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SOME MIDDLE AND UPPER JURASSIC COCCOLITHOPHORIDAE 

FROM ENGLAND AND FRANCE 

Middle and Upper J urassic Coccoliths from some English and French surface localities 
and from a borehole through the Oxford, Ampthill and Kimmeridge Clays of the English 
Upper J urassic are studied with the light microscope, the transmission and the scanning elec
tron microscopes. The results are tabulated and are compared with precisely known strati
graphic levels, determined from macrofaunal data . They indicate a change in the nannoflora 
within the interval studied. Two new species are described and the dimensions of several 
others redefined. 

INTRODUCTION 
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This paper is based on a study of the calcareous nannoplankton found in some French and 
British Middle and Upper J urassic rocks. 

The Middle Jurassic material examined comes from a wide variety of sedimentary facies, ranging 
from calc-arenites to marls and shales. The Upper Jurassic material examined is dominantly of 
the clay, mar! and shale types. 

This material was collected by the author from English and Normandy surface exposures, with 
additional material generously supplied by Mr. A.G . BRIGHTON from the Sedgwick Museum, Cam
bridge (English material), Dr. P. KAYE (English material), Dr. W.A.S. SARJEANT (Normandy and 
Lorraine material) and Dr. R.C . WHATLEY (English, Scottish and Greenland material). Material 
from the Institute of Geological Sciences' borehole at Ampthill, Bedfordshire (unpublished) has 
also been used. There is a coded form of sample labelling to indicate the source of the material. 

A series of samples from Greenland (Vardekloft Formation - Callomon 19S9: SOS) were exami
ned for CJccolith content, but proved to be barren. The British and French rocks examined, how
ever, contained varied assemblages of well-preserved calcareous nannoplankton, which show strati
graphic variation within the interval studied. This variation is not very great between adjacent 
stages, but a comparison between Lower Bathonian and Kimmeridgian material shows considerable 
differences in the respective assemblages. 

A considerable variation occurs in the abundance of nannoflora in the rocks studied. Many 
of the samples were barren, whilst others contained more than 10,000 specimens per drop of su-· 
spended sample used. Few general patterns of sample abundance emerged from this study such 
as would enable any prediction of this abundance to be made. The samples examined from the 
Middle Jurassic of Greenland, mostly micaceous shales, were all barren . Many samples from the 
basal part of the English Oxford Clay contained few or no coccoliths. The Upper Oxford Clay 
usually contained a rich and varied nannoflora. The English Bathonian samples were very variable 
in coccolith content, with no obvious pattern of relative abundance, either at any one locality in a 
stratigraphical or lithological sense, or geographically, between localities. 

It can also be concluded that the French rocks contain more varied nannofloral assemblages 
than do the English from similar stratigraphical levels; this is particularly well seen in the Oxford 
Clay. Many of the French samples contain more than 12 coccolith species, whereas few English 
samples do so. The English Oxford Clay samples are dominated by the presence of Ellipsagelo
sphaera frequens NoEL, which may constitute as much as 90 per cent of the nannoflora. This rela
tive paucity in the English assemblages, together with the dominance of a single species, whilst 
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specimen numbers are maintained, indicates a possible limitation of true open sea conditions during 
Middle and Upper Jurassic times on travelling northwards or northwestwards from 1 ormandy to 
England. 

A study of the relative distributions of other species has provided little evidence of any geo
graphical differences between the English and the French material. The presence of rhabdolith 
species and the paucity of Thoracosphaerids in the French Bathonian samples examined are in 
contrast to the British material, where rhabdoliths are absent and the Thoracosphaerids form a small 
but significant portion of the nannoflora. 

There are few papers published which describe nannoplankton from the Lower Jurassic (PRINS 
1968). It is therefore premature to compare any nannofl.oral changes across the Lower-Middle 
J urassic boundary. However, from unpublished work and from PRrNs' paper it appears that there 
is a gradual diversification of the coccolith groups at this time, with some extinctions of the Lower 
Jurassic forms occurring at the same time. 

ACKNOWLEDGMENTS: The author wishes to thank Dr. M. BLACK and Dr. D . NOEL for helpful 
discussion ; Professor P. ALLEN for the use of the facilities of the Sedimentology Research Labora
tory, U niversity of Reading, England and th e British Petroleum Company for a research grant 
whilst at the Laboratory. This paper is published with the permission of the Director, Institute 
of Geological Sciences, London, England. 

METHODS OF STU DY 

The samples were cleaned whenever possible by removing the outer layer of material with a 
sharp clean knife or chisel, and a piece of the central part of the sample weighing about one gram 
was placed in a small beaker with 10-20 cc. of deionized water. The beaker was then suspended 
in a bath type ultrasonic agitator and vibrated for ten minutes. The suspension was left undisturbed 
for one minute and then decanted into a second beaker . This removed any coarse fracti on in the 
original suspension . The suspension was then re-agitated ultrasonically for thirty seconds an d a 
portion of it decanted into a third beaker, to which, if this suspension vvas to concentmted in su
spended matter, up to 10 cc. of deionized water were added, until the concentration was judged to 
be correct. This diluted suspension was then used for all subsequent light and electron microscope 
studies . 

A second method of preparation was occasionally used during part of this study. One gram 
of sample was placed in a clear glass centrifuge tube, deionized water added and the tube was then 
suspended in a bath type ultrasonic agitator and cavitated for from five to ten minutes . The su
spension and tube were then placed in a centrifuge and rotated at 350 rpm. for 15 seconds. The 
suspension was then decanted off into a second glass centrifuge and rotated at 1000 rpm . for 30 se
conds. The suspension was decanted off again into a third tube and centrifuged at 3000 rpm . for 
three minutes. The residues in the first and third tubes were combined and retained for optical 
examination to determine whether or not any unusually large or small forms of coccolith were pre
sent. The routine sample studies, however, were based on the residue in the second tube, which 
was deposited at 1000 rpm. This residue was re-suspended in deionized water using a few seconds 
of ultrasonic cavitation . 

The transmission electron microscope studies were made on the residues of prepared samples . 
The technique used was the << two stage >> replication method described by BRADLEY (1955). The 
shadowed carbon replicas were carried on coppermesh grids and examined with a Philips EM75B 
electron microscope. All specimens were photographed on 6 x 6 cm. plates or on 35 mm . film . 
Occasionally a drop of the suspended sample was dried on a thin formvar film, which rested on the 
electron microscope grids, and this untreated material was examined with the electron microscope; 
the photographs show the opaque calcite forms of the coccoliths . This technique was occasionally 
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successful in obtaining photographs of very delicate structures which were usually destroyed in the 
replication process. 

The scanning electron microscope studies were made by drying a drop of the prepared residues 
onto a microscope stub, coating the stub with a thin film of conducting metal (such as aluminium, 
gold or a mixture of gold/palladium), and examining the material in a Cambridge Instruments Com
pany Mark 2A Stereoscan scanning electron microscope. 

The optical microscope studies were made on specimens permanently mounted on slides. A 
few drops of the prepared suspension were dried onto a glass cover slip, Canada Balsam placed on 
a glass slide and the two joined under gentle heat so that the air bubbles were excluded . The slides 
were examined using a Zeiss photo-microscope with polarizing and phase-optical accessories . 

It was found that the two cited methods of preparation of the samples do not always give 
<< clean >> samples and that often clay constituents may obscure the morphology of the nannoplankton. 
From an examination of several preparations of one sample and from several grids or slides of each 
preparation one can determine the nature of the nannoplankton content of the sample, even though 
some taxonomic details are obscured. As the main purpose of this study was stratigraphical de
terminations of the nannoflora, preparation techniques currently being studied to obtain clean pre
parations were not considered to be necessary. It was noted, however, that the longer the sample 
was allovved to stand in water the cleaner the coccoliths were when examined. 

Many of the rarer species of coccolith determined by light microscope studies have still not 
been seen in the electron microscope; the larger the specimen the less chance there is for it to repli
cate successfully. The scanning electron microscope has been very successful in viewing species 
which rarely replicated well, such as the rhabdoliths, but only when these forms constitute a sign i
ficant portion of the nannoflora. A prolonged search with both the transmission and the scanning 
electron microscopes has as yet failed to reveal the details of such species as Stephanolithion speciosum 
DEFLANDRE, which is a large form with many re-entrant angles . 

SAMPLE CONTAMINATION 

The problem of contamination of the nannoflora by specimens being introduced into the J uras
sic material from the eros ion of older or younger rocks was occasionally met with in the materiC~l 
examined . 

The presence of Cretaceous coccoliths in the J urassic assemblages presented serious difficulties. 
These were found in several samples, notably: SOM, SM 771741, 125M, 36M, 40M and 219G. 
Material from locality SOM was re-collected on two different occasions to try and obtain a fresh and 
uncontaminated sample, but without success. The cause of the contamination may be deduced as 
downward percolation of ground waters, which had first passed through Cretaceous material, either 
in the form of chalky boulder clay or as a cap of Cretaceous rocks which has been subsequently 
eroded away. Table 1 shows the nature of the contamination in the above localities. 

The presence of reworked material from earlier source rocks has not been detected, with the 
possible exception of the presence of Parhabdolithus liasicus DEFLANDRE in the cordaturn Zone sample 
llM. Perhaps the lack of recognized contamination is due to the presence of the same or similar 
species in both sets of rocks. Careful examination of sample 11M, however, has not revealed any 
signs of corrosion in any of the specimens and no positive evidence of reworking has been foun d. 

DETAILS OF THE ASSEMBLAGES 

The dominant spec1es in all of the samples studied is Ellipsagelosphaera frequens NOEL, and 
particularly the small form. The only other species found which occasionally constitute more than 
25 % of the nannoflora, are Tetralithus gothicus DEFLANDRE and Zygolithus erectus DEFLANDRE. The 
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Arkhangelsl~iella scapha GARTNER X 

Bidiscus cruciatus BuKRY X 

Broinsonia bev ieri BUKRY X 

Costacentrum. lowei B u KRY X 

Cretarhabdus conicus 
BRAMLETTE & MARTI NI X 

Cretarhabdus crenulatus 
BRAMLETTE & MARTINI X 

Cretarhabdus unicornis STOVER X 

Eiffelithus cf. angustus BuKRY X 

Gartnerago concavum 
(GARTNER) B UKRY X X 

Microrhabdulus belgicus HAY & TowE X 

Parhabdolithus angustus 
(STRADNER) B u KRY X 

Percivalia pontilitha BuKRY X 

Podorhabdus granulatus 
(R£INHAHDT) B UKRY X X 

Prediscosphaera cretacea 
(ARKHANGELSKY) GAHTNEH X X X X 

Vagalapilla sp. X 

Vekshinella elliptica GAHTNER X 

- ---------- - - --
Locality 35dM 35eM 36M 40M SOM 102M 125M 219G 771741SM 

TABLE 1 - Cretaceous contamination . 

rest of the species recorded can be found in va rying degrees of abundance, but with no single species 
making up as much as 10% of the nannoflora. The author has not yet studied Aalenian and Bajocian 
assemblages in sufficient detail to comment on the antecedents of the U pper Jurassic groups, but 
similar Zygolithaceae to those found in the Middle and Upper Jurassic rocks can also be found in 
the Lower Lias . Also two forms of the Ellipsagelosphaeraceae occur in the Lias (PRINS 1968). 
The Podorhabdaceae are also a dominant Lower Jurassic group, but the U pper Jurassic species are 
different . 

STRATIGRAPHICAL AND GEOGRAPHICAL DISTRIBUTION 

The dominant group, the Ellipsagelosphaeraceae, are of limited value stratigraphically m th e 
samples studied. Ellipsagelosphaera frequens NoEL is abundant throughout. Ellipsagelosphaera lucasi 
NoEL is intermittently present, being more common in the plicatilis, coronatum and jason Zones. 
E . lucasi also has a patchy geographical distribution, being present in plicatilis Zone samples front 
Dorset and Melton, Yorkshire, England, but absent in beds of the same age in the Ampthill (Bed
fordshire) borehole. Most of the other forms described in this paper also have this random strati
graphical and geographical distribution. A few species, however, ha ve some stratigraphical limi
tations. 

The Stephanolithiaceae are such a group. Stephanolithion bigoti D EFLANDRE is confined in the 
material studied to the Callovian and Oxfordian stages. The absence of this species in the only 
sample studied from the macrocephalus Zone at the base of the Callovian is not considered to be si 
gnificant, as the nannoflora is very sparse in this sample. The larger Stephanolithion speciosum 
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DEFLANDRE is present in the Bathonian material and is found with S. bigoti in the Callovian as high 
as the coronatum Zone. 

The rhabdoliths, including Discorhabdus patulus (DEFLANDRE), are a significant part of the nan
noflora in the Lower Oxfordian (cordatum and mariae Zones) and in the Lower Bathonian (zigzag 
Zone). There is a particularly marked increase in specimen numbers at the base of the mariae Zone. 

Taking the stratigraphical results of No:EL's (1965) paper into consideration with the present 
study, the stratigraphical limitations of these species have not been extended much further, if at all. 
The pattern of stratigraphic distribution appears to be uniform for the whole of the Anglo-Normandy 
Oxfordian and further work needs to be done before any similar conclusions can be drawn concerning 
the Anglo-French Bathonian deposits . 

SYSTEMATIC PALAEONTOLOGY 

No :EL (1965) has already given a comprehensive morphologic analysis of the Upper J urassic 
coccolith species found in the material here discussed. The author considers that there is little 
to be gained by repeating this information in this section and consideration is given here to infor
mation which supplements the descriptions of NoEL. 

For conven ience, the order of arrangement of the species below is the same as that found in the 
1965 paper of NOEL. 

Zygolithus bussoni NOEL 

(PI. 4, fig . 4) 

R emarhs - The English material is larger than that cited by NOEL for her electron micrographs, 
the dimensions being approximately the same as for her optical microscope measurements (length 
of the long axis being 4 - 5 f.L). Also 30 - 40 elements comprise the only ring. 

Stratigraphic Distribution - Present intermittently throughout the whole of the Anglo-French 
Oxfordian, Callovian and Bathonian. 

Zygolithus erectus DEFLANDRE 

R emarhs - The English material is larger than the French, as is also noted by NOEL (1965: 64). 
Occasional specimens are found with the dimensions 5 x 3.5 f.L· 

Stratigraphic Distribution - Present in most of the samples studied . Can be abundant, forming 
up to 25 per cent of the coccolith count. 

Zygolithus cf. dubius D EFLANDRE 

Remarhs - Previously recorded only from the Lutetian, this species may be found in several 
Oxfordian samples. As yet only identified in optical preparations, it occurs in association with 
Zygolithus cf. geometricus (GORKA), described below, and it is impossible to determine in the optical 
studies whether or not the specimens assigned to Z . cf. dubius are broken Z. geometricus. The size 
of the specimens (length 2.5 - 3 f.L) is approximately one third that given by DEFLANDRE for the Lu
tetian material, and so the identifications are provisional until electron micrographs can be obtained. 

Zygolithus cf. geometricus (GoRKA) 

(PI. 1, fig. 6; pi. 3, figs . 3, 4) 

R emarhs - Previously only recorded from the Cretaceous, this species has been found in both 
the optical and the electron optical studies of the Oxfordian samples. The species is most commonly 
to be found in the Upper Oxfordian localities. The arrangement of the six bars, though commonly 
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as figured by GoRKA, is not fixed, and occasional specimens have been found with a pair of the bars 
in line with the long axis of the coccolith and not the short axis . The size of the specimens exa
mined is 3-4 fJ. long axis, 2- 2.5 fJ. short axis, and approximately 1 fJ. in depth . 

Zygolithus scutulatus sp. nov. 

(PI. 3, figs. 1, 2) 

Diagnosis - A species of Zygolithus with a lozenge shaped outline and four lateral buttresses 
regularly arranged, projecting from the diagonal centres of the margins. 

Holotype - From the Ampthill borehole, Bedfordshire at a depth of 170 feet , marzae Zone. 

Dimensions - Marginal wall 1.8 x 1.5 fJ., 30 to 34 wall elements. 

Stratigraphical Distribution - This very small coccolith as yet has only been found in the mariae 
Zone samples from Bedfordshire, England . 

Loxolithus sp. 

(PI. 4, fig. 1) 

Remarks - Several of the samples examined contain well preserved specimens of one or more 
species of the genus Loxolithus NoEL. I t is impossible to determine whether or not these specimens 
are part of the Cretaceous contamination of these samp les, but the persistent occurrence of this genus, 
with its one or more species, suggests that the fossils are indigenous. The specimens found are 
usually larger than those measured by NOEL; for example, a specimen found in the French sample 
17M had the dimensions 7 x 6 fJ. with 22 elongate marginal elements. 

Discolithus salillum OEL 

Remarks - This species has been occasionally found in the Anglo-French samples in the higher 
beds of the Oxfordian, but the species has not been recognized in the Ampthill borehole. The 
dimensions of the specimens found are : 3.5-4.5 fJ. long axis and 3 x 3.5 fJ. short axis. The number 
of elements in the outher ring of plates varies from 25 to 50. 

Discolithus quadriarcullus JoEL 

(PI. 2, fig. 1) 

Remarks - This species 1s represented in many of the post-ath/eta Zone samples examined 
and can also be found in may of the Anglo-French Bathonian samples. The distribution, however, 
in the Ampthill borehole is patchy. The measurements correspond with those cited by NoEL 

(1965: 75). 

Palaeopontosphaera dubia NoEL 

(PI. 4, figs . 5, 6) 

Remarks - This species is difficult to recognize in optical studies and many of the specimens 
considered as Discorhabdus sp. bases may belong to this species. Electron microscope examination 
can separate them, but they form only a small portion of the nannoflora, and only a prolonged search 
indicates which genus is the correct one. The s ize of the specimens ass igned to this species is the 
same as that given by NoEL (1965: 76). 

Stratigraphical Distribution - Recogn ized so far 111 samples from the decipiens, cautisnigrae, 
cordatum, mariae and zigzag Zones. 
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Stephanolithion bigoti DEFLANDRE 

(PI. 2, fig. 6; pi. 3, figs. 5, 6) 
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R emarks - This species is consistently present in most of the Callovian an d Oxfordian samples 
examined and is usually the second most easily recognized species in the optical microscope studies. 
The morphological varia tion is well documented by NOEL and the measurements of the material 
examined are also the same as those given in her work. Scanning electron micrographs indicate 
the prominence of the central spire, which can measure up to 2 fL in length. Several of the transmis
sion electron micrographs show the ease with which this species can be overgrown by secondary 
calcite (pi. 2 fig. 6). 

Stratigraphical Distribution - This common ly occurring species IS confined to the Callovian 
and Oxfordian stages; it has not, as yet, been detected in samples from the macrocephalus Zone. 

Stephanolithion laffittei NOEL 

R emarks - This species has been detected in only two samples: No. 50 M from the decipiens 
Zone, and No. 6M from the cautisnigrae Zone, and both of these samples cont;-,in Cretaceous conta
minants . 

Stephanolithion speciosum DEFLANDRE 

Remarks - This species is larger than S. bigot£, with the long axis of the mnrgin 6 - 10 fL an d 
the overa ll length including spines 10 - 15 fL· The central area also possesses a more complex arran
gement of buttresses, as is shown by DEFLANDRE. 

Stratigraphical Distribution - The on ly Stephanolithion species 111 the Bathonian material, it 
ranges into the Callovian as high as the coronatum Zone. 

Parhabdolithus liasicus DEFLANDRE 

Remarks - Recorded by NOEL as occurring in samples from Villers-sur-Mer, the on ly speci
mens found in this study also come from the cordatwn Zone beds at this locality (sample 11M). The 
dimensions are also as cited by NoEL. It is impossible to say whether or not these are Lias conta
minants. 

Parhabdolithus marthae DEFLANDRE 

R emarks - The specimens found conform to the descriptions given for this species by DE
FLANDRE and NoEL. 

Stratigraphical Distribution - This small rhabdolith species commonly occurs in assoCia tiOn 
with the other rhabdoliths and the group appears to be confined to the mariae and lower cordatum 
Zones, with rare specimens being found in some English samples from the decipiens and cautisnigrae 
Zones . 

<< Rhabdolithus >> inconspicuus ? DEFLANDRE 

Remarks - The identification of this species is based on optical microscope studies, and the 
specific designation is tentative. The specimens may well be re-assigned to other species, when 
electron micrographs have been obtained. The specimens seen form part of the rhabdolith assem
blages, described above. Also it has been detected in the French Bathonian. The dimensions of 
the specimens are the same as those cited by DEFLANDRE. 

<< Rhabdolithus >> cf. sceptrum DEFLA DRE 

Remarks - Rare specimens which may belong to this species are occasionally seen in the optical 
microscope studies. Certain fragmentary specimens of Discorhabdus patulus (DEFLANDRE) have 
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been seen in the scanning electron microscope, which, however, bear a 
this species, and so identification of these specimens remains in doubt. 
given by DEFLANDRE. 

superficial resemblance to 
The characters are those 

Stratigraphical Distribution - Patchy, as for the other rhabdolith spec1es. 

Diazomatolithus lehmani NOEL 

Remarks - This species has a widespread occurrence, and with the features and dimensions as 
cited by NoEL. 

Stratigraphical Distribution Except for one French Bathonian occurrence, this spectes 1s 
restricted to the Oxfordian. 

Podorhabdus grassei NOEL 

Remarks - The author has not recognized this species in any of the material, though NOEL 
has recorded it from the Dorset Oxfordian. 

Podorhabdus cf. cylindratus NoEL 

(Pl. 4, fig. 3) 

Remarks - This species has been found in many of the samples, and is a large and easily iden
tifiable form. The morphology of the base and the dimensions are very variable. It can be very 
large with the basal diameter up to 10 fL (commonly 6- 8 fl.), and with the thin central spire up to 
15 fL in length (commonly broken and 4 fL in length). 

Stratigraphical Distribution - Present in most of the samples studied from Bathonian to Kim
meridgian. 

Podorhabdus rahla NoEL 

(PI. 2, fig. 4; pi. 5, fig. 2) 

Remarks - This rare species has been found in only three of the samples examined. The char
acters, including the measurements, are as cited by OEL (1965: 105). 

Stratigraphical Distribution - Found only in the English mariae Zone. 

Hexapodorhabdus cuvillieri NoEL 

(PI. 1, figs. 3, 4) 

Remarks - This species is found in association with specimens of Podorhabdus cf. cylindratus 
NOEL, and these two species may be nothing more than morphological variants of one species. The 
morphology and the dimensions of the material examined is as given by NOEL. 

Stratigraphical Distribution - Restricted to the Oxfordian. 

Polypodorhabdus escaigi NOEL 

(PI. 1, fig. 5) 

Remarks - The central area of this species is easily filled with clay debris or is broken and so 
it is very difficult to recognize specimens in optical microscope studies . The distribution of this 
species, therefore, may not be fully known, particularly as it is rare, even when detected in << clean >> 

samples. The morphology and the dimensions are as cited by NoEL. There is a tendency for the 
buttresses parallel to the major elliptical axes of the coccolith to be thicker than the others, and to 
be preserved even in partially broken specimens . 
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Stratigraphical Dist1'ibution - This species as recorded is confined to the Oxfordian, apart 
from its presence in an isolated French Bathonian sample. 

Ethmorhabdus gallicus NOEL 

(PI. 2, fig. 2) 

Remarhs - This distinctive species is present in most of the samples examined. The morpho
logy and dimensions are those given by NoEL. The central spire is almost always broken, but it 
has been detected as a thin calcite rod in the scanning electron microscope, about 1.5 fL in length. 
A micrograph of an unreplicated specimen taken with a transmission electron microscope reveals 
the details of the small calcite plates in the central area, which seem to have a more complex structure 
than previously thought. 

Stmtigraphical Distribution - Present at all horizons from Bathonian to Kimmeridgian. 

Ellipsagelospharea frequens NoEL 

(PI. 4, fig. 2) 

Remarhs - This is the commonest and most abundant species m all of the samples examined. 
The occurrence of this species in a sample can be as high as 90 per cent. From the measurements 
of several hundreds of electron micrographs and from the optical studies it appears that there are 
three size ranges within this species. These are 2- 4 f.l., 4- 6 f.l., and 6 - 12 f.l., and on the tables 
these are ca lled small, medium and large. The large form is also much thicker and in the optical 
microscope under crossed nicols first order birefringence colours as high as red can be seen. 

Coccospheres of this species are also intermittently found in this material. The coccospheres, 
about 10-15 fL in diameter, consist of 8- 12 coccolith elements of the small type. 

Variations in the nature of the axial complex have been noted, whereby the central pore is in
filled or other structural elements introduced. One such variant is considered to be of specific im
portance and is described below. 

Ellipsagelosphaera crucicentralis sp. nov. 

(PI. 1, figs. 1, 2) 

Diagnosis - A species of Ellipsagelosphaera with a complex series of elements found in the central 
pore area. These are arranged as an oblique cross, which may be infilled with minor calcite elements, 
and a small rosette of plates in its centre. 

Holotype - EM556 from Warboys, Huntingdonshire (sample No. 35fM) from the mariae Zone. 

Di111ensions - Holotype: distal shield 12 x 10 f.l., proximal shield 11 x 8 fL with 32 elements, central 
area 7 x 4 f.l., infilled pore 5 x 3.5 f.l.· Total range: distal shield 8 x 7 fL to 13 x 11 fL with 28-32 
elements. 

Stratigraphical Distribution - Restricted to the type locality except for one spec1men from lo
cality No. 40M in the Lower Kimmeridge Clay. 

Ellipsagelosphaera lucasi NoEL 

R emarks - This distinctive species has been recognized in some of the material examined. The 
features ascribed to it by NOEL are confirmed but some of the specimens are larger than those found 
by No:EL, a distal shield measurement of 5 x 4 fL being quite common. 

Stratigraphical Distribution - Can be abundant in some Upper Oxfordian localities . It has 
so far only been found in the Callovian and Oxfordian. 
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Cyclagelosphaera margereli NoEL 

Remarhs - This species has been found in many of the samples. There ts nothing to add to 
NoEL's description. 

Stratigraphical Distribution - Intermittently present throughout the Anglo-French Oxfordian, 
Callovian and Bathonian. 

Calolithus marteli NoEL 

Remar!?s - This distinctive species occurs in only a few of the samples examined . It is first 
recorded in a sample from the calloviense Zone of Dorset (sample No. 22W), but appears to be do
minant in some of the Kimmeridge samples. The dimensions recorded are distal shield 3 x 2.5 fL 
to 8 x 6 fL, proximal shield 2.5 x 2 fL to 6 x 4.5 fL· Coccospheres of this species have also been found 
in the same samples. 

Discorhabdus patulus (DEFLANDRE) 

(PI. 5, fig . 1) 

Remarhs - This is the commonest identifiable rhabdolith species foun d in these samples. Many 
specimens have much larger dimensions than those cited by NoEL with the distal shield diameter 
up to 7 fL· This species is very distinctive in scanning electron microscope studies, but is difficult 
to replicate satisfactorily for transmission microscope studies. 

Stratigraphical Distribution - Common in the cordatum and marzae Zone material, rarely pre
sent in the Callovian and Bathonian . 

Discorhabdus jungi NoEL 
Discorh.abdus tu bus NOEL 
Discorhabdus gibbosus NOEL 
Discorh.abdus corollatus NOEL 
Discorhabdus exilitus NOEL 

Remarhs - It is not possible to equate the specimens found in this study with the above species. 
A further study of this material with the results obtained with the scanning electron microscope is 
needed before the Upper Jurassic discorhabdids can be separated . The author has recorded in the 
tables two Discorhabdus spp. These are based on optical microscope studies of the bases of these 
species . The generic identity is known but the fossils are as yet impossible to separate further. 
Noh has referred to them as << embases isolees )). These are present throughout the Oxfordian, Cal
lovian and Bathonian. The two species have been separated optically by the larger size and the 
greater relief of one of them . 

Schizosphaerella punctulata DEFLANDRE & DANGEARD 

(PI. 2, fig. 5) 

Remarks - Electron micrographs of fragments of this large spherical species have been taken 
which confirm NoEL's description of this species. Optical microscope studies indicate that it is 
present throughout the Oxfordian and Bathonian, but it was not found in the Callovian . 

Thoracosphaera cf. deflandrei KAMPTNER 

Remarks - Complete spheres and fragments of this large coccolith are present in many of the 
samples. The size and the nature of the plates as shown by the optical microscope fail to indicate 
any differences from the characters assigned by KAMPTNER to this species. 



SOME MIDDLE AND UPPER JURASSIC COCCOLITHOPHORIDAE 831 

Thoracosphaera cf. saxea STRADNER 

Remarks - Fragments of this species are occasionally found in several samples . The size and 
the nature of the plates as shown by the optical microscope fail to indicate any differences from the 
characters assigned to this species by STRADNER. 

Tetralithus gothicus DEFLANDRE 

(PI. 2, fig. 3) 

Remarks - There is an abundance of very small calcite rhomb twins in some of the samples, 
which have the appe'-! rance of T. gothicus as shown by DEFLANDRE. It is impossible to say whether 
or not they are fossils or merely the product of inorganic growth. However, isolated rhombs have 
been examined with the electron microscope and some of these clearly show additional structures, 
which would be difficult to explain by inorganic precipitation. The species is provisionally retained 
for these occurrences. Hexagonal forms also occur, but the c:uthor hesitates to refer them to Hexa
lithus noiilae LOEBLICH & TAPPAN, until further work has been done to indicate their organic origin. 

Tremalithus sp. DEFLANDRE & FERT 

Remarks - Optical microscope studies of many of the samples indicate the presence of small 
coccoliths which as yet can be referred to only as Tremalithus sp. as described by DEFLANDRE & 

FERT (1954 pl. 9, figs. 10-14). They form an insignificant but persistent part of the nannoflora and 
have not as yet been found with the electron microscope . 

SAMPLE LOCALITIES 

The samples are located according to a) whether French or English, b) zonal stratigraphy, and 
c) collector. The letters after the sample number indicate the collector and are: M - the AUTHOR; 
BS- Dr. W.A.S. SARJEANT; G and K- Dr. P. KAYE; The samples from the Ampthill, Bedfordshire 
borehole are located as to their depth. 

French Localities 

Kimmeridgian, baylei Zone: No. 185BS, Exogyra marls, about two feet above the Upper Hard 
Band, cliff at Cap de la Heve, Le Havre, Normandy; No. 186BS, clay immediately above Hard 
Band, same locality. 

Oxfordian, cautisnigrae Zone: No. 7M, basal shale with Ostrea, just above a six feet ferruginous 
grit band, small cliff in promontory, south of the town of Villerville, Normandy; No . 6M, calcareous 
shale in grits which are stratigraphically below sample No. 7M, embayment just to the north of the 
previous sample; No. 180BS, the << Trigonia )) clavellata Beds, stratigraphically below sample No. 6M, 
the same locality. 

plicatilis Zone: No. 364BS, marls in the Lower Argovian about 15 feet above the railway 
line, Trouche de Fronles, the railway cutting about one mile south of Fronles village, Lorraine. 

cordatum Zone: No. 4M, clay band in a series of white limestone, about 120 feet up the 
cliff face and about 20 feet below a four feet thick ferruginous bed (the martelli band). This is 
Bed H16 of RASPAIL (1901). Houlgate, Normandy; No. 3M, another clay bed about thirty feet 
below sample 4M; No. 2M, a clay bed just above a hard ferruginous bed, thirty feet below sample 
3M; No. 13M, a marl bed 18 feet below the Red Sandstone, cliffs at Villers-sur-Mer, Normandy; 
No. 12M, clay bed just above the hard Brown Sandstone, Villers-sur-Mer, Normandy; No. 11M, 
clay six feet below the red ferruginous limestone at the base of the grey marl, cliffs at Villers-sur
lVIer, Normandy. 
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mariae Zone: No. 8M, marls at the top of Bed H6 of Raspail (1901), about 150 yards 
west of the end of the promenade, Villers-sur-Mer, Normandy; No . 9M, marls, about eight feet 
above sample No. 8M; No. 170BS, mar! bed 18 feet below the base of the cordatum Zone, same 
locality. 

calloviense Zone: No. 163BS, clay with Kamptocephalites herveyi at the base of the exposure, 
and about four feet under a dogger bed with Proplanulites and Sigaloceras calloviense, Bressil-de
Bavent, Normandy; No. 166BS, a yellow clay bed about ten feet above the dogger bed, same locality. 

Bathonian, discus Zone: No. 22M, brown clay about four feet above the White Calcareous Oolite, 
Luc-sur-Mer, Normandy; No. 162BS, base of the Lower Corn brash, below the calcareous bed with 
Clydoniceras discus, Lion-sur-Mer, Normandy; No. 26M, mar! in the upper level of a large quarry 
on the north side of the road, Amfreville, Normandy, equ iva lent to the boueti Bed of Dorset. 

circumdata Zone (ARKELL 1930: 396): No. 18M, shale in the grass bank to the east of the 
river and to the south of the path from the promenade, Port-en-Bessin, Normandy; o. 20M, harder 
shaley beds about 15 feet above sample 18M. 

zigzag Zone: No. 17M, shales intercalated with harder thin beds of limestone, in the cliff 
above the calcareous beds, west of the harbour, by the fault at the end of the promenade, Port-en 
Bessin, Normandy; No . 16M, rubbly limestone beds with thin shale partings abou t eight feet below 
No . 17M. 

British Localities 

Kimmeridgian, pseudomutabilis Zone: No. 40M, dark grey shale from the Great Ouse River 
Board Pit, Ely, Cambridgeshire (GR 553806) (1) . 

baylei Zone: No. 39M, grey clay about ten feet from the top of the pit, Great Ouse River 
Board Pit, Stretham, Cambridgeshire (GR 516743). 

Oxfordian, decipiens Zone: No. SOM, light grey clay, about four feet from the top of the pit, 
south-east corner, Great Ouse River Board Pit, Mepal Toll Farm, Huntingdonshire (GR 331641). 

cautisnigrae Zone: Ko. 74\¥, clay fi ve feet above the stone band, pit at lfelton, Yorkshi re 
(GR 973273); No . 73W, clay nin e inches above stone band, same locality; No. 67W, clay nine inches 
below stone band, same locality; No. 126M, brown clay and calcareous nodular bed in the floor of 
a small pit, Boxworth, Huntingdonshire (GR 350644); No. J4562, matrix from a Lima rigida (J. 
DE C. SowERBY) labelled Ampthill Clay and found at Gam lingay, Cambridgeshire (GR 227529). 

plicatilis Zone: No. 32W, clay five feet above the base of the cliff to the west of Redclifl:' 
Point, Dorset (Nothe Clay, ARKELL 1947: 51- Bed 20) (GR 714818); No. J343, a piece of matrix 
from a Peltoceratoides sp., labelled Elsworth Series by WEDD and mentioned by him (1898: 610) 
from a well at Upware, Cambridgeshire (GR 538697); No. Sl\11, a piece of matrix from a specimen 
marked <(Bed D, middle of clay bed between Upper and Lower Elsworth Limestone, Wedd Col
lection >> , Well near Inn, Upware, Cambridgeshire (GR 538692); No. 69W, clay ten feet below the 
stone band, pit at Melton, Yorkshire; No. 70\li/, clay fifteen feet below the stone band, same locality ; 
No. 71 W, clay 20 feet below the stone band, same locality; No. 72W, clay 25 feet below the stone 
band, same locality. 

cordatum Zone: To. SW, sandy shale band one foot above the Port-an-Righ Ironstone, 
Port-an-Righ, near Balintore, Ross Peninsula, Scotland (ARKELL 1933: 434); No. 33M, blue-grey 
clay band at the base of the middle level in the quarry, with large Gryphaea, pit at vVarboys, Hunting
donshire (GR 310818); No. 35aM, base of the 22 feet 6 inch bed of bluish grey clay, about six feet 

(1) Figures in this form are references to the British National grid. 



ZONE baylei cau.tisnigrae cor datum mariae calloviense 

LOCALITY 186BS 7M I 6M 4M 
I 

3M 
I 

2M 
I 

170BS 
I 

13M 
I 

12M 
I 

11M 9M 
I 

8M 166BS 

Calolithus martelae ++ 
Cyclagelosphaera margereli + + + 
Diazomatoli thu.s lehmani + + + + 
Discolithus quadriarcullus + ++ + + + + + + + + 
Discolithus salillum + + 
Discorhabdus patulus + + + + + + + + 
D iscorhabdus sp. 1 + + ++ + ++ ++ + ++ ++ + + 
Discorhabdus sp. 2 + + + ++ 
Ellipsagelosphaera crucicentralis 
Ellipsagelosphaera frequens 

(small) ++ X ++ X X X X X X X ++ X X 

( coccosphere) + + + + + + + + + + + 
(medium) X ++ ++ ++ ++ ++ ++ ++ + + + + + + + + + 
(large) + + + + + + + + + + 

Ellipsagelosphaera lucasi + 
Ethmorhabdus gallicus + + + + + + + + + + 
Hexapodorhabdus cuvillieri 
Loxolithus sp. 
Palaeopontosphaera dubia + + 
Parhabdolithus mart/we + + + + 
Podarhabd1ts cf. cylindratus + + + + + + + + + + + 
Podorhabdus rahla 
Polypodorhabdus escaigi + + + + 
<< Rhabdolithus >> inconspicuus + + + + + + 
<< Rhabdolithus >> cf. sceptrum + + + 
Schiz mphaerella punctulata + + + + + + 
Stephanolithion bigoti + + + + ++ + + + + ++ + + + 
Stephanolithion speciosum 
T etralithus gothicns 
Thoracosphaera cf. deflandrei + + + + + + + + + 
Thoracosphaera cf. saxea + + + 
Tremalithus sp. D EFL. & FERT + + + + + + + + + + 
Zygolithus bussoni + ++ ++ + + + + + ++ + 
Zygolithus cf. dub ius + 
Zygolithus erectus + + ++ X + + + + ++ + ++ X ++ 
Zygolithus cf. geometricus + + 
Zygol£thus scutulatus 

No. of Species 3 18 8 11 14 18 7 14 12 17 17 14 4 

TABLE 2 - French Oxfordian and Callovian localities, various preparations. + = less than S% ; + + = 5-30 % ; x = more than 30% of the count made. 
nannoplankton counts were made with normal and polarized light. For locality details see the next section. 

These 00 
w 
w 
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ZONE discus circumdata zigzag 

LOCALITY 22M 
I 

162BS 
I 

26M 20M I 18M 17M I 16M 

Calolithus martelae 

Cy clagelosphaera margereli 

Diazomatolithus lehmani + 

Discolithus quadr ia-rcullu s + + 

Discolithus salillurn 

Discorhabdus patulus + 

Discorhabdus sp. 1 + + + + + + + + 

Discorhabdus sp. 2 + + + + + + + ++ 

Ellipsagelospha.era. cmcicentrali s 

Ellipsagelosphaera frequens 
(small) X X X X X X X 

(coccosphere) + + + 
(medium) X X X + + + + X X 

(large) + + + + 

Ell ipsagelospha.era. lucasi 

Etluno-rlwbdus ga.llicus + + + 

H exapodorhabdu s cuvillieri 

L oxolithus sp. + + + + + 

Pala.eopontosphaera. dubia + 

Pa.rhabdolithus martha.e 

Podorhabdus cf. cylindra.tus + + + 

Podorhabdus rahla 

Polypodorhabdus esca.igi + 

<< Rhabdolithus >> inconspicuus + + + 

<< Rhabdolithus >> cf. sceptrum + + 

Schizosphaerella punctulata + 

Stephanolithion bigoti 

Stephanolithion speciosum + + + ++ + 

Tetralithus gothicus + 
Thoracosphaera cf. deflandrei + 

Thoracosphaera cf. sax ea 

Tremalithus sp . DEFL. & FERT + + + + + 

Zygolithus bussoni + + + + + 

Zygolithus cf. dubius 

Zygolithus erectus + + ++ + + 

Zygolithus cf. geometricu.s 

Zygolithus scutulatus 

No. of Species 5 3 8 9 16 14 10 

TABLE 3 - French Bathonian samples, various preparations. See table 2 for the explanation of the symbols 
used. 



ZONE 
pseudo- baylei deci- cautisnigrae p licatilis 

mutabil£s pi ens 

LOCALITY 40~ 39~ 

- - -

SOM 126~ j J4562 j 74vV j 73vV 67W 1 69W 1 70W 1 71 w i 72W I 

1 

I 

I 
I Calolitlws mm'telae + 
I 

Cyclagelosphaera margereh + + + + + 

Diazomatoli thus lehmani + 

Discolithus quadriarcullus + + + + + + + + + I + + 

Discoli thus sa.lillum + + + + 

Discorha.bdus patulus 

Discorhabdus sp. 1 X ++ ++ + + + + + 

Discorhabdus sp . 2 + 

Ellipsagelospha.era crucicentralis + 

Ellipsa.gelospha.era f requens 
(small) X X X X X X X + + X X X X 

(coccosphere) + + + + + + + + 
(medium) + + + + + + + + + + + + + + + + + + + + 
(large) 

I 

+ + + + + + 

Ellipsa.gelospha.era. 1ucasi + X + + X + + + 

Ethmorha.bdus ga.llicus ++ + + + + + + + + + + 

H. exa.podor habdu s w v illieri + 

L o:xoli thus sp. 

Pa.laeopontosphaera. dubio. + 

Pa.rha.bdolithus mart/we + + + 

P odorha.bdus cf. cylindratus + + + + + + 

Podorha.bdus ra.hla ' 

Polypodorha.bdus esca.igi + + + 

<< Rha.bdolitlws >> inconspicuus + + + + + 

<< Rha.bdolithus >> cf. sceptrum + 

Schizospha.erella punctula.ta. 

Stepha.nolithion bigoti + + + + ++ + + ++ + + + + 

Stepha.nolithion speciosum 

T etralithus gothicus + 

Thoracosphaera cf. deflandrei + + + + 

Thoracospha.era. cf. saxea + 

Tremalithus sp . DEFL. & FERT + + + + 

Z ygolithus busson.i + + + + ++ I ++ + + + + 

Zygolithus cf. dubius + + + 

Zygolithus erectus + ++ + + X X + ++ + + ++ 

Z ygolithus cf. geometricus + + + + 

Zygolithus scutulatus 
--·--- - -- --- --- --- --- - -- --- - -- --- ----

I 

No. of S pecies 11 4 1 19 9 
I 

10 9 11 20 10 9 10 8 

TABLE 4 - English 
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COJ'datum mariae athleta coronatnm 

_\\" J3 43 1 SMl SW 1 33M , J5471 , 114M , 42W , 219G , 3saM 35bMI35cM I 35dMI35eM I 35fM I SM2 I 28W 1411\r i142M 248w l198w ,1o21\ 

I + I + 

+ + + + + 

+ + + + + + 

+ + + 

+ + + + 

+ : + + + + + 
- + + + + + 

+ + + 
~ + 

X X X + + + + + + X X X X X X X X )._ X X X X 

- - + + + + + + + + + + + 
-- - + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + : 
- + ++ + 
- - + + + + + + + + + + + + + 

+ + + 

+ + + 
- + + + + + + + + + + + + 

+ 
-L + + + + 

+ + + + + + 

+ 

+ T + + + + + + + + + + + + + + + + 

+ + 

+ 

+ + + + + + + 

+ + + I 
I 

+ + 
- + + + + + + + + + 

I I 

- + + + + + + + + + + + + 

._____ -------------------------- - - - ------ ------------- - -

6 8 11 - 8 5 7 4 9 11 13 14 13 12 10 7 3 4 5 6 9 2 -

~ordian and Ki mmeridgian samp les, various preparati ons. See table 2 for the explanation of the symbols used. 
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i 

coronatum 

24svv /19svv /1o2M 

+ 

+ + 

X X X 

+ 
I 

+ + 

++ + 

+ 

+ 

+ + 

+ + 

' 

+ + 

+ + 

------

6 9 2 

835 

fason calloviense macro-
cephalus 

182M / 1s9~1 j 245vv / 235vv 22VV 1212K 1213K 1 45VV 1 47VV 112VV 

++ + 

+ 

+ 

+ + + + 

+ + + + + + + 

+ X X X X X X X X X 

+ + + 
+ + ++ + + + + + ++ 

+ 

+ + : 

+ + + + + + 

' 

+ + 

+ + + + + + 

+ + + + + 

+ 

+ + + + 

+ + + + + 

------------------ ---

1 10 9 3 7 4 5 7 6 4 
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below s"mple No. 33M, and just above Bed G of SPATH (1939), same locality; No. J5471, a piece 
of matrix from an Entolium corneolum (YouNG & BIRD) collected by the Pitt Club from Bed K, 
the Ironshot Clays in the lower part of the Elsworth Rock Series, a temporary excavation south of 
the school (ARKELL 1937: 449) (GR 331638); No. 114M, clay near the base of the pit (old level), 
Purton Brick Pit, near Swindon, Wiltshire (GR 086888); No. 42W, clay approximately 75 feet below 
the Lower Calcareous Grit, Cayton Bay, Yorkshire, the section near the Red Cliff Fault (GR 076840); 
No. 219G, grey clay near to the base of a small cliff at the eastern end of Furzy Cliff, to the east of 
Weymouth, Dorset (GR 700818). 

mariae Zone: No. 35bM, a blue-grey clay at the base of the four feet three inch bed, just 
above a band of impure limestone, Bed E (SPATH 1939); No. 35cM, middle of a twelve feet bed of 
blue-grey clay above a band of impure limestone, Bed C (SPATH 1939); No. 35dM, grey clay, two 
feet six inches below SPATH's Bed C and nine feet above another six inch bed of impure limestone 
Bed B of SPATH; No. 35eM, middle of a one foot bed of bluish grey clay with lenticles between the 
two bands of impure limestone, Beds B and A of SPATH; No. 35fM, bluish grey clay, nine feet six 
inches below band of impure limestone (SPATH Bed A), all of these samples are from the Warboys, 
Huntingdonshire, Brick Pit; No. SM2, piece of matrix from an unlabelled specimen, located at Bed 13, 
Ampthill Clay, from Gamlingay, Cambridgeshire. 

Callovian, lamberti Zone: No . 28W, grey silty clay, six feet below the base of the Lower Cal
careous Grit, Cayton Bay, Yorkshire. This sample was barren. 

athleta Zone: No. 141M, matrix from a specimen of Peltoceras athleta, found in the clay 
in the lower part of the Woodham Brick Pit, Buckinghamshire (GR 707185); No. 142M, the matrix 
from another specimen from this pit. 

coronatum Zone: No . 248W, clay from the small face at the top of the pit, and about 45 
feet from a two feet thick stone band which can be found at the base of the upper face at Bletchley, 
near Newton Longville, Buckinghamshire (GR 850320); No. 198W, clay seventeen feet above the 
base of the upper face and approximately ten feet below the top of the upper face at the Calvert 
Brick Pit, Buckinghamshire (GR 687246); No. 102M, clay in the base of the upper level of the pit, 
just below the nodule bed and five feet below the brown-stained shales, Crook Hill Brick Pit, near 
Chickerell, Dorset (Gr 644797). 

jason Zone: No. 182W, clay twelve feet six inches above the base of the pit in the lower 
face, Calvert Brick Pit, Buckinghamshire; No. 189W, clay 35 feet above sample No. 182W and about 
20 feet below the top of the lower face, same locality; No. 245W, clay thirty feet above the base of 
the upper face, Bletchley Brick Pit, Buckinghamshire; No. 235W, clay fifteen feet above the base 
of the pit, in the lower face and 25 feet below the top of the lower face, same locality. 

calloviense Zone: No. 212K, blue-grey clay near to the top of the section, Putton Lane 
Brick Pit, Dorset (GR 649799); No. 213K, shelly clay, just below line of septaria, and about six feet 
below sample No. 212K, same locality; No. 22W, near the base of the section, same locality; No. 
45W, grey silty clays five feet above the top of the Upper Cornbrash, section near the Red Cliff 
Fault, Cayton Bay, Yorkshire; No. 47W, clay just above the Upper Cornbrash at the same locality. 

macrocephalus Zone: No. 112W, clay one foot above the base of Bed 7 (ARKELL, 1947: 23), 
Shipmoor Point, near Abbotsbury, Dorset (GR 581832). 

Bathonian, discus Zone: Nos . 128M - 1331VI, the samples are from the quarry on the south 
side of the road, to the west of the bridge over the canal at Bradford-on-Avon, Wiltshire (GR 825606): 
No. 1281VI, brown clay between the first and the second stone lens and eight feet from the top of the 
pit; No. 1301VI, dark grey clay at the base of the third stone band (which represents the base of the 
Forest Marble); No. 131M, clay beneath a six inch stone band in the lower level of the pit; No. 
132M, grey shale one foot below the second limestone bed in the lower level of the pit; No. 1331VI, 
grey clay in the floor of the pit and four feet below the second limestone bed; many samples with 
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ZONE discus aspidoides 

LOCALITY 128~ 1 130~ 1 131~1 1 132~ 1 133~ 13G I 2G 1 20G I 3G 
I 

4G 

Calolithus uwrtelae 

Cyclagelosphaera margereli + + + + 

Diazo /1/ato/ithus lehmani I 
i 

Discolithus quadriarcullus ++ + + + + ++ + + + + 

Discolithus salillum 

Discorhabdus patulus 

Discorhabdus sp. 1 X X X ++ X i 

Discorhabdus sp. 2 + + + + + 

Ellipsagelosphaera crucicentralis 

Ellipsagelosphaera frequens 
(sm all ) ++ + + ++ X ++ X ++ ++ ++ ++ 
(coccosphere) 
(m edium) ++ + + ++ ++ ++ ++ ++ ++ + ++ 
(large) ++ + + + + + + + + + 

Ellipsagelosphaera lucasi 

Ethnwrhabdus galliws + + + + + + + + + 

H exapodorhabdus w vi lli er i 

Loxolithus sp . + + + + 

Palaeopontosphaera dubia 

Parhabdolithus mart/we 

Podorhabdus cf. cylindratus + + 

Podorhabdus rahla 

Polypodorhabdus escaigi 

<< Rhabdolithus >> inconspicuus 

<< Rhabdoli thus >> cf. sceptmm 

Schizosphaerella punctulata + + + + + + + + 

Stephanolithion bigoti 

Stephanolithion speciosum + + + + + + ? + + + 

T etralithus gothicus X X X X X 

Thoracosphae1•a cf. deflandrei + + + + + + + + + + 

Tho-racosphaera cf. sax ea + + + + 

T-renwlitlws sp. DEFL. & FERT + + + + + + + + + 

Zygolithus bussoni + + + 

Zygolithus cf. dubius 

Zygolithus erectus + + + + + ++ + + + + 

Zygolithus cf. geometricus 

Zygolithus swtulatus 

No. of Species 11 
--------~ 

9 12 1 13 14 11 9 8 9 9 

TABLE 5 - En gli sh Bathonian samples, various preparations . See table 2 fo r the explanation of the symbols 
used. 



ZONE decipiens & cautisnigrae p/ira- co·rdatum mariae tills 

DEPTH (in feet) 40 
I 

50 
I 

60 
I 

70 
I 

80 
I 

90 
I 

100 
I 

110 120 
I 

130 
I 

150 
I 

160 
I 

170 
I 

180 
I 

190 
I 

200 
I 

203 
I 

206 

Calo/itlws 111arte/ae ++ I Cyclagelosphaera margereli + + + + 
Diazomatolithus lehmani + + + + + 
Discolitlws quadriarwllus + + + + + + + 
Discoli thus salill111n 
D iscod w bdus patulus + + + + + I + + ++ + + 
Discorhabdus sp . 1 
D iscorhabdus sp . 2 
E llipsagelosphaera crucicentralis 
E llipsagelosphaera f requens 

(small ) X X X X X X X X X X X X X X X X X X 
(coccosphere) + + + + + + + + + + + + + + + 
(med ium) + X ++ X X X X X X + + X X ++ ++ + + X X X 
(large) + + + + + + + + + + + + + 

Ellipsage/osphaera lucasi 
Ethmorhabdus gallicus + + + + + + + ++ ++ + ++ + + ++ + 
H e.r;apodorhabdus w villieri + + 
Loxo!ithus sp. + + + + 
Palaeopontosphaera dubia + 
Parhabdo/ithu s mart/we + + + + + + 
Podorhabdus cf. cy l i ndratus + + + + + + + + + + + + 
Podorhabdus rahla + + 
Poly podorhabdus escaigi + 
<< Rhabdolitus » inconspicuus + + + + + + 
<< Rhabdolithus >> cf. sceptrum + + + 
S chizosphaerella pu nctulata + + + + 
S tephanol i thion bigoti + + + + ++ + + + + + + + ++ ++ + ++ ++ + + 
Stephanolithion speciosurn 
Tetralithus gothiws + ! + + + + 
Thoracosphaera cf. deflandrei + + + + + + + + + + 
Thoracosphaera cf. saxea + + + + 
Tremalithus sp. DEFL . & FERT + I 

Z ygoli tlws bussoni + + + + + + + 
Zygolithus cf. dubius 
Zygolithus erectus ++ + ++ ++ + + ++ X + + ++ + X + + + 
Z ygolithus cf. geometriw s + 
Z ygolithus scutulatus + + i 

--------------------------------------- ------------

0 . of S pecies 8 6 4 3 9 11 5 
I 

8 8 15 8 8 11 14 11 11 7 9 

TABLE 6 - E nglish Ampthill and Oxfo rd Clay samples (Oxfordian) f rom the Ampthi ll Borehole . See table 2 fo r the explanati on of the sym bols u sed. 
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B or G series numbers from the Kirktlington Cement Quarry, new pit, Oxfordshire (GR 495200), 
all of these samples are in the Bathonian, with the floor of the pit at the level of the Epithyris Bed; 
many of these samples were barren. 

The Institute of Geological Sciences, London drilled a borehole at Ampthill, Bedfordshire 
(GR 024380) in 1969 (stratigraphical details not yet published), which penetrated most of the Ampt
hill Clay and the Oxford Clay as far as the base of the mariae Zone. Samples from this borehole 
are located separately in the tables and depths and a provisional stratigraphy only has been given. 
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Fig. - Ellipsagelosphaem crucicentralis sp . nov., holotype, Warboys, Huntingdonshire, mariae Zone, EM 556, 
X 4000. 

Fig. 2 - E. crucicentralis, paratype, Warboys, Huntingdonshire, mariae Zone, EM 2207, x 8700. 
Fig. 3 - Hexapodorhabdus cuvillieri NoEL, Warboys, Huntingdonshire, cordatum Zone, EM 380, x 10000. 
Fig. 4 - Hexapodorhabdus cuvillieri NoEL, Warboys, Huntingdonshire, cordatum Zone, EM 387, x 10000. 
Fig. 5 - Polypodorhabdus escaigi NoiiL, Warboys, Huntingdonshire, cordatum Zone, EM 381, x 9500. 
Fig. 6 - Zygolithus cf. geometricus (GoRKA), Mepal, Huntingdonshire, decipiens Zone, EM 407, x 12000. 
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Fig. 1 - Discolithu.s qu.adriarcullus NOEL, unreplicated transmission electron micrograph, Stretham, Hunting
donshire, baylei Zone, EM 336, x 12000. 

Fig. 2 - Ethmorhabdus gallicus NoEL, unreplicated transmission electron micrograph, Warboys, Hunting
donshire, cordatwn Zone, EM 369, x 12000. 

Fig. 3 - Tetralithus gothicus DEFLANDRE, an isolated rhomb, with some structure, W arboys, Huntingdonshire, 
cordatum Zone, EM 388, x 9400. 

Fig. 4 - Podorhabdus rahla NoEL, Warboys, Huntingdonshire, mariae Zone, EM 2307, x 5500. 
F ig. 5 - Schizosphaerella punctulata DEFLANDRE, Warboys, Huntingdonshire, mariae Zone, EM 2195, x 11750. 
Fig. 6 - Stephanolithion bigoti DEFLANDRE, Houlgate, Normandy, cordatum Zone, EM 3375, x 7500. 
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Fig. - Zygolithus scutulatus sp. nov. , holotype , Ampthill, Bedfordshire, mariae Zone, SEM 70/187, x 27500. 

Fig. 2 - Zygolithus scutulatus sp. nov., paratype, Ampthill, Bedfordshire, mariae Zone, SEM 70/220, x 27000. 

Fig. 3 - Zygolithus cf. geometricus (GoRKA), Ampthill, Bedfordshire, mariae Zone, SEM 70/192, x 25500. 

Fig. 4 - Zygolithus cf. geometricus (GoRKA), Ampthill, Bedfordshire, mariae Zone, SEM 70/197, x 26000. 

Fig. 5 - Stephanolithion bigoti D EFLAN DRE, Ampthill, Bedfordshire, mariae Zone, SEM 70/283 , x 11300. 

Fig . 6 - Stephanolithion bigoti DEFLANDRE, Warboys, Huntingdonshire, mariae Zone, SEM 70/296, x 11300. 
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Fig. - Loxolithus sp., Port-en-Bessin, Normand y, zigzag Zone, SEM 70/34, x9000. 

Fig. 2 - Ellipsagelosphaera frequens NoEL, Ely, Cambridgeshire, pseudomutabilis Zone, SEM 70/1, x 12000. 

Fig . 3 - Podorhabdus cf. cylindratus NoEL, Ampthill , Bedfordshire, mariae Zone, SEM 70/335, x 23000. 

Fig. 4 - Zygolithus bussoni NoEL, Ampthill, edfordshire, mariae Zone, SEM 70/193. 

Fig. 5 - Palaeopontosphaera dubia NoEL, Ampthill, Bedfordshire, mariae Zone, SEM 70 /219, x 27000. 

F ig. 6 Palaeopontosphaera dubia NOEL, Ampthill, Bedfordshire, manae Zone, SEM 70/203, x 26000. 
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Fig. - Discorhabdus patulus ( DEFLANDRE), Ampthill, Bedfordshire, cordatum Zone, SEM 70/309, x 36000. 

Fig. 2 - Podorhabdus rahla NoEL, Ampthill , Bedfordshire, mariae Zone, SEM 70/321 , x 40000. 


