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Abstract

The methodological techniques developed were used to estimate the fracture permeability of rocks and predicting hy-
drocarbon reservoirs on the example of the Skvortsivsko-Yuliyivsk test site of the Dnieper-Donets Depression of Ukraine.
The rock fracture permeability was estimated based on the interpretation of the lineaments field structural results by
remote sensing data. The boundaries of 8 systems of lineaments and their modal values were selected, and the lineament
density maps were compiled. The faults identified on the lineament density maps correspond to faults determined on the
basis of geological and geophysical data. Maps of the summarized density of lineaments and their intersection nodes
were compiled, which reflect the fracture permeability of rocks. Using spatial probabilistic forecasting techniques, it was
found that all the maps of the lineament density field had an impact on the hydrocarbon reservoir placement (from 53%
to 67.5% of the objects of study are allocated by separate systems) and were used to assess the territory potential for oil
and gas exploration. The use of the complex function of the likelihood ratio made it possible to identify more than 90%
of the study objects. Maps of the study area potential forecasting regarding the hydrocarbon reservoirs are compiled us-
ing the sliding window with size: 4.5 by 1.5 km and 14 by 4 km, which makes it possible to predict survey objects at dif-
ferent depths. 8 zones were selected based on the analysis of the complex probability function. There are 5 perspective
areas selected, which make up 6% of the test site.
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1. Introduction

Studies using lineaments established on the basis of
structural interpretation of remote sensing data have
been developed in many researches. Hudson and Priest
studied the rocks distribution and tried to relate the fre-
quency of fractures in the image to the quality of rocks
(Priest and Hudson, 1976; Hudson and Priest, (1979,
1983)). In the Koike et al., 1995 and Koike and Ichik-
wa, 2006 works, the linear features interpretation based
on the remote sensing data were related to the tectonic
features of the area. The researchers Lattman and
Parizek, 1964 and Mabee et al., 1994 tried to link line-
aments with groundwater resources. According to Kim
et al., 2004, the occurrence of lineaments is closely re-
lated to groundwater searches. In this case, the identified
number of lineaments in a defined area has a predictable
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relationship with the flow rate of groundwater. Linea-
ment studies were also based on magnetic field data
(Henkel, (1979, 1992), Henkel et al., 2005, Oskooi,
2004). The lineaments identified by magnetic anomalies
interpretation usually have a complex azimuthal distri-
bution (Henkel, 1979). The automatic lineaments in-
terpretation by computer programs is represented in
works (Burdick and Speirer, 1980, and Raghavan et
al., 1995). To analyse lineaments and construct linea-
ment density maps, the researchers (Kim et al., 2004,
and Mostafa and Qari, 1995) created a software prod-
uct in the C language. There are three main approaches
used by researchers in the processing of remote sensing
data: manual (Leary et al., 1976, Ehman, 1985, Raj,
1989, Jordan and Schott, 2005), semi-automatic
(Jordan et al., 2005, Juhari and Ibrahim, 1997, Lim
et al., 2001) and automated (Jinfei and Howarth, 1990,
Joshi, 1989, Kageyama and Nishida, 2000, Masoud
and Koike, 2011, Mostafa and Bishta, 2005, Saadi et
al,, 2011).
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Researchers Corte’s, Arlegui, Soriano, and Casas
developed the LINDENS program for the lineament
lengths and densities analysis. In addition, the authors
specified the lineament conditions to belong to the aver-
aging window and experimentally determined the limits
of the square window averaging of lineaments for the
construction of lineament density maps (Arlegui and
Soriano, 1998, Cortes et al., 1998, Casas et al., 2000).

In structural geology, satellite images help to identify
materials and their structure, regardless of their age and
type of deformation (Jutz and Chorowicz, 1993, Drury
and Berhe, 1993, Nash et al., 1996). The use of Digital
Elevation Model (DEM), Landsat Enhanced Thematic
Mapper Plus (ETM+) imagery, magnetic and gravity
data for structural geology studies in special areas has
enhanced interpretation and mapping capabilities (Sale-
hi et al., 2015). (De Oliveira Andrades Filho and De
Fa'Tima Rossetti, 2011) investigated the influence of
lineaments on topography using SRTM (Shuttle Radar
Topography Mission) and Advanced Land Observing
Satellite Phased Array L-band Synthetic Aperture Radar
(ALOS_PALSAR) data. Magesh et al. (2012) combined
the methods of remote sensing data and geographic in-
formation system (GIS), which helped to reveal geologi-
cal lines defining the regional distribution of groundwa-
ter. Elmahdy and Mohamed (2016) applied a Sobel
filter to extract lineaments from Shuttle Radar Topo-
graphic Mission (SRTM) images and a DEM (Digital
Elevation Model) studying the distribution of regular
earthquakes in Egypt. Eleni Kokinou and Costas Pa-
nagiotakis (2020) carried out automatic recognition of
tectonic lineament patterns in the morphology of the
seabed to include the potentially hydrocarbon-rich areas
in structural analysis. Percutaneous Coronary Interven-
tion (PCI) Geomatics software was used to assess areas
of geodynamic activity with the aim of automated selec-
tion of lineaments using DEM (Zhantayev et al., 2017).
The other well-known works discussed the Landsat sat-
ellite images and DEM application for structural analy-
sis and tectonic interpretation of the stable platform ar-
eas of Tunisia for identification of two main fault direc-
tions - 35°-65° and 110°-130° (Chaabouni et al., 2012).
In the work (Rawashdeh et al., 2006), the authors
proved that satellite monitoring is a useful tool for map-
ping the lithology of rocks using the remote sensing data
to detect lineaments. In the work (Sukumar and Nel-
son, 2017), based on the image from the ASTER satel-
lite, 4 different approaches to identify the lineaments
were carried out in Ethiopia. The authors established
that in terms of the optimal number of lineaments de-
tected from the space image, the Li algorithm works bet-
ter than other methods.

In the work (Errami et al., 2022) the method of prin-
cipal component analysis (PCA) was used for Landsat 8
data for automatic lineament extraction in the south side
of Marrakech High Atlas (Telouet-Tighza area). To ob-
serve the geothermal potential of northeastern Morocco

(Redouane et al., 2022) lineament analysis was used to
identify the main faults and their directions. The deter-
mination of fault zones using the remote sensing data
and GIS programs are given in (Bishal et al, 2020,
Azhar et al., 2022, Oluwaseun et al., 2022, Ahmadi
and Pekkan, 2021).

Gold mineralization in Eastern Cameroon was found
to be spatially associated with lineaments/faults ranging
from WNW-ESE to NW-SE (110-140). This shows a
strong correlation with zones of medium and high den-
sity of lineaments (Mbianya et al., 2021). Researchers
(Mohamed, 2021) used remote sensing and GIS data,
namely, for the Landsat 8 satellite. The principal compo-
nent analysis transformations produced saturated images
and resulted in more interpretable images than the origi-
nal data. X-ray fluorescence analyses prove that selected
samples taken from the wall rock alteration zones are
gold-bearing.

Additionally, researchers (Nikulin, 2013) used geoin-
formation technologies to solve forecasting and national
resources search problems based on a complex of geo-
logical, geophysical and satellite data. In the tasks of
finding and forecasting hydrocarbon reservoirs, linea-
ments were used by the following authors (Pererva,
1999, Tovstyuk, et al., 2017, Patent, 2008; Lyalko, et
al., 2010, Khodorovsky and Apostolov, 2012; Apos-
tolov and Khodorovsky, 2017).

2. Methods

As is known, the fracture permeability of rocks is de-
termined by the number of fractures and their openness.
In oil and gas provinces, where it is impossible to study
crystalline rocks, lineaments obtained as a result of
structural interpretation were used to identify cracks.
Within each of the lineament systems, their openness
was assumed to be constant. The value of lineament den-
sity is an estimate of the fracture permeability of rocks.

Evaluation of the rocks’ fracture permeability based
on remote sensing data, in accordance with the proposed
methodology, includes the following steps:

1. Structural interpretation of remote sensing data
and lineament map construction.

2. Analysis of the lineaments’ orientation conformity
and lineament systems selection (based on developed
and implemented methodical approach).

2.1 Quantitative description of the lineaments field

using various indicators.

2.2 Structural interpretation of lincament density
maps of individual systems.

2.3 Compilation of a fault map of the study area
(based on lineament density maps of individual
systems).

3. Estimation of the study area potential for the hy-

drocarbon reservoirs search based on lineament analysis
data.
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3.1 Analysis of the relationship between hydrocar-
bon reservoirs and lineament density fields of individual
systems within the study area.

3.2 Maps of the probability ratio function values of
the study territory analysis.

3.3 Placement patterns of perspective areas for hy-
drocarbon reservoirs search analysis within the study
area.

3.4 Predictive assessment of the study area potential
for the hydrocarbon accumulations search and the local
perspective areas selection. Recommendations for fur-
ther research.

2.1. Methodology of spatial probabilistic forecast

Spatial-probabilistic forecasting techniques make it
possible to consider the nature of the objects’ connection
forecast with the individual features and to assess their
cumulative impact on their placement. Additionally, at all
forecast steps it is possible to perform the semantic con-
trol of the obtained results and promptly reject the errors.

The technique of spatial probabilistic forecasting is
based on likelihood ratio functions for the entire range of
values of the used features. The likelihood ratio function
(F) is found as the ratio of probability density estimates
of the two samples’ feature value distributions - one-di-
mensional or multidimensional, that are characterized
by a similar geological structure and the same degree of
research areas. The first sample characterizes the feature
value distributions located within the contours of fore-
cast object points (OBJECT). The second sample is al-
ready an image of predictive object areas which are ab-
sent or their presence is unlikely (FON). Samples are
formed by selecting values at evenly spaced points, so
that F=FOBJECT/FON.

First, graphs of the likelihood ratio functions are done
for each feature used. Then the relationship between
pairs of features is evaluated. For this purpose, two two-
dimensional distributions are compared and a two-di-
mensional likelihood ratio function is compiled. In a
similar way, the entire set of search features is consid-
ered. At the same time, it is not a simple summation of
the informativeness of individual features, but the mu-
tual connection and interdependence between features is
taken into account. This leads to significantly increased
informativeness and reliability of the forecast results. In
addition, at all work steps, the content of intermediate
results is monitored and, if necessary, all non-informa-
tive signs are rejected.

The value of the multidimensional function of the
likelihood ratio, which takes into account the entire set
of'used features, is interpreted as an estimate of the prob-
ability of locating search objects at the points of the area
with the corresponding features’ values. The average
density of forecast objects within the study area is taken
as 1. The likelihood ratio function values, which exceeds
1, are characteristic of the forecast objects within the ar-

eas. The higher the value of the likelihood ratio function,
the higher the density of forecast objects and the proba-
bility of their selection is observed. The obtained values
of the likelihood ratio complex function are mapped by
a system of isolines.

To assess the reliability of the compiled map, the like-
lihood ratio function values within the forecast objects
were used for the complex function compilation, as well
as those which were not involved for this purpose or for
other reasons. In case of valid maps, all used objects,
including training objects, will be characterized by ele-
vated and maximum feature values.

Further analysis of the compiled map of the complex
function values of the likelihood ratio for assessing the
area prospects confirmed that, due to various reasons, the
expert assessments of specialists and other available data
were not taken into account. Based on the analysis, the
forecast map of oil and gas capacity was compiled. The
map shows prospective fields’ spatial distribution patterns
of various scales, including the local prospective areas.
Besides, the recommendations were given on the se-
quence of carrying out further search works on them.

3. Results and Discussion

Following the proposed methods, the obtained results
are presented according to the completed work steps.

3.1. Structural decoding of remote sensing data
and lineament map creating

Considering the large size of the research area (total
area 708.3 km?, coordinate: upper left: X=35.51333°,
Y=50.18899°, lower right: X=35.87675°,Y=49.94180°),
the space images of the spring-autumn period with no
clouds and haze from Landsat satellite were used to
highlight the lineaments. Mostly synthesized images
were interpreted, in cases where necessary integral
(black and white) pictures were deciphered.

Structural interpretation of the images was carried out
according to the contrast-analog decoding technique us-
ing various standard geoindicators. All lineaments were
distinguished, regardless of their length, orientation, etc.
The peculiarity of the interpretation was that the dimen-
sions of each lineaments corresponded to the scale of the
indicator to which it was established. Adjacent linea-
ments, regardless of the distance between them, did not
merge into one lineament. During the interpretation pro-
cess, considerable attention was paid to the rejection of
anthropogenic origin linear forms of the image. These
are the boundaries of forests, fields, various roads, strips
of planted vegetation, arable land, dams, etc. In terms of
remote observation of the basin, this is of particular im-
portance, since the entire area of the depression has been
subjected to significant anthropogenic influence over
many years. In order to reject linear forms of anthropo-
genic origin, the interpretation results were compared

Copyright held(s) by author(s), publishing rights belongs to publisher, pp. 1-17, DOI: 10.17794/rgn.2023.5.1



Khodorovskyi, A.; Apostolov A; Yelistratova, L.; Romanciuc, L.

Figure 1: Map of the study area lineaments, based on the
remote sensing data results interpretation, which is
combined with a picture from the Sentinel-2 satellite, dated
October 19, 2018.

with various scales of topographic maps taken at differ-
ent times.

Structural interpretation was carried out in the Arc-
GIS software for the test site and the adjacent area. The
multi-zone space images from Landsat-8, Sentinel 1/2,
topographic maps on a scale of 1:100,000, and a digital
elevation model based on Shuttle satellite data were
used. A total of 2140 lineaments were selected for study.
The interpretation results are shown in Figure 1.

3.2. Analysis of the lineaments orientation
regularity and lineament systems selection
(based on developed and implemented
methodical approach)

Many studies have established the regular nature of
the spatial orientation of faults at all scale levels, from a
separate slip to the entire planet. However, the number
of fault systems and fracturing is distinguished by differ-
ent researchers-from 2 to 34. As was observed by Kho-
dorovsky and Apostolov (2013, 2014), the reason is in
the systems identifying methodology. The systems of
faults and fracturing were established visually, based on
the distribution graphs analysis of their extension azi-
muths. When compiling these graphs, different authors
used an arbitrarily selected size of the measurement av-
eraging window and, as a result, different authors ana-
lysed completely different graphs of the distribution of
strike azimuths, which displayed structures of different
scale levels.

Selection of lineament systems is important because
all further processing of the lineament field is performed
considering the limits of the established systems. There-
fore, in order to get sufficiently objective data, we pro-
posed certain requirements for obtaining graphs of the
lineament extension azimuths and a probabilistic meth-
od of system selection.

According to the methodology proposed by Khodor-
ovsky and Apostolov (2013, 2014), the lineaments’ ori-
entation regularities analysis was carried out for the en-
tire area using the statistical criterion Chi-square (X?) to
assess the reliability of the selection of maxima and
minima on the histograms of the lineaments’ orientation
distribution. At the same time, our predecessors paid at-
tention to the selection of individual maxima on the ana-
lysed distributions, which were considered as separate
systems of lineaments. Analysis of the minima reliability
has not been carried out by anyone, but its establishment
is more important for further assessment of the linea-
ments density than the assessment of the maxima relia-
bility. It is the minima that determines the lineament sys-
tems’ boundaries, their width, and the lineament’s num-
ber that will be assigned to a certain system.

Measurements of the lineaments’ orientation were
carried out within the separate areas, the number and
size of which was determined by the need to obtain ma-
terials sufficient for further statistical processing. The
reliability of the individual maxima and minima selec-
tion was assessed using the X-square test and received a
score. Based on distribution analysis of the estimation
point of the minima and maxima reliability selection,
which was displayed in graphic form, 8 lineament sys-
tems were selected (see Table 1).

Table 1: Number, boundaries and modal values of lineament
systems within the study area

System | System System Modal values
number | description boundaries | of the system
1 West-Northwest | 280°-300° 295°

2 Northwest 301°-320°  |310°

3 Northwest 321°-340°  |325°

4 Submeridional | 341°-10° 355°

5 North-North-East | 11°-35° 30°

6 North-East 36°-60° 50°

7 North-East 61°-75° 65°

8 Sublatitude 76°-279° 85°

The established lineament systems well correlate with
the fault systems of Ukraine according to Chebanenko,
1977, Tyapkin, 1998 and other Earth regions (Moody
and Hill, 1956, Shults, 1973, Halybyna, 1975). This in-
directly testifies with the interpretation reliability, and to
the fact that the established lineaments really correspond
to the faults and native rocks fracturing.
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3.2.1 Quantitative description of the lineaments systems: the density of lineaments of all systems, and
field by various indicators the density of nodes of lineaments intersection, which
were measured within the sliding window. The deter-
To assess the rock fracture permeability, the follow- mined indicator values were related to the center of the
ing quantitative indicators were used for lineament field ~ window. The research results were displayed in the form
characterization-the density of lineaments of individual  of isolines maps.

sliding window 4.5x1.5 km sliding window 14x4 km
system 1: 280°-300° system 2: 301°-320° system 1: 280°400° system 2: 301°-320°

2 x lineaments density per 1 kan?

Figure 2: Density maps of individual systems lineaments compiled on the basis of the lineament map by Surfer software:
system 1: 280°-300°, system 2: 301°-320°, system 3: 321°-340°, system 4: 341°-10°, system 5: 11°-35°, system 6: 36°-60°,
system 7: 61°-75°, system 8: 76°-279°. The sliding window dimensions 4.5x1.5km and 14x4km.
Legend:
Q Hydrocarbon reservoirs: / — West Skvortsivske, 2 — Mergynivske, 3 — Yuliivske, 4 — Naryzhnianske,
5 — Borchanivske, 6 — Kiyanivske
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When compiling density lineament maps of individu-
al systems, based on the linearly elongated shape of the
lineaments, a window of the elongated shape was used
for measurements. The long side of the window was ori-
ented according to the modal value of each lineament
system. A sliding window of isometric shape was used to
compile the map of the lineaments density of all systems
and the map of the intersection nodes of lineaments den-
sity. In this case, an elongated window will give prefer-
ence to structures of a certain direction.

An important issue when compiling lineament densi-
ty maps is the sliding window sizes choice. Two main
factors influence the choice of sliding window sizes.
First of all, the size of the window should ensure the
presence of a sufficient number of lineaments in the ma-
jority of windows. In cases when in a significant number
of windows (more than 10-15%) the values equal 0, the
maps are difficult to interpret and they become unin-
formative. When using a window of considerable size in
mapping, there is a probability of losing features of the
density field of lineaments that are important for further
research. In addition, when choosing the dimensions of
the sliding window, the known dependence between the
sliding window dimensions and the depth of hydrocar-
bon reservoirs should be considered. As evidenced by
the data of exploration works within the study area the
majority of gas and gas condensate deposits are located
at more than 3100 m depths, while individual oil depos-
its are located mainly at shallower depths (Atlas, 1998).
Therefore, 4.5x1.5 and 14x4 km size sliding windows
were selected iteratively for the lineament density maps
compilation, and two sets of lineament density maps
were compiled accordingly. The size of the sliding win-
dow are chosen depending on the depth of oil and gas
deposits. Size 4.5 by 1.5 km - characterizes oil and gas
fields at a depth of approximately 3 km, a window of 14
km by 4 km - at depths of 5-7 km.

After determining the number of lineament systems,
their boundaries, modal values, and sliding window siz-
es, lineament density maps of each of the eight systems
were constructed. To do this, firstly, by applying the pro-
gram developed by the authors, the values of lineament
density indicators for different systems were calculated
in a sliding window. The obtained results were presented
in the format: Xcoord, Ycoord, Z, where Xcoord, Yco-
ord are the central coordinates of the sliding window in
the rectangular coordinate system, Z is the value of the
density indicators in the sliding window. The next step
was focused on the lineament density maps compilation
in the Surfer software in *.grd format and conversion to
the Erdas Imagine program using the Import / GRD
(Surfer:ASCII/Binary) procedure. Next, these maps
were colored according to the lineaments density value
(see Figures 2 and 3).

On the lineament density maps of individual systems,
up to 10 fields with different density values have been
distinguished (see Figures 2 and 3). On all compiled

all system lineaments
sliding window — 14x4 km

sliding window — 4.5x1.5 km

102 x Iineaments density per 1 lan?

Figure 3: Density maps of all lineaments, compiled on the
basis of the lineament map by Surfer software.
The sliding window dimensions 4.5x1.5km and 14x4km.

maps, the density fields of systems 2 (Northwest), 4 (Sub-
meridional), 6 (Northeast) and 8 (Sublatitude) are marked
by the highest values of lineament density. On the linea-
ments density maps of systems 2, 4, 6 and 8, the fields of
increased density values by the size of area they occupy
significantly outweigh the fields with minimum and low
values. On the density maps of systems 1, 3, 5, and 7, on
the contrary, the field areas with low density values pre-
vail in size over the field with increased density values.

On the separate systems lineaments maps, prevailing in
the size of the density field, correspondingly high or low
values are marked by a clearly elongated shape. That is
why they differ from the shape of fields with intermediate
values of density, which are close to an isometric shape.
Fields with different density values on lineament density
maps of all systems have a shape close to the latter.

3.2.2 Structural interpretation of individual
systems lineament density maps

For interpretation of the lineament density maps of
various systems, their comparison with the structural
maps of previous research works was carried out
(Havrysh, 1969, Baghriy, 2013). It is proven that the
large, long faults established according to the data of
geological and geophysical studies are located in the
fields with the maximum and increased values on the
lineament density maps of the corresponding systems.
Thus, on the lineament density map of the second sys-
tem (North-west), the field of increased values of linea-
ment density corresponds to that part of the Northern
Marginal Fault (Havrysh, 1969), which is located with-
in the polygon. Similarly, the density maps of the fourth
(sub-meridian), sixth (North-eastern) and eighth (sub-
latitudinal) lineaments systems are somewhat smaller in
size than the Northern Fault. Large regional faults and
individual faults composing them coincide with the local
absolute or relative maxima of the lineaments density.
This was the basis for the faults selection within the
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study area based on the lineament density maps and the
compilation of the fault map data.

As a result of the lineament density maps’ interpreta-
tion, more faults were established than were identified
by predecessors based on geological and geophysical
data. As evidenced by special studies at the Kursk aero-
space testing ground, to distinguish the matching num-
ber of faults in accordance with remote and geological-
geophysical surveys, the latter should have an order of
magnitude more detail. In contrast to the traditional fault
selection in line form, on lineament density maps, the
faults are displayed in the form of different width, length
and intensity zones, which reflects changes in the struc-
ture of faults along their extension.

Analysis of the total density lineament maps. Total
density lineament maps, compiled using windows of dif-
ferent sizes, are generally similar to each other, but also
have differences. On both maps, the fields of high and
maximum values of the total density of lineaments are
located mainly in the south, near the Northern Marginal
Fault of the Dnieper-Donets Depression, and in the
Northeast of the area, where, according to the predeces-
sors data (Havrysh, 1969), there is a large-scale fault
that runs parallel to the Northern Marginal Fault of the
Dnieper-Donets Depression. At the same time, on the
map made up of a smaller window, it can be seen that the
field of high and maximum values is located mainly in
the South-East of the area and is limited by the field of
lineaments density low values of the North-Eastern ex-
tension. It is possible that these discrepancies reflect the
structure peculiarities of the district at different depths.

Analysis of the lineament intersection nodes map. Ac-
cording to many researchers, intersection nodes of faults
in different directions are important for the hydrocarbon
reservoirs placement. It is evident that the nodes will be
characterized by an increased number of fractures in dif-
ferent directions and significant spatial heterogeneity of
the structure. These are metastable states of rock zones
characterized by high instability of the rock destruction
processes. Such structures have a shape close to isomet-
ric and will be characterized by increased permeability
of rocks, both the foundation and the sedimentary cover.
Practically, the nodes of faults intersection observations
are carried out very rarely, especially in oil and gas-bear-
ing areas, that is connected with the difficulties of per-
forming such surveys.

Based on the structural interpretation data of the im-
ages and developed methodical approach, a map of the
nodes of lineament intersection density was compiled
(see Figure 4). The map was developed using a 3x3 km
sliding window, where dimensions are chosen experi-
mentally. To facilitate the further description, the places
of maximum and increased values on the map of the
lineament intersection node density, received the follow-
ing numerical designations (9.1 — 9.5). Observing the
map of lineament intersection nodes, they are unevenly
located on the study area and prevail in the southeastern

F

n h I

Figure 4: Lineament intersection node density map
with highlighted anomalous values

part. The most intensive anomaly of the intersection
node density is located in the Northeast of the square.
This does not contradict the visual comparison with the
previous structural studies (Baghriy, 2013).

Analysis of the relative distribution of individual
anomalies in the node density over the area reflects that
they are placed regularly. Thus, relatively large in size
and intensity anomaly 9.3, within which the Yuliivske
deposit is located concentrically, at a distance of up to 10
km, is smaller in area and intensity anomalies, two of
which coincide with the well-known Skvortsivske and
Narizhnianske deposits. A similar distribution of small
anomalies of the lineament intersection node density
relative to larger anomalies is observed in relation to
anomalies 9.1 and 9.2, but it is less clearly expressed.
The same regularity has the ring structures distribution,
which were often observed by remote sensing data, but
still their geological nature has not been investigated. It
is possible that the isometric nature of the anomaly dis-
tribution of lineament intersection nodes is related to the
presence of degassing pipes (Kropotkin, 1985), but this
requires further investigation.

3.2.3 Fault map of the study area
(according to lineament density maps
of individual systems)

Using the established connection of the fields of in-
creased lineament density values of all systems with
known faults, the fault selection was carried out in accord-
ance to the lineament density maps of individual systems
and a map of polygon faults was compiled (see Figure 5).

The largest in length and manifestation intensity in
the lineament density fields are the following stretches -
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Figure 5: Map of polygon faults, compiled based on the
analysis of lineament density maps of individual systems

Legend:
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Hydrocarbon reservoirs: / — West

Skvortsivske, 2 — Merchynivske,

3 —Yuliivske, 4 — Naryzhnianske,

5 — Borchanivske, 6 — Kiyanivske,

7 — Povdennoskvortsivske, § — Ohultsivske,
9 — Karavanivske.

Objects included in the drilling fund:

10 — Hukivske, 1/ — Hryntsivske.
Prospective oil and gas facilities (NGPO):
prepared for deep drilling: 12 — Nedilne,
13 — East Karavanivske, detected by seismic
survey: 14 — Taverivska, 15 — Filativske,

16 — Baklanivske.

Northwest (system 2), Meridional (system 4), Northeast
(system 6), and Latitudinal (system 8). On the lineament
density maps of systems 1, 3, 5, and 7, the fields of in-
creased lineament density are insignificant in length, and
the corresponding faults are probably of secondary im-
portance. Discontinuous faults of various azimuthal sys-
tems detected within the North Side will differ among
themselves, according to the nature of geodynamic and
morphokinematic characteristics.

The fault map shows the most significant faults,
which had the greatest impact on the test site structure.
In order to facilitate the description of selected faults,
they received a numerical designation, where the first

digit corresponds to the number of the fault belonging to
the system, and the second - the fault serial number
within the system.

The fault map (see Figure 5) shows two Northwest-
striking fault zones 2.1 and 2.2. Fault zone 2.1 is located
within the Northern Marginal fault zone, which sepa-
rates the Northern side of the Dnieper-Donets Depres-
sion from the graben and plays an important role in the
emplacement of explosive deposits within the Dnieper-
Donets Depression. All known accumulations of both
hydrocarbon reservoirs and structures, which were
shown on the structural map along the reflective horizon
Vb2 coincide with the zone extension (Structural and
tectonic map, 1996). As evidenced by the lineament
density map of system 2, the averaging window is 14x4
km, this zone is quite narrow, has a relatively simple
structure and is characterized by a sufficiently high in-
tensity of lineament density. Within the polygon bound-
aries, it consists of two fairly long faults, which are
placed in a stage-like manner, not as a single linear
structure. On the system 2 map, an averaging window of
4.5x1.5 km, which characterizes the lower depth located
structures, this zone consists of two less clearly defined
faults. Modern geological and geophysical studies have
proven that the Northern Marginal Fault is not a single
linear structure - a slide with 1-2.5 km amplitude
(Baghriy, 2013, Baghriy et al., 2007). Within the study
area and in the adjacent territory, the Northern marginal
fault is represented by a zone of sub-parallel discharges
of relatively small amplitude. A significant number of
perspective horst anticline zones were discovered here.
Like other Northwestern faults, the Northern edge of the
fault zone is direct strike or strike-slip (Baghriy, 2013,
Baghriy et al., 2007).

To the northeast of the Marginal fault zone, about 20
km distance, there is another zone of increased density
values of northwest-trending lineaments, which is desig-
nated as fault zone 2.2. The existence of such faults zone
was reflected by Havrysh (1969) on the basis of geo-
physical survey data. In the density field of lineaments,
these two fault zones differ from each other in the nature
of the structure and intensity of reflection. Zone 2.1 is
characterized by a relatively simple structure and a small
width within the test site. When folding it, the faults are
placed in a stage-like manner. While zone 2.2 has a
much larger width, its structure clearly shows two
bounding edge faults that are parallel to each other. More
than ten local structures of various types have been iden-
tified within its boundaries (Structural and tectonic
map, 1996). However, the territory of the zone has not
been sufficiently studied, only 6 wells have been drilled
within the zone, which are mainly located outside the
boundaries of these structures. Of these wells, one pro-
duced oil, one produced gas, and the last produced wa-
ter. A significant number of perspective areas within the
zone have also been established according to the struc-
tural and atmogeochemical studies data (Baghriy, 2013).
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All of the above suggests that fault zone 2.2 has a certain
influence on the hydrocarbon reservoir placement and
requires further research.

According to the density maps of meridional linea-
ments (system 4), two fault zones 4.1 and 4.2, with the
distance between 15-18 km, are established within the
polygon. Both fault zones were confidently reflected on
the density maps of lineaments compiled by both a large
and a small window. They are characterized by fairly
high density values. Within them, separate faults are lo-
cated linearly, in contrast to system 2 faults.

Within the range, both fault zones are divided into
northern and southern parts by a single strip of low den-
sity values of Northwest-trending lineaments. The south-
ern and northern parts of faults 4.1 and 4.2 are located,
respectively, within fault zones 2.1 and 2.2. Moreover, the
boundary between the northern and southern parts of
faults 4.1 and 4.2 coincides with the boundary between
fault zones 2.1 and 2.2. This fact confirms the leading role
of Northwest-trending faults in the test site structure.

The selected fault zones coincide with the fault zones
that were established earlier and where temperature in-
creases are recorded in individual areas (Baghriy, 2013).
It is possible that both of these zones are connected with
the Orekhovo-Kharkiv deep fault located outside the
polygon (Havrysh, 1969). Fault zones 4.1 and 4.2 are
deep structures with a long history of evolution. On the
southern extension of these structures, in the places of
their intersection with the Northern side border, a sharp
change in the extension of the border of the side is re-
corded (Structural and tectonic map, 1996). This was
pointed out by many researchers and associated with the
change of strike with the movement of blocks along me-
ridional faults (Chirvinskaya and Sollogub, 1980, Ga-
retsky et al., 1988).

According to the lineament density map, the struc-
tures of the northeastern extension (system 6) are gener-
ally characterized by high density values, and local fields
of increased density values in most cases have a signifi-
cant length. The analysis of the density maps proved that
there are three fault zones on the studied area. Fault zone
6.1, located in the southeast of the test site, is the largest
in terms of length and intensity of manifestation. Zone
6.2 in the center of the polygon is significantly inferior
to the previous fault zone in terms of the intensity of the
lineaments density and the length of individual local
structures. Within these fault zones, the local faults com-
posing them are characterized by a considerable length
and a mostly linear mutual arrangement. Outside the
polygon, this structure coincides with the zone of the
horizontal gradient high values of the field of gravity
anomalies (Baghriy, 2013).

Fault zone 6.3, located in the Northwest of the test
site, is a small fragment of a large fault zone located out-
side the study area.

Probably, system 6 faults are part of the Odesa deep
fault zone, which is a component of the transregional

zone of deep faults crossing the entire territory of
Ukraine (Garetsky et al., 1988). The deep penetration
of these faults into the earth’s crust is also indicated by
the presence of radon anomalies within them (Baghriy,
2013, Baghriy et al., 2007). Movements in the zone
were shear or shear-rotational in nature. (Chebanenko,
1977, Chekunov and Pashkevich, 1989). This is an an-
cient deep structure, which was reflected in the structure
of the lithosphere. It developed particularly actively and
continuously from the Mesozoic to the modern tectonic
activation (Garetsky et al., 1988). Perhaps this is due to
its relatively insignificant role in the process of hydro-
carbon reservoirs formation.

Sublatitude faults related to system 8§ are widespread
throughout the territory of the test site and the adjacent
area. All of them appeared with approximately the same
intensity on the corresponding density maps of linea-
ments compiled using a larger and smaller sliding win-
dow. According to lineament density maps, sublatitudi-
nal faults are characterized by a significant length and
linear arrangement of the faults that make them up. Di-
rectly within the boundaries of the test site, there are 4
fault zones, with a distance 8-10 km, which can be traced
far beyond the boundaries of the study area. According
to regional studies, the entire territory of the test site is
located within the regional Sublatitude fault zone, which
runs through the entire territory of Ukraine and contin-
ues beyond the state borders (Atlas, 2001). The length of
this zone only within the borders of Ukraine is more than
1100 km with an average width of 30 km. Within the
boundaries of the Ukrainian Crystalline Massif, where
this zone is well studied, it coincides with the well-
known Kyiv-Hadyach and Andrushov-Khorol-Rososhan
faults, which had an influence on the structure of the
Ukrainian Crystalline Massif since the late Proterozoic
(Havrysh et al., 1989).

Thus, the conducted study proved that all faults
known according to the data of geological and geophys-
ical surveys correspond to anomalous values of the den-
sity fields of the corresponding systems. According to
the lineaments density maps, there are more faults than
were established according to the geological and geo-
physical data. Faults selected by the lineaments density
maps do not contradict the geological and geophysical
research data.

3.3 The potential of the test site territory
estimation for the hydrocarbon reservoirs
searches based on lineament analysis data

It is known that the fracture permeability of rocks is
simultaneously affected by cracks of different orienta-
tions and nodes of their intersection, but their influence
on rock permeability is different. Therefore, for a predic-
tive assessment of the territory prospects, it is necessary
to evaluate the cumulative effect on the rock permeabil-
ity of cracks of different orientation, which is not equal
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to the usual sum of the effects of individual crack sys-
tems, but has a much more complex nature of depend-
ence. The cumulative effect of the above-mentioned
structures on the localization of hydrocarbon reservoirs
and the predictive assessment of the prospects of the ter-
ritory for their search was observed on the basis of spa-
tial-probabilistic forecasting method (Nagorsky et al.,
1971, Patent, 2010).

3.3.1 Analysis of the relationship between
hydrocarbon reservoirs and lineament
density fields of individual systems within
the test site

During the test site research, as primary information
about hydrocarbon reservoirs, information about their
location within the study area and the boundaries of the
deposits according to the structural-tectonic map along
the Vb," reflective horizon was used (Structural and
tectonic map, 1996).

A visual analysis of the specified hydrocarbon reser-
voir location within the lineament density fields of both
all systems and individual systems proved that they are
simultaneously found in fields with different lineament
densities. Hydrocarbon reservoirs are rarely found in
fields with high, especially maximum, and minimum
lineament density values. They are mostly located in
fields with intermediate values of lineament density.
Such a complex nature of the hydrocarbon reservoir
connection with the lineament density fields of various
systems does not allow for the visual and objective solv-
ing of the deposit forecasting problem. The higher the
likelihood ratio function value, the closer the relation-
ship between the lineament density values and the search
objects and vice versa. Accordingly, perspective areas
are characterized by function values greater than 1.0,
and the larger the function value, the higher the potential
of the area for hydrocarbon reservoirs search.

The values of the function in the interval from 0 to 1
correspond to those values of the lineaments density that
have no connection with the search objects. Areas char-
acterized by function values less than 1.0 are unperspec-
tive for the hydrocarbon reservoirs search. Establishing
such areas is an important task because it reduces the
size of the territories where it is expedient to conduct
search and reconnaissance work.

Values of the function that are equal to 1.0 indicate
that the distribution of the trait within the boundaries of
deposits and beyond them does not differ. The corre-
sponding sign is not informative for finding hydrocarbon
reservoirs. Areas characterized by such values of the
function refer to those whose prospects cannot be deter-
mined based on lineament analysis. Other methods
should be used to assess their prospects.

The results of the evaluation of the likelihood ratio
function values for different values of the density fields
of lineaments on the corresponding maps of all systems
are compiled using a sliding window of 4.5x1.5 km size.

The obtained data analysis proved:

1) all the analyzed signs are related to the search ob-
jects and therefore all of them are search signs and
should be used for the hydrocarbon reservoirs pre-
diction;

2) the vast majority of search objects are located in
fields with intermediate values of lineament den-
sity and nodes of their intersection, the boundaries
of these intermediate fields are established; which
are different in different signs;

3) high values of the linecament density within the
search objects are rare, they occupy from 0 to 3%
of the area, and only for the lincament density
maps of systems 3 and 6 are 9 and 5.5%, respec-
tively;

4) within the study objects, low values of the linea-
ment density of systems 1, 2, 6 and 7 do not occur
at all; of systems 3, 4, 5 and 8 occupy 12-27% of
the area, nodes of intersection of lineaments and
the sum of lineaments of all systems occupy about
10% of the area;

5) for all lineament density systems, the relationship
with the objects of study was calculated using the
likelihood ratio function, which, respectively, is:
system 1 — 53%, system 2 — 67.5%, system 3 —
54%, system 4 — 65%, system 5 — 59%, system 6
—55%, system 7 — 67%, and system 8 — 60%.

After establishing the relationship of hydrocarbon res-

ervoirs with all individual features, according to the spa-
tial probabilistic forecasting technique, individual fea-
tures were integrated and the total likelihood ratio func-
tion was calculated. This function made it possible to
establish the influence of the sum of the used search fea-
tures on the hydrocarbon reservoirs placement. Using the
composite function, the values of the probability function
were calculated for each point of the study area in ac-
cordance with the values of search features that charac-
terize each point of the polygon. In order to visualize the
obtained results and their analysis, a map of the likeli-
hood ratio function values in the isolines was compiled.

3.3.2 Analysis of maps of the probability ratio
function values of the test site territory.

The assessment of the study area potential based on the
complex of search features established according to linea-
ment analysis data was carried out using the spatial-prob-
abilistic forecasting technique. According to the nature of
the hydrocarbon reservoir distribution by depth within the
test site (Atlas, 1998), two maps of the complex function
values of the likelihood ratio of the area were compiled
using a sliding window of4.5x1.5 and 14x4 km. Based on
the previous researchers’ studies and our experience,
maps made using a smaller window characterize the pros-
pects of placing deposits up to a depth of 2.5-3 km, while
maps made with a larger window characterize the pros-
pects of the area up to a depth of about 7 km.
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On both maps, the values of the complex functions of
the likelihood ratio vary from 0 to > 5.0. The obtained
function values show how many times the probability of
detecting hydrocarbon reservoirs in each point of the
area is higher or lower than that which would be ob-
tained in the case of drilling the territory according to a
uniform grid, without taking into account search fea-
tures. For the analysis and further use of the compiled
maps for solving search and reconnaissance tasks, the
obtained values of the likelihood ratio functions on the
maps compiled by windows of different sizes were com-
bined into five populations that differ in perspective.

The first set of data is characterized by complex func-
tion values from 0 to 0.9. Areas that correspond to these
values are unperspective for prospecting. Such areas
cover the largest territory on both maps. For the effec-
tiveness of the search for hydrocarbon reservoirs, the
establishment of such areas is very important, because it
allows you to significantly reduce the area of research
and concentrate efforts on perspective areas. As a result,
funds and time for conducting research will be saved.

The second set of data is characterized by complex
function values from 0.9 to 1.01. Areas with these func-
tion values refer to those within which the proposed re-
search method is not informative. On both maps of the
complex probability functions, they cover insignificant
areas and therefore they were not separated, but were
combined with the first set.

The third set of data is characterized by the values of
complex probability functions from 1.01 to 1.5. Areas
characterized by such values of the likelihood ratio func-
tions are classified as prospective areas.

The fourth set of data with values of complex proba-
bility functions from 1.5 to 2.0 which are characterized
by increased perspective.

The fifth set of data is characterized by the highest
values of the complex probability functions greater than
2.0 and characterize areas with high prospects.

A comparison of the areas sizes covered by the ag-
gregates of the complex probability function values
showed that they successively decrease from those oc-
cupied by the lowest values of the functions (the first +
second sets) covering the largest area to the smallest ar-
eas occupied by the highest values of the function. This
should be expected if the function values really charac-
terize the territory prospects.

According to the data of the one-dimensional proba-
bility function, perspective areas occupy from 53% to
67.5% of the territory of the research objects, and ac-
cording to the data of the complex probability function
- more than 90%.

After compiling the maps of complex probability
functions, the reliability of the compiled maps was as-
sessed by establishing to what extent they are confirmed
by the available geological material - the results of ex-
ploration and exploitation works, previous geological
and geophysical studies and other data. For this purpose,

the distribution of the complex probability function val-
ues was analyzed within the boundaries of the known
deposits on the study area - Skvortsivske, Merchykivs-
ke, Yuliivske, Narizhnianske, and the Ogultsivsk deposit
located on the test site. The distribution of the function
values within the Kiyaniv deposit, located near the west-
ern border of the test site, was analyzed. The analysis
shows that the majority of all deposits in the area, espe-
cially the most productive, on both composite maps of
complex probability functions, are characterized by high
and maximum values of probability functions. Moreo-
ver, the most productive fields, Skvortsivske, Yuliivske,
Narizhnianske, are characterized by the highest proba-
bility function values (4 and 5 set of data). And this de-
spite the fact that the productivity of deposits was not
taken into account during the study. The established fact
makes it possible to rank the research area according to
the degree of productivity.

The Karavanivske and Ogultsivske deposits, which
are small in size and are located outside the test site and
whose data were not taken into account in the forecast-
ing process, are also characterized by the probability
function values, which are perspective. However, they
are characterized by lower function values, which does
not contradict the data of reconnaissance works within
them (Atlas, 1998).

Thus, the results of the reliability analysis of the like-
lihood ratio functions values maps allow to state that the
compiled maps really reflect the features of the hydro-
carbon reservoirs distribution within the test area. They
can be used to analyze their placement regularities with-
in the studied area and to predict the prospective assess-
ment of the area for the new hydrocarbon reservoir
search.

3.3.3 Analysis of perspective areas placement
patterns for the hydrocarbon reservoir
search within the test site

A comparative analysis of the maps of the likelihood
function complex values placement, compiled using dif-
ferent sized windows (see Figure 6) proved that, in gen-
eral, they are similar to each other in many respects.

On both maps, prospective areas are highlighted, and
they are made up of two scale level objects. Those larger
in size were identified as perspective areas, and smaller
in size, located within them, as perspective structural
zones. In the process of analyzing the regularities of the
perspective areas) spatial distribution within the test site,
the fault map of the study area was taken into account, as
compiled from the lineament density maps of individual
systems.

Both analyzed maps show that perspective areas are
located throughout the test site, but the density of their
location on the area and the value of the potential within
their limits change naturally. Within the test site, two
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Figure 6: Maps of the placement of the likelihood function
complex values, compiled using a sliding window
of the size: 4.5x1.5 km and 14x4 km.

perspective areas were selected - the southwestern and
northeastern, which differ both in terms of the size of
individual perspective areas and in the values of per-
spective, which were estimated by the complex function
values. The boundaries of these two areas on the ana-
lyzed maps generally coincide.

Both prospective areas are stretched along large
Northwest-striking faults 2.1 and 2.2. The border be-
tween these two areas is generally defined by the South-
ern Marginal Fault of fault zone 2.2. The border is better
visible on the complex likelihood ratio function map,
which is made up of a smaller window.

The southwestern prospective area is located along
Fault 2.1, which belongs to the Northern Marginal Fault
of the Dnieper-Donets Depression. This is a large deep
fault with a long evolution history, which is assigned the
main role in the formation of both the general structural
plan of the Northern side of the Dnieper-Donets Depres-
sion and the local structures complicating it. The north-
ern marginal fault, like other northwestern faults, is
characterized as a direct strike or strike-slip that dips in
the western direction. According to all researchers, the
Dnieper-Donets Depression and the Northern Marginal
Fault have little significant influence on the hydrocarbon
reservoir formation in the region.

Based on these studies, the southwestern prospective
area mainly coincides with the Southern mobile structur-
al-tectonic zone of the starboard side (Baghriy, 2013,
Yevdoshchuk et al., 2001) and with the Yulia-Markiv
oil and gas bearing zone of the subregion of the North
side (Yevdoshchuk et al., 2001).

The northeastern prospective area, like the southwest-
ern area, is closely related to the Northwest-striking fault
zone 2.2. According to available geophysical data, this
zone is smaller in depth of structure penetration than
fault zone 2.1. On the lineament density map of system
2, on which this zone is established, this zone is charac-
terized by slightly lower values of lineament density.
However, this fault zone has not been sufficiently stud-
ied and requires further research.

According to our data, this perspective area coincides
with the zone of low-amplitude structures or the Turu-
tynsko-Chabanivsko-Romanivsk  oil-and-gas-bearing
zone of low-amplitude structures (Baghriy, 2013, Yev-
doshchuk et al., 2001).

According to the complex probability function maps,
the southwestern region is much more perspective than
the northeastern one. The last occupies a small area
within the test site, and for a more thorough assessment
of its prospects, research should be conducted on a larg-
er area.

Within both perspective areas, separate perspective
zones with a linear shape are distinguished. The orienta-
tion of the selected perspective zones coincides with the
fault zones, which are established according to the line-
ament density maps of various systems and shown on
the composite fault map (see Figure 7). The distribution
of hydrocarbon reservoirs and oil & gas prospective ob-
jects outside the test site, both on the territory of the
North Side and the adjacent part of the graben, where
they make up separate zones (strips) with different ori-
entation in space, has a similar nature of distribution.
This indicates that these zones are controlled by faults of
different orientations.

sliding window — 4.5x1.5 km

sliding window — 14x4 km
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Figure 7: Forecast maps of the test site territory potential
for the hydrocarbon reservoir search, compiled using a
sliding window of the size: 4.5x1.5 km and 14x4 km.
Legend:

——r Forecast zone
T | Forecast zones o
numbers
Local perspective B Numbers of local
areas perspective areas

A total of 7 zones (strips) are distinguished within the
test site based on the complex probability function map
analysis, which were numbered from 1 to 7 for ease of
description. These zones are characterized by an in-
creased density of perspective values and higher values
than in the areas that limit them. In the south-western
region, 5 perspective areas of mainly sub-latitude, some-
times north-western direction are visually highlighted.
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Prospective zone 1 (Narizhnyanska) is located along
the southern border of the test site and beyond. The ex-
tent of the zone is Sublatitude. The zone was better re-
flected on the complex probability function map values,
compiled using a window of smaller size (4.5x1.5 km).
Within the zone boundaries the Narizhnyansk deposit
and the Hrynkivsk structure are located, as well as the
Ogultsivsk, Karavanivsk and Marinsk deposits, which
are located outside the test site, but at a slight distance.
The zone is located within the large Sublatitude fault
zone 8.4.

Prospective zone 2 (Yuliivska) is located along the
northern border of Sublatitude fault zone 8.4, but outside
the zone. The zone was better reflected on the complex
probability function map values, compiled using a win-
dow of 14x4 km. The Naryzhnian and Yuliiv deposits
are located within the zone.

Prospective zone 3 (Skvortsivska) is located along a
latitudinal fault. The zone was better displayed on the
values of the complex likelihood function map, which is
made up of a larger window. The Skvortsiv deposit is
located within the zone. It is possible that the Pivden-
oskvortsivska and Gukivska structures belong to the
zone.

The first three perspective zones described above
were highlighted by our predecessors (Baghriy, 2013).
This testifies of the obtained forecast results reliability,
and the next two perspective zones were not previously
identified.

Prospective zone 4 (Nedilna) is located between two
latitudinal faults 8.2 and 8.3 and is characterized by the
smallest area and low values of prospectivity. The zone
was clearly visible on the values of the complex proba-
bility function map, which was compiled using a win-
dow of 14x4 km. On a similar map, made with a smaller
window, the zone was practically not revealed. Nedilna,
Kuzmychivska and other structures are located on the
periphery of the zone, but their prospects have not been
assessed. In the west, the zones are extended, but the
small Kiyanivske deposit is located outside the test site
(Structural and tectonic map, 1996).

Prospective zone 5 is located between fault zones 8.1
and 8.2, which are crossed by Submeridional fault zone
4.1. The zone appears only on the map of the complex
likelihood function, compiled using a 14x4 km window,
and is not displayed on the map compiled with a smaller
size window. The territory of this zone, like zone 4, has
not been sufficiently explored and needs further study.

A characteristic feature of the structure of these five
zones is the clearly identified influence of Submeridi-
onal faults on the distribution of perspective values in
the plane. In many cases, Submeridional faults limit
fields with different values of perspective.

Two perspective zones 6 and 7 were established with-
in the northeastern prospect area, which were better
shown on the complex probability function map, com-
piled using a 14x4 km window. These zones differ from

the prospective zones of the southwestern region in
terms of their spatial orientation. They are stretched in
the Northwest direction according to the marginal faults
of fault zone 2.2. as well as mostly lower values of the
assessment of the territory’s prospects.

Prospective zone 6, unlike other zones, is character-
ized by the lowest density of prospective fields within
the zone, as well as the lowest values of prospectivity.
The zone is selected only on the complex probability
function map, compiled using a window of 14x4 km.

Prospective zone 7, in contrast to the previous zone, is
characterized by a larger size of area, as well as higher
values of perspective. In terms of its prospective values,
it can be compared with the first three zones of the south-
western region, where hydrocarbon reservoirs are
known.

Perspective zone 8§ stands out well only on a perspec-
tive map made using a smaller window (see Figure 7a).
In terms of prospective values, it is slightly inferior to
the prospective zones of the southwestern region of the
test site. The well-known Kadnytsk and Taverivsk struc-
tures are located on the border of the zone. Part of its
territory is located within the prospective areas estab-
lished according to the atmogeochemical data.

3.3.4 Predictive evaluation of the test site
potential for the hydrocarbon accumulation
search and the selection of local perspective
areas. Recommendations for further
research

According to the complex values of the likelihood ra-
tio function maps, compiled using sliding windows of
4.5x1.5 km and 14x4 km sizes (see Figure 6) the re-
search area is undoubtedly perspective for further
searching of hydrocarbon reservoirs. This is evidenced
by the fields with sufficiently high prospective values,
the location of which relative to the area faults are simi-
lar to the location of known hydrocarbon reservoirs.

When selecting local perspective areas, the values of
perspective, the area sizes, their location relative to the
selected faults, and the previous studies data were con-
sidered. First of all, these are drilling and atmogeochem-
ical surveys data.

Local-perspective areas were identified within 4, 5
and 7 structural-tectonic zones, where only part of their
territory is occupied (see Figure 7). Local area 1, locat-
ed within structural zone 7, is the most perspective. It is
located within the junction of meridional, latitudinal and
north-eastern faults. Local area 2 of this structural-tec-
tonic zone occupies a similar structural position, but it is
smaller than area 1. From the geological information on
this territory, there is only structural map data (Struc-
tural and tectonic map, 1996) where no local structures
have been established.

Within structural-tectonic zone 5, two small local ar-
eas 3 and 4 are established. Local area 3 is located with-
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in the Bogoduhivska structure (Structural and tectonic
map, 1996), there is no other information on this area.
Local area 4 is located near the junction of the meridi-
onal fault 4.1 with the latitudinal fault 8.2.

Within structural-tectonic zone 4, there is one local
prospective area 5, small in area, which is located within
the junction of meridional, latitudinal, and north-eastern
faults and coincides with the Danchakhiv structure on
the map (Structural and tectonic map, 1996).

Within the established prospective areas, it is advisa-
ble to conduct detailed geophysical and atmogeochemi-
cal studies in order to assess their prospects in the future.

4. Conclusions

The faults highlighted on the lineament density maps
coincide with the known faults that were established ac-
cording to geological and geophysical data.

The analysis of the lineament density maps made it
possible to identify more faults than were previously
identified according to geological and geophysical data.
At the same time, it is possible to distinguish faults of
different scale levels.

During predictive studies, it was established that all
maps of lineament density fields - both individual sys-
tems and the sum of lineaments and lineament intersec-
tion nodes - had an impact on the hydrocarbon reservoir
placement (from 53% to 67.5% of objects of study are
allocated by separate systems) and were therefore used
for predictive assessment of the prospects areas. The use
of the complex function of the likelihood ratio made it
possible to identify more than 90% of the study objects.

A forecast map of hydrocarbon reservoirs was drawn
up within the test site, where all known deposits and a
part of oil and gas-bearing structures not verified by
drilling data were reliably identified. The most produc-
tive deposits of the district were assessed with the high-
est prospective values, but productivity was not taken
into account in the forecasting process. It is possible that
the prospectivity values from the forecast data may indi-
cate the productivity of the deposits, but this assumption
needs further verification.

The 8 zones are distinguished within the test site
based on the complex probability function map analysis,
within which there are 5 perspective areas selected, and
they make up 6% of the test site.

For a predictive assessment of 1, 2, 3 structural-tec-
tonic zones, within which hydrocarbon reservoirs are
known, more detailed predictive surveys should be con-
ducted using the proposed methodology and remote
sensing data of a high spatial resolution. At the same
time, the study area should be limited only to the terri-
tory of the mobile structural zone.

The results of predictive studies of the Skvortsivsko-
Yuliivsk polygon, based on the lineament analysis meth-
ods by remote sensing data and spatial probabilistic

forecasting methods proposed by the authors, testify to
the feasibility of using these methods to solve similar
problems in other oil and gas-bearing provinces.
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SAZETAK

Predvidanje potencijala naftnih i plinskih teritorija na temelju podataka
daljinskih istrazivanja, slucaj skvorcivsko-julievskoga ispitnog podrucja
u Dnjiparsko-doneckoj depresiji u Ukrajini

Razvijene metodoloske tehnike koristene su za procjenu propusnosti pukotina stijena i predvidanje lezista ugljikovodika
na primjeru skvorcivsko-julievskoga ispitnog podrucja Dnjiparsko-donecke depresije u Ukrajini. Propusnost stijena pro-
cijenjena je na temelju interpretacije strukturnih rezultata polja lineamenata pomoc¢u podataka daljinskoga istrazivanja.
Odabrane su granice osam sustava lineamenata i njihove modalne vrijednosti te su sastavljene karte gustoce lineamena-
ta. Rasjedi identificirani na kartama gustoce lineamenata odgovaraju rasjedima utvrdenim na temelju geoloskih i geofi-
zickih podataka. Sastavljene su karte sumarne gustoce lineamenata i ¢vorova njihovih presjeka koje odrazavaju propu-
snost pukotina stijena. KoriStenjem tehnika prostorne probabilisticke prognoze utvrdeno je da su sve karte polja gustoce
lineamenta imale utjecaj na poloZaj lezista ugljikovodika (od 53 % do 67,5 % objekata istraZivanja rasporedeno je zaseb-
nim sustavima) i kori$tene su za procjenu teritorija potencijala za istrazivanje nafte i plina. Koristenje sloZene funkcije
omjera vjerojatnosti omogucilo je identificiranje vise od 9o % predmeta istrazivanja. Karte predvidanja potencijala pod-
rudja istrazivanja u vezi s lezistima ugljikovodika sastavljaju se koristenjem kliznoga prozora veli¢ine: 4,5 x 1,5 km i 14 x 4
km, $to omogucuje predvidanje objekata istrazivanja na razli¢itim dubinama. Na temelju analize slozene funkcije vjero-
jatnosti odabrano je osam zona. Odabrano je pet perspektivnih podrudja koja ¢ine 6 % ispitnoga poligona.

Klju¢ne rijedi:
lineamenti, daljinsko mjerenje, predvidanje potencijala nafte i plina, perspektivna podrucja, Ukrajina
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