit id acritarchs as 
well as some morphological ly ornate forms. T h e final 
regressive phases of the cycles, not iceably the period 
w h e n coarser sediments were laid d o w n in the British 
region, aga in saw reduct ion in the diversity a n d abun­
dance o f microplankton. 

P L A T E 4 

1-5 Veryhachium europaeum S tockmans and Williere 
1, f. europaeum, "Capricormis"-beds, R o b i n H o o d s Bay; 2, f. 1 W a l l and D o w n i e , Three Tiers , G o l d e n C a p , 
Dorset ; 3 - 5 , f. nervosum Wal l , n. f., Three Tiers , Dorset: 4, type specimen. 

6 - 7 Veryhachium formosum S tockmans a n d Will iere 
6, f. formosum, Black V e n Marls , Charmouth , Dorset; 7, forma 2 W a l l a n d D o w n i e , Black V e n Marls, Dorset . 

8 - 9 Veryhachium formosum S tockmans and Will iere f. ancorastrum Wal l , n. f. 
8, type specimen, Blue Lias , L y m e Regis (Prep. K 2 / 2 / 2 ) ; 9, paratype. 

10-11 Veryhachium reductum (Deunff) Jekhowsky 
10, f. trispinoides Jekhowsky, Junc t ion Bed , W a t t o n Cliff; 11, f. breve Jekhowsky, Green A m m o n i t e Beds , 
Golden Cap . 

12 -13 Veryhachium sp. cf. V. trispinosum Eisenack 
12, T h r e e Tiers , Golden C a p , Dorset ; 13, Eype Clay, Eypemouth , Dorset . 

1 4 - 2 0 Cantulodinium protuberatum Wal l , n. sp. 
15, holotype, Three Tiers , Golden Cap, Dorset (Prep. C 9 / 1 / 4 ) ; 14, 1 7 - 2 0 , paratypes; 16, Green A m m o n i t e 
Beds, Golden Cap, Dorset . 
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Assemblages from the lower S inemurian section of the 
Frod ingham Ironstone at Scunthorpe were intermediate 
in composit ion between populat ions observed in equiv­
alent a n d younger Pl iensbachian strata in Dorset . 
T h a t is, the Ironstone populat ion showed a tendency 
toward dominat ion by acanthomorphit ids (70 percent 
o f the cells) but also included smaller numbers o f 
species bel ieved to be more typical of open-sea c o n ­
dit ions . T h i s is in agreement w i t h the environmenta l 
interpretat ion of an offshore, marine shoal suggested by 
H a l l a m (1963*) . 

T h e relationship be tween fossil a n d l iving dinoflagel-
lates in more recent t imes is certainly complex . But 
again , dinoflagellates were found to be restricted to 
dark shale facies in the British R h a e t i c (Dapcodinium 
priscum, Gomaulax rhaetica) and lower T o a r c i a n {Nan-
noceratopsis gracilis), a n d the two species o f Hystricho­
sphaeridium recorded here were found only in bi tuminous 
strata of the Dorset H e t t a n g i a n a n d lower S inemurian . 
Also , Tasmanites species, a l though not restricted to black 
shale facies, were certainly most abundant in t h e m . 
Clearly the distribution o f these dinoflagellates and 
leiospheres was facies-controlled. 

CONCLUSIONS 

T h e British Liassic microplankton comprises a large 
n u m b e r o f small acritarchs a n d a few species o f le io­
spheres a n d dinoflagellates. A b u n d a n t pol len grains 
a n d spores occur together wi th the plankton, pre­
dominant ly ClassopolUs, araucarian and bisaccate pol len, 
inaperturate palynomorphs , a n d a variety of trilete 
spores inc luding Calamospora. Almost all of these resem­
ble pa lynomorphs previously described from elsewhere 
in the Lias. 

T h e stratigraphic distribution of both microplankton 
and pollen-spore associations is ecological ly determined. 
Major stratigraphic changes are coincident wi th the 
Pl iensbachian transgression and a marked facies change 
in the lower Toarc ian . Pronounced dominat ion o f bo th 
microplankton populat ions and pollen-spore associa­
tions is encountered a n d is bel ieved to be significant 
palaeoecological ly , reduction in diversity o f species 
be ing related to accumula t ion in an inshore, basinal 
environment . I n the case o f land-derived pol len, this 
p h e n o m e n o n is due to close proximity to a n almost 
homogeneous coastal vegetat ion, whereas in the case 
o f microplankton populat ions , reduct ion in the diver-

P L A T E 5 

1-3 Domasia liassica Wal l , n. sp. 
1, Eype Clay, Eypemouth , Dorset ; 2, paratype, Green A m m o n i t e Beds, G o l d e n Cap; 3 , ho lotype , Green A m ­
moni te Beds (Prep. 0 1 / 3 / 4 ) . 

4 - 5 Veryhachium? sp. 
4 , Eype Clay, E y p e m o u t h ; 5, Three Tiers , G o l d e n Cap, Dorset . 

6 -11 Leiofusa jurassica Cookson a n d Eisenack 
6 - 7 , 9 - 1 0 , Green A m m o n i t e Beds , G o l d e n Cap; 8, Eype Clay, E y p e m o u t h ; I I , Three Tiers , Golden C a p , 
Dorset . 

12-17 Leiofusa spicata Wal l , n. sp. 
15, holotype, Green A m m o n i t e Beds, Dorset (Prep. 0 1 / 3 / 3 ) ; 12-14 , 16-17 , paratypes. 

18-20 Metaleiofusa arcuata Wal l , n. gen. , n. sp. 
18, holotvpe, Three Tiers , G o l d e n C a p (Prep. C 9 / 1 / 2 ) ; 19, form transitional to Domasia liassica, Appleby-
Frodingham Bore M . 103, depth 150 ft.; 20, Eype Clay, Eypemouth . 

2 1 - 2 3 Metaleiofusa diagonalis Wal l , n. gen. , n. sp. 
21 . paratype, Eype Clay; 22, holotype, Eype Clay, Eypemouth (Prep. P l / 2 / 2 ) ; 23, Three Tiers, Golden C a p , 
Dorset. 
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sity o f the assemblage is probably related to the partly 
unfavourable physical condit ions exist ing in a partly 
enclosed, inshore basin of deposit ion. 
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P L A T E 6 

1 Cymatiosphaera eupeplos Valensi 
D o w n Cliff Clay, W a t t o n Cliff, Dorset; overall size 18u,. 

2 - 3 Cymatiosphaera bleawykensis Wal l , n. sp. 
2, holotype, D o w n Cliff Clay, W a t t o n Cliff (Prep. D C / 8 / 4 ) ; central body 8p.; 3 , Yel low Sands wi th Dumortiera 
sp. , Blea Wyke , Yorkshire; central b o d y 9u.. 

4 - 5 Cymatiosphaera sp. cf. C. stigmata Cookson a n d Eisenack 
4 , D o w n Cliff Clay, W a t t o n Cliff, overall size 64ji; 5, enlarged drawing of polygonal areas, each ca. 8JI, across. 

6 Cymatiosphaera sp. cf. C. areotatum Deflandre 
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7 Cymatiosphaera sp. A 
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8 Cymatiosphaera sp. D 
Blue Lias, L y m e Regis ; overall size ca. IOOJX. 

9 -11 Hystrichosphaeridium langi Wal l , n. sp. 
9 , holotype, Blue Lias, L y m e Regis (Prep. K l / 2 / 3 ) ; test 24jx; 1 0 - 1 1 , Blue Lias, L y m e Regis , sample K 2 / 2 ; 
same magnif ication. 

12 -13 Xannoceratopsis gracilis (Alberti) Evitt 
12, Appleby-Frodingham Bore M . 103, depth 95 ft.; size 86u.; 13, Hard Shales (H.falcifer Z o n e ) , Ravenscar , 
Yorkshire; size 46p.. 

14 Pterospermopsis sp. cf. P. helios Sarjeant 
Bituminous Shales, Ravenscar , Yorkshire; size 24p.. 
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P L A T E 7 

AH figures X 1000, oil immersion; figures 2 , 5, 12, 14, bright field; other phase contrast. 

1 Baltisphaeridium diversispinosum Wal l , n. sp. 
Holotype , Green A m m o n i t e Beds, Dorset (Prep. 0 1 / 3 / 3 ) . 

2 Baltisphaeridium micropunctatum Wal l , n. sp. 
Paratype, J u n c t i o n Bed, W a t t o n Cliff, Dorset . 

3 Baltisphaeridium infulatum var. infulatum Wal l , n. sp., n . var. 
Ho lo type , T h r e e Tiers, Dorset (Prep. C 9 / 1 / 2 ) . 

4 Baltisphaeridium debilispinum Wall and D o w n i e 
Be lemnite Marls , Dorset . 

5 Baltisphaeridium debilispinum var. brevispinosum (Sarjeant) Wal l , n . c o m b . 
T y p e specimen, Blue Lias, L y m e Regis , Dorset . 

6 Baltisphaeridium delicatum Wal l , n. sp. 
Paratype, Blue Lias, L y m e Regis , Dorset . 

7 Micrhystridium clavatispinum Wal l , n. sp. 
Ho lo type , T h r e e Tiers , Dorset (Prep. C 9 / 1 / 4 ) . 

8 Baltisphaeridium eypensls Wal l , n. sp. 
Ho lo type , D o w n Cliff Sands, S e a t o w n , Dorset (Prep. P I / 5 / 2 ) . 

9 Micrhystridium intromittum var. intromittum Wal l , n. sp. , n. var. 
H o l o t y p e , T h r e e Tiers , Dorset (Prep. C 9 / 1 / 4 ) . 

10 Micrhystridium intromittum var. transitorium Wal l , n. sp., n. var. 
T y p e specimen, Blue Lias, L y m e Regis (Prep. K l / 3 / 2 ) . 

11 .Micrhystridium wattonensis Wal l , n. sp. 
Ho lo type , W a t t o n ClifT, Dorset (Prep. D C / 8 / 3 ) . 

12 Micrhystridium minutispinum Wall , n. sp. 
Ho lo type , T h r e e Tiers , Dorset (Prep. C 9 / 1 / 2 ) . 

13 Micrhystridium deflandrei Valens i 
Three Tiers, G o l d e n Cap, Dorset . 

14 Veryhachium? irregulare Jekhowsky f. quadratum Wal l , n. f. 
T y p e specimen, T h r e e Tiers , Dorset (Prep. C 9 / 1 / 2 ) . 
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P L A T E 8 

Al l figures X 1000, oil immers ion; figure 7, bright field; others phase contrast. 

1 Micrhystridium lymensis var. rigidum Wal l , n. sp., n. var. 
T y p e specimen, Blue Lias, L y m e Regis (Prep. K l / 3 / 2 ) . 

2 Micrhystridium lymensis var. gliscum Wal l , n. sp., n. var . 
Paratype. 

3 Micrhystridium lymensis var. lymensis Wal l , n. sp., n. var. 
Ho lo type , Blue Lias, L y m e Regis (Prep. K l / 3 / 2 ) . 

4 Micrhystridium exilium Wal l , n. sp. 
Junc t ion Bed, W a t t o n Cliff, Dorset . 

5 Veryhachium formosum S tockmans a n d Williere f. ancorastrum Wal l , n. f. 
T y p e specimen, Blue Lias, L y m e R e g i s (Prep. K 2 / 2 / 2 ) . 

6 Veryhachium collectum Wal l , n. sp. 
Ho lo type , Green A m m o n i t e Beds, G o l d e n C a p (Prep. 0 1 / 3 / 4 ) . 

7 Veryhachium dualispinum Wal l , n. sp. 
H o l o t y p e , Three Tiers, Golden C a p (Prep. C 9 / 1 / 2 ) . 

8 Cantulodinium protuberatum Wal l , n. sp. 
Holotype , T h r e e Tiers , G o l d e n Cap (Prep. G 9 / 1 / 4 ) . 

9 Domasia liassica Wal l , n. sp. 
Ho lo type , Green A m m o n i t e Beds, G o l d e n Cap (Prep. 0 1 / 3 / 4 ) . 

10 Leiofusa jurasska Cookson a n d Eisenack 
Green A m m o n i t e Beds, G o l d e n C a p , Dorset . 

1 1 - 1 4 Leiofusa spicata Wal l , n. sp. 
12, holotype, Green A m m o n i t e Beds, Dorset (Prep. 0 1 / 3 / 3 ) ; I I , 13-14 , paratypes. 
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P L A T E 9 

All figures X 1000 unless otherwise stated; figures 5, 8, a n d 11 -13 , bright field; others phase contrast. 

1-2 Metaleiofusa arcuata Wal l , n. gen. , n. sp. 
1, ho lotype , Three Tiers, Golden Cap (Prep. C 9 / I / 2 ) ; 2, Green A m m o n i t e Beds, G o l d e n C a p , Dorset . 

3 Metaleiofusa diagonalis Wal l , n. gen. , n. sp. 
Ho lo type , Eype Clay , E y p e m o u t h (Prep. P l / 2 / 2 ) . 

4 Hystrichosphaeridium caminuspinum Wal l , n. sp. 
H o l o t y p e , Shales-with-Beef, Charmouth , Dorset (Prep. L l / 6 / 2 ) . 

5 Cymatiosphaera sp. A 
T y p e specimen, D o w n Cliff Clay, W a t t o n Cliff, Dorset . 

6 Cymatiosphaera sp. C 
T y p e spec imen, Black V e n Marls , Charmouth (Prep. M l / 2 / 2 ) . 

7 Cymatiosphaera sp. D 
T y p e spec imen, Blue Lias , L y m e Reg i s , x 250. 

8 Cymatiosphaera sp. B 
T y p e specimen, D o w n Cliff Clay, W a t t o n Cliff (Prep. D C / 8 / 4 ) , X 675 . 

9 Hystrichosphaeridium langt Wal l , n. sp. 
H o l o t y p e , Blue Lias , L y m e Regis (Prep. K l / 2 / 3 ) . 

10 Crassosphaera hexagonalis Wal l , n . sp. 
Ho lo type , Je t Rock, Port Mulgrave , Yorkshire (Prep. W l l / l / T l ) , X ca. 325. 

11 Tasmanites newtoni Wal l , n. sp. 
Ho lo type , Blue Lias, L y m e Regis (Prep. K 1 / 4 / T 3 ) , X ca. 235 . 

12 Cymatiosphaera sp. cf. C. pachytheca Eisenack 
Blue Lias, L y m e Regis , X ca. 450 . 

13 Concentrisporites hallei (Ni lsson) , n. c o m b . 
Frod ingham Ironstone, Scunthorpe, Lincolnshire. 
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