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IIpuBeneHBI pe3yabTaThl KOMILIEKCHOIO IETAJTbHOTO U3YYSeHUsSI CTPOCHUS XKIJI, MUHEPaIbHON 30HAJIBHO-
CTU B HUX U TUIIoMopdur3Ma MmuHepaioB IllaxTaMMHCKOro MecTopoXaeHus, IOJIydeHHbIe HA OCHOBAaHUU
HOBOI'0 KAMEHHOI'0O MaTepHaja co CI1ab0 N3ydeHHBIX TOPU30HTOB. AHAJIN3 ITOJIyYeHHBIX JAHHBIX ITOKa3bI-
BaeT, YTO PECypChl MECTOPOXKIEHUS IO MOJIUOIEHY TaJIeKO He UCYepIaHbl, a TUIIOMOPGHbIE 0COOEHHOCTU
MUHEPAJIOB Py CBUACTEIBCTBYIOT O IPOIOKEHUN HA TIIyOUHY, HAPSIITy C MOJIUOIEHOM, TaKKe U IIOJIMME-
TaJUTMYECKOM MUHEpaInU3aliiM, C KOTOPOU CBA3aHO 30J10TO. JeTaabHO U3YyYeH PEeIKUil Sr-MuHepas CBaH-
Oeprut, NpuCyTCTBUE KOoTOoporo Ha IllaxrTaMMHCKOM MeCTOPOXICHNHU, TaK XKe, KaK M TUIIOMOpP(HBIE CBOii-
CTBa PYAHBIX MUHEPAJIOB, CBUAETEIbCTBYIOT B MOJIb3y MaJIOTO 9PO3MOHHOTIO Cpe3a U MPUIIOBEPXHOCTHOIO
XapakTepa BCKPBITOTO BEIpA0OTKAMHM OpYIeHECHMsI. YCTaHOBJIEHA ITOC/IEIOBATEIbHOCTD OTIOXKEHUSI MIHE -
pajoB. Ha ocHoBaHUM u3yyeHUs pyaIHOU M METaCOMAaTUYECKOI 30HATbHOCTH, (hJIIOUIHBIX BKIIOYEHUI 1
M30TOMHBIX TaHHBIX, a TAKXKE COCTAaBa CTPYKTYPHBIX ITpUMeceil B MOJIMOAEHUTE ClieIaHbI BEIBOIEI 00 YCI0-
BUSIX 00pa3oBaHUs PYyAHON MUHEpaJIU3aluU B pexXuMe IopdrupoBoii py1oo0pas3yIoieil CUCTeMBI.
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BBEAEHWE

IaxTaMrmHCKOE MOJIMOAECHOBOE MECTOPOXKICHUE
(51°17° N, 117°53’ E) nHaxomurcs B IllenonyruHckom
paiioHe 3abaiiKaIbCKOTO Kpasl B mpeenax noc. Bep-
mmHo-Ilaxramuackuit (pur. la). Mctopust nzyye-
Hust paiioHa IllaxTaMMHCKOro MeCTOpPOXIASHMSI Ha-
YMHAaeTCsI ¢ MOMEeHTa OTKphITUs M.A. I1aBayukuM B
1848 1. pocchITHOTO AU B aJIJTIOBUATBHBIX OTIIOXKEHMU -
sax p. IlaxTama B 6acceiiHe BEpXHEro Te4eHUs p. YH-
nma. (Feomormueckue ..., 1999; KOprencon, 2006).
I1pu pa3paboTrke 3T0iT pocchinu B iepuon ¢ 1848 1o
2004 1. 66110 oyyeHo 30582 kr Au. C 1927 1. u3 30-
JIOTOHOCHBIX POCCHIIIEN Hapsiay C 30JI0TOM YK€ 13-
Biekanu meenut. B 1928 r. B paitone lllaxTamMmuHCKO-
ro npuucka C.A. IIpu3aHT BbISIBUJI HEIIPOMBIIILJIEH -
Hble TIpOSBIEHUS KopeHHoro Au. B 1936 r. mon
pykoBoactBoM B.E. KommMana oTkpsITO 11 pa3BesaHO
[ITaxTaMUHCKOE MECTOPOXKAECHUE, B COCTaBE KOTOPO-
IO BBISIBJIEHbI KBapIl-TypMaJIWHOBBIE, KBapIl-CyJib-
¢bugHO-1IIeeIUTOBbIE U KBapL-TIMPUTOBBIC XXWJIbI C

MOJIMGAECHUTOM. MecTopoXaeHe pa3pabaThIiBAIOCh
¢ 1941 roma mo 1993 gByMs miaxraMu OO TIIyOMHBI
400 M u nByMms 1uronbHsMU (BeiouH, 2006). [opu3oH-
TBI pa3BeIKU M OTPAOOTKM MECTOPOXIECHUS Hapesa-
Jmch yepe3 50 M 110 BepTukaiu: I ropu3oHT (rop.) cooT-
BETCTBYyeT abcooTHOI otMmeTke 783 M, II — 733 M,
III — 683 M, IV—633M,V—583M, VI—533M, VII —
483 M u VIII — 433 m.

IMnomane IaxTaMUHCKOTO MECTOPOXIEHUS CO-
craBisgeT 4.5 kM2 Bcero B pyZHOM IOJI€ BBIIBJIEHO
140 cOnkeHHBIX cyOITapajjieIbHbIX MOJUOIEHUT-
KBaplLEBbIX U CYIb(PUIHO-KapOOHAT-KBAPLIEBBIX KW
MOIITHOCTBIO 10 1.8 M (cpemtsiss momHOCTE 0.32 M) u
npoTskeHHoCcThIo 80—800 M, TIpociesXKeHHBIX 10 TTa-
nenuto Ha 100—500 m. Ha 6amaHce crosiio 47 xXui, a
9KCIUTyaTUPOBajioch 32. 3amackl Mo mo KaTeropusiMm
A+ B+ C, npu conepxxanuu Mo 0.51 mac. % coctaB-
ssau 4.046 teic. 1. (Epmos, 2006). Jlo miyGUHBL 5—
25 M pyasl okucieHbl. Hapsiny ¢ >KUIIbHBIM, pa3Beaa-
HO LITOKBEPKOBOE OpyIeHEHHE, paciiojiaraiolieecs B
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@ur. 1. IllaxTaMMHCKOE MECTOPOXKICHUE: a — reorpaguyeckas o3uLusl, ero reoTeKToHn4YecKoe mojoxeHue (rmo Nevolko P.A.,
2021, momupuinponano u3 Jahn et al., 2009, Zhang et al., 2019); 6 — cxemaTuyeckasi reoJIoTUYecKasi Kapta MECTOPOXKICHUS
(110 CoTHUKOBY U 1p., 1995); 1 — rpaHUTOMIBI; 2 — MO3MHEIOPCKUE TaiiKK Pa3IMIYHOTO COCTaBa; 3 — 3pyNTUBHBIC OpeKunm; 4 —
OMOTU3UPOBAHHbIC OPEKYNN TPAHUTOUIOB; 5 — PYIHBIE XKWIbI; 6 — pa3pbIBHBIC HAPYIIECHUS; B — CX€Ma PaCIOIOKEeHUST Ha~
6oJiee BaXKHBIX TPOMBIIIUIEHHBIX XWI. 1— rpaHUTOUIBI, 2 — XWIbI, 3 — MpeAIosaracMoe pacrooXeHUe XWIbl, 4 — HoMepa
00pa3loB.
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LIEHTPaJIbHOI YaCTU PYIHOTO IMOJISl Ha TIJIOIIAaIN OKO-
10 1.5 xM?. IIITOKBEPKHU MPOCTPAHCTBEHHO COBME-
IIAI0TCS C 30HAMU paclpOCTPAHEHUS XU, HEPEIKO
pacrnosarasicb MexXay HUMHU. 30Ha IITOKBEPKOB ITPO-
ciiexxeHa B IMpoTHOM 1 C3 HaIlpaBICHUSIX Ha 2 KM
npu mmpuHe 0.7—0.8 kM, Ha Tyouny 10 300—400 M.
IIITokBepku He oTpadaThiBaiuch. HeoTpaboTaHHbBIE
3anachl pyabl cocTaBistior 430.56 Teic. T. OHU conep-
xkat 2413.72 T Mo (Epiiios, 2006).

I'eonornueckoe cTpoeHUE MECTOPOXKICHUS, ITPO-
CTPAHCTBEHHOE ITOJIOXKEHUE PYIHBIX T€JI U IPOLECCHI
OpYyJeHEeHHS U3y4yaliCh B pa3HOE BpeMsl pa3nyHbI-
MU MCCIICIOBATEISIMU HA TIPOTSDKEHUN ACCATUICTUIA —
B.B. Cunopenko, C.I. IletpoBckoii, B.T. ITokano-
BbIM, B.M. CoTtHUKOBBEIM ¢ coaBTOopamu, 3a6HUWMU,
baneiickoit 'PD, a B miociienHue roapl IpearnpusiTueM
Bocrtokreonorust, KOTOpbIM OOOCHOBAaHBI IIIMPOKME
MepCreKTUBbI 3TOro pyaHOro paiioHa Ha Au—Cu—Mo-
nophupoBoe opylAeHEHNE.

CraTbhsl HanMcaHa Ha OCHOBE MaTepuajoB, MOIy-
yeHHBIX [ A. FOpreHcOHOM IIpH TOJIEBBIX MCCIIEI0-
BaHUsX B 1988 1. Bcero 6bu10 n3yueHo 638 o6pasiion
PYA ¥ TOPHBIX MOPOI, a TAKKe 63 CeYeHMSsT KT B OT-
paboTaHHBIX U JENCTBOBABIINX MOA3€MHBIX TOPHBIX
BeIpaboTkax Ha top. II-VIII m Ha moBepxHOCTH.
Kpome aToro, mpu mcciaeIoBaHUSIX MCITOJIb30BaHbI
o6pasusl B.I1. boponguna (3a6HWI) u 8 obpa3ios
M.T. Jo6poBonbckoii n3 komrekunu UT'EM PAH.

ImaBHBIMU 3agayaMM MCCIIEAOBAHUI SIBJISIIUCH:
1) u3yyeHre CTpOEHUSI HE WCCIEeIOBAHHBIX paHee
PYOHBIX XWJI M MUHEPaJbHOII 30HAJILHOCTU B HUX;
2) u3ydyeHue TUIioMopdr3mMa MUHEPAIOB CYIbduI-
HBIX Py, YTO MOXKET CITOCOOCTBOBATh IMIPOTHO3Y pac-
IIPOCTPAHEHHOCTH Ha ITyOMHY IIOIYyTHHIX KOMIIO-
HEHTOB, C KOTOPBIMU CBsI3aHO Au U Ag, yIYUTHIBas
npucytctBue B IIlaxTaMMHCKOM pyJIHOM paiioHe 30-
JIOTOHOCHBIX POCCHIIIE; 3) M3ydeHUe TaKOoro pe-
KOro sIBJI€HMsI, KaK CBaHOepruTu3aius, KoTopas
SIBJISIETCSI COCTABHOI YaCcThI0 HU3KOTEMIIEPATyPHBIX
W3MEHEHUI — aprujui3anuin; 4) n3ydeHue yCIOBUiA
MUHepagoo0pa3oBaHUs.

TEOJIOTMYECKUI OYEPK

lTeomexmonuueckas nozuyus mecmopoxcoenus. B
COOTBETCTBUHU C METAJUIOTCHUYECKUM palioHUPOBa-
HUEM, TEePPUTOPHUS MECTOPOXIECHMS OTHOCUTCS K
[MTaxTamMmuHcKOMYy Au—Mo pynHOMY paliOHY U BKJTIO-
yaeT [IlaxtrammHckuit Au—Mo pyaHbIii y3en. Pymo-
BMEILIAIONIMMU 3[I€Ch SBIISIIOTCSI MEIKOBOITHO-MOP-
CKMEe HIKHEIOPCKUE OTJIOXEHUSI TaMEeHTUHCKOM
cBUTHI (J;tm), HO GoJbllieli YaCcThiO MPOPHIBAIOIINE
WX TpaHUTONIHI (J 2_3§) ¢J1ab0 3pOINPOBAHHOTO MHO-
ropazHoro 3oHanbHoro IllaxTramMuHCKOTrO MaccuBa
miowanbio 1o 100 KM2, KOTOpBIi MposIBUIICS B CBA3U
¢ Koutnsueid Cubupckoro u MonroJjio-Kuraiickoro
KOHTMHEHTOB M B pe3yJbTaTe ITOCTKOJIM3MOHHOTO
pudTtrHra. OH TIPOPBHIBAET OATOJIUT TPAHUTOWIOB
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yHIuHcKoro Komiuiekca P—T, Bo3pacrta, chopmupo-
BaBIIMNICS B CBSI3U C CyOnyKIIMeii mTuTocepHOi Iin-
Tl MoHT0J10-OX0TCKOTO OKeaHa rnon MoHrojo-Ku-
Taiicknii KOHTUHEHT (Zorin, 1999).

Buenpenue marmatuyeckux Ten [llaxraMMHCKOTO
KOMIUIEKCa IPOM30ILIO B KOHIIE CpemHeli—Hadaje
MO30HEH I0pHI B CIIOKHOM TeoJMHAMMWYECKOM o0cTa-
HOBKe, codYeTaBllieii KOJUIM3UI0 KOHTUHEHTOB IIpU
3aKpEITH MOHT010-OXOTCKOTO OKeaHa W BIUSHUE
MaHTUHHOTO TIoMa Ha jutochepy lLleHTpanbHO-
A3MaTCKOrO0 OPOTeHHOro Iosica. BHenpeHue Majbix
WHTPY3UBHBIX TeJI 1 JaeK PyAOHOCHOTO ITOP(pHPOBO-
ro KOMIUIEKCA IPOM30IILI0 B ITOCTKOJJIM3MOHHBIA
(pudrorennsiit) nepuoa. U-Pb maTupoBKu mo 1up-
KOHY COCTaBJISIIOT IJIsi MOHIIOHMTOB W TPaHUTOB
IIaXTaMUHCKOro KoMmruiekca 161.7 = 1.4 u 161.0 +
* 1.7 MAH JeT, 1 JalKOBOIO KOMILJIEKCa MOHIO-
HUT- U TpaHuT-niopdupon 159.3 = 0.9 u 155.0 £
* 1.7 mnna net (bep3nna u ap., 2013). Bo3pact opyne-
HeHust Re-Os MeTomoM 1o MoymoaeHuTy 155—160 maH
net (Berzina et al., 2003). ITo (Nevolko et al., 2021) U-
Pb Bo3pacT nmo impKoHaM pyIOHOCHBIX TPAHUT-IIOP-
dupos 161.5 =+ + 0.6 MJTH JeT.

Pyonas munepanruzayus. PynHbele Teaa CBSI3aHBI C
KpyrnHo#t cyommpoTtHoit IllaxTamMrHO-30JIMHCKOMN
TEeKTOHUYECKOU 30HOM, KOTOpasi TpacCUpyeTcsi MHO-
TOYMCJIEHHBIMM JlafikaMU pa3IMYHOTO COCTaBa, py-
JOHOCHBIMU KBaplLIEBBIMM XKUJaMU W y4dacTKaMu
IITOKBEPKOBOTO IIPOXUIKOBaHMS ( cM. ur. 10).

Boigenensl cienyroniye MopghOJIOrHYecKrue THUIIbI
OpYIIEHEHUS: XXWJIbHBIN, IITOKBEPKOBBIN M1 MUHEPATU-
30BaHHBIX 3KCIUIO3MBHBIX Opekuunii (COTHUKOB M 1p.,
1995). B mpOMBIIIIJTIEHHBIX PYIHBIX TEIaX KWJILHOTO TU-
ma cpeaHee comepxanue (Ccp) cocraBnsio (Mac. %):
Mo 0.5-0.6, Pb 0.22—1.51, Zn 0.1-1.2, Cu mo 0.4.
Ccpy, B OTpabarbiBaeMbIX 0JI0KaX NOIHUMAIIOCH 4O
0.5-19.9 ppm, Ccps, — mo 3—621 ppm (Epmos,
2006). UsBnexkaics us pya Tonbko Mo. Uncausime-
cs Ha OanaHce 3anachbl pyd K Havainy 1990-x romos
OBLIU TIOJTHOCTHIO OTPAOOTAHHI.

IIpoxucunkoso-expaniennoe (Wmokeepkosoe) opy-
deHeHue TIPOCTPAHCTBEHHO MPUMBIKAET U YaCTUUHO
COBMAmacT C TUIOMAAbI0 pa3BUTHS X1, OHO mpen-
CTaBJICHO KaK OKOJIOXMJIbHBIMU MUHEPaTN30BaHHBI-
MM 30HaMH, TaK ¥ CAMOCTOSITeTbHBIMU IITOKBEPKa-
MU. BBImesrleHbl TpH IITOKBEPKOBBIE PYIHBIE 30HBI C
OTHOCUTENILHO I'yCTOM CEThIO MOJIMOIEHUT-ConepKa-
MIHX MTPOKIKOB. OHM M3YYeHBI Ha CTaINN IMOUCKO-
BO-OILICHOYHBIX PaboT, B pe3yJIbTaTe KOTOPBIX OIIpe-
nejieHo, 4to coaepxanue Mo (C,;,) HaxomuTcs B
npenenax 0.05—0.08 mac. %, Cu 0.08—0.24 mac. %,
Au 0.3—0.64 ppm, Ag 3—9 ppm.

IIITokBepkoBas pyaHas 30Ha Nel pacrnojioxxeHa B
FOXXHOI 9acTu MecTopoxkaeHnsa. OHa HanboJjee BbI-
Jiep>KaHa 1o MpOoCTUpaHMIo, TIpociexeHa Ha 900 M, mo
nageHuo — Ha 200—300 M mpu MomgHocTu 15—80 M.
Pynuast 3oHa Ne 2 Haxomutca B FOB yactu mecTto-
poxnenus. C 3amama 1 BOCTOKAa OHA OrPaHUIMBACTCS
Ne 7
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TEeKTOHUYECKUMU HapylleHUussMu. OHa OKOHTypeHa
npu Cyy, — 0.04 Mac. % 1 UMeeT NPOTIKEHHOCTh MO
MPOCTUPAHUIO TIPOMBILIIEHHO 4acTu 0KoJIo 550 M,
o maaeHuio okono 200 M npu MomrHOcTH OT 50 1Mo
150 M. ConepzkaHue pyaAHbIX KOMITOHEHTOB HEPaBHO-
MEpHOE C YepedoBaHMEM OTHOCHUTEIbHO OOraThiX U
o6enHbIx pyn. PynmHas 3oxa No 3 3anmmaer C3 4acTh
MectopoxaeHus. OHa mpociiexXeHa Mo MpocTUpa-
HUIO0 mpuMepHO Ha 1 kM mpu mumpuHe 10 300 M u
BKJIIOUAeT OKOJIO 15 y4acTKOB IITOKBEPKOBBIX DYII,
HaxoJsSIIUXCS Ha 3HAYUTEJIbHOM PACCTOSIHUU JIPYT
OT JpyTa W HE YBI3BIBAIOIIUXCS MEXIY coOoil. Pa3-
MepbI OTIAEIbHBIX YYACTKOB — OT MEPBBIX METPOB 110
100 m ipu C,;, B OOOrallleHHbIX YacTsX B IMpenenax
0.03—0.05 mac.%.

Hauboinee BaxkHbIe TPOMBILIICHHBIE JKUJIBI UMe-
IOT CyOIIMPOTHOE IIpocTupaHue. [1pu 3ToM mpotsi-
JKEHHOCTh UX BO3pacTaeT B HAIPABICHUM C CEBEPO-
BOCTOKA Ha roro-3araf ( cM. ¢pur. 1B).

Maemamuzm. B ctpoennn u popMUpOBaHNH IITAXTA -
MMHCKOTO UHTPY3MBHOI'O KOMILIEKCA BBIACSIOT 2 ha-
3bl. K mepBoii (paze oTHOCIT KBapleBble TUOPUTHI,
MOHIIOHUTHI, MOHIIOAUOPUTHI 1 TAOOPO C IIEeIOUHBIM
yKJI0HOM. OHU UMEIOT ¢ 60JIee TO3AHUMU T'PAaHUTOU -
JIaMH, cJIaralolIMU BTOPYIO (hazy, CeKyIIre B3auMo-
oTHomeHus1. UHTpy3us 1epBoii (pa3bl ciaraeT BHEIII-
Hiol0 4YacTh IllaxTaMMHCKOTO MaccuBa, OKaMMJIsIsS
ero. Bropas ¢aza, pacopocTpaHeHHass HEIOCpE-
CTBEHHO Ha IUIOIIAAN MECTOPOXIACHMS U BMEIIAIO-
11ast pyaAHbIE XXUJIbI, CI0XeHa OMOTUT-POrOBOOOMAaH-
KOBBIMU T'paHUTAMU, TPAHOAMOPUTAMU 1 TpaHOCHE-
HUTaMU co B3auMoIliepexomaMu. Cpeny HUX pa3BUTHI
MOPOJIbl CyOBYJIKAHMYECKOTO KOoMILIeKca. OHU Tpe-
CTaBJICHBI B MOCJIEIOBAaTEIBHOCTA 0Opa3oBaHUs: 1)
JaMIipoupbl (MaJIXUThl, KEPCAHTUTHI, CIIECCAPTU-
ThI), 2) TPAaHUT-TIOPMUPHI U TPAHOAUOPUT-NOPDUPHI
(maiiku u mwToku) u 3) sammnpodupsl. ITosic mopdpu-
POBBIX ITOpOX IMMPUHOM 5—7 KM niepecekaet Illaxra-
MUHCKMIA MacCUB B CyOLIMPOTHOM HampaBJIeHUU U
pociiexxuBaeTrcs 3a ero npeneiibl (COTHUKOB U IIp.,
1995). Ilopoabl IIAXTaMHUHCKOIO M MHOP(GUPOBOTO
KOMIIJIEKCOB BBICOKOKAJIMEBbIE M3BECTKOBO-IIEIOY-
HOI CEpUU U B MEHBIIEN CTEIEHU LIOLIOHUTOBOM.
IIpeobaamaroT MeTaIMHO3EMHUCTEIE oOpa3oBaHus |
tuna (bep3una u ap., 2013). OnHO U3 TaliKOBBIX ITO-
JIell B mpenenax pyaHOIo IIOJISI COCTOUT u3 15 maex.
YacTh maek, BEpOSITHEE BCErO, SBIISIIOTCS MOCTPY-
HBIMU WUJIM BHYTPUMUHEpAIU3allMOHHbIMU. Tak, 13-
BECTHBI CJIydyall pacCe4cHUsI KBapl-MOJMOAECHUTO-
BBIX >KMJI BAPUOIUTOM, a TAKXKE JIaMIIPO(GUPOM.

Oxonopyousie uzmernenusi nopod. IIpocTpaHCTBEHHO-
CTPYKTYPHBIi TUTAaH 30H OKOJIOPYIHBIX U3MEHEHUI Py-
JTOBMELIAIOLIUX TIOPOI, OINpEAessieTcsl pa3MelleHUeM
PYIOHOCHBIX KBaplIeBO-KIJIBHBIX TeJI. MOIITHOCTD 30H
W3MEHEHMWI BapbUpyeT OT MEPBBIX CM IO TIEPBBIX JIe-
CSITKOB METPOB B 3aBUCHMOCTH OT MOIITHOCTH COMPO-
BOXIAeMbIX MU XWJBHBIX Tl W 30H. B Tipemerax
PYAHOTO MOJI OHU MPOCTUPAIOTCI HAa PACCTOSTHUS OT
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MEPBBIX JTECATKOB IO COTEH METPOB B 3aBUCHUMOCTU
OT BEJIUYMHBI CONTPOBOXIAEMbIX UMM XXWJIbLHBIX TEJI.
ITpoTsKeHHOCTH 30H OKOJIOXKMIBHBIX U3MEHEHUIA 11O
BepTUKanu IpociexeHa mo 10—20 M B BepXHUX Ya-
CTSIX XKMJ 1 00 7—15 M B HIKHMX. BBIsIBIISIETCS yeT-
Kasi CHUMMETPUYHO-aCUMMETpPUYHAsT 30HaJIbHOCTh
CTPOEHMUSI STUX 30H B 3aBUCUMOCTU OT SJIEMEHTOB 3a-
Jgeranus xwi. Kaxxnerii TuIm MuHepaJibHBIX 0Opa3oBa-
HUI1 CBSI3aH CO CBOMM TUIIOM OKOJIOPYIHBIX M3MEHE-
HUiL. Mo-0pyIeHEeHUIO TPEIIIeCTBYeT KaIUIIIaTh3a-
LIUST MHOTIA ¢ MUKPOMPOXWIKOBBIM OKBaplLeBaHUEM,
B IIPUKOHTAKTOBBIX YACTSIX KWJI pa3BUTa IIPOMIMIM-
TH3aLys, TIpeaCcTaBlIeHHAas] XJIOPUT-aIbOUT-3ITUIO0T-
NUPUTOBOI accoluraluveii, 3aTeM CIAEOyIOT CEpULIUT-
MUPUTOBBIE U CEPULIMT-IIMPUT-KapOOHATHBIE MPE00-
pa3oBaHu, IPENLIECTBYIOLINE HAIOXEHUIO MOJIMME-
TAJUIMYECKOM MUHepalu3alun U Jajee — aprujuimsa-
LIUsI, COIMPOBOXIAIOIIASICA B psiie PYOHBIX YYACTKOB
cBaHOepruTu3anmeii. Bo BceM o0beMe OKOIOXKMITh-
HBIX U3MEHEHUI pa3BUTa CyIb(GUIHO-KBapIeBas U
CylIb(pUIHO-KapOOHATHAsI THE3I0BO-IPOXMIKOBO-
BKpaIuleHHAasI MUHEpaIn3amusi, HepeIKO COITPOBOXK-
naromiasicss kKapooHatuzanueil. KapOoHaTbl mpen-
CTaBJICHBI KaJbLIMTOM, (peppU- MJIM MaHTaHKAJIbIIV-
TOM, 3KEJIEe3UCTHIM HOOJIOMUTOM M aHKepuUToM. Bo
MHOTUX CJIy4asiXx 3TU TUIIHI OKOJIOPYIHBIX M3MEHE-
HUII COBMEIIICHEI B IPOCTPAHCTBE.

METO/1bl UCCJIENOBAHUN

MeTtonuka M3y4eHUsI CTPOEHMS KMJ 3aKiaioda-
JlaCh B MMHEPAJIOTMYECKOM KapTUPOBAHUU CYIbDU/I -
HO-KBaplEBbIX XXWJI U BMEIIAOIIUX TTOPOI ¢ OTOOPOM
Mpo6 BKPECT MPOCTUPAHUS B TIOA3EMHBIX BbIpaOOTKaX.
C uenblo nosydyeHuss nHGopMalu 06 U3MEHUUBOCTU
Cy1o B IPOCTPAHCTBE XKWJI U COMYTCTBYIOIIMX XUMUYE-
CKMUX D3JEMEHTOB OTOMpPAIMCh TPYNIOBBIE ITPOOBI
Maccoit 1o 2 KT, KOTOpbIe TToc/ie MeXaHUYeCKOi 00-
pabOTKM KBapTOBAJIUCh [JISI TIOJYYEHUSI HaBECOK
maccoii 1o 500 r mis mpodbupHoro aHamausa. Bcero
OBLTO MpOaHAU3UPOBAHO (CEPTUDUIIMPOBAHHAS JTa-
6oparopus 3a6HWW) 624 rpynmoBbIX MpoOGHI C
onpeneneHueM Mo, Cu, Pb, Zn TpaguliMOHHBIMUA
xumuueckumu Metonamu (aHaiutuku I H. Cypko-
Ba, [I.H. Kpoxanesa, P.I'. Cepruenko), Ha Au u Ag —
METOJIOM ITpoOoupHoro aHanuza (aHaauTuk I1.I1. By-
CBITUH).

CrpoeHue pparMeHTOB XU U3Y4EHO C MCIIOIb-
30BaHMEM IOJIMPOBaHHLIX ITYydoB (31 mT.). MuHe-
PaJIBHBIN COCTaB Py U XXUJIBHOIO MaTepuasa Uccie-
noBajicsd ontudyeckumu metomamu (70 aHUUIMGOB,
78 mpo3paunbix 1 30 IPO3pavyHO-IIOJIMPOBAHHBIX
nutoB). AHATUTAYECKUE MCCICAOBAHMS BBIIIOJI-
Hsutich B jabopatopusix LIKIT “UT'EM-ananutu-
Ka”, ¢ IPUBJIEYUEHUEM METOA0B PEHTIE€HOCIIEKTpallb-
Horo MmukpoaHaiui3a (PCMA), ckaHupyoleii a1eK-
TPOHHOM MUKPOCKOIIMU C SHEProAuCIepCUOHHBIM
aHaym3aTopoM (COM-B/C), peHTreHO(]pa30BBIA
aHau3 MUKPOTEPMOMETPUU (DIIOUIHBIX BKIIOUE-
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Huit (PB). PCMA BBINOTHSIIICS HA 3JICKTPOHHO-30H-
noBoMm MukpoaHanuzatope JEOL JXA-8200, ocHa-
IIIEHHOM MSThIO BOJTHOBBLIMM CIIEKTPOMETpaMU; aHa-
JIN3 TIPOBOOWIICS IIPW YCKOPSIOIIEM HaNpsKeHUU
20 kB, cuna Toka 3oHma (mpu ero guameTpe 1 MKM)
Ha uunuHape Papanes cocrasisiia 50 HA (aHAJIMTUK
B.1. TackaeB); COM-BDJC — Ha cKaHUpPYIOIIEM
2JIEKTPOHHOM MUKpockorie JSM 5610LV ¢ sHepro-
nucrnepcuoHHbIM criekTpomeTpoMm INCA ¢ ucnosnb-
30BaHMEM YCKOPSIOIIEro HampsokeHud 25 kB, ¢ nc-
MMOJIb30BaHUEM CTEXMOMETPUYECKUMX MUHEpPaJIOB B
KadyecTBe craHmapToB (aHasutuku H.B. TpyOkwH,
JI.LA. JleBunkas); LA-ICP-MS — Ha KBaIpyImoJIbHOM
Mmacc-criekrpoMeTrpe Thermo Xseries ¢ J1azepHoit
npucrtaBkoit New Wave 213 110 cTaHIapTHOI METOI-
ke (anamutuk B.JI. AbpamoBa). Kpome Ttoro, misa
omnpeeseHus MOJUTUIIOB MOJMOAEHUTA HCITOIb30-
BaH peHTreHodasoBblit MeToa (aHanuTuku O.B. Ka-
puMoBa A.A. MexyeBa). DIOUIHBIE BKIIOYECHUS
(®B) usyuyensl B JlabopaTopuun pyaHBIX MECTOPOXK-
nenuii UTTEM PAH metogaMu MUKpOTEPMOMETPUU
B ITacTMHKax TommuuHoi 0.25—0.3 MM, oTmoanpo-
BaHHBIX C IBYX cTopoH. McciegoBaHus 1o 3aMopa-
XKUBAaHUIO W HarpeBaHUIO (IIOMOIHBIX BKIIIOYCHMIA
NpOBOAMINCh, Ha  TepMokpmokamepe Linkam
THMSG 600 ¢ ucronb3oBaHUEM CTaHIAPTHBIX Me-
tonuk (Roedder, 1984). TouHOCTh U3MEpPEHUI TEM-
nepatyp coctapisuia +£0.2°C st TeMIepaTypHOTO
nHrepBaia ot —60 1o +60°C, n £1.5°C — 3a ero npe-
nenamu. CocTaB OCHOBHBIX COJIEBBIX KOMIIOHECHTOB
pPacTBOPOB OIIpeAeJsICs II0 TeMIepaTypaM ILIaBJIe-
HUS 3BTeKTUKU (T5BT); (aHanmuTUK A.A. JlomomMaHO-
Ba-Torosib). Takoli KOMIUIEKC METOIOB MPU U3y4ye-
HUY MUHEPAIOTUH 3TOTO MECTOPOKIECHMS ObLI TP~
MEHEH BIIePBbIE.

CTPOEHHME U MUHEPAJIbHASA
3OHAJIBHOCTDb PYAHDbIX KNJI

Kuner n3ydgensl I'A. FOpreHcoHoM B 3KCILTyaTa-
LIMOHHBIX MTOA3EMHBIX BHIPAOOTKAaX, MPOiIeHHBIX Ha
ry60Kux ropuszoHTax B 1980—1989 r., u 3TU naHHbIE
paHee He OCBEILAIKCh B JIUTepaType.

Kuna 24 — onHa U3 KpYITHBIX U ONTMCHIBAETCSI HAU -
6osee noapo6Ho. OHa usyyeHa Ha rop. [—VIII. Kuna
OTJINYaeTCs KOMIUIEKCHbIM opyneHeHueM. [lo maH-
HbeiM B.M. CotHukoBa u ap. (1995), oobenuuHeHHAs
mpo6a 110 Heit BeisiBMiIa (Mac. %): Mo — 1, Zn — 0.98,
Pb—0.83, Cu—0.25; Au— 1 ppm, Ag — 17 ppm. Mormi-
HOCTb XXWJIbl Ha JHEBHOIT moBepxHocTu (rop. I) — B
mpenenax 0.12—1.0 m npu Cy, 0.30—2.0 mac. %.
Cpennee comepxanue (Ccp) Mo (Mac. %): B 1eH-
TpaJibHOM yacTu Xkl 1.03, Ha 3armagHOM U BOCTOY-
HoM (nanrax 0.27 u 0.3 coorBeTcTBeHHO. CCpyy, NTO
JKIJIE B LIEJIOM 110 323 rpynmoBEIM IpoOaM COCTaBJIsI-
er 0.77 mac. %. OHa JoKkaaTn30BaHa B CJIaAOOM3MEHEH-
HOM KaJIMINIaTU3UPOBAHHOM I'paHOAMOpUTE, OUO-
TUT KOTOPOTO ¢j1abo XJIOPUTU3UPOBAH, TJIariokiias
CEepULIMTU3MPOBaH. B MPUKOHTAKTOBON 4YacTu rpa-
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HOIMOPUT KapOOHATU3MUPOBAH C 0Opa30BaHUEM JIMH-
SYIOIIMXCA IMTPOKMJIKOB KaJIbIIUT-TaJICHUTOBOI'O COCTa-
Ba, HAJIOKEHHBIX Ha PaHHIOW MOJUOACHUT-TIMPUT-
KBapleByIO accouuanuio. [Tuput B Heil o6pasyeT IeH-
TaroHI0ACKA3IPUIECKIE KPUCTAILIBI, COEPXKaHUe eTo
npocturaet 10%. B xwte HaGmo0a0TCS THE3AA U CIIOU
MAaCCHUBHOTO TTMPUTA KyOMUJecKoro raburyca. B otHo-
CUTEIBHO KPYITHBIX (I0 3 cM) ero arperarax IpHUCyT-
CTBYIOT OOJIOMKM paHHETO KBaplia C MOJIMOACHUTOM,
MMAPUTOM, PEAKO — IIeeIMTOM. B XXuiabHOM MaTepu-
ajie KBapll MeJIKO-CPEIHEe3ePHUCTHIN, y9acTKaMH 00-
pas3yeT MeJIKHE Apy3bl, MOJIMOICHUT B HEM O0Opa3yeT
MMOJIOCKU, THE3IOBYI0 M TOYEUHYIO BKPAIUIEHHOCTD.
CopepxaHusi Mo 1 Bapualliv MOIIIHOCTH KWkl 24
WUTIOCTpUPYET (pur. 2a.

Ha rop. IV xuna 24 nMmeeT riepeKuMbI 1 B 3aT1aji-
HoI1 yacTu BeIKJIMHMAACH 10 0.15 M, a 3aTeM cpe3aHa
TEeKTOHUYECKUM HapyIICHUEM.

Ha rop. V Bo BMellarolieM KaauIlIaTu3upoBaH-
HOM, XJIOPUTU3UPOBAHHOM M KapOOHATHU3MPOBAHHOM
rPaHOOWOPHUTE Pa3BUTHI JIMH3YIOIIUECS TIPOXKMIKU
KaJIbIIUT-TAJICHUTOBOTO COCTaBa. [aJIeHUT TepeMsIT, U
B HEM IIPUCYTCTBYET ApOOJIeHbI TupuT. B accomma-
U1 C TaJIeHUTOM HAXOOWUTCS TETPasapuUT U cdaje-
put. KpucTajiisl NUpyUTa MMEIOT MEHTAaroHI0AeKas -
pudeckyo GopMy, comepxkaHue ero gocturaet 1—2%.
KBapu kpyrmHO3epHMCTHIN Oenblii, MHOIIA CEYETCS
MPOXUIIKAMU XaJIleAOHOBUIHOTO KBaplia, COAep>Ka-
IIIETO TOHKYIO BKpAIUICHHOCTh CyIbduaoB. KBapir ka-
BepHO3eH. CTEHKM KaBEepH IOKPBITHI KPUCTALINKA-
MU TYIOCKAJICHORAPUYECKOTO KajblluTa, B CBOIO
ouepenb SIBIISIIOIIMXCS CyOCTpaTOM IS MEJIKUX KPHY-
CTaJUIOB IIPO3PavyHOro KBapia, C CHIITbIO KPUCTAJIOB
MUpUTa, a Takxke rajeHuTa. B ceBepHOIl BeTBM Ha
9TOM YPOBHE XHUJa UMeeT KapOoHaT-CyIb(hUIHO-
KBapLEeBbIil COCTaB U COIIPOBOXIAETCS KBapil-Kap-
OOHATHBIMM, KBapll-KapOOHaT-CyIb(PUAHBIMU U
KapOOHATHBIMM IPOXWIKAMMU, BBIXOASIIUMU BO
BMEIIAIONIUHA UHTEHCUBHO CYJIb(hUAN3ZUPOBAHHBIN
IPAaHOAVOPUT, YTPATUBILIMIA HEePBUYHBINM 00UK. CyJib-
duapl Takke 00BOJAKMBAIOT OOJIOMKM BMeEILAIONIEeit
nopoxnbl. Cpeay HUX IpeodJIagaeT MMPUT KyOMJecKo -
ro rabutyca, pexe IeHTaroHaoaeKasaphl. B accolu-
Al ¢ HUM HaXOISITCS MOIUOIEHUT, TETPAdUMUT U
chaneput opamkeBoro 11Beta. KBapir — 0embIif 1 ce-
pblii, coaepKalluii TOHKOIWUCIIEPCHYIO BKparlieH-
HOCTbh nupuTa. [1o mpocTUpaHUIO COCTaB XKUJIbl Me-
HSIETCSI, 1 OHA CTAHOBUTCS CYIIECTBEHHO CYJIb(MUII-
HOI{, MpPEeUMYIIECTBEHHO MUPUTOBOH. 31ech B
OKBaplIOBaHHOM TPaHOIMOPUTE BOJU3U KOHTAKTa C
XKIJION HAaXOOSTCSI MOJUOACHUT-IMPUT-TAJICHUTOBEIE
arperarbl. [leHTaroHmomeKasApUYecKre KpUCTAJUIbI
MUpPUTa, BKJIIOYalole paHHUN MOJTMOICHUT, OTOpOYe-
HBI CKOPJIYITIOBaTbIMU arperaraMu rajleH1uTa TOJIIIMHOMN
no 1-2.5 mm. C mMUPUTOM acCOLMUpPYET TaKXe U
xanbkorput. C,, (ppm) pocturaet 5.6 mpu Ccpy,
2.71,aAg 172.3 mipu Ccpy, 58.71. Harop. IV V Cepp,
nmocturaet 1.74—2.25 mac. %. Ha rop. VI okon0X1Ib-
Ne 7
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®@ur. 2. Bapuauuu MOILIHOCTU M pacnpeeieHre coaepkanuit Mo 1o ropu3oHTaM B pa3IMYHbIX 4acTsX (3aIaqHoM, HIEHTPab-
HO 1 BOCTOYHOM) XWJIbI 24 (a) 1 kbl 3 (0). B neBoii yactu ¢ouryp — MolIeIm, MOCTPOEHHBIE 110 JAHHBIM CPEIHUX MOIIHO-
creit xwi. Lludpsl Ha OTMETKaX TOPU30OHTOB — BapuallMi MOIITHOCTH XKVMJTbI HA TOPU3OHTAX.

HBbIEe M3MEHEHUsI TPaHOIMOPUTOB OTINYAIOTCS yBeE-
JIMYeHNEeM MHTEHCUBHOCTH XJIOPUTU3ALIMN OMOTHUTA,
MEJIKONPOXMJIKOBBIM OKBapIeBaHMEM W MEHBIIUM
pa3BUTUEM KyOOOKTasIpMUUE€CKUX KPUCTAJJIOB TUPU-
Ta IpY Bo3pacTaHUU J0Ju Kyonueckux. [IpukoHTaKk-
TOBBIE YACTH XUJIbI IPEUMYIIIECTBEHHO KBapII-CYyJIb-
¢umHOro cocraBa caaBjeHbI, TTepeapOoOOJeHBI U Clie-
MEHTHPOBaHbI KapOOHATHBIM MaTepualioM. bimke K
LEHTpaJIbHOI YaCTH XWJIbI MEJIKO3€PHUCTHIN KBapli-
OUPUTOBBIA € MOJMOOEHUTOM arperar paccedeH
npoxuikamMu aHkeputa. Ha rop. VII BMemarommii
XKITy TPaHOOIUOPUT Ha KOHTAKTE XJIOPUTU3UPOBAH U
KapboHaTtu3upoBaH. XKuja MMeeT ITOYTH CHUMMET-
puyHoe cTtpoeHue (dur. 3).

Ha koHTakTe B rpaHOAMOPUTE Pa3BUTA BKpaIlIeH-
HOCTh TI€HTAroHAO0IEeKa3ApUUECKOTO THUPUTA, MO-
JUOIeHUTa U Ccylab(docoseii, B OTACIbHBIX YaCTIX —
reMatuta. OCHOBHasl Macca CyJb(puaoB ¢ Mpeobdia-
JaHVeM IMpPUTa B BUAE THE3N0BOM BKPAIICHHOCTU
pa3BuUTa B KBaplie HEIIOCPEACTBEHHO Ha KOHTAKTaX C
rpanoguoputoM. OceBas 4acTh XXUJIBI CIOXeHa (ep-
PUKAJBIIUTOM U MaHTaHAHKEepPUTOM. B KapGoHaTHOIA
YACTU XWJIBI 3aKJII0UeHbI 00JIOMKHM KBaplia, colep-
XKallye TMTUPUT U MOJIMOAEHUT, TIMPUT-XaTbKOITUPH--
TOBBIC arperartsl, TaJIeHUT 1 chaneput. [ paHommoput
paccedeH TakkKe TOHKMMM KBapI-TIMPUT-CPaIepUT-

rajJeHUT-KapOOHATHBIMY MPOXKWIKAMU MOIIHOCTBIO
10 6—9 MM, B KOTOPBIX YETKO MPOCIEKMNBAETCS ClIe-
Jytolasl TMocje10BaTeIbHOCTh BbIACICHUS MUHEpa-
JIOB: KBapll — NUPUT — cdalepuT — TajJeHUT —
— KapOoHaThl. B XJIOpUTU3NPOBAaHHOM TpPaHOINO-
puTe B XWJIE IpOsIBJIeHA TaKasl K€ 30HaJIbHOCTh: B
HEM Ha Iepexofie K KapOOHATy ITOSBIISIIOTCSI TOYEY-
HBbIe BBIACICHUS TajieHuTa. Ha rpanuiie ¢ kapooHa-
TOM Ha ITMPUT HapacTaloT cyocdeprudeckue arperarbl
CBETJIO-KOPUYHEBOTO cajepuTa ¢ OTOPOYKAMU ra-
JICHUTa W BKIIIOYECHUSIMU cyiabdocomeil (dpur. 3,
BCTaBKa).

leoxummaeckoit 0COOEHHOCTBIO KIIThI 24 SIBJISIETCS
00OTallICHHOCTh PYIHBIMU KOMIOHEeHTamMu (Mac. %):
Pb (0.03—3.84), Zn (0.01-5.15), Cu (0.03—0.62); Au
(0.1-5.6 ppm) u Ag (0.8—479.5 ppm) (Ta6:. 2), mpo-
CTPAaHCTBEHHOE pacHpeleieHue CPeaHUX COoAepkKa-
HU1 KOTOPBIX TTOKa3aHO Ha (ur. 46.

OTYETIIMBO TIPOCTIECKUBACTCS CXOOHOE pacrpene-
JeHue Zn u Pb B xmie (cuyibHasi MOJIOXKMUTEIbHAS
CBsA3b) (Tabma. 3, dur. 4a) U HE3aBUCUMOE OT UX CO-
nepxaHuii moseaeHne Cu u Mo, 4To TOATBEpXKIaeT-
Cs1 M KOPPEISIITMOHHBIM aHATU30M.

Mo u Cu UMEIOT MTOJIOKUTETBHYIO CBSI3b, HO MHO-
ro HUXKe YPOBHSI 3HAYUMOCTH, U 3TO, BUIUMO, OTpa-
KaeT TOT (haKT, YTO OCHOBHASI MeIHAsI MUHEepau3a-

Ta6muna 1. Marpuua napHbix Koppensuuit Ccp. Zn, Pb, Mo u Cu B xune 24 (n =9, r= +0.52)

Zn Pb Cu Mo
Zn 1
Pb 0.80 1
Cu —0.30 0.04 1
Mo —0.34 —0.09 0.15 1
TEOJIOT A PYAHBIX MECTOPO)KI[EHI/IPI TOM 65 Ne 7 2023
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®ur. 3. Cxema cTpoeHUsT XKWkl 24 Ha ropu3oHTe VII. 1 — M3MeHeHHBI TPaHOAMOPUT; 2 — KWJIbHBIN KBapIl; 3 — KapOoHaTHast
YacThb XWJIbl; 4 — MUPUT; 5 — MonubOaeHUT; 6 — caneput; 7 — XaIbKONMUPUT; 8 — rajieHuT; 9 — cynbdoconn. Ha BcraBke —
cXeMa CTPOECHMSI 30HAJTbHOM XKWIbI B 30HE KOHTaKTa ¢ Xujoii 24. Sp — canepur, Gn + Ss — rajieHuT u cynbdoconu, Py — mu-
put, Qtz — kBapir, Cb — kapOoHar.

UsI BCe XK€ oTjaraeTcs B Apyrom (6oJjiee MO3IHEM)
Ipouecce, W JIMIIb HE3HAYUTEIbHO — B CBSI3U C XaJlb-
KOITUPUTOM, OOpa3yIOIIMMCS B OJHOM CTaIluM C OC-
HOBHBIM KOJIMUYECTBOM MoOJMOaeHuTa. OCoOeHHO-
CThIO pacnpenesieHus Zn 1 Pb B TpocTpaHCTBE KMITHI
24 aBisieTcs pe3Koe yBeIUYeHUE NX CONCPKaHUM Ha
DIyOOKMX TOPU3OHTAX €€ 3aIlagHoro (JiaHra.

B pacnipenenenuu Au u Ag, Kak BUIHO U3 ¢Gur. 40,
HabiogaeTcsl ToJIHOe Toaooue (Koa(hGULIMEeHT HuX
koppessiuuu +0.999). Ho, kak HuXe OyneT mokasa-
HO, TaKasl BEICOKasI Koppeisauus Au u Ag ¢ mpeo0biia-
naHveM Ag cBs3aHa, BUIMMO, C TEM, UTO BCE JKe, KPO-
Me IIPUCYTCTBUA Ag B CAMOPOIHOM 30JI0Te, Ag TTpaK-
THYECKN BCETma B TeX WM WHBIX KOHIICHTPAITUSIX

Tab6muuna 2. PacripocTpaHEeHHOCTh HOBOOOPAa30BaHHBIX MUHEPAJIOB B pyaax

I'naBHBIE

Bropocrenennbie**

Penxue

MonubaeHuT, MUpuUT,
KBapli, KapOOHAThI, KaJlu-
ILITAT, CEPULINAT, TJIUHU-
CThble MUHEPAJIBI

Cdaneput, 6JeKJIble pyabl, Iiee-
JIUT, TAJIEHUT, MUHepasibl Ti,
XaJILKOTIUPUT, XJIOPUT, allaTUT,
aKTUHOJIUT, SITUAO0T, OUOTHUT,
TYPMaJIMH, MyCKOBUT, aJIbOUT,
CBaHOEpruT, reMaTuT, OYpHOHUT

CamoponHbie Au, Ag*, Bi*, allKkUHUT, BUCMYTHH,

Bi; 93Te; o7, DapKepHT, TeCCUT, APCEHMAPKOOAILIMNT,
TeTPpaAUMUT, OOPHUT, Cyabhocoau Ag*, Ko3amuT*,
anTauT*, CTaHHUH*, MOXHT, apCEHOMMUPUT*, MAarHETUT,
BOJIb(PpaMUT*, KACCUTEPUT™, SMIUICKTUTY, GAPUT, TUIIC,
okcua Pb, ypanuuut*, daooput* u ap.

IMpumevanue. * MuHepabl, BEISIBJIEHHbIC pAHHUMU UCCIIETOBAaHUSIMU 1 TTOKa He 0OHapyXeHHbIe HaMu. 2KUPHBIM mIpudToM 0603Ha-
YeHbI HOBBIE [IJISI MECTOPOXIECHUS MUHEPAaJIbl, IUaTHOCTUPOBAHHBIC HAMMU.

H Cq)anepm", OJIeKJIble Ppyabl U TaJICHUT B OTACJIbHBIX YaCTAX HEKOTOPHBIX >KUJI MOT'YT BbICTYIIaTh KaK ITaBHBIC.

TEOJIOTUSA PYOHBIX MECTOPOXKIEHUM  ToM 65 Ne7 2023
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(a) CpenHue conepkaHust 3J1eMeHTOB (Mac. %)
B xwie 24
0 0.5 1.0 1.5 2.0 ©)
L 1 1 1 J
1
SO T S
g 4 ;\T\I\l‘;\l\I\:;\;\I\.\.\.\l\.\;\.\.\.\l\.::\..\I\l\lu\“\\\\\\\m\\\\\\\\m\\u\“\\\\\“\\\\\\“\\\ ﬁ ‘3" —_— | Ag
2 M — 0Au
o & S —
o g, 0 |—
LT y—
7 B ] g r

mZn @ Pb oCu m Mo

®@ur. 4. PacnipeneneHue cpemHux coaepxkanuii Zn, Pb, Mo, Cu (Mac. %) (a), Au u Ag (ppm) (6) 110 TOPU30HTAM KWJIbI 24.

00OHapy:KEeHO B TETPA3APUTE U TaJICHUTE — CITyTHUKAX
WJIN JaXe MaTpHUlax caMOPOIHOro 300Ta. OTMETUM
(cM. ¢ur. 40), yTo cpenHee comepxKaHue Au U Ag Ha
CaMOM IJIyOOKOM TOPHM30HTE KWJIbI 24 MaKCUMaJlb-
HOE.

Kuna 3 sxcnmyaTupoBajiach Ha AByX ydacTkax: 11
(3anagusiit) u 111 (ceBepo-BocTouHbIit). Cyasi Mo UX
pAacCIOJIOXKEHMIO, 3aragHasl YacTh XXKUJIbl 3 TIpeacTaB-
JIsIeT coboit mponoikeHue Xuibl 32. IlpoctpaH-
CTBEHHOE pachpeaeieHue coaepxanuit Mo u Bapua-
I MOIITHOCTH XXWJIBI MULTIOCTpUpyeT pur. 26. 2Kuma
3 Ha CB yuacTke JloKaJlu30BaHa B KaJIUIINATU3UPO-
BaHHOM MUPUTU3MPOBAHHOM T'PAHOIMOPUTE C XJIO-
PUTHU3UPOBAHHBIM OMOTUTOM, COMEpPXKalllUM BOJIU3HU
KOHTAKTOB C XXUJIO CETh TOHKUX MTPOXUJIKOB KBapll-
OUPUT-MOJIMOaeHUTOBOTrO cocTtaBa. Ha rop. 111 B xku-
Jie 3 Hapsiy ¢ paHHe MOJIMOIEHUT-XaTbKOTTUPUT-TI1-

PUT-KBapLEBOM acCOLMALeii IPUCYTCTBYET TTO3MHSIS
raJleHUT-NUPUT-KBapl-KapooHaTtHas. Ha rop. V BMe-
MIAIOIIUMU TIOPOAAMU SIBJISIIOTCS KaJIUIINaTU3UPO-
BaHHbIC TPAHOAMOPUTEI M, B MEHBIIIE Mepe, rpaHo-
CUEeHUTHI, aM(PUOOJI B KOTOPBIX XJIOPUTU3MPOBAH.
CocTaB XuJjibl TUIIMYEH, HO OTJIMYAETCSI HEKOTOPBIM
YKpYITHEHMEM YeIIyii M PO3EeTOK MOJIMOASHUTAa U
npucyTCTBUEM penkoro meenurta. Ha rop. VI xwuna 3
JIOKaJIM30BaHa B 30HE, Te Pa3BUTHI YepEAyIOLIeCs
OMOTHUTOBHKIN TPAHUT, TPAHOOUOPUT, MOHLIONUOPUT U
rpaHocueHUT. KoHTaKThl HEpOBHBIE C arodu3amMu
KBapILeBOIO cocTaBa IIMHOM 10 10 cM, BHEAPSIOIIN -
MUCS B UBMEHEHHYIO BMelaoliylo ropoay. B xxume
OPUCYTCTBYIOT NPONWINTA3ZUPOBAHHBIE OOJIOMKU
TPaHUTOMIOB JUTMHOM 10 3—4 CM C IIMPUTOBBIMU OTO-
poukamu. 2Kujia MMeeT CUMMETPUYHOE CTPOSHUE U
KpyToe IajgeHue. B omHoM 13 cedeHMit BBISIBICHO 7 T10-

Taomna 3. CoaepkaHue (ppm) CTPYKTYPHBIX MUKpOMIpUMeceit B MoanbaeHuTe 1mo gaHHbiM LA-ICP-MS

Se
oT—10 (cpemHee)

W
oT—10 (cpemHee)

145.35—198.94 (177.6)
117.74—296.38(233.99)
192—-613.06(326.44)
215.6—237.6 (225.73)
53.59-231.42 (126.21)
136—244 (182.15)
170.52—345.1(232.36)
0.01-204 (104.61)
147—228 (200.25)
131-200 (161.75)
146—221(170.8)
Cecp =214.1

8.81—19.4 (12.3)

11.04—30.29 (18.8)
10.52—35.32 (21)

8.24—15.48 (11.05)
5.44-32.07(15.83)
6.72—19.76 (11.43)
4.63—13.8 (8.9)
8.44—23.56 (11.96)
18.1—39.3 (28.25)
6.37—8.34 (7.8)
6.5-27.7 (17)
Cep =15.32

O6p. Ne | Kon-Bo aHanu3oB Tenepanym Re
oT—1o (cpemHee)

204 9 | 9.09—29.68 (19.81)
303 25 I— II1? 2.35—17.58 (6.95)
364 32 1-11 0—69.6 (8.13)
395¢c 3 11 32.92—40.32 (37.8)
396 21 I—I1-I1I 11.69—97.00 (45.78)
446 11 1-11 12.68—86.4 (36.17)
438 16 11 35.89—-93.7 (52.34)
850 37 1-11 12.36—180.00 (64.27)
13/91 4 | 2.76—26.5 (14.69)
165/64 4 II-II1 76.5—203 (150.88)
162/64 5 TI-II1 16.2—150 (60.24)
Bcero 166 Ccp = 34.65
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IOPTEHCOH u np.

@ur. 5. XKwta 3: a — dparMeHT Xuibl 3 B IIaxXTe-2, TEeMHbIE JIMH3BI M ITOJIOCHI B KBaplle — MOJIMOIEHUT, 00p. 438; 6 — ¢parMeHT
JKWJIBI 3 ¢ YETKUM pasiejeHrueM paHHero MmojiocyaToro MOJMGAeHUT-KBapleBOro U MO3IHEro KapooHaTHO-CYIb(MUIHOTO ar-
perata B BepxHeit uactu obpasua. Lltpek rno 3ananHoit yactu xuisl 3, rop. VII, o6p. 850.

JIoC KBaplia, pasfaejJeHHbIX TOHKMMU ITOJIOCKAMMU TTH -
pUT-MOINOAEHUTOBOTO cocTaBa. [llupuHa ux Bapbu-
pyet ot 0.3—1.5 go 3 cMm. [TupuT-MONMOIEHUTOBBIE
MOJIOCHI UMEIOT TOMIIUHY OT 1 1o 3 MM. OT moI0C MO-
JIMOICHUTA OTXOIST €ro JIyYMCThie KPUCTAJUIbI I -
HOI1 10 5 MM, o0JiekaeMble KBapLeM. OTMeUYeHbI TaK-
Ke THe30000pa3Hble CKOTIICHUST Y U30THYThIE JIMH3bI
MoJIMOneHuTa B KBapiie. [1MpuT mpeacrasiieH arpe-
raraMu 1 IIeHTaroHAO0ACKaIpUICCKIMHU KPUCTaJIIa-
mu. ComepskaHue ero mo 25%. KBapil cBeTI0-cephlit,
CpenHe-KPYMHO3ePHUCThIII. B HEM TIIpUCyTCTBYIOT
MeJIKWE IJIUHON 10 1—3 cM Apy3bl ¢ TOHKUM KBap-
neM. [aeHUT HaXoOUTCS B BUIE THE3 Pa3MEPOM IO
1—2 MM 1 yacTo oO6pa3yeT OTOPOYKHM BOKPYT MUPUTA.
Ha stoM Xe Topu30HTe >K1jia 3 BCKpHITa B IITPEKE B
maxte-2 (dur. S5a).

3mech OHa MpeIcTaBjeHa I0J0CYAThIM MEJIKO-
TOHKO3EPHUCTBIM KBaplieM C I10J0CaMM-CJIOSIMMU,
oOoraieHHbIMA MOJUOIeHUTOM. KUIBHBINA KBapil
pacceyeH XiaMy KaJIbLiTa M 30HaMU OpeKYnpoBa-
HUSI, KaK CEKYIIMMM, TaK U ITapaJIeJIbHbIMUA KOHTaK-
Ty XWibl. MonuOmeHnuT obpa3yeT rHe3na W JIMH30-
BUIHbIE U30THYThIE arperaTbl B KBaplie BEJIUYUHOM
1o 1—-3 Mm.

Ha 3amagHoM yyacTke >kumia 3 acCUMMETpUYHA.
Ha xoHTakTe ¢ TpaHOIMOPUTOM pa3BUTA 30HA MTUPU-
Ta (2—3 cM), 3aTeM clienyeT 30Ha MEJIKO3€pPHUCTOrO
KBapua ¢ moiaubaeHuToM (1—1.5 cMm), KoTopast cme-
HsIETCS 30HOI ¢ KPYITHO3EPHUCTLIM KBapleM C MO-
JIMOJEHUTOM M MMPUTOM B IMONOCTSX (10 3 CM), 30Ha-
MU caneput-kBapleBoro coctapa (0.7—1.5 cm), aH-
kepura (0.6—0.9 cm), chamepura ¢ KaBEepHO3HBIM
kBapiueM (10 2 cMm). Ha npoTUBOMNOI0)KHOM KOHTAKTE
JKUJIbl pa3BUT CEePhbIii MEJTKO3EPHUCTHIN KBapll C TH-
putoMm u mombaeHuToM. Ha rop. VII xxuna 3 otinu-
yaeTcs ymeHbllleHueM C,;, 1 HEITOCTOSIHHOM MOIII-

TEOJIOTUSA PYIHBIX MECTOPOXIEHU

HocThio (0.12—0.4 Mm). Cy,, 0T 0.09 Mac. % (B mepexu-
Max 1 Ha ¢uanrax) go 0.88 mac. % B ydacTkax
MO3IHEM, HAJIOXKEHHOM Ha paHHIOI0 Mo-MHUHEpai-
3alMI0, TaleHUT-cGhalepUTOBOM acCOLMALINU C Kap-
6oHaTamu. Ccpyy, CYLLIECTBEHHO YMEHbIIAIOTCS U CO-
CTaBJISTIOT JJISI BOCTOYHOM 4YacTu XKuibl (Mac. %):
0.32, mma neHTpanbHoi — 0.76 u 3anagHoii — 0.17. Ha
3TOM ropm3oHTe yctaHosineHo Ag 1o 300 ppm. Ha ot-
JIeJIbHBIX yYacTKaX KUja CO CTOPOHHI JiexXadyero 6oka
KOHTaKTUPYeT ¢ T'PaHOOMOPUTOM, a BHUCSYETO — C
rpaHocueHUTOM. TWIIbI M3MEHEHUM TpPaHUTOUIOB
OJIM3KM: XJIOPUTU3ALIMSI, TOHKHE TIPOXKUIIKY KBaplia ¢
cyabduaaMu. YJacTKaMu, TOe XUJa UMeeT Ccylle-
CTBEHHO KapOOHATHBIN COCTaB M COIEPKUT cdaye-
PUT, MOJIMOACHUT, TETPASAPUT, XaJTbKOMUPUT U TTH-
pUT, BMeLIalolie Nopoabl MHTEHCUBHO KapOOHATU -
3UPOBaHBbI.

Ha BocTouHOM y4yacTke Kujia 3 OTIm4aeTcss OTHOCH-
TenbHO HU3KUMU Ccpy,, (Mac. %): 0.17 — Ha 3aragHOM
¢nanre, 0.38 — B ieHTpe 1 0.09 — Ha BocTouHOM (bJ1aH-
re, COXpaHssl CHUMMETPUYHOE €ero paclipeneseHue.
31ech BCKPBIT (hparMeHT XKUJIbl TOJ0CYATOTO CTPOe-
HUSI MOIITHOCTBIO 10 16—18 cM (¢ur. 56). Kuna B Bu-
csIyeM OOKy cJloXXKeHa OpeKUYMpOBaHHBIM MOJIMOme-
HUT-MUPUT-KBAPLIEBBIM MaTepuaioM C KBapli-Kap-
OOHATHBIM IIeMEHTOM. B oTiimume oT apyrux dacreit
JKWJIBI, OHA B CYIIECTBEHHON YacTH CJIOKEHA CePhIM
KBapleM C TOHKOUeIIyiYaTbIM MOJIUOICHUTOM, Ue-
PEIYIOITNMCS C TIOYTH YePHBIM KBapIieM, B KOTOPOM
JIOJIsT MOJIMOJIEHUTA COCTaBJsieT OoJsiee MOJOBUHBI.
IMupuT HaloXEeH Ha 3TOT paHHUN MPOAYKTUBHBIMN
KOMIUIEKC. B MIpUKOHTAaKTOBOIT YacTH JIexkadero 60ka
OTMEUYEH reMaTHur.

Ha rop. VIII B xuie 3 (BocToyHasi 4acThb, yda-
crok I1I) Cy,, mo cpaBHeHuUIO ¢ rop. VII Bo3pacrator.
Knna mpencraBiaeHa 4epeooBaHUEM CYIIIECTBEHHO
Ne 7
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CTPOEHUE, MUHEPAJIOTO-TEOXMMHNYECKHME OCOBEHHOCTHU 1 YCIIOBUA

KBaplIeBbIX 1 MOJIUOIEHUTOBBIX IOJIOC, COMEPKAIIINX
TUIPOTEPMAJILHO ITlepepabdoTaHHbIE MOJOCOBUIHBIE
00JIoMKHN TpaHocueHnTa. K HMM mpuypodeHEI Iie-
TOYKN MEJIKMX ITOJIOCTEI, BBIITOJHEHHBIX KPUCTAJI-
JIaMM KBapl1ia, Ha KOTOpbIe HAPOCJIM KAJIbLIUT U TUIIC.
OHu copepXaT THe3ma IMUpUTa ¢ PoOpMO KPUBO-
rpaHHBIX Ky0oB. Ha KOHTaKTe XMJIbl M IPOIIMINTH-
3MPOBAHHOIO IPaHOCUEHUTA HAXOASITCS CJIOM caxa-
POBUIHOIO KBaplia MOIIHOCTBIO 1—3 MM, KOTOpbIii B
MOJIOCTSIX OKPUCTA/UIN30BaH U Ha KpUCTaJlIax KBap-
1Ia — HApOCThl CHEPOJIUTOB XJIOPUTA U UTOJbYATHIX
KpUCTaJUIOB pyTwia. Kuiia IpeacraBiieHa MacCHUB-
HOM 1 moJjiocyaToit yactsMu. B mocnegHeit Beiaensi-
eTcsl TakKe nBe JacTu. OmHa M3 HUX CIIOXEHA TOH-
KMM 4YepeJoBaHMEeM I10JI0C KBaplia U MOJIMOAeHUTA,
CMEHSIIOIINXCS 30HOM KBaplia C XaJIbKOITMPUTOM, ra-
JICHUTOM, MOJIUOAESHUTOM, KyOOIIeHTarOHI0AeKad I~
puyeckuM nmputoM 1 Cu-cynbdocoisimu. B oceBoit
YacTU XKWIbl Pa3BUTHl JIB€ TIeHepaluy KaJabIIUTa.
Pannwmii mpeacTaBiieH KOMOMHALIASIMUA OCTPOTO U Ty~
II0T0 CKaJICHORIPOB, a MO3MHUI 00pa3yeT KaliMbl 13
JIBOMHUKOB pPOMOO3IpOB, oOpacTalollidX paHHUE
cynbguabsl 1 KBapil. Ha KaabiuTe HaXOOSITCS CIIOXK-
HbI€ CPOCTKM KPUCTAJIJIOB MUPUTA B KOMOMHAIMSIX
(111) n (210), penko (111) m (100). DTOoT IUPUT, B
CBOIO OYepellb, 0OpacTaeT KpUCTaJjibl KaJIblIMTA, Ha-
YrHAasl pacTH Ha KOHEYHOI CTaguu ero poCTa.

Ha rop. IX B oToenbHBIX OJI0OKax C 3aracaMu Mo
kareropuu C, Ccpy, cocraBistior 0.63—1.00 mac. %
nipu MoutHocT 0.14—0.19 M. Ccpy,,, paccUUTaHHBIE
10 OTHEIBHBLIM ITOACEYCHUSIM, 3IeCh BECbMa BHICOKU
(cM. ¢ur. 206 ) ¥ COCTABIISIIOT AJIsl BOCTOYHOI'O yyacTKa
(Mac. %): 1.16 Ha 3ammanHOM b1aHTe, 1.13 B IIeHTpaIhb-
Hoit yacTu 1 1.38 Ha BOCTOUHOM (pJIaHTE, TO €CTh XKU-
J1a 3 mpomoDKaeTcs Ha DIyOMHY, YBEJIWYMBAasICh B
MormtHocTHh Ha rop. X 10 0.4 m. I1pu aToM Bapmnanumn
conepxxaHuit Mo HaxomsaTcs: mis rop. IX B mpenenax
0.56 —2. 25 1 g1 rop. X 0 eAMHUYHBIM IOACEYEH M-
am 0.059 u 1.07 mac. %. Haubonee BbICOKHE comep-
KaHUS COOTBETCTBYIOT MUHUMAIBHBIM MOIITHOCTSIM.
To ecThb ¢ NIyOMHOIT OpyAEeHEHWE B 9TOM y4acTKe Ha-
YyrHaeT 00Jiee COOTBETCTBOBATh TOHKOXKMJIBHO-IIPO-
KMJIKOBOMY (IITOKBEPKOBOMY).

Ccp monyTHBIX KOMIIOHEHTOB B XXMJIe 3 OTHOCH-
TeabHO HU3Kue (Mac. %): Pb 0.03—0.71; Cu 0.01—
0.08; Zn 0.015—0.64. ConepxaHust Au 1 Ag COOTBET-
ctBeHHO (ppm): 0.04—0.73 1 0.6—300. I1pu 3TOM CO-
nepxxanne Au n Ag Ha rop. IX: 0.1-0.33 m 0.4-2.8.
Cpy, TIO OTAETBHBIM MOJCCUESHUSIM Ha 9TUX TOPU3OHTAX
coctasisteT 0.005—0.06, Cu 0.01 1 Zn 0.03 mac. %. Ha
rop. 1V, rue onpenenex wmeenut, Cyo, HaXOMUTCS B
npenenax 0.01—0.1 mac. %. Ha 3amagHoM cianre
Ccpwo, (Mac. %): 0.02, B LIEHTpaIbLHOM YaCTU KUJIbI

0.086, Ha BoctouHoM (rnanre 0.015. Ccpyg, cocTas-

ngetr 0.063% npu cpemHEeKBagpaTUYHOM OTKJIOHE-
Huwm 0.035.
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XKuna 32 aengercsa ogHOM M3 KpyIrHBIX. ITpocTi-
paHue ee CyOLIMPOTHOE, 3amaj-ceBepo-3amnagHoe.
OHa BBIIOJHSIET CaMylO I0XKHYIO 30HY pa3yIUIOTHE-
Hu B IlaxTaMUHCKOI pygoBMeEIAIOLIEH CTPYKTYPE.
Ha nHeBHOIT MOBEpXHOCTH MPOTSKEHHOCTH €¢ ¢ 0a-
JIAHCOBBIMU pyAaMM coOCTaBjsuia okojio 620 M, Ha
rop. IV V — 700 M, Ha rop. VI — 800 M, Ha Top. VII —
760 M. Ha BocTouHOM (hitaHre Knjia cedeTcs JaiKoit
nmamripogupa. Ha 3anagHoM (iaHre oHa cpe3aercs
TeKTOHWYeCKMM HapytneHueM npu C,,, 0.8 mac. %.
Kuma orpaboraHa ¢ moBepxHOCTH mo Top. IX, rme
MPOTSKeHHOCTHh ee yMeHbInaercst 10 300 M. 1o rop. X
OHA IIpOCJIeXeHa OTHCIbHBIMKU CKBaXKMHAMM, TIIe
MpU NPOTSKEHHOCTU 10 450 M ee MOIITHOCTb CTAHO-
Butcst HeycTtoiunBoii (0.04—0.62 M) B BOCTOYHOM 1
mo 0.21 m B 3amamHoit dactu. IIpocTpaHcTBeHHOE
pacripeneieHue conepxaHuii Mo v Bapyauy MoOIII-
HOCTH XWJIbl WITIOCTPUPYET (PUT. 6a.

Kuma 32 nokanu3oBaHa, B OCHOBHOM, B I'paHO-
muopurte. Ha rop. 111 ee magenue KO3 75°. OHna cno-
JKeHa cepbIM KBapleM C IMPUTOM, MOJIUOASHUTOM U
meeauToM. 2Knna 32 ceueT KaJIMIIIIaTU3NPOBaHHBIM,
TUAPOCTIOAU3UPOBAHHBIM U  XJIOPUTU3UPOBAHHBINA
IrPaHOAMOPUT, B KOTOPOM B MPUKOHTAKTOBOM 4acTu
MHTECHCUBHO pa3BUTa IIMPUTHU3ALNSI, COIIPOBOXKIAIO-
111as1 TOHKO€ KBapli-MOJIMOJEHUTOBOE MPOXKUIKOBA-
Hue. [llupuHa 1oJoChl 3TUX U3MEHEHUI TOCTUTAET B
BUCsTYeM OOKY B cpenHeM 54 cMm. B macce comepxa-
HUe nUpuTa U MoimbaeHuta He 6osee 0.1%. B xuie
KOHTaKThl MPUTEPTHI U CJIOXKEHBI KBapli-MOJIuOIe-
HUT-TIMPUT-XAIBKOIIUPUTOBEIM arperatoM. [lanee
cJienyeT 30Ha IM0J0CYaTOro CTPOSHMSI, COCTOSIIAs U3
Yepenyrolxcsl CyIIeCTBEHHO KBaplieBbIX U CYIIIE-
CTBEHHO MOJIMOIEHUTOBBIX MOJOC C W3BUJIMCTHIMU
rpanuniamu. Ha Mo-MuHepanu3amnuio HaloXeHa mo-
JIMMeTajuIndecKast acCollhalvs C TaIeHUTOM, cae-
PUTOM, XaJIbKOIIMPUTOM, CYIb(MOCOISIMUA 1 KaIbIIN-
toM. Ha rop. IV cocTaB 1 cTpoeHMe 3K1JTbl IPUMEPHO
aHajiornyHbl. Ha rop. V BCKpPBIT (hparMeHT KWJIbI,
MpeACcTaBIIEHHBI MAaCCUBHBIM, OJIKEe K OCEBOI 4Ya-
CTH KIJIBI — MEIKOKABEPHO3HBIM KBaplIeM C IUPUTOM,
Kak B THe3/Iax, Tak U B COCTaBE MOJIMOAECHUT-TTMPUTO-
BBIX 1 IIMPUT-CYIHL(POCONBHBIX nonoc. Ilomockl Kpym-
HO3EPHUCTOTO KBapIia IMMPUHOI 10 2—2.8 cM yepeny-
IOTCSI ¢ UBBUJIMCTBIMU MOJOCKAMU MOJIMOACHUT-TTH -
PUTOBOrO cocTaBa IIMpUHON A0 2 MM. IIpu 3TOM B
HamnpaBJIECHMM OT KOHTAKTa XKWJIbI K €€ OCEBOM 4acTu
MPOSIBJISIETCS YETKAsI MOCTeI0BaTEIbHOCTh: KBapll —
— mMoaubaeHUT — rmput. Ha rop. VI xuna 32 Haxo-
JIUTCS B KAIUIINATU3UPOBAHHOM, XJIOPUTU3MPOBaH--
HOM M CEpULIMTU3UPOBAHHOM IpaHOAUOPUTE, UMEET
KBapll-KapOoHAaTHLI cocTaB. OHa cCONpsKeHa C paH-
HEH XXJIOM KBapIl-TI0JEBOIIIIATOBOTO COCTaBa C MU~
pUTOM M MOJIMOJEHUTOM UM COAECPXKUT TaKXkKe Trajie-
HUT, cajiepurt u cyiibgoconu. Ha rop. VII mtpek mmo
Xwnae 32 BCKPBIT armon3y xaaeIoH-KBapl-Kapoo-
HaTHOTO COCTaBa C cyib(duaaMu TMO3AHEH TMoJaume-
TaJUIMYECKOi accoumnanuu. Ha KoHTakTe rpaHOIMO-
PUT TIpeBpalleH B XJIOPUT-KBAapLIEBYIO, ydacTKaMu
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®ur. 6. 2Kwta 32: a — Bapralli¥ MOIIHOCTU XWIbl 32 U pacrnpenejieHue coiepkaHuit Mo 1Mo ropu3oHTaM, ycia. 0003H. —
cM. ¢wur. 2; 6 — cTpoeHue pparMeHTa Xkl 32 Ha KOHTaKTe ¢ OpeKYMPOBAaHHBIM IPAaHOIUOPUTOM. 1 — IpaHOAMOPUT-KBaplIe-
Basg OpeKuurs Ha KapOOHATHO-XJIOPUTOBOM LIEMEHTE; 2 — KBapil; 3 — MOJIUOAEHUT; 4 — mUpUT; 5 — KapOOHAT; 6 — ITO3IHUIT aMe-
TUCTOBUIHBIN KBapIil; 7 — TEKTOHMYECKUI KOHTAKT KUJIbI U OPEKYUMU.

XJOPUT-TUAPOCTIOAUCTYIO MOPOAY. Apruuiu3anus
MposIBJieHa Ha yJyacTKe pa3BUTHUsI KapOOHATHOI ya-
CTU XXWJIbl, T Hapsiy C IMPUTOM Pa3BUT reMaTuT. B
BOCTOYHOI 4acTW ILITpeKa OMOTUTOBBINA TPpaHOAUO-
PUT UHTEHCUBHO XJIOPUTU3UPOBAH U CYIbGUINIU-
poBaH ¢ oO0pa3oBaHMeM BKPaIUIEeHHOCTHU MUPUTA KY-
omyeckoro raburyca. YacTeio OH KpUBOTPaHHBIN, 3a
cyeT 00pa3oBaHMs Ha 3aBeplleHUU (OPMUPOBAHUS
KPUCTAJJIOB TpaHM TIeHTaroHaonekasapa. Hermo-
CPEICTBEHHO B MPUKOHTAKTOBOI 4YacTU I'PaHOINO-
pUT paccedyeH TOHKUMU MOJUOAEHUT-TIMPUTOBBIMU
npoxuikaMu. [IpuKoHTaKTHas ee YaCTh UMEET CYJib-
¢doconbHO-ChaTepUTOBbIil COCTaB, MO CTPOSHUIO U
MUHEPAIIbHOMY COCTaBy OJIM3KWU ONMUCAHHOMY B
xuite 24 (cm. ¢wur. 3, BcraBka). Cynbghocoau B BUIE
nonychep paguycoM 0.8—1.2 cM OKpykeHbI OTOPOU-
KaMu cpayeputa TomuHoi 0.7—1.0 cM U TTOKPBITHI
¢deCTOHYATBIM CJI0EM CYIL(MOCOITBHO-TaICHUTOBOTO
coCTaBa, CoJepKallliM TOHKO3epHUCThIN KBapll. 3a-
TeM CJIeAyeT CJIoi KapOoHaTa TOMIIUHON 10 2—3 cM.
OH T1iepeKkpbIBAETCsl CJI0EM TOHKOIIECTOBATOrO U
TOHKO3EPHHUCTOTO KBaplia, COAEpKaIIero XJOPUT U
nUpUT. 3aTeM clieayeT cjioii KapOoHaTa TOJIIWHOMN
110 4—5 CM C IUPUTOM U XJIOPUTOM, TIEPEKPhIBAIOIIINI-
s CJI0OEM TOHKO3EPHUCTOIO KBaplla ¢ BKPArIEeHHOCTBIO
MMpUTa U chaieprTa TOIIUHOMN 10 5—6 cM. [TomobHOoe
XKe CTPOEHUE MMEET U Apyras 4acTh 3TOM XKUIIBI C
MPOTUBOIIOJIOKHOTO KOHTaKTa. Ha 3TOoM Xe ropu-
30HTE B OpEKYMPOBAHHOM U XJIOPUTHU3UPOBAHHOM
rpaHOAMOPUTE HAXOASITCSI OO0JOMKM KBaplia ¢ MO-
JIUOAeHUTOM U nmupuToM. LleMeHT Opekyuu — mepe-
MSTBIII MaTepual TPaHOAMOPHUTA U KBaplia ¢ MUpPU-
TOM U MOJUOIEHUTOM, MOTPYXKEHHbIE B MEIKO3EP-
HUCTBII KapOOHATHO-XJIOPUTOBHIH arperart. [1o 3oHe
HapylLIeHUs B 3TOI OpEKYMHU 10 TPAHOIUOPHUTY JIOKa-
JIM30BaHa KaTakja3upoBaHHas MOJIMOAEHUT-TUPUT-
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KBaplieBas XXuja, paccedyeHHas BeTBsIleics kapbo-
HaTHOM XmJioii. B Helt HaxomuTcs MMOI0CTh, BBITION-
HEHHasl IIECTOBAaThIM KBaplieM ¢ aMEeTUCTOBUIHBIMU
rosioBKamMu (cM. ¢ur. 66). Ha kBapil HapacTaioT XJo-
PUT ¥ WINT. 31eCh KBapll-MOJIUOISHUTOBBIEC arperaThbl
JIByX TeHepalyil: paHHUE MNepeMsTble U M30THYThIe
TUTACTUHBI MOJIMOAeHWTA U O0Jiee TTO3THUE, COCTOSIIITE
U3 OPMEHTUPOBAHHBIX MOJIOC METKOYEITYHYaTOro MO-
JIMOACHUTA U METKO3epHUCTOro KBapiia. B kpymnHo-
3epHUCTOM KaBEpPHO3HOM KBaplile MOJTMOAEHUT U MU-
PUT HaxXOAsATCS B APY30BBIX MOJIOCTSX Pa3MEPOM IO
1 cM 1 He u3MeHeHbl. Ha niponoikeHUun 3Toi XKUJIbl
HaOJII0IAI0TCsl YYaCTKU, Thae TMoJjiocyaThlii Moaubae-
HUT-NUPUT-KBAPLIEBbII arperar UHTEHCUBHO OpeK-
YUpPOBaH ¢ 0Opa3oBaHWEM OpEeKYMU Ha KApOOHATHOM
LIEMEeHTe, B KOTOPOIi mepeld KaablIUTOM Ha OpeKuYu-
POBaHHOM KBaplie BbIAEISIOTCS CYIbhUIHbIE aCCO-
LIMallMd B TIOC/IENOBATEIbHOCTU: XaJIbKOTIUPUT —>
— chaiepuT — rajJieHuT— OJieKiasl pyna — XaJlbKo-
MUAPUT.

Harop. VI u VII, kpome TOro, BCKPHITH (pparMeH-
Thl XWIbI MOJUOIEHUT-IUPUT-KBaAPI-TTOJICBOIIIIA-
TOBOTO COCTaBa, pacceUYeHHbIC TOHKOIIECTOBATHLIM
KBaplieM, COAEpKaIllMM MOJUOACHUT, IMUPUT, Taye-
HUT, chaneputr u cyiabdocoau. DToT (akT UMeeT
BaXXHOE 3HaYeHMEe KaK IToKa3aTellb HEOMHOKPAaTHO-
ctn popmupoBaHusT Mo-coaepKamiero MUHEpPalb-
Horo komiuiekca IllaxTaMMHCKOTO MECTOPOXIECHMS.
Ha rop. VIII xwuna 32 HaxoguTcsk Ha KOHTaKTe OMO-
TUT-POTOBOOOMAaHKOBOTO I'PAaHOCUEHNUTA 1 OMOTUTO-
Boro rpaHoauopurta. B 0.5 M 0T KOHTaKTa ¢ XXUJjoit B
rpaHOCHEHUTE HaOJIIOmaeTCs JIMIIb CJIadast XJIOpUTH-
3aMsI POroBOM OOMAaHKM M IIPOCESYKHM MOJIMOICHUT-
XaJIbKOIIMPUT-IIMPUTOBOIO COCTaBa C IIpeodIagaHueM
muputa. B 0.3 M OT KOHTaKTa IIPOCEYKM CMEHSIIOTCS
TOHKUMU (10 1—2 MM) NpOXWIKAMU MOJUOIECHUT-
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®@ur. 7. Bapuauuu MOIITHOCTH XUJIbI 6 (a) 1 4 (0) 1 pacnipenesieHre coaepXaHuii Mo 1o ropu3oHTaM. Yci1. 0003H. — cM. ¢Gur. 2.

XaJIbKOTTUPUT-TIMPUT-KBAPLIEBOTO COCTaBa, IMOSIBIISIET-
Csl BIMUAOT-XJIOPMTOBAS acCOLIMALIMS, Pa3BUBAIOIIAsICS
no poroBoii oomanke. Ha paccrosgnaum 0.2 M 1 Ha
KOHTaKTe Mopoaa OKBaplioBaHa U CYJIbMUAN3ZUPOBa-
Ha. Bnons koHTakTa pa3Burhl ToHKHE (0.5—1.0 cM)
KUJIKU XaJbKOMUPUT-MOJUOIEHUT-TIMPUTOBOTO CO-
craBa. Bce nepecekaeTcsi TOHKMMU XKWUJIKaMU XaJllle-
MOHOBUIHOTO KBapua. [paHOOMOPUT TPOTUBOIO-
JIO)KHOTO KOHTAaKTa >KWJIbl TPOMWJIUTU3UPOBAH C TTH-
PUT-MOJIUOIEHUT-KBapLIeBBIMU TIpoXuakamMu. Ho
3[€Ch Hapsay C XJOPUTOM M SIMUAOTOM pPa3BUTHI
KaJIbUUT U Tuapocona. OpyneHeHUe MPOI0JIKaeTCs
Ha T1youny. Ha rop. X ckBakrHaMu BBIJIEJIEH y4a-
CTOK B LEHTpPaJbHOM 4YacTu XWIbl MOIIHOCTbHIO
0.25 M u Cy, 0.90 mac. % u ouLieHEH O HEMY OJIOK C
3amacamMu 97.2 T Mo. Jlo miyOuHBI ¢ abc. OTMETKOM
272 M OypeHueM BbIsIBIeHO opyaeHeHue ¢ Cy,, 0.185—
1.35 mac. % npu momHocTr 0.04—0.62 M. B Mo-py-
max xwiel 32 mpucyrctByior (Ccp, mac. %):
Cu (0.01-0.21), Pb (0.01-0.57), Zn (0.01—0.38),
Au (0.09—0.78 ppm) u Ag (0.37—14.75 ppm), WO, —
0.063

Kak 1 B paHee paccMOTpeHHBIX Xuiaax 24 u 3,
371ECh YETKO BBISIBJISIIOTCSI TPU Pa3HOBO3PAaCTHBIE MU~
HepajJbHbIE acCOLMAllMK: paHHSAS MOJUOACHUT-
XaJIbKOTIMPUT-TIMPUT-KBaplieBasi, MHOIA C IeeIu-
TOM, HaJIOKEHHasI KBapll-KapOoHAaTHasI C TaJICHUTOM,
caepuToM 1 CyIb(POCOISIMU U MIO3THSIS, BHIIIOTHEH-
Hasl XaJIlIEIOHOBUIHBIM KBaplieM, KaJbILIUTOM, MO3/-
HUM aMETUCTOBHUIHBIM KBaplieM. OCOOEHHOCTbBIO X1~
JIbI 32 SIBJISIETCSI €€ IIPOTSKEHHOCTb M OTHOCUTEJILHO
YCTOWYMBBIM MUHEPAJIbHBII COCTaB.

Kuna 6 pacrionaraercst mapajuieibHO Xujie 32 u
Haxonutcs B 80 M Kk CB ot Hee. Ha mHeBHOIT moBepx-
HOCTH IpociiexeHa mno npoctupanuio Ha 400 m. Pac-
npeaejaeHue colepxxaHuii Mo 1 Bapvaliiv MOIIIHO-
CTH KWJIBI 6 TTO TOPM3OHTaM ITOKa3aHbI Ha (ur. 7a.

OCOOEHHOCTb 3TOM KWJIbI — BBICOKOE COAepkKa-
e Pb (Mac. %) (mo 0.43 Ha 3amampoM JiaHTe
rop. IV u 1.47 Ha BocTtouHOM (aaHre rop. V) u
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Zn (0.21—1.18). IIpu 3TOM Ha 3TOM YpOBHE COAepXKa-
HUA cocTaBstm (Mac. %): Pb 0.02—1.47, Cu 0.02—0.13,
Zn 0.01-0.03, Au 0.1—1.48 ppm u Ag 0.2—85.5 ppm.
BrIKJIMHMBaHME KWIbI ¢ IyOUHOM Mporcxoaut B C3
HanpasiaeHun. Ha rop. VII xuna 6 mepecekaer ap-
TMJIJIM3UPOBAHHBIN TPAHOCUEHUT, UMEET MOJIMOe-
HUT-MUPUT-KBAPLIEBBIN COCTaB, COAEPKUT XJIOPUT U
no3aHUM KapOoHaT. [(paHOCUEHUT pacceuyeH peaKu-
MU CYILLIECTBEHHO NMUPUTOBBIMA TOHKWUMU TMPOXKUII-
KaM¥ KBaplia 1 MmoauoaeHuTa. [Tuput nmeer Kyou-
yeckuii rabutyc. B 0.5 M oT KOHTaKTa 41ClIo IIpoce-
YyeK MUpUTa BO3pACTaeT, YBEJIUUYMBAETCS W AOJS
MonubaeHuTa. KprcTaaibl MupuTa CTaHOBSITCSI KpU-
BOTPaHHBIMM, Ha HEKOTOPBIX MOSIBJISIETCS TPaHb OK-
Tasapa, B OTCYTCTBUE MOJUOIEHUTA KPUCTAJIIBI €r0
00J1a1a10T CTyNEHYaTOCTbI0. MOIUOIEHUT 34eCh MO-
caekBapIleBbIit. 2Kmira 6 3oHambpHA. Ha KoHTakTe OHa
CJIOKEHA MEJTKO3EPHUCTBIM XJIbKOIIMPUT-MOIMOe-
HUT-MMPUT-KBApPLIEBBIM arperatoM, CoaepKallum
TUIAaCTUMHBI TpaHoauopuTa. Jlanee cieayeT mojocya-
Tasi CYLIECTBEHHO MOJIMOAEHUT-MPUT-KBaplieBasi
30Ha, KOTOpasi CMEHSIETCsI MOJI0COi MOIITHOCThIO 10—
12 cM, conmepxkaineit 4 o6orameHHBIX MOTUOIEHUTOM
cnos. KBapil NpuKOHTaKTOBOI YaCcTH >KWJIbI caxapo-
BUIHBIN, ajiee clieayeT KBapll OCEBOM YaCTU KUJIbI
KaBEpHO3HbII U 1IecToBaTO-rpedbeHuarbiii. B npy3o-
BBIX IMOJIOCTSIX HAXOASATCSI PO3ETKU KPUCTAIIIOB MO3/1-
Hero MoJimoaeHuTa. 2Kujaa BETBUTCS U CEYETCS Xal-
LIEAOHOBUIHBIM KBaplieM. B uJie mposiBjieHa yeT-
Kas TMocJiefoBaTeIbHOCTh 00pa30BaHUsI MUHEPAJIOB:
MAPUT —> KBapIl — MOJTUOAEHUT — KBapll — MUPUT —>
— KapOboHaT — XJIOPUT —> KaJIbLIMT.

Kusa Cynvghuonas nHTEpEeCcHa B CBSI3U C BBLICOKUM
comepxkaHueM B Hell cyibdpumnoB 1 Au. OHa HaXOIUT-
cs Ha CB ¢uranre MecTOpOoXKIeHNS M Ha TIOBEPXHOCTH
npociiexxeHa mo npoctupanuio Ha 400 m. Ha rop. IV
OPOTSKEHHOCTh ee Bcero okojo 100 m, m C3 ee
dmanT compsiraercsa ¢ xwmiaoit Craparenbckoif. Ha
rop. I1I xxwna CynbduaHast KOHTaKTUPYET C KaTakjia-
3UPOBAHHBIM U IMPONWIMTA3UPOBAHHBIM T'PAHOINO-
puroM. B kBaplieBOM MOpPOXMJIKE B T'PaHOIMOPUTE
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IOPTEHCOH u np.

@ur. 8. GparMeHTHI o0cYaThIX ydacTKOB X1 CynbdumHas (a) u Crapatesibckast (0).

MPUCYTCTBYIOT KpUBOTPaHHbIE KyOUKMW NHPUTA,
NpUypOYeHHBIE K KOHTAKTY, a TaKXKE PEIKHUe MEJI-
K€ BKIIIOYECHMs MoaubOaeHuTa. 2Kuia rpeacrasie-
Ha TI03IHEN CylleCTBEHHO KapOOHaTHOM accolua-
Ue, HATOXXEHHOM Ha peJUKThl paHHEro KBaplia ¢
MOJIMOJIEHUTOM, TIEHTAarOHIOAEeKAIPUICCKIM ITNPH-
TOM, HaXOSIIIMMCSI BHYTPH OTOpOYeK rajgeHuTa. Iame-
HUT TIPUCYTCTBYET B BUAE THe3n 10 5 mM. Ha rop. IV
JKWJla MHTEHCUBHO KaTakJja3upoBaHa 10 obpa3oBa-
HUSI OpeKYnu CyJbPOCOIbHO-MOJUOAECHUT-TIUPUT-
KBaplIEBOIO COCTaBa, CIEeMEHTUPOBAaHHOI KapOoHa-
TOM M XJJIOPUTOM. MOJIMOIEHUT MHTEHCUBHO Mepe-
MSAT U pacTanieH. OTaeabHble KPUCTAJUILI ITMPUTA B
BUJIe KpMBOIPAHHBIX KyOOB HaXoAsITCsS B KapOoHaTe.
Ha rop. V xuna uMeeT MOIIHOCTD 10 25 CM 1 ITOYTH
LEJIMKOM IIpeAcTaBlieHa KapOOHATOM C IPUMECHIO
rajieHuTa u canepura. Ha rop. VII xxuna jokanuso-
BaHa B MNPONWINTU3UPOBAHHOM TIPAaHOCUEHUTE U
rpaHoauopure. B mpMKOHTaKTOBOM 30HE >KWJIBI pa3-
BUTA MPOXUIKOBO-THE3IOBasi BKPAILJICHHOCTh IIH-
puTa, XaJIbKONUpUTa U MOJIMOAEHUTA. 30eCh IPUCYT-
CTBYIOT 30HaJIbHbIE KWJIbHBIE 0Opa3oBaHus 10 4 cM
MOIITHOCTH. 30HAJILHOCTD BhIpaXkeHa B ITOCJICA0BATE b~
HOCTU: TIMPHT (10 95%) — aHKepuT (+TMPUT) —> -
puUT + XaJIBKOIIMPUT + MOJUOAECHUT —> KaJbLIUT —>
nuput (+xjaoput). B KalbLUT-XJIOPUTOBBIX arpera-
TaX ¥ IPOXMJIKaX IPUCYTCTBYIOT THE31a Y JIMH3bI MO-
JIMOAEHUT-TUPUT-CPaIepUT-TAICHUTOBOIO COCTaBa.
IMupuT npeacraBieH MeHTaroHAOAEKAAPUIECKUMU
kpuctajgaamu. @opMUpoBaHUIO 3TOM MPOKUIKOBO-
THE300BOM BKPAIUIECHHOCTH IIPEOIISCTBYET KaJlM-
IIITaTU3anus ¥ OKBapleBaHWe, MHOTAA C IIICEIUTOM.
Kuna 3nech nMeeT U3MEHYMBYIO MOIITHOCTD, TOCTH-
rarmolInyo Julib B pasayBax 15—20 cm. CTpoeHue He-
OMHOPOJHO U TI0 MPOCTUPAHUIO MEHSIETCS OT T0JIOC-
4aToro, IISITHUCTO-THE3OOBOIO OO JIMH30BUIHO-
6pekuneBoro. MparMeHThl KUJIbI ITOJIOCYATOM TEeK-
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CTYpbI MOIITHOCTBIO 18 CM COCTOSIT MpeuMyI1IeCTBEH-
HO 13 KapOOHATOB, HAJOXEHHbIX HAa MOJIMOJEHUT-
MUPUT-XaJbKOTMPUT-CPalIepUT-TaJIECHUTOBBIE arpe-
ratel. ZKUJIbHBIN MaTepuan KapOoHaT-KBaplieBbiii. B
paHHE MOJIMOIECHUT-IIMPUT-KBApIIeBOl accolira-
LIUU BCTpevaeTcs apceHonmupuT. ameHuT-cpanepu-
TOBAasi accolMallvsl ¢ TPEThel reHepalueint Moauoe-
HHUTa U KaabIUTOM oOpasyercs 1mo3xe. Ha ¢wur. 8a
BUJHO, YTO KApOOHATHBI MaTepuall, HaKJ1aJbIBasiCh
Ha CYILIECTBEHHO CYJIb(MUIHYIO 30HY, BBICTYIIAeT B
KayecTBe 1IeMeHTa B3JIOMaHHOTO MUPUTOBOIO arpe-
rata.

Ha stoMm ropusonre xxuina CynbdumHass He COOT-
BeTCTBYeT KOHIULIUAM 1o Cy,,. TeM He MeHee pa3pa-
0O0TKa 3TOM XWUJIbI 1aXKe Ha HUXKHUX TOPU30HTAX MOT-
Jia OBl OBITh PEHTAOEIBLHOI, CYAsI TI0 OTHOCUTEIIBHO
BBICOKOI 10JIe cyabuaoB B ee coctaBe (10 40—50%),
SIBJISIFOLLIUXCS] OCHOBHBIMU HOCUTEISIMU AU U Ag.

Kunra Cmapamenvckas naxonurcst Ha CB ¢dnanre
MecTopoxaeHus. nrHa ee Ha TMMOBEPXHOCTU OKOJIO
550 M, mpoctupanue cyommpoTrHoe — 3C3, cormpsi-
XeHa ¢ kwnoit CynbpunHok. MOITHOCTE ee — B IIpene-
jax 0.25 M, auiub B pasmyBax — 10 0.53 M. @urypa 86
WUTIOCTPUPYET CTPOEHNE OMHOI M3 TMOJOBUH KIJIbI
Ha rop. VI. MoIIHOCTh XXWJIBI 3[eCh COCTaBlisieT 16
cM. BMetnaroast nopoja — mMpOnUWIUT MO IPaHOINO-
puTy. Ha KOHTaKTe ¢ XXUJjIoi mopoja oKBapioBaHa 1
KaIUIIIATU3UPOBaHA, COIEPKUT MUPUT C MOJTUOIE-
HUTOM (TIpaBast YacTh KWJIBI).

B npuUKOHTAaKTOBOII 4YacTU KWJIbI HaXOIUTCS
CPEMHE3EPHUCTBIA KBapll ¢ BKpPaIJICHHOCTbIO MO-
JIMOJeHUTa, IIMpUTa U XajibKonpuTa. Janee oHa ne-
pPexoIuT B cynbGUIHO-KBapIll-KapOOHATHBII arperaT
C TaJIeHUTOM, cdaJIepuTOM, TUPUTOM, MOJIMOIECHN -
ToM. Jlajee B HalIpaBJIEHUU K OCEBOIT YaCTU KMJIbI OH
CMEHSIETCS CJI0eM KBaplia ¢ MOJIUOICHUTOM 1 AP~
TOM, 3aTEM KBapll-KaJbIIMTOBLIM CJIOEM C CyJbduaa-
Ne 7
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MM B BHE M30THYTBIX JWH30BUIHBLIX ITOJIOCOK W
rHesn. Jaee ciemyer mosioca KBaplia, Ha Iepexoie K
KOTOPOI HAaXOAUTCs TOHKAs MOJIOCKA CYIb(MUIO0B.

Kuna 4 pacriojioxkeHa Ha BOCTOUHOM (JIaHTe Py~
Horo 1oyis1 1 umeeT BCB nipoctupanue. Ha moBepx-
HOCTH OHa IIpociiexkeHa Ha 550 M, ¢ NIyOMHOI OBICTPO
BeIKTMHMBaeTcs, mess BCB cknonenmne. Beprukainb-
HbIIA pa3max Xuiabl coctabisier 331 M. M3aMeHeHue
Ccpyy, € TIyOMHOI Ha hytaHTax v B LIEHTPaJIbHOI Ya-
CTH, TaK € KaK ¥ Bapuallii MOIIHOCTH XKWkl 4, MO-
Ka3aHbl Ha ur. 70

Ha rop. IV. xxua 4 noxaim3oBaHa B IIPOITUIINTH-
3UPOBAaHHOM IrpaHoauopuUT-TIopdupe. B mpukoHTak-
TOBOI1 YaCTH IIPOIMMIINT COIEPXKUT I'YCTYIO BKpaIlICH-
HOCTh MUPpHUTa B popMe KpUBOTPaHHBIX Ky0oB. Kuira
MpeacTaBjieHa MOJMOIEHUT-IUPUT-KBapLIEeBOM ac-
colManuei, B KOTOPOH MeTKOoYelTyiHuaThlii MOJINO-
JIIEHUT HAXOOUTCS B TECHBIX CPAaCTaHUSIX C KpUBOIPaH-
HBIMM KpHCTaJJTaMU puTa. BMmelaroimii rpaHoIno-
puT-nopup paccedeH cepueil cyOIapauIeIbHbIX
KapOOHATHBIX MTPOKUIIKOB MOIITHOCTRIO 2—12 MM. Ha
rop. V MOIITHOCTb €€ YMEHbIIIaeTCsl, BO3pacTasi OT 3a-
naaHoro (aHra K BOCTOUHOMY, rae Ccpy,, 10CTUra-
et 1.017 mac. % I1pu 3TOM OTMHA XWJIBI COKPAIAETCS
mo 170 m. Ha rop. VI xmna mpencraBiser co00r0
KUJBHYIO 30HY MInHOMK 10 160 M. OHa HaxooUTCS B
OCBETJICHHOM AJIb,OUTU3UPOBAHHOM U XJIOPUTU3UPO-
BaHHOM TpaHommoput-nopdupe. Ha koHTakTe € 1M10-
JlocyaToil 4acThlo KMJbl B TPaHOOUOPUTE pPa3BUT
paHHU’IT KBapl-TypMaJIWHOBLII arperar. I1o mpocTu-
paHUIO TPaAHOAMOPUT-TIOPPUP CMEHSETCS MOHII-
OIMOPUTOM, COIEpXKAllMM THe3la M JIMH3bl KPYITHO-
KpucTajummaeckoro (1o 0.6 cM) mpuTa, MOJIUOIEHUTA
" XaJpKornpuTa. B HeM sxmna 4 ciioxkeHa KpyITHOKPH-
CTAJUTMYECKMM KBapIlEM C MEJIKMMM JIpy3aMU U 4epe-
JIOBaHUEM IIOJIOC: MMMPUT—XAIBKOIUPUT — KBapl —>
— MOJMOASHUT—KBApPIL —> XaJIbKONUPUT—ITUPUT-
KBapll — MOJIMOJeHUT—KBapL, — KBapll — ITMPUT—
KBapl-KaabOuT. B oceBoil yacTu KWl HAXOIUTCS
MO30HUI CEKYIIUHA BCE KaJbLAT C XaJLETOHOBUI -
HbIM KBapleM. 1o mpocTupaHuio xKuja CTAaHOBUTCS
rpy6o-moJjiocyaToil, BMelawIleil ee mopoaoil cra-
HOBUTCS IpaHOIMOPUT. B Hell yepenayroTcs IoJI0CH
KBaplia, MOJIMOJEHUT-ITUPUT-KBApLIEBbIe, ITHUPUT-
KBaplieBbI€ M MUPUTOBBIC. MOIIHOCTH 3TUX II0JIOC IO
1-3 cMm. Mexny HUMHM pacliojaraloTcsl cyorapai-
JICJIBHO OPUEHTHUPOBAHHBIE OKBAaplLIOBaHHBIE KCEHO-
JIMTBIL OCBETJIEHHOro TIpaHoauopura. B Hamboiee
MOIIIHBIX (pparMeHTax 3TUX XKWJI IIPUCYTCTBYIOT MO-
JIMOJEHUT C IIMPUHOM MOJ0C 10 3—4 MM IpU AjIAHE
5—7 cM, IMPUT, XaJIbLKOMIUPUT, rajieHUuT. B paszmyBax
1o 40 cM oceBas 9acTh XWJIBI ITUpUHOM 10 12—20 cMm
CJIOKEHA KBapleM ¢ MeJIKUMU Apy3aMu. [Tonoctu B
HEM BBIITOJIHEHBI KpUCTAaJIJIAMU KBaplia, peIKo I103/1-
HUM OHUPUTOM U MOJUOACHUTOM WJIM TaJCHUTOM,
chaneputoM u cyabdocoasaMu. YepeayroTcs: moJio-
CTH U IIOJIOCHI CYIIECTBEHHO IIMPUTOBEIE (2—3 cM
IIMPUHOM), KBapueBbie (5—15 cM IIMPUHOIT), BUCMY-

TEOJIOTUSA PYIHBIX MECTOPOXXIEHUM  ToMm 65

675

TUH-XaJIbKOIIUPUT-KBapIL-IIMPUTOBBIE, HEPEOKO C
raJIecHUTOM U CBETJILIM casiepuToM. PacripeneneHue
CyJIb(HUIOB B TAKMX IT0JIOCAX THE3A0BOE, JIMH30BU I~
Hoe, tojiocyaroe. Pasmepnl rHe3n 1—6 cM, peako 60-
see. IllupuHa nmosaoc, oboralieHHbIX CyJib(huaaMu, B
npenenax 2—5 cm. 2Kujibl, B 3aBUCUMOCTH OT yIJia Ha-
JIEHUS, CAMMETPUYHO I aCUMMETPUYHO 30HAIbHBIC.
HaubGonee cuMMeTpraHBI XXWJTBI KpyToro TaneHus. [1o
MIPOCTUPAHUIO CTPOSHUE KWJIBI YCJIOXKHSICTCS, M pac-
npeneeHne CYJIb(UIOB CTAHOBUTCS IISITHUCTHIM, JIAH-
30BUAHBIM. OHM TIpeACTaBIeHbl MOJIMOACHUT-KBapIl-
KapOOHATHBIMM arperaraMm, pacCeYeHHBIMU IIPO-
XKIJIKaMJ KaJIblIUTa W XaJIleJOHOBMIHOIO KBaplia.
Ha sTOoM e ropu3oHTe B COCTaBe€ ITOJOCYAThIX Ya-
CTell XXKMJIbl 4 B IPUKOHTAKTOBOM €€ YaCTU pa3BUThI
MOJIOCHl TYpPMaJIMH-KBaplIEBOIO COCTaBa, KOTOPHIE B
HaIIpaBJIEHUU K OCEBOI YaCTU >KIJIbl CMEHSIIOTCSI KBap-
LIEBBIMU, XaJIbKOIIUPUT-MUPUT-KBAPLIEBEIMU, MOJIMO-
JIEHUT-KBapLEBbIMM, 3aT€éM CHOBA XaJIbKOIUPUT-TIH-
puT-kBapueBbIMU 30HaMu. Ha rop. VII mimmHa ksl
cokpamtaercs g0 120 m. OHa 3ajieracT B 0MOTUTOBOM
nop¢pupOBUAHOM TpaHOCHMEeHHUTe. B HeM IIpucyT-
CTBYEeT penkKash BKpaIUIEHHOCTh MNUpUTa, pexke —
XaJpKonmpuTra. IpaHOCMEHUT paccedyeH TOHKUMU
KBaplEeBbIMU NPOXWIKAMUA C TUPUTOM. B mpukKoH-
TaKTOBOM €ro 4acTy — MPOCEYKU IMMUPUTA U TypMaJIu-
Ha IUIMHONI 10 7 MM mipu mwmpuHe 10 2.1 MMm. Moi-
HOCTb (pparmMeHTa Xujibl 0KoJjio 12 cMm. OHa 1oocya-
TO-CUMMETPUYHO-30HaIbHAs. B Hell depemyrorcs
(¢wur. 9a): B IPUKOHTAKTOBOII YaCTU ITOJIOCHI CYyIIIe-
CTBEHHO TypManHOBBIE (0.5—5 MM), CyIlIeCTBEHHO
KkBapueBbie (1—2 cM), MOJUOAEHUT-KBaplEBbIE C
peakum muputoM (1—1.6 cM), MOIUOICHUT-ITUPUT-
kBapieBas (1o 5 cm). LieHTpanbHast 4acTh XUIHI CJIO-
JKeHa KBapli-KapOoHaT-CyJIbMUIHBIM KOMILJIEKCOM C
raJJeHUTOM U cajepuToM. DTa 30HA JIMH30BUIHOM
¢opMBI SIBHO HAJIOXKEHA Ha PaHHUI CYIIECTBEHHO
KBapLEeBbII MUHEpalbHBIM KoMIuiekc. I[llupuHa ee
2—6 cMm.

Ha »ToM Xe ropu3oHTe B 5 M OT IpeIbIAYIIETro
¢dparmeHTa Apyrasi, Y4eTbIpEXCIOHHAs, YaCTh XXWUJIbI C
YBEJIUYMBILECS MOIIHOCThIO 10 21 cM 3ajeraer B
aJTbOUTU3UPOBAHHOM U XJIOPUTU3UPOBAHHOM OUO-
TUT-POrOBOOOMAHKOBOM TPaHOCUEHUTE, COIepKa-
IeM MMUPUT U MoaudaeHUT (dur. 96). Kuna npen-
CTaBJieHa 30HAMU: a) CYIb(PUIHO-KBaAPI-TypMaIu-
HOBOM, 0) KapOOHATHOM C BK/IIOYEHUSIMHU ITUPUT-
cajepuToBOro COcTaBa, B) CYIIECTBEHHO KBaplie-
BOIi ¢ MOJIMGIEHUTOM U T) CYLIIECTBEHHO MUPUTOBOMA,
cpesalolleil KBapl-MOJIMOIEHUTOBYIO 30HY T10J, OCT-
pbIM yriioM. HermocpencTBeHHO Ha KOHTakTe ¢ Ipa-
HOCHEHUTOM HAXOAUTCSI OpeKYMpOBaHHAs, CLIEMEH-
TUpPOBaHHasS CcyJIbduIaMNu KapOOHAT-KBapll-TypMa-
JIMHOBasi 4acTb Xujabl. MDparMeHTbl 3TOil 30HBI
HaXOIsTCsI B BUIE BKIIOUCHUI B HanboJee IMo3aHe
KapOOHATHOM accolalni, coaepKalleil Takske 00-
JIOMKHU TIMPUT-cajepuTOBOro cocraBa. Ha aTom xe
TOPU3OHTE OOHAPYKMBAETCI U caMasl MO3IHSIST TUJI-
poTepMaIbHO-KAaTaKJIaCTUYeCKasl CTaausl, IPOsIBIISI-

Ne7 2023



676
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®@ur. 9. XKuna 4: a — dparmeHT xxuibl 4, 06p. 701,; 6 — G0k 4/5, 06p. 7015. T'op. VII.

[olasicsl B OpeK4YnpoBaHUU CYIbGUIHO-KBapIl-Kap-
OOHATHOIT accoIMaliiy ¢ 00pa3oBaHUEM OpEKUIMIT Ha
TUIPOCTIONNCTO-KapOOHATHOM LIEMEHTE, 10 BpeMe-
HM COBITafaIoNIasi C HAJIOXESHHOM aprjIn3alueii.

Takum oO6pa3zoM, pacCMOTpeHUE NeTajeii cTpoe-
HUSI MOJIUOIEHOHOCHBIX XKWJI BKPECT UX MPOCTUpa-
HUS IOKAa3aJI0, YTO OHU UMEIOT 30HAJIbHOE CTPOEHUE,
omnpeaesitolieecss HECKOJILKUMU pakTopamMu: 1) mo-
CJIeI0BaTEIbHOCTIO KPUCTAJIU3alM  MUHEpasb-
HBIX accollMallMii B Mpoliecce camMOOpraHu3aluu
BHEJIPUBIILIETOCS B 30HY Pa3yIUIOTHEHUST PyTOHOCHO-
ro damouaa ¢ o0pa3oBaHUEM TYpMaJIMH-MOJUOIE-
HUT-XaJIbKOMUPUT-TTUPUT-KBAPLIEBOII MUHEPATbHOMU
accoumanuu, 2) HaJoXeHUeM Ha Hee TNUpUT-Traje-
HUT-caaepuT-cyabhoCcoIbHO-KapOOHATHOI MUHE-
pajbHOI accoumanuy M 3) OPEKUMPOBAHUEM 3ITUX
PaHHUX acCOLIMAlM U HAJIOXKEHUEM XaJIlIeTIOHOBU/I -
HOTIO KBaplila ¢ KapOoOHaTaMU U TTIO3THUM MUPUTOM.

MHWHEPAJIOTUA KNI U TUTTOMOP®HLIE
OCOBEHHOCTH PYIAHbBIX MUHEPAJIOB

IIpu paccmorpenuu ctpoeHus xun LlaxTamuH-
CKOTO MECTOPOXIECHUSI ObLIU YIIOMSHYTHI UX [JIaB-
HbI€ M1 HEKOTOPbIE BTOPOCTENEHHbIE MUHEpaJIbl. [e-
TaJIbHOE WX M3yUYEeHUE U NaHHbIe MPEAIeCTBYIOINX
HUCCIeI0BaHMM MoKa3aiu 6oJjiee pa3HOOOpa3HbIi MU -
HepaJibHbIN cocTaB (Tabia. 2). Becero kK HacTtosiemy
BpeMeHH BHIIBIEHO 0ojee 50 HOBOOOpa3OBaHHBIX
MUHEPAJIOB.

Kak cnemyer 3 paccMOTpPEHHBIX BBIIIE MaTepua-
JIOB, IJIABHBII PYIHBI MUHEPAJI MOAUOOeHUm OTIaracT-
Csl HEOMHOKPATHO U UMEET 1o KpaiiHeit Mepe 3—4 reHe-
pamuu. HekoTopoe ero KoJM4ecTBO OTIOXUIIOCH B
paccessTHHOM BUAe TPU TOPYIHOM IerMaTOUIHOM
npouecce (bep3una u ap., 2013). MonubaeHuT, KaKk
OBLIO BHIIIIE TTOKA3aHO, OOJBIIIEH YACThIO JIOKAJIN30-

TEOJIOTUSA PYIHBIX MECTOPOXIEHU

BaH B KBaplie, pexke M0 KOHTaKTy KBaplia U IUpUTa,
3aTeM B MUPUTE, 3HAYUTEIBLHO pEXe €ro MOXHO
BCTPETUTH B IPYTUX CYyJIbGUIAX, CYyTb(POCOIISIX U Kap-
6oHate. Pa3mepnl ero KpUCTaJIOB BAPbUPYIOT OT Je-
CITKOB MKM 10 1 cM. PanHss reHepauust (Monubae-
HUT I), accolmupoBaHHas ¢ KaBEPHO3HBIM KPYITHO-
3epHUCTBIM KBaplieM — HaubOoJjiee KpyItHass (CM.
¢wur. 10a—s).

B pesynbrate BHYTPUPYIHBIX MOABMKEK pPaHHUE
reHepaluu KBaplia 1 MOJIUOIeHUTA TIepeoTiaraloTcs
B Buje 0oJiee TOHKO3EPHUCTBIX pa3HOCTEl, IpU 3TOM
4acTo HaOJII0JaeTcss MHOTOCIOMHOE depeloBaHUe
30H TOHKO3E€pPHUCTOro KBapua u mojubneHuta II,
pa3Mepbl KOTOPOTO OT HECKOJIBKIX MUKPOH 10 COTEH
MKM (cM. ¢ur. 10r). MakcuManbHOE KOJIUIECTBO MO-
JINGCHUTA HEPEenaKO MPUYPOUYCHO K T'paHUIIe KpyM-
HO3E€pPHUCTOrO0 U TOHKO3EepPHUCTOro KBapua. Pegkuii
MOJIMOACHUT, IIepeceKalolInii CyJIb(pUAbl MOINME-
TaJUTMYECKOU accolMaly MoJIUMETaIJIOB U JIOKaIU-
30BaHHLII B KapOoHAaTe, BUIMMO, CJIEAYeT OTHECTH K
no3aHel TpeThell ero reHepauuu.

HM3yyeHue CTpyKTYpHBIX MUKpOIpUMeceil B MO-
JIMOAECHUTE METOAOM JIa3epHOU abJsIIuU ObLIO IIPO-
BeleHO B 166 Toukax mo 78 3epHaM MOJUOIEHUTA
pa3IuYHbIX reHepanuii (Tadiu. 3). PesynbraThl moka-
31 pa3IMYHBIil YPOBEHb KOHLIEHTPALMU JIEMEH-
TOB B pa3]IMYHBIX TeHepaLugax MonuoaeHura. JIiasas W
BO BCEX FreHepalusIX MOJIMOACHUTA XapaKTepHBI HU3-
KMe CoJep>KaHUsI C OTHOCUTEIBHO MaJlbIMU KoJieba-
HUSIMU.

Monu6aeHut I orimyaeTrcss B 1ie10oM 0oJiee HU3-
KuMU conepzkaHussMu Re u Se. BoJiee Hu3kume comep-
KaHUSI Se B paHHUX FeHepalusiX OObSICHSIOTCS aK-
TUBHOCTBIO “KOHKypupylomlein” cepbl. OmHAKO Ha-
JIOXeHHble Ha W—Mo-opyneHeHne IpoLecchl C
MTOHVKEHHOM fS?~ 0Ka3bIBAIOT BJIMSHKUE HA KOHIIEH-
Ne 7
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®@ur. 10. Potorpaduu (a, 6) mMTYDOB € TPOAHATUZUPOBAHHBIMU PEHTTEHOCTPYKTYPHBIM METOIOM MOJIUGIEHUTAMM: & — CKOTI-
JICHMSI TeKcaroHaibHOro MojinbaeHura (Mo-2H) no tpemmrHam B KpynmHo3epHucToM KBapiie (Qtz). Py — nupur, 06p.204; 6 —
MonmoaeHUT, coctosituuit u3z cmecu 2H + 3R ¢ mpeobnaganuem pomoosapudeckoro nmoautuma (Mo-2H + 3R), obpacraet apy-
30BbI€ MMOJIOCTU B KBaplie, 00p. 396; B u T — MUKPOGHOTO, B — MOJIUOAeHUT-1, T — MotnGaeHUT- 11 TOoHKOYeTyituaThlii, TOKaI-
30BaH Ha 'paHUlIe PaHHETro KPYIMHO3EPHUCTOTO U 0oJiee MO3AHEero TOHKO3EPHUCTOro KBaplia; I — FTMCTOrpaMMa coiepKaHui

CTPYKTYPHBIX MUKPOTIPUMECEei B MOJTMOICHUTE.

TpUpOBaHUE Se, U MaKCUMAaJbHbIE €ro KOJU4YeCTBa
(UKCUpYIOTCS B MOJTUOIESHUTAX B 06p. 364, rae mpo-
SIBJICHA MO3MHSIS apriLIM3alus U CBaHOepruTU3a-
1Is1, B IEPUOJ, PE3KOI'0 CHUKEHYSI aKTUBHOCTHU CYJIb-
(umHO cepbl M HaApacTaHUSI Pa3BUTUST OKUCITUTEIb-
HBIX IIPOLIECCOB.

B menom Xe IOBBIINIEHHBIE COIEepXaHUs Se Ha
IHIaxTamMmuHCKOM MecTopoxaeHun (cdur. 10mx), mo
cpaBHeHUIO ¢ cocenHuM byrmamHckum n BeicTpuH-
CKMM, BUIMMO, CBsI3aHBbI C 00JIee HU3KOM B TEUCHUE

TEOJIOTUSA PYIHBIX MECTOPOXXIEHUM  ToMm 65

BCETO MPOLECCa aKTUBHOCTBIO S?~; MOCIIENHSS MHO-
ro aKTUBHEE Ha STUX JABYX COCETHUX MECTOPOXKICHU -
SIX, YTO BBIPAXXEHO, B YACTHOCTH, B 3HAUUTEIBbHO 00-
Jiee BBICOKOM CyIb(pUIHOCTU MX pya. ManonryOrmHHast
JIOKaIn3alusl BCKPBLITOro opyaeHeHust Ha Illaxrame,
BUIMMO, CIIOCOOCTBYET pa30aBJIEHUIO MEpBOHAYATb-
HbIX (OTIOMIIOB, TMPENOCTaBIIsIsl CeieHy Bce OoJbline
BO3MOXHOCTU 10 MEpE CHIKEHMS aKTUBHOCTU S?~ U
3aTyXaHUs THAPpOTepMaIbHOTrO ITporecca. ComepxkaHus
Re B 11e10M yBeIMUMBaIoTcs B 60j1ee TOHKO3EPHUCTHIX
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Tab6muna 4. Marpuiia mapHbIX KOPPEJSILIMii MUKPO3JIEMEHTOB B MonbOaeHuTe (n = 123, r = +0.2)

Cu Se Re W Ag Bi Zn Pb Sb As Te
Cu 1.00
Se 0.03 1
Re —0.27 | —0.13 1
w 0.22 0.35 | —0.42 1
Ag 0.23 | —0.08 | —0.11 | —0.07 1
Tl 0.48 | —0.05 | —0.19 0.12 0.08
Bi 0.13 0.13 | —0.18 0.29 0.20 | —0.04 1
Zn 0.36 0.18 | —0.24 0.35 0.25 0.04 0.18 1
Pb 0.09 | —0.04 | —0.08 0.09 | —0.01 0.39 0.01 0.05 1
Sb 0.28 | —0.13 | —0.15 0.02 0.07 0.53 | —0.06 0.10 0.90 1
As —0.42 | —0.13 0.48 | —0.35 | —0.06 | —0.20 | —0.16 | —0.34 | —0.11 | —0.20 1
Te 0.06 0.22 | —0.13 0.28 0.03 | —0.03 0.94 0.21 | —0.01 | —0.06 | —0.15 1

TMO3MHUX TEeHEepaIusX, YTO OOYCIOBJIEHO, BEPOSITHO,
OOJIBIIIEeI CKOPOCTHIO UX (POPMUPOBAHUS, IPETISITCTBO-
BaBIIIeit €TO pacCesTHUIO.

M3 Tabn. 4 mapHBIX KOppeaslnii, CO3MaHHOI Ha
OCHOBaHUM 123 aHanIM30B pPas3IUYHBIX TeHepalui
MOJMOASHUTA, CJIEAyeT, 4YTO KOHIIEHTpUpOBaHUE
CTPYKTYPHBIX Ipumeceii MmonubneHura (W, Se u Re)
MPOXCXOAUT B pa3JIMUHbIE SMU30/bI TIpoliecca pyao-
o0pa3oBaHMs, O YeM CBUACTEJILCTBYET OTPUIIATEIIb-
Has cBsI3b Se—Re; Re—W mmMeroT oTpuLatenbHyIO
CBSI3b, BO3MOXHO, TTOTOMY, UTO SIBJISIIOTCSI KOHKY-
peHTaMHM, 3aHMMas KaTUOHHBIE TTO3UILINN B IedeKTax
peIIeTKY MOJIUOACHUTA.

OcTtaibHble MUKPOIIPUMECH B MOJIMOACHUTE CBsI3a-
HBI ¢ MUKPOBKITIOUEHUSIMI HAJIOXKEHHOM MOJIMMETAII-
JIMYECKON MUuHepaau3aluu. Tak, CUJIbHasl ITOJIOXKU-
TeJibHasl CBsI3b Pb—Sb 00BbsicHsAETCS BKIIOUEHUSIMU
CylIb(pOaHTUMOHUOOB CBHMHIIA, Te—Bi — Temurypunon
Bi 1 orpaxaror Hambosee sIpKre OCOOEHHOCTU Py
MECTOPOXIAECHMUSI.

B o6pasnax 438 u 364 mpociexuBaeTcd cnabas
MOJIOXUTENIbHAS CBsI3b W ¢ Se, 4To, BUAUMO, CBSI3aHO
¢ HaJloxkeHueM Ha Mo—W-opyneHeHue aprujimnsa-
UM Y TIOCTPYAHOMI KapOOHATU3ALIMK, KOTOPBIE TTPO-
XOJIMJIN B OOCTAaHOBKE HU3KOM fS,.

Cyns mo pesyabTaTaMm oIlpelesieHUs TOJUTUIIOB
MOJMOAEeHUTa PEHTIeHOMAa30BbIM METOJIOM, MOJINO-
neHnT-1 B oopasue 204 B mpUTEPTOI TpEIIUHE TP -
HaIJIeXXUT K mnoauMopdHoit Momudukaumum 2H.
TemmiepaTypa ero KpucTauiM3aluu, UCXOIs U3 pe-
3yJIbTaTOB MCCJIEIOBAHU, PACCMOTPEHHBIX HUXE,
nexut B uHtepBaie 410—360°C. DToT MOTUOIEHUT
coIepxXXuT Manoe KoaudecTBo Re (cMm. taba. 3, ¢wur.
10a, B).

MonubaeHUT, BBIPOCIINIA B OTHOCHUTEIBHO OT-
KPBITO# TOPUCTOM Cpelie B MPUOTKPBITHIX MHTEPCTU-
LUSIX Y IPY30BUIHBIX TTOJIOCTSIX B KBapile (06p. 396,

TEOJIOTUSA PYIHBIX MECTOPOXIEHU

cM. ¢ur. 100), co cBOOOTHBIM JOCTYIIOM PacTBOPOB,
saBisieTcst cMechio 2H + 3R ¢ nipeobiaagaHueM nojm-
tuma 3R. TemMnepaTypa ero o6pa3soBaHMsI HIKE —
384—295°C. Bo3MOXXHO, 4YTO 0Opa30BaHUIO TTOJIUTHU-
na 3R cnocoOCTBYIOT UMEHHO TaKWE YCIOBUSI KpHU-
CTAJUIN3AalU, TIPU 3TOM BO3HUKAET BO3MOXHOCTH
nepepacnpeneieHus Re B OKMCIMTEIbHBIX YCIOBUSIX
1 HEKOTOPOTO O0OTallleHUsI UM, ITOCKOJIBKY MOJIMO-
JIIEHUT B 3TOM 00pasie coaepKuT B 2.3 pa3a OoJbliie
Re, yem B Mmonu6nenure-2H B 06p. 204 (cMm. Tab1. 3).

Ilupum — TNaBHBIN COMYTCTBYIOIIMI MOJTUOIEHU -
Ty PYOHBIN MUHEPA — MMeeT He MeHee 5—6 reHepa-
uit. PanHuii muput-1 nmpenMyinecTBeHHO Kyouue-
CKOro rabutyca, MecTaMu HEMHOTO YIUIOIIEHBbI U
MMeEET CTyleHuarbie cpe3bl. OH YacTo pacTpeckaH
(cM. dwur. 11a), MTHTEHCUBHO KOPPOAUPOBAH, T10 Tpe-
IIIMHAM B HEM Pa3BUBAIOTCS OTHOCUTEIbHO KPYITHbIE
YelyiikKyu MOIMOeHUTa, KBapll, XaJIbKOIMPUT U IpY-
rue MmuHepabl. Cienytolast reHepalusi, Kotopas 1o
BpeMeHU OJIMKe BCeTO K OTJIOXEHUIO MOJUOIEeHUTA
nmuput-I1, xapakTepusyeTcst OKpyIJIBIMA YT KPUBO-
rpaHHBIMU, KakK Obl “OIJIaBJIEeHHBIMU~ MHOTOTpaH-
HUKaMU TIPU COXpAaHEHUU YacTU TpaHeu MpsiMOJIv-
HeitHbIMU (¢ur. 110).

ITonoGHbIE DopMbI MUpUTA XapaKTEpHbl U IS
CUHT€HETUYHOTO NUPUTA MOJIMOAEHOBBIX pya byrna-
WHCKOTO MECTOPOXIeHUsI. TaknuM 0O0pa3om, 3Ta 0co-
OEHHOCTb MUPUTA, BEPOSITHO, SIBJISETCS JOKAIbHBIM
WHIUKATOPOM TIPUCYTCTBUSI MOJIMONEHUTA, U €€
MOXKHO BBIAECIUTh B KAUECTBE TUTIOMOP(MHOI Ha MPO-
saBieHuss monuobaeHuta. [Mupur-I1I — 3t0 mpenmy-
IIECTBEHHO KyObI, 0OpacTaoIIne MOJINOIEeHNUT, KOp-
poaMpyIolIKe 1 3aMellalole ero; OH TakxKe 4acTo
pactpeckaH (cm. ¢pur. 11B). [Tupur-1V — aBHO BhIpa-
JKEHHbIE TIEHTaroHAONEKadpbl, pexe KyObl, B OC-
HOBHOM XOpOIlleii COXpaHHOCTU, CBSI3aHHBIE Yalle
BCETo C HAJIOXKeHWEeM KapOoHaTa U MoJMMeTainye-
ckoit MuHepanuzanuu (cm. dur. 11r). Kpome sToro,
Ne 7
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@ur. 11. PaznmuuHble reHepaly nupuTa (Mukpodororpacduu nummdos): a — nuput-1(Py) pactpeckaH, 1 1o TpelllMHaM B HETO
BMecTe ¢ kBapieM (Qtz) Bpactaer moaubaeHuT(Mo), BCTaBKa — KpUCTA/LT mupuTa-1V, odpacraioninii MbILIbSIKOBUCTBIM ITH-
putoMm (As-Py); 6 — muput-11 okpyrisix ¢hopm, 6JIM3KUIA IO BpeMEeHU KPUCTAUIM3ALINY K MOJTMOAECHUTY, TPEITUHBI B TIMPUTE
BbINOJIHEHBI TeTpasapuTtoM (Ttr), chanepurom (Sp) u ranenutom (Gn); B — nuput-111 mepecekaer 1mom oCTpbIM YIJIOM CIIOM-
CTYIO KBapll-MOJIUOAEHUTOBYIO XXMy ((pparMeHT mTyda); r — nuputT IV B Buae arperaToB IIPeUMYIIECTBEHHO IIEHTarOHA0Ie~
KasIpOB B COCTaBe MOJUMETAINYECKOM KMJIbI (OBaJIOM BbIIeJIEHO Mpopactanue Terpasapurta (Ttr) B paHee OTIIOXKUBIIUIACS

rasieHuT, Ccp — xanpkonupur, Cb — kapOoHar.

IIPUCYTCTBYET MBIIIbIKOBUCTHIN HHPUT, 00Opa3yio-
LU KaliMBI 110 O0Jiee paHHUM TeHepalusIM MUpUTa
(cMm. ¢wur. 1la, BcTaBKa) M 3aTeM — caMblii O3MHUMA
TOHKOAMCIEPCHBIA IMUPUT B ITOCTPYIHBIX IIPOXKMIIKAX 1
KUTaxX XaJaleJOHOBUIHOIO KBaplia U KapOoHaTa.

Ha ocHoBanuu 74 aHanmM30B MUPUTA METOIOM
LA-ICP-MS B 6 oOpa3ziiax U3 pasaIndHbIX YacTeil Me-
cropoxaeHust (o6p. 850, 364, 395, 724, 444, 446)
KOPPEISILMOHHBIM aHAJIM30M BBISICHEHO, UTO OOILIeit
OCOOEHHOCTBIO BCEX IIMPUTOB SIBJSIETCS CUJIbHAS
Koppesaus Tpex a1eMeHToB TI—Au—As (Tabi. 5).

Tanauit ooHapyxeH ToJbKO B 30% ananuzos. [1pu
3TOM CBSI3b Tl—As mMeeT BBICIIMK KO3(UIIMEHT
koppensauuu (1), 4To, BeposiTHee BCEro, CBUICTEIb-
CTByeT 00 amcopOuuu U ocaxaeHuu Tl Ha Koyutous-
HBIX 00pa30BaHUsIX B BUAC AS-TIMPUTA, CKIIOHHOTO K
KOJUIOMOP(HBIM KaeMYaThIM TEKCTYpaM.

TEOJIOTUSA PYIHBIX MECTOPOXXIEHUM  ToMm 65

ITpumecs Au 3adukcupoBaHa B 28% aHaIU30B B
nupurtax. CBs3b Au—As cuiibHasl B 0011Ieii BEIOOPKE,
XapakTepHa 1M BCTpeyeHa B MMPUTax Bcex oOpaslioB,
Kpome oOpasna 724, roe npeobiaamaeT muput-1V us
Kkunbl CynbhuaHo#, KOTopasi XapaKTepusyeTcsl Mo-
BBIILIEHHO! 30JI0TOHOCHOCTbIO; UMEHHO B 3TOM 00-
paslie oTMeueHa cujibHasi Au—Ag CBsI3b, CBUIIETEIb-
CTBYIOIIAsi O BO3MOXHbBIX MUKPOBKIIIOUEHHUSIX CaMO-
ponHoro Au B nuputax. MHTepecHO OTMETUTh, UTO
o0Opa3sell 364 ¢ BhIpaskeHHOI CUJIBHOM CBSI3bI0 AU—AS
MpU cofepkaHUM B MUPUTE MOBBILIEHHOTO KOJIWYe-
ctBa As (2.1-2.5 mac. %) conepXuUT aHOMaJIbHO BBI-
COKMeE JIJIsI TUPUTOB MECTOPOKACHUSI KOHIIEHTpAIU1
Au (190.6—256.3 ppm). [1pr 3TOM ONTUYECKHN BUIU-
MO€ 30JI0TO B NMUpUTaxX 3TOro obpasua He 3aduKcu-
pPOBaHoO.
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IOPTEHCOH u np.

Tab6muna 5. Marpuiia mapHbIX KOppeJSilinii MUKPO3JeMEeHTOB B upute (n = 74, r = £0.23)

Co Ni Cu Zn As Mo Ag Sb Te Au Tl Pb Bi
Co 1
Ni 0.58 1
Cu —0.09 |-0.07 1
Zn —0.01 |[-0.02 0.09 1
As —0.09 0.03 0.01 0.21 1
Mo 0.04 | 0.00 |—0.03 0.16 0.01 1
Ag —-0.01 |-0.06 | 0.72 | 0.15 0.03 0.46 1
Sb 0.07 0.02 0.21 0.25 | 0.34 | 0.82 | 0.66 1
Te —0.11 |-0.11 |-0.11 |—0.03 |-0.02 0.40 | 0.05 0.29 1
Au —0.08 0.04 | 0.00 0.20 0.99 0.01 0.03 0.35 |-0.02 1
Tl —0.09 0.03 0.00 0.22 1.00 | 0.01 0.03 0.34 |-0.01 0.98 1
Pb 0.22 0.02 0.16 0.02 |—-0.04 | 0.22 0.66 | 0.40 |—0.02 |—0.04 |—0.04 1
Bi 0.20 0.05 0.16 0.16 0.01 0.74 | 0.73 | 0.79 | 0.22 0.02 0.01 0.70 1

Taomuna 6. Conepxxanust Co 1 Ni B nupurax o naHibim Mmetona LA-ICP-MS

O6p., rop., (n) *

444a, rop. 111, (9)

446, rop.VI, (23)

395c¢, rop. VI, (11)

724, rop.VII, (16)

850, rop.VII, (13)

CCo (Ccp.) 1.6-93.5 (31.7) | 0.2—1346 (362.2)
CNi (Cep.) 8.9-352.4 (63.9)| 0—1113 (262.6)
Co/Ni 0.5 1.38

0—74.8 (8.1) 2.7-482.3(62.2) |  0-9.9 (1.96)
0-99.3 (11.9) | 5.7—4770 (172.4) | 0-25.9 (2.34)
0.68 0.36 0.46

IMpumeuanue. * — O6p. — HOMep o6pas1ia, rop. — HOMep TOpU30HTa; (1) — KosimdecTBoO aHaM30B; CCo — conepxxanue Co

Cepebpo pUCYTCTBYET B 75% aHaIU30B ITMPUTA.
CubHBIE KOPPEJISILMU 1 B 00IIei MaTpUIIE, 1 10 OT-
JeJIbHBIM 00pa3liaM MPUCYTCTBYIOT y Ag CO MHOTUMU
aJIeMEeHTaMu, U, Cyls To 3ToMy (akTty, cepedpoco-
JIepxXallnXx MHUHEPaJIoOB U MHUHepaJioB Ag B pynax,
MPENnoJ0XUTEIbHO, MTOMXKHO OBITh 3HAYUTEIBbHO
OoJIbllle, YeM HaMM IT0Ka 0OHAapYKEeHO.

Conepxannss Co 1 Ni B mUpHUTaxX U OTHOIICHHE
Co/Ni yBennuuBaeTcs ¢ TIyOMHOM (C ITOBBIIIICHUEM
TeMIiepaTypbl oopazoBaHus nmuputa) (KuraeB m np.
1973). Kak BuaHO U3 Tabi. 6, BO BCeX aHAIM3axX 3TU Be-
JIMYMHBI HU3KHE, 1 TOJILKO B 00pasLie 446, rie aHaIu31-
poBajiach IIPEUMYIIEeCTBEHHO NepBasi, caMmasi BbICO-
KOTeMIlepaTypHasl reHepalus IIMPUTa, BOCHOBHOM,
BBIIEPKMBAIOTCS 00a MHAUKATOpa (U ITOBBIIIIEHHEIE
Coliep>XKaHUsI 3TUX 3JEMEHTOB, U IpeBbilieHrue Co
Hang Ni).

3HayeHus1, OJIM3KUE K HYJIIO TIOJIyYEHbI TIpY aHa-
JIn3e IO30HUX TeHepaluii mMUpUTa, KOTOPbIE 4acTO
HapacTalT Ha paHHUE ero reHepaunu. Huskme co-
nepxaHust Co u Ni u Co/Ni cBUIETEIBbCTBYIOT O 10-
BOJIbHO HU3KHMX TeMIlepaTypax oO0pa30BaHUS MHUPU-
TOB KapOoHaT(XKBapi)-IMOINMETATTIMISCKONA MITHE -
paiM3any BCKPBITOM YaCTU MECTOPOKIACHUSI.

Illeeaum B 3aMETHOM KOJIMUECTBE BCTPEUYEH B 00-
pasuax B xujax 3 u 4 Ha rop. VI ¢ MakcuMalbHBIM
€ro pacIpocTpaHeHueM B OpeKUYMpPOBAaHHBIX allaTh-
TOHOCHBIX TPAHOAUOPUTAX — I'PAHOCUEHUTAX C ITPO-

TEOJIOTUSA PYIHBIX MECTOPOXIEHU

SIBJICHHOM

(dur. 12a, 6).

[HIeenut oOpasyeT yaile HW30METPUYHBIE IIpa-
BUJIbHBIE KpUCTaJIbI ((ur. 12B), yyacTKaMu KOppo-
IpoBaHHBIE MOJIMOAeHUTOM (ur. 121) 1 3amerreH-
Hble KapOoHaToM. AHanu3amMu metogoM PCMA BbI-
SIBJICH KaK YUCTHIN IIIECIUT, TaK U MOJIUOIOIICEIUT
MEeCTaMM C OCHWUISITOPHOM 30HAJIbHOCTHIO, OO0Y-
CJIOBJICHHOI KojeOaHUSIMU cojepxKaHuii Mo npu
Kpuctajimzauuu ieeauta (¢pur. 128, r). CocTas 1i1e-
eJinTa, U3y4yeHHoro B oopas3uax 364 u 701, npuBeneH
B Ta0m. 7.

ComtacHO TIOJyYeHHBIM JAHHBIM, IIIEEJIUTHI
[ITaxTaMMHCKOTO MECTOPOXIECHUSI XapaKTepus3yloT-
csl BecbMa U3MeHYUBBIMU Cyy, B 3aBUCUMOCTU OT Te-
Hepaluu — KPYIHbI paHHUI HIeeTUT-MOIu010111e-
enuT-1, TMMTOMOP(HBIM TPU3ZHAKOM BBICOKOTEMIIC-
paTypHOTO TIPOUCXOXIEHUSI KOTOPOTO SIBJISIETCS
MPUCYTCTBUE B €r0 coctaBe Mo, Menkuii meeaut-11
0e3 Mo B KBapl-MOJIUOASHUTOBBIX XXWJIaX C IePeoT-
JIOXKEHHBIM MOJIMOJIGHUTOM U MO3THUM, TaKXKe OUM-
IIeHHBIH oT mpuMeceii meenut-111, nepeotararonmii-
csl B TpellIMHAX B TIpeesiax KpUCTAJIOB 1IeenTa.

Camopoonoe Au SIBISIETCS PEOKMM MUHEPAIOM
[ITaxTamuHCcKOTO MecTopoXaeHus. OHO MOSIBISIETCS
TOJILKO B KapOoHaT(tKBapil)-CyJIb(MUIHBIX XUJIaxX,
HAJIOXEHHBIX Ha KBapIl-MOJIUOIEHUTOBYI0O MUHEpPA-
Ju3aiuio. CaMoOpOaHOE 30JI0TO HAOI01aeTCcsl B BULE

KaJIMIIIIaTu3aluuein , Aprujiim3 auuen
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®@ur. 12. [lleenut: a, 6 — pacrnpenejcHue IieeIMTa B OpEKINU rPaHOAUOPUTOB (00p. 364); a — OpeKuusi FPaHOIMOPUTOB, B Jie-
BOIM yacTu 00Opa3lia 3aMeTHO MPOosIBJicHa apriujuIM3alus; 6 — pacrpenesieHue 1ieeanTta B opekunn B YD-cBeTe; B — BHyTPEHHEE
CTpOEHME MOJIUOIOIICEIUTA M TEKCTYPHBIE COOTHOIIIEHHUS €r0 C MOTUOASHUTOM: a — 1ieeuT (Sch), oopacTarounii MOJIMoa0-
1IeeJIMTOM (TeMHO-cepoe), nepudepust Kpucrajuia OTpaxaeT 00Jiee YUCThIN COCTaB LIeeIUuTa U ero pocT B 6oJiee CTabMIIbHBIX
YCJIOBUSIX, YEM SIIPO U pAaHHUI MOJIMOIOIIEEUT, e KPACHBIM MeCTaMU MOMYEPKHYThl HEOOBIYHBIE OKPYIJIbIe 30HBI OTJIOXKEe-
HUSA, Mnz — MOHaLUT; O — yBeJIMYEeHHBIN hparMeHT cHUMKa (a), BSE-cHumku; B — oOpacTtaHue noapo0JeHHOro, KOppOoau-
poBaHHOrO 1eeauTa MoaubaeHutom (Mo), Qtz — kBapu (MUKpodOTO).

BKJIIOUEHUIT B OCHOBHOM (B 58% ciy4aeB) B MUHepa-
Jlax Ml WA MPU UX Pa3BUTUM B HETIOCPEICTBEHHOM
OJIM30CTU OT BBIACICHU 30J10Ta B APYTMX MUHEpaJiax.

Taoimoa 7. XUMUYECKU COCTAB ILIEEIUTa—MOJIUOIOIIIE-
eJinTa 1o taHHeIM PCMA

O6pas3eln Accoumanmst CaO | WO;3 | M0oO;|Cymma
364 BpexunposanHsbii | 19.04(74.38| 8.3 |101.72
arnaTUTOHOCHBI 19.1 |74.55| 6.47 (100.12
KaTMILITNATH3APO- 1119 11 | 78.09| 2.10 | 99.3
Ei‘;“"‘“maﬂomo' 19.18 | 73.37| 6.85 | 99.40
19.47172.40(10.06 [101.93

19.29]78.15| 0.93 | 98.37

19.94|78.87| 0.00 | 98.81

701 KBapu-momubae- |19.36|76.78| 5.48 |101.62

HUTOBAs XKIJIa

TEOJIOTUSA PYIHBIX MECTOPOXXIEHUM  ToMm 65

MakcrMaIbHOE KOJIMYECTBO YaCTUIL 30J10Ta HAliIEHO B
OJIEKJTBIX pyldax TPEeUMYIIECTBEHHO B TETpalsipuTe
(¢ur. 138, 11,), MEHEe B raJIcHUTE, 3aTEM B XaJIbKOIIPUTE
(cur. 13a, 6, o) 1 MeHBIIIe Bcero B KBapiie (¢ur. 13r, ).
Pesko nipeo6aanaet (79%) TOHKOOUCTIEPCHOE 30JI0TO C
pa3MepoM dacTui MeHee 10 MKM M OKOJIO IMOJIOBMHBI
BCEX 30JIOTUH — MeHee 5 MKM (¢wur. 13e).

OHU B OOJIBIIMHCTBE CBOEM M30METPUYHBI C OT-
HOIIIEHWEM JIMHBI K mupuHe He Oosee 2. Ho Bce
HaunOoJiee KPYMHbIE 30JIOTUHBI SBIISIIOTCS YIJIMHEH-
HBIMU M UMEIOT BUI Ipoceuek (cM. ¢ur. 13B) uam
IPOXMIKOBUIHBIX BEIACICHUIA.

CocTaB 30JI0TMH AOBOJIbHO ITOCTOSIHHBIN BO BCEX
aHanm3ax (TabJj1. 8§) — yMepeHHO BEICOKOIIPOOHOE 30-
11010 (829—879%0, cpenHsist IpoGHOCTH 852%0).

ITpoOHOCTL 30JI0TUHBI, JTOKAJTM30BAHHON B Tpe-
IIMHE B TeTpas3ApuTe, OTBeYaeT MEHBIIEMYy 3Haude-
HUIO — 829%0, 4TO OTpakaeT MOBLIIIEHHYIO cepeo-
POHOCHOCTh HanboJiee MO3AHUX PACTBOPOB, IPOHU-
KalollMX B MO3OHUE TpelIuHBLI. B psnoe aHammzos
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IOPTEHCOH u np.
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3t = = S 2t I

=t 5 <

2L o) o _ =2l L L L .
L & : E 3 8 38 80
0 = P Pasmep yacTuil, MKM
(m) ©)

®ur. 13. Oco6GeHHOCTH JIOKAIN3ALMY CAMOPOIHOTO 30J10Ta: a — Xayibkonupurt (Ccp), 3ajeunBarolimnii BMecTe ¢ KBapieMm (Qtz)
TpetmHbI B TeTpasapute (Ttr), comepxut Au cam. (Au) (MukpodoTo); 6 — caM. Au B XaJIbKOMMPUTE (Ha KOHTAKTE C MOJIMOIe-
HUTOM — Mo), pa3BUBaIOIIMMCS 10 TeHHaHTUTY (Tnt), XaTbKOMUPUT U MEHee TEHHAHTUT codepxat: napkepurt (Prk), reccur
(Hes), Bij g3Te; 7 — (BiTe), Cb — xap6boHaT; B — cam. Au, oOpasyroliee MPOCEYKY B TETPA3APUTE; I — caM. AU B KBaple Cpeau
TeTpasapura; 0, B, r — BSE-cHUMKU; 1 — KOJIMYeCTBEHHOE pacripe/ie/ieHUe 30J0TUH 0 MUHepaJlaM-MaTpuliaM; € — TUCTO-
rpaMMa 4acTOThbl BCTPEYaeMOCTH 30JI0TUH Pa3IUYHbIX pa3MepoOB (MKM).
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Tab6muna 8. XuMudeckuii cocTaB caMOPOITHOTO 30J10Ta o naHHBIM COM-D/1C meToma

O6pa3selr Marpuna Cu Au Ag Cymma* | IIpoGHOCTH dopmyna

467 XaJIbKOTTUPUT - 84.11 15.89 100 841 Aug 74AL) 26

215 Tanenur - 87.91 12.09 100 879 Aug gAg »
» Terpasopur 3.07 | 85.15 11.78 100 852 Aug 713A8) 19Cug o8
» N 419 | 84.69 | 1112 | 100 847 Aug 75Ag 17Cuq |
> > 302 | 8526 | 1162 | 100 853 Aug 73Ag0,15CU 08
» » 3.32 | 8524 | 11.44 100 852 Auyg 73A80.15CUg 09
» » 395 | 84.89 11.17 100.01 849 Aug 72Ag.17Cuq

223 » — 86.83 | 13.17 100 868 Aug 75A20, 2,
» KBapig 2.75 85.15 12.1 100 852 Aug 74A8) 19CUy o7
» TpewmnHa B TeTpasgpuTe - 82.85 17.15 100 829 Aug 13Ag) 57

TTpumeuanue. AHaau3sl HopMupoBaHbl K 100 Mac. % 13-3a MaJloro pa3Mepa 3epeH; MpovYepK — CoIepKaHUs HIXKE Tpeiesia ooHapy-

KEHUA.

CaMOPOJHOTO 30JI0Ta, JIOKAJIM30BaHHOTO B TETPas/i-
puTe u KBapiie, mpucyrcTtByeT Cu, HO B 30JIOTUHAX,
HaXOIIIINXCS B TaJleHUTOBOM MaTpuie, Cu He oOHa-
pyxkeHa. 3axBaT Cu MaTpMILbl TETpadApuUTa NPAKTU-
YeCKM MCKJIIOUEH, T.K. B pe3yJibTaTaXx aHaJn30B OT-
CYTCTBYIOT IpyIHMe KOMITOHEHTHI OJ1eKIIbIX py (Sb, S
U Ip.).

baekavie pyosr SIBISIIOTCS HamboJiee pacnpocTpa-
HEHHBIMU U3 MUHEPAJIOB MEIIU, U 3TO SIBJISIETCSI OT-
JImunTebHO dyepToii IllaxTaMMHCKOro MECTOpOX-
nenus. [Ipeobnamanue ONSKIIBIX Py Hall XaJdbKOITH-
PUTOM MOXET CBUIETEILCTBOBATh O MaJIONTyOMHHO
JIOKaJIM3allMy BCKPBITOI yacTu opyneHeHus1. CoctaB
OJIEKJIBIX PYA XapaKTepu3yeTcsl KaK YUCTbIMU Kpaii-
HUMM 4WieHaMH (TeHHAHTUT—TETPas3dpUT), TaK U
Pa3HOCTSIMU C MOYTH HENpPephIBHON CMECHUMOCTBLIO
As u Sb (cM. Ta61. 9). I3 35 aHanIu30B OJIEKIbIX Py
Juib 12 gBasioTcs TeHHaHTuTaMu. OTMETHUM, 4TO
BCe TEHHAHTUTHI BCTpeUYeHBI B xkwiie 4 1 xxuite Cyiib-
¢uIHOI mocTaTouyHO IIMyooko — Ha rop. VII. Coot-
HoleHrne Fe—Zn B GJIEKIIBIX pyJax WKW NapUTETHO,
WX PE3KO CMEIIEHO B CTOPOHY Zn (¢wur.14a).

HckmouyeHUSIMI  ABJISIETCST  MaJloe  KOJIMYIEeCTBO
aHAJIM30B TEHHAHTUTOB ¢ TipeobmamanueM Fe. Ilo-
JIOOHBIC TEHHAHTUTHI PAa3BUBAIOTCS ITI0 paHHEMY
XaJIbBKOTIMPUTY. BIIeKITble pyabl ITOYTH BO BCEX M3Y-
YeHHBIX BBIIEJICHUSIX MMEIOT HEOMHOPOMHOE BHYT-
peHHee cTpoeHue. Hapsiny ¢ penkuMu KpucTajaaMu
C OCUMJUISITOPHOM PUTMUYHOM 30HAILHOCTHIO, I B
IIeJIOM HaGmIomaloTcs 6osiee MBIIITBIKOBUCTBIE CO-
CTaBHI s1iep KpucTaaiaoB (¢hur. 14a) u 6osee cypbMsi-
HUCTBIE IepudepuitHble 30HbI, MPUCYTCTBYIOT BbIe-
JICHUS ¢ 6€CTIOPSIIOTHBIM XaOTUIECKUM pacIipeeie-
HUEM YYaCTKOB C KOHTPACTHBIMU COACPXKAHUIMU AS
u Sb.

MecTaMy OHU BBIIVISAAT KaK THAPOTEpMalibHast
Opekuusi B LIEMEHTUPYIOIIEM WX TEeTPaddpuUTe, MPU
3TOM OOJIOMKM OJIEKJIBIX Pyl KOHTPACTHO 00JIee MbI-

TEOJIOTUSA PYIHBIX MECTOPOXXIEHUM  ToMm 65

IIBSIKOBHUCTOTO COCTaBa MPEACTaBIISIIOT COOO0I TTO10-
Oue HapylIeHHBIX IToaxycep, OBajJoOB U APYyTux (u-
T'yp C IJIaBHBIMU odyepTaHusIMU (cM. ¢pur. 14B), u 310
MO3BOJISIET MpPeAroaraTb, YTo0 KpUCTALIM3ALIUS O-
MOOHBIX arperaToB B KaKWX-TO YACTSIX PYIHBIX Tel
MOTJIa IPOUCXOINUTH U3 KOJIJIOMIHBIX PACTBOPOB.

XuMHU4YeCcKUii coctaB U (hOpMYJTBI OJEKIIBIX PYH
MpUBEAEHBI B TabJ. 9. AHaIM3 JaHHBIX MO COCTaBY
npumeceil Oseknbix pya MetoaoM LA-ICP-MS
(tabs. 10) BBISIBWI CUJIbHBIE TMOJIOXKUTEIbHBIE CBSI3U
snemMeHTOB Zn—Ag—Cd—Sb 1 3aKoOHOMepHO OTpHrIIa-
TeJIbHble — C AsS. AS UM€EeT IOJIOXUTEIbHYIO CBSI3b
ToJibKo ¢ Cu. In BcTpedeH B OJIEKJIBIX pydax B KOJU-
YeCTBaXx, COIIOCTABUMABIX C COIepXaHUEM Sn. DTU 1Ba
3JIEeMEHTa UMEIOT 3HAUYUMYIO MOJOXUTEbHYIO CBSI3b
Mexay coboit. Bi, Tak Xe Kak B IMPUTaxX U MOJIMOIe-
HUTax, Koppenupyert ¢ Te.

Xanvkonupum SIBASIETCSI BTOPBIM T10 pacIipocTpa-
HEHHOCTU MUHepajoM Meau. CireayeT OTMETUTh, UTO
Ha COCEOTHUX MECTOPOXICHUSIX XaIbKOIMUPUT SIBJISI-
€TCSl OCHOBHBIM MUHEpPAJIOM MeIU U MaJloe KOoJrude-
CTBO xaJibKonuputa Ha IllaxTaMe siBIsieTcst 0COOEHHO-
CTBIO BCKPBITOM YaCTU MECTOPOXKICHUS. XaJIbKOITMPUT
B IIPOLIECCE MUHEPATIO00pa30BaHMsI OTJIaraeTcsl, BUIM-
MO, ABaxK1bl. PaHHMi1 XaabKormupuT-1 — B KBapii-1m-
PUT-XaJbKOIIMPUTOBOI acCoLlMalluM, KOTOpas Kpari-
He He3HAUYUTEJbHO U TOJBKO B BUIE OUYECHb MEJKUX
BBIICICHUM (MecTaM1 BHYTPU KPUCTAJUIOB MUPUTA)
MpOosIBJI€HAa KaK aBTOHOMHO, TaK 1 COBMECTHO C IIPO-
JMyKTaMM KBapll-MOJIMOICHUTOBOI CTaauu, 3aTeM —
xanbkonupuT-11, HecKoIbKO Oojiee pacnpoCTpaHEH-
HBIN, 00pa3yIoIIMICS TI0CIe KPUCTAIN3ALKN OJeK-
JIBIX PY[, B TIpefesiax KapOOHATHBIX JKWJI, KaK MUHepaJl,
pa3BUBAIOIIUICS II0 MUKPOTpPELIMHAM M IIOpaM B
OJIEKJIBIX pydax WK 0Opas3yloniuii KaiiMbl B HUX (CM.
dwur. 13a, 6). OTMedeH OIUH U3 CITOCOOOB 00pa3oBa-
HUs XanbKonupuTa-I1 — rajeHur, 3amennas 6JIEKIIYIO
pyny, BeIcBOOOXKmaeT C1 1 MecTaMU IIPU 3TOM KpH-
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®@ur. 14. bnexible pynsl: a — cootHoleHust Fe/(Fe + Zn) u Sb/(Sb+As); 0, B, T — BHyTpeHHee cTpoeHue 01eKIbIX pyn, BSE-
CHUMKMU: 6 — OCHMJUISITOPHAST 30HATBHOCTD TETPAdIPUTA, MPSIMOYTOIBHUKOM IMOMYEPKHYTa HanboJIee YacTast oCaeI0BaTeb-
HOCTB 30H TeTpasapuTa (0T 60Jiee MBIIILIKOBOTO sI/Ipa 10 MOYTH YMCTO CYpPbMSTHUCTOM nepudepnn), B terpasapur (Ttr-Zn)
BpacrtaeT 0ypHOHUT(Brn); B — XaoTU4YHO pacripeaeecHHbIe 00JIOMKHU 60Jiee MBIIbIKOBUCTBIX OJICKIIbIX Py, CLIEMEHTUPOBAH-
HbIE TETPA3APUTOM; CPEIU TETPAdAPUTA, OJaroaapsi OTTEHKaAM CEpOro, MECTaMU BBISIBJISTIOTCSI OKPYTJIbIe (hOPMBbI, TOTYEPKHY-
Thle OOBOIKOM U CTPEJIKOIA; I — AU caM. PSIIOM C UCKPUBJIEHHOM MOBEPXHOCTHIO CaMOil TTO3HEl reHepalluy TeTpasipuTa.

cramusyetcs xanbkonuput-1I1. TTo3mHue KBapiieBbie
MPOXWIKK, paccekash TeTpasiApuT, TakxKe CIocod-
CTBYIOT OTJIOXXKEHUIO XaJIbKONUpUTA IO TpaHULIAM
9TUX MPOXUIKOB. 3aMmellleHue TeHHAHTUTa XaJlbKO-
nuputoM-11 mpUBOIUT K BHICBOOOKIECHUIO MHUKPO-
npuMeceil, comepxXaluxcs B OJIEKIION pyde W Ipu
0J1aroNpUsITHBIX YCIOBUSAX B XaJbKOMMPUTE Ha rpa-
HHIIE ¢ TCHHAHTUTOM 00pa3yroTCs CyOMMKPOCKOIIH -
YyecKHue BBIIeIeHU Temnypuaa Bi, reccura, mapkepu-

TEOJIOTUSA PYIHBIX MECTOPOXXIEHUM  ToMm 65

Ta (cM. ¢ur. 136), o yeM nmoapoOHee OydeT cKazaHO
HILKE.

XaJbKOMMMPUT BPACTaeT B TPEIIMHBI CIATHOCTH
paHHero KpyIMHOYEelIyiAuyaToro MOJMOAEHUTA, Me-
CTaMU KOPPOOMPYs ero.

Cehasepum obGpasyeT KceHOMOpP(hHBIE WIU IIPO-
KWJIKOBUAHBIC BBIICICHUS, LEMEHTUPYS ITOAPOO-
JIEHHbIe MUHEpaJibl KBapl-MOJMOICHUTOBBIX XXUII,
HEpeloK B BUIE KOPPOAUPOBAHHBIX KPUCTALIOB C
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IOPTEHCOH wu np.

Taomuna 10. CoxepkaHre MUKpoOTIpUMeceit B 0JIEKIIbIX pyaax (ppm)

n=11 Co Ni Ga Ag Cd In Sn TI Te Bi
OO0p. 444.724| 7—148 | 1.4-75 | 0—12.4 [1770-7140| 21—165 1-85 |0.1-61.2 | 0.1-1.65 | 0-91 17-5310
Cpennee 52.23 27 2.9 3484 215.5 22.5 24 0.29 27.3 1729

IMpumeuanue. 3aech u B Apyrux tTabauuax: 0 — HUXe Mpenesia OOHapyXeHUsI.

OCLUMJIISITOPHON 30HAJIbHOCTHIO (0OYCIOBJIEHHOM
npumeckio Cd — ot 0.n 1o 2.7 Mac. %), B accoLaliniiu
¢ rajieHuTOM. BeTpedeHnl Takke cheprudecKre v mo-
Jaychepudeckue ¢hopMbl (CM. ¢pur. 3, BcTaBKa), CBU-
JIeTeJIbCTBYIOIIME 00 0O0pa30BaHMU €ro U3 KOJUIOU/ -
HBIX PacTBOPOB. BaxXHO MOMYEPKHYTh, YTO B OTJIYIE
OT BCEX COCEMHUX MECTOPOXKICHUI, BKIIIOUYasi ypaHO-
BbIE, TIIe pa3BUTA MepBast 3KeJle3ncTas TeHepanys cda-
JepuTa (Hapsimy ¢ 0e3xese3ncToi), 3mech Fe-chanepur
OTCYTCTBYET, U CYJb(MUA IMHKA IPEACTABJICH ITOYTH
MOJTHOCTBIO KJIeiioaHOM KaK IMOYTU GECIIBETHBIM C
pa3IMYHLIMU OTTEHKAMU (3€JIEHOBATO-XKEJTHIM, PO-
30BaThIM), TaK U OPAHXXEBO-KOPUUYHEBOIO, 10 CBET-
JIO-KOPUYHEBOIO U Jaxke KOPUYHEBOro IiBeTa, 00y-
CJIOBJIEHHOTO Pa3IMYHbIMU NpuMecsaMu. [Ipu atom
JIMIIb B OMHOM aHanu3e u3 35 B canepute cogepka-
aue Fe mocturino 1 mMac. %, BO BceX OCTaIbHBIX aHa-
JIn3ax — He OoJiee MePBBIX IEeCATHIX q0Jei Mac. %.

Emre omHoI 0COOEHHOCTBIO chaieprTa, KOTOPYIO
MOXHO OTHECTH K TUTTOMOP(MHOM JIJIST MUHEPaJia 3TO-

IO MECTOPOXKISHUS, SIBJISETCS TIpOopacTaHue OTACb-
HBIX TpaHeil cdaneputa CyOMUKPOCKOMUUYECKUMU,
He (PUKCUPYIOLIMMUCS TIPU CaMbIX OOJIbIINX YBEIU-
YEeHUSIX MUKPOCKOTIA, BKIIOUCHUSIMHU, KOTOPbIE 00-
pa3yloT YETKO BbIpaKeHHBbIE B TPOXOSIIEM CBETE
KOpPUYHEBbIE CIBOEHHbIE TOJOCHI Ha (DOHE paBHO-
MEPHO OKPAILIEHHOM CBETJIO-KOPUYHEBOU MOBEPXHO-
¢ty 3Toro MmuHepana. JluneiiHoe BJ1C-ckaHUpOBaHUE
BKpecT 31ux nonoc (rpodwib [—1, dur. 15) 3adpuxcu-
pOBaJIo CUHXPOHHOE yBEIMYeHUE KOHLICHTpAIii Sn 1
Cu, ripu 3TOM conepxkaHue Fe (BepxHuUii ciekTp) ocTa-
eTcst 0e3 U3MEHEHUA.

IMoBbilIeHUE coaepkaHUT OAHOBPEMEHHO Sn u
Cu 6e3 n3mMeHeHus comgepxaHusl Fe cBumeTenbCcTBy-
€T, YTO TEMHbBIE CIBOCHHBIE MOJIOCHI MPENCTABIISIOT
o001 CKOIIJIEHWE Ha rpaHsix pocra cajepura MUK-
po-HaHO(?)-4yactull cynbpuna Sn nu Cu — Ipearoiio-
KuTteabHo MoxuTta Cu,SnS;.

I1o manaemM LA-ICP-MS-Mmetona, Cd B cdanepure
npeobagaeT Hal BCEMU MUKPOIIPUMECSIMU, HACBIILIEH-

®@ur. 15. BepxHuii cHUMOK — MuKpodoTo cdasiepurta (Sph) B mpoxossiiem cBere; HuxkHUi — D] C-criekTporpamma npobuist
1—1, dukcupytoiias CHFHXpOHHOE yBendeHUe KOHIIeHTpaiuii Sn 1 Cu, mpu 3TOM B yYacTKax IepecedeHus mpoduaeM TeMHO-

KOPUYHEBBIX MoJioc conepxkanue Fe ocraercst 63 M3MEHEHUIA.

TEOJIOTUSA PYIHBIX MECTOPOXIEHU
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Taomuna 11. ConepkaHust MUKpoIipuMecei (ppm) B rajeHuTte B o0p. 444 no nanusiM LA-ICP-MS

O6p. 444 Cu Zn As Se Ag Sb Te Au | Tl Bi
3 7.9-2652 | 0-15.9 | 28.349.3 | 48.1-163.8 | 65267709 | 0.5-15.7 | 66.3-169 | 0-1.6 | 1-2 | 8164-17810
n= i Rt
859.9 44.12 40.4 99.01 7068 3.9 131.9 0.13 | 1.3 11340

anIMe‘{aHI/Ie. 3nech 1 B Tabi. 15: B ynciauTeae — MUHMMAaJIbHBIE I MAKCUMaJTbHbIC 3HA4YCHMs, B BHAMEHATEJIC — CPECIHEE.

Tao6auna 12. MaTpuiia ITapHBIX KOppeJIsiuii MUKpOIIpUMeceil B TajieHuTe B oopasiie 444 (n = 13; r = £0.514)

Cu Zn As Se Ag Sb Te Au Tl Bi
Cu 1
Zn —0.01 1
As 0.03 —0.43 1
Se —0.21 0.33 —0.05 1
Ag —0.15 0.19 —0.07 0.48
Sb 0.31 0.87 —0.16 0.16 0.02 1
Te 0.37 —0.64 0.21 —0.28 —0.25 —0.58 1
Au 0.29 0.25 —0.12 0.46 0.45 0.16 —0.10 1
Tl 0.66 —0.39 0.10 —0.38 0.08 —0.14 0.43 —0.01 1
Bi 0.91 —0.37 0.21 —0.29 —0.11 —0.02 0.55 0.15 0.77 1

HOCTb KalIMMEeM B OCHOBHOM W ONpeHesiIeT OTTEHKN 1
TYCTOTY OKpalllMBaHUsI cajepuTa, a TakKe SIBICHMS,
paccMotpeHHbIe Boile (¢wur. 15). Cy — n000 ppm, a o
maHHeIM PCMA B HEKOTOPBIX yYacTKaX HOCTUTAeT
2.74 mac. %. Takoe oTHOcuTeIbHO BhICOKOE C(y Xa-
PaKTEPHO IJISI TIO3AHUX HU3KOTEMIIEPATYPHBIX TeHEe-
pauwmii chasieputa. Fe mpucyTcTByeT B OUeHb MaJibIX
KoHIeHTpauusax — 112—215 ppm, Se BecbMa pemok
WM TIPUCYTCTBYET B KOJUYECTBE JECATKOB ppm,
KpoMme Toro, otMeueHsl (ppm): Ga — 1.16—3.23, Ge —
0—0.36, In — 0.03—0.15, Sn — 6.8—12.9, T1 — 0.1-0.2,
Hg —292.4-261.

ITo manubiM (JdoGpoBoabckasi, [llagnyn, 1974),
cpenu cdaneputoB IllaxTaMUHCKOTO MeECTOpPOXKIe-
HUSI TIPUCYTCTBYET 3aMeTHas IpUMeCh HeKyOude-
CKUX MTOJIUTUTIOB, U 3TO TaKXKe HauboJiee XxapaKTepHO
JIUIST OTHOCHUTEJIBHO HU3KOTEMITepaTypHOU MaJloIIy-
OGUHHOM MUHepaIU3aluu.

lanenum B 3aMETHBIX KOJIMYECTBAX MPUCYTCTBYET
TOJIBKO B OTAEIBHBIX XWJIaX, XOTS B BUAE OU€Hb MEJ-
KWX HEMPaBUJIbHbBIX WJIN MPOXUIKOBUIHBIX BbIAETE-
HUI BcTpeuaeTcs yacTo. MecTaMu OTMEYeHbI PU3Ha-
KU €T0 pOCTa U3 KOJJTIOMAHBIX PACTBOPOB, MOTYEPKHY-
Thle M3TMOOM IUIOCKOCTEM CITaifHOCTH, HEepeIKo
OKPYIIILIMU BHEITHUMU (popmamu (¢pur. 16, BcTaBka),
MPUCYTCTBYIOT KaeMuaTbie (hOpMbl BOKPYT MUPUTA U
chanepura, HEOMHOKPATHO BCTPEYEHBI IPU3HAKU
nedopMainy Kpructauios (dur. 166).

Omnpenenenue metogom LA-ICP-MS mukpoane-
MEHTHOTO COCTaBa rajieHUTa B IByX 00pas3iax 13 pas-
HBIX 30JJOTOHOCHBIX XWJI ¢ ToTyonHBI 300 M ITokasair,

TEOJIOTUSA PYIHBIX MECTOPOXXIEHUM  ToMm 65

YTO TaJIEHUTHl 3aMETHO OTiAMdYaroTcs. OGIIUM s
HUX SIBJISICTCS TIOCTOSTHHOE TIPUCYTCTBUE MUKPOIIPU-
meceii Cd, Ag, Bi, Cu, As, Sb, Te, TI.

lanenut obpasna 444 B aHaM3ax COAEPKUT Ag B
OYEeHb CJIA00 MEHSIOIIMXCS 3aMETHBIX KOJIMYECTBaX
(Tadm. 11), ;eMOHCTPUPYS OPU 3TOM OTCYTCTBHE Ka-
KMX-JIN0O KOPPEISIIMOHHBIX CBsI3eii (Tadu. 12) (kpo-
Me OYeHb CJ1a00i1, HUKe YPOBHS 3HAYMMOCTH, I10JIO-
XKUTENBHOM CBSI3U ¢ AU, O0BSICHSIEMOI IIPUCYTCTBU-
€M peIKUX MUKPO30JIOTUH B rajiecHUTe).

CBa3p Zn—Sb oTpaxkaeT OOBIYHOE TPUCYTCTBHE
BKJIIOUEHUI TeTpasapuTa B rajeHute, Cu—Bi — aii-
KMHWUTA, KOTOPBIIA XOPOIIO AUATHOCTUPYETCS ONTU-
YeCKH B 3TOM 00pa3sIie.

lanenut u3 obpasua 724 umeeT Apyrue xumuue-
CKUe XapakTepuctuku (tadi. 13). B atom ob6pasiie B
rajeHuTe oTMevaercsl 3HaAYUTEJIbHbII pasdpoc co-
nepxaHuii Ag u Bi u MeHbI1ast mx KoHueHTpanus. Mx
CWJIbHAas MOJIOXHUTEJIbHAsI KOPPEJsLus, OTCyTCTBYIO-
mast B o0p. 444, moaTBepKIacT UX CBS3b B TBEPOOM
pactBope AgBiS,—PbS (Tab. 14).

B aToM 0o6pasiie mpucyTCTBYET BUCMYTHH, a aii-
KUHUT penok. [lonoxurenpHas Koppeisaums Te—
Bi, Te—Au, Au—Bi 00bsIcCHsSIeTCS TMarHOCTUPOBAHHBIM
TPUCYTCTBHEM TeJLTypuIoB Bi, KOTOpEIE COITyTCTBYIOT
Au. CritbHYI0 CBsI3b Ag—T1 MOXKHO CBSI3aTh C 130MOPdh-
HBIM 3aMelleHneM Pb mo cxeme Pb?t < TI'F + Aglt.
SBASIOTCS TN TAJICHUTHI 3TUX 00Pa3IIOB pa3INYHBI-
MU ero reHepalusiMu, U1 B TAKOM 3aMETHOM MX pa3-
JINIUU UTPAIOT POJIb JOKAIbHBEIE OCOOEHHOCTH pac-
TBOPOB, TTOKa HE yCTaHOBJIeHO. [1p1 3TOM OTMEYeHBI

Ne 7 2023
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®ur. 16. (a) u (6) — hopMBbI TaJIeHUTa M TEKCTYPHBIE COOTHOILIEHUS €r0 ¢ TETPA3IPUTOM: a — IUIABHbIC 10 OKPYIJIBIX U3TMObI
TUIoCcKOCTe# cnaiiHocTH rasieHuTa (Gn), Ha BCTaBKe — OKPYIJIbIE, CXOMHbIE C KOJZIOMOPGHBIMU TOBEPXHOCTHU BbIICJICHUI Ta-
JIeHUTAa, B BepXxHei yactu — tetpasapura (Ttr), oTCyTCTBME BUIUMOM KOPPO3UU TIperioaraeT ux GJIM3Koe Mo BpeMeHU OTJI0-
KeHue; 6 — 00JIOMOYHbIE, KOPPOAUPOBaHHbBIE (DOPMBI TETPAAPUTA B IEMEHTUPYIOLLEM €T0 raJICHUTE; TPOXWIOK TaJleHUTa U
00JIOMKHM TeTpa3ApUTa B HYXKHEM ero 4acTh CUJIbHO Ne(POPMUPOBAHbBI; B — TAJICHUT C MPOXUIKOM TeTPadApuUTa, YaCTUYHO 3a-
MellleHHbIM allKuHUTOM (Aik), KoHTpacTHast MukpodoTtorpadusi, oop 444; r — sBucmyTuH (Bit) cpacraercs ¢ raeHuToM, 00p.
724, MUKpodOTO; I — 30HA CpACTAHUS TAJIEHUTA U BUCMYTHHA BbINIOJIHEHA MUHEPAJIOM, OJTM3KUM I10 COCTaBY alKUHUTY, KPYyK-

KU — yJacTKu aHaimn3oB, BSE-cHuMoOK.

pa3IMYHbIE TEKCTYPHBIC COOTHOIIEHUSI TaJIeHUTa C
OJICKITBIMU pyIaMU, OYEBUIHO XapaKTepU3YIOIIUE WX
Pa3HOBO3PACTHOCTB: HapsiIy ¢ alIOTpUOMOpGhHO3ep-
HUCTBIMM MX CpacTaHUSIMM Ge3 MPU3HAKOB Iepeceue-
HUS U Koppo3uu (cM. ¢ur. 16a, BcTaBKa), OTMEUYCHBI
SIBHbIE BPOCTKU B TaJICHUT TeTpasapuTa I10 Tpellu-
HaMm B rajenute (cMm. ¢wur. 11r, 16B), mpu TOM, 4TO
MPUCYTCTBYIOT TaKMe COOTHOIICHMSI, KaK LIEMEHTH-

TEOJIOTUSA PYIHBIX MECTOPOXIEHU

pOBaHUE raJIeHUTOM KOPPOIUPOBAHHBIX M O0JIOM-
KOB TeTpasaputa (cM. ¢ur. 166). Takue TeKCTypHBIE
COOTHOIIIEHMSI CBUACTEIBCTBYIOT, BEPOSITHO, O KOJIe-
0aHMSIX COCTAaBOB PaCTBOPOB, C HECKOJIBKIMMU 3IIM30-
JJaM1 PacTBOPEHUS M IIEPEOTIIOXKEHUSI MUHEPAJIOB,
BBI3BaHHBIX OTKPBLITOCTHIO TUAPOTEPMAaIbHOMI CUCTE-
Mbl C HEOOTHOKPATHBIM IIOJHOBJIEHUEM TEKTOHHUYE-
CKOM NESITeJIbHOCTHU.

2023
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Taomna 13. ConepxaHust MUKpoIipuMeceii (ppm) B rajieHuTe B obpasiie 724 o nanHsiM LA-ICP-MS

O6p. 724 Cu Ag As Sb Cd Tl Te Au Bi
n=14 4.1-2224 | 6885616 | 25960 | 1.8960 | 15.4-67.7 | 0.464.7 | 42.7-332.8 | 0-1.44 | 86.4-5792
207 2200.34 | 333.91 | 116.01 37.74 2.09 74.15 1.02 2101.03
HpI/IMC‘{aHI/IC. CeneH He AaHaJIM3UPOBAJICH.
Ta6muua 14. MaTtpuiia mapHbIX KOppeJsaLuii MUKpOIIpUMeceit B rajieHuTe B 06p. 724 n =14, r=10.5
Cu Ag Te Au Tl Sb As Bi Cd
Cu 1
Ag 0.18 1
Te 0.00 0.36 1
Au 0.06 0.42 0.97 1
Tl 0.10 0.85 0.42 0.55 1
Sb —0.08 —0.39 0.56 0.46 —0.33 1
As 0.98 0.24 0.16 0.23 0.19 0.01 1
Bi 0.18 0.96 0.56 0.63 0.87 —0.21 0.28 1
Cd 0.30 —0.59 —0.21 —0.29 —0.56 0.51 0.24 —0.60 1
Crnenyer moouyepKHYTb, UTO KOHLIEHTPUPOBAHUE TEOPETUYECKUM  cOCTaBOM  Pb,(As;,Sb;0)eS 5,
Ag B raneHure Ha lllaxTaMMHCKOM MECTOPOXIEHUM  yTBepxKAeHHBI B 2019 r. @opMmyna MuHepana U3
BblIILIE OOJIee YEM Ha TOPANOK, 110 CpaBHEHMIO ¢ byr-  Illaxtambl, paccuuTaHHas Ha 39 aTOMOB  —

JTauHCKUM MECTOPOXACHNEeM, KpOME TOTo, B HEM Ha-
KarumBaeTcs Se (00p. 444), B orinume ot byrnanH-
CKOTO TaJIeHUTA.

AilkuHum BCTpeUYeH B MaTpUlIe TaJIECHUTAa HEKOTO-
pBIX 00pa3loB, B BUAE TOHKUX BKIIIOYEHMI Hempa-
BWJIBHOM YIUIMHEHHO# (pOPpMBI WM IIPOCEYEK B HEM
(¢ur. 168). OTMEUEHO €ro MPEAITOYTUTETLHOE MOSIB-
JIEHUE IIPU IIPOCTPAHCTBEHHOI OJIN30CTU K TaJICHUTY
muHepanoB Cu, KOTOpble aKMHUT MECTaMU 3aMe-
maet, 3auMcTBys Cu. B o6pasiie 724 (¢wur. 16r, 1) oT-
MeUeH TaKKe alKMHUT B 00JIaCTU CpacTaHUsI TaJICHU -
Ta ¢ BACMYTHUHOM, C TIOCTEIIEHHBIM ITepexomoM PbS—
CuPbBiS;—Bi,S, npu 3ToM BO3MOXHBI TPOMEXKYTOY -
HbIe (pa3bl, TMAaTHOCTUKA KOTOPHIX 3aTpyJHEHA BBUILY
MX MEJIKHX pa3MepOB ¥ TOHKMX IIPOPACTAHMIA C rajie-
HUTOM, BUCMYTUHOM, XaJIbLKOITUPUTOM.

Apcenmaprobasvouum. B rajleHUTE BCTPEYCHO
TOHKOE, ~39 MKM, BBIIeJIeHUE aHU30TPOITHOIO MHU-
Hepaa, ¢ 6ojiee HU3KUM, YeM Y rajieHUTa, OTpaxe-
HueM. CocrtaB ero, 1o maHHbiM DJ1C (Mmac. %): Pb —
67.8; Sb — 7.63; As — 6.54; S — 18.03. CocTaB Xopo1110
paccuuTaics Ha OYeHb pedKUil AepUBaT rajeHuTa C

Pby; 3(As535b, 4)5 75,

Jpyrne 3 penknx MruHepaia MeCTOPOKICHMS BCTPE-
YeHbI B KAJIBLIUTE, PA3BUTOM MEXIY JISMCTaMU MOJIO-
JIEHUTAa. DTOT KaJIbIIUT CONEPXUT THE3O0 TEHHAHTUTA
MeCTaMHM C TIOBBIIIIEHHBIM coAepxkaHueM Bi, KoTopsrit
110 TIepudepruy 1 MUKPOITOpaM 3aMeIlaeTCsl XaJIbKOITH -
putoMm. [1pr 5TOM B XaJIbKOIMMPUTE 1 B IIPUTPAHUIHOM C
XaJIKOITMPUTOM 30HE TEHHAHTUTA KPUCTAJUIU3YIOTCS
MUKPOBBIAEACHUST napkepuma (t1adn. 17), eeccuma,
meanypuda Bi, camoponHoro 3o010ta (cM. ur. 136).

CocraB reccura (Mac. %): Ag — 63.21, Te — 35.99;
(b opmyia 61m3Ka K TEOpETUYECKOI: Ag, o3T¢€ ( 97. Co-
craB Tejutypuaa Bi: Bi — 74.79, Te — 25.21; ¢dopmyna
O01M3Kka K HeHa3BaHHOI ¢asze Bi,Te, a uMeHHO —
Bij g3Te) 07,

Ceanbepeum — MUWHepaJd HaATPYIIIIBI aTyHUTa C
dopmynoit SrAl;(PO,)(SO,)(OH)¢ (bur. 17) — no-
CTaTOYHO peAKUIi MUHEpAaJI.

B Bocrounom 3abaiikanbe kpome IllaxTamMmHCKOTO
MECTOPOXACHMSI, OH HUTIE He OTMeueH. MuHepas 00-
Hapy>KeH HaMU IOKa TOJIBKO B YeThIPEX 00pa31ax B 3K1-
Jax 2, 3 m 4. MakcmMaibHOE €TI0 KOJIMYECTBO BBISIBJICHO

Tao6muna 15. XuMudeckuii coctas Imapkeputa o naHHeiM COM-D1C-meTona

O06p. 467 Marpuua Ni Bi S Cymma ®opmymna (7 at.) teop.: Niz;Bi,S,
XabKOMMPUT 27.76 60.95 9.5 98.21 Nis Bi; 9,595
2 » 26.97 60.75 10.3 98.02 Ni3Bi; ¢S,
TEOJIOTUA PYAHBIX MECTOPOXKIEHUM  Tom 65 Ne7 2023
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®@ur. 17. CBaHb6eprut: a — GopMbl KprcTaUIOB cBaHOepruTa (Sv); ocCHOBHasi Macca — KBapll, Fe-1010MUT, KAaOJMHUT; 3aMeTHA
HEOIHOPOAHOCTh CBaHOEprurTa, HauboJiee BhIpaxkeHHasi B BEpXHEM IIPaBOM YINIy — nepudepus KpucTajlia 0ojee cBeT/ias 3a
cyeT Gosblero comepxkanus B Heit Ce; 6 — HACBIIIIEHHOCTh OTAEIbHBIX YYaCTKOB OPEKUYMU IPAHUTOMIA UTOJbYATBIMU KPU-
CTaJUlaMU anaTuTa — uctodyHuka P,Os, yepHoe — mupuT — ncTouHUK SO5 (IIPOXOASIINIA CBET); B — CKOIUIEHHE CBaHOepruTa
B KAOJIMHUTE, B KOTOPOM HaOII0JaI0TCSl TOHKME (hparMEeHTHI U KaeMuaTblie BblAeAeHUS (aopeHcuTa win padnodana (Fls?).
Yucia y CTpesIoK — HoMepa aHaJInu30B 3Toi dasel; a u B — BSE- caumku. O6p. 364, rop. VI.

B OpeK4Yuu II0 TPAaHUTOUIY IIEJIOYHOTO psiga (CM.
dur. 12a, o6p. 364) ¢ OGONBIIUM KOJIUIECTBOM OO-
JIOMKOB KaJIMIIIIIaTa, KBaplia, 00orallleHHbIX allaTy-
TOM, MOHAIUTOM, W-pyTHJIOM, C MOJHOACHUTOM U
LIEEJIMTOM B LIEMEHTE U PEAKOM TOHKOM BKpAIlJIEHHO-
CTBIO KOPPOAUPOBAHHOTO ITMPHUTA, CO CJIa00 IIPOSIBIICH-
HOM KapOoHaTn3alyeil 1 HepaBHOMEPHOM apTuIn3a-
uueil. B apyrux obpasiiax cBaHOEpIruT pacrpenesicH B
BUJIE paccestHHOM BKparuieHHocTy (06p. 395, 394) wiu
MPOXMIKOBUIHBIX, BHITIHYTBHIX B ILIEOYKM TICEBIO-
KyOMYeCKMX KPUCTAJUIOB B 30HE KOHTaKTa KBapleBO U
KapOoHaTHOM k11 (06p. 268-91a), CpOCTKOB KpHUCTaI-
JIOB U arperatoB pasMepoM a0 200 MM, o6p. 364.
Pa3zMep oTnenbHBIX KPUCTAJIOB CBaHOEpTuUTa — OT
HECKOJIBKIX MKM 10 20 MKM, HanboJjiee 4acTo OKOJIO
10 MKM.

AHamm3sbl MetonoM PCMA (ta6i. 16, aHanu3bl 34—
39) nokazanu 3aHUXKEHHbIE COAEePXKaHUS ST U CyMMBI
KOMITOHEHTOB, a TaK:Ke 3aMeTHOE pa3pylleHUe KpU-
CTaJUIOB IIPY aHaJIMU3€e MYYKOM C 60jiee CHIbHBIM TO-
KoM, 4eM Tipu aHayimse DI C.

T'oMmoda3zHble KpUCTaMIbl COOTBETCTBYIOT MO CO-
craBy cBaHOepruty. OgHaKoO IOYTH BCEM KPUCTAJI-
J1aM, 0COOEHHO 0oJiee KPYITHBIM, ITPUCYIIa HEOTHO-
POIHOCTb, OOYCIOBJIEHHASI CKIIOHHOCThIO 0OPa30BbI-
BaTh TBEPIbIC PACTBOPHI B CBSI3U C M30MOPGPU3IMOM
KaK B KaTUOHHOM, TaK U aHMOHHOM 4acTIX aJIlOMO-
docharcynbparoB (APS). CpaHOeprutr obOpacrtaeT
KaliMoii B IepuepuitHOI 4YacTW KpHUCTajUla, 4TO
CBSI3aHO C IIPUCYTCTBHEM B KaliM€ HECKOJIBKO ITOBBI-

TEOJIOTUSA PYIHBIX MECTOPOXIEHU

meHHoro KoymdectBa Ce (cM. ¢ur. 17a). To ectb Sr B
cBaHOepruTe n3oMop(HO 3aMelaeTCs JIETKUMU JIaH -
taHoumamu. MizoMmopdu3M moaTBepKIacTCs pe3KUM
anraronusmMoM Sr m REE npm koppenrsimmoHHoM
aHaynuse (Tadma. 17).

OCOOeHHO $SIPKO BbIpakeHa HEOTHOPOAHOCTh B
ygacTke o0pasiia, IJie CBaHOepruT odpasyeT cpacTaHus
¢ dazoit, cynsg no aHaimzam (Ne 27—33), cxomHoi ¢
dnopencurom — (Ce, La, Nd...)Al;(PO,),(OH)¢ u on-
HOBPEMEHHO — C BOAHBIM (CyMMa KOMIIOHEHTOB Ha
17—27 mac. % ornmyaerca ot 100%) penkosemenb-
HBIM (pocdaTom THIia padbmodaHa (ecim ygecTb UCKa-
JKEHME pe3yJibTaTOB M3-3a 3aXBaTa CBAaHOEPTUTOBON
MaTpUllbl), NPEACTaBISIONIeii coOOil COMMKEHHBIE
TOHKHE (PparMeHTBH 2—4-X MHMKPOHHOIO pa3Mepa
BHYTPM CBaHOepruTa, 1 MECTaMM TakKxXKe oOpasyro-
et cyOMUKpOHHbBIE BHYTPEHHHE KaliMbl B CBaHOEP-
rute (cM. ¢ur. 178). ToHkue pa3mepsl (pa3bl HE TO3-
BOJIWJIM MIOJIYYUTh MPEICTABUTEbHbBIE aHAIU3bI, HO B
TOYKaX HauOOJBIIMX €€ BbIACICHUI (DUKCUpYyeTCs
peskoe yBemmueHne Ce, La u Nd (XREE npeBocxo-
IUT cofepxXaHMUe Sr), a TaKXKe ITOCTOSIHHOE IIPUCYT-
crBue Th npu coxpaHneHuu cogepxaHusi P 1 HekoTo-
pOM yMeHbIlIeHUU comepxanusg Al u S (cMm. Ta6:. 16).
ITockonbKy KOppENSIIIMOHHBINA aHAINU3 3TUX JAaHHbBIX
BBISIBIJI CUJIbHYIO oTpuiiaTesibHYyI0 cBsi3b REE 1 Th ¢
Al u S (cMm. Tab1. 17), 3T0 yKpeIwIsieT B IIPeAII0IoXKe-
HHWM, 4TO, BO3MOXHO, B TOUKax 27—33 aHaIn3npoBa-
JIUCh HE PEJIMKTHI PEIKO3eMeJIbHOTO MMApoaTtoModoc-
dara (paopeHcura), a BomHoro docdara, BO3MOXHO,
pabmodaHa ¢ 3aXxBaTOM MaTpUIHBIX St, Al 1 S.
Ne 7
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Ta6mma 16. Xumuyeckuii coctaB amomodocdarcynbdaToB (Mac. %)
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06p. Ne| SrO | CaO | Ce,05 | Lay0; | Nd,04 | ThO, | ALO; | Fe,0; | P,05 | SO, F |Cymma
BIC
1] 395a | 1938 | 1.12] 095] — - - 3308 | — | 2387 | 984 | — | 88.24
2 1537 | 088 | 323 | 207| - - 30.2 - 18.99 | 1049 | — 81.23
3 18.54 | 1.04| 0.9 - - - 31| — | 2218 | 897 | — | 8274
43946 | 17.08 | 144 | - - - — |29 - 19.6 9.08 | — | 76.2
5 1553 | 0.9 - - - — | 2514 | - 1991 | 604 | — | 67.52
6 1701 | 033 | — - - - 2751 | — 2195 | 6.1 — | 729
7 |268-91a| 18.08 | 0.54 | — - - — [ 2909] - 1987 | 978 | — | 76.62
8 17.8 13| - - - — | 2921 | — | 2043| 947 | — | 7691
9 1503 | 132 - - - — 2693 - 2106 | 603 | — | 69.05
10 1628 | 1.2 L1s | — - - 2758 | — 1933 | 796 | — | 723
11 14.16 | 1.03| 0.8 - - - 2195 | — 16.7 801 | — | 6265
12]364-7 | 18.82| 088 | — - - — | 2957 | — | 2208| 694| — | 7829
13 1795 | 08| 083| - - — 2952 — | 2292 698 — | 79.09
14 1745 | 1.55| 1.1 - - - 3183 | — | 2385 | 683 | — | 8261
15 1655 174 082 | -— - — 12977 | 153] 2398 | 528| — | 8045
16 1665 | 1.73] 083 | ~— - 0.6 | 2947 | 1.04| 2381 | 545| — | 79.58
17 12.7 206 139 08| - 0.82 | 2822 | 129 | 2166 | 5.16 | — 74.16
18 16.64 | 1.05| 086 | - - — | 2924 | 029] 2299 | 665| — | 77.72
19 14.09 | 234 | 254 | 1.24| 084 | 1.99 | 27.11 | 096 | 2291 | 503 | — | 79.05
20 1596 | 241 | 1.2 - - 1.1 | 285 0.85| 23.09 | 58| — | 78.94
21 1426 | 177 | 263 | 147 | 076 | 1 30.09 | 3.63 | 2228 | 587 | — | 83.76
22 14.5 199 | 191 | 121 - — 12929 | 137] 2327 | s525| — | 78.79
23 1496 | 434| 125| 059| 081 | — | 2858 | 267 | 23.08| 557 | - 81.85
24 15.6 427 | 077 - - - 2776 | 055 | 23.82 | 541 | - 78.18
25 1407 | 092 | 023| - - - 2.5 | — 1769 | 557 | — 61.62
26 1431 | 087 | 013| - - - 23.19 | — 16.1 6.96 | — 61.55
27 1086 | 289 | 684 | 3.1 | 203 | 1.78| 2608 | 3.66 | 2223 | 428 | — | 83.76
28 853 | 226| 837 | 453| 249 | 151 | 2157 | 324 2265| 298| — | 78.13
29 8.4 239 | 8.03| 4.3 27 | 195 | 2212 | 26 | 2182 | 356| — | 77.52
30 11.19 | 2 708 | 453 | 1.69| 204 2376 | 419 | 2234 | 417 | — | 83.09
31 8 1.76 | 1024 | 579 | 298| 262 | 1889 | 191 | 2276 | 393 | — | 78.88
32 8.88 | 1.65| 1092 | 588 | 3.03| 227 2077 | 159 | 2444 | 337 | — | 828
33 704 | 411 | 926 | 484 | 278 | 193 | 1743 | 299 | 20.6 247 | — 73.55
PCMA
34 224 081 ] — - - - 32.6 - 2137 | 528 — | 623
35 494 | 1.08| — - - - 3204 | — | 2097 | 509| 2.19 | 66.32
36 217 | 132 — - - - 379 | — 1959 | 5.6 — | 60.47
37 s | 088 | — - - - 3254 | — | 2038| 6.53| 1.74 | 67.18
38 526 | 094 | — - - - 325 | — | 2209 49 22 | 67.93
39 5550 071 | — - - - 3283 | — | 2043 | 623| 1.3 | 67.05

IMpumeuanue. [1pouepk — as1eMeHTHI He OOHapyXeHbl. BolaeneHsl aHanu3bl ToHKKX BKiItoueHuit REE-docdara-amomodocdara.

TEOJIOTUSA PYIHBIX MECTOPOXIEHU

TOM 65

No

7 2023



692

IOPTEHCOH u np.

Tabomuna 17. Martpunia nmapHbIX Kopeuisiiuuit anemeHToB B APS-munepanax (n = 40, r = +0.304)

Ca Fe Sr Ce La Nd Th Al P S F
Ca 1
Fe 0.17 1.00
Sr —0.08 —0.55 1.00
Ce 0.31 0.54 | —0.89 1.00
La —0.10 0.24 | —0.90 0.99 1.00
Nd 0.17 —0.14 —0.94 0.98 0.94 1.00
Th —0.05 0.23 —0.79 0.87 0.82 0.61 1.00
Al —0.33 —0.38 0.08 —0.68 —0.90 | —0.91 | —0.82 1.00
P 0.40 —0.52 0.08 0.24 0.13 0.09 | —0.18 0.22 1.00
S —0.52 —0.52 0.59 —0.68 —0.58 —0.85 | —0.70 0.48 —0.35 1.00
F 0.92 0.00 —0.76 0.00 0.00 0.00 0.00 —0.93 0.73 | —0.83 1

Buaum, 4To coxpaHsIOTCSl yHacJaeAOBaHHbBIE CBSI-
3u 3aMeleHHoro arnaruta Ca—P—F. @ukcupyercs
cubHBIM anTaronnsm Sru REE-Th, cBunerenscTBy-
ot 06 nx nsomopdusme. Koppemsiuusa Fe ¢ Ce
MOKAa3bIBaET, uTo Fe3* BXOMUT B COCTaB peaKO3eMEb-
Horo ¢ocdara—amomodocdara, BEpOSITHO, YaCTUYI-
HO 3ameniast Al

Ha nuarpamme (¢wur. 18) duxkcupyercst 6O1u3Kuit
IUTST Bcex oOpas3IioB cOCTaB cBaHOeprura (IIMPOKUIA
OBaJI), C HEKOTOPOI aMIUIMTYHOi KOJeOaHUII CyMMBbI
JIBYXBaJICHTHBIX KaTMOHOB ¢ Majoi mpuMecbio REE,
pasnuyasgch 00jee HU3KUM cofepKaHueM S B 00p. 364.

I[MomuepkHeM, 4TO HpU SIBHOM BEKTOpE IIpeeM-
CcTBeHHOCTU cocTtaBoB APS B 00p. 364, oTMedeH 3a-
METHBII pa3pblB CMECMMOCTH COCTaBOB CBaHOEPIU-
TOB U COCTaBOB (pa3bl, 0OOTAIIEHHON PEIKUMM 3eM-
JssMu (Tipy eme Oojiee HU3KOM COAEpPXaHUM S,
BEePXHUI1 IIpaBbIil OBal), YTO IIOJYEPKUBACTCSI U €€
PE3KMMM KOHTaKTaMHM ¢ BMEIIAIOIIUM CBAaHOEpruToM
Ha BSE-uzobpaxenum (cm. c¢ur. 17B). UzyueHue
APS-MuHepasoB TOJIBKO HAYaTO U IOJDKHO OBITh
MPOIOJIKEHO.

CTAAUMHOCTb ®OPMUHUPOBAHUSA
MUWHEPAJIN3ALNN

Ha6moneHust Han TEKCTypaMy MUHEDPAIbHBIX ar-
peraToB IIpU U3yYEHUU CTPOEHUST XK U TEKCTYPHbI-
MU COOTHOLICHUSIMU OTAEIbHBIX MUHEPAJIOB ITO3BO-
JIAIN TPEIJIOXUTh CIEAYIOLIYIO CXEMY CTaIMiiHOCTU
M TOCJAEAOBATeIbHOCTH MUHEpPaj1o00pa3oBaHuUs,
BKJTIOYAIOIIYIO 5 CTanuii — HOPYAHYIO, IBE PYIHBIE U
JIBe TToCTpyaHbIe (pur. 19).

K dopyodnoii I cmaduu oTHeceHbl MPOAYKTHI BHICO-
KOTEMIIEPATYPHBIX MPEOOpPa30BaHUil BMEIAIOIINX
MOPOJ, BBI3BAHHBIX BHEAPEHUEM IMOPGUPOBBIX WH-
TPy3uii U OOJIBIIIEH YaCTH JAeK, YTO IIPUBEJIO, HAPSALY
C IPYTMMHU BBICOKOTEMIIEPATYPHBLIMHU ITpeoOpa3oBa-
HUSIMH, K TTOCJIeA0BaTeIbHOMY (DOPMUPOBAHUIO Ka-

TEOJIOTUSA PYIHBIX MECTOPOXIEHU

JIMIOTIATOBBIX METACOMATUTOB, KBAapLICBbIX N KBapIl-
TYPMAJIMHOBBIX ITPOKMJIKOB.

Crnenyromas Il npodykmuenas pyonas keapy-mo-
Aub0eHumosas cmadus BbIIeJIeHa Ha OCHOBAaHUM Ha-
OJIIONABIIMXCSI TIEPECEUYEHU KBapl-MOJIMOIEHUTO-
BBIMHU KWJIAMM IIPOAYKTOB BBICOKOTEMIIEPATYPHBIX
npeobpa3oBaHUil BMELIAIOIIMX IIOPOMA  TOPYIHOM
craguu. PaHHSIS KBapI-MOIMOAEHUTOBAS aCCOLIMALIMST
BKJIIOYAET TaKXKe IIEeEJIMT, KOTOPBIM, CyIs IT0 B3alMO-
OTHOILIEHUSIM ¢ MOJUOIeHUTOM-1I, 0Opa3oBajics B Ha-
yajie JaHHOI cTaguu. 3aTeM OTJarajavuch MUPUT C peld-
KVM XaJIbKOIIMPUTOM U CJIEIOM, BO BHOBb 00pa30BaB-
IIMXCS TPeIIMHAX B BUIE MHOTOCJIOMHBIX arperatoB ¢
KkBapueM — MoaunoaeHuT-1I1 (¢ MajabiM KOJTUYECTBOM
mmeeymTa), o0pas3yronuii MpoCeYKy B IIMPUTE.

Pyonas kapbonam(=tkeapuy)-norumemannuueckas
(111) cmadus BBIAEEHA HA OCHOBAHUHU TOTO, YTO Kap-
OOHAaT-TIOJIMMETA/UTMYECKUE XUJIbl, COMPOBOXIAIO-

0.95
0.90 -
0.85F
0.80 |-
0.75
0.70 |-
0.65}F
0.60 -
0.55F
0.5010 . : .

15 20 25 30 35
Sr+ Ca + REE

P/(P +S)

®ur. 18. [ImarpaMmma COOTHOIIEHUI CYMMbI KaTUOHOB 1
otHoueHwust P/(P + S).
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Cranun HopynHast | KBapii-MonmubneHuToBast

CepunmuTus.

Kap6oHar-nonumeTaming. Xanenon- | Aprua- | Tunep-

Muneparn ~20H] | 2 | 3 5

KapOoHAT. smzaumu, TeHHast

6 7

Bbuotut
MycKOBUT
Kanummnar
AnpouT
AKTUHOJUT
Xmoputr
Onuaot
KBapit
Maruerur i
Typmanux |
Munepainsl Ti E
[eenut (Boabdhpamur) —— !
1
1
1
1
T

T
|
|
I
L
I
|
T
|
1
]
|
T
I
'
1
|
T
1
1

I

Anarut

Munepansl U, Th, TR
[Mupur
MonubaeHuT
Kap6oHar
Cepuuur
ApCeHOTUPUT
Cdanepur
XaTbKOIMUPUT
lanenur

Biiexsible pyabl
BucmyTtuH
CynbhOBUCMYTHUIBI
Cynb(hoaHTUMOHUIBI
Temnypunsl Ag, Bi
Cawm. Au, Bi
I'ematut

[muHUCTBIE U CITIOIM-
CThlIe MMHEPAaJIbI
CBaHOeprur
AHTUMOHUT
KunoBapb
[unepreHHbIe
MUHEepaJbl

Ag cam.

TonmmuHa TuHUN IIPUMEPHO COOTBETCTBYET OTHOCUTEIbHOI CTETIEHU pPacripoCTpaHEHHOCTU MUHEpaJa:

B == PACIIPOCTPAHCHHBIC, === BTOPOCTENEHHbIC, — — PEIKUE,

- — He OOHapyXeHHbIE HaMU

®ur. 19. CxeMa 1ocyien0BaTeIbHOCTU MI/IHepaIIOO6pa3OBaHI/I$I laxTamMmmHCKOTO MECTOPOXKIACHMUA.

IIMecsl CepULMTU3alMel U KapOoHaTu3anueil, or-
YETIIMBO IEePECEKalOT, BHEAPSSICh B HUX IO TPEIU-
HaM, KBapl-MOJUOAEHUTOBBIE KUJIbI.

Ilocmpydnas xaayedon-kapoonamuas (1V) cmaous
00yCJIOBJIEHa TIEpECEYEHNEM XWJI C COBMEIIEHHON
KBapIl-MOJIMONEHUT-KapOOHAT-TIOTNMETaIINye -
CKOM MUHepan3aleil XaaleI0HOBbIMU, XaJlleI0H -
KapOOHATHBIMU M KapOOHATHBIMU KMJIAMU U TIPO-
KUIKAMU.

Ilocmpydnas (V) cmadus apeusiuzayuu 3aBepiaet
SHIOTEHHOE MUHEPAIIO00pa3oBaHe. AprujuTu3aiust
pa3BMBAETCs, NIABHBIM 00pa3oM, BIOJIb KOHTAKTOB
KBapL-MOJUOIEHUTOBBIX W KapOOHAT-IOJIMMETA-
JIMYECKUX XKW, a TAKXKE BIOJb IMO3THNX TEKTOHUYE-
CKMX HapylLIEHMUIA.

TEOJIOTUSA PYIHBIX MECTOPOXXIEHUM  ToMm 65

YCIIOBUA MUHEPAJTIOOBPA3OBAHU A

HccnenoBanHbIe METOTAMU MUKPOTEPMOMETPUU
oOpa3lbl KBaplia U KapOoHaTa XapaKTepu3yloT IBe
OCHOBHbIE MPOAYKTUBHBIE CTAIM MUHEPATIO00Pa30-
BaHUS MECTOPOXIECHUS: KBAapII-MOJIMOICHUTOBYIO 1
KapOoHaT(XKBapiI)-IIOJIMMETa/UINIECKYIO.

dmoupansie BkMoueHus (OB) usyueHb MeToma-
MU MUKPOTEPMOMETPUM B TUIACTMHKAX TOJIITMHOM
0.25—0.3 MM, OTITOIMPOBAHHBIX C IBYX CTOPOH. st
WHTepIIpeTalluy pe3yabTaToB ObLIU MCITOJb30BaHbI
naHHble u3 padboTsl (Bodnar, Vityk, 1994). ConeHocTh
dmonnma BomHOYIIeKMCIOTHEIX DB ormpenensuiach
Mo TeMmIlepaTypaM TIiaBiieHUs TaszorumpatoB CO,
(Darling, 1991).

Ne 7 2023
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o KBap-MoambneHUTOBasE MUHEPaIU3alius
e KapOoHaT-TnoJMMeTa/UInuecKasi MUHepaau3anus

@ur. 20. | — OmongHere BKTIOUeHUS B KBaplle kw1 LllaxramuHckoro mectopoxaeHust: a — ¢umonnHoe Bkmodenne (VL L,S)
¢ xkunkoit CO, u KpucramioM conu; 6 — dmongHoe BKmoyeHne (VL;L,) ¢ yriekuciaoToii; B — BOIHO-cojieBoe (UIIOUIHOE
BimoyeHne (VLS ) ¢ pacTBOpUMBIM KPUCTAJUIOM COJIU; T — BOAHO-cosieBoe (umonnHoe BkmoyeHue (VL). II — Temneparypa
TOMOTEHM3allM1 U KOHLEHTpalus (GIIonI0B BKIIOUYEHUI B KBaplle M KapOoHaTe MPOAYKTUBHBIX CTaauil pymooOpa3oBaHuUs

HIaxTaMUHCKOTO MECTOPOXICHUSI.

I1o cooTHOIIEHWIO (ha3 P KOMHATHOM TeMIiepa-
Type TIepBUYHbIE BKIIIOUEHUSI B KBaplie 1 KapOoHarte
nonpaszaesieHsl Ha 4 ocHoBHbIX ThNa @B: 1) VL, L,S, —
MHorogasHble, coaepxaiue ra3 (V), BOOHbBINA pac-
tBOp (L), X)unkyto CO, (L,) u Kpuctajui Npo3payHoi
tBepaoit daswl (S); 2) VL,L, — Tpexdasublie, conepxa-
1Iye ra3, pactBop, xkunkyw CO,; 3) VLS, — tpexdas-
HBIE, coAep:Kalllie Ta3, pacTBOp M KPUCTAJLI IPO-
3payHoii TBepnoii ¢a3wl; 4) VL — nByxda3Hble, conep-
>Kalye ra3 u pactBop. MukpodoTtorpaduu TUITHIHBIX
@B kaxkgoro TuIa rmokasanbl Ha ¢ur. 20 — 1.

B xBapue keapuy-moaubdenumosoii cmaduu BCTpe-
qaiorcsa Bce 4 tuna BkiodeHuit (¢pur. 20 — I). Tun
VL,L,S, npeacrasinen mHorodasneimu @B, conep-
xkamumu ra3 (V), BogHblil pactBop (L), Xuakyio
CO, (L,) u kpucTasi npo3padyHoii TBepaoii ¢assbl (S).
OTOT TUIT BKIIOUYEHUI C BBICOKOCOJIEHBIM BOMTHOYT-
JIEKUCJIOTHBIM (bJTIOMIOM ObLT BCTPEUEH TOJBKO B Of1-
HoM oOpasie. ®B sToro tuna 3axsatwian Na-xJo-
punHbie dmounbl, (75T = —26...—25°C). Yrmekuc-
JIoTa MJaBUTCS B MHTepBayie oTr —57.9 no —57.7°C.
HecxkonbKo 6osiee HU3KUE TeMIIepaTyphl IIaBJIeHUS
OoTHocUTenbHO yncToit CO,, MOTYT YKa3blBaTh Ha He-
OoJIBIIIOE CcoNepKaHUe MpUMeceil IPyrux ra3oB, Be-
posiTHee Bcero, MetaHa. KoHIIeHTpaliusi BOTZHOCOJIE-
Boro duirouna ObLla oOIpeaeseHa IO TeMIeparype
pactBopeHust TBepaoii dasnl (Trom = 420...409°C).
Ee 3HaueHUs nexar B OTHOCUTEbHO Y3KOM MHTEP-
Baie 49.7—48.5 mac. % »kB. NaCl. Temmeparypa
TOJTHOM TOMOTE€HU3ALINU JAHHBIX BKIIIOUEHUN COOT-
BETCTBYeT TeMIlepaType pacTBOPEHUSI KPUCTaJIOB
TBepmoii ¢a3kl.

TpexdaznbiMu  BrItoueHussMu  (tun VL, L,) u3
KBaplia JaHHOI CTamuy ObIIM 3axXxBauyeHBI BOTHOYTJIE-
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KuciaoTHble Na-xjymopunHbie dmounsl (75T = —34...
—23°C). JIBoiiHoe 3aMep3aHMe (aouga MMpu oxja-
KIEHUY BKIIOUCHUI CBUIETEILCTBYET O KPUCTAILIIU -
3amuu rasoruapata CO,, B CBS3HM C YeM COJICHOCTD
oIpenessuIach 0 TeMIlepaTypaM TUIaBJIEHUS Ta30-
ruapaToB. KoHlieHTpalus (QIiougoB U3MeHsUlach B
npenenax 7.0—1.0 mac.% skB. NaCl ( 7iur. razorumpa-
ta = 9.5—6.3°C). YmIekucnaoTa IjaBwiach B MHTEP-
Baste oT —61 10 —53.8 C. [10CKOJIBbKY 3TH TeMITeparTy-
PBI HECKOJIBKO HIKE TEMIIEPaTyp IIaBICHUS YUCTOM
CO,, MOXHO TIpearnoaraTb HeboJIbIIOE CoAepKaHE
puMeceil Tpyrux ra3oB, BEpOsSITHEE BCEro MeTaHa.
VYriaekuciaoTa roMOT€HU3UpOBajach B WHTEpBaJie
30.7...27°C Kaxk B XUAKYIO, TAK U B ra3oBylo (a3sy.
[aBieHue, olleHEHHOE IO TUIOTHOCTHU YTJIEKUCTOTHI
BO QJIroune, KoJjiebeTcs B paitoHe 2.8 kbap. [oMore-
HU3a1s BKITIOYEHUM PONCXOIMIIa TIPU TeMITIepaTy-
pax 460—290°C (cM. Tabi. 18).

DnouaHbie BkIoueHUs: tuna VLS, comepxat
M3O0TPOITHYIO TMpo3padyHylo TBepayto ¢aszy. [lnapie-
HUE KPUCTAUIOB COJIM TPOMCXOAUJTIO B WHTEpBaJe
420—240°C, YTO COOTBETCTBYeT KOHIECHTpalluu
46.4—34.1 mac. % skB. NaCl. l'oMorenu3auus @aro-
WIHBIX BKJIFIOYEHW 1 3aBepliiaiach B pa3HbIX 00pasiiax
KaK pacTBOPEHUEM COJIU, TAK U UCYE3HOBEHUEM ra-
30BOTI0 My3bIpbKa.

Ona nByxda3HBIX BOTHO-COJIEBBIX (DIIOMIHBIX
BkiatoyeHuit (tun VL) xapaktepHbl ¢uouabl Na-
xjopugHoro cocraBa (75BT = —33...—22°C), cole-
HOCTb KOTOPBIX BapbupoBajia or 9.7 mo 2.0 mac. %
akB. NaCl (7T11. npoa = —6.4...—1.2°C). O0muii nH-
tepBan Ttom = 395—220°C.

B oOpasnax, xapaKTepu3yolmux KapooHam-noau-
Memaniuveckyrw cmaouro, W3y4eHBbl (hIIOUITHBIE
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BKJIIOYEHUSI B KapOoHaTe. JJMarHOoCTMpOBaH TOJIBKO
OIVH TUI BKJIIOUEHUI: 1ByX(a3HbIe BOTHO-COJIEBbIE
razoBo-xuakue BkitoueHust (VL). Temneparypa ro-
MOTEHM3alLIMN U3yUYeHHBIX B KapboHate @B Bapbupy-
et otT 269 o 130°C. ComiacHO MOJIydeHHBIM TEMIIe-
paTypaM 3BTEKTHUKHU, COCTaB pacTBOpa MOXHO OXa-
pakTepu3oBaTh Kak Na-xjaopuaHsbiii (73BT = —29...
—23°C). CosieHoCTb (hJ1IOMIOB BapbupoBasa ot 7.5 10
1.5 mac. % sxB. NaCl (7. npaa = —4.8...—0.9°C).

Takmm o6pa3oM, B KMJIax KBapII-MOJIUOIESHUTO-
BOI MPOAYKTUBHOI CTaIuM MUHEpPaJIOOOpa3oBaHUE
IIPOMCXOAMJIO W3 OTHOCUTEJIBHO BBICOKOTEMIIEpa-
TypHbIX GmonnoB (7Ttom. — 460—220°C). Dmounnsl,
dopMupoBaBIlINe 00Jiee MO3IHIOI KapOOHAT-MIOINME-
TAUIMYECKYI0 MUHEpaIU3alnio, OTIUYAINCh Oojee
HU3KUMHU Temrrepatypamu (7rom. — 269 —130°C). Pe-
3yJbTaThl MUKPOTEPMOMETPUU (DIIOMIHBIX BKITIOYE-
HUIi IpUBeACHEI B Ta01.18.

ITonyyeHHble JaHHBIE MO3BOJISIOT TOBOPUTH O
TOM, YTO Ha IMPOTSKEHUU BCETO Ipolecca MUHEpa-
JioobpazoBaHus (BIoua UMENT OTHOCUTEIBHO TTOCTO-
SIHHBIN, TperuMyIIecTBEHHO Na-XJIOpUIHBIN coCcTaB,
B TO BpeMs KaK €ro KOHLEHTpalus B TCYEHUE MUHE-
pajiooGpasymolero IMpoiiecca, O4YeBUIHO, W3MEHSI-
Jlach. BkJlloueHus1, 3axBayeHHbIE Ha paHHENW KBapil-
MOJIMOJICHUTOBOI CTaIuM, XapaKTepu3yloTcsl OoJiee
BBICOKOM KOHILIEHTpALMEN CoJieii, KOTOpasi BApbUPO-
Bajia B nipeaeiiax ot 9.7 no 1.0 mac. % skB. NaCl. Pe-
3yJITAaThl TEPMOMETPUYECKUX UCCIIETOBAHUN BKIIIO-
YEeHUWU TaHHOI CTaIuM 1Al0T OCHOBAHUE CIEJIaTh BbI-
BoI 0 (ha3oBoii cenapauuu ¢iwouaa ¢ pa3aeieHueM
Ha HU3KOIUIOTHYIO MapoBylo ¢a3y U BOAHO-COJIEBOi
paccoit ¢ KoHIeHTpauueil 10 49.7 mac.% skB. NaCl
(cpur. 20 —II).

B cocraBe ¢donaoB naHHOK CTaauKu MUHEpPaIo-
obpa3zoBaHUs, BEpOsTHO, IpucyTcrBoBain K, Mg.
Taxoke BaXKHO OTMETUTh, UYTO CUCTEMA CoAepKalla He-
KOTOPOE KOJIMYECTBO YIJIEKUCIIOTHI.

Konuenrpanuss Na-xa0opumaHbIX (IIOMIOB, 3a-
XBaueHHBIX BO BKJIIOYEHMS OoJjiee Mo3mHel KapOo-
HATHO-MOJIUMETAJIMYECKON CTaaguu, MUHEPATI000-
paszoBaHus He TpeBbiana 7.5 mac. % »kB. NaCl.
Humxusag rpannna KOHIEHTpaUMM (QIIOWIOB BO
BKJIIOYEHUSIX MUHEpPAJOB KapOOHAT-TIOJIUMETAILIM-
YyecKoi cTaguu coctaBmia 1.5 mac. % skB. B oTiinuue
OT BKJIIOYEHMI B KBapII-MOJINOASHUTOBOM CTaanN, B
n3ydyeHHbIx @B kapOGoHATHO-NOIUMETAIMYECKOM
CTaguM YIIeKMCIOTa METOAaMU MUKPOTE PMOMETPUN
He oOHapy:KeHa.

HMcxonst U3 MolydeHHBIX JAaHHBIX, MOXHO TOBO-
PUTH O TMOHWXKEHUM TeMmepaTyp U U3MEHEHUU CO-
CTaBa M KOHIIEHTpaluu (GIIOUaI0B Ha MPOTIKEHUU
npoliecca MUHEpaIooOpa3oBaHUsI HA MECTOPOXKIe-
Huu (cm. dur. 20). Paznuuums B TeMmIieparypax U co-
cTaBe (POPMUPOBABIINX MUHEpATU3AIINIO (DIIIOMIOB,
BEPOSITHO, OOYCJIOBJIEHBI OCOOEHHOCTSIMU Pa3BUTHS
GIIOMIHO-MarMaTUYECKO CUCTEMBI TIPU KPUCTAJI-
JIM3aluy TpaHuTouaHoit Marmel (Psouukos, 1975;
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Audetat, 2000). CHmXKeHHMIO TeMIIepaTypbl U KOH-
LIEHTpallMU pyao00pa3yoliuX pacCTBOPOB Ha 3aBEp-
[IAIOIIMX CTAaausIX MHUHepajooOpa3oBaHUS MOTJIa
CIIOCOOCTBOBATh BHICOKAS CTEIIEHDb TPEIIMHOBATOCTHU
BMEILAIONIMX TI0pOoHd, O0ycClIaBIMBalolas Ipocadyu-
BaHME METEOPHBIX BOJI, CMEIIEHNE U OXJIAXKACHUE Py-
JIOHOCHBIX PaCTBOPOB.

CrenyeT OTMETUTbD, 4TO Ha Oyusiexamux (byrma-
MHCKO€, BBICTpMHCKOE) MECTOPOXASHUSIX, aCCOLIM-
upyomux ¢ HlaxTaMUHCKMM WHTPY3UBHBIM KOM-
IUIEKCOM, pyAHasi MUHepaau3auus GopMupoBagach
n3 0Oojice BBHICOKOKOHLIEHTPUPOBAHHOIro (irounna,
4acTo 00Jjiee CJIOXHOIO COCTaBa B OJIM3KOM TeMIIepa-
TYpHOM MHTepBaje. B yacTHocTu, mopdupoBast Mu-
Hepanu3anusa (BKIOYas KBapl-MOJMOIEHUTOBEIC
XWIbl) BeIcTprHCKOrO MecTopoXxaeHUs: chOpMUPO-
BaHa B OJIM3KOM TemmepaTrypHoM uHTepBaie (500—
<250°C). KsapueBo->kKuibHas MUHEpaIU3alns OTJIa-
rajach 0oJjiee HU3KOTEeMITepaTypHLIMU Na-XJTIOpUITHBI-
MM GIIOVIAMU C COJIEHOCTBIO He BhImre 10—12 Mac. %.
®dmona, yyacTBOBaBIIMI B 00pa3oBaHUU TTOPGHUPO-
BOM MUHepaau3aluu BbhICTpMHCKOro MecTopoxKie-
HUSI, TaKXKe MoaBeprcs ¢a3oBoii cenapalyu ¢ pasae-
JIEHEM Ha HM3KOIUIOTHYIO MapoBylo a3y U BOTHO-
COJIEBOM paccosl ¢ KOHLeHTpauueil no 47 mac. %
NacCl skB. Bmecte ¢ psiioM Apyrux NpuU3HaKOB OTOT
¢daKkT MOXKET TaKxKe KOCBEHHO CBHUACTEIILCTBOBATH B
MOJIb3Yy CXOACTBA IIPOLIECCOB MUHEPaT000pa30BaHUSI
Ha MECTOPOXIEHUSIX, MpUypoUYeHHBIX K [IlaxTamMuH-
CKOMY MHTPY3UBHOMY KOMILIEKCY.

1t BBISICHEHUST BO3MOXKHBIX MICTOYHUKOB CEPHI B
MUHepajiooOpasyrolieM donae ObUT U3Yy4eH U30-
TOIIHBII cocTaB cepbl cyab¢uaoB IllaxraMuHCKOro
MecTopoxXaeHus. belio nmpoaHaau3upoBaHo 19 006-
pa3loB Pa3IUYHBIX CYIbGUIOB. YCTAaHOBJIEHO, UTO
3HaueHus 0°*S koseboress +5.8 no +9.6%o, cpen-
Hee. +6.9%o, T.e. 3aHUMAIOT ITPOMEXYTOUYHOE TT0JIO-
KEHUe Mexay 3HadeHusamu 6°*S cynbdunos byrga-
MHCKOTO Y BBICTpMHCKOTO MECTOPOXKICHMI, YTO 3a-
CJTy>KMBAaeT CMELMAIbHOTO OOCYKIACHUS

OBCYXIEHMWE PE3VJIIBTATOB

Pa3paboTka u npeabiayliye MUHEepaJornyecKue
ncciaenoBaHusi pyn IllaxrTaMUHCKOTO MeCTOpOXIe-
HUS IPOBOAWINCH OO MOSIBJIEHUS COBPEMEHHBIX ME-
TOOOB MCCJIeAOBaHUI, MO3TOMY IIOJIy4EeHHbIE C MC-
MOJb30BaHUEM COBPEMEHHBIX METOAOB HOBBIE JAHHBIC
10 CTPOSHUIO PYII, UX MUHEPAJIOTUU Y TUTIOMOP(MU3MY
MUHEPaJOB ITO3BOJMJIM CYLIECTBEHHO pPaCIIMPUTH
MIpeacTaBlIeHUsI 00 5TOM MECTOPOXIECHUN U YIOCTOBE-
PUTBHCS B TOM, YTO OHO JAJIEKO HE MCYEPIIUIO CBOU pe-
cypchl. BeIsIBJIGHHBIE B Ipoliecce UCCIeI0BaHUI 0Co-
OEHHOCTH U3YYEHHBIX Pyl yOeIUTeIbHO MOKa3hIBAOT,
YTO MECTOPOXICHUE XapaKTepu3yeTcs HeOOJbIINM
SPO3MOHHBIM CPE30M U BCKPhITasI €ro 4acTb 00J1agaeT
MpU3HAKAMU OTJIOKEHUSI B MaJIOTIyOMHHBIX YCIOBUSIX
C TIepCHEKTUBAMU Pa3BUTHSI OPYICHEHUS Ha TIIyOMHY.
Ne 7
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K stim mpuzHakam oTHOCcsTCs caemyromue. (1) Ya-
CTO€ pa3BUTHE KaBepH U Apy3 B KBapue. (2) [Ipucyr-
CTBHE KaeMuaTbhIX U KPYCTUDUKALIMOHHBIX TEKCTYD.
(3) IIpu3Haky KOJUIOMOP(HOIO pocTa B OIIpeAcIeH-
Hble MepUoIbl MUHEpaTooOpa3oBaHUs B IlI€eUTE,
chanepure, OJIEKIbIX pyaax u rajgeHure. (4) Hecra-
OWJILHOCTb POCTa KPUCTALJIOB OJIEKJIBIX PYIL C SIBJIe-
HUSIMU TUAPOTEepMaibHOro OpekurpoBaHus. (5) 3a-
MeTHOEe (BTpoe) mpeobjamaHue Hald TEHHAHTUTOM
TeTpadApUTa U €ro HIMHKUCTON pa3sHOBUIHOCTU, UTO
MOXKET OBbITb CBSI3aHO C TOBBILIEHHBIM OKUCIUTEIb-
HBIM MOTEeHIIMaIOM pacTBOpoB (CHUPUIOHOB U IIp.,
2008). (6) Pe3koe mpeobnagaHue OJICKIBIX pyO Hal
XaJIbKOITMPUTOM cpeli MUHepasioB Cu Takxke MOXET
CBUJIETELCTBOBATH O MAJIOTTYOMHHOM JIOKaJIU3aluu
BCKPBITOM YacTW OpyAeHEHUsI, TaK KaK CTaTUCTUYe-
CKM 3aKOHOMEPHBIN XOI MHHEepasoo0pas3ymrllero
Mpoliecca — 3TO olepekarolliee pa3BUTUE OCHOBHOM
YacTU XaJIbKOIUPUTA U OOJIBIIUHCTBA IPYTUX CYJb-
¢$bUI0B MO OTHOLIEHUIO K OJEKIIBIM pylaM U IpyrUuM
CyJb(OCOISIM B TTIoJIMMeTa/uIndecKoit ctaguu. CooT-
BETCTBEHHO, COIJIACHO IMPaBUJy MPSIMOI 30HATbHO-
CTH, OCHOBHAsI YaCTh XaJIbKOTIMPKUTA B 1IEJIOM IOJI>KHA
pean30BbIBaTbCcsl Ha 0ojiee IITyOOKUX TOPU30HTAX,
yeM OCHOBHAasI YaCTh OJICKJIBIX PYII, & Ha BCKPBITOI Ya-
ctu IlaxTaMMHCKOTO MECTOPOXKACHUS XaTbKOITMPUT B
MOJMMETATMYECKOU CTaauU MOSIBJISIETCS TOJIBKO CIO-
paauyecku, 3ameliias OJeKJIble pyldbl, TO3TOMY BO3-
MOXHO YBEJIMYEHNE COAEPXKAHUS XaJIbKOMUPUTA Ha
mryouny. (7) Huskue comepxxanus Co u Ni u Co/Ni
CBUJIETEJILCTBYIOT O HEBBICOKMX TEMIIepaTypax oopa-
30BaHUsl MMUPUTOB KapOoHaT(EKBapil)-MoJaMMeTal-
JIMYECKON MUWHepaav3aliMyi BCKPBITOM YacTh MeCTO-
poxaeHus. (8) OooralieHre MOJIMOICHUTA U TAJICHUTA
CeJIeHOM — XapaKTEePHbIM 3JIEMEHTOM SIUTEPMaTbHbBIX
pya, KpOMe TOTO, TaJIeHUT KOHLIEHTpUpyeT Ag B 00Jb-
meii Mepe, 4eM Ha COCEIHUX MECTOPOXICHMUSIX.
(9) KpaiiHe HU3Kasl XKeae3UCTOCTh cajepuTa, Xa-
pakTepHasl 1151 O3AHUX ero reHepamuii, mpu OoTHO-
CUTEJIbHO BBICOKOM conepkaHuu Cd IomoJHUTEIb-
HO MOXET CBUIETEIbCTBOBAThH O TOM, UYTO, B COOTBET-
CTBUU C SBJCHUEM TIPSIMOM MMHEPATOTUYECKOM
30HAJIBHOCTU (MMO3HKE TeHepallui MUHEPAJIOB JIO-
KaJIM30BaHbl B BEPXHUX U TepUDEPUNHBIX YaCTIX
MECTOPOXAEHMI), BCKPBITHI JIMIL BEPXHUE YacTU
OpYIEHEHUS, U paHHSIS XKeJle3ucTas reHepauus cda-
JiepuTa, IpKo MPOsIBJIEHHAsl HA COCEMHUX MECTOPOXK-
JIEHUSIX, MOXET OBITh JIOKAJIM30BaHa Ha 0oJiee ITy0o-
KMX TOPU30HTaX. 3aMeTHasl IPUMeCh HEKYOUUeCKUX
IIOJIUTUIIOB CYIbGUIOB Zn, BeIsIBIcHHA (JI0OpOoBOIL-
ckas, lllamnyH, 1974), HanGoJiee xapakTepHa /11 OTHO-
CUTEIbHO HU3KOTEMIIEpaTypHOi MaJIonTyOUMHHOM MU-
Hepan3aiuu, copMUPOBaBIICICS TP OTHOCUTEb-
HO BBICOKOM TapLMaJIbHOM JaBJIEHUHW KUCJIOpPOIa B
pynooopa3zyroiux pactBopax. (10) Au caMm. umeeT of-
HY TeHepalmio, YTO He XapaKTEepHO IS 6oJiee IIy0o-
KO BCKPBITBIX COCEIHUX MECTOPOXIECHUIA, Te KoJje-
OaHUs TPOOHOCTU Y CAMOPOIHOTO 30J10Ta OUEHb 3HA -
YUTEJbHBIE U CAMOPOJHOE 30JI0TO MpeodpasyeTcs,
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Kak MuHUMYM, 1Baxmabl. (11) IIpucyrcTBue cBanGep-
rUTa, NOAABJSIONIEEe KOJIUYECTBO HAXOOK KOTOPOTO
B MECTOPOXIECHUSIX MUpaA TATOTEeT K 30HaM apruii-
JIM3allMM B y4acCTKaxX SMUTEPMAaJIbHOTO IIPUIIOBEPX-
HocTHOTO opyneHeHus (Stoffregen, Charles, 1987),
SIBJISIETCS €111€ ONIHUM CBUJIETEJIbCTBOM MaJIOTTyOUH-
HOTO XapakTepa u3y4yaeMoM 4aCTH 3TOTO MECTOPOXK-
neans. B 3amamHom 3abaiikanbe B JIXKMIWMHCKOM
paiioHe 3TOT MHHepaa ObUI OOHAapyXeH B BBICOKO-
IJIMHO3€MUCTBIX MTOPOJaX B aCCOUALIAY C AJIyHUTOM
u npoduwuiutoM. IlponapuBaHue cyib(paTHBIMU
pacTBOpaMy M apTWLIA3ALUS MOPOIbI, COACPXKAIIECH
3HAYUTEJIbHOE KOJMYECTBO Kauuiimnara (MCTOYHMKA
Al,0;), F-anatuta (ucrounuk P, Sr), MoHauuTa (uc-
touHuka REE, Th, P), cmocobcTByeT nx pacTBope-
HUIO U OTJIOXEHUIO cBaHOepruta. (12) boiee Huskue
HavaJbHBIE TeMIepaTypbl OOpa3oBaHMs KBapiia
KBapll-MOJMOACHUTOBOIM, a TakxKe KapOoHara Kap-
OOHAaT-TIOJIMMETAJUTMYECKOM CTaIuK MO CPAaBHEHUIO C
HavaJbHBIMU TeMIlepaTypaMu 0O0pa30BaHUSI COOTBET-
CTByIOIIMX cTamuii cocemHux byrmamnckoro m HoBo-
IIMPOKUHCKOIO MECTOPOXIECHMI, U O0Jee HU3KUE B
1IeJIOM KOHILIEHTpallMM PacTBOPOB IO CPABHEHUIO C
ByrmaHcKuM MecTOpOXKIECHUEM CBSI3aHBI C TEKTO-
HUYECKMMH OCOOCHHOCTSIMU MECTOPOXKISHMS U JIET-
KUM IPOHUKHOBEHUEM Pa30aBIISIIOLINX PYIOHOCHbBIE
¢aouabl METEOPHBIX BOA B 30HY PYIOOTIOXEHMUSI.
(13) BaxxHeHmmM IIpu3HAKOM Pa3BUTHUS OpYIeHEHMS
Ha IIyOMHY SIBISIETCS CKJIOHEHHME PYIHBIX KW B
I0ro-3arnagHoM HarpaBJeHUH, TJe OypOBBIMU pado-
TaMU BCKPBITO MOJUMETAIINYECKOE OPYIEHEHUs, a
TaKkKe OOHApy:KeHHE Ha CEeBEpPO-BOCTOYHOM raHTe
[ITaxTaMUHCKOrO PYyIHOrO MOJsI 30JI0TOCEPEOPSTHOTO
opyaeHeHus1 (FOprencon, 2020). (14) PacnipeneneHue
Re B MomuGaeHuTe HEpAaBHOMEPHO, OMHAKO aHOMAaJIb-
HO HHM3KME, KaK 1 aHOMAaJIbHO BBICOKME, 3HAYCHUSI
€OIUHUYHBI, B CPEIHEM 110 U3YYEHHBIM 0Opa3liaM ero
colep:kaHue cocTaBiseT 34.65 ppm, YTO ITOJTHOCTHIO
(1o uenbix) coBnagaetr ¢ naHHbIMU (MBaHOB U np.,
1969) 1 BXOOUT B UHTEPBaJI 3HAYSHUIA, OTpasKatoIIii
CMELIaHHbIM MAHTUHAHO-KOPOBBIIA MUCTOYHUK PYHO-
obpasywoiux ¢garougos (Berzina et al., 2005; Pasava
etal., 2016) ¢ BemyIeit pobio KOPOBOTO. DTO KOppe-
JIMpyeT ¢ 0oJee HU3KUM comepxkaHneM Re (kak mH-
JIVKaTopa J0JU MaHTUITHOTO BKJ1aga) Ha [llaxTamMuH-
CKOM MECTOPOXIEHUM IO cpaBHeHUIO ¢ byrmamH-
ckuMm (rme Ccp.Re B mommbnenure = 50.7ppm) u
ocobeHHo brictpmacknM Au—Fe—Cu MecTtopoxie-
HueM (¢ Ccp.Re = 335.7 ppm). (14) M3oTonHkbIi1 co-
crtaB cephl cynbhunos (84S +5.8 no +9.6%o, cpen-
Hee. +6.9%o0.) CBUIETEIBCTBYET O 3aMMCTBOBAHUU
yacTu cepbl M3 BMEIIAIOIIUX OCAaTOYHBIX MOPOoHd, U
asT0 ommmuaeT Illaxramy ot Omaxaiirero byrmamH-
CKOTO MECTOPOXASHUSI, I1¢ UCTOYHMUK CEePhl Marma-
tuueckuii. ITo nanubiM (Yyraes u ap. 2013), o cBo-
M U-Th-Pb n30TOIHO-re OXuMm4eCK1MM XapaKTepr-
CTMKaM HCTOYHUK pyaHoro Pb oTBeuaeT BelmecTBY
KOHTMHEHTAJILHOM KOPBbl OPOT€HHOIO THUIIA.
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3AKJIIOYEHHME

1) BckpbiTble TOpPHBIMM BbIpabOOTKaMM YacTH
[ITaxTaMUHCKOTO MECTOPOXIAEHUS SIBJISIIOTCSI BEpX-
HMMU YaCTSIMU OPYAEHEHUS; €ro 3pO3UOHHBIN cpe3
MeHee 3HAYUTEeNbHBIN, YeM Ha coceqHuXx HoBorm-
pokuHcKoM, ByraanHckom u BBICTpMHCKOM MeCTO-
POXIEHUSIX.

2) PymHag m MmeracoMaTWyecKash 30HaIbHOCTh
CXOIIHA C TAKOBO Ha MECTOPOXIAEHMSIX MOPHUPOBO-
ro TUIIA.

3) BrigBieHHbIE TUIIOMOP(MHBIE OCOOEHHOCTH
MUHEPAJIOB ITO3BOJISIIOT IMPOTHO3MPOBATh pa3BUTHUE
MOJIMMETAJIZIMYECKOTO C 30JIOTOM OpYISHEHUS Ha
NIyOMHY, OMHAKO M pecypchl Mo Takke JajleKo He
HCYEPIIaHbI ellle U TOTOMY, YTO IT0 HEKOTOPBIM XM~
JIaM copepxkaHue Mo He yObIBaeT, a Jaxke YBEIUUM-
BaeTCs C TITyOMHOI.

4) CamopoaHOe Au B pyJdax BCKPBITOW 4YaCTU Me-
CTOPOXIEHUSI UMEET OIHY TeHepallnio, TOKaJIU3YsICh
TOJIBKO B MUHEpAaJiax MO3IHUX reHepanuii. DTo, Ha-
psaAny ¢ TATTOMOP(MHBIMH OCOOEHHOCTSIMHU CYIb(pU-
JIOB, TIO3BOJISIET MPEAIIOoaraTh, 4YTo Ha IIyOOKHX ro-
PU30HTaX MOTYT OBITh BCKPBITHI pAHHUE TeHepalun
CyIb(MUIOB CO CBOEH 30JIOTOHOCHOCTHIO.

5) TexroHMYecKre OCOOCHHOCTH MECTOPOXKIEe-
HUS (BBICOKAsI CTENEHb TPEIMHOBATOCTH, OOYCIIOB-
JIeHHas1 TIPUYPOYEHHOCTBIO XXUJI K 30HE IMOIHOBJISIO-
IMXCSI Pa3IOMOB, HACBIIEHHBIX Pa3HOBO3PACTHBIMU
JlaiikaM#) CO3MAI0T YCIOBUS IJIsI JISTKOTO IIPOHUKHOBE-
HUSI METEOPHBIX BOI, OCOOEHHO B BEPXHUE YacCTU
PYOOTJIOXEHMSI, UTO MPUBOIUT K CHIDKEHHUIO TEMIIS-
paTypbl M KOHLIEHTPallMK Py1000pa3yroIyX pacTBO-
poB. Ha rimy0oKMX ropr30HTax B CBSI3M C YMEHbIIIE-
HMEM BOJOOOMEHa BO3MOXHO IIPOSIBJIeHHUE OoJjiee
BBICOKOTEMIIEPATYPHOTO OPYAECHEHUA, OTIIOXKUBIIC-
rocs u3 6ojiee KOHLUEHTPUPOBAHHBIX PACTBOPOB.

6) BrisicHeHO, YTO MOTMOASHUT, OTJIATAIOLIUIAICS B
MOJIOCTSIX U IIPUOTKPBITHIX UHTEPCTULIUSIX, UMEET XO-
POIIIYI0 BO3MOXHOCTh KPUCTAJIN30BATHCSI B MOITU(DU-
Kauyu 3R. DTOT ke (akTop CIIOCOOCTBYET JOCTYITY
OKWCJIMTENILHBIX BOM, BHI3bIBAIOIIMX IepepacIipenacic-
Hue Re u okanpHOe oGoralieHrue UM MOIUOIEHUTA B
MMPUCYTCTBUU BOCCTAHOBUTEJICH.
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