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Abstract

Twenty-six samples from the Middle and Upper Jurassic strata of Jameson Land were prepared;
twenty-one af these were found to contain organic-walled microplankton, of which seventeen yielded
assemblages worthy of detailed examination.

A new genus (Ambonosphaera) and six new species (Sentusidinium myriatrichum, Sentusidinium
pelionense, Ellipsoidictyum gochtii, Pareodinia brachythelis, Gonyaulacysta birkelundii, and Ambo
nosphaera calioviana) of dinoflagellates, and two new species of acritarchs (Veryhachium sortehatense
and Solisphaeridium ankyleton) were discovered. One taxon, Gonyaulacysta pectinigera, is e1evated
from subspecific to specific level and its generic reallocation is proposed.

Samples from the Sortehat and Pelion Members of the Vardekløft Formation and from the Olympen
formation yielded poor assemblages in terms of the number of taxa present and are therefore nol
especiaIly biostratigraphically useful. However, previous Bajocian and Lower Oxfordian dates for the
Sortehat Member and Olympen Formation respectively are supported.

Moderately rich assemblages from some samples from the Fossilbjerget Member of the Vardekløft
Formation and from the Hareelv Formation indicate Bathonian--Callovian and Oxfordian-Kimmeridgi
an ages respectively. Two samples, one from each af these units, contain organic-walled microplankton
assemblages indicative of a date approximately one half stage earlier than that derived from ammonite
faunas.

All but one of the samples prepared from the Raukelv Formation contain only carbonized organic
remains. One sample, from the Fynselv Member, yielded an assemblage of organic-walled microplank
ton which, although not conc1usive themselves in suggesting a date, do not contradiet the latest Jurassic
assignation based on ammonite faunas.

Author's address:
Department of Geological Sciences
University of Saskatchewan
Saskatoon
Canada
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INTRODUCTION

The objective of this work is to describe the dinoflagelIate cysts and acritarchs
(organic-walled microplankton) from some samples from the Middle and Upper
Jurassic of Jameson Land, East Greenland, and to compare ages obtained from
these fossils with those obtained from ammonite faunas. This research is intended
as a follow-up to Sarjeant's (1972) study of two strewmounts prepared from sam
ples from the Middle Jurassic of Jameson Land.

The location of Jameson Land is shown in text-fig. 1. Text-fig. 2 is a simplified
geological map of Jameson Land and also gives the locations of the samples
studied. Information pertaining to these samples is given in Table 5. Geological
sections through Jameson Land and Liverpool Land are shown in text-fig. 4.

A detailed description of the strata eomprising the Middle and Upper Jurassic of
Jameson Land was given by Surlyk et al. (1973). They formally named the forma
tions and members that are tlsed throughout this work. The ammonite zonation of
the Middle and Upper Jur.assic of Jameson Land and North-west Europe and the
lithologieal subdivisions of the Jurassie of Jameson Land are shown in Table 1.
Details of the history of study of Jurassic strata in Jameson Land ean be found in
Donovan (1957) and Surlyk et al. (1973).

The samples were prepared by standard teehniques with minor modifieations to
suit the equipment present in the palynologieal laboratory of the University af
Saskatehewan.



Fig. 1. Map of Greenland, showing the location of Jameson Land.
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Table 1. Ammonite zonation of the Middle and Upper Jurassic of Jameson Land
and north-western Europe, and the lithological subdivisions of the Jurassic of

Jameson Land

(A) AMMONITE ZONES Surlyk et al. (1973)

STAGE* (B) in Jameson Land (C) in N-W Europe (D) South (E) North
AGE (m.y. J** (after Surlyk et al 1973) (after Callomon and

J ameson land Jameson LandTorrens 1969}

z O. nodiger
? 135 <l: C. subditus*o

z K. fulgens* z FYNSELV
<l:

~2 MEMBER...J T. qiganteus
f-

~.~a: G. goreiO ::>:;; -SAUXDilCo- P. albani «a:
a:~ _}!I.tr>,iB~!L

P. rotunda SJÆLLANDSELV
::> P. pa/lasioides MEMBER

P. pectinatus
f-- --------

z P. hud/estanii* ?
:! P. wheatleyensis*
Cl ----------D :;; P. scitulus*140
~ P. e/egens
:;;

A. autissiodorensis
~

'" A. eudoxus z
As in column B

~
O

A. mutabiiis i=
...J «

R. cvmodoce a: :;;
« o:

P. bavlef :I:
~

R. pseudocordata

145 z ::>
D. decipiens

«
O P. cautisnigrae
a: G. transversarium
~ :;; P. pIicatiIisx
O C. cordacum

...J MISSING OLYMPEN
Q. mariae

a.lamberti* FORMATION
150 ::>

P 8th/eta
z E. COfonatum« :;;:> K. jason
'3 :li

155 ...J S. cal/oviense '" f-
« C. cf. septentrionale :< w
U

...J
W Cl a:

C. nordenskjoeldi M. macrocephalus :< fE w

~
-, '"C. apertum z z
~ aiO O

~ i= - :;;C. calyx C. discus Vl
« Vl

C. variabile o. aspidoides
:;; :;; ~

160 a: f- a:z A. cranocephaloides O w
~<l: P. retrocostatum "- Cl

Z A. ishmae t;: :li t;:

~
O M.morrisi g -, g:I: A. greenlandicus ~f- T. subcontractus '" Vi ~<l: A.8rcticus w

'" D Vl O
A. pompeckji P. prograciIis a: O a:: O '"« "- <l:

16~ C. indistinctus Z. zigzag > > id ::;
w

C. borealis P. parkinsoni ~
o- ::;

Z
« G.garantifma
U S. subfurcatum SORTEHAT SO RTE HAT
O

170 ~ S. humphriesianum MEMBER MEMBER

'" S. sowerbyi

AALENIAN

TOARCIAN

PLIENSBACHIAN NEILL KLINTER FORMATION

SINEMURIAN

HETIANGIAN KAP STEWART FORMATION

RHAETIC (uppermost Triassic)
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PALAEONTOLOGY

General remarks

The terminology applied to dinoflagelIate cysts has been explained in detail by Williams et
al. (1973) and Evitt et al. (1977). The general morphology of acritarchs has been outlined by
Evitt (1969).

Where quoting the dimensions of dinoflagelIate cysts in the systematic section that fol
lows, the term 'Iength' specifically refers to the apical-antapical dimension. The term
'breadth' refers to the dimension perpendicular to the length in a plane tangential to the
ventral and dorsal surfaces of the cyst; similarly 'depth' indicates the dimension perpen
dicular to the length in a plane tangential to the lateral surfaces of the cyst.

Where a feature has been measured on more than one specimen, the minimum and
maximum dimensions of that feature are given. When a feature is measured on three or
more specimens its average dimension is given in parentheses between the maximum and
minimum dimensions. For example, the length range of Chytroeisphaeridia chytroeides is
noted as 35(52)65 !tm. This indicates that the minimum and maximum lengths are 35 !tm
and 65 !-tm respectively and that the average length of all measured specimens of that species
is 52 !tm.

All holotypes, paratypes and other figured specimens are lodged in the collections of the
Geological Museum, Copenhagen, Denmark. Positions on the microscope slides (in terms of
stage readings) of these specimens are given in the text and the captions to plates and
text-figures. The stage readings are correct for Zeiss Standard Microscope 4993501, stage
4886971. To facilitate conversion of the stage readings to those of other microscopes, a
master slide with reference points has been deposited with the slide collection. With the aid
of this, and the stage readings of the reference points taken with the above microscope
(deposited with the master slide), conversion factors between stage readings quoted in this
work and those from another microscope can be calculated. The author's readings were
taken with the slide label to the left; the 'east-west' co-ordinate is given before the
'north-south' co-ordinate.

Wherever possible three hundred microplankton specimens were counted from each sam
ple and additional scanning of at least another one hundred specimens was carried out.
However, some samples were barren of microplankton and in some others specimens were
so sparse that finding three hundred was impractical.

In samples in which a count of three hundred specimens was possibie it was noted that
after two hundred had been encountered, only taxa which are rare in these samples were
observed for the first time. In the additional scanning only in one case was a specimen of a
taxon previously unobserved in an assemblage encountered for the first time.
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Systematics

Class DINOPHYCEAE
Order PERlDlNIALES

Family CANNINGIACEAE Sarjeant & Downie,1966 emend. Sarjeant & Downie, 1974
Genus Chytroeisphaeridia Sarjeant, 1962b emend. Downie & Sarjeant, 1964
Chytroeisphaeridia chytroeides (Sarjeant, 1962b) Downie & Sarjeant, 1964

Plate 1, fig. 1

Leiosphaeridia (Chytroeisphaeridia) chytroeides Sarjeant, 1962b, p. 492; pI. 70, figs 13-16; text-figs
11-12. Chytroeisphaeridia chytroeides (Sarjeant); Downie, Evitt & Sarjeant, 1963, p. 9, nomen nudum
-- Downie & Sarjeant, 1964, p. 103. - Sarjeant, 1965, p. 182; pI. 1, fig. 12. -- Sarjeant, 1968, pI. 3, fig.
10. --Gitmez, 1970, pp. 242-243; pI. 14, fig. 5.--Gitmez&Sarjeant, 1972, pp. l85-186;pl. 1, fig. 2.-
Habib, 1972, pI. 4, fig. 4. --Sarjeant, 1972, p. 40; pI. 2, fig. 5; pI. 3, fig. 1.--Pocock, 1972, p. 100; pI. 25,
fig. 9; pI. 27, figs 21-22; (?). -- Sarjeant, 1976a, p. 25; pI. 3, fig. 3. --Vigran & Thusu, 1976, pI. 17, fig.
13.

Dimensions: Range; (38 specimens measured) length 35 (52) 65 !Am, breadth 36 (55) 74!-tffi.

Remarks: Specimens of C. chytroeides vary greatly in size and shape. Such variation
is typical for this species; indeed the degree ofvariability observed in the present
study is similar to that illustrated by Sarjeant (1962b, text-fig. 11). The archeopyle
is polygonal in shape. There are no other indications of furrows or of a paratabula
tion.

Davey (1977) has recently cogently argued that C. chytroeides has a precingular
rather than an apical archeopyle. However, full publication of Davey's findings had
not appeared at the time that this paper was in preparation.

Chytroeisphaeridia dictydia Sarjeant, 1972
Plate 1, fig. 10

Chytroeisphaeridia dietydia Sarjeant, 1972, p. 41; pI. 3, fig. 3; pI. 6, fig. 6.

Dimensions: Range; (53 specimens) length 37 (58) 78 !Am, breadth 43 (59) 80 !Am.

Remarks: The specimens of C. dictydia observed in the present study are closely
comparable with the type material described by Sarjeant (1972), which was also
from Jameson Land. This species is characterized by its consistently finelyand
irregularly reticulate surface ornamentation. The length of the cyst is typically
approximately equal to the breadth. the cyst wall is flexible and therefore tends to
be folded. No obvious indication of a paracingulum or a parasulcus was observed,
although folding occasionally appears to simulate these structures (Plate 1, fig.
10).

The archeopyle is certainly apical, the operculum usually or always being com-
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pletely detached; detached opercula were found. The archeopyle margin is notched
by accessory archeopyle sutures; these are usually better developed in C. dictydia
than in C. chytroeides (Sarjeant, 1962b) or C. pococki (Sarjeant, 1968).

Chytroeisphaeridia pococki Sarjeant, 1968
Plate l, fig. 2

Chytroeisphaeridia sp. Sarjeant, 1965, p. 182; pI. 1, fig. 13. Chytroeisphaeridiapococki Sarjeant, 1968,
p. 230; pI. 3, fig. 9. -- Gitmez, 1970, p. 243; pI. 9, figs 7-8; pI. IO, fig. 3. -- Gitmez & Sarjeant, 1972, pp.
187-188; pI. 1, fig. 5. --Habib, 1972, pI. 2, fig. l--Sarjeant, 1976a, pp. 25-26; pI. 4, fig. 9. -- Vigran &

Thusu, 1976, pI. 17, fig. 12. Chytroeisphaeridia chytroeides (Sarjeant); Gocht, 1970, p. 152; pI. 34, figs
20-24; (?).

DimellSions: Range; (six specimens) length 27 (42) 56 Ilm, breadth 25 (41) 56 !Jorn.

Remarks: Many of the specimens encountered are poorly preserved or obscured;
thus the morphological variation of C. pococki in the present study is difficult to
observe. The figured specimen is folded, giving it a narrower shape than it would
have had originally.

Genus Sentusidinium Sarjeant & Stover, 1978
Sentusidinium myriatrichum sp. nov.

Plate 2, fig. 7; text-fig. 5A

Derivation ofname: Gr. myrios, numberless; tric/lOs, hair; in reference to the great abundance of small
hairs ornamenting the cysts of this species.

Diagnosis: A species of Sentusidinium with a spheroidal to subspheroidal cyst
covered with very numerous (about 1000) fine, simple hairs which are approxi
mately one fiftieth of the cyst breadth in length. Distribution of the ornament is
continuous, giving no indication of furrows or paratabulation. The cyst wall is thin
and often appears to be densely granular, the true nature of the hairs being appar
ent anly at the margin af the cyst.

H%type: MGUH 14.674, 99.6/12.6 from GGU 144115, Hareelv Formation, south side of Lang
ryggen. Plate 2, fig. 7; tex t-fig. 5A.

Dimensions: Holotype; length, inC!uding attached operculum, 55 Ilffi, length, exC!uding operculuffi 42
Ilm, breadth 48 Ilm. Range; length, inC!uding operculum (two specimens) 55-59 Ilm, length, without or
excluding operculum (four specimens) 42 (48) 49!Jom, breadth 45 (SJ) 59 Ilffi.

Description: S. myriatrichum is characterized by its dense covering of very short,
fine hairs. The nature of the ornament ean be seen clearly only at the margin of the
speeimen; in plan view the ornament often resembles a dense granulation. The
distal ends of most of the hairs appear to be simple, although some may have
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Fig. 5. A; Sentusidinium myriatrichum sp. nov., holotype. 8; Sentusidinium pelionense sp. nov., holoty
pe. (Bar represents 10 microns).

expanded tips; this feature is difficult to discern with the light microscope owing to
their small size. The hairs have bulbous bases.

The ornament is continuous and regularly distributed over the cyst surface; there
is no indication of furrows or a paratabulation except at the archeopyle margin,
which is deeply notched along the parasutures of the parasulcus and six precingular
paraplates. The operculum of the holotype remains attached, probably at the
parasulcus; however, in the majority of the specimens observed the operculum was
completely detached.

The cyst wall is thin and thus tends to be folded. The ambitus is ovoidal to
subspheroidal and, when the operculum is detached, the cyst breadth is greater
than its length.

Remarks: In its possession of abundant short hairs S. myriatrichum is unlike any
previously described species of Sentusidinium. Sentusidinium sp. A. of Fensome,
herein, and Sentusidinium sp. B of Fensome, herein, also possess numerous very
short appendages. Sentusidinium sp. A is much smaller, however, and the mor
phology of its archeopyle is very different from that of S. myriatrichum. Sen
tusidinium sp. B is more similar in shape and size, but has a very thick, rigid cyst
wall and is thus readily differentiated from S. myriatrichum.

Sentusidinium pelionense sp. nov.
Plate 1, figs 5-9; text-fig. 58

Derivation ofname: After the Pelion Member of the Vardekløft Formation, in which this species is most
abundantly encountered in the present work.

Diagnosis: A species of dinoflagellate with an ovoidal, thin-walled cyst, of which
the breadth is usually or constantly greater than the length. The antapex is gently
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rounded. The apex is usually or constantly lost in archeopyle formation. The ar
cheopyle margin is usually, but not consistently deeply notched by accessory ar
cheopyle sutures at the parasulcus and at the parasutures between six precingular
paraplates. The paracingulum is weakly to moderately well indicated by slight
depressions in the cyst surface, or by lines or clumps of granules which may be
coarser than those elsewhere on the cyst wall. There is no other indication of
paratabulation on the cyst surface. The general ornamentation of the cyst wall
usually consists of a very sparse scatter of tubercles or verrucae of variable size;
between verrucae the cyst surface is granular, the granules being variable in size
and irregular in distribution. The granules may line up or join to produce low
narrow ridges of variable length which, in extreme cases, produce a continuous
reticulum. The archeopyle margin tends to have fewer accessory archeopyle su
tures in specimens with a reticulate surface ornament.

Holotype: MGUH 14.675, 113.5/10.5 from GGU 144111, Pelion Member, Vardekløft Formation,
between Gåseelv and Hareelv. Plate l, figs 5,7; text-fig. 5B.

Paratypes: (i) MGUH 14.676,101.0/6.5, Plate 1, fig. 9; (ii) MGUH 14.677, 109.9/19.5, Plate 1, fig. 8;
both paratypes from sampleGGU 144111, Pelion Member, Vardekløft Formation between Gåseelv
and Hareelv.

Dimensions: Holotype; length 48 !tm, breadth 60 !tm. Paratypes; (i) length 56 !tm, breadth 78 !tm; (ii)
1ength 49 !tm, breadth 69 !tm. Range; (24 specimens measured) length 39(51)60 !tm, breadth 52(63)78
!tm.

Remarks: S. pelionense is distinguished from all other species of Sentusidinium by
the nature of its ornamentation. Most species of Sentusidinium possess spines. S.
verrucosum (Sarjeant, 1968) is much more densely verrucate and S? atlanticum
(Habib, 1972) is smaller and minutely granular. In the low relief of its
ornamentation S. pelionense also resembles species of the genus Chytroei
sphaeridia. However, no species of Chytroeisphaeridia possess verrucae. Because
of its possessigp 9f verrucae, an oftenrelatively distinct paracingulum and, usually,
deep accessorlarcheopyle sutures, this species was allocated to Sentusidinium
rather than to Chytroeisphaeridia.

The holotype possesses the irregularly granular surface ornamentation which is
typical for this species. Paratype (i) has a reticulate pattern on its cyst wall;
paratype (ii) possesses an intermediate type of ornamentation. Both paratypes
possess fewer accessory archeopyle sutures than is typical for the species.

Apart from the variation of its general surface ornamentation, this species is
characterized by a thin, often folded, cyst wall and the consistent occurrence of
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sparsely distributed, very coarse granules or verrucae which stand out dearly from
the general ornamentatian of the cyst wall. A dose-up af the cyst surfaee of the
holotype showing several verrucae is shown in Plate 1, fig. 7.

S. pelionense is abundant in one sample from the Pelion Member and was found
in the lower part of the Fossilbjerget Member. The ammonite evidence indicates a
Bajocian-Bathonian age for these samples. It was surprising, therefore, to find two
specimens af S. pelionense in a sample from the Fynselv Member of the Raukelv
Formation (Upper Kimmeridgian to Portlandian according to Surlyk et al., 1973).
These two specimens are probably reworked from Middle Jurassic deposits. This is
supported by the presence of other apparently reworked specimens in the same
sample (this is discussed more comprehensively in the section dealing with the
stratigraphical condusions for the Raukelv Formation).

Sentusidinium pilosum (Ehrenberg, 1843 emend. Sarjeant, 1968) Sarjeant &
Stover, 1978

Plate 1, fig. 3

Xanthidium pilosum Ehrenberg, 1843, pp. 61-63. - Ehrenberg, 1854, pI. 37, fig. 8, no. 4. Ovum
hispidum (Xanthidium) pilosum (Ehrenberg); Lohmann, 1904, pp. 24-25. Hystrichosphaeridium
pilosum (Ehrenberg); Deflandre, 1937, p. 79. Baltisphaeridium pilosum (Ehrenberg); Sarjeant, 1960b,
pI. 13, figs 11-12 --Sarjeant, 1961a, pp. 101-102; pI. 14, figs 3-5. --Sarjeant, 1962b, pI. 70, figs 7,10.
Cleistosphaeridium pilosum (Ehrenberg); Davey, Downie, Sarjeant & Williams, 1966, p. 170, nomen
nudum. Tenua pilosa (Ehrenberg); Sarjeant, 1968, p. 231; pI. 2, fig. 7. --Gitmez, 1970, pp. 244-245; pI.
4, fig. 5. -- Sarjeant, 1975, pI. 3, fig. 7. Sentusidinium pilosum (Ehrenberg); Sarjeant & Stover, 1978, p.
50.

Dimensions: Range; (52 measured specimens) central body: length (excluding operculum) 35 (38) 42
f!m, breadth 28 (31) 36 f!m; length of processes, on average, one seventh of central body breadth.

Remarks: The Jameson Land specimens of S. pilosum possess elongate cysts with
numerous, often curved, tapering processes. In length the processes are on average
one seventh of the central body breadth. Each specimen possesses a mixture of
processes with capitate and acuminate endings. All these features are typical for S.
pilosum. Some specimens possess a granular surfaee ornamentation; this is prob
ably within the range af morphological variation for this species.

Sentusidinium cf. S. rioulti (Sarjeant, 1968) Sarjeant & Stover, 1978
Plate l, fig. 4

Dimensions: Range; (23 measured specimens) length of central body (operculum detached) 30 (33) 37
f!m, breadth of central body 29 (36) 43 f!m, length of spines 3-7 f!m. Range of type material ofS. rioulti
(after Sarjeant, 1968); length of central body 45-57 f!m, breadth of central body 44.5-57 f!m.
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Remarks: The specimens resemble S. rioulti in shape and possession of numerous
variable processes with a length between one fifth and one twelfth of the cyst
breadth. On both these specimens and on S. rioulti the processes have swollen
bases, giving the cyst surfaee a verrucate appearance in plan view. However, the
specimens recorded here differ from typical specimens of S. rioulti in their signific
antly smaller size, their lack of granulation on the cyst surfaee between process
bases, and their lesser degree of variation of the process endings. Indeed, in the
variation of its process endings S. cf. S. rioulti more closely resembles S. villersense
Sarjeant, 1968; S. villersense, however, differs from S. cf. S. rioulti in its almost
spherical ambitus and its lack of swollen process bases.

Thus S. cf. S. rioulti appears in some respects to be interrnediate between S.
rioulti and S. villersense; it has, however, more features in common with S. rioulti.

Sentusidinium verrucosum (Sarjeant, 1968) Sarjeant & Stover, 1978
Plate 1, fig. 11

Tenua verrucosa Sarjeant, 1968, p. 232; pI. 1, fig. 17; pI. 2, figs 3,6. --Habib, 1972, pI. 4, fig. 3; pI. 5, fig.
5; (?). Sentusidinium verrucosum (Sarjeant); Sarjeant & Stover, 1978, p. 50.

Dimensions: Range; (32 specimens measured) length 32 (42) 49 I!m, breadth 35 (44) 50 I!m.

Remarks: In all respects the specimens encountered in the present study appear to
be typical for this species.

Sentusidinium?sp. A
Plate 2, fig. 2; text-fig. 6b

Description: A form of dinoflagelIate with a small ovoidal cyst, elongate in an
apical-antapical direction. The cyst wall is folded; it has an overall ornament of
very short, regularly spaced spinelets 0.3 to 0.5 !lm long. The archeopyle is apicaI.
The operculum appears to be compound, two opercular pieces remaining attached
at the archeopyle margin. However, the nature of the archeopyle is not perfectly
clear on the single specimen encountered. There is no indication of furrows or
paratabulation.

Dimensions: Figured specimen: length 28 I!m, breadth 23 I!m.

Remarks: This form closely resembles S? atlanticum (Habib, 1972) in its possession
of asmall ovoidal eyst (the angularity of Habib's figured specimens appears to be
due to the folding of the eyst wall), and in the granular appearance of the auto
phragm. However, at the margin of the cyst it ean be seen that the ornamentation
of Sentusidinium? sp. A. consists of short spines rather than granules. The nature of
the operculum was not noted by Habib; his illustration (Habib, 1972, pI. 4, fig. 2)
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Fig. 6. a; Sentusidinium sp. B (MGUH 14.683, 97.9/12.7: from sample GGU 144161, Fynselv Mb). b;
Sentusidinium? sp. A (MGUH 14.682, 114.6/22.4; from sample GGU 144114, Hareelv Fm). e; Sentu
sidinium sp. C (MGUH 14.684,99.5/14.6; from sample GGU 144161, Fynselv Mb). (Bar represents

10 mierons).

shows a small, partly attached opercular piece, but whether this constitutes the
complete operculum or whether it is one of several pieces is not clear to the present
author.

In the morphology of its archeopyle and operculum Sentusidinium? sp. A is not
typical of Sentusidinium; indeed these features put its affinity with that genus in
question, but no genus has yet been erected that will better accommodate it.

Sentusidinium sp. B
Plate 2, fig. 5,6; text-fig. 6a

Description: A form of dinoflagellate with a spheroidal cyst, possessing a rigid cyst
walI 2-3 !Lm thick. The cyst walI is dense1y covered with short hairlike spines about
0.5 !Lm long. In plan view the spines impart a very regular, densely granular
appearance. The archeopyle is apical and, in the single specimen encountered, the
operculum is detached. The archeopyle margin is deeply notched by accessory
archeopyle sutures at 'the parasulcus and at the parasutures of the precingular
paraplates; otherwise there is no indication of furrows or paratabulation.

Dimensions: Figured speeimen; length 39 I-lm, breath 40l-lm.

Remarks: In its shape and lack of a paracingulum Sentusidinium sp. B resembles
species of Chytroeisphaeridia; however, its possession of spines and parasutural
notches along the archeopyle margin clearly identify it as a form of Sentusidinium.
Sentusidinium sp. B resembles Chytroeisphaeridia euteiches Davey, 1969 in shape
and thickness of wall, but C. euteiches has a dense granulation rather than a cover-

2 Bulletin nr. 132
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ing of spines. S. myriatrichum Fensome, herein, has a mueh thinner wall and
slightly longer spines. Sentusidinium sp. Aof Fensome, herein, is mueh smaller, has
a thinner wall, and a very different areheopyle morphology.

Sentusidinium sp. C
Plate 2, fig. 1; text-fig. 6c

Description: A form ofSentusidinium with an ovoidal ambitus, eharaeterized by the
oeeurrence, on its cyst wall, of two distinetly different types of projeetions. There is
a general cover of very regularly distributed short hairs about 0.5 f..lm long. There is
also a sparse scatter of verrueae, irregularly distributed, whieh may be surmounted
by short, flexible, curved or irregularly shaped spines, 2-4 f..lm long. Two indistinet
rows of verrueae indieate the position af the paraeingulum. There is no obvious
indication of a paratabulation exeept along the margin of the apieal archeopyle
which is notched by accessory archeopyle sutures along the parasutures between six
preeingular paraplates and at the parasulcus. The opereulum is attached in two of
the three speeimens encountered. The eyst wall is about 1 f..lm thiek.

Dimensions: Range; (two specimens measured) length 30--40 11m, breadth 35--40 11m.

Remarks: In its possession of two types of projeetions Sentusidinium sp. C differs
from all previously described species of Sentusidinium. S. myriatrichum Fensome,
herein, possesses a similar cover of short hairs but does not possess any other type
af projection. S. verrucosum (Sarjeant, 1968) possesses verrucae, but these are not
surmounted by spines, nor does S. verrucosum possess a dense eovering of hairs.
Sentusidinium pelionense Fensome, herein, has an ornamentation comprising gra
nules and verrucae which are similarly distributed to the hairs and spine-bearing
verrueae of Sentusidinium sp. C. It is possibie that Sentusidinium sp. C evolved
from an ancestral form morphologically similar to S. pelionense; indeed these two
species may be closely related.

Speeimens very similar to Sentusidinium sp. C have been observed by Sarjeant
(personal communication) from Bed 2 (athleta Zone, Callovian) of the Hackness
Rock at Hackness Quarry, Yorkshire (Wright, 1968).

Sentusidinium sp. D
Plate 2, fig. 3; text-fig. 7a,c

Description: A form of Sentusidinium with an approximately spheroidal eyst,
eharacterized by its great variety of processes whieh, in length, are less than one
twentieth of the eyst breadth. About 65 processes were eounted around the am
bitus of the eyst posterior to the archeopyle margin; these vary from verrucae and
tubereulae to spines with aeuminate, eapitate, buecinate, flared or briefly bifureate
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Fig. 7. a; Sentusidinium sp. D (MGUH 14.685,106.4/10.5; from sample GGU 144114, Hareelv Fm).
b; Sentusidinium sp. E (MGUH 14.686, 100.5/16.4; from sample GGU 144115, Hareelv Fm). c;

variation of spine morphology in Sentusidinium sp. D.

distal endings. They are more ar less regularly distributed over the cyst surface;
their distribution gives no obvious indication of furrows ar paratabulation. The
archeopyle is apical. The archeopyle margin is notched by accessory archeopyle
sutures, indicating parasutures between six precingular paraplates. In the single
well preserved specimen encountered the polygonal operculum was attached, ap
parently, to one af the precingular paraplates. The cyst wall is thin; it is unor
namented between projections.

Dimensions: Figured specimen; length (including operculum) 58 11m, length (excluding operculum) 41
11m, breadth 45 11m, length of spines up to 211m.

Remarks: In the variability af its spines, their shortness, and in the lack of
ornamentation of the cyst wall between spines, this form is distinguished from all
previously described forms af Sentusidinium. Most similar are S. rioulti (Sarjeant,
1968) and S. cf. S. rioulti of Fensome, herein. However, both these forms have an
ovoidal rather than a spheroidal cyst and possess significantly longer spines than
those af Sentusidinium sp. D. The bases af the spines afS. rioulti and S. cf. S. rioulti
are swollen; the spine bases af Sentusidinium sp. D are not swollen. Sentusidinium

2'
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sp. D can also be distinguished from typical specimens of S. rioulti by the lack of
granulation between its spine bases.

Sentusidinium sp. E
Plate 2, fig. 4; text-fig. 7b

Description: A form of Sentusidinium having an ovoidal cyst with numerous
baculae and short conicai, tapering and cylindrical spines; these projections usually
or constantly possess swollen bases. The nature of the projections can be c1early
perceived only at the margin of the cyst; in plan view the ornamentation resembles
a coarse granulation. The paracingulum in one of the specimens observed is
marked by parallel rows of spines; this was not observed, however, in the other two
specimens. There is no other indication of furrows or paratabulation except along
the margin of the apical archeopyle, which is notched by accessory archeopyle
sutures to indicate the parasutures between six precingular paraplates. The
operculum, in all specimens observed, was attached.

Dimensions: Range; (two specimens) length (with operculum) 41-47 (.tm, length (without operculum)
35 (.tm (both), breadth 28-35 (.tm.

Remarks: This form differs from Sentusidinium sp. D of Fensome, herein, in the
shape of its cyst and the absence of spines with enlarged distal endings. It also
differs from S. myriatrichum Fensome, herein, and Sentusidinium sp. B of Fen
some, herein, by the sparser distribution of its spines and their more complex and
varied nature. S. echinatum (Gitmez & Sarjeant, 1972) has spines ofsimilar length
and distribution; however, the spines of S. echinatum are uniformly conicaI.

Genus Ellipsoidictyum Klement, 1960
Ellipsoidictyum gochtii sp. nov.

Plate 2, figs 8-9, 11-12; text-fig. 8

Gen. et sp. indet. 2 of Gocht, 1970, p. J52, pI. 34, figs J8-19; text-fig. 21.

Derivation af norne: After Dr. Hans Gocht, micropalaeontologist at the University of Tiibingen, West
Germany.

Diagnosis: A species of Ellipsoidictyum with an ovoidal central body, from which
o" arise numerous regularlydistributed buccinate, capitate or bifurcate processes;
these have a length equalling about one seventh of the breadth of the central body.
The processes arise from low discontinuous crests which appear to represent the
rudiments of a reticulum, although no enclosed fieids are present. A laevorotatory
paracingulum is clearly marked by parallel, almost continuous, crests. The parasul
cus is marked on the ventral surface of the cyst by a zone almost free of crests. The
cyst wall is single layered; the surface is regularly and densely pitted. The ar-
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Fig. 8. Ellipsoidictyum gochtii sp. nov., holotype. A; ventral view. B; dorsal view. (Bar represents 10
microns).

cheopyle is apical, polygonal and characterized by a moderately deep, broad
parasulcal notch on its ventral margin.

HolOlype: MGUH 14.687, 115A/18.0; from GGU 100721, Fossilbjerget Member, Vardekløft Forma
tion, west of Olympen. Plate 2, figs 8~9, 11-12; text-fig. 8.

Dimensions: Holotype; length of central body 42 flm, breadth of central body 35 flm, length of spines
4-6 flm. Range; (eight specimens) length of central body 42 (44) 48 flm, breadth of central bodY35
(40) 49 flm, length of spines 3 (4.5) 6 flm.

Description: Ellipsoidictyum gochtii possesses an ovoidal, dorso-ventrally com
pressed cyst. The cyst wall is single layered. It is ornamented by a fine hon
eycomb-like pattern of pits. More or less regularly distributed processes arise from
a discontinuous network of low crests on the cyst surface. These processes are
buccinate, capitate or symmetrically or asymmetrically bifurcate at their distal
ends. They are usually solid, though small cavities may be present at their base, or
elsewhere along their length; they are distally closed. The processes vary in length
by about 2 !-tm on a single specimen and also vary in thickness. One process on the
holotype is exceptionally broad and hollow, but such processes are rare (Gocht
[1970, text-fig. 21] also illustrates one exceptionally broad process in his figured
specimen).

The paracingulum is clearly defined by two parallel crests which are partly dis
rupted but more continuous than any crests elsewhere on the cyst. In all of the
specimens encountered, crests occurred only rarely within the paracingulum. The
paracingulum is laevorotatory, its two ends being offset at the parasulcus by a
distance equal to one paracingulum width. The parasulcus is also readily perceived;
it is indicated by a broad parasulcal notch on the archeopyle margin, displacement
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of the paracingulum and a relative absence of crests within or crossing it. However,
its margins are not delineated by crests for most of their length. The crests on the
cyst surface appear to give some indication of a gonyaulacoid paratabulation.

The archeopyle is apical, the operculum being detached in all specimens en
countered. It is polygonal in outline but not deeply notched except at the parasul
cus.

Remarks: This species is clearly attributable to the genus Ellipsoidictyum because
of its apical archeopyle, its pattern of crests and processes, its clearly defined
furrows, the indistinct indication of a paratabulation, and its ovoidal shape. It
differs from E. cinctum Klement, 1960 and E. reticulatum (Valensi, 1953) in the
discontinuous nature of its crests, and from E. cinctum additionally in its possession
af numerous processes arising from its crests. Its finely pitted surface ornament is
also characteristic.

Gocht (1970) described a very similar form which he called Gen. et sp. indet. 2.
Apart from the presence of some simple processes and, at least in his figured
specimen, slightly less well defined furrows, Gocht's specimens and those from
Jameson Land are morphologically very similar; indeed they are almost certainly
representatives of the same species.

Family AREOLIGERACEAE Evitt, 1963 emend. Sarjeant & Downie, 1966.
Genus Cyclonephelium Deflandre & Cookson, 1955 emend. Sarjeant & Stover,

1978.
Cyclonephelium hystrix (Eisenack, 1958) Sarjeant & Stover, 1978

Plate 2, fig. 10

Tenua hys/rix Eisenack, 1958, p. 410; pI. 23, figs 1--4; text-fig. 10. -- Gitmez, 1970, p. 244; pI. 5, fig. 8;
pI. 10, fig. 7; (?). Tenua hys/rice/la Eisenack, 1958, p. 411; pI. 23, figs 5-7. Cyclonephelium hystrix
(Eisenaek); Sarjeant & Stover, 1978, p. 52.

Dimensions: Range; (seven measured specimens) length (operculum lost or excluded) 47 (55) 62 !-lm,
breadth 46 (55) 63 !-lm, length of spines 2--4 !-lm.

Remarks: Spines an the specimens encountered in the present study are more
densely distributed marginally, thus supporting the transfer of this species from
Tenua by Sarjeant & Stover (1978). The spines on the ventral and dorsal surfaces
of these specimens are arranged so as to crudely simulate a paratabulation.
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Family MEMBRANILARNACEAE Eisenack, 1963 emend. Sarjeant & Downie, 1966
Genus Valensiella Eisenack, 1963

Valensiella ovulum (Deflandre, 1947) Eisenack, 1963
Plate 3, figs 2, 3

Membranilarnax ovulum Deflandre, 1947, p. 9; ligs 22-23. - - Valensi, 1953, p. 62; pI. 9, figs 6, 12. -
Sarjeant, 1961a, p. 109; text-fig. ge. Valensiella ovula (Deflandre); Eisenaek, 1963, p. 101. Favilarnax
ovulum (Deflandre); Sarjeant, 1963, p. 720, nomen nudum. Valensiella ovulum (Deflandre); Goeht,
1970, pp. 148-149; pI. 34, figs 1--6; text-figs 19b-e. -- Sarjeant, 1976a, p. 26; pI. 5, figs 3, 6.
Valensie/la ovalum (sic) (DefJandre); Vigran & Thusu, 1976, pI. 17, figs 4-10.

Dimensions: Range; (seven specimens measured) overall size: lenglh 65 (75) 85 !Am, breadth 56 (69) 84

!Am; autoeyst: length 53 (61) 70 fLm, breadth 47 (57) 68 !!om.

Remarks: The specimens of V. ovulum from Jameson Land are, on average, sig
nificantly larger than Deflandre's type material for this species; furthermore some
specimens are spheroidal rather than ovoidal, although this is probably due to their
oblique orientation on the slide. A paracingulum was aften, though not consist
ently, perceived on the dorsal surface, but there was no indication af a paratabula
tion. In the latter feature and in all other respects the specimens af V. ovulum from
Jameson Land are typical for the species.

Valensiella sp.
Plate 3, figs 10, 11; text-fig. 9A

Description: A form af Valensiella with an ovoidal, dorso-ventrally compressed
cyst. The archeopyle is apical, polygonal and possesses an entire margin except for
a deep, broad parasulcal notch. The autophragm is thick and densely granular and
possesses crests which link it to the thin ectophragm.

The crests form a vermiculate pattern, not as densely distributed ar as irregularly
arranged as the crests of V. ampulla Gocht, 1970 and forming a much more regular
pattern than the crests af V. vermiculata Gocht, 1970. an the ventral surface the
crests produce some closed fields; indeed, in ventral view Valensiella sp. more
closely resembles V. ovulum (Deflandre, 1947). A comparison ofthe crest patterns
forrned by Valensiella sp. with those of other species of Valensiella is made in
text-fig. 9.

The paracingulum is not clearly indicated, but it may be represented by an
indistinct zone almost free af crests on the dorsal surface, and several aligned,
e10ngate enclosed fieids on the ventral surface. The parasulcus is indicated by the
parasulcal notch on the ventral side of the archeopyle margin and, in the single well
preserved specimen encountered, by two apertures (Plate 3, fig. 10). These aper
tures may reflect the flagellar pores of the motile dinoflagellate, although they are
considerably larger than typical flagellar pores; they are e10ngate in an an
tero-posterior direction, in line with the sulcal notch of the archeopyle margin and
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A

Fig. 9. Surfaee ornamentation of forms of Valensiella. A; dorsal surfaee of ValensieLla sp. of Fensome,
herein. B; V. vermiculata Gocht. C; V. ampulla Gocht. D; V. ovulum (Deflandre). (B, C and D after

Gocht, 1970, text-fig. 19).

are separated from each other by a strip of cyst wall 1 !J.m or less wide. The anterior
aperture measures 8 !J.m by 5 !J.m and the posterior aperture, which is immediately
adjacent to an elongate crest enclosed fieid, which may represent part of the
paracingulum, measures 7 !J.m by 4 !J.m.

Dimensions: Figured specimen; overall size: 1ength 79 11m, breadth 65 11m, size of autocyst: length 65
11m, breadth 53 flm.

Remarks: In the pattern of its crests this species appears to be intermediate be
tween V. ovulum on one side and V. ampulla and V. vermiculata on the other.
Valensiella sp. is larger than is usual for specimens of Valensiella.

Family STEPHANELYTRACEAE Stover, Sarjeant & Drugg, 1977.
Genus Stephanelytron Sarjeant, 1961 a emend. Stover, Sarjeant & Drugg, 1977

Stephanelytron cf. S. redcliffense Sarjeant, 1961a emend. Stover, Sarjeant & Drugg,
1977

Plate 3, fig. 6

Dimensions: Figured specimen; central body: length 42 flm, breadth 28 11m; length of processes to 6 11m.

Remarks: This specimen has processes which are typical for S. redcliffense in mor-
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phology and distribution. The exact nature of the corona, however, is uncertain
because of distortion of the specimen in the region of the antapex. Because the
shape of the corona is an important factor in the identification of S. redcliffense this
specimen is compared with, rather than allocated to, that species.

Stephanelytron caytonense Sarjeant, 1961a emend. Stover, Sarjeant & Drugg, 1977
Plate 3, fig. 5

Stephanelytron caytonense Sarjeant, 1961a, p. 110; pl. 15, fig. 16; tex t-fig. 11. -- Sarjeant, 1968, p.
225; pI. 1, fig. 19. -- emend. Stover, Sarjeant & Drugg, 1977, pp. 332-333; pI. 1, figs 7-8.

Dimensions: Range; (ten specimens measured) central body: length 42 (52) 65 Itm, breadth 27 (37) 58
Itm; average depth of corona 13 Itm, length of processes 4 (6.5) 10 Itm.

Remarks: Stover, Sarjeant & Drugg (1977) remark thatStephanelytron caytonense
seems to be intergradational with S. redcliffense. However, they advocate the re
tention of both species because specimens of them do not always occur together in
the same samples; moreover, the total ranges of the two species differ.

Of the specimens of Stephanelytron encountered in the present study, all but one
are assigned to S. caytonense; this is because of their possession of flaring coronas
(ratio between the distal and proximal diameters of the corona is usually about 3:2)
and other 'caytonense-like' features, notably porate processes and a central body
approaching a subspheroidal shape. However, several specimens possess some
'redcliffense-like' features; for instance a few specimens have distally flaring and
occasionally fused processes which clearly indicate a paratabulation.

Processes are invariably porate. The corona, however, is less consistently porate,
sometimes being smooth or faintly granular. The shape of the central body is also
variable; usually it is subspheroidal to slightly ovoidal, but some specimens have a
distinetly elongate shape. A well preserved ectophragm was displayed by several
specimens.

Thus, although most specimens attributed to this species in the present study ean
be clearly regarded as typical of S. caytonense, some appear to be intermediate with
S. redcliffense in certain features, supporting the premise of Stover, Sarjeant &
Drugg (1977) that the two species may intergrade.

Family MICRODINIACEAE Eisenack, 1964 emend. Sarjeant & Downie, 1974
Genus Egmontodinium Gitmez & Sarjeant, 1972

Egmontodinium sp.
Plate 3, fig. 1

Description: A species of Egmontodinium with a small elongate ovoidal cyst. The
parasutures are marked by rows of coarse granules to baculae. Because of the
locally indistinct nature af the parasutures and the compression of the cyst bringing
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dorsal and ventral surfaces c10se together, the complex paratabulation was ex
ceedingly difficult to interpret on the specimen found. However, both posterior and
anterior circ1e paraplate series appear to be present. The paracingulum is narrow (3
ftm). The archeopyle is apical, the archeopyle margin possessing shallow accessory
archeopyle sutures at the parasulcus and at the parasutures between the anterior
circ1e paraplates. The surface of the cyst is irregularly and discontinuously reticu
late.

Dimensions: Figured specimen; length 29 11m, breadth 23 11m.

Remarks: Egmontodinium sp. differs from E. polyplacophorum Gitmez & Sar
jeant, 1972 in its small size and the nature of the ornamentation of its surface and
parasutural crests; the details of the paratabulation of the two species will probably
also be found to be at variance when the paratabulation of Egmontodinium sp. is
known in detail.

Genus Lithodinia Eisenack, 1935
Uthodinia cf. L. jurassica Eisenack, 1935 emend. Gocht, 1975b

Plate 3, figs 8, 9; text-fig. 10

Description: A form of Lithodinia which is very similar to L. jurassica in its shape
and size (although it is slightly smaller than is typical for L. jurassica.) These two
forms also possess very similar surface and parasutural ornament (described in
detail by Gocht, 1975b) and have similarly shaped archeopyles. The paratabulation
of L. cf. L. jurassica is in general comparable with that of L. jurassica; however, L.
cf. L. jurassica appears to possess seven postcingular paraplates. Paraplate 1"/ is
small and is situated within the parasulcus, immediately adjacent to 2/ 1

/; in size and
position it is therefore analagous to paraplate 1" I of many species of
Gonyaulacysta. The parasuture between paraplates 2 '11 and 3"' is faintly indicated
for most of its length. Indeed, whether this poorly defined ridge actually marks a
parasuture or not is uncertain; because only one specimen was found, however, the
consistent presence of this feature was not ascertained. The parasulcus of L. cf. L.
jurassica is relatively narrow compared with that of L. jurassica.

Dimensions: Figured specimen; iength 50 11m, breadth 48 !lm, height of crests (with spines) 0.2-3.5 11m.

Remarks: This form differs from L. jurassica principally in its possession of 6 or 7
postcingular paraplates compared with five in typical specimens of L. jurassica. The
previously recorded stratigraphical range of L. jurassica is Bathonian-Callovian;
this specimen of L. cf. L. jurassica was encountered from the Fynselv Member, of
Late Kimmeridgian-Portlandian age (based on ammonite faunas). The author
considers that this specimen is probably reworked, in spite of its excellent preser-
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Fig. IO. Lithodinia cf. L. jurassica Eisenack (MGUH 14.694, 90.5/15.9; from sample GGU 144161,
Fynselv Mb). A; ventral view. B; dorsal view. (Bar represents 10 microns).

vation. In support of this eonc1usion it may be noted that the assemblage from
which L. ef. L. jurassica is found eontains other forms whieh appear to be reworked
from Middle lurassie or lowermost Upper lurassie strata (see Stratigraphical con
siderations).

Family PAREODINIACEAE Gocht, 1957 emend. Sarjeant & Downie, 1974 emend.
Wiggins, 1975

Genus Pareodinia Defiandre, 1947 emend. Gocht, 1970 emend. Johnson & HiBs,
1973 emend. Wiggins, 1975

Pareodinia ceratophora Defiandre, 1947
Plate 4, fig. 8

Pareodinia ceratophora Deflandre, 1947, p. 4; figs 1-3. - - Valensi, 1953, pp. 29-30; pI. 13, fig. 4. -
Sarjeant, 1960b, pI. 12, fig. 11. - - Sarjeant, 1961a, p. 99; pI. 13, fig. 16. - - Alberti, 1961, p. 23; pI. 2,
fig. 14. - - Sarjeant, 1962a, p. 263; pI. 1, fig. 13. - - Sarjeant, 1962b, p. 483; pI. 69, fig. 8; text-fig. 5.
-- Vozzhennikova, 1965, fig. 32e. (English translation in Vozzhennikova, 1967b.) -- Sarjeant,
1966b, pp. 211-212; pI. 23, fig. 2.--Sarjeant, 1968, p. 4; pI. 1, fig. 13. --Gitmez 1970, p. 281; pI. 6,
figs 5-6; pI. 14, fig. 6. -- Gocht, 1970, pp. 154-156; pI. 35, figs 1-8; text-figs 22-25. -- Sarjeant,
1972, pp. 23-25; pI. 4, fig. 8. - - Pocock, 1972, p. 96; pI. 24, figs 3, 5; text-fig. 13. - Habib, 1972 pI. 6,
fig. 2. - - Johnson & Hills, 1973, pI. l, fig. 9; pI. 13, fig. 5; text-fig. 6 - - Wiggins, 1975, p. 103; pI. l,
figs 1-7. - - Filatoff, 1975, p. 90; pI. 29, fig. 15. - - Sarjeant, 1976a, p. 21; pI. 4, fig. 2. - - Vigran &
Thusu, 1976, pI. 17, figs l, 3. - - Bjaerke, Edwards & Thusu, 1976, pI. l, fig. 6. Peridinien indetermine
Valensi, 1953, pI. 3, figs 4, 7. Pareodinia aphelia Cookson & Eisenack, 1958, p. 60; pI. 12, fig. 9; (?).
Cryptomeriapollenites coralliensis Lantz, 1958, p. 927, pI. 5, figs 55-56; pI. 6, fig. 57. Kalyptea
monoceras Cookson & Eisenack, 1960b, p. 257; pI. 39, figs 2-3. Pareodinia cerathophora (sic) De-
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flandre; Balte§, 1963, p. 584; pI. 4, fig. 7; (?). Pareodinia cf. ceratophora Deflandre; Evitt, 1967, p. 3;
pI. 4, fig. 7.

Dimensions: Range; (52 specimens measured) length 61 (74) 96!-tm, breadth 31 (44) 63 !-tID, length of
apical horn 10 (23) 33 !lID.

Remarks: The size and shape of the archeopyle tends to vary. It appears consis
tently to involve three anterior intercalary paraplates; the relative sizes of these
paraplates, which form separate opercular pieces, also appear to be significantly
variable. Similar observations were reported by Wiggins (1975). The variation
exhibited by the archeopyle and opercular pieces may have taxonomic significance.
However, differentiation of taxa on such a basis would probably be difficult to
apply because, when the opercular pieces are completely detached, their individual
shapes are not evident from the morphology of the archeopyle. Alternativelyand
more likely, the variation described above may be a characteristic of a single
species (i.e. P. æra/ophora).

Several of the Jameson Land specimens possess kalyptras or apicular structures,
or both. In the present study these features appear to have no stratigraphical or
taxonomic significance. However, in some samples, specimens of P. æra/ophora
consistently lacked kalyptras (for example those in sample GGU 144133) whereas
in other samples specimens of this species usually or constantly possess kalyptras
(or remnants of kalyptras). Since all samples underwent similar preparation proce
dures, some primary factor, probably ecological, controlling the presence or ab
sence of this feature is suggested.

Pareodinia æra/ophora Deflandre 1947b subsp. scopaeus (Sarjeant, 1972) Lentin
& Williams, 1973

Plate 3, figs 4, 7

Pareodinia ceratophora var. scopaeus Sarjeant, 1972, p. 26; pI. 2, fig. 4. Pareodinia ceratophora subsp.
scopaeus (Sarjeant); Lentin & Williams, 1973, p. 108.

Dimensions: Range; (eight specimens measured) length 37 (49) 58!lffi, breadth 31 (40) 48 !lm, length
of apicai horn 6 (9) 12 !-tm.

Remarks: In two specimens of P. æra/ophora subsp. scopaeus from Jameson Land
folding of the cyst wall produced astructure comparable to the 'pseudo-endoblasts'
described by Wiggins (1975).

Because no intermediate forms have yet been recorded between P. cera/ophora
and P. ceratophora subsp. scopaeus, the status of subspecies is here preferred.
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Pareodinia brachythelis sp.nov.
Plate 4, figs 3,5-7; text-fig. 11

Pareodinia sp. B of Wiggins, 1975, p. 108; pI. 2, fig. 6;(?).

Derivation ofname: Gr. brachy, smal!; thelis, nipp1e; in reference to the short apica1 horn ofthis species.

Diagnosis: A species of Pareodinia having a thick cyst wall densely ornamented by
coarse granules or verrucae. The cyst is ovoidal with a smoothly rounded outline,
and surmounted by a distinct, short mamelon-like apical horn which is often itself
surmounted by a rod-like or irregularly shaped solid apicular structure; similar
structures may occur elsewhere on the cyst wall, notably at the antapex. The
archeopyle is intercalary, involving the loss of three (occasionally possibly four or
more) paraplates. The operculum is compound. The paracingulum is usually only
weakly indicated or absent. There is no other indication of a paratabulation.

Holotype: MGUH 14.697, 101.2/6.2; from GGU 144125, Fossilbjerget Member, Yardek1øft Forma
tion, west side of Fossilbjerget. Plate 4, fig. 5; text-fig. 11E.

Paratype: MGUH 14.698, 108.7/11.5; from GGU 144125, Fossilbjerget Member, Yardekløft Forma
tion, west side of Fossilbjerget. Plate 4, fig. 3; text-fig. llC.

Dimensions: Holotype; length 52 f.lm, breadth 37 f.lm, length of apical horn 5 f.lm, length of apicular
structure 2 f.lm. Paratype; 1ength 54 f.lm, breadth 32 f.lm, length of apical horn 4 f.lm. length of apicular
structure 2 f.lm. Range; (36 specimens measured) 1ength 45 (54) 66 f.lm, breadth 31 (36) 42 f.lm, length
of apical horn 3 (6) 8 f.lm, length of apicular structure (where present) 2 (3.5) 5 f.lm.

Description: The apical horn is of characteristic shape, with a broad base and a
usually well rounded distal extremity (exclusive of any apicular structure). The
horn is usually distinct from the rest of the cyst; it is variable in length but, in the
type material, this does not exceed one sixth of the overall length of the cyst.
Rarely the horn may be very short; indeed ane specimen superficially resembles a
form of Chytroeisphaeridia. The presence of a rod-like or irregularly shaped
apicular structure at the distal tip of the apical horn often gives the apex a more
pointed or irregular shape. Solid protuberances of irregular outline may rarely
occur e1sewhere on the cyst surface, especiaIly at the antapex.

The paratype appears to possess a pre-apical paraplate on its apical horn dif
ferentiated from the rest of the cyst by a more lightly stained portion of the cyst
wall; this is ornamented by a scatter of coarse, wart-like verrucae. A pre-apical
paraplate was not observed an any other specimen from Jameson Land (although
see Remarks below).

The archeopyle is large. The operculum is compound; it is forrned by three or
perhaps occasionally four or more anterior intercalary paraplates. Each opercular
piece may be attached to or detached from the archeopyle margin; detached
opercular pieces aften occur within the cavity af the cyst.
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Fig. 11. Pareodinia brachythelis sp. nov., showing morphological variation. A; (MGUH 14.700,
92.5/12.3; from sample GGU 144125, Fossilbjerget Mb). B; (MGUH 14.702, 95.3/16.4; from sample
GGU 144125, Fossilbjerget Mb). C; Paratype. D; (MGUH 14.701, 104.7/18.2; from sample GGU

144125, Fossilbjerget Mb). E; Holotype. (Bar represents 10 microns).

The paracingulum may be faintly indicated by a slight depression in the cyst wall
or by folding; similarly a slight depression may indicate the position of the parasul
cus. Otherwise, there is no indication af furrows or of a paratabulatian on the cyst
surfaee except at the archeopyle and rarely at the apex, as mentioned above. None
of the specimens observed possesses a kalyptra.
Remarks: P. brachythelis resembles P. alaskensis Wiggins, 1975 in its possession of
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a coarse surfaee ornamentation, a thick cyst wall, a short apical horn and usually a
type 31 archeopyle. However P. alaskensis is larger, more elongate and more
spindle-shaped than P. brachythelis, which has an inflated, regularly rounded ap
pearance.

P. minuta Wiggins, 1975 is of similar size to P. brachythelis and also possesses a
coarse surfaee ornamentation and probably a three-paraplate intercalary ar
cheopyle. However, like P. aiaskensis, P. minuta is spindle shaped and not rounded
in outline; it also differs from P. brachythelis in the morphology of its apical horn.

The ornamentation of P. verrucosa (Vozzhennikova, 1967a) and of P. cf. P.
verrucosa of Fensome, herein, is distinetly coarser than that of P. brachythelis. P.
verrucosa and P. kondratjevi (Vozzhennikova, 1967) have much longer apical
horns than P. brachythelis. P. robusta Wiggins, 1975 differs from P. brachythelis in
its unevenly distributed ornamentation, its elongate .shape and its type 21 ar
cheopyle.

P. brachythelis is closely similar in shape, surfaee ornamentation, the nature of its
archeopyle and apical morphology to Pareodinia sp. B of Wiggins, 1975; indeed
Wiggins' specimen is probably attributable to P. brachythelis. Wiggins (1975, p.
108) notes that a pre-apical series occurs at the apex of his specimen. This appears
to be analagous to the pre-apical paraplate observed on the paratype of P.
brachythelis.

Pareodinia evittii (Pocock, 1972), Wiggins, 1975
Plate 4, fig. 4

Tenua evittii Pocock, 1972, pp. 94-95; pI. 24, figs 6-8; text-fig. 11. Pareodinia tripartitus, Johnson &
Hills, 1973, p. 208; text-fig. 12a. Pareodinia evittii (Pocock); Wiggins, 1975, p. 105; pI. 3, fig. 9.

Dimensions: Figured specimen; length 64 !Lm, breadth 49 fim, length of apical horn 19 fim.

Remarks: This species is differentiated from Pareodinia ceratophora Deflandre,
1947 by the jagged shape of its archeopyle margin. It has probably often been
overlooked in the past and included in P. ceratophora. Indeed P. ceratophora, as
that species is now defined, is known to have a variable archeopyle morphology; it
is therefore possibIe that P. evittii is within the morphological variation of P.
ceratophora and thus a junior synonym of il.

Pareodinia cf. verrucosa (Vozzhennikova, 1967a) Wiggins, 1975
Plate 3, fig. 12; text-fig. 12

Description: A form of Pareodinia having an ovoidal cyst with a short but usually
distinet, rounded apical horn. The apical horn may possess a very short rod-like
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Fig. 12. Pareodinia cf. P. verrucosa (Vozzhennikova) MGUH 14.704, 106.1/10.0; from sample GGU
144125, Fossilbjerget Mb. (Bar represents 10 microns).

apicular structure or irregular thickening at its distal tip, or it may lack such a
structure. The cyst wall is ornamented by usually well-spaced verrucae, variable in
size but not exceeding a height of 3 !-lm. The antapex is broadly rounded. The
paracingulum is usually faintly indicated or absent, although folding (and in one
specimen, tearing) of the cyst wall appears occasionally to simulate il. The ar
cheopyle is intercalary, involving almost certainly three paraplates. The operculum
is compound and usually at least partIy attached. There is no other indication of a
paratabulation. A kalyptra was not observed.

Dimensions: Range; (five specimens measured) Iength 37 (41) 47 fLm, breadth 23 (30) 34 fLm, length of
apicaJ horn 2.5 (3) 4.5 fLm.

Remarks: P. verrucosa has only previously been recorded from the Upper Kim
meridgian-Portlandian of Siberia by Vozzhennikova (1967a); the dimensions of
only one specimen were given and no variation was described in her original
diagnosis of this species. The specimens encountered in the present study have a
very similar type af ornamentation to that of the holotype of P. verrucosa, but they
possess a much shorter apical horn (a maximum of 4.5 !-lm long as compared with
13 !-lm. for P. verrucosa). Vozzhennikova notes that an annular furrow (i.e.
paracingulum) is present and that the cyst possesses two antapical processes (i.e.
horns). Neither of these features are evident from her illustration (1967a, pI. 12,
fig. 6). Indeed, she says, in the same description, that the cyst possesses a broadly
rounded antapex.
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Because of the confusian surrounding the original diagnosis and because af the
significant difference in the length of the apical horn between the Jameson Land
specimens and the holotype, the author prefers to compare the present specimens
with, rather than attribute them to, P. verrucosa.

Genus Kalyptea Cookson & Eisenack, 1960b emend. Wiggins, 1975
Kalyptea diceras Cooksan & Eisenack, 1960b

Plate 4, figs 1-2; Plate 5, fig. 4

Pareodinia cf. ceratophora Deflandre; Valensi, 1953, p. 30; pI. 3, fig. 1L Kalyplea diceras Cookson &
Eisenack, 1960b, pp. 256---257; pI. 39, fig. L -- Wiggins, 1975, p. 110; pI. 5, figs 6-9.

Dimensions: Range; (eight specimens measured) Iength 79 (100) 148 !-tm, breadth (Ol depth) 39 (44)
48 !-tffi, length of apical horn 10 (24) 43 !-tm, length of antapical horn 6 (13) 38 !-tID.

Remarks: The development of horns, both apical and antapical, is variable. The
apicalhorn is always longer than the antapical horn, but on some specimens it is
much longer and on others the length of the antapical horn approaches that of the
apical horn more closely (compare the specimens illustrated in Plate 4, fig. 1 and
Plate 5, fig. 4). The development of apicular and 'antapicular' structures is also
variable; they may be short or long solid rods surmounting a horn or they may
consist of solid infillings of the horn tips. A kalyptra is sometimes, but not consist
ently, present.

The archeopyle involves at least two and almost certainly three intercalary
paraplates, which vary in size and shape (compare the archeopyles af specimens
illustrated in Plate 4, fig. 2, and Plate 5, fig. 4). The operculum is compound, the
opercular pieces being detached or remaining attached. In its mode of archeopyle
formation and in the nature of the variability af its archeopyle marphology, K.
diceras appears to parallel Pareodinia ceratophora Deflandre, 1947. It is clear,
therefore, that these twa species are very closely related.

Kalyptea glabra (Cookson & Eisenack, 1960b) Wiggins, 1975
Plate 4, fig. 9

Komewuia glabra Cookson & Eiscnack, 1960 b, p. 257; pI. 39, figs 7-8. Kalyptea jurassica, Alberti,
1961, p. 27; pI. 7, fig. 8. Kalyptea stegasta (Sarjeant); Wiggins, 1975, (pars), p. 110; pI. 5, figs 10-11.
Kalyptea glabra (Cookson & Eisenaek); Wiggins, 1975, p. 110.

Dimensions: Figured specimen; length 72 !-tID, length of apical horn 20 !-tID, length of antapical horn 10
!-tID, breadth 47 !-tID.

3 Bulletin nr. 132
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Remarks: K. jurassica Alberti, 1961 is here considered to be a junior synonym of
K. glabra. The original descriptions of these two taxa appear to be mutually inclu
sive; both have an apical horn and an invariably shorter antapical horn, an inflated
central body, and an intercalary archeopyle. The illustrations of Cookson &
Eisenack (pI. 39, figs 7-8) show that the archeopyle of K. glabra is large, though
the exact number of plates involved is not clear. The specimens observed in the
present study do not clarify this feature.

The inclusion by Wiggins (1975) of K. jurassica with Netrelytron stegastum Sar
jeant, 1961a is here rejected because N. stegastum has a true endocyst (see Sar
jeant, 1976c).

Solid, irregular apicular and 'antapicular' structures occurred on one of the
Jameson Land specimens. A kalyptra was similarly only present on one of the
specimens encountered.

Family Uncertain
Genus Paragonyaulacysta Johnson & Hills, 1973

Paragonyaulacysta sp.
Plate 5, figs 1-3; text-fig. 13

Description: A form of dinoflagellate with a small elongate, polygonal (approxi
mately pentagonal) cyst, slightly dorso-ventrally compressed. The parasutures are
usually marked by beaded crests up to 2 !!m high. Occasionally, however, they are
low and indistinct against the overall surfaee ornament, especially on the ventral
surface. The parasutures indicate a paratabulation of 3', ?2a, 6", 6c, 6''', lp, 1"",
4+s. The cyst wall is composed of a single layer. The general surfaee
ornamentation consists of a system of irregular and discontinuous nodular ridges
about 1 !!m high. At the margin of the cyst these ridges are seen to be perforate,
and give the outer surfaee of the cyst wall a spongy appearance. In plan view the
ornamentation gives the appearance of an irregular discontinuous reticulum or
pseudoreticulum. There is adistinct, short apical horn surmounted by an irregu
larly shaped apicular structure.

The parasutures towards the apex are indistinct and, together with the presence
of the archeopyle in that region, make the paratabulation there difficult to discern.
There appear to be three apical paraplates, two on the ventral surfaee (l' and 3'),
which extend from the horn for some distance onto the main body of the cyst, and
one (2') restricted to the dorsal surface of the horn. Paraplate 3' is relatively very
large.

an the dorsal surfaee there is an intercalary archeopyle. Because the operculum
is detached and because the archeopyle margin gives little clue as to the number of
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Fig. 13. Paragonyaulacysta sp. (MGUH 14.709, 92.7/14.0; from sample GGU 100721, Fossilbjerget
Mb). A; ventral view. B; dorsal view. (Bar represents 10 microns).

paraplates involved, the exact number of missing paraplates is not clear; however,
since the archeopyle is small it is assumed that probably one or two paraplates are
absent. A small anterior intercalary paraplate is present on the ventral surface,
inserted between paraplates l' and 1".

There are six precingular paraplates, of which 1" and 6" are relatively small
owing to the elongation of apical paraplates l' and 3' respectively and, in the case
of ] ," also to the configuration of the paracingulum.

The paracingulum is broad and laevorotatory; its two ends are displaced at the
parasulcus by a distance equal to one paracingulum width. It is divided into six
paraplates of which those at the ends are relatively short. The paracingulum divides
the cyst into a conicai epicyst and a slightly smaller roughly trapezoidal hypocyst.
The parasulcus is narrow and short, extending for only a small distance beyond
either end of the paracingulum. It is divided into at least four small paraplates.

There are six postcingular paraplates, of which 1'" is reduced in size to make
room for a posterior intercalary paraplate. The orientation of the cyst makes the
detail of the antapex difficult to perceive, but there appears to be a single antapical
paraplate present.

Dimensions: Figured specimen; length 47 11m, breadlh 33 11m.

3·
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Remarks: This specimen is comparable with P. calloviense Johnson & Hills (1973),
the only species yet attributed to Paragonyaulacysta. These two forms are similar in
their shape, size and especially in their combination of a gonyaulacoid paratabula
tion and a dorsally situated intercalary archeopyle. The most obvious difference
between Paragonyaulacysta sp. and P. calloviense is in the nature of their surface
ornamentation. P. calloviense has a smooth surface whereas Paragonyaulacysta sp.
has an intricate pattern of ridges. Because Johnson & Hills gave the specific de
scription of P. calloviense as the description for the genus, the present specimen
does not fit readily into the extant diagnosis for Paragonyaulacysta. However, these
two taxa are almost certainly attributable to the same genus; therefore, when better
known, the genus Paragonyaulacysta should be redefined more broadly.

Paragonyaulacysta combines features which have hitherto been considered
characteristic of the two principal lineages of Jurassic dinoflagelIate cysts. It dis
plays a paratabulation which is quite typical for cysts of the gonyaulacoid lineage,
other than its possession of large anterior intercalary paraplates on the dorsal
surface, which are lost in archeopyle formation; in the latter feature it is quite
typical of pareodinioid cysts. Furthermore, Paragonyaulacysta sp., and possibly
also P. calioviense (see Johnson & Hills, 1973, pI. 2, fig. 16), possesses an apicular
structure, a feature common among pareodinioid cysts but very rare among
gonyaulacoid cysts. (The specimen of Wanaea digitata Cookson & Eisenack, 1958
encountered in the present study possesses a wall thickening at the distal tip of its
antapical horn).

Two explanations may be suggested for this unusual combination of pareodinioid
and gonyaulacoid features. Firstly, Paragonyaulacysta may be a gonyaulacoid form
which has developed a dorsal intercalary archeopyle. The development of this type
of archeopyle in Paragonyaulacysta and in pareodinioid forms might thus be an
example of convergent evolution. This hypothesis is even more plausible because
of the recent discovery, by W. R. Evitt of a small dorsal anterior intercalary
paraplate in Gonyaulacystajurassica (Deflandre, 1938b) (see Sarjeant, 1978). The
presence of a dorsal anterior intercalary paraplate is therefore not unique to
Paragonyaulacysta among forms with a gonyaulacoid paratabulation.

The converse situation to the first explanation provides the second hypothesis;
Paragonyaulacysta may be a pareodinioid form with a modified paratabulation
coinciding with that of gonyaulacoid forms. This seems to be a more complex and
less likely evolutionary development than that suggested in the first hypothesis, but
supporting it is the presence of an apicular structure at least on Paragonyaulacysta
sp.
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Family GONYAULACYSTACEAE Sarjeant & Downie, 1966 emend.
Sarjeant & Downie, 1974

Genus Gonyaulacysta Deflandre, 1964 ex Norris & Sarjeant, 1965 emend.
Sarjeant, in Davey, Downie, Sarjeant & Williams, 1969

Gonyaulacysta jurassica (Deflandre, 1938b) Norris & Sarjeant, 1965
Plate 4, fig. 10

Gonyaulax jurassica Deflandre, 1938a, p. 688; text-fig. 2, nomen nudum. -- Deflandre, 1938b, pp.
168-170; pI. 6, figs 2-5; text-figs 1-2. -- Valensi, 1953, p. 25; pI. 1, fig. 7; (?). -- Downie, 1957, p.
420; text-fig. 3 b. - - Cookson & Eisenack, 1958, pp. 29-30; pI. 2, figs 9-10. - - Klement, 1960, pp.
27-28; pI. 2, figs 3-5; text-fig. 6. -- Sarjeant, 1960b, pp. 393-394; pI. 13, figs 1,14; text-fig. 6.-
Sarjeant, 1961a, p. 91; pI. 13, figs 9-12; text-figs 1-15. - - Evitt, 1961b, p. 390; pI. 1, fig. 5; pI. 2, fig. 5.
-- Sarjeant, 1962a, pp. 257-258; pI. 1, figs 1-2. -- Vozzhennikova, 1965, text-figs 33H-I. (English
translation in Vozzhennikova, 1967b.) Gonyaulacysta jurassica (Deflandre); Deflandre, 1964, p. 5,
nomen nudum. - - Sarjeant, 1965, text-fig. 2b, nomen nudum. - - Norris & Sarjeant, 1965, p. 65. -
Gorka, 1965, pp. 298-299; pI. 1, figs 4a-b. - - Dodekova, 1967, pp. 16-17; pI. 2, fig. 1. - - Sarjeant,
1968, pI. 1, fig. 14. - - Gorka, 1970, pp. 482-483; pI. 1, figs 3a-b; text fig. 1. - - Sarjeant, 1972, pp.
10-11; pI. 1, figs 2-4. - - Pocock, 1972, p. 88; pI. 22, fig. 9. - - Johnson & Hills, 1973, pI. 1, figs 1-2.
- - Sarjeant, 1974a, pI. 13, fig. 7; text-fig. 20b. - - Williams, 1974, pI. 5, fig. 1. - - Felix, 1975, pI. 1,
fig. 2. - - Vigran & Thusu, 1976, pI. 19, fig. 1. - - Muir & Sarjeant, 1978, pI. 2, fig. 4. Gonyaulacysta cf.
jurassica (Deflandre); Sarjeant 1976a, pp. 16, 18; pI. 6, fig. 8; (?).

Dimensions: Range; (32 specimens measured) overalllength 65 (78) 94 lim, breadth 33 (44) 60 lim,
length of apical horn 10 (17) 22 lim.

Remarks: In the present material a variation in the ornamentation of the
parasutural crests similar to that illustrated by Sarjeant (1961a) was observed. One
specimen (Plate 4, fig. 10) possesses both apical and antapical pericoels; it also
possesses an unusually broad apical horn. Sarjeant (1972, plate 1, fig. 2) illustrated
a similar specimen.

Gonyaulacysta jurassica (Deflandre, 1938b), Norris & Sarjeant, 1965 var. lon
gicornis Deflandre, 1938b

Plate 5, fig. 7

Gonyaulax jurassica var.longicornis Deflandre, 1938b, p. 171; pI. 6, fig. 6. -- Sarjeant, 1961a, pp.
92-94; text-figs 2-3, 15. - - Sarjeant, 1962a, p. 258; pI. 1, fig. 3. - - Vozzhennikova, 1967a, p. 85; pI.
19, fig. 5. (English translation in Vozzhennikova, 1971). Peridinien Lantz, 1958, pI. 7, fig. 74.
Gonyaulax jurassica longicornis Deflandre; Klement, 1960, pI. 2. figs 6-8. Gonyaulacysta jurassica var.
longicornis Deflandre; Gitmez, 1970, pp. 260-261; pI. 5, fig. 11. - - Sarjeant, 1972, pp. 11-12; pI. 2,
fig. 3. - - Johnson & Hills, 1973, pI. 1, figs 3-4. - - Felix, 1975, pI. 1, fig. 1. Gonyaulacysta jurassica
subsp.longicornis (Deflandre); Lentin & Williams, 1973, p. 62.

Dimensions: Range: (three specimens measured) length 93 (100) 107 lim, breadth 51 (54) 59 lim,
length of apical horn 29 (32) 37 lim.
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Remarks: The parasutural crests of the specimens encountered are law and unor
namented ar only weakly denticulate; this is a characteristic typical of this varietas.
Lentin & Williams (1973) elevated this taxon to the status of subspecies. However,
because it represents merely an extreme in the continuous variation of G. jurassica,
the status of varietas is here preferred.

Gonyaulacysta birkelundii sp. nov.
Plate 5, figs 5, 8, 11; text-fig. 14

Derivation o/ narne: After Professor Tove Birkelund, palaeontologist at the Institute of Historicai
Geology and Palaeontology, Copenhagen, Denmark.

Diagnosis: A species of Gonyaulacysta with an ovoidal ambitus. The apical horn is
distinetly differentiated from the rest of the cyst; it is usually narrow and of variable
length. The cyst wall is composed of two layers closely appressed over the whole
surface. It is granular and possesses numerous irregularly distributed short spines.

Parasutures are marked by spinose thickenings of the cyst wall or by ragged,
irregularly shaped crests. They mark a paratabulation of 4', ?l a, 6/1, ?c, 7/1', 1p,
1'"', 6+s. The paracingulum is weakly laevorotatory. The parasulcus is broad and
straight, situated principally on the hypocyst; it is sparsely ornamented and is
subdivided into several small paraplates. The archeopyle is precingular, formed by
the loss of paraplate 3", the operculum typically being detached.

Holotype: MGUH 14.712, 109.5/11.6; from GGU 144161, Fynselv Member, Raukelv Formation,
north side of Aucellaelv, Plate 5, figs 5,8,11; text-figs 14 A, B.

Dimensions: Holotype; length 91 J.lm, breadth 69 I-Lm, length of apical horn 14 J.lm. Range; (five
specimens measured) length 74 (83) 91 I-Lm, breadth 51 (63) 69 J.lm, length of apical horn 14 (19) 33
J.lm.

Description: A species of dinoflagellate with a usually subovoidal, dorso-ventrally
compressed cyst, surmounted by adistinet apical horn which varies from one
seventh to one third af the overall cyst length (see fig. 14 c). The spine cover
appears to be less dense on the ventral surface than on the dorsal surface, and is
almost totally absent from the parasulcus. The parasutures are less clearly marked
on the ventral surface; they are especiaIly difficult to perceive towards the margins
of the cyst because of the combined effects of spine cover and oblique orientation
of the wall as presented to the viewer. In plan view the spines, because af their
broad bases, often resemble verrucae.

The parasutures are marked by thickenings of the cyst wall surmounted by low
ragged erests, by rows of spines slightly longer than those of the general ornament
or by linear zones of such spines.
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c
Fig. 14. Gonyaulacysta birkelundii sp. nov. A; holotype, ventral view. B; holotype, dorsal view. C;

variation in the morphology of the apical horn. (Bar represents 10 microns).

There are four apical paraplates af which l' is elongate, extending from the horn
towards the parasulcus. Paraplates 2' and 3' also extend to the distal tip af the horn
but 4' impinges only onto the base af the horn. A possibie small anterior interca
lary paraplate at the anterior end af 6" was present an the holotype, but was not
seen with certainty an any other specimen. There are six precingular paraplates, af
which 6" is slightly smaller than the others. Paraplate 3" is usually lost in ar
cheopyle formation.

The paracingulum is narrow, laevorotatory, its ends being displaced at the
parasulcus by approximately ane paracingulum width. Parasutures within the
paracingulum are rarely clearly visible, especiaIly an the dorsal surface, but there
appear to be at least five paraplates present.

The parasulcus is depressed; it is subdivided into at least five paraplates, includ
ing ane large paraplate on the epicyst. The central part of the parasulcus is de
pressed relative to the rest af the parasulcus; this area usually possesses two flagel
lar markings which may develop into grooves.

There are seven postcingular paraplates, paraplate l'" being small and project
ing into the parasulcus beyond the end of the paracingulum. Paraplate 2'" is also
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small, but larger than l'" .Parasutures on the dorsal surfaee of the hypocyst are
indistinct, but there appear to be four large postcingular paraplates (3'" to 6"') on
the dorsal and lateral surfaces. Ventrally situated paraplate 7'" is smaller than
these but significantly larger than 1'" and 2"'.

There is a single, pentagonal, elongate posterior intercalary paraplate inserted
between 1"', 2'" ,3'" and the parasulcus. The structure ofthe antapex is not clear,
but it appears that at least one antapical paraplate is present.

Remarks: Although G. birkelundii possesses a general spine cover, the presence of
a strong apical horn and the nature of its parasutures indicate that it is more allied
with the genus Gonyaulacysta than with Acanthaulax Sarjeant, 1968. A combina
tion of adistinet apical horn, a general spine cover and a characteristic paratabula
tion distinguishes G. birkelundii from most other forms of Gonyaulacysta and
Acanthaulax. Most similar is Gonyaulacysta sp. A of Gitmez & Sarjeant, 1972; this
form has a similar shape and paratabulation, especiaIly in the shape of paraplates
1''',2''', lp and 4' (la of Gitmez & Sarjeant). However, the spines of the general
ornament of Gonyaulacysta sp. A are much sparser than those of G. birkelundii.
Nevertheless, these two taxa appear to be closely related.

Gonyaulacysta cladophora (Deflandre, 1938b) Dodekova, 1967
Plate 5, fig. 6

Gonyaulax cladophora Dcflandre, 1938a, p. 688; fig. 4; nomen nudum. -- Deflandre, 1938b, pp.
173-176; pI. 17, figs 1-5; text-figs 5-{j. - - Deflandre, 1941, p. 9; pI. 3, figs 4-5. - - Valensi, 1953, pp.
25-27; pI. 1, figs 3,6; pI. 13, figs 2-3; text-figs 2b-c. - - Klement, 1960, pp. 33-38; pI. 3, figs 1-12; pI.
4, figs 1-9; text-figs 11-17. -- Sarjeant, 1961a, p. 93; pI. 13. fig. 2; pI. 14, figs 1-2. -- W. Wetzel,
1966, pI. 15, figs la-b. - - Vozzhennikova, 1967a, pp. 78-79; pI. 19, figs 1-4. (English translation in
Vozzhennikova, 1971). Gonyau[acysta cladophora (Deflandre); Sarjeant, 1966a, p. 130, nomen
nudum. -- Dodekova, 1967, pp. 17-18; pI. 2, figs 2-8. -- Sarjeant, 1968, p\. 1, fig. 6. -- Gorka,
1970, pp. 483-484; pI. l, fig. 4; pI. 2, figs la-c; text-figs 2a-b. - - Pocock, 1972, pp. 86-87; p\. 22, figs
3-4; text-fig. 1. - - Johnson & HiIls, 1973, p\. 1, fig. 5. - - Williams, 1974, pI. 4, fig. 16. - - Felix, 1975,
p\. l, fig. 6. - - Vigran & Thusu, 1976, pI. 19, fig. 4. - - Bjaerke, Edwards & Thusu, 1976, p\. 1, fig. 8.

Dimensions: Range: (55 measured specimens) overaIl Jength 87 (102) 119 !!m, breadth 65 (95) 108 !!m,
length of apical horn 11 (14) 20 !!m.

Remarks: Specimens af G. cladophora were found to be generally poorly pre
served, as often appears to be the case with this species (for example see Sarjeant,
1961a). The surfaee texture of most specimens is rough and irregular, obviously
resulting from poor preservation; occasional specimens, however, showed a more
regularly punctate surface ornamentation. One specimen possesses, in its antapical
region, a remnant of what appears to be a crest composed of fused spines; this is
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unusual for this species. This specimen is also unusual in the sparsity and shortness
of its parasutural spines. This is probably in part preservational, and its general
shape, surface texture and occurrence in a sample with numerous other specimens
of this species are consistent with its allocation to G. cladophora.

Gonyaulacysta eisenacki (Deflandre, 1938b) Dodekova, 1967
Plate 6, fig. 3

Gonyaulax eisenacki Deflandre, 1938b, pp. 171-173; pI. 6, figs 7-10; text-figs 3-4. - - Valensi, 1953,
p. 25; pI. 1, fig. 5; pI. 13, fig. l. - Klement, 1960, pp. 29-30; pI. 2, figs 9-10. - - Sarjeant, 1962a, p.
258, pI. l, fig. 4. - - Gorka, 1965, pp. 299-300; pI. 1, figs 5a-c. - - Vozzhennikova, 1967a, p. 81; pI.
21, figs 3a-b. (English translation in Vozzhennikova, 1971). Gonyaulacysta eisenacki (Deflandre);
Sarjeant, 1966, p. 131, nomen nudum. - - Dodekova, 1967, pp. ] 8-19; pI. 2, figs 9-11. - - Sarjeant,
1968, p. 227; pI. 3, fig. 14. - - Sarjeant, 1974a, pI. 8, fig. 3. - - Muir & Sarjeant, 1978, pI. 3, fig. l.
Endoscrinium eisenacki (Deflandre); Gocht, 1970, pp. 146-147; pI. 33, figs 9-12; text-fig. 1St. -
Johnson & Hills, 1973, pI. 2, fig. 4.

Dimensions: Range: (eight specimens measured) overalllength 64 (78) 85 lim, overall breadth 43 (54) 60
lim.

Remarks: One specimen of G. eisenacki possesses an ancillary aperture on its
dorsal surface between the archeopyle and the apex. (Plate 6, fig. 3). This is forrned
apparently by the removal of a whole, or part, of an apical paraplate. It seems
unlikely that this aperture is aresult of random tearing because of its regular shape;
furthermore, Sarjeant (1972) described a similar aperture from a specimen of G.
eisenacki subsp. oligodentata Cookson & Eisenack, 1958. A second specimen of G.
eisenacki from the present study, although poorly preserved, appears to possess a
similar aperture.

One specimen possesses an opisthopyle in its periphragm, opening into the an
tapicaI pericoel. This feature is more characteristic of G. eisenacki subsp.
oligodentata and is discussed more fully in the entry for that taxon, and also in the
Palaeoecological considerations.

Gonyaulacysta eisenacki (Deflandre, 1938b) Dodekova, 1967 subsp. oligodentata
Cookson & Eisenack, 1958

Plate 6, fig. 1

Gonyaulax eisenacki subsp. oligodentata Cookson & Eisenack, 1958, p. 30; pI. 2, fig. 11. Endoscrinium
eisenacki subsp. oligodentata Cookson & Eisenack; Gocht, 1970, pp. 146-147; pI. 33, figs 10-12.
Gonyaulacysta eisenacki subsp. oligodentata Cookson & Eisenack; Sarjeant, 1972, pp. 17-19; pI. 2, fig.
1; text-fig. 3.
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Dimensions: Figured specimen: overalllength 94 11m, breadth 55 11m, length of apical horn 6 11m, length
of endocyst 62 11m.

Remarks: As is typical for this subspecies, the parasutural crests are almost entire.
Both specimens possess an oval opisthopyle (an aperture opening into the antapical
pericoel) on the ventral surface of the cyst; a similar opening was reported from
this subspecies by Sarjeant (1972, pp. 18-19; text-fig. 3). Such apertures could
have been involved with pressure release from the internal cavities of the cyst
during excystment; however, this explanation seems less likely since the
opisthopyle connects only with the antapical pericoel, from which there is no direct
connection to the main cavity of the cyst. Alternatively such apertures may have
been involved in controlling the buoyancy of the cyst (see Palaeoecological consid
erations).

Gonyaulacysta granuligera (Klement, 1960) Sarjeant, in Davey, Downie, Sarjeant
& Williams, 1969

Plate 5, fig. 10

Gonyaulax granuligera, Klement, 1960, pp. 41--42; pI. 5, figs 4-5. Gonyaulacysta granuligera (Kle
ment); Sarjeant, 1966a, p. 131, nomen nudum. -- Sarjeant, in Davey, Downie, Sarjeant & Williams,
1969, p. 10. -- Gitmez, 1970, pp. 256-257; pI. 1, figs 10-11; text-fig. 10.

Dimensions: Figured specimen; length 105 11m, breadth 91 11m, length of apical horn 9 11m.

Remarks: The two specimens encountered are slightly larger than is usual for this
species; in all other respects, however, they appear to be typkal.

Gonyaulacysta nuciformis (Deflandre, 1938b) Sarjeant, 1968
Plate 5, fig. 13

Palaeoperidinium nuciforme Deflandre, 1938b, p. 180; pI. 8, figs 4-6. - - Sarjeant, 1962a, pI. 1, fig. 8.
Gonyaulax nuciformis (Deflandre); Sarjeant, 1962b, pp. 482--483; pI. 69, fig. 6; text-fig. 4.
Palaeoperidinium nuciformoides Gorka, 1965, pp. 300-301; pI. 2, figs 1-2. ?Gonyaulacysta nuciformis
(Deflandre); Sarjeant, 1966, p. 132, nomen nudum. Gonyaulacysta nuciformis (Deflandre); Sarjeant,
1968, p. 227; pI. 3, fig. 4. -- Gitmez, 1970, p. 3; pI. 6, fig. 1. -- Gitmez & Sarjeant, 1972, pp.
200-202; pI. 3, fig. 5; text-fig. 8. -- Habib, 1972, pI. 3, fig. 4.

Dimensions: Figured specimen; length 74 11m, breadth 67 11m, length of apical horn 9 11m.

Remarks: This specimen is slightly squashed. In its possession of a thick, densely
granular cyst wall, a small apical horn readily distinguished from the main body of
the cyst and low parasutural ridges, this specimen appears to be typical of G.
nuciformis.
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Gonyaulacysta pectinigera (Gocht, 1970) comb. nov., stat. nov., emend.
Plate 6, figs 2, 4, 10; text-fig. 15

Leptodinium subtile subsp. pectinigerum Gocht, 1970, pp. 138-139; pI. 33, figs 1--4; text-fig. 11.

Emended diagnosis: Proximate dinoflagelIate cysts with a subpolygonal (roughly
pentagonal) outline, polygonality being accentuated by the presence of high den
tieulate parasutural crests whieh occur dorsally and laterally. Ventrally erests are
low and usually spinose. Paratabulation: 1 pr, 4', 6", 7e, 6''', lp, 1"". The eyst
wall eonsists of two layers which separate only at the apex, where the periphragm is
drawn out into a short reetangular to irregularly polygonal horn and the endo
phragm produees a mamelon-like strueture. The eyst wall and parasutural erests
are foveolate; pandasutural zones with more densely foveolate ornamentation
often oeeur on many of the larger dorsal and lateral paraplates. The areheopyle is
preeingular, formed by the loss of paraplate 3//; the operculum is usually detached.

Holotype: Prap. Pr. 1375/Ph. 46/14/4 (plate 33, fig. 1 of Goeht); Borehole Aldorf 12 (Kreis Grafseh.
Diepholz, N. W. Germany), Kern 1109-1112, 2m; Kiste 3. Lower Dogger, epsilon Sandstone (Lower
Bathonian). (Goeht, 1970).

Dimensions: Range; (eight speeimens measured) length 58 (77) 96 Jlm, breadth 56 (74) 83 Jlm, depth
(in one specimen only) 38 Jlm, length of apieal horn 5 (IO) 15 Jlm, height of erests 5 (7) 9 Jlm.

Description: The cyst is slightly dorso-ventrally flattened. In ventral or dorsal view
it is approximately pentagonal, the eorners of the central body being more or less
rounded. Polygonality is imparted by the presence of high sutural crests. Many of
the lateral and dorsal preeingular and postcingular paraplates possess a pan
dasutural zone of variable breadth in which the foveolate ornament of the cyst wall
is denser than elsewhere. The boundary of this zone, where present, is usually or
constantly sharp. The eyst wall also appears to be slightly thicker in the pan
dasutural zones.

The dorsal paraplates of G. pectinigera are well delineated by high parasutural
erests which have strongly and more or less regularly denticulate distal margins.
The denticles are usually pointed, but they may occasionally bifurcate distally and
more rarely they may be blunt. The parasutural crests on the ventral surfaee are
usually much lower and give rise to short, narrow, pointed spinelets.

The apical horn is produeed by apical paraplates 1', 2/ and 3', none of which
extend greatly below the base of the horn. The other apical paraplate, 4', is not
involved in the formation of the apieal horn. There appears to be a small preapieal
paraplate at the distal tip of the horn, at least an some of the specimens encount
ered.

The apical horn is variable in shape. In some specimens it was short and rectan
gular in outline, as in the specimen illustrated by Gocht (1970, text-fig. 11) and in
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Fig. 15. Gonyaulacysta pectinigera (Gocht) comb. nov., stat. nov., emend. A, B; (MGUH 14.719,
102.3/18.5; from sample GGU 100721, Fossilbjerget Mb). A; ventral view. B; dorsal view. C, D;
(MGUH 14.720, 99.2/14.5; from sample GGU 100721, Fossilbjerget Mb). C; ventral view of epicyst.

D; anterior dorsal morphology. (Bars represent 10 microns).
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ane specimen illustrated in this work (Plate 6, fig. 4). In other specimens it tends to
be more irregular in shape (Plate 6, fig. 2 and text-fig. 15).

There are six precingular paraplates, af which 6" is relatively small owing to the
presence af paraplate 4'. In all of the specimens encountered paraplate 3" is lost in
archeopyle formation.

The paracingulum is laevorotatory, its ends being displaced at the parasulcus by
about one paracingulum width. Parasutures within the paracingulum indicate seven
paraplates; six af these are elongate, but le is very short. The paracingular para
plates were aften difficult to perceive.

The parasulcus extends from the posterior end of apical paraplate l' to the
antapical paraplate. It is straight, broadening slightly on the hypocyst. The speci
men illustrated in text-fig. 15A, B has a parasulcus which has collapsed inwards; its
morphology in this region is therefore difficult to study in detail. However, other
specimens show faint ridges within this region, indicating possibie parasutures. One
specimen exhibits a faint flagellar marking.

There are six postcingular paraplates, 1'" being narrow and generally poorly
indicated. It is not shawn by Gocht (1970, text-figure 11) but may be discerned on
at least one of his photographs (ibid, pI. 33, fig. Ib). Also present is a small,
triangular posterior intercalary paraplate, inserted between paraplates 1"', 1""
and the parasulcus. There is a single rectangular antapical paraplate (l"").

Remarks: This taxon was originally described by Gocht (1970) as Leptodinium
subtile Klement, 1960 subsp. pectinigerum. Although its paratabulation does re
semble that of L. subtile, its crests are very distinctive and quite unlike those of L.
subtile. Moreover, its possession af an apical horn merits its inc1usion in the genus
Gonyaulacysta, rather than Leptodinium.

G. pectinigera is similar to G. jurassica (Deflandre, 1938b) Norris & Sarjeant,
1965, but it has a distinctive pentagonal shape and is not as elongate as G. juras
sica; the overall breadth of G. pectinigera approaches and may occassionally equal
or even slightly exceed the overalllength.

G. pectinigera also resembles G. crassicornuta (Klement, 1960), but has a much
shorter apical horn and denticulate and spinose rather than consistently spinose
crests. From Klement's photographs, G. crassicornuta appears to have a much
rougher surfaee ornamentation than G. pectinigera (although Klement comments
that G. crassicornuta possesses a smooth to unc1early punctate membrane).

G. eisenacki (Deflandre, 1938b) has an antapical pericoel and because of this, its
more elongate shape and subconical apex, it is easily distinguished from G.
pectinigera. G. cf. G. eisenacki ofValensi (1953, pI. 1, fig. 5) is more similar to G.
pectinigera but appears to lack an apical horn; Valensi did not describe its
paratabulation.
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G. aft. G. jurassica of Sarjeant (1972) is also similar to G. pectinigera in general
appearance but has only five postcingular paraplates and lower, more irregularly
denticulate parasutural crests.

Gonyaulacysta scarburghensis Sarjeant, 1964
Plate 5, fig. 9

Gonyaulax areolata Sarjeant, 1961a, pp. 95-97; pI. 13, fig. 13; text-fig. 5 (non Kofoid & Mitchener,
1911). Gonyaulacysta scarburghensis Sarjeant, 1964, pp. 472-473. - Habib, 1972, pI. 5, fig. 6; (?).

Dimensions: Range; (13 specimens measured) overalllength 106 (115) 126 11m, breadth 77 (91) 103
11m, length of apical horn 20 (23) 25 11m.

Remarks: Specimens of G. scarburghensis from Jameson Land were mostly poorly
preserved and fragmentary. However, they were readily identified because of their
very characteristic surface ornamentation.

Genus Leptodinium Klement, 1960 emend. Sarjeant, in Davey, Downie, Sarjeant
& Williams, 1969

Leptodinium subtile Klement, 1960
Plate 6, fig. 11

Leptodinium subtile Klement, 1960, pp. 46-47; pI. 6, figs 1-4; text-figs 23-24. - - Vozzhennikova,
1967a, pp. 90-91; text-fig. 16. (English translation in Vozzhennikova, 1971).

Dimensions: Range: (two specimens measured) length 80-89 11m, breadth 68 11m.

Remarks: In its shape, the nature of its crests, and in its paratabulation, the single
well-preserved specimen observed is typical of the species. However, it is slightly
larger than the largest specimen observed by Klement (1960). It has a granular
surfaee ornamentation.

Leptodinium aceras (Eisenack, 1958) Sarjeant, in Davey, Downie, Sarjeant &
Williams, 1969 emend. Gitmez & Sarjeant, 1972

plate 5, fig. 12

Gonyaulax aceras Eisenack, 1958b, p. 391; pI. 2, figs 1-2. Gonyaulacysta aceras (Eisenaek); Sarjeant,
1966a, p. 131, nomen nudum. LeplOdinium aceras (Eisenaek); Sarjeant in Davey, Downie, Sarjeant &
Williams, 1969, p. 12. - - emend. Gitmez & Sarjeant, 1972, pp. 215-216; pI. 5, figs 1-3; text-fig. 17.

Dimensions: Figured specimen: length 96 11m, breadth 93 11m.

Remarks: Because of folding of the cyst wall and crushing together of the dorsal
and ventral surfaces it was difficult to verify whether the paratabulation corres-
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ponds to that iIlustrated by Gitmez & Sarjeant (1972). However, the narrow
paracingulum, small elongate paraplates 1" I and lp and reduced 6" are clearly
recognizable. The cyst surface is very coarsely granular.

Family APTEODlNIACEAE Eisenack, 1961 emend. Sarjeant & Downie, 1974
Genus Trichodinium Eisenack & Cookson, 1960 emend. Clarke & Verdier, 1967

Remarks: The genera Trichodinium and Xenicodinium Klement, 1960 are very
similar. The principal (and possibly the only) difference between the two genera is
the presence in Trichodinium of an apical horn. It is therefore questionable
whether the retention of two genera is justifiable. However, a restudy of the type
material ofXenicodinium is necessarybefore Trichodinium can be considered to be
a junior synonym of it.

Trichodinium castanea (Deflandre, 1935) Clarke & Verdier, 1967
Plate 7, figs 1,4

Palaeoperidinium castanea Deflandre, 1935, p. 229; pI. 6, fig. 8. -- Deflandre, 1936, pp. 29-30; pI. 6,
figs 1-4. -- Deflandre, 1936b, fig. 99. -- Cookson & Eisenack, 1962, p. 489; pI. 3, figs 9-11.-
Cookson & Hughes, 1964, p. 49; pI. S, fig. 14. -- Vozzhennikova, 1967a, pp. 155-156; pI. 41, figs
4a-b. (English translation in Vozzhennikova, 1971.) Trichodinium castanea (Deflandre); Clarke &
Verdier, 1967, p. 19; pI. 1, figs 1-2. -- Foucher, 1974, p. 19; pI. 4, figs 2,3. Trichodinium castaneum
(Deflandre); Davey, 1969, pp. 131-132; pI. 11, figs 1-3. -- McIntyre, 1974, pI. 12, fig. 3.

Dimensions: Figured speciIDen; overalllength 59 !-lID, overall breadth 54 !-lID, length of apical horn 4
!-lID, length of spines (average) 2 !-lID.

Remarks: The specimen of T. castanea observed in the present study is similar to T.
cf. T. ciliatum of Fensome, herein, in its ornamentation. It possesses a general
cover of thornlike or conicai, solid spines and a secondary ornament consisting of
punctae and a low irregular reticulum. However, it differs from T. cf. T. ciliatum in
its possession of a small apical horn about 4 I-tm long, and 5 I-tm wide at its base, a
distinct laevorotatory paracinglllum on both dorsal and ventral surfaces and a
distinctive parasulcus; the furwws are outlined by spinose ridges. The spines which
comprise the general ornament of the cyst are often joined or in lines; indeed they
appear locally to simulate a paratabulation. All of these features are in accordance
with the original description of T. castanea.

The relationship between the two taxa observed in the present study, T. castanea
and T. cf. T. ciliatum, is not clear. However, they appear to be members ofa group
of closely related, possibly gradational, forms which also includes T. ciliatum
(Gocht, 1959) (considered by Clarke & Verdier, 1967, to be a junior synonym of
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T. castanea, but reinstated by Davey, 1974), T. speetonensis, Davey, 1974 and
Xenicodinium densispinosum Klement, 1960.

T. castanea was described from the Jurassic of Siberia by Vozzhennikova
(1967a); this constitutes the only previous record of this species from the Jurassie.
Vozzhennikova's speeimens, however, are very fragmentary and ean not be as
cribed to this species with any eonfidence.

Trichodinium cf. T. ciliatum (Gocht, 1959) Eisenack, 1964
Plate 6, figs 9, 12; Plate 7, fig. 2

Trichodinium ciliatum (Gocht); Davey, 1974, pp. 62-63; pI. 7, fig. 1; (?).

Dimensions: Figured specimen; overalllength S111m, overall breadth 46 11m, length of spines (average)
211m.

Remarks: This speeimen accords very closely with the description given by Davey
(1974) of the speeimens he attributed to T. ciliatum. The Jameson Land specimen
possesses a paraeingulum marked by two lines of spines immediately beneath the
areheopyle, but nowhere else is the paraeingulum apparent. A seeondary ornament
af dark lines (probably resulting from slight thickenings of the eyst wall) and
punetae is present and probably eorresponds to the 'fibro-pitted' ornament af
Davey's speeimens.

In his diagnosis af T. ciliatum Gaeht stated that na furraws are present. Both the
Jameson Land specimen and thase described by Davey possess a definite parasul
eus; furthermore, as aiready noted, the Jameson Land specimen possesses some
indication of a paracingulum. In consequence the attribution of these forms to T.
ciliatum is questionable. Goeht's illustrations indicate that his specimens also had
thinner spines than those of T. cf. T. ciliatum. It is likely that the relationship
between T. ciliatum and T. cf. T. ciliatum will only be resolved by restudy of the
type material of T. ciliatum.

Further observations regarding the relationships af T. cf. T. ciliatum are made in
the entry for T. castanea.

Family CTENIDODINIACEAE Sarjeant & Downie, 1966 emend. Sarjeant & Downie,
1974

Genus Ctenidodinium Deflandre, 1938b emend. Sarjeant, 1974
Ctenidodinium ornatum (Eisenack, 1935) Deflandre, 1938b

Plate 6, fig. 8

Lithodinia jurassica var. ornata Eisenack, 1935, pp. 175-177; pI. 4, figs 9-10. Ctenidodinium ornatum
(Eisenaek); Deflandre, 1938b, pp. 181-182; pI. 9, figs 1-7. -- Gocht, 1970, pp. 140-141; pI. 26, figs
1-2, S; pI. 28, figs 1-2; pI. 29, figs 3-4; pI. 32, figs 5-11; text-fig. 6. -- Williams, 1974, pI. 2, fig. 11.
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Gonyaulax ornata (Eisenack); Klement, 1960, pp. 30-33; pI. 2, figs 11-15; text-figs 7-10.
Gonyaulacysta ornata (Eisenack); Pocock, 1972, pp. 87-88; pI. 22, figs 5-6; text-fig. 3; (?).

Dimensions: Figured specimen; length 83 I!m, breadth 68 I!m. Range; (37 half cysts were measured):
longest diameter 49 (63) 83 I!m, shortest diameter 33 (46) 53 I!m, height of crests 4 (6) 8 I!m.

Remarks: Only one whole specimen was observed. The remainder were halt cysts.
Although simpier and less densely denticulate than those of C. cf. C. continuum of
Fensome, herein, the parasutural crests of specimens of C. ornatum encountered in
the present study are variable; they vary primarily in the density of denticles and in
their overall length.

Ctenidodinium cf. C. continuum Gocht, 1970
Plate 6, fig. 5; Plate 8, fig. 1

Dimensions: Complete cyst; (one measured) length (partly squashed) 62 I!m, breadth 65 I!m. Half cysts;
range; (five specimens measured) longest overall diameter 56 (69) 89 I!m, shortest overall diameter 39
(53) 64 f.lm.

Remarks: ane complete specimen and several halt cysts were observed with per
forate parasutural crests ornamented by a variety of closely spaced denticles. The
perforations appear to be larger on the posterior parasuture of the paracingulum.
The crests were of more irregular appearance than is typical of C. continuum. Poor
preservation and folding of all the specimens seen prevented a further, more de
tailed, morphological analysis of this species.

Genus Wanaea Cookson & Eisenack, 1958
Wanaea digitata Cookson & Eisenack, 1958

Plate 6, fig. 7

Wanaea digitata Cookson & Eisenack, 1958, p. 58; pI. 9, figs 2-5. - - Sarjeant, 1968, p. 233; pI. 1, fig.
2. -- Sarjeant, 1972, p. 46; pI. 7, fig. 5. -- Johnson & Hills, 1973, pI. 2, fig. 6; (?). -- Muir &
Sarjeant, 1978, pI. 2, fig. 1. Wanaeafimbriata Sarjeant; Johnson & HiIls 1973, pI. l, figs 18-19; (?).

Dimensions: Figured specimen; overalllength 90 f.lm, overall breadth 114 f.lm, length of epicyst 19 f.lm,
length of hypocyst 68 f.lm, width of fringe 20 f.lm, iength of apical horn 9 f.lm.

Remarks: The antapical horn of the specimen encountered possesses a wall thic
kening at its distal extremity to about 2 Ilm. This structure is reminiscent of the
apicular and 'antapicular' structures of many pareodinioid cysts.

A small lid-like epicyst is retained. A fuller consideration of this feature and of
the genus Wanaea is in preparation.

4 Bulletin nr. 132
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Wanaea fimbriata Sarjeant, 1961
Plate 7, fig. 10

Wanaeafimbriata Sarjeant, 1961, pp. 112-113; pI. 15, fig. 14; text-fig. 13. -- Sarjeant, 1968, p. 233;
pI. 3, fig. 1. -- Sarjeant, 1976c p. 10; pI. 4, fig. 4; pI. 5, fig. 6.

Dimensions: Range; (two specimens measured) overall breadth 106-112 ~m, length (excluding fringe)
59-69 ~m, width of fringe 16-21 ~m.

Remarks: The specimen encountered in the Hareelv Formation (sample GGU
144115) is atypical of the species in its possession of a fused block of processes and
also probably in its lesser degree of linkage in parts of the fringe other than the
fused section (Plate 7, fig. 10). The ammonite-derived age for sample GGU
144115 is Late Oxfordian - Early Kimmeridgian (see Table 2). W. fimbriata has
been previously recorded only from the Early Oxfardian. It is therefore possibie
that the single specimen found in this sample is rewarked.

Family Uncertain
Genus Ambonosphaera gen. nov.

Derivation of name: Gr. ambon, ridge or crest, in reference to the presence of distinctive parasutures;
Gr. sphaira, ball.

Type species: A. calioviana Fensome, herein; Plate 7, figs 3, 5-6, 8-9; text-figs 16-17.

Diagnosis: A genus of dinoflagelIate possessing a subspherical, subovoidal or sub
polygonal cavate cyst on which there is no development of antapical or lateral
horns, though weakly developed apical prominences may or may not occur. A
paratabulation is more ar less well-developed on the periphragm. It is
gonyaulacoid; 4' 5-6", 6-7c, 6-7"', 1 p, 0-1 Py, 1 (-2?)"", ns. Paratabulation is
usually weakly represented on, or absent from the relatively thicker walled endo
phragm. The archeopyle is formed by loss of the apical paraplate series (type 4A).

Remarks: Ambonosphaera is distinguished from all other dinoflagelIate cyst genera
by the folIowing combination of features: the presence of pericoels, a gonyaulacoid
paratabulation, the development of an apical archeopyle, and its lack of pro
nounced horns.

Lithodinia Eisenack, 1935 emend. Gocht, 1975b is similar in its possession of a
gonyaulacoid paratabulation and a type 4A archeopyle, but is not cavate.
Meiourogonyaulax Sarjeant, 1966a may be similarly distinguished from Ambonos
phaera. (Meiourogonyaulax has been considered a junior synonym af L ithodinia by
Gocht [1975b], but Sarjeant [1978] has expressed same reservations about this.)

Ovoidinium Davey, 1970 emend. Lentin & Williams, 1975, Ascodinium Cook-



51

Fig. 16. Ambonosphaera calloviana gen. et sp. nov. A; paratype (ii), ventral view. B; holotype, ventral
view. C; holotype, dorsal view. D; paratype (iii), ventral view. Ornament of endophragm idealized;

ornament of periphragm omitted. (Bar represents 10 microns).

son & Eisenack, 1960a, and Hexagonifera Cookson & Eisenack, 1961 are all
peridinioid rather than gonyaulacoid, and all possess combination type ar
cheopyles. Ambonosphaera differs from Senoniasphaera Clarke & Verdier, 1967 in
its lack af horns.

Other species of Ambonosphaera:
jurassica (Gitmez & Sarjeant, 1972) comb. nov. = Hexagoniferajurassica Gitmez & Sarjeant, 1972, pp.
240-241; pI. 14, figs 5, 8. Senoniasphaerajurassica (Gitmez & Sarjeant); Lentin & Williams, 1977, p.
144.

Ambonosphaera calloviana Sp. nov.
Plate 7, figs 3, 5-6, 8-9; text-figs 16, 17

Derivation ofname: After the Cal10vian stage of the Jurassic system, from which this species is recorded
for the first time.

Diagnosis: A species af dinoflagelIate having a small cavate cyst; the pericyst is
subpolygonal and the endocyst is usually ovoidal to spheroidal. Polygonality is

4·
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Fig. 17. Ambonosphaera calloviana gen. et sp. nov., paratype (i). A; ventral view. B; dorsal view.
Ornament of endophragm idealized; ornament of periphragm omitted. (Bar represents 10 microns).

imparted to the pericyst by erest-like bulges bearing parasutural ridges; the
paratabulation is 4',5 or 6", 7e, 6 or 7''', lp, lpv, ?2"", 3 or 3+s. The endo
phragm is thiek and eoarsely and irregularly granular; the periphragm is thin,
translueent and less eoarsely granular than the endophragm. Usually small apieal
and antapieal perieoels are present; separation of the two walllayers other than at
the apex and antapex is variable both within a single specimen and from one
specimen to another. Rarely the two wall layers may be closely appressed over
almost all of the eyst surfaee. The areheopyle is apieal; the opereulum may be
attaehed or detaehed.

Holotype: MGUH 14.731, 97.5/10.0; from GGU 100721, Fossilbjerget Member, Vardekløft Forma
tion, west of Olympen. Plate 7, figs 3, 6, 9; text-fig. 16B, C.

Paratypes: (i) MGUH 14.733, 117.9/11.7 (Plate 7, fig. 8; text-fig. 17); (ii) MGUH 14.732,113.217.6
(Plate 7, fig. 5; text-fig. 16A); (iii) MGUH 14.734, 108.1/5.6 (text-fig. 16D). All paratypes from
sample GGU 100721, Fossilbjerget Member, Vardekløft Formation, west of Olympen.

Dimensions: See Table 2.

Description: A species af Ambonosphaera with a subpolygonal pericyst and a
usually spheroidal to ovoidal endoeyst. The development of perieoels is variable,
but nowhere great. Paratype (iii) (text-fig. 16D) is an extreme example in which
the two walllayers are closely appressed over most of the surfaee of the cyst; in this
case the shape of the endoeyst approximately refleets that of the pericyst. The
greatest separation of the wall layers is at the apex and, most notably, at the
antapex; in these regions small pericoels occur. EIsewhere the separation is most
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Table 2. Dimensions af Ambonosphaera calloviana gen. et sp. nov.
(Measurements given in microns)

Length Length Breadth
(Archeopyle formed) (Archeopyle not for-

med)
Endocyst Pericyst Endocyst Pericyst Endocyst Pericyst

Holotype 38 45 38 42
Paratype (i) 37 42 36 39
Paratype (ii) 34 40 28 33
Paratype (iii) 46 49 38 40
Range (of eighf

specimens) 37-40 42-45 34(38)46 40(43)49 26(32)38 32(38)42

pronounced along the parasutures where the periphragm tends to form narrow
outbulges, producing crest-like structures; these give the pericyst its polygonality.

The endophragm is thick and ornamented by coarse granules; these are irregu
larly distributed, sometimes in lines or dumps. Ornamentation is absent from parts
of the parasulcus and occasionally from small areas elsewhere on the endocyst. The
periphragm is thinner and less coarsely granular than the endophragm.

The parasutures are more or less distinct, usually represented by low ridges 0.4
to 4 Ilm wide, situated along the distal extremity of the outbulges of the pericyst.
Some, however, are much less distinct, especiaIly those delineating the smaller
paraplates.

There are four small apical paraplates, of which l' extends towards the parasul
cus. In two specimens the apical series is lost in archeopyle formation. When the
archeopyle is developed the position of paraplate l' is dearly indicated by an
indentation of the archeopyle margin projecting into the parasulcus.

There are 5 or 6 precingular paraplates; l" to 4" are of approximately equal
size. The parasuture dividing 5" and 6" is at most only faintly marked and is
sometimes absent; indeed, it is not possibie to be confident about the presence of
two plates here.

The paracingulum is laevorotatory, its two ends separated by a distance equal to,
ar slightly greater than, one paracingulum width. It is divided into seven paraplates
of which 1c is small. Paraplate 7c appears to vary in size, sometimes being of
approximately equal size to paraplates 2c to 6c, but sometimes it is small. The
paracingulum is 7-9 Ilm broad on the holotype, which is typieal.

The parasulcus is straight to slightly sinuous, narrow and depressed. It extends
for most of the length of the cyst and tends to be more deeply depressed on the
hypoeyst. It is subdivided into at least three paraplates (though these are not visible
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in all specimens) inc1uding a posterior ventral paraplate. In the holotype a small
circular plate-like area within the parasulcus and adjacent to the paracingulum may
reflect the flagellar pore of the motile stage.

an the hypocyst to the left of the parasulcus the paratabulation is again in
distinct. The postcingular series in this area is reduced in size because of the
presence of a moderately large posterior intercalary paraplate. However, whether
one or two postcingular paraplates are present is not c1ear. an one specimen a
parasuture between the two possible paraplates is c1early indicated (text-fig. 16A),
but on others it is faint or absent (text-figs 16B, D, 17A). Paraplates n''', ?3'"
and ?4'" on the lateral and dorsal surfaces are large, but ?5'" is smaller owing to
the configuration of the paracingulum. Paraplate ?6'" is usually moderately well
marked; it is narrow and elongate, broadening towards the antapex.

The number of antapical paraplates is not clear. At least one is present and
ventrally inc1ined, but low, poorly marked ridges in the region of the antapex may
indicate the presence of more paraplates there.

Remarks: Ambonosphaera jurassica (Gitmez & Sarjeant, 1972) Fensome, herein,is
distinguishedfrom A. calloviana by its more rounded outline, the more consistent
width of its pericoels in ambital view and by its less well developed paratabulation.

Dingodinium minutum Dodekova, 1975, recorded from the Upper Bathonian of
Bulgaria, appears to be similar to A. calloviana, at least superficially. The two
species appear to be comparable in size, in the nature of the surface ornament of
their endoblasts, in the nature of their parasutural crests, and in the development of
their archeopyles.

D. minutum, however, differs from A. calloviana in the detail of its paratabula
tion. A. calloviana does not possess any anterior intercalary paraplates and cer
tainly has at least six postcingular paraplates, including a small elongate paraplate
immediately to the right of the parasulcus. Dodekova reports two possible anterior
intercalary paraplates and five postcingular paraplates from D. minutum. It
Dodekova's plate 5, fig. 13 is indeed of the ventral surface, D. minutum can be
further differentiated from A. calloviana by its asymmetrically situated endocyst,
its circular paracingulum and its relatively indistinct parasulcus. Because of its
determinable paratabulation and apparently apical archeopyle, D. minutum possi
bly merits generic reattribution, a conc1usion also reached by Sarjeant, (1978). Hs
paratabulation, as described by Dodekova, however, does not accord with that of
Ambonosphaera.
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Genus Sirmiodinium Alberti, 1961 emend. Warren, 1973
Sirmiodinium grossi Alberti, 1961 emend. Warren, 1973

Plate 6, fig. 6; Plate 7, fig. Il

Sirmiodinium grossi Alberti, 1961, p. 22; pI. 7, figs 5-7; pI. 12, fig. 5. - - Sarjeant, 1966b, p. 212; pI.
22, fig. 7. - - emend. Warren, 1973, pp. 104-113; pis 1-3, all figs; text-figs 3--6. - - Bjaerke, Edwards
& Thusu, 1976, pI. 1, fig. l. Brideaux, 1977, pI. 15, fig. 11. Sirmiodinium sp. Evitt, 1967, pI. 8, figs 6-9.
Sirmiodinium sp. Evitt, 1967, pI. 8, figs 10-11.

Dimensions: Range; (twelve specimens measured) pericyst: length 45 (66) 87 J.lm, breadth 52 (63) 78
11m; endocyst: length 37 (53) 63 J.lm, breadth 39 (52) 63 11m.

Remarks: The variation of overall shape, the nature of, and variation in, the de
velopment of the archeopyle, and the presence and position of accessory apertures
in the Jameson Land specimens of this species confirm the observations of Warren
(1973). The parasutures are faintly indicated. Pentagonal forms predominate;
Warren noted that this was so with his specimens from the Upper Jurassic. How
ever, one approximately triangular form was observed (Plate 7, fig. 11).

Family ENDOSCRINIACEAE Vozzhennikova, 1967a emend. Sarjeant & Downie, 1974
Genus Endoscrinium Klement, 1960 (Vozzhennikova, 1967a)

Endoscrinium galeritum (Deflandre, 1938b emend. Klement, 1960) Vozzhen
nikova 1967a

Plate 7, fig. 7

Gymnodinium galeritum Deflandre, 1938b, p. 167; pI. 5, figs 7-9; pI. 6, fig. 1; text-fig. 1. Scriniodinium
(Endoscrinium) galeritum (Deflandre); emend. Klement, 1960. pp. 22-27; pl. l, figs 4-12; pI. 2, figs
1-2; text-figs 4-5. -- Habib, 1972, pI. 6, fig. 3; (?). Scriniodinium galeritum (Deflandre); Sarjeant,
1961a, pp. 98-99; pl. 14, fig. 6. -- Dodekova, 1967, pp. 13-14; pI. l, figs 1-5. Endoscrinium
galeritum (Deflandre); Vozzhennikova, 1967a, p. 176; pI. 98, fig. 7. (English translation in Vozzhe,n
nikova, 1971, pp. 273-274). -- Sarjeant, 1968, p. 236; pI. l, fig. 11. -- Gitmez, 1970, p. 301; pI. 3,
figs 7-8; pI. 8, fig. 3. - Johnson & Hills, 1973, pI. 1, fig. 16. Endoscrinium cf. galeritum (Deflandre);
Sarjeant, 1972, p. 50; pI. 3, fig. 6; (?).

Dimensions: Range; (24 specimens measured) pericyst: length 96 (105) 116 J.lm, breadth 90 (96) 106
J.lm; endocyst: length 77 (80) 83 J.lm, breadth 79 (85) 91 J.lm.

Remarks: The Jameson Land specimens of E. galeritum appear to be typical of this
species in all respects.
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Endoscrinium oxfordianum (Sarjeant, 1962b) Vozzhennikova, 1967a
Plate 8, fig. 2

Scriniodinium sp. A. Sarjeant, 1960b, p. 394; pI. 13, fig. 2. Scriniodinium (?Endoscrinium) sp. Sarjeani,
1962a, p. 263, pI. 1, fig. 15. Scriniodinium (?Endoscrinium) oxfordianum Sarjeant, I962b, p. 485; pI.
69, figs 13-14. Endoscrinium aff. oxfordianum (Sarjeant); Vozzhennikova, I967a, p. 177; pI. 98, fig. 8;
(?). (English translation in Vozzhennikova, 1971). Endoscrinium oxfordianum (Sarjeant); Sarjeant,
1975, pI. 3, fig. 4. Scriniodinium crystallinum (Deflandre); Felix, 1975, pI. 1, fig. 3. - - Vigran & Thusu,
1976, pI. 18, fig. 4; (?); Brideaux, 1977, pI. 15, fig. Il.

Dimensions: Range; (lhree specimens measured) pericysl: lenglh 96 (101) 106 11m, breadth 79 (91) 103
11m; endocyst: lenglh 75 (80) 83 flm, breadlh 64 (70) 76 flm.

Remarks: This species is aften confused with Scriniodinium crystallinium (De
flandre, 1938). Both species have a similar shape and a similarly smooth cyst wall;
indeed, they may be intergradationa1. However, E. oxfordianum possesses
parasutural crests an the endocyst and aften a slightly larger antapical pericoe1. The
Jameson Land specimens appear to possess discontinuous parasutural crests, and
because of this the paratabulation is difficult to interpret. In size and shape they are
typical of this species.

Endoscrinium subvallare (Sarjeant, 1962a) Lentin & Williams, 1973
Plate 8, fig. 3

Scriniodinium subvallare Sarjeant, 1962a, pp. 262-263; pI. l, fig. 10; text-fig. 7. Endoscrinium subval
lare (Sarjeant); Lenlin & Williams, 1973, p. 54.

Dimensions: Figured specimen: pericyst: length 116 11m, breadth 92 11m; endocyst: length 92 11m,

breadth 73 f.lm.

Remarks: Unless well preserved, specimens of E. subvallare are difficult to distin
guish from E. galeritum (Deflandre, 1938b).

Endoscrinium sp.
Plate 8, fig. Il; text-fig. 18

Description: A form af Endoscrinium with an elongate subovoidal cyst and a short
but distinct apical horn. The cyst wall consists of two layers which are separated
apically and antapically, producing a small apical pericoel and a larger antapical
pericoel. In the single well preserved specimen the two wall layers are also de
tached laterally for a variable distance from the apex and antapex, most notably
along the left side of the hypocyst. The paratabulation is indicated an the peri
phragm by low parasutural crests ornamented by short, well-spaced denticles;
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Fig. 18. Endoscrinium sp. (MGUH 14.740, 109.7/9.7; from sample GGU 144133, Hareelv Fm). a;
ventral view. b; dorsal view (operculum detached and present within endocoel, but not iIIustrated). (Bar

represents 10 rnicrons).

these denticles are difficult to see except at the edges af the specimen. The
paratabulation is 4', 2a, 6"', 6c, S''', 1pv, lp, l'''', 3+s.

There are four apical paraplates of which 1', 3' and 4' form the apical horn and
also extend for short distances onto the main body af the cyst. The posterior
margins of these three paraplates are irregularly shaped to accommodate the an
terior intercalary paraplates. Paraplate 2' is inserted between the parasulcus and
paraplate 1", immediately at the base and to the left af the apical horn; it is
elongate in an antero-posterior direction.

There are two small anterior intercalary paraplates. One af these, la, is located
an the dorsal surface immediately anterior to paraplate 3" and projecting into
paraplate 3'. Paraplate 2a is situated an the ventral surface; it is a small curved
paraplate inserted between 1',4' and 6".

There are six precingular paraplates, 6" being narrow relative to the others.
Paraplate 3" is involved in archeopyle formation. In ane specimen the operculum
is detached but has fallen into the cavity af the cyst. In another the operculum
remains attached along the posterior parasuture af 3".

The paracingulum is narrow and strongly laevorotatory; its free ends are dis
placed at the parasulcus by a distance equal to about two and a halt paracingulum
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widths. It broadens immediately to the left of the parasulcus to form paraplate le,
which is mueh shorter than the other five paraeingular paraplates. The parasutures
between the paracingular paraplates on the dorsal surfaee consist of wall thieken
ings of variable width. The parasuture separating paraplates 2e and 3c on the
figured specimen is very wide and thiek; the significanee of this feature is not fully
understood, and it was not noted on other speeimens. The paraeingulum divides
the eyst into a subeonical epicyst and a slightly smaller, approximately trapezoidal
hypocyst.

The parasulcus is narrow and essentiaIly straight, although its margins are
slightly sinous. It extends for most of the length of the cyst. It is divided into four
paraplates, possibly including a relatively large, poody defined posterior ventral
paraplate. The parasulcus broadens towards the antapex.

There are five postcingular paraplates; 1/1' and 5/1' are small relative to the
others, paraplate 1'" because of the insertion of a small posterior interealary
paraplate between it and the antapex, and paraplate 5'" because of the configura
tion of the paracingulum. The antapex is flat and possesses a single antapieal
paraplate.

The endoeyst is subspheroidal. At the apex the endophragm is produeed into a
mamelon-like horn; at the antapex it is rounded. The endophragm is slightly
thieker than the periphragm. Both walllayers are shagreenate to sparsely granular.

Dimensions: Figured speciIDen; overaIllength 87 IlID, breadth 60 IlID, length of endocyst 65 IlID, length
of apical horn 10 IlID.

Remarks: This form of Endoscrinium most closely resembles E. klementii (Pocoek,
1972) in its shape, although it does possess a longer apieal horn. However, the
paratabulation of Endoscrinium sp. differs from that of E. klementii in its posses
sion of a posterior intercalary paraplate and significantly larger paraplates 6/1 and
l' ". Furthermore, Endoscrinium sp. has a mueh narrower parasulcus and lower
parasutural erests than are present in E. klementii.

E. galeritum (Deflandre, 1938) and E. subvallare (Sarjeant, 1962a) both differ in
the detail of their paratabulation from Endoscrinium sp., but are more readily
distinguished from it by shape. E. galeritum and E. subvallare are more rounded
apieally and antapieally than is Endoscrinium sp.; they also possess a broader
equatorial region in relation to the rest of the eyst.
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Genus Glabridinium Brideaux, 1977
Glabridirtium apatelum (Cookson & Eisenack, 1960b) Brideaux, 1977

Plate 8, fig. 6

Scriniodinium apatelum Cookson & Eisenack, 1960b, p. 249; pI. 37, figs 12-13. - - Manum & Cook
son, "1964, p. 20; pI. 4, fig. 4. Psaligonyaulax apaletum (sic) (Cookson & Eisenack); Sarjeant, 1966a, p.
138, nornen nudum. Psaligonyaulax apaleta (sic) (Cookson & Eisenack); Sarjeant in Davey, Downie,
Sarjeant & Williams, 1969, p. 15. - - Gitmez, 1970, pp. 303-304; pI. 6, fig. 8; text-fig. 29.
Psaligonyaulax apatela (Cookson & Eisenack); Sarjeant, 1975, pI. 1, fig. 3. Psaligonyaulax apatelum
(Cookson & Eisenack); Bjaerke, Edwards & Thusu, 1976, pI. 1, figs 2-4. Glabridinium apatelum
(Cookson & Eisenack) : Brideaux, 1977, p. 35-36.

Dimensions: Range; (seven specimens measured) pericyst length 65 (83) 95 flm, pericyst breadth 32
(42) 52 flm, endocyst length 43 (52) 68 flm, endocyst breadth 32 (40) 52 flm, length of apical pericoel4
(7) 10 flm, length of antapical pericoel 15 (22) 29 flm, length of apical horn 0.5 (3) 5 flm.

Remarks: The Jameson Land specimens of G. apatelum are on the small side of the
size range of the type material, but only one specimen was outside that range. The
apex was often damaged and this factor may have caused the measurements of
horn length to be inaccurate.

Family CLElSTOSPHAERIDIACEAE Sarjeant & Downie, 1974
Genus Cleistosphaeridium Davey, Downie, Sarjeant & Williams, 1966

Cleistosphaeridium ehrenbergi (Deflandre, 1947) Davey, Downie, Sarjeant & Wil
liams, 1969
Plate 8, fig. 10

Hystrichosphaeridium cf. hirsutum Deflandre, 1938a, pI. 10, fig. 9. Hystrichosphaeridium ehrenbergi
Deflandre, 1947, fig. 1, no. 5. -- Valensi, 1955, p. 587; pI. 3, fig.!. Baltisphaeridium ehrenbergi
(Deflandre); Sarjeant, 1962b, pp. 486-487; pI. 70, fig. 1; text-fig. 6a. Cleistosphaeridium ehrenbergi
(Deflandre); Davey, Downie, Sarjeant & Williams, 1966, p. 170, nornen nudum. - - Davey, Downie,
Sarjeant & Williams, 1969, p. 16. -- Gitmez, 1970, p. 284; pI. 4, fig. 7. text-fig. 22a.

Dimensions: Figured specimen; central body: length 25 !-Lm, breadth 36 !-Lm, length oC spines (average) 8
flm.

Remarks: This specimen has approximately 70 processes. Sarjeant (1978) notes
that C. ehrenbergi has typically 80-100 processes. Gitmez (1970) also figured a
specimen with fewer processes than is typical for this species.
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Family HYSTRICHOSPHAERIDIACEAE Evitt, 1963 emend. Sarjeant & Downie, 1974
Genus Perisseiasphaeridium Davey & Williams, 1966

Perisseiasphaeridium cf. P. pannosum Davey & Williams 1966
Plate 8, fig. 5

Oligosphaeridium pulcherrimum (Deflandre & Cookson); Gitmez, 1970, p. 290; pI. 7, fig. 7. -
Gitmez & Sarjeant, 1972, pp. 235-236; pI. 13, fig. 3; text-fig. 25. Cf. Perisseiasphaeridium pannosum
Davey & Williams; Vigran & Thusu, 1976, p!. 19, fig. 3.

Dimensions: Range: (14 specimens measured) central body: length 40 (45) 52 11m, breadth 41 (46) 49
11m; length af processes to 31-40 J.lm.

Remarks: This form was illustrated and described by Gitmez & Sarjeant, 1972.
They attributed their specimens to Oligosphaeridium pulcherrimum (Deflandre &
Cooksan, 1955). Although the processes af Perisseiasphaeridium cf. pannosum do
resemble those of O. pulcherrimum, they are more ragged and more broadly flar
ing. Furthermore, Perisseiasphaeridium cf. pannosum possesses relatively simple,
fine parasulcal and paracingular processes (illustrated, but not described or men
tioned by Gitmez & Sarjeant); because af these, this species is referable to Peris
seiasphaeridium rather than to Oligosphaeridium Davey & Williams, 1966.

The Jameson Land specimens of P. cf. P. pannosum are mostly poorly pre
served; however, other than the paracingular and parasulcal processes, the
paratabulation appears to agree with that interpreted by Gitmez & Sarjeant. There
are at least three parasulcal processes, but the number of paracingular processes is
unclear.

This form closely resembles P. pannosum; however, the allocation of these
Jurassic specimens to an Eocene species would be questionable. P. pannosum was
originally described on the basis of four specimens from the London Clay, a
stratum which is known to contain well preserved reworked Jurassic dinoflagelIate
cysts (Sarjeant, personal communication). Since its original description P. pan
nosum has been reported only from the Eocene sediments of Romania (Balte~,

1969) and from the Middle Eocene to Miocene of Brazil (Regali et al., 1974). The
specimen figured by Balte~ (pI. 2, fig. 1) does not appear to have fenestrate pro
cesses, and the fine parasulcal and paracingular processes of the nature illustrated
by Davey & Williams (1966, text-fig. 15, plate 3, fig. 5) are not clearly evident;
closer examination of Balte~' figured specimen would be necessary, however, to
more confidently assess his assignation. The specimen illustrated by Regali et al.
(1974) differs from typical specimens of P. pannosum in the morphology and
probably also in the distribution of its processes; it is therefore probably not at
tributable to this species.

Thus, it is possibie that P. pannosum is a Jurassic species, and that the specimens
described by Davey & Williams (and possibly also by Balte~) (1969) are reworked
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into Tertiary sediments. As well as those described by Gitmez & Sarjeant (1972),
specimens which appear to be synonymous with P. cf. P. pannosum have been
reported by Vigran & Thusu (1976, pI. 19, fig. 3) from the Jurassic of Norway.

It is interesting to note that the only other species of Perisseiasphaeridium yet
described, P. eisenacki Davey & Williams in Davey et al., 1969, is af Lower Cre
taceous age.

Family ADNATosPHAERIDIACEAE Sarjeant & Downie, 1966
Genus Adnatosphaeridium Williams & Downie, 1966

Adnatosphaeridium aemulum (Deflandre, 1938b) Williams & Downie in Davey,
Downie, Sarjeant & Williams, 1969

Plate 8, fig. 8

Hystrichosphaeridium aemulum Deflandre, 1938b, pp. 187-189; pI. 9, fig. 12; pI. 10, figs 5-8; pI. 11,
figs 1-7. Cannosphaeropsis aemula (Deflandre); Deflandre, 1947, p. 1574. - - Sarjeant, 1961a, p. 104;
pI. 15, fig. 1. - - Alberti, 1961, p. 36; pI. 10, fig. 8. Adnatosphaeridium aemulum (Deflandre); Williams
& Downie, 1966, p. 218, nomen nudum. - - Williams & Downie in Davey, Downie, Sarjeant &
Williams, 1969, p. 17. -- Sarjeant, 1975, pI. 3, fig. 6. Adnatosphaeridium paucispinum (Klement);
Gitmez & Sarjeant, 1972, pI. 10, figs 1-2; (?).

Dimensions: Range; (56 specimens measured) central body: longest diameter 45 (53) 65 llm, shortest
diameter 39 (45) 51 llID; length of processes 25 (31) 33 llm.

Remarks: The Jameson Land specimens appear to be typical of A. aemulum in all
respects. The specimens figured by Gitmez & Sarjeant (1972, pI. 10, figs 1-2) asA.
paucispinum (Klement, 1960) appear more closely comparable with A. aemulum.
They certainly appear to have toa many processes to be attributable to A. paucis
pinum.

Family SYSTEMATOPHORACEAE Sarjeant & Downie, 1974
Genus Systematophora Klement 1960

Aff. Systematophora sp.
Plate 8, fig. 4

Description: A species af dinoflagelIate cyst with a subovoidal central body, pos
sessing numerous processes apparently linked basally and at various points along
their length into penitabular groups. The width of the processes and the degree of
linkage between them appears to be very variable. The processes may be distally
free ar they may be linked. All three specimens observed were, however, toa
poorly preserved for the paratabulation to be interpreted. In ane af these speci
mens adistinet tube-like strueture, possibly in an antapical position, is present
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(Plate 8, fig. 4). Similar but very poorly preserved appendages appear to be present
in the other two specimens encountered. An archeopyle was not clearly perceived
in any of the specimens.

Dimensions: Range; (two specimens measured) longest diameter of central body 52 Itm, shortest
diameter of central body 41-47 Itm, length of processes 11-25 Itm, length of tube (one measurable) 15
J.lm.

Remarks: The possession of what appears to be an antapical tube distinguishes this
form from all known species of Systematophora.

Genus Polystephanephorus Sarjeant, 1961b
Polystephanephorus paracalathus (Sarjeant, 1960a) Sarjeant, 1961b

Plate 8, fig. 7

Po/ystephanosphaera paraca/athus Sarjeant, 1960a, pp. 143-144; pI. 6, fig. 4; text-fig. 3b. Po/ystepha
nephorus paraca/athus (Sarjeant) Sarjeant, 1961b, p. 1096. - - Sarjeant, 1968, p. 233, 235; pI. 1, fig.
15. - - Sarjeant, 1976c, pp. 18-19; pI. 6, figs 1-2.

Dimensions: Figured specimen; central body: length 60 Itm, breadth 49 Itm; length of processes 25-30
J.lm.

Remarks: This specimen is only moderately well preserved, but the groups of
processes and the trabeculae joining them are clearly seen.

Genus Prolixosphaeridium Davey, Downie, Sarjeant & Williams, 1966
Prolixosphaeridium cf. P. deirense Davey, Downie, Sarjeant & Williams, 1966

Plate 8, fig. 12

Pro/ixosphaeridium cf. deirense Davey, Downie, Sarjeant & Williams; Gitmez, 1970, p. 292; pI. 13, fig.
9; (?).

Dimensions: Figured specimen; length 49 Itm, breadth 130 Itm, length of processes to 10 Itm. Other
specimen (?); length 56 J.lm, breadth 26 Itm, length of process to 16 J.lm.

Remarks: The single well preserved specimen encountered had a densely granular
cyst wall and numerous simple acuminate processes, as is the case with P. deirense.
However, the enlarged antapical process and the spine rows which characterize P.
deirense were not observed, and therefore this specimen is compared with, rather
than assigned to, that species. Gitmez (1970) encountered similar specimens from
the basal Kimmeridgian of Dorset, England.
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Family CORDOSPHAERIDIACEAE Sarjeant & Downie, 1974
Genus Kleithriasphaeridium Davey, 1974

Kleithriasphaeridium cf. K. corrugatum Davey, 1974
Plate 9, fig. 2

Dimensions: Figured specimen; central body diameter 45 fA.m, length of the two complete processes 20
fA.m, 26 fA.m.

Remarks: As far as could be seen this specimen agrees with the diagnosis and
description of Davey for K. corrugatum, notably in the mode of archeopyle forma
tion, the nature of the processes and the surface ornamentation. (Davey notes that
"the type of wall ornamentation present between the processes is difficult to de
termine; the scanning electron microscope, however, clearly reveals that a complex
series of ribs and corrugations are present". The ribs and corrugations on the
surface of the Jameson Land specimen were, however, clearly visible without the
aid of a scanning electron microscope.)

Because of the only moderate preservation and because the paratabulation could
not be fully determined, this specimen is compared with, rather than attributed to,
K. corrugatum.

Order DINOPHYSIDALES
Family NANNOCERATOPSITACEAE Sarjeant & Downie, 1974

Genus Nannoceratopsis Deflandre, 1938b emend. Evitt, 1961a
Nannoceratopsis pellucida Deflandre, 1938b emend. Evitt, 1961a

Plate 9, fig. 13

Nannoceratopsis pellucida Deflandre, 1938a, fig. 5, nomen nudum. - - Deflandre, 1938b, pp. 183-184;
pI. 8, figs 8-12. - - Cookson & Eisenack, 1958, p. 52; pI. 10, figs 5-6; text-fig. 19. - - Sarjeant, 1960b,
pI. 12, figs7, 10. --emend. Evitt, 1961a, p. 34; pI. 1, figs 13-18; p\. 2, figs30-31.--Sarjeant, 1962b,
pI. 69, figs 9-10. - - Vozzhennikova, 1965, figs 32A, 47H. (English translation in Vozzhennikova,
1967b). - - Gocht, 1970, p. 157; pI. 32, figs 19-22; text-fig. 26. - - Gitmez, 1970, p. 282; pI. 7, fig. 4.
-- Johnson & Hills, 1973, pI. 2, fig. 1; text-fig. 7. -- Sarjeant, 1974a, pI. 9, fig. 2; text-fig. 30.-
Felix, 1975, pI. 1 fig. 4.

Dimensions: Figured specimen; length 109 fA.m, depth 41 fA.m.

Remarks: The specimens observed from Jameson Land are narrower than the type
material for this species, and the antapical horns are longer and more divergent.
Neither of these specimens possessed a detached or partially detached epicyst,
although these have been observed in this species (Sarjeant, 1974, p. 78 and
personal communication).
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Nannoceratopsis graci/is Alberti, 1961 emend. Evitt, 1962
Plate 9, fig. 1

Nannoceratopsis graciiis Alberti, 1961, p. 30; pI. 7, figs 16-17. - - emend. Evitt, 1962, pp. 1129-1130.
-- Gocht, 1964, pp. 115-120; pI. 15, figs 1-8; pI. 16, figs 1-4; text-figs 1-36. -- Wall, 1965, pp.
164-165; pI. 6, figs 12, 13. - - Gocht, 1972, pp. 16-28; figs 1-4, 6A. - - Johnson & Hills, 1973, pp.
207-208; pI. 3, figs 13-19; text-fig. 7-10. - - Felix, 1975, pI. 1 fig. 5. - - emend. Van Helden, 1977, p.
165; pI. 33.1, figs 10-14; pI. 33.2, figs 1-13. Nannoceratopsis def/andrei Evitt, 1961a, pp. 308-312; pI.
1, figs 1-14; pI. 2, figs 1-29; text-figs 5, 9-17. Nannoceratopsis sp. Chornaya, 1963, pI. 8, figs 1-14.
Nannoceratopsis senex Van Helden, 1977, pp. 165, 170; pI. 33.1, figs 1-9.

Dimensions: Range; (54 specimens measured) length 63 (72) 87 fJ.m, depth 43 (50) 59 fJ.um.

Remarks: Extensive morphological studies of N. graci/is have been made by Evitt
(1961a) and Gocht (1972). They noted especiaIly the great variability in the cyst
shape, in the nature of the crests bounding the large lateral areas and in the nature
of the ornamentation of the wall; a similar variability is exhibited by the Jameson
Land specimens.

Johnson & Hills (1973) encountered numerous specimens ofN. gracilis from the
lower part of the Savik Formation from Axel Heiberg Island in the Canadian
Arctic. They also noted considerable morphological variation and observed that
'boat-shaped' forms were replaced gradually by forms with a prominent ventral
antapicaI horn at successively higher levels of their section. Although both mor
phological extremes, as well as intermediate forms, occur in sample 144229, spe
cimens with distinctive antapical horns predominate. This sample might therefore
tentatively correlate with assemblages of N. graci/is towards the top of the section
studied by Johnson & Hills, indicating a late Bajocian age.

Many specimens ofN. graci/is from sample GGU 144229 have lost their epicysts
and others have partially detached epicysts. Evitt (1961a) and Gocht (1964) have
also noted this feature amongst their assemblages. Piel & Evitt (1978) have re
cently shown that N. gracilis has an archeopyle which is forrned by the loss of a
mid-dorsal paracingular paraplate. The loss of this paraplate mechanically weakens
the already narrow paracingulum; this consequently tends to tear beyond the pre
forrned archeopyle, in some cases so far that the epicyst becomes completely de
tached.

Van Helden (1977) has subdividedN. graci/is sensu Alberti into two species, N.
gracilis and a new taxon, N. senex. The latter is intended to include all 'boat
shaped' forms, other specimens remaining in a consequently restricted N. gracilis.
Although the present author recognizes the possibIe stratigraphical significance of
splitting N. gracilis, the method of subdivision apparently used by van Helden is
theoretically unsound. In defining N. gracilis and N. senex he appears to have
subdivided variable assemblages in which individuals form a morphological conti-
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nuum. Many palaeontologists consider that such continuous variation fields repre
sent natural units (Le, species) (for example George, 1971). If N. gradlis is to be
subdivided, the procedure used should leave such natural units intact.

INCERTAE SEDIS

Group ACRITARCHA Evitt, 1963
Subgroup ACANTHOMORPHITAE Downie, Evitt & Sarjeant, 1963
Genus Micrhystridium Deflandre, 1937 emend. Sarjeant, 1967

Micrhystridium deflandrei Valensi, 1948
Plate 8, fig. 9

Micrhystridium deflandrei Valensi, 1948, pp. 553-554; fig. 5, nos. 3-5. - - Valensi, 1953, p. 51; pI. 7,
figs 19, 21-22. -- Valensi, 1955, p. 589; pI. 3, fig. 18. -- Sarjeant, 1960b, p. 400; text-fig. lq.-
Sarjeant, 1962b, text-fig. ge. - - Chornaya, 1963, p. 284; pI. 7, fig. 11. - - Sarjeant, 1965, p. 179; pI. 1,
fig. 5. -- Sarjeant 1968, pI. 2, fig. 9. -- Sarjeant, 1973, p. 42; pI. 1, fig. 12 (upper). -- Muir &

Sarjeant, 1978, pI. 1, fig. 6.

Dimensions: Range; (39 specimens measured) diameter 13 (16) 19 Ilm.

Remarks: This species is characterized by its numerous regularly distributed short
spines. It is common in one of the samples from the Fossilbjerget Member. These
specimens are typical of M. deflandrei in all morphological characteristics.

Micrhystridium fragile Deflandre, 1947b
Plate 9, fig. 7

Micrhystridiumfragile Deflandre, 1947b, p. 8; figs 13-18. -- Valensi, 1947, fig. 7. -- Valensi, 1953,
pp. 41-43; pI. 5, figs 1-14,17-19; pI. 14, figs 1-2. -- Valensi, 1955, p. 589; pI. 2, fig. 14. -- Delcourt
& Sprumont, 1957, p. 60; pI. 2, fig. 7. - - Sarjeant, 1959, p. 340; text-figs 7a,d. - - Sarjeant, 1960b, pp.
398-399; pI. 12, fig. 3; pI. 13, figs 9,14; pI. 14, fig. 9; text-figs 1m, 10, 2. -- Sarjeant, 1961a, p. 105; pI.
13, figs 3-4. - - Sarjeant, 1962a, p. 264; pI. 2, figs 11-12; text-fig. Sd. - - Sarjeant, 1962b, p. 489; pI.
70, fig. 6; text-fig. Sa. - - Chornaya, 1963, p. 284; pI. 7, figs 3-4. - - Takahashi, 1964, pp. 205-206; pI.
31, figs 8-10. -- Sarjeant, 1965, p. 177; pI. 1, fig. 10. -- Medd, 1966, p. 252; pI. 59, figs 1-2.-
Sarjeant, 1967, pI. 1, fig. 7; text-fig. Ih. - - Sarjeant, 1968, pI. 1, fig. 5; - - Gitmez, 1970, pp. 316-317;
pI. 8, fig. 8; pI. 12, fig. 4. - - Muir & Sarjeant, 1978, pI. 2, fig. 6. Archaechystrichosphaeridium
minimum Isagulova, 1963, p. 1157; fig. 24; (?).

Dimensions: Range; (29 specimens measured) diameter of central body 10 (13) 17 Ilm, length of spines
5 (7) 9 Ilm.

5 Bulletin nr. 132
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Remarks: The specimens observed from Jameson Land appear to be typical of this
species.

Micrhystridium pyramidispinum Dodekova, 1969
Plate 9, fig. 6

Micrhystridium pyramidispinum Dodekova, 1969, pp. 23-24; pI. 5, figs 7-13; text-fig. H.

Dimensions: Figured specimen; diameter of central body 18 f!m, length of spines 2 f!m. Holotype;
diameter of central body 15 f!m, length of spines 1.5 f!m (from Dodekova, 1969).

Remarks: This is the first record of this species other than its original description by
Dodekova from the Tithonian (Upper Kimmeridgian-Portlandian) of north-cen
tral Bulgaria. This specimen is closely comparable with Dodekova's figured speci
mens in its shape and the nature of its spines; it is slightly larger, however, than her
two measured specimens.

Micrhystridium recurvatum Valensi, 1953
Plate 9, fig. 5

Micrhystridium recurvatum Valensi, 1953, p. 43; pI. 6, figs 1-4. - - Valensi, 1955, p. 589; pI. 1, fig. 10.
-- Sarjeant, 1960b, p. 392, pI. 14, fig. 19; text-fig. la. -- Sarjeant, 1962b, p. 489, text-figs 8b,f.
Gocht, 1964, p. 123, pI. 16, fig. 13; text-fig. 43. - - Sarjeant, 1965, pp. 177-178; pI. 1, figs 11-18. -
Dodekova, 1967, p. 27; pI. 3, fig. 10. - - Sarjeant, 1967, pI. 1, figs 1, 3-5, 9; text-fig. Ih. - - Gitmez &
Sarjeant, 1972, p. 247; pI. 17, figs 1-2.

Dimensions: Range; (22 specimens measured) diameter of central body 10 (14) 20 f!m, length of spines
4 (5) 7 f!m.

Remarks: Specimens of M. recurvatum were encountered in several of the Jameson
Land samples. They appear to be typical of this species in all respects.

Genus Solisphaeridium Staplin, Jansonius & Pocock, 1965 emend. Sarjeant, 1968
Solisphaeridium stimuliferum (Deflandre, 1938b) Staplin, Jansonius & Pocock,

1965
Plate 9, fig. 3

Hystrichosphaeridium stimuliferum Deflandre, 1938b, p. 192; pI. 10, fig. 10. - - Deflandre, 1947, p. 5;
text-fig. 4. -- Valensi, 1953, p. 36; pI. 4, figs 13,15-16; pI. 13, fig. 17. Baltisphaeridium stimuliferum
(Deflandre); Sarjeant, 1960b, text-fig. 1. -- Sarjeant, 1961a, pp. 100-101; pI. 15, fig. 5; text-fig. 8a.
- - Sarjeant, 1962b, pp. 488-489; pI. 70, figs 5,17; text-figs 8c, e, g. Baltisphaeridium cf. stimuliferum
(Deflandre); Sarjeant, 1962a, pp.264-265; pI. 2, fig. 10; text-fig. 8a. Solisphaeridium stimuliferum
(Deflandre); Staplin, Jansonius & Pocock, 1965, p. 183; pI. 18, figs 1-2; text-figs 3,10. -- Sarjeant,
1968, p. 223; pI. 3, fig. 6; text-fig. 1. - - Deflandre & Sarjeant, 1970, pp. 5--6; pI. 1, fig. 4. - - Gitmez,
1970, pp. 320-321; pI. 13, fig. 6; text-figs 34 a-l.
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Dimensions: Range; (five specimens measured) central body: longest diameter 22 (25) 28 ~m, shortest
diameter 16 (20) 23 [tm; length af spines to 12 (14) 19 [tm.

Remarks: Several of the specimens observed are obscured or torn and therefore
difficult to study. However, in size, shape and nature of their spines, the Jameson
Land specimens appear to be typical of this species.

Solisphaeridium ankyleton sp. nov.
Plate 9, figs 10-11, 15; text-fig. 19

Derivation of name: Gr. ankyleton, javelin; in reference to the lang spines af this species.

Diagnosis: A species of Solisphaeridium with an ovoidal or spheroidal central
body, with 5-9 long, lanceolate or very rarely briefly bifurcate processes; the ratio
of longest process length to longest central body diameter is approximately 3:2. For
the greater part of their length the processes are hollow, but there is a short solid
section at or near each process base. The wall is smooth to finely granular and
opens by means of a cryptosuture.

Holotype: MGUH 14.756,97.2/18.7; from GGU 144115, Hareelv Formation, south side afLangryg
gen. Pla'te 9, figs 10, 15; text-fig. 19B.

Paratype: MGUH 14.757, 107.5/15.1; from GGU 144115, Hareelv Formation, south side af Langryg
gen. Plate 9, fig. 11; text-fig. 19A.

Dimensions: Holotype ; central body 26 x 23 [tm, processes to 33 [tm. Paratype; central body 21 x 17 [tm,
processes 20-30 [tm. Range; (six specimens measured) central body: longest diameter 17 (23) 27 [tm,
shortest diameter 15 (20) 23 [tm; length af longest processes 30 (34) 35 [tm.

Description: This species is characterized by its long spines, each with a solid basal
section. This may occur immediately at the base of the process, as in the holotype,
or it may be located at a short distance above the base, as in most spines on the
paratype; in the latter case the base of the processes are hollow for the proximal
2-3 Ilm of their length, this part of the processes connecting freely with the cavity
of the central body. The solid part of each process is usually 4-8 Ilm long; it is not
markedly constricted, if at all. Between the solid section and their c1osed, some
what flattened distal extremity, the processes are hollow. All processes seen, with
one exception, have a simple, pointed distal tip; in the one exception the process is
finelyand briefly bifurcate. Unfortunately many processes have been truncated
during preservation, so it is difficult to assess the consistency of process length in a
given specimen; however, all processes that remain complete are considerably
longer than the test diameter.

The wall of both the central body and the processes is thin and thus prone to

S·
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A B

Fig. 19. Solisphaeridium ankyleton sp. nov. A; paratype. B; holotype. (Bar represents 10 microns).

folding. Only in the paratype was a cryptosuture observed, but because af folding
of the test wall its exact nature is not clear.

Remarks: The only other forms of Solisphaeridium in which the process and central
body cavities are not freely interconnected are S. claviculorum (Deflandre, 1938b)
and S. cf. S. claviculorum of Muir & Sarjeant, 1978. However, S. ankyleton is
clearly distinguished from these by its fewer and considerably longer processes.
Similar forms have been encountered by Sarjeant (personal communication) from
Bed 2 af Wright (1968) (athleta Zone, Callovian) of the Hackness Rock at Hack
ness Quarry, Yorkshire.

Solisphaeridium brevispinosum (Sarjeant, 1961a) emend. Sarjeant, 1968
Plate 9, fig. 17

Baltisphaeridium ehrenbergi var. brevispinosum Sarjeant, 1961a, p. 103; p\. 15, fig. 8; text-fig. 8a.
Baltisphaeridium debilispinum var. brevispinosum (Sarjeant); WaIl, 1965, p. 155; p\. 1, fig. 10; p\. 7,
fig.5. ?Solisphaeridium brevispinosum (Sarjeant); emend. Sarjeant, 1968, pp. 223-224; p\. 1, figs 3, 9.
Solisphaeridium brevispinosum (Sarjeant); Gitmez, 1970, p. 320; p\. 2, fig. 7. -- Sarjeant, 1973, pp.
55-56; p\. 13, fig. 10. -- Sarjeant, 1976c, pp. 19-20; p\. 3, fig. 6.

Dimensions: Figured specimen; central body; longest diameter 29 14m, shortest diameter 26 14m; length
of spines 7-9 14m.
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Remarks: There are about 40 spines (slightly fewer than is typical); their length is
between one third and one fifth of the test diameter (one quarter to one fifth is
typical). The test is ovoidal, almost spheroidal, and the test wall is finely granular.

Subgroup POLYGONOMORPHITAE Downie, Evitt & Sarjeant, 1968
Genus Veryhachium Deunff, 1958 emend. Downie & Sarjeant, 1963

Veryhachium sortehatense sp. nov.
Plate 9, figs 4, 8-9; text-fig. 20 B-I

Derivation of narne: After the Sortehat Member of the Vardekløft Formation, in which this species is
most abundantly encountered in the present work.

Diagnosis: A species of acritarch with a polygonal central body from the angula
tions of which arise 5-9 broad-based, hollow, horn-like processes; these usually
have a 1ength of 50-110 per cent of the greatest diameter of the central body
although rarely they may be shorter. They are usually acuminate but may occasi
anally bifurcate ar, rarely, trifurcate distally. The test surfaee is distinctly granular.
Opening is by means af a cryptasuture.

Holotype: See Tabte 3. From the Sortehat Member, Vardekløft Formation, north of Dusen Bjerg.

Paratypes: See Table 3. All paratypes are from the Vardektøft Formation, Paratypes (i) - (vi) are from
the Sortehat Member, north of Dusen Bjerg, and paratype (vii) is from the Fossitbjerget Member, west
of Fossilbjerget.

Dimensions: See Table 3.

Table 3. Dimensions of, and information pertaining to the holotype and paratypes of
Veryhachium sartehatense sp. nov.

(Measurements given in microns)

Greatest
diameter Length af Slide Slide Sample Plate- Text-
af central spines no. location no. figure figure

body

Holotype 16 to 12 MGUH 14.759 94.4/17.0 GGU 144231 9--8 208
Paratype (i) 15 to 12 MGUH 14.760 107.3/19.0 GGU 144231 - 20H
Paratype (ii) 16 to 12 MGUH 14.761 106.4/ 9.5 GGU 144231 9-4 20G
Paratype (iii) 23 to 10 MG UH 14.762 90.5/12.0 GGU 144231 - 20E
Paratype (Iv) 15 to 10 MGUH 14.763 102.1/14.5 GGU 144231 9-9 20F
Paratype (v) 15 to 13 MGUH 14.764 111.2/17.6 GGU 144231 - 201
Paratype (vi) 19 to 12 MGUH 14.765 110.6/17.8 GGU 144231 - 20D
Paratype (vii) 16 to 8 MGUH 14.766 105.6/12.0 GGU 139163 - 20C
Range 11(15)23 to 8(12)16 - - - - -

(50 specimens)
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H

Fig. 20. A; Veryhachium cf. V. sortehatense sp. nov. Fensome (MGUH 14.767, 109.7/14.5; from
sample GGU 144144, Pelion Mb). B-I, Veryhachium sortehatense sp. nov. B; holotype. C; paratype
(iii). D; paratype (vi). E; paratype (iii). F; paratype (iv). G; paratype (ii). H; paratype (i). I; paratype

(v). (For details of these specimens, see Table 4). (Bar represents 10 microns).

Description: This species possesses a test which, in plan view, is subtriangular to
subrectangular, rarely fusiform to subspheroidal. Five to nine spines usually merge
with the central body; more rarely they may be more or less distinct. The cavities of
the spines connect freely with that of the central body. Spine length is rarely shorter
than 50 per cent af the greatest diameter af the central body and may occasionally
exceed 100 per cent; within that range, however, spine length is variable. Distally
most spines are more or less sharply pointed; in some specimens, however, one ar
two spines bifurcate or, rarely, trifurcate. The test wall is single layered and di
stinctly granular; granules may develop into short barbs, especiaIly on the spines.
The test apens by means of a cryptosuture.
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Remarks: Some specimens of V. sortehatense resemble V. collectum Wall, 1965,
but V. sortehatense has more variation in the shape of its central body and also
more broadly based processes; it never exhibits the whip-like processes that cha
racterize many specimens of V. collectum.

V. sortehatense also resembles V. riburgense Brosius & Bitterli, 1961. However,
the spines of V. riburgense are usually significantly shorter than those of V. sorte
hatense and generally possess blunter distal endings. The variation within V. ribur
gense, as described by Brosius & Bitterli, is nevertheless similar to that observed in
V. sortehatense. The granular surface ornament may be a further point of distinc
tion between V. sortehatense and both V. riburgense and V. collectum.

Similar specimens have been observed by Sarjeant (personal communication)
from Bed 2 of Wright (1968) (athleta Zone, Callovian) of the Hackness Rock at
Hackness Quarry, Yorkshire.

One specimen was observed from the Pelion Member which resembles V. sorte
hatense in its general morphology. However, it possesses ten spines (5-9 is typical
for V. sortehatense); furthermore, some of these spines are of significantly greater
relative length than is typical for this species. This specimen is illustrated in text-fig.
20A.

Subgroup PrEROMORPHITAE Downie, Evitt & Sarjeant, 1963
Genus Pterospermopsis W. Wetzel, 1952

Pterospermopsis sp. A.
Plate 9, fig. 12; text-fig. 21 a,c

Description: A form of Pterospermopsis having a spheroidal central body with a
smooth, thick walt. One specimen (Plate 9, fig. 12) has an irregularly shaped
aperture in this wall, possibly resulting from random tearing. The wing is relatively
thick for this genus; in width it is about 1/2-2/3 the central body diameter, and is
ornamented by several more or less straight, radiaIly arranged wing-folds. Between
wing-folds the surface of the wing is smooth.

Dimensions: Range; (five specimens measured) overall diameter 20 (25) 30 14m, diameter of central
body 9 (12) 14 14m; ratio of wing breadth to central body diameter usually between 0.5:1 and 0.7:1.

Remarks: This form is superficially similar to P. helios Sarjeant, 1959 and P.
australiensis Deflandre & Cookson, 1955. When compared in detail with P. helios,
however, it can be seen that whereas the wing of Pterospermopsis sp. A is relatively
thick, that of P. helios is very delicate. Furthermore, the wing folds of P. helios are
much more pronounced than those of Pterospermopsis sp. A, which, in plan view,
appear as narrow radial lines.
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Fig. 21. a; Pterospermopsis sp. A (MGUH 14.768, 109.0/12.6; from sample GGU 144161, Fynselv
Mb). b; Pterospermopsis sp. B (MGUH 14.769, 109.5/12.2; from sample GGU 144161, Fynselv Mb).
c; Pterospermopsis sp. A (MGUH 14.771, 100.3/3.0; from sample GGU 144111, Pelion Mb). d;
Pterospermopsis sp. C (MGUH 14.770, 110.2/13.2; from sample GGU 144161, Fynselv Mb). (Bar

represents 10 microns).

The wing folds of P. australiensis, as shown by the illustrations of Deflandre &
Cookson (1955), are much less regularly distributed and less continuous than are
those of Pterospermopsis sp. A.

Pterospermopsis sp. B.
Plate 9, fig. 16; text-fig. 2lb

Description: A form of Pterospermopsis in which the wing is unfolded and slightly
narrower than the diameter of the central body. The wing is circular in outline and
finely granular; it possesses faint striations, densely and radially arranged across its
surface. The central body is spheroidal; its wall is about 1.5 !-lm thick, smooth to
finely granular and possesses a fold which is probably a preservational feature.

Dimensions: Figured specimen; overall diameter 31 /!m, diameter of central body 17 /!m.

Remarks: This form differs from P. australiensis Deflandre & Cookson, 1955, P.
helios Sarjeant, 1959 and Pterospermopsis spp. A and C of Fensome, herein, by the
lack of distinctive folds on its wing. It is also similar to P. aureolata, Cookson &
Eisenack, 1958, P. eurypteris Cookson & Eisenack, 1958 and P. pluriparietes
Doring, 1961; however, it is distioguished from these species by its lack of all but
very fine ornament 00 its wing.
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Pterospermopsis sp. C
Plate 9, fig. 14; text-fig. 21 d

Description: A form of Pterospermopsis similar to Pterospermopsis sp. A of Fen
some, herein, in its general morphology and size, but with folds on the wing
arranged so as to give aregularly scalloped appearance.

Dimensions: Range; (two specimens measured) overall diameter 23-29 \lm, diameter of central body
13-15 \lID, breadth of wing 5-6 J!m, thickness of central body wall 1 J!m.

Remarks: Pterospermopsis Sp. C differs from all previously described forms of
Pterospermopsis in the scalloped nature of its wing folds. In general shape and
dimensions it is similar to Pterospermopsis sp. A of Fensome, herein, Pterosper
mopsis sp. B of Fensome, herein, P. helios Sarjeant, 1959' and P. australiensis
Deflandre & Cookson, 1955.



Stratigraphical considerations

---------- -- ~.-

74

DISCUSSION AND CONCLUSIONS

General Remarks

The distribution of taxa encountered and their previously recorded stratigraphi
cal ranges are given in Tables 4a, b. The stratigraphical ranges of organic-walled
microplankton taxa have been compiled from various sources, most notably Riley
& Sarjeant (1972), Harker & Sarjeant (1975) and Sarjeant (1975,1978). It should
be noted that the study of Jurassic dinoflagelIate cysts is still at a pioneer stage and
ranges of individual taxa must inevitably be modified as our knowledge increases.
Assignations of the samples to stages or ammonite zones were supplied with the
samples by T. Birkelund (Table 5).

Sortehat Member

af the five samples prepared from the Sortehat Member, two contained palyno
morphs too badly carbonized for meaningful study. The other samples yielded
organic-walled microplankton assemblages which are poor in terms of the number
of taxa represented. Sample GGU 144229 contains a rich assemblage in terms of
the absolute number of individuals present. This assemblage is, however, almost
totally dominated by Nannoceratopsis graci/is, which constitutes 98 per cent of the
individuals from that assemblage. The organic-walled microplankton from sample
144112 are well preserved but sparse; in this assemblage N. gracilis is again an
important constituent. The assemblage of sample 144231 is dominated by the new
acritarch species, Veryhachium sortehatense. N. gracilis was not encountered in this
sample.

Thus, the organic-walled microplankton assemblages obtained from the Sortehat
Member of the Vardekløft Formation do not allow for accurate dating. N. gracilis
has previously been recorded from Early Jurassic to at least Bajocian sediments
and possibly ranges into the Bathonian. The overall shape of the majority of
specimens of N. gracilis encountered in sample 144229 may tentative1y indicate a
late Bajocian age; this is discussed more fully in the systematic section.

The organic-walled microplankton assemblages obtained from the Sortehat
Member therefore only broadly support the Bajocian assignation tentatively estab
lished for it by ammonite associations, though they certainly do not contradict such
adating.

Pelion Member

ane sample (144111) was prepared from the Pelion Member. The organic-wal
led microplankton assemblage obtained from this sample is dominated by species
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of the famiIy Canningiaceae, notably Sentusidinium verrucosum and a new species,
Sentusidinium pelionense. S. verrucosum has previously been recorded from Late
Cal10vian - MiddIe Oxfordian sediments. However, since the Iower part of the
overlying Fossilbjerget Member is most probably of Bathonian age (as discussed
below) the Pelion Member in southern Jameson Land is almost certainly older than
CaUovian. By its ammonite associations sample 144111 is dated as Late Bajocian
Early Bathonian. Thus it appears that the stratigraphical ranges of S. verrucosum,
and also of Chytroeisphaeridia dictydia (also present in sample 144111 and previ
ously described only from Late Bathonian - Middle Callovian sediments), must be
extended downwards to at least the Early Bathonian. Other taxa encountered in
sample 144111 are long-ranging or previousIy undescribed and therefore of little
present stratigraphical use.

Fossilbjerget Member

Of six samples prepared from the Fossilbjerget Member, all except sample
137324 yielded assemblages of organic-walled microplankton worthy of detailed
examination. Of these samples, 144127 and 139163 have been assigned to the
apertum Zone (Callovian) and sample 100721 to the calloviense Zone (Callovian)
on the basis of their ammonite associations; the other two samples, 137053 and
144125, ean be dated as post-arcticus Zone, Bathonian - Callovian and Bathonian
respectively, again on the basis of associated ammonites.

Sample 144125 yielded a moderately rich assemblage, over 15 taxa being obser~

ved. Forms of Chytroeisphaeridia and Pareodinia predominate and include one
new species, Pareodinia brachythelis, which is a common constituent of the as
semblage. Two forms of Ctenidodinium, C. ornatum and C. cf. C. continuum, are
also present; C. continuum has been previously recorded onIy from the early Bat~

honian (Gocht, 1970). Most surprising is the presence in this sample ofSirmiodini
um grossi (?Kimmeridgian - Campanian); however, because only one specimen
was found, pollution cannot be excluded to explain its occurrence here. Other taxa
encountered are long-ranging or new and consequently of little immediate strati
graphical value.

It would appear from the taxa present that this sample is not older than Bathoni
an. In the combination af Ctenidodinium ornatum, C. cf. C. continuum and severaI
forms of Chytroeisphaeridia and Pareodinia, this assembIage is typical of Bathonian
assemblages. The organic-walled microplankton thus support the date for this
sample based on ammonite faunas.

The assembIage contained in sample 137053 is not as diverse as that af 144125,
only eight taxa being recorded. Forms of Chytroeisphaeridia and Pareodinia are
Iess prominent. The acritarchs are dominated by species of Micrhystridium, Cteni
dodinium ornatum is an important constituent of this assernbIage and C. cf. C.



Tabte 4a. The dinoflagellate cysts and acritarchs (*) recovered from the Vardektøft Formation

Sortehat Pelion Fossilbjerget Previously recorded
stratigraphical

144112 144231 144229 144111 144125 137053 139163 144127 100721 ranges

Micrhystridium deflandrei C L. Trias. - Oxf.

Ambonosphaera calloviana' R

Leptodinium subtile S E. Bath. - M. Kim.

Gonyaulacysta pectinigera I Bath.

Paragonyaulacysta sp. S

Egmontodinium sp. S

Valensiella ovulum I Baj. - E. Oxf.

Va/ensiella sp. R

E/lipsodictyum gochtii R

Solisphaeridium stimuliferum • R Baj. - E. Port.

Gonyaulacysta jurassica R R E. Bath. - M. Kim.

Chytroeisphaeridia pococki R R L. Bath. - L. Kim.

Gonyaulacysta cladophora R (?E.) M. Baj. - E. Kim.

Gonyaulacysta eisenacki R R M. Cal. - M. Kim.

Pareodinia ceratophora R I E. Jur. - L. Alb.

Sirmiodinium grossi S (?Kim.) Port. - Camp.

Nannoceratopsis pellucida R ?L. Baj. - E. Kim.

Ctenidodinium ornatum R F R E. Bath. - M. Oxf.

Ctenidodinium cf. continuum R R (E. Bath.)"



5% of the total assemblage
15%)} )})} »
30%» )}» })
50% » »» »
75%}) »)} )}

-
Pare.odinia ceratophora subsp. scopaeus R R R R lVI ....."'.

Pareodinia brachythelis F R ?L. Jur.

Pterospermopsis sp. A • R

Micrhystridium fragile· I R R Het. - L. Kim.

Micrhystridium recurvatum • R R F R Baj. - M. Kim.

Pareodinia cf. verrucosa S R

Sentusidinium pelionense C R

Sentusidinium verrucosum F R L. Cal. - M. Oxf.

Chytroeisphaeridia dictydia R F A C F L. Bath. - M. Cal.

Veryhachium sortehatense • D

Chytroeisphaeridia chytroeides R R R I R I R L. Bath. - Port.

Nannoceratopsis graciIis P D Het. - Baj. -?

Indeterminate acritarchs • R R R R S

Indeterminate dinoflagelIate cysts R R R R R R I R R

P Present (impractical to compute percentage because ofthe sparseness of specimens within the assemblage)
S Single specimen only
R Rare - greater than one specimen but less than
I Infrequent -}) }) 5% })}) })
F Frequent - }) » 15% })}) })
C Common - » » 30% })}) »
A Abundant -}) » 50% »}»)

D Dominant -}) » 75%

N. B. Approximate stratigraphical sequence only is implied by the listed order of the specimens in these tables. Taxa groupings indicate the
assemblages from each sample, but no stratigraphical sequence or zonal scheme is implied by the order af these assemblages in Tables
4 a, b.

* Taxa indicated by a single asterisk are acritarchs.
** Ranges of the species with Jameson Land specimens are compared and given in parentheses.



Table 4b. The dinoflagelIate cysts and acritarchs (*) recovered from the Olympen, Hareelv and Raukelv Formations

Olympen Hareelv Raukelv previously recorded

G G U sample stratigraphic
137315 137311 144128 144114 144115 146482 144133 144161 rangesnumbers

Pterospermopsis sp. A* R

Pterospermopsis sp. B* S

Pterospermopsis sp. C* R

Miehrystridium fragile * R Het. - L. Kim.

Miehrystridium pyramidispinosum * S L. Kim. - Port.

Kleithriasphaeridium cf. eorrugatum S (Barremian)"

Trichodinium castanea S L. Val. - L. San.

Trichodinium cf. ciliatum S

Gonyaulaeysta birkelundii I

Lithodinia cf. jurassiea S (?Bath. - Cal.)""

Sentusidinium pelionense R

Sentusidinium sp. C R

Sentusidinium sp. B S

Cyclonephelium hystrix I ?Kim. - L. Apl.

Perisseiasphaeridium cf. pannosum F E. Kim.

Endoscrinium sp. R

Gonyaulacysta nuciformis S L. Cal. - L. Kim.

Gonyaulacysta granuligera R E. - M. Kim.

Solisphaeridium ankyleton" R

Polystephanephorus paracalathus S E. Cal. - M. Oxf.

Endoscrinium subvallare R M.Oxf.

Leptodinium subtile ?S E. Bath. - M. Kim

Gonyaulacysta eisenacki subsp. oligodentata R Cal. - Kim.

Gonyaulaeysta jurassica var. longicornis R S S Oxf. -? Port.

Pareodinia evittii R S Baj. - L. Cal.

Sentusidinium sp. E R

Prolixosphaeridium et. deirense S ?S E. Kim.



Pianarospnaenolum aemulUm v . ~. ~. ~u,. ,...
Glabridium apatelum R R M. Oxf. - L. Kim.

Endascrinium galeritum I I Bath. - E. Kim.

Endoscrinium oxfordianum S R E. Oxf. - L. Kim.

Wanaea digitata S E. Cal. - M. Oxf.

Leptodinium aceras S E.- M. Kim.

Gonyaulacysta scarburghense R R l. Cal. - M. (L.?) Kim.

Gonyaulacysta eisenacki R R M. Cal. - M. Kim.

Sentusidinium sp. A S

Sentusidinium sp. D R

Solisphaeridium stimuliferum* R S R Baj. - E. Port.

Solisphaeridium brevispinosum* S Trias. - E. Kim.

aft. Systematophora sp. R

Cleistosphaeridium ehrenbergi S M. Cal. - L. Kim.

Sirmiodinium grossi R R S (?Kim.) Port. - Camp.

Gonyaulacysta jurassica R R R R E. Bath. - M. Kim.

Gonyaulacysta cladophora I F I R (E.?) M. Baj. - E. Kim.

Kalyptea dieeras R R R L. Kim. - ?E. Cret.

Kalyptea gIabra R L. Kim. - E. Cret.

Pareodinia ceratophora subsp. scopaeus R M. Cal.

Stephanelytron cf. redcliffense S (E. Oxf. - E. Kimy*

Stephanelytron caytonense R R R l. Cal. - M. Oxf.

Sentusidinium myriatrichum R S

Sentusidinium pilosum I R F M. Oxf. - L. Kim.

Sentusidinium cf. rioulti R R (l. Bath. - E. Oxf.)**

Chytroeisphaeridia pococki R R R L. Bath. - L. Kim.

Wanaea fimbriata S S E.Oxf.

Pareodinia ceratophora P I R R C E. Jur. - L. Alb.

Chytroeisphaeridia chytroeides P P R R R R L. Bath. - Port.

Indeterminate acritarchs* R R

Indeterminate dinoflagelIate cysts R R R R R
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Table 5. Samples from Jameson Land used in this sludy

GGU·
Formation or

member
AGE

(Based on ammonite faunas)

Samples from the Olympelv section
(Northern Jameson Land)

Lithology

137311 Olympen E. Oxford ian micaceous siltstone

137313 Olympen ?E. Oxfordian micaceous siltstone

137315 Olympen E. Oxfordian micaceous silty shale

137322 Olympen L Callovian - E. Oxfordian micaceous silty shale

137324 Fossilbjerget L Callovian argillaceous sandstone

Samples from other loca/ities
in Northern Jameson Land

137336 Olympen L Callovian calcareous silty sandstone

100721 Fossilbjerget calloviense Z., Callovian siltstone

139163 Fossilbjerget apertum Z., Callovian fine-grained sandstone

144127 Fossilbjerget apertum Z., Callovian argillaceous siltstone

144125 Fossilbjerget Bathonian glauconitic sand

137346 Sortehat ?Bajocian micaceous sandy shale

Samples from Southern
Jameson Land

144161 Fynselv L. Kimmeridgian - Portlandian sandstone

144154 Salix Dal L Kimmeridgian - Portlandian silty micaceous shale

144143 Sjællandselv ?M. - L. Kimmeridgian sandstone

144138 Hareelv/ ?M. Kimmeridgian sandstone
Raukelv

144133 Hareelv eudoxus-mutabilis Z.
E.Kimmeridgian shale

144128 Hareelv ?decipia Z., E. Kimmeridgian shale

144115 Hareelv L. Oxfordian - E. Kimmeridgian micaceous silty shale

144114 Hareelv L Oxfordian - E. Kimmeridgian silty shale

146482 Hareelv L. Ox_fo~dia!1 - E..Kimmeridgian shale

137053 Fossilbjerget ?post arcticus Z.,
Bathonian-Callovian micaceous siltstone

144111 Pelion ?Bajocian calcareous sandstone

136226 Sortehat ?Bajocian silty mlcaceous shale

144231 Sortehat ?Bajocian silty shale

144112 Sortehat ?Bajocian argillaceous limestone

144229 Sortehat ? Bajocian sandy siltstone

• Sample numbers of the Geological Survey of Greenland.
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continuum also occurs. Thus the organic-walled microplankton support a Batho
nian age, but the amount of evidence is small and a Callovian age cannot be
precluded.

Chytroeisphaeridia dictydia is abundant in both sample 139163 and sample
144127. Species ofPareodinia also occur, but they are less prominent here than in
the samples from the Fossilbjerget Member discussed above. Gonyaulacysta eise
nacki (Middle Callovian - Middle Kimmeridgian) and G. cladophora (Middle
Bajocian - Middle Kimmeridgian) occur, their earliest recorded level in Jameson
Land. Other taxa encountered i~ these two samples are of little stratigraphical use.
Thus the dinoflagelIate cysts from these two samples indicate little more than broad
support for the ammonite-derived dating of Callovian.

The dinoflagelIate cysts contained in sample 100721 are more helpful, however.
This sample yielded a moderately diverse assemblage of over 18 taxa inc1uding
three new species, Ellipsoidictyum gochtii (previously briefly described, but not
named, by Gocht [1970] from the Bathonian of Germany), Gonyaulacysta pectini
gera (again recorded by Gocht [1970] from the Bathonian of Germany, but named
as a subspecies of Leptodinium subtile by him) and Ambonosphaera calloviana. In
addition to these, sample 100721 contains three other previously undescribed
forms of dinoflagelIate cyst, Egmontodinium sp. (this genus has previously been
recorded from Oxfordian to Portlandian strata), Paragonyaulacysta sp. (a genus
previously recorded only from the Early Callovian of the Canadian Arctic), and
Valensiella sp.

No specimens of Ctenidodinium were encountered, but Chytroeisphaeridia dic
tydia is still present as an important constituent of the assemblage. Gonyaulacysta
eisenacki occurs, and one specimen of Leptodinium subtile (Early Bathonian 
Middle Kimmeridgian) was encountered. Of other taxa represented in sample
100721 only Valensiella ovulum (Bajocian - Early Oxfordian) is of stratigraphical
significance.

This assemblage thus appears to be of Bathonian or Callovian age. The presence
of Gonyaulacysta pectinigera and Ellipsoidictyum gochtiiwould favour a Bathonian
age; in both cases, however, this work constitutes only the second record of these
species, and thus their stratigraphical ranges are as yet only poorly known. The
presence of Gonyaulacysta eisenacki, Egmontodinium sp. and Paragonyaulacysta
sp. favour a Callovian age, though in the case of the last two named taxa, only very
tentatively. The evidence from dinoflagellate cysts, therefore, suggests a Late Bat
honian to Early Callovian age for this sample.

Olympen Formation

Of five samples prepared from the Olympen Formation only two contained
organic-walled microplankton. These were, unfortunately, mostly long-ranging

6 Bulletin nr. 132
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forms. Sample 137311, however, contained one specimen of Wanaea fimbriata
(Early Oxfordian), thus supporting the Early Oxfordian date for this sample based
on its associated ammonite fauna.

Hareelv Formation

Five samples were prepared from the Hareelv Formation of which four yielded
diverse assemblages of organic-walled microplankton. The exception was sample
146482 which yielded mainly carbonized organic material. The only recognizable
dinoflagelIate cyst encountered in this sample was a specimen of Gonyaulacysta
jurassica var. longicornis; this varietas has been previously recorded from Oxfordi
an to Kimmeridgian, possibly Portlandian strata.

Sample 144128 is dated by its ammonite associations as decipiens Zone, Late
Oxfordian. Its organic-walled microplankton assemblage included specimens of
one new species, Sentusidinium myriatrichum and two other hitherto undescribed
taxa. Quantitatively important are species of Sentusidinium, Pareodinia ceratop
hora (but no other species of Pareodinia, although two species of the closely related
genus, Kalyptea, are present - their earliest occurrence in Jameson Land) and
Gonyaulacysta cladophora. All these taxa are well within their known stratigraphi
cal range except the two species of Kalyptea, K. diceras and K. glabra. However,
Wiggins (1975) recorded K. diceras and K. glabra (as K. stegasta) from the Upper
Jurassic of Alaska, and Gocht (1970) reported similar forms (which he included as
Pareodinia ceratophora) from the Bathonian of Germany. Therefore, the occur
rence of these two species from the U pper Jurassic of East Greenland is not
surprising.

In samples from the Vardekløft and Olympen Formations no chorate cysts were
encountered and cavate cysts were rare. In the Hareelv Formation both these cyst
types are more important, however, especially in samples 144114, 144115 and
144133. In sample 144128 two chorate species, aff. Systematophora sp. and Cle
istosphaeridium ehrenbergi. (Middle Callovian - Late Kimmeridgian) are present.
Sirmiodinium grossi is the only cavate species present.

Taxa of greatest stratigraphical use in sample 144128 are Stephanelytron cayto
nense (Late Callovian - Middle Oxfordian) and S. cf. S. redcliffense (S. redcliffense
has a recorded range from Early Oxfordian to Early Kimmeridgian). The occur
rence of both these forms indicates an Oxfordian age for this sample. The occur
rence of Sentusidinium pilosum (Middle Oxfordian - Late Kimmeridgian) would
likewise suggest aMiddle or Late Oxfordian age. Thus the dinoflagelIate cysts are
in accord with the ammonite faunas in their age determination of this sample.

Samples 144114 and 144115 (both dated as Late Oxfordian - Early Kimmerid
gian on the basis of associated ammonites) contain diverse assemblages of orga
nic-walled microplankton, over 19 and 27 taxa respectively being observed. Sam-
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Table 6. Previously recorded ranges ofselected stratigraphically useful taxa encoun
tered in sample GGU 144115 from the Hareelv Formation

Dashed line indicates tentative extension of range

Pre Post

Sample GGU 144115 Oxl. Oxfordian Kimmeridgian Kim.

E M L E M L

Pareodinia evittW i""'"'-

Wanaea fimbriata ~

Stephane/ytron caytonense

Po/ystephanephorus paraca/athus

Endoscrinium subvallare ~

Endoscrinium ga/eritum

Gonyau/acysta c/adophora

Adnatosphaeridium aemu/um

Gonyau/acysta eisenacki

Gonyau/acysta scarburghensis -
Endoscrinium oxfordianlJm

.Sentusidinium pilosum

G/abridinium apate/um

Gonyau/acysta jurassica var. /ongicornis

Ka/yptea dieeras •
..

Ka/yptea g/abra'

• See text for discussion of the ranges of these species.

pIe 144115 contains ane new species of acritarch, Solisphaeridium ankyleton. Both
samples contain a variety of forms of Sentusidinium and Gonyaulacysta, Sentusidi
nium pilosum (Middle Oxfordian - Late Kimmeridgian) and Gonyaulacysta cla
dophora being prominent in both samples.

In these samples chorate and cavate cysts attain their greatest representation
amongst all the Jameson Land assemblages examined. Most prominent amongst
chorate cysts is Adnatosphaeridium aemulum (Late Cal10vian - Middle Kimmerid
gian). Endoscrinium galeritum (Bathonian - Early Kimmeridgian) is the most
common cavate form in both assemblages.

Diagrammatic representations of the known stratigraphical ranges of selected
taxa from samples 144115 and 114114 are shown in Tables 6 and 7 respectively.
They indicate for sample 144115 an Early to Middle Oxfordian date. If the single
specimen af Wanaea fimbriata found in this sample is reworked, which is passibly
the case, aMiddle Oxfordian date is indicated for this sample.

The combined presence af Stephanelytron caytonense, Leptodinium aceras and

6·
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Table 7. Previously recorded ranges of selected stratigraphically useful taxa encoun
tered in sample GGU 144114 from the Hareelv Formation

Dashed line ind/cates tentative extension af range

Pre

Sample GGU 144114 Ox!. Oxford ian Kimmeridgian

E M L E M L

Stephane/ytron eaytonense

Wanaea digitata

Endoserinium ga/eritum

Gonyau/acysta c/adophora

Prolixosphaeridium cf. deirense I--
Adnatosphaeridium aemu/um

Gonyau/acysta eisenaeki

Leptodinium aeeras

Gonyau/acysta scarburghensis ----

Endoscrinium oxfordianum

Sentusidinium pi/osum

G/abridinium apate/um

Prolixosphaeridium cf. P. deirense indicates aMiddle Oxfordian to Early Kimme
ridgian date for sample 144114.

Table 8 shows the known stratigraphical ranges of selected taxa from sample
144133 (dated as eudoxus-mutabilis Zones, Early Kimmeridgian by its ammonite
associations). Quantitatively the most important taxa from this sample are Perissei
asphaeridium cf. P. pannosum (Early Kimmeridgian) and Pareodinia ceratophora.
The dinoflagelIate cysts from this sample are in accord with an Early Kimmeridgian
age.

Raukelv Formation

Samples 144138 (from the Hareelv Formation - Raukelv Formation boundary),
144143 (from the Sjællandselv Member) and 144154 (from the Salix Dal Member)
contain no recognizable microplankton, but much carbonized organic material.

Sample 144161 (dated as Late Kimmeridgian - Portlandian by its ammonite
associations), however, yielded a sparse assemblage of exceUently preserved di
noflagellate cysts and acritarchs. This assemblage included two new species, Go
nyaulacysta birkelundii and Sentusidinium pelionense. Taxa that are more widely
recorded from Cretaceous sediments than from Jurassic sediments, or forms com
parable with such taxa, are predominant. These are Cyclonephelium hystrix, Tri
chodinium castanea, Trichodinium cf. T. ciliatum and Kleithriasphaeridium cf. K.
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Table 8. Previously recorded ranges of selected stratigraphically useful taxa encoun
tered in samples GGU 144128 (upper) and GGU 144133 (Iower), both from the

Hareelv Formation

Pre Post
Oxf. Oxfordian Kimmeridgian Kim.

Sample GGU 144128
E M L E M L

Stephane/ytron caytonense

Gonyau/acysta c/adophora

Solisphaeridium brevispinosum

(Stephane/ytron redc/iffense)

C/eistosphaeridium ehrenbergi

Sentusidinium pilosum

Kalyptea diceras'

Ka/yptea g/abra'

Sample GGU 144133

Perisseiasphaeridium cf. pannosum t--
Gonyaulacysta granuligera

Gonyau/Clcysta nuciformis
'...-

Gonyaulacysta jurassica var. longicornis

Ka/yptea diceras·

• See text for discussion of the ranges of these species.

corrugatum. The occurrence in sample 144161 of one specimen of Lithodinia cf. L.
jurassica (which is certainly at least closely related to L. jurassica, a species previo
usly recorded from ?Bathonian - Callovian strata) is surprising. AIso unexpected is
the presence of two specimens of Sentusidinium pelionense, which is a common
constituent of the assemblage obtained from sample 144111. Thus it is possibie
that these two taxa are reworked into sample 144161 from Middle Jurassic sedi
ments. Sentusidinium sp. C was also encountered in sample 144161. Very similar
specimens have been observed from Callovian strata by Sarjeant (personal com
munication); this taxon might also, therefore, be reworked into sample 144161.

Because assemblages of organic-walled microplankton from latest Jurassic strata
and at the Jurassic - Cretaceous boundary are as yet only poorly known, it is
difficult to derive a firm date for sample 144161 on the basis of these fossils.
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Palaeoecological considerations

Because dinoflagellates are planktonic marine organisms, they are much less
useful as palaeoecological indicators than benthonic organisms would beo In a study
such as this, in which a small number of samples are taken from a moderately large
geographical area and represent a range of stratigraphical leveIs, meaningful pa
laeoecological interpretations are especially difficult to make.

Since by far the largest proportion of investigations on Jurassic organic-walled
microplankton has been concerned with European strata, most of the previously
described taxa encountered in this study have inevitably been described from that
region. A few taxa, however, have as yet been described only on the western side of
the Atlantic, for example the genus Paragonyaulacysta and the species Pareodinia
brachythelis. Nevertheless, any detailed delineation of dinoflagelIate floral provin
ces for the Jurassic at this stage would be premature.

Diverse assemblages of Middle and Upper Jurassic pareodinioid forms have
been noted from Greenland (in the present study and by Sarjeant, 1972), Alaska
(Wiggins, 1975) and Arctic Canada (Brideaux & Fisher, 1976). Assemblages from
Europe or elsewhere do not exhibit a similar diversity of forms from this group.
Possibly there is a basis here for the differentiation of floral provinces.

Wall (1965), in a palynological study of the Lias of England and Wales, noted
that small spinose species of Micrhystridium characterized inshore environments;
species with short spines were associated with turbulent conditions whereas species
with long spines occurred in more tranquil environments. The new species Veryha
chium sortehatense is a small long-spined acritarch morphologically similar (and
probably closely related) to species of Micrhystridium. Surlyk et al. (1973) noted
that the shales of the Sortehat Member were deposited under low-energy marine
conditions. Thus the dominance of V. sortehatense in one sample from the Sortehat
Member accords with Wall's conclusions.

In one sample, also from the Sortehat Member, the cyst Nannoceratopsis gracilis
is prolific, constituting 98 per cent of the assemblage. Where it is present at all, this
species appears commonly to be represented by large numbers of individuals (see
for example Evitt, 1961a). The appearance of N. gracilis in such large numbers is
almost certainly ecologically controlled, but which environmental factors are invol
ved are as yet uncertain.

The functional morphology of dinoflagellate cysts has so far received little
attention from palynologists. Apertures in the cyst wall, other than the archeopyle,
have been noted in dinoflagelIate cysts, however (see for example Sarjeant, 1972,
pp. 17-19). In the present study accessory apertures were noted in Sirmiodinium
grossi and opisthopyles in Gonyaulacysta eisenacki and G. eisenacki subsp. oligo
dentata; all of these apertures connect pericoels with the external environment. It is
likely that such apertures were in some way involved with gas or liquid exchange
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between the pericoels and the immediate external environment of the cyst, thereby
regulating the cysts' buoyancy. The subapical aperture of specimens of G. eise
nacki, in contrast, connects the exterior with the main cavity (endocoel) of the cyst.
This aperture may have been involved with the release of pressure from the endo
coel during excystment.

Two apertures were also encountered in the parasulcal region of the specimen of
Valensiella sp. Although these two apertures are large for such a feature, tbeir
position strongly suggests that they refleet the flagellar pores of the motile stage.
May (1976) suggests that such pores in a fossil dinoflagellate indicate that one is
dealing with a fossil motile form; this is certainly not the case with Valensiella sp.,
however, which possesses a definite archeopyle as well as these parasulcal op
enings. Flagellar markings, consisting of depressions in the parasulcus, were also
observed in specimens of Trichodinium castanea, Trichodinium cf. T. ciliatum and
Gonyaulacysta birkelundii. Similar markings were observed in specimens of Wetze
lielIa by Gocht (1967).
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SUMMARY

Dates of the samples based on organic-walled microplankton assemblages are,
for the most part, in agreement with, or at least do not contradiet those dates
derived from ammonites. In two cases, however, they indicate a date up to one halt
stage earlier than that derived from ammonite faunas. Sparsity of the ammonite
faunas or their distinctness from North-west European assemblages may, at some
leveis, prec1ude accurate corre1ation based on ammonites. AIso the ranges of some
taxa of organic-walled microplankton are not yet fully known. These factors may
explain such discrepancies between the dates derived from ammonites and those
derived from organic-walled microplankton.

The organic-walled microplankton assemblages broadly support a Bajocian date
for the Sortehat Member of the Vardekløft Formation; a late Bajocian assignation
may even be very tentatively suggested for one sample. The assemblage obtained
from the Pelion Member is, however, not very helpful for dating purposes. As
semblages from the Fossilbjerget Member support Bathonian to Callovian assigna
tions.

Poor assemblages of organic-walled microplankton were extracted from samples
from the Olympelv Formation in terms of both the number of specimens and the
number of taxa present. However, an Early Oxfordian date is indicated for one
sample.

The samples from the Hareelv Formation yielded moderately rich assemblages
indicative of an Oxfardian date except for one sample, for which an Early Kimme
ridgian assignation was determined.

Of the samples prepared from the Raukelv Formation only one, from the Fyns
elv Member, contained an assemblage of organic-walled microplankton worthy af
study. This assemblage, although not conc1usive in supporting a date, does not
contradict the latest Jurassic date derived from ammonite faunas for the Fynselv
Member.

As more published accounts of Jurassic dinoflagelIate cyst and acritarch as
semblages become available, especially of Middle Jurassic and latest Jurassic as
semblages, and thus as ranges af individual taxa become better known, the above
results may require slight modification.

As noted in the palaeoecological considerations, dinofIagellate cysts appear to be
of limited value in deducing palaeoenvironments; acritarchs, though, may be more
useful. However, more consideration could be given to the adaptive or functional
morphology of dinofIagellate cysts; this may assist the palaeoecolagical studies of
these fossils.

The present work must be regarded as a pilot study of the Middle and Late
Jurassic organic-walled microplankton from Jameson Land. Further detailed study
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of regularly sampled sequences, especiaIly of the Fossilbjerget Member of the .
Vardekløft Formation and the Hareelv Formation, would certainly yield valuable
supplementary stratigraphical data; for instance, such a study might clarify the age
of the lower part of the Hareelv Formation, for which the dates derived from
ammonites and those derived from dinoflagellates appear to be at variance. Simi
lady, the study of additional assemblages from the Fynselv Member of the Raukelv
Formation might yield interesting information pertaining to the organic-walled
microplankton assemblages which straddle the Jurassic-Cretaceous boundary.
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pelionense sp. nov. pI. 1, figs 5-9 p. 13
pilosum pI. 1, fig. 3 p. 15
cf. S. rioulti . . . . . . . .. . . . . . . . . . . . . .. pI. 1, fig. 4 p. 15
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verrucosum . . . . . . . . . . . . . . . . .. . . . . . . .. p!. l, fig. 11 p. 16
sp. A p!. 2, fig. 2 p. 16
sp. B p!. 2, figs 5-6 p. 17
sp. C p!. 2, fig. 1 p. 18
sp. D p!. 2, fig. 3 p. 18
sp. E p!. 2, fig. 4 p. 20

Sirmiodinium grossi.. .. .. .. . .. p!. 6, fig. 6; p!. 7, fig. 11 p. 55
Solisphaeridium anky.leu!n sp. nov. p!. 9, figs 10-11, 15 p. 67

breVlspmosum . . . . . . . . . . . . . . . . . . . . .. p!. 9, fig. 17 p. 68
stimuliferum p!. 9, fig. 3 p. 66

Stephanelytron caytonense . . . . . . . . . . . . . . . . . . . . . . . . .. pI. 3, fig. 5 p. 25
cf. S. redcliffense pI. 3, fig. 6 p. 24

Aff. Systematophora sp. . . . . . . . . . . . . . . . . . . . . . . . . . . .. pl. 8, fig. 4 p. 61
Trichodinium castanea p!. 7, figs 1,4 p. 47

cf. T. ciliatum .. pI. 6, figs 9, 12; pI. 7, fig. 2 p. 48
Valensiella ovulum p!. 3, figs 2-3 p. 23

sp :. . . . . . . . . . . . .. pl. 3, figs 10-11 p. 23
Veryhachium sortehatense sp. nov. pI. 9, figs 4, 8-9 p. 69
Wanaea digitata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. pl. 6, fig. 7 p. 49

fimbriata '.............. p!. 7, fig. 10 p. 50



Plate 1

Photomierographs 4-11 taken by phase contrast; c.b = central body.

Fig. 1. Chytroeisphaeridia chytroeides (Sarjeant). Slide MGUH 14.671, 103.7/8.8; from sample GGU
144114, Hareelv Fm, south side of Langryggen. Length 41 I-lm.
Fig. 2. Chytroeisphaeridia pococki Sarjeant. Slide MGUH 14.673, 94.3/13.4; from sample GGU
100721, Fossilbjerget Mb, west of Olympen. Length 37 I-lm.
Fig. 3. Sentusidinium pilosum (Ehrenberg). Slide MGUH 14.679, 99.5/16.5; from sample GGU
144114, Hareelv Fm, south side of Langryggen. Length of e.b. 46 I-lm.
Fig. 4. Senlusidinium cf. S. riou!li (Sarjeant). Slide MGUH 14.680, 110.0/11.0; from sample GGU
144128, Hareelv Fm, west-central Jameson Land. Length of e.b. 33 I-lm.
Figs 5,7. Senlusidinium pelionense sp. nov., holotype. Slide MGUH 14.675, 113.5/10.5; from sample
GGU 144111, Pelion Mb, between Gåseelv and Hareelv. Length 481-lm. Fig. 7, detail showing verrueae
on cyst surface.
Fig. 6. Sentusidinium pelionense sp. nov. Slide MGUH 14.678, 101.3/13.4; from sample GGU 144111,
Pelion Mb, between Gåseelv and Hareelv. Length of fjeld of view 36 I-lm. Detail of surface ornamenta
tion.
Fig. 8. Sentusidinium pelionense sp. nov., paratype (ii). Slide MGUH 14.677, 109.9/19.5; from sample
GGU 144111, Pelion Mb, between Gåseelv and Hareelv. Length 49 I-lm.
Fig. 9. Sentusidinium pelionense sp. nov., paratype (i). Slide MGUH 14.676, 101.0/6.5; from sample
GGU 144111, Pelion Mb, between Gåseelv and Hareelv. Field of veiw 31 I-lm x 26 I-lm. Detail of
surfaee ornamentation.
Fig. 10. Chytroeisphaeridia dictydia Sarjeant. Slide MGUH 14.672, 100.4/2.5; from sample GGU.
139163, Fossilbjerget Mb, west side of Fossilbjerget. Length 40 I-lm.
Fig. 11. Sentusidinium verrucosum (Sarjeant). Slide MGUH 14.681, 110.8/3.8; from sample GGU
144111, Pelion Mb, between Gåseelv and Hareelv. Length 43 I-lm.





Plale 2

Pholomicrographs 1,4,6-7 (sken by phase conlTast; e.b. = central body.

Fig. J. Selllllsidillillm sp. C. Slide MGUH 14.684,99.5/14.6; from sample GGU 144161, Fynselv. Mb,
north side af Aueellaelv. Length 40 J.l.m.

Fig. 2. Selllllsidill/WII? sp. A. Slide MGUH 14.682. 114.6/22.4; from sample GGU 144114. Harcelv
FM. south side of Langryggen. Length 28 ~m.

Fig. 3. Sellll/sid;II;lIm sp. D. Slide MGUH 14.6 5.106.4/10.5; from sample GGU 144114, Harcelv Fm,
south side of Langryggen. Length 58 ~m.

Fig. 4. Selllllsidi"ill'" sp. E. Slide MG U H 14.686, 100.5/16.4; from sample GGU 144115, Harcelv Fm,
south side of Langryggen. Length 41 ~m.

Figs S, 6. Sellll/sidill;"'" sp B. Slide MGUH 14.683,97.9/12.7; from sample GGU 144161, Fynselv Mb,
north side af Aueellaelv. Lenglh 39 J.l.m. Fig. 6. detail af surface ornamentstion.

Fig. 7. Se1ll11sidi"ium myrimriclllinl sp. nov.. holOlYpc. Slide MGUH 14.674.99.6/12.6; from sample
GGU 144115. Harcelv Fm, south side of Langryggen. Length 55 ~m.

Figs 8-9, 11-12. Ellipsoid;CIYIIIII gocll/ii sp. nov.• holotype. Slide MGUH 14.687. 115.4/18.0; from
sample GGU 100721, Fossilbjerget Mb. west of Olympen. Length of e.b. 42 ~m. Fig 8, dorsol view; fig.
9. optical section; fig. 11, ventral view showing rudimenlsry paratabulalion; fig. 12, veotTal view
showing parasulcal nOlch in archeopyle margin.
Fig. IO. eyciollepheiill'" hystrix (Eisenack). Slide MGUH 14.688, 97.1/18.9; from sample GGU
144161. Fynselv Mb. north side of Aucellaelv. Length 49 ~m. Ventral view.





Pløle 3

Pholomicrographs 1,4,7,12 lake" by phase conlrast; e.b. = central bod)'.

Fig. I. Egmall/adill/llm .p. Slide MGUH 14.693. 117.2/15.9; from ample GGU 100721, Fossilbjerge,
Mb. \\Ost of Olympen. Lenglh 29 ~m.

Fig. 2.3. Valmsiella oVlllllm (Denandre). Slide MGUH 14.6 9.91.4/14.0; from sample GGU 100721,
Fossilbjergcl Mb, west of Olympen. Overall le"gth 65 ~m. Fig. 2, ventraJ view; fig. 3, optical seelian
showing ectophragm and its supporting spines.
Fig. 4,7. Pareodi"ia ceralophora .ub.p. scopaellS (Sarjeanl). Slide MGUH 14.696. 111.6/14.2; from
sample GGU 144128. Hareelv Fm. west-central Jameson Land. Length 53 ~m. Fig. 4, dorsal view; fig.
7. darsa! aOlcrior view showing opercular paraplatcs.
Fig. 5. Stel,ha"e/)'lro" cay'o"e"se Sarjeanr. Slide MGUH 14.692, 100.5/4.1; from sample GGU
144115. Harcelv Fm. soulh side of Langryggen. Length of c.b. 47 ~m.

Fig. 6. Step/",,,e/yrro,, er. S. redcli!!e"se Sarjeanr. Slide MGUH 14.691. 109.5/3.1; from sample GGU
144128. Haree!v Fm, wesl-central Jameson Land. Lenglh af e.b. 42 ~m.

Figs 8. 9. Lilhadi"ia cr. L. jllras.'ica Eiscnack. Slide MGUH 14.694,90.5/15.9; from sample GGU
144161. Fyosclv Mb. north side af AueeJlaeiv. Lcngth 50 ~m. Fig. 8. ventral view; fig. 9. dorsal view.
Figs IO. II. Vale"siella sp. Slide MGUH 14.690. 107.1/4.8; from sample GGU 100721, Fossilbjerget
Mb. wcst af Olympen. Ovcra111ength 79 ~m. Fig. IO. dorsa! vicw; fig. I t, detail af ventral surfaee
showing parasuJcal aperturcs (?nagellar pores).
Fig. 12. Pareadinia cr. P. vumcasa (Vozzhennikova). Slide MG UH 14.704, 106.1/10.0; from sample
GGU 144125 Fossilbjergel Mb. wc I ide of Fossilbjerget. Lenglh 44 ~m. Lateral view.
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Plate 4

Fig. I. KOJ)'P'~il diurilS Cookson &: Eiscnack. Slide MGUH 14.707. IIl.SI9.9; from sampico GGU
144128, Harulv Fm, wn:l-«nlral Jarneson Land. Lcngth 1481l1D. Lateral vicw.
Fig. 2. Kili)'Plfil dicmu Cookson &/ EiKnKk. Slide MGUH 14.706, 108.SI9.7; from sample GGU
144133. Uarulv Fm. \'iesl-ccnlral Jarneson Land. ungth 981l1D' L.1.lcoral vM:....
Fig. 3. Porrodinio brlUhJlhtfis ~p. nov.• paratHlC'. Slide MGUH 14.698, 108.7111.5; from sample GGU
144125. Fossilbjergel Mb. we~1 side of Fossilbjergcol. ungth 54 fim. Latcoral view.
Fig. 4. Porrodinia tvitlii (Pl)C(X:k). Slide: MGUH 14.703. 107.711I.S; from sample GGU 14411S.
Uareelv Fm, soulh side of Langryggen. Lenglh 64 11m. Oblique laleral-dorsal view.
Fig. 5.l'tlrrodinio brach)'llrrlis sp. nov. Slide MGUU 14.699. 109.0/5.7; from sample GGU 144125.
Fossilbjergcl Mb....'es! side of Fossilbjerget. Length 68 11m. Lateral view.
Fig. 6. f'artodiniil brochyfhelis sp. nov.. hololype. Slide MGUH 14.697. 101.2/6.2: from sample GGU
144125, Fossilbjcrget Mb.... esl side of Fossilbjerget. Lenglh S21l1D. Dorsal view.
Fig. 7.l'ilrwdiniil bra.-h)',htlls sp. nov. Slide MGUH 14.702.95.3/16.4; from sample GGU 14412S.
FossilbJC'rgcot Mb. Wes! side of FossilbJC'rgel. Lenglh 68 11m. Oblique lalcoral-oorsal \ie...·. Phase contrw
phrnom.aograph.
Fig. 8. Portodiniil urilfophoro Ddlandre. Slide MGUH 14.695. 100.6/17.9; from sample aau
1441 ll. Harecolv Fm. wcosl-eenlral J.meson Land. Lc:ng!h 96 1lID. Laleral view.
Fig. 9. Kalyplto glabrQ (Cookson &: Eiscnae:k) Slide MGUH 14.708, 99.SI17.0: from sample GGU
144128. Hareelv Fm, wesl-cenlral Jameson Land. Leng!h 72 11m. Laleral view.
Fig. IO. GOllyall{Q('ysra jllrlusicil (Denandre). Slide MGUH 14.710. 105.8/1I.l; from sample GGU
144128,Iiaretlv Fm. weSI-eenlral Jameson Land. Length 87 11m. DOTsal view.
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Plate S

PhOlOmicrographs 3 and 12 taken by phase contras\.

Figs 1-3. PQragOllYlw(Ucystu sp. Slide MGUH 14.709.92.7/14.0; from sample GGU 100721. Fossil
bjerget Mb. west af Olympen. Fig. l. ventral view~ fig. 2. dorsal view; fig. 3, ventral view. Length 4710101.
Fig. 4. Kafypl/'a diceras Cookson and Eiscnack. Slide MGUH 14.70S. 113.216.0; from sample GGU
144133. Hareelv Fm. west-central Jameson Land. Lcngth 8910101. Lateral view.
Figs S, 8. II. GCUlyuU/(Jcysla birlcelu"dii sp. nov., holotype. Slide MGUH 14.712. 109.SI11.6; from
sample GGU 144161. Fynselv Mb, north side of Auc:ellaelv. Lcngth. 91 11m. Fig. S. ventral view; fig. 8.
optical scction; fig. II. dorsal view.
Fig. 6. GOI'yullfacySfa c:iadophora (Deflandre). Slide MGUH 14.713. 116.S/13.4~ from sample GGU
144128, HarceJv Fm, wcst-central Jameson Land. Lcngth 103 fim.
Fig. 7. Go"yau/acySIQ iurassica var. longicornis (Denandre). Slide MGUH 14.711. 96.013.S; from
sample GGU 144133. Hareelv Fm, \r,lest-central Jameson Land. Length 93 101m.
Fig. 9. Gonyallfacysla scarbllrghellJis Sarjeanl. Slide MGUH 14.721, 114.0113.2; from sample GGU
144114. Harcdv Fm, south side of Langryggen. Length 112 101m. Dorsal view.
Fig. IO. Gon)'lJu/acySIQ gra/ll,lige,a (Klement). Slide MGUH 14.716. 109.1/13.3; from sample GGU
144133. Hareelv Fm, west-c:entral Jameson Land. Length IOS 101m. Lateral view.
Fig. 12. LepfOd;n;mrl auras (Eisenack). Slide MGUH 14.723. 109.9/14.7; from sample GGU 144114,
Harcelv Fm. south side of Langryggen. Lcngth 96 101m. Ventral view.
Fig. 13. GO/lyulI/Qcys/Q /luci/ormis (Dcflandre). Slide MGUH 14.717. 108.4/14.3; from sample GGU
144133. HareelY Fm. west-central Jameson Land. Length 74 fim. lateral Yiew.





Plale 6

PhOlomicrognphs l,S and 8 laken by phase contras!.

Fig. l. GOIl}'ulIfucys/a t'isellocki subsp. oligode'l/O/O Cookson & Eiscnack. Slide MGUH 14.715,
106.8/4.4; from sample GGU 144115, Hareelv Fm, south side of Langryggen. Length 941lm. DOI""SilI
view.
Figs 2. IO. GOIl}'ouloc}'s/o pl'clilligera (Gochl). Slide MGUH 14.719. 102.3fl8.5; from sample GGU
100721, Fossilbjerget Mb, weSI of Olympen. lenglh 96 Ilm. Fig. 2. ventral view; fig. IO, dorsal view.
Fig. 3. GOl1yaulacys/o eise,lUch (Deflandre). Slide MGUH 14.714. 103.9/17.0; from sample GGU
144115, Hareelv Fm. soulh side of Langryggen. Length 67 Ilm. Dorsal view.
Fig. 4. GOII}'olllacysla pl'c/illigeru (Gocht). Slide MGUH 14.718. 94.6/l0.7; from sample GGU 100721,
Fossilbjergel Mb, west of Olympen. Breadth 52 Ilm. VenI ral view.
Fig. 5. C!enilloliinillm cf. C. comimmm Goch!. Slide MGUH 14.727,93.7/10.3: from sample GGU
137053. Fossilbjcrgel Mb, soulh side of Gbeelv. Longest overall diameter 84 "m. Half eys!.
Fig. 6. Sirmiodillillfll 8rossi Albcrti. Slide MGUH 14.736, 97.5113.2; from sample GGU 144161.
Fynselv Mb. north side of Aueellaelv. Lcngth 60 Ilm.
Fig. 7. WOllueo tiigilala Cookson & Eiscnack. Slide MGUH 14.729. 103.4/12.5; from sample GGU
144114. Hareelv Fm. soulh side of Langryggen. lenglh 90 Ilm.
Fig. 8. Clenidodinfrwl oma/llnl (Eiscnack) Slide MGUH 14.726, 99.4/9.4~ from sample GGU 137053,
Fossilbjergel Mb, soulh side of Gåscclv. Lenglh 83 Ilm.
Figs 9.12. Trichotlinillm cf. T. cilia/lilli (Gocht). Slide MGUH 14.725. 114.7/16.0: from sample GGU
144[61. Fynselv Mb. north side of Aueellaelv. Lengrh 51 Ilm. Fig. 9. dorsal vie"": lig. 12, optical
section.
Fig. Il. Ll'pfOJillillm Slib/iII' Klement. Slide MG UH 14.722. 90.4/16.5; from sample GGU 100721.
Fossilbjergel Mb, ""est of Olympen. length 80 Ilm. VenI ral view.





Plate 7

Figs I. 4. T,ichodinium c(Uuweo (Denandre). Slide MGUH 14.724. 100.4/5.8; from sample GGU
144161. Fynsclv Mb, norlIl side of Aucellaelv. Lcnglh 591'm. Fig. l. ventral view; fig. 4. optical $Celion.
Fig. 2. T,ichodinium cf. T. ciliu/ulIl (Gocht). Slide MGUH 14.725, 114.7/16.0: from sample GGU
144161. Fynsclv Mb, north side of Aueellaelv. Lcngth of field ofview 44 I'm. Close up of pan ofvenlnl
surface. Phase oontrast phOlomierograph.
Figs 3. 6, 9. AmMmosphocra co/lovioTlo gen. et sp. nov., hotolype. Slide MGUH 14.731. 97.5/10.0;
frOm sample GGU 100721. Fouilbjergel Mb, wes! of Olympen. Lenglh 451101. Fig. 3. ventral view; fig.
6. optical $Celion; fig. 9. dorsal view.
Fig. 5. AmboTlosphot!ro colloviono gen el sp. nov. paralype «i). Slide MGUH 14.732. 113.217.6; from
sample GGU 100721. Fossilbjergel Mb. west of Olympen. Length 401lm. Optical $Cetion.
Fig. 7. Endoscrinium go/eri/um (Denandre), Slide MGUH 14.737 116.0/17.0; from sample GGU
144115. Hareelv Fm. soulh side of Langryggen. Lenglh 108 11m.
Fig. 8. AmboTlosphoero colloV;O/lO gen Cl sp. nov. paralype (i). Slide MGUH 14.733, 117.9/11.7; from
samp1c GGU 100721, Fossilbjerget Mb. ",eSI af Olympen. Lcngth 421'm. Venlral view.
Fig. IO. WO/lOCO /imb,;oro Sarjeant. Slide MG UH 14.730.98.7115.6; from sample GGU 144115,
Harcelv Fm. soulh side of Langryggen. Breadth 106 11m.
Fig. Il. Simriodi/lium grossi Alberti. Slide MGUH 14.735.99.8/6.7; from sample GGU 144125.
Fossilbjerget Mb. "'est side af Fossilbjerget. Lcngth 45 11m.





Plate 8

Pholomicrovaphs 9. 12 laken by pbasc oonlr85I.; e.b.• cenlral body.

Fig. I. Clmidodinium d. C. conflllUll1ll Gochl. Slide MGUli 14.728.96.1123.3; from sample GGU
144125. Fossilbjergel Mb. west side of Fossilbjergel. Lcnglh 62 11m.
Fig. 2. Endoscrinium oxfordianum (Serjeenl). Slide MG UH 14.738. 109.5/20.0; from sample GGU
144115, Hareelv Fm. solllh side of Langryggen. Lcnglh 102 11m. Venlral view.
Fig. 3. Elldoscriniunr sub,'ul/ure (SarjCllnl). Slide MGUH 14.739. 111.8/16.7; from sample GGU
144115, Hareelv Fm, soulh side of Langryggen. Lenglh 1161101. Dorsal view.
Fig. 4. Aff. SystmllJfopllOru sp. Slide MGU~I 14.745. 107.113.0; from sample GGU 144128, Hareelv
Fm. weSI-ccmral Jamcson Land. Longest diameter of e.b. 52 11m.
Fig. 5. l'erisst'iasphul'ricUum cf. P. pUllllOsum Davey & Williams. Slide MGUH 14.743. 110.7/19.0; from
sample GGU 144133. Hareel... Fm, 1....·sI·central Jamcson Land. Lenglh of e.b. 64 11m.
Fig. 6. Glabridinium apate/um (Cookson &c. Eisenack). Slide MGUH 14.741. 10SAI12.7; from sample
GGU 14411·40 Bareel ... Fm. $Outh side of Langryggen. Lcngth 95 11m. Venlrlll view.
Fig. 7. Po/JstephtIJlephorus por(lc(lla/hus (Sarjeanl). Slide MGUH 14.746. 102.1112.0; from sample
GGU 144115. Hareel ... Fm, $Oulh side af langr)"ggen. Lcnglh of e.b. 60 IU".
Fig. 8. Admlfosphucndium ut!mllfum (Dcnandrc). Slide MGUH 14.744, 113.9/6.7; from sample GGU
144115, Hareel... Fm. soulh side of langr)"ggen. Lcngth of e.b. SO 11m.
Fig. 9. Mierh,.sfridium de/landrei Vaknsi. Slide MG UH 14.751. 103.4111.5; (rom sample GGU
100721. Fossilbjergcl Mb. wnl af Olympen. Diameter af e.b. 19 IU".
Fil. IO. Cleisrosph«ndtum rh""IH'S, (Dcnandre). Slide MGUH 14.742, 110.2n.6; from sample
GGU 144128. Hareel ... Fm. "'e51-=ntral Jameson Land. Lcngth of e.b. 25 11m.
hg. II. Endoscri"ium $p. Slide MGUH 14.740. 109.719.7; from sample GGU 144133. Haredv Fm,
..cst-cemral Jameson land. Lcnglh 87 11m.
Fig. 12. Prolixosphumdlum cf. P. drtrrnse DIl\c) (I al. Slide MGUH 14.747. 116.7n.3; from sample
GGU 144114. Hareelv Fm. soulh side or Langr)o"lgen. Lcnglh 491101.





Plste 9

Pholomierographs I, 4--9,12-14, 16 laken by phase oonlrast; e.b. = central body.

Fig. 1. Nannoct'ratopsis grad/is Alberti. Slide MGUH 14.750, IO 1.4/2.4; from sample GGU 144112.
Sortehat Mb. Sortehal. Lenglh 65 fim. Righl laleral view.
Fig. 2. K/eitirriasphaeridimn cf. K. corrugatum D~vey. Slide MG UH 14.748.97.5/14.6; from sampleGGU
144161, Fynselv Mb. north side of Aueellaelv. Diameter of e.b. 45 11m. Left laleral vie""'.
Fig. 3. Solisphoeridium s/imuli/erul/! (Deflandre). Slide MGUH 14.755.96.2/15.3; from sample GGU
144127, Fossilbjerget Mb. west side of Fossilbjergel. Long diameter of e.b. 25 lim.
Fig. 4. Veryhoehium sOr/tho/enu sp. nov., paratype (ii). Slide MGUH 14.761, 106.4/9.5; from sample
GGU 144231. Sortehat Mb, norlh of Dusin Bjerg. Grealest diameter 39 lim.
Fig. 5. Micr/ryslridium reeun·olr.m Valensi. Slide MGUH 14.754. 99.0/16.5; from sample GGU
144125, Fossilbjergel Mb. "",eSI side of Fossilbjergel. Diameter of e.b. 12 lim.
Fig. 6. Mirrhy5lridiul/! pyramidispinum Dodekova. Slide MGUH 14.753, 107.2113.0; from sample
GGU 144161, Fynselv Mb, north sideof AuceJlaclv. Diameler of e.b. 18 lim.
Fig. 7. Mierhys/ridium fragile Deflandrc. Slide MGUH 14.752, 109.216.5; GGU 144111, Pelion Mb,
bclween Gåseelv and Hareelv. Diameter of e.b. 17 lim.
Fig. 8. Veryhaehiunr sor/eha/eme sp. nov., holotype. Slide MGUH 14.759,94.4/17.0; from sample
GGU 144231. Sortehal Mb, north of DUsCn Bjerg. Greatest diameter 40 j.UTl.

Fig. 9. Vt'ryhachium sortthalemt sp. nov., paralype (iv). Slide MGUH 14.763, 102.114.5; from sample
GGU 144231, Sortehal Mb, north of Dustn Bjerg. Greatest diameter 37 lim.
Figs IO, 15. Solisphaeridium onky/elon sp. nov., holotype. Slide MGUH 14.756, 97.2/18.7; from
sample GGU 144115. Hareelv Fm, south side of Langryggell. Diameter ofe.b. 23-26 lim. Fig. 15 is
elose-up of a process base showing solid seelion.
Fig. I\. So/isphutridium OIrkylelOn sp. nov.. paralype. Slide MGU H 14.757, 107.5/15.1; from sample
GGU 144115. Hareelv Fm. soulh side of Langryggen. Diameter of e.b. 17-21 lim.
Fig. 12. Pltfospermopsis sp. A. Slide MGUH 14.768, 109.0/12.6; from sample GGU 144161. Fynselv
Mb, north side of Aucellaelv. Diameter of e.b. 15 lim.
Fig. 13. Nønnouralopsis pellucida Deflandre. Slide MGUH 14.749, 106.7/17.0; from sample GGU
144125. Fossilbjerget Mb. west side of Fossilbjerget. Length 109 11m.
Fig. 14. Plerospermopsis sp. C. Slide MGUH 14.770, 110.2113.2; from sample GGU 144161. Fy"selv
Mb. norlh side of Aucellaelv. Diameter ofc.b. 13-14 lim.
Fig. 16. Pltrosptrmopsis sp. B. Slide MGUH 14.769, 109.5/12.2; from sample GGU 144161, Fynselv
Mb. norlh side of Aueellaelv. Diameter of e.b. 17 lim.
Fig. 17. Sofispiraaidium bre"ispi11OSllnl (Sarjeant). Slide MGUH 14.758. 100.7114.1; (rom sample
GGU 144128. Haredv Fm. west-cenlral Jameson Land. Diameter of e. b. 26-29 Ii~'
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