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KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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GEOLOGICAL-GEOPHYSICAL PROSPECTING INDICATORS
OF THE ARGANATY DISTRICT PREDICTIVE BLOCKS
(EASTERN BALKHASH)

Abstract. Ground-based magnetic exploration and electrical exploration geophysical studies are carried out on
the predicted areas of the Arganaty dictrict (Eastern Balkhash), revealed by the cosmological methods. The area is in
the zone of influence of Zhongar geosuture. Paleozoic rock masses developed in the area, starting from the Silurian
to Serpukhov-Middle Carboniferous. By a qualitative interpretation of magnetic data, a number of local and linear
anomalies identified. Electrical exploration made it possible to construct pseudo-sections of primary data, pseudo-
sections of 2D inversion in three profiles. At one of the projected sites, it was possible to establish a contact of the
intrusion hidden beneath the sediments, presumably of an average composition with the volcanic-sedimentary rocks
enclosing it. Both in the endo- and in the exocontact of the intrusion, by the presence of local magnetic anomalies
and anomalies of induced polarization (IP), areas, presumably sulphide mineralization, were established. It is
recommended to drill prospecting wells in these areas.

Key words: Magnetic exploration, Electrical exploration, Anomaly, Buried granitoid, Sulphide mineralization,
Prospecting drilling.

Introduction. The Arganaty district is located in the Eastern Balkhash region, on the territory of the
Alakol area of the Almaty region. The relief of the site is flat, in places it is slightly hilly. Most of the area
is occupied by ridge and hilly-dune sands, fixed by grassy, sometimes shrub vegetation. A low-mountain
plateau rises among the plains, the marginal parts of which are named after the Arganaty, Arkharly,
Kyskash mountains with the highest absolute altitudes of 700-750 m. The northern slopes of the Arganaty
mountains are steep, sharply dissected by a thick network of ravines, separated from the adjacent plain
from the north by a tectonic ledge 100-150 m high. They are limited to a high tectonic bench and are
similar in nature to the Arganaty mountains.

In the geological structure of the studied territory, the oldest deposits are the Silurian system, which is
represented by the sediments of the Wenlock series, which form a small tectonic block in the zone of the
regional Zhongar fault on the northern edge of the Arganaty mountains. As part of the Wenlock series, a
pack of normal-sedimentary rocks — siltstones, limestones, calcareous sandstones, and a bundle of
tuffogenic-pyroclastic rocks: crystalline and ash tuffs of acidic composition interbedded with tuffogenic
sandstones are distinguished. The Devonian system is represented by sediments of the Eiffel stage, which
are known on the northern edge of the Arganaty mountains, where they are separated by tectonic contact
from the Wenlock series. Tuffogenic sandstones and siltstones consisting of angular-rounded fragments of
acidic plagioclase, acidic effusions, less often quartz porphyrites and an admixture of pyroclastic material
— volcanic ash and larger fragments of acidic, less often than average volcanic glass — predominate in the
Eifelian section. Undifferentiated Devonian-Carboniferous systems represented by volcanogenic-
sedimentary deposits of the Tastau Formation (Ds-C;ts), which agrees with a gradual transition lies on the
sediments of the middle Devonian. The retinue is represented by monotonous, predominantly fine and
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fine-grained tuffogenic and sedimentary rocks that have undergone secondary changes — silification,
sericitization, and chloritization. The Carboniferous system is represented by the deposits of the Visean
stage (C1v), developed in the Arganaty mountains. The lithological composition of the Visean deposits is
quite diverse. In the lower horizons, psammitic rocks predominate: polymictic and tuffogenic sandstones.
Conglomerate-breccia and fine-grained differences are of primary importance: siltstone, tuffogenic
siltstone, tuffite. Up the section, the psammitic formations replaced by a pack of uniform silty carbo-
naceous-clay shales, among which in a small amount there are siltstone, siliceous-clay, carbonaceous-
chlorite and mica schists. The total capacity of the Visean stage is up to 1100 m.

Cenozoic is represented by sandy-clay deposits in the composition of two Miocene suite: Aral and
Pavlodar, as well as pale-colored loam and gravelite and forest of Pliocene age. They come to the surface
in the central part of the area and exposed in separate areas in the south of it. The size of exposed areas
does not exceed 2-5 km.

Quaternary formations are widely developed on flat areas. They subdivided into alluvial, lacustrine,
deluvial-proluvial, takyr-salt bottom and acolian deposits, the thickness of which varies from the first to
10-20 m.

Intrusive formations. Outcrops of intrusive rocks are represented by an insignificant area of quartz
diorites, located in the southwestern part of the Arganaty mountains. The rocks of the vein facies — the
veins and dikes of acid and medium composition — are much more widespread. An array of quartz diorites
is located at the northwestern margin of the Arganaty mountains, 0.8 km northeast of an altitude of 433 m.
The body of quartz diorite has a rounded shape, somewhat elongated from the southeast to the northwest.
The size of the array is 250 x 150 m.

Hornfelsification rocks, similar to those described in the exocontact of quartz diorite massive are also
noted in other areas, located mainly in the north-eastern part. The area of the largest of them reaches
16 km?®. Hornfelsification of rocks can serve as an indication of the presence of an intrusive occurring at a
shallow depth that has not yet been eroded. Intensive development of vein formations is an additional
confirmation of this assumption. The presence here of unopened intrusion also confirmed by geophysical
data. Quartz diorite massive is probably the apical part of the dome of an intrusive body that has not yet
been exposed to erosion.

The presence of granitic pegmatites, granite-porphyre dykes and quartz porphyries among the gangue
rocks encountered in the area, which are apparently derivatives of unopened intrusion, indicates its acidic
granitoid composition. Of the rocks of the vein facies, dykes of medium composition are most common,;
acid dykes and quartz veins are less common. On a separate site revealed the veins of granite pegmatites.
The following sequence of dykes introduction is planned for the district. The most ancient are, apparently,
granite-porphyre and quartz porphyre, followed by the introduction of dykes of medium composition, and
finally, granite pegmatites and quartz veins are formed [1].

Most of the described territory confined to the Tastau structural-formation zone (SFZ). Only the
extreme, north-eastern part of the area, covered by Cenozoic formations, belongs to the Alakol structural-
formation zone. The Tastau SFZ is separated from it by the regional Zhongar fault, traced 400 km from
the Zhongar gates to the Shubartau mountains in the Northern Balkhash region.

The extensive development of Cenozoic sediments within the region under consideration does not
allow deciphering the main Paleozoic structures with sufficient completeness. The geological data
obtained as a result of the survey and editorial work of the region indicate that the Tastau SFZ during the
Devonian and Lower Carboniferous was a deflection area, where continuous sedimentation occurred.
Here, in the marine and coastal conditions, thick strata of siliceous pyroclastic and terrigenous rocks
deposited.

The main linear folded structures formed after the deposition of the Visean stage. The upper horizons
of the middle Carboniferous, which characterized by gentle platform-type brachis-folds, are sharply
inconsistent with the lower mid- Carboniferous deposits. This indicates the average carbon age of the
formation of linear folded structures of Tastau SFZ.

A sinclinorium is confined to the Tastau structural-formation zone within the region under
consideration, the most submerged part of which is located on the site of the Arganaty-Arkharly
mountains. Sinclinorium is a large structure, complicated by smaller syncline and anticline folds, which
characterized by a steep fall of the wings, and vertical and overturned occurrences are often observed.
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In the Kyskash mountains region, several syncline and anticline folds are noted. In the Arkharly
mountains there are three syncline structures, the axes of which can be traced from the southern slopes of
the mountains in the north-west and then in the latitude direction. The cores of syncline folds are
composed of calcareous rocks, the wings and the anticlines that separate them are formed by shales, tuffs
and tuffites. Along the strike of syncline structures, centricline closures associated with uplift of their
hinges often observed. The axes of the folds are somewhat tilted to the south and southwest. The
southwestern wings of the synclines fall to the northeast at an angle of 50-60°, while the northeastern
wings have vertical or overturned beddings with a fall to the northeast at an angle of 80-85°.

Two syncline structures, the cores of which are made of calcareous rocks of the upper horizons of the
upper sub-suite of the Tastau suite, are observed to the south of the Arganaty mountains. The axes of the
synclines extend from the eastern border of the territory in question in the latitudine direction; in the
western part of the Arganaty mountains, they turn steeply to the south and north-west of the Kok-Donbuk
hill, extend in a sub-latitudine direction with a slight deviation to the south-west. There are also several
cases of centricline closure of synclines associated with the undulation of hinges.

In the Arganaty mountains, between the faults that flank the regional Zhongar fault, a graben is
formed, which is made up of intensively stationed Visean sediments. Breeds are collected here in steep
folds, the fall of the wings of which is 60-80°. Two anticline folds are outlined, the cores of which are
composed of sandstones and conglomerate-breccias of the lower horizons of the Visean stage. The wings
of the anticlines and the adjacent synclines formed by the carbonaceous-shale of the upper horizons of the
Visean layer. The axis of the folds extends in the northeastern direction.

Fault tectonics has a significant impact on the geological structure of the area. Two main fault
systems are clearly distinguished: the northwest and northeast. The most widespread and clearly expressed
faults of the north-west strike. This system includes the regional Zhongar Fault and several associated with
it faults in the area of the Arganaty mountains. The Zhongar fault has an ancient foundation and long-term
development. During the Devonian, Carboniferous, and Permian, it was the boundary of two structural-
facies regions. In the zone of the Zhongar deep fault, which is the eastern geosuture fragments between the
first and second core structures of the nuclear, large amplitude movements (up to 9 km) occurred, resulting
in contact of the Silurian and upper horizons of the Lower Carboniferous. The Zhongar fault in the
Arganaty mountains is fledged by small fracture faults along the latitudine and northeastern directions,
which by their significance are large faults limiting the Visean graben.

In the Remote sensing research process, the most promising areas were identified [2-5]. Ground
prospecting routes, areal geophysical studies: magnetometric and electrometric mappings were carried out
for the formulation of prospecting operations.

Methods and Results. Below are the results of ground geophysical works carried out on the research
area. Magnetometric work was carried out at 9 local sites. Electrical exploration by the method of induced
polarization (IP) carried out in an experimental method in the local area 4 (figure 1).

Magnetic exploration carried out using high-precision MM-61 proton magnetometers. Technical
characteristics of the device allow to achieve high accuracy of shooting. Before starting the survey, a
control point and a place for the installation of a magnetovarization station selected near the work site, one
place for all sites. The choice was made based on the requirements: the absence of a high magnetic field
gradient (less than 5 nT/10 meters) and sources of technical interference. The magnetometer MM-61,
operating in automatic mode with a measurement interval of 60 seconds, was used as a magnetovariation
station. Before starting work, the magnetometers synchronized in time to within one second. At the
beginning and at the end of each route, control measurements made at the control point. When processing
field observations, a correction for the variation of the magnetic field introduced. The results of
specialized observations calculated relative to the control point.

Control observations were carried out by independent flights or various instruments. These flights
were carried out in such a way as to ensure representative control over the number of measurements and
the area. On the basis of the common and control measurements, the values of the mean square error
calculated both for individual profiles and for the entire survey area according to the instruction (Magnetic
Survey Instructions, 1981). The value of the mean square errors for the site was +£2,52 nT, with the volume
of control observations of 7%.
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Figure 1 — Promising blocks of Arganaty district (East Balkhash) and their numbers

Electrical exploration work was carried out in the modification of the profile soundings of the
induced polarization (IP) by the pol-dipole system in a separate designated area, where the anomaly was
identified by magnetic prospecting (section No 4 of the profile 1600, 2000, 2400).

In the process of performing electrical exploration work, the following equipment of the IP system
was used:

— 16 channel GDD IP ReceiverModel GRx8-32 (16-channel receiver IP/Resistance manufactured by
Canadian company Instrumentation GDD).

— GTT-30 Transmitter TX (Transmitter manufactured by Zonge Engineering and Research
Organization, Inc., USA).

— Generator15 kW manufactured by Zonge Engineering and Research Organization, Inc., USA.

The profile probing of the IP/Resistances carried out using a pole-dipole multi-electrode installation,
including a supply dipole (AB) and a receiving line consisting of 14 receiving dipoles.

When performing profile soundings with a step of 40 m, the following electrode alignment was used:
A =40 m, B = infinity (1000-3000 m), the distance between the measuring electrodes was 40 m, the
distance between the nearest measuring and power electrodes was 40 m. Metal stakes, up to 100 cm long,
stacked three to one ground in previously dug to a depth of 10-15 cm and poured with water. In the supply
line was used a copper cable with a section of 4 mm covered with a vinyl sheath. The installed electrodes
were filled with soil and poured on top with water while simultaneously mixing the soil. Non-polarizable
ceramic electrodes with a solution of copper sulfate, whose own EMF did not exceed 2 mlV, were used as
receiving electrodes. The diameter of the cross-section of an insulated eight-core copper wire of the UTP
Se category in the receiving line was 8x1 mm. The actual values of contact resistances at the dipoles of the
receiving line were within 6 kOhm. In general, they were distributed in the range of 1-4 kOhm.

The transmitter and receiver were synchronized according to the standard scheme for the equipment
used on the basis of the transmitter signals recorded at one of the receiving dipoles. During the
measurement, synchronization automatically maintained, as provided for in the hardware implementation.
The actual shape of the rectangular pulses generated by the transmitter and the decay curves for each of
the receiving dipoles monitored by the operator in the process of measuring the computer screen, which is
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part of the registration system of the receiver. For the operator to enter data: profile, station, current,
distance and pitch of the receiving and supply lines.

The polarizability value recorded by the receiver for each of the specified time windows, having the
dimension [mV/V], recorded on each picket in the instrument file (date, time, profile, station, current,
polarizability, natural polarization of the field, error rate, resistance). In this case, a weighted average
calculated for all registration windows in the registration system processor, which was also recorded in the
instrument file.

When performing sensing at each picket of the profile, a series of measurements carried out,
consisting of 20-50 cycles of feeding and switching off polar opposite rectangular pulses. The duration of
the current pulse was 2 seconds, the interval between current pulses, within which the IP potential decline
recorded was 2 seconds. The process of stabilization of the measurement during many work cycles
controlled visually on the screen of a laptop computer connected to the receiver of the IV. If necessary, if
the process of stabilization of measurements in the cycle was not stable, which controlled by the absolute
error values each receiving dipole in this series of cycles, the operator performed additional series of
measurements at this point (station), which subsequently averaged during processing.

When developing electrical survey profiles, repeated measurements taken at the beginning, at the end
and at each fifth point of the installation location of the dipole AB and 14 dipoles MN. Repeated measu-
rements carried out at different current values (+/- 5 %) in the supply line. Based on the convergence of
the measurements, the quality of the survey regularly monitored.

Control measurements were made of 6.43 %, the error in polarizability was 2.1 % and the resistance
0of 1.9 %.

Processing of magnetic data divided into primary, carried out directly in the field and secondary
processing. Primary processing of field observations consisted in introducing corrections for the variation
of the geomagnetic field and calculating its values relative to the control point. Profile fragments worked
on different days were combined for each profile and the site as a whole. In addition, in the process of
field work, preliminary maps were prepared for the waste sections in the adopted profile/picket coordinate
system.

Subsequent processing included the transition from the profile/picket coordinate system to the WGS
84 system, the construction and interpretation of a magnetic field map.

Processing of the results of electrical exploration began with pre-processing, which carried out
directly in the field. The data obtained during each field day processed in the evening on the same day.
The results of the pretreatment presented in the form of pseudosections of polarizability and resistance in a
color graphic form.

The observed data for each profile for each picket, on which the repeated measurements taken, were
averaged by the number of repeated measurements. Directly in the field, pseudosections built and
preliminary data inversions carried out for each profile and for the entire section.

The final data processing was carried out after the completion of the field work and included the
following steps:

— Constructing pseudosections of polarizability and resistances;

— Solving the inverse problem for geophysical profiles using successive approximations of models for
polarizability and resistance (geophysical inversions 2D).

The pseudosections of polarizability and resistance obtained from electrical sounding data represent
the express visualization of the information obtained during the survey. At the same time, the accuracy of
mapping of geological objects depends both on the degree of severity of the objects themselves in
geophysical fields, and on additional factors, including electrode effects, screen influence of low
resistance zones. The main task in the analysis of data is to represent the objects being mapped while
reducing the influence of these additional factors on this representation.

This problem solved using 2D inversions, first resistances and then polarizability. In fact, inversion is
a modern implementation of the solution of the inverse problem in geophysics.

The solution of the inverse problem in inversion algorithms carried out using an iterative selection of
a physical model based on the observed distribution of potentials in the receiving dipoles, taking into
account the location of current sources. Previously, the lower half-space divided into a set of unit cells that
approximate the physical parameters of the lower half-space. The inversion of polarizability carried out
taking into account the distribution of resistances obtained from the results of inversion.
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Figure 2 — Map of magnetic field anomalies of Block Ne 4 (normal field 57734 nT)

Magnetic exploration. Geophysical magnetic exploration work performed on selected sites with high
quality and in full, provided by the task. The work performed allowed us to obtain a new, substantially
refined, more detailed and informative version of the magnetic AT maps of the 1:10 000 scale. Experi-
mental electrical exploration work performed at section 4 in the area of the identified magnetic anomalies
on individual profiles made it possible to construct pseudosections of primary data, 2D pseudosections
inversions along these three profiles (figure 2). By qualitative interpretation of magnetic data, a selection
of a number of local and linear anomalies carried out at sites.

Conclusion. Prospects for the Arganaty district sites, according to cosmogeological studies, are
associated with the possibility of detecting endogenous metal mineralization (gold, copper, molybdenum,
lead, zinc, tin, tungsten). This mineralization is most likely associated with the manifestation of intrusive
magmatism, indicators of which (single stock, thermal impact areas on host rocks, magmatic ring
structures, halos, and individual samples containing increased amounts of copper, lead, mercury, tungsten,
and gold) are detected within the area. Here you can expect a wide range of the above-mentioned metallic
minerals.

Ground-based geophysical works (magnetic exploration and experimental electrical exploration in the
modification of core soundings caused by polarization (IP) using the pole-dipole system) were performed
at 9 local sites based on remote sensing data and analysis of geological materials of the predecessors. As a
result, in almost all areas, by analyzing the obtained magnetic maps, it is possible to identify important
structural elements, relative to the occurrence of the Paleozoic basement rocks, various dyke formations
(especially of medium composition) giving distinct positive anomalies.

Interesting data obtained at site No 4, where it was possible to establish a contact of the intrusion
buried below the loose sediments of presumably medium composition with the Devonian-Carboniferous
volcanogenic-sedimentary rocks of the Tastau formation. At the same time, in both the endo- and
exocontacts, by the presence of local magnetic anomalies and anomalies of induced polarization (IP),
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areas allegedly enriched with sulfide mineralization identified. It recommended to drilling prospecting
wells.

Acknowledgement. The work carried out within the program-targeted financing theme of the
Republic of Kazakhstan 2018/BR05233713 “Integrated geological study of the subsurface for the
development of the resource base and new sources of ore raw materials in Kazakhstan”.
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APFAHATDBI AYJAHBI BOJIZKKAM/BIK BOJIKIIEJEPIHIH
TFEOJOTUAJIBIK-TEO®U3UKAJIBIK I3JIEY BEJI'TJIEPI (IHBIFBIC BAJIKAIIIMAHBI)

Annoranus. 3eprrenred anay [lIereic bamkammMaHsiHIa, ATMAaTE OOJBICHT AJTaKeN aylaHBIHBIH ayMarbIHIIA
opHaJlacKaH. AJIaHHBIH Oenepi ’Ka3bIK, Kei jkepiiepiHie MareiH Teberep 0ap. AlaHHBIH YIIKeH OelliriHae KbIpKaiaap
KOHE KYM TeMIIeNepi-IyHKbIpIapel OpHANAacKaH, OJap ©CKeH LIeNnTep TaMBIPbIMEH OeKiTiIreH, kelme Oyra
eciMIiKTep Je Ke3zmeceni. 3epleieHreH ayMaKThIH TeOJIOTHSUIBIK KYPBUIBICEIHAAFEl €H KOHE jKapasbIMIapra CHIIyp
KyieciHiH Ty3UTimMIepi xaTta/ibl, OJ1ap BEHJIOK JISTiHIH Ty3UliMepiHeH Typaabl. by Ty3inimaep ApraHaThbl TaybIHBIH
COJITYCTIK IIanraibiHAa eHipiik JKoHFap »apbUIbIMbl 30HACBIH/IAFbI IAFbIH TEKTOHMKAJIBIK OJOKTHI Kypaiinsl. EHi
300-400 M >xoHE Y3BIHIBIFBI 15 KM OOJIATBIH CHIIYP Tay>XKbIHBICTAPBIHBIH allbUILIMAAPHI CHIIK CO3BUIBIMIbI JKaphl-
JBIMIAPMEH MICKTENIN, OJIap COJTYCTITIHAC OpPTaHFhI JCBOHHAH, &l OHTYCTICIHIE CEPIyXOB-OPTAHFBI KapOOH
JKapalbIM/IapbIHaH aKbIpaThulaAbl. IHTPY3HSUIBIK Tay>KbIHBICTApP allbUIBIMAAPHI ayAaHbl OOMBIHINA IaFbIH KBAPLTHI
JIMOPUTTEp [EHENIEpIHeH Typajbl, onap ApraHaTbhl TaybIHBIH OHTYCTIK-OaThkichl Oeuirinie opHaiackaH. JKei
(hanMsCHIHBIH Tay KbIHBICTAPHI AWTAPIIBIKTal KEH TapaJiFaH, ojlapFa KbIIIKbULIBI XKHE OpTalla KypaMpl JKeliiep MeH
naiikamap >katanasl. KapacThIpBUTFaH ayJaHHBIH KaJBIITACYBI MTAIC030H TUTFOMIHIH opeKeTiMeH OainanbpIcThl JKOoHFap-
Bankamr oibICHIHBIH imki OeririHge opHalackaH j>koHe KasakcTaHHBIH OipiHIN CakWHAa KYPBUIBIMBI ayKBIMBIHIA
0O0JIBIIN TaObLIA/IBL.

ApraHaTbl alaHbIHBIH [EPCIEKTUBATIAPhI SHAOTEHAIK MeTajgap (ajaThlH, MbIC, MOJIMOACH, KOPFAChIH, MBIPBILI,
KaJlaiibl, BOJIb()paM) pyHajJaHyJapblH aHBIKTay BIKTUMAaJIBIFBIMEH OaimaHbicThl. Byn pynanany eH anipIMeH
MHTPY3USUIBIK MarMaTi3M OUTiHIMAEpIMEH OaiIaHbICThI, OJapablH Oenrijepi (kekeslereH LITOKTap, ChIMBICTBIPYIIBI
TayXbIHbICTapFa TEPMAaJbIK BIKIAJ €Ty OeiKIlenaepi, MarMaToreHiK CakWHa KYpPbUIBIMJIAp, KYpaMblHIA >KOFaphl
MeJIIIep/ie MbIC, KOPFAachblH, ChIHAI, BOJb(paM jkoHE alThIH 0ap Opeosiiap MEH KEKeJereH ChlHamajap) 3epTTelreH
ajaH ayKbIMBIH/IA aHBIKTaIFaH. MyH/1a )KOFapbla aTajFaH MeTajjiap naigansl Ka30anapblHbIH KeH CHEeKTPIiH KyTyre
Oonaisl.

JMCTaHIMSIIBIK KOCMOTEOJIOTHSUIBIK, 3€PTTEyJIEp HOTIKECIHAE €H IEepCIeKTHBANbBl €Ki OeJIiKIle aHBIKTaFaH,
OCHI JKepiepie >kepOeTUTiK Teo(H3WKaNbIK 3epTTeyliep MarHUTOMETPISUIBIK JKOHE OJJeKTpOapiay omicTepiMeH
KYPri3iireH. MarHUTOMETpUSUTBIK JKYMBICTap 9 Imekteyini Oelikmieme >KYpri3uimi. JDmektpOapiay >KYMBICTapHI
MokOypmi monspuzamus (MII) omiciMeH mekTeym 4-0erikmiene TOHKipHOETIK-9JiCTEMENiK HYCKala >KYTi3UIreH.
Drekrpbapiiay >KYMBICTapbl OACTaIKbl JIEPEKTEePiH MNCEeBIOKMMAIapblH TYPFbI3yFa MYMKIHIIK Oepji, ochuiaiiina
QJIBIHFAH YII KeCKiH OoWbIHIA 2D NHBEPCHACHIHBIH IICEBIOKHMMAIaphI KacajIbl.

30H/1bIIaY KYPTI3reH Ke3/Je KECKIHHIH op MHUKETIH/IE eJIIIeyliep Jeri OpbIHIaIFaH, op JIEeK OpTYpJIi MOJIOCTI TiK
OypBILITEl UMITYJIbCTEPAl OepyniH xoHe coHuipydiH 20-50 nukniHeH Typaabl. TOK MMITYJIBCIHIH Y3aKTBIFBI 2 ce-
KyHITBI Kypanzpl, ai aykeiMbiHa MII noreruanbHbIH KaWTy MPOLIECIH TipKey KYPri3lUireH HHTepBall Aa 2 CeKyHI.
Kenreren »yMbICTBIK HUKIJIAEP aFbIMBIHAAFHI OJIIEY HPOLECIHIH TYpPaKTalybl KOJFa aJbIIl )KYPETiH KOMIBIOTEPAIH
SKpaHbIHJIAa KO3MOJIILIepMEH KajlarainanraH, a komrneiotep MII pecuBepimer (KaOblinarbiubiMeH) Kocblrad. Kaxer
OosrraH Ke3ze, erep LMKIJIEri eNueyJepAiH TypakTaldy MpoIeci OpHBIKTHI OoJMaraHnia, Of1 LUKIJEpAiH OepiireH
nerinae opOip KaObUTHAHATHIH AWIONL OOMBIHIIA aOCONIOT KaTENKTepIiH MIamaiapbl OOWBIHINA KalaFajaHFaH.
Omnepatop OepinreH HykTeae (MMKETTE) OIIISYIESPIiH KOChIMIIA JIEKTEPiH OPBIHAAFaH, apbl Kapail eHey Iporecinae
OyJ1 exmeyIep iy OpTama MoHi aHBIKTAIFaH.

Toxipubenik amexTpOapiay KyMbICTApblH HWHTEPIIPETAlUsUIay MPOLECiHAe YHEeKTeNyaiH jkoHe OalKalaTblH
KeZIepriHiH IICeBIOKUMANIapbl TYPFBI3bUIFAH, COHBIMEH KaTap oylapAblH 2D HHBepCHsIaphIHBIH IICEBIOKUMANIAphl 1a
TYPFBI3bULABL. balikanrannail, aygaHgarsl YHEKTENTIIITIKTIH Tapalybl BIKTHMal eHIMII KaTkabaTTa Cylb(pUATepAiH
asUTBIK TapajybIHBIH KOCBHIHIBI dCEpiHe OaillaHbICThI 00ysl MyMKiH. Cynabhua MUHEpaIIaHy 30HAJIAPhl MAIC030M
OeriHeH OipHelle MeTp TEepeHIIKTe XKalFacKaH xepiiepae aiikbia OiniHerin MII acepi Oaiikananbl, MyHIail xaraaiina
KOFaphl YHeKTenrim 30Hanap anslk OutiHeni. Cynb(u MUHEpalaHy 30HACHI Y3IK-Y3iK CHIIATKa He OOJIFaH/aa yKoHe
TEpeHJIe OpHAJACKaH JKarnainapna OeHKOHTpacT aHoManusuiap Oalikanmansl. by aHomanusimapabl cynbguATEpAiH
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JKEKEeJIETeH YCaK IIOFbIPIaHyJIapbIHBIH TapallyblHa OailJIaHBICTBI TYBIHJAFaH aHOMAJl dCepJIepiHEeH aXKbIpaTy KUBIH
00J1a161. 30HAIAP OMETTE YHEKTEITIIITIK aHOMATHSUTAPBIHBIH JKOFapFrbl 0OJIIrIMeH CONKEeCTeH IIplIe .

Keneprinep (pk nceBmokumanapsl) qepextepi OOWbIHIIA, KeIEPriIepIiH e3repyi Me3030H-KaifHO301 KaTKabaThl
KaJIBIHJBIFBIHBIH apTyblHa OaiylaHbICTBI 0O0JIa/bl, OHBIH apTybIMEH KeJepri OOWbIHIIA KOPCETKIITep Je e3repei.
DJIeKTp epicTepi TapalybIHbIH JKaJIbl KOPIHICI, MarHUT OpICIHJEri CHAKThI, ©piCTEepAiH OPHBIKTHI T'PaMEHTIH
KepceTeli. OpicTepaiH KapKbIHIBUIBIFBI OOTIKIICHIH CONTYCTIK OOIIriH/Ee apTabl.

Marnur6apiay >KYMBICTapbl Korapbl Toiaikti MM-61 IpOTOHIABIK MarHUTOMETpAI MNaijainaHy apKbUIbI
Kyprizingi. KypanaslH TeXHUKAIBIK CUIATTaMachl TYCIPYIiH KOFaphl TIIITIHE KOJ KETKi3yre okenemi. JKyMBICTHI
opeiHAay MarHut epiciHig 1:10 000 macmtadtel AT KapTackIHBIH *aHa, OipImama oI )KOHE aKHmapaTThl HYCKaChIH
aiyra MyMKIiHZIK Oepzi. MarHuTOapnay qepeKTepiH camaibl HHTepIpeTanusIiay KoJIbIMeH Oeikmenepae OipkaTap
IIEKTEYJIi JKOHE CHI3BIKTHIK aHOMANWsUIap OeiKTepi aHBIKTaIAsl. MarHuTOapiay aepexTepi OOWBIHIIA €H KBI3BIFY-
HIbUTBIKKA 4-0emikine ue. bemikmenin Maraut epici ekire oemineni — CCII sxone OOB. Ockl GemKTepaiH IeKapachl
OotibHIIa HOIIK H30ChI3bIK oTeai. Opictin CCII Oeuiri aikpid oH MoHAI (rpagueHTi AT 250 HTa MoHI 11aMaceiHa
neitin). OOB Gemiri 6imama tepic rpamuentti AT -250 HTa monine ne#in. EH amapiMen, oH MoHai epic (MII
aNIeKTpOapiay KecKiHAEpiHIH AepeKTepi OOMBIHIIA CHSKTBI) TOPTTIK THICHI aCThIHJA OpTalla KypamJabl HHTPY3HS
MacCHUBI IIBIFYbIHA, OHBIH JHJO- XXOHE DK30)KallCapbIHJAFbl METACOMATO3/bIK ©3repreH TayXKbIHBICTAp 30HaJaphbl
00J1ybIHA OAMIAHBICTHI.

Tyiiin ce3mep: MaruutTi 6apiay, aJIeKTp 6apiay, aHOMaIUs, KEPJICHIeH T'PaHUTOMI, CyIb(QHUITI MUHEpAIIaHy,
Oapiay Oypreiay.
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I'EOJIOT O-TEO®PU3NYECKHUE IONCKOBBIE ITPU3HAKHA ITPOI'HO3HBIX
YUACTKOB PAVIOHA APTAHATBI (BOCTOYHOE IPUBAJIXAIIIBE)

AnnoTtanus. VccienoBanHas iomaip pacnoioxena B Bocrounom [Ipubanxaimibe, Ha TeppUTOPUE AJTaKOJIb-
CKOTO paiioHa AIIMaTHHCKOH oOnactu. Penbed miomany paBHUHHBINA, MECTaMHU cl1ab0 XOJIMHUCTHIN. bobiias 4acth
TUTOIIAIN 3aHITa TPSOOBEIMH W OYTPHUCTO-IIYHKOBBEIMH II€CKaMH, 3aKPEIUICHHBIMH TPaBSHUCTOHM, MHOTIA KycTap-
HUKOBOH pPaCTHTEIBHOCTHIO. B TeonorndeckoM CTPOCHUHM H3YYCHHOW TEPPUTOPUH CAMBIMH JPEBHUMH SBISIOTCS
OTJIOKECHHSI CHUITyPUICKOH CHCTEMBI, KOTOpas MPeICTaBlIeHa OTJIOKEHUSMH BEHJIOKCKOH CepHH, CIararoliiMi He-
OOJIBIIION TEKTOHUYECKHUiT OJIOK B 30HE pernoHabHOroO JKOHrapckoro pasioma Ha CeBEepHOI OKpauHe rop ApraHarsl.
Bexonpr cmmypuiickux mopon mupuHOH 300-400 M um gnmmHOM 15 KM OTpaHHMYEHBI pa3ioMaMy IIHPOTHOTO
MPOCTHPAHUS, KOTOPBIE OTACISIOT MX OT CPENHEro JEBOHA Ha CEBEpe M CepIyXoBa-CpeqHero xapOoHa Ha Iore.
BbIX0/bI MHTPY3UBHBIX TOPOJ] MPEICTABICHBI HE3HAYHMTENILHBIM II0 IUIONMAJA MAaCCHBOM KBAapIIEBBIX JIHOPUTOB,
PacIoJIOKEHHBIM B FOT0-3allaIHOM 9acTu rop ApraHaTbl. 3HAYUTEIBHO Oojiee IIMPOKO PACHpPOCTPAHEHBI MOPOIBI
JKWIBHOW (halliy — XKIIBI ¥ QKU KHCIOro M CpPeaHero cocraBa. PaccmarpuBaeMblil paliOH NMPUYpPOUYCH K BHYT-
penneri yactu JKonrapo-bamxamckoro mporuba, (pOpMHpPOBaHHE KOTOPOTO CBSI3aH C JESATCIBHOCTHIO Ialieco-
30HMCKOI0 TUTFOMA ¥ IIPEJCTABISACT CO00M EPBYIO KONBIEBYIO CTPYKTYpy Kazaxcrana

[lepcrekTHBHI MIIOMIAABI ApraHaThl CBSA3aHBI C BO3MOXKHOCTHIO OOHApPY>KEHHSI SHIOTCHHOTO METAJUIMYECKOTO
opyneHeHHs (30JI0TO, MeIb, MOJMOJEH, CBHHEI], IIMHK, OJOBO, BOJbh(ppaM). DTO OpyIeHEHHE, BEPOSTHEE BCETO,
CBSI3aHO C TIPOSBICHHWEM HHTPY3WBHOTO MarmMaThU3Ma, IPU3HAKH KOTOPOTO (€AMHUYHBIA IITOK, YYaCTKH TEPMUIEC-
KOT'O BO3JICUCTBHSI HA BMELIAOLINE MOPO/Ibl, MArMATOTEHHBIE KOJIBIIEBbIE CTPYKTYPbI, OPEOJIbl U OT/EIbHbIC MTPOOBI,
coJIeprKalllie TTOBBIIICHHBIE KOJINYECTBa ME/IM, CBHHIIA, PTYTH, BoJb(paMa u 30510Ta) 00HAPYKHUBAIOTCS B TIpejieiax
TUTOIIAH. 371€Ch MOKHO OKH/IATh ITUPOKHUHA CHEKTP BBHIIICYHOMSHYTHIX METAIUIH-YECKUX MOJIC3HBIX NCKOITAEMBIX.

B pesyinbTare QUCTaHIMOHHBIX KOCMOI'€OJIOTHYECKHX HCCIEeI0BaHUN OBbLIM BBIJEICHBI HaNOOJIee MEePCIIEKTHB-
HBIC YYaCTKH, Ha KOTOPBIX MPOBEICHBI Ha3eMHbIC reO(PU3MUYSCKHE MCCIICIOBAHUS ABYMsI METOJAaMu. MarHUTOMET-
pryeckre paboThl ObUTH MPOBEIEHBI Ha 9 JIOKABHBIX YYacTKax. DJIEKTPOpa3BeIouHble padOThl METOJIOM BBI3BAaHHOW
nonsipuzanuu (BIT) ObuTH MTPOBEACHBI B OMBITHO-METOAMYECKOM BapUaHTE Ha JIOKAIBHOM yd4acTke 4. DIeKTpopas-
BEJIOYHBIC Pa0OTHl Jali BO3MOXHOCTH ITOCTPOUTH ICEBIOPA3pe3bl MEPBUYHBIX JAHHBIX, NceBmopaspe3sl 2D wH-
BEPCHH TI0 3TUM TPEM IPOPHUIIIM.

[Ipu BHIMOTHEHWN 30HAMPOBAHMS HA KaXKJOM MUKETEe MPOQWIIS BHIMOIHSIACH CEPUS 3aMEPOB, COCTOAIIAS U3
20-50 UMKIOB MOJAYM W BBHIKIIOYCHHS PAa3HOMOJPHBIX IPSMOYTOIBHBIX HMMITYIBCOB. JJIHTEIHHOCTH TOKOBOTO
UMIYJIbCa COCTaBILUIA 2 CEKYHIBI, MHTEPBAJ MEKAY HMITYJIbCAMH TOKa, B Tpeaeiax KOTOPOTO OCYIIECTBIIIACH
perucTpanus mporecca craga norenuana BIl cocrapnsana 2 cexynasl. [Iponecc crabmims3annu 3amepa B T€UCHHE
MHOYKECTBa pab0YMX MUKIOB KOHTPOJIMPOBAJICS BU3YAIFHO Ha SKPaHE TEPEHOCHOTO KOMITBIOTEPA, COETUHEHHOTO C
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pecuBepoM (mpuemuukom) BII. Tlpu HEOOXOAMMOCTH, €CIHM MPOIECC CTAOWIM3AIMK 3aMEpPOB B IMKIC HE ObLI
YCTOHYMBBIM, YTO KOHTPOJMPOBAIOCH IO BETHYMHAM AaOCONIOTHBIX MOTPEIIHOCTEH IO KaXIOMy IPHEMHOMY
JUIIOJIKO B ﬂaHHOﬁ CCpUU IUKJIIOB, OINCPATOPOM BBLINOJJHAIUCH JOIMOJIHUTECIBHBIC CEPUN 3aMCPOB Ha [laHHOﬁ TOYKE
(nukeTe), KOTOpBIE B JajbHEHILIEM OCPEIHSIINCH B IIpoLiecce 00padoTKH.

B rmpouecce uHTEpHpeTalMM OINBITHBIX JJIEKTPOPA3BEIOYHBIX pPabOT OBLIM MOCTPOEHBI IICEBIOpa3pe3bl
MOJISIPU3YEMOCTH M KaXKyIIErocs COIpPOTHBIICHHS, a Takxke mcesaopaspe3sl ux 2D uuBepcumit. OTMeueHo, 4TO
pacrpezesneHie Mnojsipu3yeMOoCTH B paiiloHe MOXKET OBITh OOYCIIOBJIEHO CyMMapHBIM BJIMSHHEM (OHOBOTO pacmpe-
JIeNIeHNs CYJIb(GHUIOB B BO3MOKHOM NMPOXYKTUBHOM Toime. Tam, rae 30HbI Cynb(UIHON MHUHEpaTH3aluy 3aJeraioT
Ha TIyOMHE HECKOIBKIX METPOB OT MTOBEPXHOCTH I1aJIe03051, HAOII0gaeTCsl SIPKO BBIpaXeHHBIN a3 dexT BII, koTopsIit
KOHTPACTHO BBIJEISET 30HBI C MOBHIIICHHON MOJSPU3YEeMOCThIO. B cirydasx, xorma 30Ha CyIb(QUIHOW MUHEpaIH-
3alli¥ IIMEET MPEPHIBUCTHIA XapakTep U HAXOIUTCS Ha TITyOWHE, HaOIII0Jaf0TCs HEKOHTPACTHBIE aHOMAITUH, KOTOPHIE
TPYAHO OTHEIHTH OT AHOMAJBHOTO 3(PdeKTa, 00yCIOBICHHOTO pacCIpeleleHHeM OTACTbHBIX MEJIKHX CKOIUICHHH
cyibduaoB. 30HbI, KaK MPABUIIO, KOPPEIUPYIOTCS C BEPXHEW YaCThIO aHOMAIUH MOJISIPH-3yEMOCTH.

ITo nanHbIM compoTuBieHus (riceBaopaspesbl pk), U3MEHEHHUS] COMPOTHUBIICHHUS 3aBUCAT OT YBEJIMYCHUS MOIII-
HOCTH ME3030M-KaifHO30MCKO# TOJIIIH, C €€ YBEJIMYCHHUEM PACTET U MOKa3aHUs 110 CONpOTHBIIeHHI0. O0IIas KapTuHa
pacmpeneneHus SJIeKTPUUYECKUX TOJed, KaKk W MarHUTHOTO TOJIsl, TIOKAa3bIBaeT YCTOWYMBBIM TpagueHT TMOJei ¢
YBCIMYCHHUEM UX HHTCHCUBHOCTH B CeBepHOﬁ 4JacTH y4yacCTKa.

MarHuTropasBeo4HbIe PadOTHl OCYLIECTBIISUINCH C HCIOIb30BaHUEM BBICOKOTOYHBIX MPOTOHHBIX MarHUTOMET-
poB MM-61. TexHn4yeckne XapaKTEPUCTHKH MPUOOpPa MO3BOJISIOT JOCTHYL BEICOKOW TOYHOCTH CHEMKH. BBIMTOITHEH-
HBIe Pa0OTHI IMO3BONIMIN TMOIYYUTH HOBBIH, CYIIECTBEHHO YTOYHEHHBIH, Ooyiee AETaNbHBIH W WH(POPMAaTHUBHBIN
BapuaHT KapT MarHUTHOTO moist AT macmraba 1:10 000. ITyrem kadecTBEHHOW WHTEPIpPETAIM MarHUTOpPasBe-
JIOYHBIX JAHHBIX, MPOBEJCHO BBIACICHHE HA YYacTKaX psia JIOKAIBHBIX M JHHEHHBIX aHoManmuid. [lo maHHBIM
MarHUTOPa3BeIOYHBIX paboT Hanbosee MHTEpEeCHBIE NaHHBIE MOIYYeHBl Ha ydacTke 4. MarHMTHOE IMOJie ydacTKa
pasbusaercs Ha aBe dactu — CCB u FOKO3. Ilo rpanuiie 3THX y4acTKOB MpoxoauT Hyiesas nzonuaus. CCB gactp
MOJIT OTYETIUBO ToJjiokuTenbHa (¢ rpamgueHToM 10 AT 250 wTim). FOIO3 ywacTh OTHOCHUTENBHO OTpHUIATENbHA C
rpagueHToM 10 AT -250 HTxa. Ckopee Bcero, MojioXHTeNbHOE NOJe (KaK M 1O JaHHBIM 3JIEKTPOpPa3BEIOYHBIX
npoduieir BII) cBsi3aHO ¢ BBIXOAaMH I10J] YETBEPTUUHBIM YEXJIOM WHTPY3UBHOTO MaccHMBa CpPEJHEr0 COCTaBa, C
30HaMH METaCOMaTHYECKN U3MEHEHHBIX TIOPOJ] KaK B 3HJO-, TaK U B IK30KOHTAKTaX.

KirodeBbie cjioBa: MarHuTHas pa3BeiKa, DIIEKTPOpa3BeIka, aHOMAHSL, TOTPEOCHHBIA TPAHUTOU/, CYITb(MHUIHASL
MHUHEpaIn3alys, IIONCKOBOE OypeHHe.
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