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ON THE ISSUE OF RARE METAL MINERALIZATION
(as a sample katpar deposit)

Abstract. The study of the thermal field of intrusive massif, its impact on the host medium, the process of
mineralization and building of their thermodynamic models has its own historical development and is a significant
component theory of mineralization.

In the context is suggested by the authors the model building process of formation of rare-metal theory deposits
in Central Kazakhstan Katpar.

Within this model is studied: features the introduction of intrusive massif into the host medium, progressive and
regressive stages of its cooling; there are presented the temperature of formation of minerals and their association
with the contact metamorphism (intrusive massif - host medium); quantitative assessment on the duration of the
formation of rare metal deposits Katpar; set parameters of changes of temperature field intrusive massif in the host
medium and its impact on the most important stages and stages of mineralization.

Keywords: intrusions, rare metal mineralization, model.

VK 553.493.5:553.2
M. III. Omupcepuxos’, JI. %K. Ucaesa’, C. K. Acy6aesa’

II/IHCTI/ITyT reosornyeckux Hayk uMm. K. U. CarnaeBa, Anmartsl, Kazaxcran,
*Ka3axcKuil HALMOHAIBHBII HCCIIEI0BATENbCKHIT TexHnuecknit yaupepenter um. K. U. Catnaesa, Anmats, Kazaxcran

K BOITPOCY PEAKOMETAJIJIBHOI'O PYJITOOBPA3OBAHUASA
(na npumepe Mectoposkaenusi Karmap)

AHHoTanus. MccnenoBanue TEMIOBOTO MOJISI HHTPY3UBHOTO MAacCHBa, €r0 BIMSIHUE HA BMEINAIOILYIO Cpeay, Ha
IpoLecc pyaoo0pa3oBaHus U MOCTPOECHHUS X TEPMOIUHAMHUYECKUX MOJENEH NMEEeT CBOE HCTOPUYECKOE PA3BUTHE U
SBISIETCS] 3HAUMMBIM COCTABIISIIOLIMM TEOPHU PYJ000pa30BaHMA.

B KOHTEKCTE TEOpHH PEeIKOMETAILHOTO PYA000pa3oBaHus, aBTOPaMH IPEIUIOKEHO MOAEIBHOE MOCTPOCHHE
npotecca GOpMUPOBaHHS peAKOMeTaIUIbHOTO MecTopoxeHus: Karnap B Lentpansnom Kazaxcrane.

B pamkax 3Toif MoJeny M3y4eHbl: OCOOEHHOCTH BHEIPEHHsT MHTPY3UBHOTO MAaccuBa BO BMELIAMOILIYIO Cpeny,
NIPOTPECCUBHBIE M PErPECCHBHBIE STAITbl €T0 OXJIAXKCHNUS; IPEICTABICHBI TEMIIEPaTypbl 00pa30BaHMs MUHEPAJIOB U
MX acCOLMAIMU TPH KOHTAaKTOBOM MeTaMopdu3Me (MHTPY3MBHBIM MaccHB — BMEILAIONIasi Cpela); JaHa KOJMYecT-
BEHHas! OLICHKA Ha IPOJIOJDKUTEILHOCTh ()OPMUPOBAHUS PEIKOMETAJUILHOTO MecToposkaeHus Karmnap; ycraHOBIEHBI
napaMeTpbl U3MEHEHUsI TEMIIEPaTypHOTO HOJISI MHTPY3WBHOTO MaccuMBa BO BMEIIAIOIIEH Cpeie W ero BIMSHHE Ha
Ba)KHEHIIIME 3TAlbl U CTaIUH Py1000pa3oBaHusL.

Ki1roueBble ¢J10Ba: HHTPY3HUBBI, pEIKOMETAIUIHOE PYA000Opa30BaHKe, MOJICIIH.
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BBenenue. Pe3ynbTarhl uccieaoBaHus TeMIepaTypHBIX TOJIeH HHTPY3UBHOTO MacCUBa OpYyACHEHUH,
WX BIMSHUS Ha BMEMIAIONIYIO CPely W Ha Tporecc GOpMUPOBAHUS PYAHBIX MECTOPOKICHHUN H3JI0KEHBI B
paboTax MHOTOYMCIICHHBIX UccienoBarenei [1-20 u ap.].

KacaTtenbHO K MECTOPOXKACHUSIM PEAKUX METAIOB CIEAyeT OTMETUTh, uTo B Kazaxcrane co BTopoit
TTOJIOBUHBI TIPOIIIIOTO BeKa OBUIM CO3[aHbl THUITOBBIE T'€OJIOTO-TEHETUYECKHE MOJIENN PEAKOMETALTBHBIX
MecTopoxaeHui [21-23], pa3paboTaHbl METOABI UCCIEAOBAHUS Ta30BO-KUJAKUX BKIIFOUCHUM M TOMOTE-
HU3AIMK Ta30BO-KUIKUX BKIIOYeHWH B MmHepanax [11, 12]. KomndecTBEeHHBIME METOMAMH H3YUCHBI
BJIMSTHUS TETJIOBOTO TIOJISI HHTPY3UBHBIX MaCCHBOB Ha BMEIIAIOIIYIO CpeAy W Ha mporecc GOpMHPOBaHUS
MECTOPOXIECHUHN pPeAKUX METAJIIOB, IOCTPOEHBI MX TEPMOJIMHAMHUUECKHE Moenu [26-28].

B HEX BKITIOUEHBI TaKue TIIaBHBIE TeHETHYeCKHe PaKTOPBI U TapaMeTphl: TITyOHHA 3apOXKACHUS U THII
T€0JIOTMYECKOT0 Tpolecca MOPOXKAAOUIEr0 pyA0o0pa3oBaHne; MCTOYHHWKHM PYIHOTO BELIECTBA, PYIO-
o0pasyromue pacTBOPbI 1 OCOOEHHOCTH PYAHOTO MPOIecca; Cpeia U MEXaHU3M OTJIOKEHHS; 30HATBHOCTD
¥ B3aWMOJICWCTBHE C BMEUIAIOIIMMHU IOPOJaMH; TEPMOJMHAMHUYECKass OOCTaHOBKAa Cpelnbl pPYHO0O0TIIO-
KEHHUSL.

Craenyer OTMETHTh, IPUMEHSIEMbIE METO/IbI HCCIICAOBAHMS B JaHHOW paboTe MoJApOOHO M3JI0KEHBI B
myOnukarym [28].

Teonozuueckoe cmpoenue. Mectopoxknenne Kartmap pacmonoxkeHo B ¢aMEHTYypHEUCKHX KapOo-
HATHO-TEPPUTeHHBIX OTJIOKEHUAX ycrneHckoro pudra B Llentpansaom Kazaxcrane [23]. OHO npuypodeHo
k Axmas-KaTnapckoit pyIqHOH 30HE, W MPEACTABISICT MPOMBIILICHHBIE MOJIUOICH-BOIB(PAMOBBIC PYIbI
CKapHOBO-Tpel3eHoBoro Tuma (pucyHok 1). Pynnas 3anexxp mecropoxxnenust Karmap dopmupoBanace B
WHTPY3WB-HAIWHTPY3UBHOW CHCTEMe, B KOTOpPOHW pyAHO-MeTacoMaThdeckue oOpa3oBaHHMa Hawmbolee
MHTEHCUBHO MPOSBWIUCH B HAJKYIOJBHBIX YaCTSIX TPAHUTHOT'O MacCHBA.

7

rd

1 — cepolBeTHBIE TIINHBI, JETIOBUAIIBHEIE,
MIPOJIIOBHAIIBHBIE OTIIOXKEHNS,
2 — pyIOHBIH KapcT, 3 — aHAE3UTEHI,
4 — aHne3uTOBBIC MOPHUPHUTHI U UX TY(HI,

5 — JIUITapUTOBEIE U JINIIAPUT-AAI[UTOBBIC
nop¢upsl, 6 — a) U3BecTHsIKH, 0) Mpamopa,
7 — mopGUPOBUIHBIC TPAHUTHI:

a) CpPeAHE3ePHUCTHIE, 0) MEIIKO3EpHUCTHIE,

8 — MeIKo-, CpeIne3epHUCTHIENEHKOKPATOBBIE
TPaHHTHL: a) ATLOUTH3UPOBAHHEIC,

0) rpeli3eHU3NPOBaHHEIE,

9 — IMPOKCEH-TPaHaTOBbIE CKaPHHI, : ST 5

10 — ropu30HTHEI METaMOP(U3NPOBAHHBIX Py : - AT e -

aTacyickoro tuna, 11 — QroopHT-IIeeTuToBbIe ; : : : = i o e s
pyasl: a) boratble, 0) 6exHble, 12 — pETUKTHI 5 B : : Sem s
CKapHOB B PEIKOMETAIUIbHBIX pyAaX, SEl s e m st
13 — cnabo ckapHHUPOBaHHbIE TOPOABI, : 4 __' ——————=

14 — KOHTYp BOJIB(PPAMOBOTO OPYACHEHHUS, i ;

5 — KOHTYp MONMUOIEHOBOTO OPYACHEHHUS,
16 — KOHTYp BUCMYTOBOT'O OpYACHEHHUS,

17 — Mmonmn6aeH-Boab(GpaMoBOe pyAHOE TEIIO, A7 _ 2 e

18 — TeKTOHUYECKUE HAPYLICHUS. 3
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Pucynox 1 — I'eonorudeckast kapra Mmecropoxaenus Karnap (I'y6aiinymnn ©.I'., 2004)
Figure 1 — Geological map of the Katpar deposit (Gubaidulin F.G., 2004)
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Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

[To reo¢pu3nuecKkuM NaHHBIM MECTOPOKACHUE PACIIONIOKEHO B HaJUHTPY3UBHOHM 30HE, 3aJjeraromei
Ha TmyouHe 400—600 M ot moBepxHOCTH. OCHOBHOE TEJI0O MaCCHBA UMEET IUTUITHIECKYIO (OpMY C JUTHH-
HoM ocbto 10 kM mpu muprHe 3 KM (pUCYHOK 2).
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Pucynok 2 — ITonoxeHne MECTOPOKICHUS B CHCTEME "MHTPY3HUB-HAUHTPY3HUBHAs 30Ha"
(o reousmueckum nanueM, A. T. Bypry0aes, 1997). (YcioBHOe 0003HaYeHHE CM. Ha pUCYHKe 1)

Figure 2 — Deposit position in the "intrusive-superintrusive zone" system
(according to the geophysical data, A. T. Burtubaev, 1997) (See the legend in Figure 1)

MuHepanbHbIH COCTaB CKAPHOBO-TPEH3EHOBBIX Py MIPEACTABIACT: TpaHaT, (II0OOPUT, BOJUIACTOHUT U
OycTaMuT, KBapll, KapOOHATHI, MoJieBoW mmaT. V3 pyAHbIX MHHEparIoB Haubojee paclpoCTpaHEeH: Xallb-
KOTIMPHT, MEHEEe MOJTUOCHNUT, c(halepuT, IeeInT, MUPUT. B KauecTBe 3IeMEHTOB MpUMecel 0TMEUYaroTCs:
cepedpo, Temnyp, CeNeH, peHUH, HHIAUN, BUCMYT.

PynHeie Tena B BuIie CTONOOB, TMH3 M HEMPABIIIFHBIX METACOMATHIECKUX 00pa30BaHUN MIPUYPOUCHBI K
30HaM TEKTOHUYECKH HapyIICHHBIX MOpoA. B hopMupoBaHum MeCTOPOKACHHS BBIACISCTCS YSThIPE dTara:

MIEPBBIH 3Tan — IUIOLAfHAasi MpaMOpPH3alUsl U3BECTHSIKOB, 3aJIeKb UMeeT (JOpMy KPYTO MOTPYKaro-
merocs (75—-80°) pyaHoro ctonba, KOpHEBOH YaCThIO 3aXOSIIETO B TPAHUTHI;

BTOPOM 3Tanm — HHQWILTPAIMOHHOES CKapHUpOBaHHE ¢ (JOPMHUPOBAHUEM CKApHOB, OOOTallCHHBIX
Maprafiem, XeJae30M, IHHKOM U MEIbl0, SKCTPAarupOBaHHBIX M3 CEJMMEHTOT€HHBIX PYAHBIX CKOTUICHHUH
(aracyiickuii Tum);

TPETHH 3Tall — Tpel3eHU3AINs, TIPOSBIICHHAS B allMKaIbHOW YacTH TPaHUTOB ¢ OemHbIM CH-Mo-Bi-
OpYICHEHUEM M B CKapHax (amocKapHOBBIE Ipeii3eHbl) ¢ 0oraTeiM mpoMbiiieHHbIM Cu-Mo-W-Bi-opy-
JICHEHUEM;

YeTBEpPTHIN 3Tal — (JOPMHUPOBaHNE KOPHI BEIBETPUBAHUS ¢ 00pa3oBaHWEM PYIHOTO KapcTa 60raTtoro
MapraHiemM, TYHTOMeJIaHOM, TOHKOJUCIIEPCHBIM IIECITUTOM.

Tennosoe none Kamnapckozo unmpy3ueHozo maccuea u ez20 61uaHue Ha npoyecc pyoooodpa-
306anusa npedcmasniaemcs 6 ciedyroujem. Kak OpU10 yKazaHO BBIIIE, MECTOPOXKACHNE PACIIONOKEHO Hall
“crenpIMH” KYTIOJIaMH TPAaHUTHOTO MacCcHBa, Ha KOHTAKTe ¢ KapOOHATHBEIMH ropojiaMu. OCHOBHOE TeJO B
LEHTPE MECTOPOKIEHUH CII0KEHO TPaHAaTOBBIMU cKapHaMu. CKapHOBBIH Mpoliecc pa3BUBANICS B YCIOBUAX
MIOCTETIEHHO MOHMKAIOLICHCS IET0YHOCTH PacTBOPOB. Y CIOBUS (POPMUPOBAHUS CKAPHOBO-TPEH3EHOBBIX
00pa3oBaHH B MECTOPOXKIEHUH H3YUCHBI TEPMIYECKUMH METOTAMH.

C rpeiizeHaMu MO TpaHUTaM, U3BECTHAKAM M CKapHaM CBS3aHO PyAHOE Telo MecTopoxkaeHus. [Ipu
3TOM TeMIleparypa oO0pa3oBaHusl HpokceHa coctaBisteT 560 °C, rpanara B npenenax: (520420 °C). B
rpeii3eHax TPaHWTOB HIMPOKO Pa3BUT KBapIl, C TEMIEpaTypoil oOpa3oanms B mHTepBaie 430-330 °C.
3nech HaOMIOJAeTCs JIOKAIM3AIMs MOJIMOJICHOBOIO OpPYIEHEHHUs, TOTJa KakK COCIWHEHHs BOJb(pama
BBIHOCWJIMCH B HaAMHTPY3UBHYIO 30HY. B sK30rpeiizeHax 1mo ckapHaM M MpaMopaM 00pa3oBasICs IIEeNuT.
IIpn mocnemyromieM NOHIKEHUM TEMIIEPAaTyphl M KUCIOTHOCTH PAacTBOPOB OTJIOXKHIIACH CYJIb(pHUIHAS
XaIIbKOTIMPUT-BUCMYTOBasE MHUHEpaiu3aluusi. YacTh caMOpOIHOTO BHCMYyTa 0oOpa3oBaiach B HWHTEpBale
270260 °C.

B ¢dopmupoBaHMM MECTOPOXIACHHUS NMPUHUMAIN ydacTHe (PTOPHIHO-XIOPUIHO-KaIHEBO-HATPUCBBIC
pacTBOpPHI, 0OOTAIIIEHHBIE CEPOBOIOPOIOM. B aHMOHHOM cOCTaBe THAPOTEPM CYIIECTBEHHYIO POJIb HTPajl
TUIPOKapOOHAT-HOH.

— (4 ——
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30HaNBHOCTh Ha MECTOPOXKICHHWU BBIPAXKAETCSI B PA3BUTHM KBapLcolepxammx Ganuidi BOIU3H
KPOBJIM I'PaHUTHON MHTPY3UH U MpeobiafaHuu (IroopuToBOM (aruy Ha yAAJIEHUH OT HEe; JIEMEHTHas
30HAJILHOCTD (CHHU3Y BBEPX): MOJHOICH — BOJIb(PAM — BUCMYT.

Ilpozpeccusnvtii (0opyousiit) rman oxnaxzaeHus KaTmapckoro rpaHUTHOTO MacCHBa XapakTe-
pHU3yeTcs OTHOCHTEIHHO BBICOKUM TemmepaTypHbIM ¢poHTOM (640 °C) 1mo ero KOHTakTy ¢ BMeEIIAlomei
cpenoii. 3xeck n3MeHeHue TemmnepaTypsl B npeaenax 640—480 °C (pucyHok 3, A) compoBoXKIaeTCst MeTa-
MOpHUUYECKHM NpeoOpa3oBaHUEM TOPHBIX TOPOA, BCICACTBHE YETO0 BMEIIAIOIIUE W3BECTHSKH Mpamo-
PHU3HPOBAHEI, IO ATOMOCHIIMKATHBIM ITOpOJaM pa3BHBaiich poroBukH. Ha paccrosnum 1000 M oT xoH-
TaKTa TPAaHUTHOTO MAacCHBa, TEMIIEpaTypHBIN (DPOHT BO BMeMIAIONIeH cpeie KoedaeTcs B mpenenax 480—
460 °C, Toe TpagueHT TeMIIepaTyphl B 3TOH cpene onpeaensercs B npeaenax 18 °C na kaxmasie 100 m.

K anukanpHBIM YacTAM TpaHUTHOI'O MaccHBa MPUYpPOUYEHBl KaTUIINAaTU3WPOBAHHBIE U ANbOUTH3U-
pOBaHHBIC TIOPOJABI PAHHEIICIIOYHON CTaauu, OOpa3oBaHHBICE B WHTepBaie Temmeparyp 600—450 °C.
Hapsiny ¢ 3TMM npH IpOXOXKJIEHHMH NOCTMarMaTHYeCKUX PAacTBOPOB pPAaHHEIIEIOYHON CTagud B 30HE
KOHTAaKTOBOTO Opeoja MHTPY3UBA, B PE3yJbTaTe PEaKIMOHHOTO B3aUMOACHUCTBHS AJIOMOCHINKATHBIX H
KapOOHATHBIX IOPOA HAa MECTOPOXKICHUU OOpa30BaHbl CKApHbI M3BECTKOBOTO psaa. Ilpm sroM Hauano
mpolecca CKapHUPOBaHUS MPOUCXOAMIO IIpu TemmepaTtypax 560 °C.

JluHaMuka TeMmMmepaTypHOrO MOJSi MHTPY3MBHOTO MAacCHBa IOKa3bIBA€T, YTO IMOCTMarMaTH4ecKue
M3MEHEHHUs] BO BMEIIAIOIIEH cpele U B I'pPaHUTaX COOTBETCTBYIOT IMPOIPECCHUBHOMY 3Tally €ro OXJax-
JeHHUs, TAC TeMIepaTypa pa3BUTHs IOCTMArMaTH4eCKUX U3MEHEHUI HaXOIUTCS B Mpelesiax TeMIIEpaTyp
KOHTakToBOH 30HBI 640—480 °C (pucyHok 3, A). BisiHue TemmnepaTypHOTro MO AOPYAHOTO W3MEHEHUI
JIOBOJIGHO IIMPOKHH, €r0 BEepTUKAILHBIN pa3max mocturaeT a0 1200 m (pucyHok 4, B). JopyaHbrit sTam
pa3BUTUS Ha MecTOpOXKJIeHHH KaTmap MOJHOCTBIO KOppenupyercss AMHAMUKON MpOTrpecCHBHOTO 3Tara
OXJIaXKJICHUSI UHTPY3UBHOT'O MacCHBa.

Pezpeccusnblii 3man OXJaXACHUS TPAHUTHOTO MAcCHBAa COOTBETCTBYET HEPHOAY HPOLYKTHBHOTO
pynooOpa3zoBaHus, XOTsI PyAHBIH MIpolecc HaYMHAICA B KOHIIE ckapHooOpa3oBanus. Ilo pacueTHbIM maH-
HBIM, Ha KOHTaKTE UHTPY3UBHOT'O MACCHBA MIOCIIE €r0 BHEAPSHMS BO BMEIIatoIyto cpeay (depe3 100 TrIc. sieT)
temnepatypa cHmkaercs 10 480 °C. IIpu stom Ha pacctosuuu 1000 M OT KOHTaKTa TeMIeparypa CTaHO-
Butcsa paBHoit 320-350 °C. Takas TemrepaTypHas 30HAJILHOCTh B HATWHTPY3UBHOM 30HE COOTBETCTBYET
TEMIIEPaTypHOMY PEKUMY PEAKOMETAUILHOTO pPyA000pa3oBaHUs M CHOCOOCTBYET BO3HUKHOBEHHIO
PYIIHOM 30HAILHOCTH Ha MEeCTOpOXKAeHNHU (pUCYHOK 3, b; 4, B).

PacueTHbIil rpagueHT TemMneparypsl B Hadaje MIPOAYKTHBHOTO PyJo0Opa30BaHUs COCTABISIET OKOJIO
16 °C na xaxnapsie 100 M.

[Ton BO3nEiiCTBHEM BBICOKHX TEMIIEPAaTyp IHEBMAaTOIUTO-TUAPOTEPMANIBHBIE PACTBOPHI IPOU3BOIAT
ABTOMETACOMOTO3 CaMHX T'DaHUTOB, MPUBOIAMINN K OOBEMHOM rpel3eHH3alny alUKaIbHOH 4acTH Mac-
cuBa. [IpoayKThel aBTOMETaCOMAaTHUECKON Ipei3eHN3aluN HECYT PAaCCESHHYIO BKPAIJICHHOCTh MUHEPAJIOB
penKkux MeTauioB. B rpeil3eHM3MpOBaHHBIX I'PaHHTAaX, B BHIEC PEAKHUX BKPAIUIEHHMH MECTOPOKACHUH
BCTpeYaeTcs LIeeuT.

Ha wmecropoxnennn Hamboniee SpKO NpOSABICHA JIOKalbHAs Tpei3eHM3alusl, rae MOIHOICHOBOE
OpyICHEHHE JIOKAIM30BaHO B rpei3eHax rpaHUTOB (3HIOTPEH3EHbI), B COCTaBE KOTOPHIX, IIUPOKO pa3BU-
ThI (DIFOOPUT M MYCKOBUT. Ha MecTopoxieHWH Temreparypa oOpa3oBaHHsl MOJMOJEHA ompejelicHa B
npenenax 430-330 °C u npocnexuBaeTcs Ha TIyOnHy HHTPY3uH cBhItie 100 M.

B sk3orpeiizenax npu uaTepBane temreparyp 330-250 °C mo ckapHaMm U MpaMopaM 00pa30BajHCh
pasiuuHbIe coenuHeHus Bonbdpama (meenut). B npenenax temmeparyp 270-260 °C nHabmronaeTcst 0Tia0-
KEHUE CAMOPOIHOTO BUCMYTA.

[MocnenoBaTensHOCTh (QOPMUPOBAHUST PYAHBIX TEHEpalMd Ha MecTOpokIeHudn Kartmap B 1enom
coriacyercd IWHAMMKOW HW3MEHEHHUs TemIeparypHoro mnois KaTmapckoro HHTPY3MBHOI'O MaccHBa
(pucyHok 4, B). @ponr ¢ Temnepatypoit 480—350 °C mo KpoBiIM MaccHBa CIOCOOCTBYET MPOTEKAHUIO
9K30- M 3HIOTPEH3EHOBBIX NPOLECCOB U OTJIOKCHHIO MONMOIEHHWTA B Tpei3eHax rpaHutoB. [Ipomon-
KHUTEJIIBHOCTh ATUX IPOLIECCOB ONPEAEISIETCS IJIUTEIbHOCTRIO CYIECTBOBAaHUSA JaHHOTO TEMIIEPAaTyPHOTO
(¢ poHTa U olleHMBaeTCs B npeaenax a0 S50 ThIC. JeT.

B HapuHTpY3UBHOM 30HE, B MEPHOJ PErPEecCCUBHOIO OXJIAXKICHUS MAcCHBa, B Mpeenax TeMIepaTyp
350-280 °C npoAomKUTENbHOCTE 00pa30BaHusl BOJB(PAMOBBIX M BHCMYTOBBIX PYyI COCTaBISET OKOJO
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Figure 3 — Dynamic model of temperature conditions of the Katpar deposit formation in time and space
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Figure 4 — Comparative analysis of development of contact metamorphism and mineralization at the Katpar deposit

100 TeIC. NeT. [Ipu 3TOoM (hporT MHHMMATEHOHN TemmepaTypsl (280 °C) perpeccHBHOTO 3Tana pymooopa-
30BaHMsI JOCTUTACT KPOBJIM WHTPY3UBHOTO MaccuBa depe3 200 THIC. JIeT TOCIE €ro BHEIPEHHS BO
BMEIIAOIIYIO CPEAy.

Ha mecTopoxneHun BBIOENIEHO TPH THIA PyA, HO OCHOBHYIO IIEHHOCTH IIPEICTABISIET MOJNOIEH-
BOJIb(ppaMOBBIE PY/IbI CKAPHOBO-IPEH3CHOBOIO THIA B CKAPHUPOBAHHBIX W3BECTHSIKAX HAJIMHTPY3HBHOMN
30HBI C COMYTCTBYIOIIMMU MEJIbI0 U BUCMYTOM. [10 pakTHUECKUM Te0IOTHYECKUM JJaHHBIM BEPTUKATBHBIN
pa3max opyaeHeHui He npeBbimaet 600 M (pucyHok 4, B).

30HaTBHOCTD PEAKOMETAJUILHBIX PYA YCIOKHEHA TEM, YTO OHU HAJIOXKEHBI Ha paHHUE cTpaTrdopM-
Hble pyabl. [IpomomkUTeNnsHOCTD Mpoliecca OXJIAXICHHS WHTPY3UBHOTO MacCHBa JOPYAHOTO W PYIHOTO
3TAaoB Ha MeCTOpoXxaAeHWU Karmap mo pacdyeTHbIM JaHHBIM omperensercs B mpenenax 200 TeIc. neT
(pucynok 3, B). TemneparypHbIe YCIOBHS BMEIIAIONICH Cpenbl IPH PeIKOMETaLIBHOM pyI000pa30BaHuN
OTpa)keHbl HA PUCYHKE 5.
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Pucynok 5 — V3meHeHme TeMIiepaTypbl BMEIIAIONICH Cpebl B pa3iIyHbIE ITAIBI Py1000pa30BaHus MecTopokaeHus Karmap

Figure 5 — Change in temperature of background medium in various stages of mineralization of the Katpar deposit

Ha mectopoxJieHur OCTPYIHBIN 3Tall XapaKTepU3yeTcsl TUAPOTEPMAIbHON-)KUIIBHOW CTaJueH, e
anouyuIUT-PIIOOPUTOBAS, LEOJUT-KAIBIIUTOBAs, KaJbIIUTOBAs aCCOLMAIMM MUHEPAJIOB 00pa30BalIMCh
mpu Temneparypax 160—90 °C. Ilpu 3ToM pasHHUIa TEMIEPATyphl 00pa30BaHMs PYIHOW W IOCICPYIHON
craauit coctasmsger 110-120 °C.
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CHUPEK METAJIJIbI KEH TY3LJIY TYPAJIbI MOCEJIETE
(Katnap KeH OpHbIHBI MbICAJIbIHA)

AnHoTanusi. VIHTpY3UBTIK CiIEeMHIH JKbUIy asiChIH 3€pTTEy, OHBIH JKaHAC OpTara, KeH TY3UIy YpAICiHE jKoHe
OHBIH TEPMOJMHAMHKAJIBIK MOJEIJIEPIHIH KYPBUIYbIHA THTI3€TiH BIKIAJIBIHBIH O©31HIH TapuXH JaMybl 0ap *KoHEe KeH
TY3UIy TEOPHSICBIHAA O MaHbI3/bI KYPYIIEI OOJIBI TaObLIa b

Cupexk MeTanipl KeH TY3L1yl TeopHsaChIHAArbl MoHMaTiHAE aBTopiap Opranbik Kasakcranga Karmap cupek
MeTaJAbl KeH OPHBIHHBIH KAJIBIIITACY YPIICIHIH MOIEN/IIK KYPBUTYBIH YCHIHIBL.

Ocsl MoneniH meHOepiHae MBIHAIAp 3epTTeNai: KaHaCc OpTaFa MHTPY3HUBTIK CUIEMI €HAIPY epeKIIeNTiKTepi,
OHBI CAIKBIHIATY IBIH MPOTPECCUBTIK JKOHE PETPECCHUBTIK Ke3eHIIepi; KOHTAKTUIK MeTaMop(hu3M (MHTPY3UBTIK ClleM —
»KaHac opra) Ke3iHJe MUHepaJap/blH Maiaa 00y TeMIepaTypachl )oHe oJapIblH accouuanuscel oepiiren; Karnap
CHpPEK MeTaJlJlbl KeH OPHBIHBIH KaJBIITACy Y3aKThIFbIHA CAHABIK OaraM Oepijii; xKaHac OpTaJarbl HHTPY3UBTIK ClieM-
HIH TeMIIepaTypaibIK assHbIH ©3TepTily apaMeTpiepi )oHe OHBIH KeH TY3LIyeri eH MaHbI3Ibl Ke3eHAepi MEH caThl-
JlapblHa TUTI3ETiH BIKIAJIbl OPHATHLIFAH.

Tyiiin ce3mep: UHTPY3UBTIK, CHPEK METAJIZbI KEH OPHBIHBIH KaJIbINTACy, MOAEII.
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