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MARINE/CONTINENTAL FACIES PATTERNS,
SEQUENCE STRATIGRAPHY AND A GOCAD-3D-MODELLING
OF THE CARBONIFEROUS/PERMIAN-BOUNDARY
OF THE DONETSK BASIN

JloHekmit 0acceiiH SBIETCS I0r0-BOCTOYHOH YaCThI0 BHYTPEHHEH KPAaTOT€HHOH pu()TOBOH
cucremsl [ purmars-Inenp- JIoHEeK, MpOTSHYBIIEHCS C CEBEPO-3aIaa HA FOr0-BOCTOK OT benapycu
uepe3 TEPPUTOPUI0 YKPAWHBI HAa pacCTosHHE OKO0J0 1500 kv 1o Bocrouno-EBponeiickoil miar-
(¢opmsr. Ha Teppuropru Jlonenkoro Oacceitna mpo(min MO3THETO KAMCHHOYTOJNBHOTO H IICPM-
CKOT'0 IMCPHOAOB XapPAKTCPHU3YIOTCA B3AUMHBIM NCPCCIAUNBAHUEM OKCAHHICCKUX U KOHTHHCHTAJIb-
HBIX OCATOYHBIX ITOPOA. CyH.[eCTByeT BO3MOKHOCTD YCTAHOBUTH COOTBETCTBUC HCOKCAHMICCKHX
mpo¢uIeH KAMCHHOYTOIBHOTO B MSPMCKOTO MEPHOA0B 3amagHoii EBpoms! ¢ MHPOBOH OKCaHMIC-
CKoif cTparurpayuaeckoil mkanor. JeraapHoe m3yUucHHE (DAHaIbHEIX 00PA3I0B H BOCCTAHOBIIC-
HHUC YCIOBHH OCA)KJACHHS OCHOBBIBAFOTCSI HA OOINMPHBIX ITOJICBBIX HCCICAOBAHMIX B paiioHe [lo-
Henkoro dacceitHa. bruto mpon3eencHO U3yUeHUE MUKPO(ALHii 1 MEKPOIIAICOHTOIOT MECKUE HC-
crenosanust 110 obpasnos m3eectHsAKa. Crparurpaduyeckue pa3pe3bl BEPXHHUX KAMEHHOYTOIb-
HBIX M HIDKHHX IIEPMCKHX MOCJIEAOBATEIFHOCTEH APTEMOBCKOTO padioHA OBIIIM COIIOCTABIICHBI CO
CTPaTOTHIHBIM pa3pe3oM (CkBakuHa Ne 4199 «Croceipckasy) [Ipumoremkoro dacceiHa, TAC mpe-
001a1a10T OKCaHMICCKHE ocamouHbie mopoasl (Alekseeva et al. 1983). Omucanne 2455 M muTocT-
paturpadraecknx nmpodmiei (Makarov et al. 1985 a m Aizenverg et al. 1975) u OTOTHATCTIHHEIC
(anmameable podumn 51 ckBakuusl (Makarov et al. 1985 b) ucmoms30BaMHCh COBMECTHO C JAH-
HBIMH, ITOJIYYCHHBIMH aBTOPAMM, A MOCTPOCHHUS CTPATUTPAPHICCKON MOEIH IOCIICI0BATENb-
HOCTH ceauMeHTarmu B JloHCIIKOM OacceitHe. MakCHMAaNbHBIC IOBEPXHOCTH 3aTOIUICHHS TPAKTA
TPAHCTPECCHUBHBIX CHCTCM NMPCACTABJICHBI YTOJbHBIMH IIJTACTAMMU. rpaHI/II.[I)I CeKBeHI.[I/Iﬁ COOTBCT-
CTBYKOT OCHOBAHHAM 3p031/II\/'IHI>IX PCUHBIX KAaHAJIOB. FpaHnm,I CeKBeHI.[I/Iﬁ " MAKCHUMAJIBHBIC IIO-
BCPXHOCTH 3aTOIVICHUA ABJLIFOTCA YICTKO BBIACIICHHBIMHA I'OPHU30HTAMHA HA BCCH I/ISY‘{aeMOfI TEPpHU-
Topun. Pe3ynbTaTel (panmanbHOTO aHAMM3a M CTPATHTPAPHICCKON MOACIH MOCICAOBATEIbHOCTH
CeIMMEHTAINK OBLTH HCIIOJIb30BAHBI UL MOCTPOCHH YCIOBHOH KPHBOH ypoBHA Mops amst [lo-
Henkoro Oacceina. Brropana momens ocaakoHakomieHns (Izart et al. 1998). Ona crana OCHOBOH
JUIS CPAaBHCHHS YCIOBHBIX KPHBBIX YPOBHA Mopsa [loHenkoro OacceiHa m MHpPOBOTO OKeaHa, a
TaKXE A OICHKH KIMMATHYCCKUX H3MCHCHHH KaK OMpPEACILIFOIICTo (Jakropa KOIeOAHUS YPOBHS
mops. Oovsemuas momenb GOCAD-3D paszpabotrana s TPEXMEPHOTO aHAMM3A (DamHaATBHBIX 00-
Pa3LoB M NOHUMAHMS IIPOIIECCA OCATKOHAKOIUICHHUS B X0/¢ (JopMupoBaHms OacceiHa.

The Donetsk basin is the southeastern part of the intracratonic Pripyat-Dniepr-Donetsk Rift-
system, striking in a NW-SE direction from Belarus through Ukraine, over a distance of
c. 1500 km the East-European Craton. The profiles of Late Carboniferous and Permian are charac-
terised by interfingering marine-continental sediments in the Donetsk basin. Therefore, the possi-
bility exists, to correlate the non-marine Carboniferous / Permian profiles of Western-Europe with
the global marine stratigraphical scale. Detailed analyses of facies patterns and the reconstruction
of the depositional setting are based on extensive fieldwork within the Donetsk basin. Microfacies
analyses and micropalacontological investigations of 110 limestone specimens were carried out.
Furthermore, the straticraphic cross-sections (stratotype-key-section) of Upper Carboniferous and
Lower Permian succession of Artemovsk area was correlated with the marine dominated stratotype
section of the Pre-Donetsk basin, the well Skosyrskaya N 4199 (Alekseeva et al. 1983). The de-
scription of 2455 m of lithostratigraphic profiles of Makarov et al. (1985 a) and Aizenverg et al.
(1975) and additional facies profiles of 51 wells of Makarov et al. (1985 b) were used together
with own data to develop a sequence-stratigraphical deposition model of the Donetsk basin. The
maximum flooding surfaces of the transgressive system tracts are represented by carbonate layers.
The sequence boundaries correspond to bases of erosive fluvial channels. SB and mfs are distinc-
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tive horizons throughout the studied area. The results of facies analysis and the sequence-
stratigraphical deposition-model were used to develop a relative sea-level curve of the Donetsk ba-
sin. The deposition-model of Izart et al. (1998) was specified. This was the base for the correlation
of the relative sea-level curve of the Donetsk basin with the global sea-level curve as well as for
the estimation of climatic fluctuations as controlling factors of the sea level fluctuations. A
GOCAD-3D-model was developed to analyse the facies patterns in three dimensions and to under-
stand subsidence processes during the basin evolution.

Introduction

Carboniferous and Permian sediments are
globally mostly deposited in non-marine envi-
ronments. Therefore marine/non-marine corre-
lations are strongly hampered in the whole
Pangaea, especially around the Carbonifer-
ous/Permian boundary. The Donetsk basin
(DB) provides one of the rare transitional pro-
files with mixed marine/non-marine profiles of
this time slice. Additionally, it forms the pa-
lacogeographic link between the global marine
standard and reference sections, as the Cis-
Urals and the Moscow basin, and the pure con-
tinental basins in Central and Western Europe.
Together with ongoing investigations of the
non-marine fauna in the DB, detailed investiga-
tions of the facies patterns and the basin devel-
opment, as presented here, are the base for fu-
ture direct correlations of marine and terrestrial
deposits.

Geological Setting

The Donetsk basin is the southeastern part
of the intracratonic Pripyat-Dniepr-Donetsk
Riftsystem (PDD), striking in a northwest-
southeasterly direction from Belarus (Ros-
tov/Don) through Ukraine, over a distance of
ca. 1500 km the Precambrian East-European
Craton (EEC).

The Upper Devonian PDD-System is
characterized by a prerift phase, mainrift phase
of Upper Devonian (includes Frasnian and
Famenian) and postrift tectonic-sequences.
These started between Devonian and Carbonif-
erous, at the end of the Lower Visean, in the
middle of Serpukhovian, in Permian and be-
tween Mesozoic and Caenozoic. The DB is lo-
cated during the Upper Carboniferous in the
area of subtropical — tropical trade wind zone
northerly of the equator in a transition zone of
humid equatorial climate in drier trade wind
belt (Heckel 1999 a). Cyclic marine transgres-
sions and regressions during Late Carbonifer-
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ous and Early Permian as well as the transition
from humid to increasingly dryer climate lead
to characteristic lateral and vertical sequences
of facies patterns. They consist of interbed-
dings and of marine, paralic-lagunal and con-
tinental deposits of coastal plain and shallow
marine settings with thickness of 11.000 to
15.000 meters.

Monotonous sandstone, siltstone and clay-
stone series with thin limestone and coal seam
interlayers characterize the Upper Carbonifer-
ous (Cs) — Kasimovian and Gzhelian — and the
lowest part of the Lower Permian (P;). The
sediments of the Lower Permian (Asselian and
Sakmarian) differ strongly from the underlying
and overlaying successions. Rock-salt seams
characterize the Asselian and separate the clas-
tic-carbonatic material, gypsums and anhydrite.
That corresponds to the so-called «Gray zones»
in the Ivano-Darievka outcrop.

Methodology

Detailed analyses of facies patterns and
the reconstruction of the depositional setting
are based on extensive fieldwork (in the Kali-
novo, Mironovsk/Luganskoie and Ivano-
Darievka outcrops), profiling and sampling in
the Donetsk basin and additional extensive de-
scriptions of stratigraphic cross-sections (strato-
type-key-section) (2.455 m) (Makarov et al
1985 a, Aizenverg et al. 1975) of the Upper
Carboniferous and Lower Permian succession.
Facies analyses and micropalaeontological in-
vestigations of 110 carbonate specimens were
carried out. Own data, the results of facies
analyses together with the description of the
stratigraphic cross-sections were used to de-
velop a sequence-stratigraphical deposition-
model of the Donetsk basin. Cyclic sedimenta-
tion patterns have been analysed and correlated
and their character and continuity were checked
in facies intersections of 51 wells (Makarov
etal. 1985b). Furthermore, the stratigraphic
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Fig.1. Isolated fish remains of the lacustrine limestone Ps from the Kalinovo outcropd and P from the Mironovsk outerop
of the Mironovsky Formation. 1 + 2 freshwater shark Lissodus — 1 Lissodus dermal denticle and 2 Lissodus tooth;
3 + 4 lungfish (dipnoan) tooth plate fragments; 5-9 Xenacanthid freshwater shark spine and teeth — 5 xenacanth dorsal spine,
6 to 9 xenacanth theeth — 6, 7 Bohemiacanthus sp., 8 Xenacanthus and 9 Orthacanthus indet. (Ritzmann 2004)

cross-sections of Upper Carboniferous and
Lower Permian succession of Artemovsk were
correlated with the marine dominated stratotype
section well (530 m) Skosyrskaya N 4199
(Alekseeva et al. 1983) of the Pre-Donetsk ba-
sin. This correlation was done by means of bio-
stratigraphicaly data of both wells of Davydov
et al. (2003).

Facies analysis

It was possible to distinguish in the O- and
P-interval four lithic types (LT) of claystone
facies, three LT of siltstone facies, five LT of
sandstone facies, one coal facies and in the Q-
to S-interval two types of interstratifications.
These LTs were interpreted according to their
palaeoenvironments and were correlated to fa-
cies associations with delta-front facies, lagunal
and fluvial facies, lacustrine and swamp facies.
The paralic deposits are dominated by thick
fluvial successions which form delta systems
by depositing sediments into the sea. The river
deposits often consist of coarse-grained sedi-
ments and deposit first. Due to a successive
fluvial sediment input formation suspension
material in the area of the delta plain and in the
basin area of the delta-front develops. Continu-
ous sediment input during a relatively low sea
level (LST) leads to a progradation of the shore
line and to the formation of coarsening-upward
sequences. Thick aggradate channel systems

develop through high sediment input and miss-
ing accommodation space and cut laterally ex-
tensively in the deposits of the previous HST,
for example in the intervals between the lime-
stone layers 03-04, 044-046, 07'08, P5-P50-P51.
Erosive conglomerates at the basis of fluvial
channels consist of reworked and redeposited
transgressive sediments of the previous sea
level rise. Potential accommodation space dis-
places in the direction of the basin centre. The
shelf consists more or less of eroded and fluvial
material. Behind the shore line in the hanging
layer of the older shore face and delta deposits
the coast plain or the delta plain are located.
They include the deposits of the fluvial flutes
and scour channels, temporary lacustrine areas,
swamps and coal formation. Because of the
high sediment input and the missing accommo-
dation space the shore line progrades or retro-
grades respectively, if the accommodation
space 1s build up faster, than it is filled up with
sediment. In this way sand banks and lagoons
are formed. During continuous sea level rise
(TST) are the sand banks abraded and fill the
lagoons. At the delta plain in swamps alloch-
thonic plant material accumulates. Shallow,
large lakes develop at the upper delta plain and
are filled with fine-grained material. The delta
plain sediments aggradate slowly on the top of
the subsiding delta complex. The fluvial sedi-

73

Canxm-Ilemepbype. 2006



ments on prograding alluvial plain consist of
fluvial channel fills and fine grained deposits of
flood plains. During a falling sea level a new
prograding shore face develops which consists
of fluvial sediments.

In a facies analysis of limestones in a mar-
ginal/shallow marine facies represented by the
limestones 043, 046, 05, 06, 060, 061, 07, Pl, Pz,
P;, Py, Ps, Q to S and lacustrine facies with Ps,
Ps’, Ps>, Ps’, Ps', Ps> and P; could be distin-
guished. The micropalaeontological preparation
of lacusrine limestone Ps from the profile of the
Kalinovo outcrop and limestone P’ from the
Mironovsk/Luganskoie outcrop shows first
results. They prove the occurrence of Verte-
brate — a highly diverse fish fauna with Pa-
laeoniscid, Dipnoan or Crossopterygians, Lis-
sodus and Xenacanthid — Bohemiacanthus sp.,
Orthacanthus indet. and Xenacanthus (Fig.1). It
1s important from a palacogeographical point of
view that so far this has been the only occur-
rence of Xenacanthid on the East-European
Craton. The vertebrate fauna, the lithofacies
and the smooth-shelled ostracoda and mollusc
(Carbonicola-Type) are references for a fresh
water facies. The results for the limestones Ps,
Ps°, Ps?, Py, Ps!, P> and P; are not conform to
the facies models by Makarov et al. (1985 a)
and Izart et al. (1999), because they relate these
limestones to a shallow marine, lagunal facies.

Sequence stratigraphy

A sequence-stratigraphical model with in
three system tracts divided sequences has been
designed (Fig.2) — lowstand (LST), transgres-
sive (TST) and highstand (HST) system tract.
The fluvial facies corresponds to LST-
sediments, the facies associations 2, 3 und 4 to
TST and the faciesassociations 1, 2 and 4 to
HST of a sequence. The maximum flooding
surface (mfs) of the transgressive system tracts
are represented by carbonate layers. The se-
quence boundary (SB) is located at the basis of
extensively erosive fluvial channels (beginning
of the LST). SB and mfs are distinctive hori-
zons throughout the studied area.

Correlation of the stratigraphic cross-
sections (stratotype-key-section) of the Do-
netsk Basin with the well Skosyrskaya
N 4199 of the Pre-Donetsk Basin

The limestone horizon Og of the well 4199
is equal to limestone P, of the stratigraphic
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cross-section (stratotype-key-section) (Makarov
et al. 1985a, Aizenverg et al. 1975) after
Davydov et al. (2003). Furthermore, the
lithological unit (LU) 18 corresponds to LU 25,
limestone P; to Ps;, limestone P, to P, lime-
stone P, to LU 50, the LU 53 to limestone
Ps,limestone Ps to underlaying by LU 57,
limestone P; corresponds to Ps” and according
to Davydov et al. (2003) limestone Qi is
equal to Q7. In each case, the first unit or the
first named limestone horizon respectively
belong to well Skosyrskaya N 4199 (Alek-
seeva et al. 1983) and the second named unit
belongs to the stratigraphic cross-sections
(Makarov et al. 1985 a, Aizenverg et al. 1975)
of the Donetsk basin.

GOCAD-3D-Model

A GOCAD-3D-model was developed to
analyse the facies patterns in three dimensions
and to understand subsidence processes during
the basin evolution. The model is based on data
from 51 wells (Makarov et al. 1985 b). In the
three dimensions model is the course of the
NW-SE direction of the rift axis is clearly visi-
ble. The model shows sedimentary bodies
which correspond to marine facies, lagunal fa-
cies, fluvial facies partly together with swamp
facies and lacustrine facies. Furthermore, the
facies patterns, the lateral and vertical forma-
tion and distribution of the facies is apparent.

Thus it appears that the marine facies and
lagunal facies dominate in the O-interval,
whereas fluvial and lacustrine facies dominate
in the P-interval. In the upper part of the P-
interval the fluvial and lacustrine sediments
form thick sedimentary bodies.

Synthesis/Conclusion

The synthesis of the results of facies
analysis, the sequence-stratigraphical model
and the correlation of the wells are the basis for
the development of a regional sea level curve
for the Donetsk basin. The sequences reflected
high-frequency transgression and regression
events. Fourth order sequences could be devel-
oped from this. The O- und P-interval were
subdivided into 12 and the Q- to S-interval into
11 fourth order sequences. The deposition-
model of Izart et al. (1998 a) was specified.
Thus the requirements for correlate this relative
sea-level curve of the Donetsk basin with the

global sea-level curve and to estimating the
climatic fluctuations as controlling factors of
the sea level fluctuations have been created.
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