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JURASSIC AND LOWERMOST CRETACEOUS 
DINOFLAGELLATE CYST BIOSTRATIGRAPHY 

OF THE RUSSIAN PLATFORM AND 
NORTHERN SIBERIA, RUSSIA 

James B. Riding, Valentina A. Fedorova and Vera I. Ilyina 

Abstract 
The Jurassic to lowermost Cretace0.m (Upper PLiensbachian to 
Ryazanian)strataof theRussianPlatformandnorthern EastSiberia 
have yielded well preserved and diverse palynomorph assem- 
blages, including abundant dinoflagellate cyst floras. 

The uppermost Miensbachian to Upper Toarcian of northern 
East Siberia produced abundant dinoflagellate cyst floras of rela- 
tively low species diversity. This interval is subdivided into three 
dinoflagellate cyst interval biozones, one of which is subdivided 
into & dinohgellate cyst interval subbiozones. The genus 
Nannoceratopsis normaUy dominates the associations and is espe- 
cially in he uppermost Pliensbachian and ~ o w e r  
Toarcian. The Parvocysta suite, including Phallocysta, is present 
throughout the Upper Toaxcian of this region. At certain horizons 
in the Upper Toarcian, Phallocysta eumekes is extremely abundant. 
The latter species and Valvaeodinium aquilonium are deemed to 
have Boreal affinities. The Lower Callovian of Anabar Bay yielded 
typically Boreal dinoflagellate cyst associations with prominent 
Crussolin dalei and Paragonyaulaysta retiphragmata. This isolated 
assemblageis notassigned to a dinoflagellatecystintervalbiozone. 

Bathon& to ~ ~ a - a n  sections from the Russian Platform 
yielded abundant dinoflagellate cyst floras. These assembIages 
from the central Russian Platform (Moscow-Volga Basin) and 
seclions on the banks of the River Izhma and River Pizhrna in the 
more northerly Pechora Basin are subdivided into ei~hteen di- 
noflagellate cyst interval. biozones. The Bathonian diGflagellate 
cyst associations are of relatively low species diversity. 
hotobatioladinium elatmaensis and ~~otobafiol&inium? elongah;m 
are biomarkers for the early-late and latest Bathonian respectively 
of the Russian Platfom and appear to be endemic to this area. The 
CaUovian and Oxfordian strata of the Russian Platform are 
characterised by abundant and diverse dinoflagellate cysts, many 
species of which have wide geographical distributions throughout 
the Northern Hemisphere. In the early and mid Callovian, the 
diversity is relatively low. Lower Callovian associations are inter- 
preted to be mixed Boreal-Sub-Boreal and include prominent 
Chytroeisphaeridia hyalina and Fromea tornaiilk; Parngonyaulacysh 
retiphragmata is also present. However, from the late Callovian to 
the mid Oxfordian, dinoflagellate cyst increased mark- 
edly and the stratigraphic r&es of icy taxa are;rirtually identical 
with those established throughout western and eastern Europe. 
These key taxa include ~h~tro&~haridiaceraste~ ~russoliad$and;ei, 
Ctenlnodinium continuum and Scrinwdinium cystallinurn. At the 
Middle-Upper Oxfordian boundary, many Callovian-Oxfordian 
forms apparently became extinct. There is no similar species turn- 
over at the Oxfordian-Kimmeridgian boundary and this situation 
is similar to that in western Europe. In the late Oxfordian, several 
typically Kimmeridgian elements emerged. Cribroperidinium 
globalum, Dingodiniumspp. andSubtilisphera7 spp, areail common 
in the Kimmeridgian of the central Russian Platform. The late 
Oxfordian to Ryazanian of the Russian Platform typically yields 
lower diversity dinoflagellate cyst assoaations as compared with 
western Europe, however many taxa are present in both regions. 
These widespread forms include Glossodinium dimorphum, 

Gochteodinia villosa, Occisucysta balios, Oligosphaeridium patulurn, 
Perisseiasphaeridiumpannosum and Senoniasphaera jurassica. Certain 
Upper Jurassic taxa appear to have younger range bases in the 
Russian Platform than in western Europe. 

1 INTRODUCTION 
The aim of this contribution is to present the initial 

results of an investigation into the Jurassic-lowermost Cre- 
taceous dinoflagellate cyst biostratigraphy of the central 
and northern Russian Platform and northern East Siberia. 
A Pliensbachian to Ryazanian dinoflagellate cyst 
biozonation is proposed and the palynofloras are com- 
paredwith coeval assemblages fromnorthwest Europe and 
other regions. It is hoped that the results will help to assess 
microplankton provincialism in the Northern Hemisphere 
and contribute to the eventual formulation of a pan-Euro- 
pean Mesozoic palynozonation. There are few published 
datain the western literature on the Jurassic and Cretaceous 
stratigraphic palynology of Russia and the surrounding 
states. Despite the relatively recent breakup of the Soviet 
Union, Russian scientific literature is still difficult to obtain 
in the west and language differences form another barrier 
to communication for English-speaking workers. 

The samples studied are from the Russian Platfonn (the 
Moscow-Volga region of the central Russian Platform and 
the Pechora Basin) and northern East Siberia. Horizons 
were studied from the Upper Pliensbachh to Aalenian 
and the Lower Callovian of the River Lena Basin in north- 
em East Siberia (Siberian Platform), the Lower Toarcian of 
the Eastern Siberian Basin and the Bathonian to Ryazanim 
of the Russian Platform. (Text-Figures 1-5). The majority of 
the 187 samples studied are assigned to ammonite zones or 
jnformal fauna1 assoaations. For each sample, quantitative 
systematic dinoflagellate cyst data was generated. This 
data, together with the existing literature, was used to 
formulate the zonalscheme. Three intervalbiozones, one of 
which is subdivided into two interval biosubzones, are 
proposed for the latest Pliensbachian and Toarcian of north- 
em East Siberia. Eighteen interval biozones have been 
defined for the Bathonian to Ryazanian of the Russian 
Platform. 

2 GEOLOGIC AND STRATIGRAPHIC 
BACKGROUND 

The Jurassic and lowermost Cretaceous sedimentary 
rocks of Russia have a wide distribution and are present in 
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Text-Figure 1. Sketch map of the Russian Federation and adjacent states illustrating the principal Jurassic depocentres 
and structural features, which are enclosed by bold, solid lines. The intermittent bold line depicts the eastern boundary 
of the Russian Platform. DD - the Dnieper-Donetz Rift Basin; PB - the Pechora Basin; R S  - the Ryazan-Saratov Basin; 
VA - the Voronezh Structural High. Adapted from Krymholts and Tazikhin (1972, text-fig. l )  and Krymholts et al. (1 988, 
text-fig. 1). 

a variety of facies types, from open marine to paraJic. 
Several depocentres were developed during the Jurassic 
and earliest Cretaceous within the Russian Platform and 
throughout Siberia (Text-Figure 1); these were largely of 
platform type and were covered by Boreal epicontinental 
seas. Mesozoic strata drape the several major pre-Jurassic 
tectonic structures. However, the Jurassic successions gen- 
erally conformably overlie Triassic or Paleozoic strata. The 
Jurassic stratigraphy of the former Soviet Union was re- 
viewed by ~ o l t s  et al. (1988). 

2.1 THE RUSSIAN PLATFORM 

2.1.1 History and scope of study of the Juras- 
sic in the Central Russian Platform 

The Jurassic and lowermost Cretaceous sediments of 
the CentraI Russian Platform (Moscow Basin) were the 
subject of the earliest seatigraphic researchesinRussia. For 
example, in the mid 19th century, L. Buch, E. Eichwald, K. 
F. Rouillier and H. Trautschold established the majority of 
the Russian Jurassic stage subdivisions and described vari- 
ous macrofossil faunas (e.g. Buch, 1840). 

During the early 20th century, workers such as A. A. 
Borysjak, D. I. Ilowaiskyl, I. I. Laguzen, A. 0. Mikhalskyi, 
S. P. Nikitin, A. P. Pavlov, A. N. Rosanov, I. F. Sintsov and 
D. N. Sokolov were involved in a second period of study 
(Krymholts and Tazikhin, 1972). S. P. Nikitin carried out 
geologic mapping in the Podmoscowje and Volga river 
basins. The uppermost Jurassic was referred to as the 
YolgianFormation' onmacrofaunalevidence. A. P. Pavlov, 
while researching the Jurassic in Povolzhje, established the 
stage subdivision of the Upper Jurassic and made the first 
correlations with western Europe. 

The third period of study began after the Second World 
War and was characterised by extensive geologc mapping. 

At this time, researches in European Russia were carried 
outbyV.1. Bodylevskyi,P. A. Gerasimov,V. G. Kamysheva- 
Elpatjevskaja, V. P. Makridin, M. P. Mikhailov, N. P. 
Mikhailov, N. T. Sazonov, I. G. Sazonova and T. N. Zonov 
(Krymholts and Tazikhin, 1972). Themarine Upper Jurassic 
was subdivided into ammonite zones and subzones which 
facilitated detailed correlations with surrounding regions 
in the Northern Hemisphere. 

The present period, i.e. since the early 1970s, is 
characterised by the refinement of regional western Rus- 
sian biostratigraphic schemes (Meledina et al., 1979; 
Mesezknikov, 1984a,b; Mesezhnikov et al., 1989; Alexseev 
and Repin, 1986). There have been many studies of the 
Jurassic ammonite faunas of the entire Russian Platform 
and local zonations have been formulated (Meledina, 1987; 
1994; Krymholts et al., 1988). These have largely been 
successfully correlated throughout Russia and with the 
standard ammonite zonation developed in western Eu- 
rope; this has helped other correlations based on different 
fossil groups. The Jurassic biostratigraphy of other fossil 
groups has been developed, these include bivalves 
(Zakharov, 1981), belemnites (Nalnjaeva, 1986) and fora- 
minifera (Grigjalis, 1978, '1985; Azbel et al., 1986). 

The Lower Jurassic and the Aalenian to Bathonian of 
the central Russian Platform is subdivided using isolated 
ammonite horizons. By contrast, the Callovian to 
Kimmeridgian ammonite zonation has been developed in 
detail, it comprises some local zones and can be readily 
correlated to the European standard. The central Volga 
River Basin is the stratotype for the Volgian Stage, the 
terminal stage of the Jwassic in the Boreal Realm (Text- 
Figure 5). The correlation of the Volgian and Portlandian 
stages is satisfactory (Casey and Mesezhnikov, 1986); 
however, profound problems remain in the correlation of 
the Volgian and Tithonian stages (Casey et al., 1977). 
Although the bases of the Volgian and Tithonian are 
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Text-Figure 2. Sketch map of the River Lena Basin, northern East Sjberia illustrating seven of the eight Siberian sample 
localities. This region has an extremely complex drainage pattern. The major rivers are included, however, only the minor 
rivers etc. necessary to illustrate the positions of the sample localities are shown. The inset map illustrates the area 
depicted in the main map. Localities 1-7: l = West bank of the River Anabar; 2 = West coast of Anabar Bay; 3 = Sobo 
Creek, River Marcha; 4 = Borehole 141, Khatirik-Khorno; 5 = Bank of the River Kelimjar; 6 = Bank of the River Marcha; 
7 = Bank of the River Motorshuna. 
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ASTRONOMITSCHESKII 

Text-Figure 3. Sketch map of part of Eastern Siberia, illustrating the position of the Astronomitscheskii Creek sample 
locality in the River Kedon Basin. This region has a complex drainage pattern. The major river, the River Kolyma, is 
Nustrated; however, only the minor rivers etc. necessary to illustrate the position of Astronomitscheskii Creek are 
included. The inset map illustrates the area depicted in the main map. 
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---_ -----____ ____----- ARCTIC CIRCLE -- 

Text-Figure 4. Sketch map of the seven sample localities on the banks of the Rivers lzhma and Pizhma in the Pechora 
Basin, northern Russian Platform. This region hasa complexdrainage pattern. Major rivers are included; only the minor 
rivers necessary to illustrate the positions of the sample localities are shown, however. The inset map i[lustrates the 
area depicted in the main map. Localities 1-7: 1 = outcrop 12, near Stepanov Village, west bank of the River Pirhma; 
2 = outcrop 73, near Churkin Village, east bank of the River Pizhma; 3 = outcrop 9, west bank of the River Izhma; 4 
= outcrop 7, west bank of the River Izhma; 5 = outcrop 15, west bank of the River Izhma; 6 = outcrops 12 and 13, west 
bank of the River Pizhma; 7 = outcrops 16 and 17, east bank of the River lzhma 
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PENZA 

Text-Figure 5. Sketch map of the seven sample localities in the central Russian Platform. The drainage pattern of the area 
has been simplified; only the rivers etc. necessary to illustrate the positions of the sample localities are shown. The inset 
map illustrates the area depicted in the main map. Localities 1-7: 1 = Borehole 132, near Elatrna; 2 = Inkino; 3 = Banks 
ofthe River Unzha, near Makaryev; 4 = Gorodische; 5 = Kashpir; 6 =Outcrops 12 and 13, Kuzminskoje, River Oka Basin; 
7 = Outcrop 6, River Black, River Oka Basin. 
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correlatable, the durations of these stages cannot be deter- 
mined precisely. Part of the Upper Volgian (the Nodiger 
Zone in Mesezhnikov, 1984a) or all of this substage may be 
partially Ryazanian (Davey, 1979; Zeiss, 1979; 1986; Sey 
and Kalacheva, 1993; Fedorova, 1996). 

2.1.2 History and scope of study of the 
Jurassic in the Pechora Basin 

The Jurassic deposits of the Pechora Basin (Text-Figures 
1 and 4) were first recognised by Keiserling (1846), who 
referred all the strata to the Oxfordian. Subsequently, I. I. 
Laguzen, S. N. Nikitin, A. A. Shtukenshcheider and F. N. 
Tchernyshev first researched the Jurassic macro- 
palaeontology of this region (Krymholts and Tazikhin, 
1972). The Timan expedition of F. N. Tchernyshev in 1889- 
1890 discovered Callovian to Volgian macrofaunas. Inten- 
sive geologic research on the Pechora Basin was initiated 
through the drilling of a series of boreholes in the 1960s and 
19705, w h i c h ~ e r  improved the regional geologic frame- 
work (Krymgolts and Tazikhin, 1972). During the 1960s 
and 1970s, the modern Jurassic subdivision of this region 
was developed principally by Bodylevskyi (1963), 
Bodylevskyi et al. (1972); Sazonov (1965), Kravets (1966) 
and Kravets et al. (1976). Other modern works on the 
Jurassic and lowennost Cretaceous geology, biostratigra- 
phy and paleontology of the Pechora Basininclude: Golbert 
and KLimova, (1974); Jakovleva (1982; 1985); Tchirva and 
Jakovleva (1982; 1983); Mesezhnikov (1984a); Shulgha and 
Tchwa (1986); Tchirva and Kulikova (1986; 1993); Meledina 
(1987; 1994);Mesezhnikov et al. (1989);Tchirva (1989; 1990); 
Morakhovskaya and Tchirva (1990); nyina (1991a) and 
Meledina and Zakharov (1996). 

In the Pechora Basin, the distribution of Jurassic and 
lowermost Cretaceous deposits i s  limited to the so-called 
Pechorian Syncline, where Jurassic sediments overlie Pa- 
leozoic and Triassic strata. In the Jurassic of this region, two 
principal facies are present. The oldest is Early and pre- 
CaUovianMid Jurassic and comprises dominantly lowstand 
sandstones and mudstones; the overlying complex is 
Callovian to earliest Cretaceous and is mainly highstand 
marine clays with diverse biotas. The Upper Jurassic out- 
crops on the rivers Izhma, Pizhma and Adzjva were used to 
formulate theammoniteand Buchia (bivalve) zonal schemes 
of Zakharov (1981). Abundant marine Jurassic foramin- 
iferal assemblages have been recorded throughout the 
Pechora Basin (Jakovleva, 1982). Tchirva and Kulikova 
(1993) described the Lower and MiddleJurassic palynofloral 
succession of the basin. The latest biostratigraphic scheme 
for the marine Jurassic of the Pechora Basinincludes twenty- 
nine ammonite zones, eight Buchia zones, fourteen fora- 
miniferal associations and four palynoflorules (Tchirva 
and Kulikova, 1993). 

2.1.3 Stage level syntheses of the entire 
Russian Platform 

Throughout the Russian Platform (Text-Figure l), the 
basal Jurassic strata are Bajocian paralic deposits which are 
underlain by Paleozoic and Triassic rocks (OEerjev, 1986; 
Tchirva and Kulikova, 1986). These Bajocian sediments 
include sandstones, siltstones and mudstones which are 
rich in miospores; plant macrofossils are especially com- 
mon in the Pechora Basin (Text-Figure 4). The rare occur- 
rences of ammonites and f o r a d e r a  in the uppermost 

Bajocian of the Voronezh Structural High and the Dnieper- 
Donetz Eft Basin indicate marine-incursions. 

There was amajor marine transgression in the Bathonian. 
h the Moscow Basin (Text-Figure l), there are alternating 
marine and non-marine Bathonian deposits. These beds 
contain miospores, dinoflagellate cysts, freshwater/brack- 
ish alga (Botryococcus braunii), f o r a d e r a  and rare bivalves 
(Olferjev, 1986; Ilyina, 1991a). In the Pechora Basin (Text- 
Figure 4), Bathonian sediments are fully marine and con- 
tain abundant ammonites, foraminifera and dinoflagellate 
cysts (Tchirva and Jakovleva, 1982; Ilyina, 1991a; Meledina, 
1994; Meledina and Zakharov, 1996). The discovery of the 
ammonites Oranicevas and Gonolkifes in theLower Bathonian 
of the Pechora Basin permit correlation with the Zigzag 
Zone of northwest Europe (Meledina, 1994; Meledina and 
Zakharov, 1996; Meledina et al., 1998). 

The early Callovian Bored transgression in the Russian 
Platform deposited widespread sbata yielding characteris- 
tic northern ammonite faunas which differ profoundly 
from coeval associations in northwest Europe. These 
highstand marine conditions continued throughout the 
succeeding Late Jurassic. The Callovian, Oxfordian and 
Kirnrneridgian strata of the Russian Platform are subdi- 
vided into twenty ammonite zones which can be satisfacto- 
rily correlated with the European Standard Zonation. Sig- 
nificant publications on the Callovian and Upper Jurassic 
biostratigraphy of the Russian Platform include 
Mesezhnikov (1984a), Mesezhnikov et al. (1986) and 
Meledina (1987). 

Callovian strata are thus widespread throughout the 
Russian Platform. In the Moscow Basin, heterolithic lower- 
most Calloviansediments unconformably overlie Bathonian 
strata. The early Callovian Boreal transgression brought 
cardiocerafid ammonites as far as the southern part of the 
Russian Platform. The Lower Callovian is dominated by 
mudstones; sandstones are well developed in the overlying 
Middle Callovian. Ammonites, belemnites, other 
macrofauna and palynomorphs are present throughout. 
Shallow marine deposition, indicated by oolitic faaes, was 
developedinthe 1owermostUpper Callovian (AtkletaZone) 
of the Moscow Basin. Freshwater/brackish alga and 
acritarchs (Botyococcus bratinii and Micrhystridium respec- 
tively) are frequently associated with this facies (Olferjev, 
1986; Ilyina, 199la;Tchirva and Kulikova, 1986). The Upper 
Callovian of the Pechora Basin is characterized by mud- 
stones containing the BoreaI ammonite Longaeviceras 
keyserlingi and typically Middle Callovian dinoflagellate 
cysts (section 5.2.1.3 and Meledina et al., 1998). Similar 
dinoflagellate cyst assemblages have been observed from 
the Athleta Zone of the Moscow Basin(e.g. section 5.3.2.2). 
However in the uppermost Callovian the more diverse 
dinoflagehte cyst floras are similar to those from the 
Upper Callovian of northwest Europe. 

The Bathonian and Callovian successions from the 
Pechora Basin yield ammonites characteristic of both west- 
ern Europe and Siberia and this region is therefore a key 
area for interregional correlation. Five marker horizons 
have been established in the Pechora Basin, permitting 
calibration with the Zigzag, Herveyi, Koenigi, Jason and 
Lamberti zones of the European standard. Six ammonite 
markers (Arcticoceras spp., Cadoceras variabile, Cadoceras 
falsum, Rondiceras-Erymnoceras, Longaeviceras and 
Eboracicwas-Quensfedtoceras [Soaniceras]) have helped to 
determine the zonal correlation between the Bathonian and 
Callovian successions of the Pechora Basin and northern 
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Siberia (Text-Figures 2 and 3) (Meledha and Zakharov, 2.2 NORTHERN SIBERIA 
1996). ~ a t h o ~ a n d  ~allovi& belemnites and dinoflagel- 
late cysts from the Pechora Basin have been linked to the 
standard ammonite zonal scheme and can be used as 
interregional markers (Meledina et al., 1998). 

 he-~xfordian sediments of the Russian Platform are 
also widespread and largely comprise grey/black mud- 
stones which yield cardioceratid ammonite faunas of Bo- 
real affinity. They are largely confined to the northern and 
central part of the Russian Platform, from the River Unzha 
in the north to the River Oka in the south (Text-Figure 5). 
EUuminous mudstones characterize the lowermost Upper 
Oxfordian. Several hiatuses have been observed, for ex- 
ample the sigdicant hiatus at the base of the Upper 
Oxfordian in the northern central Russian Platform. An- 
other unconformity has been traced within the uppermost 
Oxfordian (hvn i  Zone). The most complete Oxfordian 
sections are relatively thin and outcrop in the River Unzha 
area (Text-Figure 5) (Mesezhnikov et al., 1986; 1989). Here, 
the Middle and Upper Oxfordian are especially well devel- 
oped and the complete succession of Oxfordian ammonite 
zones are present. Lower and Middle Oxfordian strata 
outcrop in the River Oka region. In the Pechora Basin, 
Oxfordian successions are intensely condensed, largely 
due to low sedimentation rates. 

Marine Kimmeridgian strata are present throughout 
most of northernRussia. The Lower Kimmeridgianis much 
more extensively developed than the Upper Kimmeridgian. 
In the Pechora Basin, Khmmeridgian outcrops are small 
and isolated. Zjthologies are monotonous dark, shalymud- 
stoneswithminor sandstone lenses, shellbedsand septarian 
calcareous nodules (Mesezhnikov, 1984a). 

Volgian strata also have a wide distribution throughout 
northern Russia. The principal outcrops are in the central 
Russian Platform (Text-Figure 5). Volgian sediments also 
are present in the Pechora Basin in the River Izhrna and 
Ever Pihma areas (Text-Figure 4) (Mesezhnikov, 1984a). 
In the depocenters, the principal lithologies are dark rnud- 
stones which are frequently bituminous. By contrast, on the 
basin margins, the sediments are relatively heterolithic and 
include calcareous mudstones, siltstones, sandstones and 
conglomerates. The central Russian Platform is the type 
area of the Volgran Stage. The Volgian lectostratotypes are 
located at Gorodische and Kashpir in the Ryazan-Saratov 
Basin in the middle part of the River Volga Basin (Text- 
Hgure5). The correlations of the type Tithonian, Portlandian 
and Volgian stages have been the subject of prolonged 
debate (Mesezhnikov, 1984b; Zeiss, 1979; 1986; Sey and 
Kalacheva, 1993; Fedorova, 1996). However, the typevolgian 
strata have been broadly correlated with the Portlandian of 
southern England by Casey and Mesezhnikov (1986) and 
Casey et al. (1977). 

The lowermost Cretaceous (Ryazanian) is well devel- 
oped throughout the Russian Platform. The Ryazanian 
stratotype is located in the River Oka Basin (Text-Figure 5) 
and comprises a composite series of small outcrops. The 
principal lithologies are rather condensed beds of sand and 
sandstones with glauconitic and phosphatic nodules. No- 
table publications on the sedirnentology and paleontology 
of the type Volgian and Ryazanian include those of 
Mesezhnikov et al. (1979), Fedorova and Griazeva (1984), 
Mesezhnikov (1984a,b), Iosifova (1992; 1996) and Fedorova 
(1996). 

The earliest researches on the Jurassic of northern Sbe- 
ria (Text-Figure 1) were undertaken in the late 19th and 
early 20th Centuries. The pioneers of this work were V. I. 
Boddevsky, A. A. Borysiak, A. L. Chekanovsky, E. Eichwald, 
T. M. Emeliantsev,A. A. Gerke, P. K. Maak, Z. Z. Ronkina, 
V. N. Saks, V. A. Vakhrarneev and M. S. Voronets. Reviews 
of these studies were givenby Saks (1963; 1976). These were 
followed by more detailed investigations of the Siberian 
Jurassic from the 1960s onwards (e.g. Bodilevsky and 
Shulgina, 1958; Kara-Murza, 1960; Basov et al., 1970). At this 
time the Jurassic strata of northern Siberia and northeast 
Russia were subdivided into stages and certain successions 
were zoned using ammonite faunas. The most comprehen- 
sive account of the Jurassic stratigraphy and paleontology 
of northern Siberia was given by Saks (1976). Paleontologic 
monographs include those of Saks and Nalnjaeva (1964; 
1970; 1975), Dagis (1974),Meledina (1977),Zakharov (1981), 
nyba (1985a) and Kirichkova (1985). Works on lithology 
and paleogeography include Kaplan (1976), Saks (1976), 
Zakharov et al. (1983; 1984) and Krymholts et al. (1988) 

The Jurassic strata of Siberia are extensive; widespread 
Lower and lowermost Middle Jurassic sandstones and 
siltstones cover the Siberian craton in the west and north- 
east of this region. Marine strata of Early and early Mid 
Jurassic age are confined to northern Siberia. By contrast, in 
southern West Siberia only thin marineintercalations occur 
in the Lower and pre-CallovianMidclle Jurassic. The exten- 
sive CalIovian Boreal transgression initiated widespread 
marine clay deposition over northwest Siberia, which con- 
tinued into and throughout the Late Jurassic. In northeast 
Siberia, Jurassic sedimentary rocks are principally devel- 
oped in the Enisey-Lenskyi and Preverkhojanskyl Troughs 
and the Vilujskaya Syncline. In the Enisey-Lenskyl Trough, 
Lower Jurassic sediments comprise marine terrigenous 
strata whichchange laterally intolittoral/con~entalfacies 
in the lower Enisey River region. The Lower and Middle 
Jurassic of the Preverkhojanskyi Trough represent open 
marine deposition. The Upper Jurassic strata of this area are 
largely of continental facies and include the development 
of coals. The Upper Pliensbachian and Toardan of the River 
Viljui Basin (Text-Figure 2) are fully marine. However, the 
Hettangian-Sinemurian, Bajocian-Bathonian and the 
Callovian to Kimmeridgian/Volgian strata are largely 
paralic and yield abundant plant fossils (Kirichkova, 1985; 
Ilyina, 1969; 1985a). In southwest Siberia, in the Angaro- 
Viljui Trough, the Lower-Middle Jurassic strata exhibit an 
alternation of littoral marine and freshwater/continental 
facies. This alternation passes southwards into fully paralic 
and continental deposition in the south Siberian coal ba- 
sins. Detailed accounts of Siberian Jurassic geology and 
paleogeography were presented by Saks (1976), Resolu- 
tions (1981), Zakharov et al. (1983; 19%) and Gurari et al. 
(1988). 

The Jurassic of Siberia normally unconfomably over- 
lies Paleozoic basement of various ages. Triassic-Jurassic 
boundary beds in marine facies are exposed in northern 
Siberia and northeast Russia. Continuous Jurassic-Creta- 
ceous boundary sections in marine fades are developed at 
Anabar Bay (Text-Figure 2) and the Paksa Peninsula (Basov 
et al., 1970; Saks, 1976; Zakharov, 1981; Ilyina, 1985a; 1988). 
Kaplan (1976) and Levtchuk (1985) demonstrated large 
scale cyclic sedimentation in the Jurassic of Siberia. In the 
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Lower Toarcian of the River Viljui Basin and the Anabar 
region (Text-Figure 2), marine anoxic facies characterised 
by organic rich shales has been observed. This phenonenon 
is an extension of the Posidonia Shale event of northwest 
Europe (Morris, 1979; 1980; Loh et al., 1986). Marine anoxia 
was also developed in the latest Jurassic-earliest Creta- 
ceous of the central Khatanga Basin in northeast Siberia 
(Kaplan et al., 1973; Zakharov, 1981; Ilyina, 1985a) and in 
the Bazhenov Formation of west Siberia (Braduchan et al., 
1986). Azonalbiostratigraphy was developed for the Juras- 
sic of Siberia based on ammonites, other macrofauna and 
palynomorphs from the marine strata of northeast Siberia 
and northeast Russia (Saks and Nalnjaeva, 1970; 1975; 
Polubotko and Repin, 1972; 1994; Dagis, 1974; 1975; Saks, 
1976; Meledina, 1977; Zakharov, 1981; Zakharov et al., 1984; 
Ilyina, 198Sa; Shurygin, 1986 and Meledha et al., 1987). 

The Triassic-Jurassic boundary is takenat the base of the 
Planorbis Zone in northern Siberia, as in the European 
standard. Polubotko and Repin (1981) described beds with 
the ammonite Primpsilocaras primulum from the base of the 
Planorbis Zone in northeast Russia. Rare Sinemurian am- 
monites have been discovered on the banks of the River 
Buur in the River Olenek Basin, northeast Siberia by Dagis 
et al. (1978). Upper Pliensbachian ammonites of the genus 
Aimtheus have been extensively recognised throughout 
Northern Siberia. The Stokesi and Margaritatus zones are 
correlated with the European standard. The regonal 
Viligaensis Zone was erected for the uppermost 
Pliensbachian in northeast Russia; this is approximately 
corrlated with the S p i n a m  Zone (Krymholts et al., 1988; 
Knjazev et al., 1991). 

Lower Toarcian ammonites have been described from 
Northeast Russia and four ammonite zones are recognised. 
AU of these zones except the Propinquum Zone can be 
traced throughout Northeast Siberia (Resolutions, 1981; 
Krymholts etal., 1988; Knjazevet al. 1991;Shurigin,Meledina 
et al., 1996). The lowermost Toarcian beds are devoid of 
ammonites and have been questionably attributed to the 
PropinquumZone. Ilylna (1985a),Sapjd (1986) andllyina 
in flyina et al. (1994) stated that these beds may be partially 
present in the River Anabar and the River Viljui basins 
(Text-Figure 2). However, Shurigm (1986; 1987) stated that 
the Propinquum Zone represents a depositional hiatus in 
northeast Siberia. The Upper Toarcian of northern Siberia 
was discovered by Knjazev (1991), Knjazev et al. (1991) and 
Ilyina in Uyina et al. (1994) using ammonites, bivalves and 
dinoflagellate cysts. The ammonite zonal scheme of these 
beds is still under discussion. There are two different Upper 
Toarcian zonalschemes, oneby Knjazev (1991) and Knjazev 
et al. (1991) and another by Polubotko and Repin (2994). 

Meledjna (1994) presented a detailed cardioceratid 
ammonite zonation for the Upper Bajocian, Bathonian and 
Callovhn of eastern Siberia. This scheme is also correlated 
with the zonations of northwest Europe andNorthherica. 
The correlation of provincialammonite successions is prob- 
lematic. The Bathonian and Callovian ammonites of the 
Pechora Basinincluderepresentatives characteristic of both 
western Europe and Siberia and therefore this is a crucial 
area in the correlation of these two regions (Meledina and 
Zabarov, 1996; Meledina et al., 1998). 

The modern Jurassic ammonite zonation in Siberia in- 
cludes over 70 zones together with 11 ammonite marker 
levels. These permit the correlation with the European 
Standard (Krymholts et al., 1988; Shurigin, Meledina et al., 

1996; Zakharov et al., 1996; 1997). Independent zonations 
based on bivalves, belernnites, calcareous microfauna, di- 
noflagellate cysts and rniospores erected in Northern Sibe- 
ria have been linked to the ammonite zones (Uyina, 1985a; 
Shurigin, 1986; 1987; Nikitenko, 1992; Ilyina in Uyina et al., 
1994; Zakharov et al., 1997). The Lower and Middle Jurassic 
palynostratigraphc scheme for Northen Siberia has been 
used as an independent biozonation for the detailed sub&- 
vision and correlation of non-marine oil-bearing sedirnents 
in the western Siberia (Kontorovich, Andrusevich et al., 
1995; Kontorovich, Ilyina et al., 1995; Shurigin et al., 1995; 
Shurigin, Nikitenko et al., 1996). 

3 PREVIOUS RESEARCH ON THE 
JURASSXC PALYNOLOGY OF RUSSIA 
3.1 THE RUSSIAN PLATFORM 

The first reports of Jurassic and Lower Cretaceous di- 
noflagellate cysts from thecentral RussianPlatform and the 
Pechora Basin were by Yushko (1962) and Teodorovit-ch 
and Vozzhennikova (1971). Tamara F. Vozzhennikova of 
Novosibirsk was by far the most prominent worker on the 
taxonomy and morphology of fossil and recent dinoflagel- 
lates in Russia at this time and published three major 
monographs (Vozzhenikova, 1965; 1967; 1979). These works 
include the descriptions of many Upper Jurassic, Creta- 
ceous and Palaeogene dinoflagellate cyst taxa from the 
Russian Platform and Siberia. Lentin and Vozzhennikova 
(1990) presented a resbdy of selected Russian dinoflagel- 
late cyst taxa which were originally described by 
Vozzhennikova. Kochetova et al. (1967) andKochetova and 
Meikson (1976) described the quantitative distribution of 
Bathonian to Valanginian marine microplankton from cen- 
tral European Russia. Other relatively early studies of 
Jurassic-Cretaceous rniospores and microplankton include, 
for example, those of Dobrutzskaja (1963) on the central 
Russian Platform and G rjazeva (1968; 1980) on the Pechora 
Basin (Text-Figure 1). Research on Volgian and Lower 
Cretaceous dinoflagellate cysts and prasinophytes was 
undertaken by Shakhrnundes (1971a,b), Fedorova (1976, 
1980, 1989) and Iosifova (1992, 1996). Furthermore, 
Shakhrnundes (1973, 1974), Fedorova (1977) and Resolu- 
tions (1986) also studied the detailed regional biostratigra- 
phy, sequence stratigraphy, palaeogeography and facies 
dstributionof theLower Cretaceousmarine palynomorphs 
fromthesouth-east Russian Platform. Shakhrnundes (1973) 
published a regionalintegrated dinoflagelIate cyst-rniospore 
biosixatigraphy principally based on the south-east Rus- 
sian Platform and western Khazakstan. The Lower Creta- 
ceous data from the latter work was included in the unified 
regionaI stratigraphic scheme for westernKhazakstan (Reso- 
lutions, 1986). The Lower Cretaceous palynology of the 
Precaspian Lowland and the Pechora Basin was reviewed 
by Fedorova and G jazeva, (1979; 1983). 

During the 1980s, detailed studies of the Volgian and 
Ryazanian stratotypes and underlying strata in the the 
central River Volga Basin and the River Oka Bash (Text- 
Figure 5) were undertaken (Fedorova and Griazeva, 1984; 
Lord et al., 1987; Iosifova, 1992; 1996). Fedorova (1994; 1996) 
produced the first detailed biostratigraphic studies of rni- 
aoplankton from the Upper Kimmeridgan (Eudoxus Zone) 
to Lower Valanginian (Hoplitoides Zone) of the River 
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Volga Basin. The first dinoflagellate cyst zonation of the 
Bathonian to Middle Oxfordian of the central Russian 
Platform and the Pechora Basin was proposed by Ilyina 
(1991a,b). Ten dinoflagellate cyst zones which are corre- 
lated with the standard ammonite zonation were erected 
and are applicable to the Moscow Basin, the Voronezh 
Structural High and the Pechora Basin (Text-Figure 1). The 
dinoflagellate cyst data from the works referred to in this 
section by V. A. Fedorova and V. I. Ilyina were included in 
the Unified Jurassic Stratigraphic scheme for the Russian 
Platform (Jakovleva, 1993). Meledina et al. (1998) includes 
a Bathonian-Callovian dinoflagellate cyst zonation corre- 
lated with macrofaunal zones for the Pechora Basinand this 
scheme may prove usem for interregional correlations 
within the Boreal and Sub-Boxeal provinces. 

3.2 NORTHERN SIBERIA 
The first reports of Jurassic and Lower Cretaceous ma- 

rine microplankton from Siberia were included in papers 
largely on miospores that were published during the 1950s 
and early 1960s (e.g. Maljavkina, 1961; Mtchedlishvili, 1961; 
Rovnina, 1961 and Voitsel et al., 1966). Data on Jurassic, 
Cretaceous and Palaeogene miospores and rnicxoplankton 
from northern Russia, including Siberia, were used in the 
production of the paleogeographic and paleovegetational 
maps of Golbert et al. (1968). Siberian Jurassic dinoflagel- 
late cysts were described by Vozzhennikova (1967) and 
Zatonskaja (1975). The important genus Imbafodiniurn was 
first described from the Upper Jurassic of West Siberia by 
Vozzhe~kova  (1967). 

Ilyina (1969; 1971; 1973; 1976; 1978) described Lower 
Toarcian dinoflagellate cysts from the River Viljui and 
Kver Anabar basins in north-east Siberia (Text-Figure 2). 
Ilyina also worked on Hettangian to Volgian dinoflagellate 
cysts, aaitarchs, prasinophytes and miospores, mainly 
from reference sections in northern Siberia (Ilyina, 1985a,b; 
1986). These papers established that the oldest dinoflagel- 
late cysts from this region are of latest Pliensbachian age 
and that marine microplankton is diverse and widespread 
in the Toarcian, Lower Callovian, Middle Volgian and 
lowermost Cretaceous. Detailed biostratigraphic, system- 
atic and paleogeographic investigations of Upper 
Pliensbachian to Toarcian dinoflagellate cysts from north- 
ern Siberia were presented by IIyina in Ilyina et al. (1994). In 
particular, the genus Nannoceratopsis was studied inten- 
sively and the species Nannoceratopsis deflandrei was revali- 
datedand threesubsvecies (anabarensis. deflandreiand senex) 
recognized. ~cannin'g ~lec&on ~ c r o s c i ~ e  (SEM) studiei 
established that the autophragm surfaces of Nannoceratopsis 
deflandrei and Nannoceratopsis gracilis are fundamentally 
different. Furthermore, Ilyina in Ilyina et al. (1994) estab- 
lished a zonal scheme comprising two dinoflagellate cyst 
zones, which were subdivided into five subzones, for the 
Upper Pliensbachian to Toarcian strata of northern Siberia. 
This zonation appears to have regional applicability (Ilyina 
et al., 1994; Pospelova, 1995; 1996; Ilyina, 1996). Ilyina in 
Ilyina et al. (1994) included data on latest Pliensbachian to 
Aaleniandinoflagellate cyst distribution and evolutionand 
recorded the first occurrences of members of the family 
Heterocapsaceae in the Upper Toarcian of Siberia. Di- 
noflagellate cysts are extremely rare in the ?Aalenian, 
Bajocian and Bathonian in Siberia (V.I.I. and J.B.R., per- 
sonal observations). Callovian dinoflagellate cyst assem- 
blages from western and eastern Siberia were described by 

Rovnina et al. (1989) and Uyina (1991a,b; 1996). The Boreal 
dinoflagellate cysts Crussolia dalei and Paragonyaulacysta 
retiphragmata were reported in the Lower Callovian (Falsum 
and Anabarense ammonite zones) in northeast Siberia 
(Ilyina, 1996). This dinoflagellate cyst association can be 
traced throughout Arctic Canada, Svalbard and other areas 
in the Boreal Realm (Davies, 1983; Smelror, 1988a; Smelror 
and Below, 1993). Lower Callovian dinoflagellate cyst as- 
semblages from northeast Siberia and the Pechora Basin 
exhibit signhcant provincial differences (Meledina et al., 
1998). 

Upper Jurassic dinoflagellate cyst and rniospore assem- 
blages were recorded from west Siberia by Zatonskaja 
(1983) and Glushko (1987). Dinoflagellate cysts and abun- 
dant prasinophytes are present in the Volgian-Boreal 
Berriasian boundary beds of West Siberia (Rovnina et al, 
1990). The palynological study of the Boreal Jurassic-Creta- 
ceous boundary in northern Siberia has been extensively 
undertaken. The complete Middle Volgian to lowermost 
Cretaceous reference section of Urdjuk-Khaja Cape, Paxa 
Peninsula and Anabar Bay (Text-Figure 2) was studied by 
.Uyina (1985a; 1988).AParagonyauhcysta borealis-Tubotubmella 
rharnbiformis association was established and this can be 
traced throughout arctic Eurasia and arctic Canada. Fur- 
thermore, repeated alternations of dinoflagellate cyst and 
prasinophycean assemblages was found to be linked to 
changes in aerobic and anoxic deep marine environments 
respectively during the latest Jurassic and earliest Creta- 
ceous in the central part of the Khatanga Basin. 

Detailed multidisciplinary micropaleonto1ogical stud- 
ies from the lowermost Cretaceous (Boreal Berriasian) ref- 
erence sections from the River Jatria, the east slope of the 
polar Urals and the River Bojarka of the Khatanga Basin 
have been carried out by Fedorova et al. (1993). This work 
has demonstrated the widespread value of dinoflagellate 
cysts in the correlation of the Boreal Berriasian. Rich 
rnicrophytoplankton and microforaminiferal assemblages 
are present in the Upper Volgian and Lower Cretaceous 
sections from the River Jatria in the Polar Urals (Lebedeva 
and Nikitenko, 1996). Changes in these assodations during 
the Early Cretaceous in this area reflects the recognition of 
different water depth conditions. Lebedeva in Zakharov et 
al. (1997) erected five Upper Volgian to Lower Hauterivian 
dinoflagellate cyst zones in the River Jabia sections. 

4 MATERIALS AND METHODS 
This project is based on a sample suite comprising 187 

Jurassic and lowermost Cretaceous horizons from29 locali- 
ties in northern East Siberia, the Pechora Basin and the 
central Russian Platform. The samples range in age from 
late Pliensbachian (Early Jurassic) to Ryazanian (Early Cre- 
taceous). They are listed in Appendix 1 and were prepared 
for palynologcal analysis using the the standard prepara- 
tory techniques involving acid digestion and oxidative 
maceration (Wood et al., 1996). The resulting palynological 
slides were systematically studied in both the U.K. and 
Russia by the authors; Appendix2lists all the palynomorph 
taxa recogrused throughout with author citations. The pa- 
lynological data was then used to compile the spreadsheets 
(Appendix 3 comprising Text-Figures A3.1 to A3.20), the 
semi-quantitative range charts and in formulating the 
biozonation scheme (section 6). The recommendations of 
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Holland et al. (1978) and Callomon (1984) regarding Juras- 
sic ammonite-based zones are followed. Although a11 am- 
monite zones do not have a formally defined boundary 
stratotype, each zone is here considered to be a chronozone 
(and/or 'standard' zone) and therefore is named after the 
respective index species and written in Roman font with an 
initial capital letter (see also Woollam and Riding, 1983; 
Riding and Thorns, 1992). 

5 STRATIGRAPHIC PALYNOLOGY 
h this section, the late Plieiwbachian to Ryazanian 

palynofloras from Me 29 localities studied from northern 
East Siberia, the Pechora Basin, northern Russia and the 
central Russian Platform are described, succession-by-suc- 
cession. A series of range charts are presented in order to 
illustrate the semi-quantitative stratigraphic distributions 
of dinoflagellate cysts in each sect-ion studied. Where space 
permits, the stratigraphic distributions of m i s ~ e ~ n e o u s  
palynomorphs and rniospores are also illustrated in these 
diagrams. Text-Figure 6 is the lithologic key pertaining to 

the successions illustrated in all these range charts. Selected 
palynomorphs, largely dinoflagellate cysts, are illustrated 
in Plates 1 to 35. 

5.1 STRATIGRAPHIC PALYNOLOGY OF 
NORTHERN EAST SIBERIA 

Fe-nineupper  Pliensbachian, Toarcian, AaIenianand 
Lower Callovian samples from eight localities in northern 
East Siberia were studied. These horizons are listed in 
Appendix 1. Seven of the sample localities are in the River 
Lena Basin and these are illustrated in Text-Figure 2. In 
addition, two Lower Toarcian samples from 
Astronornitscheskii Creek in the River Kedon Basin in East 
Siberia were examined; this locality is illustrated in Text- 
Figure 3. 

5.1.1 Upper PIiensbachian, Toarcian and 
Aalenian palynology 

A suite of 53 Upper Pliensbachian to Aalenian samples 
from eight Iocalities in East Siberia were examined (Text- 
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Text- Figure 6. Lithologic key for the semi-quantitative palynornorph range charts (Text-Figures 7-1 0, 12-14, 17-24). 
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figures 2 and 3). The majority of these samples were 
included in the study of Ilyina in Ilyina et al. (1994). The 
Upper Pliensbachian to Aalenian spore and pollen bios- 
tratigraphy of this area was also studied by Ilyina (1985a). 

The samples yielded mostly rich and well-preserved 
palynofloras, largely comprising gymnospermous pollen 
grains and dinoflagellate cysts. Woody tissue i s  common 
throughout and amorphogen was sporadically observed in 
sigruficant proportions. The stratigraphic distribution of 
the palynomorphs recognised axe illustrated in Text-Fig- 
ures 7-11 and A3.1-A3.5. 

5.1.1.1 West bank of the River Anabar 

Sixteenupper Pliensbachian to Lower Toarciansarnples 
from strata exposed on the west bank of the River Anabar 
were studied (Text-Figure 2). The succession is 195.90 m 
thickand comprises largely ammonite-bearing interbedded 
nodular shales and sandstones (Text-Figure 7). The strati- 
graphic distribution of the palynomorphs recognised are 
illustrated in Text-Figures 7 and A3.1. 

Thesevenupper Pliensbachiansamples, NS 16 toNS 10, 
yielded extremely sparse dinoflagellate cyst floras. 
Nannoceratopsis dejlandrei subsp. anabarensis and 
Nannoceratopsis deflandrei subsp. senexwere recorded rarely 
from two samples, NS 12 and NS 11, from the Viligaensis 
Zone (Text-Figures 7 and A3.1). Representatives of the 
acritarch genus Leiofusa are common in the Stokesi Zone 
(Text-Figure A3.1). Tasmnites  spp  are also present in 
samples NS 16 to N S  14 and Bofryococcz~s braunii occurs 
throughout the Upper Pliensbachian at this locality (Text- 
Figure A3.1). Miospores in the Upper Pliensbachian are of 
relatively low diversity; undifferentiated bisaccate pollen 
tends to be the numerically dominant element. The distinc- 
tive spore Rogalskaisporites cicatricosus is confined to this 
interval and possible reworked Carboniferous spores were 
observed in sample NS 12 (Text-Figure A3.1). 

Samples NS 9 to NS 1 from the Lower Toarcian 
(?Propinquum and Falciferum-Commune zones) are all 
rich in subspecies of the dinoflagellate cyst Nannoceratopsis 
deflnrzdrei (Text-Figures 7 and A3.1). The lowermost sample, 
NS 9, is questionably attributed to the earliest Toarcian 
Propinquum Zone. Nannoceratopsis deflandrei subsp. 
anabarmsis is prominent in this sample, where it comprises 
73.9% of theoverall dinoflagellate cyst flora. Nannoceratopsis 
deflandrei subsp. deflandrei and Na~znoceratopsis deflandrei 
subsp. senex are also common and respeclively represent 
13.3% and 12.6% of the dinoflagellate cyst assemblage at 
this horizon. Mancodinium semitabulaturn was also rarely 
observed (0.2%) (Text-Figures 7 and A3.1). 

The remaining 8 Lower Toarcian samples are assigned 
to the Falciferum and Commune zones. In all of these aside 
of NS 7, the dominant dinoflagellate cyst is Nannocevatopsis 
deJandrei subsp. senex. In samples NS 5, NS 3 and NS 1, this 
subspecies is the only dinoflagellate cyst present. Ln the 
remaining samples, the proportions of Nannoceratopsis 
deflandrei subsp. senexvaryhom95% (NS2) to43.7% (NS 7). 
Nannoceratopsis deflandrei subsp, defandrei is also present 
and is especially common in the three lowennost samples 
(NS 8 to NS 6). Mancodinium semitabulaturn was recorded in 
low proportions (1.9%) in sample NS 4 (Text-Figures 7 and 
A3.1). The stratigraphical inception of Nannoceratopsis p- 
cilis occurs in Bed 20, higher jn the succession (Text-Figure 
7). Halospheropsis liassica, associated with large amounts of 
amorphogen, was observed in samples NS 4 to NS 2 (Text- 

Figure A3.1). This palynofacies association is best devel- 
oped inNS4 and is also extensively developed in the Lower 
Toarcian of northwest Europe (Loh et al., 1986; Riding, 
1987) and reflects the development of stratified marine 
water conditions with anoxia at the sea floor. These records 
from northern East Siberia indicate that this palynofacies 
association is of widespread stratigraphic si&cance 
throughout Europe and northern Asia. Riding (1987) re- 
ported the inception of this distinctive palynofacies in the 
uppermost Tenuicostatum Zone of eastern England. 
Hovever, Loh et al. (1986, kxt-fig. 4) noted that tl-us facies 
associationin Germany is developed throughout theLower 
Toarcian, peaking in the Lias epsilon three (Bifrons Zone). 

The Lower Toarcian miospore assemblages are of higher 
species diversity than those from the underly~ng Upper 
Pliensbachian; bisaccate pollen, and Cyathidites spp. being 
the most prominent elements. Common incoming taxa 
include Classopollis classoides, Ischyosporites vnriegatus, 
DuplexisporiEes spp. and Perinopollenites elatoides (Text-Fig- 
ure A3.1). UnequivocaI forms of the pollen genus 
Callialasporites were noted in sample NS 4. The inception of 
t h s  genus in northwest Europe is within the late Toarcian 
(Riding et al., 1991). Occasional reworked Carboniferous 
spores were observed (Text-Figure A3.1). Furthermore, a 
striate bisaccate pollen grain, stratigraphically recycled 
from the Pennian or Triassicwas encountered insampleNS 
1 (Text-Figure A3.1). For more information on the 
Pliensbachian to Toarcian miospore assemblages from the 
River Anabar area, see Ilyina (1973,1981,1985a,b, 1986). 

5.1.1.2 West coast of Anabar Bay 

Twenty samples from the Upper Pliensbachian to 
Aalenian strata of west Anabar Bay were examined (Text- 
Figure 2). The samples were taken horn an ammonite- 
bearing succession of nodular shales, siltstones and sand- 
stones which is 247.10 m thick (Text-Figure 8). Gymnosper- 
mous pollen is normally the dominant palynomorphgroup 
and the palynomorph species diversity is relatively low. 
The stratigraphic distribution of the palynomorphs identi- 
fied is illustrated in Text-Figures 8 and A3.2. 

The three Upper Pliensbachian samples (NS 36, NS 35 
and NS 34) yielded relatively sparse, low diversity 
palynofloras (Text-Figure A3.2). Sample NS 36 produced 
rare miospores and the freshwater/brackish alga 
Botryococczis braunii. Sample NS 34 is dominated by 
miospores, largelybisaccatepollen. Nannocevafopsisdeflandvei 
is present in extremely low numbers; two specimens of 
Nannoceratopsis deflandrei subsp. senex and a single ques- 
tionable specimen of Nannocevatopsis defandrei subsp. 
defandrei were recorded (Text-Figures 8 and A.2). The 
occurrence of these two subspecies in Bed 13 (Text-Figure 
8) are the oldest reports of dinoflagellate cysts in this study. 
Therefore, the range base of the genus Nonnoceratopsis in 
Siberiais deemed tobe within the uppermostl'liensbachian 
(Viligaensis Zone). The miospores Callialasporites and 
Rogalskaisporites cicatricoszls were also recorded in sample 
NS 34 (Text-Figure A3.2). Calliaiasporites spp. are normally 
confined to strata of late Toarcian and younger age in 
western Europe (Riding et al., 1991). The remainder of the 
samples at this locality are, however, virtually devoid of the 
genus (Text-Figure 3.2). 

Three samples (NS 33, NS 32 and NS 31) are question- 
ably attributed to the Lower Toarcian (?PropinquumZone) 
The miospore floras are similar in content, proportions and 



JURASSIC & CRETACEOUS DINOFLAGELLATE BIOSTRATIGRAPHY, RUSSIAN PLATFORM & NORTHERN SIBERIA 

LOWER JURASSIC I SUBSYSTEM 

AMPLE POINTS 

F- 
~~ - P~ 

a W Pterospennella spp. 
• • • • • am w Leiofusa jurassica 

SUBSTAGE 
pp 

AMMONITE ZONE 

• a I 00 0.0 m Botryococcus braunii 
D .  .3 .J n Leofusa spicata 

4 

? TOARCIAN 

Falciferum/ 
Commune 

UPPER PLIENSBACHIAN 

1 . .  • .m m 1 Tasmanites s p ~ .  I . . 0. .-.W.. a Micrhystridium spp. 
• m 0 .  00 m. Veryhachium spp. 

• Cvmatios~haeta SDP. 

Vili- 
gaensis Stokesi 

o n  Halosp haeropsis liassica 

• • • m aa .m • Cyathidites spp. 

Margari- 
tatus 

• • • W m Rogalskaisporites cicatricosus 
• .J - * m m  Baculatisporites comaurnensis 

I .a .a • I Carboniferous spores - undiff. (WWI I 

00- I Ischyospontes variegatus 

l '  20 4 Percentage of marine palynomorphs 

• • • m m - m  

Text-Figure 7. The stratigraphic distribution of dinoflagellate cysts (semi-quantitative), miscellaneous microplankton and 
selected miospores from the Upper Pliensbachian and Lower Toarcian strata on the west bank of the River Anabar, 
northern East Siberia (locality 1 of Text-Figure 2). Samples NS16 to NS1 are illustrated by arrows in the 'Sample Points 
and Number' column; the data for the other six samples, depicted by simple lines, were supplied by V. I. Ilyina. 

Bisaccate pollen - undifferentiated 

Classopollis classoides 
Perinopollenrtes elatoides 

Callialasporites spp. 
Callialasporites turbatus 

Taeniate pollen - undifferentiated (WWJ 

.3 • 1 

(: 5 0  
- a C  ul 

m % $  
$ F  S =Jiu - sg Y 

13 

P 
r m 
z 

• n e  

• 00 

.d. 

.3 

• 

DINOFLAGELLATE CYST ZONE / SUBZONE 
Y 30 - 

10 - 

No dinoflagellate cysts NSJla I NSJib INSJ~ 



AASP CONTRIBUTIONS SERIES NUMBER 36 

l il i 204 Percentage of marine palynomorphs 

l m w a a  m  e m  l l m l l l l 

.., m  m 

l 

l .* a 0 .  

m m  

..) l "2 

-- I --- 
YJ', 

10 - 

Text-Figure 8. The stratigraphic distribution of dinoflagellate cysts (semi-quantitative), miscellaneous microplankton and 
selected miospores from the Upper Pliensbachian to Aalenian strata of the west coast of Anabar Bay, northern East 
Siberia (locality 2 of Text-Figure 2). Samptes NS36 to NS17 are illustrated by arrows in the 'Sample Points and Number' 
column; the data for the other nine samples, depicted by simple lines, were supplied by V. I. Ily~na. 

Cyathidites spp. 

Callialaspon'tes spp. 

RogalskaisporHes cicatricosus 
Classopollis classoides 

- 

Fungal spores - undifferentiated 

Carboniferous spores - reworked 

I 

cn 

5 
E 
0 0) 

B m 
m 
V) 

I DINOFLAGELLATE CYST ZONE/SUBZONE NW3 NSJla NSJl b NSJ2 



JURASSIC & CRETACEOUS DINOFLAGELLATE BIOSTRATIGRAPHY, RUSSIAN PLATFORM & NORTHERN SIBERIA 

L O W E R  T O A R C l A N  

L O W E R  J U R A S S I C  

Falciferum ; Braun- / Commune , ,,,,,, ( (no ammonites) 

HIl l l l l l l~ , , , . . . , , 

' D 

. , . . . . . . . . . . . . . , . . > 

AMMONITE ZONE 
/ i l i  LITHOLOGY 

SUBSYSTEM 

I -I 1 In\ P I o I I " I BED NUMBER 1 

I I Maturodinium sp. A I l l 1  

l I 1  

,A N 

• • 
I • 

• 

SAMPLE POINTS & NUMBER (NS) 9 S 
I .  

• 

l *  • 

I a  a 

Nannocemtopsis deflandrei deflandrei 

Nannoceraiopsis defialandrei senex 

Nannoceratopsis gracilis 
Mancodinium semilabulatum 

• • • 

. 1 
• m 

• 

• 

50 Percentage of marine palynomorphs 

80 1 

p 
z 

Dinoflagellate cysts - indeterminate 

Phallocysta elongata 
. d o  l 1  5 5  

m a*. 

• • • • 

.a 

a . . . . 
• • 0 

• • . 
• em. • • a • • • 

• ..a a • I 

• 0.0 • • m .  

• .-a • 

• a • m 

.3 .3 

. . . 

4 1 • • 

Phallocysta eumekes 

Susadinium scrofoides 

Nannoceratopsis iriangulata 
Scriniocassis weberi 

Text-Figure 9. The stratigraphic distribution of dinoflagellate cysts (semi-quantitative), miscellaneous microplankton and 
selected miospores from the Toarcian strata of Sobo Creek, River Marcha, northern East Siberia (locality 3 of Text-Figure 
2). Samples NS48 to NS39 are illustrated by arrows in the 'Sample Points and Number' cotumn; the data for the other 
two samples, depicted by simple lines, were supplied by V. I. Ilyina. 

0 
3 
-1 
V, 

Halosphaeropsis liassica 

Tasman!tes spp. 
- 

Foraminiferal test linings 

Veryhachium S p p. 
Leiofusa jurassica 

Botryococcus braunii 
Micrhystridium spp. 

Cymafiosphaera spp. 
Bisaccate pollen - undifferentiated 

Cyathidites spp. 
Spores - undifferentiated 

Cal/ialasporites spp. 

Fungal spores - undifferentiated 

Carboniferous spores (WW) 

1 

5 
8 
g 
0 
n 
0 

F 
5 
0 
z 

$ 
o 6 
;;I 
0 

S 
Z: 
V o 

R V) 

I 
NSJl b N S J P  NSJ3 I DINOFLAGELLATE CYST LONEISUBZONE 



AASP CONTRIBUTIONS SERIES NUMBER 36 

Text-Figure 10. The semi-quantitative stratigraphic distribution of dinoflagellate cysts and Botryococcus braunii from the 
Lower Callovian strata of the west coast of Anabar Bay, northern East Siberia (locality 2 of Text-Figure 2). 

16 

SUBSYSTEM 

STAG USU BSTAGE 

M I D D L E  J U R A S S I C  

BATH- 
OMAN LOWER CALLOVIAN 

Falsum Anabarense 1 ?Emelianzevi AMMONITE ZONE 

. . . . . .  

ft: 0 
lu 

W 
W Y 8 BED NUMBER 

VI W VI VI 
m .l 

m 
m . I , 

• • 

• • . . I 

• • • • 

SAMPLE POINTS & NUMBER (NS) 
Baiiacasphaera spp. 
Botryococcus braunii 

Chlamydophorel/a spp. 

Chytroeisphaeridia cerastes 

Chytroeisphaeridia chytmeides 

1 . 
• • 

• • • 

• 

• • .-J 

• • 

Dinoflagellate cysts - indeterminate 

Evansia evittii 

Fromea tomatilis 

Gonyaulacysta jurassica su bsp. adecta 

Lithodinia spp. 

Nannoceratopsis pellucida 
• Paragonyaulacysta retiphragmata 

I I • 

m • 

• a • 

a m  • 

• 

• a  

Pareodinia cemtophora 

Pareodinia proiongata 

Pareodinia spp. 

Rhynchodiniopsis cladophora 

Sentusidinlum spp. 

Paragonyaufacysta spp. 

Nannoceratopsis deflandrei (WWJ 
Slrrniodinium grossii 

Atopodinium sp. 

Endoscrinium sp. 

Kalypiea stegasta 

Nannocetatopsis gmcilis (WW) 

TubotuberNa dangeardii 

Percentage of marine palynomorphs 

• • 

" '  ' 14 
W O &  Sn 5 
D C  m m  X G m 
0.2 s s  
2 5 

-4 

• 

• 

m 
1 

t----l 
N 0 6 -  
3 

10 - 



JURASSIC & CRETACEOUS DINOFLAGELLATE BIOSTRATIGRAPHY, RUSSIAN PLATFORM & NORTHERN SIBERIA 

L O W E R  J U R A S S I C  SUBSYSTEM 

UPPER 1 PLlENSBACHlAN 
I LOWER TOARCLAN I UPPER TOARClAN STAG WSUBSTAGE 

AMMONITE ZONE 
m 

m 

Nannocemtopsis deflandrei deflandrei 

/ Nannoceratopsis deflandrei senex 

Parvocysta cmcens 
Parvocysta nasuta 

Parvocysta spp. 

Phallocvsia elonoata 

- l 
.------ Nannoceratopsis deflandrei anabarensis 

- - 

I I I b I Scriniocassis ~riscus 1 

i 

- 
- 

- - - - - - 81 
- 

- 

Mancodinium semitabulaturn 

Nannocemtopsis gracilis 

Maturodinium sp. A 

Dinoflagellate cysts - indeterminate 

Moesiodinium raileanui 

Phallocysta eumekes 

--- + = . 
3 n  - - X g 2 s g  g 0 
m m .  -=. , S 
E g g P  
?p$? 
m 

Text-Figure 11. A compilation of dinoflagellate cyst rangesfor the Upper Pliensbachian to Aalenian strata of northern East 
Siberia. Certain ammonite zones are not unequivocafly present: in the sections studied and these have been tentatively 
identified; these zones are asterisked. 

- 

I - 

a 
3 

0 % 
U B 3  za 0 

CO 
9 
(D 

Scriniocassis weben 
Susadinium fausfum 

Susadinium scrofoides 

Valvaeodinium aquilonium 

Parvocysta bullula 

- - 
- 

- 

"-. 

Valvaeodinium stipulatum 

Dinoflagellate sp. B of Bjaerke (1980) 

Pamdinia spp. 

Valvaeodinium spp. 

Nannocemtopsis tn'ceras 

Parvocysta? tricomuta 

Nannoceratopsis dictvambonis 

NSJ1 NSJ2 

5 
2 

Q 2 
g 2 
$ 2  
2 
8' 

NSJla NSJlb 

NSJ3 

-0 
'D 5 
c E 
'$ S 
g$  iii 

Nannoceratopsis 
deflandrei 

< 

a 
3 

o S 
S 

V) 5 - 
2. 
m Nannocemtopsis 

defl81Wrei subsp. 
anabarensis 

DINOFLAGELLATE CYST ZONE NO. 

DINOFLAGELLATE CYST SUBZONE NO. 

DINOFLAGELLATE 

CYST ZONES 

AND SUBZONES 

Nanno- 
cemtopsis 
uefeflandrei 

subsp, 
SBflBX 



AASP CONTRIBUTIONS SERIES NUMBER 36 

diversity to those from the underlying samples. However, 
all three are rich in the three subspecies of Nannoceratopsis 
dejandrei. Sample NS 33 is dominated by Nannoceratopsis 
defrandvei subsp. senex, which accounts for 66.9% of the 
assemblage. Nannocevatopsis deflandrei subsp. anabarensis 
attained 53.5% of the dinoflagellate cyst flora in sample NS 
31 (Text-Figures 8 and A3.2). This interval is interpreted as 
being Lower Toarcian on the basis of this distinctive di- 
noflagellate cyst flora. Apossibly reworked specimen of the 
Upper Triassic-Lower Jurassic spore Rraeuselisporites 
veissingui was noted from sample NS 32 and a ?Carbonifer- 
ous spore was also reported from sampIe NS 31 (Text- 
Figure A3.2). 

Samples NS 30 to NS 26 inclusive are unequivocally 
Lower Toarcian and Nannoceratopsis dejlandrei subsp. senex 
dominates the marine palynofloras (Text-FigureA3.2). This 
subspecies comprises 99.8% of the dinoflagellate cyst flora 
in sample NS 30, which yielded, by far, the richest mi- 
croplankton assemblage from this section. Nannoceratopsis 
gracilis appears in Bed 17 and it is common in NS 27 (Text- 
Figure 8). The Lower Toarcian association of common 
amorphogen and Halosphaeropsis liassica is not well devel- 
oped in this section. Halosphaeropsis liassica was observed h 
relatively low proportions throughout the Lower Toarcian 
(Text-Figure A3.2). Amorphous kerogen was present only 
in sigrvficant proportions in samples NS 28 and NS 27. 
Pteridophyte spores are slightly more diverse in thrS inter- 
val. k e  reworked Carboniferous spores were observed in 
sample NS 27 (Text-Figure A3.2). 

The dinoflagellate cyst floras are more diverse in the 
Upper Toarcian (samples NS 25 to NS 20) and representa- 
tives of the Parvocysta suite (IClding, 1984a) were recorded. 
The most prominent Upper Toarcian genus is Phallocysta. 
Phallocystn eumekes dominates sampIes NS 23 to NS 20 and 
Phallocysta elongata was recorded in sigruhcant proportions 
fromNS 23 to NS 21. P!~alIocysta ezlmekes accounts for 72.1% 
of the dinoflagellate cyst flora in sample NS22 (Text-Figure 
A3.2). These abundances confirm the Boreal affinities of 
Phallocysta eumekes first alluded to by Kdjng (1984a). 
?Pamocysta nasuta and Susadinium scrofoides were also ob- 
served in sample NS 21. LeioJusa jzrrassica is prominent in 
samples NS 25 to NS 21 (Text-Figure A3.2). The Upper 
Toarcian gymnospennous pollen floras are low in diver- 
sity, being largely comprised of bisaccate grains. A ques- 
tionable reworked Carboniferous spore was observed in 
sample NS 21 (Text-Figure A3.2). The pollen and spores of 
this locality are also described in Uyina (1985a; 1986) and 
Pospelova (1995). 

The Aalenian samples (NS 19 to NS 17) are entirely 
devoid of marine microplankton, however these horizons 
yielded the freshwater/brackish alga Botryococcus braunii 
(Text-Figure A3.2). 

5.1.1.3 Astronomitscheskii Creek, 
River Kedon Basin 

Two Lower Toarcian samples, numbers NS 38 and NS 
37, horn this locality (Text-Figure 3) were studied; both 
have been attributed to the Falciferum Zone. The 
palynofloras are abundant, yet are of relatively low species 
diversity. Nannnoceratopsis deflandrei subsp. deflandvei and 
Nannnoceratopsis deflandrei subsp. senex were recorded (Text- 
Figure A3.3), with Nannoceratopsis deflandrei subsp. senex 
consistently the dominant element. It accounts for 93.4% of 
the dinoflagellate cyst association in sample NS 38 and 

91.9% in sample NS 37. Nannoceratopsis deflandrei subsp. 
deflandreiis distinctly subordinate, respectively comprising 
6.6% and 8.1% of the assemblages in NS 38 and NS 37 (Text- 
figure A3.3). Other microplankton proved extremely rare 
and miospores are also relatively sparse. The amorphogen- 
Halosphaeropsis liassica association was not observed in ei- 
ther sample. The low diversity pollen/spore floras include 
relatively prominent bisaccate pollen and Cyathidites spp. 
Callialasporites turbatus arid a possible reworked Carbonif- 
erous spore were encountered in sample NS 38. 

5.1.1.4 Sobo Creek, River Marcha, 
Viljui Syncline 

Ten Toarcian samples were studied from Sobo Creek, on 
the River Marcha in northern East Siberia (Text-Figure 2). 
Samples NS 48 to NS 42 are of early Toarcian age and are 
correlated with the Falaferum and Commune zones (Text- 
Figure 9). The dinoflagellate cyst floras are abundant and 
consistently dominated by Nannoceratopsisdefandrez subsp. 
senex. In the most productive sample, number NS 4,1129 
dinoflagellate cyst specimens per microscope slide were 
counted; Nannocevatopsis deflnndrei subsp. senex represents 
74.1% of the dinoflagellate cyst flora (Text-Figure A3.4). h 
the remaining five samples from the Palcifenun Zone, NS 
48 to NS 45 and NS 43, the subspecies senex comprises 
88.7%, 95.0%, 77.3%, 78.8% and 74.8% respectively. The 
subspecies Nannoceratopsis deflnndrei subsp. deyandvei is 
distinctly subordinate in tlus interval, it ranges from be- 
tween 5.0% (NS 47) and 25.9% ( N S  44) (Text-Figures 9 and 
A3.4). Sample NS 42 is correlated with the uppermost 
Commune Zone and yielded a similar residue to the under- 
lying samples. However, the dinoflagellate cyst flora is 
significantly more diverse. h addition to Nannoceratopsis 
deflandrei, which remains the dominant species, 
Nannoceratopsis gracilis has its stratigraphical inception 
within the Commune Zone (Text-Figure 9). Mancodinium 
semitabulafum and Maturodinium sp. A are also present in 
sample NS 42 (Text-Figure A3.4). Halosphevopsis liassica is 
associated with common amorphogen in samples NS 48 to 
NS 45 in the Iowermost beds of the Falciferum Zone. 
Indigenous miospores are sporadically diverse (11 taxa in 
sample NS 43) and a questionable allochthonous Carbonif- 
erous spore was observed in sample NS 44 (Text-Figure 
A3.4). 

The three Upper Toarcian samples studied, NS41, NS4O 
and NS 39, yielded more diverse dinoflagellate cyst floras 
than the underlying samples (Text-Figure A3.4). Sample 
NS 41 is dominated by Matzirodini~rn sp. A, which com- 
prises 67.2% of the dinoffagellate cyst assemblage. Other 
species include Mancodinium semitabulatum (%.l%), 
Nannoceratopsis gacilis (8.6%), Nannocevatopsis triangulata 
(1.0%) and Phallocysta eumekes (2.5%). Sample NS40 is also 
dominated (94.3%) by Mafuvodinium sp. A; a single speci- 
men of Scriniocassis webevi was also recorded (Text-Figure 
A3.4). Nannocerntopsis proved relatively rare in sample NS 
39, &th only ~ a n n o c e r ~ t o ~ s i s  p c i l i s  present in low propor- 
tions (3.6%). Mnturodinium sp. A and Phallocysta eumekes are 
the dominant dinoflagellate cysts from this rather sparse 
sample; each represents 45.5% of the dinoflagellate cyst 
flora. Mancodinium semitabu~atum was also occasionally 
present (1.8%) (Text-Figures 9 and A3.4). Bisaccate pollen 
dominates the miospore associations of all three samples. 
Callialasporites turbatzis and a possible reworked Carbonif- 
erous spore were observed in NS 41 (Text-Figure A3.4). The 
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pollen and spore assemblages of this locality were also 
described by Ilyina (1985a). 

5.1.1.5 Bank of the River Marcha, near the mouth 
of the River Lochaja 

Two Upper Toarcian samples from this 1ocaLit-y were 
analysed (Text-Figure 2). These siltstone horizons are ten- 
tatively correlated to theThouarsense andLevesquei zones. 
Sample NS 50 yielded anabundant residue and palynoflora; 
Phallocysta eumeks dornjnates the dinoflagellate cyst flora, 
comprising 31.2%; Phallocysta elongata was also recorded in 
si@cant proportions (6.6%) (Text-Figure A3.3). Identi- 
cal, somewhat granulate, morphotypes have been reported 
from the Upper Toarcian of western Europe (Riding, 1994). 
Valvaeodinium aquilonium and representatives of the 
Pamocysta complex arealso present, including Moesiodinium 
mileanui,Paruocystu spp. and Susadinium spp. Nannoceratopsis 
is also prominent, the commonest forms being 
Nannoceratopsis deflandrei subsp. defandrei (6.6%) and 
Nannoceratopsis gracilis (11.5%) (Text-Figure A3.3). 
Nannoceratopsis triangulafa and Scriniocassis weberi were 
alsorarely present and ~atrirodinitim sp. A was observed in 
significant proportions (6.6%) (Text-Figure A3.3). The most 
abundant miospores are bisaccate pollen; Callinlasporites 
spp. are also present. . . 

Sample NS 49, by conwast, produced a relatively sparse 
organic residue and palynoflora. Dinoflagellate cysts proved 
correspondingly sparse with M specimens per microscope 
slide (Text-Figure A3.3). Nannocerntopsis dejandrei subsp. 
deflandrei and Phallocysta spp are prominently represented. 
P!uzllocysta eumekes dominates the dinoflagellate cyst. asso- 
ciation, comprising 56.9%; Phallocysta elongata (4.5%) was 
also observed (Text-Figure A3.3). Rare Maturodinium sp. A, 
Nannoceratovsis deflandrei subsp, senex, Nannoceratopsis ara- 
cilis, ~arvoc~s tu  spp., ~criniocassi's webmi; ~ztsadinium scrofGdes 
and Valvaeodinium aauilonium were also recorded [Text- - ~ - -  - - -  

- \  

Figure A3.3). T'asmanites spp., Callialasporites turbatus and a 
possible reworked Carboniferous spore were encountered. 

5.1.1.6 Borehole 141, Khatarik-Khomo, ViIjui 
Syncline 

Two Upper Toarcian samples from Borehole 141 (Text- 
Figure 2) were studied; both yielded exbemely rich resi- 
dues and palynofloras. Sample NS 52 is dominated by 
Nannoceratopsis deflandrei subsp. senex, Nannoceratopsis gun- 
cilis and Susadinium scrofoides. Nannoceratopsis deflnrzdrei 
subsp. senex represents 49.2% of the dinoflagellate cyst 
assemblage (Text-Figure A3.3). Mancodinium semitabulatum 
is aIso relatively common (6.6%). Other dinoflagellate cysts 
present are largely members of the Parvocysta complex and 
include ?Moesiodinitim raileanzli, ?Parvocysta bullula, 
hrvocysta nasuta, Parvocystn spp. and Szisadinium faustuln 
(Text-Figure A3.3). Phallocysta eumekes is relatively rare 
(2.2%) and Nannoceratopsis triangulafa, Scriniocassis prisca 
and Valvaeodinium stipulatum were also recognised in low 
proportions. Halosphaeropsis liassica was observed, indicat- 
ing that this sample is close to the boundary with the 
underlying Lower Toarcian. Bisaccate pollen is the domi- 
nant miospore type. 

By conbast, sample NS 51 is extremely richin Phallocysta 
etrmekes; h s  dinoflagellate cyst taxon comprises 71.6% of 
the dinoflagellate cyst flora (Text-Figure A3.3). Species of 
Nannoceratopsis and the Parvocysfa complex are also abun- 

dant and numerous. Nannoceratopsis dejandrei subsp. senex 
makes up 10.8% of the dinoflageuate cyst association. Rep- 
resentatives of the Parvocysta plexus recognised include 
Pamcysta bullzrla, Parvocysta cracens, Parvocysta? tricornuta, 
Susadiniumfaustzrm and Stisadinium scrofoides. Other species 
recorded include Mancodinium semitaba~laturn, Nanno- 
ceratopsis deflandrei subsp. dejandrei, ?Nannocerafopsis 
dictyoambonis, Nannoceratopsis gracilis and Valvaeodinium 
aquilonitim (Text-Figure A3.3). Bisaccate pollen and 
Botryococctis bralinii are common and the pollen grain 
Callialasporites turbatus was also recorded. 

5.1.1.7 Bank of the River Kelimjar, downstream 
of Ulakhan-Kurung Creek 

A single sample, number NS 53, of lowexmost Upper 
Toarcian siltstone from this locality was studied (Text- 
Figure 2). The palynoflora largely comprises bisaccate pol- 
len, dinoflagellate cysts and Halosphaeropsis liassica. The 
dinoflagellate cyst association is of moderate diversity (8 
taxa) and is overwhelmingly dominated by PlmlIocysta 
eumekes and Nnnnoceratopsis spp. These elements comprise 
43.8% and54.870 of the dinoflagellate cyst flora respectively 
(Text-Figure A3.3).Nannoceratopsisdefandreisubsp. defandrei 
(19.4%), Nannoceratopsis deflandrei subsp. senex (17.8%) and 
Nannocerafopsis gracilis (17.1%) are all common; 
Nannoceratopsis ridinpi was recorded rarely (0.5%). Other 
rare elements comprise Pnrvocysta cmcens, Srrsadinium 
scrofoides and Valvaeodiniunl aqziilonium (Text-Figure A3.3). 
Leiofisa jzrmssim and Halosphaeropsis liassica are present and 
the miospore flora is of low species diversity. 

5.1.1.8 Bank of the River Motorchuna, near the 
mouth of the River Balaganakh 

Two samples, numbers NS 55 and NS 54, of Upper 
Toarcian claystone from this locality were studied (Text- 
Figure 2). The abundant palynoflora of NS 55 is over- 
whelmingly dominated by the dinoflagellate cyst 
Phallocysta eumekes; this species comprises 95.1% of the 
dinoflagellate cyst association (Text-Figure A3.3). Other 
dinoflagellate cysts present include Nannoceratopsis 
deflandrei subsp. deflandrei, Nannocerutopsis deflandrei subsp. 
senex, Nannoceratopsis gracilis, Nannoceratopsis triangulata 
and Valvaeodiniuin aqttiloniunz. Representatives of the 
Parvocysta complex other than Phallocysta eumekes are 
present in small numbers; these comprise Moesiodinium 
raileanui, Parvocysto cracens, Susadinium fausttim and 
Susadinium scrofoides. Other species present are Dinoflagel- 
late sp. B of Bjaerke (1980), Mancodinizim semifabulatum, 
Nannoceratopsis deflandrei subsp. anabarensis, Nanno- 
ceratopsis ridingiiand 7Valvneodinium sp. (Text-PigureA3.3). 
The rare specimens of Na~znoceratopsis deflandrei subsp. 
anabarensis are interpreted as having been reworked from 
the underlying uppermost Pliensbachian-Iowermost 
Toarcian. Other palynornorphs proved relatively rare and 
are of low species diversity; bisaccate pollen and 
Micrkystridium spp. are the most common of these. 

Sample NS 54 yielded, by contrast, a relatively sparse 
palynoflora. Dinoflagellate cysts proved rare and comprise 
Nannoceratopsis dejlandrei subsp. deflandrei, Nannoceratopsis 
deyandrei subsp, senex, Nannoceratopsis triangulafa and 
Valvaeodinitini aquilonium in varying proportions (Text- 
Figure A3.3). The Pa'auvocysta complex is entirely absent. The 
acritarch Leiofusa jurassica proved common and miospores, 
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chiefly bisaccate pollen, were also observed relatively he- coeval assemblages from England (Riding, 1987), east 
quently. Greenland (SrneLror, 198870) and Azerbaijan (Smehor and 

Lorninadze. 1989). However. thevaremostsirnilar toLower 
Callovian fioras ;eported f;om kvalbard (~melror, 1988;) 

5'1*2 Lower palpology the west and arctic Canada (Johnson and Hills, 1973; Davies, 1983). 
coast of Anabar Bay The assemblages herein are correlatable with the 

A suite of 4 Middle Jurassic samples from the west coast 
of Anabar Bay, northem East Siberia were studied. These 
samples were collected from the Lower Callovian of out- 
crop 10, situated on the west side of Anabar Bay (Text- 
Figure 2). The samples are from a relatively thin (15.5 m) 
succession of fossiliferous, nodular mudstones and silt- 
stones which have been dated as early Callovian on the 
basis of ammonite data (Text-Figure 10). The ammonite 
faunas indicate the presence of the Falsum and Anabarense 
zones; these zones have been correlated to the earliest 
Callovian Herveyi Zone of northwest Europe (Meledina, 
1994). 

The stratigraphic distributions of the palynomorph taxa 
identified are illustrated in Text-Figures 10 and A3.5. All 
four samples yielded abundant organic residues and 
palynofloras; wood fragments, plant debris and 
pal~omorphs are all abundant throughout. Miospores 
consistentlv numericallv dominate the marine microvlank- 
ton. ~isaccGte pollen, ~~rebro~olleni tes  macroverrucoks and 
Cyathidites spp. are typically prominent in the miospore 
assemblages. A more detailed account of the Lower 
Callovian miospores of this area was given by Tlyina 
(1985a,b). 

The dinoflagellate cyst floras are of similar composition 
throughout and are of relatively low species diversity. The 
most abundant species are Chytroeisphaeridia hyalina, 
Crussolia dalei and Paragonyaulacysta retiphragmata, which 
respectively attain maxima of 31.4% (sample NS 59), 35.7% 
(sample NS 57) and 13.6% (Sample NS 57) (Text-Figure 
A3.5). These acmes may have biostratigraphic sigruhcance 
in the Boreal Realm of Russia. Other common formsinclude 
Batiacasphaera spp., Chytroeisphaeridia cerastes, Crussolia 
veriretictllata. Pareodinia ceratotthora and Rhvnchodinio~sis 
kladophora. Forms which were' recorded in ielatively iow 
proportions comprise Chlnmydophorella spp., 
Chytroeisphaeridiachytroeides, Evansin evittii, Fromea tornatilis, 
Gonyaulacys fa j~lrassica subsp, adecta, Nannoceratopsis pellu- 
cida, Sentusidinium spp. and Sirmiodinium grossii. Minor 
reworking from the Carboniferous and the Lower Jurassic 
(Upper Pliensbachian to Toarcian) was noted due to the 
presence of rare Densosporites spp. and Nannoceratopsis 
deflandrei/gracilis respectively (Text-Figures 10 and A3.5). 

The indigenous dinoflagellate cyst floras are a mix of 
widespread and endemic Arctic/northem Boreal forms. 
The majority of the taxa are typical of the Sub-Boreal Realm 
and include Chytroeisphaeridia spp., Gonyaulacysta jtirassica 
subsp. adecta, Nannoceratopsis pellt~cida, Pareodinia spp., 
Rhynchodiniopsis clndophora, Sentusidinium spp. and 
Sirmiodinium grossii (Woollam and Riding, 1983; Riding 
andThomas, 1992). Chytroeisphaeridia hyalina is knownto be 
a reliable marker for the early-mid CaUovian in north-west 
Europe (Riding, 1990). Crussolia dalei, Crussolia perireticulata 
and Paragonynulacysta spp., however, typify the Callovian 
of the arctic region (Johnson & Hills, 1973; Davies, 1983; 
~melror, 1988a; k h u s  et al., 1989; Srnelror and Below, 1993). 
Fromea tornatilis was recorded in relatively low proportions 
throughout; this species is much more common in the early 
Callovian of the Russian Platform (see sections 5.2 and 5.3). 
Dinoflagellate cyst species diversity is low incomparison to 

~ a r a ~ o n ~ a u l a c ~ s ~ a  cnlloviensis Subzone of Johnson and Hills 
(1973), Oppel-Zone Gof Davies (1983) and thehcnymodinium 
waweniizone (subzonesb/c) of Smelror (1988b). Thesamples 
lie close to the boundary between the Sirmiodinium grossii 
and the Meiozirogonyaulax planoseptata-Chlamydophorella 
ectofabtilata concurrent range-zones of Smelror and Below 
(1993). 

5.1.3 Summary of the Upper Pliensbachian 
to Aalenian and Lower Callovian 
palynology of northern East Siberia 

The composite Upper Pliensbachian to Toarcian di- 
noflagellate cyst ranges from all the localities studied from 
northern East Siberia are illustrated in Text-Figure 11. The 
dinoflagellate cyst record in northern Siberia appears to 
have its inception in the latest Pliensbachan (Viligaensis 
Zone). All three subspecies of Nnnnoceratopsis deflandrei are 
sporadically present in extremely low proportions. The 
Upper Pliensbachian palynofloras from this area are of low 
species diversity. Bisaccate pollen consistently dominates 
the terrestrialy-derived elements. The pollen genus 
Callialasporifes was observed in the Upper PIiensbachian 
section at Anabar Bay. This pollen has a late Toarcian 
inception in western Europe. Leiofusa is present, often 
commonly. 

The four Lower Toarcian successions investigated gen- 
erally yielded abundant palynofloras. The dinoflagellate 
cyst Nannoceratopsis depandrei overwhelmingIy dominates 
the microplankton associations. Nannoceratopsis deflandrei 
subsp. anabarensis is generally relatively rare and confined 
to the lowermost Lower Toarcian (?Propinquum Zone). 
The subspecies defandrei and senex are, however, by far the 
most frequently recorded forms. Nannoceratopsis deflandrei 
subsp. senex is normally the most abundant and frequently 
occurs as monotaxic assemblages. Other taxa which were 
observed sporadically and in low proportions are 
Mancodinium semitabulafum and Nannoceratopsis gracilis. 
Indications of bottom water anoxia were observed in the 
Lower Toarcian of the River Anabar section. Other rni- 
croplankton and miospores are of relatively low species 
diversity. 

Dinoflagellate cyst associations become markedly more 
diverse in the Upper Toarcian (Text-Figures 8, 9 and 11). 
Nannoceratopsis continues to be common and diverse, but 
Mafurodinium sp. A, the Parvocysta suite and Phallocysta 
spp, are also prominent. Parvocysta is diverse and related 
forms such as Moesiodinir~m raileanui and Susadinium spp. 
were recorded. Species of Scriniocassis and Valvaeodinium 
were also observed. Normally the most prominent species 
isPhallocysta eumekes, whichattains 95 .l% of the dinoflagel- 
late cyst flora in Sample NS 55 at River Motorchuna. The 
diverse din~fla~ellat~cyst assemblages recovered, together 
with the abundance of Phallocusta eumekes and Phallocusta 
elorrgafa, confirm the ~orea l  n/ture of the genus Phallojsta 
(Dorhofer and Davies, 1980; Riding, 1984a). The relatively 
high diversity of the Parvocysta suite and the presence of 
Valvaeodinium aquilonium is also typicaI of high northerly 
laiitudes (Borhofer and Davies, 1980; Davies, 1983; Riding, 



JURASSIC & CRETACEOUS DINOFLAGELLATE BIOSTRATIGRAPHY, RUSSIAN PLATFORM & NORTHERN SIBERIA 

1984a; Riding and Ioannides, 1996). Maturodinium sp. A is 
extremely prominent at Sobo Creek. The detailed regional 
biostratigraphic relationships of the acmes ofMaturodinium 
sp. A and Phallocysta eumekes are not yet fuUy understood. 
However, the acme of the former species appears to begin 
consistently earlier than that of the latter. The acritarch 
Leiofusa jurassica is occasionally common and the miospore 
floras are of relatively low diversity. 

The Aalenian of Anabar Bay is entirely devoid of marine 
microplankton. The three samples examined yielded rela- 
tively sparse palynofloras comprising long-ranging 
miospores and the freshwater/brackish alga Botyococcus 
braunii. Theseupper Phensbachian to Aalenian palynofl oras 
are closely comparable to those recorded by Ilyina in Ilyina 
et al. (1994). 

The four Lower Callovian samples from Anabar Bay 
yielded relatively low diversity dinoflagellate cyst floras 
largely of arctic/Boreal affmties. Chytroeisphaeridia hyalina, 
Crussolia dalei and Paragonyaulacysta retiphragmafa are the 
most prominent taxa and acmes of these species may have 
biostra tigraphic signhcance in the Boreal Realm of Russia. 
Minor levels of Carboniferous and Lower Jurassic (LJpper 
Pliensbachian-Toarcian) reworking were encountered. 

5.2 STRATIGRAPHIC PALYNOLOGY OF 
THE PECHORA BASIN 

Forty-three Bathonian, Callovian, Kimmeridgian and 
Volgian samples collected from11 localities on the banks of 
the rivers Izhrna and Pizhma in the Pechora Basin, northern 
Russian Platform were examined. The samples are listed in 
Appendix 1 and the localities are illustrated in Text-Figure 
4. The samples yielded mostly rich and well-preserved 
palynofloras, majnly of dinoflagellate cysts and gymno- 
spermous pollen grains. The principal kerogen compo- 
nents are normally palynomorphs and woody tissue. The 
stratigraphic distribution of the palynofloras are illustrated 
in Text-Figures 12-14 and A3.6-A3.10. Text-Figures 15 and 
16 depict the composite stratigraphic ranges of selected key 
dinoflagellate cyst taxa in the Bathonian and Callovian 
stages respectively of the Pechora Basin and the more 
southerly central Russian Platform (section 5.3). 

5.2.1 The Bathonian to Upper Callovian 
palynology of the River Lzhma and 
River Pizhma area 

Asuite of X2 Bathonian and Callovian samples collected 
from four localities from the banks of the rivers Izhma and 
Pizhma in the Pechora Basin were studied. The four sample 
localities are illustrated in Text-Figuxe 4 and the strati- 
graphic distributions of all palynomorph taxa identified 
are depicted in Text-Figures 12 and A3.6. Undifferentiated 
bisaccate pollen grains, Callialasporites spp., CerebropoIIenites 
macroverrucosus, Classopollis classoides, Cyathidites spp. and 
Perinopolleniteselatoides are consistently prominent elements 
in the miospore assemblages. Reworked Carboniferous 
spores were also frequently common. 

The Bathonian yielded relatively sparse, low diversity 
microplankton assemblages. The Callovian dinoflagellate 
cyst floras are, however, more numerous and generally of 
relatively high diversity. Batiacasphaera sp.p., 
Chytroeisphaeridia spp., Evansia evittii, Fromea tornattlrs, 
Lithodinia spp., Nannoceratopsis pellucida, Pareodinia 

ceratophora and Sirmiodiniu7ngrossiiwere present commonIy 
throughout the succession (Text-FigureA3.6). Furthermore, 
the following taxa were consistently observed throughout 
the Callovian: Endoscrinium spp.; GonyauIacysta jurassica 
subsp. adecta; Lagenadinium callovianum; Paragonyaulacysta 
retiphragmata;Rhynchodiniopsisciadophova; Sentusidiniumspp. 
and Tubotuberella dangeardii (Text-Figures 12, A3.6). 

5.2.1.1 West bank of the River Pizhma, near 
Stepanov Village, outcrop 12; samples 
TP 12 to TP 10 (Bathonian) 

Three Bathonian samples from outcrop 12 were exam- 
ined. Dinoflagellate cysts are sparse and the species diver- 
sitiesrelatively low (Text-Figures 12md A3.6). Batiacasphaera 
spp., Evansia evittii and Pareodinia spp. were recorded 
throughout. Sample TP 12 yielded a particularly low diver- 
sity association dominated by Batiacasphaera spp. and inde- 
terminate gonyaulacacean forms. Rare Lithodinia cf. valensii 
were recorded from TP 12 (Text-Figure A3.6). Lithodinia 
valensii is a reliable marker for the late Bajocian to early 
Bathonian of western Europe (Riding and Thomas, 1992). 
Ctenidodinium sellwoodii was found in low proportions in 
sample TP 11. This species has been also been recorded 
from the Lower-Middle Bathonian of the nearby Sisol 
region (Ilyina, 1991a). Chytroeisphaeridia hyalina, Fentonia 
bjaerkei (acritarch), Fromea tornatilis, Nannoceratopsis pellu- 
cida, Pareodinia ceratophora, Protobatioladiniurn elatmaensis 
and Sirmiodinium grossii were present in samples TP 11 and 
TP 10 (Text-Figures 12 and A3.6). The occurrence of 
Ckytroeispheridia hyalina represents the oldest occurrence 
of this distinctive species in Russia; it is characteristic of the 
early-mid CaLlovian in northwest Europe @cling, 1990). 
Fentonia bjaerkei was also recorded from samples TP 11 and 
TP 10. This species was recently transferred to an acritarch 
genus and ranges from the late Pliensbachian to Callovian 
of northwest Europe (Bailey and Hogg, 1995). Fentonia 
bjaerkei appears to be a typically Boreal form as it has been 
reported from northern Russia (herein), the Barents Sea 
region (Bjaerke, 1977; 1980a; Srnelror, 1987) and northern 
England (Riding, 1984a). Lithodinia spp. were recorded 
from samples TP 12 and TP 11. Nbnnoceratopsis pellucida is  
prominent in samples TP 11 and TP 10, representing 35.1% 
and29.2% of the dinoflagellate cyst flora respectively (Text- 
Figure A3.6). Wanaea acollaris i s  confined to sample TP 10. 
The two species of Protobatiohdinium found in the River 
O h  Basin, Russian Platform herein (section 5.3.1.1) were 
bothrecordedfromoutcrop 12. Protobatwladiniumelatmaensis 
is present in samples TP 11 and TP 10, thus appears to range 
throughout the Bathonian of Russia (section 5.3.1.1; Riding 
and Ilyina, 1996). Protobatioiadinium? elongatum was ob- 
served in sample TP 10 (Upper Bathonian). This form has 
been recovered from the Upper Bathomian of the Russian 
Platform (section 5.3.1.1; Riding and Ilyina, 1998) and con- 
sistently has a markedly younger range than 
Protobafioladinium elatmaensis (Text-Figure 15). The species 
was misidentified as Kalyptea dicevas by llyina (1991a,b). 
Low levels of Nannoceratopsis gracilis, reworked from the 
late Pliensbachian-Toarcian, were recovered in sample TP 
11 (Text-Figure 12). Furthermore, Carboniferous spores of 
the genera Cingulispovites and Densosporifes were observed, 
although rarely, in samples TP 11 and TP 10. 

The low diversity dinoflagellate cyst associations are 
similar to those from the Bathonian of the River Oka Basin, 
Russian Platform (section 5.3.1.1). The floras proved mark- 
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Text Figure 15. A compilation of selected dinoflagellate cyst ranges for the Bathonian strata of the Russian Platform. 
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edly different to coeval associations from northwest Eu- (Herveyi Zone) (Riding and Thomas, 1992). The Kepplerites 
rope. The Bathonian was a time of known dinoflagellate cf. tychonis Beds of the Pechora Basin have been correlated 
cyst provincialism in the Northern Hemisphere (Riding et with the Calloviense Zone (Meledina et al., 1998). There- 
al., 1985) and this phenomenonappears t o b e w e d  tolow fore, if t?is correlation is sound, Ctenidodinium combazii 
eustatic levels (Haq et al., 1987). ranges into younger strata in the Russian Platform than 

western Eurove. The microvlankton associations are simi- 

5.2.1.2 East bank of the River Pizhma, near lar in composhion to coevh floras from the Russian Plat- 
form (sections 5.3.1.2 and 5.3.2.1). Lower Callovian di- 

Churkin Village, outcrop 13, samples noflagellate cyst associations from northern Siberia are 
TP 9 to TP 6 (Lower Callovian) broadlv similar, but amear to be less diverse and to contain 

The 4 Lower Callovian samples from outuop 13 pro- 
duced variably abundant dinoflagellate cyst associations of 
relatively high species diversity (Text-Figure 12); sample 
TP 9 was by far the most productive (Text-Figure A3.6). 
There are a number of dinoflagellate cyst range bases, 
whch have both local and regional significance, in the 
Lower Callovian of outcrop 13. These include the incep- 
tions of Ambonosphaera? stafjcinensis, Chytroeisphaeridia 
cerastes, Chytroeisphaeridia chytroeides, Endoscriniumgalerifum, 
common Fromea tomatilis, Gonyazilacysta jurassica subsp. 
adecta, Lagenadinium callovianum, Paragonyaulacysta 
retiphragmata, Pareodinia prolongata, Rhynchodiniopsis 
cladophora, Sentusidinium spp. and Tubotuberella dangeardii 
(Text-Figure A3.6). A number of these inceptions are con- 
sistent with ranges in northwest Europe, for example those 
of Chytroeisphaeridia cerastes, Endoscrini~rm galeritum and 
Rhynchodiniopsis cladophora (Woollam, 1980; Riding and 
Thomas, 1992). Furthermore, despite extremelyrare records 
of Gonyaulacysta jurassica subsp. adecta in the Bathonian 
(R~ding et al., 1985), the inception of consistent records of 
this subspecies is Lower Callovian throughout Europe 
(Riding, 1992). Ambonosphaera? stnfinensis appears to be 
relatively long ranging; this species is found from the 
Callovian to the Lower Cretaceous of the Boreal and 
Subboreal realms (Poulsen and Riding, 1992). 
Chytroeisphaeridia hyalina was prominent in sample TP 9, 
where it attained 9.3% of the dinoflagellate cyst assemblage 
(Text-Figure A3.6). Low numbers of Cmssolia spp. were 
observed in sample TP 7; this inception may also prove to 
be of correlative sigruficance. Questionable specimens of 
Kalyptea stegasta were observed in samples TP 7 and TP 6 
(Text-Figure A3.6). Furthermore, Lagenadinium callovianum 
is present in samples TP 7 and TP 6; this inception within the 
Cadoceras simulans beds (Koenigi Zone equivalent) is deemed 
to be stratigraphically significant. The range base of 
Paragonyaulacysta retiphragmata in sampIe TP 7 may be of 
local sigruficance, since similar forms have been encoun- 
tered in the Bathonian of the Russian Platform (section 
5.3.1.1). T h e  occurrence of Pareodinia prolongata in samples 
TP 8 and TP 6 may also be biostratigraphically important; 
this species is characteristic of the Callovian stage in north- 
west Europe (Woollam, 1980; Prauss, 1989). The large and 
distinctive species Ctenidodinium combazii was observed in 
sigruficant proportions (32.4% of the relatively sparse di- 
noflagellate cyst flora) in sample TP 6 (Text-Figure A3.6). 
This  species was facies-controlled (Riding et al., 1985); it 
preferred relatively stable, open marine conditions. In cen- 
tral and northern England and Scotland, where Bathonian 
stcata represent marginalmarine conditions, Ctenidodiniurn 
combazii is absent or extremely rare (Riding, 1987; Riding et 
al., 1991). Because of the high eustatic levels throughout the 
Callovian, Cteniclodiniu~n combazii, within its stratigraphic 
range, tends therefore to be consistently present. The range 
top of this species in northwest Europe is Lower CaUovian 

propo~tionately mo&*~oreal elements such as Crussolia 
spp. and Paragonyaulacysta retiphragmata. (section 5.1.2). 

All the four Lower Callovian samples yielded common 
reworked Carboniferous spores. Samples TP 9 to TP 7 
produced the richest and most diverse floras. Species iden- 
tified include Apiculatisporites sp., Cingulizonates spp., 
Convolutispora sp., Densosporites rarispinosus, Densosporites 
spinifer, Diatomownotriletes cervicornutus, Lophotriletes sp., 
Monilospora dignata, Murospora aurita, Punctatisporites spp. 
and Vallatisporites spp. These associations are indicative of 
the stratigraphical recycling of strata of Late Visean age 
(Ravn, 1991). 

5.2.1.3 West bank of the River Izhma, outcrop 9, 
samples TP 5-TP 4 (Middle-Callovian) 
and sample TP 3 (Upper Callovian) 

The inceptions of Atopodinium haromense, Clathro- 
ctenocystis asapha, ?Lithodinia planoseptata, Sentusidinium 
creberbarbatum, Sirmiodiniopsis orbis, Stephanelytron spp. 
and Wanaea acollaris in this section (Text-Figures 12, A3.6) 
reflect the increasing dinoflagellate cyst species diversity 
during the Callovian. This is a global phenomenon (Davey, 
1987; Helby et al., 1987; Martill et al, 1994). Acmes of 
Chytroeisphaeridia hyalina (21.5% of the dinoflagellate cyst 
flora in sample TP 4) and Chytroeisphaeridia chytroeides 
(17.4% of the dinoflagellate cyst flora in sample TP 3) were 
observed (Text-Pigwe A3.5). Kalyptea stegasta was en- 
countered in samples TP 4 and TP 3 (Text-Figure 12). This 
species is known to be relatively long-ranging but is 
especially prominent in the Middle Callovian in north- 
west Europe (Riley and Fenton, 1982; Partington et al., 
1993; Riding and Thomas, 1997). The occurrence through- 
out of Lagenadinium caIlovianum here is entirely consistent 
with the mid-late Callovian range of this species (Piel, 
1985). The range base of Mendicodiniumgroenlandicum was 
observed in sample TP 4 (Text-Figure 12). This species is 
known from the Callovian to the VolgianinEurope (Riding 
and Thornas, 1992). The Upper Callovian range bases of 
Clathroctenocystisasapha, Sirmiodiniopsis orbis, Stqhanelytron 
redcliflense and Stephanelytron scnrburghense in sample TP3 
(Text-Figure 12) are consistent with northwest Europe 
(Riding and Thomas, 1992). These bioevents are typicalIy 
intra-Callovian (Woollam andRiding, 1983; Riding, 1987). 
The presence of Clathroctenocystis asapha and Stephanelytron 
spp. strongly suggests that sample TP 3 i s  of uppermost 
Callovian age (SubordinariumZone) (section5.2.2.1;Text- 
Figure 16). 

Small proportions of Nannoceratopsisd$landrei,reworked 
from the late Pliensbachian-Toarcian were recorded in 
samples TP 4 and TP 3 (Text-Figure A3.6). Reworked Car- 
boniferous spores were present throughout, but these flo- 
ras are not as common or as diverse as those in the under- 
lying Lower Callovian. 
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5.2.1.4 West bank of the River Izhma, outcrop 7, 
samples TP 2, TP 3. (Upper CalIovian) 

Both these Upper Callovian samples are similar in 
species composition and relative proportions to coeval 
associations from north-west Europe (Riding, 1987; Prauss, 
1989;Kunz, 1990). An acme (52.0% of the dinoflagellate cyst 
flora) of Chytroeisphaeridia hyalina was observed in sample 
TP 1 (Text-Figure A3.6). The range of this species in Russia 
is more extensive than in north-west Europe, where it is 
confined to the early-mid Callovian (Riding, 1990). 
Chytroeisphaeridia hyalina has been recorded from the 
Bathonian to the Middle Oxfordian of Russia (sections 
5.2.1, 5.2.2, 5.3.1 and 5.3.2). Lithodilzia planosqtafa was re- 
corded in both samples (Text-Figure 12). This distinctive 
species is confined to the early CallovianinEngland (Riding, 
1987; Riding and Thomas, 1992). Mendicodinium 
groenlandicum wasobserved insigiuhcantproportions (7.8%) 
in sample U? 2 (Text-Figure A3.6). In western Europe this 
species is prominent throughout the late Callovian (Riding, 
1987). 

Nannoceratopsis deflandrei, reworked from the late 
Pleinsbachian-Toarcian, was recorded in small numbers 
from sample TP 1 (Text-Figure A3.6). Low diversity species 
associations of reworked Carboruferous spores were en- 
countered rarely. 

5.2.2 The Upper Callovian to Kimmeridgian 
palynology of the River Izhma area 

Asuiteof 14 Upper CallovianandKimme~dgian samples 
collected from outcrop 15 in the River Izhrna area, Pechora 
Basin (Text-Figure 4) were studied. The delineation of 
samples to stages/substages was determined on forarnin- 
iferal evidence (unpublished data); there are no direct 
ammonite zonal correlations. It is therefore possible that 
the Upper CalIovian samples herein (i.e. numbers TP 21 to 
TP 26) overlap stratigraphically with samples TP 1 to TP 3 
of section 5.2.1, which are also from the River lzhma area. 
The stratigraphic distributions of all palynomorph taxa 
identified are illustrated in Text-Figures 13, A.7 and A3.8. 
The fourteen samples yielded abundant organic residues 
and variably abundant, well-preserved palynofloras. 
Woody tissue is abundant throughout and the dinoflagel- 
late cyst floras are rich and of relatively high species diver- 
sity. Gyrnnospermous pollen such as undifferentiated 
bisaccate pollengrains, Callialasporifes spp., Cerebropollenites 
macroverrucosus, Classopollis classoides and Perinopollenites 
elatoides consistently dominate the palynofloras. Reworked 
Carboniferous spores were also frequently common in the 
Upper Callovian samples (Text-Figure A3.8). 

5.2.2.1 Samples TP 26 to TP 21 (Upper Callovian) 

Samples TT 26 to TP 21 produced palynofloras rich in 
dioflagellate cysts and miospores; prominent dinoflagel- 
latecysts include Batiacasphacra spp., Chytroeisphaeridia spp., 
Lithodinia spp. and Rhynchodiniopsis cladophora (Text-Fig- 
ures A3.7, A3.8). Lesser proportions of Cleistosphne~idium 
spp., Evansia evittii, Fromen fornatilis, Gonyaulacysfa jurassica 
subsp. adecfa, Knlyprea sfegasta, Nannoceratopsis pellucida, 
Pareodinia spp., Sentusidinium spp., Sirmiodiniumgrossii and 
Tubotuberella dangeardii were also observed (Text-Figure 
13). Chytroeispheridid hyalina is a reliable index for the 
Lower-Middle Callovian of northwest Europe (hding, 

1990), however it occurs throughout thecallovian toMiddle 
Oxfordian of the Russian Platfom (sections 5.2.1, 5.2.2, 
5.3.1 and 5.3.2). A similar situation pertains to Lithodinia 
planoseptata, which is confined to the Lower Callovian of 
England (Bding, 1987), but occurs throughout the stage in 
the Russian Platfom (sections 5.2.1 and 5.3.2). Similarly, 
the consistent presence of Kalyptea stegasta, the numerous 
and diverse representatives of Lithodinia and the absence of 
characteristic Upper Callovian markers would strongly 
suggest the Middle Callovian in northwest Europe 
(Partington et al., 1993). Reworked Carboniferous spores 
were recovered throughout and include species of 
Cingulizonafes and Mttrospora (Text-Figure A3.8). This re- 
working of common and diverse Carboniferous 
palynomorphs into the Callovian of the Pechora Basin has 
been previously noted (section 5.2.1). 

Samples TP 22 and TP 21 are interpreted as uppermost 
Callovian and proved extremely palynologically produc- 
tive; they yielded 700 and 818 dinoflagellate cysts per 
microscope slide respectively (Text-Figure A3.8). The oc- 
currence of relatively commonMendicodin iumgromlandicum 
is suggestive of the Upper Callovian (Riding and Thornas, 
1992). Furthermore, the presence of certain known Upper 
Callovian markers are deemed to be stratigraphically sig- 
nificant. These include Clathroctmocysfis asapka (sample TP 
21), Gonyaulacysta centriconnata (sample TP 22), Liesbergin 
liesbergensis (sampleTP21),Stephanelytron caytonense (sample 
TP22) and Trichodiniurn scarburghensis (sample TP22) (Text- 
Figure 13). These forms have we11 established range bases 
in the Upper Callovian of northwest Europe (Riding, 1987; 
Riding and Thomas, 1992). Additional evidence of a late 
Callovian age comes from the occurrences of Ctenidodinium 
continuum in sample TP 21 and Wannea acollaris in sample 
TP 22. Both these species have reliable inka-late Callovian 
range tops in northwest Europe (Riding, 1984b). The 
ocurrence of Cleistosphauidiurn varispi7~osum in samples TP 
23 and TP 22 (Text-Figures 13, A3.7) is interesting; this 
species in England is confined to the Lower Callovian 
(Woollam and Riding, 1983; Riding and Thomas, 1992). 
This species appears to range through the entire Callovian 
Stage in Russia, like several other British Lower-Middle 
Callovian markers. 

In Russia, key Upper Callovian markers (with estab- 
lished range bases in Britain) such as Clathroctenocystis 
asapha, unequivocal Scriniodinium crysfal l inum, 
Stephanelytron spp. and Trichodinium scarburghensis are not 
present in the lowermost Upper Callovian (Athleta/ 
Keyserlingizones) (Text-Figure 16). Theseshatigraphically 
crucialtaxa have inceptionswithin the uppermost Callovian 
Subordinarium Zone (section 5.2.1). This apparent 
heterochroneity of dindagellate cyst datumsmay possibly 
indicate that the range base of the index ammonites for the 
latest Callovian ammonite zone (i.e. Subordinarium/ 
Lamberti) are possibly sigruficantly diachronous, younging 
towards the southwest. A possible causal mechanism for 
this phenonenon is the presence of certain biotal barriers 
between the Subboreal and Boreal realms during the late 
Callovian (Smelror, 1993). 

5.2.2.2 Samples TP 20 to TP X3 (Kimmeridgian) 

Samples TP 20 to TP 13 yielded variably abundant 
palynofloras (Text-Figures 13, A3.7 and A3.8). Dinoflagel- 
late cyst species recorded in significant proportions are 
Chytroeisphaeridia clzytroeides, Cle i~ tospha~dium fribulijerum, 
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Gonyaulacysta jurassica subsp. jurassica, Pareodinia halosa, 
Perissieasphaeridium pannosum, Rhynchodiniopsis cladophora, 
Sirmiodinium grossii and Tubotuberella rhon~bijomis (Text- 
Figure 13). Samples TP 20 and TP 19 are dominated by 
Rhynchodiniopsis cladophora; this species accounts for 64.9% 
and 90.7% of the dinoflagellate cyst assemblages respec- 
tively (Text-Figure A3.8); this acme may be be of correlative 
significance. The occurrences o f  Aldorfia dictyota, 
Cribroperzdiniumglobatum, Endoscrinium anceps, Glossodzniz~m 
dimorphum, Gonyaulacysta jurassica subsp. jurassica, 
Hystrichosphaerina orbifera, Leptodinium spp., 
Perisseiasphaeridium pannosum, Prolixosphaerzdiumanasill~~m, 
Stephneiytron spp., Systernatophora spp. and Tubotziberella 
rhombifomis (Text-Figure 13) are indicative of the Boreal 
Kimrneridgian Stage. Specifically, the occurrences of 
Gonyaulacysta jurassica subsp. jarassica, Rhynchodiniopsis 
cladophora, Scriniodinium cystallinum and Stephanelytron 
spp. provide direct evidence of the Kimrneridgian by com- 
parison withsouthern England (Riding and Thomas, 1988). 
This age assessment can be significantlyrefined. The occur- 
rence of Scriniodinium crystallinurn in sample TP 20 (Text- 
Figure 13) means that this horizon is correlatable with the 
lowermost Kjmmeridgian (Baylei Zone) at the type section 
(Riding and Thomas, 1988). This sample cannot be of 
Oxfordian age due to the presence of Endoscrinium anceps 
andPwisseiaspheridium pannosum (Text-Figures A3.7, A3.8). 
Additionally, the presence of Stephanelytron spp. in samples 
TP 20, TP 19, TP 18, and TP 15 (Text-Figures 13, A3.8) is 
evidence that this interval is referable to the Baylei to 
Mutabilis zones mding and Thornas, 1988; 1.992). Certain 
Boreal elements were obsemed including Ambonosphaera? 
stajfinensis and Paragonyaulacysta sp. The associations ob- 
served here are substantially similar to other records of 
Kimmeridgian dinoflagellate cyst floras of central and north- 
ern Russia (sections 5.2.3 and 5.3.3.3). 

5.2.3 The Kirmeridgian-Volgian palynology of 
the River Pizhma area 

A suite of 10 Kimmeridgian-Volgian samples (TP 36 to 
TP27) from the River Pizhma area in northern Russia (Text- 
Figure 4) were examined. The stratigraphic distribution of 
dinoflagellate cysts is given in Text-Figure A3.9. Samples 
TP36 to TP 28 yielded variably abundant and diverse 
palynofloras. Numbers TP 36, TP 32 and TP 28 proved 
reIatively sparse organically; however, the remainder pro- 
duced relatively abundant dinoflagellate cyst floras indica- 
tive of the Boreal Kimmeridgian. Species such as 
Chytroeisphaeridia chytroeides, Cribroperidinium spp., 
Endoscrinium anceps, rare Glossodinium dimorphum, 
Lqtodinium spp., Pareodinia halosa, Perisseiasphaeridium 
pannosum, Prolixosphavidium parvispinum, Rhynchodiniopsis 
cladophora, Sirmiodini~tmgrossii, rare Tubotubereila dangeardii 
and Tubotuberella rhombifornzis were recovered (Text-Figure 
A3.9). The presence of Perisseiasphaeridium pannosum, 
Rhynchodiniopsis cladophora and Tubotuberella dangeardii is 
indicative of a correlation with the Boreal Kimmeridgian 
(i.e. Lower Kirnrneridgian sensli anglico) (Riding and Tho- 
mas, 1988; 1992). The overall assemblages are similar to 
those from northwest Europe, however, Perisseiasphaeridium 
pannosum is present consistently and relatively abundantly 
in the Kimmeridgian of the River Pizhrna. In southern 
England it is a relatively minor constituent of coeval assem- 
blages, aside of: a stratigraphically restricted acme in the 
Eudoxus Zone (Riding and Thomas, 1988). 

Sample TP 27 yielded an abundant and diverse di- 
noflagellate cyst assemblage (Text-Figure A3.9). Many spe- 
ties recorded also occur jn samplesTP 36 to TP 28, however 
this sample appears to be sipficantly younger then the 
latter. This is evidenced by the occurrences of forms such as 
Achomosphaera sp., Boztrkodinium sp., Cassiculosphaeridia sp., 
Circulodinium compta, Circulodini~trn spp., Endoscrinium 
anceps, Endoscrinium glabrum, Gonyar~lacysfn helicoidea, 
Imbatodinium kondratjevii, Kleithriasphaeridiurn sp. 
?Oligospheridiunz dilucuIum and Spiniferites sp. Compari- 
son with Britain indicates a correlation with the Early 
Cretaceous. The concurrent presence of Achomosphaera sp., 
Circulodinie~m compta, Spiniferites sp. and TubotztberelIa spp. 
indicates the late Ryazanian/early Valanginian interval 
(Costa and Davey, 1992). The Ryazanian/Valanginian of 
northwest Europe typically yields far more diverse di- 
noflagellate cyst floras (Duxbury, 1977). 

5.2.4 The Middle Volgian palynology of three 
localities from the River Izhrna area 

Seven Middle Volgian samples from three localities in 
the River Izhma area were studied (Text-Figure 4). The 
stratigraphic distributions of all dioflagellate cysts identi- 
fied areillustrated inText-Figures 14and A3.10. The samples 
yielded variably abundant organic residues and 
palynofloras. 

5.2.4.1 Samples TP 41 to TP 37 (Middle Volgian 
of outcrop 16) 

Amorphous organic material was recovered through- 
out this interval and was especially common in samples TP 
41 and TP 40. This strongly suggests that the Volgian "hot" 
shale facies of Rawson and Riley (1982) was developed in 
the Pechora Basin. The term "hotr' refers to the typically 
high gamma values; the "hot" shale facies is an extensive 
potential source rock, developed due to bottom anoxia 
associated with marine water stratdication. Sample TP 39 
produced anextremely rich and well-preserved palynoflora; 
the remaining samples, however, proved to be sigruhcantly 
sparser (Text-Figure A3.10). Dinoflagellate cysts over- 
whelmingly dominate the palynofloras. Cleistosphaeridium 
tribziliferum, Cribroperidinium spp., Dingodiniurn spp., 
Glossodiniztm dimorphum, Kleithriasphaeriditrm spp., 
Leptodinium serbtile, Oligosphaeridium pafultrm, Pareodinia 
ceratopkora, Pareodinia halosa, Prolixosphneridium spp. and 
Tzrbotuberella rhombiformis are common (Text-Figures 14, 
A3.10). The presence of species such as Cribroperidinium 
spp., Endoscrinium anceps, Glossodinium dimorphunz, 
Kleithriasphaeridium spp., Leptodinium subtile, 
Oligosyhaeriditr~n patulum and Senoninsphaera jurassica indi- 
cates that the succession is of Volgian age by comparison 
with palynofloras from northwest Europe (Riding and 
Thomas, 1988; 1992). The presence of common to abundant 
Oligosphaeriditlm pafulum in samples TP 39 to TP 37 (Text- 
Figure A3.10) is hghly stratigraphically significant. The 
acmeoccurrence of this chorate speciesin England is within 
the early Volgian Hudlestoni Zone (Riding and Thomas, 
1988, text-fig. 3). The range base of Senoniasphaera jurassica 
in sample TP 40 is also significant. Poulsen and Riding 
(1992) reported that the overall range of this species is 
Kimmeridgian to mid Volgian, however, Riding and Tho- 
mas (1988, text-fig. 3) proved that the range base of consis- 
tent occurrences of the species is within the early Volgian 
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Wheatleyensis Zone. Therefore, the presence of common 
Oligosphaeridium patulurn and Smoniasphra jairassica indi- 
cates that samples TP 40 to TP 37 are of probable early-mid 
Volgian age. 

The associations recovered are broadly similar in spe- 
cies content and relative proportions to samples from the 
Middle Volgian of Gorodische and Kashpir in the Russian 
Platform. Oligosphaeridium patulum and Senoniasphaern 
juvassica have been recorded from the Middle Volgian of 
both these localities (sections 5.3.4; 5.3.5; Lord et al., 1987). 

5.2.4.2 Samples TP 42 and TP 43 (Middle 
Volgian of outcrops 16a and 17) 

Samples TP 42 and TP 43 produced abundant organic 
residues andvariably richpalynofloras. Batiacasphaera spp., 
Cribroperidiniurn spp., Dingodinium spp., Pareodinia 
cerntophora, Pareodinia halosa, Sirmiodinium grossii and 
Tubotuberella rhombijorormis were recovered in significant 
proportions (Text-Figure A3.10). The dinoflagellate cyst 
floras are similar to those recovered from samples TP 41 to 
TP 37 (section 5.2.4.1) and are indicative of an early-mid 
Volgian age. The samples cannot be younger than mid 
Volgian due to the presence of Glossodinium dimorphurn 
(Riding and Thomas, 1992; Riding et al., 1993). Further- 
more, the high abundances of Cribroperidiniurn spp. in both 
samples strongly suggests that the sample can be no older 
than Kimmeridgian-Volgian (Riding and Thomas, 1988; 
1992). 

5.2.5 Summary of the Bathonian to late 
RyazanianIearIy Valanginian 
palynology of the Pechora Basin 

The Bathonian of the Pechora Basin yielded low diver- 
sity dinoflagellate cyst floras rich jn endemic fonns such as 
Protobatioladinium elatmaensis and ?Protobatioladiniaim? 
elongatum. This succession provided the first reports of 
Chytroeisphaeridia hyalina and the acritarch Fentonia bjaerkei 
in the Bathonian of the Russian Platform. The Lower 
Callovian produced rich and diverse diioflagellate cyst 
floras; most forms are known from western Europe. The 
Lower CaUovian dinoflagellate cyst floras from the Pechora 
Basin are similar to those from the Russian Platform and 
sigruficantly more diverse than equivalents from northern 
Siberia (sections 5.3 and 5.1.2). The Middle and Upper 
CaUovian samples exhibit inaeasing dinoflagellate cyst 
diversities; the species spectra are similar to those from 
north-west Europe. Chytroeisphaeridia hyalina and Lithodinia 
planoseptata were both recorded jn the Upper Callovian. R 
appears that certain prominent northwest European Upper 
Callovian markers are absent in the Athleta/Keyserlingi 
zones in Russia. Species such as CZathrocfenocystis nsapha 
and Trichodinium scarburghensis appear to have inceptions 
in the uppermost Callovian (Subordhrium Zone) in Rus- 
sia. It is possible that the latest Callovian ammonite faunas 
are diachronous, youngingsouthwestwards. The Callovian 
samples yielded common and diverse reworked Carbonif- 
erous (chiefly Late Vis6an) spores. 

Several key regional dinoflagellate cyst markers were 
identified in the Boreal Kimmeridgian of the River Izhma 
area. The occurrence of forms such as Scriniodinium 
c ystallinum and Stephnelyfon spp. have enabled the subdi- 
vision of this stage. There is an acme of Rhynchodiniopsis 

cladophora h the lowermost Kimmeridgian of this region. 
The Kimmeridgian samples from the River Pizhrna area 
appear to be largely of Boreal JGmmeridgian (i.e. early 
Kimmeridgian sensu anglico) age. Perisseiasphaeridium 
pannosum is especially numerous. 

A suite of Middle Volgian samples frornthe'River I z h a  
area produced residues rich in arnorphogen. The majority 
of the dinoflagellate cyst assemblages indicate a correlation 
with the early-mid V o l p n  of western Europe. On the 
evidence of a single sample, the late Ryaza~an/early 
Valanginian of the River Pizhma region exhibits marked 
differences to that of north-west Europe, in that dinoflagel- 
late cyst diversity is relatively low. Additionally, some 
endemic Russian forms, such as Irnbatodinium kondratjmii, 
were recovered. 

5.3 STRATIGRAPHIC PALYNOLOGY OF 
THE CENTRAL RUSSIAN PLATFORM 

Eighty-five Bathonian to lowermost Ryazanian samples 
from 10 localities in the central. Russian Platform were 
studied. The sample localities are illustrated in Text-Figure 
5 and all the sections and horizons are listed in Appendix 1. 
The samples largely yielded relatively rich and well-pre- 
served palynofloras. The stratigraphic distributions of the 
palynomorphs recovered areillustrated inText-Figures 17- 
24 and A3.11-A3.20. Text-Figures 25 and 26 illustrate the 
stratigraphic ranges of selected important dinoflagellate 
cyst taxa in the Oxfordian and Kimmeddgian-Ryazanian 
respectively of the central Russian Platform and the more 
northerly Pechora Basin (see section 5.2). 

5.3.1 The Bathonian to Middle Oxfordian 
palynology of borehole 132, near 
EIatma, River Oka Basin 

Sixteen samples fromthe Bathonian toMiddle Oxfordian 
of Borehole 132 in the River Oka Basin, near Elama (Text- 
Figure 5) were studied. The depth range of samples is 
77.70m to 25.70m. The ammonite faunas indicate the un- 
equivocal presence of the Lower Callovian Elatrnae Zone 
and the Middle Oxfordian Densiplicatum and 
Tenuiserraturn zones (Text-Figure 17). The stratigraphic 
distributions of all dinoflagellate cyst taxa identified are 
illustrated in Text-Figures 17 and A3.11. The samples gen- 
erally yielded abundant organic residues and palynofloras; 
woody fragments are prominent throughout. Undifferenti- 
ated bisaccate pollen, Cereb~opollenites macroverrucosus, 
Clussopollis classaides and Cyathidifes spp. are typically prorni- 
nent in themiospore assemblages throughout. Pollen grains 
consistently dominate the assemblages in the Bathonian 
and Lower Callovian (samples RP 16 to RP 7). However, 
dinoflagellate cysts are the dominant palynomorph group 
in the Lower Oxfordian andMiddle Oxfordian (samples RP 
6 to RP 1). 

5.3.1.1 Samples RP l6  to RP 8 (Bathonian) 

Palynomorphrecovery throughout the Bathonian inter- 
val was generally good; however the dinoflagellate cyst 
floras are of relatively low diversity (Tex t -F i~e  A3.11). 
Numerically sigruficint fonns incluhe ~atiacag~hem spp, 
Ctenidodinium sellwoodii. Mendicodinium woenlandicum. 
Pareodinia ceratophora an'd ~rotobatioladinilm spp. (~ext l  
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Figure 17). Ctenidodinium sellwoodii, Evansia evittii, Fromea 
tornatilis, Koystocysta gochtii and Nannoceratopsis pellucida 
are confined to the lowermost Bathonian (samples RP 16 to 
RP 14) (Text-Figure A3.11). This association, together with 
Protobattoladinium elatmensis, (samples RP 15 to RP 12) is 
characteristic of the Bathonian of the Pechora Basin (section 
5.2.1.1; Riding and Ilyina, 1996; 1998). This distinctive 
morphotype comprises 88.7% and 82.9% of the dinoflagel- 
late cyst floras in samples RP 14 and RP 13 respectively 
(Text-Figure A3.11). Another biostratigraphically sigruh- 
cant speciesis Protobatioladiniunz? elongatum (samples RP 13 
to RP 9). Protobatwladinizrm? elongatzlrn appears to be con- 
fined to the Upper Bathonian (Riding and Ilyma, 1998), 
where it is abundant. This form comprises 75.0% and 66.6% 
of the dinoflagellate cyst assemblages in samples RP 10 and 
RP 9 respectively (Text-Figure A3.11). Mendicodiniurn 
groer?landicum was recorded from samples RP 14 to RP 8; the 
range base of this species is Lower Callovian in northwest 
Europe (Riding and Thomas, 1992). An acme (61.5% of the 
sparse dinoflagellate cyst flora) of Paragonyaulacysta sp. 
was recorded in sample RP 11 (Text-Figure A3.11). 
Dissiliodinium spp. are relatively prominent in the Upper 
Bathonian (sample RP 9). Small proportions of 
Narznoceratopsis deflarldrei were recorded from samples RP 
15 to RP 13,indicatingreworkingfromthelatePliensbachian- 
Toarcian. 

These low diversity dinoflagellate cyst assemblages are 
sigmficantly different in species spectra and proportions to 
Bathonian palynofloras from elsewhere in the Northern 
Hemisphere. The Bathonian is known as a b e  of marked 
marine palynomorph provincialism (Riding et al. 1985), 
probably a result of therelatively low eustaticlevels through- 
out this Stage (Haq et al., 1987). 

5.3.1.2 Sample RP 7 (Lower Callovian) 

Marine microplankton in sample RP 7 is of moderate 
species diversity and abundance (Text-FigureA3.11). Promi- 
nent dinoflagellate cyst taxa at this horizon comprise 
Bafiacasphaera spp., Chytroeisphaeridia hyalina and Pareodinia 
ceratophom. Chytroeisphaeridia chytroeides, Ctenidodinium 
sellwoodii, Fromea tornafilis, ?Lithodinia caytonensis and 
Nannoceratopsis pellucida were also recorded (Text-Figures 
17, A3.11). Ilyina (1991a) recorded slightly more diverse 
floras from this interval, including Xhynchodiniopsis 
cladophora, Sentusidinium spp. and Tubotuberalla dangeardii. 
This association closely resembles early Callovian floras 
fromnorthwest Europe (Riding, 1987) and elsewhere in the 
Russian Platform (section 5.3.2.1). The Lower Callovian 
marine microplankton of northernEast Siberia, however, is 
more diverse, and rich in typically Boreal genera such as 
Cnrssolia and Paragonyazrlacysta (section 5.1.2; Johnson and 
Hills, 1973; Davies, 1983;&husetal., 1989). Chytroeisphaeridia 
hyalina ranges from the Bathonian to the Wddle Oxfordian 
in the Russian Platform (sechons 5.2.1,5.2.2 and 5.3.2); this 
species characterises the early-mid Callovian of northwest 
Europe (Riding, 1990). Reworked Carboniferous spores 
(e.g. Cingulizonates spp.) were observed rarely. 

5.3.1.3 Samples RP 6 to RP 1 (Lower and Middle 
Oxfordian) 

The Lower and Middle Oxfordian palynofloras from 
Borehole 132 are of relatively high species diversity (Text- 
Figures 17, A3.11). The most prominent dinoflageuate cyst 

species include Chytroeisphaeridia chytroeides, Endoscrinium 
galeriturn, Gonyaullrcysta jzrrassica subsp. adecta var. 
longicornis, Lithodinia spp., Scriiziodiniunz crystallinurn and 
Sentztsidiniurn creberbarbatzim. Furthermore,Ambonosphaera? 
staffwensis, Chytroeisphaeridia cerastes, Clafhroclenocystis 
asapha, Crussolia deflandrei, Gonyaulacysta eisenackii, 
Nannoceratopsis pellucida, Rhynchodiniopsis cladophora, 
Xigaudella aemula, Sirmiodinitrrn grossii and Stephanelytron 
spp. were consistently present throughout (Text-Figures 
17, A3.11). The floras are extremely similar, in both species 
content and relative proportions, to Lower-Middle 
Oxfordian floras from England, Scotland, France and Ger- 
many (Deflandre, 1938; kding, 1987; Kunz, 1990; Riding 
and Thomas, 1997) and elsewhere in the Russian Platform 
(sections 5.3.2,5.3.3). 

The range bases of several characteristic taxa confirmthat 
samples RP 6 and RP 5 are no older than latest Callovian. 
These datums include the inceptions of Clathroctenocystis 
asapha, Gonyaulacysta centriconnata, Limbodinium absidatum, 
Scriniodinittm c ystallinum, Triclzodinium scarburghensis and 
Wanaea thysanotlr (Riding and Thornas, 1992; section 5.2.2). 
Species which characterise the IateCaUovian-early Oxfordian 
of the Russian Platform are Arnbonosphaera? staffinensis, 
Chytroeisphaeridia hyalina, Crussolia deflandrei and Crussolia 
perireticuIata (sections5.3.2;5.3.3). Wanaeaacollarisand Wanaea 
thysanota were both recorded fromsarnple RP6 (Text-Figure 
A3.11); this association is suggestive of the latest Callovian- 
early Oxfordian (Riding and Thornas, 1992). Stephanelytron 
spp. proved both relatively numerous and diverse in sample 
RP 6, accounting for 6.5% of the dinoflagellate cyst flora 
(Text-Figures 17,A3.11). Gonyaz~lacysta jurassica subsp. adecta 
var. longcornis was observed in relatively small proportions 
(2.5%) in sarnpIe RP 6; this form is typically prominent in the 
Lower and Middle Oxfordian throughout the Northern 
Hemisphere (section 5.3.3). This variety dominates sample 
RP 5, comprising 62.2% of the dinoflagellate cyst flora vext- 
Figure A3.11). The Oxfordian age of h s  sample is further 
supported by the presence of unequivocal Leptodinizrm spp.; 
this genus is known to be a rehable Upper Jurassic marker 
(Fhding and Thornas, 2992). The range bases of Lithodinia sp. 
A and Rigaudella aemzila also occur in sample RP 5. Species of 
Crussolia and Stephnelytron are relatively diverse at this 
horizon (Text-Figures 17, A3.11). 

The presence of Chytroeisphaeridia cernsks, Crussolia 
deflandrei, Endoscrinium luridurn, Gonyaulacysta jurassica 
subsp. adectn var. longicornis and Rigaudella amula in the 
four Middle Oxfordian samples (RP 4 to RP 1; Text-Figures 
17, A3.11) positively confirms their mid Oxfordian age. The 
range base of Endoscrinium luridiim (in sample RP 1) is 
known to be within the Densiplicatum Zone in England 
(Woollam and Riding, 1983). The remainder of the afore- 
mentioned taxa do not range above the Middle Oxfordian 
(Riding and Thornas, 1992). Ambonosphaera? stnfFnensis was 
recorded throughout; this species appears to be common 
and widespread in the Upper Jurassic of the Russian Plat- 
form (section 5.3.3). Chytroeisphaeridia hyalinn was recorded 
in low proportions (0.2% of the dinoflagelIate cyst flora) 
from sample RP 3. The genus Cnrssolia is relatively diverse; 
the species Crussolia defiandrei, Crussolia perireticulata and 
Crussolia sp. were observed (Text-Figures 17, A3.11). 
Endoscrinizrm galerifum subsp. reticulatum is confined to 
samples RP 4 andRP 3; this subspecies was also found inthe 
Oxfordian of the River Unzha area, Russia (section 5.3.3). 
Triclwdiniumscarbzrrghensis, a common element intheMiddle 
Oxfordian of Europe, was not observed at this locality. 
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Text-Figure 20. The semi-quantitative stratigraphic distribution of dinoflagellate cysts from the Oxfordian strata of section 
1, River Unzha, near Kostroma, central Russian Platform (locality 3 of Text-Figure 5). 
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Text-Figure 21. The semi-quantitative stratigraphic distribution of dinoflagellate cysts from the Lower Kimmeridgian strata 
of section 3/4, River Unzha, near Kostroma, central Russian Platform (locality 3 of Text-Figure 5). 
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Text-Figure 23. The semi-quantitative stratigraphic distribution of dinoflagellate cysts from the Volgian and Ryazanian 
strata of Kashpir, central Russian Plafform (locality 5 of Text-Figure 5). 
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Text-Figure 24. The semi-quantitative stratigraphic distribution of dinoflagellate cysts from the Upper Volgian and 
Ryazanian strata of outcrops 6, 12 and 13 in the River Oka Basin, central Russian Platform (localities 6 and 7 of Text- 
Figure 5). U.J. = Upper Jurassic; U.V. = Upper Volgian; Rj.-Sp. = Rjazanensis-Spasskensis; Rj.-K. = Rjazanensis-Kochi. 
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Text Figure 25. A compilation of selected dinoflagellate cyst ranges for the Oxfordian strata of the Russian Platform. 
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l Text Figure 26. A compilation of selected dinoflagellate cyst ranges for the Kimmeridgian to Ryazanian strata of the 
Russian Platform. 
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5.3.2 The Lower Callovian to Lower 
Oxfordian palynology of a section 
near Inkino, River Oka Basin 

Asuiteof 7LowerCallovian to Lower Oxfordiansamples 
from outcrop 5, situated on the west bank of the River Oka 
near WO village in the Elatrna region, Riva Oka Basin 
(Text-Figure 5), were examined. The samples are from an 
ammonitebearing, muds tone-dominated succession (Text- 
Figure 18). The ammonite faunas indicate the presence of 
the Lower Callovian Elatmae Zone, the Upper CaUovian 
Athleta Zone and the Lower Oxfordian (Mariae and 
Cordahun zones) (Appendix 1). The skatigraphic distribu- 
tions of all dinoflagellate cysts identified are illustrated in 
Text-Figures 18 and A3.12. All the samples yielded rela- 
tively abundant residues and palynofloras; woody frag- 
ments and plant debris arecommon throughout. Wospores, 
particularly gymnospernous pollen, consistently numeri- 
cally dominate the marine microplankton. Bisaccate pollen, 
Cerebropollenites rnacroverrucosus, Classopollis classoides, 
Cyathidites spp., Perinopollenites elafoides and Vitreisporites 
pallidus are typically prominent in the miospore assem- 
blages. The dinoflagellate cyst floras are generally of rela- 
tively high species diversity (Text-Figure A3.12). Generally 
theassociations are sunilar incomposition and proportions 
to counterparts fromnorthwest Europe. Adnatosphaeridium 
caulleryi, Batiacasphaera spp., Chytroeisphaeridia chytroeides, 
Chytroeisphaeridia hyalina, Endoscrinium spp., Frotnea tornatilis, 
Gonyaulacysta jurassica subsp. adecta, Mendicodiniurn 
groenlandicum, Nannoceratopsis pellucida, Pareodinia 
ceratophora, Rhynchodiniopsis cladophora, Senfusidinium spp. 
and Sirrniodinium grossii were present throughout the suc- 
cession (Text-Figures 18, A3.12). 

5.3.2.1 Samples RP 23 to W 21 (Lower Callovian, 
Elatmae Zone) 

The occurrence of Rhynchodiniopsis cladophora in sample 
RP 23 (Text-Figures 18, -43.12) confirms that this succession 
is no older than Callovian as the range base of this species 
is witbin the earliest Callovian (Woollam, 1980; Riding, 
1987; 1992). InRussia, Chytroeisphaeridia hyalina ranges from 
the Bathonian to theMiddle Oxfordian (sections 5.2.1,5.2.2, 
5.3.1). At Inkino, however, Chytroeisphaeridia hyalina is most 
prominent in the lowermost Callovian (samples RP 23 and 
RP22) (Text-FigureA3.12).Aldo@ aldovfensiswas recognised 
in sample RP 22 and questionably in sample RP 23 (Text- 
Figure 18). This species has a known range top in the 
earliest Callovian (Herveyi Zone) in northwest Europe 
(Riding and Thomas, 1992). It appears, therefore, that this 
datum has widespread stxatigraphic utility as the Herveyi 
Zone of western Euxope is correlated with the Elatmae 
Zone of Russia (Meledina, 1994). Ambonosphaera ? stafinensis 
was recorded from samples RP 22 and RP 21 pext-Figures 
18, A3.12); these occurrences are the first reports of this 
species in the Callovian.Poulsen and Riding (1992) gave the 
stratigraphic range of this species as Oxforhan to Volgian. 
Cleistosphaeridiurn varispinosum was recorded from sample 
RP 22 (Text-Figure A3.12). This species ranges from the 
uppermost Bathonian to the Lower Callovian in northwest 
Europe (lhding and Thomas, 1992). Sample RP 21 yielded 
Lithodinia pIanoseptafa; this species is confined to the Lower 
CaUovian in England (Riding, 1987; Riding and Thomas, 
1992). The occurrence of Pareodinia prolongafa in sample RP 
21 is of interest. This distinctive form is typical of the 

Callovian Stage and, in high proportions, characterises the 
Lower CaUovian (R*ding, 1983a). 

5.3.2.2 Samples RP 20 and RP 19, (Upper 
Callovian, Athleta Zone) 

These two Upper Callovian samples yielded relatively 
low diversity marine palynofloras in comparison with 
coeval floras from England, Scotland and continental Eu- 
rope. Forms such as Ctenidodinium ornatum, Gonyaulacysta 
centriconn~ta and unequivocal Scriniodiniu7n cystullinurn, 
all present throughout the Upper Callovian of Europe 
(Woollam, 1980; Riding, 1987), arenotrepresented atlnkino 
(Text-Figures 18 and A3.12). The stratigraphicinceptions of 
these and other key taxa seem to be in the uppermost 
Callovian (Subordinarium Zone) of the Russian Platform 
(section 5.2.2). Scriniodinium crystallinurn is a good example 
of these apparently heterochronous taxa. This species is 
present throughout the Upper Callovian of England 
(Woollam 1980; Riding, 1987); in Scotland, however, the 
range base of this taxon is early Oxfordran (Riding and 
Thomas, 1997). A questionable specimen of Scriniodinium 
cyst~Ilinum, however, was observed from sample RP 20 
(Text-Figure A3.12). There are several species present in 
samples RI? 20 and RP 19 which are typically Lower/ 
Middle Callovian markers in northwest Europe. These 
include Chytroeisphaeridia hyalina, CZeistosphaeridium 
vnuispinosum and Lithodinia planoseptatn (Text-Figures 18 
and A3.12). Gonyaulacysta jurassica subsp. adecta var. 
longrcornis was recorded from sample IU? 19; fhis variety is 
extremely characteristic of the Lower and Middle Oxfordian 
(sections 5.3.1 and 5.3.3). Sample RP 19 also yielded 
Mendicodinium groenlandicum which comprises 2.1% of the 
dinoflagellate cyst flora (Text-Figure A3.12). h northern 
Europe, this species is abundant throughout the Upper 
Callovian (Riding, 1987). 

5.3.2.3 Samples RP 18 and RP 17, Lower 
Oxfordian (Mariae and Cordaturn zones) 

Sample RP 18 is rich in Mendicodinium groenIandicum, 
which comprises 13.4% of the dinoflagellate cyst flora at 
this horizon (Text-Figure A3.12). This abundance appears 
to be correlative with an acme of this species in the late 
Callovian-earliest Oxfordian of northwest Europe (Riding, 
1987). Species common in sample W 17 include Crussolia 
deflandrei (5.3%) and Trichodiniurn scarburghmse (9.4%) (Text- 
FigureA3.12). Chlamydophorel la spp. Clathroctenocystisasapha, 
Prolixosphaeridium parvispinum and Senfusidinium 
creberbarbatum are also confined to this interval (Text-Fig- 
w e  18). Sample v 17 proved relatively &verse, and conse- 
quently at this horizon there are the inceptions of several 
dinoflagellate cyst taxa. These range bases include those of 
Crussolia deflandrei, Crussolia perireticulafa, Endoscrinium 
galeriturn, Gonyaulacysta centriconnata, Gonyaulacysta 
eisenackii, Paragonyaulacysta retiphragmata, Scriniodinium 
crystallinum, Stephanelytron caytonense, Stephanelytron 
redcl$fense, Surculosphaeridizlm vestitum, Trichodinium 
scarburghensis and Wanaeafimbriata (Text-Figures 18,A3.12). 
Crussolia deflandrei is deemed a reliable marker species for 
the earliest Oxfordianin England (Riding, 1987). However, 
it is present in the early Callovian of northern East Siberia 
(section 5.1.2), and thus appears to have a longer range in 
Russia. Crussolia perireticulata was also observed this form 
is of defvrite Bareal affinity. It was described by Arhus et al. 
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(1989) andranges from thelate Bathonianto early Oxfordian. 
Paragonyaulacysfa retiphragmata, another typically Boreal 
forrnwas also present in sample RP 17 (Text-Figure 18). The 
genus Endoscrinium proved commonin sample RP 17, with 
Endoscriniumgaleriturn and Endoscrinium spp. present (Text- 
Figure A3.12). Certain taxa with inceptions in the Lower 
Oxfordian at Inkino are known to have Upper Callovian 
range bases in northwest Europe; these are Gonyaulacysta 
centriconnata, Gonyalrlacysta eisenackii, Rigaudella aernula, 
unequivocal Scriniodinium c ystallinurn, Stephanelytron spp 
and Trichodiniurn scarburghensis. This phenonenon is due to 
the fact that the uppermost Callovim Subordinariurn Zone 
was not sampled at this locality (section 5.2.2). The Lower 
Oxfordian marker Wanaea fimbriata was encountered in 
sample RP 17 (Text-Figure 18) and several reworked Car- 
boniferous spores wereobservedinboth samples RP 18 and 
RP 17. 

5.3.3 The Upper Callovian to Kimmeridgian 
palynology of the River Unzha area, 
near Kostroma 

Twenty-three Upper Callovian, Oxfordian and Lower 
Kimmeridgian samples from 3 localities on the banks of the 
River Unzha in the Makaljev region, east of Kostroma 
(Text-Figure 5) were studied. The Middle and Upper Juras- 
sic sediments of the Russian Platform are relatively thin, 
reflecting slow sedimentation, due to low hinterland relief. 
The samples mostly yielded abundant, diverse and well- 
preserved palynofloras, comprising mainly dinoflagellate 
cysts. The stratigraphic distributions of the palynomorphs 
identified are illustrated in Text-Figures 19-21 and A3.13- 
A3.15. 

be a typically Boreal genus. The stratigraphc ranges and 
relative proportions of dinoflagellate cysts, however, are 
closely comparable to coeval counterparts from western 
Europe; major biotic provincialism did not operate at this 
time (Smelror, 1993). Forms wluch are common include 
Chytroeisphaeridia cerastes, Chytroeisphaeridia chytroeides, 
Endoscrinium galeriturn, Gonyaulacysta jurassica subsp. adecta 
var. longicornis, Stephanelytron redclifenseand Sfephanelytron 
scarbuvghense (Text-Figures 19, A3.13). The range top of 
Gonyaulacysta centriconnata was observed in sample RP 29; 
this datum is consistent with western Europe (Riding, 
1983b; Riding and Thomas, 1992). The range base of 
Gonynulacysta jurassica subsp. jurassica in RP 28 also con- 
E o m  to previous Lower Oxfordian records (Riding and 
Thomas, 1992). 

The four samples assigned to the Middle Oxfordian (W 
27 to RP 24) also produced abundant dinoflagellate cyst 
floras (Text-Figure A3.13). Crussolia deflandrei, Crussolia 
perireticulata and Crussolia sp. are present, emphasizing the 
importance of this genus in the Boreal Oxfordian. 
Chytroeisphaeridia cerastes, Gonyaulacysta jurassica subsp. 
adecta var. longicornis and Trichodinium scnrburghensis me 
present throughout (Text-Figure A3.13); this is also consis- 
tent with western Europe. The European zonal index spe- 
cies Endoscrinium luridum was recovered from RP 26 (Text- 
Figure 19). This form is rare, and not consistently present, 
indicating that western European zonations cannot always 
be precisely applied in the Russian Platform. Common 
species include Chytroeisphaeridia chytroeides, 
Chytroeispkaeridia cerasfes, Endoscrinium galeritum and 
Sirmiodinium grossii (Text-Figure A3.13). Sample l7P 24 is 
dominated by species of Dingodinium (Text-Figures 19, 
A3.13). 

5.3.3.1 Section Z, samples RP 32 to RP 24 (Upper 5.3.3.2 Section 1, samples RP 37 to RP 33 

Callovian to Middle Oxfordian) (Middle and Upper Oxfordian) 

Nine samples from the Upper Callovian to Middle 
Oxfordian of section 2 were studied (Text-Figure 19). The 
three Upper Callovian samples yielded relatively low di- 
versity associations (Text-Figure A4.13). The dinoflagellate 
cyst floras dominantly comprise forms originally described 
from western Europe. The acme of Mendicodinium 
groenlandicum, typical of western Europe, isnot present and 
complex process-bearing forms are entirely absent. 
Nannoceratopsis pellucida is prominent in samples RP 32 and 
RP 31 (Text-Figure A3.13). Other common taxa include 
Chlamydophorella spp., Chytroeisphaeridia chytroeides, 
Endoscrinium galeritum, Fromea tornatilis and Lithodinia 
caytonensis (Text-Figure 19). An apparently undescribed 
formof Crussolia was encountered in samples RP 32 and RP 
31 (Text-Figure A3.13). Leptodinium subtile was recognised 
in RP 31; this species was hitherto deemed to be confined to 
the Upper Jurassic (Riding and Thomas, 1992). 

Samples RP 29 and RP 28 are both Lower Oxfordian; 
these horizons proved relatively diverse, however the Eu- 
ropean zonal index Wanaea was not encountered (Text- 
Figure 19). Many speaes have inceptions in the Lower 
Oxfordian, including Crussolia deflandrei, Crussolia 
perireticulata, Gonyaulacysta eisenackii and Gonyaulacysta 
jurassica subsp. jurassica (Text-Figure A3.13). The genus 
Crussolia is at its most diverse during the early Oxfordian 
and Crussolia dalei is confined to this substage at this locality 
(Text-Figure 19). This genus typifies the early Oxfordian in 
western Europe (Riding and Thomas, 1997), and appears to 

Samples RP 37 and RP 36 are similar in content to the 
Middle Oxfordian samples from section 2 (section 5.3.3.1). 
The typically Boreal species Gonyaulacysta dualis was re- 
corded from RP 36 (Text-figures 20, A3.14). The acme of 
Dingodinirim sp. observed in section 2 was not encountered. 
An undescribed species, Lithodinia sp. A, with thick 
autophragm is common in RP 37 (Plate W10, fig. 6; Text- 
Figure 20). Rare, poorly preserved chorate forms, questiort- 
ably attributed to Rigaudella aemula, were recovered from 
sample RP 37 (Text-Figure A3.14). 

The three Upper Oxfordian samples (RP 35 to RP 33) are 
characterised by relatively sparse, low divexsitydinoflagel- 
late cyst floras (Text-Figures 20, A3.14). Chytroeisphaeridia 
chytroeides and Endoscrinium galeriturn are the most promi- 
nent elements. The range base of Cribroperidiniumglobatum 
was observed in sample W 35 (Text-Figure A3.14). This 
event is consistent with western Europe (Riding, 1987) and 
appears to be of widespread regional correlative s i d -  
cance. Systematophora penicillata is present in RP 34 and 
Crussolia defandrei appears to become extinct in the upper- 
most Oxfordian (sample RP 33) (Text-Figure 25). 

5.3.3.3 Sections 314, samples RP 46 to RP 38 
(Lower Kimmeridgian) 

The 9 Lower Kimmeridgian samples taken from sec- 
tions 3 /4  like those from the underlying Upper Oxfordian, 
are of relatively low species diversity (Text-Figures 21 and 
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A3.15). Chytroeisphaeridia chytroeides, Cribroperidinium 
globatum, Leptodinium stibtiie and Senttisidinium spp are 
prominent (Text-Figure A3.15). Systematuphora areolata was 
recorded from samples RP 46, RPM and RP 41 (Text-Figure 
21). Other notable occurrences include that of Scriniodinium 
c ystallinum in RP 44 (Text-Figure A3.15). This is indicative 
that samples RP 46 to RP 44 are correlatable with the Baylei 
Zone by comparison with western Europe. (Riding and 
Thomas, 1992). Occurrences of Cribroperidinium longicorne 
(RP 41), Fromea ampbra (RP 44 and RP 41) and Wallodinium 
krutzschi (RP45) are also biostratigraphically important; all 
are characteristic of the Kimrneridgian. The presence of 
Aldorfia dictyota subsp. pyrum, Gonyaulacysta jzrrassica subsp. 
jurassica, Rhynchodiniopsis c!adophora and Stephanelytron 
scarburgkense (Text-Figure A3.15) confirm that this section 
is of early Kimmeridgian age by comparison with western 
Europe (Riding and Thomas, 1988). Leptodiniunl mirabile 
was recorded from sample RP 41 (Text-Figure 21). A char- 
acteristically verrucate form of Sentusidiniiim was abun- 
dant from samples RP 45 to RP 38 and a small form of 
Gonyaulacysta occurs abundantly in RP 40 (Text-Figure 
A3.15). Furthermore, Tubotuberella rhomb$ormis (samples 
RP 44, and W 40) is a typically Boreal element. 

5.3.4 The Kimmeridgian to Volgian 
palynology of Gorodische, 
near Ul'yanovsk 

Gorodische, near Ul'yanovsk, lies within the central 
Russian Platform (Text-Figure 5). Here, the Jurassic-Creta- 
ceous sedirnents are relatively thin, reflecting slow sedi- 
mentation, duelargely to low hinterland relief. The twenty- 
four samples (Text-Figure 22) yielded variably abundant 
organic residues and palynofloras. The palynomorphs are 
normally well preserved. The kerogen associations are 
dominated by amorphogen and/or woody tissue. Wood is 
abundant/dominant in samples RP 70-RP 65, RP 63-RP 61, 
RP 58 and RP 51-W 47. Arnorphogen is abundant/domi- 
nant in samples RP 64, RP 60 and RP 56-RP 52. Samples RP 
59 and RP 57 comprise subequal proportions of wood and 
amorphogen. The consistent richness in amorphogen in 
samples RP 56-RP 52 reflects the dysaerobic conditions and 
oil shale deposition in the Zarajskensis Subzone of the 
Panderi Zone (hhddle Volgian) in the Russian Platform. 
These radioactive/lugh gamma shales were deposited in 
anoxic conditions in stable, stratified marine waters. This 
distinctive palynofacies also indicates a correlation to the 
"hot" shales of the North Sea area (Rawson and Riley 
(1982). Samples RP 48 and RP 47 are dominated by 
pras&ophyc*ean algae (Pterospermelia and ~asmanitesj, 
therebv alsoindicatingcorrelation to the "hot" shales IText- 

U 

~ i ~ u r e ' ~ 3 . 1 8 ) .  
The palynofloras are of relatively high species diversity 

and mainly comprise marine microplankton (Text-Figures 
A3.16-A3.18); dinoflagellate cysts typically dominate the 
palynofloras. The sh.atigraphic distributions of dinoflagel- 
late cysts, other microplankton and miospores are illus- 
trated in Text-Figures 22 and A3.16-A3.18. Dinoflagellate 
cysts which are prominent throughout are Chytroeisphaeridid 
chytroeides, Cribroperidinium globaturn, Dingodinium spp., 
Gonyaulacysta spp., indeterminate chorate dinoflagellate 
cysts, Sentusidiniurn spp. and Systematophora daveyi (Text- 
Figure 22). Tubotuberella rhomb$ormis was encountered con- 
sistently in low numbers from the Kimmeridgian to the 
Upper Volgian (Text-Figure A3.17). The Upper 

Knmeridgian-Volgian miospore floras of Gorodische are 
of low species diversity (Text-Figure A3.18). 

The marine palynology of eight Kimmeridgian toMiddle 
Volgian samples from Gorodische was studied by Lord et 
al. (1987). These authors recovered dinoflagellate cyst asso- 
ciations similar in species content and diversity to those 
reported herein. 

5.3.4.1 Upper Jurassic, Upper Kimmeridgian 
(Samples RP 70 to RP 63) 

The 8 Upper Kimmeridgian samples yielded variably 
abundant paIynofloras (Text-Figures A3.16 to A3.18). The 
dinoflagellate cyst assemblages are dominated by 
Cribroperidinium globat urn and Dingodinium spp. (Text-Fig- 
ure 22). The latter genus comprises 97.6% of the dinoflagel- 
late cyst population in sample RP 63 (Text-Figure A3.26). 
Dingodinitrrn tuberosum is prominent in samples RP 70, RP 
68, RP 66 and RP 64; these samples also proved the most 
diverse (Figure 22). Ambonosphaera ? staffinensis, 
Batiacasphaera spp., Chlamydophorella spp., Chytroeisphaeridia 
chytroeides, Cleistosphaeridiurn spp., Endoscrinium spp., 
Epiplosphaera spp., Glossodinium dimorphum, Gonyau[acysta 
spp., Heslertonia spp.,Hystrichodinizrmpulchrtrm, indetermi- 
nate chorate cysts, Leptodinium subtile, Paragonyaulacysta 
spp., Pareodinia ceratopkora, Pareodinia halosa, 
Prolixosphaeridiunz spp., ?Scriniodinium crystallinum, 
Sentusidinium spp., Sirmiodinium grossii, Subfilisphaera? 
inafiectu, Subtilisphaera? paeminosa, Systemafophora spp. and 
Tubotuberella rhombiformis werealso recognised throughout 
(Text-Figures A3.16 and A3.17). The association of 
Ambonosphaera? staffinensis (RP 66), Apteodinium sp (RP 69), 
CircuIodiniurn distinctum (RP 63), common Cribroperidinium 
globatt~m, Dingodinit~rn spp., Endoscrinium anceps (RP 68), 
Epiplosphaera spp., Heslertonia spp., ?Perisseiasphaeridium 
pannosum (RP 70 and W 68), Prolixospham'diurn mixtispinosum 
(RP 70 and RP 68), Systematophora daveyi, and ? Wallodinium 
krutzsckii (RP 67) is typical of the Kimrneridgran-Volgian 
interval@ding andThomas, 1988). Glossodinium dimorphum 
is a rare element in samples ?P 70, ?RP 68, RP 67and RP 64 
(Text-Figure 22). This distinctive species is a prominent 
element of Middle Oxfordian to Middle Volgianpalynofloras 
of northwest Europe (Riding and Thomas, 1992). It was 
reported from Gorodische by Lord et al. (1987) and appears 
to be far less prominent in the Russian Platform than in 
northwest Europe. The questionable specimens of 
Scriniodinium crystallinum in samples RP 69 and RP 67 may 
be reworked. This species ranges from the late Callovian to 
the earliest Kimrneridgian in northern Europe (Riding and 
Thomas, 1988; 1992). Subtilisphaera? inaffecta and 
Stibtilisphaera? paeminosa were recorded in samples RP 66 to 
RP 64 (Autissiodorensis Zone) (Text-Figure 22). These spe- 
cies are known from the Kimmeridgian to Lower Volgian 
(Ibding and Thomas, 1992) and are particularly common in 
the Autissiodorensis Zone in northwest Europe (Drugg, 
1978; Poulsen, 1996; J.B.R., pexsonal observations). 
Subtilisphaera? paeminosa was also recorded from theupper 
Kimmeridgian (Autissiodorensis Zone) of Gorodische by 
Lord et al. (1978). The inception and acme of Subtilisphaera? 
paeminosa, therefore, appears to be a reliable marker species 
for the Autissiodorensis Zone throughout the Northern 
Hemisphere (Text-Figure A3.17). The inception of 
Subtilisphaera? inafecta (sample RP 66) marks the base of the 
Subtilisphaera? inafecta Interval Biozone for the Russian 
Platform (section 6.2). The range base of Circtilodinium 
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distinctum was observed in sample RP 63 (Text-Figure 22). 
This is the oldest occurrence of this species in the Russian 
Platformand the datum may be locallybiostratigraphically 
significant. Rare questionable specimens of Spiniferites spp. 
were recovered from RP 66 (Text-Figure A3.17). This genus 
has a well established range base in the early Valanginian 
(Costa and Davey, 1992); thus the identification here is 
highly dubious. The dinoflagellate cyst Interval Biozone 
index for the Eudoxus Zone, Gonyaulacysta jtirassica subsp. 
jurassica, was not observed in samples RP 70 to RP 68 (Text- 
Figure 22; section 6.2). Other forms characteristic of this 
interval, for example Stephanelytron spp., are also absent 
(Text-Figure A3.17). 

5.3.4.2 Upper Jurassic, Lower Volgian 
(Samples RP 62 to RP 59) 

The four Lower Volgian samples, RP 62 to RP 59, are all 
assigned to the Klimovi Zone. All except RP 60 produced 
abundant organic residues and palynofloras (Text-Figures 
A3.16 to A3.18). Amorphogen dominates sample W 60 and 
is common in RP 59; woody tissue is the dominant kerogen 
maceral in RP 62 and RP 61. The abundant amorphous 
organic material in RP 60 indicates reducing depositional 
conditions, probably due to water stratification. The only 
palynomorphs positively identified in RP 60 were single 
specimens of Cribroperidinium globatum, an indeterminate 
dinoflagellate cyst and Tasmanites sp. (Text-Figures A3.16 
and A3.18). 

Samples RP 62, RP 61 and RP 59 yielded rich and 
relatively diverse dinoflagellate cyst floras (Text-Figures 
A3.16 to A3.18). Batiacasphaera spp., Chytroeisphaeridia 
chytroeides, Cribroperidiniurn globatum, Dingodinium 
juvassicum, Dingodinium tuberosum, Ellipsiodictyum spp., 
Leptodini~im subtile, Sentzisidinium spp. and Subtilisphaera? 
inaffecta are prominent throughout (Text-Figures A3.16 and 
A3.17). Also consistently present in lower numbers are 
Cleistosphaeridiurn spp., Glossodinium dimorphum, 
Gonyazrlacysta spp., Heslertonia spp., Hystrichodinium 
pulchrum, Kalyptea stegasta, Occisucysta balios, 
Oligosphaeridiurn patult~m, Pareodinia spp., Prolixospharidium 
parvispinum, Scriniodinium inritibile, Senfusidiniurn 
creberbarbatum, Sirmiodinium grossii and Tubotuberella 
rhombiformis (Text-Figure 22). The CO-occurrences of 
Circ~rlodinium distinctum (RP 59), Cribroperidiniumglobatum, 
Dingodinium spy., Endoscriniumanceps (RP 59), Glossodinium 
dimorphum, Hystrichosphaerina orbifeva (RP 6X), Occisucysta 
balios, Oligosphaeridium patulum, Perisseiasphaeridium 
pclnnosum (RP 59), Subtilisphaera? inafecta, and Wallodinium 
krutzschii (RP 61) are characteristic of the Volgian Stage 
(Riding and Thomas, 1988; 1992). The range tops of 
Subtilisphaera? inaffecta (RP59)and S~ibtilisphaera?paeminosa 
(RP 62) both occur in this interval (Text-Figure 22). The 
former datum marks the top of the Subtilisphaera? inaflecta 
Interval Biozone in the Russian Platform (section 6.2). The 
acme occurrence of Subtilisphaera? inafecta is in RP 59, 
where it represents 21.7% of the dioflagellate cyst assem- 
blage (Text-FigureA3.17). The rangebase of Oligosphaeridium 
pafulumwas obsenredinRP61 (Text-Figure22). This datum 
occurs in the Kimmeridgian (Cymodoce/MutabiLis zones) 
in England (Riding and Thomas, 1988). The unequivocal 
range base of the apparently closely related 
Perisseidsphaeridium pannosum occurs inRP 59 at Gorodische 
(Text-Figure 22). The distinctive species Occisucysta baIios 
was recorded fromRP 62 and RP 59 and these represent the 

oldest occurrences in this study (Text-Figures 26, A3.17). 
Like Oligosphaeriditnn patulum, it occurs in older sediments 
(latest Odordian and Kimmeridgian) in southern England 
mding and Thomas, 1988). The inception of Dingodinium 
juvassicum occtus in RP 62 (Text-Figure 22); this bioevent 
may be of local correlative sigruficance. Poulsen (1996) 
recorded this species from the late Callovian to Ryazanian 
of Denmark and Poland. The single record of 
Hystrichosphaerina orbfera in RP 61 is consistent with a 
Volgian age as this chorate species is known from the late 
Oxfordian to the mid Volgian (IGding and Thomas, 1992). 
Rare Kalyptea stegasta were observed in samples RP 62 and 
RP 59 (Text-Figure 22). This species is most common in the 
mid Callovian, but may be present sporadically in the Late 
Jurassic (Partington et al., 1993). Rare, questionable speci- 
mens of Protobatioladinium wesfburiensis were observed in 
RP 59 (Text-Figure A3.17). In western Europe, this species 
ranges from theKimmeridgian to the Lower Volgian (N0hr- 
Hansen, 1986; Ioannides et al., 1988). 

5.3.4.3 Upper Jurassic, Middle Volgian 
(Samples RP 58 to RP 49) 

The seven Middle Volgan samples from the Panderi 
Zone (RP 58 to RP 52) produced typical "hot" shale 
palynofacies, the residues being consistently rich in 
amorphogenand sporadically yieldingprasinophyceanalga 
(Text-Figure A3.18). This palynofacies is especially well- 
developed in the five samples fromthe Zarajskensis Subzone 
(RP 56 to RP 52). The three samples from the Virgatus and 
Nikitini zones, RP 51 to RP 49, produced wood-rich 
palynofacies. Apart from RP 56, RP 52, RP 51 and RP 49, all 
samples yielded abundant palynofloras rich in dinoflagel- 
late cysts. The most prominent forms are Cribroperidiniurn 
globatum, Dingodinium spp., Gonya~~lacysfa spp., indetermi- 
nate chorate forms and Systmatopkora daveyi (Text-Figures 
A3.16, A3.17). Also present throughout in smaller propor- 
tions are Chkamydophorella spp., Chytroeisphaeridia chytroeides, 
CIeistosphneridium spp., Endoscrinium spp., Glossodinium 
dimorphum, Kleit!triasphaeridium porosispinosurn, hp todinium 
spp., Oligosphaeridium patulum, Pareodinia spp., 
Prolixosphcreridium parvispinum, Sirmiodinium grossii and 
Tubotuberella rhbiformis (Text-Figure 22). Sevwal speaes 
which are characteris!ic of the Middle Volgim of northwest 
Europe were encountered. These include Aldorfia dictyota, 
Chlamydophorella spp., Chytroeisphaeridia chytroeides, 
Cleistosphaeridium spp., Cribroperidinitim globaturn, 
Dingodinium tarbevosum, Endoscrinitrm ancqs, Glossodinium 
dimrphum, Prolixosphaerrclium parvispinum, Smoniasphaera 
jurassica, Systernatophora spp., Tubotuberella apatela and 
Wallodinitim krutzschii (Text-Figures A3.16, A3.17) (Riding 
and Thomas, 1988).The range base of Cassiculosphaertdid spp. 
is in sample RP 58 (Text-Figure22), and this bioevent may be 
of local stratigraphic sigrufllcance in the Russian Platform. In 
western Europe, this datum normally occurs close to the 
mid-late Volgian transition (J.B.R., personal observations). 
Rare Cribroperidinium longicome are present in RP 57 (Text- 
Figure A3.16); the range top of this form in England is within 
the early Volgian (Hudlestoni Zone) (Riding and Thornas, 
1988). Khynchodiniopsis martonense was encountered in RP 53 
(Text-Figure 22). This form may prove to be a reliable mid 
Volgian marker in the Russian Platform, however itwas first 
reported from the early Volgian of North Yorkshire, UK 
pailey et al., 1997). Ctenidodinioid cysts are rare elements in 
theMiddleVolgianof Gorodische. ?Cribraperidiniumchondmm 
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was recovered from RP 57 and RP 50 and Dichadogonyaulax? 
pannea fromRP55 (Text-Figure 22). Cri3roperidinium c h d r u m  
is commonin the Kirnrneridgian of western Europe (Drugg, 
1978) and Dichadogonyaulax? pannea has an intra Volgian 
range base (Riding and Thornas, 1988). The range top of 
unequivocal Glossodinium dimorphzlm is inRP 53 (Text-Figure 
22). k bioevent is a reliable marker for the Anguiformis 
Zonein northwest Euro~e lRidineand Thomas. 1992). Hence 
this important datum is'yodger'h western ~ & o ~ e  &an the 
RussianPlatform. The undescribed form lmbatodinium sp. A 
was observed in FP 50 (Text-Figure A3.17). The chorate 
dinohgellate cyst Kleithriasphadium porosispinum is present 
in sigruficantnumbers in samples RP55 toRP 50 (Text-Figure 
22) and appears to be a potential marker for the Middle 
Volgian of the Russian Platform. h Britain, the range base of 
this species is close to the early-mid VoljSiantransition (J.B.R., 
personal observations). Oligosphaeridium patulum was also 
found in samples RP 55 to RP 50 (Text-Figure A3.17). This 
distinctive chorate form was also f o n d  in the Lower- 
Middle Volgian of Gorodische by Lord et al. (1978), as 
Oligosphaeridiumpulchewim~~m (sensu Ioannides etal., 1976). 
In England, this species ranges from the Kimmeridgian to 
the Lower Volgian (Riding and Thomas, 1988; 1992). The 
very similar Pewisseiasphaeridium pannosum was recorded 
in sample RP 49 (Text-Figure 22); this species is typical of 
the Kunmeridgian to lowermost Middle Volgian in En- 
gland (Riding and Thomas, 1988, text-fig. 6). It therefore 
seems that Oligosphaeridium patulum and 
Perrisseiasphaeridium pannosum range slightly 
stratigraphically higher in the Russian Matform than in 
northwest Europe. Unequivocal specimens of Senoniasphaera 
jurassica were recorded from samples RP 53 to RP 49 (Text- 
Figure 22). This species ranges from the Kirnmeridgian to the 
mid Volgian in western Europe (Poulsen and Riding, 1992); 
however, it is commonest in the Volgian in England and the 
North Sea. It seems to be a reliable marker for the mid-late 
Volgian of the Russian Platfom. 

5.3.4.4 Upper Jurassic, Upper Volgian 
(Samples RP 48 and RP 47) 

The two Upper Volgian samples produced similar or- 
ganic residues which are dominated by wood fragments. 
Sample RP 48 also yielded abundant resistant mineral 
grains. The palynoflora from this horizon was overwhelrn- 
ingly dominated by the prasinophytes Pterospumella and 
Tasmanites. The only other palynomorph taxa identified 
were rare bisaccate pollen and Botryococcus braunii (Text- 
Figure A3.18). The acme of Pterosperrnella/rasmanites indi- 
cates a correla.tion with the "hot" shale palynofacies of the 
North Sea region (Rawson and Riley, 1982). 

Sample RP 47, however, produced a relatively abun- 
dant palynoflora; prasinophycean alga again are the domi- 
nant elements; these comprise Lancettopsis lanceolata, 
Pterospemzella and Tasmanites (Text-Figure A3.18). Addi- 
tionally, dinoflagellate cysts and miospores are common 
and rare respectively. Prominent dinoflageuate cysts in- 
clude Cribroperidinium globaturn, Cribroperidinium spp., in- 
determinatechorate formsand Senoniasphawa jurassica (Text- 
Figures A3.16, A3.17). Egmontodinium tarynum, 
Oligosphaeridium sp, and Tubottlberella rhornb~omis are also 
present (Text-Figures A3.26, A3.17). The presence of com- 
mon Cribroperidinium spp. and Senoniasphaera jurassica to- 
gether with Ttibotuberella rhombifomis is typical of the late 
Volgian (Davey, 1979). 

5.3.5 The Middle Volgian to Ryazanian 
palynology of Kashpir 

Nine Middle Volgian to Ryazanian samples, W79 to RP 
71, fromKashpir (Text-Figure 5) were studied. The samples 
mostly yielded abundant and well-preserved palynofloras, 
largely comprising low diversity associations of marine 
microplankton; the kerogen associations are dominated by 
woody tissue. The stratigraphic distribution of the marine 
palynomorphs is illustrated in Text-Figures 23 and A3.19. 
The marine palynology of two Middle Volgian samples 
fromKashpir was described by Lord et al. (1987). The latter 
study yielded dinoflagellate cyst associations similar to 
those reported herein. 

5.3.5.1 Middle and Upper Volgian 
(Samples RP 79 to RP 72) 

The Volgian strata of Kashpir are rich in amorphogen 
and/or prasinophycean algae and are thus correlatives of 
the Volgian-Ryazanian "hot" shales of the North Sea Basin 
(Rawson and Riley, 1982). Specifically, samples RP 78, W 
77, W 75 and RP 74 proved extremely rich in Tasmanites 
spp. (Text-Figure A3.19), and amorphous organic material 
is present in sample RP 73. Prominent dinoflagellate cysts 
include Chlamydophorella spp., Cribroperidinium spp., 
Gonyaulacysta spp. Senoniasphaera jurassica and indeterrni- 
nate chorate morphotypes. Tubotuberella rhombiformis and 
Waliodinium hitzschii were also encountered sporadically 
(Text-Figures 23 and A3.19). 

Samples RP 79 to RP 75 are all from the Panderi Zone; 
dinoflagellate cysts confined to this interval include 
Bourkodinium sp., Dingodinium spp., Egmontodiniurn sp., 
Irnbatodinit~m sp. A, Leptodinium subtile, Occisucysta balios, 
Oligosphaeridium putulum and Sysfematophora spp< (Text- 
Figures 23 and A3.19). The range tops of Leptodiniumsubtile, 
Occisucysfa balios and Oligosphaeridium patulum are of most 
interest. The position of the extinction datum of Occisucysta 
balios is consistent with its location h northwest Europe; 
Rid.ing and Thornas (1988; 1992) reported that this datum 
lies within the coevalFittoniZone of southern England. The 
range top of Oligosphaeridium patulum is approxjnutely 
coeval in northwest Europe and the Russian Platform (sec- 
tion 5.3.4). Riding and Thomas (1988; 1992) stated that this 
event in England is within the Pectinatus Zone, i.e. slightly 
older than this datum at Kashpir. The range top of 
Lpptodinium subfile in sample W 76 may be of stratigraphic 
significance in the Russian Platform. This bioevent is coin- 
cident with most other European studies (e.g. Riding and 
Thomas, 1988, text-fig. 3). 

The three samples RP 74 to RP 72 span the Nikitini to 
Subdituszones (Text-Figure 23). Species of Cribroperidiniirm 
are extremely abundant, reaching 85.1% h sample RP 74 
(Text-Figure A3.19). Senoniasphaera jurassica is present in all 
thee  samples (Text-Figure23). The range of this distinctive 
species appears to be significantly different in northwest 
Europe and the Russian Platform. Riding and Thomas 
(1988; 1992) and Poulsen and Riding (1992) gave the Euro- 
pean range of this species as Kimmeridgian to mid Volgian 
(Baylei to Anguiformis zones). However, Poulsen and 
Riding (1992) stated that the precise range top of 
Senoniasphaera jurassica is uncertain. The species appears to 
be somewhat heterochronous, yet apparently is a good 
marker for the Middle and Upper Volgian of the Russian 
Platform (section 5.3.4). Chlamydophorella spp. (sampIes RP 
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74 to RP 72) may also prove to be of correlative significance. 
The inception of rnarginate forms such as Circulodinium 
distinctum is within the late Volgian; this species was en- 
countered in sample RP 72. Systematophora daveyi was re- 
corded in sample RP 74 (Text-Figure 23). This species is 
known from the Kimmeridgian to Ryazanian of northwest 
Europe (Riding and Thomas, 1988). 

5.3.5.2 Ryazanian (Sample RP 71) 

The single Ryazanian sample yielded a residue rich in 
resistant mineral grains and amorphous organic material. 
The palynomorph yield was moderate and the preserva- 
tion poor. Marine microplankton proved low in diversity; 
Cribroperidinium spp. and CircuEodinium distinctum are the 
most abundant elements (Text-Figures 23, A3.19). A single 
specimen of ?Achornosphaera was encountered (Text-Figure 
A3.19), however the equivocal nature of this form pre- 
cludes a conclusion regarding the stratigraphic signifi- 
cance of this genus in Russia. ?Cassiculosphaeridia spp. were 
observed; this genus is reminiscent of the earliest Cretacous; 
however, the sample lacks reliable Ryazanian marker spe- 
cies. 

5.3.6 The Upper Volgian and Ryazanian 
palynology of the River Oka Basin 

A suite of 6 Upper Volgian and Ryazanian samples (RP 
85 to RP 80) from the River Oka Basin (Text-Figure 5) were 
studied. They mostly yieldedabundant and well-presemed 
palynofloras, largely comprising low diversity dinoflagel- 
late cyst and/or prasinophycean algae associations (Text- 
Figures 24 and A3.20). The kerogen associations are largely 
dominated by woody tissue. Species of Pterospermella are 
abundant in all the samples except RP 81 (Text-Figure 
A3.20); these high levels of prasinophytes indicate a corre- 
lation with the "hot" shales of the North Sea (Rawson and 
Riley, 1982). This palynofacies is interpreted as represent- 
ing quiet, stratified marine shelfal conditions. 

5.3.6.1 Upper Volgian and Ryazanian of 
outcrop 12, Kuzminskoje 

Three samples (RP 82 to RP 80), close to the Jurassic- 
Cretaceous boundary from this locality were studied. 
Prasinophycean algae, mostly Pterospermella spp. proved 
largely dominant (Text-Figure A3.20). The dinoflagellate 
cyst genera Cassiculosphaeridia, Chlamydophorella, 
CircuZodinium, Cribroperidinium, Dingodinium and 
Gonyaulacysta are common throughout (Text-Figure 24). 
Other dinoflagellate cyst taxa present are Ambonosphaera? 
staffinensis, Circulodinium disfinctum, Gochteodinia villosa and 
Wallodinium kmtzschii; gymnospermous pollen are also 
common (Text-Figure A3.20). 

Sample RP 82 i s  from the Upper Volgian (Subditus 
Zone); it produced a relatively abundant dinoflagellate cyst 
flora of moderate species diversity. Species confined to this 
sample include Cribroperidinium gigas and Senoniasphaera 
jurassica (Text-Figure 24). Cribroperidiniumgg~s ranges from 
the Kimmeridgian to Ryazanian (Bailey, 1993) and 
Senoniasphma jurassica is prominent in the Kimmeridgian 
to Middle Volgian of northwest Europe (Riding and Tho- 
rnas, 1988; Podsen and Riding, 1992). The presence of 
Senoniasphaera jurassica in theupper Volgianof the Russian 
Platform means, therefore, that the range top of this species 

exhibits some heterochroneity, assuming that the arnmo- 
nite correlations are correct (section 5.3.5). The occurrence 
of the superficially similar Ambonosphaern? staffinensis is 
entirely consistent with the known range of this species 
(Poulsen and Riding, 1992). Gochteodinia villosa was also 
recorded from this sample (Text-Figures 24 and A3.20); its 
range base in England is latest mid Volgian (Riding and 
Thomas. 1992). It amears that this datum mav be of wide- 
spread correlitive Glue. The occurrences of ?ubotuberella 
rhornbiformis and Wallodiniurn kvtttzsckii in this ammonite- 
dated material may also prove signhcant. 

Samples RP81 and RP 80 from the Ryazanian of outcrop 
12 produced similar residues and palynofloras to those of 
sample RP 82 in terms of content and productivity (Text- 
Figure A3.20). The presence of prominent Circulodinium 
and Cribroperidinium are typical of the Ryazanian (Davey, 
1982). Dingodinium spp. are confined to these Ryazanian 
samples (Text-Hgure 24). The two samples are interpreted 
as being of late Ryazanian age due to the presence of 
Muderongia simplex (Text-Figures 24 and A3.20). This spe- 
cies has an inception in the late Ryazanian of northwest 
Europe (Woollam and Riding, 1983). Furthermore, the 
range top of Stiphrosphaeridium dictyophorum (sample ICP 81) 
is intra-late Ryazanian (Costa and Davey, 1992). The co- 
occurence of Muderongia simplex and Stiphrosphaeridium 
dictyophorum in sample RP 81 is thus strong evidence of a 
late Ryazanian age. Other occurrences of potential strati- 
graphicimportance are those of Gochteodinia villosa (sample 
RP 81) and Wallodinium spp. (sample RP 80). Both these 
forms are typical Ryazanian elements (Davey, 1982). 

5.3.6.2 Ryazanian of outcrop 13, Kuzminskoje 

Two Ryazanian samples (RP 84 and RP 83) from this 
locality were examined. The residues and palynofloras 
proved similar to those recorded from the Ryazanian of 
outcrop 12 (section 5.361). The dominant elements are 
woody tissue and Pterospermella spp. Species of 
Chlamydophorella and Cribroperidinium are prominent in the 
relatively sparse dinoflagellate cyst associations (Text-Fig- 
ures 24 and A3.20). Circulodinium compta (sample RP 84) i s  
typically common in the Ryazanian of western European 
(Davey, 1982; Costa and Davey, 1992). Endoscrinium anceps 
was observed in sample RP 83; this form ranges from the 
mid Volgian to the Early Cretaceous (Raynaud, 1978). 
Questionable specimens of Senoniasphaera jurassica were 
recovered from sample R P  84 (Text-Figure 24). The range 
top of this species in northwest Europe is mid Volgian 
(Riding and Thomas, 1992). Poulsen and Riding (1992, text- 
fig. 2) demonstrated that occurrences of this species in the 
Early Cretacous are stratigraphically recycled, thus the 
?Smoniasphaera jurassica specimens in sample W 84 are 
therefore interpreted as having being reworked, 

5.3.6.3 Ryazanian of outcrop 6, River Black 

The single Ryazanian sample, RP 85 from the banks of 
the River Black is dominated by Pterospermella and other 
prasinophytes (Text-Figure A3.20). Dinoflagellate cysts 
are subordinate; prominent genera comprise 
Chlamydophorella, Circulodinitim and Cribroperidinium (Text- 
Figures 24 and A3.20). The presence of the ceratioid spe- 
cies Muderongia simplex and Phoberocysta neocomica (Text- 
Figure 24) is indicative of a late Ryazanian age. Woollam 
and Riding (1983) and Costa and Davey (1992) reported 
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that a suite including these forms has its incep!ion within 
the late Ryazanian Stenomphalus Zone. The occurrences 
of Circulodinium compta and Tubotuberella apatela (Text- 
Figure 24) indicate that the minimumageis late Ryazanian 
to early Valanginian by comparison with western Europe 
(Costa and Davey, 1992, text-fig 3.3). Waliodinium 
cylindricum and Wallodinium krutzschii were also recov- 
ered from this sample (Text-Figure A3.20). These forms 
are relatively long ranging and have been reported from 
the Ryazanian of northwest Europe (Heilmann-Clausen, 
1987; Riding, 1994). 

5.3.7 Summary of the Middle Jurassic to 
lowermost Cretaceous palynology 
of the central Russian Platform 

The 13athonian strata of the central Russian Platform 
have produced abundant dinoflagellatecyst associations of 
relatively low species diversity. Theseinclude the endemic, 
biostratigraphically significant forms Protobatioladinium 
elatmensis and Protobatioladinium? elongabm. Ctenidodinium 
seliwoodiiis also present in sigruficant proportions, together 
with occasional Dissiliodinium spp. and Paragonyaulacysta 
spp. The Callovian dinoflagellate cyst record from this area 
exhibits the familiar global trend of markedly increasing 
dinoflagellate cyst diversity fromthe early tolate Callovian. 
The Lower Callovian normally yields rich associations, 
including Chyfroeisphaeridia hyalina, Fromea tornatilis, 
Nannocerafopsis pellztcida and Pareodinia ceratophora. Typi- 
cally Boreal forms such as Cmssolia dalei werenot observed. 
The late Callovian to mid Oxfordian dinoflagellate cysts 
from the central part of the Russian Platform are abundant, 
diverse and similar to coeval floras fromnorthwest Europe. 
The genera Chytroeisphaeridia, Endoscrinium, Gonyauiacysta 
and Sentusidinium are prominent. Many of the marker 
species defined elsewhere in the Northern Hemisphere are 
present and have similar stratigraphic ranges. These in- 
clude Ctenidodinium continuum, Endoscrinium luridztm, 
Gonyaulacysta cmtriconnata, Gonyaulacysta jurassica and 
Wanaea spp. As in the Pechora Basin, certain key late 
Callovian marker species are not present in the earliest late 
Callovhn (Athleta Zone) of the central Russian Platform. 
The late Oxfordian of the River Unzha region produced 
relatively sparse, low diversity dinoflagellate cyst floras. 

The ~ o w e r  Kimmeridgian of the River Unzha, near 
Kostroma produced palynofloras of moderate diversity 
dominated by species typical of northwest Europe. 
Cribroperidinium globarum and Dingodinium spp. dominate 
the Upper Kimmeridgian of Gorodische. Glossodinium 
dimoyhum proved rare and Subtilisphaera? inafecfa and 
Subtilisphaera? paenzinosa are common around the 
Kimmeridgian/Volgian transition. Amorphous organic 
material and prasinophytes are common in the Volgian of 
this area. This widespread palynofacies is best developed 
in the Zarajskensis Subzone (Panderi Zone) and reflects 
marine water stratification which produced anaerobic con- 
ditions at the sea floor. Prasinophytes were especially 
common in the Upper Volgian of Gorodische, Kashpk and 
the River Oka Basin. Volgian dinoflagellate cyst assem- 
blages from the central Russian Platform are generally 
abundant and comprise s i e c a n t  proportions of chorate 
forms such as Oligosphaeridium parttlum and 
Perisseaisphaeridium pannosum. They also include promi- 
nent Cribroperidinium spp., Hystrichodinium pulchrum, 
Prolixosphaeridium spp., Senoninsphaera jurassica and 

Tubotuberella rhombiformis. The inception of Gochteodinia 
viilosa o c m s  within the Upper Volgian. 

The Ryazanian of the River Oka Basin has produced 
relatively abundant dinoflagellate cyst floras including the 
ceratioid species Muderongia simplex and Phoberocysta 
neocomica. 

6 DINOFLAGELLATE CYST 
ZONATION OF THE JURASSIC 

AND EARLIEST CRETACEOUS OF 
NORTHERN EAST SIBERIA AND 

THE RUSSIAN PLATFORM 
In this section, three dinoflagellate cyst Interval Biozones 

(one of which is subdivided into two Interval Subbiozones) 
for the latest Pliensbachian to late Toarcian of northern East 
Siberia and eighteen dinoflagellate cyst Interval Biozones for 
the Bathonian to Ryazanim of the Russian Platform are 
proposed. The Biozones are all defined using the range tops 
and/orrange basesof selected dinoflagellatecysttaxa. These 
taxa were selected for their abundance, ease of recognition, 
biostratigraphic reliability and wide geographic disfribu- 
tion. If possible, taxa which have previously been used as 
zonal indices in previous Northern Hemisphere dinoflagel- 
late cyst biozonations were chosen. WheTever possible, the 
dinoflagellate cyst Interval Biozones are calibrated with 
regional ammonite successions which are in turn linked to 
the Standard Ammonite zonation. Where ammonites are 
sparse or lacking, the successions are linked to the Standard 
Zonation using comparisons of the Russian djnoflagellate 
cyst floras with western European palynozonations (e.g. 
Woollam and Riding, 1983; Riding and Thomas, 1992). The 
biozonations for the Lower Jurassic of northern East Siberia 
and the Bathonian-Ryazanian of the Russian Platform has 
drawn on data from previous dinoflagellate cyst zonal 
schemes for these regions (Ilyina, 1991a,b; Jakovleva, 1993; 
Ilyina in Ilyina et al., 199% Meledina et al., 1998). Text-Figure 
27 summarises the Upper Pliensbaduan to Toarcian di- 
noflagellate cyst zonation proposed herein for northern East 
Siberia and Text-Figure 28 compares this scheme to the 
relevant ammonite and previous dinoflagellate cyst zona- 
tion~. The Bathonian and Callovian dinoflagellate cyst zones 
defined for the Russian Platform are illustrated in Text- 
Figure 29; these are compared with other biozonations in 
Text-Figwe 30. Text-Figures 31 and 32 illustrate respectively 
the Oxfordian to Ryazanian biozonation and its comparison 
to macrofaunal and other palynozonations. 

6.1 NORTHERN EAST SIBERIA 
The definitions of the three dinoflagellate cyst Interval 

Biozones and the two dinoflagellate cyst Interval 
Subbiozones proposed for the latest Pliensbachian to late 
Toarcian of northern East Siberia are illustrated in Text- 
Figure 27: The relationships of these new biozones with the 
standard and the local ammonite zonations and the coeval 
dinoflagellate cyst biozonations of Riding and Thomas 
(1992) and Ilyina in Ilylna et al. (1994) are depicted in Text- 
Figure 28. The Interval Biozones and Subbiozones are 
numbered in ascending stratigraphic order; they are pre- 
fixed by 'NSJ', which is an acronym for 'Northern Siberia 
Jurassic'. 
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Text Figure 27. The Upper Pliensbachian to Toarcian dinoflagellate cyst zonation for northern East Siberia proposed 
herein, comprising the key dinoflagellate cyst bioevents and the relevant ammonite zonations. 
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Text Figure 28. Comparison and correlation of the Upper Pliensbachian to Toarcian dinoflagellate cyst zonation for northern East Siberia proposed herein, with the 
dinoflagellate cyst zonations of Riding and Thomas (1992) and llyina in llyina et al. (1994) and the relevant ammonite zonations. 
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Text Figure 29. The Bathonian and Callovian dinoflagellate cyst zonation for the Russian Platform proposed herein, 
comprising the key dinoflagellate cyst bioevents and the relevant ammonite zonations. 
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Text Figure 30. Comparison and correlation ofthe Bathonian and Callovian dinoflagellate cystzonation for the Russian Platform proposed herein, with thedinoflagellate 
cyst zonations of llyina (1 991 a,b), Riding and Thomas (1 992) and Meledina et al. (1998) and the relevant ammonite zonations. 
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Text Figure 31. The Oxfordian to Ryazanian dinoflagellate cyst zonation for the Russian Platform proposed herein, 
comprising the key dinoflagellate cyst bioevents and the relevant ammonite zonations. 
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Text Figure 32. Comparison and correlation of the Oxfordian to Ryazanian dinoflagellate cyst zonation for the Russian 
Platform proposed herein, with the dinoflagellate cyst zonations of Woollam and Riding (1983), Riding and Thomas 
(1992) and Jakovleva (1993) and the relevant ammonite zonations. 
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Text Figure 32 (continued). Comparison and correlation of the Oxfordian to Ryazanian dinoflagellate cyst zonation for the 
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Thomas (1992) and Jakovleva (1993) and the relevant ammonite zonations. 
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Nannoceratopsis defandrei Interval 13iozone (NSJ1) 

Definition: The interval horn the range base of 
Nannoceratopsis defandrei (subspecies anabarensis, deflandrei 
and senex), to the range base of Nannoceratopsis gracilis 
(Text-Figure 27). 

Age: Latest Pliensbachian (base of the Viligaensis Zone) 
to early Toarcian (lower part of the Commune Zone) (Text- 
Figure 27). 

Reference Section: Anabar Bay (Text-Figure 8). 
Description of Assemblages: The Nannoceratopsis 

defandreizoneis characterised by low diversity dinoflagel- 
bte cyst associations. Thethree subspecies of Nannoceratopsis 
deflandrei are all present in the latest Pliensbachian to early 
Toarcian (lower part of the Cornmufie Zone) in northern 
East Siberia. Rare Mancodiniumsemi~abula~um are also present 
in the early Toarcian part of this Interval Biozone (Text- 
Figures 11,27). 

Comments: This biozone is present at the reference sec- 
tion at Anabar Bay and also at the River Anabar (Text-Figures 
8 and 7 respectLvely), the Viljui Synche and at many other 
localities throughout northern East Siberia (Ilyina inllyina et 
al. 1994). Thisintervalequates to theNannocerafopsis&fandrei 
subsp. anabarensis and NannoceraEopsis deflandrei subsp. senex 
dinoflagebte cyst subzones of Ilyina in nyina et al. (1994) 
(Text-Figure 28). It is possible to recognise the presence of 
two subzones of the Nannoceratopsis deflandrei Interval 
Biozone, as desaibedbelow.Thebase of thishtervalBiozone 
is coincident with the base of the Tancredia kuznefsovi bivalve 
zone (Shunigin, 1986; 1987). This biozone is considered to be 
equivalent to the Spjnaturn to lowermost Bifrons zones of the 
European standard (Text-Figure 27). 

Nannoceratopsis deflandrei subsp. anabarensis 
Interval Biosubzone (NSJla) 

Definition: The interval from the range base of 
Nannocwatopsis defandrei (subspecies anabarensis, deflandrei 
and senex), to the range top of the acme occurrence of 
Nannoceratopsis deflandrei subsp. anabarmsis and the range 
base of the acme occurrence of Nannoceratopsis deflandrei 
subsp. senex (Text-Figure 27). 

Age: Latest Pliensbachian (base of the Viligaensis Zone) 
to earliest Toarcian (top of the Propinquum Zone) (Text- 
Figure 27). 

Reference Section: River Anabar (Text-Figure 7). 
Description of Assemblages: The three subspecies of 

Nannoceratopsis depandrei all occur within this Interval 
Biosubzone, together with rare Mancodinium smitabulattim 
in the earliest Toarcian (Text-Figure 11). Nannocerafopsis 
deflandrei subsp. anabarensis is abundant in the upper part of 
the Interval Biosubzone (Text-Fimres 7,8,11). This Interval 
Biosubzone represents kernajor:~ of the iange of consistent 
Nannoceratopsisdefandrei subsp. anabarmsis (Text-Figure 11). 

Comments: This Internal Biosubzone was originally 
erected by Zlyina in Ilyina et al. (1994) as the Nannocerotopsis 
deflandrei subsp. anabarensis Subzone of the Nannoceratopsis 
dejandrei-Nannoceratopsisgracilis Zone (Text-Figure 28). This 
Internal Biosubzone is also present at Anabar Bay (Text- 
Figure 8) and it equates to the Spinaturn and Tenuicostatum 
standard zones (Text-Figure 27). 

Nannoceratopsis deflandrei subsp. senex 
Acme Biosubzone (NSJlb) 

Definition: The interval from the range base of theacme 
occurrence of Nannoceratopsis defandrei subsp. senex and the 
range top of the acme occurrence of Nnnnoceratopsisdejandrei 
subsp. anabarensis, to the range base of Nannoceratopsis 
gracilis (Text-Figure 27). 

Age: Early Toarcian (falciferurn Zone and the lower 
part of the Commune Zone) (Text-Figure 27). 

Reference Section: Sobo Creek, River Marcha (Text- 
Figure 9). 

Description of Assemblages: In this Acme Biosubzone, 
the subspecies deflandrei and senex of Nannoceratopsis 
deyandrei are present in relatively high proportions (Text- 
Figure 11). Subspecies senex, however, is normally by far 
the most abundant (Text-Figure A3.4). Rare Mancodinium 
semitabulatum are also present (Text-Figure 11). 

Comments: This Acme Biosubzone was originally 
erected by Ilyina in Ilyina et al. (1994) as the Nannoceratopsis 
deflandrei subsp. senex Subzone of the Nannoceratopsis 
deJandrei-Nannoceratopsisgracilis Zone (Text-Figure28). This 
Acme Subbiozone is traceable throughout the Viljui Syn- 
cline and elsewhere in northeast Russia (V.I.I., personal 
observations). 

Nannoceratopsis gracilis Interval Biozone (NSJ2) 

Definition: The interval from the range base of 
Nannoceratopsis gracilis, to the range bases of Phallocysta 
elongata, PhaIlocysta eumekesand Susadinium scrofoides (Text- 
Figure 27). 

Age: Early Toarcian (upper part of the Commune Zone 
to the top of the Braunianus Zone) (Text-Figure 27). 

Reference Section: Anabar Bay (Text-Figure 8). 
Description of Assemblages: The Nannoceratopsisgraci- 

Eis Interval Biozone is also characterised by relatively low 
diversity dinoflagellate cyst associations. Nannoceratopsis 
defandrei subsp. defandrei, Nannoceratopsis deflandrei subsp. 
senex and Nannoceratopsis gracilis are the most prominent 
elements; however, rare Mancodiniurn sernitabtilafurn and 
Maturodinium sp. A may also be present (Text-Figure 11). 

Comments: The Nannoceratopsisgracilis Interval Biozone 
was originally defined by Ilyina in Ilyina et al. (1994) as the 
Nannoceratopsis gracilis Subzone of the Nannoceratopsis 
deflandrei-Nannoceratopsisgracilis Zone (Text-Figure28). This 
Interval Subzone is recogruzable throughout the Viljui 
Syncline and other areas of northern East Siberia (Ilyina in 
Ilyina et al., 1994). The zone is considered to correlate with 
the northwest European Bifrons Zone (Text-Figure 27). 

Phallocysta eunlekes Range Biozone (NSJ3) 

Definition: The interval from the range bases of 
Phallocysta elongatn, Phallocysta eumekes and Susadinium 
scrofoides, to the range tops of Phallocysta elongata, Phallocysta 
et~mekes and Susadinium scrofoides (Text-Figure 27). 

Age: Late Toarcian (?Compactile to ?Falcodiscus zones) 
(Text-Figure 27). 
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Composite Reference Section: Thebase andmajority of 
this zone is well developed at Sobo Creek, River Marcha 
(Text-Figure 9). The upper part of the zone is also well 
developed at the Rivers Marcha and Motorchuna (Text- 
Figwes 2, A3.3). 

Description of Assemblages: The dinoflagellate cyst 
assemblages are much more diverse than in the underly- 
ing Interval Biozones NSJ1 and NSJ2 (Text-Figure 11). 
Mancodinium semitabulatum, Maturodinium sp. A, 
Nannoceratopsis dejlandrei and Nannoceratopsis grncilis are 
present. However, Nannoceratopsis ridingii, Nannoceratopsis 
triangulata, Nannoceratopsis triceras, Scriniocassis priscus, 
Scriniocassis weberi, Valvaeodinium aquilonizim and 
Valvaeodinium stipulatum are also represented, together 
with representatives of the Pr*rvocysta complex of Riding 
(19Ma) (Text-Figure 11). This distinctive suite of appar- 
ently closely-related f o m  includes Moesiodinizrm raileanzri, 
Parvocysta spp., Phallocysta spp. and Susadinium spp. 
Mafurodinium s p  AandPhallocysta spp. may be abundant. 
h particular, Phallocysta eumekes typically becomes abun- 
dant in the middle of this Range Biozone (Text-Figures 8, 
9, 11,27 and A3.3). 

Comments: This late Toarcian Range Biozone is not 
subdivided into interval subbiozones because the di- 
noflagellate cyst floras are relatively conservative through- 
out. The ammonite zonation is difficult to apply in North- 
ern Siberia because two different macrofossil zonations 
have been described (section 2.2). The equivalent Euro- 
pean standard ammonite zones are the Variabilis to 
Levesquei zones (Text-Figure 27). This Range Biozone 
equates to the Phallocysta eumekes-Dodekovia scrofoides- 
Valvaeodinium aquilonium zone of Ilyina in Ilyina et al. 
(1994) (Text-Figure 28). The latter author recognised this 
Range Biozone throughout Northern Siberia and subdi- 
vided the zone into two subzones. These subzones are the 
Phallocysta eumekes Subzone for the earliest late Toarcian 
and the Valvaeodinium aquilonium-Nannoceratopsis cf. 
triangulata Subzone for the latest late Toarcian (Text-Fig- 
ure 28). This subdivision was based partially on a com- 
parison with late Toarcian dinoflagellate cyst floras from 
western Europe (Riding, 1984a; Prauss, 1989). As a result 
of this study, however, it was decided not to use this 
subzonal subdivision because Nannoceral.opsis trinngulata 
and Valvaeodinium aquilonizim were recovered throughout 
the Upper Toarcian (Text-Figure 11). The inha-Upper 
Toarcian inceptions of these species were the principal 
subzonal criteria used by Ilyina in Ilyina et al. (1994, text- 
fig. 4). 

6.2 RUSSIAN PLATFORM 
The definitions of the 18 dinoffagellate cyst Inten~al 

Biozones proposed for the Bathonian to the Ryazanian of 
the RussianPlatform are illustrated in Text-Figures 29 and 
30. The relationships of these new biozones with the 
standard and local Russian ammonite zonaiions and the 
coeval dinoflagellate cyst zones/beds of Woollam and 
Riding (1983), Ilyina (1991a,b), Riding and Thomas (1992), 
Jakovleva (1993) and Meledina et al. (1998) are depicted in 
Text-Figures 31 and 32. The Intervat Biozones are num- 
bered in ascending stratigraphic order. They are prefixed 
by 'RPJ' or 'RPK', whch are acronyms for 'Russian Plat- 
form Jurassic' and 'Russian Platform Cretaceous' respec- 
tively. 

Evansia evittii IntervaI Biozone (lU'J1) 

Definition: The interval from the apparent range base 
of Euansid evittii, to therangebases of CfenidodiniumselIwoodii 
and Protobatiolndinium elntmaensis (Text-Figure 29). 

Age: Earliest Bathonian. This interval biozone repre- 
sents the lowerrnost Beds with Oraniceras cf. gyrumbilicum 
and Gonolkites cf. convergens in thePech0raBasin;the equiva- 
lent strata in the Moscow are devoid of ammonites (Text- 
Figure 31). These strata correlate to the lowermost Zigzag 
Zone (Text-Figure 15). 

Reference Section: West bank of the River Pizhma,near 
Stepanov Village (Text-Figure 12). 

Description of Assemblages: The dinoflagellate cyst 
associations in this Interval Biozone are of low species 
diversity (Text-Figure 15). In addition to Evansia evittii, 
representatives of Batiacasphaera, Lithodina and Pareodinia 
are present (Text-Figure 12). 

Comments: The base of this zone is desaibed as being 
based on the "apparent" range base of Evansia evittii because 
it is present inthe lowermost samples (Text-Figure 15). Uyina 
(1991a) studied ?uppermost Bajocian-lowermost Bathonian 
material from the Voronezh Shuctural High and the Pechora 
Basin and termed this interval 'Beds with Escharisphridia 
pocockii-Evansia evittii-Dichadogmzyaulax sp' (Text-Figure 31). 
The lower boundary of this Interval Biozone is not well 
constrained by ammonite faunas; it is possible, therefore, 
that it is within the uppermost Bajocian (Ilyina, 1991a). No 
unequivocal Bajocian samples have been included in this 
study, therefore, theinception of Evansidevittiimybewithin 
the Bajocian Stage in the Russian Platform. 

Ctenidodinium selleooodii-Protobatioladinium elatmaensis 
Internal Biozone (RPJ2) 

Definition: The interval from the range bases of 
Ctenidodinium sellwoodii and Protobatwladinium elatmaensis, 
to the range base of Protobatioladinium? elongatum (Text- 
Figure 29). 

Age: Early-late Bathonian. This zone represents the 
uppermost Beds with Oraniceras cf. gyrumbilicum and 
Gonolkites cf. convergens to the non-ammonite bearing strata 
overlying Beds with Arcticoceras ishmae and Arcticoceras 
harlandi in the Pechora Basin. The equivalent strata in the 
Moscow Basin (central Russian Platform) appear to be 
barren of ammonite faunas (Text-Figure 29). This internal 
biozone is tentatively correlated to the uppermost Zigzag to 
Orbis standard zones (Text-Figure 31). 

Reference Sections: West bank of the River P i zha ,  
near Stepanov Village (Text-Figure 12) and Borehole 132, 
near Blatma (Text-Figure 17). 

Description of Assemblages: The dinoflagellate cyst 
assemblages are significantly more diverse than in the 
underlying Evansia evittiiInterva1 Biozone. Chlamydophorella 
spp., Chytroeisphaeridia hyalina, Ctenidodinium sellwoodii, 
Dissiliodiniurn spp., Fentonia bjaerkei (acritarch), Fromeu 
tornatilis, ~ou~st~~sta~ochtii,~endicodinium~roenlandicum, 
Nnnnoceratopsis pellucida, Pareodinia cualophora,Sinniodinium 
grossii and f~bubdtuberell~dan~eardii are (Text-Figure 
15; Ilyina, 1991a). Themost prominent taxa are Batiacasphaera 
spp., Nannoceratopsis pellsicida and Protobatioladinium 
elatnzaensis (Text-Figure 15). 
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Comments: This I n t e ~ a l  Biozone is defined by the 
inceptions of Ctenidodiniurn sellwoodiiand Protobatioladinium 
elatmaensis to therange base of Protobatioladiniunz? elongaf urn 
(Text-Figure 29). It has been given two index species, 
Ctenidodinium sellwoodii and Protobatioladinium elatmensis, 
because boththese taxa occur in the early-late Bathonian of 
the Russian Platform (Ilyina, 1991a; Riding and Ilyina, 1996; 
1998). Ctenidodinium sellwoodii is abundant in the Voronezh 
Structural High and it is considered that this area had a 
connection with western Europe during the Bathonian 
(R~ding and Ilyina, 1998). In theMoscow Basin, for example 
the Lasicy Borehole, both the index species occur in alter- 
nating beds (Ilyina, 1991a). Protobatioladinium elatmaensis is 
abundant in Borehole 132, near Elatma (Text-Figures 17, 
A3.11; Riding and Ilyina, 1996). This Interval Biozone was 
originally erected as the Dichadogonyaulax sellwoodii- 
Protobatioladinium sp. zone by Ilyina (1991a) and Meledina 
et al. (1998) (Text-Figure 31). 

Protobatioladinium? elongatztm Range Biozone m 3 )  

Definition: The interval between the range base, and 
the range top of unequivocal Protobatioladinium? eiongafum 
(Text-Figure 29). 

Age: Latest Bathonian. The Range Biozone comprises 
the Beds with Cadoceras variabile in the Pechora Basin; the 
equivalent strata in the Moscow Basin are not zoned using 
ammonites (Text-Figure 29). These beds are considered to 
be correlative with the Discus Zone (Text-Figure 15). 

Reference Section: West bank of the River Pizhma, near 
Stepanov Village (Text-Figure 12). 

Description of Assemblages: The dinoflagellate cyst 
associations in the Protobatioladinium? elongatum Range 
Biozone are substantially sirmlar in species content and 
proportions to those in the underlying RPJ2 Biozone (Text- 
Figure 15). The diversity, however, is somewhat higher. 
Complex chorate dinoflagellate cysts and the acritarch 
Ferttonia bjaerkei are present in this Range Biozone (Text- 
Figure 15). 

Comments: In the Pechora Basin, this Range Biozone is 
deemed to be approximately coincident with Beds with 
Cadoceras variabile, which Meledina (1994) stated were re- 
ferable to the Discus Zone. Ilyina (1991a) termed this inter- 
val the latest Bathanian-earliest Callovian Kalyptea diceras 
dinoflagellate cyst zone due to the rnisidentification of the 
index species. Subsequently, Meledina et al. (1998) inter- 
preted this interval as latest Bathonian (Text-Figure 31). 

Fromea tornatilis Interval Biozone (RPJ4) 

Definition: Interval from the range bases of 
Chytroeispharidia cerastes, common to abundant Fromea 
tornatilis, Gonyaulacysta jz~rassica subsp. adecta and Pareodinia 
prolongata, to the range base of Lqenadinium callovianum 
(Text-Figure 29). 

Age: Earliest Callovian. The Interval Biozone comprises 
Beds with Cadocevas ex group elatmae and Cadocuasfalsztm 
and Beds with Cadoceras pishmae in the Pechora Basin; in the 
Moscow Basin, it is representedby BedswithMacrocephalites 
and the Elatmae Zone (Text-Figure 31). These strata are 

considered to be the equivalent of the Herveyi Zone of the 
European Standard (Text-Figure 16). 

Reference Section: East bank of the River Pizhma, near 
Churkin Village (outcrop 13) (Text-f igure 12). 

Description of Assemblages: Earliest Callovian di- 
noflagellate cyst assemblages fromtheMoscow andPechora 
basins are typically rich and diverse. Batiacasphaera spp., 
Chytroeispharidia hyalina, Fromea tornatilis, Lithodinia spp., 
Nannoceratopsis pellucida, Pareodinia ceratophora, 
Sentusidinium spp. and Sirmiodinium grossii are common to 
abundant. Many forms have inceptions at or close to the 
Bathonian-Callovian boundary in the Russian Platform. 
These include those of Adnatosphneridium caulleryi, 
Chytroeispharidia cerastes, Chytroeispharidia chytroeides, 
Gonyaulacysta jurassicasubsp. adecfa and Pareodinizprolongata 
(Text-Figures 12,16). 

Comments: In the Callovian of the Russian Platform, 
rich and diverse dinoflagellate cyst assemblages appear for 
the first time. Chytroeisphaeridia spp. and the zonal index, 
Fromea tornatilis are especially common (Text-Figure 12). 
This Internal Biozone is traceable throughout the Russian 
Platform and is well constrained by ammonite faunas. h 
the Moscow Basin, the earliest ~afiovian sediments com- 
prise Beds with ?Macrocephalites and the Elatmae Zone 
(Jakovleva, 1993). In the Pechora Basin, the lowermost 
Callovian strata are represented by Beds with Cadoceras ex. 
group elatmae and Cadocerasfalsum and Beds with Cadoceras 
pishmae. Both these fauna1 successions are correlatablewith 
the standard Herveyi Zone according to Meledina (1994) 
and Meledina et al. (1998) (Text-Figures 29,31). This Inter- 
val Biozone was originally erected as the Fromea tornafilis- 
Sentusidinium riouItii/spp. Zone by Ilyina (1991a) and 
Meledina et al. (1998) [Text-Fimi-e 31). . , .  ., 

The four samples studied from the earliest Callovian of 
Anabar Bay (section 5.1.2; Text-Figure 10) represent a Bo- 
real dinoflagellate cyst association. These horizons are 
assigned to the Falsum and Anabarense zones, which are 
coeval with the Herveyi Standard Zone (MeIedina, 1994). 
This means that the Boreal Crussolia dalei, Paragonyaulacysta 
retiphragmafa Zone of Ilyina (1996) and Ilyina in Zakharov 
et al. (1997) is equivalent to the Fromea tornatilis Interval 
Biozone in the Russian Platform. The earliest Callovian 
Crussolia dalei, Paragonyazilacysta retiphrapata Zone of the 
Boreal Realm is broadly equivalent to the Paragonyaulacysta 
calloviensis Subzone of Johnson and Hills (1973), Oppel 
Zone G of Davies (1983) and the Lacymodinium warrenii 
Zone (subzones b and c) of Smelror (1988b). A regional 
synthesis of these zonations and assemblages may help to 
correlate the lowermost Callovian of the Boreal and 
Subboreal provinces. 

Lagenadinium callovianum Interval Biozone (RPJ5) 

Definition: The interval from the range base of 
Lagenadinium callovianum, to the range top of Ctenidodinium 
combazii (Text-Figure 29). 

Age: Early Callovian, Koenigi and Calloviense zones 
and equivalents. In theMoscow Basin, the standard Koenigi 
and CaUoviense zones can be recognised. However these 
arerepresentedrespectivelyby Beds withCadocerassimulans 
and Beds with Kepplerites cf. tychonis in the Pechora Basin 
(Text-Figure 31). 
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Reference Section: East bank of the River Pizhma, near 
Churkin Village (outcrop 13) (Text-Figure 12). 

Description of Assemblages: The Lagenadiniurn 
callovianum Interval Biozone throughout the Russian Plat- 
form yields rich microplankton floras; the species content 
and relative proportions being similar to those from the 
underlying Fromea tornatilis Interval Biozone (Text-Figure 
16). Kalyptea stegasta has its inception at the base of this 
Interval Biozone (Text-Figure 16) and Cleistosphaeridiurn 
varispinosum may be common in many sections in the 
Russsian Platform (V.I.I., personal observations). 
Ctenidodinium cornbazii may be common in the Beds with 
Kepplerites cf. tychonis in the Pechora Basin (Text-Figures 12 
and A3.6). 

Comments: The Lagenadini.um callovianum Interval 
Biozone is closely correlated to regional ammonite faunal 
successions in the Russian Platform. In the Pechora Basin, 
it comprises the Beds with Cadocerassimulans and Beds with 
Kepplerites cf. tychonis (Text-Figure 29; Meledina, 1994; 
Meledina and Zakharov, 1996). h the Moscow Basin, the 
European standard Koenigi and Calloviense zones may be 
applied. This Interval Biozone is coincident with the 
lagenadiniumcallovianum,Chlamydophorella sp. Zone of llyina 
(1991a) and Meledina et al. (1998) (Text-Figure 31). 

Kalyptea stegasta Interval Biozone (RPJ6) 

Definition: The interval from the range top of 
Ctenidodiniurn combazii, to the range base of Gonyaulacysfa 
jurassica subsp. adecta var, longicornis (Text-Figure 29). 

Age: Mid Callovian, Jason and Coronatum zones and 
equivalents. In the Moscow Basin, the standard Jason and 
Coronaturnzones canberecognised, however in the Pechora 
Basin, thisintervalisrepresented by the Beds with Rondiceras 
milaschwici and Kosmoceras spp. (Text-Figure 31). 

Reference Section: west bank of the &er Izhrna (out- 
crop 9) (Text-Pigwre 12). 

Description of Assemblages: The Kalyptea stegasta 
Interval Biozone throughout the Russian Platform yields 
abundant and diverse dinoflagellate cyst asociations. The 
overall species content is similar to those from the under- 
lying lU'J4 and WJ5 Interval Biozones. The following 
forms may be common: Batiacasphaera spp., 
Chytroeisphaeridia chytroeides; Chytroeisphaeridia hyalina; 
Fromea tornatilis; Kalyptea stegasta; Lagenadinium callovianum; 
Nannoceratopsis pellucida; Pareodinia ceratophora; 
Sentusidinium spp., Sirmiodinium grossii and Tubotuberella 
dangeardii (Text-Figures 12, 16, A3.6; Ilyina, 1991a). Also 
present are, for example, Ctenidodinitirn sellwoodii, 
Endoscrinium spp., Evansia evittii, Gonyaulacysta jurassica 
subsp. adecta, Lithodinia spp., Mendicodinizimgroenlandicurn, 
Paragonyaulacysta retiphragmata, Rhynchodiniopsis 
cladophora, Sentusidinium spp. and Wanaea acollaris. 
Ctenidodinium sellwoodii has its range top within this Inter- 
val Biozone (Text-Figures 12,16,29). 

Comments: The f%yptea stegasta Interval Biozone has a 
close correlation to regional ammonite faunal successions. 
In the Pechora Basin, it largely comprises the Beds with 
Rondiceras milaschevici and Kosmoceras spp. (Meledina, 1994) 
and in the Moscow Basin, the European standard zones 
Jason and Coronatum may be recognised (Text-Figure 29). 
This Interval Biozone is equivalent to the Chytroeisphaeridia 

cerastes-Netrelyfron stegasttim Zone of llyina (1991a) and 
Meledina et al. (1998) (Text-Figure 31). 

Pareodinia prolongata Interval 13iozone (RPJ7) 

Definition: The interval from the range base of 
Gonyaulacysfa jurassica subsp. adecta var. longicornis, to the 
range top of Pareodinia prolongata and the range base of 
Trichodinium scarburghensis (Text-Figure 29). 

Age: Late Callovian (Athleta-Keyserling zones). 
Reference Section: Inkino, River Oka Basin (Text-Fig- 

ure 18). 
Description of Assemblages: The Upper Callovian di- 

noflagellate cyst asemblages of the Russian Platform are 
normally abundant and diverse (Text-Figure 18). The large 
number of inceptions in this substage are also observed 
throughout the Northern Hemisphere (Woollamand Riding, 
1983). Thefollowingforms have range basesintheAWeta/ 
Keyserhgi zones (and thus in this biozone): Ctenidodinium 
continuum; Gonyaulacysta eisenackii, Gonyaulacysta jurassica 
subsp, adecta var. longicornis; Leptodinium subfile and 
?Scriniodinium crystallinurn (Text-Figure 16). Forms which 
are common throughout this Interval Biozone include: 
Batiacasphaera spp., Chytroeisphaeridia chytroeides, 
Chytroeispheridia hyalina, Frornea tornatilis, Lithodinia spp., 
Nannocerafopsis pellucida, Pareodinia ceratophora, 
Rhynchodiniopsis cladophora, Senfusidinium spp. and 
Sirmiodiniurn grossii (Text-Figure A3.12). Furthermore, 
Admtosphaeridiumcaulleryi, Cleistosphaeridiumvarispinosum, 
Endoscrinium spp., Gonyaulacysta eisenackii, Lithodinia 
planosepfata, Sirmiodiniopsis orbis and Tubofuberella spp. are 
also consistently present (Text-Figures 16; 18). 

Comments: This Interval Biozone can be correlated to 
regional ammonite faunas throughout the Russian Plat- 
form. For example, in the Moscow Basin, the Athleta Zone 
is present; however, in the Pechora Basin, the approximate 
equivalent is the Keyserlingi Zone (Text-Figure29; Meledina, 
1994; Meledina et al., 1998). The Pareodinia prolongata Inter- 
val Biozone is equivalent to the Xigaudella aernula- 
Cleistosphnridium varispinosum Zone of Ilyina (1991a) and 
the Rlgaudella aemula-Pareodiniaprolongata Zone of Meledina 
et al. (1998) (Text-Figure 31). 

Trichodiniunz scarburghsis hterval Biozone (RPJ8) 

Definition: The interval from the range top of Pareodinia 
prolongata and the range base of Trichodiniumscarburghensis, 
to the range top of Ctenidodinium continuum and the range 
bases of Leptodinium mirabile, Lithodinia sp. A and Wanaea 
fimbriata (Text-Figures 29,30). 

Age: Latest Callovian (Larnberti-Subordinarium zones). 
~eference Sections: Section 2, Makarjev region, River 

Unzha and Outcrop 15, River Izkma (Text-Figures 19 and 
13 respectively). 

Description of Assemblages: Uppermost Callovian 
dinoflagellate cyst asemblages from the Russian Platfonn 
are abundant and diverse (Text-Figures 13/19). The floras 
arerelatively similar to thosefrom theunderlyingPareodinia 
prolongata Interval Biozone, however, the diversity in the 
RPJ8 interval biozone is sigruficantly higher. Typical forms 
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include Chlamydophorella spp., Clathroctenocystis asapha, 
lCrussolia deflandrei, Ctmidodinium ornatum, Ctenidodinium 
continutrrn, Gonyaulacysta centriconnata, Gonyaulacysla 
jurassica subsp. adecta, Liesbergia liesbergensis, Scriniodiniurn 
cystallinum, Sirmiodinizrm grossii, Stephanelyfron spp. and 
Wanaea acollaris (Text-Figures 16; A3.7; A3.8; A3.13). 

Comments:The inception of Trichodiniumscarbtirghensis 
is an ideal datum for the definition of the base of this 
Interval Biozone. The species is common over much of the 
Northern Hemisphere and is relatively large and easily 
recognised (Woollam and Riding, 1983). In the Moscow 
Basin, We standard Lamberti Zone is recognisable, how- 
ever, in the Pechora Basin, the equivalent is the 
SubordinariurnZone (Text-Figure 29; Meledina, 1994). The 
populations of Sirmiodinium grossii 9 this zone include 
significant proportions of the triangular morphotype 
(V.A.F., personal observations). Within this zone through- 
out the RussianPlatform, the range top of Cleistosphaeridium 
varispinosum was observed (Text-Figures 16; 29). It is pos- 
sible that this may allow the subdivision of the Trichodinium 
scarburghensis Interval Biozone, hovever a subzonal divi- 
sionis not effected here as more data are needed to confjxm 
this bioevent. The Trichodiniurn scarburghensis Interval 
Biozone is approximately equivalent to the Beds with 
Belodinium asaphum-lagenadinit~m scarburghensis of Ilyina 
(1991a) (Text-Figure 31). 

Rigatidella aemzila, Wanaea fimbriata and Wanaea thysanota 
(Text-Figures 25, A3.11, A3.12; A3.13). In the Russian Plat- 
form, the range tops of Limbodinium absidatum, Wanaea 
acollaris and Wanaea thysanota occurwithintheMariae Zone 
(Text-Fipes25,30 and A3.11). Furthermore, the inception 
of Gonynulacysta jurassica subsp. jurassica occurs in the 
C o r d a m  Zone (Text-Figures 19,25,30). It is considered 
that asubzonalsubdivision based on these bioevenrsshould 
not be made at this tune; potential further subdivision of 
this Interval Biozone should await more data. 

Comments: Ammonites characteristic of the Mariae 
and Cordatum zones have been described from the Russian 
Platform by Mesezhnikov et al. (1986; 1989), Krymholts et 
al. (1988) and MeIedina (1987) (Text-Figure 32). Due to the 
widespread geographic distribution of the index taxa, the 
Wanaea fimbriata Range Biozone can be recognised over 
mu& of the Northern Hemisphere. The zone as defined 
here is coincident with the Wanaeafirnbriata Zone of Smelror 
(1988b). It is also partially equivalent to the Wanaeafimbriata 
Zone of Riding and Thomas (1992). The Wanaeafirnbriata 
Range Biozone defined here is approximately equivalent to 
both the Liesbergia scarburghensis-Wanaeafimbriata Zone of 
Ilyina (1991a,b) and the Beds with Liesbergia scarburghensis 
and Wanaeafimbriata of Jakovleva (1993) (Text-Figure 32). 

Endoscrinium galeriturn subsp. reticulatum 
Interval Biozone (WJIO) 

Wanaea fimbriata Range Biozone (RP J9) 

Definition: The interval from the range top of 
Ctenidodiniz~mcontinuum and therangebasesof Leytodinium 
mirabile, Lithodinia sp. A and Wanaeafimbriata, to the range 
tops of Gon yaulacysta centriconnata and Wanaea jinbriata and 
the range base of Endoscriniurn ltrridum (Text-Figures 29, 
30). 

Age: Early Oxfordian (Mariae and Cordatum zones). 
Reference Sections: Borehole 132, near Elatma, outcrop 

5, near Ikjno, River Oka Basin and section 2, Makarjev 
region, River Unzha (Text-Figures 17,18,19 respectively). 

Description of Assemblages: Early Oxfordian di- 
noflagellate cyst floras fromthe RussianPlatform areasrich 
and diverse as those from the late Callovian (Text-Figures 
A3.12, A3.13). As a result of highsea level stands during the 
early Oxfordian, the marine floras are virtually cosmopoli- 
tan throughout the Northern Hemisphere (Johnson and 
Hills, 1973; Berger, 1986; Riding, 1987). T~oughout  the 
RussianPlatform, the following taxa are common to prorni- 
nent in the early Oxfordian: Chytroeisphaeridia cerastes; 
Chytroeisphaeridia chytroeides; Endoscrinium galerifurn; 
Gonyaulacysta jurassica subsp. adecta var. longicornis and 
Trichodinium scarburghensis (Text-Figures 25; A3.12; A3.13). 
Fonns which are also present throughout include: Aldovfia 
spp., Ambonosphaera? staffinensis; ChlamydophorelIa spp.; 
Ctenidodinizimornatum; Gonyaulncystaeisenackii; kptodinitim 
subfile; Mendicodinium groenlandictlm; Prolixosphaeridium 
parvispinum; Scriniodiniurn cqstallintim; Sirmiodiniopsisorbis; 
Sirmiodinium grossii; Stqhnelytron spp. and Tubotuberella 
rhornbifornzis (Text-Figwes 17,18,19). Several forms charac- 
teristic of the early Oxfordian in western Europe were 
~ecovered, and these include Crussolia deflandrei, 
Gonynulacysta centriconnata, Gonyaulacystn jurassica subsp. 
jurassica, Leptodinizim mirabile, Limbodinium absidatum, 

Definition: The interval from the range tops of 
Gonyaulacysta centriconnata and Wanaea fimbriata and the 
range base of Endoscriniurn luridurn, to the range top of 
Trichodinium scarburghensis (Text-Figure 30). 

Age: Mid Oxfordian (Densiplicalu~n Zone). 
Reference Sections: Borehole 132, near Elatma and 

Section 2, Makarjev region, River Unzha (Text-Figures 17 
and 19 respectively). 

Description of Assemblages: Middle Oxfordian di- 
noflagellate cyst associations kom theRussian Platform are 
consjstently richand diverse (Text-Figures 17, A3.11).Prorni- 
nent forms in the Densiplicatum Zone include 
Chytroeisphaeridia spp., Endoscrinium galeritum subsp. 
galeritum, Endoscrinium galeritum subsp. reticulatum, 
Gonyaz~lacysta jurassica subsp. adecta var. longicomis, and 
Gonya~lacysta jurassica subsp. jurassica (Text-Figures 25, 
A3.11). Other morphotypes consistentlypresent are Crussolia 
spp., Endoscrinium luridurn, Fromea tornatilis, Gonyaulacysta 
eisenackii, Leptodinium stibtile, Naiznoceratopsis pellucida, 
Rhynchodiniopsis cladophora, Rigatidella aemula, Scriniodinium 
crystallint~m, Sirrniodiniopsis orbis, Sinniodinium grossii (tri- 
angular forms) and Stephanelytron spp (Text-Figures 25, 
A3.11, A3.13). 

Comments: This dinoflagellate cyst Interval Biozone 
has a xeliable correlation to the Densiplicatum Zone as 
Middle Oxfordian ammonite faunas in the Russian Plat- 
form are well studied (Mesezhnikov et al., 1986; 1989; 
Krymholts et al., 1988). Although this Biozone is of Internal. 
type, a form which ranges above and below the zone, 
Endoscrinizimgalerit~irn subsp. reticulatlim was chosen as the 
index because it is prominent in the lowermost Middle 
Oxfordian (Text-Figure 25). Furthermore, Trichodir~ium 
scarburghensis is the index of the RPJ8 Interval Biozone and 
Endoscrinium luridurn is not prominent in the Middle 
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Oxfordian of the Russian Platform. Additionally, 
Endoscrinium luridurn has been used as an index for 
Kimmeridgian dinoflagellate cyst zones by, for example, 
Woollam and Riding (1983), Riding and Thomas (1988; 
1992) and Poulsen (1993; 2994). The Endoscrinium galeritum 
subsp. reticulatum Range Biozone is equivalent to the lower 
part of the Scvirriodinium c rystallinum-TzrbotuberelIa eisenackii 
Zone of Ilyina (1991a) and the lowermost part of the Beds 
with Scriniodiniurn crystallinum and Crussolia deflandrei of 
Jakovleva (1993) (Text-Figure 32). 

Gonyaulacysta jurassica subsp. adecta v a .  longicornis 
Interval Biozone (RPJ11) 

Definition: The interval from the range top of 
Trichodinium scarburghensis, to the range tops of 
Chytroeisphaeridia cerastes, Gonyaulacysta jurassica subsp. 
adecta var. longicornis and Rigaudella aemtila and the range 
base of Cribroperidiniurn globatum (Text-Figure 30). 

Age: Mid Oxfordian (Tenuiserratum Zone). 
~eference Sections: Borehole 132, near Elatrna and 

Section 2, Makarjev region, River Unzha (Text-Figures 17 
and 19 respectively). 

Description of Assemblages: The dinoflagellate cyst 
associations in the WJ11 Interval Biozone are similar in 
overall species spectra to those from the underlying Inter- 
val Biozone RPJlO (Text-Figures A3.11 and A3.13). 
Chytroeisphaeridia spp., Crussolia deflandrei, Endoscrinium 
galeritum subsp. reticulatum, Gonyaulaxcysta eisenackii, 
Gonyaulacysta jurassica subsp. adectavax. longicornis, Lithodinia 
spp. Sentusidinium spp., Sirmiodinium grossii (triangular 
forms) and Stephanelytron redcliffense are relatively common 
(Text-Figures 17,19,25). 

Comments: The RPJll Interval Biozone is calibrated 
with the Tenuiserratum Zone via the work of Mesezhnikov 
et al. (1986; 1989) and Krymholts et al. (1988). Because 
Gonyaulacysta jurassica subsp. adecta var. longicornis is ex- 
tremely prominent throughout the Middle Oxfordian of 
the Russian Platform (Text-Figures A3.11, A3.13), this form 
was selected as the index for this Interval Biozone. The top 
of this Interval Biozone is also marked by the range tops of 
many important taxa including Clathroctenocystis asapha, 
Crussolia perireticulata, Fromea tornatilis, Gonyaulacysta 
eisenackii, Gonyaulacysta jurassica subsp. adecta, 
Nannoceratopsis pellticida and Sirmiodiniopsis orbis (Text-Fig- 
ure 25). Furthermore, the range top of common triangular 
morphotypes of Sirmiodinium p s s i i  is within this Interval 
Biozone (V.A.F., personal observations). The Gonyaulacysta 
jurassica subsp. adecta var. Iongicornis Interval Biozone is 
equivalent to both the upper part of the Scriniodinium 
cystalZinum-Tubotuberella eisenackii Zone of Ilyina (1991a) 
and the and the uppermost Beds with Scriniodinium 
cysfallinum and Crussolia deflandrei of Jakovleva (1993) 
(Text-Figure 32). 

Cribroperidinium globaturn Interval Biozone (RPJ12) 

Definition: The interval from the range tops of 
Chytroeisphaeridia cerastes, Gonyaulacysta jurassica subsp. 
adecta var. longicornis and RigaudelIa aemula and the range 

baseof Cribroperidiniurnglobatum, to therangetop of Crussolia 
deflandrei and the range bases of Endoscrinium anceps, 
Glossodiniumdimorphum, Perisseiasphmidium pannosum and 
Wallodinium krutzschii (Text-Figure 30). 

Age: Late Oxfordian (Alternoides to Ravni zones). 
Reference Section: Seceon I, Makarjev region, River 

Unzha (Text-Figure 20). 
Description of Assemblages: The three samples of late 

Oxfordian age from Section 1, Makarjev region, River Unzha 
produced low diversity, relatively sparse dinoflagellate 
cyst associations (Text-Figures 20, A3.14). Prominent forms 
include Ambonosphaera? stafinensis, Batiacasphaera spp., 
Chytroeispharidia chytroeides, Endoscrinium galeritum subsp. 
galeritum and Endoscriniunzgaleritum subsp. reticulatum (Text- 
Figure 20). Forms present in lower proportions include 
Chlarnydophorella spp., Cribroperidinium globntum, Crzrssolia 
deflandrei, Gonyaulacysta dualis, Leptodinium subtile, 
Scriniodinitrrn cystallintim and Systernatophora penicillata 
(Text-Figure A3.14). The inception of the zonal index, 
Cribroperidinium globaturn, was observed at the base of this 
IntervaI Biozone (Text-Figure 25). 

Comments: This Interval Biozone is calibrated with the 
Alternoides, Serratum and Ravni zones as a result of the 
workof Mesezhnikov et al. (1986; 1989) andKrymholts et al. 
(1988). The dinoflagellate cyst assemblages are of relatively 
low abundance and diversity by comparison to floras from 
the underlying Lower and Middle Oxfordian (Text-Figure 
25). There appears to be a stratification event which led to 
anoxic conditions at the base of the Upper Oxfordian in the 
Russian Platform due to the presence of organic-rich ('hot') 
shales (Mesezhnikov et al., 1986; 1989). The RPJ12 Interval 
Biozone is approximately equivalent to the Beds with 
Scriniodinium cystallinurn and Tubotuberella eisenackii of 
Jakovleva (1993) (Text-Figure 32). 

Gonyaulacysta jzirassica subsp. jurassica 
Interval Biozone (RPJ13) 

Definition: The interval from the range top of Crussolia 
defklndrei and the range bases of Endoscrinizim anceps, 
Glossodini~irn dimorphum, Perisseiasphaeridiurn pannosum and 
Wallodinilim krutzschii, to the range top of Gonyaulacysta 
jurassica subsp. jurassica and therangebase of Subfilisphaera? 
inaffecta (Text-Figure 30). 

Age: Kimmeridgian (Beds with Amoebites and Prorasenia 
and Beds with Amoebites Infchini and Xasenia spp. to the top 
of the Eudoxus Zone). 

Reference Section: A composite section comprising 
sections 3/4, Maka rjev region, River Unzha, outcxop 15, 
River Izhrna and Gorodische, mid River Volga Basin (Text- 
Figures 21,13 and 22 respectively). 

Description of Assemblages: The Kimmeridgan of the 
Russian Platform produces variably rich dinoflagellate cyst 
associations. The following taxa are common to abundant: 
Chytroeisphaeridia chytroeides; Cribroperidinium globatum; 
Wingodinium spp.; Gonyaulacysta spp., Leptodiniurn subtileand 
Sentusidinium spp (Text-Figures 9, A4.7, A4.8 and A4.15- 
A4.17). Also present are: Batiacasphawa spp .; Chla~nydophorella 
spp.; Endoscriniumanceps; Hysh.ichodiniumpulc!~~tim;Pareodinia 
ceratophora; Prolixosphaevidium mixtispinosum; Simiodiniurn 
p s s i i ;  Systemtophora spp. and Tzibotzrberella rhombiformis 
(Text-Figures A3.6, A3.12 and A3.13). 



AASP CONTRIBUTIONS SERIES NUMBER 36 

Comments: The Lower/lowermost Kimmeridgian of 
the Russian Platform yields significant numbers of species 
which are reminiscent of the Oxfordian. These include 
Gonyaulacysta jurassica subsp, jurassica, Scriniodinium 
cystallinurn and Stephanelytron spp. (Text-Figure 26). This 
situation is similar to the Oxfordian-Weridgian bound- 
ary in western Europe (Riding and Thomas, 1988). How- 
ever, the late Oxfordian-earliest Kimmeridgian in the Rus- 
sian Platform is sigruficantly less diverse than in Europe. 
The Upper Kimrneridgian of the Russian Platform is typi- 
fied by more characteristically Kimmeridgian marine 
palynofloras. - .  

There are a number of apparently biostratigraphically 
usem d a m  within this Interval. Zone. These include the 
range tops of Lithodinia sp. A and Scriniodinium c yslallinum 
in the Beds with Amoebites and Prorasenia and Beds with 
Amoebites kitchini and Rasenia spp. (Text-Figures 26, 30). 
Furthermore, the range top of 7Stephanelytron spp. occurs 
within the Eudoxus Zone (Text-Figure 26). These bioevents 
are broadly consistent with western Europe (Riding and 
Thomas, 1988; 1992). The datums are not used here to 
further subdivide this interval Biozone into Interval 
Subbiozones; more detailed research is required. The in- 
ceptions of Endoscrinium anceps, Glossodinium dimorphum, 
Perisseiasphaeridiu~n pannosum and Wallodinium krutzschii 
are also present at the base of this Interval Biozone (Text- 
Figure 30). 

In the RussianPlatform, the Lower Kimmeridgian yields 
ammonite faunas dominated by the genera Amoebifes and 
Prorazeniafizenia (Text-Figures 30,31); a formal Zone is 
not recognised. However, the range top of unequivocal 
Scriniodinium crystallinum lies within these beds at the 
rivers Izhma and Unzha (Text-Figures 13 and 21 respec- 
tively), thereby indicating a co~relation with the Baylei 
Zone of the Standard (Riding and Thornas, 1988; '1992). 
Only one Standard Zone, the Eudoxus Zone, is recognised 
throughout this Interval Biozone. The Kimmeridgan of 
this region is represented by isolated outcrops of limited 
stratigraphic extent. A complete succession through this 
stage is not present; furthermore, the boundary between 
the Lower and Upper Kmmeridgian is not exposed. This 
Interval Biozone approximately equates with the lower- 
most Beds with Dingodinium and Cribroperidinium saetigerum 
of Jakovleva (1993) (Text-Figure 32). 

Subtilisphaera? inafecta Range Biozone (RPJ14) 

Definition: The interval from the range top of 
Gonyaulacysta jurassica subsp. jzirassica and the range base of 
Subtilisphaera? inaficta, to the range top of Subtilisphaera? 
inaffcta (Text-Figure 30). 

Age: Latest Kimmeridgian to earliest Volgian 
(Autissiodorensis and Klimovi zones). 

Reference Section: Gorodische, mid River Volga Basin 
(Text-Figure 22). 

Description of Assemblages: The uppermost 
Kimeridgian-lowermost Volgiansuccession at Gorodische 
produced relatively abundant dinoflagellate cyst assem- 
blages. These are dominated by Eatiacasphaera spp., 
Chlamydophorella spp., Chytroeisphaeridia chytroeides, 
Cribroperidinium globatum, Dingodinium s p p  and 
Subtilisphera? spp. (Text-Figures A3.16, A3.17) Also present 

are Circulodini~rm distinctum, Cleisfosphaeridium spp., 
Glossodiniurn dimorphum, Go~zyaulacysta spp., Heslertonia spp., 
Hystrichodiniumpulchrum, Lqtodinimsubtile, Occisucysta balios, 
Pareodinia ceratophor~, Pareodinia halosa, Prolixosphaeridium 
parvispinum, Senfzrsidinium spp., Sirmiodinium grossii, 
Systernatophora davqyii, Tubotzrberella spp. and Wallodinium 
hitzschii (Text-Figure 22). At Gorodische, Subtilisphaera? 
inaficta and Subtilisphaera? paeminosa are prominent in this 
Interval Biozone (Text-Figure 22). This is especially the case 
in sample RP64 (Autissiodorensis Zone, Fallax Subzone), 
where an acme of Subtilisphaera? paeminosa occurs; here this 
species represents 20.4% of the dinoflagellate cyst assem- 
blage (Text-Figure A3.17). 

Comments: The abundance of Subfilisphaera? spp. in the 
uppermost Kimmeridgian to lowermost Volgian of the 
River Volga Basinis consistentwith the situation in western 
Europe (Drugg, 1978; Riding and Thomas, 1988). 
Subtilisphaera? paeminosa is a reliable marker for the 
Autissiodorensis Zone in both western Europe and the 
Russian Platform (Drugg, 1978; Poulsen, 1996). The range 
top of Rhynchodiniopsis cladophora occurs at the top of the 
Kimrneridgian (Auttisiodorensis Zone) (Text-Figure 26), 
which equates with southern England (Riding and Tho- 
mas, 1988). Furthermore, the inception of Oligosphaeridium 
patult~m lies at the base of the Klimovi Zone (Text-Figure 
26). At Gorodische, the lectostratotype of theVolgan Stage, 
the range base of unequivocal Glossodinium dimorphtim lies 
at the base of the Autissiodorensis Zone (Text-Figures 22, 
A3.16). This Interval Biozone equates with the uppermost 
Beds with Dingodiniurn and Cribroperidinium saefigenim of 
Jakovleva (1993) (Text-Figure 32). 

GIossodiniunl dimorphunz Interval Biozone (RPJ15) 

Definition: The interval from the range top of 
Subtilisphaera? inafecta, to the range top of Glossodinium 
dimorpkum (Text-Figure 30). 

Age: Early to mid Volgian (?Sokolovi to Panderi zones). 
Reference sections: Gorodische and Kashpir, mid River 

Volga Basin (Text-Figures 22 and 23 respectively). 
Description of Assemblages: The Panderi Zone typi- 

cally yields relativeIy rich dinoflagellate cyst assemblages; 
species diversity, however, is rather low. In this interval, 
Cribroperidiniumglobntum, Dirtgodinitim spp., Gonyaulacystn 
spp., Hystrichodinium prrlchrum,indeterminate chorate cysts 
and Systematophora daveyi are abundant (Text-Figures 22, 
A3.16 and A3.17). The following forms are present in 
generally lesser proportions: Batiacasphaera spp.; 
Chytroeisphaeridia chytroeides, Endoscriniz~m spp.; 
Glossodinizim dimorphum; Kleithridsphaeridium porosispinum; 
Leptodiniumsubtile; Oligosphaeridium patulum; Pareodinia spp.; 
Prolixosphaeridium pnrvispinum; Sirmiodinium grossii; 
Systematophoraareolata and Tubotuberellarhombifo~~mis (Text- 
~igures ~3 .16 ,  A3.17 and A3.19). At ~orodische, an acme 
occurrence of Oligosphaeridium patulum (29.3% of the di- 
noflagellate cyst assemblage insample RP53) was observed 
in the Panderi Zone, Zarajskensis Subzone (Text-Figure 
A3.17). A similar acme was recorded in the HudIestoni 
Zone of southern England by Riding and Thomas (1988). 
Prasinophytes are intermittently common to abundant in 
the Panderi Zone at Kashpir (Text-Figure A3.19); these are 
largely species of Ptwospermella and Tasmnites. 
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Comments: The ?Sokolovi and Pseudoscythica zones 
havenot beenstudied here, however, palynofloras fromthe 
?Sokolovi Zone at Gorodische are extremely sparse (V.A.F., 
personal observations). The ?Sokolovi Zone is included in 
this Interval Biozone because the prasinophyte associations 
are similar to those from the overlying Pseudoscythica 
Zone (V.A.P., unpublished data). The Pseudoscythica Zone 
has yielded dinoflagellate cysts similar to those from the 
Panderi Zone and including rare Boreal elements such as 
Paragonyaulaysta capillosa (V.A.F., personal observations). 
The top of this Intewal Biozone is defined using the range 
top of Glossodiniurn dinzorphaim at the top of the Panderi 
Zone vext-Figure 30). In western Europe, this bioevent is 
younger, occurring at the top of the Anguiforrnis Zone 
(Riding and Thomas, 1992); this datum is coincident with 
the top of the Nikitini Zone (Text-Figure 32). The range base 
of consistent Senoniaspkaera jurassica was noted at the base 
of the Panderi Zone (Text-Figure 26). At Gorodische, 
Dichadogonyaulax? pannea wasobservedrarelyin the Panderi 
Zone, Zarajskensis Subzone (Text-Rgure 22). Therefore, 
there are significant numbers of typically western Euro- 
pean forms in this internal. Jakovleva (1993) described this 
internal in the Russian Platform as Beds with Dingodinium 
and Cleistosphaeridium huguoniotii and Beds with 
Dingodinium, Gonyaulacysta and Endoscrinium campanula 
(Text-Figure 32). 

Senoniaspkaera jurassica Interval Biozone (RPJ16) 

Definition: The interval from the range top of 
Glossodinium dimorphum, to the range top of 
Prolixosphaeridium parvispinum and the range base of 
Gochteodinia villosa (Text-Figure 30). The uppermost part of 
this internal Biozone is illustrated as extending to the base 
of the Fulgens Zone (late Volgian), at the point of the range 
base of Gochteodinia villosa (Text-Figure 30). There is a 
regional hiatus throughout the Russian Platform at the 
equivalent of the Oppressus Standard Zone, thus the effec- 
tive top of the RPJ16 Interval Biozone equates with the 
range top of Prolixosphaeridium parvispinum at the top of the 
Nikitini Zone (Text-Figure 30). 

Age: Mid Volgian (Virgatus and Nikitini zones). 
Reference Section: Gorodische and Kashpir, mid River 

Volga Basin (Text-Figures 22 and 23 respectively). 
Description of Assemblages:  his- Interval Biozone 

normally yields low diversity microplankton assemblages 
by comparison with the underlyingRPJ15 Interval Biozone. 
Circulodinium distinctum, Cribroperidinium globatum, 
Gonyaulacysta spp., indeterminate chorate cysts and 
Sentusidinium spp. are abundant (Text-Figure 22). The fol- 
lowing forms are also present: Chytroeisphaerida chyfroeides, 
Dingodinium spp., Endoscriniurn spp., Imbatodinium spp., 
Kleithriasphaeridium porosispinum, Oligosphaeridium pa tltlum, 
Perisseiasphaeridium pannosum, Prolixosphaeriditirn 
parvispinum, Smoniasphaera jurassica, Sirnziodinium grossii 
Systematophora spp., Tubotziberalla rhombformis and 
Wallodinium krufzschii (Text-Figure A3.16, A3.17 and A3.19). 
PterospernleIla and Tasrnanites are present in the Virgatus 
and N l k i h  zones at Gorodische and Kashpir (Text-Fig- 
ures A3.18 and A3.19 respectively). 

Comments: The latest mid Volgian Oppressus Zone 
equivalent is not developed in the Russian Platform (Text- 

Figure 32; Casey and Mesezhnikov, 1986) (see above). The 
Interval Biozonal index, Senoniasphaera jurassica, occurs 
both below and above the Virgahs and Nikitini zones 
(Text-Figure 26). This Interval Biosubzone is largely de- 
fined using the datum5 of two taxa whichare notpresent in 
this division, Glossodinium dimorphumand Gochteodinia villosa 
(Text-Figure 30). The absence of abundant Dingodinium 
spp. throughout most of this Interval Biozone enables the 
approximate differentiation of WJ16 from the underlying 
RPJ15 Interval Biozone (Text-Figure 26). Jakovleva (1993) 
described this interval in the Russian Platform as Beds with 
Escharisphneridia, Gm~yaulncysta and Endoscrinium sp. A (Text- 
Figure 32). 

Gochteodinia villosa Interval Biozone (RPJ17) 

Definition: The interval from the range base of 
Gochteodinia villosa, to the range top of Gochteodinia villosa 
and the range base of Batioladinium spp. (Text-Figure 30). 

Age: Late Volgian (Fulgens to Nodiger zones) to 
Ryazanian (Rjasanensis-Subclypeiforme to Rjasanensis- 
Spasskensis zones). 

Reference Sections: Gorodische andKashpir, mid River 
Volga Basin and Kuzminskoje, River Oka Basin (Text- 
Figures 22,23 and 24 respectively). 

Description of Assemblages: The late Volgian and 
Ryazanian of the 'Russian Platform yielded relatively rich 
and diverse dinoflagellate cyst and prasinophyte floras. 
Prominent forms include: Batiacasphaera spp., 
Chlamydophorelln spy.; Circulodinium distinctum; 
Cribroperidinium spp.; Gonyaulacysta spp., Senoniasphaera 
jurassica; Senlusidinium spp.; Tubott~berella rhombiformis and 
Wallodinium krutzschii (Text-Figures A3.16, A3.17, A3.19 
and A3.20). Also present in smaller proportions are: 
AcanthauIax sp.; Ambonosphaera? sfaffinensis; 
Cassiculosphaeridin spp.; Chytroeispkaeridia chytroeides; 
Dingodinium spp.; Egmontodinium to ynurn; Gochteodinia 
villosa; Mude~ongia simplex; Phoberocysta neocomica; 
Simiodiniumgrossii and Wallodinium cylindricurn (Text-Fig- 
ures 22,23,24). Endoscrinium pharo has also been recorded 
from the Upper Volgian-Ryazanian of the Russian Platform 
by Fedorova et al. (1993) and Jakovleva (1993). Prasinophytes 
are common to abundant throughout this Interval Biozone; 
the majority of these are representatives of Pterosperrnella 
and Tasmanites (Text-Figure A3.20; Fedorova, 1989). This 
paIynofacies is similar the 'hot' shale organic facies re- 
ported for the North Sea by Rawson and Riley (1982) and 
the Danish Central Trough by Heilmann-Clausen (1987). 

Comments: This Interval Biozone is numbered RPJ17, 
although much of the interval is of Ryazanian age. The 
zonal index, Gochteodinia villosa, was not recorded in the 
Fulgens Zone in the material studied herein. However, this 
species is known to be present in this Zone in the Russian 
Platform (V.A.F., personalobservations). Gochteodinia villosa 
has also been used as a Volgian-Ryazanian zonal index by 
Davey (1979; 1982), Woollamand Riding (1983) and Poulsen 
(1994) inwesternEurope. Jakovleva (1993) erected anequiva- 
lent Gochfeodinia villosa-Endoscrinium pharo zone for the 
Russian Platform. The key dinoflagellate cyst markers, 
such as Gochteodinia villosa, therefore are present in both 
western Europe and the Russian Platform; they thus tran- 
scend ddferent ammonite fauna1 provinces. In the Russian 
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Platform, the range bases of Mziderongia simplex and 
Phoberocysfa neocomica are at the base of the Rjasanensis- 
Spasskensis Zone (earliest late Ryazanian) (Text-Figures 
26,30). In western Europe, this datum occurs at the same 
level (Costa & Davey, 1992). The majority of several undif- 
ferentiated forms of Systeinatophora become extinct within 
the earliest late Ryazanian (Text-Figcue 26). The Lamplughi 
Zone equivalent is not present in the Russian Platform 
(Text-Figures 30,32). 

Unnamed Interval Biozone (RPK1) 

Definition: The interval from.the range top of 
Goclzteodinia villosa and the range base of Batioladinium spp., 
to the range base of Pselidoceratiurn pelliferum (Text-Figure 
30). 

Age: Latest Ryazanian (Tzi.kwinianus/Mesezhnikovi 
zones). 

Reference Section: River Oka Basin (Text-Figure 5). 
Description of Assemblages: In the late Ryazanian of 

the Russian Platform, the dinoflagellate cyst asemblages 
are of relatively low species diversity. Abundant forms 
include Circutodiniz~rri distincturn, Gonyalaulacysfa spp. and 
Senfusidinium spp. Other morphotypes in this interval 
comprise BaEioladiniurn sp., Chlamydophorella spp., 
Chytroeisphaeridia clzytroeides, Dingodinium spp., Fromea 
spp., ?Lanterns sp., Muderongia simplex, Oligosphaeridizim 
complex, ?Po[ystephanephorus sp., Scriniodinium sp. and 
Ttibotuberella rhombiformis (Fedorova and Grjazeva, 1984; 
Jakovleva, 1993). 

Comments: No material of late Ryazaluan age was 
examined as part of this study. However, as the late 
Ryazanian of the Russian Platform has been well docu- 
mented by Fedorova and Grjazeva (1984) and Jakovleva 
(1993), this Interval Biozone has been included in tkus zonal 
scheme. In the central Russian Platform, the uppermost 
Ryazanian (Tzikwinianus Zone) is marked at the base by 
the range top of Gocl~teodinia villosa and at the top by the 
range base of Pset~docerafium pelliferum (Fedorova and 
G rjazeva, 1984; Jakovleva, 1993). Therefore, it is possible to 
recognise an uppermost: Ryazanian dinoflagellate cyst h- 
terval Biozone between these two bioevents (Text-Figure 
30). In western Europe, the range base of Pseudoceratiz~m 
pellifeerum is slightly older, being within the Stenomphalus 
Zone (Costa and Davey, 1992). Jakovleva (1993),referred to 
this interval as Beds with Sentusidinium, Muderongia and 
Batioladinium jaegeri. 

The Ryazanian of central Russian Platform and the 
Boreal Bemasian of the Pechora Basin are characterised by 
sbongly provincial ammonite faunas. Fedorova et al. (1993) 
decribed the Boreal Berriasian dinoflagellate cyst assem- 
blages from the River Izhma in the Pechora Basin. 

7 COMPARISON OF THE RUSSIAN 
PALYNOFLORAS WITH WESTERN 
EUROPE AND OTHER REGIONS 

In this section, the Jurassic and lowermost Cretaceous 
dioflagellate cyst associations from northern East Siberia, 
the Pechora Basin and the central Russian Platform are 

compared with coeval floras, principally from wes.tern 
Europe, but including other regions, for example North 
America. 

7.1 LOWER AND MIDDLE JURASSIC OF 
NORTHERN EAST SIBERIA 

The Lower Jurassic (Pliensbachian and Toarcian) of 
northern East Siberia yielded dinoflagellate cyst associa- 
tions rich in the genus N R ~ ~ o c ~ Y ~ ~ o ~ s ~ s .  The species repre- 
sented are Nannoceratopsis deflandrei ( thee subspecies), 
?Nannoceratopsis dictyanzbonis, Nannoceratopsis gracilis, 
Nannoceratopsis ridingii, Nannoceratopsis triangzllata and 
Nnnnoceratopsis triceras (Text-Figure 11). The three sub- 
species of Nan~~ocemtopsis deflandrei and Nnnlzocerafopsis 
gracilis have the longest ranges and are the most abundant. 
Narlnoceratopsis deflandrei is the oldest species of this ge- 
nus. Of the three subspecies, only Nannoceratopsis dejandrei 
subsp. anabarensis is endemic to northern East Siberia. 
This distinctive formis confined to the latest Pliensbachian 
and earliest Toarcian (Text-Figure 11). Nannocerntopsis 
deflandrei subsp. senex is, by contrast, a widespread form 
and is a reliable biomarker for the Lower Toarcian of 
northwest Europe and arctic Canada. The inception of 
Nannoceratopsis gracilis marks the upper part of the Lower 
Toarcian (Text-Figure 27; Ilyina in Ilyina et al., 1994). 
Apart from the presence of Nannoceratopsisde~andreisubsp. 
anabarensis in the latest Pliensbachian to earliest Toarcian, 
the Nannoceratopsis occurrences of northern East Siberia 
are substantially similar to those of other areas in the 
Northern Hemisphere. This distinctive genus dominates 
Pliensbachian to early Bajocian dinoflagellate cyst assem- 
blages throughout theNorthern Hemisphere. It has previ- 
ously been described from North America (Van Helden, 
1977; Davies, 1983) and western Europe (Woollam and 
Riding, 1983). Other Toarcian species with wide geo- 
graphical distributions include Mancodinium sernitabzilattilrz, 
Scriniocassis prisczis, Scriniocassis weberi and Valvaeodinium 
stipulaft~m. In the Upper Toarcian, the Parvocysfa suite of 
Riding (1984a) was observed. This group of apparently 
closely-related cysts is relativelyrich and diverse innorth- 
ern East Siberia. Representative forms include 
Moesiodinium rnileanui, Parvocystn bulluln, Parvocysta? 
cmcens, Parvocysta nnsuta, Parvocysta? tricornnta, PhalIocysfa 
elongafa, Phallocystn eumekes, Susadinizrm fausftinz and 
Stlsadiniuin scrofoides (Text-Pigwe 11). Phallocysta eumekes 
sporadically attained extremely abundant levels (Text- 
Figure A3.3). This situation confirms the observations of 
Riding (1984a), Riding et al. (1991), Ilyina in Ilyina et al. 
(1994) and Riding and Ioannides (1996) that this plexus is 
most abundant and diverse in the high northern latitudes. 
Studies of the Toarcian of arctic Canada (Dorhofer and 
Davies, 1980; Davies, 1983) and Spitzbergen (Bjaerke, 
1980) indicate equally diverse associations of this group. 
Valvaeodinium aquilonit~m was also recorded throughout 
the Upper Toarcian of Northern Siberia (Text-Figure 11); 
this taxon is also a typically Boreal species (Dorhofer and 
Davies, 1980). 

The earliest Callovian dinoflagellate cyst floras from 
Anabar Bay (section 5.1.2) are rich in both cosmopolitan 
and typically Boreal dinoflagellate cysts such as Crussolia 
spp. and ~ a ~ a ~ o n ~ a u l a c ~ s t a  &iphragkata (Text-Figure 10). 
Similar assemblages have been reported from elsewhere in 
the Boreal ~ealmvby Johnson andA~il ls  (1973) and Srnelror 
(1988a). 
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7.2 RUSSIAN PLATFORM 
In this section, the discussion is subdivided into five 

subsections; these comprise the Bathonian, Callovian, 
Oxfordian, Kimrneridg*an/Volgian and Ryazanian stages. 

7.2.1 Bathonian 
In this study, three Bathonian samples were examined 

born the River Pizhrna, in the Pechora Basin (seaon 5.2.1 .l) 
and nine from Borehole 132 in the central Russian Platform 
(section 5.3.1.1). The dinoflagellate cyst floras recovered are 
of relatively low species diversity (Text-Figure 15). 
Batiacasphaero spp., Ctenidodinirun selIwoodii, Korystocysta 
gochtii, Nannocemtopsis pellucida, Pareodinia ceratophora, 
Lithodinia spp. and WanaeaacollariS arewidespxead Bathonian 
elements recorded throughout the Northern Hemisphere 
(Riding et al., 1985). The Russian palynofloras include sev- 
eral of the late Bathonian-earliest Callovian Boreal-northern- 
most Sub-Boreal elements mentioned by Smelror (1993); 
these include Batiacosphaera spp., Pnreodinin spp. and 
Sirmiodinium grossii. In comparison to coeval floras from 
westernEurope, theRussian Platformassemblages aremark- 
edly different. The abundant and diverse floras dominated 
by Ctenidodinium typical of England, France and Germany 
(Riding et al., 1985) were not encountered, although 
Ctenidodinium sellwoodii is present. Smelror (1993) stated that 
in northwest Europe, south of a line mnning between north- 
east Greenland and offshore mid Norway, Bathonian di- 
noflagellate cvst floras have more affinities to the Tethvan 
~ e a & .  ~rnelr*or (1993) also suggested that pareodinia<ean 
forms characterise the BorealBathonian, whereas theTethyan 
Realm is rich in ctenidodonioid and Bthodiniacean species. 
The Bathonian dinoflagellate cysts of the Russian Platform 
appear to be an intermediate flora between the true Boreal 
and Tethyan realms. Localities in northern and eastern En- 
gland also have yielded intermediate Boreal-Tethyan 
Bathonian dinoflagellate cyst associations; these are differ- 
ent again in composition from the Russian Platform floras. 
For example, Protobatioladiniurn elatmaensis and 
Protubatzoladini~~m? elongatum are common in the samples in 
this study and are apparently endemic to western Russia; 
Riding and Ilyina (1996; 1998) havenoted this provincialism. 
Dimflagellate cysts from the Bathonian of the Voronezh 
Structural High in the western Russian Platform, however, 
exhibit more affinities to central England as they are rich in 
Ctenidodinium sellwoodii and poor in Protobatiol~dinittm 
elatmaensis (Ilyina, 1991a; Riding and Ilyina, 1996). Further- 
more,Chytroksphaeridin hyalina, Evansiamittii, Fentonia bjaerki 
(acritarch),Fromea toma tilis andMendicodinnrmgroenlandicum 
are Boreal in affinity and are not known from the Bathonian 
of western Europe. The auitarch Fentonin bjaerkei appears to 
be a distinctly Boreal species during the Bathonian (Smelror, 
1987). It is believed that the low sea level stands during the 
Bathonian (Haq et al., 1987) led to the formation of geo- 
graphically isolated dinoflagellate cyst floras in this interme- 
diate Boreal-Tethyan region. Smelror (1993) believed that 
both latitudinal gradients and salinity variations affected 
Bathonian dinoflagellate cyst species, following arguments 
for these individual factors by Fenton and Fisher (1978) and 
Riding et al. (1985) respectively. 

7.2.2 Callovian 
A total of 24 Callovian samples were studied from the 

central and northern Russian Platform in this study (sec- 

tions 5.2 and 5.3) and these horizons generally produced 
abundant and diverse dinoflagellate cyst associations. The 
majority of Me species are well known from western Eu- 
rope and minimal evidence of provincialism between these 
regions was noted. These geographically widespread spe- 
cies include Chyfroeisphaeridia cerastes, Cleistosphaeridium 
varispinosunz, Ctenidodiniz~m or~zaturn, Frornea tornatilis, 
Gorzyaulacysta eisenackii, Gonyazrlncysta jurassica subsp.adecta, 
Lithodinia caytonensis, Lifhodinia planosqtata,Nannocuatopsis 
pellucida, Pareodinia prolongata, Rkynchodinioysis cladophora, 
Scrinwdinin~n cystflllinum, Sirmiodiniopsisorbis, Sirmiodinium 
grossii, T~rbofubevelIa dangenrdii and Wannea acollaris (Text- 
P i p e  16). Eustatic levels were steadily rising during the 
CallovianStage (Haqet al., 1987) andit is envisaged thatthe 
inundation by the sea of land barriers led to the establish- 
ment of extensive marine connections between the Tethyan 
and Boreal realms. This led to the establishment of wide 
geographical dCstributions of planktonic fossil groups by 
the mid to late Callovian. It is thought that the dinoflagel- 
late cyst endemism within the Sub-BorealRealmduring the 
Bathonian (section 7.2.1) was rapidly ended by early 
Callovian eustatic rise. The only species of unequivocal 
Borealaffinity observedwas Paragonyaulacysta retiphragmata 
(Text-Figure A3.6). Other species characteristic of the Rus- 
sianPlatforminclude Clzytroeispharidio hyalina, Evansinevittii 
and Fromen tornatilis. The dinoflagellate cyst asemblages 
were most rich and diverse in the late Callovian. This 
situation mirrors that innorthwest Euroy e and arctic Canada 
OohnsonandHiUs, 1973; Davies, 1983; Woollam and Riding, 
1983). Smelror (1993) also noticed this phenomenon, but 
noted that endemic Boreal species are present in the late 
Callovian. The CalIovian dinoflagellate cysts from the Rus- 
sian Platformgenerally have identical or substantially simi- 
lar stratigraphic ranges to those known from northwest 
Europe. However, there are several exceptions to this. 
Chytroeisphneridia hyalina, Cleistosphneridizrm varispirzoszim 
andLithodinia planoseptatarangeintoUpper Callovian strata 
in the Russian Platform (Text-Figure 16). In western Eu- 
rope, these forms are confined to the early-mid Callovian 
(Woollam and Riding, 1983; Riding, 1987; Riding and Tho- 
mas, 1997). Furthermore, several species in the present 
study are confined to the latest Callovian (Subordinariurn 
Zone), whereas in northwest Europe they occur through- 
out the late Callovian. These species include 
Clatkroctenocystis asaphn, Ctenidodinium ornatum and 
Stephalzelytron spp (Text-Figure 16). Mendicodiniurn 
groenlandicunz is not as abundant in the late Callovian of the 
Russian Platform as in western Europe. Furthermore, the 
first appearances of Dingodinium spp., Leptodinitrnt subtile 
and S~~stematuvhora sv. in theRussian Platfonn arenotewor- 
thy. f iese for& areLknown only fromtheupper Jurassic in 
northwest Europe; Leptodinizrrn sz~btile and Systematophora 
spp, are markers for the base of the Oxfordian (Riding and 
Thomas, 1992). 

7.2.3 Oxfordian 
An extensive Oxfoxdian sample suite from the Russian 

Platfonn was studied as part of this work (sections 5.2 and 
5.3). The Lower and hhddle Oxfordian are well represented 
(Appendix l), however the only Upper Oxfordian samples 
are three from section 1 at the River Unzha, near Kostroma 
(section 5.3.3.2). Like the underlying Callovian, the 
Oxfordian dinoflagellate cyst assemblages from the Rus- 
sian Platform are extremely similar in species spectra and 
proportions to coeval floras from western Europe and 
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adjacent areas. Of all the stages studied, the Oxfordian 
produced the assemblages most similar to those reported 
from surrounding regions (Johson and Hills, 1973; 
Woollam and Riding, 1983). This is interpreted as being a 
result of high sea levels during the entire Oxfordian stage 
(Haq et al., 1987). This resulted in extensive and shallow 
continental shelf areas which provided wide marine con- 
nections between the Boreal and Tethyan realms. Many 
early and mid Oxfordian dinoflagellate cyst biomarkers 
have relatively short, isochronous stratigraphic ranges and 
wide geographic distributions, e.g. Wanaea fimbriata. The 
plethora of reliable range tops and range bases in the early 
and mid Oxfordian means that high biostratigraphic reso- 
lution using dinoflagellate cysts is possible (Text-Figure 
25). Some Oxfordian provincialism in the Northern Hemi- 
sphere, however, is known (Srnehor,'1993), therefore cer- 
tain forms were latitudinally-controlled. These include 
Evansia alaskensis (Wiggins 1975) Below 1990, Evansia zabra 
(Davies 1983) Jansonius 1986 and Paragonyaulacysta spp. for 
the Boreal Realm and Ambonosphaern? staffinensis, 
Gonyaulacysta dentata (Raynaud 1978) Lentin & 
Vozzhe~kova  1990 andXylockoarion hacknessense Erkrnen 
& Sarjeant 1978 for the Boxeal/Sub-Boreal areas. The 
Oxfordian of the Russian Platform has yielded the typically 
Boreal forms Crussolia deflandrei, Crussolia perireticulata, 
Gonyalat~lucysta dualis and Paragonyatilacysta retipkragmnta 
(Text-Figure25). It appears that these forms migratedsouth- 
wards at this time. Evansia evittii and Lithodinia sp. A appear 
to be characteristic of the Russian Platform. 

7.2.4 Kimmeridgian and Volgian 
K i e r i d g i a n  and Volgian material was studied from 

Gorodische, the fiver Izhrna, Kashpir, sections 3/4 at the 
River Unzha, near Kostroma, the River Oka Basin and the 
River Pizhrna in the Russian Platform. This material pro- 
duced abundant dinoflagellate cyst assemblages which are 
generally of lower species diversity compared to counter- 
parts from westem Europe. However, the majority of the 
species recorded from the Russian Platform localities have 
wide geographic distributions. The earliest Kimmeridgian 
of M a h  rjev, near Kostromais substantially similar to floras 
from the the lowerrnost Kirruneridgian of the United King- 
dom and other Sub-Boreal localities (Riding and Thomas, 
1988; 1997). Species common to bothregions include Aldorfia 
dictyota subsp. pyrurn, Chytroeisphaeridia chytroeides, 
Cribroperidiniurn globaturn, Gonyazilacysfa jurassica subsp. 
jurassica, Rhyncl~odiniopsis cladopkora, Scriniodinium 
c ystullinurn, Stephanelytron spp. and Systernatopkora areolata 
(Text-Figure 26). Lithodinia sp. A and Tubotuberella 
rhombiformis are, however, confined to the Russian Plat- 
form. The Kjmmeridgian and Volgian dinoflagellate cysts 
of Gorodische, the River Izhma, Kashpir, the River Oka 
Basin and the River Pizhma are similarly close in content to 
European early Kimmeridgian floras. KnownTethyan forms 
such as Amphortlla metaelliptica Dodekova 1969 and 
Hisfiophora spp. were not recorded. Furthermore, no repre- 
sentatives of the borealis assemblage of Brideaux and Fisher 
(1976) were noted. Acavate pro~ate/proxirnochorate 
forms with apical archeopyles such as Sentt~sidiniurn spp. 
are far more common in southern England than on the 
Russian Platform (Riding and Thomas, 1988). Dinoflagel- 
late cyst floras from the Tethyan Realmare characterised by 
large proportions of chorate forms (Diirr, 1987; 1988). 
Gonyaulacysta jurassica subsp. jurassica is rare in the 

Kimmeridgian of the Tethyan region and Rhynchodiniopsis 
cladophora is absent according to Smelror et al. (1991). Spe- 
cies of Dingodinium are extremely abundant in the Middle 
Volgian of the central Russian Platform (Text-Figures 22, 
A3.16). These acmes are not present in the Volgian of the 
Pechora Basin. Chorate cysts are also common to abundant 
in the Volgian of the Russian Platform. Many distinctive 
taxa, however, are common to the Kimmeridgian-Volgian 
of both We Russian Platform and western Europe; these 
include Dingodinium fuberosum, Glossodinium dimorphum, 
Occisucysta bnlios, Oligosphaeridium patzilurn, 
Perissieasphaeridiurn pannosum, Senoniasphaera jurassica, 
Subfilisphaera? inaffecta and Subfilisphaera? paeminosa. The 
datums of these and other species allow pan-European 
correlations to be made. Sea levels were relatively high 
throughout the Kimmeridgian-Volgian (Haq et al., 1987), 
thus it. is not surprising that there are few apparently 
endemic Russian Platform taxa present. However, Jurassic 
eustatic levels peaked in the early Volgian; subsequent to 
this event, a slow regressive trend was established (Haq et 
al., 1987). 

7.2.5 Ryazanian 
Five samples from the Lower Ryazanian of Kashpir and 

the River Oka Basin were examined as part of this work. 
TheKashpir material isrelatively sparse (Text-Figure A3.17), 
however the samples from the River Oka Basin are rela- 
tively productive (Text-Figure A3.18; Fedorova and 
G rjazeva, 1984; Fedorova, 1994; losifova, 1992; 1996). These 
horizons produced relatively high diversity dinoflagellate 
cyst assemblages including Ambonosphaern? stafinensis, 
Cassiculosphaeridia spp., Chlamydophorella spp.,Circulodinium 
spp., Cribroperidiniurn spp., Endoscrinium spp., Fromea spp., 
Gochfeodinia villosa, Gonyau hcysta spp., Muderongia simpIex, 
Sirrniodinium grossii, Tubotuberella rhombiformis and 
Wallodiniurn spp. (Text-Figures A3.15 and A4.18). No un- 
equivocally endemic species were recorded. By cornpari- 
son with floras from northwest Europe, these assemblages 
are of low species diversity. Prominent western European 
taxanotpresentinthe River Oka Basin include Bntioladiniurn 
radicailfltum Davey 1982, Dingodinium spinosunz (Duxbury 
1977) Davey 1979, Gochteodinia virgriln Davey 1982, 
Isthn~ocystisdistincta Duxbury 1979 and Rotospkaeropsis thula 
(Davey 1982) fiding & Davey 1989 (see Duxbury, 1977; 
Costa and Davey, 1992). Representatives of the borealis 
assemblage of Brideaux and Fisher (1976) were observed in 
extremely low numbers. 

8 CONCLUSIONS 
Tlus joint palynological study has resulted in a major 

synthesis ofthe Jurassic-Iowermost Cretaceous dinoflagel- 
late cyst bioskatigraphy of northern East Siberia and the 
RussianPlatform. A dinoflagellate cyst interval biozonation 
scheme, ranging from the latest Pliensbachian to the 
Ryazanian, is proposed on the basis of the resu1t.s from this 
project. The present zonal scheme comprises 21 dinoflagel- 
late cyst Interval/Aune Biozones. Three dinoflagellate cyst 
Interval Biozones for the latest Pliensbachian and Toarcian 
of northern East Siberia are erected; one of these Interval 
Biozones is subdivided into two Interval Subbiozones. 
Four lowermost Callovian samples from northern East 
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Siberia were also studied; the dinoflageuate cysts are of 
distinctly Boreal affinity. They differ from coeval floras in 
the Russian Platform, showing that marked provincialism 
operated at that time. Because of the low numbers of 
samples, this suite was not placed in an Internal Biozone. 
However, ammonite studies have enabled a correlation 
with the Subboreal earliest Callovian dinoflagellate cyst 
Internal Zone for the Russian Platform, 

EighteendinoflageUate cyst IntervalBiozones are erected 
for the Bathonian to Ryazanian of the Russian Platform. 
These interval biozones are, wherever possible, linked to 
both regional and Standard ammonite zones. Several di- 
noflagellate cyst species are zonal indices in both the west- 
ernEuropean scheme of Riding and Thomas (1992) and the 
biozonation proposed herejn. Fur.thermore, the stratigrapluc 
ranges of many Callovian to Ryazanian key dinoflagellate 
cyst taxa are identical in both western Europe and the 
Russian Platform. 

The Bathonian paIynofloras of the Russian Platform 
indicate that signhcant endemism operated at that time. 
However, rising eustatic levels during the succeeding 
Callovian and Oxfordian stages means that the Russian 
dinoflagellate cyst associations are similar to associations 
from western Europe and surrounding areas. 
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APPENDIX 1 - SAMPLE DETAILS 
Sample data on the 187 samples examined in this study are presented in the tables below. The samples are given informal 

sample numbers for the purposes of this work and these are referred to in the text and Text-Figures. These numbers are 
sequential within the three regions, i.e. northern East Siberia (prefixed NS), the Pechora Basin, northern Russia (prefixed TP) 
and the central Russian Platform, central Russia (prefixed RP). The data presented in the tables are, respectively and where 
appropriate, the informal sample number, the collector's number (prefixed V11 or VAF depending upon who collected/ 
supplied the material), outcrop nurnber/fieId number/bed number/depth in metres etc. data, Stage/Substage, ammonite 
zone/beds and lithology. 

1 SAMPLES FROM NORTHERN EAST SIBERIA 
These samples were studied by J. B. Riding and V. I. Ilyina. They were collected by various staff of the Institute of Geology, 

Geophysics and Mineralogy, Novosibirsk, Russia. 

1.1 WEST BANK OF THE RIVER ANABAR 
VI1 2675 
VI1 2674 
VLI 2673 
V11 2670 
V11 2669 
VII 2668 
ViI 2667 
VII 2666 
VII 2381 
VII 2380 
VII 2375 
V11 2374 
VII 2370 
VII 2368 
VII 2365 
VII 2363 

outcrop 5/bed 18 
outcrop 5/bed 18 
outcrop 5/bed l8  
outcrop 5/bed 17 
outcrop 5/bed 17 
outcrop 5/bed 17 
outcrop 5/bed 17 
outcrop 5/bed 17 
outcrop 3/bed 16 
outcrop 3/bed 16 
outcrop 3/bed 14 
outcrop 3/bed 14 
outcrop 2/bed l 0  
outcrop 2/bed 7 
outcrop l /bed 3 
outcrop l /bed 2 

T,ower Toarcian 
Lower Toarcian 
Lower Toarcian 
Lower Toarcian 
Lower Toarcian 
Lower Toarcian 
Lower Toarcian 
Lower Toarcian 
LOWET Toarcian 
Upper Pliensbachian 
Upper Pliensbacluan 
Upper Pliensbachian 
Upper Pliensbachian 
Upper Pliensbachian 
Upper Pliensbachian 
Upper Pliensbachian 

1.2 WEST COAST OF ANABAR BAY (I) 
WI 6042 
VII 6039 
VII 6037 
VII 6036 
VII 6082 
V11 6032 
VII 6031 
VII 6029 
V11 5015 
VJI 6076 
VII 5019 
V11 5024 
VII 5032 
W1 5033 
V11 6028 
VII 5037 
V11 5039 
W1 5041 
VII 5050 
VII 5051 

outcrop 11 /bed 21 
outcrop ll/bed 21 
outcrop ll/bed 21 
outcrop l l /bed 20 
outcrop 11 /bed 20 
outcrop l l /bed 20 
outcrop l1 /bed 20 
outcrop l 1  /bed 20 
outcrop ll/bed 20 
outcrop 11 /bed 18 
outcrop l l /bed l 7  
outcrop Il/bed 17 
outcrop l l /bed 16 
outcrop l l /bed 16 
outcrop ll/bed l 6  
outcrop 12/bed 15 
outcrop l2/bed l5 
outcrop 12/bed 14 
outcrop 22/bed 13 
outcrop 12/bed 12 

Aalenian 
Aalenian 
Aalenian 
Upper Toarcian 
Upper Toarcian 
Upper Toarcian 
Upper Toarcian 
Upper Toarcian 
Upper Toarcian 
Lower Toarcian 
Lower Toarcian 
Lower Toarcian 
Lower Toarcian 
Lower Toarcian 
Lower Toarcian 
Lower Toarcian 
Lower Toarcian 
Upper Pliensbachian 
Upper Pliensbachian 
Upper Pliensbachian 

Falciferum/Commune zones 
Falciferum/Commune zones 
Falciferum/Comrnune zones 
Falciferum/Commune zones 
Falciferum/Commune zones 
Falciferum/Commune zones 
Falciferum/Commune zones 
Falcifenun/Commune zones 
?Propinquurn Zone 
Viligaensis Zone 
Viligaensis Zone 
Viligaensis Zone 
Margatitatus Zone 
Stokesi Zone 
Stokesi Zone 
Stokesi Zone 

C o r n  /Braun. zones 
Comm./Braun. zones 
C o r n . /  Braun. zones 
Falcifem Zone 
Falcifem Zone 
?Propinquwn Zone 
?Propinquum Zone 
?Propinquum Zone 
Viligaensis Zone 
Vdigaensis Zone 
Margaritahs Zone 

mudstone 
mudstone 
muds tone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
siltstone 
sandstone 
sandstone 
siltstone 
nodular sst. 
nodular shale 
mudstone 
nodular sst. 

sandstone 
sandstone 
sandstone 
sandstone 
sandstone 
sandy siltstone 
sandy siltstone 
siltstone 
sandstone 
nodular sst. 
mudstone 
siltstone 
muds.tone 
nodular mudst. 
nodular muds. 
nodular mudst. 
nodular mudst. 
nodular siltst 
mudstone 
mudstone 
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1.3 ASTRONOMITSCHESKII CREEK, RIVER KEDON BASIN 
NS 37 VII 7201 outcrop 2/bed 12 Lower Toarcjan Falciferum Zone 
NS 38 V11 7163 outcrop 2 Lower Toarcim Falciferum Zone 

1.4 OUTCROP 6, SOB0 CREEK, RIVER MARCHA, VILJUI BASIN 
NS 39 VlI 4018 
NS40 VII 4019 
NS 41 VII 4020 
NS 42 V14021 
NS 43 VII 1809 
NS 44 W4028 
NS 45 V114030 
~ ~ 4 6  vn 3481 
NS 47 V113479 
NS 48 VII 3477 

field no. 226/bed 2 
bed 3 
bed 3 
field no. 241/bed 4 

field no. 254/bed 7 
field no. 257/bed 7 
field no. 9/bed 7 
field no. 8a/bed 7 
field no. Sa/bed 7 

Upper Toarcian 
Upper Toarcian 
Upper Toarcian 
Lower Toarcian Commune Zone 
Lower Toarcian Falcifem Zone 
Lower Toarcian Falaferum Zone 
Lower Toarcian F a l a f e m  Zone 
Lower Toarcian F a l d f e m  Zone 
Lower Toarcian Falcifem Zone 
Lower Toarcian Falcifem Zone 

grey mudstone 
grey mudstone 

grey sil tstone 
si l ly  mudstone 
silty rnudstone 
siltstone 
black mudstone 
black mudstone 
black mudstone 
black mudstone 
black mudstone 
black mudstone 

1.5 OUTCROP 10, BANK OF THE RIVER MARCHA, NEAR MOUTH OF THE RIVER 
LOCHAJA 

NS 49 VII4025/2a Rd. no. 345/top bed 2 Upper Toarcian 
NS 50 W1 4024/2a fld. no. 3M/base bed 2 Upper Toarcian 

1.6 BOREHOLE 141, KHATIRIK-KHOMO, EASTERN VILJUI BASIN 
NS 51 V11 3577 2489.00m Upper Toarcian 
NS 52 V11 3599 2489.50m Upper Toarcian 

nodular siltstone 
nodular siltstone 

dark mudstone 
dark mudstone 

1.7 BANK OF THE RIVER KELIMJAR, DOWNSTREAM OF ULAKHAN-KURUNG CREEK 
NS 53 VII4016 bed7 Upper Toarcian siltstone 

1.8 BANK OF THE RIVER MOTORCHUNA, NEAR THE MOUTH OF THE RIVER 
BALAGANAKH 

NS 54 V11 4035 bed 3 (6m from base) Upper Toarcian 
NS 55 V11 4065 bed 3 (3m from base) Upper Toarcian 

1.9 WEST COAST OF ANABAR BAY (XI) 
NS56 W13454 bed34 
NS57 V113453 bed32 
NS58 V113452 bed31 
NS59 VLI 5151 bed 31 

Lower Calbvian 
Lower Callovian 
Lower Callovian 
Lower Callovian 

Anabarense 
Anabarense 
Falsum 
Falsum 

nodular mudst. 
mudstone 

siltstone 
siltstone 
mudstone 
rnudstone 
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2 SAMPLES FROM THE PECHORA BASIN, NORTHERN RUSSIAN PLATFORM 

2.1 THE BATHONIAN TO CALLOVIAN PALYNOLOGY OF THE RIVER PECHORA BASIN, 
NORTHERN RUSSIAN PLATFORM 

These samples were studied by J. B. Riding and V. I. Ilyina. They were collected by staff of the Inst i tute of Geology, 
Geophysics and Mineralogy, Novosibirsk, Russia. 

2.1.1 West bank of the River Izhma, outcrop 7 

W1 VII 3166 field 7/2/bed 2 Upper Callovjan Keyserlingi 
TP 2 V11 3165 field 7/l/bed 1 (top) Upper Callovian Keyserlingi 

2.1.2 West bank of the River Izhma, outcrop 9 
TP 3 VII 3178 field 9/3/bed 3 Upper Callovian 
TP4 V113169 field 9/lb/bed l Middle Callovian Mischevici/Kosrnoceras 
TP 5 V113168 field 9/la/bed 1 Middle Cdovian Milaschevici/Kosmoceras 

2.1.3 East bank of the River Pizhma, near Churkin Village, outcrop 13 
TP6 VI13177 Held 13/2c/bed 2 Lower Callovian cf. Tychonis 
TP 7 VII 3175 field 13/2b/bed 1b Lower Callovian Sirnulans 
TP 8 VII 3174 field 13/2a/bed l b  Lower Callovian Fishrnae 
TP 9 VII3173 fl3/l/bed la Lower Callovian Blatrnae/Fakum 

2.1.4 West bank of the River Pizhma, near Stepanov Village, outcrop 12 
TP 10 V I T  3170 field 12/l/bed 1 Upper Bathonian Variabite 
TP 11 V11 3171 field 12/3/bed 3 Lower-Middle Bathonian Ishmae/Harlandi 
TP 12 W13172 field 12/7/bed 7 Lower Bathonian Oroniceras beds* 
* - informal macrofossil association marker 

rnudstone 
mudstone 

mudstone 
mudstone 
mudstone 

mudstone 
mudstone 
mudstone 
mudstone 

muds tone 
mudstone 
mudstone 

2.2 THE UPPER CALLOVIAN TO KIMMERIDGIAN PALYNOLOGY OF THE RIVER IZHMA 
AREA (OUTCROP 15), RIVER PECHORA BASIN, NORTHERN RUSSIA 

These samples were studied by J. B. Riding and V. A. Fedorova. They were collected by staff of VNIGRI, St-Petersburg, 
Russia. 

VAF 36 
VAF 35 
VAF 32 
VAF 30 
VAF 28 
VAF 27 
VAF 26 
VAF 25 
V M  21 
VAF 20 
VAF l 8  
VAF 17 
VAF 16 
VAF 15 

bed 9 
bed 8 
bed 8 
bed 7 
bed 6 
bed 6 
bed 6 
bed 6 
bed 2 
bed 2 
bed 1 
bed 1 
bed 1 
bed 1 

Upper Kimmeridgian 
Upper Kimmeridgian 
Upper Kimmeridgian 
Lower Kimmeridgian 
Lower Kimrneridgian 
Lower Kirnrneridgian 
Lower Kirnrneridgian 
Lower Kimmeridgian 
Upper Cjllovian 
Upper Callovian 
Upper Callovian 
Upper Callovin 
Upper CaUwian 
Upper Callovian 

' ?Eudoxus/Autiss. 
?Eudoxus/Autiss. 
?Eudoxus/Au tiss. 
Beds with A. kitchini 
Beds with A. kitchini 
Beds with A, kitchini 
Beds with A. kitchini 
Beds with A. kitchini 
Subordinarium 
Subordinari~un 
Keyserlingi 
Keyserlingi 
Keyserlingi 
Keyserhgi 

mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
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2.3 THE UPPER JURASSIC PALYNOLOGY OF THE RIVER PIZHMA AREA, NORTHERN 
RUSSIA 

These samples were studied by J. B. Riding and V. A. Fedorova. They were collected by staff of VNIGRI, St-Petersburg, 
Russia. The samples are horn three adjacent isolated outcrops, therefore no overall stratigraphic log is presented. 

VAF 224 
VAF 226 
VAF 200 
VAF 201 
VAF 202 
VAF 203 
VAF 204 
VAF 206 
VAF 207 
VAF 214 

outcrop 12 
outcrop 12 
outcrop 1Za 
outcrop 12a 
outcrop 12a 
oukrop 12a 
outcrop 12a 
outcrop 12a 
outcrop 12a 
outcrop 13 

?U. Kimmeridgian/M. Volgian 
?U. Kimmeridgan/M. Volgian 
Lower Kimrneridgian 
Lower Kimmeridgian 
Upper Kimmeridgian 
Upper Kimmeridgian 
?Kimrneridgian 
Upper Kimmeridgian 
Upper Kimmeridgian 
?Kimmeridgian 

muds tone 
mudstone 

Beds with A. kitchini mudstone 
Beds with A. kitchini mudstone 
?Au!issiodorensis siltstone 
Au tissiodoremis siltstone 

clay 
muds tone 
mudstone 
mudstone 

2.4 THE MIDDLE VOLGIAN PALYNOLOGY OF THREE LOCALITIES PROM THE THE 
RIVER IZHMA AREA, PECHORA BASIN 

These samples were studied by J. B. Riding and V. A. Fedorova. They were collected by staff of VNIGRI, St-Petersburg, 
Russia. 

TP 37 VAF 49 o/c 16 bed 19 Middle Volgian Panderi 
TP 38 V@ 47 o/c 16 bed 19 Middle Volgian Panderi 
TP 39 VAF 44 o/c 16 bed 9 Middle Volgian Panderi 
TP 40 VAF 43 O/C 16 bed 5 Middle Voigian Panderi 
TP 41 VAF 41 O/C 16 bed 2 f idd le  Volgian Panderi 
TP 42 VAF 52 o/c l6a Mddle Volgian ?Panderi 
7T 43 VAF 54 o/c 17 bed 15 Middle Volgian Maxirnus 

muds tone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
clay 

3 SAMPLES FROM THE CENTRAL RUSSIAN PLATFORM 

3.1 THE BATHONIAN TO MIDDLE OXFORDIAN PALYNOLOGY OF BOREHOLE 132, NEAR 
ELATMA, RIVER OKA BASIN 

These samples were studied by J. B. Riding and V. I. Ilyina. They were collected by staff of the Institute of Geology, 
Geophysics and Mineralogy, Novosibirsk, Russia. The data given between the collector's numbers (prefixed VII) and the 
Stage/Substage are the field number, the bed number and the depth in metres respectively. The Elatmae Zone is equivalent 
to the Herveyi Zone of northwest Europe (Meledina, 1994). 

W 3978 
v11 3977 
W1 3976 
VII 3975 
VII 3974 
VII 3973 
VII 3962 
Vn 3961 
VII 3960 
VII 3958 
V11 3956 
VII 3955 
VII 3953 
WI 3952 
W 3950 
VII 3949 

Middle Oxfordian 
Middle Oxfordian 
Middle Oxfordian 
Middle Oxfordian 
Lower Oxfordian 
Lower Oxfordian 
Lower Callovian 
Upper Bathonian 
Upper Bathonian 
Upper Bathonian 
Bathonian 
Bathonian 
Bathonian 
Bathonian 
Lower Bathonian 
Lower Bathonian 

Tenuiserra turn mudstone 
Tenuiserraturn mudstone 
Tenuiserratum mudstone 
Densiplicatum mudstone 
?Mariae mudstone 
7Mariae mudstone 
Elatmae mudstone 

mudstone 
siltstone 
mudstone 
mudstone 
sil tstone 
mudstone 
siltstone 
rnudstone 
mudstone 
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3.2 THE LOWER CALLOVIAN TO LOWER OXFORDIAN PALYNOLOGY OF A SECTION 
NEAR INKINO, RIVER OKA BASIN 

These samples were studied by J. B. Riding and V. I. Ilyina. They were collected horn outcrop 5 by staff of the Institute of 
Geology, Geophysics and Mineralogy, Novosibirsk, Russia. The data given between the collector's numbers (prefixed VII) 
and the Substage are the field number and the bed number respectively. The Elatrnae Zone is equivalent to the Herveyi Zone 
of northwest Europe (Meledha, 1994). 

RP 17 VII 3476 6b/6 (upper) L. Oxfordian Mariae-Cordatum 
RP 18 VII 3475 6 4 6  (lower) L. Oxfordian Mariae-Cordatum 
RP 19 W13474 4a/4 Upper Callovian Athleta 
RP 20 W1 3473 4b/4 (0.5rn from base) Upper Callovian Athleta 
RP 21 W13472 lc / lb Lower Callovian Elatmae 
RP 22 W1 3471 lb/lb(Zm from base) Lower Callovian Elatmae 
RP 23 W1 3470 la/ lb (lm from base) Lower Callovian Elatmae 

mudstone 
mudstone 
rnudstone 
mudstone 
mudstone 
mudstone 
rnudstone 

3.3 THE UPPER CALLOVIAN TO KIMMERIDGIAN PALYNOLOGY OF THE RIVER UNZHA 
AREA, NEAR KOSTROMA 

These samples were studied by J. B. Riding and V. A. Fedorova. They were collected by staff of VNIGIU, St-Petersburg, 
Russia. The data given between the collector's numbers (prefixed VAF) and the Substage is the VNIGRI regstration number, 
prefixed N. 

3.3.2 Section 2 
RP 24 VAF 729 
RP 25 VAF 728 
RP 26 VAE 726 
RP 27 VAF 725 
RP 28 VAF 724 
RP 29 VAE 723 
W 30 VAF 722 
RP 31 VAF 7 l 8  
RP 32 VAF 717 

3.3.1 Section 1 

RP 33 VAF 715 N 26721'4 
RP34 VAF 714 N 2671 /3 
RP 35 VAF 713 N 2670/3 
RP 36 VM 707 N 2667/3 
RP 37 VAE 708 N 2668/3 

3.3.3 Sections 314 
RP 38 V.4.F 754 
RP 39 VM 753 
RP 40 VAF 742 
RP 41 VAF 752 
RP 42 VAF 751 
RP 43 VAF 741 
W 44 VAF 740 
RP 45 VAF 739 
RP 46 VAF 737 

Middle Oxfordian 
Middle Oxfordian 
Middle Oxfordian 
Middle Oxfordian 
Lower Oxfordian 
Lower Oxfordian 
Upper Callovian 
Upper Callovian 
Upper CaUovian 

Tenuiserratum 
Tenuiserratum 
Densiplicatum 
Densiplicatum 
?Mariae 
?Mariae 
?Lamberti 
?Athleta 
?Athleta 

Upper Oxfordan Ravni 
upper Oxfordian Serraturn 
Upper Oxfordim Alternoides 
Middle Oxfordian Tenuiserra turn 
Middle Oxfordian Tenuiserrahlm 

Lower Kirnrneridgian 
Lower Kimmeridgian 
Lower Kimmeridgim 
Lower Kimmeridgian 
Lower Kimmeridgian 
Lower Kimmeridgian 
Lower Kimmeridgian 
Lower Kimmeridgian 
Lower Kimmeridgian 

mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
rnudstone 
rnudstone 
siltstone 

mudstone 
mudstone 
mudstone 
mudstone 
mudstone 

muds tone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
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3.4 THE UPPER JURASSIC PALYNOLOGY OF GORODISCHE, NEAR UL'YANOVSK 
These samples were studied by J. B. Riding and V. A. Fedorova. They were collected by staff of VNIGH, St-Petersburg, 

Russia. 

VAF 5010 
VAF 6219 
VAF 6218 
VAF 5004 
VAF 5003 
VAF 5002 
VAF 5037 
VAF 5025 
VAF 5024 
VAF 6203 
VAF 5034 
VAF 6200 
VAF 5033 
VAF 6194 
VAF 5032 
VAF 5018 
VAF 6192 
VAF 5029 
VhF 6189 
VAF 5017 
VAF 6185 
VAF 5028 
VAF 6184 
VAF 5027 

Upper Volgian 
Upper Volgian 
Middle Volgian 
Middle Volgian 
Middle Volgian 
Middle Volgian 
Middle Volgian 
Middle Volgian 
Middle Volgian 
Middle Volgian 
Middle Volgian 
Middle Volgian 
Lower Volgian 
Lower Volgian 
Lower Volgian 
Lower Volgian 
Kimmeridgian 
Kimrneridgian 
Khmeridgian 
Kimmeridgian 
Kimmeridgian 
Kunmeridgian 
Kunmeridgian 
Kimmeridgian 

Nodiger 
Fulgens 
Nikitini 
Virgatus 
Virgatus 
Panderi/Zarajsk. 
Panderi/Zarajsk. 
Panderi/Zarajsk. 
Panderi/Zarajsk. 
Panderi/Zarajsk. 
Panderi 
Panderi/Pavlovi 
KLimovi 
Kliiovi 
Klimovi 
Kliiovi 
Autissio. /Fallax 
Autissio. /Fall?x 
Autissio. /?Fallax 
Autissio. 
Autissio. 
Eudoxus 
Eudoxus 
Eudoxus 

sandstone 
sandstone 
sandstone 
sandstone 
sandstone 
biturn. mudstone 
mudstone 
biturn. mudstone 
bitum. mudstone 
b i b .  mudstone 
mudstone 
muds tone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
mudstone 
mudsbne 

3.5 THE UPPER JURASSIC-LOWER CRETACEOUS PALYNOLOGY OF KASHPIR 
These samples were studied by J. B. Riding and V. A. Fedorova. They were collected by staff of VNXGN, St-Petersburg, 

Russia. 

VAF 5879 
VAF 5895 
VAF 5894 
VAF 5892 
VAF 5887 
VAF 5886 
VAF 5884 
VAF 5883 
VAF 5882 

field 710 
field 726 
field 725 
field 723 
field 718 
field 717 
field 715 
field 714 
field 713 

bed 24 
bed 14 
bed l 3  
bed 11 
bed 6 
bed 5 
bed 3 
bed 2 
bed 1 

Ryazanian 
Upper Volgian 
Upper Volgian 
Middle Volgian 
Middle Volgian 
Middle Volgian 
Middle Volgian 
Middle Volgian 
Middle Volgian 

Subditus 
Fulgens 
Nikitini 
Panderi 
Panderi 
Panderi 
Panderi 
Panderi 

sandy limestone 
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3.6 THE UPPER JURASSIC-LOWER CRETACEOUS PALYNOLOGY OF THE RIVER OKA 
BASIN 

These samples were studied by J. B. Riding and V. A. Fedorova. They were collected by staff of VNIGRI, St-Petersburg, 
Russia. 

3.6.1 Outcrop 12, Kuzminskoje 
lip 80 VAF 8996 field 783 bed 6 Ryazanian Rjazanensis-Spasskensis sandstone 
RP 81 VAF 8997 field 784 bed 5 Ryazanian Rjazanensis-Spasskensis sandstone 
RF 82 VAF 8999 field 786 bed 3 Upper Volgian Subditus sand 

3.6.2 Outcrop 13, Kuzminskoje 
RP 83 VAF 9000 field 788 bed 3 Ryazanian Rjazanensis-Kochi sandstone 
F P  84 VAF 8994 field 787 bed 1 Upper Volgian Subditus sand 

3.6.3 River Black, Outcrop 6 

RP 85 VAF 7600 field 822 bed 2 Ry azanian Rjazanensis-Spasskensis sand 
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APPENDIX 2 
LIST OF PALYNOMORPH SPECIES WITH AUTHOR CITATIONS 

h this Appendix, only palynomorph taxa identified from the 187 samples listed in Appendix 1 at species level and below 
are listed. Therefore, if an identification is made to generic level (e.g. Acantlzaulax sp.), the genus is not listed. Furthermore, 
bxa notrecognised in the Russian material and mentioned in the text for comparative purposes are not listed in this Appendix. 
The author citations of these species are given in the nuuzing text. Bibliographic references to the dinoflagellate cyst taxa 
published prior to December 1992 may be found in Lentin and Williams (1993). The dinoflagellate affinities of certain taxa, 
for example Frornea amphora and Frornea tornatilis, have been questioned by some authors (Pensome et al., 1993). For 
convenience, such species are regarded as unequivocal dinoflagellate cysts in this study. 

DINOFLAGELLATE CYSTS 
Adnatosphaeridium caulleryi (Deflandre 1938) Williams & Downie 
1969 

Aldorfin nldorfensis (Gocht 1970) Stover & Evitt 1978 
Aldorfia dictyota (Cookson & Eisenack 1960) Davey 1982 subsp. 

pymm (Gibnez 1970) Jan du ChGne et al. 1986 
Ambonosphaera? sfafinensis (Gitmez 1970) Poulsen & Riding 1992 
Atopodinium haromense Thornas & Cox 1988 
Atopodinium prostaturn Drugg 1978 
Chytroeisphawzdia cerastes Davey 1979 
Chytroeisphaeridia chytrotdes (Sarjeant 1962) Downie & Sarjeant 
1965 

Chytroeisphaeridia hyaiina (Raynaud 1978) Lentin & WiUiams 1981 
Circulodinium compta (Davey 1982) Helby 1987 
Circulodinium distincturn (Deflandre & Cookson 1955) Jansonius 
1986 

Clathroctenocystis asapha (Drugg 1978) Stover & Helby 1987 
Cleistosphaeridium tribulifPrurn (Sa jeant 1962) Davey et al. 1969 
Cleistosphaeridium varispinosum (Sa jeant 1959) Woollam &Riding 
1983 

Cribroperidinium gigas (Raynaud 1978) Helenes 1984 
Cn'broperidinium globaturn (Gihnez & Sa rjeant 1972) Helenes 1984 
Cribroperidiniurn longicorne (Downie 1957) Lentin & W i h m s  1985 
Crussolia dalei Smelror & &hus 1989 
Crussoiia dej7andrei Wolfard & Van Erve 1981 
Crussolia perireticulata k h u s  et al. 1989 
Ctenidodiniurn chondrum Drugg 1978 
Ctenidodinium combazii Dupin 1968 
Ctenidodinium continuum Gocht 1970 
Ctenrdodinizrm ornatum (Eisenack 1935) Deflandre 1938 
Ctenidodinium sellwoodii (Sa rjeant 1975) Stover & Evitt 1978 
Diclradogonynulax? pannea (Norris 2965) Sa rjeant 1969 
Dingodinium albertii Sa rjeant 1966 
Dingodinium jurassicum Cookson & E~enack 1958 
Dingodinium tubwosum (Gitmez 1970) Fisher & Riley 1980 
Egmontodinium toynum (Cookson & Eisenack 1960) Davey 1979 
Egmontodiniurn ovattrm (Gitmez & Sarjeant 1972) Riley 1979 
Ellipsoidictprn cincturn Klernent 1960 
Endoscrinium anceps Raynaud 1978 
Endoscriniumgaleritt~m ( D h d r e  1938) V o z ~ o v a  1967subsp. 

reticuiatum (Klement 1960) G6rka 1970 
Endoscrinium ghbrum (Duxbury 1977) Below 1981 
Endoscrinium luridum (Deflandre 1938) Gocht 1970 
Epiplosphaera gochfii (Fensome 1979) Brenner 1988 
Evansia evittii (Pocock 1972) Jansonius 1986 
Fromen amphorn Cookson & Eisenack 1958 
Fromea fornatilis (Drugg 1978) Lentin L WilLiams 1981 
Glossodinium dirnorphum Ioannides et al. 1977 
Gochteodinia villosa (Vozzhennikova 1967) Norris 1978 
Gonyazilacysta centriconnata Riding 1983 
Gonyauhcysta dualis (Brideaux & Fisher 1976) Stover & Evitt 1978 

Gonyaulacystn eisenackii (Deflandre 1938) Gdrka 1965 
Goi~ynulacysta helicoidea (Eisenack & Cookson 1960) Sarjeant 1966 
Gonyaulacysta jurassica (Deflandre 1938) Norris & Sa rjeant 1965 

subsp. adecta Sa jeant 1982 
subsp. adecta Sajeant 1982 var. lorzgicornis (Deflandre 1938) 
Sarjeant 1982 
subsp jurassica (autonym) 
subsp. jurassica var. longicornuta Sa rjeant 1982 

Gonyaulacysta pech'nigera (Gocht 1970) Fensome 1979 
Hysirichodinium pulcl~rum Deflandre 1935 
Hystrichosphnerina orbifera (Klement 1960) Stover & Evitt 1978 
Imbatodinium kondratjeuii Vozzhennikova 1967 
Kalyptea stegasta (Sarjeant 1961) Wiggins 1975 
Kleithriasphnwidium porosispintlm Davey 1982 
KO ystoysta gochtii (Sa rjeant 1976) Woollam 1983 
Lugenadinium callovianum Pie1 1985 
Lqtodinium rnirabile Klernent 1960 
Leptodinium subtile Klement 1960 
Liesbergin liesbergensis Berger 1986 
Lirnbodinium absidatum (Drugg 1978) Riding 1987 
Lithodinin caytonensis (Sarjeant 1959) Gocht 1976 
Lithodinin planoseptata Xlding 1987) Williams et al. 1993 
Lithodinia valensii (Sarjeant 1966) Gocht 1976 
Mancodinium sernitabufutum Morgenro th 1970 
Moesiodinium raileanili Antonesp 1974 
Mendicodii~iumgvoenlandicum (Pocock &Sa rjeant 1972) Davey 1979 
Muderongia simplex Alberti 1961 
Nannocerafopsis deflandrei Evitt 1962 

subsp. anabarensis Ilyina 1994 
subsp. deflaitdrei (autonym) 
subsp. senex (Van Helden 1977) Ilyina 1994 

Nannoceratopsis dictyoambonis Riding 1984 
Nannoceratopsis gracilis Alberti 1961 
Nannoceratopsis pellucida Deflandre 1938 
Nannoceratopsis ridingii Poulsen 1992 
Nannoceratopsis triangulata Prauss 1987 
Occisucysta balios Gitmez 1970 
Olinosphaeridit~m diluculzrm Davey 1982 
~l&os~haeriditrm patulum ~id in~ 'md Thornas 1988 
Paragonyaufucysta retiphragmata Dorhofer & Davies 1980 
Pareodinia anfennata (Gitrnez & Sarjeant 1972) Wiggins 1975 
Pareodinia ceratophora Deflandre 1947 
Pareodinia halosa (Filatoff 1975) Prauss 1989 
Pareodinia prolongata Sa rjeant 1959 
Parvoysta bulluLa Bjaerke 1980 
Parvocysta? cracens Bjaerke 1980 
Parvocysta nasuta Bjaerke 1980 
Pnrvoyska? tricomuta IGding & Shaw in Riding et al. 1991 
Perisseiasphaeridium pannosum Davey & Williams 1966 
~hallocysia elongata ( ~ e j u  197l) Kid& 1994 
PhalIocysta eirmekes Dorhijfer & Davies 1980 
Phoberocysta neocomica (Gocht 1957) Millioud 1969 
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Prolixosphaeridium anasillum E r b e n  & Saqeant 1980 
Prolixosphoeridium granulosum (Deflandre 1937) Davey et al. 1966 
Prolixosphaeridium mixtispinosrrm (Klernent 1960) Davey et al. 1969 
Prolixosphaeridium parvispinum (Deflandre 1937) Davey et al. 1966 
Protobatiohdinium elatmaensis Riding & nyina 1996 
Protobatiohdinium? elongatum Riding & Ilyina 1998 
Protobatwladinium westburiense Nnh-Hansen 1986 
Psmdoceratium pellqerum Gocht 1957 
Rhynchodiniopsis cladopkora (Deflandre 1938) Below 1981 
Rhynchodiniopsis martonense Bailey et al. 1987 
Rigaudella aelnula (Deflandre 1938) Below 1982 
Scriniocassis prisca (Gocht 1979) Below 1990 
Scriniocassis weberi Gocht 1964 
Scriniodinium crystallinurn (Deflandre 1938) Klernent 1960 
Scriniodinium inritibile Riley in Fisher & Riley 1980 
Senoniasphaera jurassica (Gitrnez & Sarjeant 1972) Lentin & 

Williams 1976 
Sentusidinium creberbarbatum Erkmen & Sarjeant 1980 
Sentusidinium rioultii (Sa rjeant 1968) Sa rjeant & Stover 1978 
Sirmiodiniopsis orbis Dmgg 1978 
Sirmiodinium grossii Alberti 1961 
~ t e ~ h a n e l ~ t r o n  caytonense Sarjeant 1961 
Stephanelytron redcl~rense Sarjeant 1961 
Stephanelytron scarburghense Sa jeant 1961 
Stiphrosphaeridiumdictyophorum (Cookson & Eisenack 1958) Eentin 

& Williams 1985 
Subtilisplurera? inaffecta (Drugg 1978) Bujak & Davies 1983 
Subtiiisphawa? paeminosa (Drugg 1978) Bujak & Davies 1983 
Surcuiosphaeridium vestiturn (Deflandre 1938) Davey 1966 
Susadiniumfausfum (Bjaerke 1980) Lentin & WiUiams 1985 
Susadinium scrofoides Dorhofer & Davies I980 
Systematophora areolata Klement 1960 
Systematophora daveyi Riding & Thomas 1988 
Systematophora penicillata (Ehrenberg 1843) Sa rjeant 1980 
Systematophora valensii (Sa rjeant 1960) Sarjeant 1961 
Trichodinium scarburghensis (Sa rjeant 1964) Williams et a1 1993 
Tubotuberella apatela (Cookson & Eisenack 1960) Ioannides et al. 

1977 
Tubotuberella dangeardii (Sa rjeant 1968) Stover & Evitt 1978 
Tubotuberella rhornbiformis Vozzhennikova 1967 
Valvaeodinium aquilonium (Dorhlifer & Davies 1980) Below 1987 
Valvaeodinium stipulatum (Wie  & Gocht 1979) Below 1987 
Wallodinium cylindricum (Habib 1970) Duxbury 1983 
Wallodi~ilrm krutzschii (Alberti 1961) Habib 1972 
Wanaea acollaris Dodekova 1975 
Wanaeafimbrzhta Sarjeant 1961 
Wanaea thysnnota Woollam 1982 

MISCELLANEOUS MICROPLANKTON 
Botryococci~ braunii Kiitzing 1849 
Fentonia bjaerkei (Smelror 1987) Bailey & Hogg 1995 
I-lalosphaeropsis liassica Madler 1963 
Lancettopsis lanceolata Madler 1963 
ZRioflsa jurassica Cookson & Eisenack 1958 
Leiofusa spicata Wall 1965 
Schizocystia rara Playford & Dettrnann 1965 

MIOSPORES 
Indigenous pollen 
Callialasporites dompieri (Ralme 1957) Sukh Dev 1966 
Callia[asporites turbatus (Bahe 1957) Schulz 1967 
Cerebropollenites macroverrucosus (Thiergart 1949) Schulz 1967 
Classopollis ciassoides (Pflug 1953) Pocock & Jansonius 1961 
Perinopollenites elatozdes Couper 1958 
Viitreisporites pallidus (Reissinger 1938) Nilsson 1958 

Indigenous spores 
Baculatisporites comatrmensis (Cookson 3953) Fotoni6 1956 
Cibotiumspora juriensk (Salme 1957) Filatoff 1975 
Concavissimisporites vemlcosae Delcourt & Sprumont 1955 
Coronafispora valdensis (Couper 1958) Dettrnann 1963 
Cyathidites airstralis Couper 1953 
Cyathidites minor Couper 1953 
Gleicheniidites senonicus Ross 1949 
Ochyospontes variegatus (Couper 1958) Schulz 1967 
Kraeuselisporiies reissingeri (Harris 1957) Morbey 1975 
Neoraistrickia gristhorpensis (Couper 1958) Tralau 1968 
Retitrileles atlslroclnvafidites (Cookson 1953) Doring et al. 1963 
Rogalskaisporifes cicatricosus (Rogalaska 1954) Danz6Corsin & 

Laveine 1963 
Sestrosporiks pseudoalveolatus (Couper 1958) Dettrnann 1963 

Reworked Carboniferous spores 
Densosporites rarispinosus Playford 1963 
Densosporites spinifer Hoffmeister et al. 1955 
Dzhtomoronotriletes ceruicornutus (Staplin 1960) Playford 1963 
Diatomozonotrilelescf. saetosus (Hacquebard & Barss 1957) Hughes 

& Playford 1961 
Lycospora prrsilla (brahim 1932) Schopf et al. 1944 
Monilosporn digrznta Playford 1963 
Murospora auritn (Waltz 1938) Playford 1962 
Triparlites vetustus Scheme1 1950 

APPENDIX 3 - PALYNOMORPH DATA SPREADSHEETS 
The following 20 spreadsheet diagrams principally illustrate the quantitative stratigraphic distributions of dinoflagel- 

late cysts, section-by-section in the material studied. The dinoflagelIate cyst diversity and the numbers of dinoflagellate cyst 
specimens per microscope slide are also included. Where space permits, the semi-quantitative stratigraphic disbibutions 
of miscellaneous palynomorphs and rniospores are also presented. 



Text-Figure A3.1. Spreadsheet diagram illustrating the stratigraphic distribution of palynomorphs from the Upper Pliensbachian and Lower Toarcian strata on the west 
bank of the River Anabar, northern East Siberia (locality -l of Text-Figure 2). The numbers in the dinoflagellate cyst section represent percentages of the dinoflagellate 
cyst taxa within the overall assemblage. A semi-quantitative method is used for the other palynomorph groups: Abundant - Ab; Common - C; Present - P; Rare - R. 
Three dots (...) indicate that the respective taxon is absent. 



Text-Figure A3.2. Spreadsheet diagram illustrating the stratigraphic distribution of palynomorphs from the Upper Pliensbachian to Aalenian strata of the west coast 
of Anabar Bay, northern East Siberia (locality 2 of Text-Figure 2). The numbers in the dinoflagellate cyst section represent percentages of the dinoffagellate cyst 
taxa within the overall assemblage. A semi-quantitative method is used for the other palynomorph groups; the key is as for Text-Figure A3.1. Three dots (...) indicate 
that the respective taxon is absent. 



Text-Figure A3.3. Spreadsheet diagram illustrating the stratigraphic distribution of dinoflagellate cysts from the Toarcian strata of Astronomitscheskii Creek, River C 

Kedon Basin, northeast Siberia and River Marcha, Borehole 141 at Khatarik-Khorno, River Kelimjar and River Motorchuna in northern East Siberia (Text-Figure 3 
and localities 6, 4, 5 and 7 of Text-Figure 2 respectively). The numbers represent percentages of the dinoflagellate cyst taxa within the overall assemblage. Three z W 
dots (...) indicate that the respective taxon is absent. V, 
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Text-Figure A3.4. Spreadsheet diagram illustrating the stratigraphic distribution of palynomorphsfrom the Toarcian strata of Sobo Creek, River Marcha, northern East 
Siberia (locality 3 of Text-Figure 2). The numbers in the dinoflageflate cyst section represent percentages ofthe dinoflagellate cyst taxa within the overall assemblage. 
Asemi-quantitative method is used for the other palynomorph groups; the key is as for Text-Figure A3.1. Three dots (...) indicate that the respective taxon is absent. 
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Text-Figure A3.6. Spreadsheet diagram illustrating the stratigraphicdjstribution of dinoflagellate cysts in the Bathonian and 
Callovian strata of the River lzhma (outcrops 9 and 7) and River Pizhma (outcrops 12 and 13) areas, Pechora Basin, 
northern Russian Platform (localities l to 4 of Text-Figure 4). The numbers represent percentages of the dinoflagellate 
cyst taxa within the overall assemblage. Three dots (...) indicate that the respective taxon is absent. 
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Text-Figure A3.7. Spreadsheet diagram illustratingthestratigraphicdistribution of thedinoflagellatecystsAdnatosphaeridium 
caulleryi to Lagenadinium callovianum (ordered alphabetically) in the Upper Callovian and Kimmeridgian strata of 
outcrop 15, River Izhma, Pechora Basin, northern Russian Platform (outcrop 5 of Text-Figure 4). Sample TP 13 proved 
entirely barren of palynomorphs, and is not illustrated here. The numbers represent percentages of the dinoflagellate cyst 
taxa within the overall assemblage. Three dots (...) indicate that the respective taxon is absent. 
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Text-Figure A3.8. Spreadsheet diagram illustrating the stratigraphic distribution of the dinoflagellate cysts Leptodinium 
mirabile to Wanaea acollaris (ordered alphabetically) and selected miscellaneous palynomorphs in the Upper Callovian 
and Kirnmeridgian strata of outcrop 15, River Izhma, Pechora Basin, northern Russian Platform (outcrop 5 of Text-Figure 
4). Sample TP 13 proved entirely barren of palynomorphs, and is not illustrated here. The numbers in the dinoflagellate 
cyst section represent percentages of the dinoflagellate cyst taxa within the overall assemblage. A semi-quantitative 
method is used for the selected miscellaneous palynomorphs; the key is as for Text-Figure A3.1. Three dots (...) indicate 
that the respective taxon is absent. 
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Text-Figure A3.9. Spreadsheet diagram illustrating the stratigraphicdistribution of dinoflagellate cysts in the Kimmeridgianl 
Middle Volgian strata of outcrops 12, 12a and 13, River Pizhma, Pechora Basin, northern Russian Platform (locality 6 
ofText-Figure 4). The numbers represent percentages ofthedinoflagellate cysttaxa within the overall assemblage. Three 
dots (...) indicate that the respective taxon is absent. 
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Text-Figure A3.10. Spreadsheet diagram illustrating the stratigraphicdistribution of dinoflagellatecysts in the MiddleVolgian 
strata of outcrops 16, 16a and 17, River Izhma, Pechora Basin, northern Russian Platform (locality 7 of Text-Figure 4). 
The numbers represent percentages of the dinoftagellate cyst taxa within the overall assemblage. Three dots (...) indicate 
that the respective taxon is absent. 
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Text-Figure A3.1 l. Spreadsheet diagram illustrating the stratigraphic distribution of dinoflagellate cysts in the Bathonian, 
Lower Callovian and Oxfordian strata of borehole 132, near Elatma, central Russian Platform (locality 1 of Text-Figure 
5). The numbers represent percentages of the dinoflagellate cyst taxa within the overall assemblage. Three dots (...) 
indicate that the respective taxon is absent. 
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Text-Figure A3.12. Spreadsheet diagram illustrating the stratigraphic distribution of dinoflagellate cysts in the Callovian and 
Lower Oxfordian strata of a section near Inkino, central Russian Platform (locality 2 of Text-Figure 5). The numbers 
represent percentages of the dinoflagellate cyst taxa within the overall assemblage. Three dots (...) indicate that the 
respective taxon is absent. 
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Text-Figure A3.13. Spreadsheet diagram illustrating the stratigraphic distribution of dinoflagellate cysts in the Upper 
Callovian and Oxfordian strata of section 2, River Unzha, near Kostroma, central Russian Platform (locality 3 of Text- 
Figure 5). The numbers represent percentages of the dinoflagellate cyst taxa within the overall assemblage. Three dots 
(...) indicate that the respective taxon is absent. 
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Text-Figure A3.14. Spreadsheet diagram illustrating the stratigraphic distribution of dinoflagellate cysts in the Oxfordian 
strata of section 1, River Unzha, near Kostroma, central Russian Platform (locality 3 of Text-Figure 5). The numbers 
represent percentages of the dinoflagellate cyst taxa within the overall assemblage. Three dots (...) indicate that the 
respective taxon is absent. 
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Text-Figure A3.15. Spreadsheet diagram illustrating the stratigraphic distribution of dinoflagellate cysts in the Lower Kimmeridgian strata of section 314, River Unzha, 
near Kostroma, central Russian Platform (locality 3 of Text-Figure 5). The numbers represent percentages of the dinoflagellate cyst taxa within the overall 
assemblage. Three dots (...) indicate that the respective taxon is absent. 
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Text-Figure A3.16. Spreadsheet diagram illustrating the stratigraphic distribution of the dinoflagellate cysts Acanthaulax sp. to Hysfrichodinium pulchrum (ordered 
alphabetically) in the Kirnmeridgian and Volgian strata of Gorodische, central Russian Platform (locality 4 of Text-Figure 5). Sample RP 48 proved barren of 
dinoflagellate cysts, and is not illustrated here. The numbers represent percentages of the dinoflagellate cyst taxa within the overall assemblage. Three dots (...) 
indicate that the respective taxon is absent. 



Text-Figure A3.17. Spreadsheet diagram illustrating the stratigraphic distribution of the dinoflagellate cysts Hysfrichosphaerina orbifera to Wallodinium krutzschii 
(ordered alphabetically) in the Kimmeridgian and Volgian strata of Gorodische, central Russian Platform (locality 4 of Text-Figure 5). Sample RP 48 proved barren 
of dinoflagellate cysts, and is not illustrated here. The numbers represent percentages of the dinoflagellate cyst taxa within the overall assemblage. Three dots (...) 
indicate that the respective taxon is absent. 



Text-Figure A3.78. Spreadsheet diagram illustrating the semi-quantitative stratigraphic distribution of miscellaneous microplankton and miospores in the Kimmeridgian 
m and Volgian strata of Gorodische, central Russian Platform (locality 4 of Text-Figure 5). The key is as used in Text-Figure A3.1. Three dots (...) indicate that the 

respective taxon is absent. 
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Text-Figure A3.19. Spreadsheet diagram illustrating the stratigraphic distribution of dinoflagellate cysts and selected miscellaneous microplankton in the Volgian and 
Ryazanian strata of Kashpir, central Russian Platform (locality 5 of Text-Figure 5). The numbers in the dinoflagellate cyst section represent percentages of the 
dinoflagellate cyst taxa within the overall assemblage. A semi-quantitative method is used for the selected miscellaneous palynomorphs; the key is as forText-Figure 
A3.1. Three dots (...) indicate that the respective taxon is absent. 
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Text-Figure A3.20. Spreadsheet diagram illustrating the stratigraphic distribution of dinoflagellate cysts, miscellaneous 
microplankton and selected miospores in the Upper Volgian and Ryazanian strata of outcrops 6, 12 and 13 in the River 
Oka Basin, central Russian Platform (localities 6 and 7 of Text-Figure 5). The numbers in the dinoflagellate cyst section 
represent percentages of the dinoflagellate cyst taxa within the overall assemblage. A semi-quantitative method is used 
forthe other palynomorph groups; the key is as used in Text-FigureA3.1. Three dots (...) indicate that the respective taxon 
is absent. 
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PHOTOGRAPHIC PLATES 

Plates 1 to 35 illustrate selected palynomorphs, largely indigenous dinoflagellate cysts, from the Russian samples studied. 
Tlus material comprises the Upper Phensbachian to Aalenian and Lower Callovian of northern East Siberia (Plates NS1 to 
NS7), the Bathonian, Callovian, Kimmeridgian and Volgian of the Pechora Basin, northern Russian Platform (Plates TP1 to 
TP11) and the Bathonian to Ryazanian of the central Russian Platform (Plates RP1 to W17). Normally, the specimens were 
taken using plain transmitted light and the magnification levels are X500; any departures from this format is stated in the 
respective plate explanations. A unique figured specimen number, prefixed 'MPK', is gven for each photomicrograph. 
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PLATE NS1 
Dinoflagellate cysts (Narmoccmtopsis spp., figures 1-18), indigenous spores (figures 19-22) and a reworked pollen grain (figure 23) from the 
Upper Pliensbachian to the Lower Toarcian of the west bank of the River h a b a r ,  northern east Siberia (see section 5.1.1.1). Figures 19 and 
20 only are from the Upper Pliensbachan, the remainder are from the Lower Toarcian. 

Nan~oceratopsis deflandreiEvitt 1961 subsp. anuburensis Ilyina 1994. Note the extremely long dorsal antapical holm, and the absence 
of a ventral antapical horn or protuberance, which imparts an elongate cyst ambitus with a wide, slightly concave antapex. 

Specimen MPK 10202, sample NS 9, specimen in right lateral view; 1 - high focus, 2 -low focus 

Specimen MPK 10203, sample NS 9, specimen in right lateral view. 
Specimen MPK 10204, sample NS 9, specimen in right lateral view. 

Specimen MPK 10205, sample NS 9, specimen in right lateral view. 
Specimen MPK 10206, sample NS 9, specimen in left lateral view; 6 - high focus, 7 - low focus 

Specimen MPK 10207, sample NS 9, specimen in left lateral view. 

Specimen MPK 10208, sample NS 9, specimen UI left lateral view. 

10-14 Nannoceratopsis deflandreiEvirt 1961 subsp. senex (VanHelden 1977) I1 yina 1994. Note the small epicyst and the essentially biconical 
cyst ambitus imparted by the presence of a single, dorsal antapical hom/prohusion. 

10 Specimen MPK 10209, sample NS 3, specimen in left Lateral view. 

11 Specimen MPK 10210, sample NS 7, specimen in right lateral view. 

12 Specimen MPK 10211, sample NS 8, specimen in left lateral view. 
13 Specimen MPK 10212, sample NS 7, specimen in left lateral view. 

14 Specimen MPK 10213, sample NS 7, specimen in left lateral view. 

15-18 Nannoceratopsis deflnndrei Evitt 1961 subsp. deflnndrei (autonym). Note the subtriangular cyst ambitus and the noticeable 'shoulder' 
in the ventral antapical regon. 

15 Specimen MPK 10214, sample NS 6, specimen in right lateral view. 

16 Specimen MPK 10215, sample NS 6, specimen in right lateral view. 

17 Specimen MPK 10216, sample NS 7, specimen in right lateral view. 

18 Specimen MPK 10217, sample NS 6, specimen in left lateral view. 

19-20 Rogalskaisporitrs cicntricosus (Rogalaska 1954) DmzB-Corsin L Laveine 1963. 

19 Specimen MPK 10218, sample NS 12, specimen in proximal view; note the equatorial ornamentation. 

20 Specimen MPK 10219, sample NS 15, specimen in proximal view. 

21 Cibotilrmspora j~frieirsis (Balme 1957) Filatoff 1975. Specimen MPK 10220, sample NS 3, specimen in proximal view. 

22 Concovissimisporifesverr-r.rcosus Delcourt &Sprumont 1955. SpecimenMPK 10221,sampleNS4, specimen in proximal view; note 
the verrucate ornamentation. 

23 Reworked taeniate pollen grain. Specimen MPK 10222, sample NS 1, note the striate cenbd body. 
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PLATE NS2 

Dinoflagellate cysts (figures 1-14,16) and a pollen grain (figure 15) from the Upper Pliensbachian, Lower Toarcian and Upper Toarcian of the 
west coast of Anabar Bay, northern east Siberia (see section 5.1.1.2). Figure 15 only is from the Upper Pliensbachian and figures 13 and 14 are 
from the Upper Toardan; the remainder of the figures are from the Lower Toarcian. 

1-3 Nannoceratopsis deflandrei Evitt 1961 subsp. deflandrei (autonym). Note the subtriangular cyst ambitus, the 'shoulder' in the ventral 
antapical region and the gentle an tapical concavity. 

1 Specimen MPK 10223, sample NS 32, specimen in right lateral view. 
2 Specimen MPK 10224, sample NS 33, specimen in right lateral view. 
3 Specimen MPK 10225, sample NS 33, specimen in right lateral view. 

45 Nannocer~topsis deflnndrei Evitt 1961 subsp. cf. deJnndrei (autonym). These specimens are dose to Nannocerntopsis dejlflndrei subsp. 
senex. 

4 Specimen MPK 10226, sample N S  32, specimen in left lateral view. 
5 Specimen MPK 10227, sample NS 33, specimen in left lateral view. 

6 Nannocerrrtopsis depandrei Evitt 1961 subsp. senex (Van Helden 1977) Iiyina 1994. Note the broadly biconical cyst ambitus 
imparted by the single, dorsal antapical horn. Speamen MPK 10228, sample N S  32, specimen in right lateral view. 

7,8, Nannoceratopsis gracilis Alberti 1961. Note the reticulate autophragm and the subtriangular cyst ambitus. 
1 2 1 6  
7 Specimen MPK 10229, sample NS 27, specimen in left lateral view. 
8 Specimen MPK 10230, sample NS 27, specimen in right lateral view. 
12,16 Specimen MPK 20231, sample N S  27, specimen in left lateral view; 12 - high focus, 16 -low focus. 

9-11 Nannoceratopsis dtflandrei Evitt 1961. subsp. annbarerrsis Ilyina 1994. Note the extremely prominent, long dorsal antapical horn, and 
the absence of a ventral antapical horn, which imparts an elongate cyst ambitus. 

9 Specimen MPK 10232, sample NS 32, specimen in right lateral view. 
10 Specimen MPK 10233, sample N S  32, specimen in right lateral view. 
11 Specimen MPK 10234, sample NS 27, specimen in right lateral view. 

13,14 Phalloqsta eeumekes Dorhofer & Davies 1980. Note the longitudinally elongate cyst ambitus, the epicavate cyst organisation and the 
anterior intercalary archeop yle. 

13 Specimen MPK 10235, sample NS 22, specimen in dorsal view. 
14 Specimen MPK 10236, sample NS 22, specimen in left lateraI view. 

15 Callialasporites dampieri (Baime 1957) Sukh Dev 1961. Specimen MPK 10237, sample NS 34, note the cavate nature of the grain. 
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PLATE NS3 

Dinoflagellate cysts from the Lower and Upper Toarcian of Sobo Creek, River Marcha, northern east Siberia (see section 5.1.1.4). Figures 4, 
8 and 11-17 are from the Upper Toarcian; the remainder are from the Lower Toarcian. Figure 8 taken using phase contrast. 

~~nnoceratopsisde~~ndreiEvitt1961 subsp.smex (VanHelden 1977) Ilyina 1994.Note the small epicystand the biconicalcyst cambitus 
caused by the presence of a single, dorsal antapical horn or protrusion. 
Specimen MPK 10238, sample NS 44, specimen in left lateral view. 
Specimen MPK 10239, sample NS 44, specimen in left lateral view. 
Specimen MPK 10240, sample NS 44, specimen in left lateral view. 
Specimen MPK 10241, sample NS 40, specimen in left lateral view. 
Specimen MPK 10242, sample NS 44, specimen in left lateral view. 
Specimen MPK 10243, sample NS 44, specimen in right lateral view. 
Specimen MPK 10244, sample NS M, specimen in right lateral view. 

8 N~nnocevatopsis triangsilata Prauss 1987. Note the relatively tlun autophragm, the short antapical horns and the triangular cyst 
arnbitus. Specimen MPK 10245, sample NS 41, specimen in right lateral view. 

9-12 Nannoceratopsis gracilis Alberti 1961. Note the strongly reticulate autophragrn and the subtriangular ambjtus 
9,lO Specimen MPK 10246, sample NS 42, specimen in right lateral view. 
11 Specimen MPK 10247, sample NS 40, specimen in right lateral view. 
12 Specimen MPK 10248, sample NS 41, specimen in left lateral view. 

13-17 Mnfurodinium sp. A. Note the combination (apical/anterior intercalary) archeopyle and the clear paratabulation indicated by low 
parasuhral ridges. 

13,14 Specimen MPK 10249, sample NS 40, specimen in dorsal view; 13 -high focus, 14 - low focus. 
15 Specimen MPK 10250, sample NS 40, specimen in ventral view, median focus. 
16 Specimen MFK 10251, sample NS 40, specimen in ventral view, low focus. 
17 Specimen MPK 10252, sample NS 41, specimen in dorsal view, median focus. 
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PLATE NS4 

Dinoflagellate cysts from the Lower Toarcian of Astronomitscheskii Creek (figures 1-8) and the Upper Toarcian of the banks of the hvers 
Kelirnjar (figures 9-12; lv, Marcha (figures 13-15) and Motorshuna (figure 16), northern east Siberia (see sections 5.1.1.3,5.1.1.7,5.1.1.5 and 
5.2.1.8 respectively). Figures 10-12 and 15 were taken using phase contrast. 

Nan~zoceratopsis deflnndrei Evitt 1961 subsp, smex (Van Helden 1977) Ilyina 1994. Note the tear-shaped, biconical ambitus caused by 
the presence of a single, dorsal antapical horn or protrusion. 
Specimen MPK 10253, sample NS 38, specimen in right lateral view. 
Specimen MPK 10254, sample NS 38, specimen in right lateral view. 
Specimen MPK 10255, sample NS 37, specimen in right lateral view. 
Specimen MPK 10256, sample NS 38, specimen in right lateral view. 
Specimen MPK 10257, sample NS 38, specimen in right lateral view. 
Specimen MPK 10258, sample NS 37, specimen in left lateral view. 
Specimen MPK 10259, sample NS 38, specimen in left lateral view. 
Specimen MPK 10260, sample NS 37, specimen in left lateral view. 

9,10 Phnllocysta clnlnekes Dorhofer & Davies 1980. Specimen MPK 10261, sample N S  53, specimen in oblique left lateral view; note 
theepicavatecystorganisationand the prominent anterior intercalary archeopylewithafreeperioperculum,best seen in figure 
10. 

11-12 Pamocysta cracens Bjaerke 1980. 
11 Specimen MPK 10262, sample NS 53, note the single apical horn, the two antapical horns and the 1ongitudinalIy eIongate cyst 

ambihss. 
12 Specimen MPK 10263, sample NS 53, note the mechanically distorted apical horn. 

13-15 Phallonjsta elongata (Beju 1971) Riding 1994. Specimen MPK 10264, sample N S  50, a specimen with a damaged epicyst, 
apparently ehbi t ing an apical archeopyle; note the endocyst and the flask-shaped ambitus; 13 - high focus, 14 - low focus. 

16-17 Vafuaeodinirlm nq~lilor~ium Dorhofer & Davies 1980. Specimens in oblique lateral view, note the smootl~ autopluagrn and the 
combination (apical/anterior intercalary) archeopyle. 

16 Specimen MPK 10265, sample NS 54. 
17 Specimen MPK 10266, sample NS 53. 
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PLATE NS5 

The dinoflagellate cyst Phallocystlsta erlmekes Dorhofer & Davies 1980 from the Upper Toarcian of River Motorshuna, northern east Siberia (see 
section 5.1.1.8). All specimens from sample NS 55. Figure 16 was taken using phase contrast. Note the elongate subconical arnbitus, the 
epicavate cyst organisation and the bulbous protrusions in the antapical area. 

Phallocystn eumekcs Dorhofer & Davies 1980. 
Specimen MPK 10267, specimen in dorsal view; 1 -high focus, 2 - median focus. 
Specimen MPK 10268, specimen in oblique dorsal view, median focus. 
Specimen MPK 10269, specimen in left lateral view, median focus. 
Specimen MPK 10270, specimen in dorsal view, median focus. 
Specimen MPK 10271, specimen in left lateral view, high focus. 
Specimen MPK 10272, specimen in lateral view, high focus. 
Specimen MPK 10273, specimen in lateral view, median focus. 
Specimen MPK 10274, specimen in dorsal view, high focus. 
Specimen Ml'K 10275, specunen in oblique dorsal view, high focus. 
Spechen MPK 10276, specimen in left lateral view, higl-r-median focus. 
Specimen MPK 10277, specimen in oblique left lateral view, high focus. 
Specimen MPK 10278, specimen in left lateral view, high-median focus. 
Specimen MPK 10279, specimen in dorsal view; 14,16 - high focus, 15 - median focus. 
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PLATE NS6 

Dinoffagellate cysts from the Upper Toarcian of Borehole 141, Khatirik-Khomo, northern east: Siberia (see section 5.1.1.6). Figures 3 and 15 
were taken using phase contrast. 

1-2 Rrdnnocerafopsis deflclndrei Evitt 1961 subsp. scnex (Van Helden 1977) Ilyina 1994. Note the biconical ambitus caused by the 
presence of a single, dorsal antapical horn. 

1 Specimen MPK 10280, sample NS 52, specimen in right lateral view. 
2 Specimen MPK 10281, sample NS 51, specimen in left lateral view. 

3 Nannoceratopsis triangtilata Prauss 1987. Note the relatively thin autophragm, the relatively short antaplcal horns and the 
markedly triangular ambitus. Specimen MPK 10282, sample NS 52, specimen in left lateral view. 

4,8-12 Pkaliocystn cumekes Dijrhdfer & Davies 1980. Note the longitudinally elongate, subconical ambitus, the epicavate cyst 
organisation and the bulbous protrusions in the antapical region. 

4 Specimen MPK 10283, sample NS 52, specimen in dorsoventral view, median focus. 
8 Specimen MPK 10284, sample NS 51, specimen in oblique dorsal view, high focus. 
9 Specimen MPK 10285, sample NS 51, specimen in oblique left lateral view, lugh focus. 
10 Specimen MPK 10286, sample NS 51, specimen in oblique dorsal view, median focus. 
11 Specimen MPK 10287, sample NS 51, specimen in dorsal view, median focus. 
12 Specimen MPK 10288, sample NS 51, specimen in left lateral view, high focus. 

5-7 Mnncodinium semitnbulatnm Morgenroth 1970. Note the combination archeopyle comprising all the epicystal paraplate series 
and the anterior parasulcal paraplate. 

5,6 Specimen MPK 10289, sample NS 52, specimen in dorsal view; 5 -median focus, 6 - high focus. 
7 Specimen MPK 10290, sample NS 52, specimen in dorsal view, high focus. 

13-15 Valvaeodiniumaquiloniurn Dorhoferk Davies 1980.Specimens in Iateralview,note thesrnoothautophragm and thecombination 
(apical/an'cerior intercalary) archeopyle. 

13 Specimen MPK 10291, sample NS 51. 
14,15 Specimen MPK 10292, sample NS 51. 

16 Pnrvocysta nasutn Bjaerke 1980. Specimen MPK 10293, sample NS 52, specimen in ventral view, median focus; note the 
subpentagonal cyst ambitus, the apical protrusion and the narrow paracingular area. 

17 Parvocysta bulhla Bjaerke 1980. Specimen MPK 10294, sample NS 51, specimen in ventral view, high focus, note the rounded 
pentagonal ambitus. 

18-21 Susndiniunz scrofoides Dorhofer & Davies 1980. Note the prominent rounded precingular and posicingular protrusions. 
18 Specimen MPK 10295, sample NS 52, specimen in dorsoventral view, median focus. 
19 Specimen MPK 10296, sample NS 52, specimen in dorsal view, high-median focus. 
20 Specimen MPK 10297, sample NS 52, specimen in dorsal view, median focus. 
21 Specimen MPK 10298, sample NS 52, specimen in dorsal view, median focus. 

22 Susndiniumfaustum (Bjaerke 1980) Lentin & Williams 1985. Specimen MFK 10299, sample NS 51, specimen in dorsal view, high 
focus, note the rounded subpentagonal cyst ambitus and the baculate ornamentation. 
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PLATE NS7 

Dinoflagellate cysts from the Lower CaUovian of the west side of Anabar Bay, northern east Siberia (see section 5.1.2). Figures 4 and 15 are 
composite pho tomicrographs. 

1-2 Chytroeisphaeridia hyalzna (Raynaud 1978) Lentin & WiIliams 1981. Note the large cyst size, the robust, smooth a u t o p l u a p  and 
the prominent precingular archeopyle. 

1 Specimen MPK 10114, sample NS 57, specimen in doisal view, high focus. 
2 Specimen MFK 10115, sample NS 57, specimen in oblique left lateral view, high focus. 

3 Rhynchodiniopsis clahpliora (Deflaldre 3938) Below 1981. Specimen MPK 10116. sample NS 56, specimen in right lateral view, 
high focus; note the large cyst size, the small apical horn and the denticulate/spinose parasubral ridges. 

4-5,8 Crussolia dnleismelror & Arhus i989. Note the parasutural ridges, the cavate cystorganisation, the anterior intercnlary archeopyle 
and the prominent apical horn 

4: Specunen MPK 10117. sample NS 56, specimen in lateral view, composite photomicrograph. 

5 Specimen MPK 10118. sample NS 56, specimen in dorsal view, high focus. 
8 Specimen MFK 10121. sample NS 57, specimen in oblique dorsal view, high-median focus. 

6-7 Crussolioperirerticrilata Arhus et al. 1989. Note the reticulate periphragm, the cavatecystorganisation and the prominent apical horn. 
6 Specimen MPK 10119. sample NS 59, specimen in oblique dorsal view, median focus. 
7 Specimen MPK 10120. sample NS 57, specimen in dorsal view, hlgh focus. 

9 Fareadinin ceratophorn Deflandre 1947. Specbntn MPK 10122. sample NS 59, specimen in oblique dorsal view, high focus; note 
the anterior intercalary archeopyle and the apical horn. 

10 Frornea torndtilis (Drugg 1978) Lentin & WiUiams 1981. Specimen MPK 10123. sample NS 56, note the thick autophragm and the 
small apical archeopyle. 

11 Chytroeisphueridin cerastes Davey '1979. Specimen MPK 10124. sample NS56, specimenin right lateral view, high focus;note the 
apical protrusion and the prominent precingular archeopyle. 

12 Evnnsia mittii (Pocock 1972) Jansonius 1986. Specimen MPK 10125. sample NS 59, specimen in dorsal view, median focus; note 
the ovoidal cyst ambitus and the anterior intercalary archeopyle. 

13-15 Paragonyaulncysta retiphragmata Dorhofer & Davies 1980. Note the apical horn, the prominent prarsutural ridges, the anterior 
intercalav archeopyle and the low-relief autophragm ornamentation. 

13 Specimen MPK 10126. sample NS 57, specimen in oblique dorsal view, median/low focus. 
14 Specimen MPK 10127. sample NS 57, specimen left lateral view, median focus. 

15 Specimen MPK 10128. sample NS 59, specunen in left lateral view, composite photomicrograph. 
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AASP CONTRIBUTIONS SERIES NUMBER 36 

PLATE TP1 

Dinoflagellate cysts (figures 1-9), an acritarch (figure 10) and indigenous spores (figures 11,12) from the Batholiian and Lower Callovian of 
the Pizhrna River area, Pechora Basin (see section 5.2.1). Figures 3 and 7-10 were taken using phase contrast. 

1-2 Ctenidodiniumcombarii Dupin 1968. Note tl~esrnallantapical paraplate, thespinose/denticulate parasutural ridges and theepicystal 
archeopyle. 

1 Specimen MPK 10300, sample TP 6, an isolated hypocyst in dorsal view, median focus. 
2 Specimen MPK 10301, sample TP 6, an isolated hypocyst in antapical view, dorsal side uppermost, high focus; note the large 

dorso-lateral postcingular parapiates (Kofoidian numbers 3"' to 5'"). 

3 Nannocerntopsis pellucida Deflandre 1938. Specimen MPK 10302, sample TP 9, note the deep antapical concavity. 

4 Rl~ynclzodiniopsis cladophorn (Deflandre 1938) Below 1981. Specimen MPK 10303, sampleTP 9, specimen indorsal view, median- 
low focus; note the denticulate parasutural ridges and the small apical horn. 

5 Gonyanlaqsta jurassicn (Deflandre 1938) Norris & Sa jea i~ t  1965 subsp. ndectn Sa jeant 1982. Specimen MPK 10304, sample TP 
6, specimen in ventral view, median focus; note the large epicyst, the epicavate cyst organisation and the short apical horn. 

6 Sivmiodinirnn grossii Alberti 1961. Specimen MPK 10305, sample TF' 6, specimen in dorsal view, high-median focus; note the 
disruption of the ay ical paraplatesdue toarcheopyle forma tion, the wide pericoelin the hypocyst and the a n t a p i  opkthopyle. 

7-9 Protobafioladinitlm elatmnensis Riding & Ilyina 1996. Note the lack of parasutural features and the antapical horn. These specimens 
all exhibit complete archeopyle formation; they have all lost the anterior intercalary and apical parapates. 

7 Specimen MPK 10306, sample TP 11, specimen in dorsal view, median focus; note the accessory archeopyle suhlres in the 
precingular paraplate series and the relatively small antapical horn. 

8 Specimen MPK 20307, sample TP 10, specimen in dorsal view, high focus. 
9 Specimen EYLPK 10308, sample TP 10, specimen in dorsal view, high-median focus; a relatively small specimen with a short 

antapical horn. 

10 Fentonin cf. bjnerkei (Smelror 1987) Bailey & Hogg 1995. Specimen MPK 10309, sample TP 10, note the apical horn, the equatorial 
constriction and the four relatively simple or bifurcate lateral protrusions. This specimen lack  the spinate/denticulate 
multifurcate protrusions which characterise this species. 

11. Neoraistrickin grisfhorpensis (Couper 1958) Tralau 1968. Specimen MPK 10310, sample TP 7, specimen in distal view, median 
focus; note the covering of tubercles. 

12 Callialnsporiles dampieri (Balme 1957) Sukh Dev 1961. Specimen MPK 10311, sample TP 7, specimen UI proximal view; note the 
cavate nature of the grain. 
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AASP CONTRIBUTIONS SERIES NUMBER 36 

PLATE TP2 

Dinoflagellate cysts (figures 1-9), reworked Carboniferous spores (figures 10-12 and 14-16) and an indigenous spore (figure 13) from the 
Callovian of the River Izhrna area, Pechora Basin (see section 5.2.1). 

1-3 Clz!/troeisplucridiaa hyalina (Raynand 1978) Lentin & \Vdliams 1981. Note the large overall cyst size, the smooth autopl-)rap and the 
Iarge precingular archeopyle. 

1 Specimen MPK 10312, sample TP 1, specimen in oblique right lateral view, high focus; note the large operculum within the 
loisthocyst. 

2 Specimen MPK 10313, sample TP 4, specimen in oblique dorsal/right lateral view. 
3 Specimen MPK 10314, sample TP 1, an isolated operculum. 

4 Fromen tornatilis (Dmgg 1978) Lentin & WiUiams 1981. Specimen MPK 10315, sample TP 1, note the thick autophragm and the 
smdl apical archeopyle. 

5 Lithodi~rin planoseptatn (Riding 1987) Williamset al. 1993. Specirne11MPK 10316, sample TP l, specimen in dorsal view, median- 
low focus; note the relatively high, smooth parasutural crests. 

Paragonyulncysfa retiphragmntn Dorhofer & Davies 1980. Specimen MPK 10317, sample TP 4, specimen in ventral view, high- 
median focus; note the prominent apical horn and the well defined paratabulation. 
Siriniodiniopsisorbis Drugg1978. Specjmen MPK 1031 8,sarnple TP 1, specimen indorsal view, high focus;note thecircumcayate 
cyst organisation and the apical archeopyle. 
Wannen ncollnris Dodekova 1975. Specimen MPK 10319, sample TP 4, specimen in slightly oblique right lateral view; note the 
antapical horn, the epicystal archeopyle and the attached operculum. 
Evnnsiu eviftii (Pocock 1972) Jansonius 1986. SpecimenMPK 10320, sample TP 3, specimen in dorsal view, high focus; note the 
anterior intercalary archeopyle. 
Milrosporaatlrjtu (Waltz 1938)Playford1962. SpecimenMPK10321,sampleTP4,specimeninproximalview,notethe thickspore 
wall. 

Murosporo/Tripartifes sp. Specimen MPK 10322, sample TP 4, specimen in proximal view; note the prominent thickened spore 
wall. 

DensosporiLeps rnrispinosrrs Playford 3963. Specimen MPK 10323, sample TP 7, specimen in proximal view. 
Sestrosporites ppseudoalveolnt~rs (Couper 1958) Dettmau? 1963. Specimen MPK 10324, sample E' 1, specimen in proximal view. 
Dintomozonotriletes cervicornz~fus (Staplin 1960) Playford 1963. Specilnen MPK 10325, sample TP 6, specimen in proximal view. 
Diatomozonotriletes cf. snetosus (Hacquebard &: Barss 1957) Hughes & Playford 1961. Specimen MPK 10326, sample TP 1, 
specimen in proximal view. 

Densosporifes spinifer Hoffmeister et al. 1955. Specimen MPK 10327, s'mple TP 7, specimen in proximal view. 
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AASP CONTRIBUTIONS SERIES NUMBER 36 

PLATE TP3 

Dinoflagellate cysts from the Upper CaUovian of the River I z b  area, Pechora Basin (see section 5.2.2.1). 

Chytroeisphneridin kyaiina (Raynaud 1978) Lentin & Williams 1981. Note the large size, the subovoidal cyst ambitus, the robust, 
smooth autophragrn, the small apical horn or protrusion and the prominent, large precingular archeopyle. 
Specimen MPK 10328, sample TP 26, specimen in left lateral view; note the operculum within the loisthocyst. 
Specunen MPK 10329, sample TP 25, specimen in left lateral view; the operculum has dropped into the loisthocyst. 
Specimen MPK 10330, sample TP 25, specimen in oblique right lateral view, median focus; note the large operculurn. 
Specimen MPK 10331, sample TP 26, specimen in slightly oblique left lateral view, high-median locus. 
Specimen MPK 10332, sampie TP 23, specimen in oblique left lateral view, high focus. 
Specimen MPK 10333, sample TP 25, specimen in oblique dorsal view, median focus. 
Specimen MPK 10334, sample TP 23, specimen in slightly oblique dorsal view, median focus; note the operculum within the 
loisthocyst. 

8 Chytroeisphaeridia cernstes Davey 1979. Specimen MPK 10335, sample TP 26, specimen in right lateral view; note h e  somewhat 
longitudinally elongate cyst ambitus, the apical protrusion and the prominent, large precingular archeopyle. 

9 Clzytroeisp/~aeridia clzytroeides (Sa rjeant 1962) Downie & Sa rjeant 1965. Spechen MPK 10336, sample TT' 24, specimen in left 
laterd view, high-median focus; note the subovoidal ambitus and the precingular archeopyle. 

10 Parngonyalnt~lnc~ystn sp. Specimen MPK 10337, sample TP 24, specimen in right lateral view, median focus; note the apical horn 
and the fault indications of paratabulation. 

11-12 Heslertoni~ sp. Note the small cyst size and the prornu~ent, wide, smooth parasutural septa. 
11 Specimen MPK 10338, sample TP 25, specimen in oblique ventral view, median focus. 
12 Specimen MPK 10787, sample TP 25, specimen in dorsal view, high-median focus. 

13 Sentusidinium creberbnrbnturn Erkrnen & Sa rjeant 1980. Specimen MPK 10339, sample TP 24, specimen in dorsal view, median 
focus; note the apical archeopyIe and the relatively dense covering of short, simple spines. 

14 Evansia coiltii (Pocock 1972) Jansonius 1986. Specimen MPK 10788, sample TP 25, specimen in dorsal view, high focus; note the 
apical horn and the anterior intercatary archeopyle. 
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AASP CONTRIBUTIONS SERIES NUMBER 36 

PLATE TP4 

Du~ofIagellate cysts (figures 1-14) and an acritarch (f~gure 15) from the Upper Callovian of the River Izhma area, Pechora Basin (see section 
5.2.2.1). Figure 14 was taken using phase contrast. 

1 Rhynclzodi~ziopsis clndophola (Defl andre 1938) Below 1981. Specimen MPK 10340, sample TP 26, specimen in right lateralview, 
high-median focus; note the large size and the denticulate parasutural ridges. 

2 Enrloscrini~rmgale~it~irn (Deflandre 1938) Vozzhennikova 1967subsp.,oaieritzi~n (autonym). SpecimenMPK 10341,s~?mpleTP26, 
specimen in ventral view, high focus; note the thick, robust endophragm and the cavate cyst organisation. 

3 Knlyptea skgnsta (Sarjeant 1961 Wiggins 1975. Specimen MPK 10342, sample TP26, note the bipolar horns and the the kalyptra. 

4-5 Goizynulacystn eisenackii (Deflandre 1938) Gorka 1965. Note the longitudinally elongatc cyst ambitus, thebicavate organisationand 
the subequal epicyst and hypocyst. 

4 Specimen MPK 10343, sample TP 25, specimen in ventral view, high focus. 
5 Specimen MPK 10344, sample TP 26, specimen in dorsal view, low-median focus. 

6 Gonyzrlanjsta jz~rassica (Deflandre 1938) Norris & Sa jeant 1965 subsp. ndectn Sa rjeant 1982. Specimen MPK 10345, sample TP 
26, specimen in ventral view, median focus; note the large epicyst, epicavate cyst organisation and the prominent apical horn. 

7 Wannea acollnris Dodekova 1975. Specimen MPK 10346, sample TF 25, specimen in right lateral view, median focus; note the 
small antapical horn and the epicystal archeopyle. 

8-12 Lithodinia pinnoseptatn (Riding 1987) Williams et al. 1993. Note the regular, smooth par.asutura1 crests and the apical archeopyle. 
8,9 Specimen MPK 10347, sample TP 26, specimen in oblique dorsal view; 8 -high focus, 9 - low-median focus. 
10 Specimen MPK 10348, sample P 26, specimen in oblique ventral view, median focus. 
l1 Specimen MPK 10349, sample TP 26, specimen in oblique left lateral view, lush Focus. 
12 Specimen MPK 10350, sample TP 26, specimen in mid ventral view, high focus; note the parasulcus, which is subdivided into 

individual paraplates. 

13 Utl~odinincnytonensis (Sa jeantl959) Gocht1976). SpecimenMPK10351,sampleTP 24,specimen inmidventralview, high focus; 
note the low parasutural ridges/crests. 

14 Nannocerntopsis pellr~cida Deflandre 1938. Specimen MIX 10352, sample TP 24, note the deep antapical concavity. 

15 Sclzizaqsh'n yura Playford & Dettmann 1965. Specimen MPK 10353, sample TP 26, an entire specimen. 
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AASP CONTRIBUTIONS SERIES NUMBER 36 

PLATE TP5 

Dinoflagellate cysb from the uppermost Callovian of the River Izhma area, Pechora Basin 1 (see section 5.2.2.1). 

1-3 Gonynti!acljsta jtrrnssica (Deflandre 1938) Norris & Sarjeant 1965 subsp. adecta Sa rjeant 1982. Note the epicavate cyst organisation, 
the prominent apical horn, the unusually large epicyst with respect to the hypocyst, the precingular archeopyle and the wide, 
denticulate parasutural crests. 

1,2 Specimen MPK 10354, sample TP 21, specimen in slightly oblique dorsal view; 1 - high focus, 2 -median focus. 
3 Specimen MPK 10355, sample TP 22, specimen in dorsal view, low focus. 

4 Ctenidodinit~m conlin~lzrnz Gocht 1970. Specimen MPK 10356, sample TP 21, specimen in ventral view, low focus; note the wide, 
denticulate parasutural crests. 

5-6 Litlrodinia cnytorzensis (Sarjeant 1959) Gocht 1976. 
5 Specimen MPK 10357, sample TP 21, specimen in ventral view, high focus; note the apical archeopyle and the denticulate 

parasutural crests. 
6 Specimen MPK 10358, sample TP 21, specimen in dorsal view, low focus; note the parasulcal notch. 

7 Clathroctenocystis asnpha (Drugg 1978) Stover & Helby 1987. Specimen MPK 10359, sample TP 21, note the cavate organisation 
and the longitudinally elongate n a m e  of this species. 

8 Paragonyaailacysta sp. Specimen MPK 10360, sample TP 21, specimen in dorsal view, high focus; note the faint indications of 
paratabulation and the anterior intercalary archeopyle. 

9 Kcrlyptea stegasfa (Sarjeant 1961 Wiggins 1975. Specimen MPK 10361, sample TP 22, note the bipolsl horns and the kalyptra. 

10 Fromea tarnatilis (Drugg 1978) Lentin & Wihans  1981. Specimen IMFK 10362, sample TP 22, note the small apical, archeopyle. 

11 Cleistospl~neridiz~m varispinost~m (Sarjeant 1959) Woollam & Riding 2983. Specimen MPK 10363, sample TP 22, specimen in 
ventral view, median focus; note the relatively dense covering of nontabular, capitate spines. 

12 Chytroeisphaeridia chytroeides (Sarjeant 1962) Downie & Sa jean t 1965. Specimen MPK 10364, sample TP 21, specimen in slightly 
oblique left lateral view, median focus; note the operculum which has fallen back into the loisthocyst. 

13-15 Mendicodinium groenlandiclim (Pocock & Sarjeant 1972) Davey 1979. Note the large overall size, the wide, squat ambitus, thesmooth 
autophragrn and the epicystal archeopyle. 

13 Specimen MPK 10365, sample TP 22, specimen in dorsal view, high-median focus. 
14 Specimen MPK 10366, sample TP 22, specimen in ventral view, low focus. 
15 Specimen MPK 10367, sample TF' 21, specimen ~ I I  dorsal view, high focus. 
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AASP CONTRIBUTIONS SERIES NUMBER 36 

PLATE TP6 

Dinoflagellate cysts from the uppermost Callovian (figures 1-3,6; see section 5.2.2.1) and the Kimmeridgian (figures 4, 5, 7-12; see section 
5.2.2.2) of the River lzhma area, Pechora Bash 
1 Gonyaulacysta centriconnata Riding 1983. Specimen MPK 10368, sample TP 22, an isolated hypocyst in dorsal view, high focus; 

note the lugh, denticulate parasutural crests and the suturocavate cyst organisation. 

2,3,6 Cterzidodininmornnhm~ (Eisenack 1935) Deflandre 1938. Note theprorninentwide,densely spinose parasutural crests, the relatively 
large antapical paraplate and the epicystal archeopyle. 

2 Specimen MPK 10369, sample TP 22 an isolated hypocyst in dorsal view, median focus. 
3 Specimen MPK 10370, sample TP 22 an isolated hypocyst in ventral. view, high focus. 
6 Specimen MPK 10371, sample TP 22 specimen in dorsal view, low-median focus. 

4 Leptodinium mirabilc KLement 1960. Specimen MPK 10372, sample TP 20, slightly oblique dorsal view, low focus; note the large 
cyst size, the small apical horn, the low, smooth parasuhral crests and the parasulcus which is subdivided into paraplates. 

5,8 Gonytlla y s t a  jarrassicn (Deflandre 1938) Nonis & Sa jeant 1965 subsp. j~lrnssicn (auionym). Note the bicavate cyst organisation, the 
precingular archeopyte and the prominent apical horn 

5 Specimen MPK 10373, sample TP 14, specimen in dorsal view, high focus; note the operculum inside the loisthocyst. 
8 Specimen MFK 10374, sample TP 17, specimen I1-t slightly oblique dorsal view, high focus. 

7 Leptodinium sp. Specimen MPK 10375, sample TP 19, specimen in oblique venb-a1 view, high focus; note the gonyaulacacean 
paratabulation and the low, smooth parasuh~ral crests. This specimen is probably referable to Leptodinium mirabile, however, 
the parasulcus isnotvisible in detail, thus theindividual pampiates in thisareawhichcharacterise this species, if present, cannot 
be determined. 

9 lirbottlberella rhombifbrmis Vozzhennikova 1967. Specimen MPK 10376, sample TP 14, specimen in dorsal view, high focus; note 
the large epicavation and the precing~l~m archeopyle. 

10 Aldovfia dictyotn (Cookson & Eisenack 1960) Davey 1982. Specimen MPK 10377, sample TP 18, specimen in oblique left lateral 
view, high focus; note the reticulate pericoel. 

11 Endoscriniumnnceps Raynaud 1978. SpecimenMPK 10378,sampleTP 18,specunenindorsal view, high focus; note the relatively 
small apical horn and the precingular ard~eopyle. 

12 Glossodini~rin di~norphalm Ioannides et al. 1977. Specimen MPK 10379, sample TP 14, specimen in ventral view, median focus; 
note the prominent paracingular flange and the antapical protrusions. 
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AASP CONTRIBUTIONS SERIES NUMBER 36 

PLATE TP7 

Dinoflagellate cysts from the Kimmeridgian of the River Izhma area, Pechora Basin (see section 5.2.2.2). Figure 10 was taken using phase 
contrast. 

1-6 Perisseinsplzaeridimpannosum Davey & Williams1966.Note the apicalarcheopyle, theslender paracingularprocesses and the large, 
pa~aplate-centered, distally expanded processes on the remainder of the cyst 

l Specimen MPK 10380, sample TP 20, specimen in dorsal view, median focus. 
2 Specimen MPK 10381, sample TP 19, specimen in lateral view, median focus. 
3 Specimen MPK 10382, sample TP 18, specimen in dorsal view, high focus. 
4 Specimen MPK 10383, sample TP 20, specimen in dorsal view, high-median focus. 
5 Specimen MPK 10384, sample TP 17, specimen in lateral view, median focus. 
6 Specimen MPK 10385, sample 28, specimen in dorsal view, high focus. 

7 Hystrichosphaerzdina orbifrrn Wernent 1960) Stover & Evitt 1978. Specimen MPK 10386, sample TP 14; note the distally 
trabecuhte process complexes. 

8 cf. Flystrichosphneridina o~bgcra (Klement 1960) Stover Br Bvitt 1978. Specimen MPK 10387, sample TP 14; the process complexes 
are interconnected via distal trabeculae, therefore this specimen is not deemed to be Hystrichosphnerina orbqem sensu stricto. 

9 Sysfemntophora sp. Specimen MPK 10388, sample TP 15, this specimen is possibly referable to Systernatophora areolntn, however, 
the process complexes are not distinctly separated and there are several distal trabeculae visible. 

10 Sirmiodinium grossii Alberti 1961. Specimen MPK 10389, sample TP 16, spcchen in dorsal view, high focus; note the prominent 
paracingulum and the antapical opisthopyle. 

11 Cl~ytroeisphaeuidin clylro6des (Sa jeant 1962) Downie & Sarjeant 1965. Specin-ren MPK 10390, sample TP 17, ventral view, low 
focus; note the precingular archeopyle, the ovoidal ambitus and the smooth, relatively thick autophragm. 

12 Stqknnelylron cnytonenseSarjeant 1961. Specjmen MPK 10391, sample T 15, note the an tapical corona and the relatively sparse 
short processes. 

13 Prolixosphaeridiunz anffiillzlrn Erkmen & Sa rjeant 1980. Specimen MPK 10392, sample TP 15; note the apical archeopyle and the 
dense covering of simple spines. 
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PLATE TP8 

The dinoflagcllate cyst l<hyrzchodiniopsis clndophora from the Lower Kimmeridgian of the River Izhma area, Pechnra Basin (see section 5.2.2.2). 

1-6 Rhynchodiniopsis clrrdophora (Deflandre 1938) Below 1981. Note the subovoidal to subquadrangular ambitus, the relatively hick, 
robust autophragm, the precingular archeopyle, the prominent apical horn and the spinose parasutural ridges of this large and 
distinctive taxon. 

1 Specimen MPK 10393, sample TP 20, ventral view, hi$-median focus. 
2 Specimen MPK 10394, sample TP 20, dorsal view, high focus. 
3 Specimen MPK 10395, sample TP 20, dorsal view, low focus. 
4 Specimen MPK 10396, sample V 20, oblique dorsal view, high-median focus. 
5 Specimen MPK 10397, sample TP 19, ventral view, high focus. 
6 Spccimen MPK 10398, sample TP 19, dorsal view, high focus. 
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PLATE TP9 

DinoflagelIate cysts from the Kirnrneridgian of the River Pizhma mea, Pechora Basin (see section 5.2.3). Figure 9 is a composite photomicro- 
graph. 

1 Rhynchodiniopsis clndophora (Deflandre 1938) Below 1981. SpecimenMPK 10399, sample TP 29, specimenin oblique dorsal view, 
high focus; note the precingular archeopyle and the denticulate parasutural ridges. 

2 Leptorlinium qnirabile Klement 1960. Specimen MPK 10400, sample TP 34, specimen in oblique dorsal view, low focus; note the 
mechanically damaged nature of this individual and the parasulcus which is subdivided into paraplates. 

3 EndoscriniumnncepsRaynaud 1978. SpecimenMPK 10401,sampleTP 29,specimen in slightly obliquedorsalview, median focus; 
note the cavate cyst organisation, the precinguIar archeopyle and the small apical horn 

4-8 Per.isseiasphaeridiltm pnnnosum Davey & Wiliiams 1966. Note the apical archeopyle, the slender, solid paracingdar processes and 
the prominent, cylindrical, distally expanded processes over the remainder of the cyst. 

4 Specimen MPK 10402, sample TP 33, specimen in oblique dorsal view, median focus. 
5 Specimen MPK 10403, sample 'IT 33, specimen in lateral view, high-median focus. 
6 Specimen MPK 10404, sample TP 29, specimen in dorsal view, high focus. 
7 Specimen MPK 10405, sample TP 29, specimen in dorsal view, high focus. 
8 Specimen MPK 10406, sample TP 33, specimen hi dorsal view, median focus. 

9 Giossodinitrm di~norphzrm Ioannides et al. 1977. Specimen MPK 10407, sample TT 30, composite photomicrograph, specimen ~J I  

dorsal view; note the antapical protuberance and the high, smooth parasutural crests. 

10 Sirmiodzniurngrossii Alberti 1961. Specimen MPK 10.108, sample TP 29, specimen in ventral view, median focus; note the cavate 
cyst organisation. 

11,12 Ambonosphnem? stnfinensis (Gitmez 1970) hding & Poulsen 1992. SpecirnenMPK 10409, sample TP 28, specimen in dorsal view, 
11 - median focus; 12 - low focus; note the apical archeopyie, the camocavate cyst organisation and the thick, scabrate 
endophragm. 

Tubofuberelln dnngenrdi (Sa jeant 1968) Stover & Evitt 1978. Specimen MPK 10410, sample TP 35, specimen in dorsal view, high 
focus; note the cavate cyst organisation, the gonyaulacacean paratabulation indicated by low, smooth ridges and the 
precingulx archeop yle. 

Pnreodinia halosn (Filatoff 1975) Prauss 1989. Specimen MPK 10411, sample TP33, note the main cyst and the irregular kalyptra. 
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AASP CONTRIBUTIONS SERIES NUMBER 36 

PLATE TPlO 

Dinoflagellate cysts from the lateRyazanian/early Valanginian of theRiver P i z h a  area, Pechora Basin(see section5.2.3). Allspecimens from 
sample TP 27. Figure 10 was taken using phase contrast. 

1 Endoscrinizlm anccps Raynaud 1978. Specimen MPK 10412, specimen in dorsal view, high focus; note the small apical horn, the 
cavate cyst organisation and the precingular archeopyle. 

2 h~bobrberel!n rlzombiformis Vozzhennikova 1967. Specimen MPK 10413, specimen in dorsaI view, high focus; note the large cyst 
size, the antapical opisthopyle and the precingular archeopyle. 

3,4 Imbntodiniurn kondratjwii Vozzhennikova 1967. Specunen MPK 10414, specimen in oblique dorsal/right lateral view, 3 - high 
focus, 4 - low focus; note the large cyst size, the longitudinally elongate ambitus, the dense, granulate-tuberculate omarnen- 
tation on the hypocyst and the anterior intercalary archeopyle. 

5 Cribroperidirtiunt sp. Specimen MPK 10415, specimen in ventral view, high focus; note the prominent apical horn. 

6-8,12 Endoscrinitrm glabnrm (Duxbury 1977) Below 1981. Note the circumcavate cyst organisation, the precingular archeopyle and the 
gonyaulacacean paratabulation indicated by low ridges on the periphragm. 

6 Specimen MPK 10416, specimen in dorsal view, median focus. 

7,8 Specimen MPK 10417, specimen in oblique ventral view, 7 -high focus, 8 - low-median focus. 
12 Specimen MPK 10418, specimen in oblique right lateral view, high focus. 

9,13 Achomosphnera sp. Note the furcate, Spiniferites-type processes and the apparent lack of parasutural ridges. 
9 Specimen MPK 10419, specimen in median focus. 
13 Specimen MPK 10420, specimen in low focus. 

10 Hystrichodinium pulchnun Deflandre 1935. Specimen MPK 10421, specimen in oblique dorsal view, h g h  focus; note the 
paracingulum and the prominent spinose parasutural crests. 

11 Sirnriodinis~m gmssii Aberti 1961. SpecirnenMPK 10422, specimen in dorsal view, high focus; note the cavate cyst organisation 
and the antapical opisthopyle. 

14 Circrllodinir~m disfir~ctzim (Deflandre & Cookson 1955) Jansonius 1986. Specimen MPK 10423, specimen inventral view, median 
focus; note the marginate nature of the low-relief ornamentation, the apical archeopyle and the offset parasulcal area. 

15 Bourkodiniztln sp. Specimen MPK 20424, note the bipolar concentation of the distally-expanded processes. 

16 Gonyarrlncysta helicoiden (Eisenack & Cookson 1960) Sajeant 1966. Specimei~ MPK 10425, specimen in ventral view, high focus; 
note the intratabular tubercles, the denticulate parasutural crests and the profoundly laevorotatory paracingulum. 
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PLATE TPlI 

Dinoflagellate cysts from the Volgian of the River Izluna area, Pechora Basin (see section 5.2.4). 

1-2 Glossodinium dimorplr~trn Ioannides et al. 1977. Note the antapical protuberance and the wide, smooth parasutural crests. 
1 Specimen MPK 10426, sample IT' 37, specimen in oblique dorsal view, high focus. 
2 Specimen MPK 10427, sample TP 37, isolated hypocyst in antapical view, low focus. 

3 Simiodini~~mgrossiiAlberti1961. SpecimenMPK 10428, sarnpleTP43,specirnenindorsalview, high focus; note theapical horn/ 
protuberance, the cavate cyst organisation and the antapical opisthopyle. 

4-5 T~~botuberelln rhombiformis Vozzhennikova 1967. Note the elongate longitudinal ambitus, the apical horn and the cavate cyst 
organisation. 

4 Specimen MPK 10429, sample TP 39, specimen in oblique dorsal view, h g h  focus. 
5 Specimen MFK 10430, sample TP 43, specimen in oblique dorsal view, high focus. 

6, 7 Imbatodiniurn sp. A. This specimen is closely related to Imbafodinir~m kondratjevii, however, the granulate omamentaion is 
concentrated UI the antapical region. Note the anterior intercalary archeopyle and the prominent apical horn. Specimen MPK 
10431, sample TP 43, specimen in ventral view, 6 - high focus; 7 -low focus. 

8,12-14 Oligosphneridium pat~dum Riding C Thomas 1988. Note the apical archeopyle, the lack of paracingular processes and the large, 
cylindrical, distany expanded, paraplate-centered processes. 

8 Specimen MPK 30432, sample TP 37, specimen in dorsal view, high focus. 
12 Speciinen h4PK 10433, sample 'IF 39, specimen in ?ventral view, high focus. 
13 Specimen MPK 104,14, sample TP 37, specimen in dorsal view, high focus. 
14 Specimen MPK 10435, sample Tl' 39, specimen in dorsal view, low focus. 

9 Meithrinsphacridium porosispinuin Davey 1982. Specimen MPK 10436, sample TP 39, specimen in dorsal view, high focus; note 
the wide processes. 

10-11 Prolirosphaeridi~rm pnmispinu?n (Deflandre 1937) Davey et al. 1969. Note the elongate nature of this species, the relatively short, 
simple spines and the apical archeopyle. 

10 Specimen MPK 10437, sample TP 42. 

11 Specimen M?K 10438, sample TP 43. 
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AASP CONTRIBUTIONS SERIES NUMBER 36 

PLATE RP1 

The dinoflagellate cyst Protobatioladinizum from the Bathonian of Borehole 132, near Elatrna (see section 5.3.1.1). All figures taken using phase 
contrast except number 11. 

Protobntiol~dinit~m elntmilcl~sis Riding & Ilyina 1996. Note the acavate cyst organisation, the large apical horn and the sigruficantly 
smaller antapical horn or protrusion, which is offset ventrally and thecombination, type (tA) + (21), archeopyle. Theapical opercular 
paraplates, however, frequently remain attached to the loisthocyst. This species is notnormaUy dorso-ventrally flattened, thus the 
equatorid portion of h e  hypocyst may form a distinctive subequatorial 'shoulder' in latetal/oblique lateral views. 
Specimen MPK 10129, sample W 14, a topotype in dorsal view, high focus; note the small antapical horn, offset to the right. 
Specimen MPK 10130, sample W 14, a topotype in lateral view, high focus; note the apparent lack of an archeopyle. 
Specimen MPK 10131, sample RP 14, a topotype in right lateral view, lugh-median focus; note incipient archeopyle formation 
to the left of the epicyst. 
Specimen MPK 10132, sample RP 14, a topotype in dorsal view, median focus; note the antapical horn, offset to the right. 
Specimen MPK 10133, sample RP 14, a topotype in dorsal view; note the small antapical horn, offset to the right. 
Specimen MPK 10134, sarnple RP 14, the holotype in left lateral view, high focus; note the disruption of the anterior intercalary 
paraplate series due to archeopyle formation. 
Specimen MPK 10135, sample RP 14, a topotype in Left lateral view, high-median focus; note the absence of the anterior 
intercalary paraplate series due to archeopyle formation. 
Specimen MPK 20136, sample RP 14, a topotype in mid dorsal view, high-median focus; note the absence of the anterior 
intercalary paraplate series due to archeopyle formation. 
Specimen MPK 10137, sample RP 11, specimen UI mid dorsal view, high focus; note the relatively large archaopylewhich may 
have been enlarged by mechanical damage. 
Specimen MPK 10138, sample RP 13, specimen in dorsal view, high-median focus; note the complete archeopyle fornlation. 
Specimen MPK 10139, sample RP 11, specimen in left lateral view, median focus; note incipient archeopyle formation to the 
right of the epicyst. 
Specimen MPK 10140, sample RP 13, a badly mechanically damaged specimen in high-medial focus. 
Protobatioladinitim? elongatzrrn Ridb~g & Ilyina 1998. Note the acavate, slender, longitudinally elongate cyst organisation, the 
extremely Large apical horn and the often smaller antapical horn, which is offset ventrally. This species is not dorso-ventrally 
flattened, thus the equatorial portion of the hypocyst may form a distinctive bulge or 'shoulder' in lateral and obliquelateral views. 
The archeopyle is anterior intercalary, apparently type (21). 
Specimen MPK 10141, sample RP 9, specimen in left lateral view, high focus; note the unusually homomorphic horns and the 
apparent lack of an archeopyle. 
Specimen MFK 10142, sample RP 9, specimen in right lateral view, high-median focus; note the prominent apicai horn and the 
apparent lack of an archeopyle. 
Specimen MPK 10143, sample RP 13, the holotype in oblique dorsal/right lateral view, median focus; note the incipient 
archeopyle formation in the left of the epicyst. 
Specimen MPK 10144, sample IiP 13, a topotype in oblique right lateral view; nclte the archeopyle and the relatively small 
mtapical horn. 



JURASSIC & CRETACEOUS DINOFLAGELLATE BIOSTRATIGRAPHY, RUSSIAN PLATFORM & NORTHERN SIBERIA 



AASP CONTRIBUTIONS SERIES NUMBER 36 

PLATE RP2 

Dinoflagellate cysts (figures 1-6,8,9), an acritarcl~ (figure 7), indigenous gymnosperm pollen (figure 10) and reworked Carboniferous spores 
(figures 11-13) from the BathonianandLower Callovianof Borehole 132, nearElatma (seesectjons5.3.1.1 and5.3.1.2). Figure3was taken using 
phase contrast. 

1 Konjstocystngocl~tii (Sarjeant1976)Woollam 1983. SpecirnenMPK 10439, sample RP 15, specimen~~dorssLview, highfocus;note 
h e  epicystal archeopyle and the gonyadacacean paratabulation indicated by low parasutural ridges. 

2 Chytroeisphneridia hynlina (Xaynaud 1978) Lentin & Williams 1981. Specimen MPK 10440, sample RP 7, specimen in left lateral 
view, high focus; note the smooth autophragm and the large precingular archeopyle. 

3 Nannoceratopsis pellutidu Deflandre 1938. Specimen MPK 10441, sample RP 15, photomicrograph taken using phase contrast; 
note the deep antapical concaviq. 

4-5 Ctenidodir~ittm sellwoodii (Sa jeant 1975) Stover & Evitt 1978. Note the wide, squat nature of this species, the epicystal archeopyle 
and the low parasutural ridges which are often denticdate. 

4 Specimen MPK 10442, sample RP 15, specimen in oblique ventral view, high focus. 
5 Specimen MPK 10443, sample RP 15, an isolated hypocyst in dorsal view, high focus. 

6 ?Lithodinin caytonensis (Sa rjeant 1959) Gocht 1976. Specimen MPK 10444, sample RP 7, specimen in dorsal view, high-median 
focus; note the apical archeopyle, the thick autophragm and the low parasuh~raj ridges. 

7 Schizocystia Play ford & Dethllann 1965. Specimen MPK 10445, sample RP 16, a specimen in which the equatorial split has 
operated. 

8 Mendicodinit~rn gvoer~landicc~rn (Pocock & Sarjeant 1972) Davey 1979. Specimen W K  10446, sample RP 14, specimcn in ventral 
view, high-median focus; note the smooth, relatively thin autophragrn and the epicystal archeopyle. 

9 Pareodinirr ceratophora Deflandre 1947. Specunen MPK 10447, sample RP 16, note the single apical horn. 

10 Callinlnsporites dampieri (Balrne 1957) Sukh Dev 1961. Specimen MPK 10448, sample RP 10, specimen UI proximal view, high- 
median focus; note the cavate nature of this genus and the prominent vestigial trilete mark. 

l1 Lycospora pusilln (Ibrahii 1932) Schopf et al. 1944. Specimen MPK 10449, sample RP 14, specimen in proximal view 

12 Tripartites vettrslr~s Scheme1 1950. Specimen MPK 10450, sample RP 13, specimen in proximal view. 

13 Densosporites rarispinosus Playford 1963. Specimen MPK 10451, sample RP 12, specimen in proximal view. 
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PLATE RP3 

Dinoflagellate cysts from the Lower andMiddle Oxfordian of Borehole 132, near Elatrna (seesection5.3.1.3). Figure 10 was taken usingphase 
contrast. 

l Endoscrinium gnleritum (Deflandre 1938) Vozzl~ennikova 1967 subsp. reticulatzl~n (Klernent 1960) GBrka 1970. Specimen MPK 
10452, sample RP 3, specimenin oblique dorsal view, high-median focus; note the strongly reticulate periphragm and the large 
cyst size. 

2 Triclrudini~rrn scarburghensis (Sa rjeant 1964) Williarns et al. 1993. Specimen MPK 10453, sample RP 6, specimen in dorsal view, 
high-median focus; note the prominent apical horn and the extremely thick, differentiated autophragm. 

3 Gonynulncysta jrrrassica (Deflandre 1938) Norris & Saqeant 3965 subsp. adecta Sa jeant 1982 var. longicor~zis (Deflandre 1938) 
Sa rjeant1982. Specimen MPK 10454, sample RP3, specimeninventralview,median focus; note the extremely largeepipericoel. 

4 Endosminium gnlerilum (Deflandre 1938) Vozzhennikova 1967 subsp. goleritu~n (autonym). Specimen MPK 10455, sampleRP 6, 
specimen in dorsal view, median focus; note the granulate/scabrate ornamentation. 

5 Endoscrinium lilridtim (Deflandre 1938) Gocht 1970. Specimen MPK 10456, sample RP 1, specimen in dorsal view, median focus, 
note the circumcavate cyst organisation. 

6 Scriniodinium crysfaifinarm (Deflandre 1938) Klement 1960. Specimen MPK 10457, sample RP 4, specimen in dorsal, view, high- 
median focus; note the circurncavate nature of the cyst. 

7 Gonyulncysfa jumssica (Deflandre 1938) Nbrris & Sa rjeant 1965 subsp. jt~rossica (autonym). Specimen MPK 10458, sample RP 
3, specimen in ventral view, median focus; note the bicavate cyst organisation. 

8 Lithodiniu sp. A. Specimen MPK 20459, sample RP 3, specimen in dorsal view, high focus, note the thick autophragm. 

9 Limbodinirrrnabsid~t~rm (Drugg 1978) Riding 1987. SpecimenMPK10460, samplc RP 6, a fragment of an individual cyst in oblique 
dorsal/antapical view, high focus, note the prominent paracingular flange. 

10 Wn~taen thysanota Woollam 1982. Specimen MFK 10461, sample RP 6, a small fragment of an isolated hypocyst including part 
of the distinctive posterior paracingular flange, hjgh focus. 

11 Clzytroeisphaen'dia cerastes Davey 1979. Specimen MPK 10462, sampleRP S, specimen in oblique dorsal/rightlateralview, high/ 
median Focus, note the apical horn, the thick, smooth autophragm and the prominent precingular archeopyle. 

12 Ambonosphaera? stnfinensis (Gitmez 1970) Poulsen & Riding1992. Specimen MPK 10463, sample RP 2, specimen inventralvjew, 
median focus, note the narrow pericoel and the thick endophragm. 

13 Stephanelytron redcltflei?se Sarjeant 1961. Specimen MPK 10464, sample RP 6, note the numerous short processes and the 
holocavate cyst organisation. 

14 C~vssoiin deJlaizdrei Wolfard &Van Erne 1981. Specimen MPK 10465, sample RP 3, specimen in dorsal view, high-median focus, 
note the large anterior intercalary archeopyle and the narrow pericoel. 
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PLATE RP4 

Dinoflagellate cysts from the Lower Callovian, Upper Callovian and Lower Oxfordian of outcrop 5, on the west bank of the River Oka, near 
Jnkino village in the Elatrna region (see section 5.3.2). Figure 1 is a composite photomicrograph and figure 3 was taken using phase contrast. 

1-2 Trichodinium scarburghensis (Sa rjeant 1964) Williams et al. 1993. Note the large cyst size and the prominent apical horn which 
comprises amastornosing fibrous ornarnentation/processes. 

1 Specimen MPK 10466, sample RP 17, composite photomicrograph; specimen in oblique dorsal view. 
2 Specimen MPK 10467, sample RP 17, specimen in oblique dorsal view, high-median focus. 

3,6 Wanaeajmbviata Sa rjeant 1961. Note the wide, fenestrate posterior paracingukr flange. 
3 Specimen MPK 10468, sample RP 17, hypocyst in anterior view. 
6 Specjmen MPK 10469, sample 17, damaged I~ypocyst in anterior view. 

4 Clrytroeisplraeridia hyalinn (Raynaud 1978 Lentin &r Williams 1981. Specimen MPK 10470, sample RP 22, specimen in left lateral 
view, high focus; note the subcircular ambitus, the precingular archeopyle and the large cyst size. 

5 Cleistosphneridium varispinosum (Sa jeant 1959) WooUam & Riding 1983. Specimen MPK 10471, sample RP 19, note tl~erela tively 
short, distally capitate processes. 

7 Sirmiodir~irrm grossii Alberti 1961. Specimen MPK 10472, sample RP 17, specimen in oblique dorsal view, high focus; note the 
wide pedcoel and the antapical opisthopyle. 

8 Sirmiodiniopsis orbis Drugg 1978. Specimen MPK 10473, sample RP 22, specimen in dorsal view, median to low focus; note the 
apical archeopyle and the cavate cyst organisation. 

9 Ambonosphaera?stafil~ensis (Gitrnez 1970) Poulsen & Riding 1992. Specimen MFK 10474, sample RP 17,specunen in dorsal view, 
median focus; note the camocavate cyst organisation, the relatively thick endophragm and the apical archeopyle. 

10 Clatllroctenon~stisnsapl~a (Drugg 1978) Stover&I-Ielby 1987. SpecimenMPK 10375, sample RP 17, note the apical archeopyle and 
the longitudinally elongate nature of this species. 

11,12 Clzytroeisphaeridia cerastes Davey 1979. Specimen MPK 10476, sample RF 17, specimen in dorsal view, 11 -high focus; 12 - low 
focus; note the prominent apical horn, the smooth autophragm and the precingular archeopyle. 

13 Chytroeisphaeridin chytroeirles (Sarjeant 1962) Downie & Saijeant 1965. Specimen MPK 10477, sample RF 22, specimen jn right 
lateral view, high focus, note the large precingular archeopyle. 

14 Criissolirr dePnndreiMlolfard & VanErve 1981. SpecimenMFK10478, sample W 17, specimen in right lateralview,medianfocus, 
note the anterior intercalary archeopyle and the narrow pericoel. 



JURASSIC &. CRETACEOUS DINOFLAGELLATE BIOSTRATIGRAPHY, RUSSIAN PLATFORM 8 NORTHERN SIBERIA 

. P  .. .C' . .  .. ..g - 3.A%,'24 

>' U -* 17 - 9 * 

,*.;* . . U '- . . . .  * .' . I. . . . .  -1 p' : . . .  :; ,,.,y--;,*7 :T * 
.';l. : . - . : . - $  L A . . *  . 

iL , I . L r - .  S' . :.. . . .,., - ..F:. ::, .-A. ' I 1Y . -. ... . .. , . 
. : . . . . . . .  . . !  4' ....a, .-X ,C - ?.'-'..- 
" . l * . * h - , ! . ,  . . :. . 

. c-<..t-..l.; , -  b..' . . ~, .. ' . . .  , .- ..... ; ,, .. 
. . . . . . . . .  * 

.. 0 . .  ..C.. ; i, , 1.. . .,. . . 

. 
t; 'l: , - 

,, , L b  t -,-. h,.'. &. :i2 '1 , , \ 
, , t;. , , ' v;- \ .I ;r 1 

- -f  ! *  y+ a 

: ..p , , / . ) L  
' , \ '  

, " 



AASP CONTRlBUTIONS SERIES NUMBER 36 

PLATE RP5 

Dinoflagellate cysts (figures 1-15) and Bot~yococcns brat~nii (freshwater/brackish alga) (figure 16) from the Upper CaUovian and Lower 
Oxfordian of section 2, River Unzha area, near Kostroma (see section 5.3.3.1). 

1-5 Cnlssolia dalei Smclror & Arhus 1989. Note the intercalary, type 31, archeopyle and the bicavate cyst organisation 

l, 2 Specimen MPK 10479, sample RP 28, specimen in dorsal view; 1 - high focus, 2 - low focus. 

3,4 Specimen MPK 10480, sample RP 29, specimen in oblique dorsal view; 3 -high focus, 4 - low focus. 
5 Specimen MPK 10481, sample RP 29, specimen in oblique dorsal view, high focus. 

6,7 Crussolia perireticulnta Arhus et al. 1989. Specimen MPK 10482, sample RP 29, specimen in slightly oblique dorsal view; 6 -high 
focus, 7 - low focus; note the reticulate periphragm and the cavate nature of this species. 

Cizytroeisphaeridia cerastes Davey 1979. Specimen MPK 10483, sample RP 29, specimen in dorsal view, high focus; note the large 
precingular archeopyle and the apical horn. 

Cn~ssolin deflandrei Wolfard & Van Ewe 1981. Specimen MPK 10484, sample RP 29, specimen in oblique dorsal view; 9 - high 
focus, 10 - low focus; note the large apical horn. 

Lithodinin sp. A. Specimen MPK 10485, sample RP 29, specimen in dorsal view, median focus; note the extremely thick 
autophragm. 

Chytroeisphaeridio chytroeides (Sa jeant 1962) Downie & Sa jeant 1965. Specimen MPK 10486, sample RP 32, specimen in right 
lateral view, high focus; note the precingular archeopyle and smooth autophragm. 

Stqlhaneiytron redcliflense Sa jeant 1962. Note the antapical corona, the apical archeopyle and the parasuh~ral configuration of the 
short processes. 
Specimen MPK 10487, sample RP 30, specimen in dorsaI view, median focus. 
Specimen MPK 10488, sample RP 28, specimen in oblique dorsal view, high focus. 

Fromea fornafiIis (Wrugg 1978) Len tin & Williams 1981. SpecimenMPK 10489, sample RP32, note the hick, smooth autophragm 
and small apical archeopyle. 

Botyococcus bratmii Kutzing 1849. Specimen MPK 10490,sample RP32, a colonidfreshwater/brackish alga; note thedisral cups 
attached to a proximal stem. 
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PLATE RP6 

Dinoflagellate cysts from theupper CaUovianandEower Oxfordianof section2, River Unzha area, near Kostroma (seesection 5.3.3.1). Figures 
6 and 10 taken using phase conkrast. 

1,2 Endoscriniriln galeriturn (Deflandre 1938) Vozzhennikova 1967 subsp. wticulah~m (Klernent 1960) G6rka 1970. Specimen MPK 
10491, sample RP 28, specimen in dorsal view; 1 - high focus, 2 - low focus; note the strongly reticdate periphragm and the 
distinctly pentangular ambitus. 

3 Scriniodini~trn c ystallirium (Deflandre 1938) Klelnent 1960. Specimen MPK 10492, sample W 29, specimen in dorsal view, high 
focus; note the wide pericoel and the circumcavate cyst organisation. 

4 Endoscrinizrm gn[eritrm~ (Deflandre 1938) Vozzhennikova 1967subsp. gnlefitrlm (autonym). Specin~en MPK 10493, sample W 28, 
specimen in ventral view, me&* focus; note the large cyst size and the granulate/scabrate cyst walls. 

5 Gonyoalacysta jurassica (Deflandre 1938) Norris 8r Sa j c m t  19G5 ndecfn Sarjeant 1982 var. longicornis (Deflandre 1938) Sarjeant 
1982. SpecimenMPK10494, sampIeRP29, specimen in left lateral view, high focus;note the large apical horn and the prominent 
epicoel. 

6 Nannocerntopsis pellucida Deflandre 1938. Specimen MPK 10495, sample RP 32; note the large antapical horns. 

7,8 Leptodinium subtile Klement 1960. Specimen MPK 10396, sample R P  28, specimen in dorsal view; 7- median focus, 8 -low focus; 
note the ovoidal arnbitus and the smooth parasutural crests. 

9 Tubotuberella rhombifomis Vozzhennikova 1967. Specimen MPK 10497, sample RP 29, specimen in dorsal view, high focus; note 
the prominent antapical extension of the periphragm. 

10 Sirmiodiniz~m grossii Alberti 1961. Specimen MPK 10498, sample RP 28, specimen in dorsal view, high focus; a subtriangular 
morphotype with wide pericoels, particularly on the hypocyst, note also the antapical opisthopyle. 
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PLATE RP7 

Dioflagellate cysts from the Middle Oxfordian of section 2, River Unzha area, near Koshoma (see section 5.3.3.1). 

1-2, 4, 7 Endoscrini~~m galeritunz meflandre 1938) Vozzhennikova 1967subsp. reticulatum (Klement 1960) Gbrka 1970. Note the large cyst 
size, the cavate cyst organisation and the reticulate periphragm. 

1,2 Specimen MFK 10499, sample RP 25, specimen in oblique dorsal view; 1 -median focus, 2 -low focus. 
4 Specimen MPK 10500, sample RP 24, specimen in ventral view, median focus; note the prominent parasulcus. 
7 Specimen MPK 10501, sample RP 27, specimen in ventral view, median/low focus. 

3 Endoscrinium luridttm (Deflandre 1938) Gocht 1970. Specimen MPK 10502, sample RP 26, specimen in dorsal view, high focus; 
note the subpentangular cyst ambitus and the circurncavate cyst organisation. 

5 Endoscriniai~~~gnlerittr~n (Deflandie 1938) Vozzhemikova 1967subsp. gnlcritum (autonym). Specimen MPK 10503, sample RP25, 
specimen h dorsal view, high focus; note the precingular srcheopple and the scabrate/microgranulate periphragm. 

6 Scriniodiniton cnjstallinzrnz (Deflandre 1938) Klement 1960. SpechenMPK 10504, sampleRP 26, specimen indorsalview, high/ 
median focus; note the paired equatorial claustra, the wide pericoel and the large precingular archeopyle. 

8 Leptodinium mirnbile Klement 1960. Specimen MPK 10505, sample RP 24, specimen in oblique dorsal view, low focus; note the 
large cyst size, the low, smooth parasutural crests and the ovoidal ambitus. 

9 Trici~odinirinr scarbuvghel~sis (Sa jeant 1964) Williams et al. 1993. Specimen MPK 10506, sample RP 26, specimen in oblique dorsal 
view, median focus; note the large cyst size and the thick, differentiated autophragm. 
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AASP CONTRIBUTIONS SERIES NUMBER 36 

PLATE RP8 

Du~oflagellate cysts horn the Middle Oxfordian of section 2, River Unzha area, near Koshoma (seesection 5.3.3.1). Figure 8 taken using phase 
contrast. 

1 Gonynufncysta jjurassica (Deflandre 1935) Norris & Sa jeant 1965 ndccta Sa rjeant 1982 var. longicornis (Deflandre 1938) Sa rjeant 
1982. Specimen MPK 10507, sample RP 27, specimen in dorsal view, high focus; note the prominent apical horn. 

2-3 Gonyatrlacysta jtrrnssica (Deflandre 1938) Norris & Sarjeant 1965 jicrassicn (antonym). Note the bicavate cyst organisation. 
2 Specimen MPK 10508, sample RP 24, specimen in ventral view, median focus. 
3 Specimen MPK 10509, sample RP 24, specimen in oblique dorsal view, high focus. 

4 Gonynulacystneisenackii (Deflandre 1938) G6rka 1965. Specimen MPK 10510, sample RP 24, specimen in dorsal view, high focus. 

5 Gonpulacjl sta dualis (Brideaux &Fisher 1976) Stover & Evitt 1978. Specimen MPK 10511, sample W 26, left lateral view, high- 
median focus; note the smooth parasutural crests. 

6-7 Qrytrocisphaeridin cemstes Davey 1979. Note the smoth autophragm and the precingular archeopyle 
6 Specuncn MPK 10512, sample W 27, specimen in right lateral view, high focus. 
7 Specimen M1)K 10513, sample RP 26, specimen in oblique left lateral/dorsal view, high focus. 

8 Sirmiodinium grossii Alberti 1961. Specimen MPK 10514, sample RP 26, specimen in dorsal view, high focus, a subcircular 
morphotype; note the prominent paracingdum and the antapical opisthopyle. 

9,10 Parngonyaulan~sfa sp. Specimen MPK 10515, sample RP 24, specimen in oblique dorsal view; 9 - high focus, 10 - low focus; note 
the short apical horn and the low parasutural ridges. 

If Chyfroeisphaeridia chytroeides (Sa rjeant 1962) Downie & Sarjeant 1965. Specimen MPK 20516, sample RP 26, specimen in left 
lateral view, high focus; note the precingular archeopyle. 

12 Dingodinium jurassicum Cookson & Eisenack 1958. Specimen MPK 10517, sample RP 24, specimen in right lateral view, high 
focus; note the wide pericoel and the carnocavate cyst organisation. 

13-15 Crussolia perivekicirlafa Arhus et al. 1989. Specimen MPK 10518, sample RP 27, specimen in dorsal view, high to low focus 
sequence; note the wide reticulate periphragm. 

16 Stephanelytron redclifJcnseSa rjeant 1961. Specimen MPK 10519, sample RP 26, specimen in dorsal view, high-median focus; note 
the antapical corona and the parasutural processes. 

17 Stephnnelytron scarbtlrghense Sa rjeant 1961. Specimen MPK 10520, sample RP 27; note the nontabular processes. 
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AASP CONTRIBUTIONS SERIES NUMBER 36 

PLATE RP9 

Dinoflagellate cysts from the Middle and Upper Oxfordian of section 1, River Unzha area, near Kostroma (see section 5.3.3.2). 

1 Endoscriniumgnlerilum (Deflandre 1938) Vozzhemikova 1967subsp.gale1itum (autonym). SpecimenMPK 10521, sample RP 36, 
specimen in ventral view, high focus; note the large size and cavate cyst organisation. 

2,3,6 Gonynulacystn dudis  (Brideaux & Fisher 1976) Stover & Evitt 1978. Note the smooth parasutural crests and the large apical horn. 

2,3 Specimen MPK 10522, sample RP 36, specimen in Ieft lateral view; 2 -high focus, 3 - low focus. 
6 Specimen MPK 10523, sample RP 36, specimen in dorsal view, median focus. 

4-5 Scriniodinium cystnll i t~sirn (Defland w 1935) Klement1960. Note thecircumcavate cystorganisationand theprecingulararcheopyle. 
4 Specimen MPK 10524, sample 37. 

5 Specimen MPK 10525, sample RP 34. 

7 Dingodinium jurassicum Cookson& Eisenack 1958. SpecimenMPK 10526, sample W37, specimen in oblique dorsal view, high- 
median focus; note the camocavate cyst organisation and the wide pericoel. 

8 Chyfroeisphneridi~ ceraslesDavey 1979. SpecimenMPK10527,s.unple RP37, specimeninsligh tly oblique dorsalview, higl~focus; 
note the prominent apical horn and the precingular archeopyle. 

9 Clatl~~octenon~stisasapha (Drugg1978) Stover &r Helby 1987. SpecimenMPK 10528, sampleRP 37, note the elongate ambitus and 
the apical archeopyle. 

l0 Sinniodiniopsis orbis Drugg 1978. Specimen MPK 10529, sample RP 37, specimen in dorsal view, high focus; note the apical 
archeopyle, the citcumcavate cyst organrsation and the paired ciaustra close to tlte aantapex. 

11 Cnlssolia deflnndvei Wolfard L Van Erve 1981. Specimen MPK 10530, sample RP 37, right lateral view, high focus; note the 
epicavate cyst organisation. 



JURASSIC & CRETACEOUS DtNOFLAGELLATE BIOSTRATIGRAPHY, RUSSIAN PLATFORM & NORTHERN SIBERIA 

1 



AASP CONTRIBUTIONS SERIES NUMBER 36 

PLATE RP10 

Dinoflagellate cysts from the Lower XGmmeridgian of sections 3/4, River Unrha area, near Kostrorna (see section 5.3.3.3) 

l, 4,5 Cribroperidinizrm globatltm (Gitmez & Saijeant 1972) Helenes 1984. 
l Specimen MPK 10531, sample RP 44, specimen in ventral view, median focus; note the elongate apical horn. 
4 Specimen MPK 10532, sample RP 46, specimen in dorsal view, Iugh focus; note the thick autopkragm. 
5 Specimen MPK 10533, sample RP 46, specimen in dorsal view, median focus; note the thick autophragm. 

2 Rl~ynchodiniopsis cladophom (Deflandre 1938) Below 1981. Specimei~ MPK 10534, sample RP 41, specimen in dorsal view, high- 
median focus; note the spinose parasutural ridges. 

3 Gonyotntll~lcysfn jurnssicn (Deflandre 1938) Norris & Sa jennt 1965 subsp, jnrnssico (autonym). Specimen MPK 10535, sample RP 
46, specimen in dorsal view, high-median focus; note the bicavate cyst organisation. 

6 Lithodinia sp. A. Specimen MPK 10536, sample RP 38, specimen in dorsal view, high focus; note the thick autophragm. 

7 Tz~bot~tberella rhontbiJorrnis Vozzhennikova 1967. Specimen MPK 10537, sample RP 40, specimen in oblique dorsal view, hjgh 
focus; note the bicavate cyst organisation. 

8 Lepfodiniiimsubtile Klement1960. Specimen MPK 10538, sample RP42,specimeninvenhalview, median focus;note thesmooth 
parasutural crests. 

9 Fromea amplrorn Cookson & Eisenack 1958. Specimen MPK 10539, sample RP 41, note the thick autophragm and the apical 
archeopyle. 

10 Systmtoplrorn areolatn Klement 1960. Specimen MPK 10540, sample liP 41, specimen in dorsal view, high focus; note the apical 
archeopyle. 

11 Dingodiniurn jurossicrrm Cookson & Eisenack 1958. Specimen MPK 10541, sample RP 40, specimen in dorsal view, high-median 
focus. 

12 Cl~ytrouisphneridin ckyfroeida (Sa rjeant 1962) Dowq~ie & Sa rjeant 1965. Specimen MPK 10542, sample RP 42, specimen in dorsal 
view, high focus; note the large precingular, type P, archeopyle. 

13-14 Stephanelytron scarburgl7ense Sa rjeant 1961. Note the dense cover of short, nontabular processes. 
13 Specimen MPK 10543, sample RP 41. 
14 Specimen MPK 10544, sample RP 44. 
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AASP CONTRIBUTIONS SERIES NUMBER 36 

PLATE RP11 

Dinoflagcllate cysts from the Kimrneridgian and Volgian of Gorodische (see section 5.3.4). Figures 9 and 10 were taken using phase contrast. 

1,2,4 Rhpckodiniopsis martonense Bailey et al. 1997. Note the apical horn and the prominent paratabular processes at the paracinplum 
and the antapical paraplate. 

1 Specimen MFK 10699, sample RP 53, specimen in oblique dorsal view, median focus. 
2 Specjmen MPK 10700, sample RP 53, specimen in ventral view, median focus; note the clear standard gonyaulacacean 

paratubulation pattern. 
4 Specimen MPK 10701, sample RP 53, specimen in dorsal view, low focus. 

3 Cribruperidi~zium sp. Specimen MPK 10702, sample RP 57, specimen in dorsal view, high-median focus; note the prominent 
apical horn. 

Cribroperidi?ziumg[obatsrnz (Gitmez&Sa jeantl972) Helenes 1984. SpechenMPK 10703, sample PU'66, specimen in dorsalview, 
high focus; no.te the dsntjculate parasutural ridges and thick, robust autophragm. 

Glossodinzum dimorphum Ioannides et al.  1977. Specimen MPK 10704, sample RP 64, specimen in ventral view, high-median 
focus; note the antapical protuberance and the high parasutural crests. 

Senoniasphaern jrrrassica (Gitmez & Sa jeant 1972) Lentin & Williams 1976. Note the offset parasulcus, the apical archeoyyle and 
the circumcavate cyst organisation. 
Specimen MPK 10705, sample RP 47, specimen ui oblique lcft lateral-ventral view, high focus. 
Specimen MPK 10706, sample RP 47, specimen in ventral view, high-median focus. 

Tiibotvbereila rhonnbiforn~is Vozzhemukova 1967. Note the bicavate cyst organisation and the wide epipericoel. 
Specimen MPK 10707, sample RP 61, specimen in dorsal view, high focus. 

Specimen MPK 10708, sample RP 50, specimen in dorsal view, high locus. 
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AASP CONTRIBUTIONS SERIES NUMBER 36 

PLATE RP12 

Dinoflagellate cyse (figures 1-13), prasinophytes (figures 14,15) and a reworked Carbonilerous spore (figure 16) from the Kimmeridgian and 
Volgian of Gorodiche (see section 5.3.4). Figtues 2 and 3 were taken using phase conkast. 

1-2 Sirrniodiniurn grossii Alberti 1961. Note the antapicd opisthopyle and the cavate cyst organisation 
1 Specimen MPK 10709, sample RP 53, specimen in dorsal view, high focus. 
2 Specimen MPK 10710, sample RP 68, specimen in ventral view, high focus. 

3 Scriniodiniurn inritibile Riley in Fisher & Riley 1980. Specimen MPK 10711, sample RP 61, specimen in dorsal view, high focus; 
note the narrow pericoel. 

4,8 Lepfodinium s~ibtile Klement 1960 Note the subpentangular dorsoventral cyst ambitus, the precingular arclteopyle and the high, 
smooth parasuhiral crests. 

4 Specimen MPK 10712, sample RP 61, specimen in dorsal view, high-ntedian focus. 
8 Specimen MPK 10713, sample W 61, specimen in dorsal view, median focus. 

5 Pareodinia halosn (Filatoff '1975) Prauss 1989. Specimen MPK 10714, sample RP 66, note the prominent kalyptra and lack of any 
horns. 

6,7 Occisucystn bnlios Gitmez 1970. Specimen MPK 10715, sample RP 59; specimen in right lateral view; 6 -high focus, 7 -low focus; 
note the epicavate cyst organisation and the precingular archeopyle. 

9-10 Dingodinium t~iberoszirn (Gitmez 1970) Fisher & Rilcy 1980. Note the tuberculate endophrap.  
9 Specimen MPK 10716, sample RP 58, specimen in dorsal view, high focus. 
10 Specimen MPK 10717, sample RP 66, specimen in oblique dorsal view, high focus. 

11 Dingodinhim cf. tuberosum (Gitrnez 1970) Fisher & Riley 1980. Specimen MPK 10718, sample RP 58, specimen in ?lateral view, 
high focus. 

12,13 Dingodinium jurnssic~rn~ Cookson & Eisenack 1958. Note the relatively wide pericoel and the subcircular ambitus. Specimen 
MPK l07l9, sample RP 62, specimen in dorsal view, high focus. Specimen MPK 10720, sample RP 57, specimen in dorsal view, 
high focus. 

14 Tasmnnifes sp. Specimen MPK 10721, sample W 48, specimen in median focus; note the thick wall. 

15 Pterospermelln sp. Specimen MPK 10722, sample RP 47; note the relatively small inner body. 

16 Murosporn azrrita (Waltz 1938) Playford 1962. Specimen MPK 10723, sample RP 68, note the extremely tliick: spore wall. 
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PLATE RP13 

Dinoflagellate cysts from the Kimmeridgian and Lower Volgian of Gorodische (see section 5.3.4). All photomicrographs taken using phase 
contrast except figure 15. Figure 14 is a composite photomicrograph. 

Subtilisplraern? i m f e c t n  (Drugg 1978) Bujak & Davies 1983. Note the cavate cyst organisation, I 
paracingulum, the smooth endophragm and periphragm and the apparent lack of an archeopyle. 
Specimen MPK 10724, sample W 61, specimen in ventral view, high focus. 
Specimen MPK 10725, sample RP 61, specimen in dorsal view, high focus. 
Specimen MPK 10726, sample RP 64, specimen in ventral view, high focus. 
Specimen MPK 10727, sample RP 64, specimen in dorsal view, high locus. 
Specimen MPK 10728, sample RP 64, specimen in dorsal view, high-median focus. 
Specimen MPK 10729, sample W 62, specimen in dorsal view, median focus. 
Specimen MPK 10730, sample RP 66, specimen in ventral view, high focus. 

:he short apical horn, the 

8-11 Subtilisphawa? paeminosa (Drugg 1978) Bujnk & Davies 1983. Note the apical horn which often appears to have a solid distal point, 
the apparent lack of an archeopyle and the low relief ornamentation (granules, verrucae etc.) on both cyst layers. 

8 Specimen MPK 10731, sample RP 64, specimen in dorsal view, low forus. 
9 Specimen MPK 10732, sample RP 64, specimen in dorsal view, high focus. 
10 Specimen MPK 10733, sample RP 64, specimen in dorsal view, high focus. 
l1 Specimen MPK 10734, sample RP 64, specimen in dorsal view, high focus. 

12-14 ?Subtilisphaera? paeminosa (Drugg 1978) Bujak & Davies 1983. These specimens are probably referable to Subtilisphoera? paeminosa, 
however, they exhibit slightly atypical ornamentation. 

12 Specimen MPK 10735, sample RP 64, specimen in dorsal view, high focus. 
13 Specimen MPK 10736, sample RP 64, specimen in dorsal view, high-median focus. 
14 Specimen MPK 10737, sample RP 64, composite photornicrograph; specimen in dorsal view. 

15 Chytroeisyhneridia drytroeides (Sarjeant 1962) Downie & Sa jeant 1965. Specimen MPK 10738, san~ple RP 61, specimen in left 
lateral view, high focus, note the large precingular archeopyle. 

16 Ambonosphacrn? stafillensis (Gitmez 1970) Poulsen & Riding1992. Specimen MPK 10739,sampleRP66,specimen indorsalview, 
median focus; note the cavate cyst organisation and the apical archeopyle. 
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AASP CONTRIBUTIONS SERIES NUMBER 36 

PLATE RP14 

Chorate and proximochorate dinoflagellate cysts from the Kimmeridgian and Volgian of Gorodische (see section 5.3.4). 

1,2 Hystrichospl~ae~inn orbifera (Klement 1960) Stover & Evitt 1978. Specimen MPK 10740, sample RP 62, specimen in dorsal view; 
l - high focus, 2 - low focus; note the slender paracingular processes. 

3 Oligosphaeridi~~mpatulum Riding &Thomas1988. SpecimenMPK 10741, sample RP 61, specimeninventralview,low focus;note 
the lack of paracingular processes. 

4-6 Systmntophora dnveyi Riding & Thomas 1988. Note the apical archeopyle, the arcuate process complexes, open toward the 
paracingulum and the slender paracingular processes. 

4 Specimen MPK 10742, sample RP 64. 
5 Specimen MPK 10743, sample I7P 64. 
6 Specimen MPK 20744, sample RP 55. 

7,8 Sysfe~natophom nreolnto Klement 1960. Specimen MPK 10745, sample RP 57, 7 - high focus, 8 - low focus; note the apical 
archeopyle and the relatively simple process complexes. 

9,10,14 Klcithriaspizaeridium porosispinum Davey 1982. Note the precingular archeopyle and the relatively wide processes. 
9,10 Specimen MPK 10746, sample RP 57, specimen in right lateral view; 7 -high focus, 8 - low focus. 
14 Specimen MPK 10747, sample W 53. 

l1 Prolivosphaeridium pawispinurn (Deflandre 1937) Davey et al. 1969. Specimen MPK 10748, sample RP 66, specimen in ventral 
view; note the elongate n a m e  of this genus and the simple nontabular processes. 

12 Prolixosphneridiiim rnixtispinosrim (Klemel~t 1960) Davey et al. 1969. Specimen MPK 10749, sample RP 68, note the apical 
archeopyle and both the long and short processes. 

13 Hyst~ichodinirvv pulchrrrm Dcflandre 1935. Specimen MPK 10750, sample RP 57, note the paracinguf~un and the sl~ort, 
proximally-expanded processes. 
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AASP CONTRIBUTIONS SERIES NUMBER 36 

PLATE W15 

Dinoflagellate cysts (figures 1-8) and prashophytes (figures 9-14) from the Middle and Upper Volgian of Kashpir (see section 5.3.5). 

1-2 Senoniasplraera jurrrssicn (Gitrnez & Sarjeant 1972) Lentin & Williams 1976. 
1 Specimen MPK 10545, sample RP 72, specimen in ventral view and focus; note the apical archeopyle, the offset parasulcus 

and the circumcavate cyst organisation. 
2 Specimen MPK 10546, sample RP 73, specimen in dorsal view, median focus. 

3 Tubotuberelln rhornbifbmis Vozzhennikova 1967. Specimen MFK 10547, sample RP 73, specimen in dorsal view; note the 
expanded epipericoel. 

4-5 Oligosphneridiurn pntui~lm Ridmg Br Thomas 1988. Note the large, paraplate-centered processes, which are greatly expanded 
distally and the lack of paracingular processes/ornnmentation. 

4 Specimen MPK 10548, sample RP 76, composite photomicrograph. 
S Specimen MPK 10549, sample RP 76. 

6 T~tbotube.rellanpnteln (Cookson& Eienack1960)Toannides etal. 1977. SpecimenMPK 10550,sampleRP76; note the prominent 
antapical cavation.. 

7 Dingodinirrrn sp. Specimen MPK 10551, sample RP 76, note the carnocavate cyst organisation. 

8 Chyfroeisphneridin cliytroeides (Sa rjeant 1962) Downie & Sa rjeant 1965. Specimen MPI< 10552, sample RP 79, specimen in left 
1ateraI view, note the large precingular archeopyle. 

9 Ptc~ospcrmella sp. Specimen MPK 10553, sample RP 75; note the thick wall to the inner body. 

10 Tasmnnifes sp. Specimen MPK 10554, sample RP 75, note the punctate nature of the wall.. 

11-14 Cymntiosphaern s p p  Note the polygonal pattern of low, smooth ridges. 
11,12 Specjmen MPK 10555, sample RP 75; l1 -median focus, 12 -low focus. 
13,14 Specimen MPK 10556, sample RP 78; 13 - high focus, 14 - low focus. 
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PLATE RP16 

Dinoflagellate cysts from the Upper Volgian and Ryazanian of the Upper Volgian and Ryazanian of outcrop I2 at Kuzminskoje (figures 1- 
3,6,7,9-14) and River Black (figures 4,5,8,15) in the River Oka Basin (see section 5.3.6). 

1-5,7 Mttclevongin simylex Alberti 1961. Note the pseudoceratioid cyst organisation and the ovoidal shape of the endocyst. 
1 Specimen MPK 10557, sample RP 81, specimen in ventral view 

2 Specimen MPK 10558, sample RP 81, specimen in ventral view, high focus. 

3 Specimen MPK 10559, sample W 80, specimen in ventral view, median focus. 

4,5 Specimen MPK 10560, sample l2P 85, specimen h dosal view; 4 - high focus; 5 - median focus. 
7 Specimen MPK 10561, unlisted Ryazanian sample from outcrop 12 at Kuzminskoje, dorsal view. 

6,10 Se~loniasyhnera jumssica (Gihnez & Sa rjeant 1972) Lentin & Wfiams 1976. Note the apical archeopyle, the offset parasulcus and the 
circumcavate cyst organisation. 

6 Specimen MPK 10562, sample RP 82, specimen in ventral view, high focus. 

10 Specimen MPK 10563, sample RP 82, specimen in ventral view, median focus. 

8 Phobcrocystn neocomicn (Gocht 1957) Millioud 1969. Specimen MPIC 10564,sample RP 85, specimen in dorsal view, median focus; 
note the cavate cyst organisation, the pseudoceratioid shape and the spinose/denticulate periphragm. 

9 Arnhonosphnrvn? staffilzensis (Gitrnez 1970) Pouben &Riding 1992. SpecirnenMPK 10565, sample RP 80, specimen in dorsalview, 
median focus; note the apical archeopyle and the cavate cyst organisation. 

11-12 Gochleodinin villosn (Vozzhennikova 1967) Norris 1978. Note the apicd horn and the spinose au tophragm. 
l1 Specimen MPK 10566, sample RP 82. 
12 Specimen MPK 10567, sample RP 81, note the damaged apical part of the cyst. 

13-14 Wallodinizm krutzsclzii (Alberti 1961) Habib 1972. Note the longitudinally elongate, slightly curved ambitus and the bicavate cyst 
organisation. 

13 Specimen MPK 10568, sample RP 82. 

24 Specimen MPK 10569, unlisted Ryazanian s'mple from outcrop 12 at Kuzminskoje. 

15 Wallodiniunf cylindricurn (Habib 1970) Duxbury 1983. Specimen MPK 10570, sample RF 85, note the apical archeopyle and the 
epicavate cyst organisation. 
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AASP CONTRIBUTIONS SERIES NUMBER 36 

PLATE RP17 

Dinoflagellate cysts (figures 1-10,14) and prasinophy tes (figures 11-13,15,16) from the Upper Volgian and Ryazanian of outcrops 12 and 13 
at Kuzminskoje (figures 1-13,16) and kver  Black (Figures 14,15) in the fiver Oka Basin (see section 5.3.6). 

1 ,2  Eniioscrinitrm anceps Raynaud 1978. Specimen MPK 10571, sample RP 83, specimen in ventral view; 1 -high focus; 2 -low focus; 
note the circumcavate cyst organisation and the relatively short apical horn. 

3-6,9 Circulodinium distincturn (Denandre & Cookson 1955) Jansonius 1986. Note the marginate, low-relief ornaments tion and the offset 
parasulcus. 

3,6 Specimen MPK 10572, unlisted Ryazanian sample from outcrop 12 at Kuzminskoje, specimen in oblique ventral view; 3 -high 
focus; 6 - low focus. 

4,5  Specimen MPK 10573, sample RP 80, specimen in ventral view; 4 - high focus; 5 - low focus. 
9 Specimen MPK 10576, unlisted ~ ~ a z a n i a n  sample from outcrop 12 at Kuuninskoje, specimen in dorsal view. 

7 Cribruperidiniunr sp. SpecirnenMPK 10574, unlisted Ryazanian sample fromoukrop 12 at Kuwninskoje, an isolated operculm. 

8 Dingodinium sp. Specimen MPK 10575, sample RP 81; note the small apical horn and the cavate cyst organisation. 

10,14 Circuiodinialm comptn (Davey 1982) Helby 1987. Note the relatively low relief ornamentation, the apical archeopyle and the offset 
parasulcus. 

10 Specimen MPK 10577, sample RP 84, specimen in oblique dorsal view, high focus. 
14 Specimen MPK 10578, sample RP 85, specimen in ventral view, median focus. 

11-12 Tasmanites spp. Note the thick, punctate wall. 
11 Specimen MPK 10579, sample W 82, highlmedian focus. 
12 Specimen MPK 10580, sample RP 82, median focus. 

13 Pterosyernwllnsp. Noke thesmallinner body. Specimen MFK 10581, unlisted R~~azaniansarnplefromoutcrop 12 at Kuzminskoje. 

15-16 Lancettopsis lanceolata Madler 1963. Note the longiiudinally striate pattern of low, smooth ridges. 
15 Specimen MPK 10582, sample RP 85, magnification X30O. 
16 Specimen MPK 10583, sample RP 82. 
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