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Stratigraphical ranges. geographical distribution and tax-
onomy of 176 dinoflagellate cyst species are described
based on analysis of 192 samples from 40 sections of
Early Cretaceous age in North-East Greenland (72°-
76°N). The sections make up an approximately 1500 m
thick sandy shale sequence previously referred to as the
Aptian—Albian series because of scattered ammonite and
Inoceramus occurrences.

The dinoflagellate cysts indicate the presence of ap-
proximately 140 m of Barremian sediments, not previ-
ously identified in North-East Greenland, 220 m of Ap-
tian sediments and approximately 1120 m of Albian sedi-
ments.

The stratigraphical ranges of 40 sections are docu-
mented by range-charts for each section. The previously
published ages, based on macrofossils from the arca, are
discussed in the light of the present results.

Five new species arc erected: Batioladinium shaftes-
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buriense, Pseudoceratium iveri, P. toveae, Hapsocysta?
benteae and Subtilisphaera kalaalliti. The definition of
the genus Bourkidinium and its type species B. gran-
ulatum is emended. The relationship between the species
Vesperopsis mayi and Muderongia asymmetrica is dis-
cussed.The size, shape and ornamentation of 12 species
of the genus Pseudoceratium are described in detail.

The stratigraphical ranges and frequency of the di-
noflagellate cysts recorded in the present study are eval-
uated on the basis of published literature. Selected papers
are discussed in detail, mainly those dealing with the
stratigraphical range of Early Cretaceous dinoflagellate
cysts in north-western Europe and the Arctic.

Five new dinoflagellate cyst zones and 13 new sub-
zones are proposed for the studied sequence. The zona-
tion is compared with previously established Early Creta-
ceous dinoflagellate cyst zonations from north-western
Europe and Canada.
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Dansk sammendrag

Indholdet af dinoflagellat-cyster er undersggt i 192
prover fra 40 Nedre Kridt profiler i @stgrgnland (72°-
76°N). Stratigrafisk og geografisk udbredelse samt taxo-
nomi er beskrevet for 176 dinoflagellat-arter. De under-
spgte profiler udggr en ca. 1500 m magtig akkumuleret,
sandet skiferlagfglge. Denne lagfglge er tidligere blevet
beskrevet som Aptian—Albian serien pa baggrund af dens
indhold af fi daterbare ammoniter og Inoceramus-arter.

Denne undersggelse af dinoflagellat-cyster indikerer
tilstedevaerelsen af ca. 140 m aflejringer af barremian
alder. Barremian aflejringer er ikke tidligere identificeret
i @stgronland. Ca. 220 m aflejringer er af aptian alder og
ca. 1120 m er af albian alder.

Alderen af hver af de 40 undersggte profiler er doku-
menteret ved hjelp af udbredelsesdiagrammer (‘range
charts’) og er sammenlignet med tidligere dateringer af
makrofossiler fra omridet.

Fem nye arter er defineret: Batioladinium shaftesbu-
riense, Pseudoceratium iveri, P. toveae, Hapsocysta?
benteae og Subtilisphaera kalaalliti. Emenderinger af
slegten Bourkidinium og dens type-art, B. granulatum, er
foresldet. Mulige relationer mellem arterne Vesperopsis
mayi og Muderongia asymmetrica diskuteres. Inden for
slegten Pseudoceratium er stgrrelse, form og ornamen-
tering af 12 arter detaljeret beskrevet.

Stratigrafisk udbredelse af dinoflagellat-arter rapporte-
ret i denne undersggelse er evalueret pd baggrund af
publiceret litteratur. Udvalgte athandlinger, der beskriver
udbredelsen af dinoflagellat-cyster fra Nedre Kridt i
Nordvesteuropa og de arktiske omrader, er kommenteret.

Fem nye dinoflagellat-zoner og 13 subzoner foreslis
for lagserien. Den gstgrgnlandske zonering er sammen-
lignet med tidligere opstillede Nedre Kridt zoneringer fra
Nordvesteuropa og Canada.

Imaqarnersiuineq

Tunumi (allorniusat 72°~76°N akornanni) uumasuag-
qat ujaranngorsimasut dinoflagellat-cystit gqanoq amerla-
tiginerat ujagqani 192-ni ujaqgani qaleriiani 40-suni
nedre Kridtimeersuni misissorneqarsimavoq. Dinoflagel-
latit 176 assigiinngitsut ujaggani galeriiaani nunami ga-
noq isorartutigisumi siaruarsimatiginerat kiisalu ilaquta-
riissusaat allaatigineqarsimavoq. Ujaqqat ikialasut siog-
qanik akullit galeriiutaartut katillutik 1500 m-it missanik
issussuseqarput. Kaleriiaat taakku ikittunnguanik amiku-
nik uvilunillu vjaranngorsimasunik nassaarfiusarneri tun-
ngavigalugit siornatigut Aptian—Albian seriamut atasutut
allaatigineqartarsimavoq.

Dinoflagellat-cystinik misissuinerup ersersippaa ujaq-
ganik barremian nalaani pinngorsimasunik 140 m-it mis-
saanni issutigisunik peqartog. Tunumilu tamakku siorna-
tigut siumorneqanngisaannarsimapput. Ujaqqgat qaleriiu-
taartut 220 m-it missaanni issussusillit aptian nalaani
kiviorarsimapput 1120 m-illu missaanni issussusillit al-
bian nalaani kiviorarsimallutik.

Ujaggat qaleriiutaartut 40-t ganoq pisoqaassusiisa paa-
siniarat uumasuaqqat ujaranngorsimasut qanoq siaruarsi-
matiginerat tunngavigalugu uppernarsarneqarsimavoq
aammalu tamaani uumasut anginerusut ujaranngorsima-
sut siornatigut ganga pinngorsimanerinik misissuinerit
tunngaviusimallutik.

Ilaqutariit nutaat tallimaat aalajangerncgarsimapput:
Batioladinium shaftesburiense, Pseudoceratium iveri, P.
toveae, Hapsocysta? benteae aamma Subtilisphaera ka-
laalliti. Naqutariillu Bourkidinium kiisalu B. granulatum
pisoqaassusiisa naqqinneqarnissaat siunnersuutiginegar-
simavoq. Ilaqutariit Vesperopsis mayi aamma Muderon-
gia asymmetrica imminnut ilaqutariissinnaanerat misis-
sorneqarpoq. Ilaqutariiusullu arganeq marluusut Pseu-
doceratium taaguutillit akornanni angissusaat, ilusaat
galeruaallu sukumiisumik allaaserinegarsimavoq.

Dinoflagellatit assigiinngitsut qanoq siaruarsimatigine-
rinik naliliineq allaatigisat sagqummersittareernikut tun-
ngavigalugit ingerlanneqarsimavoq. Allaaserisat immik-
kut togqakkat, Europap avannaata kitaani nunanilu issit-
tuni nedre Kridtip nalaani dinoflagellat-cystit ganogq
siaruarsimatiginerannik allaaserinnittut uparuarneqarsi-
mapput.

Ujaqqani qaleriiutaartuni dinoflagellatinik akogartut
nutaat tallimat taakkualu ataanni immikkoortut 13-nit si-
unnersuutigineqarput. Tunumi taama immikkoortiterne-
garsinnaanerat Europap avannaata kitaani Canadamilu
nedre Kridtimi pisogaassusilinnut siornatigut immikkoor-
titerinernut assersuunnegarsimapput.



Introduction and geological setting

The present study describes the biostratigraphy of the
Lower Cretaceous sandy shale sequence in East Green-
land (72°-76°N, Fig. 1). Dinoflagellate cysts recorded
from 40 sections throughout the region dated the se-
quence as Barremian to Albian (Fig. 2). The project is
part of the *Studies of the onshore hydrocarbon potential
in East Greenland’ led by the Geological Survey of
Greenland (GGU) and described by Marcussen er al.
(1987, 1988).

Mesozoic sediments in East Greenland have been stud-
ied since 1870. A detailed historic review of the expedi-
tions in the arca between 1870 and 1956 has been given
by Donovan (1957) and updated by Surlyk (1978a).

The Aptian and Albian succession has been treated in
detail by Maync (1949) and Donovan (1949, 1953, 1955,
1957, 1972) and subsequently, in less detail, by Surlyk
(1978a, 1978b, 1990), Marcussen et al. (1987, 1988) and
Stemmerik er al. (1993).

The sequence has been dated as Aptian to Albian
(Spath, 1946; Maync, 1949; Donovan, 1953, 1955, 1957)
based on the rather sporadic occurrence of macrofossils.
Maync (1949, pp. 195-211, 280-281) termed the shale
sequence the ‘Aptian-Albian series’ or ‘Inoceramus
Beds' (Fig. 3). Maync (1949, pp. 211-212, 280-281)
questionably correlated the ‘Home Foreland Beds® from
the north-eastern part of Hold with Hope with the ‘Ap-
tian—Albian series’ (Fig. 3). According to Maync (1949),
the exposed total thickness of the ‘Aptian-Albian series’
amounts to more than 2000 m. Donovan (in Callomon er
al., 1972, pp. 21-24) reported that Hauterivian and Barre-
mian sediments are unknown in East Greenland. Surlyk
(1990) mentioned that the Lower Cretaceous shale se-
quence reaches a cumulative thickness of 1000 m.

The present study indicates a cumulative thickness of
approximately 1500 m for Maync’s ‘Aptian-Albian se-
ries’, which according to the present study also includes
Barremian sediments (Figs 3, 4). The Barremian deposits
are represented by approximately 140 m of poorly lami-
nated, silty shales with abundant kidney shaped calcare-
ous concretions. These shales are erosively overlain by a
thin calcareous sandstone of early Aptian age, followed
by 80 m to 220 m of sandy shale sediments of Aptian age.
Following a presumed depositional break, in the upper
Aptian — lower Albian, depositional rates increased con-
siderably and approximately 1120 m of shales and fine-
grained sandstones were deposited during the Albian. A
hiatus between the lower and middle Albian and a second
hiatus between the middle and upper Albian are sug-
gested by the fact that several dinoflagellate cyst species

have their last or first occurrences at these levels (Fig. 8).
The Albian succession comprises several coarsening-up-
ward cycles (Fig. 4).

The overall depositional environment during the Bar-
remian—Albian was apparently a muddy inner shelf with
abundant sedimentation of sand beds (Stemmerik et al.,
1993). The coarsening-upward cycles recorded in the
Albian succession may be a sedimentary response to
changes in sea-level and repeated syn-tectonic activity
along the western, north-south trending border faults
(Surlyk er al., 1981). The tectonic activity was presum-
ably caused by extensional faulting (Surlyk, 1990).

The Barremian—Albian succession rests unconform-
ably on sediments of Late Permian to Early Cretaceous
age (Stemmerik et al., 1993). During deposition of the
shales an increase in subsidence rate took place, possibly
associated with an overall sea-level rise initiated during
the latest Hauterivian? — early Barremian and culminat-
ing in the Albian (Figs 2, 4, Enclosure 1; Stemmerik ef
al., 1993).

It is notable that the oldest part of the succession
(Barremian to upper Aptian — lower Albian) is best devel-
oped in the northern region (from north of Haystack to
the northern part of Wollaston Forland) whereas the
youngest part of the succession (lower Albian to upper
Albian) is mainly dominated in the southern region
(southern Wollaston Forland to Traill @; Fig. 5).

North of the studied area, Lower Cretaceous (Valangi-
nian and Aptian) outcrops are reported only from Store
Koldewey by Ravn (1911), Koch (1929a, 1929b). Fre-
bold (1935), Maync (1949), Donovan (1957) and Stem-
merik & Piasecki (1990). Examination, by the present
author, of dinoflagellate cysts from this material only
indicates the presence of upper Barremian sediments on
Store Koldewey, whereas no dinoflagellate cysts of Va-
langinian or Aptian age have been recorded.

From Germania Land, north of Store Koldewey, mac-
rofossils from loose boulders of Aptian age have been
reported by Ravn (1911) and Rosenkrantz (1934, p. 24),
but no outcrops have been recorded.

From the Wandel Sea Basin in North Greenland am-
monites of late Volgian to early Valanginian and early to
middle Albian ages have been reported by Birkelund &
Hakansson (1983). Dinoflagellate cysts from the same
area indicate ages from middle Oxfordian to early Va-
langinian (Hdkansson ef al., 1981). Dinoflagellate cysts
of early Albian age have also been recorded from the area
by Arhus (1991).

From southern Jameson Land, south of the studied
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Fig. 3. Stratigraphical subdivision of the Lower Cretaceous beds of East Greenland.

area, the youngest Lower Cretaceous formation described
is the Ryazanian — lower Valanginian Hesteelv Formation
(Surlyk er al., 1973: Surlyk ef al., 1986, fig. 2; Fig. 3).
According to C. Marcussen (personal communication,
1991) seismic data from Scoresby Sund, south of Jame-
son Land, indicate that the Jameson Land basin continues
to the south beneath the Lower Tertiary basalts on the
southern shore of the fjord. Probable Lower Cretaceous
sediments attain a total thickness here of up to 500 m.

On Milne Land, dinoflagellate cysts indicating middle
Volgian to late Ryazanian — early Valanginian ages have
been reported by Piasecki (1979). Further south, in the
Kangerdlugssuaq area (68°N) dinoflagellate cysts indi-
cating middle Albian to Cenomanian and late Turonian
ages have been recorded by Schigler (in Hoch et al. in
press).

Comparison with previous macrofossil ages

Previous biostratigraphic studies of Aptian and Albian
deposits from East Greenland are compared with the
results obtained in the present study (Fig. 2, Enclosure 1).
The localities are discussed in geographical order begin-
ning from the north. Localitics are illustrated in Fig. 1.

Surlyk (1978b, p. 80, loc. 4, fig. 1) reported uppermost
Ryazanian to Valanginian strata north of Haystack which
might belong to the sandy parts of the Albrechts Bugt
Member or to the transition to the Young Sund Member
(Surlyk, 1978a; Fig. 3). However Surlyk (1978b) men-
tioned that an Aptian—-Albian age cannot be totally ex-
cluded. Section 1 in the present study is represented by an
unconsolidated interbedded silt and sand sequence, corre-
sponding to Surlyk’s (1978b) deposits. Dinoflagellate

cysts from this section strongly indicate a latest Barre-
mian age.

Surlyk (1978b. p. 80, loc. 7, fig. 1) reported an ammo-
nite fragment from north of Kap Oswald Heer, on the east
coast of Hochstetter Forland, and mentioned that the
ammonite fragment was identified with some hesitation
as an early Aptian species. Section 2, is supposed to
correlate with Surlyk’s (1978b) location 7, and contains
dinoflagellate cysts indicating an early Albian age.

Bpgvad & Rosenkrantz (1934) reported an [noceramus
specimen indicating an late Aptian age for shales exposed
near Kap David Gray on the south coast of Shannon
(section 5 in the present study). Dinoflagellate cysts from
one sample in this section are of middle Albian age.
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Several Jurassic and Lower Cretaceous sections from
Kuhn @ were described by Maync (1949). The southern-
most section (section S) is situated approximately 7 km
north-east of Kap Hamburg and was referred to the Ap-

tian series based on lithological features. Section 11 is
located close to Maync's section S and is dated as late
carly Barremian, based on dinoflagellate cysts.

Neither Maync (1949) nor Surlyk (1977a, 1978a) men-




tioned the approximately 26 m, thick very weathered
shale unit above the Rgdryggen Member in their descrip-
tion of the section at ‘Perisphinctes-Ravine’, Kuhn @.
The shale unit (section 10 in the present study) is dated as
latest Hauterivian — earliest carly Barremian based on
dinoflagellate cysts.

Maync (1949) recorded six exposures (A-F) situated
between Kap Maurer in the north of Kuhn @, and the
‘Danish Trappers hut’ north of ‘Perisphinctes-Ravine’,
on the east coast of Kuhn @. The sediments were dated as
early and late Aptian, based on ammonites, belemnites
and Inoceramus species. Maync mentioned that the expo-
sures (A-F) cover almost the same stratigraphical in-
terval, illustrated by a 220 m combined section (Maync,
1949, p. 27, fig. 4). Four sections (6-9), from the same
area, have been analysed for dinoflagellate cysts. Section
6 (43 m, Enclosure 1) was collected at the first exposed
black shale south of Kap Maurer and is comparable with
exposure A of Maync. Section 6 represent at least 23 m
upper Barremian sediments, whereas the uppermost sam-
ple is lower Aptian. Section 7 (90 m, Enclosure 1) is
sitnated approximately halfway between the two hunting
cabins (the *Norwegian Trappers hut’ in the north and the
‘Danish Trappers hut’ north of ‘Perisphinctes-Ravine’)
and is comparable with Maync’s exposure E. The lower
70 m of the section are of upper Barremian age according
to the dinoflagellate cysts, whereas the uppermost sample
is dated as early Aptian,

Section 8 on eastern Kuhn @ consists of 32 m of
sediments (Enclosure 1) dated as late Barremian based on
dinoflagellate cysts. The section is situated approxi-
mately 1 km south of section 7 and might be comparable
with exposure F of Maync.

Section 9 is situated approximately half way between
section 8 and the ‘Danish Trappers hut” on eastern Kuhn
@. This section is dated as late early Barremian based on
dinoflagellate cysts. The section may be situated close to
Maync’s (1949, pl. 1) section 3. However correlation of
the sections is questionable. Maync recorded the Aucella
limestone (according to Surlyk, 1978a, now Albrechts
Bugt Member; Fig. 3) and the red sandstone (according to
Surlyk, 1978a, now Rgdryggen Member; Fig. 3) below
the black shale of Aptian age in his section 3 whereas
only 25 m of black shale is recognised in section 9
(Enclosure 1) from the present study.

A section from Kap Berlin, Brorson Halvg, Wollaston
Forland was dated as Albian, based on ammonites and
species of Inoceramus (Maync, 1949). East of Kap Berlin
Maync (1949) recorded a doubtfully identified Aptian
ammonite specimen. Dinoflagellate cysts from section
12, situated south-west of Kap Berlin, indicate an early
and late Aptian age whereas section 13, located south of
section 12, is dated as early Aptian, late Aptian and early
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Albian ages. The presence of sediments of Aptian age in
the two sections is thus in accordance with Maync’s
assumed Aptian ammorite from east of Kap Berlin.

At Rgdryggen, Wollaston Forland, Maync (1949) re-
corded an Aptian ammonite in the black sandy shale
above the Valanginian Rgdryggen Member (Surlyk,
1978a; Fig. 3), although Spath (1946) remarked that the
species is also known from the upper Barremian. Dinofla-
gellate cysts from the two sections 15 and 16 strongly
indicate a latest early and earliest late Barremian age for
the black shale unconformably resting on the Rgdryggen
Member which support Spath’s remarks.

From the northern flank of Gyldenspids, Wollaston
Forland, Maync (1949) described a 618 m thick undiffer-
entiated Aptian-Albian sequence. Here he recorded
poorly preserved ammonites, of presumed Aptian age.
According to Donovan (1957), these ammonites were not
among the specimens identified by Spath (1946). The
Inoceramus specimens recorded from Gyldenspids (Do-
novan, 1957) suggest that the greater part, if not the
whole section, is of Albian age. Dinoflagellate cysts in-
dicate a middle Albian age for section 20 (470 m, Enclo-
sure 1) from the northern flank of Gyldenspids.

Maync (1949) described a section from Stratumbjer-
get, Wollaston Forland where he mentioned that black
shale with marl bands of indubitable Aptian—Albian age
unconformably rest on the Valanginian Redryggen Mem-
ber. Section 21 correlates with Maync’s black shale. The
dinoflagellate cyst assemblages indicate that the lower 30
m is of early Barremian age, followed by approximately
70 m of late Barremian age and one uppermost sample,
situated 105 m above the Rgdryggen Member, yielded
dinoflagellate cysts of middle Albian age. This indicates
the presence of a significant hiatus between the upper
Barremian and the middle Albian (Enclosure 1) in the
section though it is not visible in the outcrop.

A 433 m Valanginian to Aptian sequence from Kuhn-
passet to Aucellabjerget, Wollaston Forland, has been
described by Maync (1949). According to Maync the
Aptian part of the section constitutes at least 140 m but
another 150 m below may also be Aptian (Maync, 1949,
fig. 27). The Aptian age was based on Spath’s (1946)
identification of ammonites from two levels in Maync’s
section. The ammonites were recorded from 130 m and
145 m below the basalts which rest on Maync’s Aptian
section. Section 17 in the present study consists of 130 m
of sediments (Enclosure 1) situated immediately below
the basalts at Aucellabjerget. The dinoflagellate cysts
indicate that the lower 60 m of section 17 is of late
Barremian age whereas the upper 70 m is of early and late
Aptian age.

Several sections were measured near Kontaktravine,
Dolomitdal, north-eastern Clavering @ by Maync (1949)
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who suggested an Aptian—Albian age. The thickest sec-
tion is 105 m. Donovan (1957) mentioned that all the
exposures on Clavering @ dated by macrofossils are of
Albian age and suggested that the sections from the
Kontaktravine region may also belong to this stage. Di-
noflagellate cysts from section 22 (147 m, Enclosure 1) at
Kontaktravine indicate a early middle Albian age.

Maync (1949) described Inoceramus dated Albian
strata from the Langelinie, eastern Clavering @. Section
23 (386 m, Enclosure 1) from the western part of Langeli-
nie Bjerg is dated as middle Albian based on dinoflagel-
late cysts.

Maync (1949) proposed the lithological unit *Home
Foreland Beds' (Fig. 3) for the ferruginous sandstones
and black shales with ironstone concretions situated be-
low the plateau basalts on the north side of Home Forland
on Hold with Hope. A 385 m section through the beds
had previously been published by Frebold (1934) who
dated the beds as Senonian based on a bivalve found by
E. Nielsen. However, Maync (1949) rejected a Senonian
age, based on lithological similarity between the *Home
Foreland Beds’ and the ‘Inoceramus Beds’ (Maync,
1949; Fig. 3) of Aptian and Albian age. Additionally
Maync (1949) reported the discovery of an Aptian-Al-
bian Inoceramus from the ‘Home Foreland Beds’. Dono-
van (1953, 1957) stressed the danger of correlations
based primarily on lithology but mentioned that Maync
had extensive experience in the Mesozoic of this part of
East Greenland. Donovan (1957) further mentioned that
Maync’s records of the Aptian—-Albian Inoceramus spe-
cies presumably have been based on field identification
as the species did not appear in the macrofossil collection
that Donovan received from Dr. J. Sornay who studied
Maync’s material. Sections 24 and 25 in this study from
the northern part of Home Forland consist of more than

Dinoflagellate cyst distribution and

The literature on Lower Cretaceous dinoflagellate
stratigraphy from East Greenland is very sparse and in
order to establish the present dinoflagellate stratigraphy it
has been necessary to consult papers describing Lower
Cretaceous dinoflagellate cysts from Central Europe,
Norway, Canada, Africa, Papua New Guinea, Australia,
and USA. The stratigraphical coverage of 45 of these
papers has been summarised in Figure 6. Some of these
papers require explanatory comments with respect to the
dating and stratigraphical position of the sections and
samples studied. These papers are commented below.

Of European studies, only those papers containing a

100 m of shale sediments (Enclosure 1). Section 24
covers the interval 330452 m, whereas section 25 covers
the interval 5-110 m. Both sections are below the basalts
and are here interpreted as representing parts of the
‘Home Foreland Beds'. The study of dinoflagellate cysts
from these sections strongly indicates a middle to latest
Albian age.

The published information of the Lower Cretaceous on
Geographical Society @ is sparse. Donovan (1955) re-
ported Inoceramus species of Albian? and Cenomanian
ages from sediments in Tveerdal. Dinoflagellate cysts
from three sections (29-31) in Tvardal suggest a middle
late Albian age.

A few belemnites from Donovan’s (1953) localities
78-80 on the coast north of the Rold Bjerge, north-
eastern Traill @, indicate an ‘Infra-Valanginian® age (Fig.
3). The dinoflagellate cyst content from the same local-
ities (section 33) and from a nearby shallow core (section
32) indicate an early Aptian age.

Donovan (1953) recorded ecarly Albian ammonites in
baked shales at Rold Bjerge, Traill @. No palynomorphs
have been obtained from these shales whereas dinoflagel-
late cysts from section 35, south-east of Rold Bjerge,
indicate a late Albian age.

At Minedal, south of Rold Bjerge, Traill @, Donovan
(1953) recorded bivalves from his locality 66 and sug-
gested that the macrofossils indicated an Albian age. The
dinoflagellate cyst content from section 34 (10 m, Enclo-
sure 1) at the northern slope of Mianedal indicates an early
Albian age.

Dinoflagellate cysts have not been recorded from Do-
novan’s (1953) Albian — Cenomanian localities in the
area of Sortefjelde, Traill @, whereas dinollagellate cysts
from sections 36 to 40 from Svinhufvud Bjerg, Traill @,
indicate a late Albian — early? Cenomanian age.

zonation in the Lower Cretaceous

Lower Cretaceous dinoflagellate cyst zonation or those
published after 1987 are commented upon. Most bio-
stratigraphical dinoflagellate studies published on mate-
rial from north-west Europe (before 1987) were recently
compiled and reviewed by Heilmann-Clausen (1987, figs
3-4; p 11-18).

Several of the published papers used as reference for
the present stratigraphy are of older date or based on
information from well or outcrop sediments with very
limited or no stratigraphical information from macro-
fossils. Not all of the references are equally well located
stratigraphically or relevant to East Greenland. The rank-
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ing used below is therefore arranged so that the publi-
cation with the best documented age evidence is placed
first followed by decreasing reliability with respect to
precise dating. This ranking is also used for discussions
of ages and correlation in the sections on ‘Dinoflagellate
cyst zonation in East Greenland’” and on ‘Systematic
palynology’.

Speeton, England; Duxbury, 1977

Duxbury described the dinoflagellate cyst content for
the ammonite-dated Berriasian to early ‘middle’ Barre-
mian deposits of the Speeton Clay of Speeton (for Great
Britain, a threefold division is used for the Barremian).
Five zones (A to E) was erected for the Berriasian to
upper Hauterivian (variabilis Zone) whereas the eight
younger samples were dated as late Hauterivian to early
‘middle’ Barremian. The two youngest samples represent
the Cement Beds (MB) of carly ‘middle’ Barremian age,
the underlying samples represent the Lower Bl Bed
(carly Barremian) to which Pseudoceratium anaphrissum
(as Aprea anaphrissa) was confined (Duxbury, 1977, p.
60).

Duxbury’s Zone E represents the variabilis ammonite
zone which Rawson et al. (1978) placed in the uppermost
Hauterivian. Following Kemper et al. (1981) the Hauteri-
vian — Barremian stage boundary is now placed below the
variabilis Zone.

England and North Sea wells; Costa and
Davey, 1992

Costa and Davey published the stratigraphical range of
numerous index Cretaceous dinoflagellate cysts obtained
from ‘accurately’ ammonite-dated sediments, represent-
ing the Cretaceous stages in England and the North Sea.

North-west Europe; Davey, 1979b

Davey erected an interval dinoflagellate cyst zonation
for the Portlandian (Jurassic) to Barremian of north-west
Europe. Based on his observations from the Speeton Clay
section (Davey, 1974), he assigned the Pseudoceratium
anaphrissum Subzone (as Doidyx anaphrissa) a late early
Barremian to late ‘middle’ Barremian age, based on the
last occurrence of P. anaphrissum in the ‘middle’ Barre-
mian Cement Beds. Duxbury (1980) and Harding
(1990b) questioned Davey’s (1974; 1979b) recording of
this species from the Cement Beds. According to these
authors the last occurrence of this species is in the older
Lower B Beds at Speeton and the age of the P. anaphris-
sum Subzone should therefore be early Barremian.

England & Germany; Harding, 1990b

Harding correlated the European boreal Barremian
based on dinoflagellate cyst data from one cephalopod
dated German section (Gott claypit, Sarstedt) and four
English sections (Speeton (ammonite dated), Alford,
Hunstanton and Warlingham). Rawson & Mutterlose
(1983, p 137) and Harding (1990b, p. 8-9) mentioned
that the organic rich lower Barremian Bed LB1 at Spee-
ton may be equivalent to the organic rich German Haupt-
blétterton. The latter was dated by Mutterlose (1983;
1984) as early Barremian based on cephalopods. The
Middle B Beds and the Upper B Beds, which at Speeton
overlie the Early Barremian Lower B Beds, have been
assigned a late Barremian age.

North-west Germany; Prossl, 1990

Prossl established a zonation for the lower Hauterivian
to upper Turonian sediments from the well Konrad 101 in
north-west Germany. Prossl used the British threefold
division of the Barremian in his range-chart (table 5) but
elsewhere (p. 95) follows the twofold division, defined
by Mutterlose (1983), where the bitumen rich *Blatterton’
constitutes the major part of the lower Barremian. The
‘middle’ Barremian is included in the upper Barremian.
The lower—upper Barremian boundary in the Konrad 101
well is defined (Mutterlose, 1983; Mutterlose & Harding,
1987a) by the presence of the belemnite Oxyreuthis
brunsvicencis.

North Sea wells and north-west Europe;
Heilmann-Clausen, 1987

Heilmann-Clausen described the dinoflagellate cyst
distribution from the uppermost Jurassic (Volgian) to
upper Albian — Upper Cretaceous in wells from the North
Sea. Most of the data are from ditch cuttings but sidewall
cores and a few cores form part of the investigated mate-
rial. Core samples are from the Tuxen Formation (upper
Hauterivian? to ‘middle’ Barremian), Sola Formation
(‘middle’ Barremian? to lower to upper Albian) and the
Rgdby Formation (Albian). Only rare upper Hauterivian
ammonites were recorded from the cores.

As a reference for the dinoflagellate data from the
investigated wells, Heilmann-Clausen compiled a very
useful range-chart (fig. 4) for 116 stratigraphical impor-
tant dinoflagellate cyst species. This range-chart was
based on information from most (43 papers) published
dinoflagellate studies of the Lower Cretaceous in north-
west Europe (before 1987), of which 27 papers described
ammonite-dated sections.

It should be noted that Heilmann-Clausen, to facilitate




comparison with the Speeton section in eastern England,
used the British three-fold division of the Barremian
stage, where the ‘middle’ Barremian is typified by the
Cement Beds (MB Beds).

South-east England; Lister & Batten, 1988

Stratigraphical information on dinoflagellate cysls
from the Weald Clay (uppermost Barremian) and Lower
Greensand (Aptian) deposits was presented by Lister &
Batten (1988) from a borehole section in southern Eng-
land. The zonation established by Lister & Batten was
correlated with the ammonite zonation from the area. It
has been difficull to correlate Lister & Batten's (1988)
zonation with the zonation from East Greenland due to
the dominance of brackish water dinoflagellate cysts,
especially in the Weald Clay.

North Sea area; Rawson & Riley, 1982

Rawson & Riley’s (1982) zonation scheme covering
the Oxfordian (Jurassic) to the Albian was modified from
unpublished data from Robertson Research Lid (1978).
Rawson & Riley only published the names of the zones
and the zonation may be perceived as informal due to the
lack of definitions. The Pseudoceratium anaphrissum (as
Doidyx anaphrissa) Subzone is, as in Davey (1979b),
described as ‘middle’ Barremian, but should, for the
reasons mentioned above, be of an early Barremian age.

Western Canada; Pocock, 1962

This early work on material from the Lower and Upper
Mannville Group of Alberta and Saskatchewan (accord-
ing to Pocock, 1962, p. 29, Berriasian to Aptian or
slightly younger) only includes stratigraphical informa-
tion on a few dinoflagellate species. Pocock (p. 29) gave
the ‘guartz sand’ member from the Lower Mannville
Group a Barremian age whereas Mellon & Wall (1963)
and Mellon (1967) indicate an early to middle? Albian
age for this member. Pocock (p. 29) referred the “calcare-
ous’ member of the Lower Mannville Group to the upper
Barremian. However Mellon & Wall (1963) and Mellon
(1967) assigned a middle Albian age. Data from Brideaux
& McIntyre (1975) and Brideaux (1977) indicate that the
‘calcareous” member could be as old as late Aptian and as
young as early Albian. The more recent studies therefore
suggests that the ages of these members are younger than
given by Pocock (1962).

Western Canada; Brideaux, 1971

The middle and upper Albian sections described from
Alberta (Brideaux, 1971) are all subsurface sections pen-
etrating the Upper Mannville Group (same middle Albian
interval as Singh (1964) studied for spores and pollen)
and the Lower Colorado Group (upper Albian). Refer-
ence to specics ranges has been obtained from the sys-
tematic chapter of Brideaux’s paper. His composite
range-chart (text-figure 6) also includes data from previ-
ous work.

Western Canada; Davey, 1969, 1970

In Davey’s (1969, 1970) papers on Cenomanian non-
calcareous microplankton, six Albian—~Cenomanian sam-
ples, representing the Lower and Upper Colorado Group
from a borehole in Saskatchewan, were examined for
dinoflagellate cysts. Davey (1970, p. 394) placed the
Albian—Cenomanian boundary just below sample Sas
890 which dated the samples Sas 1084, Sas 1023 and Sas
967 as Albian, sample Sas 890 as early Cenomanian, and
samples Sas 835 and Sas 805 as middle to late Ceno-
manian. According to Singh (1983, table 7) recent re-
search indicates that Davey’s ages (1970, p. 394) are in
error. Singh reassigned them to the following ages: Sas
1084 and Sas 1023 late Albian, Sas 967 and Sas 890
Cenomanian, Sas 835 and Sas 805 ecarly Turonian. It
should be noted that the older ranges of some of these
species interpreted by Singh (1983) are incorrect as they
are based on caved specimens (Davey, personal commu-
nication 1992).

Western Canada; Banerjce & Davies, 1988

Banerjce & Davies (1988) studied the Barremian —
lower? Aptian Ellerslie Formation and Ostracode Zone of
the Manville Group located in the Edmonton Embay-
ment, Alberta. The restricted marine to brackish condi-
tions strongly influence the dinoflagellate cysts distribu-
tion in the deposits.

Arctic Canada; Brideaux & McIntyre, 1975

Brideaux & MclIntyre (1975) discussed the dinoflagel-
late cyst stratigraphy from a composite surface section
along the Horton River, District of MacKenzie. The sec-
tion includes the Langton Bay Formation, composed of
the older Gilmore Lake Member (Apian), the younger
Crossley Lakes Member (Aptian to middle Albian) and
the Horton River Formation (middle Albian).

Brideaux & MclIntyre (1975, p. 9) mention that the
basal part of the Crossley Lakes Member could be as old
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as Hauterivian and as young as Aptian based on the
presence of the dinoflagellate cyst species Tenua hystrix,
Muderongia asymmetrica, M. tetracantha and Circulodi-
nium brevispinosum. However, they conclude that the
lower part of the Crossley Lakes Member must be as-
signed to the Aptian because the spore and pollen data
from the underlying Gilmore Lake Member indicate an
Aptian age.

The Upper part of the Crossley Lakes Member is,
according to Brideaux & Mclntyre (1975), no older than
early Albian and no younger than middle Albian, because
they consider the dinoflagellate cyst and spore assem-
blages from the younger Horton River Formation to be of
middle Albian age.

The few ammonites recorded from the section along
the Horton River are fragmented but suggest an Albian
age (Brideaux & Mclntyre, 1975, p. 7).

Offshore Eastern Canada; Williams, 1975

Based on the stratigraphic ranges of dinoflagellate
cysts, Williams erected a zonation for Mesozoic and
Cenozoic strata in wells on the Scotian Shelf and on the
Grand Banks. All the data presented in this paper are
from subsurface sections, without macrofossil control,
and therefore tentatively dated, according to Williams &
Bujak (1985, p. 869).

Offshore Eastern Canada; Bujak & Williams,
1978

This paper slightly modified the zonation of Williams
(1975) and is based on data from wells on the Scotian
Shelf and Grand Banks. The ages were based on compari-
son with dinoflagellate assemblages primarily from Eu-
ropean outcrops, and with ostracod and foraminiferal
datings from the wells offshore eastern Canada.

According to Williams & Bujak (1985, p. 869) the
"Lower Cretaceous dinoflagellate assemblages from the
Scotian Shelf are most similar to coeval assemblages
from southern England, whereas those from northeastern
Grand Banks are more similar to those from the Speeton
Clay of north-east England. The Albian and Upper Creta-
ceous assemblages are generally similar to those from
France and England.”

Australia; Morgan, 1980

Morgan described the dinoflagellate cyst content from
the Lower and ‘Middle’ Cretaceous from conventional
cores taken all over Australia. Morgan divided the Aptian
to Cenomanian into three microplankton zones and nine
subzones.

Australia; Helby et al., 1987

This paper described the stratigraphic range of Meso-
zoic dinoflagellate cysts from more than 300 wells
(mainly core and side-wall core samples) from Australia
and Papua New Guinea. The Barremian to Albian stages
have been divided into seven dinoflagellate zones, which
are parts of the Muderongia and Heterosphaeridium su-
perzones,

Papua New Guinea; Davey, 1988

Davey established a palynological zonation of the up-
permost Middle Jurassic to the Lower Cretaceous of
Papua New Guinea. Two zones were proposed for the
upper Hauterivian to the lower Aptian and correlated with
the work of Helby et al. (1987).

‘World-wide’; Millioud et al., 1975

This paper includes stratigraphic range charts of se-
lected Cretaceous (Berriasian to Maastrichtian) dinofla-
gellate cysts, without other comments. The ranges prob-
ably represent world-wide ranges. According to the in-
troduction given by Evitt (1975, p. 1) the paper focuses
on ranges of important dinoflagellate cysts in space and
time.

‘World-wide’; Williams & Bujak, 1985

Williams & Bujak (1985) discussed all previously pub-
lished dinoflagellate zonations for the global Mesozoic
and Cenozoic. Additionally they present the ‘world-wide’
(excluding the Tethyan Realm) total ranges of 385 Meso-
zoic and Cenozoic species on fig. 19, whereas the ranges
of selected species (representing the same lime-span)
from the Tethyan Realm were presented on fig. 20.

Williams & Bujak (p. 850) mention that they are aware
of provincialism in dinoflagellates, but that the "lack of
detail at the present time prevents delineation of most
provincially or latitudinally restricted taxa. This results in
part from the scarcity of detailed paleoecological studies
on dinoflagellates™.

Remarks

The comments given to the papers above illustrate that
very few palynological stratigraphic works outside cen-
tral Europe have been ‘accurately’ dated by macrofossils.
The present tentative dating of the sequence from East
Greenland has therefore, where possible, been dated us-
ing correlations with these ammonite-dated works.




The Barremian sequence in this study is mainly dated
by correlation with the dinoflagellate assemblages de-
scribed from the ammonite-dated Speeton section, Eng-
land (Davey, 1974, 1979b; Duxbury, 1977, 1980; Hard-
ing, 1990b; Costa & Davey, 1992) whereas dinoflagellate
species not reported from Speeton are correlated with
cephalopod dated sections in north-west Germany (Hard-
ing, 1990b; Prissl, 1990) and with sections with no or
almost no macrofossil control in Norway (Aarhus et al.,
1986; Arhus et al, 1990;), Africa (Uwins & Batten,
1988), Canada (Brideaux, 1977; Brideaux & Myhr, 1976)
and Australia/Papua New Guinea (Morgan, 1980; Helby
et al., 1987; Davey, 1988),

The Aptian sequence in this study is mainly dated by
correlation with the dinoflagellate assemblages described
from macrofossil-dated sections in England (Duxbury,
1983; Lister & Batten, 1988; Costa & Davey, 1992),
north-west Germany (Davey, 1982a; Prossl, 1990) and
France (Davey & Verdier, 1974) but other sections (with
no or almost no macrofossil control) in Norway (Aarhus
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et al., 1986; Arhus, 1991), Canada (Brideaux, 1977; Bri-
deaux & Mclntyre, 1975; Brideaux & Myhr, 1976; Doe-
renkamp et al., 1976), Africa (Uwins & Batten, 1988) and
Australia/Papua New Guinea (Morgon, 1980; Helby et
al., 1987; Davey, 1988) contain stratigraphically impor-
tant dinoflagellate species with almost the same range as
in East Greenland.

The Albian sequence in this study is mainly dated by
correlation with the dinoflagellate assemblages described
from macrofossil-dated sections in north-west Germany
(Prisssl, 1990), France (Davey & Verdier, 1971; 1973)
and England (Costa & Davey, 1992) but sections with no
or almost no macrofossil control in Canada (Brideaux,
1971, 1977; Singh, 1971; Brideaux & MclIntyre, 1975;
Bridcaux & Myhr, 1976; Doerenkamp et al., 1976),
Alaska (May, 1979; May & Stein, 1979), Norway (Ar-
hus, 1991) and Australia/Papua New Guinea (Morgan,
1980; Helby et al., 1987) all contain stratigraphically
important species with almost the same range as in East
Greenland.

Samples and methods

Samples

The Lower Cretaceous samples analysed in the present
biostratigraphic study were collected during field work
carriecd out by the Geological Survey of Greenland
(GGU) in the summers of 1986 and 1987 in the search for
hydrocarbons, in onshore areas of East Greenland (72°-
76°N) (Marcussen er al., 1987, 1988).

Several examined sections or samples were thermally
affected beyond the level of palynomorph preservation.
Dinoflagellate cysts are recorded from 192 Lower Creta-
ceous samples, representing 40 sections of 1 to 470
metres thickness. The sections are situated on Hochstetter
Forland in the north, to Traill @ in the south (Fig. 2; Table
1, the sections are numbered 1 to 40). Most (37) of the
sections are surface outcrops whereas 3 sections are sub-
surface represented by slim cores from shallow wells
drilled by GGU helicopter transportable drilling equip-
ment.

Preparation

Palynological preparation and studies were carried out
at GGU. Palynomorphs were extracted from 20 g of
sample by modified standard preparation techniques. The
bulk of the minerals was dissolved by hydrochloric and

hydrofluoric acids. A first slide was made after this treat-
ment. A second slide was made of the organic residue
after sieving using a 20 micron nylon mesh. A third slide
was made after oxidation (3 to 5 minutes) with fuming
nitric acid, followed by washing with a weak potassium
hydroxide solution. The oxidation was carried out in
order to clean the sample of minor amorphous kerogen
particles and pyrite. Finally palynomorphs were sepa-
rated in most samples from coal particles and woody
material using the method described by Hansen & Gud-
mundsson (1978).

After each of the steps mentioned above the organic
residues were mounted in a permanent medium Eukitt R
(produced by O. Kindler, Germany).

Depository of material and analyses

The palynological slides were studied with transmitted
light using an Olympus BH-2 microscope (BHT 202120).
All the coordinates in the plate text refer to this micro-
scope. England finder index corners: Z 75 4 = 2.2-174.9;
Z13=14-1020;, A1 1=257-1019; A 65 2 =
26.2-164.8, center: O 38 = 12.9-138.4. The S.E.M. ob-
servations were carried out on oxidised organic material,
sieved, strew mounted and Au-coated using a Phillips
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Scanning Electron Microscope at the Geological Insti-
tute, University of Copenhagen.

The illustrated dinoflagellate cysts with MGUH num-
bers are kept in the type collection of the Geological
Museum of the University of Copenhagen. The additional
palynological preparations from the East Greenland sam-
ples are housed at the Geological Survey of Greenland
where they are accessible for examination.

At least 300 dinoflagellate cysts or cyst fragments,
were counted from the sieved, oxidised or gravitation-
separated slides in order to obtain the relative percentage
of the species content. Rare species recovered after the
counting are shown as very rare (less than 0.5%). Uni-
dentifiable dinoflagellate cysts often constituted 5 to 10
percent.

The TAI (Thermal Alteration Index) evaluation was
determined from the sieved slide before oxidation. -

Due to the very sparse macrofossil content and the
rather homogeneous lithology, the stratigraphical correla-
tion of the geographically widespread 40 sections is

based solely on the first and the last occurrences and
acme of stratigraphically important dinoflagellate spe-
cies.

Reworked dinoflagellate cysts species are seldom re-
corded by their different state of preservation but rather
on their Jurassic and/or lowermost Lower Cretaceous
origin. Reworked species constitute a minor percentage
of the examined material, but are included in the count-
ing.

Additional to the material from East Greenland two
Lower Cretaceous sections from Arctic Canada were
studied. Dinoflagellates from 5 samples from the South
Sabine section on Melville Island and from 15 samples
from the Lost Hammer section on Axel Heiberg Island
were examined for comparison. The Canadian material
was palynologically prepared for and kindly placed at my
disposal by the Geological Survey of Canada (GSC),
Institute of Sedimentary Petroleum Geology (ISPG), Cal-
gary, Canada.

Palynology of the Barremian to Albian sequence

Composition of the organic material,
reworking and maturity

Well preserved dinoflagellate cysts dominate the paly-
nomorph assemblages throughout the sequence and in the
present study 176 dinoflagellate cyst species were re-
corded. Saccate pollen and other miospores occur consis-
tently in low numbers. A slightly higher content of mios-
pores was recorded only in section 30. Acritarchs, other
algae and miscellaneous palynomorphs are rare.

Reworked specimens of Jurassic and lowermost Creta-
ceous dinoflagellate cysts constitute a minor percentage
of the assemblages in the examined material. These spec-
imens were not identified by their divergent state of
preservation but rather by their known stratigraphic
ranges.

The organic material is dominated by palynomorphs
and by brownish to black woody material, amorphous
organic material constitutes a minor part. No clear strati-
graphical or regional variation in composition of the
organic malterial was observed during the study and no
attempt was therefore made to carry oul any organic
facies analyses.

The organic material is thermally immature to mature
with respect to oil generation. The Thermal Alteration
Index (TAI) is -2 to +3. Chemical analyses of the organic
matter yielded Total Organic Carbon (TOC) values of 0.5

to 50 wt. %, whereas the S, values (the maximum
amounts of hydrocarbon which can be generated if the
sediment is submitted to pyrolysis) are too low (0.1 to 1.0
mg HC/g rock) to have potential as source-rock for oil.

Diversity

The diversity of dinoflagellate cyst species as mea-
sured by the number of recorded species per sample
varies from 9 to 46 (Enclosure 2). The diversity is rela-
tively high (18-30 species) in samples assigned an earli-
est Barremian age. The highest diversity (more than 40
species) is recorded in samples assigned a latest Barre-
mian to carliest Aptian age. This is followed by a low
diversity interval (9-25 species) of late early Aptian to
early Albian age. In the middle Albian the diversity
increases (30—40 species). Finally in the upper part of the
studied succession, assigned a late Albian age, the di-
versity is again relatively low and stratigraphically uni-
form (15-25 species; Enclosure 2).

The low diversity interval in sediments assigned a late
early Aptian to early Albian age correlates with the low
relative sea-level of the same age described by Haq er al.
(1986). This is in contrast to the relatively low diversity
interval of late Albian age (Enclosure 2), which corre-
sponds to a relatively high sea-level (Haq er al., 1986).




Dominant and frequent species
Barremian

Oligosphaeridium? asterigerum is common in the low-
ermost Barremian sediments, whereas Muderongia aus-
tralis dominates a thin zone in the same interval (Enclo-
sure 2). Pseudoceratium anaphrissum and Muderongia
aff. M. simplex microperforata are common to very abun-
dant in the higher parts of the lower Barremian. Pseudo-
ceratium toveae sp. nov. and Circulodinium aff. C. atta-
dalicum are common in the upper Barremian, whereas
Cribroperidinium muderongense is very abundant in a
restricted interval in the uppermost Barremian.

Aptian

Circulodinium aff. C. attadalicum is very abundant in
the lowermost Aptian whereas Vesperopsis longicornis
and Chlamydophorella trabeculosa are common to very
abundant in sediments considered to belong to a higher
level of the lower Aptian. Oligosphaeridium complex is
very abundant in the higher parts of the lower Aptian to
the lower parts of upper Aptian. Senoniasphaera micro-
reticulata is very common in the uppermost Aptian to the
lowermost Albian.

Albian

Circulodinium brevispinosum and Vesperopsis longi-
cornis are common to abundant in the lower Albian.
Circulodinium sp. 1 is very abundant in the lowermost
parts of the upper Albian. Rhombodella paucispinosa and
Subtilisphaera kalaalliti sp. nov. dominate the assem-
blages in the middle and the uppermost Albian; Ovoidi-
nium? sp. 1 is quite common in the upper part of this
interval.

Chlamydophorella  trabeculosa, Oligosphaeridium
complex and Spiniferites spp. are common (o abundant
throughout the major part of the studied sequences.
Odontochitina operculata, Palaeoperidinium cretaceum
and Sentusidinium sp. 1 are common to abundant in most
of the samples tentatively considered to belong to the
upper Barremian to upper Albian.

Possible low salinity indicators

Palaeoperidinium cretaceum constitutes 10 to 40% of
the dinoflagellate cyst assemblage in the upper Aptian to
upper Albian. Abundant P. cretacewm may according o
Harding (1990a) indicate low-salinity environments. An-
other possible low-salinity indicator is abundant Vespe-

21

ropsis mayi which constitutes 5 to 25% of the assemblage
in the lower and middle Albian. Vesperopsis mayi was
described from the Western Interior, U.S.A. by Bint
(1986), who recorded the species throughout the Kiowa
Formation, dated as early late Albian. Vesperopsis mayi is
most common in the upper part of the Kiowa Formation.
According to Scott (1977, fig. 12) this part of the forma-
tion was deposited under open sea to shoreface and bay
conditions.

The abundance of P. cretacewmn and V. mayi in the
lower to middle part of the Albian in East Greenland
could therefore indicate restricted marine conditions.
However, the corresponding low diversity (approxi-
mately 10 species) of the assemblages reported by Hard-
ing (1990a) is not found in the East Greenland assem-
blages.

Provincialism

Published studies of Arctic Canadian and Boreal Eu-
ropean dinoflagellate cyst assemblages illustrate that
these Lower Cretaccous floras differ slightly. The di-
noflagellate cyst assemblages from East Greenland seem
to be almost identical to assemblages from offshore Nor-
way and show several similarities with the assemblages
previously described from north-west Europe and show
several other similaritiecs with Canadian assemblages.
However, it is remarkable how some of the assemblage
characteristics from East Greenland are comparable with
those from Australia and Papua New Guinea in the south-
ern hemisphere.

According to palaecogeographic maps of the Early Cre-
taceous of the North Atlantic no apparent land barriers
existed to have an influence on the mixing of Arctic and
Boreal dinoflagellate cyst assemblages. The geographi-
cally restricted occurrence of the species may therefore
have been controlled by differences in salinity, lemper-
ature or current patterns between the regions.

Pseudoceratium anaphrissum, which is an important
stratigraphic marker for the lower Barremian black shale
facies in north-west Europe, Norway and East Greenland,
is apparently absent in Arctic Canada and probably also
in Eastern Canada. Tubotuberella uncinata (lower Barre-
mian) is only recorded from East Greenland, Arctic Can-
ada and north-west Europe, where it is very rare. Batiola-
dinium longicornutum, is common in Hauterivian to Bar-
remian deposits in north-west Europe, Norway and East
Greenland but is very rare in Arctic Canada and not
reported from Eastern Canada. Pseudoceratium nudum
(Barremian to lower Aptian), which is common in East
Greenland, Norway and Arctic Canada, is very rare in
north-west Europe and apparently absent in Eastern Can-
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ada. The new species Pseudoceratium toveae (Barre-
mian), recorded from East Greenland, offshore Norway
and Arctic Canada (unpublished data 1989) has not been
reported from north-west Europe, except offshore Nor-
way. However the closely related species Pseudocer-
atium weymouthense Helby, 1987 occurs in the upper-
most Late Jurassic and lowermost Early Cretaceous in
Australia.

Senoniasphaera microreticulata (upper? Aptian to
middle Albian) has not been reported from north-west
Europe or from the southern hemisphere, whereas it
seems to be a good stratigraphical marker in offshore
Norway, Arctic Canada and East Greenland. Pseudocer-
atium expolitum (middle to upper Albian) is also very
rare in Europe except offshore Norway, Arctic and East-

ern Canada and East Greenland where it is common and
stratigraphically useful.

Chichaouadinium vestitum (middle to upper Albian)
and Wigginsiella grandstandica (lower part of upper Al-
bian) has not been recorded from areas outside North
America and East Greenland.

Ovoidinium? sp. 1 has only been recorded from off-
shore Norway and East Greenland. It is common to very
abundant in the uppermost Albian to lowermost Ceno-
manian.

The combined dominance of Rhombodella paucispi-
nosa and Subtilisphaera kalaalliti sp. nov. in upper Al-
bian sediments in East Greenland seems to be a local
phenomenon.

Dinoflagellate cyst zonation in East Greenland

The composite range chart (Enclosure 2) shows the
ranges of species from 74 selected samples from 15 of the
studied sections and the zonation based on their distribu-
tion.

The age determinations in the present study are almost
exclusively based on dinoflagellate cyst ranges described
in the present chapter. No other independent dating is
available, except from those discussed in the chapter on
‘Comparison with previous macrofossil ages’. The ages
given should, therefore, be regarded as tentative.

The zonation is based on the ranges and acmes of the
stratigraphically important species (Fig. 8, Enclosure 2).
Five zones (I-V) are subdivided into 13 subzones (Fig.
7). Every zone and subzone is defined by the two lowest
and/or highest occurrences of taxa, and follows the defi-
nition for an interval zone proposed in the ‘North Amer-
ican Commission on Stratigraphic Nomenclature” (1983).
Zones | and V and Subzone Il are concurrent range
zones; Zone IT and IIT and Subzones 12, 13, 1112, 1114, IV2,
IV1, V2 and V3 are interval zones; Zone IV and Subzone
III1 and IV] are partial range zones; Subzones 1113 and
V4 are taxon range zones. The common to dominant
species listed under ‘Characteristic species’ are those
comprising more than ten per cent of the dinoflagellate
cyst assemblage. The species listed as very rare to present
constitute less than ten per cent of the dinoflagellate cyst
assemblage.

The numbers in parentheses following species listed in
‘Characteristic species’ refer lo the species position on
the composite range-chart (Enclosure 2). The letters fol-
lowing these numbers are ‘F’, first occurrence in zone,

*FB’, first occurrence at the base and ‘FT°, a first occur-
rence at the top of the zone, ‘L’, last occurrence within
the zone, ‘LT’, last occurrence at the top and ‘LB’ last
occurrence at the base of the zone. Species which are not
followed by a parentheses have not been recorded from
the sections included in the composite range-charts (Fig.
8, Enclosure 2). Previously published Lower Cretaceous
zonations used for comparison are illustrated on Fig. 9.

1. Batioladinium longicornutum Zone

Age. Late Hauterivian? to late Barremian.

Definition. Batioladinium longicornutum has its last oc-
currence at the top of the zone. The base of the zone is
defined by the first occurrence of Muderongia australis.

Subdivision. The B. longicornutum Zone is subdivided
into three subzones; (1) Nelchinopsis kostromiensis Sub-
zone, (2) Pseudoceratium anaphrissum Subzone and (3)
Pseudoceratium toveae Subzone.

Thickness and distribution in East Greenland. The maxi-
mum known thickness of the Batioladinium longicornu-
tum Zone is 140 m. It is represented in 15 sections
situated on Hochstetter Forland, Shannon, Kuhn @ and
Wollaston Forland, in the northern part of the area studied
(Fig. 2, Enclosure 1).



I 1. Nelchinopsis kostromiensis Subzone

Age. Late Hauterivian? to early Barremian.

Definition. Nelchinopsis kostromiensis has its last occur-
rence at the top of the subzone. The base of the subzone is
defined by the first occurrence of Muderongia australis
which, according to Arhus er al. (1990), Helby (1987)
and Davey (1988) has a relatively short stratigraphic
range from Hauterivian to Barremian in the Barents Sea,
and in Australia and Papua New Guinea, respectively.
However older exposures of the dark mudstone sequence
do not occur on East Greenland. The dark mudstones rest
upon the middle to upper Valanginian Redryggen Mem-
ber (Surlyk, 1978a).

Characteristic species. The two stratigraphically impor-
tant species Muderongia australis (27, F, L) and Nelchi-
nopsis kostromiensis (4, LT) are common to dominant
(Fig. 8, Enclosure 2) while Batioladinium longicornutum
(6), Gochteodinia villosa multifurcata, Gonyaulacysta
perforobtusa (26, F, L), Hystrichosphaeridium arborispi-
num (35, F), Leptodinium? hyalodermopse (38, F), Pseu-
doceratium anaphrissum (28, F) and Tubotuberella un-
cinata (44, F, L) are very rare to frequent in the subzone.

Thickness and distribution. The subzone occurs in 26 m
of section 10 and 45 m of section 18, and in two samples
from the lower part of sections 9 and 21 (Enclosure 1).
All four sections are from Kuhn @ and Wollaston Forland
in the northern part of the area studied (Figs 2 & 5).

Geological serting. Sediments belonging in the lower
boundary of the N. kostromiensis Subzone are not ex-
posed at sections 9 and 18. The dark mudstone sequence
of the subzone in sections 10 and 21 rests on the middle
to upper Valanginian Rgdryggen Member (Surlyk,
1978a).

Lithology. Dark mudstone sequence with scattered yel-
low calcareous kidney shaped concretions less than 15
cm in diameter.

Discussion. A dinoflagellate cyst assemblage very similar
to that of the N. kostromiensis Subzone has recently been
reported as Hauterivian — lower Barremian from the
Barents Sea by Arhus er al. (1990).

The dominance of the species Muderongia australis in
the middle part of the subzone may be of stratigraphical
importance. A similar acme has been reported from the
Hauterivian uppermost part of Rurikfjeldet Member at
Spitsbergen and from the Hauterivian — lower Barremian
in the Barents Sea by Arhus er al. (1990). Muderongia
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australis was originally described from Barremian depos-
its in Australia by Helby (1987) and later recorded from
the lowermost Hauterivian to the ‘middle’ Barremian in
Papua New Guinea by Davey (1988).

Duxbury (1977; 1980) and Riley & Fenton (1984)
recorded the last occurrence for the subzone index spe-
cies N. kostromiensis in the variabilis ammonile zone.
The Hauterivian—-Barremian boundary was at that time
placed above the variabilis Zone by Rawson er al. 1978.
Following Kemper et al. (1981) the boundary is now
placed below the variabilis Zone. Heilmann-Clausen

ZONES SUBZONES
Epelidosphaeridia

spinosa (4)
Ovoidinium? sp.1

@ | Subtilisphaera (3)

o =

% kalaalliti Odontochitina

(v) ancala (2)
Wigginsiella
=
< grandstandica (1)
g
Chichaouadinium
< |y Rhombodella ]

| o vestitum (2)

8 paucispina

s av) Litosphaeridium

arundum (1)

5 Leptodinium ?

= hyalodermopse (4)

o]

- o
-—+—4  Circulodinium Senoniasphaera

o microreticulata (3)

w 2 g

o brevispinosum =

S Vesperopsis
& (m mayt )
~ Vesperopsis
o
<< g longicornis (1)

o =

- | Pseudoceratium

nudum (II)

5 Pseudoceratium
Zla . . toveae (3)
<| 5| Batioladinium
I.ELI Pseudoceratium
|| longicornutum anaphrissum (2)
iz
g 9 m Nelchinopsis

kostromiensis (1)

Fig. 7. Dinoflagellate cyst zonation for the Barremian to Albian
in East Greenland (72°-76°N).



§¢ 1E

L

0%

9VZE 9
¥avE 99
95FOFE LY
AS¥O¥E B

EEAKTE

SO09FZE LS
Z29K2E BE
LOSKZE 6T
BOGKEE 0%
19kakE 68
ZOFAYE OL

LIS¥ZE 1L

LEESEE kL

1 2 3 1 2 3 4

uH? 1 1 i

7,\ L.Barr. | U.Barr. U.Apt. :

(1987) and Harding (1990b) report the species as ranging
from upper Hauterivian to lower Barremian in north-west
Europe and Germany. Arhus ef al. (1990) report the
species from the Hauterivian to lower Barremian interval
in the Barents Sea. Ofstad (1983) reports this species
from Valanginian and upper Hauterivian to lower Barre-
mian offshore southern Norway. MclIntyre & Brideaux
(1980) recorded N. kostromiensis from the middle Va-
langinian in the District of Mackenzie, Canada, and Wig-
gins (1972) recorded the species from the upper Valangi-
nian to lower Hauterivian in Alaska.

The few specimens of Gochteodinia villosa multificr-
cata in this subzone in East Greenland may be reworked.

This species has previously been reported from lower
Hauterivian, as Pareodinia dasyforma, by Duxbury
(1977) whereas Thusu (1978) recorded the species as G.
villosa from the Barremian of Arctic Norway. The spe-
cies was originally recorded from the upper Ryazanian to
Valanginian in Denmark by Davey (1982b).

The presence of Gonvaulacysta perforobtusa might
indicatc a Hauterivian age. Duxbury (1977) reported it
from the lower to upper Hauterivian (Speeton Clay litho-
units D2A to C6) whereas Heilmann-Clausen (1987) in-
dicated a lower Barremian occurrence of the species.

Tubotuberella uncinata has only been reported from
the Hauterivian and Barremian from the District of Mack-



SPECIES LOCATION INDEX

Index numbers are the columns in which spocles appear

INDEX
NUMITER

SPECIES

L) MELGHINOPSIS =0STROMIENSIS o ACHOMOSPHAERAZ NEPTUNI
257 GONYAULAGYSTA FASTIGIATA 42 APTEODINIUM CF. A. GHANDE
= BATLOLADINIUM | ONGIGORNUTUM 3 DATIOLADINIUM LONGICORNUTUM
4 HESLEWTOMIA HESLERTOMEMSIS 32 CANNINGIA RETICULATA
S0 HUDERONGIA TF FRAGANTHA 34 CAUCA PARVA
e! DINGUOIMIUM? ALBECRTIL 8 CUICHAOUADTNIUM VEST ITUM
7l GONY@MUILAGYSTA PERFOROBTUSH 17 CIREULODINTIM AF C. ATTARALICHM
6! HUDERUMGIA AUSTRALTS 29 CIRCHLOGDINIUM DREV ISP INOSUM
S FEEUDURE RAT LUN GHAPH RIS EUN 44 CIRCULODINIUM SP. 1
| ACHOMUSFHAERA? MERTUMNL f o DINGODINIUM? ALBERTII
| BIRMIOODIMILM GROSSTT 15 DOROCYSTA LITOTES
| MYSTRICHOLENAER INTUH ARBOR ISP IHUR 25 ELLIPSOLDICTYUM IMPERFECTUM
N LERrTODIMIUMS HYAL NDERMOPSE 53 EPELIDOSPHABRIDIA SPINDSA
| TUBOTUBCRELLE UMGIMATA 23 EXIGUISPHAERA PLECTILIS
| HUDERONGIA AFF. M. SIHPLEN MICKOPERFURATA 2 GONYAULACYSTA I'a GIATA
TRICHODIHIUN SPEL TOMENSE 7 GONYAULACYSTA ¢ OROBTUSA
': LIRCULONDTNIUN AFF. G. ATTAOALICUH &5 HAPSOCYSTA? BENTEAR S5P. KOV,
FSEUDOCFRATIUN MUDUM 1 NESLERTONIA HES! TTONENS |5
FEEUDOCEEATIUN TOUEAE SP. WOW. 2 WYSTHICHOD INTIM AFP. 0, FUNCATEM
| NONNTOCHTTINA OPERCULATRA 2 NYSTRICHOSPHAER IDEUM ARBON ISP INUM
| PALAEOFERIOINIUN CRI TACEUM 3l LEFTORINIEM CANCELLATUM
HYSTRICHODIMIUM AFF. M. FURIEATUHR 13 LEMTOIBINTUM? HYALODERMOPSE
ERIGUISPHAERAN PLECTILIS 10 LUTOSUHAKRITIUM ARUNDUM
HY=TERICYRETA® VITREA is MUDERONGIA AFF. M. STMPLEX MICROPERFORATA
¢ ELLIPSOINICTYUH IMPEKFEGTUR B MUDEHONGIA AUSTIAL IS
| PSEUDOCERATIUN TURKI SP. NOU. 5 ONGIA TETHACANTIA
VESPEROPSIS LONGICORNTS | HEMINOPS TS KOSTROMIENS TS
PEEUDOCERAT TUN EISEMACST L 24 NYKTENICYSTA? VITHEA
CIRCULODIMIUN BREVISFINOSUN A0 ODONTOCITITINA ANCALA
VESPERUPSIS HAY! 20 DDONTOCH VT INA OPERCUHLATA
LEFTOMIMIUN CANCELLATUM ar OUENTOUHITINA SINGH
CAMMINGIA KETICULATA a1 OVOITRINIUMT S0 |
GEMOMTASGPFHAE KA HICRORET ICULATA a6 PALAGOIYSTRICHOPUORA INFUSORIOIRES
CALEA PARYN 21 HIDINIUM CnET L]
| HAPSOCYSTA® BENMTEARE 5. MUY, a8 RATIUM AFE. ). P rLm
FSEUDDCERATIUH O YHORFHIM a9 AT TUM ANAIII S51M
: ODONMTOCHITING SIMGHI T 28 HATIUM EISENACKD )
CHICHADUADINIUN UEST I TuH 44 NATIUM S
| PSEUDOGERAT UM EXPOL TTUH 26 HATIUM IVERL SP. N0V
A0 LITOSPHACK IO TUN ARUMELR 14 VICERAT LM NUDEM
+1 ' RHOMBODELLM iz isi ] M A6 VINFCERAT LUM 1OLYMORI UM
42 METEODINIUR ©GF . A, GREANOF " AT TUM TOVEAE 51 NOW
4% MIGGINSIELL® DNAMDSTAROLIGA i A PAUCISITINA
44| GIRGULODINIUM 5. 1 B4 SENON LASPHAERA MLCHRORIT | CULATA
45 DOROCYSTA LITures B STRMIVDINIUM GROSS 1T
45 FALAEOHYSTRICHOPFHORA IMNFOSORIOINDES 17 HSUITILESTUAERA KALAALLLIT] 510 NOw
:' SUBTILISPHALEA SALAALLITI 5F. HMOW, 6 THICHIBINIUM SPERTONENS
| RIPHOPHORIDIUM ML St " TURFTUBEIE LA UNCINATA
| PSEUDOCERATIUN AFF. P. EXFOL 1 TUM 27 5 OLONGICORNTS
OOONTOSHT TENA ANGALR 30 5 oMAY
OUDIDIMILM? 5P, 43 WIGHINSTELLA GHANBSTANDICA
I HENASCUS CFRATIOIDES a2 XENANUIS CHRATIOIDRS
53| EFELIDOSFHAERIGIA SPINOSA Ak ELPHOPIORIDIUM ALATUM
subzones
zones
stages

enzie, Canada by Brideaux (1977). However, one speci-
men has recently been recovered from a core including
the lower to upper Barremian boundary at the Ahlum-1
well from the Lower Saxony Basin in Northwest Ger-
communication,

many (Heilmann-Clausen,
1990).

The lowermost occurrences of Pseudoceratium ana-
phrissum and Hystrichsphaeridium arborispinum are
elsewhere indicative of higher levels of the lower Barre-
mian where they are often abundant. An overlap in the
ranges of N. kostromiensis and P, anaphrissum has only
been reported from the Barents Sea (Arhus et al., 1990).

personal
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Fig. 8. The total stratigraphical
range of 53 age diagnostic di-
noflagellate cyst species se-
lected from the composite
range chart (Enclosure 2).

contain species characteristic of both the Hauterivian and
the lower Barremian. The proposal by Arhus ez al. (1990)
that the acme of M. australis could be related to an early
Barremian transgression would make it a useful lower
Barremian marker. In that case the lowermost sample in

section 10 could be of Hauterivian age, whereas the two

mian age.

East Greenland.

The assemblages from the N. kostromiensis Subzone

upper samples from that section might be of early Barre-

The M. australis acme unfortunately seems to be re-
stricted to a very narrow interval in the Arctic which can
easily be missed and is recorded only in section 10 from
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boundary, below the variabilis Zone.
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Comparison with other zones. The N. kostromiensis Sub-
zone differs from the zones established by Duxbury
(1977), Davey (1979b), Prossl (1990), Pocock (1976) and
Williams (1975) for the Hauterivian — lower Barremian
(Fig. 9). The most pronounced difference is the overlap of
the species N. kostromiensis and P. anaphrissum in sam-
ples from East Greenland and the dominance of M. au-
stralis. Muderongia australis has been reported from
north-west Germany by Prossl (1990), where it has its
last occurrence in the lower Hauterivian to the middle
upper Hauterivian Cymososphaeridium validum Zone
(Prossl, 1990). The species Canningia ct. C. reticulata
(Davey, 1979b) and Cassiculosphaeridia magna, which
are common in the upper Hauterivian — lower Barremian
C. magna Subzone in north-west Europe (Davey, 1979b),
are rarc or absent in the N. kostromiensis Subzone.

I 2. Pseudoceratium anaphrissum Subzone

Age. Early Barremian.

Definition. Interval from above the uppermost occurrence
of Nelchinopsis kostromiensis to the uppermost occur-
rence of Pseudoceratium anaphrissum.

Acmes of the two species P. anaphrissum and Hystri-
chosphaeridium arborispinum occur in this interval im-
mediately above the uppermost occurrence of N. kostro-
miensis.

Characteristic species. The three stratigraphically impor-
tant species Hystrichosphaeridium arborispinum (35),
Muderongia aff. M. simplex microperforata (49, F) and
Pseudoceratium anaphrissum (28, LT) are common to
dominant (Fig. 8, Enclosure 2) while Batioladinium jae-
geri (67, F), B. longicornutum (6), Cassiculosphaeridia
magna, Gochteodinia villosa multifurcata, Gonyaula-
cysta fastigiata (3, LT), Hystrichosphaerina schindewolfii
(73, F), Hystrichodinium aff. H. furcatum (72, F), Pseu-
doceratium nudum (54, F) and Trichodinium speetonense
(52, F) are very rare to frequent in the subzone.

Thickness and distribution. The thickness of the subzone
is 30-80 m. It constitutes 30 m at section 21 where the
entire subzone is exposed. Part of the subzone is present
in sections 4, 9, 11, 15, 16 and 18, all from the northern
part of the area on Shannon, Kuhn @ and Wollaston
Forland (Figs 2, 5, Enclosure 1).

Geological setting. Sediments belonging in the lower
boundary of the P. anaprissum Subzone are exposed in
sections 9, 18 and 21 where they rest on sediments of the
N. kostromiensis Subzone. The lower boundary of the P.

anaphrissum Subzone is not exposed in sections 4, 11, 15
and 17. In section 17 sediments of the P. anaphrissum
Subzone rest unconformably on the Jurassic Bernberg
Formation, an organic rich black mudstone sequence
(Surlyk, 1977a).

Lithology. Dark mudstone sequence with scattered yel-
low to orange calcareous kidney shaped concretions up to
15 ¢m in diameter.

Discussion. According to Sarjeant (1966b), Davey (1974,
1979b), Duxbury (1980) and Heilmann-Clausen (1987)
Pseudoceratium anaphrissum is a good marker for ‘mid-
dle’ Barremian in north-west Europe. Mutterlose & Hard-
ing (1987b) and Harding (1990b) reported the species
only from lower Barremian in North Germany and Eng-
land. The species has also been reported from the Barre-
mian of Arctic Norway by Thusu (1978), Aarhus ef al.
(1986) and Arhus et al. (1990).

Arhus er al. (1990, p. 174) reported that “since P
anaphrissum often has an acme occurrence in the low-
ermost part of its range (e.g. in the commercial Trom-
spyflaket wells) this may be the best practical palynolog-
ical criterion for distinguishing Hauterivian and Barre-
mian strata, although the acme occurrence is probably
situated in the ‘middle’ Barremain H. rude-fissicostatum
ammonite Zone according to the literature™.

The picture differs in East Greenland where P. ana-
phrissum occurs in low numbers in the lower part of its
range together with Nelchinopsis kostromienses and Mu-
derongia australis and the acme of P. anaphrissum oc-
curs in the upper part of its range immediately above the
last occurrence of N. kostromiensis. Several observations
indicate that the lowermost occurrence of P. anaphrissum
is diachronous between East Greenland and the Barents
Sea; i.e. the species was present in East Greenland before
its appearance in the Barents Sea. This is supported by
the observation that P. anaphrissum first occurs above the
last occurrence of Muderongia australis in the Barents
Sea, whereas the two species occur together in East
Greenland. The species M. cl. M. asymmetrica (Arhus et
al., 1990) looks very similar to the species described here
as M. afl. M. simplex microperforata. Both species have
their first occurrence in the lowermost part of the P
anaphrissum acme in the Barents Sea and in East Green-
land it is therefore suggested that the acme of P. ana-
phrissum in the middle-upper part of its range in East
Greenland is the same acme as the one observed in the
lowermost part of the range in the Barents Sea.

Muderongia simplex microperforata mainly occurs in
the Ryazanian-Valanginian (Davey, 1982b; Heilmann-
Clausen, 1987), although the species has also been re-
corded from the Hauterivian (Davey, 1982b; Harding,



1986). The illustrations of latest Hauterivian M. simplex
microperforata specimens (Harding, 1986, plate 17, figs
3, 5. 8) indicate similarities with the Greenland material.
Harding also notes that Davey has recorded the sub-
species from the lower Barremian offshore Holland (R. J.
Davey, personal communication in Harding., 1986, p.
107), which agrees with the present observation.

The upper Hauterivian — lower Barremian Muderongia
sp. reported from Libya (Uwins & Batten, 1988, plate 34,
figs 18, 19) also resembles M. aff. M. simplex microper-
forata from East Greenland.

The species Gonyaulacysta fastigiata has its last oc-
currence in the ‘middle’ Barremian at Speeton (Duxbury,
1980) and in the lower Barremian of offshore South
Norway (Aarhus er al., 1986). This is in agreement with
the present observations.

Comparison with other zones. The top of the P. anaphris-
sum Subzone, here erected for East Greenland, seems to
be similar to the top of the P. anaphrissum Subzone (Fig.
9) erected by Davey (1979b) for north-west Europe. The
tops of both subzones are defined by the uppermost
occurrence of P. anaphrissum and occur immediately
below the lowermost occurrence of Palaeoperidinium
cretaceum. However, the base of Davey’s (1979b) sub-
zone differs slightly by being defined by the first occur-
rence of P. anaphrissum.

The Exiguisphaera plectilis Zone erected by Prossl
(1990) for north-west Germany differs from the present
subzone by having the first and last occurrence of P,
anaphrissum (as Aptea anaphrissa) within the zone and
by being defined by the total range of E. plectilis.

The P. anaphrissum Subzone occurs in the interval
covering the upper part of the lower Barremian and dif-
fers in that way from the lower to the middle part of the
upper Barremian E. plectilis Zone (Prossl, 1990). The
Trichodinium aff. T. speetonense Zone of Arctic Canada
(Pocock, 1976), the P. anaphrissum Peak Zone of Eastern
Canada and the world-wide P anaphrissum Subzone
(Williams, 1975; 1977) all cover the entire Barremian
and differ in that way [rom the present P. anaphrissum
Subzone.

I 3. Pseudoceratium toveae Subzone

Age. Lale Barremian.

Definition. The interval from immediately above the last
occurrence of Pseudoceratium anaphrissum to the last
occurrence of Batioladinium longicornutum. The interval
contains the acme of the species Pseudoceratium toveae
sp. nov.,
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Characteristic species. The four stratigraphically impor-
tant species Hystrichosphaeridium arborispinum (35, L),
Qdontochitina operculata (70, F). Pseudoceratium to-
veae sp. nov. (68, FB) and Pseudoceratium nudum (54)
are common to dominant in the Pseudoceratium ana-
phrissum Subzone (Fig. 8, Enclosure 2) while Acomos-
phaera? neptuni (29, LT). Batioladinium longicornutum
(6, LT), Desmocysta plekta (86, F), Ellipsoidictyum im-
perfectum (81, F), Exiguisphaera plectilis (17, F), Hystri-
chodinium aff. H. furcatum (72, F), Hystrichodinium ra-
moides, Hystrichosphaeridium arborispinum (35, L),
Atopodinium haromense (76, F), Nyktericysta? vitrea (78,
F), Palaeoperidinium cretaceum (71, FB) and Pseudo-
ceratium iveri sp. nov. (85, FT, LT) are very rare to
frequent in the subzone.

Thickness and distribution. The subzone is up to 65 m
thick in sections 7, 14, 17 and 21 and up to 30 m of thick
in sections 1, 6, 8, 15, 16 and 19. All ten sections are from
the northern part of the area: Haystack, Kuhn @ and
Wollaston Forland (Figs 2, 5, Enclosure 1).

Geological setting. Sediments belonging in the lower
boundary of the P. foveae Subzone are exposed only in
sections 15, 16 and 21 where they rest upon sediments of
the Pseudoceratium anaphrissum Subzone. The lower
boundary of the P. toveae Subzone is not exposed in
sections 1. 6, 7, 8 and 17. Strata of the subzone rest
unconformably on the uppermost Ryazanian — Valangi-
nian Young Sund Member (Surlyk, 1978a) in section 14
and rest unconformably on the uppermost Ryazanian —
Valanginian Albrechts Bugt Member (Surlyk, 1978a) in
section 19.

Lithology. The subzone consist of a dark mudstone se-
quence with scattered yellow, eroded, calcareous, Kidney
shaped concretions. The lower part of the subzone con-
tains scattered, 5-20 c¢m thick, calcareous bands.

Discussion. Pseudoceratium toveae sp. nov. has previ-
ously been recorded (as P. gochtii) from the Barremian in
northern Canada (Brideaux, 1976, 1977). For further dis-
cussion on the relationship of P. toveae sp. nov. to P.
gochtii see the systematic chapter.

Palaeoperidinium cretaceum has its first occurrence in
the ‘middle’ Barremian at Speeton, England (Davey,
1979b; Duxbury, 1980). Batioladinium longicornutum,
according to Davey (1979b), has its last occurrence in the
top of the ‘middle’ Barremian. Duxbury (1980) reports
the species from lowermost upper Barremian at Speeton.
The species has never been recorded from the uppermost
Barremian in accurately dated sediments in England
whereas according to Harding (1990b) and Prossl (1990)
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it has a last occurrence very close to the top of the upper
Barremian in Germany. Heilmann-Clausen (1987, fig. 4))
regards B. longicornutum as a reliable top Barremian
marker. The last occurrence of Hystrichosphaerindium
arborispinum and H. ramoides supports the interpretation
of Heilmann-Clausen (1987) that the subzone interval is
of Late Barremian age.

Atopodinium haromense has its first occurrence in East
Greenland in the P. toveae Subzone where it seems to be
a good marker. The species was originally described (as
Maduradinium sp. A) from Turonian to lower Maastrich-
tian offshore south-west Africa by Davey (1978). Davey
(1982a) has also reported the species from the upper
Aptian to the lower Albian in north-west Germany. Later
the species was recorded from the upper Ryazanian to the
upper Barremian in the North Sea well Adda-1 and from
Ryazanian to Aptian in the North Sea well I-1, by Heil-
mann-Clausen (1987). Lister & Batten (1988) reported
the species from the lower to upper Aptian deposits in
south-east England. In 1988 the species was formally
described from the upper Oxfordian to the lower Kimme-
ridgian (Jurassic) in England by Thomas & Cox (1988).

Nyktericysta? vitrea has its first occurrence in the up-
per Barremian in East Greenland which is earlier than the
record of the species from the lower Aptian in south-east
England by Duxbury (1983) and Lister & Batten (1988).
Lister & Batten (1988) divided Duxbury’s (1983) Nyk-
tericysta? vitrea species into the two species, N.? vitrea
and Australisphaera pseudovitrea. They rtecorded A.
pseudovitrea from the upper Barremian in southern Eng-
land, whereas they only recorded N.7 vitrea from the
lower Aptian. Both forms occur together in the upper
Barremian and in the lower Aptian in East Greenland
where the two species seem to grade into each other and
no attempt is made to follow the taxonomic changes of
Lister & Batten (1988).

The new species Pseudoceratium iveri has its first and
last occurrence in the uppermost part of the P. toveae
Subzone where it is a good marker species. It has not
been recorded above the last occurrence of Batioladinium
longicornutum.

Comparison with other upper Barremian zones. The P.
toveae Subzone resembles the Palaeoperidinium creta-
ceum Subzone (Fig. 9) established for the upper Barre-
mian in eastern England by Davey (1979b).

The major differences between the two subzones are
the presence of Pseudoceratium toveae sp. nov., only in
Greenland, and B. longicornutum which ranges to the top
of the interval in Greenland but not in England.

The Hurlandsia rugarum — Australisphaera fragilis
(pars) Zone established for the low salinity environment
deposits of the upper Barremian in southern England by

Lister & Batten (1988) cannot be correlated entirely to
the P. toveae Subzone. The two species P. cretaceum and
A. pseudovitrea have their first occurrence in both the P.
toveae Subzone and in the H. rugarum — A. fragilis (pars)
Zone. Batioladinium longicornutum has not been re-
corded from the interval in southern England. Pseudocer-
atium toveae sp. nov. might be present in England, as P.
pelliferum with rather long horns (Lister & Batten, 1988,
plate 2, fig. 4). The precise stratigraphic position of their
specimen in the H. rugarum — A. fragilis (pars) Zone was
not specified. The upper part of the P. toveae Subzone
may be correlated with the upper part of the /mpagidi-
nium alectrolophum Zone (Fig. 9) erected by Prossl
(1990) for the uppermost Barremian in north-west Ger-
many, based on the dominance and extinction of Hystri-
chosphaeridium arborispinum in both zones and on the
extinction of Bartioladinium longicornutum at the top of
both zones.

11. Pseudoceratium nudum Zone

Age. Earliest Aptian.

Definition. Interval from immediately above the last oc-
currence of Batioladinium longicornutum to the last oc-
currence of Psedouceratium nudum. The zone is not
subdivided into subzones.

Characteristic species. The stratigraphically important
species Circulodinium aff. C. attadalicum (53, LT) is
common to dominant (Fig. 8, Enclosure 2) while Exi-
guisphaera plectilis (77, L), Heslertonia heslertonensis
(11, L), Hystrichodinium aff. H. furcatum (72, L), Atopo-
dinium haromense (76, L), Muderongia tetracantha (8,
L), Nyktericysta? vitrea (78), Pseudoceratium pelliferum
(5, L), P nudum (54, LT), P. cf. P. retusum (88, F),
Subtilisphaera perlucida (65), Trichodinium speetonense
(52, L) and Vesperopsis longicornis (89, F) are very rare
to frequent in the zone.

Thickness and distribution. The Pseudoceratium nudum
Zone (or part of the zone) is present in sections 6, 7, 17,
19 and 33 from Kuhn @, Wollaston Forland and Traill @.
The maximum thickness of the zone, 20 m, is in section
17 (Figs 2, 5, Enclosure 1).

Geological setting. Sediments of the lower boundary of
the zone are present in scctions 6, 7 and 17 where they
rest on dark mudstone of the Pseudoceratium toveae
Subzone.

Lithology. In section 17, the sample GGU 324167 from



the lowermost part of the P. nudum Zone is a dark mud-
stone overlain by a 0.1 to 0.5 m thick calcareous horizon.
The calcareous layer (sample GGU 324268) forms a
plateau, with eroded calcareous nodules (0.2-0.5 m), lo
the east of the section. Sample GGU 324269 is from a
dark sandy mudstone at the top of the zone.

Discussion. Pseudoceratium nudum has previously been
reported from the upper Hauterivian in Europe (Gocht,
1957) and from the Hauterivian to Barremian in the
District of Mackenzie, Canada (Brideaux, 1977). It was
not reported from the lower Aptian in France and Eng-
land (Davey & Verdier, 1974; Duxbury, 1983; Lister &
Batten, 1988).

Circulodinium aft. C. attadalicum is abundant and has
its last occurrence at the top of the P. nudum Zone.
Circulodinium attadalicum was previously reported from
the Aptian stratotype in south-east France (Williams,
1977) and from the Hauterivian to the lower Aptian
offshore eastern Canada (Williams, 1975). Circulodinium
attadalicum is also abundant in the lower Aptian offshore
eastern Canada which, according to Williams (1975), is
indicative of marine transgression.

Aarhus et al. (1986) reported Canninginopsis cf. C.
colliveri to be common, together with the first occurrence
of Muderongia asymmetrica, in an Aptian assemblage
from Anddya, Norway. Circulodinium cf. C. colliveri of
Aarhus er al. (1986) is similar in size and shape to
Circulodinium aff. C. attadalicum of this study and their
M. asymmetrica looks very similar to Vesperopsis longi-
cornis (Batten & Lister, 1988) Harding, 1990. The as-
semblage from Andgya occurs above the last occurrence
of Muderongia tetracantha and may probably be corre-
lated with the upper part of the P. nudum Zone of East
Greenland.

In north-west Europe Exiguisphaera plectilis and Hes-
lertonia heslertonensis have their last occurrences in the
lower Aptian (Heilmann-Clausen, 1987) which correlate
with their extinctions in the P. nudum Zone. Pseudocer-
atium retusum was originally reported from the Barre-
mian and Aptian in Canada (Brideaux, 1977), whereas
Lister & Batten (1988) only reported this species from the
lower Aptian, which corresponds with the present obser-
vation of the occurrence of P. c¢f. P. retusum in East
Greenland.

In Europe Muderongia tetracantha has only been re-
ported above the upper Barremian from Germany by
Below (1982b) but he did not illustrate the forms re-
corded from the upper Aptian. Outside Europe the spe-
cies has been reported from Neocomian to Aptian in
Canada (Brideaux & Mclntyre, 1975; Poocock, 1976)
and from Neocomian to lower Albian in Australia (Cook-
son & Eisenack, 1958; Morgan, 1980; Helby et al.,
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1987). Davey recorded the species (as M. tetracantha
sensu Morgan 1980) from the upper Aptian and lower
Albian in Papua New Guinea. Muderongia tetracantha
seems to range into the lower Aptian in East Greenland
where is has its last occurrence in the P. nudum Zone.
Vesperopsis longicornis has its first occurrence in the top
of the zone immediately above the last occurrence of M.
tetracantha.

The calcareous layer in the middle part of the zone
might represent the ‘medium condensed section’ de-
scribed from the lower Aptian by Haq er al. (1987). The
present study shows no significant change in the dinofla-
gellate cyst assemblage of the zone except for M. tetra-
cantha that occurs below and in the calcareous limestone
and the incoming of Vesperopsis longicornis above the
calcareous layer.

Comparison with other lower Aptian zones. The P. nu-
dum Zone may be correlated with the lowermost Aptian
Aptea plera acme Zone (now Pseudoceratium plerum
acme Zone, Fig. 9) from southern England (Lister &
Batten, 1988) on the basis of the first occurrence of P.
retusum, the last occurrence of Heslertonia heslertonen-
sis and the presence of Nyktericysta? vitrea in both zones.
The P. nudum Zone shows some similarities with the
lower part of Pocock’s (1976) Subtilisphaera terrula —
Muderongia sp. Zone but a more precise correlation is
not possible. The lower Aptian Circulodinium attada-
licum Subzone, established by Williams (1975) for off-
shore eastern Canada, corresponds to the P. nudum Zone.
Circulodinium aff. C. attadalicum is abundant and has its
last occurrence in the present zone, and C. attadalicum is
abundant and becomes extinct in the Canadian subzone.
Williams (1975) also reports Pseudoceratium anaphris-
sum from the C. aftadalicum Subzone but the illustration
(Williams, plate 7, fig. 9) suggests that it may be Pseu-
doceratium retusum which has its first occurrence in the
P. nudum Zone,

1. Circulodinium brevispinosum Zone

Age. Early Aptian to early Albian?

Definition. Interval from immediately above the upper-
most occurrence of Pseudoceratium nudum to the up-
permost occurrence of Circulodinium brevispinosum.

Subdivision. The Circulodinium brevispinosum Zone is
subdivided into the four subzones: (1) Vesperopsis longi-
cornis Subzone, (2) Vesperopsis mayi Subzone, (3) Seno-
niasphaera microreticulata Subzone and (4) Leptodi-
nium? hyalodermopse Subzone (Fig. 7).
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Thickness and distribution in East Greenland. The maxi-
mum thickness of the zone is 330 m. It is represented in 9
sections situated on Hochstetter Forland, Shannon, Wol-
laston Forland, Hold with Hope and Traill @ (Figs 2, 5.
Enclosure 1).

I 1. Vesperopsis longicornis Subzone

Age. ‘Late’ early Aptian.

Definition. Interval from immediately above the upper-
most occurrence of Pseudoceratium nudum to immedi-
ately below the local lowermost occurrence of Vespe-
ropsis mayi.

Characteristic species. The important stratigraphical spe-
cies Vesperopsis longicornis (89, LT1) is common to
dominant (Fig. 8, Enclosure 2) while Circulodinium bre-
vispinosum (95, FB), Dingodinium? albertii (9), Nyk-
tericysta? vitrea (78), Ovoidinium cinctum (94, FB; L)
and Pseudoceratium cf. P. retusum (88) arc very rare (o
frequent in the subzone.

Thickness and distribution. The Vesperopsis longicornis
Subzone is represented by 18 m of sediment in section 32
and by single samples in sections 3 and 17. The three
sections are from Shannon, Wollaston Forland and Traill
@ (Figs 2, 5, Enclosure 1).

Geological setting. Sediments containing the subzone
rest upon dark sandy mudstone sediments conlaining the
P. nudum Subzone at sections 17 and 37.

Lithology. Dark sandy mudstone, often with 2-20 cm
thick sandy layers.

Discussion. The Vesporopsis longicornis Subzone is
characterised by the abundance of Vesperopsis longi-
cornis and the first occurrence of Circulodinium brevispi-
nosum. Circulodinium brevispinosum was originally de-
scribed by Pocock (1962) from the Garbutt Formation in
western Canada considered by him to be Barremian to
Aptian. Brideaux (1977, p. 16) discussed the age of the
Garbutt Formation and assigned it to the lower and mid-
dle Albian and possibly Aptian. Brideaux & McIntyre
(1975) reported the species as Tenua sp. A. from Aptian
to middle Albian in the District of Mackenzie, Canada.
Brideaux (1977) recorded the species in Aptian and Al-
bian sediments from the same area.

Brideaux (1977, p. 16) also mentioned that one speci-
men of C. attadalicum, figured by Williams (1975, plate
2, fig. 3) from the Aptian of offshore eastern Canada, is

C. brevispinosum. The distinction between C. aitada-
licum and C. brevispinosum is mainly based on oma-
mentation (see chapter on systematics).

Circulodinium aff. C. attadalicum is quite abundant in
the upper part of its range in East Greenland and does not
occur above the last occurrence of P. nudum. Circulodi-
nium brevispinosum is not very abundant in the lower
part of its range and has not been recorded together with
P. nudum. In Arctic Norway, the first occurrence of C.
brevispinosum has been reported from the Aptian (Thusu,
1978). In spite of the different opinions on the two spe-
cies and their apparent grading into each other it is gener-
ally agreed that C. brevispinosum has its first occurrence
in the lower Aptian.

The first occurrence of Ovoidinium cinctum in the
Vesperopsis longicornis Subzone correlates with other
lower to upper Aptian records of this species by Cookson
& Eisenack (1958) and Lister & Batten (1988) whereas
Helby et al. (1987) recorded the species from the upper
Barremian to the lower Aptian in their Australian zona-
tion.

Comparison with other lower Aptian zones. The V. longi-
cornis Subzone may be correlated with the upper part of
the lower Aptian Aptea plera acme Zone and the lower
part of the Cepadinium variabile acme Zone (Fig. 9) from
southern England (Lister & Batten, 1988) on the basis of
the presence of Dingodinium? albertii, Nyktericysta? vit-
rea and the absence of Heslertonia heslertonensis in both
intervals. Ovoidinium cinctum, present in this subzone,
first occurs in England in the younger early Aptian — late
Aptian Impagidinium alectrolophum Zone (Lister & Bat-
ten, 1988).

The Vesperopsis longicornis Subzone can be correlated
with the part of the Aptian Subtilisphaera perlucida —
Systematophora schindewolfii Zone (Williams, 1975)
that is situated immediately above the Circulodinium
attadalicum Subzone (Williams, 1975) (see also the dis-
cussion of the P. nudum Subzone above).

I 2. Vesperopsis mayi Subzone

Age. Latest early Aptian — early late Aptian?

Definition. Interval from the lowermost occurrence of
Vesperopsis mayi to immediately below the lowermost
occurrence of Senoniasphaera microreticulata.

Characteristic species. The two stratigraphically impor-
tant species Canningia reticulata (103, F, LT) and Odon-
tochitina operculata (70) are common to dominant (Fig.
8, Enclosure 2) while Carpodinium granulatum (102, F),




Circulodinium brevispinosum (95), Dingodinium? alber-
tii (9, L), Leptodinium cancellatum (101, F), Nykte-
ricysta? vitrea (78, L) and Vesperopsis mayi (98, FB) are
very rare to frequent in the subzone.

Thickness and distribution. The subzone is represented
by 85 m in section 12 and approximately 100 m in section
13, both from the northern part of Wollaston Forland
(Figs 2, 5, Enclosure 1).

Geological setting. Sediments of the subzone rest at sec-
tion 13 on the Bernbjerg Formation (Surlyk, 1977a), a
Jurassic black mudstone sequence.

Lithology. The subzone is represented by a dark sandy
mudstone sequence with occasional 2-20 cm thick sandy
layers.

Discussion. Vesperopsis mayi has previously been re-
ported from the Albian in the Western Interior, USA
(Bint, 1986) and the very similar species Muderongia
asymmetrica (see the discussion V. mayi in the systematic
chapter) has been reported from the Aptian, Arctic Nor-
way (Thusu, 1978; Aarhus et al.. 1986). Duxbury (1983)
recorded M. asymmetrica from the lowermost part of the
Aptian in south-east England. M. asymmetrica has also
been reported from the Aptian to lower Albian, Arctic
Canada (Brideaux, 1977). The first occurrence of V. mayi
in the upper part of the lower Aptian in East Greenland
correlates reasonably well with previous observations.

Leptodinium  cancellatum was originally described
from the middle Albian from Canada (Brideaux & Mcln-
tyre, 1975) but the first occurrence in the lower to upper
Aptian of East Greenland agrees with the upper Aptian
first occurrence reported from north-west Germany (Da-
vey, 1982a).

Canningia reticulata has only been recorded from the
upper part of the V. mayi Subzone. The specimens from
East Greenland are almost identical to the specimens of
Canningia reticulala which Below (1981) reported to be
abundant in upper Barremian, upper Aptian and lower
Albian deposits from Morocco.

The presence of Carpodinium granulatum may in-
dicate upper Aptian (Prossl, 1990). The presence of
Nyktericysta? vitrea indicates lower Aptian (Duxbury,
1983; Lister & Batten, 1988). As discussed above, the
Vesperopsis mayi Subzone may cover part of the lower
Aptian as well as part of the upper Aptian.

Comparison with other Zones. The V. mayi Subzone is
possibly a correlative with the uppermost part of the
lower Aptian — upper Aptian Impagidinium alectrolo-
phum Zone (Lister & Batten, 1988) from southern Eng-
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land (Fig. 9). This correlation is based on the last occur-
rence of N.? vitrea in both zones.

1T 3. Senoniasphaera microreticulata
Subzone

Age. Late Aptian to early Albian.

Definition. Interval from the lowermost occurrence of
Senoniasphaera microreticulata to the uppermost occur-
rence of S. microreticulata.

Characteristic species. There are three stratigraphically
important species Ellipsoidictyum imperfectum (81), Pa-
laeoperidinium cretaceum (71) and Senoniasphaera mi-
croreticulata (105, FB, LT) all common to dominant (Fig
8, Enclosure 2) while Cauca parva (107, F), Circulodi-
nium brevispinosum (95), Dingodinium? albertii (9, L),
Gonyaulacysta aff. G. cassidata (106, F), Leptodinium
cancellatum (101), Hapsocysta? benteae sp. nov, (109,
FT) and Vesperopsis mayi (98) are very rare to [requent in
the subzone.

Thickness and distribution. The complete subzone mea-
sures approximately 175 m in section 13, whereas part of
it is present in sections 12 and 17. The subzone is only
recorded from Wollaston Forland (Figs 2, 5. Enclosure
1.

Geological setting. Sediments of the subzone rest upon
dark sandy mudstone belonging in the Vesperopsis mayi
Subzone at sections 12 and 13. In section 17 sediments of
the subzone probably rest unconformably on dark sandy
mudstone of the Vesperopsis longicornis Subzone.

Lithology. Dark sandy mudstones with increasing abun-
dance of sandstone layers (20-60 c¢m thick) in the upper
part of sections 13 and 17.

Discussion. Senoniasphaera microreticulata has previ-
ously been reported from presumed middle Albian in the
Barents Sea (Arhus, 1991), from presumed middle Al-
bian in the District of Mackenzie, Canada (Brideaux &
Mclintyre, 1975) and from presumed lower to upper Al-
bian offshore eastern Canada (Bujak & Williams, 1978).
The middle Albian range for S. microreticulata and Luxa-
dinium primulum Brideaux & Mclntyre, 1975 proposed
by Brideaux & McIntyre (1975) has been questioned by
Duxbury (1983, p. 71). Duxbury found a short range of
Luxadinium primulum in the lower Albian in England,
and on this basis he interpreted Brideaux and Mclntyre’s
presumed middle Albian strata to be lower Albian. Arhus
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(1991) also suggested a middle Albian age for S. micro-
reticulata, but Arhus mentioned some conflicting data.
Arhus (1991, p. 13) suggested that the last occurrence of
the Circulodinium colliveri — brevispinosum group is a
stratigraphical marker for the lower Albian in core
7231/4-U-1 from the Barents Sea and in Peary Land,
North Greenland. However, Arhus recorded a specimen
of the C. colliveri — brevispinosum group in the upper
part of the range of . microreticulata, from core 7231/4-
U-1. The fact that C. brevispinosum specimens are re-
corded together with S. microreticulata specimens in
Canada (Brideaux & Mclntyre, 1975) and in the present
study from East Greenland provides further support that
S. microreticulata may indicate lower Albian.

Cauca parva has its first occurrence in the S. microre-
ticulata Subzone. Davey & Verdier (1971, 1974) re-
corded the species from upper part of upper Aptian to
upper middle Albian in south-east France. According to
Heilmann-Clausen (1987) the species is rare in upper
Barremian and in the lower Aptian but quile common in
the middle Albian.

Hapsocysta? benteae sp. nov. (= Hapsocysta sp. (Da-
vey, 1982a)) has its first occurrence in the uppermost
Aptian in north-west Germany according to Davey
(1982a). Hapsocysta? benteae has its first occurrence in
the uppermost part of the S. microreticulata Subzone
which may indicate that the subzone has an late Aptian to
carly Albian age.

The last occurrence of Dingodinium? albertii in the
subzone also indicates a late Aptian — early Albian age.
The species is known to range up into the lowermost
Albian in north-west Germany (Davey, 1982a) and up-
permost Aptian in south-east France (Davey & Verdier,
1974).

Comparison with previous zones. The §. microreticulata
Subzone is difficult to compare with Lister & Batten’s
(1988) upper Aptian zones. Senoniasphaera microreti-
culata has not been reported from north-west Europe.
The present subzone may correlate with part of the H.
schindewolfii — §. perlucida Zone (Fig. 9) for eastern
Canada and world-wide (Williams, 1975; 1977).

IIT 4. Leptodinium? hyalodermopse
Subzone

Age. Early Albian.
Definition. Interval from immediately above the last oc-

currence of Senoniasphaera microreticulata to the last
occurrence of Circulodinium brevispinosum.

Characteristic species. The two stratigraphically impor-
tant species Circulodinium brevispinosum (93, LT) and
Vesperopsis longicornis (89, FB2, LT) arc common to
dominant (Fig. 8, Enclosure 2) while Batioladinium mi-
cropodum (57, L), Cauca parva (107), Hystrichosphae-
rina schindewolfii (73, L), Leptodinium? hyalodermopse
(38, LT, Odontochitina singhii (112, F), Pseudoceratium
polymorphum (110, F) and Subtilisphaera perlucida (65,
L) are very rare to frequent in the subzone.

Thickness and distribution. The lower part of the subzone
is 20 m thick in section 13 and the upper part reaches a
maximum thickness of 16 m in sections 2, 26 and 34. The
sections are situated on Hochstetter Forland, Wollaston
Forland, Hold with Hope and Traill @ (Figs 2, 5, Enclo-
sure 1).

Geological setting. Sediments of the subzone rest upon
dark sandy mudstones with sandy layers belonging in the
Senoniasphaera microreticulata Subzone in section 13.
The L.? hvalodermopse Subzone is overlain by basalts.

Lithology. Dark mudstones with occasional sands.

Discussion. Circulodinium brevispinosum has previously
been reported from the Aptian in Arctic Norway (Thusu,
1978), lower Albian in Peary Land, North Greenland and
upper Aptian to lower Albian, with a single recording
from middle Albian as Circulodininum colliveri — bre-
vispinosum, from the Barents Sea (Arhus, 1991). The
species apparently ranges into the lower Albian in the
District of Mackenzie and Edmonton Embayment, Cana-
da (Brideaux, 1977; Banerjce & Davies, 1988).

Vesperopsis longicornis is quite abundant in the upper
part of the L.? hyvalodermopse Subzone, but V. longi-
cornis, absent from the Vesperopsis mayi and the Seno-
niasphaera microreticulata Subzones, apparently has two
acmes. The first occurs in the lower Aptian Vesperopsis
longicornis Subzone, and the second in the lower Albian
L.? hyalodermopse Subzone, where it also has its last
occurrence.

A few specimens of Subtilisphaera perlucida and Hy-
strichosphaerina schindewolffi have been recorded in the
upper part of the subzone. In north-west Europe the two
species have their last occurrences in the lower Albian
(Heilmann-Clausen, 1987).

Leptodinium? hyalodermopse (as Rhynchodiniopsis
hyalodermopsis) has its last occurrence in the mid lower
Albian in north-west Germany (Prossl, 1990) just below
the first occurrence of Litosphaeridium arundum and
above the first occurrence of Rhombodella paucispina.
Leptodinium? hyalodermopse also has its last occurrence
immediately below the first occurrence of L. arundum in




East Greenland, This level has been determined as the
lower-middle Albian boundary based on the coinciding
first occurrences of L. arundum, Rhombodella paucispina
and Chichaouadinium vestitum. The inconsistency of the
age determination from East Greenland with the age
determination from Germany might be explained by a
hiatus in the upper part of lower Albian in East Green-
land. Leptodinium? hyalodermopse ranges, according to
Brideaux & Mclntyre (1975), into the middle Albian in
Canada where the last occurrence of the species is in the
middle of the range of Senoniasphaera microreticulata.
Arhus (1991) observed the same in the Barents Sea,
whereas L.? hyalodermopse last occurs in East Greenland
above the last occurrence of S. microreticulata.

Odontochitina singhii has its first occurrence in East
Greenland in the L.? hyalodermopse Subzone. Arhus
(1991) recorded the species from Aptian — lower Albian
to middle Albian, Spitsbergen, Norway. It has its first
occurrence in the upper Albian in western Canada (Singh,
1983). Dixon et al. (1989) discuss their record of the
species in assemblages from the Northwest Territories,
Canada and propose a late middle to late Albian age for
the first occurrence. The species also has been recorded
from the lower to upper Albian in Australia (Morgan,
1980).

Pseudoceratium polymorphum has its first occurrence
in the lower part of the subzone and ranges up to the
uppermost middle Albian. The species is restricted to the
Aptian and lower Albian in north-west Europe (Heil-
mann-Clausen, 1987). The last occurrences of Circulodi-
nium brevispinosum and Subtilisphaera periucida, the
presence of Odontochitina singhii and the absence of the
Albian species Litosphaeridium arundum and Chi-
chaouadinium vestitum indicate a late Aptian? to ecarly
Albian age for the subzone.

Comparison with other zones. Correlation with the upper
Aptian zones established by Lister & Batten (1988) for
southern England is difficult. Part of the L.? hyaloder-
mopse Subzone may be correlated with the mid to up-
permost lower Albian Scriniodinium heikei Zone (Fig. 9)
established by Prossl (1990) for north-west Germany
based on the extinction of L.? hyalodermopse in both
zones. The L.? hyalodermopse Subzone may possibly
correlate with the upper part of the Aptian S. perlucida -
H. schindewolfii Zone (Williams, 1977).

IV. Rhombodella paucispina Zone
Age. Early? to middle Albian.
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Definition. Interval from immediately above the upper-
most occurrence of Circulodinium brevispinoswm to im-
mediately below the lowermost occurrence of Subtili-
sphaera kalaalliti sp. nov.

Subdivision. The Rhombodella paucispina Zonc is sub-
divided into the two subzones. (1) Litosphaeridium arun-
dum Subzone and (2) Chichaouadinium vestitum Sub-
zone (Fig. 7).

Thickness and distribution in East Greenland. The maxi-
mum thickness of the zone is 500 m. It is present in 6
sections situated on Shannon, Wollaston Forland, Claver-
ing @ and Hold with Hope (Figs 2, 5, Enclosure 1).

IV 1. Litosphaeridium arundum Subzone
Age. Early? to middle Albian.

Definition. Interval from immediately above the upper-
most occurrence of Circulodinium brevispinosum to im-
mediately below the acme of Chichaouadinium vestitum.

Characteristic species. The three stratigraphically impor-
tant species Oligosphaeridium sp. 1 (108), Palacoperidi-
nium cretaceum (71) and Vesperopsis mayi (98) are com-
mon to dominant (Fig. 8, Enclosure 2) while Apreodinium
cl. A. grande (121, F), Batioladinium shaftesburiense sp.
nov. (113, FB), Bourkidinium granulatum (119, F), Chi-
chaouadinium vestitum (114, FB), Discorsia nanna (74),
Kleithriasphaeridium eoinodes (13, L), Leptodinium can-
cellatum (101), Litosphaeridium arundum (116,FB),
Odontochitina singhii (112), Pseudoceratium expolitum
(115, FB) and Rhombodella paucispina (118, FB) are
very rare to frequent in the subzone.

Thickness and distribution. The subzone is 300 m thick in
section 20, approximately 355 m in section 23 and 150 m
in section 22. It is only represented by a few samples in
sections 5, 21 and 26. The sections are distributed on
Shannon, Wollaston Forland, Clavering @ and Hold with
Hope (Figs 2, 5, Enclosure 1).

Geological setting. Sediments containing the base of the
subzone are only recorded at section 26 where they rest
upon dark mudstones assigned to the Leptodinium? hya-
lodermopse Subzone. Sediments assigned to the L. arun-
dum subzone rest unconformably upon sediments con-
taining the upper Barremian Pseudoceratium toveae Sub-
zone in section 21 and unconformably overlie a grey
coarse-grained Jurassic sandstone in section 22.
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Lithology. Dark mudstones with light brown calcareous
concretions and cone in cone structures which contain
occasional sandstone beds with small ripples and flute-
marks. The subzone is overlain by Tertiary basalts in
section 22.

Discussion. The coincidence that several species have
their last or first occurrences at the base of the present
subzone (Fig. 8) might indicate the presence of a hiatus
between the Leptodinium? hyalodermopse and Leptodi-
nium arundum Subzones.

Litosphaeridium arundum ranges from lower to upper
Albian in north-west Europe and world-wide (Heilmann-
Clausen, 1987; Williams & Bujak, 1985). Pseudocer-
atium expolitum, which has its first occurrence at the base
of the L. arundum Subzone, has previously been recorded
from middle to upper Albian of western Canada (Bri-
deaux, 1971; Singh, 1971).

Singh (1983) reported Bourkidinium granulatum from
the upper Aptian to lower Cenomanian of western Cana-
da. The species was originally recorded from the upper
Aptian and Albian in Australia (Morgan, 1975). Tt is rare
in East Greenland, where it has its first occurrence in the
L. arundum Subzone.

Rhombodella paucispina also has its first occurrence in
the L. arundum Subzone and is almost always present,
but rare. The species has previously been recorded from
the Albian in Germany (Alberti, 1961), from the upper
Aptian and lower Albian in north-west Germany (Davey,
1982a), from the uppermost Aptian to lowermost upper
Cenomanian in north-west Germany (Prossl, 1990), from
the middle to upper Albian in France (Davey & Verdier,
1971), middle Albian, Barents Sca (Arhus, 1991), the
upper Albian to lower Cenomanian (as R. natans) from
Bathurst Island, Australia by Norvick & Burger (1976)
and from the Aptian to Albian as R. natans (jr. syn. of R.
paucispina) in Australia (Cookson & Eisenack, 1962b).
There is no published record of the species from Canada,
but T have recognized the first occurrence of R. pau-
cispina in samples also yielding the first occurrence of C.
vestitimn and P. expolitm in samples from Axel Heiberg
Island, Arctic Canada (kindly provided to me by ISPG,
Calgary, Canada).

Oligosphaeridium sp. | dominales the dinoflagellate
cyst assemblage in the upper part of the subzone. Arhus
(1991) recorded the same species from the middle Albian
at Spitsbergen, Norway. The species Chichaouadinium
vestitum (see also discussion in the systematic part) has
previously been recorded from middle Albian from Spits-
bergen by Arhus (1991), lower to upper Albian offshore
eastern Canada by Williams (1975) and from the middle
and upper Albian from Alaska by May & Stein (1979)
and Arctic Canada by Doerenkamp et al. (1976). Singh

(1971) reported the species from the upper part of middle
Albian and upper Albian in western Canada.

Only a few specimens of Apteodinium cf. C. grande
were observed in the subzone. Heilmann-Clausen (1987)
reported A. grande from uppermost middle Albian and
upper Albian in north-west Europe.

The subzone has been dated as Albian based on the
presence of the species Litosphaeridium arundum and
Chichaouadinium vestitum. The first occurrence of Pseu-
doceratium expolitum indicates that part or perhaps the
enlire subzone is of middle Albian age.

Comparison with other Albian zones. The L. arundum
Subzone may be correlated with part of the Protoellipso-
dinium spinocristatum Subzone which belongs to the
lower half of the world-wide Albian Chichaouadinium cf.
C. vestitum Zone (Fig. 9) established by Williams (1977).

1V 2. Chichaouadinium vestitum Subzone

Age. Middle Albian.

Definition. Interval from the acme of Chichaouadinium
vestitum to immediately below the lowermost occurrence
of Subtilisphaera kalaalliti sp. nov.

Characteristic species. The two species Odontochitina
operculata (70) and Palaeoperidinium cretaceum (71)
are common to dominant (Fig. 8, Enclosure 2) while
Apteodinium cf. A. grande (121, L), Batioladinium shaf-
tesburiense sp. nov. (113, L), Chichaouadinium vestitum
(114, LT), Ellipsoidictyum imperfectum (81, LT), Lep-
todinium cancellatum (101, LT) Odontochitina singhii
(112, L), Protoellipsodinium spinocristatum (125, F, LT),
Pseudoceratium eisenackii (92, LT) and Rhombodella
paucispina (118) are very rare to frequent in the subzone.

Thickness and distribution. The subzone is only present
in section 20 (approximately 170 m thick) and in section
23 where it is less than 100 m thick. The subzone is
recorded from Wollaston Forland and Clavering @ (Figs
2, 5. Enclosure 1).

Geological setting. Sediments assigned to the subzone
rest upon dark mudstones of the Litosphaeridium arun-
dum Subzone and arc overlain by Tertiary basalts.

Lithology. Sandy streaked mudstones with incipient rip-
ples concentrated in bands of 0.2-1.0 m thickness.

Discussion. The C. vestitum Subzone is characterised by
the last occurrence of many species, especially at the very




top of the exposed part of the subzone. The many last
occurrences and the fact that the sediments assigned to
the subzone are cut off by basalts indicate a hiatus be-
tween the strata dated as middle and late Albian.

Protoellipsodinium spinocristatum is the only species
with a first occurrence in the subzone, but it is rare. The
species range [rom the lower Aptian to upper Albian in
south-east France (Davey & Verdier, 1971, 1974). Chi-
chaouadinium vestitum has also previously been reported
to have its last occurrence in the upper Albian (see dis-
cussion of the C. vestitum in the systematic chapter).
Leptodinium cancellatum is reported as having its last
occurrence in lower Albian in north-west Europe (Heil-
mann-Clausen, 1987) whereas Costa & Davey (1992)
reported it from the base of the upper Aptian to the lower
part of the upper Albian in England and in the North Sea.
Brideaux & Mclntyre (1975) reported the species to
range up to the middle Albian in the District of Macken-
zie, Canada. They also recorded the last occurrence of
Ellipsoidictyum imperfectum in the uppermost middle
Albian of the same area whereas Costa & Davey (1992)
reported the last occurrence of the species in the upper
Albian in England an the North Seca. Ellipsoidictyum
imperfectum has not been recorded above the C. vestitum
Subzone in East Greenland.

Apteodinium cf. A. grande has not been recorded above
the present subzone. The species is very rare in the
material studied from East Greenland and no stratigra-
phic conclusion has been based on this last occurrence.

The last occurrences of E. imperfectum and L. cancel-
latum may indicate a middle Albian age for the subzone.

Comparison with other Albian zones. The C. vestitum
Subzone might be correlated with the lower part of the
uppermost lower Albian to mid upper Albian Ascodinium
scabrosum Zone (Fig. 9) erected for north-west Germany
by Prossl (1990) based on the extinction of Odontoch-
itina singhii in both zones. The C. vestitum Subzone may
be correlated with the world-wide lower to middle Albian
Protoellipsedinium spinocristatum Subzone (Williams,
1977) which is defined as the interval from the first
appearance of P. spinocristatum to the first appearance of
Xenascus ceratioides.

V. Subtilisphaera kalaalliti Zone

Age. Late Albian to ?early Cenomanian.

Definition. The base of the zone is defined on the first
occurrence of Subtilisphaera kalaalliti sp. nov. The upper
boundary is defined on the last local occurrence of Epeli-
dosphaeridia spinosa.
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Subdivision. The Subtilisphaera kalaalliti Zone is divided
into four subzones; (1) Wigginsiella grandstandica Sub-
zone, (2) Odontochitina ancala Subzone, (3) Ovoidi-
nium? sp. 1 Subzone and (4) Epelidosphaeridia spinosa
Subzone (Fig. 7).

Thickness and distribution. The maximum thickness of
the zone is 485 m. It is present in I3 scctions in the
southern part of the arca studied on Hold with Hope,
Geographical Society @ and Traill @ (Figs 2, 5, Enclosure
).

V 1. Wigginsiella grandstandica Subzone
Age. Early late Albian.

Definition. Interval from the first occurrence of Sub-
tilisphaera kalaalliti sp. nov. to immediately below the
first occurrence of Odontochitina ancala.

Characteristic species. The three stratigraphically impor-
tant species Circulodinium sp. 1 (128, FB), Rhombodella
paucispina (118), Subtilisphaera kalaalliti sp. nov. (132,
FB) are common to dominant (Fig. 8, Enclosure 2) while
Dorocysta litotes (130, FB), Palaeohystrichophora in-

fusorioides (131, FB), Wigginsiella grandstandica (127,

FB) and Xiphophoridium alatum (134, FB) are very rare
to frequent in the subzone.

Thickness and distribution. The subzone is 65 m thick in
section 31 and occurs in one sample in section 29, both
from Geographical Society @ (Figs 2, 5, Enclosure 1).

Geological setting. The basc of sediments belonging in
the subzone has been recorded in section 31 where it rests
unconformably upon middle Jurassic sandstones.

Lithology. Dark sandy mudstones with scattered sand-
stone layers.

Discussion. The coincidence that several species have
their last or first occurrences at the base of the present
subzone (Fig. 8) may indicate the presence of a hiatus
between the strata here dated as middle and late Albian.

Wigginsiella grandstandica, which has its first occur-
rence at the base of the W. grandstandica Subzone, has
previously only been reported from Alaska (as Genus A,
May & Stein, 1979; May, 1979). Lucas-Clark (1987)
refers to oral communications with J. Bennett, H. Haga,
E E. May and V. D. Wiggins (1982-1984), who have
used the species as an upper Albian marker in Alaska,
The species is also recorded from Axel Heiberg Island.
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Arctic Canada in samples kindly provided by the ISPG,
Calgary, Canada. There W. grandstandica occurs together
with Chichaouadinium vestitum, Luxadinium propatalum
and Rhombodella paucispina. The first occurrence of the
W grandstandica in Canada occurs immediately above
the last occurrence of Odontochitina singhii. The ranges
of Leptodinium cancellatum and W. grandstandica over-
lap in the Canadian material.

Dorocysta litotes was originally described from the
Cenomanian of England and France by Davey (1970).
Williams & Bujak (1985) assign a lower Cenomanian
range to the species whereas Brideaux & Myhr (1976)
reported the species from unspecified Albian and Ceno-
manian in the District of Mackenzie, Canada. Dorocysta
litotes is rare but consistent in the W. grandstandica
Subzone,

The new species Subtilisphaera kalaalliti occurs for
the first time in the W, grandstandica Subzone.

The species Circulodinium sp. 1 is abundant through-
oul the subzone. Rhombodella pausispina, which is rare
in the two previous subzones, becomes common in the
uppermost part of the W. grandstandica Subzone. Palae-
ohystrichora infusorioides and Xiphophoridium alatum
have their first occurrences in this subzone. These species
have not previously been recorded below the upper Al-
bian according to Davey & Verdier (1971; 1973) and
Williams & Bujak (1985), indicating a late Albian age for
the subzone. Prossl (1990) recorded X. alatum from up-
permost middle Albian to upper Turonian in north-west
Germany.

Comparison with other upper Albian zones. The up-
permost part of the Ascodinium scabrosum Zone (up-
permost lower Albian to upper Albian; Fig. 9), erected for
north-west Germany by Prossl (1990), may be correlated
with the present subzone based on the first occurrence of
X. alatum in both zones. However the A. scabrosum Zone
differs by the absence of P. infusorioides and D. litotes.
The W grandsiandica Subzone may be correlated with
the lower part of the world-wide Xenascus ceratioides —
Carpodinium obliquicostatum Subzone (Williams, 1977)
based on the first occurrence of P. infusorioides and X.
alatum within both subzones.

V 2. Odontochitina ancala Subzone
Age. Mid late Albian.
Definition. Interval from the first occurrence of Odon-

tochitina ancala to immediately below the first occur-
rence of Ovoidinium? sp. 1.

Characteristic species. The three stratigraphically impor-
tant species Circulodinium sp. 1 (128, L), Rhombodella
paucispina (118) and Subtilisphaera kalaalliti sp. nov.
(132) are common to dominant (Fig. 8, Enclosure 2)
while Cauca parva (107, L), Dorocysta litotes (130),
Epelidosphaeridia sp. 1 (138, FB), Litosphaeridium
arundum (116, L), Odontochitina ancala (126, FB),
Odontochitina costata, Palaeohystrichophora infuso-
rioides (131), Wigginsiella grandstandica (127, L) and
Xiphophoridium alatum (134) are very rare to frequent in
the subzone.

Thickness and distribution. The subzone is represented
by 160 m in section 30 and approximately 220 m in
section 37. Part of the subzone is present in sections 28,
35, 36 and 38. The subzone was only observed in the
southern part of the area at Hold with Hope, Geographi-
cal Society @ and Traill @ (Figs 2, 5, Enclosure 1).

Geological serting. The lower part of the sections of the
0. ancala Subzone are the basal sediments in these sec-
tons.

Lithology. Dark sandy mudstones containing scattered
sandstone intervals with small scale ripples and cross
bedding. Section 30 seems to represent 2 or 3 upwards-
coarsening sequences.

Discussion. Odontochitina ancala has previously been
recorded from the middle and upper Albian from Western
Interior, USA (Bint, 1986) and from the middle and upper
Albian, Alaska where May & Stein (1979) recorded the
species as O. cf. O. operculata.

Cauca parva, which has its last occurrence within the
0. ancala Subzone, last occurs in the middle Albian
strata in north-west Europe but specimens, probably re-
worked, have been observed in the upper Albian and
lower Cenomanian (Heilmann-Clausen, 1987). Cauca
parva ranges world-wide up to the top of the upper
Albian according to Williams & Bujak (1985).

The last occurrence of Litosphaeridium arundum
within the subzone, correlates with the last occurrence of
the species in the lower part of upper Albian in the Paris
Basin in France (Davey & Verdier, 1971). Rhombodella
paucispina is very abundant in the subzone. This species
has not previously been reported from sediments younger
than late Albian in Europe and Canada, whercas the
species seems to range into the Cenomanian in Australia
(sec discussion at the L. arundum Subzone). The O.
ancala Subzone is dominated by Rhombodella pauci-
spina and Subtilisphaera kalaalliti sp. nov.

The first occurrence of Odontochitina costata occurs
within the subzone. The species has previously been




recorded from the upper Albian in France (Davey &
Verdier, 1973) and from the middle and upper Albian of
western Canada (Singh, 1971).

The presence of O. costata, P. infusorioides, R. pau-
cispina, Xiphophoridinium alatum and the last occur-
rence of L. arundum indicate a mid late Albian age for the
subzone.

Comparison with other upper Albian zones. The middle
part of the O. ancala Subzone may possibly be correlated
with the base of the middle part of the upper Albian to
lowermost Cenomanian Litosphaeridium siphoniphorum
Zone (Fig. 9) erected for north-west Germany by Prossl
(1990). The correlation is based on the extinction of
Litosphaeridium arundum and presence of Xiphophori-
dium alatum in both zones. The O. ancala Subzone may
be correlated with the world-wide Xenascus ceratioides —
Carpodinium obliguicostatum Subzone (Williams, 1977;
Fig. 9) based on the presence of P. infusorioides and X.
alatum in both subzones.

V 3. Ovoidinium? sp. 1 Subzone
Age. Mid to late Albian.

Definition. Interval from the lowermost occurrence of
Ovoidinium? sp. 1 to immediately below the lowermost
occurrence of Epelidosphaeridia spinosa.

Characteristic species. The three stratigraphically impor-
tant species Rhombodella paucispina (118), Ovoidinium?
sp. 1 (140, FB) and Subtilisphaera kalaalliti sp. nov.
(132) are common to dominant (Fig. 8, Enclosure 2)
while Doraocysia litotes (130), Epelidosphaeridia sp. |
(138, L), Fromea aff. F. expolita (143, E, LT), Odonto-
chitina ancala (126, L), Ovoidinium sp. 2 (141, E, LT),
Palaeohystrichophora infusorioides (131), Vesperopsis
mayi (98, LB), Xenascus ceratioides (144, F) and Xipho-
phoridium alatum (134) are very rare 1o frequent in the
subzone.

Thickness and distribution. The complete subzone is rep-
resented by approximately 255 m of sediments at section
30 whereas only part of the subzone is present in sections
24, 25, 27 and 40. All five sections are situated in the
southern part of the area on Hold with Hope, Geographi-
cal Society @ and Traill @ (Figs 2, 5, Enclosure 1).

Geological setting. Sediments belonging in the lower part
of the subzone rest upon dark sandy mudstones of the
Odontochitina ancala Subzone in sections 30 and 40. The
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age of the underlying sediments in the remaining sections
has not been determinated.

Lithology. Dark sandy mudstones with several lenticular
and crossbedded sandstone layers up to 12 m thick. The
upper part of section 24 is covered by Tertiary basalts.

Discussion. Ovoidinium? sp. 1 is quite abundant in the
lower part of the Ovoidinium? sp. 1 Subzone. The species
is, according to L. I. Costa (personal communication,
1989) very abundant in the upper Albian to lowermost
Cenomanian in the Troms and Hammerfest basins, off-
shore north-west Norway.

Fromea aff. F. expolita in East Greenland is restricted
to the Ovoidinium? sp. 1 Subzone. The species has certain
similarities to F. expolita, which previously has only been
described from the Hauterivian and Barremian in the
District of Mackenzie, Canada, by Brideaux (1977).

Vesperopsis mayi, which in East Greenland seems to
range up into the middle part of the upper Albian, has
previously been recorded from the Albian (Bint, 1986).
Xenascus ceratioides first occurs in the middle part of the
Ovoidinium? sp. 1 Subzone. The species has previously
been recorded from the middle and upper Albian in
France (Davey & Verdier, 1971). The world-wide range
of X. ceratioides is, according to Williams & Bujak
(1985), middle Albian to lowermost Maastrichtian.

Few specimens of Odontochitina ancala occur in the
subzone. The specics has not been recorded from post
late Albian strata in this study or previously (Bint, 1986).

The abundance of R. paucispina indicates a late Albian
age for the subzone.

Comparison with other upper Albian zones. The Ovoidi-
nium? sp. 1 Subzone may possibly be correlated with the
middle part of the upper Albian to lowermost Ceno-
manian Litosphaeridium siphoniphorum Zone (Fig. 9)
erected for north-west Germany by Prossl (1990). The
correlation is based on the first occurrence of Xenascus
ceratioides in both zones. The Ovoidinium? sp. 1 Sub-
zone may be correlated with the upper part of the world-
wide middle to upper Albian Xenascus cerativides —
Carpodinium obliquicostatum Subzone (Williams, 1977)
based on the first occurrence of X. ceratioides in both
subzones.

V 4. Epelidosphaeridia spinosa Subzone

Age. Late Albian — middle? Cenomanian.

Definition. The lower boundary of the subzone is defined
by the lowermost occurrence of Epelidosphaeridia spi-
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nosa. The upper boundary is defined by the local last
occurrence of Epelidosphaeridia spinosa.

Characteristic species. The two stratigraphical important
species Rhombodella paucispina (118) and Subtili-
sphaera kalaalliti sp. nov. (132) are common to dominant
(Fig. 8, Enclosure 2) while Batioladinium jaegeri (67),
Desmocysta plekta (86), Dorocysta litotes (130), Epeli-
dosphaeridia spinosa (145, FB), Palaeohystricophora in-
fusorioides (131), Palaeoperidinium cretaceum (71),
Ovoidinium? sp. 1 (140), Xenascus ceratioides (144) and
Xiphophoridium alatum (134) are very rare to frequent in
the subzone.

Thickness and distribution. The subzone has only been
recorded in 5 m of thick dark mudstone at scction 39 on
Traill @ (Figs 2. 5, Enclosure 1).

Discussion. Epelidosphaeridia spinosa was originally de-
scribed from the lower Cenomanian in England by Cook-
son & Hughes (1964). Davey (1969) recorded the species
from lower and middle horizons of the Cenomanian in
England and France and from one Albian sample (Sas.
1023) from Saskatchewan, Canada. The Albian age of the
sample was confirmed by Singh (1983, table 7). Davey &
Verdier (1971; 1973) reported the species from the upper
Albian in France and Foucher (1979) reported a up-
permost Cenomanian extinction of E. spinona in France
and Europe. Dorocysta litotes is, according to Williams

& Bujak (1985), a lower Cenomanian species and it has
previously only been reported from Albian strata in a well
from the District of Mackenzie, Canada (Brideaux &
Myhr, 1976).

Batioladinium jaegeri, Palaeoperidinium cretaceum
and Rhombodella paucispinosa (as R. natans) all have
their last occurrences at the top of the upper Albian
(lower Vraconian) Stoliczkaia blancheti ammonite zone
in the Vraconian type section in France (Davey & Ver-
dier, 1973). In the same area the first occurrence of
Epelidosphaeridia spinosa is reported from the top of the
underlying upper Albian, pre-Vraconian, Mortoniceras
inflatum ammonite zone (Davey & Verdier, 1973). The
fact that the four species also occur together in East
Greenland indicates that the Epelidosphaeridia spinosa
Subzone may be of late Albian age.

Comparison with other zones. The E. spinosa Subzone
possibly correlates with the upper Albian to lowermost
Cenomanian Litosphaeridium siphoniphorum Zone (Fig.
9) erected for north-west Germany by Prissl (1990). The
correlation is based on the first occurrence of E. spinosa
in both zones. The E. spinosa Subzone might correlate
with the very top of the world-wide middle to upper
Albian Xenascus ceratioides — Carpodinium obliquico-
statum Subzone and the world-wide lowermost Kiokan-
sium polypes polypes (originally Cleistosphaeridium po-
lypes) Zone established by Williams (1977).

Systematic palynology

The present systematic chapter includes all the dinofla-
gellate cyst species included in the range-charts (Fig. 8,
Enclosure 2; Appendix, Tables 2-41) in alphabetic order
according to genus. It should be noted that the age of the
range given for each cyst species in East Greenland is
tentative (see also the ‘Dinoflagellate cyst zonation in
East Greenland® chapter). References to species not dis-
cussed below and not listed in the ‘References’ are 1o be
found in Lentin & Williams (1989). Species described
after 1989 are discussed in the text. Previous records are
mentioned in the same order as in the section ‘Dinoflagel-
late cyst distribution and zonation in the Lower Cretace-
ous’. References to miospores and other palynomorphs
encountered in the study are also included in the present
reference list. The tabulation formulae given for dinofla-
gellate cysts in the systematic section follows Kofoid
(1907, 1909).

Division Pyrrhophyta Pascher 1914
Class Dinophyceae Fritsch 1929
Order Peridinales Haeckel 1894

Genus Achomosphaera Evitt, 1963
Achomosphaera? neptuni (Eisenack, 1958)

Davey & Williams, 1966a
Plate 1, Figs 1-3

Comments. The specimens recorded are similar to Eise-
nack’s (1958) holotype in size and have the same charac-
teristic trifurcate processes although the length of the
processes on the specimens from Greenland tend to be
slightly longer than on the type material. The fibrous
nature of the processes, sometimes radiating from the
base, mentioned by Davey & Williams (1966a) has also



been recognised in the present material (Plate 1, Fig. 3).
The archaeopyle is precingular (Plate 1, Fig. 1).

Occurrence in East Greenland. Barremian to Aptian.
Sections 2,3, 6,7, 8,9, 10, 11, 14, 15, 16, 17, 18, 19, 21,
32 and 33. Five specimens, probably reworked, were
observed in the lower to middle Albian in scctions 3 and
32

Previous occurrences. Davey & Verdier (1974) reported
the last occurrence of A.? nepruni from the upper Aptian
ammonite dated Aptian type area in south-east France. In
north-west Germany Prossl (1990) recorded the range of
the species from the lower Hauterivian to the upper Bar-
remian. In north-west Europe and in North Sea wells this
species has been reported from the upper Ryazanian to
upper Aptian (Heilmann-Clausen, 1987) and from the
lower Barremian of the Barents Sea (Arhus et al., 1990).
Singh (1964) reported A. sp. cf. A. neptuni from the
middle Albian, central Alberta, Canada. Brideaux &
Myhr (1976) and Brideaux (1977) recorded the species
Irom the Hauterivian to Aptian, District of Mackenzie,
Canada. The type material was described as Baltisphaeri-
dium neptuni from the Lower Cretaceous in Germany by
Eisenack (1958).

Achomosphaera? neptuni seems to have its last occur-
rence in the uppermost Aptian in Europe, Greenland and
Canada, which agrees with the observation by Davey &
Verdier (1974).

Genus Apteodinium Eisenack, 1958; emend.
Lucas-Clark, 1987
Apteodinium cf. A. grande Cookson &

Hughes, 1964
Plate |, Figs 4-5

Comments. The very few specimens recorded from East
Greenland differ from the type species by being smaller,
less circular in outline and occasionally the wall appears
to be granular or reticulate (Plate 1, Fig. 5). These differ-
ences and the first occurrence in middle Albian may
indicate that the specimens from East Greenland belong
to another species.

Occurrence in East Greenland. Middle Albian. Sections
2, 5, 20 and 23. The species is very rare.

Previous occurrences. Apteodinium grande was previ-
ously recorded from the upper Albian to upper Ceno-
manian, north-west Germany (Prossl, 1990), from the
middle? and upper Albian, north-west Europe and North
Sea wells (Heilmann-Clausen, 1987) and from Albian to
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Cenomanian, offshore eastern Canada (Bujak & Wil-
liams, 1978). The type material was described from the
upper Albian to the lower Cenomanian in England by
Cookson & Hughes (1964).

Apteodinium grande is never recorded in ammonite
dated strata older than late Albian (Davey & Verdier,
1971; 1973). According to Davey & Verdier the species
is a marker species within the upper Albian.

Apteodinium reticulatum Singh, 1971
Plate I, Fig. 6

Occurrence in East Greenland. Upper Barremian, middle
and upper Albian. Sections 7, 13, 14, 15, 17, 19, 20, 21,
23, 30, 31 and 32.

Previous occurrences. Apteodinium reticulatin was pre-
viously recorded from the lower Barremian in a core
offshore south Norway (Aarhus et al., 1986). The type
material was described from the upper Albian in the
Peace River area, Canada, by Singh (1971) and later
recorded from the middle Albian, Banks Island, Arctic
Canada, by Doerenkamp et al., (1976). No ‘accurately’
dated ages cxist for A. reticularum.

Genus Atopodinium Drugg, 1978
Atopodinium haromense Thomas & Cox,

1988
Plate 12, Figs 6-8

1978 Dinoflagellate type 4; Thusu, p. 86, pl. 7, fig. 13.
1978 ?Maduradinium sp. A; Davey, p. 894-895, pl. 5,
figs 5-6.
1982b ?Maduradinium sp. A Davey, 1978; Davey, p. 9,
pl. 10, fig. 13.
1988  Atopodinium haromense; Thomas & Cox, p. 319-320,

fig. 4, pl. 1, figs 1-6.
Maduradinium? sp. A Davey, 1978; Lister & Batten,
p. 46-47, pl. 4, figs 18-19.

1988

Comments. The specimens recorded in the present study
have an archeopyle breakage in the apical region and
pronounced sutural splitting between the precingular
plates as described for ?Maduradinium sp. A by Davey
(1978, p. 894-895). The archeopyle appears to be apical
type (tA) as described for A. haromense by Thomas &
Cox (1988) or a combination apical/precingular type with
an adnate apical portion (tA) a + Pa, as proposed for
?Maduradinium sp. A Davey, 1978 by Lister & Batten
(1988, p. 46—47). The specimens are similar to those
illustrated by Thusu (1978), Davey (1978, 1982b), Lister
& Batten (1988) and Thomas & Cox (1988).
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The Jurassic forms of A. haromense (Thusu, 1978;
Thomas & Cox, 1988) seem to have slightly less pro-
nounced ornamentation on the autophragm than the Cre-
taceous forms (Davey, 1978, 1982b; Lister & Batten,
1988; the present study).

Prossl (1990, p. 107-108; plate 5, figs 4-5; plate 6, fig.
9) described and illustrated the species Atopodinium cre-
taceum from the lower Hauterivian to lower Barremian in
Germany. Aropodinium cretaceum differs from A. haro-
mense by having an apical archeopyle where plate 1' is
lost.

Occurrence in East Greenland. Uppermost Barremian,
lowermost Aptian. Sections 14, 15, 17 and 21.

Previous occurrences. Atopodinium haromense was de-
scribed from the upper Oxfordian to lower Kimmeridgian
(Jurassic), England by Thomas & Cox (1988). The spe-
cies was previously recorded (as ?Maduradinium sp. A)
from the lower to upper Aptian, south-east England (Lis-
ter & Batten, 1988), upper Ryazanian — lower Valangi-
nian to lower-upper? Hauterivian, onshore Denmark
(Davey, 1982b), upper Ryazanian to lower Barremian —
Aptian, in North Sea wells (Heilman-Clausen, 1987) and
Turonian to lower Maastrichtian, offshore south-western
Africa (Davey, 1978). The species is also recorded (as
Dinoflagellate type 4) from the Callovian and Oxfordian
(Jurassic), Arctic Norway (Thusu, 1978).

Genus Balmula Bint, 1986
Balmula pentaradiata (Singh, 1983) Bint,

1986
Plate 1, Fig. 7

Comments. Only one specimen was recorded from
Greenland. It has, as described by Singh, 5 horns of
almost equal length with a circlet of spinules at the horn
terminations. The species is very thin walled and hyaline
and therefore easily overlooked; this could be the reason
for only one specimen having been recorded in the pre-
sent study.

Occurrence in East Greenland. Uppermost middle Al-
bian. Section 20.

Previous occurrence. Balmula pentaradiata was de-
scribed from the lower Cenomanian, Upper Shaftesbury
Formation, Peace River area, Canada, by Singh (1983).

Genus Baticasphaera Drugg, 1970b
Baticasphaera spumosa (Brideaux, 1977)

Below, 1981a
Plate 1, Figs 8-9

Comments. The few recorded specimens from Greenland
are similar to Brideaux’s (1977) holotype in size and
shape whereas the fibrous structure on the periphragm is
less pronounced than on the type material.

Occurrence in East Greenland. Upper Barremian — lower
Aptian. Section 7.

Previous occurrences. The type material was described
from the Aptian, District of Mackenzie, Canada, by Bri-
deaux (1977).

Genus Batioladinium Brideaux, 1975,
emend. Pourtoy, 1988
Batioladinium? exiguum (Alberti, 1961)

Brideaux, 1975
Plate 2, Figs 1-2

Comments. The specimens from East Greenland included
in B.? exiguum have a psilate to shagreenate surface,
rarely with few scattered granulae or echinae. The antap-
ical horns are short, usually unequal and blunt although

Plate 1

Fig. 1. Achomosphaera? neptuni x 500, section 10; GGU
342093-8: 6.4-144.0 MGUH 21678.

Fig. 2. Achomosphaera? neptuni x 585, section 17; GGU
342162, MGUH 21679.

Fig. 3. Achomosphaera? neptuni x 2350, close-up illustrating
the fibrous nature of the cyst surface and the basal part of the
processes.

Fig. 4. Apteodinium cf. A. grande x 500, section 20; GGU
342199-5, 6.0-140.1: MGUH 21680.

Fig. 5. Apteodinium cf. A. grande x 500, section 20; GGU
342194-5, 19.8-148.0; MGUH 21681.

Fig. 6. Apteodinium reticulatum x 500, section 17; GGU
3421614, 8.5-150.8; MGUH 21682.

Fig. 7. Balmula pentaradiata x 500, section 20;
3421964, 4.3-153.2; MGUH 21683.

Figs. 8 & 9. Batiacasphaera spumosa x 750, section 7; GGU
3420874, 6.0-119.0; MGUH 21684.

Fig. 10. Levisphaera cf. L. crassicingulata x 500, section 29;
GGU 3425994, 11.0-126.0; MGUH 21685.

Fig. 11. Levisphaera cf. L. crassicingulata x 500, section 18;
GGU 3422224, 3.9-134.1; MGUH 21686.

Fig. 12. Levisphaera cf. L. crassicingulata x 750, section 17;
GGU 342169-4, 5.2-130.2; MGUH 21687.

GGU
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some are weakly pointed at their free ends. Alberti (1961)
did not report granulae or echinae on the wall of the
holotype, but otherwise the material from Greenland is
very similar to the type specimens. Batioladinium? exi-
guum is distinguished from B. pomum Davey, 1982b by
its reduced ornamentation and by its shorter apical horn.

Occurrence in East Greenland. Upper Barremian to Ap-
tian. Sections 6, 7, 8, 11, 17, 19 and 21.

Previous occurrences. Batioladinium? exiguum was de-
scribed as Broomea exigua from the lower Hauterivian to
the upper Barremian in Germany by Alberti (1961) and
from the Hauterivian, offshore eastern Canada (Bujak &
Williams, 1978).

Batioladinium jaegeri (Alberti, 1961)

Brideaux, 1975
Plate 2, Figs 3-4

Comments. The specimens observed from East Greenland
are similar to the specimens illustrated by Alberti (1961).
Specimens with short and long apical horns are present.

Occurrence in East Greenland. Lower Barremian to up-
per Albian. A few specimens are present in almost all
samples but the species ncver dominates the assemblage.

Previous occurrences. Batioladinium jaegeri was previ-
ously recorded from the upper Hauterivian, Speeton,
England (Duxbury, 1977) to the upper Albian, Swit-
zerland (Davey & Verdier, 1973) and the upper Hauteri-
vian to the upper Albian, north-west Germany (Prossl,
1990). Costa & Davey (1992) recorded the last occur-
rence of the species in the lower middle Cenomanian in
England. The typc material was described as Broomea
Jaegeri from the upper Barremian in Germany by Alberti
(1961).

Batioladinium longicornutum (Alberti,

1961) Brideaux, 1975
Plate 2, Fig. 6

Occurrence in East Greenland. Barremian. Sections 1, 6,
7,8,9,10, 11, 14, 15, 16, 17, 18, 19 and 21. Rare in the
lower Barremian, always present in the upper Barremian.

Previous occurrences. Duxbury (1977) and Davey
(1979b) recorded B. longicornutum (as Necorbroomea
longicornuta) at Speeton, England to range from the
lower Hauterivian (Speeton Clay litho-unit C11, Ende-

moceras ammonile zone) to the top of the ‘middlc’ Barre-
mian (Speeton Clay litho-unit Cement Beds). Harding
(1990b) recorded approximately the same range for B.
longicornutum in the Speeton section. In contrast, Hard-
ing records the range of this species in the Gott section,
Germany (table 2, 3, text-fig 2) from the upper Hauteri-
vian (lower part of the Simbirskites (Craspedodiscus)
discofalcatus ammonite zone) to the middle part of the
uppermost upper Barremian Oxyteuthis depressa belem-
nite zone, i.e. very close to the top of the Barremian.
Batioladinium longicornutum is recorded from the Hau-
terivian to Barremian, north-west Europe (Heilmann-
Clausen, 1987) and the upper Hauterivian to the up-
permost Barremian, north-west Germany (Prossl, 1990).
Piasecki (1979, fig. 10) illustrated a form, which he
referred to B. longicornutum (as Necrobromea longi-
cornuta) from the Hauterivian, Milne Land, East Green-
land. This species has relatively short antapical horns and
might be a specimen of Batioladinium radiculatum, Da-
vey, 1982b. Batioladinium longicornutum has also been
recorded from the lower Barremian, Barents Sea (Arhus
et al., 1990) and the Hauterivian and Barremian, Arctic
Norway (Thusu, 1978). Doerenkamp et al. (1976) il-

Plate 2

Fig. 1. Batioladinium? exigmum x 500, section 7; GGU
342087-4, 12.3-128.5; MGUH 21688.

Fig. 2. Batioladinium? exiguum x 500, section 17; GGU
342162-6, 7.4-143.4; MGUH 21689.

Fig. 3. Batioladinium jaegeri Specimen with relatively short
apical horn x 500, section 7; GGU 3420814, 21.2-139.6:
MGUH 21690.

Fig. 4. Batioladinium jaegeri Specimen with long apical horn x
500, section 20; GGU 3421834, 9.6-134.0;: MGUH 21691.

Fig. 5. Batioladinium shaftesburiense sp. nov. holotype. x 500,
section 26; GGU 351630, 22.0-143.6; MGUH 21692.

Fig. 6. Batioladinium longicornutum x 500, section 21; GGU
3422394, 14.1-141.6; MGUH 21693.

Fig. 7. Batioladinium micropodum x 750. section 21; GGU
342238-3, 16.4-126.0; MGUH 21694.

Fig. 8. Batioladinium micropodum x 500, section 17; GGU
3241694, 6.3-155.0; MGUH 21695.

Fig. 9. Batioladinium? pelliferum x 750, section 17; GGU
3421614, 14.2-132.0; MGUH 21696.

Fig. 10. Batioladinium? pelliferum x 750, section 17; GGU
3421624, 15.5-147.2; MGUH 21697.

Fig. 11. Batioladinium micropodum/{pelliferum transition form x
750, section 7; GGU 3422354, 22.0-139.0; MGUH 21698.

Fig. 12. Batioladinium shaftesburiense sp. nov. x 500, section
20; GGU 3422004, 5.0-126.0; MGUH 21699.

Fig. 13. Batioladinium shaftesburiense sp. nov. x 500, section
20; GGU 342200-4, 14.2-139.8; MGUH 21700.
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lustrated a form referred to B. longicornutum from the
middle Albian, Banks Island, Arctic Canada. The il-
lustrated specimen is considered to be B. shaftesburiense
sp. nov. (see below). Batioladinium longicornutum has
not previously been reported from Arctic Canada but
examination of the South Sabine section from Melville
Island (kindly provided for me by LS.P.G., Calgary)
yielded a few specimens in samples of supposedly late
Barremian age. The species has never been reported from
strata younger than late Barremian excluding the above
mentioned record by Doerenkamp er al. (1976). Batiola-
dinium longicornutum was described (as Broomea longi-
cornuta) from the upper Hauterivian to the upper Barre-
mian in Germany by Alberti (1961).

According to Harding’s (1990b) belemnite-controlled
Gott section, B. longicornutum occurs from the upper
Hauterivian to very close to the top of the Barremian.

Batioladinium micropodum (Eisenack &

Cookson, 1960) Brideaux, 1975
Plate 2, Figs 7-8

Comments. In the material from East Greenland, the spec-
imens arc coarsely and closely granular, as in the type
material described by Eisenack & Cookson (1960).

Occurrence in East Greenland. Upper Barremian to
lower Aptian and lower middle Albian. Sections 1, 2, 6,
7. 8,9, 11, 12, 14, 15, 17, 18, 19, 21, 26, 32 and 33.

Previous occurrences. Batioladinium micropodum was
previously recorded from the lower Aptian and lower part
of the upper Aptian in the Aptian typc area in southern
France by Davey & Verdier (1974), the lower Hauteri-
vian in North Sea wells (Heilmann-Clausen, 1987), the
lower Barremian, Barents Sea (Arhus ef al., 1990), the
lowermost Barremian, offshore south Norway (Aarhus er
al., 1986), the Hauterivian to uppermost Barremian, Arc-
tic Norway (Thusu, 1978), the Hauterivian to uppermost
Aptian, Andgya, Norway (Aarhus er al., 1986), the Hau-
terivian to Aptian, District of Mackenzie, Canada (Bri-
deaux, 1977) and the Barremian to lowermost Albian,
Arctic Canada (Pocock, 1976). Eisenack & Cookson
(1960) described the type material (as Broomea micro-
poda) from the Aptian and Albian in Australia. The
uppermost occurrence of B. micropodum in the upper
Aptian ammonite dated Aptian type seclion in France
(Davey & Verdier, 1974) advocates for an upper Aptian
last occurrence. However Costa & Davey (1992) re-
corded the last occurrence of the species in the lower
upper Albian in ammonite-dated sediments in England.

Batioladinium? pelliferum (Alberti, 1961)

Brideaux, 1975
Plate 2, Figs 9-10

Discussion. The cyst wall of the specimens recorded from
East Greenland is densely covered by 1-2 u long echinae
and resembles Alberti’s holotype. The material often dif-
fers from the specimen illustrated by Dorhéfer & Davies
(1980, figs 33A-D) by having longer and more pro-
nounced echinae.

Batioladinium? pelliferum with an echinate surface is
normally easily distinguished from B. micropodum with a
granulate surface, but transitional forms with both echi-
nae and granulae do occur (Plate 2, Fig. 11). Wiggins
(1975) treated B.? pelliferum as a jr syn. of B. micropo-
dum, without any reason given. The present author pro-
poses that the two species be retained, like Dorhofer &
Davies (1980), with the remark that intermediate forms
exist. The two species occur together and have the same
stratigraphic distribution in East Greenland.

Occurrence in East Greenland. Upper Barremian to Ap-
tian and middle Albian. Sections 6, 7, 8, 17, 19 and 26.

Previous occurrences. Previously recorded from the up-
permost Barremian to lower Aptian, Germany (Alberti,
1961, type material), the Hauterivian, Germany (Dor-
hofer & Davies, 1980) and the Hauterivian and the ‘mid-
dle’ Barremian in North Sea wells (Heilmann-Clausen,
1987).

Batioladinium shaftesburiense sp. nov.
Plate 2, Figs 5 & 12-13

1971
1976

Broomea sp.; Singh, p. 321, plate 49, fig. 5.
Broomea longicornuta; Doerenkamp et al., plate 5,
fig. 26.

Batioladinium shaftesburiensis sensu Nghr-Hansen;
Arhus er al. figs 11 G, H.

1990

Origin of name. After Shaftesbury Formation, Peace
River area, north-west Alberta, Canada, where Singh
(1971) first recorded the species.

Diagnosis. The cysts are proximate, elongate with
slightly convex sides, a long (approximately 1/2 the over-
all length), slender apical horn and two medium-sized
(approximately 1/2 the length of the main body), wide-
based, gradually tapering antapical horns. The cysts are
frequently dorso-ventrally flattened with slightly convex
margin. The wall is thin and hyaline with a psilate sur-
face. The archeopyle is apical (type tA) with a distinct




ventral sulcal notch. The operculum is simple and usually
free.

Description
Cyst type. The cyst is proximate.

Shape. The cyst is elongate with slightly convex sides
and one long slender apical horn and two medium-sized
antapically horns, of which the right is slightly longer
than the left. These horns have wide bases, taper gently
and are almost parallel. The cyst is often dorso-ventrally
compressed.

Wall relationships. The wall is apparently composed of
one layer, the autophragm. The wall is thin, less than 1 p,
and hyaline with a psilate surface.

Paratabulation. This is only indicated by the archeopyle
sutures and the presence of a sulcal notch. Two weak
sutures are recognised on the holotype below the sulcal
notch (Plate 2, Fig. 5) indicating a sulcal plate. The
archeopyle suture is located near the apex on the dorsal
side.

Archeopyle. The archeopyle is apical (type tA), with a
distinct sulcal notch. The operculum is simple and lost on
all examined specimens except the holotype.

Holotype. Plate 2, Fig. 5, MGUH 21692 from GGU
351530-4, 22.0-143.6.

Tvpe locality. Section 27, Hold with Hope, East Green-
land (Fig. 2).

Dimensions. The total length of the holotype is 247 u, the
maximum width is 39 . The length of the apical horn is
119 u, and the length of the antapical horns are 43 u and
46 p.

Size range. Total length of the cyst, 247 u (1 specimen).
Length of the apical horn, 119 p (1 specimen). Length of
cyst, excluding the operculum, 102 (113) 128 u (5 speci-
mens). Width of cyst, 34 (37) 39 u (5 specimens). Length
of the left antapical horn, 25 (33) 43 u (7 specimens).
Length of the right antapical horn, 29 (39) 47 u (7 speci-
mens).

Discussion. Species of Batioladinium with a psilate sur-
face like B. jaegeri, B.? longicornutum, B. radiculatum
(Davey, 1982b) and Batioladinium? exiguum arc dis-
tinguished by the length and form of their apical and
antapical horns. The same criterion is used in defining the
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new species B. shaftesburiense. Batioladinium shaftes-
buriense is distinguished from B. longicornutum by the
antapical horns being only half as long as in B. longi-
cornutum. Additionally the antapical horns of B. longi-
cornutum are slender, seldom parallel to one another and
characterized by their perforations. The wall of B. shaf-
tesburiense differs by its thin and hyaline appearance
from the often brownish and thicker cyst wall on B.
longicornutum. Batioladinium shaftesburiense is distin-
guished from B. jaegeri by the length of the antapical
horns which are approximately twice the length of the
horns of B. jaegeri. The antapical horns of B. radiculatum
(Davey, 1982b) are approximately of the same length as
on B. shaftesburiense but B. radiculatum is distinguished
from the new species in having internal vacuoles in the
distal part of the cyst and on the antapical horns.

Occurrence in East Greenland. Middle Albian. Sections
20, 23, 29 and 34.

Previous occurrences. Singh (1971) recorded the species
as Broomea sp from the upper Albian, Shaftesbury For-
mation, Peace River area, Alberta, Canada, Doerenkamp
et al. (1976) recorded the species as Broomea longi-
cornuta from the lower to middle Albian, Christopher
Formation, Banks Island, Arctic Canada and the species
was recorded from the lower to middle Albian, Lost
Hammer section, Axel Heiberg Island, Arctic Canada
(the present author). Arhus er al. (1990, figs 11G, H)
illustrate two specimens of B. shaftesburiensis sensu
Nghr-Hansen from lower Barremian cores in the Barents
Sca.

Apart from the lower Barremian occurrence in the
Barents Sea, the species seems to be restricted to the
Albian deposits.

Genus Bourkidinium Morgan, 1975; emend.

Type species. Bourkidinium granulatum Morgan, 1975, p.
160, plate 2, figs 2a-c.

Discussion. Morgan (1975, p. 160) described and com-
pared the genus Bourkidinium as follows. "Description.
Cysts are chorate, clongate ellipsoidal, and bear long,
hollow, tubular processes which are restricted to the apex
and antapex (probably associated with only the apical and
antapical series of reflected plates). The low relief surface
ornament shows no evidence of a cingulum or tabulation.
The archeopyle is apical, type A™.

Comparison. This genus differs [rom Tanyosphaeridium
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Davey & Williams, 1966b by having processes present
only at the apex and antapex.

The type species for the genus is B. granulatum Mor-
gan, 1975. The only other species so far placed in the
genus is Bourkidinium psilatum Singh, 1983.

The characteristic feature for the genus is that it has
“tubular processes which are restricted to the apex and
antapex (probably associated with only the apical and
antapical series of reflected plates)” (Morgan, 1975, p.
160). In the description of the type species for the genus
Bourkidinium Morgan (1975) mentioned that one or two
processes may not belong to the apical group. Morgan’s
(1975) observation together with the precingular pro-
cesses reported in the present study requires an emenda-
tion of the genus Bourkidinium.

The following emendation is proposed. "Chorate cysts
with an elongate, ellipsoidal main body that bears long,
hollow, tubular processes which are restricted to the apex
(reflecting apical, or apical and precingular plate-series)
and antapex (reflecting antapical, or maybe antapical,
postcingular and sulcal plate-series). The equatorial zone
is wide and devoid of processes. The low relief surface
ornament shows no evidence of a cingulum or tabulation.
The archeopyle is apical (type tA)™.

Bourkidinium granulatum Morgan, 1975;

emend.
Plate 3, Figs 1-9

1975 Bourkidinium granulatum; Morgan, p. 160, plate 2,
figs 2a-c.

1980 Bourkidinium granulatum; Morgan, plate 2,
figs 15-16.

1983 Bourkidinium granulatum (Morgan, 1975); Singh,
p. 124, plate 42, figs 6 & 7.

1987  alf. Bowrkidinium granulatum (Morgan, 1975);
Heilmann-Clausen, p. 47, plate 13, figs 22-24.

1988  Tanyosphaeridium boletum; Backhouse, Plate 41,

Fig. 15, only Plate 3, Figs 1-9.

Discussion. The holotype of B. granulatum illustrates
(Morgan, 1975, figs 2a-c) that all the apical processes are
connected to the free operculum whereas Morgan (1975,
p- 161) under the description of the lype species (B.
granulatum) mentioned that: "all, or all but one or two of
the apical group of processes are on the free operculum®.
From the original description it can be concluded that a
certain number of processes belonging to the precingular
plate series is acceptable for the species and additionally
for the genus Bourkidinium. The illustration of the holo-
type of the other Bourkidinium species, B. psilatum
Singh, 1983 (p. 125, plate 42, fig. 8) indicates that most,

if not all, of the apex processes are of a precingular
nature.

Twelve specimens of B. granulatum have been re-
corded in the material from East Greenland. Three of
these are without precingular processes (Plate 3, Figs
7-9) and nine with 1-6 precingular processes (Plate 3,
Figs 1-6). Six to fifteen processes occur at the antapex
but is has not been possible to distinguish the plate series.
The processes are 23-30 u long, 1.0-2.5 y in diameter.
The body is about 45 u long and 25 u in diameter.

This discussion advocates an extension of Morgan's
(1975, p. 161) description and the following emendation
1s proposed for B, granulatum: “Chorate cysts with elon-
gate ellipsoidal main body that bears long, hollow, dis-
tally flared processes arranged in two groups, one in the
apical region and the other in the antapical region. The
number of processes is variable but there are always more
at the antapex than at the apex. The group at the antapex
consist of 6-15 processes which, apart from the antapical
processes, may include the postcingular and sulcal pro-
cesses. The group at the apex consists of 4-10 processes
including the apical, or the apical and precingular pro-
cesses. The processes are cylindrical or slightly tapering

Plate 3

Fig. 1. Bourkidinium granulatum x 500, section 29;
3245994, 2.8-120.7;: MGUH 21701.

Fig. 2. Bourkidinium granulatum x 750,
346442-3, 5.5-123.0; MGUH 21702 .

Fig. 3. Bourkidinium granulatum x 750,
3421994, 8.7-118.8; MGUH 21703.

Fig. 4. Bourkidinium granulatum x 750,
3421944, 10.6-126.0; MGUH 21704.

Fig. 5. Bourkidinium granulatum x 750,
324617-8, 15.5-144.4; MGUH 21705.

Fig. 6. Bourkidinium granulatum x 750,
351636-4, 22.3-120.0; MGUH 21706.

Fig. 7. Bouwrkidinium granulatum x 750,
3516384, 10.7-131.0; MGUH 21707.

Fig. 8. Bourkidinium granulatum x 750,
3421794, 8.2-149.1; MGUH 21708.

Fig. 9. Bourkidinium granulatum x 750, scction 36; GGU
324090-7, 5.9-131.6; MGUH 21709.

Fig. 10. Bourkidinium sp. 1 x 750, section 20; GGU 3421994,
6.3-139.0; MGUH 21710.

Fig. 11. Bourkidinium? sp. 2 x 500, section 10; GGU 3420924,
18.3-137.1; MGUH 21711.

Fig. 12. Bourkidinium? sp. 2 x 500, section 10; GGU 3420924,
16.4-124.1; MGUH 21712.

Fig. 13. Callaiosphaeridium asymmetricum x 500, section 23;
GGU 351676, 17.6-123.5; MGUH 21713.

Fig. 14. Callatosphaeridium asymmetricum x 500, specimen
with vacuolar parasutural ridges. Section 31: GGU 324623-8,
17.4-131.6;: MGUH 21714.

section 25;
section 20;
section 20; GGU
section 30; GGU
section 28; GGU
section 28; GGU

section 20; GGU
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towards the distal end which is strongly flared and
slightly recurved with serrate margins. The body is den-
sely granulate and lacks indications of a cingulum or
tabulation. The archeopyle is apical (type tA). The pro-
cesses at apex are generally concentrated on the free,
composite operculum but up to 6 processes may occur on
the uppermost part of the precingular plate series leaving
a wide equatorial zone devoided of processes™.

Occurrence in East Greenland. Upper Barremian, section
1 and middle to upper Albian, sections 20, 23, 24, 25, 28,
29, 30 and 36.

Previous occurrences. Bourkidinium granulatum was
previously recorded from the lower Hauterivian, north-
west Germany (Prossl, 1990), the Valanginian to the
upper Hauterivian as aff. B. granulatum in North Sea
wells (Heilmann-Clausen, 1987), the upper Aptian to the
lower Cenomanian, Peace River area, Canada (Singh,
1983) and the upper Aptian and Albian, Australia (Mor-
gan, 1975, 1980).

Bourkidinium sp. 1
Plate 3, Fig. 10

Description. Elongate to ellipsoidal chorate cyst with
approximately 30 long (14—17 p), slender (1-1.5 ), dis-
tally recurved, serrate processes concentrated in the an-
tapical region. The cingular area is devoid of processes.
Processes have not been observed on the apical region of
the single specimen observed due to damage. The body is
49 plong and 31 u wide and densely covered by granulae.
The species differs from the previously described B.
granulatum and B. psilatum by having more antapical
processes and by its surface ornamentation.

Occurrence in East Greenland. Only one specimen has
been recorded from the middle Albian, section 20.

Bourkidinium? sp. 2
Plate 3, Figs 11-12

Discussion. The specimens questionably assigned to the
genus Bourkidinium have more than 15 apical/precingu-
lar and more than 20 ‘antapical’ processes, a broad cingu-
lar area almost devoid of processes, except for 1 to 6
cingular widely spaced, processes. All processes are long,
slender, distally trumpet-shaped with a serrale margin.

Occurrence in East Greenland. Lower Barremian, sec-
tion 10, from where only few specimens have been re-
corded.

Genus Callaiosphaeridium Davey &
Williams, 1966b; emend. Below, 1981a
Callaiosphaeridium asymmetricum
(Deflandre & Courteville, 1939) Davey &

Williams, 1966b
Plate 3, Figs 13-14

Comments. The species occasionally has vacuolar sutural
crests as illustrated by Duxbury (1980, plate 8, fig. 11).
Callaiosphaeridium asymmetricum is always rare in the
studied material.

Occurrence in East Greenland. Upper Barremian to up-
per Albian. Sections 6, 7, 8, 14, 15, 19, 20, 21, 23 and 31.

Previous occurrences. Callaiosphaeridium asymmetri-
cum was previously recorded from Cenomanian to Santo-
nian, southern England (Clarke & Verdier, 1967), lower
Hauterivian to lower Campanian, England and the North
Sea (Costa & Davey, 1992), Cenomanian to Campanian,
France (Foucher, 1979), lower Hauterivian to upper Turo-
nian, north-west Germany (Prossl, 1990), Barremian to
Aptian — lower Albian in North Sea wells (Heilmann-
Clausen, 1987), Aptian Andgya, Norway (Aarhus er al,,
1986), middle to upper Albian, Alaska (May & Stein,
1979), upper Albian, central Alberta, Canada (Brideaux,
1971), Barremian, District of Mackenzie, Canada (Bni-
deaux, 1977) and Hauterivian to Cenomanian, offshore
eastern Canada (Williams, 1975; Bujak & Williams,
1978). The type material was recorded as Hystricho-
sphaeridium asymmetricum from the Senonian in France
by Deflandre & Courteville (1939).

Genus Canningia Cookson & Eisenack,
1960b; emend. Helby, 1987

Canningia palliata Brideaux, 1977
Plate 4, Figs 1-2

Comments. The few specimens observed in this study are
similar to Brideaux’s (1977, plate 3, figs 1-8) type mate-
rial in size and shape. No tabulation is observed. The
consideration of Helby (1987) that C. palliata should be a
junior synonym of C. reticulata is questioned by the
present author. Cookson & Eisenack (1960b, plate 38,
fig. 1) clearly show the presence of a cingulum on the
holotype of C. reticulata whereas a cingulum was not
observed on the holotype of C. palliata (Brideaux, 1977,
plate 3, figs 1-4).

Occurrence in East Greenland. Lower Aptian. Section 7.

Previous occurrence. Canningia palliata was previously




recorded from Barremian, District of Mackenzie, Canada
(Brideaux, 1977).

Canningia reticulata Cookson & Eisenack,

1960b; emend. Helby, 1987
Plate 4, Figs 3-6

Comments. The specimens recorded from East Greenland
are very similar to the forms of the species described and
illustrated from Morocco by Below (1981) but are
slightly larger (up to 100 x wide) in contrast to the width
measured by Below (69 u (73 u) 84 p).

Occurrence in East Greenland. In a narrow interval in
uppermost lower Aptian, sections 12 and 13, where it is
abundant.

Previous occurrences. Canningia reticulata was previ-
ously recorded from Barremian to Albian, Morocco,
where it is abundant in the uppermost Barremian, middle
Aptian and lowermost Albian (Below, 1981; abb. 89),
Tithonian, Upper Jurassic, Australia (Cookson & Eise-
nack, 1960b, type material), Berriasian to Hauterivian,
Australia (Helby et al., 1987) and upper Valanginian to
‘middle’ Barremian, Papua New Guinca (Davey, 1988).

Genus Canninginopsis Cookson &
Eisenack, 1962b
Canninginopsis cf. C. colliveri (Cookson &

Eisenack, 1960b) Backhouse, 1988
Plate 4, Fig. 11

Discussion. Cookson & Eisenack (1960b) described the
wall of the species as thin, granular or closcly to sparsely
spinulate. Very few specimens with granulae have been
observed in the present study. Most specimens from East
Greenland with the same size and shape have 2-7 u long
spines and have been assigned to Circulodinium brevispi-
nosum (Pocock, 1962) Jansonius, 1986.

Occurrence in East Greenland. Lower—upper Aptian,
section 13.

Previous occurrences. Canninginopsis colliveri was pre-
viously recorded from upper Hauterivian to upper Aptian,
Andgya (Aarhus et al., 1986), lower middle Albian, cen-
tral Alberta, Canada (Singh, 1964), middle to upper Al-
bian, Peace River, Canada (Singh, 1971), Hauterivian to
lower Albian, District of Mackenzie, Canada (Brideaux,
1977), upper Barremian to upper Albian, Arctic Canada
(Pocook, 1976), middle to upper Albian, Alaska (May &
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Stein, 1979), Hauterivian to Aptian, offshore eastern
Canada (Williams, 1975), Hauterivian to Cenomanian,
Grand Banks (Bujak & Williams, 1978), uppermost Neo-
comian to lower Cenomanian, Australia (Morgan, 1980)
and uppermost Neocomian to lower Albian in Australia
(as Circulodinium colliveri) (Helby et al., 1987). The
type material was described from the Aptian in Australia
by Cookson & Eisenack (1960b).

Genus Carpodinium Cookson & Eisenack,
1962b; emend. Leffingwell & Morgan,
1977

Carpodinium granulatum Cookson &
Eisenack, 1962b; emend. Leffingwell &

Morgan 1977
Plate 4, Fig. 12

Occurrence in East Greenland. Upper part of lower Ap-
tian or lower part of upper Aptian, section 13 and lower
part of middle Albian, sections 20 and 21. Only few
specimens were recorded.

Previous occurrences. Carpodinium granulatum was pre-
viously recorded from the upper Barremian and upper
Aptian to upper Albian, north-west Europe and in North
Sea wells (Heilmann-Clausen, 1987), upper Aptian to
lower part of the upper Albian, north-west Germany
(Prossl, 1990), Cenomanian, Peace River area, Canada
(Singh, 1983), middle to upper Albian, Alaska (May &
Stein, 1979) and upper Aptian, Papua New Guinea (Da-
vey, 1988). The type material was described from the
Aptian to Albian in Australia by Cookson & Eisenack
(1962a).

Genus Cassiculosphaeridia Davey, 1969a

Cassiculosphaeridia magna Davey, 1974
Plate 4, Fig. 13

Occurrence in East Greenland. Upper Barremian. Sec-
tions 8 and 18. Only a few specimens have been observed
during this study.

Previous occurrences. The type material was recorded
from the lower to upper Barremian at Speeton, England
by Davey (1974). Cassiculosphaeridia magna is also
recorded from Ryazanian to Barremian in North Sea
wells and Hauterivian to Barremian, north-west Europe
(Heilmann-Clausen, 1987) where the species is often a
dominant feature of the dinoflagellate cyst assemblages
(Davey, 1979b), lower Hauterivian to ‘middle’ Barre-
mian, north-west Germany (Prssl, 1990). The species



52

was not recorded above the lower Barremian in Germany
and England by Harding (1990b). Cassiculosphaeridia
magna was also recorded from the lower Barremian,
Barents Sea (Arhus ef al., 1990) and the upper Hauteri-
vian to Aptian, Andgya, Norway (Aarhus er al., 1986).
Based on ‘accurately’ dated material from Speeton, C.
magna has its last occurrence in the upper Barremian
(Davey, 1974).

Cassiculosphaeridia reticulata Davey,

1969a
Plate 4, Fig. 14

Occurrence in East Greenland. Upper Barremian, middle
Albian? Sections 1, 11, 15, 16, 17, 18 and 21. The species
is rare in the studied material.

Previous occurrences. The type malterial was recorded
from the lower to upper Cenomanian in south-east Eng-
land and north-west France by Davey (1969). Cassicu-
losphaeridia reticulata was also recorded from the Ceno-
manian to Santonian, France (Foucher, 1979), lower Cre-
taceous to upper Santonian, England and the North Sea
(Costa & Davey, 1992), lower Hauterivian to middle
Albian, north-west Germany (Prossl, 1990), Ryazanian to
Late Cretaceous in North Sca wells by Heilmann-Clauscn
(1987) who mentioned that his ranges might be unreliable
due to difficulties in distinguishing between C. reticulata
and Ellipsoidictyum imperfectum. From Norway C. refic-
ulata was recorded from the lower Barremian, Barents
Sea (Arhus ef al., 1990), uppermost Hauterivian to Ap-
tian, Andgya (Aarhus er al., 1986) and upper Hauterivian
to lower Barremian, south-west offshore Norway (Aarhus
et al., 1986).

Genus Catastomocystis Singh, 1983
Catastomocystis microreticulata Singh,

1983
Plate 5, Fig. |

Occurrence in East Greenland. Only three specimens
were recorded, one specimen from the lower part of the
middle Albian and two specimens from the uppermost
Albian — lower Cenomanian?. Sections 26 and 39.

Previous occurrence. The type material was recorded
from lower Cenomanian, Peace River area, Canada
(Singh, 1983).

Genus Cauca Davey and Verdier, 1971
Cauca parva (Alberti, 1961) Davey &

Verdier, 1971
Plate 5, Fig. 2

Occurrence in East Greenland. Upper Aptian to upper
Albian. Only two specimens were observed from the
uppermost Albian. Sections 12, 13, 20, 21, 22, 23, 26, 27,
30, 31, 33 and 37. Where present, the species always
occurs in low numbers,

Previous occurrences. Cauca parva was previously re-
corded from the ‘middle’ to upper Barremian from Spee-
ton, England (Duxbury, 1980), upper part of the upper
Aptian to upper part of the middle Albian in the Aptian
and Albian type sections in south-east France (Davey &
Verdier, 1971, 1974), lower Aptian to lower Albian,
south England (Duxbury, 1983), the lower Barremian to
upper Cenomanian, north-west Germany (Prossl, 1990)
upper Barremian to lower Cenomanian, north-west Eu-
rope and North Sea wells, being rare in the upper Albian
and lower Cenomanian (Heilmann-Clausen, 1987). Doe-
renkamp er al. (1976) recorded the species from middle
Albian to upper Albian and from Santonian?, Banks Is-
land, Arctic Canada. The type material was described

Plate 4

Figs. 1 & 2. Canningia palliata x 750, section 7; GGU
3420874, 7.3-125.1; MGUH 21715.

Fig. 3. Canningia reticulata x 500, section 37; GGU 3515924,
20.3-126.5; MGUH 21716.

Fig. 4. Canningia reticulata x 500, scction 37; GGU 3515924,
8.5-128.2: MGUH 21717.

Fig. 5. Canningia reticulata x 490, section 37 GGU 351592;
MGUH 21718.

Fig. 6. Canningia reticulata x 1000, same specimen as above
close-up of hypocyst.

Fig. 7. Circulodinium? sp. 2 x 500, section 10; GGU 3420944,
11.1-124.9; MGUH 21719.

Fig. 8. Circulodinium? sp. 3 x 500, section 9; GGU 3420704,
15.4-120.0; MGUH 21720.

Fig. 9. Circulodinium? sp. 4 x 500, section 7; GGU 3420794,
19.2-132.3; MGUH 21721.

Fig. 10. Circulodinium? sp. 4 x 500. section 7; GGU 342079-3,
16.4-127.1; MGUH 21722 .

Fig. 11. Canninginopsis cf. C. colliveri x 500, section 13; GGU
3515794, 19.0-132.0; MGUH 21723.

Fig. 12. Carpodinium granulatum x 750, section 20; GGU
3421794, 6.4-127.6; MGUH 21724.

Fig. 13. Cassiculosphaeridia magna x 500, section 18; GGU
3422214, 9.0-126.0; MGUH 21725.

Fig. 14. Cassiculosphaeridia reticulata 500x section 17; GGU
3421664, 7.5-135.1: MGUH 21726.
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from the lower Aptian to lower Albian in Germany by
Alberti (1961). Cauca parva has never been reported
*accurately’ below the ‘middle’ Barremian.

Genus Chichaouadinium Below, 1981a
Chichaouadinium vestitum (Brideaux, 1971)

Bujak & Davies, 1983
Plate 5, Figs 3-5

Discussion. The specimens recorded from East Green-
land are similar to Brideaux’s (1971) type material in size
and shape. The archeopyle is intercalary often with a free
plate 2a. Accessory breaks between the plates 2", 3" and
4" are often observed.

A weakly recognisable, spherical, hyaline inner body
is often present. The inner body was not mentioned by
Brideaux but the central shadows on the illustrations of
Brideaux (1971, plate 29, figs 99-103) may indicate such
a body. The species ‘Deflandrea’ limpida Singh, 1971
which according to Lentin & Williams (1973) is a jr syn.
of C. vestitum, also has a smooth hyaline, spherical inner
body (Singh, 1971, p. 359, plate 61, figs 1-12).

Isabelidinium gallium (Davey & Verdier, 1973) Stover
& Evitt, 1978 is very similar to C. vestitum but differs
according to Davey & Verdier (1973, p. 197), by being
smaller and less spinous, has an inner body but (as men-
tioned) an inner body may also occur in C. vestitum.

Accepting an inner body for C. vestitum reduces the
differences between C. vestitum and I. gallium. The ar-
cheopyle on . gallium was described as intercalary type
(2a) (Davey & Verdier, 1973, p. 197) but further details
have been difficult to see on their illustrations of the
species (plate 3, figs 1-4).

The two species C. vestitum and [. gallium have been
maintained as separate species but further investigation
of the archeopyle of I gallium may justify including I
gallium as a jr syn. of C. vestitum.

Occurrence in East Greenland. Chichaouadinium vesti-
tum occurs in a few horizons from the lower part of the
middle Albian; it is nearly always frequent (up to 7%) in
the upper part of the middle Albian. Only one question-
able specimen has been observed from the upper Albian.
Sections 20, 22, 23, 26 and 36.

Previous occurrences. Chichaouadinium vestitum was
previously recorded from middle Albian, Spitsbergen
(Arhus, 1991), upper Albian, central Alberta, Canada
(Brideaux, 1971), upper middle Albian and upper Albian,
Peace River area, Canada (Singh, 1971), Aptian, Ed-
monton Embayment, Canada (Banerjce & Davies, 1988),
middle and vpper Albian, Banks Island, Arctic Canada
(Doerenkamp er al., 1976), lower Aptian to upper Albian,

Arctic Canada (Pocock, 1976), upper Albian, Utah, USA
(Nichols & Jacobsen, 1982), middle and upper Albian,
Alaska (May & Stein, 1979), middle Albian, Alaska
(May, 1979) and Albian, offshore eastern Canada (Wil-
liams, 1975; Bujak & Williams, 1978).

The species has not, to the author’s knowledge, been
reported from north-west Europe except for one speci-
men, described as Spinidinium cf. S. echinoideum (Cook-
son & Eisenack, 1960a) Lentin & Williams, 1976, by
Davey, 1970. Brideaux (1971, p. 101) mentioned that
Davey’s S. cf. S. echinoideum is similar to C. vestitum.
Brideaux additionally noted that Davey’s species is from
Cenomanian of Saskatchewan. Davey & Verdier (1973,
p. 197) corrected Brideaux’s statement mentioning that S.
cf. 8. echinoideum (sensu Davey, 1970) has been re-
corded from the Upper Greensand (Albian), Fetcham
Mill Borehole, England.

Plate 5

Fig. 1. Catastomocystis microreticulata x 500, section 26; GGU
351630-4, 3.0-134.2; MGUH 21727.

Fig. 2. Cauca parva x 500, section 30; GGU 342620-7, 6.6
121.0; MGUH 21728.

Fig. 3. Chichaouadinium vestitum x 750, section 20; GGU
342202-4, 7.2-123.9; MGUH 21729.

Fig. 4. Chichaouadinium vestitum x 500, section 20; GGU
3421944, 6.0-125.0; MGUH 21730.

Fig. 5. Chichaouadinium vestitum x 750, section 20; GGU
3421834, 17.7-131.2; MGUH 21731.

Fig. 6. Lagenadinium? membranoidium x 750, with a very
pronounced antapical corona, section 7; GGU 3420854,
10.1-129.0; MGUH 21732.

Fig. 7. Chlamydophorella nyei x 750, section 30; GGU
342620-7, 1.8-131.0; MGUH 21733.

Fig. 8. Chlamydophorella trabeculosa x 500, specimen with a
relatively short apical horn, section 21; GGU 342320-7, 3.0
121.8; MGUH 21734.

Fig. 9. Chlamydophorella trabeculosa x 750, specimen with a
relatively short apical horn, section 16; GGU 3515124,
15.2-148.3; MGUH 21735.

Fig. 10. Chlamydophorella trabeculosa x 530, specimen with a
relatively short apical horn, section 16; GGU 351512; MGUH
21736.

Fig. 11. Chlamydophorella trabeculosa x 750, section 31; GGU
3515744, 8.3-146.2; MGUH 21737.

Fig. 12. Circulodinium aff. C. anadalicum % 500, section 17;
GGU 3421614, 6.3-149.8; MGUH 21738.

Fig. 13. Circulodinium aff. C. attadalicum x 500, section 17;
GGU 342169-4, 8.2-144.2; MGUH 21739.

Fig. 14. Circulodinium brevispinosum x 500, section 13; GGU
351587-4, 13.3-153.8; MGUH 21740.

Fig. 15. Circulodinium brevispinosum x 500, section 34; GGU
3245564, 20.9-144.7; MGUH 21741.

Fig. 16. Circulodinium brevispinosum x 500, section 17; GGU
342174-7, 2.7-141.7; MGUH 21742.
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Remarks. Chichaouadinium vestitum seems to be a good
marker species for the upper part of the middle Albian in
East Greenland, whereas it has been recorded from both
Aptian and Albian deposits in North America.

The morphologically very similar species 1. gallium is,
according to Heilmann-Clausen (1987), a good marker
species in north-west Europe for the uppermost Albian..

Genus Chlamydophorella Cookson &
Eisenack, 1958; emend. Duxbury, 1983
Chlamydophorella nyei Cookson &

Eisenack, 1958
Plate 5, Fig. 7

Comments. The specimens referred to C. nyei in this
study are very similar to Cookson & Eisenack’s holotype
with a short apical projection. The short slender processes
which support the outer membrane are also present on the
short apical horn.

Occurrence in East Greenland. Lower Barremian to up-
per Albian. Only a few specimens were recorded from the
Aptian, lower and middle Albian. Sections 6, 8,9, 11, 17,
18, 20, 21, 24, 26, 30, 37 and 38.

Previous occurrences. Chlamydophorella nyei was previ-
ously recorded from the upper Aptian in north-west Eu-
rope whereas it ranges up to upper Albian in North Sea
wells (Heilmann-Clausen, 1987). lower Hauterivian to
upper Turonian, north-west Germany (Prossl, 1990),
lower Barremian, Barents Sea (Arhus et al., 1990), upper
Albian, central Alberta, Canada (Brideaux, 1971), middle
and upper Albian, Peace River area, Canada (Singh,
1971), upper Albian to Cenomanian, Saskatchewan, Can-
ada (Davey, 1969), lower Aptian to middle Albian, Dis-
trict of Mackenzie, Canada (Brideaux & Mclntyre, 1975),
lower Hauterivian to upper Albian, District of Macken-
zie, Canada (Brideaux, 1977), lower Aptian to lower
Cenomanian, District of Mackenzie, Canada (Brideaux &
Myhr, 1976), lower Albian to Cenomanian, Arctic Cana-
da (Doerenkamp et al., 1976) and middle to upper Al-
bian, Alaska (May & Stein, 1979). The type material was
described from the Aptian to Turonian in Australia by
Cookson & Eisenack (1958).

Chlamydophorella trabeculosa (Gocht,

1959) Davey, 1978
Plate 5, Figs 8-11

Remarks. Davey (1978) has been followed concerning
the systematic position of the species.

The specimens observed in the present study all have a
pronounced apical horn. The length of the horn is twice
(or more) the thickness of the membrane that covers the
rest of the cyst. The horn is open-ended with an abrupt
angular termination. The contrast to C. nyei, no processes
are present on the distal part of the horn.

Occurrence in East Greenland. Lower Barremian to up-
per Albian. The species occurs in 34 sections and is
common (more than 10%) in the Aptian.

Previous occurrences. Chlamydophorella trabeculosa
was previously recorded from lower Valanginian? — Hau-
terivian to upper Aptian, north-west Europe (Heilmann-
Clausen, 1987), lower—upper? Hauterivian, Denmark
(Davey, 1982b), lower Hauterivian to the lower part of
the upper Aptian, north-west Germany (Prossl, 1990),
Valanginian to upper Aptian, Arctic Norway (Thusu,
1978), lower Barremian, Barents Sea (Arhus er al., 1990),
Hauterivian to upper Aptian, Andgya, Norway (Aarhus er
al., 1986), lower Barremian, offshore south Norway (Of-
stad, 1983), upper Hauterivian to lower Albian, Arctic
Canada (Pocock, 1976), lower Hauterivian to middle Al-
bian, District of Mackenzie, Canada (Brideaux, 1977),
lower Aptian to middle Albian, District of Mackenzie,
Canada (Brideaux & Mclntyre, 1975), lower Hauterivian
to upper Aptian, District of Mackenzie, Canada (Bri-
deaux & Myhr, 1976), middle and upper Albian, Peace
River area, Canada (Singh, 1971), lower Aptian to middle
Albian, Arctic Canada (Doerenkamp er al., 1976), Ceno-
manian, Alaska (May, 1979) and lower Hauterivian to
upper Aptian, offshore eastern Canada (Williams, 1975;
Bujak & Williams, 1978). The type material was de-
scribed from upper Hauterivian in Germany by Gocht
(1959).

Summarizing the observations, the species occurs from
Valanginian?-Hauterivian to upper Albian — Cenoma-
nian. The presence of the species throughout the Barre-
mian to Albian in the present study thus seems to be of
little stratigraphic importance.

Genus Circulodinium Alberti, 1961
Circulodinium aff. C. attadalicum (Cookson

& Eisenack, 1962b) Helby, 1987
Plate 5, Figs 12-13

Discussion. The outline of C. aff. C. attadalicum is poly-
gonal, with two antapical projections of unequal size, as
in C. artadalicum. The width of the present specimens
ranges from 65-82. u. Circulodinium attadalicum has a
width ranging from 72-82 pu.

The midventral and middorsal areas are relatively free




from appendages and the girdle-like equatorial zone, de-
scribed by (Cookson & Eisenack, 1962b) has also been
recognised in the present material.

Circulodinium aff. C. atradalicum seems to be quite
similar to C. attadalicum except from its slightly smaller
spines (1—4 ) compared to the spines on the holotype
(2-6 p1). The grouped intervals of spines around the cyst,
especially in the antapical region on the holotype of C.
attadalicum is not observed on C. aff. C. attadalicum.

Circulodinium aff. C. attadalicum differs mainly from
C. brevispinosum by its ornamentation and smaller size.
The similar shape and relatively small size difference
between C. attadalicum and C. brevispinosum scems o
have caused problems in the identification of both spe-
cies. The surface of C. brevispinosum, however, is cov-
ered by rather densely, somewhat irregularly distributed
verucae (1-2 y) that near the periphery grade into spines
or even short muri or membranes up to 5 p high (Janso-
nius, 1986, p. 204). Circulodinium attadalicum has a
width ranging from 72-82 u (Cookson & Eisenack,
1962b) whercas the width of C. brevispinosum ranges
from 69 to 110 u (Pocock, 1962) and from 77-115 u
(Brideaux, 1977).

In the present study, specimens with a width less than
82 u, a polygonal outline and covered by short spines
(14 u), except for the equatorial region, are assigned to
C. aff. C. attadalicum, whereas specimens with a width
over 82 p, a polygonal outline and short spines (2-6 ),
irregularly distributed, are assigned to C. brevispinosum.

Occurrence in East Greenland. Barremian to lower Ap-
tian. Sections 1, 3,6, 7, 9, 11, 14, 15, 16, 17, 18, 19, 21,
32 and 33. The species is very abundant in the upper part
of its range.

Previous occurrences. Circulodinium attadalicum was
previously recorded from the Aptian stratotype in France
(Williams, 1977), the Hauterivian to lower Aptian, off-
shorc castern Canada, where the species also is very
abundant in the lower Aptian (Williams, 1975), Aptian—
Albian?, Australia (Cookson & Eiscnack, 1962b, type
material) and Valanginian and upper Aptian, Papua New
Guinea (Davey, 1988).

Circulodinium brevispinosum (Pocock,

1962) Jansonius, 1986
Plate 5, Figs 14-16

Comments. The specimens recorded in the present study
are more than 100 g wide and have the characteristic
shape illustrated on the holotype. The length of the spines
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is variable (2-7 w) as described by Pocock. The species
has been distinguished from C. aff. C. attadalicum by its
regular ornamentation and by being larger. Canningi-
nopsis colliveri (Cookson & Eisenack, 1960b) Back-
house, 1988, differs from C. brevispinosum by having
granulae or smaller spines.

Occurrence in East Greenland. 1.ower to upper Aptian —
lower? Albian. Sections 2, 4, 12, 13, 17, 26 and 34. The
species, which becomes more abundant in its upper
range, has not been observed together with C. afl. C.
attadalicum.

Previous occurrences. Circulodinium brevispinosum was
previously recorded from lower? Albian, Peary Land,
North Greenland and upper Aptian to middle Albian
Barents Sea as the Circulodinium colliveri — brevispino-
sum group (Arhus, 1991), Aptian, Arctic Norway (Thusu,
1978), upper Barremian and Aptian, Canada (Pocock,
1962, holotype). Brideaux (1977, p. 15) discussed the
range given by Pocock and suggested a lower and middle
Albian, possibly Aptian range, as most likely in the west-
ern Canadian plains. Brideaux (1977) reported the spe-
cies from the Aptian and lower Albian, District of Mack-
enzie, Canada, Bridecaux & Mclntyre (1975) gave an
Aptian to middle Albian age for the species (as Tenua sp.
A) in the same area. Brideaux & Myhr (1976) reported
the species from the Hauterivian to upper Aptian also
from the District of Mackenzie, Canada. Circulodinium
brevispinosum has also been reported from the upper
Aptian and lower Albian, Edmonton Embayment, Cana-
da (Banerjce & Davies, 1988).

The species has only been reported from the pre-Aptian
by Brideaux & Myhr (1976) and an Aptian first appear-
ance seems to fit with most of the previous observations.
The reported last occurrence for the species seems (o
range from the upper Aptian to middle Albian.

Circulodinium distinctum (Deflandre &

Cookson, 1955) Jansonius, 1986
Plate 6, Fig. 1

Occurrence in East Greenland. Lower Barremian (o up-
per Albian. The species occurs in 34 sequences and is
often common (more than 10%).

Previous occurrences. The type material was described
from the Senonian in Australia by Deflandre & Cookson
(1955). According to Williams & Bujak (1985) C. di-
stinctum range from Kimmeridgian (Jurassic) to post
Maastrichtian (uppermost Cretaceous).
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Circulodinium sp. 1
Plate 6, Figs 2-4

Description. Proximate to proximochorate asymmetric
cyst with a short blunt apical horn and two antapical
lobes, one of which may be reduced. Cyst dorso-ventrally
compressed. Surface of cyst covered by spines which
become short or are absent on the central part of the
dorsal and ventral sides.

Dimensions. Length with operculum 70-80 u, width
60-70 u, length of spines 5-8 p.

Discussion. Circulodinium aff. C. attadalicum differs
from Circulodinium sp. 1 by its ornamentation of shorter
spines and by its more pronounced antapical lobes. Cir-
culodinium sp. 1 differs from C. distinctum by having an
apical horn and two antapical lobes.

Occurrence in East Greenland. Lower part of the upper
Albian. Sections 29, 30 and 31.

Circulodinium? sp. 2
Plate 4, Fig. 7

Description. Small cysts (4045 u in diameter), spherical
to subspherical cyst occasionally with antapical lobes.
Archeopyle apical, operculum free, Surface densely reti-
culate to granulate. Granulae less than 1 p.

Discussion. Circulodinium? sp. 2 differs from previous
described Circulodinium species by its smaller size and
by its low spines. The species are almost identical to
Canningia? turrita Brideaux, 1977 in size, shape and
ornamentation, but differs by having an apical archeopyle
in contrast to the apical/intercalary combination archeo-
pyle described by Brideaux (1977, p. 13).

Occurrence in East Greenland. Barremian and Aptian.
Sections 5, 9, 10, 13, 15, 17 and 33.

Circulodinium? sp. 3
Plate 4, Fig. 8

Description. Spherical to subspherical cysts (55-65 p in
diameter) often with antapical lobes. Archeopyle apical,
operculum free. Surface ornamentation consists of scat-
tered 1-2.5 p granulae to short spines.

Discussion. Circulodinium? sp. 3 differs from Circulodi-
nium? sp. 2 by being larger and by its fewer but longer
granulae/spines. Circulodinium? sp. 3 differs from previ-

ous described Circulodinium species by its smaller size
and smaller granulae/spines. Circulodinium? sp. 3 has
some similarity to Canningia torulosa Davey & Verdier,
1973, although the, cingulum on C. torulosa is usually
devoid of ornamentation.

Occurrence in East Greenland. Barremian and lower
Aptian. Sections 9, 13, 15 and 18.

Circulodinium? sp. 4
Plate 4, Figs 9-10

Description. Relatively large (90-115 p in diameter) sub-
spherical to angular cyst with two antapical lobes. Arche-
opyle apical, operculum free. Scattered spines (4-5 u
long) with expanded to bifurcate distal termination.

Discussion. Circulodinium? sp. 4 differs from Circulodi-
nium? sp. 2 and 3 by its larger size. The two antapical
lobes on Circulodinium? sp. 4 are less pronounced than
the blunt antapical lobes or horns of Circulodinium bre-
vispinosum and of C. attadalicum. Circulodinium? sp. 4
differs from Canningia reticulata by having less pro-
nounced antapical lobes and by its ornamentation.

Occurrence in East Greenland. Upper Barremian. Sec-
tions 1, 7 and 14.

Plate 6

Fig. 1. Circuledinium distinctum x 500, section 18; GGU
3422204, 9.6-155.0; MGUH 21743.

Fig. 2. Circulodinium sp. 1 x 500, section 30; GGU 324619-3,
18.3-153.0; MGUH 21744.

Fig. 3. Circulodinium sp. 1 x 500, section 29; GGU 3245994,
11.0-126.0; MGUH 21745.

Fig. 4. Circulodinium sp. 1 x 500, section 29; GGU 3245994,
2.3-122.0; MGUH 21746.

Fig. 5. Cleistosphaeridium? aciculare x 500, section 10; GGU
342092-7, 13.1-129.0; MGUH 21747.

Fig. 6. Cleistosphaeridium? aciculare x 500, section 17; GGU
3421614, 7.1-151.4; MGUH 21748.

Fig. 7. Cleistosphaeridium huguoniotii x 500, section 30; GGU
324617-8, 6.5-126.0: MGUH 21749.

Fig. 8. Coronifera oceanica x 300, section 5; GGU 3515654,
6.4-129.3; MGUH 21750.

Figs 9 & 10. Cribroperidinium? aff. C. cornutum x 500, section
15; GGU 351512-5, 7.8-127.6; MGUH 21751.

Fig. 11. Cribroperidinium? aff. C. cornutum x 500, section 11;
GGU 3421034, 12.3-141.0; MGUH 21752.

Figs 12 & 13. Cribroperidinium edwardsii x 500, section 8:
GGU 342078-9, 13.2-151.4; MGUH 21753.

Fig. 14. Cribroperidinium edwardsii x 500, section 30; GGU
324617-8, 14.0-150.5; MGUH 21754,
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Genus Cleistosphaeridium Davey et al.,
1966

Cleistosphaeridium? aciculare Davey,
1969a / Cleistosphaeridium? multispinosum
(Singh, 1964) Brideaux, 1971 complex
Plate 6, Figs 5-6

Comments. The specimens included in this complex have
numerous short or long slender processes or numerous
short or long broader processes. The processes occasion-
ally bifurcate distally. Brideaux (1971) included the C.?
aciculare figured specimen of Davey (1969, plate 6, fig.
11) as a partial synonym of C.? multispinosum. The
processes of C.? multispinosum are slightly shorter
(10-15 w) than on Davey’s specimen (up to 21 u), but
apart from the length of the processes the two species are
very similar. The holotype of C.? aciculare, which has
broad acuminate processes, was not included in C.7 mul-
tispinosum by Brideaux. In the present study both forms
have been included in the C.? aciculare — C.? multispino-
sum complex.

Occurrence in East Greenland. Lower Barremian to up-
per Albian; it is present in 35 of the examined sections.
The complex has been named Cleistosphaeridia? acic-
ulare in the range charts (Tables 1-40 and Scheme 2).

Previous occurrences. Previously recorded as C. acie-
ulare, upper Hauterivian to upper Cenomanian and as C.
multispinosum, lower Albian to lowermost Cenomanian,
north-west Germany (Prdssl, 1990), middle to upper Al-
bian, central Alberta, Canada (Singh, 1964), upper Al-
bian to lower Cenomanian, Saskatchewan, Canada, Da-
vey (1969), lower Barremian to upper Aptian, District of
Mackenzie, Canada (Brideaux, 1977). lower Aptian to
middle Albian, District of Mackenzie, Canada (Brideaux
& Mclntyre, 1975), lower Hauterivian to lower Ceno-
manian, District of Mackenzie, Canada (Brideaux &
Myhr, 1976) and middle to lower Cenomanian, Alaska
(May, 1979; May & Stein, 1979).

Cleistosphaeridium huguoniotii (Valensi,

1955a) Davey, 1969a
Plate 6, Fig. 7

Occurrence in East Greenland. Lower Barremian to up-
per Albian. The species occurs in 27 sections and consti-
tutes often more than 5% of the Barremian dinoflagellate
cyst assemblage; however it occurs more sporadically in
the Aptian and Albian material.

Previous occurrences. Cleistosphaeridium huguoniottii

was previously recorded from the lower Cretaceous to
upper Cenomanian, England and the North Sea (Costa &
Davey, 1992), the lower Hauterivian, Andpya (Aarhus et
al., 1986), Hauterivian, offshore south Norway (Aarhus
et al., 1986), middle and upper Albian, Alaska (May &
Stein, 1979) and Albian and Cenomanian, offshore cast-
ern Canada (Bujak & Williams, 1978). The type material
was described from the Upper Cretaceous by Valensi
(1955).

Genus Coronifera Cookson & Eisenack,
1958; emend. Mao Shaozhi & Norris, 1988
Coronifera oceanica Cookson & Eisenack,

1958; emend. May, 1980
Plate 6, Fig. 8

Occurrence in East Greenland. Barremian to middle Al-
bian. Sections 1, 5,7, 8, 11, 12, 15, 17, 18, 19, 20, 21 and
23, where it only occurs sporadically and in low numbers.

Previous occurrences. Coronifera oceanica was previ-
ously recorded from the upper Hauterivian to the upper
Turonian, north-west Germany (Prassl, 1990), Hauteri-
vian to Barremian in North Sea wells (Heilmann-Clau-
sen, 1987), lower Albian, Saskatchewan, Canada (Davey,

Plate 7

Fig. 1. Cribroperidinium exilicristatum x 500, section 21; GGU
3422324, 17.7-125.3; MGUH 21755.

Fig. 2. Cribroperidinium exilicristatum x 500, section 21; GGU
3422324, 10.3-126.0; MGUH 21756.

Fig. 3. Cribroperidinium intricatum x 500, section 24; GGU
3464584, 17.5-136.0; MGUH 21757.

Fig. 4. Cribroperidinium intricatum x 500, section 24;: GGU
3464584, 9.8-139.7; MGUH 21758.

Fig. 5. Cribroperidinium muderongense x 500, section 19; GGU
342215-3, 13.7-140.3; MGUH 21759.

Fig. 6. Cribroperidinium muderongense x 500, section 19; GGU
342215-3, 4.1-138.2; MGUH 21760.

Fig. 7. Cribroperidinium tensifiense x 500, section 30; GGU
342610-3, 12.3-137.2; MGUH 21761.

Fig. 8. Ctenidodinium elegantulum x 500, section 18; GGU
342222-7, 12.7-127.8; MGUH 21762.

Fig. 9. Desmocysta plekta x 500, specimen with precingular
archeopyle, section 1; GGU 3603804, 14.1-136.4; MGUH
21763.

Fig. 10. Desmocysia plekta x 500, specimen with precingular
archeopyle, section 21; GGU 342240-4, 18.9-122.2; MGUH
21764.

Fig. 11. Desmocysta plekta x 525, specimen with apical archeo-
pyle, section 31; GGU 3246234, 10.9-140.0; MGUH 21765.

Fig. 12. Desmocysta plekta x 750, specimen with apical archeo-
pyle, section 31; GGU 324623-4, 1.7-128.9; MGUH 21766.
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1969), lower to upper Albian, Arctic Canada (Pocock,
1976), middle Albian, Arctic Canada (Doerenkamp et al.,
1976), lower Hauterivian to upper Barremian, District of
Mackenzie, Canada (Brideaux & Myhr, 1976), lower
Cenomanian, Peace River Area, Canada (Singh, 1983)
and lower Hauterivian to lower Cenomanian, offshore
eastern Canada (Williams, 1975; Bujak & Williams,
1978). The type material was described from the Albian
of Australia by Cookson & Eisenack (1958).

Genus Cribroperidinium Neale & Sarjeant,
1962; emend. Helenes, 1984
Cribroperidinium? aff. cornutum Davey,

1974
Plate 6, Figs 9-11

Comments. The cingular and antapical extensions of the
pericoels are not as pronounced as on the holotype (Da-
vey, 1974, Plate 2, Figs 2, 3).

Occurrence in East Greenland. Upper part of lower Bar-
remian and upper Barremian. Sections 8, 11, 15, 16 and
19?. The species is rare in the present material.

Previous occurrences. Cribroperidinium? cornutum was
previously recorded from the ‘middle’ and upper Barre-
mian, Speeton, England (Davey, 1974, type material;
Duxbury, 1980), upper Barremian, Speeton, England, and
Gott, Germany (Harding, 1990b), Santonian, north-west
Germany (Yun, 1981) and Barremian in North Sea wells
(Heilmann-Clausen, 1987).

Cribroperidinium edwardsii (Cookson &

Eisenack, 1958) Davey, 1969a
Plate 6, Figs 12-14

Comments. The cysts from East Greenland assigned to
Cribroperidinium edwardsii are thick walled with scat-
tered coarse spines on the plates. Tabular ridges with few
broad based spines have been observed.

Occurrence in East Greenland lower Barremian to upper
Albian. Sections 2, 5, 7, 8, 9, 11, 15, 16, 17, 18, 19, 21,
23, 26, 29, 30, 32 and 33.

Previous occurrences. Cribroperidinium edwardsii was
previously recorded from the lower Hauterivian to upper
Cenomanian, north-west Germany (Prossl, 1990) and
Berriasian to Maastrichtian, world-wide (Helenes, 1984).
The type material was described from the Albian to lower
Turonian in Australia by Cookson & Eisenack (1958).

Cribroperidinium exilicristatum (Davey,

1969a) Stover & Evitt, 1978
Plate 7, Figs 1-2

Comments. The cysts from East Greenland included in
Cribroperidinium exilicristatum are similar in size and
shape and have the same poorly defined sutural crests as
described by Davey (1969).

Dimensions. Length (77-80 y), width (60-80 y), 4 speci-
mens.

Occurrence in East Greenland. Only recorded from the
lower Barremian, section 21, where it is common in a
restricted interval.

Plate 8

Fig. 1. Diconodinium articumn x 750, section 22; GGU
3465844, 18.9-153.3; MGUH 21767.

Fig. 2. Dingodinium? albertii x 500, section
3421694, 15.1-121.5; MGUH 21768.

Fig. 3. Dingodinium? albertii x 580, section 17; GGU 342162;
MGUH 21769.

Fig. 4. Dingodinium? albertii x 2300, same specimen as above
close-up of sulcal region, section 17; GGU 342162.

Fig. 5. Discorsia nanna x 500, section 17; GGU 3421614,
6.1-126.2; MGUH 21770.

Fig. 6. Dorocysta litores x 500, section 30; GGU 324613-8,
12.3-136.0; MGUH 21771.

Fig. 7. Ellipsoidictyum imperfectum x 500, section 21; GGU
342240-4, 5.0-120.8; MGUH 21772.

Fig. 8. Endoscrinium campanula x 500, section 22; 3465844,
12.1-144.0; MGUH 21773.

Fig. 9. Endoscrinium cf. E, rostratum x 500, section 32:
303122-5-4, 6.7-127.0; MGUH 21774.

Fig. 10. Epelidosphaeridia spinosa x 500, section 39;
355321-4, 2.5-135.0; MGUH 21775.

Fig. 11. Epelidosphaeridia sp. 1 x 500, section 37; 3246484,
20.5-132.0; MGUH 21776.

Fig. 12, Epelidosphaeridia sp. 1 x 500, section 37; 3246504,
8.5-121.0; MGUH 21777.

Fig. 13. Exiguisphaera plectilis x 500, section 7; 3420814,
3.1-139.6; MGUH 21778.

Fig. 14. Exiguisphaera plectilis x 800, section 17; 342166;
MGUH 21779.

Figs 15 & 16. Exiguisphaera plectilis x 1000, same specimen as
above, close-up of ornamentation.

Fig. 17. Exochosphaeridium phragmites x 500, section 19;
GGU 342215-3, 21.9-126.0; MGUH 21780.

Fig. 18. Florentinia mantellii cooksoniae complex x 500, sec-
tion 21; GGU 342237-4, 8.9-138.0; MGUH 21781.

Fig. 19. Fromea amphora x 500, section 17; GGU 3421674,
8.6-141.0; MGUH 21782.

Fig. 20. Fromea fragilis x 500, section 17; GGU 3421614,
11.9-150.0; MGUH 21783,

17; GGU
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Previous occurrences. Cribroperidinium exilicristatum
was previously recorded from the lower Cenomanian,
north-west Germany (Prossl, 1990), lower to upper Al-
bian, France (Davey & Verdier, 1973) Cenomanian, Eng-
land and upper Albian, Saskachewan, Canada (Davey,
1969, type material), Albian to lower Santonian, Peace
River arca (Singh, 1983) and upper Albian to lower
Cenomanian, Libya (Uwins & Batten, 1988). The lower
Barremian specimens recorded from East Greenland
seem to be the oldest record of the species, which has
never previously been reported from stages older than
Albian.

Cribroperidinium intricatum Davey, 1969a
Plate 7, Figs 34

Comments. The sutural crests, intratabular ornamentation
and shape of the material from East Greenland is very
similar to Davey’s (1969) description, whereas the over-
all length (83-94 p), overall width (68-83 u) and length
of the horn (11-14 u) on three measured specimens are
slightly smaller than Davey’s (1969) type material.

Occurrence in East Greenland. Only recorded from the
upper Albian. Sections 24 and 31.

Previous occurrence. The type material was recorded
from Albian and Cenomanian, England and upper Albian
Saskatchewan by Davey (1969).

Cribroperidinium muderongense (Cookson

& Eisenack, 1958) Davey, 1969a
Plate 7, Figs 5-6

Comments. The specimens from East Greenland assigned
to Cribroperidinium muderongense have a rather long,
slender apical horn (up to 50 w). The sutural ridges are
spiny. Spines also occur on the intratabular areas as
single spines or as spiny ridges.

Occurrence in East Greenland. Upper Barremian. Sec-
tions 1, 8 and 19. The species is abundant in a restricted
interval in section 19,

Previous occurrences. Cribroperidinium muderongense
was previously recorded from the lower Hauterivian to
upper Aptian, north-west Germany (Prossl, 1990) and
Barremian to Santonian world-wide (Helenes, 1984). The
type material was described from the Aptian in Australia
by Cookson & Eisenack (1958).

Cribroperidinium tensiftense Below, 1981a
Plate 7, Fig. 7

Occurrence in East Greenland. Middle upper Albian.
Section 30.

Previous occurrences. Cribroperidinium tensiftense was
previously recorded from the lower and upper Barremian
England and Germany (Harding, 1990b), lower Barre-
mian to upper Aptian, north-west Germany (Prossl, 1990)
and Hauterivian to Albian, Morocco (Below, 1981, type
material).

Genus Ctenidodinium Deflandre, 1938b,
emend. Benson, 1985
Ctenidodinium elegantulum Millioud, 1969;

emend. Below, 1981a
Plate 7, Fig. 8

Occurrence in East Greeniand. A few specimens were
recorded from the lower and upper Barremian. Sections
9,11, 14, 15, 16 and 18.

Previous occurrences. Ctenidodinium elegantulum was
previously recorded from ammonite dated lower Aptain
strata, south England (Duxbury, 1983: Lister & Batten,
1988), the lower Hauterivian to upper Barremian, north-
west Germany (Prossl, 1990), the lower Valanginian to
lower Aptian, north-west Europe (Heilmann-Clausen,
1987), lower Barremian, offshore south Norway (Aarhus
et al., 1986), late Hauterivian to lower Barremian off-
shore south Norway (Costa, 1981; Ofstad, 1983) and
Hauterivian, offshore eastern Canada (Williams, 1975;
Bujak & Williams, 1978). The type material was de-
scribed from the upper Hauterivian to Barremian in
France by Millioud (1969).

Genus Desmocysta Duxbury, 1983
Desmocysta plekta Duxbury, 1983

Plate 7, Figs 9-12

Discussion. Out of 94 specimens examined from East
Greenland, 73 specimens display the same characteristic
features including a two-plate, precingular archeopyle, as
Duxbury (1983) described for the holotype. In additional
9 damaged specimens were observed, on which it was
impossible to recognise the two-plate precingular archeo-
pyle. The species occurs in 23 sections of late early
Barremian to late Albian age. Whereas 12 specimens of
another form, very similar in size and appearance to D.
plekta, have been recognised in the upper Albian section




31. The specices differs from D. plekta by having an apical
archeopyle. In the present study they are included in D.
plekta but the different archeopyle may advocate the
erection of a new species and maybe also a new genus.

Previous occurrence. The type material was recorded
from the Aptian in England by Duxbury (1983).

Genus Diconodinium Eisenack & Cookson,
1960; emend. Morgan, 1977
Diconodinium arcticum Manum &

Cookson, 1964
Plate 8, Fig. 1

Comments. Only two specimens have been recorded.
They occur in the middle Albian sections 22 and 23, The
specimens are approximately 75 p long and 49 p wide.
The cyst is smooth to weakly granulate and fusiform in
shape.

Previous occurrences. Diconodinium arcticum was pre-
viously recorded from the Upper Cretaceous, Canada
(Manum & Cookson, 1964, type material; Mclntyre,
1974) and Aptian in Senegal (Jain & Millepied, 1973).
The present record seems to be the first specimens ob-
served from Albian sediments.

Genus Dingodinium Cookson & Eisenack,
1958; emend. Mehrotra & Sarjeant, 1984b

Dingodinium? albertii Sarjeant 1966¢
Plate 8, Figs 24

Comments. The size of the recorded specimens falls
within the size range of the type material (overall lengths
50-66 u, overall widths 37.5-52 y) described by Sarjeant
(1966b).

Occurrence in East Greenland. Lower Barremian (o
lower Aptian. The species is nearly always present in the
lower Barremian, upper Barremian and lower Aptian.
Sections 1,3,4,5.6,7,8,9,10, 11, 13, 14, 15, 16, 17, 18,
19, 21, 32 and 33.

Previous occurrences. Dingodinium? albertii was previ-
ously recorded from the lower Barremian in Speeton,
England (Sarjeant, 1966b, type material), Berriasian to
Barremian, Speeton, England (Duxbury, 1977), upper
Jurassic to lower Albian, England and the North Sea
(Costa & Davey, 1992), upper Hauterivian to upper Bar-
remian, Speeton, England and Gott, Germany (Harding,
1990b), lower Aptian to lowermost Albian, south Eng-
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land (Duxbury, 1983), Aptian, south England (Lister &
Batten, 1988), Aptian, south-east France (Davey & Ver-
dier, 1974) and upper Aptian to lower Albian, Germany
(Davey, 1982a). The last occurrence of the species tends
to be a good marker for the uppermost Aptian — low-
ermost Albian.

Remarks. Davey (1978) mentioned that the Europeans
have tended to use D.? albertii (overall size 50-66 p) for
their specimens and the Australians and Canadians use D.
cerviculum (overall size 81-109 u). The difference be-
tween the two species is one of size rather than morphol-
ogy.

Genus Discorsia Duxbury, 1977; emend.
Khowaja-Ateequzzaman et al., 1985

Discorsia nanna (Davey, 1974) Duxbury,
1977; emend. Khowaja-Ateequzzaman et

al., 1985
Plate 8. Fig. 5

Occurrence in East Greenland. Upper Barremian 1o
lower part of the upper Albian. Sections 1, 2, 6, 7, 8, 9,
14, 17, 18, 19, 20, 21, 22, 23, 26, 31, 33 and 37.

Previous occurrences. Discorsia nanna was previously
recorded from the lower Barremian at Speeton, England
(Davey, 1974, type material), upper Aptian, south-east
France (Davey & Verdier, 1974), lower Valanginian to
lower Albian, England and the North Sea (Costa & Da-
vey, 1992), upper Aptian to lower Albian, Germany (Da-
vey, 1982a), the lower Hauterivian to lower part of the
upper Aptian, north-west Germany (Prossl, 1990), upper
Valanginian to lower Albian, north-west Europe (Heil-
mann-Clausen, 1987) lower Barremian, Barents Sea (Ar-
hus et al., 1990), lower and upper Barremian, District of
Mackenzie, Canada (Brideaux, 1977), lower and upper
Barremian, District of Mackenzie, Canada (Brideaux &
Myhr, 1976) and lower Cenomanian, Peace River area,
Canada (Singh, 1983).

Genus Dorocysta Davey, 1970

Dorocysta litotes Davey, 1970
Plate 8, Fig. 6

Occurrence in East Greenland. Upper Albian. Sections
24, 25, 27, 28, 29, 30, 31, 35, 36, 37, 38, 39 and 40.

Previous occurrences. Dorocysta litotes was previously
recorded from top middle to lowermost upper Ceno-
manian, north-west Germany (Prossl, 1990), Cenoma-
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nian, England and France (Davey, 1970, type material),
and Albian to lower Cenomanian, District of Mackenzie,
Canada (Brideaux & Myhr, 1976).

Ellipsoidictyum Klement, 1960
Ellipsoidictyum imperfectum (Brideaux &
Mclntyre, 1975) Lentin & Williams, 1977b
Plate 8, Fig. 7

Occurrence in East Greenland. From upper Barremian to
middle Albian. The species is present but never abundant
in 18 sections.

Previous occurrences. Ellipsoidictyum imperfectum was
previously recorded from the upper part of upper Aptian
to the lower-uppermost? part of the upper Albian, Eng-
land and the North Sea (Costa & Davey, 1992), upper
Hauterivian to middle Barremian, Andgya, Norway (Aar-
hus et al., 1986), lower Aptian to middle Albian, District
of Mackenzie, Canada (Brideaux & Mclntyre, 1975, type
material), lower to upper Albian, Arctic Canada (Doe-
renkamp et al., 1976), lower Hauterivian to middle Al-
bian, District of Mackenzie, Canada (Brideaux, 1977)
and lower Aptian to middle Albian, District of Macken-
zie, Canada (Brideaux & Myhr, 1976).

Genus Endoscrinium (Klement, 1960)
Vozzhennikova, 1967
Endoscrinium campanula (Gocht, 1959)

Vozzhennikova, 1967
Plate 8, Fig. 8

Occurrence in East Greenland. From lower Barremian to
upper Albian, the species is seldom represented by more
than two specimens in each sample. Sections 1, 7, 8, 9,
10, 11, 15, 16, 17, 19, 20, 21, 22, 23, 30, 32, 33 and 39.

Previous occurrences. Endoscrinium campanula was
previously recorded from the lower Hauterivian, north-
west Germany (Gocht, 1959, type material), the lower
Hauterivian to upper Turonian, north-west Germany
(Prossl, 1990), Ryazanian to Aptian — lower Albian in
North Sea wells (Heilmann-Clausen, 1987), upper Haute-
rivian to middle Barremian, offshore south Norway (Of-
stad, 1983), lower Barremian to middle Albian, District
of Mackenzie, Canada (Brideaux & Mclntyre, 1975),
middle to upper Albian Peace River area, Canada (Singh,
1971), middle Albian to Cenomanian, Arctic Canada
(Doerenkamp et al., 1976), lower Aptian to upper Albian,
Arctic Canada (Pocock, 1976), middle Albian, Alaska

(May, 1979) and lower Hauterivian to Cenomanian, off-
shore eastern Canada (Bujak & Williams, 1978).

Endoscrinium cf. E. rostratum (Brideaux &

Mclntyre, 1975) Below, 1981a
Plate 8, Fig. 9

Comments. The few specimens observed in the present
study are poorly preserved but in general similar to the
holotype in size and shape with the characteristic beak-
like apical prominence.

Occurrence in East Greenland. Lower Aptian, section
32.

Previous occurrences. Endoscrinium rostratum was pre-
viously recorded from the uppermost Aptian to the upper
part of the lower Albian, north-west Germany (Prossl,
1990), middle Albian, District of Mackenzie, Canada
(Brideaux & Mclintyre, 1975, type material) and Albian,
Morocco (Below, 1981).

Genus Epelidosphaeridia Davey, 1969a
Epelidosphaeridia spinosa (Cookson &

Hughes, 1964) Davey, 1969a
Plate 8, Fig. 10

Occurrence in East Greenland. Only in a few samples of
uppermost Albian age. Section 39.

Previous occurrences. Epelidosphaeridia spinosa was
previously recorded from the lower Cenomanian, Eng-
land (Cookson & Hughes, 1964, type material), the up-
permost Albian to lower upper Cenomanian, north-west
Germany (Prossl, 1990), the upper part of the middle
Albian to upper part of the middle Cenomanian, France
and Europe (Foucher, 1981), Albian, Saskatchewan, Can-
ada (Davey, 1969), lower Aptian to upper Albian, Arctic
Canada (Pocock, 1976) and lower Albian to Cenomanian,
offshore eastern Canada (Williams, 1975; Bujak & Wil-
liams, 1978).

Epelidosphaeridia sp. 1
Plate 8, Figs 11-12

Comments. Epelidosphaeridia sp. 1 closely resembles
Epelidosphaeridia spinosa in size and shape, but differs
from it by only having developed a weak cingular girdle
and by its slightly shorter spines.




Occurrence in East Greenland. The middle part of the
upper Albian, below the first occurrence of E. spinosa.
Sections 24, 25, 27, 28, 35, 36, 37, 38 and 40.

Genus Exiguisphaera Duxbury, 1979a;
emend. Jan du Chéne et al., 1986b
Exiguisphaera plectilis Duxbury, 1980;
emend. Jan du Chéne et al., 1986b

Plate 8, Figs 13-16

Comments. Although an archeopyle (type 2P) has only
been recognised on a few specimens, the species is easily
recognised by its characteristic sutural crests.

Occurrence in East Greenland. Primarily upper Barre-
mian but one specimen was recorded from the uppermost
part of the lower Barremian and another specimen, from
the lowermost Aptian. Sections 1, 7, 14, 15, 17, 18, 19
and 21,

Previous occurrences. Exiguisphaera plectilis was previ-
ously recorded from ‘middle’ Barremian, Speeton, Eng-
land (Duxbury, 1980, type material, lower and ‘middle’
Barremian, north-west Germany (Prossl, 1990). Harding
(1990b) recorded the first occurrence of the species at the
base of the upper Barremian at Speeton, England and at
Gott, Germany. Heilmann-Clausen (1987) reported the
species from the upper Barremian and lower Aptian in
north-west Europe and Aarhus et al. (1986) reported the
species from the Aptian at Andgya, Norway.

Genus Exochosphaeridium Davey et al.,
1966
Exochosphaeridium phragmites Davey et

al., 1966
Plate 8, Fig. 17

Occurrence in East Greenland. Lower Barremian to up-
per Albian. The species has been recorded in 35 of the 40
sections.

Previous occurrences. Selected records for E. phrag-
mites, upper Hauterivian to lower Aptian, England and
Germany (Harding, 1990b), lower Hauterivian to upper
Turonian, north-west Germany (Prossl, 1990), Cenoma-
nian, England (Davey et al., 1966, type material), lower
to upper Albian, France (Davey & Verdier, 1971), Albian
to Santonian, France (Foucher, 1979) and upper Barre-
mian to upper Aptian, south-east England (Lister & Bat-
ten, 1988).
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Genus Florentinia Davey & Verdier, 1973;
emend. Duxbury, 1980

Florentinia cooksoniae (Singh, 1971)
Duxbury, 1980 / Florentinia mantellii
(Davey & Williams, 1966b) Davey &

Verdier, 1973
Plate 8, Fig. 18

Comments. The presence of secondary tubules towards,
but not at, the distal process margins described for F.
cooksoniae by Duxbury (1980, p. 120) seems to be the
most pronounced difference between F. cooksoniae and
F. mantellii. As the presence of those tubules is often
difficult to recognise, these two species have been treated
together as a complex in the present study.

Occurrence in East Greenland. Upper part of lower Bar-
remian to upper Albian. The complex has been recorded
from 29 sections.

Previous occurrences. Florentinia cooksoniae was previ-
ously recorded from the upper Albian, Peace River area,
Alberta, Canada (Singh, 1971, type material), the upper
Hauterivian to upper Albian, north-west Germany
(Prossl, 1990) and from lower Albian to upper Ceno-
manian, world-wide (Williams & Bujak, 1985). Florenti-
nia mantellii was previously recorded from the lower
Cenomanian, England (Davey & Williams, 1966b, type
material), the upper Aptian to the lower part of the upper
Turonian, north-west Germany (Prassl, 1990) and from
lower Aptian to lower Cenomanian, world-wide (Wil-
liams & Bujak, 1985). Both species are recorded from the
Turonian in France by Foucher (1982).

Genus Fromea Cookson & Eisenack, 1958;
emend. Yun, 1981
Fromea amphora Cookson & Eisenack,

1958
Plate 8, Fig. 19

Occurrence in East Greenland. Lower Barremian to up-
per Albian. The species has been recorded from 20 sec-
tions.

Previous occurrences. Fromea amphora was previously
recorded from the Barremian and Aptian, England (Dux-
bury, 1980, 1983), Ryazanian to Aptian? in North Sea
wells (Heilmann-Clausen, 1987) and Albian and Ceno-
manian, Australia (Cookson & Eisenack, 1958, type ma-
terial). According to Costa & Davey (1992) the species
has a last occurrence at the top of the Cenomanian in
England and the North Sea.
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Fromea aff. F. expolita (Brideaux, 1977)

Lentin & Williams, 1981
Plate 9, Figs 1-4

Comments. The specimens recorded in the present study
resemble Fromea expolita (Brideaux, 1977) Lentin &
Williams, 1981 in their pear-shaped to triangular outline
and in their smooth to scabrate surface, but differ by a
smaller length (50-60 u) and width (50-60 ) compared
to the length (65-100 g) and width (70-86 ) for the type
material.

Occurrence in East Greenland. Restricted to the up-
permost Albian. Sections 24, 25, 30 and 37.

Previous occurrence. Fromea expolita was previously
only recorded from the Hauterivian and Barremian in the
District of Mackenzie, Canada (Bridcaux, 1977).

Fromea fragilis (Cookson & Eisenack,

1962b) Stover & Evitt, 1978
Plate 8, Fig. 20

Occurrence in East Greenland. Barremian to Albian. The
species has been recorded in 22 of the 40 examined
sections.

Previous occurrence. Fromea fragilis was previously re-
corded from the Aptian to Cenomanian, Australia (Cook-
son & Eisenack, 1962b, type material), middle and upper
Albian, central Alberta, Canada (Brideaux, 1971; Singh,
1971) and Aptian and middle Albian in the District of
Mackenzie, Canada (Brideaux & Mclntyre, 1975).

Fromea cf. F. glabella (Singh, 1971) Lentin

& Williams, 1981
Plate 9, Fig. 5

Comments. Only one specimen was recorded in the pre-
sent study and differs from F. glabella by a slightly larger
antapical width.

Occurrence in East Greenland. Lower Aptian. Section
17.

Previous occurrence. The type material was described
from the upper Albian, Peace River area, Canada (Singh,
1971).

Fromea sp. 1
Plate 9, Figs 6-7

Description. The cysts described as Fromea sp. 1 include
long (approximately 150 u) slender (width approximately
60 p), conical cysts, which are narrow antapically and
wider apically at the archeopyle. The operculum is al-
ways detached. Accessory archeopyle sutures have not
been observed. The cyst surface is shagreenate. Two
longitudinal folds often occur (Plate 9, Fig. 6). The folds
start at the antapex and continue as a long V-shape along
the cyst to the archeopyle margin. The species differs
from E nicosia Jansonius, 1989, by its conical shape,
smaller size and two folds.

Occurrence in East Greenland. Barremian to Albian.
Sections 6, 7, 10, 17, 21, 22, 24, 25, 35, 36, 39 and 40.

Plate 9

Fig. |. Fromea aff. F. expolita x 500, section 24; GGU
3464614, 21.1-121.3;: MGUH 21784.

Fig. 2. Fromea aff. F. expolita x 500,
3464614, 7.7-119.1; MGUH 21785.

Fig. 3. Fromea aff. F. expolita x 500,
324655-3, 2.4-156.4; MGUH 21786.

Fig. 4. Fromea aff. F. expolita x 500,
342618-4, 19.8-123.1; MGUH 21787.

Fig. 5. Fromea cf. F. glabella x 500,
3421694, 21.9-135.0; MGUH 21788.

Fig. 6. Fromea sp. 1 x 500, section 24; GGU 3464584, 19.0-
123.0; MGUH 21789.

Fig. 7. Fromea sp. | x 500, section 25; GGU 3464404, 16.1-
157.1; MGUH 21790.

Fig. 8. Gochteodinia villosa multifurcata x 500, section 18,
GGU 3422184, 11.6-143.0; MGUH 21791.

Fig. 9. Gonyaulacysta aff. G. cassidata x 500, section 1, GGU
360375-3, 17.6-129.5; MGUH 21792.

Fig. 10. Gonvaulacysta aff. G. cassidata x 500, section 1; GGU
360380-3, 22.5-145.0; MGUH 21793.

Fig. 11. Gonyaulacysta fastigiata x 500, section 10; GGU
342093-8, 17.3-132.3; MGUH 21794.

Fig. 12. Gonvaulacysta fastigiata x 500, section 11; GGU
342105-4, 14.5-127.0: MGUH 21795.

Figs 13 & 14. Gonvaulacysta helicoidea helicoidea »x 500,
section 9, GGU 3420714, 6.8-120.7: MGUH 21796 .

Fig. 15. Gonyaulacysta perforobtusa x 500, section 18; GGU
342219-4, 12.2-127.9; MGUH 21797.

Fig. 16. Heslertonia heslertonensis x 500, section 14;: GGU
3421334, 10.7-131.2; MGUH 21798.

Fig. 17. Hystrichodinium aff. H. furcatum x 500, section 7;
GGU 3420814, 17.2-129.0; MGUH 21799.

Fig. 18. Hystrichodinium aff. H. furcatum x 500, section 1;
GGU 360375-3, 11.5-128.5; MGUH 21800.

section 24; GGU
section 37; GGU
section 30; GGU

section 17; GGU
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Genus Gochteodinia Norris, 1978
Gochteodinia villosa (Vozzhennikova,
1967) Norris, 1978

Gochteodinia villosa subsp. multifurcata

Davey, 1982b
Plate 9, Fig. 8

Occurrence in East Greenland. Only a few specimens
have been observed in three samples from sections 9, 18,
and 21, where the subspecies occurs in the lower part of
the range of Pseudoceratium anaphrissum together with
Nelchinopsis kostromiensis. The three samples have been
dated as upper Hauterivian? — lower Barremian.

Previous occurrences. Gochteodinia villosa subsp. multi-
Jurcata was previously recorded from upper Ryazanian
and lower Valanginian in the Haldager No. | borehole,
Denmark, by Davey (1982b, type material). Duxbury
(1977) reported the species (as Pareodinia dasyforma)
from the lower Hauterivian at Speeton, England. Heil-
mann-Clausen (1987) reported the species from the lower
Valanginian and lower Hauterivian in north-west Europe.
Thusu (1978) illustrated several specimens of Gochteodi-
nia villosa (as Imbatodinium villosum) from Arctic Nor-
way. Three of Thusu’s illustrations (plate 4, figs 6.7,10)
show specimens of G. villosa multifurcata. Thusu (1978)
showed on his range-chart that G. villosa (as L villosum)
occurs from Ryazanian through to Barremian in Arctic
Norway which indicates that G. villosa villosa and G.
villosa multifucata might range up to the Barremian in
the Arctic. Aarhus er al. (1986; Arhus ef al., 1990) have
also recorded G. villosa from the lower Barremian off-
shore south Norway and from the Barents Sea but con-
sider the specimens as reworked.

The possibility that G. villosa multifurcata could range
up into Barremian in the Arctic is not excluded but
previous stratigraphic observations point to the fact that
the present specimens have been reworked.

Genus Gonyaulacysta Deflandre, 1964;
emend. Sarjeant, 1982b
Gonyaulacysta aff. G. cassidata (Eisenack

& Cookson, 1960) Sarjeant, 1966b
Plate 9, Figs 9-10

Comments. The few specimens hereby assigned to G. aff.
G. cassidata have less pronounced tubercles and are
slightly shorter than the type material of G. cassidara.

Occurrence in East Greenland. The species has only
been recorded from the upper Barremian section 1, and
the Aptian section 13.

Previous occurrences. Gonyaulacysta cassidata was pre-
viously recorded from the Cenomanian, England (Sar-
jeant, 1966a), the lower Aptian to upper Cenomanian,
England and the North Sea (Costa & Davey, 1992), the
lower Barremian to upper Cenomanian, north-west Ger-
many (Prossl, 1990) and world-wide from the upper Hau-
terivian to lower Turonian (Williams & Bujak, 1985).
The type material was described from the Aptian to
Cenomanian in Australia by Eisenack & Cookson (1960).

Gonyaulacysta fastigiata Duxbury, 1977
Plate 9, Figs 11-12

Comments. The specimens recorded in the present study
often have very pronounced denticles on the tabular
crests.

Occurrence in East Greenland. Lower to lower part of
the upper Barremian. Sections 4, 9, 10, 11, 16, 18 and 21,

Previous occurrences. Gonyaulacysta fastigiata was pre-
viously recorded from the lower Hauterivian to low-
ermost Barremian, north-west Germany (Prossl, 1990),
‘middle’ Barremian, Speeton, England (Duxbury, 1980,
type material). whereas Harding (1990b) reported a last
occurrence at the top of the lower Barremian at Speeton,
England and at Gott, Germany, lower Hauterivian to top
lower Barremian, England and the North Sea (Costa &
Davey, 1992), Ryazanian to upper? Hauterivian in North
Sea wells (Heilmann-Clausen, 1987), lower Hauterivian,
Andegya, Norway (Aarhus er al., 1986), Hauterivian to
lower Barremian, Barents Sea (Arhus ef al., 1990), Hau-
terivian and lower Barremian, offshore south Norway
(Aarhus et al, 1986) and Ryazanian and Valanginian
from Arctic Norway (Thusu, 1978).

Gonyaulacysta fastigiata has its last occurrence in the
‘middle’ Barremian (now upper Barremian) according to
Duxbury’s (1980) ammonite dated material from Spee-
ton, England.

Gonyaulacysta helicoidea (Eisenack &
Cookson, 1960) Sarjeant, 1966b subsp.

helicoidea Lentin & Williams (1973).
Plate 9, Figs 13-14

Occurrence in East Greenland. Lower Barremian to
lower Aptian. Sections 1,6,7,8,9,10,11, 14,15, 17, 18,
19, 21 and 33.

Previous occurrences. Previously recorded from the Hau-
terivian and Barremian, Speeton, England (Duxbury,
1977; 1980), Aptian, south England (Lister & Batten,




1988), Albian, south-east France (Davey & Verdier,
1971), the upper Hauterivian to lower Cenomanian in
north-west Germany (Préssl, 1990), Ryazanian to Aptian,
offshore south-east Norway (Aarhus er al., 1986), the
lower Barremian, Barents Sea, Norway (Arhus et al.,
1986), the middle Albian, Peace River area, central Al-
berta, Canada (Singh, 1971), the middle Albian, District
of Mackenzie, Canada (Brideaux & Mclntyre, 1975), the
Neocomian to Aptian, Australia (Eisenack & Cookson,
1960, type material) and lower Hauterivian to lower Cen-
omanian, world-wide (Williams & Bujak, 1985).

Gonyaulacysta jurassica (Deflandre, 1938b)
emend. Sarjeant, 1982b

Comments. The species is rare and considered reworked
as, according to the literature, it has never been reported
in situ from above the Upper Jurassic.

Occurrence in East Greenland. Barremian. Sections 9,
10, 11, 15, 17, 18 and 21.

Gonyaulacysta perforobtusa Duxbury, 1977
Plate 9, Fig. 15

Occurrence in East Greenland, Lowermost Barremian.
Sections 10 and 18, where it is very rare.

Previous occurrences. Gonyaulacysta perforobtusa was
previously recorded from the Hauterivian, Speeton, Eng-
land (Duxbury, 1977, type material), the lower and upper
Hauterivian, north-west Germany (Prossl, 1990), the
Hauterivian and possible lower Barremian in north-west
Europe (Heilmann-Clausen, 1987) and lower Barremian,
offshore south-east Norway (Aarhus et al., 1986).

Genus Hapsocysta Davey 1979b

Hapsocysta? benteae sp. nov.
Plate 25, Figs 11-12, Text Figs 10-11

71962b  Stephodinium australicum; Cookson & Eisenack,
plate 2, figs 5 & 10 only.

1982a  ?Hapsocysta sp.; Davey, p. 377, taf. 6.3-3, fig. 1.

1983 Stephodinium australicum; Singh, plate 57, figs
5&6.

1991 Hapsocysta sp. of Davey 1982a; Arhus, fig. 7.

1992 Hapsocysta? sp. of Davey 1982a; Costa & Davey,

plate 3.5, fig. 6.
Origin of name. After my wife Bente Meldgaard Clausen.

Diagnosis. The species is represented by camocavate,
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lenticular cysts with a circular equatorial outline in polar
view. The cysts are thin-walled, hyaline and apical/antap-
ically compressed with a smaller, spherical, dorsally at-
tached endocyst with a smooth surface. The surface of the
periphragm is also smooth but ornamented by low sutural
ribs reflecting a gonyaulacoid tabulation pattern. A pre-
cingular archeopyle (type P) may be distinguished on the
dorsal side, whereas a sulcal opening (an opisthopyle) is
always present on the ventral surface of the pericyst.

Description
Cyst type. Camocavate with a large ventral pericoel.

Shape. The cyst is lenticular with a circular equatorial
outline in polar view.

Wall relationships. The cyst is composed of a thin-walled
(less than 1u), hyaline, tabulate pericyst, and a smaller
endocyst approximately half the diameter of the pericyst.
The endocyst is smooth thin walled, hyaline, lenticular
with a circular equatorial outline in polar view and often
folded probably due to the apical/antapical compression
of the cyst. Periphragm and endophragm are dorsally
appressed.

Tabulation. Low sutural ribs on the periphragm indicate
tabulation, which is gonyaulacoid with an S-type ventral
pattern (Evitt, 1985). Formula 74', 6", 6¢, 1p, 6", 1" (Figs
10-11). Five sulcal plates have been distinguished: the
posterior sulcal plate (ps), the right sulcal plate (rs), the
left sulcal plate (ls), the right accessory plate (ras) and the
anterior sulcal plate (as). An almost circular opening in
the sulcal area (an opisthopyle) is always present on the
pericyst. The opening is demarcated by the plates: as. ras,
rs, Is and 1™ (Figs 10-11).

Archeopyle. A precingular archeopyle may be distin-
guished on the dorsal side.

Holotype. Plate 25, Fig. 11: Text Fig. 10, MGUH 21988
from GGU 342240-4, 10,0-140,0.

Type locality. Section 21, Stratumbjerg, Wollaston For-
land, East Greenland (Fig. 2).

Dimensions. Holotype: diameter of pericyst 78 yu, diame-
ter of endocyst 44 u.

Size range. Diameter of pericyst 60 (71) 85 u (10 speci-
mens), diameter of endocyst 36 (40) 45 u (10 specimens).

Discussion. The species has been assigned to the genus
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Opisthopyle

Hapsocysta with a question mark, due to the presence of
a thin walled periphragm. In the diagnosis of the genus
Hapsocysta Davey (1979a) described the periphragm to
have a net-like structure, where the areas between the
strands may be filled with a subsidiary network.

Hapsocysta? benteae sp. nov. differs from Stephodi-
nium australicum by the smaller diameter of the pericyst,
by being apical/antapically compressed, by being tabulate
and by having the endocyst situated dorsally. The equa-
torial, wing-like outgrowth described and illustrated by
Cookson & Eisenack (1962b, p. 491, plate 2, figs 6-9)
has not been observed in the present material.

Occurrence in East Greenland. Lower 1o upper Albian.
Sections 13, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
35, 36, 37, 38, 39 and 40. The species never dominates
the dinoflagellate cyst assemblages but seems to be a
good marker species for the Albian in East Greenland.

Previous occurrences. Hapsocysta? benteae sp. nov. was
previously recorded from the upper Aptian and lower

Opisthopyle

Fig. 10. Hapsocvsta? ben-
feae sp. nov., the holotype,
also shown in Plate 25, Fig.
11 from section 21; GGU
3422404, 10.0-140.0. The
tabulation, opisthopyle and
outline of inner body (stip-
pled) are shown. (a) internal
apical view. (b) external an-
tapical view.

—
10 u

Albian, north-west Germany, as ?Hapsocysta sp. (Davey,
1982a), upper Aptian to Upper Cretaceous, North Sea
area, as Hapsocysta? sp. of Davey 1982a (Costa & Da-
vey, 1992), middle Albian, Barents Sea (Arhus, 1991),
upper? Albian and Cenomanian, Peace River area, Cana-
da as S. australicum (Singh, 1983) and upper Albian to
Cenomanian in Australia as S. australicum (Cookson &
Eisenack, 1962b, plate 2, figs 5 & 10 only). The present
author has also recorded the species from the lower and
middle Albian, Axel Heiberg Island, Arctic Canada.

Genus Heslertonia Sarjeant, 1966b; emend.
Duxbury, 1980

Heslertonia heslertonensis (Neale &
Sarjeant, 1962) Sarjeant 1966b; emend.

Duxbury, 1980
Plate 9, Fig. 16

Occurrence in East Greenland. Lower Barremian to
lower Aptian. Sections 1, 3,6,7, 8,9, 10, 11, 14, 15, 17,

Fig. 11. Hapsocysta?
henteae sp. nov., same
specimen as Plate 25, Fig.
12 from section 30; GGU
342619-3, 10.2-131.0. The
opisthopyle and tabulation,
with emphasis on the sulcal
plates are shown. (a)
external apical view. (b)
internal antapical view.



18, 19, 21, 26, 32 and 33. One questionable specimen was
recorded from the lower Albian section 26.

Previous occurrences. Heslertonia heslertonensis was
previously recorded from the Hauterivian and Barremian,
Speeton, England (Neale & Sarjeant, 1962, type mate-
rial), the upper Ryazanian to lower Aptian, England and
the North Sea (Costa & Davey, 1992), the lower Hauteri-
vian to middle Albian, north-west Germany (Prossl,
1990), upper Ryazanian to lower, or possibly upper Ap-
tian in north-west Europe (Heilmann-Clausen, 1987), and
world-wide (Williams & Bujak, 1985).

Genus Hystrichodinium Deflandre, 1935b;
emend. Sarjeant, 1966b
Hystrichodinium aff. H. furcatum Alberti,

1961
Plate 9, Figs 17-18

Comments. The relatively few specimens recorded in the
present study differ slightly in body shape from the type
material described by Alberti (1961) and the processes
are significantly longer than on the holotype. Also the

Occurrence in East Greenland. Upper part of lower Bar-
remian? lo lowermost Aptian. Hystrichodinium aff. H.
Sfurcatum is very rare in the uppermost lower Barremian.
Only a few specimens were recorded in the Pseudocer-
atium anaphrissum Subzone in sections 9 and 11. The
species is more common in the upper Barremian Pseu-
doceratium toveae Subzone in sections 1, 6, 7, 8, 14, 17,
19, and 21, Only two specimens were recorded from the
lower Aptian Pseudoceratium nudum Zone in section 17,
GGU 342168.

Previous occurrences. Hystrichodinium furcatum was
previously recorded from the lower Hauterivian to lower
Barremian, England and the North Sea (Costa & Davey,
1992), lower Hauterivian to the lower part of the ‘middle’
Barremian in north-west Europe where, according to
Heilmann-Clausen (1987), it has its last occurrence in the
lower part of the range of P. anaphrissum, lower Hauteri-
vian to the middle part of the upper Barremian, north-
west Germany (Prossl, 1990).

Harding (1990b) indicated that the species has a very
short stratigraphic range restricted to lowermost Barre-
mian in Germany and England. Harding (1990b) men-
tioned that Alberti’s (1961) Hauterivian recording of the
type material might be wrongly dated due to unreliable
borehole material. Arhus ef al. (1990) have observed the
species from Valanginian—Hauterivian? in the Barents
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Sea. Williams & Bujak (1985) indicate that the species
has a world-wide range from the middle part of the upper
Valanginian to the top of the lower Aptian.

In conclusion, the information given above indicates
that H. furcatum is a lower Barremian marker in north-
west Europe where it occurs below and in the lower part
of the range of P. anaphrissum in contrast to H. aff. H.

Sfurcatum which tends to be an upper Barremian marker in

East Greenland, where it has only been recorded in the
upper part of and above the range of the species P.
anaphrissum.

Hystrichodinium pulchrum Deflandre, 1935

subsp. pulchrum Lentin & Williams 1973
Plate 10, Figs 1-2

Comments. In the present study. the subspecies has been
distinguished from Hystrichodinium voigtii by the pres-
ence of tubercles, its lower sutural crests and by having
IMOIe processes.

Occurrence in East Greenland. Middle Albian. Sections
20 and 23.

Previous occurrences. The type material was described
from Senonian in France by Deflandre (1935). Costa &
Davey (1992) recorded H. pulchrum from the upper
Bathonian (Jurassic) to upper Maastrichtian, England and
the North Sea. Williams & Bujak (1985) recorded the
species from all Cretaceous stages, world-wide.

Hystrichodinium ramoides Alberti, 1961
Plate 10, Fig. 3

Comments. The species, rare in the material from East
Greenland, is characterised by processes that distally fur-
cate more than once.

Occurrence in East Greenland. In the upper Barremian
Pseudoceratium toveae Subzone, where il occurs to-
gether with H. aff. H. furcatum and P. toveae sp. nov.,
and above the last occurrence of Pseudoceratium ana-
phrissum in sections 7, 14 and 19.

Previous occurrences. Hystrichodinium ramoides was
previously recorded from the ‘middle’ and upper Barre-
mian, Speeton, England (Duxbury, 1980), lower and up-
per Barremian, England and the North Sea (Costa &
Davey, 1992), the Hauterivian to uppermost Barremian,
north-west Germany (Prossl, 1990). Harding (1990b, p.
52) mentions that "This species has an extremely short
vertical range within the latest Barremian time™ in Ger-
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many and England. The type material was described from
the upper Barremian in Germany by Alberti (1961) and
Heilmann-Clausen (1987) recorded the species from the
upper part of the lower Barremian, ‘middle’ Barremian
and upper Barremian in north-west Europe.

Remarks. According to Harding (1990b) H. ramoides has
no overlap with the lower Barremian species H. furcatum.
The occurrence of H. ramoides in East Greenland corre-
lates with Harding’s (1990b) latest Barremian range for
the species, but differs by not being present above the last
occurrence of H. aff. H. furcatum.

Hystrichodinium voigtii (Alberti, 1961;
emend. Sarjeant, 1966b) Davey, 1974
Plate 10, Figs 4-5

Occurrence in East Greenland. L.ower Barremian to
lower Aptian. Sections 1, 7, 8, 9, 10, 11, 14, 16, 17, 18,
19, 21 and 33.

Previous occurrences. Hystrichodinium voigtii was pre-
viously recorded from the lower Hauterivian to upper
Turonian, north-west Germany (Prossl, 1990), Barremian
to lower Aptian, Germany (Alberti, 1961, type material)
and from the Jurassic to upper Albian in North Sea wells
(Heilmann-Clausen, 1987).

Genus Hystrichosphaeridium Deflandre,
1937b; emend. Davey & Williams, 1966b
Hystrichosphaeridium arborispinum Davey

& Williams, 1966b
Plate 10, Figs 6-9

Occurrence in East Greenland. Upper part of lower and
upper Barremian. Sections 1, 4, 6, 7, 8,9, 10, 11, 14, 15,
16, 17, 18, 19 and 21. The species is common to dom-
inant in the uppermost part of the lower Barremian and in
the lowermost part of the upper Barremian (see section
21).

Previous occurrences. Hystrichosphaeridium arborispi-
num was previously recorded from the lower and ‘mid-
dle’ Barremian, Speeton, England (Davey and Williams,
1966b, type material), the uppermost lower, ‘middle’ and
lowermost upper Barremian, Speeton, England (Dux-
bury, 1980), the lower Hauterivian to upper Barremian,
England and the North Sea (Costa & Davey, 1992), the
‘middle’ and upper Barremian, north-west Europe (Heil-
mann-Clausen, 1987) and the middle part of the lower to
the middle part of the upper Barremian, north-west Ger-

many (Prossl, 1990). Harding (1990b) mentioned that the
species is extremely common in the middle? to upper part
of lower Barremian but becomes rare in the upper Barre-
mian of Germany and England. Harding’s observation
seems consistent with the present study. Outside of Eu-
rope the species has been recorded from the lower Barre-
mian to the lowermost Aptian in Arctic Canada by Po-
cock (1976).

Genus Hystrichosphaerina Alberti, 1961
Hystrichosphaerina schindewolfii Alberti,

1961
Plate 10, Figs 10-13

Comments. Alberti (1961) mentioned in his description of
the species that a few long thin processes are arranged in
the equatorial zone. Davey (1982b) likewise indicates
that the genus Hystrichosphaerina has solid cingular pro-
cesses, but mentioned also that they sometimes may be
absent. In the present material, both forms with (Plate 10,

Plate 10

Fig. 1. Hystrichodinium pulchrum x 500, section 20; GGU
342189-4, 13.9-145.1; MGUH 21801.

Fig. 2. Hystrichodinium pulchrum x 500, section 23; GGU
3516864, 12.0-137.0; MGUH 21802.

Fig. 3. Hystrichodinium ramoides x 500, section 7; GGU
342081-4, 3.5-135.2; MGUH 21803.

Fig. 4. Hystrichodinium voigtii x 500, section 10; GGU
3420944, 13.2-127.0; MGUH 21804.

Fig. 5. Hystrichodinium voigtii x 580, section 21, GGU 342232;
MGUH 21805.

Fig. 6. Hystrichosphaeridium arborispinum x 500, section 14;
GGU 342216-4, 3.3-127.0; MGUH 21806.

Fig. 7. Hystrichosphaeridium arborispinum x 500, section 7;
GGU 342081-4, 17.4-157.1; MGUH 21807.

Fig. 8. Hystrichosphaeridium arborispinum x 850, section 18;
GGU 342222: MGUH 21808.

Fig. 9. Hystrichosphaeridium arborispinum x 1600, same speci-
men as above close-up of processes, section 18; GGU
342222,

Fig. 10. Hystrichosphaerina schindewolfii x 500, specimen with
cingular processes, section 7; GGU 342081-4, 7.6-137.0;
MGUH 21809.

Fig. | 1. Hystrichosphaerina schindewolfii x 550, specimen with
cingular processes, section 7; GGU 342081; MGUH 21810.

Fig. 12. Hystrichosphaerina schindewolfii x 500, specimen
without (?) cingular processes, section 21; GGU 3422374,
17.4-155.0; MGUH 21811.

Fig. 13. Hystrichosphaerina schindewolfii x 550, specimen
without cingular processes, section 7; GGU 342081; MGUH
21812.
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Figs 10-11) and without (Plate 10, Figs 12—13) cingular
processes have been recorded and referred to the species.

Occurrence in East Greenland. The upper part of the
lower Barremian to lower Aptian. Sections 1, 6, 7. 8, 9,
11, 14, 15, 17, 18, 19, 21 and 33. One specimen has been
observed from the lower Albian. Section 26.

Previous occurrences. Hystrichosphaerina schindewolfii
was previously recorded from the upper Barremian, Turo-
nian and Senonian, Germany (Alberti, 1961, type mate-
rial), the uppermost lower, ‘middle’ and lowermost upper
Barremian, Speeton, England (Duxbury,1980), the lower
Valanginian to lower Albian, England and the North Sea
(Costa & Davey, 1992), the upper Barremian to upper
Aptian, south England (Lister & Batten, 1988), the lower
Hauterivian to the upper part of the lower Albian, north-
west Germany (Prossl, 1990), lower Barremian to lower
Aptian, and upper Aptian to lower Albian in north-west
Europe (Heilmann-Clausen, 1987), Valanginian in Den-
mark, Davey (1982b), lower Hauterivian to upper Aptian,
District of Mackenzic, Canada (Brideaux, 1977) and up-
per Hauterivian to upper Albian, world-wide (Williams &
Bujak, 1985).

Genus Kiokansium Stover & Evitt, 1978;
emend. Duxbury, 1983

Kiokansium polypes (Cookson & Eisenack,
1962b) Below, 1982c subsp. polypes Lentin

& Williams (1986)
Plate 11, Figs 2-8

Comiments. The specimens herein referred to Kiokansium
polypes polypes have a spheroidal cyst with forty, or
often more, slender processes that distally are fringed
with short, straight to recurved tips.

Occurrence in East Greenland. Lower Barremian 1o up-
per Albian. The subspecies has been recorded from 30
sections. The abundance varies throughout the examined
stages but the species often constitutes 5% or more of the
assemblage.

Previous occurrences. Kiokansium polypes polypes was
previously recorded from Hauterivian to Cenomanian,
Speeton, England (Duxbury, 1977), lower Hauterivian to
upper Albian, north-west Germany (Prossl, 1990) and
upper Hauterivian to lowermost? Albian in a North Sea
well (Heilmann-Clausen, 1987). The type material was
described from the Albian to Cenomanian in Australia by
Cookson & Eisenack (1962b).

Genus Kleithriasphaeridium Davey, 1974
Kleithriasphaeridium corrugatum Davey,

1974
Plate 11, Fig. 10

Occurrence in East Greenland. Lower Barremian and
lowermost part of the upper Barremian; sections 9, 15,
16, 18 and 21. The species is very rare to rare in the
studied material.

Previous occurrences. Kleithriasphaeridium corrugatum
was previously recorded from the lower Barremian,
Speeton, England (Davey, 1974, type material), the low-
ermost part of the ‘middle’ Barremian, Specton, England
(Duxbury, 1980), the upper Ryazanian to upper Barre-
mian, England and the North Sea (Costa & Davey, 1992),
the uppermost lower Hauterivian to the middle ‘middle’
Barremian, north-west Germany (Prossl, 1990). Harding
(1990b, p. 52) mentions that the species "becomes extinct
at the end of the lower Barremian®. The species has been

Plate 11

Fig. 1. Pareodinia sp. x 500, section 21; GGU 3422404,
20.1-140.2; MGUH 21813.

Fig. 2. Kiokansium polypes polypes x 500, section 10; GGU
342094-4, 11.8-128.7; MGUH 21814.

Fig. 3. Kiokansium polypes polypes x 500, section 20; GGU
3421864, 7.7-133.9; MGUH 21815.

Fig. 4. Kiokansium polypes polypes x 500, section 17; GGU
3421674, 7.1-140.1; MGUH 21816.

Fig. 5. Kiokansium polypes polypes x 500, section 10; GGU
3420924, 20.8-142.3; MGUH 21817.

Fig. 6. Kiokansium polypes polypes x 800, section 17; GGU
342161; MGUH 21818.

Fig. 7. Kiokansium polypes polypes x 550, section 17; GGU
342161; MGUH 21819.

Fig. 8. Kiokansium polypes polypes x 750, section 17; GGU
342161; MGUH 21820.

Fig. 9. Leiofusa sp. x 500, section 31; GGU 3246274, 16.5-
129.5; MGUH 21821.

Fig. 10. Kleithriasphaeridium corrugatum x 500, section 15;
GGU 351526-4, 13.9-127.0; MGUH 21822,

Fig. 11. Kleithriasphaeridium eoinodes x 500, section 19; GGU
3422144, 13.4-143.0; MGUH 21823.

Fig. 12. Leptodinium cancellatum x 500, section 12; GGU
3515894, 12.2-135.0; MGUH 21824.

Fig. 13. Leprodinium cancellatum x 500, section 20; GGU
3421764, 11.3-150.2; MGUH 21825.

Fig. 14. Leptodinium? cf. L. delicatum x 500, section 23; GGU
3516764, 21.8-136.0; MGUH 21826.

Fig. 15. Leptodinium? hyalodermopse x 500, section 17; GGU
342167-4, 9.7-124.0; MGUH 21827.
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recorded from the upper Ryazanian to the ‘middle’ Barre-
mian in north-west Europe (Heilmann-Clausen, 1987).
Williams & Bujak (1985) have an lower Barremian last
occurrence for the species, world-wide.

Remarks. The last occurrence of the species in the low-
ermost ‘middle’ Barremian (now lowermost upper Barre-
mian) recorded by Duxbury (1980; Costa & Davey,
1992), in the ‘accurate’ dated Speeton section, correlates
with the observations from East Greenland.

Kleithriasphaeridium eoinodes (Eisenack,

1958) Davey, 1974; emend. Sarjeant, 1985a
Plate 11, Fig. 11

Remarks. The present study follow Below’s (1982a) con-
sideration that K. simplicispinum s ajr syn. of K. ecinodes.

Occurrence in East Greenland. Lower Barremian to mid-
dle Albian. Sections 1, 6, 7, 8, 9, 10, 11, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22 26, 32 and 33.

Previous occurrences. Kleithriasphaeridium eoinodes
was previously recorded from the upper Barremian to the
uppermost Albian in north-west Germany, Prissl (1990),
whereas Heilmann-Clausen (1987) reported the species
from upper Ryazanian to middle Albian in north-west
Europe and Williams & Bujak (1985) reported a lower
Valanginian to ‘middle’ Barremian world-wide range.
The type material was described from the upper Aptian in
Germany by Eisenack (1958). The European range corre-
lates with the present observations.

Genus Lagenadinium Piel, 1985
Lagenadinium? membranoidium
(Vozzhennikova, 1967); emend. Lentin &

Vozzhennikova, 1990
Plate 5, Fig. 6

Comments. One specimen with a pronounced corona was
observed. On the other observed specimens the corona is
usually indistinct.

Occurrence in East Greenland. Lower Barremian to mid-
dle Albian and rare specimens from the upper Albian.
Sections 1, 6, 7, 9, 10, 11, 13, 14, 16, 17, 18, 19, 20, 25
and 30.

Previous occurrences. Lagenadinium? membranoidium
was previously recorded as Chlamydophorella membra-

noidea from the Hauterivian, upper Barremian and upper
Aptian, north-west Europe and North Sea wells (Heil-
mann-Clausen, 1987). The type material was described
from Upper Jurassic, Russia by Vozzhennikova (1967).

Genus Leptodinium Klement, 1960; emend.
Sarjeant, 1982b
Leptodinium cancellatum Brideaux &

Mclntyre, 1975
Plate 11, Figs 12-13

Comments. The species is easily distinguished, even in
fragments, due to the intratabular apiculate to vermiculate
sculpture.

Occurrence in East Greenland. Upper part of the lower
Aptian to uppermost part of the middle Albian. Sections
12, 13, 17, 20, 21, 22 and 23, The species seems 1o be a
good stratigraphic marker although it seldom constitutes
more than 1% of the dinoflagellate cyst assemblages.

Previous occurrences. Leptodinium cancellatum was pre-
viously recorded from the uppermost Aptian to lower
Albian, Germany (Davey, 1982a), upper Aptian to lower
upper Albian in England and the North Sea (Costa &
Davey, 1992), the uppermost Aptian to lowermost Al-
bian, north-west Europe (Heilmann-Clausen, 1987),
lower? Albian, Peary Land, North Greenland and upper
Aptian to middle Albian, Barents Sea (Arhus, 1991) and
the middle Albian, District of Mackenzie, Canada (Bri-
deaux & Mclntyre, 1975).

Leptodinium? cf. L. delicatum (Davey,

1969a) Sarjeant in Davey et al., 1969
Plate 11, Fig. 14

Comments. The few recorded specimens are often frag-
mented. They have a thin smooth hyaline wall, with
tabulation defined by crests. The crests may be a little
higher than on the type material described by Davey
(1969).

Occurrence in East Greenland. Uppermost lower Aptian
to lowermost upper Albian. Sections 13, 23 and 29.

Previous occurrences. Leptodinium? delicatum was pre-
viously recorded from the middle Albian, District of
Mackenzie, Canada (Brideaux & Mclntyre, 1975), Barre-
mian, District of Mackenzie, Canada (Brideaux, 1977)
and Cenomanian, Saskatchewan, Canada (Davey, 1969,
type material).



Leptodinium? hadrum (Sarjeant, 1966b)

Helenes, 1984
Plate 12, Fig. 1

Occurrence in East Greenland. Uppermost Barremian.
Sections 7, 14 and 17.

Previous occurrence. Leptodinium? hadrum was previ-
ously recorded (as Gonyaulacysta hadra) from the upper
Barremian, England (Sarjeant, 1966a, type material).

Leptodinium? hyalodermopse (Cookson &

Eisenack, 1958) Stover & Evitt, 1978
Plate 11, Fig. 15

Occurrence in East Greenland. Lower Barremian to top
lower Albian. Sections 1,6, 7, 8,9, 10, 11, 12, 13, 14, 15,
17, 18, 19, 21, 26, 32, 33 and 34.

Previous occurrences. Leptodinium? hyalodermopse was
previously recorded from the Hauterivian to the middle
part of the lower Albian (as Rhynchodinium hyaloder-
mopse) north-west Germany (Prossl, 1990), lower? Al-
bian, Peary Land, North Greenland and uppermost lower
Albian to lowermost middle Albian, Barents Sea, as Go-
nyaulacysta hyalodermopsis (Arhus, 1991), middle Al-
bian, District of Mackenzie, Canada (Brideaux & Mcln-
tyre, 1975), Barremian, District of Mackenzie, Canada
(Brideaux, 1977), and upper Neocomian to Aptian, Aus-
tralia (Cookson & Eisenack, 1958, type material).

Genus Levisphaera Davey, 1988
Levisphaera cf. L. crassicingulata (Burger,

1980) Davey, 1988
Plate 1, Figs 10-12

Comments. Ovoidal cyst with a psilate surface. The wall
is apparently composed of one layer, the autophragm.
The wall is thin, less than 1 py, and hyaline. The archeo-
pyle is apical occasionally with the operculum attached.
The length of the cyst, excluding the operculum is 40-45
u. The width of the cyst is 36-43 p.

Remarks. Levisphaera cf. L. crassicingulata differs from
the type material (Burger, 1980), by being smaller. L. cf.
L. crassicingulata differs from Batiacasphaera euteiches
(Davey, 1969a) Davey, 1979d by having a thin, hyaline
and psilate wall. The size, shape and wall features of L.
cf. L. crassicingulata are similar to Chytroeisphaeridia
chytroeides (Sarjeant, 1962a) Downie & Sarjeant, 1965,
emend. Davey, 1979b. However L. cf. L. crassicingulata
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differs by having an apical archeopyle in contrast to the
precingular archeopyle characteristic for C. chytroeides.

Occurrence in East Greenland. Lower Barremian to up-
per Albian. The species occurs in 31 of the 40 examined
sections and is often common.

Previous occurrences. Burger (1980) described the spe-
cies as Canningia crassicingulata from the Neocomian in
Australia and Davey (1988) recorded the species as L.
crassicingulata from the Kimmeridgian (Jurassic), Papua
New Guinea.

Genus Litosphaeridium Davey & Williams,
1966b; emend. Lucas-Clark, 1984
Litosphaeridium arundum (Eisenack &
Cookson, 1960) Davey, 1979b; emend.

Lucas-Clark, 1984
Plate 12, Figs 2-3

Occurrence in East Greenland. From top lower Albian? -
base middle Albian to the middle part of the upper Al-
bian. Sections 5, 20, 22, 23, 26, 29, 30, 31 and 40.

Previous occurrences. Litosphaeridium arundum was
previously recorded from the upper Aptian to upper Al-
bian, France (Davey & Verdier, 1971, 1974), the lower to
upper Albian, England and the North Sea (Costa & Da-
vey, 1992), the uppermost lower Albian to middle part of
the late Albian, north-west Germany (Prossl, 1990),
lower Albian to lowermost upper Albian, north-west Eu-
rope (Heilmann-Clausen, 1987), Aptian — lower Albian
to middle Albian, Spitsbergen and middle Albian, Bare-
nts Sea (Arhus, 1991), middle to upper Albian, western
Canada (Brideaux, 1971; Singh, 1971) and uppermost
lower Albian to lowermost Cenomanian, world-wide
(Williams & Bujak, 1985). The type material was de-
scribed from the Albian in Australia by Eisenack &
Cookson (1960).

Litosphaeridium siphoniphorum (Cookson
& Eisenack, 1958) Davey & Williams,
1966b

Plate 12, Fig. 4

Occurrence in East Greenland. Only two specimens have
been recorded from the upper Albian. Sections 24 and 35.

Previous occurrences. Litosphaeridium siphoniphorum
was previously recorded from the upper Albian in south-
east France (Davey & Verdier, 1973), the upper Albian to
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lower Turonian, England and the North Sea (Costa &
Davey, 1992) and the upper Albian to lower Cenomanian,
north-west Europe (Heilmann-Clausen, 1987). The spe-
cies is a marker for uppermost Albian to the top Ceno-
manian in Europe (Foucher, 1981). The type material was
described from the Albian to Cenomanian in Australia by
Cookson & Eisenack (1958).

Genus Luxadinium Brideaux & Mclntyre,
1975

Luxadinium sp.
Plate 12, Fig. 5

Comments. A few thin-walled, almost hyaline, cavate
specimens with a large acheopyle (t1?,3P) have been
recorded from the lower part of the upper Albian. Sec-
tions 30 and 31.

Genus Meiourogonyaulax Sarjeant, 1966b

Meiourogonyaulax stoveri Millioud, 1969
Plate 12, Figs 9-10

Occurrence in East Greenland lower Barremian. Sec-
tions 9, 10, where the species is rare.

Previous occurrences. Meiourogonvaulax stoveri was
previously recorded from the lower Hauterivian to low-
ermost Albian, England and the North Sea (Costa &
Davey, 1992), the uppermost Hauterivian to uppermost
‘middle’ Barremian, north-west Germany (Prossl, 1990),
Hauterivian to Aptian, western Europe (Millioud, 1969,
type material), lower and upper Aptian, south England
(Lister & Batten, 1988), Hauterivian and older to upper
Albian, offshore eastern Canada (Williams, 1975; Bujak
& Williams, 1978), upper Hauterivian to lower Aptian,
Arctic Canada (Pocock, 1976) and upper Hauterivian to
lowermost Albian, world-wide (Williams & Bujak,
1985).

Genus Muderongia (Cookson & Eisenack,
1958)

Remarks. The emendation and the new morphographic
approach proposed for the genus and species of Mude-
rongia by Monteil (1991) is not followed due to the
relative sparse occurrence of specimens of the genus
Muderongia in the present study.

Muderongia australis Helby, 1987
Plate 12, Fig. 12

Comments. The specimens recorded in the present study
have cingular homns projecting laterally from the cingu-
lum. The horns are slightly longer than the stout lateral
bosses described by Helby (1987, p. 300), but are shorter
than the cingular horns on Muderongia macwhaei Cook-
son & Eisenack, 1958; emend. Helby, 1987,

Occurrence in East Greenland. Lower Barremian. Sec-
tions 9, 10 and 15. The species dominates the assem-
blages in a restricted interval in section 10,

Previous occurrences. Muderongia australis was previ-
ously recorded from lowermost Hauterivian, north-west
Germany (Préssl, 1990). The species has also been re-
ported in large numbers from a restricted interval in the
Hauterivian, the uppermost part of the Rurikfjeldet Mem-
ber at Spitsbergen and from Hauterivian — lower Barre-
mian in the Barents Sea (Arhus ef al., 1990), Barremian
in Australia (Helby, 1987, type material) and lowermost
Hauterivian to ‘middle’ Barremian, Papua New Guniea
(Davey, 1988).

Plate 12

Fig 1. Leptodinium? hadrum x 500, section 14; GGU 342132-6,
11.2-138.2: MGUH 21828.

Fig. 2. Litosphaeridium arundum x 500, section 23; GGU
3516704, 19.6-134.2; MGUH 21829,

Fig. 3. Litosphaeridium arundum x 800, section 20; GGU
342191; MGUH 21830.

Fig. 4. Litosphaeridium siphoniphorum x 750, section 14; GGU
3464514, 19.9-119.1; MGUH 21831.

Fig. 5. Luxadinium sp. x 500, section 20; GGU 3421764,
7.0-122.2; MGUH 21832.

Fig. 6. Atwpodinium haromense x 500, section 14; GGU
3421344, 6.3-135.5; MGUH 21833.

Fig. 7. Atopodinium haromense x 500, section 17; GGU
342161-4, 11.0-141.1; MGUH 21834,

Fig. 8. Aropodinium haromense x 500, section 17; GGU
3421624, 6.7-143.1; MGUH 21835.

Fig. 9. Meiourogonyvaulax stoveri x 500. external dorsal view
illustrating attached apical operculum, vacuolar surface and
crests, section 17; 9; GGU 3420944, 10.4-154.4; MGUH
21836.

Figs 10 & 11. Meiourogonyaulax stoveri x 500, antapical/apical
view illustrating apical archeopyle, vacuolar surface and
crests, section 9; GGU 342094-4, 8.1-129.9; MGUH 21837.

Fig. 12. Muderongia australis x 500, section 10; GGU
3420934, 23.2-137.9; MGUH 21838.

Fig. 13. Muderongia extensiva x 500, section 9; GGU
342070-7, 2.2-130.4; MGUH 21839.
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Muderongia extensiva Duxbury, 1977
Plate 12, Fig. 13

Comments. A few, possible reworked, specimens are re-
corded from the lower Barremian, section 9. They have
rather long lateral horns extending almost at right angles
from the body. The horns are distally notched as origi-
nally described by Duxbury (1977, p. 54).

Previous occurrences. Muderongia extensiva was previ-
ously recorded from the lower Valanginian to lower Hau-
terivian, Speeton, England (Duxbury, 1977, type mate-
rial) and Valanginian to Aptian, Arctic Norway, (Thusu,
1978, plate 2, fig. 7) but Thusu’s specimen is not very
typical of the species.

Muderongia cf. M. pariata Duxbury, 1983
Plate 13, Fig. 1

Comments. Only one specimen was recorded in the pre-
sent study. The specimen has the characteristic short
lateral horns which are distally blunt, open, and notched.
The specimen has also, like M. pariata, only one antap-
ical horn but it has not been possible to recognise the
distal open part of this horn due to a shadowing particle
which covers the tip.

Occurrence in East Greenland. Lower Aptian. Section
33.

Previous occurrences. Muderongia pariata was previ-
ously recorded from the lower Aptian to lower Albian,
southern England (Duxbury, 1983, type material), ‘mid-
dle’ Barremian and lower Aptian to lower Albian, north-
wesl Europe (Heilmann-Clausen, 1987) and lower (o up-
per Aptian, southern England (Lister & Batten, 1988).

The species is reported from the Barremian in the
Barents Sea as Muderongia perforata Alberti, 1961 by
Arhus et al. (1990) who proposed the transfer of M.
pariata into M. perforata.

Muderongia simplex Alberti, 1961
Muderongia aff. M. simplex subsp.

microperforata Davey, 1982b
Plate 13, Figs 2,3 & 6

Comments. The ends of the lateral homns in the present
specimens differs from the type material (Davey, 1982b;
plate 9, figs 4-6) by being more pronounced, in contrast
to the holotype which only has shorter bulges. The
pointed horn terminations on the lateral horns have also
been observed by Harding (1986, plate 17, figs 3, 8).

Harding referred his specimens to M. simplex microper-
forata. Uwins & Batten (1988, plate 34, figs 18, 19)
reported specimens from Libya, as Muderongia sp.,
which also look very similar to the present material.
Arhus et al. (1990, figs 12D, F) illustrated two specimens
which they named Muderongia cf. M. asymmetrica with
lateral horn terminations similar to the present material.

The marked difference of the morphology in speci-
mens from East Greenland, southern England (Harding,
1986), Libya (Uwins & Batten, 1988) and Barents Sea
(Arhus et al., 1990) from the type material of M. simplex
microperforata (Davey, 1982b) may indicate that we are
dealing with a new subspecies or maybe, more likely, a
new species.

Occurrence in East Greenland. The upper part of the
lower Barremian to the lower part of the upper Barre-
mian. Sections 9, 11, 16, 18 and 21.

Previous occurrences. Muderongia simplex microperfo-
rata was previously recorded from the lower Barremian
at Alford, England (Harding, 1990b), upper Ryazanian to

Plate 13

Fig. 1. Muderongia cf. M. pariata x 500, section 33; GGU
3240294, 10.0-143.4; MGUH 21840.

Fig. 2. Muderongia aff. M. simplex microperforata x 500, sec-
tion 16; GGU 3515124, 11.0-138.3; MGUH 21841.

Fig. 3. Muderongia aff. M. simplex microperforata x 500, sec-
tion 21; GGU 342231-7, 5.5-138.9; MGUH 21842 .

Fig. 4. Nelchinopsis kostromiensis x 500, section 10; GGU
342092-4, 21.9-114.8; MGUH 21843.

Fig. 5. Nelchinopsis kostromiensis x 500, section 21: GGU
342320-7, 22.2-141.0: MGUH 21844.

Fig. 6. Muderongia aff. M. simplex microperforata x 500, sec-
tion 21; GGU 342231-7, 14.2-135.7; MGUH 21845,

Fig. 7. Muderongia staurota x 500, section 9; GGU 3420714,
20.3-143.6; MGUH 21846.

Fig. 8. Muderongia tetracantha x 500, section 21; GGU
342230-8, 13.0-128.7: MGUH 21847.

Fig. 9. Muderongia cf. M. tomaszowensis x 500, section 9; GGU
3420714, 9.1-132.0; MGUH 21848.

Fig. 10. Muderongia cf. M. tomaszowensis x 500, section 9;
GGU 3420714, 7.2- 130.0; MGUH 21849.

Fig. 11. Nvktericysta? vitrea x 500, section 17; GGU 3421694,
17.1-153.2; MGUH 21850.

Fig. 12. Nyktericysta? vitrea x 500, section 17; GGU 342169;
MGUH 21851.

Fig. 13. Nyktericysta? vitrea x 500, section 7, GGU 342087-10,
22.6-130.4; MGUH 21852.

Fig. 14. Nyktericysta? vitrea x 500, section 7; GGU 34208711,
15.9-153.0; MGUH 21853.

Fig. 15. Odontochitina ancala x 500, section 36; GGU
324092-7, 16.4-155.2; MGUH 21854.
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upper Barremian, England and the North Sea (Costa &
Davey, 1992), upper Ryazanian to lower Valanginian,
north-west Europe, Ryazanian to upper Valanginian or
lower Hauterivian in North Sea wells (Heilmann-Clau-
sen, 1987), upper Ryazanian to lower Valanginian, Den-
mark (Davey, 1982b, type material), Hauterivian, south-
ern, England (Harding, 1986) and lowermost Barremian,
offshore Holland (R. J. Davey, personal communication
in Harding, 1986 p. 107). The very similar species M. cf.
M. asymmetrica Arhus et al., 1990 has been observed
from the lower Barremian in the Barents Sea, whereas
another similar species, Muderongia sp. Uwins & Batten,
1988, has been reported from the upper Hauterivian to
lower Barremian, Libya.

Muderongia staurota Sarjeant, 1966¢
Plate 13, Fig. 7

Occurrence in East Greenland. Lower to upper Barre-
mian. Sections 9, 10 and 21, where only a few specimens
have been recorded.

Previous occurrences. Muderongia staurota was previ-
ously recorded from the lower Barremian, Speeton, Eng-
land (Sarjeant, 1966b, type material), the upper Hauteri-
vian to lower Aptian, England and the North Sea (Costa
& Davey, 1992), the uppermost lower Hauterivian (o
‘middle’ Barremian, north-west Germany (Prossl, 1990),
upper Hauterivian to uppermost Barremian, north-west
Europe (Heilmann-Clausen, 1987) and upper Hauterivian
to lower Barremian, Andgya, Norway (Aarhus et al.,
1986). The species seems not to have been recorded from
above the Barremian.

Muderongia tetracantha (Gocht, 1957)

Alberti, 1961
Plate 13, Fig. 8

Occurrence in East Greenland. Lower Barremian to low-
ermost Aptian. Sections 1,4, 6,7, 8,9, 10, 11, 14, 15, 16,
17, 18, 19 and 21.

Previous occurrences. Muderongia tetracantha was pre-
viously recorded from the lower Valanginian to lower
Barremian, England and the North Sea (Costa & Davey,
1992), the lower Valanginian?, lower Hauterivian to up-
per Barremian and upper Aptian, north-west Europe
(Heilmann-Clausen, 1987). Heilmann-Clausen (1987, p.
19) mentioned that the species has only been recorded
above the lower Barremian by Below (1982b) from
northern Germany, and considered the species as more
typical for the Hauterivian and lower Barremian.
Aarhus et al. (1986) reported the species from the

upper Hauterivian to lower Barremian, Andgya, Norway
and Arhus et al. (1990) reported it from the Hauterivian
to lower Barremian, Barents Sea. Thusu (1978) reported a
lower Valanginian to upper Aptian occurrence, Arctic
Norway. Pocock (1976) and Brideaux (1977) have re-
corded the species from Hauterivian to lower Barremian,
Arctic Canada and District of Mackenzie, Canada. Bri-
deaux & Mclntyre (1975) have recorded the species in
the upper Aptian, also from the District of Mackenzie,
Canada. Brideaux & Myhr (1976) similarly recorded the
species from the District of Mackenzie, Canada, but only
from the Barremian. Morgan (1980) recorded it from the
uppermost Neocomian to top of the lower Albian in
Australia. Helby er al. (1987) recorded M. teracantha
from the uppermost Valanginian to lower Albian in Aus-
tralia. Davey (1988) recorded the species (as M. tetra-
cantha sensu Morgan 1980) from the upper Aptian and
lower Albian in Papua New Guniea. Williams & Bujak
(1985) reported the world-wide range as upper Hauteri-
vian to lower Barremian.

Previous observations indicate that the species is rather
common in the Hauterivian and lower Barremian but rare
in the Aptian of Europe, whereas Aptian occurrence in
Arctic Norway, Canada and Australia seems o be more
common. The presumed lowermost Aptian record from
East Greenland supports the suggestion that it has a
longer range in the Arctic.

Muderongia cf. M. tomaszowensis Alberti,

1961
Plate 13, Figs 9-10

Comments. The few lower to upper Barremian specimens
recorded from East Greenland, sections 9, 11 and 21,
have slightly shorter lateral horns than the type material
illustrated by Alberti. The present material has lateral
horns similar to those of M. pariata, but the antapical
horns of M. cf. M. tomaszowensis differ by not being
open ended, blunt and notched.

Previous occurrences. Muderongia tomaszowensis was
previously recorded from the Valanginian, Poland (Al-
berti, 1961, type material), Berriasian Lo upper Barremian
(Millioud et al., 1975) and Barremian, offshore eastern
Canada (Bujak & Williams, 1978).

Genus Nelchinopsis Wiggins, 1972
Nelchinopsis kostromiensis (Vozzhennikova,

1967) Wiggins, 1972
Plate 13, Figs 4-5

Comments. In the present study no attempt has been made




to deal with the systematic discussion on this species
(Wiggins, 1972, p. 299; Duxbury, 1977, p. 37; Stover &
Williams, 1987, p. 11; Lentin & Vozzhennikova, 1990, p.
108-110; Harding, 1990b, p. 52).

Occurrence in East Greenland. The species here referred
to as N. kostromiensis occurs in the upper Hauterivian? —
lower Barremian, sections 9, 10, 18 and 21, but a few
specimens were also found in the lowermost upper Barre-
mian sample GGU 342235 {rom section 21.

Previous occurrences. Nelchinopsis kostromiensis was
previously recorded from the lower Valanginian to upper
Hauterivian, England and the North Sea (Costa & Davey,
1992), the lower Haulerivian to lower Barremian (as
Gonyaulacysta kostromiensis) from north-west Europe
by Heilmann-Clausen (1987) and lower Hauterivian to
uppermost Hauterivian (as G. kostromiensis), north-west
Germany (Prossl, 1990). Harding (1990b) observed that
the species (as Alaskadinium wigginsi) ranges into the
lowermost Barremian in England and Germany. This is
consistent with observations of the species (as N. kostro-
miensis) from the Barents Sea (Arhus er al., 1990) and the
present records from East Greenland. The species also
has been recorded from Valanginian and upper Hauteri-
vian to lower Barremian (as Gonyaulacysta kostromien-
sis), offshore south Norway (Ofstad, 1983) and from
upper Valanginian to lower Hauterivian, Alaska (Wig-
gins, 1972). The type material was described from the
Valanginian in the Kostroma region, Russia by Vozz-
hennikova (1967).

Genus Nyktericysta Bint 1986
Nyktericysta? vitrea (Duxbury, 1983) Bint,
1986

Plate 13, Figs 11-14

Comments. The cysts from East Greenland described as
Nyktericysta? vitrea have two closely adpressed wall lay-
ers, an autophragm covered by a microreticulate ecto-
phragm (Plate 13, Fig. 12).

Discussion. Lister & Batten (1988) divided Awstrali-
sphaera vitrea Duxbury, 1983 into A. vitrea and A. pseu-
dovitrea Lister & Batten, 1988, without making any com-
ments on Bint’s (1986, p. 149) provisional assignment of
the species to Nvktericysta? vitrea. Australisphaera pseu-
dovitrea might very well be a species of Nvkrericysta. and
is distinguished from A. vitrea by the lack of sharply
digitate projections at its lateral horns (Lister & Batten,
1988, p. 27). Lister & Batten (1988; table 1, A-B) in-
dicated that A. vitrea and A. pseudovitrea never occur
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together in their material from southern England. In the
present study forms similar to the two species distin-
guished by Lister & Batten (1988) have been recorded
from the same sample (Plate 13, Figs 13-14).

In the studied material from East Greenland the two
species N.? vitrea and A. pseudovitrea seem to be two end
members of the same species and no attempt has been
made to follow the division by Lister & Batten (1988).

Occurrence in East Greenland. Upper Barremian to up-
per Aptian. Sections 1, 6, 7, 8, 13, 15, 17, 19, 21, 32 and
33.

Previous occurrences. Nyktericysta? vitrea was previ-
ously recorded from the lower Aptian, southern England
as A. vitrea (Duxbury, 1983, type material), upper Barre-
mian as A. pseudovitrea and from the lower Aptian as A.
vitrea, southern England (Lister & Batten, 1988).

Genus Odontochitina Deflandre, 1935;
emend. Bint, 1986

Odontochitina ancala Bint, 1986
Plate 13, Fig. 15

Occurrence in East Greenland. Except for a few ques-
tionable specimens from the middle Albian sections 20,
23, all the recorded specimens are of late Albian age
(sections 24, 25, 27, 30, 31, 35, 36, 37 and 38).

Previous occurrences. Odontochitina ancala was previ-
ously recorded from the upper Barremian to middle Al-
bian, north-west Germany (Prassl, 1990), lower Aptian to
middle Albian, Portugal (Berthou & Leereveld, 1990),
middle and upper Albian in Western Interior, USA (Bint,
1986, type material) and from the same interval in Alaska
(as O. cf. O. operculala) by May & Stein (1979).

Odontochitina costata Alberti, 1961;

emend. Clarke & Verdier, 1967
Plate 14, Fig. |

Occurrence in East Greenland. Middle part of the upper
Albian. Sections 36, 37 and 38.

Previous occurrences. Odontochitina costata was previ-
ously recorded from the Cenomanian and Turonian, Ger-
many (Alberti, 1961, type material), the upper Aptian to
upper Turonian, north-west Germany (Prossl, 1990), mid-
dle to upper Albian, Peace River area, western Canada
(Singh, 1971), upper Albian to lower Cenomanian, Sas-
katchewan, Canada (Davey. 1969), lower Cenomanian,
Alaska (May, 1979), upper Albian to Cenomanian, off-
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shore castern Canada (Williams, 1975; Bujak & Wil-
liams, 1978) and upper Albian to top Campanian, world-
wide (Williams & Bujak, 1985).

Odontochitina imparilis (Duxbury, 1980)

Jain & Khowaja-Ateequzzaman, 1984
Plate 14, Fig. 2

Comments. Two specimens have been recorded from the
lower Aptian section 33. On both specimens the cingu-
lum is reflected by a distinct double line on the long
lateral horn (Plate 14, Fig. 2).

Previous occurrence. Odontochitina imparilis was previ-
ously recorded from the ‘middle’ and upper Barremian,
Speeton, England (Duxbury, 1980, type material).

Odontochitina cf. O. imparilis (Duxbury,
1980) Jain & Khowaja-Ateequzzaman,
1984

Plate 14, Fig. 3

Comments. Two specimens recorded from the lower Ap-
tian part of section 7 have a very elongate endoblast
exhibiting projections into the apical and antapical horns,
as described by Duxbury (1980, p. 128), whereas the
reflection of the cingulum on the lateral horn is absent or
very weak (Plate 14, Fig. 3). These specimens could be
atypical forms of Odontochitina operculata but are here
assigned to O. cf. O. imparilis.

Odontochitina operculata (O. Wetzel,

1933a) Deflandre & Cookson, 1955
Plate 14, Figs 4-6

Comments. Apart from specimens very similar to the
holotype, several specimens with a swollen basal part on
the antapical horn (Plate 14, Figs 4 & 6) have been
observed and treated as O. operculata in the present
study.

Occurrence in East Greenland. Upper Barremian to up-
per Albian. The species is rather common from the up-
permost Barremian to the uppermost middle Albian. It
has been recorded in 33 of the 40 examined sections.

Previous occurrences. Odontochitina operculata was
previously recorded from the lowermost to uppermost
Barremian, Speeton, England (Davey, 1979b), whereas
Duxbury (1980) recorded the first occurrence of the spe-

cies in the lower part of the ‘middle’ Barremian (now
upper Barremian) at Speeton, England. Costa & Davey
(1992) recorded the species from the lower Barremian to
upper Maastrichtian, England and the North Sea. Heil-
mann-Clausen (1987) recorded the species from the
lower Barremian to Cenomanian, north-west Europe,
whereas (Prossl, 1990) recorded it questionably in the
upper Hauterivian to lower Barremian but present from
the uppermost lower Barremian to upper Turonian, north-
west Germany. According to Duxbury (1980) pre-Barre-
mian records of O. operculata may be disregarded. Hard-
ing (1990b) recorded the first occurrence of the species as
upper Barremian, England and Germany and mentioned
that the previously reported pre-upper Barremian occur-
rences of the species may be misidentifications of, for
example, operculae from Muderongia species. Harding’s
suggestion corroborates the observations from East
Greenland.

Odontochitina singhii Morgan, 1980
Plate 14, Fig. 7

Occurrence in East Greenland. Lower Albian to top
middle Albian. Sections 5, 20, 22, 23 and 26. Two speci-
mens have also been recorded from the presumed low-
ermost upper Albian section 29.

Previous occurrences. Odontochitina singhii was previ-
ously recorded from the upper Barremian to middle Al-

Plate 14

Fig. 1. Odontochitina costata x 500, section 36; GGU
324093-5, 18.3-135.7; MGUH 21855.

Fig. 2. Odontochitina imparilis x 500, section 33; GGU

324029-5, 9.0-156.3; MGUH 21856.

Fig. 3. Odontochitina cf. O. imparilis x 500, section 7; GGU
342087-4, 13.2-126.6; MGUH 21857.

Fig. 4. Odontochitina operculata x 500, section 20; GGU
3421944, 9.7-127.0; MGUH 21858.

Fig. 5. Odontochitina operculata x 500, section 17; GGU
3421694, 16.8-122.2; MGUH 21859.

Fig. 6. Odontochitina operculata x 500, section 20; GGU
342199-4, 15.9-127.8; MGUH 21860.

Fig. 7. Odontochitina singhii x 250, section 20; GGU 3421834,
13.2-134.0; MGUH 21861.

Fig. 8. Oligosphaeridium cf. O. albertense x 500, section 11;
GGU 342102-8, 16.7-154.0; MGUH 21862.

Fig. 9. Oligosphaeridium? asterigerum x 500, section 19; GGU
3422144, 7.0-135.8; MGUH 21863.

Fig. 10. Oligosphaeridium? asterigerum x 500, section 7; GGU
342081-5, 18.5-136.0; MGUH 21864.

Fig. 11. Oligosphaeridium complex x 500, section 17; GGU
3421694, 8.8-120.0; MGUH 21865.
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bian, north-west Germany (Préssl, 1990), Aptian — lower
Albian to middle Albian, Spitsbergen (Arhus, 1991)
whereas it has its first occurrence in the upper Albian,
western Canada (Singh, 1983). Dixon ef al. (1989) dis-
cuss the age of their recording of the species from the
Northwest Territories, Canada and propose a late middle
to late Albian age. From Australia the species has been
recorded from the lower to upper Albian (Morgan, 1980,
type material).

Genus Oligosphaeridium Davey &
Williams, 1966b; emend. Davey, 1982b
Oligosphaeridium cf. O. albertense

(Pocock, 1962) Davey & Williams, 1969
Plate 14, Fig. 8

Comments. The recorded specimens are thin walled and
often damaged.

Occurrence in East Greenland. Lower and upper Barre-
mian. Sections 10, 11, 16, 18 and 19.

Previous occurrences. Oligosphaeridium albertense was
previously recorded from the uppermost Hauterivian to
uppermost lower Albian, north-west Germany (Prossl,
1990), upper Barremian, western Canada (Pocock, 1962,
type material), Hauterivian to lower Albian, District of
Mackenzie, Canada (Brideaux, 1977) and middle and
upper Albian (as Q. irregulare) Alaska (May & Stein,
1979). Costa & Davey (1992) recorded the last occur-
rence of the species in the top lower Cenomanian in
England and the North Sea.

Oligosphaeridium? asterigerum (Gocht,

1959) Davey & Williams, 1969
Plate 14, Figs 9-10

Occurrence in East Greenland. Lower Barremian to
lower Aptian. Sections 1,4,7,8,9, 10, 11, 13, 14, 16, 17,
18, 19, 21 and 33.

Comments. The processes on Oligosphaeridium? asteri-
gerum are slender cylindrical with secate process tips in
contrast lo the processes on 0. complex which are funnel
shaped with aculeate process tips.

Previous occurrences. Oligosphaeridium? asterigerum
was previously recorded from the lower Hauterivian,
Germany (Gocht, 1959, type material), the lower Hauteri-
vian to lowermost upper Turonian, north-west Germany
(Prossl, 1990) and Valanginian to upper Barremian and
from the upper Aptian in north-west Europe (Heilmann-
Clausen, 1987).

Oligosphaeridium complex (White, 1842)

Davey & Williams, 1966b
Plate 14, Fig. 11 & Plate 15, Fig. |

Occurrence in East Greenland. Lower Barremian to up-
per Albian, the species has been observed in all the 40
examined sections where it is often quite common.

Previous occurrences. Oligosphaeridium complex was
previously recorded from the lower Hauterivian to upper
Turonian, north-west Germany (Prossl, 1990). Davey &
Williams (1966b) described the neotype from the Ceno-
manian in England and mentioned that they, also in
England, have recorded similar specimens from the Bar-
remian and Ypresian (Tertiary).

Oligosphaeridium cf. O. fenestratum

Duxbury, 1980
Plate 15, Fig. 2

Comments. The few specimens recorded arc often frag-
mented.

Plate 15

Fig. 1. Oligosphaeridium complex x 500, section 17; GGU
3421614, 8.5-153.0: MGUH 21866.

Fig. 2. Oligosphaeridium cf. O. fenestratum x 500, section 9;
GGU 342069-8, 7.2-132.2: MGUH 21867.

Fig. 3. Oligosphaeridium preforatum perforatum x 500, section
14; GGU 3421324, 21.0-150.1; MGUH 21868,

Fig. 4. Oligosphaeridium perforatum perforatum x 500, frag-
ment of specimen illustrating the characteristically distal part
of the processes, section 13: GGU 3515854, 4.0-140.5;
MGUH 21869.

Fig. 5. Oligosphaeridium perforatum colum » 500, fragment
illustrating the processes, section 18; GGU 3422184, 7.8-
144.3; MGUH 21870.

Fig. 6. Qligosphaeridium perforatum colum x 500, section 21;
GGU 342238-3, 13.8-121.0; MGUH 21871.

Fig. 7. Oligosphaeridium poculum x 500, section 17; GGU
3421624, 14.8-153.2; MGUH 21872.

Fig. 8. Oligosphaeridium poculum x 500, section 17; GGU
3421674, 8.1-148.6; MGUH 21873.

Fig. 9. Oligosphaeridium poculum x 500, section 30; GGU
324617-8, 21.2-153.1; MGUH 21874,

Fig. 10. Oligosphaeridium prolixispinosum x 500, section 17;
GGU 342169-4, 12.4-128.8; MGUH 21875.

Fig. 11. Oligosphaeridium prolixispinosum % 500, section 17;
GGU 342169; MGUH 21876.

Fig, 12. Oligosphaeridium cf. O. pulcherrimum x 500, section
21; GGU 342238-3, 6.5-131.1; MGUH 21877.

Fig. 13. Oligosphaeridium cf. Q. pulcherrimum x 540), section
17; GGU 342164: MGUH 21878.
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Occurrence in East Greenland, Barremian. Sections 6, 9,
11, 14, 16, and 18.

Previous occurrence. The type material was recorded
from the Barremian in England by Duxbury (1980).

Oligosphaeridium perforatum (Gocht, 1959)
Davey & Williams, 1969 subsp. colum

Duxbury, 1983
Plate 15, Figs 5-6

Comments. A very few specimens of the subspecies have
been recorded from the lower and upper Barremian, sec-
tions 18 and 21. The distal parts of the processes have
less angularity and more fenestration than the other sub-
species O. perforatum perforatum.

Previous occurrence. The type material was described
from the upper Aptian to lower Albian in England by
Duxbury (1983).

Oligosphaeridium perforatum (Gocht, 1959)
Davey & Williams, 1969 subsp. perforatum

Duxbury (1983)
Plate 15, Figs 34

Occurrence in East Greenland. Lower Barremian to mid-
dle Albian. Sections 1, 6, 7.9, 12, 13, 14, 17, 18, 20, 22
and 23.

Previous occurrences. Oligosphaeridium perforatum was
previously recorded from the lower to upper Aptian,
England (Duxbury, 1983), Hauterivian to Barremian,
Germany (Gocht, 1959, type material), upper Hauterivian
to top lower Aptian, Andgya, Norway (Aarhus er al.,
1986) and upper Hauterivian in a North Sea well (Heil-
mann-Clausen, 1987).

Oligosphaeridium poculum Jain, 1977b
Plate 15, Figs 7-9

Occurrence in East Greenland. Lower Barremian to mid-
dle part of upper Albian. Sections 5, 7, 8, 9, 10, 13, 14,
15, 17, 18, 19, 20, 21, 23, 30, 31, 32, 34 and 36. The
species always occurs in low numbers.

Previous occurrences. Oligosphaeridium poculum was
previously recorded from the lower Hauterivian to low-
ermost upper Albian, north-west Germany (Prossl, 1990).
The German distribution, like the present observations
documents that the species has a rather long range. It has
also been reported from the uppermost Barremian to

upper Aptian, south-east England by Lister & Batten
(1988). The species was described from the lower Albian
in India by Jain (1977) who mentioned (1977, p. 181) that
Polystephanephorus sp. cf. P. wurnaformis (Cookson,
1953), described from the Albian of western Canada by
Singh (1971) and Pocook (1976), appears to be syn-
onymous with O. poculum.

Oligosphaeridium prolixispinosum Davey &
Williams, 1966b
Plate 15, Figs 10-11

Occurrence in East Greenland. Barremian to middle Al-
bian. Sections 7, 17, 19, 20, 21 and 22.

Previous occurrences. Oligosphaeridium prolixispino-
sum was previously recorded from the Cenomanian, Eng-
land (Davey & Williams, 1966b, type material), the upper
part of the lower Albian to the lowermost part of the
middle Albian, north-west Germany (Prossl, 1990), upper
Barremian from north-west Europe, Heilmann-Clausen
(1987) and upper Barremian to top Coniacian, world-
wide (Williams & Bujak, 1985).

Oligosphaeridium cf. O. pulcherrimum
(Deflandre & Cookson, 1955) Davey &

Williams, 1966b
Plate 15, Figs 12-13

Comments. The specimens here referred to O. cf. O.
pulcherrimum differ slightly from the type material de-
scribed by Deflandre & Cookson (1955) by the shape of
the processes. The processes of O. pulcherrimum gradu-
ally widen into deep strongly perforated almost reticulate
funnels from about half their length, the rims of the
funnels are fringed with numerous spines. The processes
on the O. cf. O. pulcerrimum gradually widen into perfo-
rated almost reticulate funnels from about two thirds of
their length and have fewer spines distally. The processes
of O. cf. O. pulcherrimum are morphological close to the
processes of Stiphrosphaeridium anthophorum but the
processes of S. anthophorum widen into reticulate fun-
nels almost from their base, have more extensive reticu-
lation and fewer or no spines on the continuous smooth
distal edges.

Occurrence in East Greenland. Lower Barremian to up-
per Albian. The species has been recorded from 32 of the
40 examined sections.

Previous occurrences. Oligosphaeridium pulcherrimum
was previously recorded from the upper Hauterivian and




the Barremian, Speeton, England (Duxbury, 1977; 1980),
the Lower Cretaceous, Australia (Eisenack & Cookson,
1955, type material) and upper Hauterivian to upper Tu-
ronian, north-west Germany (Prossl, 1990). The species
range according to Davey & Verdier (1974) from pre-
Barremian to post-Cenomanian in Europe.

Oligosphaeridium cf. O. totum Brideaux,

1971
Plate 16, Fig. 1

Occurrence in East Greenland. Uppermost lower Aptian
to upper Albian. Sections 12, 13, 20, 21, 22, 23, 24, 25,
26, 28, 29, 31, 35, 36 and 37.

Previous occurrences. Oligosphaeridium totum was pre-
viously recorded from the Aptian, Arctic Norway (Thusu,
1978) lower? Albian, Peary Land, North Greenland and
upper Aptian to lower Albian, Barents Sea (Arhus, 1991),
middle and upper Albian, western Canada (Singh, 1971;
Brideaux, 1971, type material), Aptian o upper Albian,
District of Mackenzie, Canada (Brideaux & Mclntyre,
1975), Hauterivian to lower Albian, District of Macken-
zie, Canada (Brideaux, 1977), Hauterivian to top Barre-
mian, District of Mackenzic, Canada (Brideaux & Myhr,
1976). upper Aptian to lowermost middle Albian, Ed-
monton Embayment, western Canada (Banerjce & Da-
vies, 1988) and lower Albian to above the lower Ceno-
manian, offshore eastern Canada (Williams, 1975; Bujak
& Williams, 1978).

Oligosphaeridium sp. 1
Plate 16, Fig. 2

Description. The specimens here described as Oligos-
phaeridium sp. 1 have some similarities with Oligosphae-
ridium albertense (Pocock, 1962) Davey & Williams,
1969, but the processes differ by being slightly larger (up
to 52 p), less trumpet-shaped and almost cylindrical,
except for a distal expansion, slightly fenestrate with an
aculate to secate margin. The fenestration is much less
pronounced than on O. fenestratum and O. pulcherri-
mum.

Occurrence in East Greenland. Upper Aptian to upper
Albian. Sections 5, 12, 13, 20, 23, 26, 29 and 30. The
species is abundant to dominant in a rather narrow in-
terval in the middle Albian. Sections 5, 20 and 23.

Previous occurrence. Oligosphaeridium sp. 1 was previ-
ously recorded from the middle Albian, Spitsbergen as
Oligosphaeridium sp. sensu Nghr-Hansen (Arhus, 1991).
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Genus Ovoidinium Davey 1970; emend.
Duxbury, 1983
Ovoidinium cinctum (Cookson & Eisenack,

1958) Davey, 1970
Plate 16, Figs 3-4

Comments. The few recorded specimens from the lower
Aptian part of section 17 have the typical shape, an apical
horn with a small central projection, and a granular ep-
icyst as originally described by Cookson & Eisenack,
1958.

Previous occurrences. Ovoidinium cinctum was previ-
ously recorded from the upper Neocomian to lower Ap-
tian, Papua New Guinea (Cookson & Eisenack, 1958,
type material) and uppermost lower Aptian to upper Ap-
tian (as Ascodinium cinctum) from southern England
(Lister & Batten, 1988).

Ovoidinium? sp. 1
Plate 24, Figs 5-14

Description. Ovoidinium? sp 1 is represented by two
morphological very similar forms that always occur to-
gether. The first morphotype has an ovoidal outline and
the wall is probably composed of two closely appressed
layers (Plate 24, Figs 5, 6, 11, 127, 14). The second
morphotype is hypocavate. The pericyst is ovoidal to
slightly pentagonal in outline whereas the endocyst is
smaller and almost circular (Plate 24, Figs 7, 8, 9, 10, 13).

Both forms are dorsoventral compressed. Both endo-
phragm and ectophragm are smooth without any orna-
mentation. The archeopyle is type 7tAtl and the opercu-
lum is free or adherent. Tabulation pattern is only ob-
served at the archeopyle margin; cingulum and sulcus are
not indicated. The length of five complete specimens
ranges from 50 to 65 u and the width ranges from 45 to
55 .

Remarks. The species is placed in the genus Ovoidinium
with a question mark due to the absence of cingulum and
sulcus, which are usually present on Ovoidinium species.

QOccurrence in East Greenland. Uppermost Albian where
it is quite common. Sections 24, 25, 27, 30, 39 and 40.
The species seems to be a good stratigraphical marker.

Previous occurrence. The species was previously ob-
served from the upper Albian to lowermost Cenomanian,
Troms and Hammerfest basins, offshore north-west Nor-
way (L. . Costa, personal communication 1989).
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Ovoidinium sp. 2
Plate 16, Figs 5-8

Description. The few observed specimens are bicavate
with a smooth, thin-walled pericyst of pentagonal outline
and a smooth, thin-walled spherical endocyst, a short
apical horn and two reduced antapical horns. A combina-
tion archeopyle (type tAtl) is indicated by fractures on the
observed specimens. The cingulum is indicated by a
flange. A small dark circular spot is present inside the
epicyst on the observed specimens.

Remarks. Ovoidinium sp. 2 differs from O. sp. 3 by
having a cingular flange, a circular spot inside the epicyst
and by its smooth periphragm and endophragm.

Occurrence in East Greenland. Uppermost Albian. Sec-
tions 30 and 40.

Ovoidinium sp. 3
Plate 16, Figs 9-11

Description. The few observed specimens have a thin-
walled periphragm and a shagreenate to granulate spher-
ical inner-body. The cyst is bicavate with a broad based,
gently narrowing apical projection, an even broader
based antapical projection with almost parallel sides, and
an almost right-angled to slightly rounded posterior clo-
sure, The cingulum is indicated by folds or ridges on the
periphragm. No tabulation has been observed.

The combination archeopyle (type tAtl) is indicated by
a fracture on three specimens, whereas the operculum is
detached on a fourth and slightly larger specimen (width
51 u; Plate 16, Fig. 11). This larger specimen differs
slightly in the shape of the endophragm which has an
antapical bulge extending into the antapical projection.

Dimensions. Complete specimens (3) length 62 (67) 71 p,
width 35 (40) 43 u, apical projection 14 (16) 20 g,
antapical projection 14 (16) 20 p.

Remarks. Ovoidinium sp. 3 resembles O. incorporeum
Duxbury, 1983, but differs by its size and shape of the
apical and antapical projections. The specimens differ
from O. verrucosum (Cookson & Hughes 1964) Davey,
1970 by having a relatively large apical projection and
grana instead of verrucae on the endophragm.

Occurrence in East Greenland. Middle Albian. Sections
21 and 22.

Ovoidinium sp. 4
Plate 16, Figs 12-13

Description. The [ew specimens observed from the upper
Barremian, section 17, are cavate with a thin walled
periphragm and a shagreenate to scabrate, spherical endo-
phragm. The apical horn has a small projection leaving a
very narrow anterior cavation. The posterior cavation is
larger and the antapical projection is asymmetrical with a
prominent pointed left horn. The cingulum is developed
by folds on the periphragm. The combination archcopyle
(type tAtI) is indicated by fractures in the endophragm,
the operculum being attached on one of the two observed
specimens (Plate 16, Fig. 13). Tabulation is only in-
dicated by fractures between the dorsal precingular plates
on the endophragm.

Dimensions. Dimension of the complete specimen.
Length 59 u, width 42 y. Specimen without operculum,
length 36 .

Remarks. The specimens differ from O. scabrosum
(Cookson & Hughes, 1964) Davey, 1970 by its smaller
anterior cavation and by its pronounced fracturing be-
tween the precingular plates. The specimens are almost
comparable to O. verrucosum (Cookson & Hughes,
1964) Davey, 1970 in size and shape, but the orna-
mentation on the endophragm is less distinctive than the
verrucae on 0. verrusosum.

Genus Palaeohystrichophora Deflandre,
1935
Palaeohystrichophora infusorioides

Deflandre, 1935
Plate 16, Fig. 14

Occurrence in East Greenland. Upper Albian, Sections
24, 25, 28, 30, 31, 37, 39 and 40.

Previous occurrences. Palaeohystrichophora infuso-
rioides was previously recorded from the Vraconian (up-
permost Albian) to Cenomanian, France (Davey & Ver-
dier, 1973), middle Cenomanian, Peace River area, west-
ern Canada (Singh, 1983), Cenomanian, Saskatchewan,
Canada (Davey, 1970; samples 890, 835, 805), but ac-
cording to Singh (1983, table 7) sample 890 is of late
Albian age, lower Cenomanian, Western Interior, USA
(Nichols & Jacobsen, 1982), middle? — upper Albian and
upward, offshore eastern Canada (Williams, 1975; Bujak
& Williams, 1978), upper Albian to top Campanian,
world-wide (Williams & Bujak, 1985) and Albian and
younger, Australia (Cookson & Eisenack, 1960a; Ingram,



1968:; Morgan, 1980). Other reported first occurrences of
the species are of younger age (for [ull references see
Singh, 1983, p. 158-159). The species appears in the
upper Albian in Australia, north-west Europe and East
Greenland and has also been reported from the upper
Albian, offshore eastern Canada and Saskatchewan, Can-
ada. The species first occurs in the Cenomanian or youn-
ger strata in the Western Interior, western Canada and
Arctic Canada.

Genus Palaeoperidinium Deflandre, 1935;
emend. Sarjeant, 1967b
Palaeoperidinium cretaceum Pocock, 1962,

emend. Davey, 1970
Plate 16, Fig. 15

Occurrence in East Greenland. Upper Barremian to up-
per Albian. The species is quite common in the upper
Aptian to mid upper Albian. It was recorded in 34 of the
40 examined sections,

Previous occurrences. Palaeoperidinium cretaceum has
never been reported from sediments older than late Barre-
mian (including the *middle’ Barremian in England, Da-
vey, 1979b; Duxbury, 1980; Harding, 1990b). Thusu
(1978) reported the species from unspecified Barremian
strata, Arctic Norway, and Arhus ef al. (1990) recorded
the species from the lower Barremian of the Barents Sea.
Prossl (1990) reported it from the uppermost lower Barre-
mian to upper Turonian, north-west Germany. Brideaux
(1977) recorded the species from the Hauterivian to mid-
dle Albian, District of Mackenzie, Canada and Williams
& Bujak (1985) recorded it from the upper Barremian to
the mid middle Albian, world-wide. Harding (1990a, b)
concluded, from his observations of the species in the
upper Barremian that the species was restricted to near-
shore environments and also mentioned (1990b, p. 52)
that the species may be used as a palaeoenvironmental
indicator but that it does not satisfy the requirements of a
zonal index species.

Palaeoperidinium? sp. 1
Plate 16, Figs 16-17

Description. A relatively small cyst (length 46 y, width
37 ), spherical to slightly pentagonal in outline, a small
apical and left antapical horn, whereas the right antapical
horn is absent or reduced to a bulge. The broad cingulum
divides the cyst into a slightly longer epicyst than hypo-
cyst. The surface is scabrate to granulate, no archeopyle
has been observed.
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Remarks. Palaeoperidinium? sp. 1 is smaller and has less
pronounced antapical horns than P. cretaceum.

Occurrence in East Greenland. Upper Albian. Sections
24, 25, 27, 28, 29, 30, 31, 35. 36, 37, 38, 39 and 40. The
first occurrence of the species seems to be a good marker
for the base of the upper Albian.

Genus Pareodinia Deflandre 1947; emend.
Stover & Evitt, 1978

Pareodinia spp.
Plate 11, Fig. 1, Plate 17, Figs 1-5

Comiments. In the present study no attempt has been made
to identify species of the genus.

Occurrence in East Greenland. Barremian to upper Al-
bian, Sections 5, 6,7, 8,9, 10, 11, 12, 13, 14, 17, 18, 19,
20, 21, 22, 30, 32 and 36.

Genus Phoberocysta Millioud, 1969;
emend. Helby, 1987

Phoberocysta neocomica (Gocht, 1957)
Millioud, 1969; emend. Helby, 1987 subsp.

neocomica Lentin & Williams (1973)
Plate 17, Figs 6-8

Occurrence in East Greenland. Barremian, Sections 8, 9,
11, 15, 16, 18, 19 and 21.

Previous occurrences. Phoberocysta neocomica neocom-
ica was previously recorded from the Hauterivian, Ger-
many (Gocht, 1957, type material), the upper Ryazanian
to lower Aptian, England and the North Sea (Costa &
Davey, 1992), the upper Ryazanian to lowermost Aptian,
north-west Europe (Heilmann-Clausen, 1987) and upper
Berriasian to lowermost Aptian, world-wide (Williams &
Bujak, 1985).

Genus Prolixosphaeridium Davey et al.,
1966; emend. Davey, 1969a
Prolixosphaeridium parvispinum

(Deflandre, 1937b) Davey et al., 1966
Plate 17, Fig. 9

Occurrence in East Greenland. Barremian and middle
Albian. Sections 7, 10, 17 and 20.

Previous occurrences. Prolixosphaeridium parvispinum
was previously recorded from the ‘middle’ Barremian to
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upper Albian, north-west Europe (Heilmann-Clausen,
1987) and the uppermost ‘middle’ Barremian to low-
ermost upper Albian, north-west Germany (Prossl, 1990).

Genus Protoellipsodinium Davey &
Verdier, 1971
Protoellipsodinium clavulum Davey &

Verdier, 1974; emend. Duxbury, 1983
Plate 17, Figs 10-11

Comments. Only three specimens have been recorded
from the lower Aptian, section 17. One of the specimens
(Plate 17, Fig. 10) has capitate to slightly bifurcate pro-
cess tips, as mentioned by Davey & Verdier (1974),
whereas another (Plate 17, Fig. 11) has bi- to multifurcate
process tips as described by Duxbury (1983) in his emen-
dation of the species.

Previous occurrences. Protoellipsodinium clavulum was
previously recorded from the Aptian, France (Davey &
Verdier, 1974, type material), lower Aptian to lower
Albian, southern England (Duxbury, 1983), Aptian or
lower Albian in a North Sea well (Heilmann-Clausen,
1987), lower Barremian to lower Albian, north-west Ger-
many (Prossl, 1990) and (as Operculodinium? spinige-
rum) from Hauterivian? to Barremian, District of Mack-
enzie, Canada (Brideaux, 1977).

Protoellipsodinium spinocristatum Davey &

Verdier, 1971
Plate 17, Figs 12-13

Occurrence in East Greenland. The species is very rare
and has only been recorded from the middle Albian.
Sections 20 and 23.

Previous occurrences. Protoellipsodinium spinocrista-
tum was previously recorded from the Aptian, south-east
France (Davey & Verdier, 1974), Albian, south-east
France (Davey & Verdier, 1971, type material), Aptian,
south-east England (Duxbury, 1983; Lister & Batten,
1988), lower Aptian to upper Albian, England and the
North Sea (Costa & Davey, 1992) and upper Aptian to
mid upper Albian, north-west Germany (Prossl, 1990).

Genus Pseudoceratium Gocht, 1957,
emend. Bint, 1986

Comments. The genus Pseudoceratium is well repre-
sented in the present study and some of the species are

quite abundant. Several specimens of the most abundant
species have been measured in order to best define the
species. The method of measurement has partly been
adapted from Helby (1987, plate 18) and is illustrated on
Fig. 12.

Pseudoceratium anaphrissum (Sarjeant,

1966b) Bint, 1986
Plate 17, Figs 14-16; Plate 18, Figs 1-3

Comments. The frequent specimens observed in the pre-
sent material are similar to the holotype but slightly
larger, differing especially in the length of the spines. The
specimens from East Greenland are, on the other hand,
almost identical to the one illustrated by Thusu (1978,
plate 2, fig. 3) from Arctic Norway.

Dimensions. (Measurements in g.)

Plate 16

Fig. 1. Oligosphaeridium cf. O. totum x 500, section 12; GGU
324651-4, 5.4-150.4;, MGUH 21879.

Fig. 2. Oligosphaeridium sp. 1 x 500, section 5; GGU
3515654, 3.2-125.6; MGUH 21880.

Fig. 3. Ovoidinium cinctum x 500, section 17; GGU 3421704,
20.1-126.1; MGUH 2188]1.

Fig. 4. Ovoidinium cinctum x 500, section 17; GGU 3421704,
20.0-144.6; MGUH 21882.

Fig. 5. Ovoidinium sp. 2 x 700, section 30; GGU 324615-3,
10.9-137.2; MGUH 21883.

Fig. 6. Ovoidinium sp. 2 x 500, section 30; GGU 324617-8,
16.1-125.0; MGUH 21884.

Figs 7 & 8. Ovoidinium sp. 2 x 500, section 30; GGU 324615-7,
21.7-154.0; MGUH 21885.

Fig. 9. Ovoidinium sp. 3 x 500, section 21; GGU 3422404,
22.0-145.7; MGUH 21886.

Fig. 10. Ovoidinium sp. 3 x 500, section 22; GGU 3465884,
7.3-132.0; MGUH 21887.

Fig. 11. Ovoidinium sp. 3 x 500, section 22; GGU 3465884,
17.8-122.0; MGUH 21888.

Fig. 12. Ovoidinium sp. 4 x 500, section 17; GGU 3421694,
17.2-143.2; MGUH 21889.

Fig. 13. Ovoidinium sp. 4 x 500, section 17; GGU 342169-4,
4.5-124.9; MGUH 21890.

Fig. 14. Palaeohystrichophora infusorioides x 500, section 30,
GGU 324613-8, 12.0-150.9; MGUH 21891.

Fig. 15. Palaeoperidinium cretaceum x 500, section 31; GGU
324623-4, 20.8-134.8; MGUH 21892.

Fig. 16. Palaeoperidinium? sp. 1 x 500, section 37, GGU
3246484, 11.2-140.4; MGUH 21893.

Fig. 17. Palaeoperidinium? sp. 1 x 500, section 37; GGU
3246484, 3.1-146.7, MGUH 218%4.
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Range Specimens
A: 60 (71) 82 10
A = A incl. spines: 65 (79 102 10
B: 71 (89) 105 10
B, = B incl. spines: 82 (106) 122 10
C: 97 (106) 122 4
G = C incl. spines: 108 (120) 136 4
S = max. spine length: 9 (13) 23 10

Holotype. (Sarjeant, 1966b, plate 22, fig. 8).
B=102uB, =118uC, =105uD="7p

Occurrence in East Greenland. Lower Barremian, sec-
tions 4, 9, 10, 11, 18 and 21. The species is very abundant
(up to 35%) in a narrow interval in the middle part of its
range. A few questionable specimens are recorded from
the lowermost upper Barremian in section 16.

Previous occurrences. Pseudoceratium anaphrissum was
previously recorded from the lower Barremian at Spee-
ton, England (Sarjeant, 1966b, type material, Duxbury,
1980 Harding, 1990b). Davey (1974; 1979b) recorded the
species from the lower Barremian LB 1 Beds and from the
‘middle’ Barremian established for the Middle B Beds or
Cement Beds at Speeton, England. Costa & Davey
(1992) recorded the species from the lower Barremian to
the lowermost upper Barremian, England and the North
Sea.

Harding (1990b, text fig. 3, following Rawson & Mut-
terlose (1983) and Mutterlose (1983, 1984)) divided the
Speeton section into lower and upper Barremian, based
on belemnite zonation and lithostratigraphic correlation
with Germany, and placed the lower—upper Barremian
boundary at the base of the Middle B Beds (Cement
Beds). According to this new division of the Speeton
section, P. anaphrissum was recorded from the lower
Barremian at Speeton by Sarjeant (1966b), Duxbury
(1980) and Harding (1990b) whereas Duxbury (1980)
and Harding (1990b) questioned Davey’s (1974; 1979b)
record of the species from the Middle B Beds (now upper
Barremian) of Speeton, England. Besides the lower Bar-
remian records from the Speeton section, Harding
(1990b) also recorded the species from other lower Barre-
mian sediments in south-eastern England and northern
Germany. Heilmann-Clausen (1987, fig. 4) has used Da-
vey’s (1974; 1979b) ‘middle’ Barremian range for the
species in his record of selected dinoflagellate cysts from
north-west Europe. Prossl (1990) recorded the species (as
Aptea anaphrissa) from the lower Barremian, north-west
Germany.

Thusu (1978) reported the species from the Barremian,
Arctic Norway. Aarhus et al. (1986) recorded the species
(as Aptea anaphrissa) from the upper Hauterivian to

lower Barremian, Andgya, Norway, Arhus et al. (1990)
recorded the species from the lower Barremian, Barents
Sea, Costa (1981) recorded the species (as Aptea ana-
phrissum) from the Barremian, offshore south Norway.

According to Harding (1990b, p. 51), the illustrated
Canadian records of the species (Williams, 1975; Pocock,
1976) are not of conspecific specimens. The previous
records from north-west Europe indicate that the species
is probably restricted to the lower Barremian.

Pseudoceratium eisenackii (Davey, 1969a)

Bint, 1986
Plate 18, Figs 4-9

Comments. The specimens assigned to Pseudoceratium
eisenackii in (he present material are subtriangular to
pentagonal in shape, with a well developed apical horn. A
weak lateral projection is present in a postcingular posi-
tion. Two antapical projections may exist, onc often only

Plate 17

Fig. |. Pareodinia sp. x 500, section 10; GGU 342092-7,
4.3-155.4; MGUH 21895.

Fig. 2. Pareodinia sp. x 500,
13.2-140.1: MGUH 21896.

Fig. 3. Pareodinia sp. x 500,
10.0-137.2; MGUH 21897.

Fig. 4. Pareodinia sp. x 500,
4.1-132.4; MGUH 21898.

Fig. 5. Pareodinia sp. x 500,
10.4-127.2; MGUH 21899.

Fig. 6. Phoberocysta neocomica neocomica % 500, section 11
GGU 342104-7, 3.3-153.7; MGUH 21900.

Fig. 7. Phoberocysta neocomica neocomica x 500, section 21;
GGU 3423204, 7.7-126.0; MGUH 21901.

Fig. 8. Phoberocysta neocomica neocomica x 500, section 9;
GGU 342071-8, 17.2-144.0; MGUH 21902.

Fig. 9. Prolixosphaeridium parvispinum x 500, section 17;
GGU 342169-4, 21.2-146.7; MGUH 21903,

Fig. 10. Protwellipsodinium clavulum x 750, specimen with
capitate to bifurcate process termination, section 17; GGU
3421674, 19.0-144.0: MGUH 21904.

Fig. 11. Protoellipsodinium clavulum x 750, specimen with bi-
to multifurcate process termination and operculum inside the
cyst, section 17; GGU 3421674, 11.4-121.4; MGUH 21905.

Figs 12 & 13. Protoellipsodinium spinocristatum x 500, section
23, GGU 3516704, 12.4-124.9; MGUH 21906.

Fig. 14. Pseudoceratium anaphrissum x 500, section 16, GGU
351512-4, 16.0-140.2; MGUH 21907.

Fig. 15. Pseudoceratium anaphrissum x 500, section 16; GGU
3515124, 10.3-127.9; MGUH 21908.

Fig. 16. Pseudoceratium anaphrissum x 500, section 10; GGU
342094-4, 7.0-147.0: MGUH 21909.

section 10; GGU 342092-7,
section 14; GGU 3421344,
section 21; GGU 342237-4,

section 19; GGU 3422144,
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Fig. 12. Key used for measurements of Pseudoceratium species
(partly after Helby, 1987, fig. 18).

represented by a weak bulge or is practically absent, the
other being always a bulge which usually forms a promi-
nent horn.

The ornamentation is a network of low crests and short
spines covering most of the surface. A circular area on
the ventral and/or dorsal side may be devoid of orna-
mentation. The ornamentation on one specimen (Plate 18,
Fig. 7), examined by SEM. illustrates that the network
ornamentation is intratabular on the pre- and postcingular
plates and that the cingular area is distinguished by one
partly broken crest.

Dimensions. (Measurements in p.)

Range Specimens
Total length: 100 (120) 139 2
Cyst length without operculum: 57 (73) 88 19
Cyst width: 65 (80) 94 19
Height of crests: 1 4 9 18

Remarks. The specimens from FEast Greenland are
slightly larger and, occasionally, have larger projections
than the type material described from Saskatchewan,
Canada by Davey (1969), although the ornamentation
pattern and height of the crests resemble Davey's (1969)
material.

The species has been distinguished from Pseudocer-
atium polymorphum (Eisenack, 1958; emend. Dorhifer
& Davies, 1980) Bint, 1986 by its smaller overall size and
by its lower crests. Pseudoceratium eisenackii differs

from P. retusum Brideaux, 1977 by its smaller lateral and
antapical horns, and by its ornamentation. Pseudocer-
atium securigerum (Davey & Verdier, 1974) Bint, 1986 is
very similar to the present material of P. eisenackii in size
and shape but differs by its ornamentation which is com-
posed of discrete processes that seldom make up crests.

Occurrence in East Greenland. Uppermost Barremian to
the mid upper Albian. Sections 13, 14, 17, 20, 22, 23, 26,
29, 32, 33, 35 and 36.

Previous occurrences. Pseudoceratium eisenackii was
previously recorded from the upper Aptian to uppermost
Albian (as Aptea eisenackii), north-west Germany
(Prossl, 1990), upper Albian, Saskatshewan, Canada (Da-
vey, 1969, type material), middle to upper Albian (as
Cyclonephelium eisenackii), Alaska (May & Stein,
1979), upper Albian, Western Interior, USA (Bint, 1986),
lower to upper Aptian, Libya (Uwins & Batten, 1988) and
Albian and Cenomanian (Millioud er al., 1975).

Plate 18

Fig. 1. Pseudoceratium anaphrissum x 500, section 16; GGU
3515124, 19.3-123.5; MGUH 21910.

Fig. 2. Pseudoceratium anaphrissum x 530, operculum, section
16;: GGU 351512; MGUH 21911 .

Fig. 3. Pseudoceratium anaphrissum x 530, section 16;
351512; MGUH 21912.

Fig. 4. Pseudoceratium eisenackii x 500,
3421694, 9.2-151.6; MGUH 21913.
Fig. 5. Pseudoceratium eisenackii x 500,
3421694, 14.0-128.3; MGUH 21914,
Fig. 6. Pseudoceratium eisenackii x 500,
3421694, 15.2-140.2; MGUH 21915.
Fig. 7. Pseudoceratium eisenackii x 500,

342169 MGUH 21916.
Fig. 8. Pseudoceratium eisenackii x 500,
3421964, 10.5-134.0; MGUH 21917.
Fig. 9. Pseudoceratium eisenackii x 500,
342174-7, 13.1-134.4,; MGUH 21918.
Fig. 10. Pseudoceratium expolitum x 500,
3421944, 9.8-125.3; MGUH 21919.
Fig. 11. Pseudoceratium aff. P. expolitum x 500, section 37:
GGU 3246514, 6.4-128.7. MGUH 21920.

Fig. 12. Pseudoceratium aff. P. expolitum x 500, section 24;
GGU 346456-4, 19.5-117.8; MGUH 21921.

Fig. 13. Pseudoceratium expolitum x 500, section 20; GGU
3422014, 4.9-145.8; MGUH 21922,

Fig. 14. Pseudoceratium cf. P. interiorense x 500, section 22;
GGU 3465844, 4.8-127.6: MGUH 21923.

GGU

section 17; GGU

section 17; GGU

section 17; GGU

section 17; GGU

section 20; GGU

section 20; GGU

section 20; GGU
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Pseudoceratium expolitum Brideaux, 1971
Plate 18, Figs 10, 13

Comments. The material from East Greenland is very
similar to the type material described and illustrated by
Brideaux (1971).

Dimensions. (Measurements in p.)

Range Specimens
Total length: 117 (125) 133 2
Length without operculum: 57 (73) 88 14
Width: 60 (79) 91 14

Occurrence in East Greenland. Base of middle Albian to
lowermost part of the upper Albian. Sections 5, 20, 22,
23, 26, 29 and 31.

Previous occurrences. Pseudoceratium expolitum was
previously recorded from the Aptian to lower Albian,
Spitsbergen (Arhus, 1991), middle to upper Albian, Al-
berta, Canada (Brideaux, 1971, type material and Singh,
1971, as Pseudoceratium regium), lower Hauterivian to
upper Albian (as P. regium), Arctic Canada (Pocock,
1976), base middle to mid upper Albian, Arctic Canada
(Doerenkamp et al., 1976), upper Barremian to lower
Albian, Edmonton Embayment, western Canada (Ba-
nerjce & Davies, 1988), middle and upper Albian, Alaska
(May & Stein, 1979; May 1979) and middle Albian to
upper Cenomanian (Millioud er al., 1975), lower Barre-
mian to upper Aptian (as P. regiwm) and lower to mid
middle Albian (as P. expolitum). offshore eastern Canada
(Bujak & Williams, 1978). Only one specimen has been
recorded from Europe where Davey (1982a) reported the
species (as P. regium) from the upper Aptian, north-west
Germany.

Remarks. The present observation seems to be the first
outside North America, except for Davey’s (1982a) and
Arhus’ (1991) few recorded specimens. The middle Al-
bian first occurrence is consistent with the recordings by
Brideaux (1971), Singh (1971), Doerenkamp ef al
(1976), May & Stein (1979) and May (1979) from Al-
berta, Arctic Canada and Alaska.

Pseudoceratium aff. P. expolitum Brideaux,

1971
Plate 18, Figs 11-12

Comments. These specimens differ from P. expolitum by
being smaller and by having broad based bulges, or
broad-based short projections, apically, laterally and an-

tapically, instead of well developed homns as described
and illustrated by Brideaux (1971).

Dimensions. (Measurements in p.)

Range Specimens
Total length: 63 (73) 85 4
Length without operculum: 42 (48) 59 12
Width: 63 (73) 85 12

Occurrence in East Greenland. Middle upper Albian.
Sections 24, 25, 28, 30, 31, 35, 36, 37 and 40. The species
seems to be a reasonably good marker for the middle
upper Albian. Pseudoceratium aff. P. expolitum always
occurs in younger sediments than P. expolitum.

Pseudoceratium cf. P. interiorense Bint,

1986
Plate 18, Fig. 14

Description. The specimen is hyaline and very thin
walled. The position of the right lateral horn close to the
antapical horn and the reticulation, are very similar to P,
interiorense.

Occurrence in East Greenland. Only one specimen has
been recorded from the middle Albian in East Greenland.
Section 22.

Previous occurrence. The type material was described
from the lower upper Albian, Western Interior, USA
(Bint, 1986).

Pseudoceratium iveri sp. nov.
Plate 19, Figs 1-8: Text Figs 13-15

Origin of name. After Iver lversen who fatefully followed
the explorer Ejnar Mikkelsen on his East Greenland expe-
dition.

Diagnosis. The species is a large, dorso-ventrally com-
pressed ceratioid cyst, with long. pointed apical, right
lateral and left antapical horns. The species has two wall
layers. The ectophragm consists of a complicated net-
work, supported by processes. The network extends the
horn terminations and is concentrated on the plates, leav-
ing the pandasutural areas free of ornamentation, Tab-
ulation is ceratioid. Cingulum is characterised by a nar-
row broken flange and sulcal plates have low ornamenta-
tion. The archeopyle is apical (type tA).




Fig. 13. Pseudoceratium iveri sp. nov., the holotype, also shown
in Plate 19, Fig. 1, from section 17; GGU 342166-5, 16.7-
146.0. External dorsal view illustrating the tabulation and the
archeopyle sutures.

Description
Cyst type. Proximate, ceratioid.

Shape. Dorso-ventrally compressed cyst with three mod-
erately long horns, an apical, a right lateral (cingular/
post-cingular) and an antapical horn. The threec horns are
situated with approximately 120° spacing.

Wall relationship. The cyst-wall is two-layered and com-
posed of autophragm and ectophragm.

Wall features. The autophragm has a shagreenate to mi-
croperforate outer surface in the pandasuture areas (Plate
19, Fig. 4) whereas the plates are covered with processes.
The processes supports the ectophragm which consist of
an irregular intratabular network. The ectophragm ex-
tends the horn terminations up to 15 u. Ectophragm and
autophragm are close in the sulcal area and on plate 6'
(Plate 19, Fig. 5) whereas elsewhere the ectophragm is
elevated up to 7 u by processes and pillars on the plates
(Plate 19, Figs 3-5).

Tabulation. The tabulation is difficult to observe in trans-
mitted light. In SEM the tabulation is seen to be ceratioid
4', 6", %6c, 6", 1p, 1" with probably 5 small sulcal plates
(as, ras, rs, Is and ps). The tabulation is expressed by the
pandasutures which are devoid of the reticulate ecto-
phragm. The antapical plate 1" is rather large, sexiform,
and together with plate I1p. composes the antapical horn.
The small plate 1™ is situated above plate 1p, and extends
slightly into the sulcal area. Cingulum appears to be
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Fig. 14. Pseudoceratium iveri sp. nov., same specimen as Plate
19, Fig. 3, from section 21; GGU 342239, External ventral view
illustrating the tabulation, including five weakly developed ven-
tral plates.

composed of a broken flange. The plate 6" is large and a
distinct sulcal notch is formed between 6" and 1". The
length-axis of the sulcal area is twisted from the right side
of the hypocyst to the left side of the epicyst. Five sulcal
plates of very low relief have been distinguished (Plate
19, Figs 3 & 5, text Figs 14 & 15).

Archeopyle. Apical (type 1A).

Holotype. Plate 19, Fig. 1 Text Fig. 11, MGUH 21924
from GGU 342166-5, 16.7-146.0.

Fig. 15. Pseudoceratium iveri sp. nov., same specimen as Plate
19, Fig. 5, from section 21; GGU 342239, External ventral view
illustrating paratabulation, including five weakly developed
ventral plates and the archeopyle sutures.
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Type locality. Section 17, Aucella Bjerg, Wollaston For-
land, East Greenland (Fig. 2).

Dimensions. (Measurements in u.) See Fig. 12 for defini-
tions of A-E

Holotype Range Specimens
A 106 74 (100) 116 9
B 85 71 (8l) 94 9
C 170 142 (176) 216 9
D 42 28 (43) 57 9
E 65 (74) 85 5
F 43 31 (3D 51 9

Discussion. Pseudoceratium plerum (Duxbury, 1983)
Bint, 1986 from the lower Aptian (Duxbury, 1983) and
lower and upper Aptian (Lister & Batten, 1988) in south-
ern England, differs from P. iveri sp. nov. by being
smaller, having shorter, distally rounded horns and by a
less complex ectophragm. Pseudoceratium iveri and P.
plerum have approximately the same tabulation formula
although they are interpreted slightly differently (Dux-
bury, 1983, text fig. 5; present study, text Figs 13-15.

Pseudoceratium polymorphum differs from P. iveri by
being smaller, having shorter horns and by its orna-
mentation of processes that frequently fusion at their
distal tips.

Occurrence in East Greenland. The species seems to be a
good marker species restricled to a very narrow interval
in the uppermost Barremian. Sections 7, 17 and 21.

Pseudoceratium nudum Gocht, 1957
Plate 20, Figs 1-2

1957 Pseudoceratium? nudum; Gocht, p. 168, plate 18, figs
3, 4, 6.

1962  Pseudoceratium (Pseud.)? nudum; Neale & Sarjeant,
p. 448.

1975  Pseudoceratium?; Wall & Evil, plate 1, figs
10 & 11.

1977  Pseudoceratium nudum; Brideaux, p. 14, plate 5,
fig. 3.

1980  Odontochitina nuda; Dorhofer & Davies, p. 39.

1986  Pseudoceratium nudum; Bint, p. 145,

Comments. The species has been referred to the genus
Pseudoceratium until Dérhofer & Davies (1980, p. 39)
transferred it to the genus Odontochitina, because, as they
state, of its smooth periphragm and cavate nature. Bint
(1986) emended the description of the genus Pseudocer-
atium (1986, p. 144) and included P. nudum without any
comments (1986, p. 143).

Bint's transfer of the species may have been over-

looked by Lentin & Williams (1989, p. 261 and 306) who
do not comment on the transfer. Helby (1987) also
emended the genus Pseudoceratium but did not mention
the species P. nudum.

The cavate (cornucavate) nature of P. nudum suggested
by Dérhifer & Davies (1980, p. 39) is not distinctly
observable on the specimens from East Greenland. A
cavate appearance may possibly be recognisable on Wall
& Evitt’s (1975) plate 1, fig. 11, but is not visible on the
type material (Gocht’s, 1957, plate 8, figs 3, 4, and 6, or
on the specimen of Brideaux (1977) plate 5, fig. 3.

The poor documentation of a cavate nature is, accord-
ing to the present author, too weak as evidence to keep
the species in the genus Odontochitina and thus it is
retained in Pseudoceratium.

Dimensions. (Measurements in p.) See Fig. 12 for defini-
tions of A-F

Holorype  Paratypes Range Specimens
(Gocht) (Gochr)
A 91 (114) 135 10
B 45 70 50 43 (57) 65 10
C 190-228 216 215 1
D 37 (55 17 10
E 75 80 1
F 57 51 (66) 99 10

Occurrence in East Greenland. Uppermost lower Barre-
mian to lowermost Aptian. Sections 1, 7, 9, 11, 14, 15,
16, 17, 18, 19, 21, and 33.

Previous occurrences. Pseudoceratium nudum was previ-
ously recorded from the upper Hauterivian in Germany
(Gocht, 1957, type material), lower Cretaccous, Speeton,

Plate 19

Fig. 1. Pseudoceratium iveri sp. nov. holotype x 500, section 17;
GGU 342166-5, 16.7-146.0; MGUH 21924,

Fig. 2. Pseudoceratium iveri sp. nov. x 500, section 7; GGU
342086-5, 20.0-135.8;: MGUH 21925.

Fig. 3. Pseudoceratium iveri sp. nov. x 475, section 21; GGU
342239; MGUH 21926.

Fig. 4. Pseudoceratium iveri sp. nov, X 1100, same specimen as
above, close-up of plates near the sulcal area.

Fig. 5. Pseudoceratium iveri sp. nov. x 610, section 21;: GGU
342239; MGUH 21927.

Fig. 6. Pseudoceratium iveri sp. nov. x 950, same specimen as
above, close-up of surfaces on ectophragm and autophragm in
the sulcal notch area.

Fig. 7. Pseudoceratium iveri sp. nov. x 850, same specimen as
above, close-up of sulcal area.

Fig. 8. Pseudoceratium iveri sp. nov. x 500, section 7; GGU
342086-5, 11.1-142.2; MGUH 21928.
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England (Wall & Evitt, 1975), Hauterivian and Barre-
mian, (Millioud er al., 1975) and Hauterivian to Barre-
mian, District of Mackenzie, Canada (Brideaux, 1977).

Pseudoceratium pelliferum Gocht, 1957
Plate 20, Figs 3-6

Comments. The lengths of the apical, lateral and antapical
horns are very variable in the present material but within
the range of Gocht's (1957) type material, as illustrated
below. Mutterlose & Harding (1987a, b) discussed the
length of the horns and suggested that the variation could
be related to changing water temperatures. The spines
vary in length from very small to 4 p. Their distribution
occasionally shows a tabulation pattern. The density of
the spines is very variable. The spines on one specimen
(Plate 20, Fig. 5) show an anastomosing network and are
occasionally joined distally by trabeculae.

Dimensions. (Measurements in u.) See Fig. 12 for defini-
tions of A-E

Holotype  Paratypes Range Specimens
(Gocht) (Gocht)

A 59 71 (94) 131 32

B 132 52 (57) 70 45 (57) 68 32

C 12 92 (132) 173 119 (142) 173 8

D 35 10 (26) 56 32

E 25 17 (35) 56 8

F 17 (35) 57 32

S 2 1-4

Remarks. The size of the horns and the length — width
ratio of the cyst on some of the specimens recorded from
the lower to lowermost upper Barremian (Plate 20, Fig. 6)
are similar to Pseudoceratium solocispinum (Davey,
1974) Lentin & Williams, 1975; stat. nov. et emend.
Harding (1990b). However, these specimens do not have
the robust nature of the processes which, according to
Harding (1990b), distinguishes P. solocispinum from P.
pelliferum.

Occurrence in East Greenland. Lower and the lowermost
upper Barremian. Sections 4, 7, 9, 10, 11, 14, 15, 16, 18
and 21.

A few specimens are recorded from the uppermost
Barremian and the lower Aptian part of sections 7 and 33
and if they are in situ the species ranges up into the lower
Aptian in East Greenland.

Previous occurrences. Pseudoceratium pelliferum was
previously recorded from the lower and ‘middle’ Barre-
mian, Speeton, England (Davey, 1974), the upper Ryaza-
nian to upper Barremian, England and the North Sea

(Costa & Davey, 1992), the Valanginian to Hauterivian,
Germany (Gocht, 1957, type material), the lower Hauteri-
vian to upper Aptian, north-west Germany (Prossl, 1990),
upper Ryazanian to lower Aptian, north-west Europe
(Heilmann-Clausen, 1987), upper Barremian to lower
Aptian, south-east England (Lister & Batten, 1988), Bar-
remian, offshore southern Norway (Costa 1981), Hauteri-
vian, Barremian and Aptian, Arctic Norway (Thusu,
1978), lower Barremian offshore southern Norway (Aar-
hus er al, 1986), lower Aptian, Arctic Canada (Doe-
renkamp ef al., 1976) and upper Berriasian to lower
Aptian, world-wide (Williams & Bujak, 1985). Harding
(1990b) reported the last occurrence of the species in
England and Germany in the lower upper Barremian and
mentioned that P. pelliferum or P. solocispinum reported
from post-Barremian strata should be treated with caution
as they are likely to be reworked or to be misidentifica-
tions.

Pseudoceratium polymorphum (Eisenack,
1958; emend. Dorhofer & Davies, 1980)

Bint, 1986
Plate 21, Figs 1-5

Comments. The ornamentation on the studied material is
composed of complex process crests concentrated on the
sutural areas. In the centre of both the dorsal and ventral
surfaces there is an almost circular area devoid of orna-
mentation. The processes are broad based, often intercon-
nected, and distally becoming digitate or multifurcate and
occasionally joined by trabeculae.

Plate 20

Fig. 1. Pseudocerarium nudum x 500, section 11; GGU
3421064, 12.3-141.0; MGUH 21929.

Fig. 2. Pseudoceratium nudum x 500, section 7; GGU
3420874, 13.6-126.9; MGUH 21930.

Fig. 3. Pseudoceratium pelliferum x 500, section
3420924, 11.8-134.8; MGUH 21931.

Fig. 4. Pseudoceratium pelliferum x 500, section
3515124, 9.4-141.1; MGUH 21932,

Fig. 5. Pseudoceratium pelliferum x 500, section 18; GGU
3422214, 9.9-148.6; MGUH 21933.

Fig. 6. Pseudoceratium pelliferum x 500, section 10; GGU
342002-4, 13.2-124.9; MGUH 21934,

Fig. 7. Pseudoceratium cf. P. solocispinum x 500, section 19;
GGU 3422144, 20.5-132.0; MGUH 21935.

Fig. 8. Pseudoceratium cf. P. solocispinum x 500, section 11;
GGU 3421054, 19.0-122.0; MGUH 21936.

Fig. 9. Pseudoceratium cf. P. solocispinum x 500, section 8;
GGU 342076-4, 5.5-125.3; MGUH 21937.

10; GGU

16; GGU
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Dimensions. (Measurements in u.) See Fig. 12 for defini-
tions of A-B.

Range Specimens
A 65 (89) 102 8
B 83 (102) 122 8
Process crests 3 (7 14 8

Occurrence in East Greenland. Lower to lowermost up-
per Albian. Sections 5, 13, 20, 21, 22, 23, 26 and 29.

Previous occurrences. Pseudoceratium polymorphum
was previously recorded from the upper Aptian, Germany
(Eisenack, 1958, type material), the uppermost lower and
upper Aptian, France (Davey & Verdier, 1974), the lower
and upper Aptian in England and the North Sea (Costa &
Davey, 1992), the uppermost lower and upper Aptian,
south-east England (Lister & Batten, 1988), the Aptian —
lower Albian to middle Albian, Spitsbergen and middle
Albian, Barents Sea, as the Aprea polymorpha — Cyclo-
nephelium compactum group (Arhus, 1991), lower Ap-
tian to lower Albian in north-west Europe (Heilmann-
Clausen, 1987), upper Aptian, as Aptea polymorpha,
north-west Germany (Prossl, 1990), Aptian to upper Al-
bian, Peace River area, western Canada (Singh, 1971)
and lower and upper Aptian, world-wide (Williams &
Bujak, 1985).

Pseudoceratium cf. P. retusum Brideaux,

1977
Plate 21, Figs 6-10

Comments. In the material from East Greenland, the spec-
imens assigned to Pseudoceratium cf. P. retusum have
slightly longer lateral and antapical horns than those
described and illustrated by Brideaux (1977), whereas the
spines are shorter, -3 u, compared to 3-8 u on Bri-
deaux’s type material.

Dimensions. (Measurements in p.) See Fig. 12 for defini-
tions of A-F,

Helotype Paratypes Speci- Range Speci-

(Brideaux) (Brideaux) mens mens
A 63-93 46 51 (74) 88 9
B 48 (68) 719 9
C 100 93-120 17 93 (98) 102 2
D 10 5 (22) 34 9
E 25 14-25 17 20 1
F 8 (23) 38 9

Occurrence in East Greenland. Lower Aptian. Sections
7, 13, 17, 19 and 33.

Previous occurrences. Pseudoceratium retusum was pre-
viously recorded from the lower Aptian, south-east Eng-
land (Lister & Batten, 1988), Barremian to Aptian, Dis-
trict of Mackenzie, Canada (Brideaux, 1977, type mate-
rial), Barremian and Aptian, Libya (Uwins & Batten,
1988).

The forms illustrated as Pseudoceratium pelliferum by
Pocock (1962) and Singh (1971) from Aptian? and lower
to middle Albian, Alberta, western Canada are, according
to Brideaux (1977 p. 14), similar to P. refusum.

Pseudoceratium cf. P. solocispinum (Davey,
1974) Lentin & Williams, 1975; stat. nov.

et. emend. Harding (1990b)
Plate 20, Figs 7-9

Comments. The specimens from East Greenland are simi-
lar in shape and size to the type material described by
Harding (1990b), whereas the spines on P. cf. P. solo-
cispinum are slightly smaller and do not have all the
characteristic features described from the holotype.

Dimensions. (Measurements in p.) See Fig. 12 for defini-
tions of A-E

Plate 21

Fig. 1. Pseudoceratium polymorphum x 500, section 20: GGU
342191-5 6.8-130.8; MGUH 21938.

Fig. 2. Pseudoceratium polymorphum x 540, section 20; GGU
342191; MGUH 21939 .

Fig. 3. Pseudoceratium polymorphum x 750, same specimen as
above, close-up of antapical horn, section 20; GGU 342191.

Fig. 4. Pseudoceratium polymorphum x 500, section 20; GGU
342201-4, 6.5-121.7; MGUH 21940.

Fig. 5. Pseudoceratium polymorphum x 500, section 22; GGU
346584-4, 10.4-122.9; MGUH 21941.

Fig. 6. Pseudoceratium cf. P. retusum x 500, section 7; GGU
342087-11, 7.1-152.4; MGUH 21942.

Fig. 7. Pseudoceratium cf. P. retusum x 500, section 7; GGU
34208710, 18.5-132.0; MGUH 21943.

Fig. 8. Pseudoceratium cf. P. retusum x 500, section 7; GGU
3420874, 12.6-154.1: MGUH 21944,

Fig. 9. Pseudoceratium cf. P. retusum x 500, section 7; GGU
3420874, 13.2-122.8; MGUH 21945.

Fig. 10. Pseudoceratium cf. P. retusum x 500, section 7; GGU
3420874, 21.1-120.9; MGUH 21946 .

Fig. 1. Pseudoceratium toveae sp. nov. x 500, section 14; GGU
3421324, 11.9-125.0: MGUH 21947.
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Harding (1990b) Speci- Range Speci-

mens mens
A 66 (85) 73 26 60 (74) 85 7
B 48 (58) 62 26 50 (56) 63 7
C 108 (122.6) 130 11 100 (107) 120 3
D 9 (13) 17 7
E 17 (21) 28 3
F 14 (19) 23 7

Occurrence in East Greenland. Uppermost Barremian.
Sections 8, 11 and 19.

Previous occurrences. Pseudoceratium solocispinum was
previously recorded from the upper Barremian at Spee-
ton, England (Davey, 1974; Duxbury, 1980). Harding
(1990b) recorded the species from the uppermost Barre-
mian in England and Germany where P. solocispinum is
only observed stratigraphically above P. pelliferum.

Pseudoceratium toveae sp. nov.
Plate 21, Fig. 11: Plate 22, Figs 1-7

Origin of name. After Professor Tove Birkelund who,
with her detailed studies of ammonites from Greenland,
provided a major biostratigraphic framework for future
work.

Diagnosis. Large, dorso-ventrally compressed ceratioid,
proximate cyst, with three large horns. The cyst is two-
layered with a smooth to microgranulate autophragm and
an intratabular reticulate ectophragm, the autophragm
and ectophragm are closely adpressed. Tabulation is in-
dicated by bold pandasutural areas. Archeopyle apical
(type tA).

Description
Cyst type. The cyst is proximate ceratioid.

Shape. The cyst has three long horns: one apical, one
right lateral and one antapical. The angle between the
horn is approximately 120°.

Wall relationship. The cyst wall is (wo-layered, com-
posed of closely adpressed autophragm and ectophragm.

Wall features. The autophragm, which is only visible on
the pandasutural areas, has a smooth to microgranulate
outer surface (Plate 22, Fig. 5). The ectophragm forming
the ornamentation is restricted to the intratabular areas
and is composed of low processes (less than 1 p). The
surface of the ectophragm is reticulate (Plate 22, Figs 5 &
7). The processes are of variable size often making it

difficult to distinguish the two layers, especially on the
horns.

Tabulation. The tabulation is expressed by the pandasut-
ural areas which are devoid of the reticulate ectophragm,
and by the archeopyle sutures. The cingular plates are
occasionally distinguishable (Plate 22, Fig. 5) but no
sulcal area has been observed. Tabulation formula: 74',
26", 76S, 76", 71P, 1™.

Archeopyle. The archeopyle is apical (type tA).

Holotype. Plate 22, Fig 1, MGUH 21948 from GGU
360371-3, 15,3-132,0.

Type locality. Section 1 north of Haystack, East Green-
land (Fig. 2).

Dimensions. (Measurement in u.) See Fig. 12 for defini-
tions of A-F

Holorype Range Specimens
A 119 99 (130) 165 15
B 73 63 (68) 74 15
& 190 193 (219) 250 4
D 68 54 (65) 85 15
E 56 68 (88) 119 4
F 57 54 (700 99 15

Discussion. Pseudoceratium toveae sp. nov. resembles
Pseudoceratium weymouthense in size and shape, de-
scribed from the upper Tithonian to lower Berriasian of
Australia by Helby (1987). However, P. weymouthense
differs by its weak tabulation, indicated by larger pro-
cesses in the pandasutural areas which, according to

Plate 22

Fig. 1. Pseudoceratium toveae sp. nov. holotype x 500, section
1: GGU 360371-3, 15.3-132.0; MGUH 21948.

Fig. 2. Pseudoceratium toveae sp. nov. x 500, section 8; GGU
3420724, 12.1-127.6; MGUH 21949,

Fig. 3. Pseudoceratium toveae sp. nov. x 500, section 17;: GGU
342161-5, 11.1-149.4: MGUH 21950.

Fig. 4. Pseudoceratium toveae sp. nov. x 540, section 17;: GGU
342164; MGUH 21951.

Fig. 5. Pseudoceratium toveae sp. nov. x 1400, same specimen
as above, close-up of surface ornamentation on the ecto-
phragm and autophragm, which make up the pandasutures.
Cingular plates are seen in the lower part of the figure.

Fig. 6. Pseudoceratium roveae sp. nov. x 540, section 21;: GGU
342238; MGUH 21952.

Fig. 7. Pseudoceratium toveae sp. nov. x 2300, same specimen
as above, close-up of plates close to the cingulum.
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Helby (1987 p. 317), are apparently covered by a contin-
uous ectophragm, and by its rather pronounced extension
of the cingulum onto the anterior part of the post-cingular
horn.

Pseudoceratium toveae differs by its larger size and
less pronounced reticulate ectophragm from P. aulaeum,
described by Harding (1990b) from a presumed low sa-
linity assemblage of late Barremian age in the Warling-
ham borehole, England.

Pseudoceratium toveae differs from P. gochtii Neale &
Sarjeant (1962) by its lack of spines and by its larger
horns. Duxbury (1977, p. 60) questioned the species P.
gochtii and regarded Neale & Sarjeant’s specimens as
belonging in P. pelliferum.

The species Eopseudoceratium sp. cf. E. gochtii re-
corded from the Barremian of the District of Mackenzie
by Brideaux & Myhr (1976), Brideaux (1976, plate 44.2,
fig. 2) and Brideaux (1977, p. 14, plate 5, fig. 4), may
belong to P. toveae but the available illustrations and
description are insufficient for a close comparison.

Occurrence in East Greenland. Upper Barremian to low-
ermost? Aptian. Sections 1, 6,7, 8,11, 14, 15,16, 17, 19,
21 and 33.

Genus Pterodinium Eisenack, 1958; emend.
Sarjeant, 1985a

Pterodinium sp.
Plate 25, Fig. 10

Occurrence in East Greenland. Only one specimen has
been recorded from the uppermost middle Albian, section
20.

Genus Rhombodella Cookson & Eisenack,
1962b; emend. Sung Zhi-chen er al.
(‘Jiabo’), 1978

Rhombodella paucispina (Alberti, 1961)

Duxbury, 1980
Plate 23, Figs 1-7

Comments. The majority of the specimens recorded in the
present study have 4-5 u long spines concentrated on the
poles and on the flanks of the body as described by
Alberti (1961, p. 19-20). However, together with the
forms hereby referred to R. paucispina, there occurs
forms with no or only very small spines (Plate 23, Figs 6
& 7). The specimens without spines might be similar to
the Lower Tertiary Rhombodella baculata described by
Sung Zhi-chen er al. (‘Jiabo’), 1978, (this paper is cited
as Sung Zhi-chen er al., 1978 in Chen Yow-yuh et al.,

1988) from China, although comparison has been diffi-
cult as the present author only has a poor copy of Sung
Zhi-chen et al.’s (‘Jiabo’) illustrations of R. baculata.

Among the numerous specimens observed in the pre-
sent study, several exhibit an angular opening, probably
an archeopyle, close to what is interpreted as the apical
pole (Plate 23, Figs 3 & 6). Another opening, circular in
outline, has been observed (Plate 23, Figs 3 & 6) at the
interpreted antapical pole. This circular hole may be an
opisthopyle. The presumed archeopyle and opisthopyle
have been observed both on forms with and without
spines. The two forms might represent environmental
adaptions of a single species.

Occurrence in East Greenland. Middle and upper Albian.
Sections 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 35,
36, 37, 38, 39 and 40. The species is very rare in the
middle Albian but becomes abundant to dominant in the
upper Albian.

Previous occurrences. Rhombodella paucispina was pre-
viously recorded from the upper Aptian and lower Al-
bian, north-west Germany (as R. natans, Davey, 1982a),
uppermost Aptian to upper Cenomanian, north-west Ger-

Plate 23

Fig. 1. Rhombodella paucispina » 750, section 30; GGU
324615-3, 3.8-120.5; MGUH 21953.

Fig. 2. Rhombodella paucispina x 500, section 38, GGU
303127-15-4, 16.3-119.5; MGUH 21954.

Fig. 3. Rhombodella paucispina x 750, section 35; GGU
346456; MGUH 21955.

Fig. 4. Rhombodella paucispina x 1000, section 30; GGU
324615; MGUH 21956.

Fig. 5. Rhombodella paucispina x 825, section 30; GGU
324615; MGUH 21957.

Fig. 6. Rhombodella paucispina x 750, specimen without
spines, section 30; GGU 324619-6, 18.2-124.3; MGUH
21958,

Fig. 7. Rhombodella paucispina x 750, specimen without
spines, section 30; GGU 324619-6, 15.2-124.4; MGUH
21959.

Fig. 8. Rhombodella vesca x 500, section 1; GGU 360380-4,
13.3-123.8; MGUH 21960.

Fig. 9. Rhynchodiniopsis cf. R. aptiana x 500, section 14; GGU
3420724, 6.9-126.5; MGUH 21961.

Fig. 10. Rhynchodiniopsis cf. R. aptiana x 500, section 17; GGU
3421614, 6.4-129.1; MGUH 21962.

Fig. 11. Rhynchodiniopsis fimbriata x 500, section 15; GGU
351527-3, 12.3-135.6; MGUH 21963.

Fig. 12. Rigaudella sp. x 500, section 9; GGU 342069—3, 8.9-
130.2; MGUH 21964.

Fig. 13. Rigaudella sp. x 500, section 9; GGU 342070-7, 9,1-
140,3; MGUH 21965. '
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many (Prossl, 1990), Albian in Germany (as Palaeo-
hystrichophora paucispina, Alberti, 1961, type material),
middle to upper Albian, France (as R. natans, Davey &
Verdier, 1971). Present in the middle Albian, Barents Sea
(Arhus, 1991), recorded from the Aptian to Albian, Aus-
tralia (as Rhombodella natans) by Cookson & Eisenack
(1962b) and from the upper Albian to lower Cenomanian,
Bathurst Island, Australia (as R. natans) by Norvick &
Burger (1976). The species has not previously been re-
ported from Canada but examination of middle and upper
Albian samples from Axel Heiberg Island, Arctic Canada
(kindly provided to me by LS.P.G., Calgary, Canada)
proved its presence in North America.

Rhombodella vesca Duxbury, 1980
Plate 23, Fig. 8

Occurrence in East Greenland. Two specimens have
been recorded, one from the upper Barremian section 1
and one from the lower Aptian section 33.

Previous occurrences. Rhombodella vesca was previ-
ously recorded from the ‘middle’ Barremian, Speeton,
England (Duxbury, 1980, type material). Harding
(1990b) reported the species from the upper Hauterivian
to upper Barremian, north Germany and from the lower
and upper Barremian, Speeton. The species has also been
recorded from a narrow interval in the lowermost upper
Aptian, south-east England (Duxbury, 1983) and from
the uppermost Hauterivian to the mid lower Albian,
north-west Germany (Prossl, 1990).

Genus Rhynchodiniopsis Deflandre, 1935;
emend. Jan du Chéne et al., 1985b
Rhynchodiniopsis cf. R. aptiana Deflandre,

1935; emend. Sarjeant, 1982b
Plate 23, Figs 9-10

Comments. The specimens recorded from East Greenland
differ from the type material by having lower and less
denticular sutural crests.

Occurrence in East Greenland. Lower to upper Barre-
mian. Sections 1, 10, 14, 17 and 21.

Previous occurrences. Rhynchodiniopsis aptiana was
previously recorded from the lower Hauterivian to the
lowermost upper Barremian, north-west Germany
(Prossl, 1990), ‘middle’ Barremian to upper Aptian,
north-west Europe (Heilmann-Clausen, 1987). The Ap-
tian recording is based on the occurrence of the holotype
in a flint of Aptian age, although, the species appears to

be more typical for the Barremian according to Heil-
mann-Clausen (1987). However, Lister & Batten (1988)
reported the species from the lower to upper Aptian,
south-east England.

Rhynchodiniopsis fimbriata (Duxbury,

1980) Sarjeant 1982b
Plate 23, Fig. 11

Occurrence in East Greenland. Lower and upper Barre-
mian. Sections 8 and 15.

Previous occurrences. Rhynchodiniopsis fimbriata was
previously recorded from the ‘middle” Barremian, Spee-
ton, England (Duxbury, 1980, type material), uppermost
‘middle’ Barremian, north-west Germany (Prossl, 1990),
upper Hauterivian to upper Barremian, Gott, Germany
and upper Hauterivian to lower Aptian, England (Hard-
ing, 1990b).

Genus Rigaudella Below 1982b

Rigaudella sp.
Plate 23, Figs 12-13

Comments. Specimens of an undetermined species of
Rigaudella have been recorded from six of the studied
sections. The specimens are regarded as reworked from
the Jurassic.

Occurrence in East Greenland. Barremian. Sections 9,
10, 11, 18, 19 and 21.

Genus Senoniasphaera Clarke & Verdier,
1967
Senoniasphaera microreticulata Brideaux &

Mclntyre, 1975
Plate 24, Fig. |

Occurrence in East Greenland. Upper Aptian to lower
Albian, Sections 12, 13 and 17. The species is quite
common in this interval and seems (o be a good stratigra-
phic marker.

Previous occurrences. Senoniasphaera microreticulaia
was previously recorded from the middle Albian, Barents
Sea, Norway (Arhus, 1991), from the middle Albian,
District of Mackenzie, Canada (Brideaux & Mclntyre,
1975, type material) and from the lower to upper Albian,
offshore eastern Canada (Bujak & Williams, 1978). For
further discussion, see the Senoniasphaera microreti-
culata Subzone, in the chapter on zonation.



Genus Sentusidinium Sarjeant and Stover,
1978
Sentusidinium verrucosum (Sarjeant, 1968)

Sarjeant & Stover, 1978
Plate 24, Fig. 2

Occurrence in East Greenland. Upper Barremian to up-
per Albian. Sections 6, 13, 17, 20 and 25. The species is
rare and might be reworked.

Previous occurrences. Sentusidinium verrucosum was
previously recorded from the upper Jurassic in France
and East Greenland by Sarjeant (1968, type material) and
Fensome (1979).

Sentusidinium sp. 1
Plate 24, Fig. 3

Description. Ovoidal cyst with numerous baculae and/or
echinae. Archeopyle apical, seldom attached. The species
has some similarity to Sentusidinium sp. E described
from the Jurassic of East Greenland by Fensome (1979, p.
20).

Occurrence in East Greenland. Lower Barremian to up-
per Albian. The species has been recorded from 31 of the
examined 40 sections and is quite common.

Sentusidinium sp. 2
Plate 24, Fig. 4

Description. Ovoidal cyst with a selose ornamentation.
Archeopyle apical, seldom attached. Sentusidinium sp. 2
differs from Sentusidinium sp. 1 by having longer and
more densely spaced baculae and cchinae. The species
also differs from S. echinatum (Gitmez & Sarjeant, 1972)
Sarjeant & Stover, 1978, originally reported from the
Jurassic, which is covered by fewer and slightly smaller
echinae.

Occurrence in East Greenland. l.ower Barremian to up-
per Albian. The species has been recorded from 22 of the
40 examined sections.

Genus Sirmiodinium Alberti, 1961
Sirmiodinium grossii Alberti, 1961; emend.

Warren, 1973
Plate 25, Fig. 1

Occurrence in East Greenland. Lower Barremian to
lower Aptian. Sections 1,2, 6, 7, 8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 21 and 32.

113

Previous selected occurrences. Sirmiodinium grossii was
previously recorded from the upper Bathonian (Jurassic)
to lower Aptian, England and the North Sea (Costa &
Davey, 1992), upper Hauterivian to upper Barremian,
Germany (Alberti, 1961) and Jurassic to lowermost Al-
bian, north-west Europe (Heilmann-Clausen, 1987, p. 19
for his comments on the species range).

Genus Spiniferites Mantell, 1850; emend.
Sarjeant, 1970

Spiniferites spp.

Plate 25, Figs 2-9

Remarks. In the present study no attempt has been made
to distinguish between the species of Spiniferites.

Occurrence in East Greenland. Barremian to Albian.
Species of Spiniferites have been recorded in 38 of the 40
examined sections.

Genus Stiphrosphaeridium Davey, 1982b
Stiphrosphaeridium cf. S. anthophorum

(Cookson & Eisenack, 1958) Davey, 1982b
Plate 25, Figs 13-14

Comments. The specimens herein assigned to S. cf. S.
anthophorum include forms with deeply fenestrate pro-
cesses and entire, finely serrate distal edges (Plate 25,
Fig. 14) similar to the type material described by Cook-
son & Eisenack (1958) but also forms with less fenestrate
processes often with an incompletely developed, circular,
slightly spinous distal trabecula (Plate 25, Fig. 13).

Occurrence in East Greenland. Lower Barremian to mid-
dle Albian. Sections 7, 8, 11, 13, 14, 16, 17, 18, 19, 20,
21, 22 and 23.

Previous selected occurrences. Stiphrosphaeridium an-
thophorum was previously recorded from the Upper Ju-
rassic to lower Ryazanian, upper Barremian and upper
Aptian to lower Albian, north-west Europe (Heilmann-
Clausen, 1987) and upper Barremian to lowermost upper
Albian, north-west Germany (Prossl, 1990). Costa & Da-
vey (1992) recorded a lowermost upper Albian last occur-
rence for the species in England and the North Sea. The
type material was described from the Upper Jurassic and
Aptian to Albian in Australia and Papua New Guniea by
Cookson & Eisenack (1958).
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Genus Subtilisphaera Jain & Millepied,
1973; emend. Lentin & Williams, 1976

Subtilisphaera kalaalliti sp. nov.
Plate 26, Figs 1-5

Origin of name. Greenlandic: kalaallit; people.

Diagnosis. The species is represented by thin-walled pen-
tagonal, partly hypocavate cysts. Epicyst long, conical,
tapering from the cingulum; hypocyst short with one
broad-based antapical horn. A presumed intercalary ar-
cheopyle is seldom observed, whereas a secondary open-
ing, an opisthopyle, is almost always present antapically.

Description

Cyst type. Partly hypocavate cyst.

Shape. Dorsoventrally compressed pentagonal cyst. Epi-
cyst long (almost twice the length of the hypocyst), con-
ical, tapering from the cingulum. Hypocyst short, angu-
lar, with one broad-based antapical horn.

Wall relationships. Cyst wall two-layered, endophragm
and periphragm closely appressed on the epicyst, cingu-
lum and anterior part of the hypocyst, whereas a pericoel
is present in the antapical part of the hypocyst (including
the horn).

Wall features. Endophragm thin-walled, hyaline, with a
psilate to shagreenate surface. Periphragm thin-walled,
hyaline, also with an almost smooth surface.

Tabulation. A cingular furrow has been distinguished
between two periphragmal folds running almost parallel
two thirds down the cysts.

Archeopyle. A presumed intercalary archeopyle may be
distinguished on a few specimens, whereas an antapical
opening (an ophistopyle} next to the antapical horn, is
almost always present.

Holorype. Plate 26, Figs 1 & 2, MGUH 21992 from GGU
324622-3, 23.0-138.4.

Type locality. Section 30, Tverdal, Geographical Society
@, East Greenland (Fig. 2).

Dimensions. (Measurements in p.)

Holotype Range Specimens
Total length 74 60 (70) 85 9
Width 55 42 (47) 61 9
Length antapical horn 13 8 (10) 14 9

Discussion. Subtilisphaera kalaalliti sp. nov. resembles
in shape and size Cepadinium ventriosum (Alberti,
1959a) Lister & Batten, 1988, but differs from the genus
Cepadinium by being a double-walled cyst. The new
species has been included in the genus Subtilisphaera,
because of its two wall layers and cavate nature, its
weakly discernible archeopyle, and the absence of tab-
ulation except for the low transverse equatorial folds or
ridges that most likely indicate a cingulum.

The species S. pirnaensis (Alberti, 1959a) Jain & Mil-
lepied, 1973 resembles S. kalaalliti in shape, but differs
by being cavate to bicavate and by its slightly larger size.

Palaeoperidinium cretaceum differs from S. kalaalliti
by its slightly larger size, by having two conical antapical
horns and by having a periphragm of similar shape as the
endophragm.

Occurrence in East Greenland. Upper Albian. Sections
24, 25, 267, 27, 28, 29, 30, 31, 35, 36, 37, 38, 39 and 40
where it is quite abundant.

Plate 24

Fig. 1. Senoniasphaera microreticulata x 500, section 17: GGU
3421724, 12.1-127.1; MGUH 21966.

Fig. 2. Sentusidinium verrucosum x 500, section 17; GGU
3421694, 14.7-138.2; MGUH 21967.

Fig. 3. Sentusidinium sp. 1 x 700, section 17; GGU 3421694,
7.3-130.2; MGUH 21968.

Fig. 4. Sentusidinium sp. 2 x 750, section 17; GGU 3421694,
13.0-153.7; MGUH 21969.

Fig. 5. Ovoidinium? sp. 1 x 500, section 30; GGU 324615-7,
19.0-127.8: MGUH 21970.

Fig. 6. Ovoidinium? sp. 1 x 500, section 30; GGU 324615-7,
22.5-128.8; MGUH 21971.

Fig. 7. Ovoidinium? sp. 1 x 700, section 24; GGU 3464514,
5.6-143.0; MGUH 21972.

Fig. 8. Ovoidinium? sp. 1 x 500, section 15; GGU 3515264,
2.0-144.9, MGUH 21973.

Fig. 9. Ovoidinium? sp. 1 x 800, section 24; GGU 346456,
MGUH 21974.

Fig. 10. Ovoidinium? sp. 1 x 800, section 25; GGU 346442;
MGUH 21975.

Fig. 11. Ovoidinium? sp. 1 x 700, section 40; GGU 303125-1;
MGUH 21976.

Fig. 12. Ovoidinium? sp. 1 x 700, section 24; GGU 346456;
MGUH 21977.

Fig. 13. Ovoidinium? sp. 1 1 x 500, same specimen as Fig. 10
above, close-up of archeopyle, section 25; GGU 346442.
Fig. 14. Ovoidinium? sp. 1 x 2000, same specimen as Fig. 11

above, close-up of archeopyle, section 40; GGU 303125-2.
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Subtilisphaera perlucida (Alberti, 1959b)

Jain & Millepied, 1973
Plate 26, Fig. 6

Occurrence in East Greenland. Lower Barremian to mid-
dle Albian. Sections 7, 11, 12, 13, 14, 17, 19, 21, 23, 32
and 33. One questionable specimen has been recorded
from the upper Albian section 36.

Previous selected occurrences. Subtilisphaera perlucida
was previously recorded from the upper Barremian, Ger-
many (Alberti, 1959, type material), lower and upper
Aptian, Aptian type section, south-east France (Davey &
Verdier, 1974), the lower Barremian to lowermost Al-
bian, north-west Europe (Heilmann-Clausen, 1987), up-
per Hauterivian to upper Barremian, north-west Germany
(Prossl, 1990) and from the upper Hauterivian to lower
Albian, world-wide (Williams & Bujak, 1985).

Genus Surculosphaeridium Davey et al.,
1966; emend. Davey, 1982b
Surculosphaeridium aff. S. phoenix

(Duxbury, 1980) Lentin & Williams, 1981
Plate 26, Figs 7-8

Comments. The specimens herein described as §. aff. §.
phoenix have the characteristic processes illustrated by
Duxbury (1980) but the number of processes is greater on
the specimens from East Greenland.

Occurrence in East Greenland. Lower Barremian to
lower Albian. Sections 1,2.6,7. 8,11, 12, 13, 14, 15, 16,
17, 18 and 21.

Previous occurrence. The type material was described
from the Barremian, England (Duxbury, 1980).

Genus Systematophora Klement, 1960
Systematophora aff. S. cretacea Davey,

1979b
Plate 26, Figs 9-13

Comments. The specimens are very similar to the type
material described by Davey (1979a, p. 560) but differs in
its slightly smaller size and by its less densely granular
periphragm.

Occurrence in East Greenland. Lower Barremian to
lower Albian. Sections 7, 11, 15, 17, 20 and 21.

Previous occurrences. Systematophora cretacea was pre-

viously recorded from the lower Albian, southern Eng-
land (Duxbury, 1983), middle Albian, England and the
North Sea (Costa & Davey, 1992), lower and upper
Aptian, south-east England, (as S. sp. cf. S. cretacea by
Lister & Batten, 1988), upper Aptian to lower Ceno-
manian, north-west Germany (Prossl, 1990) and Albian,
northern Bay of Biscay, offshore W. France (Davey,
1979a, type material).

Genus Tanyosphaeridium Davey &
Williams, 1966b

Tanyosphaeridium boletum Davey, 1974
Plate 27, Figs 1-3

Comments. The present specimens of T. boletum have
more than 30 processes, commonly 40 to 75. The pro-
cesses show a circular alignment parallel to the central
body width. A narrow cingular area devoid of processes
has been observed on the majority of the specimens. The
surface of the cyst is shagreenate to granulate. The pro-
cesses are long (17-25 p), slender (0.5-2 u) and are
distally expanded and often recurved or slightly furcated.

Plate 25

Fig. 1. Sirmiodinium grossii x 500, section 21; GGU 3422347,
4.5-147.4; MGUH 21978.

Fig. 2. Spiniferites sp. x 500, section 14; GGU 3421344,
10.0-137.2; MGUH 21979.

Fig. 3. Spiniferites sp. x 500, section 19; GGU 342215-3,
5.5-128.0; MGUH 21980.

Fig. 4. Spiniferites sp. x 500, section 20; GGU 3421764,
2.8-123.8; MGUH 21981.

Fig. 5. Spiniferites sp. x 750, section 31;
4.5-123.5; MGUH 21982.

Fig. 6. Spiniferites sp. x 500, section 14; GGU 342135-3,
12.0-140.0; MGUH 21983.

Fig. 7. Spiniferites sp. x 500, section 21; GGU 342230-7,
13.5-147.4; MGUH 21984,

Fig. 8. Spiniferites sp. x 500, section 21;
18.6-131.8;: MGUH 21985.

Fig. 9. Spiniferites sp. x 3500, section 30; GGU 324609-7,
7.4-148.7; MGUH 21986.

Fig. 10. Pterodinium sp. x 750,
18.1-132.2: MGUH 21987.

Fig. 11. Hapsocysta? benteae sp. nov. holotype, x 500, section
21; GGU 342240-4, 10.0-140.0; MGUH 21988.

Fig. 12. Hapsocysta'! benteae sp. nov. x 500, section 30; GGU
342619-3, 10.2-131.0; MGUH 21989.

Fig. 13. Stphrosphaeridium cf. 8. anthophorum x 5(X), section
19; GGU 3422164, 17.3-129.4; MGUH 21990.

Fig. 14. Stiphrosphaeridium cf. S. anthophorum x 500, section
20: GGU 342176-5, 19.4-147.0; MGUH 21991.

GGU 3426234,

GGU 342235-4,

section 20; GGU 3422024,
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Occurrence in East Greenland. Lower Barremian to up-
per Albian. Sections 1, 6, 7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 33 and 34.

Previous occurrences. Tanyosphaeridium boletum was
previously recorded from the Barremian at Speeton, Eng-
land (Davey, 1974, type material), lower and upper Ap-
tian, south-east England (Lister & Batten, 1988) and
lower Hauterivian to upper Aptian, north-west Germany
(Prossl, 1990).

Tanyosphaeridium cf. T. isocalamus
(Deflandre & Cookson, 1955) Davey &
Williams, 1969

Plate 27, Fig. 4

Comments. Tanyasphaeridium cf. T. isocalamus differs
slightly from the type material described by Deflandre &
Cookson (1955) by its somewhat expanded process tips,
which seem to be serrate rather than cleanly truncate.

Occurrence in East Greenland. Only a few specimens are
recorded from the lower Barremian in section 21, whereas
the majority (approximately 10 specimens) occur in the
middle and upper Albian. Sections 20, 23 and 25.

Previous occurrences. Tanyosphaeridium isocalamus
was previously recorded from the lower Hauterivian to
lowermost Barremian, north-west Germany (Prossl,
1990) and Lower Cretaceous, Australia (Deflandre &
Cookson, 1955, type material).

Tanyosphaeridium salpinx Norvick, 1976
Plate 27, Fig. 5-7

Comments. The species has approximately 30 moderately
long (10-22 ), broad (2-3 u) processes, with trumpet-
like terminations.

Occurrence in East Greenland. Barremian. Sections 15
and 18, middle and upper Albian. Sections 23, 25 and 39.

Previous occurrences. Tanyosphaeridium salpinx was
previously recorded from the lower Aptian, south-east
England (Lister & Batten, 1988), lower Hauterivian to
upper Turonian, north-west Germany (Prossl, 1990), Ap-
tian to Cenomanian, Peace River area, Canada, as Ta-
nyosphaeridium sp. (Singh, 1971) and Cenomanian from
the same area (Singh, 1983), Cenomanian, Australia
(Norvick, 1976 in Norvick & Burger, 1976, type mate-
rial) and Aptian to Cenomanian, Australia (Morgan,
1980).

Genus Trichodinium Eisenack & Cookson,
1960; emend. Clarke & Verdier, 1967

Trichodinium speetonense Davey, 1974
Plate 27, Figs 8-9

Occurrence in East Greenland. Lower Barremian to low-
ermost Aptian. Sections 1, 6, 7, 8, 11, 14, 15, 16, 17, 18,
19, 21, 32 and 33.

Previous occurrences. Trichodinium speetonense was
previously recorded from the lower, ‘middle’ and upper
Barremian, Speeton, England (Davey, 1974, type mate-
rial), upper Barremian, England and the North Sea (Costa
& Davey, 1992), the upper Hauterivian to top of the
Barremian, north-west Europe (Heilmann-Clausen,
1987), lower Hauterivian to upper Aptian, north-west
Germany (Prossl, 1990). Harding (1990b, p. 53) men-
tions that the species first occurs in the middle part of the
lower Barremian, Speeton, England, and Gott, Germany
where the species ranges up to the top of the upper
Barremian. Harding (1990b, table 7) also reported the
species from the Warlingham borehole, England where it
occurred in Aptian strata. The present observations from
East Greenland agree with Hardings's (1690b) range.

Plate 26

Figs 1 & 2. Subtilisphaera kalaalliti sp. nov. holotype x 730,
section 30; GGU 324622-3, 23.0-138.4; MGUH 21992.
Figs 3 & 4. Subtilisphaera kalaalliti sp. nov. x 500, section 30;

GGU 324622-3, 6.0-123.8; MGUH 21993.

Fig. 5. Subrtilisphaera kalaalliti sp. nov. x 500, section 12; GGU
324654; MGUH 21994.

Fig. 6. Subtilisphaera periucida x 700, section 17; GGU
3421694, 9.7-143.0; MGUH 21995.

Fig. 7. Surculosphaeridivm aff. S. phoenix x 500, section 2;
GGU 351558-4, 3.7-129.7; MGUH 21996.

Fig. 8. Surculosphaeridium aff. 5. phoenix x 500, section §:
GGU 3420764, 9.5-129.0: MGUH 21997.

Fig. 9. Svstematophora aff. 8. cretacea x 500, section 7; GGU
342085-4, 40.0-129.0; MGUH 21998.

Fig. 10. Systematophora aff. S. cretacea x 500, section 17; GGU
342161-4, 5.0-130.8; MGUH 21999.

Fig. 11. Systematophora aff. §. cretacea x 500, fragment show-
ing the annulate complex of processes, section 21; GGU
3422374, 3.5-139.1;: MGUH 22000.

Fig. 12. Systematophora aff. §. cretacea x 725, section 17, GGU
342166; MGUH 22001.

Fig. 13. Systematophora aff. S. cretacea x 1200, same specimen
as above, close-up of the annulate complex of the processes
and the cyst surface.
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Genus Tubotuberella Vozzhennikova, 1967;
emend. Sarjeant, 1982
Tubotuberella uncinata (Brideaux, 1977)

Davies, 1983
Plate 27, Fig. 10

Occurrence in East Greenland. Lower Barremian. Sec-
tions 9, and 11.

Previous occurrences. Tubotuberella uncinata was previ-
ously recorded from the Hauterivian and Barremian, Dis-
trict of Mackenzie, Canada (Brideaux, 1977). The species
has not previously been reported outside Canada, but one
specimen was recorded by Heilmann-Clausen (personal
communication, 1990) from the Barremian in the Ah-
lum-1 well in the Lower Saxony Basin, Germany. The
species is rare, but seems to be a good stratigraphical
index species for the Barremian in Canada.

Tubotuberella sp.

Occurrence in East Greenland. L.ower Barremian to up-
per Aptian. Sections 1, 7, 11, 13, 17 and 21.

Remarks. Specimens of Tubotuberella are very rare in the
present material and are considered as reworked from
pre-Hauterivian Cretaceous and Jurassic strata.

Genus Vesperopsis Bint, 1986

Vesperopsis? digitata (Duxbury, 1983) Bint,
1986

Plate 27, Fig. 11

Occurrence in East Greenland. Five very thin-walled,
folded or damaged specimens were recorded from the
middle Albian sections 20 and 23. All the specimens have
the characteristic pre- and postcingular extensions on the
lateral horns.

Previous occurrence. The type material was described
from the upper Aptian, southern England by Duxbury
(1983).

Vesperopsis aff. V. fragilis (Harding, 1986a)

Harding, 1990
Plate 27, Figs 12-16

Comments. The specimens referred to Vesperopsis aff. V.
fragilis differ from V. fragilis by their slightly longer,
sometimes pointed, antapical horns, and by less distinctly
developed cingulum and cingular horns (bulge).

Occurrence in East Greenland. Upper Albian. Sections
36, 37 and 39.

Previous occurrences. Vesperopsis fragilis was previ-
ously recorded from the upper Hauterivian, England
(Harding, 1986a) and from presumed brackish-water de-
posits in the Barremian of south-cast England, (Batten &
Lister, 1988; Lister & Batten, 1988).

Remarks. The occurrence in East Greenland diverges
remarkably from the previous records. Vesperopsis aff. V.
fragilis may therefore be a new species.

Vesperopsis longicornis Batten & Lister,

1988; comb. nov. et emend. Harding, 1990
Plate 28, Figs 14

Comments. The specimens {rom East Greenland are gen-
erally larger than those described by Batten & Lister

Plate 27

Fig. 1. Tanyosphaeridium boletum x 750, section 7, GGU
3420814, 19.5-130.7; MGUH 22002.

Fig. 2. Tanyosphaeridium boletum x 750, section 6, GGU
342111-7, 0.5-137.7; MGUH 22003.

Fig. 3. Tanyosphaeridium boletum x 750, section 18, GGU
342220-4, 4.5-149.5; MGUH 22004.

Fig. 4. Tanyosphaeridium cf. T. isocalamus x 750, section 25,
GGU 3464404, 17.4-135.0; MGUH 22005.

Fig. 5. Tanvosphaeridium salpinx x 750, section 25, GGU
3464404, 15.7-127.1; MGUH 22006.

Fig. 6. Tanyosphaeridium salpinx x 750, section 25, GGU
346440-8, 12.2-133.7; MGUH 22007.

Fig. 7. Tanyosphaeridium salpinx x 750, section 23, GGU
3516764, 9.6-120.0; MGUH 22008.

Fig. 8. Trichodinium speetonense % 500, section 17; GGU
3421614, 17.8-130.6; MGUH 22009.

Fig. 9. Trichodinium speetonense x 500, section 14; GGU
3421324, 15.0-142.8; MGUH 22010.

Fig. 10. Tubotuberella uncinata x 500, section 9; GGU
3420694, 5.6-147.8: MGUH 22011.

Fig. 11. Vesperopsis? digitata x 500, section 20; GGU
3421894, 16.5-126.8; MGUH 22012.

Fig. 12. Vesperopsis aff. V. fragilis x 500, section 37: GGU
3246494, 5.8—-128.9; MGUH 22013.

Fig. 13. Vesperopsis aff. V. fragilis x 500, section 37; GGU
3246504, 5.8-136.2; MGUH 22014.

Fig. 14. Vesperopsis aff. V. fragilis x 500, section 37; GGU
324655-3, 13.0-125.4; MGUH 22015.

Fig. 15. Vesperopsis aff. V. fragilis x 500, section 37, GGU
3246484, 2.8-149.8; MGUH 22016.

Fig. 16. Vesperopsis aff. V. fragilis x 500, section 37; GGU
3246484, 7.2-141.0: MGUH 22017.
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(1988) and Harding (1990b). The right antapical homn
varies from being rather short (Plate 28, figs 1-3) to a
length almost as long as the left antapical horn (Plate 28,
Fig. 4).

Dimensions. (Measurements in p.) Length, 9 complete
specimens: 85 (141) 193, width 65 (106) 170, 21 speci-
mens, length, 30 excysted specimens 71 (93) 114.

Occurrence in East Greenland. Lower Aptian. Sections
3, 6, 17, 19 and 32, where it has an acme with a rather
narrow interval. A second acme occurs in a narrow in-
terval in the upper Aptian — lower? Albian. Sections 2,
13, 26 and 34.

Previous occurrences. Vesperopsis longicornis was pre-
viously recorded from the uppermost Barremian, south-
east England, as Australisphaera sp. A (Lister & Batten,
1988), and upper Barremian to lower Aptian at the War-
lingham borehole, England (Harding, 1990b).

Vesperopsis mayi Bint, 1986
Plate 28, Figs 5-10

Description. The specimens here identified as V. mayi
have an apical, two lateral and two antapical horns as
described by Bint (1986, p. 157).

The lateral horns on most of the observed specimens
differ slightly from those on the holotype by tapering
more gradually to the tip. They are almost equal in length
but differ slightly in shape. The left lateral horn has a
clear cingular indentation, often more pronounced than
on the holotype, whereas the cingular indentation is
vague on the right lateral horn. The left antapical horn is
long and narrow whereas the right antapical horn is short,
often less than a third of the length of the left antapical
horn, but never absent as mentioned by Bint (1986, p.
157). The archeopyle is apical with the operculum usu-
ally in place. The cysts are composed of one wall layer.

Remarks. According to Bint (1986, p. 157) Muderongia
asymmetrica Brideaux, 1977 is very similar to V. mayi
but differs by having an inner body, a free apical opercu-
lum, and a right postcingular horn which is longer than
the left postcingular horn. The same data can be obtained
from Brideaux’s (1977, p. 40) description of the species
and Monteil’s (1991) emendation.

The holotype of M. asymmetrica has been re-examined
by the present author. This and a closer look at Bri-
deaux’s illustrations of the holotype (1977, plate 15, fig.
9 and plate 16, fig. 1) reveal that the specimen has folded
postcingular horns of almost equal lengths and no free

apical operculum. Furthermore the inner body is, accord-
ing to the present author, very difficult to distinguish.
The most obvious difference between the two species,
apart from the questionable presence of an inner body,
may be the length of the right antapical horn, which is
very small or absent on V. mayi, whereas it is more
pronounced on the holotype of M. asymmetrica.

Occurrence in East Greenland. Lower Aptian to middle
upper Albian. The species is common to abundant in the
lower and middle Albian. Sections 2, 5, 12, 13, 17, 20,
21, 22, 23, 26, 30, 31, 34 and 40.

Previous occurrences. Vesperopsis mayi was previously
recorded from the Albian, Western Interior, USA (Bint,
1986, type material) and middle to upper Albian, Alaska
(as Muderongia sp. A, May & Stein, 1979).

Genus Wallodinium Loeblich & Loeblich,
1968

Wallodinium krutzschii (Alberti, 1961)
Habib, 1972

Plate 29, Fig. 1

Occurrence in East Greenland. Lower Barremian to up-
per Albian. Sections 1, 3, 6, 7, 8, 11, 12, 14, 17, 18, 19,
20, 21, 22, 23, 26, 30, 31, 32, 33, 34 and 40.

Plate 28

Fig. 1. Vesperopsis longicornis x 500, section 34; GGU
3425564, 20.3-132.8; MGUH 22018.

Fig. 2. Vesperopsis longicornis x 500, section 34; GGU
3245564, 12.3-153.4; MGUH 22019.

Fig. 3. Vesperopsis longicornis x 500, section 17; GGU
3421694, 13.8-124.1; MGUH 22020,

Fig. 4. Vesperopsis longicornis x 500, section 17; GGU
3421694, 13.9-149.2; MGUH 22021.

Fig. 5. Vesperopsis mayi x 500, section 30; GGU 324613-8,
19.1-139.1; MGUH 22022.

Fig. 6. Vesperopsis mayi x 500, section 26; GGU 3516304,
14.0-122.5; MGUH 22023.

Fig. 7. Vesperopsis mayi x 500, section 30; GGU 324619-6,
8.8-126.9; MGUH 22024.

Fig. 8. Vesperopsis mayi x 500, section 20; GGU 3421894,
16.7-126.0: MGUH 22025.

Fig. 9. Vesperopsis mayi x 500, section 20; GGU 3421794,
3.8-122.8; MGUH 22026.

Fig. 10. Vesperopsis mayi x 500, section 13; GGU 3515874,
10.8-135.3; MGUH 22027.
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Previous occurrences. Wallodinium krutzschii was previ-
ously recorded from the Hauterivian and Barremian, Ger-
many (Alberti, 1961, type material) and the lower Haute-
rivian to upper Turonian, north-west Germany (Prossl,
1990).

Wallodinium Iuna (Cookson & Eisenack,

1960a) Lentin & Wiliams, 1973
Plate 29, Fig. 2

Occurrence in East Greenland. Lower Barremian to up-
per Albian. Sections 9, 10, 15, 25, 28, 31, 34 and 36.

Previous occurrences. Wallodinium luna was previously
recorded from the upper? Albian to Cenomanian, Austra-
lia (Cookson & Eisenack, 1960a, type material), the
lower Hauterivian to upper Turonian, north-west Ger-
many (Prossl, 1990) and from Berriasian to Campanian,
world-wide (Williams & Bujak, 1985).

Genus Wigginsiella Lucas-Clark, 1987
Wigginsiella grandstandica 1.ucas-Clark,
1987

Plate 29, Figs 3-5

Occurrence in East Greenland. In a rather narrow in-
terval in the lower upper Albian. Sections 29, 30 and 31.

Previous occurrences. Wigginsiella grandstandica was
previously recorded as Genus A from the upper Albian,
Alaska (May & Stein, 1979; May, 1979). In the descrip-
tion of the type material Lucas-Clark (1987, p. 162)
referred to oral communication with J. Bennett, H. Haga,
F E. May and V. D. Wiggins (1982-1984) who em-
ployed the species as an upper Albian marker in Alaska.
The present observations from East Greenland agree well
with the previous occurrences.

Genus Xenascus Cookson & Eisenack,
1969; emend. Stover & Helby, 1987a
Xenascus ceratioides (Deflandre, 1937b)

Lentin & Williams, 1973
Plate 29, Figs 6-8

Comments. The few specimens observed in the present
study are poorly preserved. No attempt has, therefore
been made to distinguish between the different subspe-
cies.

Occurrence in East Greenland. Uppermost Albian. Sec-
tions 24, 25, 27, 30, 39 and 40.

Previous occurrences. Xenascus ceratioides was previ-
ously recorded from the uppermost Albian to upper Turo-
nian, north-west Germany (Prossl, 1990), lower Albian to
Campanian, France (Foucher, 1979; 1981), the lower
Albian to upper Maastrichtian, England and the North
Sea (Costa & Davey, 1992), uppermost Albian and youn-
ger strata, offshore eastern Canada (Bujak & Williams,
1978), offshore eastern Canada (Williams, 1975) and
upper middle Albian to lowermost Maastrichtian, world-
wide (Williams & Bujak, 1985).

Genus Xiphophoridium Sarjeant, 1966b
Xiphophoridium alatum (Cookson &

Eisenack, 1962b) Sarjeant, 1966b
Plate 29, Fig. 9

Occurrence in East Greenland. Upper Albian. Sections
24, 25, 27, 28, 30, 31, 36, 37, 38, 39 and 40.

Previous occurrences. Xiphophoridium alatum was pre-
viously recorded from the upper Albian to lower Santo-
nian, England and the North Sea (Costa & Davey, 1992),
the upper middle Albian to the middle upper Turonian,
north-west Germany (Prossl, 1990), middle Albian to
upper Santonian, France; Campanian and Maastrichtian,
Belgium (Foucher, 1979; 1981), Albian (upper?) and
Cenomanian, Australia (Cookson & Eisenack, 1962b,

Plate 29

Fig. 1. Wallodinium krutzschii x 500, section 7; GGU 3420844,
4.4-143.6; MGUH 22028.

Fig. 2. Wallodinium luna x 500, section 15; GGU 351526-4,
16.4-138.5; MGUH 22029.

Figs 3 & 4. Wigginsiella grandstandica x 500, section 29; GGU
3245994, 3.5-124.9; MGUH 22030.

Fig. 5. Wigginsiella grandstandica x 500, section 31; GGU
324623-8, 2.3-124.4; MGUH 22031 .

Fig. 6. Xenascus ceratioides x 500, section 30: GGU 324617-8,
21.9-134.0: MGUH 22032.

Fig. 7. Xenascus ceratioides x 500, operculum, section 30; GGU
324617-8; MGUH 22033.

Fig. 8. Xenascus cerativides x 500, section 39; GGU 3353204,
0.8-150.5; MGUH 22034.

Fig. 9. Xiphophoridium alatum x 500, section 30; GGU
324613-8, 13.4-142.0; MGUH 22035,

Fig. 10. Pterospermella cf. P. australiensis x 500, section 20;
GGU 342179-4. 17.1-129.0; MGUH 22036.

Fig. 11. ?Hair from leaf x 500, section 17; GGU 3421624,
4.7-128.3; MGUH 22037.

Fig. 12. Dinoflagellate cyst 1 x 500, section 31; GGU
3246234, 23.0-119.6; MGUH 22038.
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type material) and upper Albian to upper Santonian,
world-wide (Williams & Bujak, 1985).

Dinoflagellate cyst |
Plate 29, Fig. 12

Description. Dinoflagellate cyst 1 is a relatively small
(total length 68 u, width 64 u), lenticular to spherical cyst
with an apparently cingular flange (width of flange 15-18
) with slender spines/processes (length of processes
5-10 g) that bi- or trifurcate distally. The flange is contin-
uous, except for a narrow interval, which could be a
sulcal area. The specimens are observed in a presumed
polar view and the main body of the cyst is then ovoidal
in outline and without any ormamentation. Fractures
along the base of the flange from the dorsal to the one
lateral side may indicate a precingular archeopyle (type
P?). There is no clear orientation of the cysts except for
the flange and the questionable archeopyle.

Occurrence in East Greenland. Only a few specimens
have been observed from the upper Albian section 31.

Dinoflagellate cyst 2
Plate 30, Fig. 1

Description. Dinoflagellate cyst 2 is a large (length 213
), probably cavate, elongate, thin walled cyst with a
smooth ectophragm surface. The epicyst is conical with a
cylindric apical horn (35 y) and a precingular acheopyle
(type P?). A cingulum may be distinguished as a equa-
tortal traverse furrow. The hypocyst is slightly folded but
gradually tapered and may antapical terminate in a square
or round aperture (opisthopyle?) as in the genus Tubotu-
berella.

Occurrence in East Greenland. Only one specimen has
been observed from the upper Albian of section 30.

Dinoflagellate cyst 3
Plate 30, Figs 2 & 3

Description. Dinoflagellate cyst 3 is a small chorate cyst
(overall size 45 u, width of body 29 y) with a densely
scabrate to granulate surface. The processes arise from
the surface of the main body and are arranged in circles
(most probably plate related; intratabular). Each circle is
composed of six to eight cylindrical to slightly tapering
processes that often join distally like the poles in a teepee.
The archeopyle is apical (type tA) and the operculum is
attached.

Occurrence in East Greenland. Only one specimen has
been observed from the lower Aptian part of section 17.

Dinoflagellate cyst 4
Plate 30, Figs 4 & 5

Description. Dinoflagellate cyst 4 is a relatively small
(central body 30 u) chorate cyst with a rugulate surface.
The processes are numerous (more than 50) and occur
randomly. They are approximately 15 u long, slightly
tapering and multifurcate distally. The processes are
proximally striate and the transition to the surface looks
like the attachment of supporting roots. The archeopyle is
apical but the precise type is not yet known,

Occurrence in East Greenland. Only one specimen has
been observed from the lower Aptian part of section 17.

Plate 30

Fig. 1. Dinoflagellate cyst 2 x 500, section 30; GGU 324617-8,
21.1-130.2; MGUH 22039.

Fig. 2. Dinoflagellate cyst 3 x 800, note that the apparently
apical archeopyle is sitvated to the left on the illustration,
section 17; GGU 342169; MGUH 220440.

Fig. 3. Dinoflagellate cyst 3 x 1750, same specimen as above,
close-up illustrating the granulate cyst surface and the process
complexes that fusionate distally.

Fig. 4. Dinoflagellate cyst 4 x 750, section 17; GGU 342169:
22041 .

Fig. 5. Dinoflagellate cyst 4 x 1950, same specimen as above,
close-up illustrating the verrucate cyst surface and the pro-
cesses that furcate distally.

Fig. 6. Plicatella insignis x 500, section 30; GGU 3246194,
19.8-124.2; MGUH 22042,

Fig. 7. Costatoperforosporites sp. x 500, section 30; GGU
324610-3, 8.0-138.3; MGUH 22043.

Fig. 8. Spore ? x 500, section 25; GGU 346440-5, 7.6-138.0;
MGUH 22044.

Fig. 9. ?Acanthotriletes varispinosus x 500, section 30; GGU
324619-6, 7.2-125.0: MGUH 22045.

Fig. 10. Tvthodiscus sp. x 500, section 30: GGU 324620-7,
18.1-152.0; MGUH 22046.

Fig. 11. Plicatella concentrica x 500, section 30; GGU
324610-3, 11.5-148.9; MGUH 22047.

Fig. 12. Aequitriradites ornatus x 500, section 30; GGU
324619-6, 10.5-154.1; MGUH 22048.

Fig. 13. Trilobosporites apiverrucatus x 500, section 30; GGU
324610-3, 11.8-129.0; MGUH 22049.

Fig. 14. Spore x 500, section 30; GGU 324619-6, 7.6-143.7;
MGUH 22050.
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Group Acritarcha Evitt, 1963

Schizocystia spp. is shown separately on the range
charts. The remaining acritarchs have been grouped as
Acritarcha (undifferentiated).

Occurrence in East Greenland. Barremian to Albian.
Acritarchs have been recorded from 24 of the 40 exam-
ined sections.

Genus Leiofusa Eisenack, 1938
Leiofusa sp.
Plate 11, Fig. 9

Occurrence in East Greenland. In the middle to upper
Albian. Sections 20, 23, 29, 30 and 31. The species often
occurs in the lower part of the sections, but not consis-
tently.

Genus Schizocystia Cookson & Eisenack,
1962a

Schizocystia spp.

Occurrence in East Greenland. Barremian to Albian.
Sections 17, 20, 23, 24, 30, 31 and 3R8.

Prasinophycean algae

Genus Pterospermella (W. Wetzel, 1952)
Pterospermella cf. P. australiensis

Deflandre & Cookson, 1955
Plate 29, Fig. 10

Occurrence in East Greenland. Barremian to Albian.
Recorded from 18 of the 40 examined sections.

Genus Ulvella P. L.. & H. M. Crouan, 1859
cf. Ulvella nannae Hansen, 1980
Plate 30, Fig. 10

Occurrence in East Greenland. Barremian to Albian.
Sections 7, 21, 30 and 31 where the spccies is rare.

Miospores

Saccate pollen and trilete spores occur in very low num-
bers and have not been included in the range charts
(Tables 1-40). Section 30 seems to have a slightly higher
content of trilete spores than the rest of the sections. The
following spore genera have kindly been identified by
Eva B. Koppelhus from the middle upper Albian, section
30:

7Acanthotriletes varispinosus Pocock, 1962
Plate 30, Fig. 9

Aequitriradites ornatus Upshaw, 1963
Plate 30, Fig. 12

Genus Costatoperforosporites Dedk, 1962
Costatoperforosporites sp.
Plate 30, Fig. 7

Plicatella concentrica (Kemp, 1970) Da-

vies, 1985
Plate 30, Fig. 11

Plicatella insignis (Markova, 1961) Davies,

1985
Plate 30, Fig. 6

Trilobosporites apiverrucatus Couper, 1958
Plate 30, Fig. 13

Miscellaneous

?Hair from leaf
Plate 29, Fig. 11

Comments. Small, miscellaneous hair-like elements of
antler-like shape.

Occurrence in East Greenland. Upper Barremian to
lower Albian. Sections 6, 7, 14, 17 and 26 where it is very
rare. This Incertae sedis has also been recorded from the
upper Barremian, South Sabine section, Melville Island,
Arctic Canada (samples kindly provided to me from
I.S.P.G., Calgary, Canada).
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APPENDIX
Table 1. Sections yielding dinoflagellate cysts from North-East Greenland

Section Location / Region Latitude Longitude Thickness Sample No.
metres (GGL)
1 N of Haystack/ 75°49 19°40" 25 360371, 75. 77, 80
Hochstetter Forland
2 N of Kap Oswald Heer/ 75°3% 19°23° 12 351550, 58
Hochstetter Forland
3 Sengstacke Bugt/N Shannon ~ 75°19 18°12 1 351559
4 Sengstacke Bugt/N Shannon  75°20/ 18°07’ 1 279826
5 Kap David Gray/S Shannon 75°00° 18°28' 1 351565
6 Kap Maurer/N Kuhn @ 74°51° 19°45° 43 342108, 9, 10. 11
7 ‘East coast’/Kuhn @ 74°49" 19°47° 90 342079, 80, 81, 82, 83, 84, 85, 86, 87
8 ‘East coast'/Kuhn & 74°49° 19°48’ 32 342072, 76, 78
9 ‘East coast’/Kuhn @ 74°48' 19°48’ 25 342069, 70, 71
10 ‘Perisphinctes- 74°48" 19°52° 26 342092, 93, 94
Ravine’/Kuhn @&
11 N of Kap Hamburg/S Kuhn @ 74°45" 20°00 100 342102, 3,4,5,6, 7
12 SW of Kap Berlin/ 74°37 19937’ 160 351589, 91, 92, 95, 98
Wollaston Forland
13 SW of Kap Berlin/ 74°37 19°37 206 351573, 74, 75, 77, 78, 79, 80, 81, 85,
Wollaston Forland 86, 87, 88
14 Palnatoke Bjerg/ 74°37° 20°38/ 65 342131, 32, 33, 34, 35, 36
Wollaston Forland
15 Redryggen/Wollaston Fl. 74°31" 19°49" 10 351526, 27
16 Redryggen/Wollaston Fl. 74°31° 19°49’ 5 351512, 13
17 Aucellabjerget/ 74°31" 20°22 120 342161, 62, 63, 64, 66, 67, 68, 69, 70,
Wollaston Forland 72,74
18 SE of Kuhnpasset/ 74°31" 20°08’ 60 342218, 19, 20, 21, 22
Wollaston Forland
19 N of Gyldenspids/ 74°30° 19°45° 40 342214, 15, 16, 17
Wollaston Forland
20 Gyldenspids/Wollaston FL 74°29° 19°43" 470 342176, 79, 83, 85, 86, 87, 89, 91, 93,
94, 96, 99, 200, 201, 202
21 Stratumbjerget/ 74°27 20°12" 107 342230, 31, 32, 34, 35, 36, 37, 38, 39,
Wollaston Forland 40
22 Komtaktravine/Clavering @ 74°35" 20°35 147 346584, 88, 90, 92, 97
23 Langelinie/Clavering @ 74°14° 20°35" 386 351669, 70, 71, 73, 76, 77, 80, 81, 82,
83, 84, 85, 86, 88
24 N Home Forland/ 73°53" 20°40" 122 346451, 56, 58, 61, 62
Hold with Hope
25 N Home Forland/ 73°53' 20°40" 105 345440, 42, 45, 50
Hold with Hope
26 Spaths Plateau 73°50¢ 21°14 42 351627, 28, 29, 30
27 Tobias Dal/Hold w. Hope 73%44" 21°13% 1 351626
28 Lyngnaelv/Hold w. Hope 73°38’ 20728’ 15 351636, 38
29 Tvardal/Geogr. Soc. @ 72°57 23°01’ 1 342599
30 Tvardal/Georg. Soc. @ 72°58' 23°02° 415 324619, 20, 06, 22, 07, 09, 10, 11, 13,
14, 15, 17, 18
31 Tverdal/Geogr. Soc. @ 72°57 23°04 65 324623, 25, 27, 30
32 Shallow bore, Rold Bjerge/ 72°46" 23°05" 23 303122-1, -3, -5
Traill @
33 Rold Bjerge/Traill @ 72°45° 23°03° 32 324029, 32
34 Minedal/Traill @ 72°41' 23°03" 10 324556, 57
35 SE of Rold Bjerge/Traill @ 72°24° 23°15" 5 324507, 10
36 Svinhufvud Bjerge/Traill @ 72°26 23°11” 75 324092, 93, 95, 90, 98
37 Svinhufvud Bjerge/Traill @ 72°24° 23°10" 220 324648, 49, 50, 51, 52, 53, 54, 55
38 Shallow bore, Svinhuf- 72°24' 23°10" 46 303127-1, -9, 15
vud Bjerge/Traill @
39 Svinhufvud Bjerge/Traill @ 72°25° 23°18" 5 335320, 21
40 Shallow bore, Svinhuf- 72°24° 23°21" 24 303125-1, -4, -7

vud Bjerge/Traill @
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Table 2. Range charts of distribution and abundances of dinoflagellate cysts from North-East Greenland

The relative thickness of each section and the sample position is given in metres to the left of each GGU sample number. The
thickness for the three sections representing shallow wells are calculated from surface downwards. The abundances are arranged on
basis of first occurrences. A question mark indicates that the presence of the species is questionable. The relative abundances of each
species is based on counting of more 300 specimens from each sample, except for a few almost barren samples. Percentages are
based on the counting. Species not identified normally constitute 5 to 10 percent of the assemblages. This group is not illustrated on
the range chart but is included in the counts. Miospores have not been counted or included in the range charts. The occurrence of
other palynomorphs, miscellancous and dinoflagellate cysts considered as reworked are listed last in the range charts.
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2 subzone section 4
| zone
Sengstacke Bugt N Shannon
L.Bar.| stage
- "
=z | " SPECTES LOCATION INDEX
@ » ::. Index numbers are the columns in which species appear.
= N H
a0 . INDEX
e ! NUMBER SPECLES
W )
! !
—_— 1| APTEODINIUM CF. A. GRANDE 1 APTEODINIUM CF. A. GRANDE
— | 2. BATIDLADINIUM JAEGERI 2 BATIOLADINIUM JAEGERT
== | 3| CHLAMYDOPHORELLA TRABECULOSA 3 CHLAMYDOPHORELLA TRABECULOSA
— | 4 CIRCULOOINIUM® SP. 2 4 CIRCULODINIUM? SP. 2
= || S| GCLEISTOSPHAERIODIUM? ACICULARE 5 CLEISTOSPHAERIDIUM? ACICULARE
— | ©. CORONMIFERA OCEANIGA 6 CORONIFERA OCEANICA
e || 7| CRIBROPERIDINIUM EDWARDSI I 7 CRIBROPERIDINIUM EDWARDSII
w i B DINGODINIUM? ALBERTII 8  DINGODINLUM? ALBERTLI
-, P, ELLIPSOIODICTYUM [HPERFECTUR 9 ELLTPSOIDICTYUM IMPERFECTUM
- EXOCHOSPHRERIOIUN PHRAGHMITES 10 EXOCHOSPHAERIDIUM PHRAGMITES
_— FLOREMTINIA MANTELL11.,CODKSONIAE group 11 FLOHENTINTA MANTELLIT/COOKSONTAE group
= 1} FROHEA FRAGILIS 12 FROMEA FHAGILIS
W HAPSOCYSTA? BENTERE SF. MOU. 13 HAPSOCYSTA? BENTEAE SP. NOV.
-— LEVISPHAERA GF. L. CRASSIGINGULATA 14 LEVISPHAERA CF. L. CRASSICINGULATA
_ LITOSPHAERIDIUH ARUNDUH 1§ LITOSPHAERIDIUM ARUNDUM
- | ODONTOCHITINA OFERCULATA 16 ODONTOCHITINA OPEHCULATA
PR | ODONTOCHITINAG SIMGHII 17 ODONTOCHITINA SINGHTI
w OLIGOSPHAERIDIUM CF. D. PULCHERRIHUH 18 OLIGOSPIAERIDIUM CF. 0. PULCHERRIMUM
mm ULIGOSPHAERIDIUM GOHPLER 19 OLIGOSPHAERIDIUM COMPLEX
- OLIGOSPHAECRIDIUHN POCULUR 20 OLTGOSPHAERIDIUM FOCULUM
- OLOGOSFHAERIDIUM SP. 1 21 OLOGOSPHAERIDIUM SP. 1
@ PALAEOPERIDINIUM GRETAGEUN 22 PALAEOPERTDINTUM CRETACEUM
—_ PAREODINIA SPP. 23 PAREODINIA SPP.
- 24 PSEUDODGCERATIUM EXPOLITUM 24 PSEUDOCERATIUM EXPOLITUM
- | 25, PSCUDDGERATIUM POLYHORPHUH 25 PSEUDOCERATIUM POLYMORPHUM
w— | 26| SENTUSIDINIUM SP. 1 26  SENTUSIDINIUM SP. |
- | 27, SPINIFERITES SPP. 27 SPINIFERITES SPP.
— | 28| VESPEROPSIS HAYI 28  VESPEROPSIS MAYI
1 subzone Baction 8
v zone
Kap David Gray S. Shannon
M.Alb.| stage




139

il etk SPECTES LOCATION INDEX
et - : Index numbers are the columns in which species appear.
@ W W W 1 W
e ey 0
Beaa ¥ M INDEX
22a= 4 NUMBER SPECIES
i i
i [
= «le I 1) GHLAMYDOPHORELLA MYEI 51  ?HAIR FROM LEAF
== .ls | 2] MESLERTONIA HESLERTONENSIS 31  ACHOMOSPHAERA? NEPTUNI
- .|+ | 3 HUDERONGIA TETRAGANTHA 50  ACRITARCH
—|e | 4 HYSTRICHOSPHAERINA SCHINDEWOLFII 16 BATIOLADINTUM JAEGERIL
Oememd - ;| S CIRCULODINIUM AFF. G. ATTADALI1CUH 6  BATIOLADINIUM LONGICORNUTUM
——. | &) BATIOLAOIMIUM LONGICORMUTUM 17  BATTOLADINIUM MICROPODUM
+ I 7 CIRCULODIMIUH DISTINGTUH 40  BATIOLADINIUM? EXIGUUM
— . | @) HYSTRICHODINIUM AFF. H. FURCATUM 44 BATIOLADINIUM? PELLIFERUM
Womels | P HYSTRIGCHOSPHAERIDIUM ARBORISP INUM 45  CALLATOSPHAERIDIUM ASYMMETRICUM
CrEEE - 4 10, KINKANSIUM POLYPES FOLYFES | CHLAMYDOPHORELLA NYEI
. | 11, OLIGOSPHAERIDIUM GF. ©O. PULCHERRIMUH 18 CHLAMYDOPHORELLA TRABECULOSA
. || 12| PSEUDOCERATIUM TOVEAE SP. NOV. § CTIRCULODINIUM AFF. C. ATTADALICUM
— . 184 SENTUSIOIMIUM SP, 2 7 CIRCULODINIUM DISTINCTUM
e s L 14) SIRMIODINIUM GROSSII 19 CLEISTOSPHAERIDIUM? ACICULARE
et s | 15, TRICHODINIUN SPEETONENSE 46  DINGODINIUM? ALBERTIT
—ilm | l&L BATIOLADINIUH JAEGERI 39  DISCORSIA NANNA
— | 17| BATIOLADINIUM MIGROPODUM 20 EXOCHOSPHAERIDIUM PHRAGMITES
S— | 18] GHLAMYDOPHORELLA TRABEGULOSA 36  FLORENTINIA MANTELLIL/COOKSONIAE group
——— || 1% CLETSTOSPHAERIDIUM? ACICULARE 37  FROMEA AMPHORA
- e || 20 EXOCHOSFHAERIOIUM FHRAGHITES 41  FROMEA FRAGILIS
— i | 21 KLEITHRIASPHAERIDIUM EOINDDES 42  FROMEA SP. |
— e 22| LEVISPHAERA CF. L. CRASSICINGULATA a3 GONYAULACYSTA HELICOIDEA HELICOIDEA
CIITOOmm 4 23, OL IGOSPHAERIDIUH GOHPLEK 2 HESLERTONIA HESLERTONENS1S
| 24 LEPTODINIUM? HYALODERMOPSE 8  HYSTRICHODINTUM AFF. H. FURCATUM
—i ) | 25, PALAEOPERININIUM GRETACEUM 9  HYSTRICHOSPHAERIDIUM ARBORTISPINUM
— | 26| SENMTUSIOINIUM SP. 1 4 HYSTRICHOSPHAERTNA SCHINDEWOLFII
— | 27 SPINIFERITES SPP. 10 KIOKANSIUM POLYPES POLYPES
— afe= | 28 TANYOSPHAERIDIUM BOLETUS 21  KLETTHRTASPHAERIDIUM EOTNODES
Woefmm | 29| UESPEROPSIS LONGIGORNIS 38 LAGENADINIUM? MEMBRANOIDINIUM
= ol | 30 WALLODINIUM XRUTZSCHI I 24  LEPTODINTUM? HYALODERMOPSE
cmmals | 31| ACHOHOSPHAERAT NEPTUM1 22 LEVISPHAERA CF. L. CRASSICINGULATA
cem.|s | 32 SENTUSIDINIUM VERRUCOSUH 3 MUDERONGIA TETRACANTHA
cemm—{ . | 33| GOMYAULAGYSTA HELIGOIOEA HELIGCOIDEA 34 NYKTERICYSTA? VITREA
s——+ i 34| NYKTERICYSTA? UITREA 47  ODONTOCHITINA OPERCULATA
cemem{ . | 35| SURCULODSPHAERIDIUM AFF. S. PHOENIK 48  OLIGOSPMAERIDIUM CF. 0. FENESTRATUM
cmmm b | 36| FLORENTINIA MANTELLII. GOOKSONIAE group 11 OLTGOSPHAERTDTUM CF. O. PULCHERRIMUM
‘et | 37 FROHEA AHPHORA 23 OLIGOSPHAERIDIUM COMPLEX
© neepmm || 38 LAGENADINIUM? HEMBRANOIDINIUM 49 OLIGOSPHAERIDIUM PERFORATUM PERFORATUM
o e — . i 3% DISCORSIA NANNA 25 PALAEOPERIDINTIUM CRETACEUM
s a—t— | 4D BATIOLADINIUM? EXIGUUM 43 PAREODINTA SPP.
s cmme— | 41} FROMEA FRAGILIS 12 PSEUDOCERATIUM TOVEAE SP. NOV.
v a—— | 42 FROMEA SP. 1 26 SENTUSTIDINIUM SP. 1
« c—fmm | 43| PAREODINIA SPP. 13 SENTUSIDINIUM SP. 2
s s 2= | 44 BATIOLADIMIUM? PELL IFERUR iz SENTUSTIDINIUM VERRUCOSUM
s s cf= | 45 CALLATOSPHAERIDIUH ASYMHE TRIGUM 14 SIRMIODINIUM GROSSIT
- spmm | 46, DINGODINIUM? RLBERTII 27  SPINIFERTTES SPP.
« « «mm | 47| ODONTOCHITINA OPERCULATA 35  SURCULOSPHAERIDIUM .AFF. 5. PHOENTX
= sf— | 48| OLIGOSPHRAERIDIUH CF. 0. FENESTRATUM 28  TANYOSPHAERIDIUM BOLETUS
« + spm ! 49) OLIGOSPHAERIDIUM PERFORATUH PERFORATUM 15 TRICHODINLIUM SPEETONENSE
.« | SO, ACRITARCH 29 VESPEROPS1S LONGICOANLS
cmmale | S1h THAIR FROM LEAF 30 WALLODINLIUM KHUTZSCHIL
3 subzone section 6
. Zenas Kap Maurer N Kuhn 0
U. Barr| L.Apt.  stages
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_-NNNNNO oS n i . » Py v o s
e e i i SPECIES LOCATION INDEX
www : w g v ww i EE Index numbers are Lhe columns In which specics appear.
BN NNNNNNN " i
SO O000O00O0 g " ITNDEX
~ & 0 0 0 00 X ™ 2 " "
OO = N W s ; " " NUMBKR SPECIES
= s s s s s ale | 1l CRIBROPERIDIMIUM EDWAROSII 72 ZHAIR FROM LEAF
T - — . |+ | 2| CIRCULODINIUM? SP. 4 53 ACHOMOSPHAERA? NEPTUNI
A R s s | e : .‘S:: CLEISTOSPHAFCRIDIUM HUGUONIOTII T3 ACRITARCH
— .. | 3 BATIOLADINIUM LONGIGORNUTUM 32 APTEODINIUM HETICULATUM
—— L —— |+ | S| OLIGOSPHAERIODIUM? ASTERIGERUM 67  BATTACASPHAEHA SPUMOSA
— — —- —— | @ ': e:: STIPHROSPHAERIUDIUM CF. S. ANTHOPHORUM 12 DATIOLADINIUM JAEGERT
—— — - || 7| GHLAMYDDFHORELLA TRABEGULOSA 4 BATIOLADINIUM LONGICORNUTUM
— Y — (- || @) GIRCULODIMIUM O1STINGTUH 19 DBATIOLABTNIUM MICROPODUM
— b — i %) DISCORSIA NMANMMA 59 BATIOLADINIUM? EXIGUUM
V0 s m—— | 10 ELLIPSOIDIGTYUM [MPERFEGTUMN 650  BATIOLADINIUM? PELLTFERUM
e ——— . | 11| EXOCHOSPHRERIDIUH PHRAGHITES 54  CALLALOSPHAERIDIUM ASYMMETRICUM
— - — . ——] I 12] HYSTRICHODINIUM AFF. H. FURCATUM [} CANNINGLIA PALLIATA
—— o — . I 13 HYSTRIGHOSPHAERIDIUM ARBORISPINUM 7 CHLAMYDOPHORELLA TRABECULOSA
— e ———— . :I |-¢ii KLEITHRIASPHAERIDIUM EOINDDES 20  CIRCULODINIUM AFF. C. ATTADALICUM
—— — W 1S, OLIGOSPHAERIODIUM CF. O. PULCHERRIMUM B CTRCULODINIUM DISTINCTUM
== .= B i e PSEUDDCERATIUM TOVEAE SP. NOW. 2 CIRCULODINIUM? SP. 4
—— + | 17 SENTUSIDIMIUM SP. 1 1 CLEISTOSPHAEHIDIUM HUGUONIOTLL
— . — *‘. mii SIRHIODINIUM GROSSIT 21 CLEISTOSPHAERIDIUM? ACTICULARE
— — . ——1—  , 19, BATIOLADINIUM HIGROFPODUM 46 CORONIFERA OCEANICA
— . TN | 20 CIRCULODINIUM AFF. G. ATTADAL 1CUM I CRIBROPERTDINTUM EDWARDSTT
— Y —TS— 1) :: 21 :; CLEISTOSPHAERIDIUM? ACICULARE 43 DESMOCYSTA PLEKTA
——— | 22| DINGODINIUM? ALBERTII 22  DINGODINTUM? ALBEHTILL
—_ | 23| FLORENTINIA MAMNTELLII CODKSONIAE group 9 DISCORSIA NANNA
— —— Ii 245_ FROMEA AHPHORA 10 ELLIPSOIDICTYUM IMPERFECTUM
- + c—— :fmm | 25 MYKTERICYSTA? VITREA 3a ENDOSCRINIUM CAMPANULA
== S m= ewss] :: 25: OLIGOSPHAERIDIUH COMPLEX 51 EXTGUTSPHAERA PLECTILIS
— — T | 27| PALAEOPERIDINIUM CRETACEUN 1 EXOCHOSPHAERIDIUM PHRAGMITES
—— T — | 26 SPINIFERITES SPP. 23  FLORENTINIA MANTELLIT/COOKSONIAE group
- ——— . ] | 291 TANYOSPHAERIDIUH BOLETUS 24 FROMEA AMPHORA
—— . —— .~ | 30 MALLOOINIUM KRUTZSCHII 55  FROMEA FRAGILILS
so—a e s« afls | 311 HYSTRICHODINIUM RAMOIDES 61 FROMEA SP. 1
s a0 s sl | 3P| APTEODINIUM RETIGULATUH 49  GONYAULACYSTA HELICOIDEA HELTCOTDEA
sm—— . — . |+ | 33! ENDOSGRINIUH GARPANULA 34  HESLERTONIA HESLERTONENSIS
el B | 34 HESLERTONIA HESLERTONENSIS 12 HYSTRICHODINIUM AFF. H. FURCATUM
rem—— s a4 | 35| OLIGOSPHAERIDIUM POCULUM 31 HYSTRICHODINIUM RAMOIDES
+ ww e = wsls | 36 PAREODINIA SPP. 38  HYSTRICHODINIUM VOIGTII
re— .. | 37 SENTUSIOINIUM SP. 2 13 HYSTRICHOSPHAERIDTUM ARBORISPINUM
- — - a— = | 36 HYSTRICHODINIUM VODIGTII 39  HYSTRICHOSPHAERINA SCHINDEWOLFII
. + |l 39| HYSTRIGHDSPHAERINA SCHINUEWOLFIT 50 KIOKANSIUM POLYPES POLYPES
- —emm—] « || 40 LAGEMADINILM? MEMBRANOLDIUM 14 KLETTHRTIASPHAERIDIUM EOINODES
- — . — s ——] . : 41 H LEFTODINIUMT HADRUM 40 LAGENADINTUM? MEMBRANOIDIUM
 — e || 42| BATIOLADIMNIUM JAEGERT a1 LEPTODINIUM? HADRUM
it || 43 DESHOGYSTR PLE<TA 62  LEPTODINIUM? HYALODERMOPSE
. . —mmmm— | 44 LEVISPHRERA GF. L. GRASSIGINGULATA 44  LEVISPHAERA CF. L. CRASSICINGULATA
- ——— e—— | 45 MUDERONGIA TETRAGANTHA 45 MUDERONGIA TETRACANTHA
+ a—=: s s - s|+ | 46, CORONIFERA DGEANIGA 25  NYKTERICYSTA? VITREA
sa=— =« - - uls i 47| PROLIKOSPHAERIDIUHM PARUVISFINUH 69  ODONTOCHITINA CF. 0. IMPARTLIS
- . = s a—a. :: aa: OLIGOSPHAERIDIUM PROLIXKISFPINDSUMA 56 ODONTOCHTITINA OPERCULATA
+ o —mmm—.—em{ . || 47| GONYAULAGYSTA HELICOIDEA HEL IGOIDEA 15 OLIGOSPHAERIDIUM CF. O. PULCHERRIMUM
s A CITII T e« | 50| KIOKANSIUM POLYPES POLYPES 26  OLIGOSPHAERIDIUM COMPLEX
.. s+ - sl— | S1| EXIGUISPHAERA PLEGTILIS 63  OLIGOSPHAERTDIUM PERFORATUM PERFORATUM
. eEE. s s s—— :: 52 :. PSEUDOCERATIUHN PELLIFERUM s OLIGOSPHAERIDIUM POCULUM
P + +f— i 53 AGHOMOSPHAERA?T NEFTUNI 48  OLIGOSPHAERIDTUM PROLIXISPINOSUM
ff e m—e o U me :: CALLATOSPHAERIDIUM ASYMMETRIGUM 5 OLIGOSPHAERIDIUM? ASTERIGERUM
* + s . . 55, FROMEA FRAGILIS 27  PALAEOPERIDINIUM CRETACEUM
+ s cmm: s semmm | S&, UDOMTOGHITIMNA OFERCULATA 36  PAREODINTA SPP.
R « o= | 57| SURCULOSPHAERIDIUM AFF. S. PHDEMIX 47  PROLIXOSPHARRIDTUM PARVTSPINUM
“ b — e l— || SB| TRIGHODINIUM SPEETONENSE T1 PSEUDOCERATIUM CF. P. RETUSUM
s e s am—. a—— || 5% BATIOLADINIUM? EXIGUUM 66  PSEUDOCERATIUM IVERI SP. NOV.
“+ + s s sems osls || SO} BATIOLADINIUM? PELLIFERUH 70  PSEUDOCERATIUM NUDUM
W RN « I 614 FROMEA sP. 1 §2  PSEUDOCERATIUM PELLIFERUM
e+ am—— . sjmm || 82| LEFTODINIUH? HYALOODERHOPSE 16  PSEUDOCERATIUM TOVEAE SP. NOV.
“ 4+ s s s e——. || 63, OLIGOSPHAERIDIUM PERFORATUM PERFORATUM 74  PTERUSPERMELLA CF. P. AUSTRALIENSIS
t 4 s s . cwmmel. | 64| SYSTAMATOPHORA AFF. S. CRETACEA 17  SENTUSTIDINIUM SP. 1
s s s 4 a——lmm | &5 SUBTILISPHAERA FPERLUCIDA 37 SENTUSTDINTUM SP. 2
CRECEEC R IR I :: 565 :: PSEUDOCERATIUH IVARI SP. NOV. 18 SIRMIODINIUM GROSSII
s e s e e+ . cm | 67| BATIAGASPHAERA SPUMOSA 28 SPINIFERITES SPP.
s s s s =« -mm | &8, GANNINGIA FALLIATA 6  STIPHROSPHAERTDTUM CF. S. ANTHOPHORUM
s s s s s s s s|lw || &P ODONTOCHITINA GF. 0. IMPARILIS 65 SUBTTLISPHAERA PERLUCIDA
s s s s s s s sjum | 70| PSEUDOUGERATIUM NUDUH 57  SURCULOSPHAERIDIUM AFF. S. PHOENIX
“+ s+« s s D || 71| PSEUDOGERATIUM CF. P. RETUSUM 64  SYSTAMATOPHORA AFF. S. CRETACEA
cwme s s a s ale § 72l *HAIR FrROM LEAF 29  TANYOSPHAERIDIUM BOLETUS
cmmi—. 2 s ole | 7B AGRITARGH 58 TRICHODINIUM SPERETONENSE
+ a——sm——.—mm | 74, PTEROSPERHELLA CF. P. AUSTRALIENSIS 76  TUBOTUBERELLA SP.
s s s s s sf— | 75§ ULUVELLA MNANNAE 75  ULVELLA NANNAE
cmmi——: s—: I 7&| TUBOTUBERELLA SP. 30 WALLODINTUM KRUTZSCHIT
3 subzone section 7
! i zonsw "East coast” Kuhn @
U. Barremian |L.Ap. stages
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= H
e 1I: " SPECIES LOCATION LNDEX
o ! Index numbers are the columns in which species appear.
- e " Ll
oS8 i b INDEX
Nax: i NUMBER SPECIES
0 1
o B
— .+ | 1| BATIOLADINIUM? PELLIFERUM 46  ACHOMOSPHAERA? NEPTUNT
mm. . | 2| FROMEA AMPHORA | 56 ACRITARCH
- | 3| GONYAULACYSTA HELICOIDEA HELICOIDEA 10 BATTOLADINIUM JAEGERI
— :- 4, LEPTODINIUM? HYALOOERMOPSE 11 BATIOLADINIUM LONGICORNUTUM
—- s I S| MYSTERIGYSTA® UITREA 47 BATIOLADTNTUM MICROPODUM
— - - | &) FAKEOOIMIA SPP. 9 BATIOLADINTUM? EXIGUUM
— w. | 7 CRIGROPERIDINILUM? AFF. C. CORNUTUM | BATIOLADINIUM? PELLIFERUM
—=—=. | 8 RHYNGHODINIOFSIS FIMBRIATA 18 CALLATOSPHAERIDIUM ASYMMETRICUM
| ®lI BATIOLADIMIUM? EXIGUUH 53  CASSICULOSPHAERIDIA MAGNA
— | 10 BATIDLADINIUM JAEGERT 12 CHLAMYDOPHORELLA NYE1
— | 11 BATIDLAOINIUM LONGIGORNUTUR 13 CHLAMYDOPHORELLA TRABECULOSA
—em— || 12| CHLAMYDOPHMORELLA NYEI 14 CIRCULODINIUM DISTINCTUM
— | 13| CHLAMYDOPHORELLA TRABECULOSA a8 CLEISTOSPHAERIDIUM HUGUONTOTIT
—r1 | 14) GIRGULODINIUM OISTINGTUM 15 CLETSTOSPHAERIDIUM? ACICULARE
m—-— | 15, GLEISTOSPHRERIOTUM? ACIGULARE 19  CORONIFERA OCEANICA
—.wmm || 16 GRIBROPERIDIMIUM MUDERONGENSE 17 CRIBROPERIDTINTUM EDWARDSIT
— «— || 17| CRIBROFPERIDIMNIUM EDHARDSIT 16 CHIBROPERTIDINTUM MUDERONGENSE
— 18 | DINGODINIUH? ALBERTEI T CRTRROPEHIDINIUM? AFF. C. CORNUTUM
——— | 19 DISCORSIA NANMA 39 DESMOCYSTA PLEKTA
— | 20| EMDOSCRIMIUM CAMPANULA 18 DINGODINIUM? ALBERTTT
—— | 21| HYSTRIGHODINIUM VOIGTII 19  DISCORSTA NANNA
mmmmmn | 22 | HYSTRICHOSPHAERIDIUM ARBORISFINUN 20 ENDOSCRINIUM CAMPANULA
— | 23| HYSTRICHOSPHAERINA SCGHINDEWOLFIL 40  EXOCHOSPHAERIDIUM PHRAGMTTES
—n | 24 KIOKANSIUH POLYPES POLYPES 2 FROMEA AMPHORA
—_— KLEITHRISSPHARERIDIUM EOINODES 11 FROMEA FRAGILILS
[maeeeal HUDERONGIA TETRACANTHA 3 GONYAULACYSTA HELTCOIDEA HELICOIDEA
o OLIGOSPHAERIDIUH COMPLEX 50 HESLERTONIA HESLERTONENSIS
— ) OLIGOSPHAERIDIUN CF. O. PULCHERRIHUH 51 HYSTRICHODINIUM AFF. H. FURCATUM
—— FALAEOFPERIDINIUN CRETACEUN 21 HYSTRICHODINIUM VOIGTII
——— | 30 PSEUDOCERATIUM CF. P. SOLOCISPIMUM 22 HYSTRICHOSPHAERTDTUM ARBORISPINUM
— | PSEUDOCERATIUM TOVEAE SP. NOU. 23 HYSTRICHOSPHAERINA SCHINDEWOLFI11
—— | SIRMIODINIUM GROSSII 24 KIUKANSIUM POLYPES POLYPES
T — | SPINIFERITES SPP. 25 KLETTHRISSPHAERIDIUM EOINODES
— | 34| STIPHROSPHAERIOIUM GF. S. ANTHOPHDRUM L] LEPTODINIUM? HYALODERMOPSE
—e—— | 35! TANYOSPHRAERIDIUM BOLETUS 42 LEVISPHAERA CF. l.. CRASSICINGULATA
—=—— | 36, TRICHODINIUM SPEETOMENSE 26 MUDRRONGTA TETRACANTHA
—+— | 37 HALLODIMIUM KRUTZSCHMII 5  NYKTERICYSTA? VITREA
r=— =+ || 38, CLEISTOSPHAERIDIUM HUGLONIOTII 54  ODONTOCHITINA OPERCULATA
+— =+ || 39, DESHOGYSTA FLEXTA 28 OLIGOSPHAERIDIUM CF. ©. PULCHERRIMUM
cmmms | 40| EXODCHOSPHAERIODIUM PHRAGHMITES 27  OLTGOSPHAERIDIUM COMPLEX
se=—+ | 41| FROMER FRAGILIS 52  OLIGOSPHAERIDIUM POCULUM
rmme s | 42| LEVISPHAERA CF. L. CRASSICINGULATA 55  OLIGOSPHAERIDIUM? ASTERIGERUM
- _— FHOBEROGCYSTA NEOGCOMIGA NEOGCOHICA 29 PALAEOPERIDINIUM CRETACEUM
L] SENTUSIDINIUM SP. 1 6 PAREODINIA SPP.
- — SURCULOSPHAERIDIUM AFF. S. PHOENMIX 43 PHOBEROCYSTA NEOCOMICA NEOCOMTCA
. m— ACHOHOSPHAERA?T NEPTUNI a0 PSEUDOCERATIUM CF. P. SOLOCISPINUM
- — BATIOLADINIUN HICROPODUMH 3 PSEUDOCERATIUM TOVEAE S5P. NOV.
o CALLAIOSPHAERIDIUM ASYMHETRIGUM & RHYNCHODINIOPSLS FIMBRTATA
a——— CORONIFERA OGEAMICA 44 SENTUS1IDINIUM SP. 1
e—— HESLERTONIA HESLERTOMENSIS 3z STIRAMTODINTUM GROSSII
- — HYSTRICHODINILUM AFF. H. FURGCATUM a3 SPINIFERITES SPP.
- —— OLIGUSPHAERLIDIUM POCULUM 34 STIPHROSPHAEHIDIUM CF. 5. ANTHOPHORUM
4 E— CASSIGCULOSPHAERIDIA MAGHNA 15 SURCULOSPHAERIDTUM AFF. S. PHOENIX
» cmmm ODONTOCHITINA OPERCULATA 35 TANYOSPHAERTDIUM BOLETUS
o e OL IGOSPHAERIDIUM? ASTERIGERUH a6 TRICHODINIUM SPEETONENSE
——— || Sel ACRITARCH 37  WALLODINIUM KRUTZSCHTT
3 subzone section 8
| Zone
"East coast” Kuhn @
U.Barr. | stage
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|
= = g i "
i " SPECTES LOCATION TNDEX
:: : ii EE Index numbers are Lhe columns in which specics appcar.
sas b
o M i INDEX
B o= | n NUMBER SPECIES
n "
" "
: v = a 1) GTENIDODINIUH ELEGANTULUM A0 ACHOMOSPIAERA? NEPTUNI
* = | 2i LEVISPHAERA GF. L. CRASSICINGULATA 41  BATIOLADINIUM LONGICORNUTUM
— :: 3 :: HEIDUROGONYAULAX STOVERI 35 BATIOLADINIUM MICHOPODUM
m=+ = | 4| MELCHINOPSIS XOSTROMIENSIS 10 CHLAMYDOPHORELLA NYRI
4+ = | S| DLIGOSPHAERIDIUM CF. D. FENESTRATUH 11 CHLAMYDOPHORELLA TRABECULOSA
i | &) TUBOTUBERELLA UNGINATA 42 CTRCULODINTIUM AFF. C. ATTADALICUM
=t—+ | 7| GIRGULODINIUM? SP. 2 12 CTRCULODINIUM DISTINCTUM
Ean i I 8l HESLERTOMIA HESLERTOMNENSIS T CIRCULODINIUM? SP, 2
=—t—=- | 9| PAREDDIMIA SPP. 31  CIRCULODINIUM? SP. 3
— 1 | CHLAMYDOPHORELLA NYEI 14 CLEISTOSPHAERIDIUM HUGUONIOTII
e I CHLAMYDOPHORELLA TRABEGULUSA 13 CLEISTOSPHAERIDIUM? ACICULARE
== CIRCULODIMIUH DISTINGTUH 36 CRIDROPERIDINIUM EDWARDSII
. CLEISTOSPHAERIDIUM? ACICULARE 1 CTENIDODINIUM ELEGANTULUM
(== CLEISTOSPHAERIODIUM HUGUONIOTII 43 DESMOCYSTA PLEKTA
— EXOCHOSPHAERIDIUM PHRAGHITES 44 DINGODINIUM? ALBEHTIL
- GONMYAULAGCYSTA FASTIGIATA a2z DISCORSIA NANNA
— GONMYAULAGYSTA HELIGCDIODEA HELIGOIDEA 45 ENDOSCHINIUM CAMPANULA
~ HYSTRICHODINILM VOIGTIL 15 EXQCHOSPHAERIDIUM PHRAGMITES
= HYSTRICHDSFHRERIDIUM ARBORISFINUN 657 GOCHTHEODINIA VILLOSA MULTIFURCATA
e KLEITHRIASPHAERIDIUN CORRUGATUH 16 GONYAULACYSTA FASTIGIATA
— LAGENADINIUNTY HEHDRAMOIDIUN 17 GONYAULACYSTA HELICOIDEA NELICOIDEA
— LEPTOOINIUH? HYALODERMOFPSE 55 GONYAULACYSTA JURASSICA
— MUDEROMGIA TETRAGANTHA R HESLERTONIA WESLERTONENSLS
L OLIGOSPFHAERIDIUN? ASTERIGERUM 46 HYSTRICHODINIUM AFF. H. FURCATUM
— OLIGOSPHRAERIDIUM CUOMPLEX 18 HYSTHICIHODINIUM VOIGTLI
= OLIGOSPFHAERIDIUN FOGULUM 19 HYSTRLCHOSPHAERIDIUM ARBORISPINUM
— FPSEUDOCERATIUM ANAPHRISSUM A7 HYSTHICHOSPHAERINA SCHINDEWOLFIL
=1 SIRHIODINIUM GROSSII 20 KLEITHRTASPHAERIDIUM CORRUGATUM
(== SPINIFERITES SPP. 18 KLEITHHIASPHAERIDIUM EOINODES
— TANYDSPHRERIDIUH BUOLETUS 21 LAGENADINIUM? MEMORANOIDIUM
2 CIRCULODINIUM? SF. 3 22 LEPTODINIUM? NYALODERMOPSE
s DISCORSIA NANMNA 2 LEVISPHAERA CF. l.. CRASSICINGULATA
= HMUDERONG1IA AUSTRALIS a METOUROGONYAULAX STOVERI]
- HUDERONGIA EXTENSIVN a7 MUDEHONGIA AFF. M. SIMPLEX MICROPERFORATA
. BATIOLADINIUM HIGROPOOUH 33 MUDERONGTA AUSTRALIS
- CRIBROPERIOINIUM EOHARDSII 50 MUDERONGIA CHF. M. TOMASZOWENSIS
- HUDERONGIA AFF. H. SIHPLEXM HICROFPERFORATA 34 MUDERONGIA EXTENSIVA
- OLIGOSPHAERIDIUM CGF. 0. PULGHERRIMUM 49 MUDEHONGIA STAUROTA
- FPSEUDOCEKATIUHM PELLIFERUH 23 MUDEHONGTA TETHACANTHA
sle=— & 40 ACHOHOSPHAERA? HNEPTUNI 4 NELCHINOPS1S KOSTHOMLIENSIS
+|-mm | 41 BATIOLADIMIUM LONGICORNUTUH 5 OLIGOSPHAERTDIUM CF. 0. FENESTRATUM
+|-wm i 42 CIRCULODINIUM AFF. G. ATTAOALICUH 38 OLIGOSPHAERIDIUM CF. O. PULCHERRIMUM
«|]e+— & 43 DESMOCYsTA PLEKTA 25  OLIGOSPHAERTIDIUM COMPLEX
+|+— 1 44 orNGODINIUM? ALBERTII 51  OLIGOSPHAERIDIUM PERFORATUM PERFORATUM
«|-— | 435l EnDOScRIMIUM cameANULA 26 OLIGOSPHAERTD1UM POCULUM
«l+— | 461 MYSTRICHODINIUM RFF. H. FURGATUM 24  OLIGOSPHAERIDIUM? ASTERIGERUM
J|-mm i 47} HYSTRICHOSFHAERINA SEHIMODEROLFI I 9 PAREODINIA SPP.
s|sm= i 4B KLEITHRIASPHAERIDIUM EDINDDES 52 PHOBEROCYSTA NEOCOMICA NEOCOMICA
o —_— ii 49 EE MUDERDONG1A STRUROTA 27 PSEUDOCERATIUM ANAPHRISSUM
*{«— @ S0O. HUDERONGIA GF. H. TOHASZOHENSIS 53 PSEUDOCERATIUM NUDUM
s]s— i S1) OLIGUSPHAERIDIUM PERFORATUM PERFORATUM as FPSEUDOCERATIUM PELLIFERUM
«f+— | 521 PHOBERDEGYSTA NEOGCOMIGA NECCOMICA 56 RIGAUDELLA SP.
o e — :: S3 4y FSEUDDCERATIUM HUDUM 28 SIRMIODINIUM GCROSSIT
i —" | ma :: HALLODIMIUM LUNA 29 SPINIFERITES SPP.
—|. - | S5 GONYAULACYSTA JURASSICA 30 TANYOSPHAERIDIUM BOLETUS
— }. se :: RIGAUDELLA SF. 6  TUBOTUBERELLA UNCINATA
st—=<« 4 S74 GOCHTEODINIA VILLOSA HMULTIFURCATA 54 WALLODINIUM LUNA

1 2 subzones
| zone
L.Barr. stage

section 9

“East coast” Kuhn @
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= N
x=zz | " SPECIES LOCATION INDEX
@ ! i Index numbers are the columns in which speclies appear.
S35 1 |
Sgg & i INDEX
e i i NUMBDER SPECIES
it i
. . I 1l DATIOLADIMIUM LONGICORNUTUM 28 ACHOMOSPHAERA? NEPTUNL
—=- -+ | 2 BOURKIDINIUM? SP. 2 1 BATIOLADINIUM LONGICORNUTUM
-— I 3| ENDOSCRINMIUM CAMFANULA 2 BOURKIDINIUM? SP. 2
— =+ | 4| FROMEA AHPHORA 10 CHLAMYDOPHORELLA TRABECULOSA
m=- - | 5| HUDERONGIA STAURCTA 11 CIRCULODINIUM DISTINCTUM
-_—- . i 64 PAREODINIA SPF, a5 CIRCULODINIUM? SP. 2
NI - | 7] EXOCHOSPHAERIOIUM PHRAGHITES 13 CLEISTOSPHAERTIDTUM HUGUONIOTII
— | 81 HESLERTOMIA HESLERTOMENSIS 12 CLEISTOSPHAERTDIUM? ACICULARE
—x - i % OLIGOSPHAERIDIUM CF. O. ALBERTENSE 14 DINGODINIUM? ALRERTII
—em= | 10| CHLAMYDOFHORELLA TRABECULOSA a ENDOSCRINIUM CAMPANULA
ComecD || 11 CIRCULOBINIUN DISTINGTUHR 7  EXOCHOSPHAERIDIUM PHRAGMITES
- CLEISTOSPHAERIOIUM?® ACICULARE 4 FROMEA AMPHORA
—_—— CGLEISTOSPHAERIOIUM MUGUONIOTII a6 FHOMEA SP. 1
——r | DINGODIMIUM? ALBERTII 15 GONYAULACYSTA FASTIGIATA
—— GONYAULACYSTA FASTIGIATA ar GONYAULACYSTA HELICOTDEA HELICOIDEA
— HYSTRICHODIMIUM YOIGTIT 43 GONYAULACYSTA JURASSICA
= “IOKANSIUHM POLYFPES POLYFES 29 GONYAULACYSTA PERFOROHTUSA
— <LEITHRIASPHAERIDIUN EOINODES a HESLERTONIA HESLERTONENSIS
—— HUDERONGIA TETRACAMNTHA 16 HYSTRICHODINIUM VOIGTI1
mr— MELGCHIMOFPSIS <OSTROHIENSIS a8 NYSTRICHOSPHAERTDIUM ARBORISPINUM
—— ] OLIGOSPHAERIDIUH? ASTERIGERUM 17 KIOKANSTUM POLYPES POLYPES
Crommery ) OLIGOSPHAERIOIUNM COMPLEX 18 KLEITHRIASPHAERIDTUM EOINODES
et e :: OLIGOSPHARERIDIUN PUCULUH a1 LAGENADINIUM? MEMBRANOLDIUM
—— OLIGOSPHAERIDIUM CF. O. PULCHERRIHUH a9 LEPTODINTUM? HYALODERMOPSE
m— | PSEUDOCERATIUM PELL IFERUN 40  MEIOUROGONYAULAX STOVERT
— SPIMIFERITES SPP. 32 MUDERGONIA AUSTRALIS
W TANMYOSPHAERTDIUHN BOLETUS 5 MUDERONGTA STAUROTA
o M- 1 ACHUMODSPFHAERAT HEPTUHNI 19 MUDERONGIA TETRACANTHA
- —- X GONYAULACYSTA FERFORODBTUSA 20 NELCHINOPS1S KOSTHOMIENSIS
«+— =+ | 30, PROLIKOSFHAERIDIUM PARVISPIMHUH 9 OLIGOSPHAERIDIUM CF. O. ALBERTENSE
cmmm— | 31 LAGENADINIUM? HMEMBRANOTDILUM 24 OLIGOSPFHAERIDIUM CF. O. PULCHERRIMUM
.= | 32, HUDERGOMIA AUSTRALILS 22 OLIGOSPHAERIDIUM COMPLEX
- e || 33, PSEUDOGERATIUM ANAPHRISSUM 23 OLTGOSPHAERIDIUM POCULUM
== | 34 SIRMIODINIUM GROSSII 21  OLIGOSPHAERIDIUM? ASTERLGERUM
. - :: 33 :: CIRCULODINIUMY SP. 2 6 PAREODTNTIA SPP.
s +— | Z&, FROMEA SP. 1 30 PROLLXOSPHAERIDIUM PARVISPINUM
. cmmm | 37 GONYAULAGYSTA HELIGOIDEA HELIGCOIDEA 33 PSEUDOCERATIUM ANAFHRISSUM
s cmm | 3B, HYSTRIGHOSPHAERIOIUM ARBORISPINUH 25 PSEUDOCERATIUM PELLIFERUM
. cmmm 1 3% LEPTOOINIUM? HYALODERMOFSE 11 HHYNCHODINIOPSIS CF. H. APTIANA
+ sm= | 401 ME[OUROGOMYAULAX STOVERI 44  RIGAUDELLA SP.
P | 41, RHYNCHODIMIDPSIS CF. R. APT1ANA 34 SIRMIODINIUM GROSSIIT
« s=—— i 42, HALLODIMIUH LUMA 26 SPINIFERITES SPP.
- —_— | 43\ CONMYAULACYSTA JURASSICHA 27 TANYOSPHAERTDTUM BOLETUS
cmm. i 441 RIGRUDELLA SP. 42 WALLODINIUM LUNA
1 subzone section 10
| zone —— . —-—
Perisphinctes—Ravine” Kuhn @
L.Barr. stage




144

oo c 88 = "

2s83as i SPECIES LOCATION INDEX
ITTI I U W Index numbers are the columns in which spcecies appear.
SeNNNe i TNDEX

Sscsocoes i i NUMBER SPECIES

- —— I 1) DLIGOSFHRERIDIUH CF. 0. PULGCHERRIHUH s ACHOMOSPHAERA? NEPTUNI

- ———— ' 2l STIPHROSPHAERIDIUN CF. S. ANTHOPHORUR 61 ACRITARCH

. m—m e | 3 TUBOTUBERELLA UNGINATA 6  DATIOLADINIUM JAEGERT

ce— 4 a— =+ ' 4l MALLODIMIUM KRUTZSCHII 31  BATIOLADINIUM LONGICORNUTUM

« e » o || S| DLIGOSPHAERIOIUH GF. 0. ALBERTENSE 28 BATIOLADINTUM MICROPODUM

sE— e I &) BATIOLADINIUM JAEGERT 27 BATIOLADINIUM? EXIGUUM

- am—. o ow i 7| CHLAHYDOFPHORELLA TRABECULOSA 47 CASSICULOSPHAERIDIA RETICULATA

. a—— e = = 4 al: CIRCULODIMIUH DISTINGTUM 24 CHLAMYDOPHORELLA NYEL

i - i 9| CLESTOSPHAERIOIUM? ACICULARE 7 CHLAMYDOPHORELLA TRARECULOSA

B mm— ) CRIBROFPERIDOINMIUNM EOHMARDSII 20 CIRCULODINIUM AFF. C. ATTADALICUM
A e s H EXOCHOSPHAERIDIUM PHRAGHITES B CTRCULODINIUM DISTINCTUM

= O - i GONYAULAGYSTA FASTIGIATA 48 CLELSTOSPHAERTDIUM HUGUONIOTLI

. s —— " HYySTRICHOSPHAERIDIUM ARDBORISPINUM 9 CLESTOSPHAERIDLUM? ACTICULARE

- e— e— KIOKANMSIUH POLYPCS POLYFPES 14 CORONIFERA OCEANTCA

.y e - : LEVISPHAERA GF. L. CRASSICINGULATA 10 CRIBROPERIDINIUM EDWARDSILL

= e = s 4 MHUDERONGIA TETRAGAMTHA 26 CRIHROPERIDINTIUM? AFF. C. CORNUTUM
e OLIGOSPHAERIDIUN?Y ASTERIGERUN 55  CTENIDODINIUM ELEGANTULUM

= e e —— H OLIGOSPHAERIDIUN COHPLEX 3z DINGODINTUM? ALBERTTI

e s — W | PSEUDDCERATIUN AMAPHRISSUM 40 ENDOSCHINIUM CAMPANULA

= . o— | CIRGULODINIUM AFF. C. ATTADALICUM 11 EXOCHOSPHAERTDIUM PHHAGMITES

o e —— PAREODINIA SFP. 56 FLORENTINIA MANTELLIT/COOKSONIAE group
s e s e—e 0 SENTUSTIDINTIUM SP. 1 12 GONYAULACYSTA FASTIGIATA
T SIRHIODIMIUM GROSSIT 29 GONYAULACYSTA HWELICOIDEA HELICOIDEA
e cmme CHLAMYOOPHORELLA NYE] 63  GONYAULACYSTA JURASSICA

e v cEER. i HESLERTOMIA HESLERTOMNENSIS 25 HESLERTONTA HESLERTONENSIS

e s cwmme W CRIBROFERIUINIUM® AFF. G. CORMUTUM 53 HYSTRICHODINTUM AFF. H. FURCATUM

s s s s— 0 BATIOLADTINIUN? FHIGUUN 54 WYSTRICHODINIUM VOIGTTI

— v ame—= g BATIOLADINIUN HICGROPOOUN 13 HYSTRICHOSPHAERIDIUM ARBORISPINUM
—_— v H GONYAULAGCYSTA HELICOIODEA HELICOLIDEA 61 HYSTRICHOSPHAERINA SCHINDEWOLFII
—_—- s s . | 30| MUDERONGIA CF. M. TOMASZOWENSIS 14 KIOKANSLIUM POLYPES POLYPES

— e — ! 31| BATIOLADINIUH LOMGICORHUTUR 33 KLETTHRIASPHAERIDIUM EQINODES

— s s s« 4 32! DINGODIMIUM? RLBERTII 57 LAGENADINIUM? MEMBRANOTDIUM

R :.E 3 :.': SLEITHRIASFHAERIDIUM EOTMODES 52 LEPTODINIUM? HYALODERMOPSE

— s s = s I 3% HUDERONGIA AFF. H. SIHPLEXN HICROFPERFORATA 3 LEVISPHAERA CF. L. CRASSICINGULATA
— s n s | =5 PSEUDOCERATIUM PELL IFERUM 34 MUDERONGTA AFF., M. SIMPLEX MICROPERFORATA
——ms—— s . . Il 360 SPINIFERITES SFP. 30 MUDERONGLA C¥. M. TOMASZOWENSIS
— s o . i 37l SBYSTAMATOPHORA AFF. S. CRETAGEA 16  MUDERONGTA TETRACANTHA
PR | OLIGOSPHAERIDIUH CF. O. FENESTRATUR 49  ODONTOCHLITINA OPERCULATA

AT - e—— - | 3% | AGHOHOSPHAERA? MEPTUNI 5  OLTGOSPHAERIDIUM CF. 0. ALBERTENSE
——rrrrrrr - 40 EMDOSCRINMIUM CARPANULA 38 OLIGOSPHAERIDIUM CF. O.
— . Il %1l PHOBEROGYSTA NEOCOMICA MEOGOMICA I OLIGOSPHAERIDTUM CF. O. PULCHERRIMUM
—CT) - i #2 | PSEUDOCERATIUM TOVERE SP. NOU. 18 OLIGOSPHAERTIDTUM COMPLEX

— i - I 43 SURGULOSPHAERIOIUM AFF. S. PHOENIH 17 OLLGOSPHARRIDIUM? ASTERTGERUM
T EEp— . | 44| CORDNIFERA OGEANIGCA 21 PAREODINIA SPP.

—Tp——— - EE 45 'E FSEUDOCERATIUN NUDUH 11 PHOBEROCYSTA NEOCOMICA NEOCOMICA
[ == 1 46 TANYOSPHAERIDIUH BOLETUS 19 PSEUDOCERATIUM ANAPHRLSSUM
Crmmrrrmm . | 47 | GASSICULOSPHAERIODIA RETICULATA 50  PSEUDOCERATIUM CF. P. SOLOCISPINUM
. - | 48 GLEISTOSPHAERINDIUM HUGUOMIOTII 15 PSEUDOCERATIUM NUDUM

Corroms . | 49 ) ODONTOCHITINA OPERCULATA a5 PSEUDOCERATIUM PELLIFERUM
 EEBp— - | 50| PSEUDOCERATIUN GF. P. SOLOGISPINUN 12 PSEUDOCERATIUM TOVEAE SP. NOV.
C e —— 0 51 :i HYSTRICHOSPHAER INA SCHINDEKOLFI1IL 64 RIGAUDELLA SP.

G ge e e i B2 LEFTODINIUM? HYALODERHOPSE 22 SENTUSIDINTUM SP. 1

- ey E— 53:5 HYSTRICHODINIUN WFF, H.. FURCATUH 58  SENTUSIDINIUM SP. 2
— e m— | 5% HYSTRICHODINMIUM VOIGTIL 23 SIRMIODINTUM GROSSII

e s v . Il D5 CTENIDODIMIUM FLEGANMTULUH 16 SPINIFERIT SPP.

© e+ .. | D61 FLORENTINIA MANTELLII-GODKSONIRE Group 2 STIPHROSPHAERIDIUM CK. S. ANTHOPIORUM
c——e s e [ ST LAGEMAD INIUNTY HEHBRANDIDIUN 58 SUNTILISPHAERA PERLUCLDA
—.— e . E: =8 i SENTUSIDINIUN S#. 2 44 SUHCULOSPHAERIDIUM AFF. 5. PHOENIX
- =@ & STLAURTILISPHAERA:. PERLUGIOR 37 SYSTAMATOPIORA AFF. S. CRETACEA
- — i &0 A TRICHODIMIUN SFEEETONENSE 16 TANYOSPHAERID UM DOLETUS

s—a—s o I ®LiI RORITARGH 0 CTHICHODINIUM SPEETONENSE

. o— — " &2 o TUBOTUBERELLA SF. L.¥3 TUBOTUBERELLA SP.

v—— N S&EN L GONVAULAGYSTA JURASSILA 3 TUBDTUREHELLA UNCINATA

e e &% RIGAUDELLA SF. L] WALLODINIUM KRUTASCHTL

2 subzone section 11
| zone

L.Barremian | stage N of Kap Hamburg Kuhn @




145

100

SE W 0Z0
SE W Zol
SE W 091

St W

GRS
165
Z6S
565
465

©
.
.

.
.
.

1y SIRMIODINIUM GROSSII

2y CIRCULODINIUH BREVISPINOSUH
OLIGOSPHAERIODIUM PERFORATUH PERFORATUH
LEFTOOINIUN GANCELLATUH
CHLAHYOOPHORFLLA TRABEGULOSA
ELLIFSOIDICTYUM [HFERFECTUM
EXOCHOSPHAERIDIUN PHRAGHITES
ODONTOCHITINA OFERCULATA
OLIGOSFHAERIOIUM GORPLEHR
OLIGOSFHAERIDIUHM CF. O. PULCHERRIHUH
| PALAEOPERIDINTUM GRETACEUM
VESPFEROFSIS HMAvYIL

TANYOSPHAERIDIUN BOLETUS

HALLOOINIUN KRUTZSCHII
OLIGOSPHAERIODIUM CF. 0. TOTUH

| LEPTOOINIUM? HYALODERMOPSE
FAREODINLA SPP.

| BATIOLADINIUH MIGROPODUH
CAMMINGIA RETICULATA

COROMIFERA OCEANICGA

BATIOLADINIUN JAEGERT
CLEISTOSPHAERIDIUM? ACICULARE
SENTUSIODINIUM SP. 1

SPINIFERITES SPP.

FROMEA AMFHORA

OLIGOSPHAERIDIUM SP. 1
SUBTILISPHAERA FPERLUCIDA
SCHNOMIASPHAERNA HICRORETICULATA

| CAUGA PARUVA

| KIOKANSIUH POLYPES POLYPES
SURCULOSPHAERIDIUH AFF. S. PHOEMNIX
PTEROSPERHELLA CF. P. AUSTRALIENSIS

Index numbers are the columns in which species appear.

INDEX
NUMBER

25

SPECTES LOCATION INDEX

SPECIES

BATIOLADINIUM JAEGERI
HATTOLADTINTUM MICROPODUM

CANNINGIA RETICULATA

CAUCA PARVA

CHLAMYDOPHORELLA TRABECULOSA
CTRCULODINIUM BREVISPINOSUM
CLEISTOSFHAERIDIUM? ACICULARE
CORONIFERA OCEANICA
ELLIPSOIDICTYUM IMPERFECTUM
EXOCHOSPHAERIDTUM PHRAGMTTES
FROMEA AMPHORA

KIOKANSIUM POLYPES POLYPES
LEPTODINTUM CANCELLATUM
LEPTODINTUM? HYALODERMOPSE
ODONTOCHITINA OPERCULATA
OLIGOSPHAERIDIUM CF. O. PULCHERRIMUM
OLIGOSPHAERIDIUM CF. O. TOTUM
OLTGOSPHAERTDTUM COMPLEX
OLTGOSPHAERIDIUM PERFORATUM PERFORATUM
OLIGOSPHAERIDIUM SP. 1
PALAEOPERIDINIUM CRETACEUM
PAREODINTA SPP.

PTEROSPERMELLA CF. P. AUSTHALLENSIS
SENONIASPHAERA MICRORETICULATA
SENTUSIDINIUM SP. 1|

SIRMIODINIUM GROSSII

SPINTFERTTES SFPP.

SUBTILISPHAERA PERLUCIDA
SURCULOSPHAERIDIUM AFF. S..PHOENTX
TANYOSPHAERIDIUM BOLETUS
VESPEROPSIS MAYI

WALLODINIUM KRUTZSCHL1

2 3 subzones
n zone
L.Apt. IU..Apt. stages

section 12

SW of Kap Berlin Wollaston Fl.
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[ Tl el L Bl i i SPECIES LOCATION INDEX
TIXTIXTTITIIIZTIXT , " Index numbers are the columns in which species appear
Sabagaseuute g
$33333gsz8z ¢ ! N —
CaMNBOO—O@Oa= s
" "
e —— U W H 1. SURCULOSPHAERIDIUM AFF. S. PHOENILK 55 ACRITARCH
— s s e—s s s s 2]e s | 20 GIRCULODINIUM? SP. 3 47  APTEODINIUM RETICULATUM
- cmmm . - .- e|e - 0 3] LEPTODINIUM? GF. L. ODELIGATUM 24 BATTOLADINIUM JAEGERT
=—emm.—. .0 s sl o U 4] MYRTERIGYSTA? VITREA 29 CANNINGIA HETICULATA
T o 0 = T2 5T o o o | Bl ULIGUSPHAERIDIUM' ASTERIGERUH kL] CANNINGINOPSIS CF. C. COLLIVERI
= e+ ale s -« 4. - | & PSEUDDCERATIUH CF. P. RETUSUM 26 CARPODINIUM GRANULATUM
TR —— = W 7l LEPTODINIUM? HYALODERMOPSE 40 CAUCA PARVA
C—C T T | @8, CHLAMYOOFHMORELLA TRABECULOSA B CHLAMYDOPHORELLA TRABECULOSA
. CIRCULODIMIUH BREVISPINOSUH 9 CIRCULODINIUM BREVISPINOSUM
1O LEVISPHAERA GF. L. CRASSIGINGULATA 48 CIRCULODINIUM DISTINCTUM
11| ODONTOCHITINA OFPERCULATA 30 CIRCULODINIUM? SP. 2
12| OLIGOSPHAERIDIUM COMPLEN 2 CIRCULODINIUM? SP. 3
13 PALAEOPERIDINIUNM GRETAGEUM 31 CLETSTOSPHAERIDIUM HUGUONLOTLI1
L4 SEMTUSIOIMIUM SP. 1 33 CLEISTOSPHAERIDIUM? ACICULARE
IS VESPEROPSIS HAVIE 45  DESMOCYSTA PLEKTA
16 SEMTUSIDINIUM VERRUCOSUM 20 DINGODINIUM? ALBERTII
L7 SUBTILISPHACRA PERLUCIDA 27 ELLTPSOTDTCTYUM IMPERFECTUM
18| OLIGOSFHAERIDIUN GF. O. TOTUH 34 EXOCHOSPHAERIDIUM PHRAGMITES
19, OLIGOSPHAERIDIUN PERFORATUHM PERFORATUM 50 FROMEA FRAGILLS
20 DINGADINIUM? ALBERTII 3a GONYAULACYSTA AFF. G. CASSTDATA
21 PRAREUDINIA SPP. 16 HAPSOCYSTA? BENTEAE SP. NOV.
22, SIRMIODINIUM GROSSII 28  KIOKANSTUM POLYPES POLYPES
zzll: TANYOSPHAERIDIUM BOLETUS 51  KLEITHRIASPHAERIDIUM EOINODES
24 BATIOLADINIUN JAEGERIL 43 LAGENADINIUM? MEMBRANOIDIUM
25 LEPTODINTUM GANGELLATUM 25 LEPTODINIUM CANCELLATUM
Ze | CARPODINIUM GRANULATUH 3 LEPTODINIUM? CP. L. DELICATUM
27 ELLIPSOIDICTYUM [MPERFECTUM 7 LEPTORINIUM? HYALODERMOPSE
28| XI0<ANSIUM FPOLYPES POLYPES 10 LEVISPHAERA CF. L. CRASSTCINGULATA
29 | GANNINGIA RETICULATA 1 NYKTERICYSTA? VITHEA
30| GIRGULODINIUM? SP. 2 11 ODONTOCHITINA OPEHCULATA
31, GLEISTOSPHAERIDIUM HUGUONIOTII 11 OLIGOSPHAERIDIUM CF. 0. PULCHERRTMUM
32, OLIGOSFHAERIODIUM POCULUR 18 OLIGOSPHAERIDIUM CF. 0. TOTUM
33, CLEISTOSPHAERIDIUM? ACICULARE 12 OLTIGOSPHAERTDTUM COMPLEX
34, EXOCHOSPHRAERIDIUH PHRAGHITES 19 OLIGOSPHAERIDLIUM PERFORATUM PERFORATUM
35S . SPINIFERITES SPP. az OLIGOSPHAERIDIUM POCULUM
36, CAMNINGIMNOPSIS CF. C. COLLIVERI 42 OLIGOSPHAERIDIUM SP. 1
37 . SENOMIASPHAERA HICRORETICULATA 5 OLIGOSPHAERIDIUM? ASTERIGERUM
36 GONYAULAGYSTA AFF. G. CASSIDATA 13 PALAEOPERIDINIUM CRETACEUM
39, STIPHROSPHAERIDIUM CF. S. ANTHOPHORUH 21 PAREODTNTA SPP.
40, CAUCA FARVA 6  PSEUDOCERATIUM CF. P. RETUSUM
41 OLIGOSPHAERIDIUH CF. D. PULCHERRIHUH 14 PSEUDOCERATIUM EISENACKIT
42, OLIGOSFHAERIDIUM SP. 1 52  PSEUDOCERATIUM POLYMORPHUM
43, LAGENADIMIUM? HEMBRAMOLOIUM 37  SENONIASPHAERA MICRORETICULATA
44| PSEUDDCERATIUM EISENAGKIT 14 SENTUSIDINTUM SP. |
45| DESMOCYSTA FLEXTA 53 SENTUSIDINIUM SP. 2
46 HAPSOGYSTRA? BENTEAE SP. NOV. 16  SENTUSIDINTUM VERRUCOSUM
47 AFTEODINIUM RETIGULATUH 22 STRAMTODINIUM GROSSII
48, CIRCULOOINIUM DISTINGTUM i5 SPINIFERLTES SPP.
47 :: VESPEROPSIS LUNGILGURHNIS a9 STIPHROSPHAERIDTUM CF. S. ANTHOPHORUM
R (T O | SO FROMER FRAGILIS 17  SUBTILISPHAERA PERLUCIDA
t e e wa|le e e e sle— | B1l KLEITHRIASPHACRIDIUH EOTNODES |  SUHCULOSPHAERIDIUM AFF., S. PHOENIX
e e s s a|ls s s s s|o— | S2| PSEUDOGERATIUM FOLYMORFHUR 23 TANYOSPHAERTDTUM BOLETUS
e v e e oa|e e e e e|e— | B3 SENTUSIOINTUH SP. 2 54  TUBOTUBERELLA SP.
v e s e af—e e a]e s i sS4l TuBOTUBERELLA SP. 56  ULVELLA NANNAE
e cmmm—]. 4 e | S5 ACRITARCH 49  VESPEROPSIS LONGICORNIS
tema— e e e - s]e s | Sel ULVELLA NANNAE 15  VESPEROPSIS MAY1
2 3 4 subzones section 13
i £ inli SW of K Berlin Wollast FI
LApt.: U.Apt. | L.Ab. | stages iSO PR, S QTN
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GEIZVE W 59
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BATIOLADTINIUN JAEGERTL

HALLODINIUM KRUTZSCHIIT

FROHEA AMPHORA

LEPTODINIUM? HYALOODERHOPSE
FPSEUDDCERATIUM TOVEAE SP. NOW.

| PSEUDOGERATIUM NUDUM
CLEISTOSPHAERIDIUM? AGICULARE
OLIGOSPHAERIODIUN COMPLEX
EXIGUISPHRAERA PLEGTILIS
GONYAULACYSTA HELICOIDEA HEL IGOIDERA
| HYSTRIGHODINIUM UDIGTIT
OLIGOSPHAERIOIUM GF. O. FENESTRATUN
OLIGOSPHAERIDIUH FERFORATUM PERFORATUM
FSEUDDCERATIUN EISEMNACKIL
PSEUDOCERATIUN PELLIFERUH
CALLAINSPHAERIOIUH ASYHHE TRICUM
CIRGULODLIHIUM® SP. 4
GLEISTOSPHAERIOIUM HUHUONIOTII
DISCORSIA MANNA
HYSTRICHOSFHAERIOTIUHM ARDORISE IMUM
LEPTODINIUM? HAORUM

SEMTUSIOINIUH SP. 1
TANYOSPHAERIDIUM BOLETUS
ACHUOMOSPFHAERA? NEFPTUNI]

APTEODINTUM RETIGULATUM
ATOPOOINIUM HAROHENSE
BATIOLADINIUN LONGICORNUTUM
CHLAMYDOPHORELLA TRABECULOSA
HYSTRICHOSPHAERINA SCHINDEWUOLF 11
LEVISPHAERA CF. L. CRASSIGINGULATA
HUDERONGIA TETRAGANTHA
OLIGOSPHAERIDIUN POGCULLUH
OLIGNSPHAERIDIUN GF. 0. PULCHERRIHLUM
PALAEOPERIDINIUM GRETACEUM
 SENTUSIOINIUNR SP. 2
STIPHROSPHAERIDIUM CF. S. ANTHOPHORUH
TRICHOOINIUM SPEETONENSE

| CIRGULOODIMIUM REF, G. ATTAOAL 1CUR
. CIRCULODIMIUH DISTINGTUH

| EHOCHOSPHAERIDIUM PHRAGHITES
KI10KANSIUH POLYPES FPOLYPES
SIRHIODINIUM GROSSIIT

SPINIFERITES SPFP.

HYSTRICHODINIUM AFF. H. FURCATUH
HYSTRICHODINIUM RAMOIDES
RHYNGHOOINIOPSTIS GF. K. APTIAMNA
OINGODINIUMT ABLERTIL

FLORENTINIA HANTELLIL, CODKSONIAE qgroup
HESLERTOMNIA HESLERTONENSIS
OESHOCYSTA PLE<TA

ELLIPSDIDICTYUHR LIHPERFECTUR
MLEITHRIASPHAERIDIUNM EDINOOFS
OOONMTOCHITINA OPERCULATA
OLIGOSPHAERIDIUM? ASTERIGERUM

55 PAREDDINIA SPP.

56, LAGENADINIUM? HMEHMBRANOIDTUM

57| SURGCULOSPHAERIDIUM AFF. S. PHOENIX
ﬁnJ BATIOLAOINIUN MICROFPOOUN

5% SUBTILISPHAERA FERLUGCIDA

&0 CTEMIDODIMIUH ELEGAMTULLUH

&1 HAIR FROH LERAF

G20 ACRITARCH

Tndex numbers are the columns in which species appear.

INDEX
NUMHER

SPECIES LOCATION INDEX

SPECIES

ZHATR FHOM LEAF

ACHOMOSPHAERA? NEPTUNIT
ACRITARCH

APTEODINIUM RETICULATUM
ATOPODINIUM HAROMENSE
BATIOLADINTUM JAEGERL
BATIOLADINIUM LONGICORNUTUM
BATTOLADINIUM MICROPODUM
CALLATOSPHAERIDIUM ASYMMETRICUM
CHLAMY DOPHORELLA TRABECULOSA
CIRCULODINIUM AFF. C. ATTADALTICUM
CIRCULODINTUM DISTINCTUM
CTRCULODTNTUM? SP. 4
CLEISTOSPHAERIDIUM HUHUONIOTII
CLELISTOSPHAERIDIUM? ACICULARE
CTENTDODTNTUM ELEGANTULUM
DESMOCYSTA PLEKTA
DINGODINIUM? ABLERTII
DISCORSIA NANNA
ELLIPSOIDICTYUM IMPERFE
EXIGUISPHAERA PLECTILIS
EXOCHOSPHAERTDIUM PHRAGMITES
FLORENTINTA MANTELLII/COOKSONIAE group
FROMEA AMPIORA

GONYAULACYSTA HELLCOIDEA HELICOLDEA
HESLEHTONIA HESLERTONENSIS
YSTRICHODINTUM AFF. H. FURCATUM
NYSTRTICHODINTIUM RAMOIDES
HYSTRICHODINIUM VOIGTIL
HYSTRICHOSPHAERIDIUM ARBORISPINUM
HYSTRICHOSPHAERINA SCHINDEWOLFII
KI1OKANSIUM POLYPES POLYPES
KLETTHRTASPUHAERTDTIUM EOINODES
LAGENADINIUM? MEMORANOIDIUM
LEPTODINTUM? HADRUM

LEPTODINIUM? HYALUDERMOPSE
LEVISPHAERA CF. L. CRASSICINGULATA
MUDERONG LA TETHACANTHA
ODONTOCHITINA OPERCULATA
OLIGOSPHAERIDIUM CF. O. FENESTRATUM
OLIGOSIPIAEHIDIUM CF. O. PULCHERRIMUM
OLIGOSPHAERIDIUM COMPLEX
OLIGOSPHAERIDLUM PERFORATUM FERFORATUM
OLIGOSPUHAERIDIUM POCULUM
OLIGOSPHAERIDIUM? ASTHERIGERUM
PALAEOPERIDINIUM CRETACEUM
PARKODINIA SPP.

PSEUNOCERATIUM EISENACKTT
PSEUDOCEHAT IUM NUDUM

PSEUDOCERATIUM PELLIFERUM
PSEUDOCERATIUM TOVEAE SP. NOV.
RUYNCHODINIOPSIS CF. R. APTIANA
SENTUSIDINIUM SP. 1

SENTUSIDINIUM 5P, 2

SIHMIODINIUM GROSS1I

SPINIFERITES SPP.
STIPHROSPHAERIDIUM CF. S. ANTHOPHORUM
SUNTILISPHAERA PERLUCIDA
SURCULOSPHAERIDIUM AFF. 5. PHOENIX
TANYOSPHAERIDIUM BOLETUS
TRICHOD IN UM SPEETONENSE
WALLODINIUM KRUTZASCHT T

“TUM

3 subzone
| zone
U.Barr. stage

section 14
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[
o = " i
; : Ei '._. SPECIES LOCATION INDEX
wa U . Index numbers are the columns in which species appear.
oo ]
am INDEX
@y " NUMBER SPECIES
It "
- | 1% CALLAIOSPHAERIDIUM ASYMME TRIGUM 17 ACHOMOSPHAERA? NEPTUNI
o ] | 2h CASSICULUSPHNERIDIA RETIGULATA 55 ACRITARCH
—+ | 3. GIRCULODINIUH? SP. 3 36  APTEODINIUM RETICULATUM
— | 4l CLEISTOSFHAERIDIUM HUGUOMIOTII a7 ATOPODINTUM HARODMENSE
—+ | S, COROMIFERA OGEANIGA 18 BATIOLADINIUM LONGICORNUTUM
- | ®n GTENIDODINIUM ELEGANTULUH 38 AATTIOLADINIUM MICROPODUM
-1 I 7! GOMYAULACGYSTA HELICOIDEA HEL IGOIDER 1 CALLATOSPHAERIDIUM ASYMMETRICUM
=" | BiI XIOKANSIUH POLYPES FOLYPES 2 CASSICULOSPHAERIDIA RETICULATA
—'= I i KLEITHRIASFHAERIDIUM GORRUGATUM 19 CHLAMYDOPHORELLA TRABECULOSA
S— I 10} KLEITHRIASPHAERIDIUM EOINODES 20 CIRCULODTNTUM AFF. C. ATTADALTCUM
—+ I 11| HUDERONGIA AUSTRALIS 21 CIRCULODINIUM DISTINCTUM
- W 12| PALAEOPERIOIMIUM CRETACEUH 22 CTRCULODINIUM? 5P. 2
- | 13| SENTUSIDINIUM SP. 1 3 CIRCULODINIUM? SP. 3
=1 | 14| SURGULOSPHAERIDIUM AFF. S. PHOENIH 4 CLEISTOSPHAERIDIUM HUGUONIOTIL
—{* | 1S TRICHODIMIUM SPECTONENSE 23 CLETSTOSPHAERTDIUM? ACTCULARE
—+ I 16| MALLODINIUM LUNA 5  CORONIFERA OCEANICA
—— | 17| RACHOMOSPHAERA? NEFTUNI 24 CHIBROPEHLIDINLUM EDWARDSLL
—P= | 18 BATIOLADINIUN LONGIGORNUTUM 39  CRTAROPERIDINIUM? AFF. C. CORNUTUM
== | 12| GHLAHYDOPHORELLA TRABECULOSA B CTENIDODINIUM ELEGANTULUM
Crfms | 20 CTRCULODIMIUM AFF. C©. ATTADAL 1CUM 25 DINGODINIUM? ALBERTII
O | 21 GIRGULODINIUM D1STINGTUM 40 ENDOSCRINTUM CAMPANULA
== | 22| CIRCULODINIUWM® SP. 2 41 EXIGUISPHAERA PLECTILIS
== | 23| CLFISTOSPHAERIDIUM? AGIGULARE 26 EXOCHOSPHAERLIDIUM PHHAGMITES
e | 24 CRIBROPERIDINIUM EDHARDSI I 42  FLORENTINIA MANTELLII/COOKSONIAE group
—t= | 25 DINGODINIUM? ALBERTII 7  GONYAULACYSTA HELICOIDEA WELICOTDEA
CCpme || 26 EXOCHOSPHAERIDIUH FHRAGHITES 56 GONYAULACYSTA JURASSICA
m—pe= | 27, HESLERTONIA HESLERTONENSIS 27  MESLERTONIA HESLERTONENSIS
- | HYSTRICHOSPHAERIDIUM ARBORISFIMUM 28 HYSTRICHOSPHAERLDIUM ARBORISPINUM
— 1 | LEPTODIMIUM? HYALODERHOPSE 43 HYSTRTICHOSPHAERINA SCHINDEWOLFLL
—— | MUDERONGLA TETRAGANTHA 8 KIOKANSIUM POLYPES POLYPES
Ofme | 31, OLIGOSPHAERIDIUH GOMPLEX 9 KLEITHRIASPHAERIDIUM CORRUGATUM
— | OLIGOSPHAERIDIUH GF. O. FPULCHERRIHUH 10 KLETTHRTASPHAERTDTUM EOINODES
—r | PSEUDDGERATIUM NUDUM 29 LEPTODINIUM? HYALODERMOPSE
——p— | PSEUDOCERATIUH PELLIFERUM 44 LEVISPHAERA CF. L. CHASSICINGULATA
Crjm ) 55, SPINIFERITES SPP. 11 MUDERONGIA AUSTRALILS
o | APTEDDINIUM RETIGULATUM ao MUDERONGTA TETRACANTHA
o | ATOPODIMIUM HAROHENSE 45 NYKTERTCYSTA? VITHEA
- f— | BATIOLADIMIUH HIGROPDDUM a2 OLIGOSPHAERIDIUM CF. 0. PULCHERRIMUM
- f— CRIBROPERIDINIUM® AFF. C. CORMUTUM al OLLGOSPHAERIDIUM COMPLEX
B ENDOSCRINIUM CAMPAMULA 46 OLIGOSPHAERIDIUM POCULUM
. f— EXIGUISPHAERA PLECGTILIS 12 PALAEOPERIDINIUM CHRETACEUM
i FLORENTINIA HANTELLII 'COOKSONIAE group 47 PHOBEROCYSTA NEOCOMICA NEOCOMICA
B HYSTRICHOSFHAERIMA SCHINDEWOLFII 48 PSEUDOCERATIUM ANAPHRISSUM
- f— LEVISPHAERA CF. L. CRASSICINGULATHA 33 PSEUDOCERATIUM NUDUM
o p— NHYETERICYSTA®* VITREA aa PSEUDOCERATIUM PELLIFERUM
- OLIGOSFHAERIDIUM FPOCULUH 19 PSEUDOCERATIUM TOVEAE SP. NOV.
o PHOBEROCYSTA HEOCOMIGCA MHEOGCOHIGCA 50 RHYNCHODINIOPSIS FIMBRIATA
af o FPSEUDODCERATIUH ANMAPHRISSUM 13 SENTUSIDINIUM SP. 1
- f— PSEUDDCERATIUN TOVEAE SP. NOV. 51 SIAMLODINTUM GROSSIT
= RHYNCHODINIOPSIS FIMBRIATA as SPINTFERITES SPP.
- SIRHIODINIUH GROSSIIT 11 SURCULOSPHAERIDIUM AFF. S. PHOENLIX
.p—_ SYSTEHATOPHORA AFF. S. GCHRETACEA 52 SYSTEMATOPHORA AFF. 5. CRETACEA
o TANYOSPHAERIDIUM BOLETUS 53 TANYOSPHAERIDIUM BOLETUS
wf— TANYOSPHAERIDIUH SALPIMNK 54 TANYOSPHAERTDTUM SALPINX
- j— ACRITARCH 15 TRICHODTINIUM SPEETONENSE
oF— GONYAULAGYSTA JURASSIGA 16 WALLODINIUM LUNA
2 | 3 | subzones section 15
l zone Rod Wollast Fi
L.B.|U.B.| stages ocryegan woraston r
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|
P .
==z , H SPECIES LOCATION INDEX
ot " EE Index numbers arc Lhe columns in which species appear.
aE oy
et ( u INDEX
" " NUMIIER SPECIES
' i
¥ "
={: | 1. GOMYRULAGYSTA FASTIGIATA 24 ACHOMOSPIAERA? NEPTUNI
== | 2| KIDKANSIUM POLYPES POLYPES 7 BATIOLARINIUM LONGTCORNUTUM
—+ | 3| KIEITHRIASFHAERIDIUN CORRUGATLH 25 CASSTCULOSPHAERIDIA HETTCULATA
1 I 4| ULIGOSPHAERIDIUM GF. 0. FENMESTRATUR L] CHLAMYDOPHORELLA TRABECULOSA
« 1 5. SENTUSIDINIUM &P, 1 26  CIRCULODINTUM AFF. C. ATTADALICUM
. 6] SENMTUSIDINIUM SP. 2 27  CIRCULODINIUM DISTINCTUM
—j— L BATIOLADINIUN LONGIGORNUT UM 9 CLEISTOSPUHAERIDIUM? ACICULARE
m—t= | B, CHLAMYOOPHORELL A TRABECULOSA 11 CHIBROPERTDINIUM EDWARDSLI
=tT1 | 9! CLEISTOSPHAERIDIUM? ACICULARE 10 CHIUROPERIDINIUM? AFF. C. CORNUTUM
—1— | 10, CRIBROPERIDINIUH® AFF. C©. CORMUTUM 28 CTENIDODINIUM ELEGANTULUM
d4+— | 11| CRIBROPFRIDINIUN EOHARDSII 12 DINCODINTUM? ALDERTIL
—t= | 12 DINGODINIUM? ALBERTII1 29  ENDOSCHINIUM CAMPANULA
| 13, EXOCHOSPHAERIOIUM PHRAGHITES 13 EXOCHOSPHAERIDIUM PHRAGMITES
—F=— | 14, FLORENTINIA HANTELLIT COOSSONINE group 14 FLORENTINTA MANTELLII/COUKSONIAE group
mmmn 5, MYSTRICHDSPHARERINIUH ARBORISE LNUH 1 GONYAULACYSTA FASTIGIATA
—— | in, XIEITHRIASPHAERIDIUNM EOIMODES a0 HYSTRICHODINIUM VOIGTIT
Of— | 17 MUOERONGIA AFF. M. SIHPLEX MIGCROPERFORATA 15 HYSTRICHOSPHAERIDIUM ARBOHISPINUM
—— ': 18| MUDERONGIA TETRAGAMTHA 2 KEIOKANSIUM POLYPES POLYPES
1% 0L IGOSFHAERIOTUM? ASTERIGERUR a KLEITHRIASPHAERIDIUM CORHUGATUM
| 20| AL IGOSPHAERIDIUM COMPLEX 16 KLEITHHIASPHAERIDIUM BOTNODES
= o | 21l FSLUDDCERATIUM ANAFHRISSUR a1 LAGENADINIUM? MEMBRANOTDIUM
—— 22, PSEUDOCERATIUM FELI IFERUM 3z LEVISPHAERA CF. L. CRASSICINGULATA
T, 3 SPIMIFERITES SPP. 17 MUDEHONGIA AFF. M. STMPLEX MICROPERFORATA
= | 23! ACHOMOSPHAERA? HEFTUMI iR MUDERONGLA TETHRACANTHA
*I— | 25| CASSICULDOSPHAERIDIA RETIGULATA a3 OLIGOSPHAERIDIUM CF. 0. ALDERTENSE
- fu— 6, GIRGULODINIUM AFF. C. ATTADAL ICUR 1 OLIGOSPUAERLDIUM CF. 0. FENESTRATUM
. [ 27| GIRCULODINIUM DISTINCTUH 31 OLIGOSPIAERIDIUM CF. 0. PULCHERRIMUM
= 28, GIEMIDODINIUH ELEGAMTULUM 20 OLIGOSPUAERIDIUM COMPLEX
| I 29 ennoscrRINIUM cAaMPANULA 19 OLIGOSIIIAKRIDIUM? ASTERTGERUM
“f1 | 20, MYSTRICHOOINIUM VOIGTII 15 PHOBEROCYSTA NEOCOMICA NEOCOMICA
bt 21 LAGENADINIUM? HMEMARANMOIDIUM 21 PSEUDDCERATIUM ANAPHRISSUM
= =2, LEVISPHAERA GF. L. GRASSICINGULATA a6 PSEUDOCERATIUM NUDUM
L4l ot 33| OLIGODSPHAERIDIUM CF . 0. ALHERTEMSE 22 PSEUDOCERATIUM PELLTFERUM
- f— 34 | DLIGOSPHAERIDIUM CF. 0. PULGHERRIHUM ar PSEUDOCERATLUM TOVEAE SP. NOV.
<= | &5 FHDBEROGYSTA WEOGOMICA MEOGOMIGA 5 SENTUSIDINIUM S5P. 1
b | 34 PSEUDDCERATIUM MUDUH 6 SENTUSIDINIUM SP. 2
S %7, PSEUDDCERATIUM TOVEAE SP. NOU. a8 STHMIODINIUM GHROSS1I
. p— 30, SIRHIOODINIUA GROSSLI 23 SPINIFERITES SPP.
b= | 39 STIPHROSPHAERIOIUH GF. S. ANTHOPHORUM as STIPHROSPHAERIDIUM CF. S. ANTHOPHORUM
sf= | 40 SURCULOSPHAECRIOIUN AFF. S. FHOEMIX 10 SURCULOSPHAERIDIUM AFF. S. PHOENIX
= | 41 TANYOSPHRAERIDIUM HOLETUS 41 TANYOSPHARRIDIUM BOLETUS
b= I 42l TRIGHODIMIUM SPEETONENSE 12 TRICHODINIUM SPEETONENSE
2| 3 | subzones section 16
I i Red Woll F
LBluB, stages odryggen Wollaston FI.




288552852288 1E5 LOCATION [NDEX
T T T 2T2T3xx3x3 % pumbors are Lhe columns Io which specles appear.
W W W W W W W W W W
Sensssisses INDEX
Fra A mE A NUMBIH SPECIES
- AN NE D DN
—_——— e e | . ACHOMNSPHAERAT HEFTUNI L2 THATH FROM LEAF
e R Y Y P RHYHCHODINIOPSIS CF. R. AFTIANA 1 ACHOMOSPHAERA? NEPTUNI
— s = e . BENTIOLADINIUM LONGICORMUTUM L1 ACHITARCH
— s s || . SYSTEHATOPHORA AFF. S. CRETAGER 5 APTEODINIUM RETICULATUM
— e —- || . APTEODINIUM RETICULATUM 39 ATOPODINTUM HAROMENSE
—_— —— s . DISCORSIA HAMMNA 28 BATIOLADINIUM JAKGEHI
— ——— . s | e . . PSEUDDCERATIUN TOVEARE SP. HOW. 3 HATIOLADINIUM LONGICORNUTUM
DI S [ R . SURCULOSPHACRIDIUM AFF. 5. PHOEMIX 12 BATIOLADINIUM MICROPODUM
— e — e . . HESLERTOMIA HESLERTONENSIS 16 CATIOLADINIUM? EX1GUUM
— | ... | HUDERDNGIA TETRAGANTHA 13 BATLOLADINIUM? PELLTFERUM
—— 3w || e . I TRICHODIMIUM SPEETONEMNSE 56 CASSICULOSPHAERTDIA RETICULATA
ale - L BATIOLADINIUH HIGROPOOUM 71 CHLAMYDOPHORELLA NYEI
e I el I L | BRATIDLADINMIUMT PELLIFERUM 3z CHLAMYDOPHORELLA TRABECULOSA
x =|= « 14, CIRCULDDIMIUM AFF. ©. ATTADAL ICuM LR} CIRCULODINLIUM AFF. C. ATTADALICUM
. -l- - | FLOREMTINIA MANTELLII COOKSOMIAE group 77 CIRCULODINIUM HREVISPINOSUM
— a—t— sl I GOMYAULACYSTA HELICOIDEA HEL [COIDER 21 CTIRCULODINTUM DISTINCTUM
— — e o HYSTRICHOSPHAER INA SCHINDEWOLF 1 70 CIRCULODINIUM? 5P. 2
— s o f— sy . | OLIGOSFHAERIDIUM POCULUR 33 CLEISTOSPHAERIDIUM HUGUONIOTII
— . f ] x| - | SIRMIOOINIUN GROSSII 22 CLEISTOSPHAERIDIUM? ACICULARE
— s s e . SENTUSIOINIUM VERRUCOSUR 37 CORONIFERA OCEANICA
L — - . | C1RCULODIMIUM OISTINCTUM T2 CHIBROPERIDINIUM EDWARDSII
. . CLEISTOSPHAERIODIUH? AGICULARE 23 DESMOCYSTA PLEKTA
—— 0 | b — . . OESHOCYSTA FLESTA 12 DINGODINIUM? ALODERTII
— ] & s —— . - . FROHER SP. 1 6 DISCORSTA NANNA
. . 30 KIOKANSIUM POLYPES POLYPES a3 ELLIPSOIDICTYUM IMPERFECTUM
o a—— . . | NYXTERICYSTA® VITREA 63 ENDOSCRINTUM CAMPANULA
— . . | SENTUSIDINIUM SP, 2 58  EXIGUISPHAERA PLECTILIS
- — . BATIOLADINIUM JAEGERT 29 EXOCHOSPHAERIDIUM PHHAGMITES
ITT - . EXOCHOSPHAER [OTUH PHRAGHITES 15 FLORENTTNTA MANTELLTT/COOKSONTAE group
\ LEVISPHAERA GF. L. CRASSICINGULATA 18 FROMEA AMPHORA
SUBTILISPHAECRA PERLUGCIDA 73 FROMEA CF. F. GLABELLA
| CHLANYDOPHORELLA TRABECULOSA 64 FROMEA FRAGILIS
ELLIPSOINDICTYUN [HPERFECTUN 24 FROMEA SP. |
LEFTODINIUNM? HYALODERHOPSE 16 GONYAULACYSTA HELICOIDEA HELICOIDEA
OL [GOSPHAER IO TUM COMHPLER B85 GONYAULACYSTA JURASSICA
OLIGOSPHAERIDIUNM GF. 0. PULCHMERR [HUM 8 HESLERTONIA HESLERTONENSIS
) CORONIFERA DCEANMICA 41 HYSTRICHODINIUM AFF. H. FURCATUM
s —{ s s s|s|s + L BB LEFTODINIUMT HADRUM 64  HYSTRICHODINIUM VOIGTII
cmm— o af—u afe|s « i 3P) ATOFDDINIUH HARDHENSE 40 HYSTHICHOSPHARERIDIUM ARBORISPINUM
v osmmedase afe|e o | 40 HYSTRICHOSPHAERIDIUN ARBORISEIMUM 17 HYSTRICHOSPHAERINA SCHINDEWOLFLI
o o o | s fa|e - ] 41 HYSTRICHODIMIUM AFF. H. FURCATUM 25 KIOKANSIUM POLYPES POLYPES
. «le« 1 4z DincooINIUNT ALBERTIC 69  KLEITHRIASPHAERIDIUM EOINODES
- s+ = 1 431 PALNEOFERIDINIUH CRETACEUM a7 LAGENADINTUM? MEMBRANOTDTUM
. el « 1 44 SPINIFERITES sSPP. 79  LEPTODINIUM CANCELLATUM
- — —— ol = | 45, TANYOSPHAERIDIUM BOLETUS kL] LEPTODINIUM? HADRUM
s+ v sfs s of—. . | 46| BATIOLADINIUM? EXIGUUN 34 LEPTODINIUM? HYALODERMOPSE
- — e . —— - | 47 LAGENADIMIUMT MEMBRANOIN UM ao LEVISPHAERA CF. [.. CRASSICINGULATA
. . . - -wi FROMEA AHFHORA 10 MUDERONGIA TETHACANTHA
- — e o W 4% . SENTUSIDIMIUN SP. 1 26 NYETERICYSTA? VITREA
« s, - 2|.|. . | SO OLOGOSPHAERIDIUM PERFORATUM PERFORATUR 61  ODONTOCHITINA OPERCULATA
« s ws s|w—s|e]s » 1§ B1% PARECOINIA sPPE. 36 OLIGOSPHAERIDIUM CF. ©. PULCHERRIMUM
i e afs + | BZL STIPHROSPHRERIOIUM CF. S. ANTHOPMORUM 35 OLTGOSPHAERTDTUM COMPLEX
e s scommale o afals o | 53 OLIGOSFHAERIDIUM? ASTERIGERUM 18 OLIGOSPHAERIDIUM POCULUM
@ e e — e s .E 34:E HYSTRICHODINIUN WOIGTII 66 OLIGOSPHAERTDTUM PROLTXTSPTNOSUM
s s s « of+|owmm 4 5SS CLEISTOSPHAERIOIUH HUGUONMIOTII 53 OLIGOSPHAERIDIUM? ASTERIGERUM
s s s s—e s s|s|s « i Se) CASSICULOSPHAERIOIA RETIGULATA 50 OLOGOSPHAERTDIUM PERFORATUM PERFORATUM
s e - s s o|a]s . | 370 PSEUDOCERATIUM IVARI SP. WOU. 76  OVOIDINIUM CINCTUM
e s s s af—u s|a|s + i SEGL EXIGUISFHAERA PLEGTILIS 74 OVOTDINTUM SP. 4
= = s sfmmae s|e|e - -: 5% PROTOELLIPSODINIUN CLAVULUM 43 PALAEOPERIDINIUM CRETACEUM
e .- - | s0} rsEubDocERATIUM NUDUH 51  PAREODINIA SPP.
« s s s wf—x 1 61 DDOMTOCHITINA OPERCULATA 67  PROLIXOSPHAERIDIUM PARVISPTNUM
et e al—ed|emm | 62| HALLODINIUM KRUTZSCHT1 3] PROTOELLIPSODINIUM CLAVULUM
e s s s sleemmalale w | &3, EMOOSGRINIUH GAHPANULA 65 PSEUDOCERATIUM CF. P. RETUSUM
P e B | 64 FROMEA FRAGILIS 75 PSEUDOCERATIUM EISENACKI1L
sw ww wle nasn]s s : &5, PSCUDOCERATIUN CF. P. RETUSUM 57 PSEUDOCERATIUM IVER] SP. NOV.
e e e aa|e dale s | Bey OLIGOSPHRERIODIUM FROL 1KISFINOSUR 60  PSEUDOCERATIUM NUDUM
P e e PROL LKOSPHAERIOIUN PARUISPTMUA 7 PSEUDOCERATIUM TOVEAE SP. NOV.
EECEEEE PRCT VESPEROFSIS LOMGICORMWIS 83 PTEROSPERMELLA CF. P. AUSTRALIENSIS
siww w w ] — KLEITHRIASPHAERITDIUM EOINDDES z RHYNCHODINTOPSIS CF. R. APTIANA
D e o ER CIRCULODINIUMY SP. 2 82  SCHIZOCYSTIA
N e B CHLAMYOOPHORELLA MYEL T8 SENONIASPHAERA MICRORETICULATA
R e oo [SCFTA. CRIBROPERIDINIUH EOHARDSI1 49 SENTUSIDINIUM SP. |
e .:l N FROHER CF. F. GLABELLA 27 SENTUSIDINIUM SP. 2
P e I R i OVOIDINIUH SP. 4 20 SENTUSIDINIUM VERRUCOSUM
o s a s ofls adulomm |} i PSEUDOGERATIUM ETSENAGKIT 19  SIRMIODINIUM GROSSLL
PRSI FETRE R i DUOIDINIUM GINGTUR 44  SPINIFERITES SPP.
PECECEEER ERCa I | GIRCULODINIUM BREVISPINOSUM 52  STIPHROSPHAERIDIUM CF. S. ANTHOPHORUM
e h e e efe e e p— ) SENOMIASPHAERA HICRORETICULATA al SUBTILISPHAERA PERLUCIDA
ew oo s]le s afe]omm « LEPTODINIUM CANGELLATUM 8  SURCULOSPHAERIDIUM AFF. 5. PHOENIX
e wom afseia]a] e . VESPERDPSIS HAYI 4 SYSTEMATOPHORA AFF. S. CRETACEA
R o ACRITARCH 45  TANYOSPHAERIDIUM BOLETUS
w s s oe=e s aale . - » SCHIZOCYSTIA 11 TRICHODINIUM SPEETONENSE
eean ofe e o] fm— PTEROSPERHELLA CF. P. AUSTRALIENSIS 86 TUBOTUBERELLA SP.
SR S [F) PP THAIR FROM LEAF 68  VESPEROPSIS LONGICORNIS
PRI ] Y [ | GOMYAULAGYSTA JURASS [GA B0  VESPEROPSIS MAYT
TR S I TUBOTUBERELLA SP. 62  WALLODINIUM KRUTZSCHII
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[ i INDEX
=oooN | SPECIES
H
[= = i 1 OLIGOSPHACRINDIUM CF. 0. ALBERTEMNSE 1o ACHOMOSPHAERA? NEPTUNI
— . I 2l MELGHINDFSIS KOSTROHIENSTS 64 ACHITARCH
=] = i 2| OLIGOSPHAERIDIUM FERFORATUH GOLUH A4 BATIOLADINIUM JAEGERI
—mel. . | 4| SENMTUSIDINIUM SP. 1 41 BATIOLADINIUM LONGICORNUTUM
— . I Sl TANYUSPHAERIDIUM BOLETUS 12 BATIOLADINIUM MICROPODUM
—-—- I B KLEITHRIASPHAERIDIUM ECLNODES a7 CASSICULOSPHAERIDLIA MAGNA
—-— . H 7 HUDERUONGIA AFF. M. SIMPLEX MICROFPERFORATA 18 CASSTCULOSPHAERIDIA RETICULATA
WEITIje= - | B OLIGOSPHAERTIDIUM? ASTERIGERUM 43 CHLAMYDOPHORELLA NYEI
— - e W 2 PHOBEROCYSTA MNEUGUHIGA NEQCOMIGCH 1 CHLAMYDOPHORELLA TRABECULOSA
——— 2 10| ACHOMOSPHAERA? NEPTUNI 55 CIRCULODINIUM AFF. C. ATTADALTCUM
— e memcrl [ 11 CHLAHMYOOPHORELLA TRABECULOSA 12 CTRCULODINIUM DISTINCTUM
Ot | 12 | CIRCULOOINIUM OISTINGTUH 13 CIRCULODINTUM? SP. 3
— el | 13 CIRGULODINIUM? SP. 3 15 CLEISTOSPHAERTDIUM HUGUONTOTIT
| 14l CLEISTOSPHAERIDIUM? ACIGULARE 14 CLEISTOSPHAERIDIUM? ACICULARE
] s | 15 GLEISTOSPHAERIOIUM HUGUONIOTII 36 CORONIFERA OCEANICA
CimmCr] -mmm | 16 EXOGHOSPHAERIOIUM FHRAGHITES 56 CRTBROPERTDINIUM EDWARDSIIL
m—.—l.— | 17| GONYAULAGYSTA FASTIGIATA 57 CTENIDODINIUM ELEGANTULUM
— . || 18 HESLERTONIA HESLERTONENSIS a7 DINGODINIUM? ALBERTIT
— e | 19 HYSTRICHODINIUM VOIGTII 58  DTSCORSIA NANNA
—- .hummm | 20| H¥STRIGHOSFHAERIDIUH ARBORISPINUM a4 ELLIPSOIDICTYUM IMPEHFECTUM
Ol || 21| KIDKANSIUM POLYPES FOLYPES 59 EXIGUISPHAERA PLECTILIS
— e | 22| LAGENADIMIUM? HMEMBRAMO LD IUM 16 EXOCHOSPHAERTDTUM PHRAGMITES
e | 23 LEUISPHAERA CF. L. GRASSIGINGULATA 60  FLORENTINIA MANTELL11/COOKSONIAE group
IO TIT | 24 ) OLIGOSPHAERIDIUM GCOMPLEX (3] FROMEA AMPHOHRA
-—.—.— | 25| OLIGOSPHAERIDIUM CF. O. FEMESTRATUH 66 GOCHTEORTNTA VILLOSA MULTIFURCATA
—a]e— ‘:E ze i. SENTUSIDINIUM SP. 2 17 GONYAULACYSTA FASTIGIATA
—— W 27 SIRMIDOINIUHM GROSS11 50 GONYAULACYSTA HELTCOTDEA HELTICOTDEA
— i | 28 SPINIFERITES SPP. 68 GONYAULACYSTA JUHASSICA
—_—| i 291 TRIGHODINIUM SPEETONENSE 30  GONYAULACYSTA PERFOROBTUSA
B I | =0 | GOMYAULAGYSTA PERFORDBTUSHA 18 HESLLERTONTA HESLERTONENSIS
tem—].— | 31| LEPTODINIUM? HYALODERMOPSE 19 HYSTRICHODINLIUM VOIGTII
s | 32| MUDERONGIA TETRAGANTHA 20 HYSTRICHOSPHAERIDIUM ARBORISPINUM
. m—— | 33| PSEUDOCERATIUM ANAPHRISSUM 51  HYSTRICHOSPHAERTNA SCHINDEWOLF1]
+ —— | 34| PSEUDOCERATIUM PELLIFERUM 21 KTIOKANSIUM POLYPES POLYPES
i s]a— | S5 TANYOSPHRERIDIUM SALPINX 15  KLEITHRIASPHAERIDIUM CORRUGATUM
« +—: - | 35, COROMIFERA DGEANIGA 6  KLEITHRTASPHAERTDTUM EOINODES
< «—{- - | 37| DINGODINIUM? ALBERTII 22 LAGENADINLUM? MEMBRANOIDIUM
s e—. « | 3B, SURCULOSPHAERIDIUM AFF. 5. PHOENIX a1 LEPTODINIUM? HYALODEHMOPSE
- . — = :i 294 DLIGOSPHAERIDIUM POCULUM 23 LEVISPHAERA CF. L. CRASSICINGULATA
PRREE :: +0 .': PAREODINIA SPP. 7T MUDEHRONGIA AFF. M. SIMPLEX MICHOPERFORATA
- e ——— :: 41 :: BATIOLADINIUM LONGICORMUTUH 3z MUDERONGIA TETRACANTHA
s o—.— | 42 BATIOLADINIUM HIGROPODUH 2  NELCHINOPSTS KOSTROMIENSIS
+ cmmi— | 43) CHLAHYDOFHORELLA NYEI 1 OLTGOSPHAERIDIUM CF. O. ALBERTENSE
R 5 I 49 ELLIPSOIDIGTYUH IMPERFEGTUM 25  OLIGOSPUAERIDIUM CF. O. FENESTRATUM
& — :: as KLEITHRIASPFHAERIDIUM CORRUGATUN 46 OLTGOSPHAERIDIUM CF. O. PULCHERRIMUM
. cwml.mm | 46| DLIGOSPHAERIOIUH CF. 0. PULGHERRIMUH 24 OLIGOSPHAERIDIUM COMPLEX
« - «f—- I 47l CASSIGULOSPHAERIDIA HAGNA 3 OLIGOSPHAERIDIUM PERFORATUM COLUM
e e p— I 48| GASSICULOSPHAERIDIA RETICULATA 62 OLIGOSPHAERIDIUM PERFORATUM PERFORATUM
P E— :: 49, HALLODIMIUM KRUTZSCHII as OLIGOSPHAERIDTUM POCULUM
« « ol —=m || SO| GONYAULAGYS1TA HELIGCOIDEA HEL ICOIDEA 8  OLIGOSPHAERIDIUM? ASTER1GERUM
s+ sf=— | 51| HYSTRIGHOSPHAERINA SCHIMDEWOLFIT 52 PALAEOPERIDINIUM CRETACEUM
« « s|w— I S52. PALAEOPERIDINIUM CRETAGEUN 40 PAREODINIA SFP.
« e s 53 PSEUDDCERATIUM NUDUM ] PHOREROCYSTA NEOCOMTCA NEOCOMICA
v s oo | SAl BATIOLADINIUM JAEGERI 33 PSEUDOCERATIUM ANAPHRISSUM
+ + «l- w | S5) CIRCULODINIUM AFF. G. ATTADALICUM 53  PSEUDOCERATIUM NUDUM
« s+ of]im= | S6i CRIBROPERIDINIUM EOHAROSTI 34  PSEUDOCERATIUM PELLIFERUM
« v u]e— | S7. CTEMIDODINIUM ELEGANTULUM 65  PTEROSPERMELLA CF. P. AUSTRALIENSIS
« s sle— || SB| DISCORSIA NANNA 67 RIGAUDELLA SP.
- s a]|e— :: 1- :: EXIGUISPHAERA PLECTILIS 4 SENTUSIDINIUM SP. 1
+ « u|emm | &D| FLORENTINIA HMAMTELLII GCOOKSONIAE Qroup 26  SENTUSIDINIUM SP. 2
< - «f-— | 61| FrOMEA AMPHORA 27  SIRMIODTNIUM GROSSIT
a n a| o — :: 62 :: OLIGOSPHAERIDIUM PERFORATUM PERFORATUM 28 SPINIFERITES SPP.
PRI | 63| STIPHROSPHAERIDIUM CF. S. ANTHOPHORUM 63 STIPHROSPHAERIDIUM CF. S. ANTHOPHORUM
+ s == | 64| AGCRITARGH 38 SURCULOSPHAERIDIUM AFF. S. PHOENIX
« « «|a— | 65| PTEROSPERMELLA GF. P. AUSTRALIENSIS 5  TANYOSPHAERIDIUM BOLETUS
- | e - :'. GOCHTEODINIA VILLOSA HULTIFURGCATA a5 TANYOSPHAERIDIUM SALPINX
= .|+ | 67 RIGAUDELLA SP. 29  TRICHODINIUM SPEETONENSE
— . . :: &8 :: GOMYAULACGCYSTA JURASSICA 49 WALLODINIUM KRUTZSCHITI
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] 2 W W INDEX
Zoaa :E E: NUMBER SPECIKES
0 I
— =+ +l+ I 1l APTEQDINIUM RETIGULATUM 6 ACHOMOSPHAKRA? NEPTUNI
= +ls | 2| LEPTODINIUH? HYALODERHOPSE 65  ACRITARCH
— - -]+ | 3| PHOBEROCYSTA MEOGOMIGA NEOGOMIGA 1 APTEODINTUM RETICULATUM
-_— el I 4| PSEUDOGERATIUM CF. P. SOLOCISPINUH 52 BATIOLADINIUM JAEGERI
—— |- | S BATiOLRDIMIUN? EXIGUUH 7 BATIOLADINIUM LONGICORNUTUM
—_— ] . Vs :' ACHOMOSPHAERA T NEPTUMI 49 BATIOLADINIUM MICROPODUM
=T . | 7| BATIOLADIMIUM LONGIGORNUTUN 5  BATIOLADINIUM? EXTGUUM
— - I Bl CALLAIOSPHAERIDIUH ASYHRETRIGUM 16 HATIOLADINIUM? PELLIFERUM
-] I %! CRISROPERIDINIUM FOMARDSII B CALLALIOSPHAERIDIUM ASYMMETRICUM
=mm—- | 1D, CRIBROPERIDINIUN MUDERONGENSE 18 CHLAMYDOPHORELLA TRABECULOSA
— o=+ | 11 DISCORSIA NANNA 19 CIRCULODINIUM AFF. C. ATTADALICUM
m=— . | 12| HESLERTONIA HESLERTONENSIS 20  CIRCULODINIUM DISTINCTUM
— I L3\ KLEITHRIASPHAERIDIUM EOINODES 21 CLEISTOSPHAERIDIUM? " ACICULARE
O — - I 14l MUDERONGIA TETRACANTHA 53 CORONIFERA DCEANICA
— =+ 4+ | 15| OLIGOSPHAERIDIUM POCULUM 9  CHIBHOPEHIDINIUM EDWARDSII
m=——: || 1&i SIRMIODINIUH GROSSII 10 CHIBROPERIDINIUM MUDERONGENSE
==.mm. | 17, STIPHROSFHAERIDIUM GF. S. ANTHOPHORUM 54  CRIDROPERIDINIUM? AFF. C. CORNUTUM
—0 | 18| GHLAMYDOPHORELLA TRABECULOSA Zz DESMOCYSTA PLEKTA
OO +mEg— | 1% CIRGULODIMIUH AFF. G. ATTADAL ICUM 23 DINGODINTUM? ALBERTII
N | 20, GIRCULODIMIUM OISTINGTUM 11 DISCORSIA NANNA
—f | 21| CLEISTOSPHAERIOIUM? AGICULARE 60 ELLIPSOIDICTYUM IMPERFECTUM
— =+ +— | 2Z. DESMOGYSTA PLEKTA 55  ENDOSCRINIUM CAMPANULA
—tmm | 23 DINGODINIUM? ALBERTIL 47  EXIGUISPHAERA PLECTILIS
— | 24, EXOCHOSPHAERIDIUM PHRAGHITES 24  EXOCHOSPHAERIDIUM PHRAGMITES
e || 2S5, FLORENTINIA HANTELLII ‘COOKSOMIAE aroug 25 FLORENTINIA MANTELLLIL/COOKSONIAE group
—— f— FROMEA AHPHORA 26 FROMEA AMPHORA
— HYSTRICHODINIUM YOIGTI11 61 FROMEA FRAGILIS
——C — YSTRICHOSPHAERIDIUM ARBORISP IMUM 50 GONYAULACYSTA HELICOIDEA HELICOIDEA
—— | HYSTRICHOSPHAERINA SCHINDEWOLFIIT 12 HESLERTONTA HESLERTONENSIS
I —— | X10<ANSTUM POLYPES POLYPES 48 HYSTRICHODINIUM AFF. H. FURCATUM
_— —— | LAGENADINIUM? MEMBRANOIDIUM 56 HYSTRICHODINIUM HAMOLDES
- —t— LEVISPHAERA CF. L. CRASSIGCINGULATA 27 HYSTRICHODINIUM VOIGTII
— HYETERICYSTA? VITRER 28 HYSTRICHOSPHAERIDIUM ARBORISPINUM
— OLIGOSPHAERIOIUM?® ASTERIGERUH 29 HYSTHICHOSPHAERINA SCHINDEWOLFIT
— OLIGOSPHAERIDIUNM GOMPLEX 3o KIOKANSTIUM POLYPES POLYPES
e | OLIGOSFHAERIDIUM GF. 0. PULGCHERRIMUH 13 KLEITHRIASPHAERIDIUM EOINODES
— T PALAEOPERIDINIUM CRETACEUM a1 LAGENADINTUM? MEMBRANOIDIUM
—_— FPAREODINLA SPP. 2 LEPTODINTUM? HYALODERMOPSE
— e — PSEUDOCERAT IUM NMUDUM az LEVTSPHAERA CF. L. CRASSICINGULATA
— —— SENTUSIDINIUM SP. 1 11 MUDERONGIA TETRACANTHA
— —— SENTUSIDINIUM SP. 2 a3 NYKTERICYSTA? VITREA
e —— SPINIFERITES SPP. 51 ODONTOCHTTINA OPERCULATA
— e SUBATILISPHAERA PERLUGIOA 57 OLIGOSPHAERLIDIUM CF. O. ALBERTENSE
— TANYUSFHAERIDIUH BOLETUS 36  OLIGOSPHAERIDIUM CF. O. PULCHERRIMUM
—_—- HALLODINIURN KRUTZSCHII 35  OLIGOSPHAERTDIUM COMPLEX
a— | BATIOLADINIUM? PELLIFERUM 15 OLIGOSPHAERIDIUM POCULUM
- —_— EHIGUISPHAERA PLECTILIS 62 OLIGOSPHAERIDIUM PROLIXISPINOSUM
- — | HYSTRIGHODINIUM AFF. H. FURGATUM EL OLIGOSPHAERIDIUM? ASTERIGERUM
cmm—te— | 4%, BATIOLADIMIUH HIGROFODUM 37 PALAEOPERIDINIUM CRETACEUM
+ o ojms || SO4 GONYAULACYSTA HELICOIDEA HEL ICOIDEA 38 PAREODINIA SPP.
r— T 1: 51: DDONTOCHITINA OPERCULATA 3 PHOBEROCYSTA NEOCOMLICA NEOCOMICA
- cmm. | S2. BATIOLADINIUM JAEGERI 63  PSEUDOCERATIUM CF. P. RETUSUM
+ a—{+ | S3, CORODMIFERA OCEANICA 4  PSEUDOCERATIUM CF. P. SOLOCISPINUM
« s 4. || 54 CRIBROPERIDINIUM? AFF. G. GORMNUTUM 38 PSEUDOCERATIUM NUDUM
R | 55| EMDOSGRINIUM caHPRNULA 58 PSEUDOCERATIUM TOVEAE SP. NOV.
. cwm. | W&] HYSTRICHOOIMIUM RAMOIDES 66 PTEROSPERMELLA CF. P. AUSTRALIENSIS
s L] :. 57: OLIGUSPHAERIDIUN GF. D. ALBERTENSE 67 RIGAUDELLA SP.
- -mm- | S@. PSEUDDCERATIUH TOUERE SP. NOV. 40  SENTUSIDINTUM SP. |
e K I 594 TRICHODIMIUM SPEETONENSE 11 SENTUSIDINIUM SP. 2
 a e e : 60 ELLIPSOIDICTYUH IMPERFECTUH 16 SIRMIODINTUM GROSSII
« + af— W &1, FROHEA FRAGIL1S 42  SPINIFERITES SPP.
Ry : &2 :: OLIGOSFHAERIDIUHM PROLIXKISPINOSUR 17 STILPHROSPHAERIDIUM CF. S. ANTHOPHORUM
e e o|lw || 3. PSEUDOCERATIUH CF. P, RETUSUH 43 SUBTILTSPHAERA PERLUCIDA
« « oD || 64 VESPEROPS1S LONGIGORNIS 44 TANYOSPHAER1IDIUM BOLETUS
——=|+ I &si ncrITARCH 58  THICHODINIUM SPEETONENSE
«— .} | 66| FPTEROSPERHELLA CF. F. AUSTRALIENSIS 64 VESPEROPSIS LONGICORNIS
— = «|s I 71 RIGAUDELLA sP. 45  WALLODINIUM KRUTZSCHII
3 subzone section 19
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e v sle e e e e s U 1l PAREDDINIA SPP. 63  ACRITARCH
—_———— | s s s =« [ 2| cAucA PARVA 39 APTEODINIUM CF. A. GHANDE
—_— jsmmme » + s & mIe = o. - Y KLEITHRIASPHAERIDIUN EODINMDODES 49 APTEODINIUM HETICULATUM
s e sfe cmme oo L 4l MALLODINIUM KRUTZSCHII 56  BALMULA PENTARADIATA
- — - s I S| LAGENADINIUM® MEMBRANDLDIUM 9 BATIOLADINIUM JAEGERT
- H - CHLARYODOPHORELLA TRABECULOSA 44 BATIOLADINIUM SHAFTESBURIENSE SP. NOV.
- s+ I 7) ODONTOCHITINA SINGHII 36 BOURKTDTNTUM GHANULATUM
—c s s s+ s fai—s we | B DLIGOSPFHAERIDIUM GF. D. TOTUM 58  BOURKIDINIUM SP. 1
. i ol BATIOLADINIUM JREGER! 37  CALLATOSPHAERIDIUM ASYMMETRICUM
— e — e+ f— | 10} GIRCULODINIUM DISTIMCTUR 32 CARPODINTUM GRANULATUM
—— s i e s — L 11 CLEISTOSPFHAERIOIUM? ACTCULARE 2 CAUCA PARVA
—_— . i — i e | 12, DESMOGYSTA FLEXTA 41 CHICHAOUADINIUM VESTITUM
. W I3 ELLIPSOIDICTYUM IMPERFECTUM 62  CHLAMYDOPHORELLA NYEI
<1 ¢ 1% EKOCHOSPHAERIDIUM PHRAGHITES 6 CHLAMYDOPHORELLA TRABECULOSA
- | 1D FLORENTINIA MANTELL LI CODKSOMIAE group 1o CIRCULODINTUM DI1STINCTUM
——tm———. .|e—=. - s— | 1&. FROMER AHPHORA 54  CLETSTOSPHAERIDIUM HUGUONIOTIT
.. s s [ 17! HAFSOCYSTA? BENTEAE SP. MOV 11 CLELSTOSPHAERIDIUM? ACTCULAHE
——r—————— 2| 44— s = | 1B LEPTODINIUN CAMCELLATUM is CORONIFERA OCEANTCA
b LTI LEVISPHAERA CF. L. CRASSIGINGULATA 12 DESMOCYSTA PLEKTA
. = P | @O LITOSPHAERIDIUN ARUNOUM 40 DISCORSIA NANNA
e — ! 21 i ODONTOCHITINA OPERCULATA 13 ELLIPSOIDICTYUM TMPERFECTUM
CETTTIIrIT 4 220 OLIGOSPFHAERIDIUM GCOMPLEX EE] ENDOSCRINIUM CAMPANULA
W i 23| FALAEOPERIDINIUN GRETAGCEUH 14 EXOCHOSPHAERIDIUM PHURAGMITES
R | 24 PSEUDOCERATIUM EXPOLITUM 15  FLORENTINTIA MANTELLII/COOKSONIAE group
¢ 25, PSEUDOGERATIUN FPOLYAORPHUH 16  FROMEA AMPHORA
—_—— e — ] RHOMBODELLA PAUCISPINA 15 FROMEA FRAGILIS
T — SENTISIODINIUM SP. 1 17 HAPSOCYSTA? HENTEAE SP. NOV
—— e+ o . — SENTUSIOINIUN SP, 2 44 HYSTRICHODINIUM PULCHRUM PULCHRUM
x - SFINIFERITES SFP. 4?2 EIOKANSIUM POLYPES POLYPES
— e e . STIFMROSPHRERIDIUN CF. S. ANTHOPHORUM 3 KLEITHHIASPHAERTDIUM KOINODES
T ST T ST T — T — VESPFERDPS1S MAYI § LAGENADINIUM? MEMHRANOIDIUM
T T e . | | CARPODINIUM GRANULATUR 66  LEIOFUSA SP.
s e e s s e ale e e s s s | 33, EMDOSGRINIUM CARMPANULA 18 LEPTODINTUM CANCELLATUM
se— e cmmae—e ofe s s e s s [ 34! TANYOSPHRERIDIUM BOLETUS 19  LEVISPHAERA CF. L. CHASSICINGULATA
se—s s s s s s sle—. s s . | 35, COROMIFERA DCEAMICA 20 LITOSPHAERTDIUM ARUNDUM
se— s e e a— + + + || 36, BOURKIDIMIUM GRANULATUR 59  ODONTOCHITINA ANCALA
Pe— e sm—. . s=——— | 37 CALLAIOSPHAERIDIUM ASYMHE TRIGUM Z1  ODONTOCHITINA OPERCULATA
tamme s a—=- 2ls s s s s s | 3B, VESPEROPSIS? OIGITATA 7 ODONTOCHTTINA SINGHLL
@ mm—a s a— s a—a— s & s i 37 APTEDDINIUM CF. A. GRAMOE 43 OLTGOSPHAERIDIUM CF. O. PULCHERRTMUM
« s— s 4|e——= . - | 30, DISCORSIA MAMNA &  OLIGOSPHAERIDIUM CF. O. TOTUM
e 4 e e s fe—r— 41, CHICHAOUADINMIUM VESTITUM 22 OLIGOSPFHAERTDTUM COMPLEX
P a4 4 s s | 42 KIOKANSIUM POLYPES POLYPES 57  OLIGOSPHAKRIDIUM PERFORATUM PERFORATUM
. . == | 43| OLIGOSPHAERIDIUM CF. 0. PULCHERRIHUR 46 OLIGOSPHARRIDIUM POCULUM
A semma e e F s e I A% HYSTRICHODINIUM PULCHRUM PULCHRUM 61 OLIGOSPHAERIDIUM PROLIXISPINOSUM
"eam—e s s . +— | 45, FROMEA FRAGILIS 51  OLOGOSPHARRTDIUM SP. 1
Peam—ee—a o o|e s 4 a— | 46| OLIGOSPHAERIOIUM POCULUM 23 PALAEOPERLDINIUM CRETACEUM
fe s sm— e s 2 sle 4 s s s . | 47| TAMYOSPHAERIODIUR CF. T. [SOCALAHUS ] PAREODINLIA SPP.
= e am—e s s s e——— I 48| DATIOLADINIUN SHAFTESHURIENSE SP. NOU. 52 PROLIXOSPHAERIDIUM PARVISPINUM
. e e s — e—— s w | 49, APTEODINIUM RETICULATUM 60 PROTOELLIPSODINTUM SPINOCRISTATUM
= s s s e=—e s afe . - o= | SO, SYSTEMATOPHORA AFF. S. CRETACEA 53 PSEUDOCERATIUM EISENACKTI
s e e s i — —— ), %1, OLOGOSPHAERIDIUM SP. 1 24 PSEUDOCERATIUM EXPOLITUM
s e s s s : :-z: PFPROL IKOSPHAERIDIUN PARVISFINUN 25 PSEUDOCERATIUM POLYMOHPHUM
fe e s s cmme o — | 53, PSEUDOCERATIUM EISEMAGSI L 65  PTEROSPERMELLA CF. P. AUSTRALIENSIS
I « s s e+ || S4; CLEISTOSPHAERIOIUM MUGUOMIOTII 26  RHOMBODELLA PAUCISPINA
e e s s s s—— | S5, SENTUSIDINIUH VERRUCOSUAR 64  SCHTZOCYSTIA
v s e s e s s a|em—u v s s || 56| BALHULA PENTARADIATA 27  SENTISIDINIUM SP. 1|
sr e s s s s s sle—e—. - | 57 OLIGOSPHAERIDIUN PERFORATUN PERFORATUH 28 SENTUSIDINIUM SP. 2
L A A R B R | S8 BOURKIDINIUH SP. 1 65 SENTUSTDINTUM VERRUCOSUM
e s s s s s s s|ls s wuas s | 5P, ODOHTOGHITINA ANCALA 29  SPINIFERITES SPP.
s 4 s s s s s s sl sm—s 2— | 6D, FPROTOELLIFSODINIUN SPINOGRISTATUR an STIPHROSPHAERIDIUM CF. S. ANTHOPHORUM
= s s s s s s s os|ls s s s—s || 61 DLIGOSPHAERIDIUH PROLIKISFINOSUR 50 SYSTEMATOPHORA AFF. 5. CRETACEA
4 s s s s s s s o als s s - s | &2 CHLAHYDOPHORELLA HYET a4 TANYDSPHAERIDIUM BOLETUS
" bm— y e == s s I} &Z ACRITARCH 47  TANYOSPHAERIDIUM CF. T. 1S50CALAMUS
s s s s s e s a s|ls a—=s 2+ | &4, SCGHIZOCYSTIA 31  VESPEROPSTS MAYI
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+ 8 s am—a s v 2|e s s 2 e s | BE.LEIOFUSA SP. 4 WALLODINIUM KRUTZSCHII
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MON N MNMNNEN NN 1 [
sZg2383E88 ¢ @ il
—+ = <]+« o+ | 1§ nMUDERONGIA STAuROTA 42 ACHOMOSPHAERA? NEPTUNI
e ERL RN B | Z1 PHUBEROCYSTA NEOGCOMIGA NEDCOMICA A6 ACHITAHCH
— »ae e el | 3 KLEITHRIASPHAERIOIUM CORRUGATUM 61 APTHODINIUM HETICULATUM
— s e e e ale | 3] CHLAMYDOPHORELLA NYE! 6B ATOPODINIUM HAHOMENSK
— CREE T 1 8. GONYAULAGYSTA FASTIGIATA 20 BATIOLADINIUM JAEGERI
= swe el | &, PSEUDOGERAT [UM ANAPHRISSUM a3 DATTOLADTNTUM LONGICORNUTUM
. 0 e e als | 7l MELGHINOPSIS XOSTROMIENSIS 44 DATIOLADINIUM MICROPODUM
s+ = sls 1 B PSEUDDCERATIUM PELLIFERUM 43 UATIOLADINLUM? EXIGUUM
- » I P OLIGOSPHMAER [DTUMT ASTER IGERUM 74 CALLATOSPHAERIDIUM ASYMMETHICUM
— * 1 10, GONVAULAGYSTA HELICOIDEA HELICOIDCA 75 CAHPODINIUM GRANULATUM
- * L 11, HESLERTOHIN HESLERTOMEWSLS an CASSICULOSPHAERIDIA RETICULATA
= = 112, SIRMIODINIUW GROSSII Y6 CAUCA PARVA
— * 0 13| CIRCULODINIUM AFF. G. ATTADALIGUMN 4 CHLAMYDOPHORELLA NYET
3 = 119 CIRGULODINIUM DISTINGTUM 21 CHLAMYDOPHORELLA THARECULDSA
— . i 15| GRIBROPERIDINIUN COMAROSII 13 CIRCULODINIUM AFF. C. ATTADALICUM
- i 16| KIOKANSIUM POLYPES POLYPES 11 CIRCULODLINIUM DISTINCTUM
s ==+ | 17| LEPTODIMIUN? HYALODERMOPSE 23 CLEISTOSPHAERIDIUM HUGUONIOTII
I — i 18] MUDERONGIA TETRACANTHA 22 CLEISTOSPHAERIDIUM? ACICULARE
s s cmms [ 19 TANYOSFHRERIDIUM DOLETUS 53 CORONIFERA OCEANICA
— i | BATIOLADINIUN JREGERI 15  CRIBROPERIDINIUM EDWARDSII
L CHLANYDOFHORELLA TRABECULOSA a6 CRTBROPERTDTNTUM EXTLICRISTATUM
GLEISTOSPHAERIOIUM? ACIGULARE 73 DESMOCYSTA PLEKTA
== CLEISTOSPHAER IO UM HUGLONIOTIE 34 DINGODINIUM? ALBERTIL
— i EXOCHOSPHAERIOIUN PHRAGHITES [ 3 DISCORSIA NANNA
— HYSTRICHODINIUN VOIGTIL T PSOIDICTYUM IMPERFECTUM
LEVISPHAERA CF. L. CRASSICINGULATA 45 ENDOSCRINIUM CAMPANULA
OLIGOSPHAERIDIUN COMPLEX (17 EXIGUISPHAERA PLECTILIS
FPAREODINIA Srr, 24 EXOCHOSPHAERIDIUM PHRAGMITES
SPIMIFERITES SPP. 19 FLORENTINIA MANTELLLI/COOKSONIAE group
- CASSICULOSPHAERIDIA RETLCULATA 57 FROMEA AMPHORA
. HUDEROWGIA AFE. M. SIAPFLEX HICROPERFOR 46 FROMEA FRAGILIS
L] HYSTRICHOSPHAERIDIUN ARBORISPIMUM 55 FROMEA SP. |
» . | 33, BATIOLADINIUM LONGIGORNUTUM BR GOCHTEODINIA VILLOSA MULTIFURCATA
| O . m— . | 33| DINGDDIMIUM? ALBERTII 5  GONYAULACYSTA FASTIGLATA
. | ®S| OLIGOSPHAERIDIUM GF. 0. PULCHERRIMUM 1]
s|emmmele o o o2 efs | ze| CRIBROPERIDINIUM EMILICRISTATUR a0
o | TANYDSFHAERIDIUH CF. T. 1S0GALARUS 77
RHYNCHODINIOFSIS CF. R. APTIANA 1 HESLERTONLIA HESLEHTONENS1S
STIPHROSPFHAERINIUN GF. S. ANTHOPHORUM 63 HYSTHICHODINIUM AFF. H. FURCATUM
SURCULOSFHACRIODIUN AFF. S. PHOEMIH 5 WYSTRICHODINIUM VOIGTTT
FSEUODCERAT IUM HUDUM a2 HYSTHICHOSPFHAERIDIUM ARBORISPINUM
ACHOMOSFHACKA? MEF TUMIT 65 HYSTHICHOSPHAERINA SCHINDEWOLFI1
DATIOLADIMIUM? ©X1GUUN 16 KIOKANSIUM POLYPES POLYPES
BATIOLADINIUN RICROFOOUH i KLEITHRIASPHAERIDIUM CORRUGATUM
ERDOSCRIMIUN CAMPANULA 50 KLEITHRTASPHAERIDTUM EOINDDES
FROHEA FRAGILIS 7a LEFTODTNTUM CANCELLATUM
OLIGOSPHRAERIDIUN FOCULUMN ¥ LEPFTUDINIUM? HYALODERMOPSE
TRICHODIMIUH SPCETOMENSE 26 LEVISPHAERA CF. L. CRASSICINGULATA
FLORENTIHIA HANTELLII1 -COOKSONIAE group a1 MUDERONGIA AFF. M. SIMPLEX MICROPERFORATA
KLEITHRIASPFHNERIDIUHN COIMODCS 54 MUDERONGTA CF. M. TOMASZOWENSITS
SENTUSIDINIUM SP. 2 | MUDERDNGIA STAUHOTA
HALLOOIMIUAM KRUTZSCHIT a MUDERONGIA TETRACANTHA
CORONIFERA OCEAMICA 7 KELCHINOPS1S KOSTROMIENSIS
HUDERONGIA CF, M. TOHASZOWUENSIS (] NYKTERICYSTA? VITREA
FROMEA SP. 1 58 ODONTOCHITINA OPERCULATA
SUBTILISFHAERA PERLUCIDN a6 OLTGOSPHAERTDTUM CF. O. PULCHERRIMUM
FROHEA AHPHORA 74 OLIGOSPHAERIDIUM CF. O, TOTUM
| PSEUDODCERATIUH TOVEAE SP. HOV. 27 OLIGOSPHAERLDIUM COMPLEX
| ODOMTOCHITINA OPERCULATA 0 OLIGO: PERFORATUM COLUM
PALAECPERIDINIUN CRETACEUN 47 OLIGOS POCULUM
| SENTUSIDINIUM SP. 1 B0 OLIGOSPHAERIDIUM PROLIXISPINDSUM
| DISCORSIA MAMMA 9 OLIGOSPHAERIDIUM? ASTERIGERUM
| HYSTRICHODINIUN AFF. H. FURGATUM A1 OVOIDINTUM SP. 3
| MFTEODINMIUN RETIGULATUM &0 PALAEOPERIDINIUM CRETACEUM
| HYSTRICHOSPHAER IHA SCHINDEMOLET I 28 PAREODINIA SPP.
| EMIGUISPHAERA PLECTILIS 2 PHOBEROCYSTA NEDCOMICA NEOCOMICA
SYSTERATOPHORA MFF. %. CRETACEAR 6 PSEUDOCERATIUM ANAPHRISSUM
ATOFODINIUN HAROHENSE 72 PSEUDOCERATIUM TIVERI S5P. NOV.
MYETERICYSTAT UITREA 41 PSEUDOCERATIUM NUDUM
OLIGOSPHAERTOIUN FPERFORATUH COLUM B PSEUDDCERATTUM PELLTFERUM
ELLIPSOIDICTYUH IHPERFECTUH BZ PSEUDDCERATIUM POLYMORPHUM
B R R FSEUDOCERAT (UM [UVART S, NOU. 58 PSEUDOCERATIUM TOVEAE SP. NOV.
e m a]e e e e —— DESHOCYSTA PLE<STA B7 PTEROSPERMELLA CF. P. AUSTHALIENSIS
e o ofe o 2 4 ol CALLATOSPHAERIDIUM ASYHHETR[CUH 83 HHOMBODELLA PAUCISPINA
D EREEE] ERE R CARPOOIMIUN GRANULATLUM as RHYNCHODINIOPSIS CF. R. APTLANA
ale o afle & & o ol CALGA FARWA 8] RIGAUDELLA SP.
af - Bl ] HAFSDCYSTAY' BENTEARE SP. HOU. 61 SENTUSIDINIUM SP. 1
- B R LEFTODINIUA CANCELLATURA 51 SENTUSIDINIUM SP. 2
B R I ] OLIGOSPHAERIDIUM CF. O. TOTUR 12 STAMIODINIUM GROSSIT
A O B OLIGOSPHAERIDIUN FROLIXISEINOSUR 29  SPINIFERITES SPP.
sle o ale = & ap— OVOIDINIUN SP. 3 a9 STIPHROSPHAERIDIUM CF. 5. ANTHOPHORUM
o Y e . PSEUDDCERATIUH POLYHORPHUR 56  SUHTILISPHAERA PERLUCIDA
sleaales siale wp=— i RHOMBODELLA FAUGISFINA 40 SURCULDSPHAERIDIUM AFF. 5. PHOENIX
B ECEEY R VESFPEROPSIS HAYI &Y SYSTEMATUFPHORA AFF. 5. CHETACEA
o a|a— s | ULVELLA MANHAE 19 TANYOSPHAERIDIUM BOLETUS
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1 2 3 1 subzones section 21
! L L Stratumbjerget Wollaston Fl.
L. Barr. |U. Barr. | M. |JAlb. stages




155

S92 e o - "
S A =D A 4
-2 0N ' SPECIES LOCATION INDEX
T T T2 i ' Index numbers are the columns in which species appear.
geeos o 2
s maaa b INDEX
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: : g : f ! . NUMIER SPECIES
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AL e e " 1| CLEISTOSPHAERIOIUM? AGIGUL ARE 1] BATIOLADINIUM JAKGERI
S, ' ?: DESHOCYSTA PLE=<THA 1o CALLATOSPHAERIDIUM ASYMMETHICUM
— v . | OLIGOSPHAERIDIUN PROL IXISPINOSUM 42 CAUCA PARVA
e R, ) 4, PSEUDODCERATIUM Cr. #. INTERIORFNSE a9 CHICHADUADINTUM VESTITUM
=l e . S STIPHROSPHAERIDIUM CF. 5. ANTHOPHORUM (N CHLAMYDOPHORELLA TRABECULOSA
—iala & DICONDDIMIUA ARGTICUR 19 CIRCULODINIUM DISTINCTUM
- - . 7 EMDOSCRIMIUM CAMPRANULA 1 CLEISTUOSPHAERIDIUM? ACICULAHE
—_——- ] OLIGOSPHAERIDIUM GF. D. PULGCHERRIMUH ¢ DESMOCYSTA PLEKTA
Rt SENTUSIUINIUM SP. 2 i DICONODINIUM ARCTICUM
L CALI ATOSPHAER IDIUM ASYHMHE TR IGUM a7 DISCONSIA NANNA
——— CHLARYOOPHORELLA TRABECUL NSA [ FLLIPSOIDICTYUM IMPERFECTUM
— ELLIPSOIDICTYUM [MFERFECTUH 7 ENDOSCRINIUM CAMPANULA
R — LEPTODINTUM CAMOELLATUM 20 EXOCHOSPHAERIDIUM PHRAGMITES
CO—a— - P LEVISPHAERA CF. L. CRASSICINGULATR 21 ORENTINIA MANTELLLL/COOKSONTAE group
S—— h OVOONTOCHITINA SINGHI I JH FROMEA FRAGILIS
Ils =—— I SENTUSIDINIUN S/, 10 FHOMEA 5P )
— ! HALLODINIOM KRUTZSCHI L 22 HAPSOCYSTA? DENTEAE SP. NOV.
— BATIOLADINIUM JAEGERT 35 SETHRTASPHAEHIDIUM EOITNODES
CTTT —ll— CIRCULODINIUM DISTIMNGTUM [ ODINIUM CANC ATUM
— - 20, EMOCHOSPHAERIDIUM FHEAGHI TES 1 LEVISPHAERA CF. L. CRASSTCINGULATA
w2 FLOREMTINIA MANTELLITT COONSOMLAE group 23 LITOSPHAERIDIUM ARUNDUM
——— | 2> HAPSOGYSTA? BEMTCAE SE. NOV. 24 ODONTOCIHTTINA OPERCULATA
e e | 5% LITOSPHAERIOIUM ARUNDUM 15 ODONTOCHITINA SINGHIIT
ST, 24 ODONMTOCHITINA OPERCULATA H OLIGOSPHAERIDIUM CF. 0. PULCHERHIMUM
Oorrmmmmnm | a5 0L IGOSPHAERIOLIUA GOMPLER A4 OLIGOSPHAERIDIUM CF. 0. TOTUM
T —— 26 0 PALAEOFERIDINIUM CRETACE UM 25 OLIGOSPHAERIDIUM COMPLEX
) 27| PARFODINIRA SPF. 41 OLIGOSPHAERIDIUM PERFOHATUM PERFORATUM
o — 28 | PSEUDOCERATIUN POL YHORPHUN 3 OLIGOSPHAERIDIUM PROLIX ISP INOSUM
—_a e A 2% . RHOHBODELLA PAUCLSFINA 42 OVOIDINTUM SP. 3
—— 30, SPINIFERITES SPP. 26 PALAEOPERIDINIUM CHETACEUM
— T . VESPEROPS IS HAY] 27 PAREODINIA SPP.
s . . 2, OVDIDIHIUH SP, X 4 PSEUDDCERATIUM CF. PP, INTERIOHENSE
LR TR 33, PSEUDDCERATIUM E[SEMAG<LL a3 ATIUM EISENACKT]
o e e w ZT4 . TANYOSPHAERIOIUN BOLETUS 36 ATIUM EXPOLITUM
——a ¢ 35, SLEITHRIASPHAERIDIUNM EOINOOES 28 ATIUM POLYMORPHUM
s cus 1 36, PSEUDOCERATIUM FXFOL [TimM 11 MELLA CF. P. AUSTRALIENSIS
e e | 37, DISCORSIA MANNA 29 LA PAUCISIINA
s | 38, FROHMEA FRAGIL1S 16 SENTUSIDINIUM 5P. 1
+ smm: . |, 3%, CHICHADUADINIUM YESTITUH 9 SENTUSIDINIUM SP. 2
« =4 s+ | 40| FROMEA SP. 1 30 SPINIFERITES SPP.
« e— =« « . 41, DLIGDSPHAERIDIUM PERFORATUM FPERFORATUM 3 STIPHROSPHAERIDIUM CF. S. ANTHOPHORUM
« s s comm |, 42, CAUGA PARVA 34 CTANYOSPHAERTDIUM BOLETUS
<+ + s== | 43, OLIGOSPHAERIOIUN GF. 0. TOTUM Al VESPEROPSLS MAYI
— e 4 s s | 44, PTERUSPERMELLA CF. P. AUSTRALIENSIS 17 WALLODINIUM KRUTZSCHII
1 subzone section 22
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TANYOSPHAERIDIUN SALPINK

| SUBTILISPHAERA FERLUCIDA

| DLIGOSPHAERIDIUM CF. 0. TOTUH
| CLEISTOSPMACRIOIUM HUGUONTQTII
LEFPTODIMIUM CANCELLATUM

n BATIOLADIMIUN JAEGERT

I GHLAMYDOPHORELLA TRABECULOSA

v GIRCULODIMIUM OISTINGTUM

i CLEISTOSPHAERIDIUH? AGICULARE
| EXDCHOSPHMAECRIDIUM PHRAGHITES
FLOREMTINIA MAMTELLIL

4@ N U RN

COOKSOMIAE group

L2 FROMEAN FRAGIL IS

L3 HAFSOCYSTR? BENTEMNE SF, HOV.

14 HYSTRICHODINIUA PULCHRUH PULCHRUM
‘5:: LEVISPFHAERA GF. L. CRAGSGICINGULATA
16 LITOSPHAERIDIUM ARUNDUR

17 ODONTOCHITINA OPERCULATA

OVOUNMTOCHITINA SIHGHII

OLICOSPFHRERIDIUN COMPLEX
OLIGOSFHRER IO UM GF.
DL IGOSPHAER 101 UM
PALAEOPERIDINIUM

O. PULCHERRIHUM

sP. 1

CRETRCEUM

FSEUD CERATIUN E ISCNACG= T
8 PREFUNDODCERATIUM EXFUOL I TUM
25, RHOMBODELLA PAUCISPINA

SENTUSIDINIUM SP. 1
FINIFERITES SFPF.

o8 TANYOSPHAERIDIUM BOLETUS

29, VESPEROFSIS HAvI

30 HOALLODINIUM SRUTZSCHI]

A1 0 PROTOELL [FSODITHIUN SPINOCRISTATUN

32, VESFEROFPSIS? DIGITATA

33 STIFHROSPHAERLOIUN CF . 5. ANTHOPHORUA
34, CAUCHA FARVA

35 . BATIOLADIMIUN SHAF TESBURIENSE SF. MO,
36 GHICHADUADIMIUN YEST I TUHR

37 DESHOGYSTA PLE<TA

38, ELLIFSOIDICTYUM [MPFERFECTUM

39 . ODOMTOCHITINA ANGCALRA

40, DIGCOMODINIUM ARCT 1GUM

41 SENTUSIDINIUN SP. 2

4z LEFTODIMIUM? GF. L. OELIGATUR

AFTEODINIUS RETICGULATUH
PSEUDDCERATIUH FOLYHMORFPHUHR
CHODGGERINIUA CARAPANUL A

BOURS ITDINIUN GRAMULATUR
OLIGOSFHAECRIODIUR PERFORATUN PERFORATUR
CALLAIDSPHAERIOIUN ASYRHETRIGCUR
COROMIFER® DCEANIGA

DISCORSIA HAMNA

FROMEN AHMPHORMD

OLIGOSPHAERIOIUM FOCULUR

CRIBROFER IOIMIUN FOWARDST I

AFTEDODINIUA GF. M.
TAMYOSPHAERIOIUA GCF. T.
ACK I TARCH

LE
SCHIZOCYSTIA
PTERDSPERMELL A CF .

GRAMDE
1S0CALAMUSE

IFUEA 5P

F. AUSTRAL IENSTS
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46
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34
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SPECIES LOCATION INDEX
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SPECIES

ACHLUTARCH

APTEODINIUM CF. A. GRANDE
APTEORINIUM RETICULATUM
DATIOLADINIUM JAEGERT
DATIOLADINTUM SHAFTESBURTENSE Sit.
DOUHELIDINIUM GHANULATUM
CALLATOSPHAERIDIUM ASYMMETRICUM
CAUCA PARVA

CHICHADUADINIUM VESTITUM
CHEAMYDOIIORELLA THADECULOSA
CIRCULODINIUM DISTINCTUM
CLEISTOSPHAERTDTUM HUGUONTOTII
CLEISTOSPUAERIDIUM? ACICULARE
CORONTFERA OCEANICA
CHINHOPERIDINTUM EDWARDSI]

it WYSTA PLEKTA

DICONORINIUM ARCTICUM
DISCORSTA NANNA
ELLIPSOIDICTYUM IMPERFECTIM
DOSCHINIUM CAMPANULA
EXOCHOSPHAERIDIUM PHRAGMITES
FLORENTINIA MANTELLIT/CODKSONIAE group
FHOMEA AMPHORA

NOV .

HENTEAE SP. NOV.
CHODINIUM PULCIHHUM PULCHRUM
OFUsA 50,
UFTOIRINIEM CANCELLATUM
l.. DELICATUM
LEVISPIAK . 1. CRASSICINGULATA
LITOSPUARIRIDIUM ANUNDUM
OBONTOCHITINA ANCALA

ITINA OPERCULATA

OLIGOSPHAERIDIUM PERFORATUM PERFORATUM

0L GOSPHAR rocuLuM
OLIGOSPHAERIDIUM 51 I
FALAEOPERIDIK UM CHETACEUM

YT MINIUM S INOCHISTATUM

UDOCERATIUM EISENACKT]
UDODCERATIUM  EXPOLTTUM
UDOCERATIUM POLYMOIPIUM
AUSTHALIENSIS

RIOMBODELLA PAUCT
SCHTAOUYSTIA
SENTUSIDINIUM 51,
SENTUS IDINLUM
SPINIFERITES 5PP.
STIPHROSPHAERIDIUM CF, S,
ERA PERLUCIDA
AERIDIUM BOLETUS
TANYOSPHAERIDIUM CF. T.
TANYOSPUAERLDIUM SALPFINX
OPS15 MAY ]

4 ROPS 157 DIGITATA
WALLODINIUM KRUTASCHL ]

ANTHOPROHUM

SUNTILIS

I1SOCALAMUS
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oW W W
O H
22222 = u INDEX
- NUMBER SPECIES

w I
T W om s :: 10 LITHOSPHAERIDIUM SIPHONIPHORUM kL] ACRITARCH
— =+ -+ | =z OLIGOSPHAERIDIUM GF. 0. PULCHERRIHUM 22  BATIOLADINIUM JAEGERI
s==- | 3| LEVISPHRERA CF. L. CRASSIGINGULATA 30  BOURKTDINTUM GRANULATUM
We s+ [ 3. ODONTOCHITINA ANCALA 23 CHLAMYDOPHORELLA NYEL
s==- | 5| SENTUSIOINIUM SP. 1 24 CHLAMYDOPHORELLA TRABECULOSA

—-——:-— | & GLEISTOSPHAERIDIUM HUGUONIOTL I 21 CTRCULODINIUM DISTINCTUM

— =+ + +— | 7| DESMOGYSTRA PLEKTA 6 CLEISTOSPHAERIDIUM HUGUONIOTII
V— cmmw— | B FROMEA FRAGILIS 36 CLEISTOSPHAERIDIUM? ACICULARE

— |, 9| HAPSOGCYSTA? BENTEAE SP. NDU a1 CRIBROPERIDINIUM INTRICATUM

—«—+— | 10| ODONTOCHITIMA DPERCULATA 7 DESMOCYSTA PLEKTA

—— 11| DLIGOSPHAERIDIUM GOMPLEX 25 DOROGCYSTA LITOTES

————em=— | 12| OLIGOSPHAERIDIUM GF. D. TOTUM 20 EPELIDOSPHAERIDIA SP. 1

WD - OO | 13 OUOIDINIUM? SP. 1 26  EXOCHOSPHAEHIDIUM PHRAGMITES

——— e | 14, PALAREOFERIOINIUNM CRETAGEUN 34  FLORENTINIA MANTELLII/COOKSONIAE group

— e — l:i:: PALAEDPFERIDINIUHT SP. 1 27 FROMEA AFF. F. EXPOLITA

——— | &, PSEUDDCERATIUM AFF. P. EXPOL [TUM B FROMEA FRAGILILS

IS | 7. RHOMBODELLA PAUCISPINA 29 FROMEA SP. 1

— r==—— | 18 SPINIFERITES SPP. 9  HAPSOCYSTA? BENTEAE SP. NOV

WO TR | L9, SUBTILISPHAERA XALAALLITI SP. NOW. s KIOKANSIUM POLYPES POLYPES
s=— =+ = + | 20, EPFELIDOSPHAERIDIA SP. 1 3 LEVISPHAERA €F. L. CRASSICINGULATA
sm=—=. + | 21, GIRCULODINIUM OISTINGTUM I LITHOSPHAERIDLUM SIPHONTIPHORUM
- —— | 22 BATIOLADINIUM JAEGERI 4 ODONTOCHITINA ANCALA
s w23 GHLAMYDOPHORELLA NYET 10 ODONTOCHTTINA OPERCULATA
s .= | 24| CHLAMYDUFPHORELLA TRABECULOSA 2 OLIGOSPHAERIDIUM CF. O. PULCHERRIMUM
s—=—== | 25| DOROGYSTHE 1 ITOTES 12 OLIGOSPHAERIDIUM CF. O. TOTUM
 —— | 26 | EXKOCHOSPHRERLDIUM PHRAGMITES i1 OLIGOSPHAERIDIUM COMPLEX
t— == | 27 FROMEA AFF. F. EXPOLITA 13 OVOIDINIUM? SP. 1
f— s | 28| PALAEOHMYSTRICHOPHORA INFUSORIOODES 28  PALAEOHYSTRICHOPHORA INFUSORIODES
+ sm=+ s | 25, FROHEA SP. 1 14  PALAEOPERIDINIUM CRETACEUM
.- + | 30| BUOURKIDINIUM GRAMULATUM 16  PALAEOPERIDINIUM? SP. 1
+ emm s | 31, CRIBROPERIOIMIUM INTRIGATUM 16  PSEUDOCERATIUM AFF. P. EXPOLLTUM
s e—==. | 32| SENTUSIOIMIUM SP. 2 17  RHOMBODELLA PAUCISPINA
s s=— s | 33, KEMASCUS CERATIOIDES as SCHIZOCYSTIA
s a—e— | 34, FLOREWNTINIA HANTELLII ‘COOKSOMIAE group 5  SENTUSIDINIUM SP. 1
R | 35l KIOKANSIUM POLYPES POLYPES 3z SENTUSIDINIUM 5P, 2
“ e e 36 CLEISTOSPHAERIOIUN? ACICULARE 18 SPINIFERITES SPP.

s 4 e | 37, RIPHOPHORIOIUM ALATLM 19 SUBTILISPHAERA KALAALLITI SP. NOV.
s s a— || 38 AGRITARCH 33 XENASCUS CERATIOIDES
‘e smms || 39 SCHIZOCYSTIA 37  XIPHOPHORIDIUM ALATUM
3 subzone section 24
v zZone
z N Home Forland Hope with Hope
U. Albian stage
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R - SPECIES LOCATION INDEX
zzz 3 Ei ,:.: Index numbers are the columns in which species appear.
oW W W " n
aaaa o INDEX
i22a E 55 NUMBER SPECIES
aMNM©ne W
W W
—=+ =+ | 1) FROMER AFF. F. EXFOLITA 40  ACRITARCH
— =+ i 2. FrROHEa sP. 1 7  BATIOLADINIUM JAEGERI
==. + + | 3 LEVISPHAERA GF. L. CRASSICINGULATA 28 BOURKIDINIUM GRANULATUM
== I 4. SENTUSIOINIUM VERRUCOSUM 14 CHLAMYDOFPHORELLA TRABECULOSA
—=+ + + | S| TANYOSPHAERIDIUM CF. T. [SOCALAMUS 15 CIRCULODINIUM DISTINCTUM
——allp L I &l TANYDSPHRERIDIUM SALPINK 3z CLEISTOSPHAERIDIUM HUGUONIOTIT
——=++ I 7| BATIOLADINIUH JAEGERI 16 CLEISTOSPHAERIDIUM? ACICULARE
S— I 81 OLIGOSPHRERIDIUM CF. D. TDTUH 33 DESMOCYSTA PLEKTA
m=—. « | 9| PALAEOPERIDINIUM CRETALEUM 17  DOROCYSTA LITOTES
—+—=+ | 10, EPELIDOSPHAERIODIA SP. 1 10 EPELIDOSPHAERIDIA SP. 1
m——— s L 114 EXOCHOSPHAERIDIUH PHRAGHITES 11 EXOCHOSPHAERIDIUM PHRAGMITES
—— - | 12, OLIGOSPHAERIDIUAM COMPLEX 35  FLORENTINIA MANTELLII/COOKSONIAE group
— - | 13l PALAEOHYSTRIGHOPHORA INFUSORIDDES 1 FROMEA AFF. F. EXPOLITA
i 14§ CHLAMYDOPHORELLA TRABEGULOSA 18 FROMEA FRAGILIS
—- i 1S CIRCULODINIUM OISTINGTUH 2 FROMEA SP. 1
w—— e | 16, GCLEISTOSPHAERIDIUM? ACICULARE 19 HAPSOCYSTA? BENTEAE SP. NOV.
——===— | 17, DOROGYSTA LITOTES 29  KIOKANSIUM POLYPES POLYPES
“pmm cgm= | 1@ FROMEA FRAGILIS 37  LAGENADINIUM? MEMBRANOTDEA
—— | 1% HAPSOCYSTA? BENTEAE SP. NOV. 3 LEVISPHAERA CF. L. CRASSICINGULATA
———— w9 | 20 ODONTOCHITINA OPERCULATA 38  ODONTOCHITINA ANCALA
——E e | 21 OUOIOINIUM? SP. 1 20  ODONTOCHITINA OPERCULATA
—— | 22, PSEUDOCERATIUM AFF. P. EXPOLITUM 39  OLTIGOSPHAERIDIUM CF. O. PULCHERRIMUM
BN | 23 RHOMBODELLA PAUCISFINA 8  OLIGOSPHAERIDIUM CF. O. TOTUM
= .— [ 24, SENTUSIOINIUH SF. 1 12 OLIGOSPHAERIDIUM COMPLEX
——— | 25 SPINIFERITES SPP. 21 OVOIDINIUM? SP. 1|
e | 26 SUBTILISPHAERA SALAALLITI SP. NOU. 13 PALAEOHYSTRICHOPHORA INFUSORIODES
——+— | 27| ®XIPHOPHORIDIUM ALATUM 2 9  PALAEOPERTDINIUM CRETACEUM
s—=+ + | 28| BOURKIDINIUM GRANULATUM 34  PALAEOPERIDINIUM? SP. 1
R==nl i 29 XI10KANSIUM POLYPES FOLYFES 22 PSEUDOCERATIUM AFF. P. EXPOLITUM
S A | 30\ WMALLODINIUM LUNA 41 PTEROSPERMELLA CF. P. AUSTRALIENSIS
s—=- + | 31, ®ENASGUS CERATIOIDES 23 RHOMBODELLA PAUCISPINA
+—=w— | 32| GLEISTOSPHRERIDIUH HUGLOMTIOTIIT 24  SENTUSTDINTUM SP. 1|
. | 33| DEsMOCYSTA PLEXTA 36 SENTUSIDINIUM SP. 2
s || Z4, PALAEOPERIDIMIUM? SP. 1 4  SENTUSIDINIUM VERRUCOSUM
i a— . | 35! FLOREMTIMIA MANTELLII COOKSOMIAE group 25 SPINIFERITES SPP.
e a— =+ I Be) SENMTUSIODINIUM SP. 2 26  SUBTILISPHAERA KALAALLITI SP. NOV.
s a— I 37 LAGENADINIUM? HMEMBRAMOUIDER 5  TANYOSPHAERIDIUM CF. T. ISOCALAMUS
. . s— i B, ODOMTOCHITIMNA ANCALA 6 TANYOSPHAERIDIUM SALPINX
e s s— || 3% OLIGOSPHRERIDIUH GF. 0. PULCHERRIMUM 30 WALLODINIUM LUNA
W a— = i 4D ACRITARCH 31 XENASCUS CERATLO1DES
e e—— =« N 41) PTEROSPERMELLA CF. P. AUSTRALIENSIS 27 XIPHOPHORIDIUM ALATUM
3 subzone section 25
\'J zone
N Home Forland Hold with Hope
U. Albian stage
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= o —I - W "
=won "
2eaw P i SPECIES LOCATION INDEX
G O u Index numbers are the columns in which species appear.
;e "
—-———— W
3 : a 3 u " INDEX
~®weo ., i NUMBER SPECIES
H H
— =+ «|+ | 1. FROMEA AMPHORA 50  ?HATR FROM LEAF
— =+ |+ ' 2. DLIGOSPHAERIDIUM SP. 1 19 BATIOLADINIUM JAEGERT
— =+ +|+ | 3| HALLODINIUM KRUTZSCHII 7  BATTOLADINTIUM MICROFODUM
—w== s | 4 CIRCULDDINIUM DISTINGTUM 38 BATIOLADINIUM SHAFTESBURTENSE SP. NOV.
a— ] " s} FLOREMTINIA MANTELLII ‘COOKSOMIAE group 8 DATIOLADINTUM? PELLIFERUM
—ammmm a6y ODOMTOCHITINA OPERCULATA 39 CATASTOMOCYSTIS MICRORETICULATA
s—=-|s | 7! BATIOLADIMIUM HIGROPODUR 9  CAUCA PARVA
c=—=+|+ i B BATIOLADINIUM® PELLIFERUM 40  CHICHAOUADINIUM VESTITUM
cm=le I 2l cauca Faruva 33 CHLAMYDOPHORELLA NYEI
- - | 10, CRIBROPERIOIMIUM EDHARDOSI I 20 CHLAMYDOPHORELLA TRABECULOSA
re=s|e I 11l CRIBROPERIDINIUM® AFF. C. CORMUTUM 17 CIRCULODINIUM BREVISPINOSUM
« wale | 12 HESLERTOMIA HESLERTOMENSIS 1 CIRCULODTNTUM DISTINCTUM
s | 131 MYSTRICHOSPHRAERINA SCHINDEWOLF 11 21 CLEISTOSPHAERIDIUM? ACICULARE
CEE R WoLe KLEITHRIASPFHAERIDIUM EOINODES 1o CRIBROPERIDINIUM EDWARDSTI
» wels | 1S| LEFTODINIUM? GF. L. DELIGATUM Il CRIBROPERIDINIUM? AFF. C. CORNUTUM
s=— s | 16l PSEUDDCERATIUM POLYHORPHUR 41 DISCOHSIA NANNA
. 17 circULODINTUN BREVISP INOSUN 42 ELLIPSOIDICTYUM IMPERFECTUM
cEEBes . | 18 VESPFEROPSIS LONGICORNIS 22 EXOCHOSPHAERIDIUM PHRAGMITES
o f— :. |9'i BATIOLADINIUN JAEGERT 5  FLOHENTINIA MANTELLII/COOKSONIAE group
T 20 CHLARYODOPHORELLA TRABECULOSA 1 FROMEA AMPHORA
c———tem | 21 GLEISTOSPHAERIDIUH? AGICULARE 23 FROMEA FRAGILIS
s ——efmm | 22| EXOCHOSPHAERIOIUM PHRAGHITES 43 HAPSOCYSTA? BENTEAE SP. NOV.
] :. 2s . FROMEA FRAGILIS 12 WESLERTONIA NESLERTONENSIS
- 24, KIOKANSILUM FOLYFES FOLYFPES 13 HYSTRICHOSPHAERINA SCHINDEWOLFTT
e | 25, LEVISPHRERA CF. L. CRASSICINGULATA 24  KIOKANSIUM POLYPES POLYPES
t——t— | 26| ODONTOCHITINA SIMGHII 14 KLETTHRTASPHAERIDIUM EOINODES
. i 27| OLIGOSPHAERIDIUH GOMPLEX 15  LEPTODINIUM? CF. l.. DELICATUM
o | 28, PALAEDPERIDIMIURN CRETAGCEUM 3z LEPTODINIUM? HYALODERMOPSE
s gmm | 29| PSEUDOCERATIUH EISENAGKIT 25  LEVISPHAERA CF. L. CRASSICINGULATA
et | 30| SPINIFERITES SPP. 44  LITOSPHAERLIDIUM ARUNDUM
s w31 VESPEROPSIS MAYI 6  ODONTOCHITINA OPERCULATA
e+ | 32! LEPTODINIUM? MYAL ODERMOPSE 26  ODONTOCHITINA SINGHII
- s—fe= | 33, GHLAHYDOPHORELLA HYE I 34 OLIGOSPHAERIDIUM CF. 0. PULCHERRIMUM
¢ s—4— | 34, OLIGOSPHAERIDIUM GF. D. PULGHERRIHUM 45  OLIGOSPHAERIDTUM CF. 0. TOTUM
« a—fmm | 35 SENTUSIOIMIUM SP. 1 27 OLIGOSPHAERIDIUM COMPLEX
s remt— | 360 SENTUSIDINIUM SP. 2 2 OLIGOSPHAERIDIUM SP. 1
cor o]l L 370 SUBTILISPHAERA <ALAALLITI SP. NOU. 28 PALAHOPERIDINIUM CHETACEUM
e ow o ab— | 38, BATIOLADINIUM SHAFTESBURIENSE SP. NOV. 16 PALAEOPERIDINIUM? SP. 1
Y :: .39:: CATASTOMOCYSTIS HICRORETICULATA 29 PSEUDOCERATIUM EISENACKII
+ + s | 40 GHICHAOUADINIUHM VESTITUM 47  PSEUDOCERATIUM EXPOL1ITUM
c s sb— i 41l DISCORSIA NANNA 16  PSEUDOCERATIUM POLYMORPHUM
s sjmm | 42, ELLIPSOIDICTYUM [MPERFECTUM 49 PTEROSPERMELLA CF. P. AUSTHRALIENSIS
s s slmm | 43, HAPSOCYSTA? BENMTERE SP. HOV. 48  RHOMBODELLA PAUCISPINA
« .« cpmm || 44, LITOSPHAERIDIUHM ARUNDUH a5 SENTUSIDINIUM SP. 1
«+ + sb— | 45 OLIGOSFHAERIDIUM GF. 0. TOTUH 36  SENTUSIDINIUM SP. 2
« « |l | 364 PALAEOPERIDINIUM® SP. 1 a0 SPINIFEHITES SPP.
s+ afmm | 47 PSEUDOCERATIUM EXPOLITUM 37  SUBTILISPHAERA KALAALLITI SP. NOV.
« « sf— | 48l RHOMBODELLA PAUCISPINA 18 VESPEROPSIS LONGICORNIS
e B :: -ur:: PTEROSPERMELLA CF. P. AUSTRALIENSIS 3l VESPEROPSIS MAYI1
« s— s | S0l *MAIR FROM LERF 3 WALLODINIUM KRUTZSCHTT
4 1 subzones section 26
it 1y i Spaths Plat Hold with H
— eau old w
L. Alb.| M.Alb. stages BRI ISR il
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x ; SPECIES LOCATION INDEX
o Ei i Index numbers are the columns in which species appear.
) n "
FE - TNDEX
oo e NUMBER SPECTES
" W
"
— :: 1 BATIDLADINIUM JAEGERI 1 BATIOLADINIUM JAEGERI
~w | 2| cAuca Parva 2 CAUCA PARVA
W | = CHLAMYDOPHORELLA TRABEGULOSA 3 CHLAMYDOPHORELLA TRABECULOSA
= | 2| CLEISTOSFHAERIDIUM’ ACIGULARE 4 CLEISTOSPHAERIDIUM? ACTCULARE
= | 5. OOROCYSTA LITOTES 5  DORDCYSTA LITOTES
— | &1 EPELINOSPHAERIDIA SP. 1 & EPELIDOSPHAERTDIA SP. 1
- | 71 FROMEA FRAGILI1S T FROMEA FRAGILIS
== | B, HAPSOGCYSTA® BEMTERE SP. NOU. B HAPSOCYSTA? BENTEAE SP. NOV.
W | 9, DDOMTOCMITINA AMCALA 9 ODONTOCHITINA ANCALA
- | 10, OLIGOSPHAERIOIUM CF. O. PULCHERRIMUM 10 OLIGOSPHAERLIDIUM CF. O. PULCHERHIMUM
—-— 11 DLIGOSPHAERIDIUN COMPLER 11 OLIGOSPHAERTDIUM COMPLEX
— 12, OVOIDIMIUR® SP. 1 12 OVOIDINIUM? SP. 1
— 13, PALAEOPERIDINIUNM CRETAGEUR 13 PALAEOPERLIDINIUM CRETACEUM
oo 14 PALAEOPERIDINIUM? SF. 1 14 PALAEOPERTDINIUM? SP. 1
o= 1S RHOMBOOELLA PAUGISPINA 15  RUOMBODELLA PAUCTSPINA
— 161 SPINIFERITES SPP. 16 SPINTFERITES SPP.
- | 17, SUBTILISPHAERA KALAALLITI SF. NOU. 7 SUBTILISPHAERA KALAALLITI SP. NOV.
“ 4 18, HEMASCUS CERATIOIDES 18 XENASCUS CERATIOLDES
— I 19 HMIPHOPHORIDIUH ALATUM 19 XIPHOPHORTDIUM ALATUM
3 subzone section 27
\ zone
Tobias Dal Hope with Hope
. Alb.| stage

D - 1 L
;: p H SPECIES LOCATION INDEX
o & Index numbers arce Lhe columns in which species appear.
L)
2 2 INDEX
= = NUMIER SPECIES
-_— DESHOGYSTA PLE<TA 26 ACRITARCH
— PSEUDOCERATIUM AFF. P. EXPOLITUM 3 BATTOLADINIUM JAEGERI
— BATIOLADINIUM JAEGERI 4 NOURKIDINIUM GRANULATUM
— BOURKIDIMIUM GRAMULATUM 5 CHLAMYDOPHORELLA TRABECULOSA
- CHLAMYOOPHORELLA TRABECULOSA 6 CLEISTOSPHAERIDIUM HUGUONIOTIT
— CLEISTOSPHAERIDIUM HUGUONIOTII 21 CLELISTOSPHAERIDIUM? ACICULARE
— DOROCYSTA LITOTES ] DESMOCYSTA PLEKTA
T — EPELIDOSPHAERIOIA SP. 1 7 DOROCYSTA LITOTES
— EXICHOSPHAERIDIUH PHRAGHITES & EPELIDOSPHAEHIDIA SP. 1
—— FLOREMTINIA HANTELLII  COOXKSONMIAE group 9 EXICHOSPHAERTDIUM PHRAGMITES
— | HAPSOCYSTA? BENTEAE SP. NOU. 10 FLORENTINIA MANTELLI1/COOKSONIAE group
— , ODOMTOCHITINA OPERCULATA 1 HAPSOCYSTA? BENTEAE SP. NOV.
— OLIGOSPHAERIDIUM GOMPLER 12 ODONTOCHITINA OPERCULATA
— I OLIGOSPHAERIOIUH CF. O. TOTUH 22 OLIGOSPHAERIDIUM CF. ©O. PULCHERRIMUM
-_— -3 | PALAEOPERIDINIUH CRETACEUMH 14 OLIGOSPHAERIDIUM CF. O. TOTUM
— | PALAEOPERIDINIUM? SP. 1 13 OLIGOSPHAERIDIUM COMPLEX
EEEE | 17 RHOMBODELLA PAUGCTSPINA 23 PALAEOHYSTRICHOPHORA INFUSORTIODES
=—— | 18 SENTUSIDINIUM SP. 1 15  PALAEOPERTDINIUM CRETACEUM
—— | 19. SPINIFERITES SPP. 16  PALAEOPERIDINIUM? SP. 1
mmm | 20 SUBTILISPHAERA KALAALLITI SP. NOV. 2 PSEUDOCERATIUM AFF. P. EXPOLITUM
se= | 21| CLEISTOSPHAERIDIUMH? AGICULARE 17 RHOMBODELLA PAUCISPINA
e | 22| OLIGOSFHAERIDIUM CF. 0. PULGCHERRIHUM 18 SENTUSIDINIUM SP. 1
- — ': zs:: PALAEUOHYS TRICHOPHORA INFUSORIODES 19 SPINIFERLTES SPP.
-— d z‘i:. HALLODINIUN LUNA 20  SUBTILISPHAERA KALAALLITI SP. NOV.
= 4 25 HIPHOPHORIDIUM ALATUH 24 WALLODTNTUM LUNA
+— i 2&. ACRITARCH 25  XTPHOPHORLIDIUM ALATUM
2 subzone section 28
v zone
U. Alb. | stage Lygnaelv Hold with Hope
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PO PRIl nnntl

. BATIOLADINIUM JREGERI
BATIOLADINIUM SHAFTESBURIENSE SP.
BOURKIDINIUM GRANULATUH
CHLANMYDOPHORELLA TRABECULDSA

| GIRCULODINIUH DISTINGTUM
CIRCULODINIUM SP. 1
CRIBROPERIDINIUN EDWARDSI I
DOROCYSTA LITOTES
EXOGCHOSPHAERTIOIUH PHRAGHITES
FLORENTIHIA HANTELLII-COOKSONMIAE group
HAFPSOGYSTA? BENTEAE SP. MOV,
LEPTODINIUM? GF. L. DELIGRTUM
LEVISPHRERA CF. L. CRASSIGINGULATA
LITOSPHAERIOIUM ARUNDUM

ODONTOCHITINA OPERGUL ATA

| ODONTOCHITINA SINGHIL

OLIGOSPHAERIDIUN GOMPLER

¢ OLIGOSPHAERIDIUM PERFORATUM COLUM
OLIGOSPHAERIOIUM GF. 0. PULCHERRIHUM
OLIGAOSPHAERIOIUN CF. O. TOTUH
OLIGOSFHAERIDIUM SP. 1

| PALAEOPERIDINIUN GRETAGEUM
PALAEOFERIDINIUMT SFP. 1
FSEUNDCERATIUN EISENAGKIL

| PSEUDDCERATIUH EHPOLITUM

| PSEUDUCERATIUN FOLYMORPHUH
RHOHBOOELLA PAUGCISPINA
SPINIFERITES SPP,
SUBTILISPHAECRA <ALAALLITI 5P,
SENTUSIDINIUM SP. 1
SENTUSIODINIUM SP. 2
HIGGINSIELLA GRANDS TANDIGA
ACRITARCH

LEIDFUSA SF.
PTEROSPERMELLA CF. P.

NOWV.

MO .

AUSTRALITENSTS

SPECIES LOCATION INDEX

Index numbers are Lhe columns in which species appear.

INDEX
NUMHER

;oA WM e W

o o~ o;

SPECIES

ACRITARCH

BATTOLADINIUM JAEGERI
BATIOLADINIUM SHAFTESBURIENSE SP. NOV.
BOURKIDINIUM GHANULATUM
CHLAMYDOPHORELLA TRABECULDSA
CIRCULODINIUM DISTINCTUM
CIRCULODINIUM SP. 1
CRIBROPERTDINIUM EDWARDSII
DOROCYSTA LITOTES
EXOCHOSPHAERIDTUM PHRAGMITES
FLORENTINIA MANTELLIT/COOKSONLIAE group
HAPSOCYSTA? BENTEAE SP. NOV.
LEIOFUSA SP.

LEPTODINTUM? CF. L.. DELICATUM
LEVISPHAERA CF. l.. CRASSICINGULATA
LITOSPHAERIDIUM ARUNDUM
ODONTOCHTTINA OPERCULATA
ODONTOCHTTINA SINGHLI
OLIGOSPHAERIDIUM CF. 0. PULCHERRIMUM
OLTGOSPHAERIDIUM CF. O. TOTUM
OLTGOSPHAERIDIUM COMPLEX
OLIGOSPHAERTDTUM PERFORATUM COLUM
OLIGOSPHAERIDIUM SP. 1
PALAROPERIDINIUM CHETACEUM
PALAEOPERIDINIUM? SP. |
PSEUDOCERATIUM EISENACKII
PSEUDOCERATIUM EXPOLITUM
PSEUDOCERATTUM POLYMORPHUM
PTEROSPERMELLA CF. P. AUSTRALIENSIS
RHOMBODELLA PAUCISPINA
SENTUSIDINIUM SP. 1

SENTUSIDINIUM SP. 2

SPINIFERITES SPP.

SUATILTISPHAFRA KALAALLITI SP. NOV.
WIGGINSIELLA GHANDSTANDICA

1 subzone
v zone
U.Alb.| stage

section 29
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$22882-5BRY8E 1
=0 »n AN = o am | " SPECIES LOCATION INDEX
IxTIT XTI Tz W Index numbcrs are the columns in which species appear.
Mo wow W W oo X
BB N RN BB RSB N .
533322223235 | | ek
; g 3 s i o ] NUMHER SPECIES
"
—i W elee LI ) 0 1. OLIGOSPFHAERIODIUM SP. 1 51 ACRITARCH
i —— TR IS S (D 2. CAUCA PARVA 3 APTEODINTUM RETICULATUM
e SR SRR R 3. APTEDDINIUM RETIGULATUH 11 BATIOLADINTUM JAEGRRT
CCE— s v+ s I 4, CIRCULODINIUM SP. 1 9 BOURKIDINIUM GRANULATUM
-_— e R [ i o | 5. LAGEMADINMIUH® HEHBRANGIDIUR 2 CAUCA PARVA
O — — e 4+ &l GIRCULODODIMIUM OISTINTUM 46 CHLAMYDOPHORELLA NYET
m——— ¢ we b=+ s s v | 7] UESPEROPSIS HAYI 28 CIILAMYDOPHORELLA TRABECULDSA
s [ L 6 CTRCULODINIUM DISTINTUM
— L 2 T o L %, BOURIDIMIUN GRANMULATUN 1 CIRCULODINIUM S5P. 1
P e — | 10| OLIGOSPHAERIOIUA GOMPLEX 12 CLEISTOSPHAERIDIUM NUGUONIOTII
. . BATIOLADINIUM JAEGERI ao CLEISTOSPHAERIDIUM? ACICULARE
CLEISTOSPHAERIOIUM HUGLOMIOTIT a9 CRINROPERIDINIUM TENSIFTENSE
DESHOGYSTA FLEXTA 46 CHIBROPERIDIUTUM EDWARDSII
DOROCYSTA LITOTES 13 DESMOCYSTA PLEKTA
EXOCHOSFHAERIDIUM PHRAGHITES (K] DOROCYSTA LITOTES
HAPSOGYSTA? DEMTEARE SP. MOU. an ENDOSCHINIUM CAMPANULA
LEVISFHAERA GF. L. CRASSICINGULATRA 15 BEXOCHOSPHAERIDIUM PHRAGMITES
ODONMTOCHITINA OPERCULATA 3 FLOHENTINLA MANTELLII/COOKSONTAE group
PRALAEOPERIDINIUM? SFP. 1 50 FROMEA AFF. F. EXPOLITA
PALAEOPERIDINIUN GCRETACEUH 10 FROMEA AMPIHORA
\ RHOMHOOELLA PAUGLSE ITHA 29 FROMEA FRAGILIS
SERTUSIODINIUHA SP. L 16 HAPSOCYSTA? BENTEAE SP. NOV.
SUBTILISPHRAERRA SALAALLITI SP. NMOW. 43 KIOKANSIUM POLYPES POLYPES
LITOSPHAERIOIUM ARUNDUH 5 LAGENADINIUM? MEMUHANOIDIUM
| PSEUDOCERATIUNM AFF. P. EXMPOLLTUM 52 LEIOFUSA SP.
ODOMTOCHITINA ANCALA 17 LEVISPHAERA CF, L. CRASSICINGULATA
HALLODINIUN MRUTZSCHII 24 LITOSPIAERTDIUM ARUNDUM
CHLAMYDOPHORELLA TRABECULDSA a3 LUXARINIUM SP.
FROHEA FRAGILIS 26 ODONTOCHITINA ANCALA
CLEISTOSPHAERIDIUMT AGICULARE I8 ODONTOCHITINA OFPERCULATA
FLOREMTIMIA HANTELL I ‘COOKSOMIAE group a4 OLIGOSPHAERIDIUM CF. 0. PULCHERRIMUM
HIPHOPHORIDIUH ALATUH [N OLIGOSPHAERIDIUM COMPLEX
LUMAOIMIUN SP. a8 OLIGOSPHAERTDIUM POCULUM
HIGGIHSIELLA GRANDSTAMOIGCA | OLIGOSPHAERIDIUM SP. )
PRREODDIMIA SPE. 17 OVOIDINIUM SP, 2
. PTEROSPERMELLA CF. F. AUSTRALIEMSIS 41 OVOLDINIUM? SP. 1
SPIMIFERITES SPP. 12 PALAEOHYSTRICHOPHORA TNFUSOR1ODES
EHOOSGRINIUN CAAPANULA 20 PALAEOPERIDINIUM CHETACEUM
CRIBROPERIOINIUM TENSIFTENSE 19 PALAEOPERIDINIUM? SP. 1
FROHEAR AHFHORA a5 PAREODINIA SPP.
OUOIDIMIUR? SP. 1 25 PSEUDOCERATIUM AFF. P. EXPOLITUM
FALAEOHYSTRIGCHOPHORA INFUSORIOODES 36 PTEROSPERMELLA CF. P. AUSTRALTENSIS
E10<ANSIUN FPOLYPES FOLYPES 21 RHOMBODELLA PAUCISPINA
e e e s cmmale sm—u 4 | A4 OLIGOSPHAERIOIUM GF. D. PULCHERR [MUR 53 SCHIZOCYSTIA
e e e e e e—— «—— | 45, GRIBROPERIDIUIUR EOWARDSII 22 SENTUSIDINIUM SP. |
e e e e e e —— | GHLAMYDOPHORELLA MYEI 8  SENTUSIDINIUM SP. 2
s e s s s omos . —— OVOIDINIUN SP. 2 a7 SPINIFERITES SPP.
- s n oa w ale s mm— " OLIGOSPHAERIDIUM FPOCULUR 21 SUBTTLISPHAERA KALAALLITI SP. NOV.
e T HMEMAMCUS CERATIOIDES 54 ULVELLA NANNAE
P a s 0m A -_— FROHEA AFF. F. EXPOLITA 7 VESPEROPSIS MAYT
O < ST EER TRy T AGRITRARGH 27  WALLODINIUM KRUTZSCHIL
e L T W LEIOFUSA SP. 34 WIGGINSIELLA GHANDSTANDICA
L | . | 3. SCHIZOCYSTIA 49 XENAXCUS CERATIOIDES
] IR | S4. ULVELLA HAHMAE az XIPHOPHORIDIUM ALATUM
2 3 subzones section 30
v zone R e
U. Albian stage Tvaerdal Geographical Society
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SZYVEE W 51
LEIVEL W ZE
OE9VZE W S9
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CALLATOSPHAERTOIUN ASYHHE TRIGUM
CIRCULODINIUN OISTINGTUH
FROMEA AMPHORA
ODONTOCHITINA ANGALA
OLIGOSFHAERIDIUN GF. O.
OISCORSIA NHANHA

FROMEA FRAGILIS
K10KANSIUH POLYPES POLYFPES
BATIOLADINIUH JAEGERL

DESHMOGYSTA PLEXTA

DOROCYSTA LITOTES

FLORENTIMIA HANMTELLI[-COOKSONIAE group
PALAEOHYS TRICHOPHORA INFUSORIDODES
PSEUDOCERATIUM EXFOLITUM

SENTUSIDINIUM SP. 1

SPINIFERITES SPe.

| HIGGINSIELLA GRANDSTANMOICA

CAUCA PARVA

CHLAHYOOPHORELLA TRABECULOSA
GIRCULODIMIUM SF. 1
CLEISTOSPHAERIOTUM? AGCICULARE
EXOCHOSFHAERIDIUM PHRAGHITES

| HAPSOCYSTA? BEMTEAE SP. NOV.
LEVISPHAERA GF. L. CRASSIGINGULATA
ODONTOCHITINA OFERCULATA
OL1GOSPHAERIDIUH GOHPLEX
PALAEDPERIDINIUMT SP, 1
PALAEOFERIDINIUM GCRETACEUN
SUBTILISPHAERA SALAALLITI
VESPEROPSIS HAYI
APTEODINIUH RETICULATUM
LITOSFHAERIDIUM ARUNDUM

OL IGOSPHAERIDIUM FOCULUM

TOTUM

SF. NOV.

34, OLIGOSFHAERIDIUM GF. DO. PULCHERRIHUR
13: HIFPFHOFHOR IDIUM ALARITUR

:‘fx:: CRIDROPERIDINIUAM ITNTRICATUM

‘5/:: HALLODINIUNM KRUTZSCHIL

3an :: HALLODINIUM LUMNA

39 :: RHOMBOOELLA PAUCLISPINA

401 LURADINIUH SP.

41 :: PSEUDOCERATIUHM AFF. P. EXFOLITUR
12:: PTEROSFERMELLA CF. FP. AUSTRALIENSIS
43:: LEIOFUSA SPr.

dq“ SCHIZOCYSTIA

45 :I. ULVELLA HANNAE

SPECIES LOCATION INDEX

Index numbers are the columns in which species appear.

INDEX
NUMBER

31

SPECTES

APTEODINIUM HETICULATUM
BATTIOLADTNTUM JAEGERT
CALLAIOSPHAERIDIUM ASYMMETRICUM
CAUCA PARVA

CHLAMYDOPHORELLA TRABECULOSA
CIRCULODINIUM DISTINCTUM
CTRCULODINTUM SP. 1
CLEISTOSPIHAERIDIUM? ACTCULARE
CRIBROPERIDINIUM INTRICATUM
DESMOCYSTA PLEKTA

DISCORSTA NANNA

DOROCYSTA LI1TOTES
EXOCHOSPHAERIDIUM PHRACMITES
FLORENTINIA MANTELLII/COOKSONIAE group
FROMEA AMPHORA

FROMEA FRAGILIS

HAPSOCYSTA? BENTEAE SP. NOV.
KTOKANSIUM POLYPES POLYPES
LEIOFUSA SP.

LEVISPHAERA CF. L. CHASSICINGULATA
LITOSPHAERIDIUM ARUNDUM
LUXADINIUM SP.

ODONTOCHITINA ANCALA
ODONTOCHTTINA OPERCULATA
OLIGOSPHAERIDIUM CF. O. PULCHERRIMUM
OLTGOSPHAERIDIUM CF. 0. TOTUM
OLIGOSPHAERIDIUM COMPLEX
OLIGOSPHAERIDIUM POCULUM
PALAFRONYSTRICHOPHORA INFUSORTODES
PALAEOPERIDINIUM CRETACEUM
PALAEOPERIDINIUM? SP. 1
PSEUDOCERATIUM AFF. P. EXPOLITUM
PSEUDOCERATIUM EXPOLITUM
PTEROSPERMELLA CF. P. AUSTRALIENSLS
HHOMRODELLA PAUCTSPINA
SCHIZOCYSTIA

SENTUSIDINIUM S5P. 1

SPINIFERITES SPP.

SURTILISPHAERA KALAALLITI S5P. NOV.
ULVELLA NANNAE

VESPEROPSIS MAYI

WALLODINIUM KRUTZSCHII
WALLODINTUM LUNA

WIGGINSTELLA GRANDSTANDICA
XIPHOPHORTDIUM ALATUM

1 subzone
v zone
U. Albian | stage

section 31
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S5& 0 H
2=z = :: :: SPECIES LOCATTION TNDEX
Gdie U u Index numbers are the columns in which species appear.
sss i
gt o] . " INDEX
BB B " NUMBER SPECTES
oW W
- - :: 1) CIRCULODINIUM AFF. C. ATTADALICUM 22 ACHOMOSPHAERA? NEPTUNT
+ - | 21 HESLERTOMIA HESLERTONENSIS 40  ACRITARCH
— =+ + || 3. OLIGDSPHAERIDIUH POCULUM 23 APTEODINIUM RETTCULATUM
— =« s+ || 4! SUBTILISPHAERA PERLUGIDA 9  BATIOLADINIUM JAEGERT
N | Si TRICHODIMIUM SPEETOMENSE 6 BATIOLADINIUM MICROPODUM
c— ! 6! BATIOLADINIUM MICROFPODUM 10 CHLAMY DOPHORELLA TRABECULOSA
= | 7| CLEISTOSPHAERIDIUM? ACICULARE 1 CTRCULODINIUM AFF. C. ATTADALICUM
— ) H a:: ENMDOSCRINIUM GF. E. ROSTRATUM a4 CIRCULODINIUM BREVISPINOSUM
— em= | 9| BATIOLADINIUM JAEGERI 27  CIRCULODINTUM DTSTINCTUM
—TEE :: 10:: CHLAMYODOPHORELLA TRABECULOSA 28 CLEISTOSPHAERIDIUM HUGUONIOTII
—— -3 | 11| CRIBROPERIDINIUM EDWARDSII 7 CLETSTOSPHAERIDIUM? ACICULARE
—=——— | 12| ELLIPSOIDICTYUH IMPERFECTUM 11 CRIBROPERIDINIUM EDWARDSIT
— | 13| LEVISPHAERA GF. L. CRASSIGINGULATA 29 DINGODINTUM? ALBERTIL
E— :: l'l':: ODONTOCHITINA OFPERCULATA 12 ELLIPSOIDICTYUM TMPERFECTUM
CrmmT | 1S OLIGOSPHAERIDIUM COMPLEX a5 ENDOSCRINTUM CAMPANULA
Vs W || 16| PAREADINIA SPF. 8  ENDOSCRINTUM CF. E. ROSTHATUM
——— | 17 PSEUDOCERATIUM EISENAGSKIL 30 EXOCHOSPHAERIDIUM PHRAGMTTES
—rmm | 18 SENMTUSIODIMIUM SP. 1 al FLORENTINTA MANTELLII/COOKSONTIAE group
——— | 19| SENTUSIDINIUM SP. 2 36 FROMEA AMPHORA
— | 20, SPINIFERITES SPP. 24 FROMEA FRAGTLIS
e | 21| UVESPEROPSIS LONGIGORNIS 2  HESLERTONTA HESLERTONENSTS
s— =+ | 22| AGHUMUSFHAERA? NEFTUNI 32 KTOKANSTUM POLYPES POLYPES
- — | 23| APTEODINIUM RETIGULATUM 25 KLEITHRIASPHAERIDIUM EOINODES
= — W oze :: FROMERA FRAGILIS a7 LEPTODINIUM? HYALODERMOPSE
-— =+ || 25| KLEITHRIASPHAERIDIUM EOINODES 13 LEVISPHAERA CF. L. CRASSICINGULATA
tm=- | 26 SIRMIODINIUM GROSSII 38  NYKTERICYSTA? VITREA
OTO | 27 | GIRGULODINIUM DISTINGTUM 14  ODONTOCHITINA OPERCULATA
cmmm— | 28| CLEISTOSPHAERIDIUH HUGUOMIOTI1 15 OLTGOSPHAERTDTUM COMPLEX
cm— 2% DINGOOINIUM? ALBERTII 3 OLIGOSPHAERIDIUM POCULUM
cmm— | 30| EXOGHOSFHAERIDIUM FHRAGMITES 33 PALAEOPERIDINIUM CRETACEUM
cemm— | 31 FLORENTINIA MANTELLII. COOKSOMIAE group 16  PAREDDINIA SPP.
cwmm— | 37| ®10KANSIUH FPOLYPES FPOLYPES 17 PSEUDOCERATIUM EISENACKIT
SCrwmm | 33 PALAEOPERIDINIUM CRETAGEUR i3 SENTUSTDINIUM SP. 1
+ cemm | 34| GIRCULODINIUM BREVISPINOSUM 19 SENTUSLDINLIUM 5P, 2
s+ 0 | 35| ENDOSGRINIUM CAMPANULA 26 STRMIODTNTUM GROSSTI
« s | 36, FROMEA AMPHORA 20  SPINIFERITES SPP.
« s— | 37, LEPTODINIUM? HYALODERMOPSE 4  SUBTILISPHAERA PERLUCIDA
+ cwmm || 38| NY<TERICYSTA? VITREA §  TRICHODINIUM SPEETONENSE
L W 39 :: HALLODINIUM XRUTZSCHLI 21 VESPEROPSIS LONGICORNIS
+— .« I A0\ ACRITARCH 39  WALLODINTUM KHUTZSCHIIL
1 subzone section 32
1 zone shallov{ well )
Rold Bjerge Traill @
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Index numbers are the columns in which species appear.

SPECIES LOCATION INDEX

[ | INDEX
" i NUMBER SPECTES
W W
— =+ | 1| AGHOMDSPHAERA?' NEPTUNI 1 ACHOMOSPHAERA? NEPTUNT
we || 2| cAUCA PARVA 1S  BATIOLADINIUM JAEGERI
— =+ | 3| CRIBROPERIDINIUM EDWARDSI 16  BATIOLADINIUM MICROPODUM
— I 4l DISCORSIA NANNA 2 CAUCA PARVA
— =+« | 5. FROMEA AMPHORA 17  CHLAMYDOPHORELLA THABECULDSA
“Wwe i &4 HYSTRICHODINIUM UDIGTII 18  CTRCULODINIUM AFF. €. ATTADALICUM
— =+ | 7 HYSTRICHOSPHAERINA SCHINDEWULFI1 19 CIRCULODINIUM DTSTINCTUM
—_— i\ Bl KLEITHRIASPHAERIODIUM ECOINDOES a5 CIRCULODINIUM? SP. 2
e | 9| MUDERONGIA CF. M. PARIATA a6 CLEISTOSPHAERIDTIUM HUGUONIOTII
_ | 10| DDONTOEHITINA IHPARILIS 20 CLELSTOSPHAERIDIUM? ACICULARE
— - | 11] OLIGOSPHAERIDIUM? ASTERIGERUH 3 CRTBROPERTDINIUM EDWARDST
— . | 12 PSEUDOCERATIUM PELLIFERUM 37  DESMOCYSTA PLEKTA
e | 13 PSEUDDCERATIUM TOVEAE SP. NOW. s DINGODINTUM? ALBERTIT
+ i 14, SUBTILISPHAERA PERLUCIOA 4 DISCOHSIA NANNA
== | 1S BATIOLADINIUM JREGERI 39 ELLTPSOTDICTYUM IMPERFECTUM
—— | 16, BATIOLADINIUM HIGROPODUM 21 ENDOSCRINTUM CAMPANULA
—e= | 17, CHLAMYDOPHORELLA TRABECULDSA 22 EXOCHOSPHAERIDIUM PHHAGMITES
—e== | 18| GIRCULODINIUM AFF. 5. ATTAODAL 1GUM 23 FLORENTTNTA MANTELLIT/COOKSONTAE group
—== | 19| CIRCULODIMIUM DISTIMGTUM 5 FROMEA AMPHORA
—— :: 20 :: CLEISTOSPHRERIDIUM? ACICULARE 24 FROMEA FRAGILIS
—— | 21! ENDOSGRINIUM CAMPANULA 25  GONYAULACYSTA HELICOIDEA HELICOLDEA
— == | 22| ERDCHOSPHRERIDIUM PHRAGHITES 26  HESLERTONTA HESLERTONENSTS
—_ ) 23 | FLORENMTINTA MANTELLII ‘CODKSOMIAE aroup 6 HYSTRICHODINTUM VOTGTTI
—— | 24| FROMEA FRAGILI1S 7  HYSTRICHOSPHAERINA SCHINDEWOLFII
—— | 25, GONYAULACYSTA HELICOIDEA MEL IGOIDERA 27 KIOKANSIUM POLYPES POLYPES
= | 26, HESLERTONIA HESLERTONENSIS 1 KLETTHRTASPHAERTDTUM EOTNODES
—CO | 27| XIOKANSIUM POLYPES POLYPES 40 LEPTODINIUM? HYALODERMOPSE
—mm | 28 ODORTOCHITINA OPERCULATA 8 MUDERONGLA CF. M. PARIATA
—mm | 29| OLIGOSPHAERIDIUM COMPLEN 41  NYKTERTCYSTA? VITREA
—— 30, PALAEOFERIODIMIUH GRETACEUH 10 ODONTOCHITINA IMPARILIS
— w9 .\ 31, PSEUDOCERATIUM NUDUM 28 ODONTOCHITINA OPERCULATA
| 32| PSEUDOCERATIUM CF. P. RETUSUM 42  OLIGOSPHAERIDIUM CF. O. PULCHERRTMUM
—== | 33, SPINIFERITES SPP. 29  OLIGOSPHAERIDIUM COMPLEX
—— | 34, TANYOSPFHAERIDIUH BOLETUS 11 OLIGOSPHAERIDIUM? ASTERTGERUM
== | 35, CIRCULODINIUM® SP. 2 30  PALAEOPERIDINIUM CRETACEUM
+— | 36| CLEISTOSPHAERIDIUM HUGUONIOTI1 az PSEUDOCERATIUM CF. P. RETUSUM
.— | 37, DESHMOCYSTA FLEXTA 43 PSEUDOCERATTUM EISENACKII
s | 38, DINGODINIUM? ALBERTII 31 PSEUDOCEHATLIUM NUDUM
cwm | 39, ELLIPSOIDICTVUM IMPERFECTUM 12 PSEUDOCERATIUM PELI.TFERUM
e 40, LEPTODINIUM? HYALODERMOFSE 13 PSEUDOCERATIUM TOVEAE SP. NOV.
s | 414 NYKTERICYSTA? UITREA 48 PTEROSPERMELLA CF. P. AUSTRALIENSTS
«— || 42, OLIGOSPHAERIDIUM GF. O. PULCHERRIMUH LES RHOMBODELLA VESCA
«— || 43, PSEUDOCERATIUM EISEMACKI T a3 SPINIFERITES SPP.
- | 44 RHOMBODELLA VESGA 14 SUBTTLISPHAERA PERLUCIDA
« w || 4%, TRICHODINIUM SPEETONEMNSE 34 TANYOSPHAEHIDIUM BOLETUS
.mm | 46| VESPEROFSIS LOUNGIGORNIS 45  TRTCHODTNTUM SPEETONENSE
s— I 47| MALLODINIUM KRUTZSCHII 46  VESPEROPSIS LONGICORNIS
«— | 48| PTEROSPERHELLA CF. P. AUSTRALIENSIS 47  WALLODINTUM KRUTZSCHII
subzone section 33
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S = "
; : i i SPECIKS LOCATION INDEX
i W Index numbers are Lthe columns in which specles appear.
£ 4
e g INDEX
a3 0 NUMBER SPECTES
"
n
3= W BATIOLADINIUM SHAFTESBURIENMSE SP. MNOU. 10 BATIOLADINIUM JAEGERI
— " CIRCULODINIUM DISTINCTUH 1 BATIOLADTNTUM SHAFTESHURIENSE SP. NOV.
we n CLEISTOSPHAFRINOIUN? ACICULARE 11 CHLAMYDOPHORELLA TRARECULOSA
—_ CLEISTOSPHAERIDIUM HUGUONIOTII 12 CIRCULODINIUM BREVISPINOSUM
— B ELLIPSOIDICTYUM IHPERFECTUM 2 CIRCULODINIUM DISTINCTUM
- SENTUSIDINIUM SP. 1 1 CLETSTOSPHAERIDIUM HUGUONIOTII
—- SPINIFERITES SFPF. 31 CLEISTOSPHAERIDIUM? ACICULARE
-— ; VESPEROPSTS HAYI 5 ELLIPSOTIDICTYUM TMPERFECTUM
- | HALLODIMIUM XRUTZSCHIT 13 EXOCHOSPHAERIDIUM PHRAGMITES
_ | BATIOLADINIUM JREGERI 20  LEPTODINIUM CANCELLATUM
— CHLAHYDOPHORELLA TRABEGULDSA 21 LEPTODINIUM? CF. L. DELICATUM
o | CIRCULOOINTIUM BREUISPINOSUN 11 LEPTODINTUM? HYALODERMOPSE
— | EXUCHUSPHRAERLDIUN FHRAGMLITES 15 LEVISPHAERA CF. L. CRASSICINGULATA
v . LEFTODINIUH? HYALODERHOFSE 16 ODONTOCHITINA OPERCULATA
— LEVISPHAERA CF. L. CRASSICINGULATA 17 OLIGOSPHAERIDTUM COMPLEX
O— | OOONTAOCHITINA OPERCULATA 22 OLTGOSPHAERTDIUM POCULUM
o OLIGOSPHAERIDIUM COMPLEX 18 PALAEOPERIDINTUM CRETACEUM
) FALAEDFERIDIMIUM CRETACEUM ] SENTUSIDINIUM SP. 1
mm— | 19| UVESPEROPSIS LONGICORMIS 7  SPINIFERITES SPP.
+— | 20| LEFTODINIUM CAMCELLATUM 23 TANYOSPHAERIDIUM BOLETUE
| 21§ LEPTODINIUM? GF. L. DELTGATLUM 19  VESPEROPSIS LONGICORNTS
»— | 22| OLIGOSPHAERIDIUM POCULUM a VESFEROPS1IS MAYI
+— | 23| TANYOSPHAERIOIUM BOLETUS 9  WALLODINIUM KHUTZSCHII
s— | 29, MALLODINIUM LUMA 24 WALLODINTUM LUNA
4 subzone section 34
4| Sne Manedal Traill @
L.Alb. | stage i
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= ;g W SPECIES LOCATTON TNDEX
== EE |: Index numbers are the columns in which species appear.
w oW " [}
NN I
- g I INDEX
232 2 ! NUMBER SPECIES
wes o
—_ | BATIOLADINIUM JAEGERI |  BATIOLADINIUM JAEGERT
— :: F CHLAMYDOPHORELLA TRABECULOSA 2 CHLAMYDOPHORELLA TRABECULOSA
—_— " CLEISTOSPHAERIDIUM HUGUONIOTIT 3 CLEISTOSPHAERIDIUM HUGUONIOTIL
—_ n EPELIDDOSPHAERIDIA SP, 1 18 CLEISTOSPHAERIDIUM? ACTCULARE
—_— . . EXOCHOSPHAERIDIUH PHRAGHITES 7 DOROCYSTA LITOTES
— OLIGOSPHAERIDIUM GF. O. TOTUM 4 EPELIDOSPHAERIDIA SP. 1
R DOROGYSTA LITOTES 5 EXOCHOSPHAERIDTUM PHRAGMITES
O ) FROHEA SP. 1 8 FROMEA SP. 1
—— :: HAFSOCYSTA? BENTERE SP. NOV. 9 HAPSOCYSTA? BENTEAE SP. NOV.
-_— ! K1OKANSIUN POLYPES POLYPES 10 KIOKANSIUM POLYPES POLYPES
o— ! ODONMTOCHITINA ANCALA 19 LITOSPHAERIDIUM SIPHONIPHORUM
— | ODONTOCHITINA OPERGCULATA 11 ODONTOCHITINA ANCALA
m— 13} OLIGOSPHAERIDIUM COMPLEX 12 ODONTOCHITINA OPERCULATA
—— | 14) PALAEOPERIDINIUM? SP. 1 6 OLIGOSPHAERIDIUM CF. O. TOTUM
-—— | 15, PSEUDOCERATIUM AFF. P. EXPOLITUM 13  OLIGOSPHAERTDIUM COMPLEX
EED | 16, RHOMBODELLA PAUCISFINA 20  PALAEOPERIDINIUM CRETACEUM
mEN | 17, SUBTILISPHAERA XALAALLITI SP. NOV. 14 PALAEOPERIDINIUM? SP. 1
- — :: |s:: CLEISTOSPFHAERIDIUN? ACICULARE 15 PSEUDOCERATIUM AFF. P. EXPOLITUM
s— | 1%) LITOSPHAERIODIUM SI1FPHOMIPHORUR 21 PSEUDOCERATIUM EISENACKIL
«— | 20, PALAEDPERIOINIUM CRETACEUH 16 HRHOMBODELLA PAUCISPINA
+— i 21, PSEUDOCERATIUM E[SENAGKIL 17  SUBTILISPHAERA KALAALLITI SP. NOV.
2 subzone section 35
¥ St SE of Rold Bj Traill @
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S o= o L) i
; ; : ; : :1: ‘:E SPECIES LOCATION INDEX
¥ " Index numbers are the columns in which species appear.
MWW e "
NN NN N " "
scoBas & TNDEX
RE&S3 v 0 NUMBER SPECIES
)
I "
we s s s I 1) CHICHROUADIMIUM VESTITUM 36 ACRITARCH
m—u- s+ s+ W 2Zi KIOKANSIUH POLYPES POLYPES 32 BATIOLADINTIUM JAEGERT
wwe s+ W 3. PSEUDDCERATIUM CF. P. RETUSUM 28 BOURKIDINIUM GHANULATUM
— =+ wo—- I 4. EPELIDUSPHAERIDIA SP. 1 1 CHICHAOUADINIUM VESTITUM
FROHEA SP. 1 9 CHLAMYDOPHORELLA TRABECULOSA
ODONTOCHITINA ANGALA 10 CTRCULODINIUM DISTINCTUM
ODOMTOCHITINA OPERCULATA 29 CLETSTOSPHAERIDIUM HUGUONTIOTII
PALAEDPERIDINIUNM GCRETACEUM 26 DESMOCYSTA PLEKTA
CHLAHYDOPHORELLA TRABECULOSA 11 DOROCYSTA LITOTES
| CIRCULODINIUM OISTINGTUM 4 EPELIDOSPHAERIDIA SP. 1
DORUGYSTA LITOTES o FLORENTINIA MANTELLIT/COOKSONTAE group
i FROHER FRAGILIS 12 FHOMEA FRAGTLIS
| HAPSOCYSTA? BENMTERE SF. MHOU. 5 FROMEA SP. 1
| ODONTOGHITINA GOSTATA 13 HAPSOCYSTA? BENTEAE SP. NOV.
| OLIGOSFHAERIDIUM GF. 0. TOTUH ] KIOKANSIUM POLYPES POLYPES
| OLIGOSPHAERIDIUM GOMPLEX 6 ODONTOCHITINA ANCALA
i PALAEOPERIDINIUMT SP. 1 i1 ODONTOCHITINA COSTATA
PSEUDOCERATIUM AFF. P. EXPOLITUR T ODONTOCHITINA OPERCULATA
RHOMBOUELLA PAUCISPINA 34 OLIGOSPHAERTDTUM CF. O. PULCHERRIMUM
SUBTILISPHAERA SALAALLITI SP. MO, 15 OLTGOSPHAERIDIUM CF. 0. TOTUM
SENTUSIDINIUN SP. 1 16 OLIGOSPHAERIDIUM COMPLEX
ESPEFROPSIS AFF. V. FRAGILIS a3 OLIGOSPHAERIDIUM POCULUM
PAREODINLIA SPP. a PALAEOPERIDINIUM CHETACEUM
PSEUDODCERATIUH EISEMAGKII 17 PALAEOPERIDINIUM? SP. 1
SPINIFERITES SPP. 23 PAREODINIA SPP.
DESHOCYSTA FLEXTHA 18 PSEUDOCERATIUM AFF. P. EXPOLITUM
HIPHOPHORIDIUM ALATUH 3 PSEUDOCERATTUM CF. P. RETUSUM
| BOURKIDINIUM GRANULATUM 24 PSEUDOCERATIUM EISENACKLL
CLEISTOSPHAERIDIUM HUGUONIOTII a7 PTEROSPERMELLA CF. P. AUSTRALIENSIS
FLOREMTINIA HARNTELLII - COOXSOMIAE group 19 RHOMBODELLA PAUCISPINA
v s s we 1 31, SUBTILISPMAERA PERLUGIDA 21 SENTUSIDINTUM SP. 1
P I 32 BATIOLADIMIUM JAEGERI 25 SPINIFERITES SFP.
e s e s w | 33| OLIGOSPHAERIDIUM POCULUR 20 SUBTILISPHAERA KALAALLITI SP. NOV.
+ + s +— | 34, OLIGUSPHAERIODIUM GF. 0. PULCHERRIMUM 31 SURTILISPHAERA PERLUCIDA
s v s s— || 35, WMALLODINIUM LUNA 22  VESPEROPSIS AFF. V. FRAGILIS
- . "z : ACRITARCH as WALLODINIUM LUNA
ce—. -mm | 37! PTEROSPERMELLA GF. F. AUSTRALIENSIS 27  XIPHOPHORIDIUM ALATUM
2 subzone section 36
: zons Svinhufvud Bjerge Traill @
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- MMM O oMo SPECTES LOCATION INDEX
TTTTXTXT XX :: Index numbers are the columns in which species appear.
Eusgeese i
R INDEX
2ZaaaaaR NUMBER SPECTES
E DO = W " i
w "
s s s s s+ | 1. CIRCULODINIUM DISTINGTUM 36  ACRLTARCH
—=e s s s =+ | 2, SENTUSIOINIUM SP. 2 11 BATIOLADINTUM JAEGERT
Me——=+ + + + 2 | & DESHOGYSTA PLEXTA 26 CAUCA PARVA
———— s s+ | 4, KIDKANSIUM POLYPES POLYPES 34 CHLAMYDOPHORELLA NYEL
— =+ +—+ s s+ | S, OLIGOSPHAERIODIUM GF. O. TOTUM 8 CHLAMYDOPHORELLA TRABECULOSA
——. . + | ©i EPELIDOSPHAERIDIA SP. 1 1 CTRCULODTNTUM DISTINCTUM
— e mm - + » |, 7| OODONTOCHITINA ANGALA 32  CLEISTOSPHAERIDTUM HUGUONIOTII
—_———— e s . I B CHLAMYDOPHORELLA TRABECULOSA 12 CLEISTOSPHAERIDIUM? ACICULARE
M | PALAEDPERIDINIUH CRETACEUM 3 DESMOCYSTA PLEKTA
:: FLORENTINIA HMANTELLII -COOKSOMIAE group 27 DISCOHSLA NANNA
i BATIOLADINIUM JAEGERI 13 DOROCYSTA LITOTES
H CLEISTOSPHAERIDIUH? AGIGULARE 6  EPELIDOSPHAERIDIA SP. 1
H DOROCYSTA LITOTES 14 EXOCHOSPHAERIDIUM PHRAGMITES
H EXUCHOSPHAERIDIUM FHRAGHMITES 10 FLORENTINIA MANTELLLI/COOKSONTAE group
" FROMEA FRAGILIS a5 FROMEA AFF. F. EXPOLITA
W HAPSOGCYSTA? BENTEAE SP. HOV. 15 FROMEA FRAGILIS
I | ODONTOCHITINA OPERCULATA 16  HAPSUCYSTA? BENTEAE SP. NOV.
E: OLIGOSPHAERIDIUM GOMPLEHR 4 KIOKANSIUM POLYPES POLYPES
] PALAEDPERIOINIURNY SP. 1 al LEVISPHAERA CF. 1.. CRASS1CINGULATA
W PSEUDDGCERATIUH AFF. P. EXFOLITUH 7 ODONTOCHTITTNA ANCALA
I:_i RHOMBODELLA PAUCISPINA 33 ODONTOCHITINA COSTATA
" SENTUSIODIMIUM SP. 1 17 ODONTOCHITINA OPERCULATA
; ) SPINIFERITES SFPP. 28 OLIGOSPHAERTDIUM CF. O. PULCHERRIMUM
SUBTILISPHAERA XKALAALLITI SP. NOV. 5 OLTGOSPHAERIDIUM CF. O. TOTUM
VYESPEROPSIS AFF. V. FRAGILIS 18 OLIGOSPHAERIDIUM COMPLEX
CAUCA PARVA 29 PALAEOHYSTRICHOPHORA INFUSORIODES
DISCORSIA MNANMNA a9 PALAEOPERIDINIUM CHETACEUM
OLIGOSPFHAERIDIUM C©F. 0. PULCHERRIHUH 19 PALAEOPERIDINTUM? SP. 1
PALAEOHYS TRICHOPHORA 1NFUSOR[ODES 20 PSEUDOCERATIUM AFF. P. EXPOLITUM
HIPHOPHORIDIUH ALATUH a7 PTEROSPERMELLA CF. P. AUSTRALIENSTS
| LEVISPHAERA GF. L. CRASSIGINGULATA 21 RHOMBODELLA PAUCTSPINA
CLEISTOSPHAERIOIUM HUGUOMIOTII 22 SENTUSTDINIUM SP. 1
. DDONTOCHITINA COSTATA 2 SENTUSTDINIUM SP. 2
“ 4 smme . semm | 34| GHLAMYODOPHORELLA NYET 23 SPINIFERITES SPP.
T FROMEA AFF. F. EXMPOLLITA 24 SURTILISPHAERA KALAALLITI SP. NOV.
a— s = s s . W ACRITARCH 25 VESPEROPSIS AFF. V. FRAGILLS
s s s—=+ = =— i 37| PTEROSPERMELLA CF. P. RUSTRALIENSIS 30  XTPHOPHORIDIUM ALATUM
2 subzone section 37
. Z0TR Svinhufvud Bj Traill @
r
U. Albian stage vmnTvasSees e




169

583 |
xzza " SPECIES LOCATION INDEX
e 1 Index numbers are the columns in which species appear.
oo o g
Wowa
SSn Rins
i -Ihl U NUMBER SPECIES
N o - n
—_—T % H GLEISTOSPHRAERIDIUM HUGUOMNIOTII 27 ACHLTARCH
m—rh W BATIOLADINIUM JAEGERT 2 BATIOLADINIUM JAEGERI
Se— H EFEL IDOSPHAERIDIA SP. 1 18 CHLAMYDOFHORELLA NYET
— H LEVISPFHRAERA GF. L. CRASSIGCINGULATA 24 CHLAMYDOPHORELLA TRABECULOSA

W DESHOGYSTA FPLEXTA 1 CLEISTOSPHAERIDIUM HUGUONIOTII

it ODOROGYSTA LITOTES 18 CLELSTOSPHAERIDIUM? ACTCULARE
— — I: EXOCHOSPHAERIDIUN PHRAGHITES 5 DESMOCYSTA PLEKTA
——— :; FLOREMTIMIA MAMTELLIL/COOKSONIAE group 6 DOROCYSTA L.ITOTES
— FROMEA FRAGILIS 3 EPELIDOSPHAERIDIA S5P. 1
—— | HAPSOCYSTA? BENTEAE SP. NOU. 7  EXOCHOSPHAERIDTUM PHRAGMITES
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Key to Species Diversity

= Very Rare 0- 0.49%
= Rare 0.5—- 0.99%
= Few 1.0- 49 %
= Frequent 5.0- 9.9 %
= Common 10.0-249 %
= Abundant 25.0-49.9 %
= Dominant 50.0-100 %
? = Questionably Present

= Not Present

Enclosure 1. Lithologies, thicknesses and biostratigraphical correlation of the 40 sections that yielded dinoflagellate cysts. The
section numbers correspond to the numbers used on the insert map. Lines on the left of the lithological columns indicate positions of
the studied samples. The thickness of each section is also indicated to the left of each column.

Enclosure 2. Composite rangechart and species diversity. The samples are numbered from | to 74 followed by the GGU sample
number. The numbers to the right of the GGU numbers refer to the numbered sections. Further explanations to the range-chart are
given in the Appendix; the key to the species diversity is given on p. 171.
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