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Through these studies, research works published in the last 50 years about the Fe - As - S
system were examined and generalized. As it follows from the obtained results, all laboratory
tests were made only in high-temperature conditions (higher than 350°C), whereas mechanisms
causing changes in composition of arsenopyrite and its coexisting phases within the temperature
interval of forming hydrothermal ores still remain unclear. Methods are described to obtain
characteristic data about the temperature - composition phase diagram for the Fe - As - S
system in terms ofpyrite - lollingite section and for temperatures below 350°C for natural
geologic objects; the obtained data are compared with the available laboratory study results.
The paper contains ample statistic data about arsenopyrite composition in different deposit
types including gold-quartz, gold-rare metal, cassiterite-quartz, tin- and silver-polymetallic
and other deposit types. Mineral deposits throughout the Upper Kolyma River area are
characterized by compositionally discrete arsenopyrite assemblages, which have been due to
the buffer effects ofpyrite or lollingite. Different compositional sets of arsenopyrite testify to
a drastic change in ore-forming conditions and allow researchers to assume two and more
hydrothermal stages, which proceeded in different time intervals. The opportunity to use
arsenopyrite as a tool of decoding epigenetic thermal alterations of minerals is exemplified in
this paper for some mineral deposits throughout the study area. Changes in the composition of
arsenopyrite and its parageneses are shown to be universal.
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BBE^EHHE

- apceHonnpirr - IIIHPOKO npHcytCTByer B pyaax scex THHOB
-KojibiMCKoro penioHa, oxBarbiBaroniero roro-BocTOHHyio nacrb £HO-

biMCKoro 30JiOTOHOCHoro noaca, KOTOpbifi npeflCTaBJiaex coSofi KpynHefimyio MeTajuiore-
2CKyio e^HHHuy Ha Cesepo-BocTOKe ASHH H xapaicrepHsyeTca o6iUHpHtiMH oSnacTHMH
ipoerpaHeHHa poccbinefi 30:1073, a Taicxe MHoroHHCJieHHbix pyaitbix MecTopojKfleHHH H
jBJieHHfi sojioTO-KBspueaoH, 30JioTo-cypbMaHOH H 30JioTO-pe,iiKOMeTajuibHOH MHHepajiH-
IH. nose c(J)opMHpoBajicji B KOHue nos^HeH lopbi - Hanajie paHHero Mejia B pesyjibTaxe
IH3HH KojibiMO-OMOJiOHCKoro cynepTeppeHHa c Cesepo-AsHaTCKHM KparoHOM H npHypo-
K crpyiciypaM naccHBHoii OKpaHHbi Kparona (BepxoaHCKHH CKJiaAH3TO-HaflBHroBUH noac),
ip-HepCKOMy H BanHrHHCKOMy nepHKpaTOHHbiM TypSHflHTOBbiM TeppefiHaM, a TaKHce K
oycHo-fle6HHCKOMy reppeHHy aKKpeuHOHHoro KjiHna, cjio>KeHHOMy Typ6HfliiraMH [TeK-
iKa...,2001;Noklebergetal., 1998].

AnoMaJibHO BbicoKoe coAepacaHHe MtimtHKa BO BMemajomnx nopo^ax H nocTOflHHoe
;yrcTBHe apceHonHpHTa B pyAax H MeracoMaTHrax xapaicrepHbi H AJIS CMCHCHBIX MeTan^
^HHHecKHX npoBHHUHft, npHypoHCHHbix K MBTaTeppHreHHtiM TOJimaM aepxoaHCKoro KOM-
xa [KOKHH, 1984; KOKHH, KoKHHa, 1988]. 3ioT 4>aicr, a rao(e 3aBHCHMOCTi, cepo-Mbiuib-
joro OTHOineHHfl OT $H3HKO-xHMHiecKHX napaMerpos KpHCTajuiHsauHH H
iflHHBOCTt MHHepajia K snureHeTiwecKHM perpeccHBHbiM npeoSpasoBaHHHM onpeAeJ
op apceHonHpHTa /uia HccjieAoaaHHS KaK BOSMOKHOFO reoxHMHnecKoro HHcrpyMeHra npn
isauHH H pacuiH^poBKe reHe3Hca MecTopoac^eHHH. BaacHOCTb HsyMCHHa apcenonHpHTa
j^eJiflerca eme H TOM, HTO BO MHOFHX cjiynaax OH flBJiaexca npeoSnaaaroniHM pyflHLiM
epajioM B pyaax H MeracoMaTHiax MecTOpoacAeHHH, a B sojiOTOpyflHWX oSteicrax cjiyscHT
H KOHuempaTopOM 30^013, onpe^ejiaa TBM caMbiM texnonorHHecKHe CBOHCTsa pya.
ABTOpw npH HanHcaHHH siofi pa6oTti cTasHJiH nepea coSofi uejii. - coBepmeHCTBOBarb

(ojiormo Hcnojib30B3HHa 3KcnepHMeHrajibHbix H reopeTinecKHx ^annbix o cociaBe H
ireHesHCax apceHonHpnia npn peKOHCTpyKijHH npoueccoB pyaooSpasoaaHna. /Jna 3ioro
n npoaHajiHSHpOBanu jiHTepaTypnbie ^aHHbie no cncreMe Fe -As - S, npoBefleHa oueHKa
mHft o6pa30BaHHa apceHonHpHTa na npHpOAHtix oSiieKTax, a nojiynenHbie ^annbie Bepn-
nposaHbi c noMombK) Apyrax reoxHMH'iecKHX HncrpyMeHTOB. OcnoBHaa nacib npo6 flna
(eAoaaHHfl OToGpana B BepxHe-KojibiMCKOM perwoHe, rs& jioKajiH30BaHb[ pa3Hoo6pa3Hbie
3H63Hcy MecTopo»czieHHa H pynonpoaBJieHHB, coAepxautHe apcenonHpHr. B cpaBHurejib-
uejiax npoanajiHSHpoBaH apcenonnpHT H3 paaa o6i.eKTOB, pacnojioxeHHbix B HYKOTCKHX
)30Hflax, OxoTCKO-HyKOTCKOM ByjiKaHoreHHOM noace H na OMOJIOHCKOM MaccHBe. TaKHM
130M, HCCJieflOBaHHBMH 6bIJI OXBaHCH UlHpOKHfi flHanOSOH BapHaUHH rCOflHHaMHHeCKHX H

aKo-XHMHnecKHx ycjioBHH o6pa3OBaHHfl apceHonHpHTa B npHpOAHtix yc^O
FIpH HHTepnpeTauHH renesHca apceHonnpHra B paSoie HcnojibsoaajiHCb

ireneTHHecKHe accounauHH H cociaa MHHepajia. Ha npnpOAHbix oSteKrax ycTa
tyBDuiHe napareHesHCbi: Asp + Py ± Po, Asp + Lo ± Po, HHAHBH^yajitHbifi Asp, caMOpoa-
Mbimt^K + Py ± Asp, caMopo/iHbifl MbiuitaK + Lo ± Asp, Asp + Py + Lo. ftia MCTaMOp4>o-
(oro H snHTepMa^bHoro THHOB opyacHeHHa (sonoTO-KBapueBoe, 30Jioio-cepe6paHoe, nac-
io MOJinSAeHHT-KBapueBoe H o^oBo-cepeSpanoe) raaBHaa napareHeTHnecKaa accouHa-

UHfl Asp + Py, He MeHeepacnpocTpaneH HHflHBHAyaJitHbiHAsp. B MecTopOHcaeHUHX cepeSpo-
nojiHMeTajiJiHHecKofi H ojiOBo-nojiHMeTajuiHHecKOH cneuHajiHsauHH, jiOKanH30BaHHi.ix no ne-
pH<J>epHH son BiiHaHHa rpaHHTon^Hbix MaccHBOB (33 npeflejiaMH poroBHKOB), naHfiojiee pac-
npocTpaneHbi HHAHBHayajibHtittAsp H naparenesHc Asp + Po ± Py. AM nocTMarMaTHnecKHx
KaCCHTepHT-KB3pU6BorO H 30JIOTO-pe,flKOMeTanJlbHOrO THnOB MHHepaJIH33UHH, O^eBHflHO, CBfl-

saHHbix c rpaHHTOH^HbiMH HHTpyswaMH, rnasHbiM naparenesHcoM aBJiaerca Asp + Lo ± Po.
3TOT »ce napareHesHC THnnneH ajin BbicoKOTeMneparypHbix rpewseHOBbix H cKapHOBbix Mec-
TOpO>KfleHHH.

OCHOBHOH aHSJIHTHMCCKHH M6TOA, HCnOJIb3OBaHHHH B pa60TC, - KOJIHHeCTBCHHLlii MHK-

popeHTreHocneKTp3JibHbiK anajiHs, Koxopbifl BbinojiHen npeHMymecTBCHHO Ha OAHOM npHSo-
pe npH oflHHaKOBLix napaMCTpax CLCMKH.

CoAepacaHHe MLiiubHKa B HcciieAoaaHHbix naMH npnpoflHbix apceHonnpHTax HSMeRseT-
ca B o^eHb uiHpOKHx npe^ejiax - 20,4-40, 1 ax.%, cooiBercTBeHHO AnanasoH H3M6HeHHK co-
AepxaHHii cepti 27,0-45,5 aT.%. HanSojiee THnHHHtie 3JieMeHTLi-npHMecH zuw apceHonHpirra -
Ni, Co, Sb - H30Mop(f)HO BXOAST B ctpyKiypy 3Toro MHHepsjia. Jljw. apceHonHpnra Bepxne-
KojibiMCKoro peraoHa naHSoiiee HSCTO OTMCHaeTca npHMecb KoSanbra, B HCKoropbix oSpas-
uax (HS pasjiHHHbix THDOB MHHepanHsauHH) co^ep^aHHe STOFO KOMnoHeHia flocTHraex 3-
7 Mac.% (AanaHT). npH CTSTHCTHHCCKOH oSpaSoxKe AaHHtix H3 Bti6opOK HCKJHonaJiHCb aHa-
jiHSbi c coaepacaHHeM Ni, Co, Sb Gojiee 0,2%. Tanoit no^xo^ nosaoJiaer orpanmiMTb HHTep-
npeTauino pesyjibTSioe paMKaMH TpexKOMnoneHTHOH CHCTCMbi Fe - As - S.

OieflyeT OTMeruTb, HTO Hcnojn,30BaHHe cocTaBa H napareHesHcos apcenonHpHTa ^na
reneTH^ecKHx peKOHcrpyKUHfl na Mecropoac/ieHHax ne crojib uinpoKO pacnpocTpaHeno, KaK
3TO MoacHO 6wjio 6bi o>KHaaTb, Hcxo^s HS TeopeTHHCCKHx B 3KcnepHMeHTajibHi>ix paSoT. B
paae ny6jiHKauHH no Ceeepo-BocTOKy POCCHH aejiaeics nontiTKa HcnojibsoBa-n, KOHuenTpa-

OCHOBHblX KOMnOHEHTOB 3TOPO MHHepajia B Ka^CCTBC THHOMOp^HOrO npH3HaK3 npH Bbl-

H pyZlHOtJ)OpMaUHOHHbIX THROB MeCTOpO>KfleHHH [XcJIMOFOpOB H ffp., 1 977; FaMaHHH,

JlecKoaa, 1979; faMHHHH, 2001; IIjiaiuKeBHH, 2002], HO Sojitmee 3HaneHHe Bce-TaKH npH^a-
CTca 3JieMCHT3M-npHMecaM B apcenonHpHTe. OHeBHflHO, OJIHOH H3 npHMHH STOFO HBJisioTca B
pajje cuynaea aocTaTOMHo mnpoKHe BapHauHH co^epacanHfi OCHOBHBIX KOMnoneHTOB apceno-
nnpHra Aaace B npeAejiax Oflnoro o6pa3ua, HTO ^e^aeT npaKTHHecKH HeaosMOJKHbiM Bbiflejie-
HHC ynacTKOB, cooTBeTCTByroiuHX 6y4>epHbiM accouHauHSM c rmpHTOM HJIH JiejuiHHrHTOM. Cra-
TBCTHnecKaa o6pa6oTKa pesyjibTSTOB, npuMeneHHaa B aaHHOH paGore, B coBOKynnocTH c napa-
reneTHHecKHM anajHcoM no3BOJiaeT pacniHpHTb noHHMaHHe renesHca apceHonnpHTOBbix acco-
UH3UHH H OUCHHTb B03MOMCHbI6 npHHHHbl 3BOnK>UHOHHOrO HJIH peSKOFO HSMCHCHHa COCT3B3

3Toro MHHepajia, oSjiaflaiomero BWCOKHM reHeTHKO-HH4>opMaiiHOHHLiM noTeHunajioM.
B ocHosy MOHorpacJiHH nojiOHtenbi rjiaBHbiM oGpasoM pe3yjibT3Tbi, nojiynenHbie aBTO-

paMH, HanHHaa c 1984 r.
AsTOpbi npH3HaT6JibHbi aKaflCMHKy B. H. FoHHapOBy 33 co^eHCTBHe B nyojiHKauHH paA3

MaTepnajiOB, nocjiy^KHBiiiHX ocHOBoft MOHorpa4)HH, H BbipaacaioT oco6yio SjiaroAapHOCTb
A- r.-M. H. H. E. CaBBe sa npeflocTasjieHHwe MaTepHajiw no MecTopoacAeHHaM HsBjienra H
BH3yajibHbiH H peaaKTHpoBaHne pyKonHCH MOHorpa4)HH.

riodeomoeKa MOHoapaipuu K nyfauKaifitu GbinonneHa npu noddepytcite fl
noeo omdejienux PAH, zpanmbi Ms OS'IH-A-08-128 u 06-III-A-08-352.
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n. B. BapTOH onpeaejiHJi TeMnepaTypy eme HeTbipex HHBapHaHTHbix
Afia HS KOTOpbix Moryr 6biTb nojieaHbiMH npn Hsynennn npHpoAHbix

nHpHT + MbiuibflK -» apceHonHpHT -1- MbiuifaflKOBO-cepHbiH pacnjias (363±50°C);
jiejuiHHPHT + MbiuibaKOBo-cepHbiH pacnjiaB -> HHppOTHH + paciuiaB As (825±15°C).

OcHOBHaa nacTb pesyjibTaTOB 6bma npeACTaBJieHa B BHAC AHarpaMM B KoopAH-
naxax aKTHBHOCTb cepbi - TeMneparypa, KOTopbie uiHpOKO ncnoJibsyioTca AJia HSO-
6paaceHHH peaKUHH cyjis4>HAH3auHH. n. B. EapTOH [Barton, 1969] yxasaji, HTO «nnp-
pOTHH H6 COBM6CTHM C KpHCTaJUIHHCCKHM MbIIUbaKOM», HO H6 yTOHHHJI, npH K3KOH

TeMneparype.
Y. KpeMMap H C. J\. CKOTT [Kretschmar, Scott, 1976] npoAOjiJKHJiH SKcnepH-
i, Hcnojib3OB3B AJia yCKOpeHHfl peaKiwfi npH HHSKHX TCMnepaiypax cyxHe SB-

raJiOHAHbie (Jmioc&i. IIo pesyjibTaTaM 3THX HccjieAosaHHH AHarpaMMa
coeraBa apceHonHpHTa OT TeMneparypbi B pasjiHHHbix accouHaunax

6buia pacnpocTpaHeHa na oSjiacTb TeiwnepaTyp HHJKC 400°C. Opn TeMnepaTypax
Bbime 550°C pesyjibTaTbi SKcnepHMCHTa V. KpeHMapa H C. #. CKOira coniacyioTca c
AaHHbiMH JI. KnapKa, OAHaKo HHJKC 3TOH TCMnepaTypu cHHTesHpOBaHHbiH HMH ap-
ceHormpHT BO Bcex accouHauHax Sojiee 6orar cepofi no cpaBHeHHro c AaHHbiMH
KnapKa. Bbijia TEKMCC nocTpoena AHarpaMMa B KoopAHHaTax Log a(S2) - TeMnepary-
pa c HsonjieTaMH apcenonHpHra B aTOMHbix npoueHTax MbiuibflKa. IIocTaBneH HOA
COMHCHHe BblBOA JI. KjiapKa O 3HaHHTCJIbHOM BJlHaHHH BHCUIHerO AaBJICHHfl H3 CO-

apceHOnnpHTa. Y KpenMap H C. R. CKOTT ycoBepmeHCTBOBajiH KpHByio
cocTasa apceHonnpHTa na OCHOBC penrreHOMeTpHHecKHX

KOTOpaa onHCWBaeTca ypaBHCHHewi:
aT.% As = 866,67d(131)- 1381,12

c norpeuiHOCTbro onpeAeneHHa B 4)opMe OAHOFO cTaHAapTHoro oranoHeHHa ±0,45
aT.% As. 3THMH yKQ aBTOpaMH HsyneH HHTepBaji BapHauHH cocTasoB npHpoAHbix
apceHOOHpHTOB H3 paSAHHHblX aCCOUHaKHH. CA6JiaH BblBOA, HTO npCACAb! COCTa-

BOB npHpOAHblX apCeHOHHpHTOB SaBHCHT OT COCyiUCCTByHDIUHX MHHepaJIOB CHCTC-

Mbi Fe - As - S H STH npeAejibi onenb xopomo cooTBCTCTsyioT SKcnepHMCHTajibHbiM
AaHHbiM. fijix ycneuiHoro npHMCHCHHa cocTaBOB apcenonnpHTa B uenax reoTepMO-
M6TpHH pCKOMCHAOBaHbl CJieAyiOmHC OrpaHHHCHHfl:

1) apceHormpHT cJieAyeT BHHMaTeJibHo Bbi6HpaTb HS pasnoBecHbix, 3a6yc|)epH-
pOBaHHbix no a(S2) accounauHH. TaK K3K AOKaaaTi. paBHOsecne oneHb Tpyano (noAHac
H6BO3MOHCHO), TO o6bIHHO 3TOT BOHpOC B OpHpOAHblX o6pa3UaX pCIIiaeTCfl C 6onbIIIOH

AOJICH cyGteKTHBHOCTH Ha napareHCTHqecKOH H CTpyioypHO-TeKCTypHOH OCHOBB;
2) o6mee coAep»:aHHe sjieMeHTOB-npHMecen B apcenonHpHTe ne AOJDKHO npe-

BbiiuaTb 1 Mac.%;
3. SHaneHHe d(131) CJieAyeT onpeAejiaTb c OTOJKMceHHbiM CaF2 B KanecTBe 3Ta-

Jiona H HcnojibsosaTb napaiweTp a - 5,4626 A AJia cornacoBanHa c KpHBoH, onpeAe-
J16HHOH y. KpCHMapOM H C. J\. CKOTTOM;

4) B KanecTBe 3TaJioHa AJia peHTreHocneKTpajibHoro MHKpoaHajiH3a neo6xoAH-
MO HCHOJIbSOBaTb apCCHOIIHpHT C AOKasaHHOH OAHOpOAHOCTbK) H TOHHO yCTaHOB-

jieHHbiM cocTasoM. CoAepmaHHe MbiiiibflKa, onpeACJieHHoe c noMombio jieJiJinnrHTa
HJIH MbiuibflKa B KanecTBe cxaHAapTa, 6yACT saBbimenHbiM, TaK KaK MbiuitaK HMeeT B
STHX coeAHHeHHax HHyio CBa3b, new B apccHonnpHTe.

3. R. lllepn c coaBTOpaMH [Sharp et al., 1985], ncnojibsya AaHHbie
HCCJieAOBaTejien, o6cyacAaioT BJinaHHe AaBJieHHs na cocTas apceHonHpHTa.

BeAeHHbie B 3TOH pa6oTe BbiHHCJieHHa noKasbisaiOT, HTO AaBJieHHe AOJI^HO ciwe-
6y$epHbie JIHHHH a CHCTCMC Fe - As - S K Sojiee BUCOKHM snaneHHaM ^yrn-

THBHOCTH cepbi. yBejiHHeHHe AasjieHHS AQJI5KHO laioKQ yMeHbiiiaTb coAepacaHHe
B apcenonHpHTe, cocymecTByromeM c jiejijiHHFHTOM, HO, cKopee Bcero,

BJiHaer na cocTas apceHonnpHTa, cocymecTByromero c nnpHTOM.
AOJIMCHO yBejiHHHBaTb BepXHHH npeAeji ycTOHHHBOCTH apce-

HonHpHTa, cocymecTByiomero c nnpHTOM, npH6jiH3HTe;ibHo Ha 14°C/K6ap.
PaccMaTpHBaa napareneaHCbi apcenonHpHra B CHCTCMB Fe - As - S B saBHCHMo-

CTH OT TCMnepaTypbi H 4>yrHTHBHOCTH cepbi npn nocTOaHHOM AaBJieHHH, 3. /J. Lllepn
c coaBTOpaMH npHXOAar K samuoHeHHio, HTO B cjiynae CCJIH cocTas apcenonHpHTa
HaxoAHTCa Ha JIHHHH 6nHapHoro ceneHHa nHpHT - JiejuinnrHT H saoycfjepHposaH JinSo
nHpHTOM, JIH6o JieJIAHHFHTOM, TO OH AOJDK6H 6bITb $HKCHpOBaHHbIM npH (J)HKCHpO-

BaHHoii TCMnepaType. npH oncnoHeHHH cocTaBa apceHonnpHra or HAeajibHon 6nHap-
HOH JIHHHH Horpe6yioTCfl y>Ke ABC AonojiHHTeAbHbie 4>a3bi AJia Toro, HTo6bi ero sa6y-
(JjepHpoBarb. CJICACTBHCM xaKoro paccMorpeHHa aBJiaerca HSMeneHne HaioioHa Haonner
apceHOHHpHra B nojiax nnpHra H jiejuinnrHTa Ha AHarpaMMe Y KpeHMapa H C. ,ZJ. CKOT-
Ta B KOopAHHarax Log f(S2) - T(C) AO BepTHKanbHoro npn ycjioBHH, HTO apceHonnpHT
JIC3KHT Ha 6HHapHOH JIHHHH OHpHT - JieJUIHHFHT, B 3TOM CJiyHae BblAeJICHHC AB}OC JICJI-

AHHrHTCOAepHcaujHx H Tpex nHpHTCOAep>KamHX JIHHHH Ha (JiasoBOH AnarpaMMe co-
CT3B - TCMnepaTypa SHHapHOH cncreMbi nHpnr - JiejiJiHHrHT HenpaBOMOHHO.

STHMH ace HCCAeAOBaTCJiaMH [Sharp et al., 1985] npHBeACHbi npHMepbi npHMe-
Henna cocTasa apcenonnpHTa B KanecTBe reoTepMOMCTpa zuia MecTopoa<AeHHH, xa-
paKrepH3yK>mHXCa pa3JIHHHbIMH 4)H3HKO-XHMHHeCKHMH yCJIOBHaMH 4)OpMHpOBaHHa.

IlapajiJiejibHoe onpeAeACHHe TeMnepaTyp H AaBJieHHH nposoAHJiocb c Hcnojib30Ba-
HH6M (J)a3OBWX paBHOBCCHH CHJIHKaTOB, HSOTOHHOPO (JlpaKItHOHHpOBaHHa H ra30BO-

HCHAKHX BKJHOHeHHH. Ha OCHOB3HHH peSyJlbTaTOB, nOJiyHBHHblX C HCnOJIb3OB3HHeM

pa3AHHHbIX MCTOAOB, CACJiaH Ba^CHblH B npaKTHHeCKOM OTHOIU6HHH BblBOA O TOM,

HTO npHMCHCHHe apceHonHpHTa B KanecTse reoTepMOMeTpa cneAyeT orpaHHHHTb
P3MK3MH yCJIOBHH SeJieHOCJiaHUCBOH H HH3KOT6MnepaTypHOH 3M(J)H60JIHTOBOH ^>a-

MeraMop4>H3Ma.
BJI. K. KOSJIOB c coaBTOpaMH [1986] Ha OCHOBC H3yneHHa npHpoAHbix napare-

accoiuiauHH apceHonnpHTa onpeAejiHJin rpaHHiibi HOJICH Ha (JiasoBOH
AHarpaMMe cocTas - TeMnepaTypa 6nHapHOH CHCTCMM FeS2- FeAs2 B o6jiacTH TCM-
nepaTyp rHAporepMantHbix npoueccos. PesyjibTaTbi STHX HccjieAOBaHHH xopouio co-
FJI3CyiOTCfl C 3KCnepHMeHT3JIbHbIMH AaHHbiMH, npOBepeHHblMH H3 o6paTHMOCTb H

paBHOBCCHOCTb, H SaKOHOMCpHO npOAOJI3KaK)T HX B HH3KOT6MnepaTypHOH oGAaCTH.

HanSojiee Ba^HbiM asjiaeTca o6napyaceHHe BbiKJiHHHBaHHa nojia apceHonnpHTa B
HHSKoreMnepaiypHOH oSAacTH, T. e. BepoaTHoe cymecTBOBanne eme OAHOH HHB3pn-
aHTHOH TOHKH B CHCT6M6 Fe - As - S [TlOKOBa, KO3J10B, 1986; TlOKOBa, BopOIlIHH,

2004]. IIo pe3yjibT3TaM HccjieAOBaHHH cAejian BHBOA, HTO npH TeMnepaType OKOJIO
250°C npoHCXOAHT peaKuna pasjioaceHHa apcenonnpHTa na accouHaunio nHpHTa H
JieJiJiHHrHTa. Ha (^asoBOH AHarpaMMe STO BbipaacaeTca B HCHesnoBeHHH nojia apce-
HonnpHTa, KOHHOA FeAsS -Fe^S, FeAsS -As H B noasjienHH KOHHOAbi FeAs2- FeS2

npH noHHaceHHH TeMnepaTypw. B npHpoAHbixycjioBHax npH noHHHieHHH TeMnepaiypbi
3Ta peaKuna MajiosepoaTHa BCJieACTBHe BbicoKOH ycTOHHHBOCTH apceHonnpHTa K



pexporpaAHbiM peaKUHaM. OAHaico TOT 4>aKT, HTO B saae^oMo HHSKoreMnepaTypHbix
npHpoAHbix o6pa3uax apceHonnpHX He Bcxpenaexca, cnyacHT noAXBepHCACHHeM cy-
mecxBOBaHHS HHamero npe^ejia ycxoHHHfiocxH apceHonnpHxa, T. e. npH noBbime-
HHH xeMnepaxypbi 3xox MHHepan He MOJKCT oSpasoBbisaxbCH BOJIOTL AO TOHKH HHJK-
Hero npeASJia ycTOHHHBOCTH Ha (JjasoBon AHarpaMMe. B paMKax AaHHOH KOH^Hrypa-
UHH JIHHHH Ha AHarpaMMe cocTas - TeMnepaxypa B HHSKOTeMnepaTypnoH o6;iacTH
nojiynaioT oGtacneHne Heo6biHHbie acconnauHH nnpHTa c BbicoKOMbiiiibflKOBHCxbiM
apceHOnHpHxoM, Koxopbie oTMenaiiHCb npn HCCACAOBaHHH npHpoAHbix o6teKTOB. B
3XOH ace pa6oxe npHBOAaxca pesyjibxaxw HsyneHHa cocxasoB jieJuiHHFHxa H nnpHxa,
napareHexHHHbix apcenonHpHxy, HTO B coBOKynnoCTH c eAHHHHHbiMH AannbiMH
JI. KnapKa no cocTasy jie^JiHHFHTa B BbicoKOTeMnepaxypHofi o6nacxH nosBOJiHjio
HaMexHXb nojia MHHepanoB Ha <|)a3OBOH AnarpaMMe cocxaB - xeiunepaxypa no cene-
HHK> FeS2- FeAs2 B cncxeMe Fe - As - S. Eojiee AexanbHo MexoAHKa nocxpoenna H
caMa (J)a30Baa AHarpaMMa paccMoxpeHbi Aanee.

BCACA sa paSoxaMH 3. #. lllepna c coaBxopaMH [Sharp et al., 1985], BJI. K. Kos-
jiosa c coaBxopaMH [1986] c HcnojibsoBanneM anajiorHnHoro MexoAHHecKOro noAxo-
fla, ocHOBanHoro Ha MHKpopeHrreHocneKrpanbHOM onpeAeneHHM cocTasa apceHo-
nupHTa H cocymecxByioinHX MHHepajiOB, a TeiunepaTyp - nyreM roMorenHsauHH

BKJ1K5HCHHH, SbiJia onySjiHKOBaHa paSoxa H, C. EopTHHKOBa [1993], HO-
peBHSHOHHHH xapaKTep. H. C. BopTHHKOB npHiiieji K BbisfoAy, HTO apceno-

nupHTOBbiH reoTepMOMCTp MoacHO Hcnojib30Baxb «AJIS oiieHKH xeMnepaxyp MHnepa-
Jioo6pa3OBaHHfl BbicoKoxeMnepaxypnbix rHApoxepMajibHbix H cna6oMexaMop4)H3o-
BanHbix MecxopoacAeHHH». A AJIH ero npHMeHeHHfl npn xeMnepaxypax nuace 400°C
xpe6yiOTCJi AonoJiHHrejibHbie 3KcnepMMenTajibHbie HCCJieAOBanHfl. npH
JiepHx-apceHonHpHTOBbiH reoTepMOMeTp npH cospeMeHHOM ypoBHe ero

aBTOp B0o6me He

BJIMHHUC ^HSHKO-XHMH'ICCKHX oScxanoeoK na ycTOHHHBOCTb apceiioimpHxa

Ilocjie noflBJieHHH nepBbix xepMOAHHaMHHecKHX KOHCxanx AJifl peaKUHM c yna-
cxHeM apcenonHpHxa IT. B. BapxoHOM [Barton, 1969] 6buiH BbtnojineHbi MHOFOHHC-
JieHHbie pacnexbi H DKcnepHMenxbi B uejiax onpeACJieHHa nojieii ycxoHHHBOcxH MH-
HCpaJIOB CHCXeMbI Fe - AS - S B 3aBHCHMOCXH OX paSHHHHblX (j)H3HKO-XHMHHeCKHX

O6CX3HOBOK HX 4)OpMHpOBaHHfl.

E. 3. BypbflHOBa [1977] npoana^HSHposana BOSMoacnocxb o6pa30BaHna MHHC-
pajiOB MbiuibflKa B HH3KOxeMnepaxypHbix ocaAOHHbix npoueccax (npH xeMnepaxype
25°C H oSmeM AaBjieHHH 1 am) H paccnHxajia nojia ycxoMHHBOCXH B saBHCHMOCTH
ox Eh, pH, P(As2), P(S2), P(02) cpeflbi. K HHCJiy HanGojiee saacHbix BbiBOAOB OXHO-
CHTCfl TO, HTO apCBHOnHpHT H JieJlJIHHrHT B oSliaCTH yCTOHHHBOCTH BOAbI peaJlHSy-

lOTCa B meJIOHHblX H pC3KO BOCCTaHOBHT6JTbHbIX yCJIOBHflX. Ona ace KOHCTaTHpOBa-

Jia, HTO o6pasoBaHHe nejuiHHFHTa B ocaAOHHOM npoqecce npn HHSKHX TeMnepaxy-
paX BOSMOaCHO H XepMOAHHaMHHeCKH oSoCHOBaHO.

A. B. KoJibuoB [1983] paccHHxaji paBHOBecHa MHHepanoB H HX pacTBopHMOCTb
B CHCTeMe Fe - As - S - Uf> npH TeMnepaxypax 90 H 300°C. PesyjibTaTbi 6buiH
npeACTaBJieHbi B BHAB ^HarpaMM B Koop^HHaTax Lg f(H2) H Lg a(sum S). Ha AHar-
paMiwax OTHCT^HBO npOHBJTJieTCH saBHCHMOcxb napareneTHHecKHx accounauHH ap-
cenonHpHxa ox oKHCJiHxejibHo-BoccxaHOBHxejibHbix ycjioBHH HX oGpaaosaHHa. TaK,

napareHesHc apceHonnpHT + jiejuiHHrHx + rmppoxHH pea^nsyexca B 6onee Boccxa-
HOBHxe^bHofi cpeAe, HCM apceHonnpHx + nnpHx + nnppoxHH, a accounaunfl apceno-
nHpnx + nnpnx + caMopOAHtiH MbiiiibflK cBHAexejibcxByex o eme Sojiee OKHCJiHxejib-
HOH oScxaHOBKC npH npOHHX paBHblX yCJIOBHHX B CHCXBMe.

H. HaKpa6opTH H R. J!HHH [Chakraborti, Lynch, 1983] paccnnxajiH pasHOBecHa
AJifl CHCxeMbi Fe - As - S - O H nocxpOHJin p«A AnarpaMM npn xeMnepaxype 525 H
700°C. OHH nposeAH SKcnepHMeHxajibHbie paSoxbi c uejibro BbiacHHXb BJiHHHHe TCM-
nepaTypbi, cxeneHH HSMejibHCHHa apceHonnpHTa, a xaicace pasnHHHbix BOSAyuiHbix
cpeA (HHepxHan, BOccxaHOBJieHHaa, OKHCJieHHaa) na KOJIHHCCXBO MbiiiibflKa, yAajia-
wmeroca H3 apcenonHpHxa. HccjieAOBanna noKasarm, HXO MaKCHMajibHO HHTCHCHB-
Hoe yAajieHHe As nponcxOAHx B OKHCJieHHofi axMoc(J)epe, cooxBexcxBCHHo yMenbuia-
acb B BOCcxanoBJieHHOH H HHepxHOH aTMOc^epax. Eonee MCJIKHB pasiuepbi nacxHq
npH HCTHpaHHH H BbicoKaa TBMnepaTypa Taoce oxHocaTca K (fcaicropaM, ycKopaiomHM
AHCcounauHio apcenonHpHxa. B paSoxe o6cy>KAaioxca BOSMoacHbie peaKUHH H 4>op-
MBI MbiiubaKa npH pasiioaceHHH apcenonHpHxa B paaJiHHHbix ycjiOBHjix. B HHxepBajie
xeMnepaxyp 525-600°C B HHepxHOH o6cxaHOBKe peannsyexca peaKmw:

4FeAsS(s) <-> 4FeS(s) + As4(g).
JIfisi axoro ace HHxepBajia xeMnepaxyp B BoccxaHOBHxejibHOH o6cxaHOBKe xa-

paKrepHbi peaKUHH:
FeAsS + C02(g) = FeO(g) + CO(g) + AsS(g);
4FeAsS(s) + 4C02(g) = 4FeO(s) + 4CO(g) + As.S.(g);
3FeAsS(s) + 2CO2(g) = 2FeO(s) + FeAs(s) + 2CO(g) + As2S.(g);
FeAsS(s) + 2C02(g) = FeAs(s) + SO2(g) + 2CO(g).
IIpH 6ojiee BbicoKHX SHaHennax PAs4 apceHHA acejiesa FeAs saMenaexca na Jieji-

JJHHFHT FeAs2, npH 6o;iee HHSKHX - na Fe2As. B OKHCjiHxejibHOH o6cTaHOBKe apce-
HOnHpHT pasjiaraercfl c o6pa30BaHH6M FeAsO4(s), As2O5(s).

Ho AaHHbiM K. A. XenpHHa H EL Rx.. 3HAHHrxoHa [Henrich, Eadington, 1986],
BO BMemaiomHX nopo^ax o6pa30BaHHe apcenonHpHTa MOHCBT HATH no peaKUHw:

SHOTHX + xjiopMT + H AsO ° + H S° = MycKOBHT + KBapu + apcenonHpHx +
H20

CoBMecxHoe ocaacAeHHe nnpHTa H apcenonHpHTa na sonOTo-KBapueBbix MBC-
npH nocToaHHOM ypoBHe log fO2 npoHcxoAHT no

2H3AsO3° + 5FeCl+ + SH^S0 = 2FeAsS + 3FeS2 + 5C1' + 6H2O
B pyAax MHOPHX sojioxo-KBapueebix MecxopoacAeHHH, coAepacamnx apceHonn-

PHX, soAoxo ocaacAaexca npH Sojiee HHSKHX xeMnepaxypax, HCM apcenonHpHx + nn-
PHT. SOJIOTO OTnaraexcH no rpanniiaM sepeH H no MHKpoTpemHHKaM B apcenonHpH-
TC, HTO, C TOHKH 3p6HHa aBTOpOB, MOaCCT 6bITb oS-bflCHCHO HaCTHHHbIM paCXBOpCHH-

eM apcenonnpHxa no peanuHH:
4FeAsS + 3O2 + 4nCl' + 8H+ + 6Hf) = 4FeCln2-" + 4H2S° + 4H3AsO3°,

B pesyjibxaxe Koxopon o6pasyexcji red-ox-Qapbsp AJia ocaacAeHHSi sojioxa. PacxBopn-
Mocxb apcenonHpHxa saBHcnx B GoAbuieH cxeneHH ox (JjyrHXHBHOcxH KHCJiopoAa,
HCM oxxeMnepaxypbi, B OXJIHHHC ox ApyrHX pyAHbix MHHepajiOB.

A^si OAOBOpyaHbix Mecxopoac^eHHH coBMecxHoe oxjioaceHHe KaccHxepwxa H
apceHonnpHxa B HHxepBajie xeMnepaxyp 340— 400°C Moacex npOHcxo^HXb B COOT-
BCXCXBHH co cjieAiomeH OKHCJiHxejibHo-BoccxaHOBHxejibHOH

3SnCl2° + 2H3As03° + 2FeCl2° + 2H2S° = 3SnO2 + 2FeAsS + 10C1' + 10H+.
H oxAejibHO KaccHxepHX Moacex oxjiaraxbca no

SnCl2° + 2H20 = Sn02 H + 2H+ + 2Ch

10 11



TaKHM o6pa3OM, npH BblCOKOft (JiyrHTHBHOCTH KHCJIOpOAa CXCMa OTJIOHCeHHfl

MMHepaJioB cjieAyromaa: KaccKrepirr -> apceHonnpHT + nnpHT + cynb(|>H,m,i OOJIH-
MeranJiOB, a npH HHSKOH 4>yrHTHBHOCTH: KaccHxepHT + apceHonwpHx -^ nHppoTHH +

ECJIH KpHCXaJIJIHSaUHa (|)a3 HA6T npH OTHOCHTeJIbHO HH3KOH aKTHBHOCTH H2S H

cHcxeMa HaxoAHXca B nojie H3AsO3°, TO npn BbicoKHXTeMnepaTypax BMCCTO nnpnxa
AOJI5K6H KpHCXajIJIHSOBaTbCa nHppOTHH, KQTOpblH B CBOK) OHCpeAb BCJICACTBH6 XOpO-
meH pacTBOpHMOCTH npH TCMneparype Bbiine 3SO°C He coxpanaeTca H B GojibiiiHH-
CTBC BbicoKOxeMnepaxypHbix o6pasoBaHHH (nanpHMep, nerMawrax) BCTpenaercs
xojibKo jiejiJiHHrHT 6es KaKHx-nH6o cocymecxByiomHx MHHepanoB.

F. P. KOJIOHHH C COaBTOpaMH [1988] BbinOJIHHJI xepMOAHHaMHHeCKHe paCHCTbl

AJia HsyneHHfl ycxoHHHBocxH apcenonnpHxa B pacTBOpax pasnoH KHCJioxHocxH-me-
JIOHHOCXH B HHrepsajie TeMnepaxyp 25-300°C. SHaneHHa pH cHcxeMbi sa^aBafiHCb

B ee cocTas onpe^eiieHHbix KojiHHecxB HCl HJIH NaOH. OcHOBHbie pe-
cBOAflxcfl K cjieAyromeMy:

1) apcenonHpHT B HHrepBane TeMnepaTyp 25-300°C pacxBopaexca KOHrpysHT-
HO B ysKOH oSjiacxH pH. 3xa oSjiacxb pacnojiaraexca npH HHSKHX xeMnepaxypax B

a npH noBbimeHHH xeMnepaxypbi CMemaexca B cxo-

2) BsaHMOAcRcxBHe apcenonHpHxa co cjiaGoKHCJibiMH pacxsopaMH (pH = 3-5)
xeMnepaType OKOJIO 300°C AOJIHCHO npHBCCTH K noasjieHHK) napareHesHca ap-

ceHonHpHra c 3jieMeHTapHbiM MbiuibaKOM, K KOTOpoMy B 6o^ee KHCJISIX pacTBOpax
(pH < 3) floSaBjiaerca nupHT. C nom«KeHHeM xeMnepaxypw oSjiacxH ycToflHHBOcxH
3THX napareHesHCOB CMemaroxca B cxopony HeiixpanbHbix pacxBOpos;

3) B 6nH3KOHeiiTpajibHbix H cjia6omeJioHHbix pacxsopax apcenonHpHx pacxBo-
paeTca HHKQHrpy3HXHo c o6pa30BaHweM MaraeTHxa, K KOxopoMy npH flanbHeHiueM
noBbimeHHH mejiOHHocxn npHCoe^HHaexca ne^jiHHFHT. PesyjibTaTbi KOHTpo^bHbix
3KcnepHM6HTOB, npOBBAeHHbix 3THMH Hccjie^OBaTenaMH npH TCMnepaxype 200 H
300°C, xopomo coniacyKyrca c pacneTHbiMH AaHHbiMH.

IlpH AaJibHefliuHx TepMOAHHaMHHecKHx pacnerax F. A. IlajibaHOBOH, F. P. Ko-
JiOHHHbiM [1988] AonoJiHHrejibHO B CHcreMy BBOAHJiHCb cynb(J)Hflbi acejiesa ana o6ec-
neneHHa HsSbiTOHHbix, no cpasneHHio c npezibiflymHMH pacneTaMH, KOHu,eHTpau,HH
H2S B paBHOBecHbix pacTBOpax. YMHTHBa^ocb xaicace BJiHaHHe Ha ycxoHHHBOCTb HC-
xoAHbix MHHepajibHbix accouHauHH jiexynecxH BOAOpo/ia B HHxepBajie ox 0,1 AO 10
6ap. OcHOBHbie BUBQAH:

1) ana accounau,HH apcenonHpHX + nHpnx ycxanoBJieHo noaBJieHHe B KHCJIUX
pacTBOpax B KanecxBe AonojiHuxejibHOH (Jiasbi caMopOAHoro Mbiuibaica. Ji/ia meiion-
Hbix pacxBopoB npn TeMnepaxype Bbiiiie 200°C cueAyex o>KHAaxb Aono^HHxenbHO K
MarHexHry o6pa3oeaHne nHppoxHna. B BOCCxaHOBHTejibHbix ycjiOBHflx B KanecxBe
AonojiHHxejibHOH (Jiasbi B 3TOH accouHaijHH AOJiMceH oSpasoBbisaxtca nHppoxnH;

2) BsaHMOAeHCXBHe accouHauHH apcenonHpHT + nwppOTHH c KHCJIWMH pacTBO-
paMH npHBOAHx K noaBJieHHK) nHpHxa. B mejioHHbix ycjiOBHax paciuHpaexca 06-
Jiacxb ycTOHHHBocTH MarHeTHxa, a B cHJitHO mejioHHbix pacTBOpax B Ka»iecTBe HCT-
Beproft 4>a3bi oGpasyeTca nenjiHHrHT. npH BOSAeMCTBHH BoccTaHOBHxenbHbix paCTBO-
POB na accouHauHK) apcenormpHxa c nHppoxMHOM OCHOBHOH HOBOoGpasoBaHHoK
(J)a3OH BO BCCM HHxepBajie pH oKa3bmaexca jieJuiHHrHx;

3) B accouHauHH apcenonHpHX + JiejiJiHHrHx B KHCJIUX pacxaopax noflBJiaexca
3jieMeHTapHbiH MbiiiibaK, B mejioHHfaix - MarHeTHT. OcHOBHbiM npoAyKxoM soccTa-

1?

HOBJieHHa HCXOAHOH apceHonHpHT-jiejuiHHrHTOBOH accouiiauHH, TaK «e KaK H apce-
HOnHpMX-nHpHTOBOH, AOJ1HCCH 6bIXb nHppOXHH.

M. C. CaxapOBa H H. H. KpnanuKaa [1969] HsynHJiH ocoGeHHocxH HatconjieHHH
soJioxa na HHpHxe H apceHonnpHTe B saBHCHMOCTH OT cocTaBa nyreM sjieicrpoxHMH-
qecKoro ocaJKA£HHa sojioxa H3 xjiopH^Hbix pacTBOpos B HHxepBajre TeMnepaxyp 20-
150°C. VcTaHOBJieHo, HTO ocajKACHHe sojioTa Ha apceHonHpMTe cymecTBeHHO Bbiiue,
HCM na nnpHTe, BO BCCM H3yneHHOM TeMnepaTypHOM HHxepBajre. B pesyjibTaTe npo-
eeAeHHbix HCCjieAOBaHHH TaKMce CAejian BLIBOA, HTO ocaacAaiomaa cnocoGnocTb ap-
cenonHpHTa pacTex c yBejTHHCHHeM coAepJKaHHa MbiuibaKa H yMCHbiiieHHeM pasMe-
pa sepeH.

F. HoKpOBCKH c coaBTOpaMH [Pokrovski et al., 2002] 3KcnepHMCHxajibHO nsy-
naji pacTBOpenwe npHpoAHoro apceaonnpHTa cepHHcxoro cocxaBa B pas^Mnnsix no
KHCJioxHO-ocHOBHbiM CBoflcxBaM cpeAax B HHxepBajie xeMnepaxyp OT 300 AO 450°C
H AasjieHHa ox 100 AO 1000 6ap. PacxBopHMOCXb apcenonHpHxa B HHCTOH BOAe H

bix HCl/NaOH pacTBOpax 6e3 6y(J)epnpOBaHHa npoaB^aexca B oSpaso-
As(OH)3° (aq) H OXJIOHCCHHH MarneTHTa. B Gojiee KHCJIMX cpeAax (pH <, 2)

apcenonHpHX pacxsopaexca JiH6o cxexHOMexpHHecKH, jiH6o c o6pa30B3HHeM acco-
HHauHH As - FeAsS. B BOAHUX pacxaopax, oSorameHHbix H2S HJIH H2, pacxBopeHHe
apceHOnHpHTa npoasjiaerca B o6pasoBaHHH cooTBeTCTBCHHO nnppoxHHa (± nwpHx)
H apceHHAOB acejiesa, Koxopbie cosAaiox ycxoiiHHBBie accoi^wauHH c apcenonHpH-
TOM. ABXOpbl npHBOAST 3HSMQHHG CBOSOAHOH 3H6prHH FH66ca (AG°) ffJlH apCeHOHH-

pHxa B BOAHbix pacxBOpax B HHxepBajie xeMnepaxyp 300-450°C B npncyxcxBHH nH-
pnx+ nHppoTHH + MarHexHXOBOH 6y^epHOH

npH HHSKHX xeMnepaTypax (Menee 150°C) B
HcxoHHHKax ycxOHHHBbi cyjib(J)HAi>i MbiuibaKa (aypHnHrMeHT, pea^brap), npH noBbi-
uieHHbix xeMnepaxypax rHApoxepM (T > 200°C) MbiiiibaK npeAnoHXHrentHO coAep-
acHTca B nHpHT6, npHHCM, KaK npeAno^araiox aBXOpsi, B BHAC HAeajibHoro xaepAoro
pacxBopa apceHonHpnxa B nnpHTe. STO npeAnoiroaceHHe, no HX MHeHHio, noAKpen-
Jiaerca BajienrHocxbio -1 AJIH MbiuibaKa B o6onx MHHepajrax (Tonnee, (As,S)"') H
B03MO>KHOCXbK) OrpaHMHCHHOrO H3OMOp(|)H3Ma FeS2 B FeAsS H FeAs . PaBHOBCCHe B

CHCTCMC ocymecxBJiaexca no peaKUHH:
FeAsS + H2S(g) + l,25O2(g) + 0,5H2O = FeS2 + As(OH)3°(aq).
^a sojioxoHoCHbix pacxBopoB, B Koxopbix nepeHoc sojioxa ocymecxBJiaexca B

cyjib(J)HAHbix KOMnjieKcax (AuHS°, Au(HS)2"), aexopbi, xaK ace KaK H K. A. XenpHH,
IT. Ran. SHAHHITOH [Henrich, Eadington, 1986], o&bacHaiox ox^oaceHHe sojioxa Ha
JioKajibHbix reof-0;t-6apbepax npn nacxHHHOM pacxsopeHHH yace pacKpHcxa/uiHSO-
saHHoro apcenonnpHTa.

cxpyKrypa apceHOniipirra

B paSoxe H. MopHMOxo H JI. KnapKa [Morimoto, Clark, 1961] Ha OCHOBC Bbi-
6opKH HS 5 oSpasuoB Hcc^eAOsaJiacb saBHCHMOcxt napaMexpoB KpHcxajuiHHecKOH
cxpyKxypbi apcenonHpHxa ox ero cocrasa, HO B KanecTBe penepHOH TOHKH AJia no-
CTpoeHHa rpa(|)HHecKMX aaBHCHMocTefi H. MOPMMOTO H JI. KnapK ncnojibsyioT AaH-
Hbie HCKyccxBeHHoro o6pa3u.a apceHOnHpHTa, napaMCTpbi 3^eMCHTapHOH flneHKH
KOToporo (a = 5,828, b = 5,720, c - 5,792, p = 1 13,2°) ne cooTBCTCTByiOT napaMer-
paM npHpoAHbix o6pa3UOB B ero no.ne cocTasa (29,5 aT.% S).
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Hcc.neAOBaHHa KpHCTajinHnecKofi CTpyioypbi npHpoAHbix o6pa3uoB apceHonn-
pHTa BbinonHeHbi B pa6oxe E. 3. TtOKOBofi H T. H. MaxopKHHOH [1990]. ,2)ifl peHTre-
HorpacpHHecKHX HccjieAQBaHHH 6buiH OTo6paHbi 30 o6pa3uoB apcenoriHpHTa, MaK-
cHManbHO oxBaTbiBaiomHX o6jiacTi> roMorenHOCTH cocTaBOB (28,88-38,40 ar.% S,
cooTBeTCTBCHHO 38,38-28,96 aT.% As). Ebmo ycTaHOBJieno, HTO AJIH apceHorrapHTa
xapaicrepHbi ABa Tuna AHCppaicrorpaMM, ROTopbie cooTBeTCTByroT apceHonnpHTaM c
coA6p>KaHHeM cepbi 29,3-36,2 H 35,2-38,4 aT.% (oTHomeHHe As/S = 0,85-1,25 H
0,89-0,75). H3B6CTHO, HTO BblCOKOCepHHCTbie apCeHOFIHpHTbl HMCK)T TpHKJIHHHyK)

cTpynrypy, HCM, BepoflTHO, H o6bacHfleTCfl pasjiHHHe AH$paKTorpaMM. #aHHoe npeA-
nojioaceHHe He npOTHBOpeHHT Ha6jiK>AaioineMycH paapbiBy B saBHCHMocTH napaMCT-
pa c OT coAepacaHHfl S H As. MCTOAOM jiHHeHHOH perpeccHH onpeAejiena
MOCTb napaMeTpoB sjieMenrapHbix HHCCK apcenonHpHra (a, b, c, V)
cepbi H MbiuibHKa B HHTepBajie As/S = 0,85-1,25:

a = 5,677 + 0,0021 -As a = 5,816-0,0020-S
b = 5,546 + 0,0039-As b = 5,798-0,0036-S
c = 5,695 + 0,0025-As c = 5,8 5 4-0,0023-S
V= 169,49 + 0,1632-As V= 180,05-0,1538-S.

CueAyeT OTMexHTb, HTO nojiyneHHbie 3aBHCHMoCTH OTjiMHaioTca OT
HHX saBHCHMOCTen, npHBeAeHHbix H. MOPHMOTO H JI. KnapKOM [Morimoto, Clark,
1961]. PacxoacACHHfl o6pbflCHflKyrca KaK cymecTB6HHO pa3JiHHHbiMH oSbeMaMH BH-
6opoK (H. MOPHMOTO H JI, KnapK - 5 o6p., E. 3. TioKOBa, T. H. MaxopKHHa - 30),
T3K H CymCCTBCHHO paSJIHHHblMH KOHUeHTpailHOHHblMH HHTepBaJlaMH COCTaBOB HC-

cjieAOBaHHbix o6pasuoB.
Do AaHHbiM B. B. MypsHna c coaBTOpaMH [2003], npHpo^HbiH apcenonHpHT

MecTopoagjeHMH KoHKapCKoe (Ypaji) H HeacAaHHHCKoe (HKyrHa) c oTHOUieHHCM
S/As = 0,98-1,25, HsyneHHbiH MBTOAOM Mecc6ay3pOBCKOM cnenrpocKonHH, xapaK-
TepHsyercfl HecKOJibKHMH ^o3H^HaMH aTOMOB acejiesa B CBOCH cTpyKType: co6cTBCH-
HO apceHOnHpHTOBaa (OKOJIO 40%); 3JieKTpoHHOe COCTOHHHC, OTBenaiomee TaKOBO-
My B rrapHre (18,5%); 6^H3Koe K COCTOSHHIO B JiejuumrHTe (21,3%); aTaKace oco6oe

, Koropoe, no npcAno^OMceHHio aBTOpoB, orBenaeT H30MopcJ)HOMy sarwe-
aTOMOB Hcejiesa aTOMaMH sojiOTa (19,6%) no cxeMe Au3+ <-> Fe3+. SnaneHHa

Mecc6ay3poBCKHx napaMeTpOB (Is - H30MepHbiH CABHF H Qs - KBaApynojibHoe pac-
menneHHe) HSMeHarorca B saBHCHMocTH or oTHomeHHH S/As H BejiHHHHbi Meacn^oc-

paccTO«HHfl d203.

4>a30Bbie BsaHMOOTHOiiieHnn apceHoimpHTa
npH TCMneparype HH%e 400°C B nceB£o6iiHapHOH CHCTCMC

- jicjijiiiHi'HT no npupo/|HbiM

KaK noKasbmaeT onbiT 3KcnepHMCHTajibHbix HccjieAoaanHH [KnapK, 1966;
Kretschmar, Scott, 1976], nojrynHTb Aanntie o cocTasax paBHOBecHbix napareneSH-
COB apcenonHpHTa B HHSKOTeMnepaTypHoii oGjiacTH onenb CJIOMCHO. B CBHSH c 3THM
npeAnpHHflTO Hcc^eAosaHHe pesy^bTaioB «npHpoAHoro 3KcnepHMeHTa» [KOSJIOB H
Ap., 1986], ana Hero 6buiH BbiSpaHbi o6pa3Ubi H3 npocTbix B MHHepajiorHnecKOM
OTHomeHHH H AOcraroHHO H3yneHHbix MecTOposKAeHHH CeBepo-BocTOKa, TaKHX KaK
HaTajiKHHCKoe, ^erneKaH, IlaBJiHK, HryMeHOBCKOe, CBCTJIOC, MaflcKoe, Mapc. Hs
3THX o6pa3UOB 6bijiH HsroTOBJieHbi 1 1 npenapaTOB (Ta6;i. 1, 2).
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1. TeiHneparypbi oGpajoBaima naparenesHCOB _ r r.
H3 p33JIHHHbIX oGtCKTOB CeBepO-BoCTOKa A3HH

J*fe
TOMKH

1

2

3
4
5
6
7
8
9
10
11

Cp. xeMnepaiypa, °C
(napareHe3Hc)

354 (Asp + Lo)
327 (Asp + Lo)
290 (Asp + Lo)
246 (Asp + Py)
261 (Asp + Py)
284 (Asp + Py)
297 (Asp + Py)
3 19 (Asp + Py)
300 (Asp + Py)
255 (Asp + Py)
258 (Asp + Py + Lo)

KOJI-BO
H3MepeHHii

22
12
21
48
11
9
6
10
5
52
38

Cp. KBanpaiHH-
HOC OTKJiOHeHne

4,8
5,4
7,8

12,4
19,3
13,4
11,3
16,5
3,5

11,4
14,9

#OBepnTejibm,iB
HHTepaaji, ±AT,°C*

2
3
4
4
13
10
11
12
4
3
5

*floBepHTejitHtifl HHTepaaji HapHC. 4 yaejiHneH B 1,5 pasa.

Cocraa MHHepajios B naparenesHcax c apcetionHpHTOM H3
iwecTopojitaeHHtt Cesepo-BocTOKa

Na
TOHKH

1

2

3

4

5

6

7

8

9

10

11

Munepan

Asp
Lo

Asp
Lo

Asp
Lo

Asp
Py

Asp
Py

Asp
Py

Asp
Py

Asp
Py

Asp
Py

Asp
Py

Asp
Py
Lo

Cp. coflepac. As
({jiopM. ea,)

1,076

1,917
1,094
1,931
1,069
1,928
1,078
0,028
0,967
0,015
1,000
0,006
1,015
0,008
0,999
0,022
0,960
0,020
0,995
0,027
1,061
0,023
1,896

Cp. coaepjft. As
ar,%

35,87
63,90
36,47
64,37
35,63
64,27
35,93

0,93
32,23

0,50
33,33

0,20
33,83

0,27
33,30

0,73
32,0

0,67
33,17

0,90
35,37

0,77
63,20

Cp. coaepac. S
((fcopM. e,n.)

0,920

0,085

0,908
0,071
0,934
0,061
0,917
1,977
1,016
1,984
1,003
2,004
0,981
1,999
1,002
1,981
1,033
1,995
1,000
1,980
0,933
1,980
0,111

KOJI-BO
M3Mep6HHM

1

9
8
8
19
5
8
8
1
7
3
3
8
5
11
7

2
3
3
4
9
8
9

OuCHKa OI1IH6KH

(±diopM. e.n.)

0,04

0,05
0,04
0,05
0,04
0,05
0,04
0,011
0,04
0,018
0,04
0,006
0,04
0,007
0,04
0,014
0,04
0,004
0,04
0,014
0,04
0,008
0,05

Upwieianue. TaSjiHua Mjrra TO pa£xm.i BJI. K. KoajioBa H ap. [1986].

BbiflBJieHHe KOHKpeTHOH saaHCHMocTH cocTasa apceHonnpHTa OT TCMnepaTy-
Pbl CBOAHTCfl K nOCTp06HHK) Ha OCHOB6 MHHCpaJIOrHHeCKHX AHHHblX (J)a30BOH A«a-
rpaMMbi T - x no GtmapHOMy ceneHHio HHPHT - jiejuiHHrHr. OHO OTpaacaeT 4>a30Bbie
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KaKHe-jmSo MHHepajiorHHecKHe npHsnaKH nepeornoaceHHa HJIH saMemeHHa MHHC-
panoB, HeKOTOpbie npenapanrti HMCIOT xapaicrepHbie ocoGeHHOcTH. B npenapaTe Na 1
HS pKAa anajiHsoB apcenonHpHTa npneMJieMbiM OKasanca TOJibKo OAHH, a B ocxaJib-
HWX coflepJKaHHe acejiesa Bbime AonycTHMoro (33,3iO,4 ax.%). BepoaTHO, cocraB
paBHOBecHoro jiejuiHHrHTy apceHonnpHTa ycxaHOBjieH HC Bnojine TOHHO, H COOTBCT-
cTBywwaa (JwrypaTHBHaa TOHKa Ha pnc. 4, no-BHAHMOMy, npeACtaBJiaeT coSoft npo-
eKUHK) Ha ceneHHe. FIosTOMy ona AOJiJKHa 6biTb OTHeceHa K Y-o6jiacTH, a norpaHHH-
nyio KpHByio cjieAyeT npoBecrn Jieeee. ApcenonHpHT npenapata Ka 2 OKaaajica 30-
HanbHbiM: no Mepe npH6jiH>KeHHa K JiejuiHHrHTy coAepacaHHe MbimbflKa BoapacraeT.
ApccHonnpHT oxapaicrepHSOBaH no anajmsaM 6jiH>KaHuieH K JiejuiHHnny oSjiacTH.
CocTas apccHonnpHTa npenapara Na 5 npeAcraBJien OAHHM aHannsoM, Tax KaK Apy-
rne BbixoAHJiH sa ycTaHOBJieHHbift npeAcn no cyMMaM (± 1,5 Mac.%). npenapax N° 8
coAepacaji H63HaMHTejibHoe KOJIHMCCTBO cypbMbi (AO 0,2 Mac.%). B npenapaxe Ks 9
ycTaHOBjieHo cpacxaHwe nHpHTa H apcenonHpHra HHoraa c HesnaHHTejibHOH BKpan-
jieHHocTbro nnppoTHHa. BcjieACTBHe 3Toro AJIH ycpeAHCHHa BsflTbi 5 anajiHsoB apce-
HonHpHta MS 15 H 3 aHaiiH3a nHpHTa HS 7. Ox6op BbinojiHen no coAepacaHHio »cejie-
sa. OnrypaTHBHwe TOHKH xapaicrepHsyioT cpeAHHe 3H3MeHHH Bw6paHHBix aHaiiHsoB.

I /
T, "C

700

600

40

30

200

a 1
A 2

\\\O + L

0,0 0,1 0,2 0,8 09 1O 11 19

2,0 1,9 1,8 1,2 1,1 1,0 0,9 0,2 0,1 o.o
FeS

As

PHC. 4. Oaaoeaa
As - S: a - nojie HHAHBH^yajitHoro jieji^HHrHra c nepeMCHm-iM KOJiinecTBOM
cepbi; p - nojie HHAHBHayantHOro nnpHra c nepeMeHHUM KOJIHHCCTBOM H30MOp4)Horo MW-
uibflKa; y — nojie HHAHBH/tyaJibHoro apceHonnpHra; 1 — 3KcnepHMeHrajibHbie AanHbie Jl. KnapKa
[1966]; 2 - 3KcnepHMeHTanbHbie aaHHbie Y KpenMapa H C. #. CKorra [Kretschmar, Scott,
1976]; 3 - HOABT cocymecTayromnx 4>a3, nojiyneHHtix no npHpoflHbiM MaTepna^aM (TOHKHC
JIHHMH - AOBepHrejitHbie HHrepBajii.1 H3 raGn. 1, 2); 4 - paccMHTaHHafl KpHsaa npe/ienbHbix
H3OMOp4>Hfaix KOHueHxpauHH MbiuibflKaB nupHTe [YpycoB, 1977]. ITyHKTHp-ycjiOBHbie rpaHHiibi

no^efi ycToiiHHBocTH 4>a3
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Oco6biH HHTepec npeACTaajiaioT o6p. .Ne 4 H 11. B o6p. Ne 4 BbicoKOMbiuibflKo-
apcenonHpHT cpacTaerca c HHPHTOM 6es npH3HaKOB HepaBHOBecHH H no

TeiwnepaTypaM roMoreHHsauHH BKJHOHeHHfi BO BMemaromeM KBapue AocxaTOHHO
y6eAHT6JTbHO KpHCTajuiHSOBajiHCb npH TeMnepaxype npHMepno 250°C (246±4°C;
CM. xa6n. 1). B o6p. Ka 11 HMeeTca cpacTanne Tpex 4>as 6es npH3HaKOB HepaBHOBe-
CIM: apcenonHpHT + nnpHT + jiejuiHHrHT. CocTaB nHpHTa npeACTaBjien AByMa rpyn-
naMH co cpeAHHMH coAepJKaHHaMH Mbiiiibaica 0,023 H 0,009 4>opMyjibHbix CAHHHU
(N = 8)-1^* xapaicrepHCTHKH TOHKH na JTHHHH coubByca nnpHTa BSSTO cpeAHee sna-
H6HH6 cocTasa nHpHTa, KOHTaKTHpyiomero c apceHonnpHTOM. CocTas
H apcenonHpHTa OAHOpoACH H oxapaicrepHSOBaH cpeAHHMH

Hone nemumuma

Ta6n. 1 H 2 onpeAejiaioT nonojKeHHe KpHsoft coiibByca JiejiJinnrHTa B
HH3KOT6MnepaTypHOH o6jiacTH. ,Hna cpaBHCHHa Ha (JjasoByro AHarpaMK
AaHHbie JI. KnapKa [1966] no npeACJibHbiM cOAep^annaM cepbi B
(3,4 Mac.% npH TeMnepaType 702°C H 3 Mac.% npn 650°C). O6e rpynnw 4>Hrypa~
THBHBIX TOH6K XOpOIUO COFJiacyiOTCa H o6pa3yK)T BAHHyiO KpHByiO. B HHTCpBOJie
TeMnepaiyp OT 290 AO 702°C saBHCHMOCTb aTOMHOH AOJIH cepbi B jiejijiHHrHTe (as)
or TeiwnepaTypbi (T) B COOTBCTCTBHH c pa6oTaMH M. B. BacHJibesa [1979, 1983]
MOHCHO annpoKCHMHpoBaTb cjieAyiomHM BbipaaceHHCM:

T = 8935,3(as - 0,0203)'-023 + 290. (1)
CooTBeTCTByromaa RpHBaa naHecena Ha pnc. 4. Ona npoxOAHT nepes Tpn TOHKH HS
narw; TOHKy npH TeMneparype 650°C, PAC, KaK yKasbiaaji JI. KjiapK, as

o6xoAHT npasee, a B TOHKC npn TCMnepaType 327°C
Horo H HaHneHHoro no ypaBHeHHio (1) sHaneHHH cts cocTaBJiaer OKOJIO 5,5%. Hc-
nojibsya H3Jio>KeHHbiH B paSoTe M. B. BaCHJibesa [1979] cnoco6 3KCTpanojiauHH
«BHH3» KpHBOfi COJIbByca, Mb! nOJiyHHJIH, HTO npH TCMHCpaType 250°C SHaHCHHC Cts

cocTaajiaeT npnSjiHSHTejibHO 1,53 x 10'z. TaKHM o6pa30M, npeAeJibHoe coAepacaHHe
cepbi B JiejuiHHrHTe, paBHOBecHOM apcenonnpHTy, saBHCHT OT TeMnepaTypbi, ysejiH-
HHBaacb Sojiee HBM BHeTBepo B TeMnepaTypHOM HHrepsaJie 250-700°C. 3TO HOSBO-
Jiaer HcnojibsoBarb saBHCHMOCTb (1) B uenax reoTepMOMCTpHH.

apcenonupwna

.Una nocTpoeHHa JIBBOH rpaHHiibi nojia apcenonHpHTa B BbicoKOTeMnepaTyp-
HOH o6nacTH Ha nnocKOCTb Py - Lo - T cnpoeKTHpOBaHbi <j)HrypaTHBHbie TOHKH
cocraBOB apcenonHpHra HS accou.Hau.HH Asp + As 4- Lo + V(nap) no AaHHbiM IX E.
BaproHa [Barton, 1969] H Y KpeHMapa H C. fl. CKOrra [Kretschmar, Scott, 1976]. Hs
TonojiorHH 4)a30Bbix BsaHMOOTHOiuenHH B CHcreMe Fe - As - S cjieAyeT, HTO noAe
apceHonnpHTa AOJIHCHO npocTHpaTbca Jiesee npoeKUHH cocTaaoB apcenonnpHTa HS

AnariHS BTOpoii rpynnbi sKcnepHMeHTajibHbix Aannbix no COCTaBaM apceHonH-
B accouHaitHH Asp + Po + Lo + V(nap) [Barton, 1969] noKasan, HTO OHH nepaB-

HOBCCHbl. OAHOfl H3 HJl^KDCTpaUHH 3TOMy CJiyaCHT TOT $aKT, HTO HOAbI apCeHOHHpH-
Ta, KOTOpbie AOJTacHbi jieacaTb saseAQMo Jiesee TOHCK JI. KnapKa AJia naparcHesnca
Asp + As + Lo + V(nap), npaKTHHecKH coBnaAaioT c HHMH, STH AaHHbie, cjieAOBa-
TejibHo, ne yroHHaror nojioacenHe JICBOH rpannubi no^a apcenonnpHTa B o6nacTH
noBbimeHHbix TeMnepaiyp, a nnuib noATBep>KAaioT y>Ke CAejiaHHbiH panee
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B o6jiacTH FHAporepMaJibHbix TeMnepaTyp AJia JIBBOH rpaHHUbi HOJIH apceno-
nnpHTa Mbi nojiyHHJiH Tpn HOBWC TOHKH cocTaea apcenonHpHTa. OSteAHHHB BCIO
HH(J)OpMauHio, Mbi nocTpoHjm jicsyK) TpaHHuy na ocHOBaHHH cjieAyiomHx coo6pa-

1) jiHHHa AOJDKHa npoxoAHTb jiesee TOHKH 4 (accouHauHa: apcenonHpHT + HH-
pHT) H, KaK yxasaHo Bbime, Jiesee TOHKH 1 ;

2) JIHHHH AQJiJKHa nepecexaTb AOBepHreJibHbie HHTepsajibi cocTasoB apceHO-
nHptrra, cocymecTByromero c JiejijraHrHTOM;

3) B BbicoKOTeMnepaxypHOH o6;iacTH jiHHHa AQJiacHa npoxoAHTb nepes HHBapH-
aHTHyio TOHKy, ycTaHOBJieHHyro npn TeMnepaType 702°C [KLrcapK, 1966; Kretschmar,
Scott, 1976], H Jieaee (jmrypaTHBHbix TOHCK accou.Hau.HH Asp + As + Lo + V(nap) H
Asp + Po + Lo + V(nap). MajioHHCJieHHOcTb AaHHbix sacTaBHJia nposecTH JIHHHK>
COJlbByca 8 BHA6 flpaMOH.

npaeaa rpannua noJia apceHonnpHra nocTpoena c HcnojibSoaaHHew TCX ace
npweMOB, HO no snaHHrejibHO SojitmeH coBOKynHocTH AaHHbix o cocTasax apceHo-
nnpHTa B accouHaunax Asp + As + Py (AO 363°C) H Py + L(S-As-)KHAKOCTb) •+- Asp
(363^91°C) [KjiapK, 1966] H Po + L(S-As-JKHAKOCTb) + Asp (fibiuie 491°C), KOTO-
pbie oHCHb GJIHSKH K cocxaBaM apceHonHpHTa na KOHHOAC Asp - Py [Kref schmar, Scott,
1976]. PesynbTarbi Y KpeMMapa H C. ,ZJ. CKoira o cocTasax apceHonnpnTa npH TCM-
nepaType 702, 680, 650°C B accounauHH Asp + Po + L(S-As-HCHAKOCTb) xopomo
coniacyioTCH c AaHHbiMH Jl. KnapKa. CseAeKHH o cocTasax apcenonHpHTa, CHHTCSH-
poaaHHoro npH TeMnepaType Menee 600°C, a Taicace AaHHbie HS pa6oTbi V. KpeHMapa
H C. ,ZJ. CKorra ne Moryr 6biTb HcnojibSOBanbi H3-sa oTHeTJiHBOH saBHCHMocTH co-
CTasa 4>a3 OT BperweHH 3KCno3HUHH (CM. pnc. 4). Ha ocnoBaHHH H3JioaceHHoro sepx-
HSH nacTb JIHHHH cojibByca nocTpoena no npoeKU,H«M na ceneHHe jienjiHHrHT - nn-
PHT AaHHbix JI. Knapica. B cOBOKynnocTH cflOCTpoeHHOH HaMH [KOSJIOB H ̂ p., 1986]
HH3KOT6MnepaTypHOH nacTbio JIHHHH cojibByca 3TH AaHHbie QAHosHaHHO onpeAe^a-
IOT BHA H nojio>KeHHe npaBOH FpaHHUbi noJifl apceHonnpHTa (CM. PHC. 4), ConpflMce-
HHC HX BbinojiHCHO c yneroM o6mnx TCHACHUHH H3MeneHHii cocTasa apceHonnpHTa,
ycTaHOBJieHHbix no AaHHtiM IT. BapTona [Barton, 1969], H norpaHHHHaa JIHHHJI npo-

HecKOJibKO Jieaee caMOH HHSKOTCMnepaiypHOH TOHKH JI. KnapKa.

Uojie nupuma

C yneroM norpeuiHOCTH onpeAejieHHa B oSjiacxH TCMnepaTyp 6onee 270°C OT-
HCTJIHBO npoasjiaeTCfl yBejiHHeHHe pacTBopHMOcTH MbiuibflKa B nnpHTe. Jfyw npo-
BepKH 3Toro SbiJia paccHHTana KpHBaa pacnaAa TBCPA^IX paCTBopoB
Tana FeS2 [YpycOB, 1977] H onpeAejieHU npeaejibHbie H30Mop4iHbie
MbiuibHKa B nnpHTe. PacnerHaa KpHBaa xopouio coBna^aeT c JIHHHBH cojibByca, no-
CTpoeHHOH no npnpoAHbiM ^aHHbiM (CM. pHC. 4). B o6jiacTH MCHbuiHX TCMnepaTyp
nOJIOHCCHHC 4>Hryp3THBHbIX TOH6K H HX norpeiUHOCTH H6 n03BOJl«K)T OAH03HaHHO

ycTanoBHTb «XOA» cojibByca. B TO >Ke BpeMH HMCIOTCH AanHbie [EopoAaea, MosroBa,
1974; 3oroB H Ap., 1972; Burkart-Baumann, Ottemann, 1971], KorAa B saeeAOMO
HHSKoreMnepaTypHbix ycjioBHflx o6pa3yeTca nHpHT, coAepJKam,HH cymecTBCHHbie

Op4»Horo MbiuibaKa. BbicoKHe coAcpacaHHfl MbiuibflKa (AO 6-7 Mac.%)
B ocaaoHHo-AHareHernHecKOM nnpHTe B pafioHe MecTopoa<AeHHfl Ha-

TajiKHHCKoe, B nosAHHx HHSKOTCMnepaTypHbix accoiiHaunax 30JioTO-cepe6p3Horo
MecTOpO3KAeHHa ConKa Py^Haa (MyKOTKa). KaK noKasaji anajiHS cooTHOiuenHH
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H acejiesa B STHX o6pa3uax nnpHTa, OHH Moryr OTHOCHTbCfl K
napareneTHHecKHM accounauHaM c peajibrapoM, aypnnHrMeHTOM HJIH caMopOAHbiM

(necMOTpa Ha orcyTCTBHe nepeHHCJiennbix MHHepaJIOB B nsyneHHbix

na pnc. 4 (JiasoBaa AHarpaMMa HBCBT onpeAejieHHyio HOByio
HH(^opMau,Hio o 4>a30Bbix BsaHMOOTHomeHHHX B CHCT6M6 Fe - As - S. CaMoe saac-
Hoe COCTOHT B TOM, HTO nojic apceHonHpHTa saMKHyTo: OHO npocTHpaeTca AO TCM-
nepaTyp npHMepao 250°C, a o6mHH HHTepsaji TepMOflHHaMHHecKOH ycTOHHHBocTH
apceHonHpm-a cocTaBJiaer OKOJIO 450°C. OrcroAa cjieAyeT, HTO npH T « 250°C, no-

: FeAsS = FeS2 +AsS2. HHJKC
BO3MOHCHO COCymeCTBOBaHHC nHpHTa C JieJUlHHFHTOM B pa3H006pa3HbIX aCCOUHaUH-

ax. Ha 4)a30BOH AHarpaMMe 3TO BbipaacaeTca B Hcne3HOBeHHH nona apceHonnpHTa,
KOHHOA Asp - Po, Asp - As H B noaBJieHHH KOHHOAH Lo - Py (pwc. 5).

< 250°C

As Rl Arp S
PHC. 5. BapuaHTbi iJ)a3OBbix B3auMOOTHOiueHHH B cue i CMC Fe-As-S: a-

paiypa Bbime 250°C (KOHHOAW apceHonnpHT - nnpHT H apcenonHpHT - jiejuiHHrHT); 6- HHace
250°C (KOHHOAW nnpHT - jieJuiHHrHT H nnppoTHH - caMopoAHbifi

OS-beicroM HccjieAosaHHa GEIJIH npHpo^Hbie accounauHH, B penpeseHTaTHBHo-
CTH KOTOpbix HHKorAa Hejibsa 6biTb yBepeHHbiM. OnpeAejieHHbie coMHenHa MO>KHO
BbiCKaaaTb H B OTHomeHHH AOCTOBepnocTH H36paHHoro cnocoGa OUCHKH TCMnepa-
typ. EcrecTBeHHO, BCTaeT Bonpoc; HacKOAbKO HaAeacna HH^opMauna, coAepacamaa-
ca B 4>a3OBOH AHarpaMMe, B TOM HHCJIC H 4>aKT «BbiKJiHHHBaHHa» nojiHTepMHHecKoro
oG-bCMa apcenonnpHTa B npocTpancTBe Fe -As - S - T? IIpoaHajiHSHpyeM nojiyneH-
Hbie saKOHOMepnocTH noA STHM yniOM apenna.

npesKAe Bcero o6paiuaer na ce6a BHHMaHHe TO, HTO c yneroM norpeuiHOCTeH Bee
HOBbie (JjnrypaTHBHbie TOHKH JICOIH Ha AHarpaMMy snojine saKOHOMepHbiM o6pa30M H
He npoTHBOpenaT Apyr Apyry; Sojiee TOFO, AOBOJibHO HCTKO BbiAeJiaKxrca HX coBOKyn-
HOCTH, 4>opMHpyiomHe norpaHHHHbie KpHBbie. J(ajiee xapaicrepHO xopomee COOTBCT-
CTBHe «npHpoAHbix» AanHbix c 3KcnepHMeHTanbHbiMH, npoBepenHbiMH Ha o6paTH-
MocTb H paBHOBCCHocTb. 3A6Cb cjicAyer oTMCTHTb, HTO nojiyncHHbie pesy^tTaTbi He
npocro HaxoAflTca B cornacHH c 3KcnepHMeHrajibHbiMH, HO H pasyMHWM o6pasoM «npo-
AOJiacaioT» HaMeTHBuiHeca B BbicoKOTCMnepaTypHOH oGjiaciH saencHMOCTH [KuapK,
1966; Kretschmar, Scott, 1976] AO TeMneparyp npHMepno 250°C. Bee sro eABa JIH
MOHCHO npHsnaTb cjrynaHHbiM, cKopee, nao6opoT - HOBbie AaHHbie AeMOHCTpHpyioT
OGliCKTHBHOe npOflBJieHHC B npHpOAHblX CHCTCMaxyCTOHHHBblX H SaKOHOMepHblX CBfl-
3efi cocTaea cocymecTByiomHx 4>as H TeMnepaxypbi, noAAaromnxca
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COCTHB (AsP> no

HHH. O6p. 207/UI-84. MecTOpoacaeHHC HryweHOBCKoe

X°
TOHKH

1

2

3
4
4
4
4
5
5
5

1
1
1
1
1
2
2
2
2
3
3
3
4
4
4
4
5*
5*

6**
6**
6**
6**
6**

Mac.%
Fe As S

ar.%

CyMMa

FlpotliHjii, cKaHHpoeaHHfl

27,9
33,6
27,9
46,3
45,8
45,9
46,3
45,9
46,4
45,9

72,7
47,2
72,4
0,5
0,5
0,4
0,4
1,2
1,3
1,2

1,3
18,4

1,6
52,4
52,7
52,3
52,1
53,0
52,5
53,0

101,9

99,2
101,9

99,1
99,0
98,6
98,8

100,1
100,2
100,1

Fe
1

33,08
33,32
32,96
33,57
33,20
33,43
33,71
33,00
33,43
33,00

TTpo4>KJIb CK3HHpOBaHHH 2

34,2
33,6
34,0
34,1
33,7
33,8
33,7
34,2
33,9
28,1
28,5
27,2
28,0
27,7
27,1
27,7
45,7
46,0
46,0
46,3
46,0
45,9
45,6

47,2
48,4
47,7
47,8
48,2
48,1
48,4
48,3
48,2
70,1
70,7
69,9
71,4
71,2
71,1
71,1

0,9
0,7
1,9
1,6
1,2
1,4
1,4

18,2
18,1
18,1
18,0
18,5
18,0
18,3
18,1
17,3

1,9
2,0
2,2
1,9
1,9
1,7
1,6

52,6
52,4
51,8
51,8
52,8
52,8
51,8

99,6
100,1
99,8
99,9

100,4
99,9

100,4
100,6
99,4

100,1
101,2
99,3

101,3
100,8
99,9

100,5
99,2
99,1
99,7
99,7

100,1
100,2
98,8

33,83
33,20
33,64
33,74
33,09
33,46
33,15
33,62
33,91
33,59
33,66
32,72
33,13
32,95
32,63
33,18
33,12
33,38
33,42
33,62
33,13
33,04
33,32

As S

64,24
34,89
63,75

0,27
0,27
0,22
0,22
0,64
0,70
0,64

34,80
35,65
35,17
35,25
35,27
35,49
35,49
35,39
35,94
62,45
62,23
62,67
62,96
63,12
63,81
63,48

0,49
0,38
1,03
0,87
0,64
0,75
0,76

2,68

31,78
3,29

66,16
66,53
66,35
66,07
66,36
65,87
66,36

\6
31,15
31,19
31,02
31,64
31,04
31,36
30,99
30,15
3,96
4,11
4,61
3,92
3,94
3,57
3,34

66,39
66,24
65,55
65,51
66,23
66,21
65,92

*KOHT3KT C .TiejmHHrHTOM.

**KoHTaicr c apcenoriHpHTOM.
AHEUIHTHK B. fl. Eopxoaoeu, CBKHHH flBO PAH. YCJIOBHS CICMKH: U = 20 108,

HecKHe JTHHHH jjjia Bcex 3JieMeHTOB Ka, sraiTOHbi (Mac.%): apcenonHpHT (Asp200): As - 43,49;
S - 21,54; Fe - 34,77; nHpur: Fe- 46,55; S - 53,45.

KOMnoneHTOB peaicuHH FeAs2+ FeS2= 2FeAsS npHBe^eHbi B Ta6ji. 4.
1 , 2, 3 H3 TS5n. 2 B ypaBHCHne (2), no-nynaeM: TK = 1 58°K (-1 1 5°C).

ECJTH Hcnojib30BaTb 3H3HeHHe AGAgp, nojiyneHHoe no flaHHbiM F. rioKpoucKH H ,ap.

[Pokrovski et al., 2002], T. e. 4, 2, 3 HS xa6n. 2, TO TKp = 411°K (138°C). ECJIH K
#aHHbiM F. IIoKpoBCKH £o6aBHTb TOHKy FT. B. BaproHa [Barton, 1969] (AG ana
298°K), TO AGAspnPHMeT BHA 5 (CM. Ta5n. 4), a TKp = 637°K (364°C). TaKHM o6pa-
soM, paccHHTaHHbie no pasnbiM KOHCTanraM MHHHManbHbie TeMnepaTypbi cymecTBO-
BaHHfl TBepAoro pacTBopa FeAsS cocTaBJiaioT -115, 138 H 364°C.

HsMeneHiie AG AJIH cj>as B CHCTCMC Fe - As - S, Aac/MOJib, °K
A GASP

-169452 + 68,1991(1)
-

-71661-160,41(4)
-55248-185,47(5)

AGLo

-43304,4-29,7067 (2)
-
-
-

AGw
'
-300494,88+196,9831(3)

_
-

HCTOIHHK

Barton, 1969
Toulmin, Barton, 1964
TiOKOBa, BopoiiiHH, 2004*
TiOKOBa, BOPOIIIHH, 2004**

. YpaBHeHHH paccinraHbi no Mexoay naHMeHtiiiHx KBa^paToa c
: * Pokrovski et al., 2002 (523-723°K); **Barton, 1969 H Pokrovski et al., 2002 (298-723°K).

Pacnem, ocnoeanHbiu ua 3HepzemimecKou meopuu eemepoecuieunwbix soMeu^eHuu

CnocoG, npeflJiOJKeHHbiH B. C. VpycoBtiM [1977], ocHOBan Ha KpHCTajuroxH-
MHHeCKOH MOA6JIH OnpeA6JieHH3 TepMOAHHaMHHCCKHX f^yHKUHH CMemeHHfl. KpHTH-

HecKaa TCMnepaiypa (TK ) B paMtcax TeopHH peryjiapHbix pacTBopoB 6bijia onpe.ae.ne-
na B 1937 r. P. BeKKepoM [Ij,HT. no: Vpycos, 1977] H cBflsana c aneprHeH CMemeHHJI Q
cooTHomeHHeM:

T =Q/2kNHJiHT =Q/4,
Kp -̂ Up -̂ •

npH SHaneHHflx Q B Kaji/MOJib. (3)
SnaHHe Q no3BOJiaeT npe^cKasaTb B 3TOM npnSjiHjKeHHH o6^acrb HecMecHMoc-

TH RSIX J1K>60H 6HHapHOH CHCTCMbl. 3H6prHfl CMeUieHMfl Q HJIH TCHJIOTa CMeilieHHfl

AHcM (Q = AHcM) pjix FeAsS, B AaHHOM cjiynae AHH reTepOBajieHTHoro H30MopqbH3Ma
S2' H As3% 6yo;eT onpe^e^aTbca no (J)opMyjie [VpycoB, 1977. C. 123]:

AH = x22[2)cnm(AR/R)2, (4)
Z2 - aGcojiiOTHoex(,x2— MOJibHbie AOJIH KOMnoHCHTOB coeAHHeHHs;

saMemaiomnx Apyr flpyra HOHOB; c - KOHCTaHTa; xapaicrepHsyiomaH CTB-
KQBaJlCHTHOCTH COe^HHeHHS; n - KOOp^HHaUHOHHOe HHCJIO; m = HHCJTO aTOMOB

coe^HHeHHa; AR- pasHocxb ̂  H R,; R = XjR, + x2R + R3; R ]S R2, R3-
MeacaroMHbie paccTOHHHfl cooTBeTCTseHHO Fe - S, Fe - As, As - S.

MM paccMaxpHBaeM oGpasoBanne OAHOH MoneKyjibi apcenonnpHTa H3 1/2 MOJIB-
HOH AOJTH nnpwTa H 1/2 MOJIBHOH AOJIH jiejuiHHrHTa:

l/2FeS2+ !/2FeAs2 - FeAsS. (5)
no^cjaBJiaH B 4)opMyjiy (4) 3HaneHHfl z( = 2; z2 = 3; Rt = 2,25 A; R2 = 2,35 A;

Rj = 2,33 A; dR = 0,10 A; m = 3; n = 6 [Ulyfl, 1979]; c = 40 KKaji AJifl AHcy^bqbHAOB
co cTpyKrypoH THna nwpHTa c aHHOHOM [S ]2" [VpycoB, 1977. C. 64]; R= 1/2x2,25 +
+ 1/2x2,35 + 2,33 = 4,63 A; (AR/R)2 - 0,000484 nojiynaeM AHcM = 2,265 KKaji/MOJib
H B COOTB6TCTBHH C (JlOpMyJIOH (3):

TKp = 566,2°K(293,2°C).
ECJIH npHHHTb n = 4, corjiacnoH. KocTosy, H. MHHHeBOH-CreqbaHOBOH [1984.

C. 44], Toraa no qbopMyne (3):
TKp = 377,5°K(104,5°C).
ffpH pacneTe (AR/R)2 nepes o6bCM ajieMCHTapHOH aneHKH nojiyHaerca aScypa-

Hoe sHaneHHe TK = 9672°C.
TaKHM oGpasoM, npoBe,aeHHbie HCCKOJIBKHMH cnoco6aMH pacneTbi

raeMOH HHBapnaHTHOH TOHKH nnpHT + apcenonHpHT + jreji/iHHrHT njioxo
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MC3KAy C06OH, HTO flBJiaCTCfl CJIBACTBHCM HCBblCOKOH TOHHOCTH

MOAHH3MHH6CKHX KOHCTaHT AJifl apceHonHpHTa. TeM He Menee nonyneHHbie snane-
HHH 138, 364, 293,2 H 104,5°C AQCTaTOHHO SJIHSKH KOUCHKC HMJKHero npe^ena 06-
pasoBaHHS apcenonnpHTa B npwpOAHbix oSpasuax no TeMnepaiypaM roMorenina-
UHH ra3OBO->KHAKHx BKJiK>HeHHH BMeujaiomero KBapua, KOTopaa cocraBJiaeT OKOJTO
250°C [TroKOBa, KOSJIOB, 1986]. TaKofi pesyrcbTaT, c yneroM orcyrcTBHa aocTOBep-
Hbix aaxoAOK B npwpoAe HHSKoxeMnepaTypHoro apcenonnpHTa (HHMCC 200°C),
nOATBepJKAaeT BOSMOaCHOCTb CymeCTBOBaHHfl HHBapHaHTHOH TOHKH B CHCTCMe Fe -AS - S

B HHSKOTCMneparypHOH o6jiacTH.

METQZJHKA OTEOPA IIPOE H AHAJIH3A

C caMoro Hanajia 6bma nocraBJiena saaana MaKCHMajibno HOJIHO nsynHTb Bee
B03M05KHbie accouHauHH apceHonnpHTa H ycnoBHa HX iiOKajiHsauMH B Mecfropo>KAe-
HHJIX H BMemaiomnx nopo^ax BepXHe-KoiibiMCKoro perwoHa. IIpH BbiGope
TOB aBTopsi OTTariKHBajiHCb or cyiuecTByKMUHX KnaccH(|)HKaiLHH THFIOB
H ou,eHOK P-T ycjiOBHH HX oGpasoBaHHfl, BbinojiHenHbix c noMombio roMoreHH3auwH
ra30BO-)KHAKHX BKJlK)HeHHH H aCCOH,HaUHH CHJIHKaTHblX MMHCpaJlOB. Ha KpynHblX

MecTopojKAenHjix oGpasubi oT6HpaiiHCb c TaKHM pacneTOM, HTo6bi no^yHHTb npezi-
CTaBJlCHHe O B03MTOKHOH 30HaJIbHOCTH B paCHpOCTpaHCHHH apCCHOIIHpHTa HJIH CFO

CBOHCTB. O6a3arenbHbiM ycnoBHCM 6bm npoSooxSop OAHOTHHHOH MHHepariHsauHH
H3 paSJlHMHBIX BMemaiOlUHX CpCJl.

AccouHauHH apcenonHpHTa H MHKpocTpyKrypHbie BsaHMOOTnoiueHHa MHHB-
panoB onpeAejiflJiHCb B nojinposanHbix uuiH^ax noA MHKPOCKOHOM. J\n% peHTreHO-
cneKTpanbHoro MUKpoanajiHsa roTOBHJiHCb MOHTHpOBaHHbie npenaparbi sepen ap-
CeHOHHpHTa. IlpH H606XOAHMOCTH TOHHOH npHBflSKH K naparCH63HCy 3H3JIH3 Bbl-

nojinajica Henocpe^CTBeHHO B aHixuiH^e.
OSocHOBaTb pasHOBecHOCTb (napareHeTHHHOCTb) accouHauHH B

o6pa3U,ax HenpocTO. HOMHMO Mop4)OJiorHH cpacraHHH, OAHHM
BecHoro MHHepanooGpasoBaHna B namtix HCCJieAOB3HHflx aBjiaJica xapanrep npo-
4)Hjia CKaHHpoBaHwa BKpecT rpaHHUbi MHHepajiOB (CM. pHc. 2). Bbijio npHHaxo, HTO
Ann paBHOBecHOH napbi HeoGxoAHMbiM (HO HeAOCTaxoHHbiM) ycjiOBHCM CJIJOKHT OT-
cyrcTBHe H3MeneHHa cocTasa MHHepanoB no HanpaBneHHK) K oGmen rpSHHue. B TO
5K6 BpeMa T3KOH KJiaCCHHCCKHH KpHTepHH naparCHCTHMHOCTH, K3K OAHOBpeM6HHOCTb

o6pa3OBaHHa, npw HHTepnpeTauHn HeKOTOpbix accouHairHH MOF ne Hrpaxb cyme-
CTBCHHOH POJIH. HanpHMep, B npoaiHAKOBo-BKpanjieHHbix pyAax sojioro-KBapueBbix
MecTopOHCACHMM Sojibiuaa HacTb apceaonnpHTa oGpasoBajiacb npH saMemennH So-
nee paHHero nwpHTa, pacceaHHoro B MeTareppHrenHbix nopOAax [BopouiHH, 2005].
B 3TOM cuynae apceHonnpHT MOKCT paccMarpHBaTbca KaK 3a6y4>epHpoBaHHbiH nn-
PHTOM, a ero cocTas AOJIHCBH cooTBCTCTBOBaTb paBHOBecwio nwpHT - apcenonHpHT.
CocTas nnptiTa, HaoGopoT, He 6yAex oTpasnaTb Aannoe pasHOBecne. TOHHO TaKHe ace
paccyacAeHHa cnpaBCAJiHBbi no oTHOiueHHK) K accouHauHH apcenonHpHT - jiejuiHH-
FHT B HOCTMarMaTHHeCKOH FHApOTepMajlbHOH MHHepajIH3aU,HH, TA6 apCeHOHHpHT 33-

MeinaeT 6ojiee paHHHH

'eHTrenocneKTpajibHbiH anajiHs npensparoB npoBOAnnca
Ha MHKposoHAe «Camebax» B CBKHHH ̂ BO PAH (r. MaraAan). Hapawerpbi cteM-
KH: TOK B nyHKe 50 HA, TDK Ha npenapare 30 HA, BpeMfl HHTerpHpoBaHHH CHrnajia - 5 c,
ceneHHe rryHKa 30HAa OKOJIO 5 MKM, anajiHTHHecKwe JIHHHH Ana Bcex sjieMCHTOB K .
B KanecTBe STanona HcnoAbsosajica npHpoAHbin apcenonHpHT-Asp200 [Kretschmar,
Scott, 1976], Jiio6e3HO npeAOCTaBJieHHbiH H3M npo4»eccopoM C. #. CKOTTOM (VHHsep-
CHTCT TopoHTo, Kanaka). HcnojibsosaHHe STOFO sTajiona oSocHOBano HeoSxoAHMoc-
Tbio npOBCAenna MaKCHMajibHo ronnbrx conocTasjienHH pesyAbTaTOB anajmsa c 3KC-
nepHMCHTajibHbiMH AaHHbiMH V. KpeHMapa H C. R. CKorra [Kretschmar, Scott, 1976].
nposepKa noKasajia CAaGyio HeoAHOpOAHOCTb Asp200, B csasH c HBM 3T3AOHHpoBKa
Bcema ocymecTBAaAacb B npezienax OAHOFO H TOFO ̂ e ynacTKa npenapsTa. HpHHJiTbiH
HaMH cocTas Asp200 (Mac.%): As - 43,49; S - 21,54; Fe - 34,77.

HepeA KOJiHHecTBCHHbiM anaAH30M Ha ocnoBHbie KOMnoHeHTbi Bee sepaa npo-
BepaAHCb na naAHHHe npHMecw Co, Ni, Sb. VnacTKH co SHaiHMbiMH coAep^KannaMH
3THX 3AeMCHTOB HCKAHDHaAHCb H3 aHaJIHSa. Ka^KAOC 36pHO aHaAHSHpOBaJIOCb HC M6-

HCe HCM B TpeX TOHKax, KOJIHH6CTBO KOTOpblX yB6AHHHBaJ10Cb B CAyH36 H6OAHOpOA-

HOCTH apceHonnpHra. KOAHHCCTBO MecTOpoameHHH H pyAonpoaBAeHHH, HS KOTO-
pbix GbiAH OToSpaHbi npoGbi AJI« anajiHsa, cocTaBHAO OKOJIO 40. Bcero Sbiiio npo-

120 npo6 no 30-50 anaAHSOB B KajKAon. O6mee KojiHHecTBO Bbinoji-
anaAHSOB npeBbiuiaer 4500 npn ycKoparomeM nanpaxKeHHH 30 K3B H OKOAO

4000 npH 20 K3B. HocKOJibKy nojiynennbie ASHHbie He pasJinnaiOTca (pnc. 7), TO npH
CTaTHCTHHecKHX pacHerax B pa6ore HcnoAbsosajiHCb TOJibKO saiviepbi npn 30 ioB.

CoAep>KaHHe aceAesa B spcenonH-
pHTe, CBo6oAHOM OT npHMecefi, no BCCM
THnaM MecTopoacAeHHH HOpMHpOBano H
KOAe6neTca B npe^eAsx 31,4-34,8 aT.%;
cpeAHee cocTaBAaeT 33,2 aT.% (N =
4662), AHcnepCHfl 0,14. Ebuio npHHaTO,
HTO coAepacaHHe aceAeaa B apcenonHpH-
TC COOTBCTCTByeT CTeXHOMCTpHH, 3 BCC

OTKAOHeHHfl OT 3Toro napaMCTpa CBJisa-
Hbi c OLQH6KOH npH anaAHSc HAH saxsa-
TOM nyHKOM 3OHA3 MHKpOBKAK)HeHHH Apy-

rnx HcejiesocoAepJKamHX MHaepanoB (na-
nnppOTHHa), He BHAHMMX npH

Ha6jiK)AeHHH. CoAepJKaHne
As BO Bcew BbiSopKe anaAHsoB H3MenaeT-
ca B npe^eAax 20,4-40,1 ar.%, a S - 27,0-
45,5 aT.%. B KanecTBe KpHTepna H3Mene-

cocTaBa BbiSpano coAepacaHHe MH-
3TOMHHX npOUCHT3X.

MaKCHMailbHblM KOJ1HH6CTBOM

As 3T

PHC. 7. PacnpwwieiiHe
AS B apceHoniipHre, lUMcpeunoe npji30 (a)
H 20 (6) KB

oxapaKTePH30BaHbi 30AOTo-KBap-
-KojibiM-
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CKOPO perHOHa, HTO cooTBCTCTByeT HX
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npOMbiuineHHOMy snaneHHio. Apcenonn-
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PHT B HCKOTOpblX pyAHbTX ySJiaX C npeHMyiUeCTBCHHO 30J10TO-KBapU6BOH

3auH6H (nanpHMep, OMHaKCKOM, /jerAeKaa-Apra-IOpflXCKOM H IlHOHepcKOM) 6bin
HccJieAOBan ocoGeHHo flexajibHO, a nonyneKHbie pesyjibxarbi nocirjOKmiH OCHOBOH
AJia HHTepnpexauHH pesynbraTOB no ^pyrHM oGteKtaM (raS-n. 5). SHannxejibMbiM
KOJ1HH6CTBOM 3HajlH30B apCeHOHHpHTa HpeACTaBJICHbl 3O.riOTO-OJIOBO-Cepe6pflHaa MH-

HepajiHsauwa JJerACKaH-Apra-IOpaxcKoro H riHOHepcKoro pyAHbix ysjios, SOJIOTO-
peAKOMerajLTibHaa MUHepaJiHsauwa (FlHOHepcKjiH pyAHbiH yseji, Mecropo^neHHe He-
naK, pyAonpoasjieHHfl .HcHbiH H Mnpaac). OcTajibHbie THnbi opyzieHeHHa xaKa^e oxa-
paKTepH30BaHbi craTHCTHMecKH npeACTaBHTCjibHUMH BbiSopKaMH (CM. Ta6iT. 5).

5. CreneHb H3yMCHHOCTH apccHonupura no pasnoTuniibiM oSteicraM
BepxHe-KojibiMCKoro pcniona

THH MHHepajin3auHM
3 DJiOTO-Ksap ueeti fl

3o^OTO-peflKOMeTajiJibHbiH

KaccHiepHT-KBapueBbiH
MoJIHSACHHT-KBapUeBWH

OjioBO-noflHMeTanJiHHecKHfl

3oJioTO-ojiOBO-cepe6pjiHbiH

OMH3KCKHH, flerAeKaH-Apra-KDpflxcKHH,
IlHOHepCKHM, /lyCKaHbHHCKMtt, BeipCHCKHfl,

UlrypMOBCKOH
,C[yCKaHbHHCKHH:, TlHOHepCKHH, UlTypMOB-

CKoft, HenaK, MnpajK, ^IcHbiK 1
ByxyrbiHar, Anna, BanyHHCTtitt
FlHOHepCKHil, OMHaKCKHH

^erAeKan-Apra-KDpHxcKHH, HeiibKo6HHCKHii,
XapancKoe, YpnaH
O6paTHtitis IlHOHepcKHti, ,3,erfleKaH-Apra-
HDpflXCKHK

BbiGopKa
2469

985

228
188
422

594

nan-

nccjieAOBaHHa npoeoAHJiHCb B cjiynae npocTpancTBeHHoro co-
pasjiHHHbix THHOB opyneHeHHfl HJIH MCTaMOptJ)H3Ma apceHonHpHicoAep-

accoiiHauHH 6o;iee HOSAHHMH HHTpysnaMH. TaKHe CHtyauHH He aBJiaioTca
HCKJIIOHHTeJIbHblMH H Ha6jlK>AaK)TCa Ha MHOFHX O&beKTax. K KJiaCCHHCCKHM HpHMC-

paM OTHOCflTca MecTOpOHCAeHHa IiHOHepcKoro H AT-K)pHx-IIlTypMOBCKoro
ysna. MeTaMOpcJmsM apceHonnpHTa H accouHHpyioiUHx cyjib4)HAOB
Sojiee ASTajibHo HsyneH na MecropCBKAeHHH ^erACKan.

TaKHM oSpasoM, cneunajiH3HpoBaHHbiMH MHnepajiorHHCCKHMH
SMH SbiJi oxBaneH apcenonHpHT HS BCCX reHCTHHCCKHx THFIOB opyACHCHHa,
apceHonHpHT, npeoGpasoBaHHMH B pesyribTaTe nocTreneTHHecKoro

rEOJIOFHHECKHE YCJIOBUfl JIOKAJIH3AI],HH
H Tlffltl PY^HtlX MECTOPO^AEHHH

BEPXHE-KOJIEIMCKOrO PEFHOHA

FeoTeKTOKHHecKaH mummu Bepxne-KojibiMCKoro pernona

BepxHe-KojibiMCKHH perHOH oxsaTbiBaer loro-BOCTOHHyio nactb >lHO-KojibiM-
CKoro aojioTOHOCHoro noaca, KOTOPUH c^opMnposajica B KOHUC nosAneii wpbi — na-

paHHero Mejia B pesyjibxare KOJIJIHSHH KoribiMO-OMOJioHCKoro cynepreppeHHa

c Cesepo-AsHaTCKHM KpaxoHOM H ̂ OKajiHsyerca B CTpyKTypax naccHBHOH OKpaHHbi
CeBepo-AsnaTCKoro KpaTOHa (BepxoaHCKHH cKJia^aTO-HaABHroBbiH noac), Kyjrap-
HepcKoro, riojioycHO-T^eSHHCKoro, BHJinrHHCKoro H HaroHAJKHHCKoro Typ6nAHTO-
BWX xeppeHHOB (pnc. 8).
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c KJia fl i aro -H a a B H ro B bi fi
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PHC. 8. Cxeivia jioKajiHsauHH Hno-KojibiMCKoro SOJIOTOHOCHOFO nof.ca H BepXHe-
KojibiMCKoro perHOHa. ITo jiaHHHM [TeKTOHHKa..., 2001 H GIS Compilation of Geophysical,
Geologic, and Tectonic Data for Circum-North Pacific; ed. E. Noklberg and M. Digges, 1999].
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BepxonncKUu cKjiad^amo-nadeuzoebiit none JioKanH3OBaH B^OJIB BOCTOHHOH
OKpaHHbl CHSHpCKOH ruiaTC^OpMbl, npe^CTaBJieH MOIIIHblMH OTJlOJKeHHHMH Typ6H-
JIHTOB BO3paCTOM OT paHHero KapGoHa jio nosAHCH K>pti. FpaHHueK c Kyjrap-Hep-
CKHM Typ6tmnTOBbiM TeppefiHOM flBJiaerca Aabma-TapbiHCKaa 30Ha pasjiOMOB, K roro-
sana^y OT KOTopofi BbiAenaerca AAt.ma-3jibrHHCKHH aHTHKjiHHOpHH uiHpHHOH OKO-
JTO 150 KM. XapaKTepHOH ocoSeHHOCTbio cTpoeHUH aHTHKjiHHOpHfl aBiiaeTca COHC-
TaHHe 6paxH(^opMHbix aHTHKnHHajieii c ysKHMH mejieBHAHbiMH CHHKJiHHanaMH. Flo
HanpaBJieHHio K rpaHHue c Ky^ap-HepcKHM TeppeHHOM HHTencHBHOCTb cKnajXMaTo-
CTH yBeiiHHHBaeTCfl [ApxHHOB, nap<J)eHOB, 1980].

Kyjiap-HepcKuu nepuKpamonnbiu myp6udumoeuu meppeuti npoxarHBaerca B
ceBepo-sanaflHOM HanpaBJieHHH na 1100 KM. Ero rpaHHueft c noJioycHO-)H1e6HHCKHM
TeppeHHOM aKKpeiiHOHHoro KnHHa Ha ceBepo-BOCTQKe aBJiaroTca HapKbi-HHAHrHp-
CKHH Ha^BHr, HepcKHH H HaH-K)pbHHCKHH pasjioMbi. TeppeMH xapaicrepHsyeTca npe-
HMymeCTBCHHO nepMCKHMH H TpHaCOBblMH my6oKOBOflHtIMH TypSHAMTOBblMH OT-

jioaceHHHMH. Ero CTpoeHHe Sojiee CJIOKHOC, HBM B rpaHHHam,HX c HHM CTpyKTypax
BepxoaHCKoro cKJiaflHaTO-HaABHroBoro noaca (B AMbiMa-3jibrHHCKOM
PHH), c(J>opMHpoBaHO B pesy^bTaTC MHoroaTanHbix ae4>opMauHH. HanGojiee
MH 30JIOTOHOCHbIMH CTpyKTypaMH TeppCHHa BBJiaiOTCfl AflH-KDpHXCKHH H HepCKHH

aHTHKJIHHOpHH.

BUJIUZUHCKUU nepuKpamoHHbm myp6udumoebiu meppeun HMBCT c;io>KHyK) (Jiop-
My H pacnoJio^en B IOKHOH nacTH paccMaTpHBaeMofi TeppHTOpHH. C cesepa OH no
CJ1O5KHOH CHCTeMe pasjiOMOB rpaHHMHT c BepxoaHCKHM cKnaAHaTo-HaflBHroBbiM no-
acoM, Kynap-HepcKHM H nojioycHO-^e6HHCKHM TeppeHHaMH, a c rora nepeKpbiT
ByjiKanHTaMH OxorcKo-HyKOTCKoro ByjiKaHoreHHoro noaca. BHjiHrHHCKHK TeppeHn
CJ1OK6H KaMCHHOyrOJIbHblMH, nepMCKHMH, TpHaCOBblMH H KJpCKHMH MOpCKHMH Tep-

pHreHHHMH nopoAaMH cyMMapHoft MomHocTbK) OKOJIO 10 KM [Nokleberg et al., 2000].
Bo Bcex CTpaTHrpa4>HHecKHX HHTepsajiax npHcyrcTByeT npHMecb Ty4>oreHHoro Ma-
Tepnajia, a paHHeKaMeHHoyrojibHbie OTJiOKCHHa coAep^ax 6asajibTOBbie jiaBU.

IIojioycHO-fle6iiHCKitu meppeun aKKpei^uouHOZO KJiuna BKJiioHaeT riojioycHbm
-^eGHHCKHH CHHKjiHHOpHH H jiOKanH3yeTca BAOJib ceBepo-sanaAHOH H roro-

KpaHH KojibiMO-OMOJioHCKoro cynepTeppefiHa [TeKTOHHKa..., 2001].
KoJlHMCKHH 30J10TOHOCHHK HOaC MaCTbK) JTOKaJlH30BaH B n

CKOFO CHHKJiHHopHa, KOTpbiH HpOTarHBaeTca B ceBepo-aanaAHOM HanpaB^enHH na
800 KM npH innpHHe AO 100 KM H npeACTaBjieH npenMymecTBeHHO ropcKHMH Typ6n-
AHTOBblMH OTJlOaceHHSMH MOUJHOCTbK) AO 4000 M [HeXOB, 1976]. Ha CCBepO-BOCTO-

Ke CHHKJIHHOPHH rpaHHHHT no pa3JioMy J(apnHp c QMyjieBCKHM TeppeHHOM H no
MapKbT-HHbflJlbCKOH CHCTCMC paSJlOMOB C HarOHA^KHHCKHM TeppeHHOM. CeBepO-BO-

CTOMHoe KpbiJio HHbaiiH-AeSHHCKoro CHHKJiHHopHa 6ojiee Kpyroe no cpaBHeHHio c
Ktro-sanaAHbiM, ero BHyrpenHee CTpoeHHe xapaicrepHsyeTca CJIOKHOH CHCTCMOH
H3OKJiHHaiibHbix cioiaAOK, conpaaceHHbix c KpyrbiMH

BepXHe-KojibiMCKHH perHOH pacnojioacen B rpaHHuax
TeppeHHa aKKpeuHOHHoro KiiHHa, Kyjiap-HepcKoro H BHJiHrHHCKoro
HblX TypSHAHTOBblX TCppeHHOB. Eojiee 10% erO TeppHTOpHH SaHHMaiOT BblXOAbI

noJiHOKpHCTajijiMHCCKHx rpaHHTOHAOB BospacToM OT no34H6H lopbi AO nosAHero Meiia
BKJIK)MHTejII,HO. HlHpOKO paCnpOCTpaHCHbl AaHKOBbie KOMOneKCbl C TaKHM 5K6 BO3-
pacTHbiM HHTepfianoM, naKy rpaHHTOHAOB, OAHaKO c 6onee UIHPOKHMH
cocTasa. HoAMHHeHHoe saaneHHe HMCIOT ByjiKaHHHecKHe nopoAW- KaK

TaK H Hmpy3HH cyGBy^KaHHMecKHXTe^ KHCJiorococraBa^OKa^HsoBaHLi rjiaanbrn o6pa-
30M BAO™ rpaHny Teppe^OB B 30Hax AAbm-TeHbKHHCKoro H YjiaxaHCKoro paanoMOB

acnpeflejiemie sojioTopysHbix MecTopoataeHHii H poccuneB B paccMOTneH-
HBIX TeppeHHax HepaBHOMepHoe, HX MaKCHMyM cocpewmwen B Kyjiap-HepcKOM H
nojioycHO-Ae6HHCKOM TeppeHHax, B npeaenax KOTopbix BepXHe-Ko^iMCKHH pernoH
3aHHMaeT Be^ymee iKwiojiceHHe Kan no KOJinnecTBy *o6brroro 3ojioTa
HecjBy H3BecTHb.x MecTopoaweHHfl (PHC. 9). ^pyrae THDM py^Hb.x
HHH He TaK MHoroHHCJieHHbi; npOMHiimeHHoe snaneHHe HMCJIH TOJibKo
Oftbenu, KOTOPb.e cocpeAOTOMeHbi rjiaBHbiM o6pa30M B*o;ib K>ro-3anaAHOH
HBI perwoHa H B MCHbiiieM KojiHnecTBe Ha ero ceBepo-BOCTOKe B
ro rpaHHTOHAHoro MaccHBa.
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Tniibi py/jHbix MecroposKAeHiiH H HX reojioriiHecKaa

HanGoJiee iiiHpOKO pacnpocTpaneHHbie B BepxHe-KojiUMCKOM pernone sono-
TOpyAHbre MecTOpojKASHHa no MHHepajioro-reoxHMHHecKHM AaHHbiM paaAeJienbi Ha
Asa Tuna: sojioTO-KBapueBbie H aojioTo-peAKOMeTaJiJibHbie [HlHJio H Ap-, 1969].
F. H. FaMflHHH [1991] OTHOCHT HX K apCeHOFIHpHTOBOMy H BHCMyTOBOMy THnaM

eAKHOH 30-noTo-KBapueBOH (jjopMauHH, B sapyGejKHOH jiHTepaType OHH HSBecTHbi
KaK Au quartz vein related to regionally metamorphosed rocks (includes concordant
vein, and shear zone Au)n granitoid-related^«[Noklebergetal., 1998].^ocHxnop
He cymecTByeT eAHHCTBa BSFJIHAOB na renesHc STHX MecTOpo>KAeHHH. OAHH Hccjie-
AOBaTeJiH pacciuaTpHBaiOT HX KaK oGpasosaBiiiHeca B pesyJibTaTe CAHHOFO nocTMar-
MaTHHecKoro npouecca, a pasjiHHna B cocTaBe oGtacnaioT sonajibHOCTbio opyfleHe-
HHa, ApyrHe - KaK npoHSBOAHbie coBepmeHHo pasnbix co6biTHH, TperbH nbiTaioTca
AOKa3aTb KOMSHHHpOBaHHblH TCHeSHC OpVAeHCHHa, o6yCJIOBJieHHbIH KaK MCTaMOp-

4>HHecKHMH,, TaK H nocTMarwaTHHecKHMH npoueccaMH [FoHHapOB, 1983].
OjioBflHHbie MecTopo>KAeHHa H npoaBJieHHfl TaioKe IIIHPOKO pacnpocTpaHCHbi B

perHoae. CpejjH HHX BbiACJiaioTca KaccHTepHT-KBapueBbie, KaccHTepHT-CHJiHKaTHO-
cyjib(J)HAHbie H oJioBO-nojiHMeTajuiHHecKHe [(tjiepos, 1976, 1984], B cooTBeTCTBHH
c npHHaTOH B aHmoasbmnoH JiHTepaType KJiaccH^HKauHCH OHH OTHOcaTca K deposits
related to calc-alkaline and alkaline granitic intrisions veins and replacements, TAC
pasAenflioTCfl na Sn quartz veins, Sn silicate-sulfide veins H Sn polymetallic veins
[Nokleberg et al., 1998]. IlepBbie ABa THna oSbinao npocTpancTBeHHO accou,HHpyioT
C nOJlHOKpHCTaJIJlHHeCKHMH HOp^HpOBHAHblMH FpaHHTOHAHblMH HHTpy3H3MH, a

TpeTHtl - C Cy6ByjlKaHHH6CKHMH HHTpy3H8MH KHCJ10PO H CpeAHero COCT3Ba.

BoJiee peAKHe MOJiHSAeHHT-KBapueBbie, HJIH MOjiH6AeH-nop(|)HpoBbie (quartz
molybdenite HJIH porphyry Mo), cepe6po-nonHMeTajuiHHecKHe, HJIH cepeSpo-KBap-
UeBbie (Ag polymetallic vein HJIH Ag quartz veins), npO3BJieHHa o6biMHO accounnpy-
JOT c onoBOpyAHbiMH oStCKTaMH. 3ojiOTo-cypbMflHbie (Sb-Au vein (simple Sb)) aouibi,
KaK npaBHJio, JiOKajiH30BaHbi coBMecTHO c 30JiOTo-KBapueBbiMH. Eme 6ojiee peAKHe
ypancoAep^camne (cyjib4)HAHO-HacTypaHOBbie) XCHJIM H npo>KH.riKH (felsic plutonic
U-REE) pacnoAararoTCfl B He6ojibuiHX njiyronax SHOTHTOBbix rpaHHTOB B neno-
CpeACTBeHHOH 6J1H3OCTH OT KaCCHTCpHT-KBapUeBblX MCCTOpOJKAeHHH.

HpocTpaHCTBeHHoe pasMemeHHe 3OJioTO-KBapueBbix pyAHbix ysjioB Bepxne-
KojibiMCKoro perwoHa KOHTpojinpyeTca B nepByio onepeAt npOAOJibHbiMH sonaMH
rny6HHHbix pasjioMOB ceBepo-sanaAHoro npocTHpaHHa. HaH6onee KpynHbie no KO-
JiHHecTBy SOJIOTU pyAHbie ysjibi pacnonaraioTca BAOJib pasjroMOB c saKOHOMCpHbiw
HHTepBajioM (maroM) B cpeAHCM 60-65 KM [JIapHH, 1949; llIaxTbipoB, 1987]. Menee
3HaHHT6JlbHbie 30JIOTOHOCHbie OAOIHaAH npHypOHCHbl K Me>Kpa3JIOMHbIM 6jIOKaM,

OAHaKo H TaM KOHTpojib npocTpaHCTBeHHOro pasMemenna opyAeneHHa ocymecTB-
Jiaerca Goiiee MGJIKHMH no MacuiTa6y AHaronajibHbiMH H nonepennbiMH AHS^IOHK-
THBHblMH CTpyKTypaMH, KHHeMaTHHCCKH ConpaaceHHblMH C FJiaBHblMH npOAOJIbHbl-

MH paSJIOMaMH. B COBpeMCHHOM 3p03HOHHOM Cpe36 SOJIOTOpyAHblC o6TJeKTW J1OK3-

jiH30Banbi BO BC6M CTpaTHrpa^HHecKOM HHTepsajie TeppHreHHbix nopoA OT nepMH
AO HDpbi; nacTO BMeuj,aK>iHHMH nopOAaMH cJiyH<aT HHTpysHBHbie Tena He6oJibUioro
pasMepa (AaHKH OCHOBHOFO, cpeAHero HJIH KHCJIOFO cocTaBa, IIITOKH rpaHHTOHAOB).
B OTAejibHbix pyAHbix ysjiax (nanpHMep, Jt,erAeK3H-Apra-K)paxcKOM) souoTO-KBap-

MHnepajiHsauHJi OTneTJiHso npnyponeHa K njiacTaM rpasejiHTOB H Kpynno-

sepHHCTbix necnaHHKOB cpeAH Gojiee MejiwDsepHHCTbix nopoA, HTO csasano c HX
MeX3HHHeCKHMH CBOHCTBaMH. HeT HHK3KHX OCHOBaHHH TOBOpHTb O perHOHaJTbHOM

cTpaTHrpa(|)HHecKOM HJIH JiHTojiorHHecKOM KOHTpoJie opyAeHCHHa HJIH nepBHHHOH
oSorameHHOGTH SOJIOTOM onpeAejienHbix cTpaTHrpa^nnecKHx ropH30HTOB [CTena-
HOB, 2001]. PaHOHbl 3OJIOTO-KBapU6BOH MHHCpaJTH3aUHH nOAHepKHBaiOTCS JIOK3J1H-

saUH^H B HX KOHTypax noBbiuieHHoro KOJIHHecTBa AaeK. MacTo AaHKH BMemaroT pyA-
Hbie Tejia, OAHaKO BbicTynaroT B 3TOM cjrynae TonbKO K3K CTpyKTypHbie JiOByuiKH,
gjiaronpHJiTHbie no cJmsHKo-MexaHHHecKHM cBOHCTsaM %nst JKHJiooSpaaosaHHa (KaK
B cJiynae c njiacTaMH rpaBejiHTOB H necnaHHKOB). Her HHKaKOH CB^SH Me>KAy SOJIG-
ToS MHHepajiHsauHen H cocTaBOM BMeutatomnx AaeK. B CAynae pacnonojKeHHa MCC-
TOpoacAeHHH B npe^ejiax rpaHHTOHAHbix TCJI nocjieAHHe SB^aiOTca Taicace CTpyicryp-
HblMH JIOByiHKaMH HJIH, HO CVTH, 6oJIbUIHMH Aa^KaMH. K T3KHM MeCTOpOJKACHHSM

oTHOCflTca HlKOJibHoe H ^opoacHoe. B nojibsy 3Toro i^aicra CBHAeTejibCTsyer HC-
6ojibmoH pasMep rpaHHTOHAHbix Teji (IIITOKOB).

E6jibiiiaa nacTb 30JioTo-KBapueBbix MecTOpoacAeHHH, npoaBJieHHH H nyHKTOB
B perHOHB JiOKajiHSOBana B nopoAax, MeTaMopdpHSOBaHHbix B sejie-

(J)auHH. CTaTHCTHiecKHe noAcneTbi noKaabiBaiOT, HTO B soae sejieHo-
eneHHbix nopoA pacno^oaceHO 79% Bcex soAOTO-KBapueBbix o6i.eK-

TOB, 17% - npHypoHCHbi K oporoBHKOBanHbiM nopOAaM H 4% - K rpaHHTOHAaM (pHc.
10). B TO ace BpeMfl cymecTByeT rpynna MeTaMop4)H30BaHHbix sojioTO-KBapqeBbix

. OHH pacnOJIO^CHbl B 3K30KOHTaKTOBbIX 30HaX rpaHHTOHAHbix HH-

H xapaicrepHsyioTCfl cBoeoSpasnbiM MHnepajibHbiM cocTasoM. HacTo nocT-
rHApOTepMajibnaa MHHepajinsauHa, csasaHHaa c rpaHHTOHAaMH,

npaKTHHecKH noAHOCTbfo saTymcBbiBaeT nepBHHHbiH cocTaB pyA H HX TepMajibHbie
npeoGpasoBanna. IIo3TOMy AO CHX nop HQT eAHHoro MHenna o renesHce MeraMOp-
4>H3OBaHHbix MecTOpojKAeHHH, HCTOHHHKax pyAHOro BemecTBa H poAH pereHepauHH

4)0PMHPOBaHHa coBpeMenHoro oSjiHKa pyAHbix ran.
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3ojioxo-peAKOMeTajuibHbie, ojiosaHHbie, a xaicace MOJiHGAenoBbie H cepeSpo-
MeTajuiHHecKHe MecxopoKAenna H npoaBJieHHfl npnyponeHbi K rpaHHXHbiM

He6oJibmoro pasiwepa HJIH K oporoBHKOBaHHbiM nopoAaM Boxpyr HHX.
TaKHM o6pa3OM, rnaBHyro ponb B pasMemeHHH sonoxo-KBapueBbix Mecxop05K-

HrpaiOT MexaMop4>HnecKHe SOHBI H Kpyntibie pernonajibHbie pasnoMbi; noA-
HHHCHHOe HJIH KOCBBHHOe SHaHCHHC HMCKDX MarMaXHHeCKHC HHXpySHH H HX rCOTCK-

THOLI. B jioicajiHsauHH BCCX ocxajibnsix THOOB MecxopoJKAeHHH
pOJlb HrpaiOX IpaHHXOHAHbie HHXpy3HH.

BpCMfl (|>OpMHpOBaHHH pa3JIHHIIbIX TII1IOB
H HX COOTI10IIIC1IHC C rJiailllMMH MaiMl l I I I M C C K H M H

H MeraMOptJmnecKHMH coGbn IIIIMH B pcnioiic

CBHHMH HHXpysnaMH B perHone aBJiaroxca nosAneiopcKHe AaHKH
ocHOBHoro, cpeAHero H KHCJIOFO cocTaBa, Koropbie B COOXBCXCXBHH c perHonajibHOH
nereHAoii oTHOcarca K Hepa-GoxannHHCKOMy KOMnneKcy [Jlerenfla. . . , 1 999] . J^aHKH
MeTaMOp4>H3yK)TCfl npaKTHHecKH BC6MH THH3MH rpaHHTOH^OB B perHOHC H, CKOpee

scero, napanJiejiHsyiOTca no BpeMeHH oGpasoBaHHa c nos^neiopcKHMH
MH VflH4HHO->IcaHHeHCKoro BynicaHoreHHoro noaca, KoxopLiH cymecTBOBaji
KoJlblMO-OMOJIOHCKHM CynepTCppeflHOM H CCBepO-ASHaTCKHM KpaTOHOM
1988]. HHTepnpeTauna ^aHHbix HsoTonnoro Aa-mpoBaHHH ^aeK HeoAH03HaMHa H3-sa
CHJlbHOrO BTOpHHHOrO H3MCHCHHa HOpOfl. K-Ar ASTbl o6pa3yK)T UIHpOKHH HHTepBaJl -

OT 75 40 170 MJIH jieT [PycaKosa, KoTJiap, 2003]. T. E. PycaKOsa H H. H. Koxjiap no
K-Ar ^axaM npeAnojiaraioT HHTepBaji BHCApeHHfl H

165-170 MJIH JICT. HanSojiee no^yMCHHaa 40Ar/39Ar MCTOAOM
(158 M;IH Jier - Boapacx no «njiaTO», 1 60 MJIH JICT - HHTerpHpoBaHHbifi B03pacx), no
poroBOH o6M3HKe HS ^aHKH ra66po B paHone Mecxopo^neHHfl llaBJiHK, jioKajiHso-
BaHHOH B BepxHenepMCKHX MexaxeppnreHHbix nopo/tax (ycxHoe coo6menHe P. Hbio-
Geppw, 1998 n). HanGo/iee nacxo c AaMKOBbiMH HHTpysnaMH 3xoro xnna accouHHpy-
ex sojioxo-KBapueBaa MHHepa^nsauHa, MJia Koxopon OHH cjiyacax BMemaiomeH cpe-

HaH6ojiee APCBHHC rpaHHxoH^Hbie HHXpysHH B perHone cjioaceHbi poroBooS-
MaHKOBO-6HOTHXOBbIMH KBapUCBblMH flHOpHXaMH, TpaHOflHOpHXaMH H MOHUOFpaHH-

TaMH c noBbimeHHbiM cOAepacaHHeM rjiHHoscMa [HbK)6eppH H jap., 2000; Layer et
al., 2001]. no reoxHMHHecKHM npH3aaKaM rpaHHxoH^bi HHxepnpexHpyroxcfl K3K cy6-
ayKi^HOHHbie. B cooxBexcTBHH c perHOHanbHOH JiereHAOH OHH oxHocaxca K SacyryHb-
HHCKOMy KOMnjieKcy [PycaKOBa, Koxjiap, 2003]. T. E. PycaKOBa H H. H. Kox^ap Ha

pesyjibxaxoB Rb-Sr H K-Ar AaxHpo BaHHfl onpeziejiHiiH nanGojiee Bepoax-
HHxepBaji HX KpHcxajuiHsauHH B 163-167 MJIH neT. B xo ace BpeMfl 40Ar/39Ar

HaneHHa OKOJIO 150 MJIH Jiex no poroBOH oGMaHKe H SHOxnxy ana Mac-
CHBOB: EacyrynbHHCKHH, EyprarHHCKHH, CbuirbmxapcKHH, OAHHOKHH, Taax-Tax,
Eon. Maji6biKaH, HerneH-Xaa, PUJKHH [HbioSeppn H ap., 2000], EflHHHHHaa ^axa,
noJiyneHHaa U-Pb MBXOAOM A-na rpanHTOHAOB EyprarHHCKOro MaccHBa, xaioKe coox-
BexcxByex 150 MJTH Jiex [Moll-Stalcup et al., 1995]. To ecxb OHH aneApHJiHCb Myxb
no3>Ke {JiopMHpOBaHHa YaHAHHO-^caHHeHCKOH ByjiKaHHHecKOH Ayrw. HMCHHO c HH-

3xoro xwiia CBasaHO 6ojibiiiHHCTBo sojioxo-peAKOMeTajuibHwx Mecxopoac-

H pyAonpoasjieHHH B pernoHe: HexneH-Xaa, MajixaHCKHe UIXOKH, Eacyry-
HBJI, bi^HH, HeKOxopbie HenpoMbimjieHHbie JKHJIBI MecxopoxcAeHHa lllKOJitHoe H
Ap. (xa6ji. 6). B neKoxopbix cjiynaa xejia rpaHHXOHAOB cjiy>Kax BMemaiomeH cpeAOH
A^a Sojiee nosAHen sonoxo-KBapueBoti MHHepajinsauHH, KaK, HanpHMep, Ha MCCTO-
poacAeHHax lllKojibHoe H ̂ opoHcnoe.

TaSiiHua 6. AGCOJHOTHWH eospacr ('"'Ar^'Ar) M;U M;VI I I - K - C K - M X
H opyAeneHHfl [Voroshin et al., 2004]

MecropoameHMe

HajiSbiKan
HenaK
HerneH-Xaa
HaA65KA3
MflKHT

Anna
Eyryrbinar
J^HenpoBCKoe
BanynHcxoe
HryMCHOBCKoe
TpancnopTHoe

VXHHCKOC

^opoacHoe
lOrnep

UlKOJibHoe
HaxajiKa
HaxajiKa (aHTH-
MOHHXOBafl MH-

HepajiH3auHfl
B pHOJIHTOBblX

flafiKax)
UliypMOBCKoe
Taax-TaxcKoe

jfl^erAeKan
CBexjioe

TojibuoBCKoe
^apbflji-2

gafle)K,ga
BexpeHCKoe
j^ycKaHba
flaejiHK

PpaHMTOHaw

*
*
*

CbijirbiHrap
*
*
*
*

CesacTonojibCKHH

Yjiaxan

flattKa «Cypi,MflHafl»
*

EyprarbiHCKHH

XaTblHHaXCKHH

BoapacT

rpaHHTOHAOB

149
146
147
145
140
83
78
83
80
97

140
139

153

82

peAKOMCTELn JIt.1 lOH

MHH6pa^M3auHH

149
146
147
145
140_

78
83
80_

147

30J10TO-KBap-

UeBOH MHH6-

pajiH3ai(nn

<140
140
139
135
136
135

135

134
134
130
130
128
126
126
125
114

> 110

*HHTpy3HBLl, OflHOHMeHHbie C MCCTOpOMmeHHflMH. IlyCTaa

B3 HJIH MHHepajIH3aUHH, HpOMCpK - HCT OnpefleJlCHMH BO3p3CTa.

OTCyTCTBHC HHTpy3H-

Hepes HeSojibiiioH npoMeacyroK BPCMCHH nocjie ^opMHpoBaHHa
rpanHxoHAHbix HHxpysHH, B HHxepsajie 138-143 MJIH Jiex, BO BpeMa KOJIJIH3HH

CeBepo-AsHaTCKoro Kpaxona H KojibiMO-OMOiioHCKoro cynepxeppeHna KpncxajuiH-
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30B3JlHCb BblCOKOrJIHHOSeMHCTbie MyCKOBHT-6HOTHTOBbI6 rpaHHTbl, HpHHCM Ha6jIK>-

AaeTca HesnaHHTejibHoe OMOJio>KeHHe BoapacTa rpaHHTOB B ceeepo-sanaAHOM na-
npaBjieHHH [Layer et al., 2001], B CBJHH c nocjieAHHM 4>aKTOM sospacT KOJIJIHSHOH-
Hbix rpaHHTOB B BepxHe-KoJibiMCKOM perHOHe HHTepnpeTHpyeTca B HecKOJibKO 60-
jiee ApeBHeM HHTepsane - 140-146 MJIH JIBT [HbK>6eppH H Ap., 2000]. C STHMH rpa-

CBflsaHa TOJibKO HesHaHHTeJibHaa no Macurra6aM ojiosflHaaa H soJioro-peA-
.

nHTaeTc, HTO nanSojiee uiHpoKo pacnpocTpaaeHHaa sojioTo-KBapueBaa MH-
HepanHsauHfl 6bma ctJiopMHpoBaHa B KOHUC nosAHen topbi - nanajie pannero Mejia B
pesyjibTaTe KOJUIHSHH KoJibiMO-OMOJioncKoro cynepTeppeHHa c CeBepo-AsHaTCKHM
KpaTOHOM [napc|)eHOB H AP-, 1993; TeKTOHHKa..., 2001; Nokleberg et al,, 1998],
OAHaKO reojiorHHecKHe BsanMooTHomeHHs He nossojiaioT COOTHCCTH HX no BpeMe-
HH C BbICOKOniHH03eMHCTbIMH KOJIJIHSHOHHblMH TpaHHTaMH. BospaCT 30JIOTO-KBap-

ueBOfi MHHepaJiHsauHH OTHOCHTCJI K HHCJiy HanSojiee HeonpeAeneHHbix xapaKrepH-
CTHK pyAHbix MecTopoiKAenHH perHOHa. Eiu,e AO He^aBHero apeMCHH reonorw HMC-
JIH B CB06M pacnOpa>KeHHH TOJibKO KOCB6HHbie AaHHblC, OCHOBaHHblC Ha (fiayHHCTH-

necKOM BOSpacTe BMemaiomHX nopoA HJIH B3aHMOOTHOiueHnax JKHJI c HSOTOHHO Aa-
THpOBaHHblMH MarM3THHeCKHMH TCJiaMH, HH^H33 rpaHHUa B03paCTa 30J10TO-KBap-

UCBoro opyAeHCHHa no reojiorHHecKHM penepaM onpeAejiaeTca JioKajiH3auneH pyA-
Hbix TeJi B nosAHeiopcKHx MeTaTeppHreHHbix TOJimax, AaflKax (Hepa-SoxannHHCKHH
KOMnJlCKC) H 1UTOK3X AOKOJIJIHSHOHHblX pOrOBOo6MaHKOBO-6HOTHTOBbIX TpaHHTOH-

AOB C CyGAyKUHOHHblMH rCOXHMHHeCKHMH XapaKTCpHCTHKaMH (GaCyryHbHHCKHH

KQMnneKc). HanGojiee NionoAbie OTJiojKeHHfl BepxoflHCKoro KOMnJieKca AaTHpynDTca
no3AH6H ropoH (AO KHMepHA^KCKoro BeKa BKJiioHHTenbHo). To ecTb K py6e)Ky 152 MJIH
jieT MO>KHO HpeAnoJiaraTb npoxojKAeHHe npoueccOB jiHTH^HKauHH, KaTarenesa H
M6TaMOp(^H3Ma CaMblX HH3KOTCMnepaTypHWX 4>aUHH.

Bepxnafl rpaHHua sospacTa sojuoTO-KBapueBoro opyACHeHHS He AOJi^cna npe-
BbimaTb speMa BHeApenwa nocTpyAHbix AaeK Ha MecTOpoacAeHHax ^erneKan, Fonb-
UOBCKoe H IlaBJiHK H pyAonpoflBjieHHH 3ojioToe, a Taxace rpaHHTOHAOB MaccHBOB
Yjiaxan (OKOJIO 97 MJIH JICT) H XaTbmnax (OKOJIO 80 MJIH JICT), KOTOpbie MeTaMop(J)n-
syroTpyAbiflllHJiOHAp., 1988].K-ArAaTHpOBKHnocTpyAHbixcneccapTHTOBMecTo-
po>KA6HHfl ,3,erAeKaH cocTaBJiaioT 87-96 MJIH JIBT, B TO xce BpeMa AJia KanM KpHCTaji-
JTOB UHpKOHOB H3 KC6HOJ1HTOB B 3THX AaHK3X Ha OCHOBaHHH SHRIMP- AaTHpOBaHHa

noJiyneHbi snaneHHa 128-130 MJIH JIBT, KOTOpbie TaK^e Moryr cooTBeTCTBOBarb Bpe-
MCHH BHCApeHHa BHyTpHpyAHblX AaHKOBSIX HHTpy3HH [AKHHHH H Ap-, 2003].

CjieAOBarejibHO, HenocpeACTBCHHbie BsanMooTHomeHHa 30/ioTo-KBapueBbix JKHJI
C OCaAOHHblMH, MBTaMOp^HHeCKHMH H HHTpySHBHWMH oSpaSOBaHHaMH AaK>T OH6Hb

UIHpOKHH HHTepBaJl (|)OpMHpOBaHH}i OpyAeHCHHfl OT 97 AO 150 MJIH JI6T. JI. B. C>Hp-

COB [1985], npHBJieKaa reoxpoHOJiorHHecKHe Aannbie H reojiorHHecKne B33HMOOT-
HOmeHHa, HPHBOAHT Ananason OT 110-100 AO 135-130 MJIH JICT, npeAnojiaraa eme
6ojiee ysKHH HHTepBan - 1 10-125 MJIH JIST. KpoMe TOPO, HeoAHoanaHHOH ocTaeTca
HHTepnpeTauna KOJinnecTBa SHHSOAOB MHHepaJiHsauHH. Ilo3TOMy A^a onpeAejieHHfl
BospacTa Han6ojiee HH^opMaTHBHbiM ocTaeTca AaTHpOBaniie co6cTBCHHO ruApOTep-
MajibHbix MHHepajioB, oTHOcamnxca K sojioTO-KBapuesoMy opyAeHCHHio. BnepBtie
TaKHe AaHHbie GUJIH ony6jiHKOBaHU P. J$K. HbioGeppH c coafiTopaMH [1997, 2000].
K HacToameMy BpeMenw nojryneHu pesynbTaTbi no 17 o6i>eKTaM perHona [Bopo-
IIJHH, Hbio6eppH, 2001; Voroshin et al., 2004]. HanSojiee AOCToeepHbie Aaxu orpa-

HHrepBajioM 125-139 MJIH Jier, c KoropbiM He CBasaHO HHK3KHX Kpynnbix
3HAoreHHbix TepMajibHbix co6biTHH B perHone, KaK TO BneApenHfl MHTpysHH HJIH pe-
rHOHaJibHoro MeTaMop(J)H3Ma. Hariia HHTepnpeTauna nojiyneHHbix AaTHpOBOK OCHO-
BbiBaerca na MeTaMop^oreHHOH MOACJIH Mo6njiH3anHH ^JHOHAOB H MSTajmoB H sa-
KOHOMepHOM JIHHCHHOM pacnOJIOHCCHHH SOJIOTO-KBapUCBblX M6CTOpOa<AeHHH. Ho-

CJ16AHHH ([mKT CBHAerCJlbCTByeT O CymeCTBeHHOM BJTHaHHH TeKTOHHHeCKHX cJiaKTO-

poB Ha 4>opMHpOBaHHe oSjiacTCH pasrpysKH pyAOHocnbix pacTaopoB.
MoSnjiHsauHa (|>JIK>H.AOB M MCTaJiJiOB npoxoAHJia no Mepe nporpeccHBHoro npe-

o6pa3OBaHH« TOJIIU, HaHHHaa c npoi^eccoB jiHToreHesa H saKaHHHBaa pernoHajibHbiM
MeTaMOp(J)H3MOM, HHK KOTOpOFO AOJTJK6H COBnaAaTb C BbinjiaBJieHHCM KOJ1JTH3HOH-

HblX rpaHHTOB. JIorHHHO npCAnOJIOMCHTb, HTO Mo6HJlH30BaHHOe BemeCTBO MMPpHpO-

BaJio B CTopOHy yMeHbiiiCHHa TCMnepaTypbi H AaBJienna B nopoAax H TaM BCTynajio B
peaKUHio c nopoAaMH, oGpasya HOBbie accouHauHH. JleTynne KOMnoHenTbi npn STOM
BblHOCHJIHCb 3a npCACJibi npeoGpasyeMbix TOJIIU, HJIH CKanjiHBajiHCb B CTpyKTypHbix
jioByuiKax, KaK, HanpnMep, He4)Tb H ras. OAHaKO STH npoueccbi HC MOFJIH npoxoAHTb
paBHOMepHO no BCCH TOJime TeppnreHHbix OTJIOHCCHHH. HMCHHO Ha 3Tane nepeMe-
meHHa (J)jiroHAa HanSojibiuee snaneHHe npHoGpeTaiOT CTpyKTypno ocjiaGjieHHbie
30Hbi, Koropbie BOSHHKaioT y^<e nociie Mo6HJiH3auHH BeinecTBa. B BTOM cjrynae rjias-
HblM (JmKTOpOM, npHBOASIUHM K OCaa<AeHHK> pyAHblX H aCHJIbHblX KOMnOHCHTOB B

CJia6oKOHrpacTHbix no cocTasy rojrmax, 6yA6T BbicTynarb pesKoe CHH^cenHe AaBJie-
HHfl 4>JiioHAa B nopoAax.

OneHKa speMenHoro HHrepaana MeacAy saaepmenHeM pyaoMo6HjTH3yK>mHX
npoi^eccoB H MOMCHTOM (JjopMnpOBaHHa MHHepajiHsauHH Mo^ceT 6biTb CACJiana na
OCHOB6 HOJiyHCKHblX AaTHpOBOK. OopMHpOBaHHe BblCOKODIHHOSeMHCTblX KOJ1J1H3H-

OHHbix rpaHHTOB npoHcxoAHJio B AHanasone 140-146 MJIH JICT [HbioGeppn H Ap.,
2000], Bee AaTHpoBKH sojioTO-KBapneBon MHHepajiH3auHH MOJIOJKC yKasaHHoro HH-
TepBajia Ha 1-15 MJIH Jier, T. e. paspbis BO BpeMeHH MeacAy MoSnjiHsauHeH
H ero OTjioaceHHCM B OTAejibHbix cjiynaax AOCTHraji 15 MJIH JICT. Ha nepsbin
3TO nepeajibHoe BpeMa. OAH3KO anajins jiHTepaiypHbix AaHHbix noKasbiaaeT, HTO B
ApyrHX perHonax STOT BPCMCHHOH HHTepBaJl AOCTHraer TaKHx ace SHanenHH. B nac-
THOCTH, B Teppenne KajirypJiH Ha 3anaAe ABCTpa^HH sojioTopyAHaa MHnepajiHsa-
UHa B oGjiacTH pacnpocTpaneHHfl AOK6M6pHHCKHx OTJioxKeHHH, MeTaMOp4>H3OBan-
Hbix B sejienocjiaHueBOH (|)auHH, MOJioace nHKa pernoHajibHoro MeT3MOp^H3Ma na
20-30 MJIH ACT [Witt et al., 1997]. HeMHoroHHCJieHHbie peKOHCTpyKUHH pe>KHMOB
ocTbmaHHH MeTaMop<J)HHecKHX nopoA noKasbisaiOT, HTO pesKoe nonnHceHHe TeMne-
paiypbi npOHcxoAHT npHMepHO Ha 10 MJIH JICT nosace TCMnepaTypHoro nHKa M6Ta-
Mopc|)H3Ma [Zeitler, 1989]. YHHTbiBaa STH ^aKTbi, MO>KHO npeAnojioacHTb, HTO nep-
BOHanajibHO Mo6HJiH3OBaHHoe BemecTBO naxoAHJiocb B saKoacepBHpOBaHHOM, paB-
HOBCCHOM c BMemaroiUHMH nopo^aMH COCTOHHHH, noKa jaBjieHHe H TeMnepaTypa He
HcnbiTajiH pesKHX HSMeneHHH. 3ro cocToaHHe MOJKHO cpaBHHTb c paSoTOH aBTOKJia-
Ba. OGlIlHH nOA"beM TeppHTOpHH H paSBHTHC paSJIOMHOH T6KTOHHKH HpHBOAaT K pe3-

KOMy cSpocy AaBJieHHa, naAeHHio TeMnepaTypbl H HapymeHnto XHMHHCCKHX pasHO-
fiecHH. TojibKO nocjie 3Toro HanHHaeTca MaccoBoe 4>opMHpoBaHHe sonoTO-KBapue-
BOH MHHepajIH33UHH. CBHAeTeJlbCTBOM TaKOrO pa3BHTHa Co6bITHH MOatCT CJiyJKHTb

HajiHHHe reTeporeHHbix BKJiiOHeHHH B Ksapue, HTO noATBepayjaeT ero oSpasoBanHe
H3 KHnamHx pacTBOpoB. BcKHnaHHe - STO pesyjibTaT pesKoro c6poca AafineHHS BO

MOAejib oGiacnaeT AHCKpeTHoe pacnojio5Ke-
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PHC. 11. MopijHWiorHH H npeoGpaaoeaHHe ocajioHHo-jiHareHeTiiHecKoro
(Apra-IOpHxcKHii H UlTypMOBCKOft pyAHbie ysjibi): a - BKparineHHocTb KyGnqecKHx KPHC-
TajuioB; 6- nepepacnpe^ejieHHe nepBHMHO pacceflHHOH BKpaaneHHocTH B MHKpoAe^eKTbi; e -
oGpaaosaHHe KpHCiajuios nupHia B MeTaMop(J)oreHHOM KBapueBOM npoacHJiKe B KOHiaKre c
J1HH30BHJIHI.IM CTJDKCHHeM HHpHTa; ̂ - KpHCTajIJIH3aUHJI apCCHOnHpHTa B JIHH30BHAHOM CTfl-

HHpHTa B npe^CJiaX 3OJlOTO-KBapU6BOrO

PacceaHHaa BKpanjieHHOCTb oSbinno jioKajiH3yeTca B TOHKO3epHHCTbix nopo-
Aax (aprHJuiHTax), BbiAejieHHfl HMerox rjioSyjiapHoe cxpoenne AHaMexpoM AO coxbix
AOJICH MHJiJiHMeTpa. OxMenaioxcfl xaicace Ky6HnecKHe Kpncxajiiibi nnpHTa c pejiHK-
xaMH rno6yjiHpHOH cxpyKTypbi (pwc. \2a). B Gojiee KpynHOsepHHCTbix pasHOCTflx
nopOA (ajiespojiHTax H necnaHHKax) npeo6jiaAaioT xopomo orpaneKHbie
KHC 4>opMbi nHpHTa H HX arperaTbi npn KpaHHe peAKOM npncyTCTBHH
AajibHoro HHpHTa, HTO CBHAexejibcxByex o nepeKpHcxajuiH3auHH ocaaoHHbix cyjib-
4>HAOB ya<e Ha paHHHX cxaAHflx MexaMop4>H3Ma (pnc. 1 26}. MexaMopfJwnecKoe npo-
Hcxoa<AeHHe rmpnxa noAnepKHBaexca pejiHKxaMH cxpyKxyp BMeiu,aK>iUHx nopoA B
ero KpHcxa/ijiax (pnc. 12e). OGbinno nHpnx co^ep^Hx MBJIKHS OBajibHbie CHHrene-
XHMHbie BiuiiOMeHHa HHppoxHHa, a B Ae4>eKxax HaGjiroAaioxca MeiiKHe o6oco6jieHHa
xajibKonHpHxa, c4)ajiepHxa c 3MyjibCHOHHOH BKparuieHHOcxbio xajibKonHpnxa H ra-
JienHxa. ApceHonHpHX B accounauHH c MexaMop^orenHbiM nnpHTOM, HecMOTpa Ha

HOHCKH, He o6HapyaceH.

PHC. 12. IlepeKpiicTajiJimoBaHHbift unpin (lllTypMOBCKofl py^Hbiii yseji): a -
c pejiHKtaMH rjioSyjiapHoro cipoeHHfl; 6 - c yKpyrmeHHeM H orpamcoH KpHCTanjiOB; e -
c nojiocnaTbiMH pejiwicraMH oca/iOHHbix nopoa; z - nceBflOMOptjmoe saMemenne nwpHTa rrap-
POTHHOM

KoHTaKTOBbiM MeTaMOp4)H3M iyp6HAHTOB npHBOAHT K npeoGpasoBaHHK) Mexa-
Mop(J)oreHHoro nnpHia B nnppOTHH. J\p\vKy\u,wz CHJIM H MexaHH3Mbi 3TOH peaKUHH

MCTaMOp(j)MHecKHX npeo6pa3OBaHHH yrAepOAocoAepM<amHx
paccMOTpeHbi A. XOJTJIOM [Hall, 1986], ^ac.OeppH [Ferry, 1981],

A- MOXOM H P. HbtOTOHOM [Mohr, Newton, 1983]. FlHppOTHH, KaK npaBHJio, nacne-
Ayex (JiopMy BbiAejieHHH nepBHHHoro nnpHTa (pnc. \2s). CreneHb nHppoxHHHsauHH
MCTaMop4)H30BaHHbix nopoA HepaBHOMepHa. B HanGojiee BHeuiHHX sonax (6noTH-
TOBafl cy6(J)au,Ha) o6biMHbi pejiHKTbi nHpHxa, AJia BHyrpeHHHx SOH xapaKxepHo noji-
Hoe npeoSpaaosaHHe nnpHxa B nHppocHH. HenojiHbie nceBAOMop(|)03bi HHppoTHHa
no HHpHTy A3J1H B03MOHCHOCTL OUCHHTb SHaHCHHC A3HHOH peaKUHH AJia 4)OpMHpOB3-

HHa 30J1OTOH MHHepa^H3auHH [BopoiiiHHHAp., 1993]. HapflAy c nceBAOMop(J)03aMH
nHppoTHH o6pa3yer raioKe MejiKyio pacceaHHyK) BKpanjieHHOCTb HenpaBHJlbHOM
4>opMbi B CHJlHKaTHOH MaTpHue nopoA, Koxopaa BO3HHKaeT B pesyjibTaxe peaKUHH
cepbi c aceAeaocoAep^amHMH cHJiHKaraMH H oKCHAaMH. C HHPPOTHHOM accouHHpy-
IOT apceHonnpHT, c(J)aJiepHT (6es 3My^bCHOHHOH BKpanxieHHocTH xanbKoriHpHTa) H
raneHHT. C noMoiUbio cyjib4>HAHbix reoxHMHHecKHX HHCTpyMenroB SbiJiH oueneHbi
Teiuneparypa H AaBJienne npeo6pa3OBaHHH nnpHxa B nnppoTHH, Koxopbie
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MactOTa Apra-fOpnx - Macrora flerfleKaH

120-

80-

40-

o 4

20 -

. 10 -

OcaAQ^Hbie
AS£B= 32,0
N=206
D = 0,2

Ascp=31,2
1 50 - - OcaflOMHbie N = 252

D = 0,5

100- -

50-- ' |

n J 1 1 1 — 1,1 | 1 1 i | 1 |., | 1 1 1 1

flatfKM
Ascp=31,6
N = 34
D = 0,1

26 28 30 32 34 36 38
As, ar.%

MacioTa HaranKHHCKoe

120-

80-

40-

0

140

100

60

20
0

cyr
H0\e

pas
saw

OcaflOHHbie
As.̂ 31,6
N = 304
D = 1

flaHKM

1

AsCB= 31,1
N = 307
D*1.4

_ „ "S,--" ^y,y
20 -- AaMK" N = 33

D = 0,3

|
26 28 30 32 34 36 38

As, ar.%

PHC. 19. Cocrae apceHoimpHTa
B ocaflOMHbix nopoflax u flaflnax

> • • ' . • , - . . . ' ; . • ' • • . , • • . , • :.

26 28 30 32 34 36 38 , ; • . ! . ' i /
A s , ai.% . : : . . . . ' . ••-... -i ' • • '

AccouwauHfl ciJianepHT + xanbRonnpHT + rajieHHT + caiwopOAHoe SOJIOTO npn-
CTByex Ha Bcex aojioro-KBapueBbix MecTopoacAeHHax perHOHa, HO B KojiHnecTBeH-
1 OTHOIUCHHH 66 pOJlb H63HaHHT6JlbHa. Cyjlb^Hflbl nOJlHMeraflJlOB OTM6TJ1HBO 60-

nosflHHe no OTHouieHHro K apceHonnpHxy n nHpHTy. XaiibKonHpMT o6biHHO 06-
yer 3MyjibCHOHHyio BKparmeHHocTb B c^ajiepHTe. MHHepajibi 3TOH accouwauHH
emaiOTCa CBHHUOBO-CypbMaHblMH CyJIb^OCO^aMH H aHTHMOHHTOM.

8. Co^epJKanHsi 3JieivieHTOB-npHMeceft B apcenonHpHTe H3 pya
HH« HarajiKHHCKoe (no ;uiinu.i\ aTOMiio-aucopGiiiioiiHoro anajiH3a, n • 10"4%)

O6pa3eu

10.1.2
10.1.3
10.2.1

10.2.3
10.2.4
10.3.1
10.3.5

10.3.6
10.4.3
10.4.6
10.5.4
10.5.6
10.5.9
10.5.10
10.5.12
10.6.5
10.7.2
10.7.3
10.11.2
10.13.1
10.14.1
10.15.3
10.19.1
10.21.1
10.22.1
10.23.1
10.28.1
10.28.2

10.29.3
10.30.1
Haraflica,
Kapbep
HaBJIHK
UI-5
HaBJIHK
UI-6

Au

174,7
224,3
8,5

120,0
21,3
146,9
5,1

11,7
22,8
32,5
23,8
7,8

109,6
17,5
19,9

198,9
16,3
18,3
77,8
26,2
8,6

418,2
26,6
74,1
20,5
65,8
62,9
95,6

20,1
15,8
6,9

2,7

2,4

Ap

0
13,5
4,3

0
4,9
54,0
2,3

4,4
10,3
14,4
11,6
3,7

36,5
18,5
13,9
87,2
6,1
6,3

29,6
10,9
6,1

242,7
16,3
32,9
7,7

25,2
14,6
38,9

6
4,5
2,4

2,2

2,1

1000-Au/(Au+Ae)

1000
943
664

1000
813
731
689

727
689
693
672
678
750
486
589
695
728
744
724
706
585
633
620
693
727
723
812
711

770
778
742

551

533

Ni

280
470
90

120
240
210
100

740
110
190
180
200
150
160
230
170
280
100
120
150
210
190
300
200
110
200
170
130

220
150
120

80

100

Co

120
0

150

40
0

34
36

22
33
130
11
0

46
0
0

34
15
38
12
88
120
0

130
90
110
44
73
93

200
0
0

0

55

Ni/Co

2,3

0,6

3,0

6,2
2,8

33,6^
3,3
1,5
16,4

3,3

5,0
18,7
2,6
10,0
1,7
1,8

2,3
2,2
1,0
4,6
2,3
1,4

1,1

1,8

FOPH30HT, THI1 pyjJLl

EpBKHHS

30Ha npOHCHJIKOBaHHH

750, H3MeH6HHafl ocaflo1!-
Haa nopojia
To ace
650
EpGKHHfl

650, HSMeneHHaJi ocaAon-
nas nopo^a
650, flaHKa
650, SpeKHHfl
To >KC
700, SpeKHHfl
650, SpeKHHfl
To see
650, KBapuesajj jKuna
650, 3OH3 npOJKHJIKOBaHHH

715, KBapuesaa scH/ia
750, SpeKHHfl
760, SpeKHHH
700, SpeKHHfl
700, KBapueBaa acana
750, 30H3 npOJKHJIKOBaHHfl

650, KBapuesaa >KHJia
650, 30H3 npOJKHJIKOBaHHfl

650, SpeKHHfl
To ace
-»-
835, 3OHa npo>KHj]KOBaHHfl
885, HSMeneHHaH ocaAOM-
Haa nopoAa
835, 30Ha npoacHJiKOBaHHfl
30Ha npOJKHJIKOBaHHH

HsMeneHHaa ocazioHHaa
nopofla
3ona npoacHJiKOBaHHfl

To ace

. ripHMecb BHCMyxa HC ycraHOBJieHa; B CflHHHHHbix oSpasuax BCTpenaercfl npn-
Mect KaflMHS H cypbMLi. AH3JIH3 BbinojiHeH Ha cneKTpo^oTOMeTpe «Perkin Elmer», Hrnf CO AH
CCCP, anajim-HK B. T. UnM6ajmcT.

53



Ta6.iima 9. HsoToniibitt cocras cepti cocyaiecTByioiiinx cyjib^H/iOB 113 cyjib<pHAHo-Kap6oiiaTHo-KBapueBbix XHJI H TeMneparypu
MHHepajioo6pa3o&aHHfl, paccHimtHKbie no HsoronHbiM oTHomeiiHHM cepbi B napax c^ajiepur - rajienur,

nnpirr - c4>ajiepHT H nnpnr- rajiemrr

O6pa3eu

1788/B-85

1751/B-85
B-2662

1195/B-85
1604/B-85
353/B-84
168/111-84

11.12.24

MecropoayieHHe,
pyAonpoflBJieHHe

fffrww
AerjieKaH
HaiajiKHHCKoe

KoeGoH
Pyn. BOCTOK
Hiuyr
HryMenOBCKoe
(npaBo6epexa>e
pynbfl)
HryMCHOBCKoe

pyn>fl)

rnapoTepMajii>Hoe
oSpasoeaHHe

KapSoHaTHO-KBapuesafl

Tn -SKe-L \J fftC

KflapueBLie npoacHJiKH
' C Pb-Sb CyjIb(|)OCOJIHMH

KBapHesaa acmia
Ksapuefibie npojKKHKH

KBapiiesas acana

KapSoHaTHo-KBapueBaa

To ate

THII
MHHepajlH33UHH

SoJioTo-KBapuesaa

To ate
-»-

-»-
-»-
-»-

SOJIOTO-

Toate

RHPHT

-

-
-3,7

-1,7
-
-

-

-3

ApCeHOHHpHT

-

-

-4,7

-
-1,5
-

-

-

C(|)ajiepHT

-3,8

-3,6
-3,8

-2,6
-1,2
-7,4

-1,9

-3,2

FaneHHT

-7,4

-6,8
—

-5,1
-4,8
-9

-3,8

-5,2

TI,°C

174

202
—

265
174
401

344

330

T2,°C

-

-
*

306
-
-

-

*

T3,°C

-

-
—

276
-
-

-

409

TeMneparypti
= (l,01±0,04)'10/(Py-Ga)1/2> °

ITpo^epK B HieiiKe - onpeaejieHHe HJIH MHHepan oxcyrcTByer.

4>opMyjiaM [OMOTO, Pan, 1982]: T, = (0,85±0,03) *103/(Sph - Ga) , °K; T2= (0,55±0,04) -107(Py -
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na Bcex KaccHTepHX-KBapueBbix oe^eKTax (ByryrbiHar, Anna, Xapan-
CKoe, BepxHe-XaTbiHnaxcKoe) ycxaHOBJiena MHKpocKonHHecKas BKparuieHHOCXB HHS-
Konpo6aoro caMOpoAHoro sojioxa, jioKajiH30BaHHafl KaK B KBapue, xaK H B apceao-
IIHpHTe B CpaCXaHHH C BHCMyTOBblMH MHHepajmMH.

Ha MecxopoiKACHHH Eyxyrbinar, Kpoiwe KaccHxepHx-KBapueBoro opyAeneHHa,
pacnpocxpaneHbi cyjib^judno-HacmypaHoebie JKunbi H npoacuriKH. ApcenoimpHx B
HHX oSpasyex HAHOMOp4>Hbie KpHcxajuibi H HX cKoruieHHH (AO 10-20% OT o6-beMa
nopo/0 pasMepoM AO 1,5 CM, CKOHiteHxpHpoBaHHbie B aonax HHXCHCHBHOH xnopHXH-
sauHH rpaHHxoHAOB, a raKHce B 6peKHH«x H JKHJiax xajiueAQHOBHAHoro Ksapua. Ap-
ceHOiiHpHx name Bcero HHAHBHAyaJibHbiti. B neKoxopbix cjiynaax OH accouHHpyex c
nupMTOM H (HJIH) MapnasHXOM, HHOrfla ueMenxupyexca arperaTOM nHppoTHna. Co-
craB 3Toro apceHoriHpHxa cMemeH B cepHHCxyio o6;iacxb - 29,8-32,1 aT.% As. Ho
nocKOJibKy cynb^HAHO-HacxypaHOBaa MHHepajiHsauHa npocxpancxBeHHo coBMeme-
na c KaccHTepHT-KBapijeBOH, B o6pasu,ax npHcyrcTByeT apcenoriHpHX H 6onee Mbi-
iiibflKOBHCxoro cocraBa (34,6-35,4 aT.% As) (CM. pHC. 22j).

Kaccumepum-cunUKamHo-cyjibtpudubie u onoGO-nojiuMemajinimecKue pynti CJTO-
>K6HbI KaCCHTepHTOM, HMpHTOM, DUppOTHHOM, Xa/IbKOIIHpHTOM, raJICHHTOM, C(J)aJie-

pHTOM, MapKa3HTOM, apceHonHpHTOM. OHH ^exajibHO oxapaKTepH3OBaHbi B pa6oxe
A. A. IlnjiiiiKeBHq [2002]. OTMCTHM, HTO MHHepajiorHHecKHH cocTas B paaiiHMHbix
oS^eKrax Moacer cymecTBCHHo pasjinnaTbca. TaK, B JKWiax MS cjia6oMeTaMOp(J)H3o-
saHHbix TeppHreHHbix nopoA B cy^b^H^Hbix accou.Hau.Hflx npHCyrcTByroT OJIOBO-
cepe6pflHbie (Jiasbi, a B cy6syjiKaHHHecKHx Te^ax (pyaonpoflBJieHH» Tnrpeu-HH,ay-

, XapaHCKoe) apcenonHpHT co^epHCHT BKJiiOHeHHfl caMOpOAHoro BHCMyTa H
paHHHH KaccHTepHT. Macro B nojiHMexa^^HHecKHX accoijHauHjix OT-

MeHaerca cymecTBCHHoe KOJIHHBCTBO nHpporHHa, a nHpHT ueivieHTHpyeT KaTaKJia3H-
pOBaHHbifi apcenonHpHT.

ApceHOHHpHT B 3THX THnax MHHepajiH3au,HH oSpasyeT KpynHbie FHnnnHO
HOsepHHCtbie arperaTbi (^o 3 CM) B npoacHJiKax, B SpeicqHflx, caMOcxosTeJibHbie
BaKH H npoacHJiKH, a xaioKe MejiKyro o6HJibHyro BKpanjieHHocTb (AO 30-40%) B Mexa-
coMaiHTax (pyaonpoaBjieHHe THrpeu-HHAycxpHa) H pacceHHHyio BKpanjieHHOcxb B
poroBHKax (flocxpeji). B HeKoxopbix cjiynaax Kpyrmsie (2-3 CM) oS^OMKH apcenonH-
pHXOBoro arperaxa ciieMenxapOBaHb! nojiHcynbt^HAHbiM arperaxoM (Mecxopo>KAeHHe
ypnaHCKoe). IIoA MHKPOCKOHOM apceHonnpHT Ha BCCX pyAonpoaBjieHHax B SHaHHxejib-
HOH cxenenH KaxaKJia3HpoBaH. C nwpHxoM apceHonHpnx peAKO o6pa3yer KOHxaKXHbie
CHHrenexiWHbie cpacxannfl, o6biHHO OH ueMeHXHpyerca nHpHxoM, nnppOTHHOM H xajib-
KOnHpHXOM. HHpHX B pflAe cjiynacB, xaK ace xaK H apceHonnpHx, B BHAC Kpynnux (2-
3 CM) o6iiOMKOB ueMeHXHpyexcfl nonncyjib^HAHbiM arperaxoM. Ha MecxopOJKAeHHH
XapaHCKoe apceHonHpnx coAepacHX MBJIKHC BKJiK)HeHHfl nHppoxHHa H KonxaKXHO cpa-
cxaexca c nnpHxoM, oSpasya cHHreHexHMHbie arperaxbl.

Cocxas apcenonHpHTa KaccHxepHX-cHJiHKaxHO-cyjib4)HAHoro u onoBO-nojiHMe-
TamiHHeCKoro XHUOB opyneHeHHfl oxpaiKeH Ha rHcxorpaMMax (pnc. 23). HnxepBan
Kone6aHHa ero cocxaaa 31,9-36,75 ax.% As. ApcenonHpHX pyAonpoflBJieHHH THF-

, FHHJIOH, riocxpen, VpHaHCKoe xapaKxepHsyexca Menee MbiujbflKO-
cocraBOM, HCM apceHonHpHX pyAonpoaB^eHHH HHAycxpHfl, Bonpoc H MCC-

XapaHCKoe. Cpe^HHe snaneHHH coAepacaHHfl MbiiiitaKa B apcenonHpHre
B MHxepBaJie 32,3-34,6 ax.% As. ^ncnepcHH cpeAHHX 3HaneHHH

He npeBbimarox 1 Aaaee npw ne onenb 6onbiiiHx KOJiHMecxBax aHajinsos, OKOJTO 30-
40; HCKJHoneHHe cocxaannex pyAonpoflBJieHHe Hocxpeji, na KoxopoM, BOSMOJKHO,

npoasjieHa 3nHTepMantHaa craAHa

Ma
1<1

11)

6

2-

15

ID-

S'

30

20-

10-

50-

30-
-

10-
n-

STQia

• XapaHCKoe

As,= 34,6
N = 31
D = 0,6

. YPHBH

Ascp= 33,1
' N = 33

D = 0,2

K" H*

Asw= 32,3

D = 0,1 -

MHflyCTpM*

AsC)J= 34,3
N=108
D = 0,8

-H 1 — I — 1 — 1 — 1 — !-•

.,
1

1 ,

I
L.,

Macjora

30

?0

10-

OH
Tl

IS-

M-

S'

o-

Bonpoc
. ASCB=34,1

N = 70
D-0,4

. niHnofl
As,= 33,9
N = 37
D = 0,2

— I — h- 1 — t— i — i i"i

30

20H

10'

n-

\i

• N = 102 .
• D = 1,7

-
— I 1 — l-lluMJ I

26 28 30 32 34 36 38
As, ai.%

PHC. 23. COCTBB apceHoniipHxa Kac-
H OJIO-

26 28 30 32 • 34 36 38
As, ar.%

Cepedpo-nojiUMemajiJiwecKax u cepedpo-Keapyeeafi MHHepanHsauHji HMCCX
3nMXepMaAbHbIH 06J1HK C KpyCXHCflHKaUHOHHblM, KapKaCHO-IIJiaCXHHHaXblM, 6p6KHH-

CBbJM CXpOCHHeM, HacxO C Xa^UeAOHOBHAHblM KBapUCM H XOHKOH CyAb(^HAHOfi BKpan-

acHHocxbio, npeAcxaajieHHOH raJieHHTOM, c^anepHTOM, 6neicnbiMH pyaaMH, KaHcJiHJib-
AHTOM, cyjib^ocoJiflMH cepe6pa, aKanxHxoM H caMopoAHbiM cepe6poM, axaiOKe HHOF-
£3 3J16KXpyMOM H KKJCXe^HXOM [ririflUIKeBHH, 2002].

HaH6ojiee paHHHM naparenesHcoM B 3XOM xHne MHHepajiH3ai^MH flBJiflexcfl ap-
ceHonnpHx -i- nnpHX. ApcenonHpHx o6pa3yex B SonbiUHHcxBe cjiyMaeB arperaxbl HAHO-
MOp(J)HbIX KpHCXaJIJIOB pa3M6pOM AO 5—8 MM. KOJ1MH6CTBO BKpaHACHHOCXH pCAKO

npeBwmaex 10-20%. ApceHonnpHx HKorAa coAepacHX MC^KHC oBa^bHbie BKiwone-
HHH nnppoxHHa (pyAonpoaBJieHHe O6paxHbift), HO name nHppoxHH-xajibKonnpHxo-
BWH arperar ueweHTHpyex KpHcxajuibi apceHonwpHxa (pyAonpoaB^eHHe ToKHHaa),
a HHppOTHH 3Aecb B cBOio oHepeAb saMemaexcfl MapKasHxoM H nnpHxoM. Ha pyAo-
nposBJieHHH OSpaxHbiH Ky6imecKHe Kpucxajuibi nHpnxa coAep>Kax BKJiioHeHHfl HAHO-
'" 1 KpHcxajiJiOB apceHonHpnxa. CoAepacaHna MbiuitaKa B apcenonHpHxe MS
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HHpHT H FIHpHT CymeCXBCHHO flOMHHHpyiOT Hafl ApyrHMH CyJIb(J)HflaMH, OC06eHHO

BO BMemaroiuHX nopoAax, TO BO Bcex cjiynaax MOJKHO roaopHTb o cymecxBOBamiH
OHpHT-apceHonHpHTOBoro 6y$epa, KOTOpbift KOHTpoJinpyex oScTanoBKy cyjib^H^o-
oGpasoBaHHa. ApcenonHpHT uejiHKOM Hcnojibsyex KOMnoHeHTu nHpHTa, nosTOMy
ero XHMHHCCKHH cocTaB 6yaeT nojiHOCTbio OTpa>Kan> ycjiOBHa paBHoaecHa c nnpH-
TOM, H norpaHHHHbie cocraBU nHpHTa H apceHonnpHxa MOJKHO CHHxaxt naparene-
XHHHblMH B CTpOFOM nOHHMaHHH 3TOFO TepMHHa.

11. COCTSB rmptiTOBoro KOHueinpaTa HS ocaAOMHbix nopOA
(XHMHHCCKHB aH3J1M3, M3C.%)
-

O6pa3eu

1595/B-85 (Apra-IOpjix)
2379/B-86 (308-fl KM)
304/111-85 (Apra-IOpax)
423/U1-85 (Apra-K)pflx)

48,6
48,9
49,6
49,8

0,28
0,84
1,0

0,66

44,8
44,8
45,9
47,6

Ni

Cn.
GJI.

0,057
0,08

Co

0,1
0,04
0,12
0,034

Zn
0,01
0,008
0,008
0,034

Cu
Gi.

0,002
0,038
0,09

Pb

0,007
0,006
0,01
0,012

ComacHO SKcnepHMCHTajibHWM AaHHtiM [KjiapK, 1966; KOSJIOB H Ap-, 1986],
napareHesHC apcenonHpHT + nnpnr ycTOHHHB OT TeMneparypbi 491 °C AO TCMnepa-
Typ npuMepHo 250°C. TeMnepaTypbi, oueneHHue no peaJibHbiM cocTasaM apceno-
nHpHTa, COOTBCTCTByiOT ROHTH BC6My 3TOMy pflAV- COBepHtCHHO OH6BHAHO, HTO Ha

rncTorpaMMbi nonajiH cocTasu apceHonnpHTa KaK c JIHHHH 6HHapHoro
(Asp + Py), TaK H H3 nojm HHAHBHAyajibHoro apceaonHpHTa.

CocTaB apcenoriHpHTa sojioTO-KBapueBoro opyzteHeHna xapaKrepHsyeTca
MCHbiiieM AHcnepcHefl cpeAH Apyrwx THHOB MHHepanHsaijHH. 3TOT (jjaicr oSyc
nen, no-BHAHMOMy, nocToaHHofi saSyc^epHpoBaHHOCTbro apceHonnpHTa RHPHTOM B
rnnpoTepMaJTbHOft CHCTEMC B npouecce MeTaMopc|)oreHHoro saMemeHHH. B TO ace
BpeMa HMeioTca HeKOTOpsie OTJIHHHH cocTasa apceHonnpHra B npeAeJiax SOHOTO-
KBapueBOH MHHepajiHaauHH. Bo^ee cepHHCTbift coCTas apceHonnpHTa H3 AaeK sojio-
To-KBapuesbix MecxopoxKAeHHH MoaceT HHTepnperHpOBaTBcfl KaK pesyjitTaT 6onee
KHCJTOH H Menee BocCTaHOBHTejibHoti, HBM B yrnepoAHCTbix cnanuax, o6cTaHOBKOH
4>opMHpOBaHHfl. IIoBbiuieHHoe coAepJKaHHe MbimbflKa B apcenonHpHTe HS rpaHHTO-
HAOB no cpaBHeHHio c poroBHKaMH Ha MecTOpoatAeHHH UlKOJibHoe Moacer CBHAC-
TejibCTBOBaTb 06 yMeHbiiieHMH coAep>KaHHa cepbi B cocTase pacxBopoB [riaJibflHOBa,
KOJIOHHH, 1991]. ApceHonwpHT MecTopoiKAeHHa HarajiKHHCKoe c rjry6HHOft HMCCT
TeHAenuMK) K yBejiHHeHHK) coAep>KaHHa MbimbflKa, HTO o6ycjiOBJieHo, CKopee Bcero,
yBenHHCHHeM TeMnepaTypbi ero oGpasosaHHa na 6ojiee rjiyGoKHX ypoBHax. TaK, no
AaHHbiM cxaTHCTHHecKHx HCCJieAOBaHHH K. CaHASjiafla c coaBTopaMH [Sundblad et
al., 1984], BO BMemaromHX nopoAax HIBCACKHX KaJieAOHHA, MeTaMOp^iHSOBaHHbix
B 6HOTHTOBOH Cy64>aUHH M6TaMOp^H3Ma, apCCHOnHpHT HM66T 6onee BblCOKOe CO-

AepacaHHe MbimbHKa no cpaBHCHHio c apceHonnpHTOM us nopOA, MeraMop^nsoBaH-
HWX B x^opHTOBOH cy6({)auHH sencHocjiaHueBOH (|)auHH MeTaMOpc|)H3Ma,

B ApyrHX Twnax MHHepajiHsauHH (KpoMe sojioTO-KBapuesoH), no MHHeparpa-
(JiHHecKHM AaHHbiM, apccHonnpHT AaneKO He BcerAa oAHOsnaHHO saGy^epHposaH
nHpHTOM, no3TOMy ero cocTaB HSMeHseTca B 6onee mnpoKHX npeAejiax. ECJIH onu-
paTbca Ha c^asoayio AHarpaMMy (CM. puc. 266), TO AJIH KaccHTepMT-cHJiHKaTHo-cyjib-
4>HAHbix M ojiOBo-nojiHMeTajijiHHecKHX MecTopoJKAeHHH none ycTOHHHBOCTH apce-
HonnpHTa snaHHMO cMemeHo B MbiiiibflKOBHCTyio o6nacTb no cpaBHeHHK) c SOJIOTO-

K0apueBWM opyAeHCHMeM. PasjiHHHa B cocraBe apceHonnpHTa pasHOTHnHOH MHHC-
panHsaUHH (CM. pnc. 27) MOSCHO oS-bHCHHTb HSMeneHHflMH aKTHBHOcTH cepbi H OKHC-
^HTejibHO-BoccTaHOBHTe^bHbix ycjiOBHH. Tan, MaKCHMa^bHo cepHMCTblH apcenonH-
pur cepeGpo-nojiHMerajuiHHecKHx (cepeSpo-KBapueBbix) H Mo^HGACHHT-KBapueBbix
(MOJiH6AeH-nop4)HpOBbix) pyAonpoHBJieHHH o6pa3yerca, sepoaTHO, B HaH6oJiee OKHC-
^HTenbHOH o6cT3HOBKe npH BbicoKoft aKTHBHocTH cepw, HTO coniacyeTCfl c ApyrH-
MH reojioro-MHHepaJiorHHecKMMH AaHHbiMH. Tor.ua KaK B npoitecce 4>opMHpoBaHHa
OAOBO-nojiHMeTajiJiHHecKHx yKnn aKTHBHOCTb cepbi 6fcma, no-BJ-WHMOMy, HHace, a 06-
craHOBKa Sojiee BoccTanoBHTejibHaa (MHOFO nappoTHna). ApceHonnpHT BCCX THnos
OJlOBaHHOH MMHepaAH3anHH KpHCTa^^HSOBOJICa, OH6BHAHO, B SoJiee BbICOKOT6Mne-

paTypHbix ycjiOBHax, HBM apceHOnnpHT Apyrax THnos opyneneHHa, HTO
saer ero 6ojiee MbiuibaKOBHCTbiH cocTaB,

ECAH (^OpMHpOB3HHe Cyjlb4>HAOB B 6oJlbUIHHCTBe THnOB

apceHonwpHT accouHHpyer c nHpHTOM, nanHHaerca c nocjieAHero, TO AJia accouHa-
UHH apcenonHpHTa c JieJuiHHrHTOM ycTaHOBJieHo, HTO name Bcero nepsbiM KpHCTaji-
jiHSOBajica ^tejuiHHrHT (CM. pnc. 2\a, 6), H TOJibKo HHorAa Ha6;iK>AaiOTca npnsHaKH
oAHOBpeMCHHoro o6pa30B3HHa 3TMX AByx MHHepajioB (CM. PHC, 21 e). KaK yace OTMC-
naJiocb, napareH63HC Asp + Lo xapaKTepeH AJIS MecTopoJKAeHHH soJioTO-peAKOMe-
TaJintHoro H KaccHTepHT-KBapueBoro THnoB, JioKajiHSOBaHHbix B rpaHHTOHAax H opo-
roBHKosaHHbix ocaAQHHbix nopoflax, KOTopbie AO 3TanoB rHApoxepMajibHoro opyne-
neHHa BnojiHe MOHIH GbiTb nporpeTti AO TeMnepaTyp, npeBbiiuaromHX BepxHHH npe-
A6J1 yCTOHHHBOCTH apCCHOnHpHTa H nHpHTa - COOTBCTCTBeHHO 702 H 743 °C H T6M

6oAee napareHesHcaAsp + Py-491±12°C. JIoranHO, HTO npn ocTbmaHHH BMemaro-
nopOA nepBbiMH HannHajiH KpHCTaxuiHSOBaTbca JieAJiHnrHT H nHppoTHH, TeM-

ycTOHHHBOCTH KOTopbix npeBbiiiiaiOT 700°C. ^ajibHCHiuaa KpHCTajTJiH3a-
npH ocTbisaHHH HACT B oSAacTH ycTOHHHBOCTH naparenesHca apceHonnpHT +

^6-JiJiHHrHT. PeajiHsaitHa 3Toro naparenesHca Tpe6yeT 6ojiee soccTaHOBHTejitHOH
o6cTaHOBKH no cpaBHCHHio c accoitHauHeH apcenonnpHT + nnpHT npH nponnx pas-
HbixycjioBHax [Ko^buoa, 1983; KOJIOHHH HA?., 1988; HajibjiHOBa, KOJIOHHH, 1991].
ycroHHHBocTb accouHauHH apccHonnpHTa c xtejuiHHrHTOM orpaHHHeHa TCMnepaxyp-
HHM HHrepBajTOM OT 702°C AO npn6jiH3HTejibHo 250°C (TeMnepaTypa HHaiHero npe-
AeAa ycTOHHHBOCTH apceHonHpHTa).

IIO A3HHbIM H3yHCHHa ra3OBO->KHAKHX BKJIKDHeHHH, BO BM6IUaK>meM KBapUC M&K-

CHMajibHbie TeMnepaTypbi KpucTaJuiHsauHH rHAporepMajibHbix XCHJI c naparenesHCOM
apcenonMpHT+jiejuiHHrHT Ha HsyneHHHX MecroposKAeHUflx cocraBJisioT 460-480°C.
HHAHBHAyajibHbiH JiejuiHHrHT ycTaHOBJien B rpaHHTonaax H nerMaTOHAHbix oSpaso-
BanHax, TeMnepaTypa KpHCTaiuiHsauHH Koropbix saseAOMo npeBbiiiiajia 350°C, H 4>JiK>-
HAHaacHCreMaHaxoflHJTacbBnojie ycTOHHHBOCTH I^AsO^fHenrich^adington, 1986].
HapareHesHC apcenonHpHT + JiejuiHHrHT ycraHOBjien TaioKe B poroBHKax npn orcyr-
CTBHH MCHJibHoro MarepHajia. HesnaHHTejibnaa AHcnepcna cocxaBa apceHonHpHTa 6ojri>-
uiHHCTBa MecTOpo>KAeHHH o6ycjioBJieHa, no-BHAHMOMy, TCM, HTO OH name Bcero sa6y-
4JepHpOB3H panee c^opMHposaHHbiM jiejiJiHHrHTOM. B ycnoanax, ornocamnxcH K HHHC-
HeMy npeAeny ycTOHHHBOCTH STOFO naparenesHca (OKOJIO 250°C), CKopee Bcero, KpH-
craJUiHsyiOTca Tpn ^asbi: apcenonnpHT + JiejuiHHrHT + HHPHT (± Po), KOTopbie npn
Gojiee HHSKHX xeMnepaTypax cMeHaioxca accoiiHaLiHaMH 6es apcenonHpHTa.

B nocxMarMaTMHecKHx xnnax MHnepaJiHsauHH, caasaHHOH c rpanHTOHAaMH
H KSCCHXepHT-KBapUeBblH), BblCOKOMblUIbaKOBHCTHH
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B TO ace speMfl B sojioTO-peAKQMexaJinbHbix oGieicrax HanSojiee paHHHM flBJiaex-
Cfl JieJIJTHHTHX, KOTOpblH OTBCHaex BblCOKOOCHOBHOMy COCTO3HHK) CHCT6MU (y = 720-
725). TaKHM o6pa30M, Hanajio cyjib<j>HAHoro MHHepanoo6pa30BaHHfl B sojioxo-KBapue-
BOM H 3OJioxo-peAKOMexajuibHOM THnax MHHepajiHsauHH pasjiHHHO KaK no cocxaBy,
T3K H HO KHCJIOTHO-OCHOBHbIM CBOHCTBaM.

anHFEHETHHECKHE IIPEOBPA3OBAHHK
ACCOUJIAIJHH APCEHOIIHPHTA

3nHreHeTHHecKHe npeo6pa30BaHHH MHHepajios cHcxeMbi Fe - As - S o6napy-
B pyaax MHOFHX sojioxo-KBapueBUX MecxopojKfleHHH IIIxypMOBCKoro, ^erne-

Kan- Apra-K)paxcKoro, OMHaKCKoro H IlHOHepcKoro pyAHbix ysjiOB.
Cne^yer paccMoxpexb ABa THna npeo6pa3OBaHHH, Koxopbie Moryx 6bixb onnca-

HH KaK xeMnepaxypHbie (npeHMymecxBeuHO cyxow nporpefi) H rHApoxepMajibHbie,
npoHsomeAUiHe UOA AeficxBHeM Gojiee BbicoKoxeMnepaxypHbix FHApoxepMajibHbix
4»JiiOHAOB. Tlo cxeneHH pacnpocTpaneHHOCTH H B^HHHHJI Ha o6;iHK MecxopoacAeHUH
MOHCHO BbiASJiHXb perHonajibHbie H jroKajibHbie npeo6pa30BaHHS, Ha Mecxopo>KAe-
HHHX BepxHe-KoiibiMCKoro perHOHa name Bcero HaGjiKwaioTCfl npeo6pa30BaHHfl
MOHOMHHepaJIbHoro nupura, MOHOMHHepaJIbHoro apceHormpHTa pasjiHHHoro cocxaBa
H accouHauHH apceHonnpHT +

IIpeo6pa30BaHHe nupma B imppoTHH -
noHBJieHHH nepuoro apcenonnpHTa?

npeo6pa3OBaHHe aKueccopHoro nHprnra MeTaxeppHreHHbix nopoA B nHppoxHH
npH nporpeccHBHOM MeTaMOp4)H3Me OTMenajrocb MHOFHMH HccjieMOBaiejiflMH H xa-
paKrepHO ana so^OTOHOCHbix MexajuiorenHMecKHX npoBHHU[HH pasHoro Bospacxa
[CKopHHKOB, 1947;Cajion, 1954;E^ioMaH,EoKyjieB, 1984;KpeMeHeuKHHHAp., 1990;
AjieKceesa, 1993]. DpaKTHHecKH Bee HccjieflOBaiejiH npHSHaior Baacnyio ponb ^an-
Horo flBjieHHa B BbicBo6oacA6HHH 6ojibinoro KOJiHHecTBa cepbi, OflHaKO ero snaneHHe
ana 4)OpMHpoaaHHH sojioxopyaHbix KOHueHTpaiiHH TpaKryercji no-pasHOMy. Hanpn-
Mep, B paSore A. F. )Ka6HHa H A. A. KpeMeneuKoro [1993] sa CHCT nHpHT-nHppoTH-
HOBoro npeoGpasoBaHHH oGocHOBbiBaerca ^opMHpOBaHHe cneim4>HH6CKHXpyAOKOH-
ueHTpHpyromHX reoxHMHHecKHX 6apbepoB. Hainn HCCJieAOBaHHa noKaabmaiOT cy-
mecxBeHHoe snaneHHe peaioiHH nHpHT-nHppoTHHOBoro nepexo^a xnx MoSHjiHsauHH
sojioxa, MbiuibHKa H cypbMbi [BopouiHH H Ap., 1993]. IlpeoGpasoBaHHe MOHOMHHC-
panbHoro OHpHia ycxaHaBJiHBaeTCfl na npHpo^Hbix o6teKrax ̂ Jia iiiHpoKoro xeMne-
parypHoro HHTepsajia, HaHHHaa ox xeMnepaxyp ocaAKOHaKonjieHna H saKanHHsaa
xeMnepaxypoii sepxHero npe^ejia ycxoHHHBOcxH nwpHxa (743°C). IIpH HHSKOTCM-
nepaxypHOM pernoHanbHOM MexaMOp4>H3Me B xeppHreHHbix nopo^ax npOHCxoAHT
co6HpaxejibHafl nepeKpHCTajuiHsaiiHa HHpHxa c rnoGy^apHOH cxpyKxypoii c yKpyn-
HeHHCM 3CpCH H o6pa30BaHH6M KpHCXailJlOrpa^HHeCKH OrpaHCHHblX BblACJieHHH

3xoro MHHepajia. HanGojiee nacxo Bcxpenaioxcs Ky6HnecKHe KpHCTajuibi nnpHra.
HepepacnpeAejieHHe nepBHHHOro nupuxa na paHHHX cxa^Hax MexaMop4iH3Ma noA-
TBepacAaex HsGwpaxejibHafl o6orameHHOcxb ero KpHcxajuiaMH Gojiee KpynHosepHH-
cxbix cjioea (jmnmeBLix PHXMOB. ^ajibHeSinHH MeTaMOpt|)H3M MexaxeppHreHHtix
nopoA npHBOAHX K npeo6pa30BaHHio nnpHxa B nnppoxHH (CM. pHc. 12).
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CHJIM H MexaHHSMbi 3TOM peaKUHH Ha pa3JiHHHbix cxa^Hflx MexaMopHHecKHX npe-
M oSf ^rJleP°A°C°AepJKaiItHX TeppHreHHbix xoum paccMoxpeHbi A. XOJIJIOM

o i M J' ̂ i PPH [Ferry' 1981^' A MoxoM H R HbioxoHOM [Mohr, Newton
I y»jj. MexaMopcpHHecKHe peaKUHH nPH nporpeccHBHOM MexaMop4)H3Me B pesyjit'
xare Koxopwx HPOHCXOAHX Mo6HJiH3au,Ha yrneKHCjiorw H cepOBOAOpOAa MO^HO
onncaxb KaK pesy^trax BsaHMOAeHcxBHa nHpnxa c JKejiesocoAepacamHMH CHjiHKaxa
MH H opraHHHecKHM BemecTBOM c o6pa3OBaHHeM niippoTHHa, oGeAHeHHbix

~ ° B e K ™' yrT 3THX !***>»*

2FeS2 + 2FeO + Copr = 4FeS + CO2,

TAB FeO - KOMnOHCHX OKCHAOB HJIH CHJ1HK3XOB.

/IpyrHM BapnanxoM axoro XHMHnecKoro ^po^ecca cny^HT peaKUHJi nHDHTa c
opraHHHecKHM BemecxBOM c Mo6tuiH3auHeH cenoBosopoAa. YAajieHHe cepOBOAODo-
Aa CHHMexaMop^HHecKHMH (}>;iK>HAaMH MO>Kex paccMaxpHBaxbca B KanecxBe OAHOH
H3ABHacyiHHXCHJ13XOH " ^

2FeS2 + 2H2O + Copr = 2FeS + 2H2S + CO2.

KoHxaKXOBbiH MeTaMop(J)H3M xeppHrenubix nopoA xaioKe npHBOAHX K npeoSpa-
HHIO MexaMoP(J>oreHHoro nwpnxa B nHpnoTHH. IlHppoxHHHsautw nupuxa B ope-

OJiax KOHTaKXOBoro MexaMopcJ)H3Ma rpaHHXOMAHbix HurpysHH B BePxHe-Ko;ibiMCKOM
perHOue oxMeneHa Aasno [CKoPHaKOB, 1947]. IlHppoxHH, KBK npaBHJio, HacjieAyex
(JiopMy BbiACJieuHH nePBHHHoro nHPHxa. Cxeneub nHPPOTHHH3auHH MeTaMopcfmso-
BaHHbix nopoA HepaBHOMePHa. B uaH6ojiee BHCUIHHX 30Hax POTOBHKOB (SnoTHXOBaH
cy6(j)auH$0 oGbiMHbi peAHKXbi nnpHxa, mitt BHyxpeHHHX 3OH xapaKxepno noJiHoe npe-
o6pa30BaHHe nHpHxa B nHppoxHH. HPH STOM Sojibmaa nacxb sonoxo-KBapueBbix
MecxopoacAeHHH B perHone AOKaJiHSOBaHa B nopo^ax, MexaMOP4>H30BaHHbix B sejie-
HOCJiaHUCBOH (^aUHH, H3A nOBCpXHOCXblO nHPHT-nHPPOXHHOBOFO Hpeo6pa30BaHHH
[BoPouiHH,2005].

BePXHHH nPeAejT ycxoHHHBOcxH nnpHxa, no sKcnepHMeuxajibHbtM AaHHbiM,
cooxBexcxByex TeMneParyPe 743°C, npn KoxopoK OH n^aeHxcfl HHKonrPy3HXHo c
o6Pa30BaHHeM nHppoxHHa H pacnjiasa cepbi [KymiepyA, KoAep, 1966]. BjiwaHHe
AaajieHHfl CKaawBaexcfl B nosbiiueuHH xeMnepaxypw pasjioaceHHa Ha 14°C/K6ap. B
npHpoAHOH o6cxaHOBKe B 6oJibiiiHHCTBe cAynaea nejibsa ynpomeHno CBOAHXb peaK-
U.HIO nepexoAa nwpHxa B nnpPoxHH K xePMHHecKOMy paajioaceHHio, XBK KaK OXHOCH-
Xe^tHaa yCTOHHHBOCXb MHHePaJIOB 3aBHCHT OX OKHCJIHTeJlbHO-BOCCXaHOBHXeJTbHblX
yCJIOBHH H KHCAOXHOCXH-meJIOHHOCXH CJDSAbl.

^ : nnpHxa H nnppoxHHa Moryx 6biTb CBeABHbi K oSiueMy OKHC-
-—" - - [Hall, 1986]:

H3 ypaBHCHHH BHAHO, HTO nHppOXHH flBJlflCXCH 60JI6e BOCCXaHOBJieHHOH (J)a30H
no OXHOU1CHHK) K HHpHXy H HX OXHOCHXCJlbHaH CXa6H^bHOCXb B npHpOAC SaBHCHXOX
OKHcjiHxejibHo-BoccxaHOBHxentHbix peaKuHH, HAymwx c nePenocoM 3jieKxpOHOB
HesaBHCHMO ox xoro, BKjnonaiox H^H ne SKJiKDnaiox OHH KucjiopOA. Oco6eHHO ACH-
cxBCHHbi SXH 4)aKTOpbi B ymepOAcoAepjKaiuHx xonujax. BbiHHCJieHHH noKasuBaiox,
MXO 6yc^ep C/CO2 AOJIHCCH HHHUHHpoBa-rb peaKUHio nepexo^a nnpnxa B nttppoxHH yjKe
npH xeMnepaxype cBbime 200°C [Hall, 1986]. O6mHH BMA PeaKu;HH, HAymen nPH Me-
X3MOp(|)H3Me H33BaHHbIX HOpOA, npHBCAEH ^>K. ToMHCOHOM [I^HT. ROl Hall, 1986]:
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rrapHT + acejiesocoAepacamHe CHJiHKaTti + C — > nnpporHH +
CO2.

. OeppH [Ferry, 1981] paccwarpHBaeTABe peaicuHH, npH Koropwx npoHcxo-
AHT Mo6HJiH3auHa cepOBOAopOAa: nepsaa - OTHOCHxeiibHO HHSKOTeMnepaTypnaa (OT
375°C), a BTOpaa - BbicoKoreMnepaiypHaa (AO 575°C):

nHpHT + (JxmoHA (CH4) -> nHppoxHH + (JmioHA (21^8) + yrnepoAHCTbiH MaTepHan;
+ (JuiioHA (2H2O) + ynrepOAHCTbiH MaxepHaji -> nHppoTHH + $JIIOHA

(2H2S + C02).
IIo nocjieAHCH peaKUHH Morjia nponcxoAHTb nHppoTHHHaanna nnpHTa Ha Mec-

Topo>KAeHHHBocTOHHoe[BopoiiiHHHAp., 1993] (CM. pHC. \2z), HO name Bcero npo-
AyKTbi nHppoxHHHsauHH rwpHTa c oKHCjieHHeM yrnepoAHCToro MaTepna^a (^HKCH-
pyroTca B oporoBHKOBaHHbix TeppnreHHbix nopojiax KaK B pyanbix yaiiax (nanpH-
M6p, AT-K)paX-IllTypMOBCKOM, riHOHCpCKOM), TaK H 33 HX npeflCJiaMH. B pyAHLIX

TCJiax na MecropojKAeHHax HryMenoBCKoe, BOCTOHHOC H pyAonpoaBJieHHH KJIHH H
ApyrHXTaKHce ycTaHasjiMBaioTca nacTHHHbie H noimwe nceBAOMop4>o3bi nHpporHHa
no MOHOMHHepajibHOMy nHpHTy. 3aMemeHHue KpHciannbi HMBIOT HepOBHbie KOppo-
AHpoBaHHbie rpaHH H coAepjKar B nepH^epHnecKoii nacTH nHppoTHHOsoro arperara
H no rpannuaM sepeH HOBOoSpasoBaHHwe HAHOMOp4)Hbie c POBHHMH rpanaMH KpH-

apceaonHpHTa paajiHHnoro cocjaBa.
MexaHHSM npeo6pa30BaHHa nnpHTa B nHppoTHH 6bm peKoncrpyHpoBaH Ha oc-

HsyneHHH nenojiHbix ncesAOMOp4>03 nHppoTHHa no nnpHiy [BopouiHH H
ap., 1993]. IlepBHHHbiH nnpHT, ^oKariHsoBaHHbiH B a^epHbix naciax owppoTHHOBbix
nceBAOMop(|)03, He co^epiKHT BionoHeHHH KaKHx-JinGo ApyrHx cyjib4)HAOB. C nwp-
POTHHOM accouHHpyioT apceHonHpHT, xaJibKonnpHT, c$a^epHT, raneHHT. B TO ace
BpeMa coAep>KaHHe 3JieMeHTOB-npHMeceH B nnpHte na nopaAOK Bbiine, HCM B nnp-
poTHHe, T. e, npH nHppoTHHHsauHH OHH CBaswaaiOTca npeHMymecxBeHHo B BHAC
CaMOCTOHTCJlbHblX $03. BoKpyr KpHCTajT^OB nHppOTHHH3HpOBaHHOrO HHpHTa JIOKa-

JlH30BaHbI OTOpOMKH OCBCTneHHblX pOFOBHKOB, B KOTOpblX yCTaHOBJICHbl B nOpaAKB

ySbiBaHHa: KBapu + «Majioacejie3HCTbie» CJIIOAM + ojiHroioias + ajisSHT + KOpAHepHT +
pyrHJi,+ nnppoTHH. Accounaunfl sa npeAejiaMH oToponeK Apyraa: KBapu + <oKejiesn~
CTbIC» CJIK>AbI + OJlHrOKJiaS + aJlb6HT + KOpAHCpHT + HJlbMCHHT. XOT3 COOTHOlUCHHe

tyas B AByx paccMaxpHBaeMbix sonax aaMBTHO MeHaexca, cepbesHOro HSMeneHHa
BajiOBoro XHMHHecKoro cocxaBa He npoHCXOAHT.

TeMnepaTypa paccMoxpeHHoro npeo6pa3OBaHHa cocTaBnaer npH6jiH3HienbHO
400°C, HTO CBSSaHO C 3(J)4>eKTOM BOCCTaHOBJieHHa HHpHTa AO RMppOTHHa nOA BO3-

AeflcTBHeM 6ycj)epa C/CO2 npH TeMnepaTypax Sonee HHSKHX, MeM TeMnepaTypa Bepx-
nero npeAe/ia ycTOHHHBOCTH. /^asjieHHe, onpeAejieHHoe c nOMombio c4)ajiepHTOBO-
ro reo6apoMCTpa [Scott, 1973], cocTaBJiaeT OKono 2,5 K6ap. IlpHMepHO Taxne ace
ycjioBHa cooTBBTCTByioT 6HOTHTOBOH HsorpaAe [Ferry, 1984].

CoBMecTHoe HaxoacAeHHe AByx $33 (nnpHTa H nnppoTHHa) AocTaTOHHO peAKoe
ana TeppwreHHbix nopoA HBJienHe. OAHaKO TaKHe HaxoAKH ASIOT BOSMOMCHOCTI, npo-
anajiHSHpoBaTb KaK HCXOAHOB BemecTBO (HHPHT), TaK H npOAynr peaKUHH (nHppo-

H na ocHOBaHHH peaynbTaTOB cnporHosHposaTb reojiornHecKHe cjieACTBHa pe-
. HeHTpoHHo-aKTHBanHOHHbiH anajiH3 sojioTa, MbiuibaKa H cypbMbi B cocyme-

nnpHTe H nnppoTHHe noicasan, HTO coAepacanHa ynasanHbix 3^eMeHTOB
B nnpHTe (ta6n. 12, pnc. 30), TaKHM o6pa30M, npH peaKUHH nwppOTH-

nnpHTa, KpoMe cepw, Mo6HnH3yioTCH Apyrne Baacabie KOMnoneHTbi SGJIO-
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30Jiora, MbimbHKa H cypbMbi B DHPHTC H
ero imppoTKMe, r/T

14/M-97
14a/M-97
1-1-1
1-2-50
l-2-50a
1-3-62
I-3-62a
1-3-75
HC-1240-8
6068-15

-UlTypMOBCKOH
, ropa

roper, TpHac
To ace
OlvmKCKHfi

ToHce

0,08
0,06
0,03
0,05
0,05
0,03
0,07
0,06
0,05
0,07

PHC. 30. Pacnpeflfcnemie coAepacanHfl As («) H Au (&) B cocymecTByiom
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113 MeCTOpOJKACHHH HaTajlKHHCKOC

MCCTO anajiHsa

nOSflHHH
KpHCTaJlJI

PaHHHfl
KpHCTaJlJI

Fe

34,6
34,7
34,2
33,6
34,4

' As

44,8
44,9
44,5
49,3
47,8

S

19,2
19,3
19,8
17,3
17,7

£

98,6
98,9
98,5
100,2
99,9

Fe
34,1
34,1
33,6
33,4
34,1

As

32,9
32,9
32,6
36,6
35,3

S

33,0
33,0
33,8
30,0
30,6

Ha MecTopojKAeHHH Byryrbinar HaSjuoflaioTCfl OK paHHHe BbicoKOTeMneparyp-
Hbie accou.nau.HH apceHonnpHTa c JiennHHrHTOM, TaK H nosAHHe accou.Hau.HH apce-
HonnpHTa c HHpHTOM. B caMbie HOSAHHC CTa^HH o6pa30BanHCb oTHOCHTejibHO HHS-
KOTeMnepaiypHbie acmibi xaJiueAOHOBHAHoro KBapua c EKparuieHHOcrbio HronBHa-
xoro apceHonHpHTa cepHHcroro cocTaea B accou.Hau.HH c OHPHTOM. PacnpeAeneHHe
COA6p>KaHHH AS BO BCCH Bbl6opKC aHaJIHSOB apCCHOIIHpHTa HMCCT AOBOJlbHO CJIOJK-

xapaicrep (pHc. 41).

HacTora

164

124

8 4

4 4

0
30

25

20

15

10

5

0

4-»4

I

Maci
40

30-

20-

10-

ora

I m i I i.B-L I
29 30 31 32 33 34 35 36 37

As, ar.%

PHC. 41. PacnpeflCJiCHHe As B apce-
nonnpiiTc MecTOpojRaeHHH Byryrbinar (a)
H Anna (6, e): 6 - B poroBHKax, e -
B rpaHHTOHflax

29 30 31 32 33 34 35 36 37
As, arr.%

flBHO BblpaJKEHHblX HHKOB, B OTJIHHHC OT paHCC paCCMOTpCHHblX BblSopOK

no FlHOHepcKOMy pyAHOMy ysiiy H MecTopoxmeHHK) IIlKOJibHoe, He 4>HKCHpyeTCfl.
TaKOM xapaicrep pacnpeAeJieHHs MOHCHO o6i>flCHHTb 6ojiee IIIHPOKHMH
4>H3HKO-XHMHH6CKHX oSCTaHOBOK KpHCTaHJlH3aUHH apC6HOHHpHTa B

HOFO 3Tana.
BapHauHH cocTaBOB apceHonHpHTa xapaicrepHbi JLJISI neKOTopbix py-

(O6parHbiH, ̂ CHBIH, Mnpaac), rae MHHepajiH3aunfl npocTpan-

Macrora

jioKa-

CTB6HHO H, BepOflTHO, reHCTHHeCKH CBHSaHa C FpaHHTOHAaMH. 3™ oglCKTbl H6AO-

CTaTOHHo HsyneHbi, H noKa HQT reojiorHnecKHx ^annbix, yBepenno oSoc
mHX AJIH HHX HecKOJibKO 3TanoB opy^eHCHHfl, paBHO KaK H HeAOCTaTOHHO
J10B AJW OTHeCCHHfl HX K OAHOMy THIty OpyACHeHHfl. HSMeHCHHfl COCTaBOB

nnpHTa Ha pyAonpoaBJieiiHax oxpaaceHbi Ha pnc. 42.
B

HCCKHX (c
JIHHeCKHX)

AH30B3HHbIX B

iiiTOKa OSpaTHbiH (pyaonpoflB-
JICHHC O6paTHtiH), coAepacaHHe

B apcenonnpHTe HS-
npeAe^ax 30,6-36,6

ar.% (cpe^Hee - 33,5, D = 2,1,
N — 1 05); B anajiorHHHbix npo-

H3 pOPOBHKOB COCT3B

B 6onee
cepHHCTyio oSjiacTb - 28,4-
33,8 ar.% As (cpe^nee - 3 1,5,

80 -

60 -

40 -

20 -

0

- OBpaiHbiH

- BCfl Bbl6opK3

N = 250

1 1 !•!•,1 I 1 1 1 •

= 0,7,N=145). 30

25

20

15

10

5

0

Ben BbiSopxa

N = 114

JICHHH >LCHbIH apCCHOnHpHT,

JIOKaJlHSOBaHHSIH B KBapUCBblX

npoJKHJiKax B rpaHHrax, coaep-
JKHT 29,8-35,8 ar.% As (cpeA-
nee-33,4,0= 1,5, N= 70);
apcenonHpHT H3 OPOJKHJIKOB B
poroBHKax 6ojiee cepHHCTbiH
no cocTaBy- 30,9-32,4 ax% As
(cpeAHee - 31,9, D = 0,1, N =
38). Ha sojiOTo-peAKOMeTajuib-
HOM pyAonpoflBjieHHH MHpa^c B
KBapueBwx npo>KHJiKax H3 po-
roBHKOB cocTaB apceHonHpHTa
B acCOUHaUHH C BHCMyrOBWMH

MHHCpaJiaMH HSMCHfleTCH OT

31,8 AO 36,2 ar.% As. Ha pyao-
npoflBjrenHflx ^CHWH H Mnpa^c
B oporoBHKOBaHHbixTeppureH-
Hbix nopOAax pacnpocTpaneHbi
TaiOKC 3KHJ1EI XaJlUCAOHOBHAHO-

ro Ksapua c apcenonnpHTOM,
ana^orHHHbie nanSojiee no-
3AHHM Cepe6DO-KBaDlieBbIM JKHJiaM 6jIH3nOBepXHOCTHOrO

iim l

12

10

8

6

4

2

0

Mnpa>K

Ben BbiBopKa

N = 70

Ui
26 28 34 3630 32

As, ar.%
PHC. 42. Bapiiauiiii cocraea apceHonHpHTa

38

• ' - • f...̂ ... rj*
HOM ya^e. CocTaB apceHonnpnra MS MCHJI xanueAOHOBHAHoro KBapua, TaK >Ke KaK H B
aaanorHHHbix JKHJIQX HHOiiepCKoro pyAHoro ysjia, HMeeT HaH6o;iee cepHHCTbiH co-
craB: 26,0-32,4 ar.% As (cpeAHee - 29,8, D - 2,7, N = 51). • •'•
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jiex) H rKWAHCMejioBtiM (90-100 MJIH Jiex) HnxpysHBHbiMH KOMimeKCaMH. PyAHbie
30Hbi MecxopoacAeHHa HMeroT KyjiHCHoe cxpoeHHe H npeACTaajieHbi cepHefi Kpyro-
naAaromHX KBapu-XJiopHTOBtix SKHJI c MHoroMHCJieHHbiMH ano(J)H3aMH, o6pasyioinHX
jiHHefiHbie mxoKBepKH B oporoBHKOBaHHbix xeppnreHHbix nopoAax. MomHocxb JKKII
AO 1-2 M c MCJIKOH BKpanneHHOcxbio KaccHxepHxa H cyjib(})HAOB. Han6ojiee aHHHe

-
CMeHaioxca apcenonHpHx-KBapueBOH c MejiKOKpHCTan-

JIHH6CKHM KaCCHTCpHTOM H C3MOpOAHbIM BHCMyTOM H AaJICC CXaHHHH-XaJIbKOnHpH-

TOBOH C BHCMyXHHOM, CC^aJiepHXOM, rajIBHHXOM, HHppOXHHOM H GopHHXOM [KyJIC-

LUOB H AP-, 1988]. HaHSojiee HOSAHHMH accounauHsiMH HBJIHKDTCH uieenHx-<])jiK>-
opHx-aJib6HXOBaa H (JuiJoopHT-KaJibuHxoBaa. Ha MecxopoacAeHHH, no AaHHbiM HC-
cjieAOBaxeJieH, cJiaGo npoasJieHacxaAHHHOCxb, HO OTHCTJIHBO BbipaaceHaMHHepano-
rHnecKaa H reoxHMHHecicaa sonajibnocxb oxnocnxeJibHo sajieraiomero Ha rny6HHe
Kynojia rpaHHTOB. EnaBRbiM naparenesHCOM pyA aBJiaexca apceHonHpnx + jiejinHH-
PHT. JleJiJiHHrHT AOKanHsyexca B uenxpajibHOH HacTH arperaxoB apceHonwpHTa. Co-
AepmaHHe MbiiubflKa B apcenonnpHTe HMCCT AoaojibHo ysKHH AwanaaoH - or 34,2 AO
37,3 ax.% (D - 0,5, N - 1 9) (CM. pwc, 43); coAep>KaHHe cepbi B JiejuiHHFHTe cocTaBJisex
OT 2,4 AO 3,5 ar.% (N = 11). Xapaicrep pacnpeAejieHUfl MbiiubHKa B apcenonHpHre
MecTopoMtAeHHH CBCTJioe 6ojiee Bcero coorBercTByer apceaonapHTy KaccHxepHT-KBap-
ueBOH MHHepajiH3auHH BepxHe-KojibiMCKoro pernoHa. TeMnepaiypHbift HHtepBaji OT-
noxceHHH Ha«6o^ee paHHew accouHau,HH, H3MepeHHOH no BKjiioHeHHflM B Gepujme,
cocTaBJiHeT200-435°C. TeMnepaiypHbiH HHTepeaji apceHonHpHT-jiejuiHHrHTOBOH ac-

, H3M6peHHbiH no BioiBDMeHHflM BMemaiomero KBapua, 220-325°C.

PyAonponBJieime BmyajibHoe

PacnonosKeHo B OMOJIOHCKOM KpaxoHHOM jeppeftHe, B ero KpaeBOH nacxH, B
npeAejiax nepHBynKaHnnecKOH soHbi nocxaKKpeuHOHHoro OxoxcKO-MyKOTCKoro Byji-
KaHoreHHoro noaca. TeppHxopHfl pafiona cAOjKCHa apxeftcKHMH GHOXHXOBUMH H
rpanaT-6noxHxoBbiMH njiaraorHeHcaMH, Koropwe nepeKpbixu Kap6oHaxHO-xeppnreH-
HbtMH nopoAaMH npoxeposoHcKoro Bospacxa. Bbime saneratox nopoAti AeBOHCKoro
Bospacxa (KeAOHCKaa cepHfl), cpe^H Koxopbix npeo6jiaAaiox pnoanxbi, aamrrbi H HX
xy4>bi. ^BBOHCKHC ByriKaHHXbi nepeKpbixbi nepMCKHMH xeppureHHo-ocaAOHHbiMH
OXJIOJKCHHHMH. JJCBOHCKHH ByjIKaHH3M COnpOBO^maJlCa H HHXpySHBHOH AeflXCJlbHO-

cxbio c npeo6jiaAaiomHMH rpanoAHOpHxaMH. DajieosoHCKne o6pa30BaHHH OMOJIOH-
CKoro KpaxoHHoro xeppeftna nepeKpbiTbi MejioBbiMH ByJiKaHHxaMH OxoxcKO-MyKOx-
CKoro ByjiKaaoreHHoro noaca npeHMymecTBCHHO aHAesn6a3ajibxoBoro cocxasa.

PyUHbie soHbi JioKajiHSOBaHbi B KapSonaxHO-xeppHreHHOH xojime npoxeposoH-
cicoro H ByjiKaHHTax AeBOHCKoro Bospacxa H npeAcxasjieHbi cepHefi HCHJI KBapu-KapSo-
HaxHO-nojiHcyAb4)HAHoro cocraBa MomnocTbio ne 6onee 0,5 M. IIo AaHHbiM H. E. Cas-
Bbl [1998], 3XO JKHJItI BbinOJIHCHHa C npOJKHJlKOBO-GpCKHHeBblMH H KOKapAOBblMH

xeKcxypawtH c BKparuieHHbiM H THesAOBbiM pacnpeAeneHHCM pyaHbix MHHepajioB.
CoAepacaHHe MbiuibaKa B apceHoimpuxe HSMenaerca B HHxepBaJie ox 24,5 AO 34,9
ax.% (CM. PHC. 43), HO KOjiHnecxBa anajiHsos (N = 1 8) npn xaKOM pas6poce sHaneHHH
HCAocxaxoHHO Ana OUCHKH xapaKxepa pacnpeAeneHHa H HHxepnpexauHH AanHbix.
MoacHo nHuib npeAnojiaraxb, HTO coBpeMeHHbifl o6nHK MHHepajiwsauHH Ha -
npoaBJieHHH 6bin c^opMHpoeaH B HecKOJibKO reojiorHHecKHx axanos.

94

B sy^KaHHxax OxoxcKO-HyicoxcKoro ByjiKanoreHHoro noaca,
BHJIHFHHCKHH xeppeHH naccHBHOH KOHXHHeHTajisHOH OKpaHHbi.

PyAHbie soHbi npHypOHCHbi K i^eHxpanbHOH nacxH ByjiKaHO-xeKXOHHnecKofi Aenpec-
CHH H KOHxponHpyroxca ysjiaMH nepeceneHMH pasjiOMOB cy6MepHAHOHajibHoro, ce-
Bepo-BocxoMHoro H cy6uiHpoxHoro npocxHpaHHa. B o6paMJieHHH ByjiKanocxpyKxy-
pw pacnojiOHceHbi Sojiee MOJIOAHC rpaHHXOHAbi, c KoxopbiMH CBasano MOJIHSACHO-
Boe H nojiHMexaAJiHHecKoe opyAeneHHe. MecxopoatACHHe HaBJieHra npeACxaajieno
MeracoMaxHHecKHMH sajreacaMH H KHJiaMH xjiopHx-KBapueBoro, HHorAa c aAyjiHpoM,
H KBapUCBOrO COCXaBa, AOKaJIHSOBaHHblMH B npOnHJIHXHSHpOBaHHBIX 3HA63HXax H

KBapu-cepHu;Hx-nHpo4»HjiAHXOBbix MexacoMaxHxax, pasBHXbix no KJiacxonasaM PHO-
JIHXOB [CaBBa, IleTpOB, 1996]. CxpoeHHe pyA KOJTJIOMOP^HO- H neacHO-noAOCMaxoe,
oAHOpoAHoe H 6peKHH6Boe. PyAHaa MHHepa;iH3auna npeACxaBJiena nHpHX-apceno-
nHpHXOBOH aCCOUHaiiHCH, nOJIHMexaJlAHHeCKOM (C AJKCMCOHHTOM, SopHHTOM, BHX-

THXHHHXOM) H accouHauHetf MHHepajioB cepeSpa (c^peH6eprHX, aKaHTHx, caMopOA-
HOC cepe6po H KIOCXCAHX). YcxaHOBJieH paA npHsnaKOB «peroBeHaij;HH» pyAOoGpaay-
romero npouecca [CHAOPOB, ToHHapoB, 1999]. PasBHXHe Go^ee nosAHeti rpanax-anH-
Aox-KBapueBOH accou.Hau.HH, conpoBoamaromeeca yKpynHenweM cpacxaHHfi nnpHxa
H caMopoAHoro cepeGpa. MoAHSAeHHX B pyAax, Bepoaxno, o6pa30Banca nosAnee
nOAHMexajuiMHecKOH H cepe6poMHHepaJibHOM accounaiiHH. Bojiee BbicoKoreMnepa-
xypHbie accounauHH aBJiaroxca najioaceHHbiMH H, no-BHAHMOMy, CBasanti c
TpaHHXOHAHblM

HaJiHHHe HaJicoKeHHbix BbicoKoreivinepaxypHbix accounaimH Aaex ocHOBaHHe npeA-
noAaraxb CAoa<HbiH xapaicxep pacnpeAejieHHS cocxasoB apceHonwpHxa
Mecxopo>K£eHHio HryMCHOBCKoe), OAHaKO coAepacanHe MbiuibSKa B HCM [CaBBa, Hex-
poa, 1 996] xapaicrepHsyexca OAHHM MaKCHMyiwoM B HHxepBane 27, 1-30,7 ax.% (cpeAHee
28,8, D - 0,5, N = 70) (CM. pnc. 43). TaKaa CHxyauna MO>KCX Gbixb oGycjiosjieHa necicojib-
KHMH npHMHHaMH: 1) rHApOTepMajibHbiH MexaMop4>H3M He npHBeji K nepeKpHcxajuiHsa-
UHH apceHonnpHxa; 2) rHApoxepMajibHbiH MexaMop$H3M pya 6btfi pacnpocxpaneH He
noBCfiMecxHO, a xojibKO Ha jioKajibHbix yqacxKax; 3) accouHauHH apcenonnpHxa UCJIH-
KDM oSpasoBajiHCb B nosAHHe, 6ojice BbicoKoxeMneparypHbie

3OOEKTHBHOCTfc nPHMEHEHHH APCEHOIIHPHTA
KAK rEOXHMHHECKOFO HHCTPYMEHTA

Cpasy nociie BbixoAa B CBCX paSoxbi V. KpeHMapa H C. R. Cnoxxa [Kretschmar,
Scott, 1976] noasHiica pHA nySjiHKauHH no HcnojibsoaaHHRD apcenonHpHxa KaK reo-
xepMOMexpa AJia OUCHKH xeMnepaxypbi pyaoo6p as o Banna [Berglund, Ekstrbm,
1980; Sundblad et al., 1984; Sharp et al., 1985]. SaMaHnnaaa BO3MO>KHOCXb noAyne-
HHa AeHCTBCHHOro reoxHMHHecKoro HHCxpyMenra na npanxHKe OKasajiacb He xaKOH
yac SesynpeHHOH.

B HanSojiee panneH pa6oxe C. EepniyHAa H T. K. 3iccxpeMa [Berglund, Ekstrb'm,
1980] na cxpaTH(j)opMHbix MexaMop4)H30BaHHbix
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ŝ
93
CD

X

o
o
ao
CO
CD

Ja
CO

H
ccA

CA
O

BaH
H

e
HHHX B

epX
H

e-K
oJi cocxaB

O
B

 npH
po^H

bix 4>a3 cncxeM
bi

biM
CK

oro perH
O

H
a ySeA

H
xeA

bH
O

 noK
i

W "Tj
P CD

° "L
^ tn

CO I
E oo
o S
3 p
S a5 CD

i SS oX -rt
3^a Ni t

a

E
l/
 H

W
H

III
B

X
X
tr

1 P
-n
(D

n

O
dE

 H
H

tlE
H

CD
Xoas

13

P
a
H

4
s
CD
Og•a
o
&|
CD
a
au

13
ap
-^

'*-*'
£
H
O
COa
o
i
ro
o
o
3p
o
ro
H
Q

^s

a

H
IT

9
tf
 X

B
X

H

H
O
M
X
P

CD

bH
bie

S
X
9
S
c
H
CD

O
Oo
H
CO
CD

O
H
CO
n
X
Xo
aP

13
P
~3

X

H
s
J3
ro
o

e
St

o
o
o

H
O
•a
Q

CD
X
a
at
£

H
O

O
B

CO
X
tr
X

1

g

tr
X
tr
X
O
?
CD

CD

tr]
p

a
CO
Ss

cr
•S-D
c
a
tr
X
13

%
S
S
CD
O

rfo
13
O
5;c
CT
Xa
Kf
w
O
ia
O
H
P
to
S
H
Pa
3
5?

P

w

3— i
5
a
s
s
O
H^
CT

^
Sw
o
ta
O
COo
1

CO
o
Ja
cr1
•&
13
P
S
o
ca
E
X

S
CD
O

M
exaM

op^H
H

ecK
H

X
 K

cenojiH
TO

B H
3 jiaM

npoq)H
pa H

a sojioTopyflH
O

M
 M

ecTopoacA
eH

H
H

 ^erfle-
K

an: K w
cxopH

H
 npeoSpaaoB

aH
w

a KOHTHHCHTajibHofi SBM
HOH K

opti B A
an-IO

paxcK
O

M
 aH

TH
-

KJIHHOPHH (^H
o-K

ojiU
M

C
K

aa CKJiaAHaTafl C
H

creM
a) // FeoflH

H
aM

H
K

a, M
arM

3TH3M
 H

 M
H

H
epare-

- 
99

AKUHUH B. B., Bopotuun C
. B., FenbM

an M
. Jl., Jleonoea B. B. SH

R
lM

P-aaTH
poeaH

H
e

JIH
T

E
PA

T
Y

PA

O 13
O> CD

7> a
H O
P H
X 13• xa

13
O
03

1
"1

g
13
O
H
CD
13
S

cr
Xtr
Se
a
13
O
K
rc
o
o
ap
o
ta

1a
tr
X

na M
ecxopojK

A
eH

H
ax B

 conexaH
H

H
 c reojiorH

necK
H

M
H

 A
annsiM

H
 nossojuiex ycneuiH

o
^*x
ga
S
g

tr
aoo
Htr
ooo
H
P
CD
P

V

s
a
CD
13

1
13atr

CD
X
1

13
OHro
•a
S

cr
X
E
CD
a
13

CD
O
0\3

g
O
COpXSa

snnreH
exH

H
ecK

oro npeo6pa30B
aH

H
« HJIH saK

O
H

O
M

epH
oro snaH

H
M

oro H3M
eH6HHJi co-

cxasa nepB
H

H
H

bix cpas H
 oSpasosanH

Ji HOBHX. IIoB
eA

eH
H

e (pas cncxeM
bi F

e - A
s - S

•g g S I g |. S | g g g l | | ^ g 8 - 0 | ^ i | | § ^ g | § f s lc o S s S t w a w S o ^ H w S ' S o c f l S o M n ^ K ^ S ^ ^ O - © - 0 ' ^S a l o S o > S S § f B g g g o ' a B ^ 2 § S H ^ ' o ^ H s P a y g ^

i !5 — r- *~< Ol ^ ^ T 3 S i r [ r D t a 1 3 O J 3 a i 3 G " 3 ' : ^ i < f i l - « r ' ' 5 ^ 3 ^ a w 3- i— j a
> o f § l ' § 3 S l « S S l l » g ^ g S g ^ a g l ^ ^ l l ^ s c r g

I t !13 H-i'S E S § ^ S 2 o r . t r a : S a i g t u S c D 4 S f C | C D i 3 ' a ± o o ^ - S
i S ? l l § 9 l S g S g S - S S ! t S l 8 5 B l g S S 8 ? | B | s S
3 ^ s s s i l |sS|51 s § l i § l i § g | s - s ^ i g !i 3 r i s 3 s 1S|.|SS|:; § |g |g | i= | i | 3 i B =I

fin l Ilinfllfll iff
iUi l l i lNNf l Hi

B
ca B

biSopK
a cocxaB

O
B

 apcenonnpH
xa oSpaayex A

Ba M
aKCHM

yM
a: OAHH B

 o6;ia
C

X
H

 C
O

C
X

3
B

O
B

 C
 C

O
O

X
H

O
IU

eH
H

C
M

 S
/A

S
 >

 
1
, a

 B
X

O
p

O
H

 B
 o

6
jiaC

X
H

 S
/A

S
 <

 
1
. 3

X
H

 M
aK

C
H



« s £i3 s£;X U CTs
O r- — '
l-i- tj

U S3m B x"
5 |P

i> ?S •_

FO
MX

HU
H 

F.
 H

. 
M

H
H

ep
aj

io
ro

-r
eH

eT
H

H
ec

K
H

e 
ac

ne
ic

rb
i S

OJ
IO

TO
TO

 o
py

ne
m

m
bi

M
CK

H
x 

M
es

os
on

a.
 -

 M
. 

: F
E

O
C

, 
20

0 
1 

. 
- 

22
 1

 c
.

FO
MX

HU
H 

F.
 H

., 
Jl

ec
K

oe
a 

H
. 

B.
 C

OC
TB

B 
pa

nn
nx

 c
yj

ib
dm

ao
B

 3
O

Jio
To

py
/iH

bi
H

H
ep

aj
io

rH
H

ec
K

H
e 

oc
oS

eH
H

oc
ra

 3
H

£o
re

m
ib

ix
 o

6p
a3

0B
aH

H
ii 

^K
yr

aH
. 

- 
I

/U
 —

 o
 j
.

a su

•T ^^ G S JT<
et "*? tj 5 O

a? § - go ̂  n tit «
o U a £ b
i- , K o ,<"
O 2 o ™

FO
MX

HU
H 

F.
 H

., 
Jl

bi
xu

na
 J

I. 
H

. 
N

i-
C

o-
ap

ce
nH

fl
bi

 H
 c

yj
in

bo
ap

ce
H

H
^b

i 
3

nn
bH

bi
x 

M
ec

To
po

jK
fle

H
H

H
 B

oc
TO

H
H

of
i J

lK
yr

H
H

 //
 3

an
. B

M
O.

 -
 2

00
0 

- 
JV

° 5
FO

MH
HU

H 
F

. 
H

., 
F

op
w

ee
 H

. A
., 

E
ax

ap
ee

 A
. 

F
. 

u 
dp

. 
Y

cj
io

BH
a 

aa
pt

SK
fle

H
aH

HT
OH

SH
bi

x 
so

jio
To

py
aH

O
-M

ar
M

a-
nr

ae
cK

H
X

 C
HC

TC
M

 B
 M

e3
03

0H
fla

x 
C

eB
en

o-
P

ar
aa

aH
 :

 C
B

K
H

H
H

 A
B

O
 P

A
H

, 2
00

3.
 -

 1
96

 c
.

Fe
db

KO
 M

. I
f. 

no
sA

H
er

op
cK

af
ly

flH
A

H
H

O
-f

lc
aH

H
eH

CK
af

lo
cT

D
O

BH
af

lji
vr

a/
/

:9
8

S
.-

.N
o

3
._

c.
8

8
-1

0
0

. 
y

B &S i

oc
X
3a
B
£
o
c3

F
om

ap
oe

 B
. 

H
. 

Fn
jip

oT
ep

M
aj

ib
H

oe
 p

ya
oo

Sp
as

oB
aH

H
e 

B
 K

pa
eu

w
x 

BV
JIK

ix
. -

 M
. 
: 

H
ay

K
a,

 1
98

3.
 -

2
1

5
c
. 

"

ubg

X «
C^ »i
^» XQ, B;
o o
H X
O O.t- <u
O CQ

P

F
oH

ia
po

e 
B

. 
H

., 
B

op
ow

m
 C

. 
B

., 
C

ud
op

oe
 B

. 
A

. 
u 

dp
. 

H
ax

aj
iK

H
H

CK
oe

CT
O

po
am

eH
H

e.
 -

 M
ar

a^
an

 :
 C

B
K

H
H

H
 A

B
O

 P
A

H
, 2

00
2.

 -
 2

5
0
 c

.
F

pu
n6

ep
z F

. A
., 

E
ax

ap
ee

 A
. 

F
, 

FO
MH

HU
H 

F
.H

.u
 d

p.
 F

pa
H

H
io

na
bi

 K
ta

o
r

: 
H

ay
K

a,
 1

97
0.

™
 2

16
 c

.

1 S

« S '•W . H 0.
°-S « uS°f s u
&" M ^« r- ^ «
« O n. P
S 1 cj ui£ ' n _

>
K

a6
m

A
. F

, 
Kp

eM
Q

H
eu

pu
u 

A
, 

A
. 

Py
A

O
K

O
H

ue
m

-p
H

py
io

m
H

H
 re

ox
H

M
m

ec
;

Hm
iH

fl 
nH

pH
T-

nH
pp

O
TH

H
O

Bo
ro

 n
pe

B
pa

m
eH

H
fl 

//
 O

TC
H.

 r
eo

n.
 -

 1
 9

93
 . 

- 
jfe

 1
 .

W
ap

U
K

oe
 B

. A
. 

K
H

CJ
io

tH
O

-o
cH

O
BH

bi
e 

xa
pa

m
-e

pH
CT

H
K

H
 M

H
H

ep
aj

iO
B 

// 
Fe

o
K4

- -
 1

96
7.
 -

 Jf
e 
5
. 
- 

C
. 

75
-8

9.
3a

ep
y3

w
aH

. A
. 

Fe
ox

po
H

O
jio

rH
fl 

M
es

oa
oH

CK
H

x 
rp

aH
HT

OH
AO

B 
C

es
eD

O
-B

c
: 

H
ay

K
a,

 1
97

7.
 -

2
7

8
 c

. 
' 

,

•6 a s

x •
3 S
X b
i-Q O

s xs-^a^5s
"c- . t—

3o
m

oe
A

. 
B

.,J
Ia

ny
m

uH
aH

. 
n
.,

 V
ut

ae
oe

A
. 

B
. 

M
wu

ib
flK

OB
HC

Tb
iH

 n
np

H
T 

i
X

)H
H

H
K

O
B

O
.K

yH
an

iH
p/

/F
eo

ji.
py

A
H

.M
ec

To
pO

)K
ii.

-1
97

2.
-K

2 
l.

-C
. 

12
5-

K
na

pK
fl.

 O
a3

0B
bi

e 
oT

H
om

eH
H

a 
B

 C
HC

TC
M

B 
Fe

 -A
s 

- 
S 

// 
np

oS
ne

M
ti 

SH
AO

K
fl

eH
H

tt
.-

M
. 

iM
np

, 
1

9
6

6
.-

B
b

in
.3

.-
C

. 
16

0-
25

0.

a °a o.

0 ^ "S 0 > CL,
*.? B-e- | jj
3 a u^0 Si . .

x & ffio a ^
fe> G §•E[ 0 ^
"Tl M >--.

K
os

jio
e 

BJ
J. 

K
., 

Tf
OK

oe
a 

E.
 3

.,
 K

om
oe

 B
U

K.
 K

., 
E

op
xo

do
ee

 B
. 

fl.
 C

yS
co

jii
; B

sa
H

M
O

O
TH

om
en

iM
 a

pc
eH

on
np

H
Ta

 H
HJ

KC
 4

00
°C

 B
 n

ce
Bf

lo
0H

H
ap

H
O

H
 C

HC
TC

N
IF

HT
. -

 M
ar

a^
aH

, 
19

86
. -

 2
6
 c

. 
- 

A
en

. B
 B

H
H

H
T

H
 2

6.
06

.8
6,
 tf

s
 5 

17
1 

.
KO

KU
HA

. B
. K

3)
KH

O-
Be

px
of

flC
KH

H
 M

biu
ibS

KO
BW

H r
eo

xH
M

m
ec

K
H

fi (
be

no
M

eH
 /

4.
 -

 T
. 

27
7.
 -

 Jf
e 

I.
 -

 C
. 

20
6-

20
9.

s a oo

i |

— COCs oo
s o^

S cC
So
n<->
_ C )fn **̂

KO
KU

H 
A.

 B
., 

KO
KU

HQ
 T

. H
. 

Pe
rH

O
H

aj
ib

H
Li

e 
KJ

iap
KH

 (
re

ck
on

) 
no

po
a 

to
ro

-B
i

( /
/ T

on
oM

H
H

ep
aj

io
rm

i H
 T

Hn
oM

Op
4>

H3
M

 M
nn

ep
aj

iO
B

. -
^K

Y
TC

K
 : 

^<
D

 C
O

 A
H

[1
4-

12
4.

s —

E2 0 I
o££ s
S°o 1 Sa i w ^am «
o •* | Q!
EQ 00 ' &
f- • J? 5^u*? Sra t

KO
JIO

HU
H 

F.
 P

., 
U

aj
ib

XH
oe

a 
F.

 A
., 

LU
up

on
oc

oe
a 

F.
 n

. 
Yc

TO
HH

HB
OC

Tb
 H

 p
eH

on
np

H
ra

 B
 r

im
po

Te
pM

aj
ib

H
ux

 p
ac

TB
O

pa
x 

//
 F

eo
xH

M
H

a.
 -

 1
98

8.
 -

 Jf
s 

6
. -

Ko
jjb

tfo
e 

A.
 E

. 
O

aa
oB

&
ie

 c
oo

TH
om

en
H

H
 H

 p
ac

TB
O

pH
M

O
CT

b 
B 

CH
CT

CM
C 

Fe
 -

i T
C

M
ne

pa
iy

pe
 JK

> 
30

0°
C

 /
/ 

BC
CT

H.
 J

IF
Y

 -
 1

98
3.

 -
 K

« 
12

. 
- 

C
. 1

0-
17

.
K

oc
m

oe
 ff

., 
M

uH
ve

ea
-C

m
ed

ja
H

oe
a 

ff.
 C

yj
ib

(J
)H

flH
bi

e 
M

H
H

ep
aj

ib
i. 

- 
M

. :
c.

O K OS
o. Q. r-
cS B CN

3
s Sy §H S
C_J ra
T1 L-!i
x '

K
om

nx
p 

H
. 

H
.f 

JK
yj

ia
no

ea
 H

. 
JI

., 
Py

ca
K

oe
a 

T.
 E

., 
F

ae
ue

ea
 A

, 
M

, 
H

so
ro

r
M

aT
H

H
C

C
K

H
X

 
H

 
M

6T
aM

O
p4

)H
M

eC
K

H
X

 
K

O
M

rU
IC

K
C

O
B

 
C

eB
C

p
O

-B
o

C
T

O
K

a 
P

O
C

C
H

H
EC

HH
H

 A
B

O
 P

A
H

, 2
00

 1
 . 

- 
3 

1 
9 

c.

c3CQ
SU

« 6 H

« R--^1
S" U p^

X ^^
0 X o
a s fc
M s 2
0 S Pai o> t-

Kp
eM

en
ei

jK
U

u 
A

. 
A

., 
JI

an
ud

yc
A

. 
B

., 
C

K
px

6u
n 

B
. 

K
). 

Fe
oj

io
ro

-r
eo

xH
M

H
i

5H
H

H
or

o 
np

or
no

sa
 n

oJ
ie

sH
bi

x 
H

CK
on

ae
M

bi
x.

 -
 M

. 
: 

H
ay

K
a,

 1
99

0.
 —

 2
2 

1 
c.

K
yn

eu
io

e 
E

. A
., 

ffp
uc

m
ae

KO
 B

. A
., 

nn
xu

iK
ee

uH
 A

, A
. 

Fe
oj

io
ro

-C
Tp

yK
ry

pH
H

•e
ox

H
M

H
H

ec
K

H
e 

oc
oS

eH
H

O
CT

H
 o

Jio
Bo

-B
O

Jib
(J

>p
aM

O
Bo

ro
 M

ec
To

po
a<

jie
H

H
fl 

C
se

// 
In

xo
oK

ea
n.

 re
o
ji

. -
 1

98
8.
 -

 Jf
e 
4
. 
- 

C
. 

65
-7

6.

& 81

3 ^ -T^

^ o S •— '

2 « co
£• B a f
^^ x

Ky
ju

ie
py

d 
F.

, 
ffo

de
pX

. 
CT

a6
H

Jib
H

bi
e 

oT
H

om
eH

H
H

 n
H

pH
Ta

B
C

H
C

Te
iw

eF
e-

f
or

eH
H

tix
 M

ec
TO

po
ac

flC
H

H
tt.

 -
 M

. 
: 

M
np

, 
19

66
. -

B
ti

n
. 

3
.-

C
. 

71
-1

31
.

JI
ap

uH
 H

. M
. 

O
 H

eK
OT

Op
oK

 s
aK

O
H

O
M

ep
H

O
cr

a 
B

 p
ac

np
ea

ej
ie

nH
H

 M
ec

ro
po

*
<n

et
t 

np
as

oS
ep

ea
tH

O
H

 M
ac

™
 K

oJ
ib

iM
CK

or
o 

G
ac

ce
flH

a 
// 

M
aT

ep
na

jiw
 n

o 
re

:>
n. 

C
ee

ep
o-

B
oc

TO
K

a 
C

C
C

P.
 -

 M
ar

a^
aH

 :
 C

O
B.

 K
oj

ib
iM

a,
 1

94
9.

 -
 B

un
. 7

. -

m
i

3 k-3K <u u
n EQ a

aO
H ffi



Jleeertda Hepa-EoxannHHCKOH cepHH JIHCTOB FocyAapCTBeHHoft reojiornnecKott Kaptbi
POCCHHCKOH (PeAepau.HH M-6a 1 : 200 000 / noa pea. B. F. lUaxTbipoBa. - 2-e MSA. - MaraAaH :
m «MaraAanreoJiorHH», 19?9.

Mypsun B. B., CeMeHKUH B. A., Cycmaeoe C. T. u dp. HeaKBHeaneHTHbie HOSHUHH aro-
MOB jKCJiesa B 30Jioroco,aep)KameM apcenonnpHTe no A&HHBIM Mecc6ay3poacKOH cneKTpocKO-
nHH // FeoxHMRa. - 2003. - X° 8. ~ C. 893-901.

Hbto6eppu P. ffw:., Jleuep 77. V., Fans 77. 5. u dp. npeflBapHTeJibHbie aproH-apronoBbie
AaHHbie no xpoHOJionm ManwatHSMa H pyAOOTJiosceHHa Ha Cesepo-BocTOKe POCCHH (Mara-
AaHCKas o6jiacib) H AjiacKe (n-os Cbioapa) // 3o;ioToe opyaeHeHHe H rpaHHTOHAHbin Marma-
THSM CesepHOH HauHit>HKH : T63. AOKH. Bcepoc. coBeiu,. MaraAan, 4-6 CCHT. 1997 r. - Mara-
AaH : CBKHHH ABO PAH, 1997. -C. 159-161.

Hbto6eppu P. ffatc., Jleiiep 77. V., Fan3 77. 75. u dp. HpeABapHTejibHbiH aHajiH3 xpoHOjio-
FMH M6303OHCKOrO MarM3TH3Ma, T6KTOHHKH H OpyAeHCHHfl H3 CeBepO-BoCTOKC POCCHH C y46-

H3Bep«ceHHbix H opyneHeiibixTOM AafHpoBOK 40Ar/39Ar H AaHHbix no pacceaHHbiM
nopoA // SojiOToe opyAeneHHe H rpaHHTOHAHbiH MarMarasM CesepHOH IlauH^HKH : B 2 T. T. 1 .
FeojiorHH, reoxpoHOjionia H reoxHMna : Tp. Bcepoc. COBCIU. MaraAaH, 4-6 CCHT. 1997 r. -
MaraAaH : CBKHHH ABO PAH, 2000. - C. 181-205.

OjibiueacKUU B. M. HeKOTopbie saKOHOMepnoCTH noKajinsauHH 3OJioxa B Majiocyjib^HA-
HHX >KHjiax SanaAHOH HyKOTKH // KojibiMa. - 1974.-N2 ll.-C. 39-42.

OfibiueecKuu B. M. MwHepajibHwe accounauHH sonoTopyflHbix >KHJI Majio-AjcoHCKoro
paHOHa // KoiibiMa. - 1976. - Ns 6. - C. 46-48.

OMomo X., Pau P. O. HsOTonbi cepbi H ymepoaa // FeoxHMHH THApoTepMajitHbix pya-
Hbix MecTOpoiKfleHHii. - M. : Mnp, 1982. - C. 405-450.

UcuibXHoea r. A., Kononun F. P. TepMOAHHaMHHecKHH aHanns ycTotiHHBOCTH apcenonH-
pHTCOAepwamnx MHHepajibHbix accoUHaunfi B rHApoTepMantHbix ycjiosHHX / 2-tt Bcecoroa.

. «TepMOAHHaMHKa a reojiorHH». - CBCPAJIOBCK, 1988. - T. 2. - C. 95-96.
najibxnoea F. A., KOJIOHUH F. P. ApceHonnpHTCOAepHcamHe MHHepanbHbie accounauHH
AHKaiopbi $H3HKO-XHMOTecKHX yciioBHH FHApoTepMajibHoro pyAoo6pa30BaHHfl // Feo-

XHMHfl.-1991.-XalO.-C. 1481-1491.
UapcpeHoeJI. M., HamanoeJl, M., CoKOJioeC,ff.,LfyKaHoeH. B. TeppenHbi H aKKpeun-

OHHaflTeKTOHHKaCesepo-BocTOKa A3HH//FeoTeKTOHHKa. - 1993.- Ns l.-C. 68-78.
eem A. A. MHHepajiorHfl H reoxHMHfl ojioBO-cepe6po-nojiHMeTajuiHHecKHX MCC-
CeBepo-BocTOKa POCCHH. - MaraAan : CBKHHH flBO PAH, 2002. - 72 c.

H. CraTHCTHHecKHe MCTOAM anajiHsa H o6pa6oTKH Ha6jnoAeHHH. - M. :
Hayna, 1968.- 288 c.

Puxtnep T.JI.K Bonpocy o cyjibtJioTejuiypHAax BHCMyra H HX HCKyccTBeHHbix ananorax //
3KcnepHMeHTajibHi,ie HccjieAosanHfl B oSnacTH MHHepanorHH H reoxHMHH PCAKHX 3jieM6H-
TOB. - M. : HayKa, 1967. ~C. 21-38.

POMCKOS M. C., Fpun6ep^ F. A., FoMfwun F H.u dp. Ho3AHeMe3030HCKHH MarMaTH3M H
aojioToe opyAeneHHe Bepxne-HHAHrHpcKoro paHOHa. - M. : HayKa, 1971 . - 238 c.

PycaKoea T. B., Konuixp M. H. FeoxpOHOJiornfl rpaHHTOHAHtix KOMnneKcoB DiaBHoro
KojibiMCKoro SaioJiHTOBOro noaca (Cesepo-BocTOK POCCHH) // TaxooiceaH. reon. - 2003. -
T. 22. -Nfi l.-C. 3-17.

Caeea H. E. CaiwopoAHoe SOJIOTO KopeHHbix HCTOMHHKOB GacceHHa Bepxnero TeneHHa
p. KojibiMbi // MHHepanbi H MHHepajibHbie naparenesHCbi ropHwx nopoA H pyA Ceaepo-Boc-
TOKa CCCP. - MaraAan : CBKHHH ABHU, AH CCCP, 1986. - C. 53-59.

Caeea H. E., fJempoe C. 0. RvifyfyepQiiujA&vwi 30JiOTO-cepe6psHoro H cepe6panoro
opyaeHCHHfl Ha npHMepe 3nHTepMa;itHbix MecTOpoJKAeHHS Cesepo-BocTOKa POCCHH // MH-
HepanorHa H reHeiHMecKHe ocoSeHHocTH MecTopoacAeHHft sojiora H cepeSpa. - MaraAan :
CBKHHH ABO PAH, 1 996. - C. 7-26.

Caeea H. E., Upeuc B. K. Arjiac caMOpOAHoro sojioja CeBepo-BocTOKa CCCP. - M. :
HayKa, 1990. -292 c.

Caeea H. E., UnmumGUH A. A., Uempoe C. 0. FIoacHHTejibHaa sanncKa K TonoMHHepa-
jiorHMecKott KapTe cepeSpa CeBepo-BocTOKa POCCHH M-6a 1 : 5 000 000. -MaraAaH : CBKHHH
ABO PAH, 1998.- 130 c.

Xa5.

Canon Jl, M. MeraMopcJmsM pyanbix MHHepajioe B nnpHTHSHpoBaHHbix TOJiiuax cese
HOH nacTH EaHKajibCKOfi ropnoH o6;iacTH // MSB. AH CCCP. Cep. reoji. - 1954. - Jfe 1.
C. 40-54.

Caxapoaa M. C., KanumKuna H. A. HccjieAosaHHe npouecca oSpasoBaHHa TCHHa
H 3Hapnrra npH HarpesaHHH xajibKonHpHT-apcenonHpHTOBbix pyA // BecTH. MFV. Cep 4 -
1970.-Xa6.-C. 50-58.

Caxapoea M. C., KpueuiiKax H. H, O6 apceHonwpHTe KaK HHAHKarope ycjioBHtt pyAooG
anHfl // Tp. Mysea HM. d>epcMaHa. - 1969. -Bbin. 19. -C. 210-217.
Cudopoe A. A., BOJIKOB A. B. HCTOHHHKH pyAHoro semecTBa H ycjioBHfl 4>opMHpOBaHHj
opyAHbix MecTopoHtAeHHH CeBepo-BocTOKa POCCHH // AOKJI. PAH, -2001 -T 376 -
-C. 1-4.
Cudopoe A. A., FoHvapoe B. M. O THnax H Macnrra6ax peroBCHauHH npH rnap

HOM pyaoo6pa30BaHHH // AOKJI. PAH. - 1 999. - T. 368. - Jfc 4. - C. 5 1 8-52 1 .
Cudopoe A. 0., PydauieecKitu H. C. AHarnocraKa CTpyicryp pacnaAa isepAbix paciao

pOB MHHepajiOB c noMombJO MHKposOHAa // 3an. BMO. - 1979. -K» 5.- C. 607-615.
Cudopoe A. A., EpeMun P. A., BacwienKO B. 77. u dp. Feojioro-CTpyiaypHLie H MHHepa

AornnecKHe ocoGeHHOCTH npojiBJieHHfl 30JioTO-Mbiiiii,HK-cyptMflHOH ^opMauHH // MaxepH
ajibi no reoji. H HOJICSH. HCKOH. Cesepo-BocTOKa CCCP. - MaraAaH : KH. HSA-BO 1978 -
Bbin. 24. -C. 98-111.

CwpHfiKoe 77. H. FlceBAOMOp^osbi nnppOTHHa no nnpHiy // KontiMa. - 1 947. - JVa 2 -
C.26-29.

CKOPHHKOB 77. H. KonraKTOBbie MHHepajiti B KsapueBo-sojioTopyAHtix KHJiax HS
cefina pynba HryMeHOBCKOro na KoiibiMe // MaTepHanu no reon. H nojiesn. HCKOD. Cesepo-
BocTOKa CCCP. - MaraAaH : COB. KojibiMa, 1949. - Bbin. 7. - C. 53-58.

CKomm C. ff. HcnojibSosaHHe c^anepHTa H apceHonHpHia mix OUBHKH TeMneparyp v.
aKTHBHOCTCH CCpbl B THApOTepMajltHblX MeCTOpOaCACKHflX // C»H3HKO-XHMHHeCKHe MOA6JIK

neTporenesa H pyAoodpasosaHHa. - HoBocHSnpcK : HayKa, 1984. - C. 41-49.
Cmenanoe B. A. SoHajibHOCTb sojiOTO-KBapueaoro opyACHeHHs LteHTpanbHOH K

oSiiacTb, POCCHJI). - BjiaAHBOCTOK : AaJibHayna, 2001. - 68 c.
TajiamieeA. C. O AOCTOsepHOCTH onpeAeJieHHfl reMnepaTyp FHApoTepMajibHoro MHHC-

MCTOAOM roMoreHH3auHHnepBHHHbixBKJiK>HeHHH//3an. BMO.- 1981.-
C. 266-277.
anaHifee A. C., HnbXcoeaJl. K. OnpeAeJieHHe paBHoaecHOCTH cocjaBOB cocymecTBy-
aojiOMHTa H KajibijHTa c noMouibio MHKpoanajiHsaTopa // Tp. HH-ra reoji. H reoxHM.

Vpaji. nayM. uenrpa AH CCCP. - 1979. - Bwn. 143. - C. 5 1-55.
TeKmoHUKa, reoflHHaMHKa H MCTajuioreHHa TeppHiopHH Pecny6jiHKH Caxa (^KyiHa)

noA peA. JI. M. FIap4>eHOBa, M. H. KysbMHHa. - M. : MAHK «HayKa/HHTepnepHOAHKa», 200 1 .
571 c.

Tu6wi06 M. B., Lfepenanoea M. K). FeoAorafl cesepa HyKOTKH - cOBpeMCHHoe cocroa-
HHB H npo6jieMW. - M. : FEOC, 2001. - 94 c.

TioKoea E. 3. HapareHesHCbi apcenonHpHTa KBK HHAHKaropbi reneTHHecKHX ocoSeHHO-
CTBH MHHepajiooSpasoaaHHa : res. AOIUI. VII cte3Aa BMO. - JI. : HayKa, 1 987. - C. 77.

TtoKoedE. 3. Mnnepajioro-reHeTHHecKHe ocoSeHHOCTH MecropojKAeHHH FlHOHepcKoro
pyAHoro ysjia (Ceaepo-BocTOK CCCP) : B 2 K. - MaraAaH : CBKHHH ABO AH CCCP, 1989. -
H. I . -58c . ;H.2 . -36c .

TioKoea E. 3., Bopouiun C. B. O6 ycioHMHBocTH apceHonnpHTa npn TeMnepaxype nnace
300°C // AOKJI. PAH. - 2004. - T. 399. - Jfe 3. - C. 392-396.

TioKoea E. 3., Ko3Jioa Bn. K. Hosaa HHaapnaHTHaa TOHKa B CHCTCMB Fe - As - S.
MaraAan, 1986. - 12 c. - Aen. B BHHHTH 26.06.86, Ns 5141.

TiOKoeaE. 3., MaxopKuna T. H. ApcenonHpHr: saBHCHMocTt napaMBTpOB
HecKOH crpyinypM OT cocTasa // 3an. BMO. - 1990. - Bbin. 1. -M. 119. - C. 93-97.

Vdodoe K). H. 3KcnepHMeHTa;ibHoe MccjieAosaHHe cncTeMbi Fe - S a
HBIX ycjioanax : aarope^. AHC. . . . K3HA- reon.-MHHep. nayK. - HOBOCHSHPCK, 1 969. - 2 1 c.

VpycoeB. C. Teopna H30MOp4)HOH CMBCHMOCTH. - M. : HayKa, 1977.-250 c.

s 3.

103



0upcoeJI. B. nepeKpHcrajinHsauHfl KBapua H sojiora B acunax PoflHOHOBCKoro Mecio-
//Tp. BHHH-1. Cep. reoji. -Maraaan, 1956. -Bbin. 11.-C. 56-64.

0upcoe JI. B. Crpyiciypa, MOp(j)OJiorHfl, MHHepajiorna H opyaeneHHe HryMeHOBCKoro
3OJiOTOpyaHoro MecropoHCAeHHfl //TaM ace. - 1958. -Bun. 33. - C. 191-262.

0upcoeJI. B. O BoapacTe MecTopoH(fleHHfl BocTOHHoro//TaM JKC.- 1959. ~Btm. 56.-
C. 64-72.

0upcoe JI. B. SojiOTo-KBapuesafl 4>opMan,Hfl flHO-KojiuMCKoro noaca. - HosocHGnpcK:
HayKa, 1985.-214 c.

0jiepoe E. JI. OjiOBOpynHbie MecTOpoiKfleHHfl ^no-KojitiMCKofi CKJiaAnaroH oGnacra. -
HoBOcnGHpCK : HayKa, 1976. -284 c.

<pjiepoeE. JI. OjioBO-nojiKMeiajuiiwecKoe opVAeneHHe icro-BOCTOKa-HKyrHH. -.flKyrcK :
HOCOAHCCCP, 1984.-C. 6-21.

XojiMOZopoe A. H., flKoenee H, B., IKdanoe IO. H. THHOXKHHSM apcenonHpHTOB BOCTOH-
Hofi flKyTHH // MHHepajibi 3HfloreHHbix oGpaaoBaHHft flKyrHH. - flKyrcK, 1977. - C. 67-77.

tfeebwejioe B. K). 3KcnepHMeHrajii>Hoe HsyneHHe CHCTCMLI Ag-Sb-S npn 100-400°C
B niapOTepMajibHbix ycjioBHax : AHC. ... Kami. reoji.-MHnep. HayK. - M., 1980. - 196 c.

tfexoe A. ff. TeKTOHHKa HHbajiH-fleSHHCKoro CHHKUHHOpua // CKjiaanaTbie CHCTCMM
/JajibHero BocTOKa. - BjiaflHBOCTOK : /JEHU, AH CCCP, 1976. - C. 3-64.

lllaxmbipoe B. F. MeTozmnecKHe peKOMeimauHH no HsyMeHrao cflBHroB npn noHCKOBO-
cbeMOHHbix H pa3BeflOHHbix paSoTax. - Mara^aH, 1987. - 67 c.

HIujioH.A.lFoHiapoeB. H.,Anbtue8CKUuA. B., Bopyennee B. B. YCJIOBHJI (j)opMHpOBa-
HIW sojioTOro opyflCHeHHH B crpyierypax Cesepo-BocTOKa CCCP. - M.: HayKa, 1988. - 182 c.

Uliuio H. A., Caxapoea M. C., KpueuiiKax H. H. u dp. MHHepajionwi H reneTHnecKHe
ocoSeHHocTH 3OJioTo-cepe6pflHoro opyaeneHHa ceaepo-sanaziHoS HacrH THxooKeaHCKoro
oSpaMJieHHfl. - M.: HayKa, 1992. - 256 c.

LLIwio H. A., Cudopoe A. A., Haudopodun B. H. u dp. 3oJioiopyflHbie (J)opMauHH Ceee-
po-BocTOKa CCCP // flAH CCCP. - 1969. - T. 188. - Jfe 4. - C. 901-904.

Ulyu P. T. IlojiynpoBOAHHKOBbie py^Hbie MHHepanu. - JT.: Heapa, 1979. - 288 c.
Barton P. B. Thermochemical study of the system Fe -As - S // Geochim. et Cosmochim.

Acta. - 1969. - Vol. 33. - P. 841-857.
BerglundS., Ekstrom T. K. Arsenopyrite and sphalerite as T-P indicators in sulfide ores

from Northern Sweden//Miner. Deposita. - 1980. -Vol. 15.-No.2.-P. 175-187.
Beutell A. Chemisch-mineralogische Untersuchungen am Arsenkies // Neues Jahrb.

Mineralogie. - Centralblatt, 1911. - S. 316-320,
Buerger M. J. The cristal structure of lollingite, FeAs, // Zetschr. Kristallographie. -

1932.-No. 32. -P. 165-187.
Burkart-Baumann J., Ottemann J. Arsenofuhrende Pyrit mit Bravoit - ahnlichen

Strucuren // Miner. Deposita. -1971.- Vol. 6. - No. 2. - S. 148-152.
ChakrabortiN., Lynch D. C. Thermodynamics of roasting arsenopyrite//Metall. Trans. B.-

1983.-Vol. 14B.-P. 239-251.
Ferry J. M. Petrology of graphitic sulfid-rich schists from south-central Main: An example

of desulfidation during prograde regional metamorphism // Am. Mineral. - 1981. - Vol. 66. -
P. 908-931.

Ferry J. M. A biotite isograd in south-central Main, U. S. A. : Mineral reactions, fluid
transfer, and heat transfer // J. Petrol. - 1984. - Vol. 25. - Pt. 4. - P. 871-893.

Gronvold E, Haraldsen H. On the phase relations of synthetic and natural pyrrhotites
(Fe^S) //ActaChem. Scandinavica. - 1952. -Vol. 6. -P. 1452-1469.

Hall A. J. Pyrite-Pyrrhotine redox reactions in nature // Miner. Mag. -1986. - Vol. 50. -
P. 223-229.

Heinrich C. A., Eadington P. J. Thermodynamic Predictions of the Hydrothermal Chemistry
of Arsenic, and Their Significance for the Paragenetic Sequence of Some Cassiterite-Arsenopyrite-
Base Metal Sulfide Deposits // Econ. Geol. - 1986. - Vol. 81. - No. 3. - P. 511-529.

Kretschmar U., Scott S. D. Phase relations involving arsenopyrite in the system Fe -As - S
and their application // Canad. Mineral. - 1976. - Vol. 14. -P. 364-386.

104

Layer P. W., Newberry R, J., Fujita K. et al. A, Tectonic setting of the plutonic belts of
Yakutia, northeast Russia, based on ̂ Ar/^Ar geochronology and trace element geochemistry //
GeoIogy.-2001.~Vol.29.-No.2.-R 167-170.

Lukesh J. S. Thermal decomposition of arsenopyrite //Am. Mineral. - 1940. - Vol. 25 - P
539-542.

Mohr D. W., Newton R. C. Kyanite-staurolite metamorphism in sulfidic schists of the
Anakeesta Formation, Creat Smoky Mountains, North Carolina //Am. J. Science - 1983 -
Vol. 283.-P. 92-134.

Moll-Stalcup E. J., Krough T. E., Kama S, et al. Geochemistry and U-Pb geochronoloay
of arc-related magmatic rocks, NE Russia // Geol. Soc. of America : abstr with Proeram _
1995.-Vol.27,-No. 5.-P. 65. ' " "

MorimotoN., ClarkL. A. Arsenopyrite cristal-chemical relations //Am Miner - 1961 -
Vol. 46.-No. 11-12.-P. 1448-1469.

NoklebergW.J., ParfenovL. M., Monger J. W. H. etal. Phanerozoic Tectonic Evolution
of the Circum-North Pacific // U. S. Geol. Survey Professional Paper 1626. - 2000. - 133 p

Nokleberg W. J., West T. D,, Dawson K. M. et al. Summary terrane, mineral deposit, and
metallogenic belt maps of the Russian Far East, Alaska, and the Canadian Cordillera / / U S
Geol. Survey Open-File Report. - 1998. - P. 98-136.

Pokrovski G. S., Kara S., Roux J. Stability and solubility of arsenopyrite, FeAsS in
crystal fluids // Geochim. et Cosmochim. Acta. - 2002. - Vol. 66. - No. 13. - P. 2361-2378.

Scott S. D. Experimental calibration of the sphalerite geobarometr // Econ. Geol - 1973 -
Vol. 68.-P. 466-474.

Sharp Z. D., EsseneE. J., Kelly W.C. A re-examination of the arsenopyrite geothermometer:
pressure considerations and applications to natural assemblages // Canad. Mineral - 1985 -
Vol. 23.-P. 517-534.

SugakiA. Thermal studies on the diffusion between some sulphide minerals in the solid
phase // Sci. Repts. Tohoku Univ. Ser. 3. - 1957. - Vol. 5. -P. 95-112.
;̂ _ ..SundbladK., Zachrisson E., Smeds S. -A. et al. Sphalerite geobarometry and arsenopyrite

geotermometry applied to metamorphosed sulfide ores in Swedish Caledonides // Econ. Geol. -
1984.-Vol. 79.-P. 1660-1668.

Toulmin P. Ill, Barton P, B. (jr). Athermodynamic study of pyrite and pyrrhotite // Geochim.
et Cosmochim. Acta. -1964. - Vol. 28. - No. 5. - P. 641-671.

Voroshin S. V., Newberry R. J., Layer P. W. "Ar/^Ar dating of Au-quartz mineralization
in the Upper Kolyma Region (Magadan Oblast, Russia) // Metallogeny of the Pacific Northwest:
Tectonics, Magmatism and Metallogeny of Active Continental Margins : Proc. of the Interim
IAGOD Conf. Vladivostok. Russia. 1-20 September, 2004. -Vladivostok: Dalnauka, 2004. -
P. 568-571.

Witt W. K., Knight J. T., MikuckiE. J. A synmetamorphic lateral fluid flow model for gold
mineralization in the Archean Southern Kalgoorlie and Norseman Terranes, Wester Australia //
Econ. Geol. - 1997. v Vol. 92. - P. 407^37.

Zeitler P. K. The geochronology of metamorphic processes // Evolution of metamorphic
belts / eds J. S. Daly, R. A. Cliff, B. W. D. Yardley. - Geological Society Special Publication. -
1989.-No. 43.-P. 131-147.

105



• t̂
C

O
^E

P
K

A
H

H
E

IC
H

H
6

^
a

CQ

c
"*O ^O —

t/1

s i
^ <! jj

<C ' oK w O

S § F
i J *̂  3Sc*r, fl> Sr^ L_i ou ^ P
LU s ^iHH f j i^i

O
P 

3K
C

FI
E

PH
M

E
H

T
A

J1
L

H
L

IX
 H

 T
E

O
PE

T
H

1

O
aa

oB
bi

e 
Bs

aH
M

O
ox

H
om

eH
H

Ji 
ap

ce
H

on
np

H
xa

 B

BJ
IH

HH
HC

 ^
HS

HK
O-

XH
M

HH
CC

KH
X 

o6
cT

aH
OB

OK
 n

a

ao
ce

H
O

H
H

D
H

xa

mtoo

) m -<3

o»
e
i sH £
a acu ac c

ĈJ
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