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Пошукові та геоекологічні дослідження /  
Exploration and Geoecological Researches

INTRODUCTION
Recently, in the known areas of the oil and gas in-
dustry, the state of the raw material base is char-
acterized by steady production decline due to a 
long-term exhaustion involved in the commercial 
development of oil and gas fields, and putting into 
operation almost 100% of new deposits can be 
grounded only by sedimentary-migration theory of 
hydrocarbons origin.

In Ukraine, it is, unfortunately, impossible to 
solve this problem by concentrating the forces and 
resources on the development of traditional oil and 
gas facilities, because of their complex structure, 
small sizes and considerable depths.

Taking this into account, the solution for such 
a critical situation can be found through new tech-

nological methods, commercially available and eco-
nomically feasible approaches, modified methods 
of industrial development of unconventional explo-
ration objects, in particular impact structures.

The firsts attempts on studying the oil and gas 
objects in crystalline rocks and impact structures 
in Ukraine were initiated by V.B. Porfiriev, V.A. Kray-
ushkin, V.P. Klochko and A.E. Lukin, starting from 
the 60s of the twentieth century and were aimed 
at the investigation of the nature and peculiarities 
of the oil and gas capacity of impact structures and 
possible conditions for oil and gas accumulation 
in the above crateral and under crateral fractured 
zones of the impact structures.

According to the American Academy of Sciences, 
only since 1980 the US government has provided 
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Розглянуто можливість підвищення ефективності геологорозвідувальних робіт на нафту і газ в результаті впровадження нау-
ково обґрунтованих теоретичних уявлень і нових технологій вивчення нетрадиційних нафтогазоносних об’єктів – імпактних 
структур. Наведено короткий огляд наукових досліджень і виробничих робіт з оцінки перспектив нафтогазоносності імпактних 
структур кристалічного фундаменту як за кордоном, так і на території України. На основі багаторазового аналізу наявних да-
них зроблено висновок про дифузійну природу прямопошукових газогеохімічних аномалій над нафтовими і газовими родо-
вищами. Це дозволило ефективно використовувати при оцінці нетрадиційних об’єктів, у тому числі імпактних структур, комп-
лекс геолого-структурно-термо-атмогеохімічних досліджень (СТАГД). Як приклад наведено картографічні результати вивчення 
цим методом Оболонської імпактної структури. Виконано також аналіз аерокосмічних зйомок по Сильянській імпактній струк-
турі і запропоновано деякі рекомендації щодо подальшого вивчення її нафтогазоносності. Впровадження методичних підго-
товок і технологій автора може привести не тільки до відкриття нових промислових покладів нафти і газу, але і до проведен-
ня цілеспрямованих пошуків потенційно нафтогазоносних імпактних структур на Українському щиті, в Дніпровсько-Донецькій 
западині та інших регіонах.
Ключові слова: імпактні структури, кристалічний фундамент, прямопошукові газогеохімічні методи, нафтогазові об’єкти.
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funding in the amount of 10 million dollars for sci-
entific studies, in particular, for the development of 
prospects in crystalline rocks, in addition 4 million 
dollars were given for drilling to a depth of 5 km, that 
led to significant discoveries of commercial oil and 
gas impact structures (Gozhyk et al., 2010). 

Analyzing the results of the discovery of com-
mercial deposits of oil and gas in the Williston 
Basin impact structures, where a large amount of 
drilling have been carried out, we conclude that the 
success rate is approaching to 1. All the commis-
sioned for oil and gas impact structures proved to 
be a commercial deposits (Viewfield, Newporte and 
Red Wing Creek structures). 

Statistics of successful search for oil and gas 
in the areas of impact structures development indi-
cates not 100% results at all drilled wells, but the 
most important conclusion – all impact structures 
turned to be oil and gas productive. Consequently, 
the creation of a new direct search technology will 
help to increase the success rate significantly.

According to our preliminary analysis of the 
results of research of oil and gas potential impact 
structures in Ukraine, it is possible to assert that if 
each structure achieves a success factor of 0.25 
or even 0.1, then potential oil and gas resources in 
Ukraine will exceed the initial total exploration re-
serves of sedimentary strata in Ukraine. 

Therefore, today more than ever there is an ac-
tual issue of increasing the efficiency. It concerns 
exploration for oil and gas because the present 
deplorable state of the efficacy of traditional pros-
pecting, especially in non-traditional hydrocarbons, 
is expressed in a disastrously low efficiency of ex-
ploration drilling.

The significant rise in price of the works with no 
scientific theoretical foundation in practice for the 
preparation of oil and gas reserves, in addition the 
absence of revolutionary technical and technologi-
cal solutions in this sphere led to the curtailment 
and stagnation of exploration of oil and gas in most 
regions of Ukraine, including new areas with uncon-
ventional hydrocarbons.

Scientific and methodical development of tech-
nology are merely tools in the geologist’s hands and 
this prospector’s approach led a large number of 
scientists and industrialists to the conclusion that 
«direct» theoretical and technical methods of oil 
and gas searches do not exist currently. Nowadays 
low confirmability coefficient of the results of pros-
pecting work indicates an insufficient development 
of effective methodological and technical solution 

of the problem and the need for an approach to 
forecast oil and gas potential and mineral resourc-
es on the new genetic basis. Currently, seismic as 
the primary method of facilities preparation for the 
exploration drilling, even in three-dimensional de-
sign and the highest possible resolution, does not 
enable to detect oil deposits. It only maps out struc-
tures with a greater degree of reliability and detail. 
All the structures under certain favorable condi-
tions may contain deposits of hydrocarbons, and at 
the same time they may not contain it. Only the «bit» 
can remove this uncertainty. The only question is, 
at what costs (Timurziyev, 1989).

The success rate of the search was in the range 
of 10-30% in the past «low-tech» and in the current 
«high-tech» period in the United States and is kept 
within these limits, and will be kept till the oil com-
panies offer new valid search technologies. The 
sense of increase the efficiency of these studies 
in offered by us direct search technology consists 
in justification complex of reflected signals and 
universal causal relationships which is based on 
the only genetic model reflection complex that in-
cludes spatial and stratigraphic localization of oil 
and gas deposits in the depths of the earth’s crust. 
The knowledge of these links including the physic-
chemical, geological and structural conditions, 
thermodynamic processes of formation of deposits 
and oil and gas potential of reflected signals makes 
it possible to perform predictive mapping on the 
surface. The criteria for oil and gas potential, that 
is based on the laws of localization (volume con-
centration) identified reserves of hydrocarbon , is 
caused a set of science-based complex of relevant 
characteristics of the indirect reflected and direct 
search of signals.

The direct indicators differ from indirect not by 
their degree of reliability, but by the nature of con-
nection with the reservoir (deposit). Direct indica-
tors mean a search of fields, that are conducted on 
the basis of fixed ones on the earth’s surface (also 
in the surface sediments, soils and aquifers that 
are not deeply laid) of only geochemical anomalies 
concerning hydrocarbons that is caused by accu-
mulation but not by a trap.

Cases of full compliance with the practice of 
geological exploration of oil and gas are rare and 
observed for some that are not deeply laid and can 
be found only in specific geological conditions.

Low informativeness of hydrocarbon geochemi-
cal methods of direct search due to the lack of posi-
tive forecasts was explained by technical imperfec-
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tions of this or that technique, samplers and low 
sensitivity of gas analyzers. Evidently, it was con-
nected with other deeper causes and primarily with 
insufficient study and reasonable interpretation of 
regularities that form oil and gas deposits and their 
reflection on the surface of halos of scattered HC 
as the sole indicator of direct search.

Till now during a theoretical justification of the dif-
fusion mechanism of the formation of halos that are 
scattered over hydrocarbon deposits are not consid-
ered such fundamental factors as the ratio of the later-
al extent and vertical migration of hydrocarbons in the 
formation of deposits and their echoes on the surface.

In addition, during the study and mapping fault 
zones of varying permeability, researchers faced 
the questions of their role in the process of migra-
tion and accumulation of hydrocarbons, there also 
considered the problems of multi-vector disparate 
methodological approaches presence and the ab-
sence of unified substantiated technology.

All this is the main cause of low efficiency of hy-
drocarbon geochemical direct exploratory methods, 
as well as various indirect indicators that are used of 
oil and gas fields forecasted areas. The last concerns 
not only the geochemical, but also geological-struc-
tural, hydrological and hydrogeological, thermody-
namic conditions, as well as the issue of migration, 
filtration lithostratigraphy and hydrogeochemistry.

THEORETICAL BACKGROUND
All mentioned above indicates the unity of the com-
plex processes in formation of hydrocarbon depos-
its and its diffusive and geothermal conditions. The 
established regularities are based on the analysis 
of multiple diffusive nature of direct exploratory hy-
drocarbon geochemical anomalies over oil and gas 
fields, according to the technology developed and 
applied by us (geological-structural-thermal-atm-
ogeochemical research – STAGR) (Bagriy, Gozhyk, 
2009; Bagriy, 2010), that can significantly refine 
and clarify the prognostic and perspective contours 
of the required productive facilities on the basis of 
a single processing mathematical and statistical 
methods of processing circuit testing, structural 
and geological information.

According to the offered STAGR direct exploratory 
technology, the task is reduced to the formalization 
of complex criteria of petroleum mineral resources, 
including the comparison and the description of oil 
and gas potential laws of studied territory by quan-
titative parameters of these criteria. Identification of 
their correlation dependencies and the search for 

new deposits using mathematical statistical meth-
ods are also of great importance. So if the solutions 
are so simple, a reasonable question appears: why 
do not they become the property of the geological 
community and are not used in the practice of pros-
pecting works? The answer is simple and tough at 
the same time. Right decisions in this field are impos-
sible without the «liberation» of Oil and Gas Geology 
from the old dogmas of denial this or that (biogenic, 
abiogenic) hypothesis of the origin of hydrocarbon 
deposits, in accordance with common sense. Geo-
logical conditions of occurrence of hydrocarbons in 
the earth’s crust and the laws of physics, the inter-
pretation of the data array of reflected signals on the 
base of geological and structural research results 
must be taken into account.

At one of the meetings, V.B. Porfiriev – an out-
standing Ukrainian geologist said: «We, geologists, 
can make predictions of prospects generally, only 
on the scale of entire regions. We still cannot guide 
exploration and prospecting in specific regions and 
that is based on theoretical ideas about the condi-
tions of oil formation and principles of its migration. 
Attempts of certain comrades to assert that the in-
dustrial oil-bearing capacity of a region has been 
opened on the basis of indications of a particular 
theory of the origin are either naive or dishonest.

No, we do not doubt in the principles on which 
our high-temperature abiogenic geochemical oil 
scheme is built, it consists of homogeneous and 
high watering accumulations organic substance. It 
is perfectly clear that if somewhere and someday 
the required conditions of this scheme are created, 
nothing else than oil forms».

Therefore, the facts were not opposed (Porfiriev, 
Brod, 1959).

Many years of experience showed that the efforts 
of the enthusiasts are not able to solve the problem 
in its system-applied aspect. Thus, despite the large 
number of disparate theoretical and experimental 
teaching materials, efficient technology of direct oil 
and gas exploration, particularly in non-traditional 
fields of crystalline rocks, was absent. This is con-
nected with the fact that mainly chemists and mi-
crobiologists, geochemists and geophysicists were 
involved in the solution of this problem. Their main 
efforts were focused on solving the problem of di-
rect exploration and that was based on a particular 
hydrocarbons origin paradigm, including the devel-
opment of various methods of geochemical and geo-
physical studies of the principles of interpretation in 
the design of various types of devices and systems, 
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concentrating in certain areas of geochemistry, seis-
mic, electrical, geothermics, etc. Thus each of these 
researchers was a staunch «patriot» that concerns 
not only his method, but the basis of HC modification 
and the concepts that deal with its origin. Irreconcil-
able contradictions often appeared between repre-
sentatives of the biogenic hypothesis and abiogenic, 
geochemists and geophysicists, even within a single 
direction (gas and microbiological survey, seismic, 
geothermics, etc.) (Lukin, 2004).

As it was mentioned earlier, during our investi-
gations for creating direct exploratory technology, 
we relied on the fundamentals of the two para-
digms of HC origin that is based on an integrated 
manner that own a wide range of search criteria.

As our STAGR experience showed that way of 
increasing the efficiency of oil and gas exploration 
is associated with the proposed new technology 
that is based on a systematic approach that is the 
interpretation of its results. Therefore, the compre-
hensive STAGR methodology is based on authors’ 
scientific and methodological achievements in the 

field of direct and indirect exploratory methods, 
as well as improvements and implementation into 
practice of geological exploration of hydrocarbon 
deposits of the express research methods complex 
(structural-tectonic, geochemical, thermometric, 
atmogeochemical, aerospace, formational, seismo-
metric) (Fig. 1) (Bagriy, Kizlat, 2004; 2009). 

The positive results of using the proposed tech-
nology, that were derived at a number of Ukrainian fa-
cilities, including the crystalline rocks, were achieved 
on the basis of the implementation of fundamental 
researches that were written by I.M. Gubkin, V.A. So-
kolov, P.N. Kropotkin, V.B. Porfiriev, A.E. Lukin. Cre-
ated technology of direct search was tested and 
adapted to the industrial development of both con-
ventional and unconventional oil and gas facilities, 
including impact structures or impact structures.

Moreover, during the near-surface thermometer 
and atmogeochemical studies, special equipment 
complexes were developed and introduced by us 
(Utility model patent, 2004; Utility model patent, 
2009). They have necessary sensitivity and rapidity.

Fig. 1.	 Schematic diagram of geological-structural-thermal-atmogeochemical research (STAGR).
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Unlike most previously conducted studies of im-
pact craters oil and gas potential in Ukraine, that 
are performed mainly in the profile form, or with 
the definition of certain indicators with different 
values, genesis and informativeness, STAGR study 
carried out in an area form, with sufficient amount 
of details of reasonable search and forecasting fa-
cilities on a clearly defined network of studies that 
were accurately geo-referenced. Thermometric, 
emanation and geochemical complexes of stud-
ies were performed in the same observation point. 
These features of the STAGR methodic provided the 
necessary complex, complete informativeness of 
data and results of the researches, and in addition 
grounded forecasted zoning works and, accordingly, 
the allocation of different prospects of local areas 
in search of hydrocarbons, refining the contours of 
productive structures for staging prospecting.

The developed STAGR technology allows de-
termining position more reasonably with the pre-

dictive significance of blocks and structures that 
are favorable for formation hydrocarbon traps and 
timed those oil and gas deposits. The results of the 
study are shown in the example of studying of Obo-
lon’ impact structure (Fig. 2-3). 

The first stage is collecting, classification and in-
terpretation of materials for constructing a geologi-
cal model of the site. It includes the following: a de-
tailed stratification, structural and tectonic structure 
peculiarities with oil and gas polygon or separate ar-
eas of researches, creation of computer factograph-
ic and cartographical with no databases, decoding 
of satellite imagery, geodynamics clarification, local 
and regional stratigraphic schemes, construction of 
appropriate maps that include structural fault-block 
tectonics, multiscale seismic (Fig. 2-3).

These materials form geological and struc-
tural basis for determining the future direction of 
researches, network of thermo-atmogeochemical 
testing and volumes of work.

Fig. 2.	 Scheme of points of STAGR within Obolon’ impact structure.
*1 – contour lines; 2 – observation points; 3 – boreholes.
* To figures 4,6,7,8. 
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The second stage is polygon expeditionary or 
profile researches is emanation survey (determi-
nation of the activity of radon and thoron) (Fig. 4). 
Fault zones are defined with different permeability 
or near-fault territory.

To determine the content of helium, hydrogen, 
carbon dioxide in subsoil layer, which reflects migra-
tion zones, including fracturing zones and zones of 
tension and accumulation as the migration routes 
and areas with their hydrocarbon accumulations, 
sampling was performed (Fig. 4). 

Many researchers point out that in different oil 
and gas bearing provinces of the world the link be-
tween local geothermal anomalies, and oil and gas 
deposits in the sedimentary cover was identified.

According to the laws of thermodynamics, local 
geothermal anomalies have a direction of thermal 
energy in accordance with the generalizing tendency 
to equalize the potential energy system. They evolve 
spontaneously in the vertical direction of the energy 
balance, during that heat may go from hot to cold, and 
not vice versa. In this case it is the surface direction of 
the reservoir where the thermal anomalies are formed 
and that indicates the hydrocarbon reservoir (Fig. 5).

The third stage is laboratory analytical studies 
of gas samples (determination of carbon dioxide, 
helium, hydrogen, methane, ethane, propane, bu-
tane, isobutane, pentane, isopentane, hexane, eth-
ylene and propylene volumes) (Fig. 6-7).

The fourth stage is mathematical-statistical 
processing and data analysis (taking into account 
the information that was collected and system-
atized in the first stage), construction of computer 
cartographic models (both specialized in individual 
indicators and generalized predictive one) with us-
age of GIS technologies.

The fifth stage is comprehensive interpretation 
of received geochemical, geothermal and geologi-
cal data. Atmogeochemical anomalies and confine-
ment of elevated concentrations of hydrocarbon 
gases, oil and gas prospect with investigated ob-
jects are projected; corresponding recommenda-
tions are prepared for future researches (Fig. 8).

At the final stage, that deals with mapping of oil 
and gas areas, to increase the accuracy of forward-
looking decisions, it is very important to use inte-
grated approaches; it is when oil and gas facility is 
considered as the result of a complex interaction 
of various factors and changes in education, it is 
also considered like a multidimensional model. It is 
explored by all possible methods, namely theoreti-
cally and practically.

Large amounts of data have received results 
that must be correctly interpreted and the degree 
of their information load should be estimated as 
well. It is possible only with the assistance of math-
ematical-statistical methods of calculation. Union 
of these methods in the system greatly simplifies 

Fig. 3.	 Density structure along the cross line 285 to a depth of 1300 m.
1 – seismostratigraphic horizons; 2 – lines of tectonic disturbances.



15COLLECTION OF SCIENTIFIC WORKS OF THE IGS NAS OF UKRAINE, VOL. 9, 2016

New exploratory technology and its adaptation to oil and gas facilities within impact structures...

Fig. 4.	 The distribution schemes of radon, thoron, helium, carbon dioxide, hydrogen content in the subsoil air 
and integral coefficient at the territory of Obolon’ impact structure (based on the structure map of the crystalline 
basement according to the 3D results).
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the process of analyzing the data and makes it logi-
cally and mathematically correct, it significantly im-
proves the search method. At the same time, the 
system of mathematical and statistical methods 
should accurately describe the actual geological 
conditions, without introducing unnecessary gener-
alizations, or vice versa, it should not exclude the 
required data.

While searching HC fields, technological and 
analytical innovations must be combined with the 
growing technological capabilities at their extrac-
tion. In this case, search, exploration and develop-
ment of HC fields will come to a new level.

The relevance of the study is caused by the need 
to improve the accuracy of predictive decisions that 
would rely on a system of mathematical and statis-
tical calculations at realization STAGR technology.

RESULTS AND CONCLUSIONS
We have developed and tested a methodology of 
mathematical and statistical analysis of the STAGR 
results and set an optimal scheme for its imple-
mentation. The use of the methodology allowed us 
to refine the predicted contours within the studied 
areas, both on land and in sea areas.

In most cases, the results obtained with STAGR 
method are similar in the known natal places and they 
have minimum values on the vault and maximum on 
the wings. This mapping of deposits corresponds to 
the contour of impermeable traps. Minimum gas hy-
drocarbon geochemical indicators of the content HC 
almost always coincide with the minimum values of 
radon and thoron indicators that characterize perme-
able ones, and at or below background values indi-
cate impervious area (zone trap formation).

Fig. 5.	 The distribution scheme of temperature indicators (T, °C) of subsoil layer of Obolon’ structure (based on the 
structural map of the crystalline basement according to the 3D results).
1 – isohypses of horizon (J3bt); 2 – tectonic disturbances; 3 – boreholes; 4 – observation points.
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Fig. 6.	 Schemes of hydrocarbon content indicators and the amount in the subsoil air of Obolon’ structure.
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Geometrization and prediction of fractured 
zones, zones of extension and their spatial location 
is a complex problem and its’ solution is impossible 
without an understanding of joint deformation and 
fluid dynamic formation mechanism collectors frac-
ture zones (stretching zones). The solution of this 
problem allowed to realize the tasks of mapping 
that deals with promising zones of collectors sedi-
mentary cover development and crystalline base-
ment (and associated with oil and gas). According 
to the proposed STAS technology, the practical 
significance of using complex of methods is invalu-
able on a unified genetic basis because, with rare 
exceptions, drilling in the described strata – is a di-
rect risk of losing reservoirs on exploration stage 
of work due to uncertainty precise geometry. The 
impossibility of entire testing of homogeneous car-
bonate strata or granitic rocks, under ambiguous 
interpretation of GIS, in practice leads to omission 

of widespread productive areas. And this is only a 
part of the problems that oilmen have to face in 
low-permeability strata with fractured reservoirs.

Acceptance of two paradigms of oil origin, in-
cluding a significantly positive experience of apply-
ing STAGR at studying more than 80 structures, led 
the authors to the systemic organization of complex 
data processing. The study of impact structures has 
a great importance during the development of the 
subsurface sedimentary strata and upper layers 
of the crystalline basement with a predominance 
of secondary fractures and porous-tricky-fractured 
reservoirs, tanks and related hydrocarbon deposits.

At present, two types of impact craters were 
identified – simple and complex. A bowl-shaped de-
pression with capsized and upturned annular edge 
of shaft that is elevated above it is characterized 
for the first type. The complex craters have a cen-
tral rising; if the diameter of the crater is more than 

Fig. 7.	 Schemes of hydrocarbon content indicators and the amount in the subsoil air of Obolon’ structure.



19COLLECTION OF SCIENTIFIC WORKS OF THE IGS NAS OF UKRAINE, VOL. 9, 2016

New exploratory technology and its adaptation to oil and gas facilities within impact structures...

30 km, it can be replaced or accompanied by sev-
eral concentric shafts and trenches, giving a multi-
ring shape for an impact structure.

Taking into consideration all mentioned effects, 
it is important to know that a hit can instantly trans-
form uncollected breed in porous and permeable. It 
can also change the structural conditions in occur-
rence of rocks of the target regardless the region-
al geology. When a big magnitude hits, all these 
changes have a very significant distribution.

The internal constitution of impact structures 
is characterized by the presence of the following 
structural and lithological complexes. They are: 
base, koptogenic, filling, overlapping and injection. 
The last builds up deep igneous rocks that are in-
truded in the ground and koptogenic rocks com-

plexes, that are represented by sedimentary, igne-
ous and metamorphic crystalline rocks of the target 
(point of impact), and where a crater is, and alloge-
neic breccia and impactites that fill the crater after 
the explosion, and a crater wall forming with explo-
sive emissions coverings. A filling complex consists 
of sediments of lacustrine or marine genesis, it is 
deposited on the koptogenic complex, while the 
overlying complex - is the thickness of sedimentary 
rocks, that overlies simultaneously the base, filling 
and koptogenic complexes.

During assessment of hydrocarbon potential of 
impact structures, the possibility of applying STAGR 
search technology should be considered in the light 
of the oil and gas potential of sedimentary cover and 
crystalline basement (based on the analysis of the 

Fig. 8.	 Mapping (schemes) with the highlighting of potentially hydrocarbons bearing sites.



20 ЗБІРНИК НАУКОВИХ ПРАЦЬ ІНСТИТУТУ ГЕОЛОГІЧНИХ НАУК НАН УКРАЇНИ, ТОМ 9, 2016

Igor D. Bagriy

geological structure and oil-and-gas-bearing capacity 
of well-known impact structures – Avak, Ames etc.).

All these oil and gas showings are observed in 
the thickness of base and koptogenic complexes 
both in vertical and horizontal meanings, namely, 
the longer the distance to the target from the cen-
ter of the impact (explosion), the weaker the shock 
metamorphism, but in the rocks of the filling com-
plex it depends on the availability and location of 
erosion simulation products or rewashing kopto-
genic and base systems.

Most researchers come to conclusion that the 
cracks that are the main ways of hydrocarbon mi-
gration that occurs both in horizontal and vertical 
directions. Fissures in crystalline rocks and sedi-
mentary deposits make the formation of natural 
reservoirs of oil and gas in the dense nonporous 
basement rocks possible, including rocks that are 
characterized by an increased sorption capacity. In 
recent years, a large amount of factual material is 
accumulated, and it can be assumed that it is due 
to the formation of intense fracturing in rocks of 
different origins, forms additional space and signifi-
cantly increase the filtration properties of strata. In 
such a way occurs connection between petroleum-
generating and reservoir layers, and these pro-
cesses contribute to the formation of deposits in 
«uncharacteristic» conditions.

In sedimentary and crystalline rocks, crack for-
mation occurs under conditions of hydrostatic com-
pression and stretching mass stress state.

According to Belousov’s genetic classification of 
ruptured violations, untectonic ruptures relate to in-
stantaneous process (explosions, strikes, meteor – im-
pact structure) and include tensile, compression, shear, 
crack, rupture displacement, separation and chipping.

Different directions and ambiguity of the influ-
ence of these processes leads to a wide variety of 
cracks that have different genesis and dimensions, 
as well as changes in their deposition, and that of 
course, requires the classification of rupture dislo-
cations and special techniques of mapping.

The offered STAGR processing methods enable 
to map faults and fracturing of rocks with different 
permeability, although there are many examples of 
the presence of high density of cracks in the near-
fault zones and unquestionable role of the latter in 
the process of migration and the formation of hy-
drocarbon accumulations. The presence of hydro-
dynamically isolated deposits of oil and gas within 
one fold that is complicated by violation proves im-
permeability of faults. Frequently, acting as insulat-

ing screens, they cause the formation of tectonical-
ly screened deposits. Consequently, we can speak 
about a double multidirectional influence of rupture 
dislocations in the formation of fractured reservoirs. 
On the one hand, there are areas of increased frac-
tures that contribute to improving the filtration prop-
erties of rocks, and on the other – approaching rup-
tures the process of secondary mineral formation 
becomes much more intensive, making the cracks 
heal and impervious areas and confined him to an 
accumulation (traps). 

One of important areas of our research in the 
mapping of fault zones of enhanced permeability 
(FZEP) was studying and mapping of intensity of the 
development of cracks and their permeability and 
the geography of location in rocks under different 
structural and tectonic conditions.

Conducted researches show that the structure 
of fault zones affects the distribution of break-out 
fractures (rising corresponds to centre of contact 
zone, depression corresponds to ring sag). The ra-
dial cracks form on a circular rising, longitudinal 
cracks oriented across the long axis of rising form 
on the arc part of oval rising and jointed by trans-
versal cracks. The remote part of spherical vault or 
crater is complicated by a number of radial cracks. 
Concentric cracks often form under conditions of 
rising and tension of layers. Break-out cracks do 
not intersect themselves; they only joint and link-
likely prolong each other.

Analysis of the results of structural construc-
tion of the reflected signals based on the data of 
aerospace researches and emanation survey make 
it possible to conclude that there is a various char-
acter of disposition and development of cracks. 
The peculiarity of strain field by transversal bend-
ing promotes the greater development of cracks at 
the convex surfaces of the layers. In the process 
of formation of the patterns in the vault generate 
zones of tension, occurs decompression of rocks, 
originate conditions of decontamination accompa-
nied by radon anomalies. 

An inverse relationship indicates for the longi-
tudinal bending – the absence of fracture zones 
in the sags which contributes to the formation of 
zones of tension on the fold wings, and their sur-
faces became gentle approaching to the upper sur-
face of models.

There are known seven impact structures of dif-
ferent ages and sizes in Ukraine, but for the pres-
ent only one of them (Obolon’) has been prepared 
for oil and gas drilling by the Institute of Geological 
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Sciences of Ukraine in cooperation with «Naftogaz 
Ukraine». In addition, we studied three structures 
using STAGR (Table. 1).

Practical results of STAGR had shown sufficiently 
reliable properties in comparison with full-3D-survey.

On the basis of above material, all impact struc-
tures of Ukraine (Table. 1) are conceptually new geo-
logical targets in its gas and oil potential. It is ad-
visable to drill an exploratory well on Obolon’ impact 
structure for the following causes from this point 
of view. This impact crater has a diameter of 15-
18 km on geo-structural data and more than 30 km 
according to the aerospace and geochemical stud-
ies. It is located on the watershed of the rivers Sula 
and Khorol in the Poltava region. Obolon’ structure 
is situated closer than all other Ukrainian impact 
structures from oil and gas provinces of Ukraine 
which have a powerful industrial base and a large 
long-term experience of successful drilling and de-
velopment of numerous wells. In addition, Obolon’ 
structure is situated in a part of the southern edge 
of the Dnieper-Donets depression (DDD) which was 
sufficiently studied by geophysics and drilling.

 Location of the crater in the border region with 
oil- and gas-bearing area and the presence of a 
thick layer of platform sediments here provide an 

opportunity to consider it as a probable oil- and gas-
bearing structure. A comparative research of the 
Obolon’ structure and several petroleum craters in 
North America as well as data STAGR show close-
ness of their structure and indicate the probability 
of detection of hydrocarbon deposits in it.

The authors were interested in study of oil and 
gas capacity of impact structures in terms of both 
mapping features of sedimentary cover and crystal-
line basement, the location of the fault-block tec-
tonic structures, fracture zones, zones of tension 
and eventually concerning with geochemical, geo-
dynamic and thermodynamic characteristics and 
affinity to it predicted oil and gas-bearing areas.

The main objects of searches in impact structures, 
as described above, are over- and under-crater paleo-
zones of fissure that occurred during the meteorite im-
pact, forming a complex and intricate network of migra-
tory canals and storage reservoirs for hydrocarbons.

In order to receive additional information about 
the assessment of the prospects of Obolon’ struc-
ture and to refine the network of neotectonic active 
faults and fluid dynamic characteristics in 2011-
2013 there were performed by us two time complex 
subsurface studies and mapping FZEP (Bagriy et al., 
2002). Forecasting oil and gas potential, places with 

Table 1. Impact structures of Ukraine

№ 
Impact crater Location

Coordinates, degrees
Diameter, km Age, Ma

north latitude east longitude

1 Boltyshskiy* Kirovohrads’ka Oblast 48,8 32,2 >50 65±5

2 Zeleniy Gai* Kirovohrads’ka Oblast 48,7 32,9 3 120±20

3  Ilyinets Vinnyts’ka Oblast 49,1 29,2 3-7 445

4 Obolon’* Poltavs’ka Oblast 49,5 32,9 >30 160±30

5 Rotmistrovka*
Cherkas’ka Oblast

49,0 32,0 4 140±20

6 Ternovka Kirovohrads’ka Oblast 48,1 33,6 3,5 260±10

7 Western Belilovskiy Vinnyts’ka Oblast 49,44 29,0 4,0 115±10

* Were examined by STAGR



22 ЗБІРНИК НАУКОВИХ ПРАЦЬ ІНСТИТУТУ ГЕОЛОГІЧНИХ НАУК НАН УКРАЇНИ, ТОМ 9, 2016

Igor D. Bagriy

revitalization of modern geodynamic processes and 
decompression (fracturing) of rocks which define the 
place of migration in the earth’s surface composi-
tionally different fluids, including direct indicators of 
hydrocarbon deposits have confirmed by studies.

On the basis of the results of these studies a 
comparative analysis of the correlation calculations 
were conducted by the authors. There were con-
structed the maps of the distribution of tempera-
ture, geochemical and hydrocarbon-gas anomalies. 
It allows delineate areas with the most favorable 
conditions for the localization of potential hydrocar-
bon deposits as much as possible, and on these 
grounds highlight promising areas to search for 
hydrocarbon deposits. The selected prospective 
areas tend to be local units within the outer fore-
casted main shaft in the spatial distribution. The 
promising areas in the central part of the DDD are 
highlighted with less confidence.

In order to study the features of the deep struc-
ture and predicting the spread of zones with devel-
opment of various types of collectors in the territory 
of Obolon’ area in conjunction with the «Naftogaz 
Ukraine» detailed precision complex of two-dimen-
sional gravitational and magnetometric investiga-
tions was conducted and complex interpretation 
of geological and geophysical data was ultimately 
made. The main objectives of the study were:

Analysis, compilation and re-interpretation of 
existing geological and geophysical data concern-
ing with the Obolon’ area;

Implementation of the field high-precision 
gravimetric and magnetometric studies on a scale 
1:10 000;

Conducting of field geochemical studies with 
application of modern methods of field and labora-
tory geochemical surveys on a scale 1: 200 000;

Identification of priority areas for further explo-
ration for oil and gas, including the location of the 
primary holes.

While carrying out a comprehensive analysis of 
geological, geophysical and geochemical criteria 
which are typical for productive targets and thus 
characterizing the oil and gas areas, it was used 
criteria of petroleum capacity in Table 2.

On the basis of the results of conducted search-
es the prospective areas were mapped (Fig. 8). 

In general, 14 impact structures within eight 
sedimentary basins in the world industry now are 
characterized by commercial petroleum capacity in-
cluding following basins: Appalachian Basin, Beau-
fort Sea Basin, basins of Michigan and Powder 
River, Perm Basin, basins of Raton and Williston, in 
the depths of the United States of America, Alaska, 
Kentucky, Colorado, Michigan, New Mexico, Okla-
homa, North Dakota, Texas and Wyoming, likewise 

Table 2. The most promising petroleum-bearing areas determination criteria 

№ Analyzable character-
istic

Value of informative parameter corre-
sponding to positive sign of hydrocarbon 

accumulation availability

Geological, geophysical, geochemical prospecting indi-
cators

1 Mass density 
Minimum 
(for light hydrocarbons)

Decrease in mass density on areas, improvement of reser-
voir properties and oil-and-gas saturation of stratum

2 Temperature Minimum
Increase in temperature above hydrocarbon deposits and 
tectonically stable zones

3
Sum of free hydrocar-
bons

Halo-effect
Maxima coincide with tectonically active zones and oil-and-
gas pool collapse areas

4
Alkanes and alkenes cor-
relation coefficient

Lack of anomalies (or lowest value)
Anomalous zones coincide with oil-and-gas pool collapse 
areas

5
Radon and carbon diox-
ide contents integrated 
coefficients

Lowest value Maxima coincide with tectonically active zones

6 Helium content Availability of anomaly within oil-bearing area Availability of circular helium anomaly round the deposit

7
Local gradient maxima of 
geomagnetic field

Availability of maxima of appropriate form 
and intensity which are typical for basic and 
ultrabasic intrusive bodies

The ways of hydrocarbon migration confined to selvages of 
intrusive bodies
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in Canadian provinces such as Alberta, Ontario and 
Saskatchewan.

To this list of «land» impact structures apparent-
ly it should be added submarine impact structure 
Montagnais, so far as oil and gas drilling was car-
ried out here.

However, neither oil nor gas are found as a result 
of the drilling and sampling of dissected section, so 
impact structure Montagnais is the first submarine 
impact crater in the world, which became the sub-
ject of oil and gas exploration and had been given 
a negative result. But perhaps the fact is that it is 
impossible to decide the fate of a radically new direc-
tion and a large geological object practically without 
sufficient scientific evidence on the results of drilling 
of only one well and without special technology re-
search and special apparatus complexes.

In the state of Dakota, United States, immedi-
ately to the south of the Canadian border and about 
24 km to the west of Sherwood, in 1977, it was de-
termined commercial oil and gas capacity of impact 
crater Newporte (another name - De-Lac). This is 
the only one impact structure where commercial oil 
and gas were derived from the crystalline basement 
and its weathering crust and where there is no cen-
tral uplift, and wells are located in the area of the 
deflection, in zones of subcrustal stretching, which 
confirms our search-fundamental scheme. This im-
pact structure is in the form of a depression and is 
3.2 km in a diameter, with its fringing concentric an-
nular shaft which is folded by Precambrian schist, 
with Cambrian-Ordovician «sandstone» Deadwood.

Much prominence is given now by many sci-
entists and productions to Siljan ring and to the 
world’s first ultra-deep exploratory wells for oil and 
gas in granites within Paleozoic Siljan impact struc-
ture. According to the STAGR technology, we had at-
tempted to analyze aerospace surveys for possible 
errors in the founding of these wells. The first well 
is located on the Baltic Shield in central Sweden, 
at 240 km to the north-west of Stockholm. Impact 
structure is 42-52 km in diameter; it consists of a 
central core and an annular trough which is partly 
filled by chain of lakes with the largest lake Siljan 
of 125 m in depth. The central uplift, or nucleus of 
Siljan impact structure, is eroded and composed of 
coarse-grained Precambrian granites; koptogenic 
complex is not only removed, but the upper part of 
the central uplift, which had previously diameter of 
12-15 km, has been cut by erosion. There are re-
vealed the cones of destruction of 0.5 m in height 
within these granites.

Apparently, producing of heavy oil in the first 
half of the eighteenth century from the many wells 
on the Osmond hill at the Siljan lake in the Lower 
Paleozoic rocks filled annular groove-graben which 
located in a vast field of Archean crystalline igne-
ous and metamorphic rocks contributed to devel-
opment of scientific basis for the search of oil and 
gas in granites of under-crater fracture zone within 
Siljan impact structure. This small deposit in the 
Ordovician sediments was limited by faults and 
composed of bitumen and mineral wax. In several 
places on the Siljan lake shores tarry-type oil leak 
out of cracks in granites which make up partially 
naked base of Osmond mount. It had been found 
abnormally high concentrations of radon near 
these seepages of oil from granite, which serve as 
negative criterion of possible traps at the prelimi-
nary stage.

It had been revealed very weak shows of meth-
ane and hydrogen in seven shallow exploratory wells 
in Siljan Ring. Within one of them drilled through the 
sedimentary sequence of 133 m in depth, the meth-
ane was found in granite at a depth of 458 m and in 
much larger quantities than in any of the other less 
deep wells. The methane in this well is 275 m below 
the top of granite, and 275 m below than any hypo-
thetically nearest gas source rock. Many researchers 
were regarding such shows as a very serious argu-
ment that natural gas containing radon, even now 
continues to migrate from the deep granite subsoil. 
Gravitational and seismic researches were conduct-
ed here which indicate the presence of «layers» with 
significant porosity in fractured, crushed granite and 
«layers» that can play the role of seal rocks in gran-
ites, within under-crater zone.

According to proposed technology, there are two 
criterions which are negative indicator in this case, 
in terms of the positive predictive characteristics 
which are necessary for exploratory wells laying. 
Compression zone and dedicated to him crustal 
cracks, reflected by radon anomalies, are not able 
to serve as traps and seals, as they are located in 
permeable cracks on the convex projections and 
compression zones of the central uplift (Fig. 9). 

Exploratory well in the north-eastern part of the 
Siljan structure fell into specific «halo» produced by 
hydrocarbons. This «halo» indicates that the entire 
complex of hydrocarbons has extracted here along 
the contour of the degassing tube for a very long 
time and that somewhere beneath the Siljan cra-
ter should be oil or gas deposit. According to our 
scientific-methodological and theoretical develop-
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ments, as well as technology STAGR, the drilling in 
the north-eastern part of the structure within the 
«halo», practically in most cases leads to a nega-
tive result, since the higher value of the reflected 
hydrocarbon signals indicate degassing processes 
in contours of traps and can serve as a remarkable 
exploratory factor in area survey (Fig. 9).

As we can see, already at early stage of valida-
tion of predictive areas two significant mistakes 
have been made which subsequently led to the 
economically disastrous negative results in both 
material and financial, as well as in the moral and 
scientific terms.

Before to begin the drilling of Gravberg-1 well, 
company «Vattenfall» organized a group of five ex-
perts. The experts went to Siljan impact structure 
(impact structure), studied its geology and the seep-
ages of oil and gas and submitted a report in which 
unanimously opposed to gas drilling here, confirm-
ing the impact structure nature of Siljan Ring. Ex-
perts pointed out that in six previously drilled shal-
low boreholes rock is not porous enough as for the 
collector rock of gas and is not impervious enough 
as for seal rock and that the interpretation of the 
elements of the deep structure which are identi-
fied by areal geophysical investigations as probably 
sealed reservoirs is speculative.

Negative or positive prediction without any sub-
stantiated scientific approaches looks quite uncon-
vincing on the results of the shallow wells located 
only in areas of hydrocarbon seepage.

Based on our vast experience of mapping of 
fault zones of enhanced permeability, under the 
conditions of the anomalous values of koptogenic 
central complex with maximum values of Rn-anom-
aly all registered hydrocarbon gas anomalies in the 
form of a ring «halo» in the drilling process have 
been little consolation for forecasted hydrocarbon 
accumulations because fractured permeable zones 
which are traced from the basement to the surface 
are confined to such areas.

Based on our extensive experience, as a small 
consolation, these areas of gas-emanation degas-
sing are promising for water at the cracks with dif-
ferent flow rates. Such search operations have been 
carried out by us in terms of the Ukrainian Shield 
for water supply of small urban agglomerations, as 
well as the private water supply. Coefficient of suc-
cess was almost 1.

When the well has passed 6.6 km in Precam-
brian crystalline rocks, hydrocarbons C1-C5, H2, CO2, 
O2, He, radon, and nitrogen have been identified 
and quantified by geochemical studies, which is a 
confirmation of the negative predictive results. Also 
the isotopic analysis of hydrocarbons, hydrogen 
and helium was conducted. All these results in the 
form of He, H2 and Rn anomalies in complex also 
are more typical for permeable zones than for the 
accumulations of hydrocarbons.

On the basis of drilling results the views of many 
researchers divided: Siljan Ring is one of the worst 
places in the world to find abiogenic hydrocarbons 

Fig. 9. Outline of Siljan structure on satellite image Landsat ETM+.
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according to one group, and, on the opposite, it is 
one of the best places according to another group. 
In our opinion, it is not reasonable to make such 
statements without sufficient justification on the 
whole range of proposed research.

According to data of commercial oil and gas capac-
ity of impact craters in Canada and the United States, 
all major impact structure should not be seen only as 
a «pipe degassing» of the upper mantle of the Earth 
in general but also as a place of potential commer-
cial oil and gas accumulation, the possible extent of 
which deserve to be studied by proposed technology 
not less than Siljan Ring. It is believed that the wealthy 
experience of oil and gas history of the northern part 
of Western Siberia and Tatar arch also contributed to 
the negative forecasts in ultra deep drilling.

We had carried out a detailed structural-neotec-
tonic interpretation of satellite images in the pro-
cess of a preliminary study for oil and gas within the 
Siljan structure (Sweden).

According to results of remote researches its 
complex structure was mapped. A large number of 
lineament zones argue in favor of large modern ne-
otectonic activity throughout. Zones of lineaments 
often coincide with fragments of the regional tec-
tonic disturbances (Lyalko, Popov, 2012).

To compile detailed decoding schemes, satel-
lite images Landsat ETM+ have been used. First of 
all, it was 8th channel of high definition, increased 
to scale 1:50 000 (Fig. 9).

The main structural elements which are inter-
preted within the area are local lineaments and cir-
cular structures (Fig. 10).

It was carried out a statistical analysis of the field 
of lineaments using the software «WinLESSA» on the 
basis of created detailed decoding scheme. Based 
on the analysis there were built rose of lineaments of 
Siljan structure and the density map of lineaments.

According to rose of lineaments, the most common 
within Siljan structure are lineaments of north-north-

Fig. 10. Lineaments and circular elements of the arc structure are being imposed on modern landform and hydro-system: 
1 – circular structure; 2 – liniaments.
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west (330° -340°) and latitude (270°) trends, linea-
ments of meridional direction are less pronounced.

On the lineaments density map stands out 
clearly the entire structure characterized by high-
est (1250-1750 pixels / cm2) and high values of 
density of lineaments (1000-1700 pixels / cm2). 
At the same time, the peripheral part of the struc-
ture is characterized by a change from high to 
medium values of lineaments density. This distri-
bution is a reflection phase of lineaments within 
the structure.

Geomorphological analysis of Siljan structure 
made on the map with 3D topography showed that 
the structure is expressed in the present relief as a 
rounded depression.

Within the Siljan structure at the preliminary 
stage of application STAGR technology can already 
distinguish the most promising areas coinciding 
with zones of deflections which corresponds to 
the middle and lower values of densities of linea-
ments, and hence, respectively, belonging to the 
impermeable areas (seals), which should be con-
sidered as promising areas for staging of detailed 
investigations.

Central uplift which related to areas of ultimate 
density of lineaments serves as zone of hydrocar-
bon degassing. Our conclusions confirm significant 
radon anomalies which reflect the fault zones of en-
hanced permeability and hydrocarbon gas anoma-

lies, and, of particular importance – the oil shows 
in the subsurface sediments, which also indicates 
the absence of fluid-permeable screens.

According to the rose of lineaments, unproduc-
tive wells drilled within the impact structure occur 
in the zone of significant density of lineaments and 
the well in the north-eastern part occurs in the gas 
halo effect which also indicates the absence of reli-
able seals and, therefore, no possible perspective 
areas for hydrocarbons. 

According to rose of lineaments, the areas of 
depression characterized by lower density and are 
promising for stage of forecasting research.

Thus, it is necessary to conduct additional 
studies of the surface within Siljan structure. Their 
composition and stages of implementation may be 
defined in accordance with our scientific and meth-
odological developments, proposed technology 
and search patterns based on the complex STAGR 
which were established and implemented on im-
pact structures of Ukraine.

The authors’ proposals and development of as-
sessment of impact structures for oil and gas capac-
ity using new technologies do not claim to unique-
ness and final conclusions. It can be discussed in 
the course of discussions or work of researchers 
and productions which are interested in increasing 
of mineral resource base of hydrocarbons, includ-
ing non-traditional sources.
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