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More than forty promising structures were identified and characterized in the
Dolphin 01—10 E&P special-permits area of NJSC Naftogaz of Ukraine within the
Inner zone of the northwestern Black Sea shelf based on the latest 3D seismic data
processing and analysis of geological and geophysical information. The geologi-
cal model of the study area was refined and detailed, and the main components
of geological risk for prospective oil-and-gas bearing complexes were assessed
to form a portfolio of hydrocarbon play-based exploration prospects along with

its ranking and due decision-making.

Key words: Black Sea, E&P special permits, 3D seismics, geological interpreta-
tion, hydrocarbon leads, play-based exploration.

Introduction. Play-based exploration,
which includes the assessment of probabilities
for essential petroleum system components
(charge, trap, reservoir, seal) and integration
with basin analysis, is crucial for modern oil
and gas exploration in regions with limited
geological study. More than thirty promising
structures were identified and characterized
in the Dolphin 01-10 E&P special-permits area
of NJSC Naftogaz of Ukraine within the In-
ner zone of the northwestern Black Sea shelf
based on the latest 3D seismic data process-
ing and analysis of geological and geophysi-
cal information.

3D Seismic data acquisition, processing,
and interpretation. The northwestern shelf
of the Black Sea mega-basin is the main gas
production area within the Southern oil and
gas region of Ukraine. This region offers
Ukraine great opportunities for hydrocarbon
prospecting and in the unexplored area. In
2021, PGS Exploration ASA, under a contract
with NJSC Naftogaz of Ukraine, conducted
high-resolution and 3D seismic acquisition
coupled with detailed bathymetric mapping
in a shallow water area of 5000 km? in the In-
ner northwestern shelf of the Black Sea [Tau-
vers et al., 2022].

This study delineated in detail three pro-
minent thrusted basement steps forming the
Krylov sub-basin (the Dniester, Alibey, and
Tendra basement steps) and the Vylkove
mini-basin, surrounded by Kiliya, Shatskyi,
Lebedinyi, and Zmiinyi Island horsts of crys-
talline basement and filled with seismically
translucent south-dipping seismic sequenc-
es segmented by inherited normal faults

(Fig. 1).
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Seismic data treatment included state of
the art depth processing techniques, namely
full-waveform inversion, Kirchhoff pre-stack
depth migration, and separated wave field im-
aging. It was a milestone in the exploration
of the region [Tegnander et al., 2024]. Several
types of seismic facies of the acoustic base-
ment characterize the deep subsurface of the
study area. Tentatively, the acoustic basement
includes Neoarchean, Paleoproterozoic, and
Neoproterozoic blocks within the Dolphin
special permits on the Inner shelf.

Some important geological discoveries
were made due to the processing and inter-
pretation of the 3D marine seismic data. One
is a previously unknown reflection horizon,
which we call the main unconformity (the
VI seismic horizon). This horizon is a bright
seismic boundary with a distinct ‘carved’ to-
pography associated with the base of the sedi-
mentary cover occurring with Eo-Cimmerian
angular unconformity on a heterogeneous
and heterochronous acoustic basement. It
is clearly traced over most of the study area
[Kitchka et al., 2024].

As a result, the new 3D data was correlat-
ed with the 3D seismic cube for the Odeske-
Bezymenne gas fields area and onshore 2D
seismic and deep well data (in the Dobrogea
Foredeep) through the coastal «mute» zone
~10 km wide where no seismic data is avail-
able. Structural relationships and elements
of petroleum systems were transposed to the
adjacent offshore domain, where potential
traps were identified in an eroded carbonate
platform of the Middle(?) to Late Paleozoic
age. Integrating these data yielded a bal-
anced 2D geological model illustrating the

ISSN 0203-3100. I'eogpizuunuti xypHaa. 2025. T. 47. Ne 2



NEW 3D SEISMIC DATA UNCOVER INSPIRING EXPLORATION POTENTIAL FOR OIL AND ...

[N
¢ "’\‘\

<
Dniesla

DNIESTER STEP

Alibey Fa,,/t

Unconformity
TWT, ms

Fig. 1. Tectonic zonation of the area studied upon the reflective horizon VI (acoustic basement) based on 3D

seismic data.

structural relationships between the land and
marine shelf.

Hydrocarbon plays recognition. Based on
the interpretation of the latest 3D seismic data
and relying on the industrial «standard» for
the identification of oil and gas plays, seven
promising hydrocarbon plays within the pe-
rimeter of Dolphin 01-10 special permits were
identified, namely:

1) weathered and fractured rock forma-
tions of the Proterozoic-Early Paleozoic con-
solidation;

2) anticlinal and faulted anticline traps in
the Paleozoic strata. Stratigraphic traps (ero-
sional knobs) associated with angular uncon-
formity in the Paleozoic sediments;

3) anticlinal and stratigraphic traps associ-
ated with an angular unconformity in the top
of the Valanginian-Jurassic sequences;

4) anticlinal traps in Lower Cretaceous
(Neocomian-Albian) pre-rift plus syn-rift sed-
iments and stratigraphic traps (with erosional
and facies compartmentalization);
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5) anticlinal traps in the Upper Cretaceous-
Middle Eocene carbonate platform complex:
Reef bodies in the Upper Cretaceous (Cam-
panian-Maastrichtian) sediments and strati-
graphic traps associated with stratigraphic
disconformities in Paleogene-Cretaceous se-
quence;

6) Upper Eocene-Oligocene-Lower Mio-
cene (Maikopian) anticlines and lithological
and stratigraphic traps;

7) Neogene 4-way closures and lithologi-
cal traps.

The spatial localization of the above-men-
tioned plays is shown along the model cross
section through the Dolphin special permits
of the Inner Shelf in Fig. 2.

After analyzing hydrocarbon plays and
their segments, it was managed with rank-
ing and geologically derisking of 40 leads
(anticline and stratigraphic traps) for the
presence of hydrocarbon system elements,
eight of which were mapped for the first time
within the area based on the processing and
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Fig. 2. The main prospective oil and gas plays along the model geological cross-section through the study area.
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Fig. 3. Seismofacies prediction map and Composite Common Risk Segment map (or «traffic light map») (a), both

for the Paleocene segment play (b).

interpretation of 3D seismic data. As for the
classification by seismic waveform, the wave
field along the seismic horizon was used to
build seismic facies maps. Assuming that the
shape of the reflected wave depends on the
elastic properties of the acoustic boundary
and on the shape of the seismic signal, it is
possible to judge the change in these prop-
erties.

Geological risk assessment. For each play
and its segments, the thermal maturity and
seismic facies distribution maps were built
applying attribute analysis (by signal shape
and the special attribute set) for all reference
seismic horizons (Ia, IIa, IIb, III, IIIm, IlIg, IV,
V, VI) of the entire sedimentary cover. Derived
from those sources, the probability maps of
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the reservoir and seal quality/presence were
compiled, too. To create a spatial model of
the thermal maturity of oil and gas host rocks
within the work area, we used the dependen-
cies for both the onshore area by the UkrS-
GPI study (1992) and for the adjacent offshore
area, according to Simon Petroleum Technol-
ogy Ltd (1994).

Based on expert consensus, probability
ratios were established for four components
(probability of source/migration/fill—trap—
reservoir—seal).The composite common risk
segment of each of the seven prospective
oil-and-gas bearing complexes (plays) was
determined. The case for the Paleocene seg-
ment of the Krylov sub-basin of the Upper
Cretaceous-Middle Eocene play is illustrated
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in Fig. 3 (maps of its apparent seismofacies
distribution and composite common risk seg-
ment).

Conclusions. The area of study, the con-
jugation zone between the slope of the Pre-
cambrian EEP, Paleozoic-Cimmerian Scythian
platform, and younger Meso-Cenozoic Black
Sea basin, is surprisingly complex in terms
of tectonic structure. Thus, it is the most in-
teresting area from the geological point of
view despite the relatively moderate hydro-
carbon resources. The extension of the North
Dobrogea Foredeep into the Black Sea was
confirmed, and elements of its petroleum
systems were transferred to the adjacent off-
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HosgiTHa 3D cericMika po3KpHuBa€ MO3UTHUBHI IePCIIEKTUBU
Ha Ha()Ty i ra3 Ha MOPCBKOMY IIPOAOBIKEHHi
IlepepAAOOPYAKMHCBKOIO IIPOTUHY, YKpaiHa

O.A. KI/I‘IK&I, M.B. OAbmaHeqbKHiIZ, A.IIL TI/Ill[eHKOZ’3,
A.C. BI/I}KBaI, A.M. }KaAaHZ, O.B. MaKOBellbl, I1.O. (DeHOTaZ,
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'Kuiscbke BipAAIAEHHS YKPATHCBKOTI'O HayKOBO-AOCAIAHOTO
IHCTUTYTy IPUPOAHUX rasis, Kuis, YKpaiHa
AT «YKpra3zBupoOyBaHHa» KUiB, YKpaiHa
*HAK «Hadroras Ykpaian», Kuis, Ykpaiza

Ha ocHoBi 00po0Oku AaHUX HOBITHBOI 3D CcelCMOpPO3BIAKM Ta aHaAi3y reOAOTO-
reoisznuHol iHopMaIlii BUAIAEHO ¥ OXapaKTepHU30BaHO MOHAA COPOK MEPCHEeKTUBHUX
CTPYKTYP Ha crenpo3Borax Aeabdin 01-10 HAK «Hadroras YkpaiHu» y Me)kaxX BHYT-
PIIIHBOI 30HU MiBHIYHO-3aXiAHOTO IIeAbdy HOpHOTO MOps. YTOYHEHO Ta AeTaAi30BaHO

ISSN 0203-3100. Geophysical Journal. 2025. Vol. 47. Ne 2

97



MIDKHAPOAHA HAYKOBA KOH®EPEHIL]IA «AKTYAABHI [IPOBAEMW T'EO®DI3HUKH »

98

TeOAOTIUHY MOAEAb PaliOHy POOIT, OIiHEHO OCHOBHI CKAAAOBI I'€OAOTIYHOTO PU3HUKY 3a
IIepCHeKTUBHUMHU Ha(hTOra30HOCHUMHU KOMIIAEKCAMU AN (POpMYBaHHS ITOpTdeas Had-
TOTA30IOIIYKOBUX 00'€KTIiB, IX PAaHXYBAHHS Ta IPUNWHATTS YIIPABAIHCHKUX PillleHb.

Karoudogi croBa: HopHe MOpe, CIEIIA03BOAY Ha PO3BiAKY i BUAOOYBaHH4, 3D celicmo-
PO3BiAKa, TeOAOTIUHA iHTepIpeTalis, IepCIeKTUBHI CTPYKTYpPH, HadPTOTra3o0IONIYKOBI
POOOTHU Ha OCHOBI OIiHKM Ha()TOra30IIepCIIeKTUBHUX KOMIIAEKCIB.
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