
The upper Viséan–Serpukhovian in the type area for the Serpukhovian Stage
(Moscow Basin, Russia): Part 1. Sequences, disconformities,

and biostratigraphic summary

PAVEL B. KABANOV1,3*, ALEXANDER S. ALEKSEEV2,4, NILYUFER B. GIBSHMAN4,
RUSLAN R. GABDULLIN2 and ALEKSEI V. BERSHOV2

1Geological survey of Canada, Calgary, AB, Canada
2Geological Faculty, M.V. Lomonosov Moscow State University, Moscow, Russia

3Kazan Federal University, Kazan, Russia
4Paleontological Institute RAS, Moscow, Russia

The upper Viséan–Serpukhovian strata in the type region for the Serpukhovian Stage is an epeiric-sea succession ca. 90m in thickness. The
predominantly Viséan Oka Group (comprising the Aleksin, Mikhailov, and Venev formations) is dominated by photozoan packstones with
fluvial siliciclastic wedges developed from the west. The Lower Serpukhovian Zaborie Group is composed of the Tarusa and Gurovo
formations. The latter is a new name for the shale-dominated unit of Steshevian Substage age in the studied area. The Zaborie Group is
composed of limestones and marls in its lower (Tarusa and basal Gurovo) part and black smectitic to grey palygorskitic shales in the main
part of the Gurovo Formation. The Gurovo Formation is capped by a thin limestone with oncoids and a palygorskitic–calcretic palaeosol.
The Upper Serpukhovian is composed of a thin (3–12m) Protva Limestone heavily karstified during a mid-Carboniferous lowstand. The
succession shows a number of unusual sedimentary features, such as a lack of high-energy facies, shallow-subtidal marine sediments
penetrated by Stigmaria, the inferred atidal to microtidal regime, and palustrine beds composed of saponitic marls. The succession contains
many subaerial disconformities characterized by profiles ranging from undercoal solution horizons to palaeokarsts. Incised fluvial channels
are reported at two stratigraphic levels to the west of the study area. The deepest incisions developed from the Kholm Disconformity
(top of the Mikhailov Formation). This disconformity also exhibits the deepest palaeokarst profile and represents the major hiatus in the
Oka–Zaborie succession. The new sea-level curve presented herein shows two major cycles separated by the Kholm Unconformity at the
Mikhailov/Venev boundary. The Lower Serpukhovian transgression moved the base-level away from falling below the seafloor so that
the section becomes conformable above the Forino Disconformity (lower Tarusa). The maximum deepening is interpreted to occur in the
lower dark-shale part of the Gurovo Formation. The base of the Serpukhovian Stage is defined by FADs of the conodont Lochriea ziegleri
and the foraminifer Janischewskina delicata in the middle of the sequence VN2. The Aleksinian–Mikhailovian interval is provisionally
correlated with the Asbian (Lower–Middle Warnantian) in Western Europe. Based on FODs of Janischewskina typica and first representatives
of Climacammina, the Venevian is correlated with the Brigantian in Western Europe. The Tarusian–Protvian interval contains diverse
fusulinid and conodont assemblages, but few forms suitable for international correlation. FADs of the zonal conodont species Adetognathus
unicornis and Gnathodus bollandensis at several metres above the Protvian base suggest correlation of the entire Zaborie Group and may be
the basal Protvian to the Pendleian. Copyright © 2014 John Wiley & Sons, Ltd.
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1. INTRODUCTION

The Carboniferous succession of the southern Moscow
Basin hosts four global stage stratotypes including the
Serpukhovian, Moscovian, Kasimovian, and Gzhelian
stages (Alekseev et al., 1996; Menning et al., 2006;
Davydov et al., 2012). The late Mississippian part of this

succession including the type Serpukhovian has the potential
to provide the fine-detail record of sea-level fluctuations that
could help to build a more reliable eustatic sea-level curve of
the transition to the main Late Palaeozoic Ice Age (LPIA)
phase (Glacial II of Isbell et al., 2003). Recent sequence
stratigraphic works (Kabanov et al., 2012, 2013) have
indicated that there is a significant potential to improve this
record compared to existing charts (Makhlina, 1996; Alekseev
et al., 1996), which would provide more tools for event
correlation with most adequately studied successions of
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Western Europe, British Isles, and North America (see
reviews in Somerville, 2008; Cózar and Somerville, in press).

The sequence stratigraphy of the Viséan Oka Group of
the southern Moscow Basin, including the type area for
the Serpukhovian Stage, commenced when Shvetsov
(1922/1923, 1932) used the traceable blackened limestones
with Stigmaria and solution features (‘rhizoid limestones’)
to define the Aleksinian–Mikhailovian and Mikhailovian–
Venevian boundaries. A two-sequence composition of the
Venevian with ‘rhizoid limestones’ at the top of units has
been documented by Osipova and Belskaya (1965a,
reviewed in Hecker and Osipova, 2007; although the word
‘sequence’ was not applied originally). After Osipova and
Belskaya (1965a), development of disconformity-based
correlations in the Oka Group essentially stalled, with
various cyclicity/sequence models produced, but little
progress has been made in rock interpretation. Now is an
opportune time to look at disconformities as prime horizons
for regional correlation, especially taking into account
characterless carbonate facies and wedging siliciclastic
units, none of which can be taken as a regionwide marker.
Subaerial exposure profiles below these disconformities
have become the subject of a multiproxy study (Alekseeva
et al., 2012). In addition, the results of a bulk geochemistry
and magnetic susceptibility study of selected outcrop
sections is being published elsewhere (Alekseev et al., in
press; Kabanov et al., in press).

This paper expands the pilot paper by Kabanov et al.
(2013) in updating the sequence stratigraphic framework

of the Visèan–Serpukhovian boundary succession, based
on revision of its facies patterns, disconformities, and forami-
niferal and conodont biostratigraphy. The problems of the
Lower Serpukhovian local correlation, facies, and sequence
stratigraphic interpretation have been addressed in several
recent papers (Kabanov, 2003; Gibshman, 2003; Hecker and
Osipova, 2007; Gibshman et al., 2009; Kabanov et al., 2012).
Much less development has been achieved so far on the
underlying strata, and the recent tendency to move the base of
the Serpukhovian Stage downward into the Venevian Substage
(Gibshman et al., 2009; Kabanov et al., 2013) encourages us
to give special attention to the Oka Group in this paper.

2. REGIONAL GEOLOGY

2.1. Geological context of the studied succession

The Carboniferous rocks crop out extensively along the
southern, western, and northwestern flanks of the Moscow
Basin (Fig. 1), a post-rift intracratonic sag developed in the
central part of the East European Craton (EEC) since
Middle–earliest Late Devonian time until Early to Middle
Triassic (Nikishin et al., 1996). The depositional axis of this
basin lies to the north of Moscow City, along the northeasterly-
trending Central Russian system of Neoproterozoic continen-
tal rifts (aulacogens; Fedynskiy et al., 1976). As natural
exposures are usually low and weathered, the best outcrop
sections are provided by the numerous limestone quarries.

Figure 1. (A) Global palaeogeographic position of the Moscow Basin during the Late Viséan (modified from Kiessling et al., 2003); black areas are carbonate
platforms excluding mixed carbonate-siliciclastic and carbonate-evaporite basins; East European Craton (excluding North Caspian Basin) is outlined by a solid
line. (B) Trace of cross-section from Figure 3 inserted on pre-Cenozoic Geological Map of Russia 1: 2500 k; Section acronyms: (PZ) Polotnyanyi Zavod, (MY)
well Maloyaroslavets-8, (DS) Dashkovka, (W) wells of 105 km, (ZA) Zaborie, (NG) Novogurovsky, (ML) Malinovka, (FO) Forino, and (ZM) Zmeinka.

This figure is available in colour online at wileyonlinelibrary.com/journal/gj
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The studied Carboniferous succession never experienced
deep burial diagenesis, as indicated by the conodont colour
alteration index (CAI) values ranging between 1 and 2,
brown coals of the Moscow Coal Basin (Makhlina et al.,
1993), and immature lithologies such as non-lithified
sands and silts, easily expanding shales, and lack of burial
cementation in carbonates. The Mississippian part of the
succession retains many original sedimentary features that
are rarely preserved in Palaeozoic sediments, such as
sedimentary palygorskites and diverse marine, pedogenic,
and palustrine smectites (Zkhus, 1956; Kabanov et al.,
2012; Alekseeva et al., 2012). However, protracted
weathering episodes during the Permian–Middle Jurassic
and post-Cretaceous cratonic emersions do not permit
reference to the whole succession as pristinely preserved,
as evidenced by dissolved anhydrite nodules in dolomites
and oxidized iron nodules in porous rocks involved in
former aquifers (Alekseev et al., in press).
Two major stratigraphic unconformities (Tournaisian to

middle Viséan and late Serpukhovian to late Bashkirian)
divide the Carboniferous succession of the Moscow Basin
into three third-order sequences: Famennian–Tournaisian,
middle Viséan–Serpukhovian, and the basal Moscovian (or
probably the latest Bashkirian) to Cisuralian (Alekseev et al.,
1996). Starting from the early Late Pennsylvanian, the
subsidence areas continuously retreated eastward and
northeastward, so that in the study area the Viséan–Serpukhovian

and Moscovian strata subcrop under the Jurassic (Fig. 1).
The extensive exposure of the Carboniferous is largely a
result of Pleistocene glacial scouring of loose Meso-
Cenozoic sediments.

2.2. Stratigraphy of Upper Viséan succession

The Late Viséan Oka Group averages 40m in thickness and
comprises the Aleksin, Mikhailov, and Venev formations
(Table 1; Birina et al., 1971; Belskaya et al., 1975). These
formations have long been called substages or horizons
(e.g. Shvetsov, 1938; Birina et al., 1971; Belskaya et al.,
1975). As a result of recent rationalization of stratigraphic
nomenclature, these formations appear as type units for the
Aleksinian, Mikhailovian, and Venevian regional substages
(Makhlina et al., 1993; Alekseev et al., 1996; Menning
et al., 2006). The latter are recognized based mostly on
biostratigraphy across the EEC and the Western Urals. In
the Kaluga–Mikhailov outcrop belt (Fig. 1), these three
formations are characterized by similar clean limestone
composition in the east and development of siliciclastic
wedges from the west and southwest (Figs. 2A and 3). These
siliciclastic wedges account for the thickness increase of the
Oka Group, up to 53m near Kaluga (Birina et al., 1971;
Fig. 2). The Oka Group is underlain by the Tula Formation
(Tulian Regional Substage), a carbonate-siliciclastic pack-
age bearing mineable coal seams. The Tula Formation has

Table 1. Chronostratigraphic framework of the Middle Viséan–Serpukhovian ’supersequence’ (third-order sequence)
and its proposed correlation to Western Europe: foraminiferal and conodont zones based on (Alekseev, 2009); dashed
base of the Oka Group according to Birina et al. (1971) and Belskaya et al. (1975); Pest. is Pestovo Formation; Gurovo
Formation is a new lithostratigraphic unit discussed in the text; in the right column, R.ST. is the regional substage, and
arrowed ranges show most likely changes in correlation of substage boundaries.

TYPE SERPUKHOVIAN (MISSISSIPPIAN) AND UNDERLYING STRATA, MOSCOW BASIN
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Figure 2. Late Mississippian facies zones (A and B; based on maps in Makhlina et al., 1993) and cross-section of Steshevian Substage (C; simplified from
Osipova and Belskaya, 1966): (A) Mikhailovian (Late Viséan); (B) Steshevian (Early Serpukhovian). (C) This cross-section illustrating spatial extent of Gurovo
Formation is shown without its uppermost Kremenskoe Member which by that time was joined to Protvian (Osipova and Belskaya, 1966; Belskaya et al, 1975);
cross-section line is shown on Figure 2B; numbering of composite sections corresponds to Osipova and Belskaya (1966), and the type section for the Steshevian

Substage is number 13 (Steshevo Rapids on Volga River).

P. B. KABANOV ET AL.

Copyright © 2014 John Wiley & Sons, Ltd. Geol. J. (2014)
DOI: 10.1002/gj



Figure 3. Section correlation based on subaerial disconformities (modified fromKabanov et al., 2013).Members on the Aleksin-Tarusa interval afterMakhlina et al.
(1993). Gurovo Formation is proposed in this paper. Abbreviated members: Kum. Gora—Kumova Gora; Ign. Gora—Ignatova Gora; Kr.—Kremenskoe. Hierarchy
of sequences and parasequences updated from Kabanov et al. (2012, 2013). Acronyms for disconformities: MLU—Malinovka, KHU—Kholm, BU—Barsuki,
MU—Muratovka, FU—Forino, DU—Dashkovka, VU—Vysokoe. APB—Akulshino palustrine bed. Siliciclastic units at Polotnyanyi Zavod: MHT1—lower
Mikhailovian, MHT1—upper Mikhailovian, VNT1—Venevian. Note that thick and monotonous units in Well Maloyaroslavets-8 are collapsed in order to fit into

the figure; true thickness can be inferred from depth ruler (MD) on the left. This figure is available in colour online at wileyonlinelibrary.com/journal/gj
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been included in the Oka Group in recent regional
stratigraphic schemes (Makhlina et al., 1993; Makhlina,
1996), although its markedly different facies pattern and
different foraminiferal zonal assemblages would tend to
favour its exclusion.

Recent field and microfacies descriptions of carbonate
facies of the Oka Group indicate minor fluctuations from
bioturbated bioclastic packstones to wackestones, without
the development of any rounded-grain grainstones or lime
mud facies that would indicate a shallowing- or deepening-
upward trends in a section (Gibshman et al., 2009; Kabanov
et al., 2012). In addition, typical intertidal facies are absent
as well.

Up to seven ‘rhizoid limestones’ (phytokarst horizons)
were originally described in the Mikhailovian (Shvetsov,
1922/1923; Belskaya et al., 1975). The lowermost of these
seven beds was matched to the top of the Aleksin (Shvetsov,
1932; Birina et al., 1971; Osipova and Belskaya, 1965a;
Makhlina et al., 1993), and the uppermost one, originally
matched to the top of the Mikhailov, has been moved down
to the Venev base in recent works (Fig. 3; Gibshman et al.,
2009; Kabanov et al., 2012, 2013). Correlation of the other
five ‘rhizoid limestones’ to the present-day sections remains
unclear. Problems in correlation also remain in the Aleksin
and Tula formations. However, our material from the lower
Aleksin is limited to one well of 105 km from the bridge
construction site of the Moscow–Tula railway (Figs. 3 and 4),
and no new data on the Tula Formation are available. This
lack of data results from a decline of representative
outcrops following the closure of the Moscow Coal Basin
mining activity.

2.3. Stratigraphy of Serpukhovian succession

The Lower Serpukhovian Zaborie Group consists of lime-
stones of the Tarusa Formation succeeded by argillaceous
limestones and shales conventionally pertaining to the
Steshevo Formation, but now referring here to the new
Gurovo Formation of Steshevian age (Table 1). The Tarusa
Formation, along with the Upper Serpukhovian Protva
Formation (Fig. 3), are the type lithostratigraphic units for
the Tarusian and Protvian regional substages appearing in
the International Geologic Time Scale (Table 1; Menning
et al., 2006; Davydov et al., 2012). The thickness of the
Zaborie Group varies between 25 and 40m and reaches its
maximum in the study area (north and west of Kaluga) with
an increasing thickness of Gurovo shales (Birina et al.,
1971; Makhlina et al., 1993). The lower Tarusa (ZB1
sequence on Fig. 3) is very similar to Oka limestone facies.
It is capped by the weakly developed although regionally
traceable Forino Disconformity bearing the last record of
Stigmaria in the succession (Kabanov et al., 2012). The
Zoophycos-bearing argillaceous limestones and marls of

the overlying carbonate section record progressive basin
deepening. The section becomes conformable in this part,
and lowstands appear as shallow subtidal packstone beds
with Scolithos burrows (Kabanov et al., 2012). The upper
Tarusa–lower Gurovo carbonate unit is conformably
succeeded by black montmorillonitic lobata shales
interpreted as a low-energy prodelta sourced from the
Voronezh palaeo-land (Kabanov et al., 2012, in press;
Fig. 2B). More details of the Steshevian-aged Gurovo
Formation are given below.
The overlying shallow-marine limestone of the Protva

Formation has been heavily karstified during a major pre-
Moscovian lowstand. Its preserved maximum thickness is
12m, but in most sections south of Serpukhov, it is less than
6m. The Protva Formation, a type lithostratigraphic unit for
the Protvian Substage, was grouped with the overlying
Pestovo Formation (Zapaltyubian Substage) into the
Starobeshevo Group (Makhlina et al., 1993). However, the
Pestovo Formation was described from the Pestovo Well to
the east of Moscow City (Fomina in Birina et al., 1971),
which is significantly closer to the basin depocentre. In the
study area, the Pestovo Formation is completely missing
(Table 1). The names Zapaltyubian (after the Zapal-Tyube
Hill) and Starobeshevo come from the remote and tectoni-
cally different area of the Donets Basin (in the Ukraine to
the south), which is considered impractical for local
lithostratigraphic units (Zhamoida et al., 2006). For that
reason, the use of the Starobeshevo Group for the Moscow
Basin is abandoned here. The dissolved top of the Protvian
limestone in the study area is blanketed by a thick mottled
(red to yellow to grey) palaeosol clay (Vysokoe clay-rubble
unit; Fig. 4C), and Bashkirian-age incised valleys filled by
plant-bearing fluvial sands (Aza Formation) are cut from this
unconformity to a depth exceeding 110m (Table 1; Birina
et al., 1971). The Vysokoe clayey unit has been described
in the studied area by Shvetsov (1938) and most recently
by Kabanov (2004) and Kuznetsova et al. (2004). In the last
publication, however, it has been erroneously named
‘Dashkovka paleosol’, as the name is already in use for the
thin subaerial profile at the top of the Steshevian (Fig. 3;
Kabanov, 2003).

2.4. New lithostratigraphic subdivision: Gurovo Formation

The Gurovo Formation is proposed here to describe rocks
belonging to the Steshevian Substage (historically ‘horizon’)
in the area where it is dominated by shales, approximately
within the limits of the facies zone I (Fig. 2B, C). The name
comes from the village of Gurovo, in the vicinity of the
Novogurovsky Quarry, where the new formation has its
stratotype. Bed-by-bed descriptions of the type section are
available in Gibshman et al. (2009) and Kabanov et al.
(2012) and in earlier sources (Belskaya et al., 1975;
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Figure 4. Quarry outcrops (modified from Kabanov et al., 2013): (A) Eastward view to the face of Novogurovsky Quarry, 2009; (C1al) is Aleksin, (C1mh) is
Mikhailov, (C1vn) is Venev, (C1tr) is Tarusa, (C1st) is Gurovo, (C1pr) is Protva, and (APB) is the Akulshino marker bed; the mid-Carboniferous unconformity is
marked by a wavy line. (B) Malinovka (MLU) and Kholm (KHU) disconformities and Mikhailov Formation at Malinovka; thin overcompacted horizons dis-
tinct by black sooty shales (Units 7 and 10) are arrowed. (C) Thick high-chroma (ochre, red, and pale grey) Vysokoe palaeosol (VU) at the mid-Carboniferous
unconformity overlain by basal Moscovian (uppermost Bashkirian?) siliciclastics, overburden bench, Novogurovsky. (D) Tarusa to basal Gurovo,
Novogurovsky; (FU) is Forino Disconformity; hammer handle (black arrow) is 40 cm long. (E) Upper Mikhailov and lower Venev at Zmeinka; black arrows
point to three dark palustrine beds (PSMs); white arrow shows a stratified fill in a former depression, probably a pond facies. Bed numbers on all images refer to

Figure 3. This figure is available in colour online at wileyonlinelibrary.com/journal/gj
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Makhlina and Zhulitova, 1984). The Steshevo Formation is
retained to describe the carbonate-dominated Steshevian
sections that would have more potential to correlate with
the type section at Steshevo Rapids on the upper reaches
of the Volga River (Fig. 2C; Osipova and Belskaya,
1965b, 1966; Birina et al., 1971; Makhlina et al., 1993).

The Gurovo Formation is composed of two main mem-
bers defined by Shvetsov (1932) as the lower ‘horizon of
lower crinoidal limestones and lobata shales’ and the upper
‘horizon of fissile or lathy shales’. Makhlina et al. (1993)
proposed the name Glazechnya Member for the lower of
these horizons and Dashkovka Member for the upper one
(Fig. 3), both having stratotypes in the vicinity of
Serpukhov. The contact between the two members is
conformable (Kabanov et al., 2012) with possible lateral
intergradations as shown in Figure 3. In addition to the
two main members, there is a thin limestone-dominated
Kremenskoe Member in the top of the formation. In the type
Novogurovsky section, the Glazechnya Member corre-
sponds to Units 32–36, the Dashkovka Member to Units
37a–37c, and Kremenskoe Member to Units 38–39 (Fig. 3).

The shales of the Glazechnya Member are dark, with a
significant amount of pyrite and very finely dispersed
organic matter, variously calcareous, dominated by montmo-
rillonite (Kabanov et al., 2012), containing siderite nodules
(Belskaya et al., 1975). The lower portion (usually less
than one-third of the formation thickness) is locally domi-
nated by limestones: coarse-grained crinoid limestones,
finer-grained Zoophycos (Taonurus) limestones (Shvetsov,
1932; Belskaya et al., 1975; Arendt, 2002), or micritic
nodular limestones (Kabanov et al., 2012). These limestones
are interbedded with dark lobata shales. A lateral increase in
thickness of lower Glazechnya limestones from 2.5 to 3m in
the finer-grained facies to 4.5m in coarser-grained crinoid
facies was described in the historical Novogurovsky section
(Belskaya et al., 1975), allowing us to refer to crinoid banks.
Unfortunately, the thick crinoid facies was not exposed in
sections measured for this study.

The base of the Glazechnya Member is problematic.
Historical data do not provide criteria for differentiation
between the Zoophycos-bearing argillaceous limestones of
the upper Tarusian and similar facies of the lower
Steshevian, except for the appearance of dark shale interbeds
in the Steshevian base (Shvetsov, 1948; Birina et al., 1971;
Belskaya et al., 1975). In the historical Zaborie section,
Shvetsov (1948) drew the base of the Steshevian at the
transition from massive limestones to bedded argillaceous
limestones. This level is correlated with Unit 10 of the more
recent Zaborie section shown in Figure 3 (Kabanov, 2003).
The argillaceous limestones of Units 10–23 are 6.0m thick
but do not contain black shale interbeds. In a number of
outcrops on the Oka River between Serpukhov and
Aleksin, Arendt (2002) drew the base of the Steshevian

some 0.75–1.5m below the lowermost dark shale based on
the appearance of crinoid-rich facies. In a recent interpreta-
tion, the upper Tarusian–lower Steshevian represents the
conformable transgressive succession with small-scale
cyclicity expressed as an alternation of more argillaceous
Zoophycos limestones and cleaner limestones with Scolithos
burrows but fewer or no Zoophycos (Kabanov et al., 2012).
Counting these Zoophycos–Scolithos couplets upward from
the Forino Disconformity provides the clue for correlation
of the Tarusian/Steshevian boundary as shown in Figure 3
(Kabanov et al., 2012, 2013). However, more work has to be
done to verify the traceability of these cycles between sections.
Biostratigraphic criteria for defining the Tarusian/Steshevian
boundary is minor, and they are discussed in the biostrati-
graphic section below. Appearance of dark shale interbeds
remains to be the only mappable signature for the
Tarusa/Gurovo formations boundary. An obvious lack of a
reliable allostratigraphic datum renders probable the
diachronous nature of this contact (Fig. 3).
The Dashkovka Member (Makhlina et al., 1993) encom-

passes fissile (lathy), relatively hard palygorskitic shales in-
terbedded with dolomitic marls and argillaceous limestones
(Birina et al., 1971; Belskaya et al., 1975; Kabanov et al.,
2012). These shales contain a scattered fauna of small bra-
chiopods, fenestellid bryozoans, and fish teeth (Belskaya
et al., 1975). Limestone seams in palygorskitic shales are
very rich in ostracods and notably poor in other shelly fossils
(Makhlina et al., 1993).
The Kremenskoe Member is named here after its type

locality near the village of Kremenskoe (55.10′N, 035.96′E,
80 km NNW of Kaluga) where it was described by Shvetsov
(1948) as a regionally traceable, well-bedded ‘chemogenic
limestone’ with a mass of ostracods and a lack of other
fossils. This unit, originally placed within the Steshevian
Horizon (Shvetsov, 1948), was subsequently moved to the
Protvian Substage, based on its limestone composition
(Osipova and Belskaya, 1966; Belskaya et al., 1975;
Makhlina et al., 1993). At Kremenskoe, this unit also attains
its maximum reported thickness of 6.0–6.2m (beds 2–4 in
Belskaya et al., 1975). The Kremenskoe limestone is less
than 1.5m thick and strongly chertified in studied sections
(Kabanov, 2003; Kabanov et al., 2012). Shvetsov (1948)
recognized sedimentary lamination and desiccation cracks,
and these features are also present in Zaborie, where thin
section analysis reveals alternation of calcimudstones,
oncoidal grainstones, and minor bivalve coquinas, and the
facies is interpreted as peritidal (Kabanov, 2003). In
Novogurovsky, the new member is recognized in Units 38–39
with a total thickness of 0.7m. Hard, pinkish white,
stylolitized micritic limestone containing thick-shelled
brachiopods laterally grading into a brachiopod coquina
(Unit 38) is overlain by a medium- to coarse-grained
chertified limestone (Unit 39). Thin section analysis of the
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latter reveal oncoidal grainstones with a complex diagenetic
imprint expressed in replacive chert and palygorskite nests
and ribbons of probable pedogenic origin. This oncoidal
grainstone grades at the top to fissile marl (Kabanov et al.,
2012). The Kremenskoe Member is capped by the
Dashkovka Palaeosol (palygorskitic calcrete; personal
communication of T.V. Alekseeva) described in some detail
at Zaborie (Kabanov, 2004) and traced in Dashkovka and
Novogurovsky (Kabanov et al., 2012).

3. MATERIALS AND METHODS

Open-pit quarry sections (Fig. 4A–E) have been measured at
the centimetre to decimetre scales by the first author during
the period 2001–2012. In addition to sections displayed in
Figure 3, field observations were made in Parsukovo,
Brontsy, Eastern Berniki, Kholm, Akulshino, and Gurievo
quarries. Lithologs and selected descriptions of sections
shown in Figures 1 and 3 have been published by Kabanov
(2003), Gibshman et al. (2009), and Kabanov et al. (2012).
Appendices 1–5 (supplementary data) contain descriptions

of the sections Polotnyanyi Zavod, Zmeinka, Forino,
Malinovka, and the composite section of the Wells of
105 km that were never published before. Descriptions and
lithologs of the Novogurovsky, Polotnyanyi Zavod, and
Zaborie sections made by previous workers can be found
in Belskaya et al., (1975), Barskov and Alekseev (1979),
Makhlina and Zhulitova (1984), Makhlina et al. (1993),
and Vevel et al. (2007).

Descriptions of representative core from 35 wells drilled in
2011–2012 on the bridge construction site on both banks of
the Oka River, south of the city of Serpukhov (referred to
below as Wells of 105 km), were handled by R.R. Gabdullin
and A. S. Alekseev. Petromodelling Ltd conducted borehole
logging in 31 of these wells. In this study, we selected only
gamma (ION-2/42 tool) and effective resistivity (ORVP-40
tool) logs that reveal traceable stratigraphic signals (Figure 5).

The well Maloyaroslavets-8 drilled by Geotsentr Moskva
Ltd and measured by the second author (A. Alekseev) in
2009 recovered a thick (50m) Serpukhovian section includ-
ing more than 12m of its least studied Protvian part (Fig. 3).
The core recovery of the Serpukhovian interval was very
good, exceeding 90%. Pilot biostratigraphic results and core

Figure 5. Wirelog response of the Mikhailov–Venev section in Wells of 105 km: (A) Gamma-ray correlation of nine wells; numbers in ovals are geophysical
beds. (B) Four selected wells with most detailed core control showing three high-gamma markers (I, II, and IV) and one traceable resistivity horizon (III) in the

Mikhailov Formation. This figure is available in colour online at wileyonlinelibrary.com/journal/gj
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description from this well have been published by Gibshman
et al. (2012). We included this section in Figure 3 because of
its role in biostratigraphic characterization of the type
Serpukhovian succession.

Geochemical, mineralogical, and magnetic susceptibility
data mentioned in this paper are more amply published
elsewhere with a detailed technique description available in
Kabanov et al. (2012, in press) and Alekseev et al. (in
press). These analyses have been performed by our
colleagues A. O. Alekseev and T.V. Alekseeva at Pushchino
Institute of Soil Science (ISSP RAS). Elemental concentra-
tions were determined with the desktop XRF crystal diffrac-
tion scanning spectrometer SPECTROSCAN MAKC-GV.
The quantitative analysis methods were based upon the 24
standard rock and soil calibration samples. X-ray diffraction
was used to identify bulk and clay fraction mineralogy of
samples. XRD data were collected on a DRON-3.0 powder
X-ray diffractometer. The magnetic susceptibility was
measured using KLY-2 Kappabridge device. Three measure-
ments were made on each sample (Alekseev et al., in press).

4. LITHOFACIES

The Oka Group of the southern Moscow Basin is known for
its marine limestones with remarkably low (virtually absent)
dolomite content. The most common type of facies is a
massive thick-bedded limestone consisting of an alternation
of harder, more cemented ‘beds’ and softer, more porous,
‘interbeds’ that are often compacted to produce a fissile
pressure solution fabric (Fig. 6A). This alternation, often
with thicker cemented ‘beds’, is very characteristic of
conformable limestone packages (e.g. beds 1, 13, and 25
of Novogurovsky in Fig. 3). Analysis of about 60 thin
sections available for this study from the Novogurovsky
section and cored Wells of 105 km confirms that 90–95%
of Oka limestones comprise non-rounded bioclastic
packstones and subordinate wackestones (Fig. 6C, D). The
photozoan character of this facies is attested by numerous
and diverse benthic calcareous algae and algal-like
problematica (Koninckopora, Calcifolium, Kamaena, and
others). Domal calcisponges and tabulate and cerioid rugose
corals occur in substantial number, but no boundstones are
present. Isopachous rims or other morphologically distinct
marine cements are absent. Automicrites also did not accu-
mulate in any substantial quantity and are only present in
micritized bioclasts. Limestone seams in the dark shaly
Unit 8 of the composite section of Wells of 105 km (Fig. 3)
reveal a bioclastic composition very similar to clean
limestone, but showing a strong compactional fitted fabric
and pyritization (Fig. 6D).

The packstones of the Aleksin Formation are different
from those of the Mikhailov and Venev formations in being

finer-grained and having more significantly abraded
bioclastic material (Fig. 6C), generally sparser macrofossils,
and very few Calcifolium okense present. The latter,
previously considered to appear only from the base of the
Mikhailov (Shvetsov and Birina, 1935; Birina, 1938), was
recently encountered in the upper Aleksinian (Gibshman
and Alekseev, 2013). Also, the middle Aleksin limestone
(AL3 to AL4a in Fig. 3) locally contains large chert nodules
that are not present in younger Oka beds (Birina, 1938;
Makhlina et al., 1993).
A rare facies of marine limestone encountered in the

lower Mikhailovian (Unit 7 of Novogurovsky and Unit 11
of Malinovka) is the stromatolitic limestone with buckled
(crenulated) microbial lamination and rare desiccation
cracks (Fig. 6B). Remarkably, this facies co-hosts Stigmaria
and Chondrites trace fossils and contains pavements of small
monospecific strophomenid brachiopods. In neighbouring
sections, these laminar beds seem to correlate to normal
facies of bioturbated packstone.
As suggested by rare desiccation cracks, the above-

described laminated limestone is interpreted to have formed
in very shallow settings probably experiencing subaerial
exposure on spring ebbs. This facies is the only evidence
for a tidal regime in the Oka and lower Zaborie succession.
The presence of Chondrites, indicating a very low-oxygen
intrasedimentary environment, can only be explained by
the rarity of subaerial emersions and a very quiet water
depositional environment.
The spectrum of limestone facies characterized above

corresponds well to the conventional classification of Oka
limestones and texturally similar Tarusa limestones
developed in the 1930s (Shvetsov and Birina, 1935; Birina,
1938; Birina et al., 1971). This classification, widely used
in local geological practice, recognizes four types: (I) lime-
stones grey, hard, foraminiferal, with diverse bioclasts and
20–40% of finely crystalline (micritic to microsparitic to
finely sparitic) matrix; (II) limestones softer and paler than
type I, ‘microlaminar’ or ‘fluidal’, made by horizontally
elongated bioclasts, sometimes with admixture of clay or
organic matter (coal detritus); (III) limestones mottled,
developed mostly in the Venevian, with type I texture in
mottles and type II texture in softer intermottle limestone;
(IV) microcrystalline, sometimes laminated limestones with
Stigmaria penetrations, desiccation cracks, and internal
erosional discontinuities, mostly devoid of marine fauna.
The latter type refers to dark saponitic limestones and marls
typified in studied sections by the Akulshino palustrine
bed (APB) and discussed below. The stromatolitic
marine limestone (Fig. 6B) was probably included with the
type IV by Shvetsov and Birina (1935) and Birina (1938).
Types I, II, and III of Shvetsov and Birina describe biotur-
bated bioclastic packstones and wackestones with different
diagenetic imprints. The type I corresponds with dark
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Figure 6. Facies of Oka Group: (A) A massive thick-bedded limestone with characteristic alternation of hard, darker beds and more porous, softer ’interbeds‘; a
man for scale and loam-filled karst cavern (lfc) on left; upper Aleksin, Malinovka. (B) A rare stromatolitic limestone with buckled lamination penetrated by
upright burrows (arrowed) and Stigmaria appendages; scalloped discontinuous top is partly traced from right; water-sprayed surface, equivalent to Unit 11
of Malinovka, Eastern Berniki quarry. (C–E) Thin sections, plane polarized light: (C) bioclastic packstone with numerous algae (arrowed), upper Aleksin,
35.8m MD of Borehole 39 of Wells of 105 km. (D) Pyritic fine-grained bioclastic packstone (py—pyrite), note compactional fitted fabric, a limestone lens
in dark shale of Unit 8 of the composite section of Wells of 105 km, 33.1m MD of Borehole 39, Mikhailov. (E) A typical Venev packstone with abundant
alga-like problematica Calcifolium okense Schvetsov and Birina (Clo), 17.8m MD of Borehole 39 of Wells of 105 km. (F) Lower part of MHT1 siliciclastic
unit; lamination is most distinct in unit 16 due to shale–siltstone–fine sandstone alternation; note enhanced ferruginization of the unit base; nodular imprint
is related to Stigmaria texturing; unit numbers refer to Figure 3 and Appendix 2. This figure is available in colour online at wileyonlinelibrary.com/journal/gj
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cemented beds, and type II to softer and compacted
interbeds where ‘fluidality’ or ‘microlamination’ refers to
compactional fissility (Bathurst, 1987). The type III refers
to vadose cementation mottles developed within and below
morphologically distinct palaeokarst profiles under two
Venevian disconformities (Fig. 7C; Kabanov, 2004) and
sometimes also in the underlying part of the Oka Group.
The origin of the type III mottling has long been a matter
of debate (Birina et al., 1971) with the popular interpretation
as an intraclastic conglomerate/breccia (Vishnyakov, 1962;
Belskaya et al., 1975; Makhlina et al., 1993). A very similar
fabric called pseudobreccias widely occurs in the Late
Visean bioturbated limestones of the UK, where it is
interpreted to form in environments related to subaerial
exposure, from mixing-zone groundwaters (Solomon,
1989) to lower portions of calcretized cyclothem tops
(Horbury and Quing, 2004).

The siliciclastic facies in the studied sections of the Oka
Group are represented by thin shales and fine-grained
sandstones usually developed in transgressive bases just
above disconformities (Fig. 3), and also by siliciclastic
wedges developed from the southwest and pinching out
eastward between the Kaluga and Aleksin areas (Birina
et al., 1971; Makhlina et al., 1993). In Polotnyanyi Zavod,
these siliciclastic wedges attain thickness of several metres
(MHT1, MHT2, and VNT1, Fig. 3). A few preliminary
observations on the character of lamination have been made.
Lamination is most distinct in shale–sandstone alternation
where it is parallel to gently inclined (Unit 16 on Fig. 6F).
The primary lamination is heavily imprinted by Stigmaria
texturing, which creates a blocky nodularity resembling soil
pedality. This rooting imprint tends to obliterate primary
lamination (Fig. 6F; Alekseev et al., in press). The character
of lamination and absence of marine fossils in these
siliciclastic beds suggest fluvial-overbank or delta-plain
depositional settings. The shaly units 8, 6, and 5 of the Wells
of 105 km are tentatively correlated to the main siliciclastic
units of Polotnyanyi Zavod (Fig. 3) which are calcareous
and fossiliferous (brachiopods, crinoids, and ostracods).
This concurs with the eastward land–sea gradient (Birina
et al., 1971; Belskaya et al., 1975). The Tulian sandstones
show extensive development of fluvial unidirectionally
inclined bedsets (Birina, 1940), and the younger Oka
sandstone wedges, especially those filling incised valleys,
are generally considered as having been deposited in a
similar setting (Birina et al., 1971; Makhlina et al., 1993).

5. SUBAERIAL PROFILES AND Stigmaria HORIZONS

Stratigraphic unconformities have crucial significance for
sequence stratigraphic subdivision of the studied succession.
Currently, it is obvious that the ‘rhizoid limestone’ of earlier

workers is not composed of a single facies. Lenses of the
‘rhizoid limestone’ have been described in the layers of
overcompacted sooty shales (e.g. Unit 11 of Zmeinka),
implying that the lost intra-Mikhailovian ‘rhizoid lime-
stones’ described by Shvetsov (1932) can be correlated to
thin (<5 cm) and frequently overlooked solution horizons.
Multiproxy data on these palaeosols and palustrine facies
have been reported in several studies (Alekseeva et al.,
2012; Alekseev et al., in press). Subaerial exposure profiles
(palaeo-pedons s.l.) and shallow-water horizons bearing
rooting structures of arborescent Lycopodiophyta are classi-
fied here into six morphotypes (‘disconformity facies’).

5.1. Type PKT (Palaeokarsts)

These are palaeokarsts with irregular solution vugs and
upright pipes imprinted on shallow-marine limestones
(Fig. 7A, B, and D). The pipes (solution channels) develop
along Stigmaria appendages (Fig. 7A). The top of the
substrate limestone is a typical lapie surface riddled by
solution pockets and brecciated, mottled from development
of ferric stains, replacive argillaceous mottles, and dark
brownish grey (weakly ferric) micritic calcite (a variety of
calcrete; Fig. 7A and G). The upper parts of karst profiles
(infiltration karst zones; Esteban and Klappa, 1983), usually
a few centimetres–decimetres deep, contain loose palaeosol
clay, normally mottled grey to yellow, that easily crumbles
(Fig. 7D). In deep profiles, the host limestone is bleached
as a consequence of complete decomposition of organic
matter (Fig. 7D), often mottled from development of dark
potato-shaped cementation nodules (Fig. 7C; ‘Venevian-
type’ mottling; or pseudobreccia). Three intergrading
subtypes are recognized: pipe dominated (PKTa), vug
dominated (PKTb), and calcrete-rich (PKTc). The model
PKTa and PKTb profiles are shown in Figure 7A and B,
respectively. The PKTa palaeokarsts included in ‘rhizoid
limestones’ of previous workers (Osipova and Belskaya,
1965a) are essentially the Palaeozoic variation of phytokarst
of Folk et al. (1973) or ‘root lapies’ (Esteban and Klappa,
1983). The PKTc profiles are those showing extensive
development of pedogenic micrite in the upper parts of
palaeokarst profiles (Fig. 7A; Unit 13 on Fig. 7G). Because
of their massive non-laminar nature, the micritic calcrete is
difficult to recognize in the field and best detected in thin
sections (Fig. 8). Calcrete deposits tend to combine with
PKTa phytokarsts (Fig. 7A) or form tight massive crusts
(Unit 13 on Fig. 7G).

5.2. Type OCM (overcompacted undercoal marls)

These horizons, only 5–15 cm thick, are composed of grey
and pink fissile overcompacted marls with collapsed macro-
fossils such as brachiopods and rugose corals (Fig. 7H)
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Figure 7. Subaerial exposure profiles: (A) phytokarst-type profile (PKTa to PKTb) of Muratovka Disconformity, Forino; hollow solution pipes after upright
roots (rt) are most likely Stigmaria appendages; (SH) is collapsed vuggy horizon; note whitish gley halos around root pipes and cemented root voids (rt) below
SH; topsoil completely stripped off during Tarusian transgression. (B) Same disconformity at Parsukovo Quarry (partly traced from left) developed as vuggy
palaeokarst (type PKTb); basal Tarusa marl (white arrows) includes reworked topsoil material. (C) Potato-shaped ‘Venevian-type’ vadose cementation nodules,
Venev Formation, Zmeinka. (D-G) Akulshino palustrine bed (APB): (D) Kholm Disconformity (partly traced from left) and APB at Novogurovsky; yellow
palaeosol clay in deep solution pockets is arrowed; (E) Close view to side surface of APB, Malinovka; water spray reveals delicate columnar texturing after
Stigmaria appendages (white arrow); some appendages stay hollow (black arrows); (F) Thin section (plane polarized light) of APM, Novogurovsky; note
syngenetically brecciated texture, lack of typical marine bioclasts, and a Stigmaria appendage (ap). (G, H) Units 11-14 of Zmeinka: note brown calcrete of Unit
13, thin topsoil clay of unit 14, and lenses of PSM-type limestone in sooty shale of Unit 11 (white arrow); (H) is a closer view of sooty shale of Unit 11 (ssh) and
underlying overcompacted horizon (OCM-type profile); (Gp) is collapsedGigantoproductus, (ss) is a thick solution seam. (I) Malinovka palaeosol at Malinovka
showing MBS-type profile; (ssh) is sooty shale seam and (rt) is a root channel penetrating the marine limestone substrate. Measure tape on all figures is metric.

This figure is available in colour online at wileyonlinelibrary.com/journal/gj
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topped by thin (less than 3 cm) coal seams grading to
gypsiferous sooty shales. Coal seams locally swell, with
the thickest mineable seam of up to 1m reported from the
middle Mikhailovian of the former Petrovskoe coalfield
(Birina, 1938; about 35 km to the east of present-day
Novogurovsky Quarry). Many of the OCM profiles are
limonitized, probably due to siderite weathering (Alekseev
et al., in press). Root traces are poorly preserved and often
unrecognizable, but sooty horizons at the top of these
profiles may contain abundant ferruginized impressions of
Stigmaria. Very few or no vadose solution vugs and
bleaching occur in the underlying limestone. These horizons
develop within the Mikhailovian (Fig. 4B) to the east of
Polotnyanyi Zavod where siliciclastic wedges pinch out
(Fig. 3). Most vigorous calcite dissolution occurs right under
coaly seams. In these upper parts of profiles, originally thick
gigantoproductid shells may be corroded and collapsed into
essentially flat and thin residues. A remarkable flattening is
also observed in solitary rugose corals. The upper parts of
these horizons sometimes show enrichment in detrital

siliciclastics (Alekseev et al., in press). In contrast to
‘rhizoid limestones’ linked to subaerial rooting and
weathering conditions since the works of Shvetsov (1932,
1938) and Birina (1938), OCM horizons have not been recog-
nized as subaerial exposure profiles, and therefore capping
coals were interpreted as marine deposits (Birina, 1938).

5.3. Type MBS (mottled blocky shales)

These form continuous layers of mottled grey-yellow shale,
non-fossiliferous or with few corroded bioclasts and half-
dissolved limestone fragments, slickensided and with blocky
fabric, with abundant poorly preserved Stigmaria. The top of
the substrate limestone shows gentle solution sculpture and
very few solution voids that disappear less than 50 cm below
the palaeosol top. Penetrating down from the top Stigmaria
appendages are cemented by calcite, siderite, and limonite,
sometimes retaining dark coaly linings. They are not cor-
roded by vadose dissolution. A thin (0.1–1 cm) sooty shale
to shaly coal may be present in the palaeosol top (Fig. 7I).

Figure 8. Micromorphology of subaerial alteration features from Oka Group, Novogurovsky, plane polarized light: (A) micritic calcretization under Kholm
Disconformity; (B) calcrete under Muratovka Disconformity; note that original bioclastic packstone texture is severely degraded with production of
microbreccia (br), brownish pedogenic micrite (mc), and rhizocretions (rh); (bi) are bioclasts and (v) are cemented solution vugs. (C) Coarser-grained bioclastic
packstone; note that the matrix is extensively dissolved and recemented; Kholm Disconformity occurs in 1.4m above this sample; (Clo) is Calcifolium okense

Shvetsov and Birina; upper Mikhailov, Novogurovsky. This figure is available in colour online at wileyonlinelibrary.com/journal/gj

P. B. KABANOV ET AL.

Copyright © 2014 John Wiley & Sons, Ltd. Geol. J. (2014)
DOI: 10.1002/gj



The MBS type describes the Malinovka Unconformity at
Novogurovsky, Malinovka, Berniki, and other sections around
Tula (Fig. 1). X-ray diffraction of clay reveals a montmorillon-
ite composition of this palaeo-epipedon (T.V. Alekseeva,
personal communication). In younger Mikhailov–Tarusa
unconformities, all clayey epipedons seem to have been
totally truncated or reworked into transgressive marls. A non-
truncated clayey palaeosol matching this type but on a sandy
substrate has been described in the top of the MHT1 unit in
Polotnyanyi Zavod (Alekseev et al., in press). The MBS-type
profile of the Malinovka Disconformity is superficially similar
to OCM horizons by the presence of a top coaly layer but
differs, as it is developed on an original terrigenous clay, and
shows no signs of enhanced pressure solution in the underlying
limestone (Fig. 7I).

5.4. Type PSM (palustrine saponitic marls)

These typical ‘microgranular rhizoid limestones’ of previous
works (Shvetsov, 1932, 1938; Birina, 1938; Osipova and
Belskaya, 1965a) are ‘black’ (dark grey) non-marine
calcimudstones with abundant Stigmaria. These syngenetically
brecciated argillaceous limestones and marls lack characteristic
marine fossils or contain very few, and only in transitions to
marine bioclastic facies. Locally, PSM shows buckled
lamination disrupted by abundant Stigmaria (Birina, 1938).
The thickest, up to 2.5m, layer onlapping the Kholm
Unconformity (Akulshino Member—APB in Fig. 3) has been
used as a marker for the top of the Mikhailovian (Shvetsov,
1922–1923, 1932; Osipova and Belskaya, 1965a; Belskaya
et al., 1975). The Akulshino Member has up to 50% of
authigenic Mg-smectite clay (saponite) and micritic calcite with
a low δ13C value of �5.9 to �10.7‰, suggesting freshwater
origin. Samples from this facies are sometimes rich in plant
detritus but almost devoid of detrital quartz. Gypsum and
palygorskite admixture was encountered in the top of this mem-
ber. The APB contains an undescribed fauna of tiny ostracods,
small (<1 cm) gastropods and nacreous fragments (aragonite
preservation!) of larger mollusc shells first noted by Shvetsov
(1932). This facies also occurs as small lenses on other uncon-
formities in the Mikhailovian and Venevian substages (Fig. 3).
Vadose solution vugs and pipes formed after Stigmaria append-
ages, as well as non-corroded empty appendage channels, are
usually abundant. Such units, containing multiple internal
discontinuities (double and triple Stigmaria beds of Shvetsov
1932), are interpreted to represent high-Mg palustrine events
(Gibshman et al., 2009; Alekseeva et al., 2012).

5.5. Type STG (Stigmaria horizons not associated with
subaerial exposure surfaces)

Many limestones and siliciclastic packages without
palaeokarst or palaeosol features are penetrated by Stigmaria

(Figs. 3 and 9). Subtype STGa: host rock of Stigmaria is
marine limestone (Figs. 3 and 9A, B). Such limestones
contain normal-marine shelly fossils including giganto-
productid brachiopods and diverse corals and trace fossils
(Fig. 9B). Stigmaria rhizophores are filled with bioclastic
limestone, sometimes with geopetal features (Fig. 9C).
Stigmaria may preserve thin coaly skins decomposing to
ferruginous haloes in weathered rock (Fig. 9A). Observations
on Stigmaria distribution were made in several sections
(Wells of 105 km, Novogurovsky, Polotnyanyi Zavod,
Zmeinka, and Brontsy).

Subtype STGb: Stigmaria in shales, siltstones, and sand-
stones is exemplified by siliciclastic units MHT1, MHT2,
and VNT1 of Polotnyanyi Zavod (Figs. 3 and 9D; Alekseev
et al., in press). In the basal Aleksinian siliciclastic unit,
Stigmaria reportedly co-occurs with coaly seams (Birina
et al., 1971; Belskaya et al., 1975) and should also belong
in the STGb type. The extent of Stigmaria in other sections
with well-developed siliciclastic wedges is unclear, probably
because of insufficient details of observation. However,
shales and siltstones of the Unit 8 of the Wells of 105 km
contain several coal seams (Fig. 3). Such seams in best
documented sections are usually associated with Stigmaria
or cap Stigmaria-penetrated horizons.

5.6. Type ICH (incised fluvial channels)

These features are not obvious in the sections between
Kaluga and Ryazan. However, the Oka-age fluvial channels
have been mapped to the west–northwest of Yukhnov town
(85–100 km NW of Kaluga; Dagaeva, 1960). There, the
deepest (at least 15m) incision develops from the level
supposedly correlated to the Kholm Unconformity (KHU on
Fig. 3). Channels of an estimated minimum depth of 5–7m
also develop from the Malinovka Unconformity. At least
one level with incised valleys occurs close to the
Tula/Aleksin boundary. Fluvial channels cut several Oka
unconformities, including the deepest incision from the top
of the Mikhailovian, and have been long known on the
northwestern flank of the Moscow Basin (Kofman and
Goryansky, 1974; Savitsky et al., 2007, 2012).

5.7. Control over morphology of subaerial exposure profiles

The diversity of the above-described subaerial profiles and
rooted horizons was created by varying base-level histories,
siliciclastic input, and probably climate change. Palaeokarsts
(Fig. 7A–D) and incised fluvial channels (type ICH)
record the most obvious base-level lowering below the
sediment surface.

In contrast to the well-drained subaerial environments of
palaeokarst formation, PSM and OCM horizons formed in
ponded conditions of sea-level stillstands and initial
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transgressive rise. Both PSM and OCM types formed in
marshlands vegetated by lycopsid mangals. The word
‘mangal’ refers here to tangled roots and stems of trees or
bushes adapted to marshland–marine transitional conditions
(Retallack, 2001). The mangal biotope, today occupied
by mangroves, in the Carboniferous was successfully
developed by Lycopodiophyta (Greb et al., 2006). The
Stigmaria horizons of the STG type must represent
extensions of lycopsid mangals far into the shallow sea.
Occurrence of Stigmaria in shallow subtidal facies is
consistent with a microtidal to maybe even non-tidal regime
of the Oka-time seaway.

The striking morphological difference between the OCM
and PSM horizons finds explanation in the different acidity
of marsh waters, which might be linked to changing
siliciclastic regimes and climatic humidity–aridity. The
OCM horizons are capped by thin coals, and some of them
show enhanced siliciclastic content. The latter is manifested
by peaks of siliciclastic indicators such as SiO2, Al2O3,
TiO2, and Zr in Unit 11 of Polotnyanyi Zavod and Unit 12

of Novogurovsky (Alekseev et al., in press; Kabanov
et al., in press). However, the overcompacted marls of Units
10 and 15 of Novogurovsky seem to be siliciclastic-lean as
indicated by background values of SiO2, Al2O3, TiO2, and
Zr (Kabanov et al., in press). Dissolution of carbonate sub-
strata under coaly seams is linked to acid conditions charac-
teristic of peat swamps (Retallack, 2001). The corrosive
ability of swamp waters could have been also enhanced
whenever a slight sea-level lowering exposed
intrasedimentary pyrite to oxidation with the formation of
sulphuric acid.
The PSM facies are characterized by a lack of coal seams

and negligible siliciclastic content (Alekseeva et al., 2012).
Saponite in PSM facies is interpreted to form authigenically
in palustrine settings with saline waters derived from fluvial
and/or meteoric sources. The closest modern analogue is the
Florida Everglades (Platt and Wright, 1992). In arid land
palustrine and lacustrine sediments, saponite is known to
form in association with dolomite, sepiolite, and
palygorskite (Poso and Casas, 1999; Akbulut and Kadir,

Figure 9. Stigmaria: (A-C) In subtidal bioclastic limestone, Unit 12 of Polotnyanyi Zavod: (A) with preserved coaly skin; note flattened lenticular appendages;
(B) Zoophycos (Zph) in association with Stigmaria (St); note that Zoophycos cross-cuts appendages (ap); (C) Cross-cut of Stigmaria with radiating appendages
(ap); note geopetal bioclastic infill of the rhizophore. (D) Ferruginized Stigmaria appendages in the sandstone of Unit 17 of Polotnyanyi Zavod. (E) Stigmaria
from palustrine marl – rhizophore and its counterimpression with radiating appendages (ap); Alkushino palustrine Bed, Novogurovsky. This figure is available

in colour online at wileyonlinelibrary.com/journal/gj
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2003). However, the authigenic mineral association of the
PSM facies is restricted to micritic calcite, saponite, and rare
palygorskite and lepidocrocite. The latter was encountered
only in the top of APB in one locality (Alekseeva et al.,
2012). Also, the forested character of the Akulshino
Everglades evident from dense palimpsestic Stigmaria imprint
(Figs. 7E and 9E) is not consistent with a truly arid environ-
ment. Evaporative enhancement of Mg and Si necessary to
precipitate saponite could have been achieved under mild
semiarid conditions. In contrast to low-pH environments of
OCM facies, these overall alkaline waters experienced
seasonal dryouts that did not favour peat preservation.

6. SEQUENCE STRATIGRAPHIC PACKAGES

The sequence stratigraphic subdivision of the Oka Group
and the lower part of the Tarusa Formation are essentially
based on correlation of subaerial disconformities (Fig. 3),
whereas confident recognition of maximum flooding
horizons is hardly possible in the marine facies spectrum.
Our experience with Palaeozoic cyclothemic successions
favours the transgressive–regressive (T-R) sequence model
of Embry (2009) over the Exxon concept, although in many
shallow-marine cyclothems of the studied succession,
transgressive and regressive trends cannot be detected with
available observations. The most obvious transgressive
successions confirming equal importance of transgressive
and regressive tracts are observed on the transition from
the palustrine APB bed into the shallow marine limestone
of the sequence VN1 (Fig. 3) and in symmetric Scolithos–
Zoophycos cycles of the upper Tarusa to basal Gurovo
interval (Kabanov et al., 2012).

6.1. Aleksin Formation

Measured quarry sections expose only the upper Aleksin
sequence AL4 and maybe the upper part of the AL3 (Fig. 3).
This relatively clean upper Aleksin limestone is capped by
the above-described Malinovka Disconformity (Figs. 4A,
B and 6A). The underlying Aleksin section with more chert
and siliciclastic beds is usually excluded from the commer-
cial deposit. Detailed descriptions of the lower and middle
Aleksin are available elsewhere (Shvetsov, 1932; Birina,
1938; Birina et al., 1971; Makhlina et al., 1993). In our
study, the data for this interval are restricted to the core
from Well 42 of the Wells of 105 km (Figs. 3 and 4, and
Appendix 3).
In Wells of 105 km, the 0.6m-thick coaly shale with a

coal seam in the base (Unit 12) probably corresponds to
the shoaling level with Stigmaria, but without notable
subaerial exposure features detected in the limestone Unit
2 of Novogurovsky. A grey chertified ‘rhizoid limestone’

described in the top of Unit 15 has a hardground-like top
and solution channels pointing to subaerial exposure. This
horizon probably occurs just below the available exposures
in quarries (Fig. 6A). Below this ‘rhizoid limestone’, the
Unit 15 of Well 42 is a soft silty, partly chertified limestone
with large plant impressions, containing open-marine
conodonts Lochriea commutata and Gnathodus bilineatus
s.l. Chertification suggests its position in the Myshiga
Member (middle Aleksin, Fig. 3; Makhlina et al., 1993).

The top of the Stopkino Member of the lower Aleksin
Formation is recognized by a prominent disconformity,
described in the type Stopkino section near Aleksin as a
mottled limestone with Stigmaria and rooting traces, locally
converted to a breccia from its top (Shvetsov, 1932;
Shvetsov and Birina, 1935; Makhlina et al., 1993). The
upper part of the Stopkino Member, 2 to >5m thick, has a
dominantly limestone composition in the southern sections
between Kaluga and Tula and becomes increasingly more
argillaceous in northern and western sections. These
limestones are underlain, probably conformably, by the
basal Stopkino fine-grained sandstones and siltstones of
variable thickness (1.5–7m; Birina, 1938, 1953; Makhlina
et al., 1993). These basal Aleksin sandstones are known to
incise into the fine-grained coaliferous siliciclastics of the
upper Tula Formation (Dagaeva, 1960). In the Well 42,
two candidates for the Stopkino/Myshiga Disconformity
are the ‘rhizoid limestone’ at the top of Unit 16 and the
mottled, chertified and vuggy limestone of Unit 17.
Tentatively, it is placed at the lower of these two levels
(Fig. 3). The fine-grained sandstone of Unit 21 is matched
to the basal Aleksin sandstone, and shales and siltstones of
Units 18 and 19 are consistent with shaling of the upper
Stopkino unit to the north of the Kaluga–Tula outcrop belt,
including the type Aleksin section near the town of Aleksin
(Makhlina et al., 1993). This correlation is consistent with
the apparently conformable section of Units 18–20, whereas
the Tulian limestone beds are mottled, karsted and
disintegrated into breccia, and penetrated by Stigmaria,
unequivocally pointing to subaerial exposure and hiatus
(Shvetsov, 1932, 1948; Birina, 1938; Belskaya et al.,
1975; Makhlina et al., 1993).

A brief assessment of the Middle and Lower Aleksin suc-
cession suggests very shallow-water (Mikhailovian-like)
sedimentary environments characterized by several discon-
formities and significant Stigmaria distribution. The greatest
Aleksin transgression could be interpreted to lie within a
thick (≥5m) and internally conformable limestone of the
parasequence AL4a (Fig. 6A).

6.2. Mikhailov Formation

The base of the Mikhailov Formation is traced in present-
day and historical sections by distinct Stigmaria-penetrated
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and moderately karsted limestone with a MBS subaerial
profile (Malinovka Disconformity; MLU on Fig. 3). In
Polotnyanyi Zavod and Zmeinka, this disconformity
contains PKTb features. In the studied sections, vadose
dissolution, bleaching, mottling, and Stigmaria appendages
do not penetrate deeper than 1.5m from the disconformity
surface, which is consistent with a relatively shallow
base-level drop.

The top of the Mikhailovian Substage has been recently
matched to the Kholm Disconformity (KHU; Gibshman
et al., 2009), a prominent PKTa to PKTb palaeokarst with
vugs, caverns, solution pipes, and flutes penetrating to
several metres (Fig. 7D), at least down to shale layers that
were thick enough to perform an aquiclude function (Fig. 3).
In Zmeinka, where shale seams are too thin, karst extends
down to 7m below the KHU. This disconformity is easily
recognized in the field by its solution sculpture with
amplitude exceeding 2m, with breccia and residual
boulders, and the onlapping Akulshino palustrine bed
(APB on Figs. 4A, E and 7D). Detailed descriptions of this
disconformity at Novogurovsky are available in Gibshman
et al. (2009) and Kabanov et al. (2012). Available data
suggest that the KHU marks the longest lowstand (yet
below biostratigraphic resolution) with the deepest base-
level fall among the studied Oka and Zaborie formation
disconformities. This lowstand is also characterized by at
least 15m of fluvial incision into the underlying strata
(Dagaeva, 1960).

The Mikhailovian succession between the MLU and KHU
is a shallow-water section with facies changes and many dis-
conformities that are not easy to correlate (Figs. 3 and 4B).
The characteristic feature is that many Stigmaria levels are
not associated to subaerial exposure profiles (Figs. 3 and
9). The lower half of the Mikhailovian has especially many
levels with Stigmaria. At least two thick and internally
conformable limestones without Stigmaria are traced in
Novogurovsky and other sections around Tula, as well as
in Zmeinka (parasequences MH2 and MH4 on Fig. 3). These
limestones are rich in Gigantoproductus and other normal-
marine fauna. The pattern changes to the west. The
siliciclastic unit MHT1 can be traced in the Wells of
105 km, in Brontsy, and in other western sections providing
that an adequate description or a litholog is available (e.g.
Shvetsov and Birina, 1935; Birina, 1938; Arendt, 2002). In
Wells of 105 km, these organic-rich shales and siltstones
contain coal seams and a scarce shallow-water conodont
fauna of Cavusgnathus. At Ignatova Gora, the shallowness
of MHT1 is suggested by thin lenses of ’rhizoid limestone‘
(Arendt, 2002). Apparently, deposition of the MHT1 was
maintained at very shallow depth over the area of the
coast-sea transition. Preservation of organic matter (coaly
seams, pervasive impregnation by very fine coaly detritus)
indicates that sediments were not exposed to early vadose

oxidation. The middle of the Mikhailovian (parasequence
MH3) is marked by a distinct ’double bed‘ of collapsed
pinkish, partly sooty marls (Type 2 subaerial horizons)
divided by a thin marine limestone (Figs. 3 and 4B). A
mineable coal seam up to 1m in thickness reported from
the middle Mikhailovian of the Petrovskoe coalfield (Birina,
1938) must correlate to one of these OCM horizons. At
Zmeinka, this double disconformity may correlate to Units
11-14 where the lower disconformity is the OCM horizon
with lenses of Type 4 ’rhizoid limestone‘ (Figs. 7G, H).
The upper disconformity is a thin (<20 cm) calcrete
traceable across the whole quarry (Fig. 7G). Solution
pockets in the top of the calcrete preserve a clayey epipedon
(Unit 14 on Fig. 3).
The second major transgressive parasequence MH4 seems

to correlate well between outcrops, but its position in Wells
of 105 km is less certain. The MHT2 siliciclastic unit of
Polotnyanyi Zavod may correspond to shale and sandstone
interlayers of the Unit 5 of the Wells of 105 km. Further
southeastward, the MHT2 probably pinches to the sooty
shale of the OCM type (Unit 15 of Novogurovsky). This unit
is less than 20 cm thick, only a few centimetres in some
sections around Tula, but in Novogurovsky contains up to
three coal seams, suggesting prolonged development.
Eastward (Zmeinka), this shale may expand into an ingres-
sive marine to palustrine limestone of the sequence MH5
(Figs. 3 and 4E).
Whatever could be the intra-Mikhailovian correlation, it is

obvious that this multifacies formation is constrained by two
pronounced disconformities at the top and at the base. The
upper one records the major sea-level drop of Oka time.
No significant base-level drops are interpreted within the
Mikhailovian.

6.3. Venev Formation

Our data analysis confirms the long-known two-sequence
composition of the Venev Formation—VN1 and VN2
(Fig. 3; Osipova and Belskaya, 1965a; Hecker and Osipova,
2007). In sections around Tula, the ‘rhizoid limestone’ at the
Barsuki Disconformity (BU) appears to be a discontinuous
incursive shallow marine or palustrine limestone, karstified
and pedogenically altered from its top. A thin clayey
palaeosol preserved in solution pockets below this bed
suggests a composite (double) disconformity (Kabanov
et al., 2012). However, no incursive beds were detected at
BU in Zmeinka and Polotnyanyi Zavod (Fig. 3). The
Muratovka Disconformity (MU) at the top of the Venevian
appears to be a simple subaerial profile varying in different
sections from PKTa to PKTb and PKTc. The top of the
VN2 sequence is locally blackened, most distinctly in
Malinovka. This blackening is likely explained by hydro-
morphic OM adsorption and pyritization during the onset
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of the Tarusian transgression. In Zmeinka, details of the
Venevian and Tarusian disconformities are obscured by
strong post-Carboniferous karstification (Fig. 3).
The sequences VN1 and VN2 are composed of photozoan

bioclastic packstones with the abundant algal-like microfos-
sil Calcifolium okense Shvetsov and Birina, 1935. The
presence of some wackestones in the lower part of VN1
(Unit 19 at Novogurovsky; Kabanov et al., 2012) probably
records the maximum transgression. In the absence of
rounded bioclasts, local grainstone-like textures are more
likely the result of vadose dissolution of carbonate mud
and calcite redistribution into equant sparite cement. Some
poorly sorted, almost non-rounded primary grainstones
may be also present. Both VN1 and VN2 sequences are
subaerially altered to a depth of several metres, which is
expressed in a visually bleached matrix (no coaly particles
preserved), some solution vugs and channels, branching root
channels penetrating to a depth of at least 3.5m from the
BU, and micro-scale matrix dissolution. The latter led to
the development of soft chalky limestone and distinct
potato-shaped vadose cementation nodules (‘Venevian-type‘
mottling or pseudobreccia; Birina, 1938, 1940). Some of
these nodules developed around root channels (Kabanov,
2004). Vadose features gradually disappear downward in
Unit 19 of Novogurovsky and its correlatives in other
sections.
The siliciclastic unit VNT1 in the sequence VN2 pinches

out to the east of Polotnyanyi Zavod (Fig. 3). This unit
may correspond to the upper Venevian siliciclastic unit
below the limestone A8 of the northwestern flank of the
Moscow Basin (Savitsky et al., 2007, 2012). There, the
Venevian retains its distinct two-sequence composition with
‘rhizoid limestones’ developed at the top of Limestones A7

and A8 using the local nomenclature (Belskaya et al., 1975
Savitsky et al. 2007, 2012).

6.4. Tarusa and Gurovo formations

The Zaborie Group records a major transgression starting
from the lower Tarusa (Fig. 4D) as suggested by a gradual
increase in conodont numbers (Gibshman et al., 2009),
growing echinoderm diversity (Arendt, 2002), changes in
lithofacies, ichnofacies, and geochemical indicators sensi-
tive to oxygen level (Kabanov et al., 2012). Above the
Forino Disconformity (FU), no subaerial exposure features
are confirmed up to the top of the Gurovo Formation. The
FU is a weakly developed subaerial profile recognized by
solution vugs, solution-enhanced burrows, accumulation of
loose iron-rich material in solution voids, and some root
penetrations (Kabanov et al., 2012). The strongest develop-
ment of this profile was observed at Polotnyanyi
Zavod where it conforms to an immature PKTa type. This
locality was the only one providing undoubted Stigmaria

impressions in the overlying shale (Unit 44a). Upright
penetrations closely resembling Stigmaria appendages were
also reported from other sections (Kabanov et al., 2012).
Vadose features do not penetrate deeper than 0.5m from
the FU surface. In the paraconformable section above the
FU, sedimentary cyclicity is expressed in Zoophycos–
Scolithos cycles/couplets. Cyclicity becomes completely
obscured in the main shaly part of the Gurovo Formation.
The Dashkovka Disconformity (DU) at the top of the
Gurovo Formation is a palygorskitic calcrete according to
our XRD data from Zaborie. Descriptions of morphological
features of this palaeosol were given previously (Kabanov,
2004; Kabanov et al., 2012). The depth of the palaeo-vadose
zone under the DU is obscured by vadose alterations from
the major mid-Carboniferous unconformity (Figs. 3 and 5C).

7. WIRELOG RESPONSE

Logging of shallow engineering drillholes of Wells of
105 km provides insight into the gamma-ray (GR) and resis-
tivity response of the Mikhailovian-Venevian succession
(Fig. 5). The high-gamma horizon IV has the highest GR
values of 40 to 80 μR/h that would be anticipated for shales,
but in core it matches the limestone of the Unit 7 of the com-
posite section (Appendix 3). This is a dark grey organic-rich
bioclastic limestone with abundant plant fragments and
Stigmaria. The marine origin of this unit is attested by the
bioclastic texture and record of Gigantoproductus sp. The
horizon II apparently corresponds to one shale interbed in
the shale-limestone alternation of Unit 5 of the composite
section. The GR horizon I corresponds to the OCM horizon
correlated to the ’triple sooty shale‘ of Unit 15 of
Novogurovsky (Fig. 3; Kabanov et al., 2012). In some wells
(e.g. Well 7 on Fig. 5B) this level yielded dark ’rhizoid
limestone‘ and no distinct overcompacted shale, indicating
either a facies transition or development of lenses of ’rhizoid
limestone‘ within the OCM horizon similar to Unit 11 of
Zmeinka on Figure 7G.

Both the palaeosol clay of the Kholm Disconformity
recovered fromWell 39 (Fig. 5B) and the overlying APB unit,
also marly, respond by background GR values that are even
lower than in some limestones above and below (Fig. 5B).
The Venevian section generally corresponds to the geophysi-
cal bed 6 on Figure 5A and is characterized by relatively
high background GR values of 7–10μR/h and the elevated
resistivity of 100–180Ω*m, which is probably related to tight
sparitic cementation imparting dielectric property to the matrix
of this macroscopically karstified formation. Also, no distinct
GR or resistivity response of ‘rhizoid limestones’ at the top of
the Venevian sequences is detected.

However, not every bed ascribed to shale during core
measurement responds in an elevated gamma value, and
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correlation of high gamma to shales is far from straightforward.
In this particular sedimentary system, high gamma signals often
reside in organic-rich limestones rather than shales.

The effective resistivity is mostly tied to variable degree
of groundwater saturation in unevenly karsted bedrock and
shows very few stratigraphic signals. The only confidently
traceable resistivity level is the dielectric horizon III
reaching 405Ω*m (Fig. 5). Visually (in Well 7), this is a
hard bioclastic limestone, probably somewhat argillaceous,
with local development of solution vugs.

8. BIOSTRATIGRAPHY

Recent efforts to define the base of the Serpukhovian Stage
in the stratotype area have focused on foraminifers and
conodonts from Zaborie and Novogurovsky sections
(Gibshman, 2003; Gibshman and Baranova, 2007;
Gibshman et al., 2009; Kabanov et al., 2009, 2013). Distri-
butions of stratigraphically important forms are summarized
in Figure 10. Ammonoids are very rare in the studied
succession. A brief summary of ammonoid occurrences is
given below. Other biostratigraphically employed groups
are miospores, corals, and ostracods (Byvsheva and
Umnova in Makhlina et al., 1993; Hecker, 2001, 2013;
Zainakaeva and Kochetova, 2012). Much less biostratigraphic
constraints have been historically available for the Tulian–

Venevian, and therefore, this part of the succession is
discussed below in substantial detail with key forms illus-
trated in Figures 11–13. In contrast to other parts of this paper
describing local lithostratigraphic units and sequences, this
review switches the discourse towards regional substages,
which is the conventional approach in Russian biostratigra-
phy based on definition of regional substages (historically
‘horizons’) as basin-wide (in Russian Platform often craton-
wide) multifacies units with an isochronous base and top
characterized by one or more biostratigraphic zones
(Alekseev et al., 1996; Zhamoida et al., 2006; Table 1).

8.1. Tulian

The biostratigraphy of the Tulian Regional Substage is
discussed here to better understand the chronostratigraphic
position of the overlying Aleksinian–Venevian succession.
Up to four limestone beds in the upper part of this predomi-
nantly siliciclastic formation, historically labelled as A0 to
A3 (Makhlina et al., 1993), have yielded foraminifers
and conodonts. Foraminifers from these limestone beds
characterize the Endothyranopsis compressa–Archaediscus
krestovnikovi Zone (Makhlina et al., 1993) or
Endothyranopsis compressa–Paraarchaediscus koktjubensis
Zone (Alekseev, 2008). Conodonts are scarce and insuffi-
ciently known. In the Gryzlovo historical section near Tula,
the limestone A2 has yielded one specimen of Gnathodus

Figure 10. Summary of ranges of stratigraphically important conodonts and foraminifers in southern part of Moscow Basin. Sequence stratigraphic framework
of the Oka Group is composed of sequences defined in this study and in Kabanov et al. (2013). Stratigraphic framework of Tarusa and Gurovo formations is
composed of members with recently corrected Tarusa/Gurovo boundary (Kabanov et al., 2012) . Foraminifers marked by asterisks are shown on Figure 11.
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Figure 11. Foraminifera of Oka and Zaborie groups: (A) Palaeotextularia longiseptata Lipina, longitudinal section, Oka 105 km, well 41, depth 32.5m, lower
Mikhailov Formation, NG4142. (B) Koskinotextularia bradyi (Möller), longitudinal section, Oka 105 km, well 39, depth 27.5m, Mikhailov Formation,
NG0279. (C) Koskinobigenerina prisca (Lipina), longitudinal section, Polotnyanyi Zavod, Unit 20, Mikhailovian, NG0341. (D) Climacammina cf. simplex
Rauser, longitudinal section, Oka 105 km, well 39, depth 18.5m, lower Venev Formation, NG0241. (E) Climacammina sp., longitudinal section, Oka
105 km, well 41, depth 16.7m, lower Venev Formation. (F) Archaediscus gigas Rauser, axial section, Polotnyanyi Zavod, Unit 21, Mikhailov Formation,
NG1356. (G) Endothyranopsis crassa (Brady), axial section, Oka 105 km, well 41, depth 32.5m, lower Mikhailov Formation, NG4156. (H) Endothyranopsis
sphaerica (Rauser), axial section, Oka 105 km, well 39, depth 9.8m, upper Venevian, NG4573. (I) Janischewskina typica Mikhailov, incomplete axial section,
Novogurovsky Quarry, Unit 25, base of Tarusa Formation, NG0140. (J) ‘Millerella’ tortula Zeller, close to axial section, Novogurovsky Quarry, Unit 28,
Tarusa Formation, NG0191. (K) Eostaffella tenebrosa Vissarionova, axial section, Oka 105 km, well 39, depth 9.8m, upper Venev Formation, NG4580. (L)
Eostaffella ikensis Vissarionova, high axial section, Oka 105 km, well 39, depth 24.5m, middle Mikhailov Formation, NG4444. (M) Eostaffella proikensis
Rauser, close to axial section, Oka 105 km, well 39, depth 39.9m, upper Aleksin Formation, NG 4425. (N) Eostaffella proikensis Rauser, close to axial section,
Oka 105 km, well 39, depth 33.7m, lower Mikhailov Formation, NG4386. (O) Eostaffella proikensis Rauser, close to axial section, Polotnyanyi Zavod, unit 7,
basal Mikhailov Formation, NG1305. (P) ‘Millerella’ tortula Zeller, sagittal section slightly desolated, Zaborie Quarry, Unit 3a-2, lowermost Tarusa Formation,
NG0347. (Q) ‘Millerella’ tortula Zeller, Zaborie Quarry, Unit 48, top of Gurovo Formation, NG2564. (R) Janischewskina delicata (Malakhova); (R and S) are
incomplete sagittal sections showing charactreristic interceptal mounts, Novogurovsky Quarry, Unit 25, Tarusa Formation, NG0179. (S) Janischewskina
delicata (Malakhova), Zaborie Quarry, unit 4, lowermost Tarusa Formation, NG1928. (T) Janischewskina minuscularia Ganelina, close to axial section,
Polotnyanyi Zavod, Unit 9, lower Mikhailov Formation, NG0345. (U) Janischewskina minuscularia Ganelina, Oka 105 km, well 39, depth 35.3m, lower
Mikhailov Formation, NG4400. (V) Eostaffellina paraprotvae (Rauser), close to axial section, Zaborie Quarry, Unit 48, top of Gurovo Formation, NG2562.
Scale bars: black with white outline—0.1mm; white with black outline—0.5mm. Collection housed in A.A.Borissiak Paleontological Institute RAS, specimen

numbers from personal collection of N.F. Gibshman.

TYPE SERPUKHOVIAN (MISSISSIPPIAN) AND UNDERLYING STRATA, MOSCOW BASIN

Copyright © 2014 John Wiley & Sons, Ltd. Geol. J. (2014)
DOI: 10.1002/gj



Figure 12. Conodonts from Novogurovsky, magnification X70: (A) Lochriea commutata (Branson and Mehl), specimen DP LMSU 352/10; (B)
Pseudognathodus homopunctatus (Ziegler), specimen DP LMSU 352/102, both (A) and (B) from Unit 1, Aleksin Formation; (C) Gnathodus bilineatus
(Roundy), specimen DP LMSU 352/103, sample GUR-19-3, Unit 19, Venev Formation; (D) Lochriea aff. ziegleri Nemirovskaya, Perret and Meischner, spec-
imen DP LMSU 352/104, sample GUR-21-1, Unit 21 Venev Formation; (E) Gnathodus girtyi Hass, specimen DP LMSU 352/105, sample GUR-19-3, Unit 19,
Venev Formation, ; (F) Gnathodus bilineatus (Roundy), specimen DP LMSU 352/106, sample GUR-23-3, Unit 23, Venev Formation; (G) Lochriea ziegleri
Nemirovskaya, Perret and Meischner, specimen DP LMSU 352/107, sample GUR-23-3, Unit 23, Venev Formation; (H) Lochriea senckenbergica
Nemirovskaya, Perret and Meischner, specimen DP LMSU 352/108, sample GUR-23-3, Unit 23, Venev Formation; (I) Lochriea senckenbergica
Nemirovskaya, Perret and Meischner, specimen DP LMSU 352/112, sample GUR-24-1, Unit 24, Venev Formation; (J) Lochriea cruciformis (Clarke), spec-
imen DP LMSU 352/109, sample GUR-23-3, Unit 23, Venev Formation; (K) Gnathodus girtyi Hass, specimen DP LMSU 352/110, sample GUR-25-1, Unit

25, Tarusa Formation; (L) Lochriea monocostata (Pazukhin and Nemirovskaya), specimen DP LMSU 352/111, sample GUR-25-1, Unit 25, Tarusa.
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bilineatus (Roundy), and the limestone А1 near Bogoroditsk
of the Tula region provided Gnathodus girtyi Hass and
Mestognathus beckmanni Bischoff (Makhlina et al., 1993).
The Tulian is characterized by the Cingulizonates bialatus–
Simozonotriletes brevispinosus Palynozone.

8.2. Aleksinian

The Aleksinian has been assigned to the Eostaffella
proikensis–Archaediscus gigas Zone (Makhlina et al., 1993)

or to the lower part of the Endothyranopsis crassa–
Archaediscus gigas Zone (Alekseev, 2008). The lower
Aleksinian still contains the Tulian index foraminifers
Endothyranopsis compressa (Rauser and Reitlinger). First oc-
currence datums (FODs) of Endothyranopsis crassa (Brady),
Palaeotextularia longiseptata Lipina, Bradyina rotula (von
Eichwald), Neoarchaediscus parvus (Rauser), Janischewskina
minuscularia Ganelina, and Eostaffella proikensis Rauser
have been also reported from different levels in the lower
Aleksinian. The genus Koskinotextularia also enters in the

Figure 13. Conodonts from Oka Group of Wells of 105 km, (A–I) from Aleksin Formation and (J) from Mikhailov Formation: (A) Gnathodus girtyi Hass,
specimen DP LMSU 352/114, borehole 42, depth 48.0m; (B) Gnathodus bilineatus (Roundy), well 42, depth 45.0; (C) Gnathodus girtyi Hass, specimen
DP LMSU 352/115, borehole 42, depth 48.0m; (D,E)Mestognathus bipluti Higgins, specimens DP LMSU 352/116 (D) and DP LMSU 352/118 (E), both from
borehole 42, depth 42.0m; (F) Cavusgnathus sp., specimen DP LMSU 352/117, borehole 42, depth 42.0m; (G, H) Cavusgnathus sp., specimens DP LMSU
352/119 (G) and DP LMSU 352/120 (H), both from borehole 39, depth 39.9m; (I) Lochriea commutata (Branson and Mehl), specimens DP LMSU 352/122

borehole 42, depth 45.0m; (J) Mestognathus bipluti Higgins, specimen DP LMSU 352/113, borehole 42, depth 34.3m.
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Aleksinian with indications of its possible presence in the
upper Tulian (Makhlina et al., 1993, pl. VI, fig. 7). Following
Sevastopulo and Barham (2014), we use FODs to describe
the first local occurrence of a taxon as opposed to its first
global appearance datum (FAD).

Conodonts in the Aleksinian are scarce. Gibshman et al.
(2009) report on the finding of Lochriea commutata (Branson
and Mehl) in the upper Aleksinian of Novogurovsky.
More recently, the lower Aleksinian core from the Well
42 of 105 km (base of Unit 16, 49.0m MD on Fig. 5B)
has yielded a few shallow-water forms Gnathodus girtyi
Hass, Synclydognathus sp., and Cavusgnathus aff. naviculus
(Hinde). The latter form is identical to Cavusgnathus
naviculus reported by Savitsky et al. (2007, pl. 6, fig. 1)
from the A1 Limestone of the Msta Formation of the
northwestern flank of the Moscow Basin. The middle
Aleksinian of the same well (Unit 15, 45m MD on Fig. 5B)
has yielded Lochriea commutata (Branson and Mehl),
Gnathodus bilineatus (Roundy), and Kladognathus sp. The
upper Aleksinian of this well (Unit 14, 42.0m MD) provided
Mestognathus bipluti Higgins, Cavusgnathus aff. naviculus
(Hinde), Synclydognathus sp., andKladognathus sp. (Fig. 12).
Pseudognathodus homopunctatus (Ziegler) was extracted
from roughly the same stratigraphic level at Novogurovsky
(Fig. 13).

The alga-like problematica Calcifolium known for
their mass occurrence in the upper Oka limestones is
found to enter in the lower Aleksinian (Gibshman and
Alekseev, 2013). The Aleksinian is assigned to the
Triquetrites comptus–Cingulizonates bialatus distinctus
Palynozone.

8.3. Mikhailovian

This formation is characterized by a rich foraminiferal
assemblage of the Eostaffella ikensis Zone (Makhlina
et al., 1993). However, the index species Eostaffella ikensis
Vissarionova is rare and enters above the base of the
formation. The taxa Koskinobigenerina prisca (Lipina) and
Howchinia bradyana (Howchin) have FODs in the
Mikhailovian.

As in other very shallow-water formations, conodonts
are scarce. Forms with known presence in the
Mikhailovian include Lochriea commutata (Branson and
Mehl), Gnathodus bilineatus (Roundy), Mestognathus
bipluti Higgins, Cavusgnathus sp., Synclydognathus, and
Kladognathus. Makhlina et al. (1993, pl. XXIX, fig. 9)
reported Lochriea nodosa (Bischoff) from the middle
Mikhailovian of Well 3488 of the southern slope of
Voronezh Anticline; however, in the Mikhailovian of
our study area, this form is unknown as yet. The
Mikhailovian has been assigned to the Tripartites
vetustus Palynozone.

8.4. Venevian

The Venevian is assigned to the Eostaffella tenebrosa
Zone. Its foraminiferal assemblage is similarly diverse.
Eostaffella tenebrosa Vissarionova, Janischewskina typica
Mikhailov, and Climacammina simplex Rauser enter the
section from the base of the formation, but FODs of
Janischewskina delicata Malakhova, ‘Millerella’ tortula
Zeller [=Paramillerella tortula (Zeller); Cózar and
Somerville, in press], Planoendothyra sp., and Endothyra
phrissa (Zeller) are found within the sequence VN2 of
Novogurovsky (Gibshman et al., 2009).
Conodonts become more numerous and diverse, and the

number of relatively deep-water elements Gnathodus
bilineatus (Roundy) increases. The upper half of the
Venevian Substage is recognized by the entrance of
Lochriea ziegleri Nemirovskaya, Perret and Meischner
(Fig. 10). This was first reported by Skompski et al. (1995)
from Lanshino Quarry and subsequently confirmed from
Unit 23 of Novogurovsky (Gibshman et al., 2009, pl. 8,
fig. 8). More representative sampling of the Venevian and
the lower Tarusian conducted in 2009 has confirmed the
presence of Lochriea ziegleri, along with Lochriea
senckenbergica Nemirovskaya Perret and Meischner and L.
cruciformis (Clarke), in Unit 23 of Novogurovsky (Fig. 13).
One more primitive element of Lochriea aff. ziegleri with
incompletely divided tubercles has been extracted from
the base of Unit 21 (3.0m above the Venevian base).
The Venevian is assigned to the Camarozonotriletes knoxi–
Diatomozonotriletes curiosus Palynozone.

8.5. Tarusian

The Tarusian has been assigned to the Pseudoendothyra
globosa Zone with Neoarchaediscus postrugosus beds in
the lower part of this formation. Tarusian foraminifers are
diverse. The basal sequence ZB1 contains the first
Pseudoendothyra globosa Rozovskaya, Neoarchaediscus
postrugosus (Reitlinger), Janischewskina delicata
Malakhova, Endothyra phrissa (Zeller), and Endothyra
brazhnikovae (Bogush and Yuferev).
Conodont assemblages are relatively rich and include

Gnathodus bilineatus (Roundy), G. girtyi Hass, Lochriea
commutata (Branson and Mehl), L.mononodosa (Rhodes
Austin and Druce), L. nodosa (Bischoff), L. ziegleri
Nemirovskaya Perret and Meischner, L. cruciformis
(Clarke), Hindeodus cristulus (Youngquist and Miller),
sporadic Cavusgnathus sp., and numerous elements of
Synclydognathus and Kladognathus.

8.6. Steshevian

The Steshevian was defined in the Zaborie Quarry section
close to the base of Unit 10 (Shvetsov, 1948; Barskov and
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Alekseev, 1979; Makhlina et al., 1993; Gibshman, 2003) and
then matched to a shoaling level in Unit 9 (Kabanov, 2003). In
Novogurovsky, this boundary was drawn at an apparently
younger level at the top of Unit 31 (Belskaya et al., 1975;
Makhlina and Zhulitova, 1984; Gibshman et al., 2009). In an
effort to resolve this discrepancy, the base of the Steshevian
Substage in Zaborie was moved upward to the middle of Unit
25 (Kabanov et al., 2012). However, we cannot consider that
such a correlation is firmly established at the moment. Accord-
ing to this correlation, the zonal index Eostaffellina decurta
(Rauser) enters in both sections in a highstand unit of the
parasequence ZB2c, that is, in the middle of the upper
Tarusian (Fig. 3; Gibshman et al., 2009; Kabanov et al.,
2009). As a result of the new correlation, the Eostaffellina
decurta Zone includes the Steshevian and the upper Tarusian.
In Zaborie, the base of the Eostaffellina decurta Zone in the
new definition is characterized by FODs of Rectoendothyra
latiformis Brazhnikova (Gibshman, 2003, pl. III, fig. 17),
Loeblichia minima Brazhnikova (Gibshman, 2003, pl. III,
figs. 7–9), and Cepekia cepeki Vašiček and Ružička
(Gibshman, 2003, pl. II, fig. 37) (Kabanov et al., 2009). In
Novogurovsky, the species Loeblichia minima Brazhnikova
andCepekia cepekiVašiček and Ružička first appear at a youn-
ger level in Unit 33 (Gibshman et al., 2009). In theGlazechnya
shale Member foraminifers are mostly lacking. Limestone
seams from the uppermost Steshevian palygorskitic shales
(Units 38 and 39) have yielded Eostaffellina decurta (Rauser)
and E. paraprotvae (Rauser). The latter form is a synonym of
E. protvae.
Conodonts are abundant in the section starting from the

Upper Tarusian sensu Kabanov et al. (2012); however, their
assemblage is not markedly different from the Lower–basal
Upper Tarusian. The Lower Steshevian is recognized by
the entrance of rare Vogelgnathus campbelli (Rexroad) and
more frequent Cavusgnathus [C. unicornis Youngquist and
Miller and C. naviculus (Hinde)]. Dolostone beds of the
Upper Steshevian shale member have yielded assemblages
sharply dominated by Gnathodus girtyi Hass.

8.7. Protvian

The foraminiferal assemblage of the Protvian is diverse and rec-
ognized by FODs of Eostaffellina shartimensis (Malakhova),
E. subsphaerica (Ganelina), Brenckleina rugosa (Brazhnikova)
and Pseudoendothyra parasphaerica Reitlinger (Fig. 10). This
assemblage characterizes the E. paraprotvae Zone.
Well Maloyaroslavets-8, the most complete Protvian

section in the study area (Gibshman et al., 2012), shows
the first appearance of E. cf. paraprotvae (Rauser),
Pseudoendothyra parasphaerica Reitlinger, Janischewskina
delicata Malakhova, Planoendothyra minuta (Lipina), and
Eostaffella aff. mirifica Brazhnikova close to the base of the
Protvian limestone (42.3–45.0m MD). The younger

assemblage identified at 37.8–39.0m MD is recognized by
FODs of Planoendothyra irenae (Ganelina), Planoendothyra
aff. mosquensis (Vissarionova), and Globivalvulina moderata
(Reitlinger). The top of the preserved Protvian section at 34.8–
37.8m MD shows the highest species richness of foraminifers
with two new species Eostaffellina shartimiensis (Malakhova)
and Planoendothyra cf. aljutovica (Reitlinger), the entrance of
Archaediscus cornuspiroides Brazhnikova and Vdovenko, and
recurrence of such Viséan species as Neoarchaediscus cf.
rugosus (Rauser), N. cf. parvus (Rauser), Asteroarchaediscus
baschkiricus (Krestovnikov and Theodorovich), Endothyra cf.
bowmani Phillips, and Endothyranopsis sphaerica (Rauser and
Reitlinger). This uppermost level also contains diverse calcare-
ous algae (Fourstonella sp., Mametella sp., Palaeoberesella
sp., and Ungdarella parallella Kulik).

The lower Protvian conodont assemblage from Zaborie is
very similar to the Steshevian one. The species Gnathodus
bilineatus (Roundy) recurs after an absence in the upper
Steshevian shale member. One sample from Zaborie
contained an impoverished assemblage with only one
species Windsorgnathus windsorensis (Globensky), which
is thought to reflect increased salinity in response to climate
aridization, because it occurs in a Viséan evaporitic
succession of the Windsor Group in the Atlantic Canada
(von Bitter and Plint, 1987).

The upper Protvian of Well Maloyaroslavets-8 shows an
increase in conodont diversity. Here, the assemblage is
dominated by the group Gnathodus bilineatus and represen-
tatives of Lochriea indicating return of normal-marine
subtidal conditions. The interval between 34.8 and 39.0m MD
also contains Gnathodus bollandensis (Higgins and Bouckaert),
Lochriea monocostata (Pazukhin and Nemirovskaya),
L. costata (Pazukhin and Nemyrovskaya), and Geniculatus
sp. It is noteworthy that elements provisionally grouped into
Gnathodus bollandensis contain morphotypes typical for
the uppermost Serpukhovian. This assemblage from the
uppermost part of the section belongs to the Gnathodus
bollandensis Zone. The core from within the lower Protvian
of the Well 69 Butovo/Staronikolskoe (southern suburbs of
Moscow City) had yielded Adetognathus unicornis (Rexroad
and Burton), and G. bollandensis enters in that section 9.5m
higher (Alekseev et al., 1984). Available data are insufficient
to pin the FODs of the zonal species A. unicornis and
G. bollandensis. Since these forms are missing in
assemblages from the lower Protvian of Zaborie and
Novogurovsky, the base of the A. unicornis Zone is currently
sought above the base of the Protvian.

8.8. Ammonoids

Ammonoids are very rare in this shallow-water succession
(Ruzhentsev and Bogoslovkaya, 1971; Shkolin, 2000).
According to the most recent summary by Shkolin (2000),
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a two-century history of cephalopod collection on the
southern, western, and northwestern flanks of the Moscow
Basin has retrieved only 250 ammonoid specimens from
the Tournaisian–Serpukhovian interval with the most
numerous findings in the Tulian, Mikhailovian, and Lower
Serpukhovian. The upper part of the Tulian Substage has
yielded Beyrichoceratoides truncatus (Phillips), B.
redesdalensis (Hind), B. fournieri (Delepine), and B. sp. nov.
The Mikhailovian reportedly contains Beyrichoceratoides
truncatus (Phillips) and Lusitanoceras granosum (Portlock).
B. redesdalensis (Hind) has been also collected from the
Upper Venevian of Zmeinka Quarry. The Tarusian Substage
is characterized by Cravenoceras shkolini Morozov, C.
crassum Ruzhentsev and Bogoslovskaya, C. arcticum
Librovitch, C. sp., Irinoceras sp. nov. (=Brancoceras
rotatorium de Koninck), and Megapronites sakmarensis
Ruzhentsev (Shkolin, 2000). The most numerous findings
come from the Glazechnya montmorillonitic shales (lower
Steshevian) in the vicinity of Kaluga: Cravenoceras scoticum
Currie, Glyphiolobus sp. nov., and Anthracoceras sp.
(Shkolin, 2000). In argillaceous carbonates of Units 10–26
of Zaborie (Fig. 3) that were correlated with the lower
Steshevian before Kabanov et al. (2012), Shkolin (2000)
indicated Cravenoceras shimanskyi Ruzhentsev and
Bogoslovskaya and C. scoticum Currie. Only one species
Arcanoceras burmai (Miller and Downs) has been reported
from the Protvian Substage (Ruzhentsev and Bogoslovskaya,
1971; Shkolin, 2000).

8.9. Correlation with Western Europe

In the recent Geological Time Scale (Davydov et al., 2012),
the base of the Aleksinian is provisionally correlated to the
base of the Warnantian of Western Europe. It was also
proposed that the Aleksinian–Venevian interval should
correlate with only the upper part of the Warnantian
(Brigantian) (e.g. Hecker, 2013; Kabanov et al., 2013). This
correlation of Kabanov et al. (2013) was based on the upper
Aleksinian FODs of the genera Climacammina and
Janischewskina reported by Vdovenko (Makhlina et al.,
1993). However, these pre-Venevian taxa identified as
Climacammina (Koskinobigenerina) prisca (Lipina) in
Makhlina et al. (1993) are now revised to a separate genus
Koskinobigenerina.

The insight into the international correlation of the
Aleksinian–Venevian is given by the comparison with
foraminiferal ranges from the type sections of Belgium
(Poty et al., 2006). The regional FOD of the genus
Neoarchaediscus in the upper(?) Aleksinian (Fig. 10) pins
the Warnantian base within the Aleksinian, probably
close to its base (Table 1). The Mikhailovian characterized
by Howchinia bradyana (Howchin) and the genus
Koskinobigenerina in this case would correlate to the

middle Warnantian (Zone MFZ 14), and the Brigantian
(Zone MFZ 15) finds its equivalent only in the Venevian
(Table 1) with Janischewskina typicaMikhailov and the first
true Climacammina. The Aleksinian–Venevian succession
consists of no less than 10 cyclothems favouring protracted
deposition more consistent with the entire Warnantian in
age. Our correlation concurs with one proposed by Menning
et al. (2006) and Cózar et al. (2014) who equate the
Aleksinian and most of the Mikhailovian with the Asbian.
Our data indicate that the FODs of potential Serpukhovian

base markers extend below the originally defined
Serpukhovian base at the Venev/Tarusa disconformity
(Fig. 10). Noteworthy is the entrance of Lochriea ziegleri
close to the middle of the Venevian which is consistent with
its FOD close to the mid-Brigantian in the British Isles
(Skompski et al., 1995; Sevastopulo and Barham, 2014). It
should be noted though that the apparent perching of
L. ziegleri and stratigraphically important foraminifers in
the Tarusian base in Zaborie Quarry comes from a dearth
of data from Unit 2 rather than any increased truncation of
the Serpukhovian base as suggested by Groves et al.
(2012). Among the foraminifers, Neoarchaediscus
postrugosus (=Asteroarchaediscus postrugosus in Groves
et al, 2012) and Janischewskina delicata seem to be most
relevant for international correlation (see review by Groves
et al., 2012). The FOD of J. delicata in Novogurovsky
matches the first occurrence of Lochriea ziegleri in the
middle of the sequence VN2 defining by that the possible,
apparently conformable, international Serpukhovian base.
Millerella tortula identified by Gibshman (2003) from
Zaborie and Novogurovsky and proposed as a Serpukhovian
base marker (Gibshman and Baranova, 2007; referred to as
‘tortula-like’ forms by Groves et al., 2012) has its FOD in
the upper Venevian (Fig. 10), and this form is markedly
different from typical Paramillerella tortula (Zeller)
(Groves et al., 2012). The Zaborie Group is relatively rich
in conodonts and foraminifers; however, species suitable
for correlation with Western Europe are mostly missing,
consistent with the growing restrictions of marine transgres-
sions in both regions and the middle-late Serpukhovian epi-
sode of increased global provincialism (decreased similarity)
detected in foraminiferal faunas (Groves and Yue, 2009).
The Zaborie Group is usually matched to the Pendleian–
lower (lowermost) Arnsbergian (Menning et al., 2006;
Davydov et al., 2010, 2012). Entrance of both index species
of the conodont zone Adetognathus unicornis–Gnathodus
bollandensis at different levels within the Protvian (Fig. 10;
Alekseev et al., 1984) renders correlation of the whole
Zaborie Group and possibly the lowermost Protvian within
the Pendleian (Table 1). In this correlation, the only part of
the type Serpukhovian lying within the zone MFZ16 of Poty
et al. (2006) and corresponding to the Arnsbergian is the en-
tire Protvian or excluding its lower few metres (Table 1).
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However, it is also considered that the Tarusian can entirely
correlate to the upper Late Brigantian (Cózar and
Somerville, in press). This latter correlation is based on the
sequence of FODs of stratigraphically important taxa in
northern England and southern Scotland where N.
postrugosus and Paramillerella tortula co-enter close to
the mid-Brigantian, and the ammonoid genus Cravenoceras
enters in the base of the Pendlean (Cózar and Somerville,
2012, in press). While admitting the unsettled state of the
international correlation of the Serpukhovian base, we
adhere to the correlation in GTS 2012 (Davydov et al.,
2012), because the genus Cravenoceras is already present
in the Tarusian of the Moscow Basin (Shkolin, 2000), and
the FOD of N. postrugosus in the Tarusian base should
not correspond to its FAD. The latter should rather be
searched for in a more complete succession corresponding
to the interval missing at the Muratovka Disconformity
(Figs. 3 and 14).

9. RECORD OF SEA-LEVEL CHANGES

The new sea-level curve for the Oka and Zaborie groups
(Fig. 14) is constructed based on stratigraphic facies changes
and ranking of subaerial exposure features at disconfor-
mities. This curve seems to imprint both local subsidence
and eustatic signals. Ranking of hiatuses does not involve
biostratigraphic gaps, as no missing zones are known in
the studied succession. The amplitude of base/sea level
change is pinned by five palaeoenvironmental gradations:
(1) karst and soil, (2) marshlands/everglades, (3) shallow
microtidal forested sea, and the subtidal realm with its (4)
shallow oxic and (5) deep hypoxic end-members.
The karst and soil refers to subaerial exposure profiles.

Ranking of these profiles (palaeo-pedons) is based on the
assumption that their relative expression is mostly a function
of duration of weathering and depth of base-level fall.
Transgressive erosion was not an important factor because
the only truncation detected in measured sections was local
reworking of loose topsoils. Ranking of subaerial hiatuses
also takes into consideration the climatic aridization imprint
read especially distinctly from the base to the top of the
Zaborie Group (Kabanov et al., 2012).
The marshlands/everglades refers to non-marine facies

deposited in ponded conditions virtually at sea level. These
include PSM and OCM horizons and the siliciclastic units
MHT1 and MHT2 of western sections (Fig. 3).
The microtidal shallow forested sea describes paradoxi-

cally the shallowest marine carbonate facies of the Oka
Group. These include bioturbated bioclastic packstones with
in situ Stigmaria (STGa horizons).The presence or absence
of these rooting systems in an otherwise very similar facies
allows cutting off of seafloor areas that were too deep for

lycopsid colonization. Tentatively, this depth was unlikely
to exceed 1m. The adjective ‘microtidal’ regards two
occurrences of microbial laminites with desiccation features
(Unit 7 of Novogurovsky and Unit 11 of Malinovka in Fig. 3)
that do not allow reference to the sea basin as totally atidal.

The subtidal realm encompasses subtidal environments
seaward of mangal outposts. The shallow oxic end-member
refers to bioturbated carbonate facies with abundant
photozoan particles (calcareous algae and algal-like
problematica and large foraminifers). The deep-water end-
member is pinned by black ductile montmorillonite shale
of the Glazechnya Member of the Gurovo Formation
(historically known as ‘lobata shale’. This member contains
nodular limestone interbeds in its lower part (Fig. 3). XRF
data from Novogurovsky show that manganese in Unit 34а
through to the base of 34е is enhanced compared to the
Tarusian part of the section, inversely correlated with
sulphidophile metals such as Zn, Cu, Pb, and Ni and that
this correlation is not related to a detrital siliciclastic
source (Kabanov et al., 2012). The carbonate interbeds are
Mn-rich, whereas shales between them are Mn-lean and
enriched in Zn, Cu, Pb, and Ni, with a very good negative
Pearson R correlation (RMn,Zn =�0.98, RMn,Cu =�0.79,
RMn,Pb =�0.97, and RMn,Ni =�0.91). This was interpreted
as a signature of oxygen-poor, hypoxic (about 0.2ml/l O2)
and probably intermittently anoxic environments (Kabanov
et al., 2012, in press). The trace fossil assemblage of this
interval features Zoophycos and Chondrites tiers, and the
assemblage of benthic shelly fossils includes low-diversity
brachiopod assemblages dominated by Eomarginifera
lobata (Sowerby), thick-stalked crinoids, and sporadic accu-
mulations of siliceous sponge spicules. The Zoophycos-
bearing limestones and marls of the underlying part of the
Zaborie Group may have been deposited in somewhat
shallower depths or in less turbid and more oxygenated
waters in the same depth range. The main problem with
interpretation of relative palaeobathymetry is the difficulty
in comparing highstand water depths in clean carbonate
and shaly facies. Although the existence of the Early
Serpukhovian transgression is supported by other lines of
evidence, such as a dramatic increase in conodont numbers
(Gibshman et al., 2009) and the abundance and diversity
of echinoderms (Arendt, 2002) and cephalopods, it is
unclear as to whether or in what proportion bottom hypoxia
was caused by genuine drowning versus eutrophication in
front of the large southerly located delta (Fig. 2B; Kabanov
et al., 2012).

Our data allow the reconstruction of a sea-level curve for
the upper Aleksinian through to the Steshevian interval
(Fig. 14). On that curve, the major lowstand is interpreted
from the Kholm Unconformity. This stratigraphic level is
the only one where subaerial weathering was protracted
enough to develop dissolution relief in excess of 2m. The
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15m-deep incised valleys developed from the Kholm
Unconformity approximate to the minimum base-level fall.
Below the Kholm Unconformity, the greatest sea-level
fall imprinted in the Malinovka Unconformity is estimated
to be 5–7m, based on incised valleys to the west of
Kaluga (Dagaeva, 1960), and probably even less in the stud-
ied area based on shallow (<1.5m) palaeokarst profiles.
Parasequences of the Aleksin and Mikhailov formations

record high-frequency sea-level amplitudes, hardly exceed-
ing 10–15m, as suggested by the range from shallow
subtidal environment, often within the reach of lycopsid trees,
to OCM marshlands and occasional permanently dry patches
of karst and soil formation. A chronosequence of disconfor-
mities from the base to the top of the Mikhailov Formation
shows partial decline of Stigmaria-penetrated limestones
(STGa horizons) and growing importance of palaeokarsts,
which suggests progressively deeper base level falls and, cor-
respondingly, an increase in the amplitude of sea-level change.
The two Venev cycles were likely deposited under

somewhat increased sea-level amplitudes, as suggested by va-
dose karst features penetrating almost through the
entire formation. The Tarusian–lower Steshevian transgres-
sion is expressed by the decline of subaerial unconformities
and the transition to Zoophycos-bearing lime muds
(wackestones) on the highstand ends of high-frequency
cycles. The section becomes conformable above the Forino
Disconformity, and the high-frequency cyclicity is expressed
in Zoophycos–Scolithos cycles/couplets (Kabanov et al.,
2012). It seems unlikely that both the Venev and the
Tarusa–lower Gurovo cycles were deposited under the high-
amplitude sea-level regime comparable to that of the upper
Serpukhovian and Pennsylvanian. In the main part of the
shaly Gurovo Formation, the high-frequency cyclicity cannot
be interpreted with the available knowledge. The
palygorskitic calcrete of the Dashkovka Unconformity marks
the top of the major Venevian–Lower Serpukhovian cycle.
The dashed curves for the Protva and the Lower Aleksin

in Figure 14 indicate insufficient knowledge on these parts
of the succession. The lower-middle Aleksin interval in our
study is only represented by Well 42 with the tops of
sequence marked by ‘rhizoid limestones’. Heavy karstification
of the Protvian limestone obscures details necessary for a sea-
level interpretation. However, root structures developed
from the top of Unit 41 of Novogurovsky indicate that subaer-
ial disconformities should be present there as well.
The above-described cyclic succession (Fig. 14) likely

has a significant glacioeustatic imprint. As interpreted
from the nearfield succession of eastern Australia, the
Serpukhovian–Bashkirian Glacial II of Isbell et al. (2003)
begins with a short (about 1My) glacial period C1 followed
by a more protracted early Serpukhovian ice-free (or low-
ice) period with no glaciogenic deposits preserved, and then
entering into an acme C2 glacial of the LPIA during the late
Serpukhovian (Fielding et al., 2008). However, δ18O isotope
records from the Serpukhovian-age cyclothemic successions
of the Northern Hemisphere show equivocal results:
brachiopod calcites show ranges shifted towards low values
favouring interglacial conditions for most of the early
Serpukhovian (Grossman et al., 2008; Stephenson et al.,
2010), while a steady increase of δ18O values in conodont
phosphate from the latest Visean into the early

Figure 14. Sea-level curve for southern Moscow Basin. Solid line delineates
sea/base level history interpreted based on representative material.
Dashed sections show stratigraphic intervals with insufficient data and
therefore more likely subject to further changes: sequences AL1 to
AL3 interpreted from one Well 42 and the Protva Formation with very
few recent observations (Kabanov et al., 2012). (See Fig. 3 for explana-

tion of acronyms for palaeokarsts).
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Seprukhovian seems to be consistent with the progressive
uptake of 16O into expanding ice (Buggisch et al., 2008).
The prominent Lower Serpukhovian (Zaborie) transgression
with the highstand attained near the middle of the Tarusian–
Steshevian time interval (Fig. 14) favours the Lower
Serpukhovian interglacial, and the Muratovka Palaeokarst
in the Tarusa base could be matched to the C1 glacial
lowstand correlated to the Brigantian/Pendleian boundary
(Fielding et al., 2008; Stephenson et al., 2010). However,
the interbasinal/intercontinental correlation of individual
cyclothems and disconformities is beyond the goal of this
paper, and most recent discussions on this can be found
elsewhere (Davydov et al., 2010; Eros et al., 2012; Cózar
and Somerville, in press).

10. CONCLUSIONS

This paper compiles the results of many years of research of
the type Serpukhovian succession and the underlying upper
Viséan Oka Group that commenced in 1999 as RFBR
Project 99-05-65473. The Oka Group (Aleksin, Mikhailov,
and Venev formations) is dominated by clean shallow-
marine photozoan limestones (bioclastic packstones) with
three main siliciclastic wedges developed from the west. In
the studied sections, these wedges are composed of fluvial
overbank mudstones, siltstones, and fine quartzose sand-
stones densely penetrated by Stigmaria. The Lower
Serpukhovian Zaborie Group is composed of the Tarusa
and Gurovo formations. The new Gurovo Formation is
proposed to describe shale-dominated sections of the
Steshevian Substage in the studied area. The Tarusa–basal
Gurovo is composed of limestones and marls. The overlying
part of the Gurovo Formation is composed of dark
montmorillonitic shale (‘lobata shale’ of early workers) of
the Glazechnya Member grading upward into the steel-grey
palygorskitic shale with dolostone intercalations named the
Dashkovka Member. The uppermost part of the Gurovo
Formation is composed of a thin (0.6–6.2m) palygorskitic
limestone with ostracods and oncoids which are here named
the Kremenskoe Member. This member in studied sections
is capped by a calcretic palaeosol (Dashkovka Disconfor-
mity). The Upper Serpukhovian is represented by a thin (less
than 12m) Protvian limestone that was heavily karstified
during a major mid-Carboniferous lowstand.
Situated in the central EEC away from cratonic margins,

the Moscow epeiric basin could have been significantly
decoupled from the oceanic circulation, which accounts for
a number of exotic sedimentologic features such as atidal
to microtidal regime, lack of high-energy facies, shallow-
subtidal marine sediments forested by arborescent lycopsids
(mangal ecotype), very gradual land–sea transition, and
occurrence of unusual sediments such as palustrine saponitic

marls in the Oka Group and Steshevian sedimentary palygorskites
with marine fauna.

The succession is chronostratigraphically incomplete with
many disconformities recognized for a long time as regional
correlation horizons (‘rhizoid limestones’). All these
diastems appear to be subzonal, since no missing zones or
broken lineages in foraminifers and conodonts can be
confirmed with the available faunal legacy and new data.
In preceding published works, traceable disconformities
have received toponymic names. Disconformities are ranked
according to the degree of development (weathering matu-
rity) and depth of penetration of observed vadose features.
The latter ranges greatly from undercoal solution horizons
with no karst features deposited in coastal marshland
settings to deeply penetrated (more than 7m) palaeokarsts
indicating significant base-level falls. Incised fluvial
channels are known at two stratigraphic levels to the west
of the study area (Fig. 14). The deepest incisions (at least
15m) developed from the Kholm Disconformity at the top
of the Mikhailov. This disconformity also exhibits the
strongest vadose dissolution among those seen in measured
sections and based on this represents the major hiatus in
the Oka–Zaborie succession. The Muratovka Disconformity
at the historical Visean/Serpukhovian boundary, convention-
ally regarded as a major hiatus (Davydov et al., 2012), is
assigned a shorter relative duration.

Definition of the Serpukhovian base and the global
correlation of the Oka Group is complicated by the scarcity
of conodonts in this very shallow-water part of the section.
Currently, the presence of the Serpukhovian base marker
Lochriea ziegleri is established in the middle of the sequence
VN2 where it coincides with FOD of the foraminiferal
index taxon Janischewskina delicata. The Aleksinian–
Mikhailovian interval is provisionally correlated with the
Asbian in Britain. Based on the FODs of Janischewskina
typica and the first representatives of Climacammina, the
Venevian is correlated with the Brigantian. The Zaborie
Group and the overlying Protva Formation (Protvian
Regional Substage) contain diverse foraminiferal and
conodont assemblages, but regrettably few forms are suitable
for international correlation. The FODs of zonal conodont
species Adetognathus unicornis and Gnathodus bollandensis
several metres above the base of the Protva indicate that the
entire Tarusian–Steshevian and probably the basal part of
Protvian may correspond to the Pendleian and maybe the up-
permost Brigantian. Rare findings of the ammonoid genus
Cravenoceras upward from the Tarusian base also support
correlation of the Zaborie Group with the Pendleian.

The sea-level curve constructed for the Oka–Zaborie
succession (Fig. 14) shows two major cycles separated by
the Kholm Unconformity. The high-frequency cycles of
the upper Aleksinian and Mikhailovian had notably low am-
plitudes that could hardly exceed 10m. The sea-level
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amplitude moderately increases from the late Mikhailovian
into the Venevian. The gradual Lower Serpukhovian trans-
gression moves the base-level away from falling below the
seafloor, so that the section becomes conformable above
the Forino Disconformity in the lower Tarusa, and high-
frequency fluctuations are expressed in Zoophycos–
Scolithos couplets (Kabanov et al., 2012). The maximum
drowning probably attained in the early-middle Steshevian
time, where it may coincide with the geochemically identi-
fied oxygen minimum level at the base of the Glazechnya
black shale. The amplitudes of high-frequency sea-level
fluctuations interpreted in the lower Zaborie Group could
hardly be markedly different than those from the Venevian.
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