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Kimmeridgian-Tithonian sea-level fluctuations in
the Uljanovsk—Saratov Basin (Russian Platform)

Svetlana O. Zorina Dmitry A. Ruban
Central Research Institute of Geology Swiss Association of Petroleum Geologists and
of Industrial Minerals, Kazan, Russian Federation Engineers, Rostov-na-Donu, Russian Federation

The Uljanovsk-Saratov Basin, located in the southeast of the Russian Platform, presents an
intriguing record of the Kimmeridgian-Tithonian sea-level fluctuations. In the Late Jurassic, this basin
was a trough within the Interior Russian Sea. The data available from both outcrops and boreholes
have permitted outlining a number of lithostratigraphic units and regional hiatuses in the
northeastern segment of the Uljanovsk-Saratov Basin, thus permitting a precise reconstruction of
transgressions/regressions and deepenings/ shallowings. In total, three transgressive-regressive cycles
and two deepening pulses have been established. These regionally documented changes were both
related in part to global eustatic changes, and they also corresponded in part to the regional sea-level
changes in some basins of Western Europe and Northern Africa, but not to those of the Arabian
Platform. Differences observed between the global and regional curves as well as rapid Tithonian sea-
level oscillations are explained by the influences of tectonic activity. It is hypothesized that the
regional Tithonian oxygen depletion might have been a consequence from the rapid flooding of a
densely vegetated land.

Key words: sea level, transgression, regression, eustasy, oxygen depletion, Uljanovsk-Saratov Basin,
Russian Platform, Kimmeridgian, Tithonian

Introduction

The global sea level strongly fluctuated during the Late Jurassic. In the late
1980s, the two most acceptable reconstructions of these fluctuations on a global
scale were attempted. Haq et al. (1987, 1988) presented the Mesozoic and,
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particularly, the Late Jurassic eustatic curve. However, it was criticized by Sloss
(1991), Miall (1992) and Hallam (2001). Another curve representing the sea-level
changes was proposed by Hallam (1988). Both reconstructions suggested a
stepwise rise of the sea level in the Oxfordian—-Kimmeridgian. The rise reached its
noticeable maximum at the Kimmeridgian-Tithonian transition, and an equally
important fall occurred at the end of the Jurassic. Although similar in general,
these curves differ in details. More than a decade later, Hallam (2001) attempted
a re-evaluation of the Jurassic global eustatic changes, analyzing previously
reconstructed curves and correcting them with new evidence from distinct
regions. Hag and Al-Qahtani (2005) proposed a new global eustatic curve,
although its Late Jurassic portion does not differ significantly from that by Haqg et
al. (1987, 1988). However, we still need to enlarge our knowledge on the Late
Jurassic sea-level changes to avoid any misunderstanding between the
reconstructions of Haq et al. (1987, 1988), Haq and Al-Qahtani (2005) and Hallam
(1988, 2001), and to minimize existing uncertainties. The most appropriate way to
do this is to continue the correction of the available curves with data from
particular regions, especially from those that have not been discussed earlier.

In this paper, we have attempted to reconstruct the Kimmeridgian-Tithonian
transgressions/regressions and deepenings/shallowings in the Uljanovsk—Saratov
Basin of the Russian Platform (Fig. 1). This platform was already considered to be
an essential region to test Mesozoic sea-level fluctuations (Sahagian and Jones
1993; Sahagian et al. 1996). The regional sea-level changes, preliminary
reconstructions of which were attempted by Zorina (2005a, b, 2006), are com-
pared with those documented globally and in the other regions, including
Western Europe, Arabia and Northern Africa.

Geologic setting

The Uljanovsk—Saratov Basin is presently located in the southeastern Russian
Platform (Fig. 1). In the Late Jurassic, the Russian Platform was situated on the
Baltic Plate, already amalgamated with some European blocks and Siberia into
Eurasia (Stampfli and Borel 2002; Lawver et al. 2002; Golonka 2004; Scotese 2004).
However, active tectonic processes took place just to the south, i.e., at the
northern margin of the Neotethys Ocean (Stampfli and Borel 2002; Golonka
2004). Tectonically, the Uljanovsk—Saratov Basin was a trough, intruded from the
south to the VWolga-Ural Arch (Sahagian et al. 1996). From the paleogeographic
point of view the Uljanovsk-Saratov Basin was located within the Interior
Russian Sea (also called the Middle Russian Sea) during the Late Jurassic (Fig. 1)
(Jasamanov 1978; Sahagian et al. 1996; Riboulleau et al. 1998; Rogov et al. 2006).
This sea covered a large part of the Russian Platform and was broadly connected
with the Arctic seas, whereas its connections with the Caucasian Sea and other
Peri-Tethyan seas occurred only sporadically (Rogov et al. 2006). Thus, the Late
Jurassic Interior Russian Sea was somewhat similar to the well-known Cretaceous
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Western Interior Seaway in North America (Reynolds and Dolley 1983; Sageman
and Arthur 1994; Roberts and Kirschbaum 1995; White et al. 2001, 2002).

The Mesozoic stratigraphy in this basin was reviewed by Zorina (2005a, b,
2006), who established a correspondence between the regional and global
(Gradstein et al. 2004) stratigraphic scales (Fig. 2). Kimmeridgian and Tithonian
deposits are known within the studied region, and they unconformably overlie
Callovian-lowermost Oxfordian marlstone (Zorina 2005b). The Kimmeridgian-
Tithonian deposits consist of marlstone, clay, sandstone, and conglomerate with
a total thickness up to 70 m (see next chapter for details). The biostratigraphic
framework was developed with ammonites and foraminifera (Zorina 2005b) (Fig.
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Regional stratigraphic framework of the Upper Jurassic. Sub-Mediterranean ammonite zones and
absolute ages after Gradstein et al. (2004); regional ammonite zones are modified from Zorina (2006)
with a reference to Zakharov (2003). The correlation between the European and Russian zones in the
Upper Tithonian interval is extremely uncertain. The numbers of the lithostratigraphic units are
explained in text
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2). Several regional ammonite zones have been established in the Uljanovsk—
Saratov Basin. They differ from zones recognized in Europe (Cariou and
Hantzpergue 1997; Gradstein et al. 2004). Some zones with the same name
correspond to distinct stratigraphic intervals. Traditionally, the uppermost
Jurassic and lowermost Cretaceous strata are ascribed to the Volgian Regional
Stage, whose recent correlation to the “standard” Tithonian—-Berriasian
stratigraphy has been attempted by Zakharov (2003). We believe that usage of the
regional stages may significantly complicate the chronostratigraphy [see Ruban
(2005) for more arguments]. Consequently, in this paper we have preferred the
Tithonian Stage as it is suggested by the International Commission on
Stratigraphy rather than the Wolgian Regional Stage.

Paleoenvironments within the studied area have been characterized by
Jasamanov (1978) and later by Riboulleau et al. (1998, 2003), Hantzpergue et al.
(1998) and Vishnevskaya et al. (1999). The Interior Russian Sea was generally
relatively shallow (Jasamanov 1978), although an alternation of shallow-water
and deep-water environments is proposed by Vishnevskaya et al. (1999). The
climate in the eastern part of the Russian Platform was subtropical and semi-
humid (Jasamanov 1978). The sea-water was of normal salinity, and its
temperature, established by means of isotopic measurements, was fairly low (i.e.
about 12-18 °C) in the Oxfordian, while the temperature rose to 16-21 °C in the
Kimmeridgian-Tithonian (Jasamanov 1978; Riboulleau et al. 1998). However, it is
necessary to emphasize recent criticism of the interpretation of the results from
such isotopic measurements (Longinelli 1996; Longinelli et al. 2002, 2003;
Longinelli, pers. comm.). The regional strength in aridity (aridization) is also
recorded by clay mineralogy (Riboulleau et al. 2003). An interesting phenomenon
was oxygen depletion, which occurred periodically within the studied region
during the Late Jurassic (Hantzpergue et al. 1998; Vishnevskaya et al. 1999;
Riboulleau et al. 2003). Paleobiogeographically, the Uljanovsk-Saratov Basin lay
at a transition between the Boreal and Tethyan Realms (Westermann 2000), which
is supported by the available paleontological data (Rogov et al. 2006).

Materials and methods

Our present study embraces the northeastern segment of the Uljanovsk-
Saratov Basin, where 70 boreholes were drilled during 1994-2000. Additionally,
about 50 sections have been studied at outcrops. An important section is
represented at the Sjundjukovskij Quarry, where phosphorite is mined. An
attempt was made to correlate the studied sections and to establish the general
lithostratigraphic framework (Figs 2, 3). We have found it difficult to use the
formations, which were formally defined more than a decade ago (Jakovleva
1993), because their definition is not clear. In some cases, the formations were
established on the basis of biostratigraphic criteria, which seems to be absolutely
inappropriate. Thus, to give a comprehensive description of the stratigraphic
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architecture of the studied region we have preferred to establish new
lithostratigraphic units and to characterize their lithology. These units, which
may have conformable or unconformable contacts, differ by their lithology.
Essentially these units are formations. However, we do not proclaim them as
formations to avoid confusion with the early-defined formations. Based on
paleontological data the ages of units have been established as precisely as
ammonite zones. The macrofaunal assemblages are given below, while the entire
paleontological data, including data on microfossils, were published previously
(Didenko and Zorina 2003; Zorina 2005a, b). For our constraints we used the
biostratigraphic framework developed by Zorina (2005b).

Two patterns of the regional sea-level fluctuations have been reconstructed, i.e.
the transgressive-regressive and deepening-shallowing patterns. Although in
some cases the sea-level changes are considered as changes in the water depth,
we suggest the sea-level fluctuations (changes) as a general term, which can be
referred to both transgressions-regressions and deepenings-shallowings.
According to Catuneanu (2006) transgressions and regressions are considered as
landward and basinward migrations of the shorelines, respectively. Deepenings
(sea level rises) and shallowings (sea level falls) are recorded by the changes in
the maximum depth within the studied territory. These two patterns should
always be distinguished (Catuneanu 2006; Ruban, in press). First, we have
established hiatuses based on biostratigraphic evidence. Then, the relative area of
deposit distribution was analyzed (Fig. 2). This allowed us to evaluate the
transgressive-regressive pattern. To establish the change in basin depth, facies
analysis has been undertaken. It is based on the criteria proposed earlier by
Sahagian et al. (1996), who linked the peculiarities of lithology, sedimentary
structures, minerals, and fossil assemblages to the basin depth and tested his
schema with the Mesozoic deposits of the Russian and Siberian platforms.

Lithostratigraphy

In the northeastern segment of the Uljanovsk-Saratov Basin, we have
established six lithostratigraphic units, which are characterized below.

Unit 1: gray calcareous clay with lenses of organic-rich clay containing
pyritized mollusk remains with a total thickness of 7-15 m. The faunal
assemblage suggests a correspondence of these deposits to the Aulacostephanus
?Pseudomutabilis Zone (Kimmeridgian).

Unit 2: light-gray marlstone, locally organic-rich, with pyrite and clay
interbeds. Its total thickness is 25-32 m. The faunal assemblage found in the
lower part of this unit is similar to that of the underlying unit, which suggests the
same age. The fossil assemblage of the upper part of this unit includes ammonites
[Aulacostephanus (Aulacostephanoceras) eudoxus (Orbigny), A. (A.) undorae (Paviow),
A. (A.) cf. subundorae (Pavliow), A. (A.) cf. syrti (Pavlow), Amoeboceras sp.], other
molluscs, including Nuculana sp., Nucula sp., Liostrea plastica (Trautschold), Loripes
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kostromensis Gerasimov, Dicroloma athulia (Orbigny), and foraminifera, which
suggests a correspondence of these deposits to the Aulacostephanus eudoxus Zone
(Kimmeridgian). At the top of this unit the ammonite Virgataxioceras sp. was
found, which is a characteristic taxon of the Virgatites fallax Subzone
(Aulacostephanus autissiodorensis Zone, Kimmeridgian-Tithonian).

Unit 3: gray calcareous clay and marlstone with interbeds of organic-rich clay,
of a total thickness of 5-11 m. At the base of this unit the ammonite llowaiskya
klimovi llowaisky has been found, a characteristic taxon of the llowaiskya klimovi
Zone (Tithonian). However, the foraminiferal assemblage suggests a cor-
respondence of these deposits to the Aulacostephanus autissiodorensis Zone
(Kimmeridgian-Tithonian). Fossil assemblages of the middle part of this unit
include the ammonites llowaiskya sokolovi llowaisky and foraminifers. These
deposits correspond to the llowaiskya sokolovi Zone (Tithonian). The upper part of
this unit is characterized by the assemblage, which includes ammonites (Pavlovia
cf. menneri Michalsky, P. cf. pavlovi (Michalsky), Pavlovia sp., ?Dorsoplanites sp.),
brachiopods, bivalves and foraminifera. This suggests correspondence of these
deposits to the Dorsoplanites panderi Zone (Tithonian).

Unit 4: greenish-gray organic-rich clay with sandstone and siltstone interbeds
and abundant pyrite grains. The total thickness varies from 2 to 7 m. At the top
of this unit the following fossils have been found: ammonites (Zaraiskites sp.),
bivalves [Oxytoma sp., Buchia mosquensis (Buch), Buchia sp., Dreissena jurensis
Gerasimov], brachiopods (Lingula demissa Gerasimov, Lingula sp.), and
foraminifera. This suggests a correspondence of these deposits to the
Dorsoplanites panderi Zone (Tithonian). The other fossils found in this unit include
ammonites [Zaraiskites cf. scythicus (Vischniakoff), Dorsoplanites cf. panderi
(Orbigny), D. dorsoplanus (Vischniakoff), Pavlovia cf. menneri Mikhailov, P. cf.
pavlovi (Michalsky)], bivalves [Astarte duboisiana (Orbigny), Loripes fischerianus
(Orbigny), Inoceramus pseudoretrosus Gerassimov, Ostrea kharaschovensis Rouill),
belemnites (Acroteuthis (Microbelus) sp.], gastropods [Scurria maeotis (Eichwald)],
foraminifera, and also shark teeth and echinoderm remains. These taxa are
typical for the Dorsoplanites panderi Zone.

Unit 5: greenish-gray sandstone up to 1.1 m thick. The fossil assemblage
includes few ammonites [Virgatites pallasianus (Orbigny) and V. sosia
(Vischniakoff)] and bivalves [Limatula sp., Buchia fisheriana (Orbigny)], which
suggests the Virgatites virgatus Zone (Tithonian). At the Sjundjukov Quarry the
above-mentioned sandstone is overlain by green sandstone, 0.4 m thick, which
contains the ammonites Epivirgatites nikitini (Michalsky), Epivirgatites sp., and
reworked Virgatites cf. gerassimovi Mitta. The first of these is an index species of
the Epivirgatites nikitini Zone (Tithonian).

Unit 6: green and grayish-green sandstone with a thickness up to 0.9 m. The
fossil assemblage includes the ammonite Kachpurites fulgens (Trautschold) and
reworked specimens of Virgatites pussilus Michalsky, and the bivalves Gresslya sp.,
Entolium demissum (Phillips), Astarte sp., ?Corbula sp. and Buchia fisheriana
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(Orbigny), which suggests the Kachpurites fulgens Zone (Tithonian). The fossil
assemblage from the overlying strata includes the ammonite Craspedites okensis
(Orbigny), the belemnite Acroteuthis (Microbellus) mosquensis (Pavlow), and the
bivalve Entolium nummularis (Waldheim). This suggests the Craspedites subditus
Zone (Tithonian-Berriasian). In the Sjundjukov Quarry this unit is represented
by 0.3 m-thick conglomerate with Buchia remains. Its fossil assemblage also
includes the ammonite Craspedites cf. okensis (Orbigny), the bivalves Buchia
fisheriana (Orbigny), B. sp., Protocardia concinna (Buch), and the belemnite
Acroteuthis sp. juv., which suggests an upper interval of the Kachpurites fulgens
Zone (Tithonian) or Craspedites subditus Zone (Tithonian—Berriasian).

Regional transgressions/regressions and deepenings/shallowings

Only two minor hiatuses can be recognized within the Kimmeridgian-
Tithonian succession of the northeastern segment of the Uljanovsk—Saratov Basin
(Fig. 2). The first of these corresponds to the interruption between the Virgatites
virgatus and Epivirgatites nikitini regional zones, i.e. it is placed within Unit 5.
Reworking of ammonites in the upper interval of this unit in the Sjundjukov
Quarry could confirm this short-term lack of sedimentation. The latter was
associated with subaerial erosion. Another minor hiatus is established between
the Epivirgatites nikitini and Kachpurites fulgens regional zones, i.e. between the
units 5 and 6. A contact of units allow the interpretation of subaerial erosion.
Evidence for reworking is known from Unit 6. Thus, both hiatuses belong to the
Tithonian interval. The above-mentioned hiatuses delineate three principal
transgressive-regressive cycles within the studied area. They corresponded to
three intervals of the regional ammonite zones, respectively — Aulacostephanus
pseudomutabilius-Virgatites virgatus, Epivirgatites nikitini and Kachpurites fulgens—
Craspedites subditus. Additionally, a hiatus may exist in the upper part of Unit 3,
where there is no evidence for the presence of the llowaiskya pseudoscythica
Regional Zone. However, Olfer'ev (pers. comm.) suggests that strata cor-
responding to this zone cannot be absent within the studied area, and that this
zone exists in the adjacent areas southward i.e., in the stratotype area of the
\olgian Regional Stage. As for the underlying Oxfordian and the overlying
Berriasian strata, they are separated from the Kimmeridgian-Tithonian
sedimentary succession by significant unconformities with erosional surfaces.

The sediments of Units 1, 2 and 3 are distributed within most of the
northeastern segment of the Uljanovsk-Saratov Basin (Fig. 2). In contrast, the
earliest Kimmeridgian interval is represented by a hiatus. This means a relatively
rapid transgression at time of the Aulacostephanus pseudomutabilis Regional Zone
(Fig. 4). The area occupied by the Interior Russian Sea in the studied basin did not
change until the time of the llowaiskya pseudoscytica Zone, when a regression
occurred. This is recorded by a restricted distribution of the marine sediments of
this age (Fig. 2). The widest distribution of the organic-rich clays of Units 3 and 4
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(Dorsoplanites panderi Regional Zone) marks the largest and very rapid, but short-
term transgression (Fig. 4). A strong regression took place at time of the Virgatites
virgatus Regional Zone, which is documented by the restriction of deposition at
that time (Fig. 2). The deposits of Units 5 and 6 are restricted to relatively small
areas of the northeastern segment of the Uljanovsk-Saratov Basin. This indicates
minor transgressive-regressive pulses (Fig. 4). It appears that at such times when
regressions occurred, erosion occurred within the entire study area or parts
thereof.

Units 1, 2 and 3 were accumulated at depth of more than 40-50 m below sea
level (the first deepening pulse). This is suggested by the presence of bituminous
clay and sulfides (Sahagian et al. 1996). Organic-rich clays with abundant pyrite
of Unit 4 were deposited at depths of more than 50-60 m (the second deepening
pulse). Units 5 and 6, dominated by sand and abundant phosphorite, were
accumulated under much shallower conditions, at approximate depths of 10-20
m or even less. Numerous but minor erosional surfaces also occur within Units 5
and 6. These can be explained either by rapid sea-level fluctuations along the
coastline or by the activity of bottom currents, which caused submarine erosion
and resedimentation. The presence of phosphorite gravel and pebbles suggests
intensive resedimentation due to the direct influences of sea waves. Bottom
currents are indicated by the resedimentation of ammonite shells, which are
found in these strata.

Thus, both transgressive-regressive and deepening-shallowing patterns were
very similar in the Kimmeridgian-Tithonian within the studied region.

These reconstructed changes in basin depth in the northeastern segment of the
Uljanovsk-Saratov Basin should be compared with those evaluated by Sahagian
et al. (1996) for the central part of the Russian Platform. Sahagian et al. (1996)
documented a rapid transgression in the late Kimmeridgian accompanied with
deepening (Fig. 4). The same is recorded in the studied area of the Uljanovsk—
Saratov Basin. A remarkable sea-level drop before the Dorsoplanites panderi
Regional Zone occurred in the central Russian Platform (Sahagian et al. 1996).
The curve for the Ulyanovsk-Saratov Basin confirms such patterns and therefore
validates the hypothesized curve of Sahagian et al. (1996). A major transgression
and deepening at the time of the Dorsoplanites panderi Regional Zone, followed by
a significant drop, are recorded both in the central Russian Platform (Sahagian et
al. 1996) and the northeastern Uljanovsk-Saratov Basin (Fig. 4). However, a
significant fall and then sea-level rise at the Dorsoplanites panderi—Virgatites
virgatus transition is not recognized in the latter. The sea-level curves of the
compared regions for the E. nikitini—C. subditus interval are also similar; only
minor differences are observed. Basin shallowing is also documented in both
regions, although in the central part of the Russian Platform the sea was a little
deeper than in the northeastern segment of the Uljanovsk-Saratov Basin (Fig. 4).
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Comparison with global and other regional curves

A significant task is to compare the global and regional sea-level curves (Fig. 4).
Global eustasy was one of the leading factors, which controlled the regional
transgressions/regressions and deepenings/shallowings. Hallam (1988, 2001)
suggested the global sea-level rise in the late Kimmeridgian, followed by a minor
fall at the Kimmeridgian-Tithonian transition. Thereafter the eustatic level rose
again and reached its maximum for the Jurassic. Later the sea level dropped
twice, namely in the mid-Tithonian and at the Tithonian-Berriasian boundary.
However, Hallam (2001) expressed some doubts about the global extent of the
end-Jurassic regression, and he proclaims this event as appearing regionally and
tectonically induced. Haq et al. (1987 1988) and Haqg and Al-Qahtani (2005)
suggested the stepwise rise and then rapid oscillations of the global sea level
during the Kimmeridgian-Tithonian, with maximum flooding in the earliest
Tithonian and subsequent drop (with oscillation) toward the Berriasian. By
comparing our regional curves with the global ones (Fig. 4), we conclude that the
data from the Uljanovsk-Saratov Basin partly confirms the reconstruction of Haq
et al. (1987, 1988) and Hag and Al-Qahtani (2005). The key points from the curve
of Hallam (1988, 2001), i.e. the early Tithonian peak of sea-level rise and two sea-
level falls in the mid- and end-Tithonian, can also be traced within the studied
region. However, the end-Tithonian fall is evident regionally, whereas it was
considered by Hallam (2001) as doubtful. We also have not documented any
regression or shallowing at the Kimmeridgian-Tithonian transition as proposed
by Hallam (1988, 2001). The correspondence of the regional sea-level curves to
those of Haq et al. (1987, 1988) and Haqg and Al-Qahtani (2005) is more evident,
because we are able to document the rapid global oscillations in the middle-late
Tithonian within the Uljanovsk-Saratov Basin (Fig. 4). In the studied region,
however, we determined only a low number of such oscillations, and their
amplitudes appear to be less than those of Hag et al. (1987, 1988). Sahagian et al.
(1996) concluded the same for the central part of the Russian Platform.

We have also attempted a comparison of the Kimmeridgian-Tithonian regional
transgressions/regressions and deepenings/shallowings. Our attention was
concentrated on the basins of Western Europe and on two stable cratonic regions
(Northern Africa and Arabia), the tectonic regime of which was somewhat similar
to that of the Russian Platform. In the basins of Western Europe, the
Kimmeridgian-Tithonian interval is characterized by the maximum
transgression of the North Sea cycle (Jacquin and de Graciansky 1998; Jacquin et
al. 1998). The transgression peak was reached at the end of the Kimmeridgian,
although its age is debated (Jacquin and de Graciansky 1998). For the Tithonian,
distinct sea-level changes have been recorded in the Boreal and Tethyan regions
(Jacquin et al. 1998). In “Boreal Europe” a minor regression occurred in the early
Tithonian, followed by a weak transgression in the middle Tithonian; the late
Tithonian was marked by a significant regression (Jacquin et al. 1998). In the
Wessex-Weald Basin of England, the maximum deepening was reached in the late
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Kimmeridgian-early Tithonian, when the sea level was subjected to rapid
oscillations; this followed the long-term and gradual sea-level rise during the late
Kimmeridgian (Taylor et al. 2001). In contrast, in “Tethyan Europe”, a regressive
trend occurred during most of the Tithonian, while a transgression began at the
end of this age (Jacquin et al. 1998). In the northeast of Iberia, a transgression
peak was already reached in the middle-late Kimmeridgian (Badenas and Aurell
2001; Aurell et al. 2003), while the Kimmeridgian-Tithonian transition is marked
by a sea-level fall (Badenas and Aurell 2001). In northwestern Germany the
Kimmeridgian-Tithonian basins were shallow, having been influenced by sea-
level oscillations (Stratigraphische Tabelle von Deutschland 2002). However, the
sea level rose in the early Tithonian, as suggested by the Gigas-Schichten
Formation. A peak of the major fall is observed in this region only in the
Berriasian. In contrast, basins were relatively deep in Southern Germany,
although the upper part of the so-called “Weiller Jura”, and the upper Tithonian
Neuburg Formation were accumulated in the shallower basin (Gwinner 1976;
Ziegler 1977; Stratigraphische Tabelle von Deutschland 2002). These sea-level
fluctuations in Western Europe are only partly similar to those documented in
the Uljanovsk-Saratov Basin (Fig. 4).

In Northern Africa, the sea level was fairly high during the Kimmeridgian—
early Tithonian (Guiraud et al. 2005). The eustatic fall at the Jurassic—-Cretaceous
transition occurred due to intense tectonic deformations, embracing the entire
northern part of Africa. This resulted the so-called Cimmerian unconformity
(Guiraud et al. 2005). In Senegal and Mauritania, rapid sea-level oscillations have
been registered in the Upper Jurassic record by the intercalation of carbonate and
clastic beds (Guiraud et al. 2005). It seems that sea-level changes in Northern
Africa were somewhat similar to those documented in the Uljanovsk-Saratov
Basin. On the Arabian Platform, the late Kimmeridgian—early Tithonian time
interval corresponded to the greatest regressive episode, when the Hith
evaporites were accumulated (Sharland et al. 2001). A gradual but strong
transgression began in the mid-Tithonian, and its maximum was reached in the
Berriasian. Such a eustatic record of this region, controlled by regional tectonic
evolution (Sharland et al. 2001), differs strongly from that of the studied
Uljanovsk-Saratov Basin (Fig. 4) and from the global sea-level changes (Haq et al.
1987, 1988; Hallam 1988, 2001; Haq and Al-Qahtani 2005).

Unfortunately, it is often unclear what patterns of sea-level changes were
reconstructed in those regions, which we compared with the Uljanovsk-Saratov
Basin. Sometimes transgressions/regressions are mixed with the deepenings/
shallowings (rises/falls), and it is very difficult to differentiate between them. Our
conclusions from the attempted interregional tracing of the sea-level changes,
therefore, are only preliminary.
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Discussion
Latest Jurassic sea-level oscillations

The frequent and relatively high-amplitude oscillations as documented by Haq
et al. (1987, 1988) in the Tithonian may have occurred in the case of glaciation, or
at least due to global cooling, because they are more typical for ice-house times
(Read 1995, 1998). A significant cooling phase at the Jurassic-Cretaceous
transition has been documented in Gondwana (Scotese 1998; Anderson et al.
1999; Scotese et al. 1999). In contrast, a global isotopic analysis of belemnite rostra
attempted by Podlaha et al. (1998) suggests a short-term warming phase in the
Tithonian. The curve of the oxygen-isotopic paleotemperatures for low-latitude
sea-water by Condie and Sloan (1998) demonstrates a minor, but long-term
warming. The regional data from the Russian Platform provide evidence for
warming (Jasamanov 1978; Riboulleau et al. 2003). The recent studies of the
parasequence architecture of the Adriatic Platform provide clear evidence for the
“hot global greenhouse” in the Tithonian (Husinec and Read 2007). Additionally,
J. Francis (pers. comm.) suggested the absence of full-scale glaciations in the
Mesozoic. Thus, if even some cooling occurred on a global scale in the end-
Jurassic, it seems that it was not significant enough to provoke such sea-level
changes as recorded by Haq et al. (1987, 1988). In this case, the influences of local
tectonics may explain the observed oscillations. Hallam (1988, 2001) pointed out
such influences in the region, which were used by Haq et al. (1987, 1988) as
reference ones, in order to construct their curve. If that is so, then why are the
same oscillations known in other regions, including the Saratov-Uljanovsk
Basin? This is easily explained by the similarity of tectonic influences. It is also
possible to hypothesize that this similarity was not occasional. The break-up of
Pangaea, the subsequent opening of the Central Atlantic, and the tectonic
reorganization in the Western Neotethys continued in the Late Jurassic (Stampfli
and Borel 2002; Golonka 2004). These were significant enough to influence the
evolution of the European and North African regions. Plate reorganization in
particular led to the noticeable fault movements and the formation of horsts and
grabens (Golonka 2004). Thus the sea-level changes recorded by Haq et al. (1987,
1988) and Haq and Al-Qahtani (2005), as well as some regional changes, should
be explained as significantly controlled by tectonics.

Finally, we agree with Hallam (2001) and Aurell et al. (2003) that local tectonics
provided many complications in the evaluation of Jurassic sea-level fluctuations
and strengthened differences between the particular regions. The Caucasus for
instance, a region located just to the south from the Russian Platform,
demonstrates somewhat different patterns of sea-level changes (Ruban in press)
than documented in the Uljanovsk-Saratov Basin. This can only be explained by
strong differences in the tectonic settings of these regions.
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Oxygen depletion

Our reconstruction of the sea-level changes allows us to discuss the causes of
the Tithonian anoxia in the Uljanovsk-Saratov Basin, which resulted in the
deposition of the organic-rich (bituminous) clay of the Dorsoplanites panderi
Regional Zone. Riboulleau et al. (2003) proposed a model, which explains their
accumulation by strong aridity. Disruption of salinity stratification and eolian
supply of iron stimulated phytoplankton productivity. Jenkyns et al. (2002)
presented a brief but comprehensive overview of the Late Jurassic organic-rich
strata. They demonstrated that the latter accumulated in numerous regions
worldwide, although the absence of organic enrichment in the Tethyan European
regions does not permit speculation about a global anoxic event like the
Cretaceous OAEs. They also underlined difficulties in the explanation of the
causes of the Kimmeridgian-Tithonian oxygen depletion. Gavrilov and
Kopaevich (1996) introduced another proposal, which links the deposition of
organic matter to the drowning of previously existing wetlands. Recently a very
interesting concept to explain anoxia in sea basins was proposed by Guex et al.
(2001) and Morard et al. (2003), and then tested by Efendiyeva and Ruban (2005)
and Ruban and Efendiyeva (2005). According to their suggestions, dys- and
anoxia are initiated due to abnormal delivery of organic matter from the
drowning land, together with strong and rapid transgression. Such a concept
thus is very close to the model of Gavrilov and Kopaevich (1996).

In the Uljanovsk-Saratov Basin, a significant regression at the time of the
Ilowaiskya pseudoscythica Regional Zone, followed by the remarkable regression at
the time of the Dorsoplanites panderi Regional Zone (Fig. 4), may have been
resulted in the exposure of large areas above sea level, followed by their very
rapid drowning. Such an exposed area was evidently densely vegetated.
Favorable climatic conditions on the Russian Platform (Jasamanov 1978) were
able to stimulate very rapid colonization of newly-emerged areas by terrestrial
plants. The organic-rich clays contain woody debris, which supports the regional
influx of the plant organic matter. Therefore, the model of Guex et al. (2001) and
Morard et al. (2003) can be applied to explain the Tithonian anoxia in the
Uljanovsk—-Saratov Basin. Our hypothesis on the causes of the Tithonian oxygen
depletion should be further tested with new data. In any case, our hypothesis
does not contradict the model of Riboulleau et al. (2003), but can indicate a
supplementary mechanism for the regional oxygen depletion.

Conclusions

Our study of the Kimmeridgian-Tithonian sea-level changes in the
northeastern segment of the Uljanovsk—Saratov Basin allows the formulation of
some important conclusions:
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1. three principal transgressive-regressive cycles, delineated by hiatuses, cor-
respond to A. pseudomutabilis — V. virgatus, E. nikitini, and K. fulgens — C. subditus
intervals respectively;

2. two deepening pulses occurred at the times of the A. pseudomutabilis and D.
panderi zones;

3. the sea-level changes in the Uljanovsk—Saratov Basin were similar to those
documented in the central part of the Russian Platform (Sahagian et al. 1996);

4. global tracing suggests that the fluctuations recorded in particular regions and
globally were only partly similar;

5. hypothetically, the Tithonian oxygen depletion in the studied region may have
been connected with the rapid flooding of densely vegetated areas, which had
been partly exposed at the time of the preceding sea-level fall.

The main task for further study is the precise reconstruction of tectonic activity
in the Uljanovsk-Saratov Basin in the Late Jurassic, which would provide a clue
to the understanding of the causes of the recorded sea-level fluctuations.
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