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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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GEOLOGICAL INPUT DATA ANALYSIS FOR BASIN MODELING
OF THE SOUTH PART OF KARAGANDA COAL DEPOSIT

Abstract. Geological and geophysical data were analyzed to perform basin modeling of the south part of
Karaganda coal basin. In this regard, the basic material was selected, including geological structure (stratigraphy,
lithology, facial analysis of folded and faulted structures, geodynamic modeling, depositional environment).

Karaganda coal basin experienced multi-stage deformation, during the geological evolution. It is expressed in
the multiple kinds of the structural forms, which described for southern and eastern parts of the Karaganda coal
basin, in the areas of Alabass anticline, Maykuduk uplift and Spasskaya suture area. The main stages of the de-
formation, followed with orogenesis occurred in Late Paleozoic-Early Mesozoic time. The region experienced the
multi-stage development, which is observed by lithological, paleogeographical, paleotectonical and geodynamical
reconstructions.

The age of the layers was clarified using the existing biostratigraphic study results. During the modeling, initial
geological information was calibrated with coal maturation and porosity variation with the depth data. Basin
modeling allowed minimizing the geological uncertainties, such as geological reconstructions, depositional environ-
ment and enriching the database on the Karaganda coal basin geology.

Karaganda coal basin is located in the Central Kazakhstan (figure 1). It’s one of the biggest coal
basins in Central Asia with proven reserves of 41.3 billion tons. There are 11 coal mines operating and
producing 11 mln. tons of coal annually [1-3]. Moreover, there is significant potential for coal bed
methane (CBM) production. According to KazEnergy report [4], the gas content in Karaganda basin’s
coals reaches 20 cubic meters per ton of coals located up to 500 meters, 27 cubic meters for deeper coals.
The estimate of reserves of CBMis 8 trillion cubic meters. This amount is enough to supply the local
industry with gas for more than 100 years.

Understanding of the geological processes occurring in the territory of Karaganda coal basin is
essential for commercial production start. The data on the basin are abundant and were obtained in
previous studies [5]. New methods of basin analysis were developed [6]. The basin modeling is necessary
to arrange the abundant information, and identify the zones which are prolific for CBM production.

The basin modeling is the one of the methods, which utilizes the simulation of heatflow and regional
tectonics to reproduce the evolution of the basin, since its formation. The process of organic matter
maturation occurs under the influence of temperature and time, while rock compaction under the pressure.
Thermal modeling assesses the quality of geological concepts, reduces uncertainties in geological con-
ditions and ages and finally gives the input data about physical properties and maturity of rocks through
the time.

The most of Kazakhstan continent (accretionary collision paleo continent) was the extensive shelf sea
basin with terrigeneous deposition in Famennian — Early Carboniferous (figure 1, 2). In the second half of
Early Carboniferous the area was divided into Teniz, Zhezkazgan and Karaganda deposition basins with
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small isolated troughs on the north. The first two forms cupriferous and saliferous complexes, while to the
west coal-bearing complexes were formed in Karaganda, Ekibastuz and other coal fields [1-3, 7, 8, 10].

Karaganda coal basin (figure 1), located in central part of Caledonian Segment, belongs to the
intracontinental area. Carbonate-terrigencous deposits with total thickness up to 4000 meters were
accumulated in Famennian — Early Carboniferous (table 1). Famennian — Middle Carboniferous deposits
are conformable and forms single structural stage. The depositions below and above are separated by
sharp unconformities, which unites them in a single quasi-platform complex [7, 8].
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Figure 1 —Location of Karanda coalba sinrelative to Central Kazakhstan Paleozoics.
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The composition and thicknesses Famennian — Middle Carboniferous stratigraphic units are shown in
table 1. They are represented by interbedded green marine carbonate deposits, followed by grey lacustrine,
terrigeneous and coal layers with presence of the reddish continental sediment [10]. Since the Middle
Carboniferous up to Late Carboniferous terrigeneous clastic deposits are formed.

The Devonian and Late Paleozoic the subduction of Zhunghar-Balkhash oceanic crust under the
Kazakhstan continent tend to the formation of volcanic belts in the south part of Kazakhstan continent.
Zhungar-Balkhash paleo ocean’s active continental margin adjoined to the south of Karaganda coal basin.
Active magmatic events formed two continental margin type volcano-plutonic belts: 1) Devonian Central
Kazakhstan and 2) telescoped Late Paleozoic (Carboniferous-Permian) Pribalkhash-Ili (figure 2). Kara-
ganda basin was backarc basin next to active continental margin, where Devonian and Late Paleozoic
magmatic events took place. Subduction was directed from south-east to north-west in Karaganda basin
direction [7-10].

Devonian volcano-plutonic belts are heterogeneous structures of massive Emsian and Frasnian
rheolitic-granite series type volcan over intrusion. The composition of volcanic association is represented
by porfiric tuffs, lavas and ignimbrites. Among the volcanic intrusions, there is calc-alkali series, which
are shown by associations with reduced alkalinity and associations with high potassium shoshonite series
and continental molasses [7, 8]. The thickness of volcano-plutonic structures reaches 2000-3000 meters
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Table 1 — Stratigraphic column of Karaganda Basin. Bold borders show the unconformities
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Figure 2 — Paleogeographic (1) and palynpascial (2) schemes
of Central Eurasia, Early Carboniferous — Visean-Serpukhovian [7, 8].

Continental environment: 1 - uplands, 2 - lowlands, 3 - fluvial-lacustrine, 4 - carbonaceous basins, 5 - evaporite basins,
6 - rift and orogenic volcanics, 7 - marginal continental volcanic belts and mature island arcs. Marine and oceanic environments:
8 - shelf, 9 - carbonate platforms, 10 - island arcs, 11 - accretion prisms, 12 - continental slope, bathyal, 13 - deep sea (deposits of
black shales), 14 - abyssal. Tectonic and other signs: 15 - climatic boundaries (STH - subtropical humid, TRH - tropical humid,
TRA - tropical arid, EQU - equatorial), 16 - facies boundaries, 17 - subduction zones, 18 - sutures, 19 - shifts, 20 - thrusts,
21 - grabens, 22 - uncertain faults, 23 - spreading axes and transform faults, 24 - shelf shelves, 25 - carbonate platforms,
26 - modern geographic coordinates direction, 27 - paleomagnetic vectors and paleolatitudes, 28 - presumed and controversial
conditions, 29 - Main faults (figures in circles): Spass (1) Central Kazakhstan (2) Irtysh (3) Main Chingiz (4).

Microcontinent arrays: Ustyurt (UST). Sedimentary basins: Karaganda (KGB), Chu-Sarysu (CSB), Syr Darya (SDB); island
volcanic arcs and marginal continental volcano-plutonic belts: Valerianovskaya (VAA), Ili (ILA), Pribalkhash (PBA), Jarma-
Saurskaya (JSA), Bogdanshanskaya (BGA), North Pamir (NPA).

within the structure and hundreds meters outside. The belt is subdivided into Betpakdala, Sarysu-Teniz,
Bayanaul (North-Kazakhstan) and Chingiz segments laterally from the west to the east [11]. Frontal and
rear petrochemical zones exist within the belt. The zones are characterized by development of magmatic
series on the edge of high-alkali series (rear zone) in the inner part of Kazakhstan continent. Active margin
of the continent is marked by the change of petro-chemical composition in the zones between the
Zhungar-Balkhash and Ob’-Zaisan paleo oceans. In Betpakdala, Sarysu-Teniz and Bayanaul segments the
magmatism was active continental in Early Devonian — Famennian. Asymmetric magmatic zonation is
associated with the suprasubduction area [11].

In the second part of Early Carboniferous main features took place on the border between Kazakhstan
continent and Zhungar-Balkhash oceanic basin. Balkhash-Ili volcano-plutonic belt of continental margin
type is formed as the result of subduction of oceanic crust under the Kazakhstan continent. In the modern
structure of Kazakhstan paleozoics it has the shape of arc and divided into the segments (volcanic
depressions): Ili, Ketmen, Tokrau, Kalmakemel, Bakanas, Alakol. Peculiarity of the volcanism in the belt
is the equal proportion of basalt-andesitic and laparite-dacite series, but the composition changes in other
segments. Plagiolaparite-dacite series was formed in early stage of belt development in conditions of
ensialic island arc. It represented by Karkaraly suite (North Pribalkhash area). Lower Carboniferous
basalts and andesitic basalts belong to sodium and calc-alkali series with high aluminum silicate content.

Abovementioned chemical characteristics show the affiliation to the volcanic series of ensialic island
arc. The eruption of great amount of predominantly acidic volcanic rocks occurs in Middle-Late
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Carboniferous and Permian. The rocks consist of rhyolites, rhyodacites, trachyriolitesand their tuffs and
the intrusions of subalkalinegranitoids. Areas of basalt-andesitic volcanism related to suture zones, while
acid series distributed in distal parts, forming volcano-tectonic depressions, complicated by uplifts [7-10].

Karaganda segment was located on shelf marine basin attached to Spassk thrust to the south, Central
Kazakhstan fault to the east and Irtysh fault to the north-east (figure 2).

At the end of Carboniferous and Early Permian collisional stage is started. It’s related with granitoid
magmatism. Drainless intermountain depressions was formed in the Central Kazakhstan with its arid
climate. Intracontinental sea replaced the Zhungar-Balkhash oceanic basin, connected with the ocean to
the west.

Central Kazakhstan orogen growthwas terminated in Early Permian, followed by complication of the
structure in Late Permian — Triassic by slip movement, caused formation of large amplitude fault systems
(up to several hundred kilometers). Central-Kazakhstan fault with arc shape was formed on the more
ancient Ordovician-Devonian transform fault. North-East directed left-side slips was active in Spass shear
zone. Formation of the «pool-apart» type basin on the territory of Karaganda coal field was related to the
system of Early Mesozoic faults in Spass shear zone.

Collisional events caused the formation of complicated thrust and slit forms, especially on the south
part of Karaganda basin. Taldykuduk block, located there, has a border with Spass shear zone, with
distance 10-30 km from: it.

As the result of the speed of orogenic process reduced and area transformed into foreland basin.
Orogenic processes tend to the formation of uplift to the south of the basin, which was the source of mo-
lasses. Most of the sediment was deposited in the south part of Karaganda basin where the depression was
the most. Part of these molasses then was eroded during Permian-Triassic erosion on the most of Kara-
ganda basin (table 2).

Table 2 — Main structural complexes within Karaganda basin and their position within the crust

Structural complex Age, lithology Position

Neogene-Quaternary

Gravel, pebble, sand, loam, sandy loam
Triassic - Jurassic

sandstones, siltstones, marls with coal Karaganda basin
Middle Carboniferous

molasses (conglomerates, sandstones, siltstones)
Famennian — Lower Carboniferous

carbonate and terrigenous deposits with coal

Upper platform

Lower platform

Quasi platform

LowerDevonian — Frasnianstage The rim of Karaganda basin, monoclines.

Oceanic continental | contrast composition of the volcanic series - rhyolites, On the south, next to the Spass shear zone.
rhyodacites, dacites and their tuffs Has complexities in folds and faults
Silurian

Wackes, greywackes, turbidites
Middle — Upper Ordovician
andesibasalts, andesites and their tuffs
Oceanic Cambrian — Lower Ordovician North-west border of the basin and basin
jasper; flint basement

Ensial island arc The rim of Karaganda basin

Mesozoic rocks of Karaganda basin was formed in Rhetian — Lias and Dogger time. The deposition
rate increased in Rhetian — Lias was reduced to Dogger. In Rhetian the thick layer of molasses was
deposited. Lias deposits were partially eroded in the Middle of Dogger, when area relief stabilized. Cli-
mate aridization in Late Jurassic caused the termination of coals formation, which is manifested in Dogger
deposits (up to 150 meters) consist of reddish terrigeneous rocks (figure 4).

The area was uplifted and eroded by the Late Jurassic. The tectonic movements was caused by the
Late Cimmerian phase of Cimmerian orogenesis. Hercynian thrusts reactivated and new set of thrusts like
Akzhar thrust was formed. The area was exposed to denudation up to Late Jurassic — Early Paleozoic.
After the erosion, the area became covered by unlithified fluvial deposits of Neogen and Quaternary Ages.
The sediments sources were hills located to the south and supplied by the modern rivers Nura and Sarysu.
The area get its final appearance in the Middle of Neogene [7].
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Figure 3 — Schematic cross-section and map of wells representing the modeled southern bound of Karaganda basin.
Two major thrust (North-Taldykuduk ThrustNTT and Thrust 2T2) divide the model into 3 main maturation blocks.
Small amplitude faults are not shown

Karaganda basin is divided into 4 zones. They are Tentek, Sherubay-Nura, Karaganda and Verkhne-
sokurskaya. Within the basin, there are structural complexes contain Cambrian, Ordovician — Silurian,
Devonian, Carboniferous, Jurassic and Cenozoic rocks. Taldykuduk block (figure 4) suffer significant
structural transformation. It has overthrusts, thrusts and other faults, which are related to Spass shear zone.
Fault-blocked structure of the region results the formation of cleats within the coals. Therefore the area is
interesting from the CBM production point of view.

There are four stages of Carboniferous rocks deformation [6-8].

The first stage (Asturian phase) is the commencement of the collision or initial orogenesis stage,
when the depression was subdivided into Karaganda, Shiterdy, Pavlodar and Teniz synclinories (figure 2).
New thrust, including modeled North Taldykuduk thrust and Thrust 2 was originated since (figure 5). The
basin had western border with Teniz depression, and pinched out to the east.

The second stage (Pfalzian phase) is the collisional stage, which caused the compartmentalization of
coal beds by basement movement. As the result, Karaganda coal basin was subdivided into 3 parts:
western part with Zaviyalov and Samara graben-synclines, central part with Karaganda basin and eastern
part with Ashisu syncline (figure 6, 7). Zaviyalov graben-syncline and Teniz depression are separated by
Zhaksykart horst-anticline. Zhailmin horst-anticline is the border between Karaganda basin and Ashisu
syncline.

The third stage (Early Cimmerian phase) is the postcollisional stage refers toearly epeiric platform
orogenesis, which expressed in thick deposition of molasses at the end of Lias. Sediment sources were
uplifted and area was depressed. After that, the area was eroded up to Middle Dogger, when relief became
flatten. Complete isolation from Paleotethys resultedaridization of the climate.

The final stage (Late Cimmerian phase) is the postcollisional stage refers to late epeiric platform
orogenesis, followed the dogger succession, caused the territory uplift and erosion. Furthermore, the
deformation reactivates existing and generates new (Akzhar thrust) faults and thrusts. In addition to these
stages, insignificant deformation occurred in Neogene and Quaternary.

Input data, required for thermal modeling, according to [12] is following (figure 2-4):

— Structural model, including layers thickness, unconformities, faults, thrusts;

—Conceptual geological model (stratigraphic column, sedimentation settings, lithologies);

— Thermal and burial history;

— Tectonic history of the basin — tectonic model (burning, uplifting, erosion etc);

— Calibration data (vitrinite reflectance, temperature and porosity);

— Boundary conditions of water depth, heatflowand surface temperature.
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Conceptual geological model includes several parameters. Rock ages were defined by biostrati-
graphic dating and represented in table 3 as bold text. Absolute ages of those rocks were taken from
International Stratigraphic Column. Rest of layers ages were defined considering their thicknesses and
relatively even deposition rate [9].

The territory of Karaganda basin experienced the following deformation stages during its geological
evolution: Saurian, Asturian, Pfalzian, Early Cimmerian and Late Cimmerian orogenic phases. These
stages are expressed in multiple observed faults and thrusts, synclines and anticlines (figure 4). The
tectonic model, used for basin modeling is shown in table 4.
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Figure 4 — Tectonical scheme of Karaganda basin
Carboniferoussediments, suiteswithsufficientcarbonation: 1 — Tentek; 2 — Dolin; 3 — Karaganda, 4 — Ashlyarik; without
coal: 5 — Shahan (Cssh), Nadkaraganda (Cin-Cyndk) Akkuduk (C,v,ak); 6 — Tournai and Famennian deposits; 7, 8 — Givetian-
Frasnian sediments (upper substage) of south (7) and north(8) basin rims; 9 — Koblenz-Givetian volcanic successions(middle
substage); 10, 11-Lower Devonian,effusive and their tuffs of north (10) and south (11) basin rims; 12 — Silurian flysch;
13 — Ordovician volcanic deposits; 14 — Cambrian terrigineous siliciclastic deposits; 15 — Mesozoic sediments contour; 16 — over-
thrusts and thrusts; 17 — other faults.

Thus, input data for basin modeling includes a geological concept, a tectonic model of the area
geological evolution, and their thermobaric depositional conditions. The geological concept contains
information about the age of the rocks, their thickness, erosion processes.

The structure of the Karaganda basin involves the rocks of six structural-material complexes. The
basement is composed of the following complexes: 1) Cambrian-Lower Ordovician oceanic, 2) Middle-
Upper-Ordovician island arc and Silurian pre-arc and back-arc terraces, 3) Devonian marginal continental.
The cover consists of the following complexes: 4) Famennian-medium-quarry quasi-platform, 5) Triassic-
Jurassic platform (lower structural stage), 6) Neogene-Quaternary (upper structural stage). Saurian,
Asturian, Pfalzian, Early Cimmerian and Late Cimmerian orogenic phases influenced the formation of
coal rock and created complex multi-stage formed folded and discontinuous shapes. The uncertainties of
the geological concept were calibrated using data on maturity and rock deformation.
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Table 3 — Absolute ages of layers and their thicknesses

Layer name Event age Base absolute age, Ma Top absolute age, Ma Av. Thickness, m
Ql Pleistocene-Holocene 0.13 0.00 3
J _Eroded 2 Oxfordian 185.32 154.00 900
J Eroded 1 Doggerian 202.72 185.32 500
J Liasian — Doggerian 203.00 202.72 8
C_Eroded 2 Stephanian — Westphalian 313.00 295.00 2800
C Eroded 1 320.94 313.00 1500
Nadkaraganda 322.37 320.94 271
K20 322.85 322.37 90
K19 323.41 322.85 106
K18 323.85 323.41 83
K17-1 324.11 323.85 50
K16-K17 Namurian 324.21 324.11 19
K15 324.45 324.21 45
K14 324.77 324.45 60
K13 324.93 324.77 30
K13-base 325.03 324.93 20
K12-3 325.48 325.03 84
K12 325.71 325.48 45
K11 326.00 325.71 54
K10 326.17 326.00 25
K9 326.22 326.17 8
K8-1 326.30 326.22 11
K7-K8 ) 326.49 326.30 27.8
K6 Late Visean 326.72 326.49 34
K5 327.08 326.72 54
K4 327.35 327.08 40
K3 327.55 327.35 28.75
K2 328.00 327.55 67
K1 . . 329.00 328.00 64
- Middle Visean
A-suite 329.00
Table 4 — Tectonic model of Karaganda basin
Age Lithological anfl facial depositional Tecton.ic mpvement Orogenic phase
environment direction
Neogene - Quaternary Continental Uplift ~~~ Alpine
Jurassic (eroded) Uplift . .
Continental ~~~ Late Cimmerian
Doggerian Platform Immersion
- Arid . ~~~ Early Cimmerian
Liasian Immersion
Late Carboniferous - Permian Cot;tl;lizntal Uplift . if:tluzrlgi
Visean — Namurian
- Continental, shallow marine, boggy-lacustrine ) )
Visean Immersion ~~~ Saurian
Tournai - Famennian Continental, shallow marine
Early Devonian - Frasnian Andean type active continental margin Uplift ~~~ Akkadian

~~~ Unconformity
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P. M. Canpikos', B. B. Kopo6xun®

'Kazaxckuii HaIMOHAJBHBIN HCCIIe0BATENbCKUH Texandecknil yanBepeuteT uM. K. U. Carnaesa,
Anmatsl, Ka3zaxcran
KazaxcraHcko-BpUTaHCKHIT TeXHIYECKHUit yHHBepcHuTeT, Anmatel, Kazaxcran

AHAJIA3 UCXOJHBIX TEOJIO'HMYECKHUX JAHHBIX
. JJIs1 BACCEMHOBOTI'O MOJAEJIMPOBAHUSA
IO KHOU YACTHU KAPATAHJIUHCKOI'O YI'OJIBHOI'O MECTOPOXJEHUSA

AHHOTanusi. BrInonHeH aHanu3 reonoro-reou3NUecKux MaTepHaIoB Ul NPOBeJeHUs OacceifHOBOro Mojie-
JUPOBAHUS FOKHOW yacT KaparaHIWHCKOTO YTOJNIEHOTO MECTOPOKIeHHS. B 3Toil cBiA3M mogoOpaH HEOOXOIUMBIH
0a3uCHBIN MaTepual, BKIIOYAIONINA JaHHBIE 110 TEOJIOTHIECKOMY CTPOCHHIO (CTpaTurpaduul, JIUTOJIOTHH, (arnnaib-
HOMY aHQJIM3y CKJIAaI4aThIM M Pa3pbIBHBIM CTPYKTypaM, T€OAMHAMUYECKOMY MOJSIMUPOBAHHUIO, TEPMOOAPHUECKUM
YCIIOBHSIM OCaIKOHAKOIUICHHSI) pAaCCMAaTPHBAEMOT0 OOBEKTA.

B xoxme reonoruueckoit sBomrouun KaparaHanHCKUN yrojbHbIM OacceiiH HCIHbITall MHOTOATamHble aedop-
MalliH, BEIPAXKEHHBIE B MHOTOYUCIIEHHBIX COYETAHMAX CTPYKTYPHBIX (OPM, KOTOPBIE ONUCAHbI AJIs F0XKHOH U BOC-
ToyHO# wacteld Kaparanguuckoro OacceiiHa B 30Hax Auiabacckoil aHTHUKIMHAIKM, MalKyJIyKCKOTO IOAHSTHS W
Criacckoii m1oBHO# 30HbI. [J1aBHBIE 3Tanbl AeOpMaIMi COIPOBOXKAAEMbIE aKTHBHBIM OPOI€HE30M MPHUXOAITCS Ha
M03THENIaJIC0301CKO-paHHeMe3030ckoe BpeMs. Haunnas ¢ ¢hameHa, U 1o HacTosIee BpeMs peTHOH IPOLIEN CIIOXK-
HYIO0 MHOTOJ3TAITHYIO HUCTOPHIO Pa3BHUTHSL, HA YTO YKa3bIBAIOT JIUTOJOTO-(harnanbHble, najeoreorpaduieckue, mnaneo-
TEKTOHUYECKUE U T€OMHAMUYECKUE PEKOHCTPYKLIUH.

BospacT paccMaTpuBaeMBbIX TOJMII TOPHBIX HOPOJ OB yTOUHEH Ha OCHOBAaHWHM OMOCTPATHTpadMueCKUX JaHHBIX
MPEABIIYIINX HCCileioBaHui. VicxoqHas reoornyeckas nHGpopManus B MPOIECcce MOICIUPOBAHNS YBA3aHA C KallH-
OpOBOYHBIMH JTaHHBIMH 3PEJIOCTH YIJIeH M BapHAIlMsIMHU X ITOPUCTOCTH MO IiyOomnHe. bacceiiHoBoe MoaennpoBaHne
MO3BOJIMJIO CYIIECTBEHHO MMHUMH3UPOBATH I'€OJIOTMYECKNUE HEONPENEIICHHOCTH, TaKUEe KaK I'eO0JUHAMHUYECKHE pe-
KOHCTPYKIIMH, YCJIOBUSI OCaAKOHAKOIUICHUS U MOINOJHUTH 0a3y 3HAHUH O reoJIoTHYeCKOM cTpoeHuu Kaparanmus-
ckoro OacceiiHa.

P. M. Caubnconl, B. B. Kopoﬁlﬂm2

'K. W1. Cor6aeB athinars! Kasak yITTHIK TeXHHKANBIK 3epTTey yHHBEpCHTeTi, Anvarsl, KasakcTaH,
2KaSaKCTaH—BpI/ITaH TEXHUKAJIBIK YHUBEpcUTeTi, Anmatel, Kasakcran

KAPAFAH/IbI KOMIP BACCEMHIHIH OHTYCTIK BOJITTH BACCEHHIK MOJEJBAEY YIIIH
HET'I3I'1 TEOJIOTMSIJIBIK JEPEKTEPII TAJIJIAY

Annoranusi. Kaparanjpl kemip OacceiiHiHIH OHTYCTIK OeiriH OacceiHIIK MoJeNbAey YIIIH Ie0JIOrHsIIbIK-
reoU3UKaNbIK AepekTep Taiananabl. OChiFaH OalIaHBICTBI HETi3Ti JACPEKTEpTEp IPIKTENIi, OHBIH IIIHIC 3epTTEy
00BEKTICIHIH Te€0JOTHSUIBIK KYPBUIBIMBI (CTpaTUrpadus, JUTOIOTHUS, KATIapibl J)KOHE Y3UTIMII KYpbUIBIMAApIb! (a-
IUSUTBIK TaJIay, Te0IMHAMUKAJIBIK MOJICIIBICY, IOTTHIUICP IIH )KUHATYBIHBIH TEPMOOAPUKAIIBIK KaFIaibl).

Kaparanapl kemip OacceiHi reoorHsUIBIK BOJIIOLMS Ke3iH/Ie KONl caThbulbl JedopManusHbl Oactan kemri. O
Kaparanner keMip OacceiHIHIH OHTYCTIK YOHE IIBIFBIC OelikTepiHae, Anadac aHTUKIMHANG aylaHaapbiaaa, Maii-
KYABIK KeTepiniciage skoHe CIaccK IMIeTKI ayAaHbIHIa KYPBUTBIMABIK MINTHASPIH TYPJIi KUBIHTHIKTAPBIHAH KOPIHIC
Tabanel. bencenni oporeHe30eH KaTap >KYpreH AeOpMalMsSHBIH HETI3Tri Ke3eHIepi KeHWiHTi Maneo30i KoHe epTe
Me30301 yakbITBIHAA 00mbl. @amMeHHeH OacTar OYTiHTI KyHre Aeiiin Oyr aitMak KypZAeli KepcaThUIbl TaMy TapUXbIH
Kerripai. Bys1 aliMakThIH JTUTOIOTUSUIIBIK, MaieoreorpadusuibK, NaJeOTEeKTOHUKAIIBIK KOHE T'€0IMHAMHKAIIBIK PEKOH-
CTPYKIHSI HOTIDKECIHEH OaifKana bl

byran neitin xacanran OnocTaturpadusuiblK 3epTTeyJIepIiH HOTHXKENEPiH Maiijanana OThIPbIN KabaTTapablH
’Kachl aHBIKTANABL. Moaenpaey Ke3iHae 6acTamKbl TeoIOTHSIIBIK aKlapaT KeMIpAiH micin->keTiryl OofbIHIIa Kamuop-
Jiey HOTHXKEJIepiMeH KoHe KeMip KabaTTapbIHbIH TEPEHJIIKIIEH KeYeKTUIriHIH e3repyiMeH colkecteHuipiini. bac-
CeMHIK MOJIENIb/ICYy T'eOJIOTHSUIBIK PEKOHCTPYKLMS, IOTIHIUIEpAiH KUHAIYBIHBIH JKarJalbl ChIHABI Macejelep/e
TCOJIOTUSUIBIK TYPJIAYCHI3ABIKTHL a3aiiTyra MyMKIiHAIK Oepmi, xone Kaparaumel kemip OacCEeWHIHIH T€OJOTHSICHI
OolibIHIIIA AEPEKKOPIbI KEHEHTTI.
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