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Abstract

Stratigraphical ranges and geographical distribution of dinoflagellate cysts and selected
pollen species are described based on analysis of approximately 70 samples from 9 surface
and 5 subsurface sections of Late Cretaceous age on Svartenhuk Halvg, West Greenland.
The sections make up an approximately 300 m thick marine black mudstone succession,
previously dated as Late Turonian to Early Campanian on the basis of scattered ammonite
occurrences.

The dinoflagellate cysts date the majority of the studied samples to Coniacian to Early
Santonian, whereas two samples are dated as Late Santonian/? Early Campanian. It has
been possible to divide the studied succession into six distinguishable dinoflagellate cyst
zones. The diversity of the studied dinoflagellate cysts is relatively high, more than 80
species were recorded. The assemblages are dominated by the genera Chatangiella and
Isabelidinium, which in several samples constitute 20 to 50 percent of the dinoflagellate

content.
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INTRODUCTION

The present study is part of the EFP-91 project ‘Sequence analysis of the Cretaceous
sediments in West Greenland’, which aims to describe the Cretaceous sediments and set up
a palynostratigraphy for sequence stratigraphical analysis for the Disko—-Nuussuaq—
Svartenhuk area in West Greenland (Christiansen et al., 1992; Christiansen, 1993).

The Upper Cretaceous—Lower Tertiary black mudstone on Disko, Nuussuaq and
Svartenhuk Halvg are the only marine sediments of this age exposed in the entire Labrador
Sea—-Baffin Bay region and studies of these are essential for a detailed interpretation of the
offshore geology.

Field work on the marine succession in the summers 1990 to 1992 has been
concentrated on: detailed sedimentological studies, sampling for palynological and organic

geochemical studies, and mapping and structural analysis (Christiansen et al., 1992).

PREVIOUS PALYNOLOGICAL STUDIES IN THE TURONIAN TO CAMPANIAN
OF GREENLAND AND ELSEWHERE, A REVEIW.

West Greenland

Previous studies of Upper Cretaceous dinoflagellate cysts from West Greenland are
very sparse (Croxton, 1976; 1978; 1980; Ehman et al., 1976; Lentin & Williams, 1980).
Lentin & Williams mentioned (1980, p. 20) that the Campanian assemblage from West
Greenland contain elements of both the offshore eastern Canadian assemblages (also called
the Williams suite) and the Mackenzie Delta, Arctic Canada, assemblages (the so-called
Mclntyre suite) described by Mclntyre (1974; 1975). The Paleocene dinoflagellate cyst
assemblages from West Greenland have been described by Hansen (1980).

Croxton (1978) briefly described the palynomorph content from three localities at
Svartenhuk Halvg and Itsako (C10, C11, C12). The locality C10 were given an Paleocene
age by Croxton (1978) on the basis of pollen, whereas she gave the C12 locality a
Coniacian to Campanian age on the basis of pollen and dinoflagellates. Croxton (1978, p.
65) mentioned that the thermally altered palynomorphs from the Itsako section C11 have

caused problems; however on the basis of pollen she dated the lower part of the section as



Late Albian—-Early Cenomanian, whereas pollen from the top of the section may indicate a
Paleocene age.

The ages given by Ehman et al. (1976) are not consistent from text to logs (Pulvertaft,
1987; Table 1). However these workers reported a Cenomanian age for their two localities
S5 and S1 in the Umivik area.

Hansen (1980, p. 92) recorded uppermost Lower Paleocene dinoflagellate cysts in the
Svartenhuk area (locality unspecified).

The above mentioned palynological investigations have been reviewed and commented

on by Pulvertaft (1987).

Arctic Canada

Upper Cretaceous dinoflagellate cysts have been described from Arctic Canada by
Manum (1963); Manum & Cookson (1964). Felix & Burbridge (1976) mentioned that the
samples that Manum & Cookson described from the Hassel Formation (Upper
Albian—Lower Cenomanian) were from the Kanguk Formation (Upper Cenomanian—Lower
Campanian). Mclntyre (1974; 1975) described a Santonian (Upper?) to Maastrichtian
assemblage from the Mackenzie Delta. Doerenkamp et al. (1976) proposed zonation for the
Cretaceous Aptian to Upper Albian (Isachsen, Christopher and Hassel Formations), the
Santonian to Maastrichtian Kanguk Formation and the Paleocene to Eocene Eureka Sound
Formation from Banks Island and adjacent areas. Doerenkamp et al.’s study indicates the
presence of a hiatus between Upper Albian and Santonian.

Ioannides & MclIntyre (1980) recognized 4 palynological associations from the District
of Mackenzie; one of these associations is Upper Campanian. Niiiez-Betelu & Hills (1992)
preliminarily described the palynomorph content of the Kanguk Formation (Turonian to
Campanian) on Ellesmere Island. Ioannides (1986) studied the dinoflagellate cyst
assemblages from the Santonian to Maastrichtian part of the Kanguk Formation and the
Lower Paleocene Eureka Sound Formation on Bylot and Devon Islands. The dinoflagellate
cyst assemblages described by Ioannides (1986) is very similar to the material from West
Greenland, unfortunately Ionnanides’ stratigraphy is not very detailed, due to poor outcrop,

and absence of macrofossils.



Western Canada, Western U.S.A.

Wall & Singh (1975) reported a most probably Campanian age microfossil assemblage
from North-Central Alberta; Harland (1973) described the marine palynomorphs of the
Bearpaw Formation (Upper Campanian) in southern Alberta and continued (Harland, 1977)
with the description of the palynomorphs of the Bearpaw Formation (?Upper Campanian—
Maastrichtian) in Montana, U.S.A. Sweet & Mclntyre (1988) described Upper Turonian
palynomorphs from North Central Alberta, Bloch et al. (1993) presented a revised
stratigraphy for the lower part of the Colorado Group (Albian to Turonian) in Western
Canada. Stone (1973) described the palynology from the ammonite dated Almond
Formation (Upper Campanian to possibly Maastrichtian) in Wyoming. Harker et al. (1990)
described the Campanian dinoflagellate cyst assemblage of the Interior Plains of Canada,

Wyoming and Texas.

Offshore Eastern Canada, Eastern U.S.A.

The following papers all describe the Upper Cretaceous dinoflagellate cyst content
from wells in the Gulf of Lawrence, Scotian Shelf, Grand Banks and Labrador shelf
offshore eastern Canada: Barss et al. (1979), Bujak & Williams (1978), Williams (1975),
Williams & Brideaux (1975), Williams & Bujak (1977a; 1977b), Williams et al. (1974)
and Williams et al. (1990).

The stratigraphical distribution of Mesozoic and Cenozoic dinoflagellate cysts has been
described by Williams & Bujak (1985) for the world and by Williams et al. (1993) for the
northern hemisphere.

Benson (1976) described the dinoflagellate cyst assemblages from the Maastrichtian
and Paleocene in Maryland. May (1980) described the dinoflagellate cyst assemblage from
the Campanian to Maastrichtian Monmouth Group of New Jersey. Aurisano & Habib
(1977) established a Campanian to lowermost Tertiary dinoflagellate cyst zonation from
New Jersey. Aurisano (1989) proposed a Cenomanian to Maastrichtian dinoflagellate cyst
zonation for the Atlantic Coastal Plain of New Jersey and Delaware. Tocher (1987)
described the Campanian to Maastrichtian dinoflagellate cyst assemblage from the United

States Atlantic Margin.



Northern North Sea, clastic deposits

According to Costa & Davey (1992, pp. 105-106) no dinoflagellate cyst information
has been published from these regions, but unpublished personal observation by Lucy. I.
Costa (in Costa & Davey, pp. 105-106) indicates assemblage affinities with the Upper
Cretaceous arctic assemblages described by Vozzhennikova (1967) from Siberia, Manum &
Cookson (1964) and Doerenkamp et al. (1976) from Arctic Canada, and Mclntyre (1974)

from the District of Mackenzie, Canada.

North-western Europe

The stratigraphical distribution of Upper Cretaceous dinoflagellate cysts in North-West
Europe has been compiled by Foucher (1979) and by Costa & Davey (1992) who probably
included some of Foucher’s numerous data in their description of the stratigraphical ranges
of Upper Cretaceous dinoflagellate cysts from the British Isles, the North Sea and around
the Shetland Islands. Clarke & Verdier (1967) described the Cenomanian to Campanian on
the Isle of Wight and made the first and only attempt to establish a dinoflagellate zonation
for the British Upper Cretaceous. Hart et al. (1987) listed dinoflagellate cysts together with
microfossils from key Upper Cretaceous sections on the Isle of Wight.

The dinoflagellate cyst assemblage from the Turonian type area around Saumur in
France has been described by Foucher (1982). Tocher & Jarvis (1987) described Turonian
dinoflagellate cysts from Devon, England. Jarvis et al. (1987; 1988) described the Albian
to Turonian stratigraphy and anoxic events in the Cenomanian—Turonian.

Foucher (1971a,b) and Robaszynski et al. (1980) described dinoflagellate cyst
assemblages of Coniacian age from France. Schigler (1992) described a diverse
dinoflagellate cyst assemblage from the island of Bornholm, Denmark. Westin (1992)
established a dinoflagellate cyst stratigraphy from the Albian to Santonian in the southern
Sweden. The diverse assemblages described from Bornholm (Schigler, 1992) and Sweden
(Westin, 1992) are dominated by North Sea and North-West European limestone facies
species; however the abundance of the northern North Sea genus Chatangiella, especially
in southern Sweden, is remarkable.

Yun (1981) described a Lower Santonian dinoflagellate cyst assemblage from

northwest Germany.



Australia, Antarctica

There are numerous papers describing Cretaceous dinoflagellate cysts from Australia.
Helby et al. (1987) established a palynological zonation covering the entire Mesozoic of
Australia.

Askin (1988) described the Campanian to Eocene palynological succession of Seymour
Island and adjacent islands, Antarctica.

Mohr & Gee (1992) and Mao & Mohr (1992) described the Cenomanian to
Maastrichtian dinoflagellate cyst assemblages from the ODP leg 120 in the southern Indian
Ocean.

The interesting point about the Upper Cretaceous palynomorphs recorded from
Australia and around Antarctica is that they are quite similar on assemblage level to the
material recorded from West Greenland, whereas moving down to species level there are
small but distinguishable differences between superficially similar species from the two

regions, which makes direct correlation difficult.

SAMPLES AND METHODS

Samples

The Upper Cretaceous samples analysed in the present biostratigraphic study were
collected during hydrocarbon-related field work carried out by the Geological Survey of
Greenland (GGU) in the summers of 1990 to 1992, in onshore areas of West Greenland
(69°-72°N) (Christiansen et al., 1992; Christiansen, 1993).

A dinoflagellate cyst stratigraphy has been established for the Upper Cretaceous
sediments in the Umivik area of Svartenhuk Halvg (Fig. 1). Marine palynomorphs was
recorded from nine outcrop localities and five subsurface sections represented by slim
cores from shallow wells drilled in 1992 by GGU is helicopter-transportable drilling
equipment. The sections represent thicknesses of 2 to 150 metres. The sections make up an

approximately 300 m thick sandy shale sequence (Fig. 2).



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 treatment. 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 separated from coal particles and woody
material in most samples using the method described by Hansen & Gudmundsson (1978).

After each of the steps mentioned above the organic residues were mounted in a

permanent medium Eukitt R (produced by O. Kindler, Germany).

Recording of material and analyses

The palynological slides were studied with transmitted light using a Leitz Dialux 22
microscope (512 742/057691). All the coordinates in the plate text refer to this microscope.
England finder index comers: Z 75 4 = 74.6-92.3; Z 1 3 = 1.9-9220; A 11 = 1.9-116.7;
A 65 2 = 64.6-116.6, centre: O 38 = 38.1-103.3.

The illustrated dinoflagellate cysts are marked with GGU number (sample number),
slide number, microscope coordinates, laser-video-record number (LVR) and database
number (Microlmage; MI) for later identification. The slides are housed at the Geological

Survey of Greenland where they are accessible for examination.

Composition of the organic material; maturation

The organic material is dominated by black to brownish woody material and cuticles,
whereas amorphous organic material, dinoflagellate cysts, spores and pollen constitute a
minor part.

The TAI (Thermal Alteration Index) evaluation was carried out on the sieved slide
before oxidation. The study revealed TAI values between -2 and +3, which indicate that

the organic material is thermally immature to mature with respect to oil generation.
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DINOFLAGELLATE CYST STRATIGRAPHY AND ZONATION ON
SVARTENHUK HALV@

A dinoflagellate cyst stratigraphy has been established for the Upper Cretaceous
sediments in the Umivik area of Svartenhuk Halvg (Fig. 1). Marine palynomorphs was
recorded from nine outcrop localities and five subsurface sections represented by slim
cores from shallow wells drilled in 1992 by GGU’s helicopter-transportable drilling
equipment.

Due to the very sparse macrofossil content and the rather homogeneous lithology, the
stratigraphical correlation of the geographically widely spread 14 sections is based solely
on the first and the last occurrences and acme of stratigraphically important dinoflagellate
species.

The dinoflagellate cyst assemblages in all the studied sections are characterised by a
large number of Chatangiella specimens. According to the literature the genus
Chatangiella ranges from the Upper Cenomanian to the Upper Maastrichtian (Costa &
Davey, 1992, and many others). Geographically the genus Chatangiella dominates Upper
Cretaceous assemblages in Western Interior, U.S.A., Western Canada, Arctic Canada and
the northern North Sea. The genus Chatangiella is also very abundant in the southern
hemisphere (especially in Australia and Antarctica), whereas the genus is less distributed in
Northwestern Europe and in the Tethyan realm (Lentin & Williams, 1980, Costa & Davey,
1992).

The presence of the species Heterosphaeridium difficile in all but one of the studied
sections on Svartenhuk Halvg indicates an Early/Middle Turonian to Early (?Late)
Santonian age (Haq et al., 1987; Costa & Davey, 1992). The presence of Isabelidinium
cooksoniae indicates a post Early Turonian age (Costa & Davey, 1992).

The absence of the characteristic species Litosphaeridium siphoniphorum and
Stephodinium coronatum, both of which have their last occurrence in the Turonian, the
presence of Heterosphaeridium difficile and the abundance of Chatangiella specimens
advocate for a post-Turonian to pre-Campanian age for all, except one, of the studied
sections at Svartenhuk Halvg.

The species list on the cumulate range chart illustrates that the assemblage changes

only little with time. However, based on the first and last occurrences of a few
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morphologically characteristic and stratigraphically important species, it has been possible

to distinguish six dinoflagellate zones from the cumulate section.

Chatangiella aff. tripartita Zone
The dinoflagellate cyst assemblage recorded from the well GGU 400709 (Encl. 2)
indicates the presence of the oldest recorded marine influenced depositional environment

on Svartenhuk Halvg.

Age. The age of the zone is most likely Coniacian but a latest Turonian age cannot be

excluded.

Definition. The zone is defined by the interval containing Chatangiella aff. tripartita, its

upper limit being the lowermost occurrence of Spinidinium echinoideum.

Thickness and distribution. The zone has only been recorded in well GGU 400709 (Encl.

2), where it is represented by approximately 75 m sediments.

Characteristic species. The zone is characterised by the presence of the species
Chatangiella aff. tripartita, C. granulifera, C. verrucosa, Heterosphaeridium difficile,
Surculosphaeridium? longifurcatum, Florentinia aff. deanei, Palaeohystrichophora
infusorioides, Dinopterygium aff. cladoides, Cribroperidinium aff. intricatum,
Scriniodinium aff. obscurum, Odontochitina striatoperforata, Desmocysta plekta,
Trigonopyxidia ginella, Fromea fragilis, a few Florentinia aff. mantelli specimens, a few
specimens of Isabelidinium aff. magnum and a single specimen of Xenascus aff.

perforatus.

Discussion. According to Costa & Davey’s (1992) observations from the North Sea, region
the presence of Heterospaeridium difficile and Surculosphaeridium? longifurcatum
throughout the zone indicates an age no younger than Early Santonian. Florentinia deanei
has its last occurrence in the uppermost Coniacian in Europe (Foucher, 1979; Costa &
Davey, 1992). According to Costa & Davey (1992) and Williams et al. (1993) Florentinia

mantelli has its last occurrence in the uppermost Turonian. Schigler (1992) reported F.
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mantelli as a presumed reworked species in his study of Coniacian on Bornholm, Denmark,
whereas Yun (1982) reported F. mantelli in situ from Santonian deposits in Germany.

Williams et al. (1993) reported that the species Chatangiella verrocosa has its first
occurrence in the Lower Coniacian and ranges to the Upper Campanian in the northem
hemisphere. Williams & Bujak (1985) reported a similar range (Lower Coniacian to Upper
Campanian) for the morphologically closely related Chatangiella granulifera, whereas
Costa & Davey (1992) reported a Lower Turonian to Upper Campanian range for C.
granulifera.

Williams & Bujak (1985) also reported a Lower Coniacian to Upper Campanian range
for the species Trigonopyxidia ginella, which was described from the ?Upper Albian—
Cenomanian from Australia by Cookson & Eisenack (1960).

In the present study the species Chatangiella aff. tripartita has only been recorded
from well GGU 400709 (Encl. 2) and the lowermost sample in well GGU 400712 (Encl.
8). Chatangiella tripartita was described by Cookson & Eisenack (1960) from probably
Upper Turonian to Middle Senonian of Australia. Schigler (1992) reported C. tripartita
from the Lower to "mid"-Coniacian on the Danish island of Bornholm. Davey & Costa
(1992) reported the C. tripartita/victoriensis complex from Upper Cenomanian to Lower
Maastrichtian in the North Sea region. Helby et al. (1987) reported the species from Lower
Santonian (consistent) to Middle and Upper Santonian (inconsistent).

The presence of only a few species characteristic for the Turonian advocates an

Coniacian age, for this zone.

Spinidinium echinoideum Zone

Age. Coniacian or ?Early Santonian.

Definition. Interval from the first occurrence of Spinidinium echinoideum to immediately

below the first occurrence of Arvalidinium aff. sheii.

Thickness and distribution. The zone is only represented by two samples in the upper part

of well GGU 400709 (Encl. 2), where it constitutes approximately 10 m of the section.
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Characteristic species. The zone is characterised by the presence of the species
Spinidinium echinoideum, Chatangiella aff. tripartita, C. granulifera, C. verrucosa,
Heterosphaeridium difficile, Surculosphaeridium? longifurcatum, Palaeohystrichophora
infusorioides, Florentinia aff. deanei, Cribroperidinium aff. intricatum, Scriniodinium aff.
obscurum, Odontochitina striatoperforata, Fromea fragilis and a few Florentinia aff.

mantelli specimens.

Discussion. The first occurrence of the species Spinidinium echinoideum in the upper part
of well GGU 400709 (Encl. 2) indicates a Coniacian to Early Santonian age. The species
was described by Cookson & Eisenack (1960) from the Santonian and Campanian in
Australia. According to Clarke & Verdier (1967) and Foucher (1979) Spinidinium
echinoideum ranges from the Lower Santonian to the lowermost Campanian in England
and France. However, Foucher (1979) reported in addition a S. cf. enchinoideum from the
Upper Turonian in France. Schigler (1992) recorded S. echinoideum echinoideum from
Coniacian deposits from the island of Bomholm, Denmark.

The species S. mariae is according to the present author almost identical with S.
echinoideum. According to Aurisano (1984, 1989) Spinidinium mariae ranges in the
Atlantic Coastal plain of New Jersey, U.S.A. from Lower Santonian to uppermost Lower

Campanian.

Arvalidinium aff. sheii Zone

Age. Coniacian or ?Early Santonian

Definition. Interval from the first occurrence of Arvalidinium aff. sheii to immediately

below the first occurrence of Laciniadinium arcticum.

Thickness and distribution. The zone is represented by the lower 57 m of well GGU
400712 (Encl. 8) and maybe by the two lowermost samples (approximately 40 m) from
section C12 (Encl. 12).
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Comments. The diversity of the present zone is remarkably higher than in the two previous
zones. The appearance of several species not recorded from the older zones, could indicate
that in the Svartenhuk area there exist sediments of older age than the age represented by
the Arvalidinium aff. sheii Zone and younger than the Spinidinium echinoideum Zone these
are probably situated in the subsurface below the lowermost sample in well GGU 400712

(Encl. 8). A hiatus could also explain the remarkable diversity change.

Characteristic species. The zone is characterised by the presence of numerous Chatangiella
specimens, which constitute between 35 and 53% of the dinoflagellate cysts assemblages,
and Odontochitina striatoperforata which constitutes up to 10% of the assemblage. The
zone is also characterised by the incoming of the species Arvalidinium aff. sheii,
Chatangiella aff. spectabilis, C. aff. ditissima, Eurydinium aff. glomeratum and
Palaeotetradinium silicorum whereas the following characteristic species continue their
occurrence from the previous Spinidinium echinoideum Zone: Spinidinium echinoideum, C.
granulifera, C. verrucosa, Heterosphaeridium difficile, Surculosphaeridium? longifurcatum,
Palaeohystrichophora infusorioides, Florentinia aff. deanei, Odontochitina striatoperforata,
Desmocysta plekta, Trigonopyxidia ginella, Fromea fragilis, Wallodinium anglicum,
Trithyrodinium aff. suspectum, a few Florentinia aff. mantelli specimens and a single
specimen of Xenascus aff. perforatus and Dorocysta litotes.

The species Chatangiella aff. tripartita is only represented in the lowermost sample in

the present zone.

Discussion. The abundance of the species Arvalidinium aff. sheii in the present zone is
quite interesting. Previously A. sheii only has been reported by Manum (1963) who
described the species (as Deflandrea sheii) from a "Deflandreoid"-dominated assemblage
from Graham Island, arctic Canada, where according to Manum (1963) and Manum &
Cookson (1964) it is very common. The dinoflagellate cyst assemblage from the sample
reported by Manum & Cookson (1964) from the presumed Kanguk Formation at Graham
Island is quite similar to the assemblage recorded from the A. aff. sheii Zone on
Svartenhuk Halvg. However the appearance of the species Laciniadinium arcticum (as
Diconodinium arcticum) on Graham Island has not been observed in the A. aff. sheii Zone

on Svartenhuk Halvg. Manum (1963) and Manum & Cookson (1964) indicated that their
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samples were from the Upper Albian-lower Cenomanian Hassel Formation, whereas Felix
& Budbridge (1976) considered that Manum’s samples more likely represented the Kanguk

Formation of Late Cenomanian to Early Campanian age.

Laciniadinium arcticum Zone

Age. Coniacian or ?Early Santonian

Definition. Interval from the first occurrence of Laciniadinium arcticum to the last

occurrence of Arvalidinium aff. sheii.

Thickness and distribution. The zone is represented by approximately 50 m in well GGU
400711 (Encl. 10), approximately S0 m in section C12 (Encl. 12), approximately 20 m in
the composite section GGU 400712+HNH 920821/1 (Encl. 8) and maybe by one sample in
section HNH920822/3 (Encl. 6)

Characteristic species. The zone is like the underlying zone characterised by the presence
of numerous Chatangiella specimens. The zone is also characterised by the incoming of
the species Laciniadinium arcticum, Isabelidinium aff. acuminatum and Eurydinium aff.
glomeratum with a small apical horn. The species Microdinium reticulatum,
Tanyosphaeridium cf. variecalamus, Scriniodinium campanula and Florentinia sp. 1 HNH
are only recorded from the present zone, however their appearance is rare. The following
species continue their appearance from the previous Arvalidinium aff. sheii zone:
Arvalidinium aff. sheii, Chatangiella aff. spectabilis, C. aff. ditissima, Spinidinium
echinoideum, C. granulifera, C. verrucosa, Heterosphaeridium difficile,
Surculosphaeridium? longifurcatum, Palaeohystrichophora infusorioides, Florentinia aff.
deanei, Odontochitina striatoperforata, Desmocysta plekta, Trigonopyxidia ginella, Fromea
fragilis, Wallodinium anglicum, Trithyrodinium aff. suspectum, Xenascus aff. perforatus
and Florentinia aff. mantelli. The species Eurydinium aff. glomeratum and

Palaeotetradinium silicorum have their last occurrence in the lower part of the zone.
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Discussion. The palynomorph assemblage of the present zone is very similar to the
"Deflandreoid"-dominated assemblage from Graham Island, arctic Canada, recorded by
Manum (1963) and Manum & Cookson (1964). In addition to the abundance of the species
Arvalidinium aff. sheii and the presence of Laciniadinium arcticum there are 15 other
palynospecies from the present zone that are also represented in the Graham Island

samples.

Heterosphaeridium difficile Zone

Age. Coniacian or ?Early Santonian

Definition. Interval from immediately above the last occurrence of Arvalidinium aff. sheii

to the last occurrence of Heterosphaeridium difficile.

Thickness and distribution. The zone is represented in six outcrop sections and two
subsurface sections in the Svartenhuk area. The zone is represented by 94 m in the
composite section GGU 400708+HNH 920806/1 (Encl. 3), 16 m in section HNH 920809/1
(Encl. 4), 20 m in section HNH 920822/2 (Encl. 5), maybe from the uppermost sample in
section HNH 920822/3 (Encl. 6), 15 m in section HNH 920822/5 (Encl. 9), 71 m in the
composed section GGU 400710+FGC 910807/2 (Encl. 11) and by approximately 60 m in
section C12 C.C (Encl. 12).

Characteristic species. The zone is characterised by a poorly preserved low diversity
palynomorph assemblage.

The frequency of Chatangiella specimens is very low compared to the previous zone.
Species such as Laciniadinium arcticum, Spinidinium echinoideum, Heterosphaeridium
difficile, Palaeohystrichophora infusorioides, Odontochitina striatoperforata and
Chatangiella aff. ditissima are present throughout the zone, whereas Surculosphaeridium?
longifurcatum, Isabelidinium aff. acuminatum, Trigonopyxidia ginella, Wallodinium
anglicum and Eurydinium aff. glomeratum (with a small apical horn) are only recorded

from the lower part of the zone. The following species have a more sporadic occurrence
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whit in the zone: Chatangiella granulifera, C. aff. spectabilis, Desmocysta plekta,

Xenascus aff. perforatus, Florentinia aff. deanei and F. aff. mantelli.

Discussion. The last occurrences of Heterosphaeridium difficile and Surculosphaeridium?
longifurcatum with in the zone indicate according to Costa & Davey (1992) an age no

younger than Early Santonian.

Dinogymnium cf. sibiricum Zone

Age. ate Santonian or ?Early Campanian

Definition. Interval from immediately above the last occurrence of Heterosphaeridium

difficile up to the last occurrence of Dinogymnium cf. sibiricum.

Thickness and distribution. The zone has only been recorded in a three metre interval in

the section JLG (Encl. 7) situated just below the base of the hyaloclastic basalt.

Characteristic species. The zone is represented by a low diversity palynomorph
assemblage, characterised by well preserved specimens of Isabelidinium aff. 2acuminatum,
and very few specimens of Dinogymnium cf. sibiricum. The following stratigraphically
interesting species continue their occurrence from the previous zones: Chatangiella aff.
ditissima, Palaeohystrichophora infusorioides, Spinidinium echinoideum, Trithyrodinium sp.

and Xenascus aff. perforatus.

Discussion. The presence of the species Chatangiella aff. ditissima, Palaeohystrichophora
infusorioides and Trithyrodinium indicates according to Costa & Davey (1992) an age no
younger than Campanian; the same authors mention that the species Isabelidinium
acuminatum first occurs, or first become consistent in the Lower Campanian. The presence
of Spinidinium echinoideum indicates according to Foucher (1979) an age no younger than
Early Campanian. The species Dinogymnium sibiricum has a Coniacian to Early Santonian

range according to Costa & Davey (1992), whereas Mclntyre (1974) reported a Late
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Santonian to Late Campanian range for the very similar species Dinogymnium sp. cf.
Gymnodinium sibiricum.

The discussion above clearly illustrates the difficulties in dating the present zone.
However the absence of Heterosphaeridium difficile and the presence of Spinidinium

echinoideum indicate a Late Santonian/Early Campanian age.

COMPARISON WITH PREVIOUSLY REPORTED MACROFOSSIL AGES

The presence of ammonites of Late Turonian, Coniacian, Santonian and Early
Campanian ages on south-east Svartenhuk Halvg (Fig. 3) was recorded by Birkelund
(1965; Fig. 2, Table 1) in her monograph on Upper Cretaceous ammonites from West
Greenland. The ammonite record was correlated with other macrofossil records by
Rosenkrantz & Pulvertaft (1969) in their review of Cretaceous—Tertiary stratigraphy and
tectonics in northern West Greenland.

Birkelund (1965) recorded in situ ammonites indicating the presence of Lower
Coniacian deposits at the ammonite locality at Umivik. This locality corresponds to the
uppermost part of well GGU 400712 which in the present study has been referred to the
Laciniadinium arcticum dinoflagellate zone (Coniacian or Lower Santonian). From the
same locality Birkelund (1965) recorded ammonites of Santonian and Early Campanian
ages in displaced blocks.

The loose specimens of ammonites recorded from the Store Tange V locality indicate
a Late Turonian age (Birkelund, 1965), this locality corresponds to the locality C12/CC
(Encl. 12) collected by Catherine A. Croxton, which according to the present dinoflagellate
study is of Coniacian or Early Santonian age.

A little north of the Store Tange V locality at Lille Tange V Birkelund (1965)
recorded ammonites of Early Santonian age in situ at 180-200 m above sea-level, which
correlate well with the age indicated by dinoflagellate from the upper part of section

C12/CC (Encl 12).
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Fig. 2 Stratigraphical correlation of the sections that yielded dinoflagellate cysts.
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Fromea amphora

Acritarch ep. 1 HMNH
Palaeoperidinium pyropharum
Membranilarnacia? spp.
Florentinia aff. deanei
Dorocysta litotea

Xenaxcus aff. perforatus
Oligoaphaeridium pulcharrimum
Heterosphaeridium difficile
Stiphrosphaeridium anthaphorum
Chatangiella granulifera
Chatangierlla aff. spectabilis
Charat sp. S5 HNH
Odontochitina etriatoperforata
Circulodinium distinctum
Chatangiella aff. ditimaima
Laciniadinium arcticum
Spinifarites spp.
Hystrichodinium pulchrum
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Fromea fragilis

Chatangiella aff. espectabilis
Heterosphaeridium difficile
Charat ep. S HNH

Chatangiella aff. spectabilis
Palaeohyetrichophara infueoriocides
Circulodinium distinctum
Chatengiella aff. apectabilie
Trithyrodinium suspectum
Palaaoperidinium pyrophorum
Achomosphaera aff. aagena
Spiniferites app.
Odontochitina striatoperforata
Spinidinium echinaideum
0ligospheeridium pulcherrimum
Laciniadinium arcticum
Chatangislle granuliferas

e

Tany idium cf. variecalamus
Desmocysta plakte
Apendicisporitee ep. 1 HNH
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Acritarch sp. 1 HNH
Schizocyatia sap.

Xenaxcus aff. perforatus
Pelaeoparidinium pyropharum
Chatangiella aff. ditissima
Spinidinium echinaideum
Chatangiella granulifera
Dinogymnium cf. eibiricum
Isabelidinium aff. ?acuminatum
Circuladinium dietinctum
Trithyrodinium aff. suspectum
Spiniferitee spp.
Pterospermella australiensis
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Fromea fragilis
Fromea emphara
Acritarch sp. 1 H\H

Chorat ap. S HNH
Desmocyeta plekta
Pteradinium spp.

Eurydinium aff. glomeratum +ap horn
Chlamydophorella trabeculoes
Pareodinia spp.

Palasohyetrichophara infusorioidee
Coronifera oceanice
Pelaesotetradinium silicorum

Stiphrosphaeridium anthophorum
Dorocyete 1litotas
Arvalidinium aff. shaii

Oligoephaeridium pulcherrimum
Circulodinium distinctum
Laciniedinium arcticum

Spinidinium echinoideum
Chatangiella eff. ditieeima
Spiniferites spp.

Heteroephaeridium difficile
Surculosphseidium longifurcatum
Odantochitina striataperforata

Chatangiella aff. spactabilis
Flarantinia aff. deanai
Xenaxcus aff. perforatus

Pelaeoperidinium pyrophorum
Wellodinium engl icum
Chatasngiella granulifera

Trithyrodinium eff. suspactum
Exochosphaeridium epp.
Chlemydophorella nyei

O O R e G U | R

Pelembages epp.

SIS BJARKE

- 0B ) HVYAS €/22-8-cBHN

(we

21/E 31va

H-NH EBB7T :SLSATIVNY

(‘nag’)




CRETACEOUS SYSTEM Ly CRETACEQUS SYSTEM m
CONIAC / L. SANTON STAGE P CONIAC / L. SANTON STAGE P
H. DIFFICILE ZONE o A. AFF. SHEII I KAcTICUM Z0ONE @
P w4 oz g 100 DEPTH e & 990 & g 5 w0 DEPTH
A == s =
- e "lLitHoLos -
LITHOLOGY q) Y .
i =
T 3 n o ol iy o i i Ll I ok —
§ B SAMPLES A 8 £558 858588558 SAMPLES =
< 4 a P S S L S no
« o n n nnon nNown R DS
w ® & 62 O NaoRe R n
o 0ligosphaeridium pulcherrimum < —_—— — =—=———— — Acritarch sp. 1 HNH <<
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—_ Charat 8p. 5 HNH . = —_ - Fromea amphora .
C Heterosphaeridium difficile Schizocystia ssp.
Palasoperidinium pyropharum Parsodinia spp.
Chatangiella aff. spectabilis a‘ Chatangiella aff. tripartita
1

8Spinifarites spp.
Trithyrodinium aff. suspectum
Circulodinium distinctum
Exochosphaeridium spp.
Chlamydophorsella nyasi
Laciniadinium arcticum
Dorocyeta 1itatee
Scriniodinium spp.
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Isabalidinium ep. 42 HNH
Oligosphaeridium complex
Ieabalidinium cooksonise
Spinidinium? sp.
Chatangialla verrucosa
Eurydinium aff. glomeratum
Flarentinia aff. mantellii
Choret sp. 5 HNH
Chatangialla aff. ditissima
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Palaeohyetrichophaore infuearioides

Odontochitina striatoperforata Spinidinium echinoideum

Spinifaritas aepp.
Odontochitina striatoperforata
Palaaoperidinium crataceum
Chetengialle granulifera
Circuladinium distinctum
Hystrichodinium pulchrum
yata plakta
Arvalidinium eff. aheil
Wallodinium anglicum
— —— —— — — Heterosphaeridium difficile
—_———— =— Trithyrodinium aff. suspactum
Chorat sp. with trabeculee
—] Ptarodinium spp.

C Stiphrosphaeridium anthophorum

- Palaesohyatrichophora infusorioidaes
— — - Membranilarnecia? spp.

- Trithyrodinium ap. emall
0ligosphaeridium aff. pulcherrimum
Trigonopyxidia ginella
Exochoepheeridium spp.
Chatangialla aff. apactabilis
Pelaeotetradinium silicorum
Florentinia aff. deanei
Pelaeoperidinium pyrophorum
Chlamydophoralla trabaculosa
- Chlemydophorella spp.
Surculoaphaeidium longifurcatum
Coronifera oceanica

C Achomoephaara aff. sagana

— ————— — Xenascus cf. ceratioides
Dorocyeta 1itotas
Microdinium spp.

= = Scriniodinium spp.

— Chlamydophorells nyei
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) Vesperopsis? sp.
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= Xiphophoridium aff. alatum
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Achomoephaera? spp.

Chetangiells sp. A HNH

Eurydinium aff. glomeratum +ap harn
Laciniadinium ercticum

Microdinium raeticulatum
Tenyospheeridium cf. veriecslamus
Dinopterygium aff.cladoidas
Endoscrinium campenules
Pterospermella eustralienais

C - E ol Palambages spp.
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Acritarch sp. 2 HNH

Frames emphora

Acritarch sp. 1 HNH
Trithyrodinium ap. emall
Dinocyst sp. 7 HNH
Florentinia? app.
Trigonopyxidia ginella
Trithyrodinium aff. esuapactum
Surculosphaeidium longifurcatum
Eurydinium aff. glomeratum
Isabelidinium aff. acuminstum
Eurydinium aff. glomaratum <+ap horn
Spiniferites spp.
Palasohyetrichophora infueorioides
Stiphrosphaeridium anthophorun
Exochoephaeridium spp.
Chatangiella aff. ditissima
Heterosphaeridium difficile
Palaeoperidinium pyrophorum
Dsemacyeta plekta
Laciniedinium arcticum
Odontochitina atriatoperforata
Circulodinium distinctum
Chatengiella aff. epactabilies
Spinidinium echinoideum
Hyatrichodinium pulchrum
Wallodinium anglicum
Florentinia aff. deanei
Florentinias aff. mantellii
0ligosphasridium pulcherrimum
Isabelidinium aff. bakeri
Pareodinia epp.

Xenaxcus eff. perforatus
0ligoephaeridium complex
Chatengieslla granulifera
Chlamydophoralla nyai
Achomoaphaera? spp.
Implektoephaseridium? ap.
Trithyrodinium aff. suspectum
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Acritarch sp. 1 HNH

Fromea amphora

Fromea fragilis

Veryhachium app.

Schizocystia ssp.
Ieabelidinium caokeoniae
Trithyrodinium sp. small
Oligasphaeridium complex
Wallodinium anglicum
Chatsngiella granulifsra
Chatangiella verrucosa
Chatangiella eff. ditiseima
Florentinia aff. mantellil
Exochoephasridium epp.
Laciniadinium arcticum
Florentinis aff. deenei
Trithyrodinium aff. suspectum
Xenaxcua aff. perforatus
Scriniodinium? aff. obscurum
Spinifarites app.

Eurydinium aff. glomeretum +&p horn
Oligoephseridium pulcherrimum
Hystrichodinium pulchrum
Membranilarnacia? epp.
Spinidinium echinoideun
Palasoperidinium pyrophorum
Palaeohystrichophora infusorioides
Osemocyata plekta
Circulodinium diatinctum
Heterosphaeridium difficile
Odontochitina strietopsrforata
Pterodinium epp.

Isebelidinium eff. ecuminatum
Chatengiella aff. spectebilia
Arvalidinium aff. sheii
Trigonopyxidia ginella
Tanyospheeridium variecalasmum
Hyetr ichoephaeridium cruciatumm
Florentinia sp. 1 HNH
Stiphroephaeridium enthophorum
Dorocysta litotas
Chlamydophorella nyei
Cribroperidinium aff. intricatum
Dinopterygium aff.cladoides
Chetengiella sp. large
Surculosphaeidium longifurcatum
Coronifera oceanice
Chlemydophorella trebaculosa
Dinocyst sp. 7 HNH
Achomosphaera aff. eagana
Pelambeges spp.

Pteroepermella australieneie
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SAMPLES

Acritarch sp. 1 HNH

Fraomea fragilis

Oarocysta litotes

Caronifera oceanice
Eurydinium aff. glomsratum +ap haen
Flarantinia spp.
Chlamydophorella nyel
Eurydinium aff. glameratum
Xanaxcus aff. perforatus
Wallodinium anglicum
Trithyrodinium aff. suspectum
Palaaoparidinium pyropharum
Dsnmocysta plekta

Flarantinis aff. deanai
Arvalidinium aff. sheii
Spinidinium echinaideum
Odantochitina striatoperforata
Circuladinium distinctum
Laciniadinium arcticum
Chatangialla granulifera
Spiniferites spp.
Exachasphaseridium 8pp.
Stiphrospheeridium anthophorum
Hetaroaphearidium difficile
Chaetangiella aff. spectebilis
Chatangiella aff. ditieeima
Isabelidinium app.

Choret 8p. S HHH

Palambeges spp.

Pteraeparmella australieneis
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Index of Figured Species

Dinoflagellate cysts

Achomosphaera? sp. .. .........ciiiiiiiiitiei i
Achomosphaera aff.sagena . ... ................ ... 0 iiu...
Arvalidinium aff. sheii . ............. ... . .. ... . . . . . ...
Chatangiella aff. ditissima . ............... ... iiieienn.
Chatangiella aff. granulifera . ............... ... .. iuien..
Chatangiella aff. spectabilis . ............... ... iuinn.
Chatangiella aff. tripartita . ...................ccciiiiinnn.
Chatangiella granulifera . . . . ........... .00t neeennnn
Chatangiella verrucosa . . ... ... ... ... oueueeneenanneenennns
Chlamydophorellanyei . . ...... ... it tienneeenneennnn
Chlamydophorella? aff. grossa . ............ccciiiiiiiinn.
Chlamydophorella sp.2HNH .............. .. i iiiiiann.
Chlamydophorella sp.3HNH ...............ccciiiiiiunnnn.
Chlamydophorella? sp.4 HNH . ........... ... .0t iiiinnnn.
Chlamydophorella sp. SHNH ......... .. ... ... .. ... . ...
Chlamydophorella sp. 6 HNH ................ ...
Choratsp. 2 HNH .............iiiiiiiiiintnnnnnnnnnnn
Choratsp. 4 HNH .............c.0iiiiiiinennnnrnnnnnnns
Choratsp. SHNH ............. ..ttt iiininnnnennnn.
Choratsp. 7HNH ...........0iiiiiiiiiiininennnnnnns
Choratsp. 8 HNH ............c0iiiiiiiiininiinnnnnnnn
Chorat sp. 9HNH ........... . .00ttt ieinnnnnnnannns
Choratsp. 11 HNH ...........c.ciiiiiiiiniientnnnnnnennns
Chorat sp. 12 HNH ............cciiiiiiiiinieennannnnn
Chorat sp. I3 HNH . ............00iiiiiiiiiiiinnnnannnnns
Chorat sp. 14 HNH ............. .00t iiiinirennnnnnnnns
Chorat sp. IS HNH . ..........uiiiiitiitnnnnnnnnnnannnnn
Chorat sp. I6 HNH ..............c.iiiiiiiinnnnnnnns
Choratsp. 17HNH ..............c0 it iiitierernrnnennnns
Chorat sp. IBHNH ........... ..t itiinenneennnnnnnnnn
Choratsp. 21 HNH ... ............iiiiiiiinneennnnnnnnnn
Choratsp. 22 HNH .. ..........ciiiiiiiiniinnannnnnnnnns
Choratsp. 23 HNH . ............ it iiiiiiiniennnnnnnnn
Chorat sp. 24 HNH .. ..........0iiiiitiie it nnnnnnnnnn
Chorat sp. 25 HNH .. ............0iitiiiiiinnnnnnnnnnnns
Cribroperidinium aff. intricatum . ................ ... .. ...
Cribroperidinium sp. . .. .. ... ...ttt ieeeinnneeannaannns
Desmocysta plekta . .......... ..ot iieiit iy
Dinocyst sp. 2HNH . .. ...... ..ttt e eannnn,
Dinocystsp. 3HNH . ........ ...t iianennnnn
Dinocystsp. 7THNH . . ... ... ittt iieaaannn,
Dinocystsp. 8 HNH . . . ....... ... ittt ieieannn.
Dinocyst sp. 9 HNH . . .. ... .. it eeaeaannn
Dinogymnium cf. sibiricum . .......... ... ...t
Dinopterygiumm aff. cladoides . ............................
Endoscriniumcampanula . .............. ... . ciiiiiiiinaann
Eurydinium aff. glomeratum . ................ ... . . . . ...,
Eurydinium aff. glomeratum + apicalhom .....................
Exochosphaeridiumsp. 1HNH . ............................
Exochosphaeridium sp. 2 HNH . ........... ... ... .iiiuenn.
Florentinia aff. deanei . ............... Pl 12; Figs 3-7,
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Fig. 1.
Fig. 2,
Figs 1-4.
Figs 1-6.
Figs  5-6.

Fig. 1-12.
Figs 7-10.

Figs  8-9.
Figs 10-12.
Fig. 6.
Fig. 1.
Fig. 2.
Fig. 3.
Fig. 1.
Fig. 4.
Fig. S.
Fig. 8.
Figs 9-12.
Figs 1-8.
Fig. 9.
Fig. 10.
Fig. 11.
Fig. 12.
Fig. 1.
Fig. 2.
Fig. 3.
Fig. 7.
Fig. 4.
Fig. S.
Fig. 6.
Fig. 7.
Figs  8-9.
Fig. 10.
Fig. 11.
Fig. 12.
Figs 1-2.
Fig. 3.
Figs  1-3.
Fig. 4,
Fig.

Fig.

Fig. d
Figs 4-5.
Figs 4-6.
Fig. 8.
Figs 4-6.
Figs 7-12.
Figs 8-12.
Fig. 7.
Fig. 2.
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Fig. 6.
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Florentinia aff. mantellii . . ............. ... .00 iiiiiiennrnnn
Florentiniasp. 1HNH ................ Pl 12; Figs 8-12,
Florentinia? sp. HNH . ... ... ... . .00 ittt nnnn.

Fromea amphora
Fromea fragilis .

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

Heterosphaeridium difficile . ..............cccuiiieeeneennn.
Hystrichodinium pulchrum . ... ... ... ... ..ttt eeennens
Isabelidinium aff. acuminatum . . . . ........... ... . .0t
Isabelidinium aff. acuminatum,JGL . .........................
Isabelidinium aff. bakeri . . ............ ... .00ttt
Isabelidinium aff. magnum . ............. . 00t
Isabelidinium cooksoniae . ...............ccciuiiiiernneenns
Isabelidinium sp. THNH . .. .. ... .. ... ... ittt rnnnnnnnn
Laciniadinium arcticum . ...........coiiiiitannnnenennannns
Microdinium reticulatum . . . ... ........ ...ttt
Microdinium? sp. 1 HNH . ........... ... .. i iiiinrnnn.
Microdinium? sp. 2 HNH ... ... ... .. ... it innnnn.
Odonthochitina striatoperforata . . .............cuuieienennnnn
Oligosphaeridium complex .............c.cciiiitieneneenenns
Oligosphaeridium aff. complex ................ ... ...
Oligosphaeridium aff. pulcherrimum . ........................
Palaeohystrichodinium infusorioides . . . ..............cccc0veu..

Palaeotetradinium
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Plate 1 Svartenhuk

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. S.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

Fig. 10.

Fig. 11.

Fig. 12.

Arvalidinium aff. sheii, GGU ;100711-12-4, 45.6-107.3; LVR 1.1352; MI 851
Arvalidinium aff. sheii, GGU 400711-10-4, 22.1-94.7; LVR 1.1416; MI 902
Arvalidinium aff. sheii, GGU 400712-15-4, 33.9-100.9; LVR 1.1661; MI 1119
Arvalidinium aff. sheii, GGU 400711-10-3, 43.2-110.0; LVR 1.1418; MI 903
Chatangiella aff. granulifera, GGU 400709-14-3, 43.4-99.5; LVR 1.837; MI 509

Chatangiella aff. granulifera, GGU 400709-12-4, 41.0-103.7; LVR 1.846;
MI 518

Chatangiella granulifera, GGU 402680-4, HNH920822/3; 51.2-97.0; LVR
1.1204; MI 722

Chatangiella granulifera, GGU 400709-12-3, 32.4-100.5; LVR 1.844; MI 516
Chatangiella granulifera, GGU 400712-25-4; 53.5-109.2; LVR 1.1789; MI 1242
Chatangiella verrucosa, GGU 400709-14-5, 29.6-94.8; LVR 1.829; MI 502
Chatangiella verrucosa, GGU 400709-26-3, 53.7-107.0; LVR 1.726; MI 405

Chatangiella verrucosa, GGU 400712-25-4, 43.1-102.9; LVR 1.1788; MI 1241
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Plate 2 Svartenhuk

Fig. 1.

Fig. 3.

Fig. 4.

Fig. S.

Fig. 6.

Fig. 7.

Fig. 9.

Fig. 10.

Fig. 11.

Fig. 12.

Chatangiella aff. ditissima, GGU 251507-4, JGL; 53.0-113.6; LVR 1.710;
MI 392

Chatangiella aff. ditissima, GGU 400711-10-4; 38.9-108.5; LVR 1.1424; MI 907

Chatangiella aff. ditissima, GGU 400712-25-3; 52.1-105.0; LVR 1.1792;
MI 1245

Chatangiella aff. ditissima, GGU 400712-24-3; 49.0-100.5; LVR 1.1760;
MI 1214

Chatangiella aff. ditissima, GGU 400711-10-4; 30.0-99.0; LVR 1.1424; MI 907

Chatangiella aff. ditissima, GGU 251507-9, JGI; 40.0-103.5; LVR 1.716; MI 396

Chatangiella aff. tripartita, GGU 400709-26-3; 46.9-102.5; LVR 1.724; MI 404

Chatangiella aff. tripartita, GGU 400709-26-3; 53.7-107.0; LVR 1.725; MI 405

Chatangiella aff. tripartita, GGU 400709-12-3; 48.5-96.0; LVR 1.842; MI 514

Chatangiella aff. tripartita, GGU 400709-16-3; 51.8-105.0; LVR 1.821; MI 494

Isabelidinium aff. bakeri, GGU 400708-14-4; 26.3-93.8; LVR 1.1299; MI 803

Isabelidinium aff. bakeri, GGU 400708-20-3; 36.2-105.8; LVR 1.1283; MI 789
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

Fig. 10.

Fig. 11.

Fig. 12.

Chatangiella aff. spectabilis, GGU 400712-23-3; 38.8-95.1; LVR 1.1732;
MI 1188

Chatangiella aff. spectabilis, GGU 400712-24-3; 34.2-103.1; LVR 1.1765;
MI 1218

Chatangiella aff. spectabilis, GGU 400711-6-7; 29.0-101.6; LVR 1.1502; MI 979

Chatangiella aff. spectabilis, GGU 400712-14-4; 47.8-98.0; LVR 1.1634;
MI 1092

Chatangiella aff. spectabilis, GGU 402664-7, 400712; 52.1-103.0; LVR 1.1618;
MI 1077

Chatangiella aff. spectabilis, GGU 400712-14-4; 31.2-111.5; LVR 1.1632;
MI 1090

Chatangiella aff. spectabilis, GGU 400711-10-4; 29.6-105.0; LVR 1.1427;
MI 910

Chatangiella aff. spectabilis, GGU 400712-25-3; 37.6-101,3; LVR 1.1790;
MI 1243

Chatangiella aff. spectabilis, GGU 400711-8-4; 44,7-102.7; LVR 1.1457; M1 937

Chatangiella aff. spectabilis, GGU 400711-6-4; 43.0-104.8; LVR 1.1488; MI 965

Chatangiella aff. spectabilis, GGU 400711-10-4; 27.2-96.2; LVR 1.1422; MI 905

Chatangiella aff. spectabilis, GGU 402632-4, HNH920809/1; 21.7-109.9; LVR
1.1268; MI 778
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. S.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

Fig. 10.

Fig. 11.

Fig. 12.

Isabelidinium sp. 7 HNH, GGU 400709-22-3; 31.3-99.5; LVR 1.775; MI 451
Isabelidinium sp. 7 HNH, GGU 400709-12-3; 34.8-97.6; LVR 1.1126; MI 646
Isabelidinium sp. 7 HNH, GGU 400711-12-4; 50.3-103.0; LVR 1.1365; MI 861
Isabelidinium aff. magnum, GGU 400709-18-3; 23.0-103.5; LVR 1.804; MI 478
Isabelidinium aff. magnum, GGU 400709-24-3; 28.7-107.3; LVR 1.746; MI 423
Isabelidinium aff. magnum, GGU 400709-24-3; 37.5-100.8; LVR 1.748; MI 425

Isabelidinium aff. acuminatum, GGU 400711-6-7; 28.4-101.8; LVR 1.2789;
MI 2076

Isabelidinium aff. acuminatum, GGU 400711-14-4; 48.9-100.6; LVR 1.1330;
MI 833

Isabelidinium aff. acuminatum, GGU 400710-15-4; 55.0-101.0; LVR 1.1515;
MI 990

Isabelidinium aff. acuminatum, GGU 400710-7-4; 51.0-109.8; LVR 1.1550;
MI 1021

Isabelidinium cooksoniae, GGU 400709-22-3; 24.9-111.6; LVR 1.774; MI 450

Isabelidinium cooksoniae, GGU 400710-11-7; 29.6-103.7; LVR 1.1534; MI 1006
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

Fig. 10.

Fig. 11.

Fig. 12.

Isabelidinium aff. acuminatum, GGU 251506-,7 JGL; 26.1-103.0; LVR 1.701;
MI 384

Isabelidinium aff. acuminatum, GGU 251506-,7 JGL; 50.6-106.8; LVR 1.702;
MI 385

Isabelidinium aff. acuminatum, GGU 251507-,4 JGL; 22.6-106.3; LVR 1.707;
MI 389

Eurydinium aff. glomeratum, GGU 400712-26-4; 26.6-97.0; LVR 1.1824;
MI 1274

Eurydinium aff. glomeratum, GGU 400712-26-4; 46.1-103.9; LVR 1.1825;
MI 1275

Eurydinium aff. glomeratum, GGU 400712-11-8; 36,9-99.2; LVR 1.1866;
MI 1316

Eurydinium aff. glomeratum + apical horn, GGU 400712-15-4; 28,9-106.4; LVR
1.1664; MI 1122

Eurydinium aff. glomeratum + apical hon, GGU 400712-15-4; 35,5-102.1; LVR
1.1666; MI 1124

Eurydinium aff. glomeratum + apical horn, GGU 400712-15-4; 45,0-104.3; LVR
1.1667; MI 1125

Eurydinium aff. glomeratum + apical horn, GGU 400712-17-4; 43,9-94.0; LVR
1.1710; MI 1166

Eurydinium aff. glomeratum + apical homm, GGU 400712-14-4; 44,3-98.3; LVR
1.1646; MI 1104

Eurydinium aff. glomeratum + apical horn, GGU 402664-4, 400712; 45,7-104.2;
LVR 1.1606; MI 1065
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1.

10.

11.

12.

Laciniadinium arcticum, GGU 400711-8-4; 53.8-95.6; LVR 1.1458; MI 938

Laciniadinium arcticum, GGU 400711-12-4; 21.8-99.1; LVR 1.1368; MI 864

Laciniadinium arcticum, GGU 402680-7, HNH920822/5; 31.4-100.8; LVR
1.1218; MI 736

Spinidinium echinoideum, GGU 400712-26-3; 28.8-98.0; LVR 1.1836; MI 1286

Spinidinium echinoideum, GGU 400710-15-4; 30.8-106.0; LVR 1.1521; MI 994

Spinidinium echinoideum, GGU 400712-25-4; 35.1-109.1; LVR 1.1813; MI 1265

Spinidinium echinoideum, GGU 400712-14-4; 52.9-109.4; LVR 1.1647; MI 1105

Spinidinium echinoideum, GGU 400710-11-7; 55.7-107.0; LVR 1.1539; MI 1011

Spinidinium echinoideum, GGU 400711-12-4; 41.6-98.5; LVR 1.1398; MI 886

Spinidinium echinoideum, with very reduced echinae, GGU 400712-25-4; 51.2-
98.9; LVR 1.1814; MI 1266

Spinidinium echinoideum, with very reduced echinae, GGU 400712-11-4; 18.3-
110.0; LVR 1.1851; MI 1301

Spinidinium echinoideum, with very reduced echinae, GGU 400712-23-3; 18.6-
107.3; LVR 1.1742; MI 1198



SVARTENHUK

RN

S

1 e S

.
R e s Y,
PR N G o
R ?‘:\.1;\- :

10

11.

N gt
S S e T
R
i 2ot
8
5

12



Plate 7 Svartenhuk

Fig. 1. Cribroperidinium aff. intricatum, GGU 400709-24-3; 52.4-107.6; LVR 1.762;
MI 439

Fig. 2. Cribroperidinium aff. intricatum, GGU 400709-20-3; 22.7-103.8; LVR 1.786;
MI 462

Fig. 3. Cribroperidinium sp., GGU 400711-8-4; 34.8-112.5; LVR 1.1464; MI 944

Fig. 4. Dinopterygiumm aff. cladoides, GGU 400709-26-3; 49.4-101.0; LVR 1.738;
MI 417

Fig. 5. Dinopterygiumm aff. cladoides, GGU 400709-24-3; 30.5-108.7; LVR 1.760;
MI 437

Fig. 6. Dinopterygiumm aff.?cladoides, GGU 400711-8-4; 50.8-95.6; LVR 1.1472;
MI 951

Fig. 7. Palaeohystrichodinium infusorioides, GGU 400709-24-3; 30.6-99.0; LVR 1.750;
MI 427

Fig. 8. Endoscrinium campanula, GGU 402664-8, 400712; 26.0-105.8; LVR 1.1620;
MI 1079

Fig. 9. Scriniodinium? sp., GGU 402680-7, HNH920822/5; 53.8-98.6; LVR 1.1222;
MI 740

Fig. 10. Scriniodinium? aff. obscurum, GGU 400709-12-5; 37.6-101.2; LVR 1.1128;
MI 648

Fig.11. Scriniodinium? aff. obscurum, GGU 400712-15-4; 40.0-104.5; LVR 1.1678;
MI 1136

Fig. 12. Scriniodinium? aff. obscurum, GGU 400712-26-3; 32.0-109.0; LVR 1.2204;
MI 1566
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Plate 8 Svartenhuk

Fig. 1. Odonthochitina striatoperforata, GGU 400709-10-4, 42.8-107.3; LVR 1.1151;
MI 669

Fig. 2. Odonthochitina striatoperforata, GGU 400711-14-4, 41.2-99.9; LVR 1.1325;
MI 828

Fig. 3. Odonthochitina striatoperforata, GGU 400711-8-4, 47.9-108.0; LVR 1.1463;
MI 943

Fig. 4. Odonthochitina striatoperforata, GGU 400712-17-4, 35.6-94.5; LVR 1.1715;
MI 1171

Fig. 5. Odonthochitina striatoperforata, GGU 400712-23-3 42.8-107.3; LVR 1.1738;
MI 1194

Fig. 6. Odonthochitina striatoperforata, GGU 400712-25-4, 31.1-111.9; LVR 1.1800;
MI 1253 =

Fig. 7. Odonthochitina striatoperforata, GGU 400712-11-7, 30.6-105.7; LVR 1.1870;
MI 1320 '

Fig. 8. Odonthochitina striatoperforata, GGU 400709-20-3, 54.4-110.0; LVR 1.794;
MI 469

Fig. 9. Xenascus aff. perforatus, GGU 400711-6-4, 49.5-109.0; LVR 1.1481; MI 959
Fig. 10. Xenascus aff. perforatus, GGU 400711-12-3, 47.8-109.7; LVR 1.1376; MI 869
Fig. 11. Xenascus aff. perforatus, GGU 400711-12-3, 56.2-101.9; LVR 1.1377; MI 870

Fig. 12. Xenascus aff. perforatus, GGU 402664-8, 400712, 46.8-103.4; LVR 1.1621;
MI 1080
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

Fig. 10.

Fig. 11.

Fig. 12.

Microdinium reticulatum 402664-9, 400712; 48.3-110.3; LVR 1.1293; MI 799
Microdinium? sp. 1 HNH, GGU 400711-12-4; 37.9-102.8; LVR 1.1391; MI 880
Microdinium? sp. 1 HNH, GGU 400711-12-4; 46.0-110.5; LVR 1.1392; MI 881
Microdinium? sp. 1 HNH, GGU 400710-15-4; 47.4-95.1; LVR 1.1527; MI 999
Microdinium? sp. 1 HNH, GGU 4007-12-16-4; 36.2-104.8; LVR 1.1703; MI 1159
Microdinium? sp. 1 HNH, GGU 400712-16-4; 53.8-104.2; LVR 1.1704; MI 1160
Microdinium? sp. 1 HNH, GGU 400712-25-4; 38.0-93.1; LVR 1.1812; MI 1264
Microdinium? sp. 2 HNH, GGU 400708-20-6; 44.5-111.7; LVR 1.1293; MI 799
Microdinium? sp. 2 HNH,.GGU 400712-14-4; 19.6-112.0; LVR 1.1637; MI 1095

Tanyosphaeridium variecalamus, GGU 402664-7, 400712; 47.3-107.8; LVR
1.1612; MI 1071

Trithyrodinium? sp. 2 HNH, GGU 400712-25-4, 28.8-104.0; LVR 1.1799;
MI 1252

Trithyrodinium? sp. HNH, GGU 400711-6-7, 30.7-103.7; LVR 1.1505; MI 982
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Fig. 1

Fig. 2.

Fig. 3.

Fig. 4.

Fig. S.

Fig. 7.

Fig. 8.

Fig. 9.

Fig. 10.

Fig. 11.

Fig. 12.

Trithyrodinium aff. suspectum, GGU 402680-7, HNH920822/5; 46.9-107.3; LVR
1.1221; MI 739

Trithyrodinium aff. suspectum, GGU 400712-23-3; 31.5-100.6; LVR 1.1750;
MI 1205

Trithyrodinium aff. suspectum, GGU 400712-24-3; 37.6-95.8; LVR 1.1785;
MI 1238

Trithyrodinium aff. suspectum, GGU 251506-5, JGL; 32.3-102.8; LVR 1.695;
MI 379

Trithyrodinium? sp., GGU 400712-15-4; 41.8-96.0; LVR 1.1680; MI 1137

. Trithyrodinium? sp., GGU 400712-26-4; 24.8-93.7; LVR 1.1840; MI 1290

Trithyrodinium? sp., GGU 400709-24-3; 36.9-104.5; LVR 1.752; MI 429

Trithyrodinium aff. ?suspectum, GGU 400711-10-4; 37.0-104.5; LVR 1.1437,
MI 920

Trithyrodinium aff. ?suspectum, GGU 402664-8, 400712; 24.8-96.1; LVR 1.1622;
MI 1081

Trithyrodinium aff. ?suspectum, GGU 400712-154; 24.7-98.4; LVR 1.1648;
MI 1106

Trithyrodinium? sp., GGU 400712-14-4; 28.2-111.8; LVR 1.1648; MI 1106

Trithyrodinium? sp., GGU 400712-14-4; 39.9-96.4; LVR 1.650; MI 1108
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

Fig. 10.

Fig. 11.

Fig. 12.

Achomosphaera? sp. 400709-20-3, 28.0-96.4; LVR 1.793; MI 468

Achomosphaera aff. sagena, GGU 402673-4, HNH920822/3; 24.3-109.7; LVR
1670; MI 354

Oligosphaeridium complex, GGU 400712-23-3, 32.4-101.7; LVR 1.1747,
MI 1203

Oligosphaeridium aff. complex, GGU 400711-12-4, 46.0-97.5; LVR 1.1407,;
MI 894

Oligosphaeridium aff. pulcherrimum, GGU 400709-14-5, 41.2-106.0; LVR 1.831;
MI 504

Oligosphaeridium aff. pulcherrimum, GGU 400711-10-4, 44.8-111.9; LVR
1.1444; MI 926

Stiphrosphaeridium aff. anthophorum, GGU 400711-12-4 44.3-106.4; LVR
1.1404; MI 892

Stiphrosphaeridium aff. anthophorum, GGU 400712-26-4 37.3-106.9; LVR
1.1835; MI 1285

Hystrichodinium pulchrum, GGU 400712-16-4, 30.6-112.9; LVR 1.1700;
MI 1156

Surculosphaeridium? longifurcatum, GGU 400709-16-3, 55.3-100.6; LVR 1.826;
MI 499

Surculosphaeridium? longifurcatum, GGU 400709-18-3, 24.6-106.4; LVR 1.810;
MI 484

Surculosphaeridium? longifurcatum, GGU 400712-23-4, 26.0-97.0; LVR 1.1737;
MI 1193
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. S.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

Fig. 10.

Fig. 11.

Fig. 12.

Florentinia aff. mantellii, GGU 400709-24-3; 29.1-96.8; LVR 1.757; MI 434

Florentinia aff. mantellii, GGU 400709-16-4; 37.8-99.5; LVR 1.828; MI 501

Florentinia aff. deanei, GGU 400712-17-4; 35.3-101.5; LVR 1.1720; MI 1176

Florentinia aff. deanei, GGU 400712-26-5; 42.9-108.2; LVR 1.2203; MI 1565

Florentinia aff. deanei, GGU 400712-25-5; 42.9-105.9; LVR 1.2208; MI 1570

Florentinia aff. deanei, GGU 400712-15-4; 51.0-109.3; LVR 1.1684; MI 1141

Florentinia aff. deanei, GGU 402664-10, 400712; 37.3-109.0; LVR 1.1628;
MI 1086

Florentinia sp. 1 HNH, GGU 400711-14-3; 24.1-112.2; LVR 1.1345; MI 846

Florentinia sp. 1 HNH, GGU 400711-12-4; 42.6-112.9; LVR 1.1399; MI 887

Florentinia sp. 1 HNH, GGU 400711-12-4; 58.7-100.6; LVR 1.1401; MI 888

Florentinia sp. 1 HNH, GGU 400711-12-3; 37.1-97.0; LVR 1.1402; MI 889

Florentinia sp. 1 HNH, GGU 400711-12-7; 24.1-102.6; LVR 1.2780; MI 2067
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

Fig. 10.

Fig. 11.

Fig. 12.

Florentinia sp. 1 HNH, GGU 400711-12-8; 54.8-95.1; LVR 1.2781; MI 2068

Florentinia aff. deanei, GGU 400711-8-8; 47.0-92.9; LVR 1.2787; MI 2074

Florentinia sp. 1 HNH, GGU 400711-8-8; 37.0-109.2; LVR 1.2788; MI 2075

Florentinia? sp. HNH, GGU 400711-12-8; 48.4-96.5; LVR 1.2784; MI 2071

Florentinia? sp. HNH, GGU 400711-12-8; 23.0-102.5; LVR 1.2782; MI 2069

Florentinia? sp. HNH, GGU 400711-12-8; 25.1-109.6; LVR 1.2783; MI 2070

Heterosphaeridium difficile, GGU 400711-14-4; 28.3-104.2; LVR 1.1319; MI 822

Heterosphaeridium difficile, GGU 400709-18-3; 23.3-101.8; LVR 1.807; MI 481

Heterosphaeridium difficile, GGU 402680-7, HNH920822/5; 31.4-102.8; LVR
1.1194; MI 712

Heterosphaeridium difficile, operculum, GGU 402680-7, HNH920822/5; 19.6-
105.0; LVR 1.1195; MI 713

Heterosphaeridium difficile, GGU 400710-15-7; 25.1-98.7; LVR 1.1522; MI 995

Heterosphaeridium difficile, GGU 400712-26-4; 48.1-106.2; LVR 1.1842;
MI 1292
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Plate 14 Svartenhuk

Fig. 1. Chlamydophorella? aff. grossa, GGU 400712-25-4; 44.1-107.0; LVR 1.1803;
MI 1256

Fig. 2. Chlamydophorella sp. 2 HNH, GGU 402680-7, HNH920822/5; 32.6-111.4; LVR
1.1200; MI 718

Fig. 3. Chlamydophorella sp. 3 HNH, GGU 400711-12-4; 33.7-107.4; LVR 1.1371;
MI 866

Fig. 4. Chlamydophorella sp. S HNH, GGU 400712-25-4; 20.4-112.5; LVR 1.1801;
MI 1254

Fig. 5. Chlamydophorella sp. 6 HNH, GGU 400712-25-4; 21.9-94.8 LVR 1.1802;
MI 1255

Fig. 6. Chlamydophorella nyei, GGU 402680-4, HNH920822/5; 32,3.1-112.0; LVR
1.1199; MI 717

Fig. 7. Exochosphaeridium sp. 2 HNH, GGU 400711-10-4; 48.6-99.9 LVR 1.143S5;
MI 918

Fig. 8. Exochosphaeridium sp. 1 HNH, GGU 400710-15-7; 30.7-107.7 LVR 1.1530;
MI 1002

Fig. 9. Exochosphaeridium sp. 1 HNH, GGU 400712-17-4; 53.1-108.0 LVR 1.1724;
MI 1180

Fig. 10. Exochosphaeridium sp. 1 HNH, GGU 400712-25-4; 25.1-109.0 LVR 1.1804;
MI 1257

Fig. 11. Exochosphaeridium sp. 1 HNH, GGU 400712-25-4; 32.8-101.4 LVR 1.1805;
MI 1258

Fig. 12. Exochosphaeridium sp. 1 HNH, GGU 400711-12.4; 40.0-102.5 LVR 1.1396;
MI 885
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Plate 15 Svartenhuk

Fig. 1. Chlamydophorella? sp. 4 HNH, GGU 400712-14-4; 48.2-105.7; LVR 1.1635;
MI 1093

Fig. 2. Dinocyst sp. 8 HNH, GGU 400712-17-4; 48.8 110.4; LVR 1.1726; MI 1182
Fig. 3. Dinocyst sp. 3 HNH, GGU 400708-12-5; 25.2 103.1; LVR 1.1310; MI 813

Fig. 4. Dinocyst sp. 2 HNH, GGU 402601-4, HNH920806/1; 33.8 95.8; LVR 1.1165;
MI 684

Fig. 5. Dinocyst sp. 9 HNH, GGU 400712-25-4; 51.4 100.7; LVR 1.1820; MI 1271

Fig. 6. Spiniferites sp., GGU 402680-4, HNH920822/5; 53.0-106.0; LVR 1.1196;
MI 714

Fig. 7. Chorat sp. 15 HNH, GGU 400711-6-7; 30.5 97.7; LVR 1.1503; MI 980
Fig. 8. Chorat sp. 2 HNH, GGU 400709-18-4; 34.4 98.0; LVR 1.817; MI 490
Fig. 9. Chorat sp. 4 HNH, GGU 400709-10-5; 33.1 105.2; LVR 1.1137; MI 656

Fig. 10. Chorat sp. 4 HNH, GGU 402601-4, HNH920806/1; 40.0-105.7; LVR 1.1167;
MI 686

Fig. 11. Chorat sp. 4 HNH, GGU 402610-4, HNH920806/1; 46.8-101.7; LVR 1.1171;
MI 689

Fig. 12. Chorat sp. 4 HNH, GGU 402664-4, 400712; 51.5-107.3; LVR 1.1609; MI 1068
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Plate 16 Svartenhuk

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 7.

Fig. 8.

Fig. 10.

Fig. 11.

Fig. 12.

Chorat sp.
MI 699

Chorat sp.
MI 747

Chorat sp.
MI 756

Chorat sp.

Chorat sp.

Chorat sp.

Chorat sp.

Chorat sp.

Chorat sp.
MI 696

Chorat sp.
MI 732

Chorat sp.
MI 735

Chorat sp.

5 HNH, GGU 402678-7, HNH920822/5; 52.8-94.8; LVR 1.1181;

5 HNH, GGU 402625-7, HNH920809/1; 27.9-107.3; LVR 1.1230;

5 HNH, GGU 402628-4, HNH920809/1; 23.2-109.9; LVR 1.1239;

5 HNH, GGU 400708-20-3; 25.4-100.8; LVR 1.1282; MI 788

5 HNH, GGU 402664-9, 400712; 49.4-112.6; LVR 1.1625; MI 1084

5 HNH, GGU 400712-23-3; 47.6-110.0; LVR 1.1757; MI 1211

5 HNH, GGU 400712-24-3; 24.4-111.7; LVR 1.1773; MI 1226

5 HNH, GGU 400712-25-4; 17.1-111.4; LVR 1.1798; MI 1251

7 HNH, GGU 402615-8, HNH920806/1; 40.4-94.9; LVR 1.1178;

8 HNH, GGU 402680-7, HNH920822/5; 21.0-109.6; LVR 1.1214;

9 HNH, GGU 402680-7, HNH920822/5; 28.0-96.3; LVR 1.1217;

11 HNH, GGU 400711-12-4; 51.7-95.0; LVR 1.1406; MI 893
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Plate 17 Svartenhuk

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

Fig. 10.

Fig. 11.

Fig. 12.

Chorat sp

Chorat sp.

Chorat sp.

Chorat sp.

Chorat sp.

Chorat sp.

Chorat sp.

Chorat sp.

Chorat sp.

Chorat sp.

Chorat sp.

Chorat sp.

. 12 HNH, GGU 400711-10-4; 26.3-101.9; LVR 1.1436; MI 919
13 HNH, GGU 400711-10-4; 40.8-103.6; LVR 1.1440; MI 922
14 HNH, GGU 400711-6-4; 42.0-111.4; LVR 1.1491; MI 968
16 HNH, GGU 400710-11-8; 38.3-104.8; LVR 1.1535; MI 1007
17 HNH, GGU 400710-11-7; 45.1-110.5; LVR 1.1538; MI 1010
18 HNH, GGU 400712-14-4; 29.0-114.9; LVR 1.1652; MI 1110
21 HNH, GGU 400712-23-3; 46.0-102.2; LVR 1.1756; MI 1210
22 HNH, GGU 400712-24-3; 28.0-109.2; LVR 1.1778; MI 1231
22 HNH, GGU-400712-24-3; 49.3-96.6; LVR 1.1779; MI 1232
23 HNH, GGU 400712-24-3; 28.0-94.5; LVR 1.1782; MI 1235
24 HNH, GGU 400712-25-4; 35.6-93.8; LVR 1.1811; MI 1263

25 HNH, GGU 400577-9, GKP; 30.5-104.6; LVR 1.1979; MI 1407
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Plate 18 Svartenhuk

Fig. 1.

Fig. 3.

Fig. 4.

Fig. 7.

Fig. 9.

Fig. 10.

Fig. 11.

Fig. 12.

Desmocysta plekta, GGU 402601-4, HNH92086/1; 34.8-92.5; LVR 1.1166;
MI 685

. Desmocysta plekta, GGU 400711-12-5; 30.0-105.7; LVR 1.1411; MI 898

Desmocysta aff. plekta, GGU 400710-9-9; 27.9-101.9; LVR 1.2791; MI 2078

Dinogymnium cf. sibiricum, GGU 251506-8, JGL; 48.8-100.4; LVR 1.705;
MI 388

Dinogymnium cf. sibiricum, GGU 251507-4, JGL; 52.3-105.5; LVR 1.713;
MI 394

Dinocyst sp. 7 HNH, GGU 400710-15-4; 44.2-91.7; LRV 1.1525; MI 997

Fromea fragilis, GGU 400709-26-3; 43.5-102.5; LVR 1.731; MI 410

Fromea amphora, GGU 400711-12-4; 47.0-96.5; LVR 1.1408; MI 895

Wallodinium anglicum, GGU 400712-23-3; 27.4-103.0; LVR 1.1745; MI 1201

Palaeotetradinium silicorum, GGU 402673-4, HNH920822/3; 34.7-104.7; LVR
1.677; MI 361

Trigonopyxidia ginella, GGU 400709-24-3; 27.4-110.9; LVR 1.755; MI 432

Trigonopyxidia ginella, GGU 400709-22-3; 31.7-98.7; LVR 1.782; MI 458



SVARTENHUK




Plate 19 Svartenhuk

Fig. 1.

Veryhachium cruciatum, GGU 400708-20-4; 28.2-107.8; LVR 1.1287; MI 793
Veryhachium cruciatum, GGU 400711-12-4; 33,0-106.7; LVR 1.1386; MI 876
Acritarch sp. 3 HNH, -GGU 400711-12-4; 30.3-112.8; LVR 1.1385; MI 875
Acntarch sp. 1 HNH, GGU 400709-24-3; 47.9-96.3; LVR 1.765; MI 442
Acritarch sp. 4 HNH, GGU 400710-15-7; 22.4-107.8; LVR 1.1529; MI 1001

Acntarch sp. 5 HNH, GGU 400712-15-4; 50.7-94.3; LVR 1.1682; MI 1139

Fig. 7. Palambages sp., GGU 402601-7, HNH920806/1; 52.9-96.7; LVR 1.1170; MI 688

Fig. 10.

Fig. 11.

1.1257; M1 771

. Apendicisporites sp. 2 HNH, GGU 400708-22-6; 44.2-101.3; LVR 1.1280;

MI 787

Fungal sp. 1 HNH, GGUU 402628-4, HNH920809/1; 27.2-109.9; LVR 1.1240;
MI 757

Fungal sp. 3 HNH, GGU 402628-4, HNH920809/1; 50.8-105.2; LVR 1.1244;
MI 760

Fungal sp. 4 HNH, GGU 400712-15-4; 24.9-106.7; LVR 1.1675; MI 1133
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