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Abstract

The succession of the Upper Bracklesham and Barton beds of Harmpshire i«
discussed in a lithostratigraphic context. Compilations from surface
sections and borehole data enable lithologlcal correlations to be made,
based on the cyclic pattern of 1ithofaciesi The areal distributibn and
variations in thickness of lithological units are elucidated and the
local palaeogeography is reconstructed. Stratigraphic usapge of planktonic
and larger Foraminiferida in the Morth Yest Zuropean Upper Eocene is
reviewed, A detailed study of the Nummulites shows the presence of
seven morphological units and their distribution as local stratigraphic
markers is evaluated., The total microfauna and microflora of the Barton
beds from Christchurch Bay and Alum Bay is examined quantitatively and
the percentage distributions of Foraminliferida, Ostracoda mnd iollusca
are presented graphically. In addition the occurrence of Dinoflagellat~
and Tasmanitid cysts, Angiosperm seeds, Echinoderm, Sponge, Bryozoan,
Annelid and Vertebrate remains are studied qualitatively. The variatic:
in distribution of species and larger units is used to provide a biofac’c:
zonation of the larton Beds. Two cycles of sedimentation are recogniscd
and and the two sections are compared. The total fauna and flora is
classified Into 459 indigenous taxonomic and organ groups. DMicroplankton
and Holothuroid ossicles are recorded for the first time from the Barton
Beds and 23 species are described and illustrated, 99 species of
Foraminiferida, 34 of Ostracoda, 168 species and groups of Mollusca and
28 species of smaller phyla are also described and the majority figured,

Finally 26 Echinoderm and 61 Vertebrate organ groups are recorded.
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Section 1 INTRODUCTION,METHODS and LOCALITIES
Section 1:1 INTRODUCTION

1:1:1  The Problem

This project was originally devised to test the feasitiiitr of a
- quanti tative total microfaunal and microfloral study, to apply it to problems
of- palaeoecology and stratigraphy, and to devise new methods of correlation.
The Barton Beds and Headon Beds of Hampshire were initially chosen to
provide a model for such a study but the inclusion of the latter division
" had to be abandoned in view of the practically doubled weight of taxonomic
" work "involved.

“The revised thesis falls along two main lines of research, namely the
total faunal and “the atratigraphical aspects of the Upper Eocene. Quantita-
‘tlve microfaunal and microfaunal investigation is concentrated on the marine -
‘parts of the Barton Beds cycle of sedimentation (see Fig.2), All the evidw
ence: from dry washed residues.-is dealt with.but palynological aspects had to
be curtailed owing to-the lack of time. This investigation is .associated
with-blofacies and palaeoecological interpretations (Section 3),

Any such work demands a detalled examination of the stratigraphy. The
"upper-part'of the Eocene (see Fig,2) is studied in a lithostratigraphical
context., "Classical" biostratigraphy (l.e. use of evolving lineages for
.zonatlon and correlation) is applied in the case of one group of fossils,

- namely the Nummulites (Section 2).
1:1:2 Samples, Depositories and Taxonomy
Two main sections were sampled at close intervals for the quantitative
aspects-of the project, namely Christchurch.Bay (129 samples) and Alum Bay
(113 samples)s In addition 40 samples from other English Palacogene
localities (London Clay to Middle Oligocene) and 5 samples from the French
.Parls Basin localities were examined for comparative taxonomic purposes. All
are assigned Imperial College Micropalaecontology sample numbers in the
series 6481-7199 and residues are deposited In. the Micropalaeontology
Laboratory, Imperial College of Sclence and Technology, London, Se.W.7.
This study involved a large amount of taxonomic worke. A total of

459 indigenous units (species, subspecies, varieties and "organ groups")
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Ge
belonging to 10 major groups are described and/or figured from the Barton
Beds (see Fige3)se This demanded a less exhaustive treatment of certaln

groups (particularly Mollusca and Ostracoda) than would have been ﬁreferred,
especlally as some groups had to be studied from first principles
(Dinoflagellates, Ostracoda) and some required a new approach (Echinoderms,
Vertebrate teeth). No new names have been proposed in view of this less
rigorous application and undescribed or unidentifiable units are lefi as
numberse All flgured specimens are deposited in the Micropalaeontology
Laboratory, Imperial College,

1:1:3 Acknowledgements
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and the author 1s grateful to Professor De. T, Donovan for his provision of
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Foraminiferida respectively in the British luseum (Natural History).

Technical ald is always essential for work of this kind and the author
is particularly indebted to Miss N.Flowerdew for her help with the processing.
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help with the photography and reproduction of the plates, to Mre. CeStuart
for reproduction of the diagrams and to many other members of the technical
staffs at both Imperial and University Colleges. Finally the author would

like to thank his wife for completing the typing and for her help with the
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The Main Divisions of theEnglish Palaeogene
showing the section studied (¥)

Approximate Stages Cycles Lithological Units
!
Rupelian i Up.Hamstead Beds
Lr.Hamstead, Bembridge, Osborne &
Lattorfian Up.Headon Beds
M.Headon Beds
| Lower Headon Beds
Bartonian . parton Sands
;>< Barton Clay
| épze5§}gn___'_.- Up.Bracklesham Beds
Lutetian MeBracklesham Beds
Cuisian _ -] LreBracklesham Beds
-~ bagshot Sands
Ypresian London Clay
Landenlan Woolwich & Readinf Beds
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Section 1:2 METHODS
Qe 32_12211 !.‘-‘ﬁﬂl

The optimum time for sampling the major coastal exposures proved to be
spring, after the winter storms had removed the worst of the slumps and
debris. At each locallty the section was cleaned prior to measurement with
a tape. Samples were taken as 3 inch or more, usually 6 inch blocis. Tables
1 and 2 are to scale and the sample thickness can be elucidated five: ilieme
The sample interval varied around lft.6ins. Some rmembers were collectad
at 2ft.0ln. to 4ft.0in, intervals and certain lithological boundarics at
1ft.0in. intervals.

All the measurements were taker 'n feet and inchess Ti.. Tf.ures listed
on Tables 1 and 2 in metres were calculated back from the f..'! w..sures
ments, so0 there are inconsistencies in accumulative metric stratizzahic
heights above the base of the Barton Beds,

b. Processing

500 gmss of dry unwashed sample was taken in each case. Predominanti:
sand grade samplescould be brokeh down merely by boiling in a solutlon of
sodium carbonate., lMore tenaceous clays and sandy clays had to be
disaggregated by the white spirit method as follows. After the roughly
broken sample had been thoroughly dried (3 hours at 115°C) it was immerscd iu
turpentine substitute (l.c. white spirit)s When this had soaked for 20 min.
utes the excess white spirit was decanted and water added, The rock
immedi ately commenced breakdown, which was generally complete after severai
hourse The resulting slurry could then be boiled in a solution of sodium
carbonate, washed through a 200 mesh sieve and dried. This method
provided excellent, very clean residues and no extra treatment was necessary.

The above methods provide samples with a lower size limit of 76 microns.
After the 60200 mesh (251 - 76 microns) and greater than 60 mesh (251
microns) fractions were weighed a rough graln size analysis could be

calculated,
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FIGURE 3 l.ain Taxonomic groups and numbers of specles

I
speclies ;
Group and Other Total
varieties units

Dinoflagellates 30 30
Tasmani tids 10 10
Incertae Sedis 4 : 4
Angzlosperm seeds 3 3
Foraminiferida Q9

: Smaller benthos 96

¢ Planktonics 1

¢ Nummulites (Bart.) 2
Porifera i ]
Annelida 3 1 4
Bryozoa 16 16
Ostracoda . 34 34
Other Arthropoda 3 3
Mollusca 168

¢ Pelecypoda 47 6 53

¢ Scaphopoda 2

: Gastropoda 108 4- -} 112

¢ Cephalopoda 1 1
Echinodermata

¢ Asteroid ossicles 7

: Ophiuroid ossicles 7

: Echinoid ossicles 7

¢ Crinoid ossicles 2

: Holothuroid sclerites 3
Vertebrates 61

¢+ Teeth 17

: Scales 5

s Otoliths 39

TOTAL INDIGENOUS UNITS 459
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cs Photography

The Dinoflagellates, Tasmanitlds, “Microforaminifera™ and some
Holothuroid sclerites were photographed using a Zelss Photomicroscope
(see Dinoflagellate scction).

The smaller Foraminiferida, Ostracoda and some Bryozoa, Echblizoderms
and small groups were illustrated using the Scanning Electron M:.::suscope
unit (Stereoscan) in the Department of Geology, Imperial Collegw. . uZlone
Specimens were mounted on aluminium stubs using double-slded sxliaispe and

coated with 100-150 & of carbon, aluminium or gold/palladium. “ie equipment

was run at a fllament voltage of 20-30 kV and the microfossli:s "-vé photo-
graphed using an Exa la camera boiyv and Adox KBl4 or Ilfor.i Tao i Ii'lima
Details on the theory and use of tiils revolutlonary equipm..t oy 2z Joass”

in HAY & SANDBERG (1967) and from tlie bibliography therein,

The maximum size for Optimum illustration using the Sterecscan 1:
about 1 or 2 mm., and larger micrfossils were best photograpi:d Ly a thiu:
methods This was the Leltz Aristophot equipment in the Department of
Geology, University College, Londons Good results were obtalned using a
lLeitz Wetzler lens, long extension bellows, double oblique illumination,
a Lelca camera body and Ilford Pan F fllm,

Section 1:3 SAMPLE LOCALITIES

1:3:1 Christchurch Bay

Location

The stratotype 3artonian and the Lower ieadon Beds are exposed in .
coastal section at Christchurch Bay between Muddéford and lidlford-on-Sea
(Nat.Grid Refss SZ 192926 to SZ 289913), Access is via Mudeford (Avon
Beach) Highcliffe (steps), Barton (steps) and Milford.

Structure

The Upper Zocene shows a very low angle dip to the east, so that
successively higher unlts are exposed towards !ilford. They are capped by
20-30 ft, of Pleistocene Plateau Gravel, below which decalcification has

occurred to considerable depths,.
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Aspect

The cl1ff varles in height to just over 100 ft, (at Barton) and 1s in
an extremely unstable state. Slumps cover a strip several hundred yards in
width between Barton and Highcliffe, with the result that the middle and
upper parts of the cliff from Highcliffe Castle to the Golf Links - from
Becton Bunny to Long Mead End are in a very dlsturbed state. Reccousion has
reached several yards per annum during the last 20-30 years. Attaogaz Dy
the local authorities to stabilise the cliff have resulted in, = .z
last examination (March, 1968), obstructing most of the Middle snd L.ower

-

Barton Beds. Coastal defences wii! eventually extend from 7. ghci: lZe Castia
to Becton Bunny.

Literature and Samples

Excellent descriptions of the Barton Beds may be found in GARLUNEER,
KEEPING & MONCKTON (1888) and BURTCN (1929, 1933), CURRY & WISDEN (i555)
also provide a clear sketch section, enabling easy location of Individual
units, The Lower Headon Beds are described in detail by TAWHZIY & KEEPING
(1883), Additional information is included in CURRY (1958) and CHATWIN
(1960), BURTON's (1933) bed classification (iettered from A to L) is used
here for convenience.

The heavy slumpinz and decalcification in the middle and upper cliffs
necessitated sampling the base of the section, Here marine erosion exceeds
the rate of slumping and low recessional bluffs are kept clean, Unfortunat:
this meant that only short sections could be taken and two sampling gaps
remain. As with practically every other Tertiary section examined there are
discrepancies between published thicknesses of individual members and those
of the present authors. Indeed other workers cannot secem to agree upon such
measurements, In this case it §{s probably due to varlations perpendicular to
the shore associated with the rapid cutting back of the cliff,

The sample positions, individual short sectlions and brief 1ithological
descriptions are summarised in Table l. Sections were located by pacing

from known markers (entrance to Chewton Bunny, etce) and the grid references
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calculated to the nearest 10 m. from the relevant 1:25,00 0,S. maps
(SZ 19, 29). These were last revised in 1959 and so errors of up to 30 m.
in northings are envisaged to allow for erosion. The published accounts
are practically complete and remarks will have to be restricted here to
variations from these records and new observations.

Notes on Individual Members

The white sands with abundant plant remalns below the base of the pebblc
beds, east of Mudeford, contain quicksand structures with an amplitude of up
to approximately 4ft, The upper part of this section i1s deeply weathered and
cannot be accurately traced eastwards beyond the wooded slope belew Highe
cliffe Castle.

The Nummulites prestwlchianus horizon (where that specles scouiss as

pyritised casts) lies immediately above a 6 inch bed of pale ferruginous
clay., The latter seems to correspond to the irnnstone bed of GARDNER, KEEPIN
& MONCKTOMN (1888) and CURRY (1937), It provides a good field marker for the
base of the Barton Beds,

The thickness of beds Al and A2 are, on the author's measurements, the
reverse of that given by BURTON (1933), CURRY (1937) and CURRY & WISDEN (1958).
Thus the glauconitic sandy clays of Al are 11ft.3ins. (3443 m,) or 13ft.91ins.
(4.19 m.) thick, not 20 or 21 ft. as given by those authors. A2 contzsins
abundant calcareous fossils throughout its thicknesse.

Soft, pale, clay septaria are not mentioned in the literature and have
been found towards the base of bed A2. They are discontinuous westwards and
reach beach level just west of Chewton Bunny.

A thin (0ft.6ins.) horizon of pale clay in the middle part of bed C has
not been previously recorded and marks a change from imore to less glauconitic
and finer sandy clay upwards. It consists of small, well deflned lenticles
of glauconitic sandy clay in paler clay and might represent a clay conglomerat:
or rather irregular burrowing. In either case it marks a break in deposition.
A lower discontinuity, mentioned by Curry (pers. comm.) half-way up bed B

could not be traced,
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Slips, apparently controlled by the bedding, completely obliterate
10.fto (3.05 m.) of strata in the middle of bed Do A section could not be
augered (the glauconitic sandy clay is too hard), but rough levelling from
a small foreshore exposure below 2.10.B ylelded a thickness comparable to
that given by BURTON and CURRY & WISDEN. BURTON mentions a sandier bted in
this interval,

Most authors give the thickness of bed E (the Earthy ed) as 5ft, but

it 1s here taken to include two thin seams of Ostrea plicata, and Venericard:

sulcata at 2ft,6inse (0.76m.) and 6ft.6ins. (l.98m.) below the septaria.
BURTON mentions finding pebbles in (probably) the lower seam.

The 22fte6ins, (6.86m,) of bed F. between the two septaria bands may b~
subdivided on contalning abundant Annelid tubes in the lower half and concern
trations of a small species of lurritella above.

The top of bed F (6ft.0ins.(l.83ms.)above the upper septaria) 1s markec

by a thin but distinctive shell bed crowded with small Turritella and Ostrea.

This is probably BURTON's bed G and is locally hardened into an argiilaceous
limestone.

The boundary between the impervious clays of bed F and the permeable
sands of bed H (the Chama Bed) throws up groundwater, with the result that
extensive slumps cover most of the latter unit, Only the upper 5ft.6ins
(1.68m.) of bed H are exposed where they are protected at the base of a clif.
below the Golf Links (BeI«Cs,Bsl6eBe)+ The total thickness of bed H is takern
from BURTON and CURRY & WISDEN (18fte.0ins.=5.49m,). Augering was rendered
impractical by 6fte. of beach gravel at this locality and a single sample
(7152 at B.I+C.) was taken on a visit after a storm had cleared a slightly
larger area than is usually exposed.

A one inch bed of lignite is taken as the top of the marine Barton
Beds (see TAWNEZY & KEEPING, 1883, p.573)., The Lower Headon 3eds between hel:
(B+20,B.) and Long Mead End are badly slumped and in a very confused state,

Beyond that and towards Milford they are heavily overgrown.
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1:3:2 Alum Bay

Location

A nearly continuous section from the top of the Upper Chalk to the
Oligocene is exposed at Alum Bay at the western extremity of the Isie of
Wight (Nate. Grid Ref. SZ 3085). The Barton Beds outcrop at the northesrii end
of the bay (Nat, Grid Refs. SZ 305856 to SZ 304857), Access is by rcad
from Freshwater or Yarmouth and by path behind the Alum Bay Hotel.

Structure

This section is in the vertical 1limb of the Isle of Wigut monocline.
The Lower and Middle Barton Beds dip at or near 90° striking east-westo
Soil creep has overturned them at the top of the cliff., The Upper Barton
Sands (= Headon Hill Sands) have a :wduced dip (down to 45°) and the Lower
Headon and higher strata progressively become horizontale..

Aspect

The strata are well exposed in a series of small bluffs, separated
by embayments and mud glacierss A section of the Lower Barton Beds in the
valley south of the path can be found by digging at the head of the "corrie®.
Most higher unlts are more accessible along the base of the cliffs, where
marine erosion keceps them clean during the auﬁumn, winter and spring. A
gap in the succession occurs where the small stream valley emerges by the
steps and where large scale slumping obliterates the Lower Headon and Upper
Barton Sands.

Literature and Samples

Table 2 gives the detalled succession, location of sample positions
and 1lithologies. MNost samples were taken along the base of the cliffss The
offset section in the Lower Barton Beds could be readily tied in, Literature
on the locality includes GARDNER, KEEPING & MONCKTON (1888), REID & STRAHAN
(1889) , O.WHITE (1921) and CURRY (in CURRY, MIDDLEMISS & WRIGHT, 1966).

The glauconitic beds below the Nummulites prestwichianus Bed are described

by FISHER (1862),
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Notes on Individual Members

The bed with small pebbles in the middle glauconitic sequence has
not been previously recorded,

Specimens of Chama were only found at the level of sample 6703 and the
base of the Chama Bed is taken to 1lie between 6703 and 6702, The uppev
boundary of this unlt camnot be definitely determined but is probably at
the base of the 'white sands.

The white sands have no signs of bedding and the only marker band is
11ft.6inse (3.5lm,) above their base. The dip changes rapidly here and
consequently thicknesses could not be measured and it was not sampled.
The authors mentioned above give a total thickness of 90ft. (27,43m.) for
this unit,

1:3:3 Other Sections

In addition to the two main series 45 samples were exauined from 20
localities for comparative and stratigraphic purposes. Of these 5 were
from the Imperial College Micropalacontological collections and 21 were
collected by the author, The remaining 19 samples were not collected by the
author. These have been assigned Imperial College Micropalaeontological
collection numbers and (where known) the original collector's numbers are
given in parenthesess National Grid References are given where possible
and the general location of sections are shown on Figel. Lithological
successions are given on Tables3 and 4,
as Whitecliff Bay

This section 1s located at the eastern end of the Isle of Wight in the
vertical 1limb of the monocline, It presents a nearly complete section
from Paleocene Reading Beds, resting on Upper Chatk (SZ 638857), to gently
dipping Oligocene Bembridge Marls (SZ 654873)s Good descriptions may be
found in REID & STRAHAM (1889), O.WHITE (1921) and CURRY (in CURRY,
MIDDLEMISS & WRIGHT, 1966). Parts of the Bracklesham Beds are described in
detall by FISHER (1862) and WRIGLEY & DAVIS (1937)., Additional information
on the Barton Beds and Oligocene 1s given in GARDNER, KEEPING & MONCKTON

(1888) and FORBES (1856) respectively.
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Sample 7193 was taken from the Bembridge Oyster Bed (Nat.Grid Ref.
SZ 645865), Bft,0lns. (2.44m.) above the top of the Bembridge Limestone
and 3ft.0ins, (0,91ms) below the band of Ostrea.

Sample 6500 comes from the brown sands of the Brockenhurst Bed, at
the base of the Middle Headon series (Nat.Grid Ref. SZ 642864), 3ft.(ins,
(0,91m.) above the clay conglomerate. The Brockenhurst Bed is very poorly
exposed in the cliff and no trace of foreshore exposures could be found,

The outcrop of the Barton Beds 1s also very overgrown. !% occuis
in the broad valley where the steps reach the beach (SZ 641i£3Z) ani all that
1s visible are unfossiliferous Barton Sands and a few small decalcified
exposures of clay. Sample 1602 (collector unknown), in the Imperisl
College collections, is from the Luiier Barton Beds of the “cliff steps®,

It contains abundant Nummull tes rectus and is believed to be from the

Lower Barton Bedse Foreshore exposures in the Nummulites p:-stwichianus

Bed were described by KEEPING (1887) but are now covered by beach sand,
The upper parts of the Upper Bracklesham Beds are falirly well
exposed to the southwest of the steps and samples 7024, 7030, 7034, 7036,

7037, 7041 were taken from FISHER's beds XIV to XVII (see Figo.4.).

Beds VIII to XIII were badly decalcified and overgrown on the
occasions of the author's visits, Mr,A.King kindly provided sample 7190
from B-10ft, (2.44-3,05 m,) above the base of bed VIII, Sample 7191 was

collected by the author from the Nummulites laevigatus bed, &4ft.0ins (l.22m.

above the base of bed VII., Sample 7192 was taken from the Venericardia

planicosta bed (FISHER's bed IV) but its exact position could not be
determined due to slumping.
b. Hamstead

A single sample, 7161, from a shell bed immediately below the Plateau
Gravel at the summit of Hamstead Cliff (SZ 389908), is from the Upper
Hamstead Corbula Beds The Molluscan fauna is dominated by Pirenella

monilifera (DEFRANCE) and Polymesoda convexa (BROGNIART). Descriptions

of the section may be found in REID & STRAHAN (1889), O.WHITE (1921) and

CURRY, MIDDLEMISS & WRIGHT (1966),



21,
ce Colwell Bav

The section in the Middle Headon Beds at Colwell Bay 1s described in
great detail by TAWNEY & KEEPING (1881). A single continuous section is
hard to find but short overlapping outcrops in the cliff enable a complete
succession to be elucidated.

Sample 6541 is from 4ft.3ins. (1.29 m.) above the top of the How
Ledge Limestone behind the beach huts southwest of Colwell Chinc (Nat.Grid
Ref. SZ 326878)., This is from the lower half of the marine series, below
the Oyster Bed and above the top of the non-marine sequence *Muw Ledge
Limestone)s Sample 6530 is from the upper part of the succession, 21ft.Oins:
(6.40 m,) below the base of the thin, non-marine, Upper Headon limestone.
Itsoutcrop is below the small bucklie fold just north of Linstone Chine
(Nat, Grid Ref, SZ 330887)., The marine and nonemarine elements are interw
callated in this part of the succession and a good field marker for the
Middle/Upper Headon boundary cannot be found.
de Poulnor

Sample 792, in the Imperial College collections, is from the Barton
Clay of Ayles Brickyard, Poulnor, near Ringwood (Nate. Grid Ref. SU 175057).
REID (1902, in the Ringwood Memoir) and BURTON (1933) give descriptions
of the section. They record blue, fossiliferous clay overlain by white sand
and Plateau Gravel. BURTON concludes that the clay represents an equivalent
of the upper part of his bed F at Barton.
es Hengistbury Head

Three samples were collected by the author: 7157 from the Lower
Hengistbury Beds (SZ 168907) and 7158, 7159 from the Upper Hengistbury Beds.
(SZ 172905) (sece Figebe)s In addition, sample 7195 was collected by
MreDeJesCarter (Hengistbury Head No.2) from the upper division (SZ 179908),
probably 20 or 30fts (6.10 or 9.l4m.) above 7159, Details of the succession
may be found in GARDNER (1879) and WHITE (1917).

f.» Afton Brickyard

This important exposure (SZ 368864) proved to be badly overgrown

when visited in September 1967, However one sample, 7160, was taken from
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what was considered to be the position of the "Rimella canalis™ Bed, as

described by CURRY (1942), This proved to be decalcified and Mr.Curry
very kindly provided specimens of Nummulites from this bed (assigned sample
no. 7175),

ge New Forest Upper Bracklesham Beds

Four exposures of Upper Bracklesham Beds are known from the northern
part of the New Forest in the area between Cadnam, Lyndhurst and Fordingbridge
All are small (usually under a foot high at any one place) and exposz¢ only
{n the beds of those streams which cut through the Plateau Grave:r., wo of
them (Brook and Huntingbridge) could not be located. The exact pczition of
the Huntingbridge exposure is hard to determine from FISHER (1652} but is
belleved to be close to Nate Grid Ref, SU 250144, Specimens of the
Nummulites from Huntlngbridge were kindly donated by dMr.D.Curry (assigned
sample noe. 7176).

Thz Bramshaw exposure was originally described by FISHER (1862)., It
occurs in the stream bed of Shepherd's Gutter, southeast of where the
road linking Fritham and Bramshaw crosses 1t, One of the two samples taken,
7154, was from Nat, Grid Ref, SU 263152. The other, 7155, was from about
100 yards downstream and 5 or 10 ft. (1.52 or 3,05 m.) stratigraphically
lower In the succession.

The exposure at Studley Wood has not been previously described and
f{ts location was communicated by Mr.CeKing of Imperial College, London. It
occurs in the gtream banks at the head of Latchmore Brook, where the stream
flows into Studley Wood about 1 km. south of Hope Cottage (Nate Grid Ref.
SU 228160)« A sample taken from this position (7154) is at the top of the
succession in glauconitic sand, Three samples from an augered section made
by MreKing at the same locallity (see Fig.4) contaln the Nummulites species
otherwise pecullar to Huntingbridge.

he Lee~on-Solent

Two tubes of residue in the Imperial College collections are both
labelled Lee=-on-Solent and numbered 788, One of them (788a) has a mlcro-

fauna ldentical to that of FISHER's bed XVII at Whitecliff Bay. The other
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(788b) 1s slightly different and is belleved to be from FISHER's bed 16 at

Lec-on-Solents This 1s the Nummulites variolarius Bed and is probably

equivalent to bed XVII at Whitecliff Bay. Sample 7169 was kindly provided
by Mr.CcKing (Lee Noe5) and 1s from the Paracyathus Bed at Lee-on-Solent
(FISHER's bed 20), FISHER (1862) describes the section In detail ani =
correlation table with the Fawley Transmission Tunnel sectlion 1s published
by CURRY, HODSON & WEST (1968),

i, Bracklesham Bay

The section through the Bracklesham Beds between East W!ttering and
Selsea conslsts of foreshore exposures of seasonally varlable extent, It was
described by FISHER (1862) and his numbered notation of the units {swablc
numerals l=22) is used here, REID (1897) and CURRY & WISDEN (195%) provide
addi tional information, The latter work includes up~to-date directions for
locating individual members.

A sample in the Imperial College collections, no.787, is labelled
“Ciibs, off coast at East Wittering, Selsea Bi11", East Wittering is several
miles from the nearest exposure of the “Clibs™® (= bed 22 in FISHER), the
highest unit iIn the succession of Upper Bracklesham Beds. However, its fauna
tallies with that part of the succession in better authenticated material
and 1t is provislonally assigned to bed 22,

Mr.Fowler of East Wittering very kindly provided the author with two
samples: one, 7171, from FISHER's bed 21 of Selsea and one, 7174, from the
Nummulites laevigatus Bed (FISHER's bed 6) of Medmery. In addition, the
author collected a second sample from bed 21 at Selsea, 7172, (Nat. Grid
Refs SZ 844929), iMraAeKing also made available Foraminiferida from a Lower
Bracklesham Beds sample from East Wittering (BR/1/5, assigned sample no,
7199), All this materlal contains a variable amount of Recent contamination.
Jo Fawley Transmission Tunnel

The new section through Middle Bracklesham to Lower Barton Beds,
uncovered by the workings for the Fawley Transmission Tunnel, has recently

been described by CURRY, HODSON & WEST (1968), It was excavated beneath
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Southampton Water from two vertical shafts (SU 477028 and SU 501041) near
Fawley Power Station and Chilling respectively.

Mr.CeKing provided sample 7170, which he collected from tips at
Chiiling while excavations were in progress on CURRY, HODSON & WEST's %ad
He These authors note that excavation followed a particular bed for a
considerable time and confidence can be expected in the stratigraphic placing
of this material.
ke Southampton Dock

A sample in the Imperial College collections (no.786) is from the
Middle Bracklesham Beds of Southampton Dock., The section and 1ts macro=-
fauna have been described by WRIGLEY (1934),

1., Portsmouth

Foraminiferida from the Lower Bracklesham Beds of an unspecified
locality near Portsmouth were made available by Mr.A.King (P.l., assigned
sample no. 7197),

m, Staines

A sample of Middle London Clay, from Wraysbury Reservoir, near Staines,
was donated by Mr.A.King (assigned sample no. 7196).
ne Parls Basin

Professor D.V.Ager kindly gave the author a sample of calcareous sand
from the Sables d'Auvers of Nogent d'Artaud, east of Paris (assigned sample
no.7195),

MresA.King provided three samples from the classic French Eocene
localitiess 7167 is of calcareous sand from the Sables d'Auvers of Le
Guepelle (% kme west of Survilliers, Seine-et-Oise), probably from POMEROL
et als (1965) bed 12 or 13. Sample 7165 is of soft, shelly limestone, from
the Calcaire Grossier (ABRARD's (1925) zone IV) of Damery (Marne). 7166 is
of shelly sand with abundant Nummulites planulatus from the Sables de Cuise
of Pierrefonds (9% kms. south of Cuise Lamotte)s Finally Mrs.AeKing provided
an assemblage of smaller Foraminiferida from the Sables de Culse of Cuise

Lamotte (Ce1l.sMe, assigned sample nos. 7198).
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Section 2 UEPER EOCENZ STRATIGRAPHY

Section 2:1 The Problem

There are approximately 2,000 ft, of strata in the Hampshire Palaeozene
and up to nearly 600 ft., of these lle in the interval under consideration,
namely the Upper Eocene. Stratigraphlic synthesis of these beds 1s hampered
by several severe problems. Filrstly thc Upper Zocene was deposited in a
marginal serles of enviromments. These vary from non~marine, throuzh estu-
arine to neritic conditions. Hlatuses are numerous and lateral variations
arc extremely rapid, with gradations from non-marine to neritic conditions
occurring in the same unit over an interval of a few miles. host fossil
groups, although showing strong distinction between units, tend to be mainly
locally facles controlled and do not provide many useful widespread strati-
graphi ¢ markers.

This study is an attempt to recognise divisions and subdivisions in the
English Upper Bocone, as far as possible to correlate the divisions locally
and to suggest correlations between Hampshire and the related strata in

~France and Belgiume. The last named problem is fraught with pitfalls and
all suggestions in this field must be regarded as highly tentative,

The solution to these problems lle along threc maln lines of research.
Lithological correlations have been made on all available published information.
The use of sultable palacontological stratigraphlic markers is here restricted
to the Foraminiferida in general and the Mummuliies in particular. Palacoe-
cological and palaeogeographic interpretations --» baced on results of the
11 thological synthesis. Apart from a few general observations detailed
palaeoecological studles have been restricted to the Barton Beds and
this will be dealt with in Section 3.

Section 2:2 ENGLISH UPPER EOCENE LITHOSTRATIGRAPHY

2:2:1 Previous Work

An excellent summary of the }literature on all aspects of thc Lower
Tertiary has been made by CURRY (1965). Mention must however be made here

of those works which are particularly relevant to the stratigraphy.
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PRISTWICH (1846), in the first of his series of papers on the Lower
Tertiary, provides the earliest useful subdivislon of the locene. iHe
included all strata between the base of the lLondon Clay and the top of the
Barton Clay in his “London Clay Formation®. He subdivided this into a lower
or “Bognor Beds™ and an upper or “London Clay™ unit, In 1857 he realised his
mi stake and replaced “Bognor Beds with London Clay and “London Clay™ with
Bracklesham and Barton Beds. The strata above the Barton Clay he termed the
“Fluvio-marine Formation®,

The latter half of the 19th century saw the subdivision and labelling
of these units much as we see them today. FORBES (1353) divided the
“Fluvio-marine Formation' into the Headon, Osborne, Bembridge and Hamstead
(recorded as iHemstead) Beds. FISHER (1862) provided a detalled survey of the
Bracklesham Beds. ie described the sections of Bracklesham Bay, Lee-on-Solent,
Whitecli ff Bay and the Mew Foreste The numbered labelling that he gave the
untts is still very useful and is employed in the present study for the
three coastal exposures mentioned. He divided the Bracklesham section into
four groups of strata on macrofaunal grounds (D, C, B and A)e Of these D end

C correspond to the Lower and Middle Bracklesham Beds. Division B includes

the lower part of the Upper Bracklesham Beds, namely the Campanile to liacro-

solen hollowaysi Bed at Whitecliff Bay (IX to XII) and Selsea (1l to 16).

Division A consists of the upper part of the Upper Bracklesham Beds, including

the Miocardia to Nummulites varjolarius Beds at the same localities (X111 to

XVII and 17 to 22).

VON KOENEN (1864) identified the base of the Oligzocene in Hampshire with
the Brockenhurst Beds and correlated them with strata at Tongres (Belgium) and
Lattorf (North Germany). The base of the Qligocene was originally defined
with the beds at Lattorf (BEYRICH, 1854), TAWNEY & KXiiPING (1881) redescribed
the brockenhurst Beds in detail, subdividing them into a Brocgenhurst zone
below and a Royden zone above. They also provided descriptions and relation-
ships of the higher parts of the Hdeadon Series.

The Barton Beds received detailed attention from GARDNER, KEEPING &
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MONCKTON (1888), They gave a zonation (not used here) and described the relat
fonships between the Upper Eagshot Beds of the Sandhurst area with the Barton
Beds of Hampshire., The base of the Barton Beds was at last adequately defined

by KEEPING (1887) with the Nummulites prestwichianus Bed at RBarton.

STAMP's(1921) description of cycles of sedimentation in the &nglish
Palacogene provided the basls for modern researchs. He recognised four cycles
in the Eocene of Hampshire (London Clay, Lower Bracklesham, Upper Bracklesham
and Barton Beds) and labelled them with the stage names of North France and
Belgium (Ypresian, Lutetian, Auversian, Bartonlan respectively). STANF
pointed out the complete contrast in the succession of the western and
castern parts of Hampshire. He was able to trace cycles which are almost
entirely marine in the east (e.ge Middle Bracklesham Beds of Selsea) into
entirely nonemarine units in the west (part of the Boscombe Sands). WRIGLEY
& DAVIS (1937) were able to add the Culsian stage to this list, when they

signalled their discovery of Nummulites planulatus and a molluscan fauna

comparable to that of the Sands of Culse in the Lower 3rackleshanm Beds.
With WRIGLEY & DAVIS (1937) our general knowledge of the stratigraphic
framework of the English Tertiary became complete. Thls was elaborated by
the studies of HAWKIN's (1955), on a series of boreholes in the western part
of the London Basin (Enborne area). Additional detalled local correlations
were made with the fining of new exposures and particular mention must be
made of such works as CURRY (1942), on the Afton and Gunville exposures,
and CURRY, HODSON & WEST (1968) on the Fawley Transmission Tunnel. &n
excellent general review of Znglish Palaeogene stratigraphy was made by
CURRY (1965) and definitions of most units can be found in CURRY (1958,
in the Lexique Stratigraphique),

2:2:2 Lithologzical Correlations

An examination of the literature on the Upper ifocene revealed a large
number of accounts of sectionss Although accounts and correlations between
selected sections have been published in the past (CURRY, 1942, 1965: CURRY,

HODSON & WEST, 1968) none have included all the avallable information. Table
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3 and 4 show such at attempt at lithological correlation of sections
between the Middle Bracklesham Beds and the Middle Headon Beds. The

Fym

Nummuli tes prestwichianus Bed{(l.e. base of the Zarton Beds sensu LEZEPING,

1887) 1s taken as datum and the horizontal distances are not to scale. The
information on some sections is conslderably less reliable than on others and
the evidence and limitations must be discussed before any conclusions can be
made,

as. Evidence

Accounts of the land boreholes In Hampshire were compiled by WHITAKER
(1910), Some of these records are, to say the least sketchy, and so most
correlation with them must be open to questione. The boreholes made for the
Spithead Forts (Noman and Horse Sand Forts) were described in REID & STRAHAN
(1889), Their palacontology and correlation are discussed by G.WHITE (1915)
in the Lymington and Portsmouth Geologlcal Survey bemolr but a new inter-
pretation’ 1s 'used here,

The measurements of FISHER (1862) and RIID & STRAHAMN (1889) are used for
the Whitecli ff Bay sectioni FISHER's bed numbers (Roman Numerals I to XIX)
provide convenient labels. Beds XIII to XVII were measured by the author.

There i1s no satlsfactory account of thlickness for the Bracklesham Beds
of Bracklesham Baye. FISHER (1962) gives a succession measured in paces along
the foreshore and his bed numbers (1-22) are used, The section is drawn to a
similar scale to that used by CURRY, HODSON & WEST (1968) and the true thicke
nesses remain conjectural.

The Lee-on-Solent and Fawley Transmission Tunnel sections have recently
been discussed by CURRY, HODSON & WZST (1968)., The former was very adequately
described by FISHER (1862) and his bed numbers are used (3 to 21). CURRY,
HODSON & WEST labelled the Fawley sectlon with letters (A to X).

Of the small exposures in the MNew Forest, BURTON (1933) provides measure-
ments for those at Poulnor, Totton and Bransgore. The stratigraphlic separatior

between the upper and lower Bransgore sections (l2a, b) is unknown. The
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exposures at Brook, Bramshaw and Huntingbridge are described by FISHIR
(1862), who glives measurements for some of the beds. Thicknesses are taken
from his estimates. leasurements of the Studley Wood exposure were kindly
provided by YMr. C. King (pers. comm.).

The Afton and Gunville Brickyard exposures are described in detall by
CURRY (1942), whose measurements are used here. The author’s own measuree
ments are used for the Barton Clay of Alum 3ay. Thicknesses for the strata

below the Nummulites prestwichianus Bed are taken from OL.WEITE (1921) and

REID & STRAHAN (1889), In the absence of a more detatled system PRESTWICH's
(1846) bed numbers are used, CURRY (in CURRY, MIDDLENISS & WRIGHT, 1966)
gives the thickness of Lower Headon Beds as 62ft. (18.9m.),

BURTON's (1933) bed numbers Al to L are used here for the Christchurch
Bay (Barton) section and the measurements are the author's own. TAWNEY &
KEEFPING's (1883) figure of 83%ft. (25.4m.) for the thickness of Lower Headon
Beds is used, The beds below Al are taken from the account in GARDMNER,
KEEPING & MONCKTON (1888).

GARDNER's (1879) description of the section at Hengistbury Jead is
supplemented by the author®s own measurements in the peabble bed complex. T
same author (1878, 1882) also described the Bournemouth Beds. However, no
complete detalled account could be found and it {s left out of the tables.
CURRY (1958) gives an estimate of 600ft, for its total thickness. They cons:
of a thick and laterally variable ‘'Bournemouth Freshwater Series® belows, Th
upper part passes laterally eastwards into the “Bournemouth Marine Series’,
which has brackish and estuarine faunal elements. The whole unit probably
corresponds approximately to the Bracklesham Beds in stratigraphic position,
b, Lithological Units, Distinctions and Limitations

Fig. 5 shows the lithological units used in the corrclations on Tables
3 and 4, Four main criteria are employed in the subdivision and correlation
of these strata, These are cycles of sedimentation, breaks in deposition,

clear 1lithological changes and certain known palaecontological elcments.
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The sedimentary cycle is taken as a unit of strata showlng evidence of
a transgressive base and topped by the transgression of the succeeding cycle.
The transgressive base is most clearly marked when it is represented by a
break in deposition.. Such breaks include the pebble bed at the bases of the

Campanile and “R.canalis®™ Beds and the conglomerate at the base of the

Brockenhurst Bed, Many cycles may also show a regressive closing stage,

The Barton Beds show this most clearly, with 1ts gradual passage upwards from
marine clays (Barton Clays) through estuarine sands (Barton Sands) to none
marine deposits (Lower Headon Beds)s Theoretically pebble beds or similar
breaks might be associated with the regressive stage of a c¢cycle but none

have been definitely identified, Depositional breaks may also occur within
cycless The pebble bed in the Middle of the Barton 3eds at Alum Bay falls
within this category.

Clear changes in lithology tend, of course, to be subjective and except
where they are definltely present (clay to sand, etc.) such boundaries
are treated as questionable. Two 1lithological unlts which need comment are
xeptaria and ferruginous levels, Septaria are laterally very unreliable
elementse Aven within the same section they may disappear andreappear
in short horizontal distances (e.ges the septaria at Barton), although they
have yet to be observed actually changing level, Ironstone beds however
do sometimes do this. At Hengistbury Head palred beds of ferruginous nodule:
have been observed splitting and rejoining over several hundred yards of
exposure, In &' few cases ferruginous levels are tentatively thought to
represent breaks in deposition (below “R,canalis® Bed at Gunville and in
the Barton Clay at Whitecliff Bay).

The use of published and/or observed palacontological markers are used
here with some reservation, In many cases the ‘"fosslliferous®™ part of a bed
is that where fossils are particularly abundant and is thus an acme zone.
Sometimes these move up or down from one section to the next. Although ther:

is no direct evidence it is strongly suspected that the Nummulites laevigatu:

bed i1s a complex of thin pummulitic beds of this typee. kany of the published
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correlations are based on occurrences of molluscan faunas. Few lMollusca have
such a short total range that they can be used even locally and those that do
tend to be rare. Some however, have marked abundance in particular beds

(Chama squammosa in the Chama Bed, Amusium corneum in the Brook Bed,

Venericardia planicosta up to and including the Brook Bed). The only fossil
group relied on to any extent as characterising specific horizonsa¥e the
Nummulites, These will be dealt with at length in Section 2:3:3,

cs« Lithofacies and Biofacles

Six main types of lithofaclies are recognised here. These are partly
interpretive and are notincluded in the tables.

Sediments which were not deposited under marine or brackish conditions are
represented by .such units as the Lower iHleadon Beds and so-called Bracklesham
Beds of Alum Bay. They contain multi-coloured sands, pipeclays, carbonaceous
clays, Lymnacaand Charophyte limestones and lignites. These were lald down in
freshwater fluviatile and lacustrine regimes, Individual units are often
dlscontinuous laterally, showing channels, cross bedding and other evidence
of rapidly varying sedimentation, Palacontologically they are characterlsed
by the abundance of certain groups in low diversity., Thus fluviatile elements
contain banks of Cyrena and freshwater lacustrine linestones are often coquinas
of Lymnaea, Piagorh!s and Charophytes. The remains of higher plants are well
known from the lignites and pipeclayse In gencral these units are not sub-
divided,

A distinctive lithofacies in the Upper Eocene is one composed of fine,
white or yellow yuartz sands, These occur particularly in the Upper Barton
Beds and the Upper 3racklesham Beds of the western sections. Cross bedding
has not been observed but quicksand structures have been noted in the sands
below the Barton Beds at Christchurch Bay., They may or may not have been
decalcified but in any case contain little fauna or flora, apart from Dino-
flagellates and some plant debris. They are interpreted as having been depositec
in a marginal regime, If they are beach sands they have certainly lost all

traces of their Mollusc and Foraminiferal fauna to decalcification. They may
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represent an estuarine or fluvlio-marine environment, although the Microplankton
fauna Indicates at least some connectlion with the open ocean.

Associated with the pale sand 1lithofacles are carbonaceous clays and
sandy clays. Examples of these include the Becton Bunny Beds and the Ostrea
tenera Bed. To these may be added some units in the Middle Headon Beds (not
studied). The macrofauna usually contains many brackish water species (sce
BURTON, 1933 for the 3ecton Bunny 3ed and CURRY, HOD3ON & wiST, 1968, for tae
O.tenera.Bed). Sedimentary structures include fine lamination and the two units
mentioned are laterally discontinuous,

True marine lithofacles include shallow water sands (with or without
glauconite) and deeper water clays. All gradations are seen between these types.
Shallow water noneglauconitic or sparsely glauconitlic sands include the
Tellina Bed of Selsea and bed A3 (= Highcliff Sands of GARDNER, KEEPING &
MYONCKTON, 1888, not GARDNER, 1879). These two beds are rather different in

detall however, Glauconitic sands and sandy clays include the Nummulites lae~

vigatus, N.ovariolarius and N.prestwichianus Beds at a number of localities

and parts of the Mlddle Barton Beds at Barton (beds B,C,D). The marine clay
lithofacies occurs as parts of the barton Clay (A2, E, F) and the Brook Bed,
Finally, a transgressive lithofacies can be recogni sed, as mentioned above.
It may conslst of a flint or chalk pebble bed (sub=Barton pebble bed) or of
pebbles scattered through a shallow water marine sand or sandy clay with
shells (Campamile Bed, mid-Barton pebble at Alum Bay)e In less extreme cases
marine strata rest on estuarine or non-marine strata without disturbance
(Middle Headon “Trigonocoelia” Bed on Lower Headon How ledge limestone at
Headon Hi1l and Alum 3ay).

The relationship between the marine lithofacles and blofacles 1s described
quantitively in Section 3, except in the case of certain shallow sands not
represented In the Barton Beds., These inciude the pecullar Tellina and
Nummulites varlolarius Beds and although not examined rigorously certain
comments on their fauna and flora will be made,

In 1ts exposures at Lee-on-Solent, Gunville, Fawiey and the iew forest

the Nummuli tes variolarius Bed is in lithological character a deeper water
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marine clay, usually with a predominance of its nominate species and such
Mollusca as Corbula and Turrids in its fauna. In the east however, it is quite

different. At Whitecliff Bay and Selsea MNummulltes variolarius and smaller

Foraminiferida reach rock forming abundances (the dMixon Rock off selsea s811l).

The underlying Tellina Bed also contalins N.variolarius in flood, but it is

associated with Alveolina fusiformis and Orbitolites spee In both units smalle
Miliolids dominate the finer fractions and small bhollusca, Corals, Bryozoa and
calcareous Algae (Ovulites and Dasyclads) show abundances and types not scen
elsewhere in the Hampshire Upper Eocenes

CHEZTHAM (1966) described 34 species of Cheilostomatous Bryozoa from bed
21 at Selsea, Of these the club~shaped forms and stick Bryozoa were dominant.
LAGAAIJ & GAUTIER (1965) studied the Recent Bryozoan faunas of the Rhone delta
and established a remarkediy close correlation between zoarial (colony) forms
and the depositional enviromment. They showed that atéached, club-shaped
forms (their celleporiform, CHEETHAM's orbituliporiform type) attained minor
percentages in sheltered, hard substrate environments. 7The stick dryozoa
(their adeoniform and vinculariiform, CHEZTHAM's cellariiform type) reached
sizcable percentages in deep, sheltered wéter and in shallower (40-50 m.)
areas with a stable sandy substrate and siow depositlon (their “fonds
coralligenes"). In most other Upper Eocene marine clay and sandy clay 1itho-
facles the motile Bryozoa (lunulitiform type of STACH, 1936) predominate.

The envirommental picture built up when the Foraminiferal and Bryozoan
evidence is considered together is one of slow deposition in warm, sheltered,
well oxygenated water, on a stable sandy or hard substrate (“sea-meadow”
condi tions of CURRY, 1965, 1966). Evidence which does not agreec with this
interpretation includes the abundance of rolled, blackened and glauconite
infilled Foraminiferida. These would indicate very slow deposition or non-
deposition on current-swept shelf. Perhaps the two sets of conditlons were
associated in an alternating series,
de Notes on_the 1Lithological Correlations

The base of the Middle Headon Beds is probably a diachronous horigon.

To the north-east of a line approximately from Ventnor to Fordingbridge the
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non-marine Lower Headon and the estuarine "Venus” Peds are separated by a
basal transgressive 1ithofacies, the Brockenhurst Beds, This has been repor-
ted at Whitecliff Bay, West Cowes (borehole, not shown) and the New Forest
(Brockenhurst and Royden) (see CURRY, 1965). At Whitecliff Bay the junction
is marked by a clay conglomerate, South-west of that line the "Venus™ Beds
rest directly on the Lower Headon Seds (on the How Ledge Limestone in West
Wight and on the Unio Bed at Christchurch Bay)e The Brockenhurst Bed contains
more tyuly marine Foraminiferida (BHATIA, 1957), Molluscan and Coral faunas
(TAWNEY & KZEPING, 1881) than the overlying “Venus® Bed and there is strong
evidence that it correlates with the basal Oligocene strata of Belgium and
North Germany (VON KOENEN, 18643 CURRY, 1966), BHATIA's (1957) figure
suggests that the Brockenhurst Beds are a lateral facies equivalent of the
iower part of the "Venus" Bed but they may equally well be a lower unit not
deposited elsewhere,

The nonemarine Lo%er Headon Beds have not been subdivided on charts 3 and &
They are very complex, thinly bedded and the correlation of individual units
cannot always be accomplished along the same section, let alone over a number
of miles (see TAWNEY & KEEPING's, 1881, relationships between the Colwell Bay.
Warden Point and Headon Hill sections).

The carbonaceous sandy clays and clays of the 3ecton Bunny Beds are present
only in a restricted areca north and east of Christchurch tay. No record of
sizable clay Intercallations within the Barton Sands lithofacles could be
found for the Isle of Wight.

BURTON (1933), when discussing the New Forest exposures of the Barton
Beds, thought that the Chama Bed was unrepresented away from the coast.
Decalcification might produce a lithology very similar to that of the Barton
S5ands and lateral gradations into the latter are thought to occur north and
west of Christchurch Bay.

The relationships of the Hengistbury Beds have been discussed in detall
by CURRY (1958, in Lexique). They are taken as equating with the lower part
of the section at Christchurch Bay. GARDNER (1879) thought that they

represented a much lower horizon., COWPER REED (1913) found casts of Mollusca
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in the Upper Hengistbury Bed, showing a fauna slightly blased towards
correlation with the Barton Beds. CHAPMAN's (1913) Foraminiferal fauna 1is
composed entirely of agglutinated forms. A simllar assemblage was observed
in bed Al and below at Christchurch Bay but not in the Upper Bracklesham
Beds, Such a fauna however is undoubtedly facies controlled, The strongest
evidence for correlation with the Lower Barton Beds lles with CURRY's (1942)

find of Nummulltes prestwichianus in the Upper Henglistbury Bed and the

author®s own obscorvation of Nerectus (casts) at a slightly higher horizon.

The complex of pebble bed at the base of the Henglstbury Beds probably
equate with the main pebble bed below the Barton Bads at Christchurch 3Zay.
Thelr thickened and more complex nature westwards may represent an ilncrease
in clastic supply towards a shoreline. A pebﬁle bed at a similar level can
be traced in the records for the Lymington borehole and at alum Bay. At Afton
Brickyard a pebble bed occurs below the “Rimeclla canalls® Bed but eastwards
it cannot be traced, At Gunville a ferruginous layer is tentatlvely thought
to represent a similar depositional break. The stratigraphic relationship
between the “Re.canalis*® and Huntingbridge horizons is completely unknown as
they do not occur together. The “R.canalls® Bed is restricted to the Isle
of Wight and the Huntingbridge horlzon is known only from the north-western
areas FISHER's (1862) identification of the latter from casts at Alum Eay
1s treated as conjecture, The Huntingbridge Bed can however, be definitely
traced at Studley Wood and Lee-oOn-Solent,

Correlation of the fossiliferous units in the Upper Bracklesham Beds has
been the subject of n;merous papers from FISAER (1862) onwards and is well
substantiated by palaeontological evidence (see CURRY, 1942; CUKRY, nODSUN

& WEST, 1968). The Nummulites varjolarius bed is one of the most widely

distributed but shows some changes over the area studied, In the New Forest,
Fawley and Leeeon-Solent exposures it is a sandy clay with a dominant
Molluscan faunae The upper part of its Whitecliff Bay section is also of this
types At Selsea and its lowerpart at Whitecliff Bay Foraminifera become

dominant. The underlying Tellina Bed 1s of similar type, though sandier,
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and is only known at those two localities.
The southern serles of sectlons however, show a marked change in charactes

of the Nummulltes variolarlus Bed westwards. At Gunville only the lowest

portion has calcareous fossils and the upper part is thickened, sandy,
glauconitic and decalclfied. At Afton the whole section 1s sandy and
decalcified (CURRY, 1942), though possibly originally glauconitic in its
lower part. At Alum Bay correlatlon with any of the fossiliferous Upper
Bracklesham Beds cannot be substantiated and all this part of the section 1:
thought to be non-marine., Table 3 shows a suggested pattern, In which suc-
cesslvely higher beds have more regressive characteristics and laterally
change into more marginal deposits towards the west.

The relationshlp of most of the boreholes to the known surface sectlons
is conjectural, Some sand/clay boundarles can be traced in the boreholes
in the Lymington area but those along Southampton Water (Dibden, Hythe and
Zling) lack useful markers. The original loggers seem to have drawn the
Bracklesham/Barton Beds boundary at changes from more to less glauconltic
sandy clay, a very doubtful crlterlon,

The Splthead Fort boreholes have been rather more carcfully documented
but still provide conflicting results., At Norman Fort REID & STRAHAN (1889:

record Nummullites variolarlus, Corbula, Pinna and Amusium corneum from

between 374 and 385 ft. below the Recent sand, correlating the assemblage
with theBrook Bed equlvalent at Whitecllff Bay (beds XIV and XV). They als:
found Campanlle and Turritella imbricataria near the bottom and thought
that thls level equated with the Campanlle Bed, Such correlations however
result in an abnormal’ thickness for the Barton Clay, when compared with
Whitecl1ff Bay.

At Horse Sand Fort "Nummulltes varlolarius" was recorded by EVANS (1873}

at about 200 ft, OJWHITE (1915) thought that this marked the Nummulites
variolarius Bed, which would give an abnormally thick Upper Bracklesham
section before the next nummulitic sequence was mete An alternative

explanation 1s here tentatlively suggested, such that the lowor Nummulltes



38,
horizon equates with the N.laevigatus Bed and the upper one with the
Huntingbridge Bed, This would allow the central septaria bed to fall at th=
same level as the very persistent septaria at beds H and 8 at Fawley and
Lee-on-Solent respectively. The fossiliferous sequence below would then

correlate with the Macrosolen hollowaysi and Little Bed equivalents,

However, neither O, WHITE's nor this new interpretation explalin the
occurrence of Venericardia planicosta and Tibia sublucida in what must be

the Barton Clay.

2:2:3 Conclusions on Znglish Upper Eocene Lithostratigraphy

as [The Upper Bracklesham Beds Cycle
The base of the Upper Bracklesham cycle is taken at the Campanile Bed ani

its equivalents. WRIGLEY (1940) suggested that its Molluse fauna was
“decidedly Lutetian® in composition. Nevertheless it shows a transgressive
1ithofacies with a marine fauna and pabbles and overlies the estuarine

strata of the Ostrea tencra Bed at Selsea and Fawley or the non-marine

beds at Gunville,

In the northern series the succession continues upwards with the sandy
marine beds of the Macrosolen hollowaysi, Miocardia, Little Beds and their
equivalents, These are followed by more clayey strata of the Brook and
Nummulites variolarius Beds. The base of the Barton Beds cycle is not
identifiable and the clays and sandy clay continues without interruption
through the Huntingbridge Beds. In the eastern sectlons the succession
is baslcally the same but the Tellina (at Whitecliff Bay) or Tellina
and Nummulites varlolarius Beds (at Selsea) become Foraminiferal sands,
Throughout these sections the total thickness of the cycle and the thicknes:
of iIndividual units remain essentially constant., Along the southern
series the Upper Bracklesham Beds change markedly as described in the preced
ing section (2:2:2d).. In addition to lateral changes in lithofacies they
also exhibit anomalous thicknesses., The total thickness at Afton Brickyard
Is considerably greater than at adjacent sectionss The cycle as a whole

shows a progressive decrease in marine eclements from the base upwards and
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from east to west, Thus at Whitecliff Bay the whole cycle is composed of
marine strata, At Gunville only the lower half and at Afton only the
lower third is composed of fossiliferous marine clays. The top of the cycle
at Afton contains non-marine beds, which at Alum Bay occupy the whole
succession,

b. IThe Barton Beds Cycle

The main elements of the Sarton Beds cycle are shown to scale on fige.6.
Its base is defined at the basal transgressive lithofacies of the pebble
bed at Christchurch Bay. This does not coincide with the base of the Barton
Beds (sensu stricto), which were defined by KEEPING (1887) at the Nummulites
prestwichianus Beds The pebble bed at Alum Bay, Henglstbury Head and Afton
is believed to be the lateral equivalent of this level at Christchurch Baye.
I1f this is so then the "Rimella canalis™ Bed is also included 1n the Barton
Beds cycle, in spite of its faunal relationships with the Upper Bracklesham
Beds (CURRY, 1942), The tentative correlations between these pebble beds
and the ironstone bed at Gunville and thence to the top of bed XVII at
Whitecliff Bay would probably also put the Huntingbridge Bed in the same
cycles This is based on the very dublous assumption that the basal trans-
gression remains isochronous throughout., In the eastern area the strataare
marine across the boundary and, in the absence of well marked breaks in
deposition, we have no unequivocal way of defining its position.

The eycle continues above the Nummulites prestwichianus Bed with a
considerablo thickness of marine clays, sandy clays and sands. This is a
heterogenous group which is subdivided faunally in Section 3. For the
purposes of this discussion they are trecated together as the marine Barton
Clay. They are topped by a regressive sequence in all three complete
sections (Christchurch Bay, Alum Bay and Barton). The regressive sequence
starts with a bed with a distinctive shallow water marine fauna (the Chama
Bed) and continues with fine, pale, estuarine or deltaic sands, These are
interrupted by the carbonaceous Becton dunny sandy clays and clays in the
weste The cycle is completed by the non-marine complex of Lower Headon
Beds and capped by the basal transgressive lithofacies of the Middle Headon

Beds,
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The peculiar anomalies in thickness of units of thls cycle (fig.6) are

hard to explaine The regressive sequence occuples approximately half the
total thickness at Rarton and Alum Day, but at Whitecliff Bay it 1s nearly
twice as thick as the marine sequence. The marine clays are about equal at
Barton and Whitecliff Bay but at Alum Bay they are considerably thicker.

Also the sand member thickens progressively eastwards. These observations
do not jibe at all with the general east/sea, west/shore pattern so weiil
shown In other parts of the Tertlary. The only changes expllicable by this
model are the heavy development of coasse clastics in the basal transgressivs
1ithofacies In the west and the progressive thickening of the non-marlinz
Lower Headon Beds in the same direction.

The sand wedge might be explalned as part of a deltalc lens or chenler le:.r
Faunal evidence for its exact position on the margin of a delta or estuary
is lacking. The only conclusion to be reached is that the supply of sand
was, for some reason, more plentiful in the caste. The thickness of marine
Barton Clay 1s even harder to explaln, One hypothesis is that 1t represents
a tectonlc thickening in the core of the Isle of Wight monocline. However,
structural considerations would expect competent strata to shcw strilke
faulting and incom;.etent units, such as the Barton Clay, to be thinned.

The cycle as a whole shows also varlations in thickness not seen in the
Upper Pracklesham tycle. It has a more or less equal total thickness at
Alum Bay and Whitecliff Bay. At Barton it is considerably thinner.

c. Palacogeography

The above remarks lead inevitably to a discussion of shoreline position
and palaecogeography “ut such a study requires a better areal spread of
sections than 1s avallable for any particular unit of the Barton Beds. The
most widespread and definitely ldentifiable unit 1s the Nummulites
variolarius Sed and the distribution of its 1lithofacies is shown in Fig.7,

The longest and most definlte areal 1ithofacles boundary 1s that between
the pale sands of the West Wight-Bournemouth area and the marlne clays etcea

of the New Forest and Southampton Water. This north west/south east



figure 7

42,

AREAL DISTRIBUTION OF LITHOFACIES IN THE

NUMMULITES VARIOLARIUS BED

~ 7

Lower N.vagriolarius Bed

Foraminiferal
—_ — sand & sandy clay
7 7 \ //
7 //
7
rd

Upper N.variolarius Bed

5 mi.

ix;/

O km.

Non- marine .Qr—-——.\ / ? / sand &
P NV /J sandy clay
7 / /

N

Marine clay &

sandy clay
Foraminiferal

/ /
7/




43,
shoreline trend (not necessarily an actual shoreline in this position) is
perpendicular to that generally accepted for England in the Eocene (see
DAVIS & ELLIOTT, 1958 and CURRY, 1966). The most likely explanation for
this anomaly appears to be that the Isle of Wight represented a land
promentory at this time, with a marine embayement to the north and possibiy,
although we have no evidence, to the south, Such a promentory may be further
explained as a delta lobe, The presence of a large river supplying material
to the area and building a complex deltalc wedge would also provide a recason
for the inconsistent thickness of some units along the southern series of
sections, It is possible that the Isle of Wight axis, although not yet
actively moving in the Eocene, may have been a zone of weakness allowing
or aggravated by delta formation.

The differences between the distribution of main lithofacies types of

early and late Nummulites variolarius Beds times show that the sea retreated

eastwards during that period. This interpretation is, of coursz, based on
the lithological correlations shown in Charts 3 and 4 and must be regarded
as tentative,
Section 2:3  UPPER EOCENZ PALAEONTOLOGY

CURRY, (1965, 1966) reviews the 1literature on the major groups and
evaluates their use in North West European Tertlary stratigraphy. BHe
shows that the smaller benthonic Foraminiferida, Ostracoda and ixollusca,
although present in great abundance and diversity, are very strongly facles
controlleds Distinctions between the cycles in terms of total ranges are
not very goode. 3iostratigraphic correlations between the English, French
and Belgian basins are confused by facies differences at similar levels
and the presence of facles equivalents at different levels.

2:3:1 The Planktonic Foraminiferida

The Globigerinacea, whichhave proved so useful in dividing and

correlating strata in other areas, are practically useless in the English

and North West European Upper Eocene. Globigerina cf. angustiumbiiicata
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BOLLI (sensu KAASSCHIETER, 1961, Sands of Ledes, Wermel, Barton Beds)

fs the only form observed from the English Lower and Middle Barton 3eds,
Specimens from the Middle Headon Brockenhurst Bed, referred to Globigerina
sp._indet. by BHATIA (1955), are identical to those from the Barton Beds.
The Middle and Upper Bracklesham Beds, Middle iHeadon “Venus® Bed, Upper
Hamstead Beds and Bembridge Oyster Bed have not so far ylelded planktonic
Foraminiferida.
BRONNIMANN, CURRY, POMEROL & SZOTS (1968) evaluate the faunas from the
North West European Eocene and Paleocene, They record only the
“Globigerina anmustiumbilicata group® from the Znglish strata mentioned
above and also found it in the French Marinesian and the Belgian Sands of
Ledess No planktonic Foraminiferida were found by them in the French
Ludian, Auversian or Upper Calcaire Grossler, nor in the English Upper or
Middle Bracklesham Beds. They do however provide fairly long list for the
French Middle (10 spp.) and Lower (10 spp.) Calcaire Grossier, the Belgian
Sands of Wemmel (2 spp.), Sands of Ledes (12 spp.), and the Sands of Brussels
(10 spp.).
True globigerina angustiumbilicata has much too long a range for it to
be useful for correlation. It appears in Trinidad in BOLLI's (1957)
“Globorotalia cocoaensis! zone (Upper Eocene). EAMES et al, (1962) found

intermediate stages from Globigerina officinalis SUBBOTINA to G.angustium=

bilicata as low as the top of their Cribrohantkenina danvillensis zone,
({middle Upper Eocene) in Tanzania. They found it as high as the Maddle
Miocene of Venezuela and Austria., BRONNIMANN et al, (1968) report it down
to the Lower Lutetian in Aquitaine,

CURRY, MURREY& WHITTARD (1965) record Globorotalia bullbrooki BOLLI

and Globorotalia cf. spinuloinflata (BANDY), associated with a Middle Eocene

larger Foraminiferal fauna in a sample from the Western Approaches of the
inglish Channel. In théir Upper Eocene samples they also found Globigerina

cf. ouachitaensis gnauckj BLOW & BANNER and Gscf. praebulloides occlusa BLOW
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& BANNER with Nummulltes cf, prestwichianus (JONES)s and Globlgerapsis cf.

index (FINLAY) and Slobigerina cf. praebulloides BLOW associated with
Nummuli tes fablanil PREVER, “N.prestwichianus' and*i.cf.rectus®s By comparison
with the range charts in EAMES et al. (1962), these assemblages suggest

a Middle or Upper iocene age.

2:3:2 The Larper Foraminiferida (excluding the Nummulites)

Most of the prolific Inglish Upper focene benthonic Foraminlferida are
endemic and show llttle stratigraphic characterisation., A few larger srecies
however can be identified with forms which, in the Tethys, have restriciadd
stratigraphic ranges. The relationship between these faunas and the 7=thys
can be traced via the submarine exposures of Socene rocks in the Engiiszh
Channels. As such assemblages in the Paris Basin have in the pas% been
used for corrclative purposes, thelr occurrence in England must be
critically evaluated,

As can be seen from Fig.8 these forms are mainly restricted in England
to the upper part of the Upper Bracklesham Bedse Five further species have

been recorded in the literature from the N.variolarius-Tellina Eed horizon;

namely Alveolina cf.clongata D'ORBIGNY, A.boscii (DEFRANCE), Fabularia

ovata (DE ROISSY), Eorupertla magna (LE CALVEZ) and Fabianla cass's

(OPPENHEIM) (see CURRY, 1960).

Fabularia bella KAASSCHIZTER 1s the only species to range up into the

Barton Beds, KAASSCHIETER (1961) describes it from the Sands of Ledes, the
Sands of Wemmel, and the Clay of Asse in Belgium. It has not becen mentloned
from the Parls Basin or Aquitalne Basin. Thus for our purposes it is a locnl
North West Zuropean specles which appeared in the Upper “racklesham Beds
and/or Sands of Ledes and disappeared in the tiddle Barton 3eds and/or Clays
of Asse, F.ovata (DE ROISSY) 1s more laterally tumid and occurs in the Parls
3asin Upper Calcalre Grossier (ABRARD's, 1925, zone IV), the Belgian Sands
of Ledes (BLONDEAU et al. 1965, p.207), the so-called “Biarritzian” of lNorth
West France, the submarine outcrops off the Channel Islands and the

Priabonian of Aquitaine. The occurrence of F.ovata (Di ROISSY) in the
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Upper 3racklesham Beds of Hampshire (CURRY, 1966, p.455) could not be

confirmed in the presant study.

Rotalia trochidiformis (LAMARCK) occurs in the French Calcaire Grossier

and CURRY (1960) mentions it from other formations in North West Europe
(Maestrichtian, Holland)., Its relationship with similar, though more
heavily ornamented forms from the Middle and Upper Eocene of Aquitalne
1s not clear.

ADAMS (1962) revises the Alveolina faunas of the Upper Bracklesham Beds

and shows that two species (A.fuslformis J. de C.SOWZRBY and A.cf.elongata

D'ORBIGNY) are present. They are only distinguishable ‘n thin section

and A.fusiformis is by far the most abundant, He doubts whether the record:
of A.boscii (DEFRANCE), Aemelo (FICHTEL & MOLL), A.ovoldea D'ORBIGNY and
and A.subulosa (MONTFCRT) from England are correct. Recently CURRY (1966)

has recorded Asboscil from the Nevariolarius-Tellina Bed horizon. Practical.

all Alvecolinas from thlis level are eroded, and external characters may thus
show spurious differentiation. Without examining orientated thin sectlons
identifications in this genus cannot be confirmed. A.boscil and A.fusifcin..
are known from the Upper (alcalre Grossier (ABRARD's gzone IV) of the Paris
Basin and the "Biarritzian® of the Cotentin respectively. Another specles,

A.oblonga D'ORBIGNY, occurs with Nummulites planulatus In the Satles de

Cuises Aooblonga appears to be the only definitely stratigraphic=ily distl:s
specles of Alveolina in North West Europc.

LEHMANN's (1961) recent detalled revision of the Orbitolitinae could
not be appllied to the specimens of Orbitolites found in the Engiish Upper
Bracklesham Bedse. His specles are distinguished on the embryonic apparaius
and this was eroded in all the English specimens examined. He describes
O.complanatus (LAMARCK) from the Upper Calcalre Grossler (ABRARD's gzone IV)

of the Paris DBasin, Q.reicheli LEHMANN and O.armoricensis LEHMANN from the

“"Blarritzian®™ of the Lower Loire (Brittany), and O.cotentinensis LEHMANN
from the bed with Alveolina and Fabularia in the "Blarrit~lan™ of Cotentin
(Normandy). Unldentifiable fragmentary speclmens of C:bitoiltes also occur

in the Belglan Sands of Ledes and the French Sands of Auvers (Le Guepelle an
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Le Ruel). All these species, including the Upper Brackleshanm fofm, have
thin upher and lower imperforate laminae, a feature suggested by LEHMANN
to be characteristic of Middle and Upper Eocene Orbitolites.
Linderina brugesi SCHLUMBERGER 1s a very simple Crbitold which occurs

in the Nyvariolarius-Tell}ina Bed and Huntingbridge horizons in Hampshire,

and in the Sands of Auvers and Marines in the Paris Basine In Aquitaine
it is characteristic of "Lutetian" to “Auversian' strata (CURRY, 1960,
p«2943 CURRY, MURRAY & WHITTARD, 1965, pe257).

An account of the occurrence of Discorinopsis kerfornei (ALLIX)

(= Lutuonella kerfornei of ALLIX, 1921, and Arcnagula kerfornei of CAVELIER

& LE CALVEZ, 1965) was published by CAVELIER & LZ CALVEZ. They found it

in the topmost Calcaire Grossier of Foulangues (Cise) and mention it

from the Upper Bracklesham Bods of Selsea, It also occurs in the soecalled

"Biarritzian" of Cotentin and the lower Loire. On the basis of this occurr-

ence and the presence of a Calcaire Grossier smaller benthonic Foraminifera:

fauna CAVELIZR & LE CALVEZ (1965) correlate all the above units under the

stage name “'Biarritzian®, However in Aquitaine D.kerfornei ranges from

the Lower Lutetian to the top of the Oligocene (POIGNANT, 1961, 1964)
Other Western Tethyanh specles which occur in the Paris Basin but not

in Belgium or England include Cuvillierina sp. (Lower Eocene of Plcirefonds

only), Asterocyclina sp. (Lower Calcaire Grossier), and Halkyz:dia iiinima

(LIEBUS) (Sands of Marines and Marls with Pholadomya ludensis).

Eorupertia magna (= Gyroidinella magna LE CALVEZ) occurs in Aquitaine

from the Middle to Upper Zocene (NEUiANN, 1968) and Halkyardia ninima

from the Upper Eocene to the Lower iiiocenec,

When followed offshore similar Middle/Upper Eocene strata yleld a
wider variety of Tethyan speciess Recent studies by a number of authors
provide the following lists from the inglish Channel area (N.B. generic
names have been corrected in those marked by an asterisk),

CURRY (1962) found few species in the Middle ard Upp:r iocene of

the Central English Channel (between the Isle of Wight and Cherbourg) which
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were not represented on land (see however his remarks on Buccella cf.

tenerrima (3ANDY)).
CURRY, MURRAY & WHITTARD (1965) record the following from the Western
Approaches (area of 5%W, 49°N):

Alveolina cf. fusiformis J. de C.SOWERBY

Asterocyclina cf. stellaris (BRUNNER)

Disgocyclina spe
Halkyardia minima (LIEBUS)

H.ovata (HALKYARD)
Linderina brugesi SCHLUMBERGER

Discorinopsis kerfornei (ALLIX)*

Orbi tolites Spe

Pararotalia 1ithothamnica (UHLIG)
One sample contalned Nummulites fabianii, "Ne.prestwichianus® and

“No,cfe.rectus" associated with Halkyardia ovata.

From the area west of the Channel Islands CURRY (1960) 1listed the
following:
Linderina brugesi SCHLUMBERGER

Fablania cassis (OPPENHEIM)

Sphaerogypsina spe

Eorupertis magna (LE CALVEZ)
Rotalia trochidiformis (LAMARCK)

Alveolina spe

Approximately the same area and that towards the coast of Cotentin
was studied by BIGNOT, HOMMERIL & LARZONNZUR (1968). They record the

following:

Discorinopsis cfe. kerfornei (ALLIX)*
Fabularia ovata (DE ROISSY)*

Orbitolites cfscomplanatus (LAMARCK)

Opertorbitolites cf. biplanus LEHMANH

Alveolina boscii (DEFRANCE)

Alveolina elongata D'ORBIGNY
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Rotalia cf. trochidiformis (LANARCK)
Asanoina_sp.

Kathina sp.
Linderina cf. brugesi SCHLUMBERGER

Sphaerogypsina plobulus (REUSS)
Fabiania cassis (OPPENHEIM)

Halkyardia minima (LIEBUS)

Eorupertia magna (LE CALVEZ)*

Nummulites c¢f, aturicus JOLY & LEYMERIE

Finally BOILLOT & LE CALVEZ (1961) record the following from the
area off Roscoff (West Finisterre):

Eorupertia magna (LE CALVEZ)*

Orbi toll tes complanatus (LAMARCK)

Asanoina spe
Kathina delseota SMOUT

Linderina brugesi SCHLUMBERGER

Alveolina elongata D'QRBIGNY

Several points arise from considering all the Tethyian elements in
North West European faunas., Firstly, with few exceptions all the beds rich
in these forms fall into a roughly similar stratigraphic interval, i.e, the
upper part of the Middle Zocene and the lower part of the Upper Zo:zew:.

This might suggest migration routes were open and that optimum «onditlons
(probably maximum temperatures) prevalled for a falrly short reriod during
this part of the Eocene,

Secondly, the ranges of these species in the nearest poart of the Tethys
(the Aquitaine Basin) are probably not short enough to justify the refined
stratigraphic zonation presented by certain authors (PCMEROL, 1964;

BLONDEAU et ale 1965)s A general and gradual decrease in Tethyan elements
along the line Brittany - offshore Normaniy - Western Approaches - Cotentin -
central Paris Basin - Hampshire - Belgium indicates that envi:onmental
barriers (temperature gradients, clastic supply etc.) were probably

more influential than time-limited land barriers.
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Firmlly, most of the species mentioned are very strongly facies
controliad on a local scale. The bulk of the species discussed above occur

in assemblages dominated by Alveolina, Orbitolites and smaller Miliolids.

Sich assemblages were probably restricted to areas of very shallow warm wat-
er.e Thus there is no evidence that these particular assoclations were
isochronous, This point was ralsed by CURRY (1966, 0.456), while criticising

POMEROL's (1964) correlatian of the Nevariolarius-Tellina Bed horizon with

the Paris Basin upper Calcaire Grossier based on Alveolina, {rbitolltes, etc.

2:3:3 The Nummulites

as Introduction

In the Palaeogene the Tethys supported a very diverse and rapidly evolving
series of Nummulites faunas, Certaln groups penetrated as far north as

the Anglo-Franco-Belglan basin at various times in the Zocene and Cligocene,
when temperature and sedimentary conditions were at an optimums Although
these are pale imitations of the Tethyan faunas in terms of varlety,

their strong stratigraphic differentiation warrants a close look at the
material available,

Several limitations must be born in mind when considering the strati-
graphic record and application of these assemblages. Firstly, by the nature
of the North West European sedimentary pattern there are maay baffling gaps
in the records In the Tethys a sequence of strata might be Nummuiites rich
throughout and provide a complete picture of several evolving lineag-s.

In the North West province they only occur at specific levei- and are separa-
ted by unknown time-equivalents of stratas Thus a distinctiz. Nummulites
sequence at one locality might represent a gap in the recovd of the lineage
in an adjacent section, To offset this difficulty the hiatuses provide very
sharp taxonomic distinctions between speclies which might not be easy to defip-
in a fully represented and continuously changing lineage.

Secondly, although most workers are unanimous as to the ilorth Vest
Buropean faunas belng related to those of the Tethys, no exsctevaluation
of this relationship has been agreed upon. CURRY (196G, ;.42 takes the

extreme view in stating that no local evolution took place and that each
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species was introduced as a discrete migration from the Tethys., This is
not believed to be acceptable and in the upper part of the Eocene vigorous
local evolution is thought to have been supplemented by influxes from the
Tethys.

In general four such misrations probably occurred. The first, in
the Lower Eocene (Cuisian), resulted in the appearance in France and
England of Neplanulatus (LAMARCK), WRIGLEY & DAVIS (1937) also found a
form closely associated with it which they referred to "M, lucasi”
(= No,lucasianus (DYARCHIAC)). HOTTINGER, LEHMANN & SCHAUB (1964) believed
this to be not Ne.lucasianus, but an intermediate between N.planulatus

and Neaquitanicus., The Middle Eocene (Lutetian) 1s characterised by

Ne.lacvigatus (BRUGUIERE) (= N.lamarcki D'ARCHIAC & HAIME) » BLONDEAU (1965)
has studied the variation in English and French (ABRARD's zones I and II)
assemblages of Nelaevigatus. He shows that there is conslderable variation
in shape; from compressed forms with lax spiral growth ("plates™), through
lenticular (¥lenticulaires®). to laterally inflated forms with tighter spiral
growth (“bombees™). The proportions of these different “lorpho-groups™
differ systematically with time and allow stratigraphic distinctions to be
made, Before Nelaevigatus digappeared a third migration had occurred., This,
in ABRARD'S zone III of the Calcalre Grossier and FISHER's bed VIII at

Whitecliff Bay, is marked by the appearance of Nevariolarius (Labai.i:,

The distinction between this and the fourth and final migration ¢ £iattened
Nummuli tes 1s complicated by the development of strong local evciutlon and

will be made the object of the present study.

be lethods of Study
Seven different morphological groups("morpho-groups®) could be separated
by qualitative means in the Hampshire Basin Upper Bracklesham and Barton Beds.

Four of these have been recognised before (N.rectus, N.prestwichianus,

Nospe3 and N.spe2), one form (Ne.spel) is completely new and one previously
known species (Nevariolarius) is shown to have two distinct variants,
Their occurrence in the samples cxamined is shown in Fig.9 (those specimens

of Nevariolarius which have not been studied in detail are left as “var indet:
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Particular taxonomic rank 1s not necessarily implied by the deslgnation
of these groups. Rather they are parts of a completely varying plexus, which
has been convenliently defined by a number of stratigraphic hiatuses. The
author is a strong adherent to the school of thought that the taxonomic
means are justified by the stratigraphic ends. Thus 'splitting™ here serves
a more useful purpose than 1f applied to a palaeoecological problem (see
remarks under Glandulina laevipgata and the uses of groups at and above
superfamilial rank in Section 3),.

The provenance of thc material examined 1s shown in Fig.l0. The author
would have preferred to have applied more rigorous biometric analysis to a
much larger number of specimens but unfortunately time would not allow this.
Instead the approach has been mainly qualitative, with some of the character:
defined by measurements. Internal characters were examined from equatorial
splits, obtalned by immersing heated specimens in cold water,

The author is deeply indebted to Mre.D.Curry for providing material frorm
Afton Brickyard (now overgrown) and Huntingbridge. Mr.C.King kindly provide
the samples from Fawley and Studley Yooda. More detalled descriptions of
each "'morplo-group’ can be found in the taxonomic section.

ce Previous Work

CURRY (1937) provided the first up-to-date study on the Upper Eocene
Nummull tese He corrected the errors left by 19th century authors ard

redefined three specles, namely N.variolarius (LAMARCK), N.prestwich!anus

(T+ReJONES) and Ne.rectus CURRY (see taxonomic section)e He treated the

Huntingbridge form (Nespe3) as a variant of N.prestwichianus but did not

recognise any heterogenelty in the Hevariolarius group, In 1942

CURRY described a dimorphic specles (MN.spe.2) from the “Rimella canalls™

Bed of Afton Brickyard. He sugpgested that it lay on the direct line of

descent from N,variolarius to N.rectus (not supported here) and named it

Mevariolarius var.™, BLONDEAﬁ & CURRY (1963) noted the presence of

Nevariolarius with Nelaevigatus in the Upper Calcalre Grossier and FISHER':

Bed VIII at Whitecliff Bay. Finally BLONDZAU (1968) examined the Belgian

Zocene Nummulites.
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d., Morphological Characters

Dimorphi sm

External dimorphism can only be demonstrated in three Upper Zocene

North West Zuropean specles, namely N.sp.l, N.sp.2 and the Belgian (Sands

of Wemmel), Neorbignyl - wermelensis. The last named unfortunately could
not be studied here, All other English specles have externally . -
indistingul shable microspheric and megalospheric forms.

Microspheric Novariolarius var.l has not so far been found. Its
occurrence as a trimorphic form of Nespe.l at Fawley was considered and
rcjected on the grounds of its assoclation with other specles in different
samples.

Shape

Figell shows the very strong overlap in the 6vera11 shape of megalo-

spheric Nespel, Nesps2, Nevariolarius vare.l and Nevariolarius var.2. In

general this group have laterally tumid tests with approximately similar
diameter/thicness (D/T) ratlioes at all stages of growth. Strong overlap
is seen between this group and juveniles of MN.spes3 and N.rectus. These
two speclies and N.prestwichianus all show far greater varlation in D/T ratior
The B forms of.the dimorphic species (N.sp.l, N.§2¢2) have surprisingly
distinct clusters.

Detalls of shape and the presence, in the adult, of a polar pucstule
(a2 linked feature) reveal similar groupings. At least some juvenil.: of
all specles bear polar pustules. With the exception of N.variole;;is var.l,
all 4dult tumid “morpho-groups” have identical, strongly rounded. Jenticular
outlines in apertural view. Juveniles of these usually show a more or less

marked emergent polar pustuley while Nevarilolarius vare.l retains this

character in the adult. The flattened Nummulites can be more clearly
dlfferentiated on apertural outline (see taxonomic section for details).
Microspheric Mosppel and 2 can be distinguished on the central swelling
and broad peripheral flange, present in the former but not the latter.

Intra-"specific® variation in the shape of Nerectus is discussed elsewhere.
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It definitely does not define stratigraphic variants and consequently is of
little use for our purposes, |

Septal Filiments

Three types of eeptal filaments are present in the material studied;
more or less strongly parasigmold or even winding filaments; radial or
near-radial filaments, which are thickened proximally and associated with
small, flush, polar granules; and an unthickened, near~radial type. All
these are relatively simple in comparison with types developed by advanced
Tethyan specless

All species have at least some juveniles with strongly curved septal

filamentse In the adult parasigmold filaments occur in Ne.spe3, Nerectus

and Neprestwichianuse They, thus, appear to be linkedwith the overall shapec
Microspheric N,sppel and 2 have slightly winding septal fllaments and in
these cases they may be assoclated with size. Adult “A? forms show distinc-
tive proximal thickenings, as does adult N.variolarius var.2, Their

juveniles have simple radial filaments and in H.variolarius var.l this fea-

ture extends to adults. Perhaps it is linked with the presence of a polar
pustule,

Septal filament branching is quite widespread in the material studied.
It secems to represent a function of gerontic uncoiling, irregular growth or
both. [No systematic pattern can be seens Uncoiling of the final whorl

is most strongly developed in the flattened forms. N.prestwichianw:. vhich

begins to approach the genus Operculina, is sometimes partially urwnurd for
more than one whorle Fine canals in the walls running perpendicurzc wo the
fllaments are apparently linked with good preservation. They may represent
incipient transverse trabeculace

Septa, spiral laminae and tightness of coiling

Adult septal shape, chamber proportions and tightness of coiling are

closely related parameters. In the N.variolarius group and megalospheric

Nesppel and 2 the tight colling is assoclated with long, low chambers and

inclined, continuously curved septas Microspheric Nespel and Nespe2
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Figure 12 Megelocphorie proloculus sizes in microns for

English Upper Eocenc Nummullten.
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show looser coiling, more hooked (especially distally), upright septa

and larger height/length (H/L) ratios. This condition i{s even more extremc

3

in Nospe3 and Neprestwichianus. In the latter the septa are strongly genicu

late near the spiral lamina. Nerectus diffzis from ali the other species in
having strongly curved, bulging septa, wilch may even be set forwards
proximally,

In microspheric Nespel the spiral lamina is very thick in comparison
with all other forms.

Proloculus _size

Megalospheric proloculus size provides much sharper distinctions
between the “‘morpho-groups® than any other single character. The results

of measurecments are shown in Fige.l2, N.variolarius var.l has the smallest

megzalospheric proloculus and Neprestwichlanus and N.rectus the largest.

Neprestwichlianus and N.rectus show the greatest variation in proloculus

size, as they also do in shape. DlMaybe these two features are linked. The
best interspecific distinctions in proloculus size are shown by the
Nevariolarius grovp,Nespel and Ne.sp.2. The very strong distinction and lack
of overlap between the two varieties of N.variolarius is believed to justify
this attempt at subdivision.
e, Stratigraphic Characters

When consldered in a stratigraphic context the wealth of confusiry;
information outlined above begins to fall into place. Two groups of .. =:cies

become apparent; a flattened group (Nesp.3, Norectus and N.prestwichgiggg),

and a strongly tumid group (Nespel, Nespe2, Nevarlolarius vars.l axi '6J.

Taking the Upper Eocene as a whole the flattened group is restricted %o the
upper part and the tumid group occurs in the lower part. The tumid gioup
allows for the further subdivision of the externally dimorphic species

(Nespel, Nespe2)s This leaves the Nevarlolarius group of which N.variolarius

var.l ranges throughout the lower unit and var.2 is restricted to the upper

part of the lower unit,
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f. Phylogeny

A tentatlive phylogenetic pattern can now be elucid=ted (see Fig.l3}.
The present evidence indicates that Navariclarius var.l makes its appearance
earlier than all other forms. It has mazy ciharacters which might be labeller
as ‘primitive®, 1.es radial septal filaments, tight spiral, small proloculu:
and tumid shapes NeSpsl occurs next stratigraphically. If it deveioped

from Nevariolarius var.l it became strongly dimorphic in the process. The

most notable change in the #A* form 1s the ehlargement of the proloculus.
Further enlargement in the megalospheric proloculus is seen between Nesp.l
and Nesps.2. This 1s accompanied in the “3* form by reduction in thlckness oJ
the spiral lamina and flattening of the test. £xternally the "A" forms of

N.sppel and 2 are practically ldenticals Novariolarius varsel and 2 are verj

closely relatedmorphologically and possibly also phylogeneticallye.

N.variolarius var.2 is here thought to have developed from the former.
Taken alone proloculus slze provides a very useful gulde to the

development of a lineage. It appears to increase systematically with time

along the lines of descent from Ne.variolarius vare 1 to Novarlolarius var., 2

and from N.variolarius var.l to N.spel and Nesp.2.

It 1s not so useful when dealing with the flattened formse The origline
of Naspe3 remain conjecturals CURRY (1937, 1942) suggested that MN.prest-
wichlanus (he named N.spe.3 as a variety) and Nerectus were derived :!=nom the

Nevariolarius group, possibly via Nesp.2. The latter is strongly ~imorphic,

where the others are not, and a general reduction in megalosphesri: vicloculu
size would have been entailed 1f N.prestwichianus and Ne.rectus ha’ =volved
direct from Nesps2. This is not thought to be the case and N.sp.2 is prob-
ably the end of the dimorphic lineage in Sritain.

Juvenlles of M.sp«3 and N.variolarius var.l have much in common, They
both have lozenge-shaped outlines and emergent polar pustulese Nesp,3
i1s tentatively suggested to have evolved from thc latter by the development
of al!flatter test, a larger megalospheric proloculus and more curved septal

a R - .o - -
2 B Al . [P
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filamentse It 1s here that an influx of flattened forms from the Tethys

may have influenced the meke-up of North West Zuropean faunas.

The flattened group can be explained most clearly by the concept or
a plexus of forms with complete variation ir iwo directionz. One diréction
is to the slightly more tumid Nercctus ani the other to the extreme.
flattening of Neprestwichianus. HN.spe3 provides the “ancestral® 1link,
with its smaller proloculus and shape overlap with both later species.
Nerectus shows a great deal of intraspecific variation between two end
members, One §s relatively tmid and has straighter septal filaments. The

other is much more flattened (approaching N.prestwichianus and N.sp.3) and

has strongly parasigmoid filaments.

8« Relationship with Nummuli tes Faunas outside Hampshire

In North West Europe some aspects of the English fauna are uni formly

applicable. The variability of the N.variolarius group in France and

Belgium is unfortunately not known. It does however, show directly

analgous overlap with N.laevigatus-lamarcki in the upper part of the Calcaire

Grossier of the Paris Basin (BLONDEAU & CURRY, 1963). N.variolarius also
ranges up through the French Sands of Auvers and has been recorded
(CAVELIER, 1968) in the Sands of Marines. None of the flattened forms have
been recorded from the Paris Basin.

In the Belgian Sands of Weimel the flattened group is represent -
by the strongly dimorphic N.orbignyi (GALEOTTI) (= N.wemmelensig DI " HARPE).
This has a similar shape to N.prestwichjanus but consistently bears :iionger
polar pustules than elther Nyprestwichianus or Nerectuse The uprn.curot
Eocene and Lower Oligocene of North Germany and the Netherlands .o yielded
another flattened form, Ne.germanicus (BCRNEMANN). Apart from $i: :ivong
stratigraphic distinction from Neprestwichianus it differs in having a
definitely larger megalospheric prbloculus (120-190 microns; BATJES,1958).
CURRY, (1966) considers Neprestwichianus and Nsgermanicus to be conspecific
in spite of their separate stratigraphic occurrences. CAVELIZR (1968)

records Neprestwichianus, Nerectus and Newemmelensis from the Upper Eocene
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of Germany end the Ukraine. Unfortunately a lack of comparative material
precludes commenting on thaese occurrencese.

The Western Tethys

It is generally agreed that the West:. = Tethys (Ln:.fulne Basing
provided the source from which the iurth vesc European stocks had their
origin, Initial examination of Upper Eocene assemblages from Aquitalne
provides a bewildering variety of quite different species. Many Tethyan
forms are heavily granular and show external dimorphism. The relationship
of smooth northern forms with granular Tethyan specles may be explained on
theoretical zrounds. Assuming the present latitudinal difference between
the two basins one would expect lower temperatures to the north. I1f the
temperatures are lower then the solubility product of calcium carbonate
will be lower and a granular Foraminiferid would have less calcium carbonate
avallable to secrete or excrete as its test. Thus the granules and pillars
might never have been formed in such a speclies.

A possible Tethyan ancestor of the Nevariolarius group may be found

in Negarnlerl. This is a granular form but has similar simple, near-radial
septal filaments, a tight spiral and a tumid shape. However, no lateral
intermediates with N,variolarius have so far come to light,

Nebouillel DE LA HARPE (= N,tourneri DE LA HARPE) may have provided

one of the stocks from which the North West European flattened Nummuis xe

(N

f

evolved, CURRY (1966) records its range as from Upper Eocene to Middi-=

Y

13

Oligocene in South West France. It is externally dimorphic and soxm:+!vc
bears heavier, more granular ornament than N.prestwichianus.

Evidence from the geographically intermediate outcrops of Noruwsuly
and the English Channel 1s not very helpful. The Cotentin *Biarsivaica®
has yielded N.brogniarti, (see SCHAUB, 1968) and the lists mentloned earlier

from the area off the Norman coast include N.cf.aturicus JOLY & LZYMERIE,

Faunas which are rich In so many other species might have been expected to
contain more diverse Nummuliltes assemblages but perhaps their ecological

‘requirements were slightly different.
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CURRY, MURRAY & WHITTARD (1965) provide the most promising list,
when they record N,fablanii. Neprestwichianus end N.cferectus from the same

sample, However, in thelir discusslion they relate thelr [ piestichianus

to Neboulllel, not to the English specles, and state thal ta=ir H.cferecivs

————

1s closest to an unnamed form from Blarzitwn.
2:3:4 Stratigraphic Conclusions

Stage names have been used very sparingly in this study. Even as
1ithostratigraphic labels thelr application to the North West Eurcpean
Tertlary, which has been so much in vogue recently, impiies a precision
which does not existe CURRY (1966) provides the most 1ikely scheme, althou:
hls method of comparing Mollusc assemblages may be facles influenced,

Out of any single group of fossils the Nummulites faunas give the best
means Of subdiving the English Upper Eocene and correlating these strata
with the type areas of the classic stages on the Continent. A tentative
zonation based on assoclatlons is shown In Fig.l3 and stage name equivalent:
(not necessarily chronostratigraphlc) are suggested. It is appreciated,
indeed hoped, that thils will be reflned or modified by studles on additioan:
strata. For cxample a bad sampling gap In the lower part of the Upper
Bracklesham Beds needs further examination.

Zones lA and 1B correspond to FISHER's (1862) division C and may be
correlated with the French Calcaire Grossier (stratotype Lutetlan) on the

presence of N.laevigatus below (lA) and Nalaevigatus with N.variblarius var

above (1B) (see BLONDEAU & CURRY, 1963, for French assemblages in Zone 1B)}.
Thus 1A would include ABRARD's zones I and II of the Calcalre Grossier and
probably also the Belgian Sands of Drussels,

Zones 24, 2B and 2C represent FISHER's groups B and A and inciude the
vwhole of the English Upper Bracklesham Beds cycle. They are thouzht to
correlate with strata with N.variolarius in the Parls Basin (Sands of
Auvers) and Belglum (Sands of Ledes), l.c. the Auversian and Ledlan,

Zone 2A could not be subdivided further owing to lack of material. Its

top 1s marked by the top of Nesp.l, here taken at the top of the Brook Bed
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and its equivalents. Zones 253 and 2C are equivalent to the Teliina and

Nummulites variolarius Beds respectively. Nevariolarius var,2 is restricted

to 2C and both varlants of N.variolarius disappear at the top of that zone.

There 1s some controversy as to the correlation of the Upper Calcaire
Grossier, the Sands of Auvers and the English Upper Bracklesham Beds.
Certaln French authors (POM&ROL, 1964, 1965; BLONDEAU et al. 1965, CAVELIER
& LE CALVEZ, 1965) equate the whole of the Upper Bracklesham Beds with the
Upper Lutetian (ABRARD's Calcalre Grossler zones III and IV). Also they
correlate the French Auversian, Marineslan and sometimes the Ludian witih the
English Bartonlan, Furthermore, they suggest that the Upper Bracklesham

Tellina-Ne.variolarius Beds are equlvalent to the so-called “Biarritzian™ of

northern France, on the basis of 1ts peculiar largzer Foraminlferal fauna. The
stratotype of thls last stage 1s in Aqultaine, where it is poorly character-
ised (see BIGHOT & BOULANGER, 1968)., It lies between the Mliddle and Upper
Eocene and its usefulness for the Norman, Breton and Cotentin larger Foramin-
iferal faunas is doubted, These faunas have been discussed earlier and thelir
occurrence {s thought to have been controlled by environmental conditions at
sgeveral different times (CURRY, 1966). The strong diachronism shown by the
Nummulites, 1f the above correlations hold true, also seems unlikely. CURRY
(1966) equates FISHER's division R of the Upper Bracklesham Beds with the
Calcaire Grossler zones III and 1V (Upper Lutetian), division A with the Sand.
of Auvers (Auversian) and the "R.canalis™, Huntingbridge and Barton Beds with

the Sands of Marines (dMarinesian) and Marls with Pholadomya ludensis (Ludian).

In the absence of any information to the contrary and in view of CURRY's
use of Molluscan correlation coefficients belng possibly facies controlled,
the correlation of the whole of the Upper Bracklesham Beds cycle with the
type Auversian 1s here preferred.

The relatlonship between the strata contalning Ne.spe2 and N.sp.3 (the

“R,canalls® and Huntingbridge Beds respectively) is completely unknown and fox
convenlence both horizons are included in zone 3., The base of zone 3 marks

the appearance of flattened Nummulites (N.sg.B o In Belgium flattened forms
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(N.orb;gny;rwemmelensis) first appear In the stratotype Wemmeiian (5unds of

Wemmel). Stages are now defined on their bases and it is ¢ussibie, although
by no means definite, to correlate the base of zone 3 with ti2 lsasc of the
Wemmelians In the absence of additional data this must be regarded as highly
tentative, especially {f, as the French school suggests, the Nummulites
faunas were diachronous over large distances.

The base of the Bartonian was origlnally defined by KudPING (1837) on
the presence of N.prestwichianus and this level corresponds to the base of
zone 4A. At Alum Bay N.prestwichisnus -and N.rectus occur together in iwo
samples (6590, 6591) and the base of zone 4B is taken at the first appearance
of the latter species., The top of 4B and the definition of zone 4C arec come
pletely arbitrary and are based on the absence of Hummulltes, This boundary
is undoubtediyfacies controlled and marks the point at which conditions became
untenable for Nummulites in Britain,

Zone 5 is included for completeness and represents the base of the
Oligocenes In France this part of the column is occupied by non-marine and
brackish water strata (the “Sannoisian’ and “Stampian®). Such correlations
as that of BLOMNDEAU et al. (1965) which equate the base of the French Oligocen
with the top of the Bembridge Marls cannot be substantiated on true marine
faunas. The original definition of the base of the Gligocene was made by
BEYRICH (1854) to include the beds at Lattorf (Lattorfian). Several authors
(CURRY, 1966, gives a good summary), have correlated these with the marine
Sands of Glimmertingen (type Tongrian) and the Brockenhurst Bed at the base
of the Hampshire Middle ieadon Beds, thus provisionally fdentifying the base

of the Oligocene in England.
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Section 3 SYNTHESIS OF BARTON BEDS FAULA and FLCRA

Section 3:1 Introduction

The marine part of the Farton Beds cycle and the Barton Clay in
particular is here chosen as the model to test the application of total
faunal and floral analysis to problems of palaeoecology and correlation in
multifacies sequences. No previous attempt at this kind of study has been
made and interpretation of the recults has not progressed as far as was
hoped. This could partly be explained by the weight of material involved
and this section is chiefly a presentation of the data.

All this data was quantitative at its collection., The use of true tota?
ranges In the 3nrton Beds, even as rudimentary zonal indicators, was not
found to be very conclusive. A maximum time span of a mere 8 or 9 million
years for the interval under consideration (see BONHOMME, ODIR & PONMEROL
(1968) on Rb/5r dates) might not have been sufficient for the vigorous
evolutionary development of more than one or two lineages (e.g. the
Nummulites)s A graphical quantitative approach is preferred for subdividing
these beds, using levels of change in the proportions of various taxa to
delimit change in the environment.

ralaeoecology demands comparison with extant assemblages and this
provides special problems., Direct ecological correlation between Recent
and Eocene faunules depends on the identification of the samc species and
very few Recent species range as far back as the Eocecne. It further depends
on the assumption that ecological controls on those species which do have
long time spans remained the same. If this is not so then the interpretation
of the environmental controls on extinct species then rests on comparative
morphology and can become extremely subjective. The approach preferred
here is initially based on the cmpirical relationship between the ratios of
generic, suprageneric and larger taxonomic groups with the lithofacies.

The patterns thus obtained can be applied to individual extinct species and
details of thelr palaecoccology can be worked out, This bypasses the possibil.

ity of uniformitarianism in Eocene palaeoecology being at fault., Of course,
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no detailed depth or temperature values can be applied but their use in
conjunction with identifiable extant species in some other studies is though?
to overestimate the value of the evidence.
3:1 Methods

All samples were taken from 500 gms. dry, unwashed material. 1In
fossiliferous sarles the numbers of individuals proved much too large to
count total absolute abundances. Samples from the clay sequence might
contain upto about 1000 dollusca, 1000 Ostracod valves and perhaps 10,000
Foraminlferida., All counts were made on sieved fractions. The reasons
for this are optical, similar sized particles being easier to count; taxonomi-
as sleving at least partially scparates Foraminiferida from iiollusca from
Ostracoda; and ecological. Thus a broader size fraction would include
different sized individuals which might be unrelated in terms of competition
and food supply. Three grain size fractions werc separated using British
Standard sieves, namely the 10-30 (1676 to 500u), 60.30 (251lto 500u) and
60-200 fractions (251-76u), All material grcater than 10 sieve size was tre-’
qualitatively only, In addition an initlal count of fragments and whole
specimens was made. Groups vhich were dealt with only be fragment analysis
Include the .ichinodermata, plant remains and Vertebrate bone fragmentse.
These groups represent comminuted material whose complete individuals
contain an unknown number of elements. An approximate grain size analysis
wvas calculated from the weights of the gréater than 60 (251u) and 60-200
(251 to 76u) fractions.

3:1:2 Limits of Accuracy

Figs. 14 to 17 show graphically the variation of percentage with
increasing sample size in selected groups in cach of the three grain size
fractions. 3Stability in the percentage of a particular species is reached in
most cases after 200 specimens have been counteds In less fossiliferous
samples a lower limit of 50 specimens was used but the resulting graphs in th-
parts of the succession must be treated with rescrve. Cases where the perce--
tages of species changes af;er counting 200 specimens can be explained by thno

annoying tendancy of larger and more spherical specimens to roll out of the
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VARIATION IN % FRAGMENTS WITH SAMPLE SIZE
' (sample 6950)
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figure 15

VARIATION OF % PELECYPODA WITH SAMPLE SIZE IN
10-30 FRACTION

(sample 6950)
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. figure .16
- VARIATION OF % OSTRACODA WITH SAMPLE SIZE IN
60-30 FRACTION
(sample 6950)
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VARIATION OF % FORAMINIFERIDA WITH SAMPLE SIZE

(sample 6950)

figure 17
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figure 18

VARIATION OF TOTAL DIVERSITY (NOT FRAGMENTS)

WITH SAMPLE SIZE
(sample 6950)
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sleve before flatter or more elongate ones., Lxtra care was taken to ensure
standardisation of successive counts and the resulting errors are ignored

as being probably smaller fhan the real variation between samples and across
blofacies boundaries.

Fig.18 shows the variation in total diversity with sample size. None
of the three grain size fractions reach a true estimate of total diversity but
in each case the graph begins to wusymtote after 400 specimens had been
examined, After the counts had been completed all the remainder of the 10-30
and 60-30 fraction was examined qualitatively. In the case of the 60-200
fraction half of the residue was retained and floated with carbon tetrachlorida.
Thus the resulting qualitative and diversity data reflects the true content
of the 500 gmns. sample.

3:1:3 Presentation and Interpretation

As far as possible individual species are plotted as percentage
distributions cof taxonomic groups, or in the case of fragment analyslis, of the
total fauna and flora. This method eliminates the problem set by variable
dilution of the fauna by sediment supply. All percentages calculated are base-
on at least 50, and where possible over 200 specimens. They are calculated
to the nearest percent and only those over 0.95% are plotted. The latter
proviso is to partially eliminate spurious peaks caused by single occurrences c:
otherwise rare species. The numbers of individual species are not given on the
percentage distribution tables, as this would have doubled the already unwieldy
quantity of date presented. Figures for the total count used and the sum of th .
percentage of those species plotted are glven in the margins.

Therzsults of this investigation are shown In tables 5 to 26. Five
main types of graph have been used to demonstrate various features. A total
range chart for the Palaeogene is presented for the Foraminiferida and
Gstracoda (table 6)e This was compiled from 1iterature and by direct observaticn
from comparative samples, A second type shows ranges of species in the Barton
Beds. These are obviously not true total ranges but provide a convenient

vehicle for recording the occurrences of rarer constituents. The percentage
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distribution of species in the major groups are shown in a third type of

graphs These demonstrate chanzes in faunal composition most successfully

but could -only be compiled for the dominant groups (Foraminiferida, Ostracod~,
Mollusca)e The ratios between larger taxonomic units of well represented g..ups
(Foramini ferida, Microplankton) and of the whole fauna and flora (fragment
analysas) are also shown., Finally the residue of locally or poorly represente’
phyla are shown by approximate abundance fraphs. These show the maximum

number of specimens present in any grain size fraction for groups such as the
Bryozoa or Annelids, which seldom reach a high enough count to plot meaningfur
percentagese.

Levels of change are shown by the limits of total rangcs, acme zones an’
by polnts on oscillatory graphse Total ranges are extremely hard to define
within the Bartonian and, more often than not, apparent tops or bases may rafl-.::
lack of knowledge on adjacent units. The tops and bases of acme zones are muc’™
more satisfactorily identifiable., Dominant species may show single or multipi:
acmes but their limits are usually clear cut and seldom gradational. The
acmes of rarer specics can often also be demonstrated by their presence or
absence, Finally, certeain taxa, particularly the Ostracorda, show long acmes
and some nf their specles have percentage distributions which tend to oscillatr
in antipathy to other specics within the group. In an otherwise homogencous
sequence this can be interpreted as representing small changes in environmental
condi tions.

Two featuresof the 3arton Beds sequence and its fauna hav: bearing on
these interpretations. The first is the presence of decalcified zones. Thesc
occur at Barton in BURTON's beds Al, B, I and K and at Alum Bay in the possibl.
Highcliff Sands equivalent, in the lower part of the Middle Barton Beds and in
the Barton Sands, All calcareous faunas show an obvious break at the boundari :s
of decalcified zones. Such breaks may be related to the particular 1lithofacic.
of that zone but in the absence of other evidence they must be regarded as
spurious,

Nothing has been said of the relative ecological equivalence of, to
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take an extreme example, a Foraminiferid test and an Cphluroid ossicle. The
degree of fragmentation of the fossilisable parts of an orzanlsm and their
morphological or ontogenetic position often renders the comparison of species
belonging to different phyla meaningless. For thls reason interphylum
compari sons have been used only on the very general scale of fragment
analysis and ther taking into account that all numbers of Pelecypoda, Ostra-
coda and Qtoliths have to be halved. Only in one case has a direct ratio
been calculated across a phylum boundary (icroplankton/Foraminiferal ratios).
Thi s was necessary to show the very strong changes in the abundance of Micro-
plankton which could not be demonstrated using the fragment analysis graphs.

Section 3:2 THE DISTRIBUTION OF THE MAJOR GROUPS

3:2:1 Lithology and Grain Size Distribution

Table 5 shows the grain size distribution at Christchurch Bay and Alum
Baye At Christchurch Bay coarse grained, poorly sorted sequences occur in bed
Al and again in beds B,C,D and lower E. Finersilt and clay unlts occur in
beds A2, A3 and above the second coarse unit in beds E and F. Above bed F
there is an abrupt change to well sorted coarse sediments, with finer grained
intervals in bed J. At Alum Zay the lower coarse grained unit is absent but
the lower fine, middle coarse and upper fine sequences are lengthened. The
lower part of the well sorted, coarse gralned upper unit is present. The
middle coarse, poorly sorted unit can be further subdivided into a lower and
an upper division.

When considered with the lithological succession these sequences
bacome more meaningful. The two coarse, poorly sorted units correspond to
'glauconite rich horizons and the finer units with shelly clayse. The upper
coarse, well sorted section represents the fine, non-glauconitic Barton Sands.
Thus there is a clear duplication of the succession in terms of two fining
upwards sequences or cycles, capped by a terminal coarse sequence. The small
peaks of coarser material in the fine sequences in all cases proved to repre-
sent concentrations of calcareous fossils. Two pebble bed horizons at Alum

Bay are not shown clearly by the grain size distribution. These occur within
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the lower half and at the top of the middle coarse unit.

Previous work is lacking on the gross sedimentology and clay mineralogy
of the 3arton Beds. WALDER (1964) and BLONDEAU & POMEROL (1968) are mainly
concerned with the heavy mineral content of the Inglish Tertiary as a whole

The significance of the abundance of glarconite at two levels depends
on whether i1t is authigenic or allochthonous. No glauconite Infilled Foramin-
iferal tests have been found to indicate that it formed in situ. PORRELNGA
(1967) studicd the environmental control of glauconite formation and he showed
that glauconite rich zones occur towards the edge of the Continental Shelf.
Such a position does not however tally with the observed presence oﬁ glauconi to
infilled Foraminiferida in FISHER's bed XVII of the Upper 3racklesham Beds.
CLOUD (1955) reviewe the problem and indicates that it only develops in water
of normal salinity, has a considerable depth range (10-400 fathoms) and is
characteristic of areas of slow sedimentations The Bartonian glauconite might
quite possibly be allochthonous, even reworked in origin. Against the argu-
ment must be set it svery fresh appearance., It is provisionally thought to
be at least partly auvthigenic and assoclated with slow deposition in a fairl,
shallow water regime.

3:2:2 fragment and Whole Sroup Analysis

The results of fragment analyses are plotted for the three grain
size fractions on Table 5. The main features are the restricted distribution
of Vertebrate teeth, scales and bone fragments; the position of the decalcifind
and calcite poor zones; and detalls of the distribution of groups in the
calcareous sequences.

At Christchurch Bay Vertebrate debris (excluding Otoliths) is much
more abundant in the lower and middle glauconitic sequences than in elther
of the clay units or the Barton Sands. At Alum Bay Vertebrate debris is more
evenly distributed but does show concentrations towards the base of the middlc
glauconitic sequence,

There is thus a strong association between Vertebrate (i.e. phosphatic)

concentrations and high glauconite abundances., Such association was noted by
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PETTIJOHN (1957) and his remarks support the theory that the cslauconite was
authigenic and the coarse gralnad, poorly sorted sequences accumulated under
conditions of slow deposition.

The non-calcareous zones can be identified by the reciprocal relationship
of plant remains and calcareous groups in the 10-30 and 60-30 fractions.

Where decalcification has occurred plant debris and seceds tend to form the

bulk of the assemblagzs and oven Vertebrate dehris may be absent. Such levels
occur at beds I and K at Barton and in the Highcliffe Sands cquivalent, the
upper part of the middle glauconitic sequence and the Upper Barton Sands at
Alum 3ay. All these were possibly decalcified by Recent weathering and should
be distinguished from originally none-calcareous or poorly calcarcous sequences,
The latter include beds Al, A3 to D and J at Parton and the lower part of the
middle glauconitic unit at Alum Lay. The 60-200 fraction shows a more detailed
pattern in plant remain distribution. Flant debris occurs fairly abundantly
even In the calcareous clays. It shows stronz diminution only in the upper part
of bed F at Barton and at a similar, though less clearly defined level at

Alum Baye.

The major abundances of the three most common calcite secreting groups
(Mollusca, Foraminiferida, Zchinoderms) have an inverse relationship with the
abundance of plant debris. Thus all three phyla have posks in the two clay
sequences in all size fractions. ispecially high percentages are shown by

the Foraminiferida in the Nummulites prestwichianus Bed at Alum Bay and at two

numrulitic levels at Barton. Echinoderms show especially marked peaks in the
upper part of the lower clay at both sections. The only other group to show
particularly sharply limited distribution are the Annelids. These have peaks
at the base of the lower clay at Alum R2ay, at the base of the upper clay at
both sections and near the middle of the upper clay at Barton. The last named
peak coincides with the point at which plant debris shovs a ﬁarked decline in t¥ -
60-200 fractione.

r:ost of the above distributions can be correlated with the double cyclic
pattern shown by the lithological succession, The only level which cannot be

explained in this way 1s that of the Anncelid peak and plant debris diminution



in mid F at Barton.

3:2:3 larine Alzae

The Microplankton are well represented throughout the Barton Eeds, as can
be seen from Tables 21 and 22, Thev are the only group present in large
quantities in the decalcified Upper Barton Sands. Tasmanitids and Incertae
Sedis occur in small quantities and diversity throughout the sectionse Dino-
flagellate cysts show better characterised distribution.

The use of their total ranges for stratigraphic subdivision is hampered

by lack of knowledge on adjacent formations. Lanternosphaeridium axialils

(EISENACK) is the only species present with a well defined top. This occurs

at bed Z at Barton and at the pecbble bed at .ilum Baye. Cordosphaeridium inodes

(KLUMPP) and Polysphaeridium subtile DAVEY & WILLIAMS have a base and top

at rather different levels in the two sections. The former is definitely known
from higher and lower units.

Dinoflagellates of course, are marine planktonlic organisms and thelr occur-
rence in the Upper Barton Sands indicates at least some oceanic influence.
WILLIAMS & SARJEZANT (1967) review the present state of knowledze on Dinoflagell - .
ecologye. Thelr remarks on the relationship of morphological groups to 1itho-
facies and substrate conditions could not bhe applied to the Bartonian assembl- =s.

Certaln ecological indications arce present. The upper limits of species
in the Barton Sands of Christchurch Bay show that progressively fewer specics
reach progressively higher levels. This does not appear so clearly in the
diversity graph but nevertheless suggests, if not a decrcase in salinity; at
least a systematic decrease in oceanic influence. The losses and galns graph
(plotted for Christchurch Bay only) is an unsuccessful adaptation of a method
employed by COUSIMINER (1961), He used it to show levels of extinction in the
stratigraphic column as a whole but it might also be employed on a much smaller
scale to identify "adaptive” (where local bases of assemblages outweigh tops)
and ‘"inadaptive” sequences (where local tops outweigh bases of assemblazes).
Perhaps it would provide a clearer pattern if applied to a larger group.

The best characterised change ip Microplankton floras is the sharp drop
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in ®abundance® (here plotted, for convenience only, as the Microplankton/ben =
thonic Foraminiferal ratio) half-way up bed F at Barton and at a similar level
at Alum Bay. This corresponds to the drop in plant remains and the peak in
Annelid tubes shown in table 5. It is provisionally interpreted as a level at
which oceanic influences were temporarily decreased, due perhaps to sill for-
mation or ocean current changes. The diverse benthonic Foraminiferal, dMolluscan
etces fauna above this level belies any drop in salinity and the presence of
abundant Hicroplankton in the Chama Bed indicates that 1t was only a temporary
cpisode,.

3:2:4 The Foraminiferida

99 specles and varieties have been distinguished in the Barton Beds (see
tables 7,3) but out of these very few true total ranges are limited to the

Rarton Beds (table 6). Of the previously described species, Praeglobobulimina

cf. pupoides (D'ORBIGNY) and Asterigerina brandhorstiana GRAMANN have their

bases in the Barton Beds. Previously undescribed distinctive species which

have their total ranges within the Bartonian include Sagrina spe.2, Sigmo-

morphina sp.l, Zlphidium sp.4 and some of the agglutinated forms (Cribro-

stomoldaes sp.3, Verncullina sp.l). In all these cases the position of the basc

or top is not constant between Barton and Alum Bay. For thls reason total
ranges of smaller benthos are not used for stratigraphic subdivision.

A much more complex pattern is shown by the percentage distribution data
(sece tables 9,10,11). Foraminiferida are very abundant in the clay sections
and 1n some parts of the glauconitic beds. They are absent or ponorly represent-
ed in the secondarily decalcified sands. The sandy clays of bed J have not
yielded very good faunas and this discussion is malnly limited to the strata
upto the Chama Bed.

An examination of Foraminiferal ratios show that Cibicides spp., the

Miliolids and the Agglutinatad Foraminiferida dominate most of the faunas,.
Agglutinated species tend to show highs in the glauconitic sequences, though
sometimes as spurious peaks caused by decalcification. The Miliolids are

much more abundant in the clay sequences than elsewhere and Cibicides is



dominant throughout, except in the decalcified zones,
In the lower clay sequence iiliolids are abundant only in its upper half,
The 60-30 fraction ratios show that these faunas are dominated by two smooth

species, namely Quingueloculina seminulum (LINKE) and Qeimpressa REUSS.

The upper clay unit contalns these two species throughout but they are jolned
near the top of bed F (and its equivalent) by peaks of other, more ornate
formss The lower part of bed E and its equivalent is marked by abundances

of Qeaff.carinata D'OR3IGHY and Q.costata KARRERe These then become reduced

and Qeludwigl REUSS and more particularly Q.bicarinata D'ORBIGNY show peaks

near the top of the clay sequence. Thus in zeneral the upper part of the
lower clay is characterised by abundant Fsimple® Miliollds in low diversity
and the upper clay contains the samce species assoclated with several more
ornate formse

Ciblicides vialovl BYKOYA and Ce.pysmeus (HANTKEN) greatly outweigh the other

four species of Cibicides in importance and show qulite distinct acme zoness
C.pygmeus is dominant in the Lower Barton Beds and C.vialovi holds the same
position in the Middle Barton Beds, The changecover may be seen particularly
clearly towards the base of the middle glauconlitic sequence at Alum Bay.

C.cfa tenrllus (REZUSS) shows peaks near the top of the middle glauconitic be.l

and in the lower part of the upper clay and C.ungerianus (ZfORBIGNY) is common

only in the Lower Barton Beds. The other two species are pr?sent in very
subordlnate numbers.

in general the Lagenids, Polymorphinlds, Robertinids (one species) and the
Bullminids are present in low percentages throughout the calcareous succession,
without showing sharp breaks or peaks. The Globigerinacea (onc species) has
a similar distribution and the theories of STEZHLI & CREATH (1964) on plank-
tonic/benthonic ratios cannot be applied. Three zroups of Rotalina however
show better characterised peaks, namely Nurmulites, the Elphidium and Nonion

group and Pararotalia inermis (TERQUEM).

The HMummulites show high abundance at several levels in the lower clay
sequence (two at Barton, four at Alum Bay). They are concentrated in the

coarser fractions and seem to be independent of 1ithology and of the other
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Foramini ferida. The six common species of Honion and Elphidium show peaks

at slightly different levels to each othar but when plotted together (table 11}
the group falls into four distinct highs. These occur at the bottom of the
lower clay in the lower part of the middle zlauconitic sequence, at the base

of the upper clay and at the top of the same unit. Feaks of Asterigerina

brandhorstiana GRAMANN coincide with the second and third Honion and Elphidium
peaks at Alum Bay and Barton respectivély. Small peaks of two other species
arc assoclated in minor percentages with this middle glauconitic bed. These

are Bapgpina subconica (TERQUEM) (lower part) and Lenticulina cfe vaguatensis

(BERMUDEZ) (throughout). Of the two species of Fararotalia present, 5
F.spinigera (LZi CALVEZ) is more or less evenly distributed throughout the
two clay scctions. Pe.inermls (TERQUEM) however, shows strong peaks at the
top of the upper clay and in the Chama Bed of both'localities.

The variations in indigenous species diversity are shown on table ll. As
would be expected these graphs show highs in the two clay beds, smaller
peaks in the calcareous parts of the middle glaucenitic bed and lows in the
decalcified sands and lower glauconitic bed, The reduced diversity in the
Becton Bunny Bed at Barton is interesting. All the species at this level
range down into lower units and the diversity is the only evidence that
ecologlcal conditions were different from that of underlying beds.

. sequence of Foraminiferal associations can now be expounded. This
starts at Barton with onec dominated by Asglutinated species in the lower -

slduconitic sequence. The lower part of the lower clay bed contalns a

Cibicides/Nonion/Elphidium smaller fauna and abundant Nummulites in coarser

fractions. The upper part of this clay unit is characterised by a low
divefsity }M11lio0lid larger fauna and a smaller fraction dominated by Cibicides
sppe In the lower part of the glauconitic sequence Millolids disappear and

a Cibicides/Nonion/Zlphidium assemblage reappears. The decalclfied sandy

bed at Alum Bay and a sampling gap at Barton separate this from a similar
association above, in bed £ and the lower part of the upper clay bed., The
higher parts of the clay bed show a change to high diversity Miliolid

faunas in the 60-30 fraction and Cibicldes dominated fine fractions. Finally
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in the Chama Bed a Pararotalia fauna appears at Barton and a Cibicides/

Nonion/Elphidium assemblage at Alum Bay.

Thus a double cyclic pattern repeats that seen by the lithological and
fragment analyses.s It would help if depth values could be given but comparison
with Recent Foraminiferal faunas becories subjective., Direct correlation with
extant species is hampered by the general paucity of such forms anc the

conflicting data they give. Thus Pullenia quinqueloba (REUSS) is today a

deep water species (F.L.PARKEZR,1954; PHLEGZR,1960a) and Buliminella

clegantissima (D'CRBIGHY) is restricted to very shallow water (WALTON,

1955), BHATIA (1957) lays emphasis on the direct correlation of identical
species in Recent and English Oligocene strata but some his identifications
are thought to be erroneous and, as HAYNES (1958c¢) pointed out, even lony
ranging forms may have had different habitats in the Tertiary,

Another method of interpretation depends on morphological comparison
between Recent and extinct species, BANDY & KOLPACK (1963), in their well
argued monograph on bathyal Californian Tertlary faunas,compare certain extinc*
species with distinct, though morphologically similar species living in deep
water off the Pacific coast of North America. On a more applicable scale

BHATIA (1957) compares Pararotalia subinermis (= P.inermis (TERQUEM))with Resant

“"Rotalia’ calcar DORBIGNY. He quotes the latter from coarse substrates and

shallow, warm, well oxyrenated water. This suggestion might also apply to
the Chama Bed at Barton.

A provisional interpretation is based on the assumed close relationship
between Foraminiferal faunas and substrate. FHLZGER (1960a, p.l33) and
CARTZR (1951) show that this relationship may be partly controlled by the
concentration of thanatocoenoses by transportation. However, the grain
size and total Foraminiferal distribution peaks (table 5) do not in general
coincide and it is inferred that substantial transportation has not occurred,

If this axiom is correct then the Cibicides/Nonion/Elphidium assemblaze

is associated in sandy glauconitic lithofacies with possibly shallow water

and slow depositions. Conversely the low and high diversity Miliolid faunas
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are from more tranquil, possibly deeper water. Eased on thelr morphology

the upper Miliolid fauna may have been from deeper water than the lower
Miliolid assemblapges Finally the Chama Bed fauna occurs at the start of

the resressive sequence and is thought to represent a shallow, turbulent water
interlude.

The association of lkiliolids with clay lithofacies in normal salinity
environments appears to be rare in Recent secas. Thus PHLEGER (1960a, b, on
thé Gulf Mexlco) and KRUIT (1955 on the Rhone delta) record IFiliolids being
most common in the nearshore turbulent and beach zones, while more tranquil

water biotopes and muddy substrates bearfaunas composed mainly of

Agglutinated and small Rotalid Foraminiferida. Also the Nonion/Elphidium

assemblage may be heterogencous. . Thus £lphidium laeve (D'ORBIGNY), L.spef%,

E.latidorsatum (REUSS) and Nonion graniferum (TERQUEN) may bear morphological

comparison with shallow water extant specles with rounded peripheries and

small retral processes (e.g. Protelphidium depressulum (WALKER & JACOB) and

Elphidium gunteri COLE). HNonion affine (REU3S) however, is morphologically

similar both to very deep water forms, such as Nepompilioides (FICHIEL & NOLL),

and to shallow, turbulent water forms such as Ne.asterizans (FICHTEL & MOLL)

(see KRUIT,1955), Little information can be found in the literature on
assemblages dominated by Clbicides, as are those of the Earton Bedss In spito
of these differences the interpretation presented in the previous paragraph
is thought the most likely.

The ecolosical position of the regressive Upper Barton Sands is heard to
determine. The Becton Bunny Bed at Christchurch Bay is the only horizon to
yleld an ¥assemblage®, as against isolated specimens, These consist
excluslively of specles which ranze up from the beds below. An association

similar to the restricted Ammoastuta, Millammina, Jadammina and Nonion faunas

described from marshbﬂand other low salinity biotopes from the Gulf of Mexico
(see PHLEGER, 1960a) and elsewhere can definitely not be identified.

Probably brackish water faunas do occur in England in the Oligocene but these
are quite different to the hed J assemblage. On the basis of this and the

evidence from the Microplankton, this part of the succession is thought to
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have been deposited under normal salinity conditions.

3:2:5 The Ostracoda

Five species of Ostracoda have fairly well deflined true total rangze

limits in the Sarton Beds (table 6), Of these Krithe bartohensis (JONES)

and Ptervgocythereis fimbriata bartonensls KEIJ are restricted to the EBarton

and Huntingbridse Beds. Quadracythere sp.2 and Bosquetina sp.l occur mainly

with the Lower Barton Beds (sen table 12), Pterysocytherels pustulosa .HASKINS

occurs only in the upper part of the Middle Barton Beds at Alum Bay and

HASKINS (1968¢) also records it from the Chama Bed and iiiddle Headon 3ed A

"

sixth species, Monoceratina sp.l, was only found in bed F and its equivalent

but HASKINS (1968c) records it from the Lower Barton Beds of Alum Bay.

Ostracoda are abundantly represented in terms of numbers and diversity
(tables 11, 12, 13) in both clay sequences and, to a lesser extent, in the
middle glauconitic and “hama Beds, The faunas are relatively uniform in
overall composition and are dominated by spiny and heavily ornanented forms,
characteristic of offshore, moderately deep water open sea conditions
("Treatise?, ed. MOORE, 1961). No traces of brackish water or intertidal
elements could be found, not even in bed J at Barton, where only casts - are
preserved.

Four species dominate the fauna throughout the successlion. The percentage

distribution graphs show that one of these, Lezuminocytherels striatopunctata

(ROMER), has an oscillatinz relationship in antipathy to two of the others

(Cytheretta laticosta (REZUSS) and Cytheridea (C,) intermedia (REUSS)). The

fourth dominant form, Pterygocythereis fimbriata bartonensis KEIJ, seems to

oscillate independently to the other threc. Species present in leés abundant
proportions tend to be linked with one of these three types.

These osclllations can be traced in both sections and, by matching the
araphs, provide a finely callbrated method of correlation.s Of course, this is
undoubtedly facles controlled but in what way is hard to define. The much
stronger changes shown by other groups of the total fauna and general

uni formi ty of the whole Ostracod assemblages indlcate that the oscillations
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are probably independent of basic physical environmental factors like substrcte
or vater depth. Slight changes in thesc factors may have initiated oscillat-
lons but variations in the biolozical environment (e.ge. competition) could
have also been responsible.

3:2:6 The Mollusca

Tables 15 to 20 show that two distinct lollusc faunas are present in the
Barton Beds as a whole, namely the Barton Clay and the Barton Sand (including
the Chama 3ed) faunas. A study of the true total ranzes of Molluscan species
was not madee. Numerous apparently short ranged species may, or may not,
be present in adjacent formations but most faunas were probably strongly
facles controlled. (See however, CURRY's (1956) use of correlation coefficients)
Diversity data was not plotted, as this paramcter is complicated by isolated
pccurrences of immature specimens of larger species.

The percentage distribution charts show strong differentiation between the
two main faunas and also differentiation within them. In the Barton Clay

Corbula pisum J.SO¥ZRBY, Nuculana minima (J.SOWERZY) and Venericardia sulcata

(SOLANDER) dominate the Pelecypod assemblages throughout, Out of the Gastro-
poda and Scaphopoda this part of the succession shows falrly constant

abundances of Conomitra parva (J.de C.30WEEBY), Dentalium pellucens DESHAYZES

and the Pyramidellids. The middle galuconitic sequence is marked by peaks

of Lutetia pisiformis (CHARLESWORTH), Myrtaca spinulosa (LOWKY) and Acrilla

spele The lower part of the upper clay also contains abundant Lutetia pisi-

formis and liyrtaea spinulosa, associated with Limopsis scalaris (J.SOWERBY),

Fossularca lisss (BAYAN), and Naticidse Bed 7 and its equivalent has a rather

different fauna. This contains abundant Limopsis scalaris and Marginella

bifidoplicata CHARLESWORTH near its base and Meretricid juvenile type 1,

Turritella sppe (juveniles) and Zopleurotoma? sp.l in its upper parte. The

later association is highly distinctive and comes in at the position of the
Microplankton/Foraminiferida break mentioned earlier.
.Changes in the Upper Barton Beds are obscured by decalcified zones but

a gradual change via three assoclations can be made out at Christchurch Bay.
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The Chama Bed has an assemblage dominated by Nuculana striata (LAMARCK),

Glycymeris deleta (SOLANDZR), leretricids (probably not the same spccies

as below), Hucula ampla WOOD, Calyptraea aperta (SOLANDER) and of course

Chama squammosa (SOLAMDER) (not shown). In bed J this is replaced by a

Corbula cuspidata J.SOWERBY, Lentidium tawneyi CURRY, Corbicula deperdita

(LAMARCK), Bullinella sp.5 association. Finally, at the top of bed K, the

fauna has low diversity, hizh numerical ahundances and consists nearly entircly

of Lentidium tawneyi CURRY, Corbicula deperdita (LAMARCK) and Bhyania

hordacea (LANMARCK).,

Palaeoecological interpretations are difficult to make owlng to the complete
absence of Eocene forms in Recent seas, and the substantially different aspect
of extant faunase Considerable evolution is thought to have changed this
group since the Tertiary and even morphological comparisons are hard to
make (cf. the faunas described by R.H. PARKER, 1960, 1964, from the Gulf of
Mexico and Gulf of California)e. The Barton Clay faunas as a whole are
fairly uniform throughout and the differences between clay and glauconitic
bed aésemblages are possibly due to substrate chanzes. The Mollusca fram
the regressive sequence however show analogies with some of the English
Ologocene faunas. Of all the fossil groups present the Mollusca are the only
ones to indicate lowered salinity in this part of the succession (low

diversity, presence of Corblcula, Bayanis, Lentidiurm).

3:2:7 The Bryozoa

Bryozoa proved insufficiently abunrlant to plot percentage distributions
but rough indicatlons of numbers are shown on table 23. Four of the species

present dominate the faunas,namely Lunulites transiens GRIGORY, Batopora

glandi formis (GREGORY), Sctosellina pgresoryi CHEETHAN and Teichopora clavata

GREGORY. All others are present as relatively few specimens. STACH (1936)
and LAGAAIJ & GAUTIER (1965) showed the strong correlation between zoarial
(colony) form and habitat (particularly substrate and rate of sedimentation),
and their results can be applied to the Barton Zeds, An exhaustive review

of the multiplicity of zoarial forms may be found in SCHOPF (1969).
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The dominance of lunulitifor: 3ryozoa (Setosellina aresoryl and Lunulites

transiens) is noted throughout the whole Barton Clay sequence. STACH (1936)
showed that Recent species of this type are not attached to the substrate

in the “adult® and preferred shiftlng bottom conditions in the zone of more
or less active transport and turbulence. It should be noted that the Barton=-
ian speclies of Sekoscllina docs not belong to LAGAAIJ & GAUTIER's setosellini-
form type (an attached group). The same authors note the presence of

celleporiform Bryozoa, represented by Batoporazlandiformis in the Barton beds

(= orbltuliporiform of CHEETHAN,1966), in small percentages in the shallow
inner neritic zonz where no transport is occurring. Thus it is probably a

more tranquil water type. 3eilancdiformis occurs mainly in the lower half

of the upper clay. These observations obviously do not tally with the inter-
preted pattern of Foraminiferal faunas, in which shallow, possibly turbulent
water conditions occurred in the lower part of the upper clay and ceeper
water and more tranquil conditions prevailed in the upper part of that unit.
One feature which does show clearly is the very subsidiary proportions of
stick Bryozoa (vinculariiform, etc,) in the section as é whole, when compared

with the Mummulites variolarius-Tellina Beds of Selsca and Whitecliff Bay

(see CHLITHAM, 1966).

3:2:8 Small Groups and others

The distribution-of sponge spicules (table 23), Echinoderns (table 24),
Teleost Otoliths (tables 25 and 26) and Annelids (table 23) has been commenter
on elsewhere (taxonomy and¢ fragment analysis sections). The only good breaks

in distribution occur at the top of the acme of Dregmaceros minimus (FROST)

in the middle of the upper clay, and in the occurrence of Annelid tubes (sce
section 3:3:2),

Phosphatic Vertebrate remains (tables 25 and 26) do not show well
characterised distribution of individual units and are best dealt with

together (see section 3:3:2),

The single coral species (Turbinolig frederickiana MILNE-EDVWARDS & HAIME)
i1s an ahermatypic forms It occurs throughout the clay beds and cannot be

used for palaeoecological purposes (sce table 23).
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Angiosperm seeds are not well represente:d. They tend to ocuour most
often in the decalcified sections and are linked to the plant remain debris
distribution,

Crustacean fragments and scolescodonts are uncommon and irregularly
distributed throughout the whole Barton Beds (table 23). Balanus fragments
are more localised, being most common in bed = at Barton. This might be
associated with shallow, turbulent water conditions shown by other elements

of its fauna.

3:2:9 Reworked Elcments

Definitely derived spores, Dinoflagellates, Foraminiferida and Ostra-
coda were found in many samples and their occurrences are shown in the rangc
charts relevant to tho particular group,

Reworked land plant microfossils were identified by Dr.Mecl'uire They
includc Palacozoic Calamospora, which occurs particularly abundantly in the
decalcified Highcliffe Sands equivalent at Alum Bay. DMegaspores also tend
to be concentrated in the decalcified -and poorly calcarecous units of both
sections, where they are assoclated withhgh indigenous seed and'plant debris«

counts, ralacozoic megaspores present includc Superbasporites spe and

two other unnamed species. lesozolc floras are represented by ITriletes

areolatus HARRIS, PFyrobulospora sp. and Thomsonia sps In addition a single

specimen possibly referable to the Tertiary and kecent genus Selaginella
was found in bed J at Barton (sample 6932),

Derived Cretaceous or Jurassic Dinoflagellate cysts occur sporadically
throushout both sections. The specimens found belong to various members of

the Gonyaulacysta group and do not tend te be locallsedin abundance.

Upper Cretaceous Foraminiferida are common throughout both sectionss
They are most abundant in the‘decalcified beds (especially beds I,J,K at
Barton and the middle sand body at Alum 3ay), where the majority of speé-
imens are silicifiod. In the units mentioned they are associated with the
presence of silicified chalk fragments, These and the reworked fauna are
probably derived from eroded flints (see CURRY, 1964)., The unsilicified

chalk spheres, which occur in practically every sample examlned, are
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Silicifiéd Upper Cretaccous Cstracoda occur rarely. With the exception
of a single specimen from bed & ~t Zarton they wera found only in the
dacalcified middle sandy bed at Alum 3ay.

-ection 3:3 Conclusions

A synthesis of the data presented is embodied in the zonation shown on
Tables 27 and 28. This zonation is based entircly upon the lavels of change
shown primarily by the two main eloments of the fauna (Foraniniferida and
tollusca)e It is supported by the evidence from minor groups, such as the
ricroplankton, Ctoliths and Annelids. The relationship between the two section
and correlation of biofacies units is shown on tabkle 20,

As sald earlier, palacoccological reconstruction is hampered by lack
of direct comparison with #ecent conditions and alen because the biological
evidence is to some extent contradictorv. The presence of two holomarine
cycles of sedimentation, corresponding approximately to the Lower and Middle
3arton Zeds; and a long final rezressive sequence (the lLpper Zarton Scds)
has been established,

The lower cycla bezins at EBarton with a ~lauconitic/phosphatic bed,
characterised by its wholly Agglutinated Foraminiferal fauna. CURKY, HUOD3Ow
& WIST (1963, p.195) interpret similar units in the Upper “racklesham Zeds of
Fawley as representing a deeper, more tranquil biotope than helieved here.
such a theory would turn the Darton bHeds cycles upside down, although it mizht
explain t.iliolid abundances in the clays. At Alum Jay this unit is absent
and the probably contemporaneous clays contain a fauna identical to that of the
next clayey unit at larton. This has a lummulites rich larger and Cibicides/

Zlphidium/tionion rich smaller Foraminiferal fauna, associated with the major

calcarcous benthonic P ollusca (Corbula, Muculana etc.). At both sections

this passes up into a lithelogically similar unit with a liliolid/Cibicides

foraminiferal fauna and a ilolluscan assemblazce, marked by peaks of Turritella
and Zchinoderms. leeper and more tranquil water conditions are thought to
have been in force in this interval. The lower cycle is coapleted by a
glauconi tic/phosphatic sequence with less calcarecous benthos, and a sandy

bed at its top at Alum 2ay,
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No true “‘Eransgression" can bc seen at the base of the second cycle. Cne
of the numerous breaks in the glauconitic sequence may represant this level
(pale clay in C at Barton, pebble rich zones at Alum Fay ctc.).They could
equally well he local hiatusecs to be expected in a shallow, turbulent, slow
depositional regimas The change. to finer sedinentation in bed £ at Barton and
above the pebble bed at alum Bay is however associated with a distinct, probakl

shallow watcer fauna. This has }Miliolid and Nonion/&lphidium/Cibicides dominate

Foraminiferal elements; concentrations of @regmaceros minimus (Otolith) and

Gphiuroid ossiclesy and abundances of certain Mollusca (Lutetia pisiformis,

Myrtaca spinulosa, .crilla sp.l) and Annelids near the top. The sharp change

at the top of this zone cannot be fully explained. The simultaneous decrease
in plant remains, Micreplankton and the Otolith mentioned above would suggest
closing of the area both to land derived matertal and oceanic influences,.
Ponthenic calcarcous *roups show no reductions; though changes in aspect

include the initiation of peaks in Turritella, Zopleurotoma? sp.l, Adeorbis

elegans, certain tiliolids (especially Quinqueloculina bicarinata), Asteroi-

and Holothuroid ossicles. All this is taken to indicate the onset of tranquil,
deeper water conditions. The presence of lunulitiform Bryozoa (Sctoscllina
gregoryi) and the peculiar association of Miliolids with clay sedimentation
provides contradictory evidence,

Microplankton and Foraminiferal data points to normal salinities in most
of the regressive Upper Barton Beds, This must be distinguilshed from the gradu.
decreasc in ocecanic influences, a very unsatisfactory physical parameter,
shown by the gradual changes in Microplankton assemblazes (tops of total
ranges.)s ollusc faunas show more concrote changes but even these indicate
that salinities did not substantially dzcreasc until the top of bad K at Darton.

The correlations set out in Table 29 are derived mainly from quantitative
data (acmes and oscillatory Ostracoda graphs) and are thus strongly facies
biased and probably not isochronous., ‘otal ranges are few and not very useful,,
The main point arising from them is that most of thc zones are present in beth
sections and most are systematically thickened between Barton and 4Alum Bay.

This means that the anomalous thickness of the Barton Clay at Alum Bay cénnot

be interpreted by intercallation of local zones.
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Section 41] | ALGAE ammé s;zms :
4:1 inoflagellates ff e -
Introduction

Cysts of Dinoflagellates commonly occur in the English Uppéﬁ‘sqcnna and
have been found In most samples from both marine and bracklsh water sediments.
No Acrltarchs sensu DONNIu, EVITT & ZARJTANT (1963) were encountered, and only
those forms with demonstrably binoflagellate affinities will be dealt with In
this section.

Technlques

All previous work on this group has been on macerated material and often
constitutes part of an enlarged palynological investigation. In tﬁis study
no’nacerations were:oonducted and all the material was.oicked out dry from the
less than 60 mesh fraction carbon tetrachloride floats, The specimens were
mounted in melted glycerine jelly In assemblages on glass slides, capped with a
cover slip and sealed with candle waxe. The assemblage slides were examined:
and:;:all photographs taken with a Zelss Photomicroscope using an, gutomatic
exposure meter and Adox KEl4 film. All slide coordinates were measured using
the Zelss Photomicroscope No,0054 in room No,206A, Geology Department, ﬁoyai
School of Mines, London, S.%e7s, with the numbered slide label on the right'
(same side as stage controls). All measurements were taken from proéess
terminations.

A ihere is a, risk that the use oﬁ‘washed res!dues fbrfa miaroplankcon.study
would enable only the larrer Dinoflageilates to be extracted. However. the
'200 mesh sieves used for sample washing have an aperture lee of. 76 microns
(British btandard) and only the smallest Dinoflagellates and tht Micrxstridium
:and Verxhachium group of Acr!tarchs would be lost. ) -

- A study of the literature reveals that in fact very few small species.:
reported from related formations, were' missing in the washed material.
Advantages of this method include the possih litv of 'ntegratin? thn Dino-
flagellate populations with Foraminiferal counts, and examining the morphology

\
of uncompressed specimens with the Scanning Electron lilcroscope {Stercoscan).

Further, where there is a low phytoplankton count large samples can be used
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giving a richer yleld., The samples taken are equivalent to betwecn 2J0y..c.

and 500gms. unwashed sample,

Previous Work

ZHRANBERG (1838) was the first worker to discover and report Hystricho-
sphaerids in Upper Cretaceous flint flakes from the Baltic, and he published
his findings between 1833 and 1lR43, He orliginally identified them as desmid
zygospores and named them Zanthidium, From 1838 to 1850 SHRENBERG's dlscoveries
stimulated investigations by a number of British workers, namely MNANTELL,
DEANE, VRITZ, READE and WILKINSON. Interest then largely lapsed until
0.WETZ5L (1933), realising the importance of keeping a more open nomenclature
for what were then ambipuous mlicrofossils, grouped the non-tabulate forms
in the Aystrichosphaeridae, of unspecified systematic placing. Previous
workers had placed the :dystrichosphaerids with the desrids, sponges and
Copepods. A much more complete history of esarly research in this group
may be found in DAVEY et al. (1956).

With a few exceptions little work was conducted between 1850 and 1950,
In the 1950%s and 1960's a large number of descriptive publications appeared,
some with useful stratigraphic zonations, covering from the Late Precambrian
to the Quaternary. In addition important taxonomic work has finally
demonstrated the affinities of the Hystrichosphaerids as resting cysts of
Vinoflagellates by the reflection of original tabulation In the process
positions and the significance of the archaecopyle positions (EVITT, 1961
and EVITT < DAVID3OU, 1964), Uork has also begun on the in vitro study of
viable cyst and motile stages (WALL & DALZ, 1967, 1968), showing that a
single specles of motile Dinoflagellate may produce several very different
organ specles of cystss This line of research will obviously lead to a
considerable uphcaval of the present nomenclature of fossil cysts,

Most of the recent investigations of European Tertiary Dinoflagellate
floras has been done by feleian and Jerman authors. PASTIELS (1948) and
MORGENROTE (1956b) described the floras of the Belglan Ypresian, ROZZN (1964)

those of the Belglan Upper Socene and DE CONINCK (1965) floras from the



Belgian Cuislans, German work on microplankton floras includas ¥ WHTZIL* S

- (1952) work on Danian microplankton of Denmark, KLUMPP*= {1373% avuar o¥ the
Middle and Upper Eocene of North uermany, RISENACK's (1938, 1954) wcik on
the Lower Oligocene of East Prussla, GOCHI's (1952) study of the North and
Central German Oligocene, WEZILER's (1956) study of the Teftla;&véf the Rhine
Basin, ALBEZRTI's (1961) work on the Tertlary of Horth Germany, BROSIUS's
(1963) stﬁdy on the Kassel Sand (Upper<611gocene) microplankton, GERLACH's
(1961) work on the North German Ollgocene and Mlocene, MAIER's (1959) work
on the Tertiary and Quaternary and MORGENROTH's (1966 a and b) study of the
North German Lower Zocene,

. ‘In England WETHERELL (1892) briefly recorded Hystrichosphaerids from
the iondon Clay. CURRY (1958) and EAGER & SARJEANT (1963) respectively
exhiblted and bricfly noted Hystrichosphaerids from washed rgsidues of Egcene
rocks, DAVEY, DOWNIE, SARJEANT & WILLIAMS (1966) published the only mono-
graphic work to date on the Dinoflagellates of the inglish Tertiary (London
Clay), also dealing with Lower Chalk and Speeton Clay floras, Their Lower
Eocene materlal was taken from the Enborne Valley, Sheppey, Whi tecliff Bay
and Studland Day. In addition this very useful publlcatlon clears up many
taxonomic tangles at genaeric level and erects new taxa following EVITT's
(1951) propqsals. They 2also set forward a morphologlcal-termlgology which
15 used exteﬁslvely in the preéent study.

| Several other studies must be ment!Onéa on Tertiary and UpperfMeséZoic
floras. From North America DRUGG (1967), STANLEY (1965), and MANUM & COOKSON
(1964) published accounts ‘of the microplankton of the Maestrichtian/banian
of Californla and South Dskota and the Upper Cretaceous of Arctic Canada
respectively;'ﬁﬁANUM (1960) examingd the Lower Tertlary microfloras of
Spitzbergen. VARMA & DANGWAL (1964) described several new specles from the
Tertlary of India and COOKSON & CRANWELL (1967) noted and flgured several
speciea from the Lower Tertlary of Southern Chilec. ‘Studies'on European
Upper Cretaceous. mlcroplankton consul ted lnclude GORKA (1963) on the

Upper Cretaceous of Foland, O.WETZEL (1961) on the microfloral and micro=-



fanual content of Baltic Upper Cretaceous flints and CLARKE & VERDIEER {1337
on Isle of Wight Chalk assemblages. A formidable amount has nessn siplsoe:
on the Upper Mesozolce and Tertlary microfloras of Australasia, inciuding
DEFLANDRE & COOKSOM (1954, 1955), COOKsSOr (1953, 1956, 1965 a, b.),
COOXSON & EISEINACK (1958, 1960 a, b, 1961 a, b, 19562 a, b, 1965 a, b, c,
1967 a, b,) and LISEMACK & COOKSON (1960)., These span rocks of Lower
Cretaceous to Upper lMiocene age from southeeastern and western Australla,
Tasmania and Papua,

Publications on specific taxa of especlial use In the present study
not mentioned above include ALBIRTI*S (1959 a, b) work on the Deflandrea
group, LISENACK's (1963) work, in which he erects the genus Cordosphaeridium,

EISEZNACK & GOCHT's (1960) and GOCHT's (1968) papers on Thalassiphora and

its “ontogeny’, GOCET's (1955) study of Wetzeliclla (Rhombodinium) and

MANUM's (1960) work on Deflandrea, This bibliosraphy is by no means
exhaustive and additional references may be found in DAVZIY et al. (1966),
CLARKE & VERDIZR (1967), MORGEWROTH (1966 b), DOWNIZ & SARJEIANT (1964) and
ZISENACK & ELEFENT (1964).

Morphology

The vast majority of fossil Dinoflagellate remalins, including all those
found in the Znglish Bartonian, are resting stage cysts. These form as a
cellulose, double walled body at varying depths beneath the motlle stage
wall or theca. The cyst contalns the llving resting stage untll it oescapes
through a rupture of taxonomically constant positlon, the agchacopyle.

Most Dinoflagellate cyst walls have a cellulose composition, but cysts
of silica and calelte have becen described.

In the present study the morphological terminology of DOUNIL & SARJEANT
in DAVEY et al, (1966) is followed. They divide cysts into three ﬁorphological
groups, Chorate cysts include those forms, such as Hystrichosphaeridium,
which have the two layers of the wall closely appressed, have lonz processes
and represent a considerable condensatlon from the oiiginal “theca.

Gonyaulacysta is a member of the proximate group of cysts, in which the
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eyst ie comdensed in size only slightly from the original theca, with a wall
of two closely appressed layers, The cyst surface frequently bears traces of
thecal tabulation in the form of elearly marked areas or plates. The short
processes, crests and lists between the plates show that only slight conden-
sation has occurred, In the third group (the cavate cysts) the two layers
of the cyst wall (the inner endophragm and the outer periphragm) are
separated by an extra cavity (the pericoel), The Inner capsule, enclosing
the endocoel, is frequently ovoid, as in Deflandrea, and the periphragm
takes the shape of the inside of the theca, 3Short periphragmic processes
may be present (as in Wetzellella (Yetzellella)).

The terminology of the tabulatton follows that of EVITT (1961). He
uses the notation of the plate areas and procesees on the cyst, reflecting
the tabulation of the motile stage theca, as used by neontologists on living
Dinoflagellates. The plates fall into a number of whorls; namely the
apical, anterior intercalary, precingular, cingular, posteingular, posterior
Intercalary and antapical circlets, The vertical groove perpendicular to
the equatorial girdle is covered by the sulcal plate, The processes may be
gonal, sutural or intratabular in position and are referred to In relation
to the plates with which they are assocliated, Similarly the archaeopyle
may be identified by the plate (haplotabular) or plates (tetratabular etc.)
removed by its formation (see EVITT & DAVIDSON, 1964), Additional archaeopyle
types used by DOWNIE & SARJEANT (1966) also !ncludé the epltractal type,
where the whole of the cyst anterior to the cingulum lifts off; and the
cingular type, where the archaeopyle forms from the removal of a c¢ingular
plates The descriptive terms for process and process=-termination morphology
are those of(DOWNIE & SARJEANT (1966),

Classification

The taxonomy of the Dinoflagellates is at present in a stage of flux
following the disturbing, but frequently prophesied findings of EVITIT &
DAVIDSON (1964) and WALL & DALE (1967, 1968). Consequently no suprafamilial

grouping 1s used and the familial taxa must be regarded as liable to revision,.
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One factor which is observed §s that the Dinoflagellates, being Algae, are
plants and fall under the Botanical Code of Nomenclature (DOWNIE, WILLIAMS &
SARJEANT, 1961).

The family units used are those of EVITT (1963)., Generic names have
been recently emended by DAVZY et al. (1966) and, where applicable, these
have been used. Genera related to Hystrichosphaeridium and Béltisghaerldium
have been especially usefully revised, on the basis of the posltion of the
archacopyle and the reflected tabulation, as shown by process position,

A number of genera remain of uncertain taxonomic placing, including
Lanternosphaeridium, Palmnickia and Thalassiphora. These all have precingular
archacopyles but do not necessarily fall into the same famlly as the first
1s proximate and the other two are cavate.
edededede ek e
pivision: ALGAZ

Classt DINOPHYCZAE PASCHEZR

Family: DEZFLANDREACEAE ZISEZNACK 1954
Genus: Deflandrea SISENACK 1938

(Type specles: Deflandrea phosphoritica EISENACK, 1938.)

Def landrea phosphoritica EISENACK, 193%

Plate 1, figs. la, b,

Deflandrea phosphoritica EISENACK,1938. p.133,fig.6.

Deflandrea phosphoritica EISENACK3XLUMPF,1953, pe393,pl.19,f1g.6.

Deflandrea phosphoritica EISENACK:EISZNACL,1954. pe52,ple9,figs.8-123
plel2,flgs.8,9;text-fig.l,

Deflandrea phosphoritica EISZi!ACKsDIFLANDRE & COGKSON,1955. pe249,pl.b,fig.5.

Deflandrea phosphoritica SISENACK:MAISR,1959. p.292,pl.28,f1z.1.

Deflandrea phosphoritica EISENACK:ALBERTI,1959be pe94,pl.8,f18.6.

beflandrea phosphoritica SISENACK:MANUM,1960. p.l18,pl.l,figs.4-8;text-figels

Deflandrea phosphoritica EISENACK:GERLACH,1961. p.150,pl.21,fig.l.

Deflandrea phosphoritica EISENACK subsp.phosphoritica COOKSON & SISZNACK 1961.
p.390

Deflandrea phosphoritica EISENACK:ROZEN,1964. pe292,plel,figs.l,2;text-fig.l,

Deflandrea phosphoritica EISENACK:COOKSON & EISENACK:1965a. pel2l,pl.ll, fig.ll,

Deflandrea phosphori tica LISENACK:MORGENROTH,1966bs pe8,plel,fige3.

Deflandrea phosphoritica EISENACK subsp.phosphoritica COOXSON & BISSHACK:

WILLIAMS & DOWNIC,1968. pe231,pl1.26,f135.2,3,6,9.

Description

Cyst chorate, elongate, sharp-angled pentagonal and very distinetive
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in outline. Endocoel subspherical, with slightly granular endophragm,
Perlcoelrelatively wide, Periphragm finely granular, with no processes but
with two distlinet, short, blunt, equal antapical horns and one short, blunt
aplcal horn. The lateral walls characteristically show a convexlity just
anterior to the cingulum, The cingulum is present as a well marked band,
running eround perlphragm more or less equatorially and 1inking the lateral
angles. The strong sulcus 1s visible only in the hypostract. The archaeopyle
1s Intercalary in the periphragm haplotabular and is in the form of a
broad, low arch., It 1s clearly polygonal in outline, In the endophragm 1t
appears to be dlsplaced more towards the apex, as mentloned by WILLIAMS &
DOWNIE (1966),

Remarks
Deflandrea 1s a very large zenus (34 specles listed by MANUM & COOKSOHN,
1964) but the only other form with this specles' characteristic sharpeangled

pentagonal outline 1s D.heterophlycta DEFLANDRE & COOKSON, D.heterophlycta

differs from D.phosphoritica in having an endophragm bearing distinct
tubercles, These were not observed on the Bartonlan material,

ZISENACK's (1938) type level for this species 1s the Lower Clligocene of
Last Prussla., It has also been recorded from many other Paleogene formatlons;
Upper Eocene of MNorth Germany (KLUMPP, 1953}, ?Lower Eocene and Upper Zocene
of Victorla, Australla (DEFLANDRE & COOKSOM, 1955 and COOLSON & ZISENACK,
1¢65), Paleocene, Lower and Upper Eocene, Mlddle Oligocene of U,S.S.R. and
Upper Olligocene of North Germany (see ALBEKTI, 195¢b.), Bartonlan and
Belglum (ROZiN, 1964) Lower Eocene of Belglum and North Germany (MURGENROTh,
1966) and London Clay of ingland (JILLIAMS & DOWNIE, 1966). Thus it ranges
in Surope from the Paleocene to the Upper Oligocene., In the inglish
Bartonlan 1t occurs very rarely in the Upper Barton Beds of Barton

(BURTON's Bed I) and the lilddle Barton Beds of Alum Bay.

KefekdedeRkkdetck
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Deflandrea wetzeli MORGENROTH 1966b

Plate 1, figs. 2a, b

Deflandrea wetzell MORGENROTH,1966bs pe9,plel,figses,5.

Description

Cyst cavate, elongate. Pericoel drawn out into two blunt, equal anta-
pical horns and possibly (torn off) one blunt apical horn. £ndocoel sub-
spherical or ovold, nearly filling the periphragm with the exception of the
horns, and leaving only a narrow pericocl around most of its periphery.
Posterior lateral ambitus nearly straight, or slightly convexj anterior
lateral ambltus slightly convex. &ndophragm and periphragm finely granular
but without processes. Clngulum present as a distinct band, bounded by
ridges in the periphragm. Sulcus strongly developed on the ventral side.
Archaeopyle large, rounded triangular and probably intercalary in the
periphragm. Tabulation, except for the cingulum, sulcus and archaeopyle
is not visible in the periphragm and completely absent from the endophragm.
hemarks

The material from the English Bartonian agrees with MORGENROTH's (1966
flgureé and descriptions, from the Lower Eocenc of North Germany. At Barton
one specimen was found in the Upper Barton Seds and at Alum Bay one was
found in the Lower and one in the Middle Barton Beds.

Several other specles in the literature resemble Dswetzell but differ
in lacking such a well marked cingulum, The nearest is D.pellucida
COOXSON & EISZNACK (1958). D.bakeri DEFLANDKE & COOKSON (1955),

D.belfastensis COOKSON & EISENACK (1961) and Decooksonac ALBERTI (1959b)

arc more clongates Dl.dakotaensis STANLEY (1965) resembles 1t in shape

but has a weaker cingulums D.cincta COOKSON & EISENACK (1958), a Lower
Cretaceous species, 1s quite close but has a more strongly marked cingulum.
Finally, De.scheii MANUM (1963) resembles De.wetzeli in shape and cingulum
but bears clearly marked tabulation on the periphragm. Some species of
Deflandrea show intergradation and it is possible that future work will

bring to light intermediates with this form.

FededefodedeRdededs
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Genus: Wetzeliella EISINACK 1938

Subgenus: Wetzellella (Weteeliella) EISZNACK 1938

(Type species: Wetzeliella (Wetzeliello) articulata EISENACK, 1938,)

Vietzellella (Wetzeliella) articulata ZISENACn, 1938
Plate 1, flg. 3.

Wetzellella articulata EISENACK, 1938. p.l86,text-fig.4.
Wetzellella articulata EBISENACH:GOCHT,1952. p.31l4,pl1.2,figs.38,39,
fWetzellella articulata IISENACK:RLUMPF,1953, p.393,pl.19,figs.l=5,
tietzellells articulata BISENACK: SISENACK,1954, pe55,nl.7,figs.l=11;
pl «8 ,figSc 14-16,
Wetzellella articulata EISENACK:&VITT,196]l. p.397,pl.8,f1g5.3,5,6.
Jetzeliella articulata EISZHATK :GERLACH,196l. p.152,pl.25,fig.2.
Hetzeliella articulata EISENACK:BROSIUS,1963. p.35,pl.6,fig.3.
Vietzeliella articulata EISENACK: U5 CONINCK,1965. p.l3,pl.l,figs.l-6,text-fig,l.
Wetzellella (Wetzeliella) articulata CISENACK:MORGENROTH,1966. pe9,plel,figa6.
Wetzeliella (etzeliella) articulata EISENACK:WILLIAMS & DOWNIZ, 1966,
Pe 183 ,plo 18 ,figs- 1-4‘

Description

Cyst cavate, pentagonal in outline, dorsoventrally flattened and with
five horns all well developed but not exaggerated. One antaplcal horn is
lonzer than the other. Pericoel narrow, with the endophragm extending into
the base of the horns. Periphragm granular, giving rise to numerous, small,
similar, hollow, slightly tapering processes, which are open distally, and
have aculeate and slightly recurved terminations. Dlistal connectlons between
the processes are absent. The archacopyle, wvhen visible 1s formed by the
loss of a single intercalary plate. 3Simulate complexes, tabulation and
cingulum are not identifiable,

Remarks

This species occurs throughout the Rarton Clay at Barton and Alum Bay,
but has not been found in the upper Barton Beds above the Chama Bed. As
WILLIANMS & DOWHIE (l966) reported in the London Clay, specimens have been
found at Barton with longer processes, a larger pericoel and a reduced
left antapical horn, which appear to be intermediate with Wetzellella

(.) symmetrica WEILER, (1950, Records of W. (W.) articulata in the 1%t~=-

ture are from the Lower Zocene to the Upper Oligocene (Chattian) of

Germany and Belglum and from the London Clay of England.

YekFehicdekdekd
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Wetzeliella (Wetzeliella) coleothrypta WILLIAMS & DOWNIE, 1966

Plate 1, figs. 6, 7a, b.

clathrata EISENACK: ALBERTI, 196l. p.7,pl.l,fig.19.
Hetzeliella (Wetzelieclla) coleothrypta WILLIAMS & DOYNIE, 1966, p.185,pl.18,
flgs.8,9; text-fig.47.

Description

Cyst cavate, dorsoventrally flattened and pentagonal in outline., The
apical horn and two lateral horns are well developed but not exaggerated.
Antapical horns subequal and well developed, though in some specimens one
is reduced and present as a small protuberance. The smooth endophragm and
periphragm are not in contact, leavinz a narrow pericoel. Endoceol rounded-
pentagonal or quadrilateral in outline and continues up to the bases of the
horns. The periphrazm gives rise to numerous, small, hollow, slender, curved
or erect processes which are closed dicstally. Processes are intratabular
and arranged in simulate complexes reflecting the cyst tabulation. Distally
each simulate complex is covered by a thin, smooth, imperforate membrane
which is supported by the processes and assumes the shape of the underlying
plate. One specimen shows a number of plates picked out by the distal
membranes and the cingulum linking the lateral horns. Archaeopyle not seen,
Remarks

WILLIAMS & DOWNIE (1966) differentiate this species ffom He(W.)clathrata
ZISENACK (1938) on the presence of the thin ectophragmic membrane, mirroring

the plate boundaries. “.(¥.) clathrata bears processes linked distally

by ribbons which follow the plate boundaries like bannister rails, and
not broad membranes, The features of the Eartonian material agree well
with the type figures and description. ALBERTI's (1961) figures appear

to agree with #W.(W.) coleothrypta, but uncertainty must exist until the

figured specimens have been examined. A re-examination of other authors’

specimens of W.(s.) clathrata may necessltate placing them in this species.

WILLIAMS & DOWNIZ's (1966) type level for this specles is the London
Clay of Sheppey. ALLERTI's (1961) records are from the Upper Paleocens

of North Germany and the Upper Eocene of North Germany and U.S5.5.R. In
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the English Upper focenc, this species has only been found at Alum Bay,

in the Lower, Middle and Upper Barton Beds,

Fedfedededededevedere

Wetzeliella (Wetzeliclla) cf. reticulata WILLIAMS & DCYNIZ, 1965

Plate 1, figs. 8z, b.

Wotzeliella (Wetzeliella) reticulata WILLIAMS & DOWNIZ,1966. p.187,p1.19,
figs.3,6;text-fig,.48,

Description

Cyst cavate, dorsoventrally flattened, with five tapering peripheral
horns. &ndocoel inflated and pericoel narrow, except in the horns. &Sranular
periphragm gives rise to numerous, small, hollow, slightly tapering
processes with long distal aculei. These ramify and unite with those of
adjacent processes to produce a network over parts of the cyst. The aculei
appear to be solid, taeniate In section and do not support spines. The
archaecopyle and the presence of simulate complexes of the processes or
aculei networks are not visible, <Jonsequently the tabulation 1s indeterminable,
Remarks

A few eroded specimens can doubtfully be attributed to thls specles.

They show the distal networks of aculei of W.(¥.)reticulata WILLIAMS & DOWNIE,

We(Ae) tenuivirgula WILLIAMS & DOANIE and W.(4,) tenuivirzpula var.

crassoranosa WILLIAMS & DOWHIL, rather than the Imperforate ectophragm of

wo.(#.) clathrata SISENACA and W.(%.) coleothrypta WILLIAMS & DC#NIE, The

distinction between the species in the first group (those with the ecto-
phragm in the form of a reticulum) appoars to be rather limited in
application and the placing of the Barton specimensin the first named

must remaln very tentative untll comparative material has been examined.

Yededevetededededede
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Subzenus: wetzeliella (Rhombodinium) GOCHT 1955

(Type species: Rhombodinium draco GOCHT, 1955,)

Wetzeliclla (Rhombodinium) sp.l.

Plate 1, figs. 4, 5.

Dracndinium solidum ALEEZRTI,196l. p.1ll,pl.l1,f12.9.
non Dracodinium solidum GOCHT,1955. p.87,text-fiss.3-5,

description

Cyst cavata, with a distinct endocoel and pericoel. Dorsoventrally
flattened with a distinct but not exagzgerated, aplcal horn, two lateral
horns and one left antapical horn. The right antapical horn is absent or
very reduced, Zndocoel romnded, quadrilateral but never spherical and
peripherally parallel to the ambltus, except in the horns. Pericoel
relatively narrow. Zndophragm and periphregm granular, the latter with no
processes., Cingulum clearly seen, linking the lateral horns. Archaeopyle
haplotabular, rounded triansular in outline and lyling near the mideline and
anterior to the cingulum in both endophraszm and periphrazm.

Kemarks
The only published figure which the Bartonlan material agrees with

is that named by ALBERTI (1951) as Dracodinium solidum GOCAT (1955).

#ILLIAMS & DOWHIZ (1966, p.195) rightly say that this species is not the
same as GUCHT's (1955) figuree and refer to it as an unnamed speciles.

Dracodinium solidum GOCET is in fact partly transitional with W.(Wietzeliella)

similis (EISENACK) and the genus i1s invalid., In any case the Sartonian

specimens definitely fall in the subgenus fietzeliella (Rhombodinium)

on the basis of shape and complete lack of processes.

iio (Rhombodinium) draco 3CCHT (1955) and W.(R.) rhorboidea ALEERTI

(1961) differ in having a much wider pericoel, with the endocoel showing

a peripheral outline closer to eclmculat. #we(R,) glabra COOKSON (1956)

has a spherical endocoel and a much reduced apical horn. #.(R.) draco

shows the closest relationship with this species.

ALBZIRTI (1961) records ¥.(R.) sp.l from the Upper Eocene of WNorth
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Germany. At Barton it occurs in the Upper and (one specimen) In the
Lower Barton Beds. At Alum Bay 1t occurs in the Lower anr Middle Barton Beds.

Yedodokvededededeve

Family: ARZOLIGERACSAE IVITT 1963

Genus: Areoligera LEJiUNE-CAKPENTIZR 1938

(Tyre species: Areoligera scnonensis LEJEZUNE-CARPEZNTIER, 1937,)

Arcoligera spel

Plate 2, figse 4, 5a,b, 6a, b,

Palmnickia sp.indet. EISENACK, 1954. pe70 (in text).

Palmnickia sp. ex aff. Pelobi féra EISENACK, 1954, p.95 (in list of plates),
pl.lZ,flg.ZO.

Palmnickia sp. ex aff. P.lobifera EISEINACK: EVITT,1961l. p.400,pl.B,
fipgs.16,17; pl.9,fins.8-10,

Description

Chorate cyst with a dorsoventrally flattened central body, which is
circular in outline. The central body is concavo-convex, with a domed
dorsal side and a flat or concave ventral side, Cyst wall finely granular.
Processes represented by soleate and linear complexes of smooth, erect meme
branes, which are probably intratabular. The margin of the ventral face is
followed by a single long arcuate membrane, frequently fenestrate proximally
and with an entire but undulatinz distal edge. The distal edge is occasionall
foliate or even splinose in some specimens and sometimes shows a broad saddle
at the antapexe. The margin of the dorsal face bears three wide, short,
latispinous processes or membrane complexes, often proximally fenestrate
but with entire, undulating distal margins. In addition the dorsal face
bears two or threz rectangular membranes, just behind the archaeopyle on
the areas between the archaecopyle notches., Finally, the central part of
the dorsal face has a soleate complex, with the concave side facing the
archacopyle near the mid<line and sometimes continued laterally into two
smaller soleate complexes facing the other way. These soleatc complexes

bear smaller membranes than the marginal systems and are distally spinosec.



106.

The central part of the dorsal face is always bare of processes. Archaeopyle
apical, tetratabular, with a clearly notched margin. Thecerculum is some-
times found still attached and bears three of four broad, short, latispinous
processes or membrane complexes. Evidence of tabulation on the central body
1s restricted to the process arrangement and the archacopyle, as the cingulum
and plate boundarlcs are never seen.
Remarks

The Sartonian specimens agree well with EISENACK's (1954) and EVITT's
(1961) flgurese 4s &VITT pointed out, the figured specimens showed no

relationship at all with Palmnickia and are related to Cyclonephelium or

Arcoligera. The Bartonian specimens have only the ventral face bare of

processes, unlike Cycloncphelium which has bothe However, unlike the type

specles of Arecolipera and several others, A.sp.l has only one dorsal soleate

complex. A.senonensis has only plate 6% without processes, whercas A.spe.l

has several other plate complexes missing as well. Thus, later work may
well show either that A.sp.l Is intermedlate morphologlically between

Areolisera and Cyclonepheliun, or that the two genera should not be fact

be separated.

EISENACK's (1954) orisinal material, which was re-examined by EVITT
(1961) was from the Lower Oligocene of Zast Prussia. At Barton and Alum
Eay this species is common throughout the EBartonian.

Ais has been sald, most other species of Arcoligera differ in having
a larger number of soleate process complexes. In addition A.scnonensis

LEJEUNE-CARPENTISRK, Aemedusettiformis (0.WITZEL) and A.coronata (0.WETZEL)

differ in the membranss being much more spinosc distally and morc divided

proximally. Of the many described species of Cyclonephelium only

C.membraniphorum COOKSCN & ZISENACK has regular, entirc marginal membranes.

If differs however, in having stiffened supports for the membranes and

in lacking solecate complexes on the dorsal face,

RELE S HEE
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genus: Adnatosphaeridium WILLIAMS % DOWNIE 1966

(Type specles: Adnatosphaeridium vittatum WILLIAMS & DCWNIE, 1966.,)

Adnatosphaeridiur sp.l.

Plate 2, figs.7a,b.

o

Cannosphacropsis rceticulensis FCREENRCTH,L966be pel9ypleb,figs.2,3.
non Cannosphaeropsis reticulensis FPASTIZLS,1948. p.49,pl.5,figs.7-10,

Description

Chorate cyst, with 2 subspherical central body. Central body wall
very thin and finely granular. The number of processes present is not
determinable but is pyobably not wmore than 40, Processes similar, simple,
hollow, thin-walled, cylindrical and arranged in an indiscernable pattern
over the central body surface. Processes about one third the central body
diameter in length,. Distally the processes are open, with between two and
five, usually four, lono taeniate aculei. The aculel unite with those of
adjacent processes, sometimes with further branchinz and ramification, to
produce a network of narrow ribbons surrounding the central bedy. Processes
not joined to the reticulum and unsupported spines on the reticulum are
not present. Archaeopyle apical In position, large and with a zig-zag
margin, indicating its tetratabular nature.

Remarks
EVITT (1961) sugrmested and WILLIAMS & DOWNIZ (1966) implemented the

subdivision of the genus Cannosphaeropsis on the basls of process and

archacopyle position. Cannosphaecropsis PASTIZLS (1948) was emended and

reserved for forms with ponal processes, or with a precingular archacopyle

and a distal reticulum. Adnatosphaeridium WILLIAMS & DOWNIX (1966) was

erected to accomrodate forms with a distal reticulum, intratabular processes

and an aplcal, tetratabular archazopyle. Hematosphaeropsis DEFLANDRE &

COOXSON (1955) has gonal processes, linked proximally by sutural 1lists,
a precingular archaeopyle and a distal network of aculei. The Bartonian

material, although resembling C.reticulensis PASTIZLS (1948) in process

form etc. has an undoubtedly apical, tetratabular archaeopyle and must
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thus be classified as Adnatosphaeridium. DNo published speclies has all

these features, Sowe authors' records of C.retlculensis may, on re-assess-

ment, require placinz with A.sp.l. MORGEZNROTn's (1966b) figures of

Co.recticulensis show all the features of the Bartonian specimens, with a

clearly aplcal archaeopyle.

At Zarton and Alum bay this specles occurs infrequently throughout
the Zarton Beds, but is especially zbundant in the Upper Zarton Feds at
Parton., NMOR3ZEIIROTH (1966b) records it from the Lower focene of Relgium.

Sedededederededodeae

Family: HYSTRICHCSFIALRACEAL G WATZsL 1933, emend, &VITT 1963

enus: dystrichospacra C.JSTZZL 1933

(Type species: santhidium ramosum CHREHSZZRS, 1838.)

aystrichosphaera ramosa (EHRINBIRG,1838) emend., DAVEY & WILLLAKMS, 1956
Remarks

Much has been written on the nomenclatural tangle surroundine the

type- ~.~5 of nystrichosphaera and the validity of L.ramosa and H.furcata.

oy

Rather than add to the confucion it is proposed to follow UAVIY & W.LLIAMS
(in DAVEY, DU#HIE, SARJEANT & WILLIAMS, 1968). They take H.ramosa as the
type species in view of the fact that this is the only one of IHRIMBERGSs
holotypes to be subssquently rediscovered (LZJEUNE, 1937), They note the

continuvous and wide variation _n the rn.ramosa-furcata complex and divide it

up as a nunber of varleties, rather than as separate specles. They further
propose the inclusion of Z.furcata in the synonyay of H.ramosa var, ramosa.
IFor further details of the history of this zroup and its nomenclature the
reader ie referred to DAVEY & “ILLIAM3 (1968).

In the Znglish Bartonian a small number of specimens can be referred
to this group. One of therm can be identified as H.ramosa var., menbranacea.

The others are imperfectly preserved and must remain H.ramosa var. indet.

until new material is found. The type variety, H.ramosa var. ramosa

DAVEZY & WILLIAKE (1966) was not encounterad,
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Yystrichosphaera ramosa (CHRENBERG) var. membranacea (ROSSIGHOL)
DAVEY & WILLIANMS 1966

Flate 1, figse. 10a, b.

Hystrichosphaera furcata var.membranacea ROSSIGNOL,1964.pe86,plel,figs.4,9,10;
pl.3,figs.7,12.
Hystrichosphaera furcata (EHRENBZRG): MORGENKOTH,1966b. (part) p.lé,pl.7,
fig.5 only. )
Hystrichosphaera ramosa var.mcmbranacca (ROSSISNOL) : DAVEY & WILLIAMS, 1966, .
9037 ,plc&,fif_;';s.a’lz-
?Hystrichosphacra aff.furcata (ZTHREMBERG): DRUGG,1967. pe23,nl.4,figs.3,4.

Description

Cyst proximo-chorate, central body ovoid, elongate. Body wall composad
of an inner cndophragm and an outer, slightly granular periphragm. Central
body traverscd by high, membrameouslists, marking out plate boundaries, and

showing a Gonyaulacysta type tabulation, with clearly discernable cingular

and sulcal regions. Processes arc gonal in position, about 2/3rds the
body in diameter in length, triangular in scction, with three sharp longitudin
ridges, hollow only at base and becoming trifurcate 2/3rds of their length
distally. The distal terminations of the branches are sometimes bifid
and sometimes pointed. Processes in the aplcal and antapical reglons are
joined laterally by broad, smooth, thin membranes. These are extensions
of the intertabular listse. The apical process is distinctive and slightly
longer than all the others. Archaeopyle precingular, haplotabular.
Remarks

One specimen only can be attributed to this variety, from sample
6971 of the Upper Rarton Beds. ROSSIGNOL's (1964) type level for this
variety is the Pleistocene of Isracl, Other records include the Lower
Eocene of Morth Germany, Selgium and Zngland (MNORGENROTH, 1966 and DAVEY
& WILLIAMS, 1966) and possibly the Maestrichtian/Danian of California
(DRUSG, 1967).

dedevedededriededeste

Hystrichosphaera ramosa (EHRENBERG) vare.indeterminate

Flate 1’ figo 9.

Description

Cyst chorate, small (about 30 microns), central body subspherical
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t;éfefsea by léw b;t definite, thin, clear lists, reflecting Gonyaulacysta-
type tabulation. The smooth periphragm gives rise to shott (1/3rd body
diameter) slender gonal processes; which are triangular in cross-section
and become trifurcate distally. Sometimes it additionally bears long
irregular branches, Dlstai terminatlons sharp, closed and singsle,.
Archaéopyle not visible.
Remarks

A few specimens from Alum Bay and Barton, although mermbers of the
Hiramosa plexus, are not well enough preserved to enable determination

to a varietal level.

Feirdodedededededee

Hystrichosphaera crassipcllis DEFLANGRE 4 COOKSCM, 1955

Plate 1, fi;.l1l,

Jystrichosphaera crassipellis DEFLANDRE & COCii30K,1954, p.l236, text-fiz.5
Home.nud o

Hystrichosphaera crassipellis DEFLANDRE & COCnSON: DIFLANURE & COON3ON, 1955.
Pe265,p1.6,f1p2.2,3;text-f17.20,

Hystrichosphacra crassipellls DEFLANDRE & COOKSONs GERLACH,196l. p.l77,p1.27,
f1ge5; text-flgs. 16-18,

fiystrichosphaera cf, crassipellls DEFLANDRE & COOKSC0M: GORKA, 1983, p.52,
pl.7,figs.l,2; pl.5,figs3.

dystrichosphaera crassipellis DEFLANDRE % COOKSON: MORGENROTH,1906. p.l3,
Pl.? ’figSOB ,4.

Aystrichosphaera crassipellis DIFLANDRE & COOKX30M: DAVEY & WILLIAKS, 1966,
p.40,pl,1,£i3s,7,8,

Hystrichosphacra crassipellis DEFLANDRE & COOKSON: DRUZS5,1967, n.23,pl.4,fig.l.

fiystrichosphacre crassipellis DEIFLANDRE & COOXSON: CLARAE & VERUIGR, 1967,
p.&a,pl.?,figoll;pl.g ,fig-ln

Description

Cyst chorate, central body.subspherlcal, with a very thick wall.
Surface of central body densely sranular and traversed by high, smooth,
membranebuslists, which mark out the plate boundaries., FProcesses slender,
membraneous,zonal in position and joined pgoximally by the sutural lists.
Processes have broad bases and taper to trifurcate, clesed terminationse.
They are occasionally irregularly branched. Archaeopyle visible but
its position 1s not clearly discernable.

Remarks

Although only one imperfect specimen has been found (in the Lower
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Barton Beds of Barton - sample 6912) the author has 1little hesitation in
attributing it to this species. The chief characteristics are its unusually
thick wall and rmiembraneous lists, another thick walled species is

Achmosphaera sagena DAVEY & WILLIANS (1966), but this does not bear

sutural lists.

H.crassipellls was orizinally described from the Lower Docene of

Victoria, Australia (DEFLANDRZ & COOKSQMN,1955). It has also been recorded
from the Cenomanian to Santonian of Zngland (DAVEY 4 WILLIAMS,1965 and
CLARKZ & VERDIZR, 1967), possibly the Coniaclan of Poland (GORKA, 1963),
the Uanlan of California (DiUG3, 1967), the Lower Socene of North Germany
(GRGENROTH, 1966b), the iddle Cligocene and mMiddle Miocene of Germany
(GERLACH, 1961),

Fededededederevedede

Genus:  Achmosphaera iIVITT 1963

(Type species: Hystrichosphaeridium ramull ferum DEFLANDRE, 1937.)

Achmosphaera_ramullfera (DEFLANDRZ) EVITT, 1963

Plate 2, figs. la, b.

Hystrichosphaera cf.ramosa (ZHRINBERG): DIFLAMDRE,1935. pe69,nl.5,fig.11.
dystrichosphacridium ramuli ferum uuFLANuR¢,1937. De 74,01 14, flgs.S H
pl.l7, fiz.10.
Hystrichosphaeridium ramuli ferum DiFLANDRE: PASTIZLS,1948. p.39,pl.3,figs.)7
dystrichosphaeridiun ramuli ferum DEFLANDLRE: W WETZEL, 1952, p.399,D1.A fiu.g
toxt-fig.9.
GERLACH,1961.1.185,p1.28,fig.3
S0RkA,1963. p.59,pl.8,fig.3;
nl.6,figs.3,4,
Baltisphaeridium ramuliferum (DAFLANDEE): SOWHIZ & SARJZANT, 1953, p.92,
Achmosphaera ramulilfera (SEZFLANDRE): 4VITT,1963. p.163.
Achmosphaera ramulifera (DEFLANDRZ): COOKSON & HUGHES,1964. p.45,pl.9, fiJ.IO,
Hystrichosphacridium ramull ferum DEFLAXKDRE: ROZoil, 1964. p.299,pl.3,fig.4
text-fig.8,
Achmosphaera ramulifera (DIFLANDRE)$ DAVEY & WILLIAMS,1966. p.4S,pl.2,fir.3.
Achmosphacra ramulifcera (DEFLANDRZ): CLARK:L & VERDIZR,1967, p.40,pl.8,fig.l.

Hystrichosphacridium ramuli ferum DEFLANUn
Hystrichosphaeridium ramuliferur DEFLAVDKS

bescription

Cyst chorate, central body subspherical or slightly nvoid. Periphraom
finely granular. Central body traversed by low ridges (never 1ists)

marking the reflected plate boundaries and giving a GSonyaulacysta-~type

reflecterd tabulation. Processes numerous, gonal in position and triangular
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in section, with three sharp lonzitudinal ribs, They taper slightly from
the base and become trifurcate at about 2/3rds of thelr lenzth. Distal
axtrenitices of process branches arc gencrally bifurcate and closed. The
cinzular processes are sometimes joined in pairs. Archacopyle not observed.
Remarks

Speciiirns from throughout the Rarton Beds agree well with the numerous
published figures and descriptions, This species has been recorded definitely
from the Lower Cenomanian (COQKSON & #UGHEL, 1964) to the Middle Mlocene
(GIRLACH, 1961). CLARWZ 2 VEZRDIEZR (1967) note that ZOCHT's (1959) fizured

specimen of Lystrichosphaeridium ramuliferum (p1.3,f13.9.) from the iNorth

%est German Neocomiam cannot definitely be attributed to thls specles.
Zocene records include the Lower Zocene of Belzium and Znyland (PASTI:LS,
1948 and DAViY? & WILLIAIS, 1966) and the Bartonian of Belzium (ROZEK,1984).

Jedededededorededke

Achmosphaera alcicornu (SISENACK) DAVEY & WILLIAMS, 1964

Plate 2, figs. 23, b, 33’ be

dystrichosphaeridium alecicornu EISENACK,1954. p.f5,pl.10,figs.1,2; ext-fia.5,
Hvstrichosphaeridiur alcicornu TISEHACK:GERLACH,1951. p.l12R,pl,283,f1x.7.

tdystrichosphaeridium aleicornu TISENACK:ROZEN,1966.p0302,p1.2,f12,9; text-fi7.11.
Hystrichosphaera tertiara EISCHACK 7 GOCHT: DE CONINCK, 1255, p.22,pl.d,
fizs.8,11,15,
Hystrichosphaera lncerta XLUNEP:MOKGLNROT,1965b. pal3,pl.7,f135.7,8.
Achmosphaera alcicornu (ZISENACK):DAVEY & WILLIAILS,1956. pe50,pl.5,f1g.3,

Description

Cyst chorate, central body consisting of a smooth endophrasm and a
sranular periphragm in close contact, Granules on the periphragm are some-
times quite large. The surface of central body is traversed by clearly
seen low ridges, delimlting the plate boundaries. Periphragm gives riss to
processes at the corners of the plate areas. These are up to half the
central body diameter in lenzth, expanded slightly at the base, hollow,
single, relatively thick and prismatic in section, with three sharp lonzi-
tudinal ridzes. Distally the processes are markedly expanded and open,
with characteristic trianzular or hexagonal entire margins. Archacopyle

haplotabular and precingular in position.
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Renarks
The bartonian material corresponds closely with the type figuras and

description., dystrichosphacra tertiara ZISENACK #: 30CKT (1960) and

Heincorta sLUNMPP (1953) stronrly rese~ble this species. They differ chiefly
in the height of the intartabular ridses, indeed MORSINROTH (1965) considers
the two synonymous and fizures a specimen exactly like A.alclecornu. i'urther
stucdy may show that all three specles are in fact an intersradinz plexus.

A, pamulifera (DEFLAVDRE,1937) differs in having wuch more slender processes

and A.neptuni (LI3ENACK,1958) has processes with flat forking distal termin-
ations, both not at all like A.alcicornu.

he.alcicornu has becn reported from the Lower Olizocene of Zast Prussia
(SI3ENACK*s (1954) type locality), the kiddle Ilocene of Horth Zermany
(3ERLACH, 1961), the Lower iocene of North CGermany, Selgium and Enland
(MORGENRCTH, 1966 and DAVIY - 4ILLIAMS,1966) and possibly the Zartonian of
Belotwa (ROZEN,1984), At Barton and Aluw Bay it is common in the Lower and
uiddle Barton iteds and rare in the Chamg bed. |

Fodolededk kA dedeve

CJdanilys ZYSTRICHOSPHAGLRIDIACLIAE ZVITT 1943

senus! Hystrichosphacridium DEFLAMDRE 1637

[h] Awer

(Type species: ZXanthidium tubiferum SHAINBIRG,1R238.)

rystrichosphaeridivr salpingophorum (DEFLANDRZ) DIFLANDRE, 1037

Plate 2, figs. &, 9, 19, ll.

oystrichnosphacra salpincophora DEFLANDRE, 1935, p.232,p1.9,fig.l.
Zystrichosphaeridiu~ salpingophorun (DEFLANDEL) :DEFLAMDEE,1237. p.70,pl.13,
fias. 1,3,
iystrichosphaeridium salpinzophorum (LZFLAVSRE) $PASTIELS,1942, p.37,pl.3,
firs., 3.7,
Rtiystrichosphacridiun salpingophorun (DEFLANDRI) s WETZIL,1952.p.399, text-fig.ll.
?dystrichosphaeridiun salpinrophorum (UIFLANDRE):G0CHT,1952. p.303,p1.1,fi2.19;
pl.2,£10.20,
aystrichosphaeridiun salpinzophorum (DEFLANURE) :DEFLARDRS 4 COOR30:,1055.
Pe271,p1,2,£8.9,
idystrlchosphaeridiur salpinsophorum (DAFLANGRE)s DR CONINCR,ICCE. p.24,pl.5,
f1gs.2,3,5-3,11,12  text-fips.9,10,
Cordosphaeridium inodes (KLUMPP): DE CONIHNCK, 1965 (part). p.2l,pl.%,flz.l onl>.
nystrichosphaeridium salpingophorum (DZFLANDRI) sDAVEY 5 WILLIAMS,1966.
S p6l,pl.10,f1g.6,
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Description

Cyst chorate, central body subspherical to oblate sphaecroidal. 3Surface
of periphragm granular. The periphragm gives rise to 20-30 broad, hollow,
circular in cross-scction, buccinate processes, which are subequal in length,
between 1/3rd and 2/3rds the central body diameter in lenzth, with a longi-
tudinally flbrous structure not seen on the central body. Distally the
processes are gradually but markedly flared, with entire open, subquadrate
marginse The process walls are never fenaestrate. The antaplical process
is occasionally slizhtly longer than the others and may be closed distally
by a conical cap. Archacopyle apical and tetratabular,

Reomarks

Some specimens bear shorter, very broarl, distally flared processes,
which were origlnally thougzht to constitute a distinct specles. The complete
variation betwecen these and the more typical longer processerd forms rules

out this possibility. Thesc forms show a relationship to H.tubiferum var,

brevispinum DAVIY & WILLIAMS (1966) but differ in thelr possession of
flared, rather than cylindrical processes.
As DAVEY & WILLIAMS (1966) noted in their specimens from the London Clay,

H.salpingophorum resembles id.tubl ferum s.se in tabulation and some referencoes

to the latter arc probably synonymous with Hesalplngophorum. H.stellatum

DAIER (1959) is also very similar, but differs in having subconical processese.
H.costatun DAVEY & WILLIANMS (1966) has longitudinally ridged processes and
dedeancl DAVEY & WILLIALS (1966) has much more variable, often lagenate

processes. Hepatulum DAVIY & WILLIAHS (1966) and Ho aff. latirictum DAVEY

& WILLIAMS (1966) bear processes which flare suddenly distally and not

gradually. Cordosphaeridium coinodes (ZISENACK, 1958) differs in its

process termlnations and archaeopyle. The branched processes and distal
connections figured by PASTIELS (1948) have not been obscrved.

DIFLANDKE's (1935) type level for this specles is the French Senonian.
It has also been described from the Belglan and English Lower £ocenc

(PASTIELS, 1948 and DAVIY & WILLIAMS,1966),tha Danish Danian, (W.WZTZEL,1952),
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the Geritan Cligocene (GOCHT,1952) and the Papuan Lower Cretaceous
(DEFLAVDRE & COOL30H, 1955). At Sarton and Alum iay it is sporadically

commnon in the lLower and liddle varton zeds.

TRk Aedriededed

dystrichosphaeridium aff. latirictum BAVEIY « WILLIAMS,1966

Plate 2, figs. 12a, b,

?dystrichosphacridium latirictum DAVIY & WILLIAMS,1968, pi665,pl.10,f17.8,

Description

Cyst chorate, central body subspherical. The wall consists of two
layers; endophrasm and faintly granular periphragm. The perlphramn glves
rise to 20-30 similar, hollow, tubiform, fibrous walled; unbranched processes.,
Processes are relatively slender alony most of their lenyth and become sudidenl
flared where they open distally. liarpgins extrerely thin, often entire, and
circular or subquadrate. In most specimens they are connected to the
margins of adjacent processes by broad, thin, fibrous ribbons. Archaceopyle
apical, tetratabular.
Remnarks

The Lartonian material can only tentatively be referred to DAVEY &
JILLIAIS® type figures and descriptions (London Clay). Thelr size
distinctions would cxclude this form but they mention the broadly flared
process terminations. They do not describe the distal conncctions between

processcs. 5H.salpinzophorum (UEFLANDRZ) shows similar feature as does

despel , but neither have process connections or the sudden distal flaring

of the processes. H.cantharelluz 5ROSIUS (1963) and H.paradoxun

BROZIUS (19£€3) also bear a resemblance but one lacks the distal process
connections and thc other has an elongate central body. The presence
of distal process connections mizht indicate the relationship of the

Lartonian material with the zenera Cannosphaerspsis or Adnatosphaeridiun,

Aesvittatum WILLIAMS & DOWIIE (1966) has broad, ribbone-like connections, but

they are much more repgular than those of H, aff. latirictums Also the

processes tend to be taeniate rather than circular in section. Thus these
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speclmens 4o not fit exactly any described specles but show closest

affinitlies with h,latirictum,

Yedededevodkdededede

Hystrichosphaeridlum sp.l

Plate 2, fir. 13.

.escription

Cyst chorate, central hody subspherical, The slightly granular perirhra;m
zlves rise to 20-30 tubiform, buccinate or flared processes of slightly
varyin:z slzes. Process walls are thin, slightly fibrous and circular in
cross-section., istally the processes have deeply aculeate marpgins and
occasionally may be fenestrate, giving them a razzed appearance. They are
never connected to adjacent processes, sArchaeopyle apleal, tetratabular,
Remarks

These specimens cannot be fitted to any described species. 1t resembles
it salpin;ophorum ('LFLABCRE) in process arranzement and shape but differs
in the ragged process terminations. It is probably closely related to the

above form. d.aff.latirictum differs in its distal process connections,.

-
[}

Cligosphaeridiun dictyoplokus (LLUiPP, 1953) and O.pulcherrimum (:ZFLAILRE

& COOLS0M, 1955) both bear fenestrate process terminatfons., Those of the
former are plate-like and completely -lifferent to the species under
consideration but the latter does show a resemblance with its fenestrate

and finally aculeate process terminations. 4 fundamental difference however,

lies in the reflacted tabulation of C.pulcherrimur, withits smaller

number of processs H.s5p.l definitely shows Hystrichosphaeridium-tipe

reflected tabulation, with the extra rinz of cinjular processes.

Fedededevededededeve

aenust 0Oli:osphaeridium VAVIY & WILLIAI S 1946

(Type specles: ianthidium tubiferum complex wAITE, 1842,)

Remarks
LAVEY L WILLIALS (1966) erected this senus to include

dystrichosphaeridium like forms with an apical, tetratabular archacopyle
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anvl an absence of cingular processes. Thus there should not be more than

20 processes,

Cligosphacridium dictyoplokus (LLUIPF) nov,.comb.
Flato 3, figs. la, b, 2, 3, &4, 5,

siystrichosphacridium dictyoplokus SLUFPP,1853, pe392,p1.18,fi51243-7;3
text-figs, 8210,
dystrichosphasridium dictyoplokus «LUMPP:EZISEHNACK,1954. pef¥,pl.10,fivs.9,10;
text-filg,.n,
nystrichosphaeridium dictyoplokus KLUMPF:1:AJiR,1959, pe313,p1.31,f1z.4.
Cordosphaeridium dictyoplokus (:LUMPE):ZI13uNACY,1963, p.252,p1.29,f10.1.
Cordosphaeridium dictyoplokus («LUMFF) s MORGENROTE,1966bs pe22,pleb,finsell, 12,
?Cordosphaeridium dictyvoplokus (KLUMPP) L AVEY & WILLIADLS,1966, 5,01,
Cordosphaeridium dictyoplokus (LLULEFF):COULSOii & CRANWElLL,1967. p.205,pl.l,
fiy5.12,13;pl.2,fi3s.1=3.

sescription

Cyst chorate, central body subspherical, with a faintly sranular
surface and with a thin, almost clear wall, consisting of thin endophram
and perlphragm in close contact. Processes are few in number, subequal
in length, cylindrical or tubiform and finely fibrous in structure, especially
at the base. There are up to six orecingzular processes, six postcingular
processes and up to four in cach of the aplical and antapical nositions.
Thus there are never more than 20 processes and usually less. There ic some
variation in process diameter and length in the Lartonian material, some
specimens having long, slender,often sinuous processes and some having
shorter fatter processes, often branching and reuniting to leave longz,
narrow windows., Individual specimens usually chow the same type of processes.
iilstally the processes are cxtremely distinctive, being expanded into thin,
flat, table-like or broad trumpet-shaped membranes wvhich are coarsely
reticulate. The holes in the distal membranes arc sometimes arranged in
concentric patterns and sometines extend a short way into the top of the
processes, especially in more broad-processed forms., The margins of the
reticulate membranes are never linked with those of adjacent processes.
They always have an entire marcin, never spinose, and are sometimes
polyzonal in shape, possibly reflecting the shape of the underlying plate.
Archaeopyle apical, tetratabular, with a notched or zij-zay margine The

notches 1lie between the precingular processes,
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Remarks

The Bartonian material agrees well with th2 published figures and
descriptions, with its extremely characteristic fenestrate mombrancs. A

nunmber of authors place this species in the genus Cordosphaeridium on the

basis of the fibrous process structurn, includinz DAVIY & WILLIAUS (1946).
The number and arranzement of tho processes and the obviously tcotratabular

archacopyle preclude this placiny and its inclusion in Olizogphaeri-iuz is

not doubterd. The forms with slender processces and those with fatter
processas werce orizinally thought to represent two specles but the completc
variation betwaen thatwo makes this unlikely.

Oligosphacridium pulcherrimum (#EiFLANDRZ & JOOKSON,1955) has similar

fenestrate process terainations but they have characteristically spinose
margins aned represent a definitely distinct, although related, snocies.

Cenntiophorun (COOKSOM % £ISIHMACK, 1957) and ?C.dictyophorum (COGRSOH °:

E£ISIMACN, 1950) are Australasian Upper Jurassic forms, which, although

superficlally resemble QO.dictyoplokus with fencstrate process membrane,

4iffer in having a less expanded process forme 0. complex (WAITE, 1342)

~

and O.vasiformis (WEALZ & SARJZANT, 1962) have processes which are termiml ly

aculeate, never with roticulate membrancse.

This specics is common throushout Alum Bay and Barton, except in
the toprmost ipper Zarton Bedse It was originelly described from the lidddle
Zocene of north Germany by KLUrE?F (19€53)., CGther records include the
Lower and Upper Olijocene of North Zermany (TISEZNAC:, 19543 MAIRR, 1959)
the Lower Zoccene of VMorth ZSermany (MORZENKOTH, 1966) and the Palecocene of
Chile (COOKSO)" & CRAMWELL, 1967).

dede v et dodeves:

Cligosphaeridium sp.l

Plate 3, figs. &, 7.
Bescription
Cyst chorate, central body subgpherical, with a thin, finely granular

vall. Processes which are few in number, may he short and thick or longoz
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and more slender. They ars arranged elther as one per plate area or as
cormlexes of two per plate area. ip to six precingsular, six posteinsular
and two antanical processes or process complexes —ay bte present, the cingular
circlet being absent. Frocesses are finely fibrous in structure, tubiform
in shape and mcy be united prowiwmally. Jistally they bear broad reticulate
membranes, whicih may he flat and table-like or trumpet-like. Tho reticulate
memkranes have entire margins and are often polyuonal in shape, reflecting
the tabulation, 7wo adjacent processes may be united by the reticulate
membrane, which, if polyronal, takes the shape of a single plate. These
united processes are the ones frequently proximally united and may be
rerarded as dovkhle procoss complexes, one per plate arca. Archacopyle apical
with a jazged maragin, indicating its tctratabular nature,
Ramarks

In number and arranzement of processes, process groups and archacopyle

this species obviously falls within the genus Oligosphaeridiume The distal

comuunication of the processes and presence of more than one per plate

might indicate its desi nation to idnatosphaeridium WILLIAES & LCWRIE

(1966). However, the former arcument is belicved to hold more welght,

especinlly as it closely resembles O.dictyoplokus (KLUMPP) in its distal

reticvlate membranes.
It occurs rather infrequently in the Lower and [iddle Zarton Leds at
Larton and throughout the .arton Leds at Alum Lay.

Kededevevedevededed

Genus: Cordosphaeridium <ISZSHACK 1963, emends DAVEY & WILLIARS 1966

(Type species: Hystrichosphaeridium inodes KLUMPE, 1953,)

Remarks
LAVEY & WILLIAL'S (1966&) rostrict this genus to contain sracles of

cysts of the Hystrichosphaeridiun ;roup with haplotabular apical archaeopyles.

This appears to represent a nore important feature in view of the nature of
rystrichospheres as Dilnoflagellate cysts than ZISSHACK's (1963) orieinal
distinetion based on the fibrosity of the processes, a feature also found

in other gencra.
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JSordosnhaeridium inodes (WLUMPF, 1953) XYISERACK, 1963

Plate 3, fins., 5, 9, 17,

dystrichosphacridium truncipzerum COCR3OM,1953. (non ~LFLANDRE, 1937) p.lla,
pl.2,fizs.21-23,
aystrichosphaericdiur inodes kWLUMPP,1053. p.39l,pl.17,figs.l 2,
Hystrichosphacricdium inedes KLUIPP: LEFLANURE & COUASON, 1955, p.277,
pl.!;, ,fi;3.7-
dystrichosphaeridium incdes SLUMFP: GERLACH,1961, ».136,p1.28,fins.4-6,
Aystrichosphaeridium inodes nLirPP: £ZRO5IUS,19243, p.4d,pl.5,fiz.5.
Cordosphacridium inodes (LLUNFE):EISSNACK,1263. pe2€1,pl.29,f15.3.
Coriosphaeridivm inodas (WLUMPP) :ROZIN,1964,. pa310,pli4,fics,l,5.
Cordosphacridivm inodes (WLUMPP): DE CONIiCA,1905,(part.) p.31,pl.8,figs.l-7;
pl.9,figs.2,50nly,
Cordosphacridium inodes (WLUMPT) $-ORIENRCTH,1966, pe23,pl.5,fig.l.
Corcosphaeridiunm inodes (aWLUMEP) minus MORGENROTH, 1686, pl.24,pl.5,flgs.b,5,
Cordosnhanridium inodes (RLUNPP): LAV.Y & WILLIAMS,1966, p.83,pl.3,f1g.9;
text-fiz.lR,
Cordosphaeridium inodes (RLUMFP): {RUGG,1967. p.28,pl.5,f10s.8,%.

uescription

{yst chorate, central body subspherical. The wall consists of two
layers: a thin, faintly sranular aendophragm and a thicker periphrass in
the form of a coarse, irrerular network over the central body surface. The
periphragm nives risc to 30-40 rather variable processes. These are always
strongly longitudinally fibrous, with the fibrils radlating from the
slicvhtly expanded bases to join tha periphragmic network, thouzh without
reular petaloid patterns around the bases. Frocesses may be long or short
(up to half the central body diameter in length) and broad or slender.
They are tubhifora or slishtly tapering and the broader processes are often
latispinous in cross section. They are sometimes linked proximally and split
distally into two unequal branches., Jistally the processes are open, wlth
a deeply dissocted aculeate mar:in. The aculei are often unequal in slze,
rather ragjed in shepe and usually recurved, Archaeopyle haplotabular
and apical in nosition, with a characteristic rounded triangular shape.
Kemarks

N

& number of the other Lower Tertiary specles of Cordosphaeridium

show a close resemblance to C.inodes and perhaps the cartonian matarial

should be subdivided., These speclcs include C.fibrosplnosum LAVEY &

WILLIAMS (196¢), which has broader, distally entire processes and
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Cecxilimvrum DAVEY & WILLIAMS (Ll965), with an exceptionally thin

periptragm., C.tiara ({LUMFF, 1953), C.divergens (SISENACK,1954) and

Cemicrotriana (KLUEPP,1953) all resemble the swecimens with the more slender

processes. ce. ultisponosus UAVIY L WILLIAFS (1966) resembles rfartonian

forms with nutierous short processess ce.floripes (SEIFLANDRE ~ CGOKSO7,1955)
also has the same type of cysts as C.inodes hut clearly differs in havin-
a pataloid patterr around the base of each procees. Flaciny of sone

sartonian specimens into some of these species, especially Z.nicrotriana,

Lediversiens nnd Ll.tiara et awalt further detailed study but for the moment
the presence of intermaodiates sugsest placin: all the.material examined in
Co.inodes,

Published records of L.inodes show that it ranges from the Paleocene
to the Iiddle iPiocene in Zurope, iorth America and Australlige SLUMPF's
(1953) type locality was the Upper iocene of lorth Zermany. At larton and
Alum: Zay it occurs commonly between the Middlz fLarton eds and the Upper

Larton Leds and rarely in the lower parts of the Lower Etarton reds,

Jedevededededededi s
Jordogphacridiv: ~racilis (=I132i7ACk) LAVEY 4 wILLIALS, 1366

Plate 3, fi;s, lla, b, 12,

dystrichosphaeridium inodes subsp. pracilis SISENHACR 1854, plSS,pl.3,£i:.17;
pl.19, fizs. 3.7,
rystrichosphaeridius: inodzas subsp. cracilis EISniACKS 2akLACE,1961.
P.187,p1.27,f1 1.5,
icordosphaeridium inodes subsr, sracilis (CISENACW) :ZISERACK, 1263, pl.251,
pl.29, fins.2,3,
CINROTH, LG55k. pe23,ple5,fipc.2,3.
ILLIAVS,19CS, p.04,pla3,f13.73
plell ;figs.b,€,73tert=ficls,

cordosphaeridiur inodes rracilis (TISIIACK) tROR
cordogphacridiu cracilis (EISENACK): LAVIY + 3

bescription

2yst chorate, central body snherical or subspherical. JSurface of
periphragm rranular of faintly fibrous. The periphrasm :sives rise to
relatively few (20-.30) similar, long, sinuous, solid processes, which are
lonjitudinally fibrous in structure and have fine radiating fibres at the
51izhtly expanded bases. Frocesses usually show division into two or
occasionally three subequal branches half-way along their lenzth. The

junctions between the branches and the parent processes are characteriste
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jcally Y-shaned. Listally the processes are clightly evpanded, with
diritate or seccate terminations, which ére sometines recurved, Archacopyle
apical, haplotabular and trianpular or inflated triangular in outline.
Rerarks

This species 1s characterised by its slender branching processes
and arrees well with the published figures and descriptions. Its possession
of a triangular archacopyle, formed by the loss of a single apical plate,

indicates its corrcct placing in the genus Cordosphaeridiwn, as emended

by LAVLY & WILLIALS, 1968,

It has been described from the East Prussian Lower Oligocene,
SI5HACS s {1954) type level; the Horth “est Serman Oligo-miocene (GERLACH,
1561): the tiorth <ermsn and ielrian Lower iocene (MORGZMROTH,1966) ;3 and the
London Clay of Sheppay, hent (LAVEY & WILLILKS, 1666). foth at Larton and
Alus Tay it occurs throu~hout the Lartonian, often corzionlye.

Lde R RVeveedeveds

senust  Somotryblium LAVEY & WILLIAMS 196E¢

(Type species: Homotryblium tenuispinosum oaVEY ¢ WILLLANS,1966,)

doaotryblium pallidum LAVEY & WILLIANMS, 19G6

Plate 3, figs. lbda, b,

cystrichosphaeridium tukeriferum MORGsMROTH,1966b. (non EHRENBERG. 1338).
pe3l,pl.f,f1xs.7,%,

Homotryblium pallidur LAVEY #¢ WILLIAYNS,1066. p.102,p1.12,f1:5.4,63
text-fiz.22.

Lescription

fyst chorate, central hody small, subspherical, 4all of central body
very thin, =iving specimens a very pale colour, with a smooth endophragm
and a very faintly granular periphrasm. PFeriphragm gives rise to 22
cylindrical or slightly tubiform, similar, hollow, thin walled, distally
open processes, which form a circle vhere they leave the central body.
istally the process terminationes are dizitate or smccate and sometines
slightly recurved. The archaeopyle is epltractal and detached opercula and

basin shaped hypotracts are commonly seen, A sulcal notch can sometimes
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be seen in the margin of the archacopyle., The tabulation cannot be seen
on the central body surface but, when compressed, it tears alon: the
polyional plate boundaries.
Remarks
. The tartonian material -fits well with the type fijures and descriptions,
except that the processes appenr to he slichtly more rejularly cylindrical
in shane, more uniform.in sizc and less aculeate distally. CAVwY «
WILLIAMS (1986) describe this species from the znzilish London Clay. It

differs from Z,tenuispinosum CAVEY & WILLIAMS (1366) in its more resular

and troader procecses and lack of surface tabulation traces on the central

bodv., MORZLIRCTH's (1978) figures of ZJystrichosphaeridium tubiferum from

the werman,and Selzian Lower Zocene bear a very close rescmblance to the

.

'Earfoniaq specimens but fe does not show the archazopyle, He.cylindratum

JROTE (1966) is similar in shape and process shape but has entire, rather

.

hURG

"than divitate dictal terrinations. H.pseudorecurvatum MORZEVNROTI (1966)

also shovws a resemblance but has an apparently haplotabular archaeopyle,
At Zarton and Alur bay d.palliduz ranves almost throuzhout the Eartonian,

JedeTe e vdevededrde

senus: Polysphaeridium JAVEY & WILLIAMS 1966

(Zype species: Folysphaeridium subtile LAVEY & WILLIAM3,1966.)

Polysphacridium subtile DAVIY & JILLIAIS, 1866

rlate 3, fi~. 13,

rystrichosphaeridium cf. tubiferum WiILER,1956, pel3C,plel2,fifs.4806(not 5).
Polyspheeridiws subtile DAVEY 7 YILLIAMI,19€6. pe®2,plall,fir.l.

Lescription

Cyst chorate, central body wall of two layers in closc contacte
Periphrar~ slightly sranvlar but not reticulate. Feriphras: gives rise
to numerous (more than &0), randomly arranzed, similar, hollow, relatively
narrow and sho:;, ;pbiform processes. bUistally the processes are opan,

slizhtly flared and with an aculeatz aargin. Archaeopyle apical and with

a notched ecdge.
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Remarks

lost of the Bartonian specimezns correspond well both jenericzlly and~
specifically with the published description and filgzurn. However, a fev
bear somewhat longer nrocesses and are superficially similar to

Cordosphacridium diversens (EISZNACK) and Cemicrotriana (XLUBFP):FAIZR,

1959 (pL3l,fig.%). They do not shov the characteristic haplotabular
archiacopylz and fibrous periphrazm of these spzcies.

F,cubtile occurs fairly commonly in the Lower and lower Middle
Larton Leds at Zarton and Alum fay. It has previously only been recorded
from suropean Tertiary -deposite.

SedestededFededevede

senust  Cleistosphaeridium SARJIANT % WILLIAFS 194§,

(Type species: Cleistosphaeridium diversispinosur SARJGCART £ wILLIANS,190G)

Remarks

SARJZANT & JILLIAMS (1€6C) divided up those members of 5Haltisphaeridium

with demonstratle sinoflazellate affinities into a nuwber of jenera on the

basis of archazopyle pozition and process arrangement, Cleistosphaeridium

was eracted to include forms vwith num=zrous, distally closed processes, in

uncertain arranzement, and with an apical archaeopyla.

Clecistosphaeridium centrocarpuy (DEFLANLRE 7 £CON30i1) nove comb,

Flate &, fi:s, la, », 2.

aystrichosphaeridiun cencrocarpun DEFLAMDES & COULSON,13855, pe272,pl.t,fins.3,4.
?4aystrichosphaeridium ceatrocarpur LEFLANJIRE A COGW3SON: MAIZR, 1959,
pe3l4,pl1,31,fi:r.7,
taltiephaeridium centrocar-umn (UEFLANLEE & COGe.3CH) ! GERLACE , 1041,
Pel192,01.,25,f1c.0.
baltisphacridium centrocarpun (DEFLAITLRE & CCOK301) :OOWHRIE & SARJZANT, 1063.p.5%1.
Cordosphaeridiua palmatur (WaIT3) s, SOHILECK, 1975, pe32,pl.(,f175.5,10,
?Cordosphaeridium centrocarnun (LIFLANDED = COOn3CH) :UE CONINCK, 1965, p.33,pl.9,
finseS=llyplall,fias.45,48,
cordosphacriciun tlara (KRIUIM'PP) subsp, centrocarpum (GEFLANGRZ & COOn3CH):
FORZZIROT S, 1060hs 126,05, Fire 125010045120l
saltisphacridium centrocarpum (CLFLANDRS & COQWSOM) sDRUCE, 1947,
pe3l,pled,fiwe 13,

Ueseription

Chorate cyst, central body subspherical or ovoid, elonzate. The

surface of the central bedy is finely sranular and occasionally weakly
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fibrous. Processes over 40 in number, randomly spaced and covering the
whole cyst. They may vary in lenpth from a fifth or sizth to a third
the central body diameter, They are generally all of approximately the
sanc length on cach gpecimen. They are solid, slender and taper slightly
distally, with three or four extremely small recurved spines at the
terminations. At their base the processes have a longitudinally fibrous
structure, which continues over the central body wall a short way as
radiatin: fibrils, Archaeopyle larve, apical with, in most cases, an

entire marcin.

xemarks

T

Althournn this specizs has not got a zir-zay archaeopyle it is placed

in the genus Cleistosphaeridiwn hecause of its undoubtedly apical position,.

It qiffers from Cleistosphaeridium tiara (KLUMFF,1953) in its sreater

nuitber of processas and lack of a stronzly fibrous central body. The two
species are closely related to their type of archaeopyle, although its

placin: as a subspecies of Cytiara in the genus Cordosphaeridium by MORZIHN-

ROTE (1986) cannot be accepted. Cemachaerophorum (GiFLAIDRE % COOXSON),

described from the same formations as the present species, differs in having
straighter, more sword-shaped procasses, with single sharp terminations.

DEFLAMNDRE -~ CCOXSON's (1955) type level for C.centrocarpum is the

Middle Miocene of Victoria, 4Australia. It has aleo becn noted from the
Oligo=Mincene of Worth Termany (GERLACH,19%1; E%IER,IQSQ), the Lower
Locene of Horth Germany and telgium (IOR3.FROTH,19£8) and the Lower
Paleocene of California (GRUGG,1967). At Barton and Alum Eay it is
common throu~hout the cartonian but is most abundant in the Upper carton
Eeds at barton.

TededeTedededededene
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Genuss: Hdystrichokolpoma KLUMFP 1953

(Type species: Hystrichokolpoma cinctum KLUMPF, 1953.)

aystrichokolpoma eisenacki YILLIAMS % DOWNIZ, 196%

Flate 4, figs. 3a, b,

Zystrichokolpoma cinctumn RLUNPE:ZI3INACK,1954, p.o4,pl.10,fias5.11-14,
Aystrichokolpoma cinctum KLUMPPIROELN,19€4, pe307,p1.3,f17.3;text-figz.l2,
Aystrichokolpoma cinctum KLUMPF:MCRSEZHROTH,1266b. pe.2%,pl1.5,fig.ll,
Zystrichokolpoma eisenacki WILLIAMS & DUWNIE, 1966, p.176,pl,17,fi0s.1-3;
toxt-£1,7.40.

vescription

Cyst choratc, central body subspherical, wall in twn layers, namely
a slichtly granular endophragzr, which continues beneath processes, and
a clear periphraim, The periphragm gives rise to two types of processes.
Frecinpular, postcinpular and sulcal processes occur one per plate and are
large, hollow and lagenate, with broad quadrate bases which almost cover
the plates lcavings only a narrow margin around therm., Dlstally the processes
are open, with slishtly serrate or entire nmargins. Tubular, distally
onen and entlre branches occur on these processesz. The cingular processes
are lon;;, narrow, tubiform, hollow, dictally open and entire, occurting two
per cingular plate. Th2 antaplcal process is longer than all the others.
It is usually tapering and closed distally. Archazopyle apical, tetra-
tahular with 2 notched marzin.
Remarks

This specles is hizhly distinctive and agrees well with the type
fisures and description. JILLIAMS & DGYMIZS (1966) distinguish it from
Hecinctum KLUMFF (1253) on the presence of open ended tubular branches on
the large processes instead of closed splnes, a feature noted on the
Sartonian material. It differs from He.rizaudae DEFLANDRE 4 CCOK30N (1955)
in that the larze procésses are not distally closed and spinose,
Heunispinum WILLIANS & GOWHIZE (19566) has one, rather than two, narrow

processes per cingular plate. H.biformoides (EIsaiACh, 1954) has

cylindrical precingular and postcingular processes, nowhere near as wide

or as broad-based as those of H.elsenackis
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t.elsenackl has been recorded from the Lower Cligocene of East Prussia
(CI3LNACK, 1954), the Bartonian of felgium (ROZIN,1964), the Lower Eocene
of iorth Germany and belgium (MORGEINROTY, 1956) and the London Clay of
inzland (the type level of WILLIAMS A DOWMIZ, 1966). At 3Barton and Alum
bay neelsenackl occurs rarely from the Lower to the Upper Barton bBeds,

Yodedevededdefeved

Cystrichokolpoma biformoldes (LISENACK) ROZEN, 1964

Flate 4, figzs. 42, b,

fiystrichosphaeridium biformoides II3.IMACK,L1954. p.S8,pl.ll,figs.16-20,
dystrichokolpoma biformoides (SZISZNACK): ROZZIN,1964. n.308,pl.3,f1rs.),2;
text-fig.19.
dystrichokolpoma risaudae LEFLANDRE & COOwSONINE CONINCK,1 1965, p.27,
ple7, fiys. 7-16.
aystrichokolroma biformoides (ZISEZMACL):MORGENRCTH,L666b, p.208,pl.&,fi35.9,10.

uescription

Cyst chorate, central body subspherical. The wall of the central body
consists of a ~“ranular endophrazsm and clear periphragm in close contact.
Periphragm zives rise to two types of process. Large precingular and
nostcinjular processes occur one per plate; are about three times as long
as they are broad, with quadrate bases, which cover only a small area of
the underlyins plate. JIndophraszm continues heneath nrocess bases, These
processes are tubiform in shape, without lateral tranches or spines, hollow,
thin walled and distally open, with foliate or serrate marzins. Cingular
procecses occur two per plate and are slender, tubiform, distally open with
aculeate mari'ins. The antapiczl process is larger than all the others and
is often closed distally by a conical cap. Archecopyle aplcal, tetra-
tabular and with a notched marain,

Romarks

HG.biformoldes differs from H.unispinum #ILLIAMS & DOWHIE (1066) in

havin: two narrow processes per cinzular plate area, not one. H.rizaudae
DYFLAVDES % COOKSON (1955) has larze processes which are distally closed
and spinnse. H.clnctum KLUMPP (1953) and H.cisenackl WILLIAMS & LOWNIS

(1966) have much larpe precingular and postcingular processes.
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EISENACK (1954) first described this form from the Lower Oligocene of
East Prussia, Other records include the Bartonian of Belgium (ROZEN, 1964)

and the Lower Eocene of North Germany and Belglum (MORGENROTH, 1966). At

Barton 1t occurs rarely in the Upper Barton Beds and at Alum Bay in the Lower

Barton Beds.
fovededededeedodee

Genera of Uncertailn Systematic Position

Genus: Lanternosphaeridium MORGENROTH 1966b

(Type species: Lanternosphaeridium lannosum ::CRGENROTH,1966b.)

Lanternosphaeridium axialils (EISENACK) MORGENROTH 1966

Plate 4, figs. 5a, b, 6.

Cordosphacridium axlalls CISENACK,1965. p.l149,figs.l4-15,
Lanternosphacridium axlalis (EISENACK): MORGENROTH,1966b. pe38,ple6,figs.4,5.

Description

Chorate cyst, central body ovoid, with 1ts long axis in an apical/anta.-
pical direction., The cyst wall consists of a thick, translucent, orange endo-
phragm and a thin, faintly granular periphragm. Periphragm gives rise to about
35 similar, tubliform, unbranched, hollow, slender processes, all about half
the diameter of the central body in length. They are finely fibrous at their
slightly expanded bases and the fibrils extend a short way across the centre?l
body surface. Distally the processes are slightly expanded with a recurved
aculeate margin, It 1s difficult to determine, in the absence of any plate
delimi tation, whether the processes are intratabular, sutural or gonal in pos-
ition. There are one or two rings each of precingular and postcingular proces.
ses and deflnjtely two rings of cingular processes, This might indicate that
they are gonal or sutural. The aplical process 1s always larger than all the
others and very distinctive. It is solid and either irregularly cylindrical ox
cylindrical with three large, broad, flat, leaf-like terminal branches. The
antaplcal process is not usually differentiated though some specimens bear a
slightly longer cylindrical but not foliate antapical process. Archaeopyle
precingular, haplotabular and triangular or rounded triangular in shape.

It is often quite large.
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Kemarks

The Eartonian material corresponds well with the type figures and
descriptions; It differs from L,lannosum MORIZNMROTE (1966) and L.radiatum
MORZZNROTE (19%3) 1n having processes not united either distally or
proximally. Le.bipolare (COOXSCI! & SISETUACK,1965) is a closely related
specles from the Australlan Faleocene but differs in having both apical and
antapical processces larger than the others, It was originally described

under the genus Cordosphaeridium but clearly belongs in MURGENRUTH's zenus

Lanternosphacridium,

In the inglish bartonian this species occurs commonly in the Lower
and kiddle Earton Eeds but is not found above the middle of the Middle
Yarton peds, It was origlnally descrihed from the East Prussian Upper
Zocene (JISZNACK, 1965), KORIZINROTH (19658b) records it from the North
Zerman and Zelgian Lower Zocenc.

Feveskadesedededede

genus: Palmnickia ZISEHACK 1954

(Type species: Palmnickia lobifera EISENACK, 1854,)

Palmnickia sp.l

Plate 4, figs. 7,8.

“Forom P CVITT, 1C6l, p.392,pl.6,figs.l-5:pl.7,fizs.1,2,

bescription

cyst chorate, zlongatz, Central body srheroidal, consisting of endo.
phrasa and finely granular perivhrazm in close contact. Apical and antapical
poles marked by larze follate complexes of membrancous “processes?, which
expand slightly distally. Cingulu» marked bty a relatively broad, sharne
adzed shelf running around the cyst equatorially. Additional processes
are absent. Archacopyle large, rounded trian~ular and precingular in positioaii.
Remarks

ixcept for the absence of additional small, spine-like processes on

the central body, the Sartonlan material fits well with IVITT's (1961)
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Ll

fijures and descriptions of his forma F. sVITT suzgzest a relationship
with Palonicekia and tho process arranvement and archacopyle pesition
support this desiznation., It differs frow the type spocles, F.lobifera

AIZEHACK in havins lonser and more reostricted procasses,

]

ha ranus Triblastula C.WaTIIL (1933) differs in havin: processes
supportin: a third membrane, or ectophrayh at the poles. I.utinensics
Ce4ZTLZEL bears an equatorial complex nf spiney processes but T.nuda

CeiiTsiLl, Feotubulata C.WsTLIL and T.quasicribrata C.9ETZEL (all 1961) all

have a similar shape to Yalmmickia sp.l. and differ mainly in their

possession of a polar =ctophras», Certain species of Deflandrea bear
a superficial resemblance to the degcribed -peéies, espacially in shape,

The closest of these are D.tripartita COOLSOI & IISSHACK  (1960),

Devictoriensis COGKSCHN = HANUM (1954), L.thomasi COUKSOH 4 EIsaiacn (19S8D),

Jeverrucosa MANUL (1€33) and D.oranulifera DADUNM (18963). They all have the

zlonrate shape ans marked cinsulup but differ fundamentally in having
difinitaly cavate cysts and intercalary archaeopyles,

VITT described Forma 7, fro~ the Lower EZocene Vincetown formation of
tew Jersey. COCRSOM % CRANJLILL (1%87) questionably found it in the Lower
Tertiary of Chile. At Tarton this species occurs only in the Upper sarton
Zade, but at Alum fay it occurs rarely throv-hout the succession.

Yedededededededed

cenus: Thalacsiphora ZISZPACK & 30CAT 16D

(iype species: Eion Felagicum SISSACK, 1933,)

Thalassirhora pelaczica (LISEWACK) IZRO3IUS, 12432

Flate 4, fips. 11, 12a, b,

tion pelazicun £ISIHACK 19233, p.177,

Pterospermopsis palarica {LIs% 1Aun) CISIRACK 1054, po71,pl.12 Fi“'e.17 15,
Pterosperaopeis cf. danica WEIL 1255, n,13%,p1.11,fins,7 D,pl 13,fig.43
teyt-fisz,7.
Thalassiphora velagica (uISLF K)iIsEFACR-. Z0CET, 1560, pJS5l3,fins.l-3,
Fterospermopsis pelagica (EIZZNACK) ! SEZRLAC 4,1901. £.209,p1.2%,f1:,.15,

Pterospermonsis cf, pelazica (EIULFACu).AuBmR”I 1991, pes0,pl.11,fic. 11,
Thalassiphora pelacica (SI3ZiACK) $GROSIUS,1063, pu50,pl.3,Fix.3.

Thalassivhora velata (UEFLAIWRS & COORS0MNXDE,CCHMINCA, 1°f5. peblyplels figs.l-4,
Thalassiphora pelazica (EI3xiACK) s MORSEIRCTE,L2E%h, p.40,pl.ll,fins.3,4,
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Thalassiphora pelagica (ZISENACK): WILLIAMS & DOWRIf,10066. pe234,p1.26,fi7.7.
Thalassiphora pelazica (EISENACK): COOKSOil & CRANWELL,1967. p.206,ple2,fizs.4,5.
Thalassiphora pelazica (EISEINACK): GOCHT,1968. p.153,p15.25,26,27.

Dcseription
Cyst cavate, with an cllipsoidal central body attached dorsally to a

broad, saucer-shaped, imperforate, lamellar periphragm. The periphery
of the periphragmic membrane is usually folded inwards ventrally. Surfaces
of endophragm and periphrasm are granular and without processess The
precingular, haplotabular archaeopylc is dorsal in postion and semicircular
or expanded triangular in outline. It is secn commonly in the endophragm
but only rarely in the periphrazm in an analagous but slightly morc
anterior positions A characteristic strong, transverse keel bisects the
periphragmic membrane posterior to the archacopyle. This represents the
track of the cingular nirdle. Additional folds are often secen perpendicular
to it dividing the periphragm into a number of precingular and postcingular
pléte areas. The periphragm is sometimes drawn out into a short posterior
horn.
Remarks

GOCHT (1963) showed that this species shows an ontogcnetic development
from a “juvenile' proximate cyst, with high lists and a strong anterior-
ventral horne. ZHe was able to determine the tabulation of these forms and
trace them to the “adult? cyst. In the Lartonian proximate specimens occur,
which are rcfernble to his early stajpes. Intermediates to the fully
developed stages could not be found. ‘“Juveniles'® occur in the Upper Barton
Sands and tend to bc badly corroderls The posterior horn in the endophragm
of adults, described by CCOKS3CN & CRANWILL (1967), was not observed,
T.pelasiica occurs commonly throughout the Inglish Zartonian strata and
agrees well with the published figures and descriptions. Published occur-
rences are restricted to the Tertiary.

Tedelicata WILLIAMS & DGUNIE (1966), a related form, differs in its
smaller size, its lack of a cingular keel and its thicker periphragm.

Toroticulata MORGEMNROTH (1966a) has a reticulate lamellar periphragm.
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Former confusion with the genus Ftergspermopsis has been resolved,

The outer membrane of Pterospermopsis is attached to the central body

equatorially. Also 1ts lack of an archaeopyle and caniculate wall structurc
indicates its affinities with the Tasmaniti-ls rather than the bLinoflagellates,

Fedededededevedeved

Fenus: Kenleyla COOXSCH 7+ ZISENACK 1965b

(Type species: Kenleyia pachycerata CCOKSCI & ZISIMACK, 1945b.)

iKenlevia? spel

Plate 4, figs. 9a, b,

Description

Cyst proximate, rounded pentasonal in outline and dorso-ventrally
nearly as thick as it is broad. The wall consists of a thin endophraga
and a very thick, granular periphragrm in close contact. indocoel ovoid,
The periphracm shows extra thickening in the apical, antapical and cingular
regions and alonz some plate boundaries. 4pical and antapical arecas are
marked by upto four blunt periphragmic prominences and the cingulum by a
low helical ridge. Periphragmic thickening of the other plate boundaries
is restricted to plate 1°' and the sulcus, Fost- and precinzular boundarics
on the dorsal side are not thickened but are sometimes faintly visible.
Archacopyle precingular, quadrilateral and formed by the loss of plate 3%,
Remarks

The taxonorlc placing of the two specimens found at Earton (samples
6969 and 6970, both Upper Sarton Lerls) remains doubtful, Several described
species of Deflandrea resemble the above form but are cavate and have
intercalary archaecopyles. Cardodinium has a thickened periphragm and
a preelngular archacopyle, but bears a prominent apical horn and a

pillared, externally mammillate or spinosc wall. 3criniocdinium has a similar

shape to the Dartonian material but is usually thin walled and cavate.

S5.australiense (UZFLANDRE & CCOKSOM,1955) shows a very similar wall structure

and tabulation but has a single prominent apical horn., Kenlayia was

erected to include species with a thiek wall, several apical and antapical
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herns and a precingular archaeopyle, and the Bartonian specimens are
questionably referred to this genus, They do not fit any of the published

species, all of which are from the Australian Lower Tertiary.

dededededrdeseded s

Linoflamellate Incerctae Sedis sp.l

Flate 4, figz.lO0.

Description

Cyst cavate and cup shaped, with the two faintly sranular, unornamented
membranes separated by a narrow pericoel, The periphra;m, and in one case
the endophragm, opens by a larze circular terminal aperturc with a margin
indented on one side by a wide semicircular embayments A pleat, possibly
the cingulum, rings the periphragm just behind the aperture, dividing it
into two very unequal halves.
Remarks

The interpretation of these cysts as bainz double layered is possibly
erroncous and they winht represent the inner capsules of cavate forms such
as deflandreca. If they are complete cysts the semi~circular notch on the
aperture may be part of a cinzular archacopyle margin, left after the
removal of the epitract. A corpound archaeopyle such as this could not be
found in the literature, and until more is known about this very uncommon
form, no further taxonomic placing can be contemplated.

Three specimens of this form have been found,two from the Upper Earton
beds of Barton (sample 6966 and 6975) and one from the lower iliddle EBarton

beds of Alum Eay (sample 6627).

Fedevefevedevededeve
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431:2 Tasmanitids

Introduction

The Tasmani tids constitute a small group of microfossils, which
occur in small numbers in most samples of the marine parts of the succession.
Specimens were picked from the carbon tetrachloride floats, mounted in
glycerine jelly and studied in transmitted light in the same way as the

Dinoflagecllates.

The group was first noted by NI4TOM (1875), in the Permian “Tasmani te®

whi te coal of Tasmania, whence he described Tasmani tes punctatus NEWTON,

These sediments are oll shales, onc of the two 1ithofacies in which
Tasmani tids have repeatedly been reported in flood abundance; the other
beiny glacio-marine sediments.

NEWTCH and other early workers placed the group, mistakenly, with
the pollen and spores, and it was not until 1962 that WALL demonstrated
the phylogenetic affinities between the cysts of two recent species of algpae,

Pachysphaera and Halosphaera, and the fossils Tasmanites and Leiosphaeridea

respectively. Pachysphaera and Halosphacra are now placed in the class

Prasinophyceae, which are chlorophyll bearing planktonic algzae. They show

an alternation of generations of a motile, scaled, flagellate form and a
spherical encysting stage, the latter bearing canals in some genera

(eegs Pachysphacra)e. ior accounts of these recent gcnera see i“ANTON, OATZES

& PARKE(1963), PARKE & HARTOG-ADAMS (1965) and PARK: (1966),.

Morphologically the Tasmanitids are very simple, The cyst is hollow
and in most cases spherlcal or originally spherical. The wall may or
may not bear radial canzls. The canals are sometimes of two types: larger
pore canals and the ultrapores of KJELLSTRSN 1968, which are often punctae
penetrating the wall to varying depths in different species. Surface relief
may be represented by protuberances or ridges., The thin walled forms are

differentlated into the order Leiosphacridiales, a polyphyletic group, and

include what are undoubtedly spherical Dinoflagellate cysts, Simple sperical

or flattened circular forms, such as Leiosphaeridia, show almost structure-
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less folded walls, Others (Cymatiosphacra) may bear systems of crests

or (Yterospermopsis) a broad equatorial membrane.

Recent work has seen the erection of a number of new renera. In 1955

"Rt eracted the «enus Tytthodiscus to include specles with a prismatic

wall structure and one type of canal. CULKSC % 1 Aol (19280), placed
srecies with a sin-le type of nore in resvlar or irrecvlar arrancement, in

Crassosphacras rabl:it's (1953) excellent revision of the Tasmanitids is

unfortunately not a valld publication, as it is not frecly available.
Tasmanites s.,s. is still a valid name for srecies with two types of canal,
A much more complete bibliosraphy can bhe found in i CIRE -« 5ARJEANT (in press).

PevsdereSededede did:

Classt 1RASILCLAYCSAL ORI STaSsh 1962

Order: TASMALAL=S 500 LK 1940

zenus: Tasmanites MiwTCH 1575

(Type species: Tasmanltes punctatus riTGN,1775,)

Tasmani tes suevicus (41::9A%2) nov.comb,

:late 5, fivs., la, b, c,

Tytthodiscus svevicus «I5.5HACK,1957. pa241,pl.l9,fi:s.1-33p1l.20,fias.1-2,

Lytthodiscus cf. suevicus LISxMACA: SULAT, 1058 pe73,pleb,flvrselaT.

Tytthodiscus suevicus Sl1suMACKL: SORKA,1963. p.7l,pl.ll,fifs.5-7,

Tytthodi scus suevicus sI53i4aCa: “RUSIUVE, 1963, n.50,pl.b,fix.G,

rleurozonaria suevica (=Ii854CK): 1 AULER, 1953, pe333,pl.17,fi7s5.3-5;
nl.17,firs.1-3.

non Tasmanites suevicus (oI5 @ACK): wALL, 1965, p.163,text-fis.3i-G,

Uescription

2yst spherical or flattened discoidal. tall ralatively thin and
elastic. Canal types and distribution rather variable. (ne or two canal
types may be present. Laraer, cylindrical pore canals, vhere present,
traverse the whole thickness of the wall. They are relatively few In number
and random in distribution. #ine punctae are always present and character-
1stically show a =sroupin~ of 5-12 at one or more levels in the wall, These
sroups are always recvularly arranced at the corners of equilateral trian=les,

producing a hexaronal pattern, In some specimens each sroup of punctae
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coalesces at the outer surface into a single, slightly larger pore, which
of ten opens in the floor of a roughly circular pit. The pits cover the
surface of the cyst in a regular hexanonal pattern, leaving a network of
ridzes. This surface rellef is sometimes absent, possibly due to erosion,
and single ér groups of poree open elther on a smooth surface or in slizht
depressions. Downwards the groups of punctae may anastomose further,
opening to glve a completely random scatter on the inner surface; or they
may rcemain unbranched and cwmerge as sroups on the inner surface; or they may
terminate within the thickness of the wall.

Al thouzh specimens do show the above variation in morphology the
basic features are remarkably constant and welgh agalnst further specific
distinction. These features arc wall thickness/cyst dlameter ratio, zrouping
of the punctae, average distance between punctae groups and the hexasonal
arrangement of groups.
Remarks

The distinctions between the genera Tytthodiscus, Crassosphaera,

Pleurozonaria and Tasmanites are not without controversy and the placing

of this species in Tasmanites (sensu stricto) must remain tentative,

Iytthodiscus has only one type of canal in rejular arranpement, the

oriszatic structure’ of NORZM (1955). Crassosphaera has only one type,

whose arrangement wmmy be in a regular or irresular distribution.

Pleurozonaria has only one type of canal. Tasrmanites has been proven by

electron microscopy (KJ:LLSTRON (1968) and #ILSON & SKVARLA (1967)) to

have two types of canals, both nearly always in irregular arranserient.  The
presence of two typcs of canals in some of the Bartonian specirons suggosts
that this specics may be placed in Tasmianltes ses.

Hot all recorde of T.sucvicus have the Bartonian spacirens' features.,

WALL (1965), BROSIUS (1963) anct GOCHT (1959) are the only three authors

who mention the presence of sroupinz of the punctac, but WALL's fijures
show an irregzular distribution of the zroups. GCCHT's (1959) and BROSIUS's

(1963) fijures and descriptions correspond well with the Bartonian material.
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EISENACK's type level for this species is the Liassic of 3South
Germnany and GOCLT reports it from the Ncocomian of Horth ¥West Germany.
Other reports arc from the Upper Cretaceous of Foland (GCRkA, 1963) and the
German Liassic Posldonienschiefer (IMADLZR, 1963), BRO3SIUS (1963) is the
only author who describes this species from the Tertiary (Kassel Sand,
Upper Oligocenc, North Gernany).

Foedededodedede e

Tasmanites spa.l.

Plate 5, figs. 3a,b,c.

Description

Cyst flattened, discoidal. Wall elastic, relatively thin and beariny
two types of canals. The larper porc canals are scattered, cylindrical,
and pass radially through the entire thickness of the wall. The punctae
aremuch finer. They are centirely randomly scattered on the inner surface
but unite and pass, via groups of 5-12, into sinzle pores externally. The
exterior surface of the wall is devoid of relief.
Kemarks

This species is represented by only two specinens and cannot be placed
specifically. The punctae are not as closely spaced at any staze as in

Tasmanites suevicug. The duality of canal types is typical of Tasmanites

SeS., though the convergence of the punctae has not been reported,

Yeyededededede el shy

Tasmanites spe2.

rlate 5, fizs. 2a,b,c.
Bescription
Cyst flattened discoidal and flexible. Wall thin, smooth on both
surfaces and bearing two types of canals. Larger pore canals are nail=
shaped, starting just below the external surface and tapering away blindly
at about 2/3rds of the wall thickness. The finer punctae arc nuch ~ore
numerous, straight, and extend from the outer surface about 1/3rd of the

way inward, where they terminate suddenly, The wall thus shdws a distinct
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zoration. 7The punctas are distributed sntirely at random and do not
unite in any way.

Rermarks
This species is very rare and cannot be placed specifically.

Quisguilites buckhornensis #ILSU: & UXKZAR (1243) is one of the few species

with a multi-layered wall structure, but is kidney shaped. It was described
from the Uevonian of Cklahoma and is not related to the above form.
Soefofede e deNevers

senus: Tytthodiscus CRIr 1955

(Type species: Tytthodiscus californiensis -t 2i}7,1955.)

Tytthodiscus spe.cf. Tecali forniensis NCRiIm 1955

ilate 5, firs. ba, b, c.

?Tytthodiscus californiensis UREIM,1955. p.595,pl.57,firs.la-c.

pescription

Cyst flattened, discoidal, but orivinally spherical. %all relativoly
thin and elastic. ixterior wall surface smooth, apart from a number of
irrerular folds resultine from compression. :iercinz the wall are a numtou
of unbranched, cylindrical, radial pore canals of a sinzle type. They aze
very small in diameter, very closely spaced and traverse the entire thick-
ness of the wall, Theylemerﬁe on the external surfaca to form a very
dense, vajuely nrismatic pattern. The canals are approximately equidistant
from cach other and do not show any form of arouninn.
Xeriarks

This species is represented by a sin-le well preserved specimen from
the Lover :arton feds of Alum “ay (sample #613) and consequently the
author has reservations in placin< it in I'{CRZ}M's spacies. The zartonian
specimen is somewhat thinner walled than the fitured form and the hexaucnr’

prismatic structure noted by NCGREZP could not he satisfactorily observed.

Yevede e VedeSede Ve
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Tytthodiscus chondrotus NOREM, 1955

Plate 5, figs. 5, 6a,b; plate 6, figs.la,b.

Tytthodiscus_chondrotus NOREM,1933. Pe695,pl.58,f1as5.2a-cC
Pleurozonaria chondrotus (NOREM) :MADLER,1963. p.33l.

Tasnani tes zlobulus (G.WZITZEL):MORGENROTH,1666b. pes4l,plell,figs.8-10,

Description

Cyst spherical., Wall relatively thick and elastic. Exterior surface
relief strong, consisting of numerous, closely spaced, hemispherical
protuberances. The walls are pierced by a large number of cylindrical
radial pore canals of a single type, each of which appears to reach the
exterior surface at the surmit of a protuberance. They all traverse the
entire thickness of the wall. The protuberances and pore canals are
arranged regularly at the corners of equilateral triangles. This produces
a regular hexagonal pattern over the cyst surface and zives the apparent
prismatic structure of Tytthodiscus, which is unlike the random distribution

of tubercles in Crassosphacra digitata COOKSON & MAMUM 1960, Internally

the wall 1s smooth but sometimes has a number of curious low protuberances
of unknown function, none of whlch bear pore canals.
Remarks

This specles shows similarities with several related forms.

Crassosphaera dizitata COOKSON & MANUM possesses similar protuberances

and wall thicknessf/cyst diameter ratios, but the former are distributed
irregularly. Iytthodiscus schandelahensis (THIERGART, 1944) has no
protuberances and more closely spaced pores. T.,suevicus var. macroporus

EISZNACK (1957) and Pleurozonaria spongiosa MAULER (1963) show a similar

distribution of pores but no protuberances. Plcurozonaria globulus

0.4ETZEL (1933) is poorly figured., The surface ornamentation cannot be
made out in O.WETZEL's (1961) illustrations, but MORGEINROTH's (1966b)
fizures and description correspond exactly with the Eartonian form. Whether

T.chondrotus and Fleurozonaria globulus are synonymous is not certain,

NOREM's type level for this specles 1s the Miocene of California.

MORGENROTH (1966b) describes Pestlobulus from the Lower Zocene of North



140,

Germany. At Barton this specles 1s one of the commonest of the
Tasmanitids. It occurs throughout the section but most commonly in the

estuarine Upper Barton Beds.

Yoo deve dededede deve
Order: LEIOSPHAERIDIALES (EISEMACK,1953) MADLER,1943

Genus: Leiosphaeridia EISENACK, 1955

(Type speciest Lelosphaeridia baltica EISENACK, 1958,)

Lelosphaeridia ralla FELIK, 1965

Plate 6, fix. 2.

Description

Cyst flattened, discoidal but probably originally spherical. Wall
very thin, elastic and granular in surface texture, Wall carrusated into
numerous, irregularly distributed folds, Fore canals and apertures are
not visible.
Remarks

The material shows all the characteristics of the jenus. FADLEER
(1963) erects the genus Campenia to Include specimens whose aperture is a
split., However, this taxon is invalid since his publication is not freely
aveilable, The features of the Bartonian specimens agree well with the
published description and fisure, whoseprovenance is the Upper Miocene of
South Louis}ana. It appears rarely in the Lower Barton Lbeds of both

localities and also in the Middle and Upper Barton beds of Alum Bay.

Ferrde v derevehot

Lelosphaeridia sp.2.

Plate 6, fips. 3a, b,
Lescription
Cyst saucer or "squashed flask™ shaped, Wall relatively thin,
questionably double layered and wine red in colour, Scattered, rare canals
pass throuch the entire thickness of the wall. One specimen shows a broad,

almost circular openinz on a low neck, possibly the “pylome’ of EISENACK.
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gnarks
The morpholosy of this form is typlcal for the senus, but the specific
.lacing: of the rare specimens from farton and Alum cay is obscure.

ISuilACK (1954) fivwures Lelosphaera ~ranulata and Leiosphaera cf.solida

‘avine circular apertures of ‘“‘pylomes’® but these are thin walled,
alaeozoic species and do not have the “squashad flask® shape or the
larse aperture of the Rartonlan species,

dedededededelede N

Lelosphaeridia? sp.3

rlate 6, firs. b4a, b, c, d..

escription

Cyst spherical, brittle. all relatively thin and appearing slossy
in broken fra:ments. In optical section numerous fine canals are visible
runninz from the inner surface to about a third of the way outward, where
rhey terminate alonz a slizhtly undulating line. The outer half of the wall
is faintly laminar in structure., U(bservation under crossed polaroids shows
-he “t.altese Cross' as does all other Tasmanitids examined.
emarks

It was impossible to comprass specimens for satisfactory examination
indeed only a few remainad unbroken after mountinr. The acid solublé
wature of this form ralsed strons doubts as to its affinities and {t was
mnly after careful treatment in very dilute hydrochloric acid that its
structure was understood, The interior of most specimens is occupicd by
© white amorphous powder and this was the first to react with dilute acid,
indicating its probable carbonate composition and possible secondary nature.
“he inner part of the wall then slowly dissolved without effervescencc.
.11 that was finally left wvas the extremely thin, flexible and easily
roken outer membranc,

The bulk of the inner wall is composed of either an orsanic or an

inorsanic material., The latter case would indicate some kind of secondary
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deposition, the “canals”® beinp formed accidentally. In this case the
presence of the insoluble outer membrane alone would sucrmest the species!
affini ty with the Leciosphaeridiales. Cther possible explanations of these
problematical objects include an inorganic, perhaps volcanic origin, which
may be ruled out by their acid soluble nature; or that they may represent
some kind of invertebrate e7z case, ilithout the application of microchemical
tests this cannot be ruled out, so until this work has been done they are

tentatively placed in the cenus Lziosphaeridia.

They occur sporadically throuzhout the <arton iteds in both sections
and hava becn noted in formations above and below.

VededeSededededeNede

Leiosphaeridia sp.5

Flate 6, fiz. 6.

Jescription

Cyst lanceolate, flattened, shaped 1ike a flattened sphere or disc
folded alon: its diameter. ‘“all relatively thick and elastic, with an
oranie or brown coloration. Surface smooth and wall devoid of canals.
semarks

The foldad disc shape and the thick wall are very distinctive in
specimens from the Lower and i“iddle ‘arton leds of Alum 5a§. It does

not fit any described form. ©VALLIR's (19493) renus Lancettopsis differs

in bein~ thinner walled and havinsg a double leaf shaped cyst in which two

inner sacs have their lons axes at an angle,
Sedevevede sl

~ —

Genus: iterospermopsis «W.9uTZil 1952

(Type species: iterospermopsis danica 4.WITZ:L,1952,)

rterospermopsis sp.cf., FP.danica W.uidTZEL 1952,

Ilate 5, fig. 5.

Incertae sedis - Type specimen 0.2 PasTIELS,1948, pe39,pl.5,fizs.33,34.
?< terospernopsis danica W.HIT3EL,1952, pe412,plefi,fige16; text-fln,34,
Eterospermopsis barbarae SORKA,1963. pe74,plell,fig.3,
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Pterospermopsis cf. danica W.WETZEL: MORGEMROTH,1966b. p.40,pl.ll,fiz.2.
Prerospermopsis danica W.WETZEL: DRUGG,1967. pe34,pl.8,fic.l0,

Description

The cyst consists of a central spherical, ovoid or saucer-shaped
body surrounded by a thin conicos-annular equatorial skirt. The central
body is wine red in colour, appearin: solid in some speclimens and thin
walled in others. The walls have a slightly granular surface texture and
contain rare canals which pass completely through, The skirt is also faintly
sranular and 1s thrown 1nto a number of pleats, perpendicular to the central
body, at its ring of attachment.
Remarks

The red coloration might indicate a reworked provenance but several
authors (MOKGENRCTE, GORKA) mention this and it may be a primary character-
istice W.WETZEL's typc level for this species is the Janian of quth
Germany. MORGENROTG places his material, from the German Lower Eocene,
in Open.nomenclature, and, as his description and figures fit the Znglish
material very well, and as W.WiTZEL'S figures arc not entirely clear,
it is thougzht advisable to do the same, PASTIELS figures a form from
the Zelgtan Lower Eocene which corrzsponds closely to the English specimens,
and he mentions the rare canals. GORKA's P,barbarae, with its ellipsoidal
central body, is considered to fall within the range of variation of this
species. She reports it from the Campanian of Poland. DRUGG's fliure and
description, from the Maestrichtian end Lanlan of California, also
correspond well. At Barton P.cf.danica occurs sporadically in the Lower
Earton Beds and commonly in a zone half-way up the Middle Earton cede.

It was found throughout the Alum Eay section in small numbers.

Fededededededderede
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4:1:3 Incertae Sedis

Senus: Oudhkusumites SKIVASTAVA 1967

(Type species: OQudhkusumites ankleshvarensis SRIVASTAVA, 1967.)

Oudhkusumites spe. cf. O. foveolatus SRIVASTAVA, 1967

Flate 6, figs. 7a, b.

? Qudhkusumites foveolatus SRIVASTAVA, 1967. p.40,pl.l,figs.17,18,

Description

Lisc shaped, with a rounded triangular to rouzhly circular outline,
51izhtly sinuous, internal fingerlike structures radlate from a pyrite
filled central zone. The fingerlike structures are either expanded or
rectansular at the periphery and bear a narrow, central, longitudinal
canal, A narrow clear zone follows the periphery. One specimen is full
of larse and small vacuoles.

Remarks

SRIVASTAVA (1967) places this genus in the Incertae Sedis and

suztests that they are not alzal or fungal in origine. They ranze from
Eocene to Miocene in several parts of India. The specimens found
correspond with the published figures and description but the obscure
internal zonation precludecs definite designation above seneric level.

Fededededevesevevese

Incertae Sedis spe.l.

Ilate &, £ig.10.

Eroblematicum B, MORGENROTH, 1966b. p.42,pl.ll,fi5.12,

vescription

Object approximatelv globular, consistine of a three dimensional
network of fine, black, shiny, apparently carbonaceous rods, of rouzhly
uniform thickness., The rods are straight or curved and are arranged in
such a way as to suggest that the object originally consisted of a cluster
of 20-30 slichtly different sized (completely randomly orientatad) spheres,
Thus differentiation into anterior and posterior parts or inner and

outer layers is completely absent.
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Remarks
Only threc specimens have been found of this object, all from the
iddle Barton Beds, The only reference to it in the literature is by
MOKGENROTH (1966), who reports it from the Lower Eocene of North Germany.
If the deduction that it originally consisted of a cluster of
spherical bodies 1s correct this specles then shows a resemblance to the

zenus Palambazes O,wETZEL (1661), The affinities of Yal ambajies are still

not certain but suggestions include the egg-clusters of marine copepods,
and, more likely, colonial green algae (O.WETZEL (1961)). A relationship
with certain recent freshwater Volvoceae was sujgested by GORKA (1963),
perhaps with less speclalised forms such as Pandorina, rather than Volvox
Ss5. MANUF & COCKSON - (1964) suggest that the colonles should contain
numbers of cells as powers of two (8, 16, 32, 64, etc.) in accordance with
the theory of cell formation in these forms., The Eartonian material would
tend to fall between one of these multiples but the actual number of
original cells is very difficult to determine. All references to Falambages
have been from the Upper Cretaceous or lowest Praleocene. (O.WETZEL (1961) -
Upper Cretaceous of the Baltic:; SORKA (1963) . Upper Cretaceous of Fnlandg
MANUI: & COCKSON (1964) - Lower Upper Cretaceous of Arctic Canadaj wruGu
(1867 - Upper Cretaceous and Danian of California).

Jedededdedevevederr

Incertac Sedis sp.2.
Plate 6, fiz.9.

Description

Object hollow, thin walled, barrel=shaped and inaperturate, A
small number of canals can be semn cutting the walls and the surface is
finely graﬁular. The rims of the “barrel™ are delimited by folds in the
wgll. Additional sculpture and ornamentation 1s not visible.
Hemarks

The affinities of this object are not known. Only a sinzle specimen

has bteen found in the Upper Beds of karton (sample 6968).

Frirvededededesrdede
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Incertac Sedlis sp.3

I'late 6, figs.Ba,b.

Description

Object plano-convex, solid, yellow-orange in colour and oval in outline.
One end 1s irregularly pitted by a number of almost ;lobular depressions,
three of which extend about one third of the way into the len;;th of the
object, Also opening at the same end are two hollow cylindrical canals,
which, branchlng dichotomously, penetrate nearly to the other end of the
objecte The Inner reaches of the canals are pyrite infilled and have the
same diameter as at the open end. The convexr surface bears a regular
pattern of what looks like small, similar sized scales. These have their
rounded endjes towards the open end of the object and taper the other way
until they are overlapped by those behind and to the sides. Close obser-
vation shows that they are not scales but shallow depressions, the marrins
of the shield like arcas beingr delimited by the low, sharp rid:ies between
the depressions.
Remarks

This object, of which only one specimen has been found (sample 6989,

Upper Rarton Led), is of completely unknown affinities.

Fedededsvedefede e



1‘&7 .

Section 4:2 FORAMINIFERIDA
Introduction

With one exception all zeneric and suprageneric determlnat!bns adopted
in this study are those lald out by LOEELICH & TAPPAN (1964) in the
“Treatise of Invertebrate Paleontolozy®. Nummulites, which COLZ in
LOEBLICH & TAPPAN (1964) considers to be a junior synonym of Camerina
BRUGUIERE, 1s herec kept as a valid genus. All orlginal descriptions
werec checked from ZLLIS & MuSSINA's (1948 et seq.) ‘"Cataloguc of
Foraminifera®.

Fedehdedededededed

Order :FORAMINIFEZRIDA SICKWALD 1830

Suborder: TZaTULARIIDA DELAGS & HEROUARD 1896

Superfamily: AMMODISCACEA REUSS 1362

Family: 3SACCAMMINIDA:L BRADY 1884

Genus: Psammosphaera SCHULZZE 1875

(Type species: Esammosphaera fusca SCHULZE,1875)

Fsammosphaera? sp.2.

Flate 7, fias. la,b,

Description

Test minute, unilocular, tyre shaped, with a smoothly circular or
slightly oval outline and with both faces broadly depressed, leaving a
raised rim, Wall thick, coarsely agglutinated, with little cement,
Aperture not visiblec,
Remarks

This species, whose true peneric placing remains obscure, was encoun
tered rarely in the Lower Sarton Beds at Barton. TEN DAM (1944) figures
a similar form from the Faleocene of the Netherlands, as Froteonina
complanata (FRANKE, 1912). It differs from the Bartonian specimens

in having an aperture on a short neck,
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Family: AMMODISCIDAE REUSS 1362
Senus: Glomospirella FLUMMER 1945

(Type species: Glomospira umbilicata CUSHMAN & WATERS, 1927.)

Glomospirella sp.l.
Plate 7,f15.2,

Description

Test small, disc.shaped and none-septate, The inltial one or two vhorls
are stieptosplrally colled and thereafter planisplral, evolute, with the
whorl height increasing gradually with growth. Wall thin, finely agglutinated
and frequently deformed., Aperture large, simple and basal.

Remarks

There are several North West European lLower Tertlary records of
Ammodi scus which resemble the Bartonian species. KAASSCHIETER (1961) figures
A.incertus (D'ORBIGNY) and records it from the Ypres Clay to the Ledes 5and
of Belgium, His fipures differ from Glomosphirellad sp.l in bein; more
regularly colled and in lacking the initial streptospiral portion,
Glomospirella woodl HAYNES (1958b), from the Thanet Sands of Kent, has a
much larger streptospiral stage and a laterally more inflated test.

Glomospirella kuzultinskensis SUBBOTINA (1958), from the Upper Socene of the

Northern Caucasus, has a large planispiral stage, The inltial staze,
howevar, is larger and more inflated laterally than the Bartonian speclies.
Se _sp.l occurs sporadically throughout the Barton Deds at both localities.
Frietedekdeteteiek
Superfamily: LITUOLACEA D BLAINVILLE 1852
Family: HOROSINIDAE EAECKEL 1894
Genus: Keophax MONTFORT 1808

(Type species: Reophax scorpiurus MONTFORT, 1803.)

Regghax alZolﬁ
Plate 7. figs. 3,"’.

Description

Test small, very coarsely agzglutinated of quarte crains, with sparse
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cemente The two or three chambers are uniserially and rectilinearly
arranged, slightly inflated equatorially and separated by siiht constrictions,
though without visible sutures. Aperture routhly circular and terminal on
a short, indistinct neck.

Remarks

Because this species is ccarsely agglutinated and sparsely cemented,
only pforly preserved specimens occur. Usually, only single, broken chambers
were recovered, In well preserved specimens small and large quartez arains
can be observed makin: up the wall in an irregular rmosalc with small sponge
spicules. Varlation in cha@ber size is considerable but the wall structure
and chamber shape are distinctive., The species oceurs throuihout most of
the Harton Beds at bBarton and Alum Say. It has also been recovered from the
Upper Bracklesham Beds and the Ennlish Oligocene.

Thurammina glabra TEiMN DAM (1944), from the Lutetian of the Netherlands

and Hormosina sp. RAYNES (1958b), from the Thanetian of Xent, are the only

two North West EBuropean Tertiary records of related species. EBoth are

apparentiy unilocular, much smoother and more finely agslutinated than

Reophax sp.l.

Fedenfefeiedederieh

Fanily: LITUOLIDAE UE BLAINVILLE 1825

Genus: Cribrostomoides CUSHMAN 1910

(Type speclies: Cribrostonoides bradyi CUSHMAN, 1910,)

Cribrostonoides pauperata (CHAPMAN)

Plate 7, figs. 5a,b, 6, 7.
Haplophraginius canariense D'ORBIGNY var. paupecata CHAPMAN,1913.p.556,figs.l-4,
Lituola simplex CHAPMAN:CHAPMAN,1913, pe556,fins.7,8.
Trocharmmina inflata MONTAGU var.macrescens BRADY:CHAXMAN,1913.p«557,f1296.5,6.
Remarks
As CHAPMAN (1913) found, this species is frequently crushed and

distorted., Undistorted specimens are characteristically planispiral, having

four or five low,inflated chambers in the last whorl, with slightly depressed
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sutures and fine or occasionally coarsely azglutinated walls, The single
or multiple slit-like areal aperture, situated just above the base of the
apertural face, indicates that 1t belonzs 1In the genus Cribrostonoldes, not
Haplophragmoldes.

The often abundant material from Barton and Alum Bay compares exactly
with topotype material from the Barton Seds of Henglstbury tHead. The forms

figured by CHAPMAN as Lituola simplex and Trochazlna inflata var. macrescens

are probably extremely distorted specimens of C.pauperata.

This species differs from Cribrostomoides sp.3 in having fewer (4 to 5,

not 6 to 9) and more Inflated chambers in the last whorl. It also resembles
a form from the Ypres Clay figured as Cribrostoroides spe by KAASSCHIZTER

(1961, pl.l,f15.4)., The Cligocene specles Calatidorsatus (BORNIMARN)

(Septaria Clay of Germany), figured by BATJES (1958) from the Belgian Foom
Clay, differs in having nearly flush sutures and more chambers per whorl,
Specimens recovered from the lilddle Headon Beds of Colwell Bay may be
referrable to C.latidorsatus. Another closcly related specles is
Haplophragmoides burrowsi, HAYHES (1958b) from the Thanet Sands. This
differs In its greater lateral compression, faster increase in chamber slze

and in 1ts somewhat coarser agglutination.

Rdedo ke devere ek

Cribrostomoides sp.3

Plate 7, figs. 8a,be.

bescription

Test minute, planispiral, laterally compressed, tnvolute, flnely
aguzlutinated, with six to nine chambers in the final whorl, The chambers
are generally low unless distorted (as in flgured specimen). Periphery
rounded, slightly lobulate with only slightly depressed, radlal sutures.
Umbilici open, aperture arcal and low on the apertural face,
Renarks

Cespe3. 1s restricted to the upper Middle and Upper Barton beds at

both localitlies, It differs from C.pauperata in havinz more chambers per
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vhorl and from the Cligocene form C.latidorsatus in lts greater compression
and number of chambers. Trochamminoides sp. HAYNES (1958b), from the English
Thanetian, is more evolute and apparently torchospiral.

Feredededee federies
Genus: Ammobaculites CUSHMAN 1910

(Type specles: Spirolina agglutinans D'ORBIGNY, 1846,)

Armobaculites sp.l.
Elate 7. flgs. ga'b’ 10.

Description

Test small, laterally expanded and coarsely agglutinated, with sparse
cement, Initial stage ﬁlanispiral, involute, with small umbilici. The
final one or two chambers are unrolled and uniserial. Chambers hich and
short but not inflated. Sutures indlistinet and sli - htly depressed., Aperture
simple, irregular and terminal.
Renarks

The coarsely agglutinated wall structure and broad test is charactere
istic of this form. The wall sometires bears large sand grains intersperscd
with the smaller grains. In some specimens the coarseness of the azglutina-
tion Increases with development. The unlserial portion 1s usually relatively
short tut occasionally the reverse 1s found, It occurs rarely throughout
both sections,

BOWEN (1957) records Ammobaculites agglutinans (D'CRBIGNY, 1846)

(Miocene, Vienna Basin) from Barton but does not figure it. Asagglutinans
has been noted by several authors In the North Vest fiuropean Tertlartes,
including BHATIA (1955) (Upper Hamstead Beds) and VAN EELLEM (1946) (Dutch
Monti..n)., It differs from Ammobaculites spe2 in having a shorter uniserial
portion and being more coarsely agglutinated. A.praelonga TEN DAM (1944)
(Dutch Lower Zocene) differs in having a much lonzer unwound portion and
only four zlobular, planispiral chambers,.

Fedededr devedededede
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Ammobacull tes sg.Z.

“late 7, fias, 11,12,

Description

Test small, coarsely agzlutinated and laterally considerably compressed.
Initial stage planispiral, slightly evolute, the last of four or five
high chambers with flush, very indistinct suturos. Adult stage uniserial,
lonz, with short, broad chambers and sutures which are slightly indented
at the periphery but otherwise very indistinct. Aperture elongate, simple
and terminal on a slight neck.
Remarks

The characteristic lateral compression is not thought to be due to
deformation of the test. The long unisertal portion and its distinctive

short. wide chambers enable differentiation from Ammobaculi tes sp.l;

Usually only broken uniserial and planispiral portions are preserved and the
species occurs, not commonly, throughout both sections., A specinmen from the
Barton Seds of Henglstbury Head is a more coarsely agmlutinated variant
(plate 7, fig.12).

KAASSCHIETZR (1961) figures a compressed form from the Lower Zocene
of the Netherlands as Ammobaculi tes sp. _cf. A.americanus CUSKMAN (Recent,

dMexico), It differs from Ammobaculites sp.2 in lacking a long uniserial

portion and in being composed of very irregular grains.

Jetededriededeievek
Famdly: TEXTULARIIDAE SHRENBERG 1833
Cenus: Textularia DEFRANCS 1824

(Type species: Textularia sagittula DEFRANCE, 1824.)

Textularia?sp,l.
Plate 7, fi3, 14,

Vescription

Test small, finely agglutinated and apparently biserial throughout.
Sutures indistinct and chambers slizhtly inflated along most of the test.

Final two chambers considerably larcer and inflated. Aperture broken.
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Remarks

The incomplete preservatinn of the only specimen found (sample 6909,
Barton Seds, Barton) preclude an examination of the initial stazes and a
definite generic placinge. The two larmge £inal chambers distinjuish it from
elther of the Bartonlan species of Gaudryina,

Fedotededededriehve

Family: TROCHAMMINIDAE SCHWAGER 1877

Zenus: Trocharmmina FARKER & JORNES 1859

(Type specles: Nautilus inflatus MONTAGU, 1803,)

Irochammina spe.l.
Plate 7’ figs. 13a’b'00

Leseription

Test minute, finely agzlutinated, low trochospirally coiled, with four
or more, usually five, chambers in the final whorl. Dorsal side evolute,
flat or slizhtly domed, with up to two whorls visible. Dorsal sutures
distinct, slightly depressed and inclined backwards., Ventrally the chambers
are inflated in undeformed specimens, with incised, radial sutures and a deep
umbilicus. Outline slightly lobulate, periphery subacute but not carinate.
Aperture basal and interiomarginal beneath a narrow flap.
Remarks

Distortion often causes dorsoventral compression and the trochospiral

coiling i1s then the only distinguishing feature from crushed Cribrostomoides

pauperata. It occurs sgporadically throughout the Barton Beds,
Irochamuina pentszona HAYMEIS (1955b), from the Thanetlan of Kent, s supere
ficlally simllar but differs in having a nonelobulate, pentagonal outline,

dorsally radial sutures and is ventrally much more compressed,

edekvrkAdededede
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Family: ATAXOPHRAGMIIDAZ SCHWAGER 1877

Genus: Verneuilina DYORBIGNY 1830

(Type species: Verneullina tricarinata D'ORBIGHY, 1840,)

Verncuilina sg.l.
Flate 7, fig.lS.

Description

Test minute, finely agglutinated, with rare larger grains, Coiling
triserial throughout. Sutures nearly flush but distinct., The test has
three strong longzitudinal ridges separating flat faces, giving a high
pyramidal shape. Apertural face flat and Inclined. Aperture a simple,
high, loop=-shaped arch on the basal structure,
Remarks

This species occurs quite commonly in the basal Barton Eeds at Earton
but very rarely above, It differs from Verneuilina sp. RAYNES (1950b)
in its three sharp longitudinal ridgess No specles described in CUSHMAN's
(1937) monoizraph on the “Verneullinidae® could be matched with the Bartonian
form.

Fedededrivirdededede
Genus: Gaudryina D'ORBIGNY 1839

(Type species: Gaudryina rugosa D'ORBIGNY,1840.)

Saudryina sp.l.
Plate 7, figs. 16, 17,

Virgulina subsquamosa CHAPMAN,1913. (non ZGGER,1857.) p.553,£13.9.

Deseription

Test minute, elongate, finely agplutinated, with rarer larger gralns.
It tapers gradually for 2/3rds of its length and is nearly parallel sided
in the adult 1/3rd, Infitial 1/6th triserial, with a subcircular or
roundedatriangular cross section and slightly depressed, rather indistinct
sutures. Adult 5/6ths biserial, oval in cross section, with slightly

inflated, elongate chambers and depressed sutures backward inclined.
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Aperture not visible (usually broken off).
Remarks
Gaudryina sp.l occurs commonly in the Lower Barton Deds at Barton
and Alum Bay and rarely in the Middle Barton Beds, In the Barton Beds
of Hengistbury Head it 1s frequent and well preserved. CHAPMAN (1913),

erroneously described it from this locallity as Virgulina subsquamosae.

FedeFedededefedededs

Gaudryina sp.2
Plate 7, figs.18,19,

Description

Test minute, elongate and finely agglutinated., Very short (L1/6th)
initial stage triserial, with sharp angles, glving a characteristic broad,
pyramidal apex. Adult stage (5/6ths) biserlal, with depressed, indistinct
sutures and slightly inflated, elongate chambers. Apertural face rounded,
aperture a simple arch on the basal suture,

Remarks

This specles is often distorted and occurs frequently in the Lower
and Middle Barton Beds at both localities. It differs from Gaudrylna sp.l
in its strongly pyramidal initilal stage. The theory that Gaudryina sp.2
and Verneullina sp.l are two variants of a single species 1s refuted by
the fact that the latter speclies 1s always considerably longer and forms a
more acute pyramid than the triserial portion of G.sp.2.

Gaudryina subguadrata CUSHMAN (1933) (Eocene, South Carolina) and

Gotrinitatensis NUTTALL (1928) (Miocene, Trinidad, Californla) are

considerably larger and less slender than the Bartonian specles,
Gegracilis CUSHMAN & LAIMING (1931) (Miocene, California) has more
irresular chambers.

Yedeieiciedeieiedee
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Suborder: MILIOLINA DELAGE & HEROUARD 1896
Superfamily: MILIOLACEA EHRENBERG 1839
Family: FISCHERINIUAE MILLETT 1898

Genus: Cyclogyra WCUD 1342

(Type species: Cyclogyra multiplex WOOD, 1842,)

Cyclogyra bornemanni (REUSS)

Plate 3, figs. la, be.

Cornuspira bornemanni REUSS, 1863, p.39,pl.l,f1z.3. (Oligocene,Germany) .
Cornuspira bornemanni REUSS:KAASSCHIETER,196l. p.136,plel,fig.2. (Sands of
Ledeg and Wemmel, Belgium),

Remarks

This specles is usgually restricted at Barton and Alum Bay to the upper
part of the Middle Barton Beds, It is characterised by its high tube and
the presence of growth lines, The carina mentioned by KAASSCHIEZTER (1961)
was not observed.

Kddekededchtehk

Family: NUESCULARIIDAEZ JONES 1875

Genus: Spiroloculina D'ORBIGMY 1826

(Type specles: Spiroloculina depressa D'ORBIGNY,1826,)

Sgirolocnllna? sg.l
Plate B8,f1zg8. 2a,b.

Description

Test small, slightly compressed and oval in outline. Colliny apparently
spiroloculine but the final two chambers are embracing, obscuring the umbilici.
Feripherally the chambers are rounded, with up to flve strong longitudinal

costae. Aperture narrow and high, with a splke-like tooth.

Remarks

This species is represented by a single broken specimen, from the
Middle Barton Beds of Barton (sample 6950), The generic placing must
remain in doubt owing to the obscured umbllicl, but its septate test rules

out its placing in Vertebralina. Of the involute iocene specles of
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Spiroloculina figured by KAASSCHIETZIR (1961) and LE CALVEZ (1947) the
S.costizera TERQUEM group bears two or three strong, peripheral, flange-

like carinae. The S.tricarinata TERQUEM group has a distinctive dumbell

shape in apertural view; features which the bartonlan specimen lacks,

The possibility remalns that it is an irregularly coiled specimen of

Quinqueloculina blcarinata.

dededeveiededekodeok

Family: MILIOLIDAE EHRENBERG 1839

Genus: Quingueloculina D'OREIGNY 1826

(Type speciest Serpula seminulum LINNE,1758,)

Quinqueloculina seminulum (LINNZ)

rlate 8, fizs, 3a,b, 4a, b,

Serpula seminulum LINNE,1758. p.786, (Recent, Adriatic).
Quinqueloculina laevigata D'ORBIGNY,1839. (non DESHAYES,1831.) p.143,pl.3,

figs.31-33. (Eocene,Paris BasinjRecent,Canary Is,)
Quinqueloculina skneriana D'ORBIGNY,1846. p.290,pl.18,f15s.16-21,
(klocene, Vienna Basin,)
Quinqueloculina laevigata D'OREIGNY: TERQUEM,1882, p.173,pl.18,f13s.14,15.
}iliolina serinulum (LINNE):SHIRBORN & CHAPMAN,1886, p.742,pl.l4,fi5.1.
{London Clay, England,)
Guinqueloculina laevigata DYORBIGNY: LE CALVEZ,1947.p.1l (Lutetian,Paris Basin.,)
Quinqueloculina aknerjana D°ORBIGNY:MARKS,1951. p.38.
Quinqueloculina akneriana D*ORBIGNY:BOWEM,1954, pe158,pl.B,figs.ll,12.
(London Clay, England,)
uinqueloculina seminulum (LINMNE):BHATIA,1955. pe674,pl.67,f1g.3.
(Oligocene, Isle of Wight.)

Quingueloculina akneriana D'ORBIGNY: BOWEN,1957. p.56.(Barton Beds,Barton.)
Quingueloculina seminulum (LINNE):BATJES,1958.p.102,pl.1,f15.15.

(O1izocene,Belzium,.)

Quingueloculina seminula (LINNE) :KAASSCHIETER,1961.p.147,p1.2,f155.5,6,

(Lr.Eocene - Asse Clay, Eelgium, France. Up.Eocenc,England.)

Remarks

Tr1: common and widely distributed specles (Lower Eocene to Recent)
1s characterised by its longer than broad, unornamented test, with a rounded
to subacute periphery and no apertural neck. Ornamented forms and forms
with peripheral carinac are separated as Q.costata KARRER and Q.bicarinata
D'ORBIGMY, the latter sometimes showini: intermediates with this form,
Qaludwigl REUSS is distinguished by its apertural neck and more inclsed

sutures, but juveniles are sometimes hard to differentiate from Q.seminulum.
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The author azrces with KAASSCHIETER (1961) in 1listing g.aknefiana

D'CRBIGNY and Q.laevigata D'ORBIGNY as synonyms of LINNL's specles.
DESHAYES (1831) originally placed the latter in Miliola LAMARCK.
TEN DAM's (1944) figure of Qylaevigata from the Rartonian of the

Netherlands appears to be an intermediate with Q.blcarinata.

Fevesededrirdeveded

Quingueloculina bicarinata DYORBIGNY
Pl&te 8, figs. 7’ 8.

Quingueloculina bicarinata D'ORBIGNY,1826, p.302,modele no.35.
Quinqueloculina bicarinata D*ORBIGNY:TEZRQUEMN,1878., p.68,pl.7,f1:.10.
(Recent, Italy.,)
uinqueloculina bicarinata D'ORBIGNY:CUSHMAN,1945. p.16,ple2,£13.93p14,813.2,
(et syn.)
?Quinqueloculina bicarinata D'ORBIGNY: BOWEN,1957. p.56 (Barton Beds, Barton.)
Quinqueloculina bicarinata D'ORBIGNY:KAASSCHIETER,1961l. p.149,pl.2,f1gs5.12,13,
(et syn.) (3ands of Wemmel,Belgium.Bartonian,tngland.)

Remarks

Adults characteristically show the double peripheral keep, often with
additional, longitudinal, striate ornament on the chamber faces. The cross
sectional shape serves to distinguish it from Q.seminulum and Q.costata.
Juveniles are frequently unicarinate and distinction from Qe.sp.aff.Qe.carinata
18 difficult. The lack of striations and the stralzht, rather than sinuous
edges of the chambers are good guldes.

At Zarton this speclgs i{s restricted to and abundant in the upper part
of the Middle Barton Beds, A; Alum Bay 1t also occurs rarely in the Lower
Barton Beds. KAASSCHIETER (1961) found Q.bicarinata restricted to the
Upper Eocene and only distinctive in the English Barton beds, BHATIA's
(1955) figures of this specles are considerably shorter and broader than

the Bartonian material and more closely resemble Q.sp.l2.

Federrdrdeiedridodk
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Quinqueloculina sp.aff. Qecarinata D'ORBIGNY

Plate 8’ figs. 58,b, 68’ be

aff, Quingueloculina carinata D'ORBIGNY,1850, p.410 (Eocene,Paris Easin.)
aff. Quinqucloculina carinata D'ORRBIGNY:KAASSCHIZTER,1961. p.l48,pl.2,
figs.9-11, (et syn.) (Lutetian-Asse Clay,Belgium & France.Barton beds,
England) .

Remarks

The characteristic features of this rather small form (up to about
600 microns in length) are the smooth chambers, with very acute, sinuous
edzes. It is never bicarinate, thus differing from Q.bicarinata, never as
peripherally rounded as Qs.seminula or Q.ludwigi and considerably shorter
and broader than the latter, The possibility of 1ts relationship with
Q.bicarinata as a juvenile varlant 1s precluded by thelr percentage
distribution peaks being out of phase, It differs from the typlical
Q.carinata as flgured by KAASSCHIETER (1961), in its higher length/width
ratio, more irregular chamber shape and smaller maximum size. Some of
KAASSCHIETER's records of Q.carinata from Barton may be referrable to

Qe.bicarinata.

A fededevedrierede

| Quingheloculina costata KARREK

Flate 9, figs. 5a, b.

Quingueloculine ¢ostata D'ORBIGHY,1826. p.135 (nomenud.)
Quinqueloculina costata KARRER,1867, p.362,pl.3,f1g.4. (Neogene,kumania,)

Quingueloculina costata D*ORSIGNY: TERQUEM,1878+ pe63,ple6,figs,3=5.
(Pliocene, Rhodes,)

Quingueloculina costata D'ORBIGNY: TERQUEN,1882. p.183,pl1,20,figs.8,9.

, ‘ (Eocene,Paris Basin.)
Quinqueloculina costata D'ORBIGNY:Lii CALVEZ,1947, p.9.(Lutetian,Faris Basin.)

uingueloculina costata KARRER3KAASSCHIZTER,1961. pel50,ple2,figs.l7-19.

(Lutetian - Asse Clay, Belgium and France, Barton Beds,inglands)

Remarks

Bartonian specimens have more or less rounded, sometimes subquadrate,
chamber peripheries as noted by KAASSCHIETER (1961), but they never
resemble Q, juleana D'ORBIGNY., Lonzitudinal striations cover the whole test
and are coarser alongz the chamber edges, where they are sometimes reduced to

three or four sharp costae. This positive sculpture differentiates it from
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from French Lutetian specles with negative ornamentation, such as
Q.crassa D'OKBIGNY and Q.cragsicoste TERQUEM. In the middle part of the
kMiddle Barton Beds Qe.Costata occurs abundantly and is one of the largest
Foraminiferida found at Barton {up to 2 mm, in length).

wekdedekdedo il

Quinqucloculina impressa REUSS
Plate 9’ f!gs. lagb, 28,b-

Quinqueioculina impressa REUSS,1851. pe87,p1.7 ,f15.59.(011z0cene ,Germany.)
Quinqueloculina cognata BORNEMANN, 1855, p.349,pl.19,f1g.7.(Cligocene,Germany.)

Quingueloculina impressa RiUSS var.cognata BORNEMANN: BHATIA,19535,
p«671,p1,67,f1g.10. (Brockenhurst Bed, Lr.Oligocene,Isle of Wight.)

Quinqueloculina impressa 3EUSS var,cognata BOCRNEMANN: BOWEN,1957.
pe36, (Barton Beds, bBartonm.

Quinqueloculina impressa RIUSS:BATJZS,1958. p.103,pl.l,fig.13.
(4. and Up. Oligocene, Belgium and Germany.)
Quingqueloculina impressa REUSS:KAASSCHIETLR,1961. pel51,p1.3,fi38,4-~6,

™
]

(Lr.Locene-Asse Clay,Belzium, Hetherlands.London Clay,Bartonlan,Znglan.)

Remarks
A common, widely distribuvted form with a distinctive short, broad
outline, slightly depressed sutures and smooth, peripherally rounded
v
chambers. The surface rougheninz and quartz agglutination mentioned by
KAASSCHIETER and BHATIA was noted only in the largest specimens. The varlety
cognata BORNEMANN, referred by varlous authors to a form with a more rounded

periphery, intergrades completely with the typical form.

*dededededciekdede

Quingueloculina impressa REUSS var.l
Piatc 9, figs. 3a, b, 4a, b.

Remarks

The deeply inclsed sutures distingulsh this form from the typlcal
Qsirmpressa, which it otherv¥ise resembles in height/width ratio and
lack of ornamasntation. The chambers are sometimes flattened or nearly
subquadrate at the periphery and the aperture is everted into a narrow
1ip, features not present in the typlcal form. Intermediates occur
uncommonly and it ranges concurrently with Q.impressa in the Middle Zartonm

Beds and Upper Bracklesham Beds. Q.ludwigi differs in belnz considerably
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longer and no gradation was observed with Q.impressa var.l S4ZREORN &
CHAPMAN's (1386) flgure of Q.circularis (BORNEMANN,1855) (Oligocene,

Germany), from the London Clay, closely resembles the Bartonian material,

s etede e deveve

Quinqueloculina_juleana D'ORBIGNY

Plﬂte B, flgs. ga,b'

Quinqueloculina jvleana D¢CRBIGNY,1846. p.298,p1.20,f1gs.1-3,
(Miiocene,Vienna Basin.)
Quinqueloculina juleana D'ORBIGNY:BHATIA,1955. Pe672,p1.67,£13.93text-Ff1.3,
(Oligocene,Isle of Wight,)
Quinguoloculina juleana DORBIGNY:BOWEN,1957. pe57,pl.l,figs.18,19.
(Earton Beds, Barton.)

Quinqueloculina juleana D'ORBIGNY: BATJES,1958, p.103,pl.l,fig.l6.
Quingueloculina juleana L'ORBIGNY:KAASSCHIETER,1961. p.149,pl.2,£13s.14,15,

Kemarks

BHATIA's (1955) variation of this distinctive species was notedin the
rare material from the Middle Barton Beds of Barton and Alum Baye. The
peripherally quadrate, unornamented chambers distinguish it from all other

species.

Tedetedrdededririede

Quingueloculina ludwizi REUSS
flate 9, figs. 6a,b.

Quinqueloculina ludwigi REUSS,186€. p,126,pl.l,fig.12.(O1ligocene,Gernany.)
Quinqueloculina ludwigi REUSS:BATJES,1958, p.108,pl.1,fl5.6,

Quinqueloculina ludwint REUSS:KAASSCHIETER,1961. p.148,pl.2,figsi6,7.

Remarks

The deeply incised sutures, smooth peripherally rounded chambers and
distinct neck distinguish adult specimens from Q.seminulum. Juveniles
occur rarely and show intermediate morphology. Q.aff.carinata differs in
having more angular chambers,

At Barton and Alum Bay Q.ludwigi occurs commonly in the Middle 3Barton
Beds and rarely in the Lower Barton Beds. The form figured by BHATIA (1955)
as Q.speindet. 1is possibly conspecific with Q,ludwizi. Q.pertusa TERQUEM
(1882), figured by LE CALVEZ (1947) and BHATIA (1955) from the French

Lutetian and the English Lower Oligocene respectively, closely resembles
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Q.ludwigi in shape and neck but bears more or less regularly arranged pits.
Q.1ippa LE CALVEZ (1947) also has the same shape and neck, but has much more

angular chambers,

Yok deded edede

Quingueloculina sp.l2.

Plate 8, figs. 10a,b,

?Quingueloculina bicarinata 3HATIA,1955. (non D'ORBIGNY,1326.) p.671,pl.67,
fig.12. (Lr.Oligocene, England.)

Description

Test minute, short, broad and thick, Colling quinqueloculine, sutures
distinct and slightly depressed, The three final chambers have a character-
istic broad carina, givinz the peripheries a subquadrate appearance and
the test a pentagonal cross-section. Aperture terminal, not on a neck
and with a plate-like tooth.

Rermarks
This species has been found only rarely in the Lower Barton Eeds of

Alum Bay. It very closely resembles BHATIA's (1955) figures of Q.bicarinata

except that the latter have a definitely blicarinate periphery. They both
differ from the typical Q.bicarinata in being much shorter and broader.
Q.impressa has a similar shape but has a rounded perlhpery,

Kedovefeledekdonet

Genus: Iriloculina DPORBIGNY 1826

(Type species: p}iiliolites trigonula LAMARCK, 1804.)

Triloculina trigonula (LANARCK)
Flate 10, figs. la, b.

Miliolites trigonula LAMARCK,1804. pe351.

Miliotites trigonula LAMARCK:LAMARCK,1807. pl.17,fis.4,(Lutetian,Paris Zasin.)
Triloculina trisonula (LAMARCK):TERQUEM,1882. pe.l165,pl.17,f1y.3.
Triloculina trigonula (LAMARCK):LE CALVEZ,1947. p.l8.
Iriloculina trigonula (LAMARCK):BHATIA,1955. pa675,pl.67,f13.15,

(Lr. Oligocene, England )

Iriloculina trigonula (LAMARCK):KAASSCRIETER,19561. p.164,pl.5,f1gs.8-10,
(Lr.-Up.Eocene, Belglum; Bartonian,Zngland.)

Triloculina trizonula (LAMARCK) var.inflata D'ORBIGNY:KAASSCHIETER,1961.

p. 165 ’plos ’figolln
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Remarks

A species occurrinz in small numbers in most Lower and Middle Barton
Bed samples, usually only as stall specimens, DMost of them fall within
U'ORBIGNT's variety inflata, as figured by KAASSCHIZTER (1961), but more
globose forms show all gradatlons with typlcal T.trigonula,

Fedokededcvedeiedeke

Zenus: NMiliolinella WIESHER 1931

(Type speclies: Vermiculum subrotundum MONTAGU, 1803.)

killiolinella oblonga (MONTAGU)

Plate 10, figs. 2a,bh.

Vermiculum oblonzum MONTAGU,1803. p.522,pl.l4,f15.9.(Recent,Enzland).
Miliolinella oblonza (MONTAGU):BHATIA,1955. pe671,ple67,£1.17,
(Lr.0ligocene, ingland.)
Scutuloris oblonia (MONTAGU) : BATJES,1958. pe105,ple2,fiz.1e
(M.,011gocene, Belgium,.)
Miliolinella oblonga (MONTAGU) s KAASSCHIETER,1961. pel52,ple3,figs.7,5.
(Ledes Sand and Wermel Sand,3elgium, Bartonian,ingland,)

Remarks

A rather variable species, in which two types of specimen occur
in about the same proportions and within the same slze range: one short
and stout, the other more elongate and narrow,

As observed by KAASSCHIZTEZR (1961) and BHATIA (1955) otherwise
identical specimens may be either quinqueloculine or trilceuline, with
intermediates., Thus the zenus Scutuloris LOZBLICH & TAPPAN (1953) is

probably a junior synonym of Miliolinella.

At Alum Tay thls specles occurs in the Lower and iiiddle Barton beds
and at Barton in the latter division. It has heen observed in preceeding
and later formations in the &n:lish Zocene and Oligocene. A more elongate
form with a subrectangular outline and a short aboral spike was found in
thz Upper Hamstead Eeds of the Isle of Wirht and may represent a different
species,

Yeve fedvedehefede e



164,

Genus: Fabularia DEFRANCE 1820

(Type species: Fabularia discolites DEFRANCE,1825 (= Nummulites ovata

DE ROISSY,1805).)

Fabularia bella KANSSCHIETER

Plate 10, figs. 3, 4a, b

Fabularia bella KAASSCHIETER,196l. p.167,pl.6,figs.1-6, (Sands of Ledes

and Vemmel, Asse Clay, Belgium,)

Fabularia bella KAASSCHIETER:CURKY,1966. p.b446, text-fig.3. (as above and
Up.Bracklesham Beds, Huntingbridge Bed, Barton Beds,England.)

Remarks

A few specimens of thls very rare species were recovered from the Midale
Jarton Beds of both sections and one from the Lower Barton Beds of Alum Bay.
It was also encountered in the topmost Upper Dracklesham Beds of Studtley
Hlood (the Huntingbridge horizon). They azree well with KAASSCHILTER's
(1961) type figures, with thelr characteristic longitudinal internal
partitions and biioculine (in adult), flattened tast. The French I'aris
Basin Lutetian specics F,ovata (RE ROISSY) differs in having a more

globular test.

Fededededededcdedede

Suborder: ROTALIINA DELAGE & HEROUARD 1896

Superfamily: NODGSARIACZA LERENBERG 1838

Family: MNODOSARIIDAE EHRENBERG 1838

Genus:! Nodosaria LAMARCK 1812

(Type species: Nautilus radicula LINKE,1758,)

Nodosaria sp. cf. N.pyrula D'OREIGRY

Plate 10, fig. 5.

?Nodosaria pyrula D'OREIGNY,1326. p.253, modele No.l3.
Nodosarlia cf. pvrula LU'ORBIGNY: BECK,1943. p.599,p1.105,f1gs.19,20.
(Up.Eocene,¥ashington Stata.)

Remarks
A rarc Middle Barton Beds species, whose smooth, similar, equatorially
inflated chambers are separated by long necks. Broken single chambers arc

usually only recovered. It is quite distinct from all other Cartonian
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specles of Uentalina and Nodosaria. It resembles [',longlscata

(D'ORBIGNY,1846) (iiocene, Vienna Zasin), rccorded by BEZRBORN & CHAPMAN
(1889) and BGWIR (1954) from the <nglish London Clay, and by TEN DAN (194%)

from the Zelgian Lower Zocene. The chambers of .longiscata are much

less constant in shape, with frequent, sudden constrictions.

fedelchdetekedetede

Nodosarla _sp.3

Plate 10, fig,b5.
Description
Test minute, uniserial and rectilinear. Chambers smooth and globul r,
with deeply incised sutures. Aperture terminal, entire, with a narrow,
everted lip,
Remarks
A very rare species, occurring in the Middle Parton 3eds at Barton.

KAASSCHIZTAR's (1961) figures of Dentalina natchitochensls HOWE

(Zocene, Louislana), from the Dutch Lower EZocene, resemble the Zartonian
species superficially but are very considerably larger.

Yook fodcdovededede

Nodosaria sp.4
Plate 10, fig.7.

Lescription

Test minute, uniserial, rectilinear, with two chambzrs. £ight shar
simllar costae run the whole length of the test. Aperture terminal, brokc-.
Remarks

A single specimen was recoversd from the Middles 3arton Zeds of Zart-»,
It rescmbles XAASSCHIETZR's (1951) and 3ATJZS® (1958) figures of Heludwigi
REUSS 1866 (Oligocene, Sermany) but is considerably smallers

Yedededevededeiriess
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Genus! Dentalina RISSO 1826

(Type species: DNodosaria (Dentaline) cuvieri D'ORBIGNY,1826,)

Dentalina sp.cf. D.ewaldi (REUSS)

Ilate 10, fig.&.

?Nodosaria ewaldy REUSS,1351. p.58,pl.2,fig.2. (011gocene ,Germany.)
?Nodosaria ewaldl REUSS:EATJES,1958. p.117 (*»a Oligocene,Belgium & Germany.)

Dentalina sp.cf.l sp.cf.Deewaldi (REUSS) :KAASSCHIETER,1961. p.175,pl.7,figs.15,16.
(Lr.Eocene,Netherlands.Wemmel Sand,Asse Clay,belgium.

Remarks

A specles which occurs in small numbers in the Hiddle and Lower Darton
Beds of both sections and in the Chama Ded at Barton. It is usually
represented by broken fragments of two or three slightly inflated, clongate
chambers with slightly depressed sutures, and agrees fairly well with

KAASBCHIETER's (1961) figures. Nodosaria cf. pyrula has drawn out necks

between the chambers and Dentalina sp.2 and D.cf.inornata have shorter chame

bers with more oblique sutures,

Fererefodedededeiek

Dentalina inornata D'ORBIGNY

¥late 10, fig. 9.

Jentalina inornata D'OREIGNY, 1846, p.44,plel,figs.50,51,(Mocene,Vienna Basin.)
Dentalina inornata D'OREIGNY:TEKQUEM,1682. p.37,pl.l,fig.41,
Dentalina lnornata D'ORBIGNY: LE CALVZIZ,1952. pe39.
Dentaline inornata D'OREIGNY: KAASSCHIETER,196l. p.176,pl.7,figs.12,19.
(Lr. - Up. Eocene, belgium,)

Remarks

AL rather variable species, with more or less oblique sutures, smooth,
short, inflated chambers, a terminal and slightly offset gtellate aperture
and sometimes a short prolocular spike. Some megalospheric forms resemble

Stilostomella elezans (D'OKBIGHY) (Miocene, Vienna Dbasin and Lr-Up,.

Eocene, in KAA3SCHIETER,1961), Mlcrospheric individuals are rather
narrower in the 1nltial stages than those figured by KAASSCHIETER. It

occurs sporadically in the Lower and Middle Barton lieds of both sections.

FedededVevedevedede
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Dentaline sp.2
i'late 10, fig,10,

Description

Test minute, uniserial and nearly rectilinear. Chambers smooth,
short and slightly inflated. Sutures distinct and slightly depressed.
Final chambers inflated orally. Aperture stellate, on a short neck and
set on the terminal face, slightly off-centre from the axis.

Remarks

Only the slight eccentricity of the aperture justifies placing this
species in Dentalina instead of Nodogaria. It occurs rarely in the Lower
Garton Beds of Alum Bay and the Middle Parton Feds of both section.

It cannot be matched with any published species. The short chambers
and slightly eccentric aperture distinguishes it from D.inornata and
D.cf.ewaldi.

Fedededeiededededede

Dentalina sp.&

Tlate 10,fig,1l.

Description

Test large, uniserial and curvilinear. Chambers elongate, smooth over
most of thelr length, with inclsed sutures crossed by strong costae. The
costae are restricted to the sutural reglons. Aperture terminal, offe
centre, stellate and drawn out into a neck.
Remarks

The material Is restricted tn rare specimens from the Middle
Darton Deds of Barton and Alum Day. Its costae and large slze distingulshes
it from all other Dartonlan specles of Dentalina and Nodosaria. It differs
from the large, costate species described by KAASBCHISTER (1961) from the
Lowaer Eocene and by BATJES (1958) from the Middle Oligocene in its elongate

chambers and the restriction of the costae to sutural reglons.

Fedeveiededededededs
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Genus: Lagena WALKER & JACOBS 1768

(Type speciest Serpula (Lagena) sulcata WALKER ‘. JACOBS, 1798.)

Lagena globosa (MONTAGU)
Flate 10, fig.12,

Vermiculum globosum MONTAGU,1803. p.523. (Recent,Zngland.)
Lagena vulgaris TERQUEM, 1882. (non WILLIAMSON) p.25,pl.l,fig.3.
(Lutetian,laris EBasin.)

Lagena vulgaris var.oxystoma SHEREORN & CHAPMAN,1886. (non WILLIAMSON,
non REUSS) p.774,pl.l4,fig.15. (London Clay, £nzland.)

Lagena vulgaris TERQUEM: LE CALVEZ,1952. p.39.
Lagena oxystoma SHERBORN & CHAPMAN: BOWEN,1954. p.l42. (London Clay,England.)

Lagena globosa (MONTAGU):KAASSCRIETER, 196k, pe179,pl.7,£15.27.

(Lr-Up. Zocene, Belgium.)
non Lagena globosa SHERBORN & CHAPMAN,1886. p.744,pl.l4,flgs.l1,12,

Remarks

The body of this species is characteristically almost globular,
smooth and unornamented. Some specimens are slightly corroded, giving the
body a hiepid appearance. The neck is cylindrical and non striate.
L.vulgaris WILLIAMSON (1858) is very different, with a much more elongate
body. Raro occurrences at Earton and Alum Zay are from the Middle and

Lower Larton Deds,

et defedehe st

Lazena sp.cf. L.hexagona(WILLIAMSOR)
¥late 10, fig. 13,

?Entosolenia squamosa (MONTAGU) var.hexagona WILLIAMSON,1848. p.20,pl.2,f1g.23.
(Recent,England,)
?Lagena hexagona (WILLIAMSON):50WEN,1654. p.143. (London Clay,England.)
Lagena squamosa (MONTAGU) var.hexagona (WILLIAMSON):ZATJES,1958. p.l18,pl.3,
fig.% (M.Oligocene,Germany.)
7L agena hexapgona (WILLIAMSCN) : HAYNES,1958b, p.72,ple17,fig.8.(Thanetian,Kent.)
Lagena syuamosa {(MONTAGU) var.hexagona (WILLIAMSON): KAASSCHIETER,1961l.p.179,
(Lr.Eocene,Netherlands,M. & Up.
Zocene, Delgium).

Remarks

A small, rather variable pear-shaped form, with reticulate or pustulose
ornament and a circular aperture on a variably developed neck. 3ome speci-
mens from the Middle Barton Beds of Darton have a very short neck and faint
hexagonal ridges on the body. Specimens from the Middle Barton Reds of
Alum Bay are more heavily pustulose and have a longer neck., Intermediates

between these variants do occur. .nother type from the Upper iracklesham
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Leds of Fawley, is larger, with an elongate, lippaed aperture.
Published records of L.hexagona span a range from Upper Cretaceous to

Kecent.

Yededodededidedetede

Lagena sp.cf. L.lagenoides (:'ILLIANSCN)

Plate 10, fig. 14,

?intosolenia marginata (WAL&ZIR& DOYS) var.lagenoides “ILLIANMSON,1858,.

pell,plel,figs.25,26.(Recent,ingland,)
i " 1)s & <S,1958, PollB,p103,

fige7e(i:e0ligocene,Gormany & Lelgium,)

?Lagena {intosolenia) lagzenoldes

Remarks

DATIE3Y (1958) figure differs from the rare specimens from the
liiddle Sarton Leds at “arton in having two longitudinal vanes at 1800,
instead of three at 120°,

fedetedesededededcde

Lagena striata (D'ORZIGHY)

‘Plate 10, figs. 15, 16,

Oolina striata D'CREIGNY,1839, pe21l,pl.5,fig.12.(Recent,Falkland Is.)

Lagena striata (D'ORUIGNY): SHERLORM & CHAPMAN,1886. pe745,pl.lé4,fig.ls,

Lagena striata (D'ORGIGNY): ZOWEN,1954. p.l43. (London Clay, sngland.)

Lagena striata (D'GRBI:NY): 5OWEN, 1957 pe55 (Barton zeds, Carton.)

Lagena striata (uU'CR5SIGNY): LATIES, 1958. pell9,ple3,flg.6.(}.Mdocene,Belgium,

Lagena striata (D'ORBIGNY): HAYNES,1958b. pe72,ple17,fige.7.(Thanetian,Kent.)

Lagena striata (D'ORBIGNY): KAASSCHIZTER,196le p.179,ple7 ,f1g84264
(Lr-Up.Eocene,Belglumjtarton Beds, Sarton.)

Remarks

A‘common species throuvghout the Lartonian at both localities, characte
ised by the numerous, fine, longitudinal striations on a globular to pear-
shaped body. It bears up to four longitudinal, slightly helical ridges on
an otherwi se unornamented neck. The variation of the more elongate specimens
tends towards L.cf.tenuls but the latter has its widest point at the base of
the test, Typical L.strliata bears rings on the apertural neck but In accord-
ance with KAASSCHIETER (1961) and BOWZN (1954, 1957) the present species
cannot be classifled as the ringless L.sulcata (YALKER & JACOB), this having
much stronger costac. L.isabella (D'ORBIGNY) also differs in its stronger

ridges.
detedcfededededdes
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Lagena spe.cf, L.tenuls (DORNEMAIN)
Plate 10, fig.l1l7.

?Qvulina tenuls BORNEMANN,1855. p.317,pl.12,fig.3.(Septaria Clay,

M.Ol1gocene,Germany.)

Lagena_tenuls (TORNEMANN):DATJES,1953. p.119,pl.3,f1g5.23,24. (M.Oligocene,

Belglum,Germany.M.Mlocene;Belglum.)

Remarks

As DATJES (1958) remarked, there 1is nearly continuous variation
between thls specles and L.striata and distinction 1s sometimes very difficult,
It occurs rarely in the Chama Iled at Darton and the Lower Barton lleds at
Alum Bay. L.axiformls MATTHES, as flgured by TEN DAM (1944) from the
bPartonlan of the Netherlands, differs in having an aclcular test without

any basal flattening.

Fedededededdede s

Lagena sp.l.

Flate 10,fig,.18,
Description
Test minute, unilocular, with an elongate, peare-shaped body and a
long (1/3rd length of test) apertural neck. Test smooth and completely
unornamented. Neck and body without break or shoulder.

Remarks

The narrow, elongate shape 1s very distinctive, L.zlobosa has a
shoulder beneath the apertural neck. L.elongata (EHRENBERG) has a cylindrical,

rather than pear-shaped body, and L.laevis (MONTAGU), as flgured by

SHERKFORN & CHAPMAN (1886, pl.l4, fig,.13,) has a similar body but lacks a
neck. At both locallties thls specles occurs sporadlically in the Lower and

Middle Rarton Peds.

Fedevevededededesofe
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Genus: Lenticullna LAMARCK 1804

(Type species: Lenticulites rotulata LAMARCK,1804,)

Lenticulina sp.cf, L.ellisori FOWEN

Plate 10, figs. 215’ b.

?Lenticulina elllsori POWEN,1954, p.l46,pl.A,fig.12.(London Clay,England.)
Lenticulina sp.RATJES,1958. p.109,pl.2,fig.13.(not 15). (M.Oligocene,Relgium,)

Lenticullna sp.cf. L.ellisori BOWEN:KAASSCHIETER,1961. p.172,pl.7,fig.4.
(Lr. Zocene, Ypres Clay, Relgium,)

Remarks

This speclies i{s characterised by its completely involute, slightly
loose collingz, its curved, ralsed and rounded sutures, itsdightly inflated
chambers and 1ts subacute to carinate periphery. It occurs in small numbers
at a horizon in the lower Middle arton Feds at Parton and differs from all
other English Rartonian species in its limbate sutures.

The specific placing with L.ellisori must remain highly questionable.
FOWEN's (1954) typical form has more and (apparently) uninflated chambers.

KAASSCHIETER's (1961) figure shows a more regularly coiled specimen but he

also flgures L.sp.cf. L.costata (D'ORFIGNY) and L.sp.cf. L. jugosa (CUSHMAN
& THOMAS), both resembling the present species in some characters. BATJES's
(1958) unidentified specles is close but shows gradations with a more
loosely colled form,

Fedefefetofedodedede

Lenticulina sp.cf, L.limbosa (REUSS)

Flate 10, figs. 22a, b.

?Cristellaria (Robulina) limbosa RLUSS,1863. p.55,ple6,f1g.69. (CGligocene,

Germany.)
?Cristellaria cultrata (MONTFORT):SHERBORI! & CHAFMAN,1886. p.754,pl.l5,

figs.28,29, (London Clay, England.)

?Lenticulina limbosa (REUSS):BOWEN,1954. p.l47,(London Clay,England.)
Lenticulina sp.cf, L.limbosa (REUSS):KAASSCHIETER,1961. p.172,
(Lr. Eocene, Belgium.)

Lenticulina cultrata (MONTFORT) :KAASSCHIETER,1961l. p.172. (Wemmelian,Belgium.)

Remarks

As BOWEN (1954,1957) pointed out, many 19th Century authors used

L.cultrata (MONTFOKT) (Robulus cultratus MONTFORT,1808,p.215,text-fig.)
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for a Lenticulina with a thin, well marked keel., MONTFORT's type
description and figure are, to say the least, ambiguous and his holotype
unavailable. It is considered inadvisable to use this name, in which case
L.1limbosa (REUSS) takes preference. KAASSCHIETER (1961) distinguishes
the two stratigraphically and on chamber number, but does not figure
el ther,

At Barton and Alum Bay L.cf.limbosa occurs in small numbers in a
restricted part of the Lower Barton Beds, Its distinct keel is more

ragged and spinose than figured in the literaturc.

Fevedededededesedede

Lenticulina sp.cf. L.yaguatensis (BERMUDEZ)
Flate 11, figs. 1 a, b, 2 a, b,

?Robulus yaguatensis BERMUDEZ,1949. p.132,pl.7,figs.29,30. (Oligocene,
Dominican Republic.)

lenticulina sp.cf. L.yaguatensis ( BERMUDEZ) :KAASSCHIETER,1961. p4173,pl.7,
f1gs.8,9. (Ledes Sand,Asse Clay,Belgium,)
Remarks
The common Lower and Middle Barton Beds material agrees well with
KAASSCHIETER's (}961) figures. It is characterised by its broad test,

few chambers, backward leaning, flush sutures, acute periphery and large,

clear umbones,

dedededevedesdedede
Lenticulina sp.l

Plate 11, figs. 3a,b.

Dascription

Planispirally coiled, completely involute, laterally compressed test,
with rounded outline and a subacute periphery. Chambers numerous (8 to 10},
sutures curved backwards. Umbilici small and flush filled with clear shell
material. Aperture stellate and peripheral.
Remarks

The more numerous, high chambers, upright septa and narrow umbilici

distinguish this form from L.sp.cf.L.yaguatensis, It never has the
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peripheral carina of L.cf.limbosa or the limbate sutures of L.cf.ellisori.

It occurs sporadically throughout the Lower and lMiddle Barton Beds of

both scctions,

Fekvedevefokdekek

Genus: Saracenaria DEFRANCE 1842

(Type species: Saracenaria italica DEFRANCE, 1842,)

Saracenaria sp.cf. S.bottcheri (REUSS)
Plate 10, fip. 19.

?Cristellaria bottcheri REUSS,1863. p.49,pl.3,figs.38-42,(M.011gocene,Germany.)
?Saracenella bottcheri REUSngBATJES 1958. p.113,pl.3,fig.lts,
(M.O1igocene,Belgium and Germany.)
Remarks
This rare Middle Barton Beds species differs slightly from REUSS's
and BATJES's typical form in its less depressed sutures and smaller size.

Marginulina crepidula (FICKTEL & MOLL, 1803), recorded by BOWEN (1954) and

SHERBORN & CHAPIAN (1886) from the London Clay of England, is related but

has a smaller uncoiled portion.

fefotoredeiedetedek
Genus: Pscudarcella SPANDEL 1909

(Type species: Pscudarcella rhumbleri SPANLEL,1909.)

Pseudarcella campanula LE CALVEZ
Plate 10, figs. 20a, b.

I'scudarcella cempanula Li CALVEZ,1959. p.%1,pl.l,figs.3,4.(Cuisian,Belgium,
Paris Basin.)

Kemarks

The taxononic placing of Eseudarcella is still far from certain.

Fragments of the acid soluble tests, from the Lower Barton Beds of

Alum Bay, appear completely homogeneous, wi'th no pores, laminations, etc.
when examined under high power. The whole test is apparently calcific
in composition and is in optical continuity. The reader is referred to

LE CALVEZ (1959) regardins its nomenclatural history.
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The Bartonian matertal differs slightly from the typical form in
being slightly lower and less inflated, though not as low as P.rhymbleri
SPANDEL (Middle Oligocene, Rhenish trough) or E.patella GALLOWAY &
HEMINWAY (Upper Oligocene, Puerto Rico). The conical tip is not turned
over, or as inflated, as in P.feugueri LE CALVEZ (Cuisian, Belgium). The
reticulate surface ornament of typical I.campanula and of P.feugueri is
apparently absent,

Identical specimens were recovered at Alum Bay from the Upper
Bracklesham Beds. Specimens identical with typical P.campanula occur
in the lower part of the Upper Bracklesham Beds of the Fawley Transmission
Tunnel (sample 7170),

Sefedededederioverede

Family: POLYMORPHINIDAE D'ORBIGNY 1839

Genus: Sigmomorphina CUSHMAN & OZAWA 1928

(Type species: Sigmomorpha (Sigmomorphina) yokoyamai CUSHVMAN & OZAWA,1928.)

Sigmomorphina_sp.l-
Plate 11, fig. 10,

Description

Test large, compressed, elongate and lanceolate in overall shape.
Chmmbers elongate and arranged in an evolute, ¢lockwise sigmoid series,
the final chamber extending about half the length down the periphery.
Each successive chamber is arranged at about 160° intervals but in large
adults the later chambers are nearer to 180° apart; i.e. true biserial
coiling as characterised by Polymorphinas s.se Thes sutures are incised
and the chambers inflated, with rounded peripheries. Surface ornament
consists of few fine longitudinal costae, usually restricted to the later
chambers and radiating from the terminal, stellate aperture.

Remarks
The evolute sigmold coiling is characteristic of Sigmomorphina,

as discussed by CUSHMAN & OZAWA (1930), This feature immediately distinguishes
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the Bartonian form from Polymorphina striata (EURRCWS & HOLLAND) and

P,anceps PHILLIFI, as figured by HAYNES, 1958a from the English
i'aleocene. P.alleni CUSHMAN & OZAWA (1930), of which a few specimens
were recovered from the Upper Bracklesham Beds, has longer, peripherally
more embracing; biserially arranged chambers and no costae, Sigmomorphina
jacksonensis var. costifera (CUSHMAN) (Upper Eocene, Gulf Coast, UsSehs)
has more numerous costac restricted to the median zone. Young specimens
of Sssp.l are sometimes difficult to distlnguish from Guttulina pulchella.
The latter is more involute, with a lower angle between successive chambers.

At Barton and Alum Bay this species is restricted to the lower part
of the Middle Barton Beds.,

Yedethddefoiedede

Genus: Globulina D'ORBIGNY 1839

(Type speciest Polymorphina (Globuline) gibba D'ORBIGNY,1826.)

Globulina gibba (D°ORBIGNY)

a——

rlate 11. figs. 4,5’6-

Polymorphina (Globuline) gibba D'ORBIGNY,1826. p.266, modele no.63.
Globulina gibba (D'ORQLGNY :D'ORBLGNYAJSAG; pe227,pl.13,figs. 13,14,
_ (Miocene, Vienna Basini)
Globulina inaequalisREUSS,1850. pi377,pl.48,fig.9. (Mlocene,;Vienna Basin.)
Globulina gibba SD'ORBIGNYQéTERQUEM,lBBZa p.130,p1.13,figs.23-25,(on1y).
Polymorphina gibba D'ORBIGNY: SHERBORN & CHAPIAN, 18864 ps775,plel6,f18.5.
(Lr. Eocene, England,)

Globulina gibba (D'ORBIGNY)!CUSHMAN & 0ZAWA,1930. p.60,pl.16,figs.1-4.(et syn.)
Globulina inaequalis REUSS:CUSHMAN & OZAWA41930: p.73,pll8,figs.2-4.(et_syn.)
Globulina gibba (D'ORBIGNY){LE CALVEZ,1950. p.l7.(Lutetian,Paris Basin,
Globulina pibba (D'ORBIGNY): BOWEN,1954. p.163, (London Clay, England.)
Globulina gibba (D'ORBIGNY): BHATIA,1355. p.676,p1.67,fig.19%.

(Lr.Oligocene, England.)

Globulina gibba (D'CRBIGNY): BOWEN,1957. pe57,pl.1,f1g.13,(Barton Beds,Barton.)
Globulina gibba (D'ORBIGNY): HAYNES,1958a. p.S8,ple3,£ig.10,(Thanetian,Kent.)

Globulina gibba (D'ORBIGNY):var.hollandi HAYNES,1958a. pe9,p1.3,fig.12.
Globulina gibba (D'ORBIGNY): BATJES,1958, p.12l,ple4,fig.9. (Lr-Up.Oligocene,
Belgium, Germany)

Globulina bba (D'ORBIGNY): KAASSCHIETER,1961. p.183,pl.8,f1gs5.6,7.
(Lr-Up.Eocene,Belgium,Netherlands,England,France.)

Remarks

In accordance with KAASSCHIETER (1961) latzrally more comprassed
forms, distinguished by some authors as G.inaequalis, are included

with G.gibbae HAYNES® (1958a) G.gibba var. hollandi falls within this
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range of variation, being intermediate with G,inaequalis.

At Barton and Alum Bay G.glbba is frequently found, as it Is through-
out the Tertlary. It varles in shape from belng more or less elongate to
the commoner globular form. The greatest abundance of larger specimens

occurs in the Lower Barton Beds, Rare specimens show a filstulose final chamber.

Sevedrdedrievedekte

Globulina gibba (DYORBIGNY) var.myristiformis (WILLIAMSON)
Plate 11, fig. 8.

Polymorphina myristiformis WILLIAMSON,1858. p.73,pl.6,flgs.156,157.
(Recent, British Isles.)
Lagena costata TERQUEM,1882. (non WILLIAMSON) p.27,plel,fig.ll.
(Lutetian, Paris basin,)
Globulina gibba (D'ORBIGNY) var.myristiformis SWILLIAMSON):CUSHMAN & OZAWA,
1930, p.66,p1.16,f1g.8;p1.20,f1g.6.(et _syn.)
Globulina gibba (D'ORBIGNY) var.myristiformis (WILLIAMSON):LECALVEZ,1950.p.18,
Globulina gibba (D'ORBIGNY) var.sulcata (D'ORBIGNY): L& CALVEZ,1950.
p.18,plib,flgs.54,55, (Lutetian, Paris Basin.)
Globulina gibba (D'OKBIGNY) var.myristiformis (WILLIAMSON) 3 KAASSCHIETER,1961.
' pe184,p1.8,fig.10.(Sands of Ledes,Wermel ,Belgium,)

Remarks
A varlcety of G.glbba, characterised by its few strong, regular costae,

1t was only found in the Chama Bed at Barton.

Fedededededededcdode

Globullna gibba (D'ORBIGNY) var.punctata D'ORBIGNY
Plate 11, fig.7.
Globulina punctata D'ORBIGNY,1846. p.229,pl.13,figs.7,8. (Mlocene,Vienna Basin.
Globulina rugosa D'ORBIGNY,1846. p.229,pl.13,figs.19,20., (Miocene,Vienna Basin.
Globulina gibba SD'ORBIGNY; var,punctata D'ORBIGNY: CUSHMAN & 0ZAWA,1930.
: pe69,pl.17,f1gs.4,5. (et _syn.)
Globulina gibba (D'ORBIGNY) var.punctata D'ORBIGNY:KAASSCHIETER,1961.
pe183,pl.8,f1g5.8,9. (Lr,-Up. Zocene,Belgium,Netherlands,France,tngland,)
Remarks
There is some variation between typlcal forms, densely covered with
fine granules, and more coarsely granular forms approaching G.glbba var.
tuberculata D'ORBIGNY, though the tubercules are never as coarse or as rounded

as those figured by CUSHMAM & OZAWA (1930). At Barton and Alum Bay it occurs

throughout the Lower and iiiddle Barton Beds.

SedededodercFeiededt
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Genus: Guttulina D'ORBIGNY 1839

(Type specles: Folymorphina (Guttuline) problema D*ORBIGNY, 1826,)

Guttulina problema (D'ORBIGNY)
Plate 11, fig. 16.

Polymorphina §Guttuline; problema D!ORBIGNY,1826., pe.266,modele No.6l.

Polymorphina (Guttuline) communis D'ORBIGNY,1826. p.266,p1l.12,figs.l-4;
modele No.62,

Guttulina problema (D'ORBIGNY): CUSHMAN & QZAWA,1930. p.19,pl.2,figs.1-6;
p1.3,fig.1. (et S!no)

Guttulina problema (D'CRBIGNY): LE CALVEZ,1950. p.ll,pl.l,figs.7-9.

(Lutetian, Paris Basin.)
Guttulina communis (D'ORBIGNY): LE CALViZ,1950. p.13,pl.l,figs.13-15,
Guttulina problema (D'ORBIGNY): HAYNES,1958as p.5,ple3,fige5. (et syn.)
(Thanetian, England.)
Guttulina problema (D'ORBIGNY): BATJES,1958. (part) p.l21,pl.4,figs.10,11,
(not 12). (Oligocene,Belgium, Germany.)
Guttulina problema (D'CRBISNY):KAASSCHIETER,1981. p.181,pl.7,figs.30-32;
ple8,figel. (Lr.-Up. focene,Belgium,France,Neths,,England,)

Remarks

‘Both CUSHMAN & OZAWA (1930) and HAYHES (1958a) conclude that Geproblema
and G.communis are synonymous, the differences being based on the very
unreliable guide of chamber shape, Ge.austriaca D'ORBIGNY and G,frankel
CUSHMAN & OZAWA, although quinqueloculine, arz more elongate with more of

the earlier chambers visible than in G.problema. G.problema never has the

constant elongate chambers of G.lactea, nor 1ts acute base,

Neoededehdefededed

Guttulina irregularis (D'ORBIGNY)
Plate 11, fig. 9.

Globulina irrcgularis D'ORBIGNY,1846. p.226,p1.13,flgs.9,10-(Miocene,V1enna)
basin,
Guttulina irregularis (D'ORBIGNY):CUSHMAN & OZAWA,1930, p.25,pl.3,figs.4,5;
: pl.7, figs.l,2. (et syn.)
Guttulina irregularis (D'ORBIGNY):LE CALVEZ,1950, p.l4.(Lutetian,Paris Basin,)
Guttulina irregularis (D'ORDIGHY) :BHATIA,1955. p.676,p1,67,f1g.26.
(Lr.0Oligocene, England.)

Guttulina irregularis (D'ORBIGNY) : RKAASSCHIZTER,1961, (part) p.181,pl.8,fig.3,
(not 2). (Lr.-Up.Eocene,Belgium,Netherlands,France,England,)

Remarks
The rounded-triangular crosse-scction and outline, with the slightly
depressed sutures distinguish this specles from G.problema, even in juvenlle

specimens, BATJES (1958) and KAASSCHIETER (1961) note the similarity and
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the former author groups the two specles under Ge.problema. KAASSCHIETER
(1961) thinks BHATIA's (1955) record of Globulina inaequalis is of a
juvenile G.irregularis, This determination eppears doubtful as BHATIA's
fllustrations show a plump form strongly resembling G.glbba. Without
examining the relevant specimen this question cannot be answered.

CUSHMAN & 0ZAWA (1930) record this specles from the Eocene to Recent. It

occurs in the Lower and Middle Darton Beds of both localities.

Yededededededcdededs

Guttulina irregularls (D'ORBIGNY) var.bulloides (REUSS)

Flate 11, figs. 11, 12,

Globulina bulloides REUSS,1861. p.318,pl.3,fig.4. (Maestrichtian,Metherlands.)
Guttulina bulloides (REUSS):CUSHMAN & OZAWA,1930. p.23,pl.l,figs.7,8.(et_syn.)
Guttulina bulloides (REUSS):BHATIA,1955, p«676,p1.67,fig.28, (Lr,0Oligocene,

England,)
Guttulina irregularls (D'OKBIGNY):XAASSCHIETER,1961. (part) p.l81,pl.8,fig.2,
(not 3).

Remarks
Specimens referable to this variety occur in BURTON's bed G and are
similar to more typical forms common in the Upper Bracklesham feds. They

differ from typical G.irregularis in that the final chamber is laterally removed

from the axis, There 1s complete varlation in trigonal cross-section etc.

with G.irregularis., Indeed KAASSCHIETER (1961) states that the two are

synonymous and evidence is lacking for their distinction above varietal
level. Peripherally more acute specimens resemble the Upper Cretaceous and
Paleocene G,.trigonula (REUSS)s The presence of the offset final chamber and

the absence of true longltudinal ridges distinguishes the Bartonian forme.

Fedededededededodek

Guttulina lactea (WALKER & JACOB )

Plate 11, fig.lS-

Serpula lactea WALKER & JACOR ,1798. p.634&,pl.l14,fig.4.(Recent,England,)

Guttulina lactea (WALKER & JACOS. ): CUSHMAM & OZAVA,1930, p.43,pl.10,figs,l-4,
(et S no)

Guttulina lactea (WALKER & JACOB. ): LE CALVEZ,1950, p.lé.(Lutetian,Faris Basin.)

Globulina lactea (WALKER & JACOD:'): BOWEN,1954. p.l63. (London Clay,England.)

Guttulina lactea (WALKER & JACOD.): HAYNES,1058a. p.4,ple3,fig.l.
(i-aleocene,England,)
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Guttulina lactea (WALKER & JACOD. ) var,elongata HAYNES,1958a. Pe«5.pl.3,f1g.5.
raleocene,England,)
Guttulina lactaa (WALKER & JACO3 ): KAASSCHIETER,1961. p.182,pl.8,fig.5.
(M. & Up, Eocene,lelgium, France, Netherlands.)

Remarks

A small species characterised by 1ts oval cross-section, elongate
shape and elongate chambers, which pass back almost the whole length of
the test. G.problema never has such an elongate test, HAYNES! var.elongata
with 1ts more elongate test and embracing chambers, falls within the range
of varlation of the Bartonlan material. CUSHMAN & OZAWA (1930) show that
typical G.lactea ranges from the Eocene to Recent., It is common In the

Lower and Middle Darton Beds of both sections.

W¥edodrdedodededede

Guttulina pulchella D'ORBIGNY

Plate 11, figs.13, l4.

Guttulina pulchella DORBIGNY, 1839, p.134,pl.2,figs.4-6.(Recent,Caribbean.)

Guttulina pulchella D'ORRIGNY:CUSHMAN & OZAWA,1930. p.33,pl.5, fig.7.(et_syn. .)

Guttulina spicaeformis (ROEMER) var.australis gD'ORBIGNiz‘CUSHMAN & OZAWA,
1930. (E ) p.32,01 5,fig.3-

Guttulina spicaeformis sRGEMnRE var.parisiensis LE CALVEZ,1950. p.15,pl.l,
figs.10-12. (Lutetian, Paris Basin,)

Guttulina pulchella D'ORBIGNY: KAASSCHIETER,1961l. p.182,pl.8,fig.4.

(Lr.-<Up, Eocene,Belgium,Netherlands;Up.Bracklesham Deds,England.)

Remarks

A few specimens from the Lower Barton Deds of Alum Bay are questionably
referrable to this species. They rescmble the typlcal form (very common
in the Upper Bracklesham Beds) in shape and chamber arrangement, but they are
very weakly costac. Specimens in the Middle Darton Deds of Barton also
resémble this species but show the high-angle, slgmoid chamber series,

characteristic of Sigmomorphina sp.ls The typical Upper Dracklesham beds

form has been placed by various authors as varieties of Ge.spicaeformis
(ROEMER). G.woodi HAYHNES (1958a), from the Engllish Paleocene, has more
elongate, embracing and striate chambzrs than G.pulchella.

et —————

Fedetedededetedricde



180,

Genus: Pyrulina D'ORBIGNY 1839

(Type specles: Folymorphina (Eyruline) gutta D'ORBIGNY, 1826.)

Pyrulina thouini (D'ORBIGNY)

Plate 11, figo 17.

Folymorphina thouini D'ORBIGNY,1826. p.265,n0.8;modele no.23.(Eocene,l’arls

Basin.)
Polymorphina thouini D'ORBIGNY: TERQUEM, 1882, p.142,pl.14,fig.33,
Pyrulina thouini gD'ORBIGNY5=CUSHMAN & OZAWA,1930, p.57,pl.l4,fig.6.(ct_syn,)
Pyrulina thouini SD'ORBIGNY§: LE CALVEZ,1950, p.17. (Lutetian,Paris Basin.)
Pyrulina thouini (D'ORBIGNY): nAASSCHIETER,196l. p.185,pl.8,figs.13,14,

(M. & Up.Eocene,Belgium,Netherlands; Bartonian, England,)

Kemarks

A narrow, elongate ¥Yyrulina, cylindrical, except at elther end. The
more rotudd and tapering G.gutta (D'CREIGNY) was not encountered in the
Bartonlan, but is common in the Upper Dracklesham Beds. As KAASSCHIETER

(1961) noted, possible intermediates with D.cylindroldes (ROEMER) occur

among more elongate individuals. Typical D.thouini occurs rarely in

the Lower and Middle Barton iBeds of both sectionse.

Fededededededode sk

Family: GLANDULINIDAE REUSS 1860

Genus: Glandulina D'ORBIGNY 1839

(Type specles: Nodosaria (Glanduline) laevigata Li'ORBIGNY,1826,)

Glandulina laevigata (D'ORGIGNY)

ilate 11, figs.18,19.

Nodosaria (Glanduline) laevigata D'ORBIGNY,1826. p.252,p1.10,figs.1-3,
(Recent,Adriatic. Fliocene,Rhodes.)

Glandulina laevigata (D'OKBIGNY):CUSHMAN & OZAWA,1930. p.143,pl.40,fig.l.

Pseudoglandulina lacvigata (D*ORBIGNY):BECWEN,1954.p.156,(London Clay,England.)

Glandulina laevigata (D'ORBIGNY):DHATIA,1055. p675,p1.67,£18.25,

Glandulina laevigata (D'OKDIGNY):BOWEN,1957. p.55,pl.},fig.26.(3artonian,Barto

Glandulina? laecvigata (D'ORBIGRY):HAYNES,1958as pel&,ple5,figels(Thanetian,Ken

Glandulina laevigata (D°ORBIGNY):BATJES,1958. p.l23,ple4,figs.7,8.

(M.,Oligocene ,Belgium,)
Glandulina laevigata (D'ORBIGNY): KAASSCHIETER,1961, pel87,pl.B,£1g.17.
Lr.-Up.Eocene,Belgium.,Barton Deds,England.)

Remarks
There 1s complete Intergradation in this common Lower and Middle Darton
beds form from typical rotund specimens to a more elongate type. The

latter resembles G.acqualis REUSS of BATJES (1958), G.dimorpha (BORNEMANN) of
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CUSHMAN & 0ZAWA (1930), G? ovula D'CRBIGNY of HAYNGZS (2958a), Rectoglandulina

elliptica (REUSS) of BIGNOT (1962) and Dimorphina sp. of KAASSCHIETER (1961),

The juvenile stage is alway shorter than in G?_ovula or Dimogﬁhiﬁa 5D«
In this study all more or laess rotund, nearly entirely uniserial forms are
united under G.laevigata, regardless of the coilinz in the early stages.
edcdedesedetrihk |
Genus: Fissurina REUSS 1850

(Type species: Fissurina laevigata REUSS,1850.)

Fi ssurina laevigata REUSS
Ylate 11, fig.20,

Fissurina laevigata REUSS,1850, p.366,pl.46,fig.l. (Mliocene,Vienna Basin.)
Entosolenia laevigata (REUSS):BHATIA,1955. p.680,pl,66,fig.12. (Lr. & M,
Oligocene, England.)
Lagena (Fissurina) laevigata (REUSS):BATJES5,1958. p.118,pl.3,fig.25.
(M, & Up.Oligocene, Belgium, Germany.)

Entosolenia laevigata (REUSS):XAASSCHIETER,1961. p.130, (Grussels Sand,Belgium.

Fissurina cf.lasvigata REUSS:3IGNOT,1962. p.167,ple2,£18423-25.(Cuisian,France,

Remarks
A vefy small species, occurring throughout the Lartonian at both
localities. The material agrees well with the published figures and
descriptions.
devedededededededede
Superfamily: BULIMINACEA JONES 1875

Family: ZTURRILINIDAE CUSEMAN 1927

Genus: DBuliminella CUSHMaN 19114

(Type speties: Dulimina, elesantissima D'ORBIGNY,1839;)

Buliminella sp.cf. B.elegantissima (D'ORBIGNY)

’late 12, figs. la, b,

?Bulimina elegantissima D*CREIGNY,183%. p.51,pls7,figs.13-14. (Recent,Western
South America,)
?Buliminella elegantissima (D'ORBIGNY):CUSHMAN & PARKER,1947. p.67,pl.17,
figs. 10.12, (et S!Ho)
Buliminella elegantissima (D'OKEIGNY):EHATIA,1955. p.679,pl.66,fig.11.
(Lr.&M.Oligocene,ingland,)
Buliminella elegantissima (D'ORBIGNY):BOWEN,1957.p.54,plel,figsl7,
(Barton Reds,Garton.)
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Remarks

4 few small, immature specimens, from the liiddle Darton Beds of both
sections, and the Lower Barton Beds of Alum Day, can questionably be referred
to this species. Specimens collected from the Bembridge Oyster Bed (see also
BHATIA, 1955) are more mature and have a more typical acute apex. The long,
narrow chambers and clongate apertural face are considered characteristic by
CUSHMAN & PARKER (1947). B.pulchra (TERQUEM), recovered from the Upper
Bracklesham Beds, has a much larger final coll. [R.striatopunctata (TERQUEM),
extracted from the Bembridge Oyster DJed, im longer with lower, wider chambers
and a smaller, apertural face.

Yevededeiedededededs

Bulimineclla carterl BHATIA

i'late 12, fig.Z.

DBuliminella carteri DHATIA, 1955. p.678,p1.66,f1g.10; text-fig.4.
(Lr. & M, Oligocenc, England.)

Buliminella carteri BHATIA:BATJES,1958, p.126,pl.4,fig.l4,
(M.Cligocene, Belgium,)

Remarks

A small, very short form with four almost globular chambers in the
final whorl. It is quite distinctive and agrees well with the type flgures
and description and with topotype material from the damstead Corbula Ded,
(English M.Oligocene)s It was found rarely in the Chama Ded at Darton
and the Middle Barton Beds of Alum Bay.

Fedededefededodoiede

Family: DOLIVINITIDAE CUSHMAN 1527

Genus: Bolivina D'ORBIGNY 1839

(Type species: J5olivina plicata D'CRBIGNY,1839,)

Bolivina anglica CUSHMAN

Plate 12, fig.3.

Bolivina punctata SHERBORN & CHAPMAN,1886, (non D'ORBIGNY,183%8) p.743,pl.l4,
fig.10. (London Clay, England.)
Bolivina_anglica CUSHMAN,1936. p.50,pl.7,fig.ll. (Eocene,Bngland.)
Bolivina punctata SHERDORN & CHAFrMAN: BOVEN;i954. p.l39, (London Clay,England,)
Bolivina anglica CUSHMAN:KAASSCHIETER,196l.. p.194,p1.9,figs.18,19.
(Lr.~Up. Eocene,felgium.Lr.Eocene,Netherlands,)
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Remarks

A form occurring in the Lower and Middle Barton Beds of both sectlons
and the Chama Bed of Alum Bay. It has narrow chambers, straight or slightly
curved sutures and a subacute periphery. It never bears the sharp perlpheral
carina of B.,carinata TERQUEM, as seen in the Upper Bracklesham Beds.

B,variabllis (WILLIAMSON) has more horizontal sutures and higher chambers.

Yedededededefetedededcde

Bolivina pulchra (TERQUEM)

Plate 12, fig. 6.

Bulimina pulchra TERQUEM,1882. p.114,p1.12,fig.8.(Lutetlan,Paris Basin,)
Bolivina pulchra (TERQUEM): Li CALVEZ,1950, p.43,pl.3,figs.43,44,
(Lutetian,Faris Basln.)
Bolivina pulchra (TERQUEM) $KAASSCHILTER,1961l. p.194,pl.8,flgs.23,24.
(Lr.Eocenc,Belgium.)

Remarks

At Barton and Alum Bay this species occurs throughout the Barton Beds,
as high as the Chama Bed.s The higher, slightly inflated chambers and the
crenulations of the sutures near the axis distinguish it from B.angllica

CUSHMAN and from B.variabilis (WILLIAMSON), as figured by BHATIA (1955).

Specimens of the latter were examined from the Middle Oligocene Hamstead

Corbula Bed.

Yedehedekdriciritidede

bolivina cookel CUSHMAN

Ilate 12, fig.d.

Bolivina cookel CUSHMAN,1922, p.126,p1.29,fig.l. (Oligocene,kississippi.)
Bolivina cookel CUSHMAN : KAASSCHIETER,196l. p.l95,p01.8,flgs.25,26,
(Sands of Wemmel,Clay of Assc,Delgium.)

Remarks
A specles very similar in chamber and suture form to 3,pulchra
but with a subacute periphery and numerous, fine, longltudinal costae covering
the test, especlally proximally., B.fastigia CUSHMAN (Oligocene of Germany
and England) has fewer, stronger costae, a carinate periphery and crcnulate

sutures. D.cookei occurs rarely in the Middle and Upper Barton Beds at Barton
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and the Lower and #iddle Barton Beds at /Alum Bay.

Kl tededddrieds

Bolivina crenulata CUSHMAN

Plate 12, fig.5.

Bollvina crenulata CUSHMAN,1936. p.50,pl.7,f12.13.(Eocene,Hungary.)
Bolivina crenulata CUSHMAN: KAASSCHIETER,1961. p.l194,pl.9,figs.15-17.
(Lr.-Up.Eocene, Belgium. M.Eocene,Netherlands.)

Remarks

A sharply tapering species with highly crenulate sutures. The
crenulations, which are strongest near the axis, occur one above the other
on successive whorls and are marked by rounded longitudinal ridges, These
features make It easily distinguishabie from all other Bartonian species of
Bolivina. It occurs rarely throughout the Barton Beds,.

FodeRkdoiedede dedkele
Family: BSULIMINIDAE JONES 1875
Genus: Bulimina D'ORBIGNY 1825

(Type species: bulimina marginata D'ORDGIGNY,1826,)

Bulimina parisiensls KAASSCHIETER

Bulimina  trigona CUSHMAN & TODD,1945. (non TERQUEM,1882) p.l7,ple&4,fig.6.
_ , (Lutetian, Faris Basin.)
Bulimina trigona CUSHMAN & TODD: CUSHMAN & LARKER,1947: p.91,pl.21,f1g.18,
Bulimina_trigona CUSHMAN & TODD: LE CALVEZ,1950, p.37,pl.3,fig.35.
, (Lutetian, Paris Basin.)
Bulimina parisiensic KAASSCHIETER,1961l. p.190,p1:8,fig.19;p1.9,figs.3,4,
(Lr.-Up.Eocene,Belgium,France,Netherlands.)

Remarks

A species characterised by its rapidly tapéring test, its inflated
chambers and its relatively large final coil., It occurs rarely in the Lower
Barton Beds of both sections and the Middle Barton EBeds of Barton.

KAASSCHIETER (1961) pointed out that the type specimen of Bulimina trigona
TERQUEM is a Valvulina. The name had been used for thls distinctive species
of Bulimina and a new name was needed, He also remarked on its intergradation

with a slightly more elongate form, closer to the Bartonian material, which



185,

may be referable to B.candida TERQUEM, as refigured by LE CALVEZ. This
species was also placed in Valvulina by CUSHMAN & PAKKER (1947) and additionally
is based on a single broken type specimen. Conscquently this name also should
not be used.
Yededevedededekeder
Genus: Praeglobobulimina HOFKER 1951

(Type species: Bulimina pyrula D'ORZIGNY var.spinescens BRADY,1884,)

Pracglobobulimine sp.cf. B.gugoides(D'ORBIGNY)
Plate 12, fig. 8.

?Bulimina pupoides D'ORBIGNY,1846. p«185,p1.11,figs.11,12.(}iocene,Vienna Basine)
?Bulimina pupoides D'CRBIGNY: CUSHMAN & PARKER,1937. (part) p.47,pl.6,figs. 2a, b
only. (not figs. 3a,b.)
?Bulimine pupoidcs D'ORBIGNY: BHATIA,1955. p.680,pl.66,fig.2l.
(M.Cligocene,England.)
?Praeglobobulimina pupoides (D'ORBIGNY): LOEBLICH & TAFPVAN,1964. fig.442: l4a-c,

Remarks

This form occurs rarelyin a few samples from the Barton Beds of both
sections. It has a short, nearly cylindrical test and sloping sutures. It
strongly resembles BHATIA's (1955) and CUSHMAN & PARKER's (1947) figures of
Becoprolithoides ANDREAE in shape but does not have the aperture immediately
above the junction of the second and third chamber; a diagnostic feature.
It also resembles BATJES's (1958) figure of his shortened form of B.clongata
D'ORBIGNY, from the Miocene of Belgium, However, he notes a complete gradation
between this and more typical elongate forms, similar to those figured by
BHATIA (1955) and CUSHMAlN & FARKER (1947), which are quite distinct from the
Dartonian species. Some of CUSHMAN & PARKER's (1947) illuktrations of
E.pupoides are very closec to this material, while others are quite different.
Until more is know of the variation of this form in the Bartonlan open

nomenclature will be used,

Yedededercdededeede



186,

Genus: Reussella GALLOWAY 1933

(Type specles: Verneuilina spinulosa REUSS, 1850,)

Reusselia sp.cf. R.elongata (TSRQUEM)
Plate 12, fig.ll.

?Verneullina elongata TERQUEM,1882. p.l106,pl.ll,fig.13.(Lutetian,Parts Basin,)
-7Reusella elongata (TERQUEM): L& CALVEZ,1950. pe46,ple3,flgs.65,46.
?Reusella elongata STERQUEM): KAASSCAIETER,1961. pe191,p1.9,flgs.7=9,

(Lr.-Up. Cocene, bBelgium, England, France, Netherlands,)

Remarks

A few specimens from the basal Lower Barton Beds of Alum Zay, agree
questionably with this specles, as interprated by KAASSCHIETER (1961). He
records it from the Upper Bracklesham Beds, whence more typlcal specimens
have been observed.

Fedededcdekdefedrdy

Family: UVIGERINIDAZ HAECKLIL 1894

Genus: Sagrina D'ORBIGNY 1839

(Type specles: Segrina pulchella D'ORBIGNY, 1839,)

Sagrina sp,2
Plate 12,f1gs:9,10,

Description

Test minute, elongate, slightly compressed and nearly parallel sided,
Inltially triserial, then biserial for 3/4 of the length. Adult chambers
slightly inflatcd, long, occurring alternately, with a tendency to become
uniserial distally. Periphery rounded, surface finely spinose. Aperture
circular, on a short but distinct neck with an everted lip. A short aboral
spine is sometimes present.

Remarks

A very distinetive specles, restricted at Barton to a narrow zone in
the Middle Larton Beds. At Alum Bay it also occurs rarely in the Lower
Darton Beds. It has not been found in the Upper Bracklesham Beds, where
Sagrina_selseyensis (HEROW-ALLEN A& EARLAND) has a larger test and coarser,

pustulose ornamentation. It differs from Uvigerina farinosa HANTKEN, from
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the Delgian Upper Eocene, and U,batjesi KAASSCHIETER, from the Belgian Lower

Eocene, in its less inflated chambers and different mode of coiling.

Yedededdededededede

Genus! Angulogerina CUSHMAN 1927

(Type species: Uvigerina angulosa WILLIAMSGN,1858,)

Angulogerina muralis (TERQUEM)
Flate 12’ figo 12-

Uvigerina muralis TERQUEM,1882. p.119,pl.12,£1g5.26-29,(Lutetian,Faris Basin,)
Angulogerina murallis (TERQUEM): CUSHMAN & EDWARDS,1937. p.55,pl.8,figs.3-5.
Angulogerins muralls (IERQUEM): LE CALVEZ,1950. p.49. (Lutetian,Faris Basin.)
Angulogerina muralis (TERQUELL): KAASSCHIETER,1961. ps199,p1.10,figs.3,4,
(Lr.-Up. Eocene, Belgium. Lr.-M,Zocene,Netherlands.)

Angulogerina muralls (TERQUEM): BIGNOT,1962. p.166,pl.2,figs.11l-14, (Lr.Eocene,
N.France.)

Remarks
The sipgle specimen recovered from the Middle Barton Deds of Alum Bay
15 identical with specimens from the Upper Bracklesham Beds and with the

published figurcs and descriptions. Uvigerina selseyensis HERON-ALLEN &

EARLAND (1909), whose type level and locality is given as “fossil”, Seclsey,
§s probably a junior synonym of Asmuralis. The same authors distinguish
Buldmina selsevensis HERON-ALLEN & EZARLAND (1911) on its buliminid aperture,
but it is uncertaln whether this feature merely represents the broken base
of the true uvigerinid aperture of A.muralis. EIGNOT (1962) places
A,mauricensis HOWE (1939) (Clairborne Eocene of Loulsiana) in the synonymy
of A.muralis, but the increasc in chamber length and whorl size with growth
1s not as great as in the latter. A.curopaca CUSHMAN & EDWARDS (1937)
(Montian of France) differs from A.muralls in its shorter, less separated
and distally more rounded chambers. It was also recorded by HAYNES (1958b)

from the Thanetian of Kent.,

Sevededevetedededede
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Superfamily: DISCORBACEA EHRENBERG 1838
Family: DISCORBIDAE EHRENDERG 1838
Genus: Eoeponidella WICKENDEN 1949

(Type species: Eoeponidella linki WICKENDEN, 1949.)

Eogponidella_sp.l

Plate 12, figs. 13a,b,c.

Asterigerina sp. KAASSCHIETER,1961. p.234,pl.15,fig.6.(Lr.~UpsEocene,Belgium.
Upper Dracklesham Beds,Barton Beds,England.)

Description

Test minute, trochospiral. Conical angle variable, with complete
gradation from about 100° to 170°, the flatter variant predominating.
Dorsally evolute, with up to four whorls visible. Whorls increasing rapidly
in slze, the final one bearing four or five dorsally and ventrally inflated
chambers., Outline lobulate, periphery well rounded, compressed, but never
subangular. The inclised sutures curve backwards on dorsal side. Umbilicus
broad and shallow. Secondary chambers distinct, slightly inflated and lozenge-
shaped. Aperture umbilical, covered by a large blister-like bulla, leaving
a low, arched, basal opening.
Remarks

This form occurs in lérge numbers in the Lower and }Middle Rarton Seds
and the Chama Bed of both sections. They agree very well with KAASSCHIETER's
(1961) Asterigerina sp., but can clearly be assigned to the genus Loeponidella.
He suggests that they may be varlants of_Asterigerina glabra (BERMUDEZ) ,
an unlikely theory in view of the lack of intermediates. It differs from

Eceponidella obesicubicula PCAG (1966) in its higher spire, less globular

chambers with more angular secondary chambers, and from E,parvipatera r0AG
(1966) (both from the Lower Miocene of Mississippi) in the absence of a keel,
Asterigerina cf,hadleyl HOWE & ROEERTS, as figured by BIGHOT (1962) from the

French Culsian, has more curved dorsal sutures and shows looser coiling,

dedededcdetrdedcdede
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Genus: Epistominella HUSEZIMA & MARUHASY 1944

(Type species: Epistominella pulchella HUSEZIMA & MARUHASI , 1944.)

Epistominella? sp.l

Plate 12,flﬁs.laa,b.

Description

Te;t minute, low trochospiral. Dorsal side nearly flat, with three
whorls increasing rapidly in size: Umbilicus narrow and deep. Feriphery
well rounded, outline smgoth with seven chambers in the final whorl and
nearly radial dorsal and umbilical sutures., Aperture a short low arch at
the base of the semicirculer apertural face, displaced slightly towards the
umbilicus and with a very narrow lip.
Remarks

A few specimens from the Middle Barton Beds are questionably referrable
to this genus on the basis of the almost symmetrically placed gperture. They
differ from E.ovevl (BHATIA,1955) in having a lower spire and a much more
rounded periphery.

destdededodedededede
Genust Daggina CUSHMAN 1926

(Type species: [Laggina californica CUSHMAN,1926.)

Baggina subconica (TERQUEM)

;.'late 12’ figs. lsa’b’CO

Rotalina subconica TERQUEM,1882. pe.6l,ple.b,fige5.(Lutetian, raris Basin.)
Valvulineria ovalis TERQUEM,1882, p,103,pl.1l,fig.10, (Lutetian,Faris Basin.)
Cancris turgidus CUSHMAN & T0DD,1642. p.92,pl.24,figs.3,4.(Cligocene,Germany.)
Valvulineria subconica (TERQUEM):LE CALVEZ,194%, p.26,pl.5,figs.87-89,
Valvulineria subconica (TERQUEM): BHATIA,1955. p.683,pl.67,fig.2.
iBrockenhurst Red, Lr.Cligocene, England.)
Cancris turgidus CUSHMAM & TODD: BATJES,1958. p.l4S,pl.10,fig.5.
(Lr.O11gocene,belgium, Up.Oligocene,Germany.)
Cancris subconlcus (TERQUEM): KAASSCHIETER,196l. p.213,pl.12,figs.6-8.
(Lr.-Up.Eocene,Belgium, France, Netherlands,)

Remarks

A very distinctive specles, whose total range is from Lower Focene

to Lower Mlocene. At Earton and Alum Bay it !s restricted to the topmost
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Lover Barton Deds and lowest Middle Barton Beds, The Dartonian specimens
agree well with the published figures and descriptions. They show some
variation in the degres of lobulation of the outline and strength of the
circum-umbilical protuberances. Most have five chambers in the final whorl,
The presence of the imperforate area over the aperture and the rounded
periphery indicates that the true generic placing of this species should be
in Baggina and not in the peripherally carinate Cancris.
sededeievederedededs
Family: ASTERIGERINIDAZ D'ORBIGNY 1839
Genus: Asterigerina DYORDIGNY 1339

(Type specles: Asterigerina carinata D'ORBIGNY, 1839,)

Asterigerina bartoniana (TZN DAM)

i'late 13, figs. la, b, cs

Rotalia granulosa TEN DAM,1944. (non Rosalina granulose KARRER) p.121,pl.4,
fig.2. (Locene, Netherlands.)

Rotalia bartoniana TEN DAM,1947. p.186.
Asteriéerina bartoniana ZTEN DAM) s KAASSCHIETER,1961. pe232,pl.14,figs.2,3,

(Lr;iUp.Eocene,Belgium,Netherlands,France,England.)

Asterigerina bartoniana (TiN DAM): GRAMANN,19644 p.213,pls20,fig.l.

Remarks

Undoubted specimens of A.bartoniana have been found only in the
Chama Bed at barton. They are large, ventrally papillate, with small
secondary chambers, straight ventral sutures, a broad nonespinose peripheral
carina. They fall within the considerable variation described by
KAASSCHIETER (1961) and agree well both with the published figures and
descriptions, and with Eclgian material from the stratotype Wemmelian.

Yededeverevedede ey

Asterigerina brandhorstiana GRAMANH

Plate 13, figs. 3a, b, c.

Asterigerina bartoniana BATJES,1958, (non TEN DAM,1947) p.158,pl.10,figs.1,8.
(Lr, OIlgocenc, Delgium.)

Asterigerina brandhorstiana GRAMANN,1964. p.216,p1,20,fig.2;p1.21,f15.4;
toxt-fig.2, (Lr.Cligocene,Germany) (:t syn.)

Remarks

A small form, occurring abundantly in the Middle Barton Beds, with



191.

5 to 8 dorsally crescentic chambers and a vitreous, radially caniculate,
peripheral carina. The secondary chambers are small and triangular., The
ventral sutures are characteristically swept backwards distally, not sinuous
as in A.haeringensis LUHR, or straight as in A,bartoniana (TEN DAM). The
ventral face of the final chamber 1s often large and anchor shaped. This
species has more chambers per whorl than the Lower Eocene A.cf.guerral
(BERMUDEZ), as figured by KAASSCHIETER (1961), The Upper Eocene A.cf.glabra
(BERMUDEZ) , as figured by KAASSCHIETER (1961), has fewer chambers and large,
inverted-triangular, secondary chambers. The latter feature also serves to

distingul sh A.brandhorstiana from A.gurichi gurichi (FRANKE) and A.gurichi

staeschl (TEN DAM & REINHCLD), from the Upper Oligocene and Miocene of
Germany respectively. Aespe.indete BHATIA (1955) has 5 or 6 chambers in the
last whorl but has slightly more upright dorsal sutures. GKAMANN (1964)
describes A.brandhorstiana from the Lower Oligocene only, but the present
material must place the lower limit of its range in the Bartonian. It has
not, however, been found below the Middle Barton Beds or recorded from the
Belgian Wemmelian.
Federededededededede

Superfamily: SFIRILLINACEA REUSS 1862

Family: SPIRILLINIDAE REUSS 1862

Genus: Spirillina EHRENBERG 1843

(Type species: Spirillina vivipara ZHRENBEZRG, 1843.)

Spirilitna simplex L& CALVEZ
Plate 12, figs. 16a,b.

Spirillina simplex LZ CALVEZ, 1949. pel3,plel,figsel,2.(Lutetian,Faris Basin.)
?Spirillina simplex LE CALVEZ: KAASSCHIEZTER,1961. ps137, (M. & U, Eocene,
Belgium, France.)

Remarks
A few specimens of an evolute 3pirillina were encountered in the
Lower and lilddle Barton Beds of both sections. They correspond well with
LE CALVEZ's type flgures, though some (see pl,12,figs.l6a,b.) show constrictions

on the otherwise unornamented tube,

Yededededededeiedete
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Superfamily: ROTALIACEA EHRENBERG 1839
Family: UOTALIIDAE ERRENDERG 1839
Genus: Rotalia LAMARCK 1804

(Type species: Rotalites trochidiformis LAMARCK, 1804.)

Rotalia propingua REUSS

Plate 13, figs. 2a,b,c.

Rotalia propingua REUSS, 1856, p.241,pl.4,fig.53.(0ligocene,Germany.)
Rotalia propingua REUSS: BATJES,1958. p.167,pl.l12,fig.ll.

(Lr.-Up.Oligocene,Belgium,Germany.)
Rotalia propingua REUSS: KAASSCHIETER,1961. pe243,p1,16,f1g.12.
(Ms=Up.Eocene ,Gelgium,Neths. ,France,England.;

Kemarks

A common species throughout the Bartonian of both sections. As
noted by KAASSCHIETER (1961) there is some variation in dorsal convexity and
in the position of the ventral sutural grooves. R.papillosa DPORBIGNY
has a more granular umbilical filling and more chambers in the last whorl.
BHATIA's (1955) R.sp.aff.papillosa, from the English Lower Oligocene differs

in the same characteristics,

Yedodefedodefeie ek

Genus: Pararotalia LE CALVEZ 1949

—

(Type species: Rotalia inermis TERQUEM, 1882,)

Pararotalia inermis (TERQUEM)

Plate 13, flgs. ﬁa, b, Ce

Rotalina inermis TERQUEM, 1882, p.68,pl.6,figel.(Lutetian,Paris Basin.)

Pararotalia incermis (TERQUEM): LE CALVEZ, 1949, p.32,pl.3,figs.54-56,
(Lutetian,Paris Basin.)

Pararotalin subinermis BHATIA,1955. p.683,p1.67,fig.3« (Brockenhurst Bed,

Lr.0ligocene England,)

Eararotalia inermis (TERQUEM): LOEBLICH & TAPPAN,1957, p.l4,pl.l,figs.2,3.
Pararotalia subinermis BHATIA: LOEBLICH & TAFCAN,1957. p.20,pl.5,fig.l.

Rotalia audouini KAASSCHIETER, 1961. (part) (non D'ORBIGHY,1850) p.241,pl.16,
figs.9,10. (not 8) (Lr.=UpeEocene, Belgium, France, England,)

Remarks
After examining a large number of heavily keeled Pararotalias from
the English Upper bracklesham and Barton Beds, the French Sables des Auvers

from La Guepelle, and topotype material of L& CALVEZ from the French Calcaire
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Grossier, the author reachcd the conclusion that P.inermis (TERQUEM) and
P.subinermis (BHATIA) are synonymous. LOEBLICH & TAPrAN (1957) distinguish
Posubinermis ® .seee in the more angled peripheral outline, the flatter
spiral side with straight and oblique rather than curved sutures, and the
more elevated umbilical side with large umbilical plug which nearly completely
fills the umbilicus, BHATIA's type diagnosis of this species differs from
LOEBLICH & TAPFAN's emended description in rusinz the greater compression
of the test of P.subinermis as one of his distinctions. The latter authors
show this relationship to be reversed., The shape of the sutures, lobulation
of the periphery and size of the umbilical plug appear to be completely vari-
able. The common Chama Bed material from Barton might be attributed to
LOEDLICH & TAPPAN's emended F.subinermis on its ventrally high test, but the
dorsally curved sutures, lobulate outline and sometimes small umbilical
plug would necessitate its inclusion with Y.inermis.

One character wiiich may be distinctive is the ventral chamber shape.
Most Zartonian specimens show ventrally flat and angled ventral chamber
surfaces and deeply incised sutures. The large sulte of typical T.inermis
from La Guepelle have adult chambers ventt&lly inflated, without the sharp
angle into the suture incisions: Young stages, however, show Ehe flattened
chamber surfaces as in the Darton material, Some large specimens from the
Middle Barton Beds of Barton have a few adult chambers with curved suffaces.

KAASSCHIETER (1961) considers the whole Lararotalia group to belong
to a single specles, Rotalia audouini D'ORBIGNY 1850 (Lutetlan, Faris Basin).
This is thought to be going too far, as V.inermis (and i.subinermis),
Fearmata (D'ORBIGNY) and Fe.spinigera (LE CALVEZ) are distinguishablein all
but very juvenile specimens and do not show complete intergradation.
Moreover, the areal Yararotalia apertureis frequently visible. P.armata
was not encountered at Barton or Alum Bay but good specimens from the Upper
Bracklesham Beds at Selsea (FISHER's bed 21) show the cﬁaracterlstic heavy,

spined keep of this speclies, not the inflated chambers of s spinigera.

Fedededededdededede



194,

Pararotalia spinigera (LE CALVEZ)
Flate 13’ figs. 5&, b, Cs

Rotalia canui CUSHMAN,1928. (part) (pon Rotalia stellata REUSS,1856)
Pe55,ple3,fig.2. (M.Oligocene,France.)
Globorotalia spinigera LI CALVEZ,1949. (non Rosalina gpinigera TERQUEM 1882)
Pe39,ple6,F185.97-99, (Lutetian,Paris Dasin.)
Globorotalia spinigera LI CALVEZ: LE CALVEZ,1952, p.48.
Rotalla canui CUSHMAN: BHATIA,1955. p.684,pl.66,fig.32. (Brockenhurst Bed,
1L.0ligocene,England.)
Rotalla viennensis BHATIA,1955. (non Rosalina viennensis D *ORBIGNY, 1846)
p+684,p1,66,f1g.30 (Venus Bed, Lr.Oligocene,
England.)
“Rotalia" spinigera (LE CALVEZ): GULLENTOPS,1956. p.l7,pl.l,fig.l5.
(Lr. Oligocene, Belgium,)
Fararotalia spinigera (LE CALVZZ):LOEBLICH & TAPPAN,1957. p.l8,pl.4,figs.l-3.
Pararotalia curryl LOEBLICH & TAPPAN,1957. p.13,pl.3,flgs.5-7. (Brockenhurst
Bed, Lr. Oligocene, England.)
Rotalia canui CUSHMAN: BATJES,1958. p.168,pl.12,fig.5-7.(Lr.-Up.Oligocene,
Belgium, Germany.)
Rotalla audouini KAASSCHIETER,196l. (part) (non D'ORBIGNY,1850) p.241,
(Lr.-Up.Eocene,belgium,France,tngland.)

Pararotalia spinigera (LE CALVEZ): BIGNOT,1962. (part) p.172,pl.3,figs.14,15,

(not 16). (Cuisian, France.)

Remarks

Juvenile specimens are difficult to distinguish from juvenile X.ilnermis
and E.armata (D'ORBIGNY), but there is no justification for uniting these
specles as KAASSCHIETER (1961) has done. The adults differ, with no inter-
gradation. F.spinigera has much more zlogular chambers with peripheral
spines, and never has the triangular chambers of P.armata and ¥,inermis,
or the heavy keel of the latter. The cOmmon Bartonian material agrees well
with topotype material from the French Lutetian and with the published figures
and descriptions. It should be noted that the peripheral spines are not
always present. The areal aperture typical of TFararotalia 1s visible in a
large number of specimens.

Topotype material of BHATIA's (1955) Rotalia viennensis proved to be

conspecific with I'.spinigera, differing only in the slightly less inflated

final chamberss From the literature it appears that Q2.curryl LOEZLICH &

TAPPAN (= Rotalla canul of some authors) is also synonymous with this

specles., There is complete gradation between forms with a narrow, spineless
keel and typical Y.spinigera. ID.calvezae LOEBLICH 4 TAYPAN (1957) (Lower Eocene

of Southern France) and isparva (CUSHMAN) (=Rotalia dentata PARKER & JONES
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var. parva CUSHMAN, 1922, Miocene of Mississippi), as flgured by LOEBLICH &
TAPPAN (1957), are very similar to this specles. Doth are from outside the
North West European area and, in thesbsence of topotype material, a valid
comparison cannot be made.
P e
Family: ELFHIDIIDAE GALLCWAY 1933
Genus: Elphidium MONTFORT 1808

(Type species: Nautilus macellus FICHTEL & MOLL var. b FICHTEL & MOLL,1798.)

Elphidium sp.cf. E.hiltermanni HAGN

Flate 1“’ figs. l.a, be

?Elphidium hiltermanni HAGN, 1952. p+163,plil,fig.6; pl.2,fig.l4.
(M.0ligoceneaLr.Miocene, Bavaria.)

Elphidium hiltermanni HAGN: BATJES,1958. pe165,p1.12,f1g.4., (Up.Oligocene-
MeMiocene, Belgium, Germany.) '

Elphidium hiltermanni HAGN: KAASSCHIETER,1961. p«240, (Lr.-Up.Eocene,telgium.
Up.Bracklesham Beds, England.)

Remarks

A rare form occurring in the Lower and Middle Barton Beds of both
sections and the Chama Bed at Barton. It is laterally slightly compressed,
with slightly inflated, peripherally rounded chambers, distinct retral processes
and fine papillations about the aperture. It differs from the typical form
in having 5 to 9 chambers in the last whorl. Many chambered specimens resemble
E.minutum (REUSS) but have more inflated and fewer chambers. The Bartonian
specimens are never as rotund as E.latidorsatum (REUSS).

Frvedededededeiedede

Elphidium latidorsatum (REUSS)

Plate 16, figs-&a ’b.
Folystomella latidorsata REUSS,1864. p.l0,pl.l,fig.6. (Up.Zocene ,Germany.)
Elphidium latidorsatum (REUSS): CHSHMANM,1939. p.39,pl.10,fig.16.
Elphidium latidorsatum (REUSS): KAASSCHIETER,1961. pPe240,pl.15,figs.13,14,
(Lr.-Up.Eocene,Belgium, England, Netherlands.)
Remarks
A species occurring, sometimes commonly, throughout the Bartonian.

It agrees well with published figures and descriptions and is characterised

by its broad, rounded test, with 6-8 uninflated or slightly inflated chambers
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in the last whorl. It has short, distinct retral processes and a papillate
apertural area. Strigillate specimens, as figured by KAASSCHIETER (1961) from
the Dutch Lower Eocene, were not encountered. There is some varlation in

the degree of compression but specimens are never as flattened as E.minutum

(REUSS) or E.cf.hiltermanni HAGN. E.minutum further differs in having more

chambers in the last whorl. BOWEN (1957) records the latter species from the
Barton Beds of Barton, but does not figure it. E.minutum was not encountered

and his record may in fact be of E.latidorsatum.

Fedederedededededed

Elphidium laeve (D'ORBIGNY)

Plate 14, figse. 2a, b.
Nonlonina laevis D'ORBIGNY,1826. p.294, modele no.46, (Lutetian,Paris Basin.)

Nonionina laevis D'ORBIGHY: PARKER, JONES & BRADY,1865. pl.3,fig.97.
Nonionina laevis D'ORBIGNY: TERQUEM,1882. p.44,pl.2,figs.12-14,

Nonion laeve éD'ORBIGNY): CUSHIMAN, 1939, p.3,plel,figs. 6,7.

Nonion laeve (D'ORBIGNY): TEN DAM,1944, p.l108.

Nonion laeve (D'ORBIGNY): LE CALVEZ,1950, p.52. (Lutetian,faris Basin.)
Elphidium leeve (D°ORBIGNY): KAASSCHIETER,1961. p.239,pl.16,figs.15,16,

(Lr.-Up.Eocene, Belgium,France,Netherlands,ingland,.)

Remarks

As KAASSCHIETER (1961) noted, the presence of very small retral processes
over the deeply incised sutures indicates its correct placing is with
Elphidium, not Nonion. The common Bartonian material has a multiple aperture,
consisting of a row of small openings near the basal suture, not a single
basal arch, as described by CUSHMAN (1939), Juveniles are sometimes very
difficult to distinguish from juvenile Z.subnodosum (ROEZMER), The latter has
much less incised sutures, a greater thickness/diameter: ratio and larger
umbilical plugs which are usually confluent with the chamber surfaces. The
third feature was mentioned by KAASSCHIETEK and is fairly conatant,.

The Bartonian specimens agree well with material from the French Lutetian
of Damery. Some published figures of E,laeve show a much more rounded
periphery, including HAYNES' (1956) from the English Thanetian and KAASSCHIETER's
(1961) from the Middle Eocene of Belgium (pl.16, fig.l6). CUSHMAN's (1939,

Pe&5,plall,fig.22) figure of E.cryptostomum (EGGER) also falls within this
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category. It was considered by KAASSCHIETER to be possibly synonymous with
E,laeve. E.laeve var. subexcavata -(BHATIA,1955), from the Lower Oligocene
of the Isle of Wight, has a less compressed tast and less inciged sutures.
Protelphidium sublaeve (TEN DAM), from the Faleocene of the Netherlamxis and

Kent, differs from E.laeve in its lack of retral procésses.

Yededodedevedededee

Elphidium subnodosum (ROEMER)

Plate 14, figs, 3a,b.

Robulina subnodosa ROEMER,1838, p.391,pl.3,fig.61.(Mocene,Gernany.)
Elphidium subnodosum (ROEMER) 3 CUSHMAN,1939. p.40,pl.ll,fig.2. (et syn.)
Elphidium subnodosum (ROEMER): TEN DAM & REINHOLD,1942. p.79,pl.5,flg.9.
(Oligo-Miocene, Netherlands.)
Elphidium_subnodosum (ROEMER): BATJES,1958. (part) p.l63,pl.8,fig. l3only.
(et_syn,) (Lr.-Up.Oligocene,Belgium,3ermany.)

Elphidium subnodosum (ROEMER) ¢ KAASSCHIETER,1961. pe239,pl.16,figs.17,18.

(Lr.-Up.Eocene,Belgium,Netherlands,England.)

Remarks

As mentioned above, this species differs from L.laeve in its less incised
sutures (they are depressed only near the umbones) and its chamber surfaces
running into the large, glassy umbones, without any separating depressione
A few specimens were recovered from the Lower and Middle 3Barton Deds of both
sections, most of which were rather small. The large, heavily keeled form
figured by BATJES (1958, pl.8, fig.l2) from the Belglian Middle and Upper
Cligocene was not encountered. All the Bartonlan specimens more closely

resemble his figure from the Lower Qligocene.

Yevedededededrdedede

Zlphidium sp.4
Plate 14, flgs. Sa,b.

Degeription

Test large, planispiral, involute and quite thick, with 12 to 13 chambers
in the finel whorl. Umbilici filled with two large, glassy, sparsely
perforated plugs. Pore canals are mainly restricted to the edges of the plugs,
which are separated from the chamber surfaces in adults by a sharp break in

slope, never a depression., Sutures upright proximally and slightly curved
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backwards towards the subangular but not sharp or carinate periphery.
Sutures incised slightly proximally, where they bear faint retral processes,
and less so towards the periphery., Outline smooth or occasicnally slightly
lobulate. Area below the apertural face finely papillate., Aperture multiple,
consisting of a row of fine holes on the basal suture,.
Remarks

This species is restricted to the lower part of the Middle Barton Beds
at Barton and Alum Bays It has not been found outside this horizon in the
Bartonian, nor in the Upper Bracklesham Beds or any other older strata
examined. It differs from B.laecve in being less compressed and having less
incised sutures and larger umbilical plugs. Juvenile specimens are sometimes

difficult to distinguish from juvenile E,subnodosum, but the sutures are seldom

as flush as in the latter speciecs. Large specimens of Z.sp.4 differ from
large E.subnodosum, as figured by CUSHMAN (1939) and BATJES (1958) from the
Middle and Upper Oligocene, in thelir consistant lack of any keel, but the
two species are probably closely allied. E,laeve var, suﬁexcavata (BHATIA)

has smaller umbilical fillings and fewer chambers in the last whorl,

dedededetododededede

Family: DNUMMULITIDAE DE BLAINVILLE 1825

Genus: HNuwinulites LAMARCK 1801

(Type species: Camerina laevizata BRUGIERE, 1792.)

Nummulites prestwichianus (T.R.JONES)

Plate 15, figs. 7,8,%9.

Nummularia elegans J.de C.SOWERBY, in DIXON, 1850, (part) p.35.

Nummulina glanulata var.prestwichiana T.R.JONLS in FISHER,1362. p.93.

Hummuli tes wermelensis vare.prestwichii (T.R.JONES): DT LA HARPE,1882, p.92.

Nummulites elegans T.R.JUNES,1887. p.142,pl.ll,figs.l=b,

Nurmuli tes orbignyi var.elegans,LISTER,1905. p.30&,p1.5,figs.1-7.

Nummull tes prestwichianus (T.R.JONES): CURRY,1937, pe242,p1.20,f1gs.7,8,9;
pl.21, fig.10.

Nummuli tes prestwichianus (T.R.JONES) :WHITE,1963. ple2,fig.2.

non Nummalaria elegans J.de C.SUWERBY,1826. p.76,p1.538,fig.2.




199,

Description

The microspheric and megalospheric stages are not distinguishable
externally. The large test reached 2950 microns in diametar in the
29 specimens measured, though larger specimens have been recorded
(up to 4000 microns, T.R.JONZ3, 1837). It is characteristically very
flat and almost parallel sided. Diameter/thickness (D/T) ratios vary
from 3.75 to 7.00, Adults have a subquadrate or rounded periphery In
apertural view. Juveniles show a flattened lozenge~-shaped section, with
a sharp periphery. Ornamentation is absent except for a strong, flush,
umbilical granule in adult forms. Cceasionally juveniles are found with
a marked umbilical protuberance on one side only (a pathological feature).

The septal filaments are characteristically strongly sigmoid in both
adults and juveniles., In juveniles they are strongly curved backwards
over their whole length, while in adults they are proximally upright or
set forward.

In equatorial splits the septa of adult whorls are proximally upright
for about a half or two-thirds of their lensth. Distally they are very
strongly swept back to meet the marginal cord at a small angle above the

 bases of the preceeding septa. Juvenile septa tend to be curved over
their whole length, without initial upright portions, The adult
chambers are relatively high and short, with a height/lensth (H/L) ratio
of about 1,5 to 2,0, Juvenile chambers have a much lowerratio. Fine
canals can frequently be secen in the outer walls running forwards and
perpendicular to the septa in all but the most juvenile whorls. These
are probably the earliest stages in the development of trabeculae.

The spiral lamina is rather thin in relation to that of il,variolarius
and N.sp.le The whorls are relatively loosely coiled and show a rapid
increase of chamber height with age, This tends to produce partially
uncoiled zerontic specimens with slight thickenings or small, flush
granules where the septal filaments of the final whorl crosses the

periphery of the previous one. The megalospheric proloculus is relatively
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large, varying from 90-150 ricrons, with an average of 108 microns for
10 specirmens.,
Remarks
CURRY (1937) very adequately resolves the nomenclatural complications
surrounding the early placing of this species. He shows that the type

specinens of Hummalaria elegans J.de C,SOWERRY are in fact Nummuli tes

planulatus (LAFARCK), a quite distinct Cuisian species, It has also been

frequently attributed to {.orbignyl (GALEOTTI) (=N,wemmelensis Di LA HARPE),

vhich 1s related both morphologlcally and stratigraphically. :l.orbigny}
differs in having external dimorphism and a strong umbilical plug,

This species also closely resembles N.germanicus (BORN:EMANE), from

the Uppermost Zocene and Lower Oligocene of Germany and the Netherlands
(see LATJ<3, 1958). Its megalospheric proloculus size (120-.190 microns)

is greater than that of N.prestwichianus and it i{s stratigraphically distinct,

specimens of the Tethyan form M.boullleil DE LA dARFE (= §, tourneri
Di LA HARFZ) from blarritz were examined. They are somewhat flatter and
larger but showed many related features such as loose coiling, swept back
septal filaments, etc, It ranges from the iartonian to the Lower CGligocene
and, assuming open migration paths from the Aquitaine 3asin, provides at
least one possible origin for the plexus of HNorth West Zuropean flattened
NMummuli tes.

The type locality of il.prestwichianus is the base of the Zarton

Jeds at Alum Zay., It also occurs as pyritic casts at Larton and has been
reported from Whitecliff Day and Henglstbury ifead (CURRY, 1942, pl.3).

It 1s restricted at all these localities to the basal sarton Beds, though
it has been observed at Alum Lay overlapping slightly with the range of
Nerectus CURRY.

ferchevedeiedoiedete
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Nummulites rectus CURRY

Plate 15, figs. 10, 11, 12, 13,

Nummulites variolarius: all records from the Bartonian of Barton and
Alum Day.

Nummulites variolarius, T.R.JCHES,1827, (part) plell,figs.l10,11 only.

Nummuli tes rectus CURRY,1937. p.241,p1.20,figs.1-3;ple21,fig.ll.

Description

The megalospheric and microspheric forms cannot be distingulshed
externally. Three equatorial splits were found showing microspheric
proloculi. Test large, up to 3000 microns out of the 67 specimens
measured. In apertural view adult tests have flattened umbilical areas
and well rounded, subquarirate or quite sharp peripheries. Juvenile
specimens tend to be more lozenge-shaped, with either a sharp or a well
rounded periphery. There is a considerable variation in shape, with the
D/T ratios varying from 1.37 to 4,62, DlNMany of the fatter forms proved
to be worn specimens from which the peripheral part of the final whorl
was missing. Cne assemblage (5912) from Barton consisted almost entirely
of larger, flatter forms but these were almost always perfectly preserved.
Real morphological variation (as against preservational variation) doecs
occur but intermediates show that the species is a single plexus, wi;h the
shape varying continuously between two rather different end members.

Umbilical granules may or may not be present in adults and juveniles.
More rotund specimens, both largse and small, show a slightly protruding
umbilical granule, indicating a linkage between these two features.,
Larger, flatter forms show granules (always flush) more rarely. In some
large fat specimens the granule is divided into a small cluster, as in
the H.varlolarius groupe.

The septal filaments tend in adults to be upright or inclined forwards
proximally, curved and swept back distally. They are often slightly sinuou
and frequently branched, especlially in uncoiled forms, An unusual
feature is a preservational effect caused by the periphery of the final

whorl being eroded whereby only the proximal, forward inclined parts of the
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septa are left, In juveniles the septal fillaments ere straighter and
swept back only near the periphery and the youngest forms have septal
filaments curved back over thelr whole 1ength.

In equatorial splits the adult speta are upright or inclined back-
wards proximally. Distally they become swept back quite strongly (more
so in fatter forms), though never as far as those of N.prestwichianus.
Juvenile septa are curved back along their whole length. The chamber
height tends to be 1.2 to 1.6 times the length in adult whorls, the
flatter forms having relatively higher chambers. Canals in the walls
running perpendicular to the septa are frequently seen both internally
and externally in well preserved specimens. The spiral lamina is very
variablain thickness, as is the tightness of coiling, with flattened
forms tending to show looser coiling. Partial uncolling is a common
feature and is shown by most adults, It 1s partly responsible for
branching of the septal filaments, otherwise caused by irregular production
of the growth spiral. The size of the megalospheric proloculus varies
from 60 50 150 microns, with an average of 74 microns for 16 specimens,
Remarks

The great morphological variation in this species would perhaps
justify distinction of two varieties if it were not for the presence of
a gradational series between them. The complete stratigraphic overlap
between the end members also waighs against this distinction, as this
would serve no useful stratigraphic purpose (both types occur together
in most assemblagzes).

The species shows affinities with the MN.variolarius sroup, Nespe3
and N.sps.2. The close morphological similarity between N.sp.3 and
some of the flattened forms would indicate a line of descent from the
former, rather than through N.sp.2, as suggested by CURRY (1942). The
di fferences between N.rectus and N.variolarius group lie in the greater

size, swept back septal fllaments and higher /T ratios of the former.
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It differs from Hesp.2 in its lack of external dimorphism and difference
in shape of the 'A' forms.
The type level of N.rectus is BURTON's (1933) bed A3 at parton.
It also occurs abundantly in bed A2 and has been reported from bed 3 (not
found by the author). At Alum Bay it occurs at equivalent levels and has

been found overlapping with N.prestwichianus. A sample from Whitecliff

Eay (1602), from the same part of the Lower Farton “eds, also yielded

specimens,

Avcvedededevevedede

Nummulites variolarius (LAMARIK)

Lenticulites variolaria LAMARCK,1804; pp.l187-128,
Nummulites heberti D'ARCHIAC & HAIME, 18534 p.l47,pl.9,figs.l4,15.

lummuli tes variolarius (Lai.ARCK) var.l

Plate 15, flgs. 14, 15, 16,
Description

Only megalospheric specimens could be found, The megalospheric
proloculus 1s small In comparison with 6ther specles of Nummullfes
studied; between 30 and 40 microns, with an average of 35 microns out of
11 speclmens measured.

The adult test is small when compared with other Upper Locene species
an® only reached 1350 microns out of 24 specimens measured. 3oth adults
and juveniles have a characteristic fat lozengeeshape in apertural view
with single large, slightly ralsed and rounded polar pustules and a sube
quadrate periphery. The septal fllaments of most adults and a few
juveniles are usually unthickened, upright and straight or slightly
sinuous for most of their length, only becoming turned back near the
periphery. Parasigmoid septal fllaments occur in most juveniles and more
rarecly in the adult form. Canals running perpendicular to the septal

filaments are never seen. Septal filament branching occurs quite
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frequently and is usually associated with the irregular production of
the growth spiral, seldom with uncoiling and then only in the largesf
specimens,

In equatorial splits the adult septa are backward leaning mnd
strajght or very slightly curved over thelr whole length. They are never
strongly curved or distally hooked. Juvenile septa are similar but
tend to be slightly more curved and slightly more oblique. The spiral
lamina is thin, the colling tight and the chambers long and low, with
an RB/L ratio of about 1.0 to l.3.

Remarks

The lozenge=-shaped peripheral profile and very small megalospheric
proloculus distinguish this form from all other English Upper Eocene
specles.s The ' A' forms of most other specles examined have a similar
apertural shape In their immature stages and only develop specific

differences in the adult, Only the very juvenile forms of N.variolarius

var.2 are lozenge shaped, "adolescents’ and adults being centrally much
more tumid and rounded. The plots of D/T ratios (which vary from 1,80
to 2,50) against diameter tend to overlap with parts of other groups.

It should be born in mind that these measurements reflect the overall
shape of the specimen, not the actual lateral contours.

Nevariolarius var.l is a relatively long ranging form, and has been

found assoclated with H.laevigatus (CRUGULERE) (=N,lamarcki D'ARCHIAC &
HAIMZ} in the Upper Lutetian (FISHER's Bed VIII) of Whitecliff Bay
(sample 7190), to as high as the top of FISHER's bed XVII in Whitecliff
3aye It is the dominant specles in the Brook Fed equivalent at
Whitecliff Eay (FISHEK's bed XIV«XV). In other samples it is subordinate
In numbers to other species; to Nesp.l in the lower Upper Bracklésham
Beds of Fawley (sample 7170) and to N.variolarius var.2 in FISHIR's bed

AVII at Whitecliff Bay and its equivalents.

Yekedededededese stk
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Nummullites variolarius (LAMARCK) var,2

i tnpa———

Plate 15, figs. 17,18,19, 20,

Nummulites variolarius (LAMARCK): T.R.JONE3,1887. (par rt) p.145 pl 11,

fig, 12 only.

?Hummul} tes variolarius (LAMARCK): LISTER,1905. plub,6 figs.
Nummull tes variolarius (LANMARCK): CURRY,1937, p.240, pl 20 figs.k,S 63
ple2l,fig.9;.

Nummulites variolarius (LAMARCK): BLONDEAU & CURRY,1963, pl.l&,ﬁigs;l,Z.
Nummulltes varjolarius (LAi‘ARCK): BLONDEAU,1967. p.912,p1.28,figs.3,20,
Description

The two generations are externally indistinguishable and only one

split specimen proved to have a microspheric proloculus., Apart from this
and its slightly greatersize (1950 microns in diameter) it is identical
in all other characters to the 'A' form.

The test is large (up to 1700 microns out of 37 specimens measured)s
In apertural view adults and most juveniles are strongly tumid and biconvex,
with a well rounded or subquadrate periphery. Very immature stages have
a lozenge shaped profile and a subquadrate periphery. The D/T ratios
are low, varying from 1,78 to 2.50, and overlap strongly with the 'A' forms
of N.variolarius var.l and N.spp.l mnd 2 when plotted against the dlameter.
Overlap with N.sp.3 and N.rectus is less pronounced and is restricted
mainly to juveniles. The poles of adults are marked by strong, flush
granules, which in large ;pecimens are associated with smaller subsidiary
granules and in juveniles become slightly raised to form rounded polar
puctuless The septal filaments are characteristically thickened away from
the poles, resulting in a serles of flush, radlally elongate granules
distinct from the polar complex. BEoth adult and juvenile septal fllaments
are radlal and strajight or slightly sinuous for most of their length,
only becoming swept back slightly very near the periphery. Large
specimens occasionally show central whirling of the fllaments. Fine,
short wall canals are often semn running perpendicular to the septal
filaments, Filement branching is quite common and is associated with
irregular growth and, in large specimens, with slight uncolling of the

last whorl,
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In equatorial splits the shape of the septa, tightness of colling,
thickness of the spiral lamina, and helght of the chambers are the same

as in N.variolarius var.l. The proloculus size is however considerably

greater, varying from 50 to 70 microns, with an average of 62 microns
for 14 specimens. Thus there is no overlapin size with that of H.varlo-
larius var.l.

Remarks

N.variolarius var,2 has been observed only from FISHER's bed XVII

and its equivalents at Selsea, Lec-on-Solent and Bramshaw.  Its

stratigraphic relationship with N.variolarius var.l indicates that it

might have been derived from that form by an increase in proloculus size.

If thishypothesls is correct then il.variolarius var.l might be tentatively

suggested as the stock from which the other English Upper Socene Nummuli tes
evolved; N.spp.l and 2 by the development of external dimorphism, and

perhaps Mespe3, Neprestwichianus and N.rectus by flattening of the test,

The strong distinction in proloculus sizes and subsidiary differences
in shape and ornamentation indicate that N.varlolarius iIs not the homo-
geneous species thought by many authors. The relationship of the English
form and continental luropean specimens attributed to the same species
(and to the possibly conspecific N.heberti) still remains unknown but one
would expect at least similar variation to be shown. A related Tethyan
- species is N.garnieri. This ls a small Upper Lutetian to Lower bartonian
form from the Aqulitaine EBasin, which characteristically has slightly sinuous
septal filaments, ornamented by raised granules, Reduction in calcificatio
as a result of lower temperatures due to higher latitude might have produce
members of the N.variolarius group from llegarnierl by phenotypic

variation,

Fekedetedededededede
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Nummulites sp.l

Plate 16, figs. 1,2,3,4.

Description

Size dimorphism is pronounced in this species, enabling the micro-
spheric and megalospheric generations to be separated without sectioning.
Megalospheric Form

Test large, up to 1950 microns in diameter out of the 26 specimens
measured, In apertural view the adults are lenticular and strongly tumid,
with a subquadrate periphery. Juveniles are lozenge shaped in apertural view
with a raised polar pustule and a sharp or subquadrate periphery. D/T
ratios vary from 1,70 to 2,12 for 16 individuals and overlap strongly with
the N.variolarius group when plotted against the diameter. Ornamentation
in the adult consists of a very strong, flush polar granule, sometimes with
ancillary granules, A pitted texture is often present on the test surface,
probably causerd by pressure solution.

The septal filaments in the adult are proximally thickened and upright,
Only near the periphery do they become swept back to meet the marginal cord.
Juveniles have more hooked septal filaments, with a shorter proximally
upright portion. Septal filament branching is only assocliated with
gerontic individuals,

The adult septa in equatorial splits leman backwards proximally. They

curve smoothly backwards, as in U.variolarius and N.sp.2, meeting the

spiral lamina in a relatively large, acute angle, Juvenile septa are
similar but are distally curved back farther. The chambers are low and
long, with an H/L ratio of approximately 1,0 to l.3. Coiling is tight,

as in N,variolarius group, and the spiral lamina is relatively thick,

The proloculus is large in comparison with N.variolarius vaml and 2,
varying from 70 to 120 microns, with an average of 100 microns for 10
specimens.
Ml erospheric Form

This has a large test (up to 4400 microns in diameter out of 16

specimens measured), which is centrally strongly tumid and tapering rapidly
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to give a characteristic broad, peripheral flange. One or more flush

polar granules are strongly developeds The D/T ratios vary from 2,25 to
4,40 in the 10 individuals measured and shov a separate (more tumid) cluster
from the '2' form of N.sps2 when plotted against the diameter.

The septal filaments are radial or slightly winding centrally, straight
or slightly sinuous for most of their length and become swept back only
near the periphery. Thickenings occur proximally and again at the inner
edge of the flange, where they sometimes develop into small granules.
Sranching is rare and assoclated only with irregular deveIOpmenf of the
growth spiral, not with uncoiling of the final whorl, a feature which has
not been observed. Canals are frequently seen internally running perpen-
dicular to and forward from the septa.

In equatorial splits the adult septa are proximally upright or set
backwards, Theybecome strongly swept back after about two-thirds of their
length and meet the spiral lamina at a small angle. Younger septa are as
in the 'A' formss The adult chambers are considerably higher than they
are long, with an H/L ratio of about 1.8 to 2.3, while younger chambers are
lower, though always with an K/L ratio of more than 1.0,

The spiral lamina is characteristically very thick in comparison
with all other Upper Zocene .lummulites., Coiling is rather loosez, looser
than in the 'B' forms of ilespe2. Younger whorls are more loosely coiled
than those of adult megalospheric Nespe.l.

Remarks

This specles occurs in samples 7170 and 7030, from bed H in the
Fawley Transmission Tunnel (see CURRY, HODSOM & WEST, 1968) and
FISHER's bed XIV=XV in Whitecliff 2ay (Brook 3ed equivalent) respectively.

The microspheric form rescmbles microspheric N.chavannesi DE LA HARPL

(0 Heruetimeyeri DE LA HARPE), an Aquitaine Fasin species with a similar

centrally tumid, peripherally flanged shape and swept back septal filaments.
This ranges from the Bartonian to Lower Qligocene in various parts of the

Western Tethys, a somewhat later level than its first appearancé in Britaln,.
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The very close morphological similarity of the megalospheric form

with the N.variolarius group indicates that it is more likely to be

derived directly from the latter than from a possible Tethyan ancestor of
.chavannesi. The 'A' form differs from both varieties of Hsvatiolarius
in its larger proloculus, It is externally &slso considerably largar than
N.variolarius var.l, with which it occurs. The strong dimorphism shown
by Nesp.l also indicates its relationship with Nssp.2 and it is possible

that the latter could have developed from this species.

dededededeiedededede

Nummuli tes sp.2

Plate 16, figs.5,6,7.

?Nummuli tes variolarius (LAMARCK):var,CURRY,1937. p+241,pl.20,fig.l2,
Nummuli tes variolarius (LAMARCK):var.CURRY,1942, pp.99-101.

Deseription

Dimorphi sm marked, both internally and exterﬁally, the ‘B! forms
being considerably larger and flatter than the *A' forms.
Megalospheric Form

Test large, up to 2100 microns out of the 10 specimens measured. In
peripheral view the adults are flat and reguiarly lenticular, with a sharp
or slightly rounded periphery and B/T ratios varying from i.28 to 2,62,

Thus they are very similar to [livariolarius in shape. Ornamentation consists

of a cluster of small polar granules, always flush with the surface but
rarely completely absent. No juveniles were examined. The septal
filaments are proximally thickened as in N.variolarius. They are straight
or slightly sinuous and only become swept back near the periphery.
Branching of the septal filaments is common but ls'unaccompanied by uncoiling
of the final whorl.

In equatorial splits the adult septa are proximally sloped backwards,
becoming continuously curved back along their whole length to meet the
marginal cord at a relatively large, acute angle. The juvenile septa are

very similar to those of the adults, They do not show the strongly swept



210.

back septa of N.rectus, },prestwichianus and Nygp,3. The chambers are
quite low and long, as in N.variolarius, with H/L ratios of about 1.0 to
l.3. Canals perpendicular to”"the septal filaments are rarely seen and

are short and very fine.

The spiral lamina iswelatively thin in comparison with N.variolarius,

though the tight coiling and increase in chamber helght with age are very
nearly the same as in the latter. The megalospheric proloculus is large,

an average of 130 microns for 2 specimens (120-140 microns).,

Microspheric Form

The 'B' forms of this species are considerably larger than the ‘AY
forms, up to 3800 microns for the 4 specimens measured. In apertural view
they are flattened, though not parallel sided, raised at the poles and
tapering at the edges to glve a sharp or subquadrate periphery. The D/T
ratios are high, ranging from 3,56 to 5.43., A single, large, flush polar
granule can be seen in some specimense.

The septal filaments are strongly sinuous, but meet the periphery
nearly at right angles, Branching is frequently seen, but the uncoiling
noted by CURRY (1942) was not seen in the specimens examined. Trabeculas,
which are sometimes visible are short and strong on both sides of the
septal filaments.,

A single specimen was sectioned to examine the septa. In the adult
whorls theso are proximally upright for about 3/4 of their length and
distally strongly swept back., The juvenlle septa are gently curved back
along thelr whole length. The spiral lamina 1s considerably thinner than
in Nesp.l. The chambers are higher than they are long, with H/L ratlos
varying from approximately 1.5 to 2,0; about the same as in li.sp.l but
not as high as in H.prestwichianus. Coiling is tight in comparison with
el ther of the above forms.

Remarks
This species was originally described by CURRY (1942) from the

‘R.canalis’ bed, a transitional Auversian-Bartonian horizon, exposed
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at Afton Brickyard (thres miles east of Freshwater, Isle of fiight).
He also reported 1ts occurrence in a similar bed at Gunville Brichyardf
near Newport, Isle of Wight, and from the Sands of Ledes, from Bambrugge;;
Belgium, Both the Isle of Wizht localities are now deeply weathered and
heavily overgrown and the writer is indebted to Mr,Curry for his donation
of specimens for study from the former section.

The size dimorphigm of N.sp.2 separates it from all other MNorth
West European Upper Eocene species except Nesp.l and N,orbignyi,
although the 'A" forms strongly resemble those of N.variolarlus and
Nespele Its differentiation from MNesp.l lies in its thinner spiral
lamina and higher /T ratios in microsﬁheric forms. As noted by
CURRY (1942) the 'A' forms of N.orbignyil are smaller and flatter and the
'B' forms show a marked polar pustule, not seen in this species.

CURRY (1942) placed this species in an intermediate position on the

line of descent of N.rectus from N.variolarius, naming it as a variety of

the latter. 3uch a theory would require the lineage to pass from non-
dimorphic to dimorphic to non-dimorphic and the discovery of another
Upper Zocene dimorphic species renders it unlikely.

Nsp.l and N.sp,2 are closely related forms., Flattening of the test
and decrease in the thickness of the spiral lamina of microspheric H.sp.l
would produca a morphology very similar to that of microspheric l.sp,2.
The megalospheric forms are almost identical. These two are the only
externally dimorphic specles of inglish Upper locene Nummulites and li.sp.2
is tentatively thought to have evolved from H.sp.l, although their strati-
graphic separation precludes drawing a definite line of descent in fhe
absence of intcrmediates,

There is a strong morpholosical series between N.spe3, and on one
hand, N.rectus,and on the other ll.prestwichianus. This indicates that
the Nummulites of the Barton Beds (s.s.) developed through the externally

non~-dimorphic Nesp.3 rather than from the strongly dimorphic H.sp.2
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as suggested by CURRY (1942)., This line of argument indicates that,
on present evidence, N.sp.2 is the final product of the dimorphic linew

age in Britain at leasts

Kdededeeievoleded

Nummulites sp.3
Plate 16, figs.8,9.10,11.
Nummulina cf.variolaria (LAMARCK): FISHER,1862. p.80.
Hummulites elegans (J.deC.SOWERBY):T.R.JONES, 1887, (part) p.l42,pl.ll,
figs. 5-9 only.

Nummulltes prestwichianus (T.R.JONES) var.CURRY,1937. pe263,p1.20,f1gs,10,
l1.

Description

The only difference between the microspheric and megalospheric fornms
is the proloculus size. Test large; up to 2450 microns in diametef, out
of 29 specimens measured, In apertural view the sides of adults are
umbilically flattened and rounded towards the periphery, which is usually
subquadrate. Juvenlles are 102enge-shape& in apertural view, but never
have a sharp periphery. A characteristically strong umbilical granule
15 usually flush in adults or slightly ralsed to form a polar pustule in
some adults and most juveniles., The D/T ratio varies from 2,58 to 4,50 in
adults and 1,50 to 3.50 in juvenlles, the test thus being considerably
more tumid fhan in typical N.prestwichianus. The adult shape overlaps
strongly with N.rectus and weakly with l.prestwichianus. Juveniles
overlap strong with li,variolarius.

In adult specimens the septal fllaments are upright and straight or
very slightly sinuous. Only near the periphery do they bend back strongly.
The geptal filaments of the juveniles are usually similar but occasionally
show strong curvature along thelr whole length. DBranching of the septal
filaments is fairly common in adults., It 1s assoclated with uncoiling
or sometimes with irregular development of the growth spiral,

The adult septa In equatorial splits are straizht and proximally
slightly backward sloping for 3/4 of their length, after which they bend

back to meet the marzinal cord at a relatively large acute angle. The
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juvenile septa are proximally much more tnelined, then arch back gently
along their whole length., The chambers tend to be slightly higher than
they are long at all stages of growth, with an H/L ratio of approximately

1.3 to 1.5. They are never high and short as in Neprestwichianus.

Vary fine, short wall canals or incipient trabeculae are very occasionally
seen,

The spiral lamina is relatively thick and is similar in both
generations. Coiling tends to be tighter than in N.prestwichianus

but not as tight as in Ne.variolarius. Uncoiling occurs only in the

largest, gerontic, specimens, The megalospheric proloculus size varies
from 70 to 110 microns with an average of 94 microns for 7 specimense.
Remarks

This form has been referred to in the literature as a varlety of
N.prestwichianus. Certaln strong differences preclude {ts placing with
Neprestwi chianus, including its much lower 3/T ratios, straighter septal
filaments and tighter coiling. It also shows a close gimilarity with
the more flattened members of the N.rectus complex, Some of the
juveniles of Nespe3 show simiiar /T ratios, septal filaments and

apertural view outlines as some juveniles of the N.variolarius plexus,

indicating possiblc affinities with this group as well, Thus N.sp.3
must be regarded as a form morphologically intermediate between the two
stocks of British Upper Zocene Nummulites and provides a possible link

between the Nevariolarlus complex and the two dissimilar Rartonian

spectes: N.prestwichianus and N.rectus. It also shows affinities

with Neorbignyi in its strongz umbilical plug, but differs in its lack
of slze dimorphism,

The horizon to which Nespe3 is at present restricted (the Hunting-
bridge Sed of Huntingbridge and Studley Wood in the New Forest) has been
regarded as uppermost Upper Bracklesham 3eds in lithofacles, and faunally
transitional between the fAuversian and Bartofilan. The author is
indebted to Mre.D.Curry for his provislon of material for study from

duntingbridge. Fededededededededede
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Superfamily: GLCORIGSRINACEA CARPENTER, PARKER & JONES 1862

Famjly: GLOTIGZRINIDAE CARPINTER, PARK:ZR & JONis 1862

Genus: Globigerina D'OXEIGNY 1826

(Type species: ZSlobizerina bulloides D'ORBIGNY, 1326,)

Slobigerina sp. cfs. G.angustiumbilicata 3BOLLI

Plate 12’ figs. 178’ b’ C.

?Globigerina clperoensis angustiumbilicata BOLLI,1957. p.109,pl.22,figs.12,13;
Pel64,p1,36,f12.6, (Oligocene? Trinidad,)
Globigerina sp.indet. BHATIA, 1955. p.685,pl.66,fig.28, (5rockenhurst fed,
Lower Oligocene, Isle of Wight,)
Globigerina specfs angustiumbllicata ZOLLI: KAASSCHIETEZR, 196l. p.236,pil,.15,
flgs.7,3. (3ands of lLedes,Wemmel,Clay ofisse,Belgium,Sands of Leds,Neths.
Barton Beds, Zngland.)
?Globlgerina angustiumbilicata BOLLI: EAMiS, SANNIR,BLOW & CLARKE, 1962+ p.35,
Ple9,figs.X-2; text-flgs.9(4),16(6,7.) (topmost Up.Zocene-?Tortonian,
Aquitaine, America,)

Remarks

Large numbers of small Globigerinae occur in the Lower and I:dddle
Barton Beds and the Chama Zeds They are all of about the same size, more
or less hispid, with & to 5% chambers in the final whnrl and a narrow
umbilicus, They vary continuously between two slizhtly different end
memberse.

The chambers of one type increase less rapldly in size, giving a
slightly higher spire. They have less incised sutures and the chambers are
elevated slightly ventrally, giving a tighter umblilicus. The final
chamber is displaced slightly ventrally. The other type shows a greater
increase in chamber slze with development and more incised sutures,
giving more globular, sometimes even radially elongate chambers. The
spiral side is lower and the umbilicus not so deep, though equally
narrows The complete Intergradation and obvious homogencity of the
assemblage precludes division into more than one species. DIJoth end
members are usually present in any one sample and nelther shows any
stratigraphic separation so subspecific differentiation also can be
ruled out.

In addition to the Zartonian occurrences KAASSCHIZTZR (1961) also

records and figures identical specimens from the 3elgian Upper Zocene .
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Topotype specimens of Globigerina sp.indet. BHATIA, (1955), from the

Lower Oligocene Erockenhurst Bed of Whitecliff Bay, were examined and

found to be conspecific with the Bartonian species. BRONNIMANN et ale

(1968) show the distribution of this form in the North West European

Tertiary as from Upper Zocene to Lower Oligocene. This is somewhat

lower than BOLLI®s (1957) type level but EAMES et al. (1962) also record

it from the Upper Eocene to the Middle Mlocene (Tortonian). Their figures
show the typical Tethyan form to be somewhat larger but, in the absence of
large quantities of comparative material, no revision of its taxonomic rlacing
is here proposed.

Yedviededeiciehick

Superfamily: ORBITOIDACEA SCHWAGER 1876

Family: CIBICIDIDAE CUSHMAN 1927

SGenus: Cibicides MONTFORT 1808

(Type species: Clhicides refulgens MONTFORT, 1808,)

Cibicides carinatus (TERQUEN)

Plate 14, figs. 8a,b.ce

Truncatulina carinata TERQUEM,1832. p.94,pl.10,figs.l,2. (Lutetian, Faris
Basin,)

Cibicides carinatus (TERQUEM): Li CALVZZ,1949. p.45,ples,figs.72-74,
Cibicides carinatus (TERQUEM): KAASSCHILTER,1961s p.221,plelé,fig.6.

(et_syn.) (Lr.-Up.Eocene,Belgium,France,Netherlands.)

Remarks

A few specimens of this much compressed, planoconvex, coarsely perforate
speclies were found in the Middle Barton Beds of both sections. They are
identical with rare Upper Bracklesham Beds specimens. The only notable
difference from C.lobatulus is its broad, vitreous peripheral keel,
indeed KAASSCHIZTZR (1961) considers it to be a deviant of that very

variable species.

Fedededevevedescdede
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Cibicides lobatulus (WALKER A& JACOB)

Plate 14, figs. 9a, b, €.

Nautilus lobatulus WALKEZR & JACOB, 1798, p.642,pl.l4,f13.36. (Recent,England. )
Cibicides lobatulus (WALKIR & JACOE) : L& CALVEZ,L9&9. pe&46. (Lutetian, Paris)
Basin,
Cibicides lobatulus (UALKER & JACOB): BATJES,1958. p.l53,pl.9 2£1gs.7,8,
(et _syn.) (Lr.Oligocene-M.¥iocene,Belgium,iermany.)
Cibicides lobatulus (WALKER & JACOB): KAASSCHIETER, 1961, p.221,pl.l4,fig.5.
(et _syn.) (Lr. - Up. Eocene, Belgium, France, Netherlands, England.)

Remarks

This species is taken here to include all specinens with a more or
less flattened dorsal side, a lobulate perirhery and a disc-like dorsal
unbilicus, As previous authors have noted, C.lobatulus is probably
polyphyletici It could be an ccophenotypic encrusting form of a nunber
of species, which would explain the similarity of juveniles with juvenile

Coproprius, C.dutemplei, C.ungerianus and C.cf.tencllus. In the Bartonian

it is extremely difficult to distinguish from juvenile C.ungerianus and
Cevialovi, where the dorsal granulation is often not fully developed until
later stages. In the 1literature it has been recorded from all stages from
the Faleocene to Recent. In the Bartonian it is present in small numbers

throughout most of both sections.

*Pevrkdedededede

Cibicides pygmeus (HANTKEN)
Plate l4, figs. 7a, b, c.

Pulvinulinq_pygmea HANTKEN, 1875, pe73,p1.10,£f17.8,(Eocene, Hungary.)

4 . $ BHATIA,1955. po6P3,p1.67 flSo-,l
(Lr.Ol1 gocene, Brockenhurst Bed, ungland.)

1258, polb€,pl.7,fiz.11l.(M.011gocene,

Cibicides cus (HANTKEN) : KAASSCHIETER,1961. p.219,pl.14,flg.1.
(Up. Eocene,Belgium, Zngland,)

Remarks

This is the dominant species in the Lower Barton Eeds and part of
the Middle Barton Zeds, where it occurs in large numbers. As noted by
KAASSCHIATER (1961) the aperturs frequently passes to the dorsal side,
placing it in Clibicides, not Eponldes. It is characterised by being

dorsally evolute with a rounded periphery, not angular like that of
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C.dutemplei (D°ORBIGNY), or carinate as in C.sulzensis (HERRMANN) » The
height of the spiral side is rather variable, the more flattened, more
involute forms (particularly in the Upper Eracklesham Beds) tending towards
C,proprius (BROTZEN), The spiral side is never as coarsely perforate as
Cedutemplel and often bears a smooth, glossy dome of clear caleite (not
seen in the Stercoscan photographs)e It differs from C.cf.tenellus (RZUSS)
with which it is frequently found, in fts rounded noncarinate periphery,
flush rather than limbate dorsal sutures, more radial ventral sutures and

usually higher, more evolute spiral side,

Fedededededededeich

Cibicides sp.cf. C.tencllus (REUSS)

?Truncatulina tenella REUSS,1865. pe477,01.5,f12.6.(Up.Clizocene,Germany)

7Cibicides tenellus (REU3S): TEN DAM & REINHOLD,1942. pe99,pl.8,£ig.6;
fige2., (M. & Upe Cligocene, MNetherlands.).

?Cibicides tenellus SREUSS):BATJES,IQSB. pel51,p1.9,figse3,4.
(Lr. Cligocene - M.Miocene, Belgium, Germany.)

Cibicides sp.cf. Cetencllus (REVSS): KAASSCHIETER,1961l. p.219,pl.l4,fig.2.
(Up. Eocene, zelgium, Netherlands,England.)

Remarks

Most of BATJES' (1958) German and Zelgian Cligocene specimens, including
topotypes of REUSS®s, were characterised by the presence of a glossy,
ventral, umbilical knob, BATJES (1958) and KAASSCHIETER (1961) found that
specimens from the Delglan Lower Tongrian, Ledian and YWiemmelian seldom
show this feature. Similarly the common Lower and Middle Barton Beds
specimens are usually without a ventral knob., They have a large number of
chambers in the last whorl with sutures which are characteristically strongly
curved and limbate or even beaded dorsally, and are ventrally f£lush and swept
backwards near the acute periphery. Nany specimens are rather thicker and
dorsally more domed and evolute than KAASSCHIZTLR's figure. These approach
Cepygrmeus from which juveniles are sometimes cifficult to distinguish when
suture limbation is poorly developed. lore compressed juveniles are also
hard to divide from juvenile C.ungerianus and C.lobatulus, though the adults

never develop the dorsal umbilical granules or dis¢s of these two species.
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C.crassivellauni WOOD & HAYNES (1957), from the English Paleocenc, has

fewer chambers in the last whorl and is dorsally much flatter.

Fedririededrolrdede st

Cibicides ungerianus (D 'ORBIGNY)
Plate 14, flgs. lla, b, c.

Rotalina ungerjana D'ORBIGNY, 1846, Pel57,p1.8,figs.16-18. (Mioceni, Vienna

Basine

Cibleides ungerlanus (D'ORBIGNY): TEN DAM & REINHOLD,1942., p.98,ple8,fige5.
(Oligocene-Miocene, Netherlandss)

Cibicides ungerianus (D'ORBIGNY): BATJES,1958. pel52,p1.9,fig.6s (M.Oligocence
M.Miocene, Belgium, Germany.)

Cibicides specfs Csungerianus (D'ORBIGNY): KAASSCHIETER,106ls pe220,pl.14,
fig.3s (Lre-Up.Eocene, Belgium, England, Netherlands.)

Remarks

A Lower Barton Beds form, characterised by its angular periphery and
the secondary granules which cover the early whorls on the dorsal side,
These are sometimes fused §ntd one or two glassy knobs: The spiral side
is convex, with curved, limbate sutures. The ventral sutures simllarly
are curved backwards, but are almost flush, The dorsal granules are always
present, (they are migsing in some of KAASSCHIETER's specimens), and serve
to separate this species from C,tenellus. However, juveniles may integrade

with juvenile C.lobatulusi The acute periphery distinguished C.ungerianus

from evert the most compressed spaecimens of Cevialovi BYKOVA. Also the
sutures of the latter are never limbate and are always depressed.
Yevededriedolededete
Cibicides vialovl BYKOVA
Flate 14, figse. l2a,b,ce
Cibicides vkalovi BYKOVA, 1939. ppe31,37,ple4,figsel3-15.(Eocene, Uzbeck,S¢S.R:

Cibicides vialovi BYKOVA: KAASSCHIETER,1961s pe220,p1.13,fige8+(UpsBracklesham
Beds, and Barton Beds, England.)

Remarks

In the Middle Barton Beds this species is dominant and is characterised
by its depressed sutures and the multiple knobs < clear calcite on the
sarly chambers of the gpiral side. These are surrounded in adulf specimens
by the lipped, relict apertures of carlier chambers, Juvenlle speclmens

are quite distinct from C.ungerianus in their depressed and non-limbate
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sutures, Some specimens in the upper part, and most from the lower part
of the Middle 3arton RBeds are more compressed and have a more subacute
periphery than those dominant in the upper Niddle 3arton Beds. There is
complete intergradation between these and the peripherally better rounded

forms,

Fedededededededodede

Superfamily: CASSIDULINACEA D'ORZIGNY 1839

Tamily: CAUCASINIDAEZ BYXOVA 1959

Genus: Fursenkoina LOLBLICE & TAPPAN 1961

(Type specles: Virgulina squammosa D'ORBIGNY, 1826.)

Fursenkoina spe. cf, F.schriebersiana (CZJIZEK)
Plate 14, fig.6.

?Virgulina schriebersiana CZJZEK,1847. p.l47,pl.13,f1g5.18-21, (}locene,Vienna
Basine)

?Virgulina schriebersiana CZJZEK: CUSHMAN, 1937, pel3,p1.2,figs,.11-20,(et_syn.)

Virgulina schriebersiana CZJZiK: BHATIA, 1953. Pe581,ple66,f15.24; text=figs 6.
(}vs0ligocene, Up.Hamstead 3deds,3Znglar-

?Virgulina schriebersiana CZJZiK: EATJES,1958. Pel29. (M.l'locene,Belgium,)

Remarks

This specles occurs frequently in the Lower and iliddle Barton BSeds.
It agrees well with BHATIA's figures from the Hamstead Corbula 3ed, with
fts initially triserial then twisted biserial elongate testand hlgh aperture.
It ranges, according to the literature, from the iiddle Oligocene to Recent
and BHATIA's is the lowest published record in Lngland. Topotype specimens
from the Vienna Basin (Imperial College Collection) are rather larger but
its variable nature precludes definite taxonomic placing. The only related
form found Is an unnamed species of Cassidella from the Upper Zracklesham

Seds, It has less depressed sutures and is twisted blserial throughout.

Fereaedederevedervdr
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Family: NONIONILAE SCHULTZE 1354
Genus: Nonlon MONTFORT 1308

(Type species: Nautilus incrassatus FICHTEL & MOLL, 1798,)

Nonion affine (REUSS)

Flate 14, figs. 13&,b.

Noniona affinis REUSS,1851. p.72,ple5,fig.32.(Cligocene,Germany.)

Nonion affine (REUSS): CUSifMAN,1939. p.9,pl.2,fig.13.(et syn.)

Nonion affine (REUSS): TEN DAM,1944. p.108. (Lutetian,Netherlands.)

Nonion umbilicatulum (WALKER & JACCB) : BHATIA,1955. p.678,pl.66,fig.2.
(Lr.Oligocene, England.)

Nonion umbilicatulus (MONTAGU): BOWEN,19057. (non BOWEN,1954) p.57,pl.l,fige.22,
23, (Barton Beds, Barton.)

Nonion affine (REUSS): BATJES,1958. p.140,pl.6,fig.12.(Lr.Oligocene - ld.Miocene,
Belgium, Germany,)

Nonion affine (REUSS): DOLTOVSKOY,1953. p.195.(et syn.)

Nonion affine (REUSS): KAASSCHIETER,1061. p.203,pl,.ll,figs.3,4.(Lr.~Up.Eocene,

Belgium,France,Netherlands,England,)

Remarks

This smooth, slightly compressed species, with its characteristic deep
umbilicl occurs commonly in the Lower and lower Middle Carton Beds of both
sections, Identical forms are common in the Upper Dracklesham Deds and its
total range in the literature is from Eocene to Recent,

There is a large group of smooth, many chambered, biumbilicate Nonlons
and this species has in the past been confused with several of them.
LOLTOVSKOY's (1958) well argued paper has gone a long way to clarifying this
controversy and the reader should consult it for a full synonymy.
N.chapapotense COLE differs in having two glossy umbilical plugs. KAASSCHIETER
(1961) records specimens like this but none were encountered in the present
studys N.halkyard} CUSHMAN, N.soldani:} (D®ORRIGNY) and N.pompilioides (FICHTEL
& MOLL) are much broader in apertural view than N.affine. They are common
somewhat higher in the Tertiary and BOLTCVSKCY (1958) considers them to
represent a single species. CUSHMAN (1939) records N.halkyardi from,
among other places, the Upper Dracklesham Beds of Vhitccliff Day but all those
found in the present study were true H.affine. HNe.barleecanum (WILLIAMSON)
and N.zaandamae (VAN VCORTHUYSZN), also considered by ZOLTCVSKCY to be one

species, differ from Neaffine in having thicker sutures and coarser perforations.
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Of the numerous citations of M.umbilicatulum (WALKER & JACOB) DEATIA's (1955)

and DOWEN's (1957) can fairly confidently be included in N.affine. The
former considercd N.affine to be a junior synonym of N.umbilicatulum. The

type figure of N,umbilicatulum is extrcmely ambiguous, the holotype is

missing (see CUSHMAN, 193, p.2l) and it would be very unuisc to use this

name until more is known of its original character. LOWEN (1954) also

recorded “N,umbilicatulus”® from the London Clay of the Reading Area, 3pecimens
from a sample of London Clay from Wraysbury, near Staines, agree with ICWEN's
(1954) figures. They have the same shape ctc. as N.affine but are definitely

slightly trochosplral and thus do not belons in this genus,

Jedevededededededede

Nonion grani ferum (TIRQUEM)

Plate 14, figs. 15a, b.

Nonionina granlfera TERQUZM,1882. p.42,pl.2,fi35.8,9.(Lutetian,Paris Basin,)

Nonion graniferur (TERQUEM): CUSHMAN,193C0. pel,plel,figs.9-11.

Nonion graniferum (TERQUEM): LE CALVEZ,1950. pe53,pl.4,figs.58,59.(Lutetian,

Varis 3asin,)
Nonion _depressulum SOWEN,1957. (non WALKER & JACOZ,1793) p.57,pl.l,figs.20,21,
(Rarton Deds, Barton,) _
Nonion grani ferum (TERQUEM): KAASSCHIETER,1861. p.204,p1.10,fig.15. (Lr.-Up.
Eocene, Delgium, France, England.)

Nonion graniferum (TERQUEM): DIGNOT,1962. (part) p.l168,pl.3,figs.i4,5 only.
(not 1-3). (Lr.Eocene, France,)

Renmarks

This species occurs throughout the Barton Leds at both sections, Small
specimens are typical, with nearly radial sutures and sparsely,finely granulate
unbilici. Larger specimens, particularly those from the CLhama Led, have
higher chambers, more curved sutures and more densely granulate umbilici,
tending towards the Oligocene speciess N.jzranosum (D?ORRBIGNY) (=N.depressulum
of DHATIA, 1955). The granulations on thesc speclimens sometimes spread out
of the umbilici around to the base of the apertural face, a feature not scen
in those from the Middle and Lower [arton Deds., Larger forms with the much
broader, lower chambers of N.rocmeri CUSHMAM were not encountered. The
aperture 1is nearly always obscured so the relationship with Protelphidium

hofkerji HAYNES, which has a multiple aperture, could not be eclucidated.

Fedevededodehededt ¥
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Nonion sp.d

Plate 14, figs.l5a,b.

Qescription

Test minute, planispiral and deeply biumbilicate. Uight chambers
in the final whorl, increases rapidly in size., Feriphery rounded, outline
stellate, with the adult chambers each showinz a circum-cameral, rounded,
flange-like extension facing towards the aperture, Apertural face semi-
circular. Aperture broad and low, extending into both umbiilici.
Remarks

A single specimen was found in the Middle Darton Geds of Barton
(sample 6941), It differs from all other species of Honion by virtue of its
peculiar chamber shape, but may be a variant of N.affine.

Fedetedededededoddc
Genus: Nonionella CUSENMAMN 1926

(Type species: Nonionella miocenica CUSHMAN, 1926,)

Nonionella spissa CUSHNMAN

Plate 15, figs. la, b,

Honionalla hantkeni (CUSHMAN & APTLIN) var.spissa CUSHMAN, 1931.

Pe58,ple7,fige13. (Jackson Eocene, S.Carolina,
Nonionella hantkeni var,spi ssa CUSHMAN: CUSHNMAN,1939.
p«30,p1.8,fizs5: (et syn.

Nonionella spissa CUSHMAN: KAASSCHIETER 1961. p.205,pi.11,figs.7,8.
(Lr.-Up+Eocene, Delgium.)

Remarks

The rare Middle Farton 3Beds specimens agree fairly well with
KAASSCHIZTER's (1961) figures and correspond to his more compressed type.

They are never as lossely coiled as H.wemmelensi s KAASSCHIETER, nor do they

have the laterally slightly overhanging final chamber, EHATIA®'s (1955)
figure of N.auricula HERCM-ALLEN & EAKRLAND (Recent, English Channel), from
‘the Middle Oligocene Hamstecad [Deds, appears to be very similar, but in the

absence of comparative specimens no decision can be reached.

Fedcdeickdededciede
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Genus: Pullenta FPARKER & JONES 1862

(Type species: HNonionina bulloides D'ORBIGNY, 1846,)

Pullenia gquingueloba (RZUSS)

Plate 15, figs. 2a,b.

Nonlonina quinqueloba REUSS, 1851 pe71,pl¢5,f1g.31.(0ligocenc,Germany.)

Pullenia quingueloba (REUSSS: SHERBROKN & CHAPMAN, 1889, pe5,pl.ll,fig.29,
(London Clay,England.)

Pullenia guinqueloba (REUSS) ¢ BURROWS & HOLLAND,1897. pe47,ple2,flzg.21,
(Thanetian, Kent.)

Pullenia quingueloba (REUSS): CUSHMAN & TODD, 1943. p.10,ple2,fig¢55ple3,f1ge8.

Pullenia quinqueloba (REUSS): TLN DAM,1944. p.128.

Pullenia guinqueloba (RZUS ): BOWEN, 1954, pe139,pleA,fig.8.(London Clay,ingland.
?Pullenia spe.lndetes 3HATIA, 1955, pe685,p1e66,fige27.(Lre=lio0ligocene,ingland,)
Pul lenia quingueloba (REUSS): BOWEN,1957, Pe55,plel,flg.16,(Bartonian,Barton,.)
Pullenia quinqueloba (REUSS): HAYNES,1958ba. pe76,plel7,figs.l6-21,
(Thanetian, Kent,) '
Pullenia guinqueloba (REUSS): BATJZS, 1958, pel39,pl.6,fig.8,(M.Ologicene -
*.Mlocene, 3elgium, Sermanya)

Pullenla guinqueloba (REUSS): XAASSCHIETER, 1961, p.202,pl.ll,figs.l,2.

(Lr.eUp.Eocene,Balgium,England,Netherlands.)

o Ive foe

Remarks

Most of the Bartonian specimens, from the Lower and riddle Barton Beds,
have 4% chambers in the last whorl. They are more laterally compressed than
P.quaternaria (REUSS) and P.bulloides (D'ORBIGNY), with a more lobulate

outline than the latter. The apertural area is usually paplllate or hispid,
Yodedededededdedede
Family: ANOMALINIDAE CUSHMAN 1927
Genusg: Hanzawaia ASANO 1944

(Type specles: Hangawala nipponica ASANO, 1944.)

Hanzawala producta (TERQUEM)

Plate 15’ flgs.“a’b’c ’Sa’b,

Truncatulina producta TERQUEM,1882. pe92,pl.9,figs.20,21,(Lutetian,Paris Basin,)
Ciblecides Eroductus ZTER§UEM§: LE CALVEZ,1949's ps49,ple4,figs.69-71,
Hanzawala Eroducta STERQUEB’Q: KAASSCHIETER:IQ6 . p0226,p1.13,f18013¢ (Lr.-Up-

Eocene,3eclgium,England ,France,Netherlands.)
Remarks

A single, questionable specimen was found in the Lower Rarton Feds of
Barton. Like the more typical materlal from the Upper Bracklesham Beds 1t 1s
dorsally and ventrally rather involute, with an angular periphery and strongly

curves sutures,
Sonevesr e R
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Superfamily: RODERTINACEA REUSS 1850
Family: RCBERTINIDAE REZUSS 1850
Genus: Robertina DORBIGNY 1846

(Type species: Robertina arctica D'ORDIGNY,1846.)

Robertina germanica CUSHMAN & PARKER

Plate 15, figs. 3a, b.

Robertina germanica CUSHMAN & PARKER,1933. p.73,ple13,fig.2.(Lr.0Oligocene,
Germmn
Robertina germanica CUSHMAN & FPARKER: CUSHMAN & PARKER, 1947. p.73,p1.18 figeSe

Robertina germanica CUSHMAN & DARKER mAASSCHIETER,196 e Pe201,pl.10,f1gs.
11 & 12, (Up.Locene,Belgium.England.)

Remarks

A larze form common in the Lower and Middle barton Beds and the Chama
Bed, It is more elongate and has less depressed sutures than R.ovigera
CUSHMAN & PARKER (Lutetian, Daris Hasin) or R.declivis (REUSS) (M.Oligocene,

'-Germany). Redeclivis also differs in having its apertural face displaced

laterally.,
Sededefetedededeiele
Other Foraminiferal Remains
"icroforamini fera®
Ylate 15, fig.6.
Remarks

The tectinous inner linings of the early stages of Foraminiferida occur
in many samples and are particularly common in the upper Middle 2arton Beds
and Chama Bed of Barton. Nost are black or brown and translucent in trans-
mitted light., They consist of a number of chamber linings, joined by their
foramina mnd arranged in a planispiral series. The interior of a broken
specimen of Cribrostomoldes pauperata shows, not the v wal pyritlc infilling,
but part of a "Mleroforaminiferid®, It is not certain whether all the
“icroforaminl fera'! are derived from agglutineted forms. /Another type encoun-
tered very rarely in the Chama Ded of Larton consists of a flat spiral, without

constrictions, such as would be expected from a non-septate, planispiral form

like Glomospirella spel.
Mot fededededodofode
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Section 4:3 SHMALL GROUPS

4:3:1 Anglosperm Seeds

Seeds are not well -represented in the samples studied and only three
species are distinguishads, Two of these could be identified from CHANDLER's
(1960) work on the flora of the Barton and Hengistbury Beds. She records
24 species from the Henzistbury Beds and 28 from the Zarton bBeds, (chiefly
from BURTON's bed A3), noting a predominance of water plants and a strong
tropical bias in the flora. She concludes that her evidence cannot be used
to correlate the two sections, In this study seeds were found most frequently

in samples with a high proportion of plant remain debris.

Scirpus lakensis CHANDLER, 1960

Plate 16, figo 14,

Scirpus lakensis CHANDLERi 1960. p0206,p1c30,f18026-

Remarks

A cigar-shaped, flexible-walled form, which bears longitudinal
corrugations and a distinct neck at each extremfty. CHANDLER records it from
the Lower Bagshot Beds of Dorset and the Henglstbury Beds.

Fededededededeedede

Hordwellia crassisperma (CHANDLER) CHANDLER,1960

Plate 16, fig. 12.

Actinidia crassisperma CHANDLER,1926. p«34,pl.6,fig.2; text-fig.l5.
Hordwellia crassisperma (CHANDLER) : CHANDLER, 1960, p.229,figs.140-144,

Remarks
A single specimen, from the Lower Barton Beds of Barton (sample 6915)
could be identified from CHANDLER®s figures. She records it from the Lower

Bagshot to the Upper Headon 3eds and from bed A3 at Barton,

Kodedevededs hededede

Seed sp, 9
Plate 16, flg. 13.

Remarks

This form occurs in small numbers throughout the Barton Beds. It is
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small, flattened, with a Flexible, irregularly corrugated wall, a regular

oval outline and a short, distinct micropyle. Brasenia ovula (BROGNIART)

(as figured hy CHANDLER, (1960, figs. 40,41, 106, 107) range Bournemouth
Marine to Hamstead 3eds) has a similar oval outline but has fewer ridges.
ededededededededete

4:3:2 Porifera

Only one type of sponge splcule comes within the size range (greater
than 76 microns) studied and this is referred to the organ genus Seodia
LAMARCK. Other forms undoubtedly occur. Triaxons (Hexactinellids) and
tetraxons (Tetractinellids) have been observed in the test matrix of agglut-

inated Foraminifera, particularly Reophax sp.l, with the Sterecoscan. These

are much too small to fall within this size raﬁge.

Geodia sp.
Plate 16, fige. 15.

Remarks

Small (about 150 microns in maximum diameter), hollow, rough surfaced.
reni form spicules occur throughout the 3arton Beds. The walls are crypto-
crystalline sllica and show a fine radiating structure in polarised light.
Sponge spicules having an originally amorphous (opal) structure may become

cryptocrystalline during dlagenesis.

These structure resemble figures of the sterrasters of Geodia in
LAUBENFELS (in MOORE, 1955 - "Treatise®, Part E). PORORNY (19&5) also
11lustrates similar forms of polyaxial spicules (sce fig, 563:1).

BURROWS & HOLLAND (1897) record Geodia from the Paleocene Thanet
Sands of Kent and give a detailed description. CURRY, HODSON & WEST (1968)
also found it in the Upper Bracklesham Beds of Fawley. Samples from the Lower,
Middle and Upper Bracklesham, Middle Headon and Bembridge Oyster Beds also
yielded specimens.s In the Barton Beds it occurs in most samples but it is
particularly abundant in the glauconitic rich sequences (beds Al, B, C, D)
and throughout the brackish water Upper Barton Beds (beds J.K). Abundance
is much lower in clay beds, such .as F and A2, and in the strongly calcareous

parts of the Upper 3Bracklesham Beds (Nurmulites variolarius Bed, Tellina Bed
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and equivalentsD. Thus there appears to be a strong corrclation between its
abundance and the incidence of very shallow water and estuarine conditions.
Siliceous sclerites secreted by certain higher plants (particularly
the grasses ) may have a similar structure. BAKER (1960) figures a large
number of opal-phytoliths but all are either aclcular in shape or of much
smaller size. Bearing in mind the strong correlation with the estuarine

environment, a sample of marram grass (Psamma arenaria), a shore and dune

specles, was macerated in nitric acid, though without finding similar bodies.

Fee e Yeverefevest

4:3:3 Coelenterata

Turtinolia fredericlana MILNE-EDWARDS & HAIME

Turbinolia fredericiana MILNE-EDWARDS & HAIME, 1850, pel7,pl.3,flg.2.

Remarks

This small, solitary, ahermatyplc form is the only species of Sclerac-
tinian coral found in this work. It occurs quite commonly in the Lower and
Middle Barton Beds, agreeing with the type figures and with specimens in the
Ross collection (University College, London). Shbrter, stouter specimens res-
emble T.forbesl DUNCAN but these features may be due to erosion of the initial
stage. BURTON records 7 species of Turbinolia and 6 other Coelenterates

from Barton.

dedeve et dede Ve v
43:3:4 Annelida
Scolescodonts

Plate 16, fig. 19.

Remarks

Scolescodonts have an almost non-exlstent record in the lkesozolc and
Tertlary, yet they occur In samples from the English Atherfield Clay
(D.J.Carter:persecomm.), Gault Clay, Lower Chalk (M.B.Hart: pers.comm.), London
Clay, Bracklesham Beds (Lower, Middle and Upper), Barton Beds and lMiddle Headon
Bedss DAVIS (1936) records similar structures, as “supposed hooklets of
parasitic worms*, from the London Clay of Sheppey and stated that Venables

found them in the same unit at Bognor. POKCRNY (1965) surveys the lilterature
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and shows that although well known in the Palaeozoic, their Mesozoic record

is restricted to a few occurrences and that they have been totally neglected
in the Tertiary.

The elements from the Barton Beds are all strongly hooked and usually
have 8 serrate proximal shaft. A few specimens differ in having a deeply
divided basee All appear to be referable to the dental plates or forceps in
POKORNY's (1965) figures. Certain Teuthids have similar hooks on the tentacles.
Specimens of Jurassic Teuthids, examined in the British lMuseum (M.H.) had
considerably larger elements, usually with a marked bulbous base. Specimens
of Nereis (Lugworm) yielded cxactly the same type of hooks as those found
fossll and leave no doubt that these structufes are in fact derived from
Polychaetes.,

Feveke et dedeodoe

The Serpulids

One group of Polychaete Annelids (the Serpulidae) secrete calcareous
structures and these locally occur in large numbers in the Barton Beds. Most
Serpulids have an attached calcareous tube, composed of two layers and bearing
variable ornament. Two genera (Sclerostyle and Turbinia) also have specificall:
di fferentiated calcarecous opercula of a characteristic, conical, “tin-tack"
shape. The opercula of most other Recent genera are chitinous and so not
likely to be preserved.

WRIGLEY (1951) describes the Eocene Serpulids in detail and records
three species from Barton. BURTOM (1933) mentions an additional three species.
In this study three types are distinguished. The tubes are very fragile and
consequently all the material is fragmentary. For this reason one of the types
(Worm Tube Type 1) is polyphyletic and consists of fragments of two species,
as described by WRIGLEY,

Sclerostyla mellevillei (NYST & LE HON)

Serpula mellevillel NYST & LE HON, 1326, p.l.
Sclerostyla mellevillei (NYST & LE HON): WRIGLEY,1951. p.185,figs.33-37.(et _syn.®

Remarks
This is the only species found in the present study to be represented

by both tubes and opercula. The tube occurs as two layered, seven sided frag-
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ments in samples from BURTON's (1933) bed E at Barton, together with the

peculiar, slightly eccentric, conical, flat topped and striate opercula.
WRIGLEY (1951) also records it from bed A3, the Upper Bracklesham Beds of
Selsea and the Middle Bracklesham Beds of Southampton Dock. He distingulshes
it from several related Zocene and Olizocene species on characters of the oper-

cula, S.mellevillel 1s erroneously referred by many earlier English workers

to Serpula heptagona J. de C.SCWERBY (1844) (non Serpuia heptagona HAGENCH,

1840),
Sedededestdededede s
Worm Tube Type 1
Remarks

Included here are all smooth, curved or straight, cylindrical, double
layered Serpulid fragments. They helong te two species, namely Ditrupa
bartonensis WRIGLEY (1951, p.191, figs,56-59) (= D.plana (J.SOWERBY) of early

authors) and Protula extensa (SOLANDER, 1766, pl.l2, fig.l2), The outer

layer is orange or lighf brown in colour and the inner one white and opaque.

Complete Ditrupa bartonensis has a curved, tapering, distally bulbous tube,

whereas that of Protula extensa is straight, unconstricted and very slightly

tapering. Neither species is known to have a calcareous operculum and the
fragmented tubes could not be satisfactorily distinguished. This type becomes
extremely abundant at Barton in the Middle Zarton Beds, especially in beds &
and lower F, It also occurs at a similar level at Alum Bay and less frequent!™
in the Lower Barton Beds of both sections.

YedeRedefedokd ek

Rotularia? sp.l

Plate 16, fig. 20,
Remarks
A few specimens, from the Middle Barton Beds of Barton and Alum Bay
di ffer from all the above Serpulids in having an irregularly coiled tube.
This is flattened on one side, perhaps marking the point of attachment to the

substrate. The shell structure is unfortunately obscured by abrasion. Tho
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Gastrapod (Serpulorbis cancellatus DESHAYES) is known from Barton but has a

much larger shell, even in the Initial stages, The specimens available are
tentatively rcferred to the genus Rotularia on the basis of their coiled natu:=z,

resembling ' R.boznorensis (MANTELL), a London Clay species.

Sededesedededededese
4:3:5 Arthropoda (excluding Ostracoda)

Crustacean Fragments

Plate 16, fig. 16,
Remarks
Chelae (claws) and other indeterminate crustacean fragments occur
sporadically throughout the Barton Beds, showing slightly higher abundance
in the upper part of bed F. They have been referred to the genus Calappa
by BURTON (1933) and otherse It is uncertain which group of the Cructacea thzv
belong to. Unlike the London Clay, complete Crustacean carapaces are extreme.y

rare in the Barton Beds (BURTON, 1933, p.162), Perhaps this is a preservatics=?

feature,
Fedfedededededededede
Crustacean Gastroll ths
Plate 16, fig. 18,
Remarks

FRIZZELL & EXLINE (1958) first drew attention to these objects when
they described specimens from the Claiborne Eocene of Texas. They erected

a new genus and species, Wechesia pontis, to accommodate their discovery.

The very rare specimens from the Lower and Middle Rarton Beds of Alum Bay mav
possibly belong to the same genus, They are irregularly tyresshaped objects
with an excavate interior side and a lobose but not depressed exterior side

(FRIZZELL & EXLINE's orientation). W.pontis is excavate on both faces.

vededededevededidede

Balanus Fragments

Remarks
Valves of Cirripedes occur quite frequently in the Chame Bed

at Barton, BURTON (1933) and DARWIN (1855) record Balanus unguiformis var
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erisma DARWIN from the Chama Bed.

Aedededededededededs
Insect Thoracic Shield
Plate 16, fig. 17,
Remarks |
A single Indeterminable thoracic shield was found in BURTON's bed I
at Bartom (sample 6969), It is externally unornamented and jts black,
shiny and perhaps carbonised, preservation indicates that it 1s not a
Recent contaminant. Insects have notpreviously been recorded from the Barton
Beds but are known from the London Clay of Bognor (see VENABLES, 1963) and

the famous Insect Limestone in the Bembridee Marls (sce REID & STRAHAN,1889).

Fedededededededededs



232,

SECTICR 4:4 TE. BRYQZOA

Introduction

15 specics of ZBryozoa are distinguished here. The material consists
of whole colonies (zoarla), zoarial fragments and detached individuals (zooecia}.
The taxonomy of this group 1z extremely comnlex and 1s a specialist torice The
grouping applied here is primarily into the non-operculate Cyclostomata
(2 species) and the operculate Cheilostomata (1l species). Three suboriers
of Cheilostomata are distinguished; the Anasca (6 srecies), which lack non-
calcified frontal wallsy the Acanthostera (=Cribrimorpha of carly authors)

(2 species), in which the front is protectes by a more or less fused serics

of arched spines; and the Ascophora (3 species), which have a hydrostatic
compensation systems The remalining 3 specles could not be definitely determiner
at this levels The ccologlcally much more useful groupinz, based on zoarial
form, has been dealt with clsewherc,

GRISORY (1393) provides the first comprehensive monograph on inglish
Tertiary Zryozoa. BURTON (1929 & 1933) describes their distruttion in the
Barton section and records 24 specles. Unfortunately he 4oos not flrure
them and many of his specics could not be recoznisede TAVIS (1934) monographs
the Lutetian bryozoa fauna of Southampton Lock. The only up to date work is
by CHZET:AN (19608). ife exhaustively “escribes and fizures 34 species of
Cheilostomata from the Upper ©Tracklesham Beds of Selsca (FISHER's bhed 21).

All the forms specifically identified here were named with the aid of his
work. Turther references on duropean Tertiary Zryozoa, including the
diverse 7rench faunas, may alse te found in CHILTHAY (1966).

Fedese ek Voo vavers

Phylum: LRYQGZOA SHRINEER: 1331

Class: ACTOFRUCTA MITSCHE 186¢

subclass: ZUMNOLACSIATA ALLMAN 1856

Order: CYCLOSTONMATA EUSK 1852

Pryozoa sp.ll

Plate 17, figs.la,b.

Remarks
Two zoarlal fragments, from the Middle Barton Fads of Farton (sample
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6954), have tubular zooecia arranged in two transverse scries of short,
parallel, uniserial rows. The goarium has a triangular cross section and
the back consists of a convex imperforate face. 1t resemhles some genera of
the Tubuliporidac figured in the “Treatise™ (Zd. 100RE, 1653), narticularly

Clavitubigera (iUpper Cretaccous), Ziretepora (upper Cretaceous), Crisisina

(Cretaceous to Kecent) and Erkosonca (%ocenc).
Jededecdededevedsde

Ervozoa sp.l2

Plate 17, fig. 2.
Kemarks

This form is represented by three fracmentary specimens from BURTUH's

bed : at Barton (sample 5963). The zooccia are polyzonal and are arranged
in irregular, winding, biserial (occasionally uniserial) rows,

Yededrvedevevevevede

Crder : CHIILCSTOMNATA DUSK 1852

suborder: ANASCA LZVINSINH 1909

Ffanily: SELIMARIIDAI BUSK

Genus:  sSetoscllina CALVEZRT 1906

(Type species: Setosellina roulei CALVZIRT,1906.)

Setosellina sreroryi CHILTHAL
Plate 17, fig. a.

tiselenaria offa ZREGCRY,1893. (part) p.235,p1.30,fiz.5.
Ciselenaria offa =REA50LY: =URTON, 1929. p.238,
Sctosellina areporyl Cai.THAIY, 1960. pe25,text-fizse406.4(et syn.)

kemarks

Unlike somc of the recent species of 3ctoscllina descrihed by LAGAAILJ
& GAUTILR (1965), the adult colony of S.grogoryi becomes detached from the
substrate and free 1iving (i.e. lunulitiform). BRroken zoaria show the
ancestrular zooecia attached to fragments of shell material or tests of
foramini ferida, CHILTHAM (1966) states the rangc of this species to be
Auversian to osartoniten in North “est Europas. It occurs commonly in the

Lover and PFiddle Darton Beds and shows a stronz pecak in the upper nart of

the Iriddle Zarton Zerds,.
Fedevedededceveden
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Familvs LUMULITIOAS LAGAAIJ 1952

Senus: Lunuli tes LAMARCK 1516

(Type species: Lunulites radiatus LAMARCK,1816.)

Lunulites transicens GKis0KkY

Plate 17, figs. 6,7,

Lunulites urccolata LONSDAHE in LIACH, 1350. (non LAFNARCK,1716) p.l159,p1.1,fiz
Lunulites transiens SRu3CRY, 1893, 0.233,p1.29,figs.13,14; pl.30,fiz.l.
Lunulites transiens JRHJUuY. C'bﬂl?ﬂx,1966 p.Z“,text-figs.7-9.(et sxn.)

Remarks

tlost of the riaterial consists of very worn #=oarial fragments, sometimes
with little morce than the basal wall preserved. #Well preserved specimens
agroe with CHESTHA . 's figures, lo complete zoaria were encountcrad but
CHIETHAM states this form to be free liviny (lunulitiform)e. The same author
gives its distribution as Upper tracklesham and Larton Seds of inzland only,
relating 1t to the French liiddle Zocene L.urccolatz LANARCK by descent,
It occurs in small numbers throuthout the barton Beds as hi;zh as BURION's
bed J at Dartone.

e Psdedervsdededededs

Family: FARCIMINARIIDAZ BUSK 1834

senus: MNellia BUSK 1852

(Type snecles: Nellia tenclla LAMARCK, 1816.)

licllia tenella (LANMARCR)

Flate 17, fige 5.

Cellaria tenclla LAMARCK,1816. p.135.
Nellia tenclla (LAMARCK): DAVIS, 1934, p.220,
Nellia tenella (LANALTR): CHEWTHAL, 185G, pe48,toxt-fiz.23.(et_syn.)

iemarks

This Is the only vinculariiform lryozoan found in the present study.
Zoarial fragments occur Iinfrequently in the Lower Barton 3erls of Alum Bay and
the iiddle Sarton Seds of both sections. CHEITHAY glves it range as Hiddle
incene to Recent but lists some small differences between American focene,

Zuropean Zoccne and Recent subtropical material.

Serlededere e e
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Anasca Incertae 3edis

Bryozoa sp.b

Plate 17, fig. 3.

Romarks

A sinzle membraniporiform zoarial fragment, from the Lower Zarton 3Beds
of Zarton (sample 6917), could not he identified with any of the Upper
sracklesham :zeds spoacies described by CHILTHAN. It has oval zooecla, sharp

mural rims, a subquadrate orifice and a concave, slightly striate crypto-

cyst. The avicularia arz interzooecial in position.

Lesedeededediedent

Lryoroa sp.10
Plate 17, fig. 8.
Renarks
Infrequent, small zoarial fragments, from the ¥iddle Barton Eeds of
both localities, appear to represent the nodal portions of a joined specics.
The clustered drop-shaped zooeciahave a strong distal beak and a very
narrov cryptocysts Slightly smaller units with a similar outline may represent
avicularia. Some of the Catenicellidae, figured in the fTreatise!, have

zooccla of simllar shape and arrangement but they are listed with the

Ascophora.
esvdedevesodededede
3ryozoa spelb
Plate 17, fige 9.
Kemarks

A few membraniporiform fragments from the Middle Earton beds of
Alum Bay bave elongate, coffin-shaped zooecia, with a very large orifice
and a narrow cryptocyst. The walls are very lichtly calcified and ornament

is lacking.

Fededededededededede
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Subordar: ACANTHCSTECA LIVINS:N 1902

Family: CRISRILINIDAE FINCKS 1880

-

sonus: Cribrilaria CAMU & EASSLER 1929

(Type species: sischara radiata i-OLL,1803,)

Cribrilaria sp. cf. Ceparisiensis (CANU)

Flate 17, fig. 10,

?Cribrilarina parislensis CANU, 1926, p.751,pl.27,f13.135p1.29,fi2.6.
?Cribrilaria parisiensis (CANU): CHEiTHAL, 1966. pe5%,toxt-figs.35,36 (et_syn.)

hemarks
Two zooacia from the iiddle Zarton Beds of Alum Eay (sample 6685) have
a distinctivevcribrimorph® frontal shield and resemble CARZiTrAM's flpures or

C.parisiensis. The frontal shicld is convex and bears rounded costae, ssgparated

by rows of small elliptical lacunae. CHZZTHA! gives its ranze as Auversian to
dYtampiane. He distinguishes it from the type species, Co.radiata (MCLL), on the
palres adventitious avicularia, placed one on each side of the orifice. The
specimens from Alum Bay have this featurc.

ServestReed e

Acanthoste;a Incertae 3cdis

Eryozoa sp.2
Plate 17, fig. 1ll.

Remarks

A number of perforate plates, from the ificdle ‘arton Beds of Farton,
appear to represent the detached frontal wall of an unidentifiaed Cribrimorph
gryozoan. They are oval in outline, with a sharp mural ri= and a row of 5-7
small, oval or circular lacunae along cach side., The orifice is slightly

larger than the lacunae and is circular.

Yedededevevedededsve
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Suborder: AS3CCOPHORA LZIVINSIN 1909

Family: ADEONIDAS JULLIER 1903

senus: Teichopora GRIGORY 1893

(Type specices: Teichopora clavata GRILGCRY,1R93,)

Teichopora clavata GREGORY

Plate 17, fig. 12.

Teichopora clavata GRIGORY, 1293, p,249,p1.31,fi;38.5-7,
Teichopora clavata CSRAGORY: RURTON,192¢, p.328,
Teichopora clavata GRE30:Y: CHELTRAM,1966. p.83,text-figs.65,66. (et _syn.)

Remarks
This specics occurs in the Lower and Middle Barton 3Beds at Alum Bay

but is restricted to the Upper Sarton 3eds at Bartun. BUXTON (1929) also

records it from bed A3. CHEETHAr gives its complete range as Lower to Upper

Zocene In Morth West Luropce.

e dedededevevededs

Yamily: ORBITULIPOKIDAZ CANU ~: BASSLER

senuss:  Batopora REUSS 1367

(Type specles: Datopora stoliczkal REUSS, 1R67.)

Batopora slandiformis (GREGCGRY)

Plate 17, flgs. 13&, b, lao

Heteropora glandiformis GX3GGRY, 1393, pe.261,pl.32,fig.11.

deteropora_ glandiformis GRIGORY: BURTOL, 1929, p.223,

Batopora slandiformis (SREGCRY) ¢ CHEETHAYMN,1966, p.106,text-fig.31.

Remarks

Most zoaria are spherical or club shaped, as figured by CHEZTHAM, hut

a few of the larzer colonies become flattened and have a lobulate outline,

These are never bilamellar, as in Orbitulipora petiolus (LONSDALSZ). The latter

specles is very common In the Upper Bracklesham -274s and has becn recorded

from the Barton 3eds (see CRZZTHAM, 1968, p.27) but was not encountered in

this study. CHIITHAM places Qe.petiolus and S.glandiformis in a new zoarial

growth form, the orbituliporiform typc. Both are approximately club shaped,

attached by a short stalk and may be described as celleporiform under
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LASAAIJ & CAUTIER's (19685) classification. BReglandiformis occurs in large

numbers in the middle part of the lMiddle Larton Beds at both locallties,

Yook Fedesededlorede

Ascophora Incertac Sedls

3rvozoa spefl

Plate 17, fig. 15.
Remarks
Two detached zoocclia from tha iiddle iarton beds of Barton (sample 6940)
could not be identified specifically but are placed in theAscophora on the
basis of thelr divided orifice, granular pleurocyst and the presence of areolar
pores around the margin. One specimen has a large, globular hyperstomial ovicell,

Fevededdedeeh it

aryozoa of Uncertain Taxonomic Position

Bryozoa spe.t

Plate 17, fige. 17,
Remarks
Several zoarlal fragments from the Lower and Midrdle Zarton Beds resemble
figures of species described as Dittosaria by DAVIS (1934). Their apertural
characteristics arc far from clecar but they appear to be CGyclostomata, wherec--
ulttosaria is listed with the Ascophora in the *Treatisc®s They consist of
acutely set, widely spaced zooecia, arranged in an alternating series on ecach

side of the flattecned internodes. Cne specimen bears an ovicell between the

zooecia,
dedevedouisdededededs
bryozoa?sp.7/
Plate 17, fig. 18,
kemarks

These enigmatic objects occur sporadically throughout the Barton seds
and are only tentatively thouzht to bz Zryozoa. They consist of Aetached,

inflated, pod-like sacs, with a translucent wall. Cne side appears to
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represent part of a connecting or stolon system and the opposing side bears
a narrow longitudinal slit. Scveral different groups of 2ryozna have
similar zooecla arranged tin a chajn~like pattern but so also do representatives

of the Eydroids.

Fededededevevededede

Eryozia sp.l3

Plate 17, flges 16,
Kemarks
A single fragment, from the Lower barton Beds of Alum 3ay
(sample 6600) consists of two smooth, swollen, tubiform zooecia. They

bear areolar pores around the margin, a characteristic of the Ascophora.

Fededehresevede fode
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Section 4:5 OSTRACODA
Introduction

In most cases the 34 species of Ostracoda found at Barton and Alum Bay

have been classified into the genera described by VAN MORKHOVEN (1962,1963)
and the supragoneric¢ taxa laid out in the #Treatise of Inverteﬁ:ate Paleontology®
(ed. MOORE, 1961), This attempt at uniformity failed in the case of some of
the Trachyleberididae, where HAZEL's (1967) classification has.been.adépted.
He shows that in tﬁfs group the central muscle scar patterns are by f;f the rost
useful suprageneric nomenclatural features (see remarks under Bosquetina and

Quadracythere).

Remarks on the Literature

Following the ecarly authors of the 19th century little or no publications
on the Ostracoda of the European Tertiary appeared until the 1950's, The
early workers such as JONES and SHERBORN in this country, BOSQUET in Fraﬁce
and ROEMER, REUSS and LIENENKLAUS in Germany, had little or no insight into
the taxonomic complexities of this group even at the generic lével. Recent
authors such as KEIJ and HASKINS, have revised the collections of BOSQULET and
JONES respectively, and provide the most up to date studies. KEIJ (1957, 1958)
also monographed the EBelgian, Dutch, French and English faunas and HASKINS
(1968a, b, ¢) has partly completed a revision of the English forms. Other
racent works specifically on English Tertiary faunas include those of LAGAR
(1965) and BOWEN (1953), both on Ostracoda from the London Clay of the London

Basin.

Yrededevehdevedededc
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Subclass: OSTRACODA LATRIELLE 1806
Order: PODOCOPIDA MULLER 1894
Suborder: PLATYCOPINA SARS 1866
Family: CYTHERELLIDAE SARS 1866
Genus: Cytherella JONES 1849

(Type specless Cytherina ovata ROEMER,1840.)

Cytherella compressa {MUNSTER)

Plate 18, figs. la, b, 2a, b.

Cythere compressa MUNSTER,1830. p.64.

Cytherina compressa (MUNSTER): ROEMEK,1838. pe517,pl.6,fig.lé4.

Cvtherella compressa (MUNSTER): BOSQUET,1852. p.ll,pl.l,fig.l.

Cytherella beyrich! (REUSS) var. laevis JONES & SHERBORN,1889. p.48,ple.2,fig.l.
Cytherella compressa (MUNSTER): KEIJ,1957. (part) p.45.

Cythorella (Cytherella) compressa (MUNSTER $ HASKINS,1968a+ p+252,plel,figs.l-8,

(Lr. Darton Beds, England.)

Remarks
HASKINS (1968a) distinguishes this species from Cemunsteri (ROEMER) on its
complete absence of lateral pores and its dorsally straight, never undul ating
dorsal margin in the left valve. He has shown that some of KEIJ's (1957)
specimens of C.compressa are male C.munsteri. The right valves of C.londinensis
JONES (1857) and C.dixoni JONES & SHERBORN (1887), from the English London
Clay and Upper Bracklesham Deds respectively, are dorsally more domed in the
right valves, the latter with more posteriorly tapering dorsal and ventral margins
C.compressa is recorded in England by HASKINS only from the Lower DBarton
Beds. Specimens referrable to this species also occur sporadically in the

Middle Barton Deds of Barton and Alum Bay.

Kkdrh ke dedeveiode

Cytherella munsteri (RCEMER)

Plate 18’ figs' 3&. b’ 4’ Sa, be

Cytherina munsteri ROEMIR,1838, p.516,pl.6,fig.l13.
Cytherclla munstert (kOEMER): EBOSQUET,1852. p.l13,pl.l,fig.2.

Cytherella munsteri (KCiIMER): JONES,1857. p.56,pl.5,figs.12-13,

Cytherella muensteri (ROEMER): JONES & SHERBORN,1889. p.47.

Cytherella beyrichi (REUSS) vars 2,3,4,5,6, JONES & SHERPORN,1839. p.48,p1.2,
figess 2,5,6,7,9,

APOSTOLESCU, 1955, pe243,plel,figs.be5,

KEIJ,1957. p.46 ,p101’f1807.
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Cytherella (gytherella) munsteri (ROEMER) :HASKINS,1968a. pe253,p1.2,figs.1«10%
(English Up.Bracklesham and Barton Bads:)

non Cytherella beyrichi REUSS,1851, pe89,pl.7,fig.65.

Kemarks

This species occurs commonly throughout the Lower and Middle Barton Beds
of both sections and in the Upper Bracklesham Eeds. It includes specimens
with and without lateral pores. JUNES (1870) erroncously distinguishes the
punctate forms as C.munsterl var. rectipunctata.

Smooth specimens, especially the inflated right valves o{lfemales, are
sometimes difficult to separate from C,compressa. The undulating dafgal
margin in the left valve and the corresponding line of the hinge in the fight
valve are the most constant distinguishing characteristics.

Yedcdrdedcdedededet

Genus: Cytherelloidea ALEXANDER 1929

(Type species:t Cythere (Cytherella) williamsoniana JONES,1849,)

Cytherelloldea chewtonensis HASKINS
Plate 18, figs. 6a, b,

Cytherella (Cytherelloidea) chewtonensis HASKINS,1968a. p.254,pl.2,figs.11-16,
(Lr.Barton Beds (A3), Barton.)

Remarks

The single left valve found can definitely be referred to this specles,
It has three longitudinal ridges characteristically separated from the
anterior marginal ridge. It comes from the Lower Barton éeds of Barton,
HASKINS' (1968a) type and only locality.

Specimens of C.dameriacensis APCSTCLESCU (1955) recovered from the Upper
Bracklesham Hard Bed (sample 7171) show three weaker horizontal ridges which
connect with the anterior one., The valves are more inflated laterally,
especially in the posterior area, and slope less steeply towards the dorsal and
ventral margihs. C.chewtonensis lacks the pitted surface of the English Lower

(Uligocene C.lacunosa HASKINS (196Ba) and the French Lutetian species

C.hieroglyphica (BCSQUET,1852),

Fededevededededrdesde
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Suborder: EODOCORINA SARS 1866
Superfamily: BAIRDIACEA SARS 1888
Family: BAIRDIIDAE SARS 1888
Genus: Bairdoppilata CORYELL, SAMPLE & JENNINGS 1935

(Type specles: DBairdoppilata martyni CORYELL, SAMPLE & JENNINGS, 1935.)

Bairdoppilata spe.cf. B.gliberti KEIJ

Plate 18’ fig. 7e

?Bairdoppilata gliberti KEIJ,1957. pe53,plal,figs.18-21, (M.-Up.Eocene,Belgium. .
Lr.-Up, Eocene,France.M.Barton Beds, Barton,England.)

?Bairdoppilata glibertl KEIJsHASKINS,1968a. pe3,pl.2,f1g5.29-30,
(Barton Beds, Alum Bay,) (et _syn,)
Remarks
A single poorly preserved complete carapace, questionably referrable to
B.gliberti,was found in sample 6683 (Middle Barton Beds,Alum Bay). It resembles
KEIJ's type figures and description in shape but its internal characters could
not be determinod, Specimens more definitely identifiable as B.glibertl occur
in the Upper Bracklesham Beds of Selsea (samples 7171 and 787) and Whitecliff
Bay (sample 7037).
fedededeievedodedess

Superfamily: CYERIDACEA BAIRD 1845

Family: FPARACYPRIDIDAE SARS 1923

Genus: Paracypris SARS 1366
(Type species: Paracypris polita SARS, 1866.)

Paracypris contracta (JONES)
Plate 19, figs.la,b,2,3,

Dairdia contracta JONES,1857. pe53,ple5,fig.1l.{Barton Beds, Barton.)

Paracypris _contracta (JONES): KEIJ,1957. pe5l,plel,figs.15-17, (M.-Up.Eocene,
Belgium. Up.Eocene, France and England,)

Earacypris contracta (JONES): EAGAR,1965, p.l6. (London Clay, Reading Arca.)

baracypris contracta i tHASKINS,1968be pe7,ple2,f1gs.14-22, (Up.Bracklesham
Beds, Whitecliff Day. Barton Beds, Darton and Alum Say.)

Remarks
Abundant material from the Barton Beds of both sections and the Upper
Bracklesham Beds of Whitecliff Day and Selsea compare well with KRIJ's and

HASKRINS' figures and descriptions. The more elongate shape and dorsally directe
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posterior angle distinguishes it from E,whitec}iffensis HASKINS (1968b)
(Middle Eoceﬁe, Whitecliff Bay). The French Cuisian form f,trosliensis
APOSTOLESCU 18 higher with a more rounded posterior,
detedricietedeiodeds

Superfamily: CYTHERACEA BAIRD 1850

Family: BRACHYCYTHERIDAE PURI 1954

Genus: [Iterypocythereis BLAKE 1933
(Type species: Cytherels jonesii BAIRD, 1850,)

Pterygocythereis cornuta (ROEMER)

Plate 19, figs. “a’ b. 58. bo

Cytherina cotnuta ROEMER,1838, p.518,pl.6,f1g.31.

Cythere cofnuta (ROEMER): BOSQUET,1852. p.l17,p1.6,fig.4.

Cythere cornuta (ROEMER): REUSS,1855. p.282,pl.10,fig.10.

Cythereis cornuta (ROEMER): JUNES,1857. p.39,ple4,fig.19; pl.5,fig.l3.
Cytherels cornuta (ROEMER): JONES & SHERBORN,1889: pe35,plebd,fig.7.
Alatacythere cornuta (ROEMER) : APOSTOLESCU,1955. p.250,;pl.2,fig.28,
I'terygocytherels cornuta (ROEMER): KEIJ,1957. pe94,plel3,figel3; pl.l4,fig.5.

(Lrs~Up.Eocene,Belgium,France.Up.Eocene ,Netherlands

Pterygocythereis cornuta (ROEMER)$ HASKINS,1968c. pel6l,pl.l,figs.1-8, (London Cla
Up.Bracklesham, Barton & M.Headon Beds of Hampshir

Remarks

A long ranging specles with rather variable marginal flanges but always
with long, completely undivided alar prolongations and completely unornamented
central lateral arcass The dorsal and anteriof marginal flanges are very thin
and distally undulose. Their frequent breakage and reductlon may substantially
alter the lateral outlinc.

P, tuberosa KEIJ (1957) (Upper Eocene of Belgium and the Netherlands) and
P.pustulosa HASKINS (1968c) also have entire wing lamellae. However the
other marginal flanges are much shorter and more regular and the lateral
faces are markedly pustulose. Zterygocythere hilli KEIJ (1957) (considered
by VAN MARKHOVEN (1963, p?218) to represent a subgenus of }terygocytherels)
closely resembles P.cornuta externally. It has a much smaller eye tubercle,
a distinctively domed dorsal margin and internally the hinge is of the

Brachycythere type (elongate crenulate posterior element) .,

Fesrdederededededede
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Pteryzocytherels fimbriata (MUNSTER) bartonensis KEIJ
Plate 19, f!gs. 6. 7’ 83' b.

Cytherels horrescens JONES,1857. (non Cythere horrescens BOSQUET) pe38,pl.5,f1g.9.

Pterygocytherels fimbriata (MUNSTER) bartonensis KEI1J,1957. pe95,pl.13,fig.ll;
pl.14,f1g.2. (Lre-Up.Barton Beds, Barton & Alum Bay,)

Pterygocytherels fimbriata (MUNSTER) bartonensis KEIJ3RASKINS,1968c. pe163,pl, 1,
figs.11-19. (Lr.~Up.Barton Beds,Barton,Alum Bay,Whitecliff Baye)

Remarks

Thls species occurs as one of the four dominant specles of Ostracoda
throughout the Larton Beds of both sections, It appears to be restricted in
Europe to the Barton Beds, with the exception of & single specimen from the
transitional BartonianeAuversian Huntingbridge horlzon of Studley Wood (sample
7168).

The alar prolongations are sometimes completely divided into spines and
sometimes proximally entire, hut the distal edge 1s never entire as in
Escornuta (ROEMER) or P.pustulosa HASKINS. The carapace is smaller and thicker
than in P.fimbriata fimbriata (MUNSTER) and has fewer, more slender lateral
spines than P.fimbriata spinigers KEIJ, F.fimbriats laminosa HASKINS, from
the Hampshire London Clay, is larger than P.fimbriate bartonensis with an
upward directed spine at the distal end of each wing. The Bartonian subspecles
sometimes bears a downward directed spine at the end of the wing, but never

an upward one,

sededededededririct
Lterygocythereis pustulosa HASKINS ;

Plate 20, figse la, be

Pterygocytherels pustulosa HASKINS,1968c, p.164,pl,1,flgs.20-28, (Barton Beds,
Barton & Alum Bay. M.Headon Beds,Alum Bay & Whitecliff Bay.)

Remarks

Unquestionable examples of this species could only be found in the Middle
Barton Beds of Alum Bay, although HASKINS (1968c) also records them from
BURTON's bed H at Barton and from the Middle Headon series. It differs from
the Pofimbriata group in having fewer, lower, lateral tubercles and from
Pstuberosa KEIJ in its smaller size and lighter ornament. The alar prolongations

of P.pustulosa are undivided and distally smooth unlike those of the Lofimbriata

Sroupe
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Certain specimens from the Upper Bracklesham Beds appear to be transs
itional between Pecornuta (ROEMER) and this species. The central lateral
faces, typically smooth in P,cornuta, sometimes bear small lumps. Also the
stout, curved, fenceelike mid-dorsal ridge, which 1s a characteristic feature
of P,pustulosa, replaces the thin undulating flanges of P.cornuta. Tlerhaps
these specimens indicate the line of descent of the Bartonian species from
the latter.

Yedetedrdedefedrden

Family: BYTHOCYTHERIDAE SARS 1926

Genus: Monoceratina ROTH 1928

(Type specles: Monoceratina ventrale ROTH,1928,)

Monoceratina sp.l
Flate 18, figs. 8a,b.

Monoceratina sp, HASKINS,1968c. pe165,pl.1,f1g.29.(Lr.Barton Geds,Alum Bay.)
Desgeription

Outline sub-trapezoidal, length about twice the height, with a swollen
venter, a rounded anterior outline and a strong posterio-dorsal caudal process.
The rounded lateral prolongation continues in some specimens into a pronounced
alar spine. A single central vertital sulcus runs from the centre of the
wing to the dorsal margin. Carapace thin and smooth or faintly reticulate.
Valves subequal. Inner lamella very narrow, with no vestibulum and few simple
radial marginal pore canals. Hinge very weak or adont. Muscle scars and
sexual dimorphism unknown.
Remarks

The Bartonian specimens, which occur rarely in the upper part. of the
Middle Barton Beds of both sectlons, agree with the unnamed spec}ap figured
by HASKINS. He compares it with two Cretacecous specles, M.acanthoptera

ALEXANDER, and M.parallela ALEXANDER, both having shallower sulel than M.sp.l.

Sevevodefededededede
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Family: CYTHERETTIDAE TRIEBEL 1952
Genus: Cytheretta MULLER 1894
(Type speciest Cytheretta rubra MULLER, 1894)

Cytheretta costellata (ROEMER)
Plate 20' flgs. 3’ 48, b’ S.

Cytherina costellata ROEMER,1838, p.517,p1.6,f13.24,

Cythere costellata (ROEMER):BOSQUET,1852. (part) p.58,p1.2,fig.ll.

Cythere costellata (ROEMER):JONES,1857. pe.32,ple5,fig.l4.

Cythere costellata (ROEMER) va ul JONES & SHERDORN,1889.

pe30,p1,1,f1g.,21l. (Up.Bracklesham Beds, Selsea.)

Cytheretta costellata (RCEMER): KEIJ,1957. p.132,p1,6,fig.9;p1.22,fig.7.
(M.-Up.Eocene ,Belgium,France. Up.Eracklesham Beds,Whitecliff Eay,England.)

Cytheretta costellata (ROEMER):HASKINS,1968ce pel65,p1.2,f1g35.1-8,
(Barton Beds, Alum Bay. Up.Barton Beds, Darton.)

Remarks

Specimens rccovered from BURTON's bed G (sample 6963) atiBa:éoﬁ'Eﬁd the
Middle Rarton Beds of Alum Day are identical with common Upper Gracklesham
Beds material. These all show the characteristic numerous lateralzlbngltudinal
ridges separated by faintly reticulate grooves., This ornament readily |
distinguishes them from tricostate species of Cytheretta such as C,laticosta

(REUSS, 1850), C.oracilicosta (REUSS,1855),and C.concinna TRIEEEL (1952)

and smooth species such as C,jurinei (MUNMSTER,1830), C.cocenica KEIJ (1957),
C.tenuipunctata (BUSQUET,1852), C.minor (LIENENKLAUS,1905) and the C.rhenana
groups Other European Eocene forms with more than thrce longl tudinal costae
including C.haimeana (BOSQUET, 1852), C.bambruggensis KEIJ (1957),

C.crassivenia APOSTCLESCU (1955) and C.decipiens KELJ (1957) all show much

more deeply sculptured and coarser ornament. C.scrobiculoplicata (JUNES,
1856) is distinct in that reticulate ornament is dominant, .

Ardededeiedeeicvede

C;thegetta gracilicosta (REUSS)
FPlate 20, figs. 6,7a, b, Ba,b,
Cythere gracilicosta RiEUSS,1855. p.280,p1,10,fiz.8,
Cytheretta gracllicosta %REUSSE:TRIEBEL,IQSZ. De29,pl.5,flgs.36-39,
Cytherctta pracilicosta (REUSS):KEIJ,1957. pel35,pls10,£1g45,
(Up.Eocene, Netherlands, Germany, England.)
Cytheretta gracilicosta gREUSSQ: HASKINS,1968cs pe166,ple3,figs.1-10.
Barton Beds, Alum bay, Whitecliff DBay, Farton.

M.Headon Ceds, Whitecliff Bay,)
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Refasrks
A small, strongly tricostate species, which occurs sporadically throughe
out the Lower and Middle Barton Beds of both sections. The small size and
reticulate intercostate ornament distinguishes it from C.laticosta (REUSS,
1850), C.concinna TRIEBEL (1952) and C.decipiens KEIJ (1957) are considerably

larger and lack the strong anterior marginal ridge of C.gracilicosta.

Wededevedededededest

Cytheretta laticosta (REUSS)
Flate 21, figs. la,b, 2a,b, 3.

Cypridina latlcosta REUSS,1850. p.87,pl.ll,fig.13,
Cythere plicata JONES, 1857. (non MUNSTER) p.33,ple4,figel6;5pl.5,£f15.8;

pl.6,f1g.17,
Cythere plicata var.laticosta REUSS:JONES & SHEREORNJLBBQ. (non MUNS;EE)
Pe ngplolgfigo 18.

Cytheretta laeticosta (REUSS): KEIJ,1957. p.l37,pl.17,f1gs,15-18;5p1.21,fig.16.

(Up.Eocene,Belgium,England.)
Cytheretga laticosta (REUSS): HASKINS,1968c. p.166,pl.2,figs.19-29,
(Londen GQlay, Lr.&Up.Bracklesham Beds,Barton Beds,M.Hdeadon Beds, Bembridge
Marl, Hampshire.)

Remarkg

A very abundant specles throughout the Barton Beds and the Upper
Brackjesham Beds, It is characterised by its large carapace, strong centrally
pittad longitudinal ribs and lack of intercostal ornament. Several early
Engld sh authors confused this form with C,plicata (MUNSTER), the latter

being quite distinct with its more slender shape and straighter unpitted ribs.

Yedetedevetevedevede

Cytheretta minor (LIENENKLAUS)

Flate 21, figs. 4, Sa,b.

Cythereis jurinii MUNSTER var.minor LIENENKLAUS,1905. fig.32.
Cytheretta minor (LIENENKLAUS):TRIEBEL,1952. p.24,ple4,figs.22-23,

Cytheretta minor (LIENENKLAUS):HASKINS,1068c. p.167,pl,1,figs.30-35,
(Barton Beds,Alum Bay.)

Remarks
Only two specimens of this form were recovered from the Middle Barton
Beds of Alum Bay. They agree well with HASKINS (1968c) figures and

deseription of specimens from the same locality. It is a nearly smooth form,
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ornament consisting of a rather irregular fine pitting over most of the
lateral faces, In other weakly orpamented species, such as C.eoconica
KEIJ (1957), C.jurinei (MUNSTER) and the C.rhenana TRIZBEL group, the pits
are more or less restricted to the central area of the valves and are

sometimes arranged in longitudinal rows.

Adededededevoddede

Cytheretta sp.?

Ylate 20, figs. 9a,b.

Remarks

A single, well preserved right valve, from the Middle Barton Beds of
Alum Bay (sample 6671), differs from all other species of Cytheretta,
both in the Dartonian and in the literature. It i1s characterised by its
lateral ornament of fine, very close-set, low, regular network of ridgzes.
Four of them form incomplete, longltudinal costae but these are not
thickened in relation to the rest of the ornament. The carapace is
laterally compressed, its margin 1s bevelled and the internal characters
are as for the genus. C.scrobiculoglicata (JONES) and the longitudinally
multicostate species mentioned under C.costellata (ROEMER) all have
coarsef, less repgular and more widely spaced reticulate ridges.

P devededededeh o

Family: CYTHERIDEIDAE SARS 1925

Subfamily: CYTHERIDEINAE SARS 925

Cenus: Cytheridea BOSQUEIT 1852

Subgenus: Cytheridea (Cytheridea) BOSQUET 1852
(Type species: Cytherc muellerii MUNSTER,1830.)

Cytheridea (Cytheridea) intermedia (REUSS)

Plate 22, figs. 1’ 2’ 3) a’ 5'

Cytherina intermedia REUSS,1850. p.86,pl.11,fig.12.(Barton Deds,Barton.)
Cytherina mulleri (MUNSTER) var.intermedia (REUSS)sJONES,1857.p.42,pl.5,
figs.&-S.
Cytheridea intermedia (REUSS):KEIJ,1957. pe56,pleb,figs.5-8. (Lr.& Up.
Eocene, Belgium., Up.Bracklesham and Earton Beds,England.)

Cytheridea (Cytheridea) intermedia (REUSS):EAGAR,1965.p.17.(London Clay,

Reading Area.)
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Remarks

An extremely abundant species at Alum Bay, Bartorr-and in thi Upper
Bracklesham Beds, The shallow median sulcus is not always present but
the shape, anterior ridzes, anterior and posterior spines and lack of
lateral tubercles easily distingulsh it from other specles.

fyamocytheridea hebertiana (BGSQUET) differs in having much more
rounded posterior angles and low denticles replacing the spines. The
hinge of C.(C.)intermedia shows the median positive element in the left
valve and so can be definltely placed in the subgenus Cytheridea (Cytheridea).

et fededededededod
Genus: Cyamocytheridea OERTLI 1956

(Type species: Balrdia punctatella BISQUET,1852,)

Cyamocytheridca hebertiana (BOSQUET)
Flate 22, figs. 6a,b, 7.

Bairdla hebertiana BUSQUET,1852. p.27,pl.l,fig.ll.(Up.ocene,France.)

Haplocytheridea hetertiana (BUSQUET) :KEIJ,1957. pe59,ple2,figs.7-8.
Lr.-Up,Zocene,Belgium,)

Cyamocytheridea hebertiana (BCSQUET): VAN MARKHOVEN1963. p.237, .
flgs.446 ,447 ,450,

Remarks

Examination of the hinge shows that the present materlal does not
belong to species of Aulocytheridea with simllar external featurss,
Such species as Aulocytherideca punctatella KEIJ (1957), A.,mourloni KEIJ

and A.diegemensis KEIJ all have a strong accommodation groove in the left

valve, a feature which is absent in C.hebertiana. Well preserved
specimens show the large triangular anterior vestibulum characteristic of
Cyamocytheridea (see VAN MORKHOVEN, 1963),

Most specimens from the Darton Beds of Alum Bay show the typical
shape and pitting of C.hebertiana. The few examples from the Chama Bed
of Barton are more coarsely punctate and resemble C.helzelensis KEIJ (1957).
Some specimens bear low, indistinct denticles at the posterior angles, as
seen in C.helzelensis and C.heinzelint KEIJ (1957). Further distinctions

into these and other closely similar specles must awalt additional material.

fedededrdededededede
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Genus: Schuleridsa SWARTZ & SWAIN 1846

Subgenus: Schuleridea (Aequacytheridea) MANDELSTAM 1947

(Type species: Cytherina perforata ROEMER,1538.)

Schuleridea (Aequacytheridea) perforata (ROENMZR)

Plate 22, figs. 8, 9, 10a, b,

Cytherina perforata ROEMER,1838, p.516,pl.6,fig.ll.
Cytheridea perforata (ROEMER) :JCNES,1857. p«44,pl.4,fig.l4.

Cytheridea perforata (RUEMER) var.insignis JONES,1857. p.46,pl.6,fig.3.
Cytheridea (Cytheridea) perforata (RCEMER):BOWEN,1953. p.279,fig.Alb.

Haplocytheridea perforata (ROEMER) : APOSTCLESCU, 1955, p.248,p1.2,figs.21-24.

Haplocytheridea perforata (ROEMER) tKEIJ,1957. p.63,pl.4,fig.20 (et syn.)
LAr.-Up.Eocene, Belgium.Up.Eocenc-Miocene?, ,Netherlands. i.-UpeEocene,
France. Up.Eocene,ingland.)

Schuleridea (Aequacytheridea) perforata (ROEMER):EAGAR,1965. p.1% (gt syn.)
(London Clay, Reading Area

Remarks

This species occurs, sometimes abundantly, throughout the Barton Beds
of both sections, It is distinguished in its larger size, hingement and

more numerous marginal pore canals from Cyamocytheridea hebertiana, which

it resembles in shape, It is placed in this subgenus of Schuleridea in
accordance with several authors (seec VAN MORKHOVENL963, p.310), the nominate
subgenus being reserved for Mesozoic species with fewer marginal pore

canals, In North West Europe S.(A.) perforata has a long range: from

Lower to Upper Eocene (APCSTOLESCU, 1242, chart), and KEIJ (1957) also

records it from the Oligocene and possibly the hMiocene.

Yedededdederkederkde

Subfamily: CUNEGCYTHERINAE MANDELSTAM 1960

Genus! Cuneocythere LIENENKLAUS 1894
(Type species: Cuneocythere truncata LIENZNKLAUS,1894, (=Bailrdia marginata
LOSQUET,1852,)

Subgenus: Cuncocythere (Monsmirabilia) APOSTOLESCU,1955

(Type species: Monsmirabilia subovata APCSTOLESCU,1955.)

Cuncocythere (Monsmirabilia) triebeli KEIJ

Flate 23, figs. la, b, 2, 3.

Cuneocythere (Monsmirabilia) triebeli KE1J,1957.p.79,pl.9,figs.l-4,
(Lr.-Up.Eocene,Belgiun.Up.Eocene,Neths. Up.Bracklesham Beds,Whitecliff
Bay.)
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Cunecocythere (Monsmirablila) triebeli KEIJ:HASKINS,1988¢c. p.174,pl.3,
figs.26-34, (London Clay - Up.Barton Beds, Hampshire,)

Remarks

A small species, occurring frequently in the upper Middle Barton Beds
of both sections and rarely in the Lower Barton Beds of Alum Bay. It is
quite distinct from all other Bartonian species encountered and differs from

C.(M.) oblonga APOSTOLESCU (1955) and C.{(M.)subovata APOSTOLESCU (1955)

in its broad dorsal, anterior and posterior peripheral flange. It is

never coarsely pitted like C.(M.)foveolata (BOSQUET,1852), C.{Cuncocythere)

marginata (BOSQUET, 1852) or C.(Cuncocythere) lienenklausi K2IJ, (1957)

and its narrow accommodation groove in the left valve further dlstlﬁgu{shes

it from the second two at a subgeneric level.

etededetevededeicd

Subfamily: KRITHINAE MANDGLSTAM 1958

Genus! Krithe BRADY, CROSSKEY & RCBERTSOM 1874

(Type specles: Ilyobates practexta SARS, 1866.)

Krithe bartonensis (JONZS)

Blate 21, figs.6a,b,7.

Cythere (Cytherideis) bartonensis JONES,1857., p.50,pl.5,fig.2-3.

(Barton Beds, Barton.)

Krithe bartonensis (JONES): KEIJ,1657. p.85,pl.8,figs.11-17,
(Up.Eocene, Belgium,Netherlands, England.)

Remarks

The Barton Clay of Barton is the type locality of this much abused
species, where it occurs both in the Lower and Middle Sarton Beds. At
Alum Bay it shows the same distribution. KEIJ (1957) and later
VAN MORKHOVEN (1963, p.343) questioned the validity of occurrences of
Ke.bartonensis outside the Upper Eocenc. The name has beén applied to
species of Krithe ranging from Cretaceous to Recent and KEIJ places
Cligocene and Miocene forms in K.papillosa (BCSQUET) and Ko.pernoides
(BORNEMANN, 1855). VAN MORKHOVEN suggest that K.praetexta (SARS),a
recent form, remains the valid type species for the genus. KEIJ also

erects a new species, K.rutotl, for European forms from the Lower Eocene
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to Upper Bracklesham Beds, differentiating them on length/height ratios
of populations of complete carapaces and left valves. An exuniuatlon of
specimens from the Upper Bracklesham Beds could not reveal any other

more qualitative differences.

dedederededededodede

Family: CYTHERURIDAE MULLER 1894

Genus: Cytherura SARS 1386

(Type species: Cythere gibba O.F,MULLER,1785.)

"Cytherura®” sp.cf. C.bambruggensis KEIJ

Flate 23, figs. 4a, by 5.

?Cytherura bambruggensis KEIJ,1957. p.l145,p1.23,£figs.9-10,
(Lr.-Up. Eocene, Belgium.)

Remarks

A few small, poorly preserved specimens, from the Middle Barton Beds
of Barton and the Lower Barton Beds of Alum Bay, may be questionably
referred to KEIJ's species. Two specimens show the three longitudinal
ridges, alar prolongations and the upturned caudal process of
IC, "bambrugzensl s.

#C,"oedelemensis KEIJ (1957) bears more ridges, a downward pointing
caudal process and poorly developed wings. In the absence of comparative
material uncertainty must exist as to whether the inner lemeclla is broad
or narrow and so whether the species belongs to the genera Semicytherura

or Cytherura respectively.

Sevrdedeidodededde
Genus: Eucytherura MULLER 1894
(Type species: Cythere tomplexa BRADY,1866.)
Eucgtherura specf, E.gerfotatina EAGAR

Plate 23, figs. 6a, b, 7.

?Eucytherura perforatina EAGAR,1965. pe21l,plel,fig.9; pl.2,figs.12~13,
(London Clay, Reading Area.)

Remarks

An extremely small form, which oégz:; infrequently in the Lower and
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Middle Barton Beds of both sections. The small size might indicate it
to be a juvenile instar but the strongly and densely pitted ornament,
well doveloped swellings and absance of any obdviously related, larger
specimens are considored to De evidence for 1ts adult naturs. The size,
shape, ornament, caudal process and position of the three leteral swelllhgs
compare well with EAGER's type flgures and description and support the
generic placing. However a definite specific placing for such a small
species would be unwise without comparative material.
Sevedededededededeok
Genusg: Paracytheridea MULLER 1894

(Type species: FParacytheridea depressa MULLER, 1894.)

Paracytheridea gradata (BOSQUET)

Flate 23, figs. lla, b.

C!.there -grﬂdﬂta BOSQUET‘ISS . p.127,p1.6,f1g.11.
Paracytheridea gradata (BGSQUET): APOSTCLESCU,1955 pe249,ple2,fig.25.

:KE1J,1957. p.159,pl.22,
figs.2-4,.(Lr.~Up.Eocene,Belgiun.M,.Eocene, France,Lr.& Up,Eocene,Neths.
Up.Bracklesham Beds,Engiand.)

Paracytheridea (Paracytheridea) gradata (BOSQUET): EAGAR,1965. p.22.

(London Clay,Reading Area.).

Remarks

The rare specimens from the Lower and Middle Barton Beds of Alum Bay
agree well with KEIJ's figures and with specimens from the English Upper
Bracklesham Beds. The sharp reticulate ornament, angular wings and
caudal process are typical of the speclies. L.grignonensis KEIJ (1957)

has more rounded lateral swellings supporting undulating ribs.

Fevededededededehede
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Genus: Cytheropteron SARS 1866

(Type speciest Cythere latissima NOKMAN,1865.)

Cytheropteron brimptoni BOWEN

Flate 23, figs. 10a, b.

Cytheropteron (Cytheropteron) brimptoni BOWEN,1953. p.280,fig.A3.
(London Clay,London Basin.
Cytheropteron (Cytheropteron) gulincki KB1J,1957. p.148,pla5,f1g7.2;
pl.23,fig.15. (Upper Eocene, Belgium,)
Cytheropteron (Cytheropteron) brimptoni LOWEN: EAGAR,1965. p.l19.
(London Clay, Reading Are

Remarks

EAGAR (1965) has stated that C.(C.) gulincki KEIJ differs from
BOWEN's species only in being slightly larger and concludes that they are
conspecifice The rare specimens recovered from the Middle Barton Beds of
Bartnn (BURTON's bed E) and the Lower Barton Beds of Alum Bay undoubtedly
belong to the same species. They are characterised by having externally
nearly smooth subequal valves with a marked caudal process and long,

conical alar prolongations.

dededrfededetetededs

Cytheropteron wetherelll (JONES)
Flate 23, figs.8a,b,%a,b,c,d.

Cythere wetherelli JONES, 1854. pe161,p1.3,f17.9.(Woolwich Beds, Kent.)
Cythere wetherelli JONES:JON:S,1857. Pe26,p1.b,fig.15;p1.6,f1g.16.
Cytheropteron (Eocytheropteron) sherborni BOWEN,1953. pe 281, fige,A5. -

Cytberopteron cf. C.fiski KEIJ,1957. p.150,p1.18,fig.5;p1e21,f18.7,
(Up. Eocene, Netherlands, Belgium.)
Cytheropteron gEocxtherogteron) wetherelli (JONES):FAGAR,1965. p.20.(et_syn,)
(London Clay, Keading Area.)

non Eocytheropteron fiski HOWE & LAW,1936. pe38,p1.2,£igs.25-263pl.3,
figs.19-20,

Remarks
This long ranging species has been wrongly named and renamed several

times. BAGAR (1965) states that Eocytheropteron fiski (HUWE & LAW) differs

in having coarser surface reticulations and a shorter caudal process than

C.wetherelli., C.wetherelli 1is known from the Upper Faleocene to the

Lower Oligocene, It occurs frequently in the Lower and Middle Barton Beds

of both sections and identical specimens have been observed from Upper
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Bracklesham and Middle Headon Beds material.

The distinctive outline with its strong caudal process, and
ventrolaterally bulbous valves, are easily distlingulshed from
C.brimptoni BOWEN. Alar prolongations are never present, The very
faint vertical median sulcus is variably developed and is slightly
stronger in males. Examination of the fine reticulate lateral ornament
using the Scanning Electron Microscope revealed a remarkedly regular
pore pattern, Each polygzonal area marked out by the ridges had a clrcle
or normal pores located around its edge. Each polygon also had a single
large sieve pore, also situated in the pore circlet.

Yedededededodedevede

Family: LEGUMINCCYTHEREIDAE HOWE 1961

Genust Leguminocpthereis HOWE 1936
(Type speciest Leguminocythereis scarabacus HOWE & LAW, 1936.)

Leguminocytherels striatopunctata (ROEMER)

Piate 24, figs. la, b, 2a, b,

Cytherina striato-punctata RUEMIR,1838. ps515,pl.6,fig.3.

Cythere striatopunctata (ROEMER): BOSQUET,1852. p.62,pl.3,fig.l.

Cythere striatopunctata (ROEMZR): JONES,1857. p.27,pl.5,figs.6,7, & 10,

Cythere striatopunctata (ROEMER): JONES & SHERBORN, 1889. p.l9.

ps284,fig. Al.

Leguminocythereis striatopunctata (ROEMER):. AFOSTOLESCU,1955. p.254,p1.3,
figs.47-48.

Lecuminocythereis striatopunctata (ROEMER): KEIJ,1957. p.126,pl.12,fig.18;
plel5,fig.8., (Lr.Eocene-Lr.Oligocene,Belgium; Up.Eocene,Neths.,England.)

Remarks

Une of the dominant species throughout the Farton Beds of both
sections, with a total range above and belovw that horiron. L.oecrtlii
KEIJ (1958), and L.genappensis KEIJ (1957) are coarscly reticulate like
L.striatopunctata. FHowever both have considerably lower carapaces and are
not so inflated ventrolaterally. A few specimens fram the liddle Barton
Beds of both sections resemble L.oertlii, except that they are more
inflated laterally and have slightly coarser ornament., They appear to
grade into typical male L.striatopunctata and until more specimens are

available no further distinction is possible., L.dumonti KEIJ (1957),
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and more particularly L.pertusa (RCEMEK, 1838) show the same inflated

shape as L.striatopunctata but in both the longitudinal ornament is

much heavier than the transverse reticulations.

Fedefededededodovede

Family: LOXCCCNCHIDAE SARS 1925

Genus: Loxoconcha SAKS 1266

(Type species: Cythere rhomboidea FISCHER, 1855.)

Loxoconcha subovata (MUNSTER)

Plate 23, figs. 12a, b, 13, l4a, b,

Cythere subovata MUNSTER, 1830, p.63.
Cytherina subovata (MUNSTER): ROEMER,1338. PeS515,p a5,£144,
Loxoconcha subovata (MUNSTER): LIENSNKLAUS,1894., p.234,pl.16,fig.4.

Loxoconcha subovata (MUNSTER): KEIJ,1957. p.l4d,pl.22,figs.15-16.
(Lr.Eocene-M,0Oligocene, Delzium. Up.Eocene,Netherlands.)

Loxoconcha subovata (MUNSTER): EAGAR,1965. p.23.(London Clay,Reading Arca.)

Remarks

A small species occurring infrequently in the Middle Barton Beds
of Barton and the Lower and Middle Barton EBEeds of Alum Bay. The
laterally rather inflated valves show the fine, regular reticulate ornament
characteristic of this species. Sexual dimorphism is very marked, the
males belng considerably longer and more slender than the females. The
short posterio-ventral longltudinal ridge mentioned by KEIJ (1957
on his males occurs on most of the Eartonian specimens of both sexes,
It stretches two=-thirds of the way to the anterio-ventral angle and may
indicate that theEngzlish forms belong to a different species. As all
other features are identical with those figured by KEIJ further
taxonomic subdivision is considered inadvisable. |

L.curryi KEIJ (1957), from the Upper Eracklesham Ceds, and

Legratelouplana (BCSQUET,1852) differ from L,subgvatg in thdéir coarser

ornament and more angular outline. As figured by KEIJ (1957) L.subtrian-
gularis (SPEYER) and L.punctatella (REUSS, 1650) have similar ornament
to the Bartonian specles. The former has a shallow sulcus and the

anterlor border of the latter bears stronger ornamentation than in
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L,subovata, Lskuiperi KEIJ(1957) has considerably finer ornamentation
and L.nystiana (BOSQUET, 1852) has a longer straight dorsal margin,
Fdhrdededieiokde

Genus: Cytheromorpha HIRSCHMANN 1909

(Type species: Cythere fuscata BRADY, 1369.)

Cytheromorpha brabantica KEIJ
Plate 23’ figs. 15.16.17.

Cytheromorpha brabantica KEIJ,1957. p.88,pl.16,figs.10-11;p1.23,£fig.17,
(Ledian,Belgium,)

Remarks

A small species, widely distributed in the Middle Darton Beds of
Barton, the Lower and Middle Barton DBeds of Alum Lay and the Upper
Bracklesham Beds., The vertical sulcus, irregular reticulations and
- two posterior swellings (one above the other) agree well with KEIJ's
figures. There is some varlation in the coarseness of the ornament.,
Specimens from the Upper Pracklesham Beds and some from the Jartonian
have deeper pits than others from the Darton Eeds. The latter are never
as weakly reticulate, or as elongate as Ce.zinndorfi (LIENENKLAUS,1905),
as figured by KEIJ and as represented in the English Middle Headon Deds.

Yedededede e lededek

Family: SCHIZOCYTHERIDAE HOWE 1961

Genus: Schizocythere TRIEZBEL 1950
(Type species: Schizocythere hollandica TRIEBEL,1550.)

Schizocythere batjezi KEIJ

Plate 24, figs. 3a,b, 4a, b,

Schi zocythere batjezl KEIJ, 1957. p.153,pl.20,figs.16-183p1.21,fig. 12,
(Up+Eocene, Gelgium, Netherlands, England.)

Remarks
Common specimens from the Lower and Middle Zarton Beds of Alum Bay
and Darton agree well with the type flgures and descriptions, having

small, compact, coarsely reticulate carapaces. Specimens from the
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Upper Bracklesham Beds of Whitecliff Bay and Selsea show slightly

shallower ornamcntation. They differ markedly from S.tessellata

(BOSQUET,1852) s.l. which also occurs in the Upper Bracklesham Beds,
in lacking any posteriosventral extensions. S.buendensis TRIEBEL,
from the Dutch Miocene, has much less deeply developed ornament.
Fedodededededevedete
Genus: ©Paijenborchella KINGMA 1948

(Type species: Pal jenborchella iocosa KINGMA, 1948,)

Pal jenborchella eocenica TRIEBEL

Plate 24, figs. 5, 6a, b, 7.

Paj jenborchella eocenica TRIEBEL, 1849. p.196,pl.1,figs.1-7;p12,fig.8.
Pal jenborchella eocenica TRIEZEEL:KEIJ,1857. p.156,p1.21,fig.0.
(Up.Eocene,Belgium,Neths. ,Gernany.Up.Bracklesham,larton Beds,England.)

Remarks

Specimens from the Lower and Middle Barton Feds of hoth sections
are placed in iF.eocenica on the basls of the length of the uppermost
of the three longitudinal ridges. KEIJ (1957) distinguishes between

this species and I’.longicosta KEIJ on the ultimate posterior course of

these ribs but shows P.longlcosta to always have a long upper ridge,

The hartonlan specimens examined never bore an upper ridge extending
far beyond each side of the median sulcus. Specimens from the Upper
BEracklesham Eeds of Whitecliff EBEay, considered to belong to P.longicosta,
had a much longer upper ridge extending almost to the spine below the
caudal process. Nelther species bears as well marked a posterio-ventral

spine on the middle rib as P.lomata TRIEBEL (1949).

Yetovededededc vk
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Family: TRACHYLERERIDIDAT SYLVESTER-DGRADLEY 1948

Genust Trachyleberis BRADY 1898

Subgenus: Trachyleberis (Trachyleberis) S5RADY 1893

(Type species: Cythere scabrocuneata BRADY, 1880,)

Irachyleboris STraehgleberis) aculeata (BOSQUIT)

Flate 25’ figs. 1, 28, b, 3.

Cythere aculcata BOSQUET, 1352. pel107,pl.5,fig.10.

Cythere approximata 30SQUET,1852. (part) p.88.

Cythere arachnoidea BOSQUET, 1852. pe99,ple5,fig.s.

Cytherols horrescens JONES, 1857. (non BOSQUET) pe38,pl.5,fig.l7.

Cytherc bowerbankiana JONES, 1857 pe38,pl.6,figs.7-8.

Trachyleberis aculeatg:ZBOSQUET;: APOSTOLESCU, 1955 pe271,pl.8,figs.123-124,

Trachyleberis (Trachyleberis) aculeata (BOSQUET)$ KEIJ, 1957. p.90,pl.l3,
fig5¢16=173ple16,figsel4«15s (Lr.-Up,ocenc,Belgium, France. Up.Eocena,

Netherlands, £nzland.)

Trachyleberis (Trachyleberis) aculeata (BOSQUET): EAGAR,1965. p.24e (et_syn.)
(London Clay, Reading Area.)

Remarks

A large specles, which i{s abundant in the Upper 3Sracklesham Seds and
also occurs comronly at certain levels in the Lower and Middle Barton Beds
of both sections.

Te{Ts) lichenopora (BOSQUET, 1852) differs fror this species in

having a more clongate shape and more numerous, irregular, slender blades
and knobs on the lateral surface. JONES (1857) erroncously placed iondon

Clay and Barton Clay specimens of Te(T.)aculeata in Cythere bowerbankiana

and Cythere horrescens respectively.

A few small specimens from 3Sarton have many elongate cylindrical
lateral spines, The central muscle scar pattern shows however that they
have the single crescentic antennal scar of Trachyleberis and not the

double anterior scars of Hirsutocythere horrescens (BOSQUET, 1352),

a species with similar ornament. They are undoubtedly juvenile instars

of T.ST.) aculeata.
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Genus: Occultocythereis HOWE 195]

(Type species: Occultocytherels delumbata HOWE, 1951,)

Occultocytherels sp.l
Plate 24. f’.gs. 8’9a’b.

Description
Small, laterally compresscd carapace, slightly over tirfice as high as

it is long. The straight dorsal and ventral outlines converge posteriorly
to a low hinge tubercle with a small spine. A further posterio-ventral
extension 1s marked by four or five short spines. Anterior outline
broadly rounded with about ten equal marginal spines. Lateral faces
smooth, ecach with a low subcentral swelling, a straight ventral
longitudinal ridge and a straight dorsal longitudinal ridge. 3Soth

ridzes end posteriorly at sharp angles, the dorsal one reaching farthest,
(almost to the posterior cardinal anzle). The anterior and posterior
marcginal ridges are unconnected with the other two. Eye tubercles are
present and well developed.

The inner margin and gone of concrescemge coincide, leaving no
vestibules, The inner lamella broadens anteriorly and posteriorly.
Selvage strong and running close to the outer margin. Marginal pore
canals visible under the anterior inner lamella only, where they are
quite stout, few in numﬁer, and bifurcate just before the selvage is
recached. Muscle scars not clearly visible.

Hinge holamphident, with a socket and a simple peg-like anterior
tooth in the left valve, followed by a smooth median bar and a posterior
socket, Lateral pores few in number and randomly scattercd over the
lateral surface,

Sexual dimorphism is markeds. The ventral longitudinal ridge is
considerably reduced in the male right valve, giving the carapace an
asymmetrical appearance in ventral view. The females have posteriorly

more inflated carapaces and are symmetrical.
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Remarks
The bifurcating marginal sore cdnals and asymmetry of the male
carapace leaves no doubt as to the generic placing of this form. The

genus Idlocythere also differs in having a more complicated dentitiony

with two anterior teeth in the left valve., Irachyleberidea aranca

(JONES & SHERBORN) differs from the Occultocythereis sp.l in having
reticulate ornament, a median longitudinal ridge and a sharper posterior
angle, HASKINS (1963) records it from the English Barton Beds but no
specimens were encountered in the present study. O.delumbata HOWE,
the type species, has a much sharper posterlor angle. An unnamed spgclgs
of Occultocythereis figured by TRIEEEL (1958), from the Eocenezbf the
Paris Basin,(see VAN MORKHOVEN, 1963, p.195,f1g.300) strongly resembles
O,sp.l in shape and ornamentation.
Fevededededestdedede
Genus: Bosquetina KEIJ 1957

(Type species: Cythere pectinata BOSQUET,1852,)

Remarks

On the basis of soft part morphology and central muscle scar patterns
in recent forms HAZEL (1967) puts Bosquetina, not in the Irachycytheridae
(as in the Treatisc - Ed, NMUORE, 1961), but with the Trachyleberididac.

He includes Bosquetina, Zchinocytherels and a new genus in his new

subfamily, the Echinocytherininae. The muscle scar patterns are considered
to be intermediate between those of the "Femicytherids' and the
“"Trachyleberids™, In the "Hemjcytherids™ one or more of the four adductor
musCle scars are split laterally and the antennal scar is multiple. Most
of the "Trachyleberids® show a plle of four single adductor scars and a
single J-shaped antennal scar. Bosquetina (and Echinocxtherels) bears
double antennal scars and four adductor scars, the second two of which are
often elongate, showing a tendancy to divide. For these reasons Bosquetina
is placed in the Trachyleberididae, although the present author is not

prepared to pursue the nomenclatura to a subfamilial level.

3 X
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Bosquetina sp,l
Plate 26, figs.la,b,2,3.

Description

Valves subequal, lateral outline tapering from antecrior to
posterior, height about half the length and maximum at the eye tubercle,
Dorsal outline straight, ventral outline slightly convex. Anterior
obliquely rounded, with numerous small marzinal denticles in ventral
quadrant. Fosterior bluntly angled, again with a few small marginal
spines.

Lateral faces swollen, with a narrow peripheral flange. Eye tubercle
prominent, with a short shallow sulcus just behind i1t, Ornament consists
of a fine network of low ridges in the central region giving way to
several low longitudinal ridges centroventrally. The latter converge
at the base of a short, sharp, conical posterioventral spike. The
anterio-~ and posteriolateral arcas are smooth.

Vestibules absent, the inner margin and the line of concrescenca
coinciding throughout, The inner lamella is clightly broader at the
posterior and anterior margins, where it supports a low, almost peripheral
selvage and covers a large number of thin, unbranched,. slightly sinuous
marginal pore canals.

Bingement holamphidont with, in the right valve, a large, simple,
conical anterior tooth followed by a conical socket, a long, narrow,
smooth furrow and a crescentic, slightly lobed posterior eloment. The
corresponding anterior tooth and median bar in the left valve are smooth,.

Central muscle scars consist of a pile of four elongate adductor
muscle scars, the second or sometimes the third of which is banana shaped
and overlaps downwards anteriorly. The antennal muscle scars are always
two in number and subcircular in shape. Additional small scars are
somatlmes visible above and in front of the central complex.

Sexual dimorphism marked, the males being longer, and narrower than

the femaless Females are often more swolien posteriorly in dorsal view.
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Rggarkg

The muscle scar pattern, general shape, hingement and presence of
the posterioventral spike is thought to indicate that this form belongs
in the genus Bosquetina, although the type specles does not have reticulate
ornament of this sort. Echinocythereis has similar muscle scars but
always bears much more positlve ornament. Leguminocythereis has
comparable reticulate ornament but lacks the posterioventral spike and
elongate second adductor muscle scar. Ruggieria has manydf this species’
external features, namely longitudinal and reticulate ridges etc., but
the antennal muscle scar {s definitely single and J-shaped,

From the literature a very close similarity is apparent between
this specles and Leguminocythereis tenella EAGAR (1965) (London Clay,
Reading Area). The main differences lie in the slightly heavier
reticulations and the lack of the ventral longltudinal ridges and
posterioventral spike on EAGAR's speclies. Unfortunately he does not
figure the muscle scar pattern and so it is impossible to determine if
they should belong to the same genus without examining his material,

At Barton and Alum Bay B.sp.l occurs quite abundantly in the
Lower Barton Beds. It hes not been found in other.formations.

Yedededededevededede

Family: HEMICYTHERIDAE PURI 1933

Genust Quadracythere HORNIBROOK 1952

(Type species: Cythere truncula BRADY, 1898,)
Remarks

As pointed out by HAZEL (1967, p.24) and VAN MORKHOVEN (1963, p.l44)
the double nature of the antennalvmuscle scar indicates that Quadracythere
is a "Hemicytherid" and not a "Trachyleberid" genus, The Treatlse

(Ed. MOORE, 1961, p.341) erronecusly places it with the “"Trachyleberids®,
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Quadracythere? spel
Plate 25,fig5.ll»a 'bgsa,b.

Description

Carapace small, valves subequal, outline subquadrate, with the
lengthsbout one and a half times the height. Dorsal outline short and
straight, ventral outline slightly convex, the two converging slightly
posteriorly. Anterior outline slightly rounded, meeting the dorsal
and ventral margins at obtuse angles. Posterior cardinal angle marked.
Two thin ventrolateral flanges end abruptly in the posterioventral area,
the lower one being longer anteriorly. Two thin anterior flgnges—ate
present, the outside one being marginal and striated on its inner surface,
A strong, striate, triangular, posteriodorsal horn emerges 2/3rds of the
way along the dorsal margin. A shallow vertical sulcus runs just anterior
to this horn, from the dorsal margin to the centre of the valve., Eye
spots absent. Ornament consists of a fine network of ridges (also seen
on the interior of the thin valves) associated with small rough knobs.

Inner lamella narrow, without vestibules, widening slightly at the
anterior and posterior margins, Selvage strong and the numerous marginal
pore canals are simple, radial and slightly sinuous. They appear to
continue onto the inner face of the marginal flange as the striations
mentioned above, Hingement, musclescar pattern and sexual dimorphism
unobservable.

Remarks

This form can only questionably be referred to the genus Quadra-
cythere on the basis of its shape and ornamentation. 1t may well prove
to be an instar of a species already recorded, It is doubtful if it is a
juvenile of Quadracythere sp.2 as it lacks the pustules and inequality
of the valves of that species, and shows a different stratigraphic
distribution. At Barton Q.? sp.l is restricted to the Middle Garton bBeds
and at Alum Bay it occurs in the Lower and Middle Barton Beds. It has

also been found in the Upper Dracklesham bDedse. Q.sp.2 however, is found



266.
at Barton only in the Lower Barton Beds. It may repnresent the juvenile

instar of a species of Schizccythere. Schizocgthere batjezi KEIJ has

a much more reticulate ornament, lacks a posteriodoréal horn and has a

median longitudinal ridee absent in this form. S.tessellata (BOSQUET,

1852) has a similar shape but does not occur as an adult in the Barton

Beds, Without clear evidence regarding its hingement no decision can

be reached regarding its relationship with any species of Schizocythere and
although its affinities remain in doubt, it 1s thought advisable to keep

it as a separate taxon for the time belng,

Yedledobededodededede

Quacracythere sp.2

Plate 25, figs.6a,b,7,8a,b,

Description

Carapace small, subquadrate, short and high; the length being about
one and a half times the height. Dorsal outline stralght in the left
valve, and strongly domed in the right valve. Ventral outline slightly
convax, except anteriorly where it forms a reentrant where the obliquely
rounded anterior outline meets it, rosterior outline angular and turned
up.

Valves unequal, the right valve overlapping the left markedly along
the dorsal margin. £Zye tubercles well developed.

Ornament strong, with well developed anterior, posterior and
ventrolateral ridges, the last being weakly lobed. Lateral swellings
numerous and narked, especially the largze subcentral swelling over the

position of the central muscle scar depression and the smaller, slightly

irregular posteriodorsal swelling. Other ornamentation consists of rather
low, smooth, subsidiary ridges. Lateral pores scattered and large in
diameter.

Inner margin and line of concrescencecolincide throughout, Inner
lamella narrow, widening slightly at the anterior and posterior margins.

Selvage strong and situated close to the outer margin. Marginal pore
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canals simple, radial and numerous in the anterior, posterior and
ventral margins. They emerge at a few small marginal denticles
posteriorly and at numerous small denticles at the anterioventral
margin,

Hinge hemiamphidont. The anterior tooth in the right valve is
smooth and stepped (see VAN MORKHOVEN, 1963, p.l44) and the posterior
tooth is smooth or slightly cusped. In the left valve the median bar is
slightly crenulate anteriorly and smooth posteriorly,

The central muscle scar pattern consists of a pile of four
similar, slightly elongate adductor scars and two obliquely arranged
antennal scars. The adductor muscle scars are situated in a deep
circular depression.

Sexual dimorphism is not very marked, the males being slightly
lower than the females.

Remarks

This specices has a restricted distribuytion at both sections. Apart
from a few specimens from the Middle Barton Beds at Alum Bay it is
only found in the Lower Barton Eeds,

KEIJ (1957) figuras several species of Quadracythere from the

North West Zuropcan Tertiary. Of these Q.macropora {ECSQUET,1852)

(from the Oligocene), Q.vermiculata (BOSQUET,1852), Q.orbignyana (BOSQUET,
1852) and Q.angusticostata (BCSQUET, 1852) (all from the French and
Belgian Eocene) are much more heavily reticulate than QeSpe2.

Q.lamarckiana (BOSQUET, 1352) (Lr.-Vp.Eocene,France) is much smoother

but has fewer swellings than the Eartonian specles. MCCS (1963, 1965)
revises the German Oligo-miocene Quadracythere group and figures
Q.diversinodosa (LIENENKLAUS, 1894) (Lr.Cligocene, Ge;many, France) ,

a spacies very closely related to Q.sp.2. The swellings and weak
reticulate ornament are comparable and the only difference is that the

dorsal outline in the right valve 1s not as domed as in QeSpele

Sedrdedededededede e
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Seetion 4:6 MOLLUSCA
Introduction

This is the most diverse group dealt with in this study and proved the
most troublesome to identify and classifys CURRY (1968) states that 523
species of described Mollusca are known from the English Barton Seds (BURTON
(1933) 1ists 350 spp., GARDNER, KEEPING & MCNCKTON (1338) 1list 407 described
sppe) and estimates that 2500 species are known from the ilorth West European
Middle and Upper focene. The present difficulties stem from two maln sources.
A great deal of tho material examined consistcd of the fragmentary and juvenlle
stages of large, well documented forms. This problem could be partly overcome
by reference to some of the excellent named collecticns and to the very
voluninous literature, The residue of the fauna in the size range examined
consisted of very small, adult specimens. Unfortunately these specles were
largely "ignored by the otherwise exhaustive 19th century authors and many
arc completely undescribed. These had to be left as numbered specles,

The important collections of F.E.Edwards, A.Z.rigley and Z.St.Joan Burton
were examined in the 3ritish Huseum (Natural History), London. In addition
the Ross collection, in the Department of Geolozy, University College,

London, contains an excellent range of English Fartonian Mollusca and,
although the collection 1s of uncertaln provenance, was very useful for
comparative studies on the juvenile stages of large species.

Zuropean Tertiary lMollusca have attracted interest from LIINIE onwards
but unfortunately many of the 18th and early 16th century French and English
vorks of SCLANDER (1766), LAMARCK (1799 onwards), CHARLESWORTH (19251),
the SOWERBY's (J. and J.deC.) and several others were lnaccessible and
could not be consulted. Zarly references which were obtainable include
DESHAYZS'(1256-1866) second and beautifully illustrated monograph on the
French Eocene faunas, J. de C,SCHEREY (1850 in DIXCN's *3ussex™), WOOD's
(1377) monograph on the Felecypoda, EDWARDS & WCOD's (1371) companion volume
on the Gastropoda and Cephalopoda, CO33MANN®s (1282 onwards) revision of the
Zuropean Tertiary faunas and CCSSMANMN & PISSARRC (1906-1913), which is a

comprehensive atlas of Faris Fasin Zocene Mollusca, Later references include
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papers by WRIGLIY (for a full list see Proc.Maisc.Soce,London, 30,
157-160) , NEWTON (1895), NEWTOM & HARRIS (1394), CURRY (1960, 1965),
TREMLETT (1953), some by GLIEBZRT (1936, 1938) and &,4HITits(1963, 2nd.ede)
11lustrated booklet., This list 1s not complete and the reader should consult
ReB.NEWTON's (1891) catalogue for a full bibliography of early works.

The generic and suprageneric taxonomy is at present under revision
by GLIGERT and the less complete but more understandable classification of
A.MaDAVIES (“Tertiary Faunas®, 1935) is used here. Illustrations are limited
here to those species which are either unidentifiabie cir are not fizured

in any easily obtalnable publication.

Ve feichfved

4:6:1Phylumt P'OLLUSCA CUVIZR

Class: PELECYPODA GOLDFUSS 1820

Superfamily: NUCULACIA
Genus: Nucula LAI:ARCK 1799

Nucula ampla WOOD
ducula ampla iDWARDS (me.s.): WOOL,18971, p.l103, pi.l%,figs.5,6.

Remarks
WOOD (1871) uses ILWARDS'! manuscript name and includes the variety

contigua EDWARDS (mes.) with 1t, The common material from the Chama T[ed

of Darton agrees well with WOOD's figures and description. RURTON (1933)
also records ll.ampla from the same levels Mosimilis J.SCHERRY (see £.WHITE,
1963, pl.5,figs.1,2) has been recorded from this horizon. It differs from
N.ampla in having more angular umbones and a more trigonal outline. N.ampla
is a rather short, tumid form, with broadly rounded umbones and very weak

radial and growth ornament.

JedekdedcteRvtee s
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Nucula specf. Nobisulcata Jede C.SOWIRBY

?Nucula bisulcata Jede C.SOWELRBY in DIXON,1850. pp.93,170,pl.2,fig.l3.
?Nucula bisulcata J.de C.SOWERBY: WOOD,1871. p.109,pl.18,f1z.13.

Remarks

A few pporly preserved specimens from the Lower and Middle DBarton beds
resemble WOOD's flgures, They have a compressed, elongate outline and the
distinct genlculation marking the anterior end of the hingement characteristle
of Nebigulcata. N.praelonga WOOD (1871) has a similar shape but has a
smoothly rounded anteriodorsal outline. DBURTON (1933) records N.blsulcata
from beds D to F at Barton and many of the unidentifiable juveniles may
belong here.

dedetodedodedodedek

Hucula sp.cf. N.tumescens WCOD

?Nucula tumescens CDWARDS (m.s.): WOOD,1871. p.l21,pl.18,fig.l.

Remarks

A single, broken left valve from BURICH's bed J (sample 6992) shows
the trigonal outline and deep Interior of thls species. 3URTON (1933)
records it from beds J and K.

Fededetededeictedede

Nucula spps (juveniles)

Remarks

A large number of small specimens from all levels arc too immature to
identlfy definitely. They all show taxodont dentition, a variable trigonal
outline and usually have a nacreous interior. They undoubtedly represent
the juveniles of more than one distinct specles.

Fedeteickdedededede

Senuss  DNuculana LINK 1607

Nuculana minima (J.SGHEREY)

Nucula minima J.SOWEREY,18168. pl.192,fig.C.
Leda minima (J.SOWZRBY) var.communis #OOD,1571. pe127,p1.17,fizs.7¢c,d. (not 7a,b.)

Remarks

One of the dominant species in the Lower and i¥iddle Zarton beds of
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both sections. The weak growth orrament disiinguishes it from Westrlata
(LAMARCK) » %OOL (1871) and other Eritish wouil:ars include woth species in
Neminimas WODL's figures of Heminima var. commuiils agiee weil with the
present material. They also agfee with specirmens in the furton, drigley
and Ross collections.

Yetededededededidese

Muculana striata (LAMARCK)

fucula striata LAARCK,1804, p.229,

?Leda minima var, gracilis wdCD, 1871. (pnon Di33AYi35,17200) p.l27,pl.l7,
figse 72, b, (not 7c, d.)

Leda striata LANMARCK: CO3:1ANH & PISSARIC,1913. pl.33,fig.lC5:1.

Nuculana cf, striata (LAMARCK): GLIDSRT,1936. p.l.,text-figs.J’,10.
(5ands of “Wemmel, Selgium.)

Remarks

specimens from the Upper Zarton beds of both sections, with very strong
regular growth ridges and a large resilium pit, are reforred to Ne.striata.
There is some confusion in the literature between this form and N.minims,
many authors placing them together. '"0D's figures of H.minima var. gracilis
has the strong ornament of N.striata but bears a smaller ligament pite The
same author figures Heprisca (DESHAYES), from the FParton Feds, with a deep
ligament pit but very smooth lateral surfaces. GLIZERT's (1936) figures of

Necfs striata agree well with the Lartonlan specimens and differ from his

representation of Ne.galeottiana (NYST) only it its larger resilium pit,

Fedededeiriclciedek

Superfamily: LUCINACEA

Genus: Nyrtaeca TURTON 1822

tiyrtaea spinulosa (LO%RY)

Plate 26, figs. 4,5.

Lucina spinulosa SDWARDS (mase): LOWRY, 136€. ple2,
Myrtaea spinulosa (LOWRY): WRIGLZY,1934. p.9. (i'. Brackleshar B3eds,
Southampton Cocks.)

Renarks

Specimens labelled Lucina spinulosa TiWARDS (n.s.) in the Burton

colleetion and some labelled Lucina exiria IDUARGS (res.) In the Ross collece

tion, all from the farton Eeds,compare well with common but fragmentary materti
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from the lower part of the Middle Barton Beds of both sections. The
reguiar, sharp-crested growth ridges and blade-like spines fringing the
lunule (sometimes also around the escutcheon) serve to distinguish it
from Lucina (Cawvilucina) elegans DEFRANCE. Specimens of the latter also

have much lower growth ridges, with radial striae between them.

dedeferedevodeieeh

Genus: Divaricella VON MARTENS 1860

Divaricella rigaultiana (>ZSHAYES)

Lucina rigaultiana DESHAYES,1860. pe631,p1.47,figs.25-30,

Remarks

This species occurs rarely in the Upper Barton Zeds of rarton and agrees
well with the published figures and specimens in the Ross collection.
Fragmentary material, bearing the characteristic divaricate ornament of the
genus, occurs in the Upper Earton Beds of Barton and (one specimen) in the
Lower Barton Beds of Alum Bay. Fragments from BUKTCN’s bed K of Long lMead

End (sample 7004) may belong to this species or to D.colvellensis (ZDYARDS,

MeSe) e BURTON (1933) records the latter only from bed K but no figures

or named specimens could be found to aid identification.

Yedetokdededededede

Senus: Lutetia DIZSHAYZS 1658

Lutetia pisiformis (CHARLISWORTH)

Kellia pisiformis CHARLESWORTH,1851. “Illustrations.®

Lutetia parisiensis DEZ3HAYES,1860. p.789,pl.16,figs.36-37.

Lutetia parisiensis DESHAYZS: COSSMAN & PISSARRC,1913. pl.33,fig.100:2,
Lutetia pisiformis (CHARLZISWORTH): WRIGLEY,1944., pl.ol.

Remarks
A small form (seldom oxceeding 2 mm. in length) with a nearly circular
outline and fine concentric growth ornament. It resembles leretricid

Juvenile Type 1l in shape but has a much narrower hinge plate, different

dentition and a curved anteriodorsal outline, It occurs abundantly in the

Lower and lower Middle Barton Beds of both scctions, WRIGLEY (1944) states
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that CEARLSSWCRTH's (1851) illustratod cards ace vaild publications and o

~

the latter’s name takes priority over that of DI3HAYES (1560).

Feddrdodevciededede

Superfamily: ZRYCINACEA

Genus: Zrycina LARMARTRK 1305

Erycina sp.l

Plate 26, figs. 6,7,
Remarks
A thin shelled specles with indistinct subcentral umbones, roundad
anterior and posterior margins and very weak growth lines., The protoconch
is larze and well defined,
The dentition consists of two short lameliar, possibly lateral teeth

in each valve and one much reduced cardinal tooth., irycina nvstiana

VINCENT, as fizured by SLIBIRT (1936, p.l125, text-fig.53) from the Belglan
Sands of emmel, Is similar in shape, cinamentation and protoconch form.
4As only three weathered specimens are available the identification must

resaln open,

fetedelevedveldk

Lrycina?sp.2

Plate 26, fig. 8.
Remarks
4 thin shelled equivalve and equilateral form, with a subquadrate
lateral outline, nearly central umbones and a compressed dorsal outline.
{rnament consists of flne crowth lines and the protoconch is distinect and
large., Cne, Internally pyritised complete individual and a broken valve
vere recovered, so the dentition and generic placing remains questionable,.

The outline is much shorter and squarer than in iZrycina sp.l or irycina?spe3.

Yelcdededeledededede
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Erycina?sp.3
Plate 26, figs. 9,10,

Remarks

As with the previous two species the shell is very thin and the protoconph
large and distinct, However, it is markedly inequilateral, the anterior
portion being much shorter, with an elongate, terminally rounded posterior
outline. Dentition is reduced, with two small lateral teeth in each valve.
Two valves of this form come from sample 6669 (iiiddle iLarton Deds, Alum Lay),.

Kededodedevedededede

Superfamily: TELLINACZA

Senus: Tellina (sensu lata)

Tellina amblgua J. de C.SCHESKSY

Tellina ambigua J.de C.50WERDY,1823, pl.403.
Tellina ambigua J.de C.SOUELRGYSEDWARDS,1847. pel08&,pl.23,fig.5,

Remarks

A specles characterised by its elongate shape, small anjular umbones
and regular, closely set, finely striate growth ornament. LCURTCH (1633)
records it from beds E,5 and H, 1t 1s commonest in bed 2 at Larton but at
Alum Say specimens also occur somewhat lower in the Fiddle Larton Leds.
Comparison could be made with specimens in the Ross collection.

detedeiodekedededede

Tellina sp.cf. Teohantoniensis EGJARDS

———

?Tellina hantoniensis EDWARDS,1847. p.&45,pl.10,fig.l.

Kkemarks
Two fragmentary specimens from the Lower Zarton Seds of Alum lay may
questionably belong to this species. The growth lines are less incised

and the juvenile stages are higher than in T.gmbigua.

dededededededededek
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Genus: Abra LAMARCK 1518

Abra sp.l
Plate 23, figs.lla,b.
Remarks

Several thin shelled hinge fragments, from the Lower and lMiddle Earton
Beds of Alum Day, belongin this genus but could not be specifically identifled,
The umbones are small, more or less central and acute, and two strong
cardinal teeth occur in each valve. A large, spoon-shaped resilifer is

present.

Fekdehdeletdeledete

Genus: i'sammobia LAMARCK 1618

Psammobla? spe.l

Plate 26, fig.l2.
Remarks
A single, broken valve, from the Middle Tarton Beds of Larton (sampl
6948), has a thin shell, rectangular outline and a knob-like resilifer.
The ornament consists of fine zrowth lines.

desekRdriekdekve

Superfamily: SOLENACSA

Genus: Solen LINNE 1767

Solen sp.l
Plate 27, figs.la,;b.
Remarks
Fragmentary specimens from the Chama Eed at Larten belong to an
unidenti fiable species of 3olen., BGURTOI1 (1933) records Solen sp.' from

that level.

Yedededekdedeevede
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Superfamily: MACTRACLA

Genus: ractra LIMNZI 1766

lactra sp.cf. l'eCOmpressa DiSHAYLS

?l.actra compressa DISHAYES, 1330. p.399.
?liactra compressa DiSHAYE3t J.de C.SCWERBY in 015Gi1,1350. pa83,ple3,fiieds

Remarks

Mecompressa 1s the only spectes of liactra mentioned by BURTCH (1933 - bed F)
from Earton, CO3Si-4i%] & PISSARRO (1913) fizure a large adult with tapering
anterior and posterior margins. The two specimens recoverad from EURTOH's bed D
(sample 6929) are prabably immature. They show the striated laterals of

Spisula (see DAVIZS, 1935, pel47). Spisula (fomactra) semisulcata (LAIARCK),

as figured by SLIBZRT (1938), has the same shape as Mactra compressa but the

growth lines are deepencd into grooves, a feature not seen on the bartonian

specimens.

Yedededevededededed:

superfamlily: CHA¥ACSA

Genus: Chama LINDIE 1758

Chama squammosa SCLANULR

———

Chama squammosa SULANGER in ZRAMDIR,176€. pa36,rl.7,f12s5.%6,77,
Chama squammosa SCLAINDER: WO0L,1271, pel75,ple25,f17.5.
Chama sguarmmosa SCLADER: L.95ITE,1963. pl.ll,flgse2,3.

Remarks

4 large form occurring abundantly in the Chama “ed of both sectionse
Published fizures and specimens in the Ross c¢ollection cormpare well with the
material found. This specles has been recorded only from the Chana Jed.

Foedekedededededed

Superfamily: CARDIAC:A

Genust Cardium (sensu lata)

Cardium ? sp.l

Plate 26, fig.l3.
Remarks
A single immature specimen (sample 6934: iiddle Earton Peds of Farton) has

subcentral umbones and shows the strong laterai and weak cardinal dentltion
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of the superfamily. Further taxonomlc designation is impossibie,
Yok dededetedededede
superfamily: ASTARTACZA

Zenus: Crassatella LAFARCs 1799

Reﬁa ks

itl1th the exception of a few specimens from the Chama Zed of Zarton,
all the material examined in this study proved to consist of juveniles,
All showed the characteristic ornament of strong zrowth ridges and the
dentition of the group.
Unfortﬁnately former writers have divided tﬁe aroup into a number of
genera and species based on characters not alwavs fdentiflable in the juveniles.

DAVIZI3 (1935) 1lists three Lower Tertiary menera: Crassatella (s.s.) (and the

subzenus Crassatellites); Bathytormus, which has a resilium pit extended

ventrally; and Crassinella (and the subgenera iouldia, Crassatine and Pseuder~

iphyla), vhich includes small trigonal forms with little or no posterior
prolongations. ZUATCH (1933) 1ists seven species from Zarton. Three are
referrable to Crassinella and four to Crassatella (ses.)s #CGD (1371)
figures four species which can be put into Crassinella and four into

Crassatella (s.Se)e

Juveniles examinzed from the Zarton Clay have the short, trisonal outline
of Crassinella and a few have a resilium pit extendin3 to the ventral margin

of the hinge plate (as in Jathytormus)s. 4 ciose inspection of well preserved

adult Crassatella suleata (SOLANDIR) revesals an early staze with no posterior

ridge and well developed growth ridges of exactly the samne sort and elrecum-
seribing the same trigonal outline.
It Is evident from thesc observations that all specimens from the

Lower and iniddle Barton feds are in fact juvenile Crassatella suleata,

The susplcion remains that rmore or less equilateral species such as

Crassinella aesqualis (HCCD), Ce.pumilio (#UCD) and C.bartonensis (WOCL)
may be present or that they may have been arected on juvenile specimens-of

Crassatella sulcata.
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Crassatella sulcata (SOLANDER)

Tellina sulcata SOLANDIR in BRANDER, 1766. pe37,pl.7,fig.C9,
Crassatella sulcata (SCLANDER): WOCD,1871. p.170,pl.23,fig.ll.(et _syn.)
Crassatella sulcata (SOLANDER): E.WHITE,1963. pl.9,figs.ll,12.

Remarks

Immature specimens have been compared with the juvenlle stages of
adults in the 2Zurton, Wrigley and Ross collections, C.sulcata has only been
recorded from the Lower and Mlddle Barton 3Beds.

Yededodveictededetede

Crassatella tenuisulcata WCCD

Crassatella tenulsulcata IDWARDS (m.s.):WOOD,1871l. pel71,p1.23,fig.2.

Remarks

This is the only form found adult in the present study. It occurs in
the Chama 3ed of Barton and can be distinguished from C.sulcata on its more
accentuated postericr process and its broader, lower growth ridges.

Ceensiformis (=C.sulcata var.ensiformis WOOD) is recorced by BURTON (1933)

from beds E, F and H at Barton. It is low and elongate like C.tenuisulcata,

but bears three posterior longitudinal ridges or folds, not two.

Yedodedededick ik

N
v

'Crassatella’ spp.indet.

Remarks
A1) -unidentifliable fragmentary, poorly preserved and juvenile specimens

from the Upper arton Beds of both sections are included here,

selededodeiedeteteteds

Superfamily: CARDITACEA

Genus: Venericardia LAMARCK 1301

Venericardia sulcata (SCLALDER)

Chama sulcata SCLANDER in ERANDER,1766. p.40,pl.7,fig.100,
Cardita sulcata (SCLANDER): WOCD,1871l. pel52,p1.22,fig.l.(et _syn.)
Cardita sulcata (SOLANDER): E.WEITE,1963. pl.9,figs.7,3.

Remarks
A very conmon species throughout the Lower and Middle larton Beds of

both sections. ©Much of the material is immature but comparison with the
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published figures and with specimens in the Wrigley, Burton and Ross
collectbons leave no doubt as to their identification. The radial ribs
are never as smooth and acute-edged as in V.sirplex (WCCD). V.davidsoni
(DESHAYZS) has more numerous ridges with rougher, less lobose crests.

dedededededodedodede

VYenericardia davidsoni (DESHAYES)

Cardi ta davidsoni DESHAYES,1860. p.764,p1.60,fi2s.10-12,
Cardita davidsoni DZSHAYES: WCOD,1871. pel45,p1.22,fiz.17.

Remarks

A few large, well preserved specimens from the Chama Eed of Harton
compare well with WiOD's figures and with specimens in the Ross collection.
BURTCH (1933) records it from beds A3, B, C, F and E but no unquestionable

examples could be found below bed H.

dedededeiciekdodek

Venericardia oblonga J.SCHERBY

Venericardia oblonpa J.SOYWERBY,1821. pl.289,fig.2,.

Cardita oblonza (J.SCYEREY): WOOD,1871. p.l14%,pl.22,fig.l4.

Cardita oblonga (J.SOWSREY) var.serratina WOCD,1871l. p.149,p1.22,f17.10.
Glans oblonga (J.SCYERBY): E.WHITE,1963. pl.9,fig.6.

Remarks

The distinctive, subrectangular outline distinguishes V.oblonga fron
the previous two species. BURTCN (1933) records it from throughout the
Barton Beds of Barton, but it was only found in the Chama Bed in the present
study. 3pecimens of this species and the variety serratina (4ClD) in the
Ross collection are identical with the material found.

dedodedededededovede

Venericardia sp.indet,

Remarks

A number of worn and poorly preserved specimens from the Upper Zarton
Beds of Barton (BURTON's beds H and K) could not be positively identified.
BURTCH records V.oblonga from as high as bhed J but the incomplete margin
of these specimens would not allow the recognition of the characteristic

square outline of that species.

dededededededededede
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2
[

Superfamily: CYRIFACLA

Senus: Corbicula bvHLFILD Bll

worblicula degerdita LANARCK

Cyclas deperdita LARARCK,1206, peb2l.
Cyrena deperdita (LAFARCK): oB55AYE5,1824. p.l18,p1.18,fizs.14,15,
rona deperdita (LALAKCA): WOUD, 1877 Pel3,plesiyfizel0 (et syn.)

Remarks
An exanmination of specimens in the {oss collection labelled under tae

names Cyrena deperdita (LAARCK) , Cyrena gibbosula FCRZ43, and Zyrena arenaria

WUCL convinced the author that they are all conspecific and should belong
under LANARCK's name. All are from the “Longz i‘ead ind Sands and Clays®
f.c. the same horizon as the present material, Jimilarly figures in 4%TCD

(1877) of species named as Cyrena deperdita (LAIARIK), Cyrena zibbosula

FOR31Z5, Cyrena cycladiformis DISHAYES, Cyrena pisum DLIHAYSS and Cyrena obliqua

HOCL (not Dis3HAYE3) should also belonz here. Differentiation appears to have
been made on size and small differences in shape, These arce both very
unreliable featurcs in a brackish water form. The shape cdifferences are
probably also partly due to compression.

In the Upper sarton Zeds of 3arton (EURTwi's beds &, J and particularly
K) this form occurs in very large numbers. All attempts at distingzuishing
more than one taxon failed in the presence of gradational and preservational
features. The striate ornament on the strong lateral dentition suggests
the correct generic placement to be with Corbicula (aiven as a subgenus of
Cyrena by DAVIES, 1935).

Sededededededededede

Genus: Anisocardia MUNIZR-JHALEAS 18563

Anisocardia pectinifera (J.de C.5UHERZY)

Venus p90t1n1f9ra J.de CQSO‘\‘?SRBY’ 1?23. p.26,p1.422’f13.l}1
Ainisocardia pectinifera (J.de < o.SOWuR3Y): CCSSiANH,1537. p.157,pl.7,
£fi7s5.33-35 (et_syn.)

Remarks
Two specimens from the Lower Zarton 3eds of Alum “ay agree well with

CC33MANN's (1877) figures. They are also identical with specimens in the
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Ross . collection labelled Anigocardia isocardicideg DESFAYZS. It is

inequilateral, with an acute posterioventral angle. The few strong smooth

arowth ¥langes have fine radial striations between them.

Yedevedededodededels

Superfamily: VINIRACZIA

Remarks

Representatives of DAVIE3' (1935) subfamlly leretricinae are very abund-
ant in the 3arton Beds. TREZMLEZTT (1953) in his revision of the nroup,
describes many specles froam this part of the stratizraphic column.
Unfortunately, specific characters are only developed in adults, which often
reach a size of up to several cmse in length. The bulk of the material
examined was from the 10-30 and 60-30 size fractlons and must be conslidered
largely unidentifiable, with the atd of TRIILETT's monorraph two specles
are recognised from single, large specimens and the rest are arbitrarily
divided into two groups,

Genus: Callista FULLI 1791

Subgenus: Microcallista

Callista (idcrocallista) heberti L iSFAYES var.belsica (VIICINT)

ne————

“Venus elegans LIX"® Jede C.SCWERDY,1323.(non LAWARCA,1306)pe26,pl.64622,f15.3.

Pitaria (Faradione) belgica (VIHCuNT): SLIZ:2T,1935. p.l149,pl.5,f17.6.

Callista (hicrocalllista) heberti DESHAYLS var.belzica (VINCINT):TRILFLETT,
1953, pel5,pl.3,fi75.19-2Q (et _syn.)

Callista (i“icrocallista) hebertl belpica (VINCIUT):I.9HIT.,1963, pl.l13,

fizs.7,3.

Remarks

The single identifiable left valve from sample 6929 (bhed D) is charact-
erised by being fairly short and high, with relatively few prominent,
concentric, growth ribbons increasing slowly in width, TREMLETT (1953a)
records it from beds Z and C at Earton.

Fededededodedevedede

Genus: Tivellna CC3SiANN 1886

Tivelina gravida TREMLATT
fivelina gravida iIDYARDS (mes.): TREMLETT,1953. p.12,pl.4,f17s5,22~29(et_syn.)

Remarks

One left valve, from the Chama Sed of Zarton (samle 6954) azrecs
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with TREMLETT's flgures and description. He records 1t only from BURTON's

bed H.
Sededederk dedede oot
lieretricld Juvenile Type 1
Plate 27, flgse 2, 3, 4.
Remarks

Included here are all small juvenlle lerestricids wilth more or less
clrcular outlines and fine, concentric growth ridges. This form occurs,
sometimes abundantly, throughout the Barton Beds and is undoubtedly a
polyphyletic assemblage. The circular outline is not developed in the
juvenile stages of all iMeretricids but several species of Pitar and

Callista show thils feature.

Fededetodekdededede

Feretricid Juvenile Type 2

Plate 27' figoSO

Remarks

A somewhat larger form than Meretricld Type 1, usually occurring as

massive hinge fragments. The growth ridges are higher and wider than !a

Heretricid Type 1 and, at growth stages of equivalent development, they

have more elongate outlinese. Tkls probably represents several taxa and is
long ranging in both sectlons,

Fedededevciodedriede

Neretrix™ gg.3
Plate 27, fig.6.

Remarks

4 single, large, pyritised, articulated specimen, from the Middle Barton
Beds of Barton (sample §941), has a strong posteriodorsal fold not seen in
other materlal. The length 1s only slightly larger than the helght and the

fine concentric growth lines are simllar to those of Merecricid Type l.

The external features bear a simllarity with Meroena polita (LAMARCK) , as

figured by TREMLEZTT (1953), but the preservation and inaccessibility of the hinge

preclude definlte identiflcation.
Yededededetededetee
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Superfamily: ARCACEA
Genus: Barbatia GRAY 1842

Barbatia appendiculata (J.SOWERBY)

Arca appendiculata J.SCWERBY,1821. pls276s.
Arca appendiculata J.SCWERBY: WOOD,187 g_p.79,p1.1&,fig.3.

Remarks

.

Several large specimens, from the Lower Barton Beds of both localities
and the lilddle Barton Beds of Barton, compare well with WCOU's figures
and with specimens in the Wrigley and Burton collections, BURTON (1933)
records it from beds C, E and F at Barton.

" dekevededed dfedede

Genus: Andara GRAY 1847

Andara subglobulosa (WOCD)

Arca rlobulosa_ (?) var,subglobulosa WOCE,1871. (non DESHAYES,1829) p.S84,pl.15,
' fige%e

Remarks

By kind permission of lir,A.King specimens of A,zlobuiosa (DESEAYES)
from the Lower Eocene of Cuise Lamotte were examined, They show wider
variation, attaln a greater size and are more elongate and less tumid
than the English form¢ Also the ornament 1s not so strongly developed on
larger specimens., WOOD refers the Bartonian form to annew variety but

erection to specific level is here preferred. A.subglobulosa 1s restricted

to the Lower Barton Beds of both sections. BURTICH (1933) only records 1t

(as Andara globulosa) from bed A3,

Wedededededeieiedeh

Genus: Fossularca COSSHANN 1387

Fossularca lissa (SAYAN)

Arca laevigata CAILLAT,1235. (non SPEMGLER) p.240,pl.9,flg.7.
Arca laevigata CAILLAT: DESHAYSS,1860, pe905,pl.58,figs.25-26,
Arca laevigata CAILLAT: WCOD,1871. p.56,pl.15,f1g.8.(et_syn.)
Arca 1lissa BAYAN,1873, p,130, ‘
Arca (Fosgularca) lissa (BAYAN 135N

1913.p1.37 ,fig.110257o
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Remarks

A distinctive specles, characterised by its rounded trapczoldal outline,
long stralght hinge line and fine growth ornament., It occurs abundantly in
the Lower Barton Beds of both sections and infrequently in the Middle Barton
Beds. Conspecific specimens occur in the Upper Bracklesham Beds and it
has also been recorded from several French Eocene localities. Good compariso
ts possible with the published flgures and with speclmons in the Burton

collection (labelled Trigonodesma lissa (BAYA)).

R A

Fedededekedodrdokede

Genus: Glyecymeris COSTA 1778

Glycymeris deleta (SCLANDZR)

Arca deleta SOLANDZR in BRANDZIR,1766. pe39,ple7,£18.97.
Pectunculus deletus (SCLANDER): WOCD,1871, Pe97,p1l.16,f12.3,
Glycymeris deleta (SOLANDER) : E JWHITE,1963, pl.6,f12.8,9.

Remarks
This specles differs from G.proxima (WCCD) in being much more equilateral
The sharp radial ornament of G.deleta firured by WCCD is usually worn in
the abundant Chama Bed material. Limopsis scalaris (J.de C,SOWERBY) has
much stronger cancellate ornament. Adult L,.scalaris are much more inequi-

lateral and lack the long hinge line of Glycymeris deleta.

Kk dedededededens

Genus: Limopslis 34331 1827

Limopsis scalaris (J.SOWERBY)

Pectunculus scalaris J.SOWERBY,1824. pl.472,fig.2.
Limopsis scalaris (J.SOWERBY): WOOD,1871. p.l04,pl.17,fig.%.
Limopsis scalarls (J.SCWERBY): Z.WHITE,1963. pl.6,figs.5,6.

Remarks

A frequent form in the Middle Barton Beds of both sections. Juveniles
sometimes resemble Glycymerie deleta in thelr strong ears and equal posterio
and anterior margins but differ in the cancellate ornament of L.scalaris.
Adult specimens compare well with those in the Ross collaction. They are

inequilateral and have a distinct internal ligament pit.

Fedetededededededek
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Genus: Trinacria AYSR 183468

Trinacria curvirostris CC3SHANN

Trigonocoelia deltoides (?) var.deltaeformis #003,1371. (non LALARCK)
p0105'p1¢19’f13.110

Trinacria curvirostris COSshAI, 1722, pel17,pls5,fiz.b.

Trinacria curvirostris COSSMANH: 1.75I1T35,19683. ple5,figse7=3,

Remarks
Infrequent specimens from bed J at Rarton agree wvell with the material
from the iriddle Headon Leds of Colwell fay and with specimens in the Ross
collection. They are characterised by the rounded anterlor and drawn out,
angular posterior margins.
Sedcdededefotriek b
superfamily: PTIRIACIA

Senus: Pteria (sensu lata)

Pteria? spe.l

Plate 26, fig.la.

Remarks

Included here are small, juvenile, strongly inequilateral specimens,
with large smooth protoconchs and laterally unornamented shells. The
interior is nacreous and the hinge reduced (two posterior laterals are
sometimes pressnt), 3Such material is too immature to identify further

and the generic placing may well be questionable,

Fededededededcdcteds

Pteria? sp.2

Plate 26, fig.l5.
Remarks
4 form identical with F.? sp.l except that ornament is present on the
lateral faces outside the protoconchs, This consists of a series of broad,
low, radial ribbons. Soth this and the preceding specles occur throughout

the Lower and }iddle arton Beds.

Fekededodcdeededede



286,

superfamily:s ANCITAC:EA

Zenus: Anomia LIIMTI 1758

Anonla sp.2

Plate 26,f1g.16,
Remarks

Cne upper valve and one lower valve of a smooth, thin shelled species
of Anomla were encounterad in the ¥iddle Barton Beds of Barton. BURTON

(1933) and WCODL (1271) record A.tenuistriata Ls5cAYSS from thls locality

but the specimens are too immature to identify from the latter’s figures.

e e ek fedeveok

Superfamily: PICTIHACLA

Zenust Chlamys RCOIi: 1798

Chlamys recondita (50LAIGER)

Cstrea recondita 3SCLANDER &n “RAIDSR,1768. peb2,pl.?,f12.107,
Pecten rcecconditus (SOLAFLER): @000, 1271 pef?,p1.9,f14.3,
Chlamys recondita (3CLA DuR): 2.wEI1TS,1963. pl.7,f15.2.

Remarks

Althourh only fragmentary specimens occur in i:iddle Barton Beds
samples, the characteristic flat-topped orlobose ribbing leaves no doubt
as to the specific placingy, C.carinata (J.3C«3R2Y) has ribs with angular
crests. Comparlson was also made with specimens in the Ross collection,

Vededededetekdokd

Superfamily: ULITRIACIA

-

Jenus: (strea (sensu lata)

Ostrea plicata (GCLAD.IR)

Chama plicata SOLAISR In FRATIIR,1760. nl.8,fins.4,R85,
Ustrea flabellula LAMARC,, 1308. p.l64,

Cstrea flabellula LAIARCK: WOOD,1271l. p.21,pl.3,f12.4.
Ostrea plicata {SOLANSR): S.%HITI,1953. pl.9,fiz.l.

Remarks
several fragmentary specimens of left valves agree well with the

figures of D.plicata and C.flabellula and with specimens of the latter in
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the Ross collection., The upturned margin is characteristically strongly
corrugated, Several other species of Ostrea are also known from Barton
(BURTON, 1933, mentions three) but they could not be recognlised in the
materlal studied, Smooth right valves are sometimes encountered but these

have few specific characters and are mostly juveniles (see below).

Tetedevetedededelcte
Ostrea spp. (juveniles)
Remarks
Juvenile specimens of Ostrea, with a large,well defined protoconch
and surfaces bearinz only indistinct growth ornament are Included here.

Some may belong to C.plicata.

Yededededevedededede

Superfamily: SEPTIBRANCHIA

Genus: Neaeroporomya COSSMANN 1886

Heaeroporomya arzentea (LAMARCK)

Corbula argentea LAMARCK,1806. p.468.,

Neaeroporomya argentea (LAMARCK): CCSSHMANM & PISSARRO,1913. pl.4,fig.26:l.
Neaeroporomya arszentea (LAMARCK): WRIGLEY,1%34. p.9,flz.l:1l.

NMeaerop 1936, p.200,text-fig.71.(et syn.)

Remarks

Specimens from the Middle Barton Beds of both séctions have few wideiy
spaced growth ridges and two strong, radia; ridges or folds on the posterior
process. They agree with WRIGLZIY*s (1934) filgure, except that none have
the internal rod that hementioned (considered to be a pathologlcal feature
by that author),

Sededcioiededededede

Superfiamily: ADESMACEA

Genus: Bankia GRAY 1342

Subgenus: Neobankia BARTSCH 1921

ankta (Neobankia) sp.cf. B.tumida STINTCN

?Bankia (Neobankia) tumida STINTON,1957. p.168,p1,25,fins.1-7,
Remarks

Two fragmentary Teredinid valves, both from the Lower Darton Beds of
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Alum Bay, can questionably be referred to STINICN's species. The different-
fation of Teredinids is based on the form of the pallets (small accessory
calcareous plates assoclated with the siphon) and these have not been found
in the present study. Those of E.tumida are figured by STINTUKN and have a

characteristic “fcone in cone” structure.

Fevedevedededeiededc

Superfamily: MYACEA
Genus: Corbula BRUGUIERE 1797

Corbula pi sum J«SCHERBY

Corbula pisum J.SOWERBY,1818. pl.209,fig.4.
Corbula pisum J.SOWERBY 3 DESHAYES,1860. pe217,pl.15,figs.22-25, (et sxn.)

Corbula pisum J,SOYWERBY: COSSMANN & FISSARRC, 1913, ple3,figz.20:6,
Corbula Eisuﬂ\ J«SOWERBY$ EcWHITE,L?63. pl.l&,fig- 10,

Remarks

This is the dominant species of Lamellibranch in the Lower and Middle
Barton Beds. The very tumld, globose and unequal valves bear faint,
frregular growth ornament and agree well with materlal in the Burton, Wrigley
and Ross collections. An examination of specimens labelled Corbula globosa
J.SOWERBY in the Burton amnx! the Koss collections showed that they are in
fact juveniles of Cepisum. The immature stages of large valves of C.pisum

have exactly the same outline, shape and ornament as C.globosa.

dededededededededede

Corbula cuspidata J.SOWERBY

Corbula cuspidata J.SCUERBY,1822. pl362,figs.4=6.
Corbula cuspidata J.SCWIRBY: EJWHITE,1963. pll.l4,fig.lé.

Remarks
A form occurring quite abundantly in the Upper Barton Beds of Barton;
from the Chama Bed to BURICN's bed Ke It ie usually larger than C.pisum
the valves being laterally more compressed and elongate, with e
truncated posterior margin. A strong fold runs from the umbo to the posterio-
ventral angle. The material agrees well with specimens ¥'n the Ross and

Burton collections.

Fededevedededededert
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Corbula sp.cf. C.costata Je.de C.SOWERBY
?Corbula costata Je.de C.SOWERBY &n DIXCN,1850. p.165,

Remarks

Rather infrequent specimens, from the Lower and Middle Barton Beds
of both sectionsyhave simllar outlines and posterior folds as C.cuspidata
but are somewhat more laterally inflated. The ornamentation is much stronger,
consisting of a number of high, well spaced, rounded crested growth ridges,
with finer subordinate growth striae. Specimens with higher growth ridges
are simllar to COSSMAMN & PISSARKO's (1913) figures of C.ruzosa LAMARCK
but the outline is more elongate in the Bartonlan material,

Yedededededededetede

Genus: Lentidium CRISTOFORI & JAW 1832

Lentidium tawneyi CURRY

Lentidium tawney! CURRY,1960a. p.275,flz.4. (et _syn.)
Lentidium tawnevi CURRY: E WEITE,1963, pl.lé4,fig.l.

Remarks

This is one of the dominant species in the sands at the top of the
Upper Barton Beds (bed K)o« It agrees well with CURRY's (1960) figures
and description. Earller namee for the Upper Earton Beds form were shown
by CURRY to be preoccupleds. Thus Lentidlum nitida (J.SOWEKBY) should be

reserved for the larger and more tumid species found in the Upper Hamstead Bed

Yededevededeleliciek

Lentidium sg.l
Plate 27, figs.7a,b.

Remarks

A species of Lentidium occurring rarely in the Lower and Middle
Barton Beds., It 1ls small, elongate, with a broadly rounded posterior
outline and a somewhat more produced, narrowly rounded anterior outline,
Laterally it is compressed and lacks a strong posterior fold, The ornament
is restrlicted to weak concentric growth strise and the dentition is typlcal
for the genus, with a well marked fissure leading from the internal ligament

pit to the umbo,
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This form bears a close resemblance to_L,tawneyl CURRY but lacks any
lateral fold or postarior truncation. It is consldered advisable to
apply CURRY's name to the Upper Barton Beds specles only, keeping thls
form as a separate taxon.
Fedevededrtedededek
4:6:2 Class: SCAPHOPODA oRONI! 1862
Genus: Dentalium LINNE 1758

Dentalium striatum J.30WIRBY

Dentalium striatum J,30%WiERBY, 1814, ple70,fig.b.

Dentalium striatum J.S0WsRBY: DESHAYES,1861. pe206,pl.l,figs.%«1l.

tintaliopsis striata (J.SOVcRBY): MeWTOM & HARRIS, 1894, p.63e (et szn.)

Dentalium (intaliopsis) striatum (J.30WIREY): ZOS3HANM & PISSARRC, 1913.
plel,figsel: 2,

T.ARITE,1963. pl,28,fig.ll,

Remarks

Fragments wvith a polygonal section and faint longiltudinal striations
arc common in the Lower and M ddle Earton 3eds, Comparison with the
published figures and with specimens in the Zurton, irigley and Ross collec=
tions show that they undoubtedly belong to this species. In the absence of a
well preserved apical portion the subgeneric placing cannot be datermined
(see LUDZROOK in MCOR: (ed.) 1960, “Treatise’, Vol.l, Mollusca (1)).

| deeddrdeicdrkink

Dentalium pellucens UiESHAYLS

Dentalium pellucens L.i33AY4S, 18581 pe2l4,plel,figs.21-23,
fustiariapellucens (DISEAYES): HNIvTOI & ZARRIS,1994. pe€5.

nemarks

A specles pf Dentalium with a smooth, polished suvrface and ornamented
by oblique, elliptical growth striae, is extremely common in a fragmentary
state in the Lower and Middle Barton Beds of both sections. It resembles
DESHAYSES' figures of D.pellucens and specimens in the Ross collection.

Subgeneric placement appears to be with Dentalium (fustiaria)(sce

Treatise, ed, :00iki, 1960), although the apical characters cannot be

determined on the material available,

Setodededeiededicds
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436:3 Class: GASTROFODA CUVIER 1797
Subclass: FRCSOBRANCHIATA MILNEZ-ZDWARDS 1848

Crder: ARCHAZCGASTRCPCDA THILLE 1925
Family: ADZORBIDAL

Genus: Adeorbis S.WO0D 1842

Adeorbis elegans CHARLESWORTH

Adeorbis elegans CHARLESWORTH,1851. “Illustrations®,

Adeorbis politus EDWARDS gm.s.zs MORLET, 1888, p.196,pl.8,fiz.8.
Adeorbis politus MORLET: COSSMANI,1888, p.153,pl.ll,figs.33-40.

Remarks
A small discoidal specles of Adeorbis, characterised by its low spire,
slightly flattened whorl section and very faint spiral striae. It differs

from Teinostoma dubia (LAMARCK) in having a more depressed spiral suture

and an open umbilicus, Juveniles resemble immature Adeorbis sp.7 and A.ap.8
but have a less inflated whorl section. WRIGLZY (1944, p.61) shows that
CHARLESWCRTH's name {s valid and has priority over MORLZT's publication of
EDVARDS' manuscript name. A.elegans occurs throughout the Parton Beds and is
especially abundant in the topmost Middle Barton Beds, Comparison was made

with specimens in the Wrigley and Burton collections.

dededededededededode

Adeorbis sp. 7

Plate 27. fig.B.

Remarks

This is a small species with a low spire and an inflated whorl section.
The surface is ornamented by numerous, regular spiral ridges with finer
growth ridges between them, giving the shell a cahcellate appearances, The
umbilicus is open, but narrower than in A.elegans. The few specimens

found were from the upper part of the lMiddle Sarton Beds.

Yededetevedcvedofede
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Adeorbis sp. 8

Plate 27, fig.9.
Remarks
After a smooth juvenile portion with a round inflated whorl section,
this form develops three or four angular spiral ridges or carinae. The
areas between the ridges are flat or slightly concave and bear additional
faint sp{ral_striae. The ridge nearest the spiral suture is the most
; pronquﬁcad. The umbilicus is narrow and deep, as in Assp.7. Only two

specimens were found, both from BURTON’s bed & at Barton (sample €963).

Pedededededededededt

Senus: . Telnostoma ADAIMS 1853

Teinostoma dubia (LANARCK)

Helicina dubium, LAMARCK, 1804. p.9l.
Tinostoma (Megatyloma) dubium (LAMARCK):COSSMANN,1888. pe47,ple2,fige310

Remarks
This form occurs throughotut the Lower and Middle Barton Beds in small
numbers. The adult whorls are slightly flattened in section and bear

faint spiral and growth striae. They resemble adults of Adeorbis clegans

in general shape but have nearly flush sutures. Juveniles are very similar
to juvenile specimens of Adeorbis spp. but the umbilicus is always filled
by a characteristic callus pluge.

dededededededededd

Order: CAENOGASTRUI'ODA COX 1959

Suborder: VZISCGASTRUZCDA

Family: PYRAMIDELLIDAS
Remarks

This family, together with the Eulimidae and kathildildae, is mainly
composed of very small species, which in recent forms,have a commensal or
parasitic relationship with Echinoderms. The I'yramidellidae are unusual in
combining a holostome aperture with a heterostrophic protoconch, indeed the

"Treatise”™ (ed. MOORZ,1960) places them with the Opisthobranchs.
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Although thelr diversity is high the inglish Tertiary
Pyramidellids are poorly known, iost have only manuscript names or are
undescribed; and in the past their generic placement has been frequently
misinterpreted.
In this study a slightly modified version of ZO3SHAMN's (1292)
generic classification is used, This is partly based on the form of the

heterostrophic protoconch. In 3yrnola, Gdostomia and Turbonilla the hcteroe

strophic portion is relatively long and at or near a right angle to the adult

axis of colling. In Syrnola and Turbonilla the initial stage ls not over-

lapped by the first adult whorl., The adult whorls of 5yrnola are smooth and
those of Turbonilla baar vertical ribs, Odostomia has a heterostrophic
portion vhich {s at an acute angle to the adult axis and is partly hidden

by the first adult whorl. Adults may be smooth or spirally ornamented.
SNl differentiated Pachysyrnola on its initial axis of coiling being

at right angles to the axis of the embracing advlt whorls, but thic feature

is seldos determinable and Pachvsyrnola is here included in Odostomia.

Selonidium and /Znisocycla have relatively short initial stages. In Belonidiu

this forms a conjunct disc and in Anisocycla it is disjunct and shaped like
a shepherd's crook,

Yedctriededoiohedt

Genus: Odostomia FLIMIING 1217

Odostomia hordeola (LAMARCK)

Plate 27, flgs.10,11,

Auricula hordeola LANARZE, 1304, p.436,
Auricula hordeola LA:ARCH: Dozdni?isS, 1337. pe69,ple6,fizgs.21-22.
Odontostomia hordeola (LALARCA): COS5MANG < PISSARRO,1913.ple6,fig.t6:3,

Remarks

The straignht sided whorls increase in size slowly in this form,givi
a relatively high spires The aplical anzle decrzases with growth, and the
spiral suture runs in a well defined groove, Immature specimens may bear
closely set, very faint growth striae, The submerged protoconch is typical

of Cdostomia. Comparison was made with specimens in the Zurton and wrigley

collections, dedededodededtdodeds



294,

Odostomia miliola (LANARCK)

Plate 27, fig, 12,

Auricula miliola LAMARCK,1304, p,553.
Auricula miliola LAVARCs: DUSHALS3,1837. pe69,pl.6,figs.19,20,
Odontostomia miliola (LAARCK): COSSiAMM 7. PI3SARR0,1913. pl.6,fig.b4:22,

Remarks

This smooth species has an increasing spiral angle with growth, giving
the adult shell a rather shorter spire than C,hordeala, though not as short
as in O.spe.3. Unlike the latter the whorl section 1s inflated and the sharp
angle at the base of the final whorl is missing or very indistinct. As in
both the above speclies the singla columellar fold is small., Cl.lirifera
MEATOM (1895) has a similar shape and lack of ornamentation but has a less
inflated whorl section, Specimens in Zurton's and irigley's collections

agree well with the present materlal, which is abundant throughout bhoth

sactions,
Rk vedesderedd
Cdostomia sp.l
Plate 27, fig. 13,
Zemnarks

The characteristic featuvres of C.sp.l arce the distinct spiral
grooving, the small columellar fold and the rapld increase in growth of the

adult vhorls., The submerged heterostrophlc protoconch indicates its generle

placement,
Sedeteteiricdcdoiede
Odostomia sp.2
Plate 27, fig. l4.
Remarks

A speclies with a simllar spiral angle and slishtly fainter orna-
ment than J.sp.ls The columellar fold is, however, much more prominent
and the whorls have flatter sldes. It appzars to be restricted to the

uppermost Mlddle barton $eds and the Zhama Bed,

Fededodeveveievodsd
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Odostomlia sp.3

Plate 27, fig.l5.
Remarks
This form resembles C.miliola in 1ts lack of ornament, high spiral
angle and small columellar fold. The successlve whorls overlap earlier
ones slightly and adult specimens may be distingulshed by the sharp angle
at the base of the whorls. It is very abundant in the liiddle Earton Eeds
of both sectlons,

Yedodetedrictciedde

Cdostomia sp. &4

Plate 27, fig. 16,
Remarks
The shape and ornament resembles that of G.miliola except that the
shell 1s considerably thicker and the adult whorls increase in length
more markedly. Thus the final whorl constitutes over half the shell length.
Only a single specimen was found, from the Chama Bed at Barton (sample 6964),

fevedririeiciokdede

Cdostomla sp. 7

Plate 27, flg.l7.
Remarks
A very common smooth species in the Lower and bdlddle Bérton Peds,
with a whorl shape and spiral angle like C.,hordeola, but with a very strong,
shelf-11ke columellar fold. A sharp postapertural angle 1s present on the
body whorl, sometimes with a ribbon of original shell colouring on the
parietal surface.

Yetededevodedeteteds

Udostomia sp. 3

Plate 27, fig.l18.
Remarks
Rare specimens from the iiddle Barton Beds of both localitles are
similar to C.miliola. The shell is somewhat thicker, the columellar fold

s stronger and the whorls are slightly shorter, vith a more excavate

parietal face. Fededededefetertedode
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Genus: 3Syrnola ADAMS 1860

Syrnola_canaliculata (EDHARDS meSe)
Plate 27, fig. 19.

Remarks

A rather variable form which compares well with specimens labelled
Obeliscus canaliculatus in the Edwardsand Burton collections, Constant
features are the emergent heterostrophic protoconch, the very slightly
incised sutures and the short, squarish whorls. The spiral angle may
vary, though it is usually small, and the columellar fold is poorly
developed or apparently absent., It occurs frequently in the Lower and
Middle Barton Beds of both sections.

Yetedete¥elekdehde

Syrnola excavata (EDWARDS m.s.)

Plate 27, fige 20
Remarks
This common form azrees well with specimens labelled Obeliscus
excavatus EDWARDS (m.s.) in the Burton and Edwards collections. The
spire is elongate and the whorl section squarish. The apertural side of
the spiral suture is characteristically marked by a ralsed ribbon,
followed by a depression. The protoconch is quite lonz and emergent.

dededodotchededehds

Syrnola excavata (EUWARDS mes,) var.l

Plate 27, fig. 21.
Remarks
Infrequent specimens, from the Lower and lower diddle Barton Beds
of both sections, have the same distinctive whorl shape and protoconch
as S.excavata but have a larger spiral angle and show increased size with
growth, They are similar to an unnamed specimen of Syrnola in the Wrizley

collection, but do not warrant separate specific status.

Yekk o hedhdt
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Syrnola polygyra (EDWARDS mes.)

Plate 27, fig,., 22.

Remarks

Abundant material from throughout the Barton Beds compares well with
specimens in the Edwards collection. This 1s a very high spired form
l1ike S.excavata, but the whorls are inflated or slightly angular and lack
the adapical spiral ribbon, WRIGLIY's (1934) figure of Belonidium
polyagyratum (DESHAYES), from the Lutetianof Southampton Dock, has a very
similar whorl shape to this species. It shows the eclongate emergent
protoconch of Szrnola, not the disc~like structure of Belonidium.

Fedetede e dedefodote

Genus: Anlsocycla MONTEROSATA 1834

Anisocycla sp.ll

Plate 27, figs.23,24,

Remarks

A few very small speclmens from the Middle Barton Beds of Zarton
have the disjunct heterostrophic protoconch of the genus. The whorls are
compressed in sectlion and are very loosely coiled. They are ornamented
with fine splral strize., Another specles from the Upper Bracklesham Beds

of Selsea has fine vertical ribs.

Yedvicdedededetorek

Genus: Belonldium CUSSMANM 1892

Belonidium culimoldes (EDWARDS m,s.)

Plate 27, fig. 25.
Remarks
This specles bears the distinctive short, flattened protoconch of
Belonidiume. The spiral angle is small, the colling quite loose and the
spiral suture is only slightly depressed, The elongate apertural outline
is distinct from that of any other species of Pyramidellid from Barton.
Material from the Lower and Middle Bérton Beds of both sections compares

well with Zdwards' specimens.

Yedededededrdedevede
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Genus: Turbonilla RISSO 1826

Turbonilla pulchra DEASHAYES
Plate 27, fig. 26.

Turbonilla pulchra DESHAYES,1862. p.567,ple20,figs.24,25,

Remarks

Frequent specimens from the Lower and Middle Barton Beds of both
sections show characteristic rounded, slightly sinuous ribbing, an elongate
protoconch and a squarish whorl section. They are identical with specimens
in the Wrigley collection. T.notata DESHAYES, as figured by WRIGLEY (1934)
from the Mlddle Bracklesham Beds of Southampton, has shorter ribs and a
slightly more inflated whorl section. The high spire and emergent
protoconch are otherwilse the same,

Ve e vedevevevevededs

Turbonilla edwardsi GLIBART

Plate 27, fig. 27.

Turbonilla edwardsi GLIBERT,1938. p.4%,pl.1,fig.19; text-fiz.2l.

Remarks

A fewispecbmens from the Lower and diddle Barton Beds of Barton are
identical with Turbonilla edwardsi GLIRERT in the Wrigley collection and
Tecostellata EDVWARDS (m.s.) in the Burton collection. They have rounded
vertical ribbing andfaint spiral grooves on adult whorls. The spiral
angle i1s small and the growth rate regular., The juvenile stages could
not be observed,.

Ferrdot deveds oo
Family: EULINMIDAE

Genus: BEulima RISSC 1826

Lulima munda DESHAYES

Bulima munda DESHAYES: 1862. p0539'p1027 ,fig$.30-32.
Zulima (Subularia) munda (DESHAYES): COSSMANN & FISSARRC,1013. pl.7,fig.49:6.
Eulima munda DISHAYES: WRIGLEY,194&. p.48,figs.1,2.(et_syn.)
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Remarks

A few fragmentary final whorls from the Middle Barton beds are
definitely referrable to this species, as described and figured by
WRIGLEY. They show a flush spiral suture, with faint, almost vertical
groﬁth lines, very loose colling and a short, broad, tear-shaped aperture.

Yededodededevedokeds

Eulima sp. 1

Plate 27,fig.28.
Remarks
A frequently occurring, probably polyphyletic and juvenile form. The
spiral angle is initially acute but increases slightly with growth. The
spiral suture is flush and the labral profile bulges slightly towards the
aperture, The base shows a strong angularity. WRIGLEY's (1944) figures

of Eulima (Polyzyreulima) sowerbyl MNEWTON very closely resemble E.spel.

He mentions that the former is restricted to FISHEIR's bed 21 at Selsea.
Although nearly identical specimens occur in samples from the same level
at Selsea, both them and the Bartonian material are composed largely of

Juveniles and their identification is questionable.

dedeiededededededek

Eulima sp.2
Plate 27, fig.29.

Remarks

This species could not he matched with any in the collections examined,
It is very similar to s.sp.l In its smooth surface and flush suture but
has a slightly larger aplcal angle and a much more inflated protoconch.

It appears to be restricted to the Lower Barton Beds,

dedededededovededod
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Genus: Rostreulima COSSMANN 1813

Rostreulima macrostoma (CHARLESWORTH)

Eulima macrostoma CHARLESWORTH,1851. “Illustrations®,
Rostreulima macrostoma (CHARLZSWORTH): WRIGLEY,1964. pe55,fic.20(et syn.)

Remarks

Rare specimens from both localities show the large spiral angle,

parasigmoid labral profile and large final whorl of E.macrogtoma, as

figured by WRIGLEY (1944) and seen in the Ross collection.

defodedeiedrdede fove

Family: MATHILDIIDAE

Senus: Mathildia SEIPER 1865

Mathl1dia bourdoti LOURY

Mathildia bourdoti BOURY,1883. pal28,ple5,fig.2.
Mathildia bourdoti BOURY: CCS3SMANN & PISSARRC,1913. p1.22,fiz.128:2.

Remarks
A small form, restricted at both sections to the Lower DSarton Beds.
It shows loose coliling, an inflated whorl section, sharp cancellate

ornament and a nearly circular aperture.

fedcdedededekdkdete

Family: ARCHITECTCRICIDAE

Genusg: Architectonica RODING 1798

Archi tectonica spel
Plate 28, flgs. 1 ’2.

Remarks

Imnature naterial occurs in many samples from the Lower and Middle
Barton Beds but unfortunately cannot be specifically identified. The
spiral angle is rather higher than in A,bonneti (CCS3MANM), althouzh this
may change with development to the adult. The large protoconchs are
smooth and have an initial direction of coiling down into the umbilicus.
They have a circular cross section and show an abrupt change to the

typically heavy cancellate ornament of the adolescent stage.

RereR A ke kit
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Family: SCALARIIDAL

Genus: Scala BRUGUIZRE 1792

Scala reticulata (SOLAIDER)

Turbo_retlculatus SOLANDER in BRANDER,1766. pel7,plel,figze.27.
Epitonjum (Acrilla) reticulatum (SCLANDER): E.WHITE,1963. pl.l7,fig.6.

Remarks

Infrequent large specimens, from the Lower and lilddle Barton Beds,
show the characteristic regular high spire, vertical flanges and spiral
ridzes of this species. They compare well with the published figures
and with specimens In the Ross collection,

Yedededetedededeiok

Genus! Acrilla ADAMS 1860

Acrilla spel

Plate 27, fig.30.

Remarks

A very distinctive species with a distribution restricted to the
lower Middle Barton Beds. The spiral angle is small and constant, colling
is loose and the whorl section inflated. An unusual feature is that the
splre 1s covered with agglutinated quartz grains of a constant size.
These are embedded in the shell material so that even abraded specimens
still bear a considerable number of grains. An examination of CUSSMANN
& PISSARRU (1913) could not uncover any speciles with this pecullar feature.

Identical specimens in the Burton collection from the same locality are

labelled Acrilla_sp.
**********.

Family: PSEUDOMILANIIDAE

Genuss Bayania MUNIER-CHALMAS 1885

Bayania hordacea (LAMARCK)

Melania hordacea LAMARCK,1804. p.43l.
Melania hordacea LAMARCK: COSSMANN,1900, pel5,pl.2,fig.13.
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Remarks

This species 1s dominant in BURTON's bed K and less frequent in bed J
of the Upper Barton Beds. The last whorl is elongate, making up over
half the length of the shell. Ornament 1s restricted to fine growth
lines, which are parasigmoid in shape and retrocurrent at the splral suture,
A narrow shelf borders the suture.

evevedrdededrde ek

Family: LACUNIDAE

Genus: Lacuna TURTON 1828

Subrenus: Epheria GRAY 1847

Lacuna_(Epheria) sp.l

Plate 27, flg. 3l.

Remarks

A small fommfrom the Middle Barton 5eds, characterised by its
short spire, large flnal whorl and broad, inflated aperture. The surface
1s shiny and ornamented by regularly spaced, very fine splral striae.
A very small umbilicus is partially hidden by the narrow columellar lip
and an anterlior sinus ls weakly developed. The generic identification is
from {dentical but unnamed specimens in the Wrigley collection.

Fevokedede fededededs

Family: RISSCIDAE

Genus: Rlssoa DESMNAREST 1314

Rlssoa globulus EDJARDS (mess)

Plate 27, fig. 32.
Romarks
Frequent specimens from throughout both sections were ldentifled
with material in the VUrigley and &dwards collectlons., This form may be
distingulshed from all other specles of Kissoa and Alvanla encountered
by its completely smooth and shiny surface. The whorl section is inflated

nnd the protoconch aprears to be submerged heterostrophic. The aperture



303,

is rounded, with a straizht unthickened labrum and a narrow columellar

1lip.
Yededededededededede
Rissoa sp.l
Plate 27, fig.33.
Remarks

The goeneral shape of this species is the same as In R.globulus
but the shell is ornamented by short, rounded, parasigmoid ribs, which end
abruptly half-way along the final whorl, The labrum is slightly thickened
on complete individuals and its profile shows a low bulge antariorlye.
Infrequent specimens from the Lower and Middle Barton Eeds resemble
Renana (LAMARCK) in the Burton, Wrizley and Idwards collections and
figures in DESHAYES®' (1865) monograph. They are however considerably
smaller, with less strongly developed ribs., They may represent juveniles
or another, closely related species.

Sededeitokdehiok

Genus: Alvania RISSO 1326

Alvanla bartonensis (CRARLESHORTH)

Rissoa bartonensis CHARLESWORTH,185l. “Illustrations®.
Alvania bartonensis (CHARLESWORTH): R.BJHNIWTOMN,1895, p.329,pl.22,figs.ll,12,

(et_syn,)

Remarks

A rezularly coiled, rather short spired form, characterised by its
ornanment of heavy, vertical ribbing, crossed by spiral ribbons. This
is a constant and distinctive species and agrees well with HEWTON's
(1395) figures and specimens in the Burton and Wrigley collections. It
occurs commonly in the Lower Barton Beds and rarely in the liddle and

Upper Barton Beds.

Yededededodedededede
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Alvania sp.3
Plate 27, fig.34.

Remarks

This species bears similar, though lower cancellate ornament to
A.bartonensis but is distinguished by its pupiform and more elongate
shape, It shows a much stronger labral lobe than any other species of

Rissoid encountered. A.villcassina GOUGEROT (1968, p.229, pl.l, fig.4.),

from the Lower Lutetlan of the Paris Basin, has a simllar shaped shell,

fedcdiethtedehic
Family: EITHINIIDAE

Genus: Bithinia LEACH 1818

Bithinia?sp.l
Plate 27, fig.35.

Remarks

Two specimens, both from the upper part of the Middle Barton Beds
of Alum Bay, have a thin shell, a rounded rectangular whorl section, a
rounded aperture and may possibly belong to this genus. Bithinia is
usually restricted to brackish and freshwater environments but these
specimens are pyritised and show no signs of the abrasion etc. usually
associated with mechanical transportation. The numbers are obviously too

few to suggest any useful ecological or provenance conc¢lusions.

Fededededrfedetedek

Family: XENOPHORIDAE

Genus: Xenophora FISCHER 1307

Zenophora _sp.l
Plate 27, fig.36.

Renarks

Large, low spired, smooth initial stages and fragments of suturally
agglutinated adults are common in the Lower and iMiddle Barton Beds of
both localities, but could not be definitely related to any published

specles, Dlagnostic characters appear to be developed only in adult shells,
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Xeagglutinans (LAMARCK), a common Barton megafossil, is closely related

but the immature stages of specimens avallable for study vwere rather higher
spired. Asgglutinated bodies on fragments of adults include small shells,

Foraminifera and, in one case, a valve of Legumlnocythereis strilatopunctata,

dedededeicdokekk

Family: CALYPTRAEIDAE

Genus: Calyptraea LAMAKCK 1799

Calyptraea aperta (SOLANDER)

Trochus apertus SOLANDER in BRANDER, 1766. p.9,pl.l,figs.l=3,
Calyptraea aperta (SOLANDER): E.WHITZ,1963. pl.l17,fig.10,

Remarks
This form is characterised by its very low spire and extremely fast
and regular increaase of whorl size, Only smooth juvenile stages were
encountered but could be positively identified with material in the Burton
collection. It occurs rarely in the Lower and Middle Barton Beds of both
sections and commonly in the Chama Bed at 3arton.
Fetededdetoiendele
Family: CAPULIDAZ

Genus: Capulus MONTFORT 1810

Capulus_squamaeformis (LAMARCK)

Patella squamacformis LAMARCK, 1802, p.31ll.
Capulus squamaeformis (LAMAKRCK): COSSMANN & FISSAKRO,1913. pl.12,fig.70:5.
Capulus squamaeformis (LAMARCK) ¢ WRIGLEY,1934., pl.lO,pl.l,figs.l15,16,17,

Remarks

In this species the rapid increase in growth, as seen in Calyptraes,
is taken to the extreme, The small, smooth, low trochospiral protoconch
is followed by a short neck and an evenly broadening, undulating disc,
which bears annular growth lines. The “spiral cavity" 1s restricted
to a small depression on the reverse slde beneath the protoconch, A

few specimens of the characteristic young stage and one adult specimen
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agree well with material in the Ross collection. WRIGLEY (1934)
describes this form, mentions that 1t 1s often found adhering to
Sycostoma and that the protoconch may be dlscarded by the adult.

Fedededeiededeicicte

Capulus sp.2

Plate 28, fig.3.
Remarks
A single specimens of a specles of Capulus, from the lMiddle Barton

Beds of Alum Bay (sample 6702) ,differs from C.squamacformis in bearing

radlal (=spiral) ribs, as well as growth lines. The adult stage is more
regularly developed than in C.squamaeformls, having an elliptical ocutllne
with the protoconch at one focus, WRIGLEY (1934) describes and flgures

C.aff.onyxofdes COSSMANN, from the Lutetian of Southampton Docke This is

ribbed like Cesp.2 but Increases In aperture size more slowly with growth,

resulting 1n a disjunct, colled capriform shell,

Fededeveiekdrdedete

Genus: DBerthelinia CROSSE 1875

Berthellnia sp.cf.Bselepgans CR(SSE

Plate 28’ fig. 7e

?Berthelinia elepans CRUSSE,1875. pe79,pl,2,f1g8.3.
?Berthelinla elegans CROSSE: COSSMANN, 1887, pel70,pla7,flgs.24-29;
pl.s,figs- 1.2,

Remarks

One specimen of this extremely unusual form was encountered 1in the
Middle Barton Beds of Alum Bay (sample 6628). It has the appearance of
a small, monomyarian Pelecypod, with fine growth striae and an 1nequi-
lateral elongate outline. From the centre of the "hinge” protrudes a
small, disjunct, coiled protoconch. BALUK & JAKUBCWSKI (1968), describing
a new specles (bokrachl) from the Miocene of Poland, state that although

1t is in fact a Gastropod the complete shell consists of two hinged valves.



307,

The Bartonian specimen 1s obviously a juvenile but resemblas figures of
CROSSE's specles in COSSMANN (1887). It is placed questionably with the

Capulidae in view of its rapid Increase in diameter with growth.

Sevededefedeh hednde

Family: CAECIDAE

Genus: Strebloceras CARPENTER 1858

Strebloceras cornuoides CARPENTER

Plate 28, figs.4,5.

Strebloceras cornuoides CARPENTER,1858. pe.44l.
Strebloceras cornuoides CARPENTER: WRIGLEY,1934. pe.ll,plel,fig.l0,

Remarks

Very small specimens agree well with WRIGLEY's (1934) figure. idost
specimens show only one collar (collar "c" of WRIGLEY) close to the
relatively large, low trochoid protoconch. A few specimens from the
lMiddle Barton Beds of Alum Bay have a much longer smooth section between
a smaller, cotled protoconch and the curved, distal tube. These resemble
Se.solutum CARPENTER (WRIGLEY, 1934, pl.l,figs.8,9) but lack WRIGLEY's
second collar ("a" in his fiZures)s Both types are grouped together in
this study,.

e dedetededeteiedede

Genus: Thecopsella COSSMANN 1838

Thecopsella sp.l

Plate 28, fig.6.
Remarks
Only one specimen of this smooth, slightly curved, elongate, conlcal
shell was recovered from the Lower Barton Beds of Alum Bay (sample 6602).

It resembles Thecopsella fischeri MUNIER-CHALMAS, as figured by CURRY

(1965, pe369, fizse.b6a,b), but is straighter, has a more acute apical
angle and lacks an apertural lip. Other elongate conical shvlls known

from the European Tertiary include the Pteropod Euchilotheca. Both CURRY
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(1965) and WRIGLEY (1634, pl.l,fig.2.) figure this genus, which is con-

siderably thinner shelled and is twisted into a disjunct sinistral helix.

dedeve fededriedede ke

Superfamily: NATICACEA

Naticid spp. (juveniles)

Remarks

The Naticacea is a large, diverse and very difficult group, whose
subdivisions are distinguished on characters not usually developed in
juvenile and fragmentary material, Attempts at distinguishing the numerous
genera and species (BURTON, 1933, 1lists 13) even into arbitrary numbered
units failed, and so all forms with the low spire, globular whorls and
more or less circular aperture of the superfamily are dealt with together.
The calcareous opercula of Naticids are also preserved quite frequently
in the Lower and Middle Barton DBeds.

K dedededededededede

Family TURRITELLIDAE

Genus: Turritella LAMARCK 1799

Turritella spp. (juveniles)

Remarks

Several species of Turritella are known from the Barton LGeds.
T.imbricataria (LAMARCK) is probably the most common and widespread in the
lower and middle parts of the successione T.edita (SOLANDER) occurs in the
Chama Bed mnd BURTON (1933) refers to the small form, dominant at the top
of his bed F, as a new unnamed species. All of thesehave characters which
are not distinctive in juvenile and abraded specimens so for the purpose

of this study no specific differentiation is possible.

fedededkededeiedeiek
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Genus: HMesalia GRAY 1842

Mesalla spl.é4
Plate 28, fig.8,

Remarks

A high spired form, with a spiral angle significantly greater than
that of Turritella. The whorls are strailght sided or slightly concave
and are unornamented, apart from a single heavy, spiral ridge just above
the suture. Rare specimens from the Middle Barton Beds of both sectlons
could not be identified from the literature studied. M.fasciata LAMARCK,
from the Bracklesham Beds and the French Calcaire Grossier, has a similar
spiral angle but bears much heavier and more diverse ornament.

ke fekkdedokk

Suborder: NEOGASTRUPODA

Family: CERITHIIDAE

Genus: Aneurychilus COSSMANN 1889

Aneurychilus sp.l
Plate 28, fig.9.

Remarks
This species occurs infrequently in the Lower and Middle Barton Beds
of both localities and was identified with specimens labelled
Aneurychilus sp. in the Hrigley collection, It is thin shelled,
turreted and has a very short anterior sinus, 1Its ornament conslists
of fine radial and vertical ridges, with a single heavier, denticulate,
spiral ridge. It never bears the granular or varicate ornament of
Bi ttium.
Sedetertetededekded
Genus: Bittium LEACH 1847

Bittium semigranosum (LAMARCK)

Cerithjum semigranosum LAMARCK,1804. p.437.
Cerithium concinnum CHARLESWORTH,185l. "Illustrations®,
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Remarks

Apparently identical spacimens occur in two widely separated levels
in the Bartonian; in BURTKN's beds A2 and A3 of the Lower Barton beds
and in the Chama Beds BURTON only records this form from the Chama Bed.
Specimens in the Burton, Wrigley and Ross collections agree well with
the material found, which 1s characterised by sharp granular ornament
developed at the intersections of vertical and spiral ridges. The

spiral angle is larger than in B.terebrale, Bssps2, Or BesSpeJ.

e fedeirichdeirieds

Bittium terebrale (LAMARCK)

Cerithium terebrale LAMARCK,1804. pl.437.
Cerithium terebrale LAMARCK: DESHAYES,1833. p.40l,pl.56,f1gs.29-31.

Remarks

A rare Lower Darton Deds species which differs from other species of
Bittium in its ornament of varices (at approximately 120%ntervals),
crossed by numerous fine, spiral striations. Specimens from the same
level were examined in the Ross collection and BURTON (1933) also
records it from the Chama Bed.

Kokt ltelrdokd

Bittium sp.2

Plate 28, fig. 10,
Remarks
This species has granular ornament similar to that of B.semigrano-
sume However, the spiral angle is considerably smaller and decreases
with growth, resulting in a pupiform shell. The whorl section is more
inflated and the granules more widely spaced than in B.sps3. It occurs

infrequently in the Lower and Middle 3arton Beds,.

FedeRhfricdededrdcde

Bittium sg.S
Plate 28, fig. ll.

Remarks

A form from the Lower Barton Seds of Alum DBay with a larger spiral
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angle than other members of this genus. The granular ornament breaks
down on the broad sutural shelf, where it is replaced by fine growth

striae, It could not be identified from the collections,

Sededesctedeicicied

Bittium sp.5

Plate 28, fig.12.

Remarks

Sgecimens were recovered only from BURTON's (1933) bed G
(sample 6963). It has a small spiral angle similar to that of B.sp.2
and very regular granular ornament developed at the intersections of
equally strong vertical and spiral ribs, resulting in a series of

closely spaced pillars, It resembles Pirenella monilifera (DEFRANCE),

(Upper Hamstead Beds) but is much smaller and its apertural character-
istics are not clear.

Sededededededededede

Genus: Batillaria BENSON 1842

.Batillaria concava (J.SCWERRY)

Potamidas concavus J.SOWERBY, 1822, p1.339,figs.1,2.
Batillaria concava (J.SOWERBY):E.WHITE, 1963, pl.19,fig.10,

Remarks
A number of poorly preserved specimens from the uppermost Barton
Deds (BURTOl's bed K) of Larton were identified with the published
i1ljustrations and with comparative material from the Middle Headon
Beds of Colwell Day.
Sededededdcinknd

Genus: Fotamides BROGNIART 1810

Subgenus: Ptychopotamides SACCO 1895

Potamides (Ptychopotamides) vagus (SOLANDER)

Turbo vagus SOLANDER in RBRANDER,1766. p.26,pl.3,fig.50.
Potamides (PtychopotamideslAvagus (SOLANDER)‘E.WHITE,1963. pl.l9,figs.3,
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Remarks

A single large fragmentary spoecimen from BURTCN'!s bad K (sample
7004) agrees well with published accounts and with Middle Headon Beds
materiale It is a heavily ornamented form, with a small spiral angle
and a narrow sutural shelf.

Yrdetededededededede

Genus: Iriforis DESHAYES 1824

Triforis ? sp.l
Plate 28, fig.l3,

Remarks
Many Lower and Middle Barton Beds samples contaln an unusual
and extremely small Cerithid, It is thin shelled, sinistrally coiled,
with a large spiral angle, a subquadrate aperture and a short but well
defined anterinsr sinus.s The ornament consists of two, or sometimes
three,smooth, entire, spiral ribs, separated by finer vertical striae.
It 15 uncertaln whether they represent juvenile or adult stages as
larger specimens have not been found. Cerithids showing sinistral
colling are known from the European Tertiary. COSSMANN & PISSARKC
(1913) figure specles of Triforls with this feature, though none of
his figures are the same as this formin size end shape.
detototedrdedededede
Family: STROMBIDAE

Genus: Hippochrenes MONTFORT 1810

Hippochrenes amplus (SCLANDER)

Strombus amplus SOLANDER in BRANDER 1766, p¢34,p1.6,f18.760
Hippochrenes amplus SSOLANDERsz WRIGLEY,1938. p.75,pl.5,figs,27-31,
34, 36.(et_syn.)

Hippochrenes amplus (SCLANDER): E.WHITE,1963. pl.20,fig.10,

Remarks
Specimens representing the initial stages of this form occur
rarely In the Lower Darton Leds and quite frequently in the MMiddle

Barton Deds, particularly in BURTON's (1933) bed E at Barton. They
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are high spired, smooth shelled and bear a single groove just above
the spiral suture. The third or fourth whorl of the protoconch is
characteristically swollen, As WRIGLEY (1938) and BURTCN (1933)
state, the initial stages are far more common than the wellknown
but seldom seen large forms, DBoth authors also state that the
spectacularly flanged specimens represent adults but cannot explaln
the virtual absence of **adolescent™ stages. It is possible that the
flanged form represents gerontic individuals, which mlght explain
their scarcity.

Fevededededekfedede

Genus: Rimella AGASSIZ 1841

Rimella rimosa (SCLANDER)

Murex rimosus SOLANDER in BRANDER,1766, pel8,plal,fig.29,
Rimella rimosa (SOLANDER): WRIGLEY,1938. p.67,ple4,figs.ll-14,17.(et_ syn.
Rimella rimosa (SOLANDER): E.WHITE,1963, pl,20,fig.2.

Remarks

Juvenile stages of Rsrimosa occur falrly fréquently in the
Lower and Middle Barton Beds. The specimens recovered lack any signs
of the posterlior sinus but corparison with the Initial stages of
specimens in the Wrigley and Ross collections, and with figures of
protoconchs in WRIGLEY (1938) lecave no doubt as to their identification.
The ornament consists of regular, closely spaced spiral grooves crosse
ing more widely spaced, rounded, vertical or curved ribs, Varices are

sometimes present. Juveniles of several species of Tibla (T.lucida

(J,SOWERBY) and T,sublucida (EDWARDS)) have similar ornament but

their protoconchs are never ribbed as near the apex as in R.rimosa.

ekedededekddedede
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Genus: Dientomochilus COSSMANN 1904

Dientomochilus bartonensis (J.SOWERBY)

Murex bartonensis J.SOWERBY;1813. pe77,ple34.
Dientomochilus barionensis (J.SCWERBY): WRIGLEY,1938. p«73,pl.4,

figs.24,25 et syn,)
Dientomochilus bartonensis (J.SOWERBY):E.WHITE,1963, pl.20,fige7.

Remarks

A single, well preserved specimen was encountered in sample 6916
(Lower Barton Deds,barton). It corresponds well with the published
figures and with material in the Koss collection.

Fedeieiekkved vrde

Family: BUCCINIDAE

Genus: Cominella GRAY 1850

Cominclla deserta (SOLANDER)

Buccinum desertum SCLANDER in BRANDER, 1766+ pel3,plel,figs.l5.
Cominella deserta (SOLANDER): COSSHANN,1889. ps132.(et_syn.)

Remarks

One large specimen, from the Lower Barton Beds of Alum Day
(sample 6617), could be definitely identified with named material in the

Ross collection. DBURTON (1933) also records it from a similar tevel

at DBarton.

Kfedetctchkvede ke

Family: NMURICIDAE

Genus: Murex LINNE 1758.

Murex sp.cf. M.tricarinatus LAMARCK

7Murex tricarinatus LAMARCK,1803. p«223.
?Murex_tricarinatus LAMARCK: WRIGLEY,1930. p.93,ple9,figse2-5,32.(et_syne)
?Pterviiotus tricarinatus (LAMARCK): E.WHITE,1963. pl1.23,f1g.2,

Remarks

A few poorly preserved and fragmentary specimens from the Lower
and Middle Barton Beds could be questionably identified as Mstricarinatus
They show three marked, sharp edged varices at 120° and three intermediat

ribs. WRIGLEY (1930) attempts to unravel the group's nomenclature and
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concludes that Measper SOLANDER (non LINNE) should belong in the synonymy

of M.tricarinatus. After examining a great deal of material he describes

four "forms" of which c..n, M.tricarinatus form tricuspidatus DESHAYES,

occurs in the English Barton Beds.

Yedededededriededcie

Genus: Typhis MONTFORT 1810

Typhis pungens (SOLANDER)

Murex pungens SULANDER in BRANDER,1766. pe35,pl.3,fig.81.
Typhis pungens SSOLANDERS WRIGLEY, 1930, p.112,p1.10,fig.39.(et_syn.)
Typhis pungens {SOLANDER

: E.WHITE119630 p1-23,fig.3.

Remarks
Fragmentary and immature material from the Middle Barton Beds of
both localities could definltely be identified with this well knaown species,
It is characterised by 1ts four strong varices and tubular spines.
Specimens in the Burton, Wrigley and Koss collections, and figures in the
11 terature agree well with the material found.
Fededesededede dedede
Family: FUSINIDAE

Genus: Fusinus RAFINESCU 1815

Fusinus porrectus (SCLANDER)

Murex porrectus SOLANDER in BRANDER,1766. pe2l,ple2,figs«35,36.

Fusinus porrectus (SCLANDER): VRIGLEY,1927. pe220.(ct _syn.)
Fusinus porrectus (SULANDER): E.WHITE,1963. pl.23,fig.ll.

Remarks

Rare fragmentary and juvenile specimens from the Lower and Middle
Barton Beds agree with the published figures and descriptions. They have
a large, inflated protoconch and an ornament of narrow spiral ribbons
crossing rounded vertical ribs. In F.asper (J.SOWERBY) the protoconch

is similar but the spiral ribbing is accentuated into narrow flanges.

Fededrdedfedcdedede
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Genus: Euthriofusus COSSMANN 1901

Euthriofusus sp.cf. E.regularis (J.SCWERBY)

?Vurex regularis J.SOWERBY,1818. p.195,pl.187,fin.2,
7Euthriofusus regularis (J.SOWERBY): WRIGLEY,1927. p.243.(et_syn.)
?Euthriofusus regularis (J.SCWERBY): E.WHITE,1063. pl.24,fig.ll.

Remarks
A number of short spired, mnteriorly siphonate juvenlles have been
questionably referred to this specles after examining specimens in the
Ross collections They occur in the Lower and Middle Barton Beds and
resemble the figures of E.regularis mut,ytenae in WRIGLEY (1927).
Fekdeicdeidictok
Family: XANCIDAE

Genus: Sycostoma COX 1931

Sycostoma pyrus (SCLANDER)

Murex pyrus SOLANDER in BRANDER,1766. pe26,pl.4,figs.52,53.
. p.163- (et 52!!.)

Remarks

Juveniles from the Lower and Middle Barton Beds, referrable to the
genus Sycostoma, show the characters of the S.pyrus end of its gradational
series with S.bulbus (SOLANDEK). The protoconchs are smooth or have
faint, very oblique growth lines. They show a rapidly increasing spiral
angle and a broadening sutural shelf, In S.bulbus this shelf is narrower

and the spiral angle increases even more markedly with growth,

Fededededededededede

Family: VOLUTIDAE

Volutid spp. (juveniles)

Remarks

In the Lower and Middle Barton Beds infrequent, small, turrcted

shells with a cancellate ornament can be identifled as the immature stages

of Volutids. Some resemble the protoconch of Athleta SVolutosgina) luctator
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(SOLANDER) , as figured by E.WHITE (1963, pl.25,f1g.%), and one larger

specimen may be a juvenile of Volutocorbis amblgua (SCLANDER). Material

i1s not common enough to permit a useful varlation study and further speciflc
deslgnation is impossible.
frdciededtededetrk
Famjly: MITRIDAE

Genus: Mitra MARTYN 1784

™} tra" volutiformis‘EDWARDS

Mitra volutlformls EDWARDS,1877. pf186,p1.24,fig.5.
Remarks

Specimens from the Middle Barton Beds of Barton (BURTCN's bed £)
and the Lower Barton beds of Alum Eay agree well with EDWARDS' description
and figures, This ls a small, turreted form with strong, rounded vertical
ribbing and much less frequent spliral strlaec. The anterior siphonal canal
1s short and narrow, the base 1s markedly excavate and the three oblique
columellar folds give way splrally tc a number of unconnected spiral
ridges around the distal end of the siphon. GGUGERGT (1968) refers to -
this form as a Turricula and compares it with his new species T.(Costellaria)
ruellensis, from the Sables de Cresnes. The English specles does not
show the labral notch and fasciole of the Turrids.

Yedefedefadcdehde i

Genus: Conomitra CONRAD 1865

Conomi tra parva (J.de C.SCWERBY)

Mitra parva J.de C.SOWERDY,1825, pe37,p1.430,fig.l.

M tra Eumlla J.de COSOWERBY‘ 1825, p.37,pl.430,fig.2o
Ml tra parva Jede C.SOWERBY: EDWARDS:1877Q p-183,p1-24,f18501,20(Et szno)

Conomi tra parva (J.de C.3CWERBY): E.WHITE, 1963, pl.25,fig.6.

Remarks

The ornament of this very abundant specles shows a continuous
gradation between the cancellate nominate variety and the smooth var. pumila

(Jede C.SONERBY). A few specimens also show a further gradation to the
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smooth and slightly more basally excavate "Mitra obesa® EDWARDS (1877,
Pel185,p1.24,fige4s). The latter may thus also belong with C.parva.
C.porrecta EDWARDS is more slender and has a less tapering anterior
sinus,

R fekh ket dek

Family: MARGINZLLIDAE

Genus: Marginella LAMARCK 1799

Marginella bifidoplicata CHARLESWORTH

Marginella bifidoplicata CHARLESWCORTH,1851. "Illustrations”.

Marginella bifidoplicata CHAKLESWORTH: EDVARDS,1377. pe139,pl.18,f19.2.

Marginella (Stazzania) bifidoplicata CHARLESWORTH: COSSMANN & PISSARRO,1913.
pl.&ﬁ,fig.ZOB:lZ.

Marpinella (Stazzrnia) blfidoplicata CHARLESWORTE: E.WHITE,1963. ple.26,fig.>.

Remarks

This species is biconlcal and smooth, with flush sutures, a subrectangular
aperture and a thickened labrum. In the adult the columella is marked by
three bifurcating folds. Juvenile forms have a less thickened labrum and
unbranched columellar folds, Such specimens resemble M.eburnea LAMARCK
and M.gracilis EDWARDS. However, these two specles have a slightly narvower
outline. Specimens in the Durton and Wrigley collections are identical with
the cormon material from the Lower and Middle Barton Beds.

Yededricichedeiches:

Famlly: COLIVIDAE

Genus: Ancilla LAMARCK 1759

Ancilla §Eol

Plate 28' figulho

Remarks

Specimens from the Lower and Middle Barton Eeds resemble A.dubia
(DESHAYES) in shape, apertural features and ornamentation. They are how-
ever much smaller than specimens of A.dubla studied in the collections

but may represent juveniles, They cannot readily be compared with the
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mateflal found,as fhe earlier whorls are typically hidden beneath the callus
and designation of such juveniles would be unwise. The anterior sinus is
never as wide as in A.canalifera LAMARCK, though both specles show a
caniculate suture and two very oblique columellar folds,

Setriededededrich

Family: TRICHOTRCPIDIDAE

Genus: Cerithioderma CONRAD 1860

Cerl thioderma costulatum WRIGLEY

Cerithioderma costulatum WRIGLEY,1942. p.101,pl.3,f1g.2.
Remarks

A few specimens from the Mliddle Barton FLeds of Alum Bay and Sarton
can be referred to WRIGLEY's species. They have the narrow umbilical
chink, seven regular spiral ridges and rounded, widely spaced vertical

ridges that he mentions, The protoconch is flattened (planorbid) and

similar to that of Cereticulatum, as figured by WRIGLZIY (1942, pl.3,fi1g.8.).
The spire 1s slightly lower and stouter than his figures, resembling
C.latum WRIGLEY (1942, pl.3,fig.le) in shape but this is probably a result

of immaturity. C.reticulatum WRIGLEY and C.bartonensis WRIGLEY are both

higher spired than this form,

Yedededededriciedcde

Family: CANCELLARIIDAE

Genus: Coptostoma CCSSMANN 1899

Coptostoma quadratum (J.SrEZRBY)

Cancellaria guadrata J.SOWERBY, 1822, p.83,pl.360,

Coptostoma quadratum (J.SCWERBY): WRIGLEY, 1935, pl.32,fig.1; ple35,£13.46.
(Qt S!!!o)

Coptostom quadratum (J.SCWERBY): E.WHITE,1963. ple26,fig.9.

Remarks
This specles is repéesented in sample 6699 (Middle Barton Beds of
Alum Bay) by a single initial portion and fragments. WRIGLEY (1935)

figures the initial stages of a number of Palaecogene Cancellariids, and



320,

his figure of that of C.quadratum shows it to increzse, from a sgmall
first coil, quite rapidly in size and spiral angle., No other specles
has a protoconch with such a small spiral angle. The adult whorls are
colled quite loosely and characteristically ornamented by close set,

regular, vertical and spiral ridges without varices., Bonellitia evulsa

and Sveltella microstoma have much more widely spaced, rounded and less

regular vertical ridges. The latter also bears external varices.

*ededr ekt dedohsc

Genus: Sveltella COSSMANN 1889

Sveltella microstoma (CHARLESWORTH)

Cancellaria microstoma CHARLESWORTH,1851, “lIllustrations”.
Cancellaria mi crostoma CdARLbSWORTH~ " R.PB.NEWTCN, 1895, Pe327,p1ae22,figs5.3,4.

Sveltella microstoma (CHARLESWORTH): WRIGLEY,193 . Pe361,p1.32 JF155.6,7;3

ple35,f1g.45.

Sveltella microstoma (CHARLESWORTH): EJWHITE,1963. ple26,fig.6.

Remarks

The initlal stages agree with those figured by WRIGLEY. They are
initially small, with a rapid increase in growth and show the development
of vertical ribbing earlier than the spirals. Llater whorls have narrow
spiral ridges and rounded, rather irregular vertical ribs with varices,
It occurs frequently in the Lower and Middle Barton BEeds of both sections
and éompares well with specimens in the Burton and Wrigley collections,

FedededededeFedededc

Genus: Honellitia JCUSSEAUME 1887

Bonellitia evulsa (SCLANDER)

Buccinum evulsum SOLANDER in BRANDER,1766. p.13,pl.l,fig.lé.

Bonellltla evulsa (SOLANDER) : WRIGLEY, 51935 pe364,p1,33,f1gs8.12,13;
pl.35 flg.h&-(et syne)
Sonellitla evulsa (SOLANDER): E.WHITE,1963. pl.26,f1g.7.

Remarks

The protoconch of this species is much larger and more globular

than in Sveltella microstomae It is initlally flattened but increases
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rapidly in size, so that the.first ornamented whorl is larger than the
corresponding growth stage in S.mjcrostoma, Infrequent immature specimens
from the Lower and Middle Barton'Beds agrea ' well with WRIGLEY's figures
and specimens in the Burton and Wrigley collections,.

Ye e dede ok deders i

Genus: Unltas HARRIS & PAIMER 1947

Uni tas nassaeformis WRIGLEY
—

Uxia nassaeformis WRIGLEY,1925, p.246,fig.12,

Uxia nassaeformis WRIGLEY: WRIGLZY,1935. p.376,pl.34,figs.32,33;
ple35,£f18.642,43,
Unitas nassaeformis (WRIGLEY): E.WHITE,1963., ple26,fig.l12,

Remarks

Three specimens from the Lower and Middle Barton Feds c¢an be
referred to this species on the form of the protoconche. This is
characteristically conical with, in its later stages, three strong,
slightly denticulate spiral ribs, WRIGLEY (1935, fig.42) figures a form
from the Chama Eed of Barton with a slightly more inflated protoconch

but none were found in this study,

dededetehvededetode

Unitas sp.cf. U.eioggata(NYST)

?Cancellaria elongata NYST,1845. p.476,p1,38,fig,.21.
"Uxia® elongata (NYST): WRIGLEY,1935, p.377,ple34,flgs.36,37;p1.35,f12.53.

(et_syn.)

Remarks
A single broken juvenile specimen, from BURTON's (1933) bed J at

Barton (sample 6588), resembles the immature stages of "U," elongata

fpfm vectensls as figured by WRIGLEY (1935, fig.53). ZRoth WRIGLEY and
BURTON record it from the Upper Barton Deds of Barton and WRIGLEY: also
menticns it from the Lower Uligocene of England and Germany. The early

whorls have a smaller angle and finer cancellate ornament than

U.granulata (NYST) and lack the strong spiral ribs of U.nassaeformis.

Yeded e dedeve vt e
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Family: TURKIDAE

Remarks

The Turrids are one of the most diverse groups of Mollusca in tha
Bartan Beds, and as such, their identification provided an exceptionally
difficult taske BURTON (1933) records 47 species and EDWARDS (1877)
describes 40 species from the Barton Beds, In all 24 specles could be
distinguished in this study, mainly on immature material. Of these,
12 could be specifically identified by comparison with the literature
and vith collectionss Two are identifled to generic level, 10 are left
as numbered species of *Turrid" and all protoconchs and very juvenile
specimens are grouped as “Turrid sppé (juveniles)”. EDWARDS lumps most
species of Turrid into the genus Pleurotoma, but his work proved very
useful for its specific descriptions: Where possible the generic names
used by BURTON have been applied,

As a group the Turridae are characterised by their biconical or
fusi form shape and strong anterior siphonal canal. The position of the
posterior siphon is marked in the shell by a labral notch and fasciole,
The ornamené can he strongly developed and complex. Generic different-
iation is based on the position and form of the labral sinus and the shell
outlines Specific differences are mdinly those of ornamentation and shape.

fededededededede i

Genus: Asthenotoma HARRIS & DURRCWS 1891

Asthenotoma biconus (EDWARDS)

Pleurotoma biconus EDWARDS,1877. pe318,p1433,£1g474
Asthenotoma biconus (EDWARDS): HURTCN,1033. p155.
Remarks

Juveniles of this form occur rarely in the Middle Barton Beds of
both sectidns and agree with EDWARDS' figures. They are biconical, with
a rather short spire and two spiral rows of rounded denticulations.
Aeconoides, another biconical species, has heavier, more widespread dene

ticulate ornament,

sefriehdrirkdekk
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Asthenotoma conoides (SOLANDER)

Murex conoldes SOLANDEZR in DRANDER,17664 pelé,plel,figel7.
Pleurotoma conoides (SOLANDER): EDWARDS,1877. pe317,ple33,fige5.
Asthenotoma _conoides (SOLANDER): 3URTCN,1933. p.155.

Remarks

ﬁare but well preserved specimens from the Middle Barton ﬁeds
could be identified from EDWARDS; figutes and specimens in the Ross
collection. It 15 more heaviij'and sharbly tuberculate than A.biconus.
Hemiconus scabriculus'SOLANDER (see E.WHITE; 1963, ple27,fig.10) bears

similar ornament but is much lower spired and has a narrower sutural shelf.

fededededede e

Asthenotoma pupa (EDWARDS)

Fleurotoma pupa EDWARDS,1877: ps253;ple28,£fig.C.
Asthenotoma pupa (EDWARDS): 3ZURTON,1933. pel55.

Remarks

A fusiform species, with short, rather low vertical ribs and a
labral fasciole marked by fine, close-set lines. The last whorl is
broadly rounded and very slightly excavate in outline.. It occurs rarely
v.,in the Mddle Barton Deds of Barton and.- t:he Lower Barton Beds of Alum
. Bay and could be compared with material in the Ross collectlon,

%k fekkdr ks

Asthenotoma zonulata (EDWARDS)

Pleurotoma zoriulata EDWAKDS,1877. p.317,pl.32,£fig.6.

Asthenotoma gonulata gEDdARDSE BURTON,193 . p.155-

Remarks
This distinctive species is cheracterised by 1its predominant
spiral 6rnementa The regular, eubequal, flat-tOpﬁed spiral ribbons
(3 or 4 per whor'l) givelfﬁe spife a scre&-Like appearance. They are
sepafated‘byjéldee-sef greﬁth ifnes;.;hich'afe interrupted along a broad

labral notch band at the second spiral from the sutures A.helicoldes

(EDWARDS) has similar spiral ornament but the notch band lies in a
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broad excavate area between the spirals and the whorl section is not
so inflated, A.zonulata occurs quite frequently in the Lower and Middle
Barton Beds of both localities,

T dededekkveicledede

Genus: Bathytoma HARRIS & DBURRCWS 1891
Genus: Bathytoma

Bathytoma turbida (SOLANDER)

Murex turbidus SOLANDER in BRANDEP, 1766, pel9,ple2,fig.3l.
Eleurotoma turbida (SOLANDER): EDWARDS,1877. pe3l1,p1e32,fige2.(et_syn.)

Bathytoma turbida (SOLANDER): SURTON,1933. p.l55.
Bathytoma turbida gSOLANDER!: E.WHITE, 1963, pl.26,figs.16,17.

Remarks

Most species encountered were either immature or broken but could
be 1dentified from the published figures and the collections. The
spire is rather low, with a large spiral angle. The ornament consists
of fine spiral and growth lines, with two rows of large, squarish
tubercles; one just below the suture and one on the shouldere. The

latter 1ie in the lgbral notch band.

Fededevedehehvrivk

Genus: BSela GRAY 1847

. Bela juncea (SOLANDER)

Murex junceus SOLANDZR in BRANDER,1766. pel7,plel,fig.26.
Metula juncea SOLANDER: ELWARDS,1877. ple33,figel10.

Bela juncea (SCLANDER): BURTON,1933, psl56.

Remérks o

This:is,an ﬁﬁﬁsuai1y high splreleufrid,,o:ﬁamented by ‘a regular
network of fine ridges. It occurs infrequently in the Lower and
Middle Barton Beds and agrees with EDWARDS® figures and specimens in

the Ross collection,

Yedededede fededevevs



325.

Genus: brillia GRAY 1838

Drillia formosa (CHARLISWCRTH)

Pleurotoma formosa CHARLESUORTH,1851. "Illustrations".
Pleurotom: granulata EDWARDS,1877, (non LAMARCK,1804) 9.264,pl.28,f1g.4,
Drillia_granulata (EDWARUS): BURTON,1933. p.l56.

Remarks

A very cormon species in the Lower and Mlddle Barton Beds of both
sections., 1t agrees with EDWAKDS' figures and with specimens in the Ross
and Burton collections. Identical specimens In the Wrigley collection are

labelled Drillia (Tripia) formosa (CHARLESWORTH). EDWARDS (1877) erroneously

considers the slightly shorter spired English form to be conspecific with
D.granulata (LAMARCK), from the French Middle Eocene. D.formosa is charact-
erised by its rather large protoconch, regular cancellate ornament and
inflated whorl section. Similar, low, rounded tubercles are developed at
the intersections of spiral and growth ridges.

dedede fetedededed v

Drillia innexa (SOLANGER)

Murex Innexus SOLANDER in BRANDER, 1766. p.19,pl.21,fig.30,
Pleurotoma innexa (SOLANDER): EDWAKDS,L1377. pe241,ple28,figel.(ct syn.)
Drillia innexa (SOLANDER): BURTCN,1933. p.l156.

Remarks

Infrequent specimens from the Lower and Middle Barton Peds agree well
with EDWARDS' figures and material in the Koss collection. They are basally
eXcavate and are ornamented by short, thick, widely spaced vertical ribs,
These are sometimes sinuous on the last whorl. The anterior canal is
short and the labral fasciole interrupts the fine growth striae near the
top of the ribs, D,inflexa (LAMARCX), a closely related Upper Bracklesham

Beds form, has more closely spaced ribs and a higher spire.

Yetekdokdetetehde
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~

Sgpus: dopleurotoma COSSMANN 18RO

Eogleurotoma? sg.l
Plate 28, fig, 15,

kemarks

This form becomes ahbundant at the top of the liiddle Darton Beds,
but occurs In small numbers down to the base of that division,
It never attains a large size and could not be identificd with the
juvenile stages of named species in the collections. Identical specimens

in the Durton and Wrigley collections are labelled “Eleurotoma sp.’ and

"Turrid_sp." respectively.

The shell is fusiform, with a smooth conical protoconch, inflated
vhorls, a slizhtly excavate base and a short, broad cana;, Ornament on
the earlier whorls consists of slightly irregular, closely spaced, sinuous
growth ridges. Later stages of mature specimens also bear subordinate
spiral lines. The labral notch band is marked by the curved ribs, and
follows the shoulder. ¢n the basls of the position of the labral fasclole
and the predominantly vertical ribbinz this specles is tentatlvely'placed

in Zopleurotoma (sensu DAVIES,1935),

Sovededededevededede

Genus: Hemipleurotoma COSSHANN 12859

demipleurotoma calllfera (LDWARLS)

Eleurotoma callifera EDwWARDS,1877. p.291,pl.30,fizs5,9.10.
Hemipleurotoma callifera (EDWAKDS): DURTGM,1933. pel57.

Remarks

A basally excavate speclies, ornamented by relatively few spiral
ridges separated by concave striate areas, The shoulder band is the
heaviest of the spirals. It is broken up into subquadrate tubercles and

1s coincident with the labral fasciole. Asthenotoma zonulata and

Ashelicoides are lower spired, have more numerous spirals and are less
excavate basally, H,callifera occurs quite frequently in the Lower, and
lower liddle Eqrfon Ledss It was compared with specimens in the hoss

collection. ®ededededcdedeteteds
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Genus: Surcula ADAMS 1953

Surcuia rostrate (SCLANDIR)

liurex rostratus SCLANDZR in BRANDER,1766: pe2l,pl.2,fige34.

Fleurotoma rostrata (SULANDZR): EDWARD:,1877. pe218,pl.26,fig.5.(et_syn.)
Surcula rostrata (SCLANDER): BUKRTCI,1933. p.l5%,

Turricula rostrata (SCLANDER): E.WHITE,1963. pl.26,fig.10.

Remarks

A single immature specimen, from the Middle Darton Beds of Alum Eay
(sample 6676), could be compared with the early whorls of specimens in the
Ross collection, The shoulder {s marked by narrow spiral ridges and,
unlike in other Bartonian species of Surcula, 1s broken up by numerous
short oblique furrows.

Yevedededetededodede

Surcula sp.cfe. Seattenuata (J.SCGCIER3ZY)

?Elcurotoma attenuata J.SOJIR53Y,1816. pa103,pl.146,f13.1,
?Eleurotoma attenuata J.SCJERBY: <SDVARDS,1377. pP«237,pl.27,fig.7. (et sxn.)

Remarks

Two broken specimens from the Lower LEarton Beds, onefrom Barton
(sample 6910) and one from Alum Bay (sample 6617), were identifled
questionably with this species after examining the early whorls of material
in the Ross collection. The whorls are marked by 5 to 7 large swellings.
These are flattened above, by the sutural ramp, and are crossed by a
number of strong spiral ridges. At a comparable stage of growth
S.lanceolata (ZDWARDS) lacks such stronz swellingse Se.macilenta (SCLANDER),
Ssexorta (SULANDZR) and S.spe4 have similar swellings but they are not
truncated above by the sutural ramp and do not bear such strong ridges.
Adult stages, of course, develop much stronger specific differences.

Fededefedeicdevedess

Surcula_sp.cf, S.lanceolata (ED#ARDS)

?Pleurotoma lanceolata EDVARDS,1377. p.226,pl.26,fig.ll,
?Surcula lanceolata (EDWARUS): BURTCN,1933. p.158.

Remarks

Une damaged, badly worn specimen, from the Lower Barton Ceds
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of Barton (sample 6910), shows similar feetures to the juvenlle
stages of the material in the Ross collection.

Foiededededodededede

surcula sp. 4

Plate 28, flg. 16.
Remarks
Infrequent juvenlle specimens, from the Middle Zarton Beds of
both locallties, bear a close resemblance to specimens of S.exorta
(SULANDER) and S.maclilenta (SCLAIDZR) at simllar stages of development
in the Ross collection, All have larze, rounded swellings (about 5 or
6 per whorl) crossed by fine spiral ridses. The upper sides of the

svellinzs are not flattened, as in S.cf.attenuata. The protoconch is

larze and the spiral angle quite high. Speclflc differentation between
S.macilenta and S.exorte eppears to be difficult even in the adult and,
rather than place the material aveailable wrongly, & separate taxon is

used here.

Jedrdedodededevedese

Turrid sp. 3

Flate 28, fig. 17,
Remarks
A high spired, basally excavate specles, which appears to be
restricted to the lower 3arton Feds, It is characteristically ornamented
by widely spaced, sinuous vertical ribs, Zach of these bears two peaks,
one at the suture and one at the shoulder. Very flne growth striae are
also present and show a labral notch band at the shoulder. This species

resembles Lopleurotoma rotella (EDWARDS) (specimens examined from the

Ross collection) but is somewhat smaller and has a more acute spiral
angle,

Kedrdetrdededr fededs
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Turrid sp. &

Plate 28, fig. 18.
Remarks
A very small form, resemblinz T.sp.3 in its excavate base and
lack of spiral ornament, The ribs have the same shape but are much narrower.

Zopleurotoma? sp.l has a lass excavate last whorl and more closely set

ribs, which are never developed into peaks. Te.Spe4 occurs rarely in

the Lower Darton Feds of both sections.

Yededededededdeiedc

Turrid sg.lO
Plate 28, fig. 19.

Remarks

After the second ornament whorl this species develops a strong
shoulder, ziving it the appearance of an increasing spiral angle. The
shell is high spired, basally excavate and has a short anterior canal,
It is ornamented with strong, rounded, sinuous ribs, crossed by fine
gpiral ribbonsi The ribs protrude at the shoulder mentioned aboves
It occurs frequently in the Middle Barton Geds and rarely in the Lower

Earton Beds.

Yedededotedodededede

Turrid spl.ll

Flate 28, fig. 20,
Kemarks
A single specimen, from the Middle Earton Deds of EBarton
(sample 6935), differs from all other species examined in its sharp
denticulate ornament. The dentlicles are set.along spiral ribs and are

more widely separated than in Drillia formosa. Also the whorls are

less inflated, the spire is higher and the protoconch is smaller

in T.SE.].)..

Hedededededrdededrde
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Turrid sp.lé

Plate 28, figz. 21.
Remarks
A common ijiddle Barton Eeds form, which is closely related to
Tespel0s. The main differences are that it does not develop such strong
vertical ridges mand shoulderi The spiral angle remains more constant
with growth, the base i1s not so excavate and the whorl section is more
inflated, OSpecimens which are intermediate in some characters do occur

and further study may show them to belon; to the same taxon,

Keiededededededevede

Turrid 52.15
Plate 28, fig. 22.

Remarks

As with Urillia innexa this specles 1s basally excavate and is

ornamented with short ribs., IiHowever, these ribs are restricted to the
shoulder reglion, are never sinuous and are set obliquely., The anterior

canal 1s slightly longer than in L.innexa. Te.sp.l5 occurs infrequently

in the Lower and iiiddle Zarton Feds,

Sk Vededevedeedek

Turrid _sp.l7
Flate 28, fig. 23,

Remarks

The vertical ornament in this form is dominant. It consists of
high, rounded ribs, set almost perpendicular to the suture, which traverse
the whole whorl without interruption from the labral fasciole. They are
crosged by fine, regularly spaced, spiral ribbons. Very indistinct growth
1ines form a labral notch band just above the shoulder. The base is
never excavate as In most other species of Turrid., It occurs in the Lower

and lMiddle Barton Ceds and resembles Raphitoma acuticosta (NY3T) and

Replicata (LAMAKCK) 1n ornaﬁent. Both specles, as figured by EDYARLS

(1377) ,are much lower spired,

edcdedededededriede
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Zurrid spo )8
Plate 28, fig. 24,

Remarks
A number of immature specimens from the upper part of the lilddle

Barton EBeds afe included here. They resemble Orillia innexaand T.sp.l3

in their excavate base and high spire but the vertical ribbing is reduced
to two rows of rounded tubercles, one at the suture and one at the
shoulder, These are supplemented by numerous, narrow, spiral ridges.

More adult specimens resemble Urillia gomphoidea (EDWARLS) in the Hrigley

and Ross collections. The shoulder tubercles do not increase very rapidly
with grovth with the result that the adult shell has a very different
appearance when later features of ornament are developed,

Fekdevetedofevededs

Turrid sp.20

Plate 28, fig. 25,
kemarks
A single broken specimen was recovered from the !iddle Barton beds
of Alum Bay (sample 6677). It is low spired and has a very shallow labral
notch band situated in a concave hollow between two rows of spirally
elongate tubercles.

Feredehedededeh ke

Turrid sp.21

Plate 28, fig. 26,
Remarks
This form is closely related to Tespel7. The single specimen
(tiiddle Zarton Peds of Alum Fay, sample 6673) has similar strons, regular,
vertical ribbing. Eowever, the base is slightly more excavate and the

spiral ridges are higher, standing out as a series of flanges.

Pk Vedede et s

Turrid spp., (juveniles)

Remarks

All indistinguishable protoconchs and juvenile stages are included

here, dedevefekddedehek
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subclass: UPISTHOBRAMCHIA MILME-ZDWARDS 1848

family: ACTECNIDAE

Genus: Acteon MONTFORT 1310

Acteon ﬁardnerl CGSSMANY

Acteon. pardneri CCSSMANN,1339, P«269,pl.A8,fig. 372,
Acteon gardneri COSSMANN: CCSSMAMN & PISSARRC,1913,. ple53,£12.233:2,

Remarks

The low spire, heterostrophic protoconch and regularly pitted
surface are characteristic of this species, Specimens from throughout
the Barton Beds agres well with the published figures and with materlal
in the ¥Yrigley and Durton collections.

dededrdevededeevede

Genus: Crenilabium COSSMANM 188¢

Crenilabium elongatum (J.de C.3CHERBY)

Acteon_elongatus J.deC,3CGHERBY,1024. pl.460,fig.3.

Remarks

This species was found only in the Lower Larton Beds. It differs

from Acteon gardneri in having a thinner shell and in belng hlgher spired.

The spiral angle is smaller and the later whorls are more elongate and
narrow, Ornament is restricted to rather irregular, faint spiral striae
and growth lines. The material available, although mostly fragmentary,
agrees with specimens in the Wrigley, Surton and Ross collections.

Yevededcdevede ek

Family: RINGICULIDAZ

Genus: Ringlcula DESHAYES 1838

Rinzicula parva NEWTOM

Ringicula parva R,E.HEWTOM,1395. p.322,pl.22,f185.5,6.(et_syn.)

Remarks
A thin shelled form, with a globular whorl section, striate

spiral ornament and thickened, ornate labral and columellar callus., It
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occurs throughout the Barton Sede and could he compared with specimens
in the Ross, Wrigley and 3Surton collections.
dedotedtededeRedrk
Family: TCRMATINIDAL

senus: Volvulella R.B.HZWTCH 1R91

Volvulella charlesworthi NEWTCL

pulla acuminata CHARLESWORTH,1351. (non BRUGUIERE) 'Illustrations®,
Volvulella charlesworthi (&DUARDS m.s.):R.C.NEYTCN,1895, p.330,pl.22,
figs.13,14(et_syn.)

Remarks

This species oceurs infrequently in the Lower and Middle Barton
beds and agrees with NEWTON's figures and with specimens in the collections.
The shell is thin walled, oval, uniumbllicate and the final whorl embraces

the earller stages., V;hastula (CHARLIZSWORTH) (=V.lanceolata J.deC.SCHiREY

and later authors) differs in beinz widest below the middle of the shell

and in bearing spiral lines of pits. V.charlesworthi is ornamented only

by very falnt spiral striaec near each end of the columella,

Feededededeededod

Family: SCAPHANDRIDAL

3enus: Scaphander FCWTFORT 1810

—

Scaphander? sp.l

Plate 28, fig. 27.
Kemarks
The single broken specimen, from the Flddle Barton Eeds of Alum
say (sample 6675), can questionably be referred to Scaphander. It is
rather thicker shelled than 1s typical of 3caphander, but shows the

characteristic very loose colling, It differs from S.parisiensis D'CRBIGHY

as represented in the Ross collection from Zarton, in lacking a tight

spiral umbllicus and in being completely smooth externally,.

Yedededededriek ik
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Family: ARERIDAS

Genus: Akera MULLER 1776

Akera striatella (LAMARCK)

Bulla striatella LAMARCK,1304. p.221.
Acera striatella (LAMARCK): CCSSMANN &

Remarks
A single speclmen, recovered from the Lower sarton peds of Alum
bay (sample 6600), is characteristed by its low spire, smooth columella
and broad anterior siphonal canal. The spiral suture is strongly caniculate
and the ornament is restricted to faint spiral striae.

e dodedededededede

Family: DULLINELLIDAE

Genus: BPBullinella R.B.NMEUTCN 1821

Pullinella constricta (J.de C.SCUERZY)

Bulla constricta J.de C.SCWERBY,1824. pl.464,fig.2,

Remarks
Immature gpaecimens referable to this species occur frequently
in the Lower and 1'iddle 3arton Beds and rarely in the Chama Zed, Adult

Beconstricta has a straight sided, slightly tapering outline and no

ornament. Juveniles are more parallel sided and approach Z.angystoma
(DESdAZE5). The latter has a more excavate lower columellar lipe.
Desowerbyi (NYST) is parallel sided but bears distinct spiral striae and
Beelliptica (J.de C,SC®ZIRBY) has an inflated, elliptical outline.
Specimens In the Rkoss and Burton collections were examined,

Yelevededededrkedors

Bullinella coronata (LANARCK)

Bulla coronata LAl ARCK, 1804, p.222,

Bulla coronata LAuiARCA: DEZSHAYZS, 1364, p.63l. (et _syn.)

Roxania (/Acrostemma) coronata (LAdARCK): CCSSMANN & +1SSARRC,1913.
pl.55,fig,242:8,

Kemarks

This form differs from other species of Bullinella in its develope
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ment of a thickened collar around the spiral extremity of the shell.
1t is otherwise devoid of ornament and has a slightly inflated outline
like Be.elliptica (J. de C.3CUERBY). It occurs rarely in the Lower and
Middle Barton RBeds and agrees with specimens in the Koss, YWrigley and

Burton collections.

Yodedededriv dekedede

Pullinella sowerbyi (NYST)
Bulla sowerbyi N{ST,1845, p.&56,

Remarks

The fine, closely set spiral grooves differentiate B,sowerbyi
from the preceding species, even in the juvenile stages, It is elonzate,
with a narrow aperture and slightly convex sides. Infrequent specimens
from the liiddle 3arton Beds of Barton and the Lower and i-iddle Barton Beds

of Alum Bay compare well with specimens In the Ross collection,

Fedededededodededede

Bullinella 52.3
Plate 28, fig, 28,

Remarks

A small species of Rullinella, occurring throughout the Barton Leds,
cannot be identifled with described forms or with specimens in the collec-
tionss It has an inflated, elliptical to globular outline, a narrow,
basally excavate aperture and lacks ornamenti It resembles Z.,elliptica
in shape but is too immature to identify definitely.

dedededededededededs

Bullinella spe.>

Plate 28, fig.29,.

Remarks

This species Is rather short and stout, with a basally inflated
outline and a strong shoulder around the spiral umbilicus., The aperture
f s narrow, curved and does not become rmarkedly excavate at the base. The

ornament consists of distinct, closec-set splral striae. It appears to be
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restrictad to BURTCN's bed J, in the Upper Parton Beds of 3arton, where
it occurs quite commonly., It could not be named from the 1literature but
closely rasembles specimens labelled “Bulla sp.” in the Ross colliection,

which come from the Lonz Mead End 3eds (= 3URTON's bed K)o

wkfedeteietricieieke

Family: LIMACINIDAE

Jenus: Skaptotion CURRY 1965

Skaptotion bartonense CURRY

domalaxis sp. BURTON,1933. p.157.
Skaptotion bartonense CURRY,1965. p.368,figs.11,13 % 14. (et_syn.)

Remarks

S.bartonense was the only Pteropod encountered in this study. It

occurs, sometimes abundantly, throughout the Lower and kiddle Barton reds of
both localities and BURTOH (1933) also records it from the Chama Bed at
Barton. The protoconch is low trochospiral and slightly heterostrophice

The later whorls are inflated, planispiral and unornamented. CURRY figures
a thin, everted terminal lip on adult specimens but this feature was not
preserved on any of the material examined. The shell is very thin, as

in most Pteropods, and is often lost to solution. IHowever, it is usvally
infilled with prrite and the casts are easlly identified,

ovedededeverededek

Gastropoda Incertae Sedis

Gastrogod genus H.sg.l.
Plate 28, fig. 30.

Remarks

Fragments of this enigmatic form occur in the liddle Barton Beds
and Chama Bed. The fragments are parts of an "externally” striate,
slightly convex and roughly triangular plate., OCne corner bears a
swollen calcareous mass on the “inner® surface, The “left”® and "lower®

margins are convex and the ‘‘rizht’ margin is concave, with a broad, smooth



337.

1ips The "external’ ornament is divided into two different zones of

fine, closely spaced parallel and sharp crested ridges. “‘Internally®

the mass at the “top" of the shell shows a series of incomplete ridges

and furrows which are curved helically in a clockwise manner (i.e. sinistral
coiling), DMNo true aperture is visible.

DAVIZS (1935) figures several of the Calyptraclidae with apertural
flaps bearing similar ornament to this form. Calyptraea chinensis (LINNE)
(the type species) has a convex, sinistrally coiled flap, with a concave
1ip and an ornament of growth ridges. The zone of different ornament along
the one side may represent a part of the normal, dextrally coiled the.
Unfortunately, an examination of all available epecimens of Calyptraea,
Trochatella and related forms falled to reveal any specimens with an
apertural lip preserved. 1In the absence of such conclusive evidence the
above remarks must only be considered as hypothesis,

Yedodedededededeirde

42624 Class: CZEZPHALOLCDA CUVIER 1797

Subelass: NAUTILOIDEA AGASSIZ 1847,

Nautiloid Sighuncle?

Plate 28, fig. 3l.
Remarks

A single fragment, from BURTON's bed = at Barton (sample 6938), is

questionably thought to represent the siphunele of a Mautiloid, It
consists of a straight, smooth tube, fléréd at one end and with a narrower
tube emerging from the funnel. Other Cephalopods recorded from barton

include MNautilus sp. indet. BURTCN (1933), from beds A3, B, i, 4, H and J,

and the Coleoid Belosepia sepioidea (ELAINVILLE).

Frdedededovedededrd
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SICTION 4:7 Ti& SCHINODERMATA

Introduction

Lchinoderms occur throughout the Zarton beds but are particularly
abundant in the marine clays of the Lower and Middle RBarton Beds. They are
preservad entirely as dissociated ossicles and conscequently no formal taxonomic
scheme can be applied. The grouping is into the major taxonomic divisions
and then into numberaed ossicles of similar mnrphologieal position (l.e. orzan
names), This is accomplished by comparison with the literature and with
extant species (- disagsresated hy boiling in 2 solution of sodium hydroxide).
In approximate order of ahundance the groups represented are Zchinoids,
Ophiuroids, Asteroids, holothuroids and Crinoids. The last two have not
baen previnusly recorded from the Zarton Beds.

Literature

POXCRWY (1965) is the only author who deals with all the dchinoderwsA
from a micropalacontolozical viewpoint, although HUYE (1942) rather optimiste
1cally revicws thelr possible irmportance in the ilorth American Tertiary,

The “Treatise on Invertebrate ralcontology’ (ed. }CCR3, vol U(3), 1966) provide-
a great deal of useful data on the different morphological units, hut is
malnly concerned with the complete organism. The Zchinoids have not
attracted much attention from Micropalaeontolosists. However, ZEISS (1936)
describes a larze number of pedicellaria (not cncountered in this study)

and somc other ichinoid nssicles. Studies on the ossicles of Ophiurolds
which are of particular use include 3zZRRY (1235, 1937, 1633, on the Fliocene
of Trinidad, the Cli;ocenc of the Gulf Coast and the Dutch racstrichtian
respectively) and HiSS (1962, on the Lias of Switzerland). They indicate
that the most promising line for future research will be in statistical
association studles on very rich assemblages. The literature on Holothurian
sclerites has multiplied In recent years, with interest mainly centered

on the lipper Palacozoic. CRONEIS & IcCORIACK (1932) and FRIZZILL & ZALINE
(1955) have provided the basls for a viable organ classification.

UDescriptive work on the Zuropean Tertiary was begun by SCHILUD DERGER
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(1385, 1890)., His work was revised by RICULT (1965) and many of the organ
species descrihed probably have a wide distribution in the Tertiary of
Morth West Luropea.

>tudies of the abhove type on the English Tertiary have not been previousi_
attempted., The ichinoids, which have a very poor preservational record,
were fornally described by FORBIS (1852) and revised by GRIGORY (1891).
The lattsr records only six species from the Barton Beds., BUKTON (1933)
rocords five Achinnids and one Ophiurold from Zarton., FORZLS also
descrihes Asterold, Ophiuroid and Crinoid remains, malnly fror the London
Clay. Asteroid, Ophiuroid and Crinold ossicles are rccorded but not
described from the London Clay of Sheppey and Bornor by JAVI3 (1938) and

VIHABLLZS (1962) respectively, DAVIS records *Trochostoma sp.'' fror the

London Clay of Sheprey and relates it to the Recent Indo-Facific form

T. (Molpadia) violacea 3TULZR. This appears to represent the only mention

of rolothuroids from the Znglish Lower Tertiary.

Comparative liaterial

With relevant literature so scarce comparison had to be made with
disagiiregated Recent forms, Asteroids examine? in this way included an
unnamed specimen from Dover, two small unnamed forms fror near the iddyston~

Lishthouse and a fragment of Creaster reticulatus from the Bahamas, All

these Included ambulacra similar to those found fossil. Unfortunately,
no Recent cxarples of the Goniaster group were available and cownarisnn of
thelr characteristic marsinals was restricted to those of Lpper Crataceous
speclimens of illatopaster. A small Ophiuroid from the vicinity of Zddystone
yielded some sclerites, some resembling the Zartonian forms; and a pelagic
crinoid (labellod Antedon) bore brachlals and other ossicles similar to
some from the London Clay.

In addition to Recent material the suthor was able to examine two
rich assemblages from the London Clay of fHocnor and Wraysbury (near Staines)
by kind permission of ir.C.ikinge The 3ognor sample, from the ‘‘Starfish Bed’,

contalned Uphiurold ossicles from similar morpholopical positions to those



340,

of the Farton Beds. The dominant Crinoid elements included brachials and
colurnalse.

Distribution

ttost of the ichinoderms present in the fZartonian were probably burrowin
or soft bottom forms and their remains are most abundant in the clay sections
of the Lower and Iiddle Zarton Beds. Echinoids are represented throughout tha
succession but are more abundant in the Lower Earton Peds, They are dominatar
by the thin spines and plates of probably irrerular, burrowins types. - The
author was fortunate in finding while samnling tﬁo comlete pyritised speci-
mens in BURTON's hed A2 at Barton. They are of an irregular specics,

questionably referable to Hemiaster? branderi FORBES, and are deposited in

the collections of the Department of Geology, Imperial Collese, London.
Ophiuroids have a similar total range to the ichinoids but show a peak in tho
triddle Earton Berds. Hclothuroids are commonest in the upper part of the
iiddle Barton feds, as arc Asteroids. The distinction between Asteroids

of the Goniasterid type and the more familiar stellate type is uncertain.

The former group appears to be dominant. Crinoid remains are very rare and
are represented by only a few specimens.

A comparison of these assemblages with these of the Lower Zocene
reveals some strong difforences. Ichinoids, particularly burrowing forms,
appear to be very much reduced in numbers in the London Clay. Goniasterids
are niuch more cowon than in the Barton Leds. Perhaps the most startling
difference is the complete lack of stalked Crinoids in the Bartonian.
vhether these features are cdue to variations in temperature, substrate or
depth is uncertain.

devevedededededeek

4:7:1 Asteroid Ossicles

Asterold? Ossicle Type 22

Plate 29, fig. 5.
Remarks

This form has a furrowed stem wildening to a slizhtly excavate, spado-
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like extromity. The calcite characteristically has a longitudinally ropeyvy
texture., It resembles ossicles, of unknown morphological position, in the
Rcecant specimens of Asteroid from Dover and Rddystonc.

Jevetedededededededs

Asteroid Marginal Type 23

Plate 29, figse 1, 2a,b.

Renarks

Larze marzinals of the Goniastoer sroup are quite common in tho upper par-=
of the iiddle BDarton Lodes, They form a double raow arouns the marzin of the
disc and arms. Individual ossicles arc larze, squarish, and have two sides
bearing pustules on a raised platform. 3ome specimens are more elonjate and
probably represent the ultimate superiomarsinals (see FOCKL 1966, pe22, fir.27,.
The Upper Cretaceous genus Metopaster has a similar structure. London Clay

specimens have heen referred to several gencra ("Gonl aster*,"Archastropecten”

etcs). The material examined differs from London Clay specimoens in having a
narrower ralsed central areca and is ornamented hy clear granules, rather than

fibrous pustules.

dedededeveveveiede

Asteroid Faxilla Type 24

Plate 29, figp. 6,
Renarks
Faxillae arc aboral granules, distally hearing a crown of small spines.
The Parton Eeds specimens are club shaped, thz %ase having a rounda? outline.
They o not agroe with those mresent in the Recent material examined but
similar ones are flgured in MNCOEE (1963),

dededededeedesiveds

Asterold laxilla Type 45

Plate 29 N fi{’,’o?-

Remarks
A single specimen, from the Lower Earton Beds of Alum Lay, has exactly

the same shape as the aboral ossicles from one of the Recent Eddystonc 6.l
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The base has four sides and gives rise te a low, cylindrical, distal knob.
Some of the paxlillae from the Recent specimen are basally trianjular and

some are quadrilateral,

Fedededededededehn

Asteroid Ambulacral Ossicle Type 26

Plate 29, fiz., 3.
Remarks
Infrequent ossicles referable to Asteroid ambulacra have o characteristic
genlculate, boot-like shapes They agree with specimens from all the Recent
Asterolds examined and with illustrations in POKCRHY (1965).

RS tevedededova o

Asterold Terminal Ossicle Type 29

Plate 29, fig. 4.
kemarks
Terminal ossicles of Asteroids, other than the Sonlaster group, occur
rarely in the Middle Barton Eeds. They are narrow, horsceshoe shaped,
with a small Internal groove and slizhtly pustulose ‘exteriorf® surfaces.
POKORNY (1965) figures a broader type.
Fedededet itk
Asteroid? Cssicle Type 35
Plate 29, fiq. S
Remarks
This rare Lower Earton 3eds form could not be matched with any of the
kecent ossicles examined. It is questionably placed with the Asteroids on
its approximation to the ambulacral ossicles in shape. 1t has a slightly

fibrous structure, like Astcroid? Cssicle Type 22.

Fedesk e dedoredes
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4:27:2 Crinoicd CGssicles

Crinoid TFacetal? Type 33

Plate 29, fin. 18,

Remarks

A few specimens from the Lower Earton Feds of Barton could be compared
with fizures of facetal ossicles in POKOKIY (1965, fi3.1045, £,)e His
specimens were from the Iiddle Devonian of Czechoslovakia and this couparison
must be rezarded with extreme cautlon in vicw of the completely different
Crinci? faunas of that tima.

Jefedevedededere e

Crinold Brachial Type 4G

Plate 29, fig.l7.
Renarks
4 single specimen, from the Middle Barton Feds of Alum RBay, has the
characteristic corruzatoe articulatory face, food zroove and asymmetry of
Tertiary Comatulid Crinoid arm ossicles. Both stalked forms, from the London
Clay, and pelaric species, such as Antedon, have similar ossicles with the
shape of a twisted half tube,

Yoo dedere fodeve

4:7:3 Zchinoid Frazments

schinoid Spine Iypé_g

Plate 29, fig,l0,

Remarks

This type is cextremely common in many Lower and iiddle Zarton DBeds
sariples. It consists of a narrow cylindrical rod, bearinzy regular longi-
tudinal ridies. The ridjes are separated by short transverse strutse. Distal
terninations, vhen preservesd, are very acute and pointed, sometimes with one
side slightly excavates. Identical spines occur froﬁ Upper Cretaceous to
Recent and correspond to the undifferentiated nboral spines of irregular

burrowing Echinoidss A specimen of a kecent species of Zchinocardium,
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from the English Channel, proved to have its aboral surface covered by
such spines. Some Asteroids also bear simlilar spines so this zrouping may

be polynhyletic,

Lo le KN dededede

Schinoid 3pinc Tvpe &

Plate 29, fipg.ll.
{eMarks
The shaft of this type is identical in structure to that of Zchinoi?

Snine Tvpe 24 It is flared distally to ive an excavate, spoon-like

termination. Specimens of Zecent Echinocardium bear identical spines

on the plastron, vhere they are adapted for locomotion.

e dededsYedeavat ot

gZchinoid Spine Type §

Plate 29, fig.l2.
Remarks
A somewhat stouter spine with a circular or oval cross scction,
corruzated longzitudinal ridres and lateral, thorn-like proccsses. It is
much rarer than types 2 or 4 and is possibly related to type 37,
Sedakdedeveds dode

Echinold Spine Ezpe 37

Plate 29, fio.l13,
Remarks
This type is very similar to type 6 but is thicker, with stronger
corrugated longitudinal ribs and 2 lack of any lateral spines. It shows

some resemblance to the radioles of ichinopedina cdwardsi (FUL3EZS) (1852,

pl.3, fig.2.), the only rezular Zchinoid recorded from Barton.

Pededevedevedesedede

Lchinoid Spine Type 44
Plate 29, fig.9%.

Remarks

specimens from the Lower Parton Beds of Alum Bay and the iMiddle Barton
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Beds of both localities correspond to figures of “Cidaris websteriana®

FCEBES (1552, pe22,ple3,figebe)e SREGORY (1891) rightly doubts the vallidity
of this name, which was erccted solely on the spines., It is a relatively
lonz, stout form, with a well defined base rnt a taperins, ornamented shaft.
The ornament is very distinctive, consistiny of a series of longitudinal
rowvs of rounded, slightly elongate or lozenzesshaped tubercles. They were
probably btorn by a surface-living regular ichinoi?,

dededevevevededededs

Zchinoid Interambulacral Plate Type 35

Plate 29, figs. 14,15,
Kemarks
A very abundant type, Includinry all thin Echinoid plates with snall
tubercles and an absence of pore pairse. They are occasionally found still
attached to ambulacral plates, o heavily tuherculate or thick plates were
encountered in this study,

Yededfevededededevese

fichinoid Ambulacral Plate Type 33

Flate 29, fig. 16.
Aemarks
slonzate plates, each with a single pair of pores are quite common throu-
out the Lower and iiddle Earton Beds. They bear low tubercles, as do the
interambulacral plates, and undoubtedly belong to the sams specless The
pores are sometimes situated In a shallow depression. Faetaloid and compound
ambulacral plates were not found.

Fedk vedededek Jevede

&7:4 Cphluroid Ossicles

Cphjuroid Lateral Arm Plate Type 1

Plate 29,f185.26,27.
Remarks
Lateral arm plates of Ophiuroids are U=-shaped &n cross section and

more or less clongate. The outer face is broadly rounded, with ridzes of
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clear calcite running across it, The inner face 1s occupied by a hroad
longitudinal furrow, which 1s generally interrupted by a low, oblique
partition, EBERRY, MOORE and several other asuthors figurc lateral arm platecs
and they could also be identified from the Recent Ophiureoid studied. At least
three types of these ossicles are present In the RBarton Beds; a narrow clongate
form; a larger shorter type; and a very stout, short one, This variation may
be controlled by the position along the arm but BIRRY (1937, 1933) uses lateral
arm plates to distinzuish his species. 1In either case no further Aifferentiati-:
on the Barton 3Beds material was attempted,

dededededededededede

Cphiurold Vertehral Cssicle Type 13

Plate 29, figs.19,20,
Remarks
These very distinctive structures are quite comnon in the Lower and
Middle Barton Beds. As with the lateral arm plates threc types are present:
narrow, broad and intermediate forms. Azain no further attermt was made to
divide them specifically as the author 1s far from certaln ahout their
variation alonz individual arms.

Kevedevededeveveeste

Ophiuroid Jaw Ossicle Type 16

Plate 29, fig.23,.

Remarks

Rather irregular ossicles of this type occur infrequently in the liddle
Barton beds of both sections. They rouzhly resemble BIRRY's (1938, pl.l4,
figse. 22, 25) figures of Ophiuroid jaws. However, the disaggregated Recent
Cphiurocld yielded similar plates joined in pairs along thelr upright faces.
The top of the palr were further joined by another elonzate ossicle,
It is uncertain whether these compound structure then gepresent voertebral

supports,

Feskdevevedededevede
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Uphiuroid Dorsal Arm Plate Type 39

Plate 29, fig.25.

Remarks

Small, shicldeshaped plates, with a shallow longitudinal furrow on the
inner surface occur in the Lower and Middle Barton Beds. They agree well
with BERRY's illustrations of ventral arm plates and with specimens from the
Recent specimen., There 1s little variation in the Bartonlan material and
they are thought to represent a slngle species. London Clay specimens and
some of BiRRY's flsures are much thicker, with kite~-shaped outlines and
squarish marzins.

ek vert Sovevedevey:

Ophiuroid Ventral Arm Plate Type 40

Plate 29, fig. 24.
Remarks
This type has a distinctlve pentagonal Farrowhead™ outline and an
inner furrow., It compares well with ZuRRY's figures and the Recent material

and, as with the dorsal arm plates, shows little variation.

Fededede Sevedevedeve

Ophiurold Disc Ossicle? Type 41

Plate 29, fig. 21,
Romarks
Infrequent, oval, smooth and laterally concavo-convex ossicles are thou-"
to have a provenance on the aboral shicld of the Ophiuroicd's central disc.
No examples could be found in the Kecent material but some of BERRY's filgures

resemble the Bartonian specimens.

el ¥ovedede ke st

Ophiuroid Genital Plate? Type 42
Plate 29, fig. 22,

Remarks
TERRY (1938) figures genital plates with a massive base and a hook-like

extension, similar to those from the 3arton Beds. No trace of such ossicles
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could be found in the Recent specimen and it 1s uncertain whethar this

form is not in fact part of the radial shield.

Federivedede et vest

4:7:5 Holothuroid Sclerites

The author here follows the “Treatise of Invertebrate Faleontology®
(FRIZZEI ,S4LIMZ & PAWSOM in MOORE, 1966) in using FRIZZELL& EXLIBE®s
(1955) classification. It was erected as a Linnaean system when sufficient
data on extant and fossil forms became available for a natural classification
to be applicable. LIFLANCRI=-RIZAUD's (1953) previous scheme is a non-
Linnaecan system using CRONZIS’s (1938) “ordo militaris®,

Family: PRISCOFEDATIDALZ FRIZZELLE BALINE 1956

Genus: Priscopedatus SCHLUNMRERGER 1890

(Type species: Priscopedatus pyraridalis SCHLUNRERGER,1390,)

Priscopedatus nmultiforis SCHLUMBERGER

Plate 30, fipge 1.

Priscopedatus multi foris SCHLUMBERGER, 1890. p.202,figs.31-32,

Priscopedatus multi foris SCHLUNMBERGEK: CRONZIS & McCORMACK,1932. p.l128,p1
figse. 3, 10.

iriscopedatus multiforis SCHLUMEERGER: FRIZZELL&EALINE,1955. p.l07,pl.5,
fias. 15, 19. :

Friscopedatus multi foris SCHLUMBERGEKRk: POKCRNY,1965. fig.l069: 8,10,

©riscopedatus multiforis SCHLUMBERGER: FRIZZELL, EXLINE & PAWSCN in MOORE,;f"'
p-661.

Priscopedatus multiforis SCHLUMEERGER: RICULT,1965. psl66,pl.l,figs.l,2;
p1.2,fi':-;. l.

Remarks
Rare specimens from the Lower Barton teds of Alum Bay have the charac-
teristic table structure of the species, as figured in the literature.

The disc has four lobes, corresponding to the four struts of the stirrup.

the outer circlet beiny restricted to the lobese The four fold stirrup
overlies a large clrcular hole and gives rise to an elevated spire with four
buttresses. All previous records of this form have been from the Calcaire

Grossier of the Paris Basine

Fedededeseveti Rk
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Family: SYNAPTITIDAL FRIZZELL & EXLINE 1956

Genus: Rizaudites FRIZZELL & SXLINE 1957

(Type species: Synaptites cuvillieri DIFLAYDRI-RIGAUD,1949)

Kigaudites cuvillieri (DEFLANDRI-KIGAUD)

Plate 30, figs. 2,3.

Synaptites cuvillieri DEFLAMDRE-RIGAUD,1949, p.3,text-figs.1-3,

Synaptites cuvillierl DEFLANDRE-RIGAUD: FRIZZILL & ZIXLINZ,1955.pe145,pl.9,fiz.8,

Rigaudites cuvilliceri (DIFLANDRE-RISAUD): FRIZZELL, EZLINE & PAWSON in IMCCRE,
1966, p.670,f13.534:8.,

Remarks

Fragmentary material from the Lower Barton 3eds of Alum Bay and the
ividdle 3arton Beds of Sarton agrec with the published illustrations. The
fragments are parts of large perforate anchor plates. The perforations are
numerous, subcircular and have a finely denticulate margin. Two specimens

also bear the socket end and show characters reminiscent ofSynaptites cocoenur

(SCHLUMBIRGER) (see RIOULT, 1965, pl.l,figs.6,7; ple.2, fi3.3). In these speci-
mens the socket is backed by a strong perforate lobe, which is flanked by
elongate, acute carse Typical S.eocoenus hears fewer perforations and tapers
smoothly towards the socket end, without ears or lobecs,

Pevedevvevevedsdede

riolothuroid? Sclerite Type 1

Plate 30, figs. 4,5.

A number of small, subcircular, perforate plates, from the upper part of
the Middle Barton Zeds of Rarton, can be questionably referred to Holothuroidr
The perforations have smooth margins and are arranged in a random nattern, witl
out the typlical ziolothuroid cruciform initial stage. Lar-er specimens are sc.:~
times double layered in the central area but no additional structures (spires.
sockets, etc.) are attached, RIOULT (1965) figures scveral specics of Cucur-
arites, from the durdigalian of the Aquitaine Basin, having a similar structur-.
fnowaver none are double layered and most of them show a hexagonal porc arrany ™ ~°

The Jurassic zenus Faracucumarites has a central double structure and Elgerius,

from the .1ligocene of Germany, is peripherally double layered (both are fijurs:

in the “Treatise?®).
PevekeVevededed e
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§ection_4:8 Ths VARTLBRATA:
4:3:1 Vertebrate Bones, Scales and Tecth
Introduction

Vertebrate bone fragments are relatively abundant in certein levels of
the Earton Beds. Unlike the teleost otoliths they are, by nature of their
preservation, sa2ldom of usc for taxonomic purposes. Distinction, even into
fish, amphibian, reptilian and mammalian clements is usually impossible,
Identi fiable vertebrae, #ill arches and various rib structures occur rarely
in a large quantity of phosphaticmaterial from various sources, which can
only be described as 'vertebrate debris®. Although no proof can be applied,
the bulk of these skeletal fragments are probably derived from bony fish,

o attempt has been made in the present study to differentiate bone
fragments either into skeletal clements (vertebrae, rib structures etc.) or
into the major vertebrate taxa. The use of all the f;agments counted togethco.:
provides a much more ecologically and stratigraphically significant parameter.

Scales and Teeth

Only tecth and scales have been subdivided in this study. The subdivisic:
is purely arbitrary into numbered morphological types. Specimens are nostly
srigller than identificd material in collections and the application of the
namnes in use for such clements as shark teeth is applied only as a secondary,
very tentative measures A much more satisfactory division is into units of
similar function. The basis of vertebrate taxonomy used herc is that of
ROMiER (1945). Additional reference was made to ZITTEL (1932), AJM.OAVIES
(1935) and wOODMARL (1899) for various shark group organ names.

The Shark Group

Although the cartilaginous fish are reprasented only by teceth and scales
they can quite accurately be divided into cutting teceth, grinding teeth and
dermal denticles on their morphology. Tecth have been shown in the past to
be interspecifically variable elements and the same probably holds true for

the small specimens frow the English Bartonian.
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Cutting Teeth

These are sharp cdged and pointed teeth set at, or near, a right angle
to the jaw. Fish bearing this type of dentition include the present day
active, carnivorous, fish-=2ating sharks. lost of thes named senera are
stratigraphically long ranging and can he assumed to have inhabited n wide
depth range.

Tooth Type 1

Flate 30, figse. 9,10,
Remarks
A small syrmetrical form, with two ~qual and slightly convex sides to
the crown. A portion of undivided root is often prescrved. The apical ~nglec
is rather varlable and this type includes both shorter, squatter and more elon-
gate individualss No refarence to this form could be found in the 1literaturc.

Fededesevededevovest

Tooth Typc 3

Flate 30, figs. 11,12,

Remarks

The crown of this type has similar faces, as in Tooth Type 1, but is

set obliquely on a more or less elongate roots Single and multiple

cusped specinmens have been found, the latter resembling Notidanus.

Yededede Vi devededed

Tooth Type &
Plate 30, fig. 13.

Renarks

An elongate, slightly sinuous, acute crown tops a deeply divided root.
Small lateral cusps may be present on large specimens. The cross section
of the crown characteristically shows onec face rmuch more convex than the

other. Large specimens resemble figures of Odontaspis.

Fededededododedetede
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Tooth Type 13

Plate 30, fig. l4.
Remarks
This form occurs up to quite a2 larze size 1In some sarples. The crown
has a slightly oblique, short, broad central cusp with two or more lateral
cuspse The root 1s large, arcuate and divided centrally. Large specimens

resemble forms filgured as Lamna (= Otodus of earlier authors).

E i oetts 1ot

Tooth Typc 33

Plate 30, fig. 1l5.
Remarks
A small rare type, whosc crown consists of a number of rather short,
irrezular striate cusps. It could not be identified from th= 1literature.

oot e deve e se

Tooth Type 34

Plate 30, fig.l6.
Remarks
A snall curved form with a broad base and a subcircular cross section.
The convex side bears a single cutting =2dge. This form could not be identii.ed
from the literature and may not belong to the shark group, but to the teleosts-

Vedesedefededdesost

Crushing Teceth

Members of the shark zroup with a molluscan diet have low crowned teeth
with a flat or cdomed distal surfacc for crushing shells. Such teeth 1 ack
sharp edges and acute points. Recent representatives 1nc1ﬁde some of the
skates and rays, which have a bottom hugzing mode of 1ife.

dededeieevededek st

Tooth Type 28

Plate 30, fig.l7.

Remarks
An oblique, sometimes corrugated, rhomboidal crown tops a strongly

divided root. One edge of the crown has a turned-up rime Representatives
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of an Upper Palaeozoic group, the 2radyodonts have teeth of this form (see
ROMIR, 1945), ZITTEL (1932) figures representatives of the Trygonids (sting
rays) with rhombic double=rooted teeth,

Sevedededefededelcde

Tooth Type 31

Plate 30, fig. 7.
Remarks
This form has a very low, clongate, smooth laterally tapering crown.
It could not bz identificed from the literature,

Sefedededevededeed

Tooth Type 32

Plate 30, fig. 18.
Remarks
A form questionably related to this group. It has an elongate, backward

pointing, trowele-shaped crown with a broad groove along its convex side.

The root is divided,

Sedevelededededohd

Tooth Type 39
Plate 30, fig. 8.

Remarks

An elongate hexagonal form with corrugations running parallel to the
short axis on the root. This form is the central element of the typical
dentition of Myliobatis (an eagle ray). The complete pattern consists of
a row of thesc clongate elements in cach jaw with three rows of more equitant
hexagonal teeth on each side. Unly a single specimen was recovered from the
Fiddle Barton Reds of Alum Bay (sample 6638),

Yedededelclede e veNr

Dermal Denticles

The skin of the shark zroup is protected by overlapping bony denticles.
Five types of these shield-like or posteriorly spinose eclements could be

distingulshed, Unlike telcost scales, dermal denticles have well developed
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roots and are thought to represent the source from which the buccal dentit-

ion was developed. None of the forms found could be matched with publisihsi

species,
Dermal Denticle Type 5
Flate 30, fig. 19,

Remarks

Included in this typz are all thz small forms with a smoothly rounded
anterior margin, one or more posterior angles and two or more well defined

longitudinal ridges. Cushion shaped roots are frequently preserved.

Jdevedevedeodeve ek

Dermal Denticle Type 15

Plate 30, fig. 22,
Remarks
A distinct type with a rounded anterior marsin and a horseshoe-like
lateral ridge, surrounding an excavate longitudinal furrow, The furrow
continues posteriorly along an acute spine. Roots are oftcn present.
Iedevedededodededede
Dermal Denticle Type 20
Plate 30, fip. 21.
Remarks
A very small cushion-/or shield-ghaped form with a smooth lateral
surface. The anterior edge is marked by threc or four short ridges.

Feiekdedededrvoede

Dermal Lenticle Type 22

Plate 30, fig. 20,
Remarks
The lateral face of this shield-shaped form is flat and completely
smooth. The edges arc vertical, and the posterior margin is drawn out intc

one or two sharp spiness Roots are usually present.

Fededededcdedeedede
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Dermal Denticle Typec 37

Plate 30. fig. 23.

Remarks

This type is similar to Dermal Denticle. Type 5 in shape, but is

considerably larger and has a leading edge wmarkerdl by numerous short, low,

irregular, ridges. The central spine is accentuated and may be distally

conical,

Feoedeodedededeeds

The Holostean Sroup

These are primitive bony fish (the 3anoldea of DAVIES,1935), which sur-
vived in reduced numbers from the Mesozolc into the Tertiary. hecent
representatives include the sturgeons. Holostean scales are heavy and
provide an armoured skine The three types mentioned below are questinnabir
included with the holosteans on the basis of the scale thickness, and the
type of teeth (sece below).

Scale Type 16

Plate 30, fig. 26,

Remarks
A few fragments of thick scale with a reruvlar pustulose pattern are
Included here.

Fesededede ek hds

Scale Type 21

Plate 30, fig. 27.

Remarks

As with Scale Type 16 the thlckness of this rare form might indicate

its Holostean affinities. The surface is coveresd by numarous, irrcgularly

arcuate, sharp-edged riduess

Sdededls desededevess
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Tooth Type 17
Plate 30, fig. 6.

Remarks

A large, rather low, oval-conical, concentrically striate form with a
truncated, sometimes faceted, apex. Some doubt remains about the funct. 1
and affinities of this type as no reference to it could be found in the
literature. Collectively they may form the dermal armour of a holostean.
On the other hand one group of holosteans, the Pycnodonts, have a buccal
denti tion made up of a large number of cushion-like vomerine teeth, similar
to this type; a possible adaptation to coral-feeding (LAVIES, 1935),

Fededede Ve vedede

The Teleost Group

Fossilisable remains of telecost, or truec bony fish, include tecth,
scales, bones and otolithss Of these only the otollths have any diaznostil.
characters in the dlsasggregated state and these are dealt with later. 1Iost
of tﬁe skeletal material common in the Barton Beds 1s probably of tcleost
origin, with very subsidiary reptilian (mainly Chelonid) materiale. One typ~
of tooth and a very empirical division into three tyres of scale are recc
The taxonomic signiflcance of any of these unlts 1s extremely slizht.

Tooth Type 2

Plate 30, figs.24,25.
Renarks
All conical, curved or straight teeth, on a more or less well developed
caniculate root are included here. The helght and conical angle of the crow
is very variable, as 1s the crown/root-length ratio. As all gradations ..
" present no further subdivisicn is attempted.
Most active, unadapted teleosts have tecth of this type, as do some

of the smaller reptiless A large number of unrelated specles are thus

undoubtedly included,

Hdefededededededede

Ve
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Scale Type 1
Remarks
A thin type of scale with closely set, parallel, concentric striations,
broken up by straight, radiate lines. Complete examples ars very rare.

Foeseresedesede e

Scale Type 4

Remarks

Thin scales with an unbroken,concentric,rather widely spaced and
irregular ornament of striae. Both cycloid and ctenoid types of scale
have been found and are not distinpuished (sec ZITIEL,1932).

Fedrdevetsvedededede

scale Type 14

Remarks

This form differs from the other two types in having straight, closely
spaced, parallel, unbroken striaec over lts surface. ZIven large specimens
show no signs of any concentric pattern. Cne edge of large specinens is
sometines bevelled, the unbevelled side always bearing the ornament.
Partially unornamented specimens are common.

Sedededededeveh ik

4:8:2 Teleost Otollths

Introduction and ltiorphology

The 39 types of otoliths distinguished in the present study are calcar.
eous granules assoclated with the paired stato-acoustic orzans of fish and
occur only in the Tecleosts or truec bony fish., E£ach orzan consists of threc
semi-circular canals arising from a threc lobed sac, where the otoliths are
housed. The function of the organ is partly auditory and partly to controi

balance and its simplified structurc corresponds to the mammallan inner ear.

Three otoliths in each orzan; the sacculith (= sagitta), utriculith (= lapii:i-

and lagenalith (= astericus) lying in the sacculus, utriculus and lagena
respectively, The complete fish thus bears six otoliths.

In the bulk of Telcost groups the largest otolith is in the sacculus.
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The lagenalith and utriculith are usually small, relatively featureless and
seldom preserved. In a few groups the lagenalith is the largest otolith.

An excellent example of one of these, Arius crassus (LOKEN), was recovered

from the Lower Farton Beds of Alum Bay. Saccular otoliths show remarkable
specific and generic differentiation. In the usual absence of well
preserved in situ skeletal raterial they can give a very useful picturz of
fossil fish faunas and have beecn used to trace palaeoclimatic and ecological
patterns as well as phylogenetic trends,

The occurrence of otoliths as disazgrengated units, often divorced
from well preserved skeletal material, led early authors into many mistakes
rcgarding the affinities of particular specimens, Recent work in dissecting
otoliths from extant species has enabled valid zeneric names to be applied
to fossil otoliths. In the absencc of such studies fossil materlal is

ziven organ species names in the form “Otolith spe* or “*Otolithus sp.-,

sometimes associated with the famlly nanme,

tiorpholozicelly the sacculith consists of a calcareous disc composed of
layered, fibrous radiate calcite. The outer face is smooth, lobose or
unbonate, and has little diagnostic valueze. The inner face and the outline
are the best features for distinsuishin~ speciese A horizontal groove (the
sulcus) divides the inner face into dorsal and ventral areas. The sulcus
opens anteriorly at the excisura and is often divided into two portions by
a constriction; thz ostium anteriorly and the caula posteriorly. DMore infor-
nation on otolith morphology, as well as an eXcellent review of stratizraphic
distribution and history of research, may be obtained from POXOKNY (1965,
Pn.320-391),

Cccurrence in the Zarton Beds

Mro.F.Ce3tinton very kindly identified part of the collection of otoliths
for this study. The 25 gpecies he identified are presented below and
figured without further comment. His broad knowledge of Snglish Tertiary
Otoliths and thelr relation to recent genera cnables valld zoological names

to be applieds Cf the remdinins 14 species, onec (arius crassus) was
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identificed from E.T.HNEWTON (1889) and 13 are figured and described bricfly
és numbered speciese No further literature study of this very difficult
toplc was undertaken as Mr.Stinton is in the process of monographing the
Bartontan faunas and the present author has no facilities for useful
comparative studies on living forms. Further literature on the topic may
be found from PUKORNY (1965, pp.4&l-645), STINTOH (1956) and BURTON (1933).

Otoliths show a very uneven distribution in the parton beds and seldom
show any rclationship with vertebrate bone fragments. They occur either as
one's or two's in a sample, or in large numbers, as what are probably mech-

anical segregations. Only one species, 3regmaceros minimus (FROST) is partic-

ularly abundant with 2 well defined distribution. This occurs in the lower
part of the ¥iddle Barton Beds and specimens sometimes reach over 100 in the
10-30 fraction. Similar accumulations of a closely related Recent species
have only baen noted in the South China Sea at a depth of several hundred
feet (STINTON, persecomm.). Specles with frequent occurrences spread nore
or less evenly throughout the Lower and Middle Barton 3eds include Anthias

nota, Lutianus concavus and Pterothrissus bartonensis. Certalh other species

occur throughout the Lower and +iddle Barton Beds and are more frequent in

the lower (Gadus dimldiatus, Ncobythites waltoni, Bathyconger Sps) Or upper

(Apogon bellovacinus, Merlucclus shepherdi, Ogilbia subregularis) parts of

the succession. Most of the remaining species are much less common and a
few are represented by single specimens,

Species Identified by Mr.Stinton

Antheas nota (SHLPHERD) Plate 30, figs.28,29.

Apogon bellovacinus (PRIEM) Plate 30, fig.32.

Argentina hantoniensis (SCHUBERT) FPlate 30, fig.3l..

Bathyconger spe. Plate 30, fir.30,
Beryx lerlchet (SCHUBRERT) Plate 31, fig. 3.
Bregmaceros minimus (FROST) Plate 31, fig. 4.

Calllonymus sp. Plate 31, fig. l.
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Cepola pantanelll (BASSOLI & SCHUBERT) Plate 31, fig.S.

Citharichthys helectaroides STINTON Plate 31, fig. 2.
Gadus dimidiatus (SCHUBZRT) Plate 31, fig. 6.
Genypterus bartonensis (SCHUBERT) Plate 31, fig. R
Symnocranius denticulatus (FROST) Plate 31, fig. 7,
Hilsa regularis STINTON Plate 31, fig.l9,.
Lutianus concavus (FRIEM) Plate 31, fig., 9.
Merluccius shepherdi (SCHUBEZRT) Plate 31, fig.10,
Muraenesox eocenicus (FROST) Plate 31, fige.ll.
Muraene:sox ovatus (FROST) Plate 31, fig.l2.
Neobythites waltoni (SCHUBERT) Plate 31, fig.13,
Ogilbia_subregularis (SCHUBERT) Place 31, 1ig.l5.
Plesiops sp. Plate 31, fig,l17,

Peristedion denticulatus (n.sp.,STINTON, mes.) Flate 31, fig.l4.

Pterothri ssus bartonensis (SCHUBERT) Plate 31, fig., 16,

Solea bartonensis (FROST) Plate 31, fig.18.

Synodus rectus (FROST) Plate 31, fi1g.20,

Irachichthodes circularis STINTON Plate 31, flg.2l.
dededovedede fede deo

Species identified by the author
Arius. crassus (KOKIN)

Plate 31' flg.3l.

Otolithus (incertae sedis) crassus KOKZIN, 1884, Pe539,pl.12,Fig,.13,
(MeHeadon,Headon Hill,)
Arius crassus (KOKEN): E.T.NIWTON,1889: p.204,pl.21,fig.3, |
’ (Barton Beds, 3arton,)

Remarks

A single large specimen of a lagenalith was found in the Lower Barton
Beds of Alum Bay (sample 6617). It lacks the sulcus typical of all
sagittae and agrees with NEHTON's figures based on in situ material from
Barton,

Fedevdededetededodek
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Unnamed species

Otolith sp.39

Plate 31, fig. 22,
Remarks
A small form occurring sporadically throurhout the Lower and riddle
Darton Deds of both sections. The outline is subquadrate ﬁith a rounded
rostrums The sulcus is short, central, horizontal and verv shallowly
indented, with an elongate ostium and a very short cauda., It does not
emerge at either ends The outer face is usually lobose,

devededededevekdede

Otolith spe 42

Plate 31, fig. 24,

Remarks

A very small specles, restricted to BURTON's bed J of Barton., The inner
face is very slightly domed with an unindented, straight sided, oblique
sulcus of two subequal portions, The ostium is considerably broader than the
cauda and opens on the straight anterior margin without any excisural re-entrant.
The rostrum is angular but not drawn out and a posterior angle is also present.
The outline is slightly inflated triangular,

This species resembles Otolith sp.44 but always has a sharper, more

angular outlinec,.

Yevederssdedededricds

Ctolith sp, 43

Plate 31, fig. 25«

Remarks

A form resembling juvenile Antheas nota (SHEZPHZRD) in shape but with a

flatter inner face and a shorter, straighter-sided cauda. The sulcus is

never sinuous, as In A.nota and the margln is smooth, not crenulate,

Kk dekdedcdedetede
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ctolith sp. 44

Plate 31, flg. 26.
Remarks

This species closely resembles Ctolith sp.42 but the anteriodorsal dome

and the posterior are always broadly rounded, never angular. It occurs
infrequently in the Lower Darton Beds of Alum bay only.

Koo vedereedeveds

Gtolith sp. 45

Flate 31, fig. 28,
Kemarks
The two specimens recovared from the Lower and hiddle Barton Beds of
Alum Zay show the straight, parallel sided sulcus and dorsal and ventral

furrows of Ciltharichthys helectaroides STINTOM, The outline, however, is

ruch squatter and there is no rostral beak,.

YVedededede Rk vedode

Ctolith sp. 46

Plate 31, fig. 32.
Remarks
A distinctive species occurring rarely in the Middle Barton Beds of both
sectionss It has an oval, denticulate outline with a short, subequal
rostrum and antirostrum and a deep excisura. The inner face is slightly
domed, with a long, broad, apparently undivided, slightly sinuous sulcus and

very low cristac.

Yrdedesedededededeve

Otoli th Sga 47
Plate 31, fig, 29,

Remarks

The single specimen from sample 6639 (¥iddle larton Beds, Alum 3ay)
shows a smooth, domed ventral area nnd concave dorsal area with a shallow,
posteriorly mnarrowing, curved and undivided sulcus, opening anteriorly just
above a rounded rostrum. The smooth, ezxcavate dorsal arca distinzulshes it

from all other species examined.
Jedkederseh ek ket
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Otolith sp. 43

Plate 31, fig. 35,

Remarks

A number of fragments in sample 6673 (t'iddle Barton Beds, Alum Bay) ,
vhen fitted together,form a single large specimen resembling ierluccius
shepherdi (SCHUBERT). The sulcal shape, with its elongate, inflated ostium
and cauda, is very similar in both forms but in the absence of an unbroken
outline this specimen cannot definitely be placed with li.shepherdi.

dedek dedsdo ek et

Otollith sp. 49

Flate 31, fig. 33,
Remarks
A single specimen from the liiddle Darton 3eds of Alum Day, has the

elongate outline and posteriorly curved sulcus of Plesiops sp. and Callionymus sp-

1t is considerably larger than eilther of these species.

Fedededededesoededs

Ctolith sp. 50

Flate 31, fig. 34.

Remarks
This small smooth form has a domed inner surface, a deep, posteriorly
curved sulcus, a pointed rostrum and a rounded antirostrum. f{he antirostrum
is situated out of the plane of the rest of the margin., Only one specimen
was recovered (i‘iddle Barton Beds, Alum Bay, sample 668l).
dededrdcdokddkd

Otolith spe. 51

Plate 31, fig- 27.

Remarks
The single specimen recovercd (sample 6653, iiddle Parton Beds, Alum [ay)

has the same outline and shape as Cepola pantanelli (RA330LI % SCHUBERT) .

The sulcus in this species shows a different pattern, with the ostium and

cauda forming a straight line, not en echelon,

Fededfe s devestdedere
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Ctollith sp. 54

Plate 31, fig. 23,

Remarks
Three fragments in sample 6669 (tiddle Barton feds, Alum Bay) fitted

together into a specimen resembling Cocpola pantanclli (BASSOLI & 5CaUnfRT)

The en echelon cauda and ostium 1s comparable in both forms but Ctolith sp.54

has a much more acute rostrum and posterior angle,

Kedeveicdsdededededs

Otolith sp. 55

Plate 31’ flg. 300
Remarks
Two specimens from the Chama 3ed of Alum Zay (sample 6703), one broken

and one in fragments, have a similar short subquadrate shape to Seryx lerichei

(SCHURERT). The sulcus however is completely different, with a much narrower,

curved cauda and a shorter ostium.

sededidedededsVedsds
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