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Dinoflagellate cyst distributions and the Albian-Cenomanian boundary (mid-Cretaceous) at 
Cordebugle, NW France and Lewes, southern England 
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ABSTRACT - The Albian-Cenomanian boundary successions at Livet Quarry, Cordebugle and 
Rodmell Cement Works, Lewes arc described. Moderately abundant and diverse dinoflagellatc cyst 
assemblages comprising 89 taxa are recorded and related to ammonite, foraminifera1 and other faunal 
data from the two sites. The genus Ouoidinium forms a major component of cyst assemblages from 
the boundary intervals at both localities. Ouoidinium scahrosum (Cookson & Hughes) Davey is 
replaced by abundant Ouoidinium uerrucosum uerrucosum (Cookson & Hughes) Davey close to. and 
possibly at, the stage boundary, offering a potential dinoflagellate cyst marker for the base of the 
Cenomanian Stage. The published ranges of a number o f  species are extended. Six taxa are recorded 
for the first time from NW Europe: Apteodinium rrticulatiim Singh, Disphaeria nzacropyla Cookson & 
Eisenack, Nematosphaeropsis densirodiutu (Cookson & Eisenack) Stover & Evitt and 
Peruosphaeridictm cenomaniense (Norvick) Below occur in the high Upper Albian; Ouoidinictm 
uerrucosum (Cookson & Hughes) osrium (Davey) Lentin & Williams and Tnnyosphoeridium sdpinx 
Norvick are  recorded from the lowest Lower Cenomanian. Increased cyst abundance and diversity at 
Lewes when compared with Cordebugle is related t o  the more basinal setting of the former locality. J .  
Microipulaecintol. 15( 1 ): SS-67. April 1096. 

INTRODUCTION 
The Cenomanian Stage, a t  the base of the Upper 
Cretaceous Series, is marked throughout most of NW 
Europe by the appearance of p’elagic carbonates (chalks and 
marls), replacing dominantly siliciclastic sediments (sandst- 
ones and mudstones) of the Lower Cretaceous. This major 
lithological change was a consequence of the continuing rise 
in eustatic sea-level, that bega,n in the earliest Cretaceous 
and which, by the Early Cenomanian, had drowned most 
available siliciclastic source areas, to form a broad shallow 
epicontinental sea (Hancock & Kauffmann, 1979: Juignet, 
1980; H,ancock, 1990, 1992). The sharp lithological change 
which occurs regionally at the bottom of the Cenomanian 
has recently been confirmed as a major sequence boundary, 
and is generally associated with a small hiatus (AmCdro, 
1992; Hart e t a / . ,  1992; Juignet & Breton, 1992: Robaszynski 
et a/.,  1992). This was probably caused by a minor regressive 
event (Cooper, 1977; Haq et al., 1987: Simmons et al.,  1991; 
AmCdro, 1992) or period of still-stand (Hancock, 1989). 
superimposed on the main mid-Cretaceous sea-level rise. 

In this paper, we describe the dinoflagellate cyst 
distributions of samples taken across two Albian- 
Cenomanian boundary intervals, one from NW France and 
the other from southern England. Samples of l o g  were 
processed using standard palynological acid digestion 
techniques, and the strew mounts examined under a light 
microscope. Slides and residues are stored in the reference 
collection of the Palynological Research Centre, Institute of 
Earth Studies, University of Wales, Aberystwyth. IJK. In all 
cases, sampleij were precisely located within existing detailed 
litho- and biostratigraphic frameworks, enabling new 
observations to  be made on the ranges and assemblages of 

dinoflagellate cysts during the Early-Late Cretaceous 
transition. 

CORDEBUGLE 
Cordebugle, 10 kni SE of Lisieux, dkpartement of Calvados. 
NW France, is situated close to  the western limit of the 
‘Normandy Basin’ (Juignet, 1980; Juignet & Breton, 1992), a 
structurally and sedimentologically distinct area located on 
the western margin of the Cretaceous Anglo-Paris Basin 
(Fig. 1). The region lies less than 100km N E  of the 
Armorican Massif, a significant local source of sediment 
through most of the Cenomanian which resulted in the 
accumulation of thick siliciclastic packages on the adjacent 
‘Maine Platform’. However, further to the northeast, coeval 
Normandy deposits are dominantly pelagic, if somewhat 
marginal in nature. Thick glauconitic sands (the Gaize and 
Glauconie de base) of Albian age are here overlain by 
cherty, locally sandy, glauconitic Cenomanian chalks with 
prominent hardgrounds at several levels. 

Livet Quarry, situated to  the west of Cordebugle village 
(Fig. l), is a large working sand pit which exposes more than 
30 m of mid-Cretaceous (Aptian-Cenomanian) sediments 
resting unconformably on Upper Jurassic (Oxfordian) sands 
and clays. The quarry (CoordonCes Lambert of the Institut 
gCographique National de France: x = 455,40: y = 157,80) 
has been described previously by Juignet (1974). Thirteen 
samples (Crd. 1-13) were collected across the Albian- 
Cenomanian boundary (Figs 2, 3). All of the residues 
contained palynomorphs, and a total of  66 species and 
subspecies of dinoflagellate cysts have been recorded 
(representative specimens are illustrated in Plates 1, 2; 
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Fig. 1. Location maps for Livet Quarry, Cordebugle. The regional 
map (upper left) shows the position of the study area in relation to 
the Crctaceous Anglo-Paris Basin (horizontal ornament). 
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Lewes sections (Figs 3, 5) .  
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Appendix 1). Since many samples yielded <200 individuals, 
cyst abundances are reported as absolute numbers (Fig. 3). 

Lithostratigraphy 
Approximately 19 m of Aptian shallow-marine sands and 
gravels (Sables ferrugineux Formation) overlie the Creta- 
ceous unconformity at Cordebugle. Above this, more than 
15 m of glauconitic Albian-Cenomanian sediments. the 
Glauconie de base and Craie glauconieuse Formations, are 
exposed. 
Glauconie de base The Glauconie de base rests with a 
sharp contact on a thin (10 cm) iron-cemented pebbly 
sandstone at the top of the Sables ferrugineux. Our first 
sample (Crd. 1) was taken 30cm above this contact. The 
Glauconie de base (Figs 2, 3) comprise 7.3 m of extremely 
glauconitic sands, with coarse-grained lenses, interbedded 
with more argillaceous horizons. The sediments are 
heavily bioturbated at several levels, and yield macrofos- 
sils from the upper beds. A distinctive omission surface 
overlain by glauconitic sands and gravels (Crd. 2) 
containing small black phosphatic nodules occurs 1.8 m 
above the base. Abundant fauna, dominantly bivalves and 

brachiopods, occur at two levels: the lower (Crd. 5 )  is a 
1.0 m thick bed containing calcareous nodules with 
sponges; the upper (Crd. 7) occurs at the summit (top 0.9 
m) of the formation. A thick coarse-grained dark green 
glauconitic sand (Crd. 6) containing abundant crustacean 
burrows, Spongeliomorpha annulatum Kennedy, occurs 
between these two beds. 
Craie glauconieuse de St Jouin The base of the Craie 
glauconieusc de St Jouin i s  marked by a prominent 
omission surface (Juignct & Breton, 1992; Fig. 3) overlain 
by green to dark brown bioturbated glauconitic sands 
(Crd. 8) containing S. annulaturn and fragments of bivalve 
shells. The St Jouin Formation is accessible for approxim- 
ately 6 m and comprises green and dark brown glauconitic 
sediments at the base. passing up into paler-coloured 
marly sediments above. Scattered. partly silicified, carbon- 
ate nodules are common in the middle of the sequence, 
below and immediately above a well-developed omission 
surface termed thc ‘Livet’ surface by Juignet ( 1  974). 
Above this, there is a dramatic change in lithology with 
glauconitic mark at the very base (Crd. 12) overlain (Fig. 
3) by creamy-brown marly chalks containing numerous 
closely spaced tabular and semi-tabular bands of large, 
irregular, cavernous grey cherts. 

Biostratigraphy 
Macrofossils records, particularly ammonites, provide the 
initial means o f  constraining the age of the succession at 
Cordebugle. but further biostratigraphic refinement has 
been possible by incorporating our new palynological data. 
Glauconie de base The lowest macrofaunal records from 
the Glauconie de base are from 3.Sm above the bottom 
of the formation, where the ammonite Sharpeicerus 
laticlauiitrn (Sharpe) has been recorded (Juignet, 1974) in 
association with abundant bivalves, Lima sp., Chlarny sp., 
and brachiopods, Cyclothyris diformis (Valenciennes in 
Lamarck) and terebratulids. The occurrence . of 
Shurpeiceras clearly demonstrates that this bed is Lower 
Cenomanian (Wright & Kennedy, 1984. 1987a). Additional 
ammonite records from the overlying Craie glauconieuse 
(see below), indicate that this level must lie within the 
lowest Lower Cenomanian Neostlingocerus carcitanense 
Subzone of the Mantelliceras mantelli Zone. However. in 
the absence of definitive Albian taxa, macrofaunal records 
do not allow the Albian-Cenomanian boundary to be 
placed in the succession with any confidence. The top of 
the Glauconie de base contains large sponges, bivalves 
Spondvlus striatus (J. Sowerby), Gryphaeostrea canaliculata 
(J. Sowerby). lnocerarnirs sp., Chlamys sp.. Lima sp. and 
brachiopods, principally C-yclothyris diformis and 
tere bratulids. 

Seven samples (Crd. 1-7) were collected from the 
Glauconie de base for palynological analysis. Samples Crd. 
2-4 displayed the incoming of a number of stratigraphically 
significant taxa, including Endoceratiirrn dettrnanniae 
(Cookson & Hughes) Stover & Evitt: emend. Harding & 
Hughes, Norenfinia deanei (Davey & Williams) Davey & 
Verdier, Ouoidiniitm uerrimniirn verrircosurn (Cookson & 
Hughes) Davey. Exochosphaeridiicrn hifidirm (Clarke & 
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Fig. 3. Stratigraphy and palynomorph distribution across the Albian-Cenomanian boundary at Livet Quarry, Cordebugle. Cyst abundances 
plotted as ;absolute numbers recovered. See Fig. 2 for lithological key. 

Verdier) Clarke et al., Hystrichosphaeridium howerhankii 
Davey & Williams, Prolixosphaeridiurn conulum Davey, 
Cvclonephelium hughesii Clarke & Verdier and 
Leheridocysta dt$occatu (Davey & Verdier) Stover & Evitt, 
whose first appearances elsewhere are taken to indicate 
strata of latest Albian (S. dispar ammonite Zone) age 
(Davey & Verdier, 1973; Fauconnier, 1979; Foucher, 1981; 
Costa & Davey. 1992). 

The last appearances of Lilosphueridium conispinum 
Davey & Verdier; emend. Lucas-Clark and 
Protoellip.todiniiim spinocristaturn Davey & Verdier (PI. 2, 
fig. 11) occur in our lowest samples from the Glauconie de  
base (Crd, 1 and 3 respectively). These species have not 
been recol-ded previously from sediments above the Upper 
Albian M'ortoniceras (Mortoniceras) inflaturn ammonite 
Zone (Davey 6i Verdier, 1973; Foucher, 1981; Costa & 
Davey. 1992). Certainly, our lowest sample at Cordebugle 
(Crd. 1) contains a very different dinoflagellate cyst 
assemblage [dominated by Oligosphaeridium complex 
(White) Davey & Williams with subordinate Ovoidinium 
scahrosum (Cookson & Hughes) Davey; PI. 2, fig. 31 
compared to the immediately overlying beds containing 
typical S .  dispm Zone forms. No macrofauna have been 
recovered from this part of the sequence, so it is possible 
that the lowest beds of the Glauconie de base ( ix .  below the 
phosphatic nodule bed) are M .  (Mortoniceras) influturn 
Zone. However, P. spinocristaturn (Crd. 3; PI. 2, fig. 11) is 

also recorded higher in the succession at Cordebugle and at 
Lewes (see below) together with assemblages of typical S.  
dispar Zone dinoflagellate cysts, indicating that the species 
must extend further up in the Upper Albian than recognized 
previously. Similarly, although L. conispinum is recorded 
only from our basal sample at Cordebugle, it was also 
recovered from the S. dispar Zone at Lewes. The age of the 
oldest beds of the Glauconie de base, therefore, remains ~ 

uncertain, but on balance, is most probably S. dispar Zone. 
Craie glauconieuse de St Jouin Phosphatized fragmented 
internal moulds of ammonites [Schloenbachia varians (J. 
Sowerby) subplana, S. varians subtuberculata, S. varians 
suhvarians], along with sponges, lnoceramus sp. and 
bryozoans, occur approximately 2 m above the base of the 
St Jouin Formation. The ammonite assemblage confirms 
the Cenomanian age of this bed (Wright & Kennedy, 
1987b), a dominance of Schloenbachia spp. being common 
in the lowest Lower Cenomanian N .  carcitanense Subzone 
(Hancock, 1991). 

A more diverse phosphatised ammonite fauna has been 
recorded (Juignet, 1974) from immediately above the Livet 
Omission Surface, including abundant Neostlingoceras 
curcitanense (Matheron), together with Anisoceras jacobi 
(Breistroffer), Hyphoplites fulcutus falcatus (Mantell), H. 
curvatus arausionensis (HCbert & Munier-Chalmas), H. 
curvatus curvatus (Mantell), S. varians subplana and 
Forhesiceras largilliertianum (d'orbigny). This assemblage is 
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typical of the N .  curcitanen.pe Subzone. Mantelliceras 
cantianuni Spath provides the only biostratigraphically 
useful niacrofossil recovered from the cherty upper beds of 
the Craie glauconieuse, although ammonite records from 
elsewhere in the region (Juignet., 1974) suggest that the base 
of the overlying mid-Lower Cenomanian M .  saxbii Subzone 
lies above the exposed section at Cordebugle. 

Several stratigraphically significant dinoflagellate cysts 
have been recorded from the Craie glauconieuse. Most 
importantly, the last appearances of Canningia torulosa 
Davey & Verdier and 0. verrucosum verrucosum (Cookson 
& Hughes) Davey occur within the lower beds (Crd. 10) of 
the Craic: glauconieuse, indicating that this part of the 
succession is basal Lower Cenomanian (Foucher, 1981; 
Costa & Davey, 1992). This conclusion is confirmed by the 
presence of a Schloenbachia-dominated ammonite as- 
semblage (see above) at this level. 

Two dinoflagellate cysts species are recorded for the first 
time from the Anglo-Paris Basin. Ovoidinium verrucosum 
(Cookson & Hughes) ostium (Davey) Lentin & Williams 
(Crd. 9, 10) has previously been described from 
Albian-Lower Cenomanian strata in Saskatchewan (Davey, 
1970), and Tanyosphaeridium salpinx Norvick which occurs 
in the Lower Cenomanian at Cordebugle (Crd. 8, 12), but 
has only been recorded before firom Aptian-Albian strata in 
Australia (Norvick, 1976; Morgan, 1980). 

LEWES 
Lewes lies 9 km north of the East Sussex coast of southern 
England. The Upper Cretaceous of this region is 
characterized by thick successions of basinal chalks ( Rawson 
et al., 1!978; Ntortimore & Pornerol, 1987), typical of the 
central Anglo-Paris Basin. The supply of coarse detritus was 
cut-off to  the area in the latest Aptian, the Albian being 
represented by a thick succession of silts and clays (Lake et 
a / . ,  1987) passing up, via a thin development of glauconitic 
mark, into a pelagic carbonate sequence of rhythmically 
bedded niarls and limestones in the Cenomanian. No Upper 
Albian sands (Upper Greensand Formation) occur around 
Lewes, although this facies is well developed in coastal 
exposures at Eastbourne, 23 km to the southeast. 

Rodmell Cement Works, 4 k m  S E  of Lewes, once a 
complex of three pits (Fig. 4), now almost entirely infilled, 
prior to  1991-2 exposed strata ranging from Upper Albian 

to  Lower Turonian. The locality (also referred to  in the 
literature as Beddingham Limeworks) was described 
previously by Gaster (1929), Kennedy (1969), Carter & Hart 
(1977), Wright & Kennedy (1984) and Lake et al. (1987). 
Borehole data from the quarry were presented by Price 
(1977) and Lake et a / .  (1987). The Albian-Cenomanian 
boundary was exposed on the edge of a large flooded clay 
pit (Fig. 4, Pit 1; UK National Grid Reference: TQ 441 071). 
The Lower-Middle Cenomanian was best seen in an 
adjacent pit (Pit 2, TQ 438 067), 500 m to the south. 

Five samples (Rod. 1-5) were collected across the 
Albian-Cenomanian boundary for palynological analysis; 
one additional sample (Rod. 6) was obtained from the 
Middle Cenomanian. Each preparation contained a diverse 
assemblage of dinoflagellate cysts, a total of 85 cyst taxa 
being recorded (Fig. 5 ;  Plates 1, 2; Appendix 1) .  Since all 
samples yielded several hundred individuals, cyst occur- 
rences are reported as percentage abundances (Fig 5 ) ,  based 
on counts of 200 individuals per slide. 

Lithostratigraphy 
More than 25 m of section, including the uppermost beds of 
the Upper Gault Clay Formation (Upper Albian) and the 
lower beds of the Lower Chalk Group, Glauconitic Marl 
and overlying Chalk Marl Formations (Lower-Middle 
Cenomanian), were intermittently exposed in Rodmell Pits 1 
and 2. 
Upper Gault Clay The summit of the Upper Gault Clay 
was exposed at Rodmell Pit 1 (Fig. 4), where it consisted 
of approximately 1 m of blue-grey bioturbated silty clay, 
passing up into 3 m  of light brown silty calcareous and 
micaceous bioturbated clay. The silt content increased 
towards the top of the succession and occasional thin 
diagenetically laminated units were present. The top of 
the Upper Gault was marked by a sharply defined 
omission surface which was penetrated by numerous 
glauconitic sand-filled Thalassinoides burrows (Fig. 5) .  The 
sediment within these burrows was identical to  that which 
immediately overlay the omission surface, forming the 
basal facies of the Lower Chalk, Glauconitic Marl. The 
facies consisted of intensely bioturbated, light brown and 
green, friable, glauconitic marly sands. An unconformity of 
up to  15" has been observed by other workers (Wright 

Explanation of Plate 1 

Representative IJpper Albian-Lowcr Cenomanian dinoflagellate cysts from Cordcbuglc and Lewes. Figure captions include species name. 
author(s), sampli: number, preparallion number, and England Finder co-ordinates. Samples are deposited in the reference collection of the 
Palynological Research Centre, Institute of Earth Studies, Aberystwyth. All specimens were photographed at X.500. Fig. 1. Apteodiniurn 
muculutuni (Eisenack & Cookson. 1960) grunde (Cookson & Hughes, 1964) Below, 1981, Rod. I ,  MCP/1293, H24/2. Fig. 2. Florentinia 
luciniutu Davey & Verdier, 1973; Crd. 4, MCP/3157, R27/2. Fig. 3. Apteodinium reticulutum Singh, 1971, Rod. 3, MCP/1291, R24/4. Fig. 4. 
Oligospha<eridiunz complex (White, 1842) Davey & Williams, 1966, Rod. 1, MCP/1293, J49/4. Fig. 5. Stephodinium coronutum Deflandre, 1936, 
Rod. I ,  h4CP/1293, 031. Fig. 6. Coroniferu oceanicu Cookson & Eisenack, 1958; emend. May, 1980, Crd. 1, MCP/3154, H27. Fig. 7. 
Apteodinium moculatum muculututn Eisenack & Cookson, 1960, Rod. 3, MCP/12Y 1, (31812. Fig. 8. Disphueriu nzucropyla Cookson & 
Eisenack, 1960; emend. Norvick in Norvick & Burger, 1976, Rod. 3, MCP/1291, R46/2. Fig. 9. Palaeoperidinium cretuceum Pocock, 1962: 
emend. Davey, 1970; emend. Harding, 1990, Rod. 1, MCP/1293, D33 Fig. 10. Litosphaeridiurn conispinum Davey & Verdier, 1973; emend. 
Lucas-Clark, 1984, Rod. 3, MCP/1291, "5 .  Fig. 11. Litosphaeridiurn urundurn (Eisenack & Cookson, 1960) Davey, 1979; emend. Lucas-Clark, 
1984, Rod. 3, MCP/1291, K31/3. Fig. 12. Litosphaeridium siphoniphorum siphoniphorum (Cookson & Eisenack, 1958) Davey & Williams, 
1966: emend. Lucas-Clark, 1984, Rod. 2, MCP/1292, LS4/3. Fig. 13. Circulodiniurn distincturn (Deflandre & Cookson, 1955) Jansonius, 1986, 
Crd. 1,  MCP/3154, Q43/4. 
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Fig. 4. Location maps f o r  Rodmell Cement Works, Lewes. The 
regional map (bottom left) shows the distribution of major 
Cretaceous outcrops in the IJK (horizontal ornament). The pits 
have now been largely filled and the site is being reclaimed for 
agricultur.il use. 

& Kennedy, 1984) between the Upper Gault and 
Glauconitic Marl. 
Glauconitic Marl Abundant, small ( 1  -3 cm), black phos- 
phatic (:lasts and common bivalve shell fragments, 
including small Aucellinu, occurred up to 15cm above the 
base of  the Glauconitic Ma,rl. The glauconite content 
decreased rapidly upwards and virtually disappeared in a 
more indurated limestone which occurred at the top of the 
unit (Kennedy, 1969), and marked the boundary with the 
overlying Chalk Marl. Macrofossils were poorly preserved 
in the basal Glauconitic Marl, but prominent 
Tha1assiv;oides and other burrows occurred throughout. 
Sparse ammonites and common lnocrrumus crippsi 
Mantell have been recorded at the summit o f  the 
formation (Kennedy, 1969), which is approximately 1.5 m 
thick. Palynological samples (Fig. 5 ,  Rod. 1-5) were taken 
across the Upper Gault/Glauconitic Marl boundary from 
4 m b e h w  to 0.7 m above the contact. 
Chalk Marl Nearby, in Rodmell Pit 2, intermittent 
exposures of Chalk Marl occurred within a 2 0 m  thick 
succession of interbedded greyish white limestones and 
medium to pale grey m a r k  One small exposure near the 

summit of the succession contained abundant Orbirhynchia 
rnantelliana (J. de  C. Sowerby) brachiopods and 
Sciponoceras heteromorph ammonites, with common I. 
crippsi and echinoid fragments These beds have been 
termed the upper 0. rnantelliana band (Lake et al.,  1987; 
= 0. mantellianu band of Kennedy, 1969), and occur only 
a few metres below the boundary between the Chalk Marl 
and the overlying Grey Chalk Formation. A single sample 
was taken from this interval (Fig. 5, Rod. 6) for 
palynological analysis. 

Biostratigraphy 
Published macro- and microfossil records, principally 
ammonites and foraminifera, provide a means of determin- 
ing the age of the succession at Rodmell. When combined 
with our new dinoflagellate cyst data, they enable a highly 
refined biostratigraphy to be developed. 
Upper Gault Clay No stratigraphically significant macro- 
fossils have been recorded from the summit of the Upper 
Gault at Rodmell. However, the foraminiferal assemblage 
in these beds (Carter & Hart, 1977) includes large 
numbers of planktonic Globigerinelloides bentonensis 
(Morrow), indicative of the Upper Albian G.  bentonensis 
Zone. Evidence of a stratigraphic gap at the Upper 
Gault/Glauconitic Marl contact is provided by the 
benthonic foraminiferal biostratigraphy (Carter & Hart, 
1977: Lake et ul., 1987) which demonstrates that the 
uppermost Upper Albian (Zone 6a of Carter & Hart, 
1977; Zone 9 of Price, 1977) is absent. This suggests that 
the S. &par ammonite Zone is incomplete, the top of the 
Gault at Rodmell probably falling within the lower part of 
the Mortoniceras (Durnouarites) perinflaturn Subzone 
(Price, 1977; Lake et al., 1987). 

Samples from the Upper Gault (Fig. 5 ;  Rod. 1-3) contain 
a number of dinoflagellate cyst species whose first 
appearances are thought (Clarke & Verdier, 1967; Davey & 
Verdier, 1973, 1976: Verdier, 1975; Fauconnier, 1975, 1979; 
Foucher, 1979, 1981; Costa & Davey, 1992) to indicate strata 
of latest Albian, S. dispar Zone age. These include 
Cribroperidiniurn exilicristaturn (Davey) Stover & Evitt, 
Exochosphaeridiurn bifidurn (Clarke & Verdier) Clarke et 
ul., Heterosphueridiurn? heteracanthurn (Deflandre & 
Cookson) Eisenack & Kjellstrom, Kleithriasphaeridiurn 
readei (Davey & Williams) Davey & Verdier, Leberidocysta 
defloccata (Davey & Verdier) Stover & Evitt, 

Explanation of Plate 2 

Keprcsenlativc Upper Albian-Lower Cenonianian dinollagcllatc cysts from Cordchuglc and Lewes. See PI. 1 for conventions. Fig. 1. 
~isphur,riu nzirntla (Davey & Verdier, 1973) Norvick in Norvick & Burger. 1Y76. Rod. 1. MCP/1293. W22/2. Fig. 2. Siiphrosphneridium 
cinrhophorrim (Cookson & Eisenack, 1958) Lentin & Williams, 1985, Crd. 12. MCP/316S, QS3/1. Fig. 3. Ouoidinium scuhrosurn (Cookson & 
Hughes, 1964) Davcy, 1Y70, Crd. I ,  MCP/31S4, IJ27/1. Fig. 4. Ouoidinium uorrucmuni (Cookson & Hughes, 1964) ostium (Davey, 1970) 
Lentin & Williarns, 1975, Rod. 4, M(:P/1290. P47/4. Arrow indicates characteristic opening in the posterior pericoel. Fig. 5. Hystrichosrrogylon 
nirmhrunir~horum Agelopoulos, 1964, Rod. 1, MCP/1293. G52/3. Fig. 6. Achomosphurra crussipdlis (Deflandre & Cookson, 1955) Stover & 
Evitt, 1978, Rod. 3, MCP/1291, (337/1. Fig. 7. Ouoidinium uerrumsiinz ucrrucosum (Cookson & Hughes, 1964) Davey, 1970, Rod. 4, 
MCP/1290, L38/4. Fig. 8. Spinifcrires twistringiensis (Maier, 1959) Fensonic e l  ~ 1 . .  1900, Rod. 1, MCP/1293, M46/1. Fig. 9. Pterodinium 
cingulatrirn cinguluium (0. Wctzcl. 1933) Below, 1981, Rod. 1 ,  MCY/I2Y3, MS2/4. Fig. 10. Pterodinium cingulatum reticulatlim (Davey & 
Williams, 1966) Lentin & Williams, 1981, Rod. 2, MCP/12Y2, W36/3. Fig. 11. Proioellipsodinium spinocrisrutum Davcy & Verdier, 1971, Crd. 
1.  MCP/3IS4, M29/4. Fig. 12. Ellil,~sorlinirrm rugulosiim Clarke & Vcrdier, 1967, Rod. 1, MCP/1293, T32. Fig. 13. Dupsilidinium umbiguum 
(Deflandri:, 1937b) Wheeler & Sarjeant, 1990. Rod. I ,  MCP/1293. G37/4. Fig. 14. Oligosphneridium reticularum Davey & Williams, 1966, Rod. 
4, MCP/l.290, Q.50/1. Fig. 15. Cleisto.sphurridi~i~~ clauulum (Davcy. 1Y6Y) Below, 1982, Crd. 2, MCPi3155, H18. 
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Fig. 5. Stratigraphy and palynomorph distribution across the Albian-Cenomanian boundary at Rodmcll Cement Works, Lewes. Cyst 
abundanccs rcportcd as percentages, based on counts of 200 spccimcns per slide. See Fig. 2 for lithological key. 

Litosphueridiitrn siphoniphorurn siphoniphorurn (Cookson 
& Eisenack) Davey & Williams: emend. Lucas-Clark (PI. 1, 
fig. 12). Odontochitina costata Alberti; emend. Clarke & 
Vcrdier, Palaeohystrichophora inficsorioides Deflandre and 
Pervosphaeririiiirn pseiidohystrichodinium (Deflandre) Yun. 
The last appearances of Rhornbodellu puucispinu (Alberti) 
Duxbury and Apteodiniirrn rnaculuturn grande (Cookson & 
Hughes) Below in our basal sample (Rod. 1), and those of 
Litosphaeridiiirn arundurn (Eisenack & Cookson) Davey 
emend. Lucas-Clark and L. conispinurn in sample Rod. 3. 
are also regarded as being indicative o f  the uppermost 
Albian (Foucher, 1981: Costa & Davey, 1992). 

Overall, the dinoflagellate cysts assemblages recovered 
from the Upper Gault at Rodmell are representative of the 
Upper Albian. However, Oligosphaeridiiirn reticulaturn 
Davey & Williams (PI. 2, fig. 14) must havc a more 
extensive range than recorded previously from the 
Anglo-Paris Basin. This species has not been described 
before from pre-Cenomanian sediments (Davey & Williams, 
1966; Davey, 1969: Foucher, 1979), yet is common in all of 
our  Upper Gault material (Fig. 4). 

A number of taxa present as minor components of our 
assemblages (Fig. 5: Appendix l ) ,  have not been recorded 
before from the Anglo-Paris Basin. Apteodiniitrn reticulatitrn 
Singh (Rod. 3: PI. 1, fig. 3) was first described (Singh, 1971) 
from the Upper Albian of Canada. Disphaeria rnacropyla 
Cookson & Eisenack: emend. Norvick (Rod. 2, 3: PI. 1, fig. 
8) was originally described from the Turonian of Australia 
by Norvick (1976), although Morgan (1980) also reported 
this species as occurring in the uppermost Upper Albian S. 

dispar Zone of Australia. Nernatosphaeropsis densiradiata 
Cookson & Eisenack (Rod. 2) was previously known only 
from the low-Upper Albian, Mortonicerus (Mortoniceras) 
inflaturn Zone of Australia (Morgan, 1980), while 
I'ervosphaeridiurn cenomaniense (Norvick) Below (Rod. 2) 
has only been recorded previously from Albian- 
Cenomanian sequences in Australia (e.g. Norvick, 1976). 
Glauconitic Marl The upper beds of the Glauconitic Marl 
at Rodmell have yielded a sparse and unusual unphos- 
phatized basal Lower Cenomanian M .  mantelli Zone, N .  
carcitanense Subzone ammonite fauna, including numerous 
heteromorphs (Neostlingoceras, Idioharnites), Schloenb- 
achia and, locally, Stoliczkaia (Lamnayella) (Kennedy, 
1969: Wright & Kennedy, 1984). The occurrence of 
Stoliczkaiu is noteworthy given that Muntelliceras, the 
definitive Cenomanian genus (Birkelund et a/.,  1984), is 
known to be derived from a Stoliczkaia stock (Hancock, 
1991), yet is itself unrecorded from the basal Glauconitic 
Marl at Rodmell. The ammonite assemblage recorded, 
therefore, appears to retain some Albian affinities. 

The bottom of the Glauconitic Marl marks the 
appearance of keeled planktonic foraminifera, particularly 
Rotalipora rrppmninica (Renz), definitive of  the IJpper 
Albian-Lower Cenomanian R. appenninica Zone (UKP.l of 
Hart et ul., 1989). However, the basal Glauconitic Marl 
contains a benthonic foraminifera1 assemblage which 
indicates the upper part of the Lower Cenomanian 
Flourensina interrnedialArenobulirnina unglica Concurrent 
Range Zone (Zone 8 of Carter & Hart, 1977: UKB.2 of 
Hart et al.,  1989), demonstrating that in addition to  Zone 6a, 
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Zone 7 (UKB.l) and the lower portion of Zone 8 (UKB.2) 
are also unrepresented. A comparable, and often greater, 
stratigraphic gap occurs throughout most of southern 
England (Carter & Hart, 1977) and northern France 
(Robaszynski et al., 1980; Ame'dro, 1983, 1992; Robaszynski 
& AmCdro, 1986), and is equivalent to several metres of 
sediment in the more complete borehole sections described 
from Folkestone, East Kent, and offshore in the English 
Channel (La Manche). 

Samples from the Glauconitic Marl (Rod. 4, 5 )  contain a 
number of species whose first appearances lie (Davey & 
Verdier, 1973; Foucher, 1979, 1981: Fauconnier, 1979; Costa 
& Davejr, 199;!) within the Upper Albian S. dispar Zone of 
the Anglo-Paris Basin. These are: Achomosphaera sagena 
Davey & Williams; Canningia torulosa; Ovoidinium 
verrucohum verrucosum (Pl. 2, fig. 7); Endoceratiurn 
dettmanrriae (Cookson & Hughes) Stover & Evitt; emend. 
Harding & Hughes; Florentinia deanei; Hystrichosphaerid- 
ium bouerbankii. Most of these are minor elements of the 
flora, except 0. verrucmum verrucosurn which occurs 
commonly in, and is restricted to, the Glauconitic Marl. 

Protoc~llipso~dinium spinocristutum Davey & Verdier, a 
species which is thought to  last occur in the Upper Albian 
Mortoriiceras (Mortoniceras) influturn ammonite Zone, is 
recorded1 from the Upper Gault (S. dispar Zone) and a 
single specimen also occurred in our basal Glauconitic Marl 
sample (Rod. 4). However, the observed angular dis- 
cordance, the associated sudden facies change from silty 
clays to coarse glauconitic sands, and the proven hiatus at 
the conlact, would suggest that this last specimen is most 
likely a remanit5 element in the assemblage. Similarly, the 
coincident first appearances of some rarer species might be a 
consequence of condensation at the contact. 

Several species, whose last appearances are thought to  
occur within the lowest Cenomanian (Foucher, 1981), occur 
in the Glauconitic Marl at Rodmell. These include 
Ovoidinium scubrosum, 0 .  verrircosiam ver r i~co~i~m,  
Palaeop8eridinr'um cretaceum Pocock; emend. Davey: emend. 
Harding (PI. 1, fig. 9), Pterodi,nium cingulatum (0. Wetzel) 
reticulaturn (Davey & Williamls) Lentin & Williams (PI. 2, 
fig. 10) and Canningia torulosa. In addition, the last 
appearance of Disphaeria rnunda (Davey & Verdier) 
Norvick in sample Rod. 5 ,  suggests a slightly younger age 
for this species than the previously published Late Albian 
top occurrence (e.g. Davey & Verdier, 1973). With one 
excepticvn (P .  cingulalum reticulatum), all of these taxa are 
absent in  our sample from the upper part of the Chalk Marl 
(Fig. S), which is consistent with them disappearing within 
the Lower Cenomanian. However, we have taken too few 
samples to place their last occurrences more precisely. Our 
records of P. cingulum reticulaturn in the Middle 
Cenomanian indicates a more extensive range for this 
species. 

Ovoitliniurrr verrucosum ostium (PI. 2, fig. 4) and 
Tanyosphaeridium sulpinx, species which have not been 
recorded previously from the .Anglo-Paris Basin. both occur 
in our basail Glauconitic Marl sample (Rod. 4). This 
confirms our records of these taxa from the basal Craie 
glauconieuse (Lower Cenomanian M. mantefli Zone) at 

Cordebugle (see above) and suggests that they probably 
have a widespread occurrence within the Anglo-Paris Basin. 
Chalk Marl The upper 0 .  mantellianu band constitutes the 
summit of the low Middle Cenomanian ammonite 
Acarithoceras rhhotornagense Zone, Turrilites costatus 
Subzone (Kennedy, 1969; Wright & Kennedy, 1984), and 
also coincides with the top of the planktonic foraminiferal 
Rotalipora reicheli Zone (UKP.2). This level lies within 
the benthonic foraminiferal P. cenomana Interval Zone 
(UKB.5 of Hart et al., 1989). at the summit of Zone I l ( i )  
of Carter & Hart (1977; Arenohulimina unglicalPlectina 
cenomana Concurrent Range Zone); its top marks the 
so-called mid-Cenomanian non-sequence, above which 
there is a sudden and marked increase in the 
planktonic/benthonic ratio of the foraminiferal as- 
semblages. The base of the mid-Middle Cenomanian 
ammonite 7'. ~ C U G U S  Subzone is taken at the top of the 
brachiopod band. 

Stratigraphically significant species are rare in our single 
Chalk Marl sample (Rod. 6). However, the continued 
presence of Cribroperidinium exilicristatum, Endoceratiurn 
dettmanniae and Epelidosphaeridia spinosu (Cookson & 
Hughes) Davey, are consistent with this part of the sequence 
being no younger than Middle to early Late Cenomanian 
(Foucher, 1981; Jarvis et al., 1988; Costa & Davey, 1992). 

DISCUSSION 
Palynomorph assemblages recovered from Cordebugle are 
of moderate abundance and diversity (Fig. 3). However, in 
the upper part of the Glauconie de base and lowest Craie 
glauconieuse de St Jouin, these assemblages are dominated 
to  a large extent by specimens of Ovoidinium (particularly 
0 .  verrucosum verrucosum) and bisaccate pollen grains. 
This dominance continues up to sample Crd. 10 (a  level 
yielding common Schloenbachia ammonites), above which 
Ovoidinium disappears and assemblages consist pre- 
dominantly of Cleistosphaeridiurn cluvulim (Davey) Below 
(Pl. 2, fig. 15), Circulodinium distincfurn (Deflandre & 
Cookson) Jansonius (PI. 1, fig. 13) and Epelidosphaeridia 
spinosa (Cookson & Hughes) Davey. This change is 
associated with declining glauconite and the appearance of 
silicified nodules in the sediment, but takes place below the 
major facies change to flinty mark which occurs somewhat 
higher, above the Livet Omission Surface (Fig. 3). 

Dinoflagellate cyst assemblages from Lewes are more 
abundant and diverse than those from Cordebugle, but are 
similar in a number of respects. The genus Ovoidinium is 
again a major component throughout the uppermost Upper 
Albian-basal Lower Cenomanian, but particularly in the 
lowest Lower Cenomanian Glauconitic Marl where 0 .  
verrucosum verrucosurn appears in large numbers. At both 
localities Ovoidinium scabrosum is essentially replaced by 
0. uerrucosum verrucosum close to, and most probably at, 
the Albian-Cenomanian boundary and Cleistosphaeridium 
clavulum is abundant in the uppermost beds yielding 
Ovoidinium. However, other elements of the flora, 
particularly Dapsilidinium amhiguum (Deflandre) Wheeler 
& Sarjeant (Pl. 2, fig. 13), Epelidosphaeridia spinosa, 
Kiokansium unitubercufati~m (Tasch) Stover & Evitt, 
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Odontochitina operculata (0. Wetzel) Deflandre & Cook- 
son, Oligosphaeridium complex and Spiniferites ramos~is  
ramoms (Ehrenberg) Mantell are also important com- 
ponents of assemblages recovered across the stage boundary 
at Lewes. These latter taxa occur, but do not represent 
major components of coeval assemblages at Cordebugle. 
Furthermore. terrestrially derived material represents a 
much greater proportion of the palynofacies at Cordebugle. 
These differences reflect the contrasting palaeogeographic 
settings of the two sites. Cordebugle was situated in a 
shallower-water sediment-starved marginal environment 
close to  the western edge of the Anglo-Paris Basin. In 
contrast, Lewes was located in a deeper basinal setting far 
removed from continental influences, promoting increased 
phytoplankton productivity and diversity but reduced 
terrestrial input. 

CONCLUSIONS 
The last appearances of Litosphaeridium conispinirm Davey 
& Verdier; emend. Lucas-Clark and Protoellipsodiniiim 
spinocristatum Davey & Verdier occur in the high Upper 
Albian S. dispar Zone ( M .  ( M . )  rostratum Subzone) and not 
in the low-mid-Upper Albian M. ( M . )  inflatum Zone as 
suggested by previous workers. The last occurrence of 
Rhombodella paucispina (Alberti) Duxbury is confirmed as 
being Upper Albian in this region. The range of 
Oligosphaeridium reticulatum Davey & Williams is extended 
down into the Upper Albian M. ( M . )  rostratiim Subzone. 

The last appearances of Canningia toridom Davey & 
Verdier and Ovoidinium verrucosum verrucositrn (Cookson 
& Hughes) Davey lie within the lowest Lower Cenomanian 
Mantelliceras mantelli Zone (N. carcitanense Subzone). The 
latter taxa replaces 0. scahrosum (Cookson & Hughes) 
Davey, forming a major component of the cyst assemblage 
at the base of the Cenomanian at Rodmell and dominates 
the stage boundary transition at Cordebugle: the appearance 
of 0. verrucosum verrucosum potentially represents a basal 
Cenomanian marker event. Ovoidiniiim verriicosum 
(Cookson & Hughes) ostium (Davey) Lentin & Williams, 
recorded for the first time in NW Europe. forms a minor 
element of our basal Cenomanian assemblages. 

Apteodinium reticulatiim Singh, Disphaeriu macropyla 
Cookson & Eisenack; emend. Norvick, Nematosphaeropsis 
densiradiatu (Cookson & Eisenack) Stover & Evitt and 
Pervosphaeridium cenomaniense (Norvick) Below occur in 
the Upper Albian S. dispar Zone ( M .  ( M . )  rostratum 
Subzone); all four taxa are recorded for the first time from 
the Anglo-Paris Basin. Tanyosphaeridium sulpinx Norvick, 
also previously unknown from NW Europe, is recorded 
from the basal Lower Cenomanian. 

The range of Pterodiniitm cingiihrm (0. Wetzel) 
reticulaturn (Davey & Williams) Lentin & Williams is 
extended up into the Middle Cenomanian A. rhotomagensc, 
Zone (T. costatus Subzone). 
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APPENDIX 1 
List of dinoflagellate cyst taxa recorded (for further 
taxonomic details and references see Lentin & Williams, 
1993). Locality records ( C  = Cordebugle; R = Rodmell) and 
figured taxa (details in parentheses) are indicated. 
Achomosphaera crassipellis (Deflandre & Cookson, 1955) 

A. neptunii (Eisenack, 1958) Davey & Williams, 1966; C, R 
A. ramidifera (Deflandre, 1937) Evitt, 1963; C, R. 
A. sagena Duvey & Williams, 1966; C, R. 
Apteodinium deflandrei (Clarke & Verdier, 1967) Lucas- 

Clark, 1987; R. 
A .  muciilatitm (Eisenack & Cookson, 1960) grunde 

(Cookson & Hughes, 1964) Below. 1981; R (PI. 1, fig. 1). 
A. macitlatum muciilatuni Eisenack & Cookson, 1960; C, R 

A. reticulatum Singh, 1971; R (PI. 1, fig. 3). 
Ascodinium acrophoruni Cookson & Eisenack, 1960: R. 
Callaiosphaeridium asymmetricurn (Deflandre & Cour- 

teville, 1939) Davey & Williams, 1966; C, R. 
Canningiu torulosa Davey & Verdier, 1973: C, R. 
Canninginopsis colliveri (Cookson & Eisenack, 1960) 

Cauca panta (Alberti, 1961) Davey & Verdier. 1971 
Circrilodiniitrn attadalicum (Cookson & Eisenack, 1962) 

C. distinc[um (Deflandre & Cookson, 1955) Jansonius, 1986: 

Cl~,istosphaeridiitm urmatiirn (Deflandre, 1937) Davey, 1969; 

C. clavulitm (Davey, 1969) Below, 1982; C. R (PI. 2, fig. 15). 
Coroniferu oceanicu Cookson & Eisenack, 1958; emend. 

Crihroperidiniirm edwartisii (Cookson & Eisenack, 1958) 

C. e.uilicri.statirm (Davey, 1969) Stover & Evitt ,  1978: C. R. 
Cyclorirphelium hughesii Clarke & Verdier. 1 967: C, R. 
C. memhraniphorum Cookson & Eisenack, 1962; C. 
Dup.silidiniitm ambigiiirrn (Deflandre, 1937) Wheeler & 

D. luminaspinosum (Davey & Williams, 1966) Lentin & 

Stover & Evitt, 1978; C, R (PI. 2, fig. 6). 

(PI. 1, fig. 7). 

Backhouse, 1988: C. 

Helby, 1987; R. 

C. R (PI. 1,  fig. 13). 

C, R. 

May, 1980: C, R (PI. 1, fig. 6). 

Davey, 1969; C, R. 

Sarjeant, 1990: C, R (PI. 2, fig. 13). 

Williams, 1981; C. R. 
D.? pitmilurn (Davey & Williams, 1966) Lentin & Williams, 

1981; C. R. 
Dispharria rnacropyla Cookson & Eisenack 1960; emend. 

D. munda (Davey & Verdier. 1973) Norvick in Norvick & 

Ellipsodiniurn rugirlosuni Clarke & Verdier. 1967; C, R (PI. 

Endocmitirim rlc~ttmanniue (Cookson & Hughes, 1964) 
Stover & Evitt, 1978: emend. Harding & Hughes, 1990; C, 
R. 

Norvick in Norvick & Burger, 1976: R (PI. 1. fig. 8). 

Burger, 1976; C, R (PI. 2, fig. 1). 

2, fig. 12). 

Endoscriniim cumparzirla (Gocht. 1959) Vozzhennikova. 
1967; C, R. 
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Epelidosphaeridia spinosu (Cookson & Hughes, 1964) 

Exnchosphaeridium arnrzce Davey & Verdier, 1973; R. 
E. htfiduvn (Clarke & Verdier, 1967) Clarke et al., 1968; C. 

E. phrugmites Clavey et al., 1966: C, R. 
Florentiniii dea.nei (Davey & Williams, 1966) Davey & 

F. lacinia/a Davey & Verdier, 1973: C, R (Pl. I ,  fig. 2). 
F. manrellii (D,avey & Williams, 1966) Davey & Verdier, 

F. ruciiculata (Davey & Williams, 1966) Davey & Verdier, 

Gon~yuulucysta cassidata (Eisenack & Cookson, 1960) 

lleterospliueridium? hereracanthum (Deflandre & Cookson, 

I-lystrichodiniurn pulchrum Deflandre, 1935: C, R. 
I f~s t r i ch~~sphae r id i i~m howerbankii Davey & Williams, 1966: 

C ,  R. 
H .  tuhiferum tubiferirm (Ehrenberg, 1838) Deflandre, 1937: 

emend. Dave:y & Williams, 1966: C, R. 
tfyslrich(islrog~1on membraniphorum Agelopoulos, 1964: C, 

R (PI. :2, fig. 5 ) .  
Kiokunsiicm ufi~iti~berculati~m (Tasch, 1964) Stover & Evitt, 

1978; C:,  R. 
Kleithria.c.phaeridium rcwdei (Davey & Williams, 1966) 

Davey & Verdier, 1976: C, R. 
Leherido,cysta chlamyciata (Cookson & Eisenack, 1962) 

Stover & E.vitt, 1978; emend. Fechner. 1985: emend. 
Marheineckt, 1992: C, R. 

L. deffoccata (Davey & Verdier, 1973) Stover & Evitt, 1978: 
C, R. 

Litospha~eridium arundum (Eisenack & Cookson, 1960) 
Dave), 1979; emend. Lucas-Clark, 1984: R (PI. I ,  fig. 11). 

L. conispiinurn Davey & Verdier, 1973: emend. Lucas-Clark, 
1984: (1, R (Pl. 1, fig. 10).  

L. siphoniphorum siphoniphorum (Cookson & Eisenack, 
1958) IDavey & Williams, 1966; emend. Lucas-Clark, 1984: 
C,  R (PI. 1, fig. 12). 

Microdifiiium setosum Sarjeant, 1966: emend. Below, 1987: 
C ,  R. 

Nernatosphaerl?psis densiradiatn (Cookson & Eisenack. 
1962) Stover & Evitt, 1978: R. 

Odontoi-hitina costafa Alberti, 1961: emend. Clarke & 
Verdicr, 1967: C ,  R. 

0. operculata (0. Wetzel, 1933) Deflandre & Cookson, 
1955; C, R. 

0ligosp:phaeridium complex (White, 1842) Davey & Williams, 
1966; (C, R (PI. 1, fig. 4). 

0. reticirlaticm Davey S: Williams, 1966: C, R (Pl. 2, fig. 14). 
Ovoidiniitm scabrosum (Cookson & Hughes, 1964) Davey, 

0. uerriicosun~ (Cookson & Hughes, 1964) ostium (Davey, 

0. uerrucosum uerrucosum (Cookson & Hughes, 1964) 

Pulaeohpstrichophora infusorioides Deflandre, 1935; C, R. 
Palaeoperidinium cretaceum Pocock, 1962: emend. Davey, 

Davey, 1969: C, R. 

R. 

Verdier, 1973: C, R. 

1973: C, R. 

1973; emend. Davey & Verdier, 1976: R. 

Sarjeant, 1966; R. 

1955) I3senack & Kjellstrom, 1971; R. 

1970; C, R (PI. 2, fig. 3). 

1970) Lentin & Williams, 1975: C, R (PI. 2, fig. 4). 

Davey, 1970: C, R (Pl. 2, fig. 7). 

1970: emend. Harding, 1990: C, R (PI. 1, fig. 9). 

Burger, 1976) Below, 1982; R. 

R. 

1988: emend. Harker in Harker et al., 1990; C,  R. 

Pervosphaeridium cenornaniense (Norvick in Norvick & 

I’. pseicnhystrichoniniicm (Deflandre, 1937) Yun, 1981 : C. 

P. truncatum (Davey, 1969) Below, 1982; emend. Masure 

Prolixosphaeridium conulurn Davey, 1969; C, R. 
Protoellipsodinium spinocristatum Davey & Verdier, 1971 ; 

Psaligonyaulax deffandrei Sarjeant, 1966; emend. Sarjeant, 

Pseucloceratium eisenackii (Davey, 1969) Bint, 1986: C, R. 
Pterodinium cingulaturn cingulaturn (0. Wetzel, 1933) 

Below, 1981; C, R (PI. 2, fig. 9). 
P. cingulatum (0. Wetzel, 1933) granulatum (Clarke & 

Verdier, 1967) Lentin & Williams, 1981; C, R. 
P. cingulatum (0. Wetzel, 1933) reticulatum (Davey & 

Williams, 1966) Lentin & Williams, 1981: C, R (Pl. 2, fig. 

C, R (Pl. 2, fig. 11). 

1982; R. 

10). 
Rhomhodella paucispina (Alberti, 1961) Duxbury, 1980: R. 
Spiniferites? dentatus (Gocht, 1959) Lentin & Williams, 

S. ramosus gracilis (Davey & Williams, 1966) Lentin & 

S. ramosus ramosus (Ehrenberg, 1838) Mantell, 1854; C, R. 
S. ramosus reticulatus (Davey & Williams, 1966) Lentin & 

S. twistringiensis (Maier, 1959) Fensome et al., 1990: C, R 

Stephodinium coronaturn Deflandre, 1936: R (PI. I, fig. 5) .  
Stiphrosphaeridium anthophorum (Cookson & Eisenack, 

Surculosphaeridium? longifurcuturn (Firtion, 1952) Davey et 

Tanyosphaeridium sulpinx Norvick in Norvick & Burger, 

T. uariecalamus Davey & Williams, 1966; C, R. 
Trichodinium castanea castanea (Deflandre, 1935) Clarke & 

Valensiella ovulum (Deflandre, 1947) Eisenack, 1963; 

V. rericulata (Davey, 1969) Courtinat, 1989; R. 
Wallodinium anglicum (Cookson & Hughes, 1964) Lentin & 

Xenascus ceratioides (Deflandre, 1937) Lentin & Williams, 

Xiphophoridium alutum (Cookson & Eisenack, 1962) 

1973; emend. Duxbury, 1977: R. 

Williams, 1973; C, R. 

Williams, 1973: R. 

(PI. 2, fig. 8). 

1958) Lentin & Williams, 1985; C (PI. 2, fig. 2). 

al., 1966; C, R. 

1976: C, R. 

Verdier, 1967; R. 

emend. Courtinat, 1989; R. 

Williams, 1973; R. 

1973; C. 

Sarjeant, 1966: C, R. 
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