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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 opportunitics, 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 northem 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, I, 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 II
(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
(I, IT, 1M, 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, IT upwelling strata;

- arcas 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%;

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 homfelsed 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, I, VI) and three to Ognevsky (III, IV, V).Stretching of veins varies
from sublatitudinal (Ognevka) to submeridional (formation Kamenushinskoye Bakennoye deposit)
(figure 5).

Vi

Figure 5 — Geologicalsection of Ognevsko-Bakennoyeore field (I, IL, 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, IIT 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 11, 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 tield

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 Il 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
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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 lineNe§ (Bakennoye deposit)
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Reasonable views on the size and conditions of occurrence of promising arcas 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, Loneth . Denth of Bort Resource Size of
deposits, sites ength, | Width, ept. 0 content, g/t category | resources, t
m m calculation, m

Section Transitional between
profiles XXVIII and XXXIX o00 0 ° 125 gt TaxQs B 284,875
First suit between profiles
LVIII and LX 500 100 20 125 g/t Ta,Os5 P, 227.5
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1K. HW. Cotaes aTbIHIAFHI TCOTOTHAIBIK FRUTBIMIAP HHCTUTYTHL, CoTmacB YHuBepcHTETi, Amarsl, Ka3akcras,
*Kasak TeXHOIOTHS sKoHE OM3HEC YHUBEPCHTETI, AcTana, Kaszakctan

MEPCOEKTUBTI YYACKEJEPIIH KOPLIH AHEIKTAYTA
YKOHE BAFAJIAYIA KEHOPEIHHBLIH
TEPMOJHHA MHAKAJIBIK KAFTAMIAPEIHEIH KAJILITITACYBI MEH
YIIOJIIIEM/I MOJEJLIEPIHIH POJII

Annoramust. «KazakcTaHHBIH UH(PIAHABIPY» MEMICKETTIK Oarmapiamachl OI3IiH 3aMaHBIMBIIABIH TYPIIL
cazagapblHAA 3aMaHAayH AaKmaparThIK TEXHOJIOTHAIAPAbI JKEAEN CHII3yAl KapacTeIpaabl. ['eoNOrHAibIK cajaja,
acipece TeoNOTHIBIK FHUIBIMAAPAA, Oy TEXHOJOTHSIAP TYPJI MACIITA0Tarbl TCOJNOTHSIIBIK OOBEKTIICPAIH KEHic-
TIKTIK, TEOIKOJOTHSUIBIK JEpeKTep 0a3achlH KypyFa MYMKIHAIK Oeperl »oHe Oys1 0OBeKTiIepal JoieKTi, Oipryrac,
JKyHenik-muddepeHImanasl 3epTTeyTe KaKETTI sKaraaiapl Ouraipeai, Oy THIMIL TOXIPHOEITIK MaceTeaepal YThIMbI
LICHIy.

KazakcranHbIH Kep KOHHAYBIH TCOJOTHAUIBIK 3CPTTECYTE 3aMaHAyH LHQPIBIK AKMAPATTHIK TEXHOIOTHIAPIBI
€HTI3Y »KaHA MYMKIHIIKTEPl YCHIHAABI JKOHE KOMBLIFAH MIHACTTEP/I IICIIY KOJXJApbl 3aMaHAY U TCOTIOTHSIIBIK 3CPT-
TEYICPOIH OMICHAMANBIK HETI3iH sKeTurmipyai tamam ereai. OCBI omiCHAMAHBI KCTUTHIPYIIH HCTi31 TCOIOTHAIBIK
3epTTEyJICp MacITAaObIHA KApaMACTaH 3CPTTEJCTIH MHHEPATIbI PECYPCTAPIABIH (COHBIH INNHAC MHHEPAJITAPAbIH)
CAHJBIK FRUIBIMH-AKIAPATTHIK 023aChIHBIH OIpPbIHFAH ©3apa OAHIAHBICHIH (FKEPIiTiKTI )KOHE aHMAKTHIK T€0Tpa( sIbIK
KOOPIMHATTAPHI 0ap) Kypy OOJIBIN TAOBLIAIbL.

Temenne bakeHHOE KEH OPHBIHBIH YJTICI OHBIH FHUIBIMH-AKIAPATTHIK 0a3aChIH KYPYIbl KOPCETEAl KIHE OCHI
HETI37I¢ TEOJIOTHAUIBIK 3EPTTCYJIEP 9IiICHAMACKIH >KETLIIPETIH O0IaIbL.

Tyiiin ce3zaep: I'AXK-rexnonormacs:, ArcGIS-10, Micromine, keHOpsIHAApAbIH 3D Mozmemi, KeHOAKBLIAY IIbI
(hakTOpIAP, KEHCHUBICTHIPYIIBI OPTA, CHPEKMETAIIT KEHOPBIHAAPHI, IETMATHUTTI 6pic, 6onamarsl 6ap aiiMakrap.

K. C. Tormsos', T. ®Ko.raes, JI. /I, Hcaesa’

1I/IHCTHTyT reostormiucckux Hayk mM. K. W. Carmacsa, Vausepcurer Carnacsa, Anmmarsl, Kazaxcras,
“KasaxCKuii yHHBEPCHTET TEXHOIOTHE H OH3Heca, AcTana, Kasaxcran

POJIb TPEXMEPHBIX MOJAEJEN MECTOPOXAEHUS
U TEPMOJAUHAMMYECKHX YCJIOBUI
ETO ®OPMHUPOBAHUWA ITPH BBIIEJIEHUA U ONEHKE PECYPCOB
NEPCIHEKTUBHBIX YHACTKOB

Annoramus. [ocyaapcteerHas mporpamva  «L{upposmsamma KaszaxcraHa» paccMaTpHBAaCT YCKOPCHHOC
BHEIPEHHE COBPEMCHHOH HH()OPMAIMOHHOW TEXHOJIOTHH B Pa3IWYHbIC C(pepbl HAINECH KW3HU. B reomormueckon
OTPAaciHd, B YACTHOCTH B T€OJIOTHUCCKOH HAYKE 3TH TEXHOJIOTHH MO3BOJLIFOT CO31aTh TOYHOM, MIPUBI3AHHON K I'€0JI0-
THYCCKOH CPeac MPOCTPAHCTBCHHON HH(QPOBOH 0a3bl JAHHBIX 00 M3YYACMBIX TCOJOTHUCCKUX OOBCKTAXPA3IHTHBIX
MacmTaboB W OHA MPSACTABIACT HCOOXOAMMOC YCIOBHA AT MOCJICAOBATCIFHOTO, IICIOCTHOTO, CHCTEMHO-Tu(p(e-
PCHIMPOBAHHOTO HCCICAOBAHMSA OOBEKTOB, MO3BOJLTOMHE S(D(EKTHBHO M PANMOHAIBHO PEIIATh IPAKTHUCCKHC
3a7ayvm.

Bueapenue coppeMeHHON 1H()poBOi HHPOPMAIHOHHOM TEXHOJOTHH B TE€OJOTHUECCKOE M3yucHue Henp Kazax-
CTaHA TPEICTABIIET HOBBIC BO3MOKHOCTH, M IYTH PEUICHUS INOCTABICHHBIX 33734 TPeOYET COBEPIICHCTBOBAHMS
METOJOJOTHICCKOX OCHOBBI COBPEMCHHBIX I'COJOTHHCCKHX HCCiIeAoBaHWI. OCHOBOM COBEPIICHCTBOBAHMS YKa3a-
HHOM METOJOJIOTHH SIBJLICTCS CO3JAHUC CAWHON B3aAMMOCBSI3AHHOM (C MECTHBIMH W PETHOHAIBHBIMH TeOTpadud-
CCKHMH KOOPIWHATAMH) WHQPOBOH HAYTHO-HH(POPMAMHOHHOH 0a3bl (OCHOBBI) H3YYACMBIX 0OBCKTOB HEAP (B TOM
YHCJIe, MOJC3HBIX HCKomaeMbIx) Kazaxcrana, BHE 3aBUCHMOCTH OT MACINTA0a TCOTOTHUCCKHUX HCCIICTOBAHUH.

Hmwxe Ha mpumMepe MecTopoxacHuI bakeHroe OyAeT MOKA3aHO CO3MAHUC CTO HAYYHO-HH()OPMATHOHHOH 0a3Hl,
W HA 3TOH OCHOBE OyIET MOKA3aHO COBEPIICHCTBOBAHUE METOOJIOTHH T€OIOTMICCKUX HCCIICTOBAHMTH.

Kmouennrie cioBa: TUC-texuonorus, ArcGIS—10, Micromine, 3D Moaenn MECTOPOKACHHS, PYIAOKOHTPOIIH-
pytomue (akTopsl, PYAOBMEINAONIAL CPEAA, PEAKOMETAILIBHBIE MECTOPOKACHUS, IETMATUTOBOE TOJIE, TATHOKHUCHIO
TAHTAJ4, NCPCICKTUBHAA MJIOMIAAb.
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