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Abstract. The article presents the results of a comprehensive study of the Shu-lle metallogenic zone using modern geo-
physical, geochemical methods and technologies of remote sensing of the Earth. The purpose of the study was to establish
patterns of ore deposits within the zone based on new geodynamic approaches and the integration of multidisciplinary geologi-
cal data. The relevance of the work is determined by the need to create sound predictive models of mineral deposits, including
gold, polymetals and related elements, in conditions of a complicated geological situation and the exhaustion of lightly ex-
plored resources. During the research, data from gravimetry, magnetic surveying, electromagnetic sensing and remote sensing
data, as well as geochemical characteristics of ore-bearing formations, were analyzed. These data were compared with the
results of field observations, stratigraphic and tectonic constructions. A comprehensive analysis made it possible to identify
zones of active interaction between the mantle and the earth's crust, manifested in the form of deep faults, subvertical conduc-
tive structures and tectonically weakened zones that play a key role in the formation of ore nodes. Based on a set of geophysi-
cal and geochemical features, a new approach to forecasting gold-sulfide and polymetallic mineralization is proposed. It in-
volves modeling deep structures and assessing the degree of their influence on the surface manifestations of ore mineralization.
The results obtained are of great practical importance: They can be used to optimize exploration activities, increase the effi-
ciency of drilling programs, and minimize financial costs. The proposed methodology can be successfully applied in other
metallogenic provinces of Central Asia, which emphasizes the versatility and practical significance of the work performed.
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1. Introduction Studies and analysis of the geological structure and ge-
odynamics of the Shu-lle ore zone from the position of
plume-tectonics showed its practical significance for pre-
dicting new promising areas. For this purpose, we used an
integrated approach, including geological mapping, geo-
physical studies and remote sensing. A review of the litera-
ture data was carried out, which emphasizes the importance
of works on the study of geodynamics from a new position
and adaptation of the plume-tectonic model of Kazakhstan
to assess the influence of plumes on the formation of min-
eral provinces.

The Shu-lle ore zone in South Kazakhstan is one of the
key geological structures in the region due to its rich ore
resources. Deposits of gold (Akbakai ore field), copper,
uranium and other minerals have been found in this zone,
making it an important target for geological research and
exploration. Traditional models of plume-tectonics, widely
used to study geotectonics and geodynamics, are not always
able to explain the peculiar geological structure of the area,
including the mosaic of the lithosphere and the diversity of
tectonic structures.

In recent decades, the concept of plume tectonics, which  1.1. Geological and tectonic context
links geodynamic processes with upward convective flows The Shu-lle ore zone is located within Southern Ka-
of the mantle (mantle plumes), has become increasingly  zakhstan, which can be considered as an element of the
popular [1—_6]. This mod{el represents an alternative view on  central Asian orogenic belt. This belt was formed as a
the formation of tectonic structures and ore zones. It as-  resylt of a long geological evolution starting from the Ne-
sumes that mantle plumes play a key role in the uplift of  oproterozoic, which continued into the Paleozoic and end-
matter from the Earth's depths, enriching the crust with ed in the Mesozoic-Cenozoic [7]. The zone is character-
metals and creating conditions for mineralization. In the  jzeq py a complex system of faults, the development of

case of the Shu-Ile zone, plume tectonics helps explain the  agmatism and sedimentary basins, reflecting its multi-
presence of ring structures, deep fault zones, and the asso-  stage development.

ciated magmatism and ore deposits.
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1.2. Historical overview of studies

Geological studies of the Shu-lle Zone began in the third
half of the twentieth century, when ideas about the formation
of its mineral potential were established. In the 1980s, the
fundamental series of works «Geology of the Shu-lle region»
was published, where the main tectonic elements of the zone
were described [8]. However, this very valuable series of
works was based on the ideas of the outdated paradigm and it
needs to be interpreted on the basis of new theoretical ideas,
which are confirmed in the practice of geological works.
Modern studies have shifted the focus of geodynamics of the
region to plume-tectonic concepts. The new model shows
that the territory of Kazakhstan during the Paleozoic was
affected by an active mantle plume, which influenced geotec-
tonics and mineral formation [9].

1.3. Tectonic Features

The Shu-1le zone includes several key structures:

— The Shu-lle suture is a zone of deep faulting and crush-
ing that has experienced vertical displacements. Along the
faults, the fragmented blocks, depending on their inclination
directions and vertical displacement amplitude, experienced
compression and decompression, respectively, which led to
local changes in the material composition of the geologic
structures of this zone.

— The ring structures testify to the progressive influence
of the mantle plume into the lithosphere during the Paleozo-
ic, which is accompanied by active manifestations of mag-
matism and metasomatism [10].

— Deep faults served as channels for the uplift of mantle
matter and its derivatives controlling ore mineralization [11].

As field geological studies show, these features of geodynam-
ics of this zone are well connected with the provisions of the
plume-tectonic concept and localization of ore mineralizations.

2. Materials and methods

The geological analysis of the Shu-lle ore zone employed
a comprehensive suite of methods to investigate both near-
surface and deep-seated processes, integrating field observa-
tions, laboratory analyses, geophysical surveys, and remote
sensing technologies. The methodology was designed to
elucidate the complex geodynamic processes governing the
formation of the Shu-lle metallogenic zone, with a focus on
plume-tectonic mechanisms. The study area, located within
the early Caledonian zone of Kazakhstan and intersecting the
Jalaiyr-Naiman geosuture, necessitated a multi-scale and
multi-source data integration approach to delineate crustal
structures and assess their metallogenic potential. The fol-
lowing methods were employed, building upon and extend-
ing previous research frameworks, including those outlined
by Baibatsha et al. [3].

2.1 Geologic mapping

Geologic mapping formed the cornerstone of field-based
investigations, involving systematic collection of data on the
rocks composing tectonic structures, their age, composition,
and spatial distribution. Fieldwork included detailed docu-
mentation of metamorphic, sedimentary, and magmatic com-
plexes, with samples collected for petrographic and miner-
alogical analysis. These samples were examined in their
natural occurrences and under laboratory conditions using
optical microscopy to characterize mineral assemblages and
textural relationships. The resulting data facilitated the con-
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struction of detailed geologic maps and cross-sections,
providing a robust foundation for interpreting the structural
and lithological framework of the Shu-lle zone. Mapping
efforts focused on identifying key tectonic features, such as
the Shu-lle suture, ring structures, and deep faults, which are
critical for understanding ore localization.

2.2. Geophysical studies

Geophysical methods were employed to probe the sub-
surface structure of the Shu-lle ore zone, complementing
surface geological observations. These methods included
gravimetry, magnetometry, and seismic profiling, each tar-
geting specific aspects of the lithospheric architecture.

2.2.1. Gravimetry

Gravimetric surveys analyzed residual gravity anomalies
to identify zones of increased or decreased density, which are
indicative of subsurface lithological variations and structural
discontinuities. Data were collected through ground-based
measurements and supplemented by aerial surveys, pro-
cessed using specialized software to generate anomaly maps.
These maps revealed positive anomalies associated with
ultramafic intrusions and negative anomalies corresponding
to sedimentary basins, providing insights into the distribution
of dense and less dense geological bodies.

2.2.2. Magnetometry

Magnetometric studies focused on mapping magnetic
field variations to delineate buried intrusions and tectonic
faults. High-resolution aerial surveys and ground measure-
ments were conducted, with data processed to produce mag-
netic anomaly maps. These maps highlighted linear and iso-
metric magnetic anomalies, reflecting the presence of mag-
netized bodies such as basic-ultrabasic formations and granit-
ic intrusions. The Kypshakbay Allochthon, for example, was
mapped with high-intensity linear magnetic anomalies ex-
ceeding +1000 nT, indicative of its ultramafic composition.

2.2.3. Seismic reflection profiling

Deep seismic sounding was applied to examine subhori-
zontal tectonic flow zones and their connections to crustal
anisotropy and slip surfaces. Seismic reflection profiling,
using the reflection wave method (RWM), captured intra-
crustal tectonic stratification, identifying subhorizontal and
gently inclined flow zones within the crust. These zones,
detected at depths of 10-15 km, divide the crust into upper
and lower parts, with notable discontinuities along the
boundary between the Early Precambrian basement and the
Paleozoic cover. Steep suture zones, while not directly im-
aged by RWM, were inferred from surface outcrops and
correlated with geophysical data, revealing their extension
into the mantle. The Kendyktas profile, reaching depths of up
to 50 km, underscored the central role of southwest-dipping
structures in the Shu-Ile ore belt’s crustal architecture.

2.3. Remote sensing

Remote sensing techniques utilized satellite imagery from
Landsat ETM+ and ASTER to identify tectonic structures and
ore-controlling factors. Image processing was performed using
ERDAS IMAGINE and ArcGIS, enabling the detection of
over 1800 linear structures, 119 ring structures, and numerous
areal intrusive bodies [12]. The spectral characteristics of
Landsat ETM+ (15-60 m resolution, with four visible, two
near-infrared, and one thermal band) and ASTER (15-90 m
resolution, with four visible, six near-infrared, and five thermal
bands) provided high-fidelity data for structural mapping.
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Digital elevation models (DEMs) based on SRTM (90 m reso-
lution) and ASTER GDEM (25 m resolution) were integrated
to enhance topographic and structural interpretations.

Cosmogeological mapping, a key component of remote
sensing, involved the interpretation of satellite imagery to
produce cosmostructural maps at a 1:200000 scale. These
maps identified linear, ring, and arc structures, as well as
areal bodies, across two structural levels of different ages.
Over 3000 linear structures were identified, with geological
interpretations provided for more than 1800, including fault
disruptions, layering elements, acidic dykes, and geological
boundaries. Faults were classified as primary (northwest-
trending with significant right-lateral displacements), signifi-
cant (subparallel with smaller displacements), and secondary
(shorter, sub-vertical structures). Ring structures, totaling
119, ranged in diameter from 1.5 to 190 km and were catego-
rized as metamorphogenic, magmatogenic (plutonogenic and
hypabyssal), and tectonogenic, reflecting their diverse en-
dogenous origins. Areal bodies, comprising over 450 mag-
matic rock bodies, included ultramafic and acidic intrusions,
with their orientations and thermal alteration halos providing
clues to their emplacement mechanisms.

2.4. Structural-geological mapping

Structural-geological mapping integrated surface geolog-
ical data with satellite imagery analysis to classify tectonic
units. Major structural elements, such as the Jalaiyr-Naiman
megasynclinorium and Bolattau meganticlinorium, were
delineated, reflecting first-rank tectonic features. This meth-
od combined field observations of outcrops with remote
sensing data to map fault systems, fold structures, and intru-
sive bodies. The identification of layering elements and fault-
associated cleavage highlighted folding structures, while
acidic dykes were spectrally correlated with minor intrusions.
This approach ensured a comprehensive understanding of the
tectonic framework, particularly the role of northwest-
oriented shear zones in controlling mineralization.

2.5. Stratigraphic correlation and petrological sampling

Stratigraphic correlation involved the study of sub-
intrusive and intrusive sequences through fieldwork and
laboratory analysis. SHRIMP zircon dating was applied to
pinpoint key magmatic events in the Neoproterozoic and
Paleozoic, providing temporal constraints on tectonic and
mineralization processes. Petrological sampling focused on
characterizing the mineralogical and petrographic properties
of ore-bearing formations, with samples analyzed for their
geochemical signatures to infer ore-forming processes.

2.6. Paleogeodynamic reconstruction

Paleogeodynamic reconstruction identified ancient rift
zones, back-arc basins, and volcanic arcs instrumental in ore
genesis. The study emphasized Ediacaran to Early Carbonifer-
ous tectonic regimes, reconstructing the geodynamic settings
that facilitated mantle plume activity and crustal mineraliza-
tion. This method integrated stratigraphic, geophysical, and
remote sensing data to model the evolution of the Shu-lle zone
within the broader context of the Kazakh paleocontinent.

2.7. Interpretation of ophiolite complexes

The Shu-Balkhash ophiolite complex was evaluated for its
metallogenic implications, with a focus on ophiolitic nappes and
thrust sheets. Their structural evolution and mineral potential
were assessed through field mapping and geophysical data,
highlighting their role as conduits for ore-bearing fluids.

32

2.8. Data integration

The synthesis of geological, geophysical, and cosmogeo-
logical data enabled the construction of a three-dimensional
geodynamic model of the Shu-lle zone. This model integrat-
ed seismic profiles, gravity and magnetic anomaly maps,
cosmostructural maps, and field observations to elucidate the
interplay between mantle plume activity, crustal fault sys-
tems, and mineralization processes. The model highlighted
the role of deep faults and ring structures as channels for
mantle-derived melts, providing a predictive framework for
identifying prospective ore deposits.

The methodology is built upon previous research on the
Shu-lle suture, extending earlier methods with additional mate-
rial adapted from Baibatsha et al. (2024). By combining multi-
scale data acquisition and advanced processing techniques, this
study establishes a robust framework for understanding the
geodynamic and metallogenic evolution of the Shu-lle ore zone,
with implications for regional mineral exploration.

3. Results and discussion

3.1. Geological structure

Analysis of available and obtained data has shown that
the Shu-lle zone is characterized by a mosaic structure with
alternation of sedimentary basins, intrusions and tectonic
blocks. Ring structures formed in the Neoproterozoic indi-
cate the impact of the mantle plume accompanied by mag-
matic manifestation, and linear faults of the ring structure of
northwest strike control the localization of ore formations.

3.2. Geophysical anomalies

Gravity and magnetic data revealed:

— Positive anomalies associated with ultramafic intrusions
(Figure 1) [13,14];

— Negative anomalies corresponding to sedimentary ba-
sins (Figure 2) [15].
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Figure 1. Residual anomalies map of the Ashyktas gold ore field:
1 - granitic (granite massifs are shown on the map of residual anoma-
lies Ag: 1—Mungli massif; 2 — Yergebulak massif deposits and occur-
rences of gold-secondary-quartzite type (in brackets — numbers on the
maps): a - Ashyktas (4); b —Western Ashyktas (3); Eastern Ashyktas
(5); 3—small deposits and occurrences of gold-sulfide-quartz vein
type: Ashyktas Zhilny (2), Kostakyr (6), Shubar (7), Khrustalnoye (8);
4 — Ashyktas gold ore field
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Figure 2. Scheme of the regional magnetic field of the Akba-
kai ore district: 1 — Kengir-Akbakai ore district; 2 — gold-sulfide-
quartz deposits of Akbakai type (1 —large Akbakai, 2 — medium
Svetinskoye, 3 —small Kengir, 4 —small Olimpiyskoye); 3 —deep
faults separating structural-metallogenic zones; 4 —other faults;
5 — magnetic field isolines; 6 — isolines of residual gravity anoma-
lies; 7 — reflecting sites according to seismic data; 8 — isolines of
specific arsenic ore-bearing capacity (tm/km?); 9 — line of geolog-
ical-geophysical section

3.3. Remote sensing

Space images have identified key structures (Figures 3-5)
including shear zones and intrusions associated with the
Akbakai and Ashiktas deposits [16].
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Figure 3. Scheme of coverage of the work area with space da-
ta. 1 - ASTER data; 2 — Landsat ETM+ data; 3 — mosaics based
on Landsat ETM+ data

Remote sensing analysis has identified shear zones,
dikes, and acidic intrusions that define key structural ele-
ments of the study area. These features show a clear spatial
relationship with the Akbakai and Ashiktas deposits, under-
scoring their geological significance. Overall, the results
demonstrate the effectiveness of satellite imagery in mapping
structural and lithological controls on mineralization.
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Figure 4. Dikes (shown by red arrows) and stem (shown by
blue arrow) of acidic composition in Landsat ETM+ image pro-
cessing materials

Figure 5. Bodies of sosdvig intrusions of acidic composition
near the northeastern boundary of the work area in the materials
of processing of Landsat ETM+ images by the «lron oxidesy»
method

3.4. Integration model

Synthesis of field, geological-geophysical and cosmogeo-
logical data shows that the formation of the Shu-lle suture
and its ore potential is plume-tectonic in nature. Based on the
results of the studies, linear and ring structures that determine
the localization and position of the area intrusive bodies in
the mapped zone are clearly identified (Figure 6).

Role of mantle plumes. The data obtained from the per-
formed studies indicate that the mantle plume, which led to
the splitting of the Rodinia megacontinent and the isolation
of the continent of Kazakhia in the Neoproterozoic, was
active during the Paleozoic. The active plume led to the for-
mation of ring structures and sutural zones, within which the
corresponding geologic structures and geologic formations
developed. Linear structures of different ranks were channels
of upwelling solutions that enriched the crust with metals.
Comparison of the proposed model with currently existing
global analogs (the Hawaiian Plume) confirms its adequacy.

3.5. Practical significance

Plume-tectonic model of geodynamics of Kazakhstan can
serve as a reliable theoretical basis explaining the formation
of geological structures, and allows to predict new promising
areas for mineral prospecting [17]. Ring zones of geosaturas
are a system of deep faults and crushing zones. They serve as
channels for the penetration of magmatic melts, create condi-
tions for the formation of derivative magmas in the Earth's
crust and their ore derivatives for the formation of ore depos-
its (Figure 7).
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Figure 7. The location of metallogenic belts with the largest
mineral deposits along geosuture zones (1, 2, 3) between ring
structures (I, 11, 111) (by Baibatsha, 2020)

Thus, the plume-tectonic model provides both a genetic
explanation of ore-bearing structures and a practical frame-
work for guiding mineral exploration in Kazakhstan.
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4. Conclusions

The study of the geological structure of the Shu-lle ore zone
in Kazakhstan based on the concept of plume-tectonics allowed
us to create an adequate geological model of geodynamics to
understand the complex processes that determined the geologi-
cal evolution of this region. Based on the integration of geolog-
ic mapping, geophysical studies and remote sensing data, it was
possible to confirm that mantle plumes played a key role in the
formation of the tectonic structure and mineral potential of the
Shu-Ile suture. These processes not only formed the unique
lithospheric architecture of the region but also became a
determining factor in the concentration of economically
significant mineral deposits, including gold, copper and ura-
nium. This approach allows us to rethink the geological his-
tory of the region, going beyond the traditional models of
plate tectonics, which are often insufficient to explain the
complex structural and mineral features of the territory and
are not confirmed by the practice of geological exploration.

The main tectonic elements of the Shu-lle zone, such as
ring structures, linear deep faults and tectonic flow zones, area
intrusive bodies, which led to the formation of economic min-
erals, were identified and characterized. The resulting survey
data correlated with geophysical anomalies and remote sensing
data to develop a holistic model linking mantle processes to
crustal mineralization processes, providing a favorable context
for mineral formation in the Shu-lle Zone and understanding
the relationship between deep-seated processes and metal-
logeny. This approach deepens our understanding of the
geological evolution of Kazakhstan and enriches the science
of plume-tectonics, providing a concrete example of its suc-
cessful application in a region with high tectonic and miner-
alogical complexity. The proposed theoretical ideas about the
geodynamics of the Shu-lle zone are of practical importance
in predicting promising areas for prospecting.
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Hly-1ie pyraJjbl 30HACBIHBIH F€OAUHAMMKACHI: re0pu3NKAaJbIK,
reOXUMMSIIBIK KOHE KOCMOTE€OJIOTHSJIBIK dMiCTePAiH HHTEIPALUACHI

A.B. Baitbarmal, M.K. Kem6aes!”, C.E. Pauc?, B. {u ?, A.K. AmanTtaes?, E.T. Buskpies*

1Sathayev University, Amvamot, Kazaxcman
2Xviocmon ynusepcumemi, Texac, AKIL

*Koppecnonoenyus ywin asmop: m.kembayev@satbayev.university

AngaTma. Makaiaga Kasipri 3aMaHfbl T'€O()U3UKAIBIK, TCOXUMHSJIBIK OmicTep MeH JKepai KalIBIKTHIKTAH 30HABLIAY
TEXHOJIOTWSUIAPBIH  KojaHa oTbIpsi, 1lly-Ime MerayioreHWsuIbIK 30HACHIH KEIIEHZl 3€pTTEey HOTWIKENepl KelTipiireH.
3epTTeyAiH MakcaThl )KaHa T'€OJMHAMHUKAIBIK TOCUIAEpP MEH Kelicalajbl I'eOJOTHSIIBIK JepeKTepli OipikTipy HerisiHae KeH
HBICAHJAPBIH 30HA MIETiHJE OpHAJIACy 3aHIBUIBIKTApbIH Oenriney OoibIim TaOpuiabl. JKYMBICTBIH KeOKEHTECTLNIr Kypmaedi
TeoJIOTHSUIBIK JKaraail MeH Oipiama oHail OapiilaHFaH pecypcTapIblH CapKbITybl KaFAaibIH/a alThIH, OJIMMETaIIap MeH iiecre
3JIEMEHTTEP/Ii Koca aliFaHa, Maiaaibl Kaz0anap KEHOPBIHAAPBIHBIH HETi3enreH 00/hKaM bl MOJETBACPIH KYPY KaXeTTiUTrMeH
aHbIKTaNa pl. 3epTrey OapbhIChIHAA TPaBUMETPHS, MArHUTTIK TYCIpUTIM, DJIEKTPOMAarHWTTIK 30HABIIAY >KOHE KAIIBIKTHIKTaH
30H/IBUIAY JEPEeKTepi, COHmal-ak KeH TY3UTIMAEPiHiH TeOXMMUSUIBIK CUTaTTaMaliapbl TaAaHIbl. By JIepekTep manajbik
TeOJIOTHSUIBIK Oalikaysiap HOTHIKeJIepIMEH, CTPATHrpadusUIbIK JKoHEe TEKTOHMKAIBIK KYPBIIBIMIAPMEH CAIBICTHIPbULIBI. Kemeni
Tauay MaHTHsI MEH JKep KbIPTHICHIHBIH OCJTICEHII 3apa opeKeTTeCy aiMaKTapbliH OOl KepceTyre MYMKIHIIK Oepi, 0Jiap TepeH
aKaynap, CcyOBEpTHKaJ OTKI3Till KYpbUIBIMIAp JKOHE TEKTOHMKAJBIK OOCaHChIFaH 30Halap TypiHAe OuriHexi, ojap KeH
TYHIHAEPiHIH KaNbINTacybIH/a MENIYIIi pell aTkapaabl. I eo(hM3UKaIBIK KoHE T€OXUMMUSUIIBIK OCNTinep IiH KUBIHTHIFBI HETi3iHae
AITBIH-CYIb(UATI >KOHE TOMMMETAIAB MUHEpAIAaHy/Abl OOJDKAyAbIH JXaHa Toclli YCHIHBUIABL OII TepeH KYpbUIbIMIapIibl
MOJICTIB/ICY/I1 KOHE OJIapbIH KeHI1 MUHEPaJIaHyBIHBIH OSTKI KepiHicTepiHe acep eTy JopeskeciH Oaraiay sl KAMTHABL. AJBIHFaH
HOTIDKEJIEp MaHBI3/bl KOJIIaHOa bl MOHTE He: ONapAbl TEOJIOTHSUIBIK Oapiiay KYMBICTApBIHBIH OarbITTapblH OHTaWIAHIBIPY,
OypreIIay YHFBIMAJIAphl OaFaapiaMaiapblHbIH THIMJIUTITIH apTTRIPY KOHE Kap KbUIBIK IIBIFBIHAAPIBI a3alTy YIIiH Maigananyra
Gonanpl. ¥ChIHBUIFaH onicreMeHi OpTajiblK A3WSHBIH 0acka METaJUIOT€HHSUIBIK ITPOBHHLMSUIAPBIHIA COTTI KOJIIaHyFa Ooajibl,
OyJ1 OpBIHIAITFAH )KYMBICTBIH OMOEOANTHIFBI MEH MPAKTUKAIBIK MAHBI3IBUIBIFBIH KOPCETE]T.

Hezizzi co30ep: ceoounamura, 2e0uU3UKanblK aAyblmMKbLIAP, KEHHCACAYWbl DIoUOmep, KOCMOLEOIO0SUSNLIK KAPMANAY,
Maunmust naOMOoepi.
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I'eonunamuka pyanoi 30ub1 Hly-WUie: uHTerpanus reo(pusnieckux,
reOXuMMHYECKUX U KOCMOIe0JJ0rM4eCKUX METO10B

A.B. Baitbarma’, M.K. Kem6aes!”, C.E. Pauc’, B. {Iu %, A.K. AmanTtaes’, E.T. Busksies*
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AHHOTauMs. B cTathe npeacTaBieHsl pe3ynbTaThl KOMIUIEKCHOTO n3ydenus Lly-Mne meTannoreHu4eckoi 30Hbl ¢ IpuMe-
HEHHEM COBPEMEHHBIX T'eO(HU3NIECKHX, TEOXMMHUYCCKIX METONIOB M TEXHOJOTHHA NWCTAHIMOHHOTO 30HIMPOBAHUS 3EMITH.
Henp nccenoBaHms 3aKII0YAIACh B YCTAHOBJICHUH 3aKOHOMEPHOCTEH pa3MEUIeHHsI PYAHBIX OOBEKTOB B IpeAesiax 30HBI Ha
OCHOBE HOBBIX I'€0JJMHAMHYECKUX MOAXO0J0B U MHTErPalliil MHOTONPO(UIBHBIX T€0JIOTMYECKUX JaHHBIX. AKTYyaJlbHOCThH pado-
TBI ONpENeNseTCs He0OXOJUMOCThIO CO3/IaHNsI 00OCHOBAHHBIX MPOTHO3HBIX MOJENEH MECTOPOXICHUI MOJIE3HBIX HCKOIae-
MBIX, BKJIIOYAsl 30JI0TO, TIOJIMMETAJUIB U COIYTCTBYIOIUE JIEMEHTBI, B YCIOBUSIX YCIOKHEHHOH Ie0JIOrHYeckoil 00CTaHOBKU U
MCYepIaHus JIErKopa3BelaHHbIX pecypcoB. B xoJne uccienoBanuii ObUTH MpoaHAM3UPOBAHbI JaHHBIE TPABUMETPHH, MarHHT-
HOHM ChEMKH, DJIEKTPOMArHUTHBIX 30HIUPOBAaHUN U JaHHBIX JUCTAHIIMOHHOTO 30HIMPOBAHMS, a TAKIKE TEOXUMHYECKUE Xapak-
TEPUCTUKH PYAOHOCHBIX (popMmanuii. ITH JaHHbIE OBUIM COMOCTABJICHBI C PE3yJIbTaTaMH I0JIEBBIX HAOMIOCHUH, cTpaTUrpadu-
YECKIMH W TEKTOHHYECKUMH ITOCTPOCHISMH. KOMITIEKCHBIN aHANH3 MO3BOJIII BHIICIUTH 30HBI aKTHBHOTO B3aMMOJACHCTBHSA
MaHTHU U 3¢MHOH KOPBI, IPOSBIAONINECS B popMe TITyOMHHBIX Pa3IOMOB, CyOBEPTUKATBHBIX MPOBOAAIINX CTPYKTYP U TEK-
TOHUYECKH OCJIA0JICHHBIX 30H, KOTOPHIC UTPAIOT KIFOUEBYIO PONIb B (OPMHUPOBAHUH PYIHBIX y3710B. Ha OCHOBE COBOKYITHOCTH
reo(pM3NIECKUX W TEOXUMHIYCCKIX IPU3HAKOB IMPEIOKEH HOBBIH MOAXOJ K MPOTHO3UPOBAHHUIO 30JI0TOCYNb(OHUIHON U TOIH-
MeTaJuInaeckoit MuHepanm3anui. OH MpeanogaracT MOACIHPOBaHUE TITYOUHHBIX CTPYKTYP H OIICHKY CTEIICHH MX BIIMSHUS Ha
TIOBEPXHOCTHBIC MIPOSBICHUS PYAHON MHUHEpamm3anuu. [lodydeHHbBIe pe3yabTaThl HMEIOT BXKHOE PUKIIATHOE 3HAUCHHE: OHH
MOT'YT OBITh UCIIOJIb30BaHbI JIJIsl ONTUMHU3AIMY HAIIPABJICHHUH Ie0JI0ropa3BeIouHbIX padoT, noBbieHHs Y dekTHBHOCTH Oypo-
BBIX MPOrPaMM M MHUHUMH3aLUH (PUHAHCOBBIX 3aTpaT. [IpeyioxkeHHass METOJOJIOTUSI MOKET OBITh YCIICIIHO IMPUMEHEHA U B
JPYrUX METaJUIOTCHUYECKUX NMPOBUHLMAX LIeHTpanbHOi A3uu, 4TO MOAYEPKUBAET YHUBEPCAILHOCT U MPAKTUYECKYIO 3HAUH-
MOCTb BBITIOTHEHHOU PaOOTEHI.

Knrouesvle cnosa: ceoounamura, ceopuszuyeckue aHomaniuu, pyoooopasyiowue @puioudslt, KOCMO2EON0SULECKOe KAPMUpo-
sanue, MaHMUIIHble NIIOMbI.
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