
 Geology, Earth and Marine Sciences
Volume 3 Issue 3Research Open

Geol Earth Mar Sci, Volume 3(3): 1–32, 2021	

Introduction

During the mid-Carboniferous period (~330 mya), contact 
between Gondwana and Laurussia led to the formation of a huge 
supercontinent, the Pangaea [e.g., 1-2]. The single terrestrial 
environment allowed the biota of the supercontinent to disperse over 
long distances, resulting in the appearance of common morphotypes 
in the fossil record on separate and remote continents. It was the 
acknowledgment of the common morphotypes that first led Wegener 
[3] to hypothesize the existence of a single supercontinent, which was 
later named Pangaea. The fragmentation of Pangaea during the Early-
Middle Jurassic, after tens of millions of years of terrestrial continuity, 
led to the geographic isolation of biotic populations, allowing 
speciation through vicariance [e.g., 4].

In the Northern Hemisphere, in addition to the formation of 
long and narrow seaways such as the “Hispanic Corridor” between 
Gondwana and Laurasia [5-6] and the “Viking Corridor” between 
North America and Eurasia [7], the exposure of epicontinental seas 
[that is, the Middle Russian Sea (MRS; on the Russian Platform west 
of the Ural Orogenic Belt) and the West Siberian Sea (in the West 
Siberian Basin east of the Ural Orogenic Belt)] in central Eurasia 
separated Eurasia into east and west territories during the Jurassic, 
Cretaceous, and Paleogene periods (Figure 1). In the current study, 
the available paleogeographical evidence is reconsidered, evaluated, 
and discussed under a new synthesis in order to investigate the 
temporal and spatial regime under which the epicontinental MRS was 
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initially exposed. The period under consideration includes the Early to 
Late Jurassic (up to Oxfordian).

Materials and Methods

Several paleogeographical reconstructions of the time interval 
of interest have been published over the past 50 years for the whole 
area [e.g. 8-9] or exclusively for the northern region [e.g., 10-15] of 
the Russian Platform. There are no published paleogeographical 
reconstructions that include the whole extension of the MRS for the 
time period of interest with temporal resolution other than on the 
order of geological ages (e.g. Callovian, Oxfordian) and sub-ages 
(Early, Middle, Late). Such reconstructions may have gaps of millions 
of years between them and rarely refer to sea level low-stands because 
they are normally intended to display the maximum extension of 
the sea. Therefore, they are unable to demonstrate ephemeral, short-
lived interruptions of the seaways, which are of great importance 
for understanding the biogeographical evolution of the terrestrial 
biota. This is the main target of the current study. Major hiatuses 
in the Jurassic stratigraphy of the Russian Platform prevent exact 
estimations of the past extension of land-sea boundaries because it 
is not clear whether a phenomenal cease of deposition is due to a real 
contemporaneous pause or to erosion in later epochs as a result of 
subaerial exposure and/or scouring from subsequent transgressions. 
On the other hand, it is also difficult to know whether the eroded 
sectors in stratigraphical schemes are the result of uplifting or sea 
level fall. In order to better understand the stratigraphic schemes, 
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this study considered updated tectonic data (Figure 2) and made 
special effort to investigate the sea level fluctuations that influenced 
the area (Figure 3). The latter is easier if one considers that first-to-
third-order transgression-regression cycles (108-106 years) correspond 
to tectonic procedures, while fourth-to-fifth-order cycles (105-104 
years) correspond to eustatic fluctuations [e.g., 16]. Hiatuses and 
unconformities in the stratigraphy of shallow epicontinental seas 
could correspond to subaerial erosion from sea level low-stands 
whenever the magnitude of sea level fall surpasses the depth of a given 
marine surface. When the depth is greater and up to a critical value 
(after which diagenetic conditions are not affected by sea level change), 
changes in represented facies could be an effect of sea level change on 
diagenesis [e.g., 17]. On the basis of those principles, one of the best 
studied and described sections from the margin of the central Russian 
Platform (that from the Iloda River; Figure 3) is considered here as a 
reference for sensing the sea level fluctuations that affected the area. 
Specific cross-sections that include important information about the 
sea level fluctuations in the area are also examined (Figure 4). All 
such sections were sampled from areas without any known tectonic 
activity at the time of sedimentation. About 100 stratigraphical 
sections from the literature are informative for the paleogeographical 
reconstruction of the Oxfordian Russian Platform and are interpreted 
mainly on the basis of the reference sea level fluctuation signal (see 
the Supplementary Appendix). A lesser number are considered for 
the Middle Jurassic interval, for which stratigraphical schemes are 
taken from the Regional Stratigraphic Scheme of the Russian Platform 
[18]. Special effort is taken in reconstructing the paleogeography 
during the sea level low-stand periods in order to investigate possible 
interruptions of the MRS. The paleogeographical reconstructions of 
Sasonova and Sasonov [8] provide the basic reference for the current 
study regarding the Oxfordian Russian Platform. Updated data have 

been obtained from published works on stratigraphical outcrops and 
boreholes as well as various paleogeographical reconstructions of 
partial areas of the territory. Spatial gaps in stratigraphical sampling 
have been overcome by supposing continuity in the exposure of the 
sea on the basis of the marine faunal similarity, which in turn can 
support faunal exchange. Finally, the opinions of specific Russian 
specialists regarding the paleogeographical evolution of parts of the 
Russian Platform have been taken into consideration and included in 
the reconstruction of the paleogeographical maps.

This study is focused on the biogeographical role of the MRS, 
so the paleogeographical reconstructions focus on the occurrence 
of the sea as a barrier to the dispersal of the terrestrial biota and not 
on the maximum past extension of the seas. Thus, given that hiatuses 
in stratigraphical sections could be due to scouring and not to 
subaerial erosion (weathering), obfuscating the extent of the sea-land 
boundaries, the reconstructed paleogeographical maps in this study 
should be considered to display a minimum of the past sea extension, 
rather than a maximum, especially during the intervals of sea level 
low-stands.

Results

Tectonic Setting

The Russian Platform is a part of the Baltica terrain, which during the 
Early Paleozoic (Silurian) accreted the Laurentia and Avalonia terrains 
[1-2] to form the super-terrain of Laurussia through the Caledonian 
Orogeny [19-20]. During the late Carboniferous, the Kazakhstanian 
terrain collided with Laurussia, resulting in the Uralian Orogeny and 
forming the Ural Orogenic Belt, which makes up the eastern border 
of the East European (Russian) Platform [21]. The Siberian terrain 
did not add to the accretion until the Late Permian [2]. The main 

Figure 1: Late Jurassic simplified paleogeographical reconstruction showing the isolated terrestrial territories of the Northern Hemisphere after the early fragmentation of Pangaea. The West 
Siberian Sea is closed southwards at this time. Dark gray: land; light gray: shallow shelves; white: deep-sea. Map modified from ref. [73]. Paleolatitudes after ref. [74].
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Figure 2: (a) General view of the study area including major tectonic and physiographical elements. The gray dotted lines delineate the borders of the Russian Platform. Map after ref. [29,75]. 
(b) Early Permian structures of the North Russian Plate and distribution of Jurassic deposits. Map modified from ref. [10]. The thin dotted lines mark the borders of the Timan-Ural Trough 
(TUT), the main geomorphologic structure through which the Pechora Syncline probably communicated with the Lower Vychegda Depression, according to the conclusions of the current 
study. (c) Main tectonic trends in the central Russian Platform during the Middle to Late Jurassic. Letters and numbers correspond to areas pictured in section (a). Modified from ref. [26-27,76].
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structures of the sedimentation cover of the Russian Platform have 
been formed through reorganizations that took place from the late 
Proterozoic to the latest Paleozoic (Permian), while the vast synclines 
of the platform were formed in later epochs [22]. During the Early 
Permian, the Moscow and Mezen Synclines merged, forming a single 
North Russian Platform syncline, which was transgressed during 
that epoch [23]. The Jurassic transgressions were spread on the Early 
Permian structural plan, although during the Triassic, the Permian 
structural elements were smoothed and blurred by subaerial erosion 
[ref. 10 and references therein]. Structurally, the Pechora Syncline 
belongs to the East Barents Sea plate and not to the East European 
Platform, which is separated from it by the Timan Uplift [24]. During 
the Middle Jurassic, a meteorite impact in the Kovernino Depression 
resulted in a complex stratigraphy and the occurrence of volcanic 
sediments (see ref. [25] and references therein). Zorina [26] summed 
up the current knowledge of the Jurassic tectonic activity in the central 
Russian Platform, concluding that the Jurassic transgression initiated 
on a regional subsidence during the earliest Bajocian, resulting in 
continuous deposition until the Middle Callovian. A regional uplifting 
episode that started in the Late Callovian culminated in the Early 
Oxfordian and then subsided up to the end of the Middle Oxfordian. 
The areas affected by the uplifting are the Vyatka-Kama Basin and 

parts of the Ulyanovsk-Saratov Deflection (the Cheboksary Volga, the 
Northeast area, the Ulyanovsk-Samara Volga, and the Saratov right 
bank [Volga]; see Figure 2a and 2c). More recently, Zorina [27] located 
the peak of that uplifting trend at the Callovian-Oxfordian boundary. 
Olferiev [28] doubted the assumption of Sasonova and Sasonov [8] 
regarding the subaerial exposure of the Voronezh Anticlise during the 
Jurassic and gave an alternative explanation for the extensive hiatus 
observed in the area. In particular, on the basis of the observed facies, 
the stratigraphical range and composition, and the correlation of the 
formations on either side of the anticlise, Olferiev [28] argued that 
the Voronezh Anticlise (the Don land of Sasonova and Sasonov [8]) 
was under the sea during the Jurassic and that the Jurassic depositions 
either are currently covered by thick Cretaceous sediments or have 
been eroded by uplifting episodes in more recent periods. This study 
takes both interpretations [26,28] into consideration. The area of 
the Voronezh Anticlise is displayed with a question mark inside the 
subaerial borderline of Sasonova and Sasonov [8] because of the 
conflicting hypotheses. In the northern area of the Russian Platform, 
the role of the Timan Uplift in the paleogeography of the area is not 
well established. Different authors have expressed different views 
on whether the Timan Uplift resulted in a subaerial, underwater, 
single, or fragmentary (a series of islands) barrier to marine faunal 

Figure 3: Sea level change on the East European (Russian) Platform during the Oxfordian. The Illoda cross-section is modified from ref. [34: Figure 28]. Boreal sequence sets and chronostratigraphy 
after ref. [33]; paleotemperature curve after ref. [77]; Borean-Tethyan- Russian Platform ammonite biozone correlation and foraminifera zonation after ref. [18,33]. Tethyan Oxygen Isotope 
Stratigraphy after ref. [38]. For faunal and main events, see the text. Question marks correspond to insufficient biozone boundaries by the original authors.
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Figure 4: Proposed samples of tectonically unbiased outcrops from the East Pricaspian Syncline (Section 1: Khan Mountain, Berdanka River) and the Pechora Syncline (Section 2: estuary of 
River Pizhma; Section 3: Ust-Tsilma area; Section 4: Borehole no 98, Denisovskaya; Section 5: River Adzva). The observed facies have been interpreted as evidence of the successive T/R cycles 
of the BSP. Sections modified from ref. [14,44].

exchanges between the Pechora Syncline and the areas to the west 
and south during the different Jurassic ages [e.g., 8,10-13]. In the 
paleogeographical reconstructions of this study, the Timan Belt is 
displayed as separated from the Ural Orogenic Belt by a low relief 
structure, which here is called the Timan-Ural Trough (TUT; Figure 
2c). This trough allowed the southwards communication of the 
Pechora Syncline with the Sysola Basin without any barriers since 
the Early Jurassic. Its existence has been hypothesized to explain the 
stratigraphical and biostratigraphical similarities between the two 
areas (see below).

The Sea Level Fluctuation Pattern that Affected the Russian 
Platform

Sahagian et al. [29] published one of the most detailed and realistic 
sea level fluctuation curves on the basis of stratigraphical evidence from 
the Russian Platform. However, its resolution (normally one to two 
samples per ammonite zone) is not enough to cover the requirements 
of the present study. A previous effort to correlate the Exxon’s sequence 
set [30] in the Russian Platform failed to find a good correspondence 
on the Callovian and Late Jurassic sequence boundaries. Instead, a 

good correlation was found between the lithostratigraphic sequence 
boundaries of South England and the Moscow Syncline [31]. Indeed, 
as shown below, a correlation with the Boreal sequence sets of 
Hardenbol et al. [32], calibrated on the GTS2012 [ref. 33: Figure 26.9; 
see also Figure 3], gives a very good correspondence [from now on, 
and by this calibrating form, this sequence will be called the Boreal 
Sequence Pattern (BSP)].

Data from the Reference Illoda River Section

One of the most well studied and detailed stratigraphical sections, 
that of the Illoda River [34] on the central Russian Platform, is used 
here as a reference section for the previously mentioned correlation 
(Figure 3). The section displays a Middle Callovian-earliest Oxfordian 
hiatus, probably as a result of a previous uplifting, but it also displays 
continuous and very informative sedimentation since the earliest 
Oxfordian. The occurrence of the Early-Middle Oxfordian clayish 
and dolomitic marl facies in the Iloda River area has been connected 
to the formation of a deeper and shallower marine environment [34-
35]. In particular, an Early Oxfordian tectonic uplift was proposed 
to have created a shallower marine environment in the Yaroslav 
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area, resulting in the occurrence of the dolomitic marl facies due to 
increased calcium and magnesium concentrations in the warmer water 
[35]. Thus, the alternation between the facies of clay (high-stand proxy) 
and dolomite marl (low-stand proxy) is interpreted here as a result 
of sea level fluctuation and, as such, corresponds very well with the 
regional reference pattern of the BSP transgression/regression (T/R) 
cycles (Figure 3). The small differences in timing are due to the limited 
resolution of the data used to correlate the sequences. For example, the 
low-stands (OX1 to OX6) of Hardenbol et al. [32] sequence enclose 
a small hiatus the duration of which is very difficult to calculate (see 
Chart 6 in the Appendix of Hardenbol et al. [32]), while in the Illoda 
section, the boundaries of the cordatum zone are not very well defined, 
as noted by the original authors [ref. 34: Figure 28]. Another restriction 
is the limited resolution of the current inter-correlation among the 
Tethyan, Boreal, and Russian Platform ammonites. In the Illoda section, 
the clayish marl layer within the cordatum biozone is correlated with 
the cordatum low-stand (OX2). The succeeding high-stand resulted 
in the reoccurrence of the clay facies in the Illoda sequence, while 
the subsequent regression (peaked on the OX3 low-stand) restored 
the marl facies in the sequence. The transgression that succeeded 
the OX3 low-stand, falling in the late densiplicatum biozone, is very 
well known in the Russian Platform, because it was connected with a 
warming period in which the ammonite Cardioceras zenaidae together 
with various Sub-Mediterranean ammonite taxa invaded the Russian 
Platform from the southwest (from the Eastern Paleobasin of Belarus 
[36-37]. In the Illoda sequence, that event is marked by a relatively thin 
layer of clay facies, which corresponds very well with the short interval 
of the Sub-Mediterranean ammonite invasion [see ref. 37: Figure 3; see 
also Figure 3]. Brikiatis [6] called the event a High Temp Event and 
correlated it with a negative δ18O excursion in the most detailed and 
well dated Tethyan isotope record [38] (see [A] prominent event in 
Figure 3), and he furthermore proposed that it was caused by an ocean 
current perturbation due to the opening of the Hispanic Corridor. 
Around the boundary of the densiplicatum/tenuiserratum biozone, 
the transgressive clay sediments are succeeded by dolomitic marls 
through an unconformity in the Illoda section. Such contemporaneous 
unconformities and hiatuses have been previously reported in various 
European sections and interpreted to be a result of the OX4 sea level 
low-stand episode [39]. Brikiatis [39] showed that the OX4 sequence 
boundary of Hardenbol et al. [32] is not well established originally and 
in fact took place during the densiplicatum/tenuiserratum ammonite 
biozone boundary rather than within the tenuiserratum ammonite 
biozone. Therefore, the contemporaneous unconformity of the Illoda 
section can be considered to be a result of the OX4 sea level low-stand 
and very probably a proxy for subaerial exposure. As such, the overlain 
dolomitic marl layers represent a transgression event that succeeded 
the sea level low-stand. The fact that no clayish facies occurs may be 
explained either by a low magnitude of the high-stand and/or by the 
increased water temperatures that dominated that interval (Figure 
3), which in turn may have created warmer diagenetic conditions, 
simulating a shallow marine environment. Another indication for the 
presence of the OX4 low-stand is the formation of black shale layers in 
the central Russian Platform around the boundary of the densiplicatum/
tenuiserratum ammonite biozones, which is an indicator of the 
presence of anoxic conditions in the regional basins [40]. Based on the 

view of Hallam and Bradshaw [41], Zakharov et al. [40] supposed the 
formation of the black shales to have taken place during the maximum 
of the Oxfordian transgression. However, the temporal coincidence 
with the OX4 low-stand suggests that it, in fact, took place during a 
sea level fall during which strong weathering conditions resulted from 
an extremely wet climate period [39]. The OX5 low-stand of the BSP is 
correlated with the unconformity and the hiatus observed in the Illoda 
section, falling within the ilovaiskii ammonite sub-zone that makes up 
the lower part of the alternoides ammonite biozone and characterizes 
the uppermost part of the Middle Oxfordian (according to the most 
recent regional stratigraphic scheme of the Jurassic East European 
Platform [18]). As shown below, this low-stand dramatically affected 
the Russian Platform stratigraphy, representing a strong sea level fall of 
likely glacio-sustatic origin. That view is supported by the extreme δ18O 
positive excursion in the Tethyan record (Figure 3), which corresponds 
to an extreme temperature decrease in the biosphere. By the beginning 
of the Late Oxfordian, a subsequent widespread transgression formed 
a new environment of deposition and diagenesis, which is marked by 
layers of pyritized clay in the Illoda section.

Data from Additional Informative Sections

Further investigation of a broader and more widely distributed 
sample of stratigraphical sections on the Russian Platform has 
shown that the extended hiatus observed in the Oxfordian could be 
explained by subaerial erosion during the OX2, OX3, OX4, and OX5 
low-stands of the BSP (see Figure 4 and Supplementary Appendix). 
In fact, there are few available informative cuts in the literature with 
enough detailed description and/or original depth to be sensitive to 
sea level fluctuations. The currently available stratigraphical cross-
sections can clearly demonstrate, however, that the OX2 and OX5 low-
stands correspond to the largest sea level falls that essentially affected 
the stratigraphy of the Oxfordian Russian Platform (see Figure 4 and 
Supplementary Appendix). According to the Iloda River section, the 
OX5 low-stand (falling into the ilovaiskii ammonite biozone) was 
greater in magnitude than all of the other low-stands, including the 
OX2 (falling into the late cordatum ammonite biozone). In particular, 
the OX5 low-stand seems to have led to subaerial conditions, while 
the OX2 led merely to a shallowing of the sea (Figure 3). The question 
remains as to whether those observations reflect a regional status of 
the respective transgressions or are just a picture of local conditions. 
For example, there are published borehole data from a more southerly 
location, around the Moscow area, that show the opposite: a subaerial 
exposure (represented by unconformity or hiatus) around the OX2 
and a continuous sequence during the OX5 [42-43] (see also the 1, 
2, 4, and 6 cross-sections in the Supplementary Appendix]. However, 
given the uplifting and subsiding trends in the Moscow Syncline [26] 
and more regionally during the Late Callovian-Early Oxfordian [27], 
it is likely that the unconformities in the Moscow area are a result of 
tectonic activity rather than sea level fall. It seems that the best areas 
for the study of Oxfordian sea level fluctuation on the Russian Platform 
are the Pechora Syncline and the East Caspian Depression (Figure 4), 
which seem to have not been affected by tectonic movements during 
the Oxfordian. Information extracted from sections from those areas 
is discussed below. In the east margin of the Caspian Depression, a 
continuous Jurassic sequence is exposed in the Khan Mountain (River 
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Berdanka) [44]. There, the continuous sedimentation of the yellowish 
fine sandstone (tenuiserratum biozone) is changed to light gray, fine-
grained sandstone (including swallowing markers such as phosphorite 
nodules) during the earliest ilovaiskii biozone, and then re-changed to 
a yellowish fine sandstone for the rest of the ilovaiskii biozone (Figure 
4 section 1). That specific sector is disrupted by lateral unconformities 
as well [ref. 44: Figure 13]. This is a clear indication of a shallowing 
of the basin during the OX5 low-stand as well as evidence that 
temporally restricts the culmination of the OX5 low-stand during the 
early ilovaiskii biozone. Both events are congruent with the Iloda River 
section (Figure 3). In the Pechora Syncline, the picture of the eroded 
Oxfordian sections could very well be explained by the effects of the 
BSP (Figure 4). Section 4 in Figure 4 (Borehole no 98, Denisovskaya) 
can also show that the OX5 was of greater magnitude than the OX2 
and the other Oxfordian low-stands. That section, located around the 
River Pechora in the central Pechora Basin [see also ref. 14: Figure 
4] displays an erosional hiatus that extends downwards from the 
alternoides biozone and up to the cordatum biozone (which is very well 
represented) and continues further without any break to the mariae 
biozone and to the Late Callovian. On the east side of the central 
Pechora Basin, in a section of the River Adzva [ref. 44: Figure 5] (Figure 

4: section 5) there is a large hiatus between the alternoides and mariae 
biozones. Given that the Adzvinskaya area was the eastern border of 
the margin of the central basin, with a shallower setting eastward, the 
large hiatus was probably created by the erosional dynamic of the OX5 
low-stand, although a lesser contribution of the OX2 cannot be ruled 
out. Within another section, there is evidence of the occurrence of the 
OX3 low-stand, which falls into the densiplicatum biozone and seems 
to be of lesser magnitude than the OX2 and the OX5. That evidence 
is printed in sections of the River Pizhma [ref. 44: Figure 4] (see 
Figure 4: section 2 and section 71 in the Supplementary Appendix). 
There, the light gray limestone of the lower densiplicatum biozone is 
separated by an unconformity from the gray sandstone of the upper 
densiplicatum biozone, which includes C. zenaidae ammonites. Lyurov 
[10] claimed that the upper densiplicatum biozone facies from this 
section is also present in the Peshskaya Depression on the other side 
of the Timan Uplift. The excellent correlation between the BSP and 
the Pechora Syncline stratigraphy continues further into the Middle 
Jurassic, as can be seen in a more recently published cross-section 
from the Izhma River [45] (Figure 5: section 0). The section is located 
in the margin of the Pechora Syncline, probably having an original 
deposition depth (like the sections of Figure 4) sufficient to be able to 

Figure 5: Simplified Middle Jurassic stratigraphy of the Russian Platform from north (left) to south (right). All sections, except section 0, are modified from ref. [18] and are aligned to the original 
stratigraphical scale (right side). Section 0 is modified from ref. [45]. The light gray sections do not include marine faunas and are therefore not considered to be well aged. Here, the changes 
of the facies are correlated with major T-R cycles of the BSS (left side) calibrated on the Geologic Time Scale of 2012 [33]. Three major events are highlighted: the latest Aalenian transgression 
(blue line) and the Early Bajocian and latest Bathonian regressions (red lines). The thickness of the low-stand lines is analogous to the relative magnitude of the events [according to ref. 33].
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reflect with accuracy the changes in sea level. In this detailed cross-
section, both the originally proposed chronostratigraphical division 
and the position of the unconformities are perfectly matched with the 
T-R cycles of the BSP. The accuracy of the correlation is increased by 
the fact that the forecast of the BSP, that the Bat2 low-stand is greater 
in magnitude than the Bat1 (fatter black line in Figure 5), is verified 
in the Izhma River section by the occurrence of a larger hiatus in 
the stratigraphy. Finally, the correlation of the BSP with the Izhma 
River section can prove that the Arctocephalites arcticus biozone 
corresponds to the Garantiana beds of ref. [46]. By concluding that 
the BSP was the sea level pattern that affected the Russian Platform, as 
well as the Oxfordian deposits, one can interpret the complete Middle 
and Late Jurassic sedimentation on the basis of that pattern. That is 
the main guide for interpreting the observed sedimentation in the 
paleogeographical reconstructions of this study.

The Initial Middle Jurassic Exposure of the Middle Russian 
Sea (MRS)

Apart from the marine Early Permian, the Late Permian, Triassic, 
and Early Jurassic of the Russian Platform are dominated mainly by 
continental deposits [22,47]. The MRS was exposed from the Middle 
Jurassic up to the end of the Early Cretaceous and can be considered 
as a long epicontinental sea, which was connected to the Tethys 
(Neotethys) southwards and to the proto-Arctic basins northwards. 
Southwards, the connection to the Neotethys was reached through 
the Northern Caucasus, where the Caucasian Sea and the sea straits 
of the archipelago around the Transcaucasian Arc were exposed [48]. 
In contrast to the south, where clear marine environments bordered 
the Russian Platform, the marine basins northwards were not well 
established in the Early Jurassic. During the Late Triassic-Early 
Jurassic, the East Barents Sea, to the north of the Russian Platform, 
was a land mass. In the Late Pliensbachian and the Toarcian, the area 
transgressed in separate episodes, forming a shallow sea [12,49]. 
During the Toarcian in particular, the Barents Sea was connected both 
to the Proto-Canada Basin (Svedrup Basin) and to the North Sea in 
Europe via the southwestern Barents Sea [49]. At the north part of 
the West Siberian Basin, the Kara Sea was transgressed by the paleo-
Pacific and separated from the Barents Sea by the mountain ranges 
of Novaya Zemlya [50], but with a communication opening in the 
southern part of the range [51]. The sea reached as far southwards 
as the Pechora Basin, north of the Pechora Syncline, while the lake-
alluvial Kharyaginskoye Formation was deposited in the Pechora 
Syncline, within which palynofloras of type I have been recognized 
[12]. In the outer part of the Pechora Syncline, the Late Toarcian-basal 
Aalenian foraminifera zones of Astacolus praefoliaceus/Lenticulina 
multa have been identified [18], while a Toarcian marine transgression 
is widely recognized in the Arctic Basin [49]. The occurrence of 
Toarcian sediments in both the Pechora Syncline and the Sysola Basin 
suggests that during the Toarcian high-stand intervals, the two basins 
were contemporaneously transgressed from the north (see below). 
Simultaneously, a large area of the Pricaspian Syncline might have 
also been transgressed from the south (Figure 6a). The continental 
deposits that are recognized today in the cross-sections of all those 
areas are likely due to the initial shallow setting of the basins, which 

allowed low-salinity environments to form as fresh water from rivers 
mixed with the weak supply of seawater from the open sea. During the 
Aalenian, lacustrine-alluvial plains became more widespread, not only 
in the East Barents Sea, the Pechora Syncline, and the Sysola Basin, 
but also probably in more areas of the Russian Platform. In all three 
areas, Aalenian (and possibly Bajocian) deposits have been connected 
with palynofloras of type II [12]. In the SE Barents Sea, palynofloras 
of type II have been recognized in boreholes from the Shtokman area 
and northeasterly. In the Shtokman area, palynofloras of type II have 
been found together with marine microphytoplankton [12], while in 
the outer part of the Pechora Syncline, the Aalenian-Early Bajocian 
foraminifera zone of Trochammina praesquamata has been identified 
[18]. In the Franz Josef area, Late Aalenian ammonites, bivalves, and 
foraminifera have been recognized, showing similarities to the bivalve 
and foraminifera faunas from the Shtokman area. All of that evidence 
suggests that a shallow sea formed in the East Barents Sea during the 
Late Aalenian [15]. Furthermore, it suggests that palynofloras of type 
II are temporally related to a Late Aalenian age. According to the BSP, a 
major transgression event occurred in the latest Aalenian (Graphoceras 
concavum, Tethyan ammonite biozone) [33]. That transgression was 
the first that managed to cross the Russian Platform from south to 
north. Palynofloras of type II characterize the basal part of the Sysola 
Formation, which is widely dispersed on the Russian Platform (Figure 
5). A few authors believe that the Sysola Formation includes at least two 
different formations (a lower and an upper part) [e.g., 11,13]; however, 
there are not well-established physical characteristics separating the 
formations. Hence, in the most recent Regional Stratigraphic Scheme 
of the Russian Platform [18], it is referred to as a single formation, 
although the alternative interpretation is noted [see the notice of 
Repin, Y.S. in ref. [18]: page 43]. According to Repin et al. [13], the 
lower part of the Sysola Formation (Vezhay Formation) expresses a 
Late Aalenian-Bajocian age, while the upper part (Ochey Formation) 
falls into the Bathonian, although the contemporaneous Dreshchanka 
Formation (or upper Sysola Formation) in the Pechora Syncline was 
recently re-aged to the Late Bajocian on the basis of new ammonite 
findings [45,52,53]. Therefore, a Late Aalenian-Early Bajocian age for 
the Vezhayskoy stratum and a Late Bajocian-Bathonian age for the 
Ocheyskoy stratum seems quite reasonable.

By interpreting the facies with regard to the sea level fluctuation 
pattern of the BSP, one can conclude that the Sysola Formation was 
deposited by two different transgressions: the latest Aalenian and the 
Late Bajocian-Early Bathonian (Figure 5). Although the absence of 
marine faunal evidence from the latest Aalenian-Early Bajocian 
deposits has been interpreted as an indicator of continental origin, the 
almost singular and widespread exposure of the deposits suggests that 
they are the product of a single marine transgression: the latest 
Aalenian transgression (see the Discussion). Indeed, the lower layers 
(Aalenian-Early Bajocian) of the Sysola Formation deposits have been 
recognized further southwards from the Pechora Syncline, that is, in 
the Sysola-Yarenga Basin and the Kostroma Region. In the Unified 
Stratigraphical Scheme of the Russian Platform [18], the sedimentation 
in the latter is displayed only up to the Early Bajocian. Those sediments 
are not well-dated, however, because of the absence of secure marine 
markers, so here they will be correlated with the latest Aalenian 
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Figure 6: Paleogeographical reconstructions of the early stages of the MRS at: (a) Toarcian (sea level high-stand); (b) latest Aalenian (mid-Graphoceras concavum zone, sea level high-stand, 
~170,8 Ma); (c) Early Bajocian (Hyperlioceras discites zone, Bj1 low-stand ~170.2 Ma); (d) latest Bajocian (early Parkinsonia parkinsoni zone, sea level high-stand, 168.6 Ma); (e) Late Bathonian 
(Clydoniceras discus zone, Bat5 low-stand ~166.2 Ma); (f) Callovian-Oxfordian boundary (OX0 low-stand ~163.5 Ma). Dark gray: land; gray: low-salinity sea; pale gray: shallow sea; white: out 
of study areas. Paleolatitudes after ref. [74]. Numbers correspond to stratigraphical schemes mentioned in Figure 5.
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transgression (Graphoceras concavum ammonite biozone). The same 
interpretation is applied for the lower layers in the Kovernino 
Depression (Puchezh strata), which are located south of the Kostroma 
Region and are considered to be of Aalenian-Early Bajocian age [25]. 
Even southwards in the Ulyanovsk-Saratov basin, Mitta et al. [46] 
described three more beds (with apparent thickness ~6.5 m) 
underlying the Late Bajocian beds in a section of the Tarkhanovskaya 
Pristan site. No ammonites were found within those beds, so an Early 
Bajocian age has been attributed on the basis of the position of the 
rocks in the succession. In the description of the section, the lowest 
bed (bed 1) overlies Upper Permian deposits and is separated by an 
unconformity from the overlying bed 2. According to the current 
interpretation, the bed 1 deposits are remnants of either the Toarcian 
or the latest Aalenian transgression. In the first case, the latest Aalenian 
transgression should be represented by bed 2, while beds 3 and 4 
represent the Late Bajocian transgression of the Garantiana 
Garantiana and Parkinsonia parkinsoni biozones. Interestingly, a 
marine clay succession in the Lower Volga region (Large Don Bend; 
Volgograd region), previously considered to be Late Bajocian 
(Garantiana zone) in age, was very recently attributed a possible 
Aalenian-Lower Bajocian age based on the recovery of a diversified 
belemnite assemblage [54]. According to the most recent Unified 
Stratigraphical Scheme of the Russian Platform, the latest Aalenian-
Bathonian Iletsk Formation has been deposited in the east Caspian 
Depression (Orenburg region) overlying Early Jurassic continental 
deposits (Chashkanskaya Formation). In the Kalmyk-Astrakhan area, 
Aalenian-Early Bajocian sands of the Gnilushkinskaya Formation 
have been deposited through an unconformity on the Early Jurassic 
Shelgurskaya Formation and are overlaid, also through an 
unconformity, by the Late Bajocian Sosnovskaya Formation, in which 
ammonites have been recognized. Those features are also indications 
of two different transgressions in the latest Aalenian and the Late 
Bajocian, which are separated by an Early Bajocian regression period. 
Even farther south, complete Aalenian marine deposits are known 
from the Caucasus area [ref. 55 and references therein]. In the 
northwestern Donets Folded Structures, undivided marine Late 
Toarcian-Early Aalenian deposits have been recognized, while Late 
Aalenian deposits are considered eroded, and the Bajocian is 
represented after a break in the sedimentation [ref. 55 and references 
therein]. In summary, by the earliest Middle Jurassic, sand deposits 
are widespread on the Russian Platform, but they are characterized by 
an absence of marine faunas. Hence, they are currently considered to 
be of continental origin [e.g., 11]. However, if the sedimentary 
continuity is interpreted with respect to the BSP, it is possible that 
behind the widespread occurrence of Early-Middle Jurassic sands is 
concealed evidence for the initial exposure of the MRS as a whole 
during the latest Aalenian Graphoceras concavum (Tethyan ammonite 
biozone) transgression (Figure 6b). The very shallow setting of the 
young MRS probably prevented the establishment of normal marine 
salinity, which could explain the phenomenal absence of clear marine 
faunas (see the Discussion). From a paleogeographical point of view, 
the absence of Aalenian-Early Bajocian deposits from the Izhma (in 
the Pechora Syncline), Vyatka-Kama, and Peszko-Upper Pezskaya 
basins [according to ref. 18] may suggest some fresh ideas about the 
exact position of the seaway that connected the Lower Vychegda 

Depression (and the Sysola-Yarenga basins) in the south to the proto-
Arctic marine waters in the north. Thus, the absence of sediments of 
that age from the Peszko-Upper Pezskaya basins suggests that the 
Lower Vychegda cavity [10] was a positive element and watershed 
northwards. That view can be further supported by the fact that the 
same sedimentary absence appears in the Dreshchanka Formation 
(around the Izhma River area) as a result of the presence of the western 
margin of the central Pechora Basin on the western side of the Timan 
Uplift. Thus, the Timan Uplift together with the two basins resulted in 
a single watershed northward. On the east side of the central Pechora 
Basin, the Adzvinskaya area formed the eastern border of the central 
basin. Both areas include the lower layers of the Sysola Formation (of 
Aalenian-Early Bajocian age); however, southwards of the central 
Pechora Basin there is no known formation smoothly binding the 
basin to a shallower relief. That probably means that the sedimentation 
southwards has been eroded. In such a case, the basin was probably 
originally opened southwards, allowing communication between the 
Sysola Basin and the Pechora Syncline through a narrow trough, here 
referred to as the Timan-Ural Trough (TUT; see Figure 2b). The TUT 
resulted in the southeast end of the Timan Uplift and was kept even in 
the Oxfordian, as it is shown in the paleogeographical reconstructions 
of this study. Repin et al. [13] supposed that the trough opened by 
subduction during the Bathonian; however, here the trough is 
considered as originally opened at least since the Toarcian, allowing 
the Toarcian transgression to form a low-salinity sea, which very 
probably reached up to the Sysola Basin (Figure 6a). The deposits of 
the TUT, if not non-existent, should be very rare. In fact, many 
paleogeographers have hypothesized that such a trough existed, but 
Jurassic stratigraphical remains from such a trough have never been 
found. The reason for that may be the narrow setting of the trough, 
which precluded deposition and/or created conditions for erosional 
paleocurrents. Alternatively, the area might have eroded in more 
recent times. In any case, the absence of faunal provincialism between 
the Pechora Syncline and the areas southwards is evidence for the 
absence of barriers between those areas [10]. Therefore, the TUT 
hypothesis may be able to explain all of the observed stratigraphical 
and biostratigraphical evidence without the need for a more complex 
paleogeographical scenario. Because of the shallowness of the initial 
basins and straits, the south-north connection should have been 
interrupted during the BJ1 regression event, during which enhanced 
freshwater flow might have further reduced the salinity of the 
remaining flooded areas. Indeed, the Early Bajocian was a regressive 
period, as evidenced by well represented sequences in the Caspian 
Depression [8]. During that period, the previous depositions would 
have been eroded and the young MRS interrupted (Figure 6c). It 
seems reasonable to conclude that unconformities between the 
Gnilushkinskaya and the Sosnovskaya formations in the Ulyanovsk-
Saratov basin and the Caspian Syncline, as well as between the Puchezh 
stratum and the Usolye Formation in the Kovernino Depression 
(Figure 5), are due to that interruption.

Following the rhythm of the BSP, the next major transgression 
should appear in the Late Bajocian (during the Garantiana Garantiana 
and Parkinsonia parkinsoni Tethyan ammonite biozones). Indeed, the 
early seaway crossing the Russian Platform is currently considered 
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to have been exposed during that time, in particular, during the 
Garantiana Garantiana ammonite zone, and to have achieved its 
maximum transgression during the overlaying Parkinsonia parkinsoni 
zone. Mitta et al. [46] proposed the term Garantiana beds for the 
ammonite beds placed immediately below the michalskii zone 
(Russian Platform zonation) and tentatively correlated them with the 
Garantiana Garantiana zone in the Bajocian zonation established for 
the Sub-Mediterranean region. According to Mitta et al. [46], those 
beds correspond to the oldest Jurassic beds of the Russian Platform, 
which reliably yield ammonites. Therefore, the northernmost proven 
point where Late Bajocian Tethyan ammonites penetrated the Russian 
Platform is the Tarkhanovskaya Pristan site in the Ulyanovsk-Saratov 
basin [46]. On the other hand, the southernmost proven point where 
Boreal ammonites (Arctocephalites arcticus) penetrated the Russian 
Platform from the north during the Late Bajocian is in the Pechora 
River basin north of Ukhta city [45,52]. Until very recently, there 
was no evidence that the two basins were connected during the 
Garantiana Garantiana age. The first good evidence for the fusion of 
the Boreal and Tethyan waters on the Russian Platform came from 
the latest Bajocian sections (second half of the michalskii zone) of the 
“Sokur” Quarry near the city of Saratov. There, Boreal taxa seem to 
have gradually invaded from the north in a basin that was originally 
inhabited solely by fauna of Tethyan origin [56]. More recent evidence 
from foraminifera seems to confirm that interconnection [57]. Since 
the Late Bajocian and during the Bathonian, the Russian Platform 
basins display a north-to-south stratigraphical continuity, suggesting 
the exposure of a single water surface, although not all of the basins 
reached normal marine salinity levels (Figure 6d). However, at the 
end of the Bathonian, the situation changed. According to the BSP, 
towards the end of the Bathonian, the Bat5 major regressive event 
took place, falling into the Clydoniceras discus biozone. It is likely that 
the Bat5 low-stand was part of an episodic event that also included 
the OX5; however, its nature is not further considered here. What is 
important for the current study is that within the Russian Platform, a 
regional unconformity is observed throughout that interval (Figure 
5), suggesting that the MRS should have been interrupted once more 
(Figure 6e). According to the same data, the regressed areas were 
flooded again sometime in the latest Bathonian. In the Kovernino 
Depression, in particular, the small transgression event shown in 
the BSP between the Bat5 and Call0 low-stands should have led to 
the Khokhloma stratum (Figure 5: section 7). Furthermore, that 
transgression might have been greater than what is displayed in the 
BSP, and it probably resulted in the initiation of the major Callovian 
transgression in the latest Bathonian, as can be seen at least in the 
Pechora Basin [see ref. 13: Figure 8].

A wide Callovian sea has been proposed on the basis of observations 
of the stratigraphy of the Russian Platform. Repin et al. [13] attributed 
the wide sea to a tectonic subsidence of the TUT area; however, it is 
likely that a more regional Early-Middle Callovian subsidence was the 
cause of such a widespread transgression. Furthermore, it seems likely 
that all main transgression events on the Russian Platform (such as 
those during the zenaidae and the alternoides stages) are related to 
an opening through the Mezen Syncline northwards and not to an 
opening of the TUT, which probably was constantly open during the 

interval under consideration in this study. By the Middle Callovian, 
the Moscow Syncline was completely transgressed, allowing a 
southwesterly marine connection with the Belarus paleobasins. Figure 
6f shows another interesting paleogeographical period for the MRS—
the Callovian-Oxfordian boundary—a time during which widespread 
hiatus and uplift appear in the stratigraphy of the Russian Platform 
(see Figure 2c). In fact, continuous sections can be found everywhere 
in the Moscow Syncline during that period, suggesting a continuity 
with the Caspian Syncline and the Caucasus. However, northwards of 
the Moscow Syncline, a regional hiatus occurs around that interval 
in the Sysola-Yarenga basins, the Vyatka-Kama Basin, and the 
Pechora Syncline (Izhma and the central Pechora Basins), with the 
only exception being the Adzvinskaya area, where the transition is 
stratigraphically continuous [18]. The Callovian-Oxfordian boundary 
hiatus is part of a wider Early-Middle Oxfordian hiatus throughout 
those areas, which is mainly due to the erosional effect of the OX5 low-
stand. Therefore, an interruption of the MRS during the Callovian-
Oxfordian boundary is not considered possible. There are two more 
pieces of evidence supporting that view. First, according to the BSP, 
there is not any certain sea level fall during that interval. Second, 
the absence of hiatus in the Adzvinskaya area suggests continuous 
sedimentation, at least in the whole central Pechora Basin, because 
the former with its shallower depth made up the eastern margin 
of the latter. That view is congruent with a recently published 
paleogeographical reconstruction of the area [58].

The Interruption of the Middle Russian Sea in the Oxfordian

The Early Oxfordian was an epoch in which the Russian Platform 
is thought to have been widely transgressed. The ammonite biozones of 
mariae and cordatum have been identified in the stratigraphy of many 
areas (see the Supplementary Appendix); however, they are completely 
absent from whole territories that are widely believed to have been 
transgressed during that time. Such areas include the northwestern part 
of the Voronezh Anticlise (from Kursk northwards, from the Dnepr-
Donetsk Depression up to the Moscow Anticline), the area north of 
the Murom-Lomovskii Deflection, and the Northern Dvina basin 
(west and south-west of the Timan Uplift). For the northwestern part 
of the Voronezh Anticlise, Makhnach and Tesakova [59] concluded 
on the basis of marine faunal exchanges that the Eastern Paleobasin 
of Belarus was connected to the MRS during the Early Oxfordian, 
while the NW Voronezh Anticlise uplifted just after that time. In the 
opinion of Olferiev [28], the NW Voronezh Anticlise was eroded in 
more recent times, a view which is adopted in the paleaogeographic 
reconstructions of the current study. For the area north of the Murom-
Lomovskii Deflection, Chepikov [60] concluded that the Early 
Oxfordian deposits north of the city of Vyksa had been completely 
scoured sometime before the Valanginian. Here, parts of that area are 
considered to have been subaerially eroded during the strongest low-
stands. Regarding the Northern Dvina basin, Lyurov [10] considered 
both the subaerial erosion that took place during the late cordatum 
low-stand and the scouring by subsequent transgressions to be the 
reasons for the observed hiatus in the Early Oxfordian. The observed 
pause in sedimentation is continued southwards through a long break 
(Callovian-Oxfordian) in the sedimentation of the Sysola and Yarenga 
basins [61]. Although the long hiatus could be explained by subaerial 
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erosion during the OX5 low-stand, in the current paleogeographical 
reconstruction, the MRS is connected northwards only through the 
Pechora Syncline west of the Timan Uplift (Figure 7a). Such a scenario 

is compatible with the recent paleogeographical reconstructions of ref. 
[14,58]. During the OX2 sea level low-stand of the BSP (late cordatum 
zone on the Russian Platform), hiatuses and unconformities are 

Figure 7: Oxfordian paleogeographical reconstructions of the MRS at: (a) the early cordatum ammonite zone (sea level high-stand), (b) the late cordatum ammonite zone (OX2 sea level low-stand), 
(c) the middle densiplicatum ammonite zone (OX3 sea level low-stand), (d) the early tenuiserratum ammonite zone (sea level high-stand), (e) the earliest alternoides (ilovaiskii) ammonite zone (OX5 
sea level low-stand), and (f) the late alternoides ammonite zone (earliest Late Oxfordian sea level high-stand). The maps are built on the paleogeographical reconstructions of Sasonova and Sasonov 
[8]. Dark gray: land; pale gray: shallow sea; white: out of study areas; dotted lines: sea-land boundaries in the reconstructions [8]. Numbers correspond to stratigraphical schemes mentioned in 
Supplementary Appendix. Oxfordian paleolatitudes after ref. [78], oriented to modern latitude coordinates (the original maps of Sasonova and Sasonov [8] are not oriented to the north).
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widespread as a result of sedimentation pause and subaerial erosion. 
However, in the most informative sections of the Moscow Syncline do 
not display any abrupt change in the facies before and during the low-
stand, suggesting that the marine communication with the adjacent 
basins (at least with the Dnepr-Donetsk Depression to the south-west 
and the Caspian Depression to the south-east) was not influenced. 
Signals of anoxic conditions and eutrophication such as those observed 
in the OX5 low-stand are also absent. Consequently, an uninterrupted 
MRS is displayed in Figure 7b.

The thickness of Middle Oxfordian sedimentation in section 57 
(Vychegda; about 3.5 meters) in comparison with the much lesser 
thickness of the relicts in sections 42, 68, and 69 (see Supplementary 
Appendix) suggests that the main sea corridor passed through the 
Vychegda area. On the other hand, the thin Middle Oxfordian layer 
from the Burdovo (section 42) suggests a shallowing of the relief 
and a restriction of the corridor wideness in that area during the 
low-stands. The persistence of Middle Oxfordian layers in all of the 
sections are interpreted here as evidence that the connection to the 
north persisted during the subsequent OX3 low-stand (Figure 7c). 
The transgressive stages between the OX2 and OX3 low-stands (Figure 
3) are not displayed with a specific map. As previously mentioned, 
the OX3 low-stand was succeeded by a major transgression on the 
Russian Platform, leading to the invasion of the ammonite Cardioceras 
zenaidae, together with characteristic Sub-Mediterranean ammonites, 
from the southwest into the central and northern territories [36-
37]. At the same time, there was an exclusively unidirectional (from 
north to south) Boreal ammonite migration between the central 
platform and the Northern Caucasus (via the Caspian Depression 
to the SE) [36]. Therefore, although the northwards migration event 
should be related to a reduction of the temperature gradient between 
the Sub-Mediterranean and Boreal basins [36,62], the central-to-
southeastwards migration might be explained by a reorganization of 
the regional paleogeography and a corresponding reorganization of 
the sea currents [62]. Currents that started from the southwest reached 
up to the Kostroma area in the north and then turned southeasterly to 
the Pricaspian Syncline [see ref. 34: Figure 73]. Such a phenomenon 
could be a combined result of a wider connection northwards and 
a westerly restriction of the seaway around the west-central MRS 
(Figure 7d). Such a restriction might be given by the many islands 
that emerged in the Kostroma area during the Middle Oxfordian [ref. 
34: Figures 73-3 & 35]. A wider connection northward, on the other 
hand, requires the existence of seaways on both sides of the Timan 
Uplift. That could happen either with a northwards connection, via 
the Mezen River basin, or with a second penetration of the sea into 
the Pechora Syncline via fragmentation of the Timan Uplift. The first 
scenario is supported by the observation of Lyurov [10] that the facies 
observed in the upper densiplicatum layers in the Pechora Syncline 
(falling into the zenaidae zone) are also present in the Peshskaya 
Depression (Belushye area, section 37). Towards the end of the Middle 
Oxfordian, environmental changes are evidenced in one of the better-
represented and well-studied sections of the Russian Platform, the 
Makar’yev, located in the Kostroma District (very close to section 
11 of Figure 7). There, the Ophtalmidium, indicating an oxygen-
rich and well-aerated marine environment, progressively give way 

to planktonic foraminifera (Globuligerina), suggesting a shallowing 
and restriction of the sea in general [63]. With the restriction of a 
shallow sea, anoxic and eutrophic conditions would be expected to 
develop, resulting in characteristic organic-rich deposits such as 
black shales. Black shales are deposited under euxinian conditions as 
a result of enhanced weathering and riverine runoff, which promote 
the development of anoxic conditions [ref. 39 and references therein]. 
Such carbonaceous shales have been described in layers around the 
illovaiskii biozone in the southern Kostroma Region [40,64] (see the 
Discussion). Those features correspond to the OX5 low-stand, during 
which the evidence previously presented is consistent with the closure 
of the MRS northwards (Figure 7e). There are specific indications for 
the restriction of the sea around the central Russian Platform. On 
the southeast part of the Yaroslav area, the occurrence of islands had 
essentially restricted the south-north marine communication even in 
the transgressive zenaidae stage. Thus, a complete closure is expected 
during the strong OX5 low-stand. To the northwest, the area of the 
eastern flank of the Moscow Syncline started to uplift during that time 
[26]. Therefore, a closure of the MRS is expected around that area. The 
subsequent Late Oxfordian transgression was strong, as indicated by 
the remains of the alternoides ammonite biozone, which is widespread 
on the Russian Platform in areas that were previously represented by 
hiatus (Figure 7f).

Discussion

The Paleogeographic Regime of the Observed Stratigraphical 
Hiatus

The flat relief of the Russian Platform cratonic block was very 
sensitive to erosion from even minor vertical tectonic movements 
and/or sea level fluctuations, resulting in extended unconformities 
and depositional hiatus within the stratigraphical cross-sections 
[29]. Moreover, erosion in more recent times has further blurred 
the paleogeographical reconstructions. In any case, it is believed 
that the original extension of the sea surface was greater than the 
extension of the currently preserved Mesozoic deposits because 
facies generally do not vary near the outcrop edge [29]. The erosional 
dynamic of transgressions (scouring) is often cited in the Russian 
literature as a reason for the absence of sedimentation from areas 
where sedimentation should have existed [e.g., 10,29]. Although that 
could be a real reason for the absence, its real effect and intensity are 
difficult to prove. Nevertheless, in some cases, older rocks have been 
found to be reworked by subsequent transgressions; for example, 
the rocks of the Callovian islands in the NW Voronezh Anticline are 
considered to have been eroded by Cretaceous transgressions [65]. 
In paleogeography, the definition of the exact reason (submarine or 
subaerial) for observed erosion is fundamental, because it indicates 
whether the area under study was land or sea during the erosion 
interval. Scouring from strong paleocurrents is an erosional means for 
the dissolution of past depositions in deep basins, as, for example, in 
the southwestern Barents Sea [ref. 66 and references therein] or the 
submarine Rio Grande Rise-Walvis Ridge between South America 
and Africa [67]. However, both of those cases involve deep basins with 
uplifted barriers at the front of the paleocurrents, so they are different 
from the case of the MRS, which was a shallow sea corridor. A more 
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similar case is that of the Jeanne d’Arc Basin in the Central Atlantic. 
That shallow basin was a gateway for marine interchange between 
the North and Central Atlantic just after the termination of a latest 
Jurassic land bridge. A large part of the Berriasian is missing from 
the Jeanne d’Arc Basin stratigraphy, which Brikiatis [68] concluded to 
be the result of erosion by the paleocurrents that initially connected 
the previously separated Central and North Atlantic [see ref. 68: 
Supplementary Appendix S2]. The case of the Jeanne d’Arc Basin in 
the Central Atlantic may be similar to what happened on the Russian 
Platform. During the low-stands, the width of the MRS was essentially 
reduced, limiting the extent of the seaway to the deeper parts of 
the synclines. The shallower areas were subaerially eroded, while 
paleocurrents in marine basins increased their erosional dynamic 
and decreased their depositional dynamic. On the other hand, the 
absence of strong paleocurrents (due to the shallowness) during the 
very early stages of the MRS corridor could explain the maintenance 
of low-salinity basins (due to reduced sea water supply), within which 
marine faunas were unable to survive. However, in such basins, the 
sedimentation should not have been eroded by paleocurrents, and 
the sedimentological history should have been better preserved. Such 
a contrasting picture is exactly what is observed today. For example, 
in the Sysola Basin, marine Early Oxfordian deposits are absent, 
but Aalenian-Bathonian deposits are present and have long been 
considered to be of continental origin because of the absence of marine 
faunas (see Figures 5 and 6 and the next paragraph). The absence of 
Early Oxfordian deposits, in particular, from the north-central Russian 
Platform could be mainly explained by subaerial erosion during the 
OX5 low-stand (Figure 7). In any case, in a tectonically stable basin, 
the remains of the original deposition should correspond to the deeper 
part of the original synclines. That seems to be the case for the Jurassic 
deposits in the northwest Russian Platform, where the Early Permian 
deep structures are filled by Jurassic sediments [10] (Figure 2b). Given 
that subaerial erosion influenced the Russian Platform stratigraphy to 
some extent during all of the examined Oxfordian low-stand events 
(see the Supplementary Appendix), there is a question as to which 
of the low-stands interrupted the north-south unity of the MRS. 
Taken together, the evidence suggests that the Oxfordian MRS was 
interrupted only during the OX5 low-stand interval (early illovaiskii 
biozone). Specifically, the stratigraphical evidence suggests that the 
magnitude of the sea level fall during the OX5 low-stand exceeded 
that during the other low-stands. In addition, the OX5 low-stand was 
exceptional in the amplitude of the positive δ18O excursion recorded in 
the contemporaneous Tethyan geochemical record (Figure 3), which 
suggests a possible glacio-eustatic origin (Brikiatis in preparation). 
Moreover, the deposition of carbon-rich sediments in the non-eroded 
layers of the illovaiskii biozone suggest that anoxic and eutrophic 
conditions existed at that time, which would be expected as a result 
of restriction of a shallow sea due to a sea level fall. Such conditions 
have been described in layers around the illovaiskii biozone in the 
southern Kostroma Region where carbonaceous shales have been 
deposited [40,64]. Consequently, apart from the OX5 low-stand, all 
of the Oxfordian low-stands (including the OX2) are concluded here 
to have not been strong enough to interrupt the MRS. In particular, 
the magnitude of the OX5 is estimated to be on the order of ~50-100 

meters, while that of the OX2 and the rest of the Oxfordian low-stands 
could be on the order of 20-40 meters.

What is the Earliest Age at which the Middle Russian Sea 
Could Have Been Exposed?

As the SE Barents Sea became deeper and deeper since the 
Early Jurassic, the sea penetrated into the previously lake-alluvial 
environments during sea level high-stand periods. However, because 
of the shallow setting of the basins, normal marine salinity was slow 
to become established throughout the Russian Platform. Thus, not 
only the Aalenian but also the Bajocian and Bathonian deposits were 
characterized by low salinity, which is the reason that, until recently, 
the Bajocian and Bathonian deposits were thought to be of continental 
origin. A corresponding example could be considered in the Yenisei-
Khatanga Basin, located in the West Siberian Basin. There, the 
Jurassic sedimentation is started by latest Aalenian deposits (Vymsky 
Formation). The salinity of the deposits, determined on the basis of 
the Sr/Ba ratio, indicates a low-salinity marine formation [ref. 69 and 
references therein]. Marine biota and, in particular, ammonites were 
unable to inhabit such environments. In restricted basins, when the 
seawater supply is less than the riverine runoff supply, anoxic conditions 
develop through haline stratification of the water column [e.g., 70]. 
Jurassic epicontinental seas are thought to have developed such a 
stratified depositional environment, with an upper, well-oxygenized 
chemocline and a lower, anoxic chemocline [71-72]. It is possible that 
during the Toarcian transgressions, a low-salinity sea reached up to 
the Pechora Syncline (Kharyaginskoye Formation) and, probably, up 
to the Sysola-Yarenga Basin, where Toarcian deposits were recently 
recognized. However, that is probably the southern limit of the low-
salinity sea, because there is no stratigraphical evidence southwards. 
On the other hand, Aalenian-related deposits are more widespread 
and almost continuous on the whole Russian Platform (Figure 5). 
By itself, the fact that Aalenian (or likely Aalenian) deposition was 
the only widespread and contemporaneous sedimentation event on 
the Russian Platform since the Permian could be evidence of a single 
marine transgression. Otherwise, if the known Aalenian deposits were 
scarce continental deposits, then why is there no example of analogous 
sedimentation from the Triassic?. The recognized Late Aalenian 
palynofloras of type II within the likely Aalenian deposits suggest that 
the stratigraphical remains of the Early-Middle Jurassic deposits on 
the Russian Platform are a result of a latest Aalenian transgression 
(Graphoceras concavum biozone). That transgression managed to 
flood the Russian Platform for the first time, forming a single water 
surface, from north to south, albeit of low salinity. Such a semi-marine 
corridor was a barrier to both marine (from north to south) and 
terrestrial (from east to west) biota. According to the most updated 
chronostratigraphical chart of ref. [33], this event corresponds to 171 
Ma (Figure 5).

Online Supplementary Materials

Supplementary Appendix: Stratigraphic cross-sections used in the 
Oxfordian paleogeographical reconstructions.
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Callovian – Middle 
Oxfordian.    

?

OX5

OX2

4
Borehole 45
 Skovorodino

(1: fig. on pg. 72)

Cl3

In contrast to 
the OX2, the 

OX5 low stand 
is not 

represented by 
a hiatus in the 

section 
probably due to 

the deeper 
setting of the 
basin at this 

time (see text).

4
Borehole 45
 Skovorodino

(1: fig. on pg. 72)

Cl3

In contrast to 
the OX2, the 

OX5 low stand 
is not 

represented by 
a hiatus in the 

section 
probably due to 

the deeper 
setting of the 
basin at this 

time (see text).

mariaemariae

Podosinki
Formation

Rat’kovo
Formation

Podmoskov’e
Formation
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Podmoskov’e
Formation

Rat’kovo
Formation
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Cl3?

Rat’kovo
Formation
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id
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Podmoskov’e
Formation

Podmoskov’e
Formation

Rat’kovo
Formation
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uplift
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uplift
uplift
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1
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O
xf

2
U
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O
xf

3
Alternoides

ilovaiskii

9
Dubki 

Saratov 
(7: fig. 4)

10
Ul’yanovsk–

Saratov 
(13: fig. 2)

12
Ioda river

 
(8: fig. 28)

11
Yartsevo 

(2: fig. 7)

13
Borehole 14 

(Sysolsky Area)
(10: fig. 2)

14
Khan 

Mountain 
(14: fig. 13 )

Valanginian

15
Bazarnyy 
Karabulak 
(19: fig. 4)

16
Stary Oskol 

(17: fig. 3)

 

In
te

rp
re

ta
tio

n

The clear 
unconformity 

occurs between 
the ilovaiskii and 
alternoides zones 
interpreted here to 

be a major 
regression event 
representing a 

terrestrial phase in 
the 

palaeogeography 
of the area. The 

occurrence of the 
OX4a is 

represented by an 
unconformity.  

Complete 
absence of 
Oxfordian 

deposits. It’s a 
positive 
structure 
element, 

probably an 
island. 

Area affected 
by the Late 

Callovian-Early 
Oxfordian 
uplifting  

The sequence is 
interrupted due to 

tectonic uplift 
affected the area 
of Saratov (Volga 
right bank). Major 

regression is 
evidenced around 

the cordatum 
unconformity time 

on the basis of 
ostracod 

configuration. 

The relatively 
short sequence 
(~0,8 meters) 
of the deposits 

with 
Ophthalmidium 

strumosum 
proposes that 

they have been 
deposited after 

the ilovaiskii 
unconformity. 
The extended 

hiatus could be 
explained by 

subaerial 
erosion during 
the succeeded 

low-stands. 

Continues 
deposition. The 
section offers a 

very good 
reference 

sequence for the 
temporal definition 

of the ilovaiskii 
low-stand and its 

regional character, 
given it is located 
out of the Moscow 

Syncline and 
displays clear 
evidence of  a 

regressive trend 
without pause of 

deposition. 

The sequence 
is probably 
interrupted 
around the 
cordatum 

unconformity 
due to tectonic 
uplift affected 

the area of 
Saratov (Volga 

right bank).

Continues 
deposition.   

Volgian

regression

Cl2

Kimmeridgian

Cl2

Ophthalmidium
strumosum

Cl3

OX5

OX2

regression

Yellowish-gray 
sandstone

Yellowish-gray 
sandstone

Light gray

 sandstone

Cl2
mariaemariae
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O
xf

or
di

an
Ea

rly
O

xf
1
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2
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O
xf

3
Alternoides

ilovaiskii

18
Kovernino

 (19: fig. 4)

20
Batraki 

 (19: table 4)

19
Novouzensk 

 (19: fig. 4)

21
Uzyukovo

 (19: fig. 3)

22
Mordovo

(19: fig. 3)

23
Ulyanovsk

(19: fig. 3)

24
Yazykovo 

(19: fig. 3) 

In
te

rp
re

ta
tio

n

The break in 
sedimentation 

between Oxf2 and 
Oxf3 is correlated 

here with the 
ilovaiskii 

unconformity, 
being a major 

regression event 
and a terrestrial 

phase in the 
palaeogeography 

of the area.

Continues 
deposition.  

The break in 
sedimentation 

between Oxf2 and 
Oxf3 is correlated 

here with the 
ilovaiskii 

unconformity, 
being a major 

regression event 
and a terrestrial 

phase in the 
palaeogeography 

of the area.

The breaks in 
sedimentation are 

correlated here 
with the cordatum 

and ilovaiskii 
unconformities. 

The area 
influenced by the 
Late Oxfordian 
uplifting of the 

Ulyanovsk-
Samara Volga 

area.   

Continues 
deposition. 

The break in 
sedimentation 
between Oxf1-

and Oxf2 is 
correlated here 
with the OX2 
low stand. In 

contrast to the 
OX2, the OX5 

low stand is not 
represented by 
a hiatus in the 
section due to 

the deeper 
setting of the 
basin at this 

time.

The break in 
sedimentation 
is correlated 
here to occur 
around the 
cordatum 

unconformity. 
The underlain 

Oxf1 & Cl3 
deposits may 

have been 
removed by 

subaerial 
erosion due to 
uplifting in the 

area of NE 
Ulyanovsk-

Saratov 
Deflection.   

17
NW 

Donetsk 
(18: fig. 8)

 

Continues 
deposition.   

Kimmeridgian

Cl2

OX5

OX2
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2
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O
xf

3
Alternoides

ilovaiskii

26
Inza 

(19: fig. 3)

28
Elatmae 

 (19: table 17; 22: 
fig. 9; 23: fig. 1

27
Vysheley

(19: fig. 2)

29
Ibred

(19: fig. 6)

30
Prosandeevka

(19: fig. 7)

31
Zaraysk

(25: pg. 15)

32
Michalenino

(28: fig. 4)

In
te

rp
re

ta
tio

n

Area affected 
by uplifting and 

scouring.

The break in 
sedimentation 

between Oxf2 and 
Oxf3 is correlated 

here with the 
ilovaiskii 

unconformity, 
being a major 

regression event 
and a terrestrial 

phase in the 
palaeogeography 

of the area.

Area affected by 
uplifting and 

scouring. 

Complete 
absence of 
Oxfordian 

deposits. Area 
affected by 
uplifting and 

scouring. 
 

Continues 
deposition. 

25
Chufarovo 

(19: fig. 3)
 Valanginian

Area affected 
by uplifting and 

scouring.

 

Valanginian

Cl1

Valanginian

The bituminous oil 
shale facies (bed 

8) falling into 
ilovaiskii 

unconformity is 
interpreted to be a 

proxy of a very 
shallow and 

restricted sea 
resulted by the 

OX5 sea-level low 
stand. 

 

Cl2

OX5

OX2

Insufficient access 
to the sequence 

dataset. The 
upper limit of the 

Middle Oxford 
deposits is 

correlated here 
with the ilovaiskii 
unconformity and 
the lower limit with 

the cordatum 
unconformity. The 
occurrence of Q. 
mariae propose 
that the lower 

section falls into 
the Early 

Oxfordian.   

C. 
vertebrale

P. 
panderiana

C. 
excavatum

?

Q. mariae

Bed 8 regression
Top

mariaemariae
Cl1
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en

ce
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3
Alternoides

ilovaiskii

34
Melekess

(19: table 7)

36
Dolinovka 

 (20: fig. 74)

35
Prudovskaya

(19: table 9)

37
 Belushye

(5: fig. 3)

38
Vetlyanke and 

Berdyansk area 
(21: fig. 16)

39
Andreevka 
Atyashevo 
(19: fig. 3)

40
Samylovo

(2: fig. 9)

In
te

rp
re

ta
tio

n

The longtime 
hiatus could be 
interpreted as 

a result of 
subaerial 

erosion due to 
the regional 

uplifting 
affected the 
Ulyanovsk-

Saratov 
Deflection.

Continues 
deposition.  

Erosion during the 
OX5 low stand.

Continues 
deposition. 

 

The longtime 
hiatus could be 
interpreted as 

a result of 
subaerial 

erosion due to 
the regional 

uplifting 
affected the 
Ulyanovsk-

Saratov 
Deflection.

33
Ekaterinovka 

(19: table 13)
 Kimmeridgian

Continues 
deposition. 

The Early 
Oxfordian 

hiatus is due to 
the uplifting 
affected the 

adjacent 
Ulyanovsk-

Saratov 
Deflection area 

during Late 
Callovian – 

Middle 
Oxfordian.   

 
 

The area affected 
by the Late 

Oxfordian uplift of 
the east wing of 

the Moscow 
Syncline. 

 

Cl1

Kimmeridgian

Cl

OX5

OX2

mariaemariae
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3
Alternoides

ilovaiskii

42
Votcha

(24: fig. 2)

44
Ulyantsevo

 (25: pg. 15)

43
Antsiferovo

(25: pg. 14)

45
 Staryy Dvor

(25: pg. 16)

46
Petushki 

(25: pg. 16)

47
Navoloki

 
(25: pg. 17)

48
Alekseeva

(25: pg. 19)

In
te

rp
re

ta
tio

n

 The section was 
probably affected 

by all the OX5, the 
OX4a and OX2 
low stands. The 
occurrence of Q. 
mariae propose 
that the lower 

section falls into 
the Early 

Oxfordian.   

Section 
affected by 

both subaerial 
erosion and 

scouring.

The section is 
probably affected 

by all the OX5, the 
OX4a and the 

OX2 low stands. 

Section 
affected by 

both subaerial 
erosion and 

scouring. 

41
Burdovo 

(23: fig. 3)
 

The section is 
probably 

affected by 
subaerilal 

erosion during 
the OX5 low 

stand.

Complete 
absence of 
Oxfordian 
deposits.

 

Serratum zone

Cl2Cl3 Cl2

C. tenui-
serratum

C. zenaidae

C. vertebrale
P. 

panderiana

?

Quaternary

Q. mariae

OX5

OX2

A. ilovaiskii

C. tenuiser.

C. zenaidae

Top

?

 Insufficient 
access to the 

sequence dataset. 
The occurrence of 
Q. mariae propose 

that the lower 
section falls into 

the Early 
Oxfordian. The 

missing section is 
due to subaerial 

erosion during the 
cordatum low-

stand. 

С. cf. 
quadratoides

C. tenui-
serratum

C. zenaidae

C. densi-
plicatum

Q. mariae

All, but the 
serratum zone, 

Oxfordian 
deposits are 
missing. The 
area probably 
was an island 

during the 
Early to Middle 

Oxfordian. 

Cl2

Serratum zone

Cl2

Albian

Top

Q. mariaemariaemariae

?
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2
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3
Alternoides

ilovaiskii

50
Kudryavtsevo

(25: pg. 11)

52
Belarus

Borehole 792
(3: fig. 2)

51
Ostyor, Roslav’

(25: pg. 19)

54
Narmushad

(25: pg. 23)

55
Fokino

 
(25: pg. 23)

56
Staraya Pogon'

(25: pg. 24)

In
te

rp
re

ta
tio

n

All, but 
mariae 

zone, the 
Oxfordian 

deposits are 
missing.

 

Quaternary

OX5

OX2

Complete 
absence of 
Oxfordian 
deposits.

Cl2

Cretaceous

Insufficient access 
to sequence 
dataset.  The 

section is probably 
affected by both 

the OX5 and OX2 
low stands.

49
Neklyudovo 

(25: pg. 11)
 

?

Q. mariae

Top

?

Q. mariaeQ. mariae

Valanginian

Section 
affected by 
more recent 

uplifting.

Insufficient access 
to sequence 
dataset.  The 

section is probably 
affected by both 

the OX5 and OX2 
low stands.   

53
Belousovo

(25: pg. 20 )
 

?

Q. mariae

Top

?

Valanginian

Section 
affected by 
more recent 

uplifting.

  

Cl2

Valanginian

Complete 
absence of 
Oxfordian 
deposits.

Valanginian

Section 
affected by 
more recent 

uplifting.
 

mariaemariae
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3
Alternoides

ilovaiskii

58
Schittsy Gomel 

(12: fig. 14)

60
Peny-Tim 

(27: fig. 23)

59
Shebekino

(27: fig. 22)

62
Krupetskii

(27: fig. 23)

63
Borehole 33,

Baraki Kerbash
(26: fig. 3)

64
Brh. 28, near 

Kalinino
(26: fig. 3)

In
te

rp
re
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tio

n

OX5

OX2

Continues 
deposition. 

Continues 
deposition. 

57
Vychegda 

Borehole 24
(11: fig. 16)

Continues 
deposition. 

Continues 
deposition. 

61
Kostino 1

(14: fig. 8)
 

The area 
probably 

affected by the 
uplift of the 

Vyatka-Kama 
Basin.   

Volgian

The area 
probably 

affected by the 
uplift of the 

Vyatka-Kama 
Basin.   

Ophthalmidium
strumosum

The extended 
hiatus could be 
mainly explained 
by subaerial 
erosion during the 
OX5 low-stand . 

Cl3

Continues 
deposition. 

Volgian

?
mariaemariae
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3
Alternoides

ilovaiskii

66
Peschanka 

(22, 15: fig. 3)

68
Sysola 

Borehole 28 
(11: fig. 21)

67
Verhnespasskoy 

depression Borehole 24
(11: fig. 9)

70
Yarenga

Boreholes 333-350
(10: fig. 2)

71
River Tansy

 
(14: fig. 4)

72
River Adzva 

(14: fig. 5)

In
te

rp
re

ta
tio

n

OX5

OX2

Possible 
occurrence of 

Oxfordian 
deposits.  

Insufficient access 
to the sequence 

dataset.The 
presence of 

cordatum zone is 
the only 

confirmed.  

65
Kostyukovichi 

(12: fig. 13)

 

The extended 
hiatus could be 

mainly 
explained by 

subaerial 
erosion during 
the OX5 low-

stand. 

69
Syssola 

Borehole 30 
(10: fig. 2, 11)

The hiatus at 
the base of 

Amoeboceras 
alternoides 
deposits is 

corelated with 
the OX5 low-
stand. The 

unconformity 
within the 

densiplicatum 
zone is a good 
evidence for 

the occurrence 
of the OX3 low 
stand as well.  

The hiatus at 
the base of 

Amoeboceras 
alternoides 
deposits is 

corelated with 
the OX5 low-

stand.
The sequence 

has been 
probably 

eroded during 
the OX2 low 

stand as well.  

The extended 
hiatus could be 

mainly 
explained by 

subaerial 
erosion during 
the OX5 low-

stand. 

Serratum zone

Complete 
absence of 
Oxfordian 
deposits.

Cl2

Cretaceous

?

?

?

?

?

The extended 
hiatus could be 

explained by 
subaerial 

erosion during 
the OX5 low-

stand. 

Ophthalmidium
strumosum

Cl3 Cl3 Cl3

Serratum zone Amoeboceras 
alternoides

C. zenaidae

Amoeboceras 
alternoides

Q. mariae

?

mariaemariae

OX3 C. 
densiplicatum
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Alternoides

ilovaiskii

74
Ust-Tsilma 

(5: fig. 2)

76
Naryan-Mar 

(5: fig. 3)

75
Ust'ye

(5: fig. 4)

78
Troshkov  

(2: fig. 13)

79
Serpeysk

 
(25: pg. 20)
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n

OX5

OX2

73
Borehole no 98, 
Denisovskaya

(5: fig. 4)

77
Moscow 2 

(6: fig. 1)
 

The main 
breaks in 

sedimentation 
are very good 
correlated with 
the low stands 

of the 
cordatum and 

ilovaiskii 
unconformities.

The hiatus at 
the base of 

Amoeboceras 
alternoides 
deposits is 

corelated with 
the OX5 low-

stand.

Cl

80
Byakovo  

(25: pg. 21)
 

Amoeboceras 
alternoides

C. zenaidae

The hiatus at 
the base of 

Amoeboceras 
alternoides 
deposits is 

corelated with 
the OX5 low-
stand. The 

sequence has 
been eroded 

during the OX2 
low stand as 

well.  

Amoeboceras 
alternoides

C. cordatum

Q. mariae

C. cordatum

Q. mariae

The hiatus at 
the base of 

Amoeboceras 
alternoides 
deposits is 

corelated with 
the OX5 low-

stand. 

Amoeboceras 
alternoides

The hiatus at 
the base of 

Amoeboceras 
alternoides 
deposits is 

corelated with 
the OX5 low-

stand. 

Section 6

Section 3

Section 4

Complete 
absence of 
Oxfordian 
deposits.

Cl2

Quaternary

Insufficient 
access to the 

sequence 
dataset. A 

general 
occurrence of 

Oxfordian 
deposits is 
referred.  

?

?

?

?

Insufficient 
access to the 

sequence 
dataset. A 

general 
occurrence of 

Oxfordian 
deposits is 
referred.  

?

?

?

?

Complete 
absence of 
Oxfordian 

deposits. Area 
affected by 
more recent 

uplifting.

Cl2

Quaternary

Section 5

mariaemariae

Amoeboceras 
alternoides

C. cordatum

Q. mariae

C. cordatum

Q. mariae
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Alternoides

ilovaiskii

82
Novoselki

(14: fig. 9)

84
Kurkruk 3

(14: fig. 15)

83
Nikitino

(14: fig. 10)
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rp
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n

OX5

OX2

Section 
without 

sufficient 
faunal 

indexes. 
Area 

affected by 
more recent 

uplifting.

81
Malinki  

(25: pg. 22)
 

Cl2

Middle 
Oxfordian

?

Amoeboceras 
alternoides

C. 
tenuiserratum

The hiatus at 
the base of 

Amoeboceras 
alternoides 
deposits is 

corelated with 
the ilovaiskii 

unconformity. 
Not available 
data for the 

Early 
Oxfordian.  

Amoeboceras 
alternoides

The hiatus at 
the base of 

Amoeboceras 
alternoides 
deposits is 

corelated with 
the ilovaiskii 

unconformity. 
Not available 
data for the 

Early 
Oxfordian.  

Amoeboceras 
alternoides
A.  ilovaiskii 

The hiatus at 
the base of 

Amoeboceras 
alternoides 
deposits is 

corelated with 
the ilovaiskii 

unconformity. 
The sequence 

has been 
eroded during 
the low stand 

of the 
cordatum 

unconformity 
as well.  

Top

85
Ozinki 

(20: fig. 71)

Continues 
Oxfordian 
deposits.

86
Batyrevo

(20: fig. 72)

Cl2

The hiatus at the 
base of the “Upper 

Oxfordian”  
deposits (marked 

as OX2) is 
correlated here 

with the OX5 low-
stand. 

Furthermore, the 
long-standing 

hiatus (up to Cl2) 
could be 

explained by  
uplifting in 
Ulyanovsk-

Saratov 
Deflection.  

87
South Orlik

(20: fig. 72)

Cl1

The hiatus at the 
base of the “Upper 

Oxfordian”  
deposits (marked 

as OX2) is 
correlated here 

with the OX5 low-
stand. 

Furthermore, the 
long-standing 

hiatus (up to Cl2) 
could be 

explained by  
uplifting in 
Ulyanovsk-

Saratov 
Deflection.  

88
Gridoyedovo 

(20: fig. 72)

Insufficient 
evidence. The 

section 
probably has 
been affected 

by the OX5 low 
stand.

? ?
mariaemariae

Cl2
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Left bank of the 

Kama
(20: pg. 498)
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Cobra Basin

(20: pg. 498)
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Trushnikovskoy

(20: pg. 498)
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OX5

OX2

Insufficient 
dataset. The 

hiatus at the base 
of the “Upper 

Oxfordian” 
deposits is 

correlated here 
with the OX5 low-

stand. 
Furthermore, the 

long-standing 
hiatus could be 

explained by 
uplifting of the 
Vyatka-Kama 

Basin. 

89
Rudnichny  

Vyatka-Kama b.
(20: pg. 498)

 

Insufficient 
dataset. The 

hiatus at the base 
of the “Upper 

Oxfordian” 
deposits is 

correlated here 
with the OX5 low-

stand. 
Furthermore, the 

long-standing 
hiatus could be 

explained by 
uplifting of the 
Vyatka-Kama 

Basin. 

Insufficient 
dataset. The 

hiatus at the base 
of the “Upper 

Oxfordian” 
deposits is 

correlated here 
with the OX5 low-

stand. 
Furthermore, the 

long-standing 
hiatus could be 

explained by 
uplifting of the 
Vyatka-Kama 

Basin. 

Insufficient 
dataset. The 

hiatus at the base 
of the “Upper 

Oxfordian” 
deposits is 

correlated here 
with the OX5 low-

stand. 
Furthermore, the 

long-standing 
hiatus could be 

explained by 
uplifting of the 
Vyatka-Kama 

Basin. 

93
Letka river

(20: pg. 498)

Insufficient 
dataset. The 

hiatus at the base 
of the “Upper 

Oxfordian” 
deposits is 

correlated here 
with the OX5 low-

stand. 
Furthermore, the 

long-standing 
hiatus could be 

explained by 
uplifting of the 
Vyatka-Kama 

Basin. 

94
Vol river

(20: page 499)

Continues 
Oxfordian 
deposits.

Cl1-2? Cl1-2? Cl1-2? Cl1-2? Cl1-2?
mariaemariae

95
Volgograd 

(9: pg. 133)

Continues 
Oxfordian 
deposits.
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Area eroded 
during the OX5 

low stand.   

Epistomina 
uhligi

Area eroded 
during the OX5 

low stand. 

A.  ilovaiskii 

Area eroded 
during the OX5 

low stand.

The hiatus at 
the base of the 
Late Oxfordian 

deposits is 
correlated with 
the OX5 low-

stand.

The hiatus at 
the base of the 
Late Oxfordian 

deposits is 
correlated with 
the OX5 low-

stand.  

Area non-affected 
by the low stands.

The section is 
considered to 

have been 
affected by the 
OX5 low stand.

mariaemariae

    2*. Central              5*. Peshsko-           6*. Syssola-            7*. Vyatka-            9*. Kostroma        10*. Koverniskii       11*. Moscow       12*. North-central        
        Pechora          Upper Peshskaya            Yarenga                 Kama                      Region                    Area                     Area                      Moscow
           Area                       Area                       Area                       Area                                                                                                               Depression

Generalized cross-sections from the Regional Stratigraphic Scheme of the Russian Platform 2012 (Mitta et al., 2012)
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??

*The number of the section corresponds to the original from Mitta et al. (2012)
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Hiatus or unconformity Cl1 Early Callovian Cl2 Middle Callovian Cl3 Late Callovian

Abbreviations & Symbols

(4: fig. 2) Exact reference of 
sequence data

4 Section number indicated on 
the paleogeographic maps.

“Borehole 1”
Section name as 
referred in the 
literature cited. Low stand reference bar

  Cross-section described in detail in the referred literature 

  Cross-section described in general terms (e.g. OX1, OX2, OX3) in the referred literature

   Cross-section described without a scheme in the referred literature 
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