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CHAPTER 1. Introduction to Jurassic/Cretaceou~ 

boundary biostratigraphy 



1. Introduction. 

1.1. Introduction to  Jurassic/Cretaceous boundary studies. 

The Jurassic-Cretaceous boundary, and in particular the terminal stage of the 

Jurassic, has been reported as representing one event in a series of periodic mass 

extinctions to have affected the history of life (Raup & Sepkoski, 1984; Benton, 1995; 

Sepkoski & Raup, 1986). Although there is widespread acceptance that this stage was 

witness to a rapid faunal turnover and global minimum in species diversity, Hallam 

(1986a) questioned the validity of its mass extinction status. He maintained that the 

noticeable biotic turnover was an 'apparent' extinction related to profound, globally 

recognisable, marine to terrestrial facies changes. In essence this suggested that the 

marine taxa not found above the transition were absent due to facies change rather than 

true extinction resulting from reduction in epicontinental sea area. So did those marine 

species really become extinct, or did they 'migrate' to stay within the requisite marine 

conditions? The question is an obvious one: the answer requires there to be a highly 

controlled system of correlation across wide geographical areas (and preferably across 

the globe), allowing the critical assessment of such apparent events, and a judgement on 

whether they are truly synchronous. 

One might be surprised to learn then, that there is no such correlation system (at 

least none which has unanimous acceptance), and furthermore that despite more than a 

century of vigorous debate, biostratigraphers are still unable to reach consensus on the 

best stratigraphic position for the system boundary. This is in part due to the 

difficulty of correlating the base of the Neocomian (which should be the base of the 

Cretaceous) in its original type area, the Jura Mountains (Hoedemaeker, 1991). Perhaps 

more fundamental though, is the profound faunal provinciality which has plagued wider 

correlations of both Jurassic and Cretaceous Systems since the outset of biostratigraphy. 

So strong is this regionality, that Arkell (1956) in his study of the Jurassic System, 

first divided the faunas into the now widely recognised Boreal (high latitude) and 

Tethyan (low latitude) Realms. Since then, it has been shown that each realm can be 



further compartmentalised into sub-realms or regions, and there have been various 

attempts to define these (see for example Jeletzky, 1971; Saks et al., 1971; Saks & 

Nalnyaeva, 1973; Krimgolts et al., 1988; Shul'gina et al., 1994). This picture is further 

complicated by the temporal variations in geographic scope of these realms, first noted 

for the ammonite faunas of the Jurassic System by Arkell (1956), and later for the Early 

Cretaceous by Rawson (1973). 

From the current state of our knowledge, ammonites provide the finest-scale and 

most reliable means of subdividing stratigraphic sequences through the Mesozoic, and 

the Jurassic-Cretaceous boundary interval is no exception. Indeed, so well studied are 

the ammonite successions of the various stage stratotypes making up this interval, that 

many authors have argued for an elevation of the 'zones' they define to informal 

'chronozonest in recognition of their strong temporal control (Holland et al., 1978; 

Calloman, 1984; Barron, 1989; Riding & Thomas, 1992). The present author accepts 

this distinction for the Boreal and Tethyan standard schemes, but retains the 'zone' 

nomenclature. Informal ammonite chronozones are written in Roman font with an initial 

capital (Riding & Thomas, 1992). 

Our reliance on ammonites, coupled with faunal provinciality both between and 

within the realms has led to the development of numerous chronostratigraphic schemes 

and regional stage nomenclature. The uppermost Jurassic Stage has three regional names 

which in their present context do not represent the same stratigraphic interval. The 

Pol-tlandian Brogniart 1829 and the Volgian Nikitin 1881 are both recognised from the 

Boreal realm, and the Tithonian Oppel 1865 should be exclusively Tethyan, although it 

has been extensively applied to the uppermost Jurassic of Canada. The choice of 

whether to use the 'Volgiant or 'Portlandian' names as the definitive terminal Jurassic 

stage in the Boreal area has been debated at length. Wimbledon (1984) suggested that 

'Portlandian' has publication priority over 'Volgian', and that it should therefore stand 

as the stratotype for the terminal stage. This might be acceptable if the two stages had 



bases corresponding to the same stratigraphic horizon. Gerasimov & Mikhailov (1966) 

however, showed that the Volgian Stage in fact includes a substantial part of the 

underlying Kimmeridgian (sensu anglico), and its base should therefore be 

approximately equivalent to the base of the Tithonian Stage in France. 

The top of the Kimmeridgian Stage is thus diachronous both between the Tethyan 

and Boreal realms, and also between the English and Russian Platform areas (Figure 1.1). 

Casey (1967, 1968) proposed that the Volgian Stage should be reduced to that part 

referred to as the Upper Volgian by Gerasimov & Mikhailov (1966), whilst the Lower 

Volgian be included within the Kimmeridgian. He also suggested that the base of the 

Portlandian be extended down to include the Pavlovia beds (correlated to the English 

Pallasoides Zone by Cope, 1978), which would thus encompass the whole of the Middle 

Volgian. The top of the Portlandian should then be drawn at the base of the Upper 

Volgian, equivalent to the top of the Oppressus Zone and base of the fulgens Zone 

respectively. Whilst this concept neatly solves the problem of upper Kimmeridgian 

diachroneity, it proposes that the terminal Jurassic stage in both areas be the Volgian. 

Since in this reworked definition the Volgian Stage in its type area would be defined at 

both its upper and lower limits by hiatuses, this seems entirely inappropriate; 

especially since the uppermost Volgian should further represent the Jurassic- 

Cretaceous system boundary. Moreover, the upper Volgian Substage has been previously 

suggested to be of Lower Cretaceous age (Krimgolts et al. 1988), although more recently 

Zacharov et al. (1997) re-asserted that the entire Volgian Stage belongs to the Jurassic 

System. 

Cope (1993) also argued towards isochroneity of the terminal Kimmeridgian. He 

promoted the use of an intervening stage in the UK area termed the Bolonian (Gerasimov 

& Mikhailov, 1966), which would correspond with the Kimmeridgian (sensu anglico)- 

Volgian overlap. In this sense the Kimmeridgian Stage would represent the same 

stratigraphic interval in all areas (i.e., including Tethyan). Whilst it is certainly 

undesirable to have diachroneity within a stage, it is equally unacceptable to have an 



Figure I .l Legend 

Correlation of Tethyan and Boreal standard 
zonation schemes 

Correlation of the Portlandian to Hauterivian interval follows that of 
Hoedemaeker (1 991, 1999) apart from the Nikitini and older zones of 
North Siberia and the Russian Platform which follow Riding et a/. (1999). 
Correlation of the Tethyan and Boreal standard ammonite zonation 
additionally follows Geyssant (1 997: Tithonian Stage) and Hantzpergue 
(1 997: Kimmeridgian Stage). Eustatic curve and magnetostratigraphy 
are correlated to the Boreal standard ammonite zonation following 
Haq et a/. (1 987). Zone names in italics are Buchia zones. 

Abbreviations are as follows; 

crass. ... crassicolis 
sub. ... sublaevis 
to/. ... tolma tscho wi 
jasik. ... jasikovi 
obliq. ... obliquitus 
ok. ... okensis 





additional stage in one area which is not consistently recognisable within an entire 

realm. Indeed, it is probably for this reason that Cope's (1993) suggestion has not met 

more widespread acceptance. 

The assertion that the Boreal ammonite fauna exhibits a common "community of 

character" (Wimbledon, 1984), is supported by the fact that some of these shared 

aspects can be used to correlate certain horizons (for example the Albani Zone of 

southern England with the nikitini zone of the Volga Basin by the purported co- 

occurrence in these horizons of the genus Epivirgatltes : Casey, 1967). Nevertheless, the 

literature indicates that profound differences in the fauna remain, and this is 

exemplified in the disparity between the two sets of chronostratigraphic index taxa. 

Therefore, as undesirable as it is to have two different stages representing the same 

stratigraphic interval of the same realm, their synonymisation is virtually as 

inappropriate as it would be to equate the Portlandian and Tithonian Stages. The present 

author thus prefers to retain both stages in their original regional context. 

The same story is seen for the basal stage of the Cretaceous, known from the 

Boreal ReaIm as Ryazanian and from the Tethyan area as Berriasian. It  is also 

represented in large parts of NW Europe by the predominantly terrestrial and marginal 

marine facies of the Wealden, for which correlation has proved problematic outside the 

UK (although see Fig. 1.1, after Hoedemaeker, 1991). The highly condensed nature of 

the Rkanian stratotype has prevented this from being a widely accepted stage name 

(Casey & Rawson, 1973), many workers actually preferring to adopt the term Berriasian 

for Boreal areas (Jeletsky, 1973; Saks et al. 1975). Using terminology later adopted by 

Wibledon (1984) for the uppermost Jurassic, Casey (1973, p. 228) suggested that the 

basal Cretaceous ammonite faunas "have a community of character that requires 

expression in stratigraphical terms". Casey & Rawson (1973) noted that the 'Ryazanian 

transgression' was sufficiently broad as to be recognisable in both southern England and 

the Russian Platform, suggesting eustatic control. This remark was later corroborated 

by the work Haq et al. (1987). Therefore, following Casey & Rawson ( 1973), the present 



author adopts the binomial stage nomenclature of Ryazanian/Berriasian until 

stratigraphic correlation allows a globally acceptable basal Cretaceous stage. 

There have been many publications attempting to effect Tethyan-Boreal 

correlation, and thus come to agreement on the position of the System boundary, see for 

example: Rawson (1973), Saks & Shul'gina (1973% b; 1974), Anonymous (19751, 

Shul'gina (1975), Allemann et al. (1975), Saks et al. (1975), Gerasimov et al. (19751, 

Kutek & Zeiss (1975), Yegoyan (1975), Wiedmann (1975), Casey e t  al. (1977), Rawson 

etal. (1978), Luppov etal .  (1979), Cope et  al. (1980), Kemper e t  al. (1981), Sasonova 

& Sasonov (1983), Baumgartner (1983), Jeletsky (1984), Zeiss (1986), Hoedemaeker 

(1987, 1991, 1993, 1999), Detraz & Mojon (1989), Oloriz & Tavera (1989), Allen & 

Wimbledon (1991), Hancock (1991), Cope (1993), and Sey & Kalcheva (1999). In 

addition, an excellent review of the early history of Jurassic-Cretaceous boundary 

studies was presented by Saks & Sazonova (1975). 

In the present author's opinion, by far the most persuasive arguments for both 

Tethyan-Boreal correlations and the best position for the boundary are given in the 

various contributions of Hoedemaeker (in particular, 1987 & 1991, 1999). His 

conclusions are therefore adopted in this report (see Fig. 1.1) It should be noted 

though, that the correlation he proposed, whilst robust and based in several cases on the 

observations of previous authors, still leaves a choice of two candidate horizons for the 

system boundary. There is no ubiquitous acceptance for either. The level used here is 

obviously the one favoured by Hoedemaeker (1991), and the reader is referred to the set 

of ten arguments made by him in defence of this decision (Table 1.1, below). Thus the 

boundary is drawn at the base of the Tethyan Subalpina Zone, which corresponds to the 

hiatus between the Lamplughi and Runctoni chrons of southern England, the top of the 

Chetae Zone of northern Siberia and Greenland, and the base of the Serpulit Member of 

NW Germany. It also physically corresponds to the top of the Volgian of the Russian 

Platform, which as described above also falls at an hiatus or disconformity. 



Table 1.1: Hoedemaeker's (1991: p 54-55) ten arguments that the base of the Subalpina Zone is 
the best candidate for the Jurassic-Cretaceous boundary. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Unfortunately, the interval given attention by Hoedemaeker (1 99 1, 1999) does 

not include the majority of the Jurassic strata under consideration here. For this 

reason, correlations of the standard Tethyan and Boreal ammonite biozonations have been 

adopted from the work of Geyssant (1997) for the Tithonian-Portlandian interval, and of 

Hantzpergue et al. (1997) for the Kimmeridgian Stage. To the author's knowledge, these 

represent the most recent publications in the field. The dating adopted here is also that 

chosen by Hoedemaeker (1991) and Riding & Thomas (1992) from the work of Haq et al. 

(1987), and is closely tied in with the 'standard' Boreal ammonite succession. 

It has been demonstrated that [the base of the Subalpina Zone] is 
chronostratigraphically closest to the base of the 'Unit4 inf4rieur oolitique', which 
since the introduction of the Neocomian has always been considered the base of the 
Cretaceous, even by dlOrbigny (1840-42) 
[The base of the Subalpina Zone] is therefore also closest to the top of the Tithonian 
by definition (Oppel, 1865: 535) 
[The base of the Subalpina Zone] does not violate the original diagnosis of the 
Tithonian, because none of the ranges of perisphinctacean ammonites listed by Oppel 
(1865) as characteristic for that stage, nor those described by Zittel (1868) from the 
Stramberger Schichten (which attained a kind of stratotypical appreciation for the 
upper Tithonian) do cross the boundary. 
[The base of the Subalpina Zone] corresponds to the base of the Subthermannia 
boissieri Zone sensu 'Colloque sur le Cretace infkrieur', which is equivalent to the 
'Hoplites' boissien Zone sensu Kilian (1888), but also equivalent to the original 
concept of the Beniasian of Coquand (1869, 1870, 1871, 1875). Not one of the 
ammonite species characteristic of the 'H'. boissien' Zone occurs below [the base of the 
Subalpina Zone]. 
It has been demonstrated that [the base of the Subalpina Zone] is also 
chronostratigraphically closest to the boundary between the Volgian and the 
Ryazanian in Siberia. The basal ammonite zone of the Siberian Ryazanian correlates 
with the basal zone of the Ryazanian in England. [The base of the Subalpina Zone] 
therefore fulfills the ideal condition of the Tethyan Tithonian-Berriasian boundary 
being synchronous with the Boreal Volgian-Ryazanian boundary. 
If [the base of the Subalpina Zone] is the Jurassic-Cretaceous boundary, the 
Portlandian can remain the uppermost stage of the Jurassic System, even if it is 
conceived (Cope et al., 1980: 85) to include the Swinnerronia prlmitivus, 
Subcraspedites preplicomphalus, and Volgidiscus lamplughi zones. 
If [the base of the Subalpina Zone] is the Jurassic-Cretaceous boundary, also the base 
of the Cinder Beds can be retained as the base of the Cretaceous System in England. 
If [the base of the Subalpina Zone] is the Jurassic-Cretaceous boundary, the totality of 
the Ardescian Substage, which according to the original concept of Toucas (1890) 
comprises the Calcaires Blancs in the ArdCche department of France, remains in the 
Jurassic. The bulk of the Calcaires Blancs was deposited during the B. jacobi Subzone 
(Cecca eta]., 1989). 
If [the base of the Subalpina Zone] is the Jurassic-Cretaceous boundary, the American 
Paradontoceras-Substeueroceras-Pronicera beds and the Argentine Substeueroceras 
koeneni Zone remain in the Tithonian. Only non-typical 'Paradontoceras' reedi and 
'Substeueroceras' disputabile occur in younger beds. 
If [the base of the Subalpina Zone] is the Jurassic-Cretaceous boundary, everything 
approximately remains as it was and the interpretation of most geological maps and 
literature remains virtually unchanged. 

Correlation of the Volgian and Boreal standard ammonite chronology for the 

Russian Platform and Northern Siberia (Figure 1.1) follows that of Riding et al. (in 
9 



press), which again represents the most recent publication in the field. It should be 

noted however, that correlation of panderi to nikitini zones adopted from Riding et al. 

(in press) contrasts with that presented by Lord et al. (1987) and Casey (1967) who 

correlated the nikitini Zone with the basal Portlandian Albani Zone. The continued 

dispute over the correlation of these schemes, and the relatively poor level of 

chronostratigraphic resolution attainable from the Russian sequences prevents the latter 

being treated as informal chronozones. Thus they will continue to be referred to as 

zones in the text, and following the example of previous investigations in the Volga 

Basin, the index ammonite species is written in Roman font, without an intial capital. 

Literature on the ammonite faunas aside, other contributions to Jurassic- 

Cretaceous biostratigraphy and correlation, particularly of strata close to the boundary, 

are beyond count. They include donations from all other disciplines of biostratigraphy, 

as well as studies of isotope signatures, magnetostratigraphy, sequence stratigraphy, 

lithostratigraphy, and even the analysis of changes in clay mineralogy. Until recently 

however, there have been relatively few accounts which attempted to unite these often 

disparate disciplines. Studies like those of Le HCgarat & Remane (1968: ammonites & 

calpionellids), Bolli (1 980: calcisphaerulids & calpionellids), Baumgartner ( 1983: 

radiolaria & calpionellids) , Vasicek et al. ( 198 3: radiolaria & calpionellids) , Ascoli et 

al- (1984: foraminifera, ostracods & calpionellids), Morter (1984: molluscs & 

cal~ionellids), Bralower e t al. ( 1989: nannofossils and magnetostradgraphy), Gradstein 

et ale (1992: dinocysts, foraminifera, nannofossils, magnetostratigraphy), Bona & 

Peterc&kovh (1994: radiolaria & calpionellids), Magniez-Janin & Dommergues (1994: 

ammonites & foraminifera), Tavera et al. ( 1994: ammonites, calpionellids & 

nannofossils), Benzaggagh & Atrops (1996: ammonites & calpionellids), Housa et al. 

( 1996: calpionellids & magnetostratigraphy), arnongs t others have attempted to alleviate 

this shortcoming. 

It is disappointing that relatively few of the studies mentioned above address the 

calibration of the rapidly growing micropalaeontological (including palynological) 



database with the appropriate ammonite chronostratigraphy. Part of this is indubitably 

due to the dominance of micropalaeontological studies in analysis of offshore cores, 

where for obvious reasons the ammonite control is much less well developed. 

Nevertheless the stratotypes have not been investigated as extensively using 

micropalaeontological techniques as might be expected. Where such studies have been 

completed, particularly when setting resultant zonations against the ammonite 

chronostratigraphy, good results have been achieved. Such studies include Memmi & 

Salaj (1975: Tunisia), Busnardo et al. (1976: Tunisia), Habib & Drugg (1983: North 

Atlantic & SE France), Woollam & Riding (1983: NW Europe), Ogg et al. (1991: UK & 

Tethyan area), Jan du Chtne et al. (1993: SE France), Hoedemaeker & Leereveld (1995: 

SE Spain), Leereveld (1997: western Mediterranean). 

Although studies integrating ammonite and dinoflagellate cyst data indicate that 

much finer stratigraphic division can be attained using the macrofauna alone, the 

potential for using dinoflagellate cysts in biostratigraphic analyses and correlation has 

been repeatedly stressed (Clarke, 1967; Riley & Sarjeant, 1972; Sarjeant, 1975; Riding & 

Sarjeant, 1985). Their planktonic state makes the living dinoflagellate much less 

provincial than benthic microfossils due to their distribution by ocean currents. 

Therefore they represent an excellent tool for correlation and extended studies of these 

organisms integrated with the ammonite biostratigraphy should go some way towards a 

more united chronostratigraphy. 

1.1.2. Rationale, aims, and evolution of the project. 

As originally conceived, this study was focused on an assessment of the Jurassic- 

Cretaceous boundary mass extinction event. The areas of concern were SE England and 

the Volga Basin, being two regions known to exhibit facies changes of different 

magnitude at the system boundary. It was hoped that detailed study of these areas, along 

with a third section which did not incorporate such facies change, would test Hallam's 



(1986a) theory of 'apparent' extinction. Comparison of ammonite stratigraphy from the 

two localities indicated that detailed correlation would have to be improved before any 

extinction analysis was undertaken. However, from previous analyses conducted on the 

macrofaunas it was clear that further study would not improve correlation, thus 

micropalaeontological investigation was considered the most appropriate technique to 

apply in addressing this problem. Therefore a suite of palynological samples from the 

two most important Jurassic/Cretaceous boundary sections in the Volga Basin was 

collected. The aims of this project were therefore modified, with the following goals 

defined: 

1: To undertake the most detailed palynostratigraphic analysis of the Volgian 

lectostratotype yet completed, substantially enhancing our knowledge of dinocysts from 

Jurassic deposits of the Russian Platform. 

2 : To construct a new dinocyst zonal scheme for the Jurassic-Cretaceous of the Volga 

Basin, using, as far as is practicable, species in common with other Boreal areas in order 

to conduct critical comparisons with dinocyst zonations of contemporaneous sequences 

developed for the UK, North Sea and NW European regions (see Section 2.2.). It was 

hoped that it would then be possible to integrate these observations with the ammonite 

chronostratigraphy, and thereby verify and strengthen previous correlations of the 

Russian Platform and NW European successions. 

3: To make detailed palynofacies observations, combine these with the new 

sedimentological information collected in the field, and in this manner make an 

interpretation of the depositional environments in which the Volga Basin sequences were 

deposited. 

4: To determine the characteristics and composition of the dinoflagellate cyst 

assemblages, and to compare these with the new palaeoenvironmental information in 

order to advance our understanding of factors controlling the distribution of these 



microfossils, and thus highlight strengths or limitations in the application of certain 

taxa to the development of regionally applicable biozonation and correlation schemes. 

5 : To combine the palynofacies, dinoflagellate, sedimentological, and macrofaunal data 

to allow the recognition of any previously unidentified disconformities or hiatuses, and 

thus give an indication of how complate a stratigraphic record the Volgian 

lectostratotype succession represents. 

Attempts to extend the study into the Tethyan Realm. 

It was hoped to extend correlation aspect of this study by undertaking similar 

analyses of contemporaneous Tethyan successions. First-hand observations from both 

realms should enforce consistency and enhance similarities between the floral 

assemblages. Palynology of the Berriasian stratotype or 'paratypes' from SE France has 

already been studied extensively (see for example; Milloud, 1969; Habib & Drugg, 1983; 

Jardin6 et al. 1984; Monteil, 1990, 1993; Gorin & Steffen, 1991; Jan du chene et al. 

1993; Steffen & Gorin, 1993a, b). Another excellent section, suggested as a replacement 

stratotype for the Berriasian Stage (Hoedemaeker, 1996, pers. commun.), is to be found 

near Caravaca, SE Spain. Palynology of Lower Cretaceous sections in this area had 

previously been considered by Hoedemaeker & Leereveld (1 995), although these authors 

were unable to extend their study into Lower Berriasian strata due to 'poor palynological 

recovery'. However, no further documentation of the palynological recovery from this 

interval was forthcoming, either the position of their sample horizons, or the number of 

samples they collected. Thus, during a field excursion early in the present project to 

collect macrofossil data from Caravaca, the present author attempted to expand on the 
6 

work of Hoedemaeker & Leereveld (1995) by collecting a suite of 30 samples from the 

boundary and Lower Berriasian strata of Section Z. Unfortunately, upon processing, all 

samples proved to be barren of palynomorphs. A lithostradgraphic log of this section 

and position of samples taken by the present author can be found in Appendix A. 



Subsequent to the Russian and Spanish fieldwork, the logistical and financial 

arrangements required to complete the mass extinction aspect of the study were 

reviewed. This part of the project was no longer considered to be feasible, especially 

since the expertise required for accurate and consistent identification of the 

macrofossil faunas from the study areas were not readily available. Thereafter the 

project focused exclusively on sedimentological and palynological techniques, and 

further Tethyan study areas were sought. 

Numerous sections exposing Lower Cretaceous strata, as well as several which 

span the Jurassic-Cretaceous boundary exist in the Agadir Basin of Morocco. TWO 

sections from this area were studied palynologically by Below (1981% 1982%b). TO 

expand this work, a suite of 200 samples was collected from six sections in this area in 

1997. Unfortunately, all the samples from five of these sections proved to be barren of 

palynomorphs. Sedimentary logs of these sections can be found in Appendix B, the 

sampled horizons shown to provide information on the palynologically barren intervals. 

100 samples were collected from the section at Kit Hamouch, of which only 40 yielded 

palynomorphs. In most of these samples preservation was extremely poor, making 

accurate taxonomic determinations virtually impossible. 

Comparison with material figured by Below (1981a, 1982a,b) suggests that such 

poor preservation is due to surface weathering rather than taphonomic processes, 

despite the extensive trenching undertaken during sample collection. Therefore 

significant advances in the dinocyst biostratigraphy of this area did not prove possible. 

Furthermore, suggestion that the palynological assemblages have been profoundly 

affected by surface weathering renders the palynofacies investigation on this locality 

much less meaningful, and so the Moroccan samples are not considered in this report, 

However, the data collected can be found in Appendix B of the floppy disc. 



Chapter 1.2. Review of Jurassic/Cretaceous boundary marine palynology. 

1.2.1. The United Kingdom and NW Europe. 

By far the greatest wealth of literature on Jurassic palaeontology is drawn from 

this region. This is in no small part due to the position of several of the stage 

stratotypes in the UK area, most notably from the point of view of this study, that of the 

Kimmeridgian and Portlandian (both in the south of England). 

This situation is also reflected in the abundance of palynological literature. 

Earliest studies of Late Jurassic marine palynology of this region focused on taxonomy 

and systematics of the flora, with only incidental remarks being made on dinocyst or 

acritarch palynostratigraphy (Downie, 1956; Iantz, 195 8; Sarjeant, 1959, 1960, 

1962a,b, 1975; Norris, 1970). Gitmez (1970) considered the dinoflagellate cyst and 

acritarch floras from Kimmeridgian deposits of England, Scotland and France. This 

paper concentrated on assemblages from the lowermost Kimmeridgian Baylei Zone, 

although it was later reconsidered by Riley & Sarjeant (1977), and the assemblage re- 

attributed to the younger range of Mutabilis to Hudlestoni chrons. Gitmez & Sarjeant 

(1972) extended Gitmez's (1970) work into the Upper Kimmeridgian. Both papers 

focused on dinoflagellate cyst and acritarch systematics, although indications of 

biostratigraphy were given in simplified occurrence charts. Ioannides et al. (1976) 

produced an account of the marine palynomorph assemblages and biostratigraphy of the 

Wheatleyensis Zone (Late Kimmeridgian sensu anglico) at Clavell's Hard (Dorset), and 

placed this within the range data given by Gitmez (1970) and Gitmez and Sarjeant 

(1972)(see Ioannides et al., 1976; text-figure 7). The palynology of the Cymdoce to 

Pallasoides chrons from the Brora Outlier (NE Scotland) was considered by Lam & Porter 

(1977), in an integrated study of both sporomorphs and marine palynomorphs. The 

account concentrated on biostratigraphy, with ranges of the many marine taxa found to 

be common with contemporaneous strata from southern England. Davey & Riley (1978) 

gave a generalised account of Mid to Late Jurassic dinocyst biostratigraphy, and a total 



of 27 ranges were given for dinoflagellate cyst species occurring in the Kimmeridgian - 
Volgian interval. In particular they noted that the range tops of selected taxa within 

the Kimmeridgian could be used as a clear distinguishing factor between the two stages 

(important taxa were very clearly illustrated), although at that time there were no 

distinctive datums available for the Kimeridgian-Volgian boundary. 

Drugg (1978) made a major study of Mid to Late Jurassic dinoflagellate cyst 

material from England, France and Germany, erecting 17 new species, with 5 of the 

holotypes being drawn from the Kimmeridgian Stage. Raynaud (1978) outlined the main 

species characteristic of the Upper Jurassic strata of northern Europe. Riding (1987) 

studied the Hettangian to Late Kimmeridgian dinocyst biostratigraphy of the Nettleton 

Bottom Borehole in Lincolnshire. The ranges of taxa occurring between the Baylei and 

Hudlestoni chrons were given, and variation in the floral assemblage discussed. NO 

attempt was made to link the Nettleton Bottom biostratigraphy to the zonation developed 

by Woollam & Riding (1983)(see later). Thomas & Cox (1988) published on the 

palynology of the Oxfordian-Kimmeridgian Stage boundary (Serratum to Cymdoce 

chrons), Their work suggested that several of the taxa previously used to demark the 

boundary in fact had ranges which crossed it. They were unable to demonstrate whether 

this phenomenon represented true regional diachronism or simply the paucity of 

information from sections with good stratigraphic control, prompting the need for 

further work. 

A summary of important dinoflagellate cyst biohorizons through the Jurassic and 

Cretacous systems was published by Haq et al. (1987). This information was integrated 

with magnetostratigraphy, chronology, sequence stratigraphy and eustatic levels, as well 

as standard biozonation developed for ammonites and calcareous microfossils. This work 

was enhanced by Partington et al. (1993), who calibrated 33 maximum flooding surfaces 

(MFSs) in the North Sea Jurassic (Hettangian to Ryazanian) with ammonite biozones and 

the existing occurrence data for dinoflagellate cysts. Of these, 14 MFSs fall within the 

range Kimmeridgian - Ryazanian. MFSs tied to ammonite zones show that the boundaries 



of the Kimmeridgian and Portlandian, and Portlandian/Ryazanian stages coincide with 

the termination of second and third order eustatic cycles respectively (Partington et al., 

1993). Therefore if these sequences can be recognised elsewhere they may be useful 

correlation tools. 

Dorhofer & Noms (1977) integrated previous work by various authors on the 

Jurassic - Cretaceous boundary palynofloral successions in northern Germany 

(Dijrhofer, 1977; Doring, 1965), England (Hughes & Moody-Stuart; 1969; Hughes & 

Croxton, 1973; Norris, 1969; Batten, 1973% Hughes & Norris, 1974, 197% and 

Holland (Burger, 1966). Using both marine and terrestrial palynomorphs they were able 

to discriminate three suites of floral assemblages from the Portlandian to Early 

Valanginian of England and one Neocomian assemblage containing dinoflagellate cysts 

from NW Germany (see Fig. 1.2). 

Davey (1979) produced one of the first reports which dealt with dinoflagellate 

cyst biostratigraphy and zonation across the Jurassic-Cretaceous transition in north- 

west Europe. Sections studied included the Portlandian stratotype in Dorset, and the 

Portlandian-Ryazanian transitions in Norfolk, Lincolnshire (the only area in the north 

of England where the Jurassic-Cretaceous boundary can be traced with ammonite faunas; 

Casey, 1973) and Denmark, as well as the Portlandian - Barremian succession of the 

North Sea Basin. Ranges of stratigraphically important dinoflagellate cysts occurring 

through this interval were plotted, and a series of interval zones based on first and last 

occurrence data developed. He proposed 5 dinocyst zones in the Portlandian (Albani 

Zone) to topmost Valanginian interval, with the Paraeodinia dasyforma Zone spanning 

the Jurassic - Cretaceous boundary. Work in north-west Europe (outside the UK) was 

continued in a short paper by Herngreen et al. (1980) on the Jurassic/Cretaceous 

boundary palynofloras of Holland. Prevailing facies in the area were more conducive to 

the study of sporomorphs than marine palynomorphs, but nevertheless the ranges of 

certain key taxa were plotted across the Malm - Neocomian interval. 



Figure 1.2 Legend 

Correlation of previously published Boreal dinoflagellate 
cyst zonation schemes 

Wherever possible the exact position of the zone boundaries relative to 
the standard ammonite zonation has been shown. Where this information 
was not provided, correlation has been made to the nearest ammonite 
zone, or to the stage boundaries as defined by Hoedemaeker (1991, 
1999), Geyssant (1 997) and Hantzpergue et al. (1 997). 

I Abbreviations are as follows; 

Dichad. sp. 
D. nanna 
D. pan. 
E. tory. 
E. polyplac. 
Egmont. sp. A. 
E. pharo 
F. warling 

' G. jurassica 
G. juras. 
G. mutabilis 
G. penn. 
Kleith. sp. A. 
K simp/. 
L. egem. 
M. extens. 
P. nuda 
R. thula 
S. crystallinum 
syst. 

Dichadogonya ulax sp. 
Discorsia nanna 
Dichadogonyaulax pannea 
Egmontodinium torynum 
Egmontodinium polypla cophorum 
Egmontodinium sp. A. 
Endoscrinium pharo 
Fromea warlinghamensis 
Gonya ulacysta jurassica 
Gonyaulacysta jurassica 
Gonyaulacysta pennata 
Gochteodinia mutabilis 
Kleithriasphaeridium sp. A. 
Kliethriasphaeridium simplicispinum 
Leptodinium egemenii 
Muderongia extensiva 
Pareodinia nuda 
Rotosphaeropsis thula 
Scriniodinium crystallinum 
Systematophora spp. 





Fisher & Riley (1980) attempted to analyse the distribution of di,noflagellate 

cysts (and acritarchs) at the Boreal Jurassic/Cretaceous boundary, and construct a zonal 

scheme spanning the interval from the early Kimmeridgian to the late Valanginian. 

Primary data was collected from northern France, numerous localities in England, Arctic 

and offshore eastern Canada, east Greenland, the North Sea Basin, Denmark, and 'other 

northern European areas' (Fisher & Riley, 1980). This was supplemented by the 

incorporation of previously published data from Russia, Norway and Canada 

(Vozzhennikova, 1967; Thusu & Vigran, 1975; Williams, 1975; amongst others). Their 

zonation comprised 7 zones and 12 subzones, correctly termed "concurrent range 

biozones" (Fisher & Riley, 1980)(see Fig. 1.2). It was not precisely characterised in the 

text, and they were unable to calibrate their zonation to reliably dated ammonite 

chronology, hampering correlation to other microfloral zones. Interestingly, this is one 

of the few works to propose a formal zone nominated by an acritarch taxon 

(Pterospermopsis aureolata ). Care is needed when defining geographically wide zones, 

especially on the occurrence of taxa for which are thought to have strongly ecologically 

controlled distribution (Fisher & Riley, 1980). 

Rawson & Riley (1982) presented a dinocyst zonation for the Oxfordian to Albian 

interval closely tied in with the standard ammonite zonation. This was not explicitly 

described in the text, but was modified from an earlier zonation developed by Robertson 

Research Ltd (1978). The scheme is presented in Figure 1.2. 

Woollam and Riding (1983) were the first to propose a dinocyst zonation for the 

entire English Jurassic (and the basal Cretaceous) calibrated to standard ammonite 

biozonation. They recognised six zones which correspond to the interval from the base 

of the Late Oxfordian Rosenkrantzi Zone to the lowest part of the Valanginian (unzoned). 

The framework developed here has been variously described as dominated by 

assemblage- or Oppel zones (with sub-zones being mostly interval zones)(Woollam & 

Riding, 1983; Riding, 1984), or with both termed as interval zones (Stover et al., 1996). 



If the guidelines in the International Subcommission on Stratigraphic Classification 

(Salvador, 1994) are adhered to, the term 'interval zone' is in fact inappropriate here, 

and since a distinction can be made between assemblage zones and Oppel zones, the 

latter can be most accurately applied to the majority of Woollam & Riding's zones. Two 

Cretaceous zones were adopted from the work of Davey (1979, 1982), and will be 

discussed later. With the exception of the S1 Zone, all of the dinocyst zones proposed 

were further divided into subzones on the basis of first and last appearance data for 

relevant taxa. As such, they are somewhat specific to the UK Boreal area and selected 

definitions will be discussed (where appropriate) below, and in Chapter 4). All of the 

dinocyst zones and subzones were extended to coincide with ammonite chronozone 

boundaries, reflecting a relatively coarse palynological sampling regime. 

The work of Woollam & Riding (1983) was supplemented by Riding (19841, who 

gave a biostratigraphic account of the dinoflagellate cyst range-tops between the latest 

Triassic and the earliest Cretaceous of north-west Europe. A formal zonal scheme was 

not proposed here, as approximately 20 percent of the noted range-tops were considered 

to be in "questionable stratigraphic position" (Riding, 1984: p.196). The majority of the 

dinocyst Last Appearance Data (LADS) were related to the upper boundaries of the 

corresponding ammonite zones, again reflecting inaccuracy in the spot-sampling interval 

(Riding, 1984). These data were then compared to the dinocyst zonation proposed by 

Woollam and Riding (1983), resulting in a slightly inaccurate, but nevertheless readily- 

refineable sequence of dinocyst data, particularly useful for correlation. 

Riding & Sarjeant (1985) produced a timely review paper discussing the role of 

dinoflagellate cysts in the stratigraphic subdivision of the Jurassic System, and 

potential of the group to form a reliable biostratigraphic framework in the future. They 

plotted ranges of the fifty biostratigraphically most important dinocyst taxa in the 

Jurassic, of which 14 fell within the Kimmeridgian to Portlandian range. 



Nahr-Hansen (1986) made an extensive review of literature pertaining to Early 

Kimmeridgian palynology. This work proposed the separation of Woollam & Riding's 

(1983) Scriniodinium luridum Zone into two subzones, termed the Stephanelytron 

scharburghense and Perisseiasphaeridium pannosum Subzones in ascending 

stratigraphic order. The zonal index species was re-assigned to the more appropriate 

genus Endoscrinium. 

Woollam & Riding's (1983) dinocyst zonation was applied to four North Sea cores 

of Late Oxfordian to Late Kimmeridgian age by Cox et al. (1987). It was demonstrated 

here that although overall the zonation of Woollam & Riding could be applied to the 

North Sea area, the extended ranges of certain taxa (namely Dingodinium tuberosum, 

Scriniodinium crystallinum and Endoscrinium luridum) suggested the need to adjust the 

upper bounds of the Gonyaulacysta jurassica - S. crystallinum and E luridum zones into 

the younger Mutabilis and Autissiodorensis zones respectively. It was thought that the 

range extensions seen here represented true diachronism rather than re-working of the 

assemblages, and thus any zone adjustments would only be valid for the North Sea area 

(Cox et al., 1987). 

The dinocyst stratigraphy of Woollam & Riding ( 1983) was subsequently revised 

by Riding &Thomas (1988), in a paper published on the Kimmeridge Clay. TO simplify 

the othenvise cumbersome '1983' biozonadon, Riding & Thomas reduced the dual- 

indexed biozones to a single taxon name. Thus the basal zone of this interval, 'GjISc', 

simply became the Scriniodinium crystallinum Zone (Sc), etc. (Riding & Thomas, 

1988)(see Fig. 1.2). In addition, the ranges of several of their original zones (as related 

to the ammonite chronostratigraphy) were altered to accommodate new occurrence data, 

and the zone-interval (and subzone-interval) definitions revised as appropriate. Nahr- 

Hansen's (1 986) re-named Endoscrinium luridum Zone was accepted, although the 

subdivision of this zone was redefined to include three subzones. The reported 

occurrences of E. luridum from the Autissiodorensis Zone (Cox et al., 1987) were 

incorporated in this revision, and the zone-top extended accordingly. Other important 



changes to the initial zonation of Woollam and Riding (1983) included the re-definition 

of the three original subzones of the Gd Zone into five newly defined subzones, and the 

re-naming of the Ctenidodinium culmulum - Ctenidodinium panneum Zone in line with 

the proposed generic re-assignment of the second index species into the genus 

Dichadogonyaulax (Benson 19 85). 

Barron (1989) considered the Kimmeridgian to basal Portlandian dinocyst 

biostratigraphy of the Helmsdale region, Scotland. The ranges of 51 dinocyst taxa were 

presented, and suggested some degree of similarity to ranges presented from other NW 

European areas. Nevertheless the appropriate portion of Woollam & Riding's (1983) 

zonation could only be applied loosely to the Helmsdale area. Van der Zwan (1990) 

detailed the Late Oxfordian to latest Ryazanian dinocyst zonation of the Draugen Field, 

offshore Mid Norway. The Kimmeridgian zones were adopted from the work of Whitaker 

et al. (1984) on the Troll field. All the zones and subzones described by Van der Zwan 

(1990) are assemblage zones, although range data were supplied. Their dinocyst zones 

were not calibrated to the standard ammonite biozonation, making detailed comparison to 

other published schemes impossible. 

The Kimmeridgian (sensu anglico) diiocyst zonation of Riding & Thomas (1988) 

was left largely unchanged by Riding & Thomas (1992), except for the alteration in 

definition of the Scriniodinium crystallinurn Zone (see below). Additional information 

on floral assemblage characteristics and 'provincialism' was also provided. Their 

definition for the dinocyst biozones of the Late Jurassic to earliest Cretaceous (1992 

edition) is by far the most comprehensive and widely accepted zonation for the NW 

European area, and is therefore the one adopted in the current work. The classification 

of each of the zones is given below, and can be compared to other schemes in Figure 1.2. 

The basal (Scriniodinium crystallin um) biozone of this interval spans the 

Oxfordian-Kimmeridgian boundary (Glosense to Baylei ammonite zones). It is defined 

as: 



"The interval between the LADs of Leisbergia scarburghensis and Rigaudella 

aemula, and the FADs of Cribroperidinium longicorne, Oligosphaeridium patulum and 

Systematophora daveyi and LADs of Nannoceratopsis pellucida and Scriniodinium 

crystallin um. " (Riding & Thomas, 1992: p. 38). 

The Biozone is further divided into four sub-biozones labelled 'a' to 'dl. The Scr 

Biozone was updated from Riding & Thomas (1988) to reflect additional data showing 

that the range base of Glossodinium dimorphum was stratigraphically lower than 

previously reported (thus its appearance could no longer be used to mark the base of the 

Scr Biozone). Superior to the Scr Biozone lies the Elu or Endoscrinium luridum Biozone. 

It spans the ammonite zones Cyrndoce to Autissiodorensis, and is defined as: 

"The interval between the FADs of CribroperJdinium longicorne, 

Oligosphaeridium patulum and Sysrernarophora daveyi and LADs of Nannoceratiopsis 

pellucida and Scriniodinium crystallinurn, and the LAD of Endoscrinium 

luridurn," (Riding & Thomas, 1992: p. 42). 

The biozone is left unchanged from Riding & Thomas' (1988) definition, although 

they modified the definitions of the three sub-biozones (a - c), building also on the 

subdivision of this biozone by Nolhr-Hansen (1986). Assemblages from the Scr and Elu 

biozones of the Isle of Skye have recently been considered by Riding & Thomas (1997). 

The Late Kimmeridgian (Elegans to Fittoni ammonite zones) is marked by the 

Glossodinium dimorphum (Gdi) Biozone, which is thus: 

"The interval between the LAD of Endoscrinium luridum and the FAD of 

Dichadogonyaulax culmula and LAD of Occisucysta balios." (Riding & Thomas, 1992: p. 

43). 



The definition of the biozone and its comprising sub-biozones (a - e) were left 

unchanged from the Riding & Thomas (1988) (Riding & Thomas, 1992). This is 

superseded by the Dichadogonyaulax? pannea (Dpa) Biozone, which is the basal zone of 

the Portlandian sensu anglico (Albani to Anguiformis zones). It was characterised as: 

"The interval between the FAD of Dichadogonyaulax culmula and the LAD of 

Occisucysta balios , and the FAD of Gochteodinia villosa and the LADs of 

Dichadogonyaulax? pannea and Glossodinium dimorphum." (Riding & Thomas, 1992: p. 

44). 

The FAD of Gochteodinia villosa was later described by Stover et al. (1996: 

p.662) as being the "most significant biohorizon in the Portlandian", Its definition was 

not changed from Riding & Thomas (1988), and the original subzones (a & b) were 

retained. The terminal biozone of the Jurassic, spanning Opressus (Portlandian) to 

Stenomphalus (Ryazanian) zones, was retained as the Gochteodinia villosa Biozone. 

According to Riding & Thomas (1992), the zone's definition was not altered from 

Wcdam & Riding's (1983), having only adjusted the position of the a-b sub-biozone 

boundary (Riding & Thomas, 1992). This is not correct however, since Woollam & 

Riding's (1983) definition was based on Davey's (1979) original diagnosis, which used 

the FAD of Pseudoceratlum pelliferum (amongst others) to mark the zone top. Since this 

zone was not considered by Riding & Thomas (1988), the remastered definition stands 

as: 

"The interval between the FAD of Gochteodinia villosa and the LADs of 

Dichadogonyaulax? pannea and Glossodinium dimorphum, and the FAD of Lagenorhytis 

delicatula." (Riding & Thomas, 1992: p. 48). 

Of the three sub-biozones described, 'a' was confined entirely within the 

Portlandian, 'b' spanned the Portlandian - Ryazanian and thus the Jurassic - Cretaceous 



boundary, and 'c' was exclusively of Ryazanian age. Since these three span the critical 

interval under review, their definitions are reproduced below. 

Sub-biozone a: "The interval between the FAD of Gochteodinia villosa and the LADS of 

Dichadogonyaulax? pannea and Glossodinium dimorphwn, and the LADs of Dingodinium 

tuberosum and Egmontodinium polyplacophorum." (Riding & Thomas, 1992: p. 48). 

Sub-biozone b: "The interval between the LADs of Dingodinium tuberosum and 

Egmontodinium pol~lacophorum, and the LAD of Rotosphaeropsis thula." (Riding & 

Thomas, 1992: p. 49). 

Sub-biozone c: The "Interval from the extinction of Cannosphaeropsis sp. A [now 

Rotosphaeropsis thula] to the extinction of C. culmulum (and G. villosa )". (Woollam & 

Riding, 1983: p.13) 

Stover et al. (1996) summarised the previous work on Jurassic (and Cretaceous) 

marine palynomorph biostratigraphy, and composed correlation charts of the zonations 

proposed as well as of important biohorizon data from Riding & Thomas (1992) and Haq 

et al. (1987). The diversity and nature of the dinoflagellate cyst assemblages was also 

discussed, 

Literature dealing with the latest Jurassic palynology of Germany includes 

several of the papers already discussed (see Gitmez, 1970; Gitmez & Sarjeant, 1972). 

Additionally, Lund & Ecke (1988) studied the Mid and Late Jurassic palynology of 

Bavaria, up to strata of Oxfordian age. Diirr (1987) studied the Mid Kimmeridgian 

dinoflagellate cyst assemblage of southern Germany (Mutabilis and Eudoxus chrons), 

presenting ranges for several taxa which are known to be biostratigraphically important 

in other parts of northern Europe. Amongst these were the species Cribroperidinium 

longicorne, Perisseiasphaen'dium pannosum and Occisucysta balia. This was rapidly 



followed by a more comprehensive survey of the Kimmeridgian to Tithonian of southern 

Germany by the same author (Diirr, 1988). 

The Oxfordian - Kimmeridgian interval in NW Germany was considered by Kunz 

(1990). This study took into account dinoflagellate cyst biostratigraphy as well as 

palynofacies, and resulted in the definition of three formal zones for the area, of which 

one, the Occisucysta baljdCribroperidinium spp. Zone spanned the Early and Mid 

Kimmeridgian. This contrasts markedly in both nomenclature and resolution with the 

contemporaneous zones from England and the North Sea Analysis of the floral 

assemblage revealed that although there are indeed some taxa in common between the two 

areas, the German flora was strongly affected by prevailing ecological conditions (Kunz, 

1990). An early study of the northern and central German palynology by Alberti (1961) 

indicated that the floras recovered from here shared many similarities with coeval floras 

in Poland and Bulgaria, which are a mix of Tethyan and Boreal affinities. Below (1981b) 

correlated the Lower to Middle Valanginian strata of Suddendorf (NW Gennany) with the 

dinoflagellate cyst zonation of Davey (1979), particularly with the Pseudoceradum 

pelliferum and Spiniferites ramosus zones (see later), 

Other, less voluminous works on the Late Jurassic palynology include an analysis 

of Kimmeridgian to Volgian species of the genus Cribroperidinium (Bailey, 1993), and a 

paper on dinoflagellate cysts from the Kimmeridge Clay of Yorkshire (Bailey et al. 

1997). 

In contrast to the Upper Jurassic, none of the Lower Cretaceous type localities 

(up to and including the Albian) are within the British Isles, and only the Ryazanian 

stratotype is situated within the Boreal Realm (Costa & Davey, 1992). In consequence, 

literature on the palynology of the NW European Lnwer Cretaceous is far more sparse, 

and to some extent overlaps with that outlined above (see Davey, 1979; Herngreen et al. 

1980; Fisher & Riley, 1980; Woollam & Riding, 1983; Riding, 1984). 



Amongst the latter, surely the most influential work on the dinoflagellate cyst 

zonation of the Early Cretaceous interval is that of Davey (1979). Although the zones he 

proposed for the Jurassic and the basal zone of the Cretaceous (the Paraeodinia 

dasflonna Zone) were later amended by subsequent investigations (Woollarn & Riding, 

1983; Riding & Thomas, 1988, 1992), his two zones of the Late Ryazanian and 

Valanginian are still widely accepted and utilised by other authors (Woollam & Riding, 

1983; Iosifova, 1996; Stover et al. 1996). The zone superceding that of P. dasyfonna 

(subsequently referred to as G. villosa, see above) was named after the taxon 

Pseudoceratium pelliferum. It was defined as the: 

"Interval from the first appearance of Pseudoceratium pelliferum to the first 

appearance of Spiniferites ramosus (Ehrenberg) Loeblich & Loeblich 1966". (Davey, 

1979: p.71). 

This zone spanned the interval from the Late Ryazanian Albidum ammonite Zone 

to the Early Valanginian bed D4D of the Speeton section of northern England (Davey, 

1979). This was followed by the Spiniferites ramosus Zone (beds D4B to D2E of 

Speeton), defined as the: 

"Interval form the first appearance of Spiniferites ramosus to the first 

appearance of Discorsia nanna." (Davey, 1979: p.7 1). 

Although both zones could be described as Interval zones according to the ISSC 

(Salvador, 1994), information on other important taxon datum levels and floral 

characteristics were included, and they can therefore also be loosely referred to as 

Oppel zones using the same guide, The zonation is shown in Figure 1.2 using the 

ammonite calibrations rather than the Speeton lithostratigraphic units after the revision 

given by Davey (1982) from the Haldager borehole of Denmark. 



Norris' (1963) Ph.D. thesis was the first contribution to describe dinoflagellate 

cysts from the Lower Cretaceous of southern England. The first works on the Speeton 

Clay (Yorkshire) were taxonomic appraisals by Neale & Sarjeant (1962a), and various 

papers in Davey et al. (1966). These were followed some years later by a similar study of 

the Barremian part, by Davey (1974), of the Hauterivian by Duxbury (1979), and a 

dinocyst calibration of the Speeton Barremian by Harding ( 1990). Duxbury's ( 1977) 

assessment of the dinoflagellate cysts from the Berriasian to Barremian of the Speeton 

Clay was the first concerted attempt to constrain Neocomian dinoflagellate cyst 

biostratigraphy in this region. Biostratigraphic data were analysed to produce a 

zonation scheme of which two zones (A & B) encompass the interval from Berriasian to 

earliest Hauterivian Stages (Duxbury, 1977). This was followed by Duxbury's (1 978) 

paper summarising Cretaceous dinoflagellate cyst biostratigraphy. He charted the 

ranges of 24 taxa with known occurrences in the Volgian to latest Valanginian interval, 

and was able to demonstrate that the Ryazanian-Valanginian and Valanginian- 

Hauterivian Stage boundaries could be readily identified using dinoflagellate cysts. 

A similar summary work on the dinocyst stratigraphy was published by Costa & 

Davey (1992), who plotted the ranges of 46 taxa in the first two stages of the Cretaceous. 

The work also contains information on assemblage characteristics for the two stages, and 

a note on the gap in our knowledge of latest Valanginian dinoflagellate cyst floras from 

the British Isles. The paucity of Neocomian dinoflagellate assemblages of offshore SW 

Ireland was briefly indicated by Colin et al. (1992). Riley et al. (1992) proposed a 

dinocyst zonation for the North Sea Lower Cretaceous Valhall Formation. Four 

abundance zones (Salvador, 1994) spanned the interval from the latest Ryazanian to top 

Valanginian. These are presented in Figure 1.2, 

The latest comprehensive review of both palynostratigraphy and dinoflagellate 

cyst biozonation was given by Stover et al. (1996). They plotted 28 of the most 

biostratigraphically useful dinoflagellate cyst ranges within the Ryazanian - 



Valanginian interval, and compared zonal schemes from the North Sea, Canada, and the 

Netherlands. 

1.2.2 Scandinavia, 'Scandinavian Arctic'. 

In his study of the Haldager no, 1 borehole (Denmark), Davey (1982) revised his 

'1979' zonation scheme, and in particular substituted the Speeton Clay divisions for 

ammonites zones, making his framework more broadly comparable with other areas, 

particularly the North Sea (see Fig. 1.2). Piasecki (1984) made a study of the Lower 

Cretaceous Jydegkd Formation from Bornholm, Denmark. The microfloral assemblages 

recovered proved to be directly correlateable with the G, vjllosa and P. pelliferum zones 

of Davey (1979, 1982). Heilmann-Clausen (1987) gave a thorough review of 

stratigraphically important dinoflagellate cyst ranges presented in publications from 

W Europe and Scandinavia, as well as detailed biostratigraphy of the Danish Central 

Trough. The dinoflagellate cyst zonation schemes proposed by Davey (1979, 1982) and 

Woollam & Riding (1983) were not applied. A series of papers by Poulsen (1986, 1991, 

1992, 1994, 1996) made a significant contribution to palynological knowledge of the 

Danish Central Trough. The first paper looked at the Callovian to Volgian dinocyst 

biostratigraphy of several wells, but did not attempt any zonation. This was rectified in 

1991 when he applied appropriate portions of the schemes developed by Davey (1979, 

1982), and Riding & Thomas (1988), and tailored them to fit the Central Trough 

assemblages (see Fig. 1.2). Comparison of the Danish Subbasin material with that of 

England (Poulsen, 1992, 1994, 1996) supported the correlations made for the Central 

Trough (Poulsen, 1991), proving that the microfloras of Denmark and the British Isles 

are directly related. 

A brief palynological study by Vigran & Thusu (1975) was probably the first 

work to illustrate Mid and Late Volgian dinoflagellates from Norway. Birkelund et al. 

(1978) took this a little further, noting three palynological assemblages within the 



Kimmeridgian to basal Ryazanian interval of Andaya. Characteristic taxa appear similar 

to coeval assemblages from the British Isles and Denmark, although much lower diversity 

was noted This was also noted in a study of the Mid Volgian to Barremian palynology of 

Andaya by bfaldi & Thusu (1979). Further work on the Lower Cretaceous deposits of 

Andaya combined with similar palynological investigations of Sklinnabanken by Arhus 

(1986) show the assemblages to indeed to be comparable with North Sea equivalents, the 

latter more so than the former. Floras from both areas contain certain elements of the 

'borealis' assemblage (of Brideaux & Fisher, 1976) however, and do appear to be 

somewhat intermediate between the typical 'sub-boreal' and boreal (Arctic) 

assemblages. 

Palynology of the Oxfordian to Volgian interval from the Barents Sea area was 

considered by Wierzbowski & h h u s  (1990), and Bjaerke (1980), the Jurassic-Cretaceous 

boundary interval by several authors (Bjaerke et al., 1976; Bjaerke & T~USU, 1976; 

Bjaerke, 1977; Kelly et al., 1990), and the Lower Cretaceous by h h u s  et al. (1990) and 

Arhus (1992). The Oxfordian to Volgian part of the succession bears a marine 

palynomorph assemblage akin to that of the 'borealis' assemblage of Canada, with few 

similarities to coeval assemblages in the British Isles (Wierzbowski & Arhus, 1990; 

Bjaerke, 1980). Slightly younger strata bear impoverished and poorly preserved 

assemblages largely dominated by a few long ranging taxa, making direct correlation to 

other Boreal areas problematic. However, figured specimens (Bjaerke et al., 1976; 

Bjzrke, 1977) do show some similarity to assemblages from the British Isles and the 

Russian Platform (pers. obs.). 

Fensome (1979) prepared a largely taxonomic work on the marine palynomorphs 

of East Greenland. He was able to demonstrate however, that the uppermost Oxfordian 

and Kimmeridgian rocks bear dinoflagellate assemblages similar to those from the North 

Sea. H W s s o n  et al. (1981) described the Oxfordian to Valanginian dinoflagellate 

cysts from northern Greenland. They noted that although the Oxfordian and Valanginian 

assemblages were similar to those typical of the North Sea proper, the Volgian and 



Ryazanian strata bore assemblages dominated by long ranging taxa only. Furthermore, 

the flora recognised from this part of the column showed distinct similarity to the 

Canadian borealist assemblage of Brideaux & Fisher (1976; Hkansson e t al., 19 81). The 

presence of this flora in the boundary rocks of Greenland (as well as Svalbard, if indeed 

it can be recognised from there) emphasises the truly Arctic nature of this assemblage 

proposed by its discoverers (Hakansson et al., 1981). Lund & Pedersen (1985) focused 

on slightly older rocks of eastern Greenland, terminating their study in the lowermost 

Kimmeridgian. The assemblage they recovered from this interval was somewhat 

impoverished, dominated by species of Leptodinium and Scrinjodinium. They were able 

to correlate these strata with Assemblage E of Bjaerke (1977)(see Fig. 1.2). 

1.2.3. Canada, Canadian Arctic. 

A series of papers by Pocock (1962, 1967, 1972, 1976, 1980) made a major 

contribution to the volume of northern and western Canadian palynological literature, 

although a significant number of the taxa erected by him were subsequently either 

emended or dismissed by Jansonius (1986). Pocock (1962, 1967) considered terrestrial 

as well as marine palynomorphs, making only brief comments on the nature of the 

dinocyst assemblages, but nevertheless indicating that they are of Boreal affinity. 

Pocock's (1972) biostratigraphic work was tied with the zonal subdivision made in 

Russia on the basis of changes in pollen assemblages, not on marine macrofauna, making 

direct comparison with the NW European area impossible. Pocock (1976) proposed a 

palynological zonation of Arctic Canada, erecting one informal and four formal zones 

spanning the Tithonian to Valanginian interval. Poor preservation in the Berriasian 

sediments precluded anything more than informal zone nomenclature. Once again it was 

noted that correlations could not be made to NW European biostratigraphic schemes, 

since many of the taxa were endemic, or had contrasting ranges (Pocock, 1976). 



Williams (1975) presented a combined dinoflagellate and spore stratigraphy and 

zonation scheme for the Bathonian (Middle Jurassic) to Pleistocene (Tertiary) of the 

Scotian Shelf and Grand Banks areas, offshore eastern Canada The four stages of the 

interval studied (Kimmeridgian, Tithonian, Bemasian, Valanginian) were composed of 

three dinocyst zones, named after the taxa Gonyaulacysta cladophon, Ctenidodinium 

panneum, and Phoberocysta neocomica, the latter of which spanned both the Berriasian 

and Valanginian Stages. The zonation proposed was also adopted in complementary (and 

overlapping) studies of the same area by Bujak & Williams (1977) on the Jurassic strata, 

Bujak & Williams (1978 : Cretaceous strata), and Barss, et al. (1979 : Jurassic & 

Cretaceous strata). The diiocyst assemblage noted as typifying the Canadian C. 

panneum Zone is similar to that of the NW European C. culmulum - C. panneum Zone 

described by Woollam & Riding (1983), although it appears a little less diverse and in 

addition contains examples of the genus Amphorula (Bujak & Williams, 1977) normally 

associated with sediments of more Tethyan aspect. Similarly, the P. neocomica Zone 

assemblage shares much in common with coeval flora from Boreal Europe, not least the 

nominative taxon, but the presence within it of the Biorbifera johnewingi assemblage 

Subzone (Williams, 1975) again suggests strong Tethyan inheritance. Overall many 

similarities in the floral assemblages were noted between the Scotian Shelf residues and 

those described from both Tethyan and Boreal Europe, although there appeared to be 

great disparity between the former and the contemporaneous assemblages of western 

Canada described by Pocock (1967, 1972, 1976) and of California by Warren 

(1967)(Williams, 1975). 

An area just north of the Grand Banks region studied by Williams and co-workers 

was considered by Van Helden (1986), who assessed the Kimmeridgian to Valanginian 

dinoflagellate cyst biozonation of offshore Newfoundland. It was proposed that the 

interval corresponding to the C. panneum Zone of Williams (1975) be split into two 

shorter divisions, termed the Amphorula metaelliptica and Endoscrinium campandurn 

zones, although the position of the boundary between the two was left unclear. 



Brideaux & Fisher (1976) considered the dinoflagellate cyst assemblages of the 

Jurassic-Cretaceous boundary in Arctic Canada. They discovered that within this 

interval (more precisely, Upper Oxfordian to Berriasian) a single floral assemblage, 

which they called the 'Paraeodinia borealis' or just the 'borealis' assemblage, could be 

traced across the Canadian Arctic. Individual species within it, most particularly 

Gonyaulacysta cladophora, Psaligonyaulax dualis, and Lanterna saturnalis could be 

used to variously determine Upper Oxfordian to Upper Kimmeridgian strata with some 

degree of consistency across the whole area (Brideaux & Fisher, 1976). Stratigraphic 

correlation of these indices (and the 'borealis' assemblage as a whole) to other areas was 

made impossible by the combination of three factors: 

1) The taxa mentioned above were endemic to the Canadian Arctic area (Brideaux 

fC Fisher, 1976). 

2) Although other taxa within the 'borealis ' assemblage could be compared with 

similar forms from NW Europe, western Canada, or North America., their ranges were in 

marked contrast in those areas (Brideaux & Fisher, 1976). 

3) The biostratigraphy used above was tied to bivalve zonation commonly in use 

for the Canadian region, and since no agreement had been reached on how to correlate 

this scheme with the ammonite based chronology of NW Europe, calibration using 

macrofauna was not a possibility. 

Brideaux & Myhr (1976) studied the marine palynomorph biostratigraphy of the 

Parsons' Lake area in the District of Mackenzie. They were able to date rocks from 

Oxfordian to Valanginian age using the occurrence data of key taxa for which ranges 

were already well known. Due to the poor preservation of the Jurassic-Cretaceous 

boundary interval, together with the presence of well cavings, they were unable to deflne 

the base of the Berriasian with any degree of certainty (Brideaux & Myhr, 1976). 



Fisher & Riley's (1980) review of the distribution of dinocysts at the 

Jurassic/Cretaceous boundary (see section 1.2.1.) also included material from Canada 

and the Canadian Arctic, and the zonation scheme they proposed has several parallels 

with that of Williams and his co-worker (Williams, 1975; Bujak & Williams, 1977% 

1978). Pocock's 'progress report', also published in 1980 summarised the zonal schemes 

and biostratigraphic data which had been published at that time. He concentrated on the 

Canadian literature, but also took into account the data from California and NW Europe. 

He concluded that comparisons could be made between these areas on the basis of taxa 

common to all, and that in each the ranges of said taxa were "identical, or very close" 

(POCOC~, 1980). This is in contrast to the data presented in the publications he reviewed 

(including several of his own papers), which shows the ranges of such taxa to be 

'similar'. 

Davies (1983) made an excellent contribution to the field with his proposed 

Oppel zonation of the Sverdrup Basin. Nine of his seventeen zones coincide with the 

Kimmeridgian to Valanginian interval, and each was carefully defined by its floral 

characteristics. His zones 'L' and 'M' overlap, and span the Jurassic Cretaceous 

boundary, with the dinocyst zonation being tied to the accepted macrofaunal zonation 

based on ammonites and pelycopods. He compared his framework to that of Johnson & 

Hills (1973) and Pocock (1976), and found that although there were indeed some 

similarities, fine correlations became difficult as a result of either the use of single- 

range zones (Johnson & Hills, 1973) which are prone to lateral facies variations, or 

incorrect identifications (Pocock, 1976). 

Late Jurassic microplankton from the Canadian Western Interior (British 

Colombia) were analysed by Davies & Poulton (1986). Five loosely defined assemblages 

were reported, correlated to the earlier dinocyst zonation of Davies (1983). Although 

the assemblages they noted as typical of Upper Oxfordian to Lower Kimmeridgian strata 

shared many elements in common with other Boreal localities outside Canada, younger 



assemblages were dominated by forms endemic to the North American continent (Davies 

& Poulton, 1986). 

Other (predominantly taxonomic) works from this area include consideration of 

Jurassic - Cretaceous boundary microplankton from Canada by Brideaux (1977) and 

McIntyre & Brideaux (1980), and Alaska (USA) by Wiggins (1969, 1972). 

1.2.4. Eastern Europe, Russia, Russian Arctic. 

Beju (1971) built on earlier taxonomic accounts (Baltes, 1959, 1963, 1966) to 

give the first zonation scheme for the Jurassic deposits of Romania. He divided his 

interval of study into four zones, of which Zone J4 correlated with the uppermost 

Oxfordian to Kimmeridgian Stages (Fig. 1.2). The assemblage was described as being 

very close to those noted from southern Germany, Poland and Bulgaria. Antonescu & 

Avram (1980) discussed the Early Cretaceous (Berriasian to Barremian) dinocyst 

assemblages from the Murguceva and Svinita Formations (Romania). They were able to 

construct a dinoflagellate cyst zonation for this interval, the two zones falling within the 

Berriasian and Valanginian Stages (see Fig. 1.2), being concurrent range zones. The 

assemblages recovered showed elements in common with Boreal assemblages (in 

agreement with the work of Beju, 1971), but also a strong Tethyan influence, particularly 

indicated by some of the zonal indices. 

Dodekova (1967, 1969, 1992, 1994) analysed the Late Jurassic microplankton 

assemblages of Bulgaria Her work indicated that the flora showed a mix of Boreal and 

Tethyan assemblages, with a much stronger influence from the latter. Biostradgraphy of 

the Oxfordian-Kimmeridgian and Tithonian was considered in the latter two papers with 

short-ranging taxa from both realms plotted. 



Early studies of the Late Jurassic palynomorphs of Poland focused on taxonomy 

and systematics (see for example G6rka, 1965). Poulsen (1992, 1993, 1994% 1996) gave 

further consideration to the uppermost Jurassic to Lower Cretaceous deposits of Poland, 

and indicated that the recoverable dinocyst floras are comparable to contemporaneous 

assemblages from Denmark and other NW European areas. Details of the stratigraphic 

ranges of several taxa are in contrast to their known occurrences in the western 

European area, particularly in the Late Oxfordian to Kimmeridgian (Poulsen, 1993). 

Additionally the Late Jurassic floras from Poland contain elements in common with more 

Tethyan assemblages, and even Austral components are noted (Poulsen, 1992, 1993, 

1994a, 1996). Difficulties in precise correlation of the ammonite chronostratigraphy 

between these areas may well account of some of the observed range discrepancies, 

although there would appear no reason to discount diachronism. Despite the ready 

application to the Polish area of the N W  European palynological zonation developed by 

Riding & Thomas (1988) and Davey ( 1979, 1982), especially with the modifications made 

by Poulsen ( 1991), the dinoflagellate cyst assemblages from Poland were described with 

ammonite rather than dinocyst zone control in these papers. 

Major taxonomic works on the Jurassic, Cretaceous and Tertiary palynomorphs of 

Russia were completed by Vozzhennikova (1960, 1963, 1967), and the material restudied 

by Lentin & Vozzhennikova ( 1990). 

Thedorova (1980) studied the Neocomian dinoflagellate cyst assemblages from the 

Pechora and Precaspian Basins, north-eastem Siberia, She found that Lower Cretaceous 

strata of these basins were deposited in a period of 'maximum transgression' (peak sea- 

level), and thus the dinocyst flora was diverse. Additionally she suggested that many of 

the elements of the flora were in common with coeval assemblages from NW Europe, and 

that the depositional basins must therefore have been interlinked for at least part of 

this time. In contrast, many other 'early' studies of Siberian palynology suggested that 

prevailing facies in the Lower Cretaceous were shallow marine to continental, and the 

dominant palynomorphs were of terrestrial derivation. For example, Rovnina et al. 



(1986) showed that in samples collected from the Upper Kimmeridgian to Volgian strata 

of western Siberia, the only recoverable marine taxa were species of the prasinophyte 

alga Tasmanites, known to be commonly associated with near-shore conditions. 

Similarly Smelror (1986) was only able to retrieve marine palynomorphs from the Mid 

Jurassic of Arctic USSR, the Late Jurassic and Early Cretaceous palynofloras being 

exclusively composed of sporomorphs. Ilyina (1986) was able to construct the first 

(informal) palynological zonation of the Siberian Jurassic, based largely on 

sporomorphs, but including some marine palynomorphs. Assemblages recovered from 

the uppermost Jurassic (Volgian) to basal Berriasian successions were of low diversity 

but included taxa found in northern Europe and Arctic Canada (particularly elements of 

the 'borealis' assemblage). 

Federova et al. (1993) studied the reference sections of the Boreal Berriasian on 

the north coast of Siberia in terms of micropalaeontology. Dinoflagellate cyst 

assemblages were described for each ammonite zone. Range charts were not provided, 

and the apparent assemblages recovered were of very low diversity, although all of the 

elements could be compared to the NW European area and appeared to be of similar age. 

In common with the findings of Rovnina et al. (1986), one of the reference sections 

studied (Boyarka River) was devoid of dinocysts, marine palynomorphs being 

represented only by typically near-shore acritarchs and prasinophytes. Shul'gina et al. 

(1994) described the north Siberian dinoflagellate cyst assemblage of Boreal Berriasian 

to Boreal Valanginian age (with passing reference to material of older, Volgian 

sediments). The sampling interval did not permit a detailed study to be made, and 

prevailing facies certainly played a part in the recovery of a rather low diversity 

assemblage (Shul'gina et al., 1994). However, the microfloral characteristics would seem 

to suggest much in common with North Atlantic (UK area) and Arctic 'sub-provinces'. 

Several elements of the 'borealis' assemblage were noted from the residues, including the 

nominative taxon. They revised the 'sub-province' division suggested earlier by Saks et 

al. (1971), based on ammonite provincialism, but made little attempt to correlate this 

with observable regionalism in the dinoflagellate cyst floras. 



From the Volga Basin (Russian Platform) there have been three previous 

palynological studies of the Volgian lectostratotype at Gorodishche. Lord et al. (1987) 

considered the micro-biostratigraphy of both the Gorodishche and Kashpir sections, 

although their observations were limited by the small number of available samples. This 

work was much extended by the largely taxonomic work of Hogg (1994, unpublished). 

More recently, Riding et al. (in press) have continued this work by formulating a new 

dinocyst zonation scheme for the Russian Platform and Pechora Basin (northern Siberia) 

areas. This was compared to that of NW Europe, and indeed is similar in many respects. 

These three contributions will be dicussed in more detail in Chapter 4. 

Lower Cretaceous palynology of the Russian Platform and surrounding area was 

considered by Iosifova (1996). This work focused on the Ryazanian to Aptian interval of 

Tchernaya Retchka (Moscow Basin), and gave a detailed account of dinoflagellate cysts 

and their biostratigraphy. Iosifova (1998, pers. comm.) made a study of the Lower 

Cretaceous (Ryazanian) dinocysts from the section at Kashpir, but the work is as yet 

unpublished. It indicated however, that the assemblages from Kashpir and Tchernaya 

Retchka were very similar. The Late Ryazanian deposits of the Russian Platform have 

also been studied by Federova & G jazeva (1984) and Jakovleva (1993) who, along with 

Riding (in press) were able to recognise a new (currently unnamed) dinocyst interval 

between the Goch teodjnja villosa and Pseudoceratium pelliferum zones (see Figure 1.2). 

1.3.1 Tethyan: Western Europe; S Germany, Switzerland, SE France, 

Portugal, Spain. 

The Jurassic of the western European Tethyan area is extremely. poorly 

understood in terms of dinoflagellate cysts (and indeed palynology in general). This is 

in part due to the incomplete nature of this portion of the Tethyan succession, and in a 



large part due to the typical Upper Jurassic Tethyan facies not being conducive to 

palynomorph preservation. 

Klement (1960) was the first to describe the marine palynofloras of the south- 

west German Malm in detail, several of his type specimens later being restudied by 

Sarjeant (1984). In a short paper, Diirr (1987) described the dinoflagellate cyst 

assemblage from the Middle Kimmeridgian (WeiRjura 8) of southern Germany. Lund & 

Ecke (1988) loosely described the Mid to Late Jurassic dinocyst stratigraphy of Bavaria, 

in a manner offering only local utility. 

Shortcomings in our palynostratigraphic knowledge of southern Germany were 

much reduced by Diirr's (1988) work on the Kimmeridgian and Tithonian. She was able 

to distinguish four dinocyst zones (see Fig. 1.3), which can be described as a 

combination of range, assemblage, and abundance zones (after Salvador, 1994). Her 

Meirogonyaulax bejui Zone marked the boundary between the Oxfordian and 

Kimmeridgian strata, but the uppermost Kimmeridgian and Tithonian were barren of 

palynomorphs and the corresponding Stage boundaries could therefore not be defined. 

She also noted that the assemblages recovered, whilst containing elements in common 

with the Boreal floras, were clearly of Tethyan affinity, although the area has been 

suggested as Boreal in other reviews of provinciality (Riding & Ioannides, 1996; Stover 

et ale, 1996), and is chronologically zoned by Boreal ammonite taxa. Review of the 

dinocyst taxa encountered and of the relative abundance data presented suggests that 

indeed there is a mix of Tethyan and Boreal characteristics, with a stronger influence 

from the latter. However, in view of the fact that the dinocyst zonation scheme cannot 

easily be correlated to either realm, and in defference to the original authors comments, 

the area is here considered to be Tethyan. 

The Upper Oxfordian to Middle Kimmeridgian interval of southern Germany was 

again considered by Diirr (1989). In the latter work she was able to define three 



'dinoflagellate cyst intervals' of which the uppermost corresponded to the M. bejui and 

Prolixosphaeridium mixtispinosum zones previously defined by her (Diirr, 1988) 

Palynological assessment of the Jurassic deposits of Alsace (SE France) by 

Rauscher & Schmidt (1990) showed that although the Oxfordian assemblages were 

reasonably diverse and well preserved, those from Kimmerdigian strata were very much 

impoverished, and composed only of long ranging taxa Millioud (1967) made a 

preliminary palynological assessment of the type sections of the Vananginian and 

Hauterivian Stages. This study indicated that dinocysts may in fact be very useful in 

fine scale biostratigraphic assessments of such sections, although a good proportion of 

the Valanginian stratotype proved to be barren of palynomorphs. A more detailed study 

of these sections, together with the Berriasian stratotype was completed by Millioud 

(1969), where the ranges of stratigraphically useful dinoflagellae cysts were plotted. In 

common with his preliminary account, the study was very much restricted by the barren 

nature of the Berriasian and Valangian intervals, having encountered only three 

palyniferous horizons from each of the two stratotypes. 

Habib & Drugg (1983) considered the palynostratigraphy of the Bemiasfan to 

Hauterivian stratotypes along with numerous other important sections of Early 

Cretaceous age in SE France and Switzerland. The zonation they proposed was exactly 

that suggested for the western (central) North Atlantic (Habib, 1977, 1978; Habib & 

Drugg, 1983), although this study had the advantage of tying palynomorph data to 

ammonite biozonation (see Fig. 1.3). Four zones corresponded to the Berriasian to 

Valanginian interval, with the widely recognised Biorbifera johnewingii Zone defined as 

early Late to terminal Berriasian. Further study of the Hauterivian stratotype was made 

by Fauconnier (1989). The Cretaceous dinoflagellate cyst stratigraphy and zonation for 

the SE of France was summarised by JardinC et al. (1984). The zonation they proposed 

differs in many respects from other zonations within the Tethyan realm (see Fig. 1.3). 

They went on to suggest that the floras came under increasing Boreal influence at the top 

of the Valanginian. 



Figure 1.3 Legend 

Correlation of previously published Tethyan dinoflagellate 
cyst biozones 

Wherever possible the exact position of the zone boundaries relative to 
the standard ammonite zonation has been shown. Where this 
information was not provided, correlation has been made to the nearest 
ammonite zone, or to the stage boundaries as defined by Hoedemaeker 
(1 991, 1999), Geyssant (1 997) and Hantzpergue et al. (1 997). 

Abbreviations are as follows; 

B. johne wingii. Bjorbifera johne wingii 
0. asterigium .- Oligosphaeridium asterigium 
D. warreni Dapsilidinium warreni 





Whilst undertaking an investigation of the Berriasian stratotype, Monteil (1990) 

revised the definition of the typically Tethyan species Amphorula. Having done this, he 

attempted to create a zonation for the Upper Oxfordian to Lower Valanginian interval 

based on his new concept of 'morphostratigraphy'. In this concept, zonation is developed 

using a single phyletic group. Certain morphological characters are assigned Boolean 

values (ie. Yes or No) for each specimen, and single zones then formulated according to 

their 'Character-Yes' or 'Character-No' quality. Complex zonations can therefore be 

built up using the concurrence of 'morpho-zones' from different phyletic groups. 

A further zonation of the Tithonian to Valanginian interval of south-east France 

was given by Monteil (1992) and subsequently revised/updated by Monteil (1993) (see 

Fig. 1.3). Of particular interest here is the definition of Monteil's (1992) Biorbifera 

fohnewingii Zone, which was proposed as lying across the Tithonian-Berriasian 

boundary, in contrast- to numerous other studies (Habib, 1976, 1977, 1978; Habib & 

Drugg, 1983, 1987; JardinC et al., 1984). Indeed, there appears to be widespread 

disagreement about the stratigraphic extent of this zone, with other reports suggesting 

that the first occurrence of this species is indeed in the Late Tithonian (Jan du ChCne et 

al., 1993; Dodekova, 1994; Leereveld, 1997). Since these all post-date the work of Habib 

& associates, it is perhaps safest to assume that additional occurrences of the 

nominative taxon have now been noted within the Tithonian (and Early Berrisian), 

effectively extending its range into older strata. If this is the case, a strong argument 

could be made for the redundancy, or at least relegation to sub-zone level, of Habib & 

Drugg's ( 19 83) Pho berocys ta neocomica Zone. 

In addition to the zonation, results of the Vocontian Trough Early Cretaceous 

Working Group's research into the correlation of sequence- and dinoflagellate cyst 

stratigraphy were presented. Monteil's work was included in a summary study of the 

biostratigraphic and sequence stratigraphical knowledge of SE France given by Jan du 

ChCne et  al. (1993). 



Masure (1988) reported on the dinocyst biostratigraphy of the Berriasian to 

Aptian interval from the Galicia Margin, offshore Spain. The boreholes studied revealed 

numerous taxa in common with Boreal areas, especially Achomosphaera neptunii, 

Phoberocysta neocomica, and Pseudoceratium pelliferum, the co-occurrence of which was 

used to indicate a late Berrisian age for the cores. The Tethyan species Biorbifera 

johnewingii was only encountered in Valanginian deposits from the Spanish coast, in 

marked contrast to its apparent first occurrence in SE ~rance and the western Atlantic 

(see for example Monteil, 1993; Habib & Drugg, 1983; etc). 

Dinocyst biostratigraphy of the Berriasian to Aptian of the Rio Argos succession, 

SE Spain was given by Leereveld (1989) Hoedemaeker & Leereveld (1995), and Leereveld 

(1997). A dinocyst zonation was proposed in Hoedemaeker & Leereveld (199% and 

formally defined for the Berriasian to Valanginian interval in Leereveld (1997). The 

zonation in both publications was calibrated with well dated ammonite and calpionellid 

data Four zones were proposed in the latter paper (see Fig. 1.3), the upper three being 

further subdivided into seven subzones. The base of the Biorbifera johnewingij 

dinocyst Zone is not defined in the Rio Argos succession since it apparently extends into 

an unpalyniferous interval, and Leereveld (1997) was forced to use the base defined by 

Jan du Chhe et al. (1993) for the Broyon section, SE France. The zone could not be 

subdivided because of 'poor palynological recovery' from that interval (Leereveld, 1997). 

The work also correlates the Rio kgos  zonation to those proposed for the western 

Atlantic, SE France, NW Europe, Libya, Romania, Morocco, the Boreal Arctic, and various 

localities in the southern hemisphere. 

The earliest accounts of microplankton in Portuguese deposits of Kimmeridgian 

age were in the largely taxonomic studies of Deflandre (1938, 1941). Berthou & 

Leereveld (1990) considered the Berriasian to Albian palynology of Portugal. Their 

biostratigraphic charts appear to show numerous 'biohorizons' corresponding to the 

FADS of several taxa, although since not all of the collected samples are included within 



these (presumably because they were barren of palynomorphs), the strength of such 

events may have been over-emphasised. Overall the flora recovered was dominated by 

taxa of Boreal aspect (Berthou & Leereveld, 1990), with few direct correlations with 

other Tethyan assemblages possible (none from the Berriasian - Valanginian strata). 

Since the ammonite data strongly suggests Tethyan descent, the authors were able to 

propose several correlations between Boreal and Tethyan ammonite stratigraphy based 

on the dinoflagellate cyst biohorizons. 

1.3.2. NW Africa, eastern North Atlantic. 

The literature on north African (onshore) palynology is limited. The Lower 

Cretaceous sequence of south-west Morocco was considered by Below (1981a, 19826b)* 

These contributions were primarily taxonomic in nature, but biostratigraphy was 

briefly considered in 1981 (Below, 1981a) and in slightly more detail, with comparisons 

to other areas in his 1982 papers. No  zonation was proposed since many of the taxa 

encountered by him were considered to be long-ranging, although direct comparisons 

with the zonations of other areas were made. Neocomian palynology of northern Morocco 

was studied by Giibeli et al. (1984), from the turbiditic sediments of the Rif Mountains. 

The dinoflagellate cyst assemblage was of very low diversity, and the zonation they 

proposed was defined by sporomorphs. However, the presence of biostratigraphically 

important taxa was noted allowing approximate correlation of the Berriasian and 

Valanginian sediments with other Tethyan areas (see Fig. 1.3). 

Williams (1978) performed a palynological analysis of two Deep Sea Drilling 

Project Sites (367,370) off the western coast of Africa. The assemblages recovered were 

most favourably compared to contemporaneous floras from the Scotian Shelf, but 

contained taxa of both Boreal and Tethyan affinity. Biostratigraphic analysis was unable 

to separate the Berriasian and Valanginian strata with any degree of certainty, and the 

limited amount of information from the latest Jurassic precluded any meaningful 



interpretation of the Jurassic-Cretaceous boundary. Despite some similarities between 

this flora and that of the onshore Lower Cretaceous localities studied by Below (1981a, 

1982, qb), a substantial portion of the offshore assemblage was not comparable. 

Williams & Bujak (1985) extended this work with a study of the Kimmeridgian to 

Hautervian strata at Site 416 (adjacent to Site 370 of Williams, 1978). Dinoflagellate 

cyst assemblages were described from each Stage, and compared to those of the Scotian 

Shelf and the western North Atlantic. 

Gradstein et al. (1992) used a variety of microfossil and palaeomagnetic data 

from areas in the eastern and western North Atlantic to construct a probabilistic 

zonation for the early Cretaceous (including Tithonian) interval. Detailed comparison of 

their zonation scheme with those proposed for dinoflagellate cysts is difficult, since 

they did not include ammonite data. However, their zonation is broadly correlated 

against other data in Figure 1.3. An extensive re-study of central North Atlantic 

material, and comparisons to the work of Habib & Drugg (1983) and Gradstein et al. 

( 1992) was undertaken by Ogg (1994). Nine deep sea sites were re-examined, and it was 

shown that the succession of taxa used to defined the zonation scheme (and thus the 

succession of zones themselves) of Habib & Drugg (1983) was the same in the eastern and 

western areas of the Central North Atlantic. This being the case, it was also shown that 

the timing of these appearances was slightly younger in the eastern area based on 

calibration with calcalreous nannofossil and foraminifera1 data (Ogg, 1994). 

1.3.3 California, western North Atlantic. 

Literature on the North American marine palynology of this interval is limited. 

According to Riding & Ioannides (1996), the most comprehensive study of the Upper 

Jurassic of California is the unpublished thesis of Warren (1967), and suggests that 

many forms described by Warren (1967, 1973) are of Boreal affinity. However, the 
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Tethyan nature of the Californian sections (at least of key biostratigraphic taxa) is 

presented by Habib &Warren (1973). 

The Kimmeridgian (sensu gallico) sediments of the Blake-Bahama Basin were 

considered by Zotto et al. (1987). This short account was able to demonstrate the 

position of the Oxfordian-Kimmeridgian boundary palynologically, with particular 

reference to first occurrence data. Taxa chosen for this biostratigraphic analysis were 

those known to originate in contemporaneous sediments of the Kimmeridgian stratotype. 

In comparison to the eastern North Atlantic, there is a weath of information available on 

the Jurassic-Cretaceous boundary palynology of the western side, mostly contributed by 

Habib and associates. Habib (1972) noted four distinct dinoflagellate cyst associations 

(E-H) which corresponded to the Oxfordian-Valanginian interval. Habib (1976) focused 

on the Early Cretaceous assemblages, and constructed the first dinocyst zonation for the 

region, with four zones being defined from the Berriasian to Valanginian-Barremian 

interval, although as just suggested the stratigraphic control, particularly on the 

youngest zone, was not precise. 

Habib (1977) reviewed this zonation with a study of six additional Deep Sea 

Drilling Project Sites from the western North Atlantic. The uppermost Oljgosphaeridium 

complex Zone of Habib (1976) was replaced by the elevation of its two subzones to zonal 

status. This was accompanied by greater stratigraphic control showing that in fact the 

preceding Druggidium deflandrei Zone spanned the late Valanginian to Hauterivian 

interval. Whilst the B. johnewingii Zone was characterised as an Interval Zone, the three 

succeeding zones were Lineage zones (or Phylozones as termed by Habib, 19771, within 

the genus Druggidium. Habib was also able to demonstrate the validity (if not the 

chronostratigraphic resolution) of his zonation scheme in biostratigraphic assessments 

of cores from the western Bermuda Rise (Habib, 1977), and Blake-Bahama Basin (Habib, 

1978; Habib & Drugg, 1983,1987). Habib & Drugg (1983) compared the zonation of the 

Blake-Bahama Basin with new work from the Neocomian stratotypes, showing that the two 

areas were almost indentical in this respect. In this study they were able to place the 



first ammonite chronostratigraphic control on their dinocyst zones from the onshore 

I 

European localities, which was then transferred to the western Atlantic area by Habib & 

Drugg (1987). 

Riley & Fenton (1984) analysed samples collected from Lower Cretaceous rocks of 

the Gulf of Mexico. The study focussed on the stratigraphic distribution of 

dinoflagellate cysts, and the assemblages proved very similar to those previously 

identified by Habib. The noteable exception to this was the absence of B. johnewingii 

from the site. Habib's zonation scheme was not applied, although some comparisons were 

made. 

1.3.4. East & Central Africa, Middle East, India, China. 

Late Jurassic dinoflagellate assemblages from Kenya were reported by Jaing et a]. 

(1992). The small stratigraphic interval sudied was approximately equivalent to the 

Beckeri and Hybonotum ammonite chrons of the Kimmeridgian - Tithonian boundary 

(sensu gallico), and the Kimmeridgian Autissiodorensis - Elegans transition (sensu 

anglico). The sequence was split into three dinocyst zones, the first an assemblage zone, 

and subsequently two interval zones. The uppermost zone was further divided into three 

subzones. In terms of floral characteristics, they were able to demonstrate that 

approximately 25% of the taxa were endemic to the African-Arabian-Indian region (of 

which half were endemic to Africa), and the remainder suggested a mix of European 

Boreal, Tethyan and Austral characteristics. Jaing et al. (1992) also compared the 

Kenyan assemblage to those of Chen (1978, 1982) from Madagascar, and found them to be 

strongly comparable. 

Upper Jurassic palynological studies of Israeli successions are restricted to 

Oxfordian and older strata (Conway, 1990, 1996). A basal Cretaceous to ?Portlandian 

interval was examined by Conway (1996), but the interval proved barren of marine 



palynomorphs until Hauterivian/Barremian part of the section (also dated by 

sporomorphs). 

Late Jurassic to early Cretaceous marine palynomorphs from Iran were first 

reported by Thusu & Vigran (1985), and Thusu & Van der Eem (1985) and again in much 

more detail by Thusu et al., (1988). The latter work proposed a dinocyst zonation for 

the Aelian (Early Jurassic) to Barremian (Early Cretaceous) interval, of which four zones 

correspond to strata of Kimmeridgian to Valanginian age (Fig. 1.3), calibrated to 

calpionellid data. Comparison of the floral characteristics to other areas show that the 

Late Jurassic part was broadly similar to the successions of NW Europe (although there 

were some substantial differences). Neocomian assemblages from Iran were significantly 

different to those of Tethyan Europe, although they were able to recognise the 

Phoberocysra neocomica Zone, which has additionally been noted from eastern Canada 

(Bujak & Williams, 1978). Overall the Neocomian assemblages were noted as being more 

diverse than those recovered from Jurassic sediments. Kimmeridgian palynomorphs 

were noted by Wheeler & Sarjeant (1990) from a single sample collected in the Albon 

Mountains area. The assemblage was not diverse, and poorly preserved, but nevertheless 

the taxa identified were directly comparable to those isolated from contemporaneous 

sediments in Boreal NW Europe. 

Marine palynomorphs from Afghanistan were reported by Ashraf (1979). He 

divided the Malm-Neocomian interval into two dinocyst zones (B & C), which were 

directly correlated to his sporomorph zones published earlier (Ashraf 1977). Once 

again the flora was shown to have strong Boreal influence. 

A short initial report on the Late Jurassic dinoflagellate cysts of Kachchh (West 

India) was given by Ventkatchala & Kar (1968). The exact stratigraphic position of the 

recovered assemblage was not given, but compared to Deflandre's (1938) work on the 

Portuguese Kimmeridgian sediments. The Upper Jurassic (Oxfordian to Kimmerdigian) 

of the Kutchchh area was also considered in a short paper by Jain et al. (1986) and 



Kumar (1986a, 1987a, 1987 b) . Similarly aged marine palynomorph assemblages from 

the Spiti Shale Formation (Himalaya) were described by Jain et al. (1978, 1984). Five 

assemblage zones were proposed, although a low level of stratigraphic control was 

attained, and in many cases the suggested dinocyst ranges conflicted with the ammonite 

data. The assemblages appear to be a mix of Boreal and Austral characteristics (pers. 

obs.) in conflict with their assertion that the sediments are 'Tethyan' (Jain et al., 1978). 

A review of Indian marine palynology was undertaken by Garg et al. (1987) re-examining 

all of the earlier work, and the dinoflagellate biostratigraphy was set in a stronger 

chronostratigraphic framework. 

The available literature on the dinoflagellate assemblages of China is essentially 

limited to the taxonomic study of Yu Jingxian (1982), who concentrated on the Early 

Cretaceous of the Heilongjiang Province. Ogg (1992) gave a brief account of the marine 

palynomorphs of the western Pacific. She noted that all of the Lower Cretaceous 

sediments proved barren of palynomorphs (independant of facies), and that the earliest 

recoverable dinoflagellate cysts came from the AptiadAlbian. Sarjeant et al. (1992) 

reviewed the Jurassic palynology of the Pacific region, concluding that due to aspects of 

preservation in the majority of areas, the marine palynology of the SE Asian region was 

extremely poorly known. Riding (1996) supported this by asserting that the paucity of 

data from China and south-east Asia prevents meaningful comparison with other well 

known areas. 



CHAPTER 2. Introduction to palynofacies analysis. 



2. Introduction to palynofacies analysis. 

2.1. Review of published classification schemes. 

The term palynofacies was coined by Combaz (1964), although organic matter 

occurring in palynomorph preparations had been studied earlier by Muller (1959). AS 

originally defined, the term relates to all the acid-resistant organic materials recovered 

using palynological processing techniques (HCl & HF acids) as visible under the light 

microscope. Subsequent workers have not always adhered to this definition, often using 

it in association with only part of the recoverable organic matter (see for example, Bint 

& Helby, 1988, Lenoir & Hart, 1988, Hart et al., 1988, and Traverse, 1988, who all 

focused on palynomorphs; Andrews & Walton, 1990, who concentrated solely on ' 

structured components; Rahman et al., 1994, who only considered the shape and nature 

of the phytoclast debris; and Sittler & Olivier-Pierre, 1994, who considered 

palynofacies elements to be all organic particles excluding palynomorphs). Batten 

(1996) noted that the terms 'sedimentary organic matter' (SOM) and 'palynofacies' have 

often been treated as synonymous by palynologists, although in reality SOM encompasses 

a much larger range of materials. The term was redefined by Powell et al., (1990) to 

relate it more closely with sedimentary environments, although Batten (1996, p. 1020) 

commented that determination of such environments on the basis of palynofacies is often 

equivocal, even where a palynofacies is well characterised. In most preparations there 

is probably a difference between the 'palynofacies' which existed in the sedimentary 

environment and 'palynofacies' in the sense of Combaz (1964), whether it was generated 

by diagenetic alterations, weathering, sample collection bias, or simply destructive 

processing techniques. Since in many cases palynofacies analysis is aimed at 

determining the environment of deposition, the definition of Powell et al. (1990) might 

be regarded as circular reasoning. 

Debate about the use of the term 'palynofacies' aside, the terminology used in 

reference to the constituents of organic matter has also been both appropriately and 

inappropriately developed. As noted by Tyson (1995) the terms 'kerogen' and 



'palynological organic matter' (or palynological matter) are largely synonymous 

(although see Batten, 1981: p. 202), but in the context of the present work, the author 

prefers to use the latter term. This is because 'kerogen' can also take on geochemical 

connotations, for example the characterisation of 'kerogen types' by Tissot et al., (1974) 

on the basis of elemental analysis. Other terms synonymous with palynological matter 

include: dispersed organic debris, palynodebris (Manum, 1976; Habib, 1979a; Boulter 

& Riddick, 1986; Pocock e t  al., 1988; van Waveren & Visscher, 1994), organoclasts 

(Courtinat, 1989), and palynoclasts (Powell et  al., 1990). 

One of the most widely used terms referring to the constituents of palynologic 

matter assemblages is 'particulate organic matter' (POM). Various authors differ in 

their usage of this term. For example Tyson (1984, 1989,1993, 1995) has routinely 

included amorphous organic materials within this group (thus making it synonymous 

with palynologic matter), whilst Harding & Allen (1995) and Cole & Harding (1998) 

exclude AOM. The Oxford English Dictionary defines the word particle as a "very small 

bit or piece (of something)". Thus it does not connote any qualities of structure or 

organisation, and can acceptably be used in conjunction with AOM. Palynomorphs, being 

entities unto themselves, are not in the strictest sense particles, but have been 

ubiquitously accepted as being members of POM. 

Numerous formal classification schemes for the various components of 

palynological matter have been developed, but none has met widespread acceptance. 

There are several apparent reasons for this. Palynofacies investigations typically fall 

into two categories: those aimed at assessing hydrocarbon potential, and those focused 

on (palaeo)environmental interpretations. Tyson (1995) noted that studies of 

hydrocarbon potential concentrate on the identification of inert, gas-prone, oil-prone, 

and very oil-prone elements within the palynological matter assemblages, and for this 

reason the classifications developed tend to be simple with a small number of categories. 

Conversely, palaeoenvironmental assessments need to consider a far greater set of 



variables, and are altogether more complex to interpret, This dichotomy prevents a 

united classification from being acceptable. 

In addition, many classifications have used unsuitable or ambiguous terminology, 

and more still have proposed new terms for what Tyson (1995, p. 341) described as a 

"relatively familiar set of components". Typically confusion has arisen over the use of 

organic petrological (reflected light) terminology in transmitted light studies. Whilst 

comparisons can be drawn between macerals determined in reflected light and various 

palynofacies components proper, the fundamental difference in optical technique must 

force the terminology to remain separate. Thus the application of the maceral term 

'inertinite' to opaque particles identified in transmitted light microscopy (for example, 

Habib, 1979a,b; Habib et al., 1988; Gorin et al., 1989; Gorin & Monteil, 1990; Gorin & 

Steffen, 1991) is unacceptable. The use of poorly defined terms such as 'herbaceous' 

(Burgess, 1974; Hunt, 1979; Powell et al., 1982; Tissot & Welte, 1984)(which is also 

inappropriate in this context as it is a botanical term used to described non-woody 

flowering plants; Tyson, 1995), or those which unnecessarily group components of 

different provenance, such as 'phyrogen' (Bujak et al., 1977), have made subsequent 

comparisons of palynofacies components difficult. So too has the development of 

teminolog~ such as the 'palynomacerals' of Whitaker (1984)(and subsequently Van der 

Zwan, 1990 and Whitaker et al., 1992) and the palynofacies concepts of Habib (1979% 

1982, 1989), as well as studies based on preservation state of palynological matter 

(Hart, 19861, all of which have proved difficult to apply consistently. 

Nevertheless, several classification schemes dealing with the majority of 

palynologic matter types have been presented. The most commonly cited of these are 

shown in Figure 2.1 and reviewed below, followed by a comparison with the choice of 

terminology adopted in this report. In addition, numerous studies have dealt with 

relatively simple palynofacies composed of a small number of components. These 

include studies such as Piasecki (1986), Barron (1989), Nehr-Hansen, (1989), Van 

Waveren (1989), Benson (1990), Kunz (1990), Davies et al. (1991), Sittler & Schuler 



(1991), Courtinat (1993), Hssdida & Monadec-Kerfourn (1993), Mussard et al. (1994), 

Sittler & Ollivier-Pierre (1994), Van Waveren & Visscher (1994), Harding & Allen 

(1995), Oboh-Ikuenobe (1996), Oboh-Ikuenobe et al., (1997), and Cole & Harding 

(1998). Additionally, some authors have preferred to relate their observed palynofacies 

to palaeoenvironrnent using the 'simplified systems developed for estimating 

hydrocarbon potential (see for example, Manum & Throndsen, 1978; Venkatachala, 

1981b; Hoelstad, 1986; Pocknall & Beggs, 1990; Riley et al. 1992). Since the aims of 

the current investigation do not involve estimation of hydrocarbon potential, review of 

the formal classification schemes associated with this concept is not made here. The 

reader is referred to the summaries made by Tyson (1995, Chapter 20) and Batten 

(1996), and the references cited therein. 

Staplin (1969) was the first to present a formal classification for palynologic 

debris. He grouped all the recognisable components into 'primary' and 'modified 

materials', thus recognising the importance of distinguishing between 'fresh' and 

reworked matter, and in particular the partial oxidation of some materials prior to 

deposition (after Spackman & Thompson, 1963, who made observations on coal 

constituents). He also separated materials of terrestrial and marine origin, recognising 

various components of phytoclast material. Little attempt was made to further itemhe 

the different phytoplankton groups or to make a detailed study of the 'sapropelic 

indicators' ('AOM'). Such shortcomings were addressed by Combaz (1980), although his 

subdivision of the amorphous group was not widely applicable as none of his categories 

were well defined. 

Habib (1979a) (although actually published earlier in Deroo et al., 1978) used an 

informal classification for his observed palynological matter from the North Atlantic, 

which was subsequently used to develop a set of formal 'organic facies types'. He 

grouped this material into structured and amorphous categories, and included within the 

latter particles which he later (at least in part) re-attributed to oxidised tracheidal 
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matter (Habib, 1983). The inclusion of phytoclast material within his amorphous group 

in his early papers (Habib 1979a,b) led to some degree of inconsistency. Indeed, the 

characterisation of his amorphous group is somewhat jargonised and in places poorly 

defined (Tyson, 1995: p. 361). His 'organic facies types' have been applied in several 

other studies (Habib, 1982, 1983; Demo et al., 1978; Poulsen, 1986; Courtinat, 1989; 

Habib & Miller, 1989, Benson, 1990), most successfully in relation to the deep sea 

environment. 

Masran & Pocock (1981) published a much more widely utilised classification 

scheme (for examples of its application see Summerhayes, 1981; Pocock, 1982; Masran, 

1984; Venkatachala, 1984; Venkatachala et al., 1984; Mukhe jee & Chopra, 1987; 

Pocock et al., 1988; Firth, 1993). They proposed nine major categories which 

encompassed both well preserved and degraded terrestrially-derived materials as well 

as an amorphous group (sensu stricto). Tyson (1995) however notes that there are 

several terminological problems with their classification, not least of which is the 

fonnal substitution of the term 'marine' by 'aqueous'. They greatly expanded on 

Staplin's (1969) acknowledgement of modified materials, placing some emphasis on the 

geochemical subdivision of amorphous matter (Tyson, 1995). Further they introduced 

the intermediate 'semi-amorphous' category for biologically degraded organic matter 

with traces of original structure remaining. Their division of the phytoclast group was 

the most detailed yet published, although their use of the terms 'root', 'stem' and 'leaf' 

were unqualified and perhaps over interpretative for primary data collection. A 

dichotomy in the 'charcoal' group into 'degrade-' and 'pyro- varieties' was presented in 

line with the recognisable maceral equivalents. 

From work on the North Sea palynofacies, Parry et al. (1981) constructed a 

relatively simple classification scheme. The nature of their palynofacies assemblages 

meant that much attention was paid to phytoclast material. Despite this they did not 

distinguish between blocky brown wood with little internal structure (cf. gelified; 

Tyson, 1995) and wood possessing longitudinal thickenings, which clearly represents 



tracheid material. The palynomorph group was well separated in their scheme, into 

marine, terrestrial, and freshwater components, and further descriminated to the level 

of dinoflagellate cysts, prasinophytes, spores and pollen. 

Perhaps the most widely used of all classification schemes is that of Whitaker et 

al. (1984) based on palynofacies characterisation of the Troll Field, offshore Norway. 

Their relatively autochthonous (structured) fraction was finely divided (Whitaker et al., 

1984: Figure 7), and they separated chorate, cavate and proximate dinoflagellate cysts. 

Tyson (1995) notes that their use of the acronym S.O.M. for 'structureless sapropelic 

organic matter', was inappropriate as it has also been used for 'sedimentary organic 

matter'. Additionally, their SOM appears to be analogous with the AOM of most other 

workers (Tyson, 1995). Conversely, the AOM of Whitaker et al. (1992) seems to 

represent the homogeneous degraded remains of terrestrial material. 

The main problem with the classification of Whitaker et al (1984) is that they 

did not describe it in the text, referring only to an iconified key. As a result, later 

attempts to qualify the various categories, particularly of the 'relatively allochthonous' 

phytoclast material have not always been consistent (see Bryant et al., 1988; Van der 

Zwan, 1990; Whitaker et al., 1992). This group is divided into 'palynomacerals' 1-4, on 

the basis of hydrodynamic properties (Whitaker et al., 1992). Of the four, only 

Palynomaceral.3 can be consistently separated, and appears to be largely cuticle 

material. Palynomacerals 1 and 2 appear to relate very loosely to the brown wood 

category of Parry et al. (1981), although both appear to include 'humic gels', 'resinous 

substances', and 'algal detritus', thus including amorphous components (Van der Zwan, 

1990; Whitaker et al., 1992). Quite what 'algal detritus' was in this respect was never 

qualified, although Tyson (1995) suggests it may have been Botryococcus colonies, at 

least in Palynomaceral 1. The mdn difference between these two is supposedly 

contrasting buoyancy, with Palynomaceral 2 particles tending to be thinner, more lath 

shaped and less dense. The key as drawn by Van der Zwan (1990) would suggest that 

Palynomaceral2 includes fragments of tracheids, which would perhaps explain why this 



palynomaceral is represented by more 'lath shaped' fragments. He also compares 

Palynomaceral 1 with the brown wood component of Boulter & Riddick (1986), which is 

indeed roughly comparable to that of Parry et al. (1981). 

Palynomaceral 4 of Whitaker et al. (1984) appears to be approximately 

equivalent to the black wood component of Parry et al. (1981) and Masran & POCOC~ 

(1981), although they included particles which are both black and 'almost black' within 

this category. It is not clear what colour the 'almost black' material would be, and thus 

whether it represents extremely thin (grey) pieces of true black wood, or whether they 

include particles with brown rims. If the latter is the case, they appear to follow 

Batten's (1973b) inclusion of oxidised brown wood within 'black wood' group. The 

present author agrees with Tyson's (1995) comment that doing so raises problems with 

consistent discrimination of the two types, and should therefore be avoided. 

Furthermore Van der Zwan's (1990: p. 175) assertion that the blade shaped component is 

"usually uniformly opaque and structureless" seems a little unfortunate since the 

internal structure of opaque particles (or lack thereof') cannot be assessed using 

transmitted light. 

Although the palynomacerals of Whitaker et al. (1984) can be loosely compared 

to other classifications, they also used a system of superscript notations to indicate 

aspects of shape and preservation of the various components. These included indications 

of bleaching and darkening of the particles, which Van der Zwan (1990) attributes to 

preservational processes. However it is not clear whether these phenomena relate to 

pre- or post-depositional changes (including artefacts of processing procedure), and 

must be treated 4 t h  caution. Whitaker's (1984) classification was also used by Van de 

Laar & Fermont (1990), Blonde1 et al., (1993), Steffen & Gorin (1993a,b), Mussard et a]., 

( 1994). and Sawyer & Keegan (1996). 

An informal nomenclature for palynological matter was presented by Boulter & 

Riddick (1986). They noted 17 "artificial categories" varying from readily identifiable 



palynomorphs and phytoclast material through to amorphous materials and degraded 

debris. Additionally they proposed two categories termed "comminuted debris" and 

"specks", which were essentially very fine material for which it was difficult to define a 

source. Since they did not oxidise their residues, much of this may in fact have been 

pyrite (Boulter & Riddick, 1986). Their black matter is probably comparable to the 

black wood of other authors (Boulter & Riddick, 1986), although they note that since it 

is opaque, there is no way to definitively state its nature. This terminology was restated 

by Boulter ( 1994). 

A very different type of organic matter classification was presented by Hart 

(1986). He proposed that degradation state and biological origin should be combined. 

However, the separation of several of his categories appears to be somewhat "subjective 

and difficult to apply consistently" (Tyson, 1995: p. 364). In reality a complete 

spectrum of preservation states exists, and his categories would appear to be very 

artificial stages within this spectrum. The supposition that degradation is controlled by 

biological origin is surely not ubiquitously applicable. Hart's system has subsequently 

been used by Pasley et al. (1991), Gregory & Hart (1992), Darby & Hart (1994), and 

Hart (1994), amongst others. 

Van Bergen et al. (1990) presented a simple classification scheme which was 

split into three major categories of 'palynomorphs', 'structured palynodebris' and 

'unstructured palynodebris'. The 'wood remains' division of structured palynodebris 

includes the brown and black wood and tracheid material of other authors. The 

palynomorph group is subdivided in a familiar way, and although they did not present 

formal groups for dinoflagellate cysts, acritarchs or prasinophytes, these were itemised 

within the unicellular component of 'algae'. This has also been used by Van Bergen & 

Kerp (1990). 

Highton et al. (1991) took the shape classification concept of Whitaker et al. 

(1984) much further by completely defining kerogen components on this basis. Little or 



no attention was paid to the biological origins of the material (although miospores were 

used as a separate grouping). Their material was drawn from marginal Westphalian coal- 

measure environments, and their assemblages were thus lacking in marine material (i.e. 

phytoplankton and marine zoomorphs). This makes their classification conceptually 

difficult to compare with those of other workers, but has been broadly attempted in 

Figure 2.1. 

Williams (1992) prepared a very simplified classification for the Brent Group 

palynofacies, where all the components were split into humic or sapropelic kerogen, with 

amorphous matter noted as degraded hurnic or sapropelic material. Humic kerogen was 

solely constituted of 'blackwood' and 'brownwood' (sic), with plant cuticle being 

assigned to sapropelic kerogen. The majority of Williams' components are comparable to 

those of other workers. 

More recently Tyson (1995) and Batten (1996) presented informal classifications 

for palynological matter, although Tyson's (1995) was simply intended as a key to the 

terminology. Although there are differences in the way the major categories are 

structured, the individual components recognised are quite similar (Fig. 2.2). The main 

difference is that Batten (1996) used 'palynomorphs' as a major category alongside 

structured and unstructured organic matter groups whereas Tyson (1995) preferred to 

include it as a sub-unit of the structured category. Tyson (1995) then used a three-fold 

subdivision of the palynomorph group into phytoplankton, sporomorph and zoomorph 

subgroups, whereas Batten (1996) listed individual components without this 

subdivision. The present author adopts the structure of Tyson (1995), whilst the 

detailed subdivision of the palynomorph group used here more closely follows that of 

Batten ( 1996)(Fig. 2.2). 



Figure 2.2: Comparison of the palynolical matter terminology used In the present report 
with that of Tyson (1 995) and Batten (1 996). 
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2.2. Terminology used in this report 

Structured prganic particles 

Phytoclasts 

'Fungi' 

These are yellow to orange-brown thin walled tubular structures interpreted as 

being fungal hyphae. They can be correlated with the coal maceral sclerotinite of the 

inertinite group. They are extremely rare in the residues studied here, and will not be 

discussed further. 

Black wood 

Opaque black particles, blocky equant to lath-shaped or extremely angular in 

outline. This category is broadly comparable to the 'charcoal' of Staplin (1969), the 

'carbons' of Combaz (1980), 'Palynomaceral4' of Whitaker et al., (1984), the 'black MFOOC1' 

of numerous authors (Batten, 1973b, 1996; Parry et al., 1981; Williams, 1992), and is 

directly comparable to the 'charcoal' of Masran & Pocock (1981) and Tyson's (1995, p. 

354) "oxidised or carbonised woody tissues including charcoal". Two types can be 

recognised. The subdivision of both types using long-axis : short-axis relationships 

follows Frank & Tyson (1995). 

Type 1: Equidimensional (1ength:width ratio <2:1), well rounded to angular 

particles. They are regarded as being directly comparable to the 'degradocharcoal' of 

Masran & Pocock (1981). Hence they are also comparable to the coal maceral 

degradofusinite of the inertinite group. 

Type 2: Very angular, 'splintery', or elongate lath-shaped particles 

(lengthwidth ratio >2:1). Lath shaped examples often have rows of perforations 

suggesting tracheid origin. The structure apparent at the edges of some of these 

particles, together with their 'splintery-shard' like nature was used by Batten (1973b, 

64 



1981,1996) to suggest that they represent true charcoal, and are therefore equivalent to 

the coal maceral pyrofusinite. This cannot be entirely verified since their opaque 

nature precludes the observation of internal biostructure known to be typically 

preserved within this maceral type (Cope, 1981; Masran & Pocock, 1981; Sander & Gee, 

1990). Nevertheless, it is here regarded as directly equivalent to the 'pyrocharcoal' of 

Masran & Pocock (1981). 

Brown wood 

Orange-brown to black with brown edges. Occasionally equant, but usually more 

elongate to irregular in shape. The majority of this material displays no discernible 

internal structure, and it is therefore interpreted as gelified woody tissue. Rarely it 

forms blocky masses with evidence of cellular structure (equivalent to the 'suberinized 

phellem tissue' of Tyson, 1995: p. 354), but its lack of abundance does not warrant 

separate consideration here. The presence of variably oxidised (blackened) material 

suggests a complete gradation from brown to black wood, supporting the notion that the 

majority of Type 1 black wood observed here is equivalent to degradofusinite. I t  is at 

least in part equivalent to the 'brown wood' of Parry et al., (1981) and 'Palynomaceral 1' 

of Whitaker ( 1984). 

(Brown) Tracheids 

Yellow to light brown particles with length-parallel dark brown to black 

striations. The lighter areas frequently bear bordered or simple pits. The darker 

striations are clearly thicker and represent 'triple junctions' with adjacent tracheids 

(Tyson, 1995). The particles are occasionally equant, but are usually elongate and lath- 

shaped. They are directly comparable to 'Palynomaceral 2' of Whitaker (1 984). 

Tracheids combined with brown wood compose the 'lignified wood' of Staplin (1 969), the 

'bois ecorses vaisseax' of Combaz (1980), and the 'brownwood' (sic ) of Williams ( 1992). 

These two components also make up the coal maceral tellinite. Tracheids combined with 



brown and black wood components make up the 'wood remains' of Van Bergen et al., 

(1990). 

Cuticle 

Colourless to orange-brown sheet-like fragments typically less than 2 p n ~  thick. 

Particles identified as cuticle always show cellular structure, which frequently 

includes stomata. Particles of this nature are extremely rare in the residues studied 

here, although the author has observed that where present the stomata are generally 

arranged in rows, suggesting derivation from gymnospermous plants (after Boulter & 

Riddick, 1986). This component is directly comparable to the 'cuticle' of most authors 

(Staplin, 1969; Combaz, 1980; Parry et al., 1981; Van Bergen, 1990; Williams, 1992; 

Tyson, 1995; Batten, 1996), and 'Palynomaceral 3' of Whitaker (1984). It almost 

certainly corresponds to the 'leaf component of Masran & Pocock (1981). It is also at 

least in part compqrable to the coal maceral cutinite. 

'Sheets' 

Colourless to orange-brown sheet-like panicles generally with no internal 

biostructure. Colourless sheets tend to be very thin (up to 1 pm thick) and are thus 

often crumpled in the residues. They also often reach relatively large size (up to 200 pm 

in d i e t e r )  and occasionally have a granulate appearance. The more deeply coloured 

sheets tend to be thicker (up to 3 pm) and occasionally curved or curled. The two types 

clearly represent different biological origins, but have not been separated because of the 

lack of observable biostructure. The colourless material appears to correspond with the 

'transparent S.O.M.' of Van Bergen et al., (1990) and possibly the 'unstructured 

membranes' of Highton et al., (1991), although thicker particles might also be included 

in the latter. It is uncertain whether they represent phytoclasts or fragments of large 

marine algae. The thicker sheets may represent fragments of palynomorphs, 

particularly zoomorphs, and would thus be comparable with the 'zooclast' component of 



Tyson (1995). They might also be comparable to the 'sheets' of Highton et al., (1991), 

although the latter authors indicate a thicker (greater than 5 pm) nature to their 

component 

Palynomorphs 

Sporomorphs 

Spores 

Yellow to brown sub-circular to triangular in outline, typically with a trilete 

mark. Megaspores and monoletes do not occur within the residues studied here, but are 

accepted as additional components of this group. This component is equivalent to the 

'spores' category of Parry et al., (1981), Van Bergen et al., (1990) and Williams (1992). 

Saccate pollen 

Orange-brown bisaccate pollen grains, which are of gymnosperm origin. The 

component is directly comparable to the 'bisaccate' group of Parry et al., (1981) and Van 

Bergen et al., ( 1990), and the 'saccate sporomorphs' of Whitaker ( 1984). 

Asaccate pollen 

Includes the colourless to yellow gymnosperm circumpolle Classopollis. The 

tetrads frequently break up to leave isolated spheres, some thin walled examples of 

which may be mistaken for the 'simple sac' component, although most do show 

identifiable markings left from the adjacent pollen in the tetrad. . 

The asaccate component is therefore at least in part equivalent to the 'asaccate' 

group of Van Bergen et al., (1990), and the 'pollen grains' of Parry et al., (1981) The 

three sporomorph components together are comparable to the 'spores and pollen' sensu 



laro of most authors (Staplin, 1969; Combaz, 1980; Masran & Pocock, 1981; Batten, 

1996), and are equivalent to the coal maceral sporinite. 

'Simple Sacs' 

Colourless sub-spherical to ovoidal sacs. Two types are found in this study: 

small sub-spherical sacs between 30 and 60 pm in diameter, occasionally with a linear 

or equatorial rupture. These may represent phytoplankton cysts (most likely of simple 

acritarchs or dinoflagellates) or unornamented sporomorphs, possibly gymnosperm 

pollen (Harding, 1999, pers. commun.). The second variety are much larger, between 100 

and 300 pm. The walls are usually thin and 'hyaline', but may have a fibrous to slightly 

granular appearance. They are of unknown origin, although it seems unlikely that such 

large fragile palynomorphs could have been transported from a terrestrial source. This 

grouping has not been dealt with directly in any of the citations given above, although in 

his key Whitaker (1984) placed a simple spherical object within his acritarch 

component. This was not discussed by Van der Zwan (1990) or Whitaker et al. (1992). 

However the term 'simple sacs' has been used previously by Harding & Allen (1995) in 

their study of the non-marine Wealden deposits. Only the smaller variety found in the 

present study is equivalent to the 'simple sacs' grouping of these authors. 

Phytoplankton 

Dinoflagellate cysts 

Colourless to dark-brown resting cysts of dinoflagellates. Thk grouping is 

equivalent to the 'dinoflagellates' of Combaz (1980), Masran & Pocock (1981), Parry er 

al., (1981), and Whitaker (1984), the 'dinocysts' of Williams (1992), and the 

'dinoflagellate cysts' of Van Bergen et al., (1990) and Batten (1996). In common with the 

key presented by Whitaker (1984), but here also recognised separately, the group has 

been further subdivided in recognition of the morphological variation within the group. 



Figure 2.3a shows the simplest subdivision of the group into the three most widely 

recognised gross morphological categories: chorate, cavate, and proximate cysts. Figure 

2.3b expands on this simple model, acknowledging intermediates between these main 

morphologies. In addition, dinoflagellate cysts can also be divided by paratabulation 

into the gonyaulacoid, ceratioid and peridinioid groups (Fig. 2.3~). These subdivisions 

follow numerous other studies relating to the distribution of modem and fossil 

dinoflagellates (see for example, Vozzhennikova, 1965; Downie & Sarjeant, 1966; Scull, 

1966; Downie et al., 1971; Harland, 1973; Riley, 1974; Sarjeant, 1982; Dale, 1983; 

Sarjeant et al., 1987; Tyson, 1989; Farr, 1989; Powell et al., 1990; Steffen & Gorin, 

1993a). 

Acritarchs 

Colourless, thin walled, presumably algal cysts. The only type observed here are 

the spinose forms of the acanthomorph genus Micrhystridium. This component is at 

least partially equivalent to the 'acritarch' group of most authors, except Staplin (1969) 

andTyson (1995) who did not separate these from their phytoplankton groupings. The 

acritarch and dinoflagellate cyst groups taken together are equivalent to the coal 

maceral lamalginite. 

Prasinophytes 

Colourless to orange-brown phycomata of prasinophyte algae. In the present study this 

category is further subdivided into two components: 

Pterospermellids: colourless, thin-walled, sub-spherical phycomata 

with broad, usually crenulated equatorial flange or ala. 

Tasmanitids: yellow to orange-brown thick walled spherical 

phycomata with randomly distributed pore canals. The distribution density of the pore 

canals is very variable. This group is directly comparable to the 'tasmanitids' of Parry 

et al., (1981). 



A 

Proximochorate 

Figure 2.3: A. ldealised morphological separation of Jurassic-Cretaceous 
boundary dinoflagellate cyts into chorate, proximate and cavate categories. 
B. More detailed morphological division showing examples of each group. 
C. Separation of dinocysts into peridnioid, gonyaulacoid, and ceratioid 
groups. 

A 



The prasinophyte category as a whole is equivalent to the 'prasinophytes' of Van 

Bergen et al., (1990) and the 'prasinophyte algae' of Batten (1996). The group also 

corresponds to the coal maceral telalginite. 

The phytoplankton group taken together is equivalent to the 'marine 

phytoplankton' of Staplin (1969), the 'phytoplankton subgroup' of Tyson (1999, and the 

'unicellular algae' of Van Bergen et al., (1990), and in part equivalent to the 'marine 

palynomorphs' of Parry et al., ( 1981). 

Zoomorphs 

Zoomorphs encountered in the present study fall into two groups. 

Scolecodonts: described by Tyson (1995, p. 205) as the "(chitinous) 

mouth parts ... of benthic polychaete annelid worms". They are usually dark brown in 

colour, and extremely rare in the residues observed here. 

Microforams: chitinous linings of foraminifera. Typically orange-brown 

to dark brown and planispiral, although biserial and uniserial forms have also been 

noted, and in addition they occur as isolated (fragmentary) chambers. This group has 

been recognised by several of the authors cited above (see Figure 2.1). Following the 

work of De Vernal et al., (1992), Tyson (1995) suggests that fossilised linings were 

largely, if not entirely produced by benthic foraminifera. 

Unstructured organic particles 

Resin 

Yellow to reddish-brown blocky to globular translucent panicles. Frequently 

heavily fractured. This component is extremely rare in the material studied here, but is 



comparable with the 'resin' or 'resins' of most authors. It is also equivalent to the coal 

maceral resinite. 

Amorphous organic matter (AOM) 

Detailed study of the AOM fraction has not been undertaken here, but general 

observations provide the basis for this component to be split into three distinct types. 

Type 1: usually grey, occasionally brown, fairly robust, irregularly 

shaped particles, with sharp to diffuse edges. Distinctly granulate, and typically 

contains a variety of inclusions from small globules to marine phytoplankton and 

occasionally Type 1 black wood. This is probably directly equivalent to the 'granuleuse' 

amorphous component of Combaz (1980), and at least in part to the typical 'AOM' of 

Tyson (1995), the 'AOMA' of Batten (1996), the 'sapropelic amorphous' and 'degraded 

sapropelic matter' components of Staplin (1969) and Williams (1992) respectively, and 

the 'structureless organic matter' of Whitaker (1984). Tyson (1995) equates 'AOM' with 

the coal maceral liptodetrinite, but it is probably also equivalent to the sapropelinite of 

Mukhopadhyay eta]., (1985). It is generally considered to be the product of algal decay 

(Tyson, 1995). 

Type 2: fibrous grey 'whispy' particles. Either occurs as delicate isolated 

fragments or as 'shrouds' partly or completely obscuring marine algal palynomorphs. 

Probably poorly preserved equivalent of Type 2 AOM, and may indicate reworking. This 

is not considered to be directly equivalent to any other previously reported AOM type, 

but is probably included within the marine amorphous grouping of most authors. 

Type 3: yellow to orange-brown robust but irregularly shaped particles 

with sharp edges. Occasionally some evidence of internal structure can be seen, which 

is probably of biological origin, although such indications are rare. More commonly the 

particles are homogenous to slightly fibrous in appearance. These have been shown to 



fluoresce, and are probably bituminous. Thus there are probably two orgins for this 

type, having been derived from both the degradation of woody plant and algal material. 

This component is probably partly equivalent to the 'gelifbe' of Combaz (1980), the 

degraded portions of Whitaker's (1984) 'palynomacerals' 1 and 2, the 'yellow-amber 

amorphous' material of Masran & Pocock (1981), and in combination with resin, to the 

'degraded humic matter' of Williams (1992). Similarly it is partly comparable to the 

'hurnic gel' and 'pseudo-amorphous phytoclast' components of Tyson (1995). 

2.3. Interpretation of palynologic matter components 

2.3.1 .Woody phytoclasts 

Review of the palynofacies literature suggests that distinction between brown and 

black wood components, and of the two different types of black wood, have not always 

been made consistently. Several studies have combined black and oxidised (carbonised) 

brown wood (see, for example Whitaker et al., 1992), often terming this group 'inertinite' 

(Habib & Miller, 1989). Few attempts have been made to distinguish between charcoal 

fragments and other opaque particles which might correspond to the maceral degrado- 

inertinite. Batten (1 973b, 1981, 1996) has repeatedly suggested that black elongate 

fragments with 'pits' (which are clearly derived from tracheids) along with 'splintery 

shards' (probably of the same origin) "may commonly be identified as charcoal" (Batten, 

1996 p. 1033). He does note, however, that minute particles are often impossible to 

separate (using only transmitted-light microscopy) from opaque wood oxidised at lower 

temperatures in soils or by reworking. Although it is not quite clear what he means by 

'minute' within the present frame of study, one can presumably include within this 

internally 'inseparable' category, all opaque equidimensional particles which show no 

indication of biostructure. However, as will shortly be demonstrated, there appears to be 

some justification for the separation of equidimensional and hth-sha~ed particles, 

whether or not such separation reflects a generic difference between true charcoal and 

degrado-inertinite. 



There appears to be a complete gradation from 'fresh', unoxidised but gelified 

woody tissues to 'black wood', and any distinction made between the two is thus in 

danger of being over-subjective and arbitrary. Several authors have suggested that 

following mild oxidation during palynological processing, some of the material which 

would otherwise have been treated as 'inertinite' is in fact revealed to be heavily 

carbonised brown wood (Batten, 1981,1996). As Tyson (1995) suggested, it would seem 

that the only way to distinguish consistently between these two types is to include 

within the black wood category, only those particles which are completely opaque. One 

can then make note of the proportions of carbonised to 'fresh' brown wood, although any 

interpretations made using these subjective observations should only be used in 

conjunction with other information. 

Most studies of 'opaque' particles or black wood from ancient sediments possibly 

include true charcoal, although disappointingly few reports attempt to make the 

distinction between this and woody material oxidised under 'normal' conditions (= 

degrado-fusinite, or 'degrade-charcoal' of Masran & Pocock, 1981). Generally speaking, 

there appears to be congruence between the distribution of woody palynological matter in 

modern and in ancient sediments, and they are therefore discussed together. 

Despite the porous nature of true charcoal which potentially makes it highly 

buoyant (Whitaker, 1984; Sander & Gee, 1990), studies of the distribution of this 

component in modern marine environments suggest that it is extremely rare beyond 

coastal sediments (Herring, 1985). Small particles become water-logged more rapidly 

because of their high surface arezvolume ratio (Davis, 1967), whereas 'larger' 

(macroscopic) particles which in theory can stay buoyant for longer periods, are more 

readily trapped or ponded in estuarine environments. Particles which are transported 

offshore are efficiently dispersed, and therefore occur in sediments with apparently 

lower frequency (Skolnick, 1958; cited in Tyson, 1995: p. 240). 



Numerous studies have indicated that ancient coarse-grained sediments deposited 

within deltaic or estuarine environments also frequently contain high relative 

percentages of terrestrially derived 'opaque' material. Tyson ( 1995) noted that this has 

often been attributed to low buoyancy of this matter, in contrast to studies of modem 

charcoal. However, the comparatively higher density of ancient inertinite in comparison 

to associated vitrinite is difficult to interpret, since it doesn't necessarily indicate 

density at the time of deposition (Tyson, 1995). Therefore this apparent concentration 

in ancient sediments could indeed be a reflection of the factors affecting modem 

charcoal distribution as described above. It would appear though, that both pre- and 

post-depositional oxidisation can play a key role in the dominance of inertinite in these 

environments. High input of inertinite material supposedly oxidised in sub-aerial 

conditions and soil profiles (Tyson, 1995) has been noted in Jurassic fluviodeltaic 

facies by numerous authors (Fisher, 1980; Dennison & Fowler, 1980; Batten, 1982; 

Nagy et al., 1984; Van Bergen & Kerp, 1990; Oboh-Ikuenobe, 1992). A similar story has 

also been cited for distributary channel, levee, and proximal delta front facies (Parry et 

al., 1981) as well as other near-shore and littoral areas (Bujak et al., 1977; Manum & 

Throndsen, 1978; Claret et al., 1981; Hellem et ale, 1986, Pocock et al., 1988; Williams, 

1992). 

Whether this truly represents heightened production of 'inertinite-like' material 

under these conditions, the selective removal of less refractive organic matter (either by 

'in dtu' oxidation/degradation or extended periods of reworking), or the reduced input 

of other terrestrial matter remains to be seen. For example, Smythe et al. (1992) 

indicate that substantial oxidation of woody phytoclast material occurs during transport, 

generating higher proportions of opaque material in the offshore delta facies. High 

inertinite contents attributed to reworking have also been noted from Late Carboniferous 

coal facies (Scheidt & Littke, 1989) and in glacial sediments (Ceratini et al., 1983; 

Wrenn & Beckman, 1981). Additionally, Baird (1992) noted that concentrations of 

opaque material were apparent at unconfomity or 'reworking' surfaces. Habib & Miller 

(1989) considered the sum of their "carbonised 'woody' remnants" from coastal plain 



deposits to be 'recycled inertinite'. They attributed palynofacies dominated by this 

material (in this case apparently brown and black wood) as being formed in non-marine 

to coastal environments during marine regression, areas which additionally represented 

highly oxidising conditions. Furthermore, arid climate has also been suggested as a 

cause for high inertinite content in near-shore facies, where low rainfall and runoff 

contribute lower quantities of 'fresh' phytoclasts and clastic sediment generally, 

reducing the 'dilution' of organic matter, and allowing prolonged oxidation times (Taylor, 

1981; Boltz et al., 1981). 

Conversely, numerous authors have documented a general distal increase in the 

relative abundance of 'black wood' within the phytoclast component (Summerhayes, 1987; 

Tyson, 1989). Boulter & Riddick (1986) and Powell (1990) noted the presence of this 

material in submarine fan channels, although there were higher proportions in inter- 

channel facies, where the sediment supply rate was lower. Study of recent fan facies 

(Mississippi area) by Marzi & Rullkotter (1986) showed a similar relationship, and 

Tyson (1995) noted that the reduced supply of 'fresh' phytoclasts in conjunction with 

buoyancy-related sorting affects were most likely responsible for this trend. Ceratini et 

al. (1983) have reported both coarse and fine 'opaque particles' in sediments from 

offshore Senegal. They suggested that the larger particles were redeposited from more 

'proximal' areas via sub-marine canyons, whilst the fine material was wind-blown 

~harcoal. Additionally Masran (1984) proposed that high relative abundance of oxidised 

phytoclast material, which he considered to be wind-blown charcoal and reworked woody 

debris (black and brown) characterised both slope and basin facies. 

Reworking and subsequent re-deposition of woody material appears to play an 

important role in the formation of relatively inerdnite-rich palynofacies, both in 

proximal and distal environments. This seems to be particularly true of transgressive 

facies, especially if depositional conditions remain oxic (Tyson, 1999, where reworked 

oxidised material from coastal sediments can dominate the assemblages (Smelror & 

Leereveld, 1989; Whitaker, 1984; Hellem et al., 1986). Indeed, much of the opaque 



matter of deep sea and distal sediments may be contributed from the reworking of more 

proximal facies. For example, ~ a b i b '  (1982) showed that palynofacies dominated by 

small equidimensional opaque particles were typical of deep-sea shales deposited during 

transgressive phases. Comparatively more proximal 'exinitic' facies contained larger 

opaque, and partially opaque phytoclasts, which had apparently been oxidised prior to 

redeposition and were thought to have been reworked from neritic or slope facies. 

Studies of the distribution of brown wood and tracheid material occurring in 

modem sediments suggests that highest proportions of these components are also to be 

found in near-shore environments and/or sub-marine canyons (Cross et al., 1966; Gross 

et al., 1972; Ceratini et al., 1979; Marzi & Rullkotter, 1986). Tyson (1995) noted that 

for ancient sediments, the scarcity of well quantified studies on the distribution of this 

group precludes detailed remarks, but that in general higher abundances of this material 

are noted from near-shore and redeposited sediments. Several studies of deeper marine 

facies show that positive fluctuations in the 'absolute' content of larger tracheidal 

material (albeit oxidised) can be correlated with phases of low sea-level (Habib, 1983; 

Firth, 1993). Tyson (1984) suggested that this may alternatively correspond to the 

increased frequency of turbidite deposition, although the two need not necessarily be 

mutually exclusive. 

The separate assessment of brown and black wood components probably 

represents an unnecessarily artificial approach. For example, despite the apparent 

similarity in distribution of these two woody components, several studies show that 

increased black wood.brown wood ratio (or 'lability index' of van Waveren & Visscher, 

1994) can be used to indicate more distal deposition (Summerhayes, 1987; Tyson, 1987; 

Smythe et al., 1992). This measure has also been used (in conjunction with other aspects 

of the palynofacies) in the development or refinement of sequence stratigraphic 

frameworks (Gorin & Steffen, 1991; Tribollivard & Gorin, 1991; Steffen & Gorin, 

1993a,b; Partington et al., 1993; Cole & Harding, 1998) Studies of phytoclast relative 

abundance combined with assessment of the total organic carbon content (TOC) has been 



used to indicate the absolute abundance of terrestrially derived organic matter (Tyson, 

1989). The resultant PhytOC value has then been used to reflect relative proximal-distal 

trends by numerous authors (Tyson, 1989; Dybkjaer, 1991; Scotchman, 1991; and 

Tuweni & Tyson, 1994). It should be noted that periodic reductions in terrestrial input 

(unrelated to sea-level) could also generate reduced PhytOC values. 

In addition to the relative composition of the woody phytoclast material, the size 

and shape of the particles has also been considered (although the focus has traditionally 

been on black wood in this respect). From modem sediments, Caratini et al. (1983) used 

variations in maximum phytoclast size to reflect source-proximity in deep-marine 

sediments. They noted that a decrease in the maximum size from 500 to 5-20 microns 

was concomitant with a drop in the relative phytoclast abundance from 95% to 5% in an 

offshore direction. Similarly Nwachukwu & Barker (1985) showed that in the modern 

Orinoco Delta, large woody debris was concentrated in coarse-grained proximal 

sediments, and smaller (microscopic) material in more distal silt-grade deposits. This 

trend is also traceable in ancient sediments, particularly of the opaque particles, the 

size of which again decreases with increasing distance from the terrestrial source 

(Habib, 1982; Caratini et a]., 1983; Gorin & Monteil, 1990) whilst rounding and sorting 

of the particles is seen to increase (Denison & Fowler, 1980; Parry et a]., 1981; Tyson, 

1987; Van der Zwan, 1990; Gorin & Steffen, 1991). Whilst Habib (1982) notes that deep 

sea inertinite material tends to be small and equidimensional, several other studies 

indicate a distal increase in the proportion of lath-shape particles (Parry et ale, 1981; 

Whitaker, 1984; Van Waveren, 1989; Gorin & Steffen, 1991; Oboh-Ikuenobe, 1992). 

Whitaker (1984) suggested that during transgressive, high energy phases, large 

equidimensional particles were absent, even from areas relatively proximal to source, 

presumably because of diminished supply and fragmentation during reworking (Tyson, 

1995), whilst the proportion of lath shaped particles to equidimensional ones increased 

distally. This phenomenon has been interpreted as a relatively increased 'buoyancy' of 

the lath-shaped particles (Gorin & Steffen, 1991). However, Tyson (1995) notes that 

particle size plays a more influential role on hydrodynamic properties than shape: the 



distal lath-shaped particles are usually smaller than their proximal equidimensional 

counterparts (Whitaker, 1984). Several studies have illustrated a proximal increase in 

the number of lath-shaped particles, where the elongate grains tend to be larger (Van der 

Zwan, 1990; Baird, 1992; Frank & Tyson, 1995). Hart (1986) and Tyson (1987) caution 

that bioturbation can also influence the breakdown of black wood ('inertinite'). 

2.3.2. Cuticle 

Studies of both the modern and ancient distribution of cuticle debris in marine 

rocks suggest that it is most common in deltaic environments, particularly the delta 

front (Smythe et al., 1992; Parry et al., 1981) prodelta (Parry et al., 1981; Nagy et d., 

1984), and general shoreline areas (Claret et al., 1981;) with abundances decreasing 

basinwards (Muller, 1959). However, it has also been shown that this material can be 

exported to the deep sea via sub-marine channel systems (Cross et al., 1966; Stanley, 

1986), and in this environment is most abundant in and adjacent to the high energy parts 

of the sub-marine fans (Boulter & Riddick, 1986; Habib, 1982). 

As an alternative to the addition of exotic marker grains, Tyson (1989) proposed 

the parameter PhytOC as an absolute abundance measurement of the gross phytoclast 

component Relative percentage phytoclast particle abundance was thus multiplied by 

the Total Organic Carbon (TOC) content Tyson (1989) was then able to demonstrate an 

intuitive trend between PhytOC content and areas with high influx of terrestrially 

derived sediment 

2.3.3. Sporomorphs 

The data available on sporomorph distribution overwhelmingly show a decrease 

(often exponentially) in abundance with increasing distance from the terrestrial source 

(see for example, Hughes & Moody-Stuart, 1967; Damel& Hart, 1970; Paproth & Streel, 

1970; Reyre, 1973; Mudie, 1982; Heusser, 1983; Davies et al., 1991). Modern studies 



suggest that proximity to a river-mouth or delta source is more influential on high 

sporomorph content than proximity to a shoreline per se (Stanley, 1965; and the data of 

Cross et al., 1966; Mudie, 1982). This is because the river transport of sporomorphs is 

much more prevalent than aeolian or wind transport (Muller, 1959; Mudie, 1982; 

Heusser, 1988; Clark, 1986). However their distribution is also strongly affected by 

hydrodynamic properties, and they tend to be concentrated in silty sediments (Muir, 

1964) of medium to coarse grade (Cross et al., 1966; Hughes & Moody-Stuart, 1967; 

Batten, 1974). Although sporomorph content in sandstones tends to be low (or at least 

lower than in sediments of siltstone grade) (Rossignol, 1961), there is often some 

correlation with coarser facies due to the generally larger grain size of sediments with 

fluvio-deltaic influence (Tyson, 1995). This grain-size effect, which presumably 

reflects energy levels, also has some control over the nature of the sporomorph content, 

with thin-walled pollen most common in siltstones (Muir, 1964) and thick-walled, often 

heavily ornamented spores being concentrated in the higher energy facies (Lund & 

Pederson, 1985; Mutterlose & Harding, 1987a, b; Dybkjaer, 1991), although this may 

also be a sporomorph size effect (Tyson, 1995) rather than a morphological one. Despite 

common origin from a terrestrial source, there is often a complicated or even inverse 

relationship between the abundance of woody phytoclasts and sporomorphs as a result of 

this granulometric control (Courtinat, 1989; Reyre, 1973). 

Although the absolute abundance of sporomorphs generally decreases offshore, it 

has been shown that they can be transported to the deep sea in sub-marine canyons and 

fans (Heusser, 1988, Habib & Drugg, 1987), turbidites (Manten, 1966; Groot et al., 

1967), or by redeposition during episodes of reduced sea-level (Habib, 1982; Tyson, 

1995). 

The trends observed in the distribution of bisaccate pollen often differ from 

those of non-saccate sporomorphs. Several studies show that the buoyancy of bisaccate 

pollen is much higher than that of non-saccate sporomorphs (Hopkins, 1950; Hughes & 

Moody-Stuart, 1967; Traverse, 1988), and that the amount of time bisaccates can stay 



afloat is directly influenced by the size of the sacci (Hopkins, 1950). As a result the 

relative bisaccate:non-saccate ratio increases offshore, whilst 'absolute' abundance 

decreases (Cross et al., 1966; Heusser & Balsam, 1977). Similarly, studies of ancient. 

marine sediments suggest that saccate pollen are relatively less abundant than other 

sporomorphs in areas close to the terrestrial source (Reyre, 1973; Habib, 1979a; 

Mutterlose & Harding, 1987a, b; Barron, 1989; Prauss, 1989; Tyson, 1989; 

Tribollivard & Gorin, 1991). 

Numerous studies have utilised the ratio of terrestrial to marine components 

('T/M index') as an intuitive gauge of proximity to siliciclastic source and sea-level (van 

Waveren & Visscher, 1994; Cole & Harding, 1998) 

2.3.4. Dinoflagellate cysts 

Fossil organic-walled dinocysts are only known from dinoflagellates with a 

meroplanktonic lifestyle (Tyson, 1995), and it has been suggested that between only 7 

and 10 percent of modern dinoflagellate species produce preservable cysts (Dale, 1976; 

Evitt, 1985). This picture is made more complex by the fact that some modem cyst- 

forming dinoflagellates produce a higher proportion of cysts than others (Dodge & 

Harland, 1991). For example, Dale (1976) found that in the Woods Hole area, some 50% 

of the motile Protoceratium reticulatum, and only 0.2% of Gonyaulax digitalis actually 

formed cysts. Moreover some environmental (particularly inner neritic) regimes appear 

to be conducive to higher percentages of cyst production (Dale, 1976, 1983). Typically, 

cysts are produced during seasonal disruption to water column stratification, and thus 

pelagic dinoflagellates only rarely produce preservable cysts. The presence of 

numerous dinocysts in deep marine sediments has therefore been used to indicate 

redeposition from adjacent shelves (Wall, 1971; Tyson, 1995). 

Funhemore, dinoflagellate cysts are known to be strongly hydrographically and 

sedimentologically (granulometrically) sorted, potentially obscuring any relationship 



with the distribution of the motile thecae (although see Blanco, 1995). They have been 

shown to be particularly concentrated in fine grained (silt to clay) sediments (Davey, 

1970; Wall, 1971; Dale, 1976; Wall et al., 1977; Rogers & Bremner, 1991), and 

'depleted' in coarser (often inner neritic) sediments (White & Lewis, 1982), although 

sediment dilution effects may also play a part in this relationship (Wall et al., 1977). 

The factors affecting the distribution of modem dinocyst thanatocoenoses were neatly 

summarised by Reid & Harland (1977) as being a combination of latitude, water depth 

(onshore-offshore differentiation), water mass (upwelling, convergence etc.) and 

sedimentary factors (selective concentration, siliciclastic dilution). Indeed, Harland 

(1983) noted that only rarely have cyst thanatocoenoses been linked to thecal 

biocoenoses. However, despite the complex and often obscure distribution relationship 

between the cysts and their 'parent' thecae, numerous studies show that generalised 

trends in dinocyst abundance, diversity, and morphology can be observed. 

The work of Wall et al. (1977) shows that dinocyst diversity ('species richness') 

generally increases offshore (up to and including slope facies, see also; Muir & Sarjeant, 

1978; Mutterlose & Harding, 1987; Lister & Batten, 1988; Van Pelt & Habib, 1988; 

Edwards, 1989; Habib & Miller, 1989; Smelror & Leereveld, 1989, Gorin & Steffen, 

1991: Habib et al., 1992; Hssaida & Morzadec-Kerfoum, 1993; Moshkovitz & Habib, 

1993, Tyson, 1995: although see Masure, 1984; and Dodge & Harland, 1991). 

Nevertheless, several studies have shown that in some instances, peak diversity can be 

correlated with the onset of transgression rather than at times of maximum onlap (Habib 

et al., 1992; Courtlnat, 1993; Li & Habib, 1996). Moreover, diversity values tend to be 

tightly clustered onshore, but become increasingly variable towards the open ocean 

(Wall et al., 1977). Blanco (1995) suggested that there was significant correlation 

between high dinocyst diversity and finer-grained sediments in the Recent deposits of 

offshore Spain. This suggests that diversity trends may be more accurately correlated 

with sediment grain-size rather than distance from a shoreline per se. However, 

salinity-stressed environments commonly found in near-shore or estuarine facies often 

exhibit dinocyst assemblages of low diversity-high dominance nature (Wall et al., 1977; 



Morzadec-Kerfourn, 1977; May, 1980; Piasecki, 1986; Goodman, 1987; Hunt, 1987; 

Lister & Batten, 1988; Andrews & Walton, 1990; Courtinat et al. 1991; Harding & 

Allen, 1995). Indeed, Hunt (1987) suggested that salinity might be the most important 

control on the distribution of dinoflagellate cysts. Nevertheless, highdominance 

assemblages have been noted in areas of upwelling (Davey & Rogers, 1975; Fauconnier & 

Slansky, 1980; Honigstein et al., 1989). 

Taken alone, absolute dinocyst abundance is difficult to interpret consistently, 

as in addition to the factors mentioned above, it is increasingly influenced by 

terrigenous sediment influx in an onshore direction (Tyson, 1995). However, studies 

like those of Davey (1970), Davey & Rogers (1975), and Wall et al. (1977) suggest 

highest abundance 'near-shore', with a general decline towards the outer shelf and slope. 

A more robust measurement involving dinocyst abundance is the 

dinocys~sporomorph ratio (where the dinocyst abundance is 'normalised' against the 

sporomorph content, which has been repeatedly shown to decrease offshore or away from 

the terrestrial source). Intuitively, the ratio increases offshore (Muller, 1959; 

Williams & Sarjeant, 1967; Davey, 1970; Davey & Rogers, 1975; Manum, 1976; 

Mutterlose & Harding, 1987; Van Waveren, 1989; de Vernal & Giroux, 1991), and can be 

used to trace eustatic cycles (Mebradu, 1978; Habib, 1979a; Lister & Batten, 1988; 

Smelror & Leereveld, 1989). 

Caution is required when using indices like those mentioned above, since their 

values are subject to accurate observations of 'in situ ' as opposed to reworked specimens 

(cf. Tyson, 1995), and this together with high AOM content of deep sea sediments can 

lead to significant deviation from the 'expected' values (Tyson, 1995). 

The relative proportions of peridinioid and gonyaulacoid cysts with the 

assemblages has also been considered. Typically, two measurements have been used: the 

'gonyaulacacean ratio' of Harland (1 973), which compares the number of gonyaulacoid to 



peridinioid species; and the 'P/G ratio' Powell et al. (1990) which utilises the number if 

specimens of each group. Numerous studies show that restricted marine, often salinity- 

stressed regimes often have peridinioid-dominated assemblages (Downie et al., 1971; 

Wang et al., 1982; de Vernal & Giroux, 1991). In general though, the two measurements 

suggest that high peridinioid content is typical of 'onshore' assemblages, whilst relative 

gonyaulacoid abundance suggests more open marine conditions (see for example, Davey, 

1970; Mutterlose & Harding, 1987; Lister & Batten, 1988; Courtinat, 1989; Habib & 

Miller, 1989). This trend can be obscured in areas of upwelling, where cyst assemblages 

are typically dominated by the peridinioid group (Wall et a]., 1977; Fauconnier & 

Slansky, 1980; Bujak, 1984; Rauscher et al., 1986, 1990; Powell et al., 1992). There is 

currently no evidence to suggest that ceratioid cysts can be recognised as a subgroup of 

the gonyaulacoids in terms of their distribution. 

Studies of the distribution of the common cyst morphotypes are hampered to some 

extent by the fact that (ho1o)cavate and intratabular (sko1o)chorate morphologies are not 

represented in modem floral assemblages (Tyson, 1995). Furthermore it is unclear 

whether the trends observed represent passive hydrodynamic sorting or bona fide 

morphological distribution of the cysts in response to ecological conditions (cf. Tyson, 

1995). Nevertheless, there appears to be a general gradation from thick-walled and 

robust proximate cysts in near-shore facies to chorate cysts with delicate processes 

typical of more open oceanic (distal) environments (Vozzhennikova, 1965; Scull et al., 

1966; Davey, 1970; Riley, 1974; Davey & Rogers, 1975; Morzadec-Kerfourn, 1983; 

Sarjeant eta]., 1987; Tyson, 1985, 1989; Courtinat et al., 1991; Tribollivard & Gorin, 

1991; Hssaida & Morzadec-Kerfourn, 1993; Sittler & Olivier-Pierre, 1994; Al-Ameri 

& Batten, 1997). Whilst this generally holds true on the scale of an onshore-offshore 

transect, wider geographical distribution seems to suggest the association of proximate 

forms with cold water (high latitude) areas, and the dominance of chorate morphologies 

in warmer water, lower latitudes (Davey, 1970; Davey & Rogers, 1975; Norris, 1978; 

Davies & Norris, 1980). It is unclear how much of this pattern reflects the association 

of peridinioid (typically proximate) forms with cold water upwelling systems (Tyson, 



1995). However, Davies & Norris (1980) have suggested that Boreal dinocyst 

assemblages are dominated by proximate forms throughout the Jurassic. Suggestions 

that cavate morphologies are common to inner-neritic environments (Scott & Kidson, 

1977) or colder waters (Courtinat, 1989; Courtinat et al., 1991) are difficult to separate 

objectively from the observed peridinioid trends (Tyson, 1995). 

Studies of dinocyst taxonomic composition for palaeoenvironmental 

interpretation need to eliminate stratigraphically-imposed (evolutionary) trends 

(Dimter & Smelror, 1990). To this end, several studies have combined like taxa into 

dinocyst groups (see Downie et a]., 197 1; Brinkhuis & Zachariasse, 1988; Courtinat et 

al., 1991; Courtinat, 1993; Brinkhuis, 1994; Wilpshaar & Leereveld, 1994; Li & 

Habib, 1996; Lamolda & Mao, 1999). In this respect two approaches have been used. 

Courtinat et al. (1991) analysed the dinocyst assemblages from the Cenomanian- 

Turonian anoxic event in France, and were able to descriminate several dinocyst 

associations. These they compared to the known palaeoenvironmental conditions, in 

particular to see if variations in water column oxygenation was reflected in the dinocyst 

assemblages. 

In contrast, Wilpshaar & Leereveld (1994) constructed seven Early Cretaceous 

dinocyst groups by comparison with selected reports on the distribution of certain 

genera (see also Brinkhuis & Zachariasse, 1988, and Brinkhuis, 1994 for similar 

approaches). Thus each group was associated with a particular marine setting. They 

named each group after a representative genus: Mudemngia Group; Systernatophora 

Group; Cribroperidinium Group; Circulodinium group; Oligosphaeridium Group; 

Sphiferi tes Group; and Pterodinium Group (Wilpshaar & Leereveld, 1994: p. 124). The 

latter was considered analogous to the morphologically similar modem genus 

Impagidinium, and thereby interpreted as representative of open ocean conditions. 

Interestingly, they used the Systematophora Group as an indicator of inner neritic 

condidons, which contrasts with the expected skolochorate distribution noted above. 

Using these pre-defined groups, they were able to construct palaeobathymetric patterns 



in the Valanginian-Cenomian interval of the Vocontian Trough, although their 

observations were not tested against variation in lithology and other aspects of the 

palynological matter assemblages. Similarly Li & Habib (1996) used ratios of the 

Spiniferites and Cyclonephelium groups, taken as indicators of open-marine and near- 

shore conditions respectively, to trach sea-level change at the Cenomanian-Turonian 

boundary. 

2.3.5. Acritarchs 

The majority of available information on the distribution of Micrhystridium and 

associated acanthomorph acritarchs, suggests a strong association between the 

abundance of this group and marginal marine or generally inner neritic conditions 

(Hughes & Moody-Stuart, 1967; Davey, 1970; Downie et al., 1971; Burger, 1980; 

Erkman & Sa rjeant, 1980; Dimter & Smelror, 1990; Kunz, 1990; Davies et al., 1991; 

Al-Ameri & Batten, 1997; Cole & Harding, 1998). They occur in more offshore 

sediments, but are 'diluted' by the relative abundance of dinocysts further from the 

shoreline. They may also be abundant in AOM dominated deep-water assemblages 

(Habib, 1979a,b; Tyson, 1984). Tyson (1 995) notes that accurate abundance 

observations of this group are strongly affected by sieving techniques since the 

acritarchs are often smaller than 20 p.m. 

2.3.6. Prasinophytes 

Analyses of the distribution of the prasinophyte group focus (in terms of the 

taxa recognised in the present work) on the genus Tasmanites. Although several studies 

indicate an association with near-shore or brackish environments (Combaz, 1967; 

Prauss, 1989; Kunz, 1990), the majority of evidence suggests high relative abundance of 

this genus in organic-rich shales deposited in open-marine settings, often with anoxic 

bottom waters (Wall & Dale, 1974; Loh et al., 1986; Tyson, 1989; Prauss et al., 1991; 

Tyson & Pearson, 1991). Palaeoecological interpretations involving the occurrence of 



pterospermellids are scarce, but Weiler (1988) notes their association with marine as 

opposed to brackish conditions from Oligocene deposits. Conversely, Sittler & Olivier- 

Pierre (1994) note a strong association between the abundance of Pterospermella and 

proximate dinocysts, in an environment which they interpret as being restricted 

marine/brackish. In this case, the development of euxinic conditions within these same 

facies may have been a stronger influence on the prasinophyte abundance than proximity 

to the shoreline. 

Neither group is particularly volumetrically abundant, and abundance peaks may 

be due to the relatively low siliciclastic input of pelagic environments (Tyson, 1995). 

Prasinophytes, and particularly Tasmanites , are also known to be concentrated at 

condensed horizons (Leckie et al., 1990), common in cold waters and high latitudes 

(Prauss & Riegel, 1989; Peniguel et al., 1989), and generally where other phytoplankton 

are scarce (Tappan, 1980) Batten (1996) suggests that euxinic conditions may have 

been more influential on the distribution of prasinophytes than temperature. 

2.3.7. AOM 

Autochthonous AOM is known to be most common in dysoxic or anoxic 

environments, classically the deep-sea (Dow & Pedersen, 1975; Venkatachala, 1981a; 

Bellet et al., 1982), although its preservation is not necessarily dependant on anoxia 

(Calvert & Pedersen, 1992). Bujak et al. (1977) have shown that the relative proportion 

of AOM is generally low in shelf (neritic) facies, but increases offshore. It is also 

associated with fine-grained (organic-rich) sediments (Bellet, 1982; Ceratini et al., 

1983; Masran, 1984; Tyson, 1989; Nahr-Hansen, 1989; Tribollivard & Gorin, 1991) 

characteristic of low-energy deposition. However, it can occur in a large variety of 

environments, providing that conditions are suitable for its preservation. Summerhayes 

(1983) and Powell et al. (1990) have noted that even neritic bioturbated sediments with 

generally low organic content can have AOM dominated palynofacies, although this is as 

much to do with the low input of phytoclast material as oxygen-poor conditions. 



Furthermore, numerous authors have shown that AOM can often dominate palynofacies in 

carbonate environments, whether or not they are organic-rich (Reyre, 1973; Hunt; 

1979). 

Measurement of the abundance of AOM is problematic since it has a tendency to 

disaggregate into smaller particles during slide preparation. For this reason many 

reports have relied on visual estimation of AOM abundance rather than particle counts. 

Tyson (1984,1989,1993,1995) on the other hand, has routinely counted AOM particles 

alongside other palynological matter components, preferring to count those particles 

which fall within the observed modal size range (Tyson, 1984). Such an approach allows 

relative quantification of the AOM abundance to be more directly comparable to other 

types of palynological matter, although the selected size range for observation is 

inherently subjective. 

As an alternative to the addition of exotic marker grains, Tyson (1989) proposed 

the parameter AmexOC as an absolute abundance measurement of the marine 

palynomorph plus autochthonous AOM components. To generate this parameter, the 

relative percentage particle abundances were summed, and subsequently multiplied by 

the TOC content. The term is derived from 'amex', originally defined by Senftle et a]. 

(1987)(Tyson, 1989) in relation to the areal percentage of the maceral equivalents of 

these two palynological matter components. Thus, strictly speaking AmexOC values can 

only be derived by accurate determination of the AOM prevenance, and thereby only 

with the use of UV light. Tyson (1989) demonstrated that the AmexOC parameter does 

not necessarily show opposing trends to PhytOC, since variation in primary 

productivity, degree of bioturbation and clastic sediment dilution all affect the 

abundance of marine components. Nevertheless, highest ArnexOC values were recorded 

from sediments deposited in most distal facies of the Kimmeridge Clay Formation 

(Tyson, 1989). 



CHAPTER 3. Methods. 



3. Methods 

3.1. Sample collection a n d  processing: 

3.1.1. Sample collection: 

Of fundamental importance in the collection of samples for palynological analysis 

is selection of the least weathered or oxidised material available. In this respect sample 

collection from all of the study areas (the Volga Basin, Russia, and the Agadir Basin, 

Morocco, and the Rlo Argos, SE Spdn) first required the removal, or 'trenching' of the 

exposed sediment surface. This has been shown to be effective not only in the 

=xtmisadon of the palynological yield (Leereveld, 1997, pers. commun.), but also in 

the reduction of contamination by plant roots and contemporary palynomorphs 

(Funkhouser, 1969; Traverse, 1988; Wood et aJ., 1996). The depth of surface-sediment 

mnoval was largely dependent on lithology as well as degreellength of surface exposure. 

At the Volga sections surface erosion is relatively rapid, and only the top 20 - 25 cm of 

sediment was removed prior to sample collection. Particularly friable lithologies (such 

as that immediately above the phosphorite deposit) are prone to more intensive 

weathering, and to compensate for this a thicker layer of surface sediment was removed 

before sampling. By contrast weathering at the Moroccan and Spanish localities was 

much more intense due (at least in part) to a much slower erosion rate. Here the removal 

of surface sediment was hampered by the greater abundance of hard marly - limestone 

lithologies less conducive to removal of surface material, although these are probably 

less prone to weathering. Samples from this type of lithology were taken from areas of 

no (or reduced) joindng/fracturing. Softer lithologies were trenched to a depth of 50 

centimeoes. 

Discrete horizons and lithologies expected to be organic poor (e.g. recr~stallised 

limestones, and friable clastic sediments with haematidc matrices) were avoided, thus 

obtaining a sample set with the madmum organic yield (hence, in theory, the most 

complete floral assemblage). This approach was preferred over maintaining a consistent 

sampling Interval. The quantity of material collected was solely dependent on litholog~. 



Between 50 and 100 grams were collected from the clayey-mudstone horizons and marls, 

whereas at least 300 grams were collected from the marly limestones and limestones 

proper* 

3.1.2. Sample processing methods 

In the majority of palynological studies the processing techniques employed are 

listed as being 'standard' or 'standard HCl-HF maceration'. However, review of several 

publications dealing specifically with this topic (Tyson, 1995; Wood et ale, 1996) 

suggests that although usage of HC1 and HF in the removal of inorganic substances is 

commonplace, variations in the application of these reagents allows only limited value to 

be attached to the tenn 'standard'. For this reason the techniques applied in the current 

study are outlined below. A flow diagram representing the complete process can be seen 

in Figure 3.1, modified from Wood et aJ. (1996). 

Each sample was allowed to dry, and the surfaces thoroughly cleaned, any oxidised 

'crusts' (common on the limestones) being removed. The material was then split, and the 

portion to be used subsequently crushed to 2 - 3 mm sized fragments and weighed. 

Samples were treated with 58 - 62% hydrochloric acid to remove carbonates, and spiked 

with tableu containing tyropodium davamr spores. After neutralisation, they were 

further treated with 58 - 62% hydrofluoric add to remove silicates and reneutralised. 

Each was then boiled in 58 - 62% hydrochloric add  for 1 minute to remove neoformed 

fluorides, and neutralised a third time. Wet strew-mounts of the residues were made to 

determine whether breakdown of amorphous organic matter (AOM) using a tuneable 

ultrasonic probe was required, and a small amount of each was separated and kept as a 

'control' residue for certain aspects of the palynofacies analysis. Depending on the 

amount and type of AOM, the residues were variously treated with 10 seconds, 30 

seconds or 1 minute's vibration with the probe, and then sieved. In order to remove 

Pyrite and generally 'clean' the residues, each was treated with 6096 nitric acid for 3 

*nutes~ and reneutralised for the final time. After each neutralisation stage and 

the use of the uluasonic probe, all residues were sieved using a 20 W 



Figure 3.1 : Palynological processing procedure 
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nylon mesh. Finally each residue was mounted onto two glass slides (hereafter referred 

to as the 'slide-pair') using ~ l v a c i t e ~ h ~ o n t ) ,  labelled, and subsequently scanned 

using an Olympus BH-2 stereo-binocular microscope. 

3.1.3. Cholce of sieve apparatus 

A variety of sieving media are available for use in palynological laboratories 

(Wood et al., 1996). Ediger (1986) noted that of the tools available, the most commonly 

used and most effective include metal screens with perforations calibrated down to 5 w 

(Kidson & Williams 1969); ordinary or borosilicate filter papers; and nylon bouldng 

cloth with mesh size available down to 2 pm (Mid-Anglia Engineering Ltd, 1995: pers. 

commun). 

Nylon mesh was selected for the current study, since it is relatively inexpensive 

in comparison to the metal screens, acid resistant, and in contrast to filter papers, does 

not contamlnate the residue with fibres (Ediger 1986). Meshes were mounted in 

specially tailored pieces of polyethylene guttering or  upperw ware^, which provided 

robust and acid-resistant frames. The bouldng cloth was fixed in place with plastic 

rings in a manner which provided a water-tight seal, but allowed the mesh to be readily 

removed between sievings for thorough washing. 

A known drawback of bouldng cloth is that with extensive use, the mesh distorts 

and pore sizes can become enlarged or irregular (Ediger 1986). This problem was 

minimised by replacing the cloth at regular intervals. Both 10 and 20 lr~ll meshes were 

initially tested, but the former w r e  found to clog up too rapidly when AOM-rich 

samples were being processed. For the sake of consistency, the 20 pm mesh was used for 

all Samples, with the acknowledgement that finer palynologic matter will have been lost* 



3.1.4. The use of Lycopodium clavator s p o r e  spikes 

Methods for determining the absolute abundance of palynologic particles 

(typically palynomorphs), and statistical considerations accompanying these methods 

have been presented by numerous authors (see for example, Stockman; 1971, 1972; 

Bonny, 1972; Maher, 1981; de Vernal et  al., 1987; White, 1988). In this study, 

Stockmarr's (1971) method of adding tablets containing exotic Lycopdium clavator 

spores was deemed most suitable. The tablets were supplied by the University of Lurid, 

batch number 124961, containing 12,542 t3.396 spores per tablet (Berglund 81 Persson, 

1994). Once the residues were analysed, the equation in Figure 3.2a was used to 

calculate the absolute frequency of the various components. The precision by which 

these abundances can be calculated depends on several factors. Firstly, it assumes that 

the exotic spores are evenly distributed within the residue: for this reason the tablets 

are d d e d  at the beginning of the processing procedure so that the numerous phases of 

sievfng allow the Lycopodlum to be uniformly mixed. Secondly, it assumes that the 

exotic spores counted are in no way confused with specimens of Lyccpdium native to 

the residue in question. To prevent this, the exotic spores were acetolysed by the 

manufacturers during tablet production, giving them a distinctive golden-orange colour. 

A separate slide was made solely strewn with Lyropodium clavator spores so that they 

could be readily recognised within the residues. 

As with any random sample of a population, there are statisdcal errors assodated 

with absolute analyses, and these typically decrease with increasing count size 

(including the number of exotic spores as well as of the particles targeted for analysis). 

This is clearly displayed in Figure 3.2b. redrawn from Stockmarr (1971, p. 620). It is 

important to note here, that the standard errors generated using exodc spores are always 

b h e r  than those on the panicle counts alone. Moreover, although the total ~ ~ r s  

decrease with increasing count-size, the proportion of error contributed by the use of 

Ly~opodium becomes greater. Clearly, for results with minimum error attached, the 

need to be as large as possible, and ideally the ratio of exotic sp~restarget 
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particles consistent across the sample suite. In practice the latter is extremely 

difficult to achieve since the eventual yield of organic matter from each sample is only 

known when processing is complete. Samples of apparently identical lithology can yield 

significantly different amounts (and types) of organic matter. To minimise this 

problem, a small amount of each of the major lithologies was pre-processed to gauge the 

respective yield, and the number of spore tablets added to the final samples varied 

accordingly. 

The standard error for each absolute abundance can be calculated using the 

equation in Figure 3.2~. taking into account the error on the number of exotic grains 

added, the number counted, and the number of target particles counted. 

3.2. Analytical methods 

3.2.1. Methods employed in the  biostratigraphic analysis 

In determination of the dlnocyst blostradgraphy, all the specimens encountered in 

the slide-pair were considered. Realistically however, only those specimens 

representing a6096 of an individual could be identified to species level with any 

certainty (although operculae can sometimes be useful). In several instances specimens 

could not be identified from the literature, even when well preserved, and in this event 

they were assigned to a genus and given an uppercase Roman letter to differentiate the 

taxon from others of the same genus (for example; Gonyaulacysta sp. A). Taxa appearing 

as ' o n ~ f f s '  were not wed in the forxrndation of range charts or zonation. Several genera 

appear to exhibit a large degree of intraspeciflc morphological variation, and where this 

is particularly pronounced (but not strong enough to warrant inclusion within a second 

species), the specimendtaxa were assigned as being of close specific affinity to more 

s ~ ~ n d a r d  taxa (for example; C;ochtdnia cf. G. villosa ). Several cyst morphologies 

Proved difficult to speciate, typically simple sub-spherical proximate forms, and 

chorate cysts bearing variable numbers of non-tabular, needle-like processes. 

have been assigned into 'groups' with species name being morphologically 



representative. Thus simple unidentified proximate cysts were termed "Badacasphaera 

fenestratan or "Cirmlodinium ciliaturn", and the chorates were grouped into 

"Clefstosphaeridfurn aciculum". Since these groups probably contain several different 

biological taw,  they are not used in construction of the biostradgraphy. The range 

charts and abundance data are combined, and taxa denoted as '0' (zero) for particular 

samples were encountered outslde the 300 target described below. 

3.2.2. Methods used In relative taxonomic abundance, diversity and  

dominance analyses 

The first 300 dinocyst specimens encountered when scanning the slide-pair of 

each sample were incorporated into this study. A 'constant' target is preferable since 

Wall et al. (1977) note that dinocyst diversity increases with count size. The 300 target 

was chosen as it has previously been shown to generate statistically significant results. 

Moreover, Dean (1998) notes that a target of only 200 Is standard in pollen analysis, and 

has previously been shown to include 7096 to 8596. of the taxa present (Martin, 1963). 

Where possible, broken and fragmentary specimens were identified: operculae and 

specimens representing less than 6096 of an individual were not included within the 300 

count. Frequently, particularly in the AOM-rich residues, some dinoflagellate cyst taxa 

were too poorly preserved to allow confident identification, and individual specimens 

then grouped as indeterminate chorate, cavate, or proximate. Acritarch and 

~rasinophyte tax* as well as forms attributed to the (?multi-taxonomic) grouping 'sacs' 

were also included in this count. A pointtounter was not available for this study, thus 

the actual count frequently surpassed 300. It is therefore necessary to consider the 

values in terms of relative percentages. 

Similarly, dinocyst diversity cannot here be meaningfully quantified by the 

~ ~ m b e r  of taxa in the 300' count, although numerous other studies have adopted this 

approach (Manurn, 1976; Goodman, 1979; Mutterlose & Harding, 1987% b; Habib & 

Miller, 1989; Dimter & Smelror, 1990; Courtinat et af., 1991; Dodge & Harlan4 1991; 



Figure 3.3: Fisher a divwdty chart; redrawn from Fisher (1943: p. 52) 
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therefore consistent with the counts for other particles, for which the <20~m fraction 

was removed during processing. Such methodology accords with the comments of Tyson 

(1984) that smaller particles are if little volumetric significance, and is comparable to 

that author's counting strategy. 

It has previously been suggested that mild oxidation of the woody phytoclasts can 

lead to more accurate distinction between brown and black wood categories (Batten, 

1981, 1996). Furthermore, the AOM-rich nature of many of the residues precluded 

clear observation of the other organic particle categories. For these reasons, analyses of 

the structured components were undertaken on the portion of the residues subjected to 

ultrasonic treatment and/or oxidation. All the categories of palynologic matter outlined 

in Chapter 2.2. were considered within the 500 count. Absolute abundance analysis was 

undertaken at the same time as the relative analysis, although counting continued until 

50 exotic Lycopodium clavator spores had been encountered. In some samples this value 

was exceeded during the relative abundance counts. Occasionally, particularly in the 

AOM-rich facies, the slide-pair was completely scanned before the 50 target was 

achieved. 

Where possible, 100 particles of brown and black wood were measured from each 

sample, and for each particle a 'roundness value' attached. The subjective roundness 

value of a particle is taken'as a whole integer range from 1 to 6, where 1 represents very 

angular, and 6 well rounded, and is separate from assessments of particle geometry. The 

sum of the value for the two particle types is then divided by the number of particles (of 

each type) measured, to give the mean roundness, or roundness index (RI) for each 

sample. For this exercise, tracheids and 'gelified' woody tissues have been combined 

within the brown wood category (although the two components continued to be 

distinguished), and both types of 'inertinite' sensu lato were included within the black 

wood category. 



3.2.4. Methods employed in  the  total organic carbon (TOC) analysis 

Sample preparation 

Approximately two grams of each sample was powdered using an agate pestle and 

mortar, one half of each being placed into vials ready for total carbon analysis. The 

remaining halves were transferred into 400ml beakers and immersed in 60% analytical 

grade HC1 for 24 hours in order to remove mineral carbonate. The acid was siphoned-off 

using a large syringe and the samples passed through a phase of dilution and settling 

(using MilliQwater) until 'neutral'. Samples were then placed in aluminium foil 'boats' 

and set on a hot-plate until completely dry (no further weight loss observed). Since this 

process frequently resulted in the formation of fused fragments, each was again crushed 

using the pestle & mortar, 

TOC content 

This part of the analysis was done using the Carlo Erba EA1108 elemental analyser 

of the School of Ocean & Earth Science, Southampton University. Approximately 3 mg of 

both acid-treated and untreated samples was placed in 5 by 3.5 mm tin capsules and 

sealed. These were then set in the elemental analyser, run at 1200 'C, and cornbusted 

using flash pyrolysis at 1500 'C. The accuracy of analyses was verified after every six 

samples by running a capsule containing a Sulphanilamide Standard (41.88 weight % 

carbon). The machine was recalibrated if the analysis of the standard deviated by more 

than 0.2%. 

Once the samples were run, the analyses gave two values. A total carbon value is 

returned on the samples which were not acid treated, including a carbon fraction derived 

from mineral carbonate. The acid-treated samples give adjusted carbon values, since the 

mineral carbonate has been removed. However, where sediments were originally 

carbonate-rich, carbonate removal creates a significant sediment weight reduction, 
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artificially inflating the apparent organic carbon content. Both values must therefore be 

combined using the equation in Figure 3.5 to give the actual TOC content. 

3.2.5. Preparation of materials fo r  the  scanning electron microscope 

(SEMI 

SEM work undertaken in the current project is limited, and specimens required for 

examination were individually picked. Wet strews of target residues were made, and 

specimens isolated using a micropipette (drawn out from a normal glass pipette over a 

hot Bunsen flame). These were transferred onto squares of developed photographic film 

which had been scored at millirnetre intervals to form a location grid. Each specimen 

was then oriented using a single eyebrow hair mounted into the end of a micropipette. 

When complete, the film squares were glued onto SEM stubs, and coated with gold using a 

Bio-Rad Microscience Division SC650 sputter coater, and subsequently placed in stub- 

boxes to await analysis. 

3.2.6. The use of cluster  analysis 

Cluster analysis of palynofacies data presented in Chapter 5 was undertaken using 

 multi-variate statistical package) version 3.0, run on a Toshiba T1950CS laptop 

under Windows 3.1. 

There are numerous cluster analysis techniques available, each of which uses a 

different algorithm to produce the clustering. The agglomerative hierarchical clustering 

technique is used in MVSP? and produces a dendrogram where the most similar cases 

are clustered closely together. There are several methods by which similarity can be 

calculated, and similarly several parameters which can be used in such measurements. 

The choice of methods used in the current study was influenced by the investigation of 

such techniques by Kovach (1989) and Kovach & Batten (1994), who found that both the 



unweighted pair group average method (UPGMA) using the Spearman rank-order 

correlation coefficient, and the minimum variance method (which implicitly uses 

squared Euclidean distance) were the most effective techniques in descriminating 

palaeoecological trends. 

In UPGMA analysis, the distance between each pair of points in two clusters is 

measured, and the mean distance is used as the 'similarity' of the clusters. This is 

demonstrated in Figure 3.6a The clusters are unweighted, so each set of points is 

treated equally. This means that no preference is given to sets of data with fewer points, 

and therefore the clustering is less likely to be affected by variation in the least 

abundant (and therefore statistically less significant) categories. The Spearman rank- 

order coefficient was used to measure distance between points and clusters since it is 

non-metric similarity measure, and therefore not as strongly affected by taphonomically 

or stochastically induced noise in the data (Kovach, 1989). This coefficient has also 

been used to good effect in several other studies of plant palaeoecology (Farley & 

Dilcher, 1986; Kovach, 1988). 

Minimum variance cluster analysis takes a different approach to the way in which 

groups of data are clustered. Here, the within-group variance is calculated by taking the 

sum of the squared (Euclidean) distances from each point in a cluster to the centroid of 

that cluster (solid lines in Figure 3.6b). Then, for the most similar pair of clusters 

(those that will give least increase of within-group variance, usually with the most 

closely adjacent centroids, a combined centroid is calculated, and the variance (or 

distance) of each point of the two clusters to this combined centroid is determined 

(dotted lines, Fig. 3.6~). This is then treated as one cluster, and will appear as the most 

closely grouped cluster on the resulting dendrogram. The process is repeated until all 

of the samples/clusters have been grouped (Fig. 3.6d). Minimum variance cluster 

analysis (otherwise known as Ward's method) has also been used by Kovach (1988) in 

relation to actual count data (as opposed to percentages) in plant palaeoecology, and by 

Hunt (1987) on marine palynomorph data. Similarly Kovach & Batten (1994) used this 
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technique to re-analyse various data sets containing a variety of palynological 

information. 

Dendrograms produced from minimum variance cluster analysis of the data point 

distribution in Figures 3.6b-d are presented in Figures 3.6e & f. For the purposes of 

cluster analysis, these two dendrograms are identical: only the branching order, and the 

length of the branches are important, the order of points on the right of the diagram is 

immaterial. Indeed, the length of the branches is only important when one wishes to 

compare the level of correspondance of two data sets using the same clustering 

technique. 

3.3. Testing the processing procedure: effects of nitric acid oxidation 

and ultrasonic vibration on the  palynologic matter assemblages. 

3.3.1. Rationale and technique 

The variable abundance of AOM in the present study forced some degree of 

flexibility in the length of ultrasonic vibration required to generate sufficiently 'clean' 

residues for structured particle analysis. In view of the fact that such treatment clearly 

alters the organic matter assemblage (at least the proportion of AOM), it was deemed 

appropriate to test its affect on the structured components. As has been pointed out 

above, there have been suggestions that the nature of woody phytoclast material can be 

altered during oxidation. Furthermore, Funkhouser & Evitt (1959) suggested that 

oxidation was particularly damaging to palynomorphs. It was therefore important to 

assess such effects with regard to the current procedures employed. 

Initial review of the palynologic matter assemblages suggested that there were five 

dominant palynofacies in the Volga Basin material, and one sample from each type was 

selected for experimental analysis. Residues were processed in the manner described 



above up to, but not including the ultrasonic stage. Prior to this, the residues were 

homogenised by being shaken, and split into three parts. One part was kept as a control, 

the other two were subjected to either 30 seconds or 1 minute, and three minutes 

sonification respectively. The decision between 30 seconds and 1 minute was based on 

the length of time used processing residues for the main analyses, and thereby 

dependant on the abundance of AOM. Experimental residues U2 and K25 were thus 

subjected to only 30 seconds of ultrasonic vibration. After treatment the samples were 

washed through a 2Opm sieve to remove newly fragmented material. 

Next, both the control and the ultrasonic-treated residues were split into three 

parts after re-homogenisation. The first of these was again kept as a control, the other 

two subjected to 5 minutes and 10 minutes nitric acid oxidation respectively. The 

residues were then neutralised and again sieved using a 20pm mesh. Finally individual 

slides were made from each of the experimental preparations, and cover-slips mounted 

using Elvacite(DuPont) . 

Counts were performed in the same manner as described above, and AOM was 

counted alongside the structured particles, not included within the 300 target. The 

percentage abundances of AOM (shown in Table 3.1 and Figure 3.7) are therefore drawn 

from the addition of the AOM and structured particle counts. 

3.3.2. Effect of processing procedure on  t he  major components of 

palynologic matter 

AOM 

Analysis of the data suggests that ultrasonic vibration was a more effective 

mechanism for disaggregating AOM in AOM-rich sediments than nitric acid oxidation. 

Diagrammatic representation of the AOM reduction using these methods can be seen in 



Figure 12 drawn from the data in Table 3.1 (note that the dinocyst abundance data also 

shown on these graphs is generated from the 300 structured-grain count, not including 

AOM). An approximately 10% (U2) to 20% (K25) reduction in the relative abundance of 

AOM can be seen between the untreated residue and that exposed to 30s of ultrasonic 

vibration, which equates to an approximate 5Wo drop in the number of AOM particles 

observed during the 300 count of structured particles (Table 3.1). The discrepancy 

between these figures is a reflection of AOM dominance in these particular residues. 

Surprisingly, there was no such clear-cut reduction between the residues treated with 

30s and those with 3 minutes, some values suggesting a slight increase. Such data 

indicate that AOM reduction took place much more slowly between 30s and 3 minutes 

than in the first 30 seconds of sonification (Table 3.1). Higher AOM relative abundance 

in 3-minute treated residues than those treated for 30 seconds appears to be a reflection 

of decreasing dinocyst abundance. 

The effect of oxidation on the AOM content is generally less distinct, although in 

the unsonified preparations an overall decrease can generally be seen. It would seem 

that variation in the relative abundance of this material in oxidised residues is a 

reflection of the changes induced on the structured components. 

Ultrasonic vibration of extremely AOM-poor residues (K17 & K19) seems to have 

had little effect when treated for up to 1 minute, but the relative abundance shows a 

marked increase in those treated for 3 minutes, especially so in residues exposed to 

maximum oxidation time (Table 3.1). This appears to be the result of significant 

reduction in the amounts of certain structured particle types. No AOM was observed in 

any of the experimental preparations from sample K28. 

Dinocysts 

With a couple of exceptions, dinocyst relative abundance in the AOM-rich facies 

was reduced by increasing the length of ultrasonic treatment (Figure 3.7, Table 3.1). 





Figure 3.7: Effects of sonification and oxidation on AOM and dinocyst relative abundance 

Effect of ultrasonic treatment (unoxidised residues) Effect of oxidation (unsonified residues) 

4 - AOM 
--c Dinocysts 

--• - AOM 
--t Dinocysts 

60 8 
0 60 120 180 c 

Length of ultrasonic treatment (seconds) ii 

V) 

5 70 , 60 
2 0 300 600 

0 
c 

Length of oxidation (seconds) 
6 

9 .- 
ti; 5 - 
g! 

U Length of ultrasonic treatment (seconds) 
- 

Length of oxidation (seconds) 

K19 
h C 

100 8 
c 

0 300 600 c a 
Length of oxidation (seconds) 

0 60 120 180 ii 
Length of ultrasonic treatment (seconds) 

A 

55 go 
K25 

85 
u 

8 .c. 70 
m 

H 

0 60 120 180 
Length of ultrasonic treatment (seconds) 

0 300 600 
c 
a 

Length of oxidation (seconds) 

0 300 600 
C a 

Length of oxidation (seconds) Length of ultrasonic treatment (seconds) 



This is also the case in experimental preparations of sample K28, although the 

magnitude of variation was much smaller and possibly insignificant when taking into 

account standard error. The pronounced peak in dinocyst abundance produced after 60 

seconds of ultrasonic treatment on sample K17 is a reflection of the reduction in 

tracheid abundance. The effects of oxidation are unclear, both decreases and increases 

in relative abundance can be seen in the samples processed. However, two of the three 

oxidation series (at 0 and 3 minutes ultrasonic treatment) of sample K17 surprisingly 

suggest positive correlation between relative abundance of dinocysts and increasing 

oxidation time. This appears to have been induced by the relative decrease in tracheid 

abundance, and suggests that in this sample dinocysts were more resistant to oxidation 

than tracheid material. 

Woody phytoclasts 

Only in the residues of sample K17 was there a fundamental change in the 

proportion of woody components, where the grouped brown m d  abundance drops with 

both increasing sonification and oxidation (Figure 3.8). This trend was created by the 

strong influence of these procedures on the tracheid material, which dominates the 

untreated palynofacies in this sample. This was balanced by a dramatic rise in the 

relative abundance of the black wood component, from 0.3% in the untreated residues to 

31.6% in the preparation exposed to maximum sonification and oxidation (Table 3.1). 

Comparison of the effects of ultrasonic vibration and oxidation suggest that sonification 

had a much more rapid influence on these components in this residue than did oxidation. 

In the other palynofacies investigated, the relative abundances of the woody 

components show no consistent trends with either increasing oxidation or ultrasonic 

vibration. Lfttle evidence can be found from these data to support the suggestion that 

oxidation may convert some material potentially assignable to black wood into brown 

d In several of the residues (K17, K25, K28) the relative abundance of black wood 

appears to increase with increasing length of ultrasonic vibration. This is presumably a 



Figure 3.8: Effects of sonification and oxidation on woody phytoclast relative abundance 
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reflection of its comparatively robust nature since the absolute abundance of this 

component shows a decrease after ultrasonic treatment in residue K28. The suggestion 

that tracheid material is adversely affected by oxidation (K17) contrasts with comments 

of Batten (1996). 

Effects on the major components of palynofacies (AOM, phytoclasts, and marine 

palynomorphs) can be seen in the ternary plots of Figure 3.9. Generally any significant 

trends in the responses of individual categories are transferred to the gross components. 

This is most notably seen in the right-hand shift of AOM rich facies in response to 

ultrasonic vibration and oxidation. The pronounced increase in AOM within the 

tracheiddominated palynofacies of sample K17 is also clearly noticeable. Other trends 

are difficult to pick out, and the close clustering of all the experimental preparations in 

samples U2 and K19 suggests that the procedure variation had little significant affect on 

the relative abundance of bulk components in these samples. 

3.3.3. Effects of processing procedure on absolute abundance of 

palynologic matter 

Disappointingly, owing to the inadequate addition of exotic spores, only two of the 

five experimental samples had small enough standard errors to allow any meaningful 

remarks to be made, Thus only the data for samples K17 and K28 are displayed in 

Figures 3.10a & 3.10b, drawn from Table 3.2. In addition, such information needs to be 

treated with caution, since the precise effects of processing procedure on the exotic 

Lycopodium grains are unknown. 

Nevertheless, the effects of ultrasonic vibration seem to be largely intuitive: both 

samples K17 and K28 showed a marked decrease in dinocyst absolute abundance with 

increasing ultrasonic treatment. The same trend was also reflected in the abundance of 

woody phytoclasts, although here the data are less consistent. When the individual 
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Figure 3.10a: Effects of sonification and oxidation on woody phytoclast 
and dinocyst absolute abundances 
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component data are combined into marine- and terrestrially-derived groups (Figure 

3.10b), the trends seen are very similar, and both groups show a distinct decrease in 

abundance with ultrasonic treatment. Data on the effects of oxidation are less 

consistent. The absolute abundance of dinocysts and both components of woody 

phytoclasts appears to have increased with oxidation in sample K17. Oxidation seems to 

have had a more intuitive effect in K28 residues, although maximum oxidation time 

often shows higher abundances than those exposed to nitric acid for 5 minutes in 

residues previously subjected to ultrasonic vibration. Since treatment with nitric acid 

can clearly not create material, some other explanation for absolute abundance increase 

is necessary. One possibility is that black wood might indeed be converted to brown 

wood during oxidation, although this cannot be verified here, The most likely cause for 

apparent increases in absolute data is the decrease in abundance of exotic marker 

grains, either controlled directly by oxidation, or fractionation during residue 

splitting. 

3.3.4. Effects of processing procedure on the  dinocyst assemblages. 

Proportions of chorate, cavate and proximate cysts. 

Analysis of the data shows that ultrasonic vibration of the residues appears to 

reduce the abundance of chorate cysts relative to both proximate and cavate 

morphologies (Figure 3.1 1, Table 3.3). This is most particularly noticeable in the two 

AOM-rich samples in which the skolochorate cysts are dominated by forms with long 

delicate processes (genera like Systernatophora, Stiphrosphaeridium, and the bucket 

taxon "Cleistosphaeridium aciculum") and thin-walled central bodies. Here the chorate 

abundance values drop by some 15% over the full 3 minutes of sonification. The data 

also suggest that nearly half of this reduction occurs within the first 30s to 1 minute 

(Table 3.3). This is particularly important when one considers that a 15% drop 

represents removal of between 40% and 65% of the chorate cysts in these assemblages. 





Figure 3.11: Effect of sonification and oxidation on relative abundance 
of dinocysts per morphological group 
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Figure 3.12: Effect of sonification and oxidation on number of dinocyst species 
per morphological group 
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The other samples have chorate assemblages dominated by more robust skolochorates 

such as Kleithriasphaeridium spp. and Achomosphaera neptuni, or proximochorates like 

Tenua spp. and Impletosphaeridium sp. 1. In these samples the maximum chorate 

reduction after 3 minutes ultrasonic vibration is approximately 7%. Nitric acid 

oxidation appears to have had little consistent effect on the relative chorate abundance. 

The relative abundance of the cavate group appears to be broadly consistent across 

the different preparations of each residue. This suggests some loss of cavate cysts, since 

otherwise the relative abundance of this group would be expected to increase in response 

to the chorate decline. Comparison of the main taxa involved suggests that a reduction in 

those morphologies with thin periphragm and generally small size (Chlamydophorella 

spp.) are preferentially removed, although this effect is inconsistently developed. The 

relative abundance of proximate cysts tends to increase with ultrasonic vibration (as a 

reflection of the chorate decrease), and oxidation cannot be demonstrated to have had 

any consistent effect on the group. 

When the abundance of these groups is considered in terms of numbers of species 

(Figure 3.12), it can be seen that although the procedure does not strongly affect the 

assemblages, there is a general decline in the number of species noted for all groups. 

The most profound changes occurred in samples K17 and K28, where fewer rare species 

were encountered with increasing ultrasonic vibration. Oxidation appears to have had 

little or no affect on the number of species of each morphological group, except in 

sample K28 where species diversity in each group is reduced. 

Effects of processing procedure on dinocyst diversity 

The effects of processing procedure on dinoflagellate diversity as expressed by the 

Fisher a index can be seen in Figure 3.13 and Table 3.3. Oxidation has no consistently 

demonstrable effects on the a values. Conversely ultrasonic vibration is seen to reduce 

the a value by between 2 and 4, from unsonified residues to those treated for 3 minutes. 



Figure 3.13: Effect of sonification and oxidation on Fisher a diversity index 
and Goodman dominance 
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The a values of sample K17 w r e  much more profoundly influenced by ultrasonic 

vibration, with a drop from 26 in untreated samples to approximately 4 in those exposed 

to 3 minutes ultrasonic vibration. 

Effects of processing procedure on  dinocyst dominance. 

Neither ultrasonic vibration nor oxidation have consistent effects on dinocyst 

dominance as measured by Goodman (1987) (Figure 3.13, Table 3.3). 

3.3.5. Effects of ultrasonic treatment on  woody phytoclast particle 

size. 

This exercise was performed in a similar manner to that for the main analyses, 

except that 50 particles each of black and brown wood were counted rather than 100. 

Tracheid and gelified woody matter are combined to form the brown wood total, although 

they are clearly separated in Table 3.4 and Figure 3.14 to emphasise any changes taking 

place. 

The most consistent trend revealed is that in each case, increasing the length of 

exposure to ultrasonic vibration reduces the mean long-axis size. The most notable 

exception is in the black wood long-axis data of sample K19, which appear to display the 

reverse trend. Mean short-axis length in all samples is much less strongly affected, few 

variations being seen to exceed the range of standard error. The affect of ultrasonic 

vibration on wood particle size is therefore to enhance the equidimensional 

characteristics of the particle assemblage. Furthermore a concomitant trend to reduced 

standard deviation of the sample-means with increasing sonification (Table 3.4) 

portrays increasingly close clustering of the particle sizes. Since in this respect 

standard deviation might be a useful measurement of the sediment sorting, sonification 

forces the data to reflect a better sorted assemblage of more equidimensional particles 





Figure 3.14: Effect of ultrasonic vibration on woody phytoclast size 
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than would otherwise have been seen. However the long-axis mean-value difference 

between untreated preparations and those subjected to 3 minutes of ultrasonic vibration 

is rarely more than 15 p.m. 

3.3.6. Effects of processing procedure: summary 

The effect of processing procedure on the major palynofacies components has been 

tested. The experiments indicate the following: 

That ultrasonic vibration was a more destructive part of the procedure on both the 

AOM and structured particles than oxidation using nitric acid. Oxidation appears to 

have had few consistently demonstrable effects on the palynologic matter, and the 

suggestion that this procedure can affect the woody phytoclast composition cannot be 

substantiated from the limited data available here. 

Review of the data as a whole suggests that the components of palynologic matter most 

strongly affected by these procedures are AOM, dinoflagellate cysts (most 

particularly skolochorate varieties), and tracheids. 

The extent to which such treatment can be expected to affect the palynofacies 

composition is rather unpredictable, and it should not be assumed that the same 

procedure will have identical affects on different palynofacies. That said, analysis 

of the bulk component ternary plots suggests that extended exposure to either 

treatment is necessary for significant palynofacies composition changes to occur. In 

this respect, the procedures employed in the main analyses can be expected to have 

had little effect on the bulk components. 

Species diversity as measured by the Fisher a index is reduced by exposure to 

. ultrasonic vibration. Typically, rare forms are lost first, regardless of morphology. 



Such changes are likely to have affected the residues prepared for the main analysis, 

and this must therefore be taken into account. 

Ultrasonic treatment appears to consistently reduce the mean long-axis length of 

woody phytoclast particles, and artificially enhance the equidimensional nature of 

the particle assemblages. There is also some evidence to suggest that the angularity 

index increases (particles become more rounded) after ultrasonic vibration. These 

effects do take place during the length of treatment used in the main analysis, and 

must therefore be considered when making interpretations based on such data. 



CHAPTER 4. Biostratigraphy of the Volga Basin. 



4. Biostratigraphy of the Volga Basin 

4.1. Introduction 

4.1.1. Location 

Both sections studied in this report are located on the western bank of the River 

Volga in the Ul'yanovsk district of the Russian Platform (Figure 4.la). Ul'yanovsk itself 

lies approximately 700 km southeast of Moscow (Figure 4.1a). The local maps of the 

area are not published with grid-coordinates, and thus locations can only be defined 

relative to the nearest conurbation. The Gorodische section lies approximately 3.5 km 

east of the town of Undory, I k m  south-east of Gorodische village, and 24 km north of 

Ul'yanovsk bridge (Fig. 4.lb). The Kashpir section lies approximately 500m east of 

Kashpir village, and lOkm south of the most southerly part of Syzran (Figure 4.1~). 

4.1.2. Sedimentology 

No formal lithostratigraphy exists for these Volga River sedimentary sequences. 

However, their sedimentology is discussed below. 

Detailed sedimentology of each horizon in the Gorodische section is presented in 

Table 4.1, and a sedimentary log showing bed numbers, sample positions and ammonite 

zonation in Enclosure 1. 

The panderi Zone, zarajskensis Subzone (beds 1-13) is characterised by an 

alternation of soft dark grey mudstones and indurated, well-laminated and typically 

heavily bioturbated micaceous siltstones. The exception to this is the interval from Bed 

10 to Bed 12, which is composed of lenticular-bedded siltstones separated by a thin 

layer of gypsum-rich haematitic sandstone. The virgatus Zone at Gorodische is 

comprised of coarser-grained sediments. Both the lower and upper boundaries are 

clearly marked by conglomerates (beds 14 & 16) with predominantly phosphoritic clasts 

and coarse-grained sandy matrices. These two horizons are separated by a layer of fine 





T a b l e  4.1: Gorodische  sec t ion  sed imento logy  I Bed I T h i c k n e s s  I Ammoni t e  I Sample  I Sedimento log ica l  de sc r ip t i on  1 
1 

2 

3 

4 

burrows filled by cream-coloured shelly sediment up to fine-medium sand grade. Cleaves 
readily, parallel to bedding. Macrofauna abundant, often three-dimensionally preserved, 
including ammonite aptychi. 

5 

1 Ocm 

65cm 

25cm 

30cm 

55cm 

r 
W .  " 

Zone 
panderi 

panderi 

panderi 

panderi 

7 

I I I - I 1 rare belemnites. Poor preservation. Upper boundary with Bed 9 is obscured by intense I 

panderi 

6 

8 

n u m b e r  
U 1  

U2 
U3 
U 4  

U 5  

30cm 

Homogenous light-grey mudstone, with scattered very small bivalves as the only observable 
macrofauna 
Soft dark-grey calcareous siltstone with abundant well preserved bivalves, ammonites, and 
belemnites, as  well as  a common fragmentary skeletal component. 
Dark-grey siltstone with scattered burrows infilled by cream-coloured skeletal sediment up to 
fine sand grade. Occasional lamination, well preserved low diversity macrofauna. Occasional 
pyrite. 
Soft dark-grey calcareous mudstone with increasing proportion of haematite toward the top. 

U6 
U7 

52cm 

15cm 

9 

10 

I I I I I erosional base. Macrofauna absent. I 

Very sparse macrofauna 
Hard well cemented calcareous brown-grey siltstone. Heavily burrowed, most intensely at top; 

panderi 

11 

panderi 

panderi 

25cm 

30cm 

u11 
U12 
U13 

3cm 

U 9  
U10 

Hard well cemented dark-grey calcareous siltstone. Heavily burrowed throughout, burrows 
filled by cream-coloured skeletal sediment up to fine sand grade. Abundant macrofauna, 

U14 

panderi 

panderi 

Soft dark-grey calcareous mudstone. Scattered fragmentary shelly material. Very slight normal 
grading. 

occasionally three-dimensionally preserved. Includes ammonite aptichi and echinoid spines. 
Beige calcareous mudstone. Slightly mottled. Macrofauna limited to very small bivalves and 

panderi 

U15 
U16 
U 17 
U18 

vertical bioturbation. 
Readily cleavable brown-grey calcareous siltstone. Very slightly normally graded. Scattered 
burrows, infilled by cream-coloured skeletal sediment up to fine sand grade. Some gypsum. 
Dark-grey micaceous mudstone with light-brown siltstone lentices and streaks. Fragmentary 
skeletal component throughout, concentrated in horizontal burrows. Macrofauna includes 
belemnites, and occasional three-dimensionally preserved bivalves (dominantly Buchia), as 

- - 
well a s  rare ammonites and fish scales. 
Coarse sand with haematitic matrix. Slightly variable thickness with an irregular, possibly 



I- 

Ammonite 
Zone 

panderi 

panderi 
virgatus 

virgatus 

virgatus 

nikitini 

Sample 
number 

U19 

U20 
U2 1 
U22 

U23 

U24 

U25 
U26 

Bed 

12 

, 1 3  
14 

1 5  

16 

17 

Table 4.1: continued 
Sedimentological description 

Dark-grey micaceous mudstone with light-brown siltstone lenses and streaks. Fragmentary 
skeletal component throughout, concentrated in horizontal burrows. Macrofauna includes 
three-dimensionally preserved belemnites, and occasional bivalves (dominantly Buchia), as well 
as rare ammonites. 
Light grey to beige claystone/ fine siltstone. Macrofauna absent apart from scattered aptychi. 
Poorly cemented, poorly sorted matrix-supported conglomerate. Polymodal and polyrnict, with 
clast size ranging from 2mm to 10cm. Clasts are of black phosphorite and mudstone, as well as 
a phosphatised internal moulds of bivalves, gastropods, belemnites, and ammonites. Occasional 
marine veriebrate fragments. The matrix is well sorted fine beige to greeny-brown 
(glauconitic) sandstone. Both the base and the top of this bed are erosional. It can be split 
into two parts, the lowr  of which contains the conglomerate, and the upper consists entirely of 
the well sorted sand. There is no distinct boundary between the two, and no grading: it is drawn 
at the level where the conglomerate clasts stop. One sample was taken from each part. 
Green-brown to orange, well sorted, fine grained sandstone. Poorly cemented with a carbonate- 
rich matrix. The base of the unit is marked by a layer of medium-grained sandstone containing 
rounded quartz grains and black organic debris which infills pits in the erosional surface on 
the top of Bed 14. The transition between this fill and the fine sand of Bed 15 is descrete and 
not graded. Occasional clasts of dark brown coarse sandstone up to 2cm in diameter, and red 
haematite-stained quartz grains exist at the top of the bed. The macrofauna is composed of 
bivalves, gatropods and belemnites, where the latter dominate at the top of the bed. 
Well cemented clast-supported conglomerate with an erosional base. Badly sorted, polymodal 
and polymict, with clast composition similar to that in the conglomerate of Bed 14. The matrix 
consists of fine to medium-grained creamcoloured calcareous sandstone bearing glauconite. 
Light-grey to light-brown fine-grained sandstone. Well cemented with calcareous cement and 
well sorted. Abundant bivalves 

Thickness 

30cm 

20cm 
20cm 

30cm 

20cm 

50cm 



Ammonite 
Zone 

fulgens 
subditus 
nodiger 

Unzoned 

Sample 
number 

U27 
U28 
U29 
U30 
U 3  1 
U32 

Table 4.1: Continued 
Sedimentological description 

Dark-grey, brown and green very-fine to fine grained calcareous glauconitic sandstone with an 
erosional base and occasional phosphate nodules. Well sorted but abundantly fossiliferous, tht 
macrofauna being dominated by belemnites and three dimensionally preserved bivalves, which 
usually have phosphatised internal casts. 20cm above the base, a descrete layer of shelly hash 
is preserved, with no apparent preferential orientation to the skeletal component (although the 
shells lie parallel to the bedding), and dominated by a super-abundance of the bivalve Buchia. 
25cm from the top of the bed there is a second shelly hash, above which the sediment becomes 
lenticular, with well spaced lenses of light-grey fine to medium grained sandstone. The shelly 
component also increases towards the top. 
Phosphatised sandstone. Very hard, black, granular (crystalline) matrix with phosphadsed or 
occasionally calcareous reworked skeletal component. Occasional dish-shaped areas of dark- 
grey muddy sediment, also apparently phosphatised. Erosional base, and irregular top. 
Dark grey mica-rich mudstone. Heavily fractured, with no apparent bedding or macrofauna. 
Yellow (secondary) jarosite infills cracks and joints, and transparent gypsum crystals and 
crystallites can be observed within the sediment. 



glauconitic sandstone/siltstone. These deposits are overlain by fine to medium-grained 

glauconitic sandstones bearing phosphatic internal casts of buchiid bivalves, 

characteristic of the nikitini to nodiger zone interval. Shelly-hash layers mark the top 

of the fulgens Zone and the base of the nodiger Zone. The upper part of the nodiger Zone 

is then marked by increasingly lenticular-bedded sediments, and is abruptly capped by 

a black, hard, heavily phosphatised sandstone layer (Bed 19). This is immediately 

superseded by a monotonous sequence of soft, micaceous, strongly fractured siltstones of 

Valanginian to Barremian age (Blom et al., 1984). 

Detailed sedimentology of the section at Kashpir is presented in Table 4.2, and 

the sedimentary log showing bed numbers, sample positions and ammonite zonation in 

Enclosure 2. 

In common with the section at Gorodische, the zarajskensis Subzone at Kashpir is 

characterised by an alternation of soft dark grey mudstones and indurated, well- 

laminated siltstones (beds 1-3). Only the lower 80 cm of exposed sediments at this 

locality are assigned to this zone. The virgatus Zone is represented by a short (40cm) 

interval of well cemented and thinly bedded sandstone horizons with numerous erosional 

surfaces (Bed 4). The superceding nikitini Zone is marked at its base and top by 

conglomerates which show variability in clast and matrix composition (beds 6, 7, & 

lO)(see Table 4.2). Between these rudaceous sediments is a 20cm-thick layer of heavily 

phosphatised blue-green sandstone (bed 8). 

Above the nikitini Zone, Bed 11 comprising grey-green siltstones with fine- 

medium grained sandstone lenses represents part of the fulgens Zone. This zone is 

capped by a 20cm-thick muddy wackestone with shaley intercalations (Bed 12). This 

unit shows several stylolitic horizons, suggesting that the shaley layers may be 

secondary. The basal part of the subditus Zone (Bed 13) is identical in lithology to Bed 

11. By contrast, the upper part is comprised of a 20cm-thick unit bearing sandstone- 

mudstone interbeds of variable thickness (beds 14a-d), and is separated from the 



Thickness 1 Ammonite 
Zone 

panderi 
panderi 

panderi 

virgatus 

virgatus 

Sample 
number 

- - 

'able 4.2: Kashpir section sed imento lo~y  
Sedimentological description 

-- 

Soft, dark grey calcareous mudstone. Homogeneous. Scattered, poorly preserved macrofauna 
Dark grey, well cemented coarse-grained calcareous siltstone. Cleaves readily parallel to 
bedding. Bedding surfaces show horizontal to sub-horizontal burrows where burrow width 
varies from 0.5 cm to 2 cm. Each burrow is infilled by a lighter, cream coloured, and coarser 
skeletal sediment, up to fine sand grade. Macrofauna includes the belemnite Cylindroteuthis 
magnifica, and flattened bivalves of the genera Buchia and Inoceramis. Additionally there are 
less abundant and completely flattened ammonites, such as Dorsoplanites panderi and - 

Yjrga tj tes fallax. 
Massively bedded, dark grey calcareous mudstone. Scattered limestone concretions contain well 
preserved fossils. Abundant evenly distributed coarse skeletal material, mostly bivalves 
(Buchia volgensis and smaller unidentifiable fragments), occasional specimens of Dorsoplanites 
fallax, and rare, poorly preserved belemnites. 
Bed 4a: Four subunits can be recognised in this bed. The basal subunit (4al) rests on Bed 3, 
and has an irregular base. It is composed of homogeneous, dark brown, medium grained, and 
unfossiliferous sandstone. Maximum thickness of this subunit is 3cm, varies from lcm to 3cm 
with the irregularity of the base. Subunit 4a2 is a lOcm thick layer of dark brown to black 
well-laminated fine-grained sandstone, well cemented, with an absence of fossils. Subunit 4a3 
is identical to 4a2 in terms of sedimentology, but is separated from the lower subunit by a 
pronounced erosional contact. 4a3 contains occasional ?channel infills with planar cross- 
stratified sandstone of fine tp medium grade. 4a4 again has an erosional base, and shows an 
dternation of fine-grained dark brown sandstone with medium-grained, creamy white sand with 
% high proportion of skeletal carbonate. It is planar cross stratified, and has occasional 
:oncretions of light grey micritic limestone. Very sparsely fossiliferous. All of the sandstone 
subunits of Bed 4a are well cemented. 
3ed 4b: Beige-brown medium grained sandstone with calcareous matrix. Occasional planar 
aminations. Upper part of bed is burrowed predominantly in the horizontal plane, and 
mrrows are infilled by black (organic-rich) sediment. 
:ream to beige-brown coloured, very fine-grained sandstone. Heavily bioturbated with 
-andomly oriented burrows containing dark (organic-rich) infill, or more rarely gypsum 



Ammonite Sample 
number 

nikitini 

. 
0 

nikitini s 
Bec 

6 

7 

8 

9 

10 

11 

12 

13 

nikitini I 
nikitini s 
nikitini -7- 
Fulgens I K3 

I 

rubditus I KS 

Table 4.2: continued 
Sedimentological description 

Poorly sorted, poorly cemented, clast-supported conglomerate with a clearly erosional base. 
Clasts are moderately to well rounded, with lithic and skeletal components. Fossil clasts are 
phosphatised internal casts. Matrix is of dark brown, friable, fine-grained sand. 
Poorly sorted, well cemented, matrix-supported conglomerate with erosional base. Clasts are 
moderately to well rounded with lithic and skeletal components. Fossil clasts are phosphatised 
internal casts, often well preserved (bivalves often articulated), with smoothed external 
surfaces. Matrix is dark grey to black, medium-grained sandstone. 
Massive, internally-structureless, phosphatised sandstone with irregular (erosional?) base. 
Weathers to turquoise green, but fresh surfaces are dark grey to brown. Medium grained with 
occasional coarser lithic fragments 2 - 8 cm in length (long axes parallel to bedding). No 
apparent internal structure. 
Light grey, poorly cemented very fine-grained sandstone. Occasional laminations, and abundant 
belemnites as only apparent macrofauna. 
Poorly sorted, well cemented, matrix-supported conglomerate with an erosional base. Abundant 
fossil clasts (phosphatised internal moulds) as well as lithic material. Matrix is medium- 
grained sandstone and reddened with haematite. 
Light grey to dark brown siltstone with increasing proportion of cream-coloured skeletal 
components towards the top of the bed. Similarly, light beigecream sandy lenses increase in 
frequency toward the top. Macrofauna predominantly of belemnites, with some rare ammonites 
and very rare bivalves. - 

Variable thickness skeletal wackestone with irregular and laterally discontinuous siltstone 
horizons. Fossils often well preserved. 
Grey to dark grey siltstone with cream/beige fine to medium-grained sandstone lenses, and 
xcasional flasers of dark (organic rich) mudstone. Well preserved macrofauna, with abundant 
belemnites and bivalves (mostly Buchia and Inoceramis ), as well as rare specimens of the 
unmonite Craspedites su bditus). 
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Table 4.2: continued 
Sedimentological description 

Bed 14a. Grey, fine to medium grained sandstone with delicate, flasers of dark (organic rich) 
mud. Abundantly fossiliferous with frequent belemnites and ammonites (Craspedites 
subditus), and common, often well preserved bivalves. Irregular base and top. 
Bed 14b: Light grey to beige brown calcareous siltstone. Irregular base and top (hence 
variable thickness). Contains frequent buchiid bivalves. 
Bed 14c: Same lithology as 14% but unfossiliferous. 
Bed 14d: Light grey to beige brown calcareous siltstone. Irregular base and top. 
Grey fine to medium grained sandstone with occasional coarser carbonate-rich skeletal layers 
and darker, finer grained wavy bedding. Some indication of synsedimentary folding and 
faulting, as well as some small scale cross laminations. Very sparse macrofauna, limited 
essentially to bivalves. 
Blue-grey fine to medium grained sandstone with matrix-supported conglomeratic base. 
Moderately well cemented, with clasts composed of rounded phosphorite and phosphatised 
internal casts of bivalves and ammonites. The sandstone contains an abundant macrofauna of 
belemnites and ammonites, including three dimensionally preserved Craspedites kashpuricus 
still with blue-green nacreous coats, and rarer Craspedites nodiger. 
Fine grained sandstone. Creamy-beige at base, grades to grey at top, with increasing numbers 
of grey sand lenses towards the top. Evidence of synsedimentary folding. Sparse macrofauna, 
limited to occasional specimens of C. kashpuricus and Buchia volgensis. 
Bituminous shale. Layers of indurated black platey sediment (very organic-rich) are 
interspersed by laterally discontinuous grey shale horizons. 
Well laminated, poory cemented sandstone. Rapidly fining up at base from medium to fine 
grained. Contains rare small bivalves as only evident macrofauna. Charcoal fragments a t  the 
very top of the bed 
Grey, massively bedded fine-medium grained sandstone. Unfossiliferous. 
Variably coloured medium grained sandstone with variably coloured, variable grainsize lenses, 
and fine grained, dark, organic-rich laminae. Glauconitic matrix. Base of the bed is marked by 
an inconsistently developed string of phosphatic nodules. Unfossiliferous. 

Bed 

14 

15 

16 

17 

18 

19 

20 
21 

Thickness 

25cm 

43cm 

41cm 

55cm 

lOcm 

36cm 

8cm 
32cm 

Ammonite 
Zone 

subditus 

nodiger 

nodiger 

nodiger 

unzoned 

unzoned . 

unzoned ~ 

unzoned 

Sample 
number 

K7 (14a) 
K 8  (14d) 

- - 

-- 

K9 

K 1 0  

K11 
K12 

- - 
K13 
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Table 4.2: continued 
Sedimentological description 

Fining upwards grey sandstone. Medium grain size at base, fine grained at top. Contains 
abundant bivalve fossils of the genus Buchia, and rare ammonites of the genus Surites. 
23a: Fine-grained, grey-green, unfossiliferous calcareous siltstone at base, grading up to 
slightly coarser-grained extremely fossiliferous sandstone after the first ten centimetres. 
Sandstone matrix is glauconitic and contains abundant phosphatic nodules and internal casts of 
bivalves. Concentration of bivalve shells is such that the sediment is almost clast-supported. 
The dominant macrofauna are bivalves of the species Buchia surensis and B. volgensis (98% of 
fauna) and occasional belemnites (Acroteuthis) and rare ammonites (Surites, Riasanites ). 
23b: Dark grey poorly cemented clayey siltstone with phosphate concretions yielding 
? Acroteu this sp., and Buchia keyserlingi. Some bioturbation. 
Dark brown medium grained, poorly cemented sandstone. Contains strings of elongate to 
subround phosphate concretions which hold three dimensionally preserved belemnites and 
ammonites. Matrix contains abundant belemnites. Erosional base. 
Light grey-brown, medium grained, well laminated and well cemented sandstone. Irregular 
base, where sandstone laminae 'drape' into pits in the upper surface of Bed 24. Micaceous, well 
sorted, bimodal. 
Light grey-beige medium to fine grained sandstone with darker (organic-rich) flasers. 
Micaceous with ?secondary gypsum. Well cemented, bimodal. 
Fine dark grey clayey micaceous siltstone. Small scale cross stratification, and minor, inter- 
lamina erosional surfaces throughout Cross sets climb at approximately 1.5". Intensively 
burrowed. Horizontal burrows are lenticular to subround in cross section, and infilled with 
cream-white micaceous silt with secondary gypsum. Slightly coarser than host sediment. 
Vertical burrows tend to be slightly larger (0.5 cm diameter), and are infilled by dark, organic 
rich sediment. White microcrystals of secondary gypsum are abundant within the sediment 
laminae, at erosional surfaces, and infilling the burrows. Yellow secondary jarosite is abundant 
in fractures. Absence of body fossils. 
Purple-brown clayey siltstone with dwarfed fauna of pecten-like bivalves. No  gypsum. 
Same lithology as Bed 27, but lower intensity of burrowing. 
Sliphtly finer than Bed 29, but less burrowing, none at the top. No apparent structure. 

Sample 
number -- 

K14(23a) 
KlS(23a) 
K16 (23b) 

K17 

-- 

K 1 8  

K19 
K20 
K2 1 
K22 

K23 
K24-K27 
K28-K30 

Bed 

22 

23 

24 

Q 2 5  

26 

27 

28 
, 29  

Thickness 

30cm 

lOOcm 

15cm 

14cm 

12cm 

175cm 

15cm 
126Ocm 

Ammonite 
Zone 

' A  ucella' 
coquina 
spasskensis 

tzikwinianus 

umoned 

unzoned 

unzoned 

unzoned 

unzoned 
unzoned 

30 1 120cm unzoned 



underlying lenticular siltstones by a pronounced erosional contact. The nodiger Zone is 

more thickly developed than at Gorodische, comprising of three sandstone units. The 

lowermost of the three displays wavy and flaser structures of dark grey, possibly 

organic-rich sediment within fine-grained glauconitic sandstone. Bed 16 is marked by 

an irregular base with scattered phosphatic nodules. The upper unit of this zone (Bed 

17) is generally finer-grained than the preceding two, and displays lenticular bedding 

towards the top. 

The Jurassic-Cretaceous boundary at Kashpir is marked by a layer of splintery 

bituminous shale with scattered, laterally discontinuous shale horizons (Bed 18). This 

is overlain by three layers of finely laminated to lenticular-bedded sandstone (beds 19- 

21). These units are unzoned but presumably of Early Ryazanian age since they are 

indirectly overlain by deposits of the spasskensis Zone. Below the base of the 

spasskensis Zone is a grey-green glauconitic sandstone unit (Bed 22) referred to as the 

'Aucella coquina' by Blom et al. (1984). Bed 23a is similar in sedimentology to bed 22, 

but with a much higher density of shelly material. This bed spans the spasskensis Zone 

and the lower part of the tzikwinianus Zone. Bed 23b is a unit of grey siltstone bearing 

phosphatic concretions and internal moulds of Buchia keyserlingi. This represents the 

upper part of the tzikwinianus Zone. 

The top of the Ryazanian is marked by an erosional surface above which lies a 

coarse-grained poorly cemented sandstone bearing strings of phosphatic concretions. 

This unit (Bed 24) has previousy been suggested to be of Valanginian age (Blom et al., 

1984). This is overlain by 20cm of unzoned sandstone layers (beds 25 & 26), and a 

further 6 metres of mica-rich siltstone (beds 27-30). The latter sequence is intensively 

burrowed at the base with lamina-scale cross stratification and erosional surfaces, but 

becomes progressively structureless towards the top. The section is capped by a 

medium-grained grey sandstone with carbonate concretions which frequently contain 

marine vertebrate remains. 



4.1.3. Previous work on  the Volga Sections 

The Volgian lectostratotype at Gorodishche was discovered in an expedition by 

Pallas in 1801, and the first descriptions were by Murchison (1845) and Pavlov 

(1 884) (Blom et al., 1984). It has since been redescribed by Russian workers on several 

occasions. Lord et al. (1987) cited a description by Mesezhnikov (1977), an English 

language copy of which they deposited in the Library of the Geological Society of London 

(Lord et al., 1987: p. 580). Unfortunately, this copy could not be found by the Geological 

Society on the present author's request, and the 'classic Russian description' used in 

this report is therefore the one given by Blom et al. (1984). 

Correlation of the log provided by Mesezhnikov (in Blom et al., 1984) for the 

Gorodische section with that of the present study is displayed in Figure 4.2. Low- 

resolution sedimentological descriptions (recognition of only major units and poorly 

described sedimentology), and loosely defined bed thicknesses by Blom et al. (1984) 

make such correlations problematic. However, several simple correlations can be made 

on the basis of key lithologies. Beds 12 and 14 of Blom et al. (1984) are described as . 

"phosphorite conglomerates" (p. 121), and clearly correspond to beds 14 and 16 of the 

present study. Similarly, Bed 20 of Blom et al. (1984) is described as "clay .... with 

numerous gypsum crystals" (p. 121), and correlates with Bed 20 of this investigation, 

Beds 15-18 of the Russian workers are all described as grey calcareous 

sandstones containing glauconite, and are divided on the basis of ammonite faunal 

differences rather than sedimentology. This provides a simple means of correlation of 

this interval with beds 17 & 18 of the present investigation, and tie-points are indicated 

in Figure 4.2. Bed 19 of Blom et al. (1984) corresponds by default to the phosphorite 

horizon of the present study since adjacent units have already been correlated. However, 

the sedimentological desciption given by the Russian workers ("sandstone, 

conglomerate-like yellowish-grey, ferruginated, with numerous pebbles from underlying 
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sandstone": Blom et al., 1984; p.122) contrasts to that given here. This may suggest 

lateral variation in this unit, although none was observed in the field by the present 

author. 

Bed 11 of Blom et al. (1984) correlates with beds 1-13 of the present study. In 

the log, black units within Bed 11 of Blom et al. (1984)(Fig. 4.2) are described as 

"pyroschist" in the log key (p. 71), and "bituminous, shaley dark gray brown clay 

(combustible shale)" in the bed descriptions (p. 121). These probably correlate to the 

laminated siltstone horizons of the current investigation. The 'laminated' lithology 

presented in the log is described as "lime clay" by Blom et al. (1984; p. 71), and . 

probably corresponds to the calcareous mudstone units (beds 1,2,4, & 6) of the current 

study. The substantial thickness of lenticular siltstones present at the top of the 

zarajskensis Subzone is not represented in either the log or the sedimentological 

descriptions given by Blom et al. (1984). 

The Volgian ammonite zonation of the section was detailed by Mikhailov (1966), 

Gerasimov & Mikhailov (1966), and Gerasimov (1969). Correlation of the Volgian and 

English zonations have been proposed by both Russian and English workers, but differ 

markedly in correlation of the Mid Volgian interval (Lord et  al., 1987). Most notable 

amongst these are the schemes of Kuznetsova (1978: after Gerasimov et al., 1975) and 

Lord et al. (1987), who synthesised data by Casey (1967, 1973), Cope (1967, 1978), 

Wimbledon & Cope (1978), and Cox & Gallois (1981). The correlation of these two areas 

has already been presented in Figure 1.1, but comparison of the two main correlations 

mentioned above are also given in Figure 4.3 in order to emphasise the differences. 

Kuznetsova's (1978) correlation of the zarajskensis Subzone followed Arkell's (1956) 

suggestion that Zaraskai tes and Progalbanites are synonymous. Lord et al. (1 987), 

however, prefered to correlate the nikitini Zone and Albani Zone after the possible 

recognition of two specimens of E. nikitini in the Albanl Zone by Cope (1978). More 

recently, Riding et al. (in press) have adopted the correlation of Kuznetsova (1978), 

although they did not discuss reasons for this preference in their text. 





Palynology of the section at Gorodische has been studied by several authors. 

Lord et al. (1987), considered the dinoflagellate cyst biostratigraphy of eight samples 

spanning the interval from the Late Kimmeridgian Eudoxus Zone to the basal Mid Volgian 

zarajskensis Subzone. As such, only the uppermost of these samples, taken from Bed 11 

of Mesezhnikov (1977) overlaps in age with the interval examined in the present report. 

The sedimentary log of the section provided by Lord et al. (1987) was taken from 

Mesezhnikov (1977), and is compared with other contributions, including the present 

study, in Figure 4.2. This log is apparently a generalised representation of Bed 11 as it 

presents many more 'bituminous shale' horizons than are indicated by Mesezhnikov in 

Blom et al. (1984). 

Hogg (1994) studied the section in more detail, having analysed 28 samples from 

the Eudoxus to nodiger Zones. The log presented by him was based on data provided by 

VNIGRI, and is compared to other contributions in Figure 4.2. Despite the more detailed 

sample coverage, Hogg (1994) did not propose any dinocyst zonation for the section, and 

the taxonomic abundance charts he provided were not discussed in the text. Correlation 

of the Volgian and English ammonite successions followed Lord et al. (1987). 

Riding et al. (in press) provided the most detailed account of the dinocyst 

biostratigraphy of the section, and presented a dinocyst zonation for the Bathonlan to 

Ryazanian interval of the Russian Platform. 24 samples spanning the Eudoxus to nodiger 

Zones were examined, and although each sample is associated with a bed number as 

proposed by Blom et al. (1984), the exact position of the samples is not indicated. 

Precise comparison of the Riding et al. (in press) study with the present work is 

therefore impossible, but in general terms the uppermost ten samples of their analysis 

(samples RP56 to RP47) overlap with the interval considered here. 

The section at Kashpir has been described by Pavlov (1884), Gerasimov (1969) 

and Blom et al. (1984). Correlation of the log provided by Mesezhnikov (in Blom et al., 



1984) and Lord et al. (1987) with that of the present study is presented in Figure 4.4. 

Once again, there are several key lithologies which afford simple horizons for 

correlation between these two studies. The coarse-grained deposits of the virgatus and 

nikitini zones are represented by beds 9-12 of Blom et al. (1984). and correspond to 

beds 4-9 of the current investigation. Similarly, bituminous shale Bed 6 of the Russian 

workers potentially correlates to the laminated siltstone, Bed 2 of the present study. 

The bituminous shale horizon of Bed 18 (current investigation) corresponds to the 

"bituminous .... combustible shale" unit (Bed 20) of Blom et al. (1984). Beds 21-24 of the 

current investigation are strongly correlated with beds 22-26 of Blom et al. (1984) on 

the basis of the sedimentological descriptions given by them. In particular the 

?Valanginian sandstone bearing phosphatic concretions (Bed 24 of the current report) 

correlates to Bed 26 of Blom et al. (1984), described as "conglomerate ... wax-red consists 

of abundant phosphorite pebbles" (p. 124). The mica-rich siltstones (beds 27-30) of the 

current investigation are not included in the log given by Blom et al. (1984). 

Palynology of this section was briefly considered by Lord et al. (1987) from two 

samples taken from the zarajskensis Subzone (beds 5 & 7 of Blom et al.; 1984). Recently 

Riding et al. (in press) analysed nine samples from the zarajskensis Subzone (Mid 

Volgian) to spasskensis Zone (earliest Late Ryazanian) interval. The top five samples 

correspond to the interval examined in the present report. 
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4.2. Dinocyst biostratigraphy and zonation of the  Volga Basin. 

4.2.1. Introduction. 

In the following sections, dinoflagellate cyst biostratigraphy at the two Volga 

Basin localities is considered. Range tables containing percentage abundance 

information are presented for Gorodische in Table 4.3 and Kashpir in Table 4.4. Actual 

count data are provided in Appendices D and E of the floppy disc (back cover). The 

ranges of stratigraphically useful taxa are plotted in Figures 4.5 (Gorodische) and 4.6 

(Kashpir). Dinocyst first appearance data (FADs) and last appearance data (LADS) are 

indicated for each ammonite zone, along with the typical assemblage compositions. 

Useful biostratigraphic markers noted in the present study are compared with those 

elsewhere in the Russian Platform and in NW Europe. Where possible these data are 

used to correlate ammonite-zoned sequences, or to date Volga Basin sediments which do 

not have ammonite control. FADs shown to have similar stratigraphic position across the 

Russian Platform or in NW Europe are used to augment and extend the dinocyst zonation 

recently proposed by Riding et al. (in press). Typical dinocyst assemblages from each 

zone are described. 

4.2.2. Dinocyst biostratigraphy of the Gorodische section. 

Numerous taxa were encountered across the entire stratigraphic interval 

examined at Gorodische (Table 4.3). These include Cassiculosphaeridia magna, 

Cassiculosphaeridia reticulata, Chlamydophorella nyei, Chytroeisphaeridia chytroeides, 

Dapsilidinium multispinosum, Dingodinium tuberosum, Gonyaulacysta spp., Heslertonia 

sp. 1, Hystrichodinium pulchmm, Pareodinia ceratophora, Sirmiodinium grossi, 

Tanyosphaeridium magneticum, and Wrevi ttia spp. 
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Mid Volgian (panderi Zone, zarajskensis Subzone to nikitini Zone) 

Stratigraphically restricted taxa which range and consistently occur through the 

Mid Volgian interval at Gorodische include; Cometodinium whitei, Hystrichosphaeridium 

petilum, Kleithriasphaendium fasciatum, Lithodinia sp. 1, Prolixosphaeridium 

parvispinum, Systematophora daveyi, Tehamadinium sp. 1, Trichodinium cf. ciliatum, 

and Tubotuberella apatela. In addition Tenua hystrix and Cribroperidinium sp. 1 

appear consistently in the upper part of this interval. 

Panderi Zone 

Twenty of the samples collected at Gorodische were taken from the panderi Zone, 

zarajskensis Subzone. The assemblages are typically dominated by Dingodinium 

tuberosum (9.3-36.4%) with abundant Chytroeisphaeridia chytroeides (1.7-10.1%) and 

Systematophora daveyi (0.6- 1 8.5%) (Table 4.3). Indeed, D. to berosum and C. chyb-oeides 

have maximum abundance in the panderi Zone. Also sporadically important in terms of 

abundance are Trichodinium sp. 1 (0-10.6%) and Sirmiodinium grossi (0-4.3%). 

Conversely the occurrence of C. nyei is most inconsistently recognised within this zone 

(Table 4.3). 

Common taxa which range through the zarajskensis Subzone include 

Batioladinium sp. 1 (0-2.4%), Cometodinium whitei (0-26.4%), Klei thriasphaeridium 

fascia tum (0.3-9.5%), Leptodinium su bdle (0-4.6%), Prolixosphaeridium pawispin um 

(0-5.6%), Sentusidinium sp. 3 (0-4.7%), Teharnadinium sousense (0-3.6%), Trichodinium 

cf. cilia tum (0-1.8%), and Tubotu berella apatela (0-1.1%) (Table 4.3). Of these C. whi tei, 

G. tuberculata, B. sp., and T. sousense have maximum abundance and most consistent 

occurrence within this subzone (Table 4.3). Conversely T. cf. ciliatum and T. apatela are 

least consistently observed and show least abundance through this interval. 



Taxa with LADS in the panderi Zone, and therefore with range-tops potentially 

restricted to this zone include Cribroperidinium erymnoseptatum, Cribroperidinium sp. 

6, Glossodinium dimorphum, Gochteodinia tuberculata, Rhynchodiniopsis magnifica sp. 

nov., Stiphrosphaeridium dictyophorum, ? Thalassiphora robusta sp. nov., and 

Trichodinium sp. 1 (Table 4.3, Figure 4.5a). 

Taxa which occur in the basal sample from the studied interval (sample Ul ) ,  and 

therefore with FADs which probably occur below it include; Cribroperidinium 

erymnoseptatum, Cribroperidinium sp. 3, Cribroperidinium sp. 6, Endoscrinium 

granulatum, Gochteodinia tuberculata, Stiphrosphaeridium dictyophorum, Trichodinium 

sp. 1 (Table 4.3, Figure 4.5a), as well as those already mentioned to range through this 

subzone. Taxa with FADs above the base of the studied interval (in or above sample U2), 

and therefore with range bases which may occur within the zarajskensis Subzone 

include; Ambonosphaera? staffinensis, Amphorula expiratum, Avellodinium 

falsificum, Egmontodinium torynum, Endoscrinium inritibile, E pharo, Circulodinium 

dis tinctum, Cri broperidinium sp. 1, C. nucifomum, Ctenidodinium sp. 1 ., 

Dichadogonyaulax ?chondrum, Glossodinium dimorphum, Hystrichosphaeridium petllum, 

Kallosphaeridium sp. 2, Kleithriasphaeridium corrugatum, Rhynchodiniopsis rnagnifica, 

R. martonense, Senoniasphaera jurassica, Stanfordella exsanguia, Teharnadinium sp. 1, 

Tenua hystrix, ?Thalassiphora robusta, and Wallodinium krutzschii, 

Virgatus Zone 

Most abundant within the dinocyst assemblages ,of this zone are 

Chlamydophorella nyei ( 1.8-7.2%), Dingodinium tu berosum (0.34,9%), Epiplosphaera 

gochtii (0.4-5.9%), Systematophora daveyi (3.5-6.9%), Tenua hystrix ( 1.4-8.8%), and 

Trichodinium cf. ciliaturn (1.4-7%). Other taxa which range through this zone and are 

consistently observed within it include Avellodinium falsificum, Cassiculosphaeridia 

magna, Cassiculosphaeridia reticulata, Chytroeisphaeridia chytroeides, 

Cribroperidinium sp. 1, Gonyaulacysta pectinigera, Hystn'chodinium pulchrum, 



Hystrichosphaeridium petilum, Kleithriasphaeridium fasciatum, Lithodinia, sp. 1, 

Perisseiasphaeridium ingegerdiae, Prolixosphaeridium parvispinum, Sentusidinium sp. 

3, Sirmiodinium grossi, T a n y o ~ p h a ~ d i u m  magneticurn, Tehamadinium sp. 1, 

Tubotuberella apatela, and Wrevittia spp. (Table 4.3, Figure 4.5 b). 

Taxa with LADS in the virgatus Zone include Dichadogonyaulax tchondrum, 

Hystrichosphaeridium petilum, and Tehamadinium sousense. Taxa with FADS in this 

zone include Achomosphaera neptuni, &montodinium polyglacophorum, Gonyaulacysta 

den tala, Impletosphaeridium sp. 1, Isthmocystis djstincta, Kdlosphaeridium sp. 1, 

Kleithriasphaeridium eoinodes, Kleithriasphaeridium porosispinum, Lagenadinium 

?mem branoidium, Cribroperidinium sp. 8, Perisseiasphaeridium ingegerdiae, 

Rhynchodiniopsis sp. 1, Sentusidinium rioultii, Trichodinium ciliatum, and Valensiella 

ovula 

Nikitini Zone 

Most abundant within the dinocyst assemblages of this zone are Systematophora 

daveyi (5.1-7.5%) and Trichodinium cf. ciliatum (4.4-5.5%)(Table 4.3). Achomosphaera 

neptuni, Circulodinium copei, Gochteodinia villosa, Gonyaulacysta dentata, 

Impletosphaeridium sp. 2, Kleithriasphaeridium eoinodes, Kleithriasphaeridium 

porosispinum, Lagenadinium ?mem branoidium, Perisseiasphaeridium ingegerdiae, 

Senoniasphaera jurassica, Tehamadinium sp. 1, Trichodinium cilia tum, and Valensiella 

ovula are also commonly observed in both samples. 

Tehamadinium sp. 1 and Tenua hystrix are the only taxa to have LADS in the nikitini 

Zone. Gochteodinia villosa has its first occurrence at the base of this zone (Table 4.3, 

Figure 4.5 b) . 





Late Volgian (fulgens to  nodiger zones) 

Stratigraphically restricted taxa which range and consistently occur through the 

Late Volgian interval at Gorodische include; Achomosphaera neptuni, Cribroperidinium 

sp. 1, Cribroperidinium sp. 2, Egmon todinium torynum, Endoscrinium granulatum, 

Goch teodinia vvillosa, Gonyaulacysta den tata, KleitMasphaeridium corrugatum, K. 

eoinodes, K. fasciatum, K. porosispinum, Lagenadinium ?membranoidium, 

Cribroperidinium sp. 8, Lithodinia sp. 1, Perisseiasphaeridium ingegerdiae, 

Prolixosphaeridium parvispinum, Senoniasphaera jurassica, Sentusidinium aff. 

?fi brillospinosum, Stanfordella exsanguia, Systernatophora daveyi, Tehamadinium 

daveyi, Trichodinium cf. ciliatum, Tubotuberella apatela, Valensiella ovula, and 

Wrevittia spp.. 

Fulgens Zone 

Dinocyst assemblages of this zone are dominated by Systematophora daveyi 

(12.6-24.1%). Other common elements include Cassiculosphaeridia reticulata (2.9- 

3.5%), Chlamydophorella nyei (2.4-2.5%) Cribroperidinium sp. 2 ( 1.4-2.9%), 

Hystrichodinium pulchrum (2.2-2.8%), Kleithriasphaeridium corrugatum (1.4-3.3%), K. 

eoinodes (3.6-3.8%), K. porosispinum (2.14.5%), Lagenadhiurn lmembranoidium (1- 

4.3%), Perisseiasphaeridium ingegerdiae (2.9-4. I%), Sentusidinium sp. 3 (2.5-3.5%), 

Trichodinjum cf. ciliatum (4.1-4.6%) and Tubotuberella apatela (0.3-2,1%)(Table 4.3). 

Other taxa with stratigraphically restricted ranges which were recognised in both 

samples are Ba tioladinium sp. 1, Ctenidodinium sp. 1, Egmontodidum torynum, 

Kleithriasphaeridium fasciatum, Prolixosphaeridium parvispinum, and Senoniasphaera 

jurassica. 



Taxa with LADs in the fulgens Zone include Avellodinium falsificum, 

Ba tioladinium sp. 1, Chytroeisphaendia ceras tes, and Endoscrinium inri ti bile. 

Tehamadinium daveyi has its FAD in this zone at Gorodische (Table 4.3, Figure 4.5b). 

Subditus Zone 

The two samples from this zone are dominated by Perisseiasphaeridium 

ingegerdiae (8.3-11%), and Systematophora daveyi (14.4-16.7%) (Table 4.3). Other 

common elements include Chlamydophorella nyei ( 1.7-2.2%), Cribropen'dinium sp. 1 

(2.5-4.1%), Cribroperidinium sp. 2 (0.7-2.4%), Gochteodinia villosa (2.9-3.8%), 

Hystrichodinium pulchrum ( 1.7-4.4%), Kleithriasphaeridium corrugatum (0.7-2.9%), K. 

eoinodes ( 1.5-1.7%), K. porosispinum (1.4-2.5%), Lagenadinium lmem branoidium (1- 

1.5%), Senoniasphaera jurassica (2.1-5.2%), Sentusidinium sp. 3 (2.8-2.9%), 

Tehamadinium daveyi (4.1-4.4%), Tn'chodinium cf. cilia tum (3.6-6.2%). 

Taxa with LADs in the subditus Zone include Cometodinium white], 

Kallosphaeridium sp. 2, and Leptodinium subtile. Circulodinium compta and 

Stiphrosphaendium anthophomm have FADS in this zone (Figure 4.5b). 

Nodiger Zone 

Both residues from this zone are dominated by Systematophora daveyi (11.4- 

12.9%), with an acme occurrence of Trichodinium cf. ciliatum (9.6%) noted in sample 

U31 (Table 4.3). Other significant taxa recognised in both samples are 

Chlamydophorella nyei, Cribroperidinium sp. 1, Dingodinium tuberosum, 

Egmontodinium torynum, Gochteodinia villosa, Hystrichodinium pulchrum, 

Kleithriasphaerddium fasciatum, K. porosispinum, Lagenadidurn Imembranoidium, 

Perisseiasphaeridium ingegerdiae, Prolixosphaeridium parvispinum, Senoniasphaera 

jurassica, Sen tusidinium sp. 3, Stan fordella exsanguia, and Tu botu berella apa tela. 



Taxa with LADS in this zone, and therefore with range tops restricted to the 

Volgian at Gorodische include Circulodinium copei, and Kallosphaeridium sp. 1. No taxa 

have FADS in the nodiger Zone (Figure 4.5b). 

?Lower Cretaceous 

Phosphorite horizon 

Dinocyst assemblages of this horizon are dominated by long-ranging taxa such as 

Chytroeisphaeridia chytroeides (7%), Hysbichodini um pulchrum (8.8%), and an 

abundance of the taxon group "Cleistosphaeridium aciculum" ( 12.3%) (Table 4.3). Of the 

stratigraphically important taxa with ranges extending both above and below this 

horizon, Circulodinium compta, Kleithriasphaeridium spp., Lagenadinium 

Imembranoidium, Simiodinium grossi, Trichodinium ciliatum, and Wrevittia spp. are 

also numerically important. 

Taxa with LADS in sample U33 include; Egmontodinium torynum, Endoscrinium 

granulaturn, Cochteodinia villosa, Cribropen'dinium sp. 8, Uthodinla sp. 1, 

Perisseiasphaeridium ingegerdiae, Prolixosphaeridium parvispinum, Rhynchodiniopsis 

sp. 3, Senoniasphaera jurassica, Epiplosphaera goch tii, Stiphrosphaeridium 

anthophorum, Systematophora daveyl, TehamadMum daveyl, Trichodinium cf. ciliatum, 

Tubotuberella apatela, and T. dentata. No taxa have FADS within this horizon (Figure 

4,Sb). 

Lower Cretaceous 

Unzoned mica-rich siltstones 

Shortly above the phosphorite deposit (particularly from sample U36), the 

dinocyst assemblages are dominated by the long ranging taxa Chlamydophorella nyei (0- 

12.6%) and Dingodinium tuberosum (0-7.3%). Sentusidinium sp. 4 is the most abundant 

taxon in samples U34 & U35 (33.6% and 29.8% respectively)(Table 4.3). Also common 



in this interval are Cassiculosphaeridia reticulata (0-7.3%), Circulodinium compta (0.7- 

1O0h), Cometodinium ha bibii (0-7%), Impletosphaeridium lumectum (0.7-9.3%), 

Lagenadinium ?mem branoidium (0-7.3%), Nelchinopsis kostromiensis (0-4.7%), 

Oligosphaeridium complex ( 1-1 3.4%), and Spiniferites ramosus (0.7-7%). 

The LAD of Endoscrinium pharo occurs within this interval at Gorodische. Taxa 

with FADS above the phosphorite deposit include: Impletosphaeridium lumectum, 

Muderongia longicorna, Oligosphaen'di um complex, Pho berocys ta neocomica, 

Pseudoceratium pelliferum, Sentusidinium sp. 4, Spiniferites ramosus, and Warrenia 

brevispinosa ( all in U34); Ba tioladinium longicorn u tum, Nelchinopsis kos trodensis, 

and Sen tusidinium cf. sp. 3, (sample U3 5) ;  Apro bolocysta galeata, Ba tioladinium gochtii, 

Cometodinium habibii, Endoscrinium campanula, Exochosphaeridium phragmites, 

Gardodinium sp. 1, Lithodinia acranita bula ta, Lithodinia bulloidea, and Spiniferi tes 

pn'maevus (all in sample U36). Above this, Phoberocysta tabulata has its first 

occurrence in sample U37, Spiniferites sp. 2 in sample U38, and Cposphaeridium 

validum in sample U39 (Figure 4.5 b). 

4.2.3. Dinocyst biostratigraphy of the  section a t  Kashpir. 

Several taxa span the entire interval examined at Kashpir, or have LADS just 

before the top of the section. These include Chyrroeisphaeridia chytroeides, 

Dingodinium tu berosum, Hy~~chodinium pulchrum and Klei thriasphaeridium 

fasciatum. 

Upper Jurassic 

Mid Volgian (panderi Zone, zarajskensis Subzone to nikitini Zone) 

As indicated in Chapter 4.1., only the very top of the zarajskensis Subzone is exposed at 

Kashpir, and thus only two samples were collected from this interval. No samples were 

collected from the virgatus or nikitini zones at Kashpir. 









Panderi Zone, zarajskensis Subzone 

The dinocyst assemblages of this zone are dominated by Dingodinium tuberosum 

( 17-34%), with abundant Cribroperidinium sp. 1 (0.6-8.4%) and Systematophora daveyi 

(5.1-8%)(Table 4.4). Also numerically important are Chytroeisphaeridia chyb-oeides 

(0.6-3.9%), Kleithriasphaeridium fasciatum (1.8-3%), Hy~~chodinium pulchrum (1.2- 

4.4%), and Sirmiodinium grossi ( 1.2-4.4%). 

All of the taxa with FADS in the two samples collected from this subzone must be 

considered to range below the studied section. Stratigraphically useful taxa which thus 

range through the zarajskensis Subzone at Kashpir include; Ambonosphaera staffinensis, 

Amphorula expiraturn, Avellodinium falsificum, Cribroperidinium nuciforme, 

Cribroperidinium sp. 1, Dichadogonyaulax ?chondrum, Egmontodinium torynum, 

Hystrichosphaeridium petilum, Leptodinium sub tile, Lithodln fa sp. 1, 

Prolixosphaeridium pamispinurn, Rhynchodiniopsis magnifica sp. nov., Sirmiodinium 

grossi, Stiphrosphaeridium dictyophom, Systematophora daveyi, Tehamadinium 

sousense, Tenua hystrix, Trichodinium sp. 1, T. cf. ciliatum, and Tubotuberella apatela. 

Taxa with LADS in the panderi Zone at Kashpir include Glossodinium dimorphum, 

Goch teodinia zu bercula ta, Rhynchodiniopsis martonense, and ?7'halassiphora ro busta sp. 

nov, (Figure 4.6a). 

Late Volgian (fulgens to nodiger zones) 

Stratigraphically restricted taxa which range and consistently occur through the 

Late Volgian interval at Kashpir include; Cribroperidinium sp. 1, Cribropendiniurn sp. 

2, Lithodinla sp. 1, Pareodinia ceratophora, Prolixosphaeridium parvispin urn, 

Sentusidinium sp. 3, Sirmiodinium grossi, Stanfordella exsanguia, Stiphrosphaeridium 





dictyophomm, Systematophora daveyi, Trichodinium cf. ciliatum, Tubotuberella apatela, 

and Wrevittia spp.. 

Fulgens Zone 

Dinocyst assemblages of the fulgens Zone at Kashpir contain abundant 

Hysrrichodinium pulchrum (4.2-9.9%), Perisseiasphaeridium ingegerdiae (7.4-9.1%) 

and Systematophora daveyi (7.3-1 1.3%). Also important numerically are; 

Chlamydophorella nyei (2.5-3.9%), Downiesphaeridium spp. (0.7-3.2%), Goch teodinia 

villosa (0.3-I%), Kleithriasphaeridium porosispin um (2.2-3.2%), Lagenadinium 

Imembranoidium (2.6-5.8%), Senoniasphaera jurassica ( 1.9-4%), Sentusidinium sp. 3 

(1.9-3.7%), and Trichodinium cf. ciliatum (0-7.3%) (Table 4.4). 

Taxa with LADS in the fulgens Zone are Gochteodinia cf. villosa, Tehamadinium 

sousense, and Trichodinium sp. 1. Taxa with FADS in this zone include; Achomosphaera 

neptuni, Cassiculosphaeridia reticulata, Dapsillidinium multispinosum, Endoscrinium 

granulatum, Goch teodinia villosa, Gonyaulacysta sp. 4, Hystrichodinium voigdi, 

Isthmocystis distincta, Kleithriasphaeridium eoinodes, K. porosispinum, Lagenadinium 

Imembranoidium, Perisseiasphaeridium ingegerdiae, Senoniasphaera jurassica, 

Tanyosphaeridium isocalamum, Tehamadinium daveyi, Tehamadinium sp. 1 , and 

Vdenslella ovula (Figure 4.6b). 

Subditus Zone 

The dinocyst assemblages contain abundant Dingodinium tubemsum (2.4-8.9%). 

Gochteodinia villosa (0.5-4.7%), Hystrichodinium pulchmm (2.5-5.6%), 

Impletosphaeridium sp. 1 ( 1.4-8.8%), Systernatophora daveyi (2.5-9.1%), and 

Trichodinium cf. ciliatum (0-4.4%). Also important numerically are 

Kleithriasphaeridium porosispinum (1-3.3%), Perisseiasphaeridium ingegerdiae (0.3- 

5.g0h), and Sentusidinium sp. 3 (1.5-3,8%)(Table 4.4). 
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Epiplosphaera gochtii last occurs in the subditus Zone at Kashpir. Taxa with 

FADs in this zone include; Egmontodinium poJypJacophorum, Kleithriasphaeridium 

comzgatum, Sen tusidinium rio ul tii, Sen tusidinium sp. 4, and Systematophora areolata 

(Figure 5.6b). 

Nodiger Zone 

The one dinocyst assemblage from this zone contains common Dingodinium 

tuberosum (4.9%), Hystrichodinium pulchrum (5.3%), Sen tusidinium sp. 3 (lo%), and 

Systernatophora daveyi (7.9%). Also numerically important are Gochteodinia villosa 

(4.3%), Epiplosphaera spp. (3.3%), and Kleithriasphaeridium porosisplnum (3.3%) 

(Table 4.4). 

Taxa with LADS in the nodiger Zone include Cometodinium whitei, 

Egmon todinium polyplacophorum, Hystrichodinium voig tii, and Gonyaulacysta dentata 

(Figure 4.6b). No taxa have FADs in this Zone. 

Lower Cretaceous 

Ryazanian (unzoned interval) 

Four samples were collected from this interval. The sample collected from the 

bituminous shale horizon, thought to mark the Jurassic-Cretaceous boundary is 

unfortunately barren of indendfiable dinocysts (other than 'taxon-groups'). The 

dinocyst assemblages of the unzoned basal Ryazanian interval contain abundant 

Dingodinium tuberosum (0-17.8%), which dominates the upper sample. Also 

sporadically important are Chytroeisphaeridia chytroeides (0-8%), Hystrichodinium 

pulchrum (0-4%), Sentusidinium sp. 3 (0-6. I%), Trichodinium cf. cilia tum (0-7.6%), 

with common Circulodinium compta (3.6%), Sentusidinium sp. 4 (0-4%), and Tenua cf. 

hystrix (5.9%) in the uppermost sample (K13) (Table 4.4). 



Taxa with LADs in this interval include; Amphorula expiratum, 

Cribroperidinium nuciforme, Cribroperidinium sp. 8, and Systematophora claveyi. Taxa 

with FADs include; Cassiculosphaeridia pygmaeus, Circulodinium copei, Muderongia 

longicorna, Systematophora palmula, Tenua cf. hystrix (Figure 5.6b). 

Ryazanian (spasskensis Zone) 

The dinocyst assemblages contain abundant Dingodinium albertii ( 8-1 7.2%), 

Circulodinium compta (9.8-16.2%), and Tenua cf. hystrix (6.1-1 1.6%). Also 

numerically important are Achomosphaera neptuni (0.3-3.9%), Cassiculosphaeridia 

magm (0.4-3.4%), Chytroeisphaeridia chytroeides (0.3-4.6%), Hys trichodinium 

pulchrum (4.2-6.1%), Impletosphaeridium sp. 1 (3.2-4.1%), Kleithriasphaeridium 

eoinodes (0.1-4.9%), and Sirmiodinium grossi (0-4.4%) (Table 4.4). 

Two taxa have LADs in the spasskensis Zone; Avellodinium falsjflcum, and 

Systematophora areolata. Taxa with FADs in this zone include; Apteodinium spongiosa, 

Gonyaulacysta sp. 1 , Lithodinia acranitabulata, and Tehamadinium evitdi (Figure 

4.6b). 

Tzikwinianus Zone 

The one dinocyst assemblage from this zone contains common Circulodinium 

compta (7%), Dingodinium tuberosum (12%), and Sentusidinium sp. 4 (7%). Also 

numerically important are; Chlamydophorella nyei (4.9%), Chytroeisphaeridia 

chytroeides (4.9%), Hystrichodini urn pulchrum (3.8%), Impletosphaeridium sp. 1 

(3.5%), and Kleithriasphaeridium corrugatum (3.5%)(Table 4.4). 

Taxa with LADs in this zone include; Endoscdnium granulatum, Gochteodinia 

villosa, Conyaulacysta cf. centriconnata, Wthodinia sp. 1, Stiphrosphaeridium 



dictyophorum, Systernatophora palmda, and Tehamadinium daveyi. Taxa with FADS in 

this horizon include; Cribroperidinium cf. volkovae, Phoberocysta neocodca, 

Pseudoceratium pelliferum, Sentusidinium sp. cf. 3, and Spiniferites sp. 1 (Figure 

5.6b). 

' ?Early Valanginian 

Sandy horizon with phosphate concretions. 

One sample (K17) was collected from this horizon. The assemblage contains 

abundant specimens of Circulodinium compta (7.9%). Also numerically important are; 

Chlamydophorella nyei (4.8%), Dingodinium cerviculurn (4. I%), D. tu berosum (5.5%), 

Downiesphaeridium spp. (3.8%), and Hystn'chodinium pulchrum (3.8%) (Table 4.4). 

Taxa with LADS in this horizon include; Ambonosphaera staffinensis, 

Perisseiasphaeridium ingegerdiae, Tehamadinium evi t tii, and Tu botu berella apa tela. 

Taxa with FADS in this bed include; Dingodinium cerviculum, Lithodinla distincta sp. 

nov., Muderongia ?australis, Spiniferites ramosus, Spiniferites sp. 2, and Wallodinium 

cylindricum (Figure 5.6b). 

7 Valanglnian 

Unzoned (samples K18 - K30) 

Dinocyst assemblages of this interval usually contain abundant Achomosphaera 

neptuni (0-1 7.4%), Circulodinium compta (0-1 8.2%), Dapsillidinium m ul tispinosum (O- 

10. I%),  Dingodinium cerviculum (0-1 0.3%) D. tu berosum (0.4-1 2.3%), 

Kleithriasphaeridium corrugatum (0-8%), Impletosphaeridium sp. 1 (0-11.1%), and 

Sen tusidinium sp. 4 (0-1 1.8%) (Table 4.4). Chlamydophorelfa nyei, Chytroeisphaeridia 

chytroeides, Dingodinium sp. 1, Hys trichodini um pulchrum, Impletosphaeridium 

lumectum, Oligosphaeridium complex, Phoberocysta neocomica, Pseudoceratium 

pelliferum, Sentusidinium cf. sp. 3, Tenua cf. hystrix, Valensiella ovula, Warrenfa 



brevispinosa are also sporadically important. There appears to be a profound ecological 

or preservational change at sample K28 (not indicated in the sedimentology) above which 

the dinocyst floras are impoverished. Most of the stratigraphically useful taxa thus 

have LADs in sample K27. 

Taxa with LADs below sample K27 include; Batioladinium longicornutum, 

Cribroperidinium sp. 1, Gardodidum sp. 1, Gonyaulacysta sp. 1, Gonyaulacysta sp. 4, 

Isthmocys tis dis tincta, Lagenadinium Imem branoidium, Lithodinia sp. 2, Muderongia 

?a us tralis, Phoberocysta neocomica, Prolixosphaeridium parvispin um, Sirmiodinlum 

grossi, Spiniferi tes sp. 2, Stiphrosphaeridium anthophonun, Trichodinium cf. cilia tum, 

and Valensiella ovula. Taxa with FADS in this interval include; Cometodinium habibii, 

Cribroperidinium sp. 7, Dingodinium sp. 1, Gardodinium sp. 1, Impletosphaeridium 

lumectum, Lagenorhytis delicatula, Lithodinia bulloidea, Phoberocysta tabulata, 

Spiniferites primaevus, and Warrenia brevispinosa (Figure 5.6b). 

4.2.4. Comparison of the dinocyst biostratigraphy of the two sections. 

Zarajskensis Subzone: 

Several useful dinocyst data occur in this subzone at both sections. In 

particular, Glossodinium dimorphum, Gochteodinia tuberculata, and Thalassjphora? 

robusta are restricted to this subzone in both sections, although the LAD of G. 

dimorphum occurs stratigraphically closer to the base of the virgatus Zone at Kashpir 

than at Gorodische. This may suggest the presence of a short stratigraphic gap beneath 

the base of the virgatus Zone at Kashpir. Trichodinium sp. 1 and Rhynchodinjopsjs 

magnifica which both have LADs in this subzone at Gorodische have extended ranges at 

Kashpir, with last occurrences at the top of the fulgens, and the top of the subditus 

zones respectively. Both Cribropenidinium erymnoseptatwn and Cribroperidinium sp. 6 

have LADS towards the base of the zarajskensis Subzone at Gorodische but do not occur at 

Kashpir, which corroborates the fact that samples were only taken from the upper part of 



this subzone at Kashpir. These two taxa may thus serve to separate the upper and lower 

parts of this subzone, although samples need to be examined from stratigraphically 

lower in this subzone at Kashpir in order to verify this. 

First appearance data for this subzone are more difficult to compare since only 

the uppermost part of the subzone was sampled at Kashpir. However, in general all of 

the taxa with FADs in the zarajskensis Subzone at Gorodische also first occur in the 

same zone at Kashpir. Two notable exceptions are Kleithriasphaeridium corrugatum 

which first appears in the subditus Zone at Kashpir, and Senoniasphaera jurassica, 

which appears towards the top of the zarajskensis Subzone at Gorodische, but not until 

the fulgens Zone at Kashpir. 

Virgatus & nikitini zones. 

Since these zones were not sampled at Kashpir, no direct comparisons can be 

made. However, several of the taxa with LADs in this interval a t  Gorodische occur in 

younger deposits at Kashpir. Dichadogonyaulax? chondrum, which has last occurrence 

at Gorodische at the base of the virgatus Zone is last found in the subditus Zone at 

Kashpir. Hys trichosphaeridium pe tilum and Tehamadinium sousense, which both have 

LADs in the virgatus Zone at Gorodische, both extend into the fulgens Zone at Kashpir. 

Stiphrosphaeridium dictyophorum and Tenua hystrix, which both have LADs in the 

virgatus Zone at Gorodische, last appear in the Ryazanian interval at Kashpir. 

Tehamadinium sp. 1, which has its LAD in the nikitini Zone at Gorodische last appears at 

Kashpir within the nodiger Zone. 

Due to the break in sampling, the following taxa which have FADs in the virgatus 

Zone - nikitini Zone interval at Gorodische first appear in the fulgens Zone at Kashpir: 

Achomosphaera nep tuni, Goch teodinia villosa, Gonyaulacysta dentata, 

lmpletosphaeridium sp. 1, Isthmocystis distincta, Kleithriasphaeridium eoinodes, K. 

porosispinum, Lagenadinium Imembranoidium, Perisseiasphaeridium ingegerdiae, 



Trichodinium ciliaturn, and Valensiella ovula. Additionally, Egmontodinium 

polyplacophorum first appears in the virgatus Zone at Gorodische, but has a younger 

FAD at Kashpir, within the subditus Zone. 

Fulgens to nodiger zones 

Tehamadinium daveyi has its first occurrence in the fulgens Zone in both 

sections. In addition to those taxa mentioned above, taxa with FADS in this zone at 

Kashpir include; Endoscrinium granulatum, Endoscrinium inritibile, and Epiplosphaera 

gochtii (all of which occur in the zarajskensis Subzone at Gorodische). Cribroperidinium 

nuciforme, which has its LAD in the fulgens Zone at Gorodische last appears in the Early 

Ryazanian interval at Kashpir. 

Circulodinium compta and Stiphrosphaeridium dictyophonun have FADS in the 

subditus Zone of both sections (although the latter taxon appears later, at the top of this 

zone in Kashpir). In addition to those taxa mentioned above, Senrusidinium rioultii and 

Endoscrinium campanula also first appear in this zone at Kashpir. At Gorodische S. 

rioultii has its first occurrence in the virgatus Zone, whilst E campanula was not 

encountered until the unzoned Valanginian interval. Leptodinlum subtile has its LAD in 

the subditus Zone at both localities. Cometodinjum white1 also last occurs in this zone 

at Gorodische, but slightly higher, at the base of the nodiger Zone at Kashpir. 

Epiplosphaera gochtii has its FAD in this zone at Kashpir, but last occurs in the 

phosphorite deposit at Gorodische. 

Tenua cf. hystrix is the only taxon to have its FAD in the nodiger Zone at 

Gorodische, but was first recorded from younger Early Ryazanian deposits at Kashpir. 

At Gorodische the only notable taxon with its LAD in the nodiger Zone is Circulodinium 

copei. The apparent range of this taxon at Gorodische thus contrasts markedly to that at 

Kashpir, where its FAD is within the younger Early Ryazanian interval. At Kashpir, 

Gonyaulacysta dentata, and Senoniasphaera jurassica, both have LADS in the nodiger 



Zone. At Gorodische these taxa all have last occurrences in the unzoned phosphorite 

deposit. 

Ryazanian 

The Ryazanian interval is absent at Gorodische, and no comparison with Kashpir 

can therefore be made. However, the following taxa which appear in the Ryazanian 

deposits have FADs in the base of the overlying mica-rich facies at Gorodische: 

Exochosphaeridium phragmites, Muderongia longicorna, Pseudoceratium pelliferum, and 

Sen tusidinium sp. 4. 

The Early Cretaceous, post-Ryazanian deposits of the two sections are unzoned by 

ammonites, hampering accurate comparison of the two sets of dinocyst data. In the 

Kashpir section, the base of this unzoned sequence is marked by the sandstone horizon 

bearing phosphatic concretions; the unit which yields the exceptionally well preserved 

dinocyst assemblage. The dinocyst biostratigraphic evidence does not suggest a 

significant age separation of this deposit from the overlying strata and they are 

therefore likely to belong to the same stage. 

In both sections Oligosphaeridium complex, Spinifezi tes ramosus and 

Wallodinium cylindricum have FADs at the base of this unzoned Early Cretaceous 

interval. Impletosphaeridium lumectum, Spiniferites primaevus, and Warrenia 

brevispinosa, have LADS at the very base of the mica-rich siltstone facies in both 

sections, thus stratigraphically higher in the Valanginian sediments at Kashpir than at 

Gorodische. This reflects the absence from Gorodische of three sandstone beds (24-26) 

which are present at Kashpir, including the one bearing phosphatic concretions. The 

FADs of Cometodinium habibii, Gardodinium sp. 1, and Phoberocysta tabulata then 

appear in sequence in both sections. Other taxa characteristic of this interval in both 



sections include; Batioladinium longicornutum, Llthodinia bulloidea, and 

Systematophora sp. 1. Neither C'osphaeridium validurn, which appears in the 

uppennost part of the sampled interval at Gorodische, nor Nelchinopsis kostromiensis 

which first appears just above the base of the unzoned interval in that section were 

encountered at Kashpir. 

4.2.5. General comparison of the  dinocyst assemblages encountered in 

the present study with other  palynological investigations of the Volga 

Basin. 

Lord et al. (1987) studied the Early to Mid Volgian interval in the Volga Basin, 

overlapping with the scope of the present investigation in coverage of the panderi Zone, 

zarajskensis Subzone. At Gorodische they noted an interval of significant floral change 

between beds 8 and 11 of Mesezhnikov (1977, 1984), with seven new forms appearing in 

the upper bed. Bed 1 1 correlates with beds 1 - 13 of the present study, although Lord e t 

al. (1987) took only one sample from this interval. The assemblage recovered by them 

was similar to that encountered here, if slightly less diverse. Important elements such 

as Chytroeisphaeridia chytroeides, Glossodinium dirnorphurn, Pareodinia ceratophora, 

Systernatophora davefl (as Emmetrocysta sa dean ti& and Tu botu berella apa tela are 

common to both studies. Additionally Lord et al. (1987) recorded Millioudodinium 

sarjeantii sphaericum as first appearing in Bed 11 (Mesezhnikov, 1977, 1984) at 

Gorodische and Bed 7 (below the current interval of study) at Kashpir. This taxon was 

not noted in the present study, but their photographic example of it (Figure 10, 1-2) 

bears close morphological similarity to Cribroperjdinium erymnoseptatum which was 

recorded in the lower part of the zarajskensis Subzone in the present study. 

Hogg (1994) considered the dinocyst floras from 28 samples of Late 

Kimmeridgian to Late Volgian age, of which the upper 8 overlap with the interval 

considered here. The assemblages recovered by him were not discussed in detail, but 



comparison with his abundance charts shows that they were of similar composition. 

Cnbroperidinium erymnoseptatum was recorded by Hogg (1994) in a single sample from 

the zarajskensis Subzone, possibly comparable to Bed 8 of the current investigation. 

This level may thus correlate some way above the FAD of this taxon indicated here. 

Gochteodinia villosa was only recorded by Hogg (1994) in the fulgens Zone, and similarly 

Kleithriasphaeridium porosispinum and Lagenadinium 7membranoidium was only 

recorded in the fulgens and subditus zones. The majority of other stratigraphically 

useful taxa encountered in the present investigation were recorded by Hogg (1994) in 

similar stratigraphic positions. 

The dinocyst floras encountered by Riding et al. (in press) from the Volgian 

deposits of the Russian Platform are broadly comparable to those observed here, 

although of somewhat lower diversity, particularly in the virgatus and nikitini zones. 

However, there are significant differences between the two studies. Cribropen'dinium 

globatum (considered to be 'prominent' through this interval by Riding et al., in press), 

Aldorfia dictyota, Dichadogonyaulax? pannea, and Tu botu berella rhom bifonnis were not 

encountered in the present study. T. rhombiformis has not always been consistently 

distinguished from T. apatela in the literature, and the stratigraphic value of this 

species is questionable, In the current investigation, all specimens of the 

rhombiformis-apatela plexus lacking paratabular features, or with weakly expressed 

paracingular ridges restricted to lateral areas were assigned to T. apatela. No specimens 

with well developed paratabulation typical of T. rhombifonnis were encountered. 

Several taxa which were found to be common in the Volgian material examined 

here were not discussed by Riding et al. (in press). These include: Cribroperidinium 

erymnoseptatum from the zarajskensis Subzone, Penlsseiasphaerldium ingegerdiae, 

which was found to be common in the nikidni to subditus zones, and the genera 

Tehamadiniurn and Tenua, both found to be common in the Mid to Late Volgian. 



The palynological information from the Ryazanian deposits at Kashpir provided 

by Riding et al. (in press) contrasts markedly to that given here in terms of diversity 

and preservation of the microflora Riding et al. (in press) note the most common 

elements of this flora (a single sample was examined from this level) are 

Cribroperidinium spp. and Circulodinium distinctum, with additional 

Cassiculosphaeridia spp.. Little mention was made of Chlamydophorella nyei, 

Dingodinium spp., Hystrichodinium spp., or Sentusidinium sp. 4, which were all found 

to be common in this interval at Kashpir in the present study. Other Ryazanian material 

studied by Riding et al. (in press) from the Oka Basin appears to bear closer 

resemblance to the assemblages noted in the present study. In particular, they 

encountered abundant Circulodinium compta, which they note is also common in the 

Ryazanian of western Europe. 

4.2.6. Comparison and correlation of important dinoflagellate cyst 

ranges and biohorizons in NW Europe and  elsewhere in the  Russian 

Platform with those from the Volga Basin. 

As indicated in Chapter 1, there is a wealth of information on dinoflagellate cyst 

data through the Late Jurassic of western Europe. Relatively few of these papers provide 

detailed correlation of the dinocyst data with the standard ammonite chronozonation, 

making accurate comparison and wider stratigraphic correlations of this nature 

difficult. However, several of such publications have been used to compare important 

dinocyst biohorizons common to both the Volga Basin and NW Europe through the Early 

Volgian to Hauterivian interval (Figures 4.7 & 4.8). Such detailed comparisons are 

discussed in the text below. 



Late Jurassic: Mid Volgian 

Most of the taxa present in the zarajskensis Subzone in the Volga Basin have 

FADS near the base of the studied interval, and are therefore likely to range into older 

strata. This has largely been verified by comparison with the works of Lord et al. 

(1987), Hogg (1994), and Riding et al. (in press). These include the taxa Tubotuberella 

apa tela, Systematophora daveyi, Tenua hys trix, GJossodinium dimorph um, Leptodini um 

subtile, Endoscrinium inri ti bile, Rhynchodiniopsis martonense, Senoniasphaera 

jurassica, Sirmiodinium grossi, Hystrichodinium pulchrum, Egmontodinium torynum, 

Hystrichosphaeridium petilum, which are known from Kimmeridgian and Volgian 

deposits in western Europe (Woollam & Riding, 1983; Heilmann-Clausen, 1987; Riding 

& Thomas, 1992; Poulsen, 1992, 1994, 1996; Bailey et al., 1997)(Figure 4.7). In 

addition, Amphornla expiratum is known to have its range base within the Late 

Kimmeridgian in western Europe. In particular the FAD of this taxon has been noted at 

the base of the Wheatleyensis Zone (Riding & Thomas, 1992; Poulsen, 1996), which 

correlates with the base of the Sokolovi Zone of the Early Volgian in the Russian Platform 

(Kuznetsova, 1978; Lord et al., 1987). 

Riding et al. (in press) note the presence of Perisseiasphaeridium pannosum up 

to the top of the nikitini Zone in the Russian Platform, and comment that the range top of 

this species, and of the morphologically related taxon Oligosphaeridium patulum are 

thus younger than the lowermost Mid Volgian last occurrence in England. In the present 

study 0. patulum was only noted from a short stratigraphic interval at the base of the 

zarajskensis Subzone, whilst P. pannosum was equally rare, and not recorded above this 

subzone (Table 4.3). 

Kleithriasphaeridium porosispinum, which also has its FAD in the 

Wheatleyensis Zone in western Europe (Riding & Thomas, 1992; Poulsen, 1996) was not 

noted below the upper part of the Pavlovi Subzone (panderi Zone) by Riding et al. (in 

press). These authors encountered "significant numberstt of K. porosispinum in the 



zarajskensis Subzone (Riding et d., in press). This taxon was not encountered below the 

virgatus Zone in the present study. Thus the range base of this taxon occurs 

stratigraphically higher in the Russian Platform than in western Europe. 

Egmontodinium pol~~acophorum has been reliably recorded in strata below the Late 

Kimmeridgian Wheatleyensis Zone in western Europe (Riding & Thomas, 1992; Poulsen, 

1996)(Figure 4.7). This species was found to be rare in the palynofloras of the Volga 

Basin with its FAD in the virgatus Zone of the Mid Volgian. Due to the rarity of this 

species, further work may reveal older specimens from the Russian Platform, but the 

present study suggests that its range base occurs in stratigraphically younger strata 

than in western Europe. 

Cribroperidinium erymnoseptatum, which is here recorded from the lower part of 

the zarajskensis Subzone (and which therefore is likely to range below the interval 

examined here), has previously been recorded from the Kimmeridgian of the North Sea 

(Bailey, 1993). In this area it was associated with diverse microfloras including taxa 

such as Perisseiasphaeridium pannosum, End oscrinium inri ti bile, Glossodinum 

dimorphum, Pareodinia cera tophora and forms of the Circulodini um disdnctum group. 

Thus both the range of this taxon and the floral elements associated with it are similar 

in both areas, perhaps ranging into slightly younger strata in the Volga Basin. 

Similarly, Rhynchodiniopsis martonense has been noted from the zarajskensis Subzone 

and basal part of the virgatus Zone in the present investigation, and in the zarajskensis 

Subzone by Riding et al. (in press). Bailey et al. (1997) described this species from the 

Hudlestoni to Pectinatus Zones of the Kimmeridge Clay Formation in North Yorkshire, 

UK. Thus in the Volga Basin the stratigraphic ditribution of this taxon is similar, 

perhaps ranging into slightly younger strata than has previously been recorded in NW 

Europe. 

The range top of Glossodinium dimorphum has been demonstrated as being at the 

top of the Kerberus Zone in north-western Europe (Woollam & Riding, 1983; Riding & 

Thomas, 1988, 1992)(Figure 4.71, although studies by Haq et al. (1987) and Poulsen 



(1996) have noted LADs of this taxon at the top of the Okusensis and Fittonl Zones 

respectively. In the Russian Platform, the LAD of Glossodinium dimorphum was noted 

just below the top of the zarajskensis Subzone by Riding et al. (in press). This accords 

well with the occurrence of G. dimorphum noted in the present investigation. Thus the 

LAD of G. dimorphurn appears to be reliably established at the top of the zarajskensis 

Subzone in the Russian Platform, and thus a useful marker in that area. This datum 

appears to be within the range of possible LADs defined by the data of Poulsen (1996) 

and Riding &Thomas (1992) for NW Europe. 

The LAD of Leptodinium subtile has been variously placed between the top of the 

Albani Zone (Woollam & Riding, 1983; Riding & Thomas, 1988, 1992) and the top of the 

Okusensis Zone (Davey, 1982) in NW Europe (Figure 4.7). Similarly Riding et al. (in 

press) noted the last occurrence of this taxon from the top of the zarajskensis Subzone at 

Gorodische, and they suggested that this datum may have stratigraphic significance in 

the Russian Platform. Contrastingly, Lord et al. (1987) recorded the LAD of 

Leptodinium subtile much lower, within the Klimovi Zone at Gorodische. In the present 

study this taxon has been noted in younger deposits, up to the subditus Zone in both of 

the studied sections, although it is extremely rare above the virgatus Zone. Thus this 

species ranges into slightly younger strata in the Volga Basin than has previously been 

indicated in NW Europe. kptodinium deflandrei recorded by Lord et id. (1987) from 

the zarajskensis Subzone was not encountered in this investigation. 

Endoscrinium inritibile has its last occurrence in NW Europe between the top of 

the Albani Zone (Woollam & Riding, 1983; Riding & Thomas, 1988,1992; Poulsen, 1996), 

and the top of the Okusensis Zone (Davey, 1982)(Figure 4.7). Riding et al. (in press) 

noted the LAD if this taxon from the top of the zarajskensis Subzone in the Russian 

Platform, which would correlate well with the lower of the two possible datums in NW 

Europe. Specimens of E. inritibile have here been recovered from as strata as young as 

the fulgens Zone at Gorodische and nodiger Zone at Kashpir, although this taxon is rare 

in the Volga Basin material. 



The Albani to Oppressus Zone interval in NW Europe (which corresponds to the 

Early Volgian interval examined here) embraces the range bases of three 

stratigraphically useful dinoflagellate cyst taxa. Endoscrinium pharo has been 

demonstrated to have its range base coincident with the base of the Albani Zone (Riding 

&Thomas, 1992; Poulsen, 1996), although younger FADS have separately been noted by 

Davey ( 1982), HeilmannClausen (1987), and Costa & Davey (1992) (Figure 4.7). This 

species was encountered near the base of the zarajskensis Subzone in the present study, 

suggesting close correlation with the data of Riding & Thomas (1992) and Poulsen(1996), 

and thus the Russian zarajskensis Subzone with the western European Albani Zone. 

Isthmocystis distincta has been shown to have its range base within the Kerberus Zone 

(Davey, 1982; Heilrnann-Clausen, 1987; Riding & Thomas, 1992) in NW Europe. In the 

present study, this taxon was recorded from the middle part of the virgatus Zone, which 

approximately correlates with the base of the Okusensis Zone (using the correlation of 

Kuztensova, 1978). Thus the FAD of this taxon is approximately one standard ammonite 

chronozone lower in the Volga Basin than in NW Europe, but remains an approximate tie- 

point. 

The FAD of Gochteodinia viJJosa, which has been described as the "most 

significant bioevent in the Portlandian" (Stover et al., 1996: p.662) has been proposed to 

occur at the base of the Anguiformis Zone (Woollam & Riding, 1983; Riding & Thomas, 

1988,1992), but has also been clearly demonstrated from the base of the older Kerberus 

Zone (Davey, 1982; Heilmann-Clausen, 1987; Poulsen, 1996)(Figure 4.7). The FAD of 

Gochteodjnia villosa was not discussed in relation to the Volga Basin sections by Riding 

et al. (in press), but this datum was suggested as resting at the base of the fulgens Zone 

in the Oka Basin. In the present investigation, unequivocal G. villosa were recorded 

from the lower part of the nikitini Zone at Gorodische. In addition, a form of close 

affinity to G. viJJosa, and therefore perhaps the precursor to this species, was recorded 

in the virgatus and nikitini Zones of the same section. The base of the nikitini Zone 

correlates to a position approximately midway in the north-west European Okusensis 



ammonite Zone according to Kuznetsova (1978). Such precise correlation of this dinocyst 

bioevent between the two areas is robust independent evidence for the validity of 

Kuznetsova's (1978) correlation scheme. Indeed, this datum may allow for a slight 

refinement in her scheme, by equating the base of the nikitini Zone with the base of the 

Kerberus Zone, thus uniting the FAD of G. villosa across the whole of NW Europe and the 

Russian Platform. 

Riding et al. (in press) proposed that the LAD of Prolixosphaeridium 

pawlspinurn was of stratigraphic significance in the Russian Platform, and placed this 

went at the top of the nikitini Zone (Figure 4.7). In the present study P. parvispinum 

was observed to display some morphological variability (particularly in the number and 

character of the spines), and specimens of close affinity to the holotype were recorded 

from the lower part of the mica-rich siltstones (Lower Cretaceous) in both sections. 

Since such variation appeared to be gradational, all specimens were assigned to P. 

parvispinum, and thus the nikitini Zone LAD biohorizon suggested by Riding et  al. (in 

press) cannot be supported here. 

Late Jurassic: Late Volgian. 

There are relatively few widely recognised dinoflagellate cyst biohorizons in the 

Late Portlandian of western Europe. The range top of Egmontodinium polyplacophorum 

in this area is between the top of the Okusensis (Poulsen, 1996) and the top of the 

Primitivus zones, an interval which spans the Mid to Late Volgian of the Russian 

Platform (Figure 4.7). This taxon was only recorded from the section at Gorodische in 

the present study, where its LAD is in the fulgens Zone: a level conelated to 

approximately the middle of the Primitivus Zone in NW Europe. Thus this bioevent in 

the Russian Platform is within the range of that noted in NW Europe. 



HeilmannClausen (1987) suggested that the range base of Avellodinium 

falsificum occurs at the base of the Lamplughi Zone. This interval is coincident with an 

hiatus at the top of the nodiger Zone in the Volga Basin. The range of this taxon in NW 

Europe thus strongly contrasts with that noted in this report, since A. falsificum was 

encountered in the zarajskensis Subzone, and its LAD occurred within the nodiger Zone, 

below its apparent range base in NW Europe, 

Endoscrinium inritibile, Senoniasphaera jurassica, and Leptodinium subtile, 

which have their LADS in the Late Volgian interval in the Volga Basin, all have range 

tops within older strata in the NW European area (Figure 4.7). Gonyaulacysta den&&, 

which also has its range top in this interval, has not been noted as a significant 

biostratigraphic marker in NW Europe. The LAD of Senoniasphaera jurassica has been 

variously placed at the top of the Kerberus Zone (Riding & Thomas, 1992) and the 

Anguiformis Zone (Poulsen, 1996) in western Europe. In the Russian Platform, the LAD 

of Senoniasphaera furassica was encountered by Riding et al. (in press) within the 

nodiger Zone (text-figure 9), and they suggested that this taxon is a reliable marker for 

the Mid to Late Volgian in that area. This accords well with the LAD indicated in the 

present report (Figure 4.7), and thus its marker status can be defended here. S. 

jurassica therefore ranges into stratigraphically younger deposits in this part of Russia 

than in NW Europe. 

Teharnadinium daveyi and Endoscrinium campanula which both have FADS in the 

Late Volgian interval in the Volga Basin have range bases in younger strata in NW Europe 

(see below). Circulodinium compta which has its FAD at the base of the subditus Zone in 

both sections of the current study is known to range below the Late Kimmeridgian 

Wheatleyensis Zone in NW Europe (Poulsen, 1996). This datum is therefore only of local 

significance in the Volga Basin, but may also extend to other areas in the Russian 

Platform. 



Early Cretaceous, Ryazanian. 

The LAD of Amphorula expiratum is reliably known from the Runctoni Zone of 

NW Europe (Heilmann-Clausen, 1987; Riding & Thomas, 1992; Poulsen, 1996), although 

Davey (1982) noted this datum at the top of the younger Icenii Zone (Figure 4.8). A 

expiraturn was observed in the unzoned basal Ryazanian interval at Kashpir: an interval 

which probably corresponds to the subclypieforme and kochi zones of elsewhere in the 

Russian Platform, and thus by inference to the Runctoni to Kochi chron interval in the 

NW European area Thus this datum is broadly comparable in the two areas. 

In NW Europe, the range base of Batioladinium longicornutum has been reliably 

established at the base of the Runctoni Zone, and therefore marks the base of the 

Ryazanian (Davey, 1982; Costa & Davey, 1992; Poulsen, 1996) (Figure 4.8). Indeed, the 

LAD of this taxon was indicated by Costa & Davey (1992) as being at the top of the Icenii 

Zone, thus its entire range being encapsulated within the Ryazanian. This contrasts with 

the Volga Basin material examined here, where the FAD of B. longjcornutum is in the 

unzoned mica-rich siltstones which overlie the Ryazanian interval. 

The range base of Systematophora palmula has been indicated by Davey (1982) at 

. the base of the Runctoni Zone, although FADS of this taxon have also been noted at the 

base of the Kochi Zone (Heilmann-Clausen, 1987) and within the Stenomphalus Zone 

(Costa & Davey, 1992)(Figure 4.8). At Kashpir, this datum occurs in the lowest sample 

collected from the unzoned basal Ryazanian interval. This is therefore a strong tie-point 

with the data of Davey (1982), and thus, in the absence of B. longicornutum from this 

interval of the Volga Basin, a good marker for the basal Ryazanian. 

The FAD of Batioladinium gochtii was noted to occur within the lower pan of the 

Ryazanensis (spasskensis) Zone in the Moscow Basin by Iosifova (1 996). This correlates 

well with the FAD of this taxon in the Volga Basin (Kashpir section), which occurs at the 



base of the spasskensis Zone. Thus the range base of this taxon appears to be a reliable 

marker for the base of the Late Ryazanian (spasskensis Zone) in the Russian Platform. 

In north-western Europe Systematophora daveyi is reported by Riding & Thomas 

(1992) to range above the Portlandian, and Poulsen (1996) noted the LAD of this taxon at 

the top of the Icenii Zone (Figure 4.8). In the Volga sediments, the LAD of S. daveyf is 

found in the unzoned basal Ryazanian sediments, and thus this datum is broadly 

comparable in both regions. 

Species of the genus Cassiculosphaeridia from the Middle Volga Basin were not 

separated by Riding et al. (in press), and they commented that although the specimens 

they encountered of this genus were reminiscent of the earliest Cretaceous, their sample 

lacked reliable Ryazanian marker species (Riding et al., in press). Numerous species of 

this genus and its morphological counterpart Valensiella were also encountered from the 

Ryazanian of Kashpir in the present report. Cassiculosphaen'dia pygmaeus was only 

recorded in this interval at Kashpir, and thus may be of local stratigraphic significance 

in marking this stage in the Russian Platform. 

The range bases of Lagenorhytis delica tula and Lithodinia bulloidea have been 

noted from the Stenomphalus Zone in NW Europe (Heilmann-Clausen, 1987; Davey, 

1982), although Costa & Davey (1992) noted the FAD of L. delicatula in the Albani Zone, 

and Davey (1982) first encountered this species in the basal Valanginian Paratollia Zone 

(Figure 4.8). These taxa were noted to have FADS in the mica-rich siltstones overlying 

the Ryazanian strata in the Volga Basin. Thus their first appearances are likely to occur 

in slightly younger sediments than in NW Europe, although correlation of the FAD of L. 

delicatula between the Volga Basin and Denmark (following Davey, 1982) may be 

possible. 

In NW Europe, the range bases of Phoberocysta neocornica, Phoberocysta tabulata, 

and Pseudoceradum pelliferum are usually found together. The level of this joint datum 



has generally been recognised as marking the base of the Albidum Zone (Davey, 1982; 

HeilmannClausen, 1987; Poulsen, 1996), although Costa & Davey (1992) suggest that it 

occurs one chronozone lower, at the base of the Stenomphalus Zone (Figure 4.8). 

Alternatively, Davey (1982) found the FAD of Phoberocysta spp. to be at the base of the 

Polyptychites Zone. In the Volga Basin, these levels correlate to the middle part of the 

tzikwinianus Zone, and the base of that zone respectively. In the Russian Platform, 

Riding et al. (in press) encountered the FAD of P. neocomjca within the spasskensis 

Zone, and the FAD of P. pelliferum at the top of the tzikwinianus Zone. They considered 

this datum to be of stratigraphic importance. The present author found the FAD of P. 

pelliferum at approximately the same level at Kashpir, and therefore this datum is 

closely comparable to its position at the base of the Albidum Zone in NW Europe. In the 

present investigation, the FAD of P. neocomica was also encountered at the at the top of 

the tzikwinianus Zone, thus slightly later than noted by Riding et al. (in press). The 

FAD of P. bbulata occurs stratigraphically higher in the Volga Basin sections than in 

NW Europe, and separate to that of P. neocomica As a separate datum it is likely only to 

be of local significance in the Volga Basin. 

Riding et al. (in press) considered the occurrence of Muderongia simplex and 

Phoberocysta neocodca to be indicative of Late Ryazanian age. M. simplex was not 

recorded in the present study, since 'simple' specimens of this genus all bear short 

solid spines on the postcingular and antapical horns: a feature not characteristic of M. 

simplex. Thus the species M. longicorna emended to incorporate the ciliate features of 

M. brevispinosa (Iosifova, 1996) by Monteil(1996) has been adopted in this study. The 

FAD of M. longicorna in the Volga Basin contrasts slightly to that of M. simplex noted 

by Riding et al. (in press) since M. longicorna was encountered in the unzoned basal 

Ryazanian interval. 

Specimens of Wallodinium krutzschii and W. cylindricum were also encountered 

in this interval in the Oka Basin by Riding et al. (in press). This contrasts in part with 



the present study, since the FAD of W, cylindricum was encountered in the ?Valanginian 

mica-rich siltstones. 

Costa & Davey (1992) note the FAD of Teharnadinium daveyi at the base of the 

Stenomphalus Zone in NW Europe (Figure 4.8). This datum was encountered much lower, 

within the fulgens Zone of both sections studied from the Volga Basin. 

The range bases of Kleithrjasphaerjdjum cormgaturn and K. eoinodes are 

variously reported to occur either at the base of the Stenomphalus (Costa & Davey, 1992) 

or at the base of the Albidum (Heilmann-Clausen, 1987) zones in NW Europe (Figure 

4.8). These data occur stratigraphically lower in the Volga Basin. K. corrugatum was 

encountered as low as the uppermost part of the zarajskensis Subzone at Gorodische, and 

K. eoinodes from the base of the virgatus Zone. 

The range base of A. neptuni appears to be reliably reported from the base of the 

Albidum Zone in NW Europe (Davey, 1982; Heilmann-Clausen, 1987; Costa & Davey, 

1992)(Figure 4.8). Riding et al. (in press) noted a single questionable specimen of 

7Achomosphaera sp. from the Ryazanian interval at Kashpir. Unequivocal A. neptuni 

was encountered by the present author from the unzoned basal Ryazanian interval. 

Moreover, numerous specimens morphologically identical to A. neptuni, but with thinner 

walls than typical of this species, were recovered from the Mid to Late Volgian interval 

in both sections. Such Mid Volgian occurrences of this taxon are amongst the oldest 

known examples of the genus Achomosphaera Thus the FAD of A. neptuni is much 

lower in the Volga Basin than in NW Europe. 

The short stratigraphic range of Pseudoceratium sp. 1 is an excellent tool for 

correlation with the work of Heilmann-Clausen (1987)(Figure 4.8). This taxon was 

reported by him to range from the base of the Albidum Zone to the top of the 

Polyptychites Zone in the Danish Central trough. In the present study it has been 

recorded from the top of the tzikwinianus Zone to shortly above the base of the mica-rich 



siltstones. Its range base in this region is thus a strong independent tie-point of the 

upper tzikwinianus zone to the Albidum Zone. The range top confums that at least the 

base of the mica-rich siltstones is of Valanginian age, and that this interval may 

correlate with the Paratollia to Polyptychites interval of NW Europe. Pseudoceratium 

sp. 1 is thus a very significant taxon in this part of the column. 

Cribroperidinium volkovae was noted by Iosifova (1996) to have its range base in 

the upper part of the ryazanensis (spasskensis) Zone. C. cf. volkovae differs slightly 

from C. volkovae in having intratabular tuberculae (as well as numerous penitabular 

features), but is otherwise extremely similar. The FAD of C cf. volkovae was noted in 

the Volga Basin to be within the tzikwinianus Zone, although further sampling between 

the spasskensis and tzikwinianus zones in this area may reveal earlier specimens of this 

taxon. The range bases of C. volkovae and C cf. volkovae are thus broadly similar across 

the Russian Platform, affording a reliable marker for the Late Ryazanian in this area. 

Early Cretaceous: Valanginian - ?Hauterivian. 

The range base of Spiniferites ramosus is reliably recorded from shortly above 

the base of the Early Valanginian Paratollia Zone (Costa & Davey, 1992; Heilmann- 

Clausen, 1987) in NW Europe, although Davey (1979, 1982) placed this datum slightly 

higher, in the middle part of this chronozone (Figure 4.8). In the present study the FAD 

of S. ramosus was noted from the base of the mica-rich siltstone at Gorodische, and 

within the siltstone unit bearing phosphatic concretions (Bed 24) at Kashpir. In NW 

Europe Tubotuberella apatela has not been recorded above the Polyptychites Zone. At 

Kashpir the LAD of this taxon was noted in Bed 24. Although S. ramosus is known to 

range up into the Hauterivian in NW Europe, the co-occurrence of S. ramosus, 

Pseudoceratium sp. 1, and T. apatela along with the absence of any reliable Late 

Valanginian or Hauterivian marker taxa suggests that this unit (Bed 24) is of Early 

Valanginian age. 



In NW Europe, the range top of Gochteodinia villosa is known from the lower part 

of the Early Valanginian Paratollia Zone (Costa & Davey, 1992), although Heilmann- 

Clausen (1987) did not observe this species above the Albidum Zone (Figure 4.8). 

Although the LAD of this taxon was noted by Riding e t  al. (in press) to be at the top of 

the spasskensis Zone in the Russian Platform, in the present investigation this datum 

has been noted in the tzikwinianus Zone at Kashpir. This is thus comparable to the LAD 

of this taxon as noted by Heilmann-Clausen (1987). Thus the ranges of P. pelliferum and 

C. villosa overlap in the tzikwinianus Zone, in contrast to the findings of Riding et al. (in 

press). 

Endoscn'nium pharo has a reliably established range top within the Paratollia 

Zone of NW Europe (Davey, 1982; Heilmann-Clausen, 1987; Costa & Davey, 1992), 

although Poulsen (1996) noted the LAD of this taxon in the Stenomphalus Zone of 

Denmark (Figure 4.8). E. pharo was last recorded from the lower part of the mica-rich 

siltstones in both of the Volga sections studied. Egmontodiniwn torynum has its range 

top in the Paratollia to Polyptychites interval in NW Europe (Davey, 1982; Heilmann- 

Clausen, 1987; Costa & Davey, 1992). The LAD of this taxon was observed in sample K24 

at Kashpir, approximately half way up the studied interval of mica-rich siltstones. In 

NW Europe, Circulodinium compta and Kleithriasphaeridium porosispinum have LADS 

between the top of the Stenomphalus Zone (Poulsen, 1996), and the top of the 

Polyptychites Zone respectively (Heilmann-Clausen, 1987)(Figure 4.8). In the sections 

studied from the Volga Basin, both of these taxa have ranges which extend at least to the 

top of the studied interval. Thus, the combination of last occurrence data for E. pharo, E. 

t o p u m ,  C. compta, and K. pomsispinum may suggest an Early Valanginian age for the 

mica-rich siltstones in the Volga Basin, possibly correlatable with the Paratollia to 

Polyptychites interval of NW Europe. 

In the Volga sections Spiniferites primaevus has its first occurrence shortly 

above the base of the mica-rich siltstones. In NW Europe this taxon has its range base in 

the Paratollia to Polyptychites chron interval (Figure 4.8), and furthermore Costa & 



Davey (1992) suggested that the LAD of this taxon occurs at the top of the Polyptychites 

Zone. By contrast, Davey (1982) noted the FAD of this species from the base of the 

Hauterivian Amblygonius Zone. Thus the presence of this taxon in sediments from the 

upper part of the Volga sections may be a further indication of an Early Valanginian age. 

The taxa Cposphaeridium validurn, Nelchinopsis kostromiensis, and 

Oligosphaeridiurn complex are usually found to have FADS in the Early Hauterivian of 

NW Europe (see Davey, 1982; Heilmann-Clausen, 1987) (Figure 4.8). However the range 

bases of C. validurn and 0. complex were indicated by Costa & Davey (1992) to be near 

the base of the Paratollia Zone (Figure 4.8). Similarly, they indicated the range base of 

N. kostromiensis to be at the base of the Polyptychites Zone (Costa & Davey, 1992). In 

the Volga Basin these taxa were encountered within the ?Lower Valanginian mica-rich 

siltstones. Although such occurrences are stratigraphically lower than would be 

common in the NW European area, the data do not conflict with the range bases as 

indicated by Costa & Davey (1992). The FAD of Muderongia crucis, which falls at the 

base of the Polyptychites Zone in NW Europe (Costa & Davey, 1992), is noted from the 

upper part of the mica-rich siltstones in the Volga Basin. If these deposits are indeed of 

Early Valanginian age, this datum is broadly comparable in both areas. 

Exochosphaeridium phragmites is another taxon not usually encountered in rocks 

older than Hauterivian in NW Europe. In the section at Kashpir however, this species 

was noted to have its FAD in the upper part of the spasskensis Zone, and thereafter to 

have sporadic occurrence through the mica-rich siltstones. It therefore ranges into 

much older strata in the Volga Basin than in NW Europe. 

Numerous taxa which occur in the Early Cretaceous interval of the Volga Basin 

have ranges which are known to extend into or above the Late Valanginian in NW Europe. 

These include: Achomosphaera neptuni, Cymosphaeridium validurn, Exochosphaeridium 

phragmites, Kleithriasphaeridium eoinodes, K. corngaturn, Is thmocystis distincta, 

W thodinla bulloidea, Nelchinopsis kos trorniensis, Phoberocysta neocornica, P. tabula ta, 



Pseudocera tium pelliferum, Spiniferites ramosus, and Trichodinium cilia tum. Such 

taxa clearly range above the studied section, or have LADS near the top of the interval 

examined, and may thus also range into younger strata. In addition, the mica-rich 

siltstones yield several taxa noted by Iosifova (1996) to range up into the Hauterivian of 

the Moscow Basin. These include Batioladinium gochrii, Cribroperidinium cf. volkovae, 

Sentusidinium sp. 4 (Iosifova), Spiniferites sp. 2, and Warrenia brevispinosa. Of these, 

only W. brevispinosa was not recorded below the Hauterivian interval in the Moscow 

Basin. However, since the Valanginian Stage was not sampled at her section, it is not 

possible to state whether her taxon ranges below the Hauterivian in its type locality. 

None of the reliable dinoflagellate markers of the late Late Valanginian or 

Hauterivian of NW Europe was found to occur in the Volga Basin: Callaiosphaeridium 

asymmetricum, Discorsia nanna, Gardodinium trabeculosum, Hystrichodinium furca tum, 

Nematosphaeropsis scala, Nexosispinosum vetusculum, and Spiniferites dentatus are all 

absent in the studied interval at both Gorodische and Kashpir. 

4.2.7. Summary of important dinocyst markers. 

The following have been found to be useful dinocyst biohorizons, and potential 

markers for correlation between the Volga Basin and NW European Upper Jurassic to 

Lower Cretaceous successions: 

FAD of Gochteodinia villosa. This occurs at the base of the nikidni Zone in the Volga 

Basin, and has been previously reported from the base of the Kerberus Zone in NW 

Europe. Thus this marker is tied to within half an ammonite zone in both regions, 

and may argue for correlation of the nikitini and Kerberus zone bases. 

The FAD of Pseudoceratium pelliferum has been found at a level approximately half 

way up the tzikwinianus Zone in the Volga Basin in both the present report, and by 



Riding et al. (press). In NW Europe this datum is most frequently reported to occur 

at the base of the Albidum Zone (Davey, 1979, 1982; Heilmann-Clausen, 1987; 

Poulsen, 1992, 1994, 1996). Thus this datum is closely correlatable in both areas. 

The FAD of Spiniferites ramosus occurs at the base of the unzoned ?Valanginian 

deposits in the Volga Basin, and from a level immediately above the base of the 

Paratollia Zone in NW Europe. This marker thus supports an Early Valanginian age 

for these deposits. 

The complete range of Pseudoceratium sp. 1, and in particular its FAD are excellent 

tools for correlation of the latest Ryazanian to Early Valanginian interval in both 

regions. In the Volga Basin this taxon ranges from the middle part of the 

tzikwinianus Zone to a short distance above the base of the unzoned Valanginian 

deposits. In NW Europe Heilmann-Clausen (1987) recorded this species from the 

Albidum to Polyptychites chron interval. Thus the range base of this taxon is 

precisely correlatable in both areas, and the restricted range indicates that at least 

the basal part of the mica-rich siltstones are of Valanginian age. 

The FAD of Muderongia crucis occurs approximately half way up the studied mica- 

rich siltsone interval at Kashpir, and is known from the base of the Polyptychites 

Zone in NW Europe. This is further evidence for the Valanginian age of these 

deposits. 

In addition, the following have been found to have a similar stratigraphic 

position across the Russian Platform, and may prove to be useful markers in that area: 

The LAD of Glossodinium dimorphurn has been reported as marking the top of the 

zarajskensis Subzone in the Russian Platform by Riding et al. (in press). This 

marker is corroborated here. 



The LAD of Senoniasphaera jurassica has been noted from the nodiger Zone in the 

present report and by Riding et al. (in press). The latter authors suggested that this 

taxon was therefore a good marker of the Late Volgian of the Russian Platform, and 

this status is defended here. 

d 

The FAD of Batioladinium goch tii has been shown to occur within the spasskensis 

Zone in the Volga and Moscow Basins. 

The FAD of Cribroperidinium cf. volkovae has been found to occur within the 

tzikwinianus Zone in the Volga Basin, whilst the FAD of C. volkovae is known from 

the upper part of the Rjasanensis (spasskensis) Zone in the Moscow Basin. This 

datum is closely correlatable in both areas, and is thus a useful marker for the Late 

Ryazanian. 

4.2.8, Dinoflagellate cyst age of the unzoned deposits a t  Gorodische and 

Kashpir. 

Age of the Phosphorite deposit (Bed 19) a t  Gorodische. 

The phosphorite deposit at Gorodische has previously been attributed to the 

Valanginian Stage by Blom et al. (1984). There are indeed several dinocyst taxa which 

occur in this deposit that may also be found in the Valanginian strata above, but all of 

these also occur in t&e underlying Volgian deposits. None of the taxa traditionally used 

to mark strata of Valanginian age appears in the phosphorite horizon. Moreover, the 

presence of Lithodinia sp. 1, Perisseiasphaeridium ingegerdiae, Cribroperidinium sp. 8, 

Prolixosphaeridium parvispinum, and Systematophom daveyi, is indicative of a Volgian 

to Ryazanian age by comparison with the occurrence of these taxa in the section at 

Kashpir, as well as their known ranges in NW Europe. By the same process, the 

occurrence of Gonyaulacysta den tata and Senoniasphaera jurassica in this deposit 



(which have LADS in the latest Volgian at Kashpir), together with the absence of 

Cassiculosphaeridia pygmaeus, Muderongia longicorna, Sentusidinium sp. 4, and 

Systematophora palmula, which mark the pre-spasskensis Zone Ryazanian deposits at 

Kashpir, is suggestive of Late Volgian age. The lack of any profound change in the flora 

of this deposit compared to that immediately below it suggests that it was deposited at 

the same time as sediments referrable to the nodiger Zone. 

Age of the unzoned basal Ryazanian deposits a t  Kashpir (beds 18-22). 

This interval presumably corresponds to the Subclypieforme-Kochi interval of 

elsewhere in the Russian Platform, although whether it includes an hiatus in the Volga 

Basin is unclear. The dinoflagellate data offer little evidence to precisely correlate this 

interval with that of NW Europe. However, the LAD of Amphornla expiratum and the 

FAD of Systematophora palmula both occur in this interval of the Volga Basin, 

correlatable to the Runctoni to Kochi zones of the Boreal standard in NW Europe. 

Age of Bed 24  a t  Kashpir. 

This unit (bearing phosphatic concretions), and the overlying sediments have 

been assigned to the Hauterivian by Blom et al. (1984). However, none of the dinocyst 

taxa typical of Hauterivian deposits is present in this bed. The co-occurrence of 

Egmon todiniurn torynum, Endoscrinium pharo, Pseudocera tium sp. 1, and Spiniferi tes 

rarnosus strongly suggest an Early Valanginian age, most likely correlatable to the lower 

part of the Paratollia Zone in NW Europe. Using the correlation scheme of Hoedemaeker 

(19901, this corresponds to the Undulatoplicatilis Zone of elsewhere in the Russian 

Platform 



Age of the mica-rich siltstones (Gorodische Bed 20; Kashpir beds 27-30). 

These deposits contain dinocyst taxa commonly noted from both the Valanginian 

and Hauterivian of NW Europe. However, none of the taxa unequivocally associated with 

the Late Valanginian or Early Hauterivian have been encountered in the present study. 

By comparison with the known range-tops in NW Europe, the co-occurrence of 

Egmon todinium torynum, Endoscrinium pharo, Pseudocera tium sp. 1, and Tubotuberella 

apatela, in the lower part of these deposits is strongly indicative of Early Valanginian 

age. The range-top of Kleitbriasphaeridium porosispinum is known from the top of the 

Paratollia Zone in NW Europe, and this taxon ranges above the studied interval in the 

Volga Basin. The FAD of Muderongia crucis may correlate in both areas, and thus be 

indicative of early Late Valanginian Polyptychites Zone interval. 

4.2.9. Dinoflagellate cyst zonation of the  Volga Basin 

Five dinoflagellate cyst biozones have been constructed, two of which are further 

divided into subzones. All zones and subzones are interval biozones, as defined by the 

International Subcommission on Stratigraphic Classification (Salvador, 1994). Zone and 

subzone boundaries are thus drawn on the basis of first or last occurrence data for 

selected dinocyst taxa. Where possible, zonal index, and other important marker taxa 

from NW Europe have been used in the present scheme. Where possible, first appearance 

data have been chosen in preference to last occurrence data, due to the potential 

significance of reworking in such condensed sections as Gorodische and Kashpir. It has 

proved possible to refine the Russian Platform dinocyst zonation of Riding et al. (in 

press), although the subzones proposed here may only prove to be of local stratigraphic 

significance. Comparison of the proposed zonation is made with that of Riding et al. (in 

press) for the Russian Platform, and the schemes proposed by various authors for NW 

Europe in Figure 4.9. Where relevant, these comparisons are discussed in the text. 



Phoberocysta tabulata 
Mudemngia crucls 

Warrenia brevispinosa 
sp~nifentes primaevus Pseudoceratium 
Ol~gosphaendium complex 

pseudoceratium pelflfervm 
Cnbropendinrurn ct. volkovae 

Batioladinium gochtii 
(Phobemcysta neocomica) 

Muderongia longicoma 
Cassiculosphaendra Pygmaeus 

Circulodinrum compta 

Gochteodinra v'lfosa 



Glossodinium dimorphum (Gdi) Biozone 

Definition: The interval from the LAD of Subtilisphaera? inaffecta, to the LAD of 

Glossodinium dimorphum, and the FAD of Perisseiasphaendium ingegerdiae. 

Notes: This Biozone essentially follows that of Riding et al. (in press). The base of the 

biozone extends below the base of the zarajskensis Subzone, and thus below the base of 

the interval examined here: thus the basal marker of this biozone is not defined here, 

but follows Riding et al. (in press). In the present study, the LAD of Glossodinium 

dimorphum was found to fall below the top of the zarajskensis Subzone at Corodische, but 

at the top of this subzone at Kashpir. The absence of lenticular-bedded facies at the top 

of this subzone at Kashpir suggests the presence of a short stratigraphic gap at this 

level, which may be responsible for this inconsistency. For this reason, the upper limit 

of the biozone is defined by the last occurrence of G. dimorphum, as well as the FAD of 

P. ingegerdiae, which occurs at the base of the virgatus Zone. 

Age: Late Jurassic, Early to Mid Volgian (sokolovi to panderi zones) 

Reference Sections: Gorodische. 

Typical dinocyst assemblages: 

The reader is referred to Riding et al. (in press) for a description of the Early 

Volgian Gdi Biozone assemblages. Assemblages from the zarajskensis Subzone are 

characterised by abundant Batiacasphaera spp., Dingodinium spp., 

Impletosphaeridium~Downiesphaeridium spp., Systematophora daveyi, and common 

Circulodinium spp., Chytroeisphaeridia chytroeides, Kleithriasphaeridium fasciatum, 

and Pareodinia spp.. Sporadically important are Cometodinium whitel, 

Cribroperidin ium spp., Li thodinia sp. 1, Prolixosphaeridium pmispin um, 

Sentusidiniwn sp. 3, Sirzniodlnium grossi, and Tehamadinium sp. 1. Rare, but 



characteristic floral elements of this interval include Clossodinium dimorphum, 

Gochteodinia tuberculata, Rhynchodiniopsis martonense, Tehamadinium sousense, and 

Zf'halassiphora robusta sp. nov.. Additionally, Cribroperidinium erymnoseptatum and 

Trichodinium sp. 1 are rare but typical elements of the lower part of the zarajskensis 

Subzone. 

Comparison with other areas: 

The upper boundary definition of the Gdi Zone is emended from Riding et al. (in 

press), but remains at the same level across the Russian Platform, This zone 

corresponds to the Wheatleyensis to Albani Zones of the standard Boreal ammonite 

scheme. The base of the Gdi Biozone in the Russian Platform is thus drawn slightly 

higher than in NW Europe, where its base is in the Elegans Zone. Conversely, the top of 

this biozone in the Russian Platform is stratigraphically lower than in the NW European 

area. However, the Gdi Biozone in NW Europe is defined on different dinocyst data, and 

thus the two are only loosely comparable. Riding et al. (in press) note that the LAD of G. 

dimorphum in the Russian Platform is stratigraphically lower than in NW Europe. No 

equivalent interval has been noted in Arctic provinces of the Boreal Realm. 

Perisseiasphaeridium ingegerdiae (Pin) Biozone 

Definition: The interval from the FAD of Perisseiasphaeridium ingegerdiae (and the 

LAD of Clossodinium dimorphum), to the FAD of Gochteodinia villosa. 

Age: Late Jurassic, Mid Volgian (virgatus Zone) 

Reference Section: Gorodische. 

Typical dinocyst assemblages: 



Assemblages of this biozone contain abundant Systematophora daveyi and 

common Chlamydophorella nyei, Circulodinium spp., Cribroperidinium spp., Tenua 

hystrix, and Trichodinium cf. ciliatum. Sporadically important are Dingodinium spp., 

Kleithriasphaeridium fasciatum, and Sirmiodinium grossi. This zone is separable from 

the underlying zone by the diminished abundance of Batiacasphaera spp., and 

Dingodnium spp., and by the increased abundance of Chlamydophorefla nyei, and 

Trichodinium cf. ciliatum, together with the presence of Achomosphaera neptuni, P. 

ingegerdiae and Impletosphaeridium sp. 1. It is distinguishable from the overlying 

biozone by the absence of Gochteodinia villosa. 

Comparison with other areas: 

This biozone spans the interval between the Gdi and Gvi biozones, and in this respect is 

comparable to the Senoniasphaera jurassica Biozone of Riding et al. (in press). The latter 

biozone could not be used in the present report since the index taxon was not recovered 

from the virgatus Zone in the residues studied. Perisseiasphaeridium ingegerdiae was 

not encountered by Riding et al. (in press), and has been noted by Poulsen (1996) to 

range from the Mutabilis to Autissiodorensis zones in NW Europe. Thus the FAD of P. 

ingegerdiae may be only of local significance to the Volga Basin, and does not correlate 

to areas in NW Europe. 

Gochteodinia villosa (Gvi) Biozone 

Definition: The interval between the FAD of Gochteodinia villosa and the FADS of 

Pseudocera d urn pelliferum and Cri broperidinium cf. volkovae. 

Notes: In definition this biozone is close to the original concept of Davey (1979) from 

NW Europe, except that its upper limit is additionally defined by the FAD of C cf. 

volkovae. The upper limit of this biozone is set at the spasskensis/tzikwinianus zone 

boundary although only one sample was taken from near the top of the tzikwinianus Zone. 



Age: Late Jurassic, Mid Volgian (nikitini Zone) to Early Cretaceous, Late Ryazanian 

(spasskensis Zone). 

Reference section: Gorodische and Kashpir. 

Typical dinocyst assemblages: 

Late Jurassic assemblages from the Gvi Biozone contain abundant Systematophora 

daveyi and common Ba tiacasphaera spp., " Cleistosphaeridium aciculum" , Gochteodinia 

villosa, Perisseiasphaendium ingegerdiae, Tehamadinium daveyi, and Trichodinium cf. 

ciliatum. Also sporadically important are Dingodinium tuberosum, Hystrichodinium 

pulchrum, Impletosphaeridium sp. 1, Klei thriasphaeridium porosispinum, and 

Lagenadinium Imembranoidium. Early Cretaceous assemblages contain common to 

abundant Batiacasphaera spp., Circulodinium compta, and Dingodinium tuberoswn, and 

common Chytroeisphaendia chyrroeides, and Hystrichodinium pulchrum. Tenua cf. 

hystrix is sporadically important. 

Comparison to other areas: 

The Gvi Biozone is similar to the same zone of Riding et al. (in press), except that 

the first appearance of the index taxon, and thus the base of the interval is lower than 

previously noted, in the nikitini Zone. The upper limit of the biozone is slightly higher 

than that indicated by Riding et al. (in press), since P. pelliferum was first noted from 

the upper part of the tzikwinianus Zone. However, precise positioning of this boundary 

is not possible here, since only one sample was taken from the tzikwinianus Zone. In 

western Europe, the base of the Gochteodinia villosa Zone is drawn either at the base of 

the Oppressus Zone (Riley, 1977; Riding & Thomas, 1988, 1992), or at the base of the 

Anguiformis Zone (Davey, 1979, 1982; Poulsen, 1992, 1994), despite the identification 

of this taxon from the Kerberus Zone (Davey, 1982; Heilmann-Clausen, 1987; Poulsen, 



1996). Thus this datum correlates more precisely in the Volga Basin and NW Europe 

than is indicated from comparison of the dinoflagellate cyst zonation schemes. The top 

of the Gvi Biozone, as currently drawn, correlates precisely with the top of this zone in 

NW Europe, since the tzikwinianus Zone of the Russian Platform is equivalent to the 

Stenomphalus and Albidum ammonite zones of the Boreal standard (Kuznetsova, 1978). 

The Gvi Biozone is split into four interval sub-biozones. These are based on dinocyst 

data of local stratigraphic importance, and are not comparable to the subdivision of this 

biozone in NW Europe. 

Definition: The interval from the FAD of Gochteodinia villosa to the FAD of 

Circulodinium comp ta. 

Age: Late Jurassic, Mid to Late Volgian (nikitini & fulgens zones). 

Reference section: Gorodische 

Definition: The interval from the FAD of Circulodinium compra to the FADS of 

Muderongia longicoma and Cassiculosphaeridia pygmaeus. 

Age: Late Jurassic, Late Volgian (subditus Zone) to Early Cretaceous, Early Ryazanian 

(lowermost part of the basal Ryazanian unzoned interval, equivalent to the 

subclypeiforme-kochi interval of elsewhere in the Russian Platform, and the Runctoni- 

Kochi interval of the Boreal standard). 

Reference section: Kashpir. 



Definition: The interval from the FADS of Mudemngja longicorna and 

Cassiculosphaeridia pygmaeus, to the FAD of Batioladinium gochtii (and Phoberocysta 

neocom'ca) . 

Note: Phoberocysta neocomica is placed in parentheses since although it has been 

encountered by Riding et al. (in press) at this level, it was not recorded in the present 

investigation lower than the upper part of the tzikwinianus Zone. 

Age: Late Early Ryazanian (upper part of the basal Ryazanian unzoned interval). 

Reference section: Kashpir. 

Definition: The interval from the FAD of Batioladinium gochtii (and Phoberocysta 

neocomica) to the FADS of Pseudoceratium pelliferum and Crjbroperidinium cf. volkovae 

Age: Late Ryazanian (spasskensis Zone to the lower part of the tzikwinianus Zone). 

Sub-biozones c and d can be distinguished from a and b by the increased abundance of 

Achomosphaera neptuni, Circulodinium compta, Sentusidinium sp. 4, and Tenua cf. 

hystrix , and by the absence of Systematophora daveH. The FADS of Batioladinium 

gochtii and Muderongia longicorna are comparable to those noted by Iosifova (1996) from 

the Moscow Basin, and are therefore of regional biostratigraphic significance within the 

Russian Platform. The FADS of C compta and C pygmaeus have been shown to occur at 

different levels in other parts of the Russian Platform, and are therefore only of local 

biostratigraphic significance within the Volga Basin. 



Pseudoceratium pelliferum (Ppe) Biozone 

Definition: The interval from the FADS of Pseudoceratium pelliferum and 

Cribroperidinium cf. volkovae to the FAD of Spiniferites ramosus and the LAD of 

Goch teodinia villosa 

Age: Early Cretaceous, latest Ryazanian (upper part of the tzikwinianus Zone) 

Reference section: Kashpir. 

Typical dinocyst assemblages: 

The residue examined belonging to the Ppe Biozone contains abundant 

Dingodinium spp., and common Chlamydophorella nyei, Chytroeisphaen'dia chytroeides, 

Circulodinium compta, " Cleistosphaeridium aciculum", Impletosphaeridium sp. 1 ,  

Kleithriasphaeridium corrugatum, and Sen tusidinium sp. 4.  Rare, but stratigraphically 

important elements of the flora are Cribropen'dinium cf. volkovae, Phoberocysta 

neocom'ca, Pseudocera tium pelliferum, and Pseudocera tium sp. 1. 

Comparison to other areas: 

The Ppe Biozone corresponds in stratigraphic position to the unnamed zone 

(RPKl) of Riding et al. (in press). RPKl spanned the interval from the LAD of G. villosa 

to the FAD of P. pelliferum. In the present study these two datums have been recorded 

from the same horizon, eliminating this unnamed zone, The base of the Ppe Biozone as 

currently defined accurately correlates with the base of this zone in NW Europe, 

offering independent evidence for the correlation of the upper part of the Russian 

tzikwinianus Zone with the Albidum Zone of the Boreal standard. The upper boundary of 

the Ppe Biozone is stratigraphically lower than originally defined in NW Europe, since 



Davey (1979, 1982) recorded the FAD of S. ramosus from a level approximately half way 

up the Paratollia Zone. The range base of S. ramosus has since been reliably established 

at the base of the Paratollia Zone (Heilmann-Clausen, 1987; Costa & Davey, 1992), and 

thus there is strong correlation of this biozone between the NW European and Russian 

Platform areas. 

Spiniferites ramosus (Sra) Biozone 

Definition: The interval from the FAD of Spiniferites ramosus (and LAD of 

Gochteodinia villosa), to the FAD of Discorsia nanna. 

Note: This definition uses the upper boundary of the biozone as defined by Davey 

(1979), since the biozone extends above the interval examined here. The datum of 

Gochteodida villosa is placed in parentheses since it has been shown to occur slightly 

higher in the NW European area, and thus may only be of regional stratigraphic 

significance within the Russian Platform. 

Age: Early Cretaceous, Early to Late Valanginian. 

Reference sections: Kashpir (and Gorodische) for the Early Valanginian, various 

sections in N W  Europe detailed by Davey (1979) for the Late Valanginian part. 

Typical dinocyst assemblages: 

Assemblages typical of the Sra Biozone contain common to abundant 

Achomosphaera neptuni, Chlarnydophorella nyei, Circulodinium compta, Dapsillidinium 

multispinosum, Dingodinium spp., Impletosphaeridium lumectum, Impletosphaeridium 

SP. 1, Kleithriasphaeridium corrugatum, Lagenadinium Imembranoidium, and 

Sentusidinium sp. 4. Sporadically important are Cassiculosphaeridia reticulata, 

Chytroeisphaeridia chytroeides, Circulodinium spp., " Cleistosphaeridiurn aciculum" , 



Cometodinium ha bi bii, Nelchinopsis kostromiensis, Oligosphaeridium complex, 

Phoberocysta neocomica, Spiniferites ramosus, Spiniferi tes sp. 2 ,  Tenua c f. hys trix, and 

Warrenfa brevispinosa. Other rare but stratigraphically important elements of the flora 

are Cymosphaeridium validum, Exochosphaeridium phragmites, Li thodinia bulloidea, 

Muderongia crucis, Phoberocysta tabulata, Spiniferites primaevus, and Wallodinium 

cylindricum. 

Comparison to other areas: 

The Sra Biozone is directly comparable to that of NW Europe. The flora however, 

shows a mix of taxa which are traditionally common in the both the Valanginian and 

Hauterivian of the latter area. Taxa usually common to the Hauterivian in NW Europe 

have nevertheless been shown to range down into the Early Valanginian, and are 

therefore comparable in the two areas. None of the taxa unequivocally associated with 

the Late Valanginian to Hauterivian interval in NW Europe were encountered in the 

present study. 

The Sra Biozone is subdivided into three interval sub-biozones. 

Definition: The interval from the FAD of Spiniferites ramosus and LAD of 

Gochteodinia villosa to the FADS of Oligosphaeridium complex, Spiniferites primaevus 

and Warrenia brevispinosa. 

Age: Basal Valanginian (unzoned, possibly equivalent to the undulatoplicatilis Zone of 

elsewhere in the Russian Platform, and the basal part of the Paratollia Zone of the Boreal 

standard). 

Reference section: Kashpir. 



Notes: This sub-biozone encapsulates the sandstone horizon bearing phosphatic 

concretions (Bed 24) at Kashpir. As such, an exceptionally well preserved microflora 

has been recovered from this level, including forms apparently exclusive to it. These 

include Aprobolocysta pustulosa sp. nov., Cyclonephelium? bulbosum sp. nov., and 

Lithodinia distincta sp. nov.. 

Definition: The interval from the FADs of Oligosphaeridium complex, Spiniferites 

primaevus and Warrenia brevispinosa, to the FADs of Phoberocysta tabulata and 

Muderongia crucis. 

Age: Early Cretaceous, Early Valanginian (unzoned, possibly equivalent to the 

Hoplitoides Zone of elsewhere in the Russian Platform, and the upper part of the 

Paratollia Zone of the Boreal standard). 

Reference section: Kashpir (and Gorodische) 

Notes: Muderongia crucis was not encountered at Gorodische. Sub-biozone b is thought 

to be only of local stratigraphic value within the Volga Basin, although examination of 

the Valanginian interval in the type-section of W. brevispinosa (Tchernaya Retchka, 

Moscow Basin) may reveal regional stratigraphic significance across the Russian 

Platform. 

Definition: The interval from the FADs of Phoberocysta tabulata and Muderongia 

crucis to the top of the studied interval. 



Age: Early Cretaceous, Early Valanginian (unzoned, possibly equivalent to the 

Michalskii Zone of elsewhere in the Russian Platform, and the Polyptychites Zone of the 

Boreal standard) to the top of the studied interval. 

Notes: The top of this sub-biozone cannot be defined in the current investigation. P. 

tabulata is known to range lower in the NW European area, and its FAD in the Volga 

Basin is therefore only of local stratigraphic significance. In NW Europe, the FAD of M. 

crucis has been noted at the base of the Polyptychites Zone (Costa & Davey, 1992), and 

thus this datum may be comparable in both areas. 

4.2.10. Summary 

Dinoflagellate biostratigraphy of the Volga Basin sections at Gorodkche and 

Kashpir has been examined. Comparison of dinocyst markers from this study with 

known datums from NW Europe has allowed dating of sediments unzoned by ammonites, 

and several correlation-points between the standard Boreal and Russian Platform 

ammonite chronologies to be suggested. Such tie-points support the correlation 

presented by Kuznetsova (1978). Important first appearance data (FADS) have been used 

in the formulation of a dinoflagellate cyst zonation for the Mid Volgian to Valanginian 

interval in the Volga Basin. This zonation augments the scheme recently proposed by 

Riding et al. (in press). The scheme proposed here is comparable in parts to the NW 

European dinocyst zonation most recently proposed by Riding & Thomas (1992), 

although the ranges of several Jurassic taxa are significantly different in the two areas. 



4.3. Dinocyst species list and  systematics 
4.3.1. Introduction 

In the species list given below, dinocyst taxa are classified according to Fensome 

et a!. (1993), except for the genera StanfordeUa and Wrevittia which are classified 

according to Helenes & Lucas-Clark (1997). Species authorship follows Williams et al. 

(1998), except for the taxon Endoscrinium inridbile which was omitted from Williams 

et al. (1998), and therefore follows Lentin & Williams (1993). In the systematics 

section the descriptive terminology largely follows that in Evitt (1985), with paraplate 

notation following that of Fensome et al. (1 993) after Kofoid (1909). Six new species are 

described, but cannot yet be treated as formal taxa until they have been properly 

published. 60 taxa which have not been found to be conspecific with any previously 

published species are given brief descriptions, and contrasted with other taxa in the 

Volga Basin assemblages. Figure 4.10 shows the cyst measurements referred to in the 

text, and in tables 4.5 - 4.10. Measurement data are provided in the text by a 

(minimum) mean (maximum) pm format. 

4.3.2. Species list  

DIVISION Dinoflagellata 
SUBDIVISION Dinokaryota 
CLASS Dinophyceae 
SUBCLASS Peridiniphycidae 
ORDER Gonyaulacales 
SUBORDER Cladopyxiineae 
FAMILY Cladopyxiaceae 

Microdinium sp. 1 

FAMILY Pareodiniaceae 
SUBFAMILY Broomeoideae 

Aprobolocysta galea ta Backhouse 1987 
Aprobolocysta neista Duxbury 1980 
Apro bolocysta pus tulosa sp. nov. 
Ba tioladinium lgoch tii (Alberti 1961) Lentin & Williams 1977 
Ba tioladinium jaegeri (Alberti 196 1) Below 1990 
Batioladinium longicornutum ( Alberti 196 1) Below 1990 
Ba tioladinium varigranosum (Duxbury 1977) Davey 1982 
Batioladinium sp. 1 
Kalyptea diceras (Cookson & Eisenack 1960) Fisher & Riley 1980 



SUBFAMILY Pareodinioideae 

Gochteodinia antennata (Gitmez & Sarjeant 1972) Below 1990 
Goch teodida judilen tinae McIntyre & Brideaux 1980 
Gochteodinia mutabilis (Riley in Fisher & Riley 1980) Fisher & Riley 1982 
Gochteodinia tuberculata Below 1990 
Gochteodinia villosa (Vozzhennikova 1967) Lentin & Vozzhennikova 1990 
Gochteodinia cf. villosa (Vozzhennikova 1967) Lentin & Vozzhennikova 1990 
Pareodinia ceratophora (Deflandre 1947) Gocht 1970 
Pareodinia prolonga ta Sarjeant 195 9 
Pareodinia sp. 1 

SUBORDER Gonyaulacineae 
FAMILY Gonyaulacaceae 
SUBFAMILY Leptodinioideae 

Am bonosphaera ?staffinensis (Gitmez 1970) Poulsen & Riding 1992 
Amphorula expiratum Davey 1982 
Arhigma tocysta glabra Duxbury 1977 
Ctenidodinium sp. 1 
Cymosphaeridium vaJidum Davey 1982 
Dichadogonyaulax ?chondra (Drugg 1978) Courtinat 1989 
Dichadogonyaulax sp. 1 
Egmontodinium polypJacophorum Gitmez & Sarjeant 1972 
Egmontodjnium torynum (Cwkson & Eisenack 1960) Davey 1979 
Egmontodinium sp. 1 
Endoscinium anceps Raynaud 1978 
Endoscrinium granulatum (Raynaud 1978) Lentin & Williams 198 1 
Endoscrinium inritibile Riley in Fisher & Riley 1980 
Endoscrinium pharo Duxbury 1977 
Kleithriasphaeridium corrugatum Davey 1974 
Kleithn'asphaeridium eolnodes (Eisenack 195 8) Sarjeant 1985 
Kleithriasphaeridium cf, eoinodes (Eisenack 195 8) Sarjeant 1985 
Kleithriasphaeridium fascia tum (Davey & Williams 1966) Davey 1 974 
Kleithriasphaeridium porosispin um Davey 1982 
Leptodinium arcuatum (Klement 1960) Sarjeant 1984 
Leptodinium subtile Klement 1960 
Lithodinia acranitabulata Brenner 1988 
Lithodinia bulloldea (Cookson & Eisenack 1960) Gocht 1976 
Lithodinia distincta sp. nov. 
Lithodinia sp. 1 
Lithodinia sp. 2 
Oligosphaeridium complex (White 1842) Davey & Williams 1966 
OJigosphaeridium patulum Riding & Thomas 1988 
Oligosphaeridium pulcherrimum (Deflandre & Cookson 1955) Davey & Williams 1966 
Oligosphaeridium totum Brideaux 197 1 
Perissiasphaeridium ingegerdiae Nohr-Hansen 1986 
Pen'ssiasphaeridium pannosum Davey & Williams 1966 
Sinniodinium grossi (Alberti 1961) Warren 1973 
Stanfordella exsanguia (Duxbury 1977) Helenes & Lucas-Clark 1997 
Stanfordella fastigiata (Duxbury 1977) Helenes & Lucas-Clark 1997 
Stiphrosphaeridium anthophorn  (Cookson & Eisenack 195 8) Lentin & Williams 19 85 
Stiphrosphaeridium dictyophorum (Cookson & Eisenack 1958) Lendn & Williams 1985 
Systematophora areolata Klement 1960 
Systematophora ?daveyi Riding & Thomas 1988 
Systematophora palm ula Davey 1982 
Tehamadinium daveyi Jan du Chene et al. 1986 
Tehamadinium evittii (Dodekova 1969) Jan du Chene e t  al. 1986 
Tehamadinium konarae Dodekova 1992 



Tehamadinium sousense (Below 1981) Jan du Chene et al. 1986 
Tehamadinium sp. 1 
Wrevittia helicoidea (Eisenack & Cookson 1960) Helenes & Lucas-Clark 1997 
Wrevittia cf. helicoidea (Eisenack & Cookson 1960) Helenes & Lucas-Clark 1997 
Wrevittia ?diutina (Duxbury 1977) Helenes & Lucas-Clark 1997 

SUBFAMILY Cribroperidinioideae 

Apteodidum daveyi Poulsen 1996 
Apteodinium spinosum Jain & Millipied 1975 
Apteodinium spongiosum (Mclntyre & Brideaux 1980) Davey 19 82 
Apteodinium sp. 1 
Apteodinium sp. 2 
Apteodinium sp. 3 
Cribroperidinium lbirkelundiae (Fensome 1979) Helenes 1984 
Cribroperidinium diaphanum (Cookson & Eisenack 1958) Stover & Evitt 1978 
Cribroperidinium erymnoseptatum Bailey 1993 
Cribroperidinium nuciforme (Deflandre 1939) Courtinat 1989 
Cribroperidinium venustum (Klement 1960) Poulsen 1996 
Cribroperidinium cf. lperforans (Cookson & Eisenack 1958) Morgan 1980 
Cribroperidinium cf. volkovae Iosifova 1996 
Cribroperidinium sp. 1 
Cribroperidinium sp. 2 
Cribroperidinium sp. 3 
Cribroperidinium sp. 4 
Cribropen'dinium sp. 5 
Cribroperidinium sp. 6 
Cribroperidinium sp. 7 
Cribroperidinium sp. 8 
Kallosphaeridium sp. 1 
Kallosphaeridium sp. 2 
Rhynchodiniopsis cladophora (Deflandre 1939) Below 1981 
Rhynchodiniopsis magnifica sp. nov. 
Rhynchodiniopsis martonends Bailey et al. 1997 
Rhynchodiniopsis undoryensis sp. nov 
Rhynchodiniopsis sp. 1 
?Thalassiphora robusta sp. nov. 

SUBFAMILY Gonyaulacoideae 

Achomosphaera neptuni (Eisenack 1958) Lister & Batten 1988 
Avellodinium falsificum Duxbury 1977 
Gonyaulacysta dentata Raynaud 197 8 
Gonyaulacysta eisenackii (Deflandre 193 9) Sarjeant 1982 
Gonyaulacysta jurassica (Deflandre 193 9) Sarjeant 1982 
Gonyaulacysta pectinigera (Gocht 1970) Fensome 1979 
Gonyaulacysra cf. cen tn'connata Riding 1983 
Gonyaulacysta cf. speciosa Harding 1990 ex Harding in Williams et al. 1998 
Gonyaulacysta sp. 1 
Gonyaulacysta sp. 2 
Gonyaulacysta sp. 3 
Gonyaulacysta sp. 4 
Spiniferites primaevus (Duxbury 1977) Monteil 1991 
Spiniferites ramosus (Ehrenberg 1 83 8) Mantel1 1 854 
Spiniferites sp. 1 
Spiniferites sp. 2 
Tubotuberella apatela (Cookson & Eisenack 1960) Sarjeant 1982 
Tubotuberella cf. apatela (Cookson & Eisenack 1960) Sarjeant 1982 



SUBFAMILY Uncertain 

Chytroeisphaeridia ceras tes Davey 1979 
Chytroeisphaeridia chytroeides (Sarj eant 1962) Davey 1979 
Cometodinium habibii Monteil 199 1 
Cometodinium ?whitei (Deflandre & Courteville 1939) Monteil 199 1 
Escharisphaeridia pocockii (Sarjeant 1968) Erkmen & Sarjeant 1980 
Escharisphaeridia spp. 
Glossodinium dimorph urn Ioannides e t al. 1977 
Hystn'chodinium compactum Alberti 196 1 
Hystn'chodinium pulchmm Deflandre 1935 
Hystrichodinium voigtii (Alberd 1961) Sarjeant 1966 
Hystn'chosphaerina schindewolfii Alberti 196 1 
Isthmocystis distincta Duxbury 1979 
Lagenorhytis delica tula (Duxbury 1977) Piasecki 1984 
Nelchinopsis kostromiensis (Vozzhennikova 1967) Harding 1996 
Protoellipsodinium sp. 1 
Sentusidinium aff. ?fibrillosum Backhouse 1988 
Sentusidinium rioul tii (Sarjeant 1968) Courtinat 1989 
Sentusidinium sp. 3 Iosifova 1996 
Sen tusidinium cf. sp. 3 Iosifova 1996 
Sentusidinium sp. 4 losifova 1996 
Trichodinium ciliatum (Gocht 1959) Eisenack & Klement 1964 
Trichodinium cf. cilia tum (Gocht 1959) Eisenack & Klement 1964 
Trichodinium sp. 1 

FAMILY Areoligeraceae 

" Circulodinium ciliatum" taxon-group 
Circulodinium compta (Davey 1982) Helby 1987 
Circulodinium copei Bailey et al. 1997 
Circulodinium distinctum (Deflandre & Cookson 1955) Jansonius 1986 
?Cyclonephelium bulbosum sp. nov 
Senoniasphaera jurassica (Gitmez & Sarjeant 1972) Poulsen & Riding 1992 
Tenua hystrix (Eisenack 1958) Sarjeant 1985 
Tenua cf. hystrix (Eisenack 1958) Sarjeant 1985 

SUBORDER Ceratiineae 
FAMILY Ceratiaceae 

Muderongia australis (Helby 1987) Monteil 1991 
Muderongia longicorna (Monteil 1991) Monteil1996 
Muderongia crucis (Neale & Sarjeant 1962) Monteil1991 
Phoberocysta neocomica (Gocht 1957) Helby 1987 
Phoberocysta tabulata (Raynaud 1978) Monteill991 
Pseudoceratium pelliferum (Gocht 1957) Dijrhofer & Davies 1980 
Pseudoceratium sp. 1 

SUBORDER Goniodomineae 
FAMILY Goniodomaceae 
SUBFAMILY Pyrodinioideae 

Hystrichosphaeridium pe tilum Gitrnez 1970 



SUBORDER Uncertain 
FAMILY Uncertain 

" Badacasphaera fenestrata" taxon-group 
Batiacasphaera sp. 1 
Ba tiacasphaera sp. 2 
Bourkinidinium sp. 1 
Cassiculosphaeridia magna (Davey 1974) Harding 1990 
Cassiculosphaeridia pygmaeus Stevens 19 87 
Cassiculosphaeridia re ticulata Davey 1969 
Chlamydophorella nyei Cookson & Eisenack 195 8 
Chlamydophorella wallala Cookson & Eisenack 1960 
" Cleistosphaeridium acicul um" taxon-grou p 
Dapsilidinium m ul tispinosum (Davey 1974) Bujak e t al. 1980 
Dingodinium cerviculum (Cookson & Eisenack 195 8) Mehrotra & Sarjeant 1984 
Dingodinium jurassicum Cookson & Eisenac k 195 8 
Dingodinium tuberosum (Gitmez 1970) Poulsen 1996 
Dingodinium sp. 1 
Ellipsoidictyum cine turn Klement 1960 
Epiplosphaera goch tii (Fensome 1979) Brenner 1988 
Epiplosphaera spp. 
Exochosphaeridium phragmites Davey et al. 1966 
Evochosphaeridium sp. 1 
Gardodinium sp. 
Heslertonia lpellucida Gitmez 1970 
Heslertonia sp 1 
Impletosphaeridium lumectum (Sarjeant 1960) Islam 1993 
Impletosphaeridium sp. 1 
Mendicodinium re ticulatum Morgenroth 1970 
Phanerodinium sp. 1 
Tanyosphaeridium isocaJamum (Deflandre & Cookson 1955) Davey & Williams 1969 
Tanyosphaeridium magneticum Davies 1983 
Valensiella ovula (Deflandre 1947) Courtinat 1989 
Warrenia lbrevispinosa (Iosifova 1992) Iosifova 1996 
Warrenia sp. 1 

ORDER Uncertain 
FAMILY Stephanelytraceae 

Lagenadinium lmemranoidium (Vozzhennikova 1976) Lendn & Vozzhennikova 1990 

SUBCLASS Uncertain 
ORDER Uncertain 
FAMILY Uncertain 

Prolixosphaeridium mixtispinosum (Klement 1960) Davey et al. 1969 
Prolixosphaeridium parvispinum (Deflandre 1937) Davey et al. 1969 

Taxa excluded from the Division Dinoflagellata by Fensome et al. 1993: 

Wallodinium anglicum (Cookson & Hughes 1964) Lentin & Williams 1973 
Wallodinium cylindricum (Habib 1970) Feist-Burkhardt & Monteil 1994 
Wallodinium krutzschii (Alberti 1961) Habib 1972 
Wallodinium lunum (Cookson & Eisenack 1960) Lentin & Williams 1973 
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a: antapex - apex (height) 
b: maximum width 
c: paracingulum - apex (height) 
d: antapex - paracingulum (height) 
e: width at paracingulum 
f: (maximum) breadth 
g: archeopyle height 
h: archeopyle width 
i: antapex to archeopyle margin (height) 
j: width at archeopyle margin 
k: apical horn width 
I: apical horn length 

m m: antapical lobe length 

Figure 4.10: Explanation of measurements referred to in the Systematics Section and in 
Tables 4.5 - 4.1 0. 



4.3.3. Formal description of new taxa 

Name: Aprobolocysta pustulosa sp. nov. 

Holotype: Slide K17/0-5/3, England Finder coordinates 056/1. Plate 1, Figures 1 & 2. 

Paratype: Slide K17/0-10, England Finder coordinates 433. Plate 1, Figures 9-1 1. 

Type locality: Kashpir section, Volga Basin. 

Type horizon: Bed 24, sandstone with phosphate concretions, Lower Valanginian, 

Spiniferites ramosus Zone. 

Range: Only recorded from the type horizon. 

Etymology: After the pustule-like nature of the ornamentation. 

Diagnosis: Small elongate ovoidal cysts with apical archeopyle, probably type 

(2A), the archeopyle margin descending strongly from dorsal to ventral surfaces, with a 

pronounced sulcal notch on the ventral surface. The periphragm is developed into 

numerous non-tabular, subspherical to polygonal pustules which frequently deflate to 

leave concave distal surfaces. Such pustules may be discrete, compound, or be 

surmounted by one or more micro-pustules. The antapex is rounded to bilobed. 

Description: Small, elongate ovoidal cysts, maximum cyst width mid-way 

between antapex and apex. Apex dome-shaped or slightly conical, antapex rounded to 

strongly asymmetrically bilobed. Periphragm folded into variable numbers of non- 

tabular, generally sub-spherical pustules of variable size and position. Between 2-5 

pustules have been recorded on the ventral surfaces, and 4-7 on dorsal surfaces of the 

specimens examined. The pustules may be discrete or fused laterally to form compound 

clusters, and are resricted basally, close to the endophragm (but never completely 

closed), so that maximum circumference of the pustde is acheived a short distance from 

the endophragm. In certain specimens pustules may appear sub-polygonal when densely 

spaced on the cyst surface. Occasionally smaller subsphaerical micro-pustules are 

developed individually or in small clusters on the distal or lateral surfaces of the larger 

pustules. Endophragm and periphragm are adpressed between pustules. Periphragm is 

smooth to shagrinate over the pustules, and shagrinate and punctate in adpressed areas. 

The restricted basal region of many pustules (between the point of maximum 



Table 4.5: Measured dimensions of Aprobolocysta pustulosa sp. nov. Holotype and paratype are the 
first two specimens respectively. 



circumference and adpression with the endophragm) bears numerous tiny claustra, only 

visible under the SEM. Pustules frequently deflate (particularly in SEM preparations) 

to form concave distal surfaces. Endophragm is smooth. 

Paratabulation is only indicated at the archeopyle margin which descends 

strongly from the dorsal to ventral surfaces. Archeopyle is apical, type probably (2A) 

with a pronounced sulcal notch which is slightly displaced to the right of mid-ventral. 

The shape of the archeopyle is consistent with the paratabulation of the apical region of 

this genus as suggested by Fensome et al. (1993). 

Dimensions: Antapex-archeopyle margin (39)41(5 1) pm, maximum width 

(21)26(3 1) pm. Pustule diameter (2.6) lO(16.9) pm. 13 specimens measured. See also 

Table 4.5. 

Remarks: This species differs from other representatives of Aprobolocysta by the 

distinctive subspherical pustules formed from the periphragm. A. alata Backhouse 1988 

is similar in having an 'inflated' periphragm, with prominent cavation in certain areas of 

the cyst, but markedly differs in the broad, distinctive paracingular adpression of the 

wall layers. It differs from Riasanodinium fedemvae Iosifova 1992 in having a strongly 

developed 'sulcal notch' in the archeopyle margin, by not having plate-centered 

processes in the periphragm, and by the adpression of the wall layers between pustules. 

Name: Lfthodinia distincta sp. nov. 

Holotype: Slide K17/0-10/3, England Finder coordinates N31/4, Plate 4, Figures 1 & 

Paratype: Slide K17/0-5/2, England Finder coordinates N61. Plate 4, Figure 3. 

Type locality: Kashpir section, Volga Basin. 

Type horizon: Bed 24, sandstone with phosphatic concretions. 

Range: Only recorded in samples K17 & K18, both from the Early Valanginian 

Spiniferites ramosus Zone. 

Etymology: Named after its distinctive appearance in transmitted light. 



Diagnosis: Large, subspherical but slightly dorso-ventrally compressed 

proximate cysts, with a type (tA) archeopyle and a broad sulcal notch. The autophragm 

is sculpted into narrow muri which form a dense but evenly distributed reticulum with 

regularly sized and completely fonned lumina, and which supports a completely 

developed ectophragm. No parasutural features are apparent in transmitted light, but a 

region of reduced height in the reticulum usually indicates the position of the 

parasulcus. 

Description: Large subspherical, but slightly dorso-ventrally compressed 

proximate cysts, often with a slightly flattened antapex. The autophragm is sculpted 

into a dense and quite evenly distributed robust reticulation which supports a 

completely developed ectophragm. Mural height varies from 4.3-6.7 pm between 

specimens, but is generally markedly reduced at  the parasulcus (particularly at the 

junction of the parasulcus and paracingulum) to between 1.5-5.7 pm. Mural width varies 

from 0.8-1.4 pm in all specimens measued. In cross section the muri are parallel-sided, 

but flare slightly at  the contacts with the autophragm and ectophragm. Luminal 

diameter may vary from 2-8 pin in a single specimen. Paratabuladon in transmitted 

light is only indicated by the sculptural restriction at  the sulcus, and by the shape of 

the archeopyle margin. The archeopyle is type (tA), with a free simple polyplacoid 

operculum involving all four apical paraplate homologues. 

SEM examination reveals that the ectophragm is minutely granulate, and most 

specimens show masses of small circular intratabular depressions on the outer surface 

formed by 'sagging' of the ectophragm into lumina in the reticulate sculpture. Moreover, 

the ectophragm is clearly tabulate, although details of sulcal paratabulation are 

suppressed. The central area of the sulcus bears small flagellar scars. 

Paratabulation formula 4', 6", 6c, xs, 6"', lp, I"", with a leptodinioid 

arrangement (Figure 4.10). No opercula have been observed under the SEM, and thus the 

presence/absence of an apical pore complex or an anterior intercalary paraplate cannot 

be confirmed. 

Parasutural areas are broad within the two adcingular series, between the post- 

cingular and antapical paraplates, within the cingular series, and at the junctions of the 



Figure 4.1 1 : Exploded paratabulation of Lithodinia distincta sp. nov. Paraplate notation 
follows the recommendations of Fensome et a/. (1993) to indicate plate homologues. 
Details of sulcal paratabulation are largely suppressed. No opercula have been studied 
under the SEM, so a~ical'series plate boundaries within the operculum are tentative. 

Figure 4.1 2: Paratabulation of Lithodinia distincta sp. nov. showing direction of 
paraplate overlap. A: ventral surface. B: Left lateral surface. C: Right lateral surface. 
D. Antapical surface. Paratabulation uses the recommendations of Fensome et a/. 
(1 993), to indicate plate homologues. 1 



posterior intercalary paraplate with adjacent postcingular and antapical paraplates. 

Conversely, parasutures are narrow between the adcingular and cingular series. Broad 

parasutural regions appear to represent pandasutural bands, with fine striations on the 

overlapping plates perpendicular to the plate boundaries. Plates successively overlap 

from dorsal to ventral surfaces, and from the cingulum to the antapex (Figure 4.11). The 

posterior intercalary is overlapped by post-cingular paraplate homologues "2"' and *3"', 

and itself overlaps *Iw', 1"" and the parasulcal region. No un-excysted specimens were 

studied, so plate overlap of the precingular series with the apical homoIogues has not 

been established. 

Dimensions: Width (in region of the paracingulum) 80(87)94 pm, height 

(antapex to archeopyle margin) 50(59)73 pm, breadth 80(86)90 pm (12 specimens 

measured). See also Table 4.6. 

Remarks: In transmitted light, the large cyst size and dense reticulum of narrow 

muri, and the complete development of an ectophragm rather than a differentiated 

autophragm make this species quite distinctive from other members of Lfthodinia. It is 

not placed in Cassiculosphaeridia or Valensiella since most examples of these genera 

not develop such continuous and robust ectophragma, and moreover SEM examination 

clearly reveals the leptodinioidean paraplate arrangement. 

Name: 7Cyclonephelium bulbosum sp. nov. 

Holotype: Slide K17/0-5, England Finder coordinates K30/3. Plate 4, Figures 6-8. 

Paratype: Slide K17/0-10/2, England Finder coordinates N38. Plate 4, Figures 9 & 10. 

Type locality: Kashpir section, Volga Basin. 

Type horizon: Bed 24, sandstone with phosphate concretions. 

Range: Only recorded from the type horizon, Spiniferites ramosus Zone.. 

Etymology: named after the bulbous nature of its processes terminations. 

Diagnosis: Proximochorate acavate cyst with a dome-shaped apex, rounded to 

flattened or bilobed antapex Hypocyst much longer and wider than epicyst. The 

autophragm is sculpted into short solid rod-like projections with bulbous terminations, 

which may be discrete or branching/anastomosing, and are concentrated in marginal and 



apical regions. A small process group is usually present at the centre of the antapex, 

typically between the antapical lobes. The archeopyle is complex, involving all of the 

apical paraplate homologues as a simple polyplacoid operculum which remains adnate 

via paraplates 6", as, and I", and also paraplate 3" which remains adnate via its 

boundary with the paracingulum. Kofoid archeopyle formula (tA)aP311a. 

Description: Variable shape, with the apex usually rounded and dome-shaped, 

the antapex occasionally rounded, but usually flattened to bilobed. The position of the 

paracingulum is often indicated by a slight or occasionally pronounced restriction of the 

cyst arnbitus (see paratype). Hypocyst is longer and wider than the epicyst. Cyst is 

proximochorate, acavate, with greatest concentration of processes in marginal and apical 

regions, and general absence of processes in mid-dorsal, and mid-ventral regions. 

Processes are short and solid with bulbous terminations, and may be discrete, fused 

distally, or branching distally to form process-clusters. A small but distinct tuft of 

slightly longer processes is usually present in the middle of the antapex, between the 

antapical lobes in bilobed specimens. Autophragm is thin, and smooth in mid-dorsal 

and mid-ventral areas. 

Paratabulation is not expressed by parasutural features on the cyst surface, and 

is only apparent at the archeopyle margin. However, the dome-shaped nature of the apex 

often precludes examination of archeopyle character in many specimens, since the 

operculum is adnate and remains in its original position following excystment. 

Neverthless, the apical series clearly forms the majority of the operculum. Both the 

shape of the operculum and the width of the opercular attachment on the ventral surface 

suggest that paraplate homologues *4'; "1'; and *2' remain attached at their boundaries 

with paraplates 6"; 6", as and 1"; and 1" respectively (Figure 4.13). This is supported 

by the position and number of accessory archeopyle sutures between precingular 

paraplates. Paraplate 3" is identified in a mid-dorsal position by particularly deep 

sutures, which probably extend to the paracingulum, and is thus a second adnate part of 

the operculum. The archeopyle formula is thus (tA)aP3tta 

Dimensions: Antapex-apex (47)59(66) pm, maximum width (53)59(69) pm (19 

specimens measured). See also Table 4.7. 



Figure 4.1 3: Apical view of ?Cyclonephelium bulbosum sp. nov. 
showing the nature of the archeopyle, with inferred paratabulation 
following the recommendations of Fensome et a/. (1993) to indicate 
plate homology. 



Remarks: This species is tentatively placed in ?Cyclonephelium due to the 

restriction of processes to marginal and apical regions typical of that genus. However, 

although the operculum may remain attached in many examples of Cyclonephelium, it is 

not typically adnate, and generally does not have such deep accessory sutures separating 

paraplate 3". This archeopyle type is thus considered atypical of the genus. 

Name: Rhynchodiniopsis magnifica sp. nov. 

Holotype: Slide U11/2, England Finder coordinates K27/2. Plate 2, Figures 1, 4, 7. 

Paratype: SEM stub 11, grid square 2/IV, taken from sample U11. Plate 6, Figure 4. 

Type locality: Gorodische section, Volga Basin. 

Type horizon: Bed 6 mudstone, zarajskensis Subzone. 

Range: Restricted to the zarajskensis Subzone at Gorodische, but extends up into the 

subditus Zone at Kashpir. 

Etymology: Named after its magnificent parasutural septa. 

Diagnosis: Slightly elongate oval, proximate, acavate gonyaulacoid cyst with 

or without a short solid rod-like apical horn. Differentiated autophragm is densely 

pitted or spongy, and bears high erymnate to fenestrate or perforate parasutural septa 

which may have smooth to undulose or highly irregular distal margins. Paracingular 

septa are invariably higher than any others. Possesses a cribroperidinioidean paraplate 

arrangement, with cingular, sulcal, first postcingular and posterior intercalary 

paraplates suppressed. 

Description: Slightly elongate oval, both epicyst and hypocyst are dome to bell- 

shaped with rounded apices, and of approximately equal size (the paracingulum 

descends slightly from dorsal to ventral surfaces, so that the hypocyst is longer than the 

epicyst on the dorsal surface). Cyst proximate, acavate, Differentiated autophragm 

appears densely pitted over cyst body in transmitted light, pitted to spongy under the 

SEM. The apex usually bears a short robust horn, although this is variably developed 

and may be absent in some specimens. However in most specimens it is present as a 

solid, short conical, or slightly longer rod-like projection which tapers distally. The 

autophragm bears erymnate to fenestrate parasutural septa. The height of these septa is 



variable, but paracingular septa are always the largest. Height of the pre- and post- 

cingular septa is greatest adjacent to the paracingulum and in regions close to the 

apices. Parasutural septa at the antapex tend to be higher (and more elaborate) than 

those at the apex. Distal margins of parasutural septa tend to be smooth to undulose at 

the paracingulum, but undulose to highly irregular elsewhere. Spine-like projections 

are often apparent at gonal areas in transmitted light, typically at junctions of the post- 

cingular paraplate homologues with paraplate I"", and pre-cingular series with the 

apical paraplate homologues. These projections result from the fusion of parasutural 

septa, the height of which may also be enlarged at such plate junctions. 

Paratabulation formula: 4', 6", ?c, ?s, S"', ?lp, I"", with a cribroperidinioidean 

arrangement (Figure 4.14). Elucidation of any anterior intercalary plates has not proved 

possible due to unfavourable orientation of the specimens. 

The first and fourth (*I' and *4') apical paraplate homologues are narrow and 

elongate: *1' is approximately parallel-sided, "4' is parallel-sided adjacent to paraplate 

6", but broadens towards the apex. Apical plate homologues "2' and *3' are much 

reduced latitudinally in relation to the other apical homologues. Paraplates 1" to 5" are 

large, extending at least 3/4 of the distance between the paracingulum and apex. 

Paraplate 6" is of reduced size in comparison to the other precingular plates, and is 

trapezoidal to deltoidal in shape. The boundary of this plate with *I' is small and 

indistinct The archeopyle is formed from the complete loss of paraplate 3", and is thus 

type P. This plate is pentagonal, and is bordered at its anterior by paraplates 2' and 3'. 

The boundary between paraplates 3" and 4" coincides, or is very slightly dextrally 

offset from the boundary between paraplate homologues *4"' and *5"' on the hypocyst 

The paracingulum is narrow and helical, descends from posterior to anterior 

surfaces, and is offset at the parasulcus by 2-4 paracingular widths. Paracingular 

plates have not been determined. The parasulcal region is deltoidal in shape, being 

broader at the posterior end than at its anterior. The anterior part extends a short way 

apically above the paracingular margin. Sulcal, 1st postcingular and posterior 

intercalary paraplate homologues are suppressed. 



Post-cingular paraplate homologues *2"' and *6"' are quadrate, taper towards the 

antapex, and are of reduced but approximately equal size. By contrast paraplates *3"'- 

*5"' are large and approximately triangular. "4"' and *5"' are the largest plates on the 

hypocyst. The antapical paraplate homologue *lV" is displaced ventrally so that only 

its posterior end is level with the antapex It is bounded by the parasulcus and post- 

cingular paraplate homologues *3"' to *6"', and is thus asymmetrical on the ventral 

surface. 

Dimensions: Antapex-apex (base of horn) (60)67(73) pm, width at 

paracingulum (44)52(60) pm. Length of horn (4)7(12) pm. 2 1 specimens measured. 

Remarks: This taxon differs from most species of Rhynchodiniopsis in 

lacking discrete spines, and is therefore most closely comparable to R, flmbriata 

(Duxbury, 1980) Jan du Chene et al. 1985, and R pennata (Riley in Fisher & Riley, 

1980) Jan du Chene et al. 1985. R. magnifica differs from R. fimbdata in having an 

ellipsoidal rather than pentagonal outline, a much less strongly developed apical horn, 

and suppression of the posterior intercalary paraplate. R. magnifica differs from R. 

pennata by having a short solid apical horn rather than a large conical one formed by the 

entire autophragm, and in having much higher and more elaborate parasutural septa, 

particularly at the paracingulum. It is also superficially similar to Leptodjnium 

deflandrei (Riley in Fisher & Riley, 1980) Lentin & Williams, 1981, but differs by the 

comparatively short apical horn, lack of apical cavadon, the presence of a differentiated 

autophragm, and by the development of much higher septa. 

Fensome et al. (1993) placed Rhynchodiniopsis in the Family Leptodinioideae. However, 

specimens of this genus examined in the present report exhibit neutral to dextral 

torsion of the hypocyst relative to the epicyst, and an elongate or ventrally tapering 

first antapical homologue, which is usually offset from the antapex. Neutral to dextral 

torsion is also apparent in most species of this genus figured by Jan du Chene et al. 

(1986), and in their exploded paratabuladon diagram. These characteristics are 

therefore not consistent with a leptodinioidean arrangement, and Rhynchodiniopsis is 

here moved into the Family Cribroperidinioideae. 
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Figure 4.14: Exploded paratabulation of Rhynchodiniopsis magnifica sp. nov. Details of 
sulcal and cingular paratabulation are suppressed. Paraplate notation follows the 
recommendations of Fensome et a/. (1993), to indciate plate homologues. 
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Figure 4.15: Exploded paratabulation of Rhynchodiniopsis undoryensis sp. nov. Details 
of sulcal and cingular paratabulation are suppressed. Paraplate notation follows the 
recommendations of Fensome et a!. (1993), to indicate plate homolgues. 



projections result from the fusion of parasutural septa, the height of which may also be 

enlarged at such plate junctions. 

Paratabulation formula: 4', 6", ?c, ?s, 5"', ?lp, I"", with a cribroperidinioidean 

arrangement (Figure 4.15). 

The first and fourth (*I' and *4') apical paraplate homologues are narrow and 

elongate: both are approximately parallel-sided near the parasulcus, but broaden 

towards the apex. Paraplate 6" is of reduced size in comparison to the other precingular 

plates, and is approximately deltoidal in shape with a geniculate anterior margin. The 

boundary of this plate with *I' is narrow and indistinct. The archeopyle k Type P, 

formed from the complete loss of paraplate 3". The archeopyle is pentagonal to ovoidal, 

generally with a rounded anterior margin, It is of variable size since the position of the 

paracingulum is variable on the dorsal surface. The 3"/4" paraplate boundary on the 

epicyst coincides or is slightly dextrally offset from the *4"'/*5"' paraplate homologue 

boundary on the hypocyst 

The paracingulum is narrow and helicoid, descends to a variable extent from 

posterior to anterior surfaces, and is offset at the parasulcus by 4-5 paracingular 

widths. Paracingular plates have not been determined. The anterior part of the 

parasulcal region extends a short way above the apical edge of the paracingulum. 

Paracingular, sulcal, 1st postcingular and posterior intercalary paratabulation is 

suppressed. 

Post-cingular paraplate homologues *2"' and *6"' are quadrate or broadly 

triangular, taper towards the antapex, and are of reduced but approximately equal size. 

By contrast paraplate homologues "3"' to *5"' are much larger, with *4"' and *5"' being 

the largest plates on the hypocyst. The antapical paraplate is displaced ventrally so 

that only its boundary with paraplate homologue *4"' meets the antapex It is bounded 

by the parasulcus and post-cingular paraplate homologues *3"' to *6"', and is thus 

asymmetrical on the ventral surface. 

Dimensions: Antapex-apex (base of horn) (55)60(70) , width at 

paracingulum (36)40(49) pm. Horn length (5)14(18) pm. 6 specimens measured. See 

also Table 4.9 



Remarks: This taxon is closely comparable to R. magnifica. However, it 

differs in having comparatively linear rather than convex sides in both the epicyst and 

hypocyst, by the much longer apical horn, and to a lesser extent by the more strongly 

offset paracingulum. In addition the septa are more 'solid' and fenestrate in appearance 

rather than truly erymnate. It differs from R. fimbriata by having a solid apical horn 

formed as an extension from the autophragm, rather than a hollow conical hron formed 

from tapering of the autophragm at the apex, Also by having a more stongly helical 

paracingulum, and by the suppression of the posterior intercalary plate in R. 

undoryensis. It also contrasts with R pennata in having a much less rounded cyst 

outline, much longer and more robust apical horn, and in the development of higher, 

more elaborate parasutural septa, particularly at the paracingulum. 

Name: ?Thalassiphora robusta sp. nov. 

Holotype: Slide U3/2, England Finder coordinates 541. Plate 4, Figures 6 & 7. 

Type locality: Gorodische section, Volga Basin. 

Type horizon: Bed 2 mudstone, zarajskensis Subzone. 

Range: Restricted to the zarajskensis Subzone at both Volga Basin localities. 

Etymology: Named after the thick & robust nature of the periphragm. 

Diagnosis: Large subspherical to ovoidal camocavate cysts. The periphragm is 

thick and fibrous or spongy, endophragm is smooth and bears a short solid apical horn. 

Wall layers are adpressed on the dorsal surface, but elsewhere are separated by a 

significant cavation. The archeopyle is Type P3". 

Description: Large subsphaerical to ovoidal cavate cysts. The cysts are always 

compressed, but with no apparent preferential orientation. The periphragm is thick and 

fibrous or spongy and adpressed to the endophragm on the dorsal surface. The 

endophragm is smooth and robust, The apex of the endophragm generally bears a short 

solid horn, the antapex is always rounded. The archeopyle is located immediately below 

the apical horn. Although both wall layers lack any indication of paratabulation, and 

and the archeopyle is of slightly variable size and shape, it may well be Type P3". 



Dimensions: Periphragm dimensions; height (72) 89(153)pm, width (70)93(130) IUTL 

Endophragm dimensions; (34)50(72) pm, width (38)52(73) pm 

Remarks: This species is only tentatively placed in Thalassiphora. However, it lacks 

the characteristic dorsal 'keel' or periphragmal fold of Thdassiphora, and in adition 

posesses a horn on the endophragm not typically found on the other species of this 

genus. It cannot be placed in Membranilarnacia since it lacks processes supporting the 

outer wall layer. ?T. robusta is superficially similar to Pareodinia halosa. However, it 

clearly posseses two wall layers with a periphragm rather than a kalyptra. 

4.3.4. Systematics of selected dinoflagellate cysts 

Genus A p  teodinium 

In the present report the distinction between Cribropridinium and Apteodinium 

was made on the presence/absence of accessory parasutural ridges. Specimens lacking 

such features were assigned to Apteodinium. 

Apteodinium sp. 1 

Plate 10, Figure 1. 

Dimensions: Antapex-apex (base of horn) (78)81(83) pm, width at 

paracingulum (76)79(83) pm (3 specimens measured). 

Description: Large subspherical to ovoid, thick walled proximate acavate cysts 

with short broad apical horn (1-2p.m in length). Differentiated autophragm is densely 

punctate, and appears spongy in transmitted light. Absence of paratabulation except for 

a faint paracingular trace on some specimens, and a smooth area corresponding to the 

parasulcus. Archeopyle, type P3", operculum free. 

Remarks: This species differs from the other species attributed to 

Apteodinium in this study by its large size and thick, spongy autophragm. 



Apteodinium sp. 2 

Plate 10, Figures 2 & 3. 

Dimensions: Antapex-apex (base of horn) (63)65(67) pm, width at 

paracingulum (69) 7 l(7 2) pm (3 specimens measured). 

Description: Subspherical proximate acavate cysts with thin wall. Autophragm 

smooth, unornamented. Apex bears solid rounded to conical apical horn. Lacks 

paratabulation apart from low, narrow parasutural ridges which demark the 

paracingulum. Reduced archeopyle is slightly ovoid, with rounded anterior margin, type 

P3w. Operculum is attached in all specimens observed. 

Remarks: This species can be distinguished by its thin, smooth autophragm 

and by the lack of paratabulation other than at the paracingulum. It is closely 

comparable to Apteodinium sp. 4, but is larger, and lacks the additional tabulation 

apparent in that species. 

Apteodinium sp. 3 

Dimensions: Antapex-apex (base of horn) (78) 82.5 (86) pm, width at paracingulum 

(63)66(69) pm (3 specimens measured), 

Description: Thick-walled robust proximate acavate cysts. Epicyst and hypocyst 

bell-shaped, maximum width at paracingulum: antapex and apex are rounded. 

Autophragm scabrate to microgranulate. Apex bears broad conical horn with fine cilia- 

like projections. Paratabulation is suppressed apart from broad, low parasutural ridges 

which demark the paracingulum. Archeopyle Type PQW. Operculum is free. 

Remarks: This species is separable from Apteodinium sp. 1 by contrasting 

wall and apical horn structures, and in having a strongly developed paracingulum. 

Apteodinium sp. 4 

Dimensions: Antapex-apex (base of horn) (47)53(60) pm, width at 

paracingulum (47) 57(65) pm (4 specimens measured). 

Description: Thin-walled subspherical to ovoidal proximate acavate cysts. 

Autophragm smooth to scabrate. Apex bears broad, solid, conical horn. Paratabulation 
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Table 4.6: Dimensions measured from specimens of Lithodinia distincia 
sp. nov. Holotype and paratype are the first two specimens respectively. 

Table 4.7: Dimensions measured from specimens of ?Cyclonephelium bulbosum sp. 
nov. Holotype and paratype are first two specimens respectively. 



Name: Rhynchodiniopsis undoryensis sp. nov. 

Holo type: Slide U24/2, England Finder coordinates J47/1 Plate 3, Figures 1-3. 

Paratype: Slide U24/2, England Finder coordinates J40/2 Plate 3, Figures 4-6. 

Type locality: Gorodische section, Volga Basin. 

Type horizon: Bed 16 conglomerate, virgatus Zone. 

Range: Late Volgian. 

Etymology: Named after the town of Undory, close to the Gorodische section. 

Diagnosis: Elongate, proximate acavate gonyaulacoid cyst with a diamond- 

shaped ambitus and long robust, distally tapering apical horn. Differentiated 

autophragm is densely pitted or spongy, and sculpted into high fenestrate parasutural 

septa which are highest at the paracingulum. Distal edges of the septa are smooth to 

undulose or occasionally irregular. Paratabulation is cribroperidinioidean, with 

cingular, sulcal, first postcingular and posterior intercalary paraplates being 

suppressed. 

Description: Elongate diamond-shaped ambitus, both epicyst and hypocyst are 

conical to bell-shaped with rounded apices, and of approximately equal size (the 

paracingulum descends from dorsal to ventral surfaces, so that the hypocyst is larger 

than the epicyst on the dorsal surface). Cyst proximate, acavate. Differentiated 

autophragm appears densley pitted over cyst body in transmitted light, spongy under 

the SEM. The apex bears a long robust distally-tapering, solid horn. The autophragm is 

sculpted into fenestrate parasutural septa. The height of these septa is variable, but 

paracingular septa are always the highest. Height of the pre- and post-cingular septa is 

greatest adjacent to the paracingulum and in regions close to the apices. Parasutural 

septa at the antapex tend to be higher than those at the apex. Distal margins of the 

parasutural septa are generally smooth to undulose, but may be irregular in poorly 

preserved specimens. Spine-like projections are often apparent at gonal areas in 

transmitted light, typically at functions of the post-cingular paraplate homologues with 

paraplate *I"", and precingular series with the apical paraplate homologues. These 



England Finder coordinates. 



Description: Thick-walled subcircular, dorso-ventrally compressed, proximate 

acavate cysts. Autophragm variably granulate, often with particularly large granulae. 

General absence of granulae from the mid-ventral area marks the position of the 

parasulcus, and in some specimens a broad middorsal band of finer granulae may 

demark the paracingulum. Otherwise, paratabulation is only apparent at the archeopyle 

margin, which indicates an apical archeopyle, type (tA), formed from the loss of 4 apical 

plate homologues. The operculum frequently remains attached. Deep accessoly 

archeopyle sutures separate 6 precingular paraplates.. 

Remarks: The dense, coarse granulation together with the presence of deep 

accessory archeopyle sutures separating all of the precingular paraplates allow this 

species to be readily distinguished from other species here attributed to Batiacasphaera 

Ba tiacasphaera sp. 2 

Plate 15, Figure 6. 

Dimensions: Antapex-archeopyle margin (3 1)34(37) pm, maximum width (just below 

paracingulum) (37)42(47) pm (3 specimens measured). 

Description: Thick-walled ovoidal, dorso-ventrally compressed proximate acavate 

cysts. Hypocyst much larger than epicyst. Maximum cyst width immediately below 

paracingulum. Autophragm densley microgranulate. Paratabulation only indicated by 

prounounced paracingular ridges and at the archeopyle margin. Cyst ambitus restricted 

between paracingular ridges. Archeopyle apical, type (tA), formed from the loss of 4 

apical paraplate homologues. The operculum is attached in two of the three specimens 

observed. Short accessory archeopyle sutures partially separate 6 precingular 

paraplates. 

Remarks: The pronounced paracingular ridges, thick autophragm, and 

comparatively inflated hypocyst clearly differentiate this species from the other 

examples of Badacasphaera. 



Genus Batioladinium 

Batioladinium sp. 1 

Dimensions: Antapex-apex (base of horn) (47)51(57) pm, maximum width 

(46)48(51) pn, 4 specimens measured. 

Description: Small ovoidal proximate cysts. Antapex occasionally rounded but 

usually asymmetrically bilobed, apex bears a broad rounded horn 7-10 pm in length. 

Autophragm is thick and densely punctate. There is an absence of paratabulation except 

at the archeopyle margin, which descends strongly from dorsal to ventral surfaces, and 

is consistent with the apical arrangement proposed by Fensome et al. (1993). The 

operculum remains attached in most specimens. 

Remarks: This species is characterised by its thick autophragm with dense 

distribution of punctae. The bilobed antapex and characteristic apical archeopyle 

prevent this species from being attributed to Pareodinia I t  differs from other species of 

Batioladinium by having a densely punctate autophragm. 

Genus Circulodinium 

nCircuJodinium cilia turn" group  

Plate 15, Figure 7. 

Dimensions: Antapex-archeopyle margin (43)49(58) pm, maximum width 

(47)56(67) pm (15 specimens measured). 

Description: Thin-walled & delicate, sub-sphaerical to ovoidal proximate 

acavate cysts. Autophragm smooth but densely covered with short cilia-like hairs 1-2 , 

pm in length Paratabulation only indicated at the archeopyle margin by variably 

developed accessory sutures separating 6 precingular paraplates. Archeopyle apical, 

type (tA), formed from the loss of 4 apical paraplate homologues. Operculum free. 

Remarks: Members of this group are distinguishable from Sen tusidinium sp. 

3 Iosifova 1996 by having a much thinner, more delicate autophragm, and significantly 

shorter, finer ciliate projections. 



Genus Cri broperidinium 

Cri broperidinium c f. C?. perforans (Cookson & Eisenack 1958) Morgan 1980. 

Plate 11, Figures 3 & 4. 

Remarks: The few specimens observed in the Volga residues have generally 

comparable morphology and shape to C.? perforans, but possess a larger, more robust 

apical horn. 

Cri broperidini um c f. C.  volkovae Iosifova 1996. 

Plate 8, Figures 1-3. 

Remarks: Encountered specimens differ from the holotype by possessing a variable 

amount of intratabular sculpture, generally simple conical tuberculae. The holotype is 

described as having no intratabular ornamentation. The variable abundance of 

intratabular sculpture observed in the Volga residues suggests that there may be a 

gradation from specimens comparable to the holotype, and those encountered in the 

present report. 

Cribroperidinium sp. 1 

Plate 10, Figures 9 & 10. 

Dimensions: Antapex-apex (65)67(71) pm, width at paracingulum (58)65(7 1) (8 

specimens measured). 

Description: Subspherical, proximate acavate cysts. Epicyst and hypocyst 

approximately equal. Antapex rounded to flattened, apex usually dome-shaped. Apex 

bears a long, solid, distally tapering horn. Autophragm smooth to scabrate with variable 

development of intratabular granulae, coni or tuberculae. Incomplete paratabulation 

indicated by thin parasutural ridges or alignment of tuberculae, with fine secondary 

parasutural features on some adcingular paraplates. Paracingulum is strongly 

developed, helicoid with the distal end descending strongly towards the antapex, and is 

thus offset at the parasulcus by 2-3 paracingular widths. Parasulcus is linear, 

generally devoid of sculpture (including paratabulation), and bears two small flagellar 

scars. Paratabulation is consistent with a cribroperidinioidean arrangement with 



neutral to very slight dextral torsion of the hypocyst relative to the epicyst. The 

archeopyle is large, occupying approximately 80% of the paracingular-apical distance, 

formed from the loss of paraplate 3", operculum free. 

Remarks: This is a morphologically variable species, some specimens of which may 

be attributable to C. globaturn. However the range of sculpture observed here exceeds 

that characteristic of C. globatwn, and the gradation between end-members forces the 

use of a separate species designation. 

Cribroperidinium sp. 2 

Plate 1 1, Figures 1 & 2. 

Dimensions: Antapex-apex (93)97(105) pm, width at paracingulum (65)71(75) pm (5 

specimens measured). 

Description: Thin walled, proximate to proximochorate acavate cysts. Epicyst 

slightly larger than hypocyst. Antapex rounded, dome-shaped, apex roughly conical. 

Greatest width at paracingulum. Autophragm microgranulate with variable development 

of coni and capitate spines. Apex bears a solid, robust truncated horn (10-16 pm long) 

with a terminal spine, Antapex has a robust distally tapering and capitate antapical 

horn approximately 7 - 1 3 ~  in length. Incomplete paratabulation indicated by narrow 

parasutural ridges on the paracingulum, and by low ridges or the alignment of spines in 

other areas. Paracingulum is strongly developed, linear, with only slight offset at the 

parasulcus. Autophragm is inwardly folded at the parasulcus, which is also spinate. 

Paratabulation is consistent with a cribroperidinioidean arrangement. The archeopyle 

is large, occupying approximately 75% of the paracingular-apical distance. Formed 

from the loss of paraplate 3", operculum free. 

Remarks: This species is separable from the other taxa attributed to 

Cribroperidinium by its large size, its characteristic capitate spines, and robust 

capitate apical horn. 



Cribroperidinium sp. 3 

Plate 11, Figures 5 & 6. 

Dimensions: Antapex-apex (62)64(67) pm, width at paracingulum (65)65(65) pm (3 

specimens measured). 

Description: Thin walled, subspherical, proximate acavate cysts. Epicyst and 

hypocyst approximately equal. Greatest width at paracingulum. Autophragm variably 

punctate to foveolate giving a pseudo-reticulate to granular appearance. Apex bears a 

small cluster of thin, delicate processes which often fuse to form a single delicate horn. 

Antapex occasionally has a sort solid conical antapical horn 2-6 pm in length. 

Paratabulation indicated by thin parasutural and accessory ridges which are often 

surmounted by short acuminate spines, particulary in gonal areas. Paracingulum 

helicoid, offset at the parasulcus by 2 paracingular widths, and is clearly tabulate. 

Parasulcus is linear, its position is indicated by smooth autophragm, and bears small 

flagellar scars. Paratabulation is consistent with a cribroperidinioidean arrangement, 

with strong dextral torsion of the hypocyst relative to the eipcyst. The archeopyle is 

large, occupying approximately 80% of the paracingular-apical distance, formed from 

the loss of paraplate 3", operculum free. 

Remarks: This species is characterised by the pseudo-reticulate 

autophragm, the delicate, diaphanous nature of the apical prominence, and by the short 

acuminate spines which surmount low parasutural ridges. 

Crjbroperidinium sp. 4 

Plate 10, Figure 15. 

Dimensions: Antapex-apex (87)88(89) pm, width at paracingulum (77)82(87) pm (3 

specimens measured). 

Description: Thick-walled, ovoidal, proximate to proximochorate acavate cysts. 

Epicyst and hypocyst approximately equal in length. Greatest width at paracingulum. 

Autophragm densley punctate to foveolate. Apex bears a long slender, solid, parallel 

sided and capitate horn 15-25 pm in length. The antapex is rounded with distinctive 

echinate parasutural septa. Paratabulation indicated by narrow parasutural and 



accessory ridges with gonal spines. Paracingulum is helicoid, offset at the parasulcus 

by 2 paracingular widths, and paracingular tabulation is not distinct. Parasulcus is 

linear, indicated by a area of smooth autophragm, occasionally with flagellar scars. 

Paratabulation is consistent with a cribroperidinioidean arrangement. The archeopyle 

is large, occupying approximately 75% of the paracingular-apical distance, formed from 

the loss of paraplate 3", operculum free. 

Remarks: This species is identified by its large size, its long slender apical 

horn, and by the distinctive echinate parasutural septa at  the antapex. 

Cribroperidinium sp. 5 

Plate 10, Figures 7 & 8. 

Dimensions: Antapex-apex (62)65(67) pm, width at paracingulum (52)57(62) 

pm (3 specimens measured). 

Description: Thick-walled, ovoidal, proximate to proximochorate acavate cysts. 

Epicyst and hypocyst approximately equal in length. Antapex rounded, dome-shaped, 

apex rounded to bell-shaped, greatest width at paracingulum. Autophragm smooth, 

sculpted into intratabular and parasutural spines. Apex bears a short solid conical 

horn, surmounted by a small group of fused proceses which extend the horn length to 

between 4 and 15 pm. Paratabulation indicated by narrow paracingular ridges 

surmounted by spines, and by alignment of spines in other areas. Spines are very 

variable in length, from 6 to 12 pm. Long parasutural spines are often fused distally to 

form erymnate septa, particularly at the paracingulum and on the hypocyst 

Paracingulum is linear with minimal offset at the parasulcus, and paracingular 

tabulation is not distinct. Position of the parasulcus is marked by an absence of spines. 

Paratabulation is generally not fully developed at the apex, but is consistent with a 

cribroperidinioidean arrangement. The archeopyle is formed from the loss of 

precingular paraplate 3", the operculum is free. 

Remarks: This species is characterised by the long intratabular and 

parasutural spines which in most specimens fuse distally to form erymnate paracingular 

septa. Specimens with short spines are superficially similar to specimens of 



Cribroperidinium sp. 1 with large elongate conical tuberculae, but can be separated by 

the the more robust and longer apical horn, and the more strongly helical paracingulum 

in C. sp. 1. 

Cribroperidinium sp. 6 

Plate 10, Figures 13 & 14. 

Dimensions: Antapex-apex (55)60(63) pm, width at paracingulum (54)57(61) pm (5 

specimens measured). 

Description: Thick walled, subspherical to ovoidal, proximate acavate cysts. Epicyst 

and hypocyst approximately equal in length. Greatest width at paracingulum. 

Autophragm punctate with occasional small intratabular tuberculae. Apex bears a short 

solid rod-like horn up to llpm in length. Paratabulation indicated by parasutural 

ridges with smooth distal edges, and by solid acuminate gonal spines 3-5 pm in length. 

Paracingulum is approximately linear, offset at the parasulcus by a maximum of 1 

paracingular width. . Paracingular and parasulcal tabulation is suppressed. 

Paratabulation is consistent with a cribroperidinioidean arrangement. The archeopyle 

is of type P, formed from the loss of precingular paraplate 3", the operculum is free. 

Remarks: This species is characterised by its small size, subspherical 

shape, and by the presence of solid acuminate gonal spines. 

Cribroperidjnium sp. 7 

Plate 10, Figure 11 & 12. 

Dimensions: Antapex-apex (59)62(65) pm, width at  paracingulum (65)66(67) 

pm (4 specimens measured). 

Description: Thin-walled, pentagonal, proximate acavate cysts. Epicyst and 

hypocyst approximately equal in length. Hypocyst rounded to flattened, epicyst 

triangular. Strongly dorso-ventrally flattened. Greatest width at paracingulum. 

Autophragm smooth, but densely covered by solid intratabular to penitabular 

tuberculae. Apex bears a short horn up to 5pm in length. Paratabulation indicated by 

parasutural ridges with rounded, entire distal edges. Paracingulum is linear, offset at 



the parasulcus by a maximum of 1 paracingular width. The parasulcus is slightly 

inclined. Otherwise, paratabulation is consistent with a cribroperidinioidean 

arrangement. 

Remarks: This species is characterised by its thin-walled, pentagonal, and 

dorso-ventrally flattened nature, together with the presence of the large intratabular to 

penitabular tuberculae. 

Cribroperidinium sp. 8 

Plate 13, Figures 1 1 & 12. 

Dimensions: Antapex-apex (61)71(76) pm, maximem width (61)67(76) pn (3 

specimens measured). 

Description: Pentagonal proximate acavate cysts. Epicyst and hypocyst 

approximately equal in length. Antapex occasionally rounded, but usually flattened. 

Autophragm thin and smooth or variably punctate to granulate, particularly on 

hypocyst Apex bears a short solid conical horn. Paratabulation indicated by 

parasutural alignment of tuberculae or short spines, and by narrow parasutural 

thickenings in the autophragm. Paracingulum narrow, slightly helicoid, offset at 

parasulcus by 1-2 paracingular widths. Parasulcus defined by paratabulation of 

adjoining plates and by an absence of ornamentation. Archeopyle precingular, type P3". 

operculum free. Paratabulation is consistent with a cribroperidinioidean arrangement, 

since there is pronounced dextral torsion of the hypocyst relative to the epicyst. 
d 

Remarks: This species is separable from other forms attributed to 

Cribroperidinium by the general lack of intratabular ornamentation, the abundance of 

parasutural tuberculae, and by the pronounced dextral offset of the 3"/4" boundary on 

the epicyst against the *4"'/*SW' boundary on the hypocyst 



Genus Ctenidodinfum 

Ctenidodinium sp. 1 

Dimensions: Antapex-paracingulum (34)37(41) w, width at paracingulum (56) 62(67) 

pm (4 specimens measured). 

Description: Thin-walled, subspherical, proximate acavate cysts. All specimens 

encountered were represented by hypocysts, all specimens having excysted. Hypocyst 

rounded to flattened. Autophragm smooth. Paratabulation indicated by parasutural 

ridges with dense distribution of acicular spines on distal edges. One rectangular 

antapical, six paracingular, and six post-cingular paraplate homologues are 

indentifiable. The archeopyle is of type E (having lost the entire epicyst as the 

operculum), no opercula were observed 

Remarks: This species is similar to C. elegantulum except that the parasutural septa 

have much more delicate spines, and many more of them. 

Genus Dingodfnium 

Dingodinium sp. 1 

Plate 14, Figures 8 & 9. 

Dimensions: Periphragm diameter (52) 54(56) pm, endophragm diameter (40)42(44) 

pn (4 specimens measured). 

Description: Subspherical cavate cyst. Periphragm smooth, robust and entire, 

endophragm smooth but densely ornamented by large granulae or papillae, which 

occasionally display a penitabular arrangement. Generally narrow distance between the 

two wall layers, but adpressed on the dorsal surface. Archeopyle is apical, type (tA), 

operculum free. Apex of periphragm bears a hollow conical and truncated horn which is 

distally closed. 

Remarks: This species differs from other species encountered by the slightly larger 

size, small degree of cavation, and by the large and robust nature of the endophragmal 

granulae. 



Genus Downiesphaeridium 

Downiesphaeridium sp. 1 

Plate 17, Figure 9. 

Dimensions: Antapex-archeopyle margin (3 1)35(43) pm, maximum width 

(34)40(43) pm (7 specimens measured). 

Description: Small chorate cyst with subspherical to ovoidal central body. 

Autophragm thin and delicate, finely granulate. Processes are non-tabular, solid and 

rod-like, with parallel sides and blunt terminations. Processes are of approximately 

equal length around the cyst, maximum length observed 11 pm. Archeopyle apical, type 

(tA), formed from the loss of 4 apical paraplate homologues; operculum free. Accessory 

sutures partially separate 6 precingular paraplates. Otherwise, paratabulation is 

suppressed. 

Remarks: This species can be separated from the "Cleistosphaeridium 

aciculum" group by having blunt rod-like processes. 

Downiesphaeridium sp. 2 

Plate 17, Figure 8. 

Dimensions: Antapex-archeopyle margin (61)64(67) pm, maximum width 

(61)72(87) ptn (6 specimens measured). 

Description: Large proximochorate to chorate cysts with subspherical to ovoidal 

central body. Autophragm thin, finely granulate. Processes are non-tabular, and 

bifurcate at their base to form two solid, acicular, and often capitate needles. Processes 

are of approximately equal length around the cyst, maximum length observed 5 pm. The 

shape and position of the archeopyle margin indicates an apical archeopyle, type ( t . ) ,  

formed from the loss of 4 apical paraplate homologues; operculum free. Accessory 

sutures partially separate 6 precingular paraplates. No opercula were observed. 

Remarks: This species is characterised by its large size, and by the nature 

of the bifurcating processes. 



Genus Egmon todinf um 

Egmontodinium sp. 1 

Plate 19, Figure 18. 

Dimensions: Antapex-archeopyle margin (36)40(43) pm, maximum width (34)35(41) 

pm (3 specimens measured). 

Description: Small chorate cysts with ovoidal central body. Autophragm thin & 

smooth. Processes are long in comparison to cyst diameter (10-15 pm), and have 

numerous furcations at up to five positions along the process length. ~rcheopyle apical, 

type ( t . ) ,  operculum free, though occasionally 'caught' on processes. 

Remarks: This species differs from Egmontodinium torynum and Amphorula expiraturn 

by its small size, and long, delicate and frequently furcating processes. 

Genus Exochosphaeridium 

Exochosphaeridium sp. 1 

Plate 22, Figures 15 & 16. 

Dimensions: Antapex-apex (base of horn) (54)54(54) pm, maximum width 

(48) 52 (54) km (4 specimens measured). 

Description: Subspherical chorate cysts. Autophragm thick, sculpted into long 

(12-16 pm in length) slender solid processes which taper distally, often bifurcate, and 

have pointed terminations. Additionally they appear to be oval to blade-like in cross 

section. Between processes the autophragm is variably corrugated. The apex bears a 

distinctive process which is usually thicker than the others, usually spinate, and 

distally capitate. No paratabulation is apparent other than the archeopyle, which 

appears to be formed from the loss of precingular paraplate 3", operculum free. 

Remarks: This species is closely comparable to E. phragmites, but has more 

commonly furcating, and more flattened processes, and a distinctive apical process not 

typically present in E phragmites. 



Genus Gonyaulacysta 

Gonyaulacysta sp. 1 

Plate 12, Figures 1 & 2; Plate 23, Figure 11. 

Dimensions: Antapex-apex (42)43(44) pm, maximum width (32)33(34) p.m (5 

specimens measured). 

Description: Ovoidal to pentagonal proximochorate to chorate acavate cysts. 

Antapex flattened to rounded, apex dome-shaped, epicyst and hypocyst approximately 

equal in length. Autophragm smooth. Apex bears a short, solid conical horn. 

Paratabulation indicated by high parasutural ridges with gonal blade-like to spiniferate 

processes which taper distally. Paracingulum narrow, helicoid, offset at parasulcus by 

2-3 paracingular widths. Parasulcus broad but confined to ventral surface, defined by 

paratabulation of adjoining plates, sulcal paratabulation suppressed. Paratabulation is 

consistent with a gonyaulacoidean arrangement, with a L-type to very weakly formed S- 

type ventral organisation. Archeopyle precingular, type P311, operculum free. 

Remarks: This species spans a range of process morphology with end-members in the 

genera Gonyaulacaysta and Spiniferjtes. There is a complete gradation from simple 

blade-like processes to trifurcating spiniferate processes. However, the species is 

retained in Gonyaulacysta due to the prevalance of the L-type sulcal arrangement. 

Gonyaulacysta sp. 2 

Dimensions: Antapex-apex (46)51(58) pm, maximum width (43)45(46) pm (4 

specimens measured). 

Description: Subspherical to ovoidal or pentagonal, prodmochorate acavate 

cysts. Antapex flattened to rounded, apex dome-shaped: epicyst and hypocyst 

approximately equal in length. Autophragm smooth. Paratabulation indicated by 

parasutural ridges surmounted by short solid processes which bifurcate distally. 

Bifurcations are parallel to distal edge of septa from which the processes arise. 

Paracingulum narrow, helicoid, offset at parasulcus by 2-3 paracingular widths. 

Parasulcus broad, defined by paratabulation of adjoining plates, paratabuladon is 

suppressed. Paratabulation is consistent with a gonyaulacoidean arrangement, with a 



significantly reduced fourth apical homologue, although like many members of 

Gonyaulacysta has an L-type ventral organisation. Archeopyle precingular, type P3", 

operculum free. 

Remarks: This species is distinguished by the nature of the parasutural 

septa, which are surmounted by bifurcating processes, where the furcated tips are 

reclined parallel to the distal edges of the host septa. 

Gonyaulacysta sp. 3 

Plate 12, Figures 16 & 17. 

Dimensions: Antapex-apex (36)38(40) pm, width at paracingulum (32)34(36) 

pm (4 specimens measured). 

Description: Small subspherical to ovoidal proximate to proximochorate acavate 

cysts. Epicyst and hypocyst approximately equal in length. Autophragm punctate and 

variably tuberculate with small subcircular intratabular tuberculae. In addition, most 

paraplates (apart form parasulcal series) have numerous intratabular, solid acicular, 

cilia-like processes (2-5pxn in length), with the density of distribution variable between 

specimens. Paratabulation indicated by solid parasutural ridges with smooth, serrated 

or aciculate distal edges. Paracingulum narrow, helicoid, offset at parasulcus by 4-5 

paracingular widths. Parasulcus broad. The first postcingular paraplate homologue is 

partially separable within the sulcal area, and in addition paraplates as, ras, and ps are 

apparent on some specimens. The paratabulation is consistent with a gonyaulacoidean 

arrangement, with an L-type to weakly formed S-type ventral organisation. Archeopyle 

precingular, type P3", operculum free. 

Remarks: This species is separable from other forms attributed to 

Gonyaulacysta by the characteristic intratabular acicular processes, and by the 

comparative clarity of parasulcal tabulation. 



Gonyaulacysta sp. 4 

Plate 12, Figures 9-12. 

Dimensions: Antapex-apex (40)42(45) pm, width at paracingulum (34)37(40) 

pm (7 specimens measured). 

.Description: Small subspherical to ovoidal or pentagonal proximate cysts. 

Epicyst and hypocyst approximately equal in length. Apex bears a small, hollow 

truncated-conical horn. Autophragm smooth with variable density of small intratabular 

granulae to conical tuberculae. Paratabulation indicated by solid parasutural septa with 

serrated to echinate distal edges. Paracingulum broad, helicoid, offset at parasulcus by 

1-2 paracingular widths. Parasulcus broad, paratabulation is suppressed. 

Paratabulation is consistent with a gonyaulacoidean arrangement, with a strongly 

developed S-type ventral organisation. Archeopyle precingular, type P3". operculum 

free. 

Remarks: This species is characterised by the combination of intratabular 

tuberculae with a small and poorly developed apical horn, and serrated to echinate 

parasutural septa. 

Genus Goch teodinia 

Gochteodinia cf. G .  villosa (Vozzhennikova 1967) Noms 1978. 

Plate 7, Figure 6. 

Dimensions: Antapex-apex (base of horn) 45(46)49 pm, width 26(28)31 

pm. Horn length 12(15) 18 pm. 4 specimens measured. 

Description: Elongate ovoidal proximochorate acavate cysts. Antapex is 

rounded, apex is conical and bears a robust apical horn. Autophragm is sculpted into 

short conical spines (2-4 pm in length) which are evenly distributed over the cyst 

surface, and non-tabular. Archeopyle is consistent with that proposed by Fensome et al. 

(1993). The operculum is free. 

Remarks: This species differs from G. villosa in being slightly smaller, and by . 
having spines approximately 1/5th the length of those in G. vjllosa 



Genus Heslertonia 

Heslertonia sp. 1 

Plate 21, Figure 16. 

Dimensions: Antapex-apex (42)43 (44) pn, width at paracingulum (40)41(43) pn (4 

specimens measured). 

Description: Spherical to slightly ovoidal, murochorate acavate cysts. Central body 

occasionally unornarnented but usually punctate, giving intratabular areas a pseudo- 

reticulate appearance. Autophragm thii, and all specimens observed are strongly 

compressed, though with no apparent preferential orientation. Paratabulation indicated 

by extremely thin parasutural septa, which are usually notably thickened at gonal 

intersections. Septa are smooth to very slightly striate, with serrated or undulose distal 

edges. The delicate nature of the crests is reflected in their generally ragged 

appearance. Paratabulation is L-type sexiform gonyaulacoid, sulcal paratabulation is 

suppressed. Archeopyle is of type E, operculum attached, and most specimens 

additionally show the complete loss of paraplate 3". 

Remarks: This species differs from forms of Ctenidodinium and 

Dichadogonyaulax by contrasting archeopyle type, and by the nature of the parasutural 

septa. 

Genus Hystrichodinium 

Hystrlchodinium pulchrum Deflandre 1935. 

Plate 20, Figures 8-12 

Two distinct variants of this species have been noted in the Volga residues. He pulchrum 

var. 1 has proximally broad, blade-like gonal processes. H. pulchrum var. 2 has 

narrower, much more delicate blade-like processes in both gonal and inter-gonal 

positions. These variants have not been separated in the stratigraphic or 

palaeoenvironmental sections since they generally co-occur. SEM examination of H. 

pulchrum var. 1 (Plate 25, Figues 7 & 8) suggests that this species is in fact thecate, 

rather than being a cyst. 



Genus Impletosphaeridium 

Impletosphaeridium sp. 1 

Plate 17, Figures 5-7. 

Dimensions: Antapex-archeopyle margin (25)29(33) pm, maximum width 

(27)29(34) pm (8 specimens measured). 

Description: Small sub-spherical to slightly ovoidal, chorate cysts. 

Autophragm is thick, unornarnented, occasionally with slight dorso-ventral compression. 

?Intratabular processes are 5-6 pm in length, parallel-sided, hollow, and distally 

capitate with closed terminations. Processes are open proximally, so that they have 

circular ring-like bases in optical sections. Shape of the archaeopyle margin suggests 

an apical archeopyle, type tA, formed from the loss of 4 apical paraplate homologues 

operculum free, no opercula were observed. Accessory archeopyle sutures partially 

separate 6 precingular paraplates, which is thus consistent with a gonyaulacoid 

tabulation. 

Remarks: This species is similar to Chlamydophorella huguoniottii, except that none 

of the specimens observed have an ectophragm. It differs from other small chorate forms 

by the hollow, capitate nature of the processes. 

Genus Kalfosphaeridium 

Kallosphaeridium sp. 1 

Plate 15, Figure 15. 

Dimensions: Antapex-archeopyle margin (27)29(3 1) p, maximum width (32)37(44) 

wn (4 specimens measured). 

Description: Ovoidal proximate cysts. Autophragm is thin with small non-tabular 

tuberculae to small conical spines. Specimens are always strongly flattened, though 

with no preferential orientation. Archeopyle is apical, type (tA)a, with a simple 

polyplacoid operculum which remains adnate via the anterior sulcal paraplate. 

Accessory sutures partially to fully separate 6 precingular paraplates. Compression 

often fans the cysts out along these accessory sutures so that epicyst is much 'wider' 

than hypocyst. 
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Autophragm is foveolate giving a spongy appearance. A narrow smooth area on the 

ventral surface indicates the position of the parasulcus, which often possesses flagellar 

scars. The position of the paracingulum is usually indicated by a slight marginal 

restriction. Otherwise paratabulation is only apparent at the archeopyle margin, which 

indicates a type tA apical archeopyle formed from the loss of 4 apical paraplate 

homologues. No opercula have been observed. Accessory sutures partially separate 6 

precingular paraplates as well as paraplate 'as'. 

Remarks: This species is separable from other forms here attributed to 

Lithodinia by its small size and spongy autophragm, as well as the general absence of 

paratabulation. It is closely comparable to I,. acranitabulata but can be distinguished 

by the much more poorly developed paracingulum and by the presence of accessory 

archeopyle sutures which clearly separate sulcal paraplate 'as'. 

Lithodinia s p  2 

Dimensions: Antapex to archeopyle margin (48)52(57) pm, width at 

paracingulum (48)54(64) pm. 4 specimens measured. 

Description: Thick-walled dorso-ventrally compressed proximate cysts. 

Antapex flattened. Hypocyst much larger than epicyst. Autophragm spongy, sculpted 

into parasutural ridges, commonly with accessory ridges and intratabular tuberculae on 

hypocyst. Paracingulum is broad, tabulate, descends slightly from dorsal to ventral 

surfaces, and is offset at  the parasulcus by up to 1 paracingular width. Parasulcus is 

smooth, and paratabulation is suppressed. Archeopyle is apical, formed from the loss of 

4 apical paraplate homologues. Paratabulation is consistent with a leptodinioidean 

arrangement, with slight sinistral torsion of the hypocyst relative to the epicyst. 

Remarks: This species is characterised by having solid parasutural ridges 

and intratabular ornamentation, typically solid tuberculae, but occasionally accessory 

ridges. 



Genus Microdinium 

Microdinium sp. 1 

Plate 15, Figures 10 & 11. 

Dimensions: Antapex-apex (27)27(27) pm, maximum width (23)25(26) wm (3 

specimens measured). 

Description: Small ovoidal proximate cysts. Hypocyst much larger than 

epicyst. Autophragm smooth to finely granulate. Paratabulation indicated by narrow 

parasutural ridges. The paracingulum is broad, and tabulate, with 16 paracingular 

plates. Parasulcus is spatulate. There are 6 precingular paraplates, all of which are 

reduced in height by comparison to the post-cingular paraplates, It has not proved 

possible to elucidate paratabulation at the apex due to the lack of apical views, but it 

appears to be complex, and probably has an archeopyle formed from the loss of one or 

more apical paraplates. However, the observed paratabulation is consistent with a 

cladopyxiacean arrangement. 

Remarks: This species is readily separable in the Volga residues as it is very small, 

and the only representative of the Cladopyxiineae. 

Genus Pro toell ipsodinium 

Protoellipsodinium sp. 1 

Plate 18, Figures 14 & 15. 

Dimensions: Antapex-apex (38)42(45) pm, maximum width (33)34(35) pm (4 

specimens measured). 

Description: Small ovoidal proximochorate cysts. Autophragm thin, granulate, 

densely covered by short, fine hair-like processes up to 3 pm in length. No indication of 

paratabulation apart from the archeopyle, which appears to be formed from the loss of 

the 3rd precingular paraplate. 

Remarks: This species differs from P. spinosum in having shorter, finer 

processes, and a granulate autophragm. 



Genus Rhynchodiniopsis 

Rhynchodiniopsis sp. 1 

Dimensions: Antapex-apex (65)69(74) pm, width at paracingulum (58)63(65) 

pm (5 specimens measured). 

Description: Large pentagonal proximate cysts, usually with some element of 

dorso-ventral compression. Hypocyst and epicyst aproximately equal in length or 

hypocyst slightly larger. Epicyst triangular to dome-shaped with short, broad, conical 

apical horn. Autophragm smooth, but sculpted into elaborate parasutural septa Septa 

are formed from solid parasutural processes which furcate and anastornose to a variable 

extent, giving the appearance of pseudo-fenestrate crests in particularly elaborate 

specimens. These septa have distal trabecula linking the processes, which may often be 

minutley denticulate on the outer edge. The parasutural features are most consistently 

developed at the paracingulum, surrounding the parasulcal area, and at the antapex, with 

adcingular and apical paraplate tabulation generally being suppressed. The 

paracingulum is linear, with little or no offset at the parasulcus. Apparent tabulation is 

consistent with a cribroperidinioid arrangement. Archeopyle it type P3", operculum 

free. 

Remarks: This species differs from other forms attributed to 

Rhynchodiniopsis in having the majority of the paratabulation suppressed. 

Addidonally, the parasutural septa1 structure differs from R. magnifica sp. nov. and Re 

undoryensis sp. nov. by having trabecula forming an entire distal edge to the septa. 

Genus Sen tusidinium 

Sen tusidinium sp. 3 Iosifova 

Plate 17, Figures 11 & 12; Plate 25, Figure 2. 

Dimensions: Antapex-archeopyle margin (31)35(37) pm, maximum width (34)40(43) 

pm (6 specimens measured). 

Description: Small sub-circular, dorso-ventrally compressed proximchorate cysts. 

Autophragm thick, sculpted into a dense covering of solid, non-tabular cilia-like 

acicular processes 2-5 pm in length. Archeopyle is apical, type (tA), formed from the 



loss of 4 apical paraplate homologues, with a simple, free, polyplacoid operculum. 

Accessory archeopyle sutures partially separate 6 precingular paraplates and sulcal 

paraplate 'as'. The size of either 'as' or the fourth apical homologue is apparently 

variable, evidenced by specimens exhibiting a pronounced 'sulcal notch'. 

Remarks: It is separable from other forms here attributed to Sentusidinium by having 

a thick autophragm and subcircular outline, and densely distributed solid acicular 

spines. 

Sentusidinium cf. S. sp. 3 Iosifova 

Plate 17, Figures 14 & 15. 

Dimensions: Antapex-archeopyle margin (31)32(34) pm, maximum width (34)37(40) 

pm (6 specimens measured). 

Remarks: This species differs from S. sp. 3. Iosifova in being slightly, but consistently 

smaller, having less densely distributed and slightly longer processes (4-6 pm), and by 

having either no, or very poorly developed accessory archeopyle sutures. 

Sen tusidinium sp. 4 Iosifova 

Plate 17, Figures 16-19. 

Dimensions: Antapex-archeopyle margin (40)43(49) pm, maximum width (37)42(49) 

vm (10 specimens measured). 

Description: Small sub-spherical, dorso-ventrally compressed proximochorate cysts. 

Antapex rounded to flattened. Autophragm thin, with solid non-tabular conical 

tuberculae to very short broad spines evenly distributed over cyst surface. Archeopyle 

is apical, type (tA), formed from the loss of 4 apical paraplate homologues, with a 

simple, free, polyplacoid operculum. Accessory archeopyle sutures partially to fully 

separate 6 precingular paraplates and sulcal paraplate 'as'. 

Remarks: It differs from S. sp. 3 Iosifova in having a thinner autophragm, with shorter, 

more robust conical tuberculae, rather than acicular spines. 



Genus Spiniferites 

Spiniferites sp. 1 

Plate 12, Figures 23-26. 

Dimensions: Antapex-apex (3 1)33 (42) pm, maximum width (3 1)33(42) pm (4 

specimens measured). 

Description: Small sub-spherical to ovoidal, proximochorate cysts. 

Endophragm and periphragm adpressed in intratabular areas. Paratabulation indicated 

by low, suturocavate ridges surmounted by short, thin, distally furcating processes. 

Gonal processes trifurcate. Furcations are perpendicular to the paraplate boundaries. 

Paratabulation is consistent with a gonyaulacoidean arrangement, with a strongly 

developed S-type ventral organisation. 

Remarks: This species is characterised by its small size, suturocavation, 

and short, simply furcating processes. 

Spiniferites sp. 2 . 

Plate 12, Figure 22. 

Dimensions: Antapex-apex; endophragm (3 1)3 l (3  1) pm. Periphragm; 

(43)43(43) m; width at paracingulum (36)36(36) pm (3 specimens measured). 

Description: Small sub-spherical to ovoid, proximochorate cavate cysts. 

Cavation developed at the antapex and ventral hypocyst, periphragm and endophragm 

adpressed elsewhere. Paratabulation indicated on periphragm by low parasutral ridges 

swmounted by short delicate, distally furcating processes. Gonal processes trifurcate, 

inter-gonal processes bifurcate; furcations are perpendicular to the paraplate 

boundaries. Paratabulation is consistent with a gonyaulacoidean arrangement, with an 

S-type ventral organisation. Endophragm is thick and smooth, only indication of 

paratabulation is the archeopyle. 

Remarks: This species is characterised by its prominent cavation in the 

hypocyst, and by the short spiniferate processes which surmount the low parasutural 

ridges. 



Genus Tehamadinium 

Tehamadinium sp. 1 

Plate 18, Figure 10. 

Dimensions: Antapex-apex (56) 58(62) pm, width at paracingulum (53)55(56) 

pm (5 specimens measured). 

Description: Sub-spherical to ovoid, proximochorate acavate cysts. Apex bears 

a small cluster of acicular process which coalesce to form a perforate horn in some 

specimens. Paratabulation indicated either by thin parasutural crests with smooth to 

undulate distal edges, or by the aligment of short acicular spines. Intratabular areas 

bear discrete acicular to coniform spines. Paracingulum is slightly helicoid, offset at 

parasulcus by 1 paracingular width. Parasulcus occasionally bears small flagellar 

scars, and parasulcal tabulation is well developed. Paratabular arrangement is 

consistent with a leptodinioidean arrangement. Archeopyle is of type 2P (2" & 3"), 

operculum free, no opercula have been observed. 

Remarks: This species is similar to T. daveyi Jan du Chene et al. 1986, also 

encountered in the present report, but differs in having discrete spines in intratabular 

areas; T. daveyi has spines connected by ridges or crests. It is also similar to T. 

dodekovi Jan du Chene et al. 1986, but is significantly smaller. 

Genus Tenua 

Tenua h y s t r j x  Eisenack 1958 

Plate 19, Figures 1-5, 9 & 10; Plate 25, Figures 4 & 5. 

Remarks: In these residues a complete gradation exists between specimens with 

processes restriced to lateral and apical regions, and those with processes evenly 

distributed over the entire cyst surface. Specimens with processes absent from mid- 

dorsal and ventral areas are correctly referrable to Tenua, since this genus is a member 

of the Areoligeracea, and do not require assignment to Cyclonephelium. 



Tenua cf. T. hys t r ix  Eisenack 1958. 

Plate 19, Figures 6-8. 

Remarks: T. cf. hystrix differs from T. hystrix in having significantly longer 

processes. This variation may be an ecophenotype of T. hystix, although both forms CO- 

occur in several samples from the unzoned basal Ryazanian deposits at Kashpir. 

Genus Trichodinium 

Trichodinium cf. T. cilia turn (Gocht 1959) Eisenack & Klement 1964. 

Plate 11, Figures 9 & 10; Plate 24, Figure 12. 

This species differs from T. ciliatum in having much shorter spines, restricted to 

conical spinules. In addition, numerous specimens show paracingular and parasulcal 

regions indicated by the absence of spinules which contrasts to T. ciliatum. Specimens 

with this feature are comparable to T. discus Harding 1988, but are generally much 

larger than that species. 

Genus Tubotu berella 

Tubotu berella cf. T. apatela 

Plate 14, Figures 15-17. 

Remarks: This is identical to T. apatela except that numerous specimens have been 

noted which possess small circular pits on the inner surface of the periphragm (verified 

under the SEM), inside the antapical projection. The density of pitting is highly 

variable; all specimens with pitting have been assigned to T. cf apatela, since this is not 

a typical characteristic of the species. 

Genus Warrenia 

Warrenia sp. 1 

Plate 18, Figures 16 & 17; Plate 23, Figure 4. 

Dimensions: Antapex-apex (63)68(72) pm, width at paracingulum (62)67(71) pm (5  

specimens measured). 



Description: Sub-spherical proximochorate acavate cysts. Autophragm thick, 

sculpted into a dense cover of solid, conical, non-tabular spines 3-5 pm in length, which 

are often joined at the base into short rows or groups. Apex often bears a small cluster 

of spines which are slightly longer than on the remainder of the cyst. Paratabulation is 

suppressed, and is only indicated at the archeopyle margin. Archeopyle type 2P, formed 

from the removal of either paraplates 2" & 3", or 3" & 4" (both types encountered), 

although no opercula were observed 

Remarks: This species differs from Warrenia lbrevispinosa by having a 

much thicker, more robust autophragm, and longer, thicker spines joined into small 

clusters at their base. It differs from species of Teharnadjdwn in lacking any 

parasutural features. This species is excluded from Occisucysra since it lacks any 

apical cavation. 



CHAPTER 5. Volga Basin palynofacies investigation. 



5. Volga Basin palynofacies investigation 

Palynofacies of samples from the two Volga Basin sections have been analysed. 

Palynologic matter assemblages have also been examined from residues untreated with 

ultrasonic vibration or oxidation in order to establish the relative abundance of AOM. 

The relative and absolute abundance of structured materials have also been examined 

from residues subjected to oxidation and ultrasonic treatment Data from these analyses 

have been combined with the sedimentological information presented in Tables 4.1 & 4.2 

to make interpretations about depositional environments through the studied interval. 

Detailed consideration has also been given to the dinoflagellate cyst assemblages, which 

have been compared to the palynofacies and sedimentological interpretations to see if 

changes in environment of deposition are consistently reflected in the marine 

palynomorph data. 

5.1. Gorodische palynofacies investigation 

5.1.1. Total organic carbon content (TOC) 

Samples collected from the Volga Basin localities have been analysed for total 

organic carbon content (TOC). The raw data for Gorodische can be found in Appendix D, 

and carbonate-corrected TOC values are additionally presented in Table 5.1 and in 

Figure 5.la. It can be seen that TOC is generally high in samples of the zarajskensis 

subzone (beds 1-13) by comparison with beds 14-20. Three of the four major peaks in 

TOC within this lower interval correspond to laminated siltstones of beds 5, 7 and 9. 

The uppermost sample from the lenticular siltstones (Bed 12, sample U19) also shows a 

marked peak in TOC. The coarse-grained deposits of the virgatus Zone and fine 

sandstones of the nikitini to nodiger zones generally show low TOC (<I%), although the 

conglomerate horizon of Bed 16 (sample U24) and the phosphorite deposit (Bed 19, 

sample U33) both show small peaks in TOC above 1%. Samples taken from the mica-rich 

siltstones at the top of the section have higher TOC (0.7-1.5 wt%) than sediments of the 



Figure 5.1: TOC and AOM at Gorodische 
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virgatus to fulgens zone interval, though only slightly higher than the fine sandstones of 

the subditus and nodiger zones. 

By comparison with Figure 5.lb it can be seen that there is a strong correlation 

between high TOC and abundant AOM. This is particularly true of samples taken from 

the zarajskensis Subzone, where in many cases the palynologic matter assemblages are 

dominated by this component 

5.1.2. Bulk palynological matter  

AOM-phytoclast-marine palynomorph (A-P-D) plots 

In the Volga Basin palynofacies, AOM, woody phytoclasts and marine 

palynomorphs (particularly dinoflagellate cysts) are the three dominant groups of 

palynological matter. Thus, ternary plots such as the A-P-E diagrams of Tyson (1989, 

1993) have particular relevance in presentation of the Volga Basin data. Whilst the 

general characteristics of the AOM in most samples is consistent with typical 

autochthonous AOM (derived from the degradation of marine algae) as described by 

Tyson (1995) and Batten (1996), in the present report it has not been characterised 

using fluorescence, and therefore must be regarded as being of equivocal provenance. 

Nevertheless, points clustered at the AOM apex on these ternary diagrams (Figures 5.2a 

& b) are expected to represent dysoxic to anoxic depositional conditions in the same 

manner as indicated by Tyson (1993). However, in order to fully represent the 

terrestrially derived components on one axis, sporomorphs are removed from the 'E' 

(exinitic) organic matter apex of Tyson (1989,1993) and included within the phytoclast 

axis (although such palynomorphs generally comprise an insignificant proportion of the 

total palynofacies in these residues). Therefore, the 'El apex retains only marine 

palynomorphs, a group which is overwhelmingly dominated by dinoflagellate cysts in the 

residues studied here. Thus the 'A-P-El plots of Tyson (1989, 1993) have been 

modified, resulting in an 'A-P-Dl plot where apices are labelled by their dominant 

components (Fig. 5.2a & b). The analyses used to produce the A-P-D plots were 



performed on the residues which had not been treated with nitric acid oxidation or 

ultrasonic vibration. 

The proportions of these three components are plotted for each sample at 

Gorodische in Figure 5.2a, and the data presented in Table 5.1. The concentration of 

sample points in the lower portion of this diagram clearly shows that AOM and dinocysts 

are the most abundant components in these palynofacies, and thereby exemplifies the 

outlying nature of samples U34 and U35. A distinct cluster of samples is notable at the 

AOM apex of this plot, indicating that such samples were deposited in anoxic conditions, 

suitable for preservation of this palynological matter component. This is supported by 

the sedimentology of the samples, which are exclusively dark mudstones and laminated 

siltstones, known to be common in Jurassic anoxic facies in southern England. 

These data have been compared to the sedimentological information, and the 

samples are clustered according to lithology in Figure 5.2b. Samples from the panderi 

Zone are grouped within Cluster A at the bottom left of the diagram. This group is 

further divisible into two sub-clusters, A1 and A2. A1 contains the samples with 

maximum AOM preservation. This includes samples U 1  & U2 (both mudstones), the 

remainder of points in this cluster being derived from the laminated and lenticular 

siltstones of the zarajskends Subzone. The majority of the mudstones from this zone 

form the larger Sub-cluster A2, ranging between 30% and 60% AOM. The coarse-grained 

facies of the virgatus Zone are grouped in the crescent-shaped Cluster B. These 

sediments clearly display low relative abundance of AOM, high relative percentages of 

dinoflagellate cysts, and generally increased abundance of phytoclasts by comparison 

with the majority of the other samples examined, Samples from the Ane shelly 

sandstones of the nikitini to nodiger zones (samples U17 - U32), and the phosphorite 

horizon, sample U33, are grouped in Cluster C at the base of the diagram. The mica-rich 

siltstones at the top of the section are separable into two distinct clusters, D and E. 

Cluster D is tightly constrained, indicating little variation in the environment of 

deposition or degree of preservation between samples U36 and U40. However, samples 



Table 5.1: Relative abundance of major palynofacies components from unsonified/unoxidised residues. Gorodische 
section. 





U34 & U35 (Cluster E) are derived from essentially identical sediments to those in 

Cluster D, and therefore must reflect a difference in preservation or depositional 

environment not apparent in the sedimentology. 

The validity of these clusters has been tested by running the same data from the 

control residues through minimum variance cluster analysis using M V S P ~  The 

resulting dendrogram is displayed in Figure 5.3, in which eight clusters can be 

recognised. To simplify the text, clusters in the dendrogram are referred to as 

'branches'. Branch 1 is largely comprised of mudstones and the relatively AOM-poor 

laminated siltstones from the zarajskensis Subzone, but also includes the phosphorite 

deposit, Bed 19 (sample U33). This branch is therefore identical to Cluster A2 in Figure 

5.2b. Branches 2 & 3 are entirely comprised of samples taken from the fine-grained 

sandstones of the nikitini to nodiger zone interval, represented on the ternary diagram 

(Figure 5.2b) by Cluster C. The sensitivity of the cluster analysis technique is 

demonstrated here, by subdivision of this sedimentary facies into two palynofacies 

branches, although it is doubtful whether such discrimination has any interpretative 

value. Branches 4, 5 and 6 correspond to Cluster A1 on Figure 5.2b, representing the 

AOM-rich sediments. It is interesting that the three samples from the lenticular 

siltstone facies of Beds 10 and 12 are clearly separable as a sub-branch of Branch 5. 

Branch 7 combines samples taken from both the mica-rich siltstones and the coarse- 

grained deposits of the virgatus Zone. although again, some degree of separation is 

evident, The spatial distribution of these sample points in Figure 5.2b allows the two 

lithological groups to be clearly separated in clusters D and E Branch 8 combines 

samples U34 and U35, also from the mica-rich siltstones, but which are clearly 

separable from the other samples of this facies in Cluster E on Figure 5.2b. In general it 

can be seen that minimum variance cluster analysis produced similar clustering of the 

data to the A-P-D ternary plot. 

When this ternary plot is broken down by sequence of deposition, it is possible 

to detect trends or cycles in the abundance of these components (Figure 5.4). Figures 





5.4% b, c, d and e show significant right-hand shifts in the abundance of AOM, and the 

repetition in this shift, particularly in the lower part of the section, may be regarded as 

cyclical. Such right hand shifts are characteristic of either decreasing production or 

decreasing preservation of AOM, and in the latter case of increasingly oxic conditions at 

the locus of deposition. Figure 5.4f shows a significant shift towards the dinocyst apex, 

which may be attributable to either increased productivity of dinoflagellate populations, 

increased preservation of the dinoflagellate cyst component, or decreased input of 

phytoclasts. The major trend breaks (the level at which one trend ends and the next 

begins) all correspond to obvious disconformities or changes in lithology. 

Summary 

Analysis of the TOC and control residue palynofacies indicates that: 

A strong association exists between high TOC and peak abundance of AOM in the 

Gorodische assemblages. 

The lower part of the section (zarajskensis Subzone) is composed of comparatively 

organic- and AOM-rich sediments, which may thus have been deposited in dysoxic to 

anoxic conditions or in areas of high productivity. 

Several trends towards decreased AOM content may indicate phases or cycles of 

increasing oxygenation or decreasing productvity at the locus of deposition. This is 

particularly evident in the zarajskensis Subzone. 

Minimum variance cluster analysis produces very similar results to the A-P-D 

ternary diagram. 
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Figure 5.4: Ternary relative abundance 'A-P-D' plot broken down into stratigraphic order to 
show trends. Dashed line represents the presence of an hiatus between samples. Data from 
Gorodische. 



5.1.3. Analyses of the structured components 

5.1.3.1. Relative abundance data (%SM) 

Relative abundance data derived from the structured palynofacies counts (%M) 

are presented in Table 5.2 and Figure 5.5. These graphs show that of the structured 

materials, dinoflagellate cysts and brown & black wood are the three most abundant 

components. Furthermore, black wood has higher relative abundance than brown wood in 

the majority of palynofacies, apart from in the mica-rich siltstones at the top of the 

section. 

In the samples from the zarajskensis Subzone, 'trend lines' highlight decreasing 

relative abundance in dinoflagellate cysts up section with concomitant increases in 

relative abundance of both brown and black wood (Figs. 5.5a & c). It should be noted 

however that such data are inherently affected by data closure, and it is therefore 

unclear from this information alone whether such trends reflect absolute increases in 

the input of phytoclasts, or decreased absolute abundance of dinoflagellate cysts. 

Slightly elevated relative abundances of brown wood exist between samples U17 

and U24, corresponding to the lenticular siltstones and coarse-grained deposits of the 

virgatus Zone. A peak is also notable in the black wood data corresponding to Beds 14- 

16 (virgatus Zone, samples U21-U24). However, samples taken from the lenticular 

siltstones show a reduction in black wood relative abundance from sample U16, 

culminating in a pronounced minimum point in sample U19. This is concomitant with a 

peak in the relative abundance of brown wood, whilst the dinoflagellate cyst abundance 

remains comparatively stable. At the virgatus - nikitini zone transition (samples U24 

-U25) there is a pronounced drop in the relative abundance of both the major woody 

phytoclast components (and implicit rise in the dinoflagellate cyst abundance). The 

fine-grained sandstones of the interval from samples U25-U32 show relatively stable 





Figure 5.5: Relative abundance of structured palynological matter (%SM)at Gorodische 
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relative proportions of the three major components, with a trend to slightly increased 

phytoclast abundance (particularly black wood) towards the top of this interval (and 

associated decrease in the relative abundance of dinoflagellate cysts). Acritarchs and 

prasinophytes (mostly pterospermellids) reach peak abundance in the upper part of this 

interval and into the lowermost part of the mica-rich siltstones (however, they never 

constitute more than 2% of the structured materials and rarely exceed 1%, thus the 

standard errors of percentage show that even the peaks in these components are of little 

statistical value) 

The phosphorite deposit (sample U33) is marked by slightly increased abundance 

of dinoflagellate cysts relative to woody phytoclasts. Above this unit, an abrupt change 

in the palynofacies to markedly increased relative abundance of terrestrially-derived 

palynologic matter is noted at the base of the mica-rich siltstones. Samples U34 & U35 

have the highest relative abundance of terrestrially-derived material, and notable 

dominance of the brown wood component over black wood Sporomorphs, particularly 

bisaccate pollen reach maximum abundance in this part of the section, further 

indicating strong terrestrial influence, 

5.1.3.2. Detailed analysis of the  phytoclast assemblages (%Phyt) 

Figure 5.6 shows the relative abundance of each of the phytoclast components as a 

proportion of the total phytoclast population (%Phyt). Cuticle fragments are extremely 

rare in the Volga Basin sediments (0-1.8%SM), and have not been plotted. As is expected 

of populations largely comprised of two components, brown wood and black wood %Phyt 

values closely mirror one-another. Throughout the Jurassic succession both sets of 

values generally show only minor fluctuations from simplified trend lines, although 

there appears to be a significant change in slope of this line at sample U20 (Bed 13). 

Through the zarajskensis Subzone, brown wood %Phyt values generally increase up 

section (and black wood values decrease)(samples U1-U18), although there appear to be 

several short reverse trends superimposed on this (sample intervals U7-Ull and U12- 



Figure 5.6: Relative abundance within the phytoclast group (%Phyt) at Gorodische 
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U16). This lower trend is capped by an increase in both brown wood and tracheids 

relative to black wood at sample U19, as also reflected in the %SM data. From sample 

U21 to U33 the %Phyt data of both brown wood and black wood are quite consistent with 

respect to their trend lines, which remain horizontal through this interval. Most of the 

abrupt changes in %Phyt data through the Jurassic succession coincide with lithological 

changes from mudstone to laminated siltstone, or otherwise to erosional contacts evident 

in the sedimentary log (Enclosure 1). In a similar manner to the data presented in 

Figure 5.5, the %Phyt data (Fig. 5.6) pick out a significant change in the phytoclast 

population above sample U33: the relative abundance of brown wood and black wood 

components become closely comparable, with brown wood often dominating the 

phytoclast assemblage. Furthermore tracheids reach maximum relative importance in 

these mica-rich siltstones. 

Quantitative assessment of the phytoclast size distribution in the present study 

only takes into account the >20 pm size fraction because all residues were sieved. 

Nevertheless, analysis of such data (Table 5.3, Figure 5.7) reveals several correlations 

between the relative abundance data and mean particle size for each sample. For 

example, mean brown wood long-axis data show generally high values in the mica-rich 

siltstones at the top of the section, correlated with elevated levels in relative abundance 

of this component (Fig. 5.6). However, samples U34 and U35 which show peak relative 

abundance of brown wood do not show a corresponding peak in mean long-axis size for 

this phytoclast type. Brown wood long-axis peaks in samples U21  and U24 correspond to 

the two conglomerate horizons from the virgatus Zone, and to similar peaks in the %Phyt 

and Y6SM data 

Black wood mean long-axis data is generally more consistent between samples 

than that of brown wood, although there are conspicuous peaks at samples U19, U22 and 

U33. These do not correlate with peaks in the black wood %Phyt values; indeed U19 

displays a pronounced minimum in the relative abundance of this component. Analysis 

of the type of black wood in these assemblages is potentially of interest. Figure 5.7d 



Figure 5.7: Brown & black wood phytoclast size (Gorodische) 
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shows that Type 2 black wood (long axis: short axis ratio >3:1, equivalent to material 

interpreted by Batten (1973b, 1981, 1996), as burnt tracheidal matter) never 

constitutes more than 5 % of the total black wood population. It has previously been 

shown that black wood, particularly the equant material (-Type 1 of the current 

investigation), is common in reworked deposits, and may be derived from heavily 

carbonised brown wood, commonly during extended periods of transport (Smythe et a]., 

1992). In this report particles suggested to be reworked are considered to be locally 

reworked, or reworked into distal sediments from proximal deposits, thus both within 

the sedimentary system, not redeposited from the erosion of older rocks. Thus the Type 

1 black wood in these deposits has three possible origins: 1) it is derived from extended 

periods of transport, 2) by distal deposition of reworked proximal sediments, or 3) by 

extended sediment-surface residence times due to low sediment supply, probably 

combined with localised reworking. It seems unlikely that a simple relationship exists, 

and therefore it is difficult to make interpretations on the basis of black wood 

abundance alone. However, reduced black wood relative abundance in samples U18 & 

U19, and in the mica-rich siltstone interval contrasts with both increased relative 

abundance of brown w o d  and tracheids and peaks in the abundance of both Type 2 black 

fragments and elongate brown wood. This is therefore indicative of either 

decreased input of reworked materials or increased influx of 'fresht phytoclasts. 

Whether the measurement of grain roundness/angularity used in the study of 

elastic sediment grains (Powers, 1953) can be meaningfully applied to the microscopic 

examination of woody phytoclasts is uncertain. The physics governing the abrasion of 

small, 'buoyant', comparatively soft phytoclasts is not necessarily comparable with 

hard, dense, macroscopic (or even microscopic) mineravlithic grains. Furthermore, we 

cannot necessarily expect 'proximal' phytoclasts to be particularly angular: indeed 

newly formed charcoal fragments are often blocky rather than angular per se. Thus the 

interpretative value of the Roundness Index (RI) (see Chapter 3) used in the present 

report is unclear. 



However, the values collected have been plotted for brown and black wood in 

Figure 5.8a. High values might be expected to reflect extended periods of particle 

abrasion, either during transport or by reworking. It is clear from this diagram that in 

general (Type 1) black wood particles appear more rounded than brown wood, lending 

further support to their reworked status. The RI of brown wood is markedly lower in the 

uppermost part of the section possibly indicating decreased duration of particle 

transport, and a similar trend is seen in the black wood component The change from 

lenticular siltstones at the top of the zarajskensis Subzone to the coarser conglomerates 

and sandstones of the virgatus to nodiger zones is reflected in a pronounced reduction in 

brown m d  RI at sample U21. The brown wood RI increases slightly from sample U21 to 

U29, but a marked reduction in RI values in samples immediately below the phosphorite 

deposit once again suggests decreased duration of particle abrasion. 

Size-sorting of a particle assemblage can be analysed in two ways: it can be 

considered as the 'absolute1 variation in pms, either using maximum-minimum spread or 

variation from mean (=standard deviation), or as a relative property of each assemblage, 

in this case percentage variation from mean. Two assemblages with identical 'absolute' 

sorting (STDEV) can have very different relative values depending on mean particle size. 

Thus both approaches are used in the present report. However, it is important to 

remember that such values are properties of the 'adjusted1 assemblages, since all 

residues were sieved using a 20 pm mesh. 

Standard deviation of the mean phytoclast long axis data is presented as the 

absolute sorting measure in Figure 5.8b, and as percentage of mean in 5.8~. The 

standard deviation of black wood long axis data is consistently lower than that of brown 

wood, indicating that the black wood component is better sorted. This is consistent with 

reworking. Significant peaks in the brown wood standard deviation are notable in 

samples U21 to U24 and within and above the phosphorite horizon (sample U33). The 

black wood standard deviation gives a similar but much less pronounced signal. The 

same situation is seen in the relative sorting plot (5.8~). Clearly, phytoclast 
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assemblages (particularly brown wood) are least well sorted in the coarse-grained 

deposits and in the mica-rich siltstones. 

A ternary plot showing the relative abundance of the three phytoclast types 

(tracheids are combined with sporomorphs) reveals that certain lithological types can be 

grouped on the basis of this data (Figure 5.9a). The mica-rich siltstones are clearly 

distinguishable from the remaining samples in Cluster C. Cluster B partially separates 

the lenticular bedded siltstones of beds 10 and 12 (Enclosure 1) from the remaining 

rock types in Cluster A. From the latter, Sub-cluster A1 is further separable, 

representing the coarse-grained sandstone and conglomerate horizons of the virgatus 

Zone. Considering the pronounced lithological variety enclosed within Cluster A, it is 

perhaps surprising that further differentiation is not evident. 

Much of the brown wood examined from these residues was heavily carbonised, 

often black with brown rims, but since a complete gradation exists between 'fresh' brown 

and heavily oxidised material, it is impossible to objectively separate the two extremes. 

For this reason plots of marine palynomorphs versus terrestrially-derived materials 

must be generated twice, in each case separately combining brown wood with 'oxidised' 

or 'fresh' materials. These are presented in Figures 5.9b and 5.10. In these graphs 

'n~adne palynomorphs' are taken as dinoflagellate cysts plus prasinophytes, omitting 

acritarchs which have been shown to have some affmity with inner neritic or restricted 

marine conditions. Thus in Figure 5.9b, the axis labelled 'tracheids and sporomorphs' 

is intended to represent the input of fresh terrestrially-derived material. The combined 

brown wood-black wood axis represents the sum of reworked phytoclasts, or those which 

have undergone extended periods of transport. As can be seen, the sample points are 

clustered along the right-hand edge of the diagram, since the structured palynological 

matter in these residues is dominated by dinoflagellate cysts plus brown and black 

wood. Nevertheless, they can be grouped into several loose clusters according to 

lithology. The mica-rich siltstone palynofacies are most clearly separable, and confined 

to Cluster E. Clusters A and B represent the majority of sample points: A combines the 



I Tracheids & sporomorphs I 
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Figure 5.9: Ternary plots of Gorodische relative abudance data. Samples from lenticular 
siltstones are shows by open circles. a: Terrestrial materials. b: Marine vs 'fresh' and 
oxidised terrestrial components. c: Ternary palynomorph plot. 



fine sandstones from the nikitini to nodiger zones plus the dark mudstones from the 

lowest part of the zarajskensis Subzone. Cluster B contains the mudstones from the 

upper part of the zarajskensis Subzone plus the laminated siltstones from this subzone. 

Clusters C and D encompass the lenticular siltstones of the zarajskensis Subzone and the 

coarse sandstones/conglomerates of the virgatus Zone respectively. 

This plot is expanded in Figure 5.10, where the tracheid and sporomorph 

components are combined with brown wood. Most of the clusters from Figure 5.10b can 

still be recognised, although more clearly so when brown wood is associated with 'fresh' 

components. In this plot the mudstones of the zarajskensis Subzone are grouped into one 

cluster (Cluster A), whilst the laminated siltstones from the interval of samples U12 to 

U16 are constrained within Cluster B. Clusters C, D and E are similarly recognisable, 

and using this plot, the fine sandstones from the nikitini to nodiger zone interval can be 

differentiated in Cluster F near the marine palynomorph apex. 

Minimum variance cluster analysis has not proved as effective as the ternary 

plots in lithological discrimination using relative abundance palynofacies data from 

Gorodische. Figure 5.1 1 shows a dendrogram separable into 4 main branches. Branch 4 

comprises samples from the mica-rich siltstones, which are clearly distinguishable from 

the remainder of the sample set. This branch is thus comparable to Cluster E on both of 

the ternary plots. Branch 1 is broadly comparable to clusters A and E in Figure 5.10 

although not all sample points contained within these clusters are held within this 

branch. Branch 3 is partly comparable to clusters B, C & D, but the lithologies are not 

as well separated as in the ternary diagram of Figure 5.10. Branch 2 is most poorly 

differentiated, including elements from most of the lithological groups. 

Figure 5 . 9 ~  shows a ternary palynomorph plot from the Gorodische residues. As 

can be seen, little information can be gleaned from this diagram as the sample points are 

tightly clustered at the dinocyst and prasinophyte apex. Ternary plots or ratios 
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Figure 5.10: Ternary plots of marine vs 'fresh' & oxidised terrestrial components at 
Gorodische. a: Showing sample points; b: Showing clusters according to lithology. 
Samples from the lenticular siltstones shown by open circles 





showing the various sporomorph elements were not generated since these components 

were not counted in statistically significant numbers to allow separate analysis. 

5.1.3.3. Absolute abundance analyses. 

Absolute abundance with Lycopodium spores  

Absolute abundance data of the major structured components of the palynofacies 

are displayed in Table 5.4 and Figure 5.12. AOM cannot be considered in terms of 

absolute abundance. Whilst counts of AOM can be used to gauge its abundance relative 

to other types of palynological matter, it is important to recall that particles of AOM in 

a palynological slide do not relate to sedimentary grains in the same way as, for 

example, phytoclasts. In many cases AOM may form at the sediment surface (or within 

the sediment) as breakdown products of other sedimentary organic matter, and not be 

deposited per se. Furthermore AOM is known to disaggregate during processing of 

palynological residues. Therefore this component has not been examined in this study 

of absolute abundances. 

The first striking aspect of the absolute abundance data (Figure 5.12) is that the 

trends and patterns observed across the sample suite are remarkably similar in the 

three main structured components. This is most particularly evident in the interval 

from samples U13 to U21, where similarities are accentuated by closely comparable 

abundance values of the three components, but is also notable from samples U22 to U33. 

Throughout the section dinoflagellate cysts can be seen to be the most abundant 

structured component, with black wood generally more abundant than brown wood. Since 

both marine and terrestrial particles are included within this plot (dinoflagellate cysts, 

brown & black wood & tracheids), such a phenomenon cannot simply be the result of 

proximal - distal relationships. 



Table 5.4: Absolute abundance of structured palynologic matter from Gorodische. 
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  able 5.4: Continued. 



Figure 5.12: Major structured component absolute abundance (Gorodische) 
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The absolute abundance of these components is highest in the lower part of the 

zarajskensis Subzone (samples U1-U13, Beds 1-7). Within this sample interval, reduced 

absolute abundance of black wood and (to a lesser extent) dinocysts in samples U4, U7 

& U8 and U12 & U13, corresponds to the laminated siltstone horizons of beds 3 , s  and 7. 

These minima are weakly reflected in the brown wood absolute data, and correspond to 

peaks in the tracheid abundance. A pronounced drop in the absolute abundance of the 

major structured components is notable from samples U14 (Bed 8) to U16 (Bed 9), and 

again at the top of the lenticular siltstone in sample U19 (Bed 12). A significant drop in 

absolute abundance of these components occurs at sample U21 (conglomerate horizon, 

Bed 14), and the interval from this sample to U33 displays the lowest phytoclast 

absolute abundance values of the section. A further drop occurs in the dinocyst 

absolute abundance in samples U34 and U35, which coincides with a pronounced 

increase in the abundance of brown wood and tracheids. Brown wood absolute abundance 

is comparable with or exceeds black wood abundance in the interval from sample U34 to 

the top of the section. . 

consideration of the minor component absolute abundance is more complicated 

than that of the main components partly because zero values cannot be plotted on 

logarithmic curves. 'Missing' data values in these plots (Figure 5.13) thus correspond to 

zero values. Moreover, the small number of specimens counted in each of these lesser 

categories renders a high degree of error on the absolute values. However, in general the 

trends seen in both sporomorph and marine palynomorph (acritarchs and prasinophytes) 

abundance strongly echoes the patterns seen in the major components. In addition, 

bisaccate pollen grains are most abundant in the interval from samples U15-U19, and in 

the mica-rich siltstones. Other pollen grains are extremely rare in these residues and 

have not been plotted 

 he absolute abundance data has been subjected to minimum variance cluster 

analysis at two levels: once using only the three major components (diiocysts and brown 

& black wood) and again having added data on tracheids, bisaccate pollen and spores. 



Figure 5.13: Minor structured component absolute abundance (Gorodische) 
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The resulting dendrograms are displayed in Figure 5.14. The first dendrogram (Fig. 

5.14a) shows strong clustering of the data into lithologically-similar groups using only 

the three major structured components. Branch 1 is exclusively comprised of samples 

from the mica-rich siltstones. Samples U34 and U35, also from this lithology are 

clustered separately in Branch 4. Branches 2, 3, 5, and 6 contain the remainder of 

proximally deposited (neritic) sediments, including the coarse-grained deposits of the 

virgatus Zone, fine-grained sandstones of the nikitini to nodiger zones and the lenticular 

bedded siltstones from the upper part of the zarajskensis Subzone. Branch 7 is largely 

comprised of laminated siltstones from the zarajskensis Subzone, whilst branches 8 and 

9 cluster the remaining mudstones from this subzone. Thus the main lithological groups 

are remarkably well separated using cluster analysis of the major structured component 

absolute abundance. 

This clustering is much less well developed when minor components are included 

in the analysis (Fig 5.14b). Branch 1 combines both laminated siltstone and mudstone 

samples from the zarajskensis Subzone, with the remainder of samples from these 

deposits in branches 3 & 4. Branch 2 combines samples from the mica-rich siltstones 

with other sediments, with samples U34 & U35 included in Branch 4, Branches 4 & 5 

mostly contain the coarse-grained deposits and fine sandstones of the virgatus to 

nodiger zone interval. 

PhytOC ranking 

The PhytOC and AmexOC parameters have been developed by Tyson (1989, 1993) 

as an alternative absolute measurement to the use of exotic spikes. Whilst they have 

been used successfully by the latter author in determination of North Sea palynofacies, 

their application to the Volga Basin material is problematic. AmexOC simply cannot be 

calculated for the present data set since identification of AOM provenance is equivocal 

without extensive examination under UV light. In addition, there are several problems 



with this approach in relation to the data collection methods utilised here. These are 

outlined below 

1: The most significant problem is that the counting approach used here does not take 

account of particle size. For example a phytoclast 20pn in diameter is given the same 

'ranking' as a particle 100pn in diameter despite the fact that the latter clearly has a 

larger volume/area and therefore will contribute a larger amount of organic carbon to the 

TOC value. Thus a proximal palynofacies with relatively large mean phytoclast size will 

have an artificially low PhytOC in comparison to a more distal palynofacies with small 

mean phytoclast size. This will have the effect of reducing variation between proximal 

and distal PhytOC values, and exaggerating the apparent dilution of organic matter by 

increased influx of siliciclastic material, particularly in coarse grained sediments. 

2: Since the residues used in the present analyses have been sieved, the ~ 2 0 ~  size 

fraction has here been lost. Tyson (1989) stated that such particles are volumetrically 

insignificant. Whilst this may be true for individual particles, in reality it is unclear 

what proportion of the total organic matter volume is represented by this size category, 

and thereby how accurate the remaining PhytOC values are. 

3: The approach used by Tyson (1993) assumes dinoflagellate cysts and other particles 

are volumetrically equal, despite the fact that such marine palynomorphs are effectively 

hollow sacs. Whilst Tyson (1993) notes that such treatment will tend to exaggerate the 

AmexOC value, due to data closure it will also cause the PhytOC to be underestimated 

whether or not AmexOC is calculated. Such an effect on the PhytOC will be minimised as 

relative abundance of marine palynomorphs decreases, but is clearly a problem in most 

of the Volga Basin palynological matter assemblages. 

4: It is important to consider the phytoclast counts with TOC values which have been 

calculated using carbonate-corrected data. 



I Figure 5.15: PhytOC ranking for the samples from Gorodische. Horizontal axis organised 
from left to right in order of increasing sediment grain size. 1 



With these problems in mind it is clear that such parameters as PhytOC and 

ArnexOC are mainly useful as comparative measures within sample suites, and that the 

'absolute' values themselves must be treated with caution. Taking this into account, 

Figure 5.15 shows the PhytOC ranking of the 6 main lithological groups from the section 

at Gorodische. The groups have been arranged from left to right in order of increasing 

sediment grain size. It can be seen that the PhytOC values pick out few significant 

differences between the mudstone to siltstone groups despite the different environments 

in which they were deposited. It is unclear to what extent the factors of sediment 

dilution and particle size bias mask the data. However, both the fine sandstone and 

coarse sandstone/conglomerate groups to the right of the diagram show comparatively 

tightly clustered, low PhytOC values. This contrasts to more intuitive high PhytOC 

values expected for comparatively proximal sediments, and is undoubtedly strongly 

influenced by clastic sediment dilution in a similar manner to that described by Tyson 

(1989, 1993). It is interesting that the two conglomerate horizons have closely 

comparable PhytOC values despite the significant difference in bulk palynological 

matter assessments. 

5.1.4. Interpretation of depositional environments for the Gorodische 

section based on palynofacies and  sedimentological data 

The alternation of organic-rich laminated siltstones and dark mudstones of the 

lower part of the zarajskensis Subzone at Gorodische is comparable to analogous 

sediments from the Eudoxus Zone of the Kimmeridge Clay Formation in Dorset described 

by Wignall (1991). Such sediments are intuitively associated with basinal facies, and 

Wignall (1991) interprets the Kimmeridge deposits as indicative of maximum coastal 

onlap. The distal nature of these sediments is supported by the palynofacies data on the 

following grounds: 



Both relative and absolute abundance of 'fresh' terrestrial components (brown wood, 

tracheids and sporomorphs) are low in comparison to black wood and dinoflagellate 

cysts. Brown wood and tracheid particles are usually darkened or heavily 

carbonised suggesting extended periods of transport and/or reworking from adjacent 

areas. 

Analysis of the phytoclast particle characteristics shows that mean long axis data in 

these samples is generally small, the standard deviation from mean is generally low 

(hence the assemblages are comparatively well sorted), and that the populations 

consist of well rounded particles. These aspects indicate a phytoclast assemblage 

that has undergone extensive particle abrasion, either by extended periods of 

transport or reworking. 

The presence of the coarser-grained, organic-rich, laminated siltstones within a 

mudstonedominated sequence suggests either short-lived periods of increased fluvial 

output into the basin, or phases of regression/uplift within the basin generated the 

source of this siliciclastic sediment. The association of laminated shales and abundant 

organic matter has also been noted in analogous sequences from the UK Lias by 

Ebukansson & Kinghorn (1985) and Waterhouse (1999). In the Volga Basin however, 

these units are associated with decreased absolute abundance of structured organic 

matter grains, presumably as a response to increased sedimentation rate and 

siliciclastic dilution. Variation in the input of organic matter to siliciclastic material 

is reflected in the wide spread of PhytOC values noted from these laminated sediments 

(Fig. 5.15). 

High relative abundance of AOM is often taken as indicative of stagnant or 

stratified basins where dysoxic to anoxic conditions suitable for the preservation of this 

material prevail at the sediment/water interface (Dow & Pedersen, 1975; Venkatachala, 

1981a; Bellet et al., 1982). Such environmental interpretation for the lower part of the 

z*ajskensis Subzone explains the abundance of AOM in the majority of these residues, 



and the abundance of AOM in beds 5 & 7 suggests that the basin remained dysoxic 

throughout the phases of regression or uplift. Indeed, the data collected from the 

unsonified/unoxidised residues indicates that AOM production/preservation was 

increased during deposition of the laminated siltstones despite the presence of 

extensive horizontal bioturbation at these horizons, Thus the slightly increased burial 

rate may have actually enhanced AOM preservation at these levels. 

The cause of such dysoxia cannot be identified using these palynofacies data. 

Hallam (1986b) suggested that increased fluvial output might lead to bottom-water 

anoxia by the development of a salinity stratified (and therefore non-mixing) water 

column. Waterhouse (1999) noted that any such change in fluvial output would be 

identifiable in the phytoclast assemblages, particularly in aspects of the size and shape 

of phytoclast grains. One might also expect to see a shift in the ratio of 'fresh' vs. 

degraded terrestrially-derived materials reflecting this change in the mechanism of 

transport. Such fluctuations are not apparent in the Volga Basin data, and therefore the 

development of a halocline cannot be supported for this particular sequence. 

Numerous authors have commented on the condensed nature of the Volgian 

lectostratotype at Gorodische (Arkell, 1956; Ager, 1968; Casey, 1968; Hogg, 1994) 

which has been attributed to the tectonic stability of the Russian Platform (Arkell, 

1956; Lord et al., 1987; Hogg, 1994). The relatively high TOC values of the zarajskensis 

Subzone in comparison to the superceding sediments, combined with notably higher 

absolute abundance of structured particles despite apparently distal deposition is 

indeed indicative of an extremely low overall sedimentary rate. Moreover, the relative 

thickness of the zarajskensis Zone in comparison to overlying units suggests relatively 

continuous sedimentation albeit at a slow rate. This of course, is also consistent with a 

structurally stable basin. 

The distal sediments from the lower part of the zarajskensis Subzone are 

abruptly capped by proximal lenticular bedded siltstones. Such transition can only be 



explained by rapid regression/uplift and/or by the presence of a significant hiatus at 

the base of Bed 10. The onset of regression is however noticeable in the palynofacies 

data where 'trend lines' in the abundance of both brown and black wood increase relative 

to dinoflagellate cysts (%SM data, Figure 5.5), and where brown wood increases relative 

to black wood (%Phyt data, Figure 5.6). Moreover there is a profound drop in absolute 

abundance of structured materials in the interval from samples U14 to U16, and 

accompanying fall in the abundance of AOM and thereby TOC. Such changes are 

consistent with both an increase in the levels of bottom-water oxygenation as well as 

significantly increased (but still slow) rate of siliciclastic input. The abundance of 

AOM in sample U15 at the base of Bed 9 (Figure 5.1) and concomitant peak in TOC is 

suggestive of a brief return to anoxic conditions. 

Lenticular bedding is known to occur in environments affected by alternating 

energy levels, and typically from intertidal zones. As such, wave generated ripples and 

other structures are preserved as sandy or silty lenses within more cohesive muddy 

sediment. It is difficult to characterise a 'typical palynofacies' for the lenticular 

bedded siltstones of beds 10 and 12 since the amount of silt versus mud in each sample 

was not quantified (samples were homogenised prior to maceration), although the three 

samples taken from this sedimentary facies are distinguishable in the ternary plots of 

Figures 5.9b 8r 5.10. There is a significant increase in the relative abundance of 'fresh' 

phytoclasts (brown wood and tracheids) relative to reworked black wood through this 

interval as well as slightly increased abundance of bisaccate pollen (Figure 5.5b). High 

relative abundance of AOM in these samples is possibly related to the development of 

algal mats across the sedimentlwater interface of the mudstone component rather than a 

return to anoxia (which is difficult to reconcile in a Jurassic intertidal environment). 

Peak TOC is established in sample U19 (Fig. S.la), correlated with a marked drop in the 

absolute abundance of structured palynologic matter (Fig. 5.12). This is difficult to 

explain simply by clastic sediment dilution, and may point to extensive algal mat growth 

upon the notably more mud-rich sediment of Bed 12. Despite an increased sedimentary 

rate by comparison with the underlying basinal deposits, a generally low rate of 



siliciclastic influx is still indicated by the phosphorite and glauconite rich nature of 

these sediments, which is typical of sediment-starved basins. The absence of labile 

terrestrial materials such as leaf cuticle suggests either extremely low productivity or 

selective destruction of such tissues during extended 

reworking/oxidation/biodegradation at the sediment surface. 

The final bed of the zarajskensis Subzone (Bed 13) is a fine-grained sandstone, 

presumably deposited below the intertidal zone as it lacks characteristic sedimentary 

structures. The reduced abundance of 'fresh' phytoclasts relative to black wood together 

with a slight decrease in the mean long axis data indicate more distal deposition/greater 

degree of reworking. Maintenance of high relative abundance of AOM and TOC together 

with a slight peak in the absolute abundance of structured materials suggests that 

conditions at the locus of deposition were suitable for the preservation of organic 

matter, and the abundance of phosphorite grains again indicates low input of 

siliciclastic sediment. 

The coarse-grained sediments of the virgatus Zone overly this fine sandstone 

deposit, the basal conglomerate horizon (Bed 14) having a scoured and clearly erosional 

base. Bed 14 is apparently normally graded, with large phosphorite clasts at the base 

and a rapid transition to coarse sandstone at the top. I t  is therefore likely to be the 

product of rapid deposition and waning energy conditions such as a debris flow or storm 

deposit, although it is not possible to identify the exact nature of this unit (or Bed 16) 

without comparison with the same bed at other localities. The low relative abundance of 

AOM and thereby low TOC, and low absolute abundances of the structured organic matter 

components support this genesis. The grain size of the sediment, the relatively 

increased mean long axis data and standard deviation (poor sorting) of the phytoclasts, 

together with a notable increase in woody phytoclasts relative to dinoflagellate cysts all 

point to the reworking of rather proximal sediments, and that the debris flow itself is 

likely to be proximal to its source. Bed 16 is similar to the conglomeratic part of Bed 

14, again with a scoured and clearly erosional base. However the unit is clast- 



supported, contains a much greater proportion of phosphorite clasts, and shows no 

evidence of grading. The palynofacies of this horizon are similar to that of Bed 14, 

although a higher TOC is noted, possibly as a result of the higher proportion of 

comparatively organic-rich phosphorite clasts. A similar origin for Bed 16 is therefore 

likely, although the greater mean brown wood long-axis size together with peak standard 

deviation of particle size (most poorly sorted assemblage), greater proportion of 

conglomerate clasts and the absence of grading point to relatively more proximal 

deposition. PhytOC values of samples U21, U22 and U24 are tightly clustered and 

comparatively low despite apparently proximal deposition (Figure 5.1% reflecting 

significant dilution of terrestrially-derived organic matter by siliciclastic material. 

The fine-grained phosphoritic and glauconitic sandstones of the nikitini to 

nodiger zones (samples U25 to U32 plus U23) are indicative of proximal sediment- 

starved deposition. Hogg (1994) compared these to the Spilsby Sandstone and 

Sandringham Sands lithologies of Eastern England, which Ruffell & Rawson (1994) 

believe to be the result of low clastic input during arid low sea-level phases. Low 

absolute abundance of phytoclasts, low PhytOC, low input of sporomorphs and relative 

dominance of dinoflagellate cysts over these components indicate low input of terrestrial 

materials. In addition, analysis of the phytoclast characteristics reveals a well sorted, 

well rounded and generally small-sized assemblage in comparison to the virgatus Zone 

sediments, suggesting extended periods of particle abrasion. However, interpretation of 

these data is equivocal as such patterns could be generated either by more distal 

deposition, or by proximal deposition with low sediment input and corresponding 

extended organic matter residence times at the sediment/water interface. The latter is 

clearly more consistent with the sedimentological data. Extended sediment surface 

residence times effectively expose organic matter particles to additional reworking, and 

mechanical, chemical and biological degradation, particularly in well-oxygenated 

conditions. Thus the phytoclast assemblage is abraded, dominated by reworked black 

wood and carbonised brown wood, and any cuticle fragments are rapidly degraded so do 

not appear in the palynofacies. Similarly, the low absolute abundances of dinoflagellate 



cysts, AOM, and therefore TOC through this interval is consistent with a low degree of 

preservation of these materials under the conditions described above. The shelly-hash 

horizons present in this interval are also consistent with low influx of siliciclastic 

sediment: they probably represent winnowed horizons and/or the accumulation of 

bivalve shells in the absence of other sediment. The drop in both absolute abundance of 

structured organic matter components and TOC in sample U28 reflects the greater 

weight-proportion of shelly debris. 

The upper part of Bed 18 (samples U31 and U32) represents a return to intertidal 

conditions with lenticular bedding, although with significantly lower mud deposition 

than in Beds 10 and 12. This transition is gradual, with sample U32 being taken from a 

more densely lenticular interval than sample U31. A gradual palynofacies change 

throughout the nikitini to nodiger interval is also reflected in the relative abundance 

data, which show increasing importance of woody phytoclasts in comparison to 

dinoflagellate cysts. The absolute abundance of structured components drops markedly 

in the upper two samples of this interval, possibly suggesting increased sediment 

dilution in this more proximal environment, although no such change is notable in the 

The phosphorite deposit (Bed 19) is difficult to separate from the underlying 

sandstones on palynological grounds, although the slightly elevated PhytOC and TOC 

levels (and AOM abundance) may reflect increased preservation of organic matter, 

perhaps by rapid phosphatisation, It seems likely that the sediment was deposited in 

shallow shelf starved of sediment as phosphorites are known to occur in these 

environments (Leeder, 1982), although the cause and mechanism of such pervasive 

phosphatisation are unclear. 



Samples U33 and U34 are separated by the most significant hiatus/unconformity 

within the succession at Gorodische, spanning the entire Ryazanian interval (see Chapter 

4). This is reflected in the abrupt change in both sediientology and palynofacies. The 

Valanginian sediments of the sample interval U34 to U40 are grey micaceous siltstones 

with an abundance of secondary gypsum and jarosite. The palynofacies clearly suggests 

a shift to increased influx of terrestrial components. particularly revealing are 

analyses of the phytoclast assemblages, which show significantly increased input of 

'fresh' phytoclasts relative to black wood, comparatively large mean long-axis of brown 

and black wood, together with peak abundance in elongate components, high standard 

deviation (poorly sorted assemblage), and maximum angularity, Sporomorphs 

(particularly bisaccate pollen) reach maximum abundance in this part of the column, 

and absolute abundance of structured organic matter grains are higher in these 

sediments than in the underlying Volgian sandstones. Continued dominance of 

dinoflagellate cysts through this interval (apart from samples U34 and U35) suggests the 

maintenance of normal marine salinity, apart from samples U34 & U35, which indicate 

either much more restricted conditions (less marine influence) or poorer preservation 

potential of dinocysts. In this case, the presence of gypsum, and in particular jarosite, 

point to chemical weathering of pyrite within the sequence, and the subsequent removal 

of carbonate minerals. This is in part supported by the absence of body fossils, and by 

the identification of framboidal (sedimentary) pyrite in some of the unoxidised residues 

from these deposits. The quantity of sulphate minerals in the sequence suggests 

similarly abundant pyrite, which may have been generated from biological degradation 

of the copious plant matter encountered in these sediments. The different character of 

the mica-rich siltstones is such that they can be readily separated from other 

palynofacies using ternary plots such as those of Figs. 5.2,5.9b & 5.10. 



5.2. Kashpir palynofacies investigation 

5.2.1. Total organic carbon content (TOC) 

The raw TOC data for Kashpir can be found in Appendix E, and carbonate- 

corrected TOC values are additionally presented in Table 5.5 and in Figure 5.16a. Both 

samples from the zarajskensis Subzone have high TOC (7-1Wo) in comparison to the 

samples from the fulgens and nodiger zones, which have between 0.5-2wt% TOC. The 

bituminous shale horizon (Bed 18, sample K10) has peak TOC, at 58wt%, and the two 

samples taken from the laminated sandstone of Bed 19 (K11 and K12) are also 

comparatively organic rich at approximately 3wt% and lOwt% TOC. The remainder of the 

samples taken from Ryazanian deposits are organic poor (0.3 - 0.7wtOJo). Samples from 

the mica-rich siltstones are variable in terms of TOC, although they generally contain 

between 0.5 and 2wt%. The uppermost two samples from the section have extremely low 

organic carbon content. In a similar manner to the data collected from Gorodische, there 

is a strong correlation between relative abundance of AOM and TOC content. Thus the 

high TOC in both samples from the zarajskensis Subzone, in the sample interval K10 - 
K12, and the peak at sample K25 are all correlated with similar peaks in the relative 

abundance of AOM (Figure 5.16a & 5.16b). A small peak in TOC corresponds to the 

basal Ryazanian sandstone with phosphatic concretions (Bed 24, sample K17). This is not 

generated by increased abundance of AOM, and must therefore be due either to increased 

input or to increased preservation of the structured components. 

5.2.2. Bulk palynological matter: A-P-D p lo t s  

Proportions of the three main components of the palynological matter 

assemblages at Kashpir are presented in Figure 5,17a and in Table 5.5. The sample 

points largely fall in the lower quarter of the ternary plot emphasising the dominance of 

AOM and dinoflagellate cysts in these residues. However several samples (K17, K28 - 
K30) are clustered at the phytoclast apex suggesting either drastically increased input, 



Figure 5.16: TOC and AOM at Kashpir 



Table 5.5: Relative abundance of palynologic matter components from the unsonified/unoxidised residues. Kashpir 
section. 
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Figure 5.18: Dendrogram produced from minimum variance cluster analysis of AOM I phytoclast 1 dinocyst relative 
abundance data from Kashpir. Squared Euclidean distance was calculated using logratio transformation to eliminate 
data closure effects. 



5.2.3. Analysis of the structured components 

5.2.3.1. Relative abundance data  (%SM) 

Data on relative abundance of structured components (%SM) in the palynological 

matter assemblages from Kashpir are presented in Table 5.6 and in Figure 5.19. Figure 

5.19 clearly shows that dinoflagellate cysts are by far the most abundant element of the 

structured components, with brown and black wood also generally important, and 

dominant in some assemblages. The number of hiatuses through this section in relation 

to the sampling interval used prevent any trend-lines from being drawn on these curves 

below the mica-rich siltstones. 

In the two assemblages from the zarajskensis Subzone dinocysts comprise 

between 65 and 70% of the structured components, and black wood is dominant over 

brown wood, significantly so in sample K2. Relative abundance of these elements is 

somewhat variable in the lenticular sandstones of Beds 11 & 13. Due to the nature of 

this lithology it is difficult to interpret whether such variation corresponds to true 

changes in ecological conditions or is the result of inconsistent proportions of lens to 

host sediment in the samples (samples were homogenised prior to maceration). However 

samples K4 and KS (particularly the latter) show considerably lower dinoflagellate cyst 

relative abundance than the other two samples from this lithology, with correspondingly 

higher abundance of both brown and black wood components. The %SM abundance of 

dinoflagellate cysts is comparatively high (79 - 91%) between samples K6 and Kg, and 

remarkably consistent considering the variation in lithology. The greatest abundance of 

this component within the assemblages from Kashpir is in sample K8, which shows a 

concomitant drop in the relative abundance of black wood in comparison to adjacent 

samples. Sample K10, taken from the bituminous shale horizon, has peak relative 

abundance of brown wood and concomitant minimum in the a4SM abundance of 

dinoflagellate cysts. Brown wood relative abundance exceeds that of black wood in 

samples K10 - K12, and remains comparatively high in sample K13, despit the notable 

peak in black wood abundance in this sample. 





Figure 5.19: Relative abundance of structured palynological matter (%SM) from Kashpir 
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The two samples from the spasskensis Zone (Bed 23a, samples K14 & K15) have 

closely comparable palynofacies, with 72-74MM dinoflagellate cysts and a dominance of 

black wood (10 - 12Y6SM) over brown wood (6-7MM). Sample K16, taken from Bed 23 b is 

of identical sedimentary nature to 23a but without the abundance of the shelly 

component Nevertheless, the relative abundance of dinoflagellate cysts is notably 

higher in this sample than in the preceding two (at 86%SM), with both brown and most 

notably black wood abundance being lower. Sample K17 taken from Bed 24 with 

phosphate concretions shows an enormous comparative increase in the relative 

abundance of tracheids from a general abundance of 1 or 2 %M in most of the samples to 

75%SM, and a minor increase in the relative abundance of brown wood. The relative 

abundance of dinoflagellate cysts in this sample is reduced accordingly. 

The palynofacies of the mica-rich siltstones (Beds 27 - 30) is remarkably 

consistent from samples K19 to K24, and comparable to that of the flaser bedded 

sandstone of Bed 26 (sample K18). Through this interval the relative abundance of 

dinoflagellate cysts is stable at approximately 80%SM; this stability is also reflected in 

the woody phytoclast components. In the uppermost part of this sample interval (K26- 

K30) there is a marked increase in the relative abundance of all three woody phytoclast 

components, and corresponding decrease in the abundance of dinoflagellate cysts. This 

trend is interrupted in sample K25 by a marked low point in the relative abundance of 

black wood, although the other woody phytoclasts are not significantly affected. A 

similar reduction in this component is seen in sample K30. Here the reduction is only 

significantly reflected in a rapid increase in the abundance of brown wood, although 

black wood still remains more important in this assemblage than in any sample prior to 

K2 8. 

The relative abundance (%SM) data for the major components has been plotted on 

Ternary diagrams in Figure 5.20. Brown wood is combined with black wood in 5.20a and 

with tracheids & sporomorphs in 5.20b. The diagrams show that little differentiation of 

each lithology is possible on the basis of such palynofacies data. The majority of 



Dinocysts & prasinophytes 1 

Tracheids & sporomorphs Brown & black wood 

Dinocysts & prasinophytes 1 

Tracheids + brown wood 
+ sporomorphs 

Black wood 

Figure 5.20: Ternary plots of marine vs 'fresh' and oxidised terrestrial components from 
Kashpir. a: Brown & black wood combined. b: Brown wood & tracheids combined. 
Samples from mica-rich siltstones are shown by open circles. I 





samples fall within the cluster at the dinoflagellate & prasinophyte apex, with outlying 

samples from various lithologies scattered over the remainder of the diagram. 

Minimum variance cluster analysis is similarly ineffective in distinguishing the 

various lithologies on the basis of these palynofacies data (Figure 5.21). Generally 

organic- and dinoflagellate-rich samples are clustered in Branch 1, including both 

samples from the zarajskensis Subzone. Dinoflagellate-poor samples are similarly 

grouped in Branch 4. Branches 2 & 3 group the remaining samples, with no apparent 

clustering according to lithology. 

5.2.3.2. Detailed analyses of the  phytoclast assemblages (%Phyt) 

Relative abundance of the phytoclast components is displayed in Figure 5.22. 

Cuticle fragment abundance is not displayed as this component is extremely rare in the 

Volga Basin palynofacies investigated. The two samples from the zarajskensis Subzone 

show consistent relative proportions of tracheids at between 2 - 5%Phyt, whereas there. 

is significant difference between the two samples in terms of black & brown wood %Phyt. 

The laminated siltstone (sample K1) has approximately 44% brown wood in the 

phytoclast assemblage and 53%Phyt black wood, whereas sample K2 has only 22%Phyt 

brown wood and 76%Phyt black wood. 

The lenticular siltstones are again variable in terms of phytoclast proportions, 

but generally reflect a decrease in brown wood relative abundance from 39%Phyt in 

sample K3 to 18%Phyt in K6, with a concomitant increase in black wood. This trend is 

continued into the sandstone of sample K7. Tracheid abundance is comparatively stable 

through this interval and slightly higher than that in the zarajskensis Subzone, although 

the relative abundance of this component is significantly lower in sample K7 that in the 

underlying sediments. Samples K8 & K9 have similar phytoclast assemblage 

composition despite the difference in lithology between the two, with 66 - 69%Phyt 



Figure 5.22: Relative abundance within the phytoclast group (%Phyt) at Kashpir 



black wood, 25 - 28%Phyt brown wood and 5 - 7%Phyt tracheids. As indicated in the 

%SM data, there is a significant change in the phytoclast assemblage in the interval from 

sample K10 - K12, where brown wood becomes dominant over black wood, particularly so 

in sample K10 where brown wood reaches 88% of the phytoclast assemblage. This trend 

is rapidly reversed in sample K13 where black wood returns to 69% of the phytoclast 

assemblage, and remains at between 57 and 65% up to and including sample K16. 

In sample K17 (sandstone with phosphatic concretions) tracheid abundance 

reaches 89%Phyt, with corresponding reduction in the abundance of the other d y  

phytoclast components. In the mica-rich siltstones, the composition of the phytoclast 

assemblage is for the most part remarkably consistent. Trend-lines drawn on the black 

and brown wood curves show a general increase in the relative %Phyt abundance of black 

wood towards the top of the section at the expense of brown wood. Significant deviation 

from these trends occurs at samples K25 and K30 where brown wood %Phyt abundance is 

higher and black wood abundance correspondingly lower. Tracheid abundance is also 

consistent through this interval, and consistently higher than in the lower part of the 

section, at approximately 10% Phyt. Slight peaks in the %Phyt of tracheids correspond 

to the two peaks in brown wood abundance in this interval, 

5.2.3.3. Analysis of the particle size da t a  

Table 5.7 & Figure 5.23 show brown and black wood particle size data for the 

section at Kashpir. Comparison of the data for both components shows that brown wood 

mean long axis data are generally higher than that of black wood, although in many 

samples the difference is not pronounced. This suggests that in comparison to 

Gorodische much more of the black wood component is comprised of Type 2 material. 

This is not supported by the data displayed in Figure 5.23d which only shows elevated 

percentages of Type 2 material in a few samples. Alternatively more of the brown wood 

assemblage may represent reworked material. 



Table 5.7: Mean phytoclast particle size data from Kashplr. 



Figure 5.23: Brown & black wood phytoclast size (Kashpir) 
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The data on mean long axis size show little correlation with the %Phyt data for 

either component However peaks in the brown wood long axis data at sample K5 and K16 

correlate to similar peak in the YtM. Many of the samples from the mica-rich siltstones 

have higher mean long axis data for brown wood than samples earlier in the section, 

although this is not true of the uppermost three samples from the section, which the YtM 

data indicate possess heightened abundance of woody phytoclasts. There is less spread 

in the black wood long axis data, and apart from a peak in long axis size at sample K5 

which corresponds to a peak in this component in the Y5SM data, little comparison can be 

made. However, the mean long axis data are lower in the basal part of the section, 

notably so in the samples from the zarajskensis Subzone. 

The RI and sorting parameters for this data are equally inconclusive (Figure 

5.24). Black wood generally shows a higher RI values than brown wood, indicating a 

better rounded assemblage, although inversions in this pattern are evident at several 

sample levels ( K l ,  K10 - K12, K25) possibly reflecting the highly degraded nature of the 

brown wood assemblage in these samples. Standard deviation is here quite strongly 

correlated with mean particle size of each sample, and in this respect is difficult to 

interpret. The standard deviation is closely comparable for both components, as is the 

percentage variation from mean. 

A Ternary plot of the phytoclast assemblages from Kashpir is presented in 

Figure 5.25 which shows clustering of these sample points according to lithology. Due to 

the variety of lithologies present in this section, many of the samples have proved 

impossible to cluster on the basis of the phytoclast assemblage. However, where 

sufficient samples from each lithology were taken, clustering has been attempted. 

Cluster A at the base of the ternary diagram groups both samples from the zarajskensis 

Subzone. The wide spread for such a small sample set reflects the two distinct 

lithologies. Cluster B groups all samples taken from lenticular sandstone facies of beds 

11, 13, and 21. These generally have low abundance of 'fresh' terrestrial material, and a 

dominance of black wood over brown. Cluster C groups the two samples from the 



Figure 5.24: Phytoclast roundness and sorting (Kashpir) 
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Brown wood Black wood 

Figure 5.25: Ternary plot of the relative abundance of terrestrial materials in the residues 
from Kashpir. Samples from the mica-rich siltstones are shown as open circles. 



laminated organic-rich sandstone of Bed 19. Cluster D includes all samples from the 

mica-rich siltstones, excluding sample K25 which is left as an outlier. This cluster 

covers a broad range of phytoclast compositions, and overlaps with several other 

lithologies on this basis, including Cluster B. Thus clustering of the data using ternary 

plots is difficult, Most of the samples have low abundance of 'fresh' components (and 

moderate to low abundance of brown wood) despite the apparent proximal nature of the 

deposits as indicated by the sedimentology, particularly in the lenticular bedded 

sandstones. 

5.2.3.4. Absolute abundance of the  structured components 

Absolute abundance with Lycopodium spores 

Absolute abundance of the main structured components is presented in Table 5.8 

and Figure 5.26, and of the minor components in Figure 5.27. Figure 5.26 shows that of 

the structured components, dinoflagellate cysts dominate the majority of assemblages, 

black wood is generally the most abundant phytoclast, and tracheids the least abundant 

Absolute abundance of each component is highest in the sample from the zarajskensis 

Subzone; dinoflagellate cysts reach nearly 3 x 106 grains per gram-1 in sample K1. 

Samples K3, K4 and K6 are approximately equivalent in terms of absolute abundance of 

the three main structured components, with considerably lower values that in the first 

two samples. There is a significant drop in absolute abundance of all components in 

sample K5. 

The remainder of the section up to the mica-rich siltstones is composed of 

numerous different lithologies, making inter-sample comparison difficult. There are 

significant peaks in the abundance of all the major components at samples K8 and K12, 

and significant minima at samples K9 and K13. Samples K13 to K16 show comparatively 

low absolute abundance of tracheids and to a lesser extent dinoflagellate cysts than most 

of the preceding samples. K17 however has remarkably increased input of tracheids and 





Table 5.8: Continued. 



Figure 5.26: Major structured component absolute abundance (Kashpir) 
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Figure 527: Minor structured component absolute abundance (Kashpir) 



F burr 5 . 2 8 ~  Dendrogram produced from minimum variance cluster W s i s  of the 
major component absolute abundance data. Squared Euclidean distance was calculated 
Using @(lo) transformed data to reduce variance and enhance clustering 

5.28b: Dendrograrn produced from minimum variance cluster analysis of the 
full absolute abundance data set. Squared Euclidean distance was calculated udng 
bansformed data to reduce variance and enhance clustering 



also a significant peal. in b m n  wood. Absolute abundance of these components is 

generally consistent through the samples of the mlca-rich siltstones. However there is a 

slgnlficant peak in absolute abundance of all these components in sample KZS, and there 

appean to be a broad 'bulge' in the abundance of the phytodast components between 

samples K22 and K28, peaking at US. Above this bulge, there is a profound drop in the 

absolute abundance of dinoflagellate cysts in samples K28 - K30 which is not reflected 

in the phytocht curves. 

Once again, the absolute abundance data has been subjected to minimum variance 

cluster analysls. Only the major components were run In the first analysis, and the 

dendrogram produced Is shown in Figure 5.28a Clustering of this data is poorly 

developed artording to lithology, and in this case not even the mica-rich siltstones have 

been clearly separated. The 'full' absolute abundance data set achieved more refined 

cluttering according to lithology (Figure 5.29b). Branch 1 on Figure 5.28b interesdngly 

separates K17 (phosphate concretions) from all other samples. Branch 2 includes all of 

the samples from the mica-rich siltstones, plus all the samples from the shelly 

sandstones of Bed 23. Branch 3 groups most of the organic-rich sediments (bar sample 

K10). Branch 4 includes all the dinoflagellate-poor sediments, regardless of lithology. 

Branch 5 comprises most of the samples from the interval from beds 11 - 14, which 

clearly do have similar palynofacies in terms of absolute abundance (Figure 5.26) 

regardless of lithology. This contrasts to the heightened detail apparent using the major 

co~ponents rather than the full data set seen in analysis of the section at Gorodische. 

PhytOC ranking 

PhytoC for the section at Kashpir is plotted in Figure 5.29, with Increasing grain 

size of the sediments from left to right Unfortunately, there are not enough samples in 

each lithology for any statements about the PhytOC values to be definitive. However, 

Il~ost of the samples from the mica-rich siltstones and those from the lenticular 

a n  dghtly clustered, with generally low PhytOC despite apparent proximity 
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of these sediments. Plausible explanations for this include sediment dilution andfor 

breakdown of phytoclasts (particularly cuticle) during extended periods of 

reworklng/resldence time a t  the sedimentlwater interface, or  simply extremely low 

input of terrestrial materials. 

5.2.4. lnterpreta t ion o f  deposit ional environments  for  the  Kashpir 

section based on  palynofacies a n d  sedimentological data. 

The two samples from the zarajskensis Subzone are directly comparable to those 

taken from the mudstone and laminated silutone lithologies of this subzone at 

Gorodische. All aspects of the palynofacies in samples K1 & K2 are also consistent with 

the analogous deposits at Gorodische, and therefore a similar interpretation is proposed. 

these sediments were deposited in an anoxic, probably restricted basin, with periodic 

short-lived phases of uplift or  increasing proximity creating a source for the laminated 

siltstones. The high TOC and high absolute abundance of the structured components 

suggests extremely low rate of siliclclastic sediment input. 

No samples were taken from the coarse-grained deposits of the virgatus and 

nikitini zones a t  Kashpir. The sediments of both zones h m e r  reflect much more 

proximal deposition than those of the zarajskensis Subzone, and are separated from the 

underlying deposits by a pronounced erosional contact. Indeed, proximal deposits of the 

uppermost zarajskensis Subzone analogous to the lenticular siltstones (beds 10 & 12) at 

Gorodische are absent at  Kashpir, suggesting the presence of a significant 

unconformIty/hiatus at  this level. Bed 4 at Kashpir has tightly packed units of planar 

cross-stratified sandstone with trough-shaped erosional surfaces and sediment inflll 

characteristic of channel deposits (Table 4.2). Beds 6,7,  and 10 of the nikitid zone are 

thin but laterally continuous conglomerates with coarse grained matrices (with 

haematite in the case of Bed 10) and a variety of lithic, phosphatic, and skeletal clasff 



Bed 8 Is a glauconidc phosphatised sandstane, quite typical of sediments which form in 

shallow neritic. sediment-starved environments (after Leeder, 1982). 

These proximal conditions are continued, If not intensified in the lenticular 

sediments of beds 11 & 13. ~s explained in Section 5.4, lenticular sediments are 

Indicative of alternating energy conditions, typically intertidal areas. Beds 11 and 13 

are slightly unusual In having mediumgralned sandstone lenses set within fine-grained 

sandstone rather than more coheslve muddy material. Such sediment perhaps suggests 

higher Input of sandy material, or generally higher energy conditions than the 

lenticular siltstonc deposits a t  Corodische. The comparative lack of glauconlte and 

phosphate in these units is consistent ~ i t h  a higher rate of deposltion. The palynofacies 

data arc equivocal, but do not contradict such conclusions both abundance of AOM and 

TOC content arc generally low suggesting well oxygenated conditions unsuitable for the 

preservation of this material and/or enhanced sediment dilution. The reduced absolute 

~ ~ u n d a n c e  of structured components is consbtent with either increased sediment 

dilution, sediment-swed conditions where much of the organic matter is degraded 

during extended periods of reworking, or low primary productivity. The pronounced 

drop in absolute abundance of all the main components at  sample );5, together with 

slightly increased relative abundance of brown and black wood and increased mean long 

axes of these components is most consistent with increased sedimentation rate, a t  least 

in this sample. 

The wackestone of Bed 12 suggests a significant change in depositional 

environment from an otherwise siliciclastic depositional regime. Such a c h g e  

probably in part represents a distal shift into the zone of carbonate sedimentation. The 

W~Lestonc texture Indicates continued neridc conditions rather than a drastic shift to 

basin dimentat ion The discontinuous silty horizons are almost certainly s s o n d a r ~  

and of stylolidc orlgin, but are testament to continued input of fine siliciclastic 

material, albeit at an extremely b w  sedimentary rate. 



Beds 15 and 16 were not sampled, but continue to represent proximal conditions. 

Bed 15 is predominantly fine to medium-grained sandstone with thin, wavy mud layers. 

In a similar manner to lenticular bedding, wavy laminations suggest intertidal 

deposition, and the predominance of sand over mud indicates heightened input of 

siliciclastic sediment. Bed 16 shows rapid normal grading from a conglomeratic base to 

a medium-grained sandstone which contains a mass-accumulation of ammonites still 

bearing blue-green nacreous shells. This bed is here suggested to be a storm deposit, 

with rapid sedimentation, and thus reduced length of abrasion to the ammonite shells. 

Bed 17 becomes increasingly lenticular towards the top, consistent with either 

increasing proximity and influence of intertidal conditions. Sample K9 was taken from 

the upper part of this interval, and the palynological matter assemblage observed is 

consistent with the other lenticular-bedded sandstones from beds 11 and 13. 

Comparatively high relative abundance of AOM but low TOC content and low absolute 

abundance of structured components probably reflects higher sedimentation rate than in 

the underlying lenticular sediments. 

Bed 18 is predominantly bituminous shale (in excess of 55% TOC) intercalated 

with laterally discontinuous shale horizons. From the sedimentology alone, it is 

difficult to interpret the environment in which this sediment may have formed, although 

such an organic accumulation would require extremely low sedimentary input. The 

markedly reduced absolute abundance of both marine palynomorphs and black wood, 

together with peaks in brown wood and tracheid abundance is more consistent with 

deposition in a proximal environment. A significant proportion of the brown wood 

component is degraded, and it is often difficult to distinguish between a gelified 

phytoclast and an amorphous particle. Fluorescence shows that a significant proportion 

of tlie 'AOMt in this deposit of degraded algal origin, and is, in fact bitumen. Thus the 

deposit is clearly marine, but further examination is needed both in the field and in 

polished section before more concrete conclusions can be drawn about this unit. 



The finely laminated sandstones of Bed 19 probably represent low-energy 

proximal deposition, possibly from suspension: there is no evidence of cross-lamination 

on oblique faces, or to flow-parallel striations typical of upper-phase flow. The 

sediments continue to be organic-rich (between 3 and 10% TOC), and the AOM of Type 3 

nature. However, the renewed presence of dinoflagellate cysts indicates increased 

marine influence, although the comparable absolute abundance of woody phytoclasts and 

these marine palynomorphs, together with dominance of brown wood over reworked black 

wood suggests strong terrestrial input. This is supported by the abundance of 

macroscopic woody plant fragments at the top of this unit. 

Bed 21 is a unit of glauconitic lenticular and wavy bedded sandstone, with a 

phosphoritic lag at the base indicating the presence of an hiatus. The combination of 

wavy and lenticular bedding suggests variable conditions, most likely variations in rate 

of sedimentation, whilst the variable nature of the lenses in this unit (including 

mudstone, glauconitic siltstones and sandstones, and creamcoloured sandstones) 

suggests fluctuating source materials. The overall fabric of this deposit is indicative of 

sediment starved deposition over an extended period of time, sufficient for fluctuation 

of source materials to be reflected in the sedimentology. The low TOC, low absolute 

abundance of structured components, low relative and absolute abundance of marine 

palynomorphs in relation to phytoclasts, low absolute abundance of tracheids in relation 

to brown and black wood, and increased relative abundance of black wood all point to 

proximal deposition with extended residence times of organic matter at the 

sedimenthater interface (slow rate of deposition). The palynofacies data from sample 

K13 is thus entirely consistent with the interpretation of this deposit based on 

sedimentological grounds. 

Beds 22 and 23a are fine-grained glauconitic sandstones with mass 

accumulations of bivalve shells, typically with phosphatic internal casts. The 

sedimentology thus indicates a neritic marine environment, with sufficiently low 

siliciclastic sediment accumulation rate to allow the build-up of such mass 



accumulations, and the deposition of both phosphate and glauconite. Samples K14 and 

K15 were taken from Bed 23% and have almost identical palynofacies. The low absolute 

and relative abundance of tracheids in comparison to other phytoclasts, the low TOC, the 

low absolute abundance of terrestrial components in comparison to dinoflagellate cysts 

suggests low input of 'fresh' terrestrial components, and low sedimentation rate in 

general forcing extended periods of organic matter degradation. Moreover, the increased 

absolute and relative abundance of dinoflagellate cysts indicates more distal deposition 

than does the palynofacies of sample K13. Bed 23b is much less abundantly 

fossiliferous and less glauconitic than 23% with occasional phosphatic concretions. The 

palynofacies are similar in this deposit (sample K16) to those of Bed 23% suggesting 

similar conditions, but the increase in mean brown wood long axis size, increase in 

angularity and decreased sorting (standard deviation) of both brown and black wood 

indicate less particle abrasion, and therefore either less reworking or an increase in 

proximity (decreased distance of transport). The decrease in absolute abundance of 

these phytoclast components therefore probably reflects increased sediment dilution. 

Bed 24 is a poorly cemented, medium-grained sandstone with strings of 

phosphate concretions which often (but not exclusively) appear to have nucleated around 

macrofossils. The palynofacies show hugely increased absolute and relative abundance 

of 'fresh' phytoclasts, in particular tracheids, combined with increased mean brown 

wood long axis, decreased sorting and a generally angular phytoclast assemblage, and 

comparatively high TOC despite the virtual absence of AOM. Such attributes of the 

phytoclast assemblages are consistent with deposition proxlmal to the terrestrial 

source. Preservation of the dinoflagellate cysts is split between exceptionally well 

preserved 3-dimensional specimens and a much more poorly preserved component It 

seems unlikely that such specimens could have been so beautifully preserved in the 

poorly cemented sandstone matrix, and may thus have been preserved within the 

phosphatic concretions. If this is the case, phosphatisation must have occurred at an 

early stage in diagenesis, prior to significant compaction. The poorly preserved portion 

of the assemblage may thus have been sourced from the sandstone matrix, 



It is unclear whether the significant peak in 'fresh' phytoclasts is the result of 

enhanced preservation within these concretions, or whether the nucleation of the 

concretions was a result of enhanced input of organic material. Indeed, our knowledge of 

how and why such types of phosphate deposits form is somewhat limited. It is clear that 

large quantities of phosphorous are required, either by precipitation from dissolved 

mineral phosphates, or from the breakdown of abundant organic matter. Several studies 

have shown an association between phosphate sedimentation and abundance of marine 

phytoplankton, including dinoflagellate cysts (Fauconnier & Slansky, 1978; Slansky 

1986), particularly during 'red-tide' events and/or in upwelling systems. However, 

neither the dinocyst assemblage recovered from this deposit, nor from Bed 19 (sample 

U33) at Gorodische, exhibit features characteristic of upwellingdriven bloom 

production, such as high dominance (Davey & Rogers, 1975; Fauconnier & Slansky, 

1980; Honigstein et al., 1989), the prevalence of peridinioid cysts (Wall et al., 1977; 

Fauconnier & Slansky, 1980; Bujak, 1984; Rauscher et al., 1986, 1990; Powell et al., 

1990; Powell e t al., 1992), or an abundance of cysts with a cavate morphology (Courtinat 

et al. 1993). 

It seems possible then, that in Bed 24 at Kashpir there is causal relationship 

between the super-abundance of plant material and the nucleation of these phosphatic 

nodules. This becomes increasingly plausible when one considers the role of bacteria in 

the degradation of organic matter. Although the importance of bacteria in phosphate 

precipitation has yet to be clearly demonstrated, evidence of bacterial action on organic 

substance within phosphate rocks has been identified (Belayouni, 1984). Furthermore, 

accumulations of bacteria have been suggested as a rich source of phosphate (Slansky, 

1986). 

Beds 25 and 26 above the phosphatised sandstone are closely comparable in 

terms of sediment grain size, but have contrasting structure, with the lower unit being 

planar laminated (no apparent cross bedding) and the upper being wavy bedded with 



mudstone drapes. The sediientology of Bed 26 indicates intertidal deposition, although 

the palynofacies of sample K 1 8  taken from this horizon is difficult to distinguish from 

that of the overlying mica-rich siltstones. The latter contain mm-scale cross laminae 

with an extremely low angle of climb between sets (approximately 1.5' , Bed 27), and are 

clearly bioturbated with both horizontal and vertical burrows. The intensity of 

burrowing drops rapidly above Bed 27, and is virtually absent in Bed 30. It is unclear 

whether the absence of cross-lamination in the upper part is due to primary absence of 

structure, or due to the homogenisation of the sediment by intense bioturbation: the 

presence of fewer obvious burrows above Bed 27 cannot be taken to mean that there was 

less faunal activity. However the presence of preserved cross-lamination in these 

siltstones suggests net deposition (albeit at a slow rate of sediment influx) under non- 

turbulent conditions. 

In common with analogous deposits at Gorodische, these siltstones are rich in 

secondary gypsum and jarosite, which are again interpreted as the chemical weathering 

products of pyrite and subsequently carbonate materials. Similarly, the development of 

disseminated pyrite in this part of the sequence is expected to have been caused by the 

degradation of abundant plant matter. The abundance of well-preserved AOM at sample 

horizon K25 suggests that this process may have contributed to the development of 

bottom-water or pore-water anoxia. However, the continued abundance of dinoflagellate 

cysts in most of these deposits is testament to the maintenance of 'normal' marine 

conditions, at least in the surface waters. 

There k a significant change in the palynofacies from sample K27 to sample K28, 

with a dramatic drop in the relative and absolute abundance of dinoflagellate cysts, 

although the absolute abundance of the three main phytoclast components remains 

unaffected. This is combined with an increase in relative abundance of the brown wood 

component at the expense of black wood (or visa-versa). Such changes could be the 

result of a change in preservation, leaving only the most robust particles, but the 



continued levels of tracheid fragments suggests increased proximity to the terrsterial 

source. 

The section at Kashpir is capped by a medium to coarse-grained sandstone 

horizon with carbonate concretions which yield marine vertebrate and ammonite 

fragments. This unit was not sampled and will not be discussed further. 

5.3. Assessment of the dinoflagellate cyst assemblages 

This section focuses exclusively on the dinoflagellate cyst assemblages recovered 

from the Volga Basin samples. The data are examined at four levels: diversity and 

dominance of the assemblages as a whole; bulk proximate/chorate/cavate abundance; 

relative abundance of more tightly defined morphological groups; and detailed analysis 

of the generic abundance taking into account the distribution of key species. Each 

aspect is assessed to establish whether relationships exist between the dinocyst data 

and the palaeoenvironmental conditions inferred from the sedimentology and 

palynofacies. 

5.3.1. Diversity & dominance 

Diversity and dominance within the dinoflagellate cyst assemblages is plotted for 

both sections in Figure 5.30 from data in Tables 5.9. & 5.10. Diversity has been 

calculated using the Fisher a diversity index (Fisher, 1949) which allows for disparity 

in count size between samples, and dominance using the technique developed by 

Goodman (1987). In both of these measures the 'taxon-groups' were counted as single 

species. This means that diversity will have been consistently underestimated, and 

dominance overestimated in those samples in which a 'taxon-group' was a dominant 

species. The dominance therefore is shown by two curves, one which includes taxon- 



groups (where appropriate), and one which does not. The real dominance is therefore 

expected to fall between these two curves. 

5.3.1.1. Gorodische 

At Gorodische, dinocyst diversity appears fairly consistent about a trend line in 

the zarajskensis Subzone, which shows slightly decreasing diversity from samples U3 to 

U19. A major drop in diversity is apparent between samples U7-U9, corresponding to a 

peak in dominance. Dominance is rather variable through this part of the section (using 

either curve), and major changes in the values correspond to changes in lithology, 

although there is no consistent relationship between dominance and either sediment 

grain size, or inferred palaeoenvironment. There is a significant increase in diversity at 

the base of the virgatus Zone, with two peaks in this zone (samples U21 & U24) 

corresponding to the two conglomerate horizons. This presumably reflects the 

combination of reworked and autochthonous assemblages. Diversity varies between am15 

and a-20 in the sample interval U22-U33. Dominance is generally much lower through 

this interval than in the zarajskensis Subzone, with significant peaks only notable when 

the taxon-groups are included. Dominance is lowest and most consistent between 

samples in the virgatus Zone (samples U2 1 - U24). Diversity drops to between a-7-9 at 

the base of the mica-rich siltstones (samples U34 & U35), but varies between a-12-16 in 

the remainder of samples from this unit. A significant peak in dominance corresponds 

to the drop in diversity at the base of this Valanginian interval, with dominance between 

37% and 47% of the assemblages. However, dominance is quite low, between 15% and 

22% in the remaining samples from this unit. 

5.3.1.2. Kashpir 

At Kashpir diversity is comparatively low (a-15) and dominance high (25-43%) 

in the two samples from the zarajskensis Subzone (Figure 5.31b). Diversity is then 



Figure 5.30: Fisher a diversity and Goodman dominance for the sections at 
Gorodische (a) and Kashpir (b). 
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fairly consistent through the Middle to Upper Volgian (sample interval U3-U9), and 

higher than in the underlying deposits. Conversely dominance is lower than in the 

zarajskensis Subzone (13-25%). Sample K10 from the bituminous shale horizon has very 

low diversity, most of the encountered dinoflagellate cysts belonging to taxon-groups. 

This explains the disparity between the two dominance curves at this sample, but is in 

unclear wether this is biological or preservational phenomenon. Diversity remains low 

in samples K11  & K12 (a-12-14), but higher, and very consistent between samples K13 

to K16 (a-21-22). Dominance is moderately high in the Ryazanian interval (20-23%), 

and quite consistent apart from a peak at sample K14 (33%). Diversity is low and quite 

variable in the mica-rich siltstones, and varies between a=2-6 in the uppermost three 

samples from this section. Dominance is also variable, but has comparable values to the 

Ryazanian deposits. Samples K28-K30 are dominated by taxon-groups, with few other 

species recorded. 

5.3.1.3. Summary 

Diversity is generally lower in samples from basinal deposits (zarajskensis 

Subzone) than from the (open marine) neritic sediments. This accords with previous 

observations (Wall, 1971; Dale, 1976, 1983; Tyson, 1995). However, there appears to 

be little consistent difference in dinocyst diversity between samples from intertidal 

deposits and those thought to represent open marine neritic conditions, although the few 

phytoclast-dominated assemblages which possibly reflect reduced marine influence do 

have notably lower diversity. Samples from the mica-rich siltstones generally have 

lower and more highly variable diversity than the open marine neritic deposits. Such 

variable diversity possibly reflects fluctuations in fluvial output. 

Dominance is generally higher, and most variable in the basinal deposits than in 

the neritic sediments. This probably reflects the low number of pelagic species and 

development of water column stratification. Dominance is comparatively low in all of the 



neritic sediments (apart from those with phytoclastdominated assemblages), including 

samples taken from intertidal deposits, and those with otherwise strong terrestrial 

influence (mic-rich siltstones), Since these deposits must have been brackish to some 

extent, this contrasts with numerous other studies (Wall et al., 1977; Morzadec- 

Kerfourn, 1977; May, 1980; Piasecki, 1986; Goodman, 1987; Hunt, 1987; Lister & 

Batten, 1988; Andrews & Walton, 1990; Courtinat et al. 1991; Harding & Allen, 1995). 

5.3.2: Chorate/Cavate/proximate groups 

Previous studies of the distribution of chorate, cavate, and proximate 

dinoflagellate cysts have shown that there is a general gradation between proximate or 

cavatedominated assemblages in inner neritic settings and choratedominated floras in 

open marine sediments (Vozzhennikova, 1965; Scull et al., 1966; Davey, 1970; Riley, 

1974; Davey & Rogers, 1975; Monadec-Kerfourn, 1983; Sarjeant et al., 1987; Tyson, 

1985,1989; Courtinat et al., 1991; Tribovillard & Gorin, 1991; Hssalda & Morzadec- 

Kerfourn, 1993; Sittler & Olivier-Pierre, 1994; Al-Ameri & Batten, 1997). To test 

whether this relationship exists in the Volga Basin assemblages, the data on the relative 

and absolute abundance of these groups has been compared with the palaeoecological 

interpretations presented earlier. The relative abundance data are presented as both 

binary and ternary plots to ensure that any relationships are identified. In this 

exercise skolochorate and proximochorate cysts are combined to form the chorate group. 

5.3.2.1. Gorodische 

The data for Gorodische are presented in Table 5.9, and Figures 5.31 & 5.32. 

Figure 5.31 shows a general reduction in the abundance of proximate cysts through the 

zarajskensis Subzone (samples Ul-U20) which is perhaps separable into two cycles 

about sample U7. Proximate relative abundance is variable through the virgatus to 
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Figure 5.31: Relative abundance of chorate, cavate, 
and proximate cyst morphologies at Gorodische. 
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nodiger zone interval (31 - 47%)(samples U21-U33), and significantly lower in the 

mica-rich siltstones than in samples from any of the other lithologies. The relative 

abundance of chorate cysts broadly shows an opposing trend with major deviations from 

this caused by data closure against the cavate group. Thus chorate relative abundance 

increases through the lower part of the zarajskensis Subzone (samples U1-U7), and is 

highly variable in the upper part. The abundance of this group is quite consistent (42 - 
44%) through the coarse-grained deposits of the virgatus Zone (U21-U24), and variable, 

with decreasing abundance (5842%) through the fine-grained sandstones of the nikitini 

- nodiger zone interval (samples U25-U33). The abundance of this group peaks in the 

phytoclastdominated samples at the base of the mica-rich siltstones (66-68%) (samples 

U34 & U35) and thereafter is of comparable abundance to the nodiger Zone. The 

abundance of cavate cysts is inconsistent and largely independent of lithology in the 

zarajskensis Subzone and virgatus Zone (Ul-U24), but more consistent, and generally 

lower in the nikitini to nodiger zones (U25-U33). Minimum abundance of this group 

occurs in the basal samples from the mica-rich siltstones, and thereafter higher values 

are maintained until the top of the section. 

This information is plotted on a ternary diagram in Figure 5.32a, and the sample 

points are clustered according to lithology in Figure 5.32b. Despite the fact that many 

of the clusters overlap, some lithological descrimination is possible. The mica-rich 

siltstone samples fall in two sub-clusters, both with low proximate abundance, but one 

with particularly low cavate abundance (containing samples U34 & U35, Sub-cluster F2). 

The sediments with coarsest grainsize, or those considered to have been deposited most 

proximally to the terrestrial source are located closest to the centre of the dtagram 

(clusters C, D, & F). The transition from low chorate abundance in the mudstones to 

higher values in the proximal deposits contrasts to the expected trend as discussed 

above. 



Chorates 

Cavates Proximates 

Chorates 

Cavates Proximates 

Figure 5.32: Ternary plots of chorate 1 cavatel and proximate dinocyst relative abundance 
at Gorodische. Samples from the lenticular siltstones shown by open circles. a: Showing 
sample points. b: Showing clusters according to lithology. 
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5.3.2.2. Kashpir 

Data for Kashpir is presented in Table 5.10, and Figures 5.33 & 5.34. Figure 

5.33 shows that there is considerable variation in the relative abundance of these groups 

at Kashpir, and that very few consistent trends can be isolated. Generally low chorate 

abundance occurs in the two samples taken from the zarajskensis Subzone, and in the 

samples taken from phytoclast-dominated palynofacies (K10, K28-K30). Proximate 

abundance is similar in the majority of samples examined, but is significantly higher, 

and higher than chorate relative abundance in the phytoclast-dominated assemblages. 

Cavate abundance is variable, and highest in the sample taken from the mudstone 

lithology at the base of the zarajskensis Subzone (K2). 

As a result of the lack of consistent trends in this data, the majority of samples 

fall within a single area when plotted on a ternary diagram (Figure 5.34). The two 

samples from the zarajskensis Subzone are separable into Cluster A, which is 

approximately comparable to the position of samples from similar sediments at 

Gorodische. Cluster B, containing the samples from the mica-rich siltstones falls on the 

right hand-side of the diagram (low relative abundance of cavate cysts), in contrast to 

the position of the corresponding cluster from Gorodische. 

As mentioned earlier, the 'model' distribution of cysts is such that delicate 

chorate types are associated with open marine conditions, whilst robust proximate or 

cavate form are most common in inner neritic environments. Thus far, the data have not 

supported a chorate to proximate/cavate transition. This raises the question of whether 

the distribution of cysts is controlled by their durability rather than length of 

processes. Unfortunately, in the absence of experimental data on dinocyst abrasion, 

there is no objective or rigorous way to test this. However, from the available data, the 

majority of species encountered have been split into 'delicate' and 'robust' categories 

according to their appearance under the transmitted light microscope. Species with 

thick walls and/or simple, thick processes were considered more robust than species 
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Cavates Proximates 

Chorates 1 

I Cavates Proximates I 

I Figure 5.34: Ternary plots of chorate I cavate I and proximate dinocyst relative abundance at 
Kashpir. Samples from mica-rich siltstones shown by open circles. a: Showing sample points. 
b: Showing limited clustering according to lithology. 1 



Table 5.11. 

I - 

roperidinium sp. 3 1 Dapsilidinium multispinosum I 

Robust cysts 

Achomosphaera neptuni 

Ambonosphaera staffinensis 

Aprobolocysta galeata 

Apteodinium spinosum 

Batiacasphaera sp. 2 
Batioladinium gochtii 
Batioladinium longicornutum 
Batioladinium sp. 1 

Cassiculosphaeridia magna 
Circulodinium copei 
Cometodinium habibii 

Cribroperidinium sp. 1 

Cribroperidinium sp. 2 

Delicate cysts 

Aprobolocysta pustulosa 

Avellodinium falsificum 

"Batiacasphaera fenestrata" 

Cassiculosphaeridia reticula ta 

Chlamydophorella nyei 
Chytroeisphaeridia cerastes 
Chytmeisphaeridia chytroeides 
"Circulodinium ciliat um" 
Circulodinium compta 
"Circulodinium granulatum" 
Come todinium whit eii 

Cribroperidinium sp. 7 

Cymosphaeridium validum 

Cribroperidinium sp. 8 

Ctenidodinium sp. 1 

Egmontodinium polyplacophorum 
Endoscrinium campanula 

Endoscrinium granola rum 
Endoscrinium inritibile 
Endoscrinium pharo 

Exochosphaeridium phragmites 
Gochteodinia villosa 

Gon~aulacvsta SD. 4 

1Kleithriasphaeridium porosispinum ( Muderongia longicorna I 

Dichadogonyaulax chondrum 
Dingodinium cerviculum 

Dingodinium jurassicum 
Dingodinium tuberosum 

Downiesphaeridium sp. 2 
Egmontodinium sp. 1 

Egmontodinium torynum 
Gardodinium sp. 

Glossodinium dimorphum 
Gochteodinia tuberculata 

Gonyaulacysta aff. centriconnata 
Gonyaulacysta pectinigera 

lmpletosphaeridium sp. 1 

lmpletosphaeridum polytrichum 
lsthmocystis distincta 
Klekhriasphaeridium cotrugatum 
Kleithriasphaeridium eoinodes 
Kleithriasphaeridium fasciatum 

Gonyaulacysta dentata 
Heslertonia sp. 1 

Hystrichosphaeridium petilum 

Hystrichodinium pulchrum 

lmpletosphaeridium lumectum 

Kallosphaeridium sp. 2 
Lagenadinium membranoideum 

Lithodinia bulloidea 

Isenoniasphaera jurassica 
I 

I Rhynchodiniopsis martonense I 

L I - - 

Sentusidinium cf. sp. 1 
Sentusidinium fibrillospinosum 

Sent usidinium rioultii 

Sentusidinium sp. 1 

Sentusidinium sp. 2 
Stanfordella fastigiata 

Sirmiodinium grossi 

Leptodinium subtile 

Lithodinia acranitabulata 

Lithodinia sp. 1 

Nelchinopsis kostromiensis 
Pereodinia ceratophoa 

Phoberocysta tabulata 

Pseudoceratium sp. 1 

Spiniferites primaevus 

Spiniferites sp. 2 
Stanfordella exsanguia 

Stiphrosphaeridium anthophorum 

Stiphrosphaeridium dictyophorum 
Systematophora daveyl 

Systematophora sp. 1 

Oligosphaeridium complex 

Oligosphaeridium pulcherrimum 

Perisseiasphaerdium ingegerdiae 

Phobemcysta neocornica 
Prolixosphaeridium parvispinum 

Pseudocentium pelliferum 

Rhynchodiniopsis rnagnifica 



Spiniferites ramosus 

Tehamadinium daveyi 

Tehemadinium sp. 1 
Tenua hystrix 

Tenua cf. hystrix 
Trichodiniurn cf. cilia turn 
Trichodinium cilia tum 
Tubotuberella apatela 
Tubotuberella cf. apateh 
Valensiella ovula 
Wrevittia cf. helicoidea 

Tanyosphaeridiurn magnet icurn 

Tehamadiniurn sousense 

Trichodiniurn sp. 1 
Wallodiniurn k~tzschi i  

Warrenia brevispinosa 



Figure 5.35: Log of ratio between robust and delicate cysts 
at Gorodische (a) and Kashpir (b) 
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with thin, delicate walls, and thin or intricate processes. The groups into which each of 

the taxa have been placed are displayed in Table 5.11. The log of the ratio between 

robust and delicate cysts is plotted from both sections in Figure 5.35. Points plotted to 

the right of the 'zero' line represent assemblages dominated by robust cyst tam. Thus, 

robust cysts dominate the assemblages in the sample interval U21-U34 at Gorodische, 

and K4-K18 at Kashpir. These intervals correspond to the coarsest-grained open marine 

neritic sediments. Conversely, delicate cysts are most abundant in the finer-grained 

sediments deposited under lower energy conditions. Thus, there is a strong correlation 

between the sediment grain size, and the nature of the dinocyst assemblages. However, it 

remains unclear whether such a relationship is a result of preferential preservation of 

cyst. with robust morphology in higher energy sediments, or whether more cysts with 

robust morphology are produced in response to higher energy conditions. 

5.3.2.3. Absolute abundance data  

The data on absolute abundance for these sections are presented in Tables 5.1 2 & 

5.13, and Figure 5.36. Both of the abundance plots show that the trends of each group 

are closely comparable, and minor variation in the ratios between these groups are 

largely masked by some overriding signal. Moreover the trends displayed are quite 

similar to the plots generated from the palynofacies data (Figs. 5.12 & 5.26). This 

suggests that the controls acting on the dinoflagellate cyst population are the same as 

those on the other structured elements of the palynofacies. One possible explanation for 

this is that productivity of dinoflagellate population changed with supply of terrestrial 

organic nutrients. However, such a phenomenon is usually associated with peridinioid- 

dominated assemblages unlike those encountered in this study. The interaction of 

clastic sediment dilution rate and level of sea-water oxygenation was used to explain 

this pattern in the palynofacies data, and it is therefore inferred to be the dominant 

control on the absolute abundance of the three cyst morphologies. 



Table 5.12: Absolute abundance of major dinocyst morphological groups al Gorodlsche. 





Figure 5.36: Absolute abundance of chorate, cavate, and proximate cysts 
from Gorodische and Kashpir 8 
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5.3.2.4. Summary 

This analyis has produced little consistent information. However, inner neritic 

deposits from these sections do not appear to have fewer chorate cysts than outer neritic 

or basinal facies. Indeed, the trends apparent at Gorodische suggests that chorate 

abundance increased with increasing proximity. This information contrasts with the 

expected distribution, and that noted in numerous other studies (Vozzhennikova, 1965; 

Scull et al., 1966; Davey, 1970; Riley, 1974; Davey & Rogers, 1975; Monadec- 

Kerfourn, 1983; Sarjeant et al., 1987; Tyson, 1985, 1989; Courtinat et al., 1991; 

Tribollivard & Gorin, 1991; Hssa'ida & Morzadec-Kerfourn, 1993; Sittler & Olivier- 

Pierre, 1994; Al-Ameri & Batten, 1997). Such paradox may be due to the combination 

of skolochorate and proximochorate groups in the present report. To more closely 

analyse whether the abundance of each morphology is linked to proximal-distal 

relationships, finer subdivision of the dinocyst assemblage is necessary. 

5.3.3. Detailed morphological subdivision 

Analyses of dinocyst data based on the occurrence of individual taxa may allow 

much more detailed observations on the changes within the recovered assemblages. 

However, when such data are considered in relation to geological sections, it is important 

isolate stratigraphic trends from those controlled by ecological variation (Dimter & 

Smelror, 1990). In this respect, numerous workers have found it useful to combine taxa 

with like morphology into more detailed morphological groups than those described in 

previous sections, typically naming each group after a characteristic or dominant 

element (see Downie et al., 197 1; Brinkhuis & Zachariasse, 1988; Courtinat et al., 1991; 

Courtinat, 1993; Brinkhuis, 1994; Wilpshaar & Leereveld, 1994; Li & Habib, 1996; 

Lamolda & Mao, 1999). The majority of these studies have made inferences about each 

group based on comparison with previously reported occurrences, or to the distribution 

of analogous morphologies from Recent sediments, and then applied them to specific 



palaeoecological problems. Typically, sea-level change has been the target of such 

techniques (Brinkhuis & Zachariasse, 1988; Brinkhuis, 1994; Wilpshaar & Leereveld, 

1994; Li & Habib, 1996; Lamolda & Mao, 1999), with complex proximal-distal and 

regressive-transgressive interactions being proposed on the basis of these data. 

However, despite a significant volume of research, the study of ancient dinocyst 

assemblages and their palaeoecology is still in its infancy. It remains unclear whether 

trends in the distribution of dinocysts are related to passive sorting of the 

thanatocoenosis or to ecologically controlled distribution of the living thecae. Thus 

sediment sorting (fractionation of larger cysts into coarser sediment), transportation 

(of cysts away from locus of production), palaeoproductivity, (related to salinity, 

temperature, upwelling, run-off, oxygenation and seasonal stability), inter- and intra- 

specific variation in the ratio of thecae: cysts, lateral changes in hydrographic 

conditions, and taphonomy (mechanical and biological degradation, preferential 

preservation of robust cyst morphologies) must all be considered as possible factors 

affecting the distribution of cysts in sediments. Thus using the relative abundance of 

different cyst morphologies to make direct deductions about sea-level probably 

represents an overly simplistic approach. 

Nevertheless, analysis of variation in such groups is potentially of interest, and 

focused investigations are required to examine the importance of each factor in the 

observed distribution of dinoflagellate cysts. Therefore, in the present report 12 

dinocyst groups have been developed by combining cyst taxa with comparable 

morphologies. Data on the abundance of these groups are then compared to the 

sedimentological and bulk palynofacies data to see if any relationships exist between 

cyst morphology and either sediment grain size or the inferred proximal-distal trends. 

In this respect possible hydrodynamic relationships are being explored. Since the 

groups are based on the characteristics deemed most likely to have a bearing on 

hydrodynamic properties (process length/structure, cyst size, presence/absence of 

cavation), and in some cases contain taxa from contrasting taxonomic groups, this 



analysis is expected to provide a rigorous test of apparent cyst sorting in relation to 

morphology. 

The relative abundance data for each group are generated from the total number 

of specimens in all twelve groups, rather than the total number of specimens counted in 

each sample, since not all taxa were allocated into groups. However, between 97-100% of 

the total dinocyst count was used within these groups at Gorodische, and between 78- 

100% at Kashpir, Allthough taxa with restricted stratigraphic ranges have been 

included in this study, there are only one or two groups for which the dominant taxon 

has a clearly stratigraphically-controlled distribution. Most groups encompass 

sufficient taxa for potential ecological or hydrodynamic trends to be apparent beyond 

stratigraphic influences. The morphological groups are as follows: 

1: Systematophora Group: large skolochorates with long delicate processes (>I13 cyst 

diameter). Includes all specimens of the genera C'osphaeridium, Hystrichodinium, 

Hystrfchosphaeridium, Stiphrosphaeridium, Systematophora, and of the species 

Impletosphaeridium lumectum. 

2: Kleithriasphaeridium Group: large skolochorates with long (robust) tubular 

processes (>1/3 cyst diameter). Includes all specimens of the genera 

Kleithriasphaeridium, Oligosphaeridium, and Perissiasphaeridium. 

3: Achomosphaera Group: large skolochorates with spiniferate, and ~piniferites-like 

processes (>1/3 cyst diameter). Includes Achomosphaera neptuni, Avellodinium 

falsificum, Egmontodinium torynum, E. sp. 1, fiochosphaeridium spp., and Spiniferites 

primaevus. 

4: Downiesphaeridium Group: small chorates with long, delicate, needle-like (solid or 

tubular) processes (>1/5 cyst diameter). Includes all specimens of the genera 

Bourkinidinium, Cometodinium, Downiesphaeridlum, Prolixosphaeridium, 



Protoellipsodinium, Tanyosphaeridium, and of the species " Cleistosphaeridium aciculum 

" , and Goch teodinia villosa. 

5: Sentusidinium Group: proximochorates with short needle-like processes (< 1/5 cyst 

diameter). Includes all specimens of the genus Sentusidinium and of the species 

Apteodinium spinosum, ?Cyclonephelium bulbosum, Gochteodinia cf. villosa, 

Kallosphaeridium aptiense, and Tehamadinium sp. 1. 

6: Spiniferites Group: proximochorates with short spiniferate processes (<1/3 cyst 

diameter). Includes all remaining specimens of the genus Spiniferites (not included in 

Group 3). 

7: Tenua Group: proximochorates with short robust, often capitate, non-tabular or 

penitabular processes or short paratabular or gonal spines (<1/3 cyst diameter). 

Includes all specimens of the genera Ctenidodinium, Epiplosphaera, and Tenua, and of 

the species Amphorula expiratum, Cribroperidinium sp. 2., Impletosphaerfdjum sp. l., 

Rhyncodiniopsis martonensis, Pseudocera tium sp. 1, and Warrenia sp. 1. 

8: Endoscrinium Group: large cavates. Includes all specimens of the genera 

Endoscrinium, Mudemngia and Pho berocys ta, and the species Dingodinium sp. 1, 

Senoniasphaera furassica, Sirmiodinium grossi and Thalassiphora? robusta. 

9: Dingodinium Group: small cavates. Includes all specimens of the genera 

Athigmatocysta, Chlamydophorella, Gardodinium, Lagenadinium, Nelchfnopsfs, 

Tu botuberella, Wallodinium, and of the species Am bonosphaera stafflnensis, 

Dingodinium cerviculum, D. tuberosum, D. jurassicum, Gonyaulacysta dentata, and 

Gonyaulacysta eisenackii. 

10: Cribroperidinium Group: large proximates. Includes all specimens of the genera 

tithodin ia, Isthmocys tis, Leptodln ium, Trichodlnium, the remaining specimens of 



Apteodinium, Cribroperidinium, Tehamadinium, Warrenia, and the species 

Cassiculosphaeridia magna, C. reticula ta, and Valensiella ovula. 

11: Batiacasphaera Group: small proximates. Includes all specimens of the genera 

Ba tiacasphaera, Chytroeisphaeridia, Circulodinium, Mendicodinium, Microdinium, 

Stanfordella, Wrevittia, the species Cassiculosphaeridia pygmaeus, Dichadogonyaulax 

pannea, Egmontodinium pol'lacophorum, Ellipsoidictyum cinctum Gochteodinia 

tuberculata, and the remaining species of the genus Gonyaulacysta. 

12: Heslertonia Group: murochorates with septdmurae > 1/5 cyst diameter. Includes all 

specimens of the genus Heslertonia, and of the species Glossodinium dimorphum, and 

Rhynchodiniopsis magnifica. 

The data on dinocyst occurrence are re-arranged into these groups and presented 

in Table 5.14 (Gorodische) and Table 5.1 5 (Kashpir). This information is considered in 

terms of relative abundance of each group. For clarity in the abundance plots certain 

groups have been combined into larger sets: for example, groups 1 - 4 have been 

combined into skolochorate plots in Figure 5.37a & b. This enables direct comparison of 

the various components of the skolochorate group. 

5.3.3.1. Gorodische 

Figures 5.37a & b show relative abundance of the skolochorate groups. There 

appears to be some similarity between the trends in the Downiesphaeridium and 

Systematophora groups in samples from the zarajskensis Subzone, markedly so up to 

sample U11 where the two groups have similar relative abundance values. In this 

subzone, peaks in the relative abundance of these two groups (most notably the 

Downiesphaeridium Group since it generally has higher relative abundance) correspond 

to laminated siltstone beds 5 (sample U7), and 7 (samples U12 & U13) and to the 
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Figure 5.37: Relative abundance of skolochorate and proximochorate groups at Gorodische 
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lenticular siltstone interval of beds 10 & 12 (samples U17, U18 & U19). The 

Downiesphaeridium Group shows a marked drop in relative abundance in the uppermost 

sample from the zarajskensis Subzone (U20), and through the coarse-grained deposits of 

the virgatus Zone (samples U21 - U24). This is not reflected in the other skolochorate 

groups. This group peaks again in the nikitini Zone (sample U25 & U26), has low 

relative abundance in the fulgens & subditus zones (samples U28 - U31), and is variable 

between the nodiger Zone and the lower part of the mica-rich siltstones. The 

Systematophora Group shows an opposing trend through the nikitini to nodiger interval, 

with peak values of this group in the fulgens to subditus zones. A marked drop in this 

group at the base of the mica-rich siltstones corresponds to the disappearance of the 

taxon S. davey* which is a major constituent of this group, and therefore this 

phenomenon is largely stratigraphically imposed. 

The relative abundance of the Kleithriasphaeridium Group is much more 

consistent between samples than in other groups, and the maxima/minima apparent in 

the Systematophora and Downiesphaeridium groups are generally not observed in the 

Kleithriasphaeridium Group. However in comparison to the rest of the samples, the 

relative abundance of this group is high in the fulgens to subditus zone interval, which 

coincides with a peak in the Systematophora Group. The relative abundance of these 

three groups is comparatively low in the uppermost part of the section. The curve for 

the Achomosphaera Group appears to be largely stratigraphically controlled, with 

highest values in the upper half of the section after the appearance of the nominative 

genus, and in the mica-rich siltstones where it is combined with Spiniferites primaevus. 

Moreover the low values of this group produce comparatively large standard errors, and 

must be treated with caution. 

Relative abundance of the proximochorate groups are presented in Figure 5.37~. 

The curves for both the Sentusidinium and Tenua groups are quite comparable in the 

Jurassic part of the section. Slight minima in the Sentusidinium Group correspond to 

the laminated siltstone horizons in the zarajskensis Subzone (beds 5 & 7), and both 



groups show slight peaks which correspond to the coarse-grained deposits of the 

virgatus Zone. The two curves significantly diverge in samples U34 & U35, where the 

abundance of the Sentusidinium Group peaks at between 30 and 35% in comparison to 

between 2 and 10% in the majority of the other samples from Gorodische. This peak 

corresponds to the FAD of Sentusidinium sp. 4 Iosifova, and may therefore be largely 

stratigraphically imposed. The Spiniferites Group is absent from the Jurassic part of 

the section, only appearing in the mica-rich siltstones. This is also a stratigraphically 

imposed phenomenon since the group only contains the nominative genus, which has its 

FAD in sample U34. The curves for the proximochorate groups can be seen to be quite 

different in both value and general trends to the skolochorate groups. Whilst the affect 

of data closure on these data can by no means be underestimated, such disparity between 

the two general morphologies suggests that significant information may be lost if these 

two groups were combined into a united chorate group. 

Analysis of the cavate groups (Figure 5.38a) reveals significant difference in 

relative abundance between the Dingodinium (small cavates) Group and the 

Endoscrinium (large cavates) Group. There appears to be a long term trend towards 

decreased relative abundance of the Dingodinium Group through the Jurassic part of the 
* 

section, although there are significant deviations from this. Such deviations appear to 

be largely independent of lithology and the result of data closure effects against other 

groups, most notably the Downiesphaeddium Group (Figure 5.38b). The Dingodinjum 

Group is remarkably abundant in the mica-rich siltstones (not so in samples U34 & U35 

from the phytoclastdominated palynofacies). This may either be a cumulative data 

closure effect, since the majority of other groups are of low abundance through this 

interval, or a real reflection of the heightened abundance of this group. It does not 

appear to be stratigraphically imposed as the major constituents of this group are 

present in the majority of samples from the Gorodische section. The Endoscrinjwn Group 

becomes important in the upper part of the zarajskensis Subzone and reaches a peak in 

the phosphorite horizon at the top of the nodiger Zone. This may suggest either the 

increased passive sorting of larger cavates into such coarser-grained deposits, or the 



Figure 5.38: Relative abundance of cavate and proximate groups at Gorodische 
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increased abundance of these cysts in neritic sediments by comparison with basinal 

sediments from the lower part of the section. The virtual absence of large cavates from 

the mica-rich siltstones is perhaps more consistent with the sorting hypothesis, 

although the terrestrial influence apparent in these deposits may also have influenced 

the abundance of these cysts and the distribution of the parent dinoflagellates. 

The Batiacasphaera Group generally has higher relative abundance than the 

Cribroperidinium Group, and there appears to be significant interaction between these 

two groups, the abundance of one increasing at the expense of the other (Figure 5.38b). 

Such a relationship exists in the samples taken fiom the zarajskensis Subzone (and 

possibly the virgatus Zone), and the degree of correspondence between the two curves 

suggests real relationships exist between these two rather than the action of data closure 

from the other groups. From the base of the nikitini Zone to the base of the nodiger Zone 

the relative abundance values of these groups is closely comparable, but a drop in the 

abundance of the Cribroperidinium Group occurs within the nodiger Zone, and values for 

this group remain low through the mica-rich siltstones. By contrast the abundance of 

the Batiacasphaera Group reaches a slight peak at the top of the nodiger Zone (samples 

U32 & U33), and thereafter decreases through the sampled interval of the mica-rich 

siltstones to the top of the section. 

5.3.3.2. Kashpir 

The lithological variety and the nature of the sampling interval at Kashpir make 

observations of any consistent behaviour of the dinocyst groups difficult. Relative 

abundance of the skolochorate groups has been plotted in Figures 5.39a & b. None of the 

four skolochorate groups appears to show consistent abundance variation correlatable 

with either sediment grain-size or with proximal-distal relationships inferred from the 

sedimentology and bulk palynofacies data. The rapid increase in relative abundance of 

the Kleithriasphaeridium and Downiesphaeridium groups between sample K2 and W is a 



Table 5.15: Relative abundance of detailed dinocyst morphological groups at KasWr. 





stratigraphically imposed phenomenon, with the FADS of Gochteodinia villosa and 

Kleithriasphaeridium porosispinum occurring in K3. The significant peak in abundance 

of the Downiesphaeridium Group in the sample interval K 6  - K9 is a result of the 

dramatically increased relative abundance of "Cleistosphaeridium aciculum", but since 

these samples are taken from three different lithologies, and therefore three different 

environments it is difficult to make any interpretation of such a peak. All the chorate 

groups are absent from sample K10 (bituminous shale horizon), which can be attributed 

to either real negative ecological selection or to preservational bias. The remainder of 

the peaks in each group seem to be attributable to more stochastic processes, and are the 

result of abundance peaks in particular taxa rather than of the groups as a whole. The 

Downiesphaeridium, Achomosphaera and Kleithriasphaeridium groups show a marked 

decrease in relative abundance between sample U27 and U28, once again due either to 

real ecological selection or preservational bias. 

Fixamination of the data on the proximochorate groups reveals similar complexity 

and again is difficult to correlate with sedimentological information (Figure 5.39~). The 

relative abundance of the Sentusidinium and Tenua groups generally shows a positive 

trend up to the top of the nodiger Zone (sample interval K 1 -  Kg) despite the presence of 

several significant hiatuses. Indeed the two curves are closely comparable through this 

interval. Similarly, both groups are virtually absent from K10. Peaks in the relative 

abundance of the Sentusidinium Group in samples K11, K18, K22, and K27 correspond to 

similar peaks in the Downiesphaeridium Group, although this may simply be a data 

closure effect The variation seen within the mica-rich siltstones appears not to be 

stratigraphically imposed, but the interpretations made on the basis of sedimentology 

and bulk palynofacies are not detailed enough to allow evaluation of the dinocyst groups 

through this interval. All three proximochorate groups have extremely low relative 

abundance in samples K28 - K30, reflecting either true ecological variation (possibly 

data closure against another group) or preservational bias. The curve for the 

Spiniferites Group is stratigraphically controlled in a similar manner as in the section 

at Gorodische, although there is a notable peak in this group in the sample interval K23 



- K25. In comparison to the sedimentological and palynofacies data, this may 

correspond to a phase of increased preservation due to the development development of 

bottom-water anoxia. 

Relative abundance of the Dingodinium Group is significantly higher than of the 

Endoscrinium Group (Figure 5.40a). At Kashpir the relative abundance of the 

Dingodinium Group appears to be higher in the distal sediments of the zarajskensis 

Subzone than in any other samples from this section. Abundance values are 

comparatively low (and quite consistent) in the sample interval K3 - K10 independent of 

lithology. The presence of this group in sample K10, albeit at a low level of abundance 

may be significant, since most other groups are absent from this sample. Slightly 

elevated relative abundance of this group exists in the interval from samples K11  to 

K17, again apparently independent of lithology. The pronounced minimum at sample 

K18 is apparently the result of data closure effects against peaks in the Sentusidinium 

and Downiesphaeridium groups. The abundance of the Dingodnium Group appears to 

decline between sample K22 and K28 in the mica-rich siltstones. The abundance of this 

group is generally not as high in this lithology at Kashpir as it is at Gorodische. 

Analysis of the proximate groups (Fig. 5.40b) shows that the Badacasphaera 

group (small proximates) are more abundant than the Cribroperidinium Group, that both 

have fairly consistent values across the majority of the samples from Kashpir 

independent of lithology, and that any major changes in the abundance of the 

Batiacasphaera Group are reflected by opposite changes in the Cribroperidinium Group, 

largely due to data closure. Dominance of the Badacasphaera Group at samples K10, and 

K28 - K30 may be significant. These horizons represent phytoclastdomlnated 

palynofacies, and are interpreted as having the most terrestrial influence. It is unclear 

however, whether this abundance in these samples is due to preferential preservation or 

some real affect of ecological selection. 



Figure 5.40: Relative abundance of cavate and proximate groups from Kashpir 



5.3.3.3. Discussion 

Evaluation of the relative abundance data for the morphological groups used here 

does not reveal any significant correlation with proximal-distal relationships inferred 

from the sedimentology or palynofacies data, or with the sediment granulometry. 

Abundance of each group in the Kashpir section appears to be largely stochastic, and 

related to either data closure effects against other groups, isolated peaks in individual 

taxa rather than multiple taxa within each group, or to environmental factors which are 

untestable in the palaeontological data collected here. It is unclear whether relative 

abundance increases in the Dingodinium or Ba tiacasphaera Group in sediments 

interpreted as having most terrestrial influence represents true ecological variation or 

preservational bias. 

To further test if there are any relationships between cyst morphological groups 

and sedimentology, the relative abundance data have been subjected to cluster analysis. 

Both the groups and the samples have been clustered, and are presented adjacent to the 

data matrix so that relationships with the original data can be analysed. The relative 

percentage data were log-ratio transformed during the analyses in order to eliminate 

data closure effects. Both minimum variance and the unweighted pair-group average 

method (UPGMA) were used in separate analyses (for discussion on the use of these 

methods see Chapter 3). However, the UPGMA clustering did not produce good results 

with these data, and are not discussed. 

Minimum variance cluster analysis of the data from Gorodische reveals 3 main 

branches and 9 sub-branches in the samples dendrogram, and 2 main branches with 5 

sub-branches in the groups dendrogram (Figure 5.41). As is expected of this approach, 

the dinocyst groups are clustered together according to the general abundance of each: 

the Batiacasphaera and Dingodinium groups are clustered together in Branch 2c as they 

are most abundant, whilst the generally least abundant Achomosphaera, Tenua and 

Endoseridurn groups are clustered in Branch lb. The distinct branches of the sample 



Flgure 5.41 : Minimum variance cluster analysis of the dinocyst morphological groups from 
Gorodische. Squared Euclidean distance was calculated using logratio transformation to 
eliminate data closure effects. 



dendrogram separate the samples taken from the Jurassic deposits (branches 1 & 2) from 

those of the mica-rich siltstones (Branch 3). It is apparent from the data matrix that 

this was performed on the presence or absence of the Spiniferi tes Group, and is therefore 

a stratigraphically imposed separation. Branches 1 and 2 are separable on the higher 

relative abundance of the Dingodinium Group in Branch 2, which exclusively includes 

samples (but not all samples) from the zarajskensis Subzone. The decreased abundance 

of this group in the Late Volgian deposits was also evident in the relative abundance plot 

(Figure 5.38a). The remaining sub-branches combine samples from varying lithologies 

and proximities to source or shore-line on the basis of this dinocyst group data set, 

although interestingly the coarse-grained virgatus Zone deposits are grouped together in 

Branch lc. Similarly most of the samples taken from the fine-grained sandstones of the 

nikitini to nodiger zones are grouped in branches l a  & lb. Samples U34 and U35 (from 

the phytoclastdominated palynofacies) are also separable from the remainder of the 

samples from the mica-rich siltstones on the basis of these dinocyst groups (Branch 3b). 

Minimum variance cluster analysis of the Kashpir data reveals almost identical 

clustering of the dinocyst groups as in the Gorodische section, although the 

Systematophora Group is more clearly separable from the remainder of the groups in 

Branch 3 (Figure 5.42). This procedure performed on the samples shows distinct 

separation of the mica-rich siltstone facies from the majority of the Volgian and 

Ryazanian samples. Branches la and l b  closely group the phytoclastdominated 

palynofacies from this section, identifiable in this data set by the super-abundance of 

the Batiacasphaera Group. This similarity is also notable from the relative abundance 

plots. The remaining samples from the mica-rich siltstones are tightly clustered in 

Branch lc, which also included sample K17 from the sandstone with phosphatic 

concretions. Thus despite the significant difference in sedimentology of this sample, it 

is inseparable from the other Valanginian deposits on the basis of these dinocyst groups. 

Branch 3 is separable into 3a, which largely contains samples from the Volgian strata, 

and 3b which is mainly comprised of Ryazanian samples. This distinction appears to 

have been developed on the abundance of the murochorate Group, and in particular of the 



Figure 5.42: Minimum variance cluster analysis of the dinocyst morphological groups from 
Kashpir. Squared Euclidean distance was calculated using logratio transformation to eliminate 
data closure effects. 
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taxa Heslertonia sp. 1 and Rhynchodiniopsis magnifica which are both restricted to the 

Volgian deposits. This is therefore a stratigraphically imposed subdivision. 

5.3.3.4. Summary 

Analysis at this level on the Volga Basin samples is unable to consistently 

separate environmental from stratigraphic trends. Certainly there are no trends in the 

abundance of these groups correlated to sediment grain size. The mica-rich siltstones 

are usually differentiated from other samples, although this is probably a stratigraphic 

phenomenon. In an attempt to further isolate stratigraphic and ecological trends, the 

taxonomic abundance is considered. 

5.3.4. Taxonomic abundance 

Many studies on the distribution of dinoflagellate cysts have noted an association 

between the environment of deposition (typically proximity to shoreline) and the 

abundance of certain key genera For example, it has been suggested that an abundance 

of the genus Oljgosphaeridium is typical of open marine neritic environments (May, 

1980; Hunt, 1987; Lister & Batten, 1988; Smelror & Leereveld, 1989; Wilpshaar & 

Leereveld, 1994), whilst Cyclonephelium and Mudemngia are indicative of inner neritic 

to restricted marine conditions (Brinkhuis & Zachariasse, 1988; Lister & Batten, 1988; 

Brinkhuis, 1994). To establish whether any such relationships exist in the Volga Basin 

data, the relative abundance of the 50 most common genera is examined below (data 

presented in Tables 5.16 & 5.17). Absolute abundance has not been considered here 

since the low number of specimens counted for each genus render values with high 

percentage errors, and are generally not statistically significant. Since in general many 

of the genera considered are comprised of more than one species in these residues, this 

approach also has a certain element of 'stratigraphic smoothing' not available in the 



assessment of individual taxa Nevertheless is has also proved useful to consider the 

distribution of individual taxa in order to isolate possible environmental influence from 

stratigraphic information. 

When considering the generic abundance, the closely related genera 

Gonyaulacysta, Stanfordella, Wrevittia, and Cassiculosphaeridia & Valensiella have been 

combined into a Gonyaulacysta group and a Cassiculosphaeridia group respectively. 

Due to the amount of data available in the set of -50 genera, minimum variance cluster 

analysis was performed first to see whether any salient trends could be distinguished, 

and to aid the elimination of stratigraphically or stochastically distributed taxa from 

further consideration. UPGMA cluster analysis was also attempted, but did not produce 

clear results. 

5.3.4.1. Gorodische 

The dendrograms and ordered data matrix from Gorodische are presented in 

Figure 5.43. Branches 1 & 2 on the samples dendrogram (left) are entirely comprised of 

samples from the mica-rich siltstones. On the basis of the dinocyst assemblage, these 

are distinguishable from all the other samples by the abundance of the taxa in Branch 3a 

(in particular Spiniferites, Oligosphaeridium and Nelchinopsis which first occur in 

these sediments), and the virtual absence of taxa from branches 2 and 4b of the genera 

dendrogram (top). Branch 1 containing samples U34 and U35 is further separable from 

the other samples of mica-rich siltstone by the high abundance of Circulodinium and 

Sentusidinium in Branch 5, and by the general low abundance or absence of the taxa in 

branches 4% 4c & 6 on the genera dendrogram. 

The samples taken from the fine-grained siltstones of the nikitini-nodiger zones 

are entirely and exclusively combined in Branch 3 of the samples dendrogram, and are 

characterised by the combination and abundance of taxa in Branch 2 of the genera 







dendrograrn, and by the comparatively high abundance of Systematophora (Branch 6). 

The coarse-grained deposits of the virgatus Zone are clustered in Branch 4 of the 

samples dendrogram, and are separable from the underlying deposits on the the presence 

of Perisseiasphaeridium, Achomosphaera, Impletosphaeridium, and Lagenadinium, which 

first occur in this zone, and on the comparatively high abundance of Tenua. Branch 5 of 

the samples dendrogram contains all the samples from the zarajskensis Subzone, and 

typically all three contain abundant Dingodinium. This branch is further divisible into 

three sub-branches, although these are not correlatable with separate lithologies. 

However, Branch 5a is distinguished from other branches by the absence of Tenua, and 

by the generally high abundance of Leptodinium, Tehamadinium, and 

Kleithriasphaeridium. Sub-branch 5b has heightened (maximum) abundance of 

Dingodinium and Badacasphaera, whilst 5a has slightly elevated abundance of 

Cribroperidinium, but is otherwise indistinct from 5b. 

On the genera dendrogram, Branch 1 is comprised of rare taxa or those with 

generally low abundance which occur sporadically throughout the section. The 

occurrence of these is thus stochastic, and they can be eliminated from further 

consideration. Branch 2 contains the taxa which characterise the flne-grained siltstones 

of the nikitini - nodiger zones, although these taxa are not exclusive to this interval. 

Thus, although there is a strong element of stratigraphic control on these taxa, they 

should continue to be considered. Branch 3a contains taxa which are either most 

abundant in the mica-rich siltstones, or confined to them. Since these sediments were 

clearly deposited in different conditions to the underlying material, such taxa cannot 

yet be eliminated despite the potential for stratigraphic influence. Branch 4a combines 

rare to common taxa which are sporadically present throughout most of the section. Most 

of these are therefore either cosmopolitan or controlled by stochastic mechanisms. 

Tenua is the most significant exception from this group, with peak abundance in the 

coarse-grained deposits, and will thus be given further consideration. Branch Sb 

contains taxa which are generally common elements throughout the Jurassic deposits at 

Gorodiche, and their abundance is generally inconsistent with either sediment grain- 



size or inferred proximity to shoreline. These will not be considered further. 

Similarly, Branch Sc contains genera which are rare to common throughout the section, 

and in general are given no further attention. However, on close examination 

Cometodinium potentially appears to have an association with inner neritic or restricted 

marine conditions (as indicated by heightened abundance in some samples from the 

lenticular and mica-rich siltstones), and will be considered further. Branches 5 & 6 

contain taxa which are generally common to abundant throughout the section, with the 

most abundant taxa in Branch 6. Whether or not these genera have apparent association 

with prevailing palaeoecological conditions is unclear, but their generally high 

abundance warrants further investigation. 

5.3.4.2. Kashpir. 

The dendrograms and ordered data matrix from Kashpir are presented in Figure 

5.44. Branch 1 of the sample dendrogram exclusively, but not completely combines 

samples from the mica-rich siltstones. These are separated from other deposits on the 

presence and/or comparatively greater abundance of the majority of taxa in Branch 3 of 

the genera dendrogram, on the comparatively low abundance of Systematophora and 

Batiacasphaera, and on the absence from these deposits of some 13 genera recorded in 

the underlying strata. Therefore, this may largely be a stratigraphically controlled 

cluster. This branch is further divisible on the abundance of Warrenia (within the 

cluster), with this genus virtually absent from Branch lb. 

Branches 2 and 3 of the samples dendrogram combine samples from the Ryazanian 

and Volgian deposits and the clustering does not correspond to lithology (although 

interestingly most of the samples from Branch 2 come from sediments with high TOC: 

Figure 5.16). The two branches are comparable on the basis of the comparatively high 

abundance of Dingodinium, but Branch 2 differs from 3 in having comparatively high 

abundance of Tenua, Achomosphaera, Hystrichodinium, Gonyaulacys ta, and 







Impletosphaendiurn. Branch 4 exclusively contains samples taken from Volgian 

deposits, and is separable from branches 2 & 3 by the comparatively high abundance of 

Egmontodinium, Endoscrinium, Gochreodinia, Senoniasphaera, Perisseiasphaeridium, and 

Cleistodphaeridium. It is comparable to Branch 3 in the abundance of 

Prolixosphaeridiurn and Sysrematophora, which reach peak abundance in both these 

branches. Branch 5 groups three of the four samples from sediments with phytoclast- 

dominated assemblages. These samples have low abundance of most of the genera 

considered, but peak abundance of Circulodinium. Sample Kl0 is separable from K29 & 

K30 by the peak abundance of Badacasphaera in this sample. 

Branch 1 on the genera dendrogram is generally comprised of rare taxa with 

sporadic abundance throughout most of the section, most likely controlled by stochastic 

mechanisms. These are eliminated from further investigation. Branch 2a contains 

genera which are rare to common throughout the section. Lagenadinium is given further 

consideration so that comparison can be made with its abundance at Gorodische. Branch 

2b contains genera which are rare to common in Branches 2-4 of the samples 

dendrogram. These are apparently stochastically controlled and not given further 

consideration. Branch 2c contains Senoniasphaera and Perisseiasphaeridi urn which are 

characteristic elements of Branch 4 on the samples dendrogram. This is considered to be 

a largely stratigraphically controlled grouping, and is not considered further. Branch 3 

contains taxa which are most abundant or exclusive to the mica-rich siltstones. As 

already suggested, this is probably a stratigraphically controlled grouping, but owing to 

the different nature of these deposits, an element of environmental control cannot easily 

be ruled out. D o w n i e ~ p h ~ d i u m  and Warrenia are not given further consideration 

since they are least abundant elements of this group. Branch 4 contains taxa which are 

common to abundant in the majority of samples studied apart from those in Branch 5 of 

the samples dendrogram. The abundance of these taxa warrants their continued 

consideration. 



It is quite apparent from the cluster analysis of data from both sections that 

whilst some interesting observations on the relationship of certain taxa to 

palaeoenvironmental conditions may be possible, stratigraphic influence on many taxa is 

also problematic. In an attempt to further isolate stratigraphic and ecological 

influences, the genera selected from the cluster analysis are plotted for each section, 

and compared to the lithological information from both. 

The abundance of taxa which appear to be dominantly controlled by stratigraphic 

influence is presented in in Figures 5.45 (Gorodische), and 5.46 (Kashpir). These 

include Gochteodinia, Oljgosphaeridium, Pseudoceratium, Senoniasphaera, and 

Spiniferites. The dominance of stratigraphic over ecological control on these genera 

supports their value as biostratigraphic markers as used in Chapter 4. It interesting to 

note the much greater abundance of Gochteodinia villosa in the Volgian deposits than in 

Ryazanian samples. 

Despite the fact that the almost complete restriction of the genus Spiniferites to 

the mica-rich siltstone interval is attributed to stratigraphic control, the abundance of 

this taxon accords well with the suggested distribution of extant representatives of S. 

ramosus. Brinkhuis (1994) noted that that although this species has a somewhat 

cosmopolitan distribution, the motile stage is largely restricted to estuarine and neritic 

waters, and thus the corresponding cysts are expected to be abundant in these settings 

(see also Davey, 1971; Wall et al., 1977; Davies et al., 1982; Hultberg & Malmgren, 

1987). Paradoxically, this genus has also been used as an open marine indicator in a 

number of investigations (Davey & Rogers, 1975; Wilpshaar & Leereveld, 1994; Li & 

Habib, 1996; Lamolda & Mao, 1999), although Brinkhuis (1994) notes that high 

abundance of S, ramosus may occur in more distal deposits due to offshore transport. 

In addition, although the stratigraphic distribution of Mudemngia and 

Phoberocysta does not permit examination of their abundance in basin deposits, these 

taxa are found to be common in neritic conditions, and most abundant in an inner neritic 



Figure 5.45: Relative abundance of selected taxa with stratigraphically 
contolled distribution (Gorodische) 
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Figure 5.46: Relative abundance of selected taxa with stratigraphically 
controlled distribution (Kashpir) 
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Figure 5.47a: Relative abundance of selected taxa at Gorodische 
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Figure 5.47b: Relative abundance of selected taxa at Gorodische 
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Figure S.48a: Relative abundance of selected genera at Kashpir 
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Figure 5.48b: Relative abundance of selected genera at Kashpir 
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Figure 5.48~: Relative abundance of selected genera at Kashpir 
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Zachariasse, 1988; Brinkhuis, 1994; Li & Habib, 1996; Lamolda & Mao, 1999). 

Similarly, species of Cassiculosphaeridia have been shown to occur in alternations of 

restricted marine to freshwater sediments in the Lower Cretaceous Vectis Formation of 

the English Wealden (Batten & Lister, 1988). The abundance of Achomosphaera and 

Cometodinium is difficult to separate from stratigraphic controls, but these genera are 

also most abundant in samples from inner neritic sediments. Sentusidinium is generally 

cosmopolitan, but a strong association between comparatively high abundance of S. sp. 4 

and restricted marine sediments (mica-rich siltstone facies) has been noted. 

The genus Trichodinium is cosmopolitan, but analysis of the three species 

encountered reveals more detailed associations. Trichodiniurn sp. 1 is generally most 

consistently observed and most abundant in basinal deposits. T. cf. ciliaturn and T. 

ciliatum are typically found in neritic deposits, with T. ciliaturn most abundant in inner 

neritic sediments (particularly the mica-rich siltstones) from which X cf. ciliaturn is 

absent. However, it is unclear to what extent stratigraphy influences the distribution of 

these taxa. 

No such association could be found with Chytroeisphaerjdla, Cleistosphaeridiurn, 

Cribroperidinium or Gonyaulacysta, and these appear to be truly cosmopolitan in their 

distribution. The distribution of Cribropendinium has previously been suggested as 

typically inner neritic (Brinkhuis & Zachariasse, 1988; Lister & Batten, 1988; 

Wilpshaar & Leereveld, 1994), which is thus more specific than the observations made 

here. 



Table 5.18. Sumary of dinocyst d is t r ibut ion 

Interpretat ion 
Stratigraphic occurrence does not 
coincide with oceanic/basinal 
deposits. Appears to be most 
common in inner neritic or coarse- 
grained deposits. 
Typical of open marine conditions, 
most abundant in basin deposits. 

Cosmopolitan, but most abundant in 
inner neritic deposits. 
Typically abundant in neritic 
deposits. 

Cosmopolitan, most common in basin 
deposits. 

Cosmopolitan. Generally most 
abundant where other taxa are not. 
C. ciliarum appears to be most 
abundant in samples with least 
marine influence. 
Cosmopolitan. 

Difficult to separate from 
stratigraphic controls. However 
maximum abundance of this genus 
occurs within inner neritic 
conditions. 
Cosmopolitan. 
Cosmopolitan, but must abundant in 
basin sediments. 
Most consistently observed in neritic 
sediments. 

Cosmopolitan. 

Kashpir  
Rare in the Volgian deposits, common in open 
marine deposits of Ryazanian, most abundant in 
mica-rich siltstone facies. 

Rare to common in neritic and basin sediments. 
Peak relative abundance in bituminous shale 
horizon where the abundance of other taxa is 
reduced. 
Most abundant in inner neritic deposits. 

Common in neritic deposits, rare to common in 
the mica-rich siltstone facies. Abundance closely 
related to that of Lagenadinium. 

Rare to common element of most samples. 

C. ciliaturn bucket taxon most abundant in the 
mica-rich siltstone facies, particularly the 
phytoclast dominated palynofacies.. 

Cosmopolitan. Abundance highly variable but 
apparently stochastic. 
C. whitei only present in two samples from 
sediments with tidal influence. C. habibii 
stratigraphically restricted to mica-rich siltstone 
deposits. 

Rare to common in all samples 
Maximum abundance in basin sediments, but also 
common in neritic sediments. 
Rare, but most consistently observed in neritic 
sediments. Generally low abundance in mica-rich 
siltstone fades. 
Rare to common throughout 

P 
0 
P .  

Genus 
Achomosphaera 

Ba tiacasphaera 

Cassiculosphaeridia 

Chlamydophorella 

Chytroeisphaeridia 

Circulodinium 

Cleistosphaeridium 

Cometodinium 

Cribroperidinium 
Dingodinium 

Endoscrinium 

Conya ulacysta 

Gorodische 
FAD of A. neptuni in virgatus Zone enforces 
stratigraphic control. Otherwise, this taxon is rare 
to common in coarse-grained deposits and the 
mica-rich siltstone facies. 

Most abundant in the open marine to basinal 
deposits of the zarajskensis Subzone. Also 
common in Volgian neritic sediments 

Most abundant in inner neritic deposits. 

Most abundant in coarse-grained and mica-rich 
siltstone facies. Very low abundance in 
zarajskensis Subzone. Abundance closely related 
to that of La~enadinium. 
Rare to common element in all samples. Most 
abundant in basin deposits of zarajskensis 
Subzone. 
C. ciliarum bucket taxon most abundant in the 
mica-rich siltstone facies, particularly the 
phytoclast-dominated palynofacies.. 

Abundance highly variable and apparently 
stochastic. 
C. whitei cosmopolitan within stratigraphic range, 
but peak abundance in intertidal sediments. C 
habibii only present in mica-rich siltstones with 
FAD in the Early Valanginian. 

Rare to common in all samples 
Maximum abundance in the zarajskensis Subzone, 
and in open marine to basin sediments. 
Rare, but most consistently observed in neritic 
sediments. Least abundant in  deepwater 
sediments. 
Rare to common throuzhout. 



P 
0 
(n 

Interpretat ion 
Cosmopolitan, but least abundant in 
inner neritic conditions. 

Neritic? 

Cosmopolitan. S. sp. 2 is most 
abundant in inner neritic sediments. 

Common in open marine, neritic to 
basin deposits. 

Common element of basinal and 
open marine neritic sediments. 

Common in neritic deposits. Possibly 
enhanced relative abundance in 
coarse-grained deposits due to the 
robust nature of these cysts. 
T. sp. 1 most common in basin 
deposits. T. cf. ciliatum common in 
basin to neritic sediments, T. ciliaturn 
in inner neritic deposits. 
Rare in basin deposits, rare to 
common in neritic deposits. Absent 
from the mica-rich siltstones. 

Kashpir  
Rare to common in neritic sediments, rare in mica- 
rich siltstone facies except in zone of increased 
marine influence (samples K24 & K25). 
Most abundant in intertidal deposits. Rare in 
gypum-rich siltstones. 

Rare to common throughout. S. sp. 2 occurs in 
Ryazanian deposits, but most abundant in mica- 
rich siltstone facies. 
S. daveyi common in all Volgian deposits, S. 
palmula & S. areolara most common in inner 
neritic deposits, and restricted to Ryazanian. 
Rare to common in basin and neritic sediments. 
Absent from mica-rich siltstone facies. 

T. hysrrix generally rare. T. cf. hystrix common in 
Ryazanian open marine neritic deposits, and in 
mica-rich siltstone facies. 

T. cf. ciliatum rare to common in neritic sediments, 
absent from mica-rich siltstone facies. T.ci1iatum 
most abundant in the latter deposits. 

Rare in basin deposits, rare to common in neritic 
deposits. Absent from the mica-rich siltstones. 

Table 5.18. 
Genus 
Hysm'chodinium 

Lagenadinium 

Sentusidinium 

Systema toph om 

Tehamadinium 

Tenua 

Tn'chodinium 

Tubotu berella 

Continued. 
Corodische 
Rare to common throughout. 

FAD of L membranoideum in virgatus Zone thus 
stratigraphicallt restricted. Most abundant in the 
mica-rich siltstone facies. 
Rare to common throughout. S. sp. 2 restricted to 
mica-rich siltstone facies, but has peak abundance 
in the phytoclast-dominated palynofacies. 
S. daveyi common throughout Volgian deposits, 
most abundant in ?outer neritic sandstones of 
nikitini to nodiger zones. 
T. sousense & T. sp. 1 most common in basin 
deposits. Other species common in both basin and 
neritic sediments. Rare or absent in mica-rich 
siltstone facies. 
T. hysu-ix most abundant in coarse-grained 
deposits, possibly due to its robust nature. Rare 
in basin deposits. T. cf. hystrix restricted to mica- 
rich siltstones. 
T. sp. 1 restricted to basin deposits, possibly with 
stratigraphic control. T. cf. ciliatum common in 
neritic sediments. T. ciliatum restricted to mica- 
rich siltstones facies. 
Rare in basin deposits, rare to common in neritic 
deposits. Absent from the mica-rich siltstones. 



5.3.5. Summary of the dinocyst investigation 

Analysis of the dinoflagellate cyst diversity shows that in general the most 

diverse assemblages occur in samples taken from open marine neritic sediments. Both 

basinal deposits and those with strong terrestrial influence have lower diversity. The 

dominance of certain taxa in these assemblages was often higher in the anoxic basinal 

sediments than in the neritic facies. Assessment of chorate cavate and proximate cyst 

abundance has not revealed a trend of increasing proximate cyst abundance in an 

onshore direction. However, there is a strong association between assemblages with 

dominantly robust cysts and coarse-grained neritic sediments. I t  is unclear whether 

such a relationship represents passive preservational bias of the robust morphologies, 

or increased production of cysts with robust walls in higher energy conditions. 

Detailed morphological subdivision of these cyst assemblages has not produced 

comparable results to similar arrangements proposed by previous authors (Brinkhuis & 

Zachariasse, 1988; Courtinat et al., 1991; Courtinat, 1993; Brinkhuis, 1994; 

Wilpshaar & Leereveld, 1994; Li & Habib, 1996; Lamolda & Mao, 1999). This is largely 

because both sections have strong stratigraphic influence, with basinal, open marine 

neritic, and inner neritic (strongly terrestrially influenced) facies being of Mid 

Volgian, Late Volgian to Ryazanian, and Valanginian age respectively. In addition, the 

extremely low sedimentary rate causing extended sediment-surface residence times of 

organic matter have clearly had some influence on the palynofacies assemblages, and it 

is unclear how such factors have affected the dinocyst assemblages. 

Analysis of the dinocyst generic abundance has allowed greater separation of 

stratigraphic from ecological trends. Most taxa appear to be cosmopolitan in their 

distribution, having been recovered from most of the sedimentary facies sampled. 

However, Tenua and Cassiculosphaeridia (andvalensiella) appear to be most abundant in 

inner neritic sediments. Dingodinium and Tehamadinium reached highest abundance in 

the basinal deposits. 



CHAPTER 6. Summary and conclusions. 



6. Summary and conclusions 

6.1. Biostratigraphy - summary 

Previous work on the Late Jurassic-Early Cretaceous dinocyst floras of both the 

Boreal and Tethyan realms has been summarised, and the biostratigraphic zonations 

proposed for this interval by various authors have been graphically compared. 

Biostratigraphic assessment of the two key Jurassic/Cretaceous boundary 

sections in the Volga Basin has been undertaken, and is the finest-scale appraisal of the 

dinoflagellate cyst floras yet completed. These sections are located close to the towns of 

Gorodische and Kashpir, the former being the lectostratotype of the Volgian Stage. In 

total 202 dinocyst taxa have been recovered from these deposits, of which 6 species are 

formally described as new taxa. Dinocyst assemblages recovered from each ammonite 

zone at both localities have been described in detail, and compared between sections. 

From this comparison, dinocyst taxa of potential stratigraphic utility have been 

identified. Where appropriate, the ranges of such taxa are compared with published 

data on their occurrences within the Russian Platform, and from NW Europe. 

6.2. Biostratigraphy - conclusions 

The biostratigraphic work has led to the following taxa and biohorizons being 

identified as having local stratigraphic significance across the Russian Platform: 

The LAD of Clossodinium dimorphum, which marks the top of the zarajskensis 

Subzone. 

The LAD of Senoniasphaera jurassica, which occurs at the top of the nodiger Zone. 

This corroborates previous work, identifying this taxon as an excellent marker for 

the Late Volgian in this area. 



The FAD of Batioladinium gochtii, which occurs in the spasskensis Zone across the 

Russian Platform. 

The FAD of Cribroperidinium cf. volkovae, which occurs in the tzikwinianus Zone. 

Similarly, numerous dinocyst tie-points between the Volga ammonite succession 

and the Boreal Standard sequence have been identified. These include: 

The FAD of Gochteodinia villosa, which occurs at the base of the nikitini Zone in the 

Volga Basin, and within the Kerberus Zone in NW Europe. This tie-point supports 

the validity of Kuznetsova's (1978) correlation. 

The FAD of Pseudoceratium pelliferum, which has now been reliably recorded from a 

level mid-way up the tzikwinianus ammonite Zone across the Russian Platform, and 

from the Base of the Albidum Zone in NW Europe. 

The complete range (and in particular the FAD) of Pseudoceratium sp. 1, which was 

recorded from the tzikwinianus Zone to the lower part of the unzoned mica-rich 

siltstones in the Volga Basin, and from the closely comparable Albidum to 

Polyptychites Zone interval of NW Europe. 

In addition, the FADS of Spiniferites ramosus and Muderongia cmcis, which are 

known from the Paratollia and Polyptychites zones (respectively) in NW Europe, also 

occur sequentially in the mica-rich siltstones which cap the two studied sections. 

Identification of these tie points (and comparable ranges of several other taxa 

between these two regions) has allowed Volga Basin deposits previously of uncertain age, 

to be dated by dinoflagellate cysts. At Gorodische, the phosphorite bed (Bed 19) which 

marks the Jurassic/Cretaceous boundary has previously been attributed to the 

Valanginian Stage. However, the presence of several taxa which are characteristic of 

Upper Volgian strata, together with the absence of any taxa which are unequivocally 



associated with Ryazanian or Valanginian deposits elsewhere, force the inclusion of this 

deposit within the Upper Jurassic. The lack of any profound change in the flora of this 

deposit compared to underlying sediments warrants its inclusion within the nodiger 

Zone. Dinoflagellate cyst evidence corroborates the absence of Ryazanian deposits from 

this section. 

At Kashpir the unzoned basal Ryazanian deposits are comparable with the 

Runctoni to Kochi zone interval from NW Europe, by encompassing the LAD of 

Amphorula expiratum and the FAD of Systematophora palmula The unzoned sandstone 

deposit with phosphate concretions (Bed 24) has previously been attributed to the 

Hauterivian by Blom et al. (1984), but the association of dinoflagellate cysts recovered 

from this deposit in the present investigation strongly indicate an Early Valanginian 

age. Similarly, the mica-rich siltstones which cap both sections, have also been 

attributed to the Hauterivian Stage by Blom et al. (1984). Assemblages recovered from 

this interval contain abundant taxa which are associated with the Valanginlan to 

Hauterivian interval in NW Europe. However, no taxa unequivocally assignable to the 

Late Valanginian or Early Hauterivian in Europe have been recorded from these deposits. 

Furthermore the association of Egmontodinium torynum, Endoscrinium pharo, 

Kleithriasphaeridium porosispin um, Pseudoceradum sp. 1, and Tu botu berella apa tela, 

recorded from these deposits is indicative of an Early Valanginian age by comparison 

with their known range-tops in NW Europe. 

From both localities, first appearance data shown to be of either local or regional 

significance have been used to construct a dinocyst zonation for the Late Volgian to 

Early Valanginian interval of the Volga Basin. This zonation extends and revises the 

zonation recently proposed by Riding et al. (in press). Five interval biozones are 

formally proposed. The Glossodhium dimorphum biozone (Gdi) spans the interval from 

the base of the section to the top of the zarajskensis Subzone. The Perisseiasphaeridium 

ingegerdiae (Pin) biozone is restricted to the virgatus Zone. The Goch teodinia villosa 

(Gvi) Biozone spans the nikitini to spasskensis Zone interval, and thus incorporates the 



(Gvi) Biozone spans the nikitini to spasskensis Zone interval, and thus incorporates the 

Jurassic/Cretaceous boundary. I t  is further divided into four sub-biozones, one which 

is restricted to the Late Volgian, one which spans the Volgian/Ryazanian boundary, and 

two which are restricted to the Ryazanian. The Pseudoceratium pelliferum Biozone (Ppe) 

is confined to the upper part of the tzikwinianus Zone. The Spiniferites ramosus (Sra) 

Biozone encompasses all of the unzoned Valanginian deposits, and extends to the top of 

the studied interval. It is further divided into three sub-biozones by the successive 

FADS of key taxa. 

6.3. Sedimentological and  palynofacies analysis - summary 

The sedimentological information provided for these sections in the current 

report is by far the most comprehensive so far available, and the accompanying 

sedimentary logs the most representative of the exposed successions. These logs have 

been correlated in detail with those provided by previous authors (Casey, 1967; Lord et 

al., 1987; Hogg, 1994, unpublished) which were drawn exclusively from the work of 

Russian authors. 

The main classification schemes aimed at palaeoenvironmental interpretation of 

palynological matter have been reviewed and compared. Terminology and identiflcation 

of palynological matter used in the present report has been described in detail, and 

correlated with previously proposed schemes. This project reports the flrst 

palynofacies investigation to be completed from sections in the Volga Basin. Bulk 

palynological matter components, structured particle relative and absolute abundance, 

PhytOC, and detailed assessment of the phytoclast assemblages (including composition, 

mean long axis length, and roundness index) have been examined from both sections. In 

addition, standard deviation of the mean phytoclast size has been devised as both an 

absolute and relative sorting parameter in measurements of the particle assemblages. 

Cluster analysis has been used extensively to test the strength of patterns emerging 



from binary and ternary plots, and to further probe the data where these more 

traditional analyses have not produced sufficiently clear results. 

The effects of processing procedure used to generate these palynological residues 

has been tested. Ultrasonic vibration and nitric acid oxidation were both found to 

adversely affect the palynologic matter assemblages, but only significantly so when 

treated for more extended periods than those used here. Ultrasonic vibration is more 

effective in the removal of AOM than nitric acid oxidation, and in AOM-dominated 

palynofacies, the effects of even extended exposure to these techniques on the remaining 

organic matter components is negligible. 

6.4. Sedimentological and palynofacies analysis - conclusions 

Results from the integration of sedimentological and palynofacies data indicate 

that the lower part of the zarajskensis Subzone was deposited in a basinal environment, 

probably with a stratified water column and the development of bottom-water anoxia. 

This is indicated by the AOM-rich nature of both the mudstone and laminated siltstones 

from this part of the sequence, and there is a strong association between AOM-dominated 

assemblages and those with high TOC. Both palynofacies and sedimentology indicate an 

extremely slow rate of siliciclastic input. The thickness of these deposits in relation to 

overlying strata thus indicates that the basin maintained a high degree of structural 

stability throughout this interval. However, regression is indicated at the top of the 

zarajskensis Subzone at Gorodische by the presence of intertidal sediments. Analogous 

deposits are absent from Kashpir suggesting the presence of a previously unrecognked 

hiatus or disconformity at this level, and this is supported by a distinct erosional 

contact at the zarajskensis/virgatus zone boundary. 

Both coarse grained sedimentation through the virgatus Zone at both localities, 

and the character of palynological assemblages recovered from this interval, point to 

neritic deposition. The abundance of phosphorite and glauconite grains indicate a 



sediment-starved regime. At Gorodische the nikitini to nodiger zone interval is 

characterised by fine glauconitic sands interpreted as representing outer neritic 

deposition. The palynofacies characteristics of the phosphorite deposit at the top of the 

Jurassic succession at Gorodische are indistinguishable from those of the underlying 

sediments, adding weight to the inclusion of this deposit within the nodiger Zone. At 

Kashpir, the nikitini to nodiger zones are characterised by abundant lenticular-bedded 

sediments, suggesting more proximal deposition by comparison with contemporaneous 

deposits at Gorodische. Available data suggests that the overlying Ryazanian sediments 

were deposited in an open marine, probably outer neritic environment, once again with a 

low rate of sediment input. 

The base of the Valanginian interval at Kashpir is marked by set of sandstone 

layers indicative of proximal conditions. The basal unit of this set contains phosphatic 

concretions with an exceptionally well preserved dinocyst assemblage. The remainder of 

the Valanginian sediments at both Gorodische and Kashpir consist of mica-rich 

siltstones, which the palynofacies evidence shows were deposited under strong 

terrestrial influence. The abundant weathering products of pyrite, and the abundant 

AOM in certain samples suggests the possible development of bottom- or pore-water 

anoxia resulting from the biological degradation of the large quantities of plant matter 

present in these sediments. 

6.5. Assessment of the  dinocyst assemblages - summary & conclusions 

Detailed analyses have been completed on the dinocyst assemblages. Dinocyst 

diversity is lower in the sediments deposited in a basinal environment than in the 

neritic sediments. Similarly, dominance is greater in basinal deposits than in the 

remaining sediments, apart from those with phytoclastdominated palynofacies. Such 

low-diversity highdominance characteristics of the deep basin sediments probably 

reflects the low number of more oceanic dinocyst species, as well as the development of 

water-column stratification. 



Analysis of the chorate/cavate/proximate cyst abundance has not shown the 

previously documented trend of increasing chorate abundance towards open marine 

conditions. Indeed, evidence from Gorodische points to increasing chorate abundance 

with increasing proximity to the terrestrial source. This apparent paradox may in part 

be due to the combination of proximochorate and skolochorate groups in the present 

study, but suggests that the abundance of these groups cannot necessarily be taken as a 

direct indicator of proximal-distal interactions. Moreover, simple division of the 

encountered taxa into delicate and robust groups reveals a strong correlation between 

the abundance of thick-walled and generally robust cyst morphology, and coarse-grained 

sediments deposited under higher energy conditions. However, it remains unclear 

whether such a relationship is a result of preferential preservation of robust cysts, or 

the higher production of cysts with robust morphology in response to higher energy 

conditions. 

The potential relationship of hydrodynamic sorting and cyst morphology has 

been tested by constructing 12 dinocyst groups based on morphological features most 

likely to have a bearing on hydrodynamic properties. Disparity in the patterns of 

abundance displayed by these groups indicates that their combination into the broad 

groupings outlined in the paragraph above may cause potentially useful information to 

be lost. Furthermore, although potential ecological trends in the Volga Basin 

assemblages are difficult to separate from stratigraphic control, analysis of the 

distribution of these groups has not revealed a consistent association between their 

relative abundance, and either proximity to terrestrial source or sediment 

granulometry. Thus the controls on the distribution of these groups are more complex 

than simply hydrodynamic sorting (whether biologically or passively induced), and 

their abundance cannot automatically be taken as a direct parameter for measuring sea- 

level. Clearly, further work needs to be aimed specifically at the distribution of cysts 

(and their morphological groups) in sediments before they can be used confidently as 

palaeoecological indicators. 



The relationships of individual taxa to inferred environmental conditions have 

also been examined. Taxa with a dominance of stratigraphic over ecological control were 

eliminated from this investigation with the use of cluster analysis. This exercise proved 

the validity of using Glossodinium dimorph urn, Goch teodinia villosa, Pseudoceradum 

pelliferum, Pseudoceradum sp. 1, Senoniasphaera jurassica, and Spidferites ramosus as 

major zonal indices. Within the range of facies represented by these sections, the 

majority of taxa were revealed to have a cosmopolitan distribution controlled by largely 

stochastic processes. However, Dingodinium and Tehamadinium were found to be most 

abundant in basinal deposits, whilst Cassiculosphaeridia, Tenua, and Valensiella are 

most abundant in sediments attributed to an inner neritic regime. 

6.5. Suggestions for further research 

Finer scale sampling of both sections would allow the precise positions of the 

dinocyst zones within the ammonite framework to be identified, and lead to closer 

correlation with other sequences in the future. This would also permit an extremely 

comprehensive assessment of the palynofacies assemblages, which could be used to 

refine the palaeoenvironmental deductions made here, and pinpoint any hiatuses 

overlooked as a result of the current sampling strategy. 

The examination of the sediments from the area could be extended into a petrological 

study, which would be particularly useful in making further interpretations about 

the mechanisms of formation and environment of deposition of both the phosphorite 

horizons and the basal Ryazanian bituminous shale. Wider geographic examination 

of the lithologies encountered, particularly of units like the phosphatic 

conglomerates, should allow a better understanding of the lateral facies variations in 

the area, and how contemporaneous deposits from the two localities relate to one 

another. 



Further palynological anlaysis of the exceptionally well preserved dinocyst 

assemblage recovered from the phosphorite horizon at Kashpir, may allow further 

new species to be identified, or additional characteristics to be defined for existing 

taxa. Separate study of phosphate concretions and sandy matrix should prove that 

the well preserved fraction is sourced from the concretions. 

Much further study needs to be directed at the passive mechanisms controlling the 

distribution of dinoflagellate cysts in sediments. In particular, the relationships of 

specific cyst morphology to hydrodynamic properties, sediment granulometry (by 

sediment grain-size calibration in the lab) and the preferential preservation of 

robust versus delicate cysts, both require detailed examination. 
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1 Vertical scale: 1 unit = 1 metre. I 
Sedimentary log of Caravaca section Z (Barranco de Tollo) showing position of 
palynological samples. Redrawn from Hoedemaeker (1 981). 
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PLATES 



PLATE 1 

All figures at x670 magnification unless otherwise stated. 

1 , 2 : Aprobolocysta pustulosa Sp. nov. Holotype. Slide K17-0B00-3, England Finder 
coordinates 05611. 1 : Ventral focus. Note asymmetrical lobate antapex with enlarged pustule. 
2 : Dorsal focus. 

3, 4 : Aprobolocysta pustulosa sp. nov. Slide K17-01600-2, England Finder coordinates 
~ 4 3 .  3 : Oblique ventral focus. Note the difference in size and spacing of the pustules in 
comparison to the holotype. 4: Oblique dorsal focus. 

5, 6 : Aprobolocysta ~ U S ~ U ~ O S ~  sp. nov. Slide K17-01600, England Finder coordinates 
H36. 5: Left lateral focus. Note the manner in which several pustules have joined to form 
compound pustules. 6 : Right lateral focus. 

i 

7 ,  8: Aprobolocysta pustulosa SP. nOV. Operculum. Slide K17-01600, England Finder 
coordinates R57. 7 : Ventral focus. Note the conical apex. 8 : Dorsal focus. 

Q - 11 : Aprobolocysta pustulosa sp. nov. Paratype. Slide K17-01600, England Finder 
coordinates Q33. 9 : Probably lateral view. Primary archeopyle suture has only partially formed. , . 
Note different size and spacing of the pustules in compari~~n to the holotype. 1 0: Probably 
lateral view. 1 1 : Higher magnification showing smaller micro-pustules. ~1,100 magnification. 



PLATE 1 



PLATE 2 

All figures at x670 magnification. 

1 , 4,  7 : Rhynchodiniopsis magnf i  sp. nov. Holotype. Slide U11-2, England Finder 
coordinates K2812. 1 : Ventral focus. 4 : Median focus. Note the slightly elongate oval shape, 
small rod-like apical horn and high parasutural septa, particularly at the paracingulum. 7 : Dorsal 
focus. Note gonal 'pseudo-spines' at junctions of the antapical paraplate with the post-cingular 
series. 

2 ,  5 : Rhynchodiniopsis magnifjca sp. nov. Slide U3-2, England Finder coordinates 
(35511. 2 : Ventro-lateral focus in dorso-lateral view. 5 : Dorso-lateral focus. 

3, 6 ,  9 : Rhynchodiniopsis magnifica sp. nov. Slide U3, England Finder coordinates S57. 3 : 
Ventro-lateral focus. 6 : Median focus. 9 : Dorsal focus. 

8: Rhynchodiniopsis magnifica sp. nov. Slide U4, England Finder coordinates Q33M. 
Median focus. Note bell-shaped nature of the epicyst and gonal 'pseudo-spines' at the 
junctions of the apical and pre-cingular paraplate series. 



PLATE 2 



PLATE 3 

All figures at x670 magnification unless otherwise stated. 

1 - 3: Rhynchodiniopsis undoryensis sp. nov. Holotype. Slide U24-2, England Finder 
coordinates J4711. 1 : Ventral focus on hypocyst. 2 : Median focus. 3 : Dorsal focus on 
epicyst. 

4 - 6 :  Rhynchodiniopsis undoryensis sp. nov. Paratype. Slide U24-2, England Finder 
coordinates J4012. 4: Ventral focus on hypocyst. Note broader nature of this specimen in 
comparison to the holotype. 5 : Dorsal focus on epicyst. 6 : Higher magnification of apical 
region in median focus to emphasise the character of the apical horn. Note also the gond 
'pseudo-spines' at junctions of the apical and precingular paraplate series. x1000 magnification. 
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PLATE 4 

1 , 2: Lithodinia distincta sp. nov. Holotype. Slide K17-01600-3, England Finder 
coordinates N3114. 1 : Apical focus. Note the slight dorso-ventral compression. 2: Median 
focus showing height of the reticulate sculpture. Both x450 magnification. 

3 :  Lithodinia distincta sp. nov. Paratype. Slide K17-01300-2, England Finder 
coordinates N6l. Apical focus. x450 magnification. 

4 :  Lithodinia distincta sp. nov. Slide K17-01600-2, England Finder coordinates K54. 
Note the tight, evenly distributed reticulum. x450 magnification. 

5 :  Lithodinia distincta sp. nov. Operculum. Slide K17-01600-3, England Finder 
coordinates E2714. x450 magnification. 

6, 7 ,  8 : ?Cyclonephelium bulbosum sp. nov. Holotype. Slide K17-01300, England Finder 
coordinates K30B. 6 : Probably ventral focus. Note reduced sculpture in mid-ventral and mid- 
dorsal (Figure 8) areas, flat antapex with antapical 'tuft' of processes. 7: Median focus. Primary 
archeopyle suture has only partially formed. 8 : ?Cyclonephelium bulbosum sp. nov. 
Same specimen. Probably dorsal focus. All three x670 magnification. 

9, 1 0 : ?Cyclonephelium bulbosum sp. nov. Paratype. Slide K17-0600-2, England Finder 
coordinates N38. 9: Ventral focus. Note width of opercular attachment, presumably 
paracingular restriction of cyst ambitus, and bilobed antapex. 10: Dorsal focus. Note the 
accessory archeopyle sutures which clearly separate Kofoid paraplate 3". Both x670 
magnification. 
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PLATE 5 

1, 2: flhalassiphora robusta sp. nov.. Holotype. Slide U3-2, England Finder coordinates 
J41. 1 : Ventral focus. 2 : Dorsal focus. Both x450 magnification. 

3: flhalassiphora robusta sp. nov.. Slide U6-2, England Finder coordinates P4912. 
x450 magnification. 

4, 5: 7Cycbnephelium bulbosum sp. nov.. SEM stub 6, grid square 1nII. Taken from 
sample K17. 4 : Ventral view. 5 : Higher magnification of apical region and operculum. Scale 
bars =20pm. 

6 :  7Cyclonephelium bulbosum sp. nov.. SEM stub 4, grid square 4n. Taken from 
sample K17. Ventral view. Scale bar =20pm. 

7 :  Lithodinia distincta sp. nov.. SEM stub 6, grid square 14. Taken from sample K17. 
Ventral view. Note clear paratabulation. Scale bar =2Opm. 

8: Lithodinia distincta sp. nov.. SEM stub 2, grid square 3nV. Taken from sample K17. 
Right lateral view. Note apparent paraplate overlap. Scale bar =20pm. 

9: Lithodinia distincta sp. nov.. SEM stub 12, grid square ln. Taken from sample K17. 
Left lateral view. Scale bar =20pm. 

10: Lithodinia distincta sp. nov.. SEM stub 11, grid square 4411. Taken from sample K17. 
Apical view, higher magnification to show the two wall layers and spongy nature of the reticulum 
which supports the periphragm. Scale bar =20pm. 

11: Lithodinia distincta sp. nov.. SEM stub 12, grid square ln. Taken from sample KIT. 
Right lateral view. Higher magnification to show intratabular depressions, presumably where the 
periphragm 'drapes' into lumina of the supporting reticulum. Scale bar =20pm. 

12: 7Thalass1'phora robusta sp. nov.. SEM stub 6, grid square 1nII. Taken from sample 
~ 3 .  Ventral view, uncertain orientation. Note folding of the periphragm where it has collap@ 
onto the endophragm. Scale bar =20pm. 
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PLATE 6 

1: Aprobolocysta pustulosa sp. nov.. SEM stub 2, grid square 2N. Taken from sample 
K17. Ventro-lateral view. Note the numerous claustra in the periphragm at the base of the 
pustules. Scale bar =20pm. 

2: Aprobolocysta pustulosa sp. nov.. SEM stub 12, grid square 2/11. Taken from 
sample K17. Probably Ventral view. Archeopyle has not formed. Not the absence of pustules 
in the region where the principal archeopyle suture would form. Scale bar =20pm. 

3: Aprobolocysta pustulosa sp. nov.. SEM stub 5, grid square 3/11. Taken from sample 
K17. High magnification view of the adpressed area between pustules showing scabrate to 
pitted nature of the periphragm in these areas. Scale bar =10pm. 

4, 5 : Rhynchodiniopsis magnifica sp. nov.. Paratype. SEM stub 11, grid square mV. 
Taken from sample K21. 4 : Ventral view. 5 : Higher magnification of apical region showing 
absence of an apical horn, and the fenestrate nature of the parasutural septa. Scale bar =20pm. 

6 :  Rhynchodiniopsis magnifica sp. nov.. SEM stub 10, grid square 2/11. Taken from 
sample U6. Ventral view. Specimen with a more bell-shaped epicyst. Scale bar =20pm. 

7 :  Rhynchodiniopsis undoryensis sp. nov.. SEM stub 10, grid square 3/1. Taken from 
sample U24. Dorsal view. Scale bar =20pm. 

8: Rhynchodiniopsis undoryensis sp. nov.. Same specimen, higher magnification of 
apical region showing reduced length of dorsal epicyst and character of the apical horn. Dorsal 
view. Scale bar =20pm. 

9: Rhynchodiniopsis undoryensis sp. nov.. SEM stub 10, grid square 3/111. Taken from 
sample U24. Dorsal view. Scale bar a p m .  
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PLATE 7 

Key Volglan end Ryazanlen taxa 

All figures at x450 magnification 

1: Glossodinium dimorphum. Slide U3-2, England Finder coordinates H54. Ventral 
focus. 

2, 3: Perisseiasphaeridium ingegerdiae. Slide K17-01600-3. England Finder coordinates 
~4911. 2 : Ventral focus. 3 : Dorsal focus. Note the loss of paraplate 3" as part of the 
archeopyle. 

4: Gochteodinia villosa. Slide K8, England Finder coordinates P53. Left lateral focus 

5: Gochteodinia villosa. Slide K8, England Finder coordinates M26. Left lateral focus. 

6: Gochteodinia cf. villosa Slide K4, England Finder coordinates G23. Left lateral 
focus. 

7 :  Circulodinium wmpta. Slide K14601600, England Finder coordinates H38M. 
Ventral focus. 

8 :  Pseudoceratium pelliferum. Slide K24, England Finder coordinates F55. Ventral 
focus. 

9 :  Pseudoceratium pelliferum. Slide K27, England Finder coordinates M46Q. Ventral 
focus. 

1 0, 1 1 : Muderongia longicorna. Slide K14, England Finder coordinates E63/2. 1 0 : Ventral 
focus. 1 1 : Dorsal focus. 

1 2, 13 : Batioladinium gochtii. Slide K17, England Finder coordinates E4113. Both in 
oblique focus. 

14 - 16: Cassiculosphaeridia pygmaeus. Slide K17-01300, England Finder coordinates 
K28/2. 1 4 : Ventral focus. 1 5 : Median focus. 1 6 : Dorsal focus. 
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PLATE 

Key Ryazanian and Valanglan taxa 

All figures x450 magnification. 

1 - 3: Cnbmperidinium cf. volkovae. Slide K17-01300, England Finder coordinates J35B. 
1 : Ventral focus. Specimen very close to C. volkovae in lacking intratabular sculpture on the 
ventral surf ace. 2 : Median focus. 3 : Dorsal focus. 

4 :  Phobemcysta neocomica. Slide K16, England Finder coordinates L6711. Ventral 
focus. 

5 :  Phoberocysta neocomica. Slide K16, England Finder coordinates K57. Ventral 
focus. 

6: Phobemcysta tabulata. Slide K25-2, England Finder coordinates G4914. Dorsal 
focus. 

7 ,  8: Phoberocysta tabulafa. Slide K25-2, England Finder coordinates Q49. 7: Ventral 
focus. 8 : Dorsal focus. 

9, 1 0 : Warrenia brevispinosa Slide K19-2, England Finder coordinates K32/1. 9 : Median 
focus. 1 0 : Dorsal focus showing 2P archeopyle. 

11 - 13: Warrenia brevispinosa Slide K21-2, England Finder coordinates M6313. 11 : 
Ventral focus. 1 2 : Median focus. 1 3 : Dorsal focus. 
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PLATE 9 

Key Ryazanlan and Valanglan taxa 

All figures x450 magnification. 

1, 2: Senoniasphaera jurassica. Slide K8, England Finder coordinates H39. 1 : Ventral 
focus. 2: Dorsal focus. 

3 ,  4 : Pseudoceratium sp. 1. Slide K17-0/300-2, England Finder coordinates M59. 3 : 
Ventral focus. 4 : Dorsal focus. 

5, 6: Oligosphaeridium complex Slide K27, England Finder coordinates J3413. 5 : 
Ventral focus. 6 : Dorsal focus. 

7 ,  8 :  Spiniferites r a m o m  Slide K17-0/300-2, England Finder coordinates J44. 7 :  
Ventro-lateral focus. 8 : Dorso-lateral focus. 

9, 1 0 : Spiniferites primaevus. Slide K20-2, England Finder coordinates M3111. 9 : Ventral 
focus. 1 0 : Dorsal focus. 

1 1 , 1 2 : Spiniferites primaevus. Slide K24-2, England Finder coordinates J46/3. 1 1 : 
Ventral focus. 1 2 : Dorsal focus. 
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PLATE 10 

All figures x450 magnification. 

1: Apteodinium sp. 1.  Slide K14, England Finder coordinates 027. Dorsal focus 

2, 3 : Apteodinium sp. 2. Slide U38, England Finder coordinates L65. 2: Ventral focus. 
3: Dorsal focus. 

4: Cribroperidinium sp. 6. Slide U25-2, England Finder coordinates M53. Left lateral 
focus. 

5, 6 : Cribroperjdinium nuciforme. Slide K8, England Finder coordinates M32. 5 : Right 
lateral focus. 6 : Median focus. 

7 ,  8: Cribroperjdinium sp. 6. Slide K6, England Finder coordinates H2711. 7: Ventro- 
lateral focus. 8: Dorso-lateral focus. Note parasutural spines joining distally to form erymnate 
septa 

9, 1 0 : Cribroperidinium sp. 1. Slide K6-2, England Finder coordinates H30. 9 : Ventral 
focus. 1 0 : Dorsal focus. 

11, 12: Cribroperidinium sp. 8: Slide K22, England Finder coordinates J39/3. 1 1 : Ventral 
focus. Note large intratabular tuberculae. 1 2 : Dorsal focus. 

1 3, 1 4 : Cribroperidinium sp. 7: Slide U3, England Finder coordinates T39/3. 1 3 : Ventral 
focus. 1 4 : Dorsal focus. 

15: Cribmperidinium sp. 5: Slide U29-2, England Finder coordinates R3314. Lateral 
view of hypocyst showing distinctive echinate antapical septa. 
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PLATE 11 

All figures x450 magnification 

1 , 2 : Cribroperidinium sp. 3. Slide K24, England Finder coordinates T5611. 1 : Lateral 
focus. 2 : Median focus. Note the antapical projection. 

3, 4 : Cribmperidinium cf. perforata. Slide K6, England Finder coordinates G4311. 3 : 
Vento-lateral focus on hypocyst. 4 : Dorso-lateral focus on epicyst. 

5 ,  6 :  Cribroperidinium sp. 4. Slide K5, England Finder coordinates Q54. 5 : Ventral 
focus. Note the 'Wispy' nature of the apical horn. 6 : Dorsal focus. 

7 ,  8 : Cribroperidinium erymnoseptatum. Slide U3, England Finder coordinates 039/3. 7 : 
Ventral focus of on hypocyst. 8 : Dorsal focus on epicyst. 

9, 1 0 : Trichodinium cf. ciliatum. Slide K8-2, England Finder coordinates P39M. 9 : Ventral 
focus. 1 0 : Dorsal focus. Note that the sculpture is restricted to short conules. 

1 1 , 1 2 :  Trichodinium ciliatum. Slide K8-2, England Finder coordinates 035. 1 1 : Median 
focus. 1 2 : Dorsal focus. 

1 3, 1 4 : Trichodinium sp. 1 .  Slide U3, England Finder coordinates C3213. 1 3 : Right lateral 
focus. 1 4 : Left lateral focus. Note the development of parasutural ridges. 
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PLATE 12 

All figures x450 magnification. 

1, 2: Gonyaulacysta sp. 1. Slide K17-01600, England Finder coordinates H37/3, 1 : 
Ventral focus. 2 : Median focus. Note the high gonal spines which occasionally furcate. 

3, 4 : Wevittia fastigiata: Slide Kg-2, England Finder coordinates R60. 3 : Ventral focus. 
4 : Dorsal focus. Note the high denticulate to echinate parasutural septa 

5, 6, 7: Gonyaulacysta cf. centriconnata. Slide K3, England Finder coordinates E3913. 5 : 
Ventral focus. 6 : Median focus. 7 : Dorsal focus. Note the suturocavate, denticulate septa, 
but lack of significant apical cavation. 

8: Stanfordella exsanguia. Slide U22-2, England Finder coordinates P5612 Dorso- 
lateral focus. 

9, 1 0 : Gonyaulacysta sp. 4. Slide K14, England Finder coordinates P4412. 9 : Ventral 
focus. 1 0 : Dorsal focus. Note the small apical horn and intratabular tuberculae. 

1 1, 1 2 : Gonyaulacysta sp. 4. Slide K3, England Finder coordinates 051 14. 1 1 : Ventral 
focus. 1 2 : Dorsal focus. 

13: Wevittia cf. helicoidea. Slide K3-2, England Finder coordinates R50. Lateral focus. 
Note the smooth distal edges on the parasutural septa. 

1 4, 1 5 : Wevittia cf. helicoidea Slide K3-2, England Finder coordinates E60. 1 4 : Ventral 
focus. 1 5 : Dorsal focus. 

1 6, 17 : Gonyaulacysta sp. 3. Slide K3, England Finder coordinates 051 14. 1 6 : Ventral 
focus. 1 7 : Dorsal focus. Note the closely adpressed wall layers. 

1 8, 1 9 : Gonyaulacysta pectinigera. Slide K14, England Finder coordinates M6913. 1 8 : 
Ventro-lateral focus. 1 9 : Dorso-lateral focus. 

20, 2 1 : Gonyaulacysta pectinigera. Slide U3112, England Finder coordinates J35. 2 0 : 
Latera focus. 2 1 : Lateral focus. 

22: Spiniferites sp. 2 Slide K19-601600, England Finder coordinates J57. Dorsal 
focus. Note antapical (ventral) cavation. 

23, 24 : Spiniferites sp. 1. Slide K20, England Finder coordinates 05411. 23 : Ventral focus 
on hypocyst. 24 : Dorsal focus on epicyst. 

25, 26 : Spiniferites sp. 1. Slide K19-2, England Finder coordinates G33B. 25 : Left-lateral 
focus on epicyst 26 : Right-lateral focus on hypocyst. 
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PLATE 13 

All figures x450 magnification 

1, 2, 3: Endoscrinium campanula Slide K17-01300-2, England Finder coordinates K4114. 
1 : Ventral focus. 2 : Median focus. 3 : Dorsal focus. 

4, 5 :  Endoscrinium pharo. Slide K17-0/300, England Finder coordinates L3013. 4: 
Ventral focus. 5 : Dorsal focus. 

6: Endoscrinium anceps. Slide U512, England Finder coordinates 04312. Dorsal focus. 

7 ,  8 : Endoscrinium granulatum. Slide K14-2, England Rnder coordinates 04114. 7 : 
Lateral focus on hypocyst. 8 : Lateral focus on epicyst. 

9, 1 0 : Leptodinium subtile. Slide U4, England Finder coordinates L6712. 9 : Ventral focus 
on epicyst. Note the sulcal claustnrm. 1 0 : Dorsal focus on hypocyst. 

11, 12: Cribroperidinium sp. 8. Slide U24-2, England Finder coordinates L4912. 1 1 : 
Ventral focus. 12: Dorsal focus. Note the short spines surmounting the parasutural ridges, 
and the dextrally offset nature of paraplate 3" against the septum between 4"' and 5'", which 
separates this species from Leptodinium. 

1 3, 1 4 : Leptodinium subtile. Slide US, England Finder coordinates L38/3. 1 3 : Left lateral 
focus. 1 4 : Right-lateral focus. 
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All figures x450 magnification. 

1, 2, 3 : Chlamydophorella nyei. Slide K8, England Finder coordinates M4013. 1 : Ventral 
focus. 2 : Median focus. 3 : Dorsal focus. 

4, 5 : 7Lagenadinium membranoideum Slide U31-2, England Finder coordinates K39M. 
4: Ventro-lateral focus. 5: Dorso-lateral focus. Note the large post-dngular corona which 
separates this monospecific genus from C. nyei. 

6: Dingodinium cerviculum. Slide U23-2, England Finder coordinates L44/3. Ventral 
focus on epicyst. 

7: Dingodinium cerviculum. Slide K14, England Finder coordinates D3213. Lateral 
focus. 

8 ,  9 : Dingodinium sp. 1.  Slide K21-2, England Finder coordinates L37/2. 8: Lateral 
focus on epicyst. 9 : Lateral focus on hypocyst. 

10: Sirmiodinium grossi. Slide K17-01600, England Finder coordinates N3411. Ventral 
focus. 

1 1, 1 2 : Ambonosphaera staffinensis. Slide K17, England Finder coordinates D6514. 1 1 : 
Ventral focus. 1 2 : Dorsal focus. 

13: Wallodinium knrtschri. Slide K20-2, England Finder coordinates R4014. Probably 
lateral focus. 

14: Wallodinium lunum. Slide K17-0/300-2, England Finder coordinates N3611. Lateral 
focus. 

15: Tubotuberella cf. apatela Slide K7, England Finder coordinates T41M. Dorsal 
focus. Note perforations on antapical projection of the periphragm. 

1 6 17 : Tubotuberella cf. apatela Slide U23-2, England Finder coordinates N29. 1 6 : 
Ventral focus. 1 7 : Dorsal focus. 

18: Tubotuberella apatela. Slide U22-2, England Finder coordinates R5411. Dorsal 
focus. . 

1 9, 2 0 : Tubotuberella apatela. Slide U23-2, England Finder coordinates N29. Specimen 
with an antapical lobe on the endophragm. 1 9 : Median focus. 20 : Dorsal focus. 

21: Tubotuberella dentata. Slide U22, England Finder coordinates G2911. Dorsal focus. 

22: WalIodinium cylndricum. Slide K17-01600, England Finder coordinates K50/3. 
Probably lateral focus. , . 

23: WalIodinium cylindricum. Slide K17-01300-2, England Finder coordinates K37. 
Probably lateral focus. 

24, 25: Athigmatocysta sp.. Slide K17-0/300-2, England Finder coordinates Q 4 1 ~ .  24: 
Lateral focus on epicyst. 2 5 : Lateral focus on hypocyst. 
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All figures x450 magnification. 

1: Batiacasphaera sp. 1. Slide U5, England Finder coordinates G35. Ventral focus. 

2, 3 : Batiacasphaera sp. 1. Slide U24-2, England Finder coordinates J48/3. 2 : Ventral 
focus. 3 : Dorsal focus. 

4: " Batiacasphaera fenestrata " taxongroup. Slide K17, England Finder coordinates 
Q47. Ventral focus on epicyst. 

5: " Batiacasphaera fenestrata " taxongroup. Slide K17-3, England Finder coordinates 
B61M. Ventral focus. 

6 :  Batiacasphaera sp. 2. Slide K2512, England Finder coordinates N4812. Lateral 
focus. - 
7 :  " Circulodinium ciliatum " taxon-group. Slide U10-2, England Finder coordinates 
E5511. Uncertain orientation. 

8: Kallosphaeridium sp. 2. Slide U312, England Finder coordinates Q57/2. Ventro- 
lateral focus. 

9 :  Batioladinium longicomutum. Slide K14, England Finder coordinates N5611. 
Ventro-lateral focus. 

1 0, 1 1 : Microdnium sp. 1. Slide K17-2, England Finder coordinates H4614. 1 0 : Lateral 
focus. 1 1 : Lateral focus. 

12: Chytroeisphaeridia cerastes. Slide K17, England Finder coordinates R58/3. Dorso- 
lateral focus. 

13: Chytroeisphaeridia chytroeides. Slide K17-0/300, England Finder coordinates 
R52/3. Dorsal focus. 

14: Chytroeisphaeridia chytroeides. Slide U5, England Finder coordinates J35. Dorso- 
lateral focus. 

15: Kallosphaeridium sp. 1. Slide U21, England Finder coordinates L4714. Ventral 
focus. 

16: Circulodinium cope]. Slide K3, England Finder coordinates C59. Ventral focus. 

17: Kalyptea sp. 1. Slide K20-2, England Finder coordinates R3312. Lateral focus. 

18: Pareodinia prolongata. Slide U1 0/2, England Finder coordinates R3312. Ventral 
focus. 

19: Batioladinium varigranosum. Slide K17-01300-2, England Finder coordinates H33. 
Lateral focus. 

20: Batioladinium sp. 1. Slide U6, England Finder coordinates J55. Dorsal focus. 

21 : Batioladinium varigranosum. Slide U21, England Finder coordinates L4714. Lateral 
focus. 

22: Pareodinia ceratophora. Slide K14, England Finder coordinates G5011. Dorsal 
focus. 

23: Aprobolocysta neista. Slide K25, England Finder coordinates N2712. Ventral focus. 
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All figures x450 magnification 

1, 2: Cassiculosphaeridia magna. Slide K14, England Finder coordinates F49/3. 1 : Left 
lateral focus. 2: Right lateral focus. 

3, 4 : Cassiculosphaeridia magna. Slide K17-0/600-2, England Finder coordinates H2913. 
3 : Left lateral focus. 4 : Right lateral focus. 

5 :  Cassicu/osphaeridia magna. Slide K3, England Finder coordinates M55E. Lateral 
focus. 

6 :  Valensiella ovula Slide K17-0/600-3, England Finder coordinates J53. Ventral 
focus. 

7 ,  8 :  Lithodinia bulloidea. Slide K27, England Finder coordinates J5514. 7: Lateral 
focus. 8 : Lateral focus. 

9, 1 0, 1 1 :Lithodinia sp. 2. Slide K17-0/300-3, England Finder coordinates G54. 0 : Ventral 
focus. 1 0 : Median focus. 1 1 : Dorsal focus. 

12: Lithodinia acranitabulata Slide K25-30/600, England Finder coordinates L33/4. 
Ventral focus. 

13: lsthmocystis distincta. Slide K17-0/300-3, England Finder coordinates K58. Apical 
focus. 

14: Mendicodinium reticulatum. Slide K17, England Finder coordinates K41. Probably 
ventral focus. 

1 5, 1 6 : lsthmocystis distincta. Slide K17-0B00-3, England Finder coordinates E3412. 1 5 : 
Ventral focus on epicyst. 1 6 : Dorsal focus on hypocyst. 
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All figures x450 magnification. 

1: "Cleistosphaeridium aciculum " taxon-group. Slide K15, England Finder coordinates 
M5311. Lateral focus. 

2: " Cleistosphaeridium aciculum " taxongroup. Slide K17-0I300, England Finder 
coordinates K4311. Uncertain orientation. 

3 :  " Cleistosphaeridium aciculum " taxongroup. Slide K17-01300, England Finder 
coordinates T5214. Dorsal focus on hypocyst 

4 :  Cometodinium Whitei. Slide U19-2, England Finder coordinates K33/3. Probably 
dorsal focus. 

5, 6, 7: lmpletosphaeridium sp. 1. Slide K19, England Finder coordinates L3512. 5 : 
Ventral focus. 6 : Median focus. 7 : Dorsal focus. Note the absence of an ectophragm. 

8: Downiesphaeridium sp. 2. Slide K19-2, England Finder coordinates J3613. Dorsal 
focus. 

9: Downiesphaeridium sp. 1. Slide K13, England Finder coordinates J42/2. Lateral 
focus. 

10: Dapsillidinium multispinosum. Slide K20-2, England Finder coordinates G30/3. 
Uncertain orientation. 

11, 12: Sentusidinium sp. 3. Slide U3, England Finder coordinates U41R. 11 : Ventral 
focus. 1 2 : Dorsal focus. 

13: Sentusidinium rioultii. Slide K14, England Finder coordinates G36. Dorsal focus. 

14: Sentusidinium cf. sp. 3. Slide K25-01600, England Finder coordinates H65. Dorsal 
focus. 

15: Sentusidinium cf. sp. 3. Slide K25-01600, England Finder coordinates K37. Lateral, 
focus. 

1 6, 1 7 : Sentusidinium sp. 4. Slide K16, England Finder coordinates E33/3. 1 6 : Ventral 
focus. 17: Dorsal focus. 

, 1 8, 1 9 : Sentusidinium sp. 4. Slide K16, England Finder coordinates J4312. 1 8 : Lateral 
focus. 1 9 : Lateral focus. 

2 0 :  Prolixosphaeridium mixtispinosum. Slide U13, England Finder coordinates T48. 
Lateral focus. 

21 : Prolixosphaeridium parvispinum. K17-01300, England Finder coordinates K28. 
Ventral focus. 

22: prolixosphaeridium pa~spinum. K17-01600, England Finder coordinates H25/4. 
Ventral focus. 

23: Tanyosphaeridjum magneticum. U10, England Finder coordinates K55. Ventral 
focus. 

24: Tanyosphaeridium isocalamum. U22-2, England Finder coordinates U3912. Dorsal 
focus. 

25: hurkinidinium sp. 1. U31-2, England Finder coordinates J36B. Ventral focus. 





PLATE 18 

All Figures x450 magnification. 

1 , 2, 3 : Tehamadinium daveyi. Slide K8-2, England Finder coordinates 031. 1 : Ventral 
focus. 2 : Median focus. 3 : Dorsal focus. Note the absence of an ectophragm. 

4, 5, 6 : Tehamadinium edftii. Slide K6-2, England Finder coordinates H4211. 1 : Left lateral 
focus on epicyst. 2 : Median focus. 3 : Right lateral focus on hypocyst. 

7, 8 : Tehamadinium sousense. Slide Ul 0, England Finder coordinates 062. 7 : Ventral 
focus. 8 : Dorsal focus. 

9: Tehamadinium sousense. Slide U5, England Finder coordinates (335. Dorsal focus. 

10: Tehamadinium sp. 1. Slide K8, England Finder coordinates N45E. Ventro-lateral 
focus. 

11, 12, 13: Tehamadinium konarae. Slide K17-0/300, England Finder coordinates 
R6.414. 1 1 : Ventral focus on hypocyst. 1 2 : Median focus. 1 3 : Dorsal focus on epicyst. 

14: Protoellipsodinium sp. 1. Slide K17, England Finder coordinates J34B. Dorsal 
focus. 

15: Protoellipsodinium sp. 1. Slide K17, England Finder coordinates K6614. Lateral 
focus. 

1 6, 1 7 : Warrenia ssp. 1 Slide K3, England Finder coordinates S25. 1 6 : Ventral focus. 1 7 : 
Dorsal focus. 

18: Lagenorhytis delicatula. Slide K20-2, England Finder coordinates G39-2. Dorsal 
focus. 
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All figures x450 magnification. 

1 , 2, 3 : Tenua hystrix. Slide U21, England Finder coordinates M50. Specimen with reduced 
sculpture in middorsal and mid-ventral areas. 1 : Ventral focus. 2 : Median focus. 3 : Dorsal 
focus. Note the absence of an ectophragm. 

4, 5 : Tenua hystrix. Slide U3-3, England Finder coordinates N3811. 4 : Dorsal focus. 5 : 
Median focus. 

6, 7 : Tenua cf. hystrix. Slide K14, England Finder coordinates S33. 6 : Dorsal focus. 7 : 
Ventral focus. 

8: Tenua cf. hystrix. Slide K24, England Finder coordinates T3014. Ventral focus. 

9, 1 0 : Tenua hystrix. Slide K17-01300, England Finder coordinates F6414. 9 : Ventral 
focus. 1 0 : Median focus. 

1 1 , 1 2 : Amphorula expiratum. Slide Kg, England Finder coordinates F4613. 1 1 : Lateral 
focus. 1 2 : Median focus. 

1 3, 1 4 : Ellipsodinium cinctum. Slide Kg, England Finder coordinates G3513. 1 3 : Lateral 
focus. 1 4 : Median focus. 

1 5,  1 6 : Egmontodinium polyplacophorum. Slide K8, England Finder coordinates G2414. 
1 5 : Lateral focus. 1 6 : Median focus. 

17: Egmontodinium torynum. Slide K14, England Finder coordinates H55. Lateral 
focus. 

18: Egmontodinium sp. 1. Slide U16-2, England Finder coordinates M4412. Probably 
ventral focus. 

19, 20, 21: Epiplosphaera gochtii. Slide K17-01300, England Finder coordinates 
G5314. 1 9 : Ventral focus. 20 : Median focus. 2 1 : Dorsal focus, 
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PLATE 20 

All figures x450 magnification. 

1: Hystrichosphaerina schindewolfii. Sl ide K25-3010, England Finder coordinates 
K3012. Ventral focus. 

2: Stiphrosphaeridium anthophorum. Slide K8-2, England Finder coordinates 06012. 
Dorsal focus. 

3, 6 : Systematophora areolata. Slide U10, England Finder coordinates G55Q. 3 : Lateral 
focus. 6 : Lateral focus. 

4 :  Systematophora daveyi. Slide U11-2, England Finder coordinates S61. Dorsal 
focus. 

5: Stiphrosphaeridium dictyophorum. Slide K14, England Finder coordinates F3 1 . 
Dorsal focus. 

7 :  Systematophora palmula. Slide K15, England Finder coordinates L59. Dorsal focus. 

8: Hystrichodinium pulchrum var. 1. Slide U6, England Finder coordinates J34. Ventral 
focus. 

9 :  Hystrichodinium pulchrum var. 2. Slide K25-301600, England Finder coordinates 
M5511. Ventral focus. 

1 0, 1 1 : Hystrichodinium pulchrum var. 1. Slide K17-01300-2, England Finder coordinates 
M55/3. Three-dimensionally preserved specimen. 1 0 : Ventral focus. 1 1 : Dorsal focus. 

12: Hystrichodinium pulchrum var. 1. Slide K17-0/300-3, England Finder coordinates 
05214. Threedimensionally preserved specimen. Lateral focus. 
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All figures x450 magnification. 

1 , 2, 3 : Kldthriasphaeridium fasciatum. Slide K19-601600, England Finder coordinates L52. 
1 : Ventral focus. 2 : Median focus. 3 : Dorsal focus. 

4, 5, 6 : Meithriasphaeridium corrugatum. Slide K17-01300-3, England Finder coordinates 
M45. 4 : Ventral focus. 5 : Median focus. 6 : Dorsal focus. 

7, 8, 9 : Kleithriasphaeridium eoinodes. Slide K17-0/300-2, England Finder coordinates 
M6213. 7 : Ventral focus. 8: Median focus. 9: Dorsal focus. 

1 0, 1 1 : KIeithriasphaeridium porosispinum. Slide K3, England Finder coordinates K68. 1 0 : 
Ventral focus. 1 1 : Dorsal focus. 

12: Hystrichosphaeridium petilum. Slide K4-2, England Finder coordinates S34. 
Ventral focus. 

13, 14: KIeithriasphaeridium cf. eoinodes. Slide Kg, England Finder coordinates P4914. 
1 3 : Left lateral focus. 1 4 : Right lateral focus. 

1 5 :  Oligosphaeridium totum. Slide K27-2, England Finder coordinates M50. Dorsal 
focus. 

16: Heslertonia sp 1 .  Slide U3-2, England Finder coordinates M36. Lateral focus. 
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All figures x450 magnification. 

1, 2, 3: Achomosphaera neptuni. Slide K17-01300-2, England Finder coordinates R43. 1 : 
Ventral focus. 2 : Median focus. 3 : Dorsal focus. 

4: Cymosphaeridium validum. Slide U38, England Finder coordinates N4714 . Antapical 
focus. 

5, 6: Avellodinium falsificum. Slide K24-2, England Finder coordinates E28/3. Both 
lateral focus. 

7 :  Nelchinopsis kostromiensis. Slide U36-2, England Finder coordinates K3511. 
Ventro-lateral focus. 

8 ,  9 : i9ochosphaeridium phragmites. Slide K17-01300, England Finder coordinates 
G5212. 8 : Ventral focus. 9 : Dorsal focus. 

10: Dichadogoyaulax chondrum. Slide U10-2, England Finder coordinates F40/2. 
Lateral focus. 

11, 12: Muderongia australis. Slide K17-01300, England Finder coordinates K4212. 11  : 
Ventral focus. 12: Dorsal focus. Note the small lobes in the endophragm corresponding to 
horn positions in the periphragm. 

13: Gochteodinia antennata. Slide K2, England Finder coordinates L38. Lateral focus. 

14: Gochteodinia tuberculata. Slide K2, England Finder coordinates U38B. Lateral 
focus. 

1 5, 1 6 : Exochosphaeridium phragmites. Slide K15, England Finder coordinates C54. 1 5 : 
Ventral focus. 1 6 : Dorsal focus. Specimen with apical process and numerous other furcating 
processes. 





PLATE 

AII scde bars = 20pm. 

1: Gochteodinia villosa SEM stub 9, grid square 2/11. Taken from sample K8. Dorsal 
view. 

2: Endoscrinium pharo. SEM stub 3, grid square 2/11. Taken. from sample K17. Ventral 
view. Note large sulcal claustrum. 

3: Endoscrinium pharo. SEM stub 12, grid square 1111. Taken from sample K17. Dorsal 
view. 

4: Warrenia sp. 1. SEM stub 9, grid square 3A11. Taken from sample K8. Dorsal view. 

5: Tehamadinium daveyi. SEM stub 7, grid square 4/11. Taken from sample K8. Ventral 
view. 

6: Tehamadinium daveyi. SEM stub 9, grid square 31111. Taken from sample K8. Dorsal 
view. 

7 :  Tehamadinjum daveyi. SEM stub 4, grid square 41111. Taken from sample K8. Higher 
magnification of sculpture showing how the intratabular spines are usually linked. 

8:  lsthmocystis distincta SEM stub 11, grid square 411. Taken from sample K21. 
Ventral view. 

9 :  Warrenia brevispimsa SEM stub 10, grid square all. Taken from sample K20. 
Dorsal view. 

10: Ekochosphaeridium phragmites SEM stub 12, grid square 1 11V. Taken from sample 
K17. Right dorso-lateral view. 

11: Gonyaulacysta sp. 1. SEM stub 12, grid square 511x Taken from sample K17. 
Ventral view. 

12: Achomosphaera neptuni. SEM stub 12, grid square 5111. Taken from sample K17. 
Left dorso-lateral view. 
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PLATE 24 

All scale bars = 20 mm. 

1: Cribroperidinium cf. volkovae. SEM stub 4, grid square 1/1II. Taken from sample 
K17. Dorsal view. Note the intratabular tuberculae. 

2 :  Cribroperidinium sp. 8. SEM stub 7, grid square 2/111. Taken from sample U21. 
Dorsal view. 

3:  Cassiculosphaeridia pygmaeus. SEM stub 6, grid square 2/11. Taken from sample 
K17. Probably lateral view. 

4: Cribroperidinium cf. volkovae. SEM stub 6, grid square 31111. Taken from sample 
K17. Ventral view. Again note the intratabular tuberculae. 

5: Cribroperidinium sp. 5. SEM stub 2, grid square 41111. Taken from sample K17. Left 
dorso-lateral view. 

6: Rhynchodiniopsis sp. 1. SEM stub 10, grid square 3/11!. Taken from sample K20. 
Ventral view. 

7 :  Cribroperidinium sp. 2. SEM stub 5, grid square 41111. Taken from sample K14. Left 
lateral view. 

8 :  Phoberocysta neocomica. SEM stub 8, grid square 3/11. Taken from sample K24. 
Ventral view. 

9 :  Phoberocysta tabulata. SEM stub 8, grid square 3AV. Taken from sample K24. 
Ventral view. 

10: Tricbodinium ciliatum. SEM stub 6, grid square 111II. Taken from sample K17. Ventral 
view. 

11: Tricbodinium ciliaturn. SEM stub 5, grid square 3/1. Taken from sample K14. Dorsal 
view. 

12: Trichodinium cf. ciliatum. SEM stub 11, grid square 5N. Taken from sample K i  4. 
Dorso-lateral view. Note shorter spine length. 
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PLATE 25 

All scale bars = 20 pm unless othetwise stated. 

1: Batiacasphaera sp. 1. SEM stub 2, grid square ln. Taken from sample K17. Ventral 
view. 

2: Sentusidinium sp. 3 SEM stub 1 1, grid square 1 /1l I. Taken from sample K21. Dorsal 
view. 

3, 6: Dingodinium ce~culum. SEM stub 12, grid square 2/11. Taken from sample K17. 3 : 
Ventral view. 6 : Enlarged view of sulcal claustrum showing sculpture of both wall layers. Scale 
bar= 10 pm. 

4: Tenu hystrix SEM stub 12, grid square all. Taken from sample K17. Ventral view. 

5: Tenu hystrix. SEM stub 8, grid square 3/1. Taken from sample K24. Dorsal view. 

7: Hystrichodinium pulchrum var 1. SEM stub 11, grid square 3/11. Taken from sample 
K17. Ventral view of threedimensionally preserved specimen. 

8: Hystrichodinium pulchnrm vat 1. SEM stub 4, grid square 2/11. Taken from sample 
K17. Lateral view of three-dimensionally preserved specimen. 

9: Epiplosphaera gochtii. SEM stub 6, grid square 211. Taken from sample K17. Dorsal 
view. 

10: Endoscrinium campanula. SEM stub 12, grid square 7Ax. Taken from sample K17. 
Dorsal view. 

11: Gonyaulacysta pectinigera. SEM stub 12, grid square 4nV. Taken from sample K17. 
Dorso-lateral view. 

12: Egmontodinium torynum. SEM stub 5, grid square UV. Taken from sample K8. 
Probably lateral view. 
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PLATE 26 

1: Type 3 AOM from sample K10. x320 magnification. 

2: Type 3 AOM from sample K1O. x170 magnification. 

3: Type 1 AOM from sample U2. x320 magnification. 

4: Type 1 AOM from sample U2. x320 magnification. 

5: Type 1 AOM from sample U8. x170 magnification. 

6: Phytoclastdominated palynofacies from sample U34. Charaderised by frequent 
large and angular particles of brown and black wood and a poorly sorted assemblage. Black 
wood usually carbonised due to extended residence times at the sedimenthater interface. 
x170 magnification. 

7: Tracheiddominated palynofacies from sample K17. Also abundant are 
dinoflagellate cysts and microforams. x170 magnification. 

8: Tracheiddominated palynofacies from sample K17. x170 magnification. 

9: Dinocystdominated palynofacies from sample U26. x170 magnification. 

10: Dinocystdominated palynofacies from sample K14. x170 magnification. 

11: Dinocystdominated palynofacies with abundant Type 1 AOM from sample U10. 
x170 magnification. 
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