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L. D. Isaeva', S. K. Asubaeva', K. S. Togizov1

'Institute of Geological Science named after K. I. Satpayev LLC, Almaty, Kazakhstan,
2Adam Mickiewicz University, Poznan, Poland.
E-mail: kuka01 90@mail.ru

FORECASTING RESOURCES OF RARE METAL DEPOSITS BASED
ON THE ANALYSIS OF ORE-CONTROLLING FACTORS

Abstract. Forecasting and allocation of perspective areas for ore minerals and areas within and on the flanks of
known deposits does not lose its relevance. The article deals with the methodological and practical aspects of solving
this problem. On the example of Akmaya of the Katparskaya rare metal ore zone, the features of its ore-controlling
factors were studied and analyzed on the basis of geological and geophysical data. On the basis of this data, digital
3D (3D) and area (2D) models of rare-metal deposits Katpar and Akmaya are constructed. These models allowed us
to obtain the shape of ore areas and we studied the regularities in the distribution of rare metal (tungsten) ore contents
at the above-mentioned deposits, when linked to ore-controlling factors.

The selection of promising horizons for rare metal mineralization and sections within the studied deposits was
carried out by a comparative analysis of ore control factors on the one hand, and thermodynamic conditions for the
crystallization of ore minerals such as wolframite, scheelite and molybdenite on the other, and also the distribution of
their contents within ore areas.

The obtained forecast data showed the prospects of rare-metal deposits of Katpar and Akmaya to increase their
resources.

Key words: Rudo-controlling factors, ore-bearing environment, rare metal deposits, molybdenum, tungsten, 3D
model of deposits, 2D sections, perspective zones.
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M. III. Omupcepukos', Arara Jlymman-UepHuukeBud’,
JIL L. Hcaesa', C. K. AcyﬁaeBal, K. C. Torusos'

'MuctuTyT reonornyeckux Hayk um. K. M. Carnaesa, Anmatsl, Kazaxcran,
2YHHBepcheT nM. Anama Murnkesuua, [To3nans, [Tonbia

IMPOTHO3NUPOBAHUE PECYPCOB PEJKOMETAJIVIBHBIX
MECTOPOKJIEHUN HA OCHOBE AHAJIU3A
PYJOKOHTPOJIMPYIOLIUX PAKTOPOB

AHHoTanus. [IporHo3upoBanne U BEIJEICHNE IEPCIEKTUBHBIX, HA PyIHBIE MTOJIE3HbIE HCKONIAEMbIE, TUTOMIaIeH
M YJacCTKOB B Ipe/ienax 1 Ha (hpiaHrax M3BECTHBIX MECTOPOXKICHUN HA CETOMHSIIHNI I€Hb HE TEPSET CBOIO aKTyalb-
HOCTb. B cTaTtbe paccMOTpeHB!I Hay4HO-METOAMYECKUE M MPAKTUYECKHE CTOPOHBI pelIeHus 3Tod 3amaun. Ha mpu-
mepe Axkmas — KaTtmapckod penkoMeTayulbHOM PyAHON 30HBI M3Yy4YCHBI M IIPOAHAIU3UPOBAHBI OCOOEHHOCTH €€
PYZOKOHTPOJIUPYIOMNX (AKTOPOB MCXOI U3 TEOJIOTHYECKHX U reodusmyeckux naHHbIX. Ha oCHOBE 3THX JaHHBIX
nocTpoeHs! nudpoBsie oobemuble (3D) u momaaueie (2D) Monenu peakoMeTaibHBIX MecTopoxaennii Karnap n
AxMas. DTH MOjeNU MO3BOJWIN MOJNYYUTh (GOPMY PYIOHBIX TEJl M M3YUYHTh 3aKOHOMEPHOCTH DPAaCIpelesieHUs] CO-
Jiep)KaHUl pyJ PEeAKHX MeTauioB (Bosib()pama) Ha BBIIICYKa3aHHBIX MECTOPOXKACHUSX NPHU YBSI3KE UX PYHAOKOHT-
ponupytomuMu (akTopamu. BeiieneHue nepcrueKTUBHBIX TOPU30HTOB M YYacTKOB B Ipe/esiaX N3ydaeMbIX MECTO-




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

POXICHNI Ha PEAKOMETAINIBHOE OPYACHEHHE MPOBEICHO ITyTEM CPaBHUTEIBHOTO aHAJIM3a PYAOKOHTPOIHPYIOIINX
(hakTOpOB C OIHOW CTOPOHBI, H TEPMOJMHAMHUYECKHX YCIOBHH KPHCTAJUIM3alMU PYAHBIX MHUHEPAJOB, TaKMX Kak
BOJIL()PAMHT, LICEIUT ¥ MOJIMOIEHHT C IPyToH, a TaK)Ke OCOOCHHOCTEH pacrpenesieHNsI MX COAEpKaHui B mpeaenax
pyasbix Tein. IlomydeHHBIE POTHO3HBIE JaHHBIE MOKA3alIX MEPCHEKTUBHOCTD PEAKOMETAIUIBHBIX MECTOPOXKACHHUI
Karmap n Axmast Ha IPUPOCT UX 3aIACOB.

KnroueBble ci10Ba: pyZOKOHTPOJMpYMOLIKE (HAKTOPHI, PYAOBMEIIAIOIAs Cpela, PeIKOMeTaUIbHbIe MEeCTO-
poxnenus, MoiauoaeH, Boibdpam, 3D Mozenn MecTopokaeHui, 2D cpe3bl, IepCHeKTHBHBIE 30HBI.

BBenenue. HaydHO-MeTOAMYECKYIO OCHOBY IPOTHO3UPOBAHUS MECTOPOXKICHHUHN IMOJIE3HBIX HCKO-
MAeMBIX COCTAaBJISET aHAIM3 PYAOKOHTPOIUPYIOMIMX (AKTOPOB TaKUX, KaK CTPYKTYPHO-TEKTOHHYECKUE,
crparurpadudIecKue, JTUTOIOTO-TIeTporpadudeckne, MarMaTndeckue, reou3udecke 1 T.1. braronpusr-
HO€ COYETaHUE PYIOKOHTPOJHUPYIONIUX (haKTOPOB HA OTIACIIbHBIX YYaCTKaX MO3BOJISET UX pACCMATPUBATh
KaK TmepcrnekTuBHble. [loaToMy paccMOTpeTh JaHHBIA BOIPOC B MPEAEIax HU3BECTHBIX MECTOPOXKICHUN
SIBJISIETCSI aKTyaJbHBIM, TaK KaK MEPCIEKTHBHAS IUIOIIA[b, BBIICICHHAS B MPEIEIax H3BECTHBIX MECTO-
pPOXKAEHUM, AET COJUIHBIN IPUPOCT UX MPOTHO3HBIM 3aracam.

Axmas-Karmapckas pyaHas 30Ha, B IpelaeliaX KOTOPOH pacroyiaraloTcs psii PEeIKOMETaUTbHBIX
MECTOPOXKACHUN U PYAONPOSBICHUN, COBHNAAAET C LICHTPAIbHOW YACThIO Y CIIEHCKOTO CUHKIMHOPHUS U
CIIO)K€Ha BYJIKAHOTEHHO-OCAJOYHBIMA M TEPPUTEHHO-KapOOHATHBIMU OOpa3zoBaHUAME (haMeH-TypHeH-
ckoro Bo3pacrta [1].

MecTopoxIeH!s: U PYyAONPOSBICHUS JaHHON PYAHON 30HBI OTHOCATCS K MOJIMOACH-BOJL(HPaMOBOI
pyIHOU dopManuy, MPOCTPAHCTBEHHO W TEHETHYECKH CBI3aHOW C alMKaIbHBIMH YacTSIMH, HEe BBIXOIS-
IIEr0 Ha MOBEPXHOCTh IUTYTOHA JICHKOKPATOBBIX TPAHUTOB aKIIATAyCKOro Komiiekca. OHU 00bETUHEHBI
OOITHOCTBIO MPOUCXOXKJICHUS U €IUHCTBOM BMEIMIAroNiel ux reonorudeckoit crpykrypsr (I.H.I1lepOa,
B.T.Ilokamos, 1988). O0bekTamMu HCCIIEOBaHNS B JaHHON pa0oTe SIBIAIOTCS MecTopoxaeHus Karnap u
Axwmas (pucyHoK 1).

Crenyer OTMETHTBh, YTO PEIKOMETaUIbHBIE MecTopoxkaeHus lleaTpansHoro Kazaxcrana mo cBoum
TEOJIOTHYECKAM M METAJNIOTEHHYECKUM OCOOCHHOCTSIM MMEIOT MEXIYy COOOl aHallOTWYHBIE CXOJCTBA, U
MecTopoxaeHus Katnap n Akmas He SIBISIFOTCS UCKITIOUSHUEM.

Pucynok 1 —I'eonornueckast kapra pyaHoro paiiona m: 1:50 000 [2]

Figure 1 — Geological map of the ore district m: 1: 50 000 [2]
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B pabote B kayecTBE MCXOJHBIX MATEPHATIOB HAMU HCIOJIB30BaHbI TEOJOTMYSCKHE U METaore-
HUYECKHE KapThl PyIHBIX MOJEH M MECTOPOXICHHI pa3HBIX MaclITa0OB M TEOJOTHUYECKHE pa3pesbl Mo
pa3BeIOYHBIM MPOQPHIISM, KapThl Te0QU3NIESCKUX H TEOXUMUYECKAX aHOMAJM PyITHON 30HBI Pa3IMIHBIX
MacITaboB u Jip.

OOIIHOCTh MPOUCXOXKACHUS MECTOpokaAeHU# KaTmap u AkMasi Mo3BOJNHIIA CHCTEMATU3UPOBATh HX
PYAOKOHTPOIHpYIOoNTHe GakTopsl B 00meM Buae. CUcTeMaTH3aIis PYJOKOHTOPIUPYIOMHX (HaKTOPOB IO
MecTopoxaeHusM Katnap u Akmast IpeicTaBICHa B BUJIC TaOIHIIBI.

OCHOBHBIE PYIOKOHTPOJHPYIOUIHE (GaKTOPhI IO MecTOpokAeHUIM Katnap u Axmas

OcHOBHBIE [IpoxmyxThI Macuirabst [IporHo3HO-IONCKOBBIE
PO re0J0rMUECKUX MTPOLECCOB pacnpocTpaHeHus KpuTepui
CrpyKTypHO- YcneHnckas 30Ha CMSTHS U ee Iiepecede- | bpexunBanue u INH30BaHHE TexToHMYECKHE HAPYIICHUS,
TEeKTOHWYECKHI | HHE C pa3lloMaMH CEeBEPO-BOCTOUHOTO 1 | mopof. K 30He Opekunpo- OpeKurBaHNE 1 TMH30BAaHHE
CEeBEpO-3aIIaqHOTO IIPOCTHPAHUI. BaHMS IPUYPOUCHA JIMHCHHO- | ITOPOZ.

KIITBHO-TTPOKMIKOBAS
pyzaHas 30Ha.

JIutonornueckuii| HeusmeHeHHble HOPOIbI: aneBpoauThl, | ['eonornyeckas cpena Jioka- BynkanoreHHo-ocago4Hble U
MECYaHUKU U U3BECTHAKU JIU3aLUU MECTOPOKACHUS U3BECTKOBBIC IIOPOJIBL

Marmatudeckuil | JIeKoKkpaTOBbIe TPAHUTHI aKIIaTay- HcTounuk penkomeraib- Wutpy3uBHbIe 00pa3oBaHus,
CKOT0 KOMILIEKCa HOT'O OpYIECHEHUS CIeLUaTu3UpOBaHHbIC Ha

PEAKUE METAJIbL

Mera- V3MeHeHHbIe TOPOIbL: I'eonoruueckas cpena jioxa- MpamopupoBaHHbIE U3BECT-
Mopduuecknit Porosuku, Mpamophl. JIM3ALMU MECTOPOKICHUS KOBBIE ITOPO/Ibl, POTOBUKH 110
AJIFOMOCHIIMKATHBIM TIOPOJIaM

Mera- CxapHBbI 110 U3BECTHAKAM, CKAPHUPO- Pynosmermatomas cpena T'upporepmanbHble U3MEHE-
COMaTHYEeCKUI BaHHbIE [IOPOJIBI 10 POrOBUKAM, HYSL B alIUKaJIbHON 4acTH
rpei3eHsbl 110 CKapHaM U IpaHUTaM JIEIKOKPATOBBIX IPAHUTOB U
U3BECTKOBOM Cpenbl
I'eopusmueckuii | Tlone cnia TsskecTH — I'eonoruueckas cpena j1oka- I'paBuranuonHnoe noae umeer
[3] rPaBUMHHUMYMOM. JIU3ALUU MECTOPOKACHUS OTpULATEIbHbIC AHOMAJINHY,
MarHauTHble AHOMAJINH: MarHuTHOE I10JI€ — I0JIOXKU-
MOJIOXKUTEIIbHbIE — HA/IMHTPY3UBHAs TeJIbHbIE AHOMAJIUU.

30Ha AKManHCKOIO MacCHBa,
OTpPHUIATEIbHBIC - PAHOH MECTOPOKICHUSI

[110THOCTE IEPMCKUX FPaHUTOUIOB Pynosmemiaromas cpeaa [leTporioTHOCTHBIE XapaKTe-
2,55 r/cM®, BY/IKAHOTCHHO-0CATOIHBIX PHCTHKH MTOPOJ IS TIONCKA
o6pasoBanmii — 2,64-2,78 r/cm’ WHTPY3HUBHBIX TEIL.
BewectBennslii | Bonbdpam, MonnbaeH Pacnipenenenue koHueHTpa- ConepxaHue pyaHbIX
LUH PYJHBIX JIEMEHTOB. KOMITOHEHTOB.

Kaxnpiif u3 5THX (akTOpOB SABIACTCS OJHUM M3 CYIIECTBEHHBIX COCTABILIONIIMM HMPOTHO3HO-TIOUC-
KOBBIX KPUTEPHEB PEAKOMETAIITBHBIX MecTopoxkaeHui Llentpanpaoro Kazaxcrana.

Buioenenue nepcnekmugnoii nnowadu Ha mecmopodxcoenuu Kamnap. Ilytem oundpoBKy 1 BU3zya-
JM3aIX Pa3BeIOYHBIX JAHHBIX MECTOPOKICHUH C TIPHMEHEHHEM KOMITBIOTEpHOH porpamMmsl MicroMine
COCTaBIICHBI 00BEMHBIC MOJICNIM PYIJHOTO Tella U PACHpeieICHUs] COJICPKaHUI PYAHBIX KOMIIOHEHTOB B
npenenax opyneHeHuu. CocraBieHHble Hamu 3D Mozenu MeCTOPOXXKICHUS M TEOJOTHYECKHE JTaHHBIC
MOKA3bIBAIOT, YTO MOP(OJIOTUS PYAHOrO INTOKA HA JTAHHOM MECTOPOXKICHHHU ONPEIeIsIeTCS CIUSHUEM
IBYX BEPTUKAIBHBIX CTOJOOB, BHYTPEHHEE CTPOCHHE KOTOPBIX IIPEACTaBISAET COOOW INTOKBEPK,
COCTOSIIIMN M3 CKapHOBBIX MPOXKWIKOB WM KHJ, TN OCHOBHBIMH TOJE3HBIMH KOMIIOHEHTAMH SIBIISIOTCSI
BoJIb(ppam, MOTMOIeH, BUCMYT U Melb [2].

OcHoBaHME PyJHOTO MITOKA HA TITyOOKHX FOPH30HTAaX COBMAAACT C JIOKAIBHBIM BBICTYIIOM ITO3JHE-
MEPMCKUX TPaHUTOB. 3JieCh B IICHTPAJIBHOW YacTW pyJHOro Tena, Ha riryouHe 450—500 M BbIIENSIOTCS
OTIeNbHBIE PYIHBIE TENa, COCTOSIINE U3 PEAKOMETAUIBHOTO IITOKBEPKA, €ro MOIIHOCTh OLEHUBAETCS B
npenenax 10 50-60 M, OXBaThIBAET TOJBKO SK30KOHTAKTOBYIO YacTh I'PAHUTHOW HMHTPY3UH, 00 3TOM
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CBUJICTENLCTBYET aHAJIN3 M COIOCTABICHUE I'e0JIOTHIECKOTO pa3pe3a Mo pa3BenodHoit muHum Ned5 ¢ ero
2D cpe3amu. Ha nanHoi rinyOuHEe comepikaHHe TPEXOKHUCH Bobdpama mMeHseTcs ot 6oproBoro 0,04 mo
0,5%, u BbIIIE (pUCYHKH 2, 3).
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Pucynok 2 — TpexmepHast MoJenb MecTopoxkaeHus Karnap
(Bu3yanu3auusi coJepiKaHuil TPEXOKHCH BoJbdhpama)

Figure 2 — Three-dimensional model of the Katpar deposit
(visualization of the contents of tungsten trioxide)

[To pymoxonTponupyomumM ¢akropaM (TabIHMIa) yCTaHOBICHO, YTO AlMKaJIbHBIE SHIOKOHTAKTOBBIE
4acTH TIyOOKO3aJeraroniel TpaHUTHOW MHTPY3UH, Ha MecTOpokiaeHnn KaTmap, sSBISIOTCS NEpCIeKTHB-
HBIMH Ha OOHapy)XEHHsI PEIKOMETAIUIBHOTO OPYICHEHHs. DTO MOXKHO OOBSICHHUTH CIEIYIOUIMMHU: BO-
MIEPBBIX, TPAHUTHI XapaKTEPU3YIOTCS MOBBIIICHHBIMU COJCPKAHUSIMHI BUCMYTa, BOJIbGpaMa, MM, 0JI0Ba,
MonuOaeHa, Oepuiuiis U pyOUaus; BO-BTOPBIX, PyJHAs 30HAJIBHOCTh HA MECTOPOKACHUH IIPEAIoNaracr,
YTO B SHAOKOHTAKTOBOI YacTH TPAHUTHOW MHTPY3UH MOTYT JIOKAJIN30BATHCS MOJHOICHHUT, TaK KaK OHU
OTJIAraloTCs MpH 00JIee BHICOKUX TeMIepaTypHbIX ycnoBusax (430-330°C), yem Boabhpamutst (330-250°).
Ha nanHOM MecTopoXIeHHHM MONUOIEHHUTHI BCTpeyaroTcs B ABYX Momaudukanusx -3R, 2H u ux moss-
JIEHUSI PACKPBIBAIOTCS aHAIM30M MOENBHBIX TOCTPOCHHH PyH000pasyIonX M PYIOJIOKATU3YIOMINX
cucteM [2, 4].

Ha mecropoxnennn Katmap nmpocTpaHCTBEHHOE MOJIOKEHHE PYAHBIX MPOKHIKOB ¢ MOJMOICHUTOM
MO3BOJISIET CUNUTATh, YTO B alIMKAIBHBIX YaCTSIX TPAHUTOB OHU KPUCTAUIM30BAINCEH B YCIOBHUSAX TEIJIOBOTO
paBHOBeCHs, U MOJUOAEHUT TosBmWICS B BUae — 2H mommdukammn. B ckapHOBO-TpEei3eHOBBIX Telax
MOJHMOACHUT KPUCTAJITU30BAJICS B YCIOBHSX TEIJIOBOTO HEPABHOBECHUS, TaK KaK ATHU PyAHbIC Tena (op-
MHUPOBAJIMCh B HAAUHTPY3UBHOH 30HE, T.€. B HEKOTOPOM YAAJCHUHU OT UCTOYHMKA Temya. B 3Tom ciryuae
MOJIMOJICHUT TIPOSBIAETCS B BuAe 3R Momumdukamuu, criocOOHBIX K M30MOP(HBIM 3aMEMEHUAM. DTUM
MOXHO OOBSICHUTh TNPHUYUHY TosBieHuss peHus (mo 0,025%) B MHUHEpaJbHOM COCTaBe CKapHOBO-
Tpel3eHOBBIX Tel Ha MecTopoxaeHun Karmap [5, 6].

[Ipn »TOM MeracoMaTwdeckwii (aKTOp KOHTPOJS OpPYIEHEHHS IOKa3bIBaeT, YTO MPOIYKTHl aBTO-
METACOMAaTHUYECKON TpEi3eHN3allii B TPAHUTaX HECYT PACCESIHHYIO BKPAIUIGHHOCTh MHHEPAJIOB PEIKUX
METaJUIOB, M 3lIeCh PaclpoCTpaHEHBbl KBapLEBbIE M KBApI-MOJEBOIINATOBBIC JKUIbI U HPOKHIKUA C
MOJHOAEHUTOM. BOKpYT 3THX HPOKHIKOB B TPaHUTE HAOIIONAIOTCS OKOJIOXKHJIBHBIE OPEOJIbl METacoMa-
TUYECKUX MpeoOpa3oBaHUN — OKBApIIEBAHNE, KAINIIIIATH3ANNS U MYCKOBUTH3AIIHSL.
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Wrak, TOMHMO YyCTaHOBJIGHHBIX PYyIOKOHTPOJIHPYIOIMNX (PAKTOPOB Ha JAHHOM MECTOPOXKISHHUH
aHAJIN3 PyNO00Pa3yIONINX CHUCTEM ITOKa3bIBAET, YTO PEAKOMETAIIFHOE OpYyACHEHHE JIOKAIN3YyeTCs U B
9H/IOKOHTAKTOBBIX YaCTSIX TPaHUTOB MEXKIY pa3BemfouHbIMHU Npoduisivu Ne 45-47, v o TeMriepaTypHBIM
YCIIOBUSIM MHHEPaIo00pa3oBaHHs OHO NpociexuBaeTcs Ha riyOuHy uHTpy3uu cBbime 100-150 m. B
3TOM CIlydae pacueTHBIH BEPTUKAIBHBINA pa3MaxX PeIKOMETAJUIBHOTO OPYICHEHWS Ha MECTOPOXKICHUH
Karmap coctaBnsger okomo 650 M Ha riTyOMHY, ¢ IO T€OJIOTHYESCKUM JaHHBIM OH OIEHWBACTCS B IIpe-
nenax 500 M (pUCyHOK 4).

Pucynok 4 — Beiaenenune nepcrneKTUBHOM IUomany Ha Mectopoxaenun Karnap B 3D ¢opmare
(KpacHbIi LBET — MepCIEeKTUBHAA IuIomaas, pasmMepsbl 200%x200%150 M, cupeHeBbIi IBET — KapKac pyIHOTO Tela)

Figure 4 — Selection of the prospective area in the Kathpar deposit in 3D format
(red color — perspective area, 200x200x150 m, lilac color — ore body frame)

BrinenenHass mnepcnekTMBHas IUIOHIaAb B Ipelenax MECTOPOXKIEHUS HUMEEeT pa3Mephl
200%200%150 M, rae TOpU30HTANIBHEIE €€ pa3MEpPbl OLICHUBAIOTCS pa3MepaMy OCHOBHOI'O PYIHOTO IITOKA,
TaK KaK OCHOBAaHHE 3TOTO IITOKA COBIANAET JIOKAIBHBIM BBICTYIIOM I'DaHUTA, & BEPTUKAIBHBINA pa3Mep —
MOIIHOCTBIO JIOKAJILHOTO BBICTYIa HWHTPY3WH, OLEHEHHOW W3 TeoJ0ro-reo(pu3nuecKoro paspesa
Axmanackoro Maccua (byprybaes A.T., 1977).

CpenHee coiepikaHHE TPEXOKHCH BoJb(ppama IO PacuyeTHBIM JaHHBIM OLICHMBAETCS B IPeAeiax
0,117%.

[To pernoHambHBIM TE€OJOTHYECKHUM JAHHBIM OCHOBHOHM PYyIHBIH MITOK Ha TIyOOKHX TOPU30HTAX
(400 M) cy>kaeTcsi U CIMBAETCS C MOJBOISIIINM PYAHBIM KaHAJIOM, BBITSIHYTBIM BIOJIb Y CIIGHCKOW 30HBI B
BHJIE y3KOH OpYyACHEJON JIMHEHHOM 30HBI, YXOASIIMNA HAa BOCTOK M HA 3amlaj, I'Ie Ha BOCTOKE JAHHOMU
30HOM KOHTpPOJIMPYETCsl MECTOPOKIeHNE AKMas, Ha 3anaje — 3anaanbii Karnap [2, 7].

Buvioenenue nepcnekmuenoit niowadu na mecmopodicoenuu Axkman. MecTOpOXIECHUE Pacloio-
KEHO B 4 KM Ha CEBEPO-BOCTOKE MecTopoxacHusS Karmap, mpemcTaBiseT coOOW JIMHEHHBIH ITOKBEPK,
CJIO’KEHHBIH KBapIIEBBIMU M KBapII-TIOJICBOIINATHBIMH YKUJIAMHU M MPOXKUIKAMHU C BOJILOPAMUTOM U IIee-
JIUTOM, BUCMYTHHOM, MOJIMOJCHUTOM, IUPUTOM, IMUPPOTHHOM M XaJIBKONHPHUTOM B OPOTOBHKOBaHHBIX,
CKapHUPOBAHHBIX, MPaMOPHU3UPOBAHHBIX U3BECTHAKAX U U3BECTKOBBIX CIAHIAX (aMEHCKOIr0 BO3pacTa.

Iloctpoennas Hamu 3D Momens MeCTOPOXKICHHM AKMas IOKa3zajldH, YTO B IPOCTPAHCTBEHHOM
pacIpeqeneHnn CoepKaHul TPEXOKHCH BOJb(pamMa HaMedeHa onpeAeseHHas 3aKOHOMEpHOCTh. B toro-
3amaHOM M CEBEpO-3allaJfHOM HampaBJIeHHMH HaOMI0AAaeTCsl PacHpOCTPaHEHHE COINEPKAaHUS TPEXOKUCH
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Bonb(pama HIxe 6oproBoro (MeHsiue 0,15%), HO HIKHHE TOPU30HTHI 3TUX HANpPaBICHUH OTMEYAIOTCS
pacmpocTpaneHneM Ooiree BRICOKHX ero coaepxannii (ot 0,3-0,9%).

OTO0 MO3BOJSAET TOBOPUTH O TOM, YTO HIDKHHE TOPHU30HTHI CEBEPO-3alaHON U F0T0-3aragHoN yacTel
MECTOPOKACHUSI MOTYT OBITH MEPCHEKTHBHOW Ha OOHApyKEHHS TPEXOKHUCH BOJb(ppamMa C BBICOKUMH
coJlepKaHUAMH (PUCYHKH 5, 6).
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Pucynok 5 — TpexmepHast MOJIeNIb MECTOPOXKICHUSI AKMast ¢ BU3yaJIM3aliei TPEXOKHICH Bolb(pama:
A — 110 MecTopOXJeHHI0; b — 1o pa3pe3amM ceBepo-3anaHoi 1 I0Tro-3amnajHoi yacTell MECTOPOXKICHUS

Figure 5 — Three-dimensional model of the Akmaya field with visualization of tungsten trioxide:
A — over the deposit; B — from the sections of the north-western and south-western parts of the deposit

Pucynok 6 — Brienenue nepcrieKTHBHOM IO B IIpeaesax MecTopokaeHust Akmas B 3D ¢popmate
(KpacHBIi L{BET — IIEPCIICKTHBHAS ILIOIIA/(b, 3€ICHHBIN LBET — KapKac pyIHOTO Teja)

Figure 6 — Allocation of the prospective area within the Akmaya field in 3D format
(red color — perspective area, green color — the frame of the ore body)
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Kpome Toro, ectp maHHBIE O TOM, YTO C TUIyOMHOUW B BONb(paMHTaX YBEIHYUBACTCS COJEpIKaHHE
¢depOeputoBoi Monekynbl, (Ha rmyonHax 130-160 m mocturaet no 19%, a Ha riryoune 300 M — 38%), xo-
TS BOJIb(PPAMUTEI MECTOPOKIACHHUS AKMasi OTHOCITCS K THOOHEPUTaM WU K BOJb(PaMHUTaM, B KOTOPBIX
Mapraser| mpeodiagaeTt HaJ sxene3oMm [7].

AHanmu3 Mozlenu pymaoo0pa3yoNMX CHCTEM MECTOPOXICHUH PEeIKHX METaJUIOB MO3BOJSET CHEaTh
MIPENONIOKEHNE O TOM, YTO BONb(PpaMHUTHl PepOepUTOBON MOJEKYIBl KPHUCTALIN3YIOTCS B YCIOBHAX
TEIUIOBOYM PAaBHOBECTHOCTH, a OHA CO3JIaeTCsl OJIMKE K pyNOHeCylleld HHTPpY3uu. [laHHOE MECTOPOXKICHUE
CBSI3aHO ¢ AKMaWHCKHM TPaHUTHBIM MacCHBOM, BBIXOJbI KOTOPOTO B TpeJieNiaX JaHHOTO MECTOPOKICHUS
He HaAOIIOJAroTCs, MOATOMY paccMaTpUBaeTCs TIIyOMHA TMPOCIEKHWBAaHUS PYIOHOCHBIX 30H. bosbmieit
BEPOSATHOCTHIO BOJNb(PpaMuThl (epOCPUTOBON MOJICKYJIBI MOTYT 3aHUMAaTh HU)KHHUE TOPH30HTHI CEBEPO-
3arajHON W IOTr0-3alajIHOM YacTeld MECTOPOXICHHUS, TaK KaK HUXKHSS TPAHUIA PYAOHOCHOU 30HBI OIpe-
nensercs Ha rinyonHe 200-240 MeTpoB, U OHA SBIIAETCS caMOM OJIMKHEH 30HOW K PyTOHOCHON HHTPY3HH.

PynoHocHast 30Ha B IIEHTPaIbHOW YacTH U CEBEPO-BOCTOYHOM (PJIAHTE MECTOPOXKICHHS MPOCIICKHU-
Baetrcs 110 TiryouH 150 u 50 M COOTBETCTBEHHO, IMOATOMY MOSIBIICHUE BONBPPaMUTOB ¢ (PepOepUTOBOI
MOJIEKYJION B 3THX YaCTSAX PYAOHOCHOM 30HBI MMEET HU3KYIO BEPOSTHOCTh. B 3TOM cirydae pymonokanu-
3yIoIasi 30Ha HAXOAWTCS OTHOCHUTENHHO Ha HEKOTOPOM YyNAJICHHWW OT Odara Teria T.e. OT PYyIOHOCHOI
UHTPY3uHU. Pynonokanusyiomme 1 pyaoo0pasyolye CUCTEMBl HaXOAATCA B YCIOBUSAX TEMJIOBOM Hepas-
HOBECTHOCTH, M B ATHX CIIyYasX KPUCTAILIU3YIOTCS BOJIb(QPAMUTHI U IEeTUTHI 5, 7].

ITomyueHHBIC TaHHBIE ITyTEM aHATN3a PYIAOKOHTPOIUPYIOMHUX (PAKTOPOB, 1O mocTpoeHHBIM 3D 1 2D
MOJIEJISIM MECTOPOXAEeHUS AKMas ¢ BU3yalIM3alliel pacripeaeneHus coepKkaHuil TPEeXOKUCH Bosb(ppama
B €ro mpejienax W aHaluu3 MoJeNiel PyI000pa3yIoNMX CUCTEM IMOKa3alH, YTO TIyOOKHEe TOpU30HTHI (JI0
400 M) ceBepo-3amaJiHON W IOTO-3alaHON YacTeld NAHHOTO MECTOPOXKICHHS pPacCMaTPUBAIOTCS Kak
MEePCICKTUBHEBIE 30HBI HAa peIKOMETauIbHOE opyAcHeHue. C yd4eToM IMOJIOKCHHS JIMHEHHOTO IITOKBEPKA
CEBEpPO-BOCTOUYHOI'O HAIPABJICHUS] HAMHU OLIEHEHBI T€OMETPUUYECKUE MapaMeTphl MEPCIEKTUBHON 30HBI Ha
TPEXOKHUCH BOJbPpaMa MecTopoxaeHus B pazmepe 50x100x150 M (pucyHok 6).

[To maHHBIM JTA0OPATOPHBIX UCCIEAOBAaHUI TPHOKCH] BOJb(ppaMa HAXOIUTCS B IMEPBHUYHBIX PyAax B
¢dopme meenura — 0,2%, Bonmbppamura — 0,13%, a MO HaHHBIM KOMIBIOTEPHOTO MOCIUPOBAHHUS €ro
coaepxanue cocrapisier 0,12%.

BrigeneHHple mepcieKTHBHBIE IUIOMAAN HAa OCHOBE PYAOKOHTPOJIUPYIOMIMX (aKTOPOB B Ipejenax
MecTopoxaeanii Katnap m Akmasi, 1af0T JOMOJHUTEIBHBIA MPUPOCT K MPOTHO3HBIM 3aIiacaM, TEM CaMbIM
OTIPEACTSIOT 3HAYUMOCTh AkMasi-Karnapckoll pyIHOM 30HBI B CO3JJaHUH COOCTBEHHOH PEIKOMETAIUTBHOM
ceIpheBoit 0a3wl Pecriybnmku Kazaxcran.
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M. III. Omipcepikos', Arata Jlymman-Yepuuukesuya’, JI. JI. Hcaesa', C. K. Acy6aesa’, K. C. Toruzos'

1K. . C9T112aeB aThIHJIAFbl T€OJIOTHSIIBIK FHUIBIMAAP MHCTUTYTHI, AnMatel, KazakcraH,
Anam MutikeBud atbiHaarbl yHuBepcuTeT, [lo3Hanp, [lonbiia

KEHBAKBIJIAYIIBI ®AKTOPJIAP/IbI CAPAIITAY HETI3IH/IE
CHUPEKMETAJIIBI KEHOPBIHJIAP KOPBIH BOJI’KAY

AnHoTanusi. byrinri Tapaa Oenriji KeHOPBIHIAP/Ia JKOHE OHBIH KalTalgapblHIa KeJeueri 6ap ayJaanaap MeH
yuackesiepAii KeHai nmainansl Ka3banapra 00pKay €3 MaHbBI3IBUIBIFBIH JKOFAITIARIBL. MaKagana ochl TallCEIpMaHbIH
FBUIBIMH-9ICTEMEITIK JKOHE TOKIPUOETIK OarbITTaphl KapacThIpbUIaasl. AKMas-Karmap cupexMeTanabl KeHai oemnme-
MIHIH MBICAJIBIH]IA TCOJIOTUSIIBIK JKOHE TeO(PH3UKAIBIK MAIIMETTEp OOWBIHIIIA KeHOAKBUIAYIIIBI (DAKTOPIAPABIH epeK-
HIeiKTepi 3epTrenin, capanrtanabl. Ockl MaliMeTTep HeriziHie cupekMeTannbl AkMas xxoHe Karmap keHopbIHIa-
poiHbIH KeneMai (3D) sxoHe aymaHnbik (2D) canablk Mozenbaepi TYPFBI3BULIBL. Byir Mopenbaep »orapblia aTajiraH
KEHOPBIHJAp/IbIH KeH JIeHeJIepiHiH MilliHiH KoHe CHpeKMeTalibl (BoJIb(ppaM) KeH KYPaMbIHBIH Tapajy 3aHJIbUIBIFbIH
KeHOaKpLIay bl pakTopyiapMeH OaiiylaHbICTBIPa OTBIPBII 3ePTTEYTe MYMKIHIIK Oep/i.

3epTTenin OThIpFaH KEHOPBIHAAP MaHBIHAA CHPEKMETaJ/lap LIOFBIPJIaHFaH y4yacKelepMeH KadaTTaplbl epek-
meney, Oip >KarblHaH KeHOAKBUIAYIIBI (aKTOpIapIbl CaJBICTHIPMANbl caparnTay, eKiHIII >KaFrblHaH BOJBb(PaMHT,
IICEJIUT KOHE MOIMOJCHNT CUSAKTHI KeH/II MHUHEpaJIAap IbIH KPUCTAIJaHy JKaF/Aaibl, )KoHE A€ KEH JeHeIepl MaHbIHIa
ONapIBIH KYPaMBIHBIH Tapally epeKIIeIiKTepiH 3ePTTeY apKbLUIBI Y PTi3ijiii.

AnpiHFaH 0ODKaMIBIK MoJliMeTTep AKMas koHe Karmap KeHOPBIHAAPBIHBIH CHPEKMETAIIBI KEICIIEriH )KOHe
KOp KOJIeMiHIH apTybIH KOPCETTI.

Tyiiin ce3nep: keHOAaKbIIayIbl (HaKTOPIIap, KEHCHBICTHIPYIIBI OPTa, CUPEKMETAIIbl KEHOPhIHAAp, MONMUOIEH,
BOJIb()paM, KeHOPBIHHBIH 3D Moneni, 2D KubLTybl, KeleleKkTi oerniem.
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