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STUDY OF SLOW MOTIONS OF THE EARTH SURFACE

Abstract. Information about copper deposits of Kazakhstan, development of which is carried out in the
Saryarka region, and its role in the development of the mining industry are considered in the article.
Geological, structural and tectonic features of the deposits are presented. Research results on improvement methods of
studying and geomechanical processes management in the development of mineral resources are presented. It is
shown that the problem of geomechanical processes management can be solved on the basis of a methodology
for rock condition geomonitoring considered in this article, which provides comprehensive accounting and
analysis of all-natural and technogenic factors, as well as use of control tools developed by the authors.

The article presents technical solutions to ensure operational safety during the development of Saryarka region field
reserves, which occur in difficult mining and geological conditions. Ore bodies of the deposit have different sizes and
are located at different depths, therefore, seismic surveys are carried out. The geodetic network of provisional seismic
surveys at the field has been substantiated. It is proposed to conduct surveys using modern geodetic instruments, such as
satellite technologies, electronic, digital geodetic instruments. The geodetic survey methods proposed by the authors
provide information on the bowels of the earth with a high degree of accuracy.

Key words: copper ore deposits, geology, structure, tectonics, disturbance, fracturing of rocks, seismic
exploration, geodetic network, geodetic surveys, satellite systems, electronic tacheometers, laser scanners.

Introduction. In recent years, objects with complex geology and great stratification depth have been
increasingly included in the development and operation of ore deposits, which requires special conditions for
the development of these objects. The percentage of drilled “empty” wells does not decrease, which is also
largely due to the complexity of the structure of the prospective ore objects under study. On the other hand,
practical experience has proved the presence of ore deposits at great depths.

In his work named « Dzhezkazgan copper - ore region and its mineral resources » (1932) and during
creating of metallogenic forecast map of Kazakhstan (1950) K.I. Satpayev wrote: «.... copper reserves
accounted for today have not yet exhausted all the possibilities of the Dzhezkazgan ore-bearing region. Here
I do not take into account the deposits of the Zhilandinsky group: Kipshakpai and Saryoba, ore reserves in
them are laid very deeply and they need huge finance and technologies for their development. I will leave
them for future generations» [1].

We see prophecies of prominent scientist today.

The content of the work. The bowels of Kazakhstan are rich in mineral deposits, including copper.
The Saryoba deposit (Vostochnaya and Zapadnaya) located 30-35 km north of the Zhezkazgan mine is the
special among them [2-6].

In general, ore field has been explored and approved reserves in categories B + C1 + C2 in quantities
that allow it to be nominated as large industrial facility. Ore field structure includes equal red-colored
complex of interstratified rocks with ore-bearing deposits of the Taskuduk horizon of the Middle
Carboniferous Formation Taskuduk and Serpukhov layer of the Lower Carboniferous.11 ore deposits were
discovered in the ore field where 109 ore bodies were explored. The largest deposits are confined to the
Taskuduk horizon. Their stretch is northeastern, with length of up to 3200 m, thickness of 0.5 to 17 m, and
dip size of up to 1400 m (Fig. 1).
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Fig.1. Geological map of the East Saryoba field
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In addition, they are complicated by both pre-ore and post-ore disjunctive dislocation which greatly
complicates their exploration. At the initial stage of development of mineral deposits, use of seismic
exploration is important for the sustainable development of the territory. This method has proved to be
powerful tool for detecting geostructures that concentrate deposits in the bowels of the Earth, contributing to
optimal planning of mining and reducing the number of wells. Moreover, effectiveness of seismic
exploration (as well as any geological and geophysical method) directly depends on the quality of its
geodetic support. In other words, how accurately point’s position of explosion and geophones is determined
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in the coordinate space position in plan and height (depth) of any geostructures will be so accurately
determined [7-11].

In this regard, in recent years, regulatory requirements for the quality of geodetic support for seismic
surveys have been tightened. Creation of information geological and geophysical space involves the
representation of it in uniform spatial coordinates.

The analysis of methodology state for conducting geodetic observations on mine territory
particularly related to the lack of effective methods for determining deformations scale which necessitates
methodology improvement of geodetic observations of rock deformations using modern instruments.
Geodetic observations provide opportunity to identify the massif deformation, which is essential for
geomechanical situation assessment in mining area. But they do not provide complete picture of
deformation processes in time. This can be done only with using integrated methodology of geomonitoring
of adjacent rock mass (Fig. 2)
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Fig.2. Scheme of complex geomonitoring methodology
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According to 1% and 2" blocks of recommended methodology (Fig. 2), engineering-geological and
mining-technical conditions of development and geomechanical state of the instrument arrays, structural-
tectonic features and physical-mechanical properties of rocks of the field were studied in detail [12-15].

Monitoring of mountain massif state (3" block), especially during exploration processes on the
territory of giant copper deposit, occupying large area, consisting of several deposits and occurring in various
deep horizons requires creation of highly accurate geodetic control. Basis for network creation of geodetic
points is topographic map of area. Total area of mining allotment of Saryoba deposit, which was left to us
by K.I. Satbayev - is 24 479 373, 66 m? (Fig.3). Depth of the mountain allotment of East Saryob is 510 m,
the absolute elevation is 60 m. Based on the materials of existing cartogram object and existing coordinates,
total area is calculated 2447, 94 ha.

Figure shows the triangulation points location (441, 465, 466, 470, 424, and 451) of the State Geodesic
Network (SGN). Bridging process is done based on these points of SGN. In order to provide huge area
using classic option of geodetic networks creation on fields is quite laborious and requires large financial
costs. During large-scale and long-term development of deposits, geodynamic processes along with
geomechanical deformation processes can be developed)[8]. Therefore, geodynamic testing ground is
created during development of deep-lying ore bodies, where repeated geodetic observations are carried out.
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Fig.3. Topographic base and boundary of mining allotment

In this regard, we propose to replace long leveling lines with local geodetic constructions in the form
of profile lines and control “bushes” of geodetic and leveling points. Complex application of ground and
space geodetic methods will allow covering by monitoring observations the entire territory of the field, as
well as increase observations efficiency and reduce capital costs of their production.

Thus, for differentiated study of geodynamic and geomechanical processes development that occupy
large area and intended for deep tabulars, we propose creating “nodal” branches consisting of basic
(reference), control (initial) and deformation geodetic and leveling points (Fig. 4) )[6].

All nodal points are located in accordance with the ore veins (see fig. 1) and are tied to SGN points
(see fig. 3)
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Fig.4. Structural diagram of the observation network of the geodynamic test site

Network of basic (reference) points is designed to assess the geodynamic state of the deposit
territory on regional scale and serves as the initial geodetic basis for the network development of control
(initial) points. In this regard, basic (reference) points should be located outside the field and influence zone
of technogenic geomechanical processes due to its development, as well as at distance from tectonic fault
zones.Basic point’s quantity is determined as following from of deposit outline configuration of the field and
should be at least two. Their coordinates are determined relative to GNSS stations included in the
international reference geodetic network[10].

Network of control (initial) points is the initial geodetic basis for observing geomechanical and
modern geodynamic processes in zones of tectonic disturbances, as well as for assessing the geodynamic
state of the field’s territory. We propose to locate control (initial) leveling points vertically off-line of the
field under conditions that exclude the impact of geomechanical processes on their stability. Exploration
wells existing in the field (abandoned or being put into conservation), base of which is buried below
developed deposits can be used as control (initial) points.

Network of deformation points is designed for observation of technogenic, geomechanical and
modern geodynamic processes.

All these works are carried out using modern geodetic technologies. Moreover, high efficiency of
geodetic works is achieved only through satellite technology (Fig. 5). Use of modern technical equipment
opens up great opportunities for solving problems of geodetic support for seismic exploration at
qualitatively new level.Rapid development of geodetic base centralization, profiles production on the

Ka3¥T3Y xabapusbicbl Ne5 2021 7



e Hayku o 3emJe

ground with high accuracy, measurement and automation of data processing, ability to work in difficult
physical, geographical and climatic conditions is carried out only on the basis of modern instruments [11].

Fig.5. Coordinates determination of points (a) and boreholes (b) by GPS technology

At the moment experimental works on the experimental site “Vostochnaya Saryoba” is being
completed. Also, ore mining works are being carried out at Zhylandy field, remote from Zhezkazgan deposit:
“Vostochny Saryoba”, “ltauyz”, “Zapadny Saryoba”, “Kipshakbai” and “Karashoshak”. “Kazakhmys”
corporation successfully continues investment projects.

Conclusions. 1. On the basis of analysis of domestic and foreign scientific and technical literature,
work experience in the field of studying geomechanical and geodynamic processes, as well as deformation
monitoring tools, complex geomonitoring technique using modern highly-accurate geodetic instruments is
recommended.

2. According to the 1% and 2" blocks of recommended methodology, geology and tectonics of deposit
area were studied, researches on strength properties and structural features of rocks massif were conducted.
Geological, structural and tectonic features of the giant copper deposit in Kazakhstan “Vostochnaya
Saryoba” are presented.

3. Modern approach to setting and making observations of geodynamic and geomechanical processes
in solid mineral deposits is analyzed. New "nodal" method for constructing geodetic observation systems at
geodynamic test site has been substantiated, which allowing covering of monitoring control of ongoing
seismic surveys as well as increasing observations efficiency and reducing capital costs for their production.

This research has been/was/is funded by the Science Committee of the Ministry of Education and
Science of the Republic of Kazakhstan (Grant NeAP08857097)».
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KEP BETIHIH BAAY KO3FAJIBICTAPBIH 3EPTTEY

AnpaTna. Makanaga KypAeni KeH-TeoJIOTHSIIBIK JKarJaiiaa xoHe TepeH Kabarrapaa, YKe3kasraH aiiMarbIHza
urepimin xatkan, Lerpic Capbloba MbIC K€H OpHBI, OHBIH Tay-KE€H OHIIPICIH JAaMBITYAarbl peli Typasbl aKmapar
kapactelppitFad. Lerpic Capblioba KeH OPHBIHBIH KOPJIapblH Urepy Ke3iHJe KUBIH TeoNIOTHSUIBIK JKaFainap/aa Kayinci3
KYMBIC XKaF/aiaapblH KAMTaMachl3 €Ty IIH TEXHUKANBIK HIEIIIMAEp YChIHBUIFaH.

AKIapaTTHIK TeOJIOTHIIBIK-Te0(hN3NKAIBIK KeHICTIKTI KYpyFa TeK OipbIHFail KEHICTIK KOOpAWHATAaIap KyHeciH
FaHa MYMKIHIIK *acaiiapl. Vrepimin jkaTkaH KEHOPHBI ayMaFbIHAA TE0AC3MsIIBIK OaKpUIayIap KYPTidy 9/liCHAMACHIHBIH
Kail-KyiiHe Tanmay jKacyda, ©H alIbIMeH, Ae(opMalisuIaHyAblH MAacCIITaObIH aHBIKTAUTBIH THIMII ONICTEpHiH
JKOKTBIFbIHA OalmaHbICTHI, OYJ1 OaKbUIayIBI TEK KEIISH 1l TEOMOHUTOPHHT o/1ici HETi3iHAe FaHa )KYPri3y/i KaXKeT eTei.

JKep Oeri Ko3rampIcTapblHa  TI'eOAMHAMHUKAIBIK MOHHTOPHHI >KYprisy yimmiH Capplapka MBIC KEHiHIH
allMarpIHBIH  IUTAHABIK XKOHE OMIKTIK HETI3AepiH Kypy Mocenelepi KapacThIppUIFaH. Makamaga TeoJuHAMUKAaIBIK
HIOJIMTOHBIH/A TE0AE3USUIBIK Oaiikay )KyHeciH KypyIbIH kKaHa «OyTaibl» 9/1ici HeTi3/enel, 0J1 CeHCMHKAIBIK )KoHE Tay-
KEH >KYMBICTApBbIHBIH MOHHMTOPHHTIH OakbliayFa, COHbIMEH KaTap OaKpLIayIblH >KbUIIAMIBIFBI MEH THIMIUIITIH
apTTBIpYFa, COHBIMEH KaTap, KEH OHJAIpyre KETEeTiH WIBIFBIHAAP/bI a3aiiTyFa MyMKIHIIK Oepeni. byn opicti Tek
KaTThl Naigaipl Kaz0ajmapibl KeH KeJleMJe UTepyle FaHa eMecC, COHBbIMEH Oipre MyHail MeH ra3 KeH OpBIHIApbIH
urepyzie Jie OCbIHIal mpobieManap sl ety YIIiH KoJJaHyFa 0oaubl.

Herizri ce3nep: MbIC KEHOPHBIHIAPHI, T'€OJIOTHS, KYPBUIbIM, TEKTOHHKA, OY3bUIbICTap, Tay >KbIHBICTAPBIHBIH
KAPBIKIIAKTBUIBIFBI, CEUCMUKAJIBIK 0apiay, TeOlNe3HsUIBIK TOparl, Te0Je3MsUIBIK TycipicTep, jKepCcepikTip xKyitenep,
SJIEKTPOHIBI TAXEOMETpJIEp, JIa3epii CKaHepiep.
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W3YUYEHUE MEJJEHHBIX IBUKEHUI 3EMHOM MMOBEPXHOCTHU

AnHoTanusi. B crathe paccmarpuBaercsi MHGpOpPManus O MEIHBIX MECTOpOXKIeHMsX Kaszaxcrana, ocBoeHme
KOTOPOTO OCYIIECTBIsIeTCsT B pernoHe Caphlapky, €ro pojM B pPa3BUTUH TOPHOJOOBIBAIOIIECH ITPOMBIIUICHHOCTH.
[IpencraBneHb! Te0IOTHIECKUE, CTPYKTYPHBIE H TEKTOHHYECKHE OCOOEHHOCTH MECTOPOXKICHUH.

[IpuBeneHsl pe3ynbTaThl HMCCIEAOBAHMM IO COBEPIICHCTBOBAHMWIO METOAOB H3YYEHHS U YIpaBICHUSA
TreOMEXaHMUECKHMH IIpolieccaMy NpH OCBOeHHMH Heap. IlokasaHo, 4To mpoOsemMa yHpaBJIeHHS T€OMEXaHWYECKUMHU
MIPOIIECCAMHU MOXET OBITh pElIeHa Ha OCHOBE PAcCCMOTPEHHOW B JAaHHOW CTaTbeé METOAMKE BEJCHUS T€OMOHHTOPHHIA
COCTOSIHAS MacCHBa TOPHBIX MOpPOJ, MNpPEIyCMaTpHBAIOIIEH KOMIUIEKCHBIH YYeT W AaHaJM3 BCEX MPUPOTHBIX W
TEXHOT€HHBIX (PAKTOPOB, & TAKXKE HCIOJIB30BaHUS Pa3pabOTaHHBIX aBTOPAMU CPEICTB KOHTPOJIS.

B crarbe npejcraBiieHbl TEXHUUECKHE PELICHHS, TIO3BOJISIONIE 00eCeuuTh O0€30I1aCHOCTh PadOTHI IIPH OCBOSHUH
3armacoB MecTopokiaeHus Capblapky, 3ajleTalollUX B  CJIOXHBIX T'OPHO-TEOJIOTHYECKHUX YCIOBUSX. PynHble Tena
MECTOPOXKJCHUH HMEIOT pa3Hble pa3Mepbl W PACIOJIOKEHBl Ha pPAa3IMYHBIX INIyOMHAaX, IO3TOMY IIPOBOJSTCS
ceiicMopasBesiouHble padoTel. OOOCHOBaHAa reoje3nyYecKas CeTh, MPOBOPIAMMBIX CEHMOpa3BelOYHBIX pPabOT Ha
MecTopoxaeHud. [IpeqnokeHsl NPOBOAMTH CBEMKH C HMCIOJIb30BAaHHMEM COBPEMEHHBIX T€0JE3UYECKUX
npubopoB, KaK CIYTHHKOBBIE TEXHOJOTHH, 3JTEKTPOHHBIE, NU(POBHIE TEOAE3UUYECKHUE HPHUOOPHI..
[IpennoxeHHple aBTOpaMH T€OJE3MYECKHE METOBI CHEMKH MO3BOJSIOT MOMYYUTh HHPOpMALUIO O HEApax 3eMiIN ¢
BBICOKOH CTETICHBIO TOYHOCTH.

KnarodeBble cj0Ba: MEIHOPYAHBIE MECTOPOXKACHHS, TEOJOTHSA, CTPYKTYpa, TEKTOHHKA, HApPYyIICHHOCTD,
TPEIINHOBTOCTh TOPHBIX MOPOJ, CEHCMYECKast pa3BeiKa , TCOAE3NIECKasl CeTh, I'€0JE3MUCKHE ChEMKH, CITyTHUKOBBIC
CHCTEMBI, 3JICKTPOH/IbIE TAXEOMETPHI, JIa3ePHbIE CKaHEPHI.
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