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East Greenland is geographically located between the North Sea region and the Arctic 

region and the Jurassic dinoflagellate flora of East Greenland is correspondingly related both 

to the Submediteranean/Sub-boreal flora of the North Sea region and to the Boreal flora of the 

Arctic region. The dinoflagellate cyst stratigraphy of the North Sea region is calibrated to the 

Sub-boreal ammonite zonation of especially UK. However, diversity and density of the 

dinoflagellate cyst floras decrease northwards and the range of stratigraphical important 

species is clearly changing with latitudes. Stratigraphical correlation and dating of Jurassic 

strata in the North Atlantic on the basis of dinoflagellate cysts are therefore hampered by the 

lack of an ammonite calibrated dinoflagellate zonation in this area. The further north in the 

region, the worse. 

The purpose of this work is to establish a dinoflagellate stratigraphy calibrated with the Boreal 

ammonite zonation and to bring precision and reliability of the dinoflagellate stratigraphy a 

step further northwards in the North Atlantic. The standard Boreal ammonite zonation has 

been established based on studies in East Greenland since the 1950'ies (Callomon, 1993) and 

provides the frame for this dinoflagellate cyst stratigraphy. 

History 

Since the earliest expeditions to East Greenland, ammonites from the Jurassic 

succession have been brought back for palaeontological and stratigraphical studies (Madsen, 

1904). The rich faunas and the abundance of ammonite material lying on the ground in 

Jameson Land were noted by Rosenkrantz (1929). Many of the ammonites from the earliest 
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collections were from loose blocks in ravines and from the scree below steep sections. The 

stratigraphical position and evolution of ammonites were therefore riddled with uncertainties 

(Aldinger, 1935; Spath, 1935, 1936). Extensive studies of Jurassic and Cretcaeous in­

vertebrates (including ammonites) in East Greenland were performed under the leadership of 

D. T. Donovan (1949, 1955, 1957). 

Fieldwork especially by T. Birkelund, J. H. Callomon and F. Surlyk from the 1950's 

until recently, documented more precisely the stratigraphic occurrences of ammonites and 

combined with a better understanding of the lithostratigraphy (Surlyk et al., 1973), the 

ammonite stratigraphy improved considerably. Through a number of publications, Birkelund 

and Callomon refined and formalised a very detailed ammonite stratigraphy for Boreal 

Bathonian to Middle Volgian in central East Greenland. The Middle Jurassic stratigraphy 

(Bajocian to Callovian) is based on ammonites from the Vardekl0ft and Olympen Formations 

on Jameson Land (Callomon, 1959, 1993; Birkelurtd, Hakansson & Surlyk, 1971). In the 

Upper Jurassic, the Boreal Oxfordian ammonite stratigraphy is based partly on faunas from 

Northeast and East Greenland and partly on material from Scotland (Sykes and Surlyk, 1976; 

Sykes and Callomon, 1979). The Boreal Kimmeridgian to Middle Volgian stratigraphy is 

based on ammonites from the Kap Leslie Formation on Milne Land (Callomon & Birkelund, 

1980, 1982; Birkelund, Callomon & Filrsich, 1984; Birkelund & Callomon, 1985). The 

ammonite stratigraphy of central East Greenland is probably the most complete and best 

known succession in the Boreal Province and has been used as a standard of reference for time 

correlation in the Arctic (Callomon, 1993). 

Ammonite stratigraphy 

The Jurassic ammonites in East Greenland are generally concentrated in certain 

horizons separated by barren intervals. The assemblages are of low diversity typical for the 

Boreal realm and the stratigraphy is based on evolutionary lineages of a few ammonite taxa 

(Callomon, 1993). Although the ammonite faunas are taphonomically distorted (locally 90 to 

99% adult females or 100% juveniles; Callomon, 1993) and discontinuously represented in 

the sections, collections from Svalbard (Rawson, 1982) and from the North Sea (Callomon, 

197 6, 1979) have not revealed faunas missing in East Greenland. Boreal faunas that differ 



3 

from those in East Greenland are present in Yukon, Canada (Poulton, 1987) and in Arctic 

Siberia (Meledina, 1971 ). Whether these represent contemporaneous faunas in another 

bioprovince or represent time gaps in the East Greenland sequence cannot be properly 

determined. 

The oldest Middle Jurassic ammonites in East Greenland belong to the Borealis Zone -

Fauna 1 of Callomon (1993). They appear after an interval barren of ammonites and overly 

ammonites of Aalenian/Early Bajocian age. Callomon (1993) suggests a minimum age of Late 

Bajocian for the Borealis horizon based on the close morphological relationship of 

Cranocephalites borealis and the Early Bajocian genus Chondroceras and the estimated 

evolution-time for ammonites. The "Boreal Bathonian" cannot be directly correlated to the 

Bajocian - Bathonian in the Submediterranean fauna province of the North Sea region (UK) 

as there are no species in common. The earliest stratigraphical level with common ammonites 

is the basal Callovian, the Apertum Zone, although Boreal Early Callovian fauna still has little 

in common with faunas from the North Sea region. During the Middle Callovian to Early 

Oxfordian the Boreal fauna migrates southwards into the North Sea region and consequently 

the two regions have a common ammonite zonation. Faunas of the Callovian Coronatum and 

Lamberti Zones have not been documented in East Greenland. However, the fauna recovery _is 

generally poor in the Middle-Upper Callovian and sediment intervals may be present although 

the ammonites have not yet been found. Renewed separation of the ammonite faunas occurred 

during the mid Oxfordian and provincialism is most marked in the Upper Oxfordian, whereas 

the segregation becomes less distinct in the Kimmeridgian and is absent in the Lower Volgian 

(Middle and lower Upper K.immeridgian sensu anglico). The Early Volgian Scitulus Zone has 

not been documented in East Greenland. Fauna separation increases again in the Middle 

Volgian. Consequently a Boreal standard ammonite zonation has been erected for Middle­

Upper Oxfordian (Sykes & Surlyk, 1976; Sykes & Callomon, 1979) and the Middle Volgian 

(Callomon & Birkelund, 1982). Correlation of the Oxfordian and Middle Volgian Boreal 

ammonite standard zones with the corresponding Sub-boreal / sub-Mediterranean standard 

zones is based on the presence of several specific taxa that are traceable from one fauna to the 

other. The fauna separation is therefore less distinct than in the Boreal Bathonian but 
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the faunas in East Greenland are anyway of clear Boreal affinity with few taxa and high 

abundance in certain horizons. 

A succession of 48 ammonite faunas has been identified on Milne Land (Callomon & 

Birkelund, 1980; Birkelund, Callomon & Fiirsich, 1984; Birkelund & Callomon, 1985): 46 of 

these ( faunas 2-4 7) occur in the Kap_ Leslie Formation; they are the basis for this 

dinoflagellate cyst study. The oldest ammonite fauna to be numbered (fauna 2; Athleta Zone) 

occurs 30 metres above basis of the Kap Leslie Formation but a few ammonites also from the 

Athleta Zone have been collected from another horizon only 12 metres above the basis 

(Callomon & Birkelund, 1980; p. 218). The earliest sediments analysed in this study occur 

below the Late Callovian, Athleta Zone. Although not dated by ammonites, these sediments 

may approximate at oldest, to the Middle Callovian "Coronatum" Zorre as they contain no 

dinoflagellate cysts that indicate an older age. 

Previous studies of Jurassic dinoflagellate cysts in East Greenland 

Dinoflagellates were first reported from East Greenland (Jameson Land) by Sarjeant 

(1972). His study was based upon two samples that survived a fire in the palynological 

laboratories of University of Nottingham. The samples are without precise litho- and 

biostratigraphical control and the palynomorphs are poorly preserved. Sarjeant (1972) 

established a number of new species but the work has very little stratigraphical importance to 

day due to the uncertainties. However, Pocock and Sarjeant (1972) described the 

stratigraphically important species Mendicodinium groenlandicum from one of Sarjeant's 

preparations mentioned above. Later, Fensome (1979) studied a stratigraphically and 

geographically scattered collection of samples from the Middle to Upper Jurassic and Lower 

Cretaceous of Jameson Land. His work is an excellent taxonomic study and many of his new 

species are stratigraphically important. The stratigraphical details are limited due to the 

stratigraphical scattering of samples and because only some samples were dated by 

ammonites. However, the study clearly showed the stratigraphical potential of the Jurassic 

dinoflagellate flora in East Greenland. 

Piasecki (1981) studied the dinoflagellate cysts of the Jurassic succession on Milne 

Land. A formal (but unpublished) dinoflagellate zonation was suggested for the Upper 
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Callovian to Middle Volgian Kap Leslie Formation. The zonation was closely calibrated to 

the ammonite stratigraphy of Birkelund and Callomon (Callomon & Birkelund, 1980; 

Birkelund, Callomon & Filrsich, 1984; Birkelund & Callomon, 1985). Piasecki (1981) 

included some data from Jameson Land in order to correlate the Upper Jurassic lithostrati­

graphical units to the Milne Land units. 

An extended abstract by Poulsen (1985) gives a short summary of dinoflagellate cysts 

occurrences at the boundary between the Vardekl0ft and Hareelv Formations at Ugleelv in 

Jameson Land with very few data and without any ammonite control on the palynological 

data. Poulsen (1985) is extensively cited by Riding & Thomas (1992) in their summary of 

Jurassic dinoflagellate stratigraphy for stratigraphical data that do not occur in his paper. This 

is probably due to misunderstanding of figure 2 in Poulsen (1985) that shows Callovian to 

Kimmeridgian data from the North Sea region, which were used for dating of the investigated 

Oxfordian sediments at Ugleelv in East Greenland. 

Based on first appearance/extinction criteria Smelror (1988) erected a Middle Jurassic 

palynozonation of Bathonian to Lower Oxfordian dinoflagellate cysts from Jameson Land. 

The oldest analysed material is from the Variabile Zone and the zonation was calibrated to the 

Boreal arnmonite zonation. Smelror (1988) included data from the lowermost part of Kap 

Leslie Formation. 

In a study of the mid-Cimmerian unconformities of the North Sea, Underhill & 

Partington ( 1994) include dinoflagellate data from three sections through the V ardekl0ft and 

lower Hareelv Formations in Jameson Land. These samples are not calibrated with ammonite 

stratigraphy. 

Geological Setting 

Milne Land is situated along the western margin of the Upper Palaeozoic-Mesozoic 

system of sedimentary basins in East Greenland (Fig. 1 ). The island is located west of the 

main fault zone controlling sedimentation from the Devonian and unwards ( Friend et al., 

1983), and Jurassic sediments are directly overlying Caledonian affected basement. East of 

this fault zone post Caledonian sedimentary basins started to form in the Devonian where 

more than 7 km of Middle and Upper Devonian continental sediments and volcanic rocks 
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filled strike-slip dominated basins (Friend et al. , 1 976a & b; Larsen & Bengaard, 1 99 1 ). 

Continental deposition continued in tilted halfgrabens during the Carboniferous where two 

major extensional pulses occurred in Early and Late Carboniferous respectively (Stemmerik et 

al. , 1 99 1 ) . 

A change from east-west extension to passive, thermally controlled subduction 

occurred in Jameson Land during the Permian and is marked by marine transgression in the 

Late Permian (Surlyk et al. , 1 986) . Steady subsidence continued in the Jameson Land area 

resulting in the accumulation of a relatively complete Mesozoic succession. Sedimentation on 

Milne Land started during the Middle Jurassic as a result of an overall Jurassic sea-level rise 

that progressively led to onlapping of the basin margins (Surlyk, 1 990) . Further to the North, 

rifting continued during the Late Permian and Mesozoic resulting in the absence of Middle 

Triassic to Lower Jurassic sediments (Stemmerik et al. ,  1 993). In this northern region, an 

important new rift-phase occurred in the Late Jurassic - Early Cretaceous with marine 

deposition in rotated half-grabens (Surlyk, 1 978). 

The North Atlantic seafloor spreading between Greenland and Norway began in the 

Early Palaeocene and was accompanied by extrusion of extensive plateau basalts particular 

south of Jameson Land, on Wollaston Forland and on Hold with Hope. The entire region was 

uplifted in the range of 1 -2 km during the Tertiary (Christiansen et al. , 1 992) and the Jurassic 

sediments were exposed over large parts of East Greenland including Milne Land and 

Jameson Land (Fig. 1 ). 

Lithostratigraphy of Milne Land and depositional model 

The Jurassic - Lower Cretaceous succession on Milne Land (Fig.2) was deposited 

along the western margin of the Jameson Land basin in a more marginal setting than most of 

the time equivalent sediments in Jameson Land. The sedimentary succession onlaps the 

crystalline basement and the thickness increases rapidly eastwards towards Scoresby Sund 

fjord and Jameson Land. The top of the succession is capped by Lower Tertiary plateau 

basalts in the western outcrops. 

The sedimentary succession is clearly tripartite which is also reflected in the local 

lithostratigraphy (Fig. 3) .  A basal coarse sandstone unit, the Charcot Bugt Formation, is 
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overlain by mudstones, shales, siltstones and fine-grained sandstones of the Kap Leslie 

Formation, and the top part of the succession is another coarse sandstone unit, the Hartz Fjeld 

Formation. The Kap Leslie Formation, which is the subject of this study, ranges in age from 

Callovian to Middle Volgian based on ammonites. It is subdivided into 8 members, in some 

cases on the basis of subtle lithologi�al differences that make some boundaries difficult to pin­

point in the field (Callomon & Birkelund, 1 980; Birkelund & Callomon, 1 984) . 

Three of the members are completely uniform in lithology, sedimentological features 

and types of concretions and could not be distinguished in the field if they were not separated 

by distinct lithological marker beds. The basal Kosmocerasdal Member, the Cardioceraskl0ft 

Member and the upper Krebsedal Member all comprise micaceous, bioturbated mudstones 

and silt-rich shales with horizons of large yellow concretions. Laminated shales or sandstones 

with primary sedimentary structures occur locally in the Oxfordian Cordatum to 

Tenuiserratum ammonite zones of the Kosmocerasdal Member. The Kosmocerasdal Member 

is coarsening upwards with a gradual transition within the Glosense Zone to the Aldinger Elv 

Member which is a medium to coarse-grained sandstone unit with primary sedimentary 

structures, abundant trace fossils and shell lag beds (Ftirsich & Heinberg, 1 983) .  This 

succession is viewed as being essentially stratigraphically complete; ammonites of the 

Serratum Zone is not sampled in the study section but documented in other sections in the 

region. A sharp lithological break marks the base of the overlying Bays Elv Member, which 

consists of micaceous, bioturbated mud alternating with glauconitic fine-grained sand beds. 

This member contains ammonites of the Regulare to Bay lei Zones. The disappearance of 

glauconitic sand beds marks the transition to the Cardioceraskl0ft Member (Cymodoce to 

Mutabilis Zones), whereas a facies shift to laminated claystones and shales marks the Grakl0ft 

Member (Eudoxus to Elegans Zones) . Higher up, above the Lower Volgian Elegans Zone 

lamination disappears and slightly coarser and bioturbated mud to siltstone facies of the 

Krebsedal Member was deposited from the Wheatlyensis Zone to the Communis Zone. The 

lower boundary of this member is sharp and there is possibly a hiatus between the Gra.kfoft 

and Krebsedal members as the Scitulus Zone has not been identified. Beds of glauconitic sand 

with abundant mollusc assemblages appear in the Middle Volgian Liostracus Zone and 

characterise the Pemaryggen Member. They are overlain by monotonous micaceous fine-
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grained sandstones of the Astartedal Member, equivalent to the Anguinus Zone. A sharp 

boundary marks the top of the Kap Leslie Formation and separates it from the overlying the 

coarse-grained white sandstone of the Hartz Fjeld Formation. 

The Kap Leslie Formation is envisaged to have been deposited on an open marine, 

muddy shelf (Kosmocerasdal Member) which is invaded by offshore bar sandstones of the 

Aldinger Elv Member (Birkelund et al. , 1984). The Aldinger Elv Member thickens towards 

the east away from the palaeocoastline. Slowly rising sea level (Bays Elv - Cardiocerask10ft 

Member) ultimately results in deposition of organic rich, lamiru!ted shales of the Grakl0ft 

Member. Progradation or falling sea level terminates deposition of anaerobic shales and the 

slightly coarser, siltstone facies of the Krebsedal Member was deposited. This coarsening 

upward trend continues with the deposition of shallow marine sandstones attributable to the 

Pemaryggen Member. The shallow marine, fine-grained Astartedal Member is followed by 

the progradation of fan deltas attributed to the Hartz Fjeld Formation. 

Sections analysed from Milne Land 

Only the fine-grained Kap Leslie Formation has been included in this study. Piasecki 

(198 1) measured and sampled sections of the Kap Leslie Formation throughout the Jurassic 

exposures in Milne Land in close co-operation with T. Birkelund and J. H. Callomon (see the • 
localities in Birkelund et al. 1984; Fig. 2). The most complete and well dated sections from 

Kosmocerasdal / Cardioceraskl0ft, Grakl0ft and Krebseryggen respectively have been 

compiled into a composite section representing the complete Kap Leslie Formation from the 

Upper Callovian to the Middle Volgian ( except for the very coarse-grained Aldinger Elv 

Member of the Upper Glosense to Serratum Zones). A few samples from ammonite dated 

levels which are missing in the composite section have been supplied from e.g. section 14 

(Birkelund et al. 1984) close to Visdal 
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PAL YNOSTRATIGRAPHY 

The Kap Leslie F onnation is studied in three main sections and the results from each 

section are presented separately in distribution-charts with data arranged after first occurren­

ces (Enclosures 1 - 3) .  In this report, the charts present basic data without too much editing 

and some identifications and names may therefore reflect some of the uncertainties that 

normally have been removed in publications. 

The stratigraphically most important dinoflagellate cyst data are presented in a 

conclusive event scheme where first stratigraphical appearance datum (FAD) and last 

stratigraphical occurrence datum (LOD) are presented together with FAD and LOD of 

abundant occurrences and together with maximum abundance horizons (acme) (Fig. 4). These 

events are calibrated with ammonite fauna horizons and with the standard ammonite zonation. 

The sedimentary intervals between ammonite fauna horizons are calibrated to an 

ammonite zone if the fauna of two neighbour horizons belong to the same zone. In most cases, 

the succession between two fauna horizons is dated most precisely within the range of two 

ammonite zones ( each represented by a fauna horizon) accentuating that an event in the 

dinoflagellate flora may occur in anyone of these two zones. 

The dinoflagellate stratigraphy is discussed in the frame of ammonite provincialism 

e.g .  in units of ammonite stratigraphy common ( or not common) with the North Sea region as 

these stratigraphical units seem to be relevant for the dinoflagellate cyst assemblages as well. 

The events are compared with the corresponding events reported from North Sea region and 

summarised by Riding & Thomas ( 1 992) . 

All data are recorded in the image-database, Microlmage, at GEUS and can be studied 

there on request. 

Upper Callovian - Middle Oxfordian 

Athleta - Cordatum Zones 

Ammonite fauna 2- 4 

Provincialism : In this time interval some similarities between the dinoflagellate cyst 

assemblages in East Greenland and in the North Sea region should be expected due to the 
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similarities in the ammonite faunas and a common ammonite stratigraphy in these two areas. 

However, though there are similarities, the significant differences are evident. 

Dinojlagellate cyst assemblages: The dinoflagellate cyst flora in the lowermost Kap 

Leslie Formation is dominated by a Valensiella dictydia assemblage below the Atletha Zone, 

a Mendicodinium groenlandicum I Liesbergia scarburghensis I Rhynchodiniopsis cladophora 

assemblage in the Atletha - Lamberti Zones and a Rigaudella aemula I Liesbergia 

scarburghesis I Scriniodinium crystallinum assemblage in the Mariae - Cordatum Zones. The 

maximum abundance and diversity of the dinoflagellate cyst assemblages occur in the 

Cordatum Zone. 

Dinojlagellate cyst stratigraphy: The stratigraphical important events are listed in 

figure 4 and their significance is discussed below: Compositosphaeridium polonicum appears 

below fauna 2, Athleta Zone. It is present throughout the Callovian in the North Sea region. 

Liesbergia scarburghensis appears at the basis of Athleta Zone in accordance with the North 

Sea standards but Wanaea digitata appears higher in the zone as the first species of the 

Wanaea-group sensu lato. Energlynia (Wanaea) acollaris is not recorded from East 

Greenland. Wanaea thysanota appears late, between fauna 2 (Athleta Zone) and fauna 3 

(Mariae Zone) in presumed Lamberti Zone and Wanaea fimbriata slightly later just below 

fauna 3 .  The absence of one important species and delayed occurrence of another species of 

the Wanaea-group in East Greenland in relation to the North Sea region clearly mark 

difference, at times when the two regions should be expected to be similar. 

All three species of Wanaea disappear between fauna horizon 4 and 5 (Cordatum and 

Densiplicatum Zones) but Wanaea digitata andfimbriata earlier than Wanaea thysanota. This 

is in accordance with data from the North Sea region (Wanaeafimbriata disappears in mid­

Cordatum Zone and Wanaea thysanota at the basis of Densiplicatum Zone (Riding & 

Thomas, 1 992) . 

Valensiella dictydia has an acme in the Athleta Zone and Mendicodinium 

groenlandicum occurs abundant in the Athleta - "Lamberti" Zone but becomes infrequent just 

below fauna 3 (Mariae Zone). Rigaudella aemula and morphologically related species as 

Rigaudella paucispina and Rigaudella filamentosa appear for the first time in the Cordatum 

Zone (fauna 4) much later than in the North Sea region where they are present in the Middle 
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and Upper Callovian (Riding & Thomas, 1992). Rigaudella aemula becomes rapidly _abundant 

in the Cordatum Zone. 

Scriniodinium crystallinum appears between fauna 4 and 5 (Cordatum and 

Densiplicatum Zones) again much later than in the North Sea region (Upper Callovian, Riding 

& Thomas, 1992). Continuously occurring Nannoceratopsis pellucida disappears between 

fauna 4 and 5 (Cordatum and Densiplicatum Zones) but scattered N pellucida occurs far up 

into the V olgian. 

A number of species have clear last occurrences within this time interval: 

Gonyaulacysta pectinigera disappears just below fauna 2 (Athleta Zone), Gonyaulacysta 

eisenackii between fauna 2 and 3 in presumed Lamberti Zone, Lithodinia jurassica in fauna 4 

(Cordatum Zone) and Tubotubr!rella dangeardii between fauna 4 and 5 (Cordaµun and 

Densiplicatum Zones). 

The above mentioned species reflect very well the occurrence of dinoflagellate cysts in 

East Greenland in relation to the North Sea region. In this time interval, the abundant and 

characteristic North Sea species appear (significantly) later in East Greenland whereas they 

disappear approximately at the same time in both regions. 

Middle - Upper Oxfordian 

Densiplicatum - Rosenkrantzi Zones 

Ammonite fauna 5 - 13 

Provincialism: In this period, the Boreal ammonite fauna withdrew from the North Sea 

region to East Greenland and further north and there is a strong fauna separation between the 

two regions. A similar situation should be expected for the dinoflagellate floras. The diversity 

and density of the dinoflagellate cyst flora decreases rapidly upwards in this succession but 

abundant and diverse floras reappear in the uppermost Oxfordian, Serratum to Rosenkrantzi 

Zones. 

Dinojlagellate cyst assemblages: The Rigaudella aemula I Rhychodiniopsis 

cladophora I Gonyaulacysta jurassica assemblage dominates in the Densiplicatum -
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Tenuiserratum Zones, followed by a Gonyaulacystajurassica I Adnathosphaeridium hartzi 

assemblage in the Regulare to Rosenkrantzi Zones. 

Dinoflagellate cyst stratigraphy: Stephanelytron spp. appears between fauna 6 and 7 in 

the Densiplicatum Zone but otherwise no new species appear in the lower part of this interval. 

Pareodinia stegasta, which occurs consistently from the Athleta Zone, has an acme between 

fauna 6 and 7 in the Densiplicatum Zone in association with the disappearance of Liesbergia 

scarburghense (The latter is in accordance with Partington et al. 1 993 but one ammonite zone 

earlier than indicated by Riding & Thomas, 1 992) . Abundant Rigaudella aemula has a top 

between fauna 6 and 7 in the Densiplicatum Zone and this species disappears in fauna 8, the 

Tenuiserratum Zone. Both events are in accordance with data from the North Sea region 

(Riding & Thomas, 1 992; Partington et al . 1 993). 

Leptodinium mirabile (see later), Leptodinium subtile, Chytroeisphaeridia cerastes 

and Endoscrinium luridum appear in fauna 8 (Tenuiserratum Zone) much later than in the 

North Sea region where they appear in the Cordatum and Tenuiserratum Zones respectively 

(Riding & Thomas, 1 992). Systematophora spp. ,  Scriniodinium inritibulum, Ambonosphaera 

calloviana and later Pareodinia osmingtonense, Prolixosphaeridium granulosum and 

Acanthaulax granuligera appear between fauna 8 and 9 (Tenuiserratum and Glosense Zones) 

and Dingodinium jurassicum appears in fauna 1 0  (Glosense Zone) . The significance of several 

of these occurrences are debatable. Some are occurring late as mentioned above, some could 

be the result of reworking and in general the species are not abundant. E.g. Leptodinium 

mirabile has been recorded in a dinoflagellate assemblage (Densiplicatum Zone) from another 

locality at Milne Land and supporting an earlier occurrence for L. mirabile/subtile? as 

suggested by Partington et al. 1 993 . Ambonosphaera calloviana is described from the 

Calloviense Zone in Jameson Land but has an effectively re-occurrence in the Glosense Zone 

and an acme in the Baylei Zone. However, the occurrence of these species seem to be 

stratigraphical significant also in other sections in East Greenland. 

Scriniodinium crystallinum has maximum abundance just below fauna 9 of the 

Glosense Zone, much earlier than in the North Sea (In the Rosenkrantzi Zone; Partington et 

al . ,  1 993) 
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The Serratum Zone is not represented in this study because it occurs in very coarse­

grained facies. Most species that occur above the Serratum Zone appeared earlier in the 

underlying Glosense Zone. In the North Sea region the Serratum Zone is not well marked in 

dinoflagellate cysts stratigraphy (Riding & Thomas, 1 992; Partington et al. ,  1 993). 

Glossodinium dimorphum and Taeniophora cf. iunctispina occur earliest below fauna 

1 2  (Regulare Zone) and Dingodiniumjurassicum does not occur above fauna 1 2. 

Scriniodinium irregulare appears below fauna 1 3  (Rosenkrantzi Zone). Glossodinium 

dimorphum is reported to appear much earlier in the North Sea region, respectively in the 

Densiplicatum Zone (Partington et al. , 1 993) and the Tenuiserratum Zone (Riding & Thomas, 

1 992). Compositosphaeridium polonicum disappears between fauna 8 and 9 (Tenuiserratum 

and Glosense Zones) only slightly earlier than in the North Sea Region (Glosense Zone, 

Thomas & Riding, 1 992; Partington et al. , 1 993). 

The Serratum, Rosenkrantzi and Baylei Zones are characterised by abundant 

Gonyaulacystajurassica sensu lato which is stratigraphically significant both in the North 

Sea region (Riding & Thomas, 1 992) and in the Boreal flora from the Arctic region (Brideaux 

& Fisher, 1 976; Davies, 1983 ; Piasecki, 1 994) . Rhynchodiniopsis cladophora is abundant in 

the Serratum Zone whereas Adnathosphaeridium hartzii, Taeniophora cf. iunctispina and 

Ambonosphaera calloviana are abundant in the Baylei Zone. 

Between fauna 1 3  (Rosenkrantzi Zone) and fauna 14 (Baylei Zone) Paragonyau­

lacysta borealis and Pandadinium saturnalis of the Arctic Borealis Flora (Brideaux & Fisher, 

1 976; Davies, 1 983) appear in East Greenland together with Adnathosphaeridium hartzi and 

Hystrichosphaeridium petilum. A. hartzi occurs in the Jurassic of the Wandel Sea Basin 

(Piasecki, 1 994) whereas H petilum is occurs in the basal Kimmeridgian in the North Sea 

region from where it is described (Gitmez, 1 970) . The Scriniodinium crystallinum acme 

reported in the Rosenkrantzi Zone from the North Sea (Partington et al. , 1 993) is not recogni­

sed in East Greenland where this species is recorded scattered throughout the Kimmeridgian. 

The dinoflagellate cyst flora in this strictly Boreal Densiplicatum - Rosenkrantzi 

interval does not show a similar distinct Boreal affinity as the ammonites. The flora has low 

diversity and density compared to the flora of North Sea region giving the impression of it 

being an impoverished North Sea flora instead of an independent Boreal flora. The abundance 
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of dinoflagellate cysts increases in the Serratum to Baylei Zones and the dinoflagellate flora 

show similarities in composition to contemporaneous floras both in the Wandel Sea Basin 

where Gonyaulacystajurassica/longicornuta/dualis also is abundant (Piasecki, 1994) and to 

the North Sea region. Late appearances and early disappearances of many species that are 

stratigraphical important in the North Sea region, seem to be a general rule in these northern 

regions. The appearance of species described from the Borealis Flora (Brideaux & Fisher, 

1976; Davies, 1983) emphasises the position of East Greenland intermediate between the 

present Arctic regions and the North Sea region. It is interesting that the Boreal dinoflagellate 

cysts migrated down to East Greenland exactly at the time when parts of the Sub-boreal 

ammonite family, Perisphintaceae, migrated northwards to East Greenland (Birkelund & 

Callomon, 1 985) and create the basis for common ammonite zonation in both regions. This 

may simply reflect better circulation between the basins though the Jurassic Seaway. Smelror 

(1983) reports that both P. borealis and P. capillosa occurs south of East Greenland much 

earlier but he does not report these species from the Bathonian to Early Oxfordian in East 

Greenland (Smelror, 1988) in accordance with the present data set. 

Kimmeridgian sensu gallico 

Baylei - Autissiodorensis Zones 

Ammonite fauna 14 - 23 

Provincialism: Despite the common ammonite zonation in the Sub-Boreal and the 

Boreal provinces, ammonites of the Cardioceratidae are still completely dominating the fauna 

in East Greenland and provincialism was predominant also in the Kimmeridgian (Birkelund & 

Callomon, 1985). 

Dinojlagellate cyst assemblages: Three main dinoflagellate cyst assemblages occur in 

the Kimmeridgian. Taeniophora cf. iunctispina, Taeniophora hartzi, Gonyaulacysta 

jurassica or Sirmiodinium grossii dominates the Baylei, Cymodoce and Mutabilis Zones. 

Perrisseiasphaeridium pannosum dominates completely in the Eudoxus Zones followed by an 

Oligosphaeridium patulum dominated assemblage in the Autissiodorensis and Elegans Zones. 
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Dinojlagellate cyst stratigraphy: Abundant Gonyaulacysta jurassica sensu lato, 

Taeniophora cf. iunctispina, Adnathosphaeridium hartzi, Sentusidinium pelionense in the 

flora from the Baylei Zone (fauna 14) and the acme of both Escharisphaeridium pocockii and 

Sirmiodinium grossii in the Cymodoce Zone (fauna 17) can be correlated with corresponding 

events in the dinoflagellate cyst flora in the Jurassic Ladegardsaen Formation in the Wandel 

Sea Basin, North Greenland (Piasecki, 1994). This indicates some Boreal affinity of the 

assemblage. 

Occissucysta cf. monoheuriskos appears abundantly in (auna 16 and Circulodinium 

distinctum appears in fauna 17 both of the Cymodoce Zone. Paragonyaulacysta capillosa 

appears below fauna 19 and Perisseiasphaeridium pannosum appears within fauna 19 

(Mutabilis Zone) and becomes abundant in fauna 20 (basal Eudoxus Zone) . Avellodinium cf. 

falcificum appears in fauna 19  (Mutabilis Zone) . All these species are excellent stratigraphical 

markers in these two ammonite zones. 

Occissucysta monoheuriskos is described on the basis of one specimen from the 

Cymodoce Zone in Scotland (Gitmez & Sarjeant, 1972) and has not been mention further as 

potentially stratigraphically important species. Circulodinium distinctum is a systematic 

garbage can for unidentified Circulodinium types but is very useful here. Paragonyaulacysta 

capillosa is the third main member of the Borealis Flora reaching southwards into East 

Greenland and again indicating some Boreal affinity of the assemblage. In contrast 

Perisseiasphaeridium pannosum is well known from the North Sea region where it appears in 

the Mutabilis Zone (N0hr-Hansen, 1 986). Avellodinium cf. falcificum is not reported earlier. 

Some stratigraphical significant marker species from the corresponding interval in the 

North Sea region are absent in East Greenland or appear much later. Subtilisphaera 

paeminosa, Subtilisphaera inaffecta and Cribroperidinium longicorne are absent, although 

forms partly similar to the latter appear stratigraphically higher. Oligosphaeridium 

patulumlpulcherrimum has not been recorded in this interval in East Greenland but appears 

higher in the succession and much later than reported from the North Sea region (Cymodoce 

Zone; Riding & Thomas, 1992; Partington et al. 1993) . 

The Eudoxus Zone is monotonously dominated by Perisseiasphaeridium pannosum 

until above fauna 22 (top Eudoxus Zone) where Oligosphaeridium patulum appears and then 
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dominates of the flora approximately from the boundary between the Eudoxus and 

Autissiodorensis Zones. In contrast, Partington et al. (1993) interpret the 

Perisseiasphaeridium pannosum acme to be equivalent to both the Eudoxus and 

Autissiodorensis Zones in the North Sea region. An Oligosphaeridium patulum dominated 

flora in the Autissiodorensis Zone as in East Greenland apparently do not occur in the North 

Sea region (Partington et al. , 1993;  Riding & Thomas, 1992). Neither of these abundant 

species have been recorded from the Arctic region (Brideaux, 1976; Hakansson et al. 198 1; 

Davies, 1 983; Piasecki, 1994) and they may be regarded as southernly species. Their strati­

graphical ranges are already significantly reduced in East Greenland compared to the North 

Sea region and their occurrences apparently wedges out further towards the north in the 

Boreal realm. Apparently Subtilispaera paeminosa and S. inaffecta follows the same pattern 

but already disappears at latitudes south of East Greenland. 

The characteristically, Cyclopsiella-like species cf. Nummus similis appears in fauna 

20 (lower Eudoxus Zone) but otherwise no significant floristic events have been recorded in 

this zone. 

The apparent closer relationship between the floras of the North Sea and East 

Greenland region and the stability of the flora (hardly any new events) may be related to the 

high sea-level during the Eudoxus and Autissiodorensis Zones. 

Lower Volgian 

Elegans - Pectinatus Zones 

Ammonite fauna 24 - 29 

Provincialism: The stratigraphical distance between horizons with ammonites become 

larger in this part of the section and abundance of ammonites is low. The result is decreasing 

precision in correlation and the Scitulus Zone has not been recorded. The ammonites of this 

interval in East Greenland are almost identical with those in England (Callomon & Birkelund, 

1982). 

Dinoflagellate cyst assemblages: The Oligosphaeridium patulum assemblage includes 

the Elegans Zone but is replaced by a diverse and rich assemblage with many species 
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appearing for the first time in the transition from the Elegans to the Wheatlyensis Zone, where 

the Scitulus Zone should have been recorded. Circulodinium downei, Trichodinium aff. 

ciliatum, Senoniasphaerajurassica, Senoniasphaerajanei and several others (Fig. 4) . 

Dinoflagellate cyst stratigraphy: Fauna 24 (Elegans Zone) occurs within the range of 

abundant Oligosphaeridium patulum. Valensiella sp. appears below fauna 24 in presumed 

Autissiodorensis Zone and Rhyncodiniopsis "machaera " appears above fauna 24. 

A markedly increase in flora diversity and abundance occur below fauna 25 (Wheatlyensis 

Zone) in the interval of assumed " Scitulus Zone" associated with the appearances of Goch­

teodinium mutabilis, Trichodinium aff. ciliatum, Senorriasphaerajurassica, Senoniasphaera 

janei, Circulodinium downei and Perisseiasphaeridium insolitum. Again most of these species 

appear late to very late compared to the North Sea region. According to Riding & Thomas 

( 1 992) Gochteodinium mutabilis occurs already at the Eudoxus/ Autissiodorensis boundary 

whereas Partington et al. ( 1 993) favour a first occurrence at the Elegans/Scitilus boundary. 

Senoniasphaerajurassica is claimed to be present from the Baylei Zone in the North Sea 

(Riding & Thomas, 1 992; Partington et al. 1 993). Circulodinium downiei is reported from the 

Wheatlyensis Zone in England (Ioannides et al. , 1 976) . Perisseiasphaeridium insolitum is 

reported from much younger strata (Davey, 1 982) but a similar type Perisseiasphaeridium sp. 

A Ioannides et al . ( 1 976) is reported from the Wheatlyensis Zone in England 

Rotosphaeropsis thula, Rhynchodiniopsis pennata, Egmontodinium polyplachophorum 

and Kleithriasphaeridium telaspinosum appears higher but still below fauna 25 (Wheatlyensis 

Zones) . These appearances are coincident with the top of abundant Oligosphaeridium patu­

lum. In the North Sea region these species appear more scattered from the Elegans to the 

Scitulus Zone. The contemporaneous first occurrences of these species could indicate a hiatus 

in the section which also could explain the apparent absence of ammonites from the Scitulus 

Zone. 

Rotosphaeropsis thula is a case of an early appearance in East Greenland as it is 

recorded to appear approximately on ammonite zone later in the North Sea region (at the 

boundary of Wheatlyensis/Huddlestoni Zones; Riding & Thomas, 1 992; Partington et al. , 

1 993). Fisher & Riley ( 1 980) dates the first appearance of Rhynchodiniopsis pennata in the 

North Sea as later than the Pectinatus Zone e.i .  much later than in East Greenland. Both 
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Kleitriasphaeridium telaspinosum and Egmontodinium polyplachophorum occur as e�ly as 

the basis of the Elegans Zone in the North Sea region (Riding & Thomas, 1992; Partington et 

al. , 1993) and appears therefore later in East Greenland. 

Rhynchodiniopsis pennata and Pyxidiniopsis granulata have an acme of abundance 

and Trichodinium cf. ciliatum occurs for the last time between fauna 25 and 29, Wheatlyensis 

to Pectinatus Zones. Canningia cf. compta occurs only in fauna 29, Pectinatus Zone, and 

Tanyosphaeridium sp. appears at the same level. Abundance and diversity of dinoflagellate 

cysts drop drastically above fauna 29 apparently associated with reinforcement of the 

provincialistic separation between the North Sea region and East Greenland. 

Middle Volgian 

Primus - Gracilis Zones 

Ammonite fauna 3 1  - 40 

Provincialism: The ammonites of this stratigraphical interval in East Greenland have 

little in common with the more southern North Sea faunas and correlation is restricted to 

certain levels e.g. from the Communis Zone to the Rotunda Zone (Callomon & Birkelund, 

1 982). The poor abundance and diversity of dinoflagellate cysts in this interval may reflect 

depositional facies of a prograding succession. But it also coincides with significant ammonite 

provincialism and therefore with some physical separation from the corresponding North Sea 

floras. Many species, that are not recorded in this interval, are abundantly present below and 

above this interval, where more North Sea related floras occur. Consequently, the few events 

that do occur among the few present species could more important for the Boreal 

dinoflagellate cyst stratigraphy. 

Dinoflagellate cyst assemblages: No characteristic assemblages occurs in this interval. 

The assemblages appear strongly diluted as most records are here and there occurrences of 

species known lower or higher in the section. 

Dinoflagellate cyst stratigraphy: In spite of the poor flora, a second short appearance 

of Perisseiasphaeridium pannosum and O/igosphaeridium patulum is recorded 

approximately at the level where Riding & Thomas (1 992) indicate their last appearance in 
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the North Sea region ; Pallasioides and Pectinatus Zone respectively. Stratigraphically 

significant first occurrences are neither common in the North Sea region (Riding & Thomas, 

1 992) nor in East Greenland. Kleithriasphaeridium telaspinosum apparently disappears and 

Kleithriasphaeridium cf. corrugatum appears below fauna 33, Rugosa Zone. The latter is 

much earlier than K. corrugatum appears in the North Sea region; Albani/Glaucolithus Zone 

(Riding and Thomas, 1992). Cribroperidinium cf. longicorne appears between fauna 34 and 

37, Communis and Liostracus Zones. 

Middle Volgian 

Pseudapertum - Anguinus Zones 

Ammonite fauna 4 1  - 46 

Provincialism: In fauna 41 - 46 the ammonites from East Greenland again have 

taxonomic counterparts in the North Sea region and correlation becomes possible (Callomon 

& Birkelund, 1 982) . 

Dinojlagellate assemblages: Diversity and density increases rapidly upwards and 

becomes very high in the middle of Anguinus Zone followed by a decrease (Fig. 5). 

Assemblages in the lower part of the interval are characterised by frequent Cribroperidinium 

sp. and Rhynchodiniopsis sp. whereas Valensiella sp. ,  Avellodinium culmula, Mendicodinium 

groelandicum and Tenua hystrix are abundant in the upper part. 

Dinojlagellate cyst stratigraphy: Cribroperidinium sp. A Davey appears between 

faunas 40 and 4 1  (Gracilis and Pseudapertum Zones), and Avellodinium cumula appears 

within faunas 41  - 45 (Pseudapertum Zone). Kleithriasphaeridium porosispinum, 

Muderongia sp. A. Davey, Egmontodinium expiratum and Tenua hystrix appear in fauna 46 

(Anguinus Zone). 

The appearance of Egmontodinium expiratum, Kleithriasphaeridium porosispinum and 

Muderongia sp. A Davey are delayed compared to the North Sea ranges (Riding & Thomas, 

1 992). In contrast Cribroperidinium sp. A Davey and Avellodinium cumula appear at the same 

time in both regions. 
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At the top of the studied section, the significance of last occurrences are difficult to 

evaluate but Scriniodinium inritibile and Gochteodinia mutabilis may have their last 

occurrence in fauna 46 (Anguinus Zone) a little early for the last one but otherwise in 

accordance with the ranges in the North Sea region. 

DISCUSSION 

Diversity and abundance 

The diversity is recorded simply as number of recorded species in each sample (Fig. 

5). The overall pattern is clear though there are local variations. The diversity varies between 

1 5  and 25 species pr. sample in most of the Milne Land succession. Top Callovian, Middle/ 

Upper Oxfordian and Middle Volgian successions have generally low diversity from 1 5  to 20 

species in contrast to the uppermost Oxfordian/Kimmeridgian - Lower Volgian succession 

which mostly has 20 to 25 species pr. sample. Maximum diversity occurs at 4 levels. The two 

earliest peaks occur in the Mariae and Cordatum Zones (Lower - Middle Oxfordian) and in 

the Cymodoce Zone (Kimmeridgian) and they are not very significant. In contrast, very 

distinctive maxima occur in the in the "Scitilus" /Wheatlyensis Zones (Lower Volgian) and in 

the Groenlandicus Zone (Middle Volgian). 

High abundance of dinoflagellate cysts occur in the Cordatum Zone, the Rosenkrantzi 

Zone, Eudoxus Zone, the Wheatlyensis Zone and the Groenlandicus Zone (Fig. 5) .  The high 

abundance in the Cordatum Zone, the Wheatlyensis Zone and the Groenlandicus Zone 

coincide with diversity maxima. 

Provincialism 

Smelror ( 1 993) analysed and discussed the distribution and variations of the Bathonian 

to Oxfordian dinoflagellate floras from the Jurassic Boreal regions (now Arctic regions) to 

the Tethys realm (now Mediterranean regions) based on data from the Sverdrup Basin, 

Svalbard/Barents Sea , East Greenland/offshore Norway to Northwest Europe and further into 

the Tethyan region to Israel/Egypt. He concludes that there was a clear trend from Bathonian 

to Early Oxfordian of decreasing provincialism in the dinoflagellate floras and he relates the 

provincialism to tectonically disruption oJ seaways from Tethys to Northwest Europe and to 
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the Arctic region. Smelror ( 1 993) also concludes that very few species are endemic to one 

flora-province and that Boreal diversity increases from Bathonian to Lower Oxfordian ( e.i .  

stratigraphically towards less strict provincialism both in the dinoflagellate floras and the 

ammonite faunas) . He suggests that the variations in distribution and composition of the 

dinoflagellate floras largely follow the pattern from the ammonites of the same time (Smelror, 

1 993). 

In the present study of mainly Upper Jurassic dinoflagellate cysts, the stratigraphical 

data are most easily compared with the well documented data s�t from Northwest Europe i .e .  

UK / the North Sea region where the recorded dinoflagellate cyst distribution also is closely 

correlated to ammonite stratigraphy. Another important area for correlation and comparison 

are the Arctic / North Atlantic area but unfortunately, most dinoflagellate data from these 

regions suffer from lack of precise correlation to ammonite stratigraphy. There are a few 

exceptions in Peary Land, North Greenland (Piasecki, 1994) and at Svalbard (Bjrerke, 1 980; 

Arhus, 1 988) .  

The Late Callovian - Early Oxfordian dinoflagellate assemblages in UK and East 

Greenland become statistically more similar in composition and more diverse than they have 

been since the separation in flora provinces in the Bathonian (Smelror, 1 993). Despite of this, 

the effects of provincialism are still clearly reflected in the divergent stratigraphical 

occurrences of many species in these two regions; mainly as a delayed appearance in East 

Greenland but also in the absence of characteristic species. The most common assemblage for 

the two regions occurs in the following Cordatum Zone, of lowermost Middle Oxfordian. 

Above the Cordatum Zone, upwards decreasing abundance of dinoflagellate cysts and 

delayed appearances of species compared to the Northwest Europe standard dinoflagellate 

zonation characterise the dinoflagellate assemblages in the strictly Boreal Middle and Upper 

Oxfordian of Milne Land. The average diversity is constant and low but in contrast, abundant 

and relatively diverse assemblages reappear in the strictly Boreal, uppermost Oxfordian (and 

in the less Boreal lowermost Kimmeridgian) Rosenkrantzi, Baylei and Cymodoce Zones. 

A contemporaneous bloom in abundance and diversity occurs in Peary Land, North Greenland 

(Piasecki, 1 994) . 
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The average diversity of the Kimmeridgian and Lower Volgian dinoflagellate cyst 

assemblages in Milne Land are generally high compared to the diversity in the Oxfordian and 

Middle Volgian strata of the studied section. But these Kimmeridgian assemblages are clearly 

intermediate in diversity and abundance compared to the rich NW-Europe assemblages and 

the poor North Greenland/Svalbard/Barents Sea assemblages (Arhus, 1 988 ;  Piasecki, 1 994). 

Despite restricted provincialism of the ammonite faunas in this period reflected in the 

common stratigraphy of these areas, the faunas have distinct Boreal affinities (Birkelund & 

Callomon, 1 985). This is also clearly reflected in the dinoflagellate cyst assemblages. The 

stratigraphical range of several species becomes restricted from the North Sea towards East 

Greenland and further restricted towards the North. Especially in the Kimmeridgian, there are 

good examples of abundant and stratigraphially important species in the North Sea region that 

do not occur in East Greenland (e.g. Subtilisphaera inajfectum, S. paeminosa) or occur with 

limited ranges ( e.g. Perisseiasphaeridium pannosum and Oligosphaeridium patulum ). The 

latter species can be followed further north e.g. to Wollaston Forland or Hochstetter Forland 

but they do not occur in North Greenland and on Svalbard (Piasecki, 1 994; Arhus, 1 988) .  

Middle Volgian assemblages in Milne Land is  again dominantly of low diversity and 

especially of low abundance and again appear intermediate to rich assemblages in NW-Europe 

and very poor assemblages in North Greenland and in Svalbard (Hakansson et al. 1 98 1 ;  

Arhus, 1 988 ;  Piasecki, 1 994) 
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TAXONOMY 

The Upper Jurassic dinoflagellate cyst flora in East Greenland clearly demands a 

detailed taxomonic work to get the abundant species in a satisfactory systematic frame for 

further stratigraphical work. However, this will be the subject of another paper. The 

dinoflagellate floras are thoroughly illustrated and arranged stratigraphically in this report. 

Three new species are described because they are stratigraphically important and because they 

have been used informally in the unpublished part of the stratigraphical literature for some 

time. The formal publication of these species will be done separately in a proper way 

following the rules of botanical nomenclature and therefore some of the numbers in the text of 

• this report are replaced with an asterisk. 

Taeniophora hartzi sp. nov. 

Pl. 1 7, Fig. 1 .  

Dia"nosis: Chorate cysts having apical archaeopyle. Taeniate processes are arranged 

into annular or soleate intratabulate complexes. The complexes indicate paratabulation and no 

paracingular complexes or processes occur. The massive and vesiculate processes are broad or 

slender, but are fan-shaped distally, expanding slightly in width proximately. Distal trabeculae 

connect the processes within a complex or between the complexes. The paratabulation 

formula is ( 1 -4', 1 -6", ?', ?"', 1 ""). 

Derivation of name: Named after the Danish phytopalaeontologist Dr. N. Hartz, who 

joined the East Greenland Expedition ( 1 89 1 -92) as a student and was one of the first, who 

reported the occurrence of Mesozoic sediments on Milne Land. 

Description: The central body of these dinoflagellate cysts is ovoidal to subspherical. 

The surface is covered by complexes of processes, which are of approximately the same 

length on any one specimen, but otherwise are very variable. The wall of the main body is 

formed of one layer, autophragm. 
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The processes are taeniate, but the width varies considerably, even within one 

specimen. However, each specimen is generally characterised by having either slender or 

broad processes. The processes are massive, hyaline and densely vesiculate. The distal part of 

the processes are fan-shaped, and in some cases the processes may be bi- or trifurcate and 

fenestrate, especially when they are very broad. Short processes are generally broad, long ones 

narrow. The processes are arranged into annulate and soleate complexes and are connected 

proximately by low membranes or thickenings on the surface of the main body. The 

complexes vary from fully annulate to soleate or are more :fragmentarily developed, but are 

generally rather uniform on any one specimen. The complexes are generally well separated, 

although coalescence may occur. Distal trabeculae may occur between processes within a 

complex or between different remplexes, and short spines may occur on the distal margin of 

the trabeculae. 

The archaeopyle is apical, of type tA. Four apical paraplates are reflected on the 

polygonal operculum by the occurrence of four process-complexes. Accessory archaeopyle 

sutures may occur between the precingular paraplates. The autophragma is approximately 

1 micron thick and lacks internal structures. The surface is smooth to granular and lacks 

parasutural structures. 

The paratabulation is indicated by the complexes of processes and partly by the ar­

chaeopyle sutures. The operculum has 4 complexes of very different sizes, which indicate 4 

apical paraplates. The accessory archaeopyle sutures may split the rim of the archaeopyle into 

6 precingular paraplates, each of which is occupied by one complex. However, no 

paracingular processes have been recognised and the precise number of postcingular process­

complexes has not been determined. One large complex appears to occur on the antapex and is 

interpreted as antapical paraplate 1 '" ' . The paratabulation formula is therefore ( 1 -4', 1-6" ,  ?c, 

?"', 1 1
1
1
1) and the process formula is (4', 61 1

, 0c, 4-5?'", 11 1 1 1
) . 

Remarks: Despite the large number of specimens, which have been observed, the 

paratabulation has not been fully determined. The large number of processes and the variation 

in the development of the complexes makes it difficult to determine the paratabulation. 



25 

Taeniophora hartzi is very characteristic when all characters are fully developed, especially 

the broad, solid, vesiculate processes with trabeculae and arranged in intratabular complexes 

are characteristic. However, apparently T. hartzi grades morphologically into Taeniophora 

iunctispina and T. cf. iunctispina. Morphological intermediate specimens cannot be classified 

with certainty. Superficially the Eocene Adnathosphaeridium vittatum looks very similar to 

T. hartzi but the absence of cingular processes exclude T. hartzi from the genus 

Adnathosphaeridium. 

Occurrence: T hartzi is only reported from the Upper Jurassic of Greenland; i.e. Milne 

Land and Peary Land (Piasecki, 1994) . 

Dimensions: 22 specimens with detached operculum were measured. The diameter of 

the central body varied from 40 to 69 µm, average 56 µm. The maximum length of the 

processes varied from 17 to 30 µm, average 20 µm. 

Holotype: Pl. *, Fig. * .  The diameter of the central body is 54 µm and the maximum 

length of the processes is 1 8  µm. 

Paratypes: Pl. * ,  Fig. * .  The diameter of the central body is 63 µm and the maximum 

length of the processes is 17 µm. Pl. * ,  Fig. * .  The diameter of the central body is 60 µm and 

the length of the processes is 18 µm. 

Type locality and type stratum: Cardiocerask10ft on Milne Land; Bays Elv Member 

from 3 m above the lower boundary to the top. 

A�e: The range of Taeniophora hartzi sp. nov. is equivalent to the Regulare, 

Rosenkrantzi, Baylei and Cymodoce Zones. The age is Late Oxfordian to Early Kimmeridge. 

Ambonosphaera calloviana F ensome 1 979 

Pl. 7, Figs 1-2; Pl. 10, Figs 1-5 .  

Ambonosphaera calloviana is described from a very specific sandstone bed with 

Calloviense ammonite fauna in Jameson Land (Fensome 1979) . The species is rare outside 

this bed. Piasecki ( 1 98 1 )  described a similar species from the uppermost Oxfordian of Milne 

Land based on some apparent morphological differences from the type material. A restudy of 
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the type material leads to the consideration that all morphological variations occur in both 

stratigraphical levels and that the same species apparently have two acmes at stratigraphical 

levels separated by approximately 1 0  million years. 

Ambonosphaera calloviana has a clear, smooth 3-shaped flagellar mark in the 

parasulcus between the ends of the paracingulum. A granular or verrucate thickening marks 

the position of each flagella-pore. An irregular area of the ventral wall around the flagella 

marks is thick and hyaline. This area is resistant to degradation and is often the last 

morphological character to disappear on degraded specimens. 

Dimensions of the Upper Oxfordian specimens: 22 specimens with detached 

operculum were measured. The length of the pericysts varies from 35  to 52 microns averaging 

43 microns, and the width varies from 3 6  to 52 µm averaging 43 µm. The length of the 

endocysts varies from 33  to 45 µm averaging 39 µm, and the width varied from 3 1  to 46 µm 

averaging 3 8  µm. Two specimens having the operculum in situ has been measured. The length 

of the pericysts were 3 8  to 50 µm and the length of the endocysts were 3 1  to 43 µm. 

Senoniasphaera janei sp. nov. 

Pl. 1 0, Figs 1 0- 1 1 .  

Diagnosis: Proximate to hypocavate cysts with a long apical horn formed by two wall 

layers. The cavity of the apical horn and the cavity of the hypocyst vary in size. The hypocyst 

is rounded to polygonal and may have indications of lateral and antapical protrusions . The 

endocyst is ovoidal and protruding into the apical horn. The paracingulum is indicated, but 

there is no other parasutural structure. The archaeopyle is apical and the shape of the suture is 

significantly zigzag. The wall layers lack sculpture and structure. 

Derivation of name: Named after my wife Jane Piasecki . 

Description: These dinoflagellate cysts have an ovoidal to polygonal main body and a 

well developed apical horn. The cyst wall is formed of two wall layers, which are separated in 

the posterior region, the hypocyst, and in the apical horn, but closely connected in the anterior 
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part of the main body, the epicyst. The size of the cavities varies. The epicoel may be 

restricted to the distal part of the apical horn, but may reach down to the base of the horn. The 

distal part of the horn, which is formed by the periphragm, may be broken along an irregular 

suture. When unbroken, the apical horn appears to terminate distally in a round to ovoidal 

platform. The size and shape of the 4Ypocoel are often obscured by folding of the periphragm. 

Equatorial folds are especially common. Lateral and antapical protrusions similar to indication 

lateral and antapical horns may occur. 

The archaeopyle is apical and there is only one operculum: type tA. The operculum 

may be attached along the dorsal margin. The shape of the archaeopyle margin is significantly 

zigzag in dorsal-ventral view. 

The periphragm is thin, less than 1 mm, and lacks both sculpture and structure. Thin 

parasutural thickenings indicate the paracingulum, but there are no other parasutural structures 

on the periphragm. 

The endophragm is thicker than the periphragm, approximately 1 mm, and also lacks 

sculpture and structure. There are no parasutural structures. 

The paratabulation is only indicated by the shape of the archaeopyle and by the 

paracingulum. There are apparently 6 precingular paraplates and a small sulcal flap. The 

truncated apex of the apical horn may indicate a preapical paraplate. A gonyaulacoid 

tabulation pattern is possible. 

The general folding of these cysts and the limited material makes it difficult to 

determine whether or not the delicate thickenings of the periphragm at the paracingulum 

extend into the surface to form further parasutures. 

Remarks: These cysts differ from most of the species belonging to the genus 

Senoniasphaera by not having structural elements between peri- and endophragm. But the 

general morphology and the shape of the archaeopyle are very similar to Senoniasphaera. 

Hexagoniferajurassica Gitmez & Sarjeant, 1 972, which has been transferred to Senoni­

asphaera by Lentin & Williams (1976) and to Ambonosphaera by Fenton ( 1 979), is closely 

related to the present species and occurs in the same sediments. Senoniasphaerajanei sp. nov. 

appears to be morphologically intermediate between H jurassica and the species of 
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Senoniasphaera and may therefore support the transfer of H jurassica to Senoniasphaera. 

Senoniasphaera janei differs from S. jurassica (Gitmez & Sarjeant) Lentin & Williams, 1 976 

in the well developed apical horn, which is formed both by the endo- and periphragm, and in 

the zigzag shaped archaeopyle margin. 

Occurrence: S. janei is reported only from East Greenland 

Dimensions: 8 specimens were measures; two of these had lost the operculum. The 

total length of the cysts varies from 85 to 1 24 µm, average 1 04 f:lm. The width varies from 54 

to 67 µm, average 61 µm. The length of the apical horn is difficult to define on these 

specimens and therefore has not been measured. 

Holotype: Pl. *, Fig. * .  The length of the pericyst is 1 1 2 µm and the width is 67 µm. 

The length of the endocyst is 85 µm and the breadth is 65 µm. 

Iype locality and type stratum: Krebsedal on Milne land; Krebsedal Member, from the 

lower boundary to 25 m above the lower boundary. 

�: S. janei sp. nov. range from the Wheatlyensis Zone to the Anguinus Zone. The 

age is Early Volgian to Middle Volgian. 

Trichodinium surlyki sp. nov. 

Pl. 24, Figs 1 0- 12  

Trichodinium cf.  T ciliatum; Fensome 1 979, Pl . 6 ,  Figs 9, 1 2; Pl. 7 ,  Fig. 2 

Dia�nosis: Broad ovoidal, proximate cysts characterised by a densely foveolate 

surface, covered by regularly distributed short, conical to slender, pointed spines. An apical 

horn is formed by a tuft of spines or by coalesced longer spines. Plate equivalent structures are 

only indicated by the precingular archaeopyle of type P.  

Derivation of name: Named after Dr. Prof. Finn Surlyk, University of Copenhagen, 

who has worked with the Jurassic of East Greenland since 1 968, and who has been "the 

driving force" behind much of the geological work done in East Greenland especially in the 

1980's and 1 990 's. 
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Description: Broad, ovoidal dinoflagellate cysts having rounded antapex and rounded 

to slightly pointed apex. An apical horn may be formed by the extension and coalescence of 

the apical spines. The occurrence and length of the apical horn vary. 

The archaeopyle is rounded trapezoid, and the position of one side along the 

equatorial line of the cyst combined with the shape of the archaeopyle indicate equivalence to 

the third precingular paraplate. The archaeopyle is type P. 

The autophragm, which is the only layer in the wall, is approximately 1 mm thick. 

The surface of the wall is densely foveolate, in some cases spongy to fibrous. The surface is 

covered by short spines, which are conical or simple. The broad base of the spines may be 

hollow or penetrated, and the spines are pointed distally. The distribution of the spines on the 

surface is very uniform and regular. 

Paratabulation is not indicated by structure or sculpture. 

Remarks: This species differs from T. ciliatum (Gocht) Davey, 1 974 by the presence 

of a well developed apical horn and by the larger dimensions. T. castanea (Deflandre) Clarke 

& Verdie. 1 967 and T speetonensis Davey, 1974 differ from this species by structural 

indications of paratabulation. The genus Trichodinium is primarily known from the Early 

Cretaceous, but Fensome (1979) indicated two specimens from the Late Kimmeridgian - Early 

Portlandian of Jameson Land, East Greenland, and Vozzhennikova (1967) described T 

castanea from the Jurassic in Siberia. T. surlyki occurs in the lower part of the Subcrassum 

Zone of Northern Siberia, which is equivalent to the Wheatleyensis Zone (pers. obs.). 

Circulodinium sp. 2 (pl. 20, Figs 6-8) in this report has wall structure and surface sculpture 

similar to T. surlyki but has an apical archaeopyle. Both species occur in Lower Volgian strata 

and folded or crushed specimens may be easy to recognise but difficult identify with certainty. 

Occurrence: T. surlyki is reported previously only from East Greenland (Fensome, 

1979). 

Dimensions: 9 specimens were measured. The length of the cysts varies from 77 to 

110 µm, average 97 µm. The width of the cysts varies frorr_i 60 to 90 µm, average 82 µm. The 
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length of the apical horn is up to 10 µm, and the length of the spines is  from 2 to 5 µm, 

average 3 mm. 

Holotype: Pl. * ,  Fig. * .  The length of the cyst is * µm, including a *  mm long apical 

horn. The width of the cyst is *µ mm. The spines are *µ mm long. 

TXJ>e locality and type stratum: 
Aie: The range of Trichodinium surly Id is equivalent to the upper Elegans/'"Scitulus", 

Wheatlyensis and possibly lower Huddlestoni . The age is Early Volgian. 
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En c l o s u r e  1 

FOSS I L  RANGE CHART 

K O S M O C E R A S  □A L  

TOP OF CHART: 360 . OOm 

SCALE 

CLIENT 

PREP . BY: 

1 :  500 

DATE 03/04/97 

ANALYSTS: 09  1994 SP 1 0  07 

COMMENT: KOSMOCERASDAL MEMBER 

- S.I.S 3.0 -

LOCAL I TY DATA 

Lo c a l i t y  KOSMOCERAS OAL 

Ope r a t o r  S P  

R i g  

C o o r d i n . 

C l i e n t  

S t a t u s  

C o n f i d e . 

St a r t e d  

E nd ed  

Comme n t s :  

PLOTTING DATE: 03/04/97 

L E G E N D 

FOSSIL OCCURRENCE: 

DCS SWC CCD SUS BAR 

□ .0. 0 0 1 rare 
I COl'l!fflon □ � 0 0 

ID £ � Cl> 

Ill £ 4 81 

1 abundant 
■ dominant 

R reworked 
C caved or contamination 
? uncertain ident i f ication 

GY grey LY light gr . 

DY dark gr . GN green 

LN l ight gr . ON dark gr . 

BK black RD red 

DD dark red BW brawn 

LW l ight br . DW dark br . 

WE white OE orange 

PK pink 

P pyrite 

G glaucan ite 

M mica 

K kaolin 

S s i der ite 

D da l amite/ance r i t e  

A additives 

o other (see text) 

Re f hor izon  : 
Datum ad j ust: 
Water depth : 

0 
0 

: : ; : : : : 
otioOo Oo 
0 0 0 0 0 0 0  

0 00 0 0 0 0  
0 0 0 0 0 0 0  

Direct i o n  ASCENDING 

Claystone 

Shal e  

Mudstone 

S i ltstone 

Sandstone, very f ine 

Sandstone . f ine 

Sandstone. med 1 um 

Sandstone, coarse 

Pebb les/Gangl .  

Limest . /Cha lk 

Dolom . /Ancerite 

Gypsum/Anhydr . 

Tu f f  /Vo lcan ics 

Coal 

Basement 

Add itives 

Ditch Cutt i ngs (DCS) 
Sidewal l cores (SWC) 

Convent ion . cores (CCO) 
Surface samp les (SUSJ 

Top /TD 360 . 00- 185 . 00 

Top sample  360 . 00  
Base samp le  185 . 00 

Samples  34  

Lithol ogy 29 

Pa lyno logy  15  
Mikropaleont: 0 
Nannop lankt 0 

Makrofoss i l s: 0 
Other toss . 0 

Kerogen 0 



Species  l i st:  KOSMOCERAS OAL Enc l . : 1 

n Acanthaulax granul i  fer■ 
1111 Adnetoapnaeridiu11 app . 
63 Aabonoaphura cal lav1enn 
40 Atopodin1um cf . harainanae 
25 AtopadiniUII ■PP . 
41 Berbatacy■t• bllculeta 
62 Barbetacyat■ croberbarbata IERICNAN & SARJEANTI COI.RTINAT. 1989 
35 Barbatacyata varrucaaa 
47 011UYdaDhorella ectot■l>Ulata• etre STRATL\S (internal specieeJ 
5S 01ytrae1apt,a■rtd1a c11r■11t11a 
43 Chytraeispt,aeridie chytroeaides 
39 Chytroeiaphaertdia aro1aa Sllelror 
14 CoapaaitaaphNr-idi polanicua 
33 Cten1doc:11n1u11 continw■ 
80 Oinaadiniln i urna :icuni 

2 Diasilidiniu11 gig■nteu■ Faiat-eucnart 
49 DiHiliodiniu11 hocneratu• (FEKTON & 81 . )  LENTIN & WILLIAMS. I 

& ouratrigia atf . daveyi 
82 Duratrigia d■vey i BAILEY. 1987 
"' EndoscriniUII galarit\a 
69 EnllDscrini\a luridu11 
BI Epipl oapnur■ Direticulata KLEIENT, 1!150 
21 Eechariepah■eria laevigata Sllelror 1990 
27 Eschariopllaaridia pocackU 
32 EechariephNridia ODD . 
�9 Evensia avlttii 

t Fro.a tornalis 
20 Ganyaulacy■t• c1 . helicotdea 
34 Gonyaulacysta eisenackii 
19 Gonyaulacyata I urnsic• 

3 6any11ul11cyat1 pectiniger1 
23 Hyatrichod1n1UII IPP . 
75 K11lypte11 dicera■ 
65 Laptad1n1UII ■irab1 l a  
67 LoptadiniUII 1uDtUe 
26 Linbergia ■carbw-ghen■:111 
24 L1 tna1 un1a 1 Urll9SiCII 
31 Nend1 codiniu■ • granulatu11· Milner 
11 Mend1COCl1n1UII groenlandiCUII 
13 NaMOcaratopaie pellucid■ 
10 Paraavanaia Drachyt.heli■ 
!54 Par10dinia •granulata •  Piaaeclci 
!52 Pareodinia • ret1cul11tB • Pi111ec1c1 
15 Pareodinia ceratophora 

5 P11reodin ia groen1ene11cu11 
29 Paraadinie h■loe■ (FIU.TOFFJ L£NTJN & NIU.IAMS. 1981 
7'- Pllreoe11n11 01111ngtonen:,e 

B Pareod inia prolangata 
78 Pareodinia acopaeus 
70 Paraad1n1a app . 
2B Paraadlnia atagaata 
!50 Plur1 1rv111u■ 011■1ngtanenae �T. 1962 
73 Proli,ospneerid iin grenula1u■ 
60 Protabatialadiniun 11pp . 
17 RnynchOdinlDPU • Cleaapnar• 
55 Rigaudella lll!a,la 
53 Rtgauelel la f ila■antoaa 
51 Rigaudalla pauciaplna 

� SENTIJSIOINIIJM SP D FENSOME F'ENStl4E. 191!0 
61 SCr1n1od1n1u■ c:rystall1niul'I 
72 ScriniDdin!u■ inr1t1D1l'"' 
56 Sentu11idiniu■ cf . erythrocan,111 
18 Sentu1idiniu■ pel ionen1e 

7 Sentu■idiniu• rioul ti 
22 SantUSl1d 1ntUII 9Par91bllrl>8tUII 
12 Sl!ntu11idintu■ vil ler11en1e 
46 Str■tod1niUII 1111 . groas11 
16 Sir11i adiniU11 gra11211 i  
7 9  Stephanelytron redcllf fo,nae 
6A Stephanelytron acarbLrghenae 
45 SUrculoaphaeridil.MI ■PP � 
57 Surcu loaphaeridiun vntitu• 
71 SyataMtopnare penlcll l■te 
59 'T11eniaDhor111 e t' .  ilfflctiapina 
715 Taeniophora spp . 
38 Tubatubere l 1 11  ep11tel11 

9 Tubotubarella chmgeard11 
30 V11leneiell1 dictydia  
37 Varyh■ch1UII ■PP . 
36 W■neea diG:it.11ta 
48 wanaea f illbriata 
◄2 N11nee11 thyNnot11 

Fen1011e 1980 
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En c l o s u r e  2 

FOSSIL  RANGE CHART 

G R A A K L OEFT  

TOP OF CHART: 

SCALE 

CLIENT 

PREP . BY: 

1: 500  

DATE 03/04/97 

295 . 0 0m  

ANALYSTS: 10 1994 SP 09 

COMMENT: BAYS ELV/GRAAKLOEFT 

- S.I.S 3.0 -

LOCALITY  DATA 

Loe  a 1 i t y GRAAKLOEFT 

Op e r a t o r  S P  

R i g  

C o o r d i n . 

C l i e n t  

S t a t u s  

C o n f i d e . 

St a r t e d  

Ended  

C omme n t s :  

PLOTTING DATE: 03/04/97 

L E G E N D 

FOSSIL OCCURRENCE: 

DCS SWC CCO SUS BAR 

□ I!. <> o I rare 
1 common 
■ abundant 
■ dominant 

R reworked 
C caved or contamination 
? uncertain i dentif ication 

GY grey LY l ight gr . 
DY dark gr . 6N green 
LN l ight gr . ON dark gr . 
BK black RD red 
OD dark red BW brawn 
LW light br . ow dark br . 
WE wh ite OE orange 
PK pink 
P pyrite 
G glaucanite 
M mic a 
K kao l i n  
5 siderite 
D dalamite/ancerite 
A additives 
D other (see text) 

Re f horizon : 
Datum adj ust: 
Water depth : 

0 
0 

o o a o o o a  

o o a o o_o o  
0 0 0 0 0 0 0  
O O CI O O O G  

Direction ASCENDING 

Claystone 

Shale  

Mudstone 

Si ltstone 

Sandstone, very  f ine 

Sandstone , f ine  

Sandstone, medium 

Sandstone, coarse 

Pebb les/Gangl . 

Limest . /Cha lk  

Dolo m . /Ancerite 

Gypsum/Anhydr . 

Salt 

Tut f /Vo lcan ics  

Coa l  

Basement 

Addi t ives 

Ditch Cutt ings IDCSJ 
Sidewa l l  cores ISHCJ 
Convent ion . cares (CCO) 
Surface sampl es (SUS) 

Top/TD 600 . 00- 70 . 00 

Top sample 295 . 00 
Base sample  : 70 . 00 

Samples 43 

Lithology 43 
Pa lynology  25 
Mikropaleont: 0 
Nannop lankt 0 

Makrof ass i ls :  0 
Other toss . 0 

Kerogen 0 



Spec ies l ist: GRAAKLOEFT Encl . :  2 

44 Acantnaulax ar■nuliaer■ 
!lfi Ai;anthaulex grenuUgara 
1.a Am>anaaph..,..• callav1enu 
fI7 Apteod1n1111 "ret1culatu11· 
83 Apteadini1.11 nuci farae 

108 Apteod1n1m •PP . 
38 Atopadini&n cf . haraaen■e 
'Zl Atopadinim ■PP . 
72 AvellDdini .. IIIP -
70 Ch]nydophOl'lll8 2 Piasecki 

l.20 Chl•ydophOl'olle "IIP . 
122 Chl•JdOPhOl'■lll IIPP . 
78 C21ytraei■phaaridie chytraa:aidea 
15' CirculoclinlUI d11Unctu11 

130 C:i.rculodiniu■ dawniei 
1.2<1 Clet9taepn.rid1UII 1 Pi-Ck1 
71 Clai1to1phellridiun 2 PiHICkl 
915 0-illroparldlniu■ c f . partarans 

138 Ctenidodiniu■ cantinw■ 
us Ctenldocltni\11 PIM8U■ 
11!5 Cyclapstalla 2 PiBHSCki 
li2 CJC I0P&l8lll 811P . 
88 Cyc]opaiella ■PP . 

135 D1chadoaanyaula• cf . irregulars 
2 DinaadiniUII i ur■HiCUII 

'iT1 Dtnaaa1n1 .. tUDerosu■ 
,15 Eg-,toclinlu■ polJPl■chaphoru■ 

113 ElliP■0idictYUII OOP . 
39 EndoScrlnt,_ 1ur1au11 
29 En-crln1u■ luridU■ • .  l 
IIO Ep1plasph...-• areolata 
17 Ep1pla■phMl'B blr■t1cu1eta 

137 EoiPIOSllhael"B et .goclltet 
66 Eotplaaphaera app . 

3 E1cheri1p-erla leevtg,ita 
!53 Ellchar1■Dhaer1d1a pocock11 

II G. 1 urass sphertca 
1.21 S. ■utab VIII' Ptoa■cki 
63 Se1selocllnlu■ IPP . 

9 s1 .... oa1111 .. dl-,ih .. 
128 Gacntaadlnla cf . ■ut aDt 11a 
1.26 Gachtaocllnll ■u tabll1B 
105 Gachteocltn1u11 antennata 
86 Ganyaulacyet:a cf .helicaidlla 
40 Ganyaulacysta aualto 

5 Ganyaul■cyeta helicoide■ 
12 Ganyaulac19t1 1 uree11co 

116 Haa 11rtan11 •PP . 
31 Hyatrlchadlnl .. app . 
42 HyatrlCh0aphN1'1dlUII p1tllu11 

151 Hyatrlchaaparit■a ■PP P1••ck1 
101 KalyptH dlc•r•• 
1311 KalJPtH 90P .  
90 Kleit.hrinpha1tridiua tel•pina■un 
75 Letaspha1r1a1a epp . 
99 L■iDIIPha■ridia ■PP .  

102 Laptadint,_ 1cruatu11 
123 u,ptodinlu■ antlgoni ... 
111 Laptodini .. et . aUDtlle 
BI L.eptadini .. freakH 
73 uptod1ni .. -tllfora 

U3 Leptadini .. ■i lliaudii 
110 Leptadinlu■ 9PP . 

16 Ll!!ptadinila ■ubtile 
140 L1Hb1rg1a ■carDurgnenau 
u.7 Lithadini11 ■ao . 
1!50 Lycaepara 11111..-11111 
147 Mllculatooporitea app . 

1 MenclicOdintu• • aranuJat1,111• 
92 Nendicodiniu■ groenlandicu11 

104 1111na1coc11n1u■ spp . 
69 Michry11tridiu11 1 Piasecki 

10!S occ1sucyata cf . tentorta 
<19 Ol:cleucyate app . 
82 OU.goapt11artd1u■ eu . pulcherrillJII 

107 Dligosphaerldiu■ pulcherrt-
114 Dligaaphoerldiu■ spp . 
35 PandadinilJII ■atuN18lia 

141 ParNvansia brachyt.heli■ 
60 Paragany■ulacy■t■ c■pillaaa 
41 Pareadinia • granulata • 
43 Pllreodinill bDrlHllie 
59 Pllreadini■ c•ratophora 
98 Plllreodinia cf . prolangata 
33 P1reodinia cf .va�ucos■• 
<18 P■reodinia groenlMdicu■ 
2• P■NtOClinia h■lDIII 
n Pllreadini■ nuda 
3& Pereadinia prolongata 
22 Pareodinia acopaeue 
9<I Pareadinla spp . 
!57 Plreodtnia ategasta 

129 Pertaaa11apn1ertdtua tnaa11t.ua 
5-4 Pl!r1,se1aapnaertdiu11 p■nno9WI 
21 Plurt11r-v111u■ a■mington•n■e 
18 PrD l lZDSPhHrid1UII granulas ... 
.. 6 Protobat1D llldin 1UII BPP . 
93 Pteraaper•ll• BPD . 
7 .. Pyxidintapa l• aranulata 

7 Rhynchod1n1DPS19 cladapl'\Orl 
119 Ahynchod1n1ap11i11 •cNlera • 
115 RhynchoclinlDPlll pennata 
30 RhynchadlniDP■la app . 

134 RotasphaeraPU• thula 
133 s .  galer1 tua fornicatu■ 
U-' s . gra11ai var Piasecki 

95 s. luridum var . Ptauclti 
3-4 Scr1niod1n1um c1 .ox1'ord1anu11 
15 Scriniodintu• cryatall1NJ11 
25 SCrlni0dtn1u11 1nrtt1D il• 

P!HOCkl 

PIHOCki 
Pi1111ecki 

PlHOCki 

KLEIENT. l!IISD 

P1aaeck1 
Pt11aec1c:1 

PIHIICki 

Jan■onlua 

Pia■ecki 

Plnacki 

tFlLATIIFFJ LENTlll ; WILLIAMS. 1!181 

SAA.EANT. 1962 

Pteaeck: 1  
P1aaack1 



Species list: GRAAKLOEFT Enc l . :  2 

32 111:rinioalnlu■ lrregular11 
142 scr1n1oa1n1u■ oxfordianin 
l48 5cuta■por1 ta■ app . 
125 sanan1■■phNra · i enu· 
132 Sllnani■■P"""r■ j ura■aice 
118 S.ntu■idiniua et .riaulti 
llO S.ntueldlniu■ cf .epar■i...,.b■tu11 
111 S.ntu■idlnll• Pll1Dnlll81 
28 Slntua1Giniu■ rioulti 
76 lilllltu■idlniull ep D FENS01E 
!Ill Slntuaidiniu■ apere1l111r1>atu■ 
711 &antu1idinlu11 ■pp . 

1U Siraiadlni-itl arbia 
20 S1rlliDdlnil8 ar'DIBU 
51 Sirlliodini .. ■PP .  
10 St■PIIIIMlyt;ran rNCliff-• 
!IS SteolleMllftron ■cerblrahenH 
&1 SJ■t-tapllDra ■r■ol■t■ 
a Syateatopllara penicillata 

,1 Sy■t-topllDr■ nl■n■U 
149 T1en1■1111arites nov1eul11ns11 
146 Ta■niHPDritN ■PP .  
23 Taeniaphar11 cf. iunctitlpina 
� Ta■niophara hartzi 
67 T■■niaDl1- iunct1apina 

1.311 T■-n iaphor■ ■PP . 
91 T■-n1tH epp . 

103 T■-nitN ■pp.  
109 Tr1cnad1n11a cf . c111atu■ 
127 Tr1c11Ddln118 ■urlYkl 
131 TuDotul>ar■lle ••1111■1racepna11■• 
U Tubotu1>ara11a apat■la 
13 TUbOtu1>are111 ■1-n11 
, Valene1ella dictydia 

112 Valen■i•ll• IPP . 
68 V■ryhactt1ua cf . ■orte:hlltenae 

100 veri,t,1cht .. eort-tenee 
28 Veri,t,achtia ■PP . 
89 Veri,t,1c1u11 2 Piasecki 
112 Veri,llaclUII 3 PiltNCk1 

U5 Vlttatine IIPP . 

cont . 

Plaaectl 

Feneoa � 

F1!N50ME. 1880 

P1aaect1 
ICI..EIENT. 1960 

PlHecki 
VDzzMMikDV■/Piaaeckl 

Pfo•ecki 
Plff■Ckl 
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En c l o s u r e  3 

FOSS IL  RANGE CHART 

KRABBERY GGEN  

TOP O F  CHART: 

SCALE 

CLIENT 

PREP . BY: 

1: 500  

DATE 03/04/97 

320 . 00 m  

ANALYST� 10  1994 SP 1992 1 1  

COMMENT: 

- S.I.S 3.0 -

LOCALI TY DATA 

Lo c a l i t y  KRABBERYGGEN 

Ope r a t o r  SP 

R i g  

C o o r d i n . 

C l i e nt  

Status  

Con f i d e . 

Sta r t e d  

End e d  

C omme n t s :  

PLOTTING DATE: 03/04/97 

L E G E N D 

FOSSIL OCCURRENCE: 

DCS SWC CCD SUS BAR 

□ i;. <> o I rare 
1:.1 I!> <> 0 I COIIJDOn 
111 "' .. <P ■ abundant 
111 "' <> e ■ do111inant 

R reworked 
c caved or contamination 
? uncertain ident if ication 

Claystone 

Sha l e  

Mudstone 

Siltstone 

Sandstone, very f ine 

Sandstone, f ine 

Sandstone, med i um 

\ :? j ( Sandstone, coarse 

GY grey LY l i ght gr . 
DY dark gr . GN green 
LN l ight gr . DN dark gr . 
BK black RD red 
DD dark red BW brawn 
LW light br . DW dark br . 
WE white OE orange 
PK p ink 
P pyrite 
6 glaucanite 
H mica 
K kaolin 
S s iderite 
D dDlDmite/ancer ite 
A addit ives 
o other (see text) 

Re f horizon : 
Datum adj ust: 
Water depth : 
Direction 

Top /TD 

Top sample 
Base samp le 
Samples 

Litho logy 
Pa l ynology 

Mikropa leont: 
Nannop lankt 

Makro foss i ls :  
Other foss . 
Kerogen 

ii!!!!! Pebb les/Congl a 

0 0 0 0 0 0 0  

0 
0 

ASCENDING 
310 . 00-

320 . 00 
90 . 00 

35 

3 1  
1 2  
0 
0 
0 
0 
0 

Limest . /Cha lk 

Mar l  

Gypsum/Anhydr . 

Salt 

Tuf f  /Vo lcan ics 

Coa l 

Basement 

Additives 

Ditch Cuttings IDCSJ 
Sidewa l l  cores ISWCJ 

Convent ion . cores (CCD) 
Surface samp les (SUS) 

100 . 00 



Scec ies l i st: KRABBERYGGEN Enc l . :  3 

38 Acanthaulex granulate 
43 Acanthaulax gr1nu1 1g.,.1 

7 Aabanoaphaera c■l lavien■e 
17 Atopadin1u• cf . haro•n•• 
28 AtDPOdiniut1 app . 
30 Avel lodini1.11 cf . falaificun 
76 Avellodini&a cu1 ... 1u■ 

9 ChlBJdapharallll 2 Pi■■ecki P1aaack1 
67 Chl•YdaPharOllB SIIP . 
!52 C1rculDCl1ntu11 cf . co1111ta 
33 Circulodiniu■ distinct1111 
20 c1rcu1oc11n1u11 downto, 
45 eo-phuridiUII copillotuo 
74 cr1Drapar1d!n1u■ a davay DAVEY. 19112 
70 Cribraperidiniu■ cf . langicarne 
!51 tribroparidiniu■ cf . perforans 
31 tribraDeridiniu■ perforana 

B cr1Drapar1d1n1u■ SIIP . 
6 D. sp A Ioannieles et 11 1 .  

102 Donea!■por1tos opp . 
91 D1ch■dogony1ul1• pannea 
75 D1Ch■dDDDny1ul1• opp . 

5 DinQDdiniua lllnuba 
n D1ngad1n1UII apinOBUII 
-40 Di1111DdlniU11 ■PP . 
El3 Eg-.toc11n1u11 axp1ratu■ 
32 Eg.,,,tOC11n1u11 polyplachopnaru■ 
&9 Endascr1n11D galer1 t,a 

3 Ep1pla•phaerl b1reticul1t1 ICI..EIENT. 1960 
62 E■ch■r11pat1e1r11 1Hv1gata S..lror 1990 
u Eachllr1sphaer1d1e pocockU 

104 Fungal nyphaa 
64 6lo■eod1n1UII d1■orphia 
23 6ochtood!n1a 11Utab1lis 
5' Gonyaulecvst• dual1• 
97 Ganyaulacyata pectinig■ra 
68 Heslertan111 spp . 

1 Hy■tr1chod1n11.a 1P1 asack! 
84 Hystrichod1n1U11 cf . pulchru11 
64 Hyatr1cnospna■rid1u• potilum 
66 Klettnr11111pnaer1d1u■ cf .corrugatum 
!ID Kla1thr1HPha■r1d1u• poroa1ap1nin 
18 Kle1thrUSPhBtr1d1UII telnp1no9UII 
72 Lecaniella IIPP . 
15 Loioophlor1dia opp . 
42 Ulptodinic.a 11ntigoniLA1 
21 Leptod1n1u■ SUbtUe 
!IS L1891111NJ1a acarburghan■ia 
92 L1th0d1n1a app . 
61 11■na1coa1n1u11 • granu1at1.a· Munar 
39 Mlilnd1cDdin1u■ groenlandicu11 
82 M!chryotr 1d1u11 1 Phuck1 P1aoecki 
86 Nuderongia a llavey 1979 DAVEY. 1979 
95 Nannocer■topaie pellucida 
94 11■mocorotop11s spp . 
46 OCciuuc,ata ••rcua · 
44 occ1eucyat11 e t' . tantort11 
65 D11ga■ph■■r1diu■ af f .pulcherr!..,. 
19 Ol1go•phoor1a1u■ pulcnarr111U11 
29 Pllraganyaulacyata cap111D■I 
10 Pareodin1a · granulata· Pia11ecti 
22 P■readinia bo�■lis 
2-' Poreod1n1a holosa (FILATOFFl LENTIN & NIU.IAMS, 19BJ 
47 Pareod:inia ecop■eue 
7B Port10111n1a app. 
60 �rinei1111phaeridiu11 011nno1ua 
79 Parts■et1apn1eridiu11 app . 
,48 Prol 1xo■phaerid1ua gr■nulaaum 
BO Protobat1olod1n11111 t•otDCl1n1anse 
49 PrDtobatiolad:iniua BPP . 

103 Protottaploxypinua ■PP . 
,U Pyxidiniop11i11  granul■t■ 
16 Rhynchod tniopsU cuaopharo 
25 Rnynchod :iniDPtlill MChaera · 
35 RhynchDCl1n1ops !a panneto 
87 Flutosphleraps1s tnulo 
96 SCriniodiniu11 cryatallirul 
63 Scriniodiniu• inr"itibile 
99 scutaaparitea spp . 
27 SenmiMPNll!r■ • j anei • Pia■ecki 
37 SOnan1aaphaera I ura1a1ca 
58 S1ntu■idiniu11 Del i0nen111e Fen1O1R 1980 
3-4 s1r■1oa1n11.111 groasu 

2 Stept111nelytran redcli11ense 
!17 surcu101pt1aar1dtua ■PP . 
89 Systeaotopnore oreoloto 
8 1  Sy■teMtaphara orbiter■ 
85 Sy1te•tophor11 palm.ala 
73 Syata•taphara penicil lata 

4 Sy11te•tDPhOra IDD . 
101 laeniaepar1taa app . 

53 T111eniophore 1unctispin11 KLEJENT. 1960 
!56 Tonyoaph1&ridiu■ app . 
ee Tenua hystrix 
12 Trichadiniu11 surlyki Piaaack: 1 
35 Tubotuberello  11p11tel• 
13 Tubotubaralla ag1H1Bni 1 
50 Vl]en■iella •DnB 
26 ValMa ialla app . 
71 V11len1iell1!1 IPP , 
.14 Yeryhach1La app . (@}G• L !19 Verynoclu11 2 PUseck1 • u-> e c u  

100 V1ttat1no app . 
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Plate 1 

Figs 1-3. W anaea thysanota Woollam, 1982. Fig. 1 :  (probably Lamberti ammonite zone), 

GGU 245 973, L191/8, LVR _l .453 1 ,  MI 3407. Fig. 2: Cordatum ammonite zone, GGU 245 

980, L152/8, L VR 1 .4747, MI 3607. Fig. 3: Athleta ammonite zone, GGU 245 964, L89/9, 

L VR 1 .4682, MI 3545. 

Figs 4-6. Wanaeafimbriata Sarjeant, 1961 .  Fig. 4: (probably Lamberti ammonite zone) GGU 

245 974, L92/3, L VR 1 .4588, MI 3456. Figs 5-6: (Lamberti / Mariae ammonite zones) GOU 

245974, L92/8, L VR 1 .4560-59, MI 3430. Magnification reduced approximately x 0.6 in Figs 

4-5 . 

Fig. 7. Wanaea digitata Cookson & Eisenack, 1958; Cordatum ammonite zone, GGU 245 

980, L152/7, L VR 1 .4734, MI 3594. 

Figs 8-9. Wanaea thysanota? Woollam, 1982, morphological transition to W. digitata and W. 
fimbriata respectively. Fig. 8: (probably Lamberti ammonite zone) GGU 245 973, LI 9 1 ,  L � 

1 .4546, MI 3420. Fig. 9: Cordatum ammonite zone, GGU 245 977, L193/8, L VR 1 .4703, "MI 

3564. 

Figs 10-11. Compositosphaeridium polonicum (Gorka, 1965) Erkmen & Sarjeant, 1 980. Fig. 

10: Tenuiserratum ammonite zone, GGU 234 1 59, K59/4, L VR 1 .4909, MI 3752. Fig. 11 :  

Densiplicatum ammonite zone, GGU 234 239, L 135/4, L VR 1 .4804, MI 3660. 

Fig. 12. Gonyaulacysta pectinigera (Gocht, 1970) Fensome, 1979, (pre-Athleta ammonite 

zone?) GGU 245 953, K48/3, LVR 1 .441 8, MI 33 16. 
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Figs 1-2. Scriniodinium crystallium (Deflandre, 1938) Klement, 1960, Glosense ammonite 

zone. Fig. 1 ;  GGU 234 168, L96/6, LVR 1 .4929, MI 3772. Fig. 2; GGU 234 168, L96/3, LVR 

1 .4944, MI 3786. 

Figs 3-4. Scriniodinium inritibile Fisher & Riley, 1980, Tenuiserratum ammonite zone. Fig. 

3: GGU 234 159, KS9/4, LVR 1 .4913 ,  MI 3756. Fig. 4: QGU 234 1 59, KS9/4, LVR 1 .4907, 

Mi l3750. 

fig. S. Endoscrinium galeritium (Deflandre, 1938) Vozzhennikova, 1967, Tenuiserratum 

ammonite zone, GGU 234 1 59, K59/7, L VR 1 .4895, MI 3738. 

Fig. 6. Endoscrinium luridium (Deflandre, 1938) Gocht, 1970, Tenuiserratum ammonite zone, 

GGU 234 155, KS8/7, LVR 1 .4850, MI 3703 . 

Figs 7-9. Tubotuberella dangeardii (Sarjeant, 1968) Stover & Evitt, 1978, Athleta ammonite 

zone. Fig. 7: GGU 245 964, L89/8, LVR 1 .45 10, MI3389. Fig. 8; GGU 245 964, L89/8, 

LVR 1 .45 16, MI 3395. Fig. 9: GGU 245 964, L89/9, LVR 1 .4686, MI 3549. 

Fig. 10. Tubotuberella apatela (Cookson & Eisenack, 1960) Ioannides et al. 1977, (Lamberti 

/ Mariae ammonite zones), GGU 245 974, L92/8, L VR 1 .4575, MI 3444. 

Fig. 11. Gonyaulacysta eisenackii (Deflandre, 1938) Lentin &·Williams, 1989, Athleta 

ammonite zone, GGU 245 964, L89/8, L VR 1 .4513, MI 3392. 

Fig. 12. Dingodinium jurassicum Cookson & Eisenack, 1958, Glosense ammonite zone, GGU 

234 1 77, K64/10, LVR 1 .4953, MI 3794. 
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Plate 3 

Figs l-3� Rigaudella aemula (Deflandre, 1938) Below, 1982. Fig. I :  Cordatum ammonite 

zone, GGU 245 980, Ll52/9, L VR 1 .4743, MI 3603. Fig. 2: Densiplicatum Zone, GGU 234 

241 ,  LI 1 3/3, LVR 1 .4837, MI 3692. Fig. 3: Cordatum ammonite zone, GGU 245 977, 

L193/4, LVR 1 .4724, MI 3585. 

Fig. 4. Rigaudellafilamentosa (Cookson & Eisenack 1958). Below, 1982, Cordatum 

ammonite zone, GGU 245 980, L1 52/4, LVR 1 .4755, MI 3614. 

Fig. S. Taeniophora iunctispina Klement, 1960 emend. Sarjeant & Gocht, 1984, Cordatum 

ammonite zone, GGU 245 980, L1 52/7, LVR 1 .4736, MI 3596. 

Fig. 6. Surculosphaeridium vestitum (Deflandre, 1938) Davey et al., 1966, Cordatum 

ammonite zone, GGU 245 980, L1 52/4, LVR 1 .4764, MI 3623. 

Fig. 7. Systematophora "scapula", Glosense ammonite zone, GGU 234 1 77, K64, LVR 

1 .4978, MI 3819. 
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:P1ate 4 

Figs 1-2. Rhyncodiniopsis cladophora (Deflandre, 1938) Below, 1981 .  Fig. 1 :  Tenuiserratum 

ammonite zone, GGU 234 1 55, K58/7, LVR 1 .4854, MI 3705. Fig. 2: Glosense ammonite 

zone, GGU 234 1 77, K64/6, L VR 1 .4976, MI 3817. 

Figs 4-5. Liesbergia scarburghense (Sarjeant, 1 964) Berger, 1986. Fig. 4: probably Lamberti 

ammonite zone, GGU 245 973, L191/8, LVR 1 .4533, MI 3408. Fig. 5: Athleta ammonite 

zone, GGU 245 969; Ll5 1/3, LVR 1 .4526, MI 3403. 

Figs 3 & 6. Gonyaulacysta cf. helicoidea (Eisenack & Cookson) Sarjeant, 196(?, Glosense 

ammonite zone. Fig. 3: GOU 234 177, K64/6, LVR 1 .4985, MI 3825. Fig. 6: GOU 234 1 77, 

K64/9, L VR 1 .4964, MI 3805. 

Fig. 7. Acanthaulax granuligera (Klement) Brenner, 1 988, Glosense Zone, GOU 234 177, 

K64/6, LVR 1 .4972, MI 3813 .  

Figs 8-9. Gonyaulacystajurassica (Deflandre) Sarjeant, 1982. Fig. 8 :  Densiplicatum 

ammonite zone, GOU 234 241 ,  Ll 13/3� LVR 1 .4825, MI 3680. Fig. 9: Tenuiserratum 

ammonite zone, GGU 234 155, K58/7, L VR 1 .4836, MI 3706. 

Fig. 10. Lithodiniajurassica (Eisenack) Gocht, 1975, Lamberti / Mariae ammonite zones, 

GOU 245 974, L92/8, L VR 1 .455 1 ,  MI 3424. 

Figs 11-12. Meiurogoyaulax cf. planoseptata Riding, 1987, Tenuiserratum ammonite zone. 

Fig. 11 :  GOU 234 155, K58/7, LVR 1 .4853 , MI 3704. Fig. 12: GOU 234 1 55, K58/7, LVR 

1 .4864, MI 3713 .  
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Plate s 

Figs 1-2. Nannoceratopsis pellucida (Deflandre) Evitt, 1961 . Fig. I: Athleta ammonite zone, 

GOU 245 969, L 15 1/3, LVR 1 .4524, MI 3401 . Fig. 2: Tenuiserratum ammonite zone, GOU 

234 159, K59/8, LVR 1 .4894, MI 3737. 

Figs 3-4. Mendicodinium groenlandicum (Pocock & Sarjeant) Davey, 1979. Lamberti 

ammonite zone; GOU 245 973, L191/8, LVR 1 .4534, MI 3409._Fig. 4: Cordatum ammonite 

zone, GOU 245 977, L193/4, L VR 1 .4726, MI 3587. 

Fig. 5. Chytroeisphaeridia chytroeides (Sarjeant, 1962) Downie & Sarjeant, 1965 emend. 

Davey, 1 979, Tenuiserratum ammonite zone, GOU 234 159, K59/4, LVR 1 .491 1 ,  MI 3754: 

Figs 6-7. Chytroeisphaeridia hyalina Raynauci, 1978, pre-Athleta ammonite zone, Fig. 6: 

GOU 245 953,  Ll07/4, LVR 1 .4500, MI 3379. Fig. 7: GOU 245 953, L107/6, LVR 1 .4491 ,  

MI 3372. 

Figs 8-9. Chytroeisphaeridia cerastes Davey, 1979, Tenuiserratum ammonite zone. Fig. 8: 

GOU 234 1 55, K58/7, LVR 1 .4845, MI 3699. Fig. 9: GOU 234 155, K58/7, LVR 1 .4860, MI 

3710. 

Fig. 10. Dissiliodinium hocneratum (Fenton et al.) Lentin & Williams, 1993, Lamberti/ 

Mariae ammonite zones) GOU 245 974, L92/8, LVR 1 .4567, MI 3436. 

Figs 11-12. Escharisphaeridia laevigata Smelror, 1988. Fig. 11: Glosense ammonite zone, 

GOU 234 177, K64/6, L VR 1 .4981 ,  MI 3822. Fig. 12: Densiplicatum ammonite zone, GOU 

234 241 ,  Ll 1 3/3, L VR 1 .4820, MI 3675. 
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Plate 6 

Figs 1-2. Pareodinia stegasta (Sarjeant) Below, 1990. Fig. 1: Tenuiserratum ammonite zone, 

GOU 234 1 59, K59/8, L VR 1 .4892, MI 3735. Fig. 2: Densiplicatum Zone, GOU 234 239, 

L135/8, L VR 1 .48 10, MI 3665. 

Fig. 3. Kalyptea diceras (Cookson & Eisenack) Fisher & Riley, 1980, Glosense ammonite 

zone, GOU 234 168, L96/3, L VR 1 .4945, MI 3787. 

Fig. 4. Paraevansia brachytelis (Fensome) Below, 1990, (pre-Athleta ammonite zone) GGU 

245 953, L107/4,_LVR 1 .4496, MI 3377. 

Fig. S. Evasia evittii (Pocock) Jansonius, 1986, Cordatum / Densiplicatum ammonite zones, 

GOU 245 980, L152/7, L VR 1 .4739, MI 3599. 

Fig. 6. Pareodinia groenlandica, Sarjeant, 1972, Cordatum ammonite zone, GGU 245 977, 

L193/4, LVR 1 .473 1 ,  MI 3592. 

Fig. 7. Protobatioladinium sp., Tenuiserratum ammonite zone, GGU 234 159, K59/8, L VR 

1 .4893, MI 3736. 

Fig. 8. Pareodinia ceratophora Deflandre, 1947, (pre-Athleta Zone) GGU 245 953,  L107/3, 

LVR 1 .4664, MI 3530. 

Fig. 9. Pareodinia ceratophora scopaeus (Sarjeant) Below, 1990, Athleta ammonite zone, 

GGU 245 969, L 15 1/2, L VR 1 .4622, MI 3489. 

Fig. 10. Pareodinia halosa (Filatofl) Prauss, 1989, Athleta ammonite zone, GOU 245 961 ,  

L87/6, LVR 1 .4650, MI 3516. 

Figs 11-12. Pareodinia prolongata Sarjeant, 1959. Fig. 11: Lamberti / Mariae zones GGU 

245 974, L92/3, L VR 1 .4596, MI 3464. Fig. 12: (pre-Athleta Zone) GGU 245 953, L107/5, 

LVR 1 .4477, MI 3359 . 
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Plate 7 

Figs 1-2. Ambonosphaera calloviana Fensome, 1979, Glosense am.monite zone. Fig. 1 :  GOU 

234 177, K64/9, .LVR 1 .4967, MI 3808. Fig. 2: GOU 234 168, L96/8, LVR 1 .4920, MI 3763. 

Fig. 3. Chlamydophorella ectotabulata Smelror, 1989, Cordatum ammonite zone, GOU 245 

977, L193/4, LVR 1 .472 1 ,  MI 3582. 

Fig. 4. Cassiculosphaeridia dictydia (Sarjeant, 1972) Riley and Fenton, 1982, Tenuiserratum 

ammonite zone, GOU 234 155, K58/7, L VR 1 .4861 ,  MI 371 1 .  

Fig. 5. Epiplosphaera bireticulata Klement, 1960, Glosense am.monite zone, GOU 234 1 77, 

K64, L VR 1 .4987, MI 3827. 

Figs 6-10. Sentusidinium spp. Fig. 6: Note apical archaeopyle with operculum (and apex) in 

situ, Cordatum / Densiplicatum am.monite zones, GOU 245 980, L152/4, LVR 1 .4770, MI 

3627. Fig. 7: Cordatum / Densiplicatum am.monite zones, GGU 245 980, Ll52/9, L VR 

1 .4744, MI 3604. Fig. 8: probably Lamberti ammonite zone GOU 245 973, L191/4, LVR 

1 .4602, MI 347 1 .  Fig. 9: Lamberti / Mariae ammonite zones GGU 245 974, L92, LVR 

1 .4582, MI 3450. Fig. 10: Glosense am.monite zone, GOU 234 177, K64/9, LVR 1 .4965, MI 

3806. 

Fig. 11 .  Sentusidinium rioultii (Sarjeant, 1968) Courtinat, 1989, Athleta ammonite zone, GOU 

245 964, L89/8, L VR 1 .4509, MI 3388. 

Fig. 12. Sentusidinium cf. erythrocomum Erlcmen & Sarjeant, 1980, Tenuiserratum ammonite 

zone, GOU 234 1 59, K59/4, L VR 1 .4916, MI 3759. 
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Figs 1-3. Glossodinium dimorphum (loannides et al.) Courtinat & Gaillard, 1980. Fig. I :  

Autissiodorensis ammonite zone GOU 234 105, K37/3, LVR 1 .2350, MI 1685. Fig. 2 :  

(Autissiodorensis Zone) GOU 234 106, K34/4, LVR 1 .23 16, MI 1656. Fig. 3 :  Eudoxus Zone, 

GOU 245 889, KlOl/6, L VR 1 .2 1 1 5, MI 1503. 

Figs 4-10. Occisucysta aff. monoheuriskos (Gitmez & Sarjeant) Jan du Chene et al. , 1986. 

Figs 4, 6, 7-8: Autissiodorensis ammonite zone GOU 234 106, K34/4, LVR 1 .23 14, MI 1 654; 

LVR 1 .2600, MI 1658 & LVR 1 .2321-22, MI 1659. Fig. 5: Elegans/Wheatlyensis ammonite 

zones GOU 234 123, K37/3, LVR 1 .2355, MI 1689. Fig. 9: Elegans/Wheatlyensis ammonite 

zones GOU 234123, K1 85/8, LVR 1 .2419, MI 1744. Fig. 10: Eudoxus ammonite zone GOU 

234102, K32/8, LVR 1 .2600, MI 1907. 

Fig. 11. Rhynchodiniopsis "machaera", Scitulus ammonite zone GOU 234 123, K185/8, LVR 

1 .2456, MI 1780. 
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Plate 9 

Figs l-6. Atopodinium haromense Thomas & Cox, 1988, Eudoxus/Autissiodorensis 

ammonite zones. Fig. I :  GOU 234 102, K32/8, LVR 1 .2596, MI 1902. Figs 2-3: GOU 234 

1 05, K37/2, LVR 1 .2370, MI 1702 & LVR 1 .2341 ,  MI 1_676. Fig. 4: GOU 234 105, K37/2, 

LVR 1 .2371 ,  MI 1703. Figs 5-6: GOU 234 106, K34/4, LVR 1 .2329, MI 1665. 

Figs 7-11 .  Atopodinium sp. Fig. 7: Eudoxus ammonite zone, GOU 245 894, Kl 02/6, L VR 

1 .2 175, MI 1545. Figs 8-1 1 ;  Eudoxus/Autissiodorensis ammonite zones. Fig. 8: GOU 234 

121 ,  K173/4, LVR 1 .2523, MI 1 836. Fig. 9: GOU 234 102, K32/8, LVR 1 .2589, MI 1895. 

Fig. 10: GOU 234 106, K34/4,tVR 1 .23 1 1 , MI 1652. Fig. 11 :  GOU 234 101 ,_K3 1/4, LVR 

1 .2294, MI 1637. Fig. 12: GOU 234 10 1 ,  K3 1/4, LVR 1 .2294, MI 1637. 
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Plate 10 

Figs 1-S. Ambonosphaera calloviana F ensome, 1979 with antapical flange in figs 1 ,2 & 5 and 

with latero-antapical invaginations / perforations in figs 3 & 4. Fig. I :  Elegans zone, GGU 

234 1 19, L128/3, LVR 1 .2406, MI 1734. Fig. 2: Wheatlyensis ammonite zone, GGU 234 121 ,  

Kl73/4, LVR 1 .2521 ,  MI 1 834. Figs 3-4: Autissiodorensis ammonite zone GGU 234105, 

K37/3, LVR 1 .2344, MI 1679. & LVR 1 .2361, MI 1693 . Fig. 5: Wheatlyensis ammoniote 

zone, GGU 234 121 ,  Kl 73/1 1 ,  L VR 1 .2473, MI 1796. 

Figs 6-7. Sirmiodinium grossii (Alberti) Warren, 1973 with round outline in fig. 6 and angular 

(pentagonal) outline in fig. 7. Fig. 6: Eudoxus ammonite zone, GGU 245 896, Ll48/9, L VR 

1 .2256, MI 1606. Fig. 7: GGU 245 873, K97/7, LVR 1 .2077, MI 1472. 

Fig. 8. Senoniasphaera jurassica (Gitmez & Sarjeant) Lentin & Williams, 1 976, 

Wheatlyensis ammonite zone, GGU 234 121,  K173/4, LVR 1 .2529, MI 1 842. 

Fig. 9. Sirmiodinium grossii var.?, Eudoxus ammonite zone, GGU 245 896, Ll48/9, L VR 

1 .2260, MI 1609. 

Figs 10-11. Senoniasphaera ''janei'� Fig. 10: Wheatlyensis ammonite zone, GOU 234 121 ,  

Kl  73/1 1 ,  L VR 1 .2478, MI 1 801 .  Fig. 11 :  Scitulus ammonite zone GGU 234 123, Kl 85/4, 

L VR 1 .2435, MI 1759. 
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Plate ll 

Figs 1-2. Apteodinium sp. Fig. 1 :  Coarse and thickwalled, Eudoxus ammonite zone, GGU 234 

1 06, K34/4, L VR 1 .2304, MI1647. Fig. 2: Thinwalled and shorter apical horn, 

Elegans/Wheatlyensis ammonite zones, GGU 234 121 ,  K173/1 1 ,  LVR 1 .2469, MI 1791 . 

Fig. 3. Cf. Apteodinium sp., partly hyaline and with weak parasutures, no sculpture, 

Elegans/Wheatlyensis ammonite zones, GGU 234 121 ,  Kl 73/1 1 ,  L VR 1 .25 16, MI 1830. 

Figs 4-S. Gonyaulacyst "dualis ". Fig. 4: Elegans/Wheatlyensis ammonite zones, GGU 243 

10 1 ,  K3 1/4, LVR 1 .2293, MI 1636. Fig. S: Eudoxus ammonite zone, GGU 245 896 L148/9, 

LVR 1 .2257, MI 1607. 

Figs 6-8. Gonyaulacystajurassica Fig. 6: Eudoxus ammonite zone, GGU 245 896 Ll48/9, 

L VR 1 .2249, MI 1 596. Fig. 7: Eudoxus ammonite zone, GGU 245 896 L148/9, L VR 1 .2248, 

MI 1 599. Fig. 8: Eudoxus ammonite zone, GGU 234 102, K32/8, LVR 1 .2602, MI 1909. 

Figs 9-11. Acanthaulax granuligera. Fig. 9: Eudoxus ammonite zone, GGU 234 10 1 ,  K3 1/4, 

LVR 1 .2292, MI 1635. Fig. 10: Elegans/Wheatlyensis ammonite zones, GGU 234 121 , 

Kl 73/1 1 ,  L VR 1 .2292, MI 1635. Fig. 11 :  Elegans/Wheatlyensis ammonite zones, GGU 234 

121 , K173/ll, LVR 1 .2492, MI 1812. 

Fig. 12: Circulodinium distinctum, Elegans/Wheatlyensis ammonite zones, GGU 234 121 ,  

Kl 73/1 1 ,  L VR 1 .2475, MI 1599. 
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Figs 1-3. "Endoscrinium" i"egularis (Cookson & Eisenack) Stover & Evitt, 1978. Fig. 1: 

Eudoxus ammonite zone, GOU 245 896, L148/9, LVR 1 .2253, MI 1603 . Figs 2-3: Eudoxus 

ammonite zone, GOU 234 10 1 ,  K3 l/7, L VR 1 .2262, MI 161 1 & L VR 1 .2265, MI 1612. 

Figs 4-5. Scriniodinium luridum (Deflandre) Klement, 1960, Autissiodorensis ammonite 

zone) GOU 234 105, K37/3, LVR 1 .2348, MI 1683 & LVR 1 .2364, MI 1696. 

Figs 7. Scriniodinium luridum var.?,Scitulus ammonite zone GOU 234 1 1 1 , Kl 70/3, L VR 

1 .2574, MI 1882. 

Figs 6 & 8. Scriniodinium cf. crystallinum (Deflandre) Klement, 1960, Scitulus ammonite 

zone). Fig. 6: GOU 234 1 1 1 , Kl 70/3, L VR 1 .2570, MI 1878. Fig. 8: GOU 234 123, K185/4, 

LVR 1 .2422, MI 1747. 

Figs 9-10. Scriniodinium galeritum (subsp.fornicatum?) (Deflandre) Klement, 1 960 Scitulus 

ammonite zone GOU 234 123, K1 85/4, LVR 1 .2430-3 1 ,  MI 1755. 

Fig. 1 1. Scriniodinium sp. (granular), Autissiodorensis ammonite zone, GOU 234 1 06, K34/4, 

LVR 1 .2302, MI 1645. 
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Plate 13 

Figs 1-2. Leptodinium arcuatum (Klement) Sarjeant, 1984, Eudoxus /Autissiodorensis 

ammonite zones, GOU 234 102, K32/8, L VR 1 .2582, MI 1 890 & L VR 1 .2588, MI 1 894. 

Fig. 3. Leptodinium millioudii (Sarjeant) Sarjeant, 1969, Autissiodorensis ammonite zone 

GOU 234 105, K37/3, L VR 1 .2353, MI 1687. 

Figs 4-6. Leptodinium subtile Klement, 1960. Fig. 4: ventral view; Eudoxus ammonite zone, 

GOU 234 10 1 ,  K3 l/4, L VR 1 .2287, MI 163 1 .  Fig. S: lateral view; Autissiodorensis ammonite 

zone GOU 234 105, K37/3, L VR 1 .2345, MI 1680. Fig. 6: with vertically elongated fenestrae 

in the sutural membranes; Wheatlyensis ammonite zone, GOU 234 121 ,  Kl 73/1 1 ,  L VR 
1 .2498, MI 18 17. 

Figs 7-8. Leptodinium cf. subtile Klement, 1960 in both cases with strongly perforated sutural 

membranes. Fig. 7: Autissiodorensis ammonite zone GOU 234 105, K37/2, LVR 1 .2372, MI 

1704. Fig. 8. Scitulus ammonite zone GOU 234 123, K1 85/3, L VR 1 .2447, MI 1770. 

Figs 9-10. Tubotuberella egemenii (Gitmez) Stover & Evitt, 1978, Mutabilis / Eudoxus 

ammonite zones, GOU 245 876, K98/7, LVR 1 .2098, MI 1488 & LVR 1 .2 101 ,  MI 149 1 .  

Fig. 11. Tubotuberella sphaerocephalis Vozzhennikova, 1967, Wheatlyensis ammonite zone, 

GOU 234 121 ,  K173/l l ,  LVR 1 .2509, MI 1 825. 

Fig. 12. Tubotuberella apatela (Cookson & Eisenack) Sarjeant, 1982, Scitulus ammonite zone 

GOU 234 127, K40/7, LVR 1 .2552, MI 1 863 . 
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Plate 14 

Figs 1-2. Epiplosphaera bireticulata Klement, 1960, Wheatlyensis ammonite zone, GGU 234 
121 ,  Kl 73/1 1 ,  L VR 1 .25 12, MI 1 827 & L VR 1 .2515, MI 1829. 

Figs 3-4. Epliplosphaera "cingulatum". Fig. 3: Wheatlyensis ammonite zone, GGU 234 121 ,  
Kl 73/4, L VR 1 .2520, MI 1833. Fig. 4 :  Autissiodorensis ammonite zone GGU 234105, 

K37/3, LVR 1 .2480, MI 2362. 

Fig. 5. V alensiella sp., Wheatlyensis ammonite zone, GGU 234 121 ,  Kl 73/1 1 ,  L VR 1 .2480, 

MI 1 803 . 

Figs 6-7. Chlamydophorella sp., periphragm only partly preserved, Wheatlyensis ammonite 
zone, GGU 234 121 ,  Kl73/1 1 ,  LVR 1 .2491 ,  MI 181 1 & LVR 1 .2501 ,  MI 1 820. 

Fig. 8. Sentusidinium cf. rioultii (Sarjeant) Courtinat, 1989, Elegans ammonite zone, GGU 

234 1 19, L128/3, LVR 1 .2388, MI 1719. 

Figs 9-10. Sentusidinium pelionense Fensome, 1979 with and without attached operculum. 
Fig. 9: Wheatlyensis ammonite zone, GGU 234 121 ,  Kl 73/1 1 ,  L VR 1 .2470, MI 1792. Fig. 
10: Scitulus ammonite zone GGU 234 127, K40/7, LVR 1 .2543, MI 1855. 

Fig. 11. Cf. Heslertonia sp., Elegans ammonite zone, GGU 234 1 19, L128/3 , LVR 1 .2467, 
MI 1 735.  

Fig. 12. Lithodinia sp., Elegans ammonite zone, GGU 234 1 19, L 128/2, L VR 1 .2417, MI 
1742. 
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Plate 15 

Figs 1-2. Prolixosphaeridium granulosum (Detlandre) Davey et al. , 1966. Fig 1 :  Scitulus 

ammonite zone, GOU 234 123, Kl 85/4, L VR 1 .2441 ,  1\11 1764. Fig. 2: Fairly similar to 

Prolixospaeridium jloccum, Wheatleyensis Zone, GGU 234 121 , Kl 73/4, L VR 1 .2522, 1\11 

1 835. 

Figs 3-S. Cleistosphaeridium tribuliferum (Sarjeant) Davey et al. , 1969. Fig. 3: Eudoxus 

ammonite zone, GOU 245 896, L148/9, LVR 1 .2237, 1\11 1591 . Fig. 4: Scitulus ammonite 

zone GOU 234 127, K40/7, LVR 1 .2553, 1\11 1 864. Fig. S: Wheatlyensis ammonite zone, 

GOU 234 121 ,  Kl 73/1 1 ,  L VR 1 .2483, 1\11 1806. 

Fig. 6. Cleistosphaeridium sp., Scitulus ammonite zone, GOU 234 127, K40/7, LVR 1 .2538, 

1\11 185 1 .  

Fig. 7-8. Kleithriasphaeridium telaspinosum (Fisher & Riley) Lentin & Williams, 198 1 ,  

Wheatlyensis ammonite zone, GOU 234 121 ,  K 173/1 1 ,  LRV 2500, 1\11 18 19  & L VR 1 .25 1 8, 

1\11 1832. 

Figs 9-11. Avellodinium cf.falcificum Duxbury, 1977. Fig. 9: Scitulus ammonite zone GOU 

234 123, K1 85/4, LVR 1 .2439, 1\11 1763 . Fig. 10: Eudoxus ammonite zone, GOU 245 891 ,  

Kl0l/8, L VR 1 .2147, 1\11 1 528. Fig. 11 :  Mutabilis ammonite zone, GOU 245 875, K168/7, 

L VR 1 .2092, 1\11 1483. 

Fig. 12. Hystrichodinium sp. (?cf. Furzidinium sentum), Elegans ammonite zone, GOU 234 

1 19, L128/3, L VR 1 .2374, 1\11 1706. 
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Plate 16 

Figs 1-S. Perisseiasphaeridium pannosum Davey & Williams, 1966. Fig. 1 :  Detached 

operculum, Mutabilis / Eudoxus ammonite zone, GGU 245 876, K.98/7, L VR 1 .2096, MI 

1487. Fig. 2: Eudoxus ammonite zone, GGU 245 889, KlOl/6, L VR 1 .2 1 10, MI 1499. Fig. 3: 

Autissiodorensis ammonite zone GGU 234 106, K34/4, LVR 1 .23 17, MI 1657. Fig. 4: 

Eudoxus ammonite zone, GGU 245 894, K102/6, LVR 1 .2174, MI 1 544. Fig. S: With 

processes similar to 0. patulum but clearly with cingular processes, Autissiodorensis 

ammonite zone GOU 234 106, K34/4, L VR 1 .2335, MI 1671 . Magnification of figs 2-3 is 

approximately x0.6 in relation to the standard size in this report. 

Fig. 6. Perisseiasphaeridium cf insolitum Davey, 1982, Scitulus ammonite zone GOU 234 

123, K43/4, L VR 1 .241 8, MI 1743 . 

Figs 7-8. Oligosphaeridium patulum Riding & Thomas, 1988. Fig. 7: Processes very similar 

to the P. pannosum type but without any cingular processes, Elegans Zone, GOU 234 1 19, 

L128/3, LVR 1 .2380, MI 171 1 ;  Fig. 8. Eudoxus I Autissiodorensis ammonite zone, GGU 

234105, K37/3, LVR 1 .2373, MI 1705. Magnificantion of figs 7-8 is approximately xl .2 in 

relation to the standard size in this report. 

Figs 9-11 .  Oligosphaeridium aff. patulum Riding & Thomas, 1988; all with short, distally 

wide processes; fenestration of processes varies significantly. Fig. 9: Eudoxus ammonite 

zone, GOU 245 894, K102/6, LVR 1 .2166, MI 1539. Fig. 10: Eudoxus / Autissiodorensis 

ammonite zones, GOU 234 105, K37/3, LVR 1 .2346, MI 168 1 .  Fig. 11:  (Scitulus ammonite 

zone) GOU 234 127, K40/7, LVR 1 .2546, MI 1857. 
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Plate 17 

Fig. 1. Adnatosphaeridium "hartzi", GOU 245 896, L148/9, L VR 1 .2217, MI 1 579. 

Fig. 2. Adnatosphaeridium sp. 1 ,  Mutabilis ammonite zone, GOU 245 874, L143/8, L VR 

1 .2090, MI 1482. 

Figs 3-4. Adnatosphaeridium sp. 2, Fig. 3: Mutabilis ammoni� zone, GOU 245 873, K97 /7, 

L VR 1 .2084, MI 1477. Fig. 4: GOU 245 878, Ll44/7, L VR 1 .2067, MI 1464. 

Fig. 5. Rotosphaeropsis aff. thula (Davey) Riding & Davey, 1989, Wheatlyensis ammonite 

zone, GGU 234121 ,  K173/l l ,  LVR 1 .2477, MI 1800. 

Fig. 6. Rotosphaeropsis thula (Davey) Riding & Davey, 1989, Wheatlyensis ammonite zone, 

GOU 234 121 ,  K173/4, LVR 1 .253 1 ,  MI 1 844. 

Figs 7-9. Systematophorafasciculigera Klement, 1960. Fig. 7: morphological transition from 

Perisseiasphaeridium cf. pannosum to Systematophorafasciculigera, Eudoxus ammonite 

zone, GGU 245 894, K102/6, LVR 1 .21 89, MI 1555. Fig. 8: Eudoxus ammonite zone, GGU 

245 896, L148/9, LVR 1 .2247, MI 1 598. Fig. 9: Wheatlyensis ammonite zone, GGU 234 121 ,  

K173/4, LVR 1 .2530, MI 1843. 

Figs 10-12. Pareodinia sp. C with clear cingulum and with 2a archaeopyle. Fig. 10: Scitilus 

ammonite zone, GGU 234 127, K40/7, LVR 1 .2533, MI 1 846. Fig. 11: Scitulus ammonite 

zone, GGU 234 123, K1 85/4, LVR 1 .2433, MI 1757. Fig. 12: Eudoxus ammonite zone, GGU 

245 891 , L 147/8, LVR 1 .2142, MI 1 523 . 
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Plate 18 

Figs 1-5, 7. Gochteodinia mutabilis (Riley) Below, 1990. Shape of main-body and length of 

antenna varies; all from Wheatlyensis ammonite zone, GOU 234 121 ,  Kl 73/4, /1 1 & /12. Figs 

1 & 4: LVR 1 .2468-67, MI 1 790. Fig. 2: LVR 1 .2490, MI 1 810. Fig. 3: LVR 1 .2457, MI 

178 1 .  Fig. 5: L VR 1 .25 1 1 ,  MI 1 826. Fig. 7: L VR 1 .2524, MI 1 837. Magnification of fig. 4 is 

approximately x 0.6 in relation to the other figures on the plate. 

Fig. 8. Gochteodini mutabilis var.?, short main-body and apical horn but otherwise very 

similar to G. mutabilis, Elegans/Wheatlyensis ammonite zones, GOU 234 127, K40/7, LVR 

1 .2547, MI 1 858. 

Figs 6, 9-12. Paragonyaulacysta capillosa (Brideaux & Fisher) Stover & Evitt, 1978. Fig. 6: 

Eudoxus / Autissiodorensis ammonite zones, GOU 234 105, K33/8, LVR 1 .2300, MI 1643. 

Figs 9-10: Eudoxus ammonite zone, GOU 234 lOl, K3 1/4, LVR 1 .2296, MI 1639 & LVR 

1 .2268, MI 1615. Fig. 11 :  Eudoxus ammonite zone, GOU 245 894, K102/6, LVR 1 .2201 ,  MI 

1564. Fig. 12: Eudoxus / Autissiodorensis ammonite zones, GOU 234 105, K33/8, L VR 

1 .2298, MI 1641 . 
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Figs 1-2. Ctenidodinium tenellum Deflandre, 1938. Fig. 1 :  Eudoxus / Autissiodorensis 

ammonite zones, GOU 234 105, K37/3, LVR 1 .2363, MI 1695. Fig. 2: Wheatlyensis 

ammonite zone, GOU 234 121 ,  Kl 73/1 1 ,  L VR 1 .2479, MI 1802. 

Fig. 3. Stephanelytron redcliffense (Sarjeant) Stover et al. , 1977, Elegans/Wheatlyensis 

ammonite zones GOU 234 127, K40/8, L VR 1 .2561 ,  MI 1870. 

Figs 4-5. Leiosphaeridia sp., smooth and partly degraded, respectively. Fig. 4: Mutabilis / 

Eudoxus ammonite zones, GOU 245 878, L 144/9, LVR 1 .2071 ,  MI 1466. Fig. 5: 

Wheatlyensis ammonite zone, GOU 234 121, Kl 73/1 1 ,  L VR 1 .248 1 ,  MI 1 804. 

Fig. 6. Leiosphaeridia sp. 2, very thin-walled, Wheatlyensis ammonite zone, GOU 234 12 1 ,  

K173/l l ,  LVR 1 .2493, MI 1 813 .  

Figs 7-9. ?Nummus similis (Cookson & Eisenack) Burger, 1980, with foveo-reticulate surface 

and circular aperture with thickened rim, approximately in "polar" position. Fig. 7: Eudoxus 

ammonite zone, GOU 245 896, L148/9, LVR 1 .2220, MI 158 1 .  Fig. 8: Autissiodorensis 

ammonite zone GOU 234 1 1 1 , Kl 70/6, L VR 1 .2563, MI 1873 . Fig. 9: GOU 245 894, 

K102/6, L VR 1 .2176, MI 1 546. 

Fig. 10. Pterospermella spp., Wheatlyensis ammonite zone, GOU 234 121 ,  Kl 73/12, L VR 

1 .2460, MI 1784. 

Figs 11-12. Veryhachium spp. Fig. 11 :  Eudoxus ammonite zone, GOU 234 101 ,  K3 1/4, LVR 

1 .2281 ,  MI 1627. Fig. 12: Autissiodorensis ammonite zone GOU 234 106, K34/4, L VR 

1 .2324, MI 1660. 
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flate 20 

Figs 1-2,4: Circulodinium downei comb. nov. (Acanthaulax downei Sarjeant 1960) 
Elegans/Wheatlyensis ammonite :zones, GGU 234 127, K40/3 . Fig. 1 :  LVR 1 .3748, MI 2467. 

Fig. 2: L VR 1 .3791 ,  MI 2795. Fig. 4: L VR 1 .3723, MI 2742. Fig. 3: Circulodinium downei 

comb. nov. (Acanthaulax downei Sarjeant 1960), Pseudoapertum ammonite zone, GGU 245 

676, L 1 1 5/3, LVR 1 .4158, MI 3 101 .  

Fig. 5 :  Circulodinium sp., Elegans/Wheatlyensis ammonite zones, GGU 234 121 ,  Kl  73/1 1 ,  

L VR 1 .2462, MI 1786 (possibly C. downez). 

Figs 6-8: Circulodinium sp. 2. Figs 6-7: Wheatlyensis ammonite zone, GGU 245 787, 

L142/2, LVR 1 .3861-62, MI 2861 . Fig. 8: Wheatlyensis/Pectinatus ammonite zone, GGU 245 

790, K47/2, L VR 1 .3907, MI 2890. Surface sculpture similar to sculpture of Trichodinium aff. 

ciliatum but clearly with an apical archaeopyle. 

Figs 9-11 :  Circulodinium sp. 3 (?Tenua hystrix Eisenack 1958). Fig. 9: Pseudoapertum 

ammonite zone, GGU 245 676, -Ll 15/7, LVR 1 .4148, Mi 3092. Fig. 10: Liostracus/Gracilis 

ammonite zones, GGU 245 686, Ll 17/9, LVR 1 .4141 ,  MI 3085. Fig. 11 :  Pectinatus/Rugosus 

ammonite zones, GGU 245 758, L140/2, L VR 1 .3989, MI 2960. 
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Plate 21 

Figs 1-3. Sentusidinium sp. C. Figs 1-2: Scitilus ammonite zone, GOU 234 127, K40/3, L VR 

1 .3728 & 3714, MI 2747 & 2744. Fig. 3: Iatriensis ammonite zone, GOU 245 758, L140/2, 

LVR 1 .3987, MI 2958. 

Figs 4-6. Sentusidinium sparsibarbatum Erkmen & Sarjeant, 1980. Figs 4-5: Cymodoce / 

Muta.bills ammonite zones, GOU 245 869, L84/3, LVR 1 .2749 & 275 1 ,  MI 2033 & 2035 .  

Fig. 6. Rosenkrantzi ammonite zone, GOU 245 826, V72/4, LVR 1 .2937, MI 2210. Spines 

with swollen, hollow bases. 

Fig. 7. Sentusidinium sp. D Fensome, 1979, Mutabilis / Eudoxus ammonite zones, GOU 245 

878, Ll44/7, L VR l .28F MI 2103 .  

Figs 8-9. Sentusidinium cf. sparsibarbatum. Fig. 8 :  Cymodoce / Mutabilis ammonite zones, 

GOU 245 869, L84/7, LVR 1 .2994, MI 2252. Fig. 9: Mutabilis ammonite zone, GOU 245 

873, K97/3, LVR 1 .301 8, MI 2273 . 

Fig. 10. Sentusidiniumpelionense Fensome, 1979, Pseudapertum ammonite zone, GOU 245 

676, L1 15/3, LVR 1 .4 183 ,  MI 3120. 

Figs 11-12. Pyxidiniopsis granulata (Ioannides et al. , 1977) Lentin & Williams, 1 985. Fig. 

11:  Hudlestoni ammonite zone, GOU 245 790, Ll 1 5/3, L VR 1 .3925, MI 291 1 .  Fig. 12: 

Wheatlyensis / Hudlestoni ammonite zones, GOU 245 787, L142/8, LVR 1 .3887, MI 2880. 
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Plate 22 

Figs 1-3: K.leithriasplllleridium porosispinum Davey, 1982, Pseudoapertum ammonite zone, 

GOU 245 673, K227/7, LVR 1 .41 85-86 & 4192, MI 3 122 & 3 127. 

Figs 4-6. Cribroperidinium granulatum group. Figs 4-5: Pseudapertum ammonite zone, 

GOU 245 676, L1 1 5/3, LVR 1 .4176 & 4161 ,  MI 3 1 1 5  & 3104. Fig. 6: Liostracum ammonite 

zone, GOU 245 686, Ll 17/3, LVR 1 .41 3 1 ,  MI 3077. 

Figs 7-9. Cribroperidinium cf. longicorne (Downie) Lentin & Williams, 1985, Liostracum 

ammonite zone, GOU 245 686, Ll 17/3, LVR 1 .4020-1 & 4124, MI 3069 & 3072. (Figs 7 & 9 

with reduced magnification; x 0.6). 

Figs 10-12. Rhyncodiniopsis pennata Fisher & Riley, 1980. Fig. 10: Eudoxus ammonite zone, 

GOU 245 891 ,  L147/3, LVR 1 .3602, MI 2632. Fig. 11:  Scitulus ammonite zone, GOU 234 

127, K40/3, L VR 1 .3734, MI 2632. Fig. 12: Wheatleyensis / Hudlestoni ammonite zones, 

GOU 245 790, K47/2, LVR 1 .3923, MI 2909. 
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Plate 23 

Figs 1-3. Kleithriasphaeridium telaspinosum (Fisher & Riley) Lentin & Williams, 1981 , 
Wheatlyensis ammonite zone, GGU 234 121 ,  K173/4, LVR 1 .25 18- 19, MI 1 832 & LVR 

1 .2500, MI 18 19. 

Figs 4-6. Kleithriasphaeridium cf. corrugatum Davey, 1974. Fig. 4: Liostracus - Ilovaisky 

ammonite zones, GGU 245 686, Ll 1 7/3, L VR 1 .4127, MI 3073. Figs S-6: Pseudapertum 
ammonite zone, GGU 245 676, LI 15/7, L VR 1 .4145-46, MI 3089-90. 

Figs 7-8. Dichadogonyaulax cumula (Norris, 1965) Loeblich & Loeblich, 1968� Fig. 7: 
Anguinus ammonite zone, GGU 234 196, L53/10, _LVR 1 .4198, MI 3 132. Fig. 8: 

Pseudapertum ammonite zone, GGU 245 673, K227/6, LVR 1 .4193, MI 3128. 

Fig. 9. Avellodinium cf.falcificum Duxbury, 1977, Wheatlyensis / Hudlestoni Zones, GGU 

245 787, L142/8, LVR 1 .3892, MI 2883. 

Fig. 10. Systematophora fasciculigera Klement, 1960, Communis / Rugosa ammonite zones, 

GOU 245 894, Kl02/6, LVR 1 .2189, MI 1 555. 

Fig. 11. Kleithriasphaeridiumporosispinum Davey, 1982, Anguinus Zone, GGU 234 198, 

L54/10, LVR 1 .4326, MI 3235. 
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Plite 24 

Figs 1-2. Senoniasphaera ''janei'' . Fig. I:  Pseudoapertum ammonite zone, GOU 245 676, 

LI  1 5/3, LVR 1 .4154, MI 3098. Fig. 2: LVR 1 .3903, MI 2892, GOU 245 790, K47/2. 

Fig. 3. Muderongia sp. A Davey, 1982, Anguinus ammonite zone, GOU 234 1 96, L53/10, 

LVR 1 .4196, MI 3 1 3 1 .  

Figs 4-5. Tubotuberella ''sphaerocephalis" Vozzhennikova, 1967. Fig. 4 :  Wheatlyensis 

ammonite zone, GOU 234 121 , K173/1 1 ,  LVR 1 2509, MI 1825. Fig. 5: Wheatlyensis /  

Hudlestoni amm.onite zones, GGU 245 787, L142/8LVR 1 .3886, MI 2879. 

Fig. 6. Mendicodinium groenlandicum (Pocock & Sarjeant 1972) Davey, 1979, Pseudapertum 

amm.onite zone, GOU 245 676, LI  1 5/3, LVR 1 .3996, MI 3103 .  

Figs 7-9. Escharisphaeridia pocockii (Sarjeant 1968) Erkmen & Sarjeant, 1980, ( Canningia 
cf. compta, Statoil). Fig. 7: Eudoxus ammonite zone, GOU 245 891 ,  L 147/3, LVR 1 .3605, MI 

2634. Fig. 8: Cymodoce / Mutabilis ammonite zones, GOU 245 869, L84/7L VR 1 .3004, MI 

2261 .  Fig. 9: Eudoxus amm.onite zone, GOU 245 891 ,  L147/3, LVR 1 .3603, MI 2633. 

Figs 10-12. Trichodinium ''simplicum ". Fig. 10: Scitulus ammonite zone, GOU 234 127, 

K40/7, L VR 1 .2550, MI 1 861 . Fig. 11:  Wheatlyensis / Hudlestoni amm.onite zones, GOU 245 

790, K47/2, LVR 1 .392 1 ,  MI 2907. Fig. 12: Scitulus amm.onite zone, GOU 234 123, K1 85/4, 

L VR 1 .3432, MI 1756. 
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