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INTRODUCTION 
'.? 

The Boreal-Tethyan correlation (BTC) of zonal biostratigraphic scales is one of the most important 
topics in the present-day stratigraphy, and several international projects (IGCP 162, 262, 362) and a large 
number of publications are devoted to it. The reliability of tracing stratigraphic stages as units of the 
international stratigraphic scale within at least the Northern hemisphere depends on the solution of this 
problem. Hence, the implementation of the BTC gives a direct stratigraphic support to all geological 
investigations. This issue is particularly vital for Russia since its territory became actually "boreal" after 
the disintegration of the USSR, and, therefore, the zonal scale which was constructed based on Tethyan 
stratotypes is virtually not effective any longer. 

A.P. Pavlov's publications were among the first ones dealing with BTC of the Lower Cretaceous, and 
the most important among the recent publications are those by Thieuloy, Rawson, Kemper, et al., [19]. 
In Russia, some issues of this topic were discussed by V.N. Saks, N.I. Shul'gina, V.A. Zakharov, 1.1. Sei 
and E.D. Kalacheva, A.V. Gol'bert, A.S. Sakharov, M.V. Kakabadze, and others, which was subsequently 
reflected in the collective monograph The Cretaceous System Zones in the USSR (1989). 

Most important in the BTC is the analysis of the regions where there was a marine connection 
between the basins of the Boreal and Tethyan climatic belts in the N-S direction and where marine faunas 
interpenetrated through a system of straits. In the Early Cretaceous, these regions included the north of 
Europe, eastern Greenland and Spitsbergen, the Arctic coast of Canada, Alaska, the northeast of Russia, 
and, finally, Eastern Europe (Russian Plate, RP). 

Roughly N-S-oriented straits (Mezen-Pechora and Caspian straits and the Orekhovsky Channel) were 
located within the RP and adjacent regions. Their evolution and the applied terminology were discussed 
in [2]. In addition, there were a number of other roughly N-S-oriented straits which controlled the exchange 
of water masses between the Boreal basin, Tethys Ocean, and the Pacific (Fig. 1). They included the 
following: the Greenland Strait (where the Greenland and Norwegian seas are now) which existed throughout 
the Lower Cretaceous; the Rockall Strait (between the Greenland and the British Islands) which opened 
completely at the end of the Albian; the French Strait (connecting southern Fkance, Paris Basin, and 
the south of Great Britain) which is presumed from paleobiogeographic data; the Polish Strait which 
connected the Polish and Carpathian basins at the end of the Early Berriasian-Hauterivian and in the 
Albian time; the North Sea Strait which connected the North European basins and the Greenland Strait in 
the Early Cretaceous; the Khatanga Channel which connected the Pacific with the West Siberian basin in 
the Berriasian-Hauterivian time; the Anyui Strait (a system of straits) which formed in the Neocomian; the 
Dawson Strait which connected the Boreal basin and the north of the Pacific in the Berriasian-Hauterivian; 
the Alaska Strait (Aptian-Albian) which had partly inherited the previous one; and the Strait of the West 
Inner Basin which originated at the end of the Albian time. 

We are discussing the migration of cephalopods (predominantly ammonites) which constitute the 
most important group for the Lower Cretaceous stratigraphy. This allows biostratigraphically correlating 
the Lower Cretaceous zonal standards of the Boreal and Tethyan belts and stratigraphically tracing the 
boundaries of subdivisions of the general stratigraphic scale (Fig. 2). The Tethyan zonal standard has been 
accepted after [14] and the Boreal zonal standard after [2], with some modifications. 
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Fig. 1 

Layout scheme of straits in the Northern hemisphere: 1-sea, 2-land; MP-Mezen- 
Pechora Strait, C-Caspian Strait, 0-Orekhovsky Channel, KS-Kara Strait, SS-Sos'va 
Strait, T-Tura Strait, B-Brest Strait, G-Greenland Strait, R-Rockall Strait, F-French 
Strait, P-Polish Strait, N-North Sea Strait, A-Anyui Strait, Kh-Khatanga Channel, 
D-Dawson Strait, AS-Alaska Strait, WIB-Western Inner Basin Strait. 

Since a huge amount of factual data including hundreds of references had to be involved for discussing 
this problem, only the most important of them are mentioned in this paper; the rest of them can be found 
in [2, 12, 13, 191. 

BERRIASIAN STAGE 

The problem of correlating the Jurassic/Cretaceous boundary deposits and the lower Berriasian ones 
in the Boreal Belt is one of the most disputable, and its history numbers over a hundred years. Although 
some progress has been achieved, one cannot state that the problem has been solved because of a hindered 
marine communication between the Boreal basin and the Tethys Ocean and of the low water level in the 
World Ocean. The Jurassic/Cretaceous boundary can be traced only in the northeastern part of Russia 
[ll] and in the north of Canada and USA [12, 131 since a number of straits which connected the Pacific 
and the Boreal basin existed precisely there. Keeping in mind that the correlation of this interval was 
discussed in [12, 131 and that no new data have been obtained since then, this problem is not discussed in 
the present paper and the author accepts the viewpoint that the upper Volgian substage corresponds to 
the lower Berriasian. Attempts at correlating the lower Berriasian based on foraminifers, ostracodes, and 
dynocysts as well as on various "events" have not so far yielded conclusive results. 
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A different situation developed in the late Berriasian when the Caspian and Mezen-Pechora straits in 
the Russian Plate and, probably, straits across the Urals opened, which provided for fauna migration (Fig. 2), 
i.e., a reliable BTC of this interval [2]. At the beginning of the transgression, representatives of the Caucasian 
genus Riasanites rapidly spread throughout the Caspian region and in the RP. As early as the end of the 
subrjasanensis zonal time interval, they penetrated into the Mangyshlak basin along with Neocosmoceras and 
Transcaspiites. Neocosmoceras could not overcome the temperature barrier and did not penetrate north of 
the paleolatitude 40' N (in the Caspian and Polish straits), whereas 13.anscaspiites and Riasanites advanced 
farther northward to approximately 60' N [12, 131. This allows correlating the base of the paramimounum 
Subzone of the Mediterranean scale with the base of the subrjasanensis Subzone in the Caucasus and, by 
means of correlation, with the base of the Chetaites sibiricus Zone of the Boreal scale. In the Russian 
Plate, the base of the sub rjasanensis Subzone, although without boreal ammonites yet, corresponds to 
this interval [lo]. Obviously, the base of the cochi Zone in Siberian sections (the maynci Subzone) where 
Hectoroceras remains are still extremely rare corresponds to the top of the subrjasanensis Subzone. When 
the Boreal and Tethyan water masses combined, the Buchia bivalves penetrated far southward. Buchia 
volgensis was the most tolerant since its individual finds were recorded in the Crimea, in the Caucasus, in 
Georgia, and in the Kopet Dagh and Mangyshlak [12]. 

The next correlation level is the upper part of the paramimounum Zone, which corresponds to the 
joint spreading of Euthymiceras euthymi and representatives of the Neocosmoceras genus. This moment 
was marked by an increased influence of boreal water masses. Hectoroceras reached the RP basin and 
Surites penetrated to the Mangyshlak [8]. At the same time, the diversity of Riasanites in the Mangyshlak 
and North Caucasus basins decreased (the euthymi Zone). This level can be correlated with two upper 
subzones of the cochi Zone (the constans and praeanalogus ones) of the Boreal scale. 

The Berriasella picteti Subzone of the Tethyan scale is recognized in the Crimean sections based on 
the Spiticeras complex finds; the Tauricoceras genus was the first to appear in it, and Riasanites and 
Transcaspiites transfigurabilis correspond to it in the North Caucasus sections. The latter fossils are spread 
in the Mangyshlak [8] and in the Russian Plate [lo] where they make a level (transfigurabilis Zone) along 
with the boreal Surites (Caseyiceras) and Surites (S.) spasskensis at  the top of the rjasanensis Zone. This 
allows us to take into consideration the common occurrence of Surites cf. rjasanensis and Bojarkia sp. 
in sections of the Pechora River basin above the complex including Surites (Caseyiceras) and Surites (S.) 
spasskensis and to correlate this level with the Surites analogus Zone. 

The Berriasella callisto Subzone in the stratotype (or Tirnovella apillensis in the Mediterranean 
standard) is hardly traceable in the Crimea although its index species was found in the North Caucasus [Ill. 
The upper portion of the subzone in the Crimea and Caucasus was characterized by a regressive environment 
and by the replacement of carbonate sedimentation by terrigenous one. The regressive conditions existed in 
Western Europe ("Wealden") and in the RP where, beginning with the tzikwinianus moment, the ammonite 
complex consisted exclusively of boreal species. It  follows that the marine communication between the Boreal 
and Tethyan basins was terminated, and therefore the portion of the sequence corresponding to the boreal 
Bojarkia mesezhnikowi, Tollia tolli, and (?)Neotollia klimovskensis zones or to the Tethyan callisto and 
otopeta zones can be correlated only by their stratigraphic setting. That is why the boundary between the 
Berriasian and the Valanginian that has been accepted at  the base of the otopeta Zone cannot be reliably 
traced. 

VALANGINIAN STAGE 

A new wave of ammonite migration occurred during the pertransiens time. At that time, the Polish 
and French straits opened whereas the Caspian Strait, on the contrary, closed. The marine communication 
between the Boreal and Tethyan basins proceeded through the southwestern part of this strait where Buchia 
&. keyserlingi occasionally migrated into the Mangyshlak [7] and Kopet Dagh basins. 

During the pertransiens time, representatives of the European paleobiogeographic region, viz., 
Platylenticeras, which originated in the North German basin, also migrated en masse. R. Casey believed that 
Platylenticeras and Pseudogarnieria originated from berriasellins whereas, according to E. Kemper, they 
originated from Spiticeras [17]. The understanding of these ammonites migration depends on the knowledge 
of this genus origin. A vast complex of representatives of this genus (P. latum tenue, P. hetempleurum 
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occidentale, P.  gevrilianum, etc.) was found in sections in southeastern France, and representatives of 
Platylenticeras were recorded in southern Poland and in the Western Carpathians, although their presence 
in the Northwestern Caucasus is doubtful. At the same time, the above-mentioned ammonites penetrated 
into the Boreal basin through the Greenland Strait. Platylenticeras finds are reported in the Spitsbergen 
and Novaya Zemlya, while Pseudogarnieria associated with them are known from eastern Greenland, from 
strata containing Paratollia in southern England, and from the undulatoplicatilis Zone in the Russian Plate. 

Rather similar or, probably, completely analogous Delphinites ritteri ammonites are known from 
southeastern France [19] where they mark the pertransiens/otopeta boundary. The base of the Neotollia 
klimovslclensis Zone in its original meaning of the Tollia tolli Zone must correspond to the Platylenticeras 
level in the Boreal basin since Valanginian Nikitinoceras were already present in the klimovskiensis in 
Siberia [4]. Representatives of the Tollia genus are absent from sections in the RP, Nikitinoceras occur above 
the undulatoplicatilis Zone, and, in the Pechora River basin, they occur above Tollia sp. and Neotollia (?) 
sp. ind. finds, higher than those of Surites cf. tzikurinianus. It is possible that Platylenticeras are spread 
in Spitsbergen lower than Nikitinoceras; in any case, they have not been found in the syzranicum Zone. 

Thus, the Tollia tolli Zone from Siberian sections corresponds to the undulatoplicatilis Zone in the RP 
and should be referred to the lower Valanginian and not to the uppermost Berriasian as was accepted [4]. If 
we assume that Nikitinoceras occurred in Siberian successions earlier than in the RP, then the base of the 
klimovskiensis Zone would correspond to the base of the pertransiens Zone, and the stratigraphic position of 
the Tollia tolli Zone would correspond to that of the otopeta Zone in the Tethyan scale. The occurrence of 
tolli fossils in strata with Platylenticeras in northern Germany, as well as the data on Arctic Canada where 
the distribution of the tolli zonal index fossils coincides with that of Nikitinoceras [19], indirectly supports 
this conclusion. 

The quadrijidus Zone is the next correlation level in the lower Valanginian. This zone can be correlated 
with the upper portion of the pertransiens Zone since it occurs in European sections together with late 
Platylenticeras and primitive Polyptychites [17], which are typical of the middle portion of the lower 
Valanginian in the RP, and with Polyptychites cf. lejanw found in sections of southeastern France (19). 
In the RP sections, the michalskii Zone corresponds to this interval whereas the lower portion of the 
"Polyptychites spp. lonae" (after [7]), i.e., the ?michalskii Zone, corresponds to it in the Mangyshlak. 

The campylotoxa Zone of the Tethyan scale can be correlated by its stratigraphic position with the 
ramulicosta Zone of Siberian sections [4], i.e., with the upper part of the "Polyptychites spp. lonae" in 
the Mangyshlak and with the polyptychus Zone of the RP (with that part of it where Dichotomites are 
absent). "Thurrnanniceras campylotoxus" [19] which was found along with Propolyptychitos quadrifidus in 
northern Germany is a fragment of the Neocomitinae subfamily (? Teschenites) and cannot be taken into 
consideration in the correlation. 

The exchange of Tethyan and Boreal faunas in the early Valanginian time occurred also through the 
north of the Pacific Ocean. Unfortunately, the data from the Far East sections and from the Pacific coast 
of the USA cannot, as is believed [9], help in performing the BTC: the " Rrmanniceras," "Sarasinella," and 
"Kilianella" from this region are endemics of a genus level and have to be revised. 

The BTC of the base of the upper Valanginian appears the best proven, which is supported by the 
occurrence of Prodichotomites, which migrated through the F'rench Strait, a t  the base of the verrucosum 
Zone in southeastern France. Saynoceras verruwsum and Nwhoploceras submartini, which were found a t  
the base of the upper Valanginian in northern Germany (the Prodichotomites hollwedensis Zone) and in 
England, migrated in the opposite direction [19]. A similar migration occurred through the Polish Strait, 
which is supported by a common occurrence of Saynoceras verruwsum, Prodichotomites complanatus, and 
P. scalarius in central Poland sections [20]. This event was also marked in the Mangyshlak and in the 
Caspian Region: the Boreal elements are represented here by Dichotomites aff. terscissus, D. aff. biscissus, 
Neocraspedites (?) sp., and others, whereas the Tethyan ones, by Valanginites (?) mangyshlakensis and 
Neohoploceras sp. [17]. 

Since Saynoceras verrucosum was found in the Polish Strait lower than Dichotomites euolutus and 
D. cf. krausei but above Platylenticeras cf. genrilianum and Polyptychites [20], the base of the upper 
Valanginian should be accepted below the first Dichotomites. This boundary is not precisely fixed in the 
RP whereas in Siberia it should be outlined at  the base of the bidichotomw Zone [4]. 
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Two more correlation levels are present within the bidichotomus Zone. The lower one corresponds to the 
Vahrleideites peregrinus Zubzone of the vermcosum Zone, and the Paleodichotomites crassus corresponds to 
it in northern Germany [19]. Obviously, this level coincides with the upper portion of the Paleodichotomites 
triplodiptychus Subzone in Siberia since the latter contains a t  its base numerous remains of Polyptychites 
polyptychus (an epibole of this species [4]). 

The second level, i.e., the Dicostella tuberculata Zone in northern Germany [19], encloses Tethyan 
Dicostella which are typical of the base of the callidiscus Zone of the Mediterranean scale and the 
Crimea [13]. This index species occurs in German sections beginning with the middle part of the 
Dichotomites bidichotomoides Zone [19]. The recognition of the bidichotomoides Zone in middle Siberian 
sections allows correlating the base of the overlying kochetkovi Zone with the base of the tuberculata 
Zone and, consequently, with the base of the callidiscus Zone in the Tethyan scale. Hence, the Siberian 
bidichotomoides Zone is equivalent to the triptychoides and bidichotomoides zones in Germany [4]. 

The top of the upper Valanginian includes the Prodichotomites Zone (and not the Homolsomites!) 
ivanovi which was previously referred in the RP (and, possibly, in Siberia as  well) to the lower Hauterivian. 
This is also supported by determinations of Ringnesiceras distributed in the upper Valanginian of northern 
Germany [17] which were performed by D.N. Kiselev for the same interval. 

HAUTERIVIAN STAGE 

The recognition of the Hauterivian base and the zonal subdivision of the lower Hauterivian in the Boreal 
Belt are difficult problems because of the cessation of marine communication with the Tethys Ocean through 
the Caspian Strait and of the marine regression in the Boreal basin. No interchange of ammonites occurred 
between the Boreal basin and European seas; although Buchia sublaevis bivalves penetrated there (61, their 
spread coincided with the Endemoceras amblygonium and E. noricum zones. At the same time, near the 
top of the amblygonium Zone and at  the base of the noricum Zone, Acanthodiscus radiatus, A. vaceki, and 
A. bivirgatus were found 1191 which mark the base of the Hauterivian in southeastern France including the 
Hauterivian stratotype. Thus, the base of the Hauterivian virtually coincides in European sections with 
the appearance of Buchia sublaevis. In Kelly's opinion (61, in the late Valanginian this species spread in the 
Boreal basin and migrated into the European basin only in the earliest Hauterivian. This is supported by 
the distribution of Buchia sublaevis a t  the top of the lower Valanginian and in the upper Valanginian in 
the Spitsbergen, eastern Greenland, Siberia, Arctic Canada, RP, in the Maritime Region [19], and in other 
areas where they were found along with Polyptychites and Dichotomites. 

The isolation between the Boreal and European basins in the Spitsbergen is marked by the 
disappearance of ammonites and by the presence only of Buchia sublaevis. The occurrence of Boreal 
ammonites or endemics corresponds to this event in the RP and in other regions of the Boreal Belt. An 
indication of the presence of Acanthodiscus aff. subradiatus along with the first Homolsomites in Oregon 
[15] cannot be taken as a guide for correlating the base of the Hauterivian because the identification of the 
Tethyan species was erroneous. 

Noteworthy is the find of Shasticrioceras anglicum in the noricum Zone of Speeton (England). 
Representatives of this genus are widely spread in the Pacific segment of the Boreal Belt and in Japan, 
but their age is believed to be Barremian. In the present author's opinion, this find allows regarding 
the age of boreal representatives of the genus as Hauterivian and suggests closing the Boreal basin in the 
Hauterivian. 

The lack of reliable interregional marker beds and the abundance of endemic ammonites do not allow 
performing a zone-by-zone correlation of the lower Hauterivian not only between the Boreal and Tethyan 
belts but within the Boreal Belt itself. 

The base of the upper Hauterivian is traceable much more distinctly because it is associated with a 
great boreal transgression and the opening of straits which connected the Boreal Basin with the Tethys 
Ocean [2]. The bases and the volumes of the Saynoceras sayni and Crioceratites duvali zones virtually 
coincide in sections of southeastern France. No Saynoceras sayni were found in the Crimea and Caucasus, 
but Speetoniceras inversum, which occur in RP  sections somewhat above the base of the versicolor Zone, 
were found above the Crioceratites duvali finds here. 
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Thus, the inversum Zone is certainly upper Hauterivian. The traditional correlation adopted in 
Western Europe where the base of the inversum Zone is located in the lower Hauterivian is based on finds 
of rare small Crioceratites from the duvalilnolani group in the inversum Zone. This does not contradict 
the late Hauterivian age of the inversum Zone. The finds of early Hauterivian Homolsomites sp. in the 
condensed section at the base of the inversum Zone do not affect the conclusion on its age either: if 
Homolsomites coexisted with Speetoniceras inversum, then this fact should have been found in the Arctic 
sections as well, but this has not been observed. 

The base of the Balearites balearis Zone makes up the following correlation level. Milanowskia gr. 
speetonensis-concinnus were found a t  this level in sections of southeastern France [19]. The same level is 
present in condensed sections of the Crimea [13] and in more complete sections of the North Caucasus and is 
comparable with the speetonensis Zone in the RP. It was also recognized in the northeastern part of Russia, 
in Kamchatka, and, possibly, in Japan and in Oregon [15]. In Crimean sections [13] and in the northeast 
Caucasus, the roof of this zone is determined by the appearance of late Hauterivian Pseudothunnannia (and 
of Craspedodiscus in the Caucasus), and therefore this zone cannot be referred to the Barremian. 

The base of the discofalcatus Boreal Zone corresponds to the base of the Tethyan Pseudothurmannia 
anguliwstata Zone, which fact had long been recognized in the Crimea [13], as well as from the data on 
the common distribution of Craspedodiscus and Pseudothunnannia in the North Caucasus. There are no 
reliable data on the correspondence of the top of the diswfalcatus Zone to the base of the Tethyan Barremian. 
From the available data, Barremian Holcodiscus were found in the northwestern part of Caucasus above 
discofalcatus finds. By the present author's data, the Moutoniceras moutonianum Zone, which is an analog 
of the Holcodiscus caillaudianus Zone, occurs in the Urukh River valley above Craspedodiscus discofalcatus 
finds. Hence, the top of the Hauterivian angulicostata Zone and the lower Barremian hugii-compressissima 
zones of the Mediterranean scale may correspond to the top of the discofalcatus Zone in the North Caucasus. 

BARREMIAN STAGE 

At the end of the Hauterivian, the Caspian Strait closed and a continental bridge across the Boreal 
basin originated, which resulted in the separation of the boreal marine faunas in the European and 
Pacific segments. The marine communication between Western Europe and the RP basin through the 
Greenland Strait remained. Since an occurrence of Tethyan semiplanktonic Crioceratites thiollieri/emerici 
was recorded in the upper portion of the Craspedodiscus variabilis Zone of Speeton [19], the boundary 
between the Hauterivian and Barremian can be outlined in the variabilis Zone. The occurrence of real 
Craspedodiscus diswfalcatus in the Speeton section was confined to the variabilis Zone, and Praeoxyteuthis 
jasikofiana occur somewhat higher in the section. In the RP sections, only Craspedodiscus discofalcatus 
were found at the top of the Hauterivian sequence whereas above them there is an interval containing rostra 
of Praeoxyteuthis hibolztifonnis (the present author's new data), which mark the Barremian base in the 
RP. Praeoxyteuthis representatives in nothern German sections occur close to the top of the Craspedodiscus 
diswfalcatus Zone. Obviously, the boundary between the Hauterivian and Barremian in the Russian Plate 
and in the Boreal Belt can be established at the level of the appearance of the first Prawxyteuthis. 

The zone-by-zone Boreal-Tethyan correlation for the remaining portion of the lower Barremian is 
so far impossible. The tracing of a substage boundary in the Barremian is also hardly possible due to the 
abundance of endemics among the European ammonite fauna. The only argument in favor of its recognition 
in the Speeton sections is the find of "Barremites gr. strettostoma" in the Paracreoceras elegans Zone. The 
extinction of Aulacoteuthis and the occurrence of Oqteuthis belemnites coincided with this level. We 
determined this boundary in the Middle Volga River Region. 

There is one more recognizable level in the late Barremian belemnite sequence, namely, the top of 
the Oxyteuthis germanica Zone which is present in Western Europe and in the Volga Region. Heteroceras 
sp. and Aconeceras sp. were found in the Speeton section immediately above this level, at the base of 
the Parancyloceras bidentatum Zone, and this allows correlating it with the base of the giraudi Zone in 
southeastern France. I t  approximately coincides with the base of the Oxyteuthis lahuseni Zone, a part 
of which (up to the magnetozone MO, after [3]) corresponds to the giraudi-waagenoides zones of the 
Mediterranean standard. The boundary between the Barremian and Aptian is unambiguously determined 
from anomaly MO which was recorded in the upper part (but not a t  the top) of the lahuseni Zone [3]. 
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In the early Aptian, the Caspian Strait opened and the marine communication between West 
Mediterranean and North Europe basins widened, but the land barrier across the Boreal basin lasted out. 
The lower Aptian zonal scale of the Russian Plate, which is reliably correlated with the Tethyan one [3], is 
applied here as the Boreal scale. 

It is difficult to trace the Deshayesites tenuicostatus Zone southward from northern Germany, eastern 
Greenland, and the RP [3], where it was recognized, because the Caspian Strait was closed a t  that time 
[2]. This could be done if we could use the data from English sections where bodei species (typical of 
the tenuicostatus Zone) are present in the fissicostatus Zone and from French sections where the Tethyan 
tuarkyricus Zone was determined. Unfortunately, no common species of the Deshayesites genus have been 
found yet in this interval in France and England, and these zones can be correlated so far only by their 
stratigraphic setting. 

The next correlative level is the Deshayesites volgensis (= forbesi) Zone since the deposits of this 
zone enclose ammonites typical of the 'yorbesi" Zone of England and weissi Zone of the Mangyshlak, 
Turkmenistan, and northern Germany [3]. 

The above-lying lower Aptian zones, namely, deshayesi and bowerbanki, are easily correlatable with 
the Tethyan deshayesi and furcata zones because similar ammonite complexes are widespread in England, 
Caucasus, the Mangyshlak, Turkmenistan, and in the western part of the West Caspian Region. We have 
to note, however, that no Dufrenoya were found north of 40" N. 

The differentiation of marine faunas in the Tethyan and Boreal belts began increasing from the end of 
the early Aptian, and therefore the correlation of middle Aptian strata is somewhat ambiguous. 

The Epicheloniceras subnodosocostatum Zone of the Tethyan scale is correlatable by its stratigraphic 
setting with the groenlandicum Zone (or a portion of it) of east Greenland. In the Russian Plate, the 
Aconeceras nisum Zone [3] is an analog of the subnodosocostatum Zone. It is probable that the same 
interval was referred to the Aconeceras ex gr. nisum Zone in the West Cordillera basin. 

The position of the above lying Ropaeum arcticum Zone, which is widespread in the Boreal Belt, was 
determined from the find of these ammonites in north German sections, in analogs of the Epicheloniceras 
buxtorfi Zone lying below the Parahoplites melchioris Zone. Noteworthy is that two scales may be used 
for the Aptian in Germany, a scale based on the distribution of Deshayesitidae and Douvilleiceratidae, i.e., 
Tethyan fossils, for southern sections and a scale based on the distribution of Oppeliidae and Ancyloceratidae, 
i.e., Boreal fossils, for northern sections. A similar pattern was observed in the Russian Plate. 

The upper Aptian in the Boreal Belt is poorly understood so far. It is possible that a shallow marine 
basin or even land existed in the place of the Boreal basin a t  that time. One cannot rule out the conjecture 
that the Leconteites deansi = Leconteites lecontei = Kennicottia bifurcata = Mofitites robustus = Colvillia 
crassicostata Zones [18], which occur together with aucellines of the Aptian appearance (Aucellina gr. 
aptiensis-caucasica) below Brewericeras and Arcthoplites [18], correspond to this level in the boreal part 
of the Pacific basin. This fauna occurs between the middle part (?) of the upper Aptian Stage together 
with Tethyan Acanthohoplites reeside and the base of the Albian Stage containing boreal Subarcthoplites in 
sections in California and on the Pacific coast of Canada. Communications on the common occurrence of 
the index species and Callizoniceras ( Wollemaniceras) sp. which are typical of the upper Aptian make up 
another argument in favor of the Aptian age of the lecontei Zone. It is possible that the upper portion of 
the lecontei Zone may be referred, as J. Jeletzky suggested in 1977, to the Albian Stage. 

ALBIAN STAGE 

The Albian sediments were deposited under the conditions of a rising sea level and tectonic and 
paleogeographic rearrangement of many Early Cretaceous basins. Many straits existed during the early 
and middle Albian which connected the Boreal and Tethyan basins, and therefore the BTC is possible 
virtually for the whole interval. The correlation of the upper Albian deposits is more difficult because the 
"Mediterranean standard" of the Albian [14] is in fact the scale for the European paleobiogeographic region 
where Tethyan elements are present but sporadically and became common only in the upper Albian. 
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The base of the Albian was recorded in Spitsbergen sections at the base of the Fkeboldiceras singulare 
Zone, which is based on the occurrence of Freboldiceras singulare and F. remotum in a complex consisting of 
Grantziceras, Arcthoplites (A.) brinkenmajeri, and Leymeriella (L.) gemanica. Below, Proleymeriella sp. 
of the European schrammeni Zone, which the present author believes to be upper Aptian, was found. The 
singulare Zone can be correlated with the base of the European Leymeriella (L.) tardefurcata Zone, and 
its analogs were recognized in sections in Arctic Canada (the Arcthoplites irenense Zone) and Alaska (the 
lower portion of the Fkeboldiceras singulare Zone and the Lemuroceras talkeetnanum Zone). It  is possible 
that "beds with Pseudosaynella sp. ind." in West Siberia which are dated as Aptian [5] correspond to the 
same level, but this is not definite because of the rarity of ammonite finds. 

The overlying Arcthoplites jachromensis Zone in Spitsbergen was recognized in the northern part of 
Greenland, in Arctic Canada, in the RP [2], in the Mangyshlak, in northern France, and in Iran (?) based on 
the Arcthoplites ammonite complex. The stratigraphic setting of these fossils is most definitely determined 
in the Mangyshlak where they occur either in the tardefurcata s.1. Zone or between the rectiwstata and 
acuticostata zones overlain by the Arcthoplites (Subarcthoplites) probus Zone [13]. This also determines the 
age of the Subarcthoplites Zone which was recognized in the same regions, except for France, as well as in 
Alaska under different names (belli, talkeetnanus, and mcconelli). The name Arcthoplites (Subarcthoplites) 
belli is more preferable since this species is the most widely spread in the Boreal Belt. Along with 
Arcthoplites, Brewericeras cf. hulenense was found in the Spitsbergen, which is a zonal species in the 
lower Albian of Alaska. This allows tracing analogs of the belli Zone also in the northern part of the Pacific 
Region where typical Arcthoplites fossils either are not known (usually they are represented by Arcthoplites 
(Subarcthoplites) spp. [18]) or the ammonite fragments are poorly preserved. 

The stratigraphic level containing Arcthoplites (Subarcthoplites) exists in the West Siberian basin 
as well where it is combined with the overlying anadesmoceras Zone into "beds with Arcthoplites 
(Subarcthoplites) sp. ind. and Clwniceras cf. bicurvatoides" [5]. 

The overlying Leymeriella (Neoleymeriella) regularis Zone of the Mediterranean scale is correlatable 
with the Boreal Anadesmoceras strangulatum Zone based on the distribution of Anadesmoceras, Cymaho- 
plites, and Nwleymeriella representatives in England and the Mangyshlak [13]. The strangulatum Zone and 
its analogs are present in the RP, in Arctic Canada, the northern part of Greenland, and in West Siberia [5]. 

The lower portion of the Tethyan Douvilleiceras mammillatum "Superzone" corresponds to the top of 
the Boreal-Pacific Brewericeras hulenense Zone where Douvilleiceras spiniferum and ?D. gr. mammillatum 
[18] were found; the latter species is distributed in Canada, USA, and Spitsbergen. 

The top of the lower Albian and the lower portion of the mid-Albian sequence in the Boreal Belt 
(the Grycia sublei Zone and its analogs such as the whittingtoni, peretziana, and dubia) were recorded in 
the Spitsbergen. They are correlated with the lower Albian Otohoplites auritiformis Zone and the middle 
Albian Hoplites (H.) spathi Zone in the RP [13] based on a common occurrence of the sablei species in the 
Spitsbergen with Otohoplites guersanti (= auritiformis), Isohopites sp., and Hoplites (H.) svalbardensis. The 
same species were found also in the RP sections in the auritiformis, eodentatus, and spathi zones, respectively. 
It  is possible that the "beds with Pseudopulchellia sp. ind." in West Siberia correspond to this interval 
(or to a part of it) [5]. The stratigraphic position of the sablei Zone is supported by a correlation of its 
equivalent, the Grycia peretziana Zone, with a portion of the Oxgtropidoceras packardi Zone in Californian 
sections. It  may be an analog of the Oxytropidoceras roissyanum Zone in the Caucasus [13]. 

The end of the middle-beginning of the late Albian was marked by the closing of the Mezen-Pechora 
Strait [2]. Therefore the amount of ammonites from the European region decreased in the Boreal basin, and 
this presents certain difficulties for correlating this interval. 

The topmost portion of the middle Albian in the Spitsbergen can be recognized as the Gastroplites 
subquadratus Zone which corresponds to the loricatus and lautus zones of the Mediterranean scale based on 
the presence of Dimorphoplites and Euhoplites in it. 

The last exchange in Boreal and European faunas through the Greenland Strait occurred, obviously, 
a t  the beginning of the late Albian, which is indicated by a find of Pseudogastroplites cantianus in the 
cristatum Zone of England 1161. These ammonites along with a complex of other Gastroplites are present 
in the Gastroplites s.s. Zone of Arctic Canada and mark the base of the upper Albian in the Boreal Belt. 
Jeletzky [16] suggested, based on the finds of Dipoloceras cf. fredericsburgense in the Stelckiceras liardense 
Zone, that the cristatum Zone should be correlated with the liardense Zone and that the Gastroplites s.s. 
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Zone should be regarded as an analog of the European lautus Zone. The argumentation of this viewpoint 
is not very convincing since it is based on individual widely scattered finds. 

The perezianum Zone is overlain in sections on the Pacific coast of Canada by the Mortoniceras- 
Desmoceras (Pseudouhligella) dawsoni Zone containing Mortoniceras (Diemdoceras), M. (Styphloceras), 
M. (Durnovarites) and corresponding to the biostratigraphic interval from the base of the Hysteroceras 
orbignyi Zone through the Stoliczkaia dispar Zone. Therefore the upper part of the gastroplites sequence 
and the neogastroplites sequence must correspond precisely to this interval. 

The higher lying sequence, which contains Stelclciceras and Neogastroplites and was studied in detail in 
Arctic Canada, cannot be correlated zone-by-zone with the European scale. The only thing that was found 
out recently in sections in the Anadyr-Koryak region is the fact that the boundary between the Albian and 
Cenomanian is located in the middle portion of the Boreal Neogastroplites americanus Zone [I]. 

CONCLUSION 

Thus, a Boreal-Tethyan correlation is possible for the upper Berriasian, the major portion of the 
Valanginian, upper Hauterivian, and Aptian-middle Albian whereas the other Lower Cretaceous intervals 
are correlated by their stratigraphic positions. When comparing complexes of ammonites, which characterize 
stages in stratotypes, and highly boreal ammonite complexes, we can hardly find even a single common 
species. Therefore the development of several standard (reference) interrelated zonal scales for various 
paleobiogeographic belts and their application for correlating regional and local scales is deemed to be 
most reasonable. There are currently two scales of this kind, namely, the Tethyan and Boreal, and the 
above-presented arguments make up the basis for their correlation. 
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