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METACOMATUTbI, CBA3AHHbIE C dJIIONOAMU
M3BECTKOBO-LUEJIOYHbIX MATM

W.H. Kurai
UHCTUTYT reonornm pyaHbIX MECTOPOXAEHWH, neTporpagum, MuHepanormm u reoxummm PAH (UTEM PAH)
119017, nep. CrapomoHeTHbiv, 35, Mocksa, Poccusi

OBONOUNSA KNCNOTHOCTN MarmatoreHHbIx GAnaoB onpeaenseTcs 3aBMCUMOCTbIO KOHCTAHT Auccoumauumn npoaykTos
rmoponm3a xJ0pUAOB LWENOYHbIX METANoB OT TemnepaTypbl M gasneHus ¢nionpoB. BbicokoTemnepaTtypHble
HagKpuTndeckne dnonapl, OTAENSIOWMECS OT PAHUTHBIX PAciaBoB, U3HAYaANbHO SBASIOTCS LWENOYHLIMUW, HO NpuU
OXNaxAeHnn MOryT ctatb KucnbiMn., OOHako KMCAOTHOCTb GnionaoB, AocTaTtoyHas ans GOpMUPOBAHUS KMCAOTHBIX
METaCOMaTUTOB, HE ABNSIETCSA CNEACTBMEM NMPOCTOr0 OXNaXAEHNS PaHee LWEeNoYHbIX GonaoB nnm npegnonaraBluencs
[.C. KOPXUHCKMM BOJIHbI KMCNOTHBLIX KOMMOHEHTOB, a AOCTUrAeTCHA TONbKO KOHAEHCALMEN KUCAbIX Fa30B B BEPXHMUX
4acTsAX 3aMKHYTbIX reTepodasHbix CyOKPUTUYECKUX DNIOMAHBIX cucTeM. s Bcex TMNOB MeTacoMaTUTOB XapakTepHO
o6pa3oBaHMe MOHOMUHEpPasbHbIX ThIIOBLIX 30H, HE coaepXalumx kBapua. [py MHOrocTaaMiiHOM npouecce kaxaas
CTaams MUHepanu3auum HadymHaetTcs GOPMUMPOBAHMEM OKOSIOTPELUMHHBIX METACOMATMYECKUX KOMOHOK M 3aKaH4yu-
BAeTCs OT/IOXKEHMEM PYAHbIX MUHEPANOB U MEPEOTIIOKEHNEM PaHEE BbIWENAYMBABLUENOCA KPEMHE3EMA B BUAE
XWUNbHOrO KBapLa 1 30H okBapLeBaHus. O6Las aBonoumsa GonMaoB COBEPLUAETCS C HEOAHOKPATHLIM MOBTOPEHNEM
CTaaui Kak LWEeSI0OYHOro MeTacomMaTo3a, Tak M KMCIOTHOMO BbILWENAYNBAHUSA C CONPSXXEHHBIMW PYOHbIMM napareHe-
3ucamu. K rpynne pyaHbiXx MECTOPOXAEHMWI, B KOTOPbIX OPYAEHEHNE CONPSXEHO C NPEAPYAHBIMU KUCIOTHBIMW METACO-
MatTuTamm n GopMUPYETCH NpU ydacTum retepodasHbix GAOMAO0B, OTHOCSATCS MPakTUYECKM BCE MOCTCKiaagyatble
XunbHble MectopoxaeHusa W, Sn, Be, Li, reHeTMYECKN CBSI3aHHbIE C BOCCTAHOBJIEHHBIMWN FPAHUTOMAAMN U3BECTKOBO-
LLIeNI0YHOr o psaaa, n mectopoxaeHus Au, Ag, Cu, Pb, Zn, As, Sb, Hg, reHeTn4eckn cBsidaHHbIE C OKMC/IEHHbIMI 6a3nTamum
MaHTUAHOIO NPOUCXOXAEHNS NN UX KUCAbIMK anddepeHumaTamm — nnarmorpaHnTamu.

Bsenenne. Baxxneiimuii BKiaz B ucciaeqoBaHUe MPO-
LIECCOB MeTacoMaTo3a ObUI CleIaH B Havase 1 cepe-
quHe XX cronetust B. Jlunarpenowm [38, 39] B pabo-
Tax O IMOCTOSTHCTBE 00beMa 1 TBepa0(a3HOM COCTOSI-
HuK mopoasl B mpouecce 3ameineHus u II.C. Kop-
xuHckuMm [15, 17, 18] — o MeTacoMaTtmyeckoit
30HAJBHOCTU ¥ IU(GepeHINATbHOM TOIBIKHOCTU
2JIEMEHTOB TMpU MeTacoMatose. st 00bsICHEHUSs
OIIEPEXAIOIIETO PAa3BUTHS METacoOMaTo3a OTHOCH-
teabHO pynootnoxenuss [.C. KopxuHckuii [16]
BBIIBMHYJI TMITOTE3Y KUCIOTHO-(PIIBTPAIIIOHHOTO
a(dekra, um omepexamolleil BOJIHBI KUCIOTHBIX
KOMIIOHEHTOB, B (DMJIBTPYIOLIEMCS ITOTOKE PacTBO-
poB. B nanbHeitem B.A. XKapukos u b.1. Omenbs-
HEHKO [6] pa3paboTanu KnaccuUKaIMIO MeTacoMa-
TUTOB U PYOHBIX aCCOLMAINiL, BTUCHYB €€ B Y3KHE

© Kurait 1.H., 2012

paMKM OJHOM BOJHBI KHUCJIOTHOCTHM, B pe3yJbTaTe
KiIaccuduKkalus crpagaja MHOTMMU HMCKaXEHUSIMU
HaOII0aeMbIX TIPUPOIHBIX COOTHOIIEHUH. Tak, B
Heil KBapll-10JIeBOLINATOBbIE METaCOMATUThl OTHE-
CeHbl K IpPOAyKTaM KMCJIOTHOTO BBbIIIENauMBaHUS,
BCE KUCJIOTHbIE METACOMATUTHI ITOKA3aHbI C THLJIOBbI-
MU MOHOKBApIIEBBIMM 30HAMM, & BCE TUIIbI PEIKOME-
TaJUIbHBIX U TMOJMMETAIMYECKUX DY CUMTAIOTCS
00pa30BaHHBIMU TOCJIE 3aBEPIICHMUS BCEX TTPOLIECCOB
KMCJIOTHOTO BhIIIEIauMBaHMs (Ipeii3eHu3aluu, Typ-
MaJIMHU3alUK, Oepe3uTU3alliy 1 T. I1.).

Metomuka ucciaemoBanus. [Ipu umccnenoBaHusIx
Ha OJIOBSIHHBIX MecTopoxaeHusiX ITpumopbs B 1953—
1954 rr. aBTOp CHayvana pamoBajics, OOHapyXuBas
METacOMaTHUUeCKNE KOJIOHKMA C MOHOKBAapLIEBBIMU
TBUIOBEIMU 30HAMM, TIOCKOJIBKY BHIET B HMX IIOI-
tBepxaeHue runotesbl .C. Kopxunckoro. Ho npu
TaJbHeHIeM M3y9YeHNN METacCOMAaTUTOB ObLTM OOHA-
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Puc. 1. lNapareHetnyeckas guarpamma, TUnuyHasa ansg onoBAHHbIX MecTopoxaeHun JanbHero Boctoka Poccun.
PaHHsI5 KBapL-kanwnaTtosas ¢ MoNMGAEHUTOM CTaAMs NPOSIBAEHA HA HUX OYEHb C1abo 1 HE UMEET NPaKTUYECKO-
ro 3aHadyeHus. Cneaytouas, rpeiaeHoBasi, CoaepXXnUT 0JI0BSIHHO-BOJIbPaMoBYO MUHEpann3aumio npu npeobnaaa-
HUM BONbGpamMmnTa Haf, KAaCCUTEPUTOM, HO UMEET, Kak Npasunio, NOAYNHEHHOE 3HAYEHNE NO CPABHEHMUIO C [TTaBHOM
NPOAYKTUBHOM Ha 0N10BO KBapL,-TYypPMaJIMH-KAaCCUTEPUTOBON CTaauen MnHepanmaaummn. XapakrepHo dopmmposa-
HME BCEX OKONIOPYAHbIX UBMEHEHMI PaHbLLE COMNPSXKEHHOM PYAHON MUHEPaNN3aLuum TOW Xe CcTagnun

PYXEHBI TAKXE KOJOHKM C MOHOMUHEPATbHBIMU ThI-
JIOBBIMY 30HAMHU, CJIOXEHHBIMU TYPMAJTMHOM, CEPU-
LIUTOM ¥ XJIOpUTOM. [Ipr 3TOM OKa3anoch, 4TO KBapil
o0pasyeTcs Mo3xe TypMalnHa, CEpUIIUTA U XJIOPUTA.
ITockonbKy Takue B3aMMOOTHOILIEHUS TPOTUBOPEYM-
JM OOLIETIPUHSATBIM B T€ TOMABI MPENCTABICHUIM
I.C. KopXMHCKOro, Mbl ObUIM BBIHYKIEHBI HayaThb
NeTaTbHOEe W3YYeHUEe METacOMAaTUTOB M pyld Ha
JIudpynzuHckoM (HbiHe JIyOpoBCKOE) KacCUTEPUT-
CYIbOUIHOM MECTOPOXIEHUU TYPMAINHOBOTO THIIA
B [Ipumopse [7].

ITocnenoBaTeIbHOCTE MUHEPaT000pa30BaHUS
OKazajach TakKoBOHM (puMckue IHdpbl 0003HAYAIOT
reHepali MUHEPaIoB): 1 — TypMaJMHU3ALMS TIOPOJT
1 00pa3oBaHWe KBapIl-KaCCUTEPUT-TYPMATUHOBBIX
KUJT ¢ TIOMYMHEHHBIM apceHonmupuToM-I; 2 — cepu-
LUTU3ALMS IOpoA U obpa3oBanue muput (I)-apceHo-
muput (II)-muppotrH-xanskonuputosoii (I) MuHe-
panuzauuu; 3 — xjaopuruzauus 1 muput (I1)-coane-
puUT-TajieHUT-XanbKkonuputoBas (II) MuHepanmuzanms
C MMOMYMHEHHBIMU CTAHHUHOM, BACMYTUHOM U CaMO-
POMHBIM BUCMYTOM; 4 — MO3IHSS MUHEPATU3ALUS C
nuputoM-III, mMapka3uToM, KBapueM, KaJlblUTOM,
(ITOOPUTOM M aKCMHUTOM U CJIa0BIMU U3MEHEHUSIMU
MopoJ (CcepuuMTU3aLMs, KaoauHu3auus). Bospact-
HbI€ B3aMMOOTHOILIEHUSI MUHEPaIOB Ha J[yOpoBCKOM

MECTOPOXICHUM IMoKa3zaHbl Ha puc. 1. OHM oKa3a-
JIICh TUMUYHBIMU IS BCEX TYPMAalMHCOMEPKAIIUX
OJIOBSIHHBIX MecTopoxaeHuit JlaabHero Bocrtoka
Poccun (SIxkytum, YykoTrku, XabapoBCKOro Kpas U
ITprmopbs).

Ilng BbISIBAEHUS MMHEpPaJbHOIO cocTaBa M
CTPOEHUST METACOMAaTUYECKUX KOJIOHOK OBbLIO MPOBe-
JICHO OMpOOOBaHKE AECATKOB pa3pe3oB U3MEHEHHBIX
MopoA BKpecT mpoctupaHus xua. ITpodsl otdupa-
JIUCh OKOJIO YYACTKOB, IJIe XKMJbl Ha 3HAYMTENTbHOM
MPOTSKEHUM TIPEACTaBACHbI MPEATNION0XKUTEIbHO
OJIHOCTaAUIHONM MUHepanu3auueit. OTOop mnpood
MPOU3BOJAWIICS Ha PACCTOSIHUM 10 2 M U 0Oojee OT
KU, mpryeM Ha mepBbix 0,5 M o0pasibl Opaiuch
BILIOTHYIO APYT K APYTY, a aajee yepe3 kaxasie 0,5 M.
Bo Bcex pa3peszax B3SITO 10 YEThIpe cepur 00pasLoB:
1 — aTanoHHbIe; 2 — WIS onpeneaeH sl (PU3MKOo-MeXa-
HUYECKMX CBOKCTB mopon (obuias u 3¢ heKTuBHas
MOPUCTOCTh, OOBEMHBIN Bec); 3 — AJIsT XUMUUYECKOTO
aHamuza; 4 — menkue (mpumepHo 1,5 x 2,0 cm)
OCKOJIKM ISl U3TOTOBJICHMS MPO3pPaYHbIX HLIUGOB,
B3sThie Ha MepBbIX 10—15 cM OT Xl BIJIOTHYIO ApyT
K Apyry, a 3aTeM yepe3 0,5 M.

BHauane Obuium uccinenoBaHbl nutngbl. Bee
OMpoOOBaHHbIE pa3pe3bl, B KOTOPBIX HAOII0AAINUCH
CEeKYIIMeE XWIKY MO3IHKUX MapareHe3UCoB UM Hapy-
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Tabnmua 1. TMINMYHOE CTPOEHME KOJIOHOK LLIENOYHbIX MeTacoMaTmToB [13]

Homep

McxopHas nopoaa: Qtz-Pl-Kfs-Bt = Ms = Kin

5 Qtz-Kfs-PI-Ms-Chl

Qtz-Kfs-Pl-Ms-Chl

Qtz-Kfs-PI-Ms-Chl

4 Qtz-Kfs-Ab-Chl Qtz-Kfs-Ab-Chl Qtz-Kfs-Ab-Chl
3 Qtz-Kfs-Ab Qtz-Kfs-Ab Qtz-Kfs-Chl

2 Qtz-Kfs Qtz-Ab Qtz-Chl

1 Kfs Ab Chl

dnionaonpoBOOHVK (TPELMHA, B KOTOPOM NO3aHEee MOXET 06pa3oBaTbCs Xuna)

YcnoeHblie 0603HaYeHus: Ab — anbLbut, onuroknas; Bt — 6uotuT; Chl — xnoput; Kfs — MukpoknnH, optoknas, anynsap; Kin — kao-

AMHUT; Ms — MycKoBuWT, cepuumT; Pl — nnarmnoknas; Qtz — keapu,

Tabvuya 2. TUNMYHOE CTPOEHME KOJTOHOK KUCIOTHbLIX MeTacomMaTuToB [13]

Homep McxopHas nopopa: Qtz-Pl-Kfs-Bt = Ms + Kin
Qtz-Kfs-PI-Ms-Chl Qtz-Kfs-PI-Ms-Chl
5 Qtz-Kfs-PI-Ms-Chl Qtz-Kfs-PI-Ms Qtz-Kfs-PI-Ms
4 Qtz-Kfs-PI-Ms Qtz-Kfs-Ms Qtz-Kfs-Ms
3 Qtz-Kfs-Ms Qtz-Ms Qtz-Ms
2 Qtz-Ms Qtz-Toz Qtz-Tur
1 Ms Toz Tur
dnomMponpoBooHUK (TPELLMHA, B KOTOPOW No3aHee MOXeET 06pa3oBaThCs Xuna)

YcnoeHblie 0603HavyeHus: Ab — anbouT, onuroknas; Bt — 6unotuT; Chl — xnoput; Kfs — MukpoknuH, optoknas; Kin — kaonuuut; Ms
— MYCKOBWT, NENUAOANT, CEPULMT, UMHHBaNbAuT, cugepodunnnt; Pl — nnarnoknas; Qtz — keapu,; Toz — Tonas; Tur — TypManunH.

IIEHHBIN IMOPSIIOK 3aMEHICHNS, OTOPAKOBBIBAJINCE.
CornacHo TeopetuueckoMy aHanuzy II.C. KopxuH-
ckoro [15, 17], moATBepXAEHHOMY MPAKTUUECKUMMU
HaOJIIOICHUSIMU SKCIIEPUMEHTaNbHbIX [5] U npupo-
HBIX KOJIOHOK [7], B "4mcTOi", He HapylIeHHOU
MOCJIEAYIOIMMHU TPOlieCCaMM METacCoOMaTU4eCKOM
KOJIOHKE MMHepalbl (DPOHTAJBHBIX 30H IOJIKHBI
3aMellaThCsl MUHepaaaMy ThUTOBBIX. M3 orpoboBaH-
HBIX HECKOJIbKUX JIECSITKOB pa3pe30B ObLIO OTOOpaHO
TOJBKO HECKONBKO "YMCTHIX', COOTBETCTBYIOIIMX
OCHOBHBIM CTaausIM MMHEpaIU3alMd MECTOPOXIe-
Hus. Pe3ynbraTbl XMMUYECKOTO aHaI13a MOpoj ObLIU
MepecYUTaHbl C Y4ETOM MOPUCTOCTU (0OBEMHOIO
Beca), cornacHo pekomeHaauusm [22]. TIpuBHOC U
BHIHOC KOMIIOHEHTOB pacCuMTaH (B TpaMMaX Ha
100 cM?) OTHOCHTETEHO HEM3MEHEHHOM TTOpoIbL. Bee
pa3pesbl B3AThbl B aJIeBPOJIMTAX U TeCYaHUKAX PYIO-
HOCHOW I0PCKOU MayKu MOpo/I.

B pesynbrate BBISICHMIOCH, YTO Kaxaoi M3
BBIIC/ICHHBIX CTAINi MUHEPATM3AIK IIPUCYII CBOM
THII TIPEAPYIHBIX U3MEHEHMI, YTO JOKA3BIBAJIO IIpe-
PBIBUCTOCTb MOCTYIICHUS (DIIOMIOB, T. €. CTaaMii-
HOCTb npoiiecca [8]. IpyruM BaxXHBIM pe3yJIbTaToOM
HCCAeq0BAaHUI OKa3aloch yCTaHOBJIeHUE (akra
BBIHOCA KpEMHE3EéMa U3 Topoj (puc. 2), ¢ KOTOPbIM
XOPOLIO COIIacoBaIOCh 00pa3oBaHUe OECKBAPLIEBbIX
MOHOMUHEPAJIBHBIX THUIOBBIX 30H. OIHAKO BCE 3TO

HE BIIMCHIBAJIOCH B OOILETIPUHSATHIC TOTA IIPEACTaB-
JIEHUSI O KUCJIOTHOM BBIIICNAUYMBAHUU W TPeOOBAIIO
TEOPETUUECKOTO 00BsICHeHMsI. JIeJIo B TOM, UTO IIpH
(umprpalM pacTBOpa B CHIIMKATHBIX IIOPOIaX OH
nospkeH Hacoimathes Si0,. Eciau B ¢unbrpytonieiicst
KOJIOHHE PacTBOPOB BO3HMKAja BOJHA KUCIOTHBIX
KOMIIOHEHTOB, TO IPX KUCJIOTHOM BHIIIETaYMBaHUN
TOJDKHBI OBLTH (DOPMHUPOBATHCS KOJTOHKH C THUIOBBI-
MU 30HAMH, CJIOXCHHBIMH HamOolice KHMCIOTHBIM
KoMIoHeHTOM — SiQO,, MOCKOJbKY OH TOJKEH ObLI
MIPUBHOCUTBCS B 3aMeIaeMble TIOPOIBI.

bonee Toro, 3HakoMmcTBO ¢ padoramu O.H. Jle-
BuLKoro [19] o Bonb(PpaMOBBIX MECTOPOXKICHUSIX
Bocrounoro 3abaiikanbs, H.M. u M.B. boponaes-
cKUX [2] o Gepe3uTax bepé3oBcKOro 3010TOPYIHOrO
MECTOPOXKICHUS Ha Ypaje, a TakKe IOCIeaylollee
M3y4eHNEe KHMCIOTHBIX M IIEJTOYHBIX METaCOMAaTHTOB
MHOTHUX JIECSTKOB XIUJIbHBIX 1 IITOKBEPKOBBIX MECTO-
poxaeHuit Mo, W, Sn Au, Zn u Pb B pa3HbIX pailoHax
CCCP u 3a ero npeaeaaMu, NpUBEJIO aBTOPa K BHIBO-
1y, 4TO 00pa3oBaHME OECKBApLIEBLIX ThUIOBBIX 30H
TUIIMYHO IS BCEX TUIIOB METaCOMATUTOB M BCETIA
MPEAIIeCTBYeT MX OKBapleBaHMIO U OTJIOXKEHMIO
KUJIbHOTO KBapua [9, 14]. TunuyHble KOJOHKYU MeTa-
COMAaTUTOB MpUBeAeHbI B Ta01. 1 u 2. HarmomHI0, uTo
IIeJIOYHAsl MPUPOJA XJIOPUTOBBIX METacOMAaTUTOB
Obu1a obocHoBaHa B padotax M.II. Iep6ans [28].
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Brinoc SiO, U3 cMIMKaTHBIX TOPOJ MPU LIEI0Y-
HOM METacoMaTo3e He YAMBUTENEH, MOCKOJIbKY €ro
PacTBOPMMOCTH YBEIMYMBaeTCs ¢ poctoM pH pacTBo-
pOB, HO MpakTWYECKW He 3aBUCHUT oT pH mpu pocte
KHMCJTOTHOCTH KUCTIBIX PACTBOPOB, KaK OBLIO IKCIIEPH -
MeHTanbHO nokazaHo B.C. banuuxum n E.M. 3yoxo-
Boit [1]. TeopeTnyecku MOXHO MPEACTaBUTb CUTY-
aluio, Korma (IOMIBI HAa CBOEM IyTH BCTPEYaAlOT
CHayajia KapOOHATHBIE MTOPOIBI ¥, B3aUMOIEHCTBYS C
HUMU, 00pa3yloT KaJblIMeBbIe CUIMKATHI, TEPSIS YacTh
pactBopéHHoOro B Hux Si0,. Toraa, BCTpeTHB Ha Jajlb-
HelIIeM MyTH CUIMKATHBIE TTOPOJIbI, PACTBOPBI MOTYT
M0 OTHOILEHUIO K HUM OKA3aThCsl HEAOCHIIIEHHBIMU
SiO, u cTaHyT BbILIENAUMBATh €ro U3 nopoxa. OgHaKo
Ipeii3eHbl 00BIYHO Pa3BUBAIOTCS B IHIOKOHTAKTE Ipa-
HUTHBIX TeJ WM B UX 9K30KOHTAKTe, HE OyIydu OTae-
JIEHBI OT TPAHUTOB KAKMMM OBl TO HY OBLIO TOJIIIAMU
KapOOHATHBIX MOPOA. A ec/IM IPaHUTOMIbI KOHTAKTH-
PYIOT ¢ KapOOHATHBIMU TIOPOAAMM, TO IPEN3eHbI Pop-
MUPYIOTCST HEMOCPEACTBEHHO B MOCIEIHNX, a HE HaJl
HUMU, IpUOOpeTas CBOEOOPa3HbIl MyCKOBUT-(III00-
PUTOBBIM MUHEpalTbHBIN cocTaB [4]. [ToaToMy BBIHOC
SiO, u3 mopoa Mpu KHCJIOTHOM BbIILEIaYMBAHUN
JIOJITO HE HaXOIWI OOBSICHEHUS.

CornacHo uccenoBaHUsIM (DITIOMIHBIX BKITIOYE-
HUH, THIMYHBIA MarMaToreHHbIA (ITIOUIT MOXET ObITh
annpokcumuponaH cucteMoit NaCl-CO,-H,0 [41, 42,
14]. U3 skcriepuMenToB D. Opanka [32], ObLIO SICHO,
yro npu Temneparype 500—600 °C B mmpokom auana-
30He TotHocted ¢mounoB KOH mucconmmpoBaHa
cunbHee, yeM HCI, u pactBopsl KCI B 3THX YcIOBHSIX
TOJKHBI ObITH 1e10uHbIMU. [ b, Haymos u B.A. [lopo-
(eepa [24] paccuMTany BO3MOXHYIO BOJIIOLUIO K-
ciotHoct pactBopa KCl M mpuuum K BeIBOAY O
IIEJIOYHOM XapaKTepe BHICOKOTEMIIEPATYPHBIX (hITon-
JIOB M TIPEBPAILIEHUM UX B KMCJIbIE C MaficHUEM TeMIIe-
paTypbl. DTO B caMOM OOIIIEM BHUIE COOTBETCTBOBAJIO
npenctapieHusM [1.C. KopxuHckoro [16] o xapaktepe
3BOJTIOLIUM KUCJIOTHOCTH (hTionoB. Takoil ke BBIBOJ
Ob11 mosmyueH B pacuetax PII. Padanbsckoro [25] mng
pactBopoB NaCl ¢ ucrnoab30BaHUEM KOHCTAHT JIUCCO-
Luauuu, Teopetnuecku oneHeHHbIX O.B. bpbizramm-
HbM [3]. B ocHoBe pacuetos [24, 25], B CYIIIHOCTH, Jie-
Xam oueHkr pH ¢uronnos, 00ycIOBIEHHBIX TUIPO-
y3oM KCl u NaCl ipu pasubix T 1 P. O1o Ob110 moka-
3aHo B pabote M.H. Kuras [10]. eiicTBUTENbHO, KUC-
JIOTHOCTb PacTBOPOB TPU TUIPOIU3E OyIET IIETMKOM
OTIPEIESIThCSI COOTHOIIEHUSIMU MEXKITy KOHCTaHTaMU
JACCOLMAIIN TTPOIYKTOB TMAPONIN3A;

NaOH + H*+ Cl =NaCl+ H,0=Na*"+ OH + HCI
Wi
KOH + H*+ Cl =KCl + H,0=K*+ OH + HCL

AC, r/100 cm?
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Puc. 2. uarpamMmmsbl, XxapakTepusyoLme TypMaanHo-
Bble MeTacoMaTuTbl NePBOM CTaAMn MUHepannaaumm
Ha [lyOpOBCKOM KacCUTEPUTO-CYNbOUAHOM MECTO-
pPOXAEHMN: @ — MPUBHOC-BLIHOC KOMMOHEHTOB Mpu
MeTacomMaTo3e NepBon CTaaun C HaNOXEeHHbIM OKBap-
LLeBaHMEM OKOJO XWJbl KBAPL,-KACCUTEPUT-TYPManu-
HOBOro COCTaBa, 3ajnerawoowen B anesponurtax; L —
paccTosiHme oT xunbl, cM; C — n3amMeHeHne cogepxa-
HMUS KOMMOHEHTA MO CPaBHEHUIO C HaVMEHee U3Me-
HeHHoW nopopaoi paspeaa, r/100 cm?; 6 — n3MeHeHne
addekTmBHOM nopuctoctn (%) B TOM Xe KONOHKEe
MeTacoMaTUTOB MEPBOI CTaaun, METACOMaTUThI: a —
TYPManuHoOBLIN, b — KBapL-TYpPMaMHOBbLIN, C — KBapL,-
cepuumToBbin, d — KBapL-CEPULUT-XOPUTOBLIN, € —
HEVU3MEHEHHbIN aneBponnT

Ecnu menoun aucconmupoBaHbl CUIbHEE COJISI-
HOIi KMCJIOTHI, TO paBHOBECHE B IIPUBEACHHBIX peaK-
LIUSIX CMECTUTCS BIIPABO 1 PacTBOP OYIET IETOUHBIM.
Ecm cunmbHee muccommmposana HCI, paBHOBecue
CMECTUTCS BJIEBO U pacTBOp OyaeT KuciabiM. M3 naH-
HBIX [24, 25, 10] cnenoBano, 4To IIpy BEICOKOH TeMIIe-
paType paBHOBECHE B MpPUBEACHHBIX PEAKIMSIX CMe-
IIEHO B CTOPOHY LIEJIOYHBIX PACTBOPOB, a C TIOHILKE-
HUEM TeMIIEPaTyPhl — KUCIIBIX. DBOMIOIMS KUCIOTHO-
ctu tuapom3yeMbix NaCl-KCl ¢monnoB oreHeHa
W.H. Kuraem u b.JI. Tarupossim [14] ¢ ncnonp3oBa-
HUEM 3KCHEePUMEHTAIbHBIX JAHHBIX, MOJTYYCHHBIX B
IocjieJHue ronsl, B ToM uncie 1 1t NaCl.

Ha puc. 3 mokazaHa 3aBMCHMOCTb KOHCTAaHT
micconnanmu (Ko) HCI, NaOH n KOH ot tem-
nepaTtypsl B pa30aBIeHHBIX HATKPUTUUESCKIX (DIIrOM-
Jax U B YCJOBHSIX PABHOBECHSI XKUIKOCTH 1 Tapa. Jls
HaIKPUTHMIECKUX (IIOMIO0B BHIOpAH TUIIMYHBIN M-
a3oH gasiaeHuit ot 250 o 100 MITa. BugHo, uto mis
KMCJIOTBI 3aBUCUMOCTh K1 0T TeMIepaTtyphl BhIpake-
Ha CWJIbHEe, T. €. HAKJIOH KpUBBIX Kpyue. Touku mepe-
CEYEHUS] KPUBBIX IJII KUCJIOTHI X OCHOBAHMII COOT-
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Puc. 3. 3aBnCMMOCTb KOHCTaHT auccoumaumn HCI n
rMOPOKCUAOB HATPUS U Kanus OT TeMnepaTypbl B 6ec-
KOHEYHO pa3baBneHHbIX HagKpUTUYeckmnx dnonaax
npun nasneHumn 250-100 MIMNa n B yCNnoBusix paBHOBE-
CUA XMUOKOCTU C €e HacblWeHHbIM napomMm (P,.).
JBYXKOHEYHBIMW CTpEesikamMmu nokadaHbl TemMnepaTtyp-
Hble MHTepBasibl MOJIOXKEHUS TOYEK HYIEBOTrO MMAPON-
3a 419 pacTBOPOB NPOMEXYTOYHOIo cocTasa npu pas-
HbIX 3HAYEHUAX OaBneHus. VICTOYHUKN OaHHbIX ANnd
NOCTPOEHNS anarpamMmmbl ykasaHbl B [14]

BETCTBYIOT TOYKaM HYJIEBOTO TMAPOJIM3a B CUIY PaB-
HOIi CTeNeH! AMCCOIMALMKY KMCIOThl M OCHOBAHMSI.
[IpaBee Takux To4eK (Tmpu OoJiee BHICOKOI TeMIiepa-
Type) pacTBOPBl XJIOPUIOB OYIYT IIEJIOYHBIMU
(1memoyp AMCCOUMUPOBAHA CHIbHEE KUCJIOTHI), a
JieBee — KUCIABIMU. TOUKM HyJE€BOrO I'MAPOJM3a Ha
muarpammMe (puc. 3) mpu gasnennu 250 MIla mng
guctoro pactBopa NaCl cootetctByioT 450 °C, a mis
KCI — 425 °C, numes 11st cMelaHHBIX PACTBOPOB IPO-
MexyTouHble 3HadeHud. Ilpm mapnenun 100 MIla
3TOT MHTEpBaJ MepeMelaeTcs B 00JacTh TeMIleparTyp
ot 370 °C mo 350 °C. [l XuaKocTH, paBHOBECHOM C
€€ HACBIIIEHHBIM I1apoOM, 3TOT MHTepBaJ HEHTpaib-
HBIX PAaCTBOPOB COOTBETCTBYeT oTpe3Ky 305—280 °C.
Pacuerns 3aBucumoctu kuciaotHoctu log[H™]/[OH]
ot temrnepatypsl st 10 % pactBopoB NaCl uium KCl,
COOTBETCTBYIOIIUX TUITMYHBIM HauaJbHBIM KOHIIEHT-
palusM MarMaTOTeHHBIX (DIIOUIOB, I0Ka3ajIu
MTOJO0HBIEe Pe3yNbTaTHI [14].

O0cy:knenne pe3yabraToB. BoisgpiaeHHas TeHAEH-
LIUST SBOJIIOIMH KMCIOTHOCTHU (DIIIOMIOB IOATBEPXKIA-
eTca 00pa3oBaHMEM JOTPEii3¢HOBBIX IIETOYHBIX
KaJIMIINATOBBIX ¥ aJTbOUTOBBIX METACOMATHUTOB ITPU
temmneparype nopsaka 500—600 °C. Panee J1.C. Kop-
KVMHCKUI M ero TOcC/ieqoBaTeNM Ha3blBalu TaKue
METaCOMATUTHI KBapIl-TIOJEBOIINATOBEIMU M OTHO-
CWIM MX K TIPOAYKTaM KUCJIOTHOTO BBIIIENAUYNMBAHUS
[6, 20]. OnHAKO BBIICHMIOCH, YTO MJISI STUX METACO-
MAaTUTOB BeCbMa XapaKTepHO (OPMUPOBAHUE THIIO-
BHIX MOHOMMHEPAJIbHBIX ITOJICBOIIIATOBLIX 30H C

MOJIHBIM BHIHOCOM KBaplia U3 TpaHuTOoB (Tad1. 1), uto
MO3BOJIIET OTHOCHTh MX K TMITUYHBIM IIEJTOYHBIM
Metacomarutam [9, 10, 14]. [ToznHee 21O ObLIO MPU-
3HaHo camuM [[.C. KOp>XMHCKMM M HEKOTOPBIMHU
reojioramu ero mkoJsi [20].

Takum 00pa3oMm, CYILIECTBYET peajlbHOe XMMUYe-
cKoe 00BSICHEHHE MEePBOHAYATBHON IIEJOYHOCTH U
MOCJIE/IYIOIIETO MOBBIIIEHUSI KUCIOTHOCTH TIPUPOJ-
HBIX (JIIOMIOB MPU MOHWXKXEHUM TEeMIEPaTyphbl, ajlb-
TepHATMBHOE TMITOTE3€ OMepexaroliell BOJHbI KHC-
JotHbix KomnoHeHToB I.C. Kopxunckoro. ITpaBaa,
BriepBbie ycraHoBuBIIMe 3T0 I.b. Haymos u B.A. lo-
podeena [24] cunTanu, YTo HapacTaHUE KUCIOTHOCTU
(IoMa0B MPU MX OXJAXKAEHUM MOXET OOBSCHUTDH
noceayioniee 3a meJI0uYHbIMU (hOPMUPOBAHUE KHC-
JOTHBIX MeTacomaTuToB. Ilo ux pacueram, mepexosn
ot miesoyHbIx KCI pacTBOpOB K KMCIIBIM A0JKEH ObLT
coBepuatbcs npumMepHo mpu 300 °C.

OnHaKo BBISICHSETCS, YTO 3HAUEHMs TeMIIepaTy-
PbI, TIPY KOTOPBIX TPOUCXOAUT TPeii3eHU3alIsI 1 TTOSIB-
JIIOTCSL KUCJIBIE PACTBODBI, €CIM CYAUTh 1O JAHHBIM
MN.H. Kuras u FO.B. Camosaposa [13] m1a Sn-W
MecTopoxaeHus TpymoBoe B Kupruzuu (puc. 4) u
MHOTUM JIPYTUM, OKa3bIBAIOTCS TOCTATOYHO BHICOKUMU
M COOTBETCTBYIOT TeM, MPKU KOTOPBIX PacTBOPHI, CO-
[JIACHO AKCIePUMEHTAIbHBIM JaHHBIM, JOKHBI ObLIN
OBbITh elié 1eoYHbIMU. bosiee Toro, B cTaauu 1ienoy-
HOTO MeTacoMaro3a TeMIlepaTypa MHOIIA OIMyCKaeTcst
noctatoyHo HK3KO, 10 300 °C u HiKe, HO TPU 3TOM
HUKAKUX KMCJIOTHBIX METACOMATHTOB HE TOSIBIISIETCS.

EQVHCTBEHHBIM  JIOTMYHBIM  OOBSCHEHUEM
BBIHOCA KpeMHe3éMa MpU KMCIOTHOM BbILIEIAYM-
BaHMU 1 BLICOKOM TEMIIEPATyphl IPEi3eHU3ALIUY CITY-
KUT reteporeHu3anus (GaouaoB U GopMUpoBaHUE
KMCJIOTHBIX METACOMATUTOB IO/ BO3/ICHCTBMEM KOH-
JIEHCATOB Ta30BOM (ha3bl CYOKPUTHIECKUX (DIIIOMIOB.
Takas MoJesIb "apOIOMUHUPYIOLINX THAPOTEPMAITb-
HBIX CUCTeM" TIPUMEHUTENILHO K COBPEMEHHBIM I'¢0-
TepMaM BYJKAaHOTEHHBIX 00J1acTel Obl1a MpetoxkeHa
. Yaiitom u ap. [44]. [1paBaa, aBTOpbI 3TOI MOIETH
He 3HaJIM, Ha Kakue pyn0o0pasyloliye COBpeMeHHbIE
W TajeoruapoTepManbHble CUCTEMbl Takash MOJIEb
MOXeT OBITh pacripocTpaHeHa. B kauecTBe BapuaHTOB
OHM MpEAMNoJaraiyd pTyTHbIE U, HE OYeHb YBEPEHHO,
MeIHO-TTOP(UPOBBIE MECTOPOXKAEHMSI.

OnHako HaMu ObUTH OTKPBITHI 1B BasKHbIE 3aK0-
HOMEPHOCTH, UCTIOJIb30BaHHbIE B KAUECTBE KPUTEPH-
€B MPUMEHUMOCTH MOJEIN TeTepodasHbIX (QIIIOMI0B
K T€HE3UCy MECTOPOXAEHMI, CBA3aHHBIX C KUCIOT-
HbeiMM MeTacomatutamu [9]. TlepBas 3akoHOMEp-
HOCTb — 3TO MOKa3aHHBIM Bblllle BbiHOC SiO, 13
MopoA Mpu (OPMUPOBAHUM KMCIOTHBIX METACOMATH-
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ToB. BTOpas 3aKOHOMEpHOCTb 3aKJIIOYaeTcsl B TOM,
YTO B MOC/IEIOBATEILHOM DSy PYAHO-METacoMaTHh-
YeCKMX KOMIUIEKCOB, CBSI3aHHBIX C TPAHUTOMTHBIM
MarMatu3MoM, TepBble TUIMYHBIE XKMJIbl 3arojiHe-
HUS BCerna rmpeaBapstorcst GopMUPOBAHUEM Tpeiise-
HOB. IHBIMM clTOBaMU, Tpeii3eHbl BOZHUKAIOT TOJBKO
NP TOSBACHUM OTKPBITHIX TPELIMH, B KOTOPBIX
MOXET OCYILECTBUThCS TpaBUTAIIMOHHAS cerapaius
KMIKOM 1 ra3oBoii (a3 daronna. O6e 3aKOHOMEpPHO-
CTH B COBOKYIHOCTM MpPUBOAAT K OJHO3HAYHOMY
BBIBOYy O TOM, YTO KHMCJIOTHOE BBIILEJTauMBaHUE B
SHJOTEHHBIX YCIOBHSIX TPOM3BOAMTCS TOJNBKO KOH-
JieHcaTaMM Ta30BOii (ha3bl B BEPXHUX 3TaxKax reTepo-
T€HU3UPOBAHHBIX (MIIOMIHBIX cucTeM [9, 13].
PaccMoTpum MexaHM3M MarMaToreHHOTO MUHE-
panoo0dpa3oBaHus C YYETOM M3IO0XKEHHOTO BHIIIE.
Ecim mpu xpuctammzanuu audbepeHIMpoBaHHbIX
MAaTepUHCKUX TPAHUTOUMIHBIX MHTPY3UBOB B OCTaTOY-
HOM pacIuiaBe BO3HMKAeT BOAHBIN (hitoua, 00bEM U
JaBJICHWE €ero MPOTPecCHMBHO HApacTalT T0 Mepe
KpHUCTaTM3aluy paciiapa’. [leppoHavyaabHO (IIon
TOJ1 IaBJIEHWEM MIPOCAUuMBACTCS B 3aKPUCTALTM30BaAH-
HYIO KOpY MHTpPY3MBa M BMELIAIONINE MOPOJBI, TPO-
M3BOIS CKAPHUPOBAHUE U ILETOYHOM METacOMaro3 ¢
COTPSKEHHBIM METAaCOMATUYECKUM PYIOOTIOXKEHH-
em?. Co BpeMeHeM JaBjieHue (oA MOXET TIPEBbI-
CUTh JIUTOCTATMYECKOE Ha BEJMYMHY TPOYHOCTH
MOpPOJ Ha pa3pbiB (KOTOpasi 0OBIYHO HE TPEBBIIIAET
100—300 6ap). Toraa mpoucXoauT TMAPOPa3pwIB (hyd-
rorupture, hydrofracturing). Tlon naBneHueM donna
MOTYT OTKPBIBATLCS CTapble WM CO3AaBAThCS HOBBIC
TpetiuHbl. [1pu 3TOM pe3ko yBenMuMBaeTCsl 0ObeM
(dmonga, 4TO MPUBOAUT K aaMabaTHUecKOMy Majie-
Huto T u P ¢monza ¢ mepexomoM ero B CyOKpUTHYE-
ckoe coctosiHue. [eteporeHusanys ¢ouaa B mMojo-
CTSIX OTKPBITHIX TPEIIWH MPUBEAET K TPABUTALIMOHHO-
MY pa3feNeHHIo Ta30Boi u kuakoi ¢as. [Ipu sTom
Si0, Bmecte ¢ Henetyuumu NaCl, NaOH, KOH, xjo0-
PUTHBIMU MJIM MHBIMU KOMILIEKCAMU PyI000pasyo-
HIMX METAJUIOB Oy/leT HAKamiuBaThCSd B OCHOBHOM B
Xunkoit ¢aze. Kak skcrmeprMeHTaIbHO IMOKa3al
M.A. CreipukoBuy [27], KoHueHTpaiuu C KoMIo-
HEHTOB B COCYIIIECTBYIOIIMX ra30BOM M XKMAKOI (pazax
1 TUIOTHOCTH 3TUX (ha3 CBSI3aHBI COOTHOIICHHUEM:
C./C=(pe/pn)"
rae n = 1,9 nng SiO, u 4,0 g NaCl, Tak 4To npu
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Puc. 4. 9Bonouns MnHepanoobpasoBaHusi HA 0/10BO-
BONbGPaAMOBOM MecTopoxaeHun Tpynosoe, Kupru-
3us [12]. Pumckme undpbl — reHepauuy MUHEPanos.
TeMHble KPYXXKM — NMBMEPEHHbIE 3HAYEHUS, CBET/bIE —
MWUHMMalbHbIE, MPSAMOYIrOSIbHUKM — BEJIMYUHbLI, OLe-
HEHHble MO KOCBEHHbIM AaHHbIM (BblCOTa OTBe4YaeT
BO3MOXHbIM npepnenam). B ctpoke "Xngkas CO,"
LUTPUXOBKOW MOKa3aHbl MHTEPBasbl reTepodasHoCTr
bnongos. ArperaTHoe COCTOSIHUE: HK — HaoKpuTuye-
ckoe, X - xunpkoe, MX — He cTpatTMdUUNPOBAHHbIE,
COCYLLIECTBYIOLLME MO BCEMY 0O0bEMY ra3 1 XuakocTb,
/2K — rpaBUTauVOHHO pa3gesieHHbIe ra3 U XXNAKOCTb,
KHA — KOHOEeHcaT rasoBon ¢asbl, pp — pygooTtnarat-
wmin pacteop, T, — TemnepaTtypa roMoreHmsauuu,
P,, — nasneHvie ¢omonaa, P, — naBneHvne, 4OCTaTo4-
Hoe Aansa ruapopaspbiBa, Cuyeo KOHLLeHTpauus
NaCl + KCIl nnn Banosas, B akB. NaCl (macc.%)

P, pye=1:2, koHuenrtpauuu SiO, u NaCl B razoBoit
(aze OymyT, COOTBETCTBEHHO, B 4 1 16 pa3 MeHbIIIE,
YeM B XKUIKOM.

Jletyune xuciaotHeie KommoHeHTsl (HCI, HE,
CO,, H,S, SO,) OyayT npeuMyLIeCTBEHHO HaKaIlIK-
BaThCs B ra3oBoii ¢ase [44, 9]. Torna mpu KoHAEHCa-
LIMY Ta30BO# (ha3bl B TPEIIMHAX U KAMMJLIIpax MOPOJ
(MM €€ pacTBOPEHUU B TIOPOBBIX METEOPHBIX BOIAX)
B BepPXHEH 4acTu 3aMKHYTO cepbl pynoodpa3oBa-
HUSI MOXET 00pa30BaThCsl KMCIas XUIKOCTb, HEI0-
CBIILIEHHAsT KPEMHE3EMOM.

1. ITo maHHBIM psia McceaoBaTeel, HeanbhepeHIIMPOBaHHbIE TPAHUTOMIHbBIE MarMbl 00BIUHO comepxat MeHee 4 % Bombl [46, 23, 26],
T. €. HEIOCBIILIEHBI €10 U HEe MOTYT ObITh PYIOHOCHBIMMU [IJIs1 THAPOTEPMATbHBIX MECTOPOXICHMIA.

2. Cnemyer 3aMETUTD, YTO B 3TOT MEPUOJ repeMelieHre (IIouI0B COBEPIIAETCS UCKITIOUUTEIBHO (PUIBTPALIMOHHBIM CITOCOOOM, HO HUKa-
KUX SIBJIEHMI KACIOTHOTO BBIILENAYMBAHMSI TIPY STOM He HaOMI0MaeTCsl, MAKCMMAJIbHOE KMCIOTHOE BbIIETaulBaHKe (Tpei3eHu3aIums)
Pa3BUBAETCS TOIMA, KOIIa PACTBOPBI UMEIOT BO3MOXHOCTh CBOOOIHO MEPEMEIIATHCSI IO OTKPHITBIM TPELIMHAM, M POJIb (DUIBTPALIMU B X
nepeMellieHUM HUUTOXKHA. DTO MO3BOJISIET CYUTATh OLIMOOYHOI TMITOTE3Y KUCIOTHO-(huibTpatoHHoro a¢gdekra [.C. KopxuHckoro.
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Puc. 5. 3apucoBka wTtyda M3 wTokBepka lNepBomMarckoro MoanbaeHOBOro MecTopoXaeHus (OXnamnHCKun
paiioH, 3abaikanse). Bmelwatouwasa nopoga — cnabo rpen3eHn3npoBaHHbIe rPaHnTbl (+ —CpeaHe3epHUCTbIe, X —
MEeJNIKO3EePHUCTbIE, MeSIKue KPeCTUKN — AaK1 A0PYAHbIE Y BHYTPUPYAHbIE OTHOCUTESIbHO MOMOAEHOBON MUHEpPa-
nm3auumn). BepTukanbHOW LUTPUXOBKOM 0O03HAYeHbl KBapL-MONNMOAEHUTOBbIE MeTacoMatudeckme Xunbl. Mpu
BHMMAaTENbHOM HabMIOAEHMM MOKa3aHHbIX HA PUCYHKE B3aMMOOTHOLLIEHWI ABYX FreHepaLumii KBapL-MonMbaeHnTo-
BbIX XWN 1N ABYX FreHepaunii TOHKUX rPaHUTOUAHbLIX AaEK, BUAHO, YTO NepecekaemMble Xunamu anku He pasnsu-
ralTcsl, a 3amewaoTcda. Kpanom nokadaHa kanvwinatusaumsa rpaHnToB. benoe — 6onee no3agHme Xunbl 3anos-
HEHNA KBapL-BObOPaAMUT-MYCKOBUT-GDIIIOOPUTOBOIO CoCTasa (CrnamHOCTb MYCKOBMTA yKa3blBaeT HanpasieHne
pPacKpbITUS TPELLMH, KOTOPOE COBNaAaET Af1s BCEX NEPECEKAEMBbIX XUTaMU 3aN0NHEHNS 3/IEMEHTOB CTPYKTYpPbI)
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Tabsmuya 3. IBONOLMA MarMaToreHHOro rmapoTepmManbHOr0 MUHepanoobpasoBaHnsa B npenenax o4Horo umkna
MeTanNoreHnn, CBA3aHHOIO C NOCEeCKIaaYaTbiM N3BECTKOBO-LLENOYHBIM MarMaTnamom (no [9], ¢ nameHeHmnsmmn)

CmeHa pyaHo-meTacomMaTnyeckmnx komnaekcos (PMK) cHM3y BBepx
Tun mar- | [naBHbIE KOMMNO- -
MaTMama | HeHTbl GaIouaoB HavanbHbin pH MeTacoMaTTL OpyaeHeHve (raBHble 3/1EMEHTbI
dnonoos WM MUHEepansbl )
9. AprunnnsnTel, anyHUTbl (TUnNa ®nioopuT, Hg; Au, Ag B MeHee
PynoHocHble Tpe-  |KucnoTtHble BBepXxy| "high sulfidation™) OKNCIINTESIbHBIX YCIOBUAX
LUMHbI AOCTUraloT LLLENOYHbIEe
[avikv 6a- 9. Apynapusaums, xnopmutmaaums,
31TOB noBEPXHOCTM BHV3Y  CYHXPOHHO kapboHaTtndauus (Tuna "low sulfida- | Au, Ag; Pb-Zn, (Sn)
tion")
8. bepe3nTbl-NMCTBEHUTLI, CEPULLU- Au, W vnm U; Cu, Pb -Zn, As, Sb, Hg
TONUTBI
CO, < H,0, MeCl,, Kucnothbie 7. TypMaiuHuTHI Sn+W, unu Au
Me(HS),, HsBO;, 6. MpeitaeHb W £ Sn, Be, Li
H,S, £ H,SO,
MpaHu- 5. AnbOuTUTI Be, (W), nin U
LLlenoyHbie
Tonapln 4. Kanuwnatutbl Mo v (Sn)
KucInble
naiikn | H,0 CO,, MeCl, 3. 13BeCTKOBbIE CKAPHBI Fe, B, W, Cu, Sn, Pb-Zn
H;BO;, BAnsHenTpanbHbie — o CranonntoBble METACOMATUTEI Fe
cnabolenoyHble
CO, H,0, = MeCl, 1. MarHeaunanbHble CkapHbl Fe, B

MpumeuaHue. B ycnoBusix 605bLLON FYyOMHbI U BbICOKOIO AaBfIEHMS paHee nokasaHHbIX Bbile PMK dopmupytloTes pegkome-
TassbHble nNermaTuTbl. He Bce, HO Heckonbko (0T 2 o 6) pyaHO-MeTacoMaTMyYeCKMX KOMMIEKCOB MOMYT BCTPEYATbCSH B OOHOM
PYZHOM MOJI€ UM HA OOHOM MECTOPOXAEHUM NPU COXPAHEHUW YKa3aHHOW MNOCNEeA0BATENbLHOCTH, XOTS U C HEKOTOPbIMK Npobe-
namu. [lBa nocnegHux tmna ruapotepManbHbix naMmeHeHunn (Ne 9) passmBaloTcs OAHOBPEMEHHO Ha Pa3HbIX YPOBHSX anuUTeEp-
MaJibHbIX cucTeM. MeTansbl, ykasdaHHble B CKOOKax, COOTBETCTBYIOT PeKo BCTPEeYaoLLMMCS TUNaM MUHepanmsaLmm.

[enetyeckast Momenb (OPMUPOBAHMS MECTO-
POXIEHMIA, CBSI3aHHBIX ¢ KUCJIOTHBIMM METacOMaTH-
TaMy, TIPU yJacTUM TeTepoda3HbIX (IIOMIOB ObLIa
BriepBhIe pa3pabotana M. H. Kuraewm [9]. B mociemyro-
IIeM BO3MOXHOCTb UIUTEJIFHOTO COCYIIECTBOBAHMS
ra3oBoii u xuakoit a3z B cucteme NaCl-CO,—H,0 B
nocTaToyHo mmpokoM P-"T muamasone Oblia 3KCIe-
pUMeHTabHO ycTaHoBieHa M. Tepurom [33] u 3atem
MOATBEPXKAeHA TEPMOAMHAMUYECKUMH pacyeTaMu
T. bayapc u I. Xenrecona [29]. ITozmHee WM. H. Kuraii u
10.B. CamoBapoB [13] ocymiecTBunm aeTanbHOEe U3Y-
YeHne MUHEpaI3aliy 1 (QIIOUIHBIX BKIIOYCHWI Sn-
W mecropoxaenust Tpynosoe B Kuprusuu, kotopoe
MIOJTHOCTBIO TIOATBEPOMIO ITPABUILHOCTH OCHOBHBIX
TIOJIOKEHMI TeopeTHIecKoil Mome . Ha mapareHeTn-
YecKoi muarpamMme (puc. 4) MOXHO BHIETb, YTO B
Havaje Tpei3eHOBOM CTamuu OaBeHHe (QIIONI0B
3HAUMUTEIFHO MPEBBICKIIO JIMTOCTATHYECKOE, 0becIe-
YKMB TeM CaMbIM IIPOPBIB (MIIIOMIOB BO BMEINAOIINE
TIOPOIBI 1 TIOCIEAYIOINIYIO X TeTepPOreHU3aII0. DTOT
TIepexoI MOXKHO TaKxKe MPOMJIIIOCTPHPOBATh PUCYH-
KoM OoJbiioro mryda u3 IepBomaiickoro monnomae-
HOBOTO MecTopoxaeHus B Bocrounom 3abaiikanbe, Ha
KOTOPOM COYETAIOTCS YWCTO METacoOMaTHYeCKIe
KBapII-MOJMOIEHUTOBBIE XKIJIbI IIEJTOYHOTO ITeproaa
C TUIMMYHBIMY XMJIAMU 3aIT0JTHEHMST KBapIl-BoIb(dpa-
MUT-(QIOOPUTOBOTO COCTaBa, COIPOBOXIACMBIMU
rpeiiseHu3aLueit rpaHUToB (puc. ).

Muorue uccienoBatein (IIOUIHBIX BKIIOYE-
HUN (QUKCHPOBAIN IIPOSIBIEHUE TeTepoda3HOCTH
dmonnos, onuceiBasg ee kKak "kuneHue": [35, 40, 36,
30]. C. Opammong n X. Omoro [31] oneHMIN XuMn-
YeCKHUe CIeACTBYS KUITeHMS (DIIOMIOB B OTKPHITHIX U
3aMKHYTBIX cucTeMaX. [1o mx MHEHMIO, K KOTOPOMY
no3xe mpucoenuHumnck D. Penmep n P. bognap [43],
KWITEHNE JODKHO IPUBOMUTH K YBEIMYCHUIO KOH-
LEHTpAIMK METAJUIOB B XUIKOM (DIIOUIE U, CTIeI0BA-
TeJbHO, K PyZOOTIOXeHNI0. OOHAKO OHM HE YWIH,
YTO MpY KUTICHUX OYIYT YAeTYYMBATHCSI B OCHOBHOM
KMCJIOTHBIE KOMITOHEHTHI, YTO IIPUBEIET K HapacTa-
HUIO IIEIOYHOCTH OCTaTOYHOTO pacTBOpa U YBeIMIe-
HUIO PaCTBOPUMOCTH PYIHBIX KOMIIOHEHTOB. [le0 B
TOM, YTO IIPAKTUIECKHU BCE PYIO0OpA3YIOLIIe METal-
JIBI 00/1agaoT aM(OTepHBIMU CBOMCTBAMM, Y MIHM-
MYM HX PacTBOPUMOCTHU IPUXOAUTCS HA ONM3HENT-
panbHYyI0 00JacTh, B CTOPOHBI OT KOTOPOH IpH
HapacTaHWU KMCIOTHOCTHU OO LIETOUYHOCTHU (DIIIoM-
JIOB PacTBOPMMOCTb METAJUIOB YBEIMUMBACTCS, YTO
MPEISITCTBYET MX OCaXIECHUIO. DTO MOATBEPKIACTCS
YCTAHOBJIEHHOM 3KCIIEPUMEHTANBHO 3aBHCHMOCTBIO
ot pH ¢mronnos pacTBopuMocTH chanepuTa 1 apreH-
tiTa [21] ¥ TepMOIMHAMWYECKMM pacueTaMu st
Kaccuteputa [34]. B pesynbrate oTiiokKeHHEe pyTHBIX
MHUHEPAIOB 3adepP:KMBACTCS MPAKTMIECKU IO OKOH-
JaHusI POPMUPOBAHNUS KIUCTOTHBIX METACOMATHUTOB B
BEpXHEM 3Taxke CHCTEMEI [9)].
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OOpa3oBaHUE KUCIOTHBIX METACOMATUTOB IPU
YJ4acTHM KOH/IEHCATOB ra30BOii (ha3bl TpeOYeT MecsT-
KOB M COTEH ThICSY JieT [9]. boJblinyo yacTh 3TOro
BPEMEHU CUCTEMBbI OKA3bIBAIOTCSI 3AMKHYTBIMU, 9Kpa-
HUPOBAaHHBIMU OT MOBepXHOCTH [37], M CIOKOiHOe
paBHOBECHE Ta30BOM U XUAKOHN (pa3 CMEHsIETCSl B HUX
My3bIPHKOBBIM KUTIEHHEM TOJIBKO B KpaTK1e MOMEH-
ThI pa3repMEeTU3aLK CUCTEM IO BIUSIHUEM HaKOII-
JIEHHOTO CBEPXJIMTOCTATHYECKOTO (hIIIOMIHOTO JaBJIe-
HUSA. DTO COBEpLIAETCsS Ha MECTOPOXAEHUSX TeM
pexe, 4eM Ooublie rmyoruHa ux opmupoBanus. [Ipu
TaKUX Crajiax AaBJICHUs TPOUCXOAUT MPUTOK B CUCTE-
MY 3K30TeHHBIX BOJ, CIOCOOCTBYIONIMI MOTHSITHIO
3epKaJia TepMaJbHBIX BOJI B 30HY, I7Ie paHee (hopMHUpO-
BaJIMCh MpeapyAHble MeTacoMaTuThl. [Ipu aTOM ocy-
IIECTBIISIETCS pa30aBIeHNE PaCTBOPOB, KOTOPOE MpPH-
BOJIUT K YMEHbBIIEHNUIO KOHIIEHTPALMK KOMILIEKCO00-
pazytonux juranaoB (Cl, HS u gp.) u B cBs3u ¢
3TUM — K pacnaay KOMIUIEKCOB U PyI000pa30BaHUIO.
[Mpu pynooTioXeHUM W OKBaplIeBAHUK MPOUCXOIUT
3aKyMopKa TPEIMHHBIX PYIONOABOISIIMX KAHATIOB U
IOp OKOJIOPYAHBIX MeTacoMaTuToB [12]. B pe3ynbrare
cdepa pYIOOTIOXEHUST U30JUPYETCS OT MCTOYHMKA
(hmonnoB, W JaHHAs CTaaus MUHEPAT000pa3oBaHUS
3aKaHuuBaeTcs. [ Havana claeayronen cTanuu Tpe-
OyeTcsl maibHeiIias KpUCTAIU3aLMs WHTPY3UBa M
yBEeJMYEHHE B paciliaBe 00beMa CBOOOIHOTO BOIHOTO
(dmonaa 10 MpUOOPETEHUS] MM CBEPXJIUTOCTaTHYE-
CKOTO JTaBJIeHUsI, HEOOXOIMMOTO IS THAPOpa3phiBa.

Ha MHorumx manorayOMHHBIX 30J10TO-Cepedpsi-
HBIX ¥ OJIOBSHHBIX MecTopoxaeHusx Cubupu u
HaneHero Boctoka Poccuu HabmomaeTcs codeTanme
HU3KOTEMIIEPATYPHBIX MIETOYHBIX METACOMATUTOB
(xmopuTH3aNMs, amynspu3alns) Ha HWKHUX TOpPH-
30HTaX M KUCJIOTHBIX (KAOJWMHM3AlMs, alyHHUTH3a-
1IMs1) — Ha BEPXHUX. DTO MOXET OBITh OOBSICHEHO
TeM, YTO PYAOKOHTPOJMPYIOLINE TPSIIMHHBIC CUCTE-
MBI MECTOPOXKIEHUIA B MPOLIECCE X PA3BUTHS IOCTH-
raloT 3eMHOI MOBEPXHOCTU WM MPUOIMKAIOTCI K
Heii. TIpoucxomuT ynaeTyuuBaHWE KHUCJBIX Ta30B B
atMocdepy (WM CMeIIeHe UX ¢ METEOPHBIMU BOJIa-
MH) C Pe3YJIBTUPYIONIMM OllleJaYMBaHUEM OCTaTOU-
HBIX XXUIKUX PACTBOPOB.

OO0mag 3BOJMIOLUS PYIHO-METaCOMaTHUYECKUX
KOMILJIEKCOB OIHOTO LIMKJIa METAIIOTeHUH, CBS3aH-
HOTO ¢ M3BECTKOBO-IIEJOUYHBIMA MarMaMu Hajacyo-
JYKIMOHHBIX 30H M BHYTPMKOHTMHEHTAIBHBIX 30H
aKTUBU3AlMHK, IpUBeAeHa B Ta0M. 3. M3 moKa3aHHBIX
B Hell pyIHO-METacOMAaTUYECKMX KOMIUIEKCOB Ha
KOHKDETHBIX MECTOPOXACHMSAX HaOomaloTes, Kak

MpaBuiIo, He Oosiee ABYX — 4eThipeX. Ho ykazaHHast
nociaenoBateabHocTh PMK Ha Kaxkaom MecTopoxie-
HUU cOOJI0aeTCs.

BeiBoapl. Takum 00pa3oM, MarMaTOreHHBIE
(bmronpl cHavama IBIAIOTCS IETOYHBIMUI 1 TIPU OX-
naxngeHun 10 450—300 °C craHOBATCS KHCIIBIMH.
OpmHako MpUYMHA TaKOH 3BOMIOLNHT 3aKITI0YaeTCs He
B TUTIOTETUUECKOIA OTTepeXaloleil BOHe KUCIOTHBIX
KOMIIOHEHTOB, a B 0OCOOCHHOCTSIX 3aBUCUMOCTH JIVIC-
COLIMAIINK TIPOAYKTOB Tuapoim3a xiaopunoB Na, K,
Ca u Mg ot Temneparypsl 1 gaBieHus. [Ipu atom B
BBICOKOTEMITEPATYPHBIN IIETOYHON TIEPUON MOXKET
MMETh MECTO HEOTHOKPATHOE YBeTMUeHNE IIIETOUHO-
CTH, a B KUCIOTHBI — HEOTHOKPATHOE HapacTaHWe
KUCIIOTHOCTH (DITIOMJOB, CBSI3aHHBIE C TIPEPHIBU-
CTOCTBIO TTOCTYTUICHUS (DIIIOMIOB B chepy pymoodpa-
30BaHud [8]. B KaXmpIil M3 TaKUX IIMKJIOB, COOTBET-
CTBYIOIINX CTagWsIM MMHEpaau3allii, HapacTaHue
MIEJTOYHOCTH WM KWCIOTHOCTH (DTIOMIOB B Hauasie
CTaIi, TIPUBOJMIIEE K METACOMATUIECKIM M3MEHe-
HUSM BMEIIAIOIINX TOPOJ, CMEHSAETCS MX TTOHIKe-
HUEM BCIIeJCTBIE B3aNMOJIEICTBIS PaCTBOPOB C BMe-
MIAIONIVMMHI TIOPOJAMK, YeM CO3AIOTCS YCIOBUS ISt
pynootioxeHns. OIonas!, ¢ KOTOPEIMU CBS3aHO 00-
pa3oBaHMe KHUCIOTHBIX METaCOMATUTOB, SIBIISIIOTCS
KOH/IEHCAaTaMM Ta30BOM (Da3bl CYOKPUTHUYECKOTO Te-
TeporeHn3npoBaHHOTO (mionaa. PymooTmoxkenune
TIPOMCXOIUT U3 XUIKOH (Das3el 1 Tocse HopMUpoBa-
HMUS KHUCIOTHBIX METACOMATHUTOB TOHM Xe CTaguu
muHepanuzaiuu [9, 10].

BaxHo momyepKHYTh, YTO K TPYIIIE PYIHBIX
MECTOPOXIEHUH, B KOTOPBIX OpYIeHEHNE COTPSIKe-
HO C TIpeIpYAHBIMU KMCIOTHEIMA METaCOMaTUTaMU 1
opmupyerca mpu ydactum retepodasHbIX (Iron-
OB, OTHOCITCS BCe TIIOCTCKIAmJaThle XUIbHEIE
Mmectopoxaenus W, Sn, Be, Li, reHeTHuecKu CBS3aH-
HBIE ¢ BOCCTAaHOBJICHHBIMU TPAaHUTOMIAMH U3BECTKO-
BO-IIIEJIOYHOTO psifia, M MecTopoxmeHns Au, Ag, Cu,
Pb, Zn, As, Sb, Hg, reHeTnyecku cBSI3aHHBIE C OKWC-
JIEHHBIMU  0a3UTaMy MaHTHITHOTO TTPOMCXOXICHUS
WIN WX KUCIBIMA TuddepeHmaTaMy — Taruorpa-
Hutamu [11].

Baaromaproctu. PaccMoTpeHHBIE B CTaThe
BOMPOCHl 00CYXIATUCh C TMOKONHBIM aKageMUKOM
H.C. Kop>XMHCKMM, KOTOPOMY aBTOp BechbMa 0J1aro-
JapeH 3a OHMMaHWe U MOIAEPXKKY, OKa3aHHbIE EMY,
HECMOTPS Ha PaCXOXAEHUS BO B3IIsAaX. ABTOp MpH-
3HatesieH Takxke rnpodeccopy .B. Ipuuyky (MI'Y) 3a
MOJIe3HOEe 00CYXIeHUEe HEKOTOPBIX 3aTPOHYTHIX B
CTaThe BOIPOCOB.
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acid gases’ condensation at the upper parts of closed heterophase subcritical fluid systems. This conclusion is based on
silica loss from all silicate host rocks during acidic leaching (greisening, tourmalinization etc.), as well as on close relation
of acidic metasomatites with filling veins and fluids’ heterogenization. All types of alkaline and acidic metasomatites for-
mation are characterized by formation of monomineral rear zones containing no quartz; these are the K-feldspar, albite or
chlorite zones in alkaline metasomatites and the topaz, muscovite, tourmaline and sericite zones in acidic ones. During a
multistage mineralization, any stage of mineralization is started from formation of near-fracture metasomatic column and
is terminated with precipitation of ore minerals and redeposition of previously leached silica to form quartz in veins and in
altered host rocks up to formation of monomineral rear quartz zones. The latter are always secondary relative to other mo-
nomineral zones. General evolution of fluid’s acidity starts from subneutral fluids through high-temperature alkaline ones
to acidic fluids and finally to vertically separated low-temperature acidic and alkaline fluids. This succession is rather sim-
ilar to that of D.S. Korzhinskii’s "overtaking acidity wave", but is instead a multiple multistage repetition of both alkaline
metasomatism and acidic leaching with the conjugated ore assemblages. A group of mineral deposits, whose ore miner-
alization is related to preore acidic metasomatism and forms with the participation of heterophase fluids, comprises prac-
tically all postcollisional W, Sn, Be, Li veintype deposits genetically related to reduced calc-alkaline granitoids, and Au, Ag,
Cu, Pb, Zn, As, Sb, and Hg deposits genetically related to oxidized basic magmatites of mantle origin.

Kiran 1I.M. Metacomatutu, noB's3aHi 3 ¢noigamm BanHAKOBO-JY)XXHUX Marm. EBoniouis KucnoTHOCTI
MarmartoreHHmx GOiAiB BUSHAYEHA 3aN1EXHICTIO KOHCTaHT gucoLiaLii NpoAyKTiB rigponidy XJ0puais Ny>XKHUX MeTanis Bif,
Temnepatypu Ta Tucky entigis. BucokotemnepartypHi HAAKPUTUYHI GA0IANW, WO BiOGINOTLCS Bifg, rpaHiTHMX pO3MiaBis,
cnoyatky € IYXHUMMW, ane y NpoLECi OXONOOKEHHS MOXYTb CTaTh Kucnmmn. OgHak KUCAOTHICTb Gnoigis, 4OCTaTHA ons
GOopMyBaHHS KNCNOTHMX METACOMATUTIB, HE € HACIAKOM NPOCTOr0 OXOJIOMXKEHHS paHille Ny>XHUX daoiais i nependayy-
BaHOi [1.C. KOPXMHCbKMM XBUJTi KUCNOTHMX KOMIMOHEHTIB, @ MOXe OyTW O0CSArHyTa TiflbKM LUASXOM KOHAEHcaUji KUCamX
rasiB y BEpXHix YaCTMHax 3aMKHEHNX reTepodasHmx cybKpUTUYHMX GiaHNX cucTem. BeiMm Tnam metacomMaTtuTiB Bac-
TMBO YTBOPEHHS MOHOMIHEpasibHVX 6e3KBapLIOBMX TUNOBMX 30H. [Min yac GaraTocTamiHoOr NPOLLECy KOXHa cTagis MiHe-
pani3auii No4NHaeTbCs GOPMYBAHHSAM HABKOMOTPILLIHHMX METACOMATUYHMX KOJIOHOK | 3aBEPLLYETHCS BiAKNaAEHHSAM PyA-
HUX MiHEPaNIB i NepeBiaKNafeHHIM PaHille BUTYroBaHOro KPEMHESEMY Y BUISAI XXMAbHOMO KBapLYy Ta 30H OKBapLIOBaH-
Hs1. 3aranbHa eBoJsioLis GntoigiB BindyBaeTbCs BHACNIAOK 6araTtopa3oBoro NOBTOPEHHS CTaAil Iy)XKHOro MeTacomMaTtoay i
KMCNIOTHOMO BWYrOBYBaHHS 3 BiAMNOBIOHUMU PYOHUMYK napareHesncamu. [lo rpynv pyoHux pofooBULL, A€ 3PYOEHIHHS
NnoB's3aHe 3 NepeapyaHUMM KUCAOTHUMIN MeTacoMaTuTaMm i OpMyeTbCs 3a yyacTi retepodasHmx dtoiaie, Hanexarb
Maixe BCi mocTcknaayacTi xunbHi pogosuwa W, Sn, Be, Li, reHeTU4HO 3B'A3aHi 3 BiGHOBNEHNMM FPaHiTOIAaMM BanHAKO-
BO-JY>KHOro psigy, i pogosuwa Au, Ag, Cu, Pb, Zn, As, Sb, Hg, reHeT14HO 3B'13aHi 3 OKMCHEHUMM 6a3nTaMm MaHTIAHOMO

NOXOMKEHHS a0 ix kucnmn audepeHujiatamm — naariorpaHitToigamm.
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