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This study represents a scientific synthesis of the results of authors’ investigations on the problem «Geological and chemical paleo-
oceanography of Carpathian-Black Sea segment of the Tethys ocean». Examination of sedimentary processes, which took place within
the ancient continental margin, allowed studying of the maim features of terrigenous, edaphogenic and biogenic sedimentation and
identifying in the lithological record of Precambrian-Phanerozoic a series of anoxic events, with which a range of mineral resources is
related in the region under study. Analysis of data on geological and geochemical nature of the present-day upwelling in the World Ocean
and obtained results on the nature of the upwelling process in the Tethyan part of the Carpathian-Black Sea region in Mesozoic-Cenozoic
allowed distinguishing among the existing sedimentary formations of marine (oceanic) range a separate genetic type - «upwelling
formation», which is suggested to be introduced into the doctrine about the sedimentary deposits, and this new scientific direction in
geological paleooceanography to distinguish under the term «upwelling geology» and consider it as an original part of the Earth sciences.
Keywords: geological and chemical paleooceanography, ancient continental margin, Tethys, upwelling formation, anoxic events.

AaHa pobota ABASIE COOOI0 HAYKOBUWIN CUHTE3 Pe3yAbTaTiB AOCAIAXKEHb aBTOPIB 3 NPobAeMU «[eoAoriyHa i XiMiuHa NaneookeaHorpa-
dis Kapnato-4opHOMOPCLKOro cermeHTy okeaHy TeTic». BUBYEHHA NPOLECIB OCAAOHArPOMaAXEHHS, AKi MPOXOAUAM B MeXax AaB-
HbOT KOHTMHEHTAAbHOI OKpaiHK1, AAAO MOXAMBICTb AOCAIAUTM OCOBAMBOCTI TEPUTEHHOI, epadoreHHoi i GioreHHOI ceaMmeHTalii Ta
iAEHTHIKYBATU B AITOAOFIYHOMY AiTONKUCI AOKEMOPIitO-paHEPO30tD Cepito aHOKCUUHMX MOAIN, 3 AKMMW NOB’I3AHMI LAWK PsiA KOPHC-
HUX KOMaAWH B perioHi. AHaAi3 AaHMX MPO FeOAOriUHY | reoxiMiuHy MPUPOAY CydacHOro anBeAiHry B CBITOBOMY OKeaHi Ta OAEpPXaHi
pe3yAbTaTV NPO NPUPOAY anBEAIHIOBOrO NPOLIECY B TETUAHINM YacTUHI KapnaTto-YopHOMOPCHLKOro perioHy B Me3030i-kalHo30i AaB
NiACTaBYy BUAIAUTU cepea BiAOMKX 0CaA0BUX GopMaLiii MOPCbKOrO (OKEAHCBKOI0) PAAY OKPEMUI iX FEHETUUHWUI TUM - «anBeAiHroBa
dopmaLis», SKUI | NPONOHYETLCSA BBECTH Y BUEHHSA NPO OCaAOBI YTBOPEHHS, @ LEN HOBWUI HAyKOBWI HaNpsiM Yy rE€OAOTiYHiM Naneoo-
keaHorpadii BUAIASTU Mip HA3BOO «anBeAIHIOBa reoAOTisi» i PO3rASIAATM MOT0 Ik CAMOCTIMHMUI PO3AIA B HAayKax Mpo 3eMA0.

KAKOUOBI CAOBa: reonorivHa i XiMiuHa naneookeaHorpadis, AaBHS KOHTMHEHTAAbHA OKpaiHa, TeT1e, anBeAiHroBa GopmMallisi, aHOKCUYHI MOAIL.

INTRODUCTION
During the last decades the sedimentological as-
pects of investigation of the oil- and gas-bearing
provinces gained the principal importance for deter-
mination of the further directions oil and gas explora-
tion, especially for studies of the mature oil and gas
basins, the intense exploration and production of hy-
drocarbons in which lasts already for a long time. To
such kind of basins belongs one of the world’s oldest
petroleum provinces - the Carpathian oil- and gas-
bearing basin. Taking into account of the sedimen-
tological aspects is also principal for investigation of
the sedimentary successions, for which the results
of the long-lasting exploration works and the discov-
ery of few small fields evidences the potential of the
region for further oil and gas prospecting, for exam-
ple the Black-Sea - Crimean petroleum province.
The modern achievements in study of the sedi-
mentary processes in the World Ocean together
with the newest data of organic geochemistry pro-
vide understanding of the entire logicality of the
oil- and gas-bearing sequences formation. The de-
cisive processes in this logicality are the deposition,

extension and evolution of the petroleum-source
beds, which take place under the influence of a
range of factors of global, regional and local scales.

This study represents a scientific synthesis of re-
sults of the authors’ investigations on the problem
«Geological and chemical paleoceanography of the
Carpathian-Black Sea segment of the Tethys ocean».

METHODS

The results, presented in this study, have been obtained
on the base of mineralogical and petrographic investi-
gations of rocks of Late Precambrian to Paleogene age
of the Carpathian-Black Sea region of Ukraine. Litho-
logical-facial studies allowed distinguishing the variety
of sedimentary environments within the study area.
Sedimentologic-paleoceanographic analysis resulted
in construction of sedimentary models, while the histor-
ic-lithogenetic approach allowed tracing the postsedi-
mentary evolution of sedimentary successions.

GEOLOGICAL-PALEOCEANOGRAPHIC BACKGROUND
The history of geological evolution of the south-
western part of the continental margin of Tethys

© Y.M. Senkovsky, K.G. Grigorchuk, V.P. Gnidets, Y.V. Koltun, I.T. Popp, N.Y. Radkovets, 2015

COLLECTION OF SCIENTIFIC WORKS OF THE IGS NAS OF UKRAINE, VOL. 8, 2015

11



Y.M. SENKOVSKY, K.G. GRIGORCHUK, V.P. GNIDETS, Y.V. KOLTUN, I.T. POPP, N.Y. RADKOVETS

covers the time span from Late Precambrian to
Miocene. During this time within the study territory
the complex and variable sedimentary processes,
which were controlled by of both global and regjonal
scale events took place. From the point of view of
geological paleoceanography the investigation of the
Mesozoic-Cenozoic stage of the development of the
Carpathian-Black Sea regjion allows tracing the main
features of formation of the sedimentary-rock basins
of the ancient continental margins.

In Late Mesozoic the Carpathian-Black Sea ba-
sin was closely related with the circulation system
of the Tethys ocean and occurred mainly under the
influence of the ancient anticyclonic Mediterranean
ring (Senkovsky, Demchenko, 1988). The existing
at that time tropospheric and hydrospheric pro-
cesses caused the domination of the directions of
the water mass movement from west to east. This,
correspondingly, had a certain influence on the vec-
tors of the «through-pass accumulation» in the end
points of the different age sedimentary basins of
terrigenous and biogenic material.

The deposits of Late Mesozoic (Jurassic, Creta-
ceous), which are spread over this vast marine area,
from the point of view of the environments of their
formation, nature and spatial distribution are clearly
fixing the sediments of epi-pelagic and meso-pelagic
parts of the Carpathian-Black Sea basin (Pasternak
et al., 1987; Senkovsky, 1977, 1978). The epi-pelagic
sediments have been deposited within a shelf, while
the meso-pelagic ones mainly represent the deposits
of the thick succession of the Carpathian flysch.

RESULTS AND DISCUSSION

Study of the sedimentation processes, which took
place at every of the three tectonic ledges of the
ancient continental margin, allowed stating a dif-
ferent intensity and scale of terrigenous, bioche-
mogenic and biogenic sedimentation (Senkovsky
et al., 2004). The latter one was dominated by the
processes of both carbonate and silica deposition.

While tracing the evolution of the biogenic sedi-
mentogenesis, its maximums in Late Jurassic and
Late Cretaceous have been established. The rest
geological epochs of the Late Mesozoic were char-
acterized by the accumulation of the clastic mate-
rial. This concerns to both epi-pelagic and meso-
pelagic parts of the Tethian basin.

Processing and interpretation of the data, related
to the ancient sedimentogenesis allowed adding the
knowledge about the specific character of the environ-
ments of the Carpathian flysch formation. In Cretaceous

and Paleogene in the meso-pelagic part of the basin at
the base of the continental slope the huge submarine
fans have been formed. They have been complicated
by the different age morphostructures, which differed
by the volume of the accumulated material as well as
by lithological and facial composition and the structural
features. There is every reason to state that within the
margin of the investigated part of the European craton,
covered by the Mesozoic-Cenozoic seas, occurred the
submarine fans of pre-Wislok, pre-Stryi (pre-Dnister),
pre-Ustechko river bed-graben, pre-Dnipro. The first two
fan-forming rivers were the main transit ways for the
terrigenous material, which arrived from the vast terri-
tory of the Northern Dryland. In our opinion, the most
intense river transport was provided by pre-Wislok with
its huge submarine fan. The terrigenous material, de-
rived by pre-Wislok river, was distributed by submarine
currents of north-eastern direction along the continen-
tal slope and caused the accumulation of the prevail-
ing volume of the flysch sediments of the Ukrainian
Carpathians and adjacent regjons. The scope of ter-
rigenous sedimentation within the submarine fans can
be demonstrated at the example of submarine fan of
Amazon river (Fig. 1). Just similar scale submarine fans
have provided the accumulation of the huge succession
of the Carpathian flysch within the ancient continental
margin of the Tethys ocean. It should be noted, that the
biogenic component made a significant volume, which,
together with terrigenous material, has been involved
into the processes of the different age flysch formation.
The ancient anticyclonic situation in troposphere and
hydrosphere of the study region caused the surface
and submarine transfer of the terrigenous material in
sub-atitudinal direction, namely from the west to the
east. Such specific dynamics of the ancient marine ba-
sin has determined the multi-kilometer transit of both
clastic and biogenic components. After a long lasting
transfer of sediments and submarine fans formation
the stage of sedimentogenesis has finished and the
further post-sedimentary processes resulted in the
flysch succession formation. These conceptual conclu-
sions in our opinion raise the question about the neces-
sity of some revision and new interpretation in a light
of the new data of the environments of the Carpathian
flysch formation. In particular, this refers to determina-
tion of the geographical position of sources and ways of
supply of the terrigenous material and its accumulation
in the end points of sedimentary basins. The structural-
facial zoning of the Carpathian flysch is explained by
the way of submarine fans distribution in relation to the
spatial occurrence of submarine morpho-structures,
which, as we see it, had a sub-longjtudinal direction.
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Fig. 1. Structural elements of the present-day World Ocean floor.

1 - Amazon river fan; 2 - a system of submarine ridges.

Just similar system of submarine ridges is observed
in different parts of the present-day World Ocean (Fig.
1). Space between separate ridges and highs played
the role of certain structural traps. They were filled
with sediments, which arrived from the European
continental block, as well as with edaphogenic ma-
terial, forming separate lithogenetic types of fans in
the Carpathian sedimentary basin.

Regime of sedimentation in the Carpathian flysch
basin has been controlled by the sea-level changes.
At high sea-level stand the sediments accumulated
mainly at the first level of the avalanche sedimen-
tation (shelf). At lowering of the sea-level the sedi-
mentary material was transferred to the second level
of the avalanche sedimentation (base of the conti-
nental slope) by different kinds of the gravity flows.
In the succession of the Carpathian flysch a certain
correlation of the terrigenous sedimentation with the
eustatic sea-level changes can be observed. Mainly
sandy sequences are correlated with the phases
of the sea-level drop. These phases took place in

Aptian-Early Albian (Upper Shypot beds), Paleocene
(Yamna formation), Middle Eocene (Vyhoda forma-
tion), Oligocene (thick sandstone layers of Menilite
and Krosno formations). The prevailing occurrence
of the clayey and biogenic sediments is character-
istic to the periods of the high sea-level stand: Late
Cretaceous (Stryi formation), Early (Manyava forma-
tion) and Late (Bystrytsya formation) Eocene, Early
Oligocene (Chert horizon).

Combination of different paleoceanographic fac-
tors in the Cretaceous-Paleogene history of the Car-
pathian sedimentary basin has resulted in formation
of the special flysch succession, which comprises
both thick organic-rich sequences and thick sand-
stone layers, which is of great importance for the as-
sessment of the petroleum potential of the region.

Among the many-sided problems of the chemical
paleoceanography to the youngest branches should
be regarded the chapter - geology and geochemis-
try of the ancient sedimentary upwelling systems of
the World Ocean. The authors suggest to introduce
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this new scientific direction in geological paleocean-
ography under the name «upwelling geology» and to
consider it as a separate chapter in Earth Sciences.
Analysis of the published data on geological and geo-
chemical nature of the present-day upwelling in the
World Ocean as well as the obtained by the authors
of this study results on the nature of the upwelling
process in the Tethyan part of the Carpathian-Black
Sea region in Mesozoic-Cenozoic allowed distinguish-
ing among the known marine (oceanic) sedimentary
formations their separate genetic type - «upwelling
formation», which is suggested to introduce into the
theory of the sedimentary formations.

In the sedimentary sequence of the Carpathian-
Black Sea continental margin of Tethys ocean we
have distinguished three ancient upwelling forma-
tions, which are traced in the deposits of Vendian,
Cretaceous and Paleogene periods (Fig. 2). In sepa-
rate parts of the territory to these specific sedimen-
tary beds are related oil- and gas-bearing, black
shale, phosphorite-bearing, opal-cristobalite and
chalcedonolite beds (Carpathian, Black Sea-Crime-
an petroleum provinces, Volyn-Podillya and Moldova
phosphorite-bearing and silicite-bearing provinces,
Carpathian and Black Sea black shale provinces).

Belts of Corg. accumulation

Paratethyan

In the history of geologic evolution of the
south-western continental margin of Tethys ocean
during Late Precambrian-Phanerozoic a range of
anoxic events took place, which have reflected in
the lithological record of this territory and had an
essential influence on the sedimentary processes
of these successions (Senkovsky et al., 2012b). The
corresponding rock sequences, formed under the influ-
ence of these events, have formed during the diagen-
esis and catagenesis the geologjcal formations, which
comprise a range of mineral resources in the regjon.

The oldest anoxic event is fixed in the sequence
of Late Vendian and is represented by Kalus Beds.
These organic-rich deposits have been formed in
an anoxic basin of the estuary type (the Baltic-Pa-
leotethyan type), which we suggest to mark with
an index OAE-V. Kalus black shale strata at the
territory of Ukraine occur within the Volyn-Podillya
monocline and are resting on the Ryphean-Lower
Vendian deposits or on the crystalline rocks of the
Precambrian basement. It was established (Sen-
kovsky et al., 2012b) that deposition of Kalus
black shales took place in epi-pelagic Dnister pa-
leobasin, which was connected with the dynamic
system of the World Ocean. In zones of coastal
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Fig. 2. Main anoxic events, fixed in the lithological record of the Carpathian-Black Sea continental margin of Tethys.
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Fig. 4. Model of deposition of organic-rich sediments in the meso-pelagic part of the Carpathian segment of

continental margin of Tethys.

A - Early Cretaceous (Shypot and Spas formations); B - Ologocene (Menilite formation).

upwelling the cold water inflow, enriched with bio-
genic elements (Si0,, P, N) into the upper part of
the water column of the open sea basin, caused
the increase of the primary biogenic production
(Corg__, P). As a result of the gradual closure of the
Dnister depression the basin has undergone the
regression and, as a result, the connection with
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the dynamic system of the World Ocean has disap-
peared, which caused the accumulation of organic
matter and forming of the phosphate concretions
of the phosphate gel in anoxic environments.
Three Cretaceous anoxic events (Schlanger,
Jenkyns, 1976) showed in a different way in the
sedimentary succession of the region (Senkovsky
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et al., 2012hb). First of them, the Early Cretaceous
Barremian-Albian covered the great part of the
sedimentary basin, including its epi- and maso-
pelagic parts (Atlantic-Tethyan paleobasin). The
anoxic events of the Late Cretaceous - the Ceno-
manian-Turonian and the Coniacian-Santonian,
had a limited influence on paleoceanography of
the region. For epi-pelagic basin of the Black Sea-
Crimean segment of Tethys the estuary type of an-
oxic basins was typical (Fig. 3).

In Carpathian basin in Barremian-Albian the
oxygen-minimum layer covered the entire meso-
pelagic part of the basin, providing the formation of
the black shale succession in a basin scale (Shypot
and Spas Beds) (Fig. 4A).

In Oligicene an anoxic event covered the meso-
pelagic part of the Carpathian-Black Sea continental
margin (the para-Tethyan paleobasin) and caused
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the formation of the Menilite and Maykop Beds. In
Carpathian part of the basin an oxygen-minimum
layer covered the covered the medium-depths of the
water column, providing the formation of the thick
black shale succession of the Menilite Beds (Fig.
4B). Index OAE-4 is suggested to this anoxic event.

CONCLUSIONS

A concept, suggested in this study, is related to the
theoretical basis of upwelling geology and problems
of sedimentogenesis during the periods of oceanic
anoxic events. The described anoxic events in the
region were related to the existence of the upwelling
effect, that is why they should be regarded to the
range of the upwelling formations. Just the latter
ones are to great extent related to the existence in
the study area of oil, gas, phosphate raw material,
silicites, black shales and other mineral resources.

MactepHak C. |. BoavHo-Moainns y kperposomy nepioai / C.l.
MactepHak, t0.M. CeHbkoOBCbkMI, B.l. faBpUAMLLKH. - KKiB:
HaykoBa aymka, 1987. - 260 c.

CeHbkoBckui HO.H. AuToreHe3 KpeMHMUCTbIX TOALL  tOro-
3anaaa CCCP / H0.M. CeHbkoBCbKMI. — KWiB: HaykoBa Aymka,
1977. - 280 c.

CeHbkoBcKkMi  HO.H. [laneookeaHorpadmnsa Kapnarckoro
MenoBoro anseanmHra / K0.H. CeHbKOBCKMI // TEOA. XYpH. —
1978. - Ne6. - C.54-64.

CeHbkoBckui  HO.H. TManeoreorpadpuueckne  pPeKOHCTPYKLIMK
NMOAOXEHUA TEPPUTOPUN HEPTEra30HOCHbBIX NPOBUHLMI YKpauHbI
B daHeposoe / K0.H. CeHbkoBckui, H.B. AemueHko // Teonorus
1 FEOXMMMUS TOPHOUMX MCKOoNaeMblx. — 1988. — Ne70. - C. 13-22.

CeHbkoBcbkuit HO. TeonoriyHa naneookeaHorpadis okeaHy
Tetic. / HO. CeHbkoBcbkui, K. lpuropuyk, B. THipeup, HO.
KoaTyH. - KuiB: HaykoBa pymka, 2004. - 172 c.

CeHbkoBCcbkMi  HO. M., Manin B.M., PapkoBeup H.A.,
KoatyH 10.B. lNaneookeaHorpadiyHi Ta reoximiuyHi ymoBu
ceprMMeHTaLi BEPXHbOBEHACBKMUX «YOPHOCAQHLEBUX»
GOCOOPUTOHOCHUX  BIAKAAAIB  MIBAEHHO-3axiAHOT  OKpaiHu
CxinHoeBponercbkoi naatdopmu / HO.M. CeHbkoBCbkUiA, B.M.
Manin, H.A. PapkoBeub, HO.B. KoATyH. // Teon. xypH. - 2012a,
- Nel. - C. 22-30.

CeHbkoBcbkuii K0.M. beskucHeBi noaii okeaHy Tetic / HO.M.
CeHbkoBcbkui, HO.B. KoatyH, K.I. Tpuropuyk, B.M. THiaeup,
H.A. PapkoBelp - KuiB: HaykoBa aymka, 20126. - 184 c.

Schlanger S.0O., Jenkyns H.C., 1976. Cretaceous oceanic
anoxic events: causes and consequences. Geologie en Mijn-
bouw, Ne 3-4, pp. 179-184.

IHCTUTYTY reonorii i reoximii roptoumx konaamH HAH Ykpainu,
NbBiB, YKpaiHa
spgkl00@gmail.com

16 3BIPHUK HAYKOBMX MPALb IHCTUTYTY FEOAOTYHUX HAYK HAH YKPAIHU, TOM. 8, 2015



