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PREDICTED RESOURCE ASSESSMENT OF CENTRAL KAZAKHSTA ORE
DISTRICTS BASED ON AIRBORNE GEOPHYSICAL METHODS

Purpose. The research is aimed at creating a high-quality geophysical basis for the additional geological study of Central Ka-
zakhstan in determining the geological structure of the study area, identifying promising areas for further geological exploration,
as well as analyzing the anomalous distribution of various minerals.

Methodology. The research uses the methods of aecromagnetic, airborne gamma-ray spectrometry and gravimetric (ground)
surveys. The obtained new airborne geophysical data are used for additional study of the geological structure of the district and the
creation of a model of the geological structure of the study area. Gamma-ray spectrometry data analysis is conducted for detailed
mapping of intrusive complexes and study of their lithological heterogeneity.

Findings. The processing and interpretation of the materials of the conducted field studies in combination with the results of
the geological-geophysical data analysis made it possible to refine the geological structure and to present a model of ore-prospect-
ing complexes in the study area. Areas with an anomalous distribution of potassium, uranium, and thorium have been identified,
which make it possible to assess the structural heterogeneity of hidden magmatic massifs and to reveal a connection with gold,
copper-polymetallic and rare-metal mineralization. Recommendations for further detailed geological exploration, including pros-
pecting-exploration drilling, are given.

Originality. Research has shown the high efficiency of airborne geophysical methods, such as aeromagnetic and airborne gam-
ma-ray spectrometry surveys to study the geological structure of ore areas, and in combination with detailed gravimetric exploration
to identify lithological heterogeneity of igneous and sedimentary rocks in the study area. New scientific-methodological techniques
and the geological structure model based on them gave an opportunity to assess the prospect of the study area for ore mineralization.

Practical value. The identified promising areas for mining of minerals are of interest for further research and exploration. The
integrated use of geological-geophysical data will make it possible to determine more precisely the nature of radioactive anomalies
and to reveal their relationship with ore-prospecting horizons. In general, the research results contribute to increasing the effi-

ciency and reducing the geological survey costs.
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Introduction. The task of replenishing mineral resources is
becoming more and more urgent for Kazakhstan every year.
Its solution can be achieved only on the basis of further sys-
tematic study of the Republic’s subsoil at the regional, zonal
and local levels. The concept for the development of the Ka-
zakh geological industry until 2030 provides for a systematic
study of the most promising areas in order to make a reason-
able selection of local sites for detailed prospecting and explo-
ration. The program of this concept is aimed at creating a
modern cartographic geological basis, assessing predicted
mineral resources, identifying areas that are promising for dis-
covering new mineral deposits, followed by compiling a condi-
tion-based State geological map of the Republic of Kazakh-
stan at a scale of 1:200 000. Long-term and successful practice
of geological exploration in Kazakhstan, Russia and other
countries has convincingly proved the high efficiency and ex-
pediency of geophysical studies ahead of additional geological
study, including airborne geophysical magnetic-, gamma-ray
spectrometry studies and ground gravimetric exploration.

Modern Airborne Gamma-ray Spectrometry Survey
(AGSS) is one of the fastest and most economical methods of
geophysics, which is traditionally used in combination with
magnetic and electrical prospecting to study the geological
structure and assess prospects in the search for radioactive ores
and non-ferrous metal deposits [1]. By measuring the area-
averaged values of the natural content of potassium (K), ura-
nium (eU) and thorium (eT#) in the near-surface layer of rocks
and weathered materials, as well as by detecting gamma radia-
tion, the anomalous zones are identified [2]. Using parage-
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netic relationships between geochemical, ore and radioactive
elements for various rocks and genetic classes of minerals, in
addition to other prospecting methods, detailed geological
mapping and assessment of the study area prospects for gold,
copper-polymetallic and rare-metal mineralization is con-
ducted based on the identified anomalies |3, 4].

Today, airborne gamma-ray spectrometry is a mandatory
method for conducting advanced airborne geophysical surveys
for additional geological study of the study district, which
makes it possible to re-assess the predicted resources of previ-
ously surveyed areas and rationalize subsequent prospecting
and prospecting-appraisal work at the modern level [5, 6]. Ac-
cording to the Guidelines for organizing and conducting ad-
ditional geological survey at a scale of 1:200 000 in the Repub-
lic of Kazakhstan, “... a necessary condition for setting up
planned geological work is the provision of the area with high-
quality materials for geophysical, geochemical, aerial and
space surveys and topographic base, as well as a serial legend
approved by the Scientific-Editorial Council...” [7]. Planned
geological work is not allowed in the absence of condition ma-
terials for advanced geophysical-geochemical work [8].

The study area is characterized by a complex internal struc-
ture and a long, difficult stage of development. Sarysu Teniz
uplift occupies most of the study area [9]. A characteristic pe-
culiarity of this area is its blocky composition, caused by a sys-
tem of subparallel faults of northwestern and sublatitudinal
strike, separating a series of linearly lowered and uplifted
blocks, forming a series of graben-synclines [10]. The most de-
veloped orogenic complex is represented by terrestrial volcano-
genic and terrigenous Devonian molasses and a quasi-platform
folded complex, composed of a marine transgressive series of
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the Upper Devonian and Carboniferous deposits [11]. Three
structural levels are clearly distinguished in the district struc-
ture, corresponding to three major stages in its development:
Late Caledonian (geosynclinal), orogenic (postgeosynclinal)
and a folded complex of superimposed depressions [12].

In metallogenic terms, the site of work is part of the
Balkhash uranium-manganese metallogenic zone [13]. The
confinement of the territory to the junction zone of the largest
Central Kazakhstan structures, the tense tectonic situation,
the wide distribution of polyfacial igneous formations (both
outcropping on the surface and traced by geophysical methods
at depth) determine a rather high metallogenic area load, es-
pecially in its southern and eastern parts [ 14, 15]. The follow-
ing metallogenic zones have been identified in the study area:
Teniz, Sarysu Teniz, Vostochny-Sarysu Teniz (Kondrashen-
kov I.1., 1986), within the boundaries of which 30 ore occur-
rences and one medium-sized mineral deposit have been iden-
tified, a significant part of which (10 out of 30) has a pro-
nounced polymetallic specialization (Fig. 1).

In addition to uranium and manganese, the district has
gold, tin, copper, asbestos and other minerals forming non-
industrial resources [16]. Gold ore occurrences belong to the
quartz-vein genetic type and are associated with small intru-
sions of average composition [17]. Tin mineralization is repre-
sented by bedrock and placer cassiterite. Tin-bearing placers
tend to be alaskite granites of the Dalnensky massif. In the
northwestern part of the area, halos of molybdenum dissemi-
nation with a concentration of up to 0.001 % have been re-
vealed. Molybdenum halos are associated with lead (0.01 %),
zinc (0.01 %) and silver (0.00001 %). This entire group of ha-
los is associated with biotite-corniferous granites of the Upper
Ordovician age, among which aplite dikes, granite porphyries
and diorites are widely distributed [18]. As a result of the work
on deep lithogeochemistry, primary halos of copper, lead, and
zinc have been identified, which are confined mainly to the
contact of intrusive rocks with host rocks [19].

The analysis of materials on the geological-geophysical
knowledge of the study area shows that geological and detailed
prospecting work has been conducted here for quite a long time,
different-scale geological, structural-tectonic, metallogenic
maps and schemes have been constructed [20, 21]. However, in
the light of modern stratigraphic, geodynamic and metallogenic
studies, many geological data and concepts are outdated (rock
age, configuration and petrographic composition of intrusions,
tectonics, and minerals) [22, 23]. In order to summarize and
link all existing accumulated and modern geological-geophysi-
cal data, to clarify controversial and obtain new ones, addition-
al geological-geophysical studies are performed and, first of all,
modern research methods are used for advanced regional geo-
physical works at a scale of 1:50 000 [24, 25].

In order to create a high-quality geophysical basis for ad-
ditional geological study of the study area within Central Ka-
zakhstan, which covers the eastern part of Sarysu Teniz uplift,
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Fig. 1. Scheme of location of ore minerals in the study area
(Kondrashenkov I. 1., 1986)

the southern part of the Teniz Depression and the Sarysu
Teniz segment of the Devonian volcano-plutonic belt have
been studied using the methods of aeromagnetic, airborne
gamma-ray spectrometry and gravimetric (ground) surveys.
Most of the study area is characterized by low outcropping,
which gives special advantages to geophysical methods [26].

By conducting airborne geophysical measurements and
analyzing gamma-ray spectrometry data, the authors of this re-
search aim at obtaining a more accurate understanding of the
study area geological structure. This will make it possible to
identify sites with an anomalous distribution of potassium, ura-
nium, and thorium, which can be considered promising for dis-
covery of gold, copper-polymetallic and rare-metal deposits.

Research methods. The complex of geophysical works in
the study area is represented by aeromagnetic, airborne gam-
ma-ray spectrometry and gravimetric (ground) surveys. The
research uses the latest achievements in the field of airborne
geophysical work, including advanced specialized technologies
and software systems for processing and interpreting data ob-
tained through gravimetry, magnetometry and gamma-ray
spectrometry [27]. In terms of quality, the survey complies with
all modern instructive requirements and solves the set tasks of
additional geological study of areas. The actual accuracy of
geophysical measurements exceeds design accuracy [28].

Field studies. Airborne gamma-ray spectrometry is per-
formed by a regular network of 500 x 5000 m, with an average
survey flight altitude of 75 m. The survey is conducted with a
general flow around the relief. The flight altitude is controlled
according to the radio altimeter readings and is measured from
the earth’s surface. When conducting airborne gamma-ray
spectrometry survey, a digital 1024-channel spectrometer RSX-
500 with two units of NaJ (Tl) RSX-4 and RSX-5 polyscine
detectors with a total capacity of 32  is used. The detection unit
RSX-5, unlike RSX-4, comprises an additional detector with a
capacity of 4 liters, shielded from the lower half-space radiation
and designed to assess the atmospheric radon concentration.

To calculate the natural radionuclide content and total
gamma radiation dose rate, the following energy windows are
used: integrity channel: 0.4—2.81; Potassium: 1.37—1.57; Tho-
rium: 2.41-2.81; Uranium: 1.66—1.86 MeV.

The calibration operations prior to the start of the survey are
as follows: determination of the contribution rates of space radia-
tion and the background board constant; determination of the
contribution rates of the background radon component to the
standard spectrometer windows; determination of effective ab-
sorption coefficients of gamma radiation by air; determination of
sensitivities (scale factors) for standard spectrometer windows.

The contributions of space radiation and background board
constant in the standard spectrometer windows are determined
empirically from measurements of the spectrum over the water
body [29]. Measurements are made in the altitude range from
1500 to 3000 m with an interval of 300 m and duration of about
4 minutes at each altitude. The contribution rates are deter-
mined both for the main block of detectors and for the upper
half-space detector.

Determination of the contribution rates of the background ra-
don component to the standard spectrometer windows. The radon
background is calculated using a single upper half-space de-
tector. The coeflicients of the ratio of the counts in the urani-
um window (recorded by the upper half-space detector) to the
count channels of potassium, uranium, thorium and the total
counts of the lower half-space detectors are determined using
water-surface profiles [30].

The effective absorption coefficients of gamma radiation by
air are determined empirically for each window by spectrum mea-
surements. The flights are performed at altitudes from 50 to
230 m from the ground with a step of 30 m.

The concentration sensitivities (scale factors) for standard spec-
trometer windows K, U, and Th are determined according to the
data of measurements made on the calibration profile of the Aidarly
test site. Test measurements are made along the test site axial line
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in straight and reverse directions (north-south and south-north).
The flights are performed with a general flow around the relief at
altitudes from 50 to 230 m from the earth’s surface with a step of
30 m. The flight altitude is controlled according to the radio al-
timeter readings and is measured from the earth’s surface.

The aeromagnetic data collection is performed using the
second generation DAARC-500 aerogeophysical complex with
adaptive acromagnetic compensation in real time. The modulus
of the magnetic field induction vector is measured with a highly
sensitive quantum aeromagnetometer with a cesium vapor sen-
sor CS-3 manufactured by Scintrex Company (Canada). Mag-
netic field recording frequency is 10 measurements/s. The mag-
netometer sensitivity is 0.001 nTl. To take into account daily
changes in the geomagnetic field, the entire period of the aero-
magnetic survey is accompanied by the recording of geomag-
netic variations by a ground base station, set at a distance of 8§ km
from the airborne geophysical survey area. A Geometrics G-882
quantum magnetometer is used as a magnetic variation station.

To provide differential mode of geodetic referencing of air-
borne geophysical measurements, a dual-frequency L1/L2
TrimbleR7 GNSS GPS receiver is used as a ground base sta-
tion. The equipment uses an advanced GPS chip of Trimble
Maxwell™ Custom Survey GNSS.

Gamma-ray spectrometry processing is performed in two stag-
es: both by the traditional method, based on the use of count
rate data in differential windows, and by the NASVD analysis
method.

Geosoft Oasis Montaj software package is used for initial
processing and current quality control of the work. After en-
tering the gamma-ray spectrometry data from the onboard
computer into the computer memory of the field processing
complex and entering them into the program databases, the
standard technology operations for processing data from mul-
tichannel airborne gamma-ray spectrometers are performed,
namely: energy scale calibration; consideration of the “dead”
spectrometer time; consideration of the space component and
the constant component of the residual background; elimina-
tion of the variable (atmospheric) component of the residual
background — correction “for radon”. In addition to the tradi-
tional method based on the use of count rate data in differen-
tial windows, the processing of airborne gamma-ray spec-
trometry data is performed by the NASVD analysis method
(space background removal, consideration of the Compton
scattered radiation, calculation of the covariance matrix) in
the OasisMontaj program Praga 4 modulus.

At this stage, during processing, the sums of the number of
pulses within energy intervals are extracted from the spectrum,
which reflect the contribution of potassium, uranium, thori-
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Fig. 2. Airborne gamma-ray spectrometry processing results:

um, cosmic radiation, respectively, as well as dose rate to the
total spectrum. When the Compton scattering contribution is
taken into account, the contribution rates of natural radionu-
clides to the windows K, eTh, and eU are used. Further, the
pulse count rates in the standard spectrometer windows are
recalculated into the concentrations of uranium, thorium, po-
tassium (weight percent), and the exposure dose rate (EDR) of
gamma radiation (nGy/hr) is calculated (Fig. 2, a). As aresult,
a color synthesis map of the contents of potassium, uranium,
thorium and a scheme for zoning the territory according to the
values of the contents of potassium, uranium, and thorium are
presented (Fig. 2, b).

From the spectral ratios of 214Bi and 214Pb, the local gas
Rn component is calculated and a correction for “free” radon
is introduced into the uranium and total count channels. The
correction value “for radon” characterizes free radon concen-
tration in the ground-level atmosphere at the survey time and
can be used to construct the corresponding map.

Given the highly-dynamic nature of this value variability,
it makes sense to analyze the spatial changes only in the radon
concentration local component. The maximum change in the
ratio is achieved between the energy windows of 0.609 and
2.204 MeV, which is the most indicative and sustainable when
assessing the presence of radon in the atmosphere.

The procedure for analyzing airborne geophysical materials
consists of a qualitative analysis and quantitative interpretation of
the initial data and begins with the study of the survey results at the
stage of field processing of the primary data. At the stage of quali-
tative interpretation, zoning of geophysical fields is performed
with subsequent clarification of their relationship with geological
structures, as well as the identification of areas with a high content
of radioactive elements (K, U, Th). In the process of qualitative
interpretation, objects for quantitative interpretation are identified
and their parameters are assessed. In the process of analyzing air-
borne gamma-ray spectrometry data, a set of maps is used that
characterizes the radio- geochemical fields of the study area based
on the distribution of gamma-activity of rocks and the content of
radioactive elements in them, such as potassium (K), uranium (U/)
and thorium (7%). In addition to maps of the main four channels
(EDR, K, Uand Th), maps of radioactive element parameters are
used for interpretation: ratios of U/K, Th/Uand Th/U, multiplica-
tive parameter (U x K)/Th normalized to standard (Fig. 3).

Quantitative interpretation of the airborne gamma-ray spec-
trometry survey data is based on the rock difference effect in
terms of radioactive element content [31]. In this case, the val-
ue of radioactive element concentration is directly correlated
with the amount of radioactive minerals in the rock, which is
associated with structural peculiarities and specific conditions

a — exposure dose rate map; b — color synthesis map of potassium, uranium, thorium contents
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Fig. 3. Maps of radioactive element interpretation parameters:

a — uranium isoconcentrations; b — U/K ratio; ¢ — U x K/Th ratio

for the formation of rocks that determine their formation affili-
ation and age [32]. All this predetermines the mapping value of
the AGSS — data, taking into account the landscape and geo-
morphological conditions of the district. The radio-geochemi-
cal thorium and potassium fields have the greatest mapping
information. Uranium often forms supergene clusters that are
not directly related to the surrounding rocks [33].

The presence of correlations between the contents of ura-
nium and thorium, uranium and potassium, thorium and po-
tassium is a characteristic sign of an undisturbed, primary
constitutional distribution of elements. The stability of thori-
um-uranium, thorium-potassium, and uranium-potassium
ratios in radio-geochemistry is a criterion for assessing the de-
gree of rock variability and identifying zones of epigenetic re-
distribution of radioactive elements.

Radio-geochemical halos associated with minerals differ
from rocks with increased radioactivity not by the intensity of
anomalies, but by their “spectral” composition — the ratio of ra-
dioactive elements. The general pattern is the confinement of the
radio geochemical field of “ore” anomalies to areas of extreme
predominance of one or two radioactive elements, while typical
“rock” anomalies have a three-element composition with an ap-
proximately equal ratio of uranium, thorium and potassium.

Research findings. In the geological interpretation of the
performed AGS survey, the radiometric and spectrometric
characteristics of rocks are used, obtained from the data of
field studies conducted on adjacent areas. Based on it, more
reliable information has been obtained for similar rock com-
plexes, since the conditions for AGSS measurements are much
more favorable due to better outcropping.

Terrigenous-sedimentary and effusive formations of medi-
um-basic composition, in general, are characterized by low
clarke contents of radioactive elements and are practically not
differentiated from each other (EDR = 2.0—3.0 mcR/h; U =
=15-10"%%; Th=4-8-10™ %; K= 1.5-2.5 %). The separate
sections of these rocks, including lavas of andesitic-basaltic
composition, lava-breccia, ignimbrites, tuffs, confined to dif-
ferent Lower and Middle Devonian suites are characterized by
slightly increased gamma-activity and radioactive element
content (EDR=2.5-3.5mcR/h; U=1.5-10"* %; Th=6—10 x
x 107 %; K=2.0-2.5%).

Intrusive formations are noted most contrasting in radiomet-
ric properties (EDR=3.0—4.5 mcR/h; U=1.5-4.5-10"*%; Th=
=8—10-10*%; K=2.0-3.0 %). In the zones of some tectonic
disturbances, in the exo- and endo- intrusion contacts, where
there are metasomatic and near-ore alterations in the rocks occur,
the radioactive element distribution ratios are disturbed. This ra-
dio-geochemical peculiarity of potentially ore-bearing zones pre-
determines the search orientation and the AGSS method effec-
tiveness for the detection and prediction of mineralization.

Identification of intrusive bodies and complexes of various
compositions according to AGSS-data is most effective in con-

ditions of good outcropping and significant areas of their devel-
opment. At the same time, the differentiation of radio-geo-
chemical fields is directly proportional to the increase in the in-
trusion phases, reaching 2—3 times the values of the AGSS pa-
rameters. Igneous rocks are characterized by an increase in ra-
dioactive element content from coarse-crystalline to fine-crys-
talline varieties, that is, late phases and their derivatives are more
radioactive than the initial ones. On the maps of element con-
tents, the latter are detected by annular anomalies of uranium-
thorium and potassium-thorium nature, which determines the
zonal character in terms of the location of radio-geochemical
fields. Heavily eroded intrusive massifs have more radioactive
peripheral zones, and vice versa — weakly eroded massifs are
marked by radioactive element anomalies tending to the central
part of the massifs. The exocontact zones are characterized by
increases in uranium-potassium due to hornfelsing of rocks.
Acidic dikes are detected by gamma-ray anomalies of all three
elements. According to AGSS-data, zones of hydrothermalites
are identified based on the discrepancy between the measured
radioactive element concentrations and their clarkes (especially
thorium-potassium), that is, the greater this discrepancy, the
higher the degree of hydrothermal alteration in this rock.

The average background value of the exposure dose rate
(Fig. 4, a) on the study area is 69 nGy/hr (8 mcR/h). The aver-
age background potassium content is 1.29 %, the minimum is
0.05 %, the maximum is 3.63 %, and the dispersion is +0.33 %.
The entire central strip of the study area is characterized by in-
creased values (Fig. 4, b). The average background uranium
content is 4.95 - 10 %, the minimum is 0.88 - 10 %, the max-
imum is 15.74 - 10 %, and the dispersion is +0.93 - 10 %
(Fig. 4, ¢). The average background thorium content is 6.30 x
x 1074 %, the minimum content is 0.10 - 10~* %, the maximum
is 28.60 - 107 %, and the dispersion is + 1.54 - 10 % (Fig. 4, d).

The minimum values of gamma-activity have been ob-
tained above the water surface of the lakes Karatomar, Izendi,
Tuzkol, Akdalasor and others, which are of different sizes and
salinity in the area. The gabbro-diorites of the Upper Ordovi-
cian age (Tasshokinsk intrusive massif) and outcrops of carbon
deposits are noted by reduced values of the gamma radiation
dose rate up to 40 nGy/hr, potassium content 0.8 % and tho-
rium (3—4) - 10 %. According to the minimum uranium con-
tent (3—4) - 107 %, sections of the territory are distinguished,
the surface of which is represented by Quaternary deposits.

The map of potassium content in the area shows that the
outcrops of coal-bearing deposits are characterized by values
below the background ones. Areas with a high K content are
noted above the Devonian sediment outcrops (of different di-
visions and suites) and along fault lines that bound them. A se-
ries of anomalies is confined to intrusive massifs of granitoid
composition — the Amantau massif (up to 2 %), the Beladyr
massif (up to 2.4 %), the Kyzymshek massif (up to 2.2 %), and
the Akrysh massif granites (up to 2.8 %). Granitoid massifs are
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Fig. 4. Identification of anomalous zones by AGSS-data:

a — by the exposure dose rate map, b — by potassium content; ¢ —
by uranium content; d — by thorium content

characterized by a two-phase intrusion and potassium content
of the last phase. Subvolcanic bodies also of Devonian age are
characterized by increased potassium content (rhyolites, tra-
chyandesites — K content up to 3.2 %, slightly lower — basalts
up to 2 %). Thus, all anomalies in the content of potassium
tend to be Devonian age formations.

The maximum gamma radiation dose rates up to
188 nGy/hr, potassium content 3.63 %, uranium 16 - 10™* %
and thorium 29 - 10~* % are fixed in the central, southern and
eastern parts of the area, for all elements above the intrusive
massifs composed of granites.

Increased potassium content (in the central and south-cen-
tral parts of the area) is associated with outcropping Devonian
deposits, often effusive and subvolcanic bodies. Outcrops of
coal-bearing deposits (northwest, northeast and center of the
area), as well as granite massifs in the southern, eastern and
southeastern parts of the area are characterized by increased
uranium content. The maximum thorium content, as well as
uranium, is identified above intrusive formations composed of
granites. By its spectral composition, the anomaly is complex,
of thorium-uranium-potassium nature, and it is likely to be ge-
netically related to the processes of greisenization of granitoids
and may be a search sign of rare-metal mineralization. Howev-
er, the real ore content of radio-geochemical anomalies should
be assessed based on the results of targeted ground verification.

Each element maps a specific group of geological bodies or
objects. The radioactive element content changes dramatically
from point to point (not like in magnetic and gravitational fields).
Therefore, in order to remove excessive “diversity” and obtain
more statistical content values, the filtering method is used [34].

The identification of the low-frequency component by a
two-dimensional filtering method makes it possible to remove
“artifacts” from large geological objects and to distinguish lo-
cal anomalies in the content of K, U and Th of small and me-
dium sizes (Fig. 5).

An analysis of the anomalies in the U content shows that
the general uranium content background is about 5 - 10 %,
and this background for the study area has a certain tendency
in the direction from the northwest to the southeast, that is
from the more submerged part of the Teniz Depression on-
board zone. Some of the detected anomalies have a linear
shape, expressed in chains of local anomalies in a certain di-
rection. Reference of these chains to the geological map shows
that the outcrops of coal-bearing deposits, in particular the
Rusakovsk suite, correspond to the zones of anomalously high
uranium content (Fig. 6).

The distribution of uranium is strongly correlated with the
structural peculiarities of the distribution of carbon deposits in
the northwestern corner of the area, in its western and central
parts. Naturally, the increased uranium content acts as a refer-
ence point in carbon deposits. In addition, isometric areas are
distinguished in the southern and southeastern parts of the
area associated with Devonian granosyenites and leucogran-
ites (Karamenda intrusive complex, Amantau massif).

An analysis of the low-frequency component through the
thorium channel shows that its high content is concentrated in
the central and southern parts of the area and is confined to
Ordovician and Devonian diorites. According to thorium,
anomalies create volcanic bodies, outcropping intrusions,
mainly of acidic composition. On all four channels (EDR, K,
U, Th), structurally, the radioactive element contents in gra-
ben-synclinal zones are background. The statistical descrip-
tion of the identified areas is presented in the Table.

In general, based on the airborne gamma-ray spectrome-
try data, 20 zones of high radioactive element contents have
been identified. These zones comprise both anomalous groups
and individual local anomalies. The anomaly identification is
based on the excess of the average level concentrations, taking
into account the dispersion. The following levels are accepted
as the lower threshold for detecting anomalies: for exposure
dose rate — 80 nGy/hr; for potassium — 1.8 %; for uranium —
7 - 10~ %; for thorium — 9 - 107* %.

As a result of airborne gamma-ray spectrometry surveys,
12 districts (or classes) have been identified in the area, char-
acterized by different parameters of potassium, uranium and
thorium content. The nature of the gamma-radioactivity field
distribution, including its spectral composition, is clearly il-
lustrated by the color synthesis image map of potassium, ura-
nium and thorium contents (Fig. 7).

Dark colors to black correspond to areas of high radioac-
tivity with anomalously high levels of all three naturally occur-
ring radioactive elements of potassium, uranium, and thori-
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Fig. 5. Identification of the low-frequency component of local
anomalies by a two-dimensional filtering method:

a — by potassium content; b — by uranium content; ¢ — by thorium
content

um. Areas of minimum gamma radioactivity on the map are
colored white. Areas rich in thorium are colored red, urani-
um — yellow and potassium — blue.

According to the three-color mixing diagram, anomalous
areas of synchronous increase in uranium and potassium con-
tents on the map are marked green with the transition to blue
with an increase in the proportion of potassium, or with the
transition to yellow if uranium predominates. The coloring of
thorium-uranium anomalies correspondingly changes from
red through pink to yellow when the radio-geochemical type of
the anomaly changes from predominantly thorium to uranium.

As a result, based on the analysis of airborne gamma-ray
spectrometry data, additional information has been obtained
on the study area geological structure. This information forms
the basis for further research to confirm and detail the results
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of geophysical measurements and includes detailed geological
survey, well drilling, laboratory sample analysis and detailed
geophysical methods (electromagnetic survey, etc.)

Numerical modeling of gamma-ray spectrometry data can
serve as a basis for the development of new geological models
and hypotheses on the origin and structure of hidden geologi-
cal complexes of the study area, as well as for a deeper under-
standing of geological processes and related mineralization
[35]. The research results can be used to expand the boundar-
ies of the study area in adjacent districts. This will provide a
more complete picture of the geological structure and resource
potential of the entire area.

An important step in further research will be an integrated
geological-geophysical interpretation with extensive use of
geological maps, geochemical analyses of rock samples and
other information. Modeling of physical fields in the environ-
ment of modern geographic information systems will help to
obtain a more complete and accurate picture of the geological
structure and resource potential of the study area.

The research results can be used in practical activities re-
lated to geological exploration and mining of minerals in other
districts. For example, they can be used in planning of deposit
mining, well-drilling site selection and the identification of
promising sites for mining investment.

Conclusions. The analysis of gamma-ray spectrometry
data conducted in this research confirms that this method is
effective for mapping the composition of intrusive and strati-
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Table

Classification by signs of zoning of the territory according to the content of potassium, uranium, thorium

Distribu- a ) Potassium content, Uranium content, Thorium content,
Class tion des?s;:goolis % %10 % %10 %
area, % € average | dispersion | standard | average | dispersion | standard | average | dispersion | standard
1 8.06 0.84 0.13 0.156 5.59 0.49 0.088 5.54 1.05 0.189
2 1.38 0.87 0.16 0.180 7.40 0.66 0.089 5.91 0.81 0.137
3 2.51 0.95 0.17 0.176 3.64 0.65 0.178 3.55 0.60 0.169
4 36.55 1.26 0.12 0.098 4.33 0.40 0.092 5.95 0.87 0.146
5 5.38 0.85 0.15 0.171 4.26 0.48 0.113 5.13 0.96 0.187
6 23.87 1.26 0.13 0.103 5.38 0.39 0.072 6.27 0.74 0.118
7 5.35 1.62 0.12 0.073 443 0.35 0.078 6.24 0.77 0.124
8 3.43 1.26 0.17 0.136 6.03 0.82 0.136 8.78 0.92 0.104
9 5.60 1.62 0.12 0.075 5.42 0.44 0.081 6.81 0.59 0.086
10 3.05 2.25 0.25 0.110 5.34 0.67 0.126 7.93 1.20 0.152
11 4.44 1.70 0.16 0.094 5.96 0.64 0.107 9.15 111 0.122
12 0.38 1.89 0.23 0.120 8.81 1.59 0.180 15.19 3.39 0.223
R 3 4. Rakishev, B. M. (2022). About the metallogeny of Kazakhstan and
- - its significance for the forecast of mineral deposits. Engineering Jour-
S o nal of Satbayev University, 144(4), 25-33. https://doi.org/10.51301/
K o0 €jsu.2022.i4.04.
I 4 ._;_,_:. 5. Mitran, T., Sreenivas, K., Janakirama Suresh, K. G., Sujatha, G.,
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'q:-‘ clay content in soils using airborne hyperspectral data. Journal of the
) Indian Society of Remote Sensing, (49), 2611-2622. https://doi.
TR L org/10.1007/s12524-021-01415-5.
?f '," S 6. Salikhov, T.K., Tulegenova, D.K., Berdenov, Zh.G., Sarsengali-
@4 yev, R.S., & Salikhova, T.S. (2022). Study of the soil cover of ecosystems
= of the Chingirlaus district of the Western Kazakhstan region on the basis
O T B S S (e ER TR T T RN of the application of GIS technologies. Series of geology and technical sci-
Potassium nature anomalies -~ Thorium nature anomalies ences, 3(453), 226-242. https://doi.ore/10.32014/2022.2518-170x.192
G e s ) Aroi gt o g e 7. Yermolov, P., Khasen, B., Antonyuk, R., & Makat, D. (2019). Geo-
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Fig. 7. Identification of anomalies by the content of radioactive
elements

fied units, as well as separating intrusive complexes in certain
areas of Central Kazakhstan by phase and sub-phase composi-
tion. Using the obtained airborne geophysical data, the study
area geological structure has been detailed, and a model of the
study area geological structure has been developed, in which
areas with an anomalous distribution of potassium, uranium,
and thorium are identified, representing perspective for the
detection of gold, copper-polymetallic and rare-metal mines.
Further geological exploration of these sites is recommended.

Further integrated use of all available geological-geophys-
ical data in the geological interpretation of local gravitational
anomalies, an anomalous magnetic field, modern seismic
studies, taking into account radioactive element concentra-
tions, will more confidently and unambiguously determine the
nature of most newly identified radioactive anomalies. The
performed research contributes to improving the efficiency of
geological exploration in general, thereby reducing the time
and costs associated with conducting geological research.
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OuiHka MpOrHO3HUX pecypCiB PyJHUX paiioHIB
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aeporeoizH4HNX METOIB

X. Caypukos, C. Icmekosa*, A. Cipaicos,
XK. Aiidapbexos

Satbayev University, M. AnmaTu, Pecriyoinika Kazaxcran
* ABTOp-KOpeCIOHIeHT e-mail: s.istekova@satbayev.university

Merta. CTBOpeHHSI SIKiCHOI re0(hi3MIHOI OCHOBH IS TEOJIO-
riyHoro aoBuBYeHHs LleHTpanbHoro Kaszaxcrany, 1ono reosno-
riYHOro OYIOBM ILIOII JOCIIIKEHb, BUALIEHHS MEPCHEKTUB-
HUX IUISTHOK UISI OJAJIBLIMX T'€0JIOrOpO3BiayBaibHUX POOIT i
aHaJTi3y aHOMaJIBHOTO PO3ITOILTY Pi3HUX KOPUCHUX KOTTATIMH.

MeTtomauka. JIocTiKeHHS TTPOBOIUIIUCS i3 3aCTOCYBAHHSIM
METO/1iB a8pOMarHiTHOI, aeporama-creKTpoOMeTPUYHOI Ta rpa-
BiMeTpUYHOI (HazeMHOi) 3iiloMKu. OTprMaHi HOBi aeporeodi-
3UYHI 1aHi BUKOPUCTOBYBAIMCS ISl TOBUBUYEHHS T€OJIOTIYHOI
Oy/lIOBM paiiOHy Ta CTBOPEHHSI MOJEJi TeoJOoriyHOoi OymoBU
TUTONII JOCiIKEeHb. AHAJI3 TaHUX TaMMa-CIeKTPOMETpii OyB
MPOBEICHUI IS NIETAILHOTO KapTyBaHHS iHTPY3UBHUX KOMII-
JIEKCIB i BUBYEHHSI IXHBOI JTITOJIOTIYHOI HEOTHOPIAHOCTI.

PesyabTaTin. O6po0OKa Ta iHTepIipeTallisi MaTepiaiB nmpo-
BEICHUX ITOJIbOBUX MOCIIIKEHb Y KOMIUIEKCI 3 pe3yIbTaTaMu
aHaJli3y reosoro-reo@iznyHuX JaHWUX J03BOJIMJIA YTOUYHUTU
reoJIOTiYHY OYIOBY Ta ITPEICTABUTH MOJIENb PYIOIIEPCIIEKTUB-
HMX KOMILIEKCiB IUIONIi f0oC/iaKeHb. BuaineHi niasiHKu 3 aHO-
MaJIbHUM PO3IOALIOM Kajlito, ypaHy, TOpilo, 1110 T03BOJISIE
JIaTU OLIIHKY HEOIHOPiAHOCTI OYI0BU MPUXOBAHUX MarMaThy-
HUX MACHUBIB i BCTAHOBUTH 3B>$130K 13 30JI0TUM, MiTHO-TIOJIi-
METaJIeBUM i piKoMeTaJeBUM opyaHeHHsM. HaBeneHi peko-
MEHIAIIiT IJTS TTONAIBIINX AETATBHUX T€0JIOTOPO3BiTyBaTbHUX
pOoO0iT, BKJIIOUAIOUHU MOLIYKOBO-PO3BiayBabHe OYpiHHSI.

Haykosa HoBu3Ha. JlociimkeHHsT TTOKa3aau BUCOKY edek-
TUBHICTb aeporeo@izMuHuX METOMIB, TAaKMX SIK aepOMarHiTHa
Ta aeporaMa-crieKTpoMeTpUIHa 3OMKU /11 BABYEHHSI T€0JI0-
riyHOi OyIOBU PYAHUX PailOHIB, a B KOMILJIEKCi 3 JETaJIbHOIO
rpaBipO3BiIKOIO /UISI BUSIBJIEHHS JIITOJIOTYHOI HEOIHOPITHOCTI
MarMaTUYHHUX i 0CaIOBUX IipChKUX MOPi pailoHy JOCTiIKEHb.
HoBi HaykoBo-MeTOmMuHi MpuilomMy I ToOOymoBaHa Ha ix
OCHOBIi MOJIeJTb T€0JIOTYHO1 OYI0BU JaJT MOXJIUBICTb OLLIHUTH
MEePCIEKTUBHICTD IO JOCTIKEeHb Ha PYIHE OPYIHEHHS

IIpakTiyHa 3HAYMMICTb. BuineHi nepcrnekTuBHi AUTSTHKA
BUSIBJICHHSI KOPMCHUX KOTIAJIMH CTAHOBJISITh iHTEpEC IS TT0-
JaJbIIMX AOCTiIKEHb i po3Biaku. KomIiekcHe BUKOpUCTaH-
HSI T€0JIOro-Teo(i3nyHMX TaHUX TO3BOJUTH TOYHIIIIe BU3HA-
YUTU MPUPOAY PaldioOaKTUBHUX aHOMAaJiii i BCTAHOBUTU iX
3B>SI30K i3 pyHONEepCHeKTUBHUMU TOPU30HTAMM. 3arajioMm,
pe3yJbTaTu AOCiIKEHb CIPUSIOTh MiABUILEHHIO e(heKTUB-
HOCTIi Ta CKOPOUEHHIO BUTPAT Ha T€OJIOTiYHI JOCTiIKEHHSI.

KuiouoBi cioBa: aepoeama-cnekmpomempuuna 3iomka, in-
mepnpemauyis, KOPUCHI KONAAUHU, 2e0i3uuni 00CAiONceHHs,
PAlOHYBAHHA
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