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Feonoro-reHeTU4eckaa moaenb chopmupoBaHua BeTpeHcKoro
3onotopyaHoro mectopoxaeHua (MaragaHckas obnacTb)
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depepanbHoe rocyaapcTBeHHoe bogxkeTHoOe yuyperaeHue «LleHTpanbHbIM HayYHO-
nccnenoBaTelbCKUM reooropasBeoUHbIA MHCTUTYT LBETHbIX M 61aropoAHbIX MeTaNNoB»
(dreY «LUHUTPW»); 117545, r. MockBa, Bapwasckoe wocce, a. 129, kopn. 1),
}(depepanbHoe rocygapcTBeHHoOe bloaKeTHoe 06pa3oBaTe/ibHOE YUYpPEKAEHME BbiCLLErO
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Cepro OpgsoHukngze» (MIPU-PITPY); 117997, r. MocKea, yn. Muknyxo-Maknas, 23)

BeTpeHcKoe 30/10TOPYyAHOE MECTOPOXAEHME pPacnonoxeHo B npepenax LleHTpanbHo-
KonbimcKoro 3010ToHOCHOro pernoHa (LKP) u aBnsetca sTanoHHbIM 06bekTom Ana oa-
HOMMEHHOM naowagm B npegenax AmMctos P-55-XXIV u P-55-XIX. [leTanbHble Habntoge-
HWA B Kapbepe, WTONbHAX U B KEPHE MECTOPOXKAEHUA NO3BOIUIM HAMETUTb 3TANHOCTb
N CTaANNHOCTb MUHEPaNoobpa3oBaHus, B3aMMOCBA3b PyAOreHeHe3a C METaCOMATUYECKHN
n3MeHEHHbIMK Nopodamu. CocTaB/ieHa reon0ro-reHeTMYecKkas Moae b MeCTOPOXKAEHWS,
npeanonaratoLwasn, YTo 30/10Toe opyaeHeHne chopMMpPOBaNOCh 3a CHET Pa3rpy3kn datom-
[a MarmaTMyecKoro NpPoMCXOXKAEeHUA B TEKTOHUYECKN NOATOTOBAEHHOMN YINCTO-TNUHUC-
TOM MaTpuue.
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Geological-genetic model of Vetrenskoye gold deposit formation
(Magadan region)

N.V.BONDARENKO?, V. A.UTENKOV?, N.V.PACHERSKY?, N.D.RAKOV?

}(Central Research Institute of Geological Prospecting for Base and Precious Metals),
(Federal State Budgetary Educational Institution of Higher Education «Russian state Uni-
versity for Geological Prospecting named after Sergo Ordzhonikidze»)

Vetrenskoye gold deposit is located within the Central Kolyma gold-bearing region and is
a reference object for the area of the same name within P-55-XXIV and P-55-XIX. Detailed
observations in the quarry, adits and in the core of the deposit made it possible to out-
line the staging of mineral formation, the relationship of ore genesis with altered rocks.
A geological model of the deposit was compiled suggesting that gold mineralization was
formed due to the discharge of a fluid of magmatic origin in a tectonically prepared car-
bonaceous-clay matrix.

Key words: Central Kolyma, gold, deposit, Vetenskoye deposit, beresites, mudstones, car-
bonaceous matter, pyrite, arsenopyrite, fluid.



Bonpocam reonoruu, MUHEpanorud U reHesuca 30-
JIOTOPYIHBIX MecTopoxeHui AHo-Konkimckoro mno-
sica TIOCBAMIEH OOITMPHBIN CIIMCOK JTUTEpaTypsl [1, 3,
6 u p.]. B npenenax LIKP BeIsiBIIeHHBIE OO BEKTHI TPH-
HaJJIe)KaT K JIBYM OCHOBHBIM PYIHBIM (DOPMAIIHSIM:
30JI0TO-KBapLEBOH M 30JI0TO-PEIKOMETAJUIBHOM (30-
JIOTO-TTOP(HUPOBOH, 30JI0TO-IOUCYIIb(PUTHO-KBAPIIC-
BOH, 110 pa3HEIM aBTopam). CyIecTBeHHO mpeodiaaa-
FOT 00BEKTHI 30710TO-KBapieBoi hopmarun. OObek-
THI 30JIOTO-PEAKOMETAIIIFHON (POpMAITUU OTHOCSTCS
K HETpaAULIMOHHOMY JJIsl IPOBUHIIMH TUITY, 00JIaat0-
LIEMY 3HAYUTEIbHBIMU NEPCTIEKTUBAMU [6].

OOBEKTHI 30J0TO-KBapIEeBOl (HOpMAIUH 110 CTPYK-
TYPHO-MOP(OJIOTHUECKUM TIPU3HAKAM Pa3AEISIOTCS
Ha JIMHEHHBIE IMTOKBEPKH B TEPPUTEHHBIX MOPOIAX
Y JKAJBL. XapaKkTepHas 0COOCHHOCTh OOBEKTOB JKUIIb-
HOT'O THUIIA — MOBBIIIEHHBIE COAEP)KAHUS 30JI0Ta MPU
CPaBHHUTENBHO HEOONBIINX 3amacax (IO MEPBBIX Je-
CSITKOB TOHH). K 3TaJIOHHBIM KUJIBHBIM MECTOPOXKIE-
HuaM otHocarcs FOrnep, banpan, Toknyan n gpyrue.
Haubonee wn3yueHHBIM MpeICTaBUTENEM IITOKBEP-
KOBBIX 30JI0TO-KBapIIEBbIX OOBEKTOB CIIYIKHUT MECTO-
poxaenue HatankuHckoe, KOTOpoe SIBJISIETCA pUMe-
pom BoLsiBieHUs: B LIKP kpynmHOOOBEMHBIX 30510TO-
PYIHBIX MECTOPOXKJIECHUIN IYTEM IEPEOLEHKH paHee
M3BECTHBIX JKIIBHBIX 00BEKTOB [6].

151 00BEKTOB 30J10TO-PEAKOMETAIIIFHON Qopma-
uuu (Ay6au, [layk, Tayremxak u Ap.) XapaKTepHBI-
MH NIpU3HAKaMH ABJISIOTCSA OTUETIINBAs NTapareHeTH-
YecKas CBSI3b C TPAHUTOUIHBIMU UHTPY3USMH U IIPU-
CYyTCTBHE B pyJaXx MUHEPAJIOB BUCMYTa U TEJLTypa.

B Hacrosiiiee BpeMsi T€OXpOHOJIOTHYECKIMH Me-
TOIAaMH TSI 30JI0TO-KBapIeBOTO OPYACHEHUS TaKKe
YCTaHOBJIEHA CBA3b C TPAHUTOMIHBIM MarMaTu3MOM
[12]. AKTyalbHBIM SIBJISIETCS BOIPOC O XapakKTepe
3TOM CBA3U. ABTOpPBI NOMBITAINCH PEIINTH €r0 Ha TPH-
Mepe BeTpeHckoro 3010To-KBapIeBOro MECTOPOX/ie-
HUSI, IOKaJIN30BAaHHOTO B HEMOCPEICTBEHHOM OIHM30-
CTH OT TPaHUTHBIX MacCHUBOB. M3I0XeHHAs HUXKe
MO/IEJTh OCHOBAaHA Ha Pe3yJIbTaTax HaOIFO/ICHUS B3au-
MOOTHOIICHUN Pa3HOBO3PACTHON MUHEpaITU3AIUH
B Kapbepe, MITOJNBHIX U B KEpHE CKBaXXMH, MUHEpa-
rpaM4ecKux U neTporpaduuecKux UCCIACIOBAHMI
WHTPY3UBHBIX NOPOJA, METAaCOMaTUTOB U pyxa Bet-
PEHCKOTO MECTOPOKIACHUSI.

Berpenckuii 3omotopynusiii yzen (PY) pacmo-
JIOKEH B I0r0-BOCTOYHOU yacTu Bepxosno-Kombim-
CKOM MHHEpareHM4ecKod NMpPOBMHILMH B Ipeaesnax
Lentpansaoro KoiasIMCKOTO 30JJ0TOHOCHOTO PErHo-
Ha. B TekToHnueckom 1iane PY oxBaThIBaeT oTpe-
30K 30HBI Yai-lOppHHCKOTO pernoHaIBLHOTO JOITO-
JKUBYIIETO Pa3joMa, KOTOPBIA OTAENSIET CTPYKTYPHI

WNubsnu-/IeOMHCKOr0 METaCUHKJIUHOPUS OT ASH-
HOpsixckoro aHTUKIUHOPHS, PACIIONOKEHHOTO FOr0-
3anagHee. Ilnomanpe y3na ciiokeHa yriaepogucThIMU
apTUJLIUT-aJeBPOIMTOBBIMU IOPOJAMHU TpUAcCa U ap-
TUJLTUT-TIECYaHUKOBBIMU OTJOXKEHUSIMU HHUXKXHEH
I0pbI, MeTaMOp(HU30BaHHBIMH B HU3aX 3€JICHOCIaH-
LEeBOH (aluu peruoHaIbHOrO MeTaMophu3Ma, cMsi-
THIMU B JIMHEHHBIE CKJIAJKN U HapyLIEHHBIMH CepH-
€l IPOIOJIBHBIX U KOCOCEKYIIHUX Pa3lIOMOB, KOTOpBIE
cocTaBis0T 30HY Yai-lOpeuHckoro pasnoma. I'ene-
palbHOE MPOCTUPAHUE CKJIAM4YaThIX U Pa3pbIBHBIX
CTPYKTYp ceBepo-3amagHoe. OcafoyHble TOJIIIH
B Ommxkaiimem oOpamiieHun PY mpopBaHbl KpyIl-
HBIMH TPAaHUTOUJIHBIMA WHTPY3UBHBIMH MacCHBa-
mu (ArHauar, [IpaBo-O6uHckuit, Kopabib), koTopsie
SIBISAIOTCS cocTaBisitomuMu ['maBHoro KonsiMckoro
0aToNMMTOBOTO MOsCa Ha €T0 FXKHOM (uaHre [5].

B BerpenckoMm pyIHOM y3j€ NPOMBILIIIEHHBIM
00BEKTOM SIBIISIETCSl CpefHee MO 3amacaM BeTpeH-
CKO€ 30JI0TOPYAHOE MECTOPOXKIACHHE, PaCIIOIIOKEH-
HOE Ha Bonopaszene KoslbIMCKOro BOIOXpaHUIIHILA
U ero mpasoro nputoka p. O00 B mpenenax OxHOU-
ménnoro pyzanoro nons (PII). B ctpykrypHoM nnane
MECTOPOXKICHUE IIPUYPOUYCHO K APy JUHENHHOU JIeBo-
OOuHCKOH NpUpa3IOMHOW T'pabCH-CUHKIUHAIIH,
CJIOKCHHOH (CBEPXY BHM3): TOIIIICH MEpecIanBarONuX-
Cs TJIMHUCTBIX, YTJIEPOAUCTO-TIUHUCTBIX, AJIEBPO-
U aJIEeBPUTO-TJIMHUCTBIX CHAHIEB M MOAYUHEHHBIX
BYJIKAHOMUKTOBBIX TECYAHUKOB C MPOCIOSAMU CEoU-
MCHTAIIMOHHBIX OpeKuuii — (hIUIIeM HUXKHEH FOpBI
(reTTaHrcKuit sipyc, MOIHOCTL 630 M); aprusnTa-
MU, aJIEBPOJIUTAMH U IECYAaHNKAMH BEPXHETO TpHaca
(ze menee 1550 m). Ha riry00oKHUX TOpH30HTAX UX TTOJI-
CTUJIAIOT OJIN3KHE TI0 COCTABY OTIIOKEHHS CPETHETO,
HIDKHETO Tpuaca U BepxHei nepmu. ['pabeH-cuHKIHu-
Hallb IIUPUHOW 5—6 KM, OrpaHUYEeHA IU3BIOHKTH-
BaMU, COCTaBIsIoNMMHU cucteMy Yait-lOpsuHckoi
30HBI Pa3JIOMOB: Ha IOro-3amajae — | MaBHBIN CTBOM
Yaif-FOperHCKOM 30HBI, Ha CeBEpO-BoCcTOKE — Kpae-
BOM paszioM. Mexny Humu pacnonaratrorcs Ilorpa-
HUYHBIN, PockomHeHckuit 1 BocTouHbIi Npoaosib-
Hble pa3iombl (puc. 1). OHM magaroT Ha IOTO-3amaj
noy yraamu oT 80° 1o 60°. OcnoxHstorue ckiaaaku 11
u 1l mopsiiKoB CBOMMU OCSIMH KOCO OpPUEHTUPOBAHBI
K TpOMONBHEIM pazimomaM. Cxiragku 0ojiee BBICO-
KHUX TIOPSIIKOB Pa3BHUTHI B HETIOCPEICTBEHHOW OIN30-
CTU OT Pa3pbIBHBIX HAPYIIEHUN U MPEACTABISAIOT CO-
001 ckITaIKM BOJIOYEHHMSI U TUIACTHYECKOIO TEUCHUS,
CpeAr HUX MPeoONIaialoT OCTpbIe, aCHMMETPUYHEIE,
OTPOKUHYTHIE.

K ceBepo-BocToky oT [TorpanuuHoro pasioma mnpo-
TaruBaeTcst LleHTpasibHas 30Ha CMSTUS, B Mpeaenax
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Puc. 1. leonoro-reopunsnuyeckas cxema BetpeHcKoro pyaHoro y3na:

meKkmoHuYeckoe palioHuposaHue: AaH-FOpaxckuli aHMuKAUuHopuli: 1 — nepMCcKUA NOABAPYC (TepPUTreHHble OTNOXKEHUSA), boXanyuHCKas
semeb UHANU-LebuHCKo20 CUHKAUHOPUA: 2 — IOPCKUI NOABAPYC (TeppUreHHble C NOBbILEHHOMN MUHUCTOCTbIO M 060raLLLéHHbIe OpraHu-
YeCKMM BELLEeCTBOM OTNOXKEHUA), 3—4 — TPUACcoBbIM NoAbAPYC: 3 — TeppUreHHbIe OT/IOKEHUSA MNOBbLILWEHHOW MOLWHOCTK (< =50 mlan), 4 —
TeppUreHHble OTJIOKEHWA NMOHUMKEHON MOLLHOCTM (> -50 mlan); maccusel epaHUMOUO08: 5 — HeMarHUTHble, 6 — cnaboHamarHuyeHHble,
7 —npefnonaraemble HEBCKPbITbIE UHTPY3UMU IPaHUTONA0B, 8 — MpaBo-O6UHCKas pyAHO-MarMaTMyYecKan CUCTEMA; MEKMOHUYecKuUe Ha-
pyweHus: 9 — rnybuHHbIN Yan-HOpbUHCKMIA pasnom (oceBas 30Ha), 10 — 30Ha Yai-tOpbMHCKOro pasnoma, 11 — perMoHanbHble CKpbITble
pasnomsl, 12 — passiombl BTOPOro NopsazKka, 13 — B36pockl, Haasuru, 14 — paspbiBHbIe HApPYLUEHUSA, coCTaBAsAowWwmMe 30HY Yan-tOpbuH-
CKOro pasnoma, 15 — 30Ha CK1aayaTo-paspbIBHbLIX AMCNOKALMM (pPa3pbiBHbIE HAPYLUEHMS PAa3HOro NPAAKA, MUIOHWTbI, 30HblI CMATUSA,
NPUPasNOMHbIE CKNAAAKM, KNUBAXK Pa3/ioMa); MecmopoxdeHuUsA U NpoAsneHUs nosesHbix Uckornaemsix: 16 — BeTpeHcKoe 30/10TopyaHoe
MecTopoXKaeHue (cpefHee no 3anacam), 17 — 30710TOpyAHble NpoABaeHus, 18 — NyHKTbl MUHepanunsaumm 3onota (>1 r/7), 19 — cBanbl
€nab030/10TOHOCHOTO KMabHOro Keapua (0,01-1,0 r/T), 20 — NyHKTbI MUHepanusaumm sonbdpama
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KOTOpPOM CKOHLEHTPUPOBAHBI pyJIHbIE Tella MECTO-
poxaenus [4]. 30Ha mpociiexkeHa Ha 2,5 KM MpH ITH-
puae 200—400 M. Crio’kHOE CTpOEHHE 30HBI 00y CITOB-
JIEHO Pa3BUTHEM CepUHU MPOAOIBHBIX CyOmapaienb-
HBEIX KYyJIHUCOOOpa3HO PACIONIOKEHHBIX Pa3pPBIBHBIX
HapyUICHHUH, COMPOBOXKIAMONMNXCS OJOKAMU WHTCH-
CHUBHO TPEIIMHOBATHIX, PACCIAHIIOBAHHBIX U CMSTHIX
B MeJIKHE CKJIaaKH nopoJ. IlpocTupanue pa3psIBHBIX
HapylIeHHH KoneOieTcs B CeBepo-3amagHBIX pyM-
6ax ot 290° mo 340° ¢ mpeobmaganuem 290°-310°,
MaJieHue Ioro-3amnajgHoe. YIiibl MaJeHUsS MEHSIOT-
cst oT 60°—85° Ha BepxHUX ypoBHAX 10 50° Ha cpen-
HUX # 10 45°-50° Ha HmwxkHUX. He uCKII04YeHO, Y4TO
Ha riryOuHe LleHTpanbHas 30Ha CMSATHSA TPUYJICHSET-
cs x [lorpannaromy pasznomy (puc. 2).

Ha oTnenbHBIX y4acTKax 30HBI OTMEUYEHBI JIOKATh-
HbIC U3MCHCHUS MPOCTHPAHUS U MAaJCHUS TEKTOHU-
YECKUX HapyIICHUH, 00YCIOBICHHBIC «OOTCKaHHEM)
OJIOKOB JKECTKUX (CYIIECTBEHHO aJIEBPUTOBBIX) TIOPOA
Y OTKJIOHEHHEM B CTOPOHY OoJiee MiIacTHYHbIX. Pa3-
PBIBHBIE HapYIIEHUS MPEACTABISAIOT COOOI 30HBI HH-
TEHCHBHO CMSITBHIX, MUJIOHUTH3UPOBAHHBIX, TIEPETEP-
TBIX JIO TIUHBI 0pofl. [lo mpocTupaHuio U MajcHUI0
MOIIIHOCTh WX HEBBIJCPKaHHAS, BAPbUPYET B IIUPO-
KUX Tpeaenax — oT fgoned merpa mpo 40 M. Makcu-
MaJlbHas MOIIHOCTh AM3IBIOHKTHBHBIX HAPYIICHHI
OTMEUEeHa Ha yYacTKaX, IJIe UX OPHEHTHPOBKA CO-
BITAJIAET C AJIEMEHTaMU 3ajeranus ciaHieB. Cokpa-
[IeHWe MOIIHOCTH HaOJII0AaeTcs MpH CeKyIeM Io-
JIOXKEHUH Pa3pbIBOB OTHOCUTEIBHO OPUEHTUPOBKHU
3asieranusi ciaHueB. [[pOoTAXKEHHOCTh OTIEIBbHBIX
kynuc He npesbimaeT 300 M. B MecTtax BBIKIWHU-
BaHUS OHM PACHISILIAIOTCS HA OTACIHHBIE MEIIKHE
mBbl. KOHTaKTHl HapylIeHUH ¢ BMEIIAIOMIUMU TI0-
ponamMu 00bIYHO YETKHUE, HO B OTJICIBHBIX CIydasix
3aTyIIEBBIBAIOTCS pacclaHIleBaHUEM OOKOBBIX I10-
pox. [5]

OCHOBY pyIHBIX T€Il COCTaBISIOT KBAPIIEBO-KHIIb-
Hble oOpa3oBaHus. B mpenenax LleHTpanbHOM 30HBI
CMATHS XapaKTepHa UX IMPUYPOYCHHOCTH K IIACTaM
YIJIEPOAUCTO-TIIMHUCTHIX U TIIMHUCTHIX CIAHIIEB KaK
Haubosiee TMOJBEPKCHHBIM IUIACTUYHOMY CMSITHIO
B pa3JIMYHBIE IO pa3Mepy U XapaKTepy CKIaIKH ¢ 00-
pasoBaHueM nojocteil orcnoenus. Ilpuuém pyaHeie
MepeceyeH sl OTMEUEHbI Harboiee BRICOKMMU COJIEP-
JKaHUSIMH YTJIEPOIUCTOrO BEIIECTBA.

KBaprieBo-xunpHble 00pa30BaHUs MOAPA3ICIS-
I0TCSI Ha JABE TPyHNbl: 1) 3ajeraroimiue Hemocpen-
CTBEHHO B 30HaX TEKTOHMYECKHX HapyIIeHUH U 2)
3ajeraroniue BHE TEKTOHHMYECKMX HapyIIeHHUH —
B PacCIaHIIOBAHHBIX M CMSTHIX B CKJIAJKH ITOPOAAX
JIeKA4eTo U BUCAIET0 OOKOB.

[epBas rpynmna npeacTaBieHa JTUH3AMU, KUJIAMHU,
KEJIBaKaMU M TeJaMH HempaBmibHOH (opmbl. Pas-
Mepsl HanOoJee KPYMHBIX JTHH30BUIHBIX H JKHJIO-
00pa3HBIX Tea qocTuraroT 60—70 M o MPOCTHPaHHUIO,
60-70 M o mangenwnto, 10—12 M MO MOITHOCTH.

Bropyro rpynmy KBapueBO-KUIBHBIX Tell 00pa-
3YIOT: CEJIJIOBH/IHBIC KUJIBI U JKUJIBI, IPUYPOUCHHBIE
K (iekcypooOpa3HbIM IeperudaM BMEIIANINX 10~
pOIl, MOIITHOCTH JKHUJT B pa3myBax mqocturaet 10—15 m;
4€TKOBUIHBIE, KaMEPHBIE, BETBSIIHUECS JKXUJIBI, BBHI-
MOJTHSFOIIKE TIOJIOCTH OTCIIOCHUSI B PacCIIaHIIOBaH-
HBIX aJICBPUTO-TIITMHUCTBIX CIAHIAX; UX MAKCHMaJTh-
Hble mapameTpsl 15-20 M mo mpoctupaHuio, 5—6 M
[0 MOIIIHOCTH; YHJIbl, BHIIOJIHSIONIAE TPSIIUHBI OT-
pBIBa BIOJTH KOHTAKTOB TEKTOHHMYECKUX 30H, TPOTSI-
KEHHOCTH 10 2 M, MOITHOCTH PEIKO JOoCTUTaeT | M;
MPOXKHIIKH, MPUYPOUSHHBIE K TPEIIMHAM OTpPHIBA
B CBOJIOBBIX YacCTSX CKJIAJIOK.

XKunpHble 00pa3oBaHUs CIOKEHBI TPEIIMHOBATHIM
KPYITHOKPHCTAJNIMYECKIM KBapIIeM M COEepKaT Kce-
HONUTHI BMeatomux nopox (mo 30%). B 3aBucumoc-
TH OT HAJIMYU S WJIH OTCYTCTBUS KCEHOJNHUTOB H MX Xa-
pakTepa pa3inyaroTcs TEeKCTYPbl: MACCHUBHAS, ITOJIO-
cYaTO-TUIaCTUHYATAs U OpEKUYNEBHIHAS.

PynHble Tena MecTOpOXIeHHs TIPEJICTaBIICHEI Ce-
pUSMH CONMIKEHHBIX BETBSIIUXCS KU, TPOKHUIIKOB,
JIMH3 U KBapIEBHIX TEJl CIIOKHOM ()OPMBI C BMEIIA0-
IIUMHU UX CJIaHIIAMH, JIOKAJIM30BAHHBEIMU B BEpXHEH
COXpPaHUBIIEHCS YacTH pa3pes3a TeTTaHrCKOTo sipyca.
XapakTepHbIMH OCOOCHHOCTSIMHU TOJIIA HUKHEIOP-
CKHMX OTJIOXKCHUU SIBJSIOTCS: TOBBIIIICHHAS TITHHUC-
TOCTb, TIOBBIIIICHHASI YIIIEPOAUCTOCTh (CpeiHee coep-
KaHue Copr=2,26% npotus 0,94% B mopomax pyaHOTO
MOJISL B TIEJIOM) W TIOBBINIEHHAS! THTAHUCTOCTD. [Ipo-
MBIILIEHHBIE KOHTYPHI PYAHBIX TEll ONPENSsSIOTCS
10 JaHHBIM 0Opo310BOTO onpoOoBaHuA. B nemom
MECTOPOKJICHHE BCKPBITO PO3Heii c1a00, HEKOTOpBIE
PYIHBIE TeNa SABISIOTCS CIENBIMH [5].

N3ydenne rpanntoB Cubepasikckoro u Ilpaso-
OOHMHCKOTO MacCHBOB, PACIIOJIOKEHHBIX B HEMOCPEI-
CTBEHHOH ONU30CTH OT MECTOPOXKICHUS, IOKa3aJo,
YTO UX IICHTPAJIbHBIC YaCTH CJIOXKCHBI KPYITHO3EP-
HUCTHIMH OHOTHUTOBBIMH T'PAaHUTAMH C BBICOKUM CO-
Jiep>KaHUEM KBapla U XapaKTEPHOM MOCIIeI0BaTENLHON
(bpakInoHHOM) KpUCTaTH3aIieii OSCIIBETHBIX MH-
HepaJoB (Ioclie MarHeTHTa, allaTUTa, IIMPKOHA U OHo-
taTa). OOmui Tpena xKoropou An,, , +Qtz—Fsp.
OTIMYUTENEHBIMEA YePTaMU SIBJISIOTCS HHTCHCHBHAS
(ToKaTMIINaToBasl) NEAHOPTUTU3AIMS TUIATHOKJIa3a
An,—An,;, a TaKkKe OTCYTCTBME MOHIOHUTOBBIX
ctpykTyp (puc. 3, A). O6e 0COOEHHOCTH OTPa)KaroT
HH3KOe naBiieHue Bombl (<150 MIla) m XxumMudeckuit



Puc. 3. F'paHuTbl CnbepabIKcKoro maccusa. ®omo Wiaugos, HUKOAU CKpewjeHsbl:

A — feaHOPTUTU3aUMA NaarMoknasa, ncesgoneptutol B KNLU (Fsp) ¢ o6pasoBaHmem BOKpyr Hero anbbutoBoli (Ab) Kalimbl 1 pa3su-
TMEM MUKPOKANHOBOM AedopmmnpoBaHHol peweTku (Mc); b — anbbutnsauma ncesgoneptutos B8 KMNLW (Fsp) n obpasosaHue y3kom
anbbuToBoit (Ab) Kalmbl; B — pa3BuTHeE Ha rpaHuLLEe AeaHOPTUTU3MPOBAHHOrO naarvoknasa (PI) n KMLW (Fsp) no3gHMX MMpMeKnTOB
anbbut-KBapuesoro (Ab+Q) cocTasa, B LEHTPANbHOM YacTM nnarnoknasa (Pl) menkoro myckosuta (Mu); I — pa3sutue B LeHTPabHOM
Yyactu nnarnoknasa (Pl) menkoro myckosuTta (Mu) n obpasoBaHue anbbutosoi (Ab) Kaimbl Bokpyr KML (Fsp)

croco0 e€ pactBopenus B pacmiase [7]. [Ipu neanop-
TUTU3aLUU ILIaTHOKJIA3a PacXONyeTcs KpEeMHE3EM
pacmaBa U MO3TOMY IpeKpamaeTcs o0pa3oBaHUE
KBaplia, a caM pacIulaB 000ralaeTcs: KaJblueM:
1,04n,,+0,075Na,0+0,318i0,—1,0774n,,+0,08CaO.
Peakuns unér c pacmmpeHuem o0bEMa IIaruo-
knasza (AV=+7,6 ¢M*/MoJ1b), HO H3-32 HU3KOTO COIEP-
KaHWS BOABI B paciljiaBe HeT AedopMaiu KBapua,
KOTOpast Bcerjia HaOloAaeTcsi B BBICOKOBOAHBIX I'pa-

Hutax. HauanpHoe paBHOBeCHE An,+Qtz nipu yco-
Buu P, =50 MIla Gyzer, no Moznepy, cooTBeTcTBO-
Bath ~900° C, a mpu neanoptutuzanuu — ~800° C
OnucaHHBIN BBIIIE MPOIECC SBISETCA CIEACTBHEM
XUMHYECKOTO crioco0a pacTBOPEHHUS BOIBI B pacIuia-
Be (Ipu €€ HU3KOM [JaBJICHUH), OCKOIBKY SKCIEpH-
MEHTAJBHO [7] YCTaHOBJICHO, YTO TPH JIABICHUH BOJIBI
PHzo <1500 Oap mpeoOmagaeT UMEHHO XHUMHYCCKHIA
croco0 pacTBOPEHUS BOJIBI B paCIlIaBe, TOT/IA KaK IPU



Oosiee BBICOKOM JaBJICHUH BOJBI €€ PACTBOPEHHUE MPO-
TEKaeT MOJIEKYJISIPHBIM criocoOoM. VIMeHHO A BBHI-
COKOTO JTaBJICHHS BOABI M €€ MOJIEKYJISIPHOTO CIIOC00a
pacTBOpEHUS B paciliaBe XapaKTEPHO BOSHUKHOBEHHE
MOHI[OHUTOBBIX CTPYKTYp. VX OTCYTCTBHE B H3y4eH-
HBIX T'PaHUTaX YKa3bIBaeT HAa HU3KOE AaBJICHHE BOIBI.

Kanuesslii moaeBoii mnaT, 3amoaHs I CBOOOI-
HO€ ITPOCTPAHCTBO, HE COACPIKUT MO3THUX ITEPTUTOB
pacnazna, HO B HEM €CTh IICEBJIONEPTUTHI — U3BHIIH-
CThIE PEIUKTHI MJIATHOKIIa3a, IPEBPAIIEHHBIE B AJIb-
out. [Ipu 3TOM IpOUCXOAUT MX pacmuperue. B pe-
3yJIbTaTe YCUJIMBAETCS IAaBIICHUE Ha MATPHULLY Fsp, 4TO
MPUBOANUT K €0 YIJIOTHEHHIO M Pa3BUTHIO MHKPO-
KJIUHOBOM PEmIETYaTOCTU. AITBLOUTU3AIUN TICEBIO-
MIEPTUTOB COMy TCTBYET 00pa30BaHUE Y3KOH aTLOUTO-
BO# KaltMBI BOKpYT Fsp (cM. puc. 3, b). Temneparypa
paBHoBecust Fsp u ansbuta npuxonutcs Ha 700° C,
a JaBJICHHWE BOIBI B OCTaTOYHOM IUIEHOYHOM pac-
maBe Bo3pactaet a0 500 Mlla [8, 11]. IIpuznakom
YBEJIMYEHHS CONEPXKaHHUS BOABI B OCTaTOYHOM pac-
IJaBe SBJSETCS TOSBICHHE MO3MHUX MHUPMEKHUTOB
(cm. puc. 3, B).

CpaBHeHHUE TOPOA M3 pa3HBIX YacTel MacCHBOB
yKa3blBaeT Ha YMEHBIIEHHWE KPEMHEKHCIOTHOCTH
Y yBeJIMYEeHHE BOJOHACKHIILIEHHOCTH paciijiaBa OT IIeH-
Tpa K uX nepudepuu, rie XapakTepHO dKpaHUPYIOIIee
BIIMSTHUE KOHTAKTOB, MPEIMSITCTBYIOIIEE Aera3allii,
C 3aKOHOMEPHBIM TIOBBHIIIIEHWEM JABIICHUS JIETY9HX
KOMIIOHEHTOB. B WTOre mpouCXOJUT HAKOILICHUE
MIEHOYHOTO paciuiaBa ¢ GOPMHpPOBAaHUEM OTIEINb-
HOU mo3aHeH (a3sl TPaHUTOUIOB, B OCHOBHOM IIOp-
¢upoBHUIHOTO OOIHKA.

[lo MHEHUIO aBTOPOB, O3AHAS ha3a TPAaHUTOUIOB
OTHOCHUTCS K MTHBEPCUOHHOMY IEPHUOY CTAHOBIICHUS
MacCHBOB, KOTJja MarMaTu4eckue MpoLecchl CMEHS-
JUCh MOCTMarMaTHYeCKUMU MTpeoOpa3OBaHUSIMH.
CrnenyeT OTMETUTH, YTO B TIOpoJax nepudepuitHoro
KOMIUJIEKCa, KaK MPaBUII0, U3-32 CHJIBHBIX BTOpPHY-
HBIX M3MEHEHHWH TEepPBUYHBIE MHUHEpAIbl JIWIIb Ya-
CTHYHO COXPaHSIOT cBOO (popmy. Hammpumep, miaruo-
KJIa3 ¥ OMOTUT MUMEIOT BUJ BKparuleHHUKOB. buotut
MIOYTH MOJTHOCTHIO 3aMEIIEH XJIOPUTOM C BBIJIEJICHU-
€M JIeiKOKCeHa, a OCHOBHAsI TOHKO3EpHHCTAsI Macca
3aMeleHa cepuuToM u KapOonatom. Ilmarmoxmas
o0pa3yeT IHUPOKHUE U30METPHUUYHBIE BKPAIJICHHUKH
C TMIPSIMOJTMHEHHBIMU KPasiMU, SIBIISTFOIIHECS TICEBII0-
Mopdo3zaMu ansbuTa. B 1eHTpe mIaruokiaasos, rie
YaCTUYHO COXPAHSETCS €ro IOBBIIIEHHAs OCHOB-
HOCTh (TO ecTh OoJibliiee comepkanue Al), Habro1a-
€TCs pa3BUTHE MEJIKOro MycKoBuTa (cM. puc. 3, I).
DTa MeTacoMaTHIecKasi peakius IMeeT KUCIOTHYIO
HaIpPaBJICHHOCTb:

2,1434n,+1,0 K'+5,14 H, O-2H'—1,0Mu+0,80 Ca*+
+1,29Na"+2,57 H SiO,.

Jecunukanms, Kak BUIHO U3 PEaKIH, IPOTEKAET
C CHJIBHBIM YMEHbIIeHHeM 00béMa TBEPIBIX (a3
(AV=—64 cM*/M0.1b), UTO OTpaKaeTcs B «pa3pbIxJe-
HUW» CTPYKTYPBI IEPBUYHOHN MOPOIBI.

Takum 00pa3oM, MpoHHUIAEMasi CTPYKTypa Mopo-
JIbI, TUAPONM3HBIA XapaKkTep peakiuu U e€ KHUCIOT-
Hasl HAIPaBIEHHOCTH, a TAK)Ke 000TamEHHOCTh OCTa-
TouHOTO pacruraBa Y, As, Bi, Sn, W, Mo cmoco6-
CTBYIOT MHTEHCHUBHOW T'pel3eHe3allnd YHOIOKOHTAK-
TOB IUTYTOHOB, & NP TEKTOHUYECKOH HAPyILIEHHOCTH
9KPaHHUPYIOMINX KOHTAKTOBBIX POTOBUKOB — pacIpo-
CTPaHEHHUIO MPOLIECCOB IPEH3EHU3AINH B 30HBI 3K30-
KOHTaKkTOB. CJeyeT OTMETHTh, YTO TEKTOHHYIECKHE
pa3pbIBHI, IEepeceKarone KpaeBble YacTH MacCHBOB
U CONPSKEHHYIO C HUMU 30HY KOHTAKTOBBIX POrOBU-
KOB, 3HAQUUTEIBHO BIIMSIOT Ha COCTOSIHHE CHCTEMBI,
MOCKOJIbKY BBI3BAHHASI UX 3aJI0OKEHHEM JIEKOMITpec-
CHUSl XapaKTEPHU3YEeTCs MPOLECCOM aJaHadaTHIEcKOro
pacmpenusi, KOTOPOe COMPOBOXKIAETCS OBICTPBIM
oxJaxJieHneM (irronTHOH (ha3bl, 3aMOTHSFOIIEH MeX-
3epHOBOE (IIOPOBOE) MPOCTPAHCTBO (cM. puc. 3, B, I).
Hannune B IPUKOHTAKTOBBIX YACTSIX [Ty TOHOB I'PEMt-
3€HOB MIEETUT-MOIUOJEHUTOBOIO THIIA B accOIHa-
MW C MEJIKWMU BBIICJICHUSIMH MYCKOBHTa XOPOIIO
COTJIacyeTCsl C MHBEPCHOHHBIM XapaKTepOM 3aKITio-
YUTEIBHOTO 3Tara CTAHOBJICHUS MAaCCUBOB.

[NoBenenue ¢uitOMAHON MAacchl 32 KOHTYpPaMHu KOH-
TaKTOB KHCJIBIX [IJIyTOHOB OTIpeNeNsieTCs IPEXKIe Bee-
ro B3aUMOJICHCTBHEM CO BMEIIAIOUIMMH TOpOIaMHU
Ha (oHE OCTATOYHO OBICTPOTO MAJCHUS TEMIIEPATY-
pbl. Kak BUTHO 13 TpUBENEHHBIX BBIIIIE peaKIAii, TPo-
MCXOIUT BBIHOC HATPUS M KaJIbLIMA, a BOAHBIHN (hiron]
npuoOpeTaeT CBOKMCTBA THAPOTEPMAIBHBIX PACTBO-
POB, KOTOpBIE, CY/Isl 10 MUHEPAIU3aIHK, 000TallleHbI
As, Bi, S, wactuano Au, Ag, W, Pb, Cu, Te. Aanonnas
TpyIIa, CyAs I0 CIFOJUCTHIM MUHEpajaM MeTacoMa-
THYECKOTr0 TpoIiecca, mpeacTaBieHa B ocHoBHOM Cl,
KOTOPBIH MIPUCYTCTBYET BO BCEX CIIOANUCTHIX (a3ax.

[IpoxoxieHue pacTBOPOB Yepe3 MIMHUCTO-YTIIHC-
ThI€ ¥ TJINHUCTHIE CIAHIBI IPUBOJIUT K UX IMOCIENO-
BaTeIbHON Oepe3uTH3alnu, NepepacipeaeeHrIo
yrinepoauctoro BemectBa (YB) m aprummmsarum.
Bepesutuzanus xapakTepusyeTcss MUHEpallbHOW ac-
couuanyen KBapua, cepuunuTa ¢ KapooHaTaMu cuje-
puT-aHKepuTOBOIO psifa (puc. 4, A-B), a mo nepude-
puHM OTMedaeTcs XJIOpHUT (KIUHOXJI0p) . Bo BMemato-
[INX YTJIUCTO-TIUHUCTBIX OTJIOKEHHUSX C WCXOIHOU
MPUMECHIO TIUPHUTA T0J] TEMIIEpaTypHBIM BO3/IEHCTBH-
€M DPa3BHBACTCS MUPPOTHUH-TTUPUT-XAIBKOITUPATOBAS
MUHEpaTN3aIHUs, 9TO COOTBETCTBYET IIPECHIIIEHUIO



Puc. 4. TnppotepmanbHO-MeTacomaTuieckme o6pasoBaHMA MeCTOPOXKAeHUA BeTpeHcKoe:

A — xnoputusuposaHHas (Chl) yrnucto-ranHucTas matpuua ¢ nepepacnpegeneHmem yraucroro sewectsa (YIB) (HMKonm ckpe-
weHbl); b — xnoputnsuposaHHas (Chl) yrnucro-rnmHuctas matpuua c kamHoxnopom (Clc) n ¢ nepepacnpeaeneHnem YIB (HMKkonum
CKpelLeHbl); B — ckonneHne NoUCUHTETUYECKUX 4BOMHUKOB cuaepuTa (Sd) B NecYaHUCTO-TMHUCTON MmaTpuLe (HUKOAK CKpelle-
Hbl); [ — no3aHunit anbbuT (Ab) B USMEHEHHOK IMMHUCTON MaTpuLe ¢ nepepacnpegeneHmem YIB (HMKoau cKpelueHbl); [, — no3gHui
anbbuTt (Ab), BbiaeneHune agynapa (Adl) n passutue KaonmnHuta (Kin) no KMNLU B uI3MeHEHHOM YIAUCTO-IMHUCTON MaTpuue (HUKonm
cKpeuleHbl); E — paseuTtne wamosnuta (Cm) v BbiropaHue YIB B U3MeHEHHOM YINCTO-TIMHUCTON MaTpULEe (HUKOW CKpeLeHbl)



PacTBOPOB CEPOM U MPEIACTABIACT HAYAJIBHYIO KOJI-
YeJJaHHYIO CTaJUI0 PyJOTreHes3a.

Hnst BeTpeHCKOro MecTOpOXJIEHHSI YyCTaHOBJIE-
HBI HAXOXJIEHHE Pa3JUYHBIX THIIOB OPTaHUYECKO-
r'0 BEIIECTBAa OT aHTPAKCOJIUTOB J0 PA3HOU CTENECHH
KPHCTAJUIMYHOCTH rpaduTa U UX MPUYPOUYCHHOCTH
K KOHKPETHBIM JINTOJIOTO-CTPAaTUTPaQUUSCKUM TaK-
conaMm. OTmeuaroTcsi HakoljieHne YB mo mimocko-
CTSIM KJIMBaXka M B 3aMKaX MHUKPOCKJIAJIOK U €0 BbI-
ropaHue 1o nepudepun MeHTpaTbHON 30HEL. Takoe
MOBEJIECHUE YTIEPOJUCTOTO BEIIECTBA OKa3bIBAET
3HAYUTEIIBHOC BIUSHIE Ha OEPE3UTHI, TIOCKOJIBKY €T0
OKHCJIeHUE (BBITOpaHHUE) IPUBOAUT K 0OPa30BaHUIO
KapOOHAT-MOHA W TOSBJICHHUIO KapOOHATHEHIX (as3.
Jucconuanus yraekuciaorst H CO,—CO+2H"
MIPUBOIUT K 0Opa30BaHUIO CHIEPUTa-aHKEPUTA, CMe-
Ha TUIIa JUCCOLMAIlMH Ha H2C03—>HCO3’ +H* oTBe-
YaeT KPUCTAIUTU3AINH KaJIbIUTA.

B xone mMeTacoMaTU4eCKUX M3MCHCHUN C TOHU-
JKCHHEM TEMIIEpaTyphl MepepacipeaesiseTcs PyaHOe
BEIIECTBO: MUPPOTHH KOTIEAAHHON CTaJHMH BHITIEIA-
YUBAeTCs C 3aMEIICHWEM Ha MUPHUT U apPCEHOIHPHUT.
Crnenyromas cTyneHb MHUHEpPaIooOpa3oBaHUs Xa-
pakTepu3yeTcs HOBBIM COPOCOM BHYTPEHHEH DHEp-
TUH, TAJTBHEHIIINM CHUKCHUEM TEMIIEPATyphl ¢ Gop-
MHPOBaHHEM IMTPOKHIKOBO-BKPAIJICHHOW 30J10TO-
KBapI-apCEHOMMPUTOBON (C PYTHJIOM H PENUKTaAMHU
MAPHUTA) ACCOIMAIINH U B 3aBepIICHUE — KPUCTAILIIHU-
3anueii annOuta. [losiBieHue Tabnuil anpOuTa Ciny-
KUT MapKEPOM TIOIPAHUYHBIX TAParcHE3UCOB MEK Y
COOCTBEHHO Oepe3uTaMy U apriIN3UTaMH, TPECTaB-
JICHHBIMU KaOJIMHUTOM, THIAPOCITIOAMH, IAMO3UTOM,
MMUPUTOM, KapOOHATaMH CHACPUT-aHKEPUT-TO0JIOMHU-
TOBOTO psifa (cMm. puc. 4, I'). CrnegyeT oTMETHTB, YTO
B BUJIE PENIUKTOB BCTPEYAIOTCS KBApIl U amyisp, da-
CTO C pa3BUTHUEM 110 HEMY KaonHuHUTA (CM. puc. 4, J1):

2KAISi,0,+9H,0+2H"—ALSi, O OH +2K'+
+4H,SiO,.

Peaknus siBnsieTcsi KUCIOTHBIM THAPOJIM3OM H
MIPOTEKAET C CUIFHBIM yMEHbIIIEHNEM 00BhEMa TBED-
abix a3 (AV=—118,9 cM*/MoJib): «pa3pbIXICHUEMY
CTPYKTYpBhI TIOPOIBI W CYIIECTBEHHBIM pacIIupe-
HUEM TPEIIHH, KOTOPOE B CBOKO OYEpEIb MPUBOIUT
K auadaTHIeCKOMY OXJIAX ICHUIO CUCTEMBI, KOTOPOE,
[0 MHEHHIO aBTOPOB, COMPOBOXKIAETCS Pa3AeiIeHueM
(hiroria Ha THAPOTEPMANIBHYIO U ITHEBMATOIUTOBYIO
(hazbl. MOXHO MPENIOIOKHUTD, YTO C THIPOTEPMATTh-
HoU (ha3o¥i cBA3aHO 00pa30BaHUE KUIBbHO-TIPOKHUII-
KOBBIX 30H Ha (hjaHrax BeTpeHCKOro MecTopox/e-
HHS, B KOTOPBIX, IOMUMO KBapiia, MPUCYTCTBYET
CaMOpPOJHOE 30JI0TO M HE3HAYHUTEIbHOE KOJIWYe-
CTBO MHUPHUTA. A BBITIOJHEHNE TPEIINH IIaMO3HTOM

U [EOJIUTAMU B LIEHTPAJIBHON 30HE MECTOPOXKICHUS
(cMm. puc. 4, E), cormacHo MHEHUIO aBTOPOB, SIBJISICTCS
PE3yIIBTaTOM ITHEBMATOIHN3A.

Takum oOpa3om, Ha ipuMepe BeTperckoro mecTo-
POXACHUS TPOCIEKUBACTCS XOJ Pa3BHTHs TPOIIEC-
COB, HEMOCPEICTBEHHO OMNPEACISIOUIUN XapakTep
1 TUIl OPYACHCHUA: 3BOJIIOLUA I'PAHUTOUIHOTIO pac-
miaBa ¢ oOpa3oBaHUEM IMO3JHEH MarMaTH4YeCKOM
¢dazer; dhopmupoBanue (HIIOUTHOW MAcChl M Tpeiise-
HU3alUA TPHKOHTAKTOBBIX YacTe! MIyTOHA; TPAH3UT
(rronia 0T MaccrBa BO BMEIIAIOIIHE MTOPOIIBI TT0 TIPOHU-
aeMbIM 30HaM ¢ (POPMUPOBAHUEM T'HIPOTEPMAIBHO-
METAacCOMAaTHUYECKOT0 psifa: Oepe3uTrl+nepepacipe-
JIefIleHne yTIePOANCTOrO BEIIeCTBA—apr MIITH3UTHI—
THAPOTEPMAIINTEL. B Xoe TuapoTepManbHO-MeTaco-
MaTHYECKUX M3MEHEHHH (HUKCUPYIOTCS Tepepaciipe-
JIeNieHre, IPUBHOC U HAKOIUJIGHHE PYTHOTO BEIIECTBa,
B TOM 4HCIIE C (OPMUPOBAHUEM BBICOKONIPOAYKTHUB-
HBIX 30JIOTOPYAHBIX TECJI.

CynbduaHas MUHEpaIU3alKsl B py1ax MPeacTaB-
JIeHa B OCHOBHOM apCEHOITMPUTOM U TUPHUTOM, B 3HA-
YUTENFHO MEHBIIUX KOJIMYECTBAX MPUCYTCTBYIOT
NUPPOTUH, MaPKA3HT, TaJICHUT, CPaIepPUT, XaJIbKO-
nuput. Cynabpuabl 0OBIYHO JIOKAJIM30BaHBI B KBap-
UEBO-KMJIBHOM Marepuaje, HO HHOTJa OTMEYaroTCs
THE310BbIC CKOIIJICHUA U CAUHHUYHBIC BbBIJICIICHUA
BO BMEIIAIONMIUX CJIaHIax. B memom, KomudecTBO
Cynb(pHUAOB COCTABISIET OECSATHIE MOIHW TPOIEHTA,
U TI0 3TOMY TOKa3aTeio pyJa OTHOCUTCSA K yOoro-
cynbunHomy Tuny [9]; kpome cynbpuIoB, B pyaax
MECTOPOXKICHHS ITUPOKO Pa3BUT IICEIHT.

Hcxomst 13 MUHEPAJIOTO-TeOX IMHYECKUX HCCIIeO0-
BaHWUH PyI MECTOPOXKACHUSI U MaTEPHUAIIOB TIpeIIie-
CTBEHHHKOB [5, 9] mpencTasiseTcs, 4To GopMHpOBa-
HUE 30JI0TOT0 OpYyIICHEHUsI MECTOpOXKAeHUs BeTpen-
CKO€ MPOTEKAJIO0 B HECKOJIBKO CTaAN B X0ZI€ €AUHOTO
pynHoro stana. ClieyeT OTMETHTbh, YTO COOCTBEHHO
pyZoreHe3 HakjIaJbIBajiCsi Ha YIIUCTO-TIMHHCTYIO
MaTpHILy, TOATOTOBICHHYI0 TEKTOHWUYECKHMH IPO-
neccamMu. BrnusHEe pa3phIBHOW TEKTOHUKH OIKACAHO
BBIIIIE, a TTMKATHUBHBIE HAPYLICHUS BBIPAaXKEHBI B 3a-
JIO)KEHUH CEPUI CKIIaJJOK BBICOKHX ITOPSIKOB ¢ 00pa-
30BaHUEM IIOJIOCTEH OTCIOEHU S, XapaKTEePHU3y FOIIHNX-
CA ICKOMIIPECCUOHHBIM PEKUMOM.

MuHepanbHble cleAbl TEKTOHUYECKOrO BO3ICH-
CTBUS (PUKCHPYIOTCS B MOPOIaX MECTOPOXKICHUS, Ha-
MpUMeED, B Pa3BUTHH 110 ITEPUQPEPUN MECTOPOIKICHU S
30HBI, 000TalEHHON UIIBMEHUTOM C COIEpKaHUEM
1o 1-2%. Ilpu 3ToM pyAHBIE Tena 3aJeraioT B 30HE
Pa3BHUTHS pyTHIIA H JICHKOKCEHA B KOJIMYECTBE OT JI0-
ne#t mpouenTa 10 7% [5]. ocTtaTouno wacTo BCTpe-
gaeTcs rpa@UTHCTOE BEIIECTBO Pa3HOil CTeneHH






Puc. 5. B3aumoOTHOLLIEHMA MUHEPANOB B pyAax mectopoxaeHua BetpeHckoe:

A — TEKTOHWMYECKM NOArOTOBNEHHAN YIIMCTO-IMHUCTAas MaTPMLA C KaTaK/1a3MPOBaHHbIM ayTUreHHbIM MMPUTOM; B — MMHepanb-
HasA accoumaumsa NMppPoTUH (pyr)—nuput (py)—xanbkonuput (hpy) HavaNbHOM HU3KOMNPOAYKTMBHOM CTaguM pyaHOro aTana; B —
KOPPO3MOHHasA TEKCTypa MMPPOTMHa 1 o6pasoBaHme No Hemy oTopoyek apceHonuputa (Apy lla) v nupwuta (Py Il) (nnpuT-apceHo-
NMPMTOBas NOACTaANSA BbICOKOMNPOAYKTUBHOM pyaHOM cTaguu); I — 0TOPOUKM HoBOOBpa3osaHHOrO nupmTa (Py I1) 1 yaMHEHHbIX
KpucTannos apceHonuputa (Apy lla), cpoclumxcs no npmsme (MMPUT-apceHONMPUTOBAs NOACTaAMA BbICOKOMPOAYKTUBHOMN pya-
HoM ctaguu); [ — apceHonupuT (Apy 116) cynbdoapceHnaHoM NoACTaAMM BbICOKOMPOAYKTMBHOMN PYAHOM CTagMM M KaTaknasu-
poBaHHbIN NMpHT (Py 1) HauasbHOM HM3KONPOAYKTUBHOW cTaguu; E — apceHonmput (Apy 116) cynbdoapceHmaHoi noacragmm
BbICOKOMPOAYKTUBHOMN PYAHOW CTaAMM U pa3suTUe pyTuaa no uabmenmuty (Ru); X — kBapuesble nposkunku (Q) ¢ nuputom (Py
II1) n kKanbumTom (Cal) (HU3KONPOAYKTMBHAA XUNbHO-MPOXKMAKOBAA cTaaus); 3 — KanbumT (Cal), pactBopeHue 1 NepeoTioXKeHne

KBapua (Q) B ckonneHumn YIB

KPUCTAJNIMYHOCTH KaK B KBaplle, TaK M BO BMELIa-
IOIIKUX MOPoAax ¢ pazMepom BeineneHui 0,2—1,5 Mmm.
[MomoOHbI# «noyrpadut [10] B KoIHUecTBE 10 HEc-
KOJIBKUX IIPOLIEHTOB IIPUCYTCTBYET B MUJIOHUTAX.

Takum 00pa3om, IpHU MPOXOKIECHUH PyIHO-COJIE-
BOro pactBopa (¢ironga) yepe3 TeKTOHUYECKH MOA-
TOTOBJICHHYIO YTJIUCTO-TIIMHUCTYIO MaTpuLy (puc. 5,
A) bopMHpYIOTCSI MUHEpAJIbHBIE aCCOIIMAIINN, OTBE-
YaloIHe COOTBETCTBYIOUIMM CTaAMsAIM MHHEpPajo-
0o0pa30BaHus eIUHOIO 3Tara pyJoreHesa:

1. HayanbHasi KoJIYeJaHHAST HU3KONPOAYKTHUB-
Hasl CTaHs [IPEACTaBJICHA TapareHe3UCOM MUPPOTHH
(pyr)—nuput (py)—xanskonuput (hpy), xapaktepusy-
€TCsl IOCTaTOYHO BBICOKOW TEMIEPaTypor U IepBUY-
HBIM TiepepacipenesieHneM HU3KUX (HEeMPOMBIIIIEeH-
HBIX) comepykaHuii 301ota. OOpa3oBaHue TAHHOW MIHE-
paJIbHO acconualy OTBEYAET, [0 MHEHHUIO aBTOPOB,
peaknuu (cM. puc. 5, b):

3FeS,+(AsS)"+Cu*+3H '=FeS+FeS,+CuFeS,+
+2S*+AsH, T unu

IMupur  +pacreop=Inpporun ()+Iupur ()+
+Xaabkonupurt (I)+Apcun.

Peakmus Tpancdopmannu pynHON Harpysku Iep-
BUYHOW MaTpuibl KucioTHas. [lomydeHHass MmuHe-
panbHas accolMalysl epeHachIIleHa Cepoid, 4TO MOA-
yépKkuBaeTcs oO0pa3oBaHHEM NMHUPPOTHHA, a B OCTa-
TOYHOM MOABMXKHOU (haze (pacTBOp—QIIOHI) MPO-
HUCXOAUT 3HAYUTEIbHOE OOOrallleHUE MBIIIbIKOM
B BHJIE YPE3BBIYANHO JIETYy4ero KOMIoHeHTa. JlanHas
peakmus nporekana Ha GoHe oOpa30BaHUS CEPULINTA
M0 BBICOKOTJIMHO3EMUCTHIM (ha3aM yrIUCTO-TIMHHC-
TOM MaTpHIIbl, HATPUMEDP, OCHOBHOI'O MJaruokiasa,
00JIOMKH KOTOpPOT'0, TI0O HAOIIOJACHUSIM aBTOPOB,
B M300MJIMH COAEP)KATCS B YITIUCTO-TIIMHUCTBIX OT-
JIOXKEHUSIX:

3CaAlSi,0,+3H,0+2K+C=2KAL|AISi,O, |(OH),+
+Ca’+4H"+H,CO, wu

An-+Boanblii p-p+Y B=Mu (cepunur)+p-p+yrie-
KHMCJI0TA.

Takum oOpa3zom, Ha TaHHOH cTaguu TpaHchopma-
s CYNb(GHUIHON COCTABISIOMIEH TPOUCXONUT HA (O-
He 6epe3uTH3aIuu ¢ 0053aTeIbHBIM YUYaCTHEM YTJIe-
POAMCTOrO BEIIECTBA.

2. BoicokonpoayKTUBHAS pyaHasi ctaaus. B xo-
Jie JaHHOW CTaIuu pyAoreHe3a GopMUpPYIOTCS 30HBI
Cynb(hUaN3alul MUPUT-apPCEHOMUPUTOBOTO COCTA-
Ba C BOSHHMKHOBEHHEM DYAHBIX CTOJIOOB C BBICOKU-
MU KOHIEHTpalHsIMHU 30J10Ta. B cranum mo muHe-
paNbHBIM aCCOLMALIUSM BBIACIAIOTCS BE IOACTAIHH.

Tupum-apcenonupumogasn noocmaous, OTBEYAI0-
11asi yMEPEeHHBIM TeMIepaTypam, IpeacTaBieHa mna-
pareHe3ucoM apcenonupum (apy)—nupum (py)—30.10-
mo (Au). Habnrogaercs nepepacnpeielieHue cephl
3a cu€T pa3BUTHUS aPCCHONUPHUTA U MUPHUTA TIO MHP-
potuny. CynbhuaHble CKOIIJICHUS B PE3yJIbTaTe PH-
00peTarT KOPPO3HOHHYIO TEKCTYpy (cM. puc. 5, B).
ApceHonupuT QOPMHUPYET OTOPOUKH YATUHEHHBIX
KPUCTAJJIOB, CPOCHIUXCS MO Tpu3Me (cM. puc. 5, I).
CKOIUIEHUSI MEJIKUX TUI0OX00(OPMIIEHHBIX KpUCTAJI-
JIOB MHUPHUTA 3aHUMAIOT BHEIIHUH KOHTYP PEaKIIH-
OHHBIX OTOpOYEK MUppoTHHA. B memom mporece,
110 MHEHHUIO aBTOPOB, OTBEYAET PEaKLUu:

2FeS+ (AsS)"+C+3H,0=FeS,+FeAsS+4H+H,CO,
W

Hupporun (I)+p-p+YB=IIuput (II)+ApceHo-
nupurt (Ila)+yriaekucaora.

JlaHHas peaknus MeI049Has, B OTIIMYHE OT yCIIO-
BUH pyJOreHe3a, MPOUCXOASIIEro Ha MPeAbI Y e
CTaJliM, IPOTEKAET C yMEHbIIEHHEM 00bEMa TBED-
nbeix ¢a3 (AV=—65,117 cm?*/M0ab), YTO BO MHOT'OM
O00BSICHSIET KOPPO3UOHHYIO TEKCTYpy MHPPOTHUHA.
Pemraromyro ponb B OCaXJEHUW 30JI0Ta Ha JaH-
HOMW MOJACTanNH, I0-BUIUMOMY, ONIPEIEISCT UMEH-
HO WHBEPCUOHHBIH peXUM pyAoreHesa. JlaHHBIN
npoiecc, 10 MHEHUIO aBTOPOB, IPOTEKaeT Ha GoHe
pacTBopeHus uibMeHHUTa (cM. puc. 5, E) 1 o6pazo-
BaHMsl KapOOHATOB CHICPHUT-aHKEPUTOBOTO psiaa
(cMm. puc. 4, B):



Puc. 6. CamopoaHoe 3010T0O MecTopoKAeHUA BeTpeHckoe:

Cnektp 4

Cnextp 3

1mm

A-T — mukpodoTorpadmm BbiAeNEHUI 30/10Ta B OTPAKEHHBIX 31IEKTPOHAX M3 PyAHbIX Ten nepsoro Tvna (Teno Ne 7, aHanutuk E.B.Ko-
Basbuyk, MITEM PAH); [ — mMKpodoTorpadmsa 3010Ta B OTPaXKEHHbIX 3/1EKTPOHAX U3 PyAHOro Tesla BTOPOro TMMa co CAENKOM KpucTanna
NMPUTa 1 KOMMPOMMUCCHBIMU FPAHAMM (CEBEPO-BOCTOYHbIN GAaHT MECTOPOXKAEHUA, aHanWUTKK E.B.KoBanbuyK, UTEM PAH)

FeTiO,+2H'=Fe**+TiO,+H,0

H,CO,+Fe**=Fe,CO,12H"

WAn

Niabmenut+2H'=Fe"+pyTna (anara3)+p-p

yriekuciaora+Fe* =cuneput+2H".

Crenyet OTMETHTb, YTO peaKklUH, MO-BUIUMOMY,
MPOTEKAIOT OJHOBPEMEHHO, MIPH 3TOM PEaKIHs pa3-
JIO)KEHU I UJIbMEHUTA HEUTPAIN3YET PEAKIIUI0 OCaAXK-
IEHHS CHIEPUTa, B pe3ylbTaTe Yero OHW He OKa3bl-
BalOT BJIMSTHUS Ha MIETOYHON XOJ peakuu o0pa3o-
BaHWS MHUPUT-APCCHONUPUTOBON MHUHEPAILHOW ac-
COLIMAIIHH.

N3BecTHO, uTO HAa BeTpeHCKoM MEecTOpOXKACHUU
PYZHBIE TeJIa 3aJIETAl0T B 30HE PA3BUTHSI Py THJIA H JIEH-
KOKCeHa (B KOJMWYECTBE OT J0JeH mporeHTa A0 7%)
[5], a B mutndax GUKCHPYIOTCS CKOTLIICHUS YKEJIe3HC-
THIX KapOOHATOB Psa CUICPUT—aHKEPUT.

Cynvghoapcenuonas noocmadus MPENCTaBICHA 30-
JIOTO-apCEHONMMPUTOBOM MUHEPAJIBbHON accolUallu-
eil, e apCeHONMPUT NPEACTABIEH KPYITHBIMU TICEBJIO-
poMmOuyeckuMu Kpuctauamu (pasmep 0,2—0,4 Mm)
C HE3HAYWTENBHBIMH KOIWYEeCTBAMU TETpPaJANMHTA
Bi,Te S, reccura Ag,Te, metunra Ag AuTe,. IIponecce

o0pa3oBaHUs aHHOW MHUHEPAJILHOW accolUamnu
OTBEYaeT MIENOYHON peakiuu (cM. puc. 5, [, E):

FeS+AsH,1=FeAsS+3H"

nin

IMupporun (I)+Apcun=Apcenonupur (I10).

Takum 00pa3oM, Kak BUAHO W3 PEAKIHH, MIEIOY-
HOM XOJ1 pyJIOT€HE3a COXPAHSETCs, YTO MOATBEPKAAET
000CHOBaHHOCTh OTHECEHUS JIBYX TIOJICTAIUN B eIu-
Hyto ctaauto. Crenyer OTMETHUTh, YTO MPOLECC pac-
TBOpPEHHS FJIBMEHHTa M OOpa30oBaHHE JKEJIE3HCTOTO
KapOOHaTa SIBISIFOTCS XapaKTEPHBIMH B IIETIOM JJIS BBI-
COKOTIPOAYKTHBHOW PYTHOM CTaJWH U SIBISTFOTCS, CKO-
pee Bcero, e€ OTIMYUTENbHBIM Npu3HakoM. [Ipu aTom
HaJnuue cynbhocoiel U MpUCyTCTBUE TaOIUTYATOrO
anp0HUTa B MUHEPAJILHOW acCOIMAI[H CBUICTENBCTRY-
€T 0 3aKOHOMEPHOM CHHMXXCHUU TEMIICPATYPbI U ABJIA-
€TCsI MUHEPAJIOTHIECKUM MapKepoM €€ 3aBepIIeHIs.

3. Hu3konpoayKTHUBHASl KUJIbHO-IPOKUIKO-
Basi craausi. Ha nanHoil craguu npoucxoaut ¢op-
MHPOBAHUC MPOKUITKOBBIX U JKUJITBHO-IIPOKUIIKOBBIX
30H. JKusbpHble 00pa3oBaHMs, KaK MPaBUIIO, JIOKAJHU-
30BaHBI BO BHEUTHEM KOHTYpPE MECTOPOXACHUS B OT-
JIOKEHUSIX BEPXHET0 TpHaca M C1ad030JI0TOHOCHBHI.



B MuHepaibHOM accouyauy JaHHOM CTaguy Npu-
CYTCTBYIOT 30JI0TO U KBapil, B MOMYMHEHHOM 3HAYCHUH
eIMHUYHBIE BBIACICHUS HAUOMOP(HOTO MHUPHUTA
(cM. puc. 5, XK) 1 He3HAUUTEITHFHOE KOITHIECTBO KaJlb-
nuta. [lpuuém mocrenauii siBiasieTcs Hanboee o3 1-
HUM MUHEPAJIOM, 3aBEpIIAIOIINM PYAOTeHE3, €ro 00-
pPa30BaHKE OMKCHIBACTCS CIACAYIONUMH PEAKIIASIMU:

H,CO,—»HCO, +H*, HCO, +Ca**—CaCO,+H".

W3 peakmuii cienyet, 4To HAOIIOAAETCS U3MEHE-
HHE THIa AUCCOUIHAIIUN YTOJIBHON KHCIIOTHL, B OT-
JIWYHAE OT YCJIOBUH KPUCTAJIU3AIUU JKEIE3UCTHIX
kapOOHATOB. DTO, MO-BUAUMOMY, BBI3BAHO CHHUXKE-
HHEM TeMmIepaTypsl cuctembl. OO TpeHa peak-
LHH, OMHMCHIBAIOIIMX KPUCTAJIM3ALMIO KaJbIUTa,
MMEET IMIENIOYHYI0 HaINpaBJICHHOCTh, B pe3yJbTa-
T€ Yero MecTaMH HabOIfoaeTcs pacCTBOPEHHE KBap-
na (cM. puc. 5, 3), TpPaH3UT U €ro MocleAyIoIIee Te-
PEOTIIOKEHHE B BHJIC XaJISAOHOBUIHBIX PA3HOBHUI-
HOCTEM.

Kak yxe ormedanocs, B Berpernckom mectopo-
KJIEHUH BBIICISIOTCS OBa CTPYKTYpHO-Mopdoo-
TUYECKUX THITA 30J0TOPYIHOW MHHepaau3zanuu: 1)
MIPOMBIIILIIEHHO 30JIOTOHOCHBIE KBaPIEBO-KUJIbHEIC
o0pa3oBaHUs (JIMH3BI, XKUJIBL, JKSIBAKH U TeJla HEIpa-
BUJIbHOU (popmpbl), TpuypouyeHHble K LleHTpanpHOR
30HE CMATHSI B TTOPOAAX IOPHI, U 2) c1ab030710TOHOC-
HBIE JKIJIBHO-TIPOYKUIIKOBBIE TENa, 30HBI, Pa3BUTHIE
3a BHEUTHUM KOHTYPOM MECTOPOXKJICHHUS B MOPOJIAX
TpHuaca. J{Jg Ka)xxjoro TUNA XapaKTepeH Habop TUTIO-
MOP(MHBIX MTPU3HAKOB 30JI0TA.

Ilep6uiii mun 3010TOPYAHON MHUHEPATH3ANNHN Xa-
PaKTEPHU3YETCs BHICOKMMH COACPIKAHUSIMHU 30J10Ta
(B cpemHeM 110 MECTOPOXICHHUTO B pyae 11,6 r/T, B 0T-
nenbHBIX 0mokax mo 30 1/1, B mpobax mo 700 r/1);
HanOoJee MPONYKTUBHBIMU SBISFOTCS BUCSYHE KOH-
TaKThI KBAPIIEBBIX OJIOKOB C CUITBHO yTIC(HHUIIUPOBAH-
HBIMH TEPPUTCHHBIMH TMOPOJAMHU. 30JI0TO CBETIIO-
*€nrtoe, ToHKoe — pazmepoMm ot 0,05 mo 0,15 mm;
npobHocTs 720—870%0; Bcerma mpucyTcTBYeT 12—
15% m3omopdHOit mpumecH cepebpa; PUKCHPYIOTCS
MHKPOIIPUMECH TEJUTYPa, MBIIIbIKA U PTYTH; MOp(O-
JOTUS BBIACICHUN NIAacTUHYATAs, KaK IPaBUJIO
C MOCJIOMHBIM POCTOM, KOMKOBHUIHAS, TyOUaTasi, pes-
KO TJI0X00(OPMIICHHBIE KPUCTAJIIMYCCKHE (HOPMBI
(puc. 6, A—T"); 30JIOTHHBI HACKHITIICHBI MHKPOBKITFOYC-
HUSIMU KBapIia, pexe aabonTa.

Bmopoii mun 3010TOpYHON MUHEpaTU3aLUU Xa-
paKTepu3yeTcs CONEPKAHUSIMU 30J0Ta OT CIIEI0B
JI0 TIEPBBIX I'PaMMOB Ha TOHHY. Haubonee 3010T0-
HOCHBIMHU YaCTSAMH SIBJISTFOTCS NIEPECCUCHUS ITPOIKHUJI-
KOBaHUS ¢ OoJiee KPYIMHBIMH JKHAJIAMHU JIECTHHYHO-
ro TUMNa. 30JI0TO CBETIIO-IPKO-KENTOE, pa3MEPHOCTH

o1 0,5 o 2 mm; npo6HOCTH 910—95%0; mpUCYTCTBY-
et 5—-8% u3omopdHoil mpumecu cepedpa; MmopdoJio-
TUsI BEIJCNICHHH (CM. pHC. 6): TracTHHYaTas, KOMKO-
BUJTHASA, JACHIPUTOBUIIHASA, CPOCTKHU TLIOXO OPOPM-
JICHHBIX KPUCTAJUIOB ()OPMBI, HAa 30JI0THHAX YacTO
(UKCUPYIOTCSI CIICTKH KPUCTAJLIOB ITUPUTA U Pa3BH-
THE KOMIIPOMUCCHBIX I'PaHEN.

Takum 00pa3om, TUIIOMOPGhHBIC TPU3HAKH 30J10Ta
W3 Pa3HBIX THIIOB PYIHBIX TE€J MECTOpOXKaeHUs Bet-
PEHCKOE OTPaXKaloT YCIOBHUS PyNOOTIOXKeHUs. Jlis
30JI0Ta U3 PYJHBIX TEI IEPBOT0 TUTIA HACKIIIICHHOCTh
BKJTFOUCHUSIMHM, MOP(OJIOTHs BBIJCICHUNH U UX pas-
MEPHOCTb, a TAK)KE HAJTUIUE B 30JI0T€ MUKPOIIPHME-
cell TeyTypa, MBIIIbAKA U PTYTH CBHUACTEIbCTBYIOT
0 ero THUIPOTEPMATbHO-METACOMAaTHYECKOM TEHE-
3uce. KpymHbie BRICOKONTPOOHBIE BBIJEIIEHUS 30]I0Ta
U3 PYIHBIX TEJl BTOPOTO THIIA UMEIOT THIPOTEPMallb-
HOE MTPOUCXOXKICHUE.

[IpencraBneHHass reoyioro-reHeTUYECKass MOJACIb
MpeIoNaraeT, 9To 30JI0TOe OpyIeHeHne chopMupo-
BaJIOCh 3a CYET pasrpy3kd pacTBopa-(IIonaa Marma-
THYECKOTO TTPOUCXOXKICHHS B TEKTOHHIECKH TOATO-
TOBJICHHOM YTJIIUCTO-TIMHUCTON MaTpuue. Benymas
POJIb KaK OCHOBHOTO PYAOTCHEPHUPYIOIIET0 U PYI0-
MaTEPUHCKOTO UCTOYHUKA MPUHAJJICKUT MAacCHBAM
IPAaHUTOHUIOB, TAKOBBIM, [0 MHCHHIO aBTOPOB, IS
BetpeHckoro MecTopoX/IeHUs SBISIETCA HEBCKPHI-
TBIA BRICTYT [IpaBo-OOWHCKOTO TPaHUTHOTO Mac-
crBa, GUKCUPYIONIUICS B TEO(DU3MIECKUX TOIIX
CEBEPO-BOCTOUHEE MECTOPOKICHUSL.
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