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Main features of prediction the hydrocarbon accumulation of sedimentary and basement rocks
on impact structures with STAGR technology have been presented. Main features of distribution
and presence sources of oil-and-gas content on impact structures have been determined. The
conclusions of oil and gas content on Boltish, Obolon, Rotmistrovka and Zeleny Gay impact struc-
tures have been presented.
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MpencraBneHa agantauyss METOAMKN CTPYKTYPHO-TEPMO-aTMOreOXMMUNYECKNX UCCNEeA0BaHNIN
(CTAT'M) K noncKy 1 NPOrHO3NPOBAHUIO 3aNeXen yrneBoaopPoa0B MMMNAKTHbIX CTPYKTYp. Onpe-
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Introduction

Hydrocarbons exploration is associated with
significant time and financial expenditures.
Even drilling of exploration well could not al-
ways provide clear answer on the question re-
garding the practicability of further geological
exploration works. Especially it is shown on
the unconventional oil and gas fields like im-
pact structures. The application of standard
exploration methodologies is limited due to
certain prospective constraints. The STAGR is
the one technology except of drilling which
obtain the information of prediction of frac-
tured zones with increased hydrocarbon gas
permeability, tectonic activity (fractured and
deconsolidation zones), and geothermal gra-
dients aimed at the solution of geological and
exploration tasks and prospecting of hydro-
carbon accumulation.

Interest of hydrocarbon searching onim-
pact structures the interest has grown greatly
during the last ten years. Considerable extent
of hydrocarbon accumulation on Ukrainian
impact structures similar to structures of
Middle East, Canada and US is predicted.
This article is showed main features of
searching and predicting the hydrocarbon
accumulation on the impact structures with
STAGR technology.
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Target of research

The complex of methods were used to explore
the occurrence of oil-and-gas content on
Boltish, Obolon, Rotmistrovka and Zeleny Gay
impact structures. They all are situated in the
Ukrainian Shield. Boltish and Obolon are com-
plex structures with the central uplift, while the
Rotmistrovka and Zeleny Gay are simple
craters.

The Boltish impact structure is 24 km in
diameter. Itis located in the central part of the
Ukrainian Shield in the Tyasmin river basin.
The crater was formed in the crystalline base-
ment rocks, mainly granites and gneisses.
Impact melt rocks, suevites and allochtho-
nous breccias fill the impact structure. The
crater is surrounded by the partly eroded
ejecta layer occurring in the area of about
6500 kmZ2, The Obolon crater is a complex im-
pact structures, about 18 km in diameter, lo-
cated in the north-western part on the shield
near its margin with Dniper-Donets Basin.
The crater targets were the crystalline base-
ment rocks and overlapping sedimentary
rocks of the Late Paleozoic and Mesozoic.
Now the structure is buried over 500 m. Lo-
cation of the structure near the margin of the
oil and gas bearing Dnieper-Donets Basin en-
ables to suggest its hydrocarbon potential.
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The Rotmistrovka crater is 3 km in diameter
and 300 m depth. The crater is situated in the
central part of the Ukrainian Shield. Suevites
and lithic breccias in crater are covered by
sedimentary rocks of the Cretaceous. The
overlapping sedimentary rocks are clayish
shale’s. The Zeleny Gay crater is about 2 km
in diameter. It is located in the central part
of the Ukrainian Shield in the Ingulets river
basin. The crater was formed in the crystalline
basement rocks, mainly granites and gneis-
ses. The overlapping sedimentary rocks are
clays and clayish soil [['ypos, 2006].

Research method

Complex express and low-cost technology of
structural thermo-atmo-geochemical research —
STAGR (Fig. 1) is based on a number of scien-
tific studies in different areas performed by ap-
plying the hi-tech results of geologic, structural
tectonic, geophysical, aerospace, geothermic,
hydro-morphometric and gas-chemical re-
search works, which included the design of

special hi tech equipment. Special patented
equipment was designed and manufactured
for the conduction of atom-geochemical and
thermometric plotting during the field works.
STAGR methodology is patented technique
[Barpiin, 2009]. It was used on 80 oil and gas
prospective areas with the resulting coefficient
of exploration success near 100%.

Advanced laboratories were established
in the Institute of Geological Sciences of NAS
of Ukraine, namely the gas-chemical and chro-
matographic laboratory (chromatographic
analysis of hydrocarbons, He, Ho, CO5,), engi-
neering and analytic laboratory (design of
equipment complexes), radiometric measure-
ments (radon-thoron measurements), and
thermo-complexes.

Application of STAGR methodologies helps
to obtain important additional information
during the hydrocarbons exploration:

— prediction and evaluation of the struc-
tures prospective for hydrocarbons produc-
tion;

NPHHLMNWANIbHAA CXEMA CTPYKTYPHO-TEPMO-ATMOTEOXMMHMUECKNX MCCNEAOBAHWH
PRINCIPAL SCHEME OF STRUCTURAL-THERMO-ATMOGEOCHEMICAL RESEARCH (STAGR)
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Fig. 1. Principal scheme of structural-thermo-atmogeochemical research (STAGR)
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— specification of the extraction works
block structure and identification of the
boundaries of productive hydrocarbons de-
posit;

— scientific substantiation of priority
blocks for hydrocarbon exploration works and
the order of exploration drilling on these
blocks.

Geological-structural studies based on an
analysis of available geological and geophysi-
cal data and aimed to specify the geological
structure and structural-tectonic position of
areas under investigation accounting the re-
cent geodynamic features of tectonic disloca-
tions and their manifestation in the sedimen-
tary cover and relief. Geological structural
studies are conducted with the aim of system-

Okm  Skm  10km  15km 20km  25km

Fig. 2. The map of relief on Boltish impact structure
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atization and grading of fractured block struc-
tures, permeability of tectonically active zones,
seismometric, stratigraphycal and geodynamic
characteristics, development of geological
models for separate objects and for studied
polygons.

Morphostructural analysis and structural
neo-tectonic interpretation of space images
and aero photo images foresees identifica-
tion of neo-tectonically active faults based on
their consistent association with certain types
of modern structures and topographical
forms using structural analysis of landscape
and geomorphological specifics of current
land surface employing top sheets analysis
and interpretation of space and aero images
(Fig. 2).
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Gas chemical studies are used for mapping
of neo-tectonically active and permeable frac-
tured zones [Bbarpiii, 2005]:

— Emanation surveys (radon, thoron) are
performed for mapping of neo-tectonically
active fractured zones.

— Carbon dioxide gas survey. Anomalies
indicate rock permeability on the studied area.

— Helium gas survey. Formation of helium
anomalies in near surface conditions is caused
by ascending fluid and mass flows (through
fractures).

— Hydrogen gas survey. Hydrogenis anin-
dicator of fractures depth. Hydrogen is com-
mon for detachment faults and is not found in
compression zones.

Gas chemical studies of free hydrocarbons
contents are based. They are provided the ob-
vious indices presence of oil-and-gas on the
exploration polygons [Barpiin, 2003; Bbarpii,
2005].

Thermometric studies are carried out for
recognition of relations of local geothermic
anomalies with oil and gas accumulations in
the sedimentary cover.

Mathematical and statistical studies are
carried out for recognition of the informational
content of each of data and group of data reg-
istries during the expedition and laboratory
STAGR works. They are included Pearson cor-
relation analysis (Fig. 3), factor analysis, anom-
alous field of gas contents analysis and map-
ping the promising sites for search of
hydrocarbons.

The forecast of hydrocarbon accumulation
is the result of all complexes of exploration
methods. Distribution resulting maps are pre-
sented (Fig. 4-6). They are included:

— estimation of the general perspective for
the exploration area on hydrocarbons,

— identification of the boundaries of de-
posit,

— determining the locations of unloading of
hydrocarbons on earth surface, permeable
zones and temperature high flow.

Conclusions

1. STAGR methodology can be successfully
used for searching and prospecting of hydro-
carbon accumulations on the impact struc-
tures. STAGR methodology differs from other
methods of near surface exploration studies
due to the following:

— scientific and methodological substanti-
ation of the criteria for evaluation the prospec-
tivity of studied areas allowing zoning of stud-
ied territories based on their anticipated
prospectivity;

— substantiated optimal complex of ex-
press methods, providing sufficient information
value of the results, fast field and laboratory an-
alytical researches and comparatively low cost
of works;

— performance of areal thermometric, em-
anational and gas chemical surveys;

— complex interpretation of structural,
geophysical, aerospace, geological, atmo-
geochemical data taking into consideration
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Fig. 3. The results of Pearson correlation analysis on Rotmistrovkaimpact structure. Onthe correlation matrix
is shown the strong correlation coupling of gases by green color, the middle correlation coupling of gases
by yellow color, the middle opposite correlation coupling of gases by red color
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Fig. 4. Resulting maps of STAGR on Boltish impact structure: a — Temperature, b — Radon, ¢ — Sum of all
registered hydrocarbons, d — Helium
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Fig. 5. Predicted areas for hydrocarbon accumulation on Obolon impact structure
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Fig. 6. The principle scheme of forming the hydrocarbon accumulation and gas-geochemical and tempe-

rature anomalies on the territory of impact structures

modern opinions on the conditions of oil and
gas generation and results of geological ex-
ploration works on known deposits, which
could provide initial information for develop-
ment of predicting exploration models.
STAGR methodology is the near surface ex-
press methods for prediction of fractured
zones with increased permeability, tectonic
activity (fractured and deconsolidation
zones), geothermal and geochemical meth-
ods aimed at the solution of geological and
exploration tasks.
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2. The analysis of most characteristic fea-
tures of hydrocarbon searching and prospect-
ing on the impact structures with STAGR tech-
nology is made:

— hydrocarbon deposits are presented on
the dynamically stable and low fluid permeability
blocks which are conducive to formation of traps
and saving hydrocarbon reservoirs in them;

— the low diffusion of scattering halos of
methane and its homologues with halo-effect
anomalies is presented under the prospective
blocks.
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— the temperature anomalies are charac-
terized the tipe of oil and gas presence on the
prospecting areas.

3. The new approach to searching of hy-
drocarbon accumulation on the impact struc-
tures was made. Based on Obolon, Boltish,
Rotmistrova, Seleny Gay impact structures and
the complex theoretical analysis of Silian im-
pact structure were specified main results. The
deflections and the rampart areas on impact
structures are of interest for searching of hy-
drocarbons. These areas are typically dis-
played in the distribution of free hydrocarbon
gases as a central part of "halo-effect” anom-
aly with minimum values of gases in centre and
maximum on the external side of the anomaly.
Zones of maximum stretching and fracturing
are immediately interconnected with these
areas. They are presented on the sedimentary
rocks as also on the basement zones of high
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