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Abstract

Structural and geomorphological methods are often applied to the search for
small oil-producing structures. Morphometric analysis of digital elevation
models has proved to be the most informative one. Morphometric surfaces can
be used to evaluate the direction and amplitude of vertical movements, to outline
local and regional neotectonic structures and assess their petroleum saturation.
This paper shows how to enhance the traditional morphometric analysis with
GIS (geographic information systems) tools. A manifold increase in the efficiency
of morphometric analysis takes it to a qualitatively new level. Setting specific
parameters for some geoprocessing tools (for example, stream network tools)
can be very important when studying local structures in small areas. In case of
large territories, the output result is almost independent of the calculation errors.
The improved technique proposed in this paper was tested on a large territory
located in the Volga region. As a result, high-order morphometric surfaces were
obtained, which was not possible before. In addition, a statistically significant
relationship was discovered between morphometric surfaces and distribution
of oil deposits, which can be considered a reliable prospecting indicator in the
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Volga-Ural petroleum province.
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1. Introduction

Today, geographic information systems (GIS) are
widely used in most petroleum companies and have
become the standard tool for managing spatial data.
GIS are recognized for their impressive degree of
capability for organizing and visualizing geological
and geophysical data. Another advantage of GIS is
their ability to provide either ready-made solutions
or crucial clues for decision-making.

In addition, GIS have other important features,
which were not initially introduced in them, but
developed over the years along with the basic tools
and functions. These are unique capabilities of
modern GIS, which can be considered a set of data
processing methods that can be used for developing
other scientific techniques. This feature of GIS has
not yet been talked about enough. Meanwhile,
features like this are in demand in the earth sciences
and can provide researchers with non-trivial tools
that are able to produce new information about the
objects under study.

*E-mail: inna.chernova@kpfu.ru
http://dx.doi.org/10.5510/OGP202151200560

As will be demonstrated, ArcGIS (professional
desktop GIS application) can be used to improve
and transform the morphometric analysis for
the purposes of searching for petroleum bearing
neotectonic structures.

Morphometric analysis was invented in the
late 60s — early 70s. It was one of the most popular
and informative methods of petroleum prospecting
within the platforms. At the time, a purely
cartographic approach was followed, and ordinary
topographic maps were used as input data. The
most committed developers of the method were
V.P. Filosofov and A.N. Lastochkin [1-4], who,
together with other researchers [1-7], proved the
high informative value of the method. However,
from a technical point of view, this method had
quickly become exhausted, since all calculations and
plotting of morphometric surfaces were carried out
manually. This method has been almost forgotten
by now. However, right now the morphometric
methods can be utilized to their full potential:
modern GIS (ArcGIS in particular) greatly reduce
technical difficulties and take morphometric analysis
to a whole new level.
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The interesting thing about morphometric
analysis is that it allows the reconstruction of
neotectonic events over the entire study area. This
is very rare for geomorphological and instrumental
methods of studying neotectonics. Moreover, its
application is not limited to local structures: this
method can be successfully applied to petroleum
prospecting on large territories.

Reliability of the result obtained is of utmost
importance as well. Therefore, when developing
a new methodology implementing GIS along with
morphometric analysis, studies were carried out in
three directions: 1) redevelopment of morphometric
analysis techniquesbased onspatial datamanagement
methods; assessment of their effectiveness;
2) assessment of the reliability of morphometric maps
obtained using the new techniques; 3) evaluation of
the morphometric surfaces suitability for petroleum
prospecting.

2. Methodology

Before turning to the new methodology and
the results of its application, let us discuss the key
provisions of morphometric analysis and traditional
map making, which were comprehensively described
by V.P. Filosofov [4].

2.1. Traditional (non-computer) morphometric
analysis

Morphometric analysis is based on the fact that
the vast majority of modern tectonic movements
are inherited. This means that uplifted structures
have a tendency to ascend, while depressions tend
to further descend. Every movement of the earth’s
crust that powers through exogenous processes
is reflected in the modern landscape and river
networks. Morphometric analysis decomposes the
landforms into components (levels) attributed to
different stages of the neotectonic history. The
components represent tectonic structures of different
scales. These structures can be ranked by the time
of formation and assessed in terms of intensity of
vertical movements and erosion.

The essence of morphometric analysis is
construction and interpretation of a series
of morphometric maps: maps of stream orders
and watersheds; maps of base and top surfaces;
difference surfaces; maps of erosional downcut
depth, etc. Analysis of these maps makes it possible
to discover and outline neotectonic structures of
different orders.

The analysis starts with maps of stream orders.
The stream order is determined using the Horton
law [8]. A stream, into which not a single other
stream flows, is considered a first-order stream.
When two first-order streams meet, a stream of
the second order is formed, into which streams
of the first order can flow. The confluence of two
second-order streams produces a stream of the third
order, into which streams of the first and second
orders flow. A firth-order stream is formed at the
confluence of two third-order streams, and so on.
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First-order streams in the lowlands are usually
runoff gullies appearing on watersheds. They
further evolve into ravines and then into rivers.
In the mild climate zones, river valleys with a
constant water flow are usually of the third or fourth
order. In the valleys of the 1%, 2", and sometimes
even the 3rd orders, only temporary streams flow.
Upward tectonic movements stretch the upper parts
of the earth’s crust and, as a consequence, crack
the rocks. New stream paths occur along the newly
formed cracks increasing the order of the old ones.
Downward tectonic movements contract the earth’s
crust, and some of the cracks close. The valleys of
the lower orders are then covered with sediments
decreasing the order of valleys and watersheds
within a large area.

First-order streams usually have similar lengths,
basin areas and flow rates provided that they
are under the same physical, geographical and
geological conditions. Therefore they affect the
landscape with approximately the same erosive
force and react in the same way to tectonic events of
the corresponding order. Streams of different orders
show different sensitivity to structures of the same
size and tectonic activity. Low-order streams are
usually of Holocene and Late Quaternary age. High-
order streams are much older. However, they can be
made of fragments of different ages — put together
by tectonic movements.

The order of watersheds is calculated in a similar
way. A variety of morphometric surfaces can be
constructed based on maps of stream/watershed
order. The most popular ones are base and top
surfaces and the difference surface.

Base surface is a surface that unites local bases
of erosion. Base surfaces can be of different orders
as well. Base surfaces are built as follows: 1) on
the topographic map, streams of a given order are
selected (if needed drawn manually); 2) the largest
possible number of water edge marks are specified
(including all intersections of streams and contour
lines); 3) equal water edge marks for each of the
streams are connected by isolines — isobases, cutting
through watersheds (fig.1a).

First-order base surfaces unite local bases of
erosion of all orders. Second-order base surfaces
unite local bases of erosion of the 2", 3 and higher
orders; third-order base surfaces unite local bases of
erosion of 3 and higher orders, etc.

Low-order base surfaces differ insignificantly
from the surface topography. If there were no tectonic
movements, then at the beginning of the erosion cycle
the terrain would be washed out to the base surface
of the 2" order, then to the base surface of the 3™
order, etc., gradually leveling the terrain to the base
surface of the highest order. The base surface of the
highest order is practically the denudation surface to
which the terrain gravitates toward.

Top surface is an enveloping surface that passes
through watersheds. Top surfaces are located above
the modern terrain. Top surfaces can be of different
orders as well. Top surfaces are built as follows:
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Fig. 1. Traditional method of creating morphometric maps: a) base surface of the
2nd order based on the valley bottoms of 2nd and higher order, b) difference
between top and base surfaces of the 3rd order (the Filosofov method [4])
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1) watershed lines of equal order are transferred to
a topographic map, and their heights are specified
at the intersections with the contours; 2) the points
with the same height are connected by smooth
lines — isohypsobases.

Before, difference surfaces were constructed by
graphical subtraction [4]. A sample of the difference
between top and base surfaces of the 3™ order is
shown in figure 1b. Manual labor like this was
painstaking and often ineffective. Sometimes contour
lines of different types were almost parallel, and
graphical subtraction was impossible. In these cases,
the subtraction was performed along profiles. Large
number of profiles ensured the required accuracy. In
the case of lowlands, the distance between the profiles
on the map should not have exceeded 2 centimeters.

A simple listing of actions needed for construction
of just one morphometric surface speaks of the
enormous amount of work that geologists had to
overcome manually. High labor intensity did not
allow the use of morphometric analysis for large
territories or the construction of high-order base and
top surfaces. Geologists were forced to keep their
studies within small areas.

Today, every ArcGIS user knows how simple
surface subtraction is with the Spatial Analyst Raster
Calculator. Creation and analysis of morphometric
surfaces in ArcGIS can be automated as well.
Chapters 2.2 and 2.3 describe the technology behind
morphometric analysis in ArcGIS Desktop ver.10.x.

2.2. Computer-aided method for building and
analyzing morphometric maps

Computer-aided method for building and
analyzing morphometric maps allows breaking
away from presenting surfaces as a set of isolines.
They can be smooth continuous surfaces or 3D
images instead. ArcGIS has more than 20 tools [9]
designed specifically for hydrogeological modeling

and construction of topographic surfaces, which
can take into account all morphometric features of
the study area. Because these tools work with raster
data, the way maps are generated and interpreted
differs significantly from what can be done with
traditional approach.

New methodology for building and analyzing
morphometric maps was tested on a large area in
attempt to interpret the maps at a regional scale.
Digital topographic sheets (scale 1:200000, 105 sheets
in total, covering 9 large regions in the basins of the
Volga and Kama rivers) were used as input (fig.2).

The following preparations were made:
1) adjustment and alignment of the sheets;
2) generalization of polygonal water bodies (large
rivers) into linear objects; 3) elimination of topological
and attribute errors; 4) creation of a river network; 5)
creation of a digital elevation model (DEM).
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Fig.2. Overview map
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Fig.3. Construction of a stream order map

The DEM was created with the TOPOGRID
tool from the ArcGIS Spatial Analyst toolset. The
TOPOGRID [10-12] produces a model, the quality
of which exceeds the quality of those obtained
with conventional interpolation methods, such as,
spline or kriging. This tool takes account not only
of isolines and elevation marks, but also of river
networks, lakes and local depressions. There are
also a number of additional TOPOGRID options that
allow construction of hypsometric surfaces suitable
for hydrogeological modeling. The grid cell size
was 200x200 m, which provides sufficient accuracy
for regional studies and does not complicate the
calculations.

The map of stream orders was constructed
from the terrain grid using ArcGIS special
hydrogeological  tools  (FLOWDIRECTION,
FLOWACCUMULATION, STREAMORDER) (fig.3).
The result was a raster model of the stream network.
The last step of hydrological modeling implied
conversion of the raster model into vector model,
where the order of each stream in the network was
calculated (fig.4).
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Fig.4. Digital elevation model. The inset map on the right shows
a fragment of the DEM overlaid by the stream network.
The figure also shows the test site

ArcGIS uses well-known algorithms [13, 14] for
drainage networks, which, however, have their
weaknesses. Sometimes they produce artifacts (false
first-order streams) in smooth or plain areas of the
DEM. These shortcomings have been repeatedly
discussed in theliterature.]. Fairfield and P. Leymarie
[15] sum it up and give recommendations on how
to prevent the artifacts or at least reduce them.
Fortunately, this kind of artifacts does not affect the
results of morphometric analysis.

As a result, 10 orders of river valleys were
obtained. The rivers Kama and Volga turned to be
the highest-order (9") streams in the study area.
Once the Kama flows into the Volga, the latter
becomes the highest-order (10") stream (fig.4).

Manual construction of base surfaces involved the
intersections of streams and contour lines. Computer-
aided method utilizes a different technique. To
obtain a set of XYZ points, two ArcGIS tools were
used: 1) «Feature Vertices To Points» transforms a
linear pattern of streams into a point pattern. The
output is a set of points (vertices) preserving the
stream’s shape and information about its order;
2) «Extract Values to Points» extracts Z-coordinates
from the DEM into the points obtained in the
previous step.

The TOPOGRID tool (with a grid size of 200x200
m) was also used for the construction of base surfaces.
All difference surfaces were calculated using the
Raster Calculator from the Spatial Analyst toolset.

2.3. Optimization of the algorithm

The most controversial step of calculating the
stream order is the numerical parameter «param»
of the Con function (fig.3). For each raster cell, the
Con function determines how many other cells
will drain water into that cell (based on the slope).
Low values of the «param» may produce a model
with a large number of small tributaries, many of
which usually turn out to be artifacts. High values
of this parameter, on the other hand, can totally
erase all small streams for the model. Therefore, it is
necessary to tailor this value to the reality.
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It was determined empirically. Several stream
models were built with different values (from 30
to 150 with a step of 20). For the optimal value, the
models were compared with the reference model
created for the test site.

An area covering the basins of two large rivers
was chosen as a test site. For this area, the model
was constructed manually, in accordance with the
recommendations of Horton and Filosofov. Based on
the topographic contours, the valley bottoms were
manually digitized, and their orders were calculated.
Comparison of the «manual» and «computed»
stream models showed that the best match was
achieved with the «param» value set at 75. Next,
the morphometric surfaces were constructed on the
basis of «manual» and «computed» stream models,
and then compared.

Morphometric analysis focuses on behavior (or
shape) of the base surfaces rather than the absolute
elevations. Therefore, correlation ratios between
morphometric surfaces constructed using different
methods were calculated. Such a comparison shows
whether the algorithm is stable and produces correct
results.

The correlation ratios are presented in Table 1.
They are high enough, which proves that automatic
construction of base surfaces produces a very good
result. The shape of surfaces constructed by different
methods is practically the same.

However, difference surfaces diverge a little. The
reasons for this may be:

1. Interpolation errors
constructing base surfaces.

2. Incorrect stream orders. There are at least two
sources of errors: a) deficiencies in geoprocessing
tools used for modeling and calculating stream
orders; b) and subjective approach to identifying
individual streams and determining their orders in
a manual method. As a result, the maximum and

that occur when

Table 1
Correlation ratios between morphometric
surfaces constructed using two methods:
in automatic mode and manually
(according to the traditional method)

Morphometric surface Cor::tlia()tlon
1%t order base surface 0.98
27 order base surface 0.97
3" order base surface 0.97
4% order base surface 0.96
5t order base surface 0.96
Difference between 061
1st and 2™ order base surfaces :
Difference between 0.64
27 and 3" order base surfaces :
Difference between 0.69
3 and 4" order base surfaces )
Difference between 063
4% and 5™ order base surfaces ’

minimum elevations of two morphometric surfaces
may shift in space relative to each other, and the
correlation between the surfaces will decrease.

An interesting fact is that increase in the steam
order increases the correlation (Table 1). This is
important, because the most interesting are the
difference surfaces of higher orders, which provide
information on large structures and their evolution at
different stages of the neotectonic history. Therefore,
at a regional scale, the errors of the automated
approach can be ignored. However, in case of
small active structures, the results of GIS-aided
morphometric analysis should be cross-checked.

3. Results

3.1. Assessment of credibility and effectiveness of
the new method

The advanced methodology described in Chapter
2.2 was applied to a construction of a map of stream
orders, base surfaces and difference surfaces.

Base surfaces are static maps. They reveal static
links existing between morphometric surfaces and
tectonic structures without taking into account their
evolution [4]. Base surfaces of the lowest orders (1°
and 2") resemble the surface terrain. Surfaces of
higher orders are noticeably different. They reveal
the largest neotectonic structures.

The initial data allowed constructing of base
surfaces up to the 8th order. Eight orders of surfaces
allow calculation of seven difference surfaces (if
only the surfaces of adjacent orders are selected
for this). Therefore, seven stages of neotectonic
evolution of the study area were identified. For
each of them, the difference surfaces show the
algebraic sum of vertical movements in the area:
differences between 1% and 2" order surfaces and
2" and 3 order surfaces cover the latest stages of
neotectonic activity; differences between 3™ and
4th order surfaces (and higher order surfaces) cover
the early stages of neotectonic activity. In other
words, the difference surfaces give estimates of the
amplitudes of vertical movements for a certain stage
in neotectonic history.

To ascertain the validity of the aforesaid results,
the structures identified on the morphometric
surfaces were compared with: 1) the generally
accepted tectonic maps of the region [16]; 2) the
results of remote sensing data interpretation; 3) the
results of field geomorphological studies.

The simple overlapping shows that the largest
morphostructures coincide with the largest
blocks of the earth’s crust (fig.5): large positive
morphostructures coincide with 1st order positive
tectonic elements of the first order, while large
negative morphostructures coincide with 1st order
negative tectonic elements.

V.I. Burba and N.N. Nelidov have already
applied geomorphological methods to the study of
neotectonic movements within the Melekesskaya
depression and the South Tatar Arch. They studied
the formation of Pliocene folds based on pre-Pliocene
terrain data, thickness of the Neogene section,
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Fig.5. Boundaries of 1% order tectonic structures overlapping the 7" order base surface.
The inset map on the right is the map of neotectonic zones constructed for the Western
Trans-Kama region by V. I. Burba overlapping the base surface of the 7" order
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and lithological and facies composition of Pliocene
sediments [17, 18].

Comparison of the results obtained by different
methods showed that the map of neotectonic zones
constructed by V.I. Burba for the Western Trans-Kama
region (Melekesskaya depression, western slope of
the South Tatar Arch) almost duplicates the 7™ order
base surface. The base surface elevation reaches its
maximum in the part that V.I. Burba has identified
as an area of significant uplifting in the Neogene-
Quaternary. The base surface elevation reaches its
minimum in the part that V.I. Burba has identified
as an area of subsidence in the Neogene-Quaternary.
The transitional values correspond to the areas of
mild uplift in the Neogene-Quaternary (fig.5).

V.I. Burba, N.N. Nelidov, A.A. Zharikov and
V.K. Dyatlova [17-19] have discovered 48 local
neotectonic structures on the territory of oil and
bitumen fields of the Republic of Tatarstan during
field studies. Figure 6 shows the contours of uplifted

structures discovered by A.A. Zharikov overlapping
the difference between the 4™ and 5" order base
surfaces.

Table 2 summarizes the results of comparing active
structures identified on difference surfaces with
structures identified during field geomorphological
studies. It shows that almost all structures that were
previously discovered by geomorphologists can be
seen on morphometric surfaces as well.

The difference between the 1% and 2" order
base surfaces shows the direction and intensity
of tectonic movements that occurred between the
modern and the latest stages of the terrain history.
Therefore, this difference surface reflects the
current tectonic state of the study area. Overlaying
a tectonic map based on Landsat imagery to the
difference surface mentioned above confirms this
assumption: the areas of the earth’s crust that are
active at present (with both positive and negative
dynamics) coincide with the corresponding areas of

Table 2

The number of neotectonic structures visible on morphometric surfaces

The number of structures visible on morphometric surfaces

Dt V.I. Burba A.A. Zharikov V.K. Dyatlova N.N. Nelidov
surface (28 structures) (14 structures) (4 structures) (2 structures)
flgfrvr:el:}é Inherited flﬁfm}& Inherited g:w?& Inherited flﬁewbé Inherited
1%t and 2" order 3 2 no 13 no 2 no no
2" and 3" order 6 4 no 16 no 4 no no
3" and 4™ order 4 7 4 18 no 3 no 1
4t and 5" order 5 4 9 9 1 no 2
5% and 6™ order 2 1 6 4 1 no 2 no
6" and 7™ order 5 no 6 no no no no
Total match 25 out of 28 structures | 13 out of 14 structures All 4 structures All 2 structures
(89%) are a match (93%) are a match (100%) are a match | (100%) are a match
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Fig.7. Results of morphometric analysis (the
difference between the 1st and 2nd order base
surfaces) compared with the KA Landsat data

the morphometric surface (fig.7).

The examples given above confirm the
effectiveness of the morphometric method. GIS-
aided morphometric analysis gives an adequate
representation of neotectonic structures regardless
of their order. And there is no ground to doubt the
credibility of these results. With this technique,
morphometric surfaces can be constructed hundreds
of times faster, and the amount of work performed
in one step exceeded all that was done manually
over several years.

3.2. Evaluation of the effectiveness and efficiency
of morphometric analysis as applied to petroleum
prospecting.

The creators of the morphometric method believed
that 2™ and 3™ order morphostructures correspond
to arches, dome-shaped structures and other positive
structures of 2™ and 3™ order [4]. The morphometric
method was used by them in search for oil-bearing
local structures. In this regard, another basic
provision, which was promoted at that time, was

that only those structures that were active during the
neotectonic period [5] can be considered promising.
There were also different ideas [20, 1]. Anyway, there
were few case studies, and no one could produce a
statistically significant result for purely technical
reasons. Today, this is possible. GIS can be used
to conduct a comparative analysis of hundreds
of structures and petroleum deposits. Therefore,
one of the objectives of this study was to evaluate
the effectiveness and efficiency of morphometric
analysis as applied to petroleum prospecting.

In order to evaluate the effectiveness of
morphometric analysis, the neotectonic histories
of 4331 oil deposits located within the Republic
of Tatarstan were studied. The deposits belong to
different horizons of the Carboniferous and the
Devonian. For each of the deposits, the geodynamic
regime at different periods of its neotectonic history
was determined. It is actually more accurate to
talk about the part of the earth’s crust where the
deposit is now located, since the deposit could have
formed after certain geodynamic regime (i.e., it can
be younger). As mentioned above, the geodynamic
regime (uplifting/subsidence/stable state) can be
determined based on difference surfaces. To do this,
on the difference surface, areas of relative (against
the surrounding areas) uplift have to be outlined. In
other words, the differences in base surfaces need
to be classified by the direction and the amplitude
of vertical movements. For the classification, the
method for isolating the local component was used,
which is suitable for any surface. The essence of this
method consists in decomposing a difference surface
into 2 components: global (background) and local
(details). First, the global (background) component
is calculated by averaging, and then the difference
between the original surface and its background
component is calculated. Circular and square filters
were used for averaging. The shape and size of the
filter were selected in such a way that the values
of the local component had a normal distribution
and the mean of 0. Next, the local component was
divided into 3 classes by the standard deviation
method: the first class included negative values, the
second class included values close to the average
(i.e. zero), and the third class included positive
values. Thus, the first class reflects the subsidence,
the second class corresponds to the transition zones
(from subsidence to uplift), and the third class reflects
active uplifting. This classification and identification
of the geodynamic regimes was carried out for all
seven difference surfaces.

Next step was to determine the state in which
each deposit was at a certain stage of the neotectonic
history. Neotectonic evolution of the region
is reflected in the orders of the base surfaces.
The changes that have occurred at each stage are
recorded in the amplitudes of vertical movements.
For each deposit, the geodynamic regime (uplifting/
subsidence/stable state) at each of the seven stages
of the Neogene-Quaternary was determined (based
on 7 difference surfaces).
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Fig.8. The number of oil deposits (percentage
of total) that existed under various geodynamic
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Fig.9. The number of oil deposits (percentage
of total) that existed under various geodynamic
conditions reflected in the difference surfaces:
a) 3" and 4" orders; b) 2" and 3 orders

The statistics presented in figures 8 and 9 show
the summarized data on the geodynamic regime of
deposits located in different productive horizons.
The diagrams show that the vast majority of deposits,
regardless of the depth, are located in transition
zones. Figures 8 and 9 show statistical diagrams
obtained for several difference surfaces (the rest of
them look alike).

Transition zones are areas with a moderate

neotectonic activity. Within these areas the deposits
are located on the slopes of neotectonic uplifts.
They experience ascending movements, but the
amplitudes of these movements are 2-3 times less
than those in the zones of intense uplifting (class 3
zones). Apparently, such a distribution of deposits
is not random: areas with moderate upward tectonic
movements create favorable conditions for the
formation of petroleum deposits. The intensity of

[ zone of subsidence
| transition zone

Difference between base surfaces

M uplift zone

Fig.10. The number of deposits (percentage of total) that existed
under various geodynamic conditions during the neotectonic
stage of geological history. These are all of the oilfields
located within the Volga-Ural anteclise

1) difference between 1" and 2% order
base surfaces

2) difference between 2t and 3™ order
base surfaces

3) difference between 3™ and 4™ order
base surfaces

4) difference between 4th and 5th order
base surfaces

5) difference between 5th and 6th order
base surfaces

6) difference between 6th and 7th order
base surfaces

7) difference between 7th and 8th order
base surfaces
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QOilfield

Potential oil-bearing
zone in the north-
western part of the
study area

=— Volga-Ural anteclise

Difference between 6th
and 7th order base
surfaces

75m

Fig.11. Hydrocarbon prediction in the study area

movements is sufficient to ensure the constant
migration of hydrocarbons, but not excessive to the
point of causing the cap rocks to break. In areas with
high level of tectonic activity, the entire sedimentary

cover cracks open, and hydrocarbons escape into the
atmosphere. Thus, the results obtained during this
study can be interpreted as the cooperation of two
processes: formation and destruction of deposits in
different geodynamic conditions.

Analysis of the oilfields distribution (without
classifying them by productive horizons) leads
to the same conclusions. The diagram presented
in figure 10 shows that 67-88% of oilfields in the
Volga-Ural anteclise are located in the zones with
moderate geodynamic activity.

When overlaying the morphometric surfaces
with the outlines of oilfields, obvious relationship
can be observed between the location of oilfields
and the morphometric surfaces of high orders (the
6th order base surface and the difference between
the base surfaces of 6™ and 7™ order). Figure 11
shows that the vast majority of known deposits are
located in depressions or on the slopes of uplifted
structures. Thus, it can be assumed that the major
migration of hydrocarbons (which consequently led
to the formation of deposits) took place between the
7™ and 6" stages of the region’s neotectonic history.
Following this principle, it should be possible to
outline the areas where it is most likely to find a
petroleum deposit. These areas are characterized by
low amplitudes of vertical movements. The domes
of rapidly rising neotectonic structures should be
classified as unpromising and unproductive.

Conclusion

The study confirmed that modern GIS provide tools and methods that can be used to
enhance the traditional geological methods. The advanced technique of morphometric analysis
presented in this paper illustrates this fact. The computer-aided method for conducting
morphometric analysis proved to be highly efficient. Computer processing of spatial data
relieves the researchers from unproductive formulaic work and makes the whole process of
map-making unambiguous, free from the subjective element. For the first time, 8th order base
surfaces were constructed, which is an extraordinary achievement for morphometric analysis.
GIS-aided morphometric analysis produced new information on the tectonic evolution of the
study area in the Neogene-Quaternary. The relationship between neotectonic structures and
petroleum deposits in the Volga-Ural region was confirmed. This is a statistically significant
relationship that can be used as a reliable prospecting indicator within the Volga-Ural
petroleum province.

This work was supported by the Ministry of Science and Higher Education of the Russian Federation
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class Research Center «Efficient development of the global liquid hydrocarbon reserves».
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YcoBepuieHcTBOBaHMe U pa3sBUTHe CTPYKTYPHO-MOP(POA0TIeCKIX
MeTOAOB M3y4YeHNsI HeOTeKTOHMKN ¢ HOMOIbIO MHCTpyMeHTOB [VIC

N.10. Yepnoea, 4.K. Hypzarues, O.C. Yepnosa, O.B. Aynesa
Kasauckuit (Ilpusoaskckuin) peaepaapuoiit yuusepcutet, Kasans, Poccns

Pegepar

CprKTypHO-reOMOp(l)OAOFI/I‘IeCKI/Ie METOAbl TpaAUIIVIOHHO MCIIOAB3YE€TCsI B He(l)TSIHOIZ
reoA0rum AAsl IOMCKa AOKaAbHBIX CTPYKTYPp, II€pPCII€eKTMBHBIX Ha He(l)Tb n ra3. Haubozee
I/IHCI)OpMaTI/IBHbIM U3 HUX ABAACTCA MOpCl)OMeTpI/IquKI/IIZ MeTOJ aHaAaun3a L[I/I(l)pOBbIX MOAeAeIZ
peAbe(l)a. ITo MOpCl)OMeTpI/I‘{eCKI/IM IIOBEPXHOCTAM OLI€HMBAIOT 3HAK U aMIIANUTYAY BepPTUKaAAb-
HBIX ,Z|,BI/I)K€HI/IIV/I, OKOHTYpUBaAlOT AOKaAabHblEe 11 perrmoHalbHble HEOTEKTOHMYIECKNE CTPYKTYPHI,
OL€HMBAIOT UX INEePCIEeKTUBHOCTD Ha He(l)TI) un raas. HOKaSaHO, KaKVM o6pa30M TpadnnMOHHas1
MeTOogUMKa MOp(l)OMeTpI/I‘{eCKOFO aHaAlM3a MOXKeT OBITh ycoBepIieHCTBOBaHa 3ac4eT MMCII0Ab-
30BaHIMsI MHCTPYMEHTOB l"eOI/IH(l)OpMaL[I/IOHHbIX CUCTEM. MHOFOKpaTHOQ yBeandeHne ac])(l)eK—
TUBHOCTU U I/IH(l)OpMaTI/IBHOCTI/I MeToda IIepeBOANT €ro Ha KadeCTBEHHO HOBBIN YPOBEHbD.
HapaMeprI HEKOTOPBIX MHCTPYMEHTOB r8006pa6OTKI/I (HaanMep, MHCTPYMEHTBI pacdeTa
ceTtTu BO,ZLOTOKOB) MOTYT OBITH KPpUTUYHBIMU AAST OXKUAAEMbIX pe3yAbTaTOB, €CAN UCCACAYIOTCS
/A0Ka/abHbl€ CTPYKTYpPbl Ha HeDOABIIINX TepPpUTOPUIX. PeSy[leaTbI I/ICCAe,ZLOBaHI/HZ AN 004ab-
X TeppI/ITOpI/IVI IIOYTM HEe 3aBUCAT OT HOFpeL[IHOCTeﬁ aaropmurTMma. YCOBepIHeHCTBOBaHHaH
MeToAuKa Obnlaa onpo6OBaHa Ha 00ABIIION TeppUTOpPUU IToBoakbst. B pe3yabTaTe ObLAU OAYy-
YEeHLI MOp(l)OMeTpI/I‘IeCKI/Ie ITOBEPXHOCTU BBICOKMX IIOPSIAKOB, YTO paHee OBLA0 HEBO3MOKHO.
O6Hapy>KeHa CTaTUCTUYECKN 3Ha4YMMasl CBsI3b MEXAY MOp(l)OMeTpI/I‘IeCKI/IMI/I ITOBEPXHOCTSIIMMU
u paciipegeaeHnem 3aaexxen He(l)TI/I, KOTOPYIO MOJKHO paccMaTpuBaTbh B KaueCTBe Ha4e>XHOTO
IOMCKOBOTO IpMu3Haka B Boaro-Ypaanckoii Hec])T;IHOI?I IPOBUHIIVIIL.

Katoueevte cAo6a: HEOTEKTOHMKA; CTPYKTYpPHO-TeoMOpP(OoA0TUIECKIie METOABI; TeOMH(OP-
MallMMIOHHbI€ CUICTEMBI, IIPOTHO3MPOBaHIE He(l)TeI‘aSOHOCHOCTI/I TeppI/ITOpI/Iﬁ.

Neotektonikanin dyronilmasinin struktur-morfoloji metodlarinin
geoinformasiya sistemlari alatlarinin komayi ils
tokmillasdirilmasi vo inkisaf1

1.Yu. Cernova, D.K. Nurqaliyev, O.S. Cernova, O.V. Luneva
Kazan (Privoljsk) Federal Universiteti, Kazan, Rusiya

Xiilasa

Neft geologiyasinda neft vo qazin perspektivli lokal strukturlarinin axtaris: {i¢lin enanoavi
olaraq struktur-geomorfoloji metodlardan istifade olunur. Onlarin i¢arisinde an informativi
relyefin ragemsal modellarinin analizi {i¢lin olan morfometrik tisuldur. Morfometrik sathlors
gora saquli haraketlarin isarasi ve amplitudasi qiymatlandirilir, lokal ve regional neotektonik
strukturlar konturlanir, onlarin neft vo qaz perspektivlori qiymotlondirilir. Geoinformasiya
sistemlarinin alatlorindon istifade etmokls ananavi morfometrik analiz metodunun neco
tokmillesdirile bilocayi gostarilir. Metodun effektivliyinin ve informativliyinin dafelarle
artmasi onu keyfiyyatco yeni saviyyayoe qaldiracaqdir. Bazi geoemal alatlorinin parametrlori
(masalon, su axini seboakasinin hesablanmasi alatlori), ager kicik orazilorde lokal strukturlar
todqiq edilirse, gozlenilon naticelar ii¢iin kritik ola biler. Boytiik eraziler {i¢lin tadqiqat
noticalori demok olar ki, alqoritm xatalarindan asili olmur. Tokmillasdirilmis metodika Volqa
bolgasinin boyiik srazisinde sinaqdan kegirilmisdir. Noaticada avvallor geyri-miimkiin olan
yiiksok saviyyali morfometrik sathlar alde edilmisdir. Morfometrik sathlar ve neft yataqlarinin
paylanmasi arasinda statistik shemiyystli alaqe askar edilmisdir ki, bu da Volqga-Ural neft
oyaletinde etibarli axtaris gostoaricisi hesab edils biler.

Acgar sézlar: neotektonika; struktur-geomorfoloji metodlar; geoinformasiya sistemlari;
arazilorin neft-qazliliginin prognozlasdirilmasi.
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