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Abstract

Purpose. Exploration and predicting the prospective areas in the Zhezkazgan ore region to set up detailed prospecting and
evaluation works using new integrated technologies of prediction constructions in the mineral deposits geology.

Methods. An integrated methodological approach is used, including methods for deciphering the Earth’s remote sensing
(ERS) data, the use of geophysical data and methods of analogy and actualism. All constructions are made in accordance
with the principles of shock-explosive tectonics (SET). Prediction constructions are started with the selection of remote
sensing data for the studied region and interpretation based on the processing of radar satellite images obtained from the
Radarsat-1 satellite. The radar satellite images are processed in the Erdas Imagine software package.

Findings. New local prospective areas have been identified, within which it is expected to discover the deposits. Their re-
serves are to replenish the depleted ore base in the Zhezkazgan region. Area of the gravity maximum 1 (the Near), considered
to be the most promising, is located in close proximity to the city of Zhezkazgan; area of the gravity maximum 2 (the Mid-
dle); area of the gravity maximum 3 (the Distant-Tabylga); area of the gravity maximum 6 (the Central). A prospective area
has been also revealed, overlaid by a loose sediment cover and located inside the Terekty ring structure, as well as the area of
a thick stratum of pyritized grey sandstones, which is adjacent to the Sh-2 well drilled to the south of the Zhezkazgan field.

Originality. The use of a new prediction technology, in contrast to the known ones, is conditioned by the widespread use of
the latest remote information from satellite images, which increases the accuracy of identifying the prospective areas of fields.

Practical implications. The new technology for predicting mineral deposits makes it possible to significantly reduce the

areas exposed to priority prospecting, which provides significant cost savings.
Keywords: mineral deposits prediction, cosmogenic ring structures, concentric zones, superimposed blocks, gravimetry

1. Introduction

It is well known that in the last 2-3 decades in
Kazakhstan, which is considered a country rich in mineral
resources, nevertheless, there is an acute problem of single-
industry cities (Zhezkazgan, Balkhash, etc.) that appeared
on the basis of large deposits discovered in the last century.
The depletion of reserves and their complete development
pose a threat to these cities. The situation has also worsened
due to a sharp decline in prospecting operations. Therefore,
for the accelerated replenishment of the mineral resource
deposits base in these cities, it is necessary to set up
prospecting operations using new technologies. In this
regard, the authors propose a new technology for regional
and local mineral deposits prediction, based on the
principles of shock-explosive tectonics (SET), geophysical
data and Earth’s remote sensing (ERS) data in the
Zhezkazgan ore region .
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The scientific significance of the new prediction techno-
logy is substantiated by the widespread use of the latest re-
mote sensing data obtained from the satellite images [1], [2].
The mineral deposits should be predicted using satellite im-
ages in conjunction with the vast data on the location of
known metal and other deposits of minerals in the geological
space as well as technogenic mineral resources [3], [4].
There is a great variety of both on the territory of Kazakh-
stan. The spatial position of the known deposits determines
certain patterns. Therefore, the deposits that have not yet
been identified and “waiting” to be discovered, of course,
have to comply with these patterns. The new technology,
based on the use of space information, unknown before the
onset of the space age, allows, using simple techniques, to
identify these patterns and rely on them in modern prediction
constructions. The scientific significance of the proposed
technology is covered in numerous publications [5]-[8] and
has been patented [9].
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The main idea of the new technology is to minimize the
areas that require costly, thorough prospecting and explora-
tion geological operations. Nowadays, there are many im-
proved geophysical and geochemical methods. They should
be used while sampling not over large areas, as it was before
(as in the case of metallometric surveys), but over small
areas, specially designated in accordance with the new tech-
nology, which should be covered with regular sampling (at
regular intervals). Funds released as a result of reduction in
the area of exploration, represent direct savings. Some of
these funds can be directed to a detailed study of the spaces
that are considered the most prospective from the point of
view of new technology.

In accordance with the fluid-dynamic concept of the min-
eral deposits formation, presented by B.A. Sokolov and
V.1, Starostin [10], it could be assumed that the structural
control that is set for example for hydrocarbon deposits
should manifest itself in the spatial allocation of deposits of
both metallic and non-metallic minerals, which are one way
or another associated with hydrothermal activity, that is, with
fluid-dynamic processes. It is logical to imagine that the
penetration zones formed by endogenous processes, or with
structures formed as a result of hits of cosmic bodies, can
“fulfil” the most substantial ore-controlling role for the bulk
of deposits associated with fluid-dynamic processes [1],
[11]-[23]. In particular, special attention was paid to this in
the research work under Program No. 16 of the Presidium of
the Russian Academy of Sciences, carried out under the
supervision of N.P. Laverov, Vice-President of the Russian
Academy of Sciences, Academician of the Russian Academy
of Sciences. Notable examples of confinement to giant im-
pact craters with diameters of more than 100 km of the larg-
est deposits of gold, nickel, impact diamonds and oil are
represented in the monograph “Change of Environment and
Climate: Natural and Associated Technogenic Disasters”,
edited by N.P. Laverov [14]. This is the Vredefort crater
(South Africa), D-200 km, age 2.0 billion years: half of the
world’s gold reserves. S.A. Vishnevsky confidently associ-
ates the famous Witwatersrand Gold-Uranium Deposit with
this giant crater, “which accounted for about half of all world
gold production for many decades” [15]. This is Sudbury
crater (Sudbury Basin in Canada), D~200 km, age 1.9 billion
years: 1/3 of the world’s nickel reserves. The Popigai Crater
(Russia), D-100 km, age 36 million years: a giant deposit of
impact industrial diamonds exceeding artificial diamonds in
their abrasive properties and twice as hard as diamonds from
kimberlite and lamproite volcanic pipes. The Chicxulub
crater (Mexico), D-180 km, age 65 million years: Campeche
oil, 2/3 of Mexico’s production.

The proposed new technology for predicting mineral de-
posits is based on the most important structural exploration
factor, which was previously not taken into account, or was
taken into account very limitedly. This factor is ring struc-
tures (RS) [1], [6], [16]-[18]. And, first of all, cosmogenic
ring structures of various scales, which are accompanied by
concentric zones of tension-decompression and compression
of the geological environment [6], [9], [19], [20].

Research over the past decade shows that mineral deposit
fields are often associated with ring structures, both
endogenous [16]-[18], [21], [22] and exogenous [1]-[7], [23]-
[26]. It is assumed that the ring structures, which are
associated with many mineral deposits, are mostly the result
of the bombardment of the Earth by meteorites, asteroids and
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comets [27]. That is, these are structures of a cosmogenic,
impact nature, representing huge volumes of brecciated and
fractured rocks, which are natural pathways and structural
traps for the penetration of ore-bearing mantle fluids, as well
as liquid and gaseous hydrocarbons [9]-[13], [19], [28].

Local prediction of metallic mineral deposits based on the
principles of shock-explosive tectonics and Earth remote sens-
ing data for planning specific prospecting operations can and
should be carried out within the boundaries of manifestation of
cosmogenic ring structures of medium and small scales [29]-
[32]. The diameters of these structures are measured from the
first kilometres to tens of kilometres [23], [33]-[35].

Further in the paper, an attempt is made to determine the
prospective areas to set up detailed prospecting and
evaluation works using new technologies of prediction con-
structions in geology.

2. Methods

At the present stage, when the easily discovered deposits
have almost completely run out, the need to develop a scientif-
ically grounded theory for predicting and prospecting deposits,
taking into account all the positive aspects of modern geologi-
cal concepts, including shock-explosive tectonics, is of par-
ticular importance in increasing the efficiency of prospecting
and exploration geological operations. The main research
methods are methods for deciphering the Earth’s remote sen-
sing (ERS) data, the use of geophysical data and methods of
analogy and actualism. A number of these methods, in turn,
are complex. Prediction constructions are performed in
accordance with the principles of shock-explosive tectonics
(SET), which are repeatedly mentioned in numerous
publications [1]-[8] and descriptions to the above patent [9].

The ERS data are deciphered in two stages: the selection
of satellite images and their preliminary processing — visual
interpretation with identification of the ring structures. The
satellite images are selected based on availability. The Land-
sat-7 scanner images and Radarsat-1 radar images are used
during the research. Images from the Radarsat radar satellite
are processed in the ERDAS IMAGINE program, in which
the necessary parameters are set (angle of the sun inclination,
elevation of the relief, illumination, etc.) to develop a digital
elevation model (DEM) of the terrain. Then, in the ArcGIS
program, the Landsat image is combined with a digital eleva-
tion model for giving three-dimensionality (Fig. 1a).

Visual interpretation is carried out in the inset of satellite
images at 1:500000 scale of the studied area. At the first
stage, the geometric centres of six ring structures have been
identified (Fig. 1b). Ring structures are the most important
structural element in terms of regional and local prediction
constructions and this phenomenon has almost never been
used in geological constructions. The study of ring structures
involves the widespread use of satellite images, which should
be used in a comprehensive manner, in conjunction with
large statistical information on the spatial allocation and
extent of already known and explored various mineral depos-
its. It is obvious that the spatial allocation of each known de-
posit is a huge materialized information, resulting from the
large economic expenditures. There should be no doubt that
undiscovered deposits, “waiting” to be discovered, have to
comply in their spatial allocation with the same patterns as the
deposits already discovered. In this regard, the authors picture
on a satellite image all the fields in the studied area (Fig. 1d).
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Figure 1.

Prediction construction in the Zhezkazgan ore region: (a) the relief plotted based on the data of the radar satellite survey in the

Zhezkazgan ore region and in its vicinities; (b) contours of the ring structures distinctively manifested in the relief of:
1 - Zhezkazgan; 2 — Northern; 3 — Middle; 4 — Karakengir; 5 — South-Eastern; 6 — Terekty; (c) contours of the ring structures on
the Geological map of Kazakhstan at a scale of 1:1000000 [36]; (d) the Zhezkazgan ore region deposits, plotted on the relief ac-
cording to the data of the Kazakhstan Mineral Map at a scale of 1:1000000: 12 small circles, the largest of them is the Zhezkazgan
field; (e) concentric zones of tension and compression of the three ring structures: Zhezkazgan, Northern, South-Eastern, plotted
considering the spatial position of the twelve known deposits; thickened contour of the Terekty ring structure; (f) blocks of double
and triple tension in places of superimposition of the Zhezkazgan, Northern and South-Eastern ring structures

Then, in accordance with the principles of shock-explosive
tectonics (SET), taking into account the spatial position of the
known deposits in the area, concentric zones are drawn for all
six ring structures (Fig. 1e and Fig. 2). The main purpose of
distinguishing the concentric zones of ring structures is to
identify the Earth’s crust blocks with zones of increased frac-
turing and permeability for intensive hydrothermal solutions
circulation. Therefore, they can be regarded as favourable
“structural traps” for various mineral deposits. It is logical to
assume that zones of permeability (hereinafter in the paper,
decompression zones) are replaced by zones or blocks of com-
pression, which are reflected on radar satellite images and
digital elevation models as small hilly relief areas. Concentric
zones of compression or tension of various ring structures can
intersect and overlap each other regardless of their age, there-
by creating a kind of interference of zones of compression or
tension in some parts of the Earth’s crust. Thus, according to
numerous studies of the authors of this paper, the most
prospective to explore new ore objects are the spaces located
in the superimposed blocks of the extension-decompression
zones of adjacent ring structures. The authors, using concentric
zones of six ring structures of the Zhezkazgan region, have
empirically identified the zones of increased permeability for
the flow of hydrothermal processes. For more accurate local
prediction of prospective areas, the authors of the paper have
substantiated their prediction, based on a reliable geophysical
exploration factor for the Zhezkazgan region.
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3. Results and discussion

In this paper, as a specific example, the detailed predic-
tion construction in the Zhezkazgan region is proposed in
two options:

1. On the basis of ring structures, manifested in relief,
taking into account their relatively young age.

2. On the basis of ring structures depicted in satellite im-
ages, but not manifested in the relief, that indicates their older
age, combined with one of the structures manifested in the
relief, but the morphological elements of which clearly con-
tain and control all deposits of the Zhezkazgan ore region.

The Zhezkazgan ore region occupies the south-western
corner of the Paleozoic basement of Central Kazakhstan. Its
western border is the Turgai Depression, and its southern
border is the plateau of the western half of Betpak-Dala in
the Chu-Sary Su interfluve.

The geological structure of the region involves rocks of
various ages and lithological composition, from Precambrian
to Quaternary, sedimentary, metamorphic and intrusive.
Numerous ore and non-metallic minerals are confined to
them. Of the metal minerals in the region, there are deposits
of iron, copper, lead, nickel, cobalt, gold, molybdenum, etc.
[37]. Many of them were explored in different time and re-
ceived the relevant assessment. Copper deposits are confined
to various rock complexes, from the Precambrian to the Per-
mian. The copper deposits, confined to the Zhezkazgan series
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of rocks, presumably corresponding in age to the Middle
Carboniferous — Permian, are of greatest interest. The rocks
of the Zhezkazgan series occupy large areas in the region.
The wings of anticlinal and synclinal structures, as well as
the cores of synclines and depressions are composed of them.
The Zhezkazgan series of rocks 1030-1070 m thick consists
of a complex of interstratified red and grey sandstones and,
covering them, stratum of false-bedded red sandstones and
siltstones [38].

3.1. The first prediction option — on the basis
of ring structures, manifested in the relief

In the Zhezkazgan ore region and its vicinities, 6 ring
structures are clearly manifested in the relief plotted accor-
ding to the data of radar satellite survey (Fig. 1a, b). All the
structures are imposed on a heterogeneous geological situa-
tion, which indicates their exogenous (cosmogenic, impact)
nature (Fig. 1¢). Within the contours of the zones of impact
wave influence of these ring structures, there are 12 known
fields, including the largest of them — Zhezkazgan field
(Fig. 1d, e). Given the distinguished ring structures, based on
the spatial allocation of known deposits, the tension and
compression zones of three ring structures have been con-
structed — Zhezkazgan and Northern as the most significant
in size, which are cometary, without craters, and South-
Eastern, which is asteroidal, with a crater (Fig. 1b, d, e, f).

Superimposition of tension and compression zones makes
it possible to distinguish the blocks of double tension and
8 blocks of triple tension, covering the most prospective
areas located in the eastern and south-eastern parts of the
Zhezkazgan ore region (Fig. 1e, f). Over time, prospecting
operations should be set up within all 8 triple tension blocks.
As can be seen, these constructions do not take into account
all ring structures identified in the relief. In addition to the
unaccounted for Middle (structure 3), Karakengir (struc-
ture 4) and Terekty (structure 6), in the southern and south-
eastern parts of the region, the ring structures are marked
with arched valleys of temporary streams, and their centres
are outside the territory covered in the presented figures. If
necessary, for more detailed prediction constructions, these
structures can also be taken into account.

We consider it is very important to use gravimetric data
in these prediction constructions. It should be emphasized
that M.K. Satpayeva, who studied the area under considera-
tion for a long time and drew attention to the control of the
Zhezkazgan ore region deposits by ring structures of various
diameters, has pointed out the need for using gravimetric
survey data [38]. The authors share this point of view.

Analysis of the deposits allocation on the gravimetric
map, specifically on the map of the residual anomalies Ag at
1:500000 scale, shows that the Zhezkazgan ore deposits (a
very large field) and Zhaman-Aybata (a large field) are with-
in the contours of relative gravity maxima. In this regard, the
gravity maxima of this region deserve careful attention.

In Figure 2, six gravity maxima are outlined. The
Zhezkazgan field (very large) itself and two small Taskuduk
and Zhezdy fields are in the contour of maximum (the West-
ern). In addition, five more maxima, closest to Zhezkazgan,
are outlined. They are given names and numbers: gravity
maximum — 1 (the Near), gravity maximum — 2 (the Middle),
gravity maximum — 3 (the Distant), gravity maximum — 4
(the South-Eastern). The Western gravity maximum is as-
signed with number 5. It is the most thoroughly studied. In the
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centre of the triangle formed by the three gravity maxima of
Near, Middle and Distant, there is one more gravity maximum.
It is called the Central. It is assigned with number 6. This
maximum also deserves attention, although it is somewhat of
an inferior in intensity to the above mentioned three maxima.

A primary serious attention should be paid to gravity
maximum, which is large in area, the central part of which is
located at a distance of 20-22km to the east of the
Zhezkazgan city, and 40-45 km from the central part of the
Western gravity maximum, containing the Zhezkazgan field
and the fields of Taskuduk and Zhezdy. This is a gravity
maximum — 1 (the Near). Its centre is located at 47°42'N and
68°00'E. The area covered by the maximum is about 200 km?,

The gravitational situation observed here allows to hope
for the discovery of a large ore object (the second
Zhezkazgan?) located at a depth. This maximum, according
to the intensity values characterizing it, exceeds the maxi-
mum — 5 (the Western), in the contour of which there are
very large Zhezkazgan field and small Taskuduk and Zhezdy
fields, as well as a maximum — 4 (South-Eastern), to which
the large Zhaman-Aybat field and the small Taskura field are
confined. It is known that ore bodies at Zhaman-Aybat field
are located at depths of 400-700 m.

It should be noted that the centre of the gravity maximum —
1 (the Near) is located at the shortest distance from the city
of Zhezkazgan, only 20-22 km, and a railway passes through
it. This is rather essential technical-and-economic factor.

On these areas, limited in size and distinguished with the
help of the proposed innovative prediction method, it is nec-
essary to conduct research with the use of modern geophysi-
cal and geochemical methods. In particular, on these areas it
is necessary to set up and conduct a “deep” form of geo-
chemical exploration — geochemistry of the mobile form
method — MFM, etc. Since, as previously noted, the
Zhezkazgan ore fields (a very large field) and Zhaman-
Aybata (a large field) are located within the contours of rela-
tive gravity maxima, then it is natural to analyse the spatial
position of all fields in the Zhezkazgan ore region within the
gravitational field. The entire region is located in a gravita-
tional field with an intensity from -36 to +8 mGl [39].

Figures 2 and 3 show the location of the distinguished
gravity maxima and their correlation with the concentric
zones of tension and compression of three ring structures
(Zhezkazgan, Northern and South-Eastern) found in the
studied region. A very large Zhezkazgan field is located in a
distinctively manifested relative gravity maximum, men-
tioned above as the Western. A small Taskuduk field is lo-
cated within the contour of the same maximum. Both of
these fields are located in the north-eastern part of this, sig-
nificantly large in area, gravity maximum, outlined by the
isoline of -4 mGIl. The Zhezkazgan itself is located within
this maximum on a relatively small area, which is outlined
by the isoline of -2 mGl. In a similar situation, that is, near a
small maximum in area, with the same intensity of -2 mGl,
there is a small Zhezdy field, located to the south-west of the
Zhezkazgan field. All three fields (Zhezkazgan, Taskuduk
and Zhezdy) are located within the contour of a single gravi-
ty maximum, outlined by the isoline of -4 mGl (Fig. 2).

Thus, the geological data on the spatial allocation of
known deposits, combined with geophysical data on the
correlation of the fields in the region with geophysical
anomalies, indicate the high perspective of the area, enclosed
within these gravity maximum boundaries.



B. Zeylik, Y. Arshamov, R. Baratov, A. Bekbotayeva. (2021). Mining of Mineral Deposits, 15(2), 134-142

66°00°

010 20 30
legend

Bl =02 B3 (24

@ Ferrous metals: Fe - iron. Mn - manganese
cr

v

chromium, Ti - titanium

vanadium

. Non-ferrous metals: Cu
Zn - zinc
Co - cob

copper, Pb - lead

Precious metals: Au - g
Pt-p

@ radicactive metals: U - uranium

/ Salt domes

Figure 2. Fragment of the Kazakhstan minerals Map at 1:1000000 scale [40]: 1 — contours of ring structures (RS-1, RS-2 and RS-3),
taken from the Cosmogeological Map of the USSR (10); 2 — contour of the Zhezkazgan ring structure (RS-4), clearly manifes-
ted in the relief; 3 — concentric zones of tension and compression, marked with the same color as the contour of each of these
ring structures; 4 — contours of relative gravity maxima — 1, 2, 3, 4, 5, 6, within the boundaries of which the detailed explora-
tion operations and exploration drilling should be set up. In the black square — the gravity maximum — 1 (the Near), which de-
serves the most careful attention of all at this stage of research

It should be taken into account that the area of the mod-
ern Zhezkazgan ore field itself is 62 km? (very large). It
should be noted that the central, inner part of this maximum,
promising due to its confinement to the maximum, is inter-
sected by narrow compression zones of the Zhezkazgan and
Northern ring structures. At the point of their superimposi-
tion, a relatively small block of double compression is de-
termined. However, a similar situation is typical for Western
gravity maximum, which contains the Zhezkazgan,
Taskuduk and Zhezdy fields (Fig. 2). This once again under-
lines the high perspective of the area enclosed in the contour
of the Near gravity maximum.

The above constructions prove that within the entire grav-
ity maximum Near, detailed modern geochemical and geo-
physical exploration operations should be performed with the
use of the MFM method, etc., that is basic methods of geo-
chemistry and geophysics should be applied.

The complex of planned detailed geophysical and geo-
chemical works should be carefully thought out, prepared
and performed. After this, drilling of exploration wells
should be carried out. Drilling should come along with a
detailed geophysical study of the near-wellbore area, since
ore bodies are relatively narrow ribbons. The probability of a
“fault” in this situation is very significant.

The distinct manifestation of all the above mentioned ring
structures in the relief allows to assume their relatively
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young, probably Mesozoic-Cenozoic age, which casts doubt
on their ore-controlling role for Paleozoic ore objects.

In this regard, an idea arises about similar prediction con-
structions based on older ring structures depicted in satellite
images, but not manifested in the relief.

3.2. The second prediction option

The second prediction option is based on ring structures
depicted in satellite images, but not manifested in relief,
which suggests their older age, combined with a structure
manifested in the relief, but definitely containing all the
fields of the Zhezkazgan ore district.

The older age of the ring structures makes possible to
suggest their considerable erosional destruction and, there-
fore, levelling process, disappearance of their intensity and
manifestation in the relief. At the same time, erosional de-
struction, by removing the surface, clearly pronounced mor-
phological peculiarities of these structures, inevitably out-
crops their deep zones, represented by arcuate and radial
faults, which are accompanied by thick flooded zones of
crushing. These faults and zones of crushing are accentuated
by vegetation and, therefore, clearly observed in satellite
images, being not manifested or weakly manifested in the
relief. For such structures, the hypothesis about their Paleo-
zoic age, “‘conformable” to the Paleozoic age of the ore ob-
jects of this region, is more acceptable.
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Figure 3. Ring structures, manifested in the relief, are plotted from the radar satellite survey data: Zhezkazgan (center — Zh), Northern
(center — N) and South-Eastern (center — SE). Ring structures are accompanied by concentric zones of tension-decompression
(denoted by odd Roman numerals) and compression (denoted by even Roman numerals). All the fields in the region are shown.
The contours show gravity maximum — 1 (the Near), gravity maximum — 2 (the Middle), gravity maximum — 6 (the Central),
gravity maximum — 3 (the Distant), and gravity maximum, containing the Zhezkazgan, Taskuduk and Zhezdy fields (the West-

ern gravity maximum — 5)

Three such structures are taken from the Cosmogeologi-
cal Map of the USSR [41]. These three structures are plotted
on the Kazakhstan Mineral Map and are designated as RS-1,
RS-2 and RS-3 (Fig. 2). RS-4 is taken as the fourth structure
for prediction construction. This is the Zhezkazgan structure.
Although it is clearly manifested in the relief, which was
indicated above, it is admitted the possibility to use it, since
all ore objects are located inside it, close to its centre. This
suggests the possibility of their genetic relation.

In terms of prediction, as noted above, all mentioned rela-
tive gravity maxima (Near, Middle, Distant and Central) are
of great interest. In this second option of prediction, as in the
first one, the relative gravity maximum, which is located
closer to Zhezkazgan than others, is the most interesting.
This is maximum — 1 (the Near).

Based on the spatial allocation of all the copper-ore de-
posits in the Zhezkazgan region and taking into account the
spatial allocation of the centres of the four ring structures
listed above, the concentric tension and compression zones
have been constructed for each of them (Fig. 2). On the basis
of superimposition of concentric zones of tension and com-
pression of all four ring structures, blocks of the highest,
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medium and lowest tension-decompression and compression
are determined. Figure 4 presents the differentiation of such
blocks in the contour of the gravity maximum 1 — (the Near)
in this option of prediction. As it can be seen, the gravity
maximum 1- (the Near) is of particular interest in both pre-
diction options provided.

Particular attention should be paid to the fact that in the
contour of the gravity maximum 1 — (the Near), according
to both prediction options, there are sections of superimpo-
sition and overlapping the tension areas of the geological
environment.

It seems obvious to combine the two prediction options,
that is, to impose one prediction option on the other, to max-
imize the reduction of prospective areas.

This superimposition is shown in Figure 5.

In addition to the gravity maxima mentioned above, the
area of the Terekty ring structure (structure 6 in Figure 1b)
deserves particular attention.

The Terekty ring structure is a depression filled with Ear-
ly Quaternary loose sediments that are as an overlaying cover
for possible ore objects hidden at some depth (therefore, the
structure is accentuated).
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Figure 4. Fragment of the Kazakhstan Mineral Map outlined by a
black square in Figures 2 and 3 [40]: 1 — contour of the
gravity maximum — 1 (the Near); 2 — block of quadruple
tension; 3 — blocks of triple tension and single compres-
sion; 4 — blocks of double tension and double compres-
sion; 5 — blocks of triple compression and single tension;
6 — block numbers inside the gravity maximum contour

= 722 BEERs N4 s [ 6
Fragment of the Kazakhstan Mineral Map: the result of
superimposition of the prediction constructions for the
first and second options is shown. The arcuate parts of
the ring structures in the two options of prediction con-
structions are definitely different in the thickness of the
lines. Blocks are distinguished, within which repeated
paroxysms of tension and compression of the geological
environment have arisen. Tension paroxysms are char-
acterized by red numerals with a sign +. Compression
paroxysms are characterized by blue numerals with a
sign -. The most prospective blocks are those located in
the western part of the Near gravity maximum with the
values of tension and compression paroxysms +5, as
well as +5-1. As can be seen, the total area of these
blocks is relatively small. There is no need to explore the
entire area of the Near gravity maximum

Figure 5.

The gravitational field in the depression contours is cha-
racterized by values of -12 and -16 mGl, and its contours
make possible to note a certain similarity of a separate gravi-
ty maximum. If to take into account that three medium de-
posits Itauz, West Saryoba and Kipshakpay are located in the
gravitational field between the isolines from -18 to -20 mGl,
this object undoubtedly deserves serious attention!

The depression is mostly covered by Early Quaternary
loose sediments shown on the Geological Map of Kazakh-
stan at 1:1000000 scale [36] (Fig. 1c) and the Kazakhstan
Mineral Map at 1:1000000 scale [40]. The depression most
probably is a meteorite crater, like ring structure 5. Three
blocks of triple tension fall on the depression (Fig. 1f). Inside
the depression, there is the Terekty railway station, located
85 km to the east of the Zhezkazgan field.
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The fragmentation of rocks, characteristic of crater fun-
nels and contributing to the localization of hydrothermal
processes, is an additional favourable ore-localizing factor,
which draws attention to this prospective closed area. This
fragmentation should be considered as an addition to the
three cases of tension-decompression, which influences this
area of the ore-bearing region.

The area adjacent to the Sh-2 well drilled to the south of
the Zhezkazgan field deserves serious attention. A thick
stratum of pyritized grey sandstones has also been revealed
(the well is shown in Figure 1a-d). In accordance with the
proposed research methodology, based on the prediction
constructions in 2002-2003, that is, 16-17 years ago, the Sh-2
well, located to the south of the Zhezkazgan ore field, was
set by the first author. The well had a depth of 1500 m.

It was drilled through fine-grained grey sandstones with
pyrite nodules along plant remains at a depth from 1300 to
1395 m. The pyrite nodules are evident signs of hydrothermal
activity in the rocks of the ore-bearing Tuskuduk series. This
is a highly informative positive sign of exploration. If to take
into account that the thicknesses sequence in the section of
the Tuskuduk ore-bearing series in the Zhezkazgan ore region
is in the range of 200-350 m, and, at the same time, grey
sandstone with and without ore is alternating in the section
with red sandstone, argillite and siltstone, then the intersec-
tion of a thick — 95 m — stratum of fine-grained grey sand-
stone with pyrite in the general section of the Tuskuduk series
with a thickness of 205 m, crossed by a well, should attract
the closest attention. It is essential that this very important
highly informative sign is found at a fairly large distance from
the Zhezkazgan ore field — 11 km. This indicates that the area,
located south of the Zhezkazgan field is still prospective. It
should be noted that the age range of mineralization in the
studied region can be traced from the Lower Carboniferous
(Itauz field) to the Lower Permian (Taskura field).

4. Conclusions

The research results make possible to distinguish the fol-
lowing objects in the Zhezkazgan ore district to conduct
detailed prospecting and exploration operations:

1. The area of gravity maximum 1 (the Near), located in
the immediate vicinity of the Zhezkazgan city (the centre of
this area, as noted above, is only 20-22 km from it) and con-
nected with it by railway, is considered the most promising.

2. The area of gravity maximum 2 (the Middle).

3. The area of gravity maximum 3 (the Distant — Tabylga).

4. The area of gravity maximum 6 (the Central).

5. Particular attention should be paid to the area, overlaid
by a loose sediment cover and located inside the Terekty ring
structure, as well as the area adjacent to the Sh-2 well, drilled
to the south of the Zhezkazgan field, where a thick stratum of
pyritized grey sandstone is revealed at a depth.

Thus, the possibility of using a new prediction technolo-
gy based on the principles of shock-explosive tectonics
(SET), geophysical data and the use of the Earth's remote
sensing (ERS) data for local prediction has been substantiat-
ed on the example of the Zhezkazgan ore region.
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Hoga TexHoJI0risi MPOrHO3y POJ0BHI KOPMCHUX KONMAJNH VISl BUAITeHHS
nepcrneKTHBHUX Mo y 7Ke3kasraHcbKoMy pyAHOMY paiioHi

, Sl. Apmamos, P. bapatos, A. bek6oTtaena

Meta. BusiBneHHsI Ta MPOTHO3 NEpCEKTHBHHUX IIIomI JKe3KasraHChKOTO PyAHOTO paifoHy A IOCTAaHOBKM JETalbHUX IOIIYKOBO-
OLIHOYHHX POOIT 32 JOOMOT'0I0 HOBOT KOMIUICKCHOI TEXHOJIOT1] IPOrHO3HUX MOOYOB Y TE0JIOTi POJOBHUI] KOPHCHHUX KOTIAJIHH.

MeToanka. BukoprucraHo KOMIUIEKCHUH METOAMYHMI IMIAXiJ, IO BKJIIOYAE METOAM Nemn(ppyBaHHS MaTepialiB JaHUX JUCTAHIIHHOTO
3oHayBaHHs 3emui (/133), 3acTocyBaHHs reodi3MYHUX JaHUX | METOAW aHAJIOTII Ta akTyalmicTHYHuUil. Bei moOynoBn BUKOHAHI BifNOBIIHO 10
MIPUHLMIIB yaapHo-BHOyxoBoi TekToHiku (YBT). IIporno3ni nobynoBu mounHamu 3 migbopy manux JI33 s ZOCITIKYBaHOTO PErioHy i
nemrpyBaHHs Ha OCHOBI 00pOOKH pagioNoKalliifHIX KOCMIYHUX 3HIMKIB 3i cymyTHHKa Radarsat-1. O6po0Oka pamionokamifHuX KOCMi9HIX
3HIMKIB 3/iliCHIOBanacs B mporpaMHoMy komiutekci Erdas Imagine.

Pe3yabTaTn. Bunineno HOBI JTOKaNbHI IEPCIEKTHBHI IO, B MEXaX SIKHX Nepe0adaeThesl BUSIBICHHS POIOBUIIL, 3aMacH SIKUX TOBHH-
Hi 3alIOBHUTH BHCHAXEHY pyAHY 0a3y B paiioHi micta JKe3kasraH: ruioma rpapitamiiHoro Makcumymy 1 (Biuspkwii), o po3risaaeTbes K
HAMOLIBII MMEpPCIIEKTHBHA Ta PO3TalloBaHa B Oe3nocepenHiit Oim3pkocTi 10 Micta JKe3kasras; mioia rpasitaniitaoro Makcumymy 2 (Cepen-
Hilf); mwiomia, rpaBitamiiHoro Makcumymy 3 ([lanekuii-Tabmira); mioma rpasitaniiiHoro MmakcuMyMmy 6 (LlenTpanbauii). BusieHo Takox
MEPCIIEKTUBHY IUIOILY, II0 MePEeKpUTa YOXJIOM ITyXKHX BiJIKNaJeHb, PO3TAIIOBaHa BCepeuHi TepeKTiHChKOT KiNbIeBOT CTPYKTYPH, a TAKOXK
IUIONLY, II0 MMPUMHUKAE 10 cBepioBrHH 111-2, mpoOGypeHol Ha miBaeHb BiJ popoBuina JKe3kasraH i MiCTHTh MOTYKHHUH IJIACT MiPUTH30BaHUX
cipHX MCKOBHKIB.

HaykoBa HOBHM3HA. 3aCTOCYBaHHS HOBOI TEXHOJIOTIi MPOTHO3YBAHHS HA BiIMiHY BiJ BiTOMHX BU3HAYAETHCS IIUPOKUM BUKOPHCTAHHAM HO-
BITHBOI IMCTaHIIIHOI 1H(OpMaIii, 10 BUITYYa€ETHCS 3 KOCMIYHHX 3HIMKIB 1 ITiIBUIIY€ TOYHICTh BU3HAYECHHS IIEPCIIEKTHBHIX TUIOMI POIOBHIIL.

IIpakTnyHa 3HaYnMicTh. HoBa TeXHOIOTIS IPOTHO3Y POTOBHIN KOPHUCHHUX KOMAIMH TO3BOJISE Pi3KO CKOPOYYBATH IUIOMIL, IO MijyIsira-
I0Th EPIIOYEProBOMY MOIIYKY, Ta 3a0e31edye 3HauHy €KOHOMIIO KOIITIB.

Knwowuosi cnoea: npoznos, pooosuiye KOpUCHUX KONAUH, KiNbYe8i KOCMOEHHI CMPYKMYypu, KOHYeHMpUuHi 30HU, ONOKU 63AEMHO2O
HAaKIA0eHH s, epasimempis

HoBas TexHoJiorust Mporyuo3a MeCTopmee}mii IMOJIE3HBIX UCKOITAEMBIX IJIH
BbIJICJICHUSA MEPCIIEKTUBHBIX nJiomajae B JKe3ka3ranckom PYAHOM paﬁoue

, S1. Apmamos, P. baparos, A. bekOoraeBa

Lens. BousiBieHne u MporHO3 MEPCHEKTHBHBIX IUIomanei JKe3kasraHCKOoro pyIHOrO paiOHa IS TOCTAHOBKH JETAIBHBIX ITOMCKOBO-
OILICHOYHBIX pabOT C TOMOIIBEO HOBOM KOMILICKCHOH TEXHOJIOTHI MPOTHO3HBIX MOCTPOCHHH B TEOJIOTUH MECTOPOKICHUH TTOJIE3HBIX HCKOTAEMBIX.

MeToauka. cnonb30BaH KOMIUIEKCHBIH METOMUYCCKHIA TTOAXO/, BKIFOYAIONIMNA METOABI AeHA(PUPOBAHUS MATCPHATIOB TAHHBIX JH-
CTaHIIMOHHOTO 30HAUpoBanus 3emin ([I33), mpumeHeHne reoGu3nvecKux JaHHBIX U METOJBI aHAJIOTHHU M aKTyaJHCTHYecKuid. Bee moctpoe-
HUS BBITMOJHCHBI B COOTBETCTBHM C MPHHIMIIAMH yOapHO-B3pbiBHOW TekToHHKU (YBT). I[IporHo3Hbie MOCTpOCHHS HAYMHAIU C MOAOOpa
naHHbIx JI33 mi1s vccaeayeMoro pernoHa v enmpprupoBaHns Ha OCHOBE 00pabOTKH pagHoIOKAIIMOHHBIX KOCMHUYECKHX CHUMKOB CO CITyT-
Huka Radarsat-1. O6paboTka panoIOKaIIHOHHBIX KOCMIYECKHX CHIMKOB OCYIIECTBIISUIACh B porpaMMHOM Komiutekce Erdas Imagine.

Pe3yabTaThl. BoiieneHsl HOBBIE JOKAIBHBIE MEPCIEKTUBHBIC IUIOMIAIH, B Mpeenax KOTOPBIX MperosaraeTcs oOHapyKeHHEe MeCTO-
POYKICHHIA, 3aIackl KOTOPBIX OJDKHBI BOCHONHUTE HCTOIICHHYIO pYIHYIO 0a3zy B paiioHe ropona JKe3kasraH: Iuiomans TpaBUTAIHOHHOTO
makcumyma 1 (BmkHWit), paccMaTpuBaeMylo, Kak HanOosee MEepCIeKTHBHYO, PACIIONIOKEHHYIO B HEIIOCPEICTBEHHOM OIM30CTH K TOPOAY
JKeskasrany; mioniaap rpaBUTaliMOHHOr0 Makcumyma 2 (CpenHuii); miomaab, rpaBUTalliOHHOr0 Makcumyma 3 (/lanpHuii-Tabbuira); mio-
a](b TPABUTANIMOHHOTO MakcumyMa 6 (LleHTpanbHbIil). BhisBIcHA TakKe MEPCIICKTHBHAS IUIONIA b, IEPEKPHITAS YEXJIOM PBIXJIBIX OCA/IKOB,
pacrono)xeHHasi BHyTpH TepeKTHHCKOM KOJBIEBOM CTPYKTYPHI, @ TAKKe IUIOIIab, MpUMbIKatommas Kk ckBaxuHe 111-2, nmpoOypeHHOl 10kHEee
MecTopoxaeHus JKe3KazraH UMEIOIIasi MOIHBIN TUIACT MUPUTU3UPOBAHHBIX CEPBIX MECYAHUKOB.

Hayunas HoBu3Ha. [IpuMeHeHNEe HOBOW TEXHOJIOTHH MPOTHO3UPOBAHUS B OTIIMYHE OT W3BECTHBIX OMpENENIeTCS IMNUPOKHM HCIIOIB30-
BaHUEM HOBEWIIECH AMCTAaHIMOHHON MH(GOpMAalWH, M3BIEKAEMOW M3 KOCMHUYECKHX CHHMKOB, YTO MOBBIIIAET TOYHOCTH ONPENENICHHS Iep-
CIIEKTHBHBIX IUIOIIAICH MECTOPOKICHHIA.

IpakTnyeckas 3HAYUMOCTH. HOBas TEXHONOTHS MPOTHO3a MECTOPOXKACHHUH ITOJIE3HBIX HCKOIAEMBIX TO3BOJSET PE3KO COKpallaTh
IUTOIIA/IH, TTOJUIEKAIIHE TIEPBOOYEPETHOMY TIOUCKY, YTO 00ECIICYNBACT 3HAUUTEIHHYIO SKOHOMHIO CPE/ICTB.

Knrwuesvle cnosa: npocnos mecmopodicoeHuil NONe3HbIX UCKONAEMbIX, KOIbYegble KOCMO2EHHble CIPYKMYPbl, KOHYEHMPUYECKUe 30Hbl,
OIIOKU 63AUMHO20 HANONCEHUS, 2PABUMEMPUsL
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