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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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THE ROLE OF THREE-DIMENSIONAL MODELS
OF DEPOSIT AND THERMODYNAMIC CONDITIONS
OF ITS FORMATION AT SELECTING AND
EVALUATING RESOURCES OF PERSPECTIVE SITES

Abstract. The state program "Digitalization of Kazakhstan" considers the accelerated introduction of modern
information technology in various spheres of our life. In the geological industry, particularly in geological science,
these technologies allow creating an accurate, geo-referenced spatial database of geological objects of various scales,
and it represents a necessary condition for consistent, holistic, system-differentiated research of objects, which
allows efficient and rational solve practical problems.

The introduction of modern digital information technology to the geological study of the bowels of Kazakhstan
presents new opportunities, and the ways of solving the tasks posed require the improvement of the methodological
basis of modern geological research. The basis for the improvement of this methodology is the creation of a single
interconnected (with local and regional geographical coordinates) digital scientific information base of the studied
mineral resources (including minerals) of Kazakhstan, regardless of the scale of geological research.

Below, the example of the Bakennoye deposit will show the creation of its scientific and information base, and
on this basis, the improvement of the methodology of geological research will be shown.

Keywords: GIS-technology, ArcGIS—10, Micromine, 3Dmodels of deposit, ore-controlling factors, ore-bearing
environment, rare metal deposits, pegmatite field, tantalum pentoxide, perspective area.

The expansion of the mineral and raw materials base of the most important stratigraphic elements
such as tantalum and niobium is a topical task for the Republic of Kazakhstan, because they define
innovative progress in the field of high technology.

All industrial deposits of tantalum-niobium ores are concentrated in the Eastern region of our
Republic.One of the brightest representatives of such objects is the Bakennoye deposit, located in the ore
pegmatite field Ognevsko-Bakennoye.

The deposit is located in the East Kazakhstan region. The first pegmatite veins of the deposit were
discovered in 1948 by VA Filippov, subsequent - a group of geologists under the leadership of Yu.A.Sa-
dovsky. The ore field is located on the northern flank of the central block of the Kalba-Narym zone and is
confined to the Gremyachinsko-Kiinsky regional fault of the 2nd order, in the endo-exocontact of the
Irtysh granite massif. The sedimentary-metamorphic deposits of the upper Devonian and the Lower
Permian granitoids of the Kalbinsk complex take part in the geological structure of the deposit. The host
rocks consist of siltstones, sandstones and carbonaceous shales.They are crumpled into linearly extended
folds, undulating in the general structure of transverse kinks. Granitoids are represented mainly by biotite
medium-coarse granites of the first phase (granite-granodioritesub formation) and their vein derivatives:
aplite, aplite-pegmatites and pegmatites. With granites of the I phase, rare metal-pegmatite mineralization
is genetically associated (figure 1) [1-3].

In structural terms, the Bakennoye and Ognevskoye deposits are a single whole, separated by the
specificity of mineralization: the first one is complex-tantalum and the second is columbite-beryl, non-
industrial [6].
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Figure 1 — Ognevsko-Bakennoyeore field. According toYu.A. Sadovskiy [7].

1 — hornfels; hornfelsed shale and 2 — magmatized rocks of the Takyr suite; 3 — granite-porphyry, plagiogranite-porphyry of
the Kunushsky complex: (?); 4-9 Kalba complex: 4 — medium-coarse-grained granites of phase land 5 — fine-medium-
grainedgranites of phase II; 6 — aplite veined granites; 7 — aplites, aplite-pegmatites; 8 — pegmatitesoligoclase-microcline non-ore;
9 — rare metal pegmatites; 10 — boundary of gradual rock transitions in the metamorphism zone; 11 — elements of occurrence of
contacts of granites(a), sedimentaryrocks (6); 12 — axis of longitudinal folds.

Three-dimensional models of the Bakennoye deposit. The digital three-dimensional model of the
deposit is constructed using the computer program Micromine [4, 5].

The geo-information database consisted of 730 pieces of information entered into the computer base
for the I, II, IIT and VI veins[7].

Wireframe model (figure 2). The obtained skeleton model fully visualizes the structural-morpho-
logical feature of the deposit, where all the formations of the ore field have a "stepped" wedging to a depth
at the horizons of 200 and 300 m, with a small approach one by one. The concentration of pegmatite veins
decreases in the sections between the suites, and they themselves are insignificant in size. The
predominant form of the veins is irregularly plate-shaped, in some cases plate-shaped, some lenticular.
There are more than 100 pegmatite veins on the deposit, 21 of them carrying industrial mineralization. The
main industrial reserves of the field are concentrated in the formations I (Spodumenovaya I vein) and 11
(Spodumenovaya IV vein), since they contain a high concentration of pegmatite ore veins [6].

Blockmodel (figures 3, 4). It visualizes the distribution of tantalum pentoxide contents within the
deposit, since the main ore mineral is columbite-tantalite.

Figure 2 — Three-dimensional frame model of the deposit Bakennoye
(L, 1L, 11, VI — numbers of suits)
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Figure 3 — Three-dimensional block model of the Bakennoye field (I, II, III, VI — numbers of suits)

In general, the following conclusions are drawn:

- the content of tantalum pentoxide varies in the range from 0.002 to 0.15%;

- the most common deposit in the deposit is tantalum pentoxide from 0.007 to 0.05%;

- a rather distinct tendency is observed for decreases in the content of tantalum pentoxide to the
peripheral parts of the veins to 0.007% and lower.With the drop in the concentration of mineralization,
wedging out of ores is observed, and pegmatites are almost completely transferred to non-ore veins with
ore contents below them extracted;

- individual maxima of tantalum contents in the range from 0.10 to 0.15% are located both in the
lower parts of the fall and in the upper parts of the I, II upwelling strata;

- areas with a low tantalum content from 0.002 to 0.005% occur in the lower horizons of the
pegmatite veins of all the suites;

- especially the III suite, where in its upper part a low content of tantalum is visualized, and in the
lower parts it reaches 0.10%.This is due to the fact that the upper part of this formation belongs to the
Ognevskoe deposit by columbite-beryl mineralization, the lower horizons, which enter the vein after the
second stage, bear the mineralization of tantalum, tin, beryllium, lithium,;

- the first vein of the Kamenushinskaya (VI) suite is represented by albitizedpegmatites, the content
of tantalum pentoxide reaches 0.013%.

- the average content of tantalum pentoxide according to the calculation of computer simulation was
determined within0,01184%;

« L

000] go 0005
[ oot ac 0007
) 0007 a0 00

001 g 005
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B 010l
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Figure 4 — Three-dimensional block model of the Bakennoye field, bottom view.
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An analysis of the visualization of the distribution of tantalum mineral content resulted in a predo-
minance of tantalum pentoxide from 0.007 to 0.05%.Its high contents (from 0.10 to 0.15%) have a limited di-
stribution, but they can occur both in the upper and lower horizons of some deposits in the field (figure 4).

Since the actual problem is the evaluation of the prospects of the deep horizons of the deposit, the
results of its three-dimensional models are compared with the data of thermometry and quantitative
modeling of ore-forming systems [8].

The Bakennoye field is confined to the western part of the Irtysh pluton, which in this area is a
granite plate with a thickness of more than 7 km.The introduction of an intrusive massif with a thickness
of up to 6-7 km and a temperature in the range of 850-900°C will lead to a redistribution of the tempe-
rature in the host environment, leading to warming of the exocontact layers of the rocks, and to a decrease
in the temperature of the endocontact part of the massif [8, 9]. Therefore, a sharp decrease in temperature
in the endocontact area of the ore-bearing massif contributes to the formation of structural elements, where
the stage of pegmatite formation is associated with the appearance of a gently sloping fault system, and the
free pegmatites (700-560°C) at the Bakennoye field were formed in this progressive stage of cooling the
intrusion.

In addition, this stage of cooling of the intrusion is characterized by the development of contact
metamorphism processes, where hornfels are formed, at temperature intervals of 640-450°C (based on the
temperature of deposition of cordierite, garnet). Halo of hornfelsed rocks reaches up to 750 m vertically,
and its position can contour the area of ore formation.

The thermal field of the ore-bearing massif is gradient, and it contributes to the formation of ore
zoning in the deposit. According to thermometry data, ore formation occurred in the temperature ranges of
480-260°C. Not only rare and rare earth ores, but also rare metals were formed (tin, beryllium). The
deposition ofrare earths, niobium and tantalum proceeded at intervals of 480-390°C, and are concentrated
in the dermal contact zones, where the ore-forming and ore-localizing systems were under thermal
equilibrium conditions. Rare metal ores (tin) were deposited at temperatures of 380-260°C in the above-
dump zone of the ore-bearing intrusion, where the thermal nonequilibrium between ore-forming and ore-
localizing systems was established.

Analysis of the thermodynamic conditions of the formation of the deposit is considered in the context
of the deposit. As is known, the deposit is composed of gently sloping veins located within one hundred
meter weakened zone along the contact. Raremetal pegmatites are distributed unevenly in the field and are
grouped in six formations separated by sections with a much lower concentration of veins, of which three
belong to the Bakennoye deposit (I, II, VI) and three to Ognevsky (III, IV, V).Stretching of veins varies
from sublatitudinal (Ognevka) to submeridional (formation Kamenushinskoye Bakennoye deposit)
(figure 5).

Vv

Figure 5 — Geologicalsection of Ognevsko-Bakennoyeore field (I, II, III, IV, V, VI formations)

This geological section of the Ognevsko-Bakenny ore field shows that ore pegmatite veins in some
formations are localized only in the dusk, but also in the endocontact zones of the ore-bearing massif
(VL, IV, V part I), and in some formations (I, III and Part I) pegmatite veins occupy only its dusk zones
(figure 5).

If we take into account that the most favorable thermodynamic condition for the deposition of high-
temperature ore elements is created in the endocontact region of the ore-bearing massif, the deep horizons
of the suites II, III and I are of practical interest for the detection of rare metal mineralization.In addition,
the deposition temperature of the main ore minerals indicates the metasomatic nature of rare metal
mineralization in pegmatites, and the metasomatic nature of the formation of rare metal minerals suggests
the possibility of detecting rare metal mineralization outside the pegmatite veins.
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Figure 6 — Allocating a prospective site on the block model of the Bakennoye field

Thus, the analysis of the three-dimensional models of the deposit and the thermodynamic conditions
of its formation make it possible to identify two prospective sites in the vicinity of the Bakennoye deposit
and confirm them with geological data.

The first section is the deep horizons of the II formation between the profiles XXVIII and XXXIX,
covering the veins of the deep horizons of the III formation.The parameters of the site are 500 meters long,
500 meters wide, 5 meters deep (figure 6). The allocated site corresponds to the position of the productive
areas allocated on the geological and industrial model of the field [10, 11].

The second section is the deep horizons of the I formation between the LXVIII and LX profiles, it is
confirmed by testing wells Ne283,260,254 and 245. Parameters of the site length — 500 m, width 200 m,
depth 20 m (figure 7).

o0z

Go0Z

S00Z

Figure 7 — Longitudinal 2D slice of the block model along the line Ne8 (Bakennoye deposit)
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At the deep horizons of the formation, a veinNe 100is identified, which in composition refers to the
lepidolite type of pegmatites, the content of tantalum pentoxide in it according to geological data is more
than 200 g/t, and the stretching of veins are submeridional, which suggests that lithium pegmatites in the
lower horizons are present in it (figure 8).
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Figure 8 - Longitudinal geological section along the lineNe8 (Bakennoye deposit)

Reasonable views on the size and conditions of occurrence of promising areas within the Bakennoye
deposit allowed quantitative assessment of their potential resources (table).

Calculation of the forecast resources of promising areas of the Bakennoye deposit

. The size of the forecast sites .
The position of ore zones, 1 n Bort Resource Size of
deposits, sites Length, | Width, Dept’ of content, g/t category | resources, t
m m calculation, m
ngfti‘fer; anstional beween | 500|500 5 125¢/tTa05 | P, 284,375
i@iﬁfgﬁ;eg cen profiles 500 100 20 125 g/t Ta,Os P, 2275
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K. C. Torusos', I'. ’Koaraes', JI. JI. MicaeBa’

'K. M. CoTnaes aThIHAa¥Fbl F€0NOTHSIBIK FRLIBIMAAP HHCTHTYThI, CotnaeB YHupepcuteti, Anmarsi, KasakcraH,
’Kasak TEXHOJIOTHS XKoHE OU3HEC yHHBepcHTeTi, Actana, KazakcTan

HEPCHIEKTUBTI YYACKEJIEPJAIH KOPBIH AHBIKTAYJJA
7KOHE BAFAJIAYJA KEHOPBIHHBIH
TEPMOJMHAMUKAJIBIK AT TAMJIAPBIHBIH KAJIBIIITACYbl MEH
YIOJIIEMAI MOAEJBbAEPIHIH POJII

Annoranus. «KazakcraHHbH nuGpIaHABIPY» MEMIICKETTIK Oarmapiamachl OI37iH 3aMaHBIMBI3IBIH TYPIIi
cajaJlapblH/la 3aMaHayH aKNapaTThIK TEXHOJOTHSIIApIBI JKEIEeN eHTi3yAl KapacTelpaiabl. [eosorusiblK canaza,
acipece TEONOTHSUIBIK FRUIBIMAAPIA, OYI TEXHOJOTHSIIAp TYPJ MACIITa0TaFrbl TEONOTHSUIBIK OOBEKTIIePaiH KeHic-
TIKTIK, TEOAKOJIOTHAIIBIK AepeKTep 0a3achlH KypyFa MYMKIHIIK Oepexi >koHe Oy oOBeKTinepmi noiiekTi, Oipryrac,
KYHeTiK-TudGepeHIraIabl 3epTTeyTe KaXeTTi KaFaaiapl Ouaipeni, Oy1 THIMAL THKIpHOETIK MoceTeNnep i YTHIMIBI
IIemty.

KazakcTaHHBIH jkep KOMHAybIH T€OJIOTHSUIBIK 3epTTEeyre 3aMaHayd LU(PIBIK aKHapaTThIK TEXHOJIOIHMsIIApAbI
€HT13y ’KaHa MYMKIHIIKTep/Ii YCHIHABI KOHEe KOWBUIFAaH MIHIETTEP/l Ny >KOJIAaphl 3aMaHayH T€0JIOTHSUIBIK 3ePT-
TEYJEpPiH OAiCHAMAJIBIK HETI3iH JKeTUTHipyai Tajman eremi. Ochbl diCHaAMAaHBl KETULMIPYIIH HEri3l T'eOJOTHSIBIK
3epITeysiep MaciuTaOblHa KapaMacTaH 3epTTEeNIETIH MUHEPAJJbl pecypcTapAblH (COHBIH IMIHAE MUHEpalAapbH)
CaHJBIK FRIIBIMH-AKIIApATTHIK Oa3achIHbIH OipbIHFall ©3apa OailylaHbICEIH (KEPTLTIKTI )KOHE aliMaKTBIK TeorpadusIIbIK
KOOpJMHATTAphI 6ap) Kypy OOJIbII TaObLIAIb.

Temenne bakeHHOe KEH OpPHBIHBIH YJTICI OHBIH FHUIBIMHU-aKIIapaTThIK 0a3achblH KYpY/bl KOpCETEe/l XHE OCHI
HETi3]1e TeOJIOTHSUTBIK, 3ePTTEyIIep oiCHAMACKHIH KETIIAIPETiH O0IaIbl.

Tyiiin ce3gep: ['AXK-texHomormscer, ArcGIS-10, Micromine, keHopsIHAapAbIH 3D Mozeni, KeHOaKbpIIayIIbl
(hakTopITap, KEHCUBICTHIPYIIBI OPTA, CHPEKMETAIUT KEHOPBIHAAPHI, IETMAaTUTTI opic, Ooamarsr 6ap aiMakTap.

K. C. Torusos', I'. JKoaraes', JI. /1. Ucaepa’

1I/IHCTMTyT reonoruueckux Hayk uM. K. U. CatnaeBa,Yausepcuter CatnaeBa, Anmatsl, Kazaxcras,
’Ka3axCKuil yHHBEPCHTET TEXHOJNOTHH 1 bu3Heca, Actana, Kasaxcran

POJIb TPEXMEPHBIX MOJEJEA MECTOPOXKJIEHUS
U TEPMOJMHAMMYECKHUX YCJIOBUI
ET'O ®OPMUPOBAHUS ITPU BBIJIEJIEHUU U OINEHKE PECYPCOB
HNEPCIIEKTUBHBIX YYACTKOB

Annoranusi. [ocynapctBenHass mporpamma «LludpoBuzanms Kazaxcrana» paccMmarpuBaeT yCKOPEHHOE
BHEJIPCHHE COBPEMEHHON WH(POPMAIMOHHON TEXHOJIOTMH B pasziu4Hble cepbl Hamleld *)U3HU. B reojgoruveckoi
OoTpaciiv, B HaCTHOCTU B reoJa0rn4ecKom HAYKC 5TU TEXHOJIOTHUHU IMO3BOJIAIOT CO31aTh TO‘IHOﬁ, l'[pIdBﬂ?;aHHOﬁ K IreoJjio-
TMYECKOH Cpejie NPOCTPaHCTBEHHOW IU(POBOW 0a3bl JaHHBIX 00 M3y4YaeMBIX I'€OJIOTHYECKHX OOBEKTaXpa3iHyHbIX
MacumTaboB M OHA MPEACTAaBISET HEOOXOAMMOE YCIOBHS ISl TIOCIEN0BATENBLHOTO, EIOCTHOTO, CUCTEMHO-IU(de-
PEHIIMPOBAHHOTO HCCJIEJOBAaHUS OOBEKTOB, IMO3BOJISIIOMINE S((PEKTUBHO M PALMOHAIBHO PEUIaTh MPAKTHYECKHE
3aj1a4u.

Brenpenue coBpeMeHHOH HU(POBOI MH(OPMAIIMOHHOW TEXHOJIOTHH B IreoslorHueckoe n3ydenue Henap Kazax-
CTaHa IPE/CTAaBISCT HOBBIC BO3MOXHOCTH, M MYTH PELICHHs MOCTABICHHBIX 3a/1a4 TPeOyeT COBEPIICHCTBOBAHUS
METO/IOJIOTMYECKOW OCHOBBI COBPEMEHHBIX T'€OJIOTHYECKHX HCCieaoBanuit. OCHOBON COBEPILCHCTBOBAHHS yKa3a-
HHOM METO/IONIOTHHU SIBIISICTCS CO3[aHHE €AMHOIN B3aMMOCBSI3aHHOW (C MECTHBIMH U PETHOHAJIBHBIMU reorpaduu-
€CKHUMHU KOOpJMHATaMK) HU(PPOBOH Hay4dHO-UH(OOPMALMOHHOHW 0a3bl (OCHOBBI) M3y4aeMbIX OOBEKTOB Hexp (B TOM
4HCIIe, MOJIE3HBIX HCKoaeMbiX ) Ka3zaxcraHa, BHE 3aBUCUMOCTH OT MaclITada reoJIorHuecKuX UCCIIeI0BaHHH.

Hwxe Ha nmpumepe mectopoxieHus bakeHHoe Oy/ieT Moka3aHO CO3/[aHUe ero Hay4HO-MH(pOPMAIMOHHON 0a3bl,
Y Ha 3TOH OCHOBE OY/IET MT0Ka3aHO COBEPILECHCTBOBAHHE METOOJIOTHH T'€0JI0INYECKUX HCCIIE0BAHUM.

KaroueBsie cinoBa: ['MIC-texnonorus, ArcGIS—10, Micromine, 3D Mozaenn MeCTOPOXKACHHS, PyIOKOHTPOJIH-
pytomine GpakTopsl, pyJOBMeIIaoNIas cpeaa, peAKOMETaAIUIbHBIE MECTOPOXKACHHS, IErMaTUTOBOE TI0JIE, MATHOKUCHIO
TaHTaJIa, MEPCIEKTUBHAS TJIOIIA/Ib.
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