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Chapter I1.8

GYPSUM KARST OF THE EASTERN-EUROPEAN PLAIN
Vjacheslav Andrejchuk & Alexander Klimchouk

1. General characteristics

The Eastern-European Plain {abbreviated EEP; also known as the Russian Phin) is one of the
largest plains in the world. It extends north to south from the Arctic Ocean coast 1o the foothills of
Caucasus Mountaing for almost 3.000km, west o east from the Carpathians to Uil Mountains for
more than 2, 000km,

The geological foundation of the plain is the Precambrian East-European platform, complicy-
ted by numerous antichines, synclines, fault steps and depressions in the covstalline basement. The
thickness of sedimentary cover varies from zero, where the ervstalline rocks crops out at the surfa
e (the Ukrainian and Baltic shields), wo 5-6km or more in grabens, basms and depressions (e.g.
the Pre-Caspian, Dnicper and Pechorian depressions).

The sedimentary cover of the platform is composed of deposits of Cambrian to Quaternary
age, Paleosoic sediments are most common. Various stratigraphical units contain sulphate and
sulphare-carhonate assemblages (gypsum and anhydrite interbedded with limestone and dolomi-
te) (Fig. 1), Sulphate rocks undedie more than 80% of the entire region, Most extensive are the
sulphate and sulphate-cachonate rocks of the Lower Permian (2.4 million km?y, Upper Permian
{ 1.5 million km#y, Carhoniferous (1.0 million km?y) and Devonian (0.6 million km?y. Sulphates are
less common within the Jurassic (150,000 km?), Ordovician and Silurian (100,000km?) and
Neogene (33,000km?), They are negligible within Cretaceous and lacking within Cambrian,
Triassic and Palicogene sequences, The ahove sequence areas are partially superimposed

However, the areas where sulphate rocks crop out at the surface, or oceur in relutively close
proximity 1o it (within the upper 100-150m), are much smaller (Fig.2), Gypsum karst is maost
strongly developed and hest manifested at the surface within these areas.

I almost all the areas where gypsum karst is manifested o the surface, it is developed within
Palacozoic rocks. particularly in the Devanian (in the Baltic republics and Timan ridge) and
Permian successions (the northern, cemral and eastern parts of the EEP, pre-Caspian lowland and
Donetzk Basing, Karst in Ordovician, Silurian, Jurassic and Creticeous gypsum is documented
only in deep-scated occurrences, without any surface expression. In the Western Ukraine {the
Podol sko-Bukovinsky region) gvpsum karst has developed within Neogene rocks and displays
distinctive characteristics in terms of both underground and surface forms.

As illustrated by Figure 1, gypsum karst within the EEP is associated predominantly with old,
mainly Permian formations. Only the gypsum of the Western Ukraine is the product of relatively
recent evaporite formation within the Para-Tethys zone. In the Palseozoic successions sulphate
rocks are represented commonly by quite thick (80:120m) sulphate-carhonate and sulphate-argil-
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laceous units, comprising gypsum and anhydrite intercalated with dolomite, limestone, clay, mar
and salt, The sulphate rocks normally have @ ervptocrystalline or finely-crvstalline structure,
Because the rocks are well stratified and have experienced repeated cycles of rectonic activity and
karstification, the sequences are heavily fractured and locally brecciated. In contrast, the Neogene
gypsum in the Pre-Carpathian region is charicterised by lithological homogeneity, occurring as a
single bed (10-40m}, surrounded by non-cvaporitic sediments. This gypsum has a mainly coarsely-
crvstalling heterohlastic structure, which is the result of re-crystallisation and alteration of the rock
in the venical direction. Tectonic discontinuitics e discrete and do not cause severe disruption
of the gypsum, although they do separate the strat into large blocks

Differences in the lithology, structure and age of the Palaeozow and Neogene sulphate
sequences, (along with ather factons, such as depth of occurrence, presence of cover beds, relief
ete.) largely determine locally important distinctive characteristics of the karst within correspon-
ding regions of the EEP. The prolonged and complex history of tectonism, geomorphic develop-
ment and karstification in gvpsum karst regions upon the Palaeozaic sequences (such as the Pre-
Urals) is responsible for the common oecurrence of flled cavities and an abundance of ather
palacokarst features, for the generation of regionally extensive 3-30m-thick sequence of karst
hreccia, capping or replacing the gypsiferous formation, and for the presence of large, palje-like,

AT




GYPSUM KARST OF THE EASTERN-EURCPEAN PLAIN 253

Fig. 2. Main regions of surface
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depressions and dissolution wroughs flled with Neogene sediments.

In the Pre-Carpathian region (Western Ukraing) the karst is refated 1o a single uplift cvcle and
is charactenised by a relatively clear structural guidance, the presence of well-preserved and
extensive maze cave systems, and a “simplicity” and uniform style of surface karst landforms.

The differences specified above are generally applicable throughout the EEP. However, when
consiclered in detail, each gypsum karst region, even different karsts that have developed upon
formations of the same-age, has many distinctive features, determined by local geological, geo-
morphalogical and hydrogeological settings.

There are many published works devoted to the gypsum karst of different regions of the EEP,
but only two of them provide reviews of the whole plain (Rodionov, 1963; Gorbunava, 1977).
Radionov differentiated karst regions on the basis of their relationships to large tectonic structu-
res, and considered both carbonate and sulphate karst within the specified regions. Gorbunova
focused specifically on gypsum karst and made 4 regional division based upon the occurrence of
evaporitic formations. Thus, the two schemes differ considerably, The regional division adopted in
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Tarlhle,
Genlogical settings of the main gypsum karst regions
of the Eastern-Evuropean plain
Karst region | Stratigra- | Lithological | Typical thickness | Tectonic seling. Lithology and
phical index | associations [ of main gypsum LS thickness of
ol gypsi- beds (iotal thick- ﬁ;ﬁ,ﬂ ErpR the over-
ferous ness of the hurden, m
formations formation}, m
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X Timansky [Pk sulphate - | 5-200 Timan high, Loams,
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-clayey
3. Pinego- F| sulphate - [ 20-30 Moscow syncline, Laowims,
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0-30 und more
4, Volgo- P1k sulphute, 10-20 Moscow syncline, Loams, sond,
Kamsky Paa carbonute - [(60-65) stratified, horizontal argillites,
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) e
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sulphaie- 0-10 and more
salt
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Bukovinsky Enst-European Plut- limestones
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dipping (2-47)

this paper atemms 10 combine elements of both approaches and is simplified ra provide a conve-
nient framewaork within which 1o compare the characteristics of the individual regions, Eight main
karst regions (see Fig.2 and Table) are distinguished, within which gypsum karst is present at the
surface and is characterised by specific karst type assemblages, not only by “hidden”, deep-seated,
intrastratal karst, Within each region it is possible 1 identify several {up 1o 3) karst arcas where i
gypsum karst of particular tepe predominates.
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2. Regional overview

Some of the important gypsum karst areas within the EEP are described in detail in separate
chapters of this volume. The overview below is intended 10 provide a brief comparative picture of
the entire region, with special emphasis on those areas that are not covered by other chaprers.

2.1. The Baltic region

The region is located in the northwest part of the EEP. An Upper Devonian gypsiferous forma-
tion occur in the shallow sub-surface or at outcrop within several small (7-113km? ) areas. The for-
mation comprises two 15-20m-thick beds of gypsum, Another, the Narva formation, consist of
intercalated, relatively thin (0.3-3m) layers of gypsum, clays aod dolomites and never crops out.

Gypsum karst settings represented in the region include subjacent intrastratal and entrenched
karst types. Surface karst features (collapse and subsidence dolines, karst lakes) are best develo-
ped where the overburden thickness does not exceed 20-25m. In some localities the density of
karst forms reaches 200 units per km?. Karst forms in many places are related to upward discharge
of confined or semi-confined aguifers. The presence of H25 in water emerging from many springs
and hareholes indicates that sulphate reduction processes are active in the source aquifers. Caves
are uncommon, A detailed account of gyvpsum karst of the region is presented i Chapter 1110,

2.2. The Timansky region

The region encompasses numerous areas of subjacent intrastratal and denuded karst, with
arcas of deep-seared gypsum karst hetween, Iving within the extensive Timansky ridge, 4 Riphean
folded structure that siretches across the northeast part of the Eastern-European Platform from
the northern Urals to the Arctic Ocean. Crystalline basement rocks crop out in the central parts of
the ridge. Palacoeoiv formations, which contain heds (up o 20:27m) of sulphates, occur on the
slopes of the uplifi, and are complicated by gentle linear and dome-like folds.

Gypsum karst is developed in Devonian (Frasnan: single gypsum bedsy and Lower Permian
(Kungurisy; intercabared gypsum, dolomite and limestone beds) rocks Where gyvpsum oceurs
shallow depth dolines and hlind valleys are common. In the Vym' river basin there are areas with a
very high density of karst andforms, resembling hadlands topography. Deep-seated and subjacent
intrastratal gypsum Karst is recorded in the gypsum mining area along the Lthma river, where the
Devonian gypsiferous formation i up to 100m thick (Lysenin & Sosnovskava, 1974), Borcholes
and mines have intercepred numerous cities vielding sulphate-rich water (TDS coments 2.1-2.4
w1y, The mine experienced karst water inflow that increased from 1,700 m3/day in 1959 to 20,000
méaday in 1965, This inflow supposedly developed due 1o leakage from the nearby river, and
eventually led w ahandonment of the mine. The ol water withdrawn in 1961-1965 was
8.820,000m,

In general, the gypsum karst of this extensive tiga region is as yet poordy studied. The availa-
ble daa are denved from the works of Ljuhimoy (1939), Torsuey (1964, 1973), Rodionoy {1963)
andl Lysenin & Sosnovskava (1974),
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2.3. The Pinego-Severodvinsky region

This is one of the largest integrated gvpsum karst regions in Europe, located in the north of
European Russia. It stretches more than 1.000km from south w north as a relatively narrow helt
{10:50km wide), almost reaching the Barentz Sea coast. The Severnaja Dvina river dissects the
micldle of this belt. Sulphates are represented by Lower Permian gypsum and anhydrite. South of
the Severnaja Dvina the sulphates are intercalated with dolomites and limestones, and o the
north the gypsum and anhydrite form a relatively homogenous sequence 80-120m in thickness.
Karst development is most prominent within the latter area, which is also known as the
Belomorsko-Kulojsky Plateau,

Gypsum karst is represented by intrastratal entrenched and denuded sub-types. Surface karst
morphology includes a great variety of forms, including different types of dolines, shafts. gorges,
canvons, blind valleys and large depressions. The remarkable karst hydrology includes rvers and
smaller streams with underground and surface course sections, karst lakes, springs, and so on,
Locally, there are karst fields with an extremely high density of different landform types, some of
which are 20-50m deep. As these are covered by taiga forest the area represents almost impassa-
ble terrain.

There are about 150 known caves in the region, with some S0km of mapped passages. 22
caves are longer than | km. The Kulogorskaja-1-2-Troja system s the longest gypsum cave in the
world outside the Western Ukraine, with a length of 14,100m, Most of caves display linear or cru-
dely dendritic patterns, although maze panerns arc also common, Some caves have up to 4 sto-
reys.

The gypsum karst of the region is described i detail i many published works, of which the
more important include Torsuev (1964), Chikishev (1966}, Saburov (1974), Caves... (1974) and
Malkew ot al (1986, 1958).

2.4. The Volgo-Kamsky region.

This region lies in the central part of the EEP, in the basins of the Micddle Volga and Kama, and
corresponds to the Yolgo-Ural syncline. Within the region four relatively large gypsum karst areas
are distinguished according to their major prominent tectonic structures: Gorkovsky,
Nizhnekamsky, Zhigulevsky and Viaisky,

Karst is developed in a Lower Permian formation, in which 10-45m-thick gypsum beds are
intercalated with limestones and dolomites. The formation is averlain by karstified limestones and
dolomites, and sequences of rerrigenous (poorly pervious) marls, argillites and sandstones,
andl/or glacio-fluvial (highly-pervious) sands, The previiling karst development settings represent
deep-seated and subjacent intrastraal karst,

Surface karst features develop in areas where the thickness of the terrigenous overhurden is
least (less than 40-50m), or where the overburden is represented by unconsolidated permeahle
sands, even if their thickness is great (up 1o 100m). In the former case, deep pitlike or pot-like
collapse dolines predominate, while in the later areas cone karse suffosional dolines are more
common. The density of dolines recorded in some localities can be very high (93 ar even 261
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units per km?), There are also some large Mat-oored karst depressions, dry valleys, karst lakes
and springs, commuonly discharging sulphate-rich water from deep-seated confined and semi-con-
fined aquifers. Drilling chaca supply many recordings of cavities and brecciated zones within the
eypsiferous formation,

The main works that deal with the gypsum karst of this region include: Ujin et al, (1960), Karst
phenomena... (1960}, Problems... (1962} and Stupishin (1965, 1967).

2.5. The Pre-Ural region

The region is located in the east of the plain. In the tectonic context it corresponds 1o the
eastern flank of the platform and to the adjacent Ural foredeep. Sulphate rocks occur an relatively
shallow depth (within the upper 100-150m of the preserved geological columng across an area of
37.000km? (Maximovich & Kostarev, 1973). The 100-120m-thick sequence of gypsum and anhydri-
te of the Lower Permian Kungurian Member includes some limestone and dolomite beds (com-
monly 2-5m thick), The outcrop of the gypsiferous formation stretches from north o south as a
10-20km-wide belt that widens in the southern (Bashkiria) part.

An erosional network s incised o different depths into the sulphate-carhonate sequence,
locally cutting the full thickness and dividing the succession into isolated massifs. Consequently,
the karst sub-types represented i the region mnge from deep-seated intrastratal karst through
subjacent and entrenched, 1o denuded karst.

The most intense karst development is observed in the vicinity of river valleys, and within sur-
face watersheds where the overburden thickness is reduced. Regionally, the most karstified areas
correspond 1o the axis of the “sulphate belt™, as westward and eastward the formation is huried by
terrigenous sediments to considerable depths. Daline density reaches values of 500 units per km?
locally. Other karst landforms include trenches, blind and/r dry valleys and large depressions.
There are more than 200 known gypsum caves, the largest being the 5,600m-long Kungurskaya
Ledjanaja (Kungur Iee Cave), Karst hydrology is represented by underground rivers and many
karst springs, with discharges ranging up to 200 L,

Gypsum karst development in the region has a long and complex history dating back up o
Mesoroic, s carlier features include large depressions filled with Neogene sediments, whose
Mloors lic 30-60m below the levels of madern valleys. Prolonged karst development has resulte in
the farmation of a 5-30m-thick cover of brecciated material overlying the remaining gypsum.
Alang the axes of structural uplifis, such as the Ufimsky dome, such breccia entirely replaces the
aypsiferous formation. Karst breccia horizons are also recorded commonly within the formation.

The gypsum karst of the region has had considerable effect upon economic activity, and in
turn, there has been a strong human impact upon the karst (see Chapter L1,

Gypsum karst has been well-studied in the region; several hundred publications are devored
1o it. Most important among these are: Gorbunova {1965, 19771, Gorbunova et al. (1992), Lukin
{1964), Lukin & Ezhov (1975), Martin (1973), Maximovich & Gorbunova (1958) and Pechorkin
{1969}, A more detailed account of the gypsum karst of the region is presented in Chapter 1111
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2.6. Pre-Caspian region

This extensive region lies on the sowth-east side of the EEP, and is also known as the Pre-
Caspian lowland. In the tectonic respect it represents a depression filled with thick (3 to Skm)
sedimentary deposits. Some 1500 salt diapirs (domes) are known throughout the region. The
dome arches normally lie at depths ranging from 200 1o 1500m but locally their overlying gypsum
rocks (the Lower Permian Kungurian Member) and underlying salts crop out at the surface. Some
thomes are 1opped by secondary gypsum caprocks, up 1o 100m thick. In fact, there are several tens
of isolated gypsum karst “islinds” throughout the region, ranging in area from 50 to 300km?.

The characteristics of the karst are determined mainly by the depth of occurrence of the
sulphate rocks, They are commonly karstified from the surface, although some deep-seated karst
features are recarded that are associated with saline waters. In the Chelkarsky dome, karst cavities
have been intercepted by boreholes ar depths up to 330m Al the gypsum/salt contact some
horeholes vielded up 10 2.5 L/s of C1-Na-Ca-SO,; water.

Gypsum karst in the region is described in Gedeonoy (1947, Gvozdetsky (1953), Korobov &
Polenoy (1964), and Sotnikov & Arkhidjakonskikh {1974).

2.7. The Donetsk region

This comparatively small region (about 2000km?) is located on the south of the EEP, within
the Donetzk depression, where salt and sulphate rocks of the Lower Permian evaporiie formation
are present, The following sequence tvpes are distinguished: clayey-anhydrite, salt, gypsiferous
with dolomites, and terrigenous. Gypsum karst is reported in areas where sulphate rocks lie at
shallow depths or crop out at the surface. Dolines are associated mainly with gypsum karst, and
large depressions are helicved o have originated due to dissolution of salis. Within such depres.
sions the gypsum beds are heavily broken and brecciated, In areas where gypsum beds up to Glm
thick are intact, caves are reported to have been intercepred by gypsum mines. In the Pshenichng
deposin, the average ratio of area of cavities in the workings to the area of intact original rocks is
17.5%. The largest known cave, which is 150m long, displays phreatic morphology.

The gypsum karst of the region is described in the works of Khod'kov {1955), Kozntzhey
{1971) and Klimchouk & Rogozhnikoy (1972).

2.8. The Podol'sko Bukovinsky region

The region is situated on the southwest side of the EEP, stretching along the junction between
the plaform and the Carpathian foredeep. The extensive 10 10 40m-thick gypsum bed of Miocene
(the Upper Badenian Member) is intensely karstified. [t is underlain by Lower Badenian sandy-car-
honate sediments and overlain either by limestones and argillaceous limestones, or by thick (up
1o 100m or more) Sarmatian clavey sequences. The total area of the gypsum karst is about
20,000km?.

Karst development began under deep-seated artesian conditions during the Late Pliocene,
Chwing to differential uplifts during the Late Pliocene 1o Fleistocene and a consequent deep inci-
sion of major valleys, the current karst development settings vary between three sub-parallel
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aunes, which represent deep-seated, subjacent and entrenched types of karst. Surface karst
morphalogy and hydrogeological features differ considerably between these sones. In the entren-
ched wome and, to some extent, in the subjacent karst zone, giant relict mage caves have been
explored. Five of these hold the highest ranks in the list of the world's longest gypsum caves, The
lengest cave, Optimisticheskaja, is now more than 200km long.

The wypsum karst of the region is well-studied, with several hundred published works, The
most important of these are thase of lvaooy (19561, lanov & Dubliansky (1966, Dubljansky &
lvanov (1970}, Dubljansky & Smolnikov (1969), Andrejchuk (1984, 1988), Klimchouk &
Andrejehuk (1986, 1988), Klimchouk & Rogozhnikoy (1982), Klimchouk et al. (1985, 1988, 1995),
Klimchouk (1986, 1990, 1992). For more detailed discussion of this region see Chapter 119,
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