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The article deals with some of the results of integrating geophysical methods applied in prospecting for unconventional
hydrocarbon deposits under salt-stock bodies in the areas of concentration of small and low-amplitude anticlines and reef sites in the
Dnieper-Donets basin (DDB).

Analysis of potential methods shows that within the DDB there are three types of salt-diapirs, which have certain characteristics in
gravimetric and magnetic fields. The first and most common characteristic is the intense minima in gravity and no reflection in the
magnetic field. The less common second type is stocks that outline the minimum gravity against maximum in the magnetic field. The
third one, having a peculiar nature, shows both gravimetric and magnetic positive anomalies. Such a variety of manifestations of stocks
in the gravimetric and magnetic fields is due, primarily, to their complex morphology.

The results of the geophysical surveys over the reef structures and the low-amplitude elevations formed over them show that
they are mapped by linear, sometimes isometric, local maxima of the force of gravity of moderate intensity.

The comparison of results of previously performed studies of gravimetric and magnetic fields shows their high geologic
efficiency in studying the morphology of salt stocks and identifying prospective near-stock objects when combined with seismic
data and the data from exploration drilling.

Low-cost geophysical gravimetric and magnetic methods significantly reduce the cost of drilling deep exploration wells.

Introduction. Improving the efficiency of exploration for
oil and gas requires further development of non-traditional
methods. These activities have been conducted by various
research and industrial organizations in Ukraine for many
years. The theoretical basis to identify the unconventional
hydrocarbons (HC) fields in the crystalline basement, under
the salt-dome bodies, in the areas of concentration of small
and low-amplitude anticlines and reef sites, etc are
developing [2, 3, 6]. The accumulated data on exploration
show that in order to reduce the exploration cost, the
developments should focus on an integrated system of
effective and relatively cheap non-seismic methods, while
the detailed 3D seismic surveys ought to be carried out
mainly at the stage of preparing objects for exploration
driling. The need for combining seismic with other

geophysical methods can also be explained by the inability
to obtain a sufficient geological dataset and the parameters
of the oil and gas reservoir by individual methods [1, 4, 5].
A balanced combination of geophysical methods ensures
effectiveness of solving inverse geophysical problems in
prospecting.

The study of salt stocks. Salt domes in DDD
represent the tectonic uplifts differing from the classic
anticline uplifts in the presence of the salt core (Figure 1).
During the penetration process of the stock, its upper part
is dissolved, which often leads to the accumulation of a
kind of cap. This cap consists of a poorly soluble
accompanying mineral (gypsum, anhydrite) or pieces, or
even large blocks, of various solid rocks trapped by salt
when it moves upward.

Figure 1. 3D maps of the gravitational field: a — local anomalies, b — total horizontal gradient
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Analysis of the physical properties of rock salt shows
that it is characterized by slightly varying low density of 2.0-
2.2 g/lcm3. In most cases, the DDD salt stocks of pre-
Mesozoic Age break through the enclosing rocks of higher
density forming the bodies with negative mass anomaly

resulting in the intense minima in gravitational field. Such
features are well manifested in the various transformations
of the gravity field, for example, in local anomalies (Figure 1a)
and in the total horizontal gradient (Figure 1b).
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Figure 2. Reflection of salt dome structures. in the gravity and magnetic fields:

a — Krestischensky stock, b — Runovschinsky stock, and ¢ — Leykovsky stock

Salt domes in DDD are always located in groups and are
characterized by columnar structure with steep and almost
vertical slopes, sometimes even widening up. The height of
the salt stocks is a few kilometers and can reach 6-10 km.
Such salt forms are generally isometric in the cross section
structures with a diameter from 1 to 8-10 km (Figure 1.2).

Salt is a weak diamagnetic rock. Therefore, big salt
bodies are likely to cause negative magnetic anomalies.
However, the combined effect of salt and weakly
paramagnetic capturing clastic rocks does not account for
their specific structure in a magnetic field. In some cases,

the salt-core moving upwards captures rock blocks with
significant magnetic susceptibility, which in DDD may be
represented by diabases. Elevated by salt to the surface
from the Devonian, diabases create magnetic anomalies
with intensity of a few hundred nT which can be easily
mapped in detailed surveys. It should be noted that some
salt domes in DDD tend to contain large caps of dense
rocks which gravitational effect being greater than that
caused by the salt itself. In this case, the salt domes give
maximum in gravitational field (Figure 2b).
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The results of applying potential methods show that
there are three types of salt-diapir identified within the
DDD, with characteristics clearly seen in the gravity and
magnetic fields (Figure 2). The most common ones are the
intense gravity minima which are not actually observed in
the magnetic field (Figure 2a).

The stocks identified with minima in gravity and maxima
in the magnetic field are less common (Figure 2b). The
stocks mapped by both gravity and magnetic positive
anomalies are very rare (Figure 2c). This fact can possibly
be explained by the presence of the Devonian volcanic
rock fragments of considerable thickness in the caprocks.
These volcanic rocks are characterized by high excess
density compared with the surrounding sediments.

Such a variety of stock manifestations in a gravitational
field is explained, first of all, by their complex morphology. It

is the main factor in predicting oil and gas structures in
zones near the stocks. In these zones, seismic is not always
effective since it cannot accurately determine the position of
the salt screen for optimal planning of exploration wells.
Based on the experience in the DDD, the most correct
solution of this problem can be obtained by using 2D and 3D
modeling of the gravitational field. Reliability and accuracy of
the obtained models depend on the quality and quantity of
initial data, first of all, seismic, geological data and the
degree of scrutiny of the density section [1, 4, 5]. An
example is the joint high accuracy gravity and magnetic data
and 3D seismic surveys in the Budyschansko-Chutovsky
area in the central part of the DDD. It resulted in discovering
a hydrocarbon field in the near-stock part of Runovschinsky
salt dome. The results of density modeling for the
Runovschinsky stock are shown in Figure 3.
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Figure 3. Density modeling of the Runovschinsky structure

As for other potential methods, it should be noted that
the magnetic surveys are used as a complimentary method
in the study of salt stocks to detect the presence of salt
uplifts of the Devonian volcanic formations in the caprocks
(the detection of their tops and thicknesses).

In the geoelectric sections, the salt stocks appear as
rather high impedance heterogeneity. Resistance of a dry
salt is equal or larger than 1,000 Ohm - m, while the
caprock presented by carbonate-clastic rocks have
resistance of 1-25 Ohms-m. The strong contrast in
geoelectric properties between the stock and the caprock is
the physical basis for using electrical methods to study the
stock's morphology.

The authors have compared the results of previous
gravimetric and electric studies with the exploration drilling
and seismic data to investigate the morphology of salt stocks
and allocation of near stock objects under prospecting. The
comparison (Krestischenskaya, Rozpashnovskaya,
Andreevskaya, Vostochno-Alekseevskaya (Figure 1), and
other areas) shows high efficiency of these geological and
geophysical methods.

The study of reef structures. Recently, due to the
decrease in the collection of classical pericline structures,
the hydrocarbon potentials are increasingly associated with
the objects extensively developed in the coal formations of
the northern near-edge part of the DDD and the Northern
Donetsk Basin, the reef structures and the low-amplitude
structures formed above them [6]. Stratigraphically, they
are confined at Visean and Serpukhovian ages and
possibly in the Bashkirian one.

Analysis of the density characteristics of the rocks from
these stratigraphical units suggests that the Visean and
Serpukhovian carbonate rocks have a slight excess of
density compared to their caprock mudstone and siltstone.
In the Bashkirian deposits, the density excess of carbonate
rocks still further increases.

Therefore, in the gravitational field, they are mapped by
linear, sometimes isometric, local maxima in the force of
gravity of moderate intensity. A good example is the results
from the Stelmahovskaya area in Lugansk region (Figure 4).

It should be noted, that nowadays, magnetic and
electric exploration for reef structures in the DDD is not
currently being carried out.
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Figure 4. The results of studies in Stelmahovskaya area

Conclusions. Analysis of research data obtained with
potential methods has made it possible to distinguish
between three types of salt diapirs within DDB that have
specific features manifested in gravimetric fields. The first
and most common ones are characterized by intense
gravitational minima and are not reflected in the magnetic
field. The less common second ones show gravitational
minima and maxima in the magnetic field. The third ones,
those of a peculiar nature, are mapped with both
gravimetric and magnetic positive anomalies.

Analysis of these results shows high efficiency of
gravimetric methods in prospecting for unconventional oil
and gas structures. Evaluation of their oil and gas
prospects requires an application of joint detailed high-
accuracy gravimetric and seismic surveys. Evaluation of
their prospects is related to joint detailed gravimetric
studies of high accuracy together with seismic. Comparing
the results of the combined potential fields and wave field
allows to quantify their geological efficiency. Certain
difficulties in measuring their effectiveness are related to
the study coursing unequally in prospecting areas, when
using different methods and techniques both in the field
and in the interpretation of the obtained data.

However, taking into account the complete set of
results of the potential field interpretation will increase the
productivity of exploration drilling. The effectiveness of
these works is, in our view, evident, since the cost of
gravimetric, magnetic and electric methods is much lower
than the cost of deep well drilling.
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NMPO POMb NOTEHUIMHUX METOAIB NPU AOCHNIMXEHHI CONAHUX
TA PADOBUX CTPYKTYP Y AHINPOBCbKO-AOHELIbKIA 3ANAOUHI

Y cmammi po3ansinymi desiki pe3ynbmamu y3a2anbHeHHs nposedeHux 2eogizuyHux pobim nomeHyianbHUMuU MemodamMu npu nowykax podo-
suuy eyaneeodHie HempaduyiliHo2o muny nid COJNSIHO-WIMOKOBUMU YMEOPEHHSIMU, 8 30HaX KOHUeHmpauyil Masiopo3MipHux i ManoamnaimydHux
aHmukniHanbHux i pughoeeHHuUx o6'ekmax e [Hinpoecbko-fJoHeysbkili 3anaduHi (443).

Y3azanbHeHHs1 pe3ynbmamie 0oc/ioeHb MOMeHyianbHUMU Memodamu nokas3ye, wo 8 Mexax 3 eudinsembcss mpu munu cosleHocHux dia-
nipie, siki Maromb xapakmepHi ocob6nueocmi nposiey e epagiMazHimHuUX nonsx: nepwi, HalbinbwW NowupeHi, xapakmepu3yroMmbcsl iHMeHcueHUMU
MiHIMyMamu cunu mspkiHHSI | npakmuyHo He eido6paxkarombCsi 8 Ma2HImMHOMY nosii; iHwi, 3ycmpivyatombcsi pidwe, wmoku, uwjo eidbuearombcs
JIOKasIbHUMU MiHIMyMaMu cusu msiKiHHsI, 00 SIKUX NpuypoYeHi MaKkcuMyMu Maz2HimHoO20 Mosisi; mpemi, 3 eKCK/IF03UBHOH npupodoro, siki kapmy-
rombcss NoedHaHUMU MO3UMUBHUMU 2pasimauyitiHumu i MazHimHuMu aHomanismu. Taka pi3HoMaHimHicmb nposisy wmokie e epasimayitliHomy i
MazHimHomy nonsix o6ymoesieHa, nepedycim, ix cknadHoro Mopghosioziero

Y3azanbHeHHs1 pe3ynbmamie 2eogpizudHuUx 0ocridxeHb Had pugo2eHuMu criopydamu i cpopmogaHUMuU Had HUMU MasioaMmaimyOHumu nio-
HMmMsIMU nokasye, ujo e 2pagimayiliHoMy nosii 60HU KapmyrmbCcsl NiHiliHUMU, iHOOi i30MempPUYHUMU JIOKaJIbHUMU MaKCcuMyMaMu cusu MsoKiHHS
He 8ucoKoi iHmeHcugHocmi.

BukoHaHi aemopamu 3icmaeneHHs1 pe3ynibmamie paHiwe npoeedeHux 2pasiMempu4HuUx i MazHimopo3eidyeanbHuUx 00C/liOXeHb 3 Memoro eu-
8YeHHs1 Mopgbosiozii consiHux wmokie i eudineHHs1 mMepcreKMueHuUX NPUWIMoKoesux o6'ekmie e KoMrieKkci 3 daHUMU rnowykoeo2o 6ypiHHsI i celic-
MOpO3eiOKU NoKa3asio 8UCOKY 2e0J102i4Hy edhekmueHicmb Yux 2eogizuyHux memodies.

Hu3bka eapmicmb 2eogpisudHux docnidxeHb Memodamu epaei-ma2Himopo38idku icMomHo 3HUXyomb eumpamu Ha 6ypiHHSI 21U60KuUX nowly-
Koe0-po3eidyeasibHUX c8epOsI08UH.
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O POJIM NOTEHUMAIIbHBIX METOAOB NPU UCCINEQOBAHUN
COJTAHbIX U PUDOBbIX CTPYKTYP B AHENPOBCKO-AOHELKOM BNAOVUHE

B cmambe paccMompeHbl Hekomopble pe3ysbmambl 0606WeHuUs1 NposedeHHbIX 2eoghusuyeckux pabom nomeHyuanbHbIMU Memodamu npu
nouckax MecmopoxdeHuli yaneeodopodoe HempaduyuoHHO20 muna nod CoJIsTHO-WIMOKo8bIMU 06pa3oeaHUsIMU, 8 30HaX KOHUEeHmMpayuu maso-
Pa3MepHbIX U ManoamMniaumyOHbIX aHMUKUHaNbHbIX U pugho2eHHbIx o6bekmax e [JHenpoecko-LoHeykoli enaduHe.

O6o6uweHue pe3ynbmamos uccriedosaHuli TomeHyuaabHbIMU MemodaMu rnokasbieaem, ymo e npedenax B ebidenssemcsi mpu muna corne-
HOCHbIX uanupoe, Komopbie UMelom xapaKmepHble 0CO6eHHOCMU NPOosi8IeHUs 8 2pasUMazHUMHBIX MOJsAX: Nepeble, Haubosiee PacnpPoOCMpaHeH-
Hble, Xapakmepu3ylmcsi UHMeHCUBHbIMU MUHUMYMaMUu Ccuslbl MsXXecmu u npakmu4yecku He ompaxaromcsi 8 MacHUMHOM 1oJ1e; mopble, cmpe-
4armcs pexe, WMOKU OomMpaxarowuecss MUHUMYMaMu Cuslbl MSXXKeCmu K KOMOPbIM MpUypoYeHbl MakCUMyMbl Ma2HUMHO20 MOoJsi; mpembu,
3KCKIIH03UBHOU npupodoli, Komopble KapmupyromMcsi CO8MeWEeHHbIMU MOSIOKUMENIbHbIMU 2PasumayUoHHLIMU U Ma2HUMHbLIMU aHoManusmu. Ta-
Koe pa3Hoo6pa3ue nposiesieHusl WMOKOe 8 2pasumayUuoHHOM U Ma2HUMHOM rosisix 06ycrioesieHo, npexade ece20, UX C/I0XHOU Mopghosozuel

O6o6ujeHue pesynbmamos 2eoghu3uqdecKux uccriedoeaHuli Had pugho2eHHbIMU COOPYXEHUSIMU U cGhOopMUPOBaHHLIMU Had HUMU Masioam-
nAuUMyOHbIMU MOOGHAMUSIMU MOKa3bleaem, Ymo e 2pasumayuoHHOM 10J1e OHU Kapmupyromcsi IUHelHbIMU, UH020a U30MempPUYHbIMU JIOKafbHbI-
MU MaKkcuMymamu cusbl msKecmu He 8bICOKOU UHMeHCU8HOCMU.

BbinosiHeHHbIe agmopamMu CONnocmasJ/ieHus pe3y/ibmamoe paHee npoeedeHHbIX 2paguMempu4ecKux U MaeHumopa3eedoYHbIX uccredosaHuli
C yenbio usyqdeHusi Mopghos102uuU COJISIHbIX WIMOKO8 U 8bIAeIeHUs NepCcneKmueHbIX MPUWMOKo8biX 06beKMoe 8 KoMaekce ¢ OaHHbIMU MOUCKO-
8020 BypeHusi u celicMopa3eedKu 1oKa3asio 8bICOKYI 2€0/102UHECKYH 3¢hgheKmueHOCMb IMux 2e0ghu3uvecKux Memodos.

Hu3kass cmoumocmb 2eogpusuyeckux uccredosaHuli MemodamMu 2pasu-mMazHUMopa3eedku Cyu,ecimeeHHO CHUXarom 3ampambi Ha 6ypeHue
2J1y60KUX MOUCKOB80-pa38e00YHbIX CK8aXUH.





