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Monorpachua rocefillleHa XapaKTepUcTHKe cnalo M3yUeHHBIX paHHEe-
KaJeJOHCKMX TIpaHUTOMAHBIX KoMmiexcos I'opHoro Amnrasa (kyGaapuH-
CKOTo ¥ Oyry3yHCKOro), KOTOpBIe COIOCTABJNIOTCA ABTOpaMy C M3BECT~-
HBIM B JUTEeparype IaniiajJbcKUM TI'paHUMTOMIHBIM KOMIJIeKcoM JSanaj-
Hoit TyBel. PaccMarpMBalOTCA BOMPOCHI NEeTPOrpacdmn, mneTpoXMMMM
TPaHMTOMAOB M BMEN[alOMUX MX TI'HENHCOB — NPOAYKTOB BhLICOKOTEMIIE-
PATYPHOTO PEermMoHalbHOr0 MeraMopdusMa; MOKA3aHbl B3aUMOOTHOIIEHMS
IPOLIECCOB PErMOHAJBHOIO MeraMopdMaMa ¢ IpoleccaMiy MMIMaTHU3alMu
M 0bpazoBaHMA COBCTBEHHO TPAHMTHERIX IIOPO.

Ocobrlf MHTEpeC NPeACTaBIAIOT BOHPOCHI TEHEsyca, Bo3pacTa rpa=-
HuToM70B. B paGore npuBOzATCA JNaHHBle O TNAIMIEHHOM MPOMCXOM-
ZeHM) DaHHERKaJCZOHCKMUX TPaHUTOHZEOB, O CYIIECTBEHHOH DOAM B PO~
mecce uMx o0paz0BaHMA, NeperpucTaAIIM3anuy, AMDGHYSMOHHOrO M MH-
bHUABTPALHMOHHOr0 MeTacoMarTasa.

PaccmarpuBaercss Bompoc O PYACHOCHOCTM DaHHEKANENOHCKMUX Tpa=
HUTOMOHBIX KOMIUIERCOB. OTpeaesleH0 MecTo MOJHOLeH-BOIBMpPaMOBOTo
OpyJeHeHUA B XOje CJOMHOrO Npouecca rpaHMToo0paz0BaHusA, COOTBET-
CTBYIOILEE ONpEASNEHHON CTazuy KHCJOTHOrO BbIMETaYMBanmA (rpesse-
HM3aNMN). €

VeraHoBNeH (DODMANMOHHEN THUI DaHHEKANENOHCKNX TI'DaHUTOMAOR
M IPMHALJIENHOCTh UX K (hopMaluM 0aTOAMTOBLIX TDAHUTOB.

Monorpathus npezcrapigeT O0JBLIOK MHTEPEC AJA IOMPOKOTO KPYy=
ra reolJioros.
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BBEIEHMUE

Pacunenenne marmartuueckHx mopof [opHoro Adaras #Ha KOMIUIEKCH,
ycTaHOBJeHHe HX (GOpPMAIHOHHON NPHHAANEKHOCTH H CBSI3H C OpyJeHeHHeM
HMeeT BaiKHOE 3HayeHHe MJIsi PelleHHsi BONPOCOB IHAOTeHHOH MerajJore-
HHH H, BMecTe C TeM, NPeICTABJAET ONHY H3 HanOoaee CMOXKHLIX 3amad
re0JIOrHYeCKHX HCCAeI0BaHHH 3TOro PETHOHA.

Veunusamu pana uccaenosateneii (B. A. Kysuemos, 1957, 1963, 1966;
Hexopowes, 1958; 10. A. Kysueuos, 1960; BricokoocTpockass i ap., 1961;
Jlomapes u xp., 1963) Obutn paspaGoTaHnl cXeMbl Da3BHTHA MarMaTHsMa
B Topuom AsTae ¥ BHIABJEHH HEKOTOphle OOLIMe 3aKOHOMEPHOCTH TPO-
CTPAaHCTBEHHOTO Pa3MeNleHHss MarMaTHYeCKHX KOMIIIEKCOB B TEKTOHHYECKHX
cTpyktypax. OfHAKO BCe eille He H3YUYCHHBIMM OCTaBaJdHCh METPONOTHS
H BO3pacTHHIe OCOOEHHOCTH KaJIe[IOHCKHX TPaHHTOHJOB, HX POJb B dopmu-
poOBaHHH MOJHOACH-BOJIb(PAMOBOro opylenenssi. B nurepatype 3TH rpaHu-
TOHJbI H3BECTHH MO Ha3BaHHEM MNIANIIAJbCKOrO KoMIJIekca. I'eplHHCKHE
rPaHHTH 10 CPaBHEHHIO C HHMH H3ydeHH ropasjao Jyume (Kamioxubli,
1963; BoJsoukosud, Jleoutses, 1964; Kononos, 1965 u ap.).

Ho HemasHero BpeMeHH He OBblJIO NyOaHKaLHH, B KOTOPbIX AaBaJjoch
61l feTanbHOe ONHCAHHE KAJNEMOHCKHX rpanmnHrtounos I'opHoro Anras, JHIIb
B nocaejHee BpeMsi NMOsIBHAHCh paboTwl (ducranosa, 1965; Ilonsiko u ap.,
1965 u nap.), mnocBsilleHHble (OPMAIMOHHOMY aHaAH3y TPaHHTOHIHOTO
marmMatHaMa Antae-Casnckoli cknaguatofi ofaacTH B paspese TeopeTHye-
ekux npefcrasaennii 0. A. Kysnenopa (1964).

B mpensnaraemoii MoHOTpa(MH H3/M0KeHBl pe3yJbTaThl CHELHAJbHBIX
ACCNeOBAHMI KaNeJOHCKHX rpaHuTonxos [opHoro Anaras. Ha npumepe
GYry3yHCKOrO M KyGaJpHHCKOrO KOMIJIEKCOB, PpACIOJOXKEeHHHIX B PasHbIX
CTPYKTYpHO-(hOpPMALIHOHABIX 30HAX, B HEli pacCMOTPeHbl BONPOCH NeTporpa-
®HM ¥ NEeTPOXUMHH TPAHHTOHIOB H BMeMAIONIHX HX THeHCOB — NPOLYKTOB
PErHOHANBHOTO [O THIY H JOKaJbHOrO MO paclpoCTPaHeHHIO BHICOKOTEMIIe-
paTtypHoro MeraMopgu3Ma; MoKasaHbl B3aHMOOTHOLUGHHS IIPOLECCOB TJIy-
6okoro mMeramopduaMa C TNpoueccaMH MeTacOMaTHYeCKOH TI'PaHHTH3AIHH,
MHTMaTH32IHK ¥ NOJHOTO NAaBieHus. [IpuBefeHbl JaHHHIE O CYHIECTBEHHOMH
PONIH nepeKpHCTANMH3aUUH, AHDDY3HOHHOrO H HHOHJIBTPANHOHHOTO MeTa-
comarosa B mpouecce o6pasoBanusi rpaHuTongoB. Onpenened ¢opmanuoH-
HBIA THI DaHHEKAJeIOHCKHX THEHCO-TPAHHTHBLIX KOMIMJIEKCOB H BBIICHEHA
HX poab B MetaanoreuuH [oprHoro Auras. [Insi peleHHs BoNpoca O CBS3H
OpyAeHeHHA C IDAHMTOMAAMH OBIIH NOCTABJEeHBI COBMECTHLHIE paboThl ABTO-
pos ¢ B. M. CoTHHKOBBIM, KOTOPBIE MO3BOJIH/IH BLIABHTb DPa3HOBO3paCTHOE
BOJb(paMOBoe opyleHenHe, (GOPMHpyIOIleecss B CBA3H ¢ HEOJAHOKPATHO
NPOABIAIOIHMHCA NpoLeccaMHu IPaHHTO06pa3OBaHHA. YCTAaHOBJEHHl OTJIH-



4usl PAHHEKAJEJOHCKHX TPAaHHTOMAOB OT Gojee MOJOABLIX  TePLHHCKHX,
CONPOBOKIAIOLHXCS OJHSKON 110 XapaKTepy MHHepalu3aiHei.

Paspenst paGorsl 0 Gyry3yHCKOM THERCO-TPaHHTOHAHOM KOMILJIEKce Ha-
nucaubl JI. A, MuxaneBoii; paszensl, KacalonHecs XapakTePHCTHKH Ky6an-
PHHCKOTO TPaHHTOHAHOTO KoMmmiaekca — B. A. CxypuaunbiM. Ilpoune pasge-
JIH HANHCAHEI COBMECTHO 0GOHMH aBTOPAMM.

ABTophl BHIpaXKaloT IyGOKYIO NpH3HATEBHOCTb akafemukam 0. A. Kys-
geuosy 4 B. A, Kysueuony, uir.-kopp. AH CCCP ®. H. IIlaxosy 3a KOHCY/b-
TalluH, AOKTOpaM reos.-MuH. Hayk A. M. [Immkuny u 3. I1. M30xy, kaumu-
Ratam reon.-mud. Hayk A. H. ducranosoit u P. M. Cirofoxckomy 3a weH-
HEle 3aMevyanust NpH npocMorpe pykomucH, B. B. Ckopuuxoii 3a opopmaenne
rpadHuYecKHX MaTepHaaoB.



KPATKASA XAPAKTEPUCTUEREA M3YYEHHOCTH
PAHHEKAJEJOHCEMX ITPAHUTONIOB

B wucropum mccnegopamus rpannronzos I'oporo Anras nHameuaercs
nBa nepuopa: nepsbiii — ¢ 1842 no 1930 r., XapakrepH3yIOUMHCH elHHHY-
HbIMH FeOJOTHYeCKHMH MapLipyTaMH, H BTopod—c 1930 r. mo Hacrosiee
BpeMs, 03HAMEeHOBABILHNCS MacCCOBBIMH MONCKOBEIMH H Te€0JIOr0-CheMOUHBIMHE
paGoTaMH.

B Teuyense mepBOro nepHOoAA H3YYEHHIO TPAHMTOHNIOB YHEIANOCH MaJo
BHUMAHHS, BCJAEACTBHe UEro CBelleHHsi 0 HHX OBbIIH KpaHHe pPaspo3HeHHbIMH
1 HOCHIM cayuaitHeiil xapakrep. Tak, I1. A. Huxaues, coBepunBiuuil B 1842 .
nyremecTere no Aartawo or r. buiicka no c¢. Kouw-Arauw, Hapsay ¢ ocobeH-
HOCTSIMH TeO0JIOTHYeCKOr0 CTPOEHHs BBUIEIWI Ha KapTe MHTPY3HBHbBIE
GOpOML: TPAHUTH, THOPATH M ap. Cuycrs HeckoabKo mecsitHietnit B. A. O6-
pyues (1915) caeaan psag mapuwpyros no Aaraw. OnuchiBas reonorHuecKoe
crpoenne Pycckoro Anrast, oH NOAYepKuBaJ, YTO CPEAH HHTPY3HBHBIX HOPOX
«HAHOO/BIIYIO POJib HIPAIOT TPAHUTHI, TPAHOCHEHHTHl ¥ TPAHOAHOPHTHI, 06-
pasylollie MHOTOUHC/EHHblE MAacCHBLI Pa3iHYHON BeJHYHHEL.» B 10ro-poc-
touynoit uactd [opuoro Anras B mpemenax Cafmoremckoro u Kypaiickoro
xpe6ros B. A. O6pyueBniM GblIM OGHapyzKeHbl rayb6oKo MeTaMop(pu3OBaR-
Hble TIOPOALl M BHICKa3aHO NpeNoJ0OXKeHHe O MX JpeBHeM J0oKeMOpHICKOM
sospacre. IToske B. I1. Hexopowes (1932) ykaswiBan, uto B Topuom Aa-
Tdae, 0COGEHHO B €r0 BOCTOYHOI YaCTH, 3HAYHTEJIbHOE KOJHUYECTBO «IPAHHTOR,
APAHOIHOPHTOB H POACTBEHHLIX MM TyOHHHBIX NOPOJ OTHOCHTCA.... K Kaje-
JOHCKOMY BPEMEHH».

CucTeMaTHUECKOE H3yyeHHe MarMaTHYecKHX, Meramopguueckux obpa-
30BaHH{, B TOM 4HCJIe W IPAHMTOHJOB, HAYaJOChb BO BTOPOil MEPHOM, C MO-
MeHTa oTkpbiTHA B I'opHom AJstae MeCTOPOMKAEHHH MOME3HBIX HCKOMAeMbIX.

B 1933 r. @. H. Illaxos Bnepsble AJs 0ro-BOcTOYHOH uyactH ['opHoro
Anrtas onmcas cepHIO TPAaHHTOHAHBIX MacCHROB (cpejnee TedyeHue p. Apryr)
W npuBes JertaJbHblH Nerporpaduueckuil ananus nopoxa. HamnbGomee mper-
HHMH MHTPY3HBHBIMH NOPOJAaMH paiioHa, MO ero MHEeHHIO, SIBJSIOTCH NOp(H-
POBHAHLIE I'DAHHTLI, BO3PACT KOTOPHIX ONpeNeNsieTcss KaK KaJeJOHCKHH.

B. A. Kysuenos csoumu patoramu (1934, 1936, 1938, 1939), nocss-
HIEHHBIMH TeOJJOTHH PTYTHBIX MecTOpOKAeHHi [opHOro AnTasi, 3HAUHTENLHO
TIONONHHA CBENEHHS O MacCHBaX TPAHHTOB, AHOPHTOB, NepHA0THTOB Kypai-
CKoro xpe6Ta. B uacTHOCTH, OH YCTaHOBMJ/, YTO TeJa TPAHHTOB pacnoJa-
TaTcs B BHAE LENOYKH B 30He pasaoMa M He NPOH3BOASAT HHKAKONO KOH-
TAKTOBOTO BO3[AEHCTBHSI HA BMellaloulue TOPOAbI; BO3PacT TPAHHTOB —
Kanenoncknit. Torpa xe B. A. Kysneuos u A. C. Myxun (1936) BoiABHIH
HaJquyHe B mpefenax IomxHOro ckmoHa Kypaiickoro xpeb6Ta MaccHBOR



Tab0po-1MOPHTOBOTO COCTaBa, MMEIOWMX TaKXKe KaleloHCKHAl BoO3pacr.

B 1934 r. A. C. MHTPONOIBCKH B Pe3y/IbTAaTe [e0JOTHUECKHX TOHCKOB
Butesna B FOxkuno-Uyiickom xpebre somy ray6oxo MeTaMOp(PH30BaAHHEIX
nopox. B oauofi w3 cBoMX paGor mpH OGCYKIEHHH BONPOCA O MPOHCXONKIE-
HuH Meramopguueckux nopon IOxmo-Uyiickoro xpe6ra A. C. Murponoas-
ckuit ¢ coapropamu (1967) orMeuauH, 4TO STH NOPORB W MPHYPOUCHHBIE K
HHM aBTOXTOHHBIE I'DAHHTOHJLI HMMEIOT KaJeNOHCKHHi BO3pacr.

PaccMarpuBasi reosioruueckoe crpoenne I'oproro Anras, H. H. Topo-
craes (1937) ycranoBms, uto B oceBoii uactn Kypaiickoro xpe6ra o6ua-
JKaercs 1010ca NPOTePO30HCKHX MeTaMopdHUECKHX CIaHUEB H NMpPHYPOUYEH-
HbIX K HUM JIPeBHHX TPaHHTOH/OB,

Hccnenosanua I'. JI. AdanacseBa (1938, 1949, 1960), nposenennsle
B 10r0-BocTOuHOi yacTu [opuoro Aaras (ceBepHblii ckion Kypafickoro xpe6-
Ta, Mexaypeyse bawkayc-UyaniMaH), N03BOMHIN €My PacuJeHHTb Ianeo-
30MCKHA HHTPYSHBHLIH MarMaTH3M 3TOj 00/acTH Ha Pl €CTECTBeHHBIX ac-
couuanuii. Bugenernuwiit I'. JI. AdanacbeBbM KapakeMCKHH I'PaHHTOHIHBIR
KOMILIEKC HMeeT KaJeNOHCKHH BO3pacT W IIpeJCTaBjeH cepHell MacCHBOB
MHKPOKJIHHOBLIX TPAHHTOB, JeHKOKPATOBLIX IPAHOXHODHTOB, IIONBEeDKEHHBLIX
HOCJaeLYIOMel MUKPOKJIHHH3AHH.

B 1941 r. A. H. UypakoB, u3yunB CTPOeHHe BOCTOUHON yacth Alirynak-
¢hOTO M 3anajaHofi oxpauhbl Kypaiickoro xpe6ToB, ofHcaa HeGOMbIUIHE IITO-
Ka rpanuToB y 03. Uybek-Konp u na Bonopasiene pek UnGut — Kypymny-
Aiipel, KoTOpble TPOPHIBAIOT JpeBHHe ToJIH. BepxHeBospacrTHasi rpaHuna
TpaHUTOB HEH3BECTHA, HO, MO AAHHLIM A. H. UypakoBa, OHH [ipeBHee IepMo-
Kap6oHa, TaK KaK OTJIOKEHHS mepMo-KapboHa MepeKpbiBail0T MacCHBEL

B cocennnx ¢ I'opupim Anraem sanmaivuix pafionax TyBel npeBunexase-
JOHCKHe TPAHHTH BHepBble ObliM BeIsiBJaeHB! M onucansl B. A. Kysuernoswim
u I'. B. ITunycom (1949) mox HaspanueM <«LIaNIlajbCKOTO» (UHHTEKaTCKO-
ro) KoMmJiekcd, KOTOpoe NPOYHO BOWLIO B JHTEPaTypy. ITOT KOMIVIEKC
nayuanacs T. H. Usaunosoi (1962, 1963), I'. I'. Beabckum u APpYrHMH Hecnle-
AoBaTeNAMH. XapaKTepHOil ero 0co6EHHOCTbIO fABJSETCS UCTKOE PacnojioxKe-
HHe MACCHBOB BJIONb 30H PErHOHAaJbHBLIX pasjoMoB. BospacT MaccHBOB
onpejienied KaK OpAOBHKCKHI Ha TOM OCHOBaHHH, 4TO B bacceilme p. Bapabik
Gulla O6GHApYHKEHa rajbKa TPAHUTOUIOB H THeHCOB B 6a3ajibHOM KOHTJIOMe-
pare cuaypuickoi Toauwu (ITuryc, 1949).

AnanoramMn rpaHHTORJOB LIAMMIAJIBCKOTO KOMILVIEKCA fABJSIOTCA TPaHH-
Tl Ilpuresenxoro paiiona, Gacceiina pek Bamkayca m Uynmmmana, Ky-
paiickoro xpe6ra u Ap. koropble, mo Muenuio B. A. Kyssemosa (1957),
caeflyeT paccMaTpUBaThL B KauecTBe NMPOH3BOJAHLIX TPAaHUTHBIX Marm, 203-
HHKIIHX B 30HaX IMIyOHHHBLIX NPOrH60B B pe3yJabTaTe rPaHHTH3ALHK U MIaB-
JIeHHsI TlecuaHto-ClatueBsX TOI.

B Gonee nosznuii mepuoj, xorpa B 'opHoMm AndTae HayaaHch cHcTeMma-
THYECKHE Pe0JIOTHUECKHEe CBeMKH H NOHCKH, OOJBIIYIO POJb B H3YUEHHH Ka-
JeTOHCKHX TPaHHTOHZOB chirpanan paborkt reoqoroB BAI'Ta m 3CI'Y:
. H. Bapuenoii, A. A, Bunmesckoro, B. H. I'aBpunosoi, A. B. epryunosa,
B. U. Koxaecuukora, A. H. KononoBa, H. C. Kopxkuesa, M. H. Jlanzxa,
B. H. JlacvkoBa, B. M. Tapacko u ap.

Tak, M. . Bapuesoit, B. H. KonecuuxkoBsiM u Ap. B npegeaax Temen-
KOil CTPYKTYPHO-()OPMALHOHHOM 30HE GBI BHIIEJEH HHKHEOPJOBHKCKHI rpa-
HUTOHAHBIH KOMIJIEKC, KOTOPBLIH MOMKHO CUMTATh HOJHBIM (OpPMalHOHHBIM
aHajoroM KyOGaZApHHCKOMY M OYyrysyHckomMy Kommiekcam. B xommiaekc
obbeiHHAIOTCA NOPOAL 30HBI MeTaMopdH3Ma H NPHYPOYeHHble K Heil rpaHH-
TOHAbl. MeramopdusM, rpannTH3alHA H 06pa30BaHHE TPAHUTOB, 0 MHEHHIO
. H. Bapuesoii, npeacrapasior coboii exunnit npouecc. To obcrosTens-
CTBO, YTO H3MEHEeHHSIM I[10JBeprajuch JHIIbL TOMILH HHKHEr0 — cpefHero
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KeMOpusi ¥ KemGpO-OpJOBUKa, a OTJOKEHHs JeBOHA HHIAe He 3aTPOHYTH
METaMOP(QH3MOM, [O3BOJHJIO ONPEAETHTb BO3PACT KOMIUIEKCAa Kak Op/LIOBHK-
ckuit. A, B. IleprynosriM, B. U. Tapacko, A. H. Kornouossim u Ap. oTMeua-
JHCh KaJeNoHCKHe 'PAHMTOHHble MacCHBBI B Npefenax OCeBOil 30HH M ce-
BepHOro cKiIoHa Kypaiickoro xpe6ra. M. H. Jlanna, usyuns meramopbuye-
CKne TMOPOAEl U TPHYpPOYEHHBIE K HHM TPAHHTO-THEHCHl, THEHCO-TPAHHTHE
B Kypafickom xpe6te, mpuijia K BHIBOAY, YTO CTEleHb Meramopduama
HPOTPecCHBHO yBeHUHBaeTCA OT GHOTHT-XJIODHTOBBIX K CHAMHMAaHHT-TDaHa-
TOBBIM C/aHnaM. ['panuro-rHefickl ¥ THeHCO-TPAHHTH, MO ee MHEHHIO,
ABJAIOTCA NPOLYKTOM KBapleBO-LIeJOYHOTO MeTacoMaTo3a KpHCTalJHue-
cKHX caaHueB. A. A. Bummuesckuit B Mexnypeube bamxayc— Byrysyn
BhIeNSeT KaJeJOHCKMEH TpPAaHHTOMIHBIA KOMIJIEKC, BO3PacT KOTOPOro
onpefenserca HCXOAA W3 TOTO, 4TO MACCHBBI HHTAE HE IIPOpPBIBAIOT OTJIOXKe-
HUs JleBOHA.

B. I1. Hexopomes (1958), ananu3upyst reoJIorHYeCcKOe CTPOeHHE Ama;t,
HapANy ¢ PasAMUHLIMH MAarMaTHYeCKHMH KOMIIEKCAMH, BBIAGHI TaKOHCKHH
rPAaHHTOMAHLIA KOMIIEKC, B KOTOpHIi OGBLeAMHSIOTCS OT[Ae/bHEE MeJKHE
Mazcusbl BelTOKYpHXHHCKOTO pafioHa W HECKOJbKO o/ee KpyHnHbIX MaCCHBOB
B BocTouHO} uactn Anras (B Kypafickom xpe6te, na croike ¢ Tysoit u Casn-
Hamu). Boapact koMmieKca HM YCIOBHO NPHHMMAGTCH KaK AOCHJYPHICKHM.
B. C. Jdomapes, K. H. Budancknii, E. . Buicokoocrposckas (1958) obwe-
IHHWJIE BCE HMIKHENAJIeO30HCcKHe IPaHUTOHALl B TOPHO-aJTaHCKHA KOMILIEKC,
obpazoBanHe KOTOPOTO NPOHCXOAMIO B INEPHOJ IVIaBHOH CKJIaJA4aTOCTH
(opnoBuk — cuayp). K. . Huxkoawsckas, B. E. ITonos, B. ‘A. Tpodpumos
(1963), paccmarpmBas HCTOPHIO TeOTeKTOHHUYeckoro pasputua [opuoro
Antasi, oTMeyaloT, 4T0 B NepHOA AHbGepeHUHANbHEIX NBHKEHHH NPOHCXO-
IMT o6pa3soBaHHe NAYTOHOB (in situ ¥ BHeApenHe) paHHeKajeJOHCKOTO
xkommexca rpanuronnos (Cms— Oi). K. JI. Bomoukosnu, A. H. Jleonrses
(1964), ananusupys marmatusM Tanunko-Monrono-AnTaicKkofi 30HH, BHIIE-
JSI0T HepaculeHeHHBIe, HUIKHE-CPelHeNnaseo30icKHe TPAHHTOMIBI, KOTOpPHIE,
N0 HX MHEHHIO, «COOTBETCTBYIOT CHHODOTE€HHLIM T'PaHHTOMNAM CpeJHHX 3Ta-
MOB caJaupckoro (?) u KaJeJOHCKOro TeKTOHO-MarMaTHYeCKHX IIHK/IOB».

B. A. Kysseuos, pa3BuBas npeisoKeHHYI0 paHee CXeMy MarmMarH3Mma
T'oproro Antas, oTMeuaer, 4To Ha OnpelleleHHbIX CTAAUAX PA3BUTHS T'eOCHH-
KJAUHAJIbHOMA 30HbI, B PaHHEKa/IeJOHCKOM M IepIHHCKOM JTanax, ABaMKIbl PO~
SBHJMCh TPAaHHTHLIE KOMILJIEKCHI, OTHOCAIIMECH K 6aTONHTOBOMY (hOpMAIUOH~
HOMY THINY. Takoe NOBTOPeHHe OAHOTHIHBIX TPAaHHTOHAHBIX KOMILIEKCOB
CAYIKHT OJHHM U3 J0KAa3aTeJbCTB NOJHLUHKINYECKOTO DPa3BUTHS MarmMaTH3-
ma B I'oprom Anrae (Kysueuos, 1960, 1963, 1966; Kysueuos, Jlanun u ap.,
1964; Kysueuos, ducranos u ap., 1966).

TNNOJIOSKEHHME PAHHEKAJIENJOHCEMX TI'PAHUTONMIHLIX
KOMIIJIERCOB B TEKTOHNYECKNX CTPYKTVPAX
M B OBIIEN CXEME PA3BUTHA MAIT'MATH3MA

TOPHOT'O AJITAA

[lposBnenns marmarHaMa B 3aKOHOMEpPHOH CBA3H ¢ OOMIMM XOJAOM
Fe0TEKTOHHYECKOro pa3Butua ['opHoro AJatasi paccMaTpuBaloTcs B paforax
B. Il. Hexopowesa (1958, 1966) u B. A. Kysueuosa (1958, 1962, 1963).
Fopnuiit Aaraii, no MHeHHI0O 3THX HcCJAeloBaTesel, NpeacTaBadeT YacTh
AJMATeNIbHO pasBuBaBliefica Anrae-CasiHCKON TreOCHHKIHHAJbHOH 06JaCTH,
obpamasiBulelf c loro-zamaga papesHiol0 Cubupckyio naargopmy. Paiton

9



faxoautcs Ha creike Topuo-Ilopcko-Karysckux u 3anaano-CasiHCKHX
«CTPYKTYP CajlaHpCKO-KaJeJOHCKOr0 BO3pacTa ¢ I0ro-samaaHbIMH TeprIHHHA-
MH 3alCaHCKOji TEOCHHKJIHHAJBbHOH cHcrembl. B crpoennn Toproro Anras
NPHHHAMAIOT YuacTHE HECKOJIbKO Ppas3/HYHBIX M0 BPeMeHH KOHCOJHAALHH
CTPYKTYPHO-(pOpMALHOHHBIX 30H (pHc. 1). Pa3BuTHe MNOCAEIHHX OTJIHYIAJIOCH
HEKOTODBLIMH HHAHBHAYaJBLHBIMH OCOGEHHOCTSIMH, IO3TOMY H MarMaTH3M
PA3HOPOAHBIX CTPYKTYPHO-(POPMALHOHHBIX 30H DA3BHBAJCH PAasJIHUYHO.
Ha pannux 3Tanax reoTeKToHHuYeCKOro passutHs ['opHoro Asrasi, HaXoauB-
LIerocsi B YCHOBHAX TeOCHHKJWHAJBHOTO pEXKHMa, pa3jquuud 3TH OblIH
HE3HAUHTENLHHIMH, HO OHH 3aMeTHO YCHAMWIHCh Ha 6ojee NO3THHX 3Tanax,
KOr[a OJHHU CTPYKTYPHO-(POpPMalMOHHKIE 30HBI NPEBPATHAHCH B CKJaguaThie
COOpYHEHHHA, & APyrde NPOAOANKAAH TeOCHHKAWHANbHOE pa3BUTHE.

JpeBHeiiluasi MOCHHHIiCKasi HCTOpHSA M MarmaTusMm B IopHom Adrae
ciafo nposiBJeHbl H MaJjo H3YYeHDI.

CasaupcKuil 3Tan oOXBaThiBaeT MepPHOL C CHHHS J0 HHMKHEr0 |
gJacTHYHO cpefHero KemOpus. OH MMesn ocoboe 3HaueHHe JJ5 DPa3BHTHS
crpykryp Foproro Aarasi. B 310 BpeMsl NPOHCXO/JHIO PA3BHTHE IEePBHUHLIX
TEOCHHKJIHHAMeH 1 (HOPMHPOBaHHEe HHIKHETO CTPYKTYPHOTO sipyca, C/IOKeH-
HOTO BYJKaHOT€HHO-OCAJAOUHHIMH H KapOonaTHeIMH Tonmamu. Canaupckmit
3Tan XapakTepH3yeTcs BO3HHKHOBeHHeM psifia TyOHHHBIX PA3JIOMOB, HaCThb
KOTOpBIX o0pasoBanach emle B A0KeMOpHitckoM srane. C 3THM 3TanoM CBs-
3aHa AudepeHNHanNA TeOCHHKAHHAJNBHOH 006/1acTH H4 30HB TeOCHHKIH-
HaJbHBIX TPOTHOOB M TeOAHTHKJIHHAJBHBIX MOJHATHH, KOTOpBE IO3[Hee
o(hOpMHINCh KaK pPa3nopopnble CTPYKTYypHO-GopMauuonibie soHbl. Ha Boc-
ToKe Bhljensiercsd 3ananno-CasHcknil (Tenenkui), a Ha toro-sanajge — [op-
Ro-Anralickuii npornGel, pasgedeHHble KaTyHCKHM TODPCTOBHIM MacCCHBOM.
Canappckuii 3ran pasBuTHH 3aBepIUaeTcs CKJAAJYaTOCTbIO, CJeACTBHEM
KOTOPOH ABHJHCh IIOJIHAR CMeHa reOTeKTOHHUECKOTO DeXHMa, IpeKpaileRHe
BYJIKAHHYECKOH JesTeJbHOCTH H, NO CYIIECTBY, 3aMbIKaHHE CHHHICKO-
KeMOpHHCKOH TeOCHHK/IHHA/JIbHOH cHcTeMbl. B peayubrare BO3HHK OOIIHi
CTPYKTYPHBII IJIaH Pailona, HaMeTH/HCh NMPOCTHPAHHA CKNAaAYyaThiX CTPYKTYp
H 0OPMH/IHCH 30HBI TYGHHHBIX PA3JIOMOB.

Jlas canaMpckoro 3tama XapakTepHa aKTHBHAs [AesATedbHOCTb 0asalb-
TOMAHBIX M THIepOa3HTOBHIX MarM, NPOU3BOAHBIMH KOTOPHIX SIBJSIIOTCS
COMJIMTO-KePaTOQHPOBasi BYJKAHOIeHHAd M runep6a3uToBas (opMmanuy,
lipOfIBHBIIKECS B 30HAX ryOHHHBIX pasnomoB. K chnHaHTO-KepaTo(hupPOBOI
BYJKaHOreHHO#l (QOpMalluH CHHHHCKO-KeMOPHICKOTO BO3pacTa OTHOCATCA
cioxknble 3(dy3NBHO-UHTPY3HBHBIE AaPBIAXKAHCKHI AHa6a30Bo-ophHpPHTO-
BBIH M KAHMCKHIT AHAaGa30BEIi KOMIJEKCH, ¢ KOTOPBIMH CBSI3bIBAIOTCS npo-
ABJIEHHS PYJ xenesa, Mapradina u Menu s¢gysHBHO-0CcalOUHOTO THIA H Mar-
MaTHYECKOe THTAHO-MarHeTHTOBOE OpYAeHeHHE.

K nmpousBoAHLIM THIep6a3uTOBOH (HOpPMANHH OTHOCHTCA YaraH-y3yHCKHH
runepOasuTOBbIH KOMIJIEKC HHXKHEro KeMOpHs, 00Pasylouui pal JHHEeHHBIX
runep6asutopbix nosacoB — Kypafickuil, Tepektuackuil u ap. C HUM CB#3bI-
BAlOTCA TPOSIBNEHHsT XPOMHTOBOTO H HHKesdeBoro opygenenus (Ilumyc,
Kyszuewos, Boaoxos, 1958).

KanenoHcku#i 3Tan XxapakTepuayeTcsl Pa3BHTHEM «BTOPHUHBIX»
GAHIIEBBIX TeOCHHKJHHAMe)i H (OpMHPOBAHHEM CpeIHEro CTPYKTYPHOTro
spyca I'opnoro Aaras. [lpuuem mpouecc 3TOT NPOSBHJACH He NOBCEMECTHO
M HaKJIangblBaJCH Ha TeOoCHHKAMHAJbHble 30HBI MPEBIAYIIEro CaganpCKoro
srana. B xaznefonckuii nepuox ¢opmupyiorces Anyhcko-Uylickuii u Yiimen-
cKo-JleGeckoil TreoCHHKNHHA/bUble NPOrHObl, B KOTOPHLIX IPOHCXOIHT Ha-
KOIJIeHHe MOIIHLIX (OIHIIOHAHBIX NECYaHO-CAAHLEBLIX TOJIIL.

Ha nporsizkenun KanaeLoHCKOTo 3Tama MOYTH Bes Teppuropus [opmoro
AqTas 3aBepIlHJa TeOCHHK/IHHa/JbHOE pPa3BHTHe H K HAUYaJy FepPUHHCKOrQ
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STalla npx#odpesaa CBOHCTBA KOHCOMHAHPOBAHHOIO CKIAAUATOrO COOPYHKEHHS.
B 5107 nepuon Baomb 30 riyOHHHBLIX PasIOMOB B 30HAX CMATHs NPOSIBHJL-
¢ MeTaMOp(u3M, CONPOBOXKAABINKIiCA rpaHUTOOGpasoBanneM. K NIPOH3BOJ-
HblM MeTaMop(H3Ma OTHOCSTCS ONHCaHHBIE B JaHHOH paGoTe OYyry3yHCKHI
U KyGaJApHHCKHi{i IHefiCO-rpaHHTOHIHBIE KOMIJIEKChl — IMpeACTaBHTENH (op-
Maunn GatonnToBbIX rpanuToB (mo fO. A. Kysneuwosy, 1964). Bospacr rueii-
'CO-TPaHUTOHIHBIX KOMIIJIEKCOB TEOJIOTHYECKHMH H PaIHOJOTHISCKUMH MEeTo/La-
MU yCTaHaBIHBAercs Kak paHHeKaleJOHCKHH — nocumypuiickuit (450—
485 mun. Jet). C HEM CBsI3EIBaeTcs MOMHOIEH-BONB(PAMOBGE OpyleHEeHHe,

dopMupoBaHHe paHHEKaJEeIOHCKHX TDAHHTOHIOB BBLI3LIBAET KOHCOJIH-
NanHIo CaJaupCKO-KaNelOHCKHX CTPYKTYp. I'aBnasi poab B RajbHefilmeM
TIPHHAMJIEXKHT PA3pPLIBHBIM TEKTOHHYECKHM HapylIeHHsIM — T1yOHHHBIM pas-
JioMaM, € NpOsiBJIeHHeM KOTOPHEIX cBA3aHO (POPMHPOBAHHE TAIXKHJIHHCKOLO
ra66po-1HopuT-rpanoaHopuToBoro kommaekca (Cxkypuaun, 1964). Bospact
€r0 ONpenessieTcsi KakK OpPJAOBHK-CHAYPHHCKHH (MHTPY3HBBI TPOPBIBAIOT
‘OTI03KECHAST KeMOpo-OpAOBHKA H, B CBOIO OYepelb, NMepekphiBaloTcs OTA0NKe-
HHAMH cpenHero AeBoHa). MaccHBLl TaAXKHIHHCKOTO KOMIJIEKCA CONPOBOXK-
[AI0TCS 30JI0TO-LIEETHTOBEIM OpPYAeHEeHHEM.

FepUHHCKHE 3Tan 0O3HAMEHOBAH 3aMblKaHHEM OCTATOUHBIX FeOCHH-
KJIHHAJbHBIX NPOTHOOB M OKOHYATe/NbHOH KOHCOMH/alHeH cTpykTyp I'opHOre
Antasi,— cKkJIaguaTbie 30HL NMPEeBPATHJIHCH B IPOrHObI, COXPAHHBIIHE MEPTHI
reoCHHKJIHHANbHOrO pexkuma (Amnyiicko-Uylickas u YiiMeHcKas CTPYKTYPHO-
dopmanuonnsie 30Hb). B 3T0 Bpema COOPMHPOBAJICA TPETHH, BEPXHHH,
CTPYKTYPHHIH spYyC. 3

PaunerepuHHCKH{l NepHOJ XapaKTepH3YeTCsl HaNPSKeHHOH BYJIKaHHUe-
CKOH JesiTeJbHOCTHIO, M3JHsSHHEM JaB, HAKOMJIeHHEM IHPOKJ/JIACTHUECKHX
Toaul H (opMHpPOBaHHeM CyOBYJKAHHUECKHX H rHmabHCCalbHBIX HHTPY3HIi.
Ot ByJKkauusMa KeMOPHHCKOTO BpeMeHH [eBOHCKHH Byaxkanusm B I'opHoMm
Anrae OTIHUaeTCs pe3KUM mpeoGiaflaHHeM KHCABIX JIMIapHTO-AalHTOBBIX
J1aB, NpH UOAYHHEHHOH POJIM JIaB CPEHEr0 M OCHOBHOTO COCTABOB. Cpenu
NPOU3BOAHBIX LEBOHCKOTO BYJKAHH3MAa BBHIAMAIOTCH OHTyAaHCKHH aHle3u-
TOBHIH W KypaTHHCKHH NOP(HPORLIH 3(Qdy3HBHO-HHTPY3HBHLIE JOCKIajaya-
Thie KoMiiekcel (Jlanun, 1963), conmpoBoxkpalolueca obpasoBarHeM cy0-
BYJKAHHYeCKHX TpauuToB (Axcaiickuit m Yaanapbikckuit maccuel [Oro-
Bocrounoro Anras, Ille6enukckuit — Llentpansioro Aaras u ap.). C ky-
PATHHCKHM MOP(HPOBLIM KOMILIEKCOM CpeJHEro IeBOHa CBA3LIBaeTCA rema-
THTOBOE OpYieHeHHe 3SKCraJafllHOHHO-0CAN0YHOTO M THAPOTepMaJ/bHOrO
tunoB (Kaayrun, 1959; Jlanuu, 1963).

K paHHerepUMHCKOH 310Xe OTHOCHTCH TaKxkKe UapbllICKHiH ra66po-
Anabas3oBhlii KoMnaekc, passutelit B Kymupo-Koprounckom paiione (Ilpokon-
ues, 1960). Kommiekc mokaiusyercs B 30He UYaphllicKoro rayGHHHOrO
pasioMa, sBAAACL NMPOM3BOAHBIM TJyOHHHOH 0as3aJbTOHAHOH Marmbl. Bos-
pacr ero onpelensercs B mpejejax BepXHHH NEBOH — HUMKHHH kapOoH, Tak
Kak ra66po-gnaba3pl NPOPLIBAIOT W MeTaMOP(H3YIOT AHCIONHPOBAHHBIE
OTJI02KeHHs1 cpefdHero AeBoHa. ['aG6po-auabasbl, B CBOIO OuUepelb, TPAHHTH-
3HpOBaHbl H NepecekaloTcd JaHKaMH aIlIHTOB, CBA3aHHBIX ¢ QopMHpOBa-
HHEM BEpXHeNaJeo30#CKHX rpanutoB Taauukoro MaccuBa (Muxadesa,
1963). I'eonoruueckne Haumble O BO3pPAacTe YAPLILCKOIO KOMIJIEKCAa MOJ-
TBEPKAAIOTCA PAJHOJOTHYECKHMH JaHHbIMH. AGCOMIOTHEI BO3pacT rad6po-
-Ana6aszoB — 350—360 mun. der (Vekcos, 1953). C KoMmieKcoM cBSI3aHbl
MarHeTHTOBble PYIbl KOHTAKTOBO-MeTAaCOMAaTHUECKOr0 THIA, 4 TaKKe NMpPOSB-
JIeHHs] MBIIIBAKOBO-KO06aJbTOBOTO OpyAeHeHHs. UapHIICKui KOMIJIEKE COrmo-
CTaBHM C BH3eHCKMMH raG0pounamu Pyanoro Anrasi, pacnojaraiouiHMucs
BAob MPTHIUICKOH 30HBI CMATHS M CONPOBOKAAIMHMHCA MELHO-IHPPOTH-
HOBOH MHHepanuaauneii (Kysueuos, 1963).
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Benen sa dopMHpoBannem uaphIIICKOrO KOMIJIEKCA MPOSBHJCA TPaHH-
TOHJHEA MarMaTH3M, MPOHM3BOJHBIM KOTOPOro fABJAfercd MHOrodasHbH
ANOMAHCKHA rpauuTouausii kommiekc (Kyaneuwos, 1947; Muxanesa, 1963;
Kononos, 1965; Cnoboxnckoit, 1966; n ap.), passuthlii B Llenrpanbtom [op-
HoM Anrtae. I'DaHUTOHJE SJIOMaHCKOTO KOMINVIEKCA CJAraloT PsAf MacCHBOB
(Inomanckuit, Kanpuuckuii, Unker-Amanckuil, ¥Ycrb-Hylickuil), JoKkanuayio-
UUXCS B IPayBAKKOBHIX TOIMIAX B 30He TepeKTHHCKOro riiyGHHHOTO pasio-
ma. Oco6eHHOCTBIO KOMILJIeKCa siBJsieTCA MeCTPhlii COCTaB CJaraioliux ero
HOpOA (TOHaJAMTH, TPAHONHOPUTH, OGHOTHT-POrOBOOGMAHKOBbiE TI'DAHHTHI,
aNACKMTOBEIE TpaHHTH) M MHorodasHoctb GopmupoBanus. C mopofamu
nepBuix (az GOPMHPOBAHHA KOMIUVIEKCA CBs3bIBaeTcsi MOJHMeTalJIHYecKoe
opyJeHeHHe, C TOpPOAAMH moclelHHX (a3 — NposiBleHHe pelKOMeTalbHOH
M BOJb(PaM-MONHOACHOBON MHHepanu3aluu. Bospact sJIOMaHCKOTO KOM-
IJIeKCa ONpefie/isieTcs KaK BePXHeNa/jJeo30HCKHH, B CBA3SH ¢ TeM, UTO FPAHH-
TouABl ero MeramopdusyioT 3¢d)dysuBHO-0CAL0UHLIE MOPOALI CpelHe-BepXHe-
JAeBOHCKOTO BO3pacTa, a JaHHble onpejesennii a0COMIOTHOrO BO3pacTa Nopox
KaJHii-apTOHOBLIM METOJOM [0 GHOTHTY H BaJlOBOMY COCTaBY NOKa3biBalOT
©995—290 maH. ner (Kononos, 1963). Slaomanckuii koMmiaekc, mo Kiaccudu-
kauun [O. A. Kysuenosa (1964), orHochrcs K rpynne (opmauuii 6atosu-
TOBBIX TPAHHUTOB, (POPMHUPYIOLUIUXCA B TPAYBAKKOBBIX TOJLIAX.

BawskuM mo BO3pacTy K IpaHHTOHAAaM SJOMAaHCKOTO KOMILJIEKca cie-
JAYeT CYHTATH KOMIJIEKC MHKPOKJIHHOBBIX GHOTHTOBLIX TPAHUTOB, SIBJISIIOULHIi-
‘Cfl IPOM3BOAHBIM TOTO ¥e CPAHUTOHAHOTO MarMaTH3Ma, KOTOpPh NpoaBHJICA
-3eCb B HHBIX TIeOJIOTHYEeCKHX YCJOBHAX. Tunuunbie NnpeJcTaBuTeJH ero
YOcreiackuii, Tamroysekckuii, ATypkoabckuil, KairyTHHCKHi Ha 1Oro-BOCTO-
ke U Benoxkypuxunckuii, Turepexkckuii, Benopeikuii MaccHBH Ha ceBepo-
sanmaje u cesepe Aaras. B ornnuue OT rPaHHUTOH/IOB $JIOMAaHCKOTO KOMILJIEK-
‘€Ca, MUHKPOKJ/IHHOBBIE TPAHHUTBI JIOKAAH3YIOTCHA, KaK IIPpABHJO, B CYyIIeCTBEHHO
TEePPHIeHHLIX TOJIIAX H TMO3TOMY HM CBOHCTBeH 0OJiee HJIHM MeHEe OLHOPOJ-
HBH TpaHuTHbIE coctaB. OHM XapaKTepH3YIOTCS Takike MHOro@asHOCTHIO
«bOpMHpPOBaHHA M HHTEHCHBHBIM TpPOSBJIEHHEM NMOCTMAarMaTHYECKHX TNpoLec-
COB, BHIDAXKAIIIMXCS B MHKDOKJHHH3AUMH M Tpeli3eHH3allHH T'DaHHTOB.
O nosgHerepuUHHCKOM BO3pacTe KOMIJIEKca CBHIETENbCTBYET TOT (hakT, uTo
rpanutel OcThiacKOro MaccuBa MeTaMOP(H3YIOT OTJIOXKEHHA (aMeHCKOro
fpyca BepxHero AeBoHa Ha loro-BocToke Aaras. OnpegeneHns aGcoJIOTHOTO

Puc. 1. Tektonnueckas cxema [opuoro Asras (mo B. A. Kysueuosy):

1 — mnieryn (TepekTRHcKHA) npoTepososi-chuus (?); 2 — cTpyKrypHo-danHanbHas 30Ha cajJaHpcKoro sSra-
na xoHconunauud (Bmiicko-KatyHckas); 3—4 — cTpykTYpHo-@ayuansHbie 30HLI KaJeNOHCKOFO STala KOH-
conupaunn; 4 — HaloKeHHble MPOrHGLL B HX npejaenax; 5—7 — CTPYKTypHO-(aumaibHeie 30HBI palHerep-
UBEHCKONO 5Tana; § — ropcTauTHKIAHHAAbHEblE CTPYKTYPbi, HHMKHRII CTPYKTYPHBIH spye repuHuckoit (Auyit-
cko-Uyfickofl) 3oHEI; 6 — cpeflHHH cTpyKrypHLIft spyc Anyficko-Uylckoit soHBl; 7 — CHUKJHHAJbHLIE
CTPYKTYpbl, BepXHHE sipyc 5TOA 30HBI; & — NpHpa3JoMHble TNporuGbl; 9 — repUHHCKas CTPYKTYpPHO-ha-
uHaJbHasn 30Ha Pyjnoro Anrtasn; 10 — repumHcko-Me3030HcKul (Yymblmcko-HennHcknit) nporn6 (iomnan
okpaua Kysseukoro nporu6a); I! — kahnosofickne MNporu6ul; [2—I7 — HHTPY3UBHEIE KOMNJeKchl; [2 —
runepGasuToBbie NofAca ca’Jaupckoro (KemGpuiickoro) stana; I3 — canaupckie rpaHHTOHIEbLIe KOMIIJIEKCHI;
I4 — Ka/neoHCKHe TPAHHTOHAHLIE KOMTJeKChl; /5 — paHHereplHHCKHe (JeBOHCKHE) TpPaHUTOMIHLIE HHTPY-
SHH; l6 — repuHHCKEe rpaHHTOMAL 3MeHHoropckoro THna (komnaexca); I7 — repUHHCKHE rpaHHTHLl Kal-
GHHCKOro THMa (KoMnjekca); /8 — pernoHasbHbie (rAyGHHHBIE) Pa3sioMbl; [9—— Apyrde KPYNHblE PasioMbl;
20 — rpaHHUBI NPOrHGOB; 2/ — 30HLI CMATHA H MeramopdHama,

TeKToOHHUEeCKHEe CTPYKTYphH, BhiJAeJeHHbe Ha cxeMme: I—V— UYapuncko-Tepek-
THHCKasl CTPYKTYpHO-opMaumonHas soHa: I — Tepextuuckuil roper, 1I — Koprouckuit manomennsifi npo-
ru6, [1I — XonayHcko-Uydckuit maccus, 1V — KanryTHHckuit HanoxeHHBI Tporn6, V — KajenoHckas 30-
#a _cMaTEA YUydckux Aabn; VI—XIV — Auyiicko-Uyfickas cTpykTypHO-(hopMamuonHas sona: VI — Tanui-
KHil anTHRAHROPHI, VII — Benokypuxuuckuii u YepraHckuii anTuHkAuuopus, VIII — Onryazafickuit roper,
IX — Yapsimickut cuuknunopuil Cesepo-3ananmnoro Adrtas, X — Anyiickufi npHpasfoMubifi nporn6, XI —
Capacunckuit npupasnoMHbit nporu6, XII — KypartHckmit nporu6, XIII — BeasreGaluckuit npHpasioM-
Hulll npornG, XIV — Uyitckuit nporn6; XV—XVIII — Buiicko-KaTyHckas CTDYKTYPHO-DOpMalHOHRas S50-
Ha: XV — Karyuckuft ropcrosbliit maccHe, XVI — Buiickuit Maccus; XVII — Baparanasckuii ropcrosbift
maccus, XVIIT — Kypaiickn#t npapasnomunit npornb: XIX — Yimencko-Jlebegexan crpyKTypra-QopmMarii-
OHHAA 3oHa (nporu6); XX — Isikunckuil rpaGen; XXI — Teneukas (CasHcKas) CTPYKTYpHO-hopManHoH-~
: hag 3ona; XXI[ — YanaranckHil HaJOXeHHEIR Nporud.

FTny6unune pasnomu: M — Upteimckuil; CB — Cesepo-BocTouras sona cmaths; YT — Yaphims
cko-Tepexruncknt; CK — Capacuucxo-Kypafickas 30Ha pasiomon; U — Yokpakckuit; I — Wanwansexuit,
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BO3pacTa TPAHHTOB KaJHH-aproHOBBIM METOMOM N0 GHOTHTY NOKa3biBAOT
225—260 man. jer. C no3HereplUHHCKHM IFPAHHTHLEIM KOMIIJIEKCOM CBs3aHbI
peiKOMeTaJbHbBle NerMATHTEI H BLICOKOTEMIIepaTypHas KBApPLeBO-BOJb(hpaM-
MONHOAEHOBass pyiaHas (opManHd, a Takike CKapHOBble KeJe30pyaHbLIe
H peAKOMEeTaNbHO-IOMHMEeTaNIHIeCKHe MecTOPOXKAeHus. [loaaHerepunHCcKHe
TPAaHHTBL II0 COCTaBY M CONYTCTBYIOLleH MHHEPAJH3aUMH CXOMHBI C paHHe-
Ka/NeJOHCKHMH TPAHHTOHAAMM H BMECTe C TeM HecyT NPH3HAKH OT/JIHUHS.

dopMHPOBAHHEM TO3THETePUHUHCKHX TPAHHTHBIX KOMILIEKCOB 3aKaHUH-
BAETCSl TeOCHHKJHHAJBHOE pasBHTHEe 00/1acTH, CKJIafYaTele CTPYKTYpH!
KoHcoMuaupytores, 1 IopHelH Aartaii npuobperaer XapakTep CKJaguaTo-
TJIbIOOBOIO COOPYIKEHHS.

B KoHIl¢ Mane030si NPOSBHIHCH TJLIOOBble IBHMKEHHS BIOJb paHee
3aJI0KeHHBIX TayGuHHBIX pasaomoB (Kypaiickoro, Tepekrunckoro, Illam-
IIAJbCKOTO), ¢ KOTOPEIMH CBfI3aHO IPOHHKHOBEHHE B BEPXHHE TOPH3OHTEI
3eMHON KOpHl 0a3aJbTOHAHON MarMbl H (GOPMHpPOBaHHE ITaHKOBBIX KOMILIEK-
coB Jamnpo¢upo-1HadasoBoi (QopMalHH —TepPeKTHHCKOT0 AHa0as3oBOTo
(Muxanesa, 1963; Toiunnckuil, MuxamneBa, 1965) u uyiickoro namnpodupo-
Boro (OGonenckasi, 1964). Jlamnpodupo-aunabazopasn GopMalius npospiasier-
csl HAa KOHeYHBIX 3Talax PasBHTHS TeOCHHKIHHAJABHOHR o6aacTtH, mocie obpa-
30BAHHS TPAHHTHBIX KOMIJIEKCOB M CONPOBOXKAAETCA CBHHIOBO-IMHKOBOMH
MHHepaJH3alHen.

B nocrenyoniue 3MOXH CTPYKTYypHbIl mian Fopuoro Antas He HCmbi-
THIBaJ 3HAUHTEJbHBIX TpeoGpasoBaHHii. B Me3030e W B Hayale KaHHO304
NpoxoNKaad GOPMHPOBATLCA MEKIOpHble NMPOrHOLl, BBHINOJHEHHBIE TPETHY-
HLIMH GypO-yroJbHBIMH ToMmaMi. C MO3AHerepIUHHCKAME JBHKEHHAMH CBS-
sanpl, mo B. A. KysuemoBy (1964), nposBiIeHHss HH3KOTEMIepaTypHOH
THAPOTEPMaNbHO} MHHEPAJH3allHH H CypPbMfAHO-PTYTHOE OpyLeHeHHe.

KYBAJIPMHCKWUY TPAHUTOUJIHEBIN KOMILJIEKC

B 1oro-socroudoii uactu I'opmoro Adaras, B mnpefenax TIayGHHHOTO
Capacuncko-Kypaiickoro pasnoMa pasBHTHl IM1yG0KO MeTaMop(H30BaHHbIE
NOPOALI H NPHYPOUEHHBble K HHM TPAaHHTOHJbl C LIHPOKHMH INOJSMH MHrMa-
taToB. Breperie B. A. Kysuenoseim (1953, 1957, 1962) atu o6pasoBanus
6blin Beigenensl B KybGaapuncko-Kypalickyo 3ony cmsatus. B Goaee mosz-
HHUH nepuoj MeraMop(dHUeCcKHe W 'PAaHHTOMAHBIE NOPOJE paioHa H3yyaauch
M. H. Jlanzaa, B. . Tapacko, C. I'. Kanbcuneim, B. A. Ckypuauusim (1963,
1964, 1965), A. H. Kononoerim (1961), A. 1. Poasiruasim (1964) u np.

OTH NMOpOAbl pACcCMATPUBAIOTCH KaK NPOAYKTH PErHOHANBHOrO MeTa-
Moppuama (yabTpameramopduama), obpasopaBliHecas B 30HE TJyOGHHHOTO
pasjoMa C y4acTHEM CKBO3bMaTrMaTHYECKHX pAacTBOPOB, H OOGBEIHHAIOTCH
B TPAHHTOHJIHLIH (NAYyTOHOMETAMOpP(HUECKHH) KyOaApHHCKHI KOMIJIEKC™.

1. OCHOBHBIE YEPTBI 'EOJIOTUYECKOI'O CTPOEHMA
PAMOHA PA3BUTHA KOMILJIEKCA

MaccuBbl KyGaJpHHCKOTO T'PAHHTOHAHOIO KOMILIEKCa pacho/araloTcs
B NpelleJlax paHHeKaJeAoHCKo# 30HEl cMmaTtua B Kypajickom xpebre. Cirox-
HOCTb T'eOJIOTHUECKOTO CTPOEHHS pailioHa O0O0yC/JAOBJHBAETCH TEM, UTO 3[ech

* l'Io,m MarMaTHYeCKHM KOMILJIEKCOM ABTOpPHI TIOHHMAKT <«aCCOIHAILHIO NpOAYKTOB Mar=
MaTHUECKOH JeATeJbHOCTH, TECHO CBA33aHHHX APYr C APYroM NpOMCXOXAeHHeM H Gojee HIH
MeHee ONHOBpPeMeHHBIX. MarMaTtuueckuil KOMIJIEKC — 3TO KOHKPETHAR MarMmaTtHueckas dop-
mauua» (I0. A. Kysueuos, 1960).
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Pyc, 2. CxemMa [reo/lOHYECKOr0 CTPOEHHS pasiona (mo B. A. Ky3adeuosy u
A. A. OGonenckomy):

I — Gaparanbckasi ceata (Sn); 2 — apeykanckas cehta (Sn—Cm,); 3 — aKTalicKas CBH-
Ta (Cny—,f; 4 — ropHo-anTafickas cepus (Cm;—0,: 5 — akcalickas caura ([,'); 6§ — Gedb-
refalickas B TallaHTHHCKAA CBHTH ([.%); 7 — GapGyprasuHcKas csuta ([;°); 8 — KBI3bLI
ramekas ceuta (Cz—i); 9 — TpeTHUHBIE OTIOMKEHHS: 10 — veTBepTHUHble oTAOKeHHS (Q):
11 — uaranysyHCKHit runepGasuTosbifi xommieke (Cmj—,); 12 — mexTyepblKCKHE ra66po-
NHPOKCEHHTOBLIA KomIaeke (p. Cmy); 13 — KyGaipHHCKAN H GYTry3YHCKH{l TPaHHTOHAHbIg
Kommieken (O); 4 — TalokHAHHCKHI raGopo-HOPHT-TPAHOAHOPHTOBBI KOMIIeKe (0O—S);
15 — JleBoncKAfl TpaHocHeHuTOBHIH KoMmaeke (J[le—3); 16 — cTpaTHrpadHuecKHe rpaHuIlb:
17 — TeKTOHNYecKHe HapYIIeHHs; /8 — aoHa MeTaMopdHaMa:
a — KyGanpunckult nayrod; 6 — ByrysyHckmii NAYTOH; CTPYKTYpHO-(DOPMALHOHHLIE 30HBI:
1 — Bniicko-KaryHekas, I1 — Tenenxas (3anapno-Casnckan), III — Amyticko-Uyfickas,
IlpitpasnoMubie nporuGer: A — Tabomaxckuit, b — Kaparemcknft, B — Kypaitcxnit,
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TIPOHCXOQHT CONpsUKeHHe TPeX Pa3HOBO3PACTHBIX CTPYKTYpHO-POpMAaUHOH-
HBIX 30H (pHC. 2): Ha ceBepe W ceBepo-3amajzie conpsiralorcs Buicko-
KaryHnckasi 30Ha caslaHpCKOro 3Tana KoHcoduaanuu ¢ Temenxolt (3anamso-
CagHCKOl) 30HOK KaleJOHCKOrO 3Talla KOHCOJHAAIlHH; HA [Ore H I0ro-BO-
CTOKe K HHM npHMbKaeT Amnyilcko-Uyiickas CTpyKTypHO-opMainHORHAS
30Ha repHHHCKOro Bo3pacta. I'paHHumaMH MeXAY CTPYKTYpHO-(OpManuoH-
HBIMH 30HAMH ClyKaT perHoHaJbHble pa3jOMbl, OTHOCALIMecs K TpymIe
rayGHHHBIX Pa3/IOMOB TeOCHHKAHHaMbHBIX obaacreil (B. A. Kyanenos, 1948,
1952, 1957, 1960, 1962; Ileiize, 1945, 1956; [leiire, Cunuusbin, 1950). Ilpu-
yeM HMEeHHO IJIyOHHHBIM pasjoMaM IPHHAILJAEKHT Belyllasi poJb B Audde-
PEHIHAIIHH perHoHa Ha CTPYKTYpHO-QopMalHOHHble 30HB. B mnpefienax
paccMaTpHBaeMoOro pafioHa rpaHHmamMu mexay bBuiicko-KartyHckoit u Temen-
Koit 3oHaMu aBasgeTcs BeTBb Capacuucko-Kypakickoro rayGHHHOro pasio-
ma — KyGanpunckuit pernonanbHbiii pasiaoM. buiicko-Kartyuckasa u Amnyii-
cko-Uyiickas cTpyKTypHO-(OpMalHOHHbIE 30Hbl I'PAaHHYAT N0 AKTYPHHCKOMY
PEerHOHAJBHOMY pasJioMy.

B reosmoruueckoll mcropuu (opMHPOBAHHS perdoHa BHIACAAOTCH TPH
KPYIHLIX 3Tana: cajJaHpcKkui, KajaeZoHCKH#, repuunckuil. O6pasopaBiinecs
B TeUYeHHE 3THX ITANOB TPH CTPYKTYPHHIX sIpyca pe3Ko OTIHUAIOTCS Ha60-
pom ¢opMauuil, ux JHTOJOrHYECKHM COCTABOM H CTeleHbl0 MeTamopbdu3Ma
NOpPOI.

[To nannwiM B. A. Kysnenora (1952, 1954, 1962) u A. A. OGoneHckoro
(1961), uentpanpHas gacTh paifioHa (CM. pHC. 2) CJIOXKeHA MOPONAMH HHXK-
HEro CTPYKTYPHOro spyca, NpOCTHPAIOUMMHCA B BH/E MOJOCH ceBepo-3anaj-
HOTO HanpaBjeHHsd. B CTPOeHHH HHMIKHEro CTPYKTYDHOTO sApyca yyacTBYIOT
6aparanbckas (Sn), apbimxanckas (Sn—Cm,) u axramckas (Cmy—z)
CBHTHI.

Baparanbckas CBHTa MNpeacTaBleHa MePeKPHCTANIH30BAHHBIMH
HM3BECTHAKAMH C NPOCJOAMH H JHH3aMM CHJHIUHMIHTOB, OCHOBHBEIMH 3(Qysu-
BaMH H HX Tydamp. MomHocTs CBHTH DPEBHIIACT 5 KA, IPHYEM OCHOBaHHE
ee B palioHe HHIJle He 0OHAPYIKEHO.

Baparanbckas CBHTA COTJIACHO HJHM C HE3HAUMTEJbHBIM YIVIOBHIM He-
COrJiacHeM MepeKphHBaeTcA apPHI AKX AaHCKOH CBHTOH, KoTOpas CcJ0OMKeHa
TEMHO-CEPLIMH, 3eJIeHOBATO-YePHEIMH CHABHO MeTaMopdH30BaHHBIMH AHaba-
3aMH, ABTHTOBBIMHE MOPQHPHTAMH, MNTATHOKAA30BRIMH MOpHpUTAME, HHOTAA
cnunuTaMu, TypamMu # TydOBbHIMH claHUaMH. B BepxXxHHX 4dacTfix CBHTHI
BCTPe4alOTCsl TOPH3OHTH CEPEIX M TEMHO-CePHIX, MOUTH YePHLIX, H3BECTHAKOR
¢ BOZOPOC/SIMH IJIOXOH COXpaHHOCTH. YacTb MOPOA STOH TOJIIH HCHBITAaJa
igyGokuil MmeTamopduaM ¢ o6pasoBanueM aM(pHOONHTOBEIX claHIeB, aMbH-
60auTOB M MpaMopoB. AMGHGONHTE 3aneraloT cpefn 3¢ @dy3uBHO-0OCATOYU-
HBIX TIOPOJl M MPOCJEKHUBAIOTCH B BHIe BBIJIEPXAHHOH IIOJOCH ceBepo-3a-
nagHoro NpocTHpaHHAs OT OoKpaunel Yylickoli crenn (BRoJb JeBoro Gepera
p. Uyu) mo Kypaiickoit crenn. AMPHOONHTHL CBA3aHH ¢ 3((hy3HBaMH U TY-
damu psAgoM NOCTeNeHHBIX Nepexonos. B cocraBe am¢uboantos mpeobia-
AT CHHe-3eJieHas pOroBas Oo0MaHKa THNA INaykohaHa U I1aruoK/1as;
YacTo paspuBaercsd 6OJbIIOE KOJHYECTBO LOM3HTA, K/AHHOLOHM3HTA, cCdeHa,
PYTHJa M pyAHBIX MHHepanoB. MHorna B aM(pHOOJHTAX BCTPEUAIOTCs Kpac-
HO-Oypblit TPaHaT H MOHOKJIHHHBIH nmupokceH. B MpaMopax ofHapyKuBaeTCs
HE3HauHTesbHAs NMPHMECh CHAHKATOB, B TOM HHCJE H TPEMOJHTA, a TaKikKe
pyanbix MuHepanoB. B. A. Kysueuor cuutaer, uro am¢uGoanter o6pasopa-
JHCb 32 cueT 3¢(y3HBOB apLIAXKAHCKOI CBHTHL B Mepuoj (GOpMHPOBAHHSA
S0HB! CMATHS, B pe3yabTarTe IPOHHKHOBEHHA MO 3TOH 30HE IHENOYHBIX
pacTBopoB. MoIlHOCTh apLIIKAHCKOH CBHTHL Goaee 2 KAt

B AkramckoMm paiiome aHaJOroM AapLIAXKAHCKOH CBHTHL  SIBJASIOTCH
OTVIOKEHHS, pacnpocTpaHeHHble BAOJIbL CeBEPHOrO ckJoHa Kypaiickoro
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xpebTa H BhileneHHBle 3[ech B Ky6aZpHHCKYI0 ¢Bury. KybaapuHckas
CBHTA CJI0XKEHAa KPHCTANIHYeCKHMH CJAaHIaMH, THeHcaMH, MeTaMop(HUeCKH-
MH ClaHaMp H HecuaHukaMu ¢ npocjaosaMu  3(p(dysHBOB OCHOBHOIO
cocraBa W M3BecTHsAKOB. [loponbl KyGaapHHCKOH CBHTHL Ipeteprent Gojee
NO3/IHHIT, [0 CPaBHEHHIO C apbIIXKAHCKOM, PerHOHaJbHbIH MeTaMop(H3M,
CBA3aHHBIN ¢ opMHpOBaHHeM 30Hb cMsATHS Broab KyGajpuuckoro pas-
JIoMa.

Apblpkanckas M KyOGaJpHHCKas TOJIH HMEIOT XapakTep CNHJIHTOKepa-
TOQHPOBLIX (popMalHii, 06Pa30BABIIMXCS B YCJIOBHAX TIMIYGOKHX NPOrHOOB
Ha MepBLIX CTaJHAX PA3BUTHS FeOCHHKAHHaAbHbX cucrem (Kysneunos, 1954,
1962; Buaubun, 1955) ¥ HCOBITABIIKX 3aTeM OYeHb CHJBHBIH Mera-
MOp(H3M.

BepxHsis yacTb paspesa HHMKHETO CTPYKTYPHOTO spyca CJ0XKeHa
AKTAUICKOMNH, HWJAH KaAaHMMCKOMN CBHTOH, OTBevyalolled MO CBOeMY CO-
craBy 3((pysuBHO-OCANOUHOM (popMallHM HHMIKHEr0 M CPeJHero OT[eJIOB
keMOpHs. B mpenenax M3yueHHOTO perHoHa OHAa HMeeT TeKTOHHYecKHe
KOHTAKTHl ¢ TOACTHIAIOIIHMH M BHIIEIEXKAIIUMH TOJIIAMH, 4TO HECKOJIBKO
3aTPydHAET KOPPEASUHIO OTJIOMXKEHHH ¢ OTJIOKEeHHSIMH [OpPYrHX paloHOB
lFoproro Aarasi. CBHTa paajiensiercsi Ha HHIKHIOI M BEPXHIOI IIOCBHTEL
Huxusaa noacsura HauboJjiee moJHO NpeAcTaBjieHa MO pyubio Poixuit Jlor,
B ee cocras BXOAAT NMpeHMyIlleCTBEHHO MHPOKCEHOBbIE H MHPOKCEH-IJarH-
0KJ1a30Bble NOpGHUPHTHL, albOHTO(GHPEl, pexe BeTpedaloTcs TydonecuaHHKH
i Tydpdure. Bepxuaa mnoacsuta Oosee pasHooOpasHa IO CBOMM JIHTOJIOrH-
yecKHM OCOGEHHOCTAM M XdpaKTepPHU3yeTcs: 4acThlM YepeNoBaHHeM IecuaHH-
KOB, CepblX, 3€/1eHOBATO-CePHIX, H3BECTKOBO-TJHHHCTEIX H TVIHHHCTHIX CJIaH-
IeB ¢ PeAKHMH INPOCJAOSMH MpPaMOPH30BaHHBIX H3BecTHAKoB. CymMMapHas
MOIIHOCTh CBHUTHI [JOCTHTAET 2 KM. i

JIATONMOTHYECKHH COCTAB CBHT M I10OC/e/0BATeNbHOCTh CMEHB (ailuii
NOKa3bLIBAIOT, YTO OHH 006pa3yioT eNHHBIH CTPYKTYPHHIH sdpyc H pesko
OTJIHYAIOTCH OT BCEX BBIIMIENEKANIMX OTI0MKeHHH. [IpHueM CBHTHI, Caraiouiie
HHXHHH CTPYKTYpHBIH sIpyC, XapakTeDHLl IJs NEPBHYHBIX TeOCHHKJIHHAJel
(Kyaueros, 1948, 1962; Ileiige, Cununubia, 1950; Ka#, 1951; Bunubun, 1955).
C pannum sranoM (OpMHPOBaHHSA NOABHKHBIX 30H CBA34HO 3apOXKIeHHE
ryOHHHBIX PA3JOMOB, KOTOphIE OKA3LIBAIOT CYLIECTBEHHOE BJHSIHHE HA IO-
cagnyloliee pasBuTHe reojiornueckux npoueccoB. C rIyOUHHBIME paszioMaMu
B CaJlaHPCKOM 3Tane CBA3aHO NposiBleHHe 3((y3uBHON AesTeNbHOCTH, pas-
BUTHE JIOKAaabHOTO MeTamopdusma (ampubdonntusauus 3¢dQysuBoB apbia-
JKAHCKOH CBHTEI), BHeApeHHe THIepGa3HTOBBIX HHTPY3HH (Uarany3yHCKHH
runep6a3uTOBLIil KOMIJIEKC) M HHTPY3HH Tra60po-MHPOKCEHHTOB (MexTye-
PBIKCKMIT KOMILIeKc) (Tabim. 1).

YaraHysyHCKHH runep6asuTOBHIA KOMIJIEKC OObeAHHSET CEpHIO
HeOOJbIIHX TeJ CEePHeHTHHHTOB M KpynHeI YaraHysyHckuii Maccus.
XapakrepHasi 0COGEHHOCTb KOMIIJIEKCA 3aK/IIOYAeTCs] B UETKOM JIHHEHHOM
PacroioXXeHHH MAaCCHBOB BJI0JIb 30HLI PEerHOHAJbHOTO paszjaoMa. MaccHBh
o0pasylor 0Goco6JeHHYI Tpynmy, HadbiBaeMyio Kypafickum rumnep6asuro-
BbIM 1osicoM. YaranysyHCKHl KOMIJIEKC OTHOCHTCSI K THNep6a3uToBoil dop-
MallHy, NposiBHBIIEHCS HAa paHHeM TeOCHHK/JIHHAJIbHOM 3Tame PasBHTHsA
sonnl (ITmnyc, Kysuenos, Bosoxos, 1958; 10. A. Kyaneuos, 1960).

MexTyepH KCKH# raG6po-NHPOKCEHUTOBHIH KOMIJIEKC TaKkKe
BKIIOUAET B ce6s HECKOJbKO MAacCCHBOB, KOTOpble MHPHYPOYEHBI K 30He
rAy6MHHOrO pasnoMa M HMeloT YAJIHHEHHyo (GOopMy, COTIacHylo ¢ O6LIAM
NPOCTHPAaHHEM TEKTOHHYECKHX CTPYKTYp pafiona. Maccussl npopsiBaior
OTJIOXKEHHS] KAMMCKOH CBHThLI HHXKHEro — cpejlHero KeMOpHusi; B Gosee MOJO-
ABIX To/lax KeMOpHA H KeMGPO-0pAOBHKaA OHH Hen3BecTHbl. [lo merporpagH-

2 1. A Muxanena, B. A CRYDHANK 17
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Cxema paseuTia MarMarisMa Daiiona DacHDoCTPAHeHH; KyOaapMHCKOrO rpandToMpHoro komnaexca (no B. A. Kysueuosy, 1966)
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YeCKOMY COCTaBY NMOPOM W PA3MEleHUI0 HHTPYSHBOB B TEKTOHHYECKOH CTPYK-
Type MEKTYePHIKCKHH KOMILIEKC sB/ISeTCA aHaJoroM ra60po-NMHPOKCEHHTO-
goro Kommaekca Toproro Anras (B. A. Kysneuos, 1963) ¥ oTHOCHTCA K
ra66po-NHPOKCEHHT-1yHHTOBOM (hopMaluH OCHOBHOTO 3BI€OCHHK/IHHAJNLHOTO
pana (I0. A. Kysuenos, 1961).

Cpefnuil CTPYKTYpHBIH spyc opMupyercs B TeUeHHe KaJeJOHCKOro
sTanma pasBUTHs pafioHa. JTOT NMEepHOA XapaKTepH3YeTCA 3a/10XkKeHHEM B Ha-
yaje BepXHero KemOpHA M pDasBuTHeM B OpPAOBHKE H CHJypPe BTOPUUHBIX
(aumieBbix reocHHKANHANEH. BO3HHKHOBEHHE BTOPHUHBIX T'€OCHHKJIHHAJEH
o6ycaosaeHo Hokpakcko-KyGanpuHckum rayOGHHHBIM Das/oMOM, KOTOPbIH
¢THelsleT camaupcKue CTPYKTYphl Buiicko-KaTyHcko# cTpykTypHO-hopMa-
LHOHHOI 30HLl OT KaJelOHCKHX cTPYKTYp Tenenkoi 30HBI

B npenesnax pafioda OT/IOMEHHS CPEAHEr0 CTPYKTYPHOTO sApyca npen-
CTaBJeHbl TePPHTeHHbBIMH, (p.HHLlIOPlILHbIMH TOJNIIAMH H BbIAEAAITCS B TOPHO-
anraiickyio cepuio KeMOpo-opjoBHka. B paccMarpHBaeMOM perHoHe 3TH
OTJIOXKEeHHs PaclpoCTpaHeHbl B IBYX PasiHYHLIX CTPYKTYypHO-(OpManHOH-
Hblx 3oHax: Tedeuxod H Buiicko-Karynckoit. 3oHbl pasmpeseHbl TNyOHHHBIM
PasioMOM ¥ WMeIOT Pe3Kyio pasHuUy B MOUHOCTSX H COCTaBe TOMUL
B Teaenkoil, co6CTBEHHO KaJedoHCKOH CTPyKTypHO-()OpDMAalLHOHHOH 30He,
PACHONIOIKEHHO K CeBepy OT pasjioMma, (QJHIIOHIHBIE OTJIOXKeHHS KeMOpo-
OPAOBHKA OTHOCATCA K OalIKayCCKOH cepud H pacu/ieHAIOTCS HA TPH
CBHTHI: TOPHOANTAHCKYIO, KYMYPJIHHCKYIO, apriaiickylo. IopHoanraiickas
CBATA CJAOXKEeHa NecHYado-rAHHHCTLIMHA KW TAHHHUCTHIMH, CHABHO XJIOPUTH3U-
POBAaHHLIMH [OPOAAMH C MHOTOUHCJAEHHBIMH TIPOCJAOHKaMH KBapleBOro Co-
craBa. Apraanickasi cBHTa NpeJICTAB/IeHa KBapIleBO-CePUIHTOBLIME ClIaHIla-
MH M lIleCYaHHKAMH, ¢ cojepxannem fo 40% KpemHHCTOrOo MaTepuaJa.
B cocraBe KyMypJAHHCKOH CBHTBHI, B OCHOBHOM, OTMEHAIOTCA CpelHe-MesKo-
3ePHUCTBIE KBAPI-NOAEBOMINATORBIC NecHaniKy, perke BCTPeUAlOTCs CAaBIlbL.
O6miass MoniHocTh ¢BuTHL gocturaer 8000 iz

B Dbuiicko-Karynckoit 3one oryioxenns KeMOpO-opLoBHKA 00belHHAIOT-
1 B Kypafickyio ceury. CBuTa cloMKeHa aleBPOJHTAMH, CIAHLAMH,

cpeqHe-MeJKO3ePHHCTLIMHA IIOJEBOUINTATOBBIMH MecYaHHKAMH ¢ TOPH3OHTaAMH
CBET/IO-CCPBIX H3BECTHAKOB.

Momunocers csuter 700 M.

CpaBuuBasi MOUIHOCTH TOJII H HX JHTOJOTHUECKHH COCTaB, HETPYAHO
3aMEeTHTb, UTO OTJIOKEHHsT KeMOpOo-OpJAOBHKA JABYX CTPYKTYpPHO-(pOpMaIHOH-
HEIX 30H HMelOoT cymlecTBeHHble pasanunsa. Tax, mis GamkaycCKoH CepHH Xa-
PAKTEPHBl PUTMHUYHbIE MeCYaHO-CAAHIeBLe TOAWK ¢ npeobiazaHueM Kpap-
1eBO-TI0JIeBOIINIATOBOrO MaTepHafaa, a Jjs Kypalckoil ¢cBHTH GoJblioe 3Ha-
ueHHE MMEIOT KapOoHaTHble NOPOJBI, BIJIOTh JO TNOSBJIEHHSI OTAeNbHBIX
TOPH30HTOB OOJOMOYHBIX H3BECTHSKOB KaJbKaPeHHTOB. Takas MOBBIIIeHHAS
KkapO0OHATHOCTE KypPaHCKOH CBHTLI OOBSICHAETCS PasMBLIBOM JPEeBHHX TOJII
n3BecTHAKOB Buiicko-KaTyHCKONH 30HHI U NMepeoT/oKeHHeM H3BECTKOBHCTOrQ
mMartepuana.

Pesxoe passinyie B MOLIHOCTAX CBSI3aHO C TeM, UTO TMPOrHG, B KOTOPOM
NPOHCXOMUT OT/IOXKeHHe MOPON KypaHCKOH CBHTHI, (DOpMHPYETCH HA KOHCOJIH-
AHDOBAHHLIX yUacTKaX CaJaHPCKOil CTPYKTYPHO-(DOPMALMOHHONR 30HEL, TOTAA
Kag Oawkaycckas cepus obpasyerca B Tenenkoil 30He, UCHLITABINER reo-
CHHKJHHANBHOE pazBHTHE.

Toniiy, cnaraomue HMMKHUE U CPefHuil CTPYKTYpHbIE APYCH, MPHMBI-
Kajoue K KyGaapHHCKOMY DernoHaJbHOMY DPasfOMy, IOABEPrIHCh HHTEH-
CHBHOMY MeTaMOp(H3My B CBs3H ¢ (ODMHPOBAHHEM BJO/Nb pPaszjoMa 30HBI
CMATHS. 30HA CcMATHA 06pasyercd B YCAOBHAX 3HAUMTENBHLIX [ayGHH
i BbIparKaeTcsd B pacClaHIUOBKe, XJAOPHTH3AUHH H GHOTH3aUMH nopoA. Hau-
Goabimil MeTaMOP(HIM NPOHCXOAHUT B 30HE MAKCHMAJbHOTO NMPOrHGa; 3jmech
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NGJA BIAHAHHEM BBICOKHX TeMIlepaTyp M CKBO3bMarMaTHUeCKHX pacTBODOB
pPasBHBAIOTCST MPOLECCHl TPAHMTH3AaUHH H ofGpasyeTcs MarMaTHYecKHH
pacmyas. MaccuBel, o6pa3oBaBlildecs TakuM' MyTeM, BrnepBhle OBIIH BblAe-
aenel B. A. KysnenoewiM u o0bequHeHbl B Ky6aZpHHCKH it (Waniuanib-
CKHH) TPAHHTOHMAHBEH KOMNOJeKc B coBpeMeHHO) CTPyKType
perdona soHa cMATHA M MeTaMop(uama sBaAfeTcs MOpdOJOrHUeCKHM
BhIpa*keHHeM IuBa IyGHHHOTO pasjoMma.

B koHIle Ka/neJOHCKOTrO 3Tana pasBHTHS paioHa, MOC/e 3aBeplIieHHs OC-
HOBHO¥ CKJ/TaAYaTOCTH, BJOJb 10:KHOTO cKJIoHA Kypaiickoro xpe6Ta BHeapsier-
sl CepHs MaccHBOB ra60po-IHOPHUT-TPAHOAHOPUTOBOTO COCTABA, OG'beLHHAEMBIX
B TAaAXMHAHHCKHNE HHTPY3HBHH U KomMnaekrc. Maccuser o6pa-
3YIOT Psi[i KPYINHBIX H MeJKHX TeJ, BBITAHYTHIX B BHIE LENOYKH Ha PaccTOs-
HHd Gosee 100 xm. XapakTepHoil 0cCOGEHHOCTBIO MACCHBOB KOMILIEKCA
SIBJISIETCST YeTKass NPHYPOUEHHOCTb MX K 30He raybunHoro Capacuucko-Ky-
paiickoro pasioma. AHanu3 nerporpadUUecKMxX H NEeTPOXHMHYECKHX MAaH-
HBIX TIO3BOJIHI CAEJNATh BBIBOJ, UTO MOPOJAE MACCHBOB KOMIJIEKCA CBS3aHBI
€ 04aroM Marmel, 3apoAHBIIHMCS B GasanbrousunoM ciaoe (Ckypuaux, 1964,
1965, 1967). B mocieayiomune 3Tansl pasBUTHA PaiioHa NPOMCXOAHT MHIpa-
IlMsi MarMaTHieckoro odara, ¥ B ofGaacTh MarMooOpas3oBaHHsi [OMNagaioT
Gorarbie KpeMHe3eMOM KOPHEBble YacTH 0CaJ0YHO-MeTaMoppuueckoii 060-
soukn (CoGoses, 1957; Msox, 1962; 10. A. Kysuneuos, 1964). TamKuauuckui
HHTPY3HBHBIH KOMILIEKC ABJsETCS TNpeAcTaBHTedeM rab0po-AHOPHT-IPAHO-
IHOPHTOBOI (hOopmMalHK M3 TPynnbl oporeHHuix Gopmauuii (K0. A. KysHeuos,
1962) .

Bepxuuii ¢cTpykTypHBIH sipyc ¢opMHUpYeTCH B repUHHCKOM 3Tane PasBi-
THs1 30HBl. K 3TOMYy nmepHoly paccMaTpHBaeMblii paloH, Kak OoJblIas YacTb
tepputopun I'opuoro Asras, mpefcras/iss HEOJHOPOJAHOe TJILIGOBOE COODPY-
JKeHHe, pacy/ieHeHHOe cepHell MPHPa3JIOMHBEIX (ILOBHBIX) IPOru6oB, B KOTO-
PEIX NPOMCXOAMIO HakomJdeHHe 3thdysuBHO-OcajouHblx Tosul. K uneny
TAKUX CTPYKTYp orTHocartca Kypafickuit, DBenbrefamckuii mnpupasioMHbe
nporu6el u nporud lOro-Bocrounoro Anrtas (Benocromkuit, 1960, 1961;
B. A. Kysuenos, 1962; O6onenckuii, 1961).

Ananus nocaeloBaTeNbHOCTH reQJOTHUECKOTO PAa3BUTHsA IOKa3HIBAET,
YTO TEPUHHCKHl 3Tan sIBJSETCSA 3aKJIIOYHTEbHBIM B GOPMHPOBAHHH paioHa.
B KoHIE 3Tafna HCNBITHBAIOT CKIAAYaTOCTh TOJMIH B 30HaX Nporubos;
BAOJb OCHOBHBLIX CTPYKTYPHHIX IIBOB MNpOsBJsieTcss O/JI0KOBasg TEKTOHHKA
H obpasywTcs CJI0XKHBIE 30Hb B3OPOCOB, IVIBHIDOBBHIX HAJBHIOB.

MarmMaTtiuaM B TeueHHe FepIHHCKOro 3Tana NposABHJCA NPeHMYIIecTBeH-
Ho B 3(dysuBnoii dopme B 3HeNbCKOM Beke CpeJHero JeBoHa. 3[1ech
npeo6aanaior kuciasle 3QQys3ussl; Ha oraedbHeXx yyacTkaxX (Keapui-Ilug-
CKOe TIOAHSITHE) TPOMCXOAUT H3JHAHHE JaB cpefHero coctasa. Murpysusnas
ICHTeNBHOCTh B TPEPUHHCKOM 3Tame MposBHJAAch caa6o. PesyabraToM ee
SIBUJICH JIHIUL HeOGOJBINOH MACCHB IPaHOCHEHHTOB B ycTbe Jora Toiaryrem
(IeBOHCKHji TpaHOCHEeHHTOBBH U KoMmmiaekc). K nosgHerepriHHCKHM
MarMaTHYecKMM o6pa3oBaHHSIM OTHOCATCS AAHKH JaMnpodupos, nuadasos,
ra66po-HopuToB (AaiikoBuiii KoMmeke Kypaiickoro xpe6ra). Ananoridunbie
paiikoBrie oOpaszoBaHus oObenuHeHn JI. A. Muxanesoii (1962) B nmamnpo-
¢upo-guabdasosyio (opmanuio, a P. B. Obonenckas (1963) mosaraer, urto
JaMnpoHpbl (MHHETTEL M KepcaHTHTH) 00pasyloT CaMOCTOSTeJbHbIH
(gylficknit TaMnpo(HPOBLIH) KOMILJIEKC, NPOSABASIOMIHNACA HE3aBHCHMO OT
JaiKOBBIX AHA6a30BBIX CEepHH.

B MesoxafiHozofickoM 3Tame CTPYKTYPHHIH T1aH pafioHa mpeTepred
JHIIL He3HAUMTENbHBle H3MeHeHHs, BEIpA3HBIIHeCAd B ()OPMHDOBAaHHH B Tpe-
THYHOE BpeMsi MeXXAYropHuix nporutoe Kypaiickoi u Uyiickoii cremeii.

OxapakrepuayeM TIJaBHble TEKTOHHYeCKHe HAapyIUeHHS, HIpaiollHe
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60/bLIYIO POJbL B CTPOEHHH PaloHa, NPOsIBJEHHH HHTPY3HBHOTO MarMaTH3Ma
W B pasMelleRHH OPYIeHEeHHS.

OxHON U3 OCHOBHBIX CTPYKTYPHBIX JIHHHH pernona siBisierca KyGaapuu-
CKHii pPasJoM, KOTOPHIH cocTapjsier BeTBb rayomnHoro Capacmucko-Kypaid-
ckoro paanoma (Kyaueinos, 1962; OGoaenckuii, 1961). B npenenax usyues-
poro pafiona KyGaJApHHCKHI pPasioM NPOCIERHBACTCA Oosee yem Ha
100 k. OcoBeHHOCTH €0 Te0JOrHYecKoro CTPOEHHS 3aKJII0YaloTcsi B CleLy-
jomem: 1) on pasgeaser DBuiicko-Katynckyio n Tenenxyio crpyKTypHO-
dopMalOHHble 30HB C PE3KO Pa3JHYHBIMHA crpaTurpaduyeckuMu paspesa-
MH; 2) B 30He pasjJoMa pasMellaercs psaj JHH3OBHAHBIX MAcCHBOB rHIep-
6a3HTOB, UTO CBHIETeNbCTBYeT O JApeBHeM, KeMOpHilCKOM Bospacre H
Goabliofl TAyGHHe 3aJM0KeHHs pasjoMa; 3) B CTPOCHHH pasjioMa y4yacTByeT
30HA CMATHA ¥ MeTaMop(duaMa, MpoTATHBAIOUIAsCs HA JECATKH KHIOMETpPOB
B paiion Temxeukoro o3epa. B coBpeMeHHOl CTPYKType KyGagpuuckuit
pasjoM TpeJcTaBaseTcs KaK KyJMCHO NOCTPOeHHAs CHCTeMa KpyTonaja-
WOLHX B3OPOCOB, KOTOPHE B OTAEJbHBIX ClAydasx MNPUOOPETalorT MoJaoroe
najieHle ¥ MMelOT XapakTep uelnyHuaThIX TJibIOOBLIX HaJBHIOB.

KyGaipiHCKOMY pasiioMy NpHHAIJEIKHT 3HAUHTEJNbHAS POJb B QOPMH-
poBaHHM AKTAalICKOTO TEKTOHHYECKOrO Y3/Ja, KOTOpblil pacnojoxen Ha
yuacTKe MAKCHMaJbHOTO H3THOa pasnoMa. AKTAIICKHI TEKTOHHUECKHi y3el,
OTJHUAIOIIHICH HCKAIOUHTEJILHO CJ0MKHBIM CTPOEHHEM, COCTOHT H3 HECKOJb-
KHX JM3BIOHKTHBHBIX LIBOB, CPefd KOTOPBIX IMIaBHBIMH siBJstoTcA KobicXbill-
Ty6ekckuil, KypyManHckuii pasgomMel 1 AKTalICKHil HaJBHT.

KblcxpiuTyGeKckuil H conpsizkeHHblE ¢ HAM KypyMAHHCKHH pPasjioMbl
OrpaHHYMBAIOT C 10Ta M I0r0-3anaja ABa KPYNHBIX TEKTOHHYECKuX 0.0Ka, CJIo-
JKEHHbIX APeBHHMH ToqmaMd. Pasnombl npefcTaBisior coboit B3GPOCH ¢
KpyTOnajaomuMH Ha ceBepo-BOCTOK cMecTuTenaMu. HabGaonaores u 6osee
no3AHHe, CABHTOBBIE [epeMelleHduss Mo pasjomMaM. B 1oxHOil yacTH
KypyMOMHCKHH pasiomM npHoGperaer Xapakrep AyroofpasHoro B IJaHe
FABIOOBOrO HaJBHra, 0OPAIlEHHOTO BBHINYKIOCTbIO Ha IOTO-BOCTOK, C MOJOTHM
najeHueM CMeCTHTeNsi- HAa ceBep M ceBepo-3amaa. B ceseproii uactu
KypyMAuHCKOro pasnoMa HMeeTcs BTOPOH JAyroo6pasHbiii M3ru6, obpamnieH-
HBIH BBINYKJOCTBIO Ha CeBepo-3amaj, ¢ NajleHHeM CMeCTHTeNs Ha 1or. IJTH
HabIoleHHsT CBHAETELCTBYIOT O TOM, YTO PA3/IOM HMEeT CJOMKHYIO H30THY-
Tyio ¢opmy. Baons pasnoMoB pasMelnialorcs JHHeHHble TeJa cepleHTHHH-
34POBAHHBIX TUNepGa3nuTOB, NMpeacTaBaAloNIe co00il TeKTOHHYeCKHe KIHHbA,
2aTepThle W PACTSAHYTHIE B BHIE Y3KHX JIHHS3.

AKTAILICKU# HALBAT SABJsSETCS PErHOHAJbHBIM HapyILIEHHeM, KOTOpoe
Ha rayOHHe, BO3MOKHO, conpsaraercsi ¢ KblcXblITYOeKCKHM —pasioMOM.
Jlexauee Kpbio HAaABHTA CJOMKEHO NOPOAAMH KypaHCKOH CBHTH KeMOpoO-
Op/AOBHKA, BHCsSUYEE KpbLIO— GoJjiee ApEBHell TOJLIeH HHIKHEro — CpelHero
keMOpus (akramckasi cBHTa). CMecTHTeNb AKTALICKOIO HajBHTa cpesaeT
caMble Da3JHYHBIE TOPH3OHTHl Kypaickoil cBUTHL. AHaJIH3 MOLIHOCTEj cpe-
3aHHBIX TOPH3OHTOB H MOLIHOCTH Kypalickofi cBHTLI, npoBedennsiit [1. M. Bon-
naperko (1963), mosBosua cienaTh BBIBOL O TOM, UTO NE€pPeMelieHHe BHCSA-
uero Kpeiia gocturano 2—2,5 ku. O 3HAUYHTENbHOM NepeMelieHui BHCSUEro
Kpbila H O Triay6HHe (QOPMHpPOBaHHA HAJBHMrA CBHIETEJLCTBYeT TaKiKe
pasauuHE Xapaktep AedopMaliuii MOPOJ BHCAYEr0 H J€Kauyero KpblibeB
E2aBura. B BucsiueMm Kpbuie nposiBHACA AMCAOKALHMOHHBIE meraMopdusm,
BBIPA3UBIINIiCA B 006pasoBaHUH CKJ/IAJO0K BOJOYEHHS, NJIOHYATOCTH, B HH-
TCHCHBHOM pacclaHlleBaHHH, Torja KakKk B II0poJax Jiexauero Kpblia
HAOJI01a10TCsl pa3pbiBHble H TPEU[HHHbE 30HbI, CONpPsXKEHHbie ¢ IOBEpPXHO-
CTBIO HAaJIBHTa, CBOeOOpa3HLIE TpPELLMHBl ONEepPeHHsl, 30Hbl OpeKuHpOBaHHA,
Blonb 30HB HagBHra pasMeIalOTCsl Pa3JHUYHblE HHTPY3HBHLIC MACCHBLL
Tak, na sanagmom ¢uanre Akramickoro HaABura, BAOJb CMECTHTE/,
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pacmonaraioTcs JHMH3bl CEpPreHTHHHTOB Ha Bojopasielde pek Uubur u Ky-
pymay-Aliper i Ranee Ha cepepo-3amaj (paiioH 03. Uy6ek-Koanp) B 3omHe
HAABHIra 3aXKartel Jubefiibie Tena rabOpO-IMOPUTOB W TPAHONMOPHTOB Tal-
JKHIHHCKOTO KoMIlekca. Habmionaloomuecs B npejgenax 30Hb HaJIBHIA TeK-
TOHHYECKHE OJIOKH MOpOJ AeBOHA M KapGOHA CBUAETeJNbCTBYIOT O TOM, YTO B
FEPUHHCKYIO 3MOXY TeKTOTeHe3a B 30HE pa3ioMa CVILECTBOBAJ IIOBHBII
NporHO.

BaxHoii CTPYKTypHO#H efunumeii pajiona sBaserca UYaramysyHckwii
pasioMm; B mpejlesiax ONHCAHHOH 30HBI OH HMeeT IIHPOTHOE NPOCTHPaHHe
# CJIOXKHOE KyJHCHOe cTpoeHHe. Pasnom pasBersisercs Ha HeCKOJBKO
cyGnapaJ/ielbHbIX BETBEH, BHIKPAHBAIOMKUX GJOKH PasHOBO3PACTHLIX NMOPOL.
Henocpencreenno B paiione YaramysyHCKOro MecTOpOXKACHHS PasjoM IPH-
obpeTaeT XapakTep uellyiuaTOTO T/IHIGOBOrO HaJABHra ¢ KPYTBIMH yrJaaMmu
najieHusi cMecTHTe . Bospacr dopMHpoBaHHS HaJBHra CYUMTAETCA TeplHH-
CKHM, ITOCKOJIbKY B HeM YYacTBYIOT 6JI0KH MOPOJ BepXHEro AeBOHA H HHIKHe-
ro xapGoHa. B 3one pasioma HaGIONATC APEBHUE UHTPY3UH runepbasu-
TOB, JaiiKH IHOPHTOB; B palioHe aramysyHCKOr0 MeCTOpPOKIECHHSI oGnapy-
JKeHa W omucaHa fakika ra66po-nopura (B. A. Kysmenos, 1939).

TakoBbt ogume HYEPTBI I'eOJNOCHYECKOTO CTPOGHHA H TeKTOHHUECKON
CTPYKTYpPHl paHOHa PasBHTHA KyOaApHHCKOTO TPaHHTOHAHOTO KOMILICKCA.

2. OCOBEHHOCTHM TEOJIOTMYECKOIO CTPOEHMA KOMILIEKCA

Xapaxrepucernra Kybagpuncko-Kypaiickoii zoubI
peruonajbHOr0 Meramopguzma

OTa 30Ha gBAfercs MOPHONOTHUECKMM BHIpAaXKeHHEM [Ba perdoHaib-
Horo Kybagpuuckoro pasioma, BXOLAIIEro B cocTaB caoxHoro Capacus-
cko-Kypaiickoro rayGHHHOTO pas3aoMa, KOTOPBIH CUMTAETCs OJHOH M3 JpeB-
gefimrux (BO3MOXKHO, CHHHIICKO-KeMOPHHCKOH 1m0 Bospacty) cTpykTyp [opHO-
ro Anras (B. A. Kysmeuos, 1952, 1962, 1963). Ky6aapuHckuii pasiom
npelacrapaser coGoil nuHeliHoe, KpyTomajaloulee HapylleHHe, HMelolee
B IJ1aHe XOPOIUIO BblpaxKeHHyIo Ayroo6pasnyio ¢opmy, o6palleHHyI0 BbIIYK-
JIOCTBIO Ha loro-3aman (puc. 3).

Mopodoaorust Ky6aapuucko-Kypaiickoii 30HB CMATHA OUYeHb CJ0KHA
W B COBPEMEHHOI CTPYKTYPE NPeACTaB/IAeT MoJOCYy HHTEHCHBHO MeTaMophu-
30BaHHBIX TIOPOJ, TMPOC/exRuBaloulyioca u3 Bepxosbes pex Mabayrem, Ky-
pafika, Ky6aapy B paiion Teneuxoro osepa. 3oma obaamaer OGonee HIH
MeHee BBHIIEPIKAHHBIM INPOCTHpaHHeM Ha ceBepo-sanmaj (as. 290—330°)
W MajfeHHeM Ha CEeBepO-BOCTOK HOX yraamu 75—~85° uwacro HaGI0LalTes
pepTHKaJbHbIe yrabl nafenus nopoi. Ilupura nomoc meramopdH30BaHHBIX
nopox Koaedjaerca or 6 1o 12 Ku. 3oHa cMATHS OrpaHHYeHa BBIIEpIKAHHBI-
MH Ha [ECATKH KHJIOMETPOB TEKTOHHUECKHMH Pas/oMaMH, 00pasyIOIHMH
cBOeOOPA3HYI0 TMEPHCTO-TIOCTPOCHHYIO CHCTEMY Pa3phIBHBIX CTPYKTYp, CBf-
3aHHBIX ¢ OCHOBHBIM PerHOHAJbLHBIM pasjoMoM. B pesyabrarte mepemelieHuii
OTAENBbHBIX GJOKOB II0 THM pa3phlBaM BAOJDL 30HBI ¢c(DOPMHpPOBaNach CHAOXK-
Has CHCTEMAa YeliyiiuaThiX HaJABHTOB.

B npenesax H3yuyeHHOro paiioHa N0 30HE CMATHS CONPSraloTca IBe
LPeBHHe CTPYKTypHO-(popMalnonlble 30HB — bulicko-Karynckas u 3anan-
no-Casnckas (Tenenxad),— pasquuHbIe KaK [0 T€OJOTHYECKOMY CTPOSHHUIO,
TAK W TO JHTOJOIHUECKOMY cocraBy Toaml. B paspese bBuiicko-Katynckoi
CTPYKTYpHO-DOPMALHOHHON 30HBl BblAens0TCA: GapaTtansekas 3¢ Qy3HBHO-
ocamouHas CBHTA (Sn); apelXKaHCKas (MaHXKEPOKCKasi) CBETa, CJIOKEHHas
MJarHOKAa30BbIMU  nophupuramMu, rtydamu u  guadbazamu  (Sn—Cmy),
axkTamickas (KauMcKasi) CBHTA, NMPeACTaBJAeHHAS MHPOKCEH-IIATHOKIA30BH-
MU mophHpUTaMH, Ty(haMH, claHLaMH ¢ PeAKHMH NPOCIOSIMH H3BECTHAKOR
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Puc. 3. Cxema reoJornueckoro crpoemus KyGampuucko-Kypaiickoit 3omb meraMopguaMa (cOCTABHI B. A. Ckypumun o matepianam B. A. Kys-
genona, A. C. Myxuua, B. A. Jlacpkosa, B. H. Tapacko, M. H. Jlanna, A. A. OGonenckoro, B. A. Ckypuauna, A. 1. KoHoHoBa): .

| — kyGaxapuuckas  (apuipKaHcKas) CBHTA Sn—Cmy; 2 — akraumckas (kaumckasn) ceura Cmu—gz 3§ — GaluKaycckas cepus (kypaitckas ceura) Cmy—Oy;
4 — akecaiickan cBura Jlp'; § — ramanturckas ceura Mo', 6 — waranysyHCKmit runepGasuToBElt KOMMIeKe; 7 — KyGaapHHCKU rpaHuTOHAHEIR KoMmnaeke; § — TaimH-
JuHCKHI  rab0po-AHODPHT — IPaHOAMOPHTOBLIL KOMIJIEKC; 30HW Meramopdiuama: 9 — XIOPHTORAA, 10 — GuotuT-ampubononas, 1l — 6uorHToBaid, 12 — GHOTHT-IPa-
HaToBAN, /3 — KOpaMepuToBad, J4 — CHANUMANWTORAN, 15 — TeKTOHHYECKHE HApylUIenus,



(Cmy_.). B cTpoenun Tesenkoil 30HbI y4acTBYIOT OTJOMNKeHHs Gamrkaycckoil
cepun (Cmy — O,), kOTOpbie pacuIeHsiorcs Ha TPH CBHTHl (CHH3Y BBepX):
[OpHO-a/TANCKYI0, KYMYPIAHHCKYI0 M apTiamickylo. CylOMXKeHbl 9TH CBHTHL
PUTMHUHO TepPecJaHBAOUIUMHCS Necyano-aJeBpHTO-CIaHIeBbIMH TOJIILAMH.

MeramopdusMy noABeprJHch, B OCHOBHOM, NecuaHO-claHleBble TOJIIH
GalKayccKoii CepHH, CJAAHI(Ll H MeCUaHHKH KyOaJPHHCKON M KaWMCKOH CBHT.
B pesysibrare MeramopdH3Ma B pafioHe BO3HHK/IH LIECTb PasiIHYHBIX O
cTenedn MeraMmopduaMa Hu nocae 0BaTeNbHO CMEHAOIHX OJHA APYTYIO 30H:
xJopHTOBas, GHOTHT-aM(HGON0Bass, GHOTHTOBAs, OHOTHT-TPAHATOBAs, KOp-
JUepHTOBAA H CHAJHMaHHTOBAs.

Pacopocrpanenne, pasvepsl 1 QOPMEI MaCCHBOB
RyOagpMHCKOT0 KOMILIEKCa

B npenenax Kyoaapuucko-Kypaiickoli 30HB cMsiTHS Cpead rayGoKo
MeTaMop(hH30BaAHHBIX MOPOA HAGAAAIOTCS TPAHUTO-THEHCHI, rHeHCcOo-TpaHu-
TBI H 110PQPHUPOBHAHEIE TPAHHUTEL, 00pasyloulHe pasHoo6pasHple Mo pasMepam
u topme Teqa. OcobeHHO WIHPOKO pacnpocTpaHeHbl OHH B  0CeBOH 30HE
Kypaiickoro xpe6ra (B Bepxobnrsix pexk Kuwispui-Tamka, Kypaiika, Te-
paHaxuK) H B Gacceiine pek Ky6anpy—KeicxbimTy6ek. Bech 310T KoMILIeKe
uMenyercs KyOaipHMHCKHM, MO HA3BaHHID KPYIMHOLO M XOPOLIO H3BECTHOrO:
B paitone KyGanpuuckoro maccusa.

Tena rpaHHTO-THEHCOB W THeflCO-rPaHHTOB OOHAPYXKHBAIOT UETKYIO 3a-
BHCHMOCTb OT CTPYKTYPhl BMeIAiOUIHX MOPOX, HMEIT YAJHHEHHYIO aKMOJH-
tToobpaszuyio GopMy u pacnonaraloTcs B BHAE YePeAyIOUIHXCS NOJOC TPaHH-
TO-rHeficoB u rueficos. [lo mpocTHpanuio OHM MPOCARKHBAKTCA HA COTHH
H ThicAYM MeTpoB, npu wxpuHe 50—100 u Gonee MeTpoB. DTH Teda B GOJB-
WHHCTBE €1yyaep He MMEIOT WeTKHX TPAHHI C BMELAIONIHMH HOPOJXaMH.
[Tepexoa OT KPHCTAJNHYECKHX CJaHIEB K IPaHUTO-THecaM MNOCTeNeHHbI,
uyepes 30HLI HEPABHOMepHO (eNbAuIaTH3IHPOBAHHBIX MOPOJ, CPedH KOTOPHIX
BCTPEUAIOTCA THelchl ¢ elHHHYHBLIMHE KPHCTAJMAaMH IOJEBOTO INTaTa M rHell-
Cbl, cHabHO obOramensueie nopgupobaacraMu. AHAJOTHYHBIE MPHMepbl rpa-
HHTH3AIHH MeTaMOp(pHUECKHX [OPOJ OTMeYaloTCs MHOTHMH aBTOpPaMHU:
A. Cumonen (Simonen A., 1948, 1960), Mum II. (Mish P., 1949),
Xepm M. (Harme M., 1958, 1959), Hnmren A. E. T., Hurea K. XK.
(Engel A. E. T., Engel C. G., 1958), Mapmo B. (Marmo V., 1962), ®enu-
u M. (Felici M., 1964).

Cob6erenno KyGanpunckuit maccus (puc. 4) 3anuMaer ropasno 60.b-
Y0, YyeM MaccuBbl oceBoil donel Kypalickoro xpe6ra, miouianb, HaMepse-
MVI0O B 75—80 k% ¥ OTHOCHTCS K MNJYTOHAM BTOPOH BeJUYMHBl COLVIACHO
Kaaccupukauny HHTPysuBHeiX tea no I'. Knoocey (1928). 910 Tak nasbiae-
Mblil THefco-rpaHHTOBLIH miyTod. B reosornyeckom orHouwennu KyGanpuu-
CKHI MaccHB M OKDYXKAIOUIHe ero NMopojisl INPEACTaBasSOT coboii  Gojee
NPHIOAHATBHIH ¥ TAy0Ke AeHYIHPOBAHPWH GJIOK 11O CPAaBHEHHIO C OCeBOH
soHoi Kypafickoro xpe6ra. CBoeoGpa3ne pa3MellleHHs MacCHBA 3aKMOYaeT-
€1 B TOM, 4TO OH 3ajeraer cpeiu nopox xkybaapuuckoil csutoi (Sn—Cmy)
Ha MecTe HCXOAHBIX BMellalomux ToquL Ge3 NPH3HAKOB Pa3IBUraHus CTCHOK
MarMaTHYecKo#l KaMephl. B miane on coxpanseT TOT JKe XapakTep CTPOeHHS
B BHJle NMepeMeIalomuXcsi «IoJN0oc» TpaHUTO-THeficOB, THelcO-rpaHATOB
W rHeiicoB. I'panuTo-ruefickl Ha OTAedbHBIX ydacTKax NepexomaT B mopdu-
POBHIHbIE TPAHUTHL (pHC. 5).

MaccuB uMeeT YIAJHHEHHYKO B CeBepo-ceBepo-3amajHOM HallpaBJieHHH
¢opmy, coriacHyio ¢ OGLIHM NMPOCTHPaHWEM TEKTOHHUECKHX CTPYKTyp. I'pa-
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Puc. 4. Cxema reogormueckoro crpoenusi Kyoagpuuckoro nayrona (no B. A. CKypHAHHY):

1 — ranepGasuth; 2 — KyGazpuuckasi cBHTa Sn— Cmy; 3 — akramckast csuta Cmy_a; 4 — Gatlkaycckas

cepua Cmy—0;; § — rueilco-rpaunTsl, rpanuTO-rHefickl KyBanapHHCKOro MAYyTOHA; 6 — nopHpoBHIARLIE

GHOTHTOBbIE TPAHHTH; 7 — JefKOKpaToBhle TPaHuThl; § — rPaHOAHODHTE H AHOPHTLI; 9 —Tena anjiuToB
H MermMaTtHToB; /0 — TexTOHNYECKHEe HapylueHHs,

WUl MACCHBA C BMEINAIOUINMH TOMAMH HeueTkHe (IOITOMY HA reosorkye-
CKHX KapTax H CXeMaX OHH IpPHBOAATCA ¢ GOJbLIONH CTEleHbI0 VCJIOBHOCTH) .
B 3TOM OTHOLICHHH HHTepPeceH IOro-salafHblii KOHTAKT. 3[ecb, cpelH
OHOTHTOBBEIX M OHOTHT-TPAHATOBLIX THEHCOB, MOABJSIOTCS CHa4Yala PEILKHE,
a GJHJKe K MacCHBY BecbMa OGHJbHBIE, BKpANJICHHHKH KaJHEBOTO MOJEBOTO
wnata u ksapua. O6pasyloTcst 30HB MHI'MATH3alHH, KOTOpHIE MOCTENEHHO
NepexoisAT B THeHCO-TPAHHTHl H OHOTHTOBDLIE TPAHHTHL B BoCTOUHOH H ceBepo-
BOCTOUHOI YacTAX MACCHBA 3Ta OCOGEHHOCTb CTPOEHHsl BEIpaxkKeHa ciniaGo,
COOTBETCTBEHHO M IPAaHMIBl €r0 3lech IpHoOperaloT 0ojiee UeTKH{ Xa-
pakrep.

OcoGeHHOCTh CTPOCHHA 3HIOKOHTAKTOBOH 30HbI KyOaapHHCKOro Maccu-
Ba 8AKJIIOYAETCS B TOM, 4TO B OTAeJbHbIX ee yuacTkax (p. KeicxbiuryGex,
neBuiit nputok p. KyGaapy) mnosiBasiorcss NOpoAsl, 6aH3KHE IO CTPYKType
¥ MHHepaJbHOMY COCTAaBY K TPAHOJHOPHTAM H AHOpPHTaM. B pacnpeneneHHH
CAArallHX MACCHB IOPOJA HET CTPOrofl 3aKOHOMEPHOCTH: TPAHHTHI, IHODH-
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Puc. 5. Teonorndeckoe ctpoeHne HentpanbHoit wacty KyGaapHHCKOTO IayToHA:

1 — MeramMopdhHIecKHe caaHUpl; 2 — IPAHHTO-THelCH M rHefico-rpaHuThl; 3 — NOpHHPOBHA-

HEle GHOTHTOBBIE TI'DAHHTHI; 4 — JefKOKpaTOBble TIPAHHTHE; § — rPAHOMMOPHTH; 6 — AHOPH-
ThI; 7 — TeKTOHHUEecKHe HaDYLIEHHS.

Tbl, TPAHOAHOPHUTEL BCTPEUAIOTCA KaK B KPaeBhIX, TAK H B IEHTPAJbHLEIX €ro
gacTsax. M Bce :Ke MOpoAnl JAHODHTOBOTO M TPaHOJHODHTOBOIO COCTABa
BCTPEeYaloTCsl MPEeHMYIecTBeHHO B KpaeBhIX 30Hax Mmaccusa. Muoraa B mac-
cHBe Ha0JI0/al0TCs PEJHKTHl BMEU[aloUuX MopoJ, COXPaHSIOIIHE OpPHEHTH-
POBKY, COTVIACHYIO C NpocTHpaHueM toaul ‘B mpemenax KyGanpuuckoro
MaccHBa mpouecchl (peapAlITATH3AUHE B 5K30KOHTAKTOBOH 30HE NMPOSIBHIHCDH
B HECKOJIbBKO MeHbllem 0OGbeMe, ueM B oceBoii 3oHe Kypalickoro xpe6Gra.
Pafion paspuTtHs muyrona B BepxoBhax pek KyGaapy u KeicxwlimryGek
NpEeACTaBJsACT 30HY, TAe IPOM30ILJIA IOJHAs TPAaHHUTH3ANHS BMeIlAIOUHX
TOJIIL H o6pa3oBaHKe TPAHHTHOTO pacimiaBa (Marmsl).

3, HETPOrPAPHMIECKME OCOBEHHOCTH IMOPOJ KOMIUJIEKCA

[Terporpaduueckyio xapakKTepHCTHKY NMOPOJ KyOGaIpHHCKOTO KOMILIEKCA
HeoOXOMHMO HAyaTh C aHAJH3a IOPOJ 30HLI MeTaMopduaMa, TaK Kak Hcele
JOBaHHs NOKAa3aJH, yTo 00pa30BaHHI0 IPAHHTHOH MarMmbl NPeAlIECTBOBAJH
aApoueccsl MeTaMOp(dH3Ma U IPAHHTH3ANHH BMEIIAIONIUX TOJIII.
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Ierporpadmueckas XapakTepyCTHEA IOPOA 30HEI MeTamopdusma

Kak yxe ormevanoch, B mnpefenax Ky6Ganpuncko-KypaHckoi 30HEL
CMATHST BHIACJAIOTCH LIECTh NOCJAEAOBATENbHO CMEHSIONIHX APYr Apyra 30H
MeramopduaMa: xJopHTOBaf, GHOTHT-aM(puOOg0Bad, OGuoTHTOBAas, GHOTHT-
rpaHaroBas, KOPJIHEDUTOBAasA H CHIJIHMAaHHTOBAS.

IOpOAH XNOPHTOBOH B3OHH CIACAKNT [Be MOJOCH LIHPHHOM
10 4 KM, BHITAHyTHIE B 3alajHOM H CeBePO-3allalHOM HampaBJeHHAX.
O6pasysack B nepudepHYECKHX 4YacTSIX 30HbBI MeTaMOp(u3Ma, 3TH MOPOJALL
nambojiec IIMPOKO pacnpocTpaHensi B BepxoBbax pex Kybampy, Kypaiika,
Kypymuy-Afipel; OOGLIYHO OHH SIBIAAIOTCA IIePeXOAHBIM 3BEHOM  MeXAY
necyaHo-CcAaHIEBBIMH OTVIOKEHHAMH M NOpPoJAaMu Oojee BHICOKHX CTyIeHEH
MeraMoppusma.

[Topofibl 30HBI NPeACTABJeHBl XJOPHTOBLIMH, XJOPHTO-CEPHIHTOBLIMA
H KBapI-XJOPHTO-CEPHLUHTOBLIMH CHAaHIAMH TEMHO-3€JICHOr0, 3€JIeHOro
I 3eJeHOBAaTO-Ceporo liBera. BerpeyaloTcs TakiKe TEMHO-Cephle H CBETJO-
cephle CHaHUbl ¥ MECYAHWKH — PeNUKTH HeMeTaMOp(UIOBAHHEIX NOPOA.
B X/JIOPHTOBBIX, XJOPHTO-CEPUIUTOBLIX H KBAPI-XJOPHTO-CEPULHATOBBIX C/IaH-
[aX OTUETJHBO BHIAEJAIOTCH OIHOPOAHBIE, I0/0CYATEIE, NJIOHYATHIE TEKCTY-
pel (puc. 6).

B nopojax HaGa10fa10Tcs GJacToneNuToBas M 0J1acToa/1eBpONeTHTOBAs
cTpykrypsl (puc. 7). MHorma Xopomo BHAHO MHKpOMNOJOCHATOe CTPOEHHE,
00YCJI0BJACHHOE CKONJICHHAMH TOHKOOGJOMOYHOTO MaTepHala, 4acTO HMeIo-
My JauH3oobpasnyio Qopmy. lllupuHa TAKHX MNOJOCOK KoJebaercs OT
0,1 mm no 1 c¢m. Tlopoast cocrosr u3 xaopura (40—80%), wmyckosura
(20—50%), xBapua (10—30%); B BHIe eAHHMYHBIX 3epeH BCTpeyaloTcs
afibOWT ¥ SNMAOT. B 30HAaX Nepexoia K nopozaM Gojee BHICOKMX CTYHeHew
MetaMop(H3Ma B XJOPHTO-CEPHUHTOBBIX CAAHLAX MOSABJAIOTCA KPHCTAJLIBI
am¢uooa.

Xaopur mabaiofaercss 37ech B BHIe MEJKHX uyellyeK pasMepoM
0,017%0,4 mmn u 0,15X0,6 mm ¢ HempaBUALHBIME 3yOuaTHIMH OUepTaHHSIMH.
Yemwyikn Nae0XPOHPYIOT B CBET/IO-3€JEHbIX TOHAX; YacTHl H30TPONHBIE Cpe-
3bl. MHOrza B XJOpHTE BCTPEUAlOTCA YeTKHe IOJMCHHTETHYECKHEe ABOMHHKH
¢ He3HAYMTEeJbLHBIM YIVIOM [OTaCAHHS.

Ksapiu paccesin B MOpPOJie B BUAEe MEJIKHX MPO3PAuHLIX 3€PHEBILIEK ¢ MPH-
XOTJUBBLIMH IJIAMeBHIHLIMH OYepTAHHAMH., PasMep 3eped M0 JHArOHAJH
xozetaerca or 0,005 no 0,15 mm.

CepHIHT, KaK H XJOPHT, GecrmopsfoYyHO pacmpeleneH IO BceH Macce
TOPO/IbL.

SnHIOT BCTpeyaeTcs B NOPOJAX B BHAE COIHHHUHLIX 3¢PeH HJIH He3Ha-
unTenpHbIX Mo pasamepam (0,2x0,3 mm) cromnenui. Munepan obaazaer
caabuIM IJIeOXPOH3IMOM B 2KeJTOBaTO-3€JIeHbIX TOHaX.

AvduGos (aKTHHOJHT-TPEMOJIHT) B BHIE TOHKHX VIJAHHEHHBIX KpHCTaJ-
JoB GecrniopsAoYHO pacnpefenen B waadax. Munepasi crafo naeoxpoHpyer
OT CBeTJIO-3€JIeHOr0 ¢ roJay0oBaTeIM OTTeHKOM mo ocH Ng nxo moutu Gec-
nBeTHoro mno ocH Np; Zc :Ng=12—14°; Ng—Np=0,014—0,C20.

Iopoarm OuHoTHT-aMPuGOMOBOH 30HB  pPACHPOCTPAHEHHI
He OYeHb LIMPOKO, HAMH OHH HaO0JI0AAJNNCh B BEPXOBbSX pek KuicxplliTyGex,
Apay-Aiipe, Kybanpy. B obwem psany meraMop@uUecKHX HOPOL OHH SIBJIs-
I0TCA MePEeXOAHBIMM MeXJY NOopoaaMM XJOPHTOBON W OHOTHTOBOR 30H.

B cocrare mopox 20HE mpeoGiagaior GHOTHT-aM(puOOJOBEE, KBapIl-
GuoTHT-aM(puGoNOBbIe M KBapU-aM(pHO0I-OHOTHTOBBE CJAAHIB TeMHO-3eJie-
HOTO, mOuTH uepHoro usera. CTpykTypa mopolL MeNKO-cpelHe3epHHCTAS.
Tekerypa — nesicHononocuaTas, o0yc/lOBIeHHasl uepelOBaHHEM OUEHb TOH-
Kux (or 1 mo 3 mm) OGHOTHTOBHIX, aM(PHGOJOBEIX H KBapLUEBHIX MOJOCOK.
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Puc. 6. Xaoputo-cepuiiToRKil claneln 30HH CMATHS ¢ NIORYATOR TEKCTYpOiL.

Puc. 7. Kpapu-x10put-cepuuntopsiii caanell ¢ 61actoanes

PONENHTOROH CTPYKTYpoOil; nadio-
AlaeTCst MUKpOnoJiocuaToe crpoenke nopox. (¥s. 17, ¢ aHa/MH3aTOpPOM. )



IIpn MHKPOCKONHYECKHX HCC/IeJOBAaHMAX YCTAHABJIHBAIOTCA JIeMHIOrpa-
#oGaacrTosasi, rpaHojienuaobaacToBas H MHKpOrpanoG/aacroBasi CTPYKTYPHI,
OTAMYAOIHEeCs APYT OT JApyra TOJBKO KOJHYECTBOM UellyiduaTelX, JHCTOBA-
THIX U H30METPHUHBIX KPHCTaJJIOB.

OcHOBHBIMH NOPOAOOOPA3YIOIMMH MHHEpadaMH CJAHIEB fBJIAIOTCA
am(pu6os1, GHOTHT, KBapll, HHOIJa BCTPEUAlOTCs eJHHHYHblE KPHCTa/IbL
anbfbuta, XJ0pHTA, 3MHIOTA.

AMbuOOT (aKTHHOAMT-TPEMONHT) cocTaBaser or 25 mo 65% Bcero
obbemMa mopoibl. Kpucrajanbl uMeloT yAJAHHEeHHYIO (opmy, pa3Mepbl HX CO-
crasasiior 0,04530,45 ma, 0,10X0,43 mm; NIEOXPOHPYIOT OT CBETJIO-3ejie-
HOrO 10 ocH Ng 10 KeJATOBAaTO-3€JEHOr0, MOYTH GecUBeTHOro mo ocH Np.
Vroa ¢ : Ng HemocTOsiHHBIE H H3MeHsercss B Inpefenax ot 14 po 18°
Ng — Np=0,04—0,02.

Buorut (mo 409%) obpasyer MelkHe, HeMmpaBHAbHOH (GOPMBI UELIYHKH,
pexe — yAJHHeHHble TaGauukH pa3mepom mo 0,2X0,5 mm. Arperathl Mein-
KHX uellyeK GHOTHUTA, BHITAHYThHIE B HAIPaBJEHHH CJAaHLEBATOCTH, 00YCJI0B-
AHBAIOT CJ1aGOBBIPAXKEHHYIO 10J0cuaTocTb. MuHepasa o6aagaer OTYETIHBBIM
IEOXPOH3MOM OT TeMHO-Oyporo no ocu Ng [0 CBeT/I0-COJIOMEHHO-KENTOro
no ocu Np. [Tokasareab npeaomaenus Ng=1,639+0,002; obmas xKenesu-
crocts Fe: (Fe+Mg), onpenenennasi mo nokasarenio npenomaenus (Hu-
kutHHa, 1963), cocraBiasier 44—46Y%.

KBapiu BcTpeuaercss B BHJe 3epeH pa3HooOGpasHoit ¢opMbl, HMelO-
KX NJaMeBHAHble H OyXTOOGpa3Hble ouepTaHus. Pasmep 3epen kKosebaercs
or 0,05 no 0,25 mm. EcTb cKOmIeHHs MeJKUX 3epeH KBapila, B HHX BCEraa BHII-
HBI CJ1eJbl OHOCTOPOHHEro JaBJeHHs, BhIpaK alollnecs B 001aYHOM yracaHuu.

Anp6ur peako comepkut Gomaee 8% aHOPTHTOBOH MoJeKyanl H HaGJlio-
faeTcsi B HeGOJBIIOM KOJHUYECTBe B BHAE Meakux Kpucrasios (0,07 X0,09 mm).

B uingax cojepxarca MeJKHe UelIYHKH XJOPHTA, PasBHBAIOIIErocs
06BIYHO 110 GHOTHTY.

ONUAOT NpHYpPOYeH K TpeUlHHaM chnaiHocTH B GuoTHTe M amduoboIe.
Munepan o6aagaer oueHb CJIa6GBIM IMJIEOXPOH3MOM OT 3KeJITO-3€JIEHOr0 10
ocu Ng 0 cBeTsI0-3eeHoro 1mo ocH Np.

M3 akueccopHbix MHHepaJoB B LuH(pax Bcrpedaercss WupkoH. OGBIYHO
CH NpejicraBi]eH H3oMeTpHUYHBIMH Kpucraanamu (0,07 0,05 mm), npuypo-
SeHHBIMH K OHOTHTY; BO BCex CJydasiX MHHepaJl OKpY:KeH IJ1e0XpOoHY-
HBIMH JBOPHKaMH.

[Topoas GHOTHTOBOJ 30HE MeTaMopdH3Ma pacnpocTpaHeHB!
B npefesax ONHCHIBAEMOH CTPYKTYPHl He HIHPOKO, B OCHOBHOM OHH HabJIio-
JaJuch HaMH B BepxHeM TeueHHH pek Kypaiiku, Ky6aanpy, S$pay-Afipsi;
B BepxHeM H HHKHeM TeueHHH p. Kulcxeimtybek. [[lupuna soHBl cocTaBaseT
0,3—0,5 km u penko mocruraer 1—2 xu. I'paHHLBI MeXAy MeHee MeTamop-
(GH30BaHHBIMH NOPOJaMH H NopofaMH GoJiee BHICOKHX CTYIeEHeHl MeTaMmop-
(u3Ma YCIOBHEL, NOCKOJBLKY IepeX0Anl MeXIy 30HAMH MOCTeleHHbIe,

ITo merporpaduyeckoMy cOCTABYy B 30HE BBIAEJSIOTCA POTOBOOGMAHKO-
BO-OMOTHTOBbIE M OHOTHTOBbIE CJaHIbl. PoOroBooGMaHKOBO-GHOTHTOBHIE
ClaHUBI OTJHYAIOTCA OT OHOTHTOBO-POrOBOOOMAHKOBEIX MPEeABIAYINEH 30HBI
JALIb GOJBUIHM KOJHYECTBOM OHOTHTA, H NMO3TOMY HX XapaKTEPHCTHKH MBI
He NpHUBOJIUM.

BuoTHTOBBHIE ClAHLB TEMHO-KODHUHEBOTO, IOYTH YEPHOLO IiBera,
CpeJHe-KPYNHO3ePHHCThIE, BCErjJa C XOpOIIO BBIPAXKEHHOH CJaHUeBaToMH
Tekcrypoit. Muorjga umelor mosocuaTtoe cTpoeHHe, 00YC/IOBAEHHOE uepeno-
BaHHEM II0JIOC, COCTOSUIMX H3 MEJKHX H KPYNHBIX KPHCTAJNJIOB GHOTHTA.

OcHOBHBIMH 1OPOA006GPa3yIOHMHE MHHEPaJaMH ONHCHIBAEMEIX NOPOJ,
ABJAIOTCS GHOTHT, KBapll, NOJIEBOH IINAT; BCTPEUYAIOTCH TaKKe eIHHHUHBIE
KpHCTaJJbl IHPKOHA, anaTHra u cdena.
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BuoraT B Meramopduueckux caauuax (B. A. Ckypuaun, E. M. Hukn-
1uHa, 1964) cocrasasier or 85 mo 90% wu mpexcraBaeH KPYNHBIMH YeLIyiKa-
mu pasmepom ot 0,5X0,6 mo 1,0X1,5 cu. Uemyiiku 3HauHTeNBHO AedhopMHu-
pOBaHbl, Kpasi HX HMEIOT HepOBHble INIaMeBHAHBIe oyepTaHHs. LIBer mMuue-
pana Gyphlil, TeMHO-GYpBIH, HHOTJ A Ha6G/10gaeTcs OUeHb clalblil 3eJIeHOBaTHIH
orTeHOK. [l1eoxpousm peskuii: Ng — TeMHO-6yphiil, Np — comomenno xen-
thlil. [TokazaTtens npenomaenus Ng=1,6360,002; obmas mxeneancrocts Fe:
(Fe+Mg), onpenenenHas o nokasartenio npejaomaeHHsi, pasua 429%. Yroxa

Tabmuma 2
XHMHuecKHH aHaaH3 GHOTHTOR

Homepa npob
1 2 3
OxHCAB
nee. 5 IR nee xS R,

510, 39,90 664 38,00 633 38,80 646
TiO, 2,21 28 2,37 30 2,37 30
Aly0; 18,00 177 17,50 172 17,44 171
Fe,04 3,52 22 3,05 19 3,60 23
FeO 12,59 175 13,94 194 13,03 181
MgO 10,50 260 12,09 300 11,56 287
CaO 1,06 19 0,63 12 0,63 12
MnO 0,45 6 0,57 T 0,58 8
Na,O 2,04 33 G 27 1,98 32
K.O 5,43 57 4,85 52 5,10 54
HyO ™ 3,44 191 4,06 226 3,88 216
H,O~ 0,80 A 0,90 50 0,75 42
3 99,94 99,68 99,72

onTHuecKuX ocefi (2V np), 3aMepeHHBIl B KOHOCKOMe, cocrapjser 14—15°,
Jlucrepcuss ONTHUECKHX OCell HMeeT xapakrep r<v. XHMHUECKHH aunaaus
6HoTHTOB (Taba. 2) IO3BOMHJ BLHIBECTH CHIEAYIOIIHE KPHCTAMIOXHMHUECKHEe
thopmyanr (mepecuer — mo metony B. C. Cobomena, 1949):

1. (Kp,1N855Ca 55)g, 54 (Mg, ’1,,F8$35Mnn‘0213e*‘3}\10,45'[10'1 s ,71[OH}2]A] 1,205 3

0,2

044]0,02 H,0;

2. (Kﬂ.-;sNat),24can,('5)o,75 (Mg, ,31Fe;ﬁs‘““o,ospe;fsA]GmTio 13)2,52[OH] Q)AI] 5

Siy 5040

0,22 H,O0;

3. (Ko,5N2g 55Cay, 1) 51 (Jng’?ﬁFegjngnO‘ﬂEFe;faA]m Tiy 13)2,00 [OH]5 [Aly

Si, 4019

0,13 H,0.

M3 nanupix XHEMHYECKOro aHagH3a CIe/yeT, YT0 GHOTHTBI COAep:KAaT
42—43Y% xemesucroro n 57—589 MarHe3snaJbHOr0 KOMIIOHEHTOB.
KanueBrli monesoit mmar cocrabaser 5—7% or obumero o6bema
TOPO/IBI; HHOTZA OH HMEET OTUETIHBYIO MUKPOKAHHOBYIO PELIeTKY W 3HauH-

Tii“l:HSOS KOJIHYECTBO CTPYHUATLIX MEPTHTOB. PasMmep 3epen  KocTHraer
D M
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Ksapu B xosnuecrBe 5—109% GecnmopsjouyHo pacmpeleneH IO Bcei Mac-
ce nopoas. Oun ob6pasyer wmeakue (0,8X1,2 mm) nenpaBunbHOir GOPMBL
3epHa; Bcerla ob6aajgaer o6sauneiM noracanueM. QuepraHus 3epeH O4YeHb
clI0}KHble — 3a3y0peHHEBIe, IIJ1aMeBHAHLIE.

M3 akieccopHbIX MHHEpPAJoOB B IujJu(pax BCTPEUalOTCs LHPKOH, alaTHT,
chen. llupkon B BHIAe M30OMETPHYHBIX H YAJHHEHHBIX KPHCTaJJOB, YacTo
¢ XOpOLIO 3aMeTHHIMH MHPaMHaJdbHBIMA OKOHUAHHAMH, pPasMep KPHCTAJJIOB
pocturaer 0,05X0,5 mm; accouuupyer ¢ OGHOTHTOM. ATAaTHT COAepPKHTCS
B NOpPOAAX B HE3HAUHTEJIbHOM KOJHUYECTBE B BHJe KOPOTKOCTOIOYATHIX,
HrOJILYATHIX  KPHCTAJJIOB, OTMEUAlOTCS 3epHAa HeNpaBHJIbHOH  (OpPMBEL
HauGonewnii pasmep xpucramnos 0,1x0,2 mu. Ilpuypouen munepasn:, B oc-
HOBHOM, K GHOTHTY.

Cden BcTpeuaercss B BHIe MeJKHX 3epeH HENpPaBHJbHOH, peme pomGo-
BHIHOH, (OPMBI B NPOMEKYTKaxX MeXKIy KpHCTaJjJaMH GHOTHTA M KBapla.
Pasmep xpucraamos 0,030,056 — 0,05X0,1 mn.

Buorur-rpanartoBas 3oHna. [lopoan 3Tofl 30HBI pacmpocTpa-
HeHbl HauOogee mHpoko. OHE cjaaramT ABe MOJOCH B Npenenax OcCeBOH
sonnl Kypaiickoro xpe6Ta, a B ceBepo-3amnaJHON UacTH palOHa MOSBJIAETCH
TpeThs nojioca. MomHoers monoc koaebaerca ot 0,8 mo 2,5 xam. Ilopoast
30HBI CBfI3aHbLI NOCTENEHHLIMH [ePeX0JaMH KakK ¢ OHOTHTOBLIMH CJaHILAMH,
TaK H C CHJIJTHMAHUT-TPAHATOBLIMH NOponaMH. B cocraBe uX BBIIENSAIOTCH
GUOTHT-TPAHATOBBIE CHEHCHI M OHOTUT-TPAHATOBbIE CJAHILL, HMeEIOUHe MexK-
Ry cofoil mocTeneHHble NMePexoabl H OTIHYAIOLIHeCs JHIIb KOJHYECTBEHHLIM
coflep:KaHHeM caJHYecKHX H (eMHyecKHX MHHepaJoB. B Mecrax mepexonos
0T OHOTHT-TPAHATOBOH K CHJJIMMAHHTOBOH 30He HaOaIAaercss JOBOJbHO
YACTHOE TepeciaHBaHHe OMOTHT-TPAHATOBLIX CIaHIEB H THEHCOB, He COMep-
AKX CHIJIHMAHHT, CO CJaHIaMH H THEHCaMH, B KOTOPBIX 3TOT BBICOKO-
FIMHO3EMHCThLI MHHEPaJ NPHCYTCTBYET.

buoruT-rpanatoBble THeHCH MAaKPOCKOMHUECKH MPEACTABAAIOT COOOI
TeMHO-CEPBIE MOPOJBLI C MEeJKO-CPEIHEe3CPHHCTOH CTPYKTYPOH H HEOZHOPOI-
HOH, ToJIoCYaTOH TeKCTYpoH. IIpH MHKPOCKOMHYECKHX HCCIEIOBAHMAX YCTA-
HaBIHBaeTcsl rpaHoOsacroBas, mopdHPOrpaHO6JACTOBAA H JENHAOTPAHO-
baacroBast cTpPyKTypel. IJlaBHBIMH mOpox000pasyoOUMMH  MHHepaJaMH
ABJSIIOTCA KBapll, IJIaTHOKJAa8, TpaHaT, GHOTHT, MOJICBOI WINAT, B eIHHHYHEIX
3epHax BCTPevaloTcsl HHPKOH, amaTHT.

Ksapu, cocrasnsiomuii no 409 obuiero o6beMa HOPOIE, NpeiCTaBAeH
Meakumn (0,07X0,1 an) n cpexnumu (0,5X0,7 #m) no Benuuune 3epHaAMH
C NPHXOTIHBLIMH 3a3yOpPeHHBIMM M IIAMEBHAHLIMH OuepTaHusMH. MuHepaJ
B OOJIBIIHHCTBE CJyYyaeB HMeeT oOJauHoe Moracatue.

KousnyecTBo niaruoknasa B nopoge cocrasnasieT or 15 no 35%, npen-
CTABJIEH OH OOBIYHO OJHrOKdasom Ne 25-—30. Munepan He3HAYHTEJNbHO
CEPHIIHTH3HPOBAH. Y

I'panar npucyrcTByer B mopogax B BHAe HAHOMOP(HBIX XOpOIIO Orpa-
HEHHBIX KPHCTAJJIOB, JHIIb HHOTAA BeTpeualoTcss GecdopMeHHBle 3epHa.
KomuyecTBo ero B Mopoiax HemoCTOSAHHO H  KoJMeGJAercs oT 3 0 15%.
B GoapmmHcTBe c/yuaes rpamar NpeicTABleH KPHCTALIAMH B duaMerpe
0T 3 mu o 1 cm. B mopdupobaacrax rpaHaTa HAGIIOAAIOTCH 3aXBayeHHbIe
M BO BpeMA pOCTa KPHCTAJJIBl KBaplia, ILIATHOKA434, BCe BKJIIOUEHHS
HMEIOT OKpyrayio GopMy. B GosblumucTBe ciiyyaeB rpaHuibl MexAy rpaHa-
TOM H OKPYJKAIOMIMMH €ro MHHepa/JaMH YeTKHe, JHIIb H3PeIKa BCTpeyalor-
Csl HepoBHLIE OyXTOOGpA3Hble OuepraHusi KPHCTAMIOB rpadara. UYemyiikn
OHOTHTA B KOHTAKTe C IPAHATOM HECKOJIbKO CXKATHI, UTO CBHIETENbCTBYET
0 IJIaBHOM pasiABHTaHHH OHOTHTAa BO BpeMsi pocra nopgupodaact rpaHara.

[lser munepaza B wryde Oypo-KpacHublli, TeMHO-KpacHeiil. [lokasatennb
npeaomaenyt Ng=1,795.



TaGnuna 3
XHMHYECKHH aHaJM3 rpamata

Homepa npo6 Homepa npob
OKHCAB C-1 c-2 OxHEAH C—1 C-2
MOJIeKYAAP- MOJEKY s P MOAEKYAsp- lMUnexy.'mp-
pec. % lunle kKoa-pa | Bec. % |Hple KOA-Ba Bec. % |unie kKoa-pa | pec. Y% lusvie koa-pa

Sio, (40,27 | 670,4 (39,89 | 664,0 ca0 |2,00| 38,0 |1,8 | 33,8
TiO, 0,39 5,0 | 0,38 4,0 Na,O i = L 18 il
ALO, (19,59 | 191,9 [20,23 | 198,3 ko lv e Peiat 1
Fe,0; | 0,18 1,0 | 0,30 2,0 8

FeO 26,94 | 3740 |26,72| 371,0 | P2:Os [0.41| 3,0 10,45} 3,0
MnO 3,89 54,9 | 3,40 48,0 H;0 0,03 1570502 14
Mgo | 6,03 | 149,6 | 6,10 151,0 b 100,07 99,51

Ha ocrHoBanum mepecueToB XHMHYECKHX aHa/au30B (rabi. 3) monaydenel
clelylollie KPHCTAAIOXHMHYeCKHe (DOPMYJIBI TPaHATOB:

3 :
1) (Mgo,rsFetazi'Mf‘o,wcao,19K0,02)3,oa (A}1,92Fe;r,oz)1,94 (312,98“0,02)3,00012 -
+ 0,37Si0,;

2) (Mgo,aFe::Mﬂo,zqcao.17)3,01 (All.gsFel_{(?z)z,o (Siyg5 T 02)5,00012 1 0,32S10,.

M3 panHBIX XHMHYECKHX AHAJH30B CJIeAyeT, YTO IpaHaThl OTHOCATCH
K MHpanbcnutoBoMy psigy. CocraB rpaHaToB:

1) anemanaun  (FesAlySizsO9) —60,69%, nmpon (MgaAleSizOs) —
24,1%, cmeccaptun  (MnsAlSisOps) — 8,9%, augpamur (CasFesSisOjs) —
0,2%, rpoccynsp (CazAlsSizO;g) —6,2%.

2) AJIbMaHIAHH (FE;;AIQSigO]z) = 61,50/0, Imuporn (Mg3A125i3012) 5 4
25,0%, cmeccaptun (MngAlySisOi9) —7,9%, augpamgut (CasFesSisOp3) —
0,3%, rpoccyanap (CasAlsSiz0y0) —5,6%.

[TpunangiexHOCTh rpaHaTta K yKasaHHOMY pafy Oblia NOATBepiKIeHa
pe3yJbTaTaMH PEHTTeHOCTPYKTYPHOTO aHa/aH3a, MPOBEJEHHOTO B JabopaTo-
pun penrrenorpaduu MI'nl’ CO AH CCCP anajutukamu H. M. 3103uHBIM
u B. M. TypGuusiM. Pacuer napamerpa sieMeHTapHOH AYEdKH @ paBeH
11,54 A, uto NOJHOCTBIO COBNAJa€T C COOTBETCTBYIOUIHMH MTaHHBIMH JIJIs1
aapMangnHa (Muxees, 1957).

Buorur (10—259%) umeer TeMHO-KOpHUHeBYIO OKpacky 1o Ng H cBeT-
J0-KOpHuHeBYyI0 1o Np. Munepaa o6pasyer kpynusle (10 1,5X1,2 cu) nop-
¢Gupobaactsl, cojaepsKaliHe HHOTAA MeJIKHe BKJIOUEHHS IMPKOHA, OKPYIKeH-
Lble TIJIEOXpOMUHBIMH JABopHkKaMH. IToxasarenp mpeaomienus Ng=1,632+
+0,002, uto coorsercrByer 36—38Y% o6mel xenesucrocTdH. B oTmeabHBIX
yuacTKax B rHeiicax HaOJ10/1al0TCA IOJIOCHI, COCTOSIIME MOYTH LEeJHKOM H3
yemyex OHOTHTA, IUMPHHA TAaKHX [OJ0OC Kojebaercs ot 0,5 mo 7 ca.

Kannespiit nonesodf mmnar cocrasiser okoio 15% oGbemMa nopomsl.
[IpeAcTaBien MHKPOKJIHHOM cO €aa00 BhIpaxeHHBIM JBOHHHKOBAHHEM MO
aJbOHTOBOMY H TepHK/IMHOBOMY 3akoHaMm. OueHb pegko HaGa01aercs
NepTHTH3ALMS KaJHeBbX NMOJEeBbIX WnaToB, [TepTHTOBLIE BPOCTKH IpencTaB-
JeHbl aJ1b0HTOM; B NPOJAOJBHOM CEYeHHH OHH MMEIOT BHJ KODOTKHX, HMHOTAA
H30THYTHIX BOJIOKOH, @ B [ONEePeYHOM — oBaabHyl0 ¢opMmy. - Cpepuuit
JHaMeTp NMepTHTOBEIX BpocTkoB oT 0,002 mo 0,01 .

Kopaunepurosas somna. Kopauepurosbie caianus u rueiics o6pasy-
I0T TEPEeXONHYI0 30HYy MexKAy OHOTHT-TPAaHATOBHIMH H CHJJHMAHHTOBBIMH
craniamMu. OHH pacnpOCTPaHeHbl NPEHMYIIECTBEHHO HAa CEBEPHOM CKJOHE
Kypaiickoro xpebra u ropasgo pexe BCTPeualoTcsi B OCEBOH €ro YacTH.
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[lo BHemmeMy BHAY — 5TO MAcCHBHEIE, TOHKOMOJOCYaTble MOPOABI, COCTOS-
HlHe N3 4YEepPeAyIOUIHXCcsl CpelHe-TOHKOKPHCTAJIHUECKHX CBeT/IO-CEPLIX H
TeMHO-CephIX, NOYTH YepHblX, Noaoc. B nopomax ormeyaloTcs JenHIOTpa-
HOGMacToBHle u nopdupobaacroBele CTPYKTYphl; TEKCTypa cJaHLeBaTas,
o0ycaoBJeHHAs cy6mapasielbHbiM pPAacloOoXeHHeM BBITAHYTHX Yellyex
GHOTHUTA M YAJHHEHHBIX 3epeH JeHKOKpaToBbIX MHHepasoB. [lopoxsl cocrost
H3 KBapIa, IIaruok/aasa, OHOTATA, KOPJAHEPHTa, HHOTAA B HHX BCTpedaeTcs
cunnumanut. KBapu cocrasaser 25—70% ot oObema mopoasi; Hadaona-
eTcsl B BHIe HENPaBHAbHBIX, HECKOJbKO BBHITSHYTHIX 3€peH C HEePOBHBLIMH,
TaMeBHIHBIMH ouepTaHHAMH; pasmep 3eped or 0,08 xo 1,2 .

ITnarnoknas npencrasnen oauroknaasom Ne 20—25 u 30. Komauuecrso
MHHepaja B Nopomax koJsebsercss or 5 #0 25%, ouepraHHs KPHCTAJJI0B
NJarHOKJa3a nepoBHble, OyxToobpasnbie. Bcerpeualores nopgupobaactst
LpH3MaTHYecKoro raburyca, pasmepom a0 1,3X2.5 ma.

Buorur Habmonaerca B KoauuectBe oT 15 no 35%, munepan obGpasyer
BEITAHYTBIC B OJHOM HampaBJaenuH 4emyiiku pasmepamu 0,5X1,5—0,7%
X2,1 mm, pexe BecTpeuaroTcst Oosee MeJNKHe UYEIIYHKH HENpPaBHIbHOM
dopmbl. IlneoxpousaMm peskuit — ot Oyporo no Ng [0 CBerI0-coJ0OMeH-
Horo mo Np; Ng=1,636+0,002, uro coorBerctByer 38—40% oGmeit xe-
JIE3HCTOCTH. :

KopanepuT coaepkKuTCs B MOPOAAX B eIHMHHUHLIX KPHCTAJIaX, H3peaka
ero xoJmuectBo nocturaer 10—15%. [lopdupobaacTsl KOpAHepHTa HMEIOT
HeNpPaBHABHYIO (POPMY, HECKOJbKO BHITAHYTYIO IO C/IaHIEBATOCTH; OTAelb-
Hble MHIMBMABI JHOCTHratoT B nonepeunuke 2,5—3,0 am. Yrom ONTHYECKHX
oceil Bappupyer oT —40 a0 —60°; mokasatenbr npenomaenus Ng=1,557+
+0,002; Np=1,548=+0,002; Ng—Np=0,009. B ocHOBHOM MHHepaJ Hpuypo-
YeH K MecTaM CKOIIeHHsT OHOTHTA, peike KBapua u naaruoxaasa. Cuiannma-
HHT BCTpEUaeTCsi B BHIe TOHYAHILHX IPHU3M, 00OpPA3YIOUHX CHOMOBHIHbIE
CKOTJICHHS; ACCOLMHUPYET ¢ OHOTHTOM, KBApIleM, MJIaTHOK/IA30M.

Cunaumanurosas 3oHa. [lopoabl CHAJIMMAaHHTOBOI B80HHI pac-
npocTpaHeHsl B palOHe IIMPOKO; OHM CJAraiorT IoJOcy, NMPOCTHPAIOUIYIOCH
BiOJMb oOceBOH 30Hbl Kypaiickoro xpe6ta. Illupuna noaoce [gocturaer
2,5 kM. Kak oTMeuasoch BhIIIE, TIOPOALI 30HbI HMEIOT MOCTEMNEHHBIE Hepexo-
Ibl K nopofaM GHOTHT-TPAHATOBOH M KODAHEPHTOBOH 30H. DaKkTHYecKoe
pasJHuKe MeXIy HHMH 3aK/0uaeTcs JHIUb B MOABJEHHH CHJJHMAHHTA
# TOYTH NOJHOM HCUE3HOBEHHH TpaHara. :

Cpenu nopox 30HE TIO MHUHEPAJBHBLIM ACCOHHALHAM MOXHO BbIIEJHThH
CHINTHMaHHT-OHOTHT-MHKPOK/IHHOBBIE THEHChl, CHIIHMAaHHT-0HOTHTOBBIE THel-
CBl C TPaHATOM H JIEHKOKPaTOBbIe CH/VIHMaRHTOBHe TrHeficel. [To BHeurmemy
BHAY MOPOJb CPeNHe-KPYNHO3ePHHUCTLIE, ceporo, GYpOBATO-cepOro MBeTa.
OO0BIUHO B HMX XOpOIIO BBIPAXKeHa CJAaHUEBATads TEKCTypa, 06ycCJACBAeHHAs
rpyGoil napajyiebHON OPHEHTHPOBKOH KPHCTAJMIOB —CHIIAMAHHTA |
yelyexk GHOTHTA.

[Tox MHKPOCKONOM ycTaHaBAuWBaOTCs (HOporpanotIacToBasg W HeMa-
TOrpanoGnacrorasi cTpykrypul. Ilopomel cocrosT H3 cuannMaHuTa (2—
25%), xBapua (30—40%), muxpoxauna (10—15%), Guorura (3—45%),
B BHJI€ €lHHHYHbLIX 3¢PEH BCTPEUAIOTCH IIHPKOH, aMaTHT.

CuanMMaHHT npeicTaBlIeH KPHCTAJIaMH PasHoO6pasHOrO OOJHKA:
CIYTAHHO-BOJIOKHHCTEIMH, ~ TapaJ/ie/bHOBOJOKHHCTLIMH,  TOHKONPH3MATH-
HECKHMH, CHONOBHIAHBIMH H DajHaJbHOAYUHCTHIMH (pHe. 8). O6BIUHO cua-
JUMaHHT o0pasyeT MNapajJieNbHONpPUSMATHUECKHe arperathl (puc. 9),
PHYPOUYEHHBIE K YYAaCTKaM PasBuTHs GHOTHTA, WAH B BHAE GecnopsamouHO
MEJKHX HroJoueKk IPOHH3BIBAaeT KPHCTAJMJBl KBapia, Ouorura. HWuoraa
TOHKOHTOJBYATHIY CHAJHMAHHAT OKAHMJIAeT YEIIYHKH GHUOTHTa o Hepeako
samemaer ux. Jl1uHa kpucranmoB xone6aercs or 0,5 mo 2,0 ca.
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Puc. 8. PapnaIpHONYYNHCTHE H MApallensHOMECTOBATHE arperaTst CHAJANMAHHTA (CHA-
JHMaHHTOBAsl 30Ha meramopdusma). ¥B. 1,5.

Pxe. 9. Vromvuateie KPHCTAMTH CHAMMMAHHTA B MeTaMop(HUECKHX TOPONAX 30HH CMATHSA.
(¥B. 17, 6es ananuzatopa.)
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KBapil uacTo cilaraeT 3HAYHTE/bHYIO YacTb HOPOABI, 06Pa3yeT MeJKHe
(0,2x0,1 mm) w xpynusie (1,0X2,5 mm) sepHa HenpaBuIbHOH (OPMBI.
OrjenbHbIe 3epHA 00/1a1a0T NPHXOTIHBBIMH IJIaMEBHAHBIMA OYePTaHHAMH.

MHKpOKJINH, KaK H KBapl, o6pasyer MeJKHe H KpYyMHble, CJOKHBIX
ouepTaHMil, 3epHa, HHOrJAa HECKOJbKO BEITSHYTble B HamlpaBJeHHH CaAaH-
neBaTocTH. Hepeako B KpHCTaaJdax Hab/iofaercs MHKPOKJIHHOBas perleTka
1 TOHKHEe CTpyHuarbie TiePTHTHI pacnajpa.

Buorut Habarogaercs B BHJE caMbIX padHooOpasHblXx mo ¢opme denry-
K, GecnopaLouHO PACMONOKeHHBIX MO BCelt Macce nopoast. Pasmepn uemy-
ex kouaebmores or 0,5 mo 5 mm. B mmmde Guorur o6HapyKHBaeT CH/AbHBINA
nieoxpousm — or Gyporo no Ng (Ng=1,636=0,002, obuiaa Kelle3ucToCTb
38—409%) mo cBerJIO-XKe/aTOro, nourH GecuBeTHoro mo ocH Np. Yemryikn
GHOTHTA YacTo COAepKaT MeJKHe HroJ0uYKH H IPH3MOUYKH CHJJNHMAHHTA,
HHOIZIa BCTPEUAIOTCS BKJIOUEHHS LHPKOHA.

MurmMaTiThl 30HBI MeTaMopgu3ma

B ocesoii 3one Kypaiickoro xpebra, cpeln riy6oko MeTamop(uzoBaH-
HBIX TOPOA (OHATHUT-TPANATOBHIX THEHCOB, CHIJAWMAHUTOBBIX THEWCOB ¥ AP.),
HaGMI0NAI0TCS Pa3JHYHBIe THIOB MHTMAaTHTOB. B Hacrosulee BpeMs MHur-
MATHTAMH HA3bIBAIOT «CMEMIAHHEIE» IOPOMEI, COCTOAIIHE H3 H3MEHEeHHO-
10 MaTepHasa, KOTOphIi OBUI Ha MecTe, M 4YacTblo H3 «060CO6JEHHOTO
B BHJE JKHJ, JIUH3, [SATEH HIH PACCCAHHOTO MEKIPaHYJASPHO, NPHBHECEHHO-
ro mam obpasoBaBmierocs in situ KBapuUMoOIEeBOMIMATOBOrO MaTepHasa
(Ulypkun, 1957, crp. 78). CyiiecTByer HeCKOJbKO KJIaCCHpHKANHI MHIMa-
mirop (Sederholm, 1923, 1926; CynoBukos, 1955, 1964; Illypkun, 1957; u np.).
Hamu na ocuoBe knaccudukaunu K. A, Iypkuma (1957), B npenpexax
H3YYeHHOTO paiioHa ObNM BHIARJEHBI C/ACXYIOU(HE THIB MHFMATHTOB: TOP-
(GupobaacTuyeckne, OYKOBbLIe, JHH30BHIHbIE, TOHKONOC/IOMHLIE H TIJIOHYATLIE.

MurMaTuTBl COCTABJSIOT MOCTENEHHEIE MepexXOAsl K TelaM CPaHuTo-
rHeficoB M ruefico-rpanutoB. IIpu 3TOM CTpYKTypHEIe HanpaBJeHHs, CBOH-
CTBeHHBle IOpojaM cyGcTpara, NpPOXoAAT UYepes MoJs MHTMaTHTOB, He
MEHssl CBOEro INPOCTHPAHHs, 4YTO CBHIETEJbCTBYET O He3HAUMTEeJbHOCTH
naMeHeHHli o6bema mopoi. Bosbioe namenenne o6beMa NPHBOANT K Pe3Ko-
My H3MEHEHHIO NPOCTHpaHHs CTPYKTypHbiX Hanpasienuit (Bapt, 1956; Cy-
A0BHKOB, 1956, 1959). MurmMaTHThl H3yUeHHOTO paiioHa 06pasyIoT e AHHBIH PO~
TPECCUBHLIN PAJ B 3aBHCHMOCTH OT YBeJWUeHUs MHTEHCHBHOCTH MpOIIECca
MHTMATH3alHK: nopdupobaacTHIeCcKHe — OYKOBble -> JHH3OBHAHBIE —
~ TOHKONIOCJIOiHBle — IIoHYaThie. B HamGogee MOJHBIX paspesax (Bep-
xoBbe p. Kypafiku) MOKHO HAGII0TATh CMEHY OZHOTO BHIA MHTMATHTOB JpY-
THM C NOCTENeHHBIM HApACTAHMEM CTeNeHH MHTMaTH3alHH oT caaboi (mop-
¢upobaacTHyecKHe MHTMATHTHI) IO OYeHb CHJABHOH (TOHKCHMOCJOMHBIE MJIOH-
Yarble MHUI'MATHTHI).

Iopdupobaacruueckne murmatuthl (puc. 10) xapakrepusywoTcs HauH-
yiiem nop¢pupobiacT KaJHeBOrO IOJIEBOrO IIMATa, MNPHYCM KOJHYECTBO
BX TaKOBO, YTO 3aMETHO MEHsETCS NepBOHAYa/LHEI cocTa mopoA. Ilopdu-
Po6aMacTl B THeficaX M KPHCTANIHYECKHX CJAHIAX OGBIMHO NPHYPOUYCHH!
K IAOCKOCTAM cnoucToctH. Pasmep ux xosaetaercsor0,5X0,7 104.2X 3.5 ca.
B orgespnbix ciyuasx maGaiofaloTcs cKomeHHs mopdHPoGaACT MOJIEBOro
liifata B BH/e IHOJOC, XOPOLIO BhifeJsieMBIX HA TeMHOM (oHe GHOTH-
TOBLIX M OHOTHT-TPAHATOBLIX CAanle M rueficop (puc. 11, 12). Pasmep
floJI0C 1O MIHPHHE KOJMEGJETCs OT HeCcKOJbKHX CAHTHMETPOB A0 2—3 M, MO
HPOCTHPAHUIO OHH TPOCHAEKHBAIOTCA HA JECATKH METPOB.

Cpem moJocuaTEHIX MHTMATHTOB YacTo BCTpeYaeTCsd TaKiKe MNOATHIL
TETEPOTIONIOCYATHIX MHIMATHTOB, XapaKTePH3YIOMMXCA HAJHYHEM COTVIACHBIX
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Puc. 11. Tlepexoauas 304a ot nopdhuUpoGIACTHIECKUX K [OMOCIATEIM MHIMATHTAM,

HHI AIVIHT-NErMaTOMAHOrO cocTaBa. MOIIHOCTE TAKHX KM HeOLMHAKOBA
U Bapwupyer B npezenax ot 0,5 no 20 ca. ;

Tonkomoc/oiinble MHIMATHTEL B H3YUCHHOM DaiiOHE OTJIHUAIOTCS MHOL'G-
KPATHLIM 4EpPeJOBaHHEM JIEHKOKPATOBHIX JKMJIOK C TOHKHMH MPOC/OSIME
cyGerpara (puc. 13). JlefiKoKpaTOBwi MaTepHa/ COCTaBJAT C CyGCTPaTOM
HepaszeabHoe ueqoe. Takue MHrMaTHTLl HaGMOJAIOTCH, B OCHOBHOM, B
NPEAeTax KpaeBblX 30H Tes IPaHHTO-THeicoB. IlInpura 30H HepaBHOMepHast
# KoaeGaeres or 1 10 25 u Gosnee merpoB. CaoxuoaedOpMHPOBAHHBIE pas-
HOCTH TOHKOIOJIOCYUATBIX MHTMATHTOB HA3BIBAIOTCA NAOHYATHIMH MHIMATH-
TaMu (puc. 14).
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Puc. 12. Toaocuateil murMatut. B mopdupobracrax KafMeBoro MnoJeporo iira-
Ta BHAHL MEJKHE BKIIOYEHHS TEMHOUBETHBIX MUHEpaJoB.




Puc. 14. Tlnofiuatulit MUCMATHT.

B mmrmartuTax, OCOOEHHO CpelAH HX TMOJIOCYaTHIX pasHOBHIHOCTEH,
BCTpeYawTCsi CTPYKTYyphl OyaumHaxK (puc. 15). POpMHPOBAHHIO TaKHX
CTPYKTYP CHOCODCTBYIOT CHJbHblE TeKTOHHUECKHe JBHMKeHHF H HaJHumne
nopoj, o6/nafaloliuX PAasaHuHOl CTeHeHbl0 MIAacTHYHOCTH. B BepxoBbe
p. Kypaiika, B JeBom Gopty ee pycnaa, CTpyKTypsl OyauHa:K o6pasoBaHBl
NOCJHORHBIMY MHICMATHTAMH, COCTOSIIMMY W3 KBapUa, NOJeBOro winata u
TypMadHHa. MomHocTb OYAHHHPOBAHHBLIX MHIFMATHTOB KojeGjercs oOT
1,6 mo 6,5 cx. Byauusl uMeroT JHH3006pasHyl0 ¢opMy, AJHHHasg OCb HX
pacmoJaraercs mojJ HeGOJBIIMM YIJIOM K CJIaHIEBATOCTH B GHOTHTOBBIX
rHeficax. I'meiicel mmaBHO or#6aioT GyIHHEL.

[Terporpacduueckuit cocraB MUTMATHTOB XapaKTepH3yeTcsi HaJHUHeM
MHHepaJ/IbHBIX ACCOIMALHH THelicOB M pPa3BHBAIOUIAXCHA CPEeAH HHX HOBLIX
MHHepaJloB, ABJAIOLMXCH NPOAYKTOM Mpollecca MHrMaTH3aluH. MHKpPOCKO-
MHYEeCKOe H3yueHHe NMOoPoJ MOoKasajo, YTo rHeicoBhil cybcTpaT u HOBOOGpA-
30BaHHBIE MHHEDAJbl NepeMeKaloTca APYr ¢ APYrOM M CTPOrO pasTpPaHHYUTh
HX HeBO3MOKHO, Muxpockonpueckoe cTpoenHde MUIMATHTOBR HEOAHOPOIHO;
XdapakKrepHayeTcs YepeloBaHHEM Y4YacTKOB, 06Jafaioliix rpaHoGJacToBoi,
Jenuaorpano6aacToBoi, NoAKHI06aacTOBON W ajnoTpHoMophHO3ePHUCTO
crpykrypamu. CyuiecTBeHHOII OCOGEHHOCTBIO 3THX MOPOL SIBJAAIOTCS YYacCTKH
€O CTPYKTYypOH 3aMelleHHs,

Pyc. 15. CrpykTypa GyIMHaMK B NErMaTHTOBHIX Tenax. OTYeTMBO BHAHO APoGJe-
HHe H pacTacKHBaHHe OTJENbHBIX UacTeil KpHCTA/NI0B TypMajauxa (uepHoe), JefKo-
KpaTOBLIH MAaTepHa/l MIaBHO orubaer OyIHHBL
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Haunbonee pacnpocTpaHeHHble MHHepadbl MHIMAaTHTOB — KaJHEBbiH
n0JIeBOH mpAaT, KBapl, IJarHokjaas, 6HOTHT. M3 akcueccopHbIX MHHEpajios
B ITH(aX BCTPeYaloTcs UHPKOH, ANaTHT, cpekH.

Kasuesnlfi moseBoft mnar — OZHH H3 TIaBHLIX MHHEPAJOB MHTCMATHTOB,
cOlep:KaHHe ero HemocTosiHHoe H KoJebsaerca B npefenax 30%. O6wiuno
OH NPHYpPOUYEH K MeJaHOKPATOBHM YacTAM NOPON, B HHX OTUETAMBO Bhije-
JA0TCA KPynHble NoppupodaacTsl MHHepana. B JefiKOKpaTOBEIX yyacTkax
TI0POJ KajHeBBIH INIAT TECHO aCCOLHHPYEeT ¢ KBapueM. KaameBnlil mosesoii
wnar obpasyer camble pasHooGpasubie Mo GopMe H pasMepam KPHCTAJJLL.
B nopdgupobaacTuiueckux MHIMaTHTaX OH BCTPeYeH B BHAE YETKHX 110 (op-
Me KpHCTaJuioB pasMepoM mo 1,5X2,5 cu; B GOJBIIHHACTBE CIy4aes Bbl-
ACGJICHHsl Ka/JHEBOro IOJIEBOro uiaTa HaHOOJee KCeHOMOP(HHE MO cpaBHe-
HHIO C IDYTHMH MHHEpa/JaMH H pACIOJATAaOTCA B NPOMEKYTKaX MeKI1y 3ep-
HAMH KBapua M I[LIarHoKJasa.

[Ipu UHTEHCUBHOM MpOLECCe MUTMATH3IALHH XOPOIIO BHAHO, KAK 3epHA
KAJHEBOro IOJIEBOro IufaTta, pa3pacrasich, 3aXBATHIBAIOT MHOTOYHCICHHBIE
MeJIKHe 3epHa KBapua, OMoTHTa, IJarHokjaasa. Tak obpasyorcs KpylHbie
KceHoMop(uble 3epHA KaJHEBOro MOMEBOro Imara, OOBIYHO YAJHHEHHbIE
napanensHoO THellcoBuaHocTH. Ha cThiKe 3epeH KaJHEeBOro MOJeBOro Iina-
Ta W MJaTHOKJIa3a o06pa3yloTcs MHPMeKHThl (puc. 16) — ueppeoOpasubie
HPOpAacianug MOJeBOro INara M3OTHYTHLIMH KBAapLEBBIMH 3epHAMH; YaCTO
0H pasBHBaeTcs IO muaruoksaasy. [Iponecc HauwHaercs ¢ TOro, yTO B Haua-
Jle KaJHeBblji MOJEBOi INAaT pacliofardercd JHIIb B HHTEDCTHIHAX MEMHKIY
sepHaMH KBaplia, MJaaruok/npasa, GHOTHTA, a 3aTeM MOCTENEHHO IO TOHKHM
TPeLIHHKaM IPOHHKAeT B IJIarHoK/Ja3 M 3aMmellaer ero. Muorma npouecc
He DOXOAHT A0 KOHIA M TOr[Ja MOMKHO HabJIOZaTh PEeIHKTHl MJIAarHoK.aasa
B Ka/JHeBOM IOJIEBOM LIMNATE.

Puc. 16. MupmexutoBas cTpykTypa B Murmatutax. (¥s. 153, ¢ amaausaTopom.)
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Kaaneswii TosneBOfl IINaT NPeACTaBIeH MHKPOKJIHHOM. Munepan
B OOJbIIHHCTBE CJy4YyaeB YETKO ONpelendeTca To XapakTepHOH pelleTKe,
06pa3oBaHHOl TEpPeKpPEellBAIOMHMHECS — IBOAHHKAMH TO  aJbOHTOBOMY

4 2V=—84°% Ng: 1001=80° Ng: L010=18".
M TEPEKIHHOBOMY 3aKOHaM. iNE 1 NE

Keapu (mo 35—40%) B OCHOBHOM COCTaBJfET THEHCOBBIH cyGerpar.
Ou o6pasyer meakue (mo 0,083X0,1 mm) sepHa ¢ NPHXOTIHMBBIMH TIIaMe-
BHANBIMH ouepTanHsiMH. YacTo KBapul BMecTe C KaJHEBHIM IOJIEBLIM Mimna-
TOM 0Gpasyer MOCJHOHHbIE JKHJKH, MOLIHOCTbIO OT 0,3 no 8 cm.

[l1aruokaas, Tak Ke Kak M KBapll, fBJAsSeTcd OJHHM M3 OCHOBHBIX MH-
HEepaJoB MHTMaTHTOB H cocraBaser Jo 30% mopoas.. HaGmoxaercs oH
e BHIe HeGoOJbmIHX KpHcraaioB pasmepom 0,14X0,1 mm c HEpOBHBIMH
GyxTooGpasHbIMH ouepraHHaMH. Ilo cocTaBy OTHOCHTCH K  OJIMIOK/Iasy
Ne 15—20, xOTOpHIH, KaK OTMeuajOCh BhIle, UACTO 3aMellaeTcs Ka/aHeBbIM
N0JIeBLIM IIIaTOM.

BHOTHT B BHIe MEJKHX, VIJHHEHHBLIX UYellyeK COCTaBJfAeT OCHOBHYIO
yacTp cyGerpara murmaTHToB. KosmuyecTBo ero kpaiiHe He MOCTOSHHOE
u xoaebGaercst ot 3 Ko 30%; MHOrZA OH COCTaBJAeT NOYTH MOHOMHHepalb-
¥ble TI0J0CKH, uepeayloumuecd ¢ JeHKOKPAaTOBHIMH moJockamu. Munepan
CHJIBHO IJIEOXPOHPYeT OT TeMHO-Gyporo nmo Ng. J0 CBeT/IO-COJIOMEeHHO-Kell-
toro no Np.

B puie eIMHHUYHBLIX 3epeH B WaH(ax oueHb PeJKO BCTpeualoTcs rpa-
HAaT W CHAJHMAHHT, COXPaHHBIIHECd B MHIMAaTHTaX, Kak PEMTHKTBI MHHEpa-
JOB THEHCOB.

AKiieccopHble MHHepaJbl: UHPKOH, amaTHT, ceH, TypMaJHH — B CyMMe
cocraBiasior fnoau mnpoienta. O6buHo oHM HaAOJI0AAIOTCA B MeJaHOKPATO-
BbIX npocnoﬁxax; HHPKOH B €IHHHYHBIX Cay4asax BCTpeuaeTcsa B KpHCTadg-
Jax NJaraokaasa.

Tlerporpachuyeckad XapakTepHCTHKEA IPAaHUTOHIOB

MaccuBbl Ky6aJpHHCKOTO KOMILIEKCa He OTJHYaloTca OOMNBLIHM PasHoO-
ofpa3neM TNOpPOXA, CPeAM HHUX BBHIAENHIOTCA CJAEAVIOIlHe pPasHOBHIHOCTH:
TPAaHHATO-THEICH, THEeHCO-TpaHuThl, MOpP(HPOBHAHbLIE OHOTHTOBHIE TPAHHTH,
6HOTHT-POrOBOOCM AHKOBbl€ TPAHHTLI, allINTOBHAHBIE TPAHHTLI, TPAHOJHOPH-
Thl 1 JTHOPHTHL.

I’'panuTo-THeliCcH M THeHCO-TPAaHHTHE —3T0 MOPOJH, 3a-
HiMarlHe B MNeTPOJOTHYECKOM OTHOLIEHHH IIPOMEXYTOUHOE MOJIOXKeHHe
MeXIy TOpoJaMy THEHCOBOH M TPAHHTHOH CTPYKTYpHbIX ¢auuii. Onup
claralT LeJHKOM MeJKHe Tena B oceBoil 3oHe Kypalickoro xpefTa H He-
3HAUUTeJbHEIe NoJds B npefenax KyGaapusckoro nayrona. Iloponer o6.aa-
JAIOT DO30BBEIM, KEJTOBATO-PO30BLIM IBETOM, THEHCOBOH TEKCTYpOLi.
Yacro B KpaeBEIX 30HAX BCTpeualoTed MJoHUYATHIE H MOJ0CYATHE TEKCTYPHI,
o0ycJa0BAeHHble uepeloBaHHeM JeHKOKPATOBHIX H MeJaHOKPaTOBBLIX IOJOC.
Ilnpuna Takux nogoc Bapsupyer ot 0,5 mo 15 cu. Cpenu mopon BCTpeyaroT-
€A PA3HOBHIHOCTH. B KOTODHIX KaJHEBHI) NOJeBoil mmaTt obGpasyer Kpyi-
Hple nopdupobaacTbl, pacnoJaraiolliecss B MeJAKO-CPeAHE3epPHHCTOH KBapil-
IJ1arioKaas-6uoTHTOBOM Macce. 1o cBoMM 0COOEHHOCTAM 3TH NOPOIEI HHYEM
He OTJINYaloTCs OT MOJOocCYaThIX MHrMaTHTOB. PasMep nopdupobaactos nocTu-
raer 2,0—2,5 cu, a X KoauuecTBoO cocraBasier oT 15 10 35Y% ocHOBHOI Macchl

IToponger oGaanator rpano6iacToBOi, JAenHAOrpaHo6/1acTOBOM H 6J1acTO-
nopgupoBoli crpykrypaMu. CoCTOSIT OHH M3 KBaplid, KaJHEeBOTO IIOJEBOTO
mimara, IJarHoKJaasa, pexe BcTpedaeTcss OGHOTHT. AKIecCOpHBIe MHHepadbl
npeJcTaBleHbl LHPKOHOM, alaTHTOM, OPTHTOM, OPaHKHTOM.

Kpapn B Buie 3epeH C NPHXOTJIHBBIMH IJIAMEBHIHLIMH OUepPTaHHSAMH
cocraBasier oT 24 1o 45% or obuero oGbema nopoabl. HMuorma Moxuo
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Ha6J10/1aTh, KaK KBapll MOCTENEHHO 3aMelllaeT IJ1arHokJ/as, IPOHHKast B He-
rO Y3KUMH $3bIUKAMH [0 MeJbYaiillliM TPellHHKaM. JTOT (aKkT CBHICTENb-
cTByeT 0 GoJsee mosaHeM o0pasoBaHHH KBapiia.

Kaanessiii moJeBoil mmaT (MHKPOKJIMH) 06pa3syeT 3HAUHTENbHYIO HaCTb
nopoast (10 35%), MM caaraloTcs noutH Bce nopdupobaactel. 3epHa
MHKPOKJIHHA pachpeleseHbl HepaBHOMepPHO, B OCHOBHOM OHH Da3sBHBaIOTCA
MeXIy KBapleM M IJjarnokaasoM. Popma 3epeH HenpaBHiILHAs H OOBIYHO
orpaykaer (OpMy INPOMENKYTKOB MeKAY KpHCTaJlaMH ADYTHX MHHEPa/os.
Yacro KaJauepblli noJeBoi mmatr obpasyer Kpynebie nopgupobaactsl,
BHYTPH KOTOpPLIX HaOJI0IAlOTCAd BKJAIOYEHHS KPHCTAJJIOB IJIarHOKJasa
(onuroknasa Ne 12—14), kBapua u uemyiikn 6uorara (puc. 17). Pasmepnt
prenuKTOB Iaruokaa3da pocruraroT 0,300,442 mm. B oTmenbHBIX cayuasx
Ha TPaHHLie 3epeH IJIATHOK/IA3a H MHUKPOKJIHHA MOABIAIOTCS MHPMEKHTOBEIE
kaeMgH. Ilnarnoknas cocrasiasier 15—20% oObema mopoisi; mo coctaBy OT-
HOCHTCH K OJHTOKJIa3y c cozepxanueM 12—16% aHOpTHTOBOH MOJEKY/IEHL
dopma 3epeH HempaBHiabHas, peke TabaHTyaTas; 4acTo B KPHUCTaJJIax IJa-
THOKJIa3a Ha6JI01aloTesl TONHCHHTeTHUECKHe IBOMHHKH,

BuHoTHTa B MOPOAAX COAEPIKHTCA BCEro oKoJo 3% H JMHWb B pasHo-
CTSIX C MOJOCYaTOH TEKCTYpOH ero KoaudecTBo jocturaer 15—259%. Mune-
pan obpasyer YelIyiiKH ¥ INJACTHHKH yIJHHeHHOH (opMBH (pasmepoMm 10
0,8 0,3 MM), KOTOpLIE NPHYPOUEHLI K NPOMEMKYTKAM MExAYy KpHCTaJdJaMH
KBaplua ¥ miaruoknaza. Muorga GHOTET BCTpeuaeTcss B BHIE BKJIOYEHHI
B MHKpDOKNHMHe. MuHepas mjeoxXpoHpyer oT TeMHO-Oyporo mo ocu Ng 1o
COJIOMEHHO-3KeJiToro no ocu Np.

Iupkon — HauGoJiee pacmpoCTPaHeHHLINl aKueccopHbii MuHHepand. Ero
NpH3MAaTHUECKHe 3€pHa COZEpPIKATCA MPEHMYIIECTBEHHO B GHOTHTE, HO HHOT-
Jla BCTpeualoTcs M B IJarHokaase. I'paHu KpHCTa/joB BhIpaXKeHbl IJIOXO,
pe6pa W BepIIHHBI OMJaBieHnl. Paamep kpucrannaos pocruraer 0,2—0,25 aa.

Anatur GecnopsIOYHO pacnpocTpaHeH mo Bceil Macce mnopoxa. Ero
KPHCTaMNbl HMeloT GopMy yIJAHHEHHHIX npH3M pa3Mepom ot 0,1 no 0,25 mar
no JauHHOH ocu. MHorza BeTpeuaioTcsi H3OMETPHUHble, LIECTHYTOJbHbIE
Cpesbl KPHCTAJJIOB.

OpTur M OpaHKMT OOGHADY:KeHbLl B KauecTBe eIMHHYHBLIX 3epeH B Ipo-
TOJIOYKaX nopoA. OpPTHT INpeAcTaBleH HeNPABUJIBHBIMH 3epHAMH, PEIKO —
KpHCTanJaMH TpH3MaTHyecKoro raburyca. IleBer wmuHepana Oypblil 1o
uepHOro, pasmep 3eped pocturaet 0,2 mm. OpamkHT BeTpeuaercs B opme
HENpaBHJBHEIX 3epeH JHMOHHO-3KeNTOro 1pera pasmepom 0,3 ama.

B peayabrate Gonee NMO3THHX TEKTOHHYECKHX JIBHXKEHHH B MOpoaax
BO3HUKAIOT KaTaKJacTHYeCKHe CTPYKTyph. [Ipolecc kaTakams3a BhIpasHics
E Apo6JieHHH KPHCTAJJIOB KBapla, MJAarHok/jasa, MHKPOKJIHHA. B OTHeb-
HBIX CJayuYasx B KpHCTa/ax IJIArHOKJasa BO3HHMKaloT S-o6pasHble JBOIi-
BHKH; 4acTO MOXKHO Ha6JIo[aTh paspblB H CMElleHHe YacTedl KPHCTAJJI0B
MJIarHoKJa3a H MHKDOKJIHHA.

[TopbupoBuagnbie 6HOTHTOBb € TPAaHHTE, LHPOKO PACIpPO-
CTPaHCHHLIE CpelH MOPOJ KOMIJeKca, HaGMI0LAIOTCS MPEHMYLIECTBEHHO
B npefenax KyGalpHHCKOTO HJYTOHA, Ille OHH CJAraloT OGUIHPHBIE MOJs
KaK B KPaeBOH, Tak W B IleHTPaabHO{l uyactax. Okpacka HX cBeTJIo-cepas,
cepast, HLOrga TEMHO-cepas, 00yC/AOBJAEHHAs NPUCYTCTBHEM 3HAYMTENLHOIO
KonnyectBa OGnotnta. OcoGeHHO XapaKTepHBIM [JIs1 NOPOX SABJSETCS MPHCYT-
CTBHE MHOTOYHCJIEHHbIX NOPMHPOBHIAHBIX BHILEJCHH{] KaJHeBOTO MOJEBOTO
wnara. ITopduposnanbie BbIENEHHS HMEIOT NPAaBUALHYIO NPSIMOYTOAbHYIO,
pexe nsomerpuunyno @opmy. Haunbosee uacro BeTpedarorcs KpHCTAAJBI
KaJHEBOro MOJEBOro uinata pasMmepoM or 1,622 mm gno 1,2X27 cwm:
B peAKHxX cayuadx BeJHYMHa uX Jocturaer go 2,5X3,5 cm. Koauuecteo
nopoHPOBHANBIX BIZeNeRHlT Koaebaerca or 5 o 35% oT obmero o6bema
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Puyc. 17. OGpasosanue nOpGHPOGIACT KaTHEBOrO MOJEBOrO IINATA B TPAHHTO-rHeficax:
XOpOWO BHIHO MEKIPaHyJsapHOe pa3BHTHe MuHepasda. B mnopdupobiacrax HabaomaloTcs
3epHA KBapua, 3aXBaueHHbie BO Bpems pocta. (¥YB. 12,5, ¢ ananusaropom.)

Puc. 18. Karaknactuyeckiie CTPYKTypsl TPAHUTOB KyGaapHHCKOro KoMmiexca. (¥s. 46, c ana-
JH3aTOPOM.)



Beefi TIOPOJLI, UTO CBHAETEIbCTBYET O HEPaBHOMEPHOCTH HX pachpe/eaeHus.
B oTHenbHBIX cAyyadXx OHOTHTOBHIE TPAHHTHl NepenojHeHbl MOpGHPOBHI-
HBIMH BHIICJACHHAMH, B APYFHX — cojep:KanHe nop@upodaacT pesko Ccokpa-
maercs. ¥YMeHblIepHe Kojnuectsa nopdupobaact nabawogaercs IpPH IHepe-
X0Jle K MOpOAaM TPaHOJHOPHTOBOIO COCTABA.

Cpenn nophHPOBHAHLIX GHOTHTOBLIX TPAHMTOB BCTPEYalOTCA PasHO-
BHAHOCTH NOPOJ ¢ Pe3KO BBIPAXKEHHOH ILIOCKOMAPAJIeNbHOH TEKCTYpOi,
XapakTepuaylomieficss OPUEHTHPOBAHHBIM DACIOJOKEeHHEM YellyeK OHOTHTA.

B nop¢upoBuaubiXx OGHOTHTOBHIX TPAaHHTaX BCTPEUANOTCH  PENHKTHI
KpHCTaJ/IHUecKHX cnaanmes pasmepamu or 0,3 no 1,5—2 s HMatepecuo
OTMETHTb, UTO CJaHIeBaras TeKCTypa KDPHCTAJJIHYCCKHX CJaHIEB B KCeHO-
JHUTaX COXpAaHseT Ty 2Ke CeBepo-CeBePo-3aNajHyl0 OPHEHTHPOBKY, YTO
1 NOPOJIbl, OKPYZKalollHe MaCCHB.

Ilpn MHKPOCKONHMYECKOM H3y4eHHH IIOPOJ B HHX YCTAHABJAHBAIOTCS
noppHpoOBHAHBE, TIPaHOOJACTOBBIE M KaTAaK/JACTHYECKHE  CTPYKTYPHI
(puc. 18). OcHoBHasi Macca TOPOL CJOXKEeHA IJIArHOKJIasoM, KBapuewm,
MHKPOKJHHOM, GHOTHTOM, pOroBOil OOMAaHKOM; akxiiecCOpHBEE MHHEpaJLl
npeACTaBIeHbl NHPKOHOM, amaTHTOM, CEHOM, OPTHTOM, OPAaHKHTOM, MOHA-
LATOM, (PIIOOPHTOM, TYPMATHHOM.

Ilnarnoknas, cocrapastouinit 20—25% nopoabl, o6pasyer yAMHHEHHH®
KpHcTaIbl pasmepoM a0 2,0X0,8 mm, o6aafaer YeTKHM HAHOMOP(PH3MOM
10 OTHOIUEHMIO K APYrHM MHHepajaM. BcrpeualoTcsi KpHCTAMIBL ¢ HepoOB-
HBIMH 3a3YOpeHHLIMH OYEPTAHHMSMH, MHOrJAa KPHCTAJJIBl uMeloT S-o0pas-
uyio ¢opmy. ITo cocraBy naarnokmas OTHOCHTCH K oaurokaasy (Ne 11—15).

Ksapm BeTpeuaercsi B BHIE KCEHOMOP()HBIX 3epeH ¢ HEPOBHBIMH, YACTO
1aMeBUAHBIMH ouepranusamMu. KosnuecTBo ero B mnopoje nocturaer 35%:;
pasmep 3epen KomeOaerca or 0,08x0,1 mo 1X1,5 mm. Munepan obnamaer
061 aYHBIM YracaHHeM.

MukpoknuH, Kak yie OTMeuaaoch, oOpasyeT NOphHPOBHAHLIE BEIIC/E-
HHa (puc. 19) pasmepom 1,2X2,7 cu. B ocHOBHON Macce mopon oH Berpe-
4aeTcsd B BHJAEe 3epeH HempaBHabHOH (opmbl, BeanuuHo# n0 0,5X0,8 M
YHacto B oxHOM 3epHe HabJIOAAIOTCA ABOHHHKH [0 aJbOMTOBOMY W Tie-
PHKJHHOBOMY 3d4KOHAM, Jalol[He XapaKTepHY0 MHKDOKJIHHOBYIO peIleTkKy.
MiiKPOKJAHH 0OLIYHO 3aNOJIHSET MPOMEXYTKH MeXAY KPHCTAJJIaMH APyrux
MHHepaJoB. B MecTax cONpHKOCHOBEHHSI MHKPOKJIHHA ¥ IJI4aTHOKJIa34
BO3HHKAIOT MHPMEKHTOBBIC CTPYKTYPhI, XapaKTepH3YIOMHECA IPOpacTaHHEeM
KaJIHeBOro I0JeBOro Innara kBapueM. 3epHa KBapIla B TaKHX CTPYKTypax
HMeIOT YIJHHEeHHYI0 uepBeoOpasHyio (OopMy, yracaHHe BCeX 3epPeH OIHOBpE-
MeHHoe.

Mugepas yacTo 3aMellaeT KPHCTA/UIbl IIarHOK/a3a, PeJHKTEL KOTOPO-
T0 orBeuanT onuroknasy (Ne 11—15) (puc. 20).

Tabnuma 7
Xumuueckuit aHaau3 OMOTHTA W3 TPAHHTOB
OkuHeant Bec. %, ’fﬁ,‘,’gﬁ:‘;;‘{ OkHeabl Bec. %, N}::Sﬁ;{:
Kogk-n3 KoJa-Ba

Si0, 37,18 619 MnO 0,68 9
TiO, 237 30 Na,O 1,58 25
A]go;} 17 ,28 170 Kzo 4,81 51
FEQO:; 4.()4 29 O+ 8 50 194
FeO 16,26 | 26 | th -

MgO 9,86 244 H,O™ L 40
CaO 0,53 9 z 99,41

43



Puc. 20. Tlopupobaactsr MuKpoxanna B TpaHute; B LEHTPe (TeMHOE) BHIHABI PeUKTH NAa-
ruokaasa. (¥s. 63, ¢ anaausatopom.)



Buotur (1o 10%) obGpasyer uewyiikh TeMHO-Oyporo LBera, pa3MepoM
o 0,6 cx. Munepan naeoxpoupyer B 6ypsix ToHax: mo Ng— Oypslii, 10
Np — csermo-Gypuiit. ITTokasartens mpenomienns Ng=1,6490,002. 06+
mas meaeaucrocts Fe: (Fe4-Mg), onpepenennas 00 NOKA3aTe/]i0 MPeIoM-
nenust (CoGoaes, 1950), paBra 51,0%. Yron onTuueckHX Oceil 2V »
3aMepenHbIl B KOHOCKOMe, paBen 15—17°. JlucmepCHsi ONTHYECKHX oceil
uMeeT Xxapakrep r</v. PesyJbTaTsl XHMHYeCKOro aHajau3a OHOTHTA H3 TpaHi-
TOB NpHBeIeHb B Tabm1. 4.

Ha ocHOBaHMM XHMHYECKOrO aHalu3a MOXKHO PACCUHTATH KPHCTANIO-
XuMiuecKyo Gopmysay GHOTHTA:

'(Kc,-mNao,zzcau,m)o,n(Mg1,lFe:ﬁMno.o4Fef}§5Alu,3 Tig15)065 [OHL2 M
0,05H.0 .

JKeseancTocTh MUHEPATa, PACCUMTAHHAS MO MAHHBIM XHMHYECKOrOo amauu-
3a, paBHa 51,1%, 4To XOpOWIO coriacyercs € PpesylbTaTaMu ONTHHECKIX
HCCAeAOBAHUN.

AM®uGOa BeTpeuaercs B BHAe eAHHHYHBLIX KPHCTAJJIOB, HHOTAA €ro
xonuuecTBo mocruraer 3%. Liser munepana 3eniensifi, NACOXPOHPyer OF
CBeTJI0-3eJeHOr0 ¢ TOJay0OoBaTHIM OTTeHKOM mo ocH Np, A0 TEMHO-3€/1eHOro
no ocu Ng. Am¢puGon OTHOCHTCA K THIY OOBIYHBIX POrOBBIX 06MaHOK,
¢ Ng=18—20% 2 V= —T78".

Llupkon naGuionaercs B BHAE H30METPHYHBIX KPHCTAJJIOB C NMHpaMH-
JAMbHBIMH OKOHUaHMsIMM, TDaHW KpHCTaAioB YacTo omnapfensi. Pasmep
kpucrasos 0,0480,05 sm. Munepan accouuupyer ¢ KpHCTalJIaMH GHOTIH-
Ta, NJardokiaasza, amguooa.

Anatur o6pasyer KoOpoTkocTonfuarble H YAMHHEHHBIE KPHCTAJILL,
peauunnoit go 0,11X0,05 sm, npuypoder OOHYHO K amMdHOONy H KaJaHEBO-
MY TI0JeBOMY IUNATY.

Cden B He3HAYHTENbHOM KOJHYECTBe BCTpEUaeTCsi B BHAE 3€PeH He-
npapuabHOl  (opMbl  HMAH  He0OJBIIHX ~ POMOOBHAHBIX ~ KPHCTAaJJIOB
(0,32X0,2 mm), npaypouer K aMmuGoIy H GHOTHTY.

MoHauuT, OPTHT, OPaHMKHUT, (GJAOPHT H TYpPMaaHH HaOMIOAAIOTCH
B TPOTOJNOYKAxX TOPOA B BHAE eAMHHUYHBIX 3epeH. Mouauur mnpencTapied
KPHCTA/JIaMH ¢ HEUeTKHMH OMNJIABJCHHBIMH TIDaHAMH, pasMep 3epeH
0,13x0,3 mn. OpTHT BCTpeYyaerca B BHJe HeMPaBHAbHBIX, pexe NPHIMATH-
yeckHx a3eped, pasMmepom go 0,2 mm. Opamxkur wnHaGaoRaercs B BI-
ne meakux (no 0,2 smu) 3epeH JHMOHHO-XKEJATOrO IBeTa C PAaKOBHCTLIM
H3JI0MOM.

DMOOPHT M TYPMaJHH BCTPEYAIOTCA B eIMHHYHBIX mpoGax. PJIIOOPHT
npeiacTaBJeH HENPAaBHJIbHLIMH 3epHaMH (HONeTOBOro LBeTa. TypMaiuH
obpasyer Mpu3MaTHUECKHEe KPHCTAJMIBl GypO-3€JaeHOr0 1(BeTa.

Cpefu IpaHHTOB BLHIEJAETCA PA3HOCTh C HE3HAUHTENLHBIM COJepika-
HHEM TeMHOIBeTHHIX MMHEpPanoB — JefikoxpaTopsie rpamutei. Onu cocrae-
as0T HeGoabmme moast B KyGagpHHCKOM IIyToHE (B ero IOro-BOCTOYHOI
M ceBepo-3aMafiHOH 4acTAX) H IJIABHO MepeXONAT B OOBIYHbIE TPaHHTLL
B nepexoaHbiX 30HAX MOCTENEHHO VBeJHYHBAeTCA colAepiKaHHe OHOTHTA H
porosoii o6mankH. B o6IleM, M0 MUHepaJbHOMY COCTAaBYy H TEKCTYDHBIM OCO-
OEHHOCTAM JIEHKOKDPATOBLIE TPAHWTHI AHAJOTHMHBI OOLIMHBIM TDaHHTAM.

F'panoXHOPHUTH charaior HeGOJbMIHE YYACTKH B KpaeBOH 30He
NJIYyTOHA, pee OHM BCTPEUAIOTCs B ero LeHTPaJbHBIX yacrax. Makpocko-
NHYECKH MOPOJLI TEMHO-CEPOr0 LBeTa CO CPelHe-KPYNHO3EPHHCTOH CTPYKTY-
pofi. Muoraa B Hux nabmaiofaiorcss mop¢HPOBHIAHbIE BbIIETEHHS KaJHEBOTO
nojesoro mara pasmepom o 1,908 cx. Tlox MUKPOCKONOM yCTaHAR-
JaHBaercd OJacTOKaTakjgacTHUeCKas CTPYKTypa mnopoA. B cocraBe rpaHo-

45



NHOPHTOB YuacTBYIOT: IJIATHOKIA3, MHKDOK/HMH, KBapl, OHOTHT, amduboa,
aKyeccopHble MUHepaJbl.

Ilnaruoknas (mo 35—40%) wHaGnomaercas B (GopMme YAAHHEHHBIX
KPHCTA/JIOB ¢ UETKHMH TPSMOJMHEHHbIME ouepranusmy. Pasmep naubomnee
KPYIHEIX KpHCTa/aioB koneGnercs ot 0,8x1,6 ma 1o 1,7X3,8 am. Ilo co-
CTaBy OTHOCHTCH K OJHTrOKaasy Ne 14—I18.

Mukpokaun (g0 25—30%) oGpasyer kak Kpymnuwie Gaacronopdupo-
BHIHble BLIAEJEHHSA, TaK H MeJkue KceHomopdubie 3epHa. QOuepranus
KPHCTaAJJI0B HepOBHbIE, 3a3yOpennuble, GyxrooOpasuble. OObLIUHO KpynHbIE
KpDHCTaJIIbl OKPYXKEeHBI arperataMH OoJiee MeJKHX 3epeH, 00pasoBaBlIMX-
cs B pesyabTaTe ApoOJenis. B MHHepale cofepiKarcsi DeJHKTEI KPHCTAJ-
JnoB maarHoknasa (oauroknasa Ne 14), Bcrpeualorcs BK/IIOUEHHA Yelllyek
OHOTHTA.

Keapn (20—25%) Bcrpeuaercs B Buae mesaxux (0,08<0,1 mm) sepen
C MPHXOTJIHBLIMH GYXTOOOPA3HLIMH OU€PTAHHAMH.

Buorur (mo 8Y%) BcTpeuaercs B (opMe JIHCTOUKOB H IIJIACTHHOK
¢ MakcHMaJbHbBIME pasMepaMu a0 1,2X2,5 mu. Iler Munepana OGypbii,
senenoBaTto-Oypbi. Ilneoxpousm peskwii: or semHOBaTO-Gyporo no ocu Ng
Ao cBersio-xKentoro no ocu Np. Obmias xenesucroets Fe: (Fe+4 Mg), onpe-
JleleHHas mo nokasaremio npegomaenns (Ng=1,651+0,02), pasna 53%;
2V np=17°. Jlucnepcusi ontHUeCKHX OceH uMeer Xxapakrep 7r<y. XumHue-

Tabauma b Tabanwa b TaGauna 7
Xmmuueckuii avanu3 OnotHTa XMMHUECKHWH ananu3 porosoH  XuMHueckHii aHanu3 poro-
M3 TPaHOAHOPHTOB OOMaHKM M3 TPaHOLHOPHTOB  gOii 0OMaHKH H3 JHODHTOB
Mouaexy- Moaexy- Mouasexy-
Oxueabt Bee. %, AfpHBIE OxHeabt Bec. %, A9 pHBlE Oxucanl Bece. %, anplsie
Ko/l-Ba KoJ-Ba Kon-8a
Si0, 37,24 620 Si0, 40,90 681,0 Si0, 39,64 | ©659,8
TiQ, 2,8 35 TiO, 2,80 35,0 TiO, 3,27 40,7
Al,O4 17,44 171 Al,O4 12,34 121,4 Al,O4 12,26 120,6
Fe 04 5,15 33 Fe,0; 6,31 39,1 Fe,O4 6,85 43,0
FeO 16,58 231 FeO 11,02 153,2 FeQ 11,85 165,0
MgQO 9,31 231 MnO 0,71 10,1 MnO 0,9 13,6
CaQ 1,16 20 MgO 12,04 298, 8 MgO 10,61 263,2
MnO 0,5 i CaQ 11,20 200,0 CaO 11,80 | 210,0
Na,O 151 18 Na,O 0,50 8,0 Na,O 1,16 18,6
K,O 4,21 45 K,0 1,00 12,0 K.O 0,6 6,0
H 0+ | 3,39 | 188 H,0 1,3 | 75,6 H,0 1,02 57,0
H,0~ | 0.97 54 b b (110 v b 100,02
=z 99,85

CKHii aHaJu3 GHOTHTA M3 TPAHOAHOPHTOB mpuBeieH B Tabdm. 5. Kpucrammio-
xuMupyeckas popmysaa OHOTHTA H3 MPAHOHOPHTOB!

(Kos Nao,mcaj,m)o,ns (Mgl:DSFe(ig.'iMnD.OSFQ{J)TSHAIGBQTi(),]G)Q,SS [OH] | Al , Si?.H%
0,08H.0,

JKeJIe3NCTOCTh, PACCYHTAHHAS HA OCHOBE XHMHYECKOro aHa/lusa,pasHa 53%,
YTO [OJHOCTBIO COTJACYETCS ¢ Pe3yJabTaraMH ONTHYECKHX HCCJAef0BaHHH.
Huormga 6HOTHT 3aMeliaeTcss MyCKOBHTOM.

Am¢pudon (mo 7%) npeacrapien  HeGoABIIKMMM  KPHUCTAJLIAMH
(0,561,0 ma). Munepan o6iaalaer TeMHO-3eJeHBIM I[BETOM; IIEOXPOHPYET
OT CBeT/O-3eJeHOro 1o ocH Np A0 3eJeHOro, TeMHO-3eJleHOro no ocH Ng.
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Am@u60oa OTHOCHTCSI K THOY OOBIYHBIX pOrOBBIX OOMaHOK € Ng=18°
2V =— 72°. XuMHUCCKHI aHA/MH3 POroBOH OOMAaHKH H3 TPAHOJHOPHTOB MpH-
Benen B taba. 6.

KpucraanoxuMuueckas GopmyJaa:

3 Ay 3
(Nao,lsKo,z)o,sacaz,o (Mgz?FeﬁM“u,lh,? (AID,ESFe(j,—G 1,15 [OH]‘-’|A]1~'55T1°-3815»0502-,,

xejesucrocrs Fe: (Fe+Mg), paccunrannasd 10 AaHHBIM — XHMHYECKOTO
anasnza, pasua 39,2%.

AxneccopHble MHHEPAJsl B TPAaHOAHOPUTAX NpEJACTaBJeHb! LHPKOHOM,
anaTuToM, c(heHoM, OpaHKHTOM.

Ilupkon Berpeuaercst B Buge Meakux (0,1—0,15 ux B anuny) npusma-
THYECKHX KPHCTAJJIOB C KOOPOAMPOBAHHLIMM W UYACTO ONIABJICHHBIMH TDa-
Hamy. OOBIMHO MHHEpaJ NpPUYpoueH K GHOTHTY H mjlaruokJaasy. B Guorurax
KPHCTAJJIBL IHPKOHA OKPYZKEHBl IJEOXPOHYHEIMH ABOPHKAMH.

Anarur HaGu0OgaeTcsa B NOPOAAax B BHJAe KOPOTKOCTOIOUATHIX KpHCTAJI-
Joe pasmepom ot 0,08 mo 0,1 ma, accoumupyer ¢ poroBoil oGMaHKOH.

Cden ofpasyer CKONJIEHUs 3epeH HenpasuabHOH dopMmbl, BeTpedatored
MeJKHe poMOOBHIHBIE KPHCTAaJJbl, HPHYpOUeH K TpemuHaM cnaiHOCTH
B am¢ubone u GHOTHTE. ‘

OpaHXKHT — MHHepaJ JHMOHHO-3KeJTOro IlBeTa C PAKOBHCTBIM  H3J0-
MOM, OTMeyaercs B eIHHHYHBIX 3epHAX B MPOTOJIOUKAX H3 I'PAHOIHOPHTOB.

JHODPHTH O6HAPYKEHH B HE3HAUHTENLHOM KOJHUECTBE B BEPXOBBSX
p. KoicxpimutyGek u B pakione mnepeBasa Tamkuay-KyGanpy. JHOpHTEI
eIaraloT npeuMMyllecTBeHHO HeOOoJblIHE yYacTKH KpaeBoil 3oHbl KyGajapuu-
CKOTO NJYTOHA, B PeAKHX cayyasx HaGnofanuch B €ro LeHTpanbHOi 4acTh.
Maxkpockoniueckd — 3T0 MOPOJLl TEMHO-CEPOr0 I(BeTd, CpeJHe3epHHCTHIE,
paBHOMEPHO3EPHHCThle, YACTO C TAKCHTOBOH TekcTypoil. CTpykTypa mnopon
HpHOJHXKAETCsl K THIHAHOMOP(HO3EDHHCTOH, XapakTepHsyercd Oecropsi-
JAOYHBIM pAcCHOJOKEHHEM 3epeH MHHEePaJoB H pPAas3jHIHONl  CTENeHbIo
niauoMophuaMa; nabaofaercs TakxKe KaTakJacTHyeckas CTPYKTypa, Bhipa-
Kawouascs B He3HaUHTEeJbHOM APOGJEHHH KPHCTAJJIOB [JAarHOKJIasa
H CMellleHHH OT/Je/JbHBIX HX HacTel.

CocraB nopojl kpaiiHe He INOCTOSIHHBIH H BapbHpyeT B IIMPOKUX Npene-
Jax: maarnokaas po 95Y%, 6uotur — 25, amdbubox — 25, kBapl— 15,
MHKpPOKANHE — 1,5, axuneccopnsie munepans xo 3,5%. [lopoas ¢ TakcuToBOkH
TEKCTYPOH MOYTH NOMHOCTBIO CJIOXKEHBI POroBoli oOMaHKOH, OHOTHTOM C He-
3HAYHTEJAbHBIM COJep:KaHHeM IIaruokKJgasa u 10 cocTaBy OJH3KH K Meja-
HOKPaTOBLIM JHOPHTAM H rad0po-IHOPHUTAM.

[Tnarnokaas oGpa3yeT KOpOTKOCTOJGUATHIE HHAHBHIBL ¢ MPOCTHIMH
JABOIHHKAMH H Y/JHHEHHble KPHCTA/IBI C MOJHCHHTETHUECKHMH JBOHHHKA-
M. Munepas xapakTepH3yeTcsi OTUETJHBBIM HAHOMOP(H3IMOM IO OTHOIIE-
HHIO K KBapny, amduoéony, 6uorury. Hapany c deTkuMH, NPAMOJHHEHHEIMH
OuepTAHHSMH BCTpeyalorcs 3epHa c 3yOuaTeiMH KpasMu. KopoTkocronatua-
THIe KPHCTAJJIBI IO COCTABY OTBeualoT aHIeauHy ¢ cofmepxkanuem 30—32%
4HOPTHTOBOH MoJieKyJel. Kpueranael anZe3uHa CHIBHO COCCIOPTH3HPOBAHLL.
VIJIMHeHHble KPHCTAIL [0 YIJIy CHMMETPHUYHOro yracaHua B 3oHe L (010)
OTBeualoT albOuT-OJMHroKaasy Ne 7—11.

Buorut Berpeuaercs B Buae HeGoapwux (zo 1,5X2,0 Mm) niacTHHOK,
yenryek TeMHO-OypoOro lBera, o6galaeT Pe3KHM MJIEOXPOH3MOM OT TEMHO-
Gyporo mo ocit Ng /10 CBETJIO-COJIOMEHHO-#KeJToro mo ocH Np; noxasarenb
npegomacuusi Ng=1,665+0,002; obmas kenesucrocts Fe: (Fe+Mg), on-
pelescHHAsI IO [OKas3aTeaio mpejoMJaenus, paBHa 50—57%. Buotur nesna-
YUTENbHO XJOPDHTH3HDOBAH; IO TPEUIMHAM CHAHHOCTH pas3BHBAlOTCA MHOTO-
UHCAeHHble MeJIKHe KPHCTaJJIbl 3MHIL0TA.
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Poropas oOmatika o0pa3dyer KOPOTKONPH3MAaTHYECKHE KPHCTAJ/IbLI pas-
mepom 1,0X 1,5 mm, uacTto ¢ H3BHUJIHCTBIMH OYEepPTAHHAMH. HaoGawonaworces
TaKXke KPHCTAJJbl ¢ XapaKTepHOH NPH3MaTHUeCKOH CHaiHOCThbIO, Tepece-
Kawoueiica mox yraom 56°. Munepas obnajaer IVIEOXPOHSMOM OT CHHe-3e-
NeHoro nBera Mo ocH Ng [0 CBeTJIO-2KeJNTOro ¢ 3€JeHOBATEIM OTTEHKOM IO
oci Np; Zc:Ng=11—13°, 2V= —62°. Xumuueckuii aHanau3 porosoii 00-
MAaHKH H3 THOPHTOB IIpHBEAECH B Tabd. 7.

Kpucraanoxumudeckas dopmyaa:

(Nag Ky 140,541 (Mgz,‘;Feng“o,m)wa (Alo.sFeg:: )14 [OH, IAII-GTiOASiG‘UO'-’?l’

xkenesucrocts Fe: (Fe+Mg), paccunranHas mo AaHHBIM  XHMHYECKOrd
ananusa, papaa 44,1%.

KBapu pesko kceHomopdeH 0 OTHOLIEHHIO KO BCeM MHHepajaM; oObld-
HO BBLINOJIHSIET MPOMEMKYTKH MKy KPHCTAIIaMH NJarnokaasa, ampubona.

MUKDpOKIHH, TAK Ke KaK H KBapll, fBJsgercs KCeHOMOD(HBIM MHHe-
paJjioM; ero pejikHe MeJKHe 3epHa ObliH BCTPeYEHBl B HHTEPCTHIHSAX MEXKIY
KpHCTaJJlaMH TJ1aruokaasa, GHoTHTa.

AxueccopHble MHHEpPaJbl MpeACTaBJAEHBl anaTHTOM, LHPKOHOM, CeHOM.
Ilnpkon BeTpeyaercs B AHOPHTAX B BHAE YAJHHEHHbIX H H30METPHUHBLIX
KpucTaaios, pasmepoMm a0 0,3 wms. O6GbUHO OH accoUHHPYeT ¢ OGHOTHTOM,
IVIaTHOKJIAa30M H poroBod obmankod. Cden obpasyer MeaxkHe pPOMOOBHI-
Hple KpHcraaasl (2o 0,1 ama); wacto BCTpeyaloTCsl CKOMJIEHHSI HeNPaBH/b-
HOH (DOPMEI, IPHYPOUCHHLIE K TpellMHaM crnaliHocTH B aMdubdone H GHOTH-
1e. AnaTur B JHOpPHTAax npeacraBiaeH Menkumu (no 0,1 mat) npuamartHue-
CKHMH KpHCTAlJaMH, NPHYPOYEHHBIMH B OCHOBHOM. K TeMHOIBETHBIM
MHHepaJaMm.

AxueccopEble MIHEPABI

B Hnacrosimee Bpems oGulenpH3HAHO, YTO HCCACAOBAHHA aKIECCOPHBIX
MHHEPAaJOoB H 3JEeMEHTOB-IpHMeceil B HHX HEe TOMBKO pPACIIHPSIOT HAIIN
NO3HAHHA B METPOJIOTHH H MHHEPAJOTHH HHTPYSHBHLIX KOMILJIEKCOB, HO H
Aa10T XOPOIIHH [JOMOJHHTeNbHBIH MAaTepHas s KOPPEeIslHH HHTPYIHBHBIX
oGpasoBauuit (Ilpeobpaxenckuit, 1941; Poxaun, 1941; Jlanunx, 1951; Ty-
poBckuil, Bomnskora, 1955; Poldervaart, 1956; Exanceesa, 1957; XamGpaes,
1958; Jlaxosuu, 3oaorapes, Poguonos, Co6oaes, 1959; u ap.). Kpome Toro,
AKIEeCCOPHBIE MHHEpaJabl H 3JEeMEeHTHI-IPHMECH B HHX fABJAIOTCH OJIHHM
K3 TEOXHMHYECKHX KDHTEDHEB CBf3H OIpeleleHHBIX THIIOB OpYIeHeHUs
¢ marmatuamoMm (TypoBckmit, 1953, 1960; PaGunoBuu, 1955; Kypogen,
1960; Py6, 1964). C menbio BBHISIBJIEHHS TAKHX CBA3el  GBLIH H3YUEeHBI
4KIleCCOPHble MHHEpaJbl TPAHHTOMAHBIX Nopoj kKommiekca (Huxkurtuma,
Bepauna, Crypunun, 1963).

Hna u3yyeHHs aKIECCOPHBIX MHHEPAJIOB OoTOHpaauCch INPOGH BecoM
8—I12 ke, xoroptie H3MeJbUAJHCh HA IUEKOBOH H BAaJKOBOH JPOGHIKAxX
2o 0,3 sm. M3 npob MeToloM KBapTOBaHHs OTOMpa/ics AYGJAHKAT BecoM
0,5 k2, a ocraBwiascs 4acTh mpoGbl PACCEHBANACH HA CHTAX JAHAMETPOM
03; 0,2 1 0,1 mm. ITpoGa Kammoro Kiacca B3BeIHBAJAACh H NIPOMBIBAJACK
Ao moayuenus ceporo muauxa. Iaux noaseprascs MarHHTHOH M 3JekTpo-
MarHUTHOHI cenapanHH, a 34TeM — pas3JeJeHHI0 B TAKETOH KHIKOCTH.
Tlonyuenneic (pakuHH B3BEIIHBAMHCH, B HHX ONPELEISICH BHAOBOH COCTAB
MHHEPAJIOB, KOJIMYECTBEHHLIE CONEPIKAHHA KOTOPHIX IePeCUHTHIBAINCE
B rpaMMax Ha ToHHY. [l CHEeKTPaAbHOrO aHaAH3a HCHOJb30BAIHCE
MOHOMHHEpa/bHbie (QPAKUHH, MOJYYEHHBIE NYTeM IOBOAKH GpomModopmom
B (aphopoBeIXx walIKax OTACAbHEIX (GPaKUMil WAHXA oTbopa 3sepeH uof
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OuHoKynspoM. CHekTpasibHble aHa/H3bl AKLECCOPHBIX MHHepaJjoB IIPOH3-
sefleHtl aHaauTHkoM H. T. CHonosbiM.

B nopomax ky6GaIpHHCKOro:‘KOMIUIeKca ObIIM ONpedeseHbl H OMHCAHBI
cleflyiomHe aKIEecCOpHble MHHepaJibl: UHPKOH, aNaTHT, HJbMEHHT, coen,
JeHKOKCEeH, MarHeTHT, OPTHT, OPAaHXKHT, MOHALMT, (bJ1100pHT, LIEeJIHT, Kac-
cutepuT, TypMaauH. Huxke NPHBOAMTCA KpaTKas XapakTepHCTHKA Bbife-
JieHHbIX MHHEpaJIoB. 5

‘llupkon—Hanbojee pacnpoCTpaHeHHbH aKIECCOPHBIH MHHEpa
nopoj KoMIvieKca. B 3aBHCHMOCTH OT NeTporpagHueckoro cocrasa TNOpox
UHPKOH o0pasyer pasiuuible KOHUEHTPaUHH H ob6aajaer ﬁasnnquumn
(GU3HUECKHMH H XHMHYECKHMH CBOHCTBAaMH. :

[pauntel KyGaJApPHHCKOrO KOMIJIEKCa XapaKTepH3YIOTCs HaHOOJbLUIHM
cojep:kaHueM IHpKoHa (A0 164 2/T), rae o MpPHCYTCTBYeT B ABYX MOpPGO-
JIOTHUECKHX PAa3HOBHIHOCTAX.

1. IlupkoH CBETJIO-pPO30BBIil, NpencTaBied MeakHmu (mo 0,1 mm B nau-
Hy) NpO3pauHbLIMH KPHCTA/MJaMH I[PH3MaTHYeCKOro raCuTyca C YAJIHHE-
miem: 2:1, 3:1 (puc. 21,a). U3 kpucraasorpaduueckux (opM BcTpeyalior-
csi npuama (100), aunupamuzna (111), penko—mnpusama (110) u muTerpa-
rfoHanpHas Aunupamuaa (311), xapakrepusylOILHEeCs PE3KO BbIDAXKEHHBIM
nojuHHeHHBIM pa3BHTHeM. COXpaHHOCTh KPHCTAJJIOB IJOXas, TPaHH H peb-
pa KOppOAHPOBAHEL, YaCTO OMIaBIeHB. [lo TpewHHAM B KPHCTaJLIaxX pas-
BHBAlOTCA THADOOKHCJBI JKejle3a, NpHIAIOmHe LHPKOHY KpacHOBATHIM OT-
TeHOK. B HEeKOTOpPHIX KpPHCTaJJaxX OTMeualoTcsl TOYeyHble BKJIOUYEHHs GHO-
Tuta. B yabpTpadHoaeToBBIX Jydax MHHepaJ JIOMHHeCHHpYyeT JHMOHHO-
JKEJTHIM LBETOM.

2. Ilupkon ©yporo 1iBeTa, HeNnpo3pauHbli HJAH NOJAYNPO3payHbIi
(cM. puc. 21,6). PasMepnl KpHCTaJJIOB HECKOJNbKO Ooliblie, yeM Y CBETJIO-
PO30BOTO UHPKOHA, HO He npeBnmaior 0,20 mm. I'panu KpHCTAAJI0B MaTO-
Bole co ciaefamu pacrBopenus. Okpacka HepaBHOMepHas, MNATHHCTAL.
Tabutyc KOpOTKONpH3MaTHuecKuil ¢ yanunenneM 1,5:1, 2:1. Ilpeobnapna-
IIHMH  (popMamu  sBasiores npusma (110) u gunmpamuza (111). He-
Iipo3payHbld LHPKOH 3TOr0 THIA He JIOMHHeCLHpyeT, Yy [OJAylnpospau-
HCTO OTMeYaeTcs MNATHHCTAs JUMOHHO-KenTas JioMunecuenuus. IlepioBeim
JIIOMHHECIEHTHBIM aHaJH30M B OypoMm IHpKoHe oOHapyzkeH ypaH. DJeMeH-
Tbl-IIPHMECH H3YYaJHChb TOJNbBKO B PO30BOM IHPKOHE, KOJHYECTBEHHO Mpe-
obaapatwumem Haa OypuiM. B Hem ycranosseder: Yh, Pb — jecAturbicsuHble
noau, Mo, Cu, Sn, Hg, Hi — Teicsiunbie H0/iH, Zn — COTBIe J0JH TPOLEHTA.

B nuopurax KyGaJApHHCKOTO KOMIUIeKca HaGJ/I0faeTcs HEeCKOJbKO IIO-
HHXKeHHOEe Ccojep:KaHHe LHPKOHA, He mpeBbimiaioniee 42 g/r. [abutyc KpHc-
TaJa0B NPH3MATHYECKHH, yAnuHeHHe 2,5: 1. Pasmep sepen kpynHee, ueM y
uHpkoHoB rpanuToB (0,256—0,5 mu u Gosee). I'paHH KpHCTAJNJIOB KOOpPIH-
HHpOBaHbl. DOJBIIHHCTBO KPHCTAAJOB UHPKOHA NpPEACTaBJeHO KOMOH-
nauned npuam (110) w (100) c gunupamugamu (111) u (131). Pexe
Haobaogaercs coveranue ¢dopm (110), (100) u (111) wam (110) u (111),
(131). Leer umpkona cBeTa10-Oypbiii A0 TeMHO-Ceporo. Muuepan Hempos-
pavueH M COIEPXKHT MHOTO Ta3@BbIX BKJAOUeHHH u Ouoruta. Cperso-Oy-
pLiii  uuPKOH oO6Jafaer JHMOHHO-KeATOH JIOMHHECHEeHIHeH, HHTeHCUB-
HOCTb KOTOPOH 3aBHCHUT OT KOJHYECTBA BKJIOYEHHH: uem GoJibllie BKJloue-
HHUH, TeM ciaabee JIOMHHECHEHLHs, Yy TEeMHO-OYPBIX KPHCTANIOB IHPKOHA
¢ OOJbUIHM KOJHYECTBOM BKJIOUEHHH OHa OTCYTCTBYeT. [Jlas LHpKOHA
JHOPHTOB KyOaApHHCKOTO KomIjekca xapakrtepuol Hf, Y, Yb (corsie mouau
nponenra), As, Cd (teicsiunbie poau npomenta), Pb, Ni (cmeawt). Ho mo
€COCTaBy 3JIEMEHTOB-IIpHMecell oH OelHee HHPKOHA M3 TPAHHTOB 3TOr0 e
KOMIIIeKca: B HeM He oOnapyxenw Mo, Sn, Zn; 3aro B GoablieM KoJu-
yecrpe orMmeuarorcs Hf, Y, Ybh.

= J1. A, Muxanesa, B. A, Ckypuann 49



Puc. 21. 1upxon us rpanuToB KyGajapHHCKOro KoMmumekca. (¥e. 110):

@ — CBeT.10-PO3cBble [po3paynsie Kpucradan; & — Gypele Henpazpayrble H N0Jynpo3paunbie KpH-
cTalbl,

Puc. 22. Anarar ns rpaHuTa KyGafpHHCKOro koMmiekca. (Ve 110):
@ — npeobaanaonnii mopdonorndeckuit THI; 6 — cpaBHHTEABHO PEAKHIt THI.

Anarur Becrpeuaeress noBceMecTHO B noponax komitexca. Conxepxa-
HHe ero KoJebJjercsa or eAnHHuHBIX 3epeH mo 140 e/r. Mopdonornueckue,
(dusnuecKkHe W XHMHYECKHE CBOHCTBAa amaTHTa TaK Ke, KakK H IHPKOHa,
HECKOJILKO OTJHYHBI B MOPOJAx Pas3HOro merporpaduyeckoro cocrapa.

Jns rpanHMTOB XapakTepHbl ABa MOP(OJOrHUECKHX THIA AanaTHTa:
nepBulli, npeobaanaomuil Tun, npeicrasied KpynHuimu (mo 0,5 mm) Ko-
POTKOTIPH3MATHUECKHMH 10 H30METPHUHEIX, HENpPO3PauyHbIMH KpHCTalJlaMH
MonouHo-6eqroro nBera (puc. 22, @) ¢ #ABHbIMH CjaefaMH HHTEHCHBHOTO
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pacTBOpEHHs, TPOSABISIOMHMHCH B obuieH OKPYTJIOCTH  3€peH, Kopﬁp;gﬂ
¥ MAaTOBOCTH TpaHeli; BTOpo#, Gojee PENKHil THI, NPeACTABJIeH MCIKHMH
(mMenptre 0,1 #a) BOAAHO-NIPO3PAUHBLIMH  GeClBETHBIMH  KPHCTA/IaMH
NpH3MaTHYECKOro rabutyca, ¢ YeTKHMH rpansMu 6e3 c/el0B nocneﬂ.ylome:
ro pacrBopenns {(cM. puc. 22, 6), KpHCTaaabl 00pasoBaHbI KoMmOunameit
rekcaronanbHofi npuamei (1010), nunakouaa (0001) wu caaGo Bepamen-
HeIMA TpaHaMu Aunupamuasl (1011). Kak nepsas, Tak u BTOpas pasHo-
BUIHOCTH amaTHTAa OYeHb PEeAKO COAEPIKAT BKJIOYEHHS TOHKOYEIYHYaToro
6uoruta. Ha cnekrpanbHbiii ananus Obiia oroGpaHa ofmas mnpoba ana-
TuTa oGemx pasHoBHAHOCTeil. B Mumepasae obuapymemw: Pb, Hg — cotbie
poau; Sn, Y, Yb, Zr, Cd, As, Bi — ThicAUHBIE JOJH NPOLIEHTA.

B auOpHTax cojepiKaHHe anaTHTa MO CPaBHEHHIO C TPAHHTaMH Pe3KO
cumkaercss (He mpesbimaer 42 2/r). Ou npencraejeH MeJKHMH  (MeHbIIe
0,1 mam) OecUBETHbIMH, MNPO3PauMHLIMH NPH3MATHYECKHMH KpHCTA/JaMH
¢ yaausendem 2:1. Kpucranns ob6pasoBanbl rpadamu mpuambi  (1010)
M HeueTKO BblpayKeHHbIMH TpansiMu aunupamuiwt (1011). T'panu xpucraa-
JOB omjaBldeHbl. B amarute HaOmaropaercsa 60/bllioe KOJMHUECTBO TOHKO-
AHCTIEPCHBIX TEMHBIX BKJIOUEHHH, KOHIEHTPHPYIOUIMXCA B  [eHTPa/abHON
YaCTH KPHCTAMIOB, MHOrAA BK/AIOUEHHS NpefcTaBieHbl NMy3ulpbkaMH rasa.
CnexkTpaJbHBIM aHAJAH30M B amaTHTe JHOPHTOB YCTAHOBJEHBl CJeLylollHe
saeMeHnThi-pumecH: La, Zr, As — corsie noau, Cd, Pb, Cu — Thicsaunbie
JOJH TIPOUEeHTAa. AmaTuT AHOPHTOB OefHee 3JeMEHTAMH-NPHMECAMH 110
CPaBHEHHIO C aNaTHTOM TPaHuTOB. B HeM HeT TakuxX 3JeMeHTOB, Kak Y, Yb,
Sn, B 10 pa3 cumkaercs cofepmxkanne Pb. XapakrepHo MoBHILEHHOE COXEp-
Kanue l.a, He 0OHAPYKEHHOTO B amaTHTe TPAaHHTOB.

HabMeHHT B NOpoZax KOMIVIEKCA PacnpocTpaHeH IOBCEMeCTHO.

MaxcuMangHOe coaep:KaHHe ero B AHOpHTax mocrturaer 507 2/r, B rpaHu-
Tax oHo He Npebnimaer 10 e/r, a MecTaMHu CHHXKaeTcs [0 €JIHHHUYHBIX 3epeH.
IlpencraBien HenpaBHABHLIMH 36pHaMH, PEIKO TOJCTOTAOJIHTYATHIMH KPH-
crannamu, pasmepom 0,25 um u Goaple. 'paHH KpHCTANI0B CHIBHO KOPPO-
IHPOBAHbl, OIJIAB/EHDI, C SYEHCTBIMH VIIVOdeHuAMH. B miabnmenute u3 rpa-
nuta ycranosienst: Nb, Zn — coreie poayu; Ph, V, Ga, Cu, Sn, Ni — toicau-
Hble J0JIH IIPOLEHTa H C/aefbl.
! CdeHn Mano pacnopocTpaHen B IOpojax [AaHHOTO KOMIUIeKca.
Haun6oablee ero cojepanue JAOCTHTaeT B rpaHnrax 72 e/r. B anopHTrax
OH HJIM OTCYTCTBYET, HJH (DHKCHpyeTcs JHIIL B eJMHHUHHIX 3epHax. [lpex-
CTaBJieH HelpaBHJIBHBIMH KOPPOAHPOBAHHBLIMH KDPHCTAJJIaMH CBeTI10-0yporo
lpera, colepxKauuMu GOJbIIOe KOJHYECTBO BKJIOUEHHH OHOTHTA W APYTHX
TeMHOLBETHBIX MHHepanoB. CnekTpasbHLIH aHanana ceHa Ioxasaa MPHCYT-
crBue; Mo — necsreie poau; Sn, As, V—coruie moau, Y, Pb, Cd, Cu, Bi —
THICAYHBIE J04u npouenTa; Yb, Be, Ga — caennl.

JleiikoKceHn Bcrpeyaercst B rpaHHTax B BHJAE PEJAKHX HenpaBHIbHEIX
3epeH CBETJI0-CEepPOoro IiBeTa.

MarneTuT—IIHPOKO PaCHpPOCTPAHEHHBIH aKIECCOPHLIH MHHepaJ.
MaxcuManbioe KOMAMYCCTBO ero OTMeMaercs B awopurax (o 9600 2/r).
Ilpencrasien, raaBHbIM 06pasoM, KPHCTAJIAMH OKTa3APHUECKOro 00JMKa
C TYCKJBIMH KOPPOIAMPOBAHHLIMH TPaHAMH, pelKe B HENMPAaBHJIBHLIX 3€pHAX.
Pasmep xpucrannos 0,25—0,5 sm. 3HauuTeJALHO MEHbIIE PacHpPOCTPAHEHHI
(B ocuoBHOM B Anopurax) Menakue (10 0,1 Mi) okTasapHueckHe KpHcTa-
JIEL MArHeTHTa ¢ YeTKO BLIPDAKEHHBLIMH PeOpPaMH H CHJIBHEIM METa/JIHYECKHM
GieckoM. B Marseture M3 TpaHHTOB CHEKTPAJLHBIM aHAJH30M YCTAaHOB-
aenvt: Cr, Ni, V, Zn— corsie noau; Co, Cu, Ga, Zr, P — ThiciuHLIC JOJH
npouenta; Sn, Mo — ciaems.

OpTHT BCTpPEYeH TCG/ABKO B TPAaHHTAX B HE3HAYHTENbHBIX KOJIHUYECT-
Bax (10 1,3 ¢/r). Ilpeacrasien nenpaBuiabHBIMH 3epHaMH. Peako na6iio-
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AalOTCs KPHCTAJVIBl NPH3MATHYECKOTO TaGHTyca, BBITAHYTHIE BAOAL  OCH
(010), ¢ wepoxoBaThiMH HeueTKHMH rpaHsiMH. Llper Oypulit 10 uepHoro
OKpacka HepaBHOMepHasi: OT LeHTPa K MepHYEepHH KPHCTANNOB HAGIIO-
AaeTcs NOCBET/NIeHHe OKPACKH, HepeJKO Ha INOBEPXHOCTH 3ePEeH LBET MeHseT-
€ 10 cBeTs0-xkeaToro. Manom pakosucreiii. B Tomkux ockoakax cuaa6o
lipoceeynBaerca. Pasmep sepen go 0,2 mm. CnekTpanbHbiM  aHaaH30M
B OpTHTe ycraHoBiensl: Ga — necsareie poau; Th, V— corsie monn; Gu, Zr,
Pb, Cu — teicsiunble goun nponenta; Be, Sn — caensl.

TopHT-OpaHXHT npHCYyTCTByeT B HeGOJNBLIHX  KOJHUeCTBAaX (10
1,1 e/r) B rpaHHTax, B eIHHHYHBIX 3epHAX OTME€YeH B OJHOH Npobe AHOPH-
Ta. IlpencraBiaen HempaBH/IbLHBIMH 3epHaMmH, Aocturaomumu 0,3 mm. Liser
JIHMOHHO-3KEJITBIH [0 KPacHOBATO-XKE/ITOr0, YdCTO OKpacka HeoAHOPOAHAf,
uyTo OOYyCJOBJIEHO CTeleHbi0 MEeTaAMHKTHOIO H3MeHeHHS. BJjeck cMoOJHCTBHIH.
HMsnom pakoBucThli. B TOHKHMX OCKOJMIKax MHHepasa IpocBeunBaeT. J[laer
YeTKYIO peakidio Ha TOopuil. [1epnOBBIM JTIOMHHECHEHTHHIM aHaIH30M B HeM
ycranosyeH V. CnekrpasbHEIH aHA/AH3 TOPHTA II0Ka3aj NMPUCYTCTBHE B HeM
Sn — pecarwie poau; Pb, U — coteie poau; Y, Yb, Cd, Cu — ThicsiuHble H0JH
npouenta; Ni, Be — cnezsbl.

Mounauut obHapy#xeH TONbKO B OJHOH nmpofe rpaHATa B KOJHYECTBE
66 e/r. IlpeicraBjen KpHCTalAaMH C HeYeTKHMH OIJIABJEHHBIMH KpasiMH.
Iser cperno-xkentuili. Kpucranans npospaunsie. Paswmeps 3epen 0,13—
0,3 mm. Cpenu 371eMeHTOB-pHMeceil XapakTepHo npucyrersBie U — mecs-
Thie goau; Th, Y — coreie pmomnu; Pb, Yb-— ThicAuyHble [OJM IIPOLIEHTA;
Cu, Sn — caensr.

Ileeaur B BHme Meapuadwux (0,1 #M) eIMHHUHBIX 3epeH BCTpeueH
B OTHEJNbHBIX npobax rpanura W guoputa. Llper Geabli, O/ecK KHPHBIH.
B yabrpaduoneroBex Jyuax obsaagaer rony0oil H pexe KeJNTOH JIOMH-
HeclleHlHeH.

Kaccurepur mabmonaics B elMHHYHLIX 3epHAX JHIIbL B OJHOH NpoO-
fe rpaHuTa B BHIE OCTPOYTOJbHBIX oGaoMKoB auamerpom 01—0,3 mu. Ilser
MHHepaJja CcBersio-Oypwlit 10 TeMHO-Gyporo. -JlaeT 3aMeJJIeHHYIO DPeakKIHIO
Ha OJIOBSIHHOE 3epKalio.

Da0opUT H TypMaJuH BCTPEYAKOTCA B eJAHHHUYHLIX mpoOax TpaHHTA.
[MepBulit npeicraBien HeNpaBHJAbHBIMH 3epHaMu  (wuoJjeTOBOTO lIBETa,
BTOPOH — NMPH3MaTHUYeCKHMH KPUCTaJIaMi Oyporo useTa.

B peayibrare H3yueHHsi aKLECCOPHBIX MHHepaJoB M3 HOPOA Kybaf-
PHHCKOTO I'DAHHTOHJIHOTO KOMIIJIEKCAa MOXKHO CHA1aTh CJeAyIoUlHe BBIBOMBL:

1. TTopoabr kyBaipHHCKOrO HHTPY3HBHOIO KOMIJIEKCA XapaKTEpPH3YIOT-
cfl cnenH@HUUeCKHM COCTABOM AKIECCOPHBIX MHHEpPasoB (MarHeTHT, HibMe-
HAT, ceH, anatuT, UHPKOH, MOHAUHT, OPTHT, OPaHIKHUT, (IIOOPHT, Typ™ma-
JIMH, WeeanT, kaccuteput). Ilo knaccubukaunu A. B. Patunosuua (1955),
OHH MOTYT ObIThb OTHECEHBl K LIHPKOH-aNaTHT-MOHALUT-OPaHKUTOBOMY THITY.

2. OnHOHMeHHbIE aKIlecCopHble MHHEPAJBl TPAHHTOB H AHOPHTOB o6ja-
LAlOT pasaH4YHBIMH cBoiicTBaMH. Oco6eHHO 3TO NPOSAB/IAETCS Y HUPKOHA, HaH-
60J/1ee YYBCTBUTEILHOTO K H3MCHCHHIO (PH3HKO-XHMHYECKHX YCJIOBHH Cpejbl.

3. Habawonaercs orTueTiHBasi 3aKOHOMEPHOCTL B pacnpeleJeHHH 3Je-
MEeHTOB-TIpHMecell B OT/AeJbHBIX AKIEeccOpPHHX MHHepajsax. B mopopax
OJHOTO M TOTO XKe MeTporpaHueckoro cocTaBa OCHOBHBIE 3JeMEeHThI-TpH-
MECH B DAa3HOMMEHHBIX AKIECCOPHLIX MHHEpPaJaX TOXKIeCTBeHHBI.

Huneuas danusa KoMuIexca

JKunbHble mopoabl, reHeTHUECKH CBsi3aHHLIE ¢ TPaHUTOMIaMH Kyban-
PUHCKOTO KOMIJIEKCa, HMEIOT [0BOJLHO IHPOKOe paclipocTpaHeHHe B H3Y-
uyennom paitone. [lo cocraBy oHHM He OTAHUAOTCA OGOJBIIHM pasHoobpasueM,
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CpPelH HHX BBIIEJNAIOTCH AalJaHThl, AalJHTOBHAHEIE TPAHHUTHL H NErMAaTHTHI
(puc. 23).

AnauMTH M aNJHTOBHJIHBE TPAaHHTH B MNpeiesax 3K30- H
3HIOKOHTAKTOBEIX 30H Ky6aIpHHCKOro MJIyTOHA NpeicTaB/JeHbl MHOrOYHC-
JNEHHBIMH KHJaMH HeGoabmoid MomuoctH (or 2 ¢ po 1,5 m), auwb
B eNHHHYHBIX coayuasx gocturireii 10 . [lawna kua BapeHpyeT oT 1,5—
2 u no 25—35 m. IIpocTHpaHue KHJI caMoe pasHOOOpasHOe, HO MpeUMy-
lleCTBEHHO CeBepo-CeBepO-3anajHoe, COrJIacHoe C OGUIHM MPOCTHpaHHeM
reoJOTHUECKHX CTPYKTYpP; mNajehne Kpyrtoe (65—85°) Ha ceBepo-BOCTOK.
KoHTakTel ua 06bIUHO pe3kHe, npamoauHeiinble. [lo BHewHeMy BuLy
AIJIHThl H ANJIHTOBHIHBIE ZKHJbHBIE I'DAHHTHI npeacraBagaloT co00oil CBeTJIO-
cepele, MOJIOYHO-Gesbie ¢ PO30BaThiM OTTEHKOM nopojbl. CTpykTypa mopoAa

Puc, 23. Paamemelgie JKHJ amJIETOB B MeTaMopduueckod Toaule:
1 — meramopdHUecKHe caaHIbl aKTALICKOR CBHTHI; 2 — amaBThl.

Me/JKO- H MHKposepuucTas. Ha cBeTioM 0JHOpPOAHOM ¢(OHE anIHTOBHIHBIX
rPAHHTOB OuYeHb PEIKO BCTPeYaloTCs MeNdKHe demyiikH Gumotuta. Mmuoraa
B KPaeBHIX H LEHTPAJBHBIX YUAaCTKaX KHJ HaOJI0NAIOTCA YYaCTKH C Kpym-
HO3EPHHCTOH CTPYKTYpPOH.

MukpockonHueckoe H3yueHHe ANIMTOB H AIVIHTOBHIHBIX TPaHHUTOS
nokasaJjo, uTo oHH cocrosat u3 kBapua (30—35%), muxpokauna (40—
459%), mnaruokaasa (25—35%,), aKiecCOpPHBIX MHHEpaJOB; B AalHTOBHI-
HBIX TPaHHTaX, KpoMme TOro, Hab/JI0fAalOTCs eJHHHYHble YeIIYHKH OGHOTHTA.
CrpykTypa mnopoj annoTpuoMopdHas, B OTIAEJbHBIX YYacTKaX THOHIHO-
MOp(HO3epHHCTAS,, MHKPOTIErMaTHTOBAsl.

Ksapu oGpasyer Meakue (1o 1,0 sa) 3epHa H3OMETPHUHOH, HeNpaBHJb-
HOH (opMbl ¢ 6yXTOOOpa3HBIMH, TJIaMeBHAHBIME ovyepTaHusMu. Muoraa na-
Oa101a10TCsl TOHKHE MHKPONErMaTHTOBbIE BPOCTKH KBaplia B KaJHEBOM IOJe-
ECM LInare. :

Mukpokans HpPHCYTCTByeT B IIOpoAaxX B 3HAUHTENLHOM KOJIHYECTBE
B Buae smeakux (0,3—0,5 mm) HeIpaBHJALHBEIX 3epeH, pexe BCTPeYaloTCs
Goanee kpynuele (1,2—1,5 mm) KpHcTannsl ¢ NPAMOYTrOJBHEIMH OYepTaHHSA-
MH. XapakTepHO, UTO MHKPOKJHH CHJBHO [EePTHTH3HPOBAH H COLEPIKHT
MHKPONEerMaTHTOBble BPOCTKH KBaplia.

[Tnaruoknas wHaGaogaercs B Buie Meakux 3sepen (0,2—0,3 an)
HEMpaBHJIbHOMA, pexe Tabauruatoii ¢GopMel. Ouepranus 3epeH He-
poBHble, OyxTooOpasnble; TaOGMHTYaThie KPHCTAJJABI HMEIOT [PAMOJIH-
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Hefinble kpas. [lo cocraBy mNJaruokJaas oOTBeuaer a/1b6UT-0/IHIOK1a3Y,
Ne 7—12,

Buorur ormeuaerca pexko. O6pasyer neGomsmne (0,2—0,4 MM) BBITA-
RyThle uemyikH. Okpacka munepania Gypasi, IJIEOXDOH3M DeSKHIil OT O6ypo-
ro—mo ocu Ng 10 CBeT/O-3KeATOr0 — o  oCH Np. Huorza B GHoTHTe
HaGMIONaIOTCA MeJKHEe BKJTIOUEHHs LHDPKOHA, OKPYKeHHble [LI€0XPOUYHBIMHK
BBOPHKAMH,

I[TerMmaTHTH BCTpPEYalOTCH KaK B Ky6aapuuckoM miytone, Tax u B
OKpYZKalOUNX NOPOAAaX, HO HanGo/ee WIHPOKO OHH PACHpPOCTPAHEHH cpenu
MeTaMopQuIecKHX NOpox oceBo# sonw Kypaiickoro xpebra. B rpamurax
nerMaTHTHl 06pasylT JHH3006pasHble Tesa, He HMEIOIIHe ; Pe3KHX KOHTaK-
TOB J1 CEASaHHBIE C HUMH TOCTENEHHBIMH NepexoiaMd. MOIIHOCTE TAKHX
Tea e npesplmraer 25—40 cm, N0 NPOCTHPAHHIO OHH NpocIeKHBaloTCH
xo 1,6—2.0 m.

B MeraMOpdHuecKHX craHmAX Tena IermMaTHTOR KpynHee: HX MOIL-
HOCTb KOJIEGJIETCS OT HECKOMBKHX JeCSTKOB CAHTHMETPOB 10 2—3 u GoJee
METPOB, MO JJIHHE OHH NPOCAEKHBAIOTCH Ha 5—10, wumorma 25—30 .
Ipoctupanne Ten CEBepo-ceBepo-3anafnoe, COIJIACHOE C OBIHM po-
CTHPAHHEM TeOJIOTHYECKHX CTPYKTYp. Munepanornuecknii cocras merma-
THTOB I0BOJIBHO OAHOOGpaseH: OHH COCTOST H3 MOJIOYHO-0e/10ro Ka-
JIICBOTO IIOJIEBOrO IIMATA, CEPOTO KBApua, OTASAbHBIX YellyeK MYyCKOBH-
Td; [NOBOJIBHO HYacTO B IerMaTHTAaX BCTPeYAlOTCs KPHCTA/ILL TypMa-
auna. IToponsl XaPAKTEPH3YIOTCA NMHCbMEHHOH HJIM rpadHYecKoil CTPYKTY-
poii (puc. 24).

KanueBmili nosesoii mmar, MHKDOKJIHH cocTaeasior po 60-—709% ot
oGuwero eGbemMa nopoAsl. Munepan NIpeAcTaB/ieH KPYIHBIMH KPHCTaJ1aMH,

Puc, 24. Tpaduueckan CTPYKTYpa nermaTusoB (sepxosve p. Ky-
paika),
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Puc. 25. 3onaiblioe CTpOeHHE KPHCTANIOB TypMadanHa. (¥s. 63.)

pasmepom o 4,6x3,0 mm. ColepKHT BRIIOYCHHA NIArHOK/Ja3a — anbOuTa
Ne 7—10.

Ksapu (1o 30—40%) obGpaayer kpynusie sepua 20 3X1 mn. Munepaa
HAXONMTCS B 3aKOHOMEPHOM CPACTAHHH C KaJHeBBHIM [OJEeBHIM  [IMATOM
(rpaguueckasi cTpykTypa). 3epHa KBapua HMEIOT HeNpaBUAbHYIO dopmy
W OAMHAKOBYIO ONTHUECKYI0 OPHEHTHPOBKY, UuTO OOGHapyKWBAeTCA TPU
CKpelleHHBIX HHKOJSX 10 MX OIHOBpe-

MeHHOMY YyracaHHIO. Taganma 8

MycKOBHT BCcTpedaercss B ferma- Xumuueckuit aHan3 TYpMaAHHOB
Tutax B suge meakux (0,050,07 ma) Tipoda 1 = ' Tinoha 2
¥ Kpynuuix (2X3 cam) uewyek. Huor-

N QR HCABE MOJACKY= MOREKY-

Aa OH COLEPIKHT BKJIIOYEHH 5 KBaPU.a Buc."‘,,\ agpubie  sec. 9, | aapHbie
M anaTura. - et it ¥Od=py

Typmaaun nabmopgaerca B Her- : ? :
MatuTax B (opMe YIJIHHEHHBIX, Hie- S{Oﬂ 35,6 593 35,9 596
CTOBATBIX KPHCTAJIOB; HX pasmep B 110z 0.7 9 0,7 9
TNIONepeyHoM CeueHHH AOCTHraer 5X AlyO; (31,41 306 41,91 3M
%6,5 cs. B obpasuax uper mpHepa-  Fe:0p | 0.4 3 0,5 3
Ja uepHui, B manpax — temuo-sene-  FeQ | 8,08 111 8,01 1
HBIll, ¢ He3HAUHTENbHBIM cHHepaThiy  MnO | 0,06 — O0¢1S - ==
OTTeHKOM. B TypmaauHe naGmopmaer- MgO | 7.2 179 7,41 183
Csl  H3MeHeHHe OKpacku mno gsomam a0 [ 1.7 30 1,7 30
(puc. 25), BEUIEASIOTCA 30HH, oKpa-  NaQ | 0.74) 11,6 | 0,74 11,8
(IeHHbIe B TeMHO-3eJeHHl M CBETJIO- K0 0,24 2,4 | 0,24f 2,4
3eJeHblll 1BeTa. B,0; | 9,6 137,0 | 9,51} 136,0

PeayipraThl  XHMHYECKOro aHa- H,0 | 3,89 217,0 | 3,66 203,0
IM3a TYPMa/iHHOB, OTOGPAHHBIX M3 F (0,18 68| 0,13 6.3
NerMaTHTOB, NPHBOAsATCH B Taba. 8. L [99.66 100,45
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XuMuueckuit aHa 43 nopop, nyﬁanpgu«;@m KOMIIeKca :

- Okncam, U B Tt

- i s it si0, | 110, | ALO, | Fe,0, | Feo | Mno | Mgo | cao | Nao | KO | o | rioy et W
150 Theiico-rpannt, p. Kypaiika 75,95( 0,02 | 12,30| 0,53 | 1,00 o,ba 0,30 | 0,80| 3,30 | 5,00 | 0,11 0;06 | 0,241 99,64
162 » » » 75,82 0,02 | 13,1 | 0,30 | 1,30 | 0,03 | 0,40 | 0,80 3,50 | 5,00 0,17 0,06 | 0,15 | 100,65
184 Tpannr, p. Kypymay-Aiipsi 75,26 0,39 | 14,86] 0,40 | 1,00 | 0,04 | 0,18 | 1,50( 1,38 | 3,85 | 0,33 | ~*| 0,81 . 100,00
210 > p. KySazpy 74,9 — | 15,6200,27|0,83| — [1,05|1,12f 1,57 [ 3,84 | 0,15 | 0,44 | 0,33 | 100,18
183 »  p- Kypymay-Aiipu 74,06 0,18 | 11 64| 0,81 | 1,35 | 0,01 | 0,78 | 0,94 3,14 | 5,18 | 0,30 | 1,21 | 0,47 | 100,07
182 » 5 > 73,90 0,18 | 11,47} 1,17 | 1,25 | 0,01 | 0,74 | 1,26| 3,85 | 3,29 | 0,24 [ 0,89 | 1,16 | 99,41
129 l » p. Kuicxpimrytiek 73,70 0,27 13,99 0,72 | 1,29 | 0,02 | 0,72 | 1,12 2,09 | 4,59 | 0,14 | 0,32 0.‘66 99,63
175 » p. Ky6anpy - 72,80/ 0,20 | 14,25/ 0,98 | 1,49 | 0,03 | 0,79 | 1,82| 1,98 | 4,12 | 0,08 | 0,06 | 0,82 | 99,45
200 » » 72,74/ 0,23 | 14,33/ 1,34 | 1,30 | 0,19 | 0,49 | 1,21| 2,83 [4,58 | — | 0,52 | 0,48 100,23
205 > > 72,70/ 0,18 | 13,71| 0,41 | 1,35 | 0,01 | 1,10 | 1,47| 3,90 | 3,64 | 0,13 | 0,89 | 0,74 | 100,23
128 > p. Kicxmmry6ex 72,46 0,34 | 13,02/ 1,52 | 1,58 | 0,02 ] 0,72 | 1,96 1,36 | 3,05 | 0,00 | 0,70 | 1,41 | 99,13
176 » p. KyGanpy 72,09 0,26 | 14,53 1,18 | 1,94 | 0,04 | 0,46 | 1,03| 2,70 | 5,06 | — | 0,29 0,72 100,30
191 » p. Kypaiika 70,42{ 0,40 | 17 41| 1,19 | 1,44 | — |1,27| 2,03| 1,28 | 3,70 | 0,04 | 0,25 | 0,46 | 99,89
207 T'panocuennt, p. Ky6aapy 66,44/ 0,40 | 13 94| 2,82 | 2,57 | 0,03 | 1.59 | 1,40| 3,14 | 6,10 | 0,18 | 0,76 | 0,76 | 100,13
181 »  p. KiexbiutyGek 65,60 0.73!14.52 1,10 | 3,69 | 0,28 | 1,08 | 2,80 2,68 | 5,43 | 0,41 | 1,72 | 0,37 | 100,41
201 \Menanokparossit anopnt, p. KyGaapy | 54,72 1,32:]4'24 4,35 (7,300,110 | 4,34 | 4,76 3,64 | 2,40 | 0,24 | 1,08 [ 0,81 | 99.30
127 i »  p. Keexsurybex | 52,00| 2,06 14,84| 5,19 | 5,46 [ 0,25 | 3,58 | 7,14| 2,73 | 1,30 | 0,24 | 0,68 | 2,56 | 98,89
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Hcxons m3 npHBelleHHBIX AAHHBIX, MOMKHO DacCuHTaTh CJEAYIONLHE -
KPUCTANJOXHMHYECKHe (OPMYJILI TYpMAaJHHA:

3 y : PO S 3
(Nag 5K 06Ca) 5)0.55 (Mgl;sF.‘ef:_l T‘o,iFet;tosall,s)A.sG [Bz,aAls,rsis,v (0p50,0H,
Fo’()é):iﬂl;

(Nag, Ko.oecao.s)o'.ss (Mg, ,BFE?:IZ Tio,dsFe;(?aAlzr.a)s,s-; [Bz,eAla,vsis,T (Og6,040H;4
Fo.06)30l -

Kak BHIHO W3 aH@JH30B M TOJAYYEHHBIX (QOPMYJ], TypPMajHH OTHOCHTCS
K MAarHesHaJsibHO-3KeJIe3HCTOH PAa3HOCTH €O 3HAYHTEJNbHBIM  COMEPKaHHEM |
IJHHO3€eMa. ; Bo 8

k E " el k 4, TEOXMMMYECKAA XAPAKTEPUMCTHMEA
o o I‘l?_AHI/lTOHI[HBIX IMOPOJ] KOMILIERCA. .

5 : ' IMerpoxumudeckad XapakTePHCTNEA MOPOZ,

Hnsi M3y4eHHS NEeTPOXHMHUECKHX ocoOGeHHOCTel TPaHHTOHIHBIX IOPOJ
KyOaJpHHCKOro KoMiJiekca Mbl MMeeM 16 MOJMHBIX“ XHMHUECKHX aHAaJH30B,
BHIMOJHEHHBIX B J1a60OPaTOPHH TEXHOJOTHH CHIMKATOB TOMCKOTO MOJIH--
TeXHHYECKOr0 MHCTHTyTa. Bee amanmssl mepecuntansl mo meroay A. H. 3a-
Bapuikoro (1944) u BBHIE BEKTOPOB HaHeCeHH HAa AHarpaMmy (tatm. 9, 10;
pric:26).

PaccmarpuBasi nosozenue QHUCypaTHBHBIX TOUEK Ha IIOCKOCTH IIPO-
exuun ASB, 3ameyaeM, 4TO NOYTH BCE OHM TPYINIIHPYIOTCS BAANH OT ocH SB,.
UTO CBH/ETEJLCTBYeT 0 GoraTcTBe IIOPOJ LIEJOYHBIMH — aJIOMOCHJIHKATaMH.

Ilo HampaBJeHHIO BEKTOPOB Ha MaOCKOocTH ASB MOMXKHO BHIAENHTH JABE-
rpynner nopoi: 1) noponer, nepecbilleHHble TJIHHO3eMOM (aHaJAH3bl yIOB-
detsopsaior ycnosuio Al>K-+Na+2Ca), u 2) mopoxbl HOpManbHOrO psAxa
(amanuspr ynosaerBopsitor ycaosuio 2Ca+Na+K>Al>Na+K).

BexTopn mopox mepBoi rpynmel HampaBieHbl  pe3ko Baeso. [lo ux
HAKJIOHY OTHOCHTEJBHO OcH SB MOXKHO c/leaTh BHIBO/J O TOM, YTO IOPO/IbE

TaGauuna 10

PeayubTaThi NepecyeTa XHMHYECKHX AHAJHM30B NMOPOA KYGaJPUHCKOro KOMIUIeKca
no metony A. H. 3asapuukoro

YrcaoBH e XapaKTEepPHCTHKH

<
a
o

Fels. o foesudles o e e @ ois dncar- | el 8

0.9 2,0]83,2| 6,6|70.0]2.,4| — |500]22.0]/0,01]37.7] 155
00| 2.7 |82.3|23,6|52.8|23.6| — |51.4| 9.5 0,01 35.5]| 15,6
17| 7.8 (81,3816 |15.1| 3.3] — [35.8[ 4.4|04 |44.5| 4.8
1'3/ 110 | 79,2 | 76,5 | 8.5 15.0| — |385]| 2.0| — |40/1| 6.5
0.6 3.8 [81.7| — |51.3|345]14,2]|481|183]0,2 | 35.0] 23.0
10| 3.7 [82.4| — |[56.2 3204 (11,4 (6400|2500 0.2 |380] 129
1.3 7.3 80.6]60.6)|23,7|15;7| = |408( 7.5[0.3 |37.3| 8.3
| 76| 80.3|54.3| 287 |17.0| — |41,8| 1004 0.2 | 385 4.8
‘o] 6.5(79,7|503|38.3|11,4] — |48,4|17.1|0)2 |33,2]| 88
1| 4.3 [ 8006 (19,7 38,3 [ 4200 — |621| 9.4] 004 [435] 32
'3/ 10'0 [ 80,4 [ 61,5 [ 26.8 | 11,7| — |40/4]|12]4|0/4 |43)9| 3.2
‘9| 7.0 79.0|500|39.3]|10,7| — |45.1[134|03 |31,2] 10,7
'3l 140 [ 7600 (7000 [ 15,5 [ 145 | — | 34.5] 6.5 |04 |47 3.3
4 7.7 (75,2 — |[61.5]34.7]3.8 |43,9|300]04 |17,6] 11)2
8l 7.2|76.0| — |65.8|25.5]|8.7 |43.0(13.4] 0,8 |21.2] 5.0
'8{ 20,3 | 64,3 | — [53.5]36.5 10,0 [70.1]18.7 1.8 | 1.6| 3.0
31198 [ 655 — [53.1 1322|147 | 760|239 (29 | 79| 1.9
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Puc. 26, BextopHas AHarpaMMa X#MWUECKHX COCTABOB NMOPOJA KyGaAPHHCKOrO H INafiiajs-

CKOr0 rpaHHTOHAHBIX KOMIJIEKCOB:

I — cpeanHe THNH mopoA no P. Isau; 2 — nopoast KyGaApHHCKOro KoMnJaekca; J — MOPOALI luamiualibe
CKOTO KOMIJIeKca.

———

HMEIOT DAa3NHYHYI0 CTelleHb MepecHIeHHsi TVIHHO3eMoM. [IpH CpaBHeHHH
HOJIOXKEHHS] BEKTOPOB 3TOH IPyNnbl ¢ MOJOXKeHHEM BEKTOPOB CPeJHHX THIOB
rpanutoB no P. sau (amamusst Ne I u Ne 3) ormeuaiorcs cielyloliHe
OCOGEHHOCTH: a) NOPOAE KyGaAPHHCKOrO KOMIUIEKCca XapaKTepH3yloTcst
GOMBIIHM H3GHLITKOM TVIHHO3eMa, YTO Bhipakaercs B GoJee MOJOIOM paclo-
JIOKEHHH BEKTOPOB (cM. pHc. 26), H MeHbIIell IKeJe3HCTOCTHIO B (e-
MHYECKOl YaCTH — HX BeKTOphl 0oJiee IJMHHBIE, YeM BEKTOPHl CPeIHHX
THNOB mopox; 6) HauajbHble TOYKH IIOYTH BCEX BEKTOPOB MOPOM TPYMIBL
pacnofoxensl OJHXKe K ocH SB, ueM HauyajbHBlE TOYKH CPEeIHHX THIOB
TIOPOJ, YTO OTpa)kKaeT MeHblllee KOJHYECTBO ATOMOB IIEJOYHBIX METaJJ0B
B aJIOMOCHIHKaTax TOPOA Trpynne; B) pas3HOCTH, GJH3KHe K TpaHHTaM,
€ofiepkar Goublie KpeMHe3eMa; 3TO CBOHCTBO BblpazKaeTcsl MOJOMKEHHEM
$UIypaTHBHBIX TOYEK GJHXKe K BepliuHe S.

BexkTopn nmopox BTOpOil rpynnbl HanpaBjeHsl BnpaBo. 110 cpaBHeHHIO
€O CpeAHHMH THNAMH rpanuToB nmo P. Jlaaum (ananus Ne 2) rpaHuTH
BTOPOil IPynnsl HMEIT HEKOTOPble OCOGeHHOCTH XMMH3Ma, XOpOWIO BHI-
PaJKEHHble HA IJIOCKOCTH AHarpammbel ASB: a) HauyaiabHble TOYKH BEKTO-
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POB pacnonaraloTcs B ORHHX; clydasix GaHKe K BepuidHe S, B JPYrHX —
HECKOJIBKO YyJaJieHbl, UYTO OTPa}KaeT COOTBETCTBeHHO OoJiblliee H MeHbLIee
collepKaHHe KpeMHe3eMa; 6) (urypaTHBHble TOYKH TPAHHTOB, B OCHOBHOM,
Jexar Janblie or ocH SB, T. e. mopoisl cogepikar OoJibille IEJOYHBIX
MeTaJJIoB B aJIOMOCHJIHKaTax; B) MO HAaK/IOHYy H JJHHE BEKTOPOB paccMmar-
pHBaeMOH TpyNNBl IOPOA MOMKHO cieaaTh BBIBOA, YTO TPaHHThl 00/1aRaioT
HeCKOJIbKO MEHBLIHM CofepxKaHHeM Maraus u xexesa. Cpeau BTOpOIt
TPpynmel mopoj HaGJAOAATCA PasHOCTH, NPHOJHXKAMIOMIHECH O XHMHYECKO-
MY cOCTaBy K TPaHOCHEHHTaM, HO OTJHYaKIlHecs OGOJBIIHM COXeprKaHHEM
kpeMHesema. OTAenbHBle NPEACTABHTENH STOH TPYNAB MO COCTaBY OJH3KH
K MeJaHOKPaTOBHIM NHOpPHTaM M ra0GOpo-JAHODHTAM, 4TO CBS3aHO C NOBBI-
1IeHHEIM COJepIKanHeM B NOPOjax poroBoil oOMaHKH, GHOTHTA, MarHeTHTa.

Tlonoxenne (GUTYPAaTHBHHIX TOYeK Ha TJIOCKOCTH CSB orauvaercd
GONBIIMM IOCTOSHCTBOM. Bce OHH XapaKTepH3YIOTCA He3HaUYHTeJbHBIM
yAazeHueM OT oci SB, 4TO CBHAETEJIBCTBYET O HEGOJBLIOM KOJHUECTBE
110/1eBOMINATOBON H3BecTH. KpyToil HaK/JOH BeKTOpoB K OcH SB moasoser
CYHTATh, UTO B OOJBIIMHCTBE NOPOJA Kajuii mpeoGnagaer Hajy HaTPHEM.
Ha ocroBe KiaccHHKalliy XHMHUYECKHX COCTABOB NOPOA MO HHCIOBLIM
XapakTepucTHKaM, mpeinoxenHoii A. H. 3apapuuxum (1944), mnoponst
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/Puc. 27. Bapuanuonsas AuarpaMmMa XHMHYECKOTO COCTaBa nopox Kybampmu-
CKOTO KOMILTEKCa.

KyOaJpHHCKOTO KOMINIEKCA OTHOCATCA K KJAaccy MepechlleHHbIX KpeMHe-
8eMOM M GOraThix IieJIOYaMH MOPOJL.

Jlast XHMHYeCKHX aHaJH30B MOPOJ KOMIUIEKca HaMH COCTaBJeH4 Ba-
puanHoHHasd Aumarpamma (pHc. 27). Ha Hel mokaszaHo NoBeJeHHe pasfiuu-
HEIX OKHCJIOB B 3aBHCHMOCTH OT YBeJHUYEHHSl COJepzKaHHA KpeMHe3eMa.
ITopoasl koMIlJlekca XapaKTepH3YIOTCR PpAAoM ocobGeHHocTed: 1) ¢ BO3-
pacrannem coiepxanus SiOp xpaline He3HaumrTenpno yoOusaer AlQOs;
2) rakue oxucael kKak FeO, CaO, Fe;0;, MgO 3akoHoMepHO yOBIBaIOT
< BoapacranHeM SiOy; 3) NapO ¢ ysennuennem SiO; no 756% yGbiBaer OueHb
cn1abo, a npH AanbHefimem Bo3pacranuu SiO; KoamyectBo NasO yBeanuH-
Baercs; 4) B NMOBeJeHHH OKHCH KaJausi ¢ yBeanueHnem cofepxanusa SiO;
Habaiofaercss Clefylollasi 3aBHCHMOCTb: CHAayaja HaMeyaeTcsi yBeJHYeHHe
K20 no 6,0%, satem ymenbumenne no 4,0% u cHoBa Bospacranue a0 5,5%.

OcHoBHble BBIBOABI M3 IE€TPOXHMHYECKOH XapaKTePHCTHKH TOPOZX
KOMINIeKCca CBOJATCS K CJAeAYIOLIEMY:

1. Ilopoxsl KOMIIeKca MO XMMHYECKOMY COCTaBy PasielsiioTCs HA JBe
TPYNmbl: a) NepechilleHHBle TVIHHO3eMOM H 6) MOpPOAB HOPMAaJabHOrO PAAA.
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2. Kucaele nmpefcraBHTe/ i 0GeHX TPyNnm MOpox o6JafaloT MeHblIedk
JKee3HCTOCTbIO IO CPaBHEHHIO CO CPEIHHMH THHaMmHu nopox mo P, [lamm.

3. BO/IbIIHHCTBO TOpOJ KOMIJIEKCA XapaKTepH3YeTcsi pe3KHM mpeol=
aapaaneM KoO max NasO.

AKHCCCOPHHC JIEeMEHTBI-IPMMECH
B rPAHUTOMAHBIX MMOPOAax KOMILJIEKCA

HM3yuenne akueccopHbIX 3JeMeHTOB-TIpHMeceil B COCTaBe TOPHBIX MOPOR
pacIIEpsier HalK TpeiCTaBleHHs O xumuame mnocaenunx. C sToit umembio-
610 BbimodHeHo 240 mMOAYKOJHUECTBEHHBIX CHEKTPAJbHHIX aHA/JH30B-
na Cr, Ni, Mn, Co, V, Cu, Ti, Ga, Pb, Mo, Sn, Zn, Be, Nb, Y, La, Lij, Se,
Ba, Ge, Sc, In, Cd, W, Ta, Th, U, Ce, Re, Tl, Hi. TTorykonuyecTpeHHbIE
onpejeieHns AaKIECCOPHbIX 3JEMEHTOB MNPOBOAMINCH JI. T. HsnoMoBoir
B cnektpanbhoii aa6oparopun UIul CO AH CCCP wMerogoM OLEHKH
koHneHrpaimii. MeTox ocHOBaH Ha CPaBHEHHH CIIEKTPOB npo6 H 3TaJOHOB:
(3TA/IOHB! TPHIOTOBJSJHCh Ha CHIMKATHOH OCHOBE H3 OKHCJIOB M  COJEH
pasiHyHBIX 3JeMeHTOB). HaBecka mpoGw (30 me) mcmapsjach B Kparepe
VIOJBHOTO 3/eKTpOJa AKTHBH3HPOBAHHONH JYTH TMEPEMEHHOr0 TOKd; CHIa
Toka paBHsnace 15—16 a, Hanpsxenne — 220 v, paccTosHHe MeMAy SJeK-
tponamu — 2 mm. Cnexrpul (ororpaduposanuce Ha JHDpaKILHOHHOM
cnekrporpade JAPC-13, ¢ pemerkoit 600 wrpHxoB Ha 1 MM, OpH [IHPHHE
uiean 0,022 s

YyBCTBHTEILHOCTb TPHMEHSEMOr0o MeTo/la (mpubop APC-13) nasn
PA3JHUHBIX 3J€MEeHTOB (B MPOLEHTaX):

V, Ga, In, Yb, Co, Cu, Mo, Ni, Ag  0,0001

Be, Ge, Pb, Sc, Ti, Sn 0,0003
Au, Y, Mn, Nb, Te, Cr, Zr 0,0030
WoGd, La, LiZn 0,01
B Gay VT Ba 0,03

M3 nepeuncacHunix 32 snemenros 10 (Jn, Cd, W, Ta, Th, U, Ce, Re,
Tl, Hf) B nopomax koMIuleKca COBepIIEHHO He ycTaHoBaeHbl. OOHapyKen-
Hble 37eMeHThl OBIIM pasjieseHBl Ha rpynnsl no kaaccupukauun A. H. 3a-
Bapuukoro (1944). M3 necatu rpynnm 3JeMeHTOB 3TOH KJaccHpHKAUHE
B MoOpofax KyGaJpHHCKOro KOMILIEKCa YCTAHOBJEHBI CJeLYIOlIHe:

1. I'pynna penkux akueccopueix aaementos (Zr, Y,Li, La,Nb, Be, Ge).

2. AkueccopHble 3meMenTHl rpynnbl xeaesa (Co, V, Ti, Cr, Ni, Mn)..

3. Ilerporennsie akmeccopusie 3MeMeHTsl (Sr, Ba).

4. Dnementsl Meraaanueckne pyzaHele (Cu, Zn, Pb).

Pacnpenenenne W KOHLUEHTPAIHA 3JEMEHTOB IMOKa3aHbl Ha rpafurax
(puc. 28). Huxke DpPHBOAMTCA XapaKTEPHCTHKA AaKIECCOPHBIX 3JIeMEHTOB
BBIJCJICHHBIX TPYIIIL.

Paccmorpenue akieccOpHBIX 3JIeMEeHTOB-TIpUMecell Mbl HauHeM C L'p y M-
Mbl pPefKHMX aKMeCCOPHB X 3JeMEeHTOB, TaK Kak HX pacnpefene-
HHe, YacroTa BCTPEYaeMOCTH M CpelHHe colep:KaHHs Haubosee Xxapak-
TEPHBl AJ51 MOpoJ KyOaJpHHCKOTO KOMIJIeKCa H Pe3K0 OTJHYalTCS OT
pacupocTpaHeHHsT AaHAMOTHYHBIX 3JeMeHTOB B INOpORax TalKHIHHCKOLC
KOMILJIEKCA.

DJleMeHTHl 3TOH TPYyNNel pacrnpefeleHbl B PasyHYibIX NOpPoJax Mo-pas-
HOMY, HO HauOOJbIIAS HX KOHIEHTPAUHA OOHApYKHBAeTCsd B KHCJBIX:
nopofax Kyb6aZpHHCKOro KOMILIEKca.

Hupkounuii nHaubGoJee NMHPOKO pacnpocTpaHed B HOPOLAX KOM-
naekca. Ms rpaduxor (cm. puc. 28) BHAHO, YTO OH [PHCYTCTBYET IOUTH:
B PaBHBIX KOJHYECTBAX H B OAMHAKOBOM YHCJe Npo6 Kak B rpaHHTax, Tak
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Puc. 28. BaprnauuoHHble KpHBLIe YaCTOTHl BCTPEUAEMOCTH M COAEPIKAHHA AKUECCOPHBIX 3Je-
MEHTOB-NIpHMECEl B Nopozax KyGaJpHHCKOrO KOMIJIEKCA.

H B IHODPHTAX, HO B MOCJAEJHHX Bce ¥Ke OTMeydeTcss HeKOTOpoe YBeJqHUeHHe
npo6 ¢ GONBIIHM COAep:KauWeM UHpPKOHHA (1o 46,5% mnpo6 c comepxa-
anem 0,01—0,1% Zr). [Toxo6uyo ke KapTHHY [JaeT CONOCTAaB/ASHHE MEXILY
€000l CpeHHX COAeprKaHMi LUPKOHHS B TPaHHTAX H AHOpHTax (Tadm. 11).
Ilpu cpaBHeHHH CO CpeiHHM COJep:KaHHeM LHDKOHHS B KJapKax aHaJo-
THYHBIX MOPOJ 3eMHOii Kopel (Buuorpamosa, 1962) oTuersimBo BHAHO, YTO
B IpaHHTax KyO0aJApPHHCKOrO KOMIJIeKca OHO B 2 pasa, a B IHOPHTAX —
1104TH B 2,5 pasa HHXKe KJIapPKOBOTO.

M3yuenne pacnpejlefennsi HHPKOHHA B NOpPoAax KyGaZpHHCKOTO KOM-
f1IeKca 1oKasa/o, YTO B OCHOBHOM OH HPHYpOYeH K LUPKOHY, UYTO COrJa-
cyerca ¢ BuiBopamu C. P. Hoxkkonnca u P. Anaena (1956), a rakxe
X. Herenxapara (1957). Kpome Toro, HHpKOHHII OGHApPYXKEH B 3HAUHTEJb-
HBEIX KOJIHUECTBaXx B OHOTHTAX TPAHHTOB H TPAHOLHOPUTOB KOMILIEKCA
(Cxypuaun, Huxuruna, 1964). C. P. Hokkoanc, P. JI. Mutuena (1948)
IpH MccaeloBaHny OGHOTHTOB HEKOTOPBLIX KaJelOHCKHX MHTPY3HBHBIX IIOPOJ
Sanagroit IloraaHauu HAULIH, YTO HMHPKOHHI COAEPHRKUTCH B OHOTHTAX
8 cpeanem okoao 40 efr. Ile nannmim X. Herenxapara (1957), comepxaunue
UMPKOHHsI B OHOTHTax kojaedsercs or 33 no 463 2/r. Buicokast koHuenrpa-
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Ta6auwua 11 1udg UMPKOHHSL B OHOTHTAX, BO3-
CpapnuresbHoe CopepXaHwWe aKIECCOPDHMX 3ae- MOXHO, 34aBHCHT OT HalHYHE
MeHTOB-NPHMeceil B NOPOJAX KYGAAPHHCKOrO KOM-  py nioueliii IHPKOHA B 3TOM MH-

II.TICKCE C KJ'I&])KaMH AHAJIOTHYHBLIX ﬂOpOJl. H8pa.ne.
Mopoan B HesnauurtesbHBIX KOJHYe-
Kucawe Cpeanye CTBaX LIHPKOHHH YCTAaHOBJECH B

SR N = KaJIHeBOM nojesoM mmnaTe

ey . . ; - “

:ﬁ..,ﬁ,‘?n,ﬂ;lp.f"n- Kopa cuii’l KoMn- KOpa (0,08”‘0,008% ) » POTrOBOH obman-
AeKC Sl ke (0,008%), xBapue (0,001%).

o £ =3 -3 oprure (0,0056—0,001%), uabme-
Co 13,6x1077 5X10™ | 5X10 Al Hute W Mmarserute (0,01—

Vo 143%1077) 41070 | 41077 | 1X107F g 0050

Ti 0,7 0,23 0.9 0.8 Hrrpuit obuapyxen Bo.
Cr [7.6x10 42510 ° [1,7x107* | 5X107° peex nopomax KommieKca, mpH-
Ni 62510~ [ 8x107* [26%107%[5,5x10™° ueM KOHUEHTpauHs H YacToTa
Mo | 3x10-2| 61072 | 210~ [L2x10-! BCTpeuaeMocTH ero B rpaHuTax H
2 2 o quin-2 AHOPHTAX MOYTH OJXMHAKOBLI, OT-
of 2’5><10_: 3X10_2 3,<:x10 ¢ 8,\<10_2 JIHYHE 3aKJTIOYAETCs JIHLIb B TOM,
Ba 16,7107 83107 “12,5X10° “165X107 " yrg 5 pyopurax maGmonaercs
Ga [1,2x10°| 2X107° [L,4x10 | 2X10™°  Gousbmie mpPo6 ¢ comepiKanueM OT
Be Ix10-455%107Y — 1,8x107" 0,01 mo 0,1% (puc. 29). Cpas-
Sc |13%10 4| 3107 [5,3510~* [25 10+ HEHHe CPEIHHX COTepHKAHH HaT-
Plaa e el sFlls PHS C KJIapKaMH aHAJOTHYHBIX
Y B i hla _, TIOPOJl 3eMHOii KOpBI NOKA3a/o0;
Zr | 11077 2XI07° LIXI0TE 26XI07" ypy g rpapyrax kyGazpumckoro
Nb | 1107 [ 21077 28107 | 2X107°  gommueKca OHM MOYTH paBHSL
s scton 2 6% (3 g 5 e (o o Mayuenue TeOXHMHYECKHX
S Ge A5 1x10~2 h.8x10=* | — ocobennocteil  wrrpua  (Hox-
Pb | 1,110 ] 2107° | 3310~ [15x10~% KOMAC, Mutuens, 1948; Hoxk-
w10~ | 6x16-*] 310 |7.210-2 KOUIAS, Annen, 1954; Taycos,
Zn | L1X10 \ s , 1962; u 1p.) nokasaso, uro Hau-
Cu [18x107°1 2x1077 | 2 107° (35XI0™" Gobiuas ero KOHICHTPALHS NPH-
Mo [1,8%10 ®[1,0:c10 * [1,7 107* 9 X10~* ypouena K cteHy u porosoii 06-

aeMenTsl

Sn 1x10~*| 3x10-* 16 107* MaHke, Tie OH H30MOp(hHO 3ame-
5 maer kampuuii (RiY=1,06 A;
RiCa=1,06 A ). B MonoMHHepaibHEIX (paKUuAX NOPOA KyGagpHHCKOro
KOMNJieKca HTTPHI NPHCYTCTBYeT B c(eHe (THICAYHBIE TOJH TNpolleHTa), po-
roBoit o6MaHKe (COTble — THICSIYHLIE 10JH TIpoleHTa), OHOTHTe (THICAYHbIE
JIOJIH TIpOleHTa), KaauesoM nosaesom mmnarte (0,00039%).

Jlurui ycranosiaen B 209, npo6 rpaHHTOB; B AHODHTAX OH COBCEM
He obuapysen. I'eoxumudeckumu nccienopanuamu (Barep, Mutuens, 1943;
Hokkonpe, Muruenn, 1948; Xoperman, 1957; Taycon, 1961) mokazauno, uto
JIUTHIl KOHIEHTPHPYeTCA B iKeJe30-Marue3HasbHbIX CHAHKAaTax (mpeumy-
HIECTBEHHO B OHOTHTax), rje OH MOMKeT H3OMOPQHO 3aMeulatb MarHmir

o o
(RiLi=0,78 A; RiMg=0,78 A). Hammmu paGoramu (Cxypuaun, Hukuruua,
1964) aurnit ycraHoslen B GHOTHTAX TCPAHHTOB B TBICAYHBIX AOJAX
NpOLEHTA.

JlanTan B popogax KoMmJieKca pacHpOCTpaHeH MPenMyIeCTBEHHO
CpeAn TPaHMTOB, I'le OH BCTpedaercs B 76,6% mnpo6 c comep:kammem or
0,01 no 0,1%; B auopurax mantan ormeven Jumb B 27% npooG. Cpenuee
COJCpIKAaHHE JlaHTaHA B TPaHHTAaX Kommaekca B 1,6 pasa Bwmie, uem B auo-
PHUTax, HO B TO XKe BpeMms OHO B 4,5 pasa Huxe KiapkoBoro. CnexTpadb-
HbIM 2aHAJIH30M JIAaHTAH OOHApy}KeH B OPTHTE, AaNaTHTE — COTHlE JOJK
TPOlLEHTa, MArHeTHTE, POroBOil oGMaHKe — THICAUHbIC AOMM TpPOLEHTA,
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Huo6Gui ormeyaercsi TOUTH
BO Bcex npobGax rpaHutos (comep-
xkanue ot 0,001 no 0,01%), B nuo-
putax toabko B 23,4% mnpo6. Cpas-
HeHHe MOKA3bIBAeT, UTO B IPAHHTAX
cpelHee cojepicaHHe HHOOHA 6aH3-
KO K KJIapKOBOMY, a B AHOpPHTax B
14 pa3 meHbIue.

Bece wnccnenoBarenu reoXuMHH
HuoOua (Xepewn, Anexkcaugep H
ap., 1935; T'epacuMoBckHit, 3Hamen-
ckuit, 1959; u nmp.) orMeuarT, uTO
OH HaKalJHBaercs MpPeHMYIIeCTBeH-
HO B KHCJABIX mopompax. B MoHOMH-
HepaJbHbIX (Gpakuuax Huobuil Haii-
led B OuotnTax (coThle — THICSHY-
Hble JOJH IpPOLEHTa), POroBHIX 00-
MaHKaxX (TbICAYHBIE MONH TPOIEH-
Ta), MHIbBMeHHTax (coTele JOJH
npoileHTa).

Bepunauit o6HapyxKeH JUIIDL
B rpaHHrax kommiaekca B 66,49
npo6 ¢ comepxkanuem ot 0,0001 mo 1
0,001%: B nuopHTax He YyCTaHOBJEH
HM B OaHOil npoGe. Cpenuee comep- F4e- 9. 'H"(‘)arpa;“ﬁﬂ?;“;i’;g‘;ﬂ?mm““a e
JKanue CepHJIHSI B TPAHHTAX KOM- lfnﬁpgcm no T. Bapry):
nJaeKca B 5,5 paza HuXe KJIaPKOBO- [ — paspes mo p. Kypafika: Il —no_p. Kypkypex:
Fo. AHANOTHYAKE NaHHEE 1O Npel- I-t=eusCien e M Sae T pL o METmaTs
MyIIeCTBEHHOMY pPacnpocTpaHeHuio
OepHJIIHA B KHCIBIX TOPOAAX TOJY- T
yunu T. T. Caxama (1952), 3. B. Cauznean, C. C. Tonany (1952), A. A. Beye
(1959). CnexkTpaibubiM anagdH3oM GepHJIHI oGHApyKeH B POTOBOI oOMaH-
Ke (COTHE JMOJH TpOleHTa), KaJueBOM MOJeBOM IInare (ThHICAYHBIE IO
npouenra), anarure, chene, opauKuTe, OpTUTE (THICAUHBIE JOJH IIPOLEHTA).

Fepmanuit yabmogaercs MpeHMYLIECTBEHHO B QHOPHTAX KOMILIEKCa,
rne oH obuapyxen B 83,6% npo6 c coxepxkanuem ot 0,0001 no 0,001%; B
TPAHUTAX 3JEMEHT IIOUTH ITOJHOCThIO OTCYTCTBYET.

HcenenoBaHusi no TeoXHMHM IepMaHHsi B H3BEpPIKEeHHBIX TOPHBIX MOPO-
Jax u MmuHepanax (Bapmanum, 1957; Taycon, 1961) cBueTenbCcTBYIOT
0 MHPOKOM H30MOp(hH3Me repMaHHA H KPeMHHS, UTO MOKeT OHTb 00bACHe-

HO OGJH30CTBIO MOHHBIX paaumycoB 3THX 3aeMeHToB (RiGe™'=0,44 A;

RiSi+*=0,39 A). Onnako Bapnanu (1957) ormeuaer, yto repmanuii oGna-
Jdaer crnocoGHOCTBIO 3aMellaTh MHOTHE [IpYrHe 3JeMeHTh B IopomooGpa-
aylolux MuHepasaax. Hammmn paGoramu repManmii ycTaHoBaeH B ceHe
(TbicAYHBIe ROMH NPOUEHTA), poroBodH o6Mauke (ZeCATHTHICAYHBIE AOIR
npoleHTa).

Fannunifi ormeuen Bo Bcex mopojax Komiuwekca. Ero cpenmee comep-
kanwe B auopurax (0,0014%) HeckonbKo Gosblle, uYeM B rpaHHTax
(0,0012%), no cpaBHeHHIO C KJIapKaMH aHAJOTHYHEIX NOPOA (cM. Taba. 11)
ono HHxe B 1,5 pasa. Mayuenwe pacnpeldenenus rajims B nopojax (Ba-
rep, Muruenn, 1943; Caxama, 1945; Canpena, 1949; Hoxkoanc, Murtuemnr,
1948; Bopucenox, 1959; u np.) mnokasbiBaer, YTO OH MPEHMYLIECTBEHHO

cesizad c¢ amioMuHHem (RiAl=0,54 1&; RiGa=0,62 ﬁ). B MoHOMHHEpaJbHBIX
¢pakuuax nopox (Hoxkomze, Muruenn, 1948; Bopucenok, Taycon, 1959;

:(;5_‘. ma}_’,

4 5 6
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tH Ap.) raiaauid oGHapy»XKeH B IJIarHOK/1a3ax, pOTOBBIX o6maHKax, 6H01‘HT3;
KaJIHeBBIX MOJIEBBIX IIMATax, rae OH n3dmMopduo samewaer aJIOMHHHUI
(RiA1=0,54 A), taran (RiTi=0,64A), Keleso, (RiFet*=0,67A). B ak-
/1lecCOPHBIX M TOPOX006PA3YIOIHX MHHepaaaX KyGaApHHCKOTO KOMILIeKCa
rajnMii ycraHoBJeH B c(eHe, OpTHTe, HJIbMeHHTe, MarHeTHte (TbiCSAYHbIE
JoJH OpOLEeHTa), poroBoil O6MaHKe, KaJHEBOM NOJEBOM MinaTe (ThiCAYHbIE
JOJIH TpollenTa), OHOTHTE (COTHIe NOJH NpPOLeHTa). 5 5
CkKkaHAHH NOPHCYTCTBYeT BO BceX MOpOJAax KOMILJIeKca, MNpHYEM
B nuopHTax HaOniomaercss ©Oonbuie npob6 c Gojee BHICOKHM cOJep:KaHHeM
(or 0,001 mo 0,01%) (cm. puc. 28). CpaBHeHHe ¢ KJIapKaMH aHaJOTHYHBIX
nopon (tra6a. 11) nmokaseiBaeT, YTO B paHHUTax cpejlHee cojJeprKaHHe CKaH-
IHs B JBa pa3a HHIKE, 4 B JAHOPHTax —B J(BA.pasa BbIlie K/JapKOBOro.
AToT (haKT HECKOMBLKO 60JblIero HaKOMJEHHS, CKaHIHs B NMOPOAAX OCHOB-
HOTO COCTaBa HEOJHOKPaTHO OTMeuascsi Hccaenosarensmn  (Hokkomac,
Mutuenn, 1948; Hokkoane, Annen, 1954;, u ap.), 410 CB3AHO C BO3MOXK-

HOCTBIO H30MOpgHoro 3aMemenus xedaesa - (RiFet2=0,83A) cxangnem

(RiSc=0,83 A). B mMoHOMHHepa/ibHBIX (PAKIHAX CKAHAHH OTMeueH JHIIb
B pOroBoii oOMaHKe (COTble [0JH NPOLEHTa) U TypMaJHHe (ThICSUHbIE
JIOJTH TIPOILCHTA).

Auaewmenrsl rpynnsl xkeaesza (Ti, Co, V, Cr, Ni, Mn) ycrasoB/jeHbl Ho4-

TH BO BCeX MOpoJax KybaJApHHCKOrO KOMIJIEKca.
" TuTaH OTMeuaeTCs Kak B TPaHHTAX, TAK U B AHOPHTAX, HO HaHOO.b-
Iasi ero KOHHEHTpauHs Habmozaercs B anopHrax. CpeiaHee cojeprKaHue
THTAHA MOCTENeHHO Bodpacraer or rpauutoB (0,7%) k mumopuram (0,9%).
‘CpaBHeHHe CPeJHHX COJAeprkaHHH C KJapkaMH 3eMHOH Kopbl (Bunorpanos,
1962) nokasbiBaer, YTO H B TpaHHTaX, H B JTHOPHTAX OHO IpeBHINIAET KJIapK.
‘CnekTpaabHbIM aHAJIH30M THTAaH OGHApyXeH B pOroBod oOMaHKe, TypMma-
JiuHe, cdene, marHeTHre (mecsAThle NOJMH TNpPOLEHTA); LHPKOHe, amaTHTe
(coTble oy TPOLEHTA); KBapue (TbICAYHbIE M JECATHTBICAYHbIE JOJH
npoleHTa).

Ko6anbrT nHabmwomaercs Bo Bcex mopoaax kKommaekca. OcHoBHaf
/KOHIIEHTpAIHs 3JeMeHTa ycraHoBJena B gauopHrax (5-10~2%); B rpanurax
cpejHee ero cogmep:kanue (3,6-10—*) B 14 pas MeHblle, yueM B JHOPHUTAX.
M3 cpaBHeHHf C KJapKaMH aHAJOTHYHBIX MOPOJ OTYETAHBO BHIHO, YTO
B rpaHurax cpefiHee cofepxaunue Co B 1,4 pasa HHKe, a B AHOPDHTAX —
B 5 pas Bblie Kjaapkosoro. [loBbimienHnass KOHUEHTpalus kobanbTa B 1OpPO-

Iax cpenHell OCHOBHOCTH oGbsicHsiercsi TeM, uro oH (RiCo=0,82 A) cnoco-
o
Gen u3omopdHO 3amemarb wmaruuit (RiMg=0,78 A), xeaeso (RiFe*?=

o
=0,83 A) B remunouBerunXx munepanax (Caupenn, Toamguu, 1952; Mauora,
1952; IOur, 1959). B MOHoMHHepaJbHBIX (pakuUHAX K0OaJIbT yCTaHOBJEH
B poroBoil oOMaHKe (cOTble HOJM NpOLEHTa), TypMaJHHe, HJIbMEHHTe,
MarHETHTE (ThICAYHbIE JOJH MPOLEHTA).

Banmanmuii ycranoBleH BO BCex IIOpoAax KOMILlekca, HauGogee .
XapakTepeH AJs AHODUTOB, rae oH ormeueH B 93Y% mpobd c¢ comep:kanueMm
0,01—0,1%; B rpanHTax KoauuecTBO NPob6 ¢ TAKHM COJLepKaHHeM PpaBHO
12,8% (cm. puc. 29). Cpennee coxep:kaniie BaHaiusi B AHOpHTax B 9 pas
Goabiue, yeM B rpanurax. Comocras/jeHHe CPeIHHX COAeprKaHHII BaHaJHs
~C KJapkaMH B AaHAJOTHYHBIX mnopogax (ra6.a. 11) mnokasbiBaer, uTO
B TPaHHTAaXx OHO paBHO KJapKy, a B Auopatax —B 4 pasa Gouabuie. IToBel-
IIeHHOEe KOJHYECTBO BaHaJAusl B JHOPHTAX CBfA3AHO C TeM, YTO OH B TEMHO-

UBETHBIX MHHEpPATax H3OMOP(HO 3aMellaeT 3aKHCHOE XKeJe30 (RiV=0,66A;
RiFet3=0,67 A) (Bpeii, 1942; Caxama, 1945). ChnexTpanbHbLIM aHAJH30M
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BaHa[Hii YCTAHOBJAEH B pOrosoi oOMaHKe, HAbMeHHTe, cdeHe, OpTHTE,
MarHeTHTe (COTHie NOJH MPOIEeHTa).

XpoM NpHCYTCTBYET MPEHMYIIECTBEHHO B MOPOJAX AHOPHTOBOLO CO-
craBa. Ero cpensee coflepikanue B TPAHHTAX B 3 pasa HHIKE KJIapKOBOTO
(cm. taba. 11), a B nuopurax B 3 pasa npesnimaer kjaapk. OcHoBHas Kon-
UEHTPAUHs XpOMa NpHYPOuUEHA K TEMHOUBETHbIM MHHEpaJaM, Trie OH
MOMKET GaMemars emeso, amomMudni Maradi (RiCr=0,64 A; RiFet®=
=0,67 A; RiMg=0,78 A) (Caxama, 1952). B moHOMHHepaJbHBIX (paKUHAX
XpOM ycTaHoBJAeH B poropoit oOMaHke (TEICAYHBIE JOMM TNPOLEHTA),
MarHeTHTE (COTble NOJH MPOUEeHTa).

Hukenn onpefelnen Bo BCeX NOPOAAaX KoMmJekca. B rpanurax oH
npucyrersyer B 929% mnpo6 c coaepxaunnem 0,0001—0,001%, B auopurax
HHKeJIb oTMeueH B 77% mnpo6 ¢ coxepxaunnem 0,01—0,1%. Cpennee conmep-
aHpe HUKeJs B TPAHHTAX HHXKe KJIapKOBOro, a B JHOPHTax B 5 pas npe-
BHIILAET KJapK. DJIeMEeHT HAKaNJHBaeTcd, B OCHOBHOM, B TeMHOIBETHEIX

o
MHHEpaJax, TOe HHKenb H3omophHo 3ameuraer maruuil (RiNi=0,78 A;

RiMg=0,78 f&) (Canpena, Tonmguy, 1952; Caxama, 1952). CnekTpaibHEIM
aHAJTH30M HHKE/Jb YCTAHOBJEH B POropBoii oOMaHke (COTHIE — THICAYHBIE
JWAM HPOILEHTA); MATHeTHTE, TypMaJjuHe (COThle HONMH TMpoueHTta); cohewe,
OPAHKHTE, IHPKOHE (ThICAUHblE JOJH NPOIEHTA).

Mapranen oTMeuaercss KaKk B IDPaHHTAX, TAK M B LHOPHTAX Ky6aj-
puHcKoro Komiiexca, B guopurax on ycranosien B 869 npo6 ¢ coxepxa-
nuem 0,1—1,0%, Torma kak B rpaHMTax MapraHell ¢ TaKHM cOJepXKaHHeM
onpesnener auuwb B 1,4%, a B 86Y% npob ero cozepikanue gonebaerca oOr
0,01—0,1%. Cpeanee cozepxanne Mapraula B rpaHdTax B ABa pasa HHUKe,
a B auopHrax B 1,6 pasa Beime kaAapkoBoro. Ha HesHaunTenpHOe comep-
¥Kande Mapraiua B mopogax KHC/IOro cocraBa Mo CPABHEHHIO C AHOPHTAMH
ykaseBam T. I'. Caxama (1952). JaemenT HakalJHBaeTCs NPeHMYIIECTBEH-
HO B TEMHOUBETHHIX MHHepalaX, [IJe OH 3aMelldeT I KeJeso, Maruni,
ganpuuit (RiMn=0,91 A; RiFe*?=0,83 A; RiMg=0,78A; RiCa=1,064).
B MOHOMHHepaJbHBEIX (pPaKUUsIX Maprauel oOHAPYKeH B POroBOil 06MaHKe
(necsThie 1OAM NPOLEHTA), TypMajiHHe, MarHeTHTe (COTHIE HOJIH NPOLEHTA);
T0JIeBOM Iumare, KBapue (ThicsAuHble N0JM NPOUEHTAa); LHUPKOHe, aNaTHTe
(cOThie — THICSUHBIE AOJH [IPOLEHTA).

F'pynna nerporeHHBX 3JeMeHTOB NPEACTaBJACHA B NOPoAax
KOMIlJIeKca CTpOHUHEM H GapueM.

CTpOHIHI pacnpocTpaHeH MNOYTH BO BCeX TMOPOAax KOMILIEKca.
Ero cpesnee cojep:kanue B rpaHHTax GJH3KO K KJIAapKOBOMY, a B JHOpH-
Tax B JBAa pasa HHXKe KJaapkoBoro. B MoHoMuHepanbHOH (paKunu
CTPOHIHKH onpeiesed B MOJEBOM LIMarte (AecATHE W COTBIE HLOJAM MNPOLECH-
T2), Fe OH H30MOP(HO 3aMeulaeT KaMHil U KaJbUHH BCNEACTBHE GJIH30CTH
uonnblx paamycos (RiSr=127A, RiCa=1,06A; RiK=1,33A) (Hokkoazc,
Mutuenn, 1952; Typexban, Kaan, 1959).

bapuit xapakreped Kak AJA TPAHHUTOB, TaK H JJA AHOPHTOB Kyban-
PHHCKOr0 koMnaexca. Cpeauee cofepiKaHHe ero B IPAaHHTAX [OYTH PaBHO
knapky (cm. taba. 11), a B Auopurax B 2,6 pasa HHKe KJIapKOBOIO.
ChekTpanbHLIM aHaiu30oM GapHi YCTAHOBJAEH B Ka/HeBOM MOJICBOM IITaTe
(coTwie moam npoueHta), rae on samemaer kaauit (RiBa=143 A; RiK=

o
=1,33A); xpome TOro, Gapuii onpexencH B LHPKOHe (ZecsiThle AOJH NpPO-

LEHTa) H MarHeruTe (COThie JOJH HPOLEHTA).
I'pynna MertaananuyeckuX pPYAHHX 3adeMeHTOB. Cnekr-

5 JI. A. Muxanesa, B, A, CKYpHAHH 65



paJbHEIM aHAJH30M B NOPOJAAX KOMILIEKca onpefeNeHbl CAeAVIOIIHe 3Je-
MeHTHl JAaHHO# rpynnel: Cu, Zn, Pb, k muM ycioBHo orHecensl Sn H Mo.

Menap ycranaBnuBaercs BO BCeX NOPOAAX, NpHYEM HAHOOJbIIee KO-
auuectBo npo6 (90%) c coxep:xkanuem ot 0,01—0,1% npuxoautcs Ha aHo-
putnl (cM. puc. 29), Torza Kak B DaHHTax YHCIO MPOG ¢ TAaKHM CcOJep¥Ka-
nnem Cu pesko cokpamaercs 1o 11% u pospacraer uucao npo6 (no 66%)
¢ HuskuM ee cofepxannem (0,0001—0,001%). Cpennee comepxkanue Mend
(cM. Taba. 11) B amopurax B JeBsiTh pa3 OGoablle, YeM B TpaAHHTAX.
M3 cpaBHenus CPelHHX CONCPKAHHH MeAM C KAapKaMH B aHAJOTHUHBIX
nopolax (Bunorpanos, 1962) caexyer, yto B rpaHHTax OHO PaBHO KaapkKy,
a B jauoputax B 6 pa3 Goapue. KoHuenrpamus Meau B mopoaax Gosee
OCHOBHOTO cOCTaBa oOBACHAETCH TeM, UTO OHA MOMKeT H3oMopdEO 3ame-
WATh ABYXBAJeHTHOe eJe30 B MarsesuaapHbix cuaukartax (Campgenn, Tox-
nny, 1952). CnekrpanbHbEIM aHAIH30M Melb YCTAHOBJIEHA B POroBOi oOMaHKe
(coTsle W THICSUHBIE [OJIH TPONEHTA); MUPHTE, MATHETHTE, TYPMAduHe (coTbie
IOJH NpOlLeHTa); UHPKOHe, amartHre, ceHe, opaHkKuTe, MOHAIHTE, OPTHTE
(TBICAYHEIE JOJH MPOLEHTa).

IluHK orMeuaercst BO Bcex npobax auoputos H B 539 mpob rpaHHTOB.
Hauboapliasi KOHIEHTPALUs 3JeMeHTa HaOJiofaercs B AHOPUTAaX, rle OH
ormeuen B 95Y% mnpo6 c coiepxannem 0,01—0,1%; B rpanuTax KOJAHYECTBO
npo6 ¢ tTakuMm cogepxkanuem pasHo 1% (cM. puc. 29). CpaBHeHHe ¢ Kaap-
KaMH aHaJOTHYHBIX NOPOJ 3eMHOH KOpbI NMOKa3bIBaeT, WUTO B TPAHHTAX
cpelHee CONEp:KAHHWE UMHKA B 55 pas Huxe, a B JHOpHTaXx —B 4 pasa
Bbille KaapkoBoro. LlMHK HaKanjiuBaeTcs, B OCHOBHOM, B TEMHOIIBETHBIX
MHHepasiax, rjae OH H3oMopdHO 3amemiaer Keaezo (RiZn=0,83A;

o

RiFet?2=0,83A). B wMoHoMuHepaabHBIX ¢pakmuax UMHK oOHApyKen
B GuOTHTe (IecAThe NOJH NPOILEHTAa); POropoi o6MaHKe, MHPHTE, MarHeTH-
Te, IHPKOHe (COTble NOJIH IPOUEHTa).

© CBuUHel NOCTOAHHO NPHCYTCTBYET BO BCeX [OPOJAxX KOMILIEKca,
HO HaubOJIbIIasi KOHLUEHTPAlUs 3JeMCHTa NPHypodYeHa K JHOPHTaM, Tie OH
orMmedaercss B 97% mnpob6 c copep:xkannem 0,01—0,1% (cm. puc. 29). Cpen-
Hee cOfleprKaHHe CBHELLA B JHOpPHTax B 2,3 pasza GoJbllle, YeM B TPaHHTAX..
H3 cpaBHeHHsI CpeJlHHX COJAep:KaHHH CBHHIA ¢ KJapKaMH aHAaJOTHYHMX
nopon (Buuorpamoe, 1962) cienyer, 4ro B rpaputax ono B 1,5 pasa umxe,
a B AHOpHTax B 2 pasa Bbile KJaapkoBoro. CHeKTpaibHBIM aHAJHI M
CBHHeIl yCTaHOBJeH B OHOTHTe, allaTHTe, OpaHKHTe (COTBIE JOJH MPOIEH-
Ta); KaJHEBOM MOJIeBOM LimaTe, ILHAPKOHe, cdeHe, MOHAIHTE, OPTHTE,
HJABMeHHTe, MarHeTHTe (THICAYHLIE OOJIH TPOIEHTA).

Monu6aen NPUCYTCTBYET B OCHOBHOM B AHOPHTaxX, B TPAHATAX OH
ycraHosaeH Juib B 11% mnpo6. Cpefinee conep:kaHHe 3jeMeHTa B TpPaHH-
tTax B 10 pas meHnbule, yeM B AHOpHTax. CpaBHeHHe CPeIHHX COHepKaHnHil
MonubieHa ¢ KJapKkaM¥ aHaJOTHUBLIX TNOPOJ NOKa3kBaer, 4YTo ¥ B rpa-
HHTax, H B IHOPHTax OHO B 5 pa3 HHKe KJapPKoBOro. B MOHOMHHEpaJabHBIX
¢paknuax MoaHGLeH ompenejeH B cdeHe (mecaTble [TONH OpPOIEHTA),
poroBoil o6MaHKe, UHPKOHe (ThiCAYHBIE JOJH MPOIEHTA), YTO COrJIAacyeTcs
¢ BhiBolaMH MHorux Hccaepopatedeit (Kypoma, Canmenn, 1959; Crynenn-
koBa, nuknna, Ilasaosa, 1957, Taycon, Crynennxosa, 1959; Taycon,
1961) o cmocoGnocTH MoaHGleHAa 3aMemarh Pt sdementoB (RiFet®=
=0,67A; RiTi=0,64A; RiAl=0,57A; RiMo=0,68A) B kpuCcTasIHUECKHX
pelreTkax nopoaoo0pasyomux MHHEPaJoB.

OanoBo ycraHaBaHBaercss BO BeeX Ipo6ax NHOPHTOB, B IPAHHTAX OHO
onpepeneno Jaumb B 58% mnpo6 (cm. puc. 29). CpexHee cojep:Kanue
3/eMeHTa B AMOPUTAX MOYTH B ABa Pas3a Bhilue, YeM B rPanuTax (cM. Tabi.
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11). Conocrapiense cpeflHero CoAepKaHHs O0J0BA ¢ KJIapKaMH B aHaJo-
THUYHBIX NOPOAAaxX MOKA3HIBAET, YTO B 'PAHHTAX 3JeMeHTa B TPH pas3a MeRb-
we. CnexTpadbHbIM aHAAH30M OJOBO YCTaHaBJAHBaeTca B OHOTHTe (necs-
Thie W COTbIC JOJH MPOUEHTA), POroBOil OOMaHKe, HAbMEHHTE (TbICHI{HbIOG
NONK TpolenTta), rae oHo uaomopdHO 3amemaer Turan (RiSn=0,74 A;
RiTi=0,64 10%) (Bapcykon, IMarnenko, 1956, DBapcykos, 1957, Taycon,
1961).

Ananus pacnpoctpaHeHHss H KOHUEHTPalUMli  aKIeCCOPHBIX  3JeMeH-
TOB-lipHMeceit B TPAHHTOHAHLIX NOpofax KyOaJApHHCKOIO  KOMILJIEKCa
1I03BOJISTET CAeNaTh CJACAYIOIHE BbIBOAD:

[. Tna nopox xOMIJIEKca XapaKTepHa Tpynna peakux 3JeMeHTOB
(Zr, Y, La u mp.), mpenmymiecTBeHHOe pacnpocTpaHeHHe KOTOPBIX HabJi0-
aaercsi B rpauurax. Cpennue colep:KaHHs 3JeMeHTOB 3TOH rpymnsl B rpa-
HHTax OJM3KH K KJAapKaM B aHAJOTHUHLIX TOpPoAax 3eMHOH Kopbl (Bu-
norpanos, 1962), a B 1MOPUTAX OHU PE3KO 3aHHIKEHBI.

2. Dnementsl rpynnnt kenesa (Cr, Ni, Mn u 1p.) KoHHEHTpHPYIOTCS
B IHOPHTaxX KOMILIEKEaA.

3. M3 rpynnsl pyAaHBIX 37AeMeHTOB ofGpamiaer Ha ceGs BHHMAaHHE NOBe-
JeHHe Takux 3neMeHToB Kak Cu, Pb w Zn. HMx cpemnue comepxanus
B THOPHTAX 3HAYHTENbHO (B 2—6 pa3) NpeBLILIAIOT KJIAPKH 3THX 3JeMEH-
TOB B aHaJIOTHUHBLIX TOPOAAX 3eMHOIl KOPHI, TOTAa KaK B TPAHHTAX CPeNHHe

comeprKanng 3neMentoB paBubl (a1 Cu) uAM HHUXKE COOTBETCTBYIOIIHX
KIapKOB.

5. BOIIPOCHI TEHE3UCA M BO3PACTA IIOPO/.
METAJUJIOTEHUYECKAA XAPAKTEPMCTURA KOMIIIEKCA

[pupesennblil Bhille QaKTHUECKHH MAaTepHAJN CBHAETENBCTBYET O TOM,
yTO B Npollecce 06pa3oBaHus NMOPOJ KyGaApHHCKOro KoMmIuiekca OBIIO He-
CKOJILKO 3TamnoB (crajuil) H3MeHCHHH BMENIAIOMHX TOJII, IpeIlIecTBYIO-
NIMX TMOSIBJICHHIO TPAHHTHOH Marsbl.

ITepBbiM, HauaJbHBIM 3TANOM M3MEHEHHs NOPoJx ObT MeTaM op-
¢ u3M, perHoHaJbHBIH HO THRY, JOKAaJbHBLIH NO pacnpoCTPAHEHHIO, KOTO-
poOMY TOABEPIJAHCH HecuaHo-caaHueBble ToMH Kembpoopposuka. B pe-
3y/ibTaTe B paioHe BO3ZHHK/H Pa3JHYHBIE [10 CTETIEHH MeTaMopdusma, nocie-
J0BATEJNBbHO CMEHSIONIHE OAHA APYTYIO. 30HBI: XJ0pHTOBAs, GHOTHT-aM(pHGO-
Jiopasi, GHOTHTOBasi, GHOTHT-TPAHATOBAN, KODPAHEPHTOBAS W CH/ITHMAHHTO-
pasg. [lerporpatuueckuM aHAJW30M YCTAHOBJIEHO, YTO TOPOABl 30H MeTa-
vop(hH3Ma XapaKkTepH3ylOTcs pasHooOpa3HbIMH MHHEPaJbHBIMH acCCOlHa-
LHAMH OT HH3KOTEMIEDPATYPHBIX 0 BblcOKOTeMIepaTypHbux. Tak, Aas nopon
30HBl XJIOPHUTOBLIX CJAHIEB TUNHUHBL ACCONMMALMM KBapI-KAJBLHT-XJI0DUT-
CEPHUHT, KBapU-XJOPHT-3NUAOT, KBaPU-XJAOPUT-KAJALUUT-TPEMOJNT;  Jas
D0THT-aM(HOOIOBOH 30HLI — KBAPL-OHOTHT-POTOBAsT 00MAaHKa; AJas OGHOTH-
TOBOH M GHOTMT-rpaHATOBOH 30H — KBapu-GHOTHT-aJdbMAaHAHH, KBapil-OHO-
THT-aAbMAHAHH-KaAHeBbIH NoJeBoll whar; Aas KOpPAHepUTOBOH 30HBI —
RBAPI-TIIArHOKAA3-KOPAHEPUT-OHOTHT; AN CHIIHMAHWTOBOH 30HLI — KBapIL-
CHIVIEMAHUT-0HOTHT. JT0 pasHoobpasHe MOPOL OOYCIOBJIEHO KAK COCTABOM
HCXOJHOrOo MarepHana, Tak M TOCTENeHHBIM YBEJHYEHHEM TeMIiepaTypbl
U JaBjenus. AHaqH3 MHHEPAJbHBIX acCCOUMAlM TO3BOJHI COMOCTABUTH
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TaGauua 12 pplfgeleHHble B paioHe MeTa-

Conocrasaenue aunii Meramophusma Mop¢uyecKHe 30HBI C MHHe-
= paabHbIMH  QauHaAMd PErHo-
Metamoppuueckue 20N ;fﬁ:nl.u;:te1?;;'§'3l;{:;i‘-’_ HaJbHOTO MeTaMOD(bHSMa 1o
sma no ®. Tepuepy D, TepHepy (1951) (Taﬁﬂ. 12).
DoJsiee HarAgagHO COOTHO-
uienne Gauuit MeraMopdH3-
Ma OTpaxKaercs AMarpaMmoil
B. C. Co6onera (1964), rne

XAOPHTOBLIX ClaHies 3enCHLX CAAHIEB

Buotut-amdubononuix  »

BUGTHTOBEIX THEHACOR AMpuboaHTOBAR Xopouio HJAJAICTPHPYETCA II0-
crenenyas cMena damuii Me-
BHOTHT-IpafaTOBbIX 2 taMopdH3Ma B 30He perHo-

HaJbHOrO pasnoma. Msyuenne
MHHBEPAAbHbIX NapareHe3ucos
ray6oKo MeTaMop(H30BaHHBIX
nopoa Kybdaazpuucko-Kypaii-
CKOil 30HBI CMATHS MOKA3blBAET, YTO OHH 0GPa3yIOTCA MPH TEMIOEpaATypax
LABJEHHH, OTBeYaluX 00aacTy nepexoia or aMgpubOIHTOBOI K IPARYIUTO-
o dauuam meramopduama (t=820° p=6—7 kbap).

Bropoit craauefi, mpeiwecTBylouiell o0pasoBaHHIO TPAHHTOB, ObLIa
TPAHHTH3ANHUA MeTaMoppH3OBAHHLIX MOpoA. B peaynprate 370ro mpo-
necca B paHoHe BO3HMKAH GoJibLIHe NOJS MUrMaTHTOB. Kak yKasblBaaoch
Bbilfie, MUTMaTHThi 00pasyloT ejiuHbifi psin: nopdupobaacTuyecKie — O4KO-
Bble —> JIHH30BHUIHBIE — TOHKOMOCAOHHEE — [NIOAYAThIe MHUIMATHTHL H CO-
CTABJSIOT NMEPeXO/HYl0 TPYNNy TOPOA MEeXAy MeTaMop(H30BaHHBIMH T0OpPO-
HaM{ U TpaHuTO-THeHcaMyu, rgedco-rpasuramu. Ilpouece rpasaTH3anuK Ipo-
TEKaJl, BEePOSATHO, MOX JACHCTBHEM CKBO3bMarMaTHUeCKHX PacTBOPOB, KOTOpPDLIE
no runorese [, C. KopXuHCKOrO «MMeOT riyOMHHOE, IOBeHMJIBHOE NpOWMC-
XOXJeHHE M BbIIEJAIOTCA H3 HeAp IJIAHEeTHl IIPH TPaBHTAUHOHHOH ee AHD-
epenumauuy B TeyeHue BCeil TeoJIOTHYECKO# ee ucrtopuu» (1955, crp. 221);
npUYeM HMEHHO CKBO3bMarMaTHYeCKHe PACTBOPHL ABJISIOTCS NEPEHOCUHKAMH
TENJa, BOABI, KaJHs, HaTPHs H JAPYTHX KoMmoneHToB. Ilpouecc Murpauuu

Kopaueputonas

CHanviManyiTopas ['panyiurosad

Ta6anuna 13
XUMHYECKHI aHAAH3 MeTaMOP(QHYECKHX MOPO H I'PAHUTOB

[ paspea no p. Kypatika 11 paspes no p. Kyprypex
Oxuenst
SRR 5 4 5 Iy
Si0, 857,89 67,86 77,03 53,58 60, 86 75,82
TiO, 0,09 0,05 0,01 0,78 0,11 0,16
Al,O4 16,58 16,50 13711 16, 10 18,26 13,07
Fe,04 4,77 0,69 0,03 3,88 1,38 0,34
FeO 3,88 3,08 0,87 4,95 4,66 1520
MnO 0,07 0,05 0,01 0,15 0,10 0,03
MgO 5,14 2,36 0,33 70 2,45 0,41
CaQ 5,65 3,01 12 8,7 5,29 0,79
NayOf- - 2,31 1,84 3,34 1,44 1,% 3,50
K,0 0,88 4,01 4,70 1,9 4,0 5,0
H,O 0,28 0,14 0,15 0,16 0,07 0,17
P.O;, 0,2 0,07 0,02 0,1 0,13 0,06
Hanl - 2,83 0,77 0,09 1,21 1,44 0,15
b 100,35 1 100,31 1 100,6 100,15 1 100,34 1 100,48
14 — KpUCTARMMUECKHE clanusl; 2,5 — MurMatatel; 3,6 — rpaunto-ruedcst.
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BellecTBa OBECIeUNBAACH B OCHOBHOM HHGUAbTpallRed CKBO3bMarmaTuie-
CKHX PAcTBOPOB, ueMy B 0OJBLION CTeNeHH CrnocoGCTBOBA/I 30HBI MOBEI-
LIEHHOl TPEIHHOBATOCTH B Npefenax ray6unHoro pasioMa (KopKuHckui,
1952, 1955, 1960; llocnenos, 1960, 1963).

Jl1s BoISicCHeHMs XMMM3Ma Ipollecca TPaHHTH3alMH HaMi OBUIM oTOOpa-
FE aHAJM3B N0 HanboJee XapakTepHBIM paspesaM (B Bepxobbax p. Kypai-
kKa # no p. Kypkypek), rae HaG/i0laluch NOCTeNeHHbE TEPEXOAbl OT KPH-
CTARMHUECKHX CJAaHUeR (NepBHYHOTO COCTaBa) K MHTMATHTaM H THelco-rpa-
nitaM. AHaauapl ObM TIepecunTadnl Mo Meroay DBapra, pesyabrathl
ananu3os NpHBeIeHsl B Ta6u. 13 (cm. puc. 29).

Ilpu nepecueTe AaHHBIX aHAJN30B KPHCTANIHYECKHX ClaNIleB H MHIMa-
THTOB TOJY4eHbl CJAEAYIOIHEe UHCJAA  3SJIeKTPONOJOMHTEAbHLIX  HOHOB
B CTAHLAPTHOH siueiike:

1) Ky Nay,CazeMg; MnFe - Fey,Alg TigSisePy [Og58:(OH) el 5
4) K,;NagCanMgsMngFe,, Fe, *Al13T1;S1502Po [O1502(OH)s];
2) KogNay CaggMgyosMn,Fe Fe,, Alizo T1sS1506Ps [Osa0(OH)yols
5) KioNawCagsMgsMngFey Fe AlgsTioSis65Ps [O1s9a(OH)4.

HQPEC‘IQTbl NOKasbiBalOT, uTO TPAHMTH3AILHA TOJAMIL CONpPOBOXKAAJACh
noIeJ0BaTe/IbHO
NPHBHOCOM H BBIHOCOM

{paspes mo
p. Kypaiika) K — 34; Si— 66; Ca—27; Mg — 40; Na —9; Fe*2—8;
Fetdi—29, Al—8§; P—1;

{paspes 1o 2
p. Kyprypek) K— 23; Si — 52; Ca—35; Mg —69; Na —4; Fet2—3;
Al—19; Fetd —17.

r. €. uMea Mecto OGBIUHLIN AJAA Npouccca TPaHHTH3AUHM .MPHBHOC KaJus,
KPeMHHSI ¥ BLIHOC KaJbLW#, JKejxce3a, Marsusi M APyrux KOoMnoxHeHtos. Co-
CTaB MOPOJ MHOI BJAHSHHEM CKBO3bMAarMaTHYeCKHX PAacTBOPOB [OCTENEHHO
H3MEHAJACA M TIPHOJHIKAJCST K COCTaBy T'PDAHUTHON 3IBTEKTHKH. DTa CTaius
B W3MEHeHHH MOPOR sBaderca Hanbogee Baxkuoii. 10. A. Kyswneuos, pac-
CMaTpHBAsl NPOUCXOXKIEHHe IPaHHTOMIHLIX Topox, mucan: «Ha onpenenen-
HOH CTaiMH TIpollecca MeTacoOMaTHYecKOH rpaHHTH3alMM, KOrla BCAeLCTBHE
MECTHOH KOHIIEHTPALMM pPsifia KOMIOHEHTOB, B TOM UHCIe H JeTYYHX, CO-
(TaB TPaHHTH3HPOBAHHOrO MaTepuana npubaniKaercs K coctaBy rpanura
I, HHade, XK cOCTABY TPOITHOH 3BTEKTHKH, KBapl+KaJHeBbli IOJeBOH
LiDaT -+ KHCABT NAaruok/as,~— HauHHAETCS TJaBlAeHHe [PH NPOLOIIKAI0-
uwieMest Metacomartose. Korja o0beM KHIKOH (pasbl IOCTHraeT NPHMEPHO
23% ofuero o6beMa, BCA CHCTEMa KPHCTANBl+ KHAKOCTh TOJYYAET CIO-
COOHOCTL K TedyeHHIo. JTOT MOMEHT MOXHO CUHTAThb MOMEHTOM DOXKICHHSA
TpaHuTHON MarmeL..» (1955, crp. 319).

[anbHerunfi npolecc MarMaTHYecKOTO 3aMeIICHHsi Pa3BUBAETCs CO
sce GoJiee yBeHUHBAIOIKHMCS NPHBHOCOM IIeJOUYeH, OPH 3TOM BO3pacraer
poab Hatpus. Ecau npu obpasoBanun MHrMaTuTOB Habmaionancs, B OCHOB-
HOM, NPHBHOC KaJH H KPeMHHS, TO B AaJbHellileM K HHM MPHCOeAHHSCTCS
natpuii. O6patumea onate K rtaba. 13. Amanua cocraBa ruefico-rpanuToB
no Mmeroay bapra noxasan, uTo RGPOAL HMEKT CAERYIOIHE KOJIHUCCTBA
SJIEKTPONONOAHTENbHBIX HOHOB B CTAHAADPTHOH SUEHKeE:
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3) K;:NagCa;oMg MnoFe; FelAlisnTi,S" 61Po [O 1501 (OH), 15
6) K;,;,'Na-SCa,Mg;,MnOFe;2Fe;3A1,32Ti181053‘PU [O4585(OH), 5]

D

V3 cpaBHenus aHanu3oB MUTMaTuTos (2,4) u rueiico-rpanutos (3,6) or-
4YeTJHBO BHOIHO, UTO Oﬁpaaosaime I‘HEI:ICO-FpaHHTOB HOET C

OIPHBHOCOM H BLLHOCOM
(paspes mo
p. Kypafnixa) K —9; Na—36; Si—91; Ca—19; Mg — 27; Fe*?—16;

Fet3—4: Al —4l.
b ) 9: Na — 36; Si — 91 Ca— 46; Mg — 29; Fet2 —27
. Kypxypex) K—9; Na— 36; S1—31; a— 46; Mg — 29; Fet2—27,
i i Fe+t3—7;: Al—66.

KpoMe ykasaHHBIX 3J€MEHTOB B Ipollecceé MAarmMaTHYecKOro 3aMelleHHs
CKBO3bMATMaTHUeCKuMH pactsopamu npusuocuaucs F, Li, B, dukcupy-
joluecss B mopojax Komiekca. Ha 3ak/JiOUHTCILHBIX 3TANaX CTAHOBJEHHS
mopoj KybalpHHCKOTO KOMIlieKkca (opMHPYeTcs OCHOBHas Macca JeiKkoKpa-
TOBBIX TPAHHTOB, AIlJIHTOB, MErMATHTOB.

[TocnenoBaTeIbHOCTE 0GPA30ORAHUA TPAHUTOMAHLIX [0POL KOMILIEKCA
MOMKeT OBITh BbIpaxeHa TapareHeTHyeckoii nAuarpammoii (puc. 30), rze
OTparkeHa 3ABHCHMOCTb XHMHUECKOTO H  MHHEPAJOrHUECKOTO  COCTaBa
1I0poJl, aHAJOrHYHO TOMY, Kak 370 caeaano y B. A. JKapukosa (1959).
Ha auarpammy nanecena xoTekTHueckaa awnnus (I—I), coeaunsionias
TOUKH OJAHOBPEMEHHOH KpHCTAMTH3alHH. J[lHarpaMma XOpoIo HTIOCTPHPYeT
Hallf BBLIBOJB O TOM, YTO HOTEHIHAJ IIeJ0UcH YBEJUUHUBAETCS OT TOPOJ
¢ GoJblIel OCHOBHOCTBIO K KHCJBIM H UTO LIEJ0YHOCTh NOPOA KyGaIpHH-
CKOTO KOMILIeKca cooTBercTByer noqio 1 gmarpammbl J. C. KopzkuHCKOrO,
MOCTPOEHHOH Ul NapareHe3ucoB TPAHMTOMAHBIX MOPOA B  3aBHCHMOCTH
OT BEJHUYMHL XHMHUECKHX TNOoTeHUHanoB Kajaua ¥ HaTtpus (Kopmxunckuii,
1946, 1957). OOmas cxema oGpasoBaHusi Bcex MOPOA KyBaapHHCKOTO
KOMILJIEKCA TAKOBA: MeTaMOp(H3M — TpaHATH3AINs — [JaBJeHHE.

B cBere BbicKasaHHBIX NPEANONOMKEHH{ O TeHeauce MOPOJ Kydampuu-
CKOrO KOMIIJIEKCa HHTEPEeCHO pacCMOTpeTb NOBeAeHHe OTAe]bHbIX TPy
AaKIeCCOPHEIX 3aeMeHTOB-npuMecefl. Hamu conocrapasnuch cpefnue coaep-
JKAHHS dKIECCOPHLIX 3JeMeHTOB-NpuMeceil B MeTaMOP(H30BAHHLIX MOPO-
zax Oamkaycckoi cepun (Cms—O0,) ® B rpanurtonjax KyOGaapHHCKOTO
KoMmmiekca (rabua. 14).

Ananua TabaAHIB XOPOMIO HJIIOCTPUPYET TOT (akT, Y4TO B Hpolecce
MArMaTHYeCKOTO 3aMeLleHHs, TPOHCXOMAsIEero MoJ JeHCTBHEM CKBO3bMAr-
MAaTHYECKHX PacTBOPOB, BO BMEILIAIOLIHE TOJIIH BBIHOCSTCS 3JEeMEHTHl TpyIl-
nbl skeaeza (Co, V, Cr u ap.). CpenHue coAepaHHsl 3JEMEHTOB LaHHOM
rpynnbl B nmopopax 6amkaycckoil cepuu or 1,0 mo 16 pasz OGousblie, yeMm B
rpaudTax. B To Ke BpeMs B AMOPHTAX NPOHMCXOAHT HE3HAUHTENbLHAS KOH-
IEHTPAIHS 3THX 3JeMEeHTOB.

O6pautaer Ha ceOs BHUMAHHE MOBEJIEHHE IPYILI PEKHX AKIECCOPHBIX
snemenToB (Y, Zr, NB u 1p.); CpaBHUTENbHBII AHAJIH3 CPETHUX CONEpPIKAHUM
CBUJETENBCTRYET, UTO B PPAHUTAX KOHUEHTPALKS 3THX 3JEMEHTOB {ofiee BH-
cOKasl, yeM B IopoJax 0alllKayCCKOH Cepuu.

Boapact nopon kyfanpuHcKOTO KOoOMUaekca. Pemeune
3TOT0 Bonpoca HMeer OOJBIIOE 3HAYeHHe /5 NPABHJABHOTO MOHUMaHHS
HCTOpHH pa3BuTua Marmatusma Kypaiickoii pyauoit sonbl. BonbmmucTBO
uceaegosareseil paiiona (B. A. Kysuemos, 1957, 1962; B. Il. Hexopouies,
1958; A. B. Heprynos; B. H. TaBpu/oBa u ap.) CUMNTAIOT BO3PAcCT TPaHHUTO-
HIHBIX MOPOJ KOMILIEKCA KAJNeJOHCKHM (OpJOBHKCKHM).
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Puc. 30. Jlnarpamma coctap-iapareHesuc rpadi-
TOHAHLIX MOPOA KyOaJApHHCKOrO KOMIJIEKCA
(no JI. C. KopaKuHCKOMY):

| — BroJAHe MOABHMKHbIE KOMMOHEHTh; 2 — H36GLITOYHBIE KOM-
noHedTsl; 1—I — KOTeKTHYeCKas JHHHA.

Cal

4} H,0,C0,,K,0,Na,0
+ HKB,Mm,An,Ccper

s
=

100 % AH

10 %o AH

N\ Opm
( .\.’..9, Fe)o Eu AlzOz

B pa6orax I'. JI. Apanacbesa (1949, 1960) ¥ ApyrHx HaXoQuMm ykasa-
HHS Ha BO3MOMKHO GoJee MOJOoi (repUHHCKHH) BO3PACT TPAHUTOB H3 OCE=
BOIf 20Hbl 1 ceBepHOro ckaona Kypaiickoro xpe0Ta.

B noas3y paHneKaneJonCKoro Bo3-
pacta mnopoi KyOajpHHCKOTO KOM-
[JieKca roBOpAT CJAeAylollHe LaHHble:

TaG6auua l4

CpapHeHHe CPeIHHX COMEP/KANMI aRueccop-
HbIX 3J€MEHTOB-Npumeceil B nopopax Gaui-

1. CrpykTyphoe MOJOXKEHHE Ky- Kaycckoil Ccepud M KyGajpHHCKOTO KOMI-
GajApHHCKOrO TJAyTOHa M Gonee Mel- AeKca
KHX TeJ Ollpe/lensieTcs npuypouen- KybanpuHckui
pocThbio K 3oHe ray6unmoro Capa- P i KONINRC
cuHcKo-Kypafickoro pasnoma, fja- ST fexon cepun| rpmmrs | awopum
JOLILeTOCs OAHON W3 ApeBHeAmHX (CH- g ()
HHilcKO-KeMOpHiicKoil) mno BpeMeHH LA i
3a/107KeHHs1 cprymyp ropHOI‘OPAJlTaP. Co  |1,6-10%13,6:10 i
(B. A. Kysueuos, 1962). \ 1,1.10 *|4,3:107°| 4.10°°

9. PernonajbHoMy MeTamop(usmy Cr 1,2-10 %{7,6:107*{1,7-10°

TIOJ(BEPT/IHCH MeCcYaHo-CaaHleBble TOJ-
1 KeMOpHsa U KeMOGPO-OpAOBHKa; 3¢-
(ysHBHO-OCA/IOUHbIE TOJIIH  J€BOHA

Ni 4,4.107%(6.2-10~" 2.6-107°
Mo o) 210

= -3l g -3
HHKAaKHX CJe10B MeTamopdusma He Y Bl 9010 12,6410
HECYT. zr  |4,5.10%| 1-107*|1,1-007"

3. Bce maccHBbl KOMIJIeKca pacmno- Nb — 1.107%2,8-107*

jaraiorcsi cpean TayGOKO MeraMop- Pb 2,2.107*[1,3.107%| 3-107°
¢u30BaHHBIX TOMLL KeMGPHS H KemOpo- 7 5.3.10-%[1.1.10~*| 3-107?
OplloBHKa; B GoJiee MOJOMIbIX TOMIMLAX v ST N o
AIeBOHAa MAcCHBbBI KOMIJIEKCa OTCYT- Cu 1-107°12,3-10 2-10

CTBYIOT. : Mo 5.10°11,8.107° l,7-10*
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4, BuinosnenHe B jaboparopun abcoatorsoro sozpacra UI'nl' CO AR
CCCP onpenenennsi Kaaui-aproHoBblM MeToAoM 1o OHOTHTY InOKasa-
4, uto GHOTHTOBBIC CJAAHIBI HMEWT a6coMIOTHLIN Bodpact 467 maH. Jer,
a rpauutsi — 456 Man. jer (rta6a. 15), uro coraacyercd ¢ HAWKMH
npeicTaBlenisaMi 00 oGpasoBanKi MACCHBOB B OPJOBHKE, BCJE] 3a MeTa-
MOp(pHIMOM TIOPO/L.

CkasapHOe TIOATBEpIKAAeTcd TaKKe HEKOTOPBIMH JIOMOJHHTEIbHLIMH
AAHHLIMH, NOJYUYEHHBIMH TPH H3YUeHHH aHAJOCHYHEIX TPAaHHTOHAHEIX KOM-
TIIGKCOR COCeHMX paioHoB. Tak, HA BOCTOUHOM NPOXOJKEHHH H3YYEHHBIX
CTPYKTYP, B BepXOBbAX p. TOKNak, paciuosioXkeH ONHOMMEHHEIH TpaHWTHbI
nayrod. Ilo npanseiM gaboparopuum abcoaiotHoro. pospacra BCETEH,
Bospacr rpanutos Toknmakckoro maccuBa paseH 425 mam. aer (A. I1. Ilep-
I'YHOB).

Cepepo-BocTouHEe M3YUEHHOTO HaMH paiiona, B npefenax Yyasim-
Manckoli sonm Meramopusma B. M. KonecunkoBrim u Ap. BHifensercs
AHAJOTHYHLIH KOMIUIEKC FPABHTOHA0B. ABTOPHI CYMTAlOT, UTO BO3pacT Ipa-
HHTOB OMpejensieTcsi BO3PACTOM MeTaMOpdH3Ma, KOTOpLIH CONPOBOXKAAJM
TEKTOr€He3 B KOHIle HHJKHEro OpAOBHKA. JTOT BHIBOA COIJIACYeTCs C ompe-
nenenueM abCOMIOTHOTO BO3pacTa KPHUCTAJNHYECKHX CJaHUEB, KOTOPLI
paBen 410 mag. Jer.

B npuaerajommx k Topnomy Aataw paiionax 3apaanoit  Tyswu
B. A. KysueuoBpiM #u I'. B. Ilunycom (1949) Guln Bbizenen manmasbCKHI
(UMHreKaTcKHil) TPAaHHTOMAHBIE KOMILIEKC, SBJASIONIHACA IOJHEIM 3KBHBA-
J€HTOM KyOaZipuHCKOMY KOMILIEKCY. Bepxmsas BoszpacTHad TpaHMIA KOMI-
JieKca OnpefienifieTcs RaJudueM B cOCTaBe TaAbkKu 6a3albHOTO KOHTJIOMepa-
1a CmAypa TPaHHTOB, CXOAHBIX NO COCTaBYy C WANIIaJbCKHMH TPaHATAMH
(T. B. Ilunyc, 1949).

MertanJorenHuyeckas XxapakKTepHCTHKA KybGanmpHH-
CKOro KoOMINaekca. Pylonpoap/ienHs, reHeTAueckd CBs3aHHBIE C 3THM
KOMIJIEKCOM, MOBOJNLHO Pa3uoo0pasubl, HO He3HaUHTENBHBEl 10 MacuTabam;
OHM TIpeACTaBjieHb BOJbpamom, MOIUOAEHOM, CBHHIOM, KOOAALTOM, Ke-
JIe30M H pelKOMeTalbHON MHHepaau3aluel.

Boabsdpamosass MHEepaaH3alHA NPEACTABJEHA MIEEJIHTOM, KOTOPEIH
yCTaHaB/AHBaeTCs B IIJHXaX, B3ATBIX H3 pakiona Kyb6aapuHCKOro mnayTOHa
H B NPOTOJIQUKAX TPDAHHTOB H [AHOPHUTOB. HOBHIIIQHHOQ ColepayHe IeeIi-
ta Opio orMeueno B. M. Tapacko u C. I. KanbcuBbiM B muiMxax ua pep-
xoBpeB p. Kuicxwimty6Gex u KyGanpy, npuueMm Hanbodblilee KOJHUECTBO
HieeqHTa B NPOTOJNOYKAX TMOPOI MAacCHBA TO3BOJSAET NMPeanoJaraTb BO3MOMK-
oTaenbHBIX cayyasx—po 20% Ttaxenoll ¢pakuun). Hamumu uccaegosa-
HHUSMH LIee/IUT YCTAHOBJCH B NpoTodoukax mopof KyGampuuckero maccusa.
[TpoGut Gty B3ATH U3 NTOPDHPOBKAHLIX TPARWTOB B CPeAHEM Tedenun p.  Kuic-
XplmTyGeK HIpaHoNHOPHTOB B BepxHeM Tedyennu p. Ky6aapy. Illeeaur 6enoro
upera: pasmep sepen 0,1X0,15 un; Gaeck xuprbil B yasTpaduoseToBex Jy-
yax MuHepaJs obmnazaer roay0oH, pexe KeaTol JoMHHecHeHIHed. Hamuune
meeanTa B NPOTONOYKAX IOPOJ MaccHBA NO3BOIAET MPEANOJaraTh BO3ZMOMK-
HOCTH TEHCTHUECKON CBA3H opyAeHenus ¢ KyGaapuHCKHM MAaCCHBOM.

MonuGaenuT BCTpeYaeTcss B NMOPOJAAX MaccHBa B BHAE MEJKHX W pel-
KMX pozeTok. Poserkn moanGaenura pasmepoMm 3X4 mm OuliH o0HApyKeHBl
HaMd B rpaHHTax BepxoBha pexk Kyb6azpy B KelcxbiutyGek. B BHIe enu-
HHYHEIX 3epeH MOJHGAeHHAT OOHApyKeH B [pPOTOJNOYKAX H3 JIHOPHTOB,
FPaHUTOB M THelicoB B BepxoBeax p. Kybaapy.

CriekTpanbibiM aHAAW30M YCTAaHOBAEHO, YTO B TOPOZAX KyOajpHH-
CROTD KOMIIJEKca MOHHﬁle‘H B OCHOBHOM npnypoueﬁ K AHODHTaM, Trle OH
onpeneaen B 97,7% mnpob ¢ cogepxannem 0,0001—0,001%. B rpanurax
Moaubaen ycranosaed Juub B 11% npo6.
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lanenur ofHapyxeH B NPOTOJouKax K3 rpanutoB KybaapuHckoro
MaccHBa ¥ oceBoii sonnl Kypafickoro xpe6ra. B KopeHHOM 3ajerandd OH
BCTpeuen B TMpelenax SHIOKOHTaKTOBOH 30Hb Ky6alpHHCKOro MaccHBa
(sepxoBbst p. Kypymay-Afipei), rae cpepid GHOTHT-aM(HOOMNOBBIX KpUCTas-
AMYECKHX cJaHlleB oGHapyxehwa HeGosbwas no mommuoctd (1,5—2 cu)
MHUIKA KBapua ¢ e[HHHUHBLIMH KPHCTAJJIAMH TaJIeHHTA.

CnekTpajbHLIM aHAAH30M BO BCcex mnpofax rpanutoB H B 97% mnpo6
JAMODHTOB yCTaHOBJeH cBHHell. Cpelnee ero cofep:anHe B JAHOPHTAaX Ky-
GaJpHHCKOTO KOMIJeKca B 2 pas3a TNpeBHIAeT KJAapK AJsi aHaJOTHYHBIX

nopon (Bunorpamon, 1962). 3 =
abauna

AGcoMOTHB BO3DACT NOPOJ,

Qbmns Paanor. Ario Boapacr
Munepaa % K _:\,-,__[:... A ,m_lr_*, e w s i ITpuseuanue
r Jao
Buorur : £ Cpennuii Bo3-
u3 caanues| 6,25 | 0,215 0,1191 | 0,0286 456 paCT CAAHUER
COCTABAAECT
To we 467 Mau. qer
6,25 | 0,249 0,1269 0,0303 478
BuotHT #3 -
rpanntos | 4,10 | 0,329 0,0787 | 0,0287 456

KobGanbsToroe opyneHeHHe B BH/JAe 9PUTPHHA HAOJII0Lan0Ch B KOPEHHBIX
o6HAKEHHUAX B IK30KOHTAKTOBOH 30He KybaapHHCKOrO MaccHBa B Bep-
x0BbsAX pek KolexblutyGek u Kypymay-Aiipel. [lepsoe pyaonposiBjienue
lpefcTaBJeHo HeOOJbIIMM THe3/l0M 3PHTPHHA B KeMOPHHCKHX W3BECTHSI-
Kax; BTOpoe — B BuIle TOHKHX (l—2 mMm) TpPHMA30K ¥ KOpoyek B OHOTHT-
aM(}puOONOBLEIX KPHCTAMJHUECKHX CIaHIIax.

CnexTpa/JbHBIM aHanuaoM OOHapy:KeHo, 4YTO K0GalbT NPHCYTCTBYET
B 100% npo6 muopuros u B 909% mnpol6 rpaHATOB, NpHYEM €ro CpelHee co-
IepxKaHpe B Anopurax (cM. taba. 11) B 14 pas Goablue, ueM B rpaHHTax.
Ilpu conocraBiaenun cpelHHX coldepiKanuii KoGanbra ¢ KJapkaMH B aHaJo-
ryunbX noponax (Bumorpanos, 1962) o6pamaer Ha cebs BHHMaHHE TOT
(haxT, yTO B IMOPHTAX OHO B 5 pas BEIIE KJapKOBOTO.

Opy,ueHeHue ZKeJsqe3za B BHJAE MHOTOUYMCJEHHBIX »KHJI MAarHeTHTa ycra-
HORBJICHO B Npelle/lax 3K30KOHTakTa Kybaapuuckoro uilyTona, B BepXOBbe
p. Kybaznpy no ee neBnim mpuTOKaM M Ha nepeane Kybaapy-Kypait. YKu-
Akl MOIHOCTBIO 0T 5—10 cm 10 2 M NpOCHeKHBAIOTCS Ha PACCTORHHH A0
10—12 u. Onna u3 nanGonee KPYMHBIX KU/, BCTPEUCHHBIX HAMH B CPeLHEM
Tevenun p. Kapa-Osek, 3aneraer cpein nopoi KemMGPHACKON TOJIIH, MOLL-
HOCTh ee 1,7 m. B obnamxenun no JepomMy GOpTy IKHJIA NPOCAEIKHBACTCA
B CeBepo-3anajiHOM HanpasieHHH Ha 8 M, CKPbIBAETCS MOL YeTBEPTHYHBIMH
OTIOMEHHAMH, B I0T0-BOCTOYHOM KOHIE oOHA Pe3ko cyxaercs mo 10 cm
H cHOBa pacuuupserca no 1,5 x#. Cnoxkena ku/aa caAMBHOR MarHeTHTOBOI
pynoit. CnekTpanbubiM aHaqu3oM (taba, 16) ycTaHOBJIEHO, UTO B MATHETH-
Te XKuael (aHanussl 1, 2, 3) NOMHMO aKIECCODHBIX 3JEMEHTOB TPYyNNEL
HeJje3a NPpHCYTCTBYIOT pefKue yieMenTHl Z1, Y, Yh.

Ha nepepane KyGampy-Kypail HeGoabluasi Kuia MarHeTHTA 3aljeraer
Ka rpanuie OHOTHTOBBLIX CJIAHIEB M THeHCO-TpaHuTOB. MoOHOCTL ee
26—30 cx, pawna 1,5 n.



B nmporosoukax TpaHHTOB H AHOPHTOB MAarHeT4T BCTPEYAETCA BO BCEX
npobax; HauGOJAbLIEe COJAEPIKAHHE OTMeuyeHO B AHopHTax 9600 e/r. Crnekt-
‘PanbHbBIM aHANHM3OM B MarHeTHTe (aHanwswi 4, §) ycTamaB/JHBaeTCa TOT e
Ha6Op aKIeCCOPHLIX 3J€MEHTOB-NIPHMECeH, YTO H B MATHETHTEe JKHJI.

C xyGanpHHCKHM TPAHUTOHIHBIM KOMIJIEKCOM NapareHeTHUECKH CBA3a-
Hbl IIDOSIBJIEHHS DEJKOMETA4JbHOH TaHTAJJQO-HHOOHEBOH MHHEpaJH3alHH

Ta6anuma 16
PeayabTaThi CNEKTPAJIbHOrO aHAJIH3A MArHeTHTOB

gg Ti Co NI | Cr Mn | V Cu Pb Sn Zr Ga Y Yb cd
2=
1 |0, 003[0,0001{0,0002 0,0001] — |0,001/0,005 0,003(0,003|0,0005| — = =
2 10,003[0,0001]0,0002 0,002] — |0,005(0,0080,0003|0,003|0,003|0 ,001 |0,0001|0,0001] —
310,01 = — 0,001/0,001/0,003/0,001|0,001 | — [0,003 0,0005f — — 10,003
4 (0,01 |0,002 |0,03 0,01 0,02 (0,03 |0,006/0,01 — |0,006{0,006 | — = e
5 10,01 |0,003 |0,006 |0,005/0,01 0,006/0,00310,002 |0,001/0,003]0,00010,0001 | — 10,003

HerMATHTOBOTO THINA, K NPEeICTABUTENAM KOTOPOH, (0-BHAHMOMY, clejyer
OTHOCHTB NerMaTuthl, oOHapyxkeHHele B KyGaapuucko-Kypaiickoii soue
CMATHA.

AHa/4H3 METAJJOreHHUCCKOH XapakTepHCTHKH KyOaJpHHCKOrO KOM-
IJekca MoKasbBaeT, UTo NPOQUIHPYIOUIUM IS HEro sBJseTcs pegKome-
TaJlbHOe OpyAeHeHHe. DOJbUHHCTBO pPYAONPOsABJAEHHH, TeHETHYECKH CBfl-
JAHHBIX ¢ KOMILIEKCOM, MOXKeT OBITH OTHECEHO K MOJHOIEH-peiKOMeTaldLHO-
soabdpamoBoil (opmanun (Kyssenos, Hucranos, OGomenckuii, CoTHHKOB,
u ap., 1966).

BYI'Y3VHCKMM THEVCO-ITPAHUTOBH/IHBIVI KOMILJIERC

1. TEOJIOTMYECKASA MO3MIINA KOMIILJIEKCA

[To reosiorH4ecKOMy MOJIOKEHHIO H TeHe3UCYy 3TOT KOMILIEKC OTHOCHTCS
K ToMY ke (OpPMaUHOHHOMY THIY TIPaHMTOHILOB, 4TO H KyOGaIApHHCKHI
KOMILIEKC, HO OTJIHYAETCs OT Hero HeKOTOPBLIMH METPOJOTHUYECKHMH OcOOeH-
HOCTSIMH.

ByrysyHckuii ruefico-rpaHHTOHAHBIN KOMIWIEKC PasBHT B IOr0-BOCTOU-
Hoit yactu I'opHoro Anrasi, B xp. Uuxauesa. OH pasmeliaercsd B mpejeaax
spesnelt Teneuxoii crpyxrypHO-hOpPManvonHoli  30HBI, KOTOpas ABASETCH
3anajHOH OKpPaWHOH KaJelOHCKOH cKaaguartoil cucrempl 3amagnoro Casima
(cm. puc. 1). Teneuxas zona po Kypalickomy ray6uunoMy pasioMy conps-
raercs ¢ paHHerepuuHckod Amnyiicko-Uyiickoil cTpykTypHO-)OpMaLHOHHOL
30HOH, re0I0rHYeCKoe CTPOeHHe H HCTOPHS PA3BHTHSA 3THX 30H Pe3Ko pasinud-
iorcsa (Kyanemos, 1952, 1963).

B ocnoBanuu crparurpaduueckoro paspesa Tedelkodl CTPYKTYPHO-
($OpManHOHHOH 30HEI BCKPLIBAIOTCS MeTaMOp(HYeCKHe CJAaHIbl H0KeMOpHii-
CKOTO Bo3pacra (aHalOTH TEPEKTHHCKOH cepud IlenTpaabhoro Auras
n pxkebanmickoit cepun 3anagnoro Casna). Beimie JexKaT ByJKaHOreHHO-
ocajioulbie (OpMalud HHIKHEro KeMOpHS ¢ rHnepGasuUTOBBIMH M OCHOBHBI-
MH HHTPY3HAMH.
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Euie pbilie 3aneraioT (GJUIIOHIHblE MecYaHO-CAaHUeBbie Qopmanuy
KeMOPO-OpIOBHKA, KOTOpBIe, KaK MOJaraloT MHOIHe HCCIeoBaTe/ld 3TOro
paiiona, MCILITAalAN B 30HAX CMATHs TJIYOMHHBIX Pa3/OMOB BEICOKOTEMIepa-
TYpHEIl MeTAMOP(U3M, B pesy/bTaTe Yero rnecuaHo-cJlaHUEBbE MOPOALL Obl-
JH TpeoOpa3oBaHbl B KPHCTA/IIHUECKHE C/IAHIBI H THEHCDL.

Ha moBepxHocTH Kale[OHCKOro dyHaaMenTta B MeXKIOPHHIX Nporudax
HECOTNACHO JeyKaT He3HayuTesabHbIe 10 MOIIHOCTH CYUIECTBEHHO KOHTHHEH-
TajJbHble TOJLLY CHJAYpPa, KPAacHOUBETHblE TOJILM JeBOHA H YrieHocHbie
fauKy BepXHero najieososi. B caJlampCKOM M KaJledoHCKOM 3tanax Teseu-
Kag CTPYKTYpHO-(POPMAIHOHHAsl 30HA ABJANACH FEOCHHK/IHHAJIBHBIM MPOTH-
6oM. B Konlle KaJgeloOHCKOro 3Tala OHa 3aKOHYMJA FeOCHHKIHHAJIbHOE
pa3BuTHe W NpHOOpena cBOMCTBO cKJaayaToli 30HB, a4 B TEPUHHCKOM —
Op1a yKe KOHCOJNHIHPOBAHHON CTPYKTYPOH OJOKOBOrO CTPOEHHS, HCIbi-
TaBUIeH JMLIb TAB00BLIEe ABHKEHUS.

T'eonornueckoe crpoenne TenelKo# 30Hb B Npefejdax pailona pa3BHTHI
OyrysyHCcKOro KOMIJekca ocBemiagock B paforax A. A. Bumnesckoro,
A. JI. Bypyxuna, H. C. Kop:xkuesa, B. T. IlasnoBa u np., koTopeie Kxaca-
JHCh OTAEJbHHX BONPOCOB FeQJOTMM TPAHHTOMJAOB HpPH IOHCKOBEIX H pe-
rHOHANLHLIX Te0JIOTHUEeCKHX HccaefoBaunsax. Ilo HX M HawuM  JaHHLIM,
B reOJIOTHYECKOM CTPOEHHM pailoHa NPHUHMAIOT ydacTHe IIYGOKO MeTamop-
¢hH30BanNble NOPOABI (KpHCTAMAHYECKHe CJaHilbi, THeHCBl, aMQUOOANTH),
KOHTaKTHPYIOULHEe 10 pasjoMaM ¢ Necyano-claHueBbIMH HOpoAaMu xkeMmopo-
OpAOBHKA, OPAOBHKA H BYJAKaHOTEHHLIMH 00DA30BAHHAMH JeBoHA.

OcranoBuMca Ha XapakTePHCTHKE TeX IMOPOHA, KOTOpHE NPHHAMAIOT
yuacTHe B reoJOTHUECKOM CTPOeHHMH paioHa. B naHHo# pabore oHM GYLyT
paccMOTpeH:l He ¢ OAMHAKOBOH CTeneHbio jAeranbHocTH. OCHOBHOE BHHMAa-
HHE COCPeNOTOUeHO HA OMUCAHWH KeMOpPO-OpPAOBMKCKHX OCAJOUHBIX H Mar-
MaTHUECKHX 00pasoBaHuil, KOTOPBle B 30He CMATHY OBUIM MOABEPIKeHDI
BBICOKOTEMIIEPATYPHOMY MeTaMOP(DH3MY, AHATEKCHCY M B Pe3yJbTaTe MH3-
MCHEHHsI KOTOPBIX 00pa3oBajuCh TMOPOALI pauHeKaleJOHCKOTo Oyrysyn-
CKOTO THeHCO-TPaHHTHOTO KOMIIEKCa.,

TTopoarl BepXHEro KeMOpPHS — OPAOBMKA BXOJAT B COCTAB TOPHO-aJITAil-
ckrii ceutel. OHH pasBUTHL B BepX0oBbAX pek Bamkayc u Byiutiorem u npen-
CTARJIEHbl TECUAHMKAMH, AJEBPOJATAMY, DIHHHCTHIMH CJAaHIAMH, OKpalleH-
HLIMH B 3eJeHbli, cepo-3eenbli W ¢HodeToBbI UBeTa. [Tecyanukn o6bIuHO
CHILHO PACCAAHUOBaNHbI, XJOPUTHIHPOBAHBI, a IVIMHHCTHIC CIAHLLL ¥ aJeBpOo-
JMTHI TIPEBpallenbl B (QHIJIHTE, KBApUERO-XJOPHTOBEE M CEPHUHT-XJODHT-
KBapuesble caanubn. Habaonaercs onpenenenHas 3aKOHOMEPHOCTb B H3Me-
1IeIHHA COCTaBa NOPOJ B XapaKTepe uepel0BaHyus MX CHH3Y BBEDX 110 pa3pesy.
IMoponbl mmKHe#l uYacTH TONMIN OKPAIleHbl B HESPKHE CEpO-3eJeHBIe
upera ¥ o6pasyloT pHTMHUYHOE, NMOAOOHO (uumly, nepecaauBanue. 3elenasn
OKpacka mopox, mo Mepe IBHMKEHHSI BBEPX MO paspesy, cTaHOBHTCA Oojee
IPKOI, TOABAAIOTCA CePo-(pHOMETOBBIE PAa3HOCTH, GaHIongHAsA  PHTMHY-
HOCTb B CTPOCHHHM TOJIIH HCUE3deT, B MecYaHHKAX MOSBJIAETCS NpHMech
TyQorenroro Mmarepuama, NPOCIOH TPYGbIX IECUAHHKOB, TPABENHTOB
H MeJIKOTa/IeUHBIX KOHTJIOMEpAaTOoB.

ITi npusHaku nosoxKensl A. A, BHIIHEBCKHM H APYTHMH HCCJIEI0BATE-
JIAMH B OCHOBY pa3fiesieHHsl TOPHO-anTafcKoH CBATH Ha J(Be MOACBMTbLI: HUXK-
HIOI0 H BEpXHIOIO.

[Topoabl HHXKHE[l NOACBHTBLI C/IaraioT silepHble 4acTH KPYMHBIX aAHTH-
KAMHalell W Kpulibsi cHHKAuHajed, [Topoam mnpejcrasjensl  3en1eHOBaToO-
CephHIMH TNecuaHHKaMH, aJeBPOJHTAMH, CEPHUMTO-KPEMHHCTHIMH ClaHUAMH
¥ QUIIHTAMH, KOTOpPhie Nepec/anBaloTcs Mexay coboil, obpasys npociou
MOILLHOCTBIO OT HeckonbKux cantumerpos po 2 m. Habmopaercs u Gosee
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TPY6OE yepejroBanHe MeCYaHHKOBbIX H CJAdHIEBBIX MAYE€K MOULHOCTBHLIO OT 7é
no 20 x. Ilecuanuku HMeIOT AJEBPO-NCAMMHTOBOe CTPOEHHEe H  COCTOAT
H3 XOpOWIO OKarTaHHoro o6JoMouHoro marepuana (256—40%), mnpeacras-
JeHHOro 06JoMKaMM KBapua, NJarHokjaasa, HHOrAA CepHUIHTO-KPeMHHCTHIX
clanueB, KpeMHHCTHIX Hopofd. ILlemeHT mecuannkoB 6asajbHBIl, COCTOHT
H3 CKPBITO-KPHCTAJJIMYECKOT0 KpeMHe3eMa, MeJKOYellyHuaToro XJAOpPHTa,
nHAOTA, cepHuuTa ¥ Kapbonara, ClaHUBl NPEACTABJAAIOT NOPOABI KPeMHH-
CTO-CEPHIIHTO-XJOPHTOBOrO COCTaBa, XapaKTepH3ylolHecss MHKporpanob.a-
CTOBBIM H aJeBpO-JeNHI0rpaHobJacTOBEIM CTpoeHHeM. I'paBesuTaM CBOIf-
CTBEHHO HCGqJHTOBOe CTpOeHHEe; COCTaB HX aHaJOoTHYeH COCTaBy IeCYaHHKOB
i1 aneBposnToB. Cpenn 06JI0MKOB BCTpeYaloTCa OGJOMKH KHCJBIX 3(p¢Yy3HBOB
u nophupuToB. MomHOCTE NOPOA HHXKHEH MONCBHTHL COCTaBJASeT HE MeHee
2500 m.

Ilopoxsl Bepxmell MOACBUTLI Pa3BUTHl Ha NpapoOepexbe p. Byfmorem
1 B BepxoBbe p. ¥3yH-ThiThireM, cjarasi HeHTpPaJbHbIC YACTH CHHKIHHAJb-
HbIX CTPYKTYp 3amaaHoro M CceBepo-3anajnoro npoctupanns. [lopojsl
NpeACTaB/AeHbl APKO-3eeHEIMH, CEPhIMH ¢ (HOJETOBEIM OTTCHKOM MeCYaHH-
KaMH, aJeBPOJIHTAMH, TJHHHCTHIMH H CEPHIHTO-X/JOPHTOBBIMH CJIaHILAMH,
rpaBeJJIHTaMH, KOTOpPble NepecaanBaloTes Mexay coboi, 06pasysa mpocaon

Ta6nuua 17
XAMHAYECKR COCTaB 0CAN09HBIX NOPON TOPHO-AATAHCKOH CBHTDHI

Homepa anaiansop
Oxueant |~
292 220 135 5 Bd I 143 l 193

8i0, | 67,57 | 59,66 | 63,92 | 62,97 | 59,00 | 64,69 | 58,75
TiO, 0,68 9,65 (0,65 0,64 0,67 0,58 0,85
Al, O, 13,41 18,40 15,64 14,93 17,29 15,63 | 19,69
Fe, 0, H R 2520 2,65 1,89 1,99 2T LAl
FeQ 3,36 4,74 4,79 4,35 4,57 3,381 6,02
MnQ 0,09 0,11 g, 11 0,64 0,48 0,081 0,13
MgO 3,49 4,65 4,587 4,33 4,33 4,28 5,18
CaQ 2,39 0,83 1221 2,15 1,02 1,14 ¥, 17
Na,O 1,80 1,80 1,92 Sty 2,56 2,40 1,80
K0 1,80 2,40 2,08 1,26 2,77 § 880208
H,O 0,15 0,16 0,41 O, 17 0,21 0,25 0,29
1. o om. 1,63 3,48 1,43 3,69 4,82 2,55 1,27
CymMma 99,14 99,08 a9, 58 100,79 99,71 99,33 | 98,94

202 — MeaKo-KPHCTAAMHIECKH) KBApU-MYCKOBHT — GHOTHE-XAopHTOBBIR caanen, p. Hea-
Tep; 220 — MHKPOKPHCTAMMHTeCKHIl KpeMHHCTO-CePHUHT-XA0PHTOBEIT caanen, p. Hapay-
rem; 1356 — KpucTanNHYecKHil caanel ¢ OHOTHTOM, KOPAMEPHTOM H NJarHoKaasoM, p. Mab-
ayrem; 5 — anepponur, p. Byfimorem; 50 — necuannx, p. Byfimorem; 143 — kpeMHucTO-
cepHUHT-XJOpHTOBLH caaneu, p. Hawsayrem; 193 — kpucranauueckuit caamey (GHOTHT,
KBapl, njargokaas, kopaHepurt), p. Havayrem,

Anaanspt Ne 5, 50 BHUIOJAHEHL B XUMHUKO-aHAJIRTHYLCKON naGopatopu Hucraryra
reosorud A reodmznky CO AH CCCP, anaautuk I1. A, Komaposa. Amaaman Ne 292, 220,
135, 142, 193 sammcreoBanm y M, H. Jlanaa.

MouHoeTbio o1 20 ca 1o § a. Buieasiores mauke CyuiecTBERHO cAapieBbie
IO cOCTaBY, MOUIHOCTBIO B HECKOJNBKO [ECATKOB MerpoB. Danmongnoi
PUTMHUHOCTH He Haluiozaerca. [Ipocion necuaHuxos ® ChAaHies 0[O MOI-
HOCTH He BHIAEPHKANB H BLIKIHHHBAIOTCA 1O npoctupanuio. OQ6mas Moi-
HOCTb NMOPOA BEpXHeHd NOMACBATHL cOCTaBaser e menee 1700 m. Xumuue-
CKHil COCTaB MOPOJ HUKHEH U BepxHell NOACBUT npuBeien B tabm. 17.
[Toponst ropHO-anTaicKOll CBHTHI CMSTH B Y3KHE, MHOTAA HW3OKAMHAJb-

HBEIC HAW ONPOKHHYTHIe CKAANKH, BLITAHYTLIE B IHPOTHOM M CeBepoO-3anaj-
HOM HallpapBJeHHSX.
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CKnafuaTocTh NOPOL CBHTHI SIBJSIETCS NOJHOH H XapakrepHayercs UpH-
MEpHO DaBHLIM Pa3BHTHEM CHHKIHHAJEH ¥ AHTHKIHHAJEH. Ilocaennne oc-
JIOMKHEUBl MHOFOUHCJAEHHBIMH CKJIAAKaMH CJAeAYIOMIHX MOPAAKOB BMAOTH A0
NI0fYATOCTH M FOMPHPOBKU MOAATIHBHIX ropu3oHToB. LapHHpHl CK/I4Z0K
YaCcTO HCHLITHIBAIOT YHAYJSLHIO.

Jlasi o60CHOBAaHHA BO3pacTa MOPOJ TOPHO-AJATAHCKOH CBHTHI HET mps-
MBIX IaJCOHTOJOTHYECKHX NAHHBIX Hau HaOdiodeHnii HX cTpaTHrpaguue-
CKMX B3aMMOOTHOLIEHH[ ¢ APYrHMH (DayHHCTHUYECKH OXapaKTepU30BaHHBIMH
nagneo3ofickuMu o6paszoBanHamMu. O HHIKHeM BO3PAcTHOM Ipejxese CBHTLI
MOZKET CBHIETEeJbCTBOBATH yIJIOBOE HecorJacue MeXKAY OTIOKeHHAMH
rOpHO-aNTaiickofl CBHTH M TOPOAAMH TEPEKTHHCKOH CBHTBI, YCTalOBJEHHOE
A. B. JlepryHoesiM. Kpome 7TOro, B cocraBe TajbKH H3 KOHIJIOMEpaToB
TOPHO-aNTafCKON CBHTHI BCTPeUEHbl M3BECTHSKH M CHIMIHJINTEL Oapartasb-
CKoii  CcBHTHl cuuHz. A. A. BHIIHeBCKMM  YCTaHOBJEHO  COLJacHOe
3ajleraHHe OTVIONKEHHH TOpHO-aJTalCcKoH CBHTHL HAa MOPOJAAX HHKHEro-cpen-
Hero KeMOpusa. Bepxuss BospacTHas rpaHHLA NOPOA CBHTHI ONpepe/dsercs
TeM, YTO B CMexXHOM pafione 3anajanoil TyBel, B OGacceilne Mpasoro MpHTo-
ka p. Kapru na mopojax, aHaJOrHYHBIX IIOPOJAAM TOPHO-AJTAHCKOH CBHTLI,
TPaHCTPeCCHBHO, ¢ PE3KHM YIJIOBbIM HecOTJacHeMm 3aleraloT (payHHCTrHue-
CKH OXapaKkTepH3OBaHHBIE OTJOXKEHHs BeHJIOKCKOro fApyca  cuaypa
(T. H. HUBanosa, 'ocresa, CaBocuHa).

Takum obGpasoM, COrJIacHO 3THM AAHHBIM, OTJIOXEHHS TOPHO-AJTAHCKOI
CBHTHI CJEeLyeT OTHOCHTBR HJIM K BepXHeMy KeMOpHIO HJAM K HHKHEMY
OpPIOBHKY.

ITopone cpexnero m BepxXHero OPAOBHKAa MNPEACTAB/ICHE
necYaHHKaMH M aJIeBPOJIMTAMH apTJalICKOi H KyMYPJHHCKOH CBHT, pas-
BUTHIX B Gacceilne pek ByitmoreMm, byryayn, ¥ayn-Toityrem. OpaoBHKCKHE
TIOPOABI TOYTH MOBCEMECTHO MMEIOT TeKTOHHUECKHE KOHTAKibl KakK ¢ Gojee
JApeBHHMH, Tak M ¢ Gojee MoJoAbiMH obpasoBanusiMd. Ilopoast cpemnero
U BepXHEro OpJ0BHKa C/1araioT €AHHYI0 TePPHIEHHYIO TOJILY, XapaKTepH-
3YIOLIYIOCS 3aKOHOMEPHBIM M3MeHEHHeM JHTOJOrHYecKOoro cocTaBa HO pas-
pe3y. Iloponbl cpennero opiOBHKAa NpefCTaBAeHbl INecYaHHKaMH OOBIYHO
MeJIKHMH H CpelHe3epHHCTBIMH, MNOJHMHKTOBBIMH., OO6JOMOYHbBI MaTe-
pHan — KBapl, NJarHoOKNa3, MHKPOKBApUHT, 3ddyaunl. llement 6Gaszannb-
HBIA, KPeMHHCTO-XJIOPHTOBEIH, KPeMHHCTO-X/JOPHT-3MHIOTOBbIE, KapGoHAT-
HO-XJIOPHTOBLIH, XJOPHT-CepHUHTOBHIH. B BepxoBeax p. Byrysyuna cpenu
MOPOJ OTMeYeHbl NPOCHOH H NMavKH MEJIKOraJeUHbIX KOHIVIOMEPATOB C Talib-
KOH HpEeHMYIIECTBEHHO KBapueBOTO COCTaBa H MAaJOMOLIHbE TOPH30HTHI
H3BecTHAKOB. C mopojamMu apTJalICKOi CBHTH CBA3aHBl MOCTeNeHHbIMH
nepexogaMi MOPOJALI KYMYPJHHCKOH CBHTLI BEDXHEro OT[eNa OpLOBHKA, KO-
TOpHle caarailotr B GacceilHe p. Dyhaiorem sapo OyilioreMckoii CHHKIHHA-
Jid, Jla cBUTHl XapakTepHo GoJee 4acTto M GoJee YETKO MPOABJIAIONIASCS
TOHKAas CJIOHCTOCTE H 3HAYMTEJNbHOE CONEPIKaHHE TOHKO3EPHHCTHIX H MEJH-
TOBBIX PAa3HOCTEH.

BunumMas MOIMIHOCTh KyMYp/IHHCKOM cBUTHI 1300 .

Ilopons cpejHero KeBOHAa MNPeNCTaBJICHbl BYJIKAHOTEHHBIMH
¥ BYJIKaHOT€HHO-OCAIOYHBIMH O0Pa30BaHHAMH, aHANOTHYHBIMH [OPOJAM
axcaiickoi csuTel. OHHM [OJIB3YIOTCS HEe3HAUHTE/NbHBIM pACHPOCTpaHeHHeM
¥ y4acTBYIOT B CTPOGHHH TEKTOHHUECKHX O/0KOB B 3oHe Bamkayccko-Ka-
paxeMckKoro pasnoma B BepxoBbsix p. bamkayc m Byrysyn, a takmke cua-
rajoT MyJAbibl, 3ajeraiollie Ha MHCMAaTH3MPOBAHHEIX rHeiicax. [lopoxsl
cpenHero JeBOHA, COXPAHHBIIHECS B TEKTOHHYECKHX GJ0OKaX, BXOAT b
nepudepuyeckyd 30HY TepUHHCKOrO IOCTHIACKOTO NMPOrH6a, BBINOJIHEHHOTO
NOPOJAAMH CPEeIHEro M BepXHEro NEBOHA, pa3pe3 KOTOPhIX HAaYHHAETCH
¢ IIOpCI aKCaHCKOH CBHTHL
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[Mopoasi mpeAcTaBienb NOPOHPHTAMH, AAUMTOBHIMH nopdupamu,
KBapleBbiMH TMoppupamu, anpburopupamu, rtybamu U TYQOOpEeKuHAMH.
Mapenka B cocTaBe CBHTbl BCTPEYAIOTCA MaJOMOLIHbIE IPOCHOH JHJOBBIX
U TeMHO-(DHOJETOBLIX aJeBpoNHTOB M necuaHukoB. Kucasie 3¢@ysuBb
BeTpeqaloTed B HHMKHefi uactd paspesa. OHu comepikaT BO BKPalJeHHHKax
KBAapH, NJAarvoKAas ¥ XapaKTepU3yoTcs MHUKPONOHKHIATOBHIM, chepoauTo-
BLIM CTPOEHHeM OCHOBHON Macchl. MomuocTn cBuTH  coctapaser 1000—
1100 .

Bospacr nopox onpenensiercsi yTeM —COMOCTaBJEHHS HX C NOPOAAME
akcafcKoll cBHTHI, Pa3BHTOH K 3amaay or paiona Hccaerosanud. [To p. Ax-
Kas oTaoxeHHs aKCcalCKOW CRUTHL 3aJeralor Ha pasdMbITOH [NOBepXHOCTH
GapaTaldbCcKOl ¥ MamKepoxckof c¢BuT. Cpean KOHTJOMEpPaToB B JIHH3AX
NIECYAHWKOBR HaliZleHbl OTNeYaTKH $JOpPH, yKasbiBaloulel Ha HH3LL CPEIHETO:
J1eBOHA.

Oco6eHHOCTBIO TeOJOrHYECKOr0 CTPOeHHsT paioHa SIBAAETCS HaJaHUHE
DPAa3pPBLIBHBIX TEKTOHHYECKHX HapVIUeHHH, H3 KOTOpbIX Haufosnee KPYIHBLIM
cuuraerca Damkayccko-KapaxeMmckuji paznoMm. DT0T pasjoM HpeicTanBiser
CeBEpO-3amajHoe OTBETBJEHHE AaKTHBHO- M JpoaroKusymero Kypafickoro
rayOHHHOTO Pas/joMa, KOTOPbll MO BPeMEHH 3aJ10}KeHHd OTHOCHTCS, I0-
BUIHMOMY, K CHHHHCKO-KeMOpuHcKHM cTpykrypam (Kysuewor, 1948).
Bamkayceko-KapakeMckuii pasioM B paHHeKaJeJOHCKHH 3Tall T€OCHHK/IH-
HAJMBHOTO PA3BUTHA XAPAKTEPH30BAICH HHTEHCHBHOH TCKTOHHUECKOW AKTHB-
HOCTBIO M Obl] BhIparKeH MOLKHOH 30HOM CMSATHS, KOTOpasi NpPEACTaBIseT
nonocy rayboko mMeTaMop(H30BAHHBEIX NMOPOA. DTa 30HA B TepUHHCKHI 3714l
pa3BuTHsa Oblia paszpodnaeHa Ha OJoku. IlpH 3ToM, OCHOBHOe 3HaucHHE
HMeJIH BepPTHKa/bHble IepeMelleHHs .

3ona Bamkayccko-Kapakemckoro pas/iomMa OTUETIHBO KOHTPOJHpYeT
pasMeulenie PA3HOBO3PACTHLIX M TeHETHYECKHW PA3HOPOAHHIX MarMartHye-
ckux oOpasoBaHHii, C KOTOPBIMH CBI3aHO DAa3HOTHNHOE OpYAEHEHHE.
OTH NposBIEHHA MarMaTH3Ma XapakTepH3YIOT pasJHYHble MarMaTHye-
CKHe KOMIIJIeKChl H IIpHHAJ/IeKaT K pPAa3HbIM (OPMalHOHHLIM  THIIAM.
Onn o6pasoBanuch Ha pa3JHYHBIX CTAaZHAX pPA3BHTHA 30HBI [VIYOHHHOTO
paznoma.

Marmarnueckue komnaekch Bamrkayccko-Kapake M-
CKOro pasnoMa. HauGosee npeBHHM sABAsieTcs AOOPAOBHKCKHi KOM-
niaeke ra66pounos (rab6po-nHoputsl M rab6po-guabassl), Kotopbie obGpa-
AYIOT COrJIACHDble, pexe CeKyHlWe, YANUHEHHble B IIaHe Te/la, NPOPLIBAIO-
e NecuaHo-cliaHienbie Nopojibl KeMOPO-OPAOBHKCKOTO Bospacra. Pasme-
pul Tea B nonepeunnke BapbupyloT ot 2 o 200 #. Tlo mnpoctupanHio oOHH
npocaexunpaiores or 300 mo 1500 m. Tena ‘raGGpoummos pasmemniarorcs
HE3aBHCHMO OT pasMellleHHs TPAHHTOHIOB, B Npefesax KOTOPBIX YacTo
BCTpeuarTcss B Bule ocrauueB. Ouu 0o0/1alal0T NPOCTHIM CTPOEHHEM U Xa-
PARTEPUIYIOTCH  PE3KHMM  KOHTAKTaMH €  BMEINAOWAMH  TOPOAaMH.
I"abh0ponaLl AuCAOIMPOBaHLI, pacCHaHIOBaHbl H IMIyGOKO H3MEHEHBI B pe-
3y/bTATE TPOLECCOB PErHOHAJLHOTO MeTaMop(hHaMa H TPAHHTH3AIHH.
Onu npeoGpasoBanbl B aMpUOONUTH, KBapleBble AHOPHUTH, TPaAHOAHOPHTHL,
TPaHUTOBUIHBIE TOPOALL W rpanodupsl. ab6po-voputel u raGGpo-auadassl
CleyeT CUMTATL NPOU3BOAHBIME CAMOCTOATEALHOTO raGOPOMAHOTO KOM-
IJCKCA, CBSI3AHHOTO C IJyOMHHBIMH IPOLECCaMu, NPOABASIOIUMHCH Ha paH-
HHX 9Tanmax pasBHTHA TeOCHHK/IHHAJbHOH 30HBI, PopMHpOBaHHe ra6Gpomi-
¥OIO KOMIVIEKCA CONPOBOXKIAETCA DPACCESHHOH TreMaTHTOBON MHHepaiH-
saliven.

Hanee Beliensercs HHIKHEOPAOBUKCKMI THefico-rpanutonpumii  Gyry-
BYHCKH} KOMIUIEKC, C KOTOPbIM CBsisaHa paccesiHHas MoaubAeH-Boabdpa-
MOBas MHHepaaH3aLHs.
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CaepyiolHME 1O BO3pacTy ABAfIOTCA  CeponHTOBbIe  NOP(HPEL.
(nposiBleHHst CpeAHeleBOHCKOro 3(@y3HBHO-MHTPY3HBHOTO KOMILIEKca),
caaraiompe Aafiku, pa3BuThie B BepxoBbAX p. Byrysyn. Ilo BHemnemy BHZY
H cocTaBy nopdupoBhie MOPOAbl AHAJOTHYHBI CPEAHEAEBOHCKHM 3¢ dysu-
BaM. Boaspact mopdHpoB onpepensercss TeM, 4TO OHH [epeceKaioT MHIMAaTH-
3UpOBaHHble rHefickl paHHEKaJeJLOHCKOro BO3PAacTa, HecyllHe paccesHuylo —
Moau61eH0-Bonb(hpaMOByi0 MHHepaJausauuio. B cBopo odepe/b, Ha mopQups
HakJajpiBaeTcs rpeli3eHH3aiys, BO3pacT KOTOpPoOH HA OCHOBAaHHH OMNpee-
reHHs a6coJIOTHOrO BO3pacra, NPOBEAEHHOTO Kaauid-aproHOBBIM MeTOLOM
no myckoButy B CeBepo-BocTouHoM KOMILIEKCHOM Hay4yHO-HCCJAe10BATENb-
ckom uncerutyre CO AH CCCP JI. B. ®@upcoBnM, coOTBeTCTBYeT KapOOHY-
(322—344 muan. ner). Haiiku mnopdupos HabaoAawTcsd TOJLKO BOJH3H
noJieli pasBHTHA AEBOHCKHX 3Ghdy3uBOB, Claralpliux y3KHe TeKTOHHUECKHE
KJVMHBS, 3aTepThle BAOJbL PasaoMa, HJIH 3ajeraloliuX Ha MHTMaTH3HPOBaH--
HBIX THellcaX, BbiMoJHAS MyJdbabl. D@dysuBHble NopQHUPEL B KOHTAKTE
C TepUHMHCKHUMH rpaHutamu (Bepx. p. I'ereneil) noasep:KeHbl OpOTrOBHKOBA-
HHIO.

C 3¢ysuBHO-HHTPYIUBHBIM KOMIJIEKCOM CBR3aHO TeMaTHTOBOE OpY-
JeHeHWe B BHAe TOHKOH BKPAIICHHOCTH, OGHJIBHO Hachimalomlel Gaionnans-
Hble MoJocYaTble MOPQHPLL.

K npoM3BOAHBEIM CJEAYKIIEro M0 BO3PACTYy TepPLHMHCKOTO TPAHHTHOTO
KOMIIJIEKCA OTHOCSATCS alfACKHTOBbie TPAHHUTBI, 06pPa3ylouiHe INTOKO- H daM-
KooGpasubie Teqa, GopMupyloumecs B THHabHccadbHBIX ycaoBHax. Ounu Jo-
X&JHM3YIOTCA B pasjoMax, lepecekalolluX paHHeKaJdeLOHCKHe THeHCOBHAHBIE -
TP2HUTH B B OTJIHYHE OT MOC/e/HHX He UCHLITHIBAIOT NepPeKpHCTAIIH3aIHH.
C ansgCKUTOBHIMH TPaHHTAMH CBA3aHLI IPOIECCH KOHTAKTOBOTO MeTaMop-
¢u3ma (OpPOroBHKOBaHHE), KOTOpPble HaKJaAblBAaIOTCA Ha y¥Ke PerHoHaJjbHO-
MeTaMopdu3oBaHHbie ToOpojabl (rHeiicol). PopMHpPOBaHHe TPAHHTOB 3TOrO
KOMIJIeKca CONMPOBOXKAACTCA MOJHOLEH-BOAbGPAMOBON M pPelKOMeTaldbHOH
MuHepaausanueir. [To cocrasy, B3aUMOOTHOLIEHHIO C BMELIAIOMIHMH NOPO-
IlaMy, XapakTepy KOHTaKTOBOro meraMop(HaMa H CONYTCTBYIOIIeH MuHe-
panu3aliH AJSACKUTOBBIC TPAHHTHI COIOCTABHMBI C IMO3JLHErepLHHCKHMHE
rpapMTaMH KaOHHCKOIO THNA, IIHPOKO PA3BHTBIMH HA loro-BocToke I'opHO--
ro Axarasi. O0 3TOM CBHIETe/bCTBYIOT JaHHBIe OnpejeleHuil aGCOJIOTHOrO
BO3pacTa HX, cocrtaBasiomero okodo 300 MAH. JeT, UTO COOTBETCTBYET
pepxHemy KapGony (mkana AH CCCP, 1963).

HanGonee no3anuM B BO3PACTHOM OTHOLIEHHH SBJASETCS MO3ZHErep-
IHHCKHi JaMIpodHpo-A1Haba3oBblii NaHKOBLI KOMIJeKc (Maible HHTPY-
3HH), AafiKH KOTOPOro WIHPOKO Pa3BHThl KaK CPelH TPaAHHTOHAOB ByryayH-
CKOTO MaccHpa, TaKk H Jajneko 3a ero mnpegenamMu. OHu coBepmIEHHO OT--
YeTIHBO TNPHYpPOuYeHH K 30He Damkayccko-Kapakemckoro pasioma,
K OMEPAIOIIHM 3TOT DA3JIOM Pa3pbiBHBIM TEKTOHHUECKHM HapyIIeHHAM,
KOTOpble TepecekaloT rpanuTonjbl. IlpocTHpanue paek aHagOrHyHo Ha-
NPaBJIEHHIO PA3OMOB H PACCAAHIOBKH. ¥YT/Ibl MNaleHHs HX GJH3KH K Bep-
THKaJbHBIM. MoinocTs naexk Bapeupyer o6buno ot 0,5 mo 3,0 #, mocruras
30—50 x. Tlo mpocTHpaHHIO AaMKH NpocaexkuBaTcs HA 1,6—3 km u Go--
Jiee, KOHTAKThl MX MO OTHOIIEHHIO K BMEULAIOUIHM NOPOAAM CEKYIIHE, YeTKO
BbipaxeHHele. B clooKennu naek NPHHEMAIOT Y4acTHe pasauuHble 110 cO-
CTaBy W CTPYKTYDHBIM OCOOEHHOCTAM TeTPOrpadHuecKHe pPa3HOBHAHOCTH
nopox. IlpeuMyliecTBeHHBIM pacnpoCTPaHeHHEM IOJB3YIOTCS ClecCapTHTEI,
AHOpHTOBBle NOpdupuTH W Auabaspl. Ilo aHanorum ¢ paiikamu jgua6asos
W 1aMnpogupoB, passHTHIX B TepeKTHHCKOM XpebTe, YIOMSHYTHE MeJTaHO-
KpaToBble JalKOBBle TMOPOABI CHEyeT PaccMaTpHBaTh KaK MPOSBJIEHH
MOJOAOro $a3ajbTOMAHOTO MarmMaTH3Ma — 0coboit  Jamnpodupo-auaba-
30BOH (opMaluu, XapakTepusyiouleii KOHEUHbe 3TANbl PAa3BHTHS TepUHH--

79



CKOTO TeKTOHO-Marmartuuyeckoro Uukaa. C jgamnpodupo-1HabazoBeIM  KOM-
HJACKCOM TECHO CBAZaHH CBHHIOBO-UHHKOBBIE PYAOHPOABACHUSA, KQTOpLIe
CTHOCATCA K MeJHO-CBHHIOBO-UMHKOBOI pyaHont ¢opmanud (Toiumnckuii,
MuxadnaeBa, 1969).

2. OCOBEHHOCTU TEOJOIMYECKOI'o CTPOEHMA KOMINUIEKCA

XaparTepucTHEa 30HBI MeTamopduama

B cocrape Oyry3yHCKOro KOMIJIEKCAa BBEIAGASIOTCA TAyOOKO MeTamop-
(IJI/ISOBHHHBIC nopoapl, MUTMATHTBEI H Pa3JHYHbIE rPpaHUuTOUADL.

FayGoko MeTamMoOphH3OBaHHLIC NOPOALI CAATAKT NOJOCY, NPOCALKU-
paiomyiocs Bronb Bamkayccko-Kapakemckoro pasnoma GoJaee uem
Ha 30—35 km or ucrokos p. MoryH-Bypeun — ua BocTOKe, f0 p. HyJbi-
Mau —Ha ceBepo-zanafe. Ha ioro-sanmame 23Ta 10J0ca OTpAHHYHBAETCS
paaioMOM, 1Mo KOTOpPOMY MeTaMOp(dHuYecKHe MOPOIbl KOHTAKTHPYIOT C 3(-
¢ y3uBHO-0CaJOYHBIMH MOPOJAaMH CPeJHero JeBOHA, a Ha IOTe U IOT0-BOCTOKE
HMEIOT TEeKTOHHUECKHH KOHTAKT C MOpPOXaMH KeMOPO-OpIOBHKA H OpPLOBH-
ka. B cmexnbix paiionax B. A. Kysuemosmm, M. H. Jlanma, A. A. Bum-
HEBCKMM H J1p. HAO/I0Ja/JHCh TOCTENEeHHble NMepexofbl MeKAy KPHCTaJHye-
CKHMH OWOTHTOBBIMH CJIaHLAMH H HeH3MeHEHHHIMH MeCYaHO-C/aHUeBhIMU
nopomzami KeMOpO-OPJOBHKCKOIO BO3pacTa uepe3 30HY CepHIHTO-XJIOPHTO-
BBIX caaHueR. MeramopdusMmy ObUIM NOJABepIKeHL!, NO-BHAHMOMY, Ocajlou-
Hble ¥ HHTPY3HBHBIE OCHOBHble IIOPOJbI ¢ 06pa3oBaHHeM KPHCTAJNIHYECKHX
CJAaHIeB, FHEHCOB, MHIMATHTOB, INEpPeXOAsiliUX HHOrJga B aBTOXTOHHBIE
TPAHUTOMBL.

B cTpoeHHH NOJOCH NPHHHMAIOT y4acTHE MOPOALI C PA3NHYHEIMH MH-
HepaabHbIMH ACCOLHALHAMH, OCOOEHHOCTH NpPOCTPAHCTBEHHOT'O MOJIOKEHHS
KOTOPBIX YKa3blBalOT Ha IpPOTPECCHBHBIH XapaKtep Meramopuama. Ilocaen-
HHH Bhipa;aercsa B HaJHYHH MeTamopduueckoil 30HAIBHOCTH. Bkpect mpo-
CTHpAHHUS IOJOCH MeTaMOpP(MHYeCKHX NOpox (C lora Ha ceBep U C BOCTOKY
Ha 3amaf) MOKHO BBIIEJHTDH YEThIPe DPasJHYHBEIX MO CTEMeHH MeraMopduaMma
30HbI, KOTOpEIE CBSI3aHbl [IOCTENEHHLIMH MepeXofaMH H IOC/IeJ0BaTe]bHO
CMEHSIIOT OLHA APYTYIO.

3ona |—BHemHAs 3oHa MeTaMop¢uaMma (UIHPHHA ee BAPLHPYET OT
0,8 10 2 km), clnoxeHa TEMHBIMH TOHKOMO/JOCYATHIMH MEJKO3€PHHCTHIMH
OMOTHTOBBLIMM KPHCTA/JIMYECKMMH CIaHUAMHK, KOTOPHIM pPE3KO NOAYMHCHH
aMuboaHTOBLE clanubl H aM(puOOIH3HPOBaHHEIE TAG6POHILL.

B cocraBe HauGOJee LIHPOKO PACHPOCTpaAHEHHBIX OHOTHTOBBIX KPHCTAJ-
THYECKHUX cJaHLeR mpeobaagator OHOTHT-H KBapl, HHOIAA [JArdoKJ43,
¢ KOTOPBIMH YaCTO acCOLHHPYIOT CTaBPOJIHT, AHAAJNY3HT, CHIJIHMAHHT, IpaHar.

ITo cocrapy cpean GHOTHTOBLIX KPHCTAJIIHYECKHX CIAHIEB BbIIEJIAIOT-
csi: a) coOCTBEHHO OHOTHTOBLIC CJAaHIBl C MHHEPAaJbHOH accomHalHeH:
KBapl + GHOTHT + (IJ1arHOKTa3) M 6) BBICOKOTMIHHO3€MHCTEIE GHOTHTOBLIE
CJAHIBl ¢ MHHEpPaJbHBIMH ACCOLMALMAMH: KBapl+ (MJ1aruokaas) + 6HoTHT +
-+ CTaBpOJNHT+aHIaay3UT HIM  KBapl+ (naarHokaas) 4+ GHOTHT 4 CcTaBpo-
JUT+ anganysur+ ¢ubpoanr+ (rpanar). MunepajbHbie accolHaliH OTBe-
4aioT, MO-BHAHMOMY, BepXHell TpaHHUe snuaoT-aMdpubonutoBoil dauuu.

BuoTHTOBEIE KPHCTA/NIHYECKHE CAAHLIBl YepelylTces ¢ aM(pHOOJOBEIMH
CaHUAMHM H IepecekaloTcs AaikooOpasHLHIMH TenaMH aM(pHOOIH3HPOBAN-
ubiX TaGOpounoB. Tlpocaoiiky aMduOONOBLIX CjaHleB (MOIIHOCTHIO OT
MHIVIHMETPOB [0 HECKOJbKHX CAHTHMETPOB) OKpaileHbl B TeMHO-3eJIeHblil
uper. B HHX XOpolo BHAHB HroJbyaThle OPHEHTHPOBAHHbIE KPHCTAJJIbI
ampubona. I'pannna Mexay ampubOOJOBLIMH H OHOTHTOBLIMH CJAHIAMH
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yeTKas, MPsAMOJHHEHHAs, YTO CBH/AETE/JBLCTBYeT, OYEBHIHO, O HX NEpBHYHO-
0CAZ0YHOM TNPOHCXOXKAGHHH H O MPHHANIEKHOCTH K MNapaaM(puGOJOBHIM
caAaHuam.

3oma 1l mpeacrasiena OHOTHTOBBLIMH TJIATHOTHECAMH, MOCTENEHHO
NepeXoAAMUMH B KPHCTAIHICCKHE CaHLbl mpeibiiyuled 3onbl. Inpuna
ee oT 2 mo 4 xku. IlnarnorHeiicel OTIHUAKOTCA OT KPHCTAJIHYECKHX CIAHIEB
ngnoM ocofennocteil. Ouu  Gosee KPYyUHO3ePHHCTHIE K JEHKOKPATOBHIE.
B ux cocraBe ymenbluaercsa coiaepxkanue omornta (5—10%), mossasiores
ofuablEe HOBOOGPasoBanus miaarmoknasa (32,7—48,3%) u kmapua (40—
442%). Hcuesaer craBponut. IlposBasercs xapakrepHas 3KBHBaJeHTHAs
eMy MHHepaJbHasi accolHalus: KBapll+M1arHOK/Ia3+ GHOTAT + CHILIHMA-
HHT - aHJady3uT-+rpanat—+ KopJHepHuT, KoTopad HABJACTCA  JLOKa3aTelb-
CTBOM TOTO, UTO VCAOBHA MeTaMop({uama SToH 30HBI Bbillie, 4YeM
30HHI [.

IlnarnorHeiicel XapakTepusylOTCs HAJHUHEM DeJHKTOBLIX  Y4acTKOB,
CJOIKEHHBIX KPHCTAJIHYECKHMH CJIaHlaMH, a Takke HEONHOPOAHLIM CTpOe-
HUEeM W COCTABOM, KOTOpLIe OOYCJAOBJIEHbl PA3JqHUHLIMH pasMepaMud MHHe-
paJbHBIX 3€peH W MSTHHCTLIM pacrnojoxenuem ux. Crpykrypa rpanobia-
cruueckas, noppupodaacruueckad. TekcTypa rHeficopH/iHas, OO0ycJOBJeH-
Has OPHEHTHPOBAHHLIM pacnojoxKeHueM uemyek Guorura. Ilo cocraBy
BLIAEAAIOTCA: a) OMOTHTOBBIE MJArHOrfedcel (KBapil+IaarHokJjas—+ G6Ho-
THT) H 0) BBICOKOTJIMHO3EMHUCTLIC TJIarHOTHelick (KBapil -+ miarHokiias + 6Ho-
THT+ CHJJHMAHHT HAH  KBapll -+ IJarHOK/Aa3 - OHOTHT + CH/JIEMaHuT +-Tpa-
HaT-+ aHAany3uT -+ KOPIAUEPUT). ¢

B OoJee MeramMop(H3oBaHHBIX NMJaaruorHeiicax orMeuaercd ‘o0ocobie-
HHe KBapia M IJ4arHoKaaza B OTHesbHble NATHA, JHH3B; YKPYIHeHHe 3epeH
HX ¢ oOpasosauneM nopdupodaacr.

[Tnarnorneiicsl Yepenyiorcs ¢ aM@uGOJIOBEIMH THelicaMu M aM(pHOOIH-
TaMH, KOTOphle MOJNb3YIOTCH He3HAYHTEeJbHBIM pacnpocrpanenueM. -Amduoo-
JIOBEI@ THeHChl ¢JaralnT y3kue HPOCAoH (MOLIHOCThIO 2—5 cM), HMelollHe
corJlacHoe 3aJjieranve ¢ GHOTHTOBLIMH rHeficami. I'pannna mexay ampuoo-
JIOBBIMH M GHOTHTOBLIMH THeficaMH 4YeTKas H npsaMoJHHeiiHas. AMpHOOTHTEI
orHualoTcs OT aM(uOONOBBIX THEACOB TEM, YTO BCTPEUAIOTCS OOBIYHO
B BHJAe nalKOOOpasHBIX TeJs, pexe CaaraloT CcoryacHble ¢ OHOTHTOBBIMH
rHelicaMH Tesa, MOIIHOCTh KOTOpLXx Bapweupyer or 1 mo 20 u u Gonee.
B ampubonurax HHOrga COXpPaHSIOTCA YYACTKH, CJOKeHHBle rab0po-HOpH-
TAMU C PEJUKTOBOH OJACTOOGUTOBOR CTPYKTYPOH. Jta 0COGEHHOCTL, & TAK-
JKe Jllaiikopasi (opMa 3afileraHHsl CBHIETE/IbCTBYIOT O TOM, UTO OHH oDpaso-
BaJHCh B pe3yJbTaTe H3MeHeHHs TaOO0pOHIHBIX MOPOI.

3ona III—sto 3oma yabTpameraMopdusma, c/JAOKEHHAS MHTMATH-
3HPOBAaHHBEIMH ILIATHOTHEHCAMH ¢ XapaKTepHOH MHHepAJbHOH acCOIHAaLHeH:
KBApI -+ NIarHOKJ1a3 + OHOTHT + CHIIUMAHHT + (aJbMaHIHH) + (KOpIuepHT).
Anpanysut orcyrcrByer. Illmpuna 3onel Bapeupyer ot 2 1o 12 xu. B mur-
MAaTH3HPOBAHHBIX THeficax coBHpaTenbHAsd NepeKPHCTAMIH3ANMT COMPOBOMK-
naercs auddepennnanneil BeiecTBa, oOpasoBaHHeM THEHCOB ¢ HOJOCUATOH
CTPYKTYpoH, Koropas oOycJjoBjeHa dUepeloBaHHeM I0JOC KBAPLEBO-IJIATH-
OKJIA30BOTO K GHOTUTOBOTO coctaBa. B 3TOf 30He NOKAMU3YIOTCH AllJHTOBHI-
HBIE NJATHOTPAHUTHI H [1arHONerMATHTLI, KOTOpPhIe C/IaraioT H30IHpOBAHHbIE
JINH3OBHAHDBIE H XH/JA000pasHble 0OBIYHO COTJIACHEIE TEJIA.

ANMUTOBHAHBIM IJArHOTPAHHTAM M ILIATHONErMATHTAM, B OTJHYHE OT
IHECOB, CBOMCTBEH GoJiee OJIHOPOAHBIH COCTAB C XapakTepPHOH MHHEpab-
HOll acconuauuell KBapm+miardokaas. [lmarnonerMaTHTH C/JAralorT KUJHL,
HHorza mepecexkaiomue rHeiicel. C  anINTOBHIHLIMH TJIaTHOTPaHHTAMH
H NerMaTHTaAMH ACCOLUHHPYIOT KHHIHTHTHI — MEJaHOKPATOBbie GHOTHTOBLIe
NOPOJBI C CHINHMAHUTOM, pexke — rPaHATOM HJH KOPIAHEPHTOM.

JI. A, Muxanesa, B. A. CKypHIHH 8]_



Amdubonuthl, 3aneraolmue B MHCMATH3HPOBAHHLIX rHeficax, B OT/H-
uHe or aMdpuboaHTOB 30HH ll, nmperepneBaroT H3MEHEHHS, BbIPaXKalOUWIHECH
B GuHorH3auuu aM(pHGoJa M JeaHOpTH3aUuH aHze3nna. JlHabmacTHueckne
C1PYKTVPHL, cBOHCTBeHHbIe aMbubonnram 3oubl 1, cMeHAOTCA CHMIJIEKTHTO-
NONOGHLIMH, JenuaorpanobaacTosBeiMu. B sm@uboIATaX OTMEUaloTcsl CeKy-
(e MaJOMOLIHbIe JAaiKH, CA0KeHHBe anJIHTOBHAHBIMH IJIATHOTDAHHTAMH W
nerMaTHTaMH. B KoHTakTe ¢ NafiKOBLIMH MNOpoJaMH aM@HOGOJHMTHI CTaHO-
BsitcA GoJjiee JIeHKOKPATOBBIMH M IO cOCTaBy OJH3KH MeJlaHOKPATOBLIM
IJIATHOTPAHUTAM.

3opa IV-—30Ha MaKCHMaJbHOrO MPOABIEHHs YyJabTpaMeraMopdus-
ma. Ona cjlokKeHa TaBHbIM 00pasoy THeficO-TpaHHTaMH, a TakiKe col-
CTBEHHO TPaHHTAaMH H NOpOoJaMH ITHOPHTOBOTO, TPaHOJHOPHTOBOrO H rpa-
HHTOBOTO COCTaB4, KOTOpHIe TMPUHHUMAIOT YYacTHe B CTPOEHHH KPYIHOTe
Byrysynckoro maccHsa.

Ilo mepe nBuikenus K HeHTPY 3oHb (k Byrysynckomy wmaccusy),
HHTeHCHBHOCTb MeTamopdusMa HapacTaeT, OHOTHTOBEIe KPHCTaJJIHYECKHE
CJAaHIBl CMEHAIOTCH OHOTHTOBEIMH ]'HEﬁC&MH, B COoCTaBe KOTOPbLIX HCUE3aer
crappoaut. OHM caaralT BHYTPEHHIOW 30HY MeTaMop(H3Ma WHPHHOH OT
2 1o 5 km. Ilpm nepexojie OT KPUCTANJAHYECKHX CJAAHLIER K THellcam NMOPOIb
CTaHoBsiTcsl 0OJiee 3epHUCTHIMH, JeHKOKPATOBBIMH, COJepKaHHe OHOTHTA
B HHX VMEHBLIIAETCH, BO3HHKAIOT HOBOOﬁpaBOBaHHﬂ MOJIGBLIX IIIIATOB,
KBapla H MycKoBHTa. lMcuesaer ca1aHIeBATOCTh, MOPOALL CTAHOBSTCSH SICHO
TI0JIOCYATHIMH, MOHOJHTHBIMH,

BHOTHTOBEIE THeHCH uepeayioTcs ¢ aM(puOONOBHIMU rHeficaMu H aMu-
GoAuTaMH, MMEIOIIAMH He3HauuTeJlbHoe pa3BHTHE. AMQHGOMOBBIE THeHCH
€1aralor yskue NpOCJIOH H JHH3b (MOIIHOCTBIO 2—5 ca) corjacHoro ¢ 6u-
GTHTOBLIMH rHeilcamu 3ajieranusi. ['panuna Mexay amdHGOJOBHIME
¥ CHOTHTOBHIMH THelicaMH UeTKas, NPsMOJHHEHHAS, UTO CBHAETeJLCTBYET,
OYEBHIHO, O HX TEPBOHAYANLHO-O0CAL0OYHOM TPOHUCXOMKACHHH H TO3BOJAET
OTHECTH HX K mapaam@uboaoppiM rreficam. AMGHGOIUTH MHPOKO Pa3BHTH
B BepxoBbsiX pek Byryaym, Teremefi u Byimorem. Omu orauuaoTcess or
aM(puOONIOBLIX FHEHCOB TeM, UTO BCTPeyaiorcs OOBIYHO B BHAE [aifkoo6pas-
HBIX TeJ, peXe C/1araloT COrJacHele ¢ TrHeficaMH JHH3000pasHble Tena,
MOLHOCTh KOTOpbIX Bapeupyer or 1 mo 20 . Ilo npoctHpanuio ouu
npocaexkuBaiores Ha 400—500 #. B amduGomntax HHOTZA COXpAHAIOTCS
YY4CTKH MOPOJ C PEJHKTOBHIM G6J1acTOO(HTOBBIM CTPOeHHeM. JTa 0coben-
HOCTL, a Takxe NakikoBast (opma 3aneranus aM(puOOMUTOB cOBepIIEHHO
OAHOZHAYHO TOBOPAT O TOM, YTO OHM OGPa3OBAHBl B pesyJabLTaTe Ha-
MEHEHHA JPEeBHHX TaGOpOHAHBIX TOPOJX M HX CJELYeT CUHTATL OPTOMO-
poxam., ;

Meramopduueckue TOPOAL cOGpaHbLl B HANPSIKEHHBIE JHHEHHbIe
CKNajKH, OCOXKHEeHHble (OJee MENKHMH CKJaiKaMH BOJOYEHHS, KOTOPbHIE
PA3BHBAIOTCA B YCIOBHSIX TOCHOHHBIX JAHG(epeHIHANbHBIX JIBHKeHHI
B TOJIIe HHTEHCHBHO MHIMAaTH3HPOBAHHLIX OHOTHTOBHIX THeficoB, ofiana-
IOIHX BBICOKOH H HEOAHOPOMLHON MaIacTHYHOCThIO (puc. 31). OpuenTHpOBKa
fuotHTa B GHOTHTOBHIX THelicax, YEMIYAKH KOTOPOTO BLITSAHYTHl B OZHOM
RATIDABACHHM, a Takxe cybmapajjenbHOe pacrnofoxkenne sepeH amduoona
i aM(puboN0BEIX THeficax YKAa3HBAIOT Ha KPHCTAJIH3ALHIO, MPOHCXOMSILYIO
GAHOBpeMeHHO ¢ Aedopmaline.

; B rueficax ormeuaerca peskoe VCHJAeHHe MeTaMop(dH3Ma, COmpoBO-
ARaomeroct yabTpamMmeramopousmom. [Tocaennuii npossasierca s Pa3BHTHH
MHTMaTHTOB, 00PAa30BaHHH KHHIUTHTOB M MeJKHX, H30JHPOBAHHEIX, JHH30-
BHIHLIX, JKHIOOOPASHLIX Tea NEerMaTHTOB, ATIHTOBHAHLIX NJIarHOTP AHHTOB:
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Puc. 81. Cknanky Bo/OYeHHS B HOJ0cYaThiXx GHOTHTOBBIX THeficax.

7 TPAHMTOB, YacTO CBA3AHHHIX ¢ THelicaMM NOCTeNeHHBIMM TepexojaMu,
Haub6osee HHTeHCHBHAST MHrMaTH3allusi, KakK NpaBujao, Habaiogaercs
B fiApax CKAafok Bojodenuna (puc. 32, 33). Ckaafxu BoJO4eHHs OGBIYHO
COYETaloTCcs C JIEHKOKPAaTOBBIMH <«KHJAaMH» H OJHHAKOBO C HHMH OpHEHTH-
POBaHEl, YTO CBHJAETEJbCTBYET 00 OJHOBPEMEHHOCTH [pollecca CKJIaAKO-
06pasoBaHHd BO BMEIIAIOMIHX MOpPOAAaxXx H (OPMHPOBAHHe MHTMATHTOB.
MurmMaTtuTEl Ha OTZEJALHBIX Y4acTKax NepeXOAAT B MAacCCHBH aBTOXTOHHBIX
I'PaHATOB, KPYNMHEHIIHM H3 KOTOpPLIX sBAsieTcsl DByrysyHckuil rpaHuTomf-
HbIli MaCCHB.

== 772 BE8s

Puc. 32, MurmaTusauns B fIpax CKIALOK BO- Puc. 33, Cxnaguateie Tena anaMTo-

souenna (p. Kouxkop-Jly): BHAHBIX TUIarHOTPABHTOB B MOJOC-
] = 6rotuTOBEE rRefich; 2 — wacTHYHO pACMAABTen- yaro-nviofivateix reeficax (p. Byh-
Eble Kpapleso-NJAarfAoKAasoBsie MOPoAs (C peamKTo- moreu):

BLIMH MonocaMu GHOTHTa); 8 — NJAArHONErMaTHTE!,
I — GuOTHTORAS MNOPOE3; 2 — KBAPIELBO-

NJAGrHoKjJasoBas METEMOPQIE‘IQCKGEI nopo-
na; J&-— alJIHTOBHJHLIE NJarANrpaHHTHI,
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OcobennocTi BHyTpeHHEro cTPoeHys _
M B3aNMOOTHOIIeHNEe Byrysynckoro rpaHnTOMJHOTO MAaCCHBA

€O CTPYKETYPaMyl BMeMIAI0MIUX OPOJ

byrysynckuit maccus (mjolaapio okoao 200 k6. ki), pacnoaoMeHHbIH
B 00JaCTH CONDSAXKEHHS JUIBIOHKTHBHBLIX  TEKTOHHYECKMX HapyIUCHHI
B Mecre riepernfa cTpykryp (puc. 34), JoKaJusyercs B MUTMATH3HPOBAH-
HBEIX THeficax u aMm@uboiurax. B mnnaHe oH HMeeT aKMOJHTONOLOOHYIO
(Gopmy BecbMa CI0:KHOI KOH(HIypaimuu, KOTOpast ONpelelsiercd CTpyKTyp-
NBIMH  OCOOEHHOCTAMM BMEMAUIUX [OPOj, MOJYepPKHBAs HamNDaBJ/IeHHE
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Puc. 34, Cxema reosorHuecKoro CTpOEHNSA DYrysyHCKOro MAaccuBa (coctapiia JI. A. mHza-
JeBa, ¢ HCNoJAb30BanueM Aanuaeix A. A. Buimnesckoro):
1—7 — Gyrysyrcuait rEeffcO-rpaHHTOHARBIA KOMIIEKC paHHEKANeAOHCKOro Boipacta: f — KPHCTAMAHIECKHE
caanlbl, reefcs; 2 — ambuGONHTH; 3 — anUTOBHAHbIE TJAArAOrPAHHTHL W NermMaTHTsl; 4 — B pasnuyHoi
CcTeneNH rpaHATH3IHPOBAHHEIE OCHOBHEIE MMOPOALI AOOPAOBHKCKOrO BO3pacTa; § — HeOAHOPOAHLIE TrHefco-
TPaHHTLI, FPAHONMOPHTH; 6 — nallKH anJHTOB H MEJKO3ePHHMCTHIX TPAHHTOB; 7 — ONHOPO/IHbIE MAaCCHBHEIE
nophHPOBHANEE GHOTHTOBBIE TPAHHTEI, § — MENKO3EPHHCTHIE AJNSCKHTOBLIE I'PAHHTHI FEPUHHCKOTD BO3pacTa;
9 — KBapliesuie TOPMHPE, dJloHAadbHbe (denbsaToBEe NOphHPL 3O Y3HBHO-HHTPYSHBHOIO KOMI/IeKCa
cpenHero gesosa; [0 — falik|g crieccapTHTOB, JHOPHTOBBIX NOpMHPHTOB B nHAGA30B NO3AHErepUHHCKOTO
Aamnpodupo-nHa6asororo Kommiekca; [/ — GHOTHTOBBIE POTOBHKH; [2 — KBapIeBO-CEPUIATO-XI0DHTOBIE
eaannsl (auadropuTel); I3 — pasiomiul; /4 — necyano-CJlaBUEBhle NOPOJBI KéMGPOOPLOBHKCKOTO BO3DACTA;
15 — H3BECTHAKOBO-NECYaHO-C/AHIEBBIE TIOPOJL BEPXHEro OpHoBHKA; [6 — 3thdysHBHO-OCALOYHBIE [10DOLK!
EPefHero-BepPXHEro AeBOHA;  I7 — 3/eMeHThl 3aJeraHus THefiCOBHAROCTH CJaHUEeBAaTOCTH; I8 — moabdpaMo-
BOE pyAonposiBAeHHe,



CKJAMUaTBIX M JH3BLIOHKTHBHBIX CTPYKTYp. MaccHB noauHHeH 3THM CTPYK-
TypaM M TaK JKe, KaK OHH, BHITSIHYT B JBYX HampaBJIeHHsX: B CeBEPO-BOC-
TOYHOM ¥ ceBepo-3anagHoMm. [Jlns bByryayHckoro MaccHBa XxapaKTepHEI
H3BHJHCTBIE OUEPTAHHA KOHTAKTOB C BMELIAIOIMMH MOPOJAMH, 4acTo He
peskux u OOBIUHO OCJHOMKHEHHLIX UepelOBaHHeM BMeIlalollHX THelicoB
H MeJKHX COTJacHHX Ten rpanutor (puc. 35). MOro-zamagubiii KoHTAKT
OCJIOKHEH pasjiOMOM, KOTODLIil CONPOBOXKJAAeTcsi 30HOH ApPOGJEHHA H
MHJIOHHTH3AOHH. B cpenHem teuennnu p. ByHaioreM CTPYKTYpPHI BHITAHYTHL
B CeBepo-3amajgHoM, OJH3KOM K CcyOMepHIAHOHAJNbHOMY, HampaB/JeHHH H
nMajaloT KPYTO Ha cepepo-BocToK. B RepxoBesix pek Byrysyn u Tlerepeit
CTPYKTYPbl OPHEHTHPOBAHBI B CEBepO-BOCTOYHOM HANpPAaBJEHHH C NafeHHEM
Ha I0ro-BOCTOK. Takoe Ke TpPOCTHpaHHe M TaJeHHe HMEIT KOHTAKTOBLIE
rnoBepxuocTH Maccusa. CienoBaTeNbHO, OTHOLIEHHE KOHTAKTOBEIX TIOBEPXHO-
cTeil MaccuBa K CTPYKType BMEIIAIOMIMX [OPOJ XapaKTepH3yeT ero Kak
KOH(OpPMHOE TapMOHHYHOE TeJO.

B BepxoBbsix p. ByiiaioreM rueficOBHAHOCTb B TPaHHTOHAAX, 0OYCJOB-
JieHHAs MJIOCKO-Napa/e]bHBEIM PachofokKeHHeM uelnyek OHOTHTA, Tak ke
uMeer cepepo-sanaanoe (300°) mpocTHpaHHe, NajeHHe HAa CEBEPO-BOCTOK
nox yraom 60—70° B Gaccefine p. I'ereieli rHeliCOBHAHOCTL WMeeT CeBepo-
socrounoe (70°) HampaBieHHe, COrJIacHOE € HampaBJeHHeM KPHCTAJIH3a-
IHOHHOH CJAHIEBATOCTH BO BMEIIAOMHX NOPOJAX.

Becbma BaxHOH CTPYKTYPHOH OCOGEHHOCTBIO TPAHHTOHAOB sIBJAAETCSH
NoJ0CYaTOe pACHOJOMKeHHe B HHX pPa3JHYHBIX MHHEDAJIOB, OTUETJHBO
BblpaKeHHoe OJarojapsi OPHCHTHPOBAHHOMY pPAcCHOJIOKEHHIO MOJeBBIX
MNAaToOB HJH JIQCAOHHOMY PACIONOKEHHIO YUTIEGTKOB ¢ PA3JHUYHOH CTPYKTY-
poii. Iloa0cuaToCTh TMEPEXONMT B UYETKO BBHIPAKEHHYIO T'HEHCOBHAHYIO
TEKCTYpy ¥ COBNAJaer ¢ KPHCTAJIH3A-

IHOHHOH C/IaHLUEBATOCTBIO BO BMella- R LS T R 5
I0IIUX THelcax. srp bl

[pannronnam Byryaynckoro mac- § MW/'\\—/—/
CHBA TNpPHCYUIA HEOJHOPOLHOCTL B W

CTpOeHHH W cocTaBe. PazHoBMAHOCTH e
TPAHATOB CJATAIOT [OJOCLI, BBITAHY- 3 W
Thle B ceBepo-BoctouHom (70° p. Byi-  § =
JreM) W B ceBepo-zamamHom (330°, M

p. Tereneit) nampasienusx. Illupuna —

nojoc Bapbupyer B npenenax 30 w, A [+ A2

,H?’peﬂKa pocruras 150 at. Paspesbl, B Pue, 35. Cornacuble H30JHpOBaHHbIE Teda
KOTOPBIX XOpOLIO BHIAHBL COOTHOLICHHA prpanuros B rueficax (p. lerexedl, mepr.
MEXK1y pa3JHYHbIMH MOPOJAaMH, BCTpe- paspes):

yaloTcs TIMOYTH TIOBCeMecTHO. Hamwu ! — GHOTHTOBBLIE MJarHorHedicel; 2 — rpanuTH.
COCTAaB/IEHO HECKOJbKO MAeTaJbHBIX pPas3pe3oB BKpecT IOJOCYATOCTH (O0POL
maccuBa. Haubojiee nokaszatened B 3TOM OTHOIIEHHH Daspe3 TPAHUTOHIOB,
caaraomux r. Yepnasi, cyMMapnoii MomHocTso okono 1500 m (puc. 36, 37).
37ieCh TIOCJDIHO YepeAyIOTCsi HEOJHOPOAHLIE, YACTO NOPPHUPOBHAHLIE THE-
CO-TPaHHTHI, KOTOpble B obJjacTH M3rHb6a TEKTOHHYECKHX CTPYKTYp Mepexo-
AT B MacCHBHBIE ofHOpoaHble TopdupoBHaHbe TpanuThl. ITocaennne oGpa-
3vioT GoJiee HIH MeHee H30METPHUHOe TeJ0, KOTOpOe 3aHHMaer ceKyulee
NOJIOZKEeHHEe JI0 OTHOLUEHHIO K THeHco-rpaHHTaM, pacrnojarasch B MecTe
COTPAMKEHHS Pas3IOMOB CEeBepO-BOCTOUHOTO H CeBepo-3amaJHoro mpocThpa-
HHS (cM. puc. 34). DTH rpaHuTH, B OTJHYHE OT 'HeHCO-TPAHHTOB, Xapakre-
pH3YyIOTCA OJHOPOAHLIM MACCHBHBIM CJOMKEHHEM M HaJHuHeM MaTpaleBHi-
HOH OTAeNbHOCTH. KOHTAKTHl MacCHBHBIX I'PAaHHTOB C FHEMCO-TPAHHTAMH J0-
ROJILHO pe3KHe, HO HHKAKOro KOHTAaKTOBOrO BO3/eHCTBHs HX Ha BMeNlaioliHe
rPaHATOH/Ll He OTMeyaercs. ['Helico-rpaHMTHl W MacCHBHble TPaHHTBHI Iepe-
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Puc. 36. Paspes no sofopaszeny pek Tereneit — Byiftmorem (B naaue):

1 — ruefico-rpanuTh; 2 — MHTMAaTH3HDOBAHHLIe GHOTHTOBLle THeMCI; 3 — cNeccapTHTH, AHOPHTOBHIE nopduputel (@); auopute (6): 4 — nopduposHanLe GHOTHTOBLe rpas
BRTR,; §— MeNKo3epRUCTY — THeHCO-rPaHHTLL 6 — Kpapuésble JHODHTS, FPAHOAHOPHTH; 7 — nopbHpobracTHYECKHE NOPOALL; 8 — HepaBHOMEpPHO3EPUHCTLIC HOpoALl  rpaHo-
AHOPHTOBOTO cocTaBa; § — auadTopHpoBaHHLIe NOPOILI.



MexKalrcsd ¢ TPAaHOAHOPHTAMH,
KBapUEBLIMH JHOpPHTaMH, aM(Hu-
fosuramu, rHeHcaMH H Ap. Acr
COUMHPYIOLIHE B MOCTOHHOM ue-
peloBaHHH NOPOABI TO HOCTe-
NeHHO MEpPexoisiT OgHa B APY-
TVI0, TO pa3ALRAIOTCA MeXAy
coboii rpaHunamu. dto oberos-
TEILCTBO, 4 TaKXKe XapakTep
CTPYKTYp, OJH3KHH MHHEpa/b-
HBIII COCT2ZB H OJHHAKOBOE IOBe-
JIeHHE TepBHYHOH I10J0CUATOCTH
B Pa3/JMYHBIX TPAHUTOHIAX, TIOA-
uepKHBalollell H3rHObl KOHTAK-
TOBOH IIOBEPXHOCTH, TOBOPHT O
CHHT€HETHYHOCTH PAasHyHBIX TI0-
pox. Mckawoueuune cocTaB/fAlOT
JUIls MACCHBHBIE MeJIKO3epHH-
CThle  aJSICKATOBbIE  TPAHHTHI
(p. Teremeit u p. DByiaorem),
KOTOpBle 3aHHMAIOT Cekyllee I0-
J0XKeHHe KaK [0 OTHOWEHHIO K
YIIOMSIHYTBIM TPaHUTOHAAM, TakK
i K KOHTAKTOBBLIM TIOBepPXHOCTAM
maccuBa. OHM KOHTPOJHPYIOTCA
pasqoMaMH, CeKyLIHMH TpaHH-
TomMabl DByrysyHcKOro waccuba,
BIOJb KOTOPBLIX MOCHeIHHe pac-
cllanlloBaHbl W MHJIOHHTH3HDPO-
Baibl. AJIICKATOBble TI'DaHUTHI
paccMaTpHBAIOTCA  HAMH  Kak
IIpOH3BOOHBIE BoJce MOJIOAOTO
replHHCKOT0 IPaHUTHOrO KOMII-
leKca, ONHCaHHe MX [aeTcs B
COOTBETCTBYIOLEM pasjede.
Wayuenne paspesos noxasa-
710, u4TO pa3Hoobpasve NOpPOL
Byrysynckoro maccusa o6ycnos-
JeHO B NEePBYI0 Ouepelb COCTa-
BOM HCXOAHBIX nopox. Tak, 1mo-
poabl TPaHOZHOPHTOBOTO M JHO-
pMTOBOTO coOCTaBa, Y. e. TpaHH-
TOHbl C TIOBBLIIIEHHOH OCHOB-
HOCTBIO, aCCOUHHPYIOT C APeBHH-
MH rab0poHaaMH; HeOZHOPOX-
Hble Tpy0603epHHCTBIE THEHCO-
FPannTE ¥ NOpHHEpOBHAHbIE GHO-
THTOBblE TPAHHUTHl ACCOLHHPYIOT
O6BIYHO ¢ GHOTHTOBBLIME THefica-
MH. B rpammToMzax BCTpeyaioT-
€ MHOTOYHCJIEHHLIE DENHKTOBhIE
YYaCTKH («CKMA/HTHI»), CJI0KEeH-
Hble THelicaMH, aMduGomsHTaMH,

uds
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Fuc. 27. Paspe3s B pepxoBbax p. [etenedi (B naane) :

I — MurMaTHsupoBanHLie GMOTHTCBuE THeliewm; 2 — amdmGoauThl;

Hble MOPOAB ¢ KCeHONHTaMH aM(HO0AHTOB;

cocrana;

IPasogHOPHTOBOIG

KdTaKAa3HposaHHLie .TEfiKlJN[!HI OBLIC TpPaHHTOBHIA-

P
6 — nopdrpoGracTHUECKHE NOPOALI

3 — rpaHuTH3NpoBaHEme ampnboanTo;
7 — AHOPHTORbLIE NOPMHUPHTH, CHECCAPTHTEL.

§ — panakHBHOGPa3Hble FPAHHTOBHOAHBIE MOPOILI;



B KOTOPbIX THefiCOBHAHOCTb OLHHAKOBO OPHEHTHPOBAHA C HAllpaBJICHHEM, KaK
KPHCTAJIH3aLHOHHON CAHIEBATOCTH BMELIAOUIHX MeTaMOP(hHYECKHX NOPOJ,
TaK W THeHCOBMIHOCTH I'PAaHHTOHLOB. PelMKThHI BMEIAIOMWNX FOPOA 110 POCTH-
PanHI0 MHOTAA MOCTENEHHO MepPeXOMAT B FPAHHTOMARI, KaK Gbl PaCTBOPAACH B
nux. PasMepbl «CKHAMHTOB» BapbHPYIOT OT HECKOJbKHX NECATKOB CAHTHMET-
pOE 10 Heckoabkux wmeTpos (B nonepeunnke). HauGoabuiee pac-
NpOCTPaHeHHe U  BENHYHHY
HMeIOT peJHKTOBble YYacTKH,
C/I0)KeHHble LpeBHHMH rad-
OpoHaaMH.

CO-TpaHHuTAX, c/1araouIHx
r. HepHyio, BcTpeuensl peitHk-
TOBbIe AafiKu MetaMepdH3o-
BaHHbIX ra6GpOHAHLIX JIOPOX
(MomHOCTRIO 1—5 M), xapak-
TEpH3YIOIIHEeCs  ceBepo-BOc-
TOUHBIM OpOcTHpaHueM. AHa-
JOrHHHOE [pPOCTHpAHHE HMe-
10T AaikooOpasHbie Teja am-
éuGoNHTOB, pa3rUTEIE BO BMe-
AJOIMX MaccHB  FHefcax.
KKOHTaKTBl DeJHKTOBLIX [HaeK

Puc. 38. BaauMooTHOIeHHE MOPOHUPOBHAHLIX OHOTH- 5
TOBMX TpaHHTOB C ruefico-rpanutamn (r. Yepnag): © THEHCO-TPAHHTAMH pe3KHe,

1 — penuKroBbie nafikn TaG6pOMAHEIX nopon; 2 — rHefico- IlpﬂMO.T[HE*IEHHbIe. Bumecte ¢
rpanBTR; 4 — nopdHpoBMAHWE GHOTHTOBMe rpammre: 4— TE€M, JAHKOBbIe TIOPOIbI rpa-

RaffK@ CneccapTHTOR H AHOPHTOBLIX NOPHHDPHTOB. HHTH3HDPOBAHEI H nepece-
KaloTcd THeHCO-TPAHHTAMH
{puc. 38).

Ilopoawl, aHasoruynble MOpPoJAaM PENHKTOBRIX [JadeK, C1arailoT TakXe
«KCEHOJHTLI» B MAaCCUBHBIX OHOTHTOBHIX TpanurTax. CaMu rHeicO-TPaHHTbI
H MAacCHBHBIe IDAHMTHl, B CBOIO Ouepellb, NepPeceKaloTcs MHOTOYHCJIeHHLIMH
naikaMmu anaGasoB H aaMmnpodupos. [locrersne B uTiHUHE OF NOPO/L PEJIHK-
TOBHIX JaeK He HeCyT NPH3HAKOB perHoHaJbHOTO MeTaMop(pusMa H 'paHHTH-
BailHH, HO COJlePKAT KCeHOIHTHl IPAHUTHBIX NOPOJL.

Haauune peNMKTOBLIX Naek, a TakKe OCOOEHHOCTH BHYTPEHHEro CTpoe-
HHS MacCHBa H COTJIACHOe 3ajeranue ero 6e3 HapYIUGHHS CTPYKTYP BMella-
IOUIHX TOPOX CBHAETEALCTBYIOT O TOM, YTO NepeMellleHHst MarMsl MO4TH He
T POHCXOIHIIO.

3. BBICOKROMETAMOP®M30B8AHHBIE IOPOIBI

XapakrepHCTHKY OYry3yHCKOrO KOMIIIEKCA, TaK JKe ¥aK u KyDaXpHH-
CKOro, Mbl HaYHHAeM C ONHCAHHA METaMCP(QHUECKHX IOpOX, TNOCKO/IbKY
BbICOKOTEMIIepPaTypHEH MeTaMOp(H3M Npejonpejenser o6pasoBaHue rpa-
HHTOHIOB.

3areM nepexoiHM K ONHCAHHIO YAbTPAMETAMOP(UUECKHX 1OPOIL — MU
MaTHTOB H FHEHCO-TPAHHTOB H Yy3Ke TOJNBKO MNOTOM [aeM XapaKTepHCTHKY
cOOGCTBEHHO MarMaTHYeCKHX TPaHHTOMAHBLIX TOPOA, KOTOpPBIE 3aBepLIaOT
3TOT CJAOMKHBIH paj oGpasopanuil. Takasa mocaegoBarTe/bHOCTh B ONHCAHHKH
MOPOJ TIO3BOJSET, Ha Hall B3NS, NPOCIAEAHTL OTIENbHbIE 3TAllbl B HCTO-
puH QOpMHpPOBAHHS KOMIJIEKCA H NOJZOHTH K BBIBOLY O €r0 aBTOXTOHHOI
nprpone.
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Kpucranaudeckue cjaaHUL, THelckI M aMpubomuTn

PHOTHTOBB E KPHCTAaAJAHUECKHEe CJAAaHIB HMEIOT TEMHO-
cepbif, TOUTH UYePHLIH IBET, O0OYCJOBJEHHBI BHICOKHM COePKaHHeM
prnotaTa (mo 60%), MeaKO3epHHCTOE CTPOEHHEe H TOHKONOJIOCYATOE, JHH30-
BHIHO-NIOJOCYATOE cJoxKenue. B HHX OTUETJHBO BbIpazKeHa KpHCTaJJIu3a-
LHOHHAS CJOAHIEBATOCTh, NOAYEPKHYTAs OPHEHTHPOBAHHBIM PACIOIOKEHHEM
yemyek Ouortuta. MHKpOCTPYKTypa OHOTHTOBLIX CJaHIEB JIeMHAOTPa-
HobaacToBas. AHJanysuT 1 CTAaBPOJHMTCOAEpXKAamMe KDPHCTAJIHUECKHE
caanup obaanalor nophupoOnacToBuIM crpoenHeM. Jlas  CHIAJIMMAaHMTCO-
Zep:KamMX cAanleB cBoiicTBeHHH (ubporpanobiacropbie ¥ (ubposenyio-
rpanobaacToBble CTPYKTYPEL

ToukononocwaToe H JHH30BHAHO-TIONOCYATOE CJOXKeHHe NOopod obycaos-
JEeHO YacTHIM Yepe/OBaHHEM MeJaHOKPATOBLIX M JEHKOKPATOBLIX IPOCJOEB,
a TaKkkKe HaJHYHEeM JAHH3OBHARBIX JeENKOKDAaTOBHIX YYacTKOB, 06pasoBaB-
mHxca B npouecce Meramopduueckoit anddepenunanun. Llupuna monocox
BapbHpyeT ot 1 10 5 mm. JIeAKOKpaTOBble MOJOCH! CAONKEHB TEMHO-CEphIM
omuroxkaasom (Ne 22—26) u xkBaplieM, 00pasylOWMMH TpaH06]aCTHYECKHE
arperatbl. CTPyKTypa TakKdx Yy43CTKOB HEOAHODOAHA, HTO ONpejefnsercsa
pasiuYHOK 3ePHHCTOCTHIO MHHEpPAJbHbLIX KOMIOHeHTOB. Menanokpartosnie
MOJOCH CIOMKEHR [JIABHBIM 06pPa3oM OHOTHTOM, ¢ KOTOPBIM ACCOMHHDYIOT
CTABPOJIHT, aHnanyaut, GuGPOJHT, MYCKOBHT, HHOrAA rpaHar. AkieccopHbie
MHEepassl TMPeJCTABICHH ANMATHTOM, UHDPKOHOM, pYTHIOM; PyXHBIE —
MArHETHTOM.

BHOTHT TeMHO-OVPHIH, XJOPHTHIHPOBAH WIH 3ameurdercs (QHOPOTHTOM
H MyckosuToM. Nm=1,642-—1,648  (skenesncrocts - 49—52% ). Xumuuecknii
cocraB GHOTHTa mpHBeicH B Taox. 18 (an. 476).

CraBposuT BCTpeuaeTcs B CJAAHIAX, XapaKTePHIYIOMIHXCA CAeAYIOUH-
MA MHHEPaJbHBIMM accounauusamu: |) Naardoknas-kBapl-OGHOTHT-CTABPO-
MAT-aHAANY3UT-OUOPONHT, 2) NIATHOKIA3-KBAPLU-OHOTHT-cTaBpOIHT-PUGpO-
JUT; 3) NIarHOKJAa3-KBapll-OHOTHUT-CTABPOAHMT-aHAanysHT. Muuepasn oxpa-
HWIeH B JHMOHHO-KeNThiH 1uper, o6pasyer mnopdHpobGAacTH HeNpPaBHILHOMN
$opMLl €O CNOXKHLIMM OuepTaHusMH Kpaes (2V= —87°). B GoapmiuHCTBE
clyuaeB MMeeT CKeJeTHYIO GOpMy M CHTOBHAHOE cTpoenue. MHorja B HeM
BCTPEUAIOTCs BKJIOUEHHs1 MJarHoxnasa. Ilo nepudepun 3eped crasBpoaur
UacTO PasbelaeTcs WM 3aMellaeTcss MYCKOBHTOM M arperaToM CepHuHTa
(puc. 39).

Aupanysur o6pasyer KpynHble NOpHUPOGAACTHl U PasBHBAeTCH 110
CTABPOJIHTY, OHOTHTY WM TMJArHOKIa3sy, KOTOPHE COXPaHAKTCA B HEM
B BHIe PeJMKTOBbIX Bkaouenuil (puc. 40). 2V = —88° Ng=1,644+0,002;
Nm=1,639+0,002; Np=1,635+0,002. HauGosiee THOHUHbI} napareHesuc
AHJIATy3UTA:  AHAAJY3HT-CTABPOJHT-CHANHMAHKT-NJIaTHOKIA3-KBapll-GHOTHT
(c obuleit xkenesncrocrsio 48—509% ).

CHANUMaBHT BeTpeuaeTcs B BHIE TOHKHX MIM QuOpoaHTa, 06pasyome-
r0 COYTAHHO-BOJNOKHHCTHIE arperartsl, NPOHH3BIBalOMHe GHOTHT, aHAJY3HT,
NAaruoKnas u xpapu (puc. 41). OubposuT 4aCTO 3aMEIAeTC MYCKOBHTOM
(puc. 42). Tlokaszatenu npenomenus munepaaa: Ng=1674+0,002, Nm=
=1,6556+0,002, Np = 1,652 +0,002.

Kpome omucannbix GHOTHTOBbIX CAAHIEB, CAATAIONHX nepudepuyeckyio
30Hy MeTaMOpdHsMa H°COACPKAMHX AHJANY3HT, CTABPOJIHT, CHJIJTHM 2 HHT,
BCTpedeHbl Mamerm-rpaya'r-duo*mrosme ClaHLLI, KOTOPHE 06pa3yloT JHH-
Bb. suo 0k Uil e et s e
<o e s el S e N R

: pdupoGracTu MarHetdra (puc. 43).
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Puc. 39, Tlopdupodaacr CTaBpoauTa (CBEIVIog) B KpHCTaAAHYecKOM caauue, (Ys, 3, X17,
063 dHaNH3aT0DA.).

Puc. 4. Kpucrananveckutt caamer, MopdupoGaacr auAaaysuta, passuBaouyifics no &io-
Thry. (Ws. 3,7X17, 6ea ananusaropa.)



Puac. 41. Passutse ¢uOponuta no GHOTHTY B KPHCTa/MLIHYecKoM caanue, (VB. 3,7)X17, Ges
aHanH3aTopa.)

s uc, 42, Passurite ¢puGpoanTa no aHganysuty (ciaesa), 3aMecuieHHe (GHOPONHTA MYCKOBHTOM
(cnpasa). (¥8. 3,7X17, 6es ananusaropa.)



Ta6banuua 18
Xumuueckuit cocrap 6uornrer® (Bec. %)

Kpynuosep- MeaKode pHHCThH OHOTH-

Kpynnosep- Kpynuosep- |yyetini 60otH- | TOBHIE KpHCTAMIHY. cramern
HUCTLIH OHOTH- | HHCTHIH GHOTH- | yoppiji rHefic © | ¢ AHIANY3HTOM, CTABPONH-
TOBLIL THENC | TOBLIL [HeRC CHAINMAHHTOM TOM H CHAIHMAHHTOM
Oxuein
HOMEDa aHanH3oR
48 12 { 106a [ 476
Si0, 33,79 34,40 34,71 35,98
TiOg 0,93 0,99 0,90 2,00
Al,04 20,10 21,58 22,41 22,00
Fe, 04 3,07 4,10 3,23 8,00
FeO 17,63 15,79 15,28 9,43
MnO 0,21 0,29 0,28 0,22
MgO 8,84 9,71 9,49 10,23
CaO 0,82 0,45 0,45 H/O
Na,O 0,011 0,026 0,03 0,98
K,;O 4,85 4,94 6,81 6,74
P,05 0,038 0,46 0,02 He onp.
H,O 0,75 0,58 0,76 0,19
Fl 5w, 8,55 6,28 5,47 4,05
Cymma 99,58 99,60 99, 84 99,85
Fe(Fe-4+Mg) Hd 50 49
5] 3,8 4,1 3,0
KQO '+' N ﬂgo

* XuMuuecKue ApaNN3n BLINOAHEHL. B XHUMHBKO-ayalnTHueckod nabopatopun Wucrary-
Ta reosorH W reohuspkn CO AH CCCP. Auaantuk A. B. Edpemosa. Kpucraanoxumuue-
ckue hopmyas GuoTura (nepecuer no meroay B. C. CoGoaesa, 1949),

106a (Ko,63Cap,03Nao,04)0,70 (Mg1,03 Feaﬁg? Mno o2 I;-‘eﬁg Alo,47)2,27 [OH]2

[AlLﬁﬁTiﬂ.ﬂ.’)Si‘jMOiU l; 476 (Ko,62Na 0,14)0,76 (Mgt 11 FE{}',527M1'10.01FEE{24

Alo50)2,63 [OH)2 [Al1,38Ti0,11Si2,62010 |

Ipanar u MaryeTHT HNPHYPOUYEHbl K NOJ0CaM, CJHOMERHBIM 00eCUBEYeHHBIM
6MOTHTOM H BO3HUKAIOT, BEPOATHO, 32 CUET PA3JIOXKEHH: ero.

KpynunosepHucThe OMOTHTOBbLIe THeHCB MO BHEIIHEMY
BHJly MpeACTaBJsAIOT CBeTJo-Cephble IOPOJbl, OTAHUAKIIHECHd OT ONHCAHHHX
Bblile cjaHueB 00Jblled MOHOJIHTHOCTLIO, 1EHKOKPAaTOBEIM XaPAKTEPOM H He-
GIHOPOAHBIM CJIOKeHHeM, O0O0yc/AOBJeHHBIM HaJHYHEeM CeTperaumdi u J0-
BOJILHO IIHPOKHX ToJoc (2—3 ca) KkBapla, NoJeBOTO InaTta uax GHOTHTa
(puc. 44). B orauuse OT KPHCTANIHYECKHX CJIaHIeB, B COCTABE ITHX INOPOA
orcyTcrByer craBposaurt. Kpome Toro, um cBoiictieHHo GoJiee BbicOKOe CO-
JepxaHye MyCKOBHTA W HajlHUHe KBAPIL-MYCKOBHTBIX «IIJIHP».

T'Hefichl c10KeHB! NAarHOKAA30M, KBapueM, OHOTHTOM, MYCKOBHTOM,
C KOTOPBLIMH HHOTJla aCCOLHMHPYIOT CHJIMMAHHT, rpaHaT, aJbMaHAHH, KOp-
AMEPUT W aHAaJy3uT. ['Heficbl ¢ KOPIHEPHTOM, aJIbMAaHIHHOM H CHJIJAHMA-
HUTOM, B OTJIHYHE OT THeHCOB, cOmep;KallUX aHAaJy3HT, pPa3BHTH B 30HE,
HENOCPeJCTBEHHO NpPHMBIKaWUed K ByrysyHckoMy rpanHuTOHIHOMY MaCCHBY.

Ilox muxpockonom naarmoknas KBapu M GHOTHT 06pasyioT MeTKo3ep-
HHLTbIE MOHOMHHEpalbHble 000coGJEHHA TpaHO M  JenHmo6JacTOROTO
CTPOEHHS HJIH BCTPEUAalOTCss B BHAE KPYNMHBIX (2—3 MM) 3epeH ¢ MHOro-
YHCNIEHHBIMHE BKJIIOUEHHAMH 0OJiee MeJKHX 3€peH TAKOro e cocTaBa. Xa-
PAKTEPHbI G/IACTHYECKHE ATPEraThl, CIOXKEHHble H3OMETPHUHLIMH 3epHaAMH
N1aTHOK/1A33, YracalolHMH HeQAHOBPEMEHHO, H NpeACTaBAfIoUlHe NpoMe-
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Puc. 43. O6pasoBanue MeAKO3epHACTOrO rpanata i Mop@upoGacT MArHeTHTa 0o GHOTHTY.
(VB. 3,7X17, 6ea anaausaropa.)

Puc., 44. Tpossnenus Meramopduueckofi Au(pepennHaunid 1 CeNeKTHs-
poro nuiasmenwst B rueficax (p. Koukop-Jly):

I — GHOTHTOBBIE TMOPOAL {MHOTAAZ C CRAAKMAHWTOM, anibMapfHEOM U Rp); 22—

EBapleBo-NJaarioKAasosble MeraMophHyeCKHe NOPOJEI; 3 — MarMaTH4YecKHe anJaH-

TOBHIHBLIE NJIATHOTPDAHHTHL; 4 — KpapieBo-MJIarHOK/Ja30Bbie MOPOALI, HACTHUHO pac-
niaapieHHble,



Puc. 46. BroTntostift rrefic. PassuTie CHAMHMAHATA H MATHeTHTA 1O 6rorury. (Ve. 3,7X17,
Ges anannsaropa.)



#KyTOYHble CTAflHH B 06pasoBaHHM KPYNHHIX nmopdupobaact (pasmep sepes
nocruraer 3—5 ma). Ilocnennne ob/aanaioT HenpaBH/AbHOM, NOYTH H3OMET-
pHYHOH (oOpMOli, XapakTepH3yloTcsi 3a3yOpeHHbIMH OuepTaHHAMH Kpaes
H HHTEHCHBHO CepHUHTH3HDOBaHbl (CepHIHT pacnpefeled N0 3epHY
NSATHAMH).

B Gonee MeramMop(u3oBaHHEIX IOpOZax 3epHa NJArHOKJasa npuoGpe-
TAlOT ykKe ciabo BhipaXKeHHBle KpHcrasjorpaduueckue ouepranus. Habdao-
JaeTcsl 30HAJbHOCTh. 'paHHIbl MeXIy 30HAMH pacnibiByaTtble (puc. 45).
[Mnarnoknas umeer HAHOMOP(QHBIe OYePTAHHS, OOBIYHO JHIIEH IPOLYKTOB
pasnoXkeHHs, CBOGOJEH OT BKJIIOUEHHH, MOJHUCHHTETHUECKH CABOWHHKOBAH
H 10 COCTaBYy OTBeuaeT OJHrokJaasy. Ksapi mpencraBiien TpeMmsi reHepauus-
MH. Bollee mMelkne H30MeTPHUHbIE 3e€DHA CAABJEHH, TPEUIHHOBATH M BMeCTe
€ INIarHOKJa30M H OHOTHTOM 06pasyloT rpaHo6JacTOBBle arperaTtol. 3710
KBapu TNepBoil reHepauud. Ksapu BTOpoi remepanuu BcTpeuaercsl B BHIE
JanmyaThIX 3epeH, LeMEeHTHPYIOUIMX NJaruok/aas M XapaKTepH3YIomuxcs
HAJHYHEM «KaHMbl», COCTOsMeN H3 Gollee MeJKHX 3epeH. Ksapu Tperbeil
reHepanun obpasyer HAMOMOpGHbIe KPHCTaJJbl, BCTpeyalollfecs B BHIE
BKJIIOYEHHH B IIJlIaTHOKJIa3e.

BHOTHT caaraer MenaHOKPAToOBEIE IOJNIOCH U msATHA. KpynHble uemnyiiku
ero HJIEOXPDH])Y}OT B KODHYHEBLIX TOHax H CoAepzKaT BKJAKWUYEHHsI allaTHTAa,
IMpKOHA M MAaTHeTHTA. BHOTHT, kpoMe TOro, BeTpeuaercs B BHAE MeJKHX
UemryeX, pasBHBAIOIIHXCA IO TpelIHHKAM B IUIaTHOKJIa3e M Kpapie,
Nm=1,642+1,650 (kenesucrocts —49—54%). Xumuuecknil cocTaB GHOTH-
TOB H3 KPYNHO3CDHHCTHIX THEfcoB cM. B Taba. 18. [To GuotHTy pasBuBaior-
¢ cHamHMaHuT (puc. 46), MyckoBuT um xaopur. HHorma B acconmauBu
C XJIOPHTH3HPOBAHHBIM GHOTHTOM H MAarHeTHTOM BCTPEYaloTcs  XOpOLUO

-

Puc. 47, Nopdnpobaact anbManzuna B GuoTHTOBOM rHefice. (VB. 3,717, 6e3 ananusartepa.}
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TaGauuna 19

Xumuuecknfi cocTaB rHeiCOB M KPHCTANJIMYECKHX caaHUeB (aHANH3bI BHIMONHEHB B XHMHKO-aHAJHTHYecKofi sadopatopuu MIul CO Al CCCP)
M npob ISio TiO, Al,O4 Fe,0; l FeO l MnO MgO | Ca0 [ Na,O l Ko0 ‘ PO, ‘ H.0 | S J e iy n.‘ Cymma
|
476 56,30 0,73 20,02 1,80 6,89 0,13 4,93 1,40 1,83 ST 10,25 0,037 2,38 |« 99.7
462 63,28 0,87 17,21 1,15 5,68 0,17 2,95 2,17 2,34 2,80 | 0,25 0,05 | 1,18 | 100,10
4506 49,19 1,21 19,13 2,91 8,55 0,27 6,49 2,68 1,70 4,78 | 0,38 0,02 | 1,45 | 98,77
1281 71,89 0,29 14,54 0,46 2,90 0,12 1,25 2,88 2,90 1,28 10,18 0,02 | 0,58 | 99,29
12 72,01 0,55 12412 1,06 3,80 0,12 2,76 0,82 2,43 E,87 [f0,12:1:0018 | c Z1-9,63 | 100;57
106r 56,67 1,15 18,72 1,68 7,26 0,10 5,33 1,29 1,85 3,89 |0,17]0,22 | Cn | 2,80 | 100,63
106z | 62,93 | 0,72 | 16,5 | 1,26 5,9 | 0,072 | 4,18 | 0,92 1,62 | 2,77 |0,16]|0,19 | Cn. |2,20| 99,63
134 64,48 0,64 15,68 1,59 4,26 0,09 2,82 1,41 3,23 277 MO ETE 012 Ca. | 2,35 ‘9956l
|
111x 76,38 0,63 10,68 0,87 2,76 l 0,174 1,87 hY 2,16 0,9 | 0,11 0,10 | 0,023l 1,55 | 99,84
Yueaosote xapaxrepuctuku (mo A. H. 3apapuukomy)
M npo6 a ¢ | b 8 I a’ ' e l i ( m n | t ¢ | Q | aje
476 8,9 1,6 27,8 61,7 47,8 s 27,9 24,4 42,0 0,9 5,1 44,0 B, 5
462 8,8 2,6 18,8 69,8 43,9 e 31,0 25,1 55,2 1,0 4,9 19,4 3,4
4506 10,5 3,2 29,9 56,4 97,9 A 35,9 36,1 34,6 1,8 8,1 9Bl 3.3
1287 8,1 3,4 9,1 79,3 43,5 = 34,0 22,5 77,0 0,3 4,3 +39,2 2,4
12 Sl 0,9 14,4 77,0 39,9 - 30,0 30,1 65,0 0,6 6,2 215389 9,5
106r 8,1 1,4 29,0 61,5 43,4 £, 27 4 29,2 34,9 1,6 4,9 5,4 7.1
1061 7] 1,0 24,6 67,3 47,3 S 25.9 2,8 46,4 0,9 41,6 1974 | g
134 10,8 157 16,0 71,5 38,7 ax 32,9 98,4 63,4 0,7 8,2 4-19,8 6,7
111z 5,9 1,8 10,4 81,9 38,3 = 33,3 28,4 76,1 0,6 7,4 -1-50,3 3:3
IMIpuMeuaHHa: 476 — MeIKO3EDHHCTHIH KpHCTaAAHYeCKHl KBapl-MJIardokaa3-6HOTHTOBEIN cnaHen ¢ aHZAZyaHTOM, CTABPOJMTOM H CHINTHUMAaHKTOM, p. Byryays;

462 — KpynHO3epHHCTHIA ABycmionaaHoit rueiic,

p. Koukop-Jly;

4506 — mMeaaHoKpaToBLl i

6roTuTOBLIA caanen, p. Derexeft; 128 1 — nopdupoGaacruyecknii JelKOKPaTOBLIA

naardoreetie, p. Kouxop-Jly; 12 —Tto xe, p. Byryayu; 106r — Kpynuosepuucthifi njarsorsefic ¢ cmanumanutom, p. Koukop-JIy; 106 4 — 1o ke, p. Koukop-Jly; 134 — kpyn-

HosepHHCTHIR naardormedtc, p. Koukop-Jly; 111 o — nopdupoGnacTHgeckH

naarnoriefic p. Koukop-Jly.



orpaHeHHble KpymHble 3epHa rpamnata. [Ipamar (n=1780) wusorponusiii,
G/1e1HO-pO30BLINH MK GecuBeTHBIl, pasOHUT TpelHHAMH, BBIIOJHEHHLIMH
xaoputoM. Bonee MenkHe sepHa rpaHarta Hales0 3aMellaloTcsd XJIOPHTOM;
dbopma 3epeH rpanata npH 3ToM coxpansierca (puc. 47).

Kopauepur (2V=72°, Ng=1,545+0,002, Np=1,535+0,002) acco-
uuupyer c¢ (HOpPOJHTOM, aHAAJy3MTOM H TrpaHatoMm. PaspuBaercs 1o
Gurornty, obpasys noppupobaactel, nepernodHeHHble BKJIWUEHHAMH, BOKDYT
KEOTOPBIX OTMEUAloTCs JHMOHHO-2KeTble opeosibl. OObIUHO KOPAHCPHT 3aMe-
maerca nmenuroM. Muorpa mo Hemy paspuBaerca (GuOpoOnHT. MycKOBHT
KpynHoyemyiuarslii, passuBaeTci BAOAb CHAaHHOCTH B OHOTHTE HIH pacto-
JaraeTcsd MoMepeK YemyeKk mochaennero. TyprajadH BeTpeuaercss B HHTEPCTH-
UHAX 3CPeH NJarHOK/aa3a H KBaplia WM II0 TPelUlHHKaM B HHX. 30HaJbHbIIL:
LeHTpaJbHble YACTH MPeAcTaBJeHbl [PA3HO-3eJeH0BATO-KOPHYHEBOH pasHo-
BHAROCTBIO, a NepH(pepHyecKHe — CHHeBATO-3eMeHOH. MeslkHe NPHU3MBL TYp-
MaJiuHa, collep:KalllHe TA30BO-XKHIKHEe BK/KYEHHS H OKpalleHHble B KOpHU-
BEeBHI I(BET, BCTPEUAOTCS B BHAe PELKHX BKJAOUeHHII B INIarHoKjase.
Anmarturt, obpasyionluii NPH3MATHYECKHE MJIH HEeMPaBHJAbHBIC OKPYIIIbe
3epHA, PHYPOUEH K TPEUIHHKAM B KBaplle W [JIJaTHOKJAa3e MM CONepIKHUTCH
B BHAE BKJIOYeHHH B GHOTHTE.
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Puc. 48, [duarpaMma XHMHYCCKHX COCTABOB METaMOPQHIECKHX
nopona:
| — 6HOTHTOBBIE maardorHeiicel; 2 —caaGo wHaMeHeHHbie TaGGPOHOPHTHI
3 — amprGONAHTEL
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Yacrora scrpesaemoctn (B %) pasiuuHBIX

Coxepxanue, % ' w | Cr IGe l Ni | Bj |Ba lMG

35

15

40 —
60

0,05—0,1
0,01—0,05
0,005—0,01
0,001—0,005
(,0005—0,001
0,0001—0,0005
He o6H.

70
30

40
60

XuMnyeckuil cocTaB KpPHCTAAJTHUYECKHX CAaHIEB M THeHCOB NpHBeleH
B taba. 19. Becem aHanu3HpyeMbM NMOPOJAM CBOHCTBEHHA MEePEChIILeHHOCTh
rAMHO3EMOM ¥ IIOYTH paBHOe KoJHuecTBO Iuenoyed. CojeprkaHHe KpeMue-
KHCJIOTBL B (peMHUYECKMX KOMIIOHEHTOB B HHX pe3ko Konebjerca. Ha merpo-
XMMHUECKOHl AuarpaMme, nocrpoeHnod mno Meropy A. H. 3aBapuuxoro
(puc. 48), orMeuaercsi pas3Gpoc BeKTOPOB, OTOODPAKAOUIMX XUMHUECKHN
cocraB MeraMopguueckux mopod. Cpein HHX MOXKHO BBIIEJNHTb [BE TPyl-
nbl. K nepsoii rpynne (ananusmt Ne 111a, 111m, 12, 134, 107, 462) ornocstcs
MOPOALI C QOBOJBHO BBICOKHM, HO H3MEHUHBBIM, KOJHYECTBOM KPeMHEKHCJIO-
o (63—76%) ® ¢ He3HaUHTEABHBIM COHEpKanHeM (eMHUecKOd cocTas-
aswonteii. Cpepn 1enoveil Hatpuii npeoGaanaer Haj kaaueM. Ha nerpoxu-
MHYecKkoll nuarpaMme HayaJbHLIE TOYKH BEKTODPOB, OTODDaXKaIOIHX COCTAB

Peaynua‘ru CNEeKTPAJbHOr0O aHaau3a

Conepaxa
JaeMeHTH Topoaa ' Ilaarnokaas , Keapi ‘ buorut
(9) (6) (27)

W 0—0,002% 0—0,008 0,002%* He obn,
Be 0—0,0005 0,008—0,005 0,0003—0,001 0,001—0,01
Li 0—0,01 He oo6n. He o6H. 0—0,08
Ba 0,03—0,3 0,02 . 0,01—0,05
Sr 0,01—0,08 0,03—0,1 » He obn.
Zr 0,002—0,008 0,0006—0, 0001 0—0,002 0,005—0,01

Y 0,001—0,005 He o6, 0,001 0,0002—0,008
Yb 0,0001—0,0005 He a6, 0—0,0003 0,0001—0,0008
La 0—0, 003 0—0, 001 He o6n, 0,001—0, 005
Ce He ofGu. s He obm, . He o6H.
Nb 0—0,0007 He o6H. 0—0,0005 0—0,0005
'Cu 0,003—0,008 0,0003—0,00° 0, 0003 0,0002—0, 008
Pb 0,0005—0,001 0,002—0,005 0,0003—0, 00T 0,0003

Zn 0,003—0, 001 0,002 0,001—0,005 0,002—0,01
Ga 0,002 0, 0005—0, 002 0—0,001 0,0003—0,002
Ge 0—0,0001 He obH. He ob6mn. 0—0,0001
Sn 0—0,0003 0—0,0001 .. 0,0003

Sc 0,0003—0,001 Ie ob6n. “ 0,002

Mo He o6H. 0—0,608 0—0,002 He o6,

% 0,006—0, 02 0,003 He o6H, 0,005—0,02
Cr 0,001—0,03 He obn. 0—0,0005 0,0056—1,03
Ni 0,003—0, 008 » 0—0,002 0,001—0,02
Co- 0,003 . He o6u. 0,0002—0,002
Ti 910 0,001—0,01 0,008—0, 3 0.1—0.8
Mn 0,05—0,3 0,005—0,1 0,002—0,01 0,02—0,1

MIpumeuanunsn, 1. llnbpu B ckolGkax (nocne HA3BAHHA MuHepana)

2. 3Be3loUKAMH OTMeYeHbl 3JeMeHThLl, oCHapyMKeHHhle
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Ta6aunma 20
CONepMAHHI B5JEMEHTOB-NpHMECEl B THedcax

Li 1 Zr l Zn I Sc I Co l Sr | Cu La Ce l Y ] Yb | Nb | Be
ST U RE RECR SRR Y W 1 N o RECEE B T R (o R
60 70 90 - — — 30 — — — - — —
10 30 10 80 100 — 70 85 — 100 - — —
ety att . 15 e = — — — — — 60 —_
o R R S o el (ERECE B —cR RESTE R R T 17 e
gk SRR b0 SR B8 I (WSS MR- B 70 T A S T O

5THX TIOPOJ, 3aHHMAIOT CaMoe BepxXHee MOJOXKeHHe B IIockocTH ASB.
[To cTPYyKTYpHEIM OCOOEHHOCTSIM M MHHEPa/JbHOMY COCTABY 3TH THOPOJB
COOTBETCTBYIOT KPYIHO3EPHHCTBIM MOPPHPOOIaCTHICCKHM  JIeHKOKPaTOBBIM
rueiicam.

Ko Bropoit rpynme (aHanusbl Ne 476, 4506) orHOcsTCS MeJdaHOKpaTo-
Bble KPHCTAJJHUECKHe CJAaHIIbI, KOTOPbIM, HAaoGOpOT, CcBOHCTBeHHO OoJjee
HH3KOE COIep:KaHHe KPeMHEKHCI0Thl H OOJee BLICOKOe KOJIMYECTBO TJIHHO-
aema, XKeje3a ¥ mMarHusa. Cpenu uenouedl KaJauH 3HAauuTeJbHO Ipeobianaer
vaj HaTpHEeM.

O colepxKaHUKM aKIEeCCOPHBIX 3JIEMEHTOB B THellcax JalT MpejcrarJe-
HYe MOJNYKOJHYeCTBeHHbI¢ cleKTpaabHble aHaqussl (Gogee 300), koropsie

TaGanma 21
MHHEPAJIOB U3 MeTaMOP(pHYECKHX TOPOJL
une, %
Myckosut l Craspoaut | AH1any3uT | Anarur Marserur Typmaaun
(12) (2) (2) (3) 2) (8)
0,002* He o6n. He obn. He o6n. He obn. He obn.
0,0002 0,0001 0,0001 0,001 5 0—0,0005
0—0,005 0,02 0,02 He o6H. 1 He o6H.
0,02—0,08 He o6H. 0,02 3 3 $
He o6H. r He o6H. » " .
0—0,001 0,003 0,01 0,005 0,001 0,003—0,01
0,0003—0,003 0,0008 0,002 0,3 He o6H. 0,002
0—0,0003 0,0002 0,0003 0,03 : 0,0002
0—0,002 He o6H. He o6H. 0,05 . u—0,001
He o6H. " £ 0,2 ,. He o6H.
0,0005—0,001 7 = He o6a. 5 >
0,0001—0,001 0,003 0,0005 0,0001 0,003 0,0006
0,0001 —0, 0006 0,0002 0,0002 Cua. 0,0005 0—0, 0008
0—0,003 0,8 0,001 He o6n. 0,03 0,008—0,05
0,0003—0,001 0,01 0,002 - 0,001 0,0008—0,003
He o6n. He o6n. 0,002 5 0,0003 He o6H,
0,000 3 . He o6h. " He o6m. 0—0,0001
0,002 a 0,003 i % 0,002
0,0003 5 He o6mu. - E 0—0,0005
0,006—0,03 0,004 0,008 » 0,01 0,01—90,05
0,002 0,02 0,02 a 0, 6005 0,001—0,2
0—0,0001 0,01 0,001 5 0,002 0,0001—0,0005
0—0,0001 0,01 0,0001 . 0,0008 0-—-0,005
0,1 0,1 0,05 0,02 0,05 0,3
0,005—0,01 0,5 0,01 0,02 0,01 0,06—0,1

0603Haval0T KOJHYEeCTBO aHa/JHu30Bb.
B eJHHHYHBEIX NpoGax.
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Puc. 50. Pennktossle ydacTku ¢ 6aactoodurosoit crpykTypoit B ampudonnre. (Ve. 3,7X17,
C aHa/H3aTOPOM.)




npousBuarauCh B HHerutyte reosornu s reogusuku CO AH CCCP
#a J®C-13 ananntukom JI. T. Usiomosoit (taba. 20). B raeficax mocTosiHHo
NpHCYTCTBYIOT ~3saementet Pb, V, Ga, Cr, Ni, Cu, Ba, Zr, Zn, Sc,
Co, Sr, Y, Yb; 3unauutenbHo peme ycraHasausalorcss Sn, Li, La, Nb,
Be, Ge u qumb B epunnunpix npo6ax Bi, W. B Monomnuepanbubix ¢hpak-
UHSIX, BbIle/IeHHbIX H3 rHeficos, o6uapyxennl Mo u Ce (raba. 21).

AmpubdonoBre rHelich NPEIACTABIAIOT COOOH HOPOABI MEIKO-
3EPHUCTOTO CTPOGHHA € THEHCOBHAHOH CTPYKTYPOI#; XapakTepuayloTcs uepe-
AOBaHHEeM JIeHKOKPATOBHIX M MEJaHOKPATOBHIX moJjoc. MuKpocTpyKTypHbBlE
0COOEHHOCTH MX 3aK/I0YalOTCsi B COUETAHMH TPaHO-, HEMAaTO- H jenupobaa-
CTOBOH WJH NOHKHI0-nopdHPOOGIACTOBON CTPYKTYD.

I'1aBHBIMH MHHEpaJaMH aM(HOOJOBBEIX THEHCOB ABJIAIOTCH OJHTOKIA3-
anjesnn (Ne 28-—32), poroBas 06MaHKa, a B H3MEHEHHBIX Pa3HOBHAHOCTSIX
NOABJASAIOTCSl KBapiu H OHOTHT, AKieccOpHH — cheH, THTAHOMArHeTUT, ana-
THT, perke LUHPKOH. Bropuunble MUHEpAJ/Bl — aKTHHOJHKT, 31MIO0T, CKANOJIHT,
kapbounar, xnoput. Koanuectso nnaruokmnasa cocraBiasier 30—50%, co-
ACpKanHe UBeTHLIX MHHepanos Bapbupyer oT 20 mo 40%. Cpean amduco-
JOBBIX THEHCOB, B 3aBHCHMOCTH OT NpeobJalaHdsi TOTO HJIH HHOTO TeMHO-
IIBETHOTO MHHepaJ/ia, BHIAENAITC COOCTBeHHO aM(puboaoBbie H GHOTUT-AM-
$u60J0BEE Pa3HOBHIHOCTH.

AMbuO60aHTB — TeMHO-3e/IeHbIe, TIOUTH YepPHHIE, CPeJHHE U MEeJKOo-
3epHHCTHle NOPOAbI MAacCCHBHOTO, HHOTAA THelicoBHAHOTO cnomenusn. Crpyk-
Typa HeMartorpaHoGJaacroBasi, nodkuao-nopgupobaacrosas, auabracruue-
ckag (puc. 49), ¥ JHIIL HHOrAA OTMEYAIOTC YYACTKH C DPENHKTOBBIM
6aacroobutoBsiM crpoenreM (puc. 50). I'maBHLIMH TNOPOLOO6GPa3YIOUIHM K
MuHepanamu siBasiiores ampuoon (40—70%) u nuaarnoknas  (30—40%).
Agueccopsble MHHepaJbl — anaTHT, CQeH, MarHeTHT, peAKo HHDKOH. B n3-
MEeHEHHBIX aM(pHOOJHTAX TOMABJIAIOTCA B HE3HAUHTEJbHEIX KOJHYECTBAX
OUOTHT, KBapll, AKTHHOJHT, 3MHIOT, CyAb(uabl. B 3aBHCHMOCTH OT COOTHO-
iICHHS TeMHOLBETHbIX MHHepanoB cpeld aM(PHOOJHTOB Pa3MHUAIOTCH aM-
¢ruGosnoBbie 1 GHOTHT-aM(HOONOBEIE PA3HOBHAHOCTH.

[lnarmokaas mpeacTaBlen anae3un-oanroxnasom (Ne 22--26), no ko-
10POMY YacTO PA3BHBAETCA CKANOJHT. Poroeas OﬁMil)HKa (Ng=1,685—
1,687; Np=1,662—1,667; 2V=65—83" c:Ng=18—20°) o6Gpasyer mopdu-
po6aacThl YIAHHEHHOH (OPMbI, DPHEHTHPOBAHHLIE cybnapaanenbHo Apyrum
MulepanaM, claralouiM OCHOBHYIO Maccy. Ilocnennee, oueBHAHO, CBA3AHC
¢ HHTCHCHBHBIM TEKTOHHYECKHM [IBHKCHHEM BO BpeMs IePEKpHCTa/lIH3a-
uun. B rpaHHTH3UPOBAHHBIX aMrOOAHTAX HabAI0aeTCs 3aMellleHHe POroBoi
06MaHKi GHOTHTOM ¥ KBapliem. B pesyabraTe pasBuTHA Kpapiua 1o amdu-
Gony 06pasyloTcss CHMIVIEKTHTONONOOHbE cpactanus. B ambpubonutax,
TOABEPTUINXCs PErpecCHBHOMY MeraMopduamy, npeobGpasoBanne MPOHCXO-
IHT C BO3HHKHOBeHHeM aJbOHTa, akTHHOJHMTA, 3MHA0TA, XJOpPHTA, KaJbIUTa,
cheHa W mMarHerura.

Xumiueckuil cocraB amM@uOOIMTOB XapaKTepH3yeTcs aHajn3aMH 4713,
1113, 1318, 131x (taba, 22) Ha reTPOXMMHUYECKOW JuarpaMme (CM. pHC.
50), BekTOpLI, OTOGpaKaloUlEe cocTaB aMGUOONNTOB, PACTONAral0TCs B MOJe
1a66pOHIHBIX TOPOA.

Dyzuko-XxuMHYeckue ycaoens opmMupopanus
MeTamMopdHYecKHX MOPos

IaapubiMi 110poa006pasyomUMH MHHEpAaJIaMH KPHCTAJNIHYECKHX CaaH-
LCB ABJAIOTCHA KBapl, MJAarnokJaas, OHOTHT, CTaBPOJHT, aHJAJy3HT, TpaHaT
H cuanumanut. HaunGoaee XapakTepHBIMH MHHEPAaJbHBIMH acCOIHAIHAMU
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Ta6aunuma 22
XuMuyeckuit cocta ampuGoIHTOR

npo6 S10, TIO, A0, Fe,0, FeO MnO MgO C40 N2,0 KaO | PO, | H.O § |mmm| Cymma
4713 46,62 3,63 18,02 5,60 8,01 0,24 5,14 8,46 2,23 1,26 0,80 |0,10 — |0,44 | 100,55
1113 51,35 1,18 16,26 5,78 4,10 0,19 6,73 il 1,9 11,200,133 (0,21 | ca | 2,80 99,59

131x 49,98 2,98 13,28 3,97 7,38 0,46 5,73 9,83 2,83 1,57 [*0,20. 00,14 | ca. [ 2,25 | 100,60

131g 62,47 0,60 15,39 b, 3,73 0,20 4,48 3,43 3,50 1,08.10,25 1 0,15 | cx | 2,44 [ 99,51

Yucaosote xapaxrepucruku (no A, H. 3apapumkomy)

n[')N;G a c ‘ b S a’ ef f m n ’ t Q@ Q aje

4713 7 9,3 % T Kt 6,9 55,1 38,0 71,4 5,4 20,9 LGS

1113 6,5 8,2 22,9 | 62,4 6,9 41,3 51,9 75,1 1 295 3,9 0,8

1311 8,4 4,6 97.8. |'59.2 26,2 39,2 34,6 72,6 0,9 12,3 =018

1318 9,2 4,1 15,7 Lal.0 g0l B 32,8 48,3 e R 9,5 118,4| 2.2
(i

[Tpumeuwanns 4713 — ambuboanr, p. Byfaworem; 1113 — amduGoanr, p. Koukop-JIy; 131a, 131B—aMmduGoaHTH, MeTacOMATHUECKH HaMeHeHHLle, p. Kouxop-Jly.
Ananuspl BHINOTHEHE B XHMMueckofl saGoparopud HHCTHTYTAa reosofMH W reodusnkn CO AH CCCP.



THENcOB SBASIOTCS KBApI-NIArHOKIa3-OHOTHT (CHAAMMaHHMT) H  KBapi-
N1arHoK1a3-GHOTHT-KOPAHePHT-CHHMaHuT. [lopogoo6pasyomumMu — MHHe-
paramu aMpuGOJHTOB ABAAIOTCA aHAE3HH H pOroBad oGMaHKa.

Kak BHAHO, MHHepaJ/bHbBle acCOMHALMH MeTaMOpP(HUECKHX MOPOA COOT-
BeTCTBYIOT aMmdubonutopoii daunn (nmo Pamoepry, 1962; « Tepuepy, 196!
# Ap.). O BBICOKOTeMIEpATypHLIX YCJIOBUAX MeTaMop(H3Ma CBHIETENb-
CTBYIOT HaJHUHEe CH/JIHMAHHTA, BO3HHKAIOILETO NPH TeMNepaType He HHIKe
600° (CoGosieB, 1965) u cTemeHb MKEJAE3NCTOCTH OHOTHTA, JOCTHrAKOLIAsT
50—55% (Apyrosa, bByrposa, 1964). Ilpunagmexnocts MeTamopduue-
CKHX nopol k ampuboauToBoll QauHH NOATBEPKIAeTcsd TAKXKe HAJMHUHEM
AHATEKTHUECKHX IIJIATHONETMAaTHTOB, (JOPMHPYIOIIHXCA TNpPH TeMIepaType
ne menee 700° (Yoder, 1958). drta remmeparypa oTpaxaer yc/JIOBHA aMdu-
gonutoBofi damun. AMbubGonutsl 00pasoBaduCh B pesyabraTe MeTamop-
$uamMa [IpeBHHX JAOOPHAOBHKCKHX ra66po-HOPHTOB H raG6po-anabasos,
A KpHCTAJJAMYECKHE CJaHIbl H THEHCH —B  pesyibTate MeTamopduama
OCcagouYHBIX MOPOMI.

Bospact meTramophIecKUX HOPOX

Bonpoc 0 Bo3pacTe MeTaMOp(UUECKHX MOPOA I0Oro-Boctounoro Anras
BoOGLIe W M3yWeHHOro HaMH pailoHa B YACTHOCTH pellaeTcs HEOAHO3HAU-
Ho. B. A. O6pyues (1915), H. Y. I'oprocraes (1937) u I'. JI. Adanacses
rueiicel Kypaiickoro xpe6Ta cuuTadd [AOKeMOPHACKHMH 00pasoBaHHAMH.
B. 1. Hexopotues npexmosiaran, y10 MeTaMopQuaMy HOABEPIIHCH OTIOHE-
HHS HUFKHETO NaJeo3os. Bepxusas BO3PAacTHAas IPaHHIla MeTaMOPPHUECKHX
HOPOJ, MO ero MHEHHIO, [0/KHa ObITb He MOJOZKe BEePXHEr0 CHIYpa,a HHK-
HAS TPaHHMlAa uWMeeT aJjbronckmit Bospact. I[loammee B. Il. Hexopoures
(1950) oTHec 3TH THelicbl K NMPOH3BOAHBLIM KOHTAKTOBOTO MeTaMOp(uima
repiuMHcKnX rpaEnTonos. K amaiormunomy seiBopy npuman H. H. Ammme-
ckuit (1952), A. JI. Bypyxun u ap.

CoBepuieHHO HHBIE COOOpAZKeHMs] O BO3pacTe MeTAMOD(HHUSCKHX MOPOX
opin Boickaszaner B. A, Kysuenossim (1963), xoTopsiit cunTad, 410 dopMH-
posanne rueiicop B Kypaiickom xpefTe CBA3aHO ¢ paHHeKaJelOHCKHMH
JBHIKEHUSAIMH H BO3pacT MeraMop(uiMa onpejeisercs Kak HHKHECHTYpHil-
CKHA. B nociennee BpeMsi NPeACTABJIEHHSI O paHHEKaJeJOHCKOM BO3pacTe
MeTaMOp(HUECKHX NOPOA pa3BHBAJHCh H NOAAEPAHBAJIHCh LEJHIM pPALOM
HecaefioBareneil oro-Bocrounoit yactn lopuoro Aanras (A. A. Bummes-
ckuit, A. B. IleprynoB u ap.). -

B pesyabrate Hammx HCCAeLOBaHH{ NOJYUeHbl TeOJOTHYECKHE H pa-
JHOJIOTHYeCKHe MaHHble, VKasnlBalollie Ha HHUMKHEOPLOBHKCKHIl BO3pacT
MetaMophuyecknx nopon IOro-Boctounoro Aaras. B BepxoBwax p. Byrysyu
na ByrysyackoM Bomb()paMoBOM PYAONPOABAEHHH HAMH YCTaHOBACH (PakT
nepecevyeHHss MHUTMaTH3HPOBAHHLIX THEHCOB Jaiikamu cheposHToBbIX (enb-
BHT-MOPGHPOB cpenHeAeBOHCKOro Bo3pacra. Momuboers paek — 70 cm —
1 u, mpoctupanue C3 330°, naxenne 103 85°.

Haiikn nopupos He Golim oOHApyzKeHbl HH B [pegeiax pasBHTHS
rpannTOHAOB ByrysyHckoro maccuBa, HH 3a ero mpegenaMu. Takue moposst
BbIfIBJIEHBl TOJNbKO BO/MHM3H MOJieill pacnpocTpaHeHHs TNOPOL JASBOHCKOTO
Bospacra. Tax, B 3 km 0ro-poctoysee Dyry3yHCKOTO pyLOHnpOSBACHHS
Ha JIeBOM CKJOHe NoJuHbl p. ByrysyH naiikoBbie HOpQUpPEBl JOKaAH3VIOTCA B
H3BECTHAKOBO-MECTaHO-CAAHIEeBLIX OTI0MKEHHIX OpPIOBHKA, CONPHKACAMIINX-
€5l O Pa3/IoMy €O cpejiHeJeBOHCKHMH MOPORXAMH, CJIATAIOUHMH V3KHC TeKTO-
HuYeckue Knuubs. CpenHeneBOHCKHE NMOP(YHPOBBIE MOPOABI M3BECTHH TaKiKe
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Puc. 51. Cipeponutosan cTpykrypa nopbupa. (¥Ve. 3,7X17, ¢ ananusatopom.)

B 1,5 x# cesepo-sanainee o3. I'pyma (yp. Tereneii), rie OHH 3a/eraior
Ha MHTMaTH3HPOBAHHBIX THeHcax, BbimoaHsas Myably. OnH He HecyrT
NPH3HAKOB perHOHaJbHOrO MeraMop(gH3mMa, HO 3aTPOHYTHI TpolieccaMu
KOHTAKTOBOIO MeTamop®usMa, CBS3aHHOIO ¢ (POPMHPOBAHHEM TO3AHErEp-
UHHCKHX THNA0HMCCaNbHbIX aJACKHTOBEIX TPaHHTOB.

B ueasx BuisicHeHHs Bo3pacTa nop¢HPOBEX nopoa p. byrysyn mbl
COMOCTABHJN HX C aHAJOTHYHLIMH NMOpPOJAaMH akKcaickoi cBuThl (p. Axcail),
MMelolleil cpe/lHeleBOHCKHIT Bo3pacT W Xopowo uayuyennoit b. H. Jlanuubim
(1963). B pesyabraTte ycTaHoBJeHO GoJbllOe CXOACTBO MEXKAY HHMH.
Te u npyrue npencrasasiior coGoil posoBato-cepblie agHpPOBble MOPOALI
KBapleBO-T0JeBOIINATOBOIO COCTABA ¢ MHOTOYHCJEHHBIMH BKJIKOYeHHAMH
MarseTnTa, XapakTepH3yloulHecs HaJH4YHeM NoJjoc cdepoaHTOBOro H (esb-
3UTOBOTO cTpoenusa (pHuc. 51). Jlerpoxumuueckoii 0COGEHHOCTHIO MOPOXL
ABASETCH BLICOKOE COJEpzKaHie KpemHesema MW LieJaouell (npu  pesxoxn
npeo6aananun K,O wax Na;O) u, Hao60poT, He3HAUHTENLHOE KOJHYECTBO
OKHCell KaJbliisg M Marius (ra6a. 23). B xauecTBe 3/1eMEHTOB-NPHMeCEH
B mopoiax copepmxarcs Ti, Mn (corble foaum mpoueHTa), MOPUCYTCTBYIOT
snementsl V, Zn, Cu, Ga, Y, Ba (teicsiunbie Aoau mpouedra), Pb (mecsit-
THICSIYHLIC JOJH TIpoleHTa). B orjiefbHbIX npobax B He3HAUHTEJNbHBIX KOJH-
yectBax ycranoBienbl 3aemenThl Ni, Co, Cr, Sn, Be. Taxkum o6pa3zom,
npuBefeHHble AaHHble CBHAETENbCTBYIOT, HA Hall B3IJAA, 0 AOCpelHeleBOH-
CKOM BO3pacTe MeTaMOp(HUECKHX TCPOA, UTO MOATBEPKIAeTCs TaKike pe-
3yAbTaTaMH pAJHOJOrHUECKHX HMcciefoBanui. OnpedeneHHs abGCOMIOTHOTO
BOo3pacTa GHOTHTOBLIX THeiicoB mo Ouorury (kanuss 6%), npomnsseneHHbIE
Jabopatopueii a6coaioTHOro Bodpactra MucruTyra reodorHH H reoH3HKH
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CO AH CCCP, nokasmpaior 500—515 man. Jer.
E)T;i Adannble HanbGojiee GAN3KO OTPAXKAIOT HCTHH-
HBlil TeoJorHuecKuil Bo3pact MeraMmopduyeckux
NOpOI U MO3BOJSAIOT CUHTATh €r0 AOLEBOHCKHM,
a TOYHee — HHMIKHe-ODJOBHKCKHM. Takoe TOJIKO-
BaHMe BO3pacTa MeTaMOp(pHYECKHX NOPOL B H3Y-
UyeHHOM HaMH pafioHe BMOJHe corjacyercs ¢ JaH-
HBIMH onpefeieHHs abCOMIOTHOrO BO3pacTa Myc-
KOBHTOBBIX NerMaTuTop (10 MYCKOBHTY), JIOKa-
JAH3YIOMHXCA B THeiicax, nonyyeHusiMu J1. B. ®up-
coseiMm (CBKHHH CO AH CCCP). Bospacr ner-
MaTHTOB GJH30K K BO3pAacTy TIHeilcOB H COOTBET-
CTBYET HHIKHEMY OpPLOBHKY (469—483 Mau. jer).

Htak, noarBepykAaercs npaBHJIbHOCTL B3TJsi-
10B Tex neeyenosateseil T'opuoro Aunras, KOTO-
pble Ha OCHOBE aHaJH3a TE0JIOTHYeCKOH HCTOPHH
peruoHa B LeJIOM MpPHULIH K BBIBOAY O paHHEeKa-
AelOHCKOM Bo3pacre meramopdusma. Ilpeanono-
eHusl o 6ojgee MOJOLOM TepUHHCKOM BO3pacTe
nocJeaHero ABJASIOTCS, Ha Hall B3MVIsl, HECOCTOR-
reabHbiMu. Clie/lyeT OTMETHTDb, YTO K OLleHKe a0co-
JIOTHOrO BO3pacTa Mbl MOAXOIHAM TOJNBKO NOC/e
awaan3a reoJornueckoii HCTOPHH Pa3BUTHA paio-
Ha € yyeTOM HaJoxeHHs Gojee nos3JHHX 1O Bpe-
MenH MeraMopdHUeCKHX H TeKTOHHUECKHX Tpo-
{leCCOB, KOTOpbie MPHBOAAT OOBIMHO K OMOJIOKE-
HHIO apeBhux nopoA (Xmabroa u  Ap., 1959).
Ilpy apasuse TOJYYEHHBIX PalHOJOTHUECKHX
JAaHHBIX ObIIO YuTeHO TO O0OCTOATENbCTBO, HYTO
Teneukas CTpyKTypHO-GopManHoHHAs 30Ha, KaK
u Bech [opubiil Asitait, ABJASETCH AJAHTEIbHO Pas-
BHBalOlIEHCA CTPYKTYpPO#, B CBfA3W C Y€M ApEB-
HHe MeraMop(dHuyecKHe MOpOJbl 3[4eCh MOABepra-
JUCh OMOJIOKEHHIO, H TIO3TOMY HCTHHHbIH BO3-
pacT HX 4acTo He cOorjacyercs C palHOJOTHYe-
CKMMM JnanHBIMH. Tax, Aasa CHeicoB, Hapsay ¢
YIOMSIHYTHIMH, noayyensl nudps 312—322 Man.
net. i onpeaenenus nposelens J1. B. ®upco-
BbIM Mo OHOTHTAM M3 THEHCOB, NOABEPMKEHHBIX
perpecciBHOMY MeTaMopdusmMy, nposaBHBUIEMYCSH
BOJb PA3JOMOB B CBfI3H C HX AKTHBH3AIHEH.
[TosTOMy OHM He OTPa)KalOT HCTHHHOTO BO3pacTa
metamopdHnaMa KeMOpPO-0pIOBHKCKHX NOPOZ, a Xa-
paAKTEpH3YIOT BO3PACT MOBTOPHOro, Gojee HU3KO-
TeMNepaTypHoro Meramopdusma, T. e. BO3pact
npolecca oMoJ0KeHHs. [eojnoro-nerporpaduie-
CKHe 0KasaTelbCTBA NPOsBJEHUli TAKOro Mera-
Mopdu3Ma B M3yYeHHOM paioHe B CBfA3H C aKTH-
BH3alHKell Pa3JOMOB B repuUHHCKoe BpeMs OYRyT
noKasanbl HuxKe, M3yueHHe GHOTHTA M3 THEMCOB,
NCHBITABIIMX TNOBTOPHBIH HH3KOTeMIeParypHbiil
MeTaMop®du3M, NOKa3bIBAET, YTO GHOTHT XNOPHTH-
3upoBaH H cofepkut 4,43—4,69% Ko0. Takoe co-
nepXKanHe OKHCH KaJjlisi CBHAETENbCTBYET O
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Pyc. 52. JIunaoskAubR Murmatut. Ha rpannne amiuToBuinof NOpOfAbl € rHEefcOM
BUIANA TeMuasn Kaima w3 6uorura. (¥s. 3.)

Puc, 53. AnanToBHANBII N1ATHOTPANHT. Aanotpuomoprosepunctas cTpykrypa. (¥a. 3,7X17,
C aHaJH3aATOPOM.)



3HAYHTEJIbHOM OTKJIOHeHHH cocTaBa 6uoTtnta or obbiynoro (Berexrtun, 1950).
Penrenomerpuuecki TakxkKe yCTAaHOBJEHO, YTO OHOTHT TPEACTABIEH HHU3KO-
TeMnepaTypHoi MoauuKauueil, THAPOCTIONOH TPHOKTA3APHUECKOTO THMA
(ompenenenns M. B. Hopoxuaosoit, MuctutyT reosornn u reodusuku CO
AH CCCP).

4. YIBTPAMETAMOPPHUYECKHE ITOPO/ABI

MUrMaTHUTLI

Marmatuter upesBbluaiino pasmooGpasubl mo MopdOMOTHH, COCTABY, a
TAKIKE TI0 XapaxkTepy H TEHe3HCY JKMJbHOrO MaTepuana. PaccMOTpHUM HX
OCHOBHBIE MOpP(OJOTHUECKHE THIHL.

IMocnofino-mIoiiyaTele MarMaTHTE XapaKTEPH3YIOTCS YepeJOBAHHEM Me-
JaHOKPATOBRIX OHOTHTOBBIX H JIEHIKOKPATOBBIX KBapIEBO-N0EBONINIATOBbIX
NOopon B BHJe TOHKHX IIOJIOC, a TaKiKe BbIAEepP/KaHHOCTbIO NMPOCJOEB KBapile-
BO-MOJIEBOLINATOBOTO COCTaBa MO NPOCTHPAHHIO HA HOJBIIHX PacCTOAHHAX.
Taxkne nopoibl H3BECTHHl B JHTEpPAaType INOJA Ha3BAHHEM <«HHBEKIIHOHHBIX»
rieiicoB (Cemepxonbm, 1926). KBapieBo-moaeBOIUNaTOBbIE MOPOABI B MO-
CIOMHO-NIJIONYATEIX MHTMaTHTax cocrapiasior He Menee 50% (o6niuno 70—
80%) or Bcero oObeMa THeilcOB. MOIHOCTD «IPOCAOEB» TaKHX IOPOJ KO-
aebaercs ot 0,5 o 5 cm. Peankrel OHOTHTOBBIX THEHCOB HWHOrZA coXpaHd-
I0TCA B BHIE TOHKHX IIOJIOCOK W JIHH3 B KBapIeBO-II0JIEBOLINATOBLIX MOPO-
Jax. BIoab KOHTAKTa KBApPLEBO-NOJEBOILNATOBRX NMOPOA C rHeficamu o0BIU-
HO HaGMIOZAIOTCS «KAHMBI», C/I0KEHHBIC CYNIeCTBeHHO OHOTHTOM. [paHHuBI
JEeHKOKPATORBIX T10JIOC YacTO H3BHJIHCTHIE, HO COIVIACHBIE C TNPOCTHPAHHEM
KPHCTAJIN3AIHOHHON CJIAHIeBATOCTH B THelcax.

JINH30BUAHLIE MUIMaTHTH (puc. 52) coZep:xkar or 5 g0 15%; xei-
KOKPATOBOTO KBapl(-MOJEBOLINATOBOr0 MartepHanaa. JIMH3oBHIAHEE 060C0O0-
aenusa (pauuoi ot 0.6 no 1,6 m npu o6urunoft mouHoctH ot 0,02 mo 1,5 4)
TYNO BHIKIMHHBAIOTCS M CO BCEX CTOPOH OKPY:KeHbl cyOcTpaToM. ['paHHI(!
MEKIY JeHKOKPaTOBLIMH MOpPOAAMH H CyOCTPATOM pe3KHe.

OuxKoBble MHIMATHTH XapaKTepH3YIOTCH HaJHYHEM «OUYKOB» (2X3—
20X 25 cm), CIOMKEHHBIX KBapleM H INOJeBbIM ILITATOM, KOTOPLIE IpHYpO-
YeHbl K 3aMKaM CKJIaJOK B Helcax.

JleiiKoKpaToBble TMOPOABLI COCTOST IJIaBHBIM 00pasoM u3 KBapua (28—
30%) wm cepuumuTH3MpoBaHHOro miarnoknasza (70—80%). Buorur orcyr-
CTBYET HJIH BCTpPEeUaeTcs B BHIE UENIYeK, CJaralouiux TOHKHe DeTHKTOBhIE
nonockn. Mukpocrpykrypa mopoxa amaorpHoMopdHO3epHUcTasi, TerMaTouI-
Hasg ¢ MEeMEHTAMH TrHOHAHOMOpP(HO-3epHHCTONH H OJaCTHUECKOHi CTPYKTYP.

CpaBueHHe rpaHUTHBIX IOPOJ H NOPOJ cybeipara NOKaselBaeT, YTO
MHHepaJabHbll cocTaB MX CXoleH Mexay codoii. Hekoropoe pasnmune Ha-
bnonaerca B crpoeuny nopoi. Kpome toro, B rueficax comepiHTCs 6O0Jb-
me GuoTHTa i, HaofopOoT, MeHbIE KBaplla H IOJeBoro mmara. [lo cocraBy
JEHKOKPAaTOBLIe MOPOJBl COOTBETCTBYIOT MErMaTUTaM H AIJHTOBHAHBIM IJa-
THOTpauuTaM.

ANJTHTOBHAHLIEe MIArHOrpaHHTH JOKAIH3YIOTCA B GHOTHTO-
BHIX TIarHorHeficax., Coleps:kauiuiicss B HHX ITarHOK/Ia3 06pa3yer KpymHbIe
2epHa, OOBIYHO THNHIAHOMOpPGHBIE, NOJHCHHTETHYECKH CIBOHHHKOBAHHBIE
WA GracTHYeCKHe, aHANOTHUHbE IJATHOKA43y, NPHHHMAIOUIEMY yuacTHe
B CTPOCHHH KBapUEBO-INIATHOKJIA30BBIX CErperaluii M MoJoc B rHelicax
(puc. 53). 3epHa WIarHokaasa pasfaBieHsl. JIBoHHHKH JNedopMHPOBAHKL
¥ OTMEUAlOTCsA IJAaBHBIM 00pasoM TaM, TAe [0 TPEHIHHKAM B INIaruokjaaae
fIPOHHKAET KBapll, KOTOPbIH KaK Gbl PasJBUraeT IBOHHHKOBBLIE TMOJOCHL.
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XuMHUECKHI COCTAB NAATHOrPAHHTOB H NEHKOKPATORBIX NIATHOTHEHCOB

TaGauna 24

n’;‘;ﬁ s10, TIO, ALO, Fe, Oy FeO Mno MgO Ca0 Na,0 K,0 P,0; s Lo | Gymwa

1281 71,89 0,29 14,54 0,46 2,90 0,12 1,25 2,88 2,90 1,28 0,18 | 0,02 0,58 99,29
128a 74,59 0,02 15,18 0,29 1,41 0,04 0,13 1,33 4,33 1,62 0,09 10,02 0,80 99,85

471 70,04 0,38 15,52 0,48 3,31 0,09 0,75 3,71 3,10 1,08 0,20 | — 0,94 | 99,60

Hucaossie xapaxrepucruce (no A. H. 3asapuukomy)

Ne npob { a ’ e ’7 b { 8 ' a' f ’ m u ¢ v l aje {
128 n il 4 9,1 43,5 34,0 22.5 77,0 4,3 +39,2 4 0,3
128 a 112 5 6,8 : 75,4 21,7 2,8 80,2 3,8 +37, 4 —
471 4 5 8,0 40,3 44 .5 1051 80,6 5,0 -+37 8 0,4

fIlpaMeuanwusn Ananus Ne 1281 — noppHpPo6IacTOBEN JeKoKpaTosbifi naarHoryefic,
Ananns Ne 128a, 471 — 6HOTHTCOAEP XK ALKl NAArHOTPAHHT,
AHalH3bl BbiNogHeHbl B 3anaano-CHGHPCKOM TeodorHueckoM ¥npasiesnu.,

Xumudeckue GopMyasl nopoast (BeluHCAeHHbBIE ho KHCTopoaHoMy Metoay T. Bapra)

[IpuBHOC (B HOHax):
K—3, Na—2l, §i—I1. A]—3

1281 — Ky Nag, Cay, Mgm(f’e'F"E + F3+3)m Alyy; Tiy Sigs Py) Oy5s0Hg,)
1282 — KiNagCa, Mg,(Fet2 + FeT3),, ALy TioSignP,(0,5550H.)

Bhrinoc (B HoHax):
Ga—15, Mg—15, Fe—13, Ti—2,



Vracanne nartHucroe. Mnorga Habuaozaercs ciabo BblpaKeHHasi 30HaJb-
HoCTh. JIPOAYKTHl paspylieHHs pacrnpefesieHbl HepaBHOMEPHO, B BHIe NfA-
Ted. B 1eHTpe NMnaruok/jaa3 OObIYHO 3aMelleH MHHepPalaMd SMHIOT-10H3H-
TOBOI TPYNNLL, N0 nepudepru 3epHa ero YHCTHIE, NPO3pauHbLe.

Ksapu npucyTcTByeT B BHAE 3epeH ABYX reHepanuii. Ksapu nepsoii re-
repauaud oGpazyer MelMKHe OKPYrJble W HENpaBH/AbHGLIE BKIKUYEHHS B IUIA-
THOKJ43€ MJIM NPHHAMAeT y4acTHe B CTPOEHUH rpano0lacTOBLIX arperaros.
' 910 PeNUKTOBLIH KBApI, KOTOPHI{ oTMeqaercs W B cocrame rHeiicos. Ksapir
BTOpO}I TeHepaluu o0pasyer KceHoMop(uble aMebOBHIAHbIE 3epHa, KOTOpble
PAsBHEAIOTCH MHOUAA [0 TONEePeUHBIM TPellHHKAM B [1arHoKJaase, KOppo-
1Hpys ero. DTOT KBApl, COLEP:KUT BKAWUEHHs OoJee MeNKHX 3epeH nepsok
TeHepaldil H [epPernoHeH MYy3bpbKaMH Ca30BO-KHAKHX BKIoueHui. Hapex-
Ka on 7npuobpeTaeT XKPHCTaNJOTpa(uueckHe OUEPTAHHA H PasBHBAETCA
ha MecTe rpaHo0aCTHYeCKHX arperaTtoB KBapua mepBoil reHepauux. Popma
jepen KBapia M IJarvokJgasa, a TakiXKe B3aHMOOTHOIIEHHA MEXKAY 3THMH
MHHEDaJaMH NO3BOJAIRT AYMATh, 4TO IIJIATHOKJ/JIA3 H KBapll BTOpOI:'{ reHe-
paluy KPHCTANIM3YIOTCA W3 paciiaBa, a KBAapl nepBoji resepamuy u Guo-
THT NpPeACTaB/IsoT coO0H PETUKTHI rHeHCcoB.

Penkue uewyn OHOTHTA B 3THX [OPOJAax OKpaueHbl B KpacHO-Oyphiil
UBeT W HMeIOT OAMHAKOBBIA ¢ GHOTHTOM K3 CHEHCOB MoxKasaTedb NpejoMie-
must (Nm=1,666+0,002). MyckoBur, oTmeuapomuiica B coctaBe MJaarHorpa-
HHATOB, OGBIYHO PA3BHUBAETCA BAOJL TPEHIMHOK HAM o0pa3syer mcesgoMopdo-
36 mo mnJaarHoknazy. C npoumeccoM MyCKOBHTH3AUHH CBA3aHO, OYeBHIHO,
HOBBILLIEHHOE COAepIKAHMEe KBapua B mopomax (rada. 24). B meracomartu-
UECKH H3MEHEHHBIX TOPOJAax KBapl, HHOraa npeobgamzaeT Hajl NJarHOKJa-
30M H 00pasyer CHUMIVIEKTHTOBBbIE CPacTAdHUA € MYCKOBHUTOM. TypMaJuH
NJeOXPOHPYET B TPsASHO-3€1eHOBATO-KOPHYHEBLIX TOHAX, Tak e, Kak H B
i“Hei-'ICElX, XapakKTepH3yeTca 30Hd/IbHBIM CTDOCHHEM, DA3BHT B HHTEPCTHUHAX
Jepen NJAarvoxgasa H KBaplia HJAH TNPHYypOUeH K TpPEIiHHKaM B KBapiie.
[13peaka BerpeuaeTcss KOPHUHEBBIH TYypMAaJaHH, 006pasyiouuid Meakne OpU3-
MBI M COAepxEalliil TasoBO-KIJKHE BKJIIOYeHHA. ANAaTUT, Kak M TYpMaJuH,
NpHYpPoYeH K TPeIlHHKAM B KBaplle HJH [pasBHBaeTcs HA CTHIKE 3epeH
KBapita B naarnoxaasa. Taxum ofpasom, MuHEpaJbHBIl COCTAB MAaruorpa-
HHTOB COOTBETCTBYET MHHEDAaJhHOMY COCTaBy KBapueBO-MOJEBOUINATOBBIX
cerperaunif ¥ nosoc B rueficax. PaziuyaloTcs OHM  JIHINb  HEKOTOPBIMH
CTPYKTYPHLIMH OCODEHHOCTSAMH.

ITo xumuueckomy cocrasy miaargorpanutsl (cMm. tabsa. 24) orHOCATCA
K Tpyfie NOPOJ, HACHIUIEHHBIX KPEMHEKHCIOTOH, K Py — Mepechillienusix
IJIHHO3eMOM, B KOTOPBIX OKHCbh HATPHS pe3Ko mnpeodaagaer Hal OKHCBIO
KaJms, OKHCD JKe/iesa NpeBajnpyeT Hajl 3aKHChIO, a Ie04H npeobiafiaoT Hax
IeJOYHBIMA 3eMIAMH. Ha nerpoXuMuueckoi auarpaMme (pHC. 54), BEKTOPHI,
oro0pakaiie coCTaB WIATHOrPAHUTOB, 3aHUMAIOT caMoe Jepoe Kpakinee
nonoxenue Ha naockocru ASB, pacnogarasch 3HauHTeqbHO OJAHMKE K OCH
SB u nmKe TOUKH S, veM BEKTOPH rpasutoB ByrysyHekoro maccusa. J1o
03HAUaeT, YTO MNJArHOTPAaHUTLl XapaKTePHU3YIOTCA HH3KHM 3HAUeHHEM
UHCJIOBOH XapakTepPUCTHKK @ W, HA0GOPOT, BHICOKMM 3HAYCHHEM BeJHUYHHL 8.
CkasanHoe CBHAETeJbCTBYeT O HH3KOM COAEPKAHHH B STHX TNOPOAAX
wenoueil u Gonee BHICOKOM — (heMHYLCKON COCTABHON YaCTH, YTO HE TO3BOJISs-
€T OTHOCHTb HX K KOHeYHBIM HpOAyKTaM An((depeHUHAUHH TPAaHHTOHIOB
Byrysynckoro maccusa. [lo xonmuecTsy mienoueii omuchiBaeMble NOpOALL
(an. 471, 128) wumenTHuHpl BMemlalomuM HX rHedicam (am. 106x, 106,
476 n ap.). Kak tem,Tak u APyruM IOpoAaM CBOMiCTBEHHA MepecHIEHHOCTH
riaHgoseMom. Pasiuuue B HX cOcTaBe 3aKIIOMAETCS B TOM, YTO NJATHOTPa-
HHTH 1O CpaBHEHHIO C OOBIYHBIMH THEHCAMH COAEpPXKAT HHUTOMKHOE KOJIH-
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Puc, 54. Inarpamma XHMHYeCKHX COCTABOB IJIATHOTPAHHTOB H
nermatutoB (no A. H. 3aBapuukomy).

4eCTBO (peMHYECKHX KOMIMOHEHTOB. IlnarHOrpaHuThbi, Kak yiKe OTMeuasoch,
JiOKAJMU3YIOTCA B HEOJHOPOAHBIX GHOTHTOBBIX NJIarHOTHeficax, ¢ XapakTep-
HBIMH JJsi HHX [pH3HAKaMH cOOHMpATeNBHOH IepeKpHCTa  JIH3alHH.
[To XHMH3MYy [JIaTHOPAHHTHL OYeHb OGJH3KH KBapLEBO-NJaTHOK/Ia30BbIM
nopoxaM, CJaraloliuM JeHKOKPAaTOBhble VYACTKH H Cerperaldid B THe-
cax (cM. Taba. 24, an. Ne 128 1), HO 1O CpaBHEeHHIO C KBAPLCBO-IJIATHOK/IA-
30BBHIMH MOPOJAaMH HAaTPHA H KPeMHHS OHH COZepKaT Oonblle, a Ka/JdblHd —
MeHblle,

TMMaonarnonermMaTnTh. Hapagy ¢ naaruorpaHuTaMi, B COCTaBe
MHCMATH3HPOBAHHLIX THEHCOB IIHPOKO pAa3BHTH IJlaruonermMaTtuthl. OnHu
cJaralT JHH3BL H KHJAB (3X7 M H MeHblUe), NPOCTHPaHHE KOTOPHIX
COTJIACHO TPOCTHPAHHIO BMEIMAIOWMX TMOPOA. KOHTAKTH NerMaTHTOBBIX
TeJ ¢ BMeLlalOUHMH KPYIHO3eDHHCTLIMH THeHCAMH OOBIYHO pe3kue M JIHIIb
H3pelKa OTMedaroTcsi IoCTeNeHHble Nepexofsl Mexay HumH. Ilaarmomerma-
THTBl TPEJACTABJSAIOT CO00H rpyGO3epHHCTLIE TNOPOMABI, COCTOSIIHE H3
CBETJI0-3¢/eHOBATO-CEPOro IJarHoknasa, KBaplia, MYCKOBHTA, TypMaJHHA.
ITnaruoknas (Ne 16—18) nomucHHTeTHUeCKH CIBOHHHKOBAaH, HepelKo Je-
(opMUpOBaH M, KaK MpaBHIO, pa3dbenaerca KBapuem. CepHUHTH3HDOBAH,
CePHIHT paclpejieqsieTcs 0 3epHy HepaBHOMEpPHO, NATHAaMH, YacTo CKBO3b
cepylo Maccy ero HpoTJsjibiBaeT CBeXHH MJaruoknaas. Keapll BcTpeuaercs
B BHIe KpYNHBIX [aBJeHbIX 3epeH. Karaknas ero compoBoiKaaercs
apoOJjenneM, IMepeKpHCTaJdaH3anued u oOpasopaHHeM MeJKHX 3epeH
KBapua ¢ 3y6uaTbIMH OUEPTAHHAMH KpaeB, CJaraloiero rpaHo6.acToBbe
yuactku. [lo TpemiHkam B INIarHOK/Ja3e H KBaplie PasBHBAETCSl KpPYyMHOYe-
yfyaTelii MYCKOBHT, rPA3HO-3€JeHBIHl TypMaJqHH H anaTHT. XHMHUeCKHil
cocTap nJaruonermMatHtoB (Tab6a. 25) ykasplBaeT Ha CXOACTBO HX C
AIVIMTOBHAHBIMH MJIAarHOTDAHHTAMH, ONHCAHHBIMH Bbllle. Kak H miaaruorpa-
HHTHl, OHH OTHOCATCA K TpyNle MOPOJA, HACHIIEHHBIX KPeMHEKHCIO0TOH,
K Psijly — NMepechlIleHHEIX [IHHO3eMOM, B KOTOPBIX OKHCh HATPHA mpeobia-
IdeT Haj OKHCbIO KaJus M IIeJoYH Npeo6aafaloT Ha/J HIeJOYHBIMH 3eMJIs-
mi. Ha nerpoxmmuueckoli AHarpamMme (cM. pHe. 54) HauadbHBIE TOYKH
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Ta6bauna 25
XUMHUECKHA COCTAB NErMATHTOB M aNJMTOR

Cocran 1116 460y 469a 4518 478a 8 478 g
Si0, 71,81 74,49 | 73,16 76,30 77,50 77,42 73,89 74,78
TiO, 0,05 ) He obn. | He o6u. | He obn. | He obn. 0,16 (05,7 He obn.
Al,O, 9,65 15,46 | 15,46 13,89 13,10 13,31 15,20 14,93
Fe,04 0,26 0,18 0,92 He o6u. | He 006i. 0,80 0,10 0,10
FeO 1,07 1,23 0,80 1,38 1,38 0,70 1.23 1,25
MnO 0,05 0,46 0,21 0,21 0,08 0,014 0,16 0,09
MgO 6,89 0,50 0,20 0,20 0,20 0,12 0,30 0,20
CaO 1,00 0,88 0,70 le o6u. | He ob6u. 0,04 0,60 0,14
Na,O 5,12 4,35 4,89 5122 5,12 0,20 5,50 512
K,O 1,81 1,08 2,34 2,29 2,47 4,94 3,07 2,19
P,0, 0,43 | He oup. ! He qnp. | tHe onp.! He onp. | 0,017 ! He onp. | He onp,
H,0 0,19 0,14 0,13 0,07 0,14 0,24 0,19 0,07
S Eirs He onp. | He onp. | He onp. | He onp. | 0,008 | He onp. | He onp.
Fi v, 1,49 0,64 1516 0,57 0,60 1,61 0,37 0,87
Cymma J 99,82 99,39 { 99,98 (100,22 |100,50 99,58 100,65 99,73

Yucaosvie xapaktepuctuxu (no A. H. 3aBapuuxomy)

nplfﬁ l a I ¢ b | S 1 o' l Fad l m' ' ” t @
1116 12,0 0,8 11,6 76,0 | 3,3]44,0] 9,2 186,3| 0,1 21

460y 10,5 0,9 9,4 79,8 7,4 1 17,64 8,1 | 85,4 — 1,3

469a 13,5 0,8 6,7 79,6 | 29,51 25,2 4.9 76,7 — | 11,6

451m 13,8 — 5,3 B0, | 657 26500 6,00 15T

478a 13,7 — 4,2 82,1 |61, 580,70 | 7,75} 75,9

478 15,8 0,7 3,9 79,6 { 53,3 135,01 11,6 | 72,9 3,3
g 13,5 0,1 6,6 T;J.S 7,6 [ 19,4 4,81 78,1 1,9

Mpumeuannn 1116 — nrarHonerMaTHT ¢ 3NHAOTOM, MYCKOBHTOM H OGHJABHLIM TYPMAaAHHOM,
cpennee Teuenne p. Koykop-Jly; 460y — MyckopHTOBptit MrarHOilerMatHt, BepXosbe P, Byrysya (wxa. Ilas-
n0Ba); 469a — GHOTHTCO/AEPKAULKHA NJAarHonerMaTHT ¢ MYCKOBHTOM H TYPMalWHOM, CpejlHee TeueHHe
p. Byiimorem (Bbicota 2581,8); 4518 — MHKDOKAHH — MJATHOK/IZ30BGIA NErMaTuT ¢ MYCKOBHTOM H TypMa-
auHOM, p. leredefi (sblcota 2523,1); 478¢ — nAarHoxk/ias — MHKPOKJIHHOBLIA NErMaTHT C MYCKOBHTOM,
nropofl siesblfl NpHTOK p. ByryayH; 478 — MYCKOBHTOBAI MAarnoKias — MHKPOKAMHOBBIA amiuT, Tam 3Ke;
8§ — KBapl-MYCKOBHTOBAs nopofa (No anaury), Bepxosbe p. ByprysyH; 8 — MRKPOKIHH — NJAarHoKaAa30Bsli
alJlMT ¢ MYCKOBHTOM, TaMm e,

AHanuabl BHINOJAHeHL aHaauTHkoM IT, A, KoMapoBoii B XHMHKO-ZHAIHTHReCKOH JaGopaTopui
HTul’ CO AH CCCP.

BEKTOPOB, OTOOpaxKalollie cocraB IJIaTAONErMaTHTOB, pacnojaraipTced
B TIOJie PA3BHUTHA BEKTOPOB IJIATHOTDAHHTHBIX MOPOZ.

ITermaTtuthl, CBA3aHHBle C THeHcaMH IOCTENEHHLIMH TNepexoiaMH,
L3ydeHbl HAMH B BEPXOBefAX p. Byrysyn H B cpepnem teuenun p. Koukop-
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"Pyc. 55. Kowraky naaryonermatiya ¢ rueficom. B ruefice puann 3epia MRAruoknasa AByx
reHepauuit. (Ve. 3,717, ¢ aHaausatopom.)

Jly. B GHOTHTOBBIX MJarHorneicax aigech JOKaJH3YIOTCA AaHKH aMpHOOTH-
ToB MOlUHOCTbIO 7—25 M. IlpocTupanne fdaex cesepo-samajnoe 310—3207,
najeHyde Ha CeBEpO-BOCTOK Mo yryiom 85°. B HemocpeicTBeHHOM KOHTaKTe
¢ fAaiikamp aM¢HOGOAMTOB JoKanuayiorcs nerMaTtHthl. [llupura mermarto-
HAHBIX «OTOpPOYeK» 15—25 cM. AMPHUOONUTE B KOHTAKTE C MerMaTHTaMu
H3MEHeHE: B HHX [OARAAOTCH HOBOOOpaszoBanus Keapua, Ouorura
1 anpOHTH3HPOBAHHOTO MJATHOKJIa3a. BHOTHT pasBuBaercsa mo ampuoosy,
acconuupysi co c(eHoM H  marHeruToMmM. [lermMaTHTHl [peAcTaBJeHE
Ges0BaTO-cePOii rpyOO3epHUCTOH Pa3sHOBHAHOCTLIO H COCTOAT H3 CEPUITHTH3H-
poBaHHOro annOHT-ogHTOKJAa3a (Ne 16—18), kBapua, TypMaauHa, anaTuTa
W HHOTAAa 3nHgoTa. B  HenmocpexcrBeHHOM KOHTakTe ¢ aM(pHGOJIHTAMH
B cocraBe MErMaTHTOB IOABJsETCA AKTHHOMUT. ['Hefichl, BMellaloUlne
MerMaTHThl, XapakTepH3YIOTCS HEeOJHOPOAHBIM CTPOEHHeM, 00YCI0BJIeHHBIM
LiCPABHOMEPHBIM, OATHHCTHIM pacHpeflellcHHEM CaJHUYeCKHX H (eMHUIeCKHX
MHHEpPAaJoB, a Takde PasJHuYHONH KDYNHOCTHIO MHHEDAJbHLIX 3epeH.
Crpykrypa ux rpaHoGsactoBas, nopdupobaacrosas. IlopdupobaacTnt
npeicraBiedbl OMHTOKIA30M M KBapueMm. OJHrokaas CcepHUHTH3HPOBAH.
HMEeT MATHACTOe yracaHue, MOJHCHHTETHUECKYIO CTPYKTYDPY ABOHHHKOBAHHSA
JABOHHHKOBBIE TOJIOCH AepopmupoBanbl, Muorga ciabo zoHaden, ¢ Hameua-
IOIHMHCS  KPHCTAMI0TPpaQHYECKHMH  ouyepTaHusMH  3eped. llenrpasbHble
4acTH CepUIHTH3HPOBAHHBIE, Nepudepuyeckue — npospaunble. B nopgupo-
d/aacTtax colepxarcs BKJIOUCHHA 3epeH KpBapua, OHOTHTA M IIarHOKJasa.
Hapsy ¢ onucaHHbIM INIarHokJga3om, oTMeualorTcst 6ojee MesikHe, XOPOLIO

oopMJIeHHRIE TIPH3MAaTHUeCKHe 3epHAa ero, 0e3 TMpoAYKTOB paspylle-
HuA (puc. 55).
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Keapu o6pasyer KpynHbie
nopdupodIacTHUECKHe  Janya-
Thie 3€pHA HJIH CJdraer MejKo-
3epHUCTLIC rpaHob/lacToOBLIe ar-
perathl. Buorut 6ypwlit, vewmyi-
KH ero nedopmuponanbl, oGpa-
3yIOT NATHA, NONYEPKHBAS TeK-
CHTOBBIHl Xapakrep CJAOMKEHHS
MOPOJLL.

Hauanbuast cragusi npeo6-
pAa30BaHMA IJarHOTHelica B mJia-
THOTIETMATHT TaK ¥Ke, KaK U IpH
00pasoBaHuy  MJarHOTPaHHTOB,
Xapakrtepuayercsa obocobaenvem
JeHKOKPaTOBOTO KBapll-110JIeBO-
LIMATOBOTO MaTepHaia B OTAelb-
Hble NATHA, JuH3bL [IpoHcxonut
YKPYIHEHHE 3epeH NJarnok/jiasa
H KBapua a0 2,53 cm) B pe3yan-
Tate CcoOHpaTenbHOH NepeKpH-
CTa/lnuszannu ¢ obpasoBaHHem
nopgupobaacra. Tosapasiercs
cnabo 30HAJNBHBIN MJIATHOKIAS,
3epHa KOTOpPOro HMelT ~ Jubo
TOJIBKO HaMmeyalomuecs, Jubo
yiKe Xopoino ohopMJaeHHRble KpH-
crajyorpaduueckue ouepraHus
rpaHei. Sror NaaruoKIas
OOBLIYHO ~ KOpPPOAMpPYETCH KBap-
1emM.

CornocTaBienne XHMHUECKO-
ro cocrara (ta6a. 26) naaruo-
nermaTuToR (an. Ne 111 6) u Bme-
MAIOMHX  HX  JieHKOKPaTOBbIX
naardorueiicor (an. 1l1la) moka
3pIBaeT, YTO OHH OJIH3KH MeXav
coboit. B orawyne or naaruo-
IHEHCOB B MJ1ArHOMerMaTHTax oT-
MeyaeTcs HECKOJBKO TOBBILIEH-
Hoe coxepxanne Na,O u ogno-
BPEMEHHO IIOHMKEHHOE KOJauye-
crBo CaO, Al;0; Fes0;, FeO,
UTO MOATBEPHIAETCA MHHEpPab-
HbHIM  COCTaBOM 3THX TIOpOA.
Ouenb BBICOKOE cojepxa-
nue B mermatHte MgO oGbsc-
Hgercad oOHJIMEM B HeM Typ-
MaJIHHa.

3HaueHHe YMCJOBBIX Xapak-
TEPHCTHK 8 H § B 00€HX MOpPOax
oauHakoBo. Bananc BemecTBa B
00heMHOH CTAaHZAPTHON Ayelike
MOPOABl B PALY MJarHoTHeHc —
NMJATHONErMAaTHT BBIYHCJICH MO
kuciropogHomy meroay T. Bapra.



111a—K;,Nag,CaysMgssF e Fe; * Al TizSigsP (Oy36s0H,5);
1116—K sNagsCapMgyeFe; “Fe ¥ Aly; TiSigoePs (O450:0Hs).

[Ipusnoc (B monax): Na—23, Mg—53, P_,; BrHoc (B nonax): Ca—I10,
Fe*+2—18, Fe*+®*—6, Al—53, Ti—2, Si—T7.

OGpa3oBanHe IIIaTHONETMATHTOB COMPOBOXKIAJNOCH OTHOCHTEJIbHBIM
cGoramendeM HaTpHA [pPH CYLIECTBEHHOM BbIHOCE aJIOMHHHA. B HesHauu-
TEJbHBIX KOJHUECTBaX BBIHOCHJIMCh TaKiKe Kadblluii M JKele3o.

Hapsaay ¢ npocTsiME TePMAaTHTOBHIMH 2KHJIaMM, B BEpXOBbAX p. Dyry-
ayn (xa. llassosa wu p. Koukop-Jly), BCTpeuaioTcsi CAOMKHBIC IKUJBI
MerMATHTOB 30HAJBLHOTO CTPOeHHA. B mepHdepHUECKHX UACTAX 3THX KHJ
OTMEYaJoTCA MEJKO3epHHCTHE KBapIleBo-II0JeBOIINATOBLIE, GAH3KHE IO
BHELIHEMY BHIY H COCTABY K alIHTaM, NOPOALI, KOTOPHE Aajee Mbl TaK H
Gynem #mMeHoBaTh. LleHTpanbHBIE YaCTH KHJ CJI0XKeHH TPyO03epHHCTHLIMHA
NJarfuonerMaTuTaMH ¢ NATHAMH MeTacoMmaTHueckoro xksapua. CTpykrypa
NAardonerMaTuToR KPYMHOOAOUHASA, -NerMaTOUIHAN.

Aﬂﬂi{epaﬂbi{blﬁ COCTAB anJHTOB NOYTH AHAJOrHYeH COCTaRy HerMaTuToB.
Crpykrypa 6aactuueckas. ['aBHBIMH Nopoxo0GpasyIOUMMUE MHHepadaMu
SIBJAAIOTCA KBApIL, H OJHIOKJga3s, IIo KOTOPOMY PpasBHBAalTCA MYCKOBHT
H TypMaaun. Ho B anjiurax, KpoMe TOro, MHPHCYTCTBYIOT (HOPOJHT
M rpaHaT, KOTOPLIX HeT B mermMarturax. PHGPOJHT B accCOUHAIHH C MHHepa-
JaMua 3H}Iﬂ0T'HOH3HTOBOﬁ rpynmnbl B BHIe NATEH pa3BHBAETCA II0 IJIarHo-
Kkaasy (puc. 56) u 3aMemiaercs, B CBOW Ouepedb, MyckoBHTOM. [panar
BCTPEHAETCA B BHAE H30OMETPHYHEBIX 3€PeH, 4acTO ¢ 3aKPYrJeHHBIMH rpand-
MH; HMeeT 30HaJbHOe crpoeHHe (puc. 57), 0OYCIOBJIEHHOE HaJHUHEM ABYX
..€ro pasHoBuaHOcTed. I'panaT BHYTpeHHeH 30HBI HMeeT NMOKa3aTesb MPeaoM-

_— . ¥ o

Puc. 56. Passnrue ¢ubpoanra no nuarnokaasy. (Ye. 3,717, Gea anaanzaropa.)
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Puc. 57, 3onanbymil rpanat B anauroBoit mopome. (VB. 3,7)X17, Gea ananusatopa.)

menusi n=1,780; sBHemne# —n=1,790. PeHTreHO-CTPYKTYpHBIH aHAJIH3,
npopepennntii H. M. 3iwosuupiv B HHCTHTYTE reosoruid M Teo(pH3HKH
CO AH CCCP, Tak:xke noarsepXKIaer HaJuyHe JIBYX Ppa3HOBHIHOCTEH
rpanara: a=11,666 xx° a=11,5634 kx°. CnektpaiabHbli aHanaus rpaHara
B ILleJJoM TOKa3aJ OYeHbp BLICOKOE COJeprKaHHe B HeM Mapranua H IpH-
CyTcTBHE Takux afdeMeHrtoB-npumecein xak Ti (0,08%), Nb, Y, Yb (0,02%),
Ge, Sc, Sn, Zn, Cu, La (0,0029%), Zr (0,008%). IlpuBenenHbie AaHHBlE
TIO3BOJNIAIOT OTHECTH I'PaHAT BHYTPEeHHEH 30HBI K aJAbMaHIHHY, a BHellHeH —
K cneccapTuHy. AJbMaHIMH XapaKTepPH3yeT, OYEBHAHO, [POrPeCcCHBHYIO
CTafdi0 MpeBpaillicHHs, a COeccapTHH — perpeccubHyi0 (mocTMarMarude-
CKYIO).

Hanuupe ¢ubposnta M rpaHaTa — BLICOKOTEMIEPAaTyPHBIX MeTaMmop-
(pHYeCKHX MHHEPAJOB — B aljuTaX, a Takke OnacTHYeCKOe CTpOeHHe
MOCJIeTHUX CBHAETEJBCTBYIOT O TOM, YTO B mpoliecce GOpMHPOBAHHA amu-
TH He JOCTHraJAH CTaiuH pacmiaaBjaesdsi. [lermartutsl e, B OTJIHUYHE OT
amJNTOB, CJCAYeT paccMaTpPHBATH KAK MOPOMb, KPHCTAJNIH30BABIIHECH U3
pacusnaBa. IT0 3aKJIOUEHHEe IOATBEPIKIAETCSH TEeM, UTO METACOMATHUYECKH
mpeodpazoBaHHele aMPuOGOIHTLL MepecekaTcsl TaiKaMHU IIATHONerMaTHTOR,
IHAOKOHTAKTOBBIE 30HBI KOTOPHIX HMEIOT MeJIKO3epHHCTOe CTPOEHHE.

[THarnoKknas —MHKPOKJHHOBBIE NErMaTHTL B OTIHUHE
OT IJArHOKJA30BRIX DA3HOBHAHOCTEH 3THX IIOPOA OKpallleHhl B DO30BLI
IBeT ¥ B COCTaBe HX uaule Bcero npeobaagaer MHKPOKIHH. Takue merma-
THTHl Pa3BHTLl B BepXoBbax pexk Koukop-Jly u Tereneit B Bume D0BOJBLHO
MOILHBIX COTJIACHLIX M OUEHL pefKO ceKymux xua (ot 0,6 xo 2,6 u). Dru
P23HOBHIHOCTH NErMATHTOB XapaKTepH3yIOTCs He INerMaTHTOBLIMM, a 6ja-
CTOK/IACTHUCCKHMH H KOPpPO3HOHHEIMH CTpyKrypamu. [lnaruexknas oruo-
CHTC K aabOHT-OMHIOKA43y, OOBIYHO CePHUHTH3IHPOBAHHOMY, B KOTOPOM

8* 11§



Yacrora scrpeya

emocTH (B %) 3/neMeHTOB-NpHMecedl B MErMaTHTax u

1
Copepmanue, % Pb Sn v Ga w [ Cr Ge Ni Bi Ba Mo
0,05—0,1 — — — — — — — — — — —
0,01—0,05 — — — - 15 — — — 70 —
0,005—0,01 - — 15 = — — — — — — ——
0,001—0,005{ 75 — 40 100 35 35 -- i3 - — -—
0,0005—0,001 | 25 — 5 — e~ 50 — — —- —- —
0,0001—0,0005] — 33 40 — — — 35 60 a0 — 40
He o6H. 67 - — 65 — 65 25 50 30 60
PacnpejiefeHHe 39JeMeHTOB-NpHMeceii B NOPOA00OPA3yIOWHX H
Conep
DAeMeHTH .
B nopoie B noJeBOM uinare \ B KBaple I 8 Guotute
w 0—0,002 He 06H. 0,006 He o6n.
Be 0,0002—0, 01 0—0,002 0,002—0,001 0,0001
Li 0—cm He o6H. He o6H. He o6H.
Ba 0—0,05 0,02—0,5 5 o
St 0-0,1 0—0,08 o “
Zi 0,002—0,008 0—0,002 0,0003—0,002 0,001
Y 0,0003—0,003 He ofnu. 0—0,001 0,008
Yb 00,0003 e 0—0,0001 0,001
Za 0—002% 5 He o6H. 0,003
Nb 0—0, 0005 = o 0,003
Cu 0, 0003—0,001 0,0003—0,003 0, 0001—0, 0008 0,001
Pb 0,0005—0, 005 0,0002-0,02 0,0002-—-0,001 0,008
Zn 0—0,007 He o6H. 0,002* 0,02
Ga 0,002 0,0002—0,002 0,0001 He o6u.
Ge 00,0001 He o6u. He ofu. =
Sn 00,0003 . 5 =
Sc 0—0,003 W 5 ,,
Bi 0—0,0002 5 T
Ag 0—0,0001 . i
Mo 0—0,0002 00,0003 0, 0005 5
\' 0,0002—-0,007 0,0001—0, 0005 0-—0,0001 0,01
Cr 0,0005—0,05 = E He o6H. He o6m.
Ni 0-0,003 . 0—0,0001 %
Co 0—0,003 % He o6H. 0,002
[IpumeuahkHe 3Be310UKaMH OTMEUEHB! JJIeMEHTHl, oGHapy:KeHHble B eAMHHYHLIX npobax.

ABOHHHKOBbLIE ToJochl Aepopmupobanul. Kpynane 3epna MuHepana nepe-
KPHCTAJIH30BaHbl. BTopasi reHepauus NAarHokaasa npejicraBieHa ajbbOH-
TOM, KOTOPHIH BMecTe ¢ KBapleMm cJaraer MeJKO3epHHCTble IpaHOoGJaacTo-
Pple YVUACTKH B TOpoJe. KBale IIPHCYTCTBYeT TaKXKe B JABYX TeHepamHusx:
JHG0 B BHIe KPYNHBIX TPELIMHOBATHIX, JaBJeHbIX 3epeH ¢ BOMHHCTLIM yra-
caHueM, JHGO B BHIe MEJIKHX 3epeH rpaHob1acToBoro crpoeHHs. MHuKpo-
KJAHH-MHKPONepTHT o6pasyer 3epHa HHOT/A B [eCSATKH pa3 Gojiee KPyMHLLE,

ueM 3epHa

IPYTHX

K KBaply H IIarHok/aasy.
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anautTax (anaausel BbinoJHedsl B UMWl CO AH CCCP)

Ta6aunua 27

NOCTMArMaTHYEeCKHX MHHEPAJJAX NerMaTHTOB, aNJHTOB

Li &r In Sc Co Sr Cu La Ce Y Yb Nb Be | Ag
— — — — e 20 — — = SRR PR S |
o e = Tis 50 ke g = = it == i
sart 10 R AR G F 5 i A b PR R SR O
sl o854 98 -f 06 Bt skl voe A A ) e 140 | s B i O
oy 5 — 40 — — 70 - — — — |70 | 15| —
— - — — 65 — 25 — — 60 [75 [ — | 40 | 40
100 — 70 45 30 30 — 80 — — |25 |30 | — | 60

Ta6auuma 28

waHHEe (B %)

B MyCKoBHTE

| B MATHETHTE

B TYPMa/lHHe

B 3nni0oTE

0—0,003
0,0001--0,01
0—0,01

He obn.

0,0005—0,003
0,0003—0,003
0—0, 0002
0,002%
0,0005—0,003
0,0003-—0,001
0,0003—0, 002
00,003
0,001—0,005
0—0,0001
0,0001--0,001
0,003
He o6H.
0,0001*
0—0,0003
0,0001--0,006
0—0,002
0—0,0001
00,0008

0,001
He o6H.

”

”
0,003
0,01

0,0001
0,005
He o6H.
0,001
0,0003
He o6H.

”

”
0,0002
He o6H.
0,0001
He- 06H.

0,003
He o6H.

He o6H.
0,0002
He o6H.

»

”
0,003
0—0,002
0—0, 0005
0,001—0,01*
He o6H.
0,0003—0,002
0,0006—0,002
0,005—0,02
0,001—0,005
0—ca.
0—0,0003
0,0005—0, 005
He o6H.

»?
0,0005
0,005—0,01
He obH.

0,001—0,01
0,0005—0,002

He o6u.

0.08
He o6u.
0,01
0,0001
He 06H.

”
0,0008
0,002
0,008
0,001
He o6H.

MUKDOKJIHH He H3MCHEH, COJAEPHHT BKJIOUEHHS CEepHILHTH3HPOBAaHHOIO
II1arMoKaa3a M KBaplia, KOppOAHpyd HX. B Mecrax pa3BuTus KpynHBIX 3e-
peH MHKPOK/HMHA KOJHUECTBO IIarHokaasa oObmuHO YyMeHbiaercd. Kpym-
Hbl€ 3epHAa MHKPOKJIHHA pa3fpoOieHbl H MO TPelIMHKAM B HHX pa3BHBaeT-
Csl MYCKOBHT. B 3aBHCHMOCTH OT KOJHYECTBEHHOTO COJEPIKAHHA MHKPOKJIH-
Ha BbILEJSIOTCS MHKPOKJWH-NMIArHOKIa30BLIe, MIarHoKaa3-MHKPOKJIHHOBEIE
H CYHIECTBEHHO MHKPOK/JHHOBBIE MErMaTHThi, XHMHUECKHil COCTAB KOTOPHX
upuselien B Taba. 25. [To panebIM Taba. 27 B nerMaTuTax MOCTOAHHO TpH-
CYTCTBYIOT axuneccopHble 3aementel Pb, V, Ga, Cr, Zr, Cu, Y, Be; 3naun-
TeJbHO peke ycranasauBatorcsa Sn, W, Ge, Ni, Bi, Mo, La, Yb, Nb, Ag,



Zn, Sc, Sr. B wmomomumepanbHuX (pakuusx (raGa. 28), BbiZefeHHBIX
M3 TIerMaTHTOB, HAPSAAY C OTMEUSHHBIMH 3/IEMEHTAMH, HWHOTJA BCTPEYAETCH
Li (B MycKoBuTe).

Conocrasienne 0coGeHHOCTEH COCTaBa, CTPYKTYPLl B TeOJOTHUECKOTD
2aJieraHds IerMaTHTOB H ANVIHTOBHAHBIX NJATHOTPAHHTOB IIO3BOJSCT CHH-
TATb HX «POJACTBEHHBIMH» CHHTeHeTHUHBIMH HOpOAaMH, 00pazoBaHHe KOTO-
PEIX CcBf3aHO C IpoleccaMH yJabTpaMeTamop(uaMa B THeHCOBOH ToJIlle.
Te u ApyrHe xapakTEPH3YIOTCS OOLIYHO KBapIleBO-MJIATHOKJIA30BLIM cOCTa-
BOM, aJ/IOTPHOMOPGHLIM, THIHAHOMOPGHLIM, HHOrga 6GJacTHYECKHM CTpoe-
HHeM. DTH NOPOALI HCHBEITAAH KaTak/Jas, mocsae uero OHH ObIH rped3eHH3H-
poBaHel. B dopMHPOBAHHH IJarHONETMATHTOB H AMJIHTOBHAHEIX [JIarHorpa-
HUTOB OTMEYAIOTCS OJIHU H Te e CTaJHu: cOOHpPATeJbHAR MEPEKPHCTAJIH-
3alds, 4acTHYHOE pacilaBieHne W MNOCHAeAYIOMH{iT MeTacomartos. Bmecre
C TeM DIJardonerMaturTam, B OTAHUYHE OT NAaruorpavuToR, CBOHCTBEHHO
rpyGo- u KpynHO3ePHHCTOE CTPOCHME, H OHM cJjaraioT ©ojee KpynHbie M0
pasmepam Tesia. JT0, OYEBHAHO, O3HAYAET, UTO NpH OOPA3OBAHMH NJaruo-
RETMATHTOB 3HAYHTEJbHO OOJBINIYI0 POJIL HrpaldH JeTydde KOMIOHEHTH,
nponecc NpoABUICH HHTEHCHBHee H MO BPeMeHH OH GBI HoJiee AJIHTeNbHBIM.

KuHuurnTel

B rHeificoBoH TOJIE ¢ ANMHTOBHAHBIMH MJ4arHOrpaHUTaMH H NerMaTH-
TaMH aCCONMHPYIOT MeJaHOKPAaTOBble MOPOJLI, clraraloilue JHH3bI H <«I0J0-
coi». CocrosiT OHH raaBHBIM oGpaszom M3 Guorura (50—60%), ¢ KOTOpPHIM
kHorJa acconmHpylr Kopauweputr (256—33%), cumaammamur (0—10%),
myckoBut (3—b5%), akueccopun (0,5—0,9%]|). ITo xumMHueckomy cocTaBy
(tabmn. 29) ux caeflyer OTHECTH K PALY HOPOJ, lepecHeHHbIX TTHHO3eMOM,
K KJ4cCy HeHachIUEHHBIX KPeMHEKHCJIOTOH, K rpynmne O6oraThiX LieJoya-
wa. Ha nerpoxumuueckoit auarpamme (puc. 58) BekTOphl, 0TOGpaxkalouine
COCTap MeNaHOKPaTOBLIX NOPOJ, Ha miockocty ASB, sanuMaloT camoe JIeBoe
¥ Kpadinee NOJOXKeHHe, pacnojarasich B fojde yJbTPAOCHOBHHIX NOPOJ.
O71 06bLIUHBIX THEHCOB OHM OTJHMYAIOTCSH PE3KO TOHWKEHHBIM COZEp:KaudeM
KPEeMHEKHCJIOTH, Kaablusi ¥, Hao060pOT, OUeHb BLICOKMM COAepzKanuem Qe-
MHUECKOH cocraBHOH yacTH, KomuuecTBO mienouelt ocraercss MOYTH MOCTOSIH-
fiblM, HO B 3THX [TOPOJAaX OHH IPEJCTaBJIEHbl TOJbLKO KaJTHEM.

Tlopoznbl, o6oramieHnble MEJaHOKPATOBBIMH KOMIIOHEHTAMH H BEICOKO-
IVIHHO3EMHCTBIMH MHHEpPaJaMH, H3BECTHBI B JHTEpPAType MOA Ha3BaHHEM
gnumuraros (H. Fischer, 1860 u np.). Ilo noBoxy remesnca HX CyLIECTBYIOT
pasaHuHble MHEHHs, KOTOphle MoapoGHO H3doxkeHbl B paGore K. Meneprta
(1963). BoaplIMHCTBO HCCaefoBaTesell CYHTaeT KHHIHTHTBl Pe3yJabTaTOM
peruoHanabHoro mMeraMopdusma O0rathix IVIHHO3EMOM MNEJHTOBBEIX OCA/IKOB.
L. Peitnonoae (1946, 1947), A. Xonme u JI. Peitnoanac (/1. Reynolds,
A. Holms, 1947), H. I'. Cynosukos (1950, 1959) menaHOKpaTOBHE MOPOABL
paccMaTpuBaioT B KadecTBe npeiacraputencit «dponta Oazuduxaunpu».
B oranune or nux X. Pambepr (H. Ramserg, 1952), K. Menepr (1963)
M JAp. NOJara|oT, YTO KMHUMIUTH CAELYeT CYHTATh PEANKTOBBLIMH Y4acTKa-
MH, OCTAaTKaMH TeTePOTeHHOI'O OCaf0YHOTO KOMIUIEKCa, W3 KOTOPOTO OblaH
yZaneHbl [PAHHTOHIHBIE <MODHIH3ATDI».

Hexoropete nccnegobarenu (Huxonaes, 1948 u gp.) yrBepsKmalor, 4to
0o0pasoBaHHe BHICOKOTVIHHO3@MHCTBIX MHHEpAJIOB 3aBHCHT HE OT TeMmepa-
Typsl H AaBjeHHs, a oT Hejocratka Boabl. H0. A. Kysueuon (1941) dopmu-
pOBaHHE BBICOKOTJIHHO3EMHCTBIX MEHEDAJOB CBA3LIBAET C IOCJelnerMaTi-
TOBEIMH MeTacoMaTHYeCKHMH IIPOLeCccaMH,

Takum o6pasom, Bofpoc O reHeaHce MeJlaHOKPATOBBIX MOPOJ, COAEp-
iKaMHX BLICOKOIVIHHO3EMHCTbie MHHEPaJbl, fIBJASETCH CHOPHBIM. YUHUTLIBAs
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KXuMuuecknit cocTag MeTamMopdHueCKUX MOPOJL H NIATHOTPAHKTOR

TeRT——

Tabanua 29 =

npggu Haspaune nopoast Si0, TiO, Al,0y Fe,0y FeO MnO MgO | CaO Na,O K,0 Py0y H,0 S . m. n.| Cymma
105 a’BHOTIITOBaH nopoaa

p. Byryayu 42,26 | 3,70 15,47 [14,19| 7,55 | 0,16 | 4,48 | 0,33 | 0,13 | 4,58 | 0,06 | 1,18 0,003 | 3,35 |99,44
105 [To xe 42,61 3,47 16,07 {14,02| 7,60{ 0,19 | 4,28 | 0,56 wn/oGu.| 4,47 | 0,44 0,97 | Ca. | 5,69 |100,32
46 |MeaanokparoBasi—

KOPAHEPHT-CHAIHMA-

HUT—OHOTHTOBAS

nopona 38,22 1,48 26,67 |3,51|9,69|0,205| 6,69 |0,82 | Ca. 6,74 (0,16 | 0,28 | Ca. | 5,12 | 99,59
476 |BHOTHTOBHI KpHCTAJ-

aneckuii canen 56,30.| 0,73 | 20,02 |1,80|6,89] 0,13 | 4,23 | 1,40 | 1,83 | 3,77 | 0,25 e onp.| 0,03 | 2,35 | 99,70
471 |ANJHTOBUAHBIA Tja-

rHOTPaHHUT 70,04 0,78 15,52 | 0,48 | 3,31 0,09| 0,75 | 3,71 | 3,10 | 1,08 0,20 | 0,34 0,60 | 99,60

Yycaoasie xapaxrepucturu (no A. I, 3apapuukomy)

Ne npobui a c b ‘ s ‘ a' f m n t @ Q ale
105 1.0 0,4 40,8 al,8 32,5 48,6 18,9 3,9 6,1 30,1 —10,8 17,5
105 a 6,6 ;7 40,7 52,0 33,9 48,4 VT - 5,8 29,9 —9,9 11,0
46 9,4 0,9 46,4 43,3 50,4 25,9 2357 — 2,9 6,3 —33,1 10,4
476 8,9 1,6 27,8 61,7 47,8 27,9 24,4 42,0 0,9 5;1 +4,0 5,8
471 8,4 4,5 8,0 79,1 40,3 44,5 151 80,6 0.4 5,0 +-37.9 1,8
NMprnyedanye AHAAHIb BLIIOTHEHL! B xumuueckofl Aafopatopun MIHCTHTYTA reofornu u reodusukn CO AH CCCP awaantuxkamu E. M, 3upssosot u I1. A. Komaposoil.



FSD



3T0 00CTOATEJBCTBO, MBI NMONBITAJHCh BBIACHHTH, C KAKHMH Ke Ipoueccamir
cBA3aHo aOpa3oBaHHe BLICOKOTTHHO3EMHCTBIX MHHEPaJoB B HCCIeLyeMbiX
HAMH TIOpOAAX.

Bo-nepBhiX, COBEPLIEHHO OTYETJIHBO yCTaHaBAMBAeTCA NPOCTPAHCTBEH-
HafA CBA3L BLICOKOTVIHHO3EMHCTHIX MOPOR € NerMaTHTaMH, 3aleraioiiumu
B rHeiicax. BLiCOKOTIMHO3EeMHCTEIE MHHEPAJbl B COCTaRe MerMaTHTOB He 06—
napyKenbl. Oyl BCTpeyaloTcss B rHelicax M WHOTAA B aNlJHTax, He HCHBITAB-
HIHX NJAdBAeHHS.

Bo-BTOpHIX, BeIeCTBEHHLIi COCTaB Tpex pasHOBHAHOCTEll MOPOL—
HCXOAHBIX KPHCTAMIHYECKHX OHOTHTOBHIX CJaHHEB, MeJaHOKDATOBLIX NOPOI
f aMJIHTOBHJIHBIX MI4THOrPAHHTOB MOKA3bIBAET, UTO BCE OHH ABIAIOTCSA [0-
CIOMHHONW COCTABHOMW UaCTbio MeTaMOP(HUECKOH TOJLIH.

Tlepecyer xumuueckoro cocraBa NOPOJ Ha Marmathuyeckue (OpPMYJibh
fio Bapry cBHIeTeqbcTBYeT O TOM, YTO B PSIAY GHOTHTOBHIH KpHCTAJIHYE~
CkHid cnauelny (476) — menanokpatoBasi OHOTHTOBasm mnopoaa (46) — noa-
raorpanut (471) npoHCXOAHT NPHBHOC M BLIHOC ONpPEAeNeHHBIX KOMIOHEH-
T0B (B HOMAX).

Marmarnueckne ¢hopMyas Nopox
476"—K.nNaauca13ME54F3;,2F9;3A1204T145Impz (O446:0Hy)3
471 —K,Na 52C334Mg9Fe;;-,2Fe;3A1159T1251012P1 (01583OH17);

46— K o;Na,CagMgyoFe,  Feg, Alsyy Tiy SagsP; (155 0Hy).

KpucrananueckHi Ilnaruorpanur
caaHell Brinoc

MMpusHaocC K —29, Mg — 45, Fet?— 25, Fe*3—8§,
Si— 125, Na—22, Ca—2I Al—45 Ti—2, P—1.
Kpucrananueckuil cianell MenanokpaTtoBan nopoja

I[lpuBnoc Briaoc

K — 44, Mg — 45, Fet2— 36, Fe*?— [6, Si—82, Na — 30, Ca—5.
Al —120, Ti—7

Takum 06pasom, B pAAY KPHCTANIHUECKHH CaAaHell — MAarHOTPaHHT Hpo-
MCXOQHT BBHIHOC TeX KOMIOHEHTOB, KOTOpLIe NPHBHOCATCS B PAMLY KpHCTaJj-
JHuecKuil caaHel — MeJaHOKpaToBass nopoja (kanui, Marsu#, >Xeaeso,
amioMuAHKH). [IpH BO3HHKHOBEHHH MOPOJ, COCTOSIUIHX M3 MHHEpAaOB, THIIHH-
HLIX JAJf METaHOKPATOBBIX NOpoj (GHOTHT, KOPAHEPHT, CHIIMMAHMT W p.)
DPOUCXOIHT BEIHOC H3 MeTaMOP(HYECKHX cJaHUeB KpeMHe3eMa, OKMCH,
FaTpus, a TAKMKe KaJbllHd, KOTOpble HeOOXOAUMBI AJjd 00pasoBaHus arjiu-
TOBHIHBIX TPAHHTOB H MEerMaTHTOR. CJlElIOBaTe.IIbHO, B paccMaTtpuBaemMom
cayuae, npH o0pa3oBaHUH FPAHHTHBIX NOPOJ, BEHIECTBO, OYEBHJHO, He IpH-
BiiOCHTCA HM3BHe, a NMPOMCXOJAMT JIMIIE IepepacnpefefNeHHe ero KOMIOHEHTOB
BH) TPH caMoil Meramop(huuecKoi TOIIIH.

CkasaHHoe MO3BoJfeT AyMarTh, 4TO MeIaHOKPaTOBble NOPOAb, Coxep-
Jiailiie BLICOKOTJHHO3eMHCTHle MHHepannl, 06pa3ylorcd B NepPHOJ Nporpec-
CHBHOTG MeTaMop(uaMa, conpOBOXKIANOLlerocs SBAEHHAMH YyJabTpaMera-
MopdusMa. BuicokornurozeMucThle MHHEPaJbl B 3TOM CAy4ae BO3HHKAIOT

Puc. 58. JInarpaMma XHMUUECKHX COCTaBOB Nopojx GyrysyHckoro komnaekca (no A. H. 3a-
BapHUKOMY) :

1 — rpaunuTsl, rHefico-rpainTEl; 2 — apAMTOBHIHbLIE TNAAPHOTPAHHTHI, NMErMATHTHI; 3 — GHOTHTORBIE NJATHO~

THEeACH; 4 — OGHOTHTOBbIe NOPOALI (KMHOHIHTH); § — ¢1a6oH3IMEHeHHble ra66ponasl; 6 — aMpHEOANTHI;

7 — AnopuThi; 8 — NopojAbl TPAHOAHOPHTOBOLO cocTaBa; 9 — AnadTOpHpoBaHHLe rHefichl (KBaplieso-
CePUUHTO-XJOPHTOBLIE ClaHUbI),

121



B CBfISH C paspyiieHueM 6uoTnTa, B YCJIOBHAX HeJocTaTKa KaJius, KOTO-

PBIH, OCBOGOKIasCh, INOJHOCTBIO TNEPEeXONHT BO BHOBb 00paayIouiics
PdCIaaB,

5. TPAHUTOMIBI BYT'Y3YHCKOro MACCHMBA
YarTpameramopthudeckne rpaHUTONIEI

B pesyabTaTe JaJbHeHIIHX H3MEHEHHH B Mpouecce YJAbTpaMeramop-
¢u3ma GHOTHTOBbIe MuarHorHeiickl ObLIH NpeoOpasoBaHbl B THEHCO-TPAHHTHI
1 TPAHOAMOPHTHI, TIPHHHMAWIKE yYaCTHe B CTPOCHWHHM DyrysyHckoro mac-
CHRA, TEOJIOTHUECKOe CTPOeHHe KOTOPOro OBIO OMHCAHO BhINe. 3Jech CJe-
Zyer JIHLb HATOMHHTDb, YTO THefco-TPAHHTAMH H TPAHONHOPHTAMH CIOXKEHO
Acaee 609 muomaad MaccHBA, OCTanbHas e 4acThb NPHUXOMHTCS HA OO
rPaHUTH3HPOBAHHBIX JPEeBHUX radOpPCHAHBIX nopof, ampuGOIHTOB, IHelcos.

FHefico-rpaHUTH 0061aKal0OT HEYCTOHYHBEIM COCTABOM H CTpOe-
HHeM. DTo cepoBaro-Oesble, cepble H PO30BATO-KpacHbie MNOPhHUPOBHIHBIE
NMGPOAb. PasjaHuyHOi 3epHHCTOCTH. [lopdHpOBHIHBIE BbieJEHHS NpecTaBle-
HBl KaJHEBEIM IOJEBbIM IIMATOM.

I'maBHpIMH  MOPOA0COGPA3YIOIHMH  MHHepanaMu  fBJAAOTCA  KBapll,
MHKPOKJMH, TJaTHOKJAa3, OMOTHT M WHOraa amubosa. Axileccopuble MAHe-
pagabl — opTHT, cden, anatut, uupkoH. CoxepxkaHHe TJIaBHBIX MOPoOLO0Gpa-
3YIONHX MHHepaJos HemocTossHHO, CpelH TPAHHUTOB paszHuaioTCa JeilKo-
KparoBble Pa3HOBHAHOCTH, IOYTH JHIIEHHbIE TEMHOLBETHBIX MHHEDPAJOB,
GMOTHTOBHIE H POroBOOOMAaHKOBO-0HOTHTOBHE. [To MHHepaJbHOMY COCTABY
BLIENAIOTCST HOpMadbHble (¢ npeofJajaHHeM KaJHEBOTO IIOJAEBOr0 LImara)
B MJIaTHOTPaHHTOBHEe (C nmpeobaagaHHeM IIATHOK/IA3a).

BHoTHT-pOroBoo6MaHKOBBIE TPAHHTBH, B OTJIHYIHE OT OHOTHTOBBIX, Xa-
PaKTePH3YIOTCA IOBBIIEHHLIM COLCPIKAHHEM TeMHOUBETHBIX MHHEpPAaJoB,
KpoMe pOropoH O6MaHKH, B HHX 00bIYHO MHOro OpTHTa, ceHa, anartura,
SNMJ0TA, HO Mal0 KBapila M KajJHeBOTO MOJeBOTO inara. B GHOTUT-pOTo-
BOOOMAHKOBLIX TPaHHTAX BCTPEYAIOTCH KCEHOJHTH 60Jiee OCHOBHLIX MO CO-
CTaBy TOHKO3CDHHCTHLIX MOPOA, B pA3JHYHOH CTelNeHH MpeoGpasoBaHHbIX.
Bce pasuoBHAHOCTH TPaHHTOMIOB CBA3AHBL APYT C APYTOM MOCTENEHHBIMHK
LiepexojaMH.

MHKPOCTPYKTYpPHl TIOPOA TaKke HeOLHOPOAHBI: GiacTHUECKHE, KOPPO-
3HOHHPIC, KATAKJIACTHYECKHE, pexe THIHAHOMOpGHO3epHUCTBe. TercTypsl
nojocuarhlie, THedcopuanbie. IMPOKO pacmpocTpaHeHO TeKCHTOBOE CJ0XKe-
iue, 00yc/0BIEHHOE HEPABHOMEPHBIM paclpeleqeHHeM TeX HJAH HHBIX MH-
HePaJIbHbIX KOMIIOHEHTOB U Pas/JHYHBIMH padMepamMH HX 3epeH.

[Tnarnokaas npucyTcTBYeT B BHe 3e€PeH ABYX reHepallMii: Marmarude-
Ckoit 1 MeraMop¢ryeckoid. ITo coctaBy orHocHTCs K ommrokmnasy (Ne 20—
22) u anvbut-osmurokaasy (Ne 12—16). Oauroknas nepopMHpOBaH, OGKII-
HO 3a0UT CePHIHTOM, PACTIPEACACHHBIM 1O 3epHY HEpPaBHOMEpPHO. B BHie
TJIa3KOB B NJIATHOK/a3e [MPOCBEYHBAET CBeKHi MHUKpokaAuH. OaHrokmnas
NPHHHMAET y4yacTHE B CJOMKEHHH MOHOMHHEDa/JbHBIX YYacTKOB. 3epHa ero
nvelor GracTHYecKie OUePTaHHs H HEOAHOPOAHOe cTpoeHne. Kpymube 3ep-
Ha COCTOAT M3 Gosee MEJIKHX, HMEIOUWHX NATHHCTOE Yracamue M HeCylHx
TPH3HAKH COOMpATe/IpHOI NepeKpHCTANIH3auuH (pHC. 59) ¢ mocTenmeHHBIM
KpHcraaiorpaduueckuM odopmaeHneM 3eped. ITo MeramMopdHuecKHi ia-
THOK/Ia3. MarmatHyeckoMy NJarHoKaIasy - pHcylle SIBJACHHE [POTOK/IA3d,
BLIpazarouleecs B 3a/deUHBAHHE TPEIMHOK B IUIATHOK/A3€ [eHTPaJbHOll
SOHBI [TATHOK/IA30M BHEUIHeH 30Hbl. DTOT MJIArHOK/Ia3s B BHAe HAHOMOpPH-
HBIX TpW3M o0pasyer BKJlOuenns B MHKpOKAWHe. Ha rpaunnuiue miaruokaasa
M MHKDOK/JIHHA NOAB/AETCA MHDVEKHT.
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Puc. 59. Baactiudeckiil niarnoknas B rHefico-TpanuTe, (¥e. 3,717, ¢ ananu3atopoM.)

YOKJMH € MHOTOUNCJAeHHBIMH BKJIOYEHHAMH MJardoKnas’a H ono-

Puc. 60. Tpanoanoput. Mukg
tura. (¥B. 3,7X17, ¢ ananu3aropom.)



MuKpoOKIHH XapaKTepuayercs HEOJHOPOAHBIM CTpoexHeM, oOyc/oD-
JIEHHBIM HanHYHeM B HeM DeNHMKTOBBIX NATeH M TOJOCOK, CNOXKEHHBIX
CePUIMTH3UPOBAHHLIM NJATHOKAA430M. MHKPOKNHHOBAs pelleTKa BhIpae-
Ha ¢ PasJuuyHOil cCrTemeHbl0 OTYeTJHBOCTH. MHUKpPOKAMH udcTto pas3bur
TPEUIHHAMH, KOTOphie 3ajeuyeHbl KBapueM H 30HA0TOM. Ksapu BcTpe-
yaeTrcss B BHJe KPYNHBIX Januyatuix Han Oojee MenKux 3epeH, 00-
pasyiomux rpasobnacruueckue arperatol. MuHepan 310oT 0O0BIYHO KOppO-
Aupyer naaruoxkaaz u mukpokaud. Buorur (Nm=1,6556—1,660) Bcrpeuaer-
¢ B BHle Pa3HOBENHKHX TeMHO-KOpHYHeBLiX demyexk. MHOrza xnopuTHsu-
posan. lepopmuposan. Pa3puBasick 1m0 TpemIHHKaM HIH Ha CThiKe 3epeH
MHKDPOKJHHA W KBapua, on obpasyer ckomienus. C GHOTHTOM acCOUHHPYIOT
MACHETHT, alaTHT, OPTHT, ceH.

FpanoguopuTH npeacraBasior coboli ciaabo nopdHpoBUAHBIE,
HEpaBHOMEpPHO-3epHHCTBIE Cepble NATHHCTHE, HHOTJAA THeHCOBHIHBLIE MOpPO-
abl.  TakcuToBas TeXCTypa HX INOJYEPKHUBAETCST Ha/JHYHeM HeOIHo-
PONHBIX YYaCTKOB, CJAOMKEHHBIX CYLIECTBEHHO OHOTHTOM, cepoBaTo-Genblim
IJarHOKJIA30M, HIAH TEMHO-CePhIM KaJjlHeBbIM NOJEBBIM INNATOM H KBapiem.
Pasmepnl 3epeH KaanepbiX noJeBbX mnatop JAocTHraior 1X2 cum uw Honee.
MHuKpPOCTPYKTYpPLI nOpoj GiactHueckue, KOpPO3HOHHLIE ¢ 3JeMeHTaMH THIH-
auomopduoszepuucroil. [Topogam cBofcTBenHbl HeNOCTOAHHBIE OTHOLICHHA
MEKJYy IJIaBHLIMH NOPOACOOPAa3yIoIMMH MHHEpaJaMHu: IIarnoknaas (40—
60% ), pororass o6manka (2—15%), 6uotur (5—15%), kBapu (15—25%),
KanueBblit nosesoit mnar (15—30%), akueccopHble MHHEpanbl: MarHeTHT,
anariT, OpTHT, LUHPKOH M CdeH.

[laaruoksnas obpasyer 3epHa AByX rewepauuii. [lnaruoxnas nepsoil re-
pepauun (Meramopduueckuil) BecTpeuaercs B BHIEe H3OMETPHUHBIX 3epeH,
pasMepbl KOTOPBIX CHAbHO BapbHpyior, rocruras 0,7X0,5 ex. O6bluno
3a6UT BTOPDHUHBLIMH NPOAYKTAMH, KOTOpBIE pachlpejie/ielbl no 3epHy Hepas-
NOMEpHO, NATHAMH, B ILEHTPe, Kak mpasujao, OypoBarteli, no nepudepvs —
npoapaunbiii. Or4eTyiHBO NpoAB/AeHa INOJAHCHHTETHUECKAst CTPYKTypa ABOH-
HuKoRanus. Muoraa sonanbheiil. O6pasyer GaacTHuecKHe arperarthl, Mo Ko-
TOpbIM pa3BuBalTCA Gojee KPynHble 3epHa ero, aABJsouHecs nopoupobaa-
cramu. [locmennHunm cBOHCTBEHHO MATHHCTOe YracaHHe W HePaBHOMEPHOE
pacnpenenenne cepuuuta. Ilo cocraBy oTBeuaeT aHJe3HH-OJHTOK/Ia3y
(Ne 22—26). Ilnaruoksas BTOpPOil TeHepaluHH (Marmarnuyeckuil) oGpasyer
togee MeJqKuWe NO padmepaM He 30HAJbHBEIE, XOPowo oopMICHHBIE IPH3MA-
THUECKHE 3epHa, JHIIeHHble TPOAYKTOB PA3/0KEHHA H XapaKTepH3ylouecs
TOBKOH TMOAHCHHTETHYECKOH CTPYKTYypoii JBoiinHkoBanus. [lo cocraBy
oTBeqaeT aJpOHT-onHroknaasy Ne 14—18. Ksapu Bcrpeuaercs B BHAe Kpyn-
HBIX KCeHOMOP®HBIX 3epeH, pAa3BHBAIOIIMXCS B HHTEPCTHUHSX 3epeH
[JIarMoKJIasa W MHerAa MHKpokauHa. Pasmepel 3epen Ao 1X 1,7 ca. Ksapn
pasduT TpemHHaMi Ha Gojee MeJKHe OJOKH H HHOrAa BMecTe ¢ GHOTHTOM
BXOAMT B JenwicrpaHodaactoBele arperathl. MHKPOKJIHH-MHKPONEPTHT
(—2V=77—86") no cpasHeHMio ¢ APYTHMH MHHepaJaMH o0pa3yer camble
KPYIHBIE MO BeJHYHHe 3epHa ¢ MATHHCTHRIM YracauHeM M HeoLHOPOAHBIM
CTPOCHHEM, KOTOpPOe 00YC/JAOBIEHO HaNHYMeM B HHX OOHJBHBIX BKJIOYEHHI
[IATHOKJIAa3a, KBapua u O6uorura (puc. 60). bonee Menkue 3epHa MHUKpPO-
KJIHHAa Pa3BHBAIOTCA B HHTEPCTHIHSAX 3epPeH APYrux MuHepanaosB. OTmeuaer-
Csl MOUTH TMOBCEMECTHOe KOPPOAMPOBAHME MHKDPOKJIHHOM IIATHOKJIA33a.

BuotuT BeTpeuaercs nmo TpellHHKAM B IWIarHOK/Ia3e WJH Ha TpaHHIC
3epeH IJIaTHOKJAa3a H KBapua, o6pa3ys IJIHPbl B monockl. Yewyiiku ero
HHTEHCHBHO MJIEOXPOUPYIOT OT CBETVIO-KeJaTOro 10 TeMHO-Byporo; IedopMhu-
POBaHEI, HMEIOT BOJHHCTOe yracanue. Yacro 3aMenieH XJOPHTOM, ¢ KOTO-
PbIM OOBLIUHO acCOLHUPYIOT OPTHT, UHPKOH, aNaTuT, cded ¥ THTAHOMAarHe-
THT. AM(pHOON NPHCYTCTBYeT B BHAe yAJHHEHHLIX IPH3M TPs3HO-3€JeHOBAa-
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10-6yporo uBera. XaoputhsupoBaHHbiil. C HUM acCOUMHPYIOT OHOTHT, cen,
SMHIOT, ANATHT, IIEPKOH W THTAHOMATHETHT, KOTOPLle O06pa3yloT HuHpool-
pasHble cKOMIeHHs. ¥Yron ¢ Ng=22—24°,— 2V =70—72°

I'panogHopuTaM CBOHCTBEHHO OGHJIHE &KUECCODHBLIX MHHEPAaJOB, H3 KO-
TOPBHIX OCOGEHHO WHPOKO PACIPOCTPAHEHB! OPTHT, C(IeH, aNaTHT, B MEHBIICH
mepe — unpKoH (puc. 61). OpTur BeTpeuaercst B BHAe 30HAJbHBIX TIPU3M,
OKpallleHHbIX B OpaHKeBo-Oypele Tona. MuHepas XxapakTepHayercs HaquYHeM
3MUAOTOBOH KaiiMbl, Ha rpaHax KpUCTANJA0B OTMedaloTCsi HapOCThl LHPKOHA
y amatuta. ACCOUMHPYET C TEMHOUBETHBIMH MHHEpaJaMH HJIH pa3BHBAETCHA
no tpemunkam B kBapue. Cden oOpasyer KpynHbie KAHHO- H KOHBEPTOBHI-
Hble 3epHAa CBETJ0-PO30BOro IBera. IIUPKOH NPUCYTCTBYET B BHAE MEIKHX,
HeNPABHJABHEIX M [IPH3MATHYCCKHX 3ePeH, BKJIIOUCHHbIX B NJarnokiaase,
MHKPOKJIHHEe H GHOTHTE.

OcofenHOCTAMH TPAHONNOPHTOB SBISAIOTCS HEOAHOPOLHOCTb CTPOEHHS,
HaJMUHe HPOKO PA3BUTHIX GJACTHUECKHX M THIMIHOMOPPHBIX CTPYKTYP,
saMellende NIarHok/a1asa MHKPOKJAHHOM, obuine cdena, amaTura M OPTHTA,
a TakyKe Ha/MHUYHE POroBOi OOMaHKH.

[TermMmaTHTe claaraior mMagomolnbie xuaIkd ([,6—2 cu), cexymue
rpanofuopuTel (puc. 62). I'paHnubl MeX Ay TPAHOLHOPHTAMH H MerMaTHTra-
MH He pe3kHe, paciibiuaTeie. ITerMaTHTB COCTOAT M3 MHKPOKIHHA H KBap-
Ha, KOTOPbIM PE3KCe MOAYHHEHbl B KOJIHYECTBEHHOM OTHOILIEHHH OJNMIOKNAAa3,
ouoTHT, MarHerut. OTMeuapTCs YUacTKM, CIOKEHHBe, IIaBHBIM 06pasoM,
MUKPOKJHHOM, 3epHa KOTOPOT0 HMHOTAA OKPY:KEeHbl TOHKOH KaiMOH M3 oJiH-
roknaza. Oauroxaaz obpasyer GAacTHUECKHe arperathl, 06YCJOBIHBAS
OaacTHUECKHI XapakTep CTPYKTYpbl OTAENbHBIX yuacTkoB. HawuGonee
pacnpocTpaHeHHOH aBasgercs nerMatutoBag crpykrypa. OcobeHHocTtH
CTPOEHHSI W COCTaBa NOPOA [O3BOJAAIOT AYMAaTh, YTO MErMATHTLl He NPOULIH
CTAMHH [OJAHOTO [1J1aBJICHHS.

Puc. 6]. Chen n zonapuuii oprut B rpasoamopure. (¥Ve. 3,7X17, Ge3 apaiuzatopa.)
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Puc. 62. TpanonHOPHT ¢ JKUJIKON nerMatuta:

@ — B COCTaBe rPAHOAMOPATA OTUETAHBO BHAHLI NJarHokaas (Genwiit), GUOTHT (UepHLIA), KBApy ¥ MUKpDS-
KJAHH (cepnle);

6-— 710 JKE nocae OKpAWMBAHWA MHKPOKINHA KOGANLTO-HMTPHTOM WATPHS C TPEABADHTENBHLIM TPaBTe-

HueM (PTOPHCTO-BOJAOPOAHON KHCHOTOH. OTHUETAHBO BMAHA NErMAaTHTOBAs CTPYKTYPA KHABHOM NOPOakE,



I'paauTsl MarMaTHYecKoi craaun

K cobctBeHHO, MAarMaTHYeCKHM TMOPOAAM OTHOCATCA Cepbhle nopdu-
poBHANble GHOTHTOBB e TPaHHTDH, KOTOpble B OTIHIHE OT OMHCAH-
HblX THeCO-TPaHHTOB XapPaKTepH3YIOTCs OIHOPOIHBIM MaCCHBHBIM CJOZKE-
qieM M HaJdHuHeM MAaTpalleBHAHOi OTAenbHOCTH. MHKDOKJIHH B 3THX rpa-
nuTax BeerJa PesKo NpeodiajaeT Hajl NJIardokaasoM. TeMHOnBeTHbIE KOM-
iIGHEHTBl NpeJCcTaBjaeHbl 00bIYHO OGHOTHTOM H JHIIb HA yuacTKax, 000ramieH-
HBIX KCCHOJIHTAMH 0OJee OCHOBHBIX IOPOX, TOSBAAETcA poropas 06-
MaHKa.

BHOTHTOBEIE TPAHHTHL COCTOSIT H3 IArHOKJIa3a, MHKPOK/IHHA, KBapila
¥ OnoTHTa. AKLECCOPHBIE MHHepaJbl NpelCcTaBlAeHbl aNMaTHTOM, CcheHoM,
LHPKOHOM, OPTHTOM M Markerutom. CTPyKTypa THIMIHOMOp(HO3epPHHCTAS,.
ofycaoBaennas TAOMHTIATON M NPHUIMATHYECKOH dbopMOfl 3epeH MIarHok-
na3a. B OJHOPOJAHBIX MACCHBHBIX T'PAaHMTaX MHKPOKIHH H IJIarHOK/1as Ha-
XOLSITCS JAMGO0 B PAaBHBIX KOJHYECTBAX, JHOO MHKPOK/IHH mpeobiajaer.
HenocTosHCTBO MHHEPadbHOrO cOCTaBa NpPH MOACYeTax B HIH(ax o0bsic-
HACTCS HEPaBHOMEPHO-KPYIHO3eDHHCTLIM CTPOeHHeM mopoi. Pasmepnt se-
peH TNOJIeBBIX WIMATOB AOCTHTAIOT 2,5—3 CM.

[laaruoxaas TnpeacTaBied  anbOHT-OJUTOKIA30M M OJHIOK/Ia30M
(Ne 22--24), obpasyer npuaMatHyeckue H KCeHOMOpGHble 3epHa, MOJHCHH-
TeTHUECKH CABOHHHKOBaHHGLIe. J[BOHHHMKOBBIE MOJOCHI  Je(opMHPOBAHHLIE.
[I7arHoOKJIa3 KOPPOAMPYeTCs KaJueBbIM ToJeBbiM wmaroM. Ha rpanune
3epeH INIarHOKJas3a W KaJHeBOTO II0JIeBOrO IIMara pPas3BUTHI MHPMEKHTHI.
[l1arnokaas B NPOXOAsINeM cBere OypHIH, CepHIHTH3HPOBAHHHEIH, B TO Bpe-
M KaK KaJueBblil moJeBol mmnar mpospaunsii. Muorga cna6o 30HanbHBIH.
[PasMepsl 3epeH ero 3HAUYHTENLHO YCTYNalOT pasMepaM 3epeH MHKPOKJHHA
(puc. 63). Hapagy ¢ 3THM [JIardokJaa3oM B CpaHuTax Berpeuaercs Godee
NO3AHHI MeTacoMaTHUECKHi ajab0HT, pasBHTHIH B BHIAE HePTHTOB 3aMelle-
HHSl B KaJHEBOM IIOJIEBOM WimaTte.

Kanueselil moJieBOf inmaT MNpeAcTaBIeH MHKDOKJIHH-MHKDOMEPTHTOM.
{-—2V=76—87°) ¢ xopomo uau ca1ado BHIpaxeHHOH NBOHHHKOBOI pelleT-
koil. O6pasyer KceHOMOp(HBIE HEOAHOPOAHLIC IO CTPOSHMIO 3epHA, COAep-
JKalHe BKJIOUEHHST 3€PeH KBaplua H IJarHok/Jas3a, OKPYIKEeHHBIX ajabOH-
ToBOH KanMoil, Muorna ormeuaercsi mnapaagesbHoe pacnojoxenHe 3epen
MUKpPOKJIHHA, YTO SIBJAAETCS BBIpa:KeHHEM IIPOTOTeKTOHHKH. Ksapi Berpe-
yaeTcs B BHAe 3epeH ABYX reHepauuil. Kpapu nepsod reHepallMu MPHCYT-
CTBYeT B BHJe KPYNHBIX KCeHOMOpP(HBIX 3epeH, 06BIYHO CHJIBHO TpellHHOBa-
THIX M JaBJaeHHbIX. Bonee noaaumit KBapu o6pasyeT NPOKHIKH H arperarhk
MO3aHYHOH CTPYKTYPHI, [epeceKkaioilie X KOPPOAUPYIOILHE He TOJbKO 3epHa
MJIArHOK/1a3a H KBaplia IepBoi TeHepallH, HO H MHKDOKJIKRH. BHOTHT pasBut
B BH/le KPYNHBIX YellyeK, CHJAbHO MJIEOXPOHPYIOIMHUX B OYPHIX TOHAaX H pac-
noJarallluxcss oOLIYHO HA TPaHHLE 3ePeH KBapua M naarnokaasa. [loka-
3atesb npesomaenns ounorura Nm=1,656—1,665 (xeaesncroctb 55—60% )
B ONHCLIBaeMbIX TpaHHTAX He BHIXOAHT 3a mpefdenanl oOblyHoro (BerexTnw,
1950). PesyapraTh! XuMHUecKoro aHajausa OHOTHTA NpHBeNeHbl B Taba. 30.
Huskoe coxepxanne KoO (3,7%), oueBHIHO, CBSI3aHO € €ro THApPATALHE.
Yemyn Onorura JAedopMmupoBanHble. [lo GHOTHTY pasBHBAeTCsi XJOPHT,
¢ KOTOPBIM accOUMHPYIOT c(eH, MArHeTHT, aNaTHT, SOHIOT, OPTHT, HHOTIa
UHPKOH. XJOpHTH3aLHs 00yc/I0BNeHa sBICHHAMH AHa(pTOpesa, NposBHBIIE-
rocsl BAOJEL PasjiOMOB B FeplHHCKOe BpeMs.

Onnopoxuelil COCTAaB TPAHUTOB, HX CTPYKTYPHBIE H TEKCTYpHBEIE 0COGEHHO-
CTH CBH/IETeJLCTBYIOT O TOM, YTO OHH BO3SHHKJIH H3 Marmbl, o6pasoBaBmelics
BEPOATHO, 3jlech Ke, Ha MecTe, B pe3yapTare pPacl/aBleHHs THefCOB.
Ho pacnjas, 3 KOTOPOro KpHCTaJIH30BaJHCh MACCHBHBIE TPAHHTHI, OB
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Puc. 63. HepaprnomepHosepHHcTas CTPYKTypa rpanuta. Beepxy — KpynHoe 3epHO MHKpOKMH-
Ha. (¥s. 3,7XI17, ¢ anaauzaropom).

nanbonee romorenusuposa., On nepemernascs BBepX 0 pasioMmy, npume-
POM Hero MOryT CIYMKHTb TPaHHTHI, claraiomiHe HeGOAbLIOH MO pasmepam
Yayn-Toiteiremckui maccuB. Ilocaennuii pacnosaraercsi Ha Boaopasjedne
pex Bamkayc — Y3yu-ToitbireM n Jiokanusyercsi B c1abo meramopdusosan-
BHIX Nopofax keMOpo-opaoBuka (cM. kapty, puc. 35). Maccug 3saHumaer
CeKyllee MOJOXKeHHe [10 OTHOUWEHHIO K CKJIajyarbiM CTPYKTypaMm BMelaio-
nieil KeMOGpO-opAOBHKCKOH ToalH. KoHTakToBple H3MEHEHHH BHIPAXKAIOTCH
B cJa00M OpPOrOBHKOBAHWH BMewalounx mnopof. IHwpuna xowTaktoBoro
opeona ne npessimaer 150—200 u. ITo mepe ynajenust or KOHTaKTa c rpa-
HUTAMH CTENeHb MeTaMOp(H3Ma MOCTENEeHHO MOHHXKAETCA H OPOTrOBHKOBAH-
dAbie NOPOJALI MepexoasT B caabo MetraMopdu3oBanHble IeCUaHHKH ¢ ajeBpo-
LCaMMHTOBBIM crpoenneM. KoHrakrel pedkue. I'paHuThl, cjarampmiHe 3H/O-
KOHTAKTOBblE 30HBI MacCCHBA, XapaKTepPH3YIOTCA MeJNKO3ePHHCTLIM  CTpOe-
nueM.

Kcenonure B cepblX NOpGpHPOBUAHBX FPAHHTAX clO-
sKeHpl 0oJiee OCHOBHBIMH TI0 COCTaBy HOpPOJaMH H B Pa3JHYHOH CTeNeHH
rpaHHTH3HPOBaHbl. PazMepsl HX HEMOCTOSIHHBI H BAPBHPYIOT OT HECKOJBKHX
CaHTHMeTpoB a0 1,5—2 m, dopma OKpyrias u 3/IHICOMIANbHAS, NPOCTH-
paHue CeBepo-BOCTOUHOE, TPaHKiibl OOHUHO pesxue.

Tabauwa 30

XHMHUECKHH COCTAB DHOTHTOB M3 DHOTHTOBBIX FPAHHTOB

| | g Fe ALO,
Okucan[S10, [TI0{AL O, Fe,0,(FeO|MnO! Mg0|CaQ|N2,O|K,0[ PyOg | HoO | [Mom| 2 | |

| I O lFetMglK.0+Na,0
Bec, %]35,29(3,05 14_42‘14.49[11,76[0.53 5,55[ 1,66 0,02{3,5& ‘o,wlt.u\ 7,797 !99.311 63 | 38
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ITopoabl KCEHONHTOB, B pAasaHuYHOH CTemeHH mpeoGpasoBaHHble, BCTpe-
yalTcsl B HeMmocpejncTBeHHOI OausocTH Apyr ot Apyra. Cpeaum HHX oTMeua-
I0TCSl PA3HOBMIHOCTH, OTJIHYAIOUIHECS KOJHYECTREHHBIMH COOTHOIIEHHSIMH
M COCTAaBOM TeMHOLBETHBIX MHHepa/JoB, COCTABOM ILIAaTHOK/IA3a, KOJHYEeCT-
BEeHHBIMH COOTHOLUEHHSIMHM KaJHeBOTO MOJEBOro Iunara H KBapua, CTPyK-
TYPHBIMH OocOGeHHOCTAMH H T. A. [lopoibl, ciarawmuiie KCeHOJHTH,— TeMHO-
W CBeTJIO-cepbie, ¢ BbLIIeNCHHAMH KBapla H INOJEBLIX IIMATOB, OPHEHTHPO-
BaHHBIX COrJ4cHO chnapueBatoctH. Ksapu oOBYHO cepbli, AbIMYATHIH;
pasmepbl ero 3epeH Aocturair 0,7 mm. KajueBble MOJeBhie IUMATLL BCTPe-
yaloTcs B BHJE MPH3M M OBaJbHLIX 3JUIHICOHAANbHBIX 3€peH (pasmepaMmu
10 2,5 cm), BOKPYr KOTOpHIX HaGaiogaercd yskas (mo 2 mm) cepoBaTo-
fesas KaliMa u3 IJarnokaasa. [lpuMeudaTe/bHOH OCOGEHHOCTbIO 3epeH Ka-
JHEBHIX I0JIeBLIX INNATOB ABJAAETCA PAacNoJoiKeHHe HX ToNepeK I'paHHILB
MKy KCeHOJNHTOBOW MOpOxoil u rpaHuToM (puc. 64), uTo CBHIETENBCTBYET
o Gosee nosaHem (opmMHpoBaHKH MopduPOGIACTOB MMOJEBLIX INNATOB.

Ilo cocTaBy HaHMeHee H3MeHCHHbIe KCEHOJNHMTOBBIE MOPOAbLl GJAH3KH
K KRaplUeBbIM AHOpHTAaM. B uxX c/I0KeHHH NPHHHMAIOT yuacTHe IIarHokgaas,
KBapi, OHOTHT M MHKPOKJIHH. B He3HAUHTeJNbHBIX KOJHUYECTBAX MPHCYT-
crByer ambuGosa. Texkcrypa HeoJHOPOAHAs,, NATHHcTasd, OOYCJOBJIEHHAS
HaJHUYHeM YYacTKOB, CJIOKEHHBIX MJarHoKNasoM H OHOTHTOM HJH MJaa-
rHOK/JI230M, OHOTHTOM, KBapueM, WIH— NJarHOKIa30M, MHKPOK/JAHHOM,
KnapueM, 6uorutoM. CTpyKTypa 3THX MOPOA OOBIYHO MOHKMJIO- H TPaHO-
OnacroBas. LleMeHTHpYIOIIMMH MHHeDaJaMH ABJAIOTCA OOBIYHG KBapm

Puc. 64. TpanutTusupopanHasi OCHOBHAs nopoiaa kcermoanta. Kpynubie sepua
MHKPOK/IMHA OpPHEHTHPOBAHB COIVIACHO CJAHIEBATOCTH W  pacnofiaraioTes
(cnpaBa) mOnepeK rpaHMUbl MEKAY PAHHTOM H KCEHOJNMTOBOH MOPOAOH.

9 7. A. Muxanesa, B. A. CkypHAuK 129



C BOJIHHCTHIM ToracanueM H OHOTHT, YeHIyHKH KOTOpPOro AedopMHPOBAHL
11lspokse TaGaMIB HNPH3MBl MJArHOKIAa3a XapaKkTepU3ylOTCs Pe3KO 30Ha/b-
HBIM CTPOEHHEM, HEHTPAaJbHbIE YACTH HX COCCIOPTH3HPOBAHLI. MHKDOK/IHH,
B OTJHYME OT IJIaTHOK/Iasa, MNpo3pauHbiil. B Hem oTueT/HBO MNposiBjeHA
MIKDOKJIMHOBAs1 PEUIeTKa H OTMEYaloTCs MHKDONEPTHTOBLIE BPOCTKH a/b0H-
1a. 3emeHo-Oypasi poroBasi o6MaHKa 3ameliaercsl GHOTHTOM. AKIeccopnbie
MHHEpaJbl — anatut, cdeH, NHPKOH , THTAHOMArHeTHT ~— OOLIYHO aCCOIHH-
pyloT ¢ GHOTHTOM WJIH pasBHBAIOTCA [0 TPEIIMHKAM B KBaplle M Ija-
THOKJ43e.

B kauecrBe mopgupobiact BHICTYNAIOT KpyNHble 3epHa IJarHoxiasa,
G KOTOPLIM NPOAYKTH pa3pyileHHs (CePHUMT) paclpejieicHb HepaBHO-
MepHO, narHamd. Kaxioe sepHO NJaruokjgasza COCTOHT H3 Bojee MEJIKHX
3epeH, 4TO siCHO OOHapyxXHBaeTcsi NPH NMOBOPOTE CTOMAMKA MHKPOCKOMA.
CoBepiileHHO OU€BHAHO, YTO KPYIHBIE 3€PHA IpecTaBaa0T nopGHupo6aaCTH,
KOTOpBIe cJelyeT PaccMaTpuBaTh KaK pe3y/abTaT coOOMpPATe/]bHOH NepexpH-
CTANNMU3ALHH.

Bosee M3MeHEHHBIE KCEHOJIHTHI CJOKEeHbl NOpPOAAMH, OJH3KHMH IO
COCTaBy I'pPaHOZHOPHTAM, B KOTOPBIX MJAarHOK/Ia3 NPHCYTCTBYET B MEHBIIHX
KOJHYECTBaX H OTBeUdeT OJMHIOKIda3y — B HeM YBeJIHYHBAETCH COAepiKaHHe
KBapua, MUKpPOK/AHHA, chena. CTpyKTypa nopof Nodkuao6JacTOBas, HHOTAA
nermarouguasn. Ilopdupobaacrel npeAcTaBienbl MHKPOKJIHHOM, B MEHbIIEH
Mepe — IJIaTHOKJIa30M, KBaplieM, HHoraa amdubosom. Ilnarmoxnas Berpe-
yaercsd B BHAE TAOGAWTYATHIX M NPH3MATHYECKHX 30HAJBHBIX KPHCTAJJOB,
3a0HTEIX TPOAYKTaMu paspymieHusi. Pasbemaercs peumeryaTbiM MHKPO-
KJAHH-EePTHTOM, KOTOpBIH CHayana B BHIE IJIAa3KOB pPa3BHBAeTCd BIOJL
LBOHHHKOBBIX IIBOB, a faJjiee MOCTENEHHO 3aMellaeT BCe 3epHO IENHKOM,
coxpaHsisg ero nepsuunylo ¢opmy. Hemonnocreio sameuieHHBIH cepHUHTH-
SUpOBaHHbIH N1arHOKIa3 coXpaHaeTcsd B BHAE KaeMOK BOKPYT 3epeH MHKpO-
K1HHA. Muorja Takue KaeMKH CJ0MKeHbl NPU3MaMH H TabmuuaMu pes3ko
30HA/JbHOIO IJIATHOKJAa3a, KOTophie NpelcTaBasioT coboil NpoaykT cobupa-
TeldbHO! NepekpHcTaniuaanuy. Ha rpanune 3epeH MHKDOK/IHHA M IIarHO-
KJiada OTMeualoTcsi BPOCTKM KBaplia. KpynHble 3epHa MHKDOKJHHA Xapak-
TEPH3YIOTCA PACHJEIBYATLIMH M 3a3yOpenHbIMH Kpasmu. Ilepudepuueckne
YaCTH 3epeH IepeNoJiHeHL MHHepaJaMH IeMeHTHPYIOIled Macchl — GUOTH-
TOM, KBapueM, IJaruokaasoMm. Keapi oGpasyer KpyrHble OBajbHble 3epHa
¢ OyxTooOpasHEIMH oOuepTaHHsAMH Kpaep. Kaxmoe KpynHoe 3epHo mnpen-
CTaBjsfer OJacTHUECKH#l arperar, COCTOAIHH H3 Oojee MenKuX 3epel.
3enenoBaro-0ypast poroBaf o6MaHKa, Kak NpaBuao, 06pasyeT CKOIJIeHH:
GnacTHYECKHX arperatos, 3amemiaercs OmoTutoM. C  Hell accoumHpyior
cben, anaTuT, UHPKOH M MArHETHT.

I, nakonen, uaubosee HHTEHCHBHO npeoOpa3oBaHHBle KCEHOJHTHI
CJICZKEHLI  MOPOJAMH, TNPHOAMKAIOUIHMHCH IO COCTAaBy K TpaHHTaM.
OTH TOPOAB XapaKTepH3yIOTCs TPaHOOJACTHUCCKHM CTPOEHHEM H COCTOAT
M3 KBaplla, MHKDOKJIHHA, OHOTHTA, NJarHOK/Ia3d, cdeHa, nupkoHa. Ocoben-
HOCTBIO HX fABJIAeTCA O0HAME OHOTHTA M HAMHYHE KDPYNHBIX 3epeH cena.
B kauectBe mopgpupobaact B HHX BCTPEUAIOTCA 3epHA albLOHT-OAHTOKjasa,
NPOHU3AHHBIE 3MUILOTOM KBapla H MHUKPOK/JIHH-MHKPONEPTUTA C- OJHTOKJ4-
30BOH KaiMOH.

Cpeln KCeHOJNHTOBLIX NOPOJA, KPOMe OMHCAHHBIX, BCTPEYAlOTCsi TPaHo-
GupEl, B cOCTaBe KOTOPBIX NPHHUMAIOT yyacTHe IVIaBHBIM 06pa3oM MHKpO-
KJIHH ¥ KBapl, C pe3ko MNOJUMHEHHBIMH B KOJHUCCTBEHHOM OTHOIIEHHH
nJarHokaasoM u OmorutoM. Hapsiay ¢ INMPOKO pacmpocTpaHEHHLIM TpaHO-
GHPOBBIM CTPOEHHEM, OTMedYaioTcsd THOHAHOMOPQHbE H TpaHoO/MaCTOBEIE
CTPYKTYPBl. I'mmuauoMopdHoe cTpoenHe 0O0YCJ0BAEHO OO0Jblell CTeNeHbIO
HaHOMOp(H3Ma NIArHOKJaa3a IO OTHOIIEHHIO K MHKPOKJHHY H KBapiy.
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[naruoknas B rpanodupax OOLIUHO CEPUIHTH3HPOBAHHBIH, a MHKPOKIHH-
MHKPONEPTHT BCErJla UHCTHIH, MPO3PAUYHBIH H COAEPKHT B BuJE NATEH BKJIO-
qeHHs MJaarnokaaza. M3 axieccopHBIX MHHepaJoB, KpoMe LIHPKOHA, MPHCYT-
CTBYIOT allaTUT H CQeH.

Takum o6pasom, npeobGpazoBande TabOpPOMIHEIX IIOPOJ KCEHOJHTOB
Ha NEepPBLIX CTALHAX NMPOABJIAETCS B METACOMATHYECKOM 3aMEIIEHHU NMHPOKCe-
Ha aMpubOJOM H TNOCIELHEr0 GHOTHTOM, B PAaCTBOPEHHH OCHOBHOrO IIa-
rHokaasa (nabpagopa) ¥ 00pa3oBaHHHM OJHIOKJa3-aHae3WHa H OGHIBHOIO
anaTtnta, B NOABJAeHHH HOBOOOpA30BAaHHH KBapua M MHKPOKJHHA, B HaJH-
YHH TPU3HAKOB MepeKpucTaJin3anuu. B panbHefimem nopoasl mnperepiie-
BAIOT ellle GoJiee CHIbHOE H3MeHEHHe B CTOPOHY oOOoranleHHs HX KBaplem
¥ MHKPOK/JHHOM H IO COCTaBy NpHUOJHIKAIOTCA K FPAHOJHODHTAM H TDaHH-
TaM, XapaKTEepPH3YIOMHMCA OJacTHUECKHM CTPOEHHEM H COZepKallHM ana-
THT, cpeH H OpTHT. Ha caMbix MO3JHHX CTaJAHAX METACOMATHYECKOIO IpO-
Hecca, siBJeHHs coGHpareJbHOM NepeKpPHCTAJJIH3alHH BBI3HIBAIOT, NMO-BHIH-
MOMY, YacTHYHOE pacljaBjeHHe IOPOJbl, B pPe3y/bTaTe KOTOPOro, BEPOSITHO,
NOABJISIOTCS I'PaHO(HPLL.

T'eoxumMmgeckne 0coOEHHOCTH TPAHUTOUIOB
IleTpoxmMudecKkasa xapaKTepPUCTUKA

Jas u3yyenus nerpoxuMuuecknx ocobeHHocTell rpamurouiop Byrysys-
cKOTo MaccuBa OBLIO cliefaHo 11 MoMHLIX CHAMKATHBIX aHajH30B (taba. 31),
pe3yJbTaThl KOTOPHIX B BHJE BEKTOPOB HaHeceHbl Ha guarpammy (puc. 65),
nocTpoeHHyo no meroixy A. H. 3aBapuukoro (1950).

I'panutel, no xaaccudukanun A. H. 3aBapuuxoro, otHocsaTesa K mopo-
7aM, TEpecHIeHHEIM KpeMHe3eMoM, 0OraThiM M yMepeHHo OGoraTbiM mie-
souamy. KonudecTBo cBOGOAHOrO KpeMHe3eMa He NOCTOAHHO H BapbHpPYeT
or Q= +20,2 no Q=36,7. CymmapHOe KOIHYECTBO INeJouefi IJIsi IpaHH-
T0B Takke He mocrosauHo (or a=12,9 1o a=154). Okuck Kaaug HECKOJb-
KO NpeoGiajgaer Haj OKHCbIO HATPHA, UYTO COOTBETCTBYET MHHEPAJLHOMY
COCTABY TI'PaHHUTOB, B KOTOPHIX MHKDOKJHH IpeoGiafaeT Hal nJarHokJa-
30M. Ko/HuecTBO TeMHONIBETHBIX KOMIIOHEHTOB (mapaMeTp 8) pasjuuHoe
i BapbHpyer oT 3 mo 6,6%. 3akuch xKeaeda Bcerga npeoGaagaer Hai

Ta6anruma 31

XuMHuecKHIi COCT2B rPaHHTOHAO0B Byry3yHCKOro macchpa (aHANM3bl BbIMOJHEHBI B XHMHKO-
ananuTHueckoit naGopatopun UMl CO AH CCCP ananutukamu E. M. 3nipsHoRoil 1
B. I'. LlumGanucr)

npﬁﬁ SI0 [T104 | A1, |FeaOs| FeO [MnO | MgOf CaO [Na,0O|K,0 | PyOs | H,O S Il.m. 1, |Cymma
14 |72,7010,22) 13,37]0,83|2,44/0,10/0, 20/0,63/2,76/5,01| 0,03 | 0,38 } 0,01 |1,02] 99,70
27 68,16 |0,63]14,01|2,27)2,44/0,13|0,32(1,43/3,504,95| 0,14 | 0,27 | 0,01 |[1,35| 99,61
46 [75,00/0,20]13,18)0,02[1,69]0,05|0,03|0,88(3,50(4,40] 0,02 | 0,16 |He o6u.| 0,53 | 99,66
49 (72,93(0,21(13,90(0,53(1,36(0,04(1,23(1,422,47/4,58( 0,05 { 0,12 | ca (0,84 (100,18
50 |69,88(0,54|13,91{1,20/2,61(0,06(0,86(1,61(3,37|4,88| 0,15 | 0,25 |He oou.| 0,42 | 99,74
50a |70,46|0,60(14,06(1,19(2,43|0,07|1,15{1,70|3,50/3,98| 0,12 | 0,15 | 0,03 |0,79 (100,23
231u |68,11(0,47(1 5,201,392, 32(0,64/0,90(1,44|3,88/5,04|reonp.| 0,17 |He onp.| 0,71 |100,23
145 |68,94|0,58|14,23|1,47|2,36/0,07/|0,89(1,81|3,37[4,82| 0,12 [reonp.| ¢, (0,72 99,38
219a |70,36/0,70/14,42]1,50/2, 06/0, 10]0,75/1,4813,23/4,58/ 0,20 } 0,18} — |0,59]100, 15
150 |64,21|0,67|15,72|2,51|2,36/0,19/0,33|3,02(3,47)2,53( 0,10 | 0,15 | ca. 1,74] 99,98
1506 (72,92|0,27|13,51(1,00(0,99i0,04(0,59]1,40(3,37}4,52| 0,02 | 0,22 | 0,003 0,41 | 99,29
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Oxonuanne Taba 3l
YQucaosoie xapakrepucruky (no A. H. Sasapunxomy)

n;fsu o A # s el (s Sl o M S BT Q aje
14 |12,910,7] 6,2 [80,2| 47,3 |—| 47,3 | 5,4 45,90,2/10,8] +34,0 [18,4
WS 14,0 |78 01 T8 8T 8o | 8257 1] 1035 [51,40,7 (37 3] +25,0 | 8.7
46 1B BT B0 82 A el == jen g - [ o I bR o L e Bk T 1199
491 12,8 1.7 5,4 | 80 1°| 387 =} 3051 | 36,1 [49:5l0.:2]0.7] +83.0- |79
50T [°14,9.12,0/-8,0 " [280 1 |Sess el =05 e | 4 5 51l s gt 1984 | 7 g
50a | 13,0 |2,0| 6,4 [ 78,6 | 41,7 |—]| 50,0 | 29,2 [61,2]0,7(14,6] +29,4 [6,8
231 | 15,4 1,7| 6,6 76,4 18,4 |—| 59,2 | 22,4 |53,9|0,5/18,4 20,2 | 9,0
145 | 14,3122 5,2 | 783 | 5,2 |—| 67,5 | 27,3 |51,4/0,7[28 4] 26,2 | 6,4
9192 | 13,4/|1,7 6,3 | 78,6 | 29,8 |—| 51,1 | 19,1 [51,3|0,7(19,1| +-28,7 | 7.9
150 | 11,2 |3,6| 12,4 | 72,7 18,5 |—| 36,9 | 44,6 [67,5]0,8(17,4] +19,5 | 3,1
1506 187 [£,7) 3,3 81,3 | 16,3 |=]| 53,1 | 30,6 |53,4]0,3[2¢,5] 33,5 | 8,0

Xapakrepuctuka npoG: 14 — rpyGozepHACTHI THefico-rpaHHT, BepxoBbe p. [leremeit; 27 — nopdupo-
BHAHBIH GHOTHTOBBLIA rpaHHT, r. Yepnas; 46 — gyﬁosepﬂacnﬂﬂ THefico-rpaHnT, BepxoBbe p. Byiniorem;
49 B 50 — rpyGosepHHCTHIH MenaHokpaToBheI# THeHico-rpaHHT, BepxoBbe p. DBy#aiorem; 50a — nopdHposua-
HblA_ rHefico-rpanuT, BepxoBbe p. DByfuorem; 2311 — KaTakJasHpPoOBaHHBIA THeHCO-TPAHHT, BEPXOBbe
p. By#unorem; 145 — nopdwposuiias Mopofia rPpaHOAHOPHTOBOTO COCTaBa, Bepxosee p. [eredefi; 219a —
HepaBHOMEPHO3EPHHCTHIN POroBOOGMaHKOBO-GHOTHTOBLIM TPAHOAHOPHT, BepXxoske p. lerenedt; 150 — Touko-
3epRHUCTBR GROTHT-NAArHOKXA30BBIf rPaHORKOPHT, Bepitkua r. Yepwol; 1506 — TOHKO3EPHHCTEIR MesaHO-
KPaTOBLIA GHOTHTOBLI TPAHUT, BepIIHHA . UepHOI,
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Puc. 65. [marpamma XuMAYECKHX COCTABOB TPAHHTOHMAOB Byry-
3yHCKOro kommiekca (mo A. H. 3asapuukomy):

I — rpaHuThl, rHefCo-rpaHMTHl; 2 — AMODPHTHI; & — MOPOAE rPAHOAHODHTOBO-
ro cocraBa.
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OKHCBIO. Mexy NeliKOKPaTOBHIMH GHOTHTOBHIMH H GHOTHT-pPOroBo06GMaHKO-
BBHIMH TPaHHTAMH OTMEYalOTCH He3HAUHTeNbHEIE pa3nnyuda. Jleiikokparosble
TDARATHL OTVIHYAIOTCH MEHBUIMM cofepKaHHeM (eMHUYeCKHX KOMIOHEHTOB,
a TakXke pe3Koil NepechlllleHHOCTLIO INIHHO3EMOM, OoJiee BLICOKHM COjJepIKa-
HHeM KaJus.

Ipanopuopursl (ananusnt Ne 145, 219a, 150) ornmuaiorcs or TPaHUTOB
GoNbLIEM 3HAUeHHeM NapaMeTpa 8, a CPelH LIeJoYed OKHCh HATPHSA HMHOTAA
npeoGnafaeT HaX OKHCbI0 Kaaus, CpaBHHTENbHbIH aHaJH3 XMMHUECKOro
COCTaBa IPAHMTOHIOB M BMelIAMOIMX GHOTHTOBHIX NJIarHOTHeHcoB (aHauaH-
3sl Ne 106r, 476, 1061, 462, 111A, 134, cm. Taba. 19 u puc. 48) ykasmBaer
Ha CXOACTBO HX MeTPOXHMHUeCKHX ocobennocreil. Tem n ApyrnM CBOHCTBEH-
Ha pe3Kas nepechimeHHOCTh IMIHHO3eMOM.

CBeleHHss 0 pacnpefe/ieHHH 3JE€MeHTOB-TpHMecell B rpaHATaX MNoJyde-
el 1o pesyabratraM cBbime 1000 TOMYKOJIHYECTBEHHBIX CHEKTPabHBEIX
4HAMN30B ¥ OKOJo 50 XMMHUECKHX aHAJH30B MOPOA HA OTAeNbHBIE KOMIIO-
nents (W, Mo, Cr, Ni, Co). Hekoropble MHHepa/bl TPaHHTOB OLLIH MOA-
BEprHyTH CNEKTPAJbHOMY aHaJH3y, 4TO NO3BOJSIET BLIABHTb CBSI3H XHMHUYe-
CKMX 3JIeMEHTOB C TeMH HJ/JH HHLIMH MOPOA006PasyIOMHMH, aKlecCOPHBIMH
WM TIOCTMAarMAaTHUeCKMMH MHuHepajaaMmu (TaGa. 32). AHaau3bl MPOH3BO/H-
auck JI. T. Mziomosoll B cnexrpaisHoil Jaboparopun MHCTHTYTa Teo/OTHHA
» reopusuxku CO AH CCCP na JI®PC-13. 3necp HeoOXOAHMO OTMETHTb,
YTO MOJYKONHYECTBEHHLIE CMEKTPajbHble aHaJIH3bl OTPAXKAKOT Cpelliee Co-
JepKaHWe 3THX 3J€MEHTOB B MOPOAAX C TOH Ke 3(PPEeKTHBHOCTHIO, HUTO
¥ XHMHuecKHe aHajusbl, [103TOMy MBI pasfienseM MHeHHe TeX HccjegoBare-
aeii (Konres, [IBopHHKOB H 1ap., 1965), KOTOpLle CUMTAIOT BO3MOMKHBIM [He-
JaThb HEKOTOpHe IeHEeTHYECKHe BHIBOJBI HA OCHOBAHHH JaHHBIX MHOTOYHC-
JE€HHBIX HOJYKOJHYCCTBEHHBIX CIEKTpaJbHbIX aHaJJdH30B.

UyBCTBHTENBHOCTD IOJYKOJMHYECTBEHHOrO CNEKTPaNbHOTrO OnpejeseHus
OTZeJbHbIX 3JIEMEHTOB!

<<0,0001 —= Cu, Ag 0,001 —Au, Y, Nb, Cr, Zr
0,000l —V, Ga, Yb, Co, Ni,Mo 0,01 —Hi, Hg, Sr, Ta, Th
<20,0003 — Bi - <<0,03 — Ba, Sb, .Ce
0,0003 — Be, Ge, W, Sn, Pb, Sc Ti 0,03 —As, Te; U

<<0,00] —Mn 01 —Pp

Yacrora BCTpeyaeMOCTH PasjHYHBIX 3JeMEHTOB-IpHMeceil B TpaHHTax
npusoaurea B Taba. 33.

PeayabraTel aHanu3a MO03BOJSIIOT YCTAHOBHTb, 4YTO THNOMOP(HLIMH
4KIeCCOPHBIMH 3JleMeHTaMH-IpUMecsiMH B rpaHutax ssasiorca Pb, V, Ga,
Zr, CO, Sr, Ba, Cu, Y, Yb, Be. 3uauuTeabHo pexe H OOBIYHO B HEBOJBIIHX
KoauyectBax cozepxkarcsd Sn, Cr, Ni, Mo, Zn, Sc, La, Nb, cnopanuuecku
ob6napymxuBaiorcst W, Bi, Li u Ce. Bce ynomsHyThleé 3J€MEHTHI TPHCYT-
CTBYIOT B KauecTBe H30MOP(HLIX mpHMeceii. :

bBepuannit ycranosieH Bo Bcex aHAaJH3HPyeMBIX TNpo0ax TPaHHTOB,
pacnpejesen HepaBHOMEPHO B KOJHYECTBAX, OGBIUHO Majo NpeBHINAIOMIHX
kaapk (0,0005%). Konuenrpauuu ero HaGaofamorces NpeHMYIIECTBEHHO
B MOJIEBHIX IIMATax, MarHetute H cdeHe, B 3HAYHTENbHBIX KOJHYECTBaX
CTMEUeH OH Tak:ke BO (JIOOPHTe, B MEHBIUHX KOJHUECTBAX—B KBaplie,
GuoTHTe, OPTHTE, UMPKOHE, TypMaJ/JHHe H 3nuaore. I'paHHuTH, N0 cPaBHEHHIO
C MerMaTHTaMH, XapaKTePH3YIOTCs He3HAYHTENbHBIM CcOAepiKaHueM OepuJ-
I'usl, B THeHcax ero elle MeHblle.

Jlutuit pacnpefleled B rpaHATax HepaBHOMepHO (BerpeueH b B 159,
aHa/MM3UPOBaHHEIX 1Mp06). KonnuecTBeHHOE cofeprKaHHe €0 He NpeBbilIaer
KaapkoBuix sHauenud (0,004%). Jiutuii cBsizan B GHOTHTE, 3aMellas B HeM
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Pacnpepesienne afiemMeHTOB-npumecei

B NOpoj0o00pasylHX, aKueccopHBX

M NOCTMArMaTHYeCcKMX MHHepaJdaxX H3 rpaHHTOB ByI‘ySyHCKOl"O MacCHBaA

Ta6auuya 32

HaHHWHeEB

Conep
Dae-
' MeHTh Tlopoxa ﬂonexzci:g) minaT 4 I-?;g?u B?jo;,m u,,(%,;oﬂ
W 0—0,001 0—0,001—0,01{ 0—0,001* He o6H.
0,02
Be 0,0002—0,001 {-0,0003—0,002 0, 0002 0,0002—0,008 0,02%
Zi 0—0,001 He o6H, He 06H. 0,01—0,1
Ba 0,05 — Sl 0—0,02
St 0—0,01 0,01 me He o6H.
Zr 0,001—0,01 0,003—0,01 00,003 0,02 M.
¥ 0,003 He o6H. 0—0,0005 0,001—0,01 0,005—0,06
Ys 0,0003 s 0—0,0001 0,0001—0, 001 0,01—0,05
La 0,003 0,001* He o6H. 0,001—0,03 0,003
(37 0—0,01 He o6H. e Q51
Ns 0,0005—0,001 e 0—0,0003 0,0003—0,02 0—0,001
Cu 0,0005—0, 001 0,0001— 0,0002 0,0003—0,003 | Cux.—0,0002
0,001
Py 0,001 0,002 0,0003—0,001 | 0,0002—0,002 0—0,001
Zn 0—0,005 He o6, 0—0,005 0,02
La 0—0,002 0,0003— 0—Cun. 0,003
0,002 00,0003
Sn 0,0003 0—0,0001 He o6H. 0,0003 0,005*
Ag He o6, He o6H. S He 06H. 0,2¢
Sc 0—0,001 e e 0,0003—0,002
Bi 00,0001 0,0001* ey 0,0001* 0,0003*
Aq He o6n. He o6H. P He o6H. He o6.
Mo 0—0,0008 s 0,0003* —— il
v 0,002 0,0002 He o6u. 0,002—0,02 | 0,0008—0,05
Cr 0,0003—0,003 He o6. e 0,0005—0,002 He o6
Ni Ca.—0,0003 0—0,0001 —_— 0,0003—0,001 0—0,002
Co 0,0003—0,007 He o6H. 0,0003—0,002 He o6H. | He obu.
Mpumeuatue 1. Llubps B cko6Kax (mocse HasBaHHA MHHepajna) o003HAYAwT KOJNAYECTBO
Yacrora BcrpedaemoctH (B Up) PasaMuHBIX COJEpKaHME
Conepxanue, % Pb Sn v Ga W Cr NI Bi Ba Mo
0,05—0;1 23 = - e | et =5 B = - -
0,01-0,05 — L — — — - — == 100 —
0,005—0,01 — = — — — - — — - —
0,001—0,005 47 20 100 | 100 4 26 — — -- -
0,0005—0,001 53 — - - - - - — — 10
0,0001—0,0005 — 53 L = — 28 60 20 — 50
He o6H. — 27 = — 96 46 40 80 — 40

marunii. CpaBHeHHe colepsKaHHs 3TOro 3JeMeHTa B IPaHHMTaX, NerMarTHTax

1 THeHcax NMoKa3blBaeT, 4TO B MOCJEAHUX OHO HanbGoJee BEJHKO.

Crponuuél u Gapuii NPHCYTCTBYIOT MOBCEMECTHO B KOJHYecTBax, Guau3-
KHX K/1apkoBbiM 3HaueHuaMm (Sr-—0,03, Ba—0,08%) aas xucabix mopos.
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Marnetnt Coen Oprut TypMaauu DROOPHT Snunor
(7) (3) (5) (5) (3) (5)
He o6H. He o6H. He oGH. He o6H. He o6H. He o6H.
0,0002—0,006 0—0,1 0,0003—0,001 0,0003 0,2 0,0003
He o6H. He oBH. He o6n. He o6H. He o6mu. He o6H.
o ) A ST - = TR e e ey T
TR ST T L 0 SR L T Tt 0 :05
—y— — 0,003 0,003 —y— 0—0,002
0,0002—0,01 0,05—0,2 0,001 0,002 0,3 0,0003—0,002
0,0001—0,001 |0,005—0,02 He o6H. 0,0001 0,02 Ca.—0,0003
0—0,003 0—0,08 0,03 He obu. 0,02 He 06H.
0,02* 0—0,06 0,05 P He o6n. =
0—0,004—0,03| He o6n. He o6w. —n— = 0,0005
0,002 0,005 0,002 0,0005 0,0003 0,0005
0,0005—0,001 | 0—0,001 0,002 0—0,0003 0,0008 0--0,0008
0,0003—0,03 0—0,01 0,005—0,01 He o6H. He o0H.
0,0002 He o6H. 0-—0,0003 0,0005 —y— | 0,0001—0,003
0,001* =¥ He o6H. He o6n. He o6n. 0,0002
He o6H. = 0—0,2 —— e He o6n.

i SR He o6H. 0 ,0005—0,001 — 0’0003
0—0,0005 He a6, He o6u. He o6u. He o6H. He o6H.
He oGn. e P L e i
0,002—0,08 i —— 0,005 —»— | 0,0003—0,001
0,01 —y= e 0,001 N Liviig
0,001 i e "— 0,001 aes e
—n— He o6n. "w— He o6n. — ———

ananuaos. 2. 33e3,nuq|\'amn OTMeqeHbl 3JeMeHTHI, Oﬁll:’i[]“,')KEHHbIE B €AHHHYHbIX npoﬁax.
9MEMEHTOB-TIpHMecedi B rpanutaxByrysyunckoro maccusa Tabnuma 33
LI Zr Zn Sc Co Sr Cu La Ce ¥ Yb Nb Be
=, s 2 e = A = = = 1<) = =
i 15 £ ifs . == = ~ = ) =2 2
15 35 — — 10 100 — 30 = 10 — i =
- 35 53 — — — 20 53 — 80 - 50 —
i e AT s lé = | — 807 | - SRS O AR g S 5
R 90 = o o R S R 50
85 - 47 35 — — — 17 95 — - 25 i,

CrpoHumii 3akIOYeH B MOJEBLIX INNATAaX, a TakkKe B SMHAOTE, 3aMelast
B HHX Kaabuui. Bapuil npucyrcrByer B GHOTHTE M 3aMellaeT B HeM KAJIHIL
B rpanHHTax cojepxaHHe 3THX /1eMEHTOB 3HAUHTENBLHO HHZKC, TeM B THeli-
Cax, B KOTOPLIX OHO BapbHPYeT OT COTBLIX A0 MAECATLIX JAOJeH IpoueHTa.

135



Pacnpoctpanenne Gapus W CTPOHHME B IPaHHTax M NerMaTHTax BHOJHE
COIIOC;I‘&BHMO, HO IIO KOJIH‘IECTBEHHOM}’ HX COAeplKaHHIO NerMaTHTHI bamxe
K THelicaM.

Llupkouuii o6HapysKeH Takke BO BeeX aHAAM3MpyeMbix npobax, HO He-
PaBHOMEPHO M B KOJHMUeCTBaX, He NMPEBHILUAIOMMUX KAaPK A KHCABIX NMOPOX
(0,02%). KosuenTpupyercsi OH, riaBHeIM 00pasoM, B UHPKOHE, BCTpeyaeTcs
TakKe B ODHOTHTE, NOJEBOM IumaTe, KBaple, OPTHTe, TypMaJuHe H 3MHIOTE.
Cozepxxanne UMPKOHHSI B TPaHHTAX, FHedcax H NerMaTHTax pasaHuaercs
HeCcyuIecTBeHHO.

MrTpuit oGHapyer B rpauHTax NOBCEMECTHO W paclperefe paBHO-
MepHO B KOJHuecTBax, GNH3KHX K KJIapKOBOMY (0,00034% ). Bnicoxoe co-
fepiKaHHe ITOTO 3MeMeHTa OBHapyxeHo B cene, pmoopure, GHoTHTe, LHp-
KOoHe B MarHernTe, B THCAYHBIX M JICCATHTHICAYHEIX AOJAX IIPOILEHTa HTTPH
ycTaHOBJeH B OpTHTe, KBapue u snumore. Coxepxanue ero B TPAHHTAX,
rueficax M TMerMaTuTax NPAMepPHO OJHHAKOBO.

Huo6uii npucyrersyer B 75% ananusupyeMblx npoG. raaBubiM oGpa-
30M B THICAYHBIX NOMAX MPOLEHTa, uTo paBHO Kaapky (0,002 %). B 6uotu-
Te ¥ MATHETHTE 3TOT 3JIEMEHT COCTABJ/feT COTHIE€ MOJMH MPONEHTa, B IHPKO-
He, KBaple M 3NMI0Te — ThICAYHble. Pe3y/braTel CHEKTPaJbHOTO aHalH3a
pa3JAHYHBIX NOPOJ MOKa3bIBAIOT, YTO COJAep:KaHHe HHOOMsS B rPaHHTax Co-
ROCTaBHMO ¢ COJAEpIaHHEM ero B THelcax M NerMaruTax, Ho B OTJHYHE
OT mocJeJHHX, B TPaHNTAaX OH YCTaHOBJEH BO BceX npodax.

Jlanran pacnpefesien B TPAHHTaX NMOBCEMECTHO ¥ PaBHOMEPHO B Thl-
CAYHBIX AOJAX NPOIEHTa, T. €. B KOJHYeCTBaxX, NMOYTH PAaBHBIX KJIapKOBOMY
(0,006%). [Tpumech JanTaHa OTMeuyaerTcsi TPeMMYIIECTBEHHO B GHOTHTe,
OpPTHTe, HHPKOHe H (urioopuTe. 3HAUHTEJbHO peXke H B MEHbILIHX KOJNHYeCT-
Bax OH BCTpeuaercsi B MarHetHTe u cdene. B rmedcax u amdubosurax
J@HTaH NMPHCYTCTBYET B PABHBIX KOJIHUECTBAX, HO, B OTJHYHE OT I'DAHHUTOH-
0B, BCTPEYaeTcsl HeNOBCEMECTHO.

Ilepuii o6GHapy»xHBaeTcs CUOpaaMyecKn B cpeHe M OpTUTE B mpelesax
YyBCTBHTENBHOCTH METOLa B KOJNHYECTBAX, COOTBETCTBYIOUIUX K/apKOBOMY
(corbie monu mpoienta). Bo BMemalomux rHeficax ¥ TNerMaTHTax IlepHi
He HallleH, No-BHANMOMY, H3-32 MaJIOH YYBCTBHTEJBHOCTH METOAA.

OJ10BO — NOYTH NOCTOSIHHAsI NPHMeCh B IPAHHUTAX — COACPIKHTCA B Thi-
CAYHBIX W JECATHTBICSIYHEIX JOJSX INpOIEeHTa, 4TO MOYTH pPaBHO KJapKy
(0,0003% ). Ono Bcerfa npucyTcTByeT B GHOTHTE, UTO ONpEIEaseTCd, ode-
BALHO, KPHCTANJIOXHMHYCCKHM CXOACTBOM OJIOBa ¢ THTAHOM H MNOATBEpH-
naer npeicrasnenns Ms. ®. I'puroprepa, E. M. Jlonomanosofi, M. I'. Py6
(1964) u np. o ToM, 4yTO TIABHHIM KOHIIEHTPATOPOM 0J0Ba SABadeTcss OGHO-
THT. 3HAUHTENLHO peXXe 3TOT SJeMeHT BCTpedaercss B INOJEBHIX INIATax
H B KBaple: clopajuueckd — B LHPKOHe M MarHetute. B rueficax u merma-
THTAX CcOJeprKaHHe O0JI0oBa INMOYTH OJHHAKOBO, B IpaHHTax OHO HECKO/b-
KO BHIIIE.

Meap pacnpenesena Gojiee WIu MeHee PaBHOMePHO B AECATHTHICAUHLIX
1 ThlCAYHBIX AOMsX MpOLeHTa, 4To He npeBeimder kaapk (0,002%) aroro
jleMeHTa AJS KHCABIX NMOpoA. B HesHauHTeNbHHIX KOJMWYECTBAX Melb NpH-
CYTCTBYyeT B NOJeBBIX Innartax, 0OuOTHTe, KBapue, HHPKOHe, TypMaJHHe,
MaI‘HETPlTe,u(]JJIIOOPHTe, cpeHe ¥ opTuTe, IPAHUTEL M MerMaTHTHI, 0 cpaBHe-
HHIO C THeHCaMH, XAaPAKTEPH3VIOTCA NOHHIKEHHBIM CcoAep:KaHHeM MeIdH.

Iunk Betpeuaercs B 539% aHAJAH3UPOBAHHLIX NMPOO B THICHYHBIX AOMAX
TIPOLEHTa, 4TO NpHMepHo coorBercTByer kKaapky (0,006). B cormix moasix
NpolleHTa OH OTMeYaercs B OGMOTHTe, MarHeTHTe, OPTHTe W cdeHe, H3peKa
BCTPe4deTcsi B KBaple, B OCTAJbHBIX MHHepaJax He OGHApyKeH H3-3a Ma-
JiOH UYBCTBHTeNbHOCTH MeToRa. Colepikaune UHHKA B IpaHHTax H Merma-
THUTAX OJMHAKOBO, B rHeficaX OHO HECKOJNBKO HHKE.
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CBPIHELL YCTaHOBJIE€H INNOBCEMECTHO B TBHICAYHBIX MdOJAX NpoLeHTa, 4To
paBno kaapky (0,002%). Amanusel nokaszaJH NOCTOAHHOE MPHCYTCTBHE
STOTO 37eMeHTa BO BCeX MCC/ENOBaBIIMXCHA MHHepajaax, (KBapile, GHOTHTe,
IIMpKOHe, cdene, MarHeTHTe, TypMaJuHe, (JIIOOpHTe, 3MHIOTE), HO MOBHI-
ILieHHOe KOJHYECTBO €ro OTMevaeTcs B NMOJeEBHIX Iimatax M oprure. Comep-
MaHHe CBHHIA B I'PaHHMTAX, THeHcaX H NMerMaTHTax COMNOCTaBHMO.

Bucmyr o6uapymeH B eIMHHUHLIX Inpo6ax B koauyectse 0,0001%.
B rpanuTax, nerMaTHTax M THelficax colepyKaHHe ero OJHHAKOBO.

Momu6aen ycrauosied B 50% npo6 rpaHATOB H MErMaTHTOB B KOJIH-
yecTBAX, HecKOAbKo mpesbmalomux kaapk (0,0001%). B rpannrax coxep-
sanne ero cocraBaser 0,0007—0,0012%, B mnermMaTHTax — 3HAUHTEJbHO
MeHble. Bo BMelalounkx MOPOAax ITOT 3JeMeHT He OOHapyXKeH.

BoabppaM BeTpeuaercs CNOPajMyecKH B KOJHYECTBAX, Ha eJBIl 1o-
pszok npeseimatomnx kaapk (0,00015%). XuMHYeCKHMH aHANHIAMH BLISIB-
Aeno cofepxanue Boabdppama (or 0,0007 no 0,007%) B 60% mnpo6. 3a-
MEeTHEIC KOJHUYeCTBA 5JeMeHTa YCTaHOBJeHbl TaaBHBIM 06pasoM B KBapue,
pexe OH OTMeuaercsl B Naaruokjase. Bemos (1965) mpucyTcTBHE BOJBGpa-
Ma B TJI4arHoKjaase CBf3piBaeT ¢ OJaroNpHATHHIMH  KPHCTAJJO-XHMHUYECKH-
MH CcBOliCTBAMH 3TOr0o MHHepajaa. B rpaHurax, THeficax M MerMaTHTax
BoIbGPaM BCTpEuaercs H3pelka, MPHMEPHO B PaBHBIX KOJHUECTBAX. B mer-
MATHTAX YaCTOTA BCTPEUaeMOCTH BoJb¢pama, MO CPaBHEHHIO € TPaHHTaAMH
K rHeiicamu, 6oJiee BEICOKAfA.

Baunaauii pacnpocTpaHeH PaBHOMEDPHO B KOJIHUCCTBAX, PaBHBIX K/IapKo-
nomy (0,004%). ['naBHasi Macca ero KOHUEHTPHPYeTCs: B OHOTHTe H Marme-
tHTe. B He3HAUHTENBHBIX KOJHYECTBAX OH IIPHCYTCTBYeT B MOJEBBIX Iuna-
1aX, IHPKOHe, TypMajHHe H 3Muja0Te. Pe3y/bTaThl CHEKTPalbHOIO aHann3a
[iOKa3aJH, uTo COJlepyKaHHe BaHalus B TPAHHTAX MOYTH TaKoe ¥Ke, KAK H B
HEerMaTHTax, HO HeCKOJbKO MeHblllee, UueM B rHeficax.

Xpom o6uapyxen B 50% npoG B KOJAHYECTBAX, He IPeBbIMIAIONIAX
knapkosuie (0,0025%). ITpumecn XpoMa OTMeyaioTcs IVIaBHBIM 006pasoM
B GMOTHTE, MaTHEeTHTEe, MOCKOJbKY F€OXHMHS XpOMa CBA3aHa ¢ reoXHMHei
TpeXBaJIeHTHOTO KeJesa.

B rpanuTax, MO CPaBHEHHIO C TETMATHTAMH H THEHCAMH, KOJHYECTBO
XpoMa 3aMeTHO yMeHblIaeTcs.

Huxkean ycranesiaen B 60% npod B JeCATHTLICAYHBIX JHOJSAX NMPOLEHTA,
T. e. HecKoabKOo Menbiue kaapka (0,0008%). Berpeuaercss o mpeumyniect-
BEeHHO B OMOTHTe, MaTHeTHTe M LHPKOHE, 3HAYHTEJBHO perKe — B IOJEBLIX
mmnatax. Hukeap B rpamutax, Kak ¥ B NerMaTHTax, npucyrcTByer fienosce-
MECTHO H B KOJHYeCTBaX, HECONOCTABHMBIX C KOJHYECTBOM 3TOTO 3JieMeHTa
B r'Helicax, rie INOCTOSHHOE €ro -CoJAep:KdHUe COCTABJsET THICAYHBIE MHOJH
TIPOLIGHTA, T. €. Ha LeJblil NOPSAOK BEILLIE.

KobGanbr pacmpocTpaHeH 6oJee HIH MeHee paBHOMEPHO B JIECATHTHI-
CAYHBIX (H3peAKa B THICAYHBIX) JOJSIX IpOLleHTa, OGLIYHO He IpeBHIIIAs
Knapk aas kucasx nopox (0,0005%). Boicokoe cofepixkanue KoGaabTa
oTMeueHo B GHOTHTE, I'le OH H30MOP(HO 3aMelllaeT ABYXBaJeHTHOE KeJe30.
B rpamuTax ero COAep:KHTCsS MeHblle, yeM B THelcax, I'le OH IOCTOSIHHO
MPHCYTCTBYET B THICAYHBIX JAOJAX NMpoleHTa. B mermatutax koOajbT mpH-
CYTCTBYET He BO BCeX aHaJH3HPYEMEIX nNpofax, HO B KOJHUECTBaX, COIO-
CTABHMBIX C COJep:KaHHeM ero B IPaHHTOHAAX.

Cxanpuil comepxkurcss B 65% npo6 B KOJHUECTBAX, HECKOJLKO HpPEBLI-
wawpomux kaapk (0,0003%). 'maenas macca ero ofHapyxkeHa B OGHOTHTE
H TypMaJiHHe, re OH, OYeBHJIHO, 3aMeINaeT Keae30, aJIOMHHHA H Mapra-
Her. I'paHHTH, KaK H NErMaTHThl, COAEPIKAT 3HAUUTEJBHO MeHbIlee KOJH-
YeCcTBO ITOrO 3JeMeHTa, YeM THeHChl, B KOTOPHIX CKaHAMil pacnpocTpaHen
ROBCEMeCTHO.
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Takum 06pasoM, COAep¥KaHHE MepPeYHCIeHHDBIX - 3/1eMeHTOB-IpHMeceH
R mopojax HepPaBHOMEDHO H He BCerja COOTBETCTBYeT HX KJapKaMm AJd
kucapix mopoa (mo A. I1. Bunorpazosy, 1962). Tax, B rpanutax B KOJIH-
yecTBaX, COOTBETCTBYIOIIMX KJapPKy, COJAEPKATCA AKIECCOPHBIE 3J1eMEHTHI
Pb, V, Sr, Ba, Li, La, Ce, Nb, Y. Hexkoropbie e 3/eMeHTHI-TPHMECH [pPH-
CYTCTBYIOT B HE3HAUMTEJbHBIX KOJIHYECTBAX, OObLIMHO MEHBIIMX KaIapKa —
Cu, Zn, Ni, Cr. Heckonbko BbINIe KJIapKa NPHCYTCTBYIOT aKIIECCOPHbIE
saemeHTsl W, Mo, Sn, Be; 3T0 no3soJser roBOPUTh O TOM, UTO B IpoLecce
00pa3oBaHHsl PAHATOB INPOHCXOAHT HX KOHIEHTPAlHs M, Ha000pOT, BBIHOC

r3 rpanutoB Zn, Ni, Cu, Cr, koTOpble KOHIEHTPHPYIOTCS BO BMeLLaOUIHX
rHelcax.

AxneccopHble MHHEPAJBI

AxneccopHble MHHepaJbl TPAHHTOHAOB H3ydaauch B uuHdax U B HC-
KYCCTBEHHBIX IIJHXaX. B uccleqoBaHuH KpoMe aBTOPOB yUaCTBOBAJ/IH
E. M. Hukuruua u A. I1. Bepsuna. KonnyecTBeHHOe comepikanHe H pacrpe-
JleJieHHe aKieccopHbiX MHHEpPaJoB B TPaHHTOHAAX NMoKasanbl B Tabu. 34, Tam
3Ke JIJIs CPaBHEHHs TPHBEIEHO pachpejieseHHe HX B IerMaTUTax M rHelcax.

AgIieccopHbEle MHHEpPaJbl TPAHHTOHZOB INPEACTABJICHLI CIEIH(pHIECKHM
Ha6opoM, B cOCTaBe KOTOPOTO MOCTOAHHO NPHCYTCTBYIWOT c(eH, IHPKOH,
ANATHT H MAarHETHT, B OOJLIIHHCTBE Npo0 OOHAPYIKEHBl OPTHT, HJIbMEHHT,
U3peaKa W B HE3HAUMTEJIbHBIX KOJHUECTBAX BCTPEYAIOTCSl MOHAIHT, KCEHO-
THM, OpamKuT, Quoopur, MoaubeHuT U pyrHa. OXapakrepHayeM KpaTKO
Te M3 HHX, KOTOpEEe HanboJiee pacnpoCTpaHEeHLl B TPAHHTOHIAX.

IIupKOH nNpHCYTCTBYeT B0 BCeX PAa3HOBHAHOCTAX TPAHHTOMIHBIX
NOPOJ, sIBAfASCH OJHHM H3 DJIABHBIX 4KIECCOPHHIX MHHepaJoB. B ceprix
nepHpOBHAHBIX GHOTHTOBEIX IPAHHTAX e€ro coxepkaHue gocturaer 93,8 2/T.
Co6puno on ofpasyer BKJIOMEeHHS B GHOTHTe, NpHIaBasi eMy HepaBHOMEp-
HYI0 NATHHCTYIO OKPAaCKY, BCJAeACTBHE MOABJEHHS IJIEOXPOHYHBIX ABOPUKOB.
Berpeuaercs B BHAe KPHCTAJJIOB NPH3MATHYECKOrO TadHTyca HIH OBaJb-
HLIX, SJHNCOHMAAJbHLIX 3epeH. B oxnoM M ToM ke wwiude IIPUCYTCTBYET
Uupkon AByx passosBuiHocTeil. IlepBoll M3 Hux cBoicTBeH O0JieHO-PO30BbI
uBer, MPH3MATHYECKHH LHPKOHOBBIH TabuTyc: KomMOHHauus npusmel (3110)
n mHpamuasl (1111). Pasmepwr kpucranaaos—0,2—0,3 mm, OTHOLIeHHE HX
JUIMHBL K idpuHe paBHo | : 1, 3:1, 4:1. B ynprpaduoaeToBLIX Jayuax KpH-
CTAJITIBL CBETATCS SPKO-2Ke/IThIM LBeToM. Bropasi pasHOBHAHOCTL HMeeT Gy-

Tatanuna 34
Conepxanne (B 2/7) aKuecCOPHBIX MHHEPAJOB B rpanuToupax ByrysyHckoro maccusa

Homepa ananuaos

Munepaant 1% % 26 29 42 142 50 52 121
Linpkon 6,8 75,3 124 4 93,8 | 61,1 S sAG R R S 9,4
Chen E. a3 | 142,00 9755 1016,6 | E. 3. 82.62 15409 | 95, 41,66
Oprur 7,4 28,8 EaE 10,94 65,6
Anartur E, 3. B & 2.9 2,08 | 16,6 E.. 3. 1,48 | E:. 3| 11,36
Marwerar | 13,7 | 8,6 | 1615,5 | 1770,8 |2872,2| 371,4 |133,4| E. 1. 10189,3
Opanxur ] 0,19
I'panat E. 3., | E 5 E. s
Habmennt 104 ,4 41,66 0,95 325,17
Amnasur E. 3. 2,08 16,6 (

Moandneunur | E. 3.
Filpumeganue Auaaussl Ne 14, 25, 26, 29, 42, 142, 50 — rpaunure, Ne 52, 12x — AuOpHTHL.
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Ta6nunma 35

CnexTpanbHble aHATH3BI LHPKOHA (BBIMOJIHEHbI B nabopaTopHu CnekTpanbHoro anannza UIul
CO AH CCCP J1. I'. H3womoBoii)

n'yf)m Pb Sn As v Ni Mn Be Zr Cu La Ce Yb Nb ¥ Ti Bi

J1-25 |9 0003 0,0008[0,001 [0,01 Mu. | 0,002 | 0,003 0,02 0,001 0,03 052 0,000

J-42 | cg, 0,0008[0,002 [0,008 . 0,001 0,01 0,002 | 0,02 0,2

J1-29 0,001 0,001 | 0,001 i G, |1 07003 0,002 | 0,002 | 0,005 | 0,003

J1-142 0,00050,2/0,005 {0,001 (0,02 7 0,001 0,003 0,02 0,03 0,0003
0,2

JI-50 10,0003 0,0008]0,0005[0,008 | 0,002 . Cx, | 0.608% [ 0,05 0,05 0,06 0,003

J1-52 |0,0005 0,0008[0,002 (0,008 l a 0,002 0,003 0,2 0,001 0,03 0,3

CHEKTpa.fwﬂble AHAAU3BL MAeHETUTA

an;m, Pb B Ga G Mn Zn Be Ni v Cu Nb Ti 'y Yb La Ce

71-29 10,001 |0,0003| 0,002| 0,01 | 0,02 | 0,03 | 0,0002 | 0,001 0,002 | 0,002 0,08 0, 0003 0,003

J1-142 0,008 0,01 | 0,006/ 0,006 | 0,0008 | 0,08 0,002 | 0,003 | 0,6 0,02 0,01 0,01 0,02

71-50 [0,0006{0,0008| 0,002| 0,01 | 0,08 | 0,03 0,002 | 0,08 0,002 | Oca8 | 0,2 0,001 | 0,003 0,003

J1-12n 0,003| 0,1 | 0,003 0,0003 | 0,006 | 0,01 0,06 0,003




PYIO OKPACKy, COAEPKHT BKJIIOYEHHS HENPO3PauHOro MHHEPasa M XapakTepH-
8YETCs1 MATOBBIMH, «H3beJEeHHEIMHY» MOBEPXHOCTAMH rpaneil. Kpucraaae npo-
CTHIe 1O (opMe, H3OMETPHUHbIE, KOpoTKocrosbuarthie. [Tpeobaanajomne pas-
Mepsl 3epeH [=0,25—0,1 mn, otHOwenne [: h=2,5: 1. Vinoraa BerpeyanTcs
KPHCTA/JIEl aCHMMEeTpPHUHBIE, ¢ HapocTaMH. B yabTpadHoNeToBHIX syyax 3Ta
PA3HOBHAHOCTb LIHPKOHA He cBeTHTcA. Munepaa (taba. 35) xapakrepuayer-
cil IIPHCYTCTBHEM 3JeMeHToB-npumeceit: Pb, Sn, As, V, Mn, Be, Cu, La, Ce,
Yb, Nb, Y, Ti, Be.

C ¢ eH, KaK M UHPKOH, WIHPOKO pacnpocrpaHed B rpanutax. OcobeHHo
3HAYHTENRHOE ero KOJAHYecTBO OTMedyaercs B I'DANHTAX, CONepiKallHX poro-
BYI0O OOMaHKY, OPTUT H 3MHAOT, 4 TaK¥e B IPAHMTH3HPOBAHHBIX JHOPHTO-
BHIX moponax. MHHepan o6pasyer KpynHble HellpaBHJbHBIC, KIHHOBHIHBIE
YW KOHBEPTOBHIHLIE 3epHA, cnab0 NJEOXPOHPYIOIIHE B PO3OBATHLIX TOHAX.
HMHorma NOJHCHHTETHUECKH CABOHHHKOBAaH. ACCOLUHHPYeT C XJOPHUTH3HPO-
BaHHBIM 6HOTHTOM, MATrHETHTOM, OPTHTOM HJIH 2Ke BCTpeHaeTCd Ha CTHIKe
3epeH KBaplla ¥ NJaaruok/sasa. B mporosiouHbIX npobax cdeH HMeeT CBeTJO-
JKCATBIA | KeJaToBaTo-6yphiil nBeT. Kento-6ypas pasHOBHAHOCTb €ro  Cojfep-
KT B KauecTse 3JeMeHTOB-IpuMecelt (B npornenTtax): Sn (0,003), Mn (0,03),
Zn (0,01), Cu (0,0005), Nb (0,05), Ti (6oasme 1), Y (0,2), Yb (0,02),
La (0,08), Ce (0,06). B cBerio-xKenToif pPAHOBHAHOCTH, COAepiKamiel
MHKPOCKOIHYECKHE BK/IOUEHHs, YCTAHOBIEHL! 3JeMeHTh-npuMeck: Pb (0,001),
Mn (0,008), Cu (0,0005), Ti (6oaswe 1), Y (0,2), Yb (0,02), La (0,08),
Ce {0,06), Be (0,10).

AnmaTHT BCTpeYaercs BO BCEX PA3HOBHAHOCTAX TPAaHHTOMI0B, HO HAH-
foaplIee KOJUYECTBO ero OOHapy:XeHO B METACOMATHYECKH H3MeHEeHHBIX
rpaHogHopuTax. B mandax KpHcTanasl anaTHTa GecuBeTHbe, NPO3payHbIe,
LDOHH3BIBAIOT BCE JPYTHe MHHePaJibl IOPOJbl, aCCOUUUPYs OObIYHO C aMbH-
dodom u OHOTHTOM. B npoTONOYHBIX mpofax anaTHT BCTPeuaercd B BHAE
3epeH ABYX pasHoBuAHOcTedl. IlepBasi M3 HUX TNpENCTaBJeHa 3epHAMH IIPH3-
matuHyeckoro raburyca co cia6o pa3sBUTHIMH TPaHfAMH JUOHPAMHIA, & Tak-
JKe 3epHaMH ¢ OINIABJICHHBIMH pe6GpaMu H yIrJaM#, HMEIOUIHMH IIapOBHA-~
Hylo ¢opmy. Munepan 3Toif pa3HoBHAHOCTH OeclBereH, cO ¢1aGo-po30BOil,
HHOTJIa JKEJTOH JIOMHHecleHIHed. AnaTHT BTOPOH PasHOBHAHOCTH MYTHO-
BaT, HENpo3paueH, XapakTepuayercss HenpaBHJbHOM (OPMOIi 3epeH M HaJH-
yHeM B HHX MeJbYallHX BK/IOYeHHil, B yJbTPa(HOMETOBEHIX Jyyax He CBe-
THTCSl. 9Ta PA3HOBHAHOCTb anaTHTa CBOHCTBEHHA THOPHTOBHIM NOPOAAM.

OpTHT WHPOKO pacHpoCcTpaHeH B IDAHHTAX, COLEpKAMIHX aMpuOOJI.
Ob6pasyer HenpaBuJbHble 3epHa Gyporo IBeTa, OKPYyKeHHble 3IHAOT-IOH-
3UTOBOH KaiiMOii. OpTHT pasBHBaercs MO TPELUIHHKAM H Ha CTHIKE 3epeH
KBaplla ¥ MHUKPOKJHHA, aCCOIHHPYs, KaK NpaBHao, ¢ GHoTHTOM. B mpoto-
JIOYHBIX TipoGax 3epHa OpPTHTA HMEIOT TeMHO-KOPHYHEBBIH IBEeT, HHOTA
CIfH Henpo3payHble. MHHepan COINEepKHUT CJeAYIOUHe 3JeMeHTH-NPUMecH
(B mpouenrax): Pb (0,003), Zn (0,01), As (0,2), Ga (0,0003), Mn (0,1),
Be (0,0003—0,001), Cu (0,0008—0,002), Ti (0,003—0,006), Y (0,001),
La (0,03), Ce (0,03—0,08). ‘

MarseruT nauGojee IIHPOKO PacHpoOCTPaHEH Cpelu IAPYTHX akiec-
COpHBIX MuHepanoB (2872 2/r). B mamndax o, kak mpaBuio, 06pasyer He-
NpaBu/ibHbIe 3epHa, ACCONUUpPYIOIIHe ¢ TeMHOLBETHLIMH MHHEpaAaMH,
C pasnoxkeHHeM KOTOPHIX H CBSI3aHO ero nosiBjleHHe. B IMauXaX MarHeTHT
BCTpeuaercsi B BHIe HeNpaBHJAbHBIX H OKTa3[ApPUYECKHX 3€peH pasaMepamu
or 0,1 no 0,3 mn. Bneck Ha NMOBEPXHOCTH TYCKJBIH, B H3J0ME — MeTaJsH-
yeckuil. COLCPIKHUT 3JeMeHThH-IpuMecH (cM. TabJ. 35).

HecenenoBanusn noKasaJ/ii, 4TO axllecCOpHble MHHepaJsl o6pasyloTes
nocjie KPHCTAJIH3aLHKH TJIABHBIX MOPOA006PA3YIOMIMX MHHEPAJIoB, B Mpo-
lecce MeTacoMaTHUYECKOro npeoOpasoBaHHs I'PAHHTOHAHBIX TMOpoA. Kouu-
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YECTBEHHOE cofepxanue
OTAEeJbHbIX AKIeCCOPHBIX
MHHEpAJ0B 3aBHCHT oT

cocraBa rpaHHTOHIHBIX I10-
poad U OT HWHTEHCHBHOCTH
HposiBjeHisa B HUX MeTaco-
MAaTHUECKUX NPOUECCOB.

6. CONIOCTABJIEHME MUHE-
PAJBHOIO COCTABA, IIET-
POXMMHUYECKUX M TEO-
XVMMMYECKMX OCOBEHHO-
CTEM I'PAHMTOM/IOB, IIET-
MATHTOB M THEMCOB

B MuHepaJabHOM COCTA-
Bé TPAHHTOB, IIETMATHTOB H
rHeilcoB MHOro  o6ulero,
npuuemM Haubosee OJH3KH-
MH Mexay coDoil OKaspiBa-
IOTCSI TPAHWTEL H HErMaTH-
Thi, ¢ OAHOH CTOPOHBI, Her-
MAaTHUTBl M THEHCBl —C JPY-
roit. Orcloma clegyer, 4TO
MerMaTHTbl, OyAy4H CHHre-
HETHYHEIMH 110 OTHOILIEHHIO
K  TpafHHTaM, sBAAIOTCA
NPOMEKYTOUHEIMH 110 CO-
craBy 00pa30BaHUAMH MeXK-
Ly THelicaMH H TPaHHTaMHU.

IInaruonerMaTiTHl OT-
JHYATCA OT NJAaTHOTHeH-
COB MaJbplM COLEPIKAHHEM
HJIH OTCYTCTBHEM TEMHO-
I[BETHBIX KOMIIOHEHTOB,
OOJMBLUIHM KOJHYECTBOM I1J1a-
rHoksasa u kpapua. [lia-
THOK/1a3 - MHKDOKJIHHOBBIC
nerMaTHTL OJH3KH MO CO-
cTaBy K rpanmutam. [aas-
Hble MUHEPAJbHBIE KOMMO-
HEHTHL B HUX TMPEACTABICHE
KBapleM, IJAaTHOKJIA30M,
MHKDPOKJHHOM H OGHOTHTOM.
Kak B nermaTturax, tak u
BTIDaHHTAX MHKDOKJIHH SB-
Jgsercsa 6onee MO3THHM MH-
HepaJoM H pa3BHBaercs,
Kak NpaBHIO, TO TJIATHO-
Knasy, o0pasysi CTPYKTyphl
3amMemenud. B GonbiinucT-
Be CJyYdeB TPAHHTHL OTJH-
YAalOTCA OT MECMATHTOB IO-

Ta6anma 36

Conepmanne (B 2/7) aKUeCCOPHLIX MHHEPAJOR B FPAaHATOM/AX, MErMATHTAX M rHefcax
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HO KOJHYecTBeHHBIl MNoACYeT €ro He NpoH3BOAHJICH,

4TO MHHepanl NpPHCYTCTBYeET,

Mawe oanavaer,

MpaMmeuanue,



BBIIII€HHBIM KOJHYECTBOM MHKDPOKJIHHA HJIH GOJIBIIHM colepxKaHHeM TeEMHO-
HBETHHIX MHHepa/oB. OGIMHOCTb MHHEPAJNbHOTO COCTABA TPeX THIOB MOPOA

TOBOPHUT 00 HX POJCTBeE.

Ta6numa 37
PacnpejesieHde SJeMEHTOB-NIPHMecell B TPaHMTAX, NerMaTHTaX
H rHeficax
DaeMeHTH oposs
rpanuT meruarnrs | rieien
w 0—0,001* 0—0, 002 0—0,002*
Be 0,0002—0,001| 0,0002—0,01 | 0—0,0005
Li 0—0,001* 0—Ca. 0—0,01
Ba 0,05 0—0,05 0,03—0,3
Sr 0—0,01 0-0,1 0—0,01—0,08
Zr 0,001—0,01 |0—0,002—0,008| 0—0,002—0,008
¥ 0,003 0,0003—0,003 0,001—0,005
Yb 0,0003 0—0,0003 0,0001—0,0005
La 0,003 0—0,002* 0—0,003
Ce 0—0,01* He o6H. He ob6H.
Nb 0,001 0—0,0005 0—0,0007%*
Cu 0,0005—0,001 0,0003—0,001| 0,003—0,008
Pb 0,001 0,0005—0, 005/ ©,0005—0,001
Zn 0—0, 005** 0—0,007% 0,003—0,01
Ga 0,002 0,002 0,002
Ge He oGH. 0—0,0001 0—0,0001#*
Sn 0—0,003 0—0,0003 0—0,0003%*
As He o6H. He o6H. - He o6H.
B¢ 0—0,001 0—0, 003 0,0003—0,001
Bi 0—0,0001* 0—0,0002%* 0—0,0001
Ag He o6n. 0—0,0001%* He o6mn,
Mo 0—0,0008%* 0—0,002 He o6n.
v 0,002 0,0002—0,007| 0,006—0,02
Cr 0,0003—0,003**| 0,0005—0,05 [ 0,001—0,03
Ni 0—0,0003*¢ | 0—0,003 0,003—0, 008
Co 0,0003—0,007| 0—0,003 0,001—0,005
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— sneMeHT o6HApYXeH B elHHHUYHHX npobax,
— sneMenT oGHapyxeHn B 50% mnpo6.



PoncTBo 3THX mopon MOATBepiKAAeTCs TAKKe CPABHHTENbHBIM AHAIH-
30M COCTaBa HX akKIeccOpPHLIX MHHepaJoB. B rpammrax, mermarturax
H THeHCcax NOCTOSIHHO TPHCYTCTBYIOT IIMPKOH, c(p€H, amaTHT ¥ MAarCHETHT,
3HAYHTEJBHO PEKe BCTPeYaloTCs anatas H HaAbMeHHT. OZHAKO ecTh H HEKO-
TOpbIE Pa3JHYHST KaK B KaYeCTBeHHOM, TaK H B KOJHYECTBEHHOM coJepiKa-
HHH aKIeCCOPHBIX MHHEPasoB B 3THX nopoaax (ra6ua. 36). Hampumep, rpa-
HHTBl HMEIOT NOBBIIEHHOe, [0 CPaBHEHHIO ¢ MerMaTHTaMH, coAepiKaHuHe
UHMPKOHA, ceHa, MarHeTHTa, HO 3aTO B HHX 3aMETHO YMeHbIIAETCH KOJH-
uecTBo amartuta. OpTHT KOHUEHTPHPYETCS, IVIABHHIM O06pasoM, B POrOBO-
COMaHKOBO-GHOTHTOBBIX PAHHTaX, a B CHeficax W NerMaTHTax OH He BCTpe-
4aeTCs.

CpaBHHTENbHBII aHaJH3 TPAHHTOB, THEHCOB M TErMaTHTOB [OKa-
3bIBAET HE TOJBKO OJXMHAKOBBIH HaGop, HO U OJH30CTL CpPeAHHX BEJHUYHH
CONEpIKaHHA B HHUX 3JeMeHTOB-ipuMeced (rtaba. 37 u 38). IIpu stom, Kak
U B IOpelblayliem ciayuyae, oOpauiaer Ha cedst BHHMaune ocofoe
CXOICTBO, CYHIECTByIOlllee MeXKAy IpaHHTaMM H [erMaTHTaMH, a TaKKe
MeXAy NnermMatHTamMu H reHeficamMu. THIOMOpPGOHBIMH 3JeMeHTaMU-TpHMeCs-
MH, TNPHCYTCTBYIOIIHMH B TpaHuTax, NerMaTHTAX H THeicaX B paBHBIX
KoJHuecTBax, apasores: Zr, Y, Yb, Pb, Bi, Ga. B T0o ke Bpewms, no cpas-
HEHHIO ¢ BMEIIAIOU(HMH [OPOAAMH, B TPAHHTAX H INErMaTHTaX HECKOJbKO
VBEJHYHBAETCS] COJepXaHHe TaKHX SJeMeHnTop-npuMmeceli, kak Be, La,
Sn, Nb, u, nao6opor, yMenbinaerca cojgepxanue Li, Ba, Sr, Cu, Zn, Sc, Cr,
N, Ni w Co.

O6uapy:xeHne mepHs TOJbKO B TPaHHTaX, a Moau(JeHa B TpPaHHTaXx
H TIerMaTHTAaX W OTCYTCTBHE ITHX 3JEMEHTOB B THelicax elle He TOBOPHT
0 MPHBHOCE HX C KaKHX-TO THNOTETHUECKHX ray6uH. OHO MOMKET yKasblBaTh
TaK}e Ha To, 4TO B nponecce 06pa3oBaHHA TPAHHTBL W IerMaTHTH 0Gora-
IaJHCh 3THMH KOMIOHEHTAMH, a THelichbl OLIIH 3HAUYHTENLHO OOeJHEeHBI HMH
(Hdoaros, 1965). [loBbilieHHas uacTOTa BCTPeYaeMOCTH BoJabdhpaMa B My-
CKOBHTH3HDOBAHHLIX TOpoJAax 00yc/lOBJeHA CBS3bI0 3TOr0 3JeMeHTa ¢ Me-
TaCcOMaTHUCCKHMH [IpOLleCCAMH, KOTOpble HaubGoJlee HHTEHCHBHO MpPOSBJA-
JHCh B IeTMaTHTAX.

ConocraBnenne XHMHYECKOr0 COCTaBa TPAHHTOB C XMMHUYECKHUM COCTa-
BOM NETMATHTOB U I'HEHCOB CBHJETENbCTBYET O OOJIBIIOM CXOACTBE MEmKIy
IJIaTHONEIMAaTHTAMK M NuarnorueiicamMu. Te H ApyrHe XapakTepuayIOTCs 1MOY-
TH PAaBHBIM KOJIHUECTBOM lle/loWel, BCAEJACTBHE YEro HayajbHbIE TOUKH BeK-
TOpPOB, oTOOpaXKaloliHe coctaB MNOPOJ, PAacMNONAaraioTcs Ha OAHOH BepTH-
KanbHOH JHHHH. JIMA MiarHonerMaTHTOB XapaKTepHO NpeobiagaHie OKHCH
HATPUS HAJ OKHCHIO KaJus, uTo ocobeHno cOaumxaer ux ¢ raeicamu. [Inaruo-
KJ1a3-MHKPOKJHHOBEIE IerMAaTHTBl U T'PAHHTH, B OTJHYHE OT IJIarHONerMa-
THTOB M IJIATHOrHEHCOB, CONePIKAT NOBBIIEHHOE KOJHUECTBO IIea0Uel (¢ Ka-
JHeBOil Crenuaan3alieii),  Ha NeTPOXHMHUeCKOH auarpamme (cMm. puc. 58)
OHH 3aHHMAIOT CaMoe KpailHee IpaBoe TOJOXKeHHe Ha MaockocTH ASB.

Kpome Toro, Bce ynoMsHYThie MOPOAbI HCHBITAMH OJHHAKOBBIE METAcO-
MaTHuyeCcKHe TpeoGpa3oBaHuf, BbIpAa3UBLIHECS B HX Tpel3eHH3aluH, NMpo-
SIBUBLIEHCS MOCJae KaTakaasa.

IHefichbl, MHTMATHTEI H TPAHHTHl pa3MemeHbl B OJHHX H TeX e TeKTO-
HUUECKHX CTPYKTYpaxX, TECHO acCOLHHPYS JPYT € APYTOoM, Hepexoibl MexK-
Ay HHUMH IOCTeNeHHble, OGJH3KH OHH H 1O abco/ioTHOMY Bo3spacty (abco-
JIOTHLIE  Bo3pacT rHelicoB — 500—515, nerMaTHTOB M TPaHHTOB — 465—
480 muan. Jer).

[eHeTHUecKas OOIIHOCTb THEHCOB, MHTMATHTOB H TPAaHHTOB TO3BOJIAET
oOBLeIHHHTL HX B eIHHBIH KOMIJIEKC, KOTOPLIE Mbl HMeHyeM OYry3yHCKHM.
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Pacnpe;:e.neune aﬂeMeH?oB-npnmeceii B nopoﬂooépaayromnx MHHEpPAAAX M3 THEﬁCOB, NETMATHTOS W TPAHKTOR

Ta6numa 38

Buotut

Jne- IMoaeBoii wnar MarHeturt
MEHTHL THEHCH merMaruTol rpanirs raeficet NerMaTHTL rpam:'m rHeicH nerMaTHTh TPaHHTH
(25) (2) (15) (8) | (10) (8) 3 l 3) l (5)

Be 0,0001—0,001 0,0001 | 0,0002—0, 0008 2,0008—0,0005) 0—D, 002 0,0003—0,002 He o6Hh. 0,001 | 0,0002—0,006

Li 0—0,08 0,01—0,1 » He o6H. He o6n.

Ba 0,01—0,05 0,01 0—0,02 0,02 0,02—0,5 He o6H. : He o0n. He o6,
0,03—0,1 0,03—0,1 0—0,08 0,01 He o6H. He o6H,

Zr 0,005—0,01 0,001 | 0,02 0,0006—0,001 | 0,0003—0,002 | 0,0003—0,01 0,001 0,003

% 0,0002—0, 008 0,008 | 0,001—0,01 He o6u. He o6H. He o6H. He o6y, 0,01 0,0002—0,01

Yb 0,0001—0, 0008 0,001 | 0,001—0,001 y 8 . 0,0001 | 0,001—0,01

La 0,001—0,005 0,003 | 0,001—0,03 0—0,001 i 0,005 0—0, 003
0—0,1-0,1*

Nb | Cn.—0,0005 0,003 { 0,0003—0,02 He o6Hh. x : i He o6u. | 0,004—0,03*

Cu 0,0002—0,008 0,001 | 0,003—0,003 0,0003—0,002 | 0,0003—0,003 | 0,0001—0,001 0,003 0,001 0,002

Zn 0,002—0,01 0,02 0,02 0,002 He o6H. He o6wu, 0,04 He o64. | 0,0003—0,03

Pb 0,0002—0, 0005 0,008 | 0,0002—0,002 0,0002—0,005 | 0,0002—0,02 0,002 0,0004 0,0003 | 0,0005—0,001

Ga 0,0003—0,002 0,0005 { 0,001—0,006 0,0005—0,002 | 0,0002—0,002 | 0,0003—0,002 0,001 He o6wn. 0—0,0002

Ge 0—0,0001 He o6n.| He obn. He o6n. He o6H. He o6w. 0,0003 | He oGu. He o6H.

Sn 0,0002—0, 0006 0,0002 | 0,0003 0—0,001 0—0,0001 0—0,0001 He o6Hu. 0,0002 0—0,001#

Se | 0,002 0,002 | 0,0003—0,002 He o6u. i 0,0001 | 0—0,0005*
0—0,0001* 0—0,008 00,0003

Ti 0,1—0,8 0,5 0,1-0,8 0,001—0,01 0,001—0,02 0,003—0,01 0,05 0,01 0,08—0,8

Mn 0,02—0,1 0,2 0,2 0,005—0,1 0,002—0,1 0,005—0,01 0,01 0,02 0,01—0,08

V 0,005—0,02 0,01 0,002—0,02 0,002—0,005 | 0,0001—0,0005| 0,0002 0,0002 0,003 0,002—0,08

Gr 0,005—0,03 0,008 | 0,0005—0,002 He o6H. He o6, He o6, 0,0005 | He ofH. 0,01

Ni 0,001—0,02 0,005 | 0,0003—0,001 5 . 2 0,002 He oGH, 0,001

Co 0,0002—0,002 0,002 | 0,0003—0,02 4 2 A 0, 0008 0,0005 He o6,

MMpumevaHnHua

1. Llngpu B cko6kax nocile Ha3BAHAA

2. 3meamoyKaMH OTMEUEHBl SJeMeHTbl, OOHApYHKeHHHIE B eJHHHUHLIX npobax,

MHHEpana 060o3HauamT KOAHYECTBo AHAJNH30B,




7. TPAHUTU3UPOBAHHBIE OCHOBHBIE IIOPOAEL

B ampudonurax npeobpasoBanus noj BO3AEACTBHEM NPOLECCOB YAbLTPA-
mMeTaMop(H3Ma IpPOSABJAAIOTCS M0-PAa3HOMY, B 3aBHCHMOCTH OT HHTEHCHBHO-
CTH 3THX mpolleccoB. Tak, aM(puboauTh, 3ajeraiplige B MHUIMaTH3HPOBaH-
HbIX OHOTHTOBBIX IJarHOrHeHcax, IpeTepneBaloT W3MeHeHHs, BblpaxKalollHe-
cA rJaaBHbelM o6GpazoM B OuHOoTHTH3auuH aMm@ubGoJa H JeaHOPTHTH3IALHH
OCHOBHOro mjaruokmaasa. Juabnactuueckne CTPYKTypbl aM(HOOJHTOB CMme-
HAIOTCS KOPPO3HOHHBIMH H CHMIVIEKTHTONOZOOHbIMH. Ilo cocrasy Takue mo-
poabl GJH3KH K OHOTUTOBBIM IIATHOTPAHHTAM.

HauboJsiee sspko H riy0oKO mpolecc rpaHHTH3ALHH MPOABHJICA B OCHOB-
HBIX TOPOAAX, 3aJeralolX B BHAE OCTAHUOB B THefco-rpaHuTax bByry-
3yHCKOro MacchHBa. AMMHOOJHTH GblH Mpeo6Gpa3oBaHbl B KBapueBble JHOPH-
TH, nopdupobaacTUUecKHe IPAHOAMOPHTH W TPAHUTOBUAHBIE nopoast. ['pa-
HHIBl Me#Iy 3THMH THIaM{ NOpPOX OObIYHO pacmiblBYaThie. ['paHUTH3ALHS
PasBHUBAETCS HEPABHOMEPHO, TOJOCAMH W TIAITHAMY, BEPOSITHO, B 3aBHCHMO-
CTH OT CTPOeHHS (TPEeUlHMHOBATOCTH) HCXOAHBIX NOPOA H OT HMHTEHCHBHOCTH
nposiBleHHsi 3Toro mpomecca (puc. 66). Yacro mopoxsl, nperepnepliHe HH-
TeHCHBHBIE [TpeoOpasoBanys, KOHTAKTHPYIOT ¢ MOpoJaMH ¢/a1abo H3MeHeHHLI-
mu. Ilpn rpanuTH3anui raGOPOHAHBIX NMOPOJ HMHOTAAa BO3HHUKAET MATHHCTAd
CTPYKTYpa, KOHTYDHl PEJHKTOB OCHOBHLIX IOPOZ BecbMa NPHXOTAHBLI H He
pesje ueTkH (puc. 67).

CrnetnajbHOe H3y4YeHHe HW3MeHeHHS MHHEPaJLHOrQ H XHMHUYECKOrQ CO-
cTaBa TPaHHTH3HPOBAHHLIX OCHOBHBIX IIOPOJ, & TaK¥XKe HX CTPYKTYPHBIX
W TEKCTYPHBIX ocoOenHOCTEl GBIIO MPOU3BeCHO HAMU B BEepXOBbiX pek Byii-
aioreM (r. Uepnas), I'ereseii 1 Koukop-Jly. 3gech B npenenax ojnoro obna-
JKEHNA HA NPOTSKEHHH B HECKOJBKO AECATKOB MeTpoB HaOGMOZaNHCh Bee
nepexoibl oT c¢nabo H3MEeHeHHLIX aM(PHOOJH3HPOBAHHBLIX TabOGPOHOPHTOB ¢
PEJUKTOBBIMH O(QHUTOBHIMH M 0J1aCTOODHTOBLIMH CTPYKTYpaMH K TIOpoAaMm
rpanuTHOro o6GJHKa H coCTaBa.

HaunGonpuive u3MeHEHHs NpeTephnesNH OCHOBHBIE IIOPOAbI, PA3BUTHIE
B BepXoBbsix p. ByHutorem (loxHbli orpor r. UepHoil) B npegenax Byrysyu-
CKOro mMaccHpa rpaHuTongoB. Haumenee nameHneHnble MOPOABI MPECTABJIEHb
MEJIKO-, CPelHe- H KPYNHO3ePHHCTBIMH AHOPHTAMH, CPelH KOTOPHIX BCTpeya-
f0TCSI PEJHKTOBbIE YYACTKH, CJOMKEHHBIE PACCJAHIOBAHHBIMH aMpuOoJHTAMH
v aMmhubonHsupOBAHHBIMH rabfpounamu — NPOAVKTAMU BRICOKOTEMIEpa-
TypHOro Meramoppusma. KoHTYPE peNHKTOBHIX YY4acTKOB OCHOBHBIX MOPOX
He Be3fle YeTkue ¥ HUMeIoT cnoxkuble, OyxToo0pazHblie ouepTanus. B auopu-
TOBHIX NMOpojax H aM(pubOMHTaX OTMeYaloTcs CeKyllHe MaJOMOILHble AaHKH
(or 2 no 50 cm), croKeHHble ANHTaMH H KBapI-MHKPOK/JHHOBBIMH MeTrMa-
turaMu. Jlas paek xapakTepHO MeJKO3epHHCTOE CTPOeHHe NMOPOX B 3HAO-
KOHTAKTOBBIX 30HaX. B KOHTakTe ¢ gailkaMH amHTOB M TErMATHTOB Me-
KO3ePHHCTHIE THOPHTH H aM(@HOOMUTLI OCBETJIEHB M mpeobpasoBanbl B 6o-
Jilee KPyNHO3epHHUCTHIE TAKCHTOBLIE [erMATOHAHBIE JHOPHTH, CJIOMKEHHBIE
JIYUHCTEIM aM(puboJ0M H IIaTHOKIa30M.

[Tnarnoxknas B KBaplUeBHIX NHOpPHTaX coctaBaser 55—62%) porosas
obmanka — 22,8—26, kBapu — 2,5—5,29%,. Kpome Toro, npucyrctByior chewn,
anatut ¥ pyausie (4—5%}). Ctpykrypa mopox 6/aacroodurosas, 06ycios-
JIeHHAS HAJHYHeM MPH3M IJIaCHOK/a3a, B MHTEPCTHUHAX KOTODHIX Pa3BHBA-
joTcs amubosn ¥ KBap.

[Tnaruoknas mo cocraBy oTBedaer anpesuny No 30—35. Hacro soHanb-
HBEIi: B IIEHTpe, CYAd 110 NPOAYKTAM PAa3jOKeHHS (MHHEpaJibl 3MHA0T-IOH3H-
TOBOI1 TPynNnni), Oojiee OCHOBHOM, MO nepupeprn — KUCAbH (CepPHIHTHIUPO-
panpbiin, Ne 24—26), IlpoaykTel pasioKeHHsS pacnpefensioTcss MO 3epHY
HepaBHOMepHO, NATHaMH. ITo cnafiHocTH B MHHepaJe pasBHBalOTCS amM(H-

10 71, A. Muxanesa, B. A. Ckypuanu 145



Puc. 66. Tpanutiusuposannsit amdnbonnr,

Puc. 67. TIposip/ienne TPAHUTH3ALHN BAOAb TpellluH B ampubonure.

Gou, snuaor, uousur. [lnarnoknas pasbepaercsas am@uGosoM ¢ 06pas3oBaHH-
€M CHMIJCKTHTOBBIX CTPYKTYP; KpPOMe TOro, IJIarHOKJIas NpHHHEMaeT yyacTHe
B CTPOeHHH OJaCTHUECKHX arperatos, SIBAMIOUIHXCA pe3y/abTaroM colupa-
TeAbHON nepekpuctanaudauny. Ampubon BeTpeuaercs B BHAE 3epeH JABYX
regepauuil. AMpubon neppoil redepauny obpasyer RNHHHONPH3MATHYECKHE
KPHCTA/JbI, KCEHOMOP(Hbie 3epHa, HHOrZA MOMKHIOONACTE, XapaKrepH3y-
JOfiHECsT HEOAHOPOAHBIM CTPOCGHHEM M NSTHHCTHIM yracanneMm. OnThueckne
KOHCTaHThl: — 20==84—86°, c: Ng=18—22°. B uenTpa/bHLIX YacTsX 3epeH
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porosoit o6MaHKH B BHAE NsiTeH COXPAaHAIOTCA PEIHKTOBBINl THTAH-aBTHI,
1260 N1e0XPOHPYIONIHII B PO30BATHIX TOHAX, HAM SHCTATHT. AMPHOOX BT)-
poil TeHepalHi PA3BHBAETCH 10 POroBoil 00MaHKe HIH 1O TPEUHHKAM B niid-
rHokaase. OnTHueckHe KomcTanThl ero —2v=70—75% c_:Ng=‘#-;-13.

Mo amduboay passuBaloTcs 3MHIOT, chen, anbOuT, KapOoHat, XIOPHT,
THTAHOMArHeTHT. BerpeuaioTess MHOrOUHCIeHHBle BRJIOUEHHA 3epeH dnaTura.
Ksapil pesko KceHoMOp(eH MO OTHOLIEHHIO K JIPYTHM MHHepaJjaM, obpasyer
Jamnuarble 3epHa, paclosjarasfch B HHTEPCTHIHAX HJH 0 TPeUlHHAM B IIJ1arHo-
K/aze. DTOT MHHEpaJ KOppOAHpPYeT TJIaTHOKJIAa3, COAEPIKHUTCA B HEM B BHE
BKJIIOUCHHN MJIH IIeMEHTHpPYeT ero, NpHAaBas CTPYKType IarHoK/j1asa MOH-
UOHHTOHIHBI XapaKrep. DHOTHT WHTEHCHBHO IJIEOXPOMPYET OT CBET/IO-
XKeATOro [0 3e]1eHOBAaTo-KopHuHeBoro. PassuBaercsi Ha TpaHHle 3epeH
nJarHokaasza u ambndona, KOPPOAHPYA HX, WIH MO TPeHIHHKaM B KBapue.

Oco6eHHOCTBIO CTPOCHHUSI JHOPHTOB ABJAAETCH HaAH4He OJACTHYECKHX,
NONKH/I0-6J1acTHYECKHX, 0JacTOOdUTOBBIX CTPYKTYP H TAKCHTOBBIX TEKCTYD.
IMocaennne o6ycaoBaeHsl HagununeM o6GocoOueHHH am@ubosa HIH MIardo-
Ka143a, KBaplla M OHOTHTA, a TaKkKe pAasaH4yHON BeJHYHHON MHHEpa/bHbIX
sepeH.

PoroBoo6maHKOBble JHOPHTEL TOCTENEHHO TepPexoAsiT B NecTphie Mo
BHENIHeMY BHJY KBapIlleBO-poroBo0OMaHKOBO-0HOTHTOBbIE AHOpHTHL [lnaruo-
K143 B 9THX NMOPOJax MPHCYTCTBYeT B BHIe 3epeH AByX reHeparumil. Ilepsas
refepauus (pesHKTOBas) NPeACTABICHA H3OMETPHUHBIMH, CJETKa OBaJbHBI-
MM, JHIIEHHBIMH KPHCTaaJgorpaduueckux OuepTaHMil 3epHAMH, KOTOpbIe
0OBIYHO 3a0HTHI MPOAYKTAMH passoxkeHnust (cocciopHroM). Bropas remepa-
uug npeactaBiena Gojee MeJKHMH, UHCTHIMH ¥ NPO3DAYHBIMM 3eDHAMH Mar-
MATHYeCKOro TPOHCXOMKICHHS, KOTOPble MO COCTAaBY OTHOCATCS K OJIHTOKJIA-
3y (Ne 20—22), xapaKrepusyioTcsi NSITHHCTBIM YracaHHeM H YaCTO 30HAJBHEIM
crpoenneM, KonnuecTso 308 He mpeBbinaer Tpex. Iliarnoknas BHemInei 30-
bl Oosee kucablit no cocraBy (Ne 20—25) «BHeApsieTcs» B IJIATHOKJIA3
(Ne 28—32), caaraiouiuii eHTPaJbHYIO YacTh 3e€pPHA, KOPPOAHPYS ero rpa-
HULBL [paHuubl MeXKAy 30HaMH TO YeTKHe, TO pacmukiByartele. OGpasopanue
Cosee KHCAOrO IO COCTABY NIArHoK7na3a (OJHTOKIa3a) CONPOBOKIAETCS
nosiBJieHHeM GOMBIIOTO KOJHYECTBA JJIHHHLIX NPH3M amaTHTAa, NPOHH3LIBA-
IOUMX BCe APYrHe MHHepa/bl mopoabl. Hepelko B HHTEPCTHUHAX NJarHo-
KJasa pasBuBaercsi cdeH, KOTOPLIi, OUEBHIHO, 00pasyeTcs NPH PasiOKeHHH
THTAHOMAarHeTHTa. DHOTHT MHTEHCHBHO IJIEOXPOHPYET B KODHYHEBBIX TOHAX
H CONePIKHT MHOTOUHC/EHHble MIOJIOYKH PyTHJIa. B Buie BKialoueHuit B 6no-
THTE BeTpeuatorcs ceH, 3nMJIO0T, THTAHOMAarHeTHT. BHOTHT pasBHBaercs Mo
poropoii o6MaHKe, KoTopasi oTMevanach B coctaBe AHoputoB. KBapu o6uiuno
BCTpeuaercs B HHTEPCTHIMAX NJarHoknasa ¥ amdubona, UeMEHTHPYS HX;
CTPYKTYpa B 9TOM CJlyuae HMeeT MOHIOHHTOMIHBIH Xapakrep.

TexcTypa MOPOA HEOLHOPOAHAN, OOYCIOBACHHAS CMEHOH YYacTKOB, CJIO-
AKEHHBIX TPEHMYIIECTBEHHO MPO3PAuUHBIM OJIMIOKJIa30M H KBapleM HJIH TeM-
HOUBETHLIMM MHHEPAJaMH H [JIATHOKIAa30M, 3a0HTEIM BTOPHUYHBIMH IPO-
LVKTaMH.

Jluoputsl mepexogsT B nopdgupobGracTHuecKHe NATHHCTH e
HOPOAL TPAHOJHOPHTOBOTLO COCTAaBa C BapbHPYIOIIHM cojep-
MaHHeM OT/AeJbHBIX MHHepa/joB. KoauueCcTBO TEMHOILBETHBIX MHHepaloB
B 3THX MOPOJAX 3HAUMTENbHO MeHbIe, UeM B AHOPHTaX, GHOTHT pesko mpe-
oOnanaer Han am¢ubosoMm. Pasmepbl nopdupobaact nojesblx MNIaToB J0-
cTHTaloT 3 M, pacnojoxeHue opHeHtHpoBauHoe (puc. 68). Tlopdupobaa-
CTHUECKHE MOPOABI caaraiT B aMduboaurax msaTHA, rHe3l000pasHbie CKOM-
nenuss ¥ nojock (puc. 69), BHITAHyTHIE TOUTH BCerja B HampaB/eHHH,
COTJIACHOM C TrHelicoBupnocrthio. LIHpHHA TakuX 10J0C BapbHPyeT OT He-
CKOJbKAX CAHTHMETPOB /10 HECKOJBKHX JIECATKOB METPOB.
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Puc. 68. Topdupodractuueckasn MeIaHOKpaTOBass MOPOAA TPAHOAHOPUTOBOTO
cocrasa

Puc. -69. TaxcuroBas mopdupoGractiieckas NOpPOAa TPAHOAHOPHTOBOTO COCTABA.
Bunnn HeoaHoponnbe nopdupo6aacTsl NIarHokmasa.

Mukpockonnyeckne HccaeROBaHHS NOKasanH, YTO NJIaTHOK/JAa3 Xapak-
TEPH3YeTCs HAHOMOP(PH3MOM 110 OTHOLIEHHIO K JPYTHM MHHepajaM, a TakxKe
HeNnoCcTOSIHCTBOM cocTaBa. Ilnarvoxaas neppoii redepanny, Kak H B JHODPH-
TOBbIX NMOpPOJax, 00pasyeT H30OMeTpPHUYHBIE HJIH CJIerKa BHITAHYTHIE 3epHA C He-
YeTKHMH, elBa HaMeualomumucg rpaHamu. OOBUHO 3TOT NNArHOKJIa3
MaJlo30HaJIbHbIi, PPaHMIEl MeKAy 30HaAMH pacnibiByatile. M3penka serpe-
yatorcs Gosee KPynHBE MO pasMepaM MHOTO30HaJbHBEIE 3epHA (B IeHTpe
Ne 34—36, no nepucdepun Ne 20—22), B KOTOPHIX TPaHHIBl MeXAY 30HAMH
peskue, oTueTauBEle. MuHepas CHUAbHO M3MEHEH, NPOAYKTH Pa3joKeHH:A
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Puc. 70. Tunuanomop¢Ho3epHUcTas CTPYKTYpa TpaHOAMOPHTA. BHannl 3epna niarHok.aasza
JABYX TeHepaluil, HEMEHTHPOBAHHLIE KBApLIeM.

Puc. 71. TpanutoBHaHas LOPOZA. YYaCTKH, CJIOMKEHHbIe MHKDPOKIHHOM H KBAPLEM (conpasa),
yepeLyioTCs ¢ y4acTKaMH, CJI0XKEeHHLIMH OJacCTHUECKHMH 3€pHAMH MJ1arHOKa3a (cnesa).



fgc. 72. Bractuueckas CTPYKTYPA B TPasHUTOBHANON nopone. Crpasa — 30HanbiiLi J1arHo-
Knas. (¥B. 3,7X17, Ge3 ananusatopa.)

Puc. 73. Heopnopoanoe cTpoenye nopdupobaact ma

aruoK/aza B TPAHHTOBHAHOW Hopoze.
Havamenas cragus samewenus ero stukpokammom. (¥Vs. 3,7X17, ¢ aHa/M3aToOpPoOM. )



pacnpenensTcs N0 3epHy HepaBHOMepHo, naTHamu. HabGuaonaerca
cpacraHMe 30HAJbHBIX 3epeH U nepexoj OT HHX K YHCTHIM, NPO3PAayHbIM, Ma-
JO30HATbHBIM HJH HE30HAJBHBIM MMPH3MATHYECKHM 3epHAM MJIArHOK/ 434
(onmroknas, ansbur — oauroxnas Ne 16—18) Bropoil reHepaniy, HMEIIHM
BO MHOTO Pa3 MeHbIUHe pa3Mepbl, YeM 3epPHA IJIATHOKJIa3a IepBOil reHepa-
LMH. 3epHaM BTOPOil TeHepaluH CBOHCTBEHHA TOHKAf IMOJACHHTETHYECKAs
CTPYKTypa ABoitHHKOBaHUA (puc. 70). Ilnarnoknas xoppoaupyerces Kaplem
H peeTyaTiM MUKPOKAHH-epTHTOM (—20=72—84°). 3ameurenne MHKpPO-
KIMHOM HayuHaeTcs OOLIUYHO ¢ nepudepuyn 3epeH HAM B BuJe TIa3KOB IO
rpaHHLe MEXKJY 30HAMH B 30H&JbHOM Il1aruokaase. IIpu 3ToM MOXKHO Mpo-
CJeiNTb BCe CTANMH 3aMELUEHHs I[JIATHOK/IA3a MHKDOKJIHHOM, KOTOPBIE
HHOT/Ja CONpPOBOKAAlOTCA 00pasoBaHHeM MHpMekuTa. MUKDOK/IMH pa3Bu-
BAETCA TaKKE B HHTEPCTHUHHX 3€peH NjarHoxiasa, UeMeHTHPYA NOCTefHH
¥ 00YCJI0BINBAS MOHLOHHTOBLIH XapaKTep ero CTpykTypsl. Kpynnble samya-
Thle 3epHA MHKPOK/JIHHA JHIIEHbI KPHUCTANJOTPA(QHUYECKHX OUepPTaHHIl H Ile-
penosiHeHbl BKAIOUEHHSAME TJIaTHOKJIA3a, KBapua, chena. Berpewaercsi MHK-
POKJIMH H B BHAE MeJKHX 3epeH, 00pasyloUliX BMecTe C KBaplleM ajliOTPHO-
MOpQHO3epuHCTLIE arperatel. Ksapl B KpynmHbIX 8epHaX OOLIYHO CHIBHO
KaTaKknasupoBaH, oOHapy:;KuBaeT caeldnl jedopmauuii, ckasasuinecs B 00-
J4auHOM YTacaHMd H TpeudHosatocTH 3epeH. Yemyiikn GHoTHTA, HHTEHCHB-
HO IJI€0XPOHDYIOLIHe B KOPHYHEBHIX TOHAX, 00pasyloT MsTHA U IOJIOCHL, Pas-
BHBasIChL 10 TPEUIMHAM MJ/IH HA CTBHIKE 3epeH KBapua u MHKpokJauHa. C OHo-
THTOM ACCOUMHPYIOT allaTHT H cden.

Oco0eHHOCTBIO TPAHOLUOPHUTOR SIBJASETCH OOWIHE B HUX MArHeTHTa M Ha-
JHYHE TaKHX aKIleCCOPHBIX MUHEPAJOB, KaK LUHPKOH H opTuUT. CpolicTBennoe
STHM NOPOLAM HEeOLHOPOIHOE CTpoeHHe 00YCJ/0BJNEHO MSATHHCTHIM Pacmpeje-
JeHHeM MHHEpP4JIoB H TeM, YTO MHHEPAJBl 3TH COCTOST H3 3epeH PasiHYHbIX
pasMepos.

Cleayiomyioo crenesb npeobpasoBaHHs OCHOBHHIX TOPOJ] XapaKTepHav-
16T yiKe Gosiee WIM MeHee OTHOPOJHbIE cepble Tpy6o3epHHCTEIE TOPOIBI, HHOT-
Jla co caado BhIpaxKe@HHBIM THeHCOBHIAHBIM CJIOKEHHeM, 110 KOMHYECTBEHHO-
MHHEpPaJbHOMY cOCTaBy OJH3KHE K PaHHTAM. JTHM MOPOLAM CBOMCTBEHHO
nebodblioe COMEpKAHHE TEMHOUBETHEIX KOMIOHEHTOB H HEPaBHOMEDHOZEep-
HHCTOE ¢TpoeHHe, 00yc/HoBIeHHOe KPYIHOI, 110 CPABHEHHIO C APYTHMH MHHE-
pajaMy, 3ePHHCTOCTBIO KaJeBbIX MOJEBLIX INATOB (102 cM o AJAHHON OCH ).
HeBoopyeHHBIM r1a30M B HUX OTHETIMRO BHHBI BKIIOUEHUS MEJIKHX Cepo-
BaTo-Oe/bIX MPUH3M IUTArHOKA43a M delyex Ouorurd. s Mopoix xapakrep-
HO NSITHACTOE pacnpelelende oraeibHbIX MHHepasop. Ormevatorcs yuwacr-
KH, CJIOMKEHHBIE HJH HCKIIOYHTEJIBHO MJIAarHOKIa30M, HJIH KBapLeM H MHK-
pokauHoM, uau Guoturom (pue. 71). Ilopomsl xapaxTepHsyloTcs couera-
HHeM OJacTudeckoi, TrHNUAHOMOP(HOI, MOHILOHHTOBOH H KOPPO3HOHHOI
CTPYKTYP.

ITnaruoknas npHcyTeTByeT B BHJAe 3epeH IByX renepauuii. B mep-
BOIl reHepauMn OH o00pasyer HeNpaBHJIbHbIE [PH3MATHYECKHE MHOTO-
sonanbHuie  (10—15 30H) 3epHa, oOpasylomiue OjacTHYeCKHe arpera-
el (puc. 72). On xKoppomupyercs MHKPOK/JIMHOM M XapaKTepH3YeTCs Ha-
JuuHeM CepHLIHTA, KOTOpBIi pacnpeiensercs N0 3epHY B BHAe NATeH
(puc. 73).

Bosee Menkue 3epHa, He30HAJbHOTO HJM MAaJaO30HAJLHOTO CTpPOe-
HUSI NPUHALJNEKAT IJarHok/aasy BTOpoil renepauud. OHH JuLIEHBl NPO-
NYKTOB PA3/I0XEHHs, NOJHCHHTETHYECKH CIBOHHHKOBAHBE, HMEIOT HHOTIA
0J0uHOE CTpOEHHe, HATHHCTOE yracanme. Kax mnpaBHIO, 3TOT ILIaTHO-
kna3 (Ne 12—16) oOpasyer arperathl 3epeH, XOpOIIO OrpaHeH-
HBIX MJH C eABa HaMeuamuMHC KpHCTamIorpaduuecKMMH OYepTaHu-
AMH TpaHei.
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KceHoMOpQHbIe 3epHa MHKPOKJIHHA, PasMephl KOTOPLIX B JAECATKH pas
NPEBBIIAIOT pasMepbl 3epeH IJATHOK/JIA3a, XapaKTepH3YIOTCS OTUETJHBO
BBIDA’KeHHOH MHKPOKJHHOBOI peUIeTKON, MepTHTAMH 3aMEHIeHHs] H MHOTO-
UHCACHHBIMH BKJIIOUEHHSIMH IJIaTHOKJ/J1a3a, 6HOTHTA, OPTHTA H chena. OObMHO
MHKDOKJIHH DasBHBAETCA MO IJIATHOKJIA3y, 3aMellasi ero, W/JAH BhINOJHAET
MHTEPCTHIMH MeXKJy 3epHaMH IJlarHoknaa3a. Ha rpanume 3epeH 5THX ABYX
MHHepaJioB 00pasyercss MHPMEKHT.

OcoGeHHOCTBIO COCTaBa MOPOJ, ABJASETCA OOHIHE KPYNHO3€PHUCTOrO Che-
Ha, 3MHJ0TA, MAaTHETHTA, 30HAJbHOTO OYypo-KeITOTO OPTHTA, a TaK¥Ke HAJTH-
une uupkona. Mspenka sctpeuaercs porosas oOManka, TpeacraBleHHasn
¢HHe-3eJleHOl PasHOBHIHOCTLIO C HH3KHM YIJIOM ONTHUECKHX ocell (—2 v=
—50°% ¢:Ng=30° Ng=1,698; Np=1,678), uTo CBHAETeNLCTBYET O BHICOKOM
coJepzKaHMH B cocrase ampuboga OKHCH HaTpus. BroaHe oueBHIHO, UTO
TPAHUTORUANBIC HOPOAB ABJAIOTCS NOCHeAHed CTYNEHBIO MEPeXOAa OF Me-
TacoMaTHYecKHX o6pas3oBanuil K MarmMaTHUECKHM.

Taxum o6Gpasom, nabaiofaloTcsl Bee craiHi NOCTeleHHOro npeoGpasoBa-
rug am(puboanTOB ¢ AHabJacTHUECKHM CTPOEHHEM B TPaHHTOBHIHLIE TOPO-
nbl. Ha HauaabHBIX CTaAUAX METACOMATHUECKOTO Npolecca MPOUCKOLUT me-
peKpHucraanu3alnsg MHHepaJ bHBIX KOMIOHEHTOB ¢ (DOPMHPOBAHHEM KPYIIHO-
3EPHHCTBIX CTPYKTYP, COMNpoBOxkIamouiascs Meramopdudeckon gHpdepen-
nHanKel, B pe3y/pTaTe 4ero OJHH YJacTKH NMOpoAbl oboramaircs (pemMuye-
CKHMH MHHEpajiaMmu, Jpyrue, Haobopor, cannueckumMu. HauanbHble craany
npoiecca XapakTepH3YyIOTCsl PasjioXKeHHeM OCHOBHOTO IUIATHOKJIasa M lepe-
XOJIOM er0 B OJHMrOK/JIa3 H OJIHTOK/JIa3-aHIe3uH C o0pa3oBaHHeM KpYNHBIX
CKOIIEHHil anaTHTa, CBHAETeJbCTBYIOUIHX O 3HAYHTEJIBHOH pOMH JETYYHX
komnoneutoB. IlosBasiercsi KBapll, MAarHOKIa3 3aMeL[aeTcs] CepPHIHTOM.
JlanbHelHe H3MeHEHHS B MHHepaJbHOM c€OCTaBe BhIpAMKAIOTCS B Pasioc-
JKEHHH pOroBod OOMAaHKH H 3aMelleHHH ee OGHOTHTOM. [TOCKOABKY IepBHYHOE
cofiep:kanne Kanusg B aM(puGOJHTAX HeBeJHKO, MPOUEecch OHOTHTH3ALHH 3a-
BHCAT OT MPHBHOCA KaJausi H3BHE.

O xuMu3Me mpoliecca npeoOpa3oBaHHA OCHOBHBIX MOPOX Ha 3THX CTa-
AUSX MOXKHO CYAHTb IO AaHHBIM XHMHMYECKHX AHaJH30B, IPHBEJEHHBIX B
raba. 39. Ilo knaccupukauun A. H. 3aBapuukoro, ZHOPUTH OTHOCATCS K
KJIaccy NOPOJ, HACHIIIEHHBIX KpeMHe3eMOM, K Tpymie — OeIHbIX [eqo4yaMu
u K NOArpyMIe — MeJaHOKpaToBbix nopod. Cnabo uaMeneHHble pOroBoo6MaH-
KOBBEIE JHOPHTH OJH3KH MO XHMHYecKOMy cocraBy K rad6po u rabbpo-nuo-
pHTaM, a TPAaHHTH3HPOBAaHHLIE pas3HocTH uX (ananausel Ne 41B, 150a, 234a
v 41r) —K amoputaM M rpaHogHopuTaMm. TakuM o6pas3oM, pasHooOpasue
XMMHYECKOTO H MHHEPAaJLHOrO COCTaBa TPAHHTOHLOB ONpeNessieTcsl cocTa-
POM BMeLLAIIIHX NOpoX. Bexropbl, orobpazkaloliHe coCTaB pPoroBOoOMaH-
KOBBIX JHOPHTOB, PACMOJAralOTCA B TMOJ€ Pa3BUTHS BEKTOPOB aM(pHOOIHTOB
(ananu3sr Ne 4713, 1113, 1118, 1313, cm. Ta6a. 22, puc. 59) u xapakrepu-
3YIOTCA NOYTH OJMHAKOBON BenWunHON ¥ HakioHoM. Dozee monoru# Hakion
pekTopa 1116 o6ycnoBiaeH OOHAbHBIM MOfABJIeHHeM OHOTHTA B TPaHHTH3H-
poBauubix ampuboanTax. [[HOpUTOBbIE MOPOALI OTJHYAIOTCS OT aMduboIH-
TOB JIMIIL NOBLIILIEHHBIM cOAepKaHHeM Ilejoyell, a TPAHOAHOPHTEI €Lle H T0-
HUJKEHHBIM KOAKHYeCTBOM (heMHUeCKUX KOMNOHEHTOB.

[paHuTBl, accOUMHPYIOUHE ¢ OCHOBHBIMH TOpojam# H oGpasyromnecs
B pesyJbTaTe M3MeHeHHs Mmoc/eiHHX (aHanu3 Ne 44), xapakTepH3YIOTCs I10-
BEIIIEHHBIM COJAEpKAHHEM Kallbllhs, HAYIIEro Ha IMOCTPOeHHe aJIOMOCHIHKA-
TOB, W npeoGnajgaHHEM OKHCH HATPHSi HaJd OKHCbIO Kaaus. B MHuie-
pasbHOM COCTaBe TPAHHTOB 3TO BhIpajKaercs B HAJNMYHM CyOIIenO4HOI po-
roBoii 06MAaHKH H CYLECTBEHHO IJIaTHOK/J1a30BOM XapaKTepe MOoJeBBIX IIna-
toB. JIJI TPAHMTOB, ACCOLMHPYIOUIHX C TJIHHO3EMHCTLIMH THeficaMH, CBOM-
CTBeHHa, KaK GbLIO MOKAa3aHO, Pe3Kasi MepechlleHHOCTb TJIHHO3eMOM H 6o-
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Ta6auma 39
XHUMHYECKHH COCTaB rPaHHTH3HPOBAHHLIX OCHOBHLIX MOPOA

Homepa npob

Oxueant
1016 \ 1113 52 41 41p 234a | 41r ] 44 | 150a
Si0a 80,821551,35 50,68 54,81 56, 16 61,66 64,54 |67,59 | 56,29
TiO2 0,54] 1,18 0,99 0,96 =02 0,73 0,78 | 0,55 0,91
Al2Os 1598 16,26 15255 1789 17,87 18,46 16,47 |15,51 | 17,85
FesOs 1,60 5,78 2,98 740 2,31 1,57 |1,30|1,14| 2.5
FeO 5,90 4,10 6,78 4,74 6,00 4,20 3,83 | 2,30 3,94
MnO 0,14 0,19 0,35 0,20 0,15 0,11 0, L1 006 0,15
MgO 9,08/ 6,73 7,56 7.93 3,10 B S B B RS
CaO TONE] EGeT 6,06 5,66 5,79 4,00 |3,41|243| 5,85
Na:O 0,64 1,95 2,83 2,70 3,75 3,95 4,08 | 4,31 3,37
K20 0,48 1,20 2,53 15T 1,81 1,81 3,13 | 3,82 2:63
P20s 0,071 0,13 0,10 0,20 0,53 0,32 0200 1O 1350518
H.O 097 0,21 0,19 0,19 0,16 0,26 0,38 | 0,14 | 0,04
S D02 = Ca. 0,016 0,02 - - — 0,03 Ca.
s mser, 2,16]. 2,80 2,98 2,42 0,78 1,04 0,401 0,76 2,10
Cywmma | 99,83 99,59 99, 86 100,71 100, 20 99,82 (99,55 |99,55 (100,29

Yucaossie xaparkrepuctuky (no A. H. 3aBapnukomy)

Ialc\b|s|a'|f'lm!n'r|;\(3 |nfr:]c'
1016 2.1 9,7 | 29,2 | 58,9 | — | 25,1} 53,6/ 66,7 0,7 | 5,3|+ 4,0 0,2 ] 21,3
1113 6,51 18,2 | 220515624 — | 41,31 51,9 71,1} 1,7 | 22,5]-+ 3,9] 0.8 6,9
52 10,1 6,3 | 23,3 |60,2| — | 38,3 56,3| 62,5/ 1,4 | 8,4— 6,0 1,6 | 5,4
41 8,4| 6,9 | 20,8 | 53,8 9,3| 31,2 59,5 72,1] 1,3 8,6|— 6,01 1,2 —
418 | 11,4 6,8 | 13,9 | 67,9 | — | 57,3 39,1| 76,3| 0,2 | 14,214+ 6,2} 1,7 | 3.6
934p | 11,5 | 4,9 | 10,7 | 72,9 | 36,8| 52,0| 11,2| 76,8( 0,9 | 13,2|-+17,9] 2,3 —
41r | 13,7 | 4,2 6 90LTS T 4,0( 68,0] 28,0| 66,6/ 0,8 | 18,0/+18,7} 3,2 —
44 14,91 2,9 g A T T — | 73,4/ 26,6 63,3| 0,6 | 21,9(4+22,6| 5,3 —
150a. 11,5 | 6,7 14,8 | 67,0 — | 42,4| 53,3| 66,7 1,2 | 15,2|+ 4,6] 1,7 4,3

XapakrepicTHka npo6. 1016 — ra66po-anatas, cnabo usMeHenHwil; 1113 — amdubonur; 52 — KpynHo-
sepHHCTHI AMOpHT, p. Byitaiorem; 41 — MeJKO3epHHCTHIl MeJaHOKPaTOBBIA pOroBooGMaHKOBbIHL IHODHT,
p. Byitmorem (joro-zanaaumifi orpor, r. Yepnas); 418 — nopdupoGaacToBulii MeaKO3ePHHCTHIE KBapico-
nepkamuii poropoo6MaHKoBO-GHOTHTOBLIE AHOPHT, Tam Ke; 2431 — nopdHpoGAACTOBBIA MelaHOKPaTOBLIH
rpaHOAHOPHT (MHKPOKIHHH3HPOBaHHBIN AHOPHT), Tam xe; 4lr — nopdupoGnacTosulil NedKOKPaTOBLIH Poro-
BOOOGMaHKOBO-OHOTHTOBEIH TpPaHOOHOPHT, TaM Ke; 44 — cpBeTjo-cepas HepaBHOMEPHO-KPYNHO3EPHHCTAH
rpaHHToBHAHas mTopoaa (c amdubosom), Tam xe; 150a — KBapl-GHOTHT-POroBOOGMAHKOBBI JHODHT;
TaM xKe.

Ananuan 418, 41r, 2342 BeinoaHens anaautukom E. M. 3mpsnosoil; 1016, 52, 1113, 41 u 44— B. T. LlaM-
6GanHCT B XHMHKO-aHaJHTHYecKoll aaGopatopin UI'ul' CO AH CCCP.

Jiee KHCJBI cOCTaB MJarHoKJasa. ,D.JIH YCTaHOBJ€HHA MHTDalHH 3JE€MEHTOB
B npolecce H3MeHeHHs: aMGuGONHTOB GBI BLIMOJHEH Iepecyer aHaaH30B M0
cnoco6y Bapra, mokasaBiiuii ciefiyioline Pe3y/bTaThi:

06p. 1116 (amdu6oant) K,;NagCa,oMgosFes; Feji Al g TiySizqP,
(O158s0H;,);
06p. 41 (auopnt) KigNaysCazsMgioFes,” Fe i Aligs TigSls 1Py (O150OHy1).

[IpuBHOC BroiHoc
Na—12, Si—15, K—3, Mg—4; Ca—23, Fe—10, Al—I11, Ti—3.
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C BBIHOCOM KaJbllHsl ¥ TIPHBHOCOM HAaTPHA H KPeMHH$S CBA3AHO [OHHXKe-
HHe OCHOBHOCTH Iaruoknaza W obpasoBanne KBapua. Ha srtoit craaum
METACOMATHUECKOTO Mpolecca TakzKe OTMeuaeTCs He3HauHTeNbHbIl MPHBHOC
Ka/Jdsi § MarHug.

[Ipu mepexofie KBapleBo-poOroBOOOMaHKOBLIX JHopHTOB (00p. 41) B caa-
G0 geabAmNaTH3HPOBaNHble KBAPLEBO-OHOTUT-POrOBOOGMAHKOBEIE JHOPUTHL
{o0p. 41B) Gananc BeulecTBa B 00BeMHON CTAHZAPTHOH sueliKe npeacraB/is-
€TCSl B CJIeAYIOLIeM BHIE:

00p. 415‘*K-nNausca57Mg43F9:72F9K53A|anil151521134 (Oy5910Hay);
o6p. 41—'K1sNaascaanMgque;i:FeffAlmuTisSimJpl (O435900Hyy).

[IpuBHOC Bruoc
K—3, Na—20, Si—10, Ti—5, P—3: Mg—57, Fe—5.

VinTencupnoe pasBiTHE NPOIECCOB MeTacoMAaTo3a MPHBOLHT, BOMOMKHO,
K CeJleKTHBHOMY MJIaBIEHHI0, K 00pa3oBaHHI0 rPaHOAHOPHTOB. [lnaruoknaas
B HEX 3aMentaercs MHKPOKIHHOM, T. €. NPOHCXOZHT Jafblelillee NOHHIKe-
HHe ero OCHOBHOCTH (M0 OJIMLOK/a3a), YMEHBbINAETCs cojep:KaHue OHOTHTA,
ucyesaeT poropasi oOMaHKa, H, HAa00OPOT, Pe3KO YBEIHYHBACTCS KOJHUYECTBO
KBapila, MHKDOK/HHa, MarieTHra, cexda u opTura. Ha 3Toél craguu mpe-
oOpasoBaHus Mopoj HauboJee XapaKTepHbl NPOLECCH NepeKpHCcTain3alHu
NJI4rHoknasa ¢ odpasoBanueM KPYMHBIX Topgupobaact, 6JI0KOBOe CTPOeHHE
KOTOPBIX I103BOJISIET CUHTAaTh HX POPMHPYIOLMMHUCH B TBepa0il cpeae. JIoKab-
HO HPOHCXOAHT OYHIIeHHE NJIAaTHOK/IAa3a OT NPOAYKTOB PA3JOKEeHHA W BKIIO-
ueHHi, a TakxkKe opopmieHHe rpaHell ¢ obpasoBaHuem THIHIHOMOpdHO3Ep-
HHCTBIX CTPYKTYP, YKaseIBalOLIHX HA KPHCTAJJIM3aLHIO MHHEpaja H3 pac-
naasa. Ecan 310 Tak, 3Ha4HT Ha JaHHOH CTaIuH NPOHCXOLHUT TpeBpalleHHe
MeTaMOp(OreHHOro nJaaruOK/aasa B MarMaTHyecKHil, GHOTHT MpPH 3TOM pas-
JAraeresd, B CBA3M C YeM YBE/IHUHBACTCHA CONeprRaHie MHKDOKJAMIA M Marie-
1uta., Ormeuaercsl peskoe 060cobienne JMEHKOKPATOBLIX H (PeMHUeCKHX MHU-
HepaJsioB, MeXrpaHyJspHoe PasBHTHe KBapina H MHKPOK/JIHHEA, IN0sBJeHHe
KpVOHBIX Nop¢HpobaacT ITHX MHHEpPAaJoB.

Banauc semecrsa B 00beMHON craHzapTHOi sueilke NMOPoOALI B POy
auoput (418) — nopdupobaacTuueckHil rpaHogHopuT (41r) npepcrasaserca
B C/eAYIOLEM BHIE:

oGp. 418 KulNanacaang4:zFe,:y?Fe;gsA!196’“|1Si521p4 (O1501OHy);
o0p. 41r K%NHT,Cag;‘MngeL};QFEHAIIHTiSSIss.,P, (Qi5550Hs,).

10 ;

[MpuBHOC Boinoc
K—15, Na—3, Si—59, OH—12; Ca—24, Mg—28, Fe—25,
Al—21, Ti—6.

Ha craguu nmepexofa AHOPHTOBBIX NMOpoJ B MopgupobaacTHyecKHe rpa-
HOOHOPHTEI NPOHUCXOAHN HHTEHCHBHBIH BBIHOC KaJabliugg, MarHHs, KeJae3a,
THTaHd, aJIOMHHHA H oboralgeHue IopoJ KaJaueMm, KpeMHe3eMOM, HATPHEM.

HPH 06p330B8HI/lH FPAHUTOBHAHBLIX TMOPOJA YMCHBIIAETCA KOJHYECTBO
GHOTHTA, HO YBeJHUYHBaeTcs CoJlep:KaHne MHKPOKJAHHA M KBapua. KonHuecTBo
arHokjaasa OCTaeTcd MOYTH HEH3MEHHLIM, 3epHa ero OQ)OPMJIHIOTCH B IIpH3-
MBEL H XdpaKTepu3ylTcsd Pe3KHM HIHOMOPGhH3IMOM II0 OTHOLIEHHIO K KBapily
11 MHKPOKJ/IHHY. I'lo BHELIHEMY BHAY H COCTaBy IOPOLABI OJHU3KH K TpaHHTaM.

[Tponecc npeoGpaszosanus nopHpobIACTHYECKHX I'PAHOLHODHTOB B rpa-
HUTOBHIHBIE MOPOALI COMpOBOXKAAaeTcs oforauieHHeM WX KPEeMHE3eMOM H
cOeHeHHeM KaJbLIHEM, MarHHeM, aJloMHHHeM, Xeae3oM. KonnuecTBo Kanaus
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W HATPHS Mano H3MeHsieTcs. 3HauuTeNbHAs YacTh Kajus, He00X0AuMOoro ana
o6pa3oBaHUs MHKPOK/JIHWHA Ha 3TOH CTAJAUH, BBICBOOOXKAANACL NPH Passoxe-
HiH GHOTHTA, YTO COrJIACYeTCsl ¢ AaHHBIMH NOJCYeTa KOJIHYECTBEHHOrO MHHE-
pPaJIbHOTO cOCTaBa nopoA. KojHuecTBO IJIAarHoK/1asa W KBapla ocTaercs Iou-
TH TIOCTOSIHHBIM, a COJep:KaHHe MHKPOKJIHHA BO3pacraer C yMeHbIIeHHeM
KoJingecTBa GHOTHTA.

Bananc peutecrBa B 06beMHON CTaHAapTHOMH siyelike MOpPOALI B Py Mop-
hupobsacTuuecKuil rpaHofHOPUT (06p. 4Ir) —rpanuToBHAHas nopoda (06p.
44), pelUNCAeHHLIH no Meroay Dapra, npencraBiasgercs B CHAELYIONIEM BHIE:

06p. 41r—KsgNay,CagMg,;Fe el Al s T1sS1550P; (0455 0H,w).
06p. 44—~ K44Na74C323MgaFe;2FC7+SAllnéTi4Sinf:sP1 (O4350s0Hg);

IIpuBHoOC BuHoc
K—7, Na—3, Si—28; Ca—10, Mg—7, Al—11, Fe—12.
CpapHenne cOCTaBOB HCXOANBIX TaOGPOHANBIX MOPOA ¢ NPOAYKTAMH Ipa-
HUTH3alluK NoKasbiBaeT OajaHc BellleCTBa B oObeMHON cTaHIapTHON sueiike
NOPOABI OT HAYAJLHOTO K KOHEYHOMY PAAY IPaHHTH3HPOBAHHLIX MOPO;

oGp. 1016 (ra66po-auabas)— 1(51\1:;1,.Calg“’\r’ig,3.)F‘e;7'9Fe;‘aAl1-‘,-~;'1“i38i,1 e3Py

(015330H7);
0Gp. 44 (rpaunroBHAnas n0pona)—KisNazCayMgsFe  "Fel*Al g, Ti,SigsP;
(OiaaaoHs)',
Bunoc IlpuBuoc
K—38, Na—63; Si—124; Ca—108, Mg—122, Fe+? +3_34, Al—I14.

Ilpn namererun raGOpoHAOB COBEPHIEHHO OYEBHAHO HeNpPEpLIBHOE M0-
LBILIEHHE COAeprKaHMsl KpeMHe3demMa H LiejoyeH B CTOPOHY PpaHMTH3HPOBAH-
EBIX TOpoA H, Ha060pOT, NOHWIKeHHe KOJHUECTBA JKeJe3a, MarHus, Ka/bIus
H AJIOMHHHS.

8. MOCTMATMATHYECKHWE IMMPOIECCHI M CBA3b C HUMH
MOJUBAEH-BONBPPAMOBON MUHEPAJM3ATIWIL.
METAJUIOTEHMYECKHNE OCOBEHHOCTU
THEVICO-TPAHMTHOI'0O KOMILTEKCA

Cpean pasHoOGpPa3HLIX MeTACOMATHYECKHX TIPOIECCOB B OHOTHTOBBIX
KPHCTAN/IMYeCKHX ClaHlaxX, rHeicax ¥ MerMaTHTax, a TaKike B IpaHHTax
0co60ro BHUMAaHHS 3aCHy:KUBAET Ipollecc TpeiiseHH3alHy, TOCKOJIbKY HMEH-
HO C HUM CBfI3aHO (hopMHPOBaHHE ABYCHIONAHBIX THEHCOB M MYCKOBHTOBLIX
NerMaTHTOB, HeCYIIHX PAacCefHHYI0 BOAbGPaMORYIO MHHepadH3auHIo.

YCTaHOBJIEHO, UTO MYCKOBHTH3allMfl (Trped3enHnsallus) 3aHHMaeT ompe-
JleJleHHoe MecTO B o6lleM mpollecce METACOMAaT03d, OTHOCAULETOCsS B LEJNOM
K CTaJMH KHUCJOTHOTO BHenaynpatus, 1no kiaaccupukauun . C. KopxuH-
ckoro (1953). Dtor mporecc nporexaer B YCAOBHAX NOCTENEHHOTO NaleHHA
TEMIEPaTypLl H OTHOCHTEJILHOTO YCHJEHHs KHCJOTHBIX CBOHCTB MeTacoMma-
THUECKHMX pacTBopoB. I'peilzennsanus pasBubaercsd Nocje KarTakjasa H Tpe-
HNIMHOBATOCTH B nerMarutax ¥ rueficax. O Oojee NO31HEM NPOJBICHHH ee
CBHJIETEILCTBYET NPHYPOYEHHOCTh K TPellHHKaM B MHHepanax M pasBHTHE
MYCKOBHTA 110 OGHOTHTY, NJarHOKaa3y, BHICOKOIIHHO3EMHCTHIM MHHepaJsaaM,
STOT npollecc MMeeT NJIoLlafH0e pasBUTHe H HauboNee HHTEHCHBHO NPOSABHII-
csl B rHeHcax, HAChIEHHBIX NIerMaTHTaMH.
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B GHOTHTOBEIX THeiicaX MYCKOBHT OGHIYHO PasBHBAETCS IO CIAaHHOCTH
B OHoTHTE MM 06pasyer caMOCTOfITeJbHBIE YeUIYHKH, NMepeKpellHBalonHecs
¢ MocaeAHUMU. B BHICOKOr/IMHO3EMUCTHIX KPHCTAMANISCKHMX CAAHMAX MYCKO-
BHT 3aMelllder CHIJMMAaHHT, TPaHar, aHZaaysHT, KOPAHEPHT H CTABPOJHT,
B mermarutax MYCKOBHT OTMeYaeTcs 10 TpelnlHHKaM B MJATHOK/JIa3e, 3aMe-
1125 NOCAeHAN U 00pasyn KpynHbie yemyiku. Tam, Iie mpouecc KHCAOTHO-
ro BBILleNAYUBaHHs NPOABHJCA HanOosee HHTEHCHBHO, 06pasyroTcss KBapll-
MYCKOBHTOBBIE MOpOAH (rpefisennt). HanGosee xapakrepuo 310 A1 merma-
THTOB, B HHX IJIaTHOKJAa3 3aMellaeTcss MyCKOBHTOM H KBapileM, a GHOTHT —
MYCKOBHTOM. XHMHUECKHII COCTAB KBapI-MyCKOBHTOBBIX IIOpPOJ, NpeaCcTaB-
JSIOMAX Pe3y/abTaT npeobpasoBaHHsl alVIHTOB, NOKAa3bIBAET BBICOKOE COMEp-
JKaHHe B HHX KpeMHes3eMa, IMIHHO3eMa M OKHCH KaJiHsl, YTO COOTBETCTBYeT HX
MHHEPAJTbIOMY COCTABY.

O6GpasoBanHe MABVCIIOAAHBIX THEHCOB M MYCKOBUTOBBIX  [I€MMATHTOB
XapakTepuayer MOCTMATMATHYECKUH 3Tam M COOTBETCTBYET perpeccHBHOM
craguu. CKasauHoe BIIOJHE COIJIACYeTCsl ¢ JaHHLIMH OIpeaeaeHHs abcoJioT-
HOTO BO3pacTa Nopoj. Bo3pacT MYCKOBHTOBLIX TErMaTHTOB, ONpefeleHHbiH
JI. B. ®upcouim B Maragaickom CBK HHUM CO AH CCCP xanuii-apro-
HOBLIM METOJOM II0 MYCKOBHTY, NMOKasmBaer 469—483 MaH. JeT, YTO COOT-
BeTCTBYeT HMKHeMy opAoBHKY (mo mkanse AH CCCP, 1963). Onpeneneus
7Ke Bo3pacta GHOTHTOBLIX THEHCOB 10 GHOTHTY H MYCKOBUTY 3THM XK€ MeTO-
noM B JsaGopartopusx aGcontorHoro Bospacra MI'mIT CO AH CCCP
CHHUHUITuMCa nokaszanu 500—515 maH. jger (KemOpo-opunoBuk). Ecan K
TOMY K€ yuecTh, UTO NPOMEKYTOUHBIM MeXKAy oOpa3oBaHHeM T'HEHCOB H Tpeit-
3eHH3HPOBAHHLIX MOPOJ OB MPOLECC MHTMATHTO- M TPaHHTOOOpa3oBaHHMf,
TO CTAHOBHMTCH COBEPIIEHHO OYEBHIHON INOC/eI0BATENBHOCT 3THX MPOIECCOB
0e3 3HAUHTEJNBHBIX NEpPEPLIBOB BO BPEMEHH.

XapakrepHo#t ocoO0SHHOCTHIO TPel3eHH3UPOBAHHEIX THEHCOB ¥ MerMaTti-
TOB SIBJSIETCA TIPHCYTCTBHE B HHX BOJMb(pama, KOHUEHTPHDPYIOLIErocs mpeH-
MyllecTBeHHO B MycKoBHTe. OHaKO colepzKaHHe 3TOrO 3JeMeHTa B MYCKO-
BHTE HENOCTOSHHO H 0DbIuHO Kosebaercs ot 6 no 80 e/r (tabua. 40, puc. 74).
3nauuTeNbHO pexe BoabdpaM BCTpeuaeTcs B MOHOMHHeDAAbHBIX Ipobax
KBapla M MOJeBbIX HINATOB TPed3eHH3HPOBAHHBIX THEMCOB M NErMaTHTOB.
OnpezfesneHHBI HHTepeC NPEACTABJSAIOT aHAJNH3bl NMOJEBLIX MINATOB M KBap-
Ua M3 TPaHHTOB H JQHOPHTOB, NOKa3aBUIHE B OTAENBHBIX CAyYasXx HLOBOJBHO
BLICOKHe cojlepxKaHusi Boabdpama, obHapy:xenHoro B 809% MoHOMHHepa/b-

E: 804 Myecrxosum  [loneesse wnamer Heapy llgpoder
2 | ! I
8 : | | |
3671 | ! |
g I I |
8 |
£40- | |
8 ) | | |
[~ I | |
§ 204 | | i
&
Sy | | I
F I | | TR
3 & 5 & 3 B e 2 ¢ &
ML S e
S B E R e ip g g
3 g & 3 & § 5
S o S S
0,001— 0,005 0,006 — 0,01

Puc. 74. YactoTa BCTpeuaeMOCTH H COfepiKanHe BOJb(paMa B MHHe-
panax u nopomax Gyry3yHCKOro KoMiekca (pesyJnbTaThl XMMHUECKHX
H KOJIHUECTBEHHBIX CHEKTPAJbHBIX aHAJIH3OB).
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TaGauua 40

Copepxatine Boabhpama B nopopax M Craralomux WX muxepanax (8 %)

XHum., aHaau3

KoauuecTs. M NOAYKOJHYECTB.
COeKTPAIbHHIH aHaAH3 MHHepaloB

IMopoawt Mpobw nopoan
nojaesnie
= LTAaTh KBapu l MYCKOBHT
S 55 Mecuannku
=] § o |# aieBpoan- 5 0,0025
= = 2 |TH KeMOpo-
Oz2= OpPIOBHKA 2 0,0025
106 1 0, 0046 0,008
16 0,0023 0,002
2t A 32 0,0020 70,002
= 2 2 0,0034
g 2 1281 0, 0030 0,003
z - I 0,0030 0,003
g 2 0,0023 | 0,002
E 107 0, 00147 0,002
g |
111 8 0, 0034
AMmpubo- .
m?ﬂ,l 131 n 0, 0056 Bt
131 B 0,0016
14 0,0034 0,01 0,001
2 29 0,0020 0,001 0,005
= 25 0,0020 0,02
= %6 Hionp. 0,001
19 0,0049
2 12 x 0,0070 0,08 0,005
2 mspu 52 0,00113 0,002 | 0,001
=) 1506 0,0013
Z
= 4518 0,023 0,003
= 8 478a 0,0025 0,003
& 460y 0,023 0,001
& 464a 0,020 0,006 0,001
Z 212% 0,020 0,002
= 108r 0,002 0,003
1081 0,004 0,008

[Ipumevyanmne.

AHaJH3nl BHITONHEHL B Aabopartopuax MIul' CO AH CCCP;

xuwmuueckne — B, T'. LlumGanucr; cnekTpaibheie — JI. T'. Hswomosoifl.

peix npob xeapua ¥ B 509% npo6 noseBuX WNAaToB (NpeHMYLIeCTBEHHO Na-
rHoksasa). B sTHX Xe MuHepanax Tpefi3eHH3NPOBAHHBIX NOPOJ Boab(pam

OTMEUaeTCs ropasio pexe.

TTocnenuee 06CTOSATENLCTBO (BHE 3aBHCHMOCTH OT (OPMBI BXOMKIEHHS
BoJIb(ppaMa) MO3BOJSET MPEeANOJIOMKHTb, UYTO HCTOYHHKOM BOJb(pamMa MOryT
ABJAATLCA CAMH BMeUIAOllHe MOPOJbl — IHEeHChl, MerMaTHTLl, TPAHHTH, IHO-
puthl. Ilpu sTOM, Hapsify ¢ BhicBOOOXK/EHHEM BOJbdpama H3 NJIarHokaasa
(npH MyCKOBHTH3allHH) H KBapla, BOSMOKHO H3BJEYEHHE €r0 H3 MeiK3epHO-
BBIX PACTBOPOB B MNpouecce aKTHBH3AllHH B pesyJabTaTe NMPOSABJEHHSA TEKTO-
EAYECKHX TOIBHXKEK yiKe Iocie (I)OPMHPOBEHHH TPAaHHTOHAOB U TNerMaTHTOB

(IlIaxos, 1958; Hoaros, 1965 u xp.).
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Ouenb BaXXHO OTMETHTb, YTO HAPSIAy C Y¥Ke PAaCCMOTPEHHBIM THIIOM
BOJIb(PaMOBOil MHHepaAH3alMH, B H3YUEHHOM HAMH pailoHe H3BeCTeH WU
apyroit tun Mo — W wmuHepanusaumu, nposiBuBumieiics B Trpefizenax, pas-
BHTHIX JOKAJbHO BIOJb TEKTOHHYECKHX 30H M HAJOXKEHHBIX Ha PErHOHAaNbHO
rpeiiseHH3HPOBaHHBIE TOPOALL. XapaKTepUCTHKa BTOPOro THIA MHHepaaH3a-
nuH Oyaer JaHa HHKe.

9. TEPHUMHCENN 'PAHUTHBIM MATMATU3M
M MOJUBIAEH-BOJBP®PAMOBOE OPYJEHEHME
B CBA3HK C ABJEHMAMHU AKTMBU3ALIMN

B 3k30koHTaKTOBOIl 30He ByrysyHCKOro MaccHBa BOCTOYHOTO IOAHOKHS
BbicoThl 3033,6 # u r. UepHoil, a Takxe B npejesiax MacCHBd, B BepPXOBbSX
p. ByitnoreM 10BOBHO WIMPOKO pasBuTH HeGoJbIIHE HaiiKooOpa3Hble, JHH-
30BHHblE H WITOKOOGpasuble Tefa, CA0KeHHble NPEHMYHIIECTBEHHO PO30BaTO-
CepbIMH MeJKO3epHHCTHIMH a/IICKHTOBLIMH T'PaHHUTAMH H aNJHTaMH. DTH Te-
Ja HMEIOT MOLIHOCTh OT HECKOMbKHX JeCSTKOB 10 HECKOJbKHX COTEH METpPOB,
npocaexkusasicb Mo npocrupanuio or 200 xo 500 s. OHM JOKaaH3yIOTCS B
rpaHHTAX H THelicaX BAOJL PasloOMOB, HMEIOUIHX CeBepO-BOCTOUHOE, OJ/H3-
KOe K MepHAHOHaJbHOMY, TPOCTHPAHWe M pacmosaralpTca COLJIaCHO ¢ 00-
H{HM MPOCTHPAHHEM ITHUX pas3ioMOB. AMscKHTOBLIe rpaHuThl A. A. Bummnee-
CKMHl OTHOCHJ K «(hase AOMOJHHTENbHOH HHTPY3HH» TPaHUTOHAOB Byrysy-
CKOTO MacCHBAa M OTMeHaJ, YTO OHH CONPOBOKAAITCA pelKOMeTa bHOH MH-
HepaJH3alliell, B OTVIHYHe OT BMEIIAIOMIHX HX THEHCOBHAHLIX rpybo3epHH-
CTHIX TPAHHTOB.

Tena ansicKUTOBHIX TPAHUTOB XaPaKTEPH3YIOTCA OJHOPOAHOCTHIO TEKCTY-
pbl M MHHepasnbHOro coctaBa, OHH HMEIOT MaCCHBHOE, H30TPONHOE CJIOMKEHHE
H NMpHHAJNEXKAT K HOPMAaJabHOIH TPaHUTHON cTpykTypHoit dauun. Ctpykrypa
NOPOJ paBHOMepHO-3epHHCTasl (BelHuyuHa 3eped 2-—3 MAM), THOHIHOMOPG)-
HO3EPHUCTAS C 3JeMeHTaMH aJJ0TPUOMOP(HO3EPHHCTOH M TPaHYJIHTOBOH
CTpPYKTYp (puc. 795).

FnaBHbIMH MHHEPAJbHEIMH KOMIOHEHTAMH aJfACKHTOBLIX TDaHUTOB fAB-
naoTes naarnokaas (256—39%), mukponeprur (18—35%), xBapm (39—
41%), xaopuruaHpoBaHHblii OGuOTHT (0—2%) M akueccopHble — LHPKOH,
opanxur (0,2—0,6%).

CooTHOIweHHe I1aTHOKAa3a (anbour-onurokaaza Ne 15—18) nm muKpo-
nepTHTa B IPAaHHTAX BapbHPYET, B CBA3H C 4eM CPell HHX BBIIEJAIOTCA pas-
HOCTH TDAaHHTOB, B KOTOPHLIX MHKDOKJHH SIBJIs€TCS IJIABHBIM MHHepaJbHbIM
koMmnoHeHTOM (10 35%) Hau ero KoJHuecTBO He mpepnimaer 18%. Komnuect-
BO KBapla B TeX M APYTHX Pa3HOCTAX PAaHHTOB MOCTOAHHOE. DNUMarMaTHye-
CKHe MHHepaJ bl — XJOPHT, (PJII0OPHT I MeJKOouellyiuaThiili MyCKOBHT.

-Ta6auma 41
XHuMHUECKHH COCTAB MENKO3ePHHCThIX GHOTHTOBLIX TPAHHTOB

Si0, TIO, | AlOs | FesOs | FeO | MnO | MgO | CaO | Na,0 | K,0 | PyOs | HyO |TT,m.n.| Cymma

Nenpob

466x|75,94 10,05 [12,40| 0,17| 2,45(0,034| 0,77|u/o6H.| 3,88| 4,01{0,028| 0,41] 0,26 100,38

466476, 78 (0,067(11,61{ 0,70{ 1,59{0,023| 0,77(u/o6u.| 4,25 3,850,022/ 0,36/ 0,16{100,17

42r|75,97 |0,066(12,67| 0,83 1,22/0,023| 0, 58|n/o6H.| 2,81| 5,67|0,019| 0,27| 0,12 100,23

TipumMedanue AHaIH3L BEINOJHEHE B XHMHKO-anaJHTHYecKoil naGopatopun MIal' CO AH

CCCP ananutukom A, B. CyxapeHko,
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Puc. 75. O6uuii xapakTep CTpYKTYpHl anackuToBoro rpanura. Manomopduam keapua rno or-
HOLIEHHIO K KaJHeBbIM MojeBbiM mwmartaM. (YB. 2,53,7, ¢ aHaau3aTopoM.)

Puc. 76. Buoruropsifi poropux. O6muit xapaktep crpykrypsl. (Y8, 3,7X17, Ges anannaaropa.)



XUMHYeCKHH COCTaB aNsICKHTOBBIX TPaHHTOB OXapakTepH30BaH aHajH-
3aMu, npupeenHbiMu B TabJ. 41. FIM cBoiicTBEHHO BBICOKOE coOaeprKaHHe
KPEMHEKHCJIOTH], Iieq0Yell NpH OTCYTCTBHM OKHCH KaJbLHS W JOBOJBHO HH3-
KOM COAeprKaHHH OKHCH Maruus. [IONYKONHYECTBEHHBIMH CIEeKTpajbHbIMH
aHaJu3aMu B 3THX nopofax oOHapy:KeHbl MOCTOAHHbBIE COAEPIKAHHS SJEMeH-
TOB-pHMeceil: Zr (coTble foJd npouenra), Pb, La, V, Ga, Cu, Cr, Y, Zn, Sc,
Co (rpicaunsie), Sn, Ni, Yb, Nb (mecsatuTeicynele oM mpouenta). dnuso-
JUTYeCKH B TpaHUTAX YCTAKHOBJACHBI AaKUeCcCOpHble 3JaeMeHTH-nprMecn: Be
(0,0002—0,001%; Mo (0—0,0002%), Li (0—0,003%).

KoHTaxThl IP4HATOB ¢ BMEUIAIOLIMMH HX THEHCOBHAHBIMH TPAHHTAMH H
rueficaMu ueTkue, peskue. [ToBepXHOCTH KOHTAKTOB TPAHHTHLIX Tej OGBIUHO
COTJIACHBIE C NMPOCTHPAHHEM BMEIIAIOUIKX MOPOJ, ONHAKO B HEKOTOPHIX CJIV-
4afxX YCTAHOBJEHB CeKyllHe KOHTAKTHI OTHOCHTENbHO KPHCTAJIH3AIHOHHOM
cnaHUeBaTocTH B THeficax. CrenoBareNbHO, 1O TOMOKEHHIO KOHTAKTOBBIX
TIOBEPXHOCTEH OTHOCHTENbHO CTPYKTYPHBIX 3J1€MEHTOB BMELIAIOUIHX IOPOJ
TPAHUTHBIE Tesa ABASIOTCH AHcKopAaHTHeIMH. C thopMHpOBaHHEM ansicKH-
TOBBIX TDAHHMTOB CBSI3aHBl KOHTAKTOBO-METAacOMAaTHUECKHe M3MEHEHHS BMe-
IIAOLUHNX MOPOJ, YiKe HCMBITABINHX paHee perHoHaJpHEIH MeTaMopdusm B yc-
neBuax ampubosuroBoii hanuu. ItH npeodbpa3oBaHHs NpoaBaAsIOTCS B dop-
MHPOBAHHHM MeJKO3ePHHCTHIX OHOTHTOBBIX M aM(uOOJ-OHOTHTOBLIX POrOBH-
kKoB (mo rHeficam). IllupHua 30HBI PasBUTHA POrOBHKOB 3HAYHTEJBHO Mpe-
BLIIAET MJIOUIAAH, CAOKEHHBIE aJsCKHTOBLIMH TPaHHTAMH, M COCTaBJALT
EE€CKOJIEKO COTeH METpOB.

BHyTpennHe 30HB KOHTAKTOBOTO OpeoJja MNpPeACTABAEHH DPOTOBHKAaMH
NOJIOCHATO-IIONYATOTO CTPOEHHS, KOTOpble BO BHEINHEH 30He HepexoasiT R
c/ab0 H3MEHeHHBIe TaKxKe IOJocCYaTO-IJIoNYaThie OHOTHTOBLIE IJIATHOTHEN-
col. IToocuaroe cokeHHe pOroBHKOB OGYCJOBIEHO NepBHYHON HEOTHOPOZ-
HOCTBIO THeiicoB. MOIIHOCTb MOJOCOK BapbHPYeT OT HECKOJbKHX MUJIIHMET-
POB 0 HECKOJbKHX CaHTHMETPOB.

HanGonee THNHUHBIMM MHHEpPAJbHLIMH acCOLMAUHUAMH DOTOBHKOB SIBJS-
I0TCS NJarHoKJaa3, KBapi u 6uotutr. Paamepnl 3epen cocrasaswoT 0,03—
0,08 cm. AkueccopHble MHHEpaJbl — IHPKOH, anaruT, MarHetHt. CTpyKTypa
POTOBHKOB TOHKO3epHHCTas, poroBHkoBas (puc. 76), TekcTypa mosocyarto-
HIIHPOBAs.

B 30Hax, HenocpejAcTBeHHO MPHMbIKAIOUHX K TPAHUTAM, DOTOBHKH HME-
10T KBapi-OHoTHT-aM(puO0M0BEI cocraB, CTPYKTypa HX TOP(HPO-NOHKHI0-
CsacToBas, TeKCTypa TAKCHTOBAasl. Y4UacTKH pasBuTua aM@ubona xapakre-
PUBYVIOTCA PafHanbHO-TYUHCTEIM HIH CHOMOBHAHBIM cTpOeHHeM (pHc. 77).
HMronbuathle u npH3MaTHYecKHe 3epHa roayboBaro-zenenoro amépubona
pacnoJiaraloTcs BKPECT NPOCTHPAHHA MOJ0T, CJA0KeHHbIX OHOTHTOM, H HMEIOT,
HecOMHeHHO, Gosee noziuee npoucxoxienue. C amdubonom o6buHO acco-
unupyet chen.

CpaBHHTENBHBIl AHANMH3 XHMHYECKOrO COCTABA POTOBHKOB, SBJSIONINX-
cs IPOAYKTaMHM KOHTAKTOBOIO MeTamMop(puaMa, W OHOTHTOBHIX IJATHOTHES-
cOB, 06pasymouuXxcsi B pe3y/bTate perHoHaJbHOrO MeramopdHaMa, cBHIe-
tesbeTByerT 0 Gosbmom uX cxofcrBe (taba. 42). Ilpu npeoGpasoBanuu
rHelfiCOB B POTOBHKM CYI[ECTBEHHOro TMpHBHOCA He MpouMCXomuao. Pesyabra-
THl CNEKTPaJbHOTO aHA/JH3a MOJATBEPKAAIOT TOXKIECTBO HX cocraBa, Kak
B POTOBHKaX, TaK H B THelicax OTMeyaercsi OJAMRAKOBHIH HabOp 3/JeMeHTOB-
IIpHMecel, COAepIKAIUUXCs B PaBHBIX KosnuuecTBax (taba. 43). Orauyarorcs
3TH TMOPOAH JHIb TeM, YTO B POroBHKax 0OoJieeé BBICOKOe, IO CPABHEHHIO
C THe#caMH, COZepKaHWe MATUHHS, 4TO 06YCHNOBJEHO, OYEBUAHO, NMPHBHOCOM
aToro kKommoHeHta. ComocraBieHHe MAHHBIX CIHEKTPaJbHOrO aHAJIH3a POro-
BHKOB H TPAaHHTOB TOKAa3biBAeT, YTO B TeX M JAPYIHX MNPHCYTCTBYIOT OXHH
H Te XKe 37deMeHTH-puMecH. Pasinune saknioyaerca Julllb B KOAHUECTBEHHOM
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Puc. 77. Meracomaruyeckuit amdubos B GHOTHTOBOM poroBuke (¥B. 3,717, 6Ge3 apvanusa-
TOpa).

COJlepKaHHH HEKOTOPBIX 31eMEHTOB. TaK, B POTOBHKaX, HO CPaBHEHHIO C rpa-
HHTAaMH, Ha LeJbld MopAnoK Beie comep:kauue V, Cr, Zn, Ni, Li (0,01%).
F, nao6opor, B 3HAYMTENbHO MEHBIIHX KOJHYECTBAX, 4eM B TPAHHTAX, B PO-
roBHKax oOHapykeHLI Takue anemeHnTthl, Kak Be, Zr, Nb.

OcobeHHOCTH Te0JIOTHYECKOTO CTPOEHHsI TPAHUTHLIX TeJ CBUIETebCTBY-
0T O TOM, YTo (popMHpOBaHHEe MX MPOHCXOAMIO mocae DUt depenunaTbHBIX
JIBH2KeHHI1, B OTHOCHTEJLHO CHOKOHNHOH TEeKTOHHUeCKOH oO0CTaHOBKE, DTH
TPaHHTOMALI pa3MewaioTcesd B yiKe CTaOHAH3HPOBAHHON KalelOHCKOR CTPYK-
Type, ABJASAACH MOCJHeCKIanyaTbiMH 00pa30BaHHAMH.

Xapakrep KOHTAaKTOBOro MeraMmopduama, MpOSBHBLIETOCS B OPOTOBHKO-
BaHWHM, TO3BOJIAET CYHTATh, UYTO MeJKO3ePHHCTHIE AJsICKHTOBEIE TPAHHTHI
dhopMHpPOBaJMHCh HA 3HAUHTENbHO MeHblueil TyOWHe, YeM IPaHHThl paHHe-
KaJiellOHCKOTO BO3pacra, B CyLlecTBeHHO HHoH daluanpHON 00CTaHOBKE —
B runabuccanbubix ycaosusax (Kysueunor, 1946; Kopxuuckui, 1940).

Takum o6Gpasom, GoJjiee MOJOAOH BO3PAacT MEJNKO3€PHHCTHIX aJISICKHTO-
BBIX TPAHHTOB, N0 CPaBHEHHIO C PAaHHEKa/eJIOHCKHMH, OYeBHJEH M He BhI-
3piBaeT coMHeHHii. HesicHbiM ocTaercss BONPOC O BpeMeHH, paselifioniem
(bopmupoBanye Tex M JApyrHX. MoxHO npeanosaratb, uTO OHO O6biIO
3HaYHTEeJbHBIM, TaK KakK K MOMeHTy 00pa3oBaHHMs THnabucCalbHBIX aJjsc-
KHTOBBIX TCPaHHTOB TCPaHUTOHAbI paHHeKaJeZOHCKOTO BO3pacra, QOpMH-
pylouecs B aluccaJbHbBIX YCJAOBHAX, ObIIM BbiBelleHbl HAa OJHH YpO-
BeHb C HHMH.

[IpAMBIMH TeoJIOTHYECKMMH [JaHHBIMH, KOTOpble CBHIETeJbCTBOBAJH
6bl 0 BO3pacTe TPaHUTOB, Mbl He pacnosaraeMm. Hannuue Ke HeKOTOpPBIX KOC-
BeHHBIX NMPH3HAKOB — NPHYPOUEHHOCTb K Pa3ioMaM, CeKYHIHM KaJeJOHCKHE
CKJIafyaTbie CTPYKTYPbl ¥ TPAHHTOH/bI, NOBLILIEHHAs pPaAHOAKTHBHOCTD, Xa-

11 JI. A. Muxanepa, B, A, CKypHauH ]61



XHuMHYECKHH COCTaB MeTaMOp(hHYECKHX MOPON
- (aranusy sunoasessl 8 UTul' CO AH CCCP)

Ta6auua 42

npgfsu Nopoaw S10, TIO; | ALOy | Fe,04 | FeO MnO | MgO | CaO Na,0 K,0 P,0, H,0 S [M.m.n Cymma
462  |BuornToBBI rHeic 63,28/ 0,87 17,211 1,15) 5,681 0,17 | 2,95 2,17 | 2,34 ] 2,80 | 0,25 | He omp. | 0,05 | 1,18 | 100,10
466 |BHOTHTOERBIH POrOBHK 60, 81| 0,76 |17,60| 0,77 | 6,48 | 0,13 | 3,31 | 2,82 | 2,24 | 2,95| 0,18 | Heopp. | 0,02 | 1,21 | 99,28
Yucaossie xapaxrepuctury (mo A. H. 3asapuuxomy)
npf:%bz a [ ‘ 8 s a' el f m n t ‘ ("] I Q afe
I
462 8,8| 2,6 18,8|69,8|43,9| — [31,0]251)55,2| 1,0 4,9 +19,4( 3,4
466x| 8,8 ] 3,3 ] 19,8] 68,1 | 38,4 34,0 | 27,6 5350 (. 0,91 3,4 | +15,8.] 2,6
Xumuueckne GopMyJIsl TopoA (BLIYHCIeHH To KHcaopoanoMmy metomy T. Bapra): oGp. 462: Ka|NasaCazoMg;7Feu+2 Fe, 13
Ali76TisS1s51P1(O15500H ) ;. 0o6p. 4663k: KaNasiCassMgaFes ’ gAhuTIaSImﬁ (Oi15:s0H7 ). pusroc (8 Horax): Ca — 6,
Mg —6, Fet2_6, Al “- 8. Bunoc (B woHax): Si— 13.
Ta6anma 43
PESYJ“)TBTH CnexTpajbHOro aHanH3a ueTauopdﬂnqecxnx nopoja H aNACKHTOBbIX FPAHHTOB
Iopoan Pb Sn v Ga Cr N1 Be Mo LI Zr Cr | Y Yb Nb Zn Ba Sc Co | Sr La | Ge
0,0001 0,0005
[Hefic 0,003|0,0003(0,02 |0,002(0,02 {0,006 |0,0003 Cx.—0,01{0,00310,003(0, 002/0, 0002|0, 0008/0,01 |0, 05|—0,002 |0,003|0,02/0,001| Ca.
Porosuxu  |0,002(0,0003|0,008{0,003/0,02 [0,008 [0,0003/0,0001| 0,01 |0,005/0,003(0,003/0,0003/0,001 10,01 10,08 0,02 [0,003|0,08(0,001(0,001
CpanuThl 0,0002 0,0003
0,002/0,0005.0,001{0,003|0,002(0, 000110, 000110,00020  ©,003 i0,02 i0,001/0,008]0,0008!0,001 10,0006 0,0001! Ca. 10,080,002l Cax.

IIpuMewaHne,

ﬂoayxonuqecraenﬂue CeKTPaANLHBEIE AaHAaAH3

nponssogHaHCe Ha J®C-13 B cnexrpanbHoft naGopatopur MIHI CO AH CCCP A. JI. Hawoumozof.



[aKTep KOHTaKTOBOTO MeTaMop(dH3Ma H COMYTCTBYIOUIEH MHHEPadH3aWHH —
cOnukKaeT HX C MO3MHErepUHHCKMMH TpaHHTaMH, IIHPOKO pPa3BUTLIMA
B COCelHeil CTPyKTypHO-(opmauHonnoii 3oHe. OO6 3TOM TrOBOPAT AaHHbIE
onpefenennii abcoNMOTHOTO BO3PACTa aNSCKHTOBBLIX TPaHHTOB IO BaJIOBOMY
cocraBy, nposeleHnbix B CHHHWITuMCe Kannii-aproHoBeIM METOLOM.
Onn noxaseipator Hudpel 290 MaH. JIeT, YTO COOTBETCTBYET BepXHeMy Kap-
bony (mxana AH CCCP, 1963 r.).

BajkHO OTMETHTb, YTO MEXJAY JAPEeBHHMH THeHCOBHAHBIMH TDaHHTAMH
u Gojlee MONONLIMH aJSCKHTOBHIMH PpaHHTaMH oOOHapykuBaercsa Gosbiuoe
CXONCTBO B 0COBEHHOCTSX MUHEPAJbHOTO ¥ XMMHUYECKOro coctaBos. Oranune
3aKJIOYAeTCsl JIHIIb B TOM, UTO aJsCKHTOBble TpaHHThl Gosee oGoramieHs
erMHe3EMOM H 1ieJjioMaMHu. Bwmecrte ¢ TEM, KaK yNOMHHaJN0Ck, IOPOAbl 3K30-
KOHTAKTOBHIX 30H aJSICKMTOBBIX Tesl CONepIKAT KaflbIHH, MarHui ¥ Keneso,
KOTOPBIX JIHIIEHbl CaMH TPaHHUTHL. ITOT (aKT, a TakkKe TecHas NPOCTPAHCT-
BeHHasi acCOUMAIMS AJSCKHTOB H THEHCO-TPAHHTOB TMO3BOJAIOT MpeAnona-
narate, 4ro Gojiee MOJOAbIe TePUHHCKHE TPAHHTHL SABJAIOTCH Pe3yJbTAaTOM
pacnyiaBjieHusi ApeBHHX TpaHHTOB. OG6 3TOM OUYEBHAHO CBHAETENbCTBYET
if MPUYPOYEHHOCTH AMSCKHTOBBIX TeN K pasmoMaM, MepeceKaloluM rpaHH-
TH, @ TAK¥Ke OTCYTCTBHE NPH3HAKOB HHTPYAHMPOBAHHA MarmMbl C KaKHX-TO
ray6un. KpoMe Toro, ApesHHe TPAHMTHl HA IJIOIAAAX Pa3BUTHA TeJ, CIO-
JKeHHBIX aACKHTAMH, XapakTepH3YIoTCH HaJHuHeM 6JjacTHYeCKHX H KaTa-
KJNACTHYCCKHX CTPYKTYp ~— NMPH3HAKOB MNepeKpHCTANJH3alHH, CBA3aHHOI,
NO-BHAMMOMY, ¢ opMHpoBaHHeM Gosiee MOJOALIX TPAHHTOB.

C npospsrenneM IepUHHCKOTO I'PaHHTHOTO MarMaTH3Ma cielyer CBA3bi-
BaTh THApOTepManbHylo Mo — W MHHepanu3aluMio, KOTOpas B OTAHYHE OT
onHcaHHoro Bbimte THna Mo — W MuHepanH3aunH TNpOsiIBHAACH JOKaJbHO
B rpeisenax. TH rpefiseHs PasBHTH BJOJb TEKTOHHYECKHX 30H H HAJOMKEHb
Ha PerHoHaJbHO-TPeii3eHH3HPOBAHHLIE TOPOALI, a TaAKXKe HA TNOPPHPHI Ae-
BOHCKOTO BO3pacra. B nalikoBrix nopdupax, pasBuThix Ha mjomaid Byry-
3YHCKOTO MECTOpPOK/JeHHS M NepeceKalom¥X KBaplieBble XKHAB «aJbIHHCKO-
rO THNAa» pPaHHeKaJieAOHCKOTO BO3PacTa, NMOCTOSHHO (UKCHPYIOTCA Caelbl
rpefiseHn3auuu U ycranasmuBaercs W B xKomuuectse ot 0,001 mo 0,01%;

INpennonoxenus o Gosee MONOAOM, TOUHee ToOCTAecpPeqHeIEBOHCKOM,
BO3pacTe 3TOro THIA BoOJb(PaMOBOH MHHepaJH3aIHH corjacyercs ¢ JaH-
HBIMH Ollpefe/eHHs da0COJMIOTHOMO BO3pacTa rpei3eHOB KayHH-aproHOBEIM
MetofioMm no myckosury (JI. B. ®upcos, Maramanckuii CBHUHM CO AH
CCCP), xoropuie nokasaau 322—344 maH. jer, uro (no wkaae AH CCCP,
1963 r.) coorBercrByer Kap6oHy. bBuaHakuit abconOTHBI BO3pacT HMEIOT
H pHadropHpoBaHHbie GHoTuTOBble rHefichl (302—312 mun. ser), pasBuTHE
BAONb TeX Ke TeKTOHH4YecKHX 30H. Onpejenenus NPOBOAH/INCH TaKXKe KaJHii-
aproHoBpiM MerofoMm no Guotuty JI. B. ®upcoriM. B stHX ke paasomax
JOKAMH3YIOTCS M AJSCKHTOBBIE TPaHHTBL, abCOMIOTHBIH BO3PACT KOTOPBIX
onpeneneH Kamauii-apronossim Merogom B CHHUITuMCe no Banosomy
coctaBy —290 maH. Jer.

Bonbpamosas muHepaausanus 3toro THna usyuesa B. M. Corhuko-
BboiM (Muxanesa, Coraukos, 1967). [To ero naHHLIM OHA MposiBJIEHA B BHAE
CepHH KBapLEBBIX JKHJ, CKOHUEHTPUPOBAHHLIX B IOJOCE CyOMepHIHOHAIb-
Horo npocrupanusi. JKunbl, Kak mpapuiio, He BEIAEPIKAHBI MO NPOCTHPAHHIO
H TMajeHuIo, OCI0MHeHbl epeXHMaMu H pPasyBaMH H CONPOBOXKIAIOTCA amo-
¢usamu. Mnoraa masioMOmHble KHAKH HACTONBKO COMHIKEHEl, YTO obpasylor
IITOKBEPKOBYIO 30HY.

HauGonee pacnpocTpaHeHHBIM MHHEPAJOM KBAPUEBBIX KU sBAsSeTCS
nupur Kybuyeckoro raburyca. BoandpaMur BeTpeuen naneko He BO Beex
xunax. IIpenMyliecTBeHHBIM Pa3BUTHEM OH NOMNb3YeTCst B KBAPUEBHIX IKH-
JiaX Ha OKpaHHe PYAHOTO MONA B THNCOMETPHYECKH Goslee BBICOKHX y4acT-
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kax. Boabppamur B KANaX pacnopefieeH HePABHOMEPHO: B BHAE MeJKHX
CKOIVIEHHH M eJHHHYHBIX KPHCTAJJIOB, Pa3MepoM OT AoJeil mm K0 3X5 cu.
[Ipuypouen OH B OCHOBHOM K TpEIIHHKaM B MOJOUHO-GelOM KPYNHO3epHH-
CTOM KBaple, o6pasys no HeMy MeTakpHCTaJsl. B eIHHHYHBIX KpHCTasmaax
BOMIb()PAMHTA BCTPeYeHbl PeAKHe MeJbYaiilllHe BHIAENEeHHS CaMOPOJAHOrO
cepebpa, yeM ¥ oOycnOBNEHbl, OUEBHAHO, NOCTOAHHO YCTAHABAUBAEMbIE CHEK-
TPaJbHBIM aHAJNH30M B pyaax (ocoGenHO B Boabpamurax) caeast Ag. Kpu-
CTajJbl H arperatbl BoJb®paMHTa YaCTO CONPOBOXKAAWTCA MeNKO3epHH-
CTHIM KBapIeM H H3peJKa XJOPHTOM.

C nepudepun GoNbLIHACTBO 3epeH BOJb(PaMHTA 3aMelleHO MIeeTHTOM.
B BHZe TOHKHX BETBHCTBIX MPOKHJKOB WIEENHT MO CHAHHOCTH H BIOJb
Me/JKHX TPellHH IPOHHKAaeT TakKe H B KPHCTAJJbl Boiab(ppamura. Yacro B
MeCTax pa3BHTHs LIee/MTa BCTPEYAlOTCA OTAe]bHBIE 3epHA HJIH arperarthi
reMaTHTa, HAXOAsIIHeCs OOBIYHO B TECHOM CPAacCTAHHH C IIEeJHUTOM.

Pexe 1eenuT BcTpeyaercs BHe BHAHMOI CBS3H C BOJAb(PAMHTOM, BhI-
noJHAs HHTePCTHUHH B kBapue. C IeeqHTOM HHOrJa acCOUHHPYeT He3Ha-
YHTENbHOE KOJAMUSCTBO NHPHTA M MENKHX 3epeH XaJbKOmHpHTa.

OcHoBHAst Macca XaJbKOMHPHTA, Y4CTO COBMECTHO ¢ MHHEPajaMH BHC-
MyTa, NPOSBUNACE B KOHIle NMpolecca MHUHEpAAH3AUMU B BHAE MENKUX XKH-
JIOK, CeKylIHX Bce Gosiee paHHHe oOpasoBaHus. I3 muHepasoB BHCMYTA
B pynax oOTMeueHbl BHCMYTHH, 3MIJIEKTHT, BHTTHXEHHT H TeTPalHUMMT.
Kaxk u Boab(paMHT, 3TH MHHepaJbl (32 HCKAIOYEHHeM BHTTHXeHHTa) HauGo-
Jlee pacnpocTpaHeHHl B THICOMeTDPHUYECKH MOBLILIEHHBIX yUacTKax, rle XaJb-
KONHDHT NpOsBJeH cia0o. BHTTHXEHHT Ke B OCHOBHOM YCTaHOBJIEH B JOJIH-
He ka. [laBmoBa cpemu »Kuj, oBoralieHHbIX XaJbKONHPHTOM. B IlesoM, Kak
XaNbKONUPHUT, TAK M yKa3aHHble MMHEpalbl BHCMYTa NOJb3YIOTCS HE3HAUH-
TeJBHEIM pasBHTHEM. M3 HepyIHLIX MHHEpaJoOB NJs PYAONDPOABJIEHHS, KPO-
Me KBaplia, O4eHb XapakTeped TypMasyH, KOTOPHIl 1o BpeMeHu o0pas3oBanud
npejuiecTBoBan Boabgpamury. Hanbonee mospnsis cragusa MuHEpaJH3alUHH
npeiCTaB/ieHa eIUHAYHLIMH KHIKAMH XaJleJOHOBHAHOTO KBapla.

PynonocHble KBaplieBble ML CONPOBOXKIAIOTCS  Ma/JOMOIIHLIMH,
ca1ab0 MPOSABICHHBIMU TOJOCAMU TpEi3eHH3AIHH, B KOTOPBIX HHOTZA MOMKHO
BBIJIEJIHTE TPH METACOMATHUECKHE 30HbI: KBapIEBbLIH TI'peli3eH, KBapll-MyCKO-
BHTOBBIH T'Peil3eH U rpei3eHU3HpOBaHHAsA NIOPOJA.

Pacuer Gananca BemecTtBa B mpollecce rpeisenusanuu (CoTHHKOB,
Huxuruna, 1963) nokasmiBaer, uto npH ¢GOpMHPOBAHHH YKasaHHBIX MeTa-
COMATHYECKHX 30H NPOHUCXOAMT BBIHOC BCeX KOMIOHEHTOB, 34 HCKJ/IOUEHH-
€M KpeMHe3eMa H Cephl, AJsi KOTOPLIX XapaKTepeH NMPHBHOC, a TaKiKe xKeJe-
3a, BAJOBOE COJepXKaHHe KOTOPOTO B OCHOBHOM OCTAETCST TOCTOSTHHBIM
(npHu OKHCJEHHH JBYXBAaJEHTHOTO Keje3a B TpexBaneHTHoe). Pukcupyercs
BBHIHOC NOAABAAOINEr0 GOMBUIMHCTBA 3JIEMEHTOB-NpUMecell. B  HeCKOMBKO
NOBLIIEHHBIX KOJHWYECTBAX B Tpeii3eHAX yCTaHOBJEHbI BHCMYT, MOJHOIEH,
HuoOuii, cepedpo, Boabdpam. B umesom BeIHOC mpeoGaagaer Haj MPHUBHOCOM,
4TO, OUEBHIHO, CBA34aHO C TMOJIOXKEHHEM TrpeiideHa B HH3aX pPYAHOH 30HBI

BriHocuMBle H3 MOPOAEI B TPOLECCE ee TpeH3eHH3alHH 3JeMeHTHl OT-
YaCcTH KOHIEHTPHPYIOTCA B KBApUEBBIX KHIaX. XapaKTePHO, YTO BCe 3JeMeH-
Thl (32 HCKJIIOYEHHEM JIHTHS H CTPOHHHH), HaHJIeHHBIE BO BMellalolHX II0-
poaax, obOHapy:Kenbl ¥ B KBapueBbiX xkuaax. Ilpu sTom noameueno, uto sne-
MEHTOB, BEIHOCHMBIX H3 NOpPOJbl NPH 00pasoBaHHH Tpeli3eHOB, B KBapIL-BOJIb-
GHpaMOBOH KHIe COREpIKUTCS MeHbIle, YeM B caMoil mopoje, HO Gouabiue,
yeM B rpeiideHe. B JKHJax yCTaHOBJICHA MNOBbIIIEHHAS KOHLEHTPALHs BOJIb-
dbpama, BUCMYTa, Monnﬁneﬂa: MenH, oJ0Ba, cepebpa m ap. Takum oGpasom,
AJ5 BMeNIalouX Nopoj, Tpe3eHOB H KBapIeBLIX XKHJ XapaKTepeH B OCHOB-
HOM eJMHBII KOMIIJIEKC 3JeMEHTOB, HO HAaXOAAUMXCA B Pa3/UYHBIX KOJHYE-
CTBEHHBIX COOTHOLIEHHAX. B KBapueBbIX XHJIaX OTMeyaeTcsi HEKOTOpas KOH-
LeHTpalHA 3/JEeMEHTOB, PeIKHX AJs BMEWAIOmMHuX HX nopon (rabna. 44).

164



Ta6aumuma 44

Copepxanne (B %) aKUCCCOPHHX SNEMEHTOB B KBADUEBWX MMAAX
H BMEUAMILINX HX nopoaax (no gaHHuWM 20 aHaAM30B)

S.qe::n- finedc [MerwaTHT pefizen Kpapuesas wuxa

Mn 3.102 —1.10-1 8.10-4 —5-102 | 8.108 —3.102 2.102
Er 1-10-2 7-10-4 2.10-3 5.10-3
Ni 5-10-3 1-10-4 2-10-3 3.10-3
Co 2.10-3 1-10-4 4.10-4 5.10-3
v 7-10-3 2.10-3 4-10-3 8.10-3
Cu 7-10-3 3-10-4 —1-10-3 4,5-10-3 2.10-2
Zn 8-10-3 0—1-10-3 2-10-3 5-10-3
Pb 5-10-4 —1.10-3 5.10-4 —5-10-3 8-10-4 5.10-3
Ag Ca. 1.104 2.10-4 2.10-3
Sn 0—3-10-4 0—3-10-4 0—3-10-4 0—6-10-4
Bi 0—Cu. 0—3-10-4 4.10-3 Jo 1,9.102
Mo 0—3-10-4 0—2-10-4 2-10-3 Ho 5-10-3
W 0—1.10-3 Jo 3-10-3 Jo 2,4-10-1
Nb 5-10-4 5-10-4 8-10-4 2.10-3
Be 3104 ' 3104 5-10-4 3.10-3
Ga 2-10-3 4.10-4 —2.10-3 4.10-4 4.10-3
Sc 1-10-3 6-10-4 4-10-4 5104
Zr 5-10-3 2.10-3 7-10-3 6-10-3
Y 2-10-3 1,5-10-3 2.10-3 1-10-3
Yb 2.10-4 2-10-4 1-10-4 1-10-4
La 0—2.10-3 0—2.10-3 0—2-10-3 0—5-10-3
Sr 0-10-2 3-10-2 - —

Ba 5-10-2 4.10-2 2.10-2 1-10-2

Hameuaercsi menbiii psaa  <«IpoXOmSUIMX» OT BMEUIAIOUIHX TOPOJ A0
KBapIL-BOAb(PAMHTOBBIX HKHI MHHEPATOB: TYPMAJHH, aMaTHT, LIEEJHT, ap-
CEHONHPHT H, BO3MOXKHO, HEKOTOpble ApyrHe. B pasnnunbix o6pasoBanusx
«IIPOXOJSANIHE» MHHEPasbl, B YAaCTHOCTH TYDPMAJHH H allaTHT, HMEIOT CBOH
Mop¢oaorudeckte, (PHSHYECKHe H Te0OXMMHUECKHe OCOOEHHOCTH.

B unenom ByrysyHnckoe pyaonposiBieHHe B CBeTe H3JOKEHHBIX (PAKTOB
ciaelyeT paccMarpuBaTh Kak obpasoBalHe, c)OPMHPOBABLICECS B pe3yib-
TaTe NPOCTPAHCTBEHHOTO COBMeLIeHHs Pa3HOBO3PACTHBIX pPYAHBIX Mpolec-
COB, CBfI3aHHBIX C NPOSBIEHHEM IBYX MarMaTHUeCKHX KOMILIEKCOB: HHMKHe-
OPJIOBHKCKOTO THeHCO-TPAHHTHOTO H TepPUMHCKOro rpaHutHoro. Ilpu 3Tom
3HAUHTE/JbHLIM Pa3BHTHEM NOJNL3OBANHCH SIBJICHHS Mepepacrnpeesedus H me-
PEOTNOXKeHHsI PYAHOrO BellecTBa.

B cBs3H ¢ mposiBleHHEM MOJOJOTO TepPHHHCKOr0 TPaHHTHOTO Marma-
Th3Ma NPOHCXOAMJA peMOOHAH3ALHA BOJb(pPaMa, PacCesHHOrO B JpPEBHEi
paHHEKa/JJelOHCKOH MHTMAaTH3HPOBAHHON THEHCOBOH ToMMme. DTO MOATBEDIK-
JaeTcs TeM, YTO MHHePa/bHBI COCTAB PYJOHOCHBIX Trpeii3eHOB (BoJb(pa-
MHT, MONHOIEHHT, MArHETHT, NMHPHT, MYCKOBHT, TypMaJjHH, alaTHT) B Ka-
YeCTBEHHOM OTHOIIEHHH, B OCHOBHOM, AaHAJOTHYEH COCTABY AaKIeCCOPHOM
YaCTH THeHCOB H nerMaTHTOB. DJiH3KH 1o cocraBy H 3JeMeHTHI-NPHMECH
B pyJdax W BMeIIAWOIIHX Mnopojax. Pasinune 3ak/aiouaercs JHIIbL B TOM,
UTO B YIOMSIHYTHIX JIOKAJbHLIX Tpeii3eHax NMPOHCXOAHT KOHIEHTPALHA BOJb-
¢pama. Bmecte ¢ TeM BO BMellalOmHX NMopojAax (rHeficax M NerMarturax),
aCCOUHMHPYIOIIHX C Tpefi3eHaMH, OTMeyaeTCs yMeHblleHHOe Co/lepxKanne 3T0-
ro KoMmoHeHTa. MHHepanbHBLIA COCTaB BOJb(PAMOHOCHLIX T'peii3eHOB Haxo-
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JUTCA B TECHOH 3aBHCHMOCTH OT OcOOeHHOCTEH COCTaBa BMEIIalOWHUX TOPOJ
¥ YKasbiBaeT HA BO3MOXKHOCTH 3AHMCTBOBaHHS H3 HHX psla 3JIeMEHTOB, B
TOM uHCJe H BoJabdpama.

Taxum o6pasom, B 30He Bamkayccko-KapakeMckoro pasnoma mposiBH-
JIHCb [[Ba Pa3HOBO3DACTHLIX TPAHHTOHAHBIX KOMILJIEKCA: paHHeKalelOHCKH
rHefCO-TpAaHUTHBI W rePUUHCKHH TpaHUTHBIL. B CBASH ¢ yNOMSHYTBIMH
TPAHHTOHIAHBIMH KOMILJIEKCAMH NPOABJsSETCS PasHOBO3PACTHOE, HO OAHOTHII-
HOe MOJHGAeH-BOMb(ppaMOBOe OpYAEHEHHE.

®opmMHpOBaHHE PaHHEKAJEJOHCKOTO THeHCO-TPaHHTHOTO KOMIJIEKca
H COMYTCTBYIOUHX MOJHOAEH-BONb(PAMOBLIX PYAONPOSBICHHN NPOHCXOAHIO
OZHOBPEMEHHO ¢ 06pasoBaHHeM 30H CMSATHS B NepHOA (POPMHPOBAHHS Teo-
(HHKJHHAJ/bHO! 30HBl. I'epUHHCKHI K€ TPAHMTHBIH MarMaTH3M M COMYTCT-
pyomas emy pelkoMerajibHas H MoaubleH-BOJb(QpPaMOBas MHHepaJH3alus
He CBA3aHBl C IEOCHHK/JIHHAJBHBIM pas3BuTHeM 30Hb. OHH HaJOMKeHH Ha
Gomee ApesHHe, yiKe CTaOHIH3HPOBaHHBIE KaJeOHCKHE CKAaguaThie CTPYK-
TYpbl, H TMIOTOMY HX He CjelyeT CYHTaTh NPOH3BOAHBIMH MO3AHHX CTaAHi
KaJsielonckoro uukaa. OHH MOTYT paccMaTpHBAaTbCs KaK  TpOSBIEHHE Trep-
IMHCKOH AaKTHBH3AlHH KaJlelOHCKHX CTPYKTYyp, BHI3BAHHOH, OYeBHIAHO,
npoleccaMH pPasBHTHsA CocellHedl panHerepuUuHCKoOH AHyfcko-Uyiickoii reo-
CHHKJAHHaabHO# 3oHbl (B. A. Kysneuos, 1966).

10. PETPECCUBHBI METAMOP®HM3IM

Fny6oko meTamopdH30BaHHble NMOPOALI  (KPHCTAMNNHYECKHE CJAAHIIBI,
1Heiickl u ampubonursl) amdubonuroBoilt (auud B HaJbHellIeM B 30HAX
[a3/ioMOB GBUIH MOJBEp KeHbl HHTEHCHBHBIM AHA(TOPHYECKHM H3MEHEeHHsM,
HH3KOTeMIIepaTypHOMY THAPOTEPMAJbHOMY MeTaMop(u3My.

HaunGonee mouibie 30HB AHA(QTOPHTOB OTMEUEHH BIOJb PasioMa, Mo
KOTOpOMY rayfoko MeraMop¢H30BaHHBIE MOPOABLI KOHTAKTHPYIOT ¢ 3ddy-
SMBHO-OCAJIOYHBIMH NIOPOJaMH CpelHero AeBoHAa. MeHee MOIIHBIE 30HBI 1H-
a(;rrropm"oa OTMEeHalTcd B Y3KHX 30HaX TEKTOHHUYECKHX Hapymeﬂﬂﬁ, npo-
SIBUBIIHXCA B BepXoBhaX p. I'eteneir, y moanoxus r. Hepnoii u ap. I'lo npo-
CTHPaHHIO AHAa(QTOPHPOBAHHBIE MOPOMALI MPOCIEKHBAKOTCA HA 3HAYHTEILHOM
PaccTOAHHH (NeCATKH KHJIOMETPOB), INHPHHA TAKHX 30H Bapbupyer ot 0,1
1o 0,5 ku. B pesyibTaTe HH3KOTEMNEpaTypHOro THAPOTEPMAJBHOTO MeTa-
mopopusma o6pas3oBannuch  KBapiu-aJb0HT-CEPHIHT-XJIODHTOBHE  IOPOALI
fomee HH3KHX cTyneHeii mMeraMoptuama, OTHocsAmHecAd K (auuH 3eleHbX
cnanues, Mx caeayer paccMaTpHBaTh KaK TNOBTOPHO MeTaMop(H30BaHHEE
6MOTHTOBEIE KPHCTAJJNHYECKHE CJAAHIbl ¢ aHAaly3HTOM, CTAaBPOJHTOM, KOp-
JLHEPHTOM, TPaHATOM M CHAAMMAaHHTOM. OcOGEHHOCTBIO 3THX TOPOJ SIBJSAET-
csi HeoJHopoxHoe ctpoenue. Cpeau nopox auuu 3eJeHBIX cJaHUEB YCTa-
HOBJIEHBl YUaCTKH, CNOMKeHHble nopojaMH aM(HOONHTOBOH (auuH — Kpu-
CTaNIMYeCKHMH cnaHunaMud W amdubonuramu. OTMeueHB mnoCTeneHHbIE
nepexofbl MexKay OMOTHTOBBIMH KPHCTAJJHYECKHMH CJaHLUAMH H KBapl-
aJbOUT-CEePHIHT-XJIOPUTOBEIMH Yepe3 KBapIl-CepHUHUT-aAbOHT-XI0PHT-OHOTH-
TOBble C/aHubl. B AHadTOpHPOBAHHLIX MOPOAAX OYeHb YACTHl HepaBHOBECHbIE
MHHe€paJbHblE ACCOLMAllMH, B KOTODBLIX HapsAy C MHHepaJbHbLIMH OﬁpaBOBa-
HHAMH, COOTBETCTBYIOIIHMH 3e/JeHO-ClaHIeBol ¢amun (agp6HT — KBapI —
CEePHIHT — XJIOPHT) BCTPEYAIOTCA pPENHKTOBLIE MHHepasbl GoJsiee BBICOKOI
CTyneHH Meramopduama (GHOTHT, CTABPOJHT, FPAaHAT, AHMIAJY3HT).

pEFPECCHBHbIE H3MeHeHHI B OGHOTHTOBLIX KpHCTAJJHYEeCKHX cnannax
BLIPAXKAIOTCH B JeaHOpPTH3alluy Inaruoknasa (anbbur Ne 7—10), B 3amelte-
Hui 6yporo GMOTHTA CBeTJIO-3eJeHLIM XJoputoMm. Iais Xmopura XapakTepHbl
BKJIOUEHHSI C NJAEOXPOHYHBIMH JBOPHKAMH, YTO TOJYEPKHBAeT HeCOMHEH-
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XumHuecKHit cocTaB AHADTOPHUTOB

Ta6auuma 45

ugfﬁu S10, TiO, ALO, Fe, 04 FeO MnO MgO | CaO | Na0 | K,0 P4Os H;0 S M. n.n | Cymma
476 56,30 0,73 20,02 1,80 6,89 0,13 4,23 11,40} 1,83 | 3,77 0,25 Hfomp. 0,03 2,35 9,7
11 60,88 0,90 17,42 1,50 5,86 0,07 3,41 0,66 | 1,35 | 2,47 0,15 0,20 0,05 4,84 99,8
. 1la 60,78 0,95 16,96 3,09 4,59 0,07 3,42 | 0,60 { 2,16 | 3,49 0,14 0,60 0,003 2,97 99,8
Yucnossie xapaxrepuctuxy (no A. H. BaBapuukomy)
npbf)!ﬁu a & b s a’ f m n t ® Q ajc

476 18,9 | 1,6 |27,8|61,7]|47,8|27,9| 24,4 42,01 0,9| 5,1 44,0 5,5

11 |6,2 |0,8 |26,5]|66,5]|54,6| 24,8 2,6 | 45,8 1,1 | 4,4|+156,9 7,7

11a | 9,4 | 0,7 | 23,0 66,9 [ 47,0 29,2 23,8 (48,6 ( 1,11 10,7 (+14,3] 13,1

flpimeuaHHe 476— GHOTHTOBLIH raefic CoO CTABPONHTOM, AHMAJYIHTOM, CHIIHMAHHTOM] 1l u lla —KBapu-cepHUMT-XI0PHTOBLIK caadem.



HOCTb €ro BTOPHYHOTO INPOHCXOXKAEeHHs 3a cdeT OHOTHTA. BricOKOTemmepa-
TYPHbIe H BBICOKOTIHHO3E€MHCThIE MHHepaJibl — CTABPOJIHT, aHAaNdy3uT, KOp-
JHEepHT — TaKiKe 3aMeLIaloTCA arperatoM XJIOPHTAa H CepHUHTA.

Cornocrasjienie MHHEpPanAbHOTO COCTaBa OHOTHTOBBIX H CepPHIHT-XJO-
PHTOBBIX CJAHIEB NOKa3blBaeT, YTO BMECTO acCOLHAlHH KBapl, — GHOTHT —
aH/Ie3HH — CTABPOJIUT — aHAAJY3HUT, TPAHAT H CHJVIHMAHHT, XapaKTepH3YIio-
Lel coctaR OHOTHTOBLIX THEHCOB, BO3HMKAET MHHepaJbHas aCCOLHALHS
KBapIl — CePHIUMUT — XJIOPHT — aJbOUT — KaJbLUT — MArHETHT—3NHI0T. [lad
perpeccHBHO-MeTaMop(H30BaHHBIX MOPOX XapakTepHO o06H/AHEe KBapUeBbiX
JKHJI, MOIIHOCTH KOTOPHIX BAapbHPYET OT HECKOJBKHX CaHTHMETPOB IO He-
CKONbKHX MeTpoB. B amdubonmurax npeodpasoBaHHe MPOUCXOAHT C BO3HHK-
HOBeHHeM a/bOuTa, aKTHHOJIMTA, 3NHAOTA, XJOpHTA, KaJbuurta, cheHa u
MarHeTHuTa.

Ilns M3yueHHsi U3MEHeHHH B XMMHYECKOM COCTaBe TOpOJ TMPH perpec-
CHBHOM MeTaMop(uame OblIM BHINOJHEHb aHAJNH3bl HCXOAHBIX OHOTHTOBHIX
KPHCTANIHUECKHX CAAHLEB C BLICOKOIJIHHO3€MHCTHIMH MHHepanaMH (aHa-
au3 Ne 476) M KOHEUHLIX MPOAYKTOB HMX MpeoOpa3oBaHHs — KBapI-albOUT-
CePHIUT-XJOPUTOBLIX claHneB (aHaauasr Ne 11, 1la). Xumuueckuii cocras
TeX W APYrHX Mopof npuBemeH B Tabj. 45. IIpu comocTaBieHHMH HX BHIHO,
YTO BaJIOBOH COCTaB 3THX mopoJ O4H30K (comeprkaHHe MAarHHs H IHEJOuCH
B HHX MOYTH OJHHAKOBOE). ITO 03HAYAET, YTO NPH PErPECCHBHOM MeTaMop-
(:M3Me XMMHUECKHH COCTaB MCXOJAHBIX MOPOJX M3MEHSJICS, HO He3HAUUTEbHO.
s ycTaHOBNEHHSs MHTDAlHH 3JEMEHTOB B Ipoliecce MPeoOGpa3oBAHHA XH-
MHUecKHe aHaau3bl ObiH nepecuHTans! no cnoco6y T. Bapra. IMepecuerw
JaHHBIX aHAJH3a Ha YHCJIa KAaTHOHOB B CTAHNAPTHOH sideliKe

06p 11: K29N324C35Mg47Fe:é2Fe$3AIIggTissiB-;oPl (0153301—112)
06p. 476' K41N3306313Mg54Fe‘$2Feﬁ3A1204T14Sl437p2 (01437OH]73) ]

NOKa3bIBaOT, YTO MOBTOPHBIA MeTaMOphu3M OHOTHTOBOTO ClIaHLA CONPOBOXK-
Jlancs MPUBHOCOM (B MOHAX): KpeMHHs — 83, ¥ BEIHOCOM Kaaus —12, nart-
pusa —6, kanabuusgs —8, Maruusa —7, Kedesza —4, adwoMHHHA —12.

Onpenenenre aGconoTHOrO BO3pacra AHA(QTOPHPOBAHHLIX  GHOTHTO-
BBIX CJaHleB, HPOH3BeREeHHOE KaJHH-aprOHOBbIM METOJAOM N0 BaJoBOMY
cocrasy JI. B. ®@upcoseim B Maraganckom CBHHHM CO AH CCCP, no-
kaapiBaer 302—312 MaH. Jer, uTO cooTBercTBYyeT Kapbony (mkana AH
CCCP, 1963). Onpegenenns abconoTHOTO BO3pacTa OHOTHTOBBIX CJ/IaHIUEB
no Guotuty, npoussefennsvie 8 U'ull CO AH CCCP, npator undpse 500—
515 MmaH. ter. BAH3KHMH no BO3pacty K AHA(TOPHPOBAHHBIM OHOTHTOBLIM
claHLAM SBJAIOTCH aJSICKUTOBBIE TpaHHTH (290 MJH. JeT) H JOKajabHble
rpeisensl (322—314 MaH, Jner), pasBuTHie BAOAb Pa3lOMOB, ABHIKEHHS IO
KOTOPHIM TPOHCXOIHJIH B IMOCJIeI€BOHCKOE BpeMs.

YVuureiBasi 3TH JaHHBE, 4 TaK¥Ke TO OOGCTOSATENLCTBO, YTO BCE YINOMSHY-
ThIe MOPOJB! MPHYPOUEHbl K MOJIOABIM pasjoMaM, MOXKHO IyMaTb, YTO pacT-
BODBI, IPHHHMAaBLIHE yuyacTHe B 00pa3oBaHWH AMadTOPHPOBAHHBIX MOPOJ —
KBapI-aJbOHT-CePHIHT-XJIOPHTOBBIX  ClaHIEB — CBSI3aHBl C MPOSIBAEHHEM
FePIHHCKOrO TPAHHTHOTO MarMaTH3Ma.

11. HEKOTOPBIE BOIIPOCHI TEHE3UCA IIOPOJ
BYTIY3YHCKOr0O rHEICO-TPAHMTOMJIHOTO KOMIIJIEKCA

CooTHOlIEHME TIPOLECCOB permoHaNLHOro Meramopdusma
¥ rpaHnTOo0DpazoBaAHUA

IMopoasl Gyry3yHCKOro KOMIJeKca NpeicTaBASIOT eCTeCTBEHHYI0 acco-
LHauuo (MeraMOp(HT — MHrMaTHT — IPaHMT), KOTOpasi pasBHTa B 30HE
cMATHA B oOJacTH M3rHOa TEKTOHHUECKHX CTPYKTYD H ¢opMmHpoBaiach
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B 00CTaHOBKe Hempekpaulaimuxca AnddepeniHaabHbIX TEKTOHHYECKHX IBH-
kennii. MeramophuThl (KpHcTa/IMYeCKHe CAAHIBI, THelchl U aMpuGoauTH)
TECHO aCCOUMHPYIOT C TpaHuTONAaMH. Te U Apyrie NOPOABl HMEIOT JIOKAaJbHOE
pacnpocrpasenune. Ilpy sTom niomaAp pasBHUTHS MeTaMOP(HUYECKHX NODPOX
2HAYHTENBHO NMPEBBINAET MO PACHPOCTPAaHEHHs TPAHHTOHZOB. B Meramop-
(uueckHX MOpoAax NO OTHOUIEHHIO K I'PAHHTOHAHOMY MAacCCHBY OTMeyaercd
30HabHOCTb, BO/IH3H MaccHBa PasBHTHl KPYNHO3EPHHCTbIE HEOXHOPOAHBIE
GHOTHTOBbBIE MMIATHOTHEHCH ¢ CHAMUMAHHTOM, KOPAHEPHTOM H HHOTRA C rpa-
HATOM, HACBIIEHHBIE AMTHTOBUAHBIMH IPAHHTAMHA, NErMaTUTAMH H, Kak rpa-
BHJIO, WHTEHCHBHO H3MeHeHHble MOCTMArMaTHYeCKHMH IpoueccaMu (Mycko-
BHTH3allKA, OKBapueBanue u T. 1. ). ITo Mepe yaanenus oT ByryayHckoro mac-
cuBa (B 3—5 Ka), KpPYNHO3EPHMCTble THEHCHl IOCTENEHHO NEpPexXoiAaT B
MeJIKO3ePHHUCTEIE MENaHOKPATOBble OMOTHTOBblE KpPHCTAJJNYECKHe CJaHILH,
colepzKaliue CcTaBpoJHT. Pasinunbie MuHepaJbHble ACCOLUHALHH MeTaMop-
(HUeCKHX NOPOJ, COOTBETCTBYKILMX aM@uOOnHTOBONH (dauuu, a TakxKe 0co-
OGeHHOCTH TIOJIOKEHHS HX, YKa3biBAalOT HA NPOTPeCCHBHBIH XapaKTep MeTamop-
($u3Ma, BHIpAXAIOUIHICA B HAJAHYHH NeDPBHYHO MeTaMOpP(hHIeCKOH 30HATBHO-
ctd. BMecre ¢ TeM B pailoHe pasBHTLI NOPOJK, TPHHAANEKAIIHE K PASTUYHBIM
Mmeramopguueckum pauusm: ampuboanToBoil (6HMOTHTOBEE IHEHCH H KPHC-
TanJHYeckHe CJAHILI) ¥ 3eJeHBIX cJaHileB (CepUIHT-XJIOPHTOBLIE CJAHIH).
Hamu npenmmecrBennuxyu A. A, Bunescknit u H. C. KopxHes nMenHo 3Ty
MeTaMOpPHIECKYI0 30HaJAbHOCTL paccMaTpHBalH Kak Nepsuunylo. B npeiicr-
BUTEIbHOCTH Ke pe3Kaf CMeHa NOPOoJ Pa3HYHBIX MeTaMopdHYeCKHX dauuil,
Ha Haml B3rIA[, CBA3aHa He ¢ MPOrPecCHBHBIM HapacTaHHeM TeMiepaTyphl
H [AaBACHHA, 4 CO CAOKHBIMH [OJHMeTaMOp(PHUIECKHMHA pecdpa3oBaHUAMH
B rHeiicax u amdubonurax, KOTOpPble NPOSBAAIOTCS BXOJAL Pa3JOMOB B pas-
JAWYHOE BpeMsi M MO CBOEMY XapakTepy SBAAKTCA perpeccuBHbiMH. C nua-
(QTOPHYECKHMH SIBJEHHSIMH, MPOSBHBIIMMHUCS BAOJb Pa3jJOMOB B TepIHHCKOE
BpeMsl, CBSI3aHO B HCCJAeIyeMOM paioHe (OpMHpPOBAHHE CEPHLIHT-XJOPUTO-
BhIX (MO rHeiicaM) B ajbOWT-XJOPUT-aKTHHOMHTOBLIX (mo aMmdubonuram)
CJIaHIEB.

TMocTeneHHBIX NEPeXOA0B MeKAy cnabo MeraMOp(HU30BAHHBIMH Tecua-
HHKaMH, CAaHIAMH, a TaKiKe CEPHIMT-XJIOPHTOBHIMA CJAAHIIAMH, HA KOTOPHIE
ykasbiBaaud A. A. Bulinesckuil 1 Ip., HaMH He Ha0a107aJ10Ch.

Kak #u3BecTHo, CYIlecTBYIOT Pa3JHUHBIE TONKOBAHUSI B3AHMOCBA3H pe-
rHOHAJLHOro MeraMoppnama ¢ npoueccamd rpanutHsauuu (bBapr, 1956;
Kopxunckuii, 1952; Kysueuos, 1952; Illaxos, 1948; ®epxyren, 1961; u ap.).
Hamu HccqeoBanys NOKAa3aaH, YTO (pOPpMHPOBAHHE KDHCTAJMIHYECKHX CAAH-
11eB H THEeHCOB TECHO CBA3aHO ¢ NPOUECcCaMH, NPHBEAWHMH K 00pasoBaHHIO
rpanuToB. Mexay ray6oKo MeraMop(pH30BAHHBIMH NOPOAAMH H TPAHHTAMH
CYLIECTBYIOT IIOCTETEeHHbIE NTePeXOArl (uepe3 30HBI MHIMAaTHTOB). ¥ CTAHOBJE-
KO, UTO KPHCTANJIHYECKHE CAAHIEl H THEACH! HEe SBJAAITCS CAEACTBHEM HHTDY-
aHH TPAHHTOMAHON Marmsl, a, HaoOOPOT, BHICOKOTEMIEepaTypHbIH MeTamop-
H3M B 30HE CMATHA NpeAONpeeNsieT PoxKAeHHe TPAHHTHON MArMbl, ABASAACH
WCXOMHOW TpHYHHO# GopmupoBanus nociaeiuei. He ormeuanocs HapyIIeHHs
CTPYKTYp BMEIIAMOIIHX TOPOL B pesy/ibTaTe MEXaHHYECKOro BO3AeHCTBHs
MarmMel WM 0OpyLIeHHS KPOBJIH.

XapaKTepHBIMH fBJAAIOTCS CTPYKTYPhl NMPOCBEUHBAHHS, OOYCJ/OB/ICHHBlE
HaAJMYHEM PEJIHKTOBBIX YYaCTKOB, CJOXKEHHLIX MeTaMOpdHUYeCKHMH MOpOjAa-
MH, He HCIHITABIINX TepeMENeHNs 1 OPHEeHTHPOBAHHBIX COTJIACHO C HaNpas-
JIeHHeM CTPYKTYpP BMelawIliux mopoji.

CywmHocts nponecca GopMHPOBAHUS MeTaMOP(PHIECKHX TTOPOA 3aKa10ua-
eTCA B NePeKpHCTANIH3alHH. DTOT HPOUECe NPOHCXOANT B YCAOBHAX NPHTOKA
Tenaa, KOTopoe, OUEBUAHO, HecyT ¢ coboit Boxa H Apyrue JeTyuue KOMIo-
HeHTBl. B yC/IOBHAX HHTEHCHBHOrO MPHBHOCA JETY4HX (0 ueM CBHAETENbCTBY-
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Ior CTPYKTYpHl NepekpHCTajansauuy, obuiamue B mopojax anatura u T. 1)
EpPHCTAN/IHYECKHe CaaHUbl npeobpasyloTcsi B HEOXHOPOLHBIE KPYIHO3EPHHC-
Thle THeHCH. B rreiicax, B peaysnbTaTe cOGHpPATENbHON MepeKpHCTAIN3AIHH,
HCUe3aeT CJaHIEeBAaTOCTb, 00pasyloTcss <«NATHA» W TOMAOCH, 0OOTralleHHbIe
KBapueM H TJIarHOK/JasoM (OJMrOKJIa30M), YepeAylouiHecs: ¢ MoJocaMi Cy-
ieCTEEHHO GHOTHTOBOrO cocTaBa. I[IpOHCXOIHT mepepaclpejeneHue BellecT-
Ba BHYTPH MeTaMoOp(uYecKoii TOJIIH, Cerperanus KBapLeBO-NJIarHOKJIa30B0-
ro mMarepHaja u (OpMHpDOBaHHe KPYMHBIX NOpQHpo6aacT MJarHoKaasa Ha
MecTe MeJIKO3epPHHCTHIX 6/IaCTHUECKHX arperaTtoB ero. :

Ha nanGosee nporpeTeix yyacTKkax, CJIOXKeHHBIX KBAaplleM H MJAarHoKaa-
30M, T. €. TaM, I'le COCTaB NMOPOJL 'Obla 6JH30K K TPAaHHTHOMY H TEMIIepatypa
Oblla JOCTATOYHO BBLICOKOM, SIBMEHHSI COGHPATENbHOH NepeKpHCTaNIH3alHH
ELI3BIBAJIM YACTHUHOE pacniiaBieHHe. Pe3ysbTaToM Ce/eKTHBHOTO MJaBJaeHHS
ABASAIOTCSA alJIMTOBHIHbIE NJIArHOTPAHHTBH M maruomerMatHTel. Kak wus-
BECTHO, MJIaBJIeHHe KBapIleBO-MIATHOKIA30BLHX MOPOJ, He COAEpIKAlHX Ka-
JIHeBOTO IO0JIeBOrO Inara, MPOHCXOAHT TMPH TeMiepatype, GJH3KOH K TOUKe
TM/1aBJIeHUS YHCTOrO anbOHTa, KOTOpas NPH JaBJeHHH BOJASHOTO mapa mopsif-
ka 5—06 Tric, ‘ars omyckaercs go 700° (Momep, 1958). Ilpu obGpasosauun
YIOMSAHYTHIX TOPOJA NPOHCXOANT oborallleHde HX HaTPHEM B TO BpeMs, Kak
Kanui KOHLEHTPUPYETCH B MeJAHOKPATOBLIX OHOTHTOBEIX NMOPOXAX, acCOUH-
HPVIOWINX C TJIarHONEerMaTHTaMu U MJATHOTPAHHTAMH, T. €. B opojax OoJee
TYromJaBKHX, He HCHLITABIWIHX Nuasiaenus. OOllee KOJHUECTBO Mlejoueil B
rHelicax M alJIHTOBHJAHBIX MJardorpaHuTax W mermaturax (cm. puc. 66) co-
NOCTAaBHMO, UTO MO3BOJISIET TOBOPUTH O .60Jee HIH MeHee IOCTOSIHHOM COZLep-
JKAHHM I1Iesoueil B Tipouecce obpasoBanus pacmiaasa. llocmexnnit 6b1 = He
BCerjla MOJMHOCTHIO TOMOTEHH3HPOBAHHBIM, TOCKOJIBKY B MOPOJAX OTMEYaIoTCs
yuacTkH OJaCTHUECKOro CTPOEHHS, Tlle HHOTJa BCTPEYAeTCsl CHANHMaHHT H
rpanar. B mérmarutax e € OJHOPOAHBIM CTPOEHHeM MeTaMmopduueckue
MHHEpAJbl OTCYTCTBYIOT. .

Kax mokasano nerporpauueckoe u3yueHue mopoj, a Takike HccaeloBa-
HIe HX XHMHYECKOT0 COCTaBa, JAaNbHeHmas 3BOJIONHS 3BTEKTOHAHOTO pac-
naaBa TPHBOAUT K BOBJEUEHHIO B 3Ty cucremy Kaams. [Ipum stom wuabnaio-
JIaeTcs mocTeleHHoe oboraleHue pacniaBa KaJuem, 0 UeM CBHAETeJbCTBYeT
HaJIHuhe BCeX MepexoHLIX pasHocTeil OT MJIAarMOrPaHHTOB H MErMaTHTOB, He
cofilepyKalluX KaJHeBOTO I0JeBOro Mmara, A0 NMerMaTuToB H TPAaHHTOB, B
KOTOPBIX 3TOT MHHEPaJ HaXOAMTCS TMOUTH B PABHBIX KOJHUECTBAX C IJarHo-
-kaasoM. M3 pacniiasa, o6orauieHHOro Kaauem, 00pasylorcs MJIarHoK/aas-
MHKDOK/JHHOBEIE TIerMaTHTHl M rpamuThl. Boabmas uacts rpyGoO3epHHCTHIX
rPAHUTOB XapaKTePHU3YeTCss HEOAHOPOIAHBIM COCTABOM M THEHCOBHAHEIM
COKeHHeM. DTO CBHAETENLCTBYET O TOM, UYTQ pacmiaB He OLIJT MOJHO-
CTHIO TOMOTeHH3HPOBaHHbBIM. PesyabraroM nanbonee MOJHOH TOMOreHH3a-
MM ABJSeTCs pachias, H3 KOTOPOro (GoOpMHPOBAJHCH TJaTHOKIA3-MHKDO-
KJIHHOBBIE TerMaTHThl H cepble MOPGHPOBHIHBIE OHOTHTOBBIE TI'DAHHTDI
(r. YUepnas). B 31uX nmopoaax HcYe3aeT THeHCOBHIAHOE cJoxeHHe, GaacThue-
CKOe CTpPOeHHe, MOPOAEl CTAHOBATCSH MACCHBHEIMH, a IO cocraBy Go/ee OIHO-
POAHBIMH.

O ToM, UTO MJAATrHOK/Ia3-MHKPOKJIHHOBLIE NMErMATHTHL H TPAHUTHL Tipei-
CTABJSIOT NPOAYKT KPHCTA/VIH3ANMH M3 pacnjasa (cnocoGHOro K mepemenie-
HHIO), CBHAETENbCTBYET HaJHuHe aHAJOTHUHLIX JKHJ, CeKyUIHX ApeBHHe, 60-
‘Jee Tyromiapkie meramop¢usoBannsle ra66pounsl. OHH XapaKTepH3YIOTCH
MeJKO3ePHHUCTHIM CTPOCHHEM B 3HIOKOHTAKTOBBIX YacTAX HX. B mouabay mar-
MAaTHYECKOH NMPHPOABI YIOMAHYTHX MNOPOJ MOTYT FOBOPHTb, KPOMe TOrO, OJ-
HOPOAHBI cOCTAB HX, THIHAMOMOP(HO3EPHNCTOE CTPOeHHE H T. A

O6pasosanue pacniasa, 060rauleHHOr0 KaaqneM, HacTynaer, no MHeHHIO
psifia uccaenoBateseil, NpH Temneparypax Bhime 650° uTo moATBEpKAALTCS
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pesyJbTaTaMy 3KcHepHMeHTOB, NpopefdeHHbIX Tarttaom (Tuftle, 1955), Bus-
knepom ¥ Ilnarenom (Winkler und Platen, 1961) u up.

C ¢opmMupOBaHHeM rpaHHTHHIX NOPOJ, COAEPIKAUINX KAJHEBLIH MOJAeBOH
mmnar, ceA3ano o6pa3oBanie MeJaHOKPAaTOBHX OHOTHTOBBIX MOPOA ¢ KOpAHe-
PHTOM, CH/NIHMAHUTOM M IPYTHMH, T. €. IOPOJ, JHIUIEHHLIX TOJEBHIX MINATOB U
KBapua. BHCOKOIVIHHO3eMHCTHIE MHHEPAAL! OOEUHO Pa3BHBAIOTCA 3a CYeT
pasnoxkeHHs GHOTHTa B YCMOBHAX HeHOCTaTKa Kaaud, KOTOPHIH [PH ITOM
NOJHOCTBIO Nepexofut B pacmiaB. Oforaiiende MeraMop(HUECKHX TOPOL
MaduuecKAMU KOMIOHEHTAMH NPOHCXOAHUT, TAKHM 00pa3oM, B NPOrpPeccHs-
HYIO CTajimlo Meramop(dH3Ma B CBS3H C NPONECCAMH CeJIeKTHBHOIO MJaBJe-
R (yabTpaMeramopduaMa), Ha HavaabHLIX 3Tanax rpaHaToo6pazoBaHUS.

BanaHce BemgecTsa Npu obpaszoBaHNMM NErMaTHTOR
¥ TPAHNTOB B THelicax

Hanpapnenuocth XHMMH3Ma npouecca rpanuroo0pasoBanus ompemens-
JNach NyTeM CPaBHEHHSN XHMHYECKOTO COCTaBa caafoMeramop(PH30BaHHBIX
OCaJ04YHBEIX MOPON KeMOpPO-OPAOBHKA (MpPH YCJOBHH, UTO OHH SABJAIOTCS HC-
XOJHBIMHA) € COCTABOM IAy0OKO METaMOP(QH30BAHHEIX TIOPOMA H TMPOAYKTOR HX
npeoﬁpaao}aa HHS — anJHUTOBHABBLIX NIJIATHOTDAHUTOR, NErMaTHTOB H I'PAHHTOB
(Taba. 46). D10 cpaBHeHHe MOKA3bIBAET, YTO NPH NPe0bpa30BaHHN NeCUaHH-

TaGanuuma 46

CpenHuil XMMHueCKHIl cOCTas nopojx OYry3yHCKOro KoMmnjekca
H cAaho H3IMeHeHHBIX 0CANOMHBIX MOPON,

2 Orxuecan
72 & ]
I = < ¥ o
s Z2( 510, (110, [A1,0;| G [FeO [MnO|{MgO(ca0 [NaO|KO(H,0| & | £
e o s = 9
[Mecyanruxu, :

cnanuet . . | 5 62,62[0,66]15,93(2,30/4,36)0,28!4,27|1,52|2,37|2, 06]0, 17]3,01/99,60
Meramopduyeckie .

TOPOHI . .| 7 (63,93{0,71{16,40{1,28{5,25(0,11(3,36{1,55(2, 24{2, 750, 17(2, 20199,85
IMermatutt . . | 7 |74,56/0,03]13,95/0,22|1,19]0, 181, 21]0,47!5,05|2, 18]0,13]0, 81]99,98
[panntnl . .9 (70,72(0,46(14,03{1,08(2, 19(0,14{0, 70(1,37(3, 34(4, 70{0, 21{0, 88({99, 82
_ XemMudeckne GopMyan nopol (shyHCAeHHue NO KHcAopoauomy merony T. Bapra): MecuaHuxH, clranigs
KuNanCaMgss(Fe T2 + Fot3)sAleTisSisd OwaOH 2); meranopduueckue nopoan — KigNaCaMges
(Fe24-Fe3) AL, TieSinas{ OssoiOHy); mermatiin — Ky NapCaMgs(Fe+24+Fet8),0ALiTieSiies(0msOHe) :

rpannTh — KiNagCapMgs(Fet2 +Fe3) 5A115TieS s OiseOHy).

KOB W CaaHIeB B rHefichl CYLIECTBEHHOrO IMPHBHOCA H BHOCA BELIECTBAa He
npoucxoauno. [Janpieiinee H3MeHeHHE TOPOJ, NPH NpeoGpasoBaHuy THeliCoB
B ANJHTOBHAHBE OJHIOK/IA30BLIC IPDAHHTHL ¥ NErMATHTH, CONPOBOKLA/J10ChH
BBIHOCOM KaJdblHs, mene3a, Maruisa 0 ajdloMHAHA B KoandeciBe 164 monos.
[Toutn na Takoe Ke KosMuecTBO HOHOB (160) yBesuuHBaeTcs conepiKanue
KPEeMHHS W HaTPUA B alJIMTOBHIHLIX FpaHATAX M merMarturax. [lanee npu
ob6pazoBaHuN IPaHUTOB IPOHCXOAMT obOramieHue HX, HapsAy C HAaTpHEM H
KPeMHHUEM, elle W Kajduem.

Ocajiousie TOpOJIH Taeficsl
llpuBnoC Bunoce
K—1, Al—5, Si—~12 Ca~—1 Na —2, Mg — 13, (Fe+24Fe+%)—7



Meramopduueckie NOPOLbI AnauroBuznssie IIarforp anu-

(rHeficsl, KpHCTAAMHUSCKUe THi, TerMaTHThL
CJaHIB)
llpusuoc Bunoc
Na—23, Si— 141 K—4, Ca— 10, Mg —43,

(Fet+24Fet3) —49
Al —46, Ti—9

I'neifcesr I'panutst
[Tpusnoc Buuoc
K—1t, Na—9, Si—9i) Ca — 3, Mg — 36,
(Fe+2+4Fe+3)—26, Al —45,
| —
Ocajousblie mopoabl CpanuTer
[IpuBHOC BoiHoC
K—15, Na—7, Si—103; Ca—2, Mg —49, Fe—33,
Al —40, Ti —3.

XuMuieckuit aHAMM3 HCXOAHBIX NMOPOJ U KOHEUHBIX MPOAYKTOB Npolecca
rpaHuTOO0PA30BAHMS, T. €. IPAHHTOB, IIOKA3bIBAET OTHOCHTENBHOE OGOTralle-
H{e TPAHHTOB KaJiHeM, HATPHEM H IJIaBHBIM 00pas3oM KpPeMHe3eMOM, HO B TO
¥e BpeMsi B TpPaHHTaX, [0 CPaBHEHHIO € MeTaMOpP(HUTAMH, 0Ka3bIBAETCSH
3HAYHTEJbHO MeHbIIe MarHHufd, xKeje3a U aJlOMHHHA. HPO)-'[YKTI:I BbIHOCaA Ma-
(pHYeCKHX KOMIOHEHTOB (PHKCHPYIOTCSI HA MeCTC¢ B BHJAE MeJdHOKPaTOBHIX
EBICOKOTVIHHO3eMHCTBIX MOPOJ (THINA «KHHIHTHTOB»).

B npouecce rpanntooGpasoBanusi M3MeHeHHs! TpeTeprneBajiH He TOMbKO
l‘HefiCbI, HO H aM(l)PIGOJIHTbl, COCTaB KOTOPBIX 3HAYHTEJBHO OTJHYAEeTCA OT
rpanuTHOro. OCHOBHLIE TIOPOIBI, 110 CPaBHEHHIO ¢ THeficaMH, GoJiee TYromaas-
KH, IO3TOMY eCTeCTBEHHO, UTO B TO BpeMSf, KOTAa B THelcax, foraTeX Jerko-
NJaBKHMH KOMIOHEHTaMH, NPOHCX0AMT OoOpas3oBanHe 3HAYHTENLHOTO KOJIH-
yecTBa pacluiaBa B pesyJibTaTe MPOIECCOB yabTpaMeraMophuaMa, OCHOBHBIE
ITOPOJBI HCIIBITBIBAIOT H3MEHEHHS, KOTOPLIE JHIIb MOAroTaBJAHBAIOT MaTepHad
K moc/aenyiouemMy iasaelHo. JTOT NPoLlece MPOHCXOLUT JOKaJIbHO B yCJIO-
BUSIX JlelicTBHA pacTBopoB. B mpomecce mMeTacomMaro3a B OCHOBHBIX NOPOXAX
NPOHCXOAUT CcOOMpATENbHAS MEepeKPHCTAJJIH3ALHS, CONPOBOKAAIOLIAACH
MeraMoppuyeckoit Audbepenunanneil. B pe3yabTaTe TOHKO3ePHHCTLIE aM-
¢u6oaHTEl ¢ AHAaOIaCTHYCCKHM CTPOEHHEM IIepeXORAT B KPYINHO3EPHHCTHIE
HEOIHODOJHLIe JHOPHTHL.

B YCAOBHAX HHTCHCHBHOTO NPOABJACHHA METacoMaTo3a NPOUCXOOUT
nanabHeliee obocobyienne Jl@i'{KOKpaTOBbIX H Me/JaHOKPaTOBBIX MHHEPAJbHBIX
KOMIIOHEHTOB, IOcTelleHHoe 3aMmellenHe aMpubosa OHOTHTOM, pacTBOpPeHHe
¥ yMeHbIIeHHe COMepKaHHs TeMHOLBETHbIX MHHEPaJoB, NMOSBJIeHHe KBaplia
M MHKpDOKJHHA, Pe3ynbraToM MeTacoOMaTHUYeCKHX H3MeHEeHHH OCHOBHBIX IO-
pox Ha Gojiee NMO3JAHHX CTAlHMAX M, BO3MOXHO, YaCTHYHOrO IJIaBJeHHS  sIB-
JISIOTCSA TPAHOJHOPHTHI H TPAaHHTOBHAHLIE TOPOILI I'HEHCOBHIHOTO CJOKEHHS.
O0pasoBayHe 3THX NMOPOJ NPOHCXOAHJIO B YCIOBHAX NMOCTOAHHOIO NPHBHOCA
Les0ueil 1 KpemHe3eMa, KOTOPOMY Npe/llecTBOBAJ BBIHOC JKeje3a, KaJbllugd,
MarHusd | 4JIOMHHHSA, T. €. HapABAE€HHOCTL H3MEHEHHS MHHEpPaJbHOro H XH-
MHYECKOro COCTaBa OCHOBHBIX NOPON XapaKTepHa NjanA npoieccoB TpaHuTH-
3allMH, XOPOLIO U3YYeHHBIX H ONMHCaHHbIX B auTepatype (Kopxuuckuit, 1952;
Kysneuos, 1964; ucranosa, 1965; u np.). SIBreHns cobupartelibHOH Nepe-
Kpmcrannusauun B YCJOBHAX OelcTBHSA paCTBOPOB MOIJIH BBI3BIBATH B Ipa-
HHTOMIHBIX TOPOAAX UYACTHYHOE ILIaBJeHHe (HeKOTOpele IpaHodHpEH). ITO
03Hayaer, UTO MJAABJIEHHI0 NpelUIecTByeT MeracoMaTHuYecKoe npeoGpa3oBa-
HHe MOPOJ H UTO MPOIecchl CeJEeKTHBHOTO ITaB/JeHHs U MEeTacoMaTHYeCKOH
rpaHHTH3alHK CBsidaHbl Apyr ¢ aApyrom. Takum obpasom, Bech nmpouecc ¢op-
MHpOBaHHsI MOpox OYyry3yHCKOTO KOMILIEKCa CBOAMTCS K aHaTEKTHUECKOMY
[1aBJEHHI0 BMEIalouHX MOPOJ B YC/IOBHAX 3HAUHTEIbHOTO IPHTOKA TeJa,
KOTOpOe HecyT ¢ co0oii neTyyHe KommnoHenThl. [lokasaTenbcTBOM yuacTus
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JeTyuuX KOMIOHEHTOB B mpolecce rpanutoobpasoBaHus ABAseTCs TOT (akr,
uTO MeramMop(pHuecKHe TOPOJLI, MHIMATHTH H TPaHATOWALI, oforauleHnble
anaTHTOM H TYPMaJIMHOM, pacrnpocTpaHeRsl BJOJb PEerHOHAJLHOrO pasjoma
JIOKAJILHO.

ITrapnende BMelalOMAKX MOPOM, KaK ONHH W3 BO3MOMKHBEIX nyreii ofpa-
30BaHHf TPAHHTHON Marmsl, NPH3HAETCA MHOTHMH BeIYyU[MMH NETPOJOraMu
(Kopxkunckuii, 1952; Kysueuos, 1964; Cynosukos, 1964; lllaxos, 1958; u ap.),
KOTOpPble CUHTAIOT, YTO ITOT Npomecc GYAeT HATH 3HAUHTENbHO GhCTpee NMpPH
LUMPKYJISIHA PACTBOPOB, HeCYIHX NaBHA. OCHOBHBIMH NJIaBHAMH SIBJASIOTCS,
10 MHEHHIO TOYTH BCeX HccaefoBarteneil, Boga, ¢rop, xaop u ap. (bBoysw,
1954; Xurapos, 1957; Tarrn v Yaiau, 1957, 1963; n np.).

U ram, rie KonuenTpamus pacTBopor Gua HaubombuIel, npouece naas-
Jenns npoucxolnn Gonee HHTEHCHBHO. DTH pacTBOPH, O MHeHHID MeHepTa
(1963), H. I. Cynosukosa (1958), ®. H. llaxosa (1958) u ap., moBuausy-
sorest u3 camux ocanounwx toaut. JI. C. Kopxxuncknii (1952), 10. A. Kysne-
uos (1964, 1966) paccmaTpHBAIOT PACTBOPH B KAYeCTBE NPOAYKTOB I1yBHH-
HOH au(depeHnHanny, Aerasallid 3eMHOTO BeUIECTBA, Ha3hIBAf HX «CKBO3b-
marmaTtuyeckumu» (Kopixunckuil), uan «marmoobpasywomumus» {Kyaneuos,
1966) pacrsopamu. CiefoBaTenbHO, BONPOC 00 HCTOUHHKAX PacTBOPOB ABJM-
ercd JucKkyccHOHHEIM, PaKTHYECKHH MaTepHal, KOTOPHIM MBI pacnojaraem,
HE NO3BOJISeT BHCKA3aThCA B IOJb3Y TOH HWIH MHON TOUKH 3penusd. MoxHo
JHWB NYyMaTk, YO YaCTHYHO BOJA 32HMCTBOBAHA H3 CAMHX BMENIAIOUIHX HO-
PO, ecJH CUHTATh NPH3HAKOM BbIHOCA BOZBI HAJIHUHE TAKHX MHHEPAJOB, Kak
KOpAHepHT, rpanat H JApYyrHe BBICOKOIJIHHO3€MHCTEIE MHUWHepaJdbl, HKOTOpBIE
paccmarpuBalorcsi Meneprom (1963) kaxk npoAykr «cymkns OuOTHTA.
B. A. Huxonaep (1955) tak:Ke noJaraJg, 4To HOSBJEHHE CTaBPOJHTA B IO-
polax obbscHAETCs HeJOCTATKOM BOAH. B 3TOM cJayuyae, eCTeCTBEHHO, BO3-
HHKaeT BOUPOC, AOCTATOYHO JIH BOJABL, NPHCYTCTBYIOLLEH BO BMELIAIONIHX I1O-
poaax, ajas uX pacnsapaenus? Pacuersr k. ®epxyrena (1961) nokaszaam,
4TO AJA pacniaBleHHA OCAJOYHBIX MOPOJ TOK BOAbI, KOTOPYIO OHH COAEpHKaAT,
HexocTaToyHo. HeoGXxoauM NONMOJHHTENBHBEI HCTOYHMK ee, H BOJA, MO €ro
MHEHHIO, JOJKHA GLITH He NPOCTO OCBOOOXKIEHHOM THe-TO B APYroil MeTaMop-
¢uuecKoi ToNLe B pe3ysbTaTe AerHAparallMd HAH KPHCTAMIH3aLHH HaJHH-
TeHHOTO PacCHJiaBa, OHa JAOJIXHA OHITH 10BeHHJIbHON. C 3TOl TOUKH 3peHHus,
NPHTOK BOZABL ¢ T1YOHHEI NPEACTABAACTCH BEPOATHHIM.

SOPMAIIMOHHBIN TUII BYTY3VHCKOro
M EYBAJPUHCROI'O rHEMCO-TPAHUTOMHBIX KOMILIEKCOB

ByrysyHckuit # xy6aapHHCKHI rHelco-rpafnrfoMIuble KOMIIEKCH 3aHU-
MalOT OAMHAKOBOE CTPYKTYPHO-TEKTOHHUECKOe NOJOXKeHHe W OJH3KH B BO3-
pPAaCcTHOM OTHOILUEHHH. Ha ocHOBaHHH Treo/JIOTHUECKHX H PagHONOTHYECKHX
JAHHEIX MX BO3pacT ompelensieTcd Kaxk JOCHIYDPHACKHH, OYeBHIHO, HHIKHe-
ODAOBHKCKHH. DTH KOMIJIEKCH DAa3MenaloTcs B JPEBHHX CajlaHpCKO-Kale-
AOHCKHX CTPYKTYPHO-(DOPMAllHOHHBIX 30HAX, XaPAKTEPHIYIOIIHXCH MOUIHBIMH
Necyano-cJanueBbIMH TOJUAMH IeOCHHKJHHAJBHOIO THIIA. PaCHPOCTpaHEHbI
OHH BI0OJb I‘J])JGHHH];]X pa3jaoMOB JOKANIbHO, B 30HAX CMSTHS, TaM, TIE IOpPOo-
Ibl Iperepness BHICOKOTEMTEepaTypDHBIH MeTaMOp(H3M M HCHOEITAJH Hanps-
FKEeHHYI0 CKJalyaToCTh.

T'papnTtouasl Gyry3yHCKoro H KyGalIpHHCKOTO KOMIIJIEKCOB Claraiwor ak-
MOJAHTONOAOGHLIE METMATHTOBOIO CTPOEHHSA Teja, CorjacHble O CTPYKTYpa-
MH BMenialomux ux nopod. Oco6enHocTh pasMelleHHs MAacCHBOB 3aK/I0YaeT-
¢ B TOM, YTO OHH 3ajeraioT 0e3 NPH3HAKOB Pa3[BHTAHHA CTEHOK MarmMartH-
YecKoil Kamephl, 663 HapyWeHHs CTPYKTYp BMemaionmx nopon. I'panuronant
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¢BA3aHBl ¢ BMEIIAIIUMHE HX THelicaMH IOCTENEHHEIMH lepeXxofaMH uepes 30-
Hbl MHTMAaTHTOB H 00Jalal0T BCeMH NpH3HAKaMu 00pasOBaHHA Ha MeCTe.

CTpPYKTYpHl TPAHHTOHJAOB TdDMOHHPYIOT CO CTPYKTYpaMH BMeLIaIOLIHX
nopox U KOHGOPMHBI IO OTHOLIEHHIO K KOHTaKTaM. MHKpPOCTPYKTYphl —
GJjaacTHYECKHe, KOPPO3UOHHBIE, KATAKAACTHYECKHE, HHOTAA MMIMAROMOpPGHO-
sepurcTee. TekcTypbl — MOJOCUaThie, THeHCOBH/HbIE.

ITerporpaduuecknii cocTaB NOPoOJ AOBOJLHO pa3HooOpaseH W Ompepes-
€TCA B NEePBYIO Oouepelb COCTABOM BMEUIAKWIIHX NMOPOA H CTEIEeHbI0 HX IIpe-
oOpasoBanus. Tak, TpaHUTOMAB KyOalpHHCKOrO KOMILIEKCA MpelcTaBjieHbl
cyulecTBeHHO GHOTHTOBHIMH MHKDOKIHHOBEIMH I'DaHHTaMH, KOTOpEle 0oOpas3o-
BaJINCh B peaynbTaTe npeobpaszoBaHus rTHelicoB., B cocraBe OyrysyHCKoro
KOMIJIeKCa, JIOKAJTH3YIOUerocs B THeficax, depefyIOMHXcsS C OCHOBHBIMH 10~
ponamu (amdubosHTaMH H Ip.), HAPAAY ¢ OMOTHTOBEIMH MHKDOKJIHMHOBBIMH
rpaHHTaMH, 3HAUUTEJbLHEIM PAaclpocTpaHeHHeM INO0/b3YTCs GHOTHT-POroBO-
00MaHKOBbIE TPABHTH], TPAHOAHOPHTH W JHOPHTHL

[[lupoko pasBuTHl MErMATHTHI H ANJIHTOBHAHBIE TPAHHTHL, JOKAJIH3YIO-
IKecs B UHeiicax, BMEIAIOWIHX TPaHUTOHIHEIE MacCHBH, MHoroudcienHble
naiky namnpodupos M auabasos, pacnpocTpaHeHHBE BAOAbL Pa3aOMOB,
nepecekalonHX IPaHATOHAB OYTy3yHCKoro M KyGaApHHCKOrO KOMIJIEKCOB,
SABJSIOTCS GoJiee NMO3JAHHMH 110 BPeMeHH (DOPMHPOBAHHS H OTHOCHATCH K OCO*
Goit samnpogupo-qnabaszoBoil (QopMaiuu — NPOH3BOAHOH (a3albTOHLHOM
Marmabl. § 4.

I'paHuTEl NepecHIleHs IVIHHO3eMOM; A5 HHX XapakTepHO HOBOJLHO BbI-
COKOe coJiepxanue KpeMHeseMa (67—729%) u mesodeil, IpH HEKOTOPOM Mpe-
obJlalaHMH OKHCH KaJHsl Haj OKHCBIO HaTpHsA. 3akHCh Keae3a npeobiaagaer
HaJ OKMCbIO, a orHomeHHe FesO3: FeO< 1, XapakrepHbIMH 3JeMeHTaMU-TIPH~
MecsiMH B TpaHHTax gBasiorcsa Ga, Sr, V, Zr, Sr, Ba, Cu, Y, Yb, Be, us ak-
LECCOPHBIX MHHEpPasjoB pacrpocTpaHeHsl cbheH, OPTHT, amaTHT, MAaTHETHT,
ITHPKOH. ;

QopMHpOBaHHEe PaHHeKAaJeJIOHCKHX I'PAaHHTOHIOB TECHO CBSI3aHO C MPO-
sIBJIeHHEM JIOKaJbHOIO IMPHPASIOMHOTO MeTaMop(H3Ma, NPOHCXOAHBHIErd
5 ycaoBHAX aMmpubonuToBoll panuH. [ayGokuil MeraMop(H3M BMellalOUHX
IOpOJ, MpeALIecTBOBaJ NOABJEHHIO MATMATHTOB H rpanuTos. Ilpomece rpanu-
T000pa30BaHKUA OCYIIECTBIAJACA HAa MeCTe B CBS3H C SBJIEHHAMH aHaTeKCHCa,
Oes HapylleHHsi CTPYKTYp BMeILAIOMIMX MOPOA. ITH H HEKOTOpblE Ipyrye
NPUSHAKH MO3BOJSIOT OTHOCHTL I'PAHHTOMABI OYry3yHCKOro H KyGaapHHCKO-
ro KoMIJeKkcoB K (opMauuu OaTOMHTOBBIX PAHUTOB, IO KaaccHMHUKaLHH
10. A. KysuenoBa (1964). B I'oprom Asrae 3Ta ¢opmanus NpOsSBHAACH
B padHeKa/JeJlOHCKHH 3Tal reOCHHKJHHAJNLHOTO PasBHTHS B CBA3H C (op-
MHPOBAHHEM MOIIHBIX 30H CMATHA BIOJb IMYOHHHBEIX Pa3/JOMOB.

Bumecte ¢ Tem OYry3yHCKHii THefCO-rpDaHHTOHAHBLII KOMIIEKC HMEeT
HEKOTOpble 0COGEHHOCTH, OTJIHYaloNUHe ero OT KyGaapHHCKOro. ['paHHTOHABL
6yrysyHckoro KommJiekca Gojiee pazHoobpasHel mo cocrasy. /s HHX He Xa-
pakTepeH Hpoliecc KaJHEBOrO0 MeracomMaro3a (MHKPOKJAHHH3alMH), COMPO-
BOXKIABIIHN rayOokuil MeTaMop(H3M M IUMPOKO NPOSBHBIIHACA B THefcax
KyGagpuuCcKoro Kommiaekca, Kpome Toro, B Hayane o6pasoBaHusi TDaAHHTOB
Ky6aIpHHCKOr0 KOMIJIeKca XHMHUYECKHIl TOTeHNHal Kaaus npeobsajgan Hal
NOTEeHIManoM HATPHsS, HO IO MEpe PasBHTHS NpOLecta poJib HATPHH BO3PAC-
Tajza ¥ TOCTelleHHO craja gomHuupylomei. Havano o6pasosaHus rpaHHTOB
GyrysyHCKOro KoMmiiekca, Hao60poT, XapakTepHayerca mpeobiagaHHeM XH-
MHUECKOrO TMoTeHIua a HaTpus. JLOBOJIBHO CYIlecTBEeHHOe PA3NHYHe OTMeda-
ercst B ¢GopMax MHrpalHH BelllecTBa NMpH 00pa3soBaHHH 3THX JBYX KOMIIEK-
coB. Tak, npu (popMHPOBaHHH MOPOX Oyry3yHCKOro KOMILJIeKCa MepBOCTeNneH-
Basd poJib MpHUHALNEKHT AH(GDY3HOHHBIM TpoleccaM B COUETAHHH C HHQH/IbL-
Tpauueil PacTBOPOB MECTHOI'O NPOHCXOXKAEHHS, BeAYUHM K CeJeKTHBHOMY
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naapnenuo. TIpH o6pasoBaHuy Ke MOPOA KyDaipHHCKOrO KOMILIEKCa BaXK-
HYIO DOJb, OUEBUAHO, HTPaTH MPOUECCH HHPUIBTPAlNH, CBA3aHHLE ¢ IPO-
SIBJIEHHEM TAYOHHHBIX «CKBO3bMArMaTHYeCKHX» pactBopoB (KopmuHcKHi,
1952). 10. A, Kysnenos (1964) ormeuas, uTo rJaBHOe OT/HUKE (HOpMaNHH
TPAHHTOHAHLIX OATOMHTOB OT MHFMATHTOBON (POPMALMH CBOAMTCA K TOMY,
4TO TNPH 0Gpa30BAHHM I'PAHHTOHAHBIX OATOMHTOB BeAymlasd pofib <«HpHHAI-
JIeKHT -CKBO3bMAaryMaTHUeCKMM PacTBOPaM FiyOHHHOTO MPOUCXOMKAECHHA, KO-
TGpBle B PeayyibTaTe HANPsAMEHHOTO METACOMaTo3a CaMi CO3MAIOT OGCTAHOB-
Ky Al MATMATAYECKOTO 3aMeNIeHus N0 CYUIeCTBY 006X NopoA... IIpn o6pa-
20BAHHM MHTMATHTOB, YCJOBHS CYIIECTBEHHO MHBIE, MAarMaTHUecKoe 3aMelle-
JHHe OCYIIeCTBAAEeTCA B OUCHBb Goapitux obGreMax YiKe NpH OutHb HE3HAYH-
TeJbHOM IMPHTOKE CKBO3bMarMaThH4eCKHX PpacTBOpoOB -H MeracoMarosa, a B
HEKOTOPHIX Ciy4asix NjiaBJeline JOCTHTAETCS MPH OTCYTCTBHH HH(PHUIBTPALUK
B pesyabrare TONbKO AH(MQYSHOHHBIX NpPOLECCOB, NPHBOAAUMX K METaMop-
duveckoll puddepeHuHaLRS.

Taxum oGpasoMm, B Oyry3yHCKOM THEHCO-TPAHHUTOMAHOM KOMILIEKCE cO-
HEeTAIOTCH JIPU3HAKH ABYX (QOPMAUHOHHBIX THHOB: GATOMHTOBOH H MUTMATH-
TOBOW. (hopmanmil,- 10 noarsepxxaaer nonoxenne 10, Kysueuopa (1964) o
TOM, UTO MEXKAY TPAHHTAMH OTHAEALHLIX (POPMAaUHil HeT pe3KOoil IpamuIb M
HMTO B NPHPORE CYUIECTBYIOT KOHKDETHbIE MPAHHTOHIHLIC KOMIJIEKCH, B KO-
TOPHIX COYETAIOTCS NPHUAHAKU PA3JIHYHBIX (JOPMAUHOHHBIX THIOB.

: COHNOCTABIEHNE KYBANPUHCKOTO

U BYTY3YHCHKOTO I'PAHMTOMIHBLIX KOMILJIEKCOB
C AHAJIOTHYHBIMM KOMIONEKCAMM

T'OPHOI'O AATAA U JPYTMX PErMOHOB

B npenenax I'oproro Aatas GrumaliiaMu aHanoraMu Ky6ampHHCKOTO

1t OyTy3yHCKOro KOMIVIEKCOB fBJASKTCA MHOTOUHC/IEHHBIE TPAHHTOHAHEIE Mac-
CHBBI, PACIIOJIOMKeHHbIe B MeTaMOp(PHIeCKoH 30He UeHTpaabHoll yacth HOskHo-
Uyiickoro xpebra, koropas Buepsbie 6bina Bbifetena u Hayuea A. C. Mu-
1ponoasckumM (1935). :
: 3ona meramopduueckux nopox IOkuo-Uyiickoro xpeGra, mo aanubm
A. C, Murpononibckoro, pacnosaraeTcs B CeBEPHON MepHepHUEcKoll qacTH
Xoa3yHCKO-UyHCKOr0 aHTHKAWHOPHSA, BONH3Y rpaHuusl ero ¢ Anyficko-Uyii-
CKUM CHHKJHHOpHeM, MeraMop$H3My NOABEPranuch QIHIIOHAHEE TeoCHH-
KAHHAJLHBIE OTJOXKEHHA TOPHO-aATallckol cepunm KemGpo-opuosuka. Ona
¥MeeT YeTKO BbIpayKeHHOe 30HalbHOe CTPOEHHE M MOAPA3IeNfercs o cTe-
IleHd MeraMop(duaMa M cocTaBy IOPOA HA TPH NOA30HH: BHEIUHIOW, COOKEH-
HYI0 KPHCTANJIHYECKHMH CAaHUAMH, NPOMEXKYTOUHYIO0, COCTOAULYI0 H3 CHeil-
COR, M IEHTPaJbHYIO, NPEACTABIEHHYIO- rHeficaMH, MUTMaTHTaMH, TPaHHTON~
Aamu. Ilonsonsl cBAsaHb MexXIy co0OH NOCTeNeHHBIMH HepexofaMi, Ipo-
ABJAIOUHMHCA B YepeJ0BAHEH NOPOA TOH HaH APYIOH HOZ3OHHL. :

Buemnsaa nojsouna cjaraer nepudepuieckylo 4acTh S0HBI MeTamMophH3-
‘Ma B npenenax IOxuo-Uyiickoro xpedra. Illupuna noxsons xosnebiaercs or
1,5—3 xat.- s ee cocraBa Haunbosnee xapakTepHbl KBapH-OGHOTHTOBBIE H GHO-
THTOBbIE CJAHHBL, KOTOpble CBS3aHbl NOCTENEeHHBIMH NepPeXoLaMH ¢ 'XJIOPHT-
CepHUHUTOBBIMH CHAHUAMH H XJOPHTH3UPOBAHHBIME MeCUaHHKaAMH. .

TIpomekyTouHan moA30Ha -06pasyer noaocy WHPHHOH oT 3 Ao 5 M
W pacnoJiaraercs ¢ BHYTpeHHeH CTOPOHBI BHEUIHEH TIOJ3OHLI, MOBTOPSA ee
KOHTYpH. CiokeHa OHa, B OCHOBHOM, OHOTHTOBLIMH THelicaMH. g

llertpaabKas MOX30HA C1araeT BHYTPERHION YacTh 30HL MeTaMopduye-
CKHX TIOPOJ; B ee Mpelenax pa3BUTH HanOojiee CHIABHO MeTaMOpP(hH30BaHHbIE
TTOPOLY], IPEACTABAEHEBE KBapl-GHOTHTOBLIMH, aHAANY3UT-KOPAHEPHTORBIMH,
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aHIANY3HT-CHIJIHMAHAT-KOPAHEPHTOBLIMH M FpaHaT-CHITHMAaHHTOBBIMH
rueicamMy. BHemHas rpaHnIia 30HBl OTJIHYAETCA 10 MOSBJICHHIO B THelicax CHJI-
JHMAHHTA W aHgaaysuta. CpelH THEHCOBR B pA3JHYHBIX YacTSAX LEHTPalib-
HOH MOA30HEI OTMEUAETCH Pe3Koe YCHIeHHe MeTaMop(dH3Ma, POsBISIONLEerocs
B HHTEHCHBHOI (denbIinaTH3allii THeHCcOB ¢ pa3sBHTHEM MHTMaTHTOB H ¢op-
MHPOBAHHEM TeJl FPAHUTOHNIOB, B NMOSIBJEHHH MHOTOYHCJEHHBIX JKHI000pas-
EBIX MOC/HOHHBIX 0060cOOJeHHN TErMaTouZHOro cocraBa. MurmatHThl cjara-
10T nepudepruyecKHe YacTH NMOCHAOHHBIX Tell, aBTOXTOHHBIX THEHCOBHAHBIX
TPAaHHUTOHAOB H 06p33yl‘0’? XapaKTepHbie NepHCThIC OKOHYAHHA MacCCHBOB
pY HX BHIKAWHUBAHKH. MOIHOCTD NMOC/AOHHLIX TEN TPAHUTOKNOB HeBeNHMKa
u Konebnercs B npeneaax 10 s Ocobenno MBPOKO pacnpocTpaHeHbl Teda
TPaHUTOHIOB B HeHTpaabHO# uacTH KOxkuno-Yyiickoro xpebra.

ITo npeacrasnenuio A. C. Murponoasckoro u ap. (1967), dopmuposa-
HHe 30Hbl MeTaMop(H3Ma, MHrMATHTOB H IPaHHTOHJIOB NPOHCXOAHIO B 006-
CTaHOBKe BBICOKHX AaBJeHHH H TeMmilepaTyp Noj AeHcTBHeM 3MaHalui, Bosb-
mwas ponb B 00pasoBaHHH NMOPOA OTBOAHTCS KBapI-ILEJOUHOMY MeTacoMa-
103y, NPHYEM MHUTpalHsd PACTBOPOB INPOHCXOIHJA 110 30HE MOBBILIEHHON
TPeIIHHOBATOCTH, CJAYXHBIUE MOABOAAIIHM KauajoM. HuxHss Bo3pacTHas
rpasnua meramop¢usMa onpenensieTcs TeM, 4TO €ro BJIHSIHHIO NOABepraiich
OTJIOXKeHHs1 KeMOpO-OpHOBHKA, NpHYyeM MeTaMopdH3M HAyaJca 1Mocae TpeMa-
JOKa H 3aKOHYMJICSI B BepxHeM OpHoBHKeé. BepxHas Bo3pacrHasi TpaHHIA
YCraHaBJaHBAeTCA HA TOM OCHOBAHHH, 4UTO mopoabl HHXHero cuaypa, pas-
BHTble B HerocpeACTBeHHOH 61H30CTH, He 3aTPOHYTHI MeTaMOP(hH3IMOM.

B npemenax Teaeukofi crpyKTypHO-GopMalHOHHOH 30HLI (ceBepHBI
cknon Kypaiickoro xpe6ra) A. B. /lepryHoBbiM H3yuUeHbl M OCHJIVPHH =
CKHe FPAaHHTOHAHBIEe MAaCCHBBL, B KOTOPbIX OH Bbile/IieT rPaHH-
TOHABl 30HBl MeTaMOpdu3Ma U COOCTBEHHO TPAHUTHL.

K nepso#t rpynne rpaHUTOHIOB OTHOCATCS HECKONBKO HeGOMBUIMX Mac-
CHBOB, PacnONOMeHHBIX CpeAH HHTCHCHBHO . METaMOp(bHSOBBHHb!X opoAa.
Bee maccuBo 00O OopMe BHIXOAOB HANOMHHAKOT AMH3000pasHbLIe TeNad, BBHITS-
HYTHie B CEBepPO-3aliafiHOM HaNpaBAeHHWH, COTMACHO €O CTPYKTYPOH BMmeuia-
J0mHxX nopod. Pasmepnt Ten xoaeGawores no anune ot 1 no 10 km u mo mu-
prne ot 0,4 1o 2 xx. OnH CHOXKEHB PO3OBLIMH, PO3DBATO-CEPLIMH M CEPBHIMH
MeJIKO-, CpeaHe-, KPYNHO3ePHHCTHIMH TpanuTami. Yacto B rpanntax nabmo-
JlaeTcsl OPHEHTHDPOBaHHOE PaclOJOXKEeHHe TeMHOLBETHLIX MHHepasos, ofyc-
JIOBJHBAaIOLIee NOJOCYATYI0 TEKCTYPY TMOpoA. B 3K30KOHTAKTOBHIX YaCTAX
MaCcCHBOB BCTPEHAlOTCA THEHCHL ¢ MHOTOYHC/IeHHBIMH JHH30BHIAHLIMH BblAeJie-
HHSAMH II0JIEBOTO 1Inara (MHTMATHTHI), NpeACTaBAAIIIHe TOCTENeHHbIE Mepe-
XOABl OT FPaHATOB K MeTamopduueckuM nopoaaM. [paHHTOHIHbIE NOPOMLBI
XapaKTepH3yloTcs nop¢upo6.,1acTOBBIMH, IpaHOGJACTOBEIMH CTPYKTYpaMH H
HMEIOT CJeAyIONHI COCTaB: KaJHeBblH NOJEBOH mmar (MHKPOKIHH) — 25—
30%, nnaruoknas (onnroknas Ne 27) — no 60, ksapt — x0 25, 6HoTHT — 10—
15%; akumeccopHble MHHEpaJbl NPeACTABIEHb IHPKOHOM, alaTHTOM, CheHOM.

I'panure cnarator HanGosee KpynHwii ToKmakckuil MaccHB, pacroJjio-
JKeHHbIl B BepxHeMm TeueHHd p. Toknak. Bbixod HHTPY3HBOB Ha JHEBHYIO
MOBEPXHOCTH HMeEeT OBaNbHYI0 (OpMY, BHITAHYTYIO B CeBepO-3amajJHOM Ha-
npaeJeHHH HAa 7 kM. MacCcHB CJI0KeH CBeTJIO-CePHIMH CpefiHe-H KDYNMHO3ep-
HHCTBIMH GHOTHTOBEIMH MOPGHPOBHIHBIMH H MeJKO3€PHHCTLIMH OHOTHTOBBIMH
rpanuTaMu. KpynHO3epHHCTLIE TPAHUTHL PaclpoCTPaHeHBl HauOoJee MIHPO-
k0. Jlns MOPOA XapakTepHO HePABHOMEPHOE pacrlpefefieHHe TeMHOUBETHBIX
MUHEePANAoB: HApAAY ¢ NMOYTH MOAHBIM OTCYTCTBHEM OHOTHTA B HEKOTOPHIX
pasHocTAX ero KoauwuecrBo pocruraer 7%. TlopdupoBuinbie BHIAENeHUS,
pasMepsl KOTOPBIX KOCTHTAIOT 2 CM, NPEACTABACHBI KaJHeBHIM MOJEBHIM
naToM, pexe — xpapueM. CocTas NMOPOA: KajueBbiH NoOJeBOW minaT (MUK-
pokany) — 45--50%|, B mauboseé NeHKOKPATOBLIX - pasmocTAX — 10 60,

176 ¢



kBapu —25—40, nnaruoxknas (angeann Ne 30—31) — or 4 no 22, GuoTHT —
0o 7%; axkueccopHsle MHHEpAJbl MpeACTaB/IeHs HHPKOHOM, OPTHTOM, amaTH-
TOM, MOHauUMTOM. MesKo-, cpeJHe3epHHCTEe GHOTHTOBBIE TPAHHTHL PA3BHTHI
B 10r0-3anajHoil W 3anaJgHON YacTAX MaccHBa. MaKpPOCKONHUECKH — 3TO ce-
phle, TeMHO-cephie NMOPOAH, ¢ Oojee WIH MeHee paBHOMEPHHIM paclpefele-
HUEM TeMHONBETHHIX MHHepaJsoB. IIOpoJAb COCTOST H3 KaslHeBOrO IIOJIEBOTrO
mnara go 21%, xsapua —30—46, naarnoknaza —30—45, 6uornra —
o 11%.

B nmerpoxuMHYECKOM OTHOIIEHHH MOPOARI TOKMAaKCKOrO MacCHBA JENAT«
¢ Ha JBe I'PYNMb: a) NepechllleHHble INIHHO3¢MOM, aHAJH3bl YAOBAETBOPS-
107 ycaosuio Al>K-+Na<+2Ca, 6) nopoasl HopManbHoro psina —2Ca-+-
+Na+K>AlI>Na+K. BeceM mopoaaM CBOACTBEHHO He3HAUHTENbHOE COMEp-
Kaude QeMHYeCKHX MHHepanoB (b=4,2—7,1), Gonblioe KONHYECTBO LIeJO-
ueit a=11,4—21,2. orHomeHnne mesodeil 0OBLIYHO MOKA3LIBAET $IBHOE TIIpe-
ob6nanasue Kanus Hang HatpueM n=6,1—53,8, Ho BcTpevalorcs m obpaTHbie
cooTHOINeHHs n==857.

JKunvuan ¢anus npeacrabieHa MHOTOUHCEHHBIMH TelaMH HerMaTH-
TOB H afauToB. BO3pact rpaHHTOHIHBIX NIOPOL ONpelenseTcsd KAk AOCHIY-
PHECKHIT, YTO MOATBEPHKLAETCA NAHHBIMH ONpPeeqeHHii a6CoNIOTHOrO BO3pac-
Ta 1o 6HOTHTY M3 rpanutoB (naGoparopus BCEIEHM), kortopuie mokasann
ungper 425 man. Jer.

Comnocras/ieHie I'PaHATOMIOB KyOaIpHHCKOTO B GYTy3yHCKOrO KOMIJeK-
COB C ONHCAHHBIMH BhIIle TMOKAa3bBIBAGT, YTO OHH UMEIT MHOTO CXOIHBIX
uept: 1) npuypouenHocTh K 30He TAyOMHHOrO pasaoma; 2) pasmepsl H ¢op-
My MacCHBOB; 3) XapakTep CTPOEHHS 3K30KOHTAKTOBHIX 30H; 4) GAH30CTH
nerporpaduyeckoro H NeTpoXHMHYECKOro COCTaBa NOPOI; 5) BO3pacT NOPOA.

B 3anagno-Casuckoli CcTpyKTYPHO-OpMaUHOHHOH 30He, B Oacceiine
pex Yympimman — Yyapua, M., H. DBapuesoii, B. M. KoxnecHHKOBBHIM,
I'. A. Makcumosoit, JI. I1. TlepduabeBsiM # APYTHMH BbigeqfAeTcs 30HA
ray0oKo MeraMop(HU30OBAHHLIX MOPOA H NPHYPOUCHHBIX K Heil rpaHHTOHIOB,
cOBbeAUHEHHBIX B HHXKHEOPAOBHKCKHH KOMIJIEKC.

[Toponel, cnarawpuiie 30HLI MeTaMopduaMa, NpeicTaBieHbl KBaplu-miaa-
THOK/a3-aM(HOONOBLIMH, KBAPI-TArHOKAa3-OHOTHTOBLIMH, KBapU-GHOTHT-
rPAHATOBLIMH M CHIJIMMAHUTOBBIMH KPHUCTANJIMUECKAMM cAaHuaMmu. KBapm-
nJaarkiokaa3-aMpuboioBsle W KBapl-MJIAardoK/a1a3-GHOTHTOBRE KpHCTAJIHYe-
CKHE CJaHLbl claraioT nepugepuueckie YYacTKH 30HE MeTamopduaMa w
NpencTaBasior coboli MeJko-, cCpeIHe3eDHHCTHE NOPOAH, B KOTOPHX Habao-
aaercst cybnapaasienbnas OpHEHTHPOBKA TEMHOIBETHHIX MHHepaJsoB. B 3aBH-
CHMOCTH OT KOJHYECTBEHHBIX COOTHOUIEHHI! TEMHOUBETHBIX H JIEHKOKPaTOBBIX
MHHepaJoB LBeT MOPOJA MeHAeTCs OT Ceporo IO YepHOro, NpHueM deperyioT-
Cf MOJOCH PA3HOTO [IBeTa; MOIIHOCTh HX KoJeO/deTcst OT HecATKOB CAHTHMET-
DOB N0 JAECHATKOB METPOB, 10 MPOCTHPAHUIO OHH NPOCJIEKHBAIOTCH HA COTHH
meTpoB. B nopoaax maGmopawmorcs JenuporpanoGiaactossie, nopgupobaac-
TOBBIE CTPYKTYpBI; cOCTOST MOpoAbl M3 kBapua — 20—70%, nnaruoknasa
(onuroknas-anpesuna Ne 25—35) — 5—30, 6uornra — 15—40, amdudona —
mo 35%. Hapacrtanne crenend Meramoppu3ma H TepeXox K IEHTPaJbHOM
30He BBIPAKAeTCs B NOSIBJEHHH HOBBIX MHMHEDANOB, TAKHX KaK rpaHar, CH.-
JUMaHHT, aHIAJY3HT.

Cpenn ray6oko meTaMophH30BaHHHX NOPoZ HabMmoRaoTcsa noas (geani-
mnarHsagHd. Berpeuaiores rHelicHl Kak ¢ ¢AHHHYHBIMH, TaK H ¢ MHOTOYHC-
JaeHHbIMH nop¢upodnacramu. IlopdupobaacTudeckHe TrHeHCH NpeiCTaB-
JAI0T co00i Cepble H CBeTJIO-Cepbie MOPOARl CO CpefHe-, KPYIHO3epHHCTOMH
CTPYKTYpOi#l ocHOBHOH Macchl. [TopdupobnacTel, Kak mpaBusio, pacnosara-
J0TCH MO caaHueBarocTd u cocraBasior 20—30% o6bema mopoasl. Cpennue
paameph nopdupobaact 1—3 ca; mpelcTaBieHbl OHH MHKPOKJMHOM H Iijia-

12 JI, A, Muxanepa, B, A. CKypHaun



ruokaasom. ITopods HmeloT TpaHOGIacTOBYIO, JIENHIO-TPaHOG/IACTOBYIO
CTPYKTYpPHl H COCTOSIT U3 KBapla —20—60%, MI/IKpOKJlHHa--*lllg 30, nna-
rHOKMa3a  (onuroknas-anjgesuna)—15—30, Guorura — A0 10—12%, axuec-
.COpHBIe MHHepaJbl NpefcTaBIeHbl afaTHTOM, CheHoM.

Ilpu nanbHeiimeM oGorallleHHH IHedcop ‘noppupobiacTaMu IOJAeBOTrO
[IIaTa OHH MOCTENeHHO MPHOOPETaloT IPaHHTOHAHbI 00aHK. I'panATonHbIE
J10pojibl 06pa3yioT MOMOCH H BHITAHYThie MO HPOCTHPAHYIO . CIaHLEBATOCTHE
Tesa MOINHOCTBIO OT HECKONbKHX CaHTHMETPOB N0 HECKOJBKHX . IECATKOB
W JaXe cOTeH MeTpOB. B mopofax HabmiopaioTcsi- 6/1acTOBbIE - CTPYKTYPHL,
pexe CTPYKTYPhl ¢ YETKHMH NPH3HAKaMH MarMaTHYeCKOH KpPHCTaJJIH3aLHH,
OnuchiBaeMEle TOPOAB -COCTOSIT - H3 - IAaTHOKJIa3a (ONMIOK/1a3-aH/esHna)
0 50Y%, muxpokanna — g0 30, kBapua — no 40, 6uoTHTa — 10 '15%, akuec-
COpHBle MHHEDPaJbl TPe/CTaBJEHB aAmaTHTOM H CheHOM. :

ITo muenuto M. H, Bapuesofi, Meramopd#uam, rpaHHTH3auHd ¥ 06paso-
BaHHe TPAHHTOHIHLIX MOPOA JPEACTABAAIOT cOGOi emmHHI mpomecc. Bos-
pact mopoJ onpenensercs KakK OPAOBHKCKHI Ha TOM OCHOBaHHH, UTO MeTa-
MopdHIMY TOABEPIIHCh MOPOABI HUKHEro-—cpefHero KemOpusi u KeMmGpo-
oproBuka. OTIOKEHHs JeBOHAa HUIJLe He 3aTPOHYTHl MeTaMoppuIMOM,
Onpesienenre aGCONIOTHOrO BO3pacTa Mo  GHOTHTY M3  KPHCTAJIHYECKHX
caanies, npoussedennoe B natoparopun BCETEH, nokasamo, uto HX BO3-
pact pasen 410 man. jer.

ConoeraBaenye HIXKHeOPAOBHKCKOr0 KOMIIeKCd FPAHHTOHAOB ¢ KyOaj-
PHHCKHM ¥ OYry3yHCKAM TCPaHUTOMAHBLIM KOMIJCKCAMH CBHAETENbCTBYET
0 3HAYMTE/IbHOM CXOJCTBE B MOJOXKeHHH MACCHBOB, HX Te0JIOTHYECKOM CTpoe-
HAY, neTporpaduyeckoM H NeTPOXHMHYECKOM 'COCTaBaX, reHespce W Bo3pa‘
CTe IMOpPOA. 5 r B

B npesnenax 3anaguoit Tysst B. A. Kysuenopwim, I'. B. TTunycom (1949),
T. H. Hpauosoit (1962, 1963) Boidensierci IlanmaabcKHil TpaHH-
TOMAHBIIL KOMUJeKC, OObeAMHAIOMMI CepHio. MACCHBOB, XapaKTepHO
0COGEHHOCTBI0 KOTOPHIX SIB/IAETCA 4eTKOe PACIOJNOIKEHHe BIOMb 30H Peruo-
HaJbHBIX PasjOMOB. BMemalouiMu TOPOJaMH MAacCHBOB KOMIUIEKCa CJIy-
JKaT ray6oko MeraMop@usoBaHHble (IHUIOHAHBIE TOJIIH BePXHEro KeM-
-Gpusi — nMxnero opaosnka. HanGonee kpynnwe - Ymnrexarckmit u Ilan-
1IaJbCKHii MaCCHBH PacloJIOzKeHbl B Npeaenax oceBulx 308 Yapawr-Tamcko-
ro n Hlanmaabckoro xpe6GrToB. s GoEy '

Yunrekatckuii PAaHUTHBIH MACCHB HMeET B IJIaHe OuYeHb CJOXKHYIO (op-
My. B uentpanbnoil ‘wacTH OH pe3KO CYXKHMBaeTCl H HA COBPEMEHHOM MIEHY:
NalHOHHOM cpese UMeercss Kak Obl [lBa MAacCHBA, COeIHHEHHBIX MeXAY
co0oil Tonkoi amnodusoil. Pacnonoxes maccHB cpein MeTaMop(H30BaHHBIX
HHJKHENaJeo30HCKHX TOJI, CJaHIeB H NeCYaHHKOB, '06pa3ylomux KPyIHYIO
AHTHKAHHAABHYIO cKaaAky. OpHeHTUPOBKa MacCHBOB B 0OLIMX UepTax co-
TJacyeTcsi ¢ PerHoHaJbHBIM TEKTOHHUYECKHM HapyienupeM. B Bocrounoit ua-
crH UHHTeKaTCKHH NIyTOH HMeeT KPYTOi KOHTaKT ¢ MHOTOUYHCTEHHBIMH OT:
BeTBIeHHSAMH. 3anafAHbli - KOHTAKT Oojiee TOJOTHH H TIOTPYXKaeTcst MOX
BMeIAIIHe TOpoAbl oK yraom okoao 30°. Ias maccHBa Haubosee Xapak-
TepHbl CpelHe3epHHCTBIE H NMopdHPOBHAHEE rpaHuTEL. CpelHe3epHHCTHIE
TPaHuTH OOBIYHO CEPOro -L[BeTa, HHOrJa C PO30BBIM 'OTTEHKOM. Ilopoan
HMeloT runHgHoMopdHo3epHHCTBIE, MecTaMH rpaduueckHe CTPYKTYpHI, CO-
cTaB MOpoj: KaJueBbll mouseBoil mnar 27—35Y%, nuaruokaas - (oJHroknas
Ne 28)—17—33, kBapu —30—38, 6uotur u ampubon — no 3—5%. Akuec-
COPHBIE MHHEpAJB — LHPKOH, OPTHT, aNMATHT, MOHALHT — B CyMMe COCTaB-
asor 10 29%. IlopdupoBujanble GHOTHTOBEIE TPAHHTHL PO30BATO-CephIe.
Cpennsisi BeJHUHHA 3epeH Koaebsercs or 3 go 7 mm; pasMepsl nopoupo-
RUOHBIX BHIJIEJIEHHI MHKPOKJIHHA HocTHraior 2 ca.: MHHepaabHBIH - cocTas
TNOPhHPOBHAHLIX TPAHHTOB: OTJIHYAETCA OT COCTABA ‘CPEAHE3ePHHCTHIX GOMb-
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IIHM KOJHUYECTBOM KajueBoro mnoJgesoro mmarta (45—50%) u vanuumem
Gonee KHCJAOrO Naardokaasa (onuroxnas Ne 22).

Hlanmaasckuit Maccus HuMeer GopMy KJAHHA, Y3KOTO -HA IOre H paciin-
psaomierocs K ceBepy. [LIyToH MpociexuBaercs oT Bepxosbed p. Yuay-Llys,
0 BepXOBbeB p. XeMUMK HA pACCTOAHHM cBHIe 75 ka. I'paHuusl Maccuea
BEpOBHbIC, H3BHIHCTHIE, YACTO Cpe3aHbl TEKTOHHYECKHMH HAapyLICHHSIMH.
B 3K30KOHTAKTOBOH 30He H B CaMOM MacCHBe -BCTPEYAOTCH IO densi-
HINaTH3UPOBaHHBX  ruefico, Haubosee pacnpocTpaHeHHBEIMH TIOPOJAMH
ABJSIOTCH ME@JKO-, CpeiHe3epuucThie TrpanuTH. Ilopojakl cocToAT H3 KBap-
ua —20—509%, xaamesoro mnoaeBoro mmnara —20—30, marardoknasa —

15—35, Guoruta — 10 15%. Kpome. TOro, B, MaccuBe BCTPeuaioTcd rPaHO;
AHOPHTEl, B KOTOPbIX NaarHokaas cocrasiser 1o 60%.

[TerpoxuMuyeckue OCOGEHHOCTH MOPOA KOMILIEKCa MJIIOCTPHPYIOTCA
taba. 47. Jlas nopox XapaKTepHO BBICOKOE CONEPIKAHHE ATOMOB LIeNOUHBIX
MetaanoB (a=11,7—152) n-xpaiiHe HH3KOe CORepaHHe KajblHA B AIi0-
MOCHIHKATAX (c=0,2-2 3), upeobnafanue B OXHHX Cayuasx Kajus naj
watpuem (n=41,4—52,0), B npy-

THX — HaTpHS HaX KaaueM (n= - Ta6anmwa 47
=54,4—61,0). . Conocrapienue - A .
XHMHYECKHMX COCTaBOB NOPOA  ypeaosue KoMnaexcwu

WanuanbCKoro, . Ky6aapuHEKOro i
H Gyry3yHCKOTO KOMIJIEKCOB I10-
KasbiBaer OOJLIIOe CXOACTBO HX
[VIaBHBIX XapaKTEPHCTHK.

JKunbpHast dauus KOMIJeK-
€a TpeJ/ICTABJEHA - TEJIAMH ATJIH-
TOB H InermMatnToB. C KoMmiex-
COM reHEeTHYECKH . CBA3aHbL 30JI0-
TO-LIEeJUTOBOE H - MOJuDJeH-
BOL(PaMOBOE OpyJAEHEHH!I.

B BOI‘[pOLe 0 TeHe3HCe MOPOoJ IIANIANbEKOro KOMIIEKCA ‘MHEHMA HC-
cnenosareneit pacxoaarca: B. A. Kysueuor cuuraer, 4To W rueiicbl, ¥ rpa-
HATH SIBJISIOTCS NPOH3BOLHLIMH METaMOP(H3MA NECYaHO-CAAHLEBHIX TOJIL
¢ NPHBHOCOM Mienodell i gpyrux kommnoHeuton; I'. B. [Tunyc u T. H. IBano-
Ba mojaraioT, 4T0 MeTaMop(u3M M TPARUTH3ALHAS CBA3AHE C BHEAPEHHEM
rpaHuTHOR MarMel. OpAOBHKCKHII BO3PACT KOMIIEKCA YCTAaHABJAHBAETCH HA
TOM OCHOBAHHH, YTO layibKa MOPOA MACCHBOB H THEHCOB NPHCYTCTBYET B 0Ga-
3aJbHOM KOHIVIOMepaTe cHAypHiicKOH Toamu (6acceiin p. Bapawik).

Iosozkenne MaccHBOB mIanmaabCKOro, KyOaApHHCKOTO H GYry3yHCKOTO
KOMILIEKCOB, MeTporpaduuecKuii U MeTPOXHMUYECKHI COCTaBEl MOPOA, a TaK-
e Xapakrep OPYNCHCHHS CBH/CTENLCTBYIOT O HX 6oJBIIOM  CXOJCTBE
¥ O NPHHAAJEKHOCTH K OJHOI Mamamqecmu—6aro.;1moson—-—¢opma-
nun (I0. A. Kysweuos, 1964).

wanmanbekRit | xyGasapuacxuit | Syryaynexuit

11,7—15,2 1 10,0—15,7 | 12,8—14,9
0,2~2,3 | 0,6-2,8 { 0,7—2,0
Josa g b 30-7.7 1. 3 06l
70,2—81,3 | 64,3—83,2 | 78,3—82,4,
41,1—61,0 | 40,4—~51,4 | 45,9—61,2

AL R

CPABHEHME 'PAHUTOMIOB P'AHHEI{AJIEIIOHCROI‘O
M MO3AHETEPHWHCKOIO KOMIIIEKCOB

B wro-gocrounoil yactu Topuoro Anras, HapsAAy ¢ ONHCAHHBIMH rpany-
TOHZAMH PAHHEKAJIeJOHCKOro BO3pACTd, [UHDOKHM. pacupocTpaHeHneMm
TOJb3YIOTCA TPAHMTH NMO3AHEreplUHHCKOro Bo3dpacra. I[Tocneanue MHOTHMH
HCCIEIOBATE/AMH PACCMATPHBAJNCEG B KayecTBe QHAJOTOB KaaOGHHCKOTO
rpaHUTHOrO KOMILTeKca, nposisusmerocst B Pyauom Anrae.

. Mexny pasHOBOSpacTHBIMH TPAHHTOHIAMH OTMEUAIOTCS UepTH CXOICT-
Ba, KOTophie eule Gojee MOAUEPKHBAIOTCA TEM, YTC OHH COTpPOBOXKIAJOTCH
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OAHOTHIIHON MOJAHGAeH-BOIb(GpaMOBOii MHHepaJHaauueir. 310 06CTOATENB~
CTBO ABHJIOCH MPHYHHON TOro, 4TO A0 CHX NOp CpeaH Hccaenosaresneil I'op-
HOro AJTas HeT €JHHOTO B3rJisifia HA BO3pacT IPAHHTOB H, CJIEJOBATENbHO,
noJoXKeHHe MOJaUGAeH-BONbGPAaMOBOH H peIKOMeTalbHOH MHHepaNH3alHH
ccraercsi Heomnpefe/eHHbM, TaK, OAHH HCC/I€ZOBATeNH CUHTAlOT, uTO B I'Op-
HOM AJTae NpOSBHIAMCL W PaHHeKaNedOHCKHe M IO3JHErepUHHCKHE rpaHH-
1o (Kysuenos, 1958, 1963; Hexopomes, 1958; u ap.), ApyrHe BRICKA3bIBAIOT
MHEHHE 0 TOM, YTO B 3TOM PErHoHe HMEIOT MeCTO TOJbKO FepUHHCKHE I'PAHUTHI
(Ammmnckait u ap., 1963), u, HaKoHeN, TPeThbH MOJaralT, UYTO COGCTBEHHO
FPAHHTHBII MarMaTH3M XapaKTepH3yeT Kaje[OHCKHH 3Tam (AeBOHCKOE
BpeMd) H uTo, eciH Ha ['opHOM AJTae W H3BeCTeH TepUHHCKHH TpaHHTHHIHA
MACMAaTH3M, TO OH SABJSIETCS HAaJO0XKeHHbIM H CBSI3aH C Pa3BHTHEM TeplMH-
ckoit Q6b-3aiicaHcKoil reoCHHKAHHANbHON 30Hbl ([Lomapes u ap., 1963).

MHoronetHrne HcclelOBaHUS, IPOBeJleHHbIe HAMH, NOATBEPAHJIH NPaBo-
TY TeX HCcIefoBaTeNieil, KOTOpble CUHTAIOT, YyTO COOCTBEHHO TPAHHTHBIN Mar-
matuam B [opuom Adnrae mnpoABHJICA [OBaKIEl — B paHHeKaJeIOHCKOe
1 B NO3HerepuuHCcKoe BpeMs. Pa3sHOBO3pacTHEE FPAHUTOH/LI LeHCTBHTEABHO
OueHb CXOJLHBI MeXAy coboii, HO BMecTeé ¢ TeM, OHH 06/1afaloT H HeKOoTO-
PHIMH 0COGEHHOCTAMH, MPHCYIIHMH TOJbKO AAHHOMY TIPAHHTOHAHOMY KOM-
unekcy. Jlas conocraBneHHs Mbl OCTAHOBHIK CBOW BHIGOP HA OrpaHH4RHHOM
YHC/IC MACCHBOB, CAOKEHHBIX NO3AHErePUHHCKHMH rpasuTaMy — IOcTenckom
(Boryrunckom) u Tawmroysekckom. ItorT BeIGOp He cayuaed. OH BuI3BaH
TEM, UTO BO3PACT MHOTUX IPAHMTHBIX MACCHBOR ABASCTCA RHCKYCCHOHHBIM.
Bo usGexanue pasaduHBIX TONKOBAaHUH MBI B KauecTBe OOBEKTOB H30panu
UMEHHO TaKue TPAaHHTHHIE MACCHBH, TeOJOrHYEcKoe MNOJOKEeHHEe KOTOpPHIX
Goxee oOnpejesieHso, 7. €, KOTOPHe MeTaMOpPPH3YIT AHCAOHHPOBAHHBIE
OTNOKEeHH s OOryTHHCKOH CBHTH, HMelOlfell BepXHEAeBOHCKHHE, a BO3-
MOJKHO JAaXKe M HMXKHexkapOoHoBmi#l Boapact. [locaennufi onpepensdercs no
ocratkaM tayss Opaxuonox, pwib ¥ HANONOH, KaK Bepxa (HaMeHCKOro
Apyca BepXHero fAeBoHa — HH3LI TypHefickoro spyca kapOona. Briosne ecrte-
CTBEHHO, YTO 3TH TPAHUTHI yKe HUKAK He MOTYT paccCMaTPHBATBLCS B KayecTse
BEDXHEJEBOHCKUX ¥ TeMm Oojee cpeiHefeBoHckuX (rensbecckux). IMosauena-
JIEO30MCKNMHE repUHHCKHUI BO3PACT TPAHUTOB BoJHe oyesngen. O6 3ToM ceuje-
TeJbCTBYIOT M JaHHbie ONpejesiendit abcoJOTHOrO BO3pacTa, NMPOBEAEHHEIE
KaJHii-aprOHOBEIM MeTOJ0M N0 GHOTHTY H BaJOBOMY COCTaBy B JabopaTopHu
abcomoTnoro sospacta CO AH CCCP, xotopnie nokassiBaior undpn 240—
250 man. ser, yro coorsercTByer nepmu (mkaza AH CCCP, 1963 r.). Te xe
uudpel nosyyensl B aabopatopun abcomotHoro sospacra BCETEH,

Baxno nogueprnyrs, uro Tamroyzekckuii u KOcTrincknii MaccHBBl H3-
OpaHbl B KauecTBe CPAaBHHTENIbLHHIX 0OBEKTOB ellle H NOTOMY, 4TO OHH pasMe-
1AWTCA B cocelHell CTPYKTYypHO-HOPMALHOHHOH 30He, B CTPOEHHH KOTODOi
NPHHAMAIOT YUacTHE CXOLHBEE TIO JHTOJOTHYECKOMY COCTABY TOJIIH.

3TH MaccuBH pacrnionoyenw B Xp. Cafimorem: TamToy3ekcknit MacCHB
pasmelnaercs Ha Bojaopasnene pek Kaparait m Morys-Bypenn, a Ocrua-
ckuit — B BepxoBbe p. IOctmia. MacchBbl B nmiiaHe MMeEIOT OBaJbHYI0 H30-
merprunyl0 (FOcThIACKHH) HAH HECKONBKO BHITAHYTYI0O GopMy B cyOMepn-
JHOHaJbHOM HanpaBienuH (Tamroysekckuit). OHH NpHypoueHH K CHHKJIH-
HaJBLHBIM CTPYKTypaM, CJA0XKeHHBIM nopoaamu 6apOyprasuHckoit H 60ryTHH-
ckoit cBur. @opMHpOBaHHE MAacCHBOB IPOH30ULIO TOCAe TOro, Kak
BMellalomye mopoabl GwinH gucaonnposanb. B. A. Kysneuos (1964) cum-
TaeT, YyTo BpeMs CKJAaAYaTOCTH BEPXHEJIEeBOHCKOil ocaJ0uHOH TOJIIH Haubo-
Jiee BepOATHO OTBeyaeT HHXKHeMy Kapbomy, a rpaHHTH obOpasyioTcs BCJEL
33 OCHOBHOH CKJIaA4aTOCTbI0 H CONPOBOXKIAAIOT KOHCOJHNAUHIO TepIHHCKOIE
TeOCHHK/JIHHAJBHON CTPYKTYphl AHyHCKO-UyHCKOH CTPYKTYpHO-DOPMALHOH~
HOH 30HBI.
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Ipanntet 10ctoiackoro u TamToy3eKCKOr0 MacCHBOB H3Y4alHCh paHee
H. C. Kopxkuespim (1948), JI. A. Muxanesoii (1960, 1961), H. H. Amuuu-
ckuM d ap. (1963), K. A. AuukeeBsim (1963), A. C. MurponossckuM U ip.
Hamu uccaenoBanus noxasans, YyTo MacCHBH XapakTepHsylorcs rpy06oso-
HAJMLHBIM CTPOEHHEM M CPABHHTEJNbHO OXHOOOPA3HBIM IPAHHTHBIM COCTABOM
NOpoA. B MX CTpORHHH NPHHHUMAIOT YYacTHe TJaBHHIM 00pa3oM CBeTJIO-Cephie
CpeAHe3epHHCTHle TOopP¢HPOBHAHbIE GHOTHTOBLIE TPAHHTHI, CIATAIONIHE LEHT-
paabHbie YaCTH MacCHBOB. Jlisi rpaHHTOB XapaKTeDPHb!, KaK NPABHJIO0, THIHINO-
MOP(DHO3EPHUCTEIE CTPYKTYPHI H OAHOPOAHOE cjomenue, B nepudepuueckux
3acTsX B BUJE Y3KHX IPEPLIBHCTHIX KalM BCTPEURIOTCH aNJiHTOBHAHBIE MEIKO-,
a Mo Mepe yAaJieHHsl OT KOHTaKTd K LEHTPY MacCHBa, H CPefHe3epHHCTHIE
FPaHHTHL € aJIOTPHOMOP(QHO3EPHHCTHIM CTPOeHHeM. B SHAOKOHTaKTOBBIX
30HAX MAaCCHBA BCTPEYAIOTCSl TaKiKe «MATHA», CJOMEHHBle panakuBHoGpas-
HBIMH NOP(QHPOBHAHBIMY POroOBOOGMAaHKOBO-OHOTHTOBBIMH TPaHHTAMH, GIH3-
KHMH 110 COCTABY K IPAHONMOPHTAM H COILepIKAllMMH MHOrOYMCIEeHHbIE Kce-
HOJMHTHl XHOPHTONOROGHKIX, B PA3MHYHON CTeNeHH H3MEHEHHBIX OCHOBHBIX
nopoa. OHM XapakTepHsyloTcs KpafiHeidl HeoNHOPOXHOCTBLIO CTPOeHHS, o00y-
CIOBACHHOH PA3NIMYHON KPYNHOCTBIO MHHEPAJNBHEIX -KOMIOOHEHTOB H NATHH-
CTBIM HX pacnojoxKeHueM. MHKDOCTPYKTYPB 3THX Pa3HOBHAHOCTEll IpaHH-
TOB rpaHoGaacToBble, NermMaToHAHble, nopdupobaactryeckde. [lalikoBas
(hauys NpeicTapJeHa alJiiTaM¥M U MHKporpanHumtamu. Jlalikpm cneccapTHTOB,
CeKyIHe TPAHHUTLI, KOHTPOJHPYIOTCS PA3JOMAMU H NPOSBHIKCH MOCHAE KOH-
COMMAAINHE MAaCCHBOB T€PHHHCKHX FPAaHNTOB. DTO NPOM3BOJAHBIE bGosee MO3J-
HEro NO BO3pacTy AAHKOBOro JaMmmnpodupo-ana6a3oBOro KoMmmiekca, obpa-
30BaHHE KOTOPOIO CBfI3aHO ¢ MOABJEHHEM OCHOBHOH 0a3a/1bTOHAHOH Marmbl
BAOJAb TayOuHHBIX pa3nomos (Muxanesa, 1963). B crpoenun MaccHBOB
B BHIE <«NATeH» M NAJAOC BAOAb 30H JApobJeHHd BCTpeyaroTcA rpeiiseHHS3H-
pOBaHHBIE TPAHUTHI ¢ OOHNBHBLIM MYCKOBHTOM M TYPMaJHHOM, KBapl-Typ-
MaJuHOBBle MOPOABLI ¢ MOMHOZERHTOM u GacTHesuToM, ajbOHTHSHPOBaHHbIE
NelKOKpaTOBble TPAHUTH, a Takke TPyGo3epHHUCTHE NerMaTHTONOAOOHbIE
TOPOMALI, COCTOAN[HE T[VaBHEbIM 006pa30M M3 KaJaueBOro MOJeBOro Iumnara,
B MeHblIedl Mepe — KBaplia.

DopMHPOBAHKE TOPOJ MACCHBOB MPOHCXOAHAO B TAKOH NOCTefOBd-
TEeJLHOCTH: AIJIHTOBHAHBIE TPAHUTH — CPeIHe3epHHCThe I'PAaNUTH — anJiH-
TH, MHUKPOTPAHHTHI — METACOMATHYECKH H3MeHEHHLIe MOpOAbl. DHOTHT-
pOroBoo6MaHKOBLIe PanakMBHOOpa3Hbie TPAHMTLI PacCMaTPHBAKWOTCS HaMH
KaK NMPOAYKT TpaHUTH3aNWH Gojee APEBHHX OCHOBHBIX MOPOA, Anaba3os
noa BoagelictBHeM rpanuTHOi Marmhl ITocnennne cnaraioT pasBuThie B 3H-
IOKOHTAaKTOBOH 30He JANKH, KOTOPHIE B HENOCPeACTBEeHHOM KOHTaKTe ¢ rpa-
HHTAMH HCTBITHIBAIOT H3MEHEHHS — NJIATHOKIA3 CTAaHOBHTCA MYTHEIM, 2 IH-
POKCeH 3aMEIaercsi arperaroM akTHHOJHTA W OHOTHTA.

Cepule cpeHe3depHHCTLIe OHOTHTOBbIE TPAHUTLI, KAK H aHaJjoruyubie rpa-
HUTH palHEKa/JeJ0HCKOro BO3PAcTa, CJIOMKEHEl OJMIOKIa30M, KBapueMm, Gro-
THTOM, MHKpPOKAHHOM. MEUKDOKIWH peuleTdaTblil, HECKOAbKO Mpeobiaagaer
HaJ NJAarnoKaasoM, GopMHPOBAHHE KOTOPOTO BCErja npejiiecTByeT o6paso-
BAaHHIO MHKpPOKAHHA. }{3 akieccopHbiX MHHEDAJIOB XapaKTepHBl HAbMEHHT,
MOHAIIHT, I1APH3HT, BPAHHEPHT, KCEHOTHM, OPaHKHT, (ePrioCOHUT, B Tpeiide-
HU3HPOBAHHLIX PA3HOCTSAX — (JIIOOPHT M TOMA3, KOTOPhIC B aKUECCOPHOI 4ac-
TH pPaHHEKAJeJOHCKHX TPAHNTOB OTCYTCTBYIOT MJH BCTPEUAIOTCs Criopannye-
ckd. MargeTuT u c(hen ycTaHOBJAEHbl B HeGOMBINHX KOJHYECTBAX TOJABKO B
panakHBHOGPA3HBIX POroBOOGMAHKOBO-GHOTHTOBLIX TpanuTaX. OcobennocThHio
paccMaTpHBaeMbiX TPAHHTOB ABJAETCA BHICOKAs YacToTa BCTPEUAEMOCTH
¢uoopura. dag pasHoBO3paCTHHIX T'PAHHTOB XapaKTepHO Ka4eCTBEHHOE H
KOJIMUeCTBEHHOe Pa3inyue COMEPIKAHHS He TOJNBKO aKIEeCCOPHBIX MHHEPAJoB,
HO H aKIeCCOPHBIX 3jeMeRTOB-MpHMecel. Tak, B coctaBe UHPKOHA H3 TO31-
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HETePUUHCKUX TPanuTOB npricyTeTByer Ce, He COfepKANMACS B HUPKOHAX U3
FPAaHHUTOB. paHHEKaeJOHCKOTrO Bo3pacra. MarsHeTHThl M3 paHHeKaJleJOHCKHX
TPAHWTOB B OTJIHUME OT COOTBETCTBYIOULErO MHUHEpana [MO3JHEerepUHHCKHX
rpauntoB copepxkat Ni, Pb, Zn, Ga u, nao6opot, B Hux He o6Hapyxken Nb.
B nupKoHAX M MarHeTHTaX H3 'PAHHTOB MO3IHErepIHHCKOrO BO3pacTa B 3HA-
YHTEJAbHO OOJBLIHX KOJHYECTBAX COMEPIKATCs TAKHE AKIEeCCOPHBIE 3/1eMEeH-
tei-npuMecy, kak Y, Yb, Be, Nb. u La (B umupkonax). ;

Ta6auua 48
Xumu4eckud cocTas GMOTHTOB H3 Pa3HOBO3PACTHAIX FPaHHTOR

5

& : C T
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8 | Si0, [T10, [Al;0s | Fey0qf FeO | MnOMgO[Ca0 |Na,Of KyO |PoO; [HaO | = [ Cymma | g7 éjg
2 L

2 = = i

29 |35,29|3,05(14,42(14,49(11,76(0,53(5,56(1,66(0,02|3,51|0,72(1,14|7,77| 99,81 65 | 3,8
215 (36,04/3,05{16,58| 4,4924,25/0,16(2,56/0, 75(0,01(7,59/0, 46/0, 45|4,29/100,68| 86 | 2,0

IIpumeganne. 29— GHOTHT B3 OGHOTHTOBLIX TrpaHHTOB Ka/JeloHCKOro soapacra (Byryaynckui
MaccHB); 245 — GHOTHT H3 GHOTHTOBLIX I'DAHMTOB IepPUHHCKOrO BO3pacTa (FOcThiAcKHiT MaccHB),

quKOE pasnHiHe MeKAY pﬂSHOBOSPHCTHbIMH I‘paHPlTaMH BBIABJASAETCH
IpH CpaBHEHHH cocTaBa HX OHOTHTOB. OOlIas Keae3HCTOCTh 3TOr0 MHHE:
paja H3 TPaHHTOB MO3AHETepIHHCKOrO BO3pacTa BApbHPYeT B mpelenax
72—86%, a W3 TPaHATOB paHHEKaJeJOHCKOTO. BO3pacTa He IIpeBLilIaeT
o6erypo 65% (Taba, 48). Pasnuuue ymoMsHyThIX GHOTHTOB OGHApyKuBa-
€TCA Takike H HPH COoNoCTaBjAcHMH AAaHHLIX nonymnnqecmegnoro ClIEK-
TpadbHOro anaamsa (taba. 49), B GuoTuTax no3jgHErepUHHCKHX TPaHHTOB
o
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Puc. 78. InarpaMma XHMHYECKHX COCTABOB IPAHHTOB TNO3LHETePIHHCKOTO | pali-
HexaJse1oHCKoro Kommiekcos (no A. H. 3aBapuuxomy):
1-—'1'[}8}{}{7']:! PaHHEKane/lOHCKOr'O Bospacra; Q—TpaHHTEI no3gHerepiHHCKOro Bo3pacTta,
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Pacnpepesieniie o/eMEHTOB-NpuMeceli B Pa3HOBO3PACTHBIX TFpAHHTAX W MHHEDATAX H3 HHX

TaGauwwa 49

Conepmxanne (B %)

B Marnerntax

B OHoTHTAX

B LUHpKOHAX
S.HE.\lclz'lihl B KaJ€TOHCKHYX 8 TepUMHCEHX
; rpanuTax FpANNTAX " M3 KAJIeLOHCKHX H3 TePUHHCKHX H3 KajaegoNckHx H3 FepruHHCKHX 3 Kaae10HCKHX H3 repuNHCKRX
l‘p&llilTDB rpann Top TDAHNTOB FPaHNUTOB TPAHUTOB TPAHUTOB
Be 0,0002—0, 001 0,003—0,02 0,0002—0, 006 0,003 0,0002—0,006 { G,001—0, 01 0,002—0, 01
Li 0,005% 0,005 0,01—0, 1 T X :
Zr 0,001—0,01 0,008—0,03 : 0,01—0,1 (1% e
) 0,003 0,002—0,03 0,0002—0,01 0,03 0,001—0,01 | 0—0,06—0,02 | 0,005—0,03 0,03—0,1
Yb 0,0002—0,003 0,0002—0, 003 0—0,01—0,001 | 0,001 0,000t—0,001 (0—0,005—0,002] 0,002—0,05 0,0003
La ORIRER e T 0,005—0,03 0—0,003 — T““—o,m 0,001—0,01 0,003 0,02
Ce Qu. pen. 0,01 =04 030TE 0,01 0—0,01 — 0,05
Nb 0,0005—0, 001 0,003 — 0,001 0,0003—0,02 | 0,01 0—0,001 0,0,1
Cu 0,0005—0,001 0,0002—0,002 0,002 0,000 | §,0003—0,003 | 0,0001—0,001 | Cn.—0,0002 Ca.—0,0003
Pb 0,001 _ 0,001—0, 008 0,0005—0,001 iy i 0,0002—0,002. _0,0005—0,00] | 0,0003—0,001 | 0,0003—0,002
Zn 0,001—0,006 0—0,003(5094) 0,0003—0,03 = 0,02 ~  [0,005—0,01
Ca 0,002 0,001—0,008 0,0002 — 0,001—0,006 | 0,005-~0,01 0,003 0,02
Ge HEiEe 0—0, 0002
Sn 0,0003 0—0,0003 0,0003 0,0005—0,001 | 0,0005
Th : BT 0,005% 0,003—0,02
Sc 0,0005 0,0003—0,002 0, 0003—0,002 | 0,002
Bi 0—0,0001 0—0, 0001 0—0, 0001 0—0,0001 0, 0003
Ag ) 0—ca. 0—0,0001* )
Mo 0—0,0002 0, 0002 0,001 0—0,0002
TH 0,2 B 108 0,08—0,8 0.3 0,1—0,8 01510 0,2 0,006—0,05
Mn 0,01—0,08 0,01—0,08 0,01—0,08 0,1 2 0,05—0,2 0,02 0,02
\s 0,001-0,002 0,001—0,008 0,002—0,08 0,04 0,002—0,02 | 0,003—0,02 | 0. 0008-0,005 | 0,0008—0,005
Cr 0,0003—0,001 0—0,001 0,01 0,003 0,0005=0,002 | 0,0005—0,005 [ —
Ni C1.—0,0003 0—0,0003 0,00t 0,0003—0,001 | 0,0001—0,001 | 0,001 0,001
Co 0,0003" 0—0,0003 0,0003—0,02"170,0003—0, 001 | 0,2

Hpumesawus

L. TonuepxnyToe — npeoGrajaioue copepsKanis,

2. 3BeINOUKAMH OTMENEHEl SMEMERTH, ObHAPYXKeHHLe B eAUHANHLX mpoGax.
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Taéanma 50
XHMHYECKHI COCTAB NO3JHErepUHHCKHX rpanuToB Tawroysekckoro w McThiackoro mMaccuBos

npol%u S10, TiO, Al,04 Fe,04 FeO MnO MgO | CaO | Na,0 [ K0 P,0; H,0 S I v Cymma
156 76,01 0,18 11,03 0,96 1,69 0,04 | 0,190,999 | 2,56 | 4,94 0,12 | 0,20 | He o6p. 0,53 99,44
i2 75,04 0,11 12,85 0,34 1,47 0,04 (0,18 | 1,41 1,44 6,51 [ He onp.| 0,08 | He omp. 0,62 100,09
11 71,46 0,29 14,42 0,16 2,36 0,06 | 0,71 (1,63 (2,36 5,49 i 0,10 Y 0,86 99,90
6 76,44 0,03 13,20 0,44 0,25 0,02 {0,15(0,751 3,38 | 4,90 o 0,08 5 0,34 99,95
I 74,65 0,20 11,95 0,90 2,64 0,04 | 0,41 | 0,622,111 5,39 0,50 | 0,33 0,05 0,62 99,86
2 72,01 0,31 13,09 0,68 3,91 0,05 | 0,61 | 0;7% | 2,M | 5,20 0,06 | 0,67 0,06 [ 100,40
67 75,90 0,20 12,55 0,84 0,82 0,02 |0,20]0,75| 3,35 ( 4,70 | He oup.| 0,10 | te oup.| He onp. 99,33
63 70,49 0,50 13,60 4,11 2,42 0,04 [0,434 1,90 3,12 | 5,22 o 0,05 & v 101,88
19 76,33 0,08 12,60 0,29 Vi ih 0,03 | 0,12 (0,97 | 2,78 | 4,90 ¥ 0,04 " 0,53 100,42
18 70,61 0,39 14,71 0,75 2,69 0,01 | 0,49 | 2,08 | 2,42 | 5,48 3 0,05 5 0,53 100,21
Mpumeuanne Ananuasl N 156, 67, 63 w3 konaexunn JI. A, Muxanesoft, Ne 12, 11, 6, 18, 19 n3 xoanekuun K. A. Auukeesa (1962), Ne | n 2 H3 KoaAJeKuHH A. H: AMm-

mHHCKoro i Ap. (1961).

Yucaosvie xapaxrepuctuku (no A. H. 3apapuukomy)

N npo6ut a e b ] a’ B m’ ¢’ n Q
156 12,4 0,9 3,0 83,7 — 82,2 11,1 6,7 44,7
12 1282 1,6 3,2 82,2 37,5 52,0 10,4 — 37,5 +39,2
11 12,9 1,9 5,5 79,6 36,1 43,4 20,0 — 40,3 +31,6
6 13,9 0,8 2.2 83,0 53,0 32,3 14,7 — 51,8 +37,5
] el 11,9 0.6 6,1 81,4 36,6 02,7 10,7 — 37,4 --38,4
2 11,8 ;9 8,3 79,0 38,0 a0y 11,9 - 39,0 --33,5
67 13,8 0,9 2,2 83,1 29,4 61,7 8,8 — 52,3
63 13,9 1,8 6,6 Thyd — 84,1 9,9 5,9 42,8
19 12,6 1 852 82,9 36,0 58,0 6,0 — 46,4 -+39,7
18 129 2,4 5,4 78,5 26,9 - 88,5 14,6 — 40,2 --29,6
156, 11, 12 — nopdupoBuaubiit KpynHo3epHHCTHIA OHorHroBwlf rpanur, p. TamToysek; 6 — nopdupoBHAHBIA cpeaHesepHHCTEIE  GHOTHTOBLIA TFpaHHT, JeBhI# NPHTOK
p. Kaparad; | — GHOTHTOBHIi MHKDOK/IMHOBEIfi rpaHHT (cpean. Mo 8 aH.)i 2 — GHOTHTOBBI OJHrOKIa3 — MHKDOKTHHOBLIL rpaunt (cpesn. no 3 an.); 67 — nopduposuanbill

CpeqHesepHHCTEI GHOTHTOBLIA rpaHuT, BepXoBbe p. KOcThia;, 63 — rpyGonopdHPOBHAHEIA POroBQOGMaHKOBO-GHOTHTOBBIH IpasHT; 19 — cpejHe3epHUCTEIR GHOTHTOBLIA rPaHHT,
p. KeiuauixTeli-Olok; 18 — kpynHo3epHucreif GHOTHTOBBIH IpaHHT, BOCT, CKAOH r. BoryThl.



YCTAHOBJEHO BBICOKOE COfepraHHe TakuX snemeHToB-npuMmeceil (Nb, Mo,
Be, Li, Ge, Y, Bi), xortopsie B OHOTHTaxXx paHHEKAaJeLOHCKHX TIDAHUTOB
1e OGHApPYIKEHBl HJIH BCTPEUAIOTCS CHOPAIHYECKH H B HE3HAUHTEJALHBIX KO-
suuectBax. HaoGopor, Takue aaeMentbi-npumecH, kak Co, V, Cu u Mn
B 3HAUHTEJBHO OOJBIIMX KOJHYECTBAX cOZepiKarcd B OHOTHTAX H3 paHHe-
KaJIe[OHCKHX rpaHuToB (OYrysyHCKHH KoMmmiekc). Pasnuume HX B XHMH-
YecKOM COCTABE, TaK Ke KaK M B COCTABe PelKHX NMpHMeceH, KaK H3BECTHO,
OTpakaeT pasJHuHble TepMOAMHAMHYECKHe YCJAOBHS, IPH KOTOPLIX oOpa-
ayiorcs rpanutel (CoGoses, 1948; Illep6una, 1956; u 1p.).

K nerpoxuMuyecKHM 0COOEHHOCTAM  MO3JHErepPUHHCKHX TPaHHTOB
(raba. 50, puc. 78) crnenyer OTHECTH NEPECHIMIEHHOCTb IVIMHO3EMOM, BHI-
COKYI0 KHCJIOTHOCTb M INEJOYHOCTH M, HA060pOT, HH3KOE COIepKaHHe IOo-
JeBommnaToBoi H3BecTH. Cpexu Imesoueil kanuit mpeobaajgaer Hax HAT-
pueM. OTH OCOOCHHOCTH XHMH3Ma XapakTepHbl H 1S TPAHHTOHXOB pal-
HeKaJe[OHCKOTO Bo3pacra. Bmecre ¢ TeM B NO3ZHETepUHHCKHX TPaHHUTAX
oTMeuaeTcss peskoe mpeoOsaajganue (B 2 pasa) OKHCH KaJH HAal OKHCHIO
HATPHA M OKHCH JKeje3a HaJl 3aKHCbIO, a Takike Go/ee BBICOKOE COjepiKa-
uHe KpemHekucnoTH (SiO;=71—76%) no cpaBHEeHHIO C APEBHAMH paH-
HeKaJleIOHCKHMH TPaHHTaMH, B KOTOPBIX, Ha00OpOT, 3aKWCh ¥Keje3a 3Ha-
YHTeIbHO Ipeobaajaer HaX OKHCbIO, a COAEpIKaHHe KPeMHEKHCJIOTHI
00biuHO He TipeBnimaer 72%.

lepuuHCKHe T'PaHHTH XapaKTEPH3YIOTCA TOCTOSIHHBIM MPHCYTCTBHEM
B HHX aKIeCCOPHBIX 3aeMeHTOB-npuMeceii: Mo (0,0001—0,0005), Be (0,001—
0,01), Y (0,01—0,08), Yb (0,001—0,006), Nb (0—0,01—0, 008), La (0,001—
0,01), Ta (0,0001—0,006), B 50% npo0 TPaHHTHHIX MOPOJ YCTAHOBJEHHI
Ce (0,01—0,007), Li (0,001—0,005), Bi (0,0001—0,0005). B komHuecTBax,
IipEeBBIIAIOMMX KIAPKH, B TeDIHHCKHX IPAaHHTAX NPHCYTCTBYIOT aKIeccop-
Hole anementel Y, Yb, La, Nb. Ilocaennee oGcrositebcTBO OLLTO MOZUEPK-
HYTO BCEMH HCCJeJ0BaTeNsMH, H3YYaBIIHMMH MO3JHErepPIHHCKHe TPaHHATH
Tawroysekckoro maccuBa. Ilo mammeim H. H. Ammuackoro u ap. (1963),
BO BCEX Pa3HOBHUIHOCTAX TPAHHUTOB XHMHUYECKHMH aHaJH3aMH YCTAHOBJEH
Tl, B konuuecree 0,0001% (mmxe xnapka). [loswimennsie comepxanus Li,
Nb, Ta, xoTOpHle KOHIEHTPHPYIOTCS, IJIaBHEIM 06pa3oM, B OHOTHTAX, Xapak-
TepPHbl s TPaHUTOB MO3JHErepIHHCKOro Kommiexkca (Ammuuckui, 1963;
Kantoxusiii, 1963; Bonoukosuu, JleoHtbeB, 1965). B orauume or omHcaH-
HHIX paHHeKaJeJ0HCKHe TPAHHTH TTOYTH HE COAEpIKaT 3JeMeHTOB-TIPHMeced
S¢, Li, Cl, Mo, Bi u, naoGopor, B HHX TIOBCEMECTHO NpPHCYTCTBYIOT Zn,
Cr u Ni. :

DK30KOHTAKTOBblE H3MEHEHMs NECUAHHKOB H CJI4HLEB, BMEILIAIOIHX
MO3AHErepIHHCKHE TPAHUTHBIC MACCHBLI, BHIPAKAIOTCA B OpPOTOBHKOBAaHHH,
B o0pasoBaHHH OHOTHTOBBIX, KBapI-OJEBOMINAT-OHOTHTOBHIX POTOBHKOB.
MouHocTh 30H OPOrOBHKOBaHHMA Kojebaercsa or 1,50 mo 2,6 xu. B Hemocpen-
CTBEHHOM KOHTAKTe ¢ TPAHHTAMH B DOTOBHKAX, B KaueCcTBe HOBOOOpa3oBa-
HHH, TMOSBJAIOTCA PaHHUil MeTacoMaTHuecKHil aM(uO0J, a TakxkKe MHHepa-
JIB TIOCTMarMaTHYECKOH cTalud — (UIIOOPUT, MYCKOBHT H amaTHT. Hanuume
MOIIIHOH 30HLI POTOBHKOB FOBOPHT O TOM, YTO I'DaHHTH 06pasoBajHCh B yC-
JIOBHSIX CPaBHHTE/JbHO HeGOJBINHX TIYOHH M 3TO fABJAAETCH ONHHM M3 Xa-
pakTepHbIX ITPH3HAKOB, MO3BOJAIONIHX ONpPENeIHTh OCOOEHHOCTh —JaHHON
dauuu, kKax mesoabuccanbuoil (mo [0. A. Kysmemopy, 1949, 1956). Takum
ob6pasoM, (GopMHpPOBaHHEe T'PAHHTOHAOB MO3JAHErepPIHHCKOTO BO3pacra Mpo-
HCXOAMIO HA MeHBbIDHX IyyOHHAX, ueM o0pasoBaHHe paHHEKaJeJOHCKHX
IPaHHTOB.

OcoBeHHOCTRI0 TepUHHCKHX TPaHHTOB, KaK YNOMHHAJOCh, SBJIACTCS
IIMPOKOE Pa3BHTHE B HHX METACOMATHYECKHX MPOIECCOB, KOTOPLIC MPOSBH-
JIHCh TIOCJIe TOTO, KaK TPaHHTHl UCMBITANH KaTaknaas. Boiiensiorcs cieayio-
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IlHe CTajnH TOCTErpaHHTHOrO METacoMaro3a: MHKPOKIHHH3AaLUs, rpeiize-
HU3alusd, aNbOHTH3aUHsA W OKpeMHeHHe. C 3THMH NpOLECCAMH CBS3aHO HE
TOJIBKO MOJHOAEH-BOIbYPAaMOBOe OpyJeHeHHe, KOTOpPOe XapaKTepHO TaKkKe
H B CBASH C (OPMHDOBAHHEM DaHHeKaNeIOHCKHX TDaHHTOHIOB, HO H Def-
KOMeTa/lbHasi MHHepa/M3alusd, CBOHCTBEHHAs JIHIL TPAHHTAM IO3IHErep-
IHHCKOro BO3pacrTa.

HaGnionaercs, takuM 06pasoM, cOBepIIEHHO OTUETJHBAS TeHICHIHS
PEAKHX 3/IEMEHTOB KOHIEHTPHPOBATbCs B HaHGOJee MOJOABIX MO BO3pacTy
rpautax. Jlanuble, nosyyeHHble HAMH, a TaK¥kKe APYTHMH HCCIENOBATENAMH
(Amuwmnckuit u ap., 1963; Bosoukosny, Jleonthes, 1965; Kanmoxuwiit, 1963;
Kocaac, Coruukos, 1964; u ap.), mOKasHIBAIOT, 4YTO peikKoMeTaJibHAA MH-
HepanusalusA CBfA3aHa ¢ HauOo/see MO3AHMMH (asaMH MO3AHErePUHHCKHX
IPAHHTOB, YTO SIBAAETCA NPH3HAKOM NEPBHUHON TeOXHMHUYECKOH CHelHaJH-
3alHH MO3HErepIHHCKOr0 TPaHUTHOrO KOMILIeKea.

Ipannrbl HOctbiackoro u TamrToysekKCcKOro MaccHBa MO TEKTOHHYECKO-
My TOJIOXKEHHIO, CTPOEHHIO H COCTaBY OTHOCATCS K (GopMaiud GaTOJIHTOBBIX
TPAHHTOB, (GOpMHpYIOIHXC B TeppureHHeix toamax (l0. A. Kysnernos,
1964). Cnoco6 o6pa3oBaHHsl 3THX TPAHHTHBIX MacCHBOB HE COBCEM $ICEH.
Ho copepumieHHO OueBHZHO H GecclOPHO TO 0BCTOSTENBCTBO, UTO CJAAralo-
IlHe HX TPaHHUTH (HOPMHPOBAJHCh H3 MarMaTHYECKOTO pacliiaBa B TeueHHe
HecKoMbKHX (a3 (He MeHee Tpex).

I'pannrnaa marma o6pasoBasiach NOC/Ae TOrO, KaK MOPOAB BEPXHETO
AeBoHa OblIH yXKe AHCJIOUHPOBAHBI (B TPAHHTAX IPHCYTCTBYIOT KCEHOJHTHI
CllaHlEeB, HCIBITABIIHX CKJAAQYaTOCTh); OHA OKasajla MexaHHYecKoe BO3jeil-
CTBHE Ha BMelllaloHlHe TMecuaHOo-cJaHIeBble NOPOAbl, O UYeM CBHIETENbCTBYET
VBeJIHYeHHe yIria NajfeHHs NOoCJelHHX B 3K30KOHTAKTOBEIX 30HAX MAacCHBOB,
KOTOpble M0 Mepe yJajieHHs OT KOHTAKTa IOCTENeHHO BBINOJIAXKHBAIOTCH.
[Ilupuna takoit soHbl B TamiToy3ekcKOM MaccHBe He npeBbimaer 100—
150 #. B cBA3H ¢ 9THM HepelleHHBIM OCTAeTCs BOMPOC: C KaKOi T/IyGHHEL
IPOHCXOAHJIO BHeJAPEeHHEe TPAHUTHOH Marmbl.

BakHO OTMETHTB, 4TO C JPeBHHMH rpaHHTOHAamu B Tesenkoil Kauge-
JOHCKOH CTPYKTYPHO-(OPMAaIHOHHOH 30HE AaCCOUHHPYIOT aJIsACKHTOBbIE Tpa-
HHTBI, KOTOPbIE 10 MHHEPAJbHOMY H XHMHUECKOMY COCTaBY, a TakKe MO CO-
IEepKaHHIO 3JIeMEeHTOB-pHMeceli H OTHOCHTEbHO INOBBIIIEHHOTO KJapka
pajHOaKTHBHBIX 3JeMeHTOB OJH3KH K NO3QHerepIHHCKHM rpaHnrtam. O=HR
JIOKAJMH3YIOTCA B 30HAX PAasJOMOB H TaK e, KaK TepIHHCKHe TpDaHHTH,
COTNPOBOKAAIOTCA MOIIHBIMH OpeosiaMH OHOTHTOBBIX pOrOBHKOB H dop-
MHpPOBaHHeM MOJHOIeH-BONb)paMOBEIX pyponposs/ienHHil. KoHTaKTOBBIi
MeTaMOp(hH3M HaKIaAblBaeTcs Ha YKe BbICOKOMeTaMopdH30BaHHBIE MO-
poxsl (rHeficel, am¢uboautn), obpasyoompecs B CBA3H ¢ ¢HOpMHPO-
BaHHEM paHHEKaJeJOHCKHX TpaHUTOHIOB. MOKHO AONYCTHTB, 4YTO aJsc-
KHTOBBIE TpaHWTH 00pa3oBaJHCh B pe3yJbTaTe paclyiaBleHHS [ApPeBHHX
TPaHHTOB.

CiienoBaTe/bHO, He HCK/IOYEHA BO3MOXKHOCTb, YTO MECTOM PpOXKAEHHS
TPAHHTHOH MarMbl, MPOM3BOJHBLIMH KOTOPO# ABJAIOTCS IepUHHCKHE I'DaHH-
Thl, MOTJIH ObITh H JApeBHHe MeTaMoOpdHUecKHe TMOPOJIBI, H I'DAHHTH HHXKHe-
ro CTPYKTYpHOro sipyca.

Bee ckasaHHOe MO3BOJSIET pacCMaTpHBAaTh TPAHHTH paHHeKaJseLOHCKO-
r0 W MO3AHEreplHHCKOT0 BO3pacra NMPOH3BOAHBIMH PA3JHYHEIX TPAaHHTHBIX
KOMIIJIEKCOB, KOTOpble (OpPMHPYIOTCA B Pa3lHYHBIX TeKTOHHYECKHX YCJIO-
Busix (rabm. 51). PaunnekanenoHCKHe THeHCO-TPaHHTOHAHBIE KOMIJIEKCHI
NPHYpPOYEHbl K AKTHBHO KXUBYLUIHM pasjoMaM, BLHIDAaXKeHHBIM 30HAMH CMf-
THsl, a TepPUUHCKHII TDAHHTHBIH — K HESICHOBBIPAXKEHHBIM. DTHM, BepOSITHO,
ceyer 0ObACHATL H3MEHEeHHsl B Pa3BHTHH 6ATOMHTOBOH TPAaHHTOHIHOM (hop-

ManHH.
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TaG6auma B

Teonoro-neTporpadmyeckoe conocTapienue paHHEKAJNENOHCKHX H BepXHenaneo30HcKux

TPAHHTOHHBIX KOMIJIEKCOB

FTpannTonAM

IMpuanaxu
pasmexanenoncxue BE])XHEHBJ!ED.‘SCIﬁcKue
1 g 3
TexkToHHuUeckas  IO3H- JIoKa H3yloTC B TEOCHHKIIH- JIOKaJM3yl0TCA B TEOCHH-
uHA HAJIbHHIX DO THIOY TEPPHUTEHHBIX | KAHHANLHMX NO THOY TeppH-
TOJUIEAX B 30H&X ]JEBJIOMOB, Bbi- | TEHHBIX TOAHIAX B HEACHO BbLI-
PaKEHHLIX 30HAMH CMSITHS DPaKEHHHX pa3sjioMax
Bmemawmmue nopoin Tlecuanury, cnaBus, nuabaspl Tlecyauuks ® CIaHUH

(opMbl CTpOEHHS TEN

XapakTep KOHTAakKTOB

OTHOMEHHE K TEKTOHH-
HECKOMY  ABHIKEHHIO

OTHOIIEHHEe  BHYTDEH-
Hell TEKTOHMKH MaccHBa K
TEKTOHWKE BMEIAI0muX
nopox,

OTHOIIEHHE K CTPYKTY-
pe BMEIalmKX FOpoJ

OTHolleHHEe KOHTAKTOB
K TEKTOHHKE OKpYKaIOMIHNX
Nopoa

DK30KOHTAKTOBLIE H3-
MEHEHHs BMEILaIOMKX No-
pon

Ganun  rayGunROCTH

Tonaspwe THOE nopox
(B mopsaxke yGuBalome
pacnpocTpaHeRHOCTH)

Tekcrypa
Crpykrypa

Kanuesnit nonesoit
mnar

Brnorur

Axneccoplibie MuHepa-
JIBL

KemOpo-0pnoBHKa

Kpynubie axMoanTononoGHue
JHHEHHOBLITSHYTHIE TeJjad MHI-
MaTHTOBOTO CTPOEHHS

PacnibiBuathie, NOCTENeHHLIE

CuHTeKTOHMYECKHE, OIHOBpE-
MeHHBIE ¢ 06pa30BaHHUeM CKJaf-
YaThIX H JH3BIOHKTHBHBIX CTPYK-
TYP BO BMEUIAIOHX HNOPOAax

Fapmonnunble, BHYTpERHHI
CTPYKTYpHEI MJaH  MOAYHHEH
CKIAJNaTBHIM CTPYKTYpaM BMe-
IADMAX MNOpPOL

Hapyweuuss CcTpyKTYp BMe-
HWIAlOIUX TOpPOA B  pesyabTaTe
BO3IEACTBHA MarMpl He OTMe-
yaercs

Kongopmune

Illupokne oOpeonLl pasBuTHs
(mo 35 ka) rHelicoB, ampubonu-
TOB, MHrMaTHTOB, (QeabAaIinaTH-
3HPOBAHHEIX MOPOL

AGuccansubie
I'py6o-nepaBHOMEPHO3IEPHH-
CcTHIe, THelCOBHOHWLE, IJAarHo-
KJla3-MHKPOK/IHHORLIE  TPaHHTHI,
nopdupoBuHbEIE GHOTHTOBHE TPa-
HHTH, ATIHTOBHHEIE TUIATHOTPA-

HHTHl, MAATHONerMaTHTh
[HelicopuaHast TaKcuToBas
Bnacthueckas, KaTakjiacTtude-

cKasi, KODpPO3MOHHAs, THIH/HO-

MOpP(PHOSEPHACTAS

Pemeryareiii MEKpOKJINH

1. O6mas xenesaucrocThb: Hl—
65%

2. XapakTepHo BHICOKO® CO-
nepaKaHue SJEMEHTOB-NpHMecer:
Co, V, Cu, Mn

1. Tunomopdubie  axmeccop-
Hble MuHepalbl: CQeH, anaTuT,
IHPKOH, OPTHT

2. Muoro marHeTura

3. @AOOPHT OTCYTCTBYET HAH
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CpellHero ~— BepxHero JneBoHa

IlITokooGpasHLie Tena ¢
rpy6030HANBHBIM  CTPOEHHEM

Peakue

CHHTEKTOHHUECKHE, OJHO-
BpeMeHHBIE ¢ (hOPMHPOBAHHEM
pasioMoB

BHyTpeHRsA CTPYKTypa
M4CCHBOB ABTOHOMHAS

Bumemaiomue nopogn Ha
KOHTAKTe C rpaHATAMH HHOT-
xa cofpaHul B CKAAAKK

JuckopranTRES

Poropukn, wWHpHHA KOH-
takta opeona 1,5—25 Kxu,
denprmnatH3allug  BO  BMe-
WaoUHX NOpofax oTeyTeT-
ByeT

Mespabucranpnnie

Canabo nopbupoBuiHbe
cpellHe3epHHCTEE GHOTHTOBEIS
TPaHHTH — panakuBHobpas-
Hble, aNJIHTOBHIHLIE TPAHHTHI,
ANJIHTH, NErMaTHTH

Maccusgas
TununuoMopdras  pemko-
GaacrAvyeckasd, KaTakjaacTHue-
cKas
CnaGo pemeTvaTeil MHK-
POKIHH
1. O6masi JKene3ucToCTh
72—86%
2. Buicokoe cojepikanue
3TEMEeHTOB- TP HMECeH:
Li, Nb, Sn, Be, Y, Yb, La
3. Npucyrersytor Ce, Th.
Bi, Mo, Ge
1. Tunomopdubie  akmec-
COPHBIE MHHEPAJbl: WIbMEHHT,
MOHAIINT, NapH3HT, GPaHHEPHT,
KCEHOTHM, ODaHIKHT, UHPKOH,
peprioconnt
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(3]

BCTpEHACTCA CHOPAANUECKl
4. B marnetnte 0GHAapYIKEHBI
Ni, Pb, Zn, Ga

2. QueHs ManQ MarHeTHTa
3. dmoopur H306HIYET B
IpeilseHM3HPUBANABIX  pa3HO-

cTax
4. Ilnprou cogepxur Ce
5. MarneTuT He COHepPIKHUT
Pb, Ni, Zn, Ga, B Hem npHcyT-
creyer Nb

TeTpoxuMmtecKne oCo- Fes03>FeO; Fe:0;:FeO>

FeQ>Fe;0;: Fe,0;: FeO<1;

GeHHoCTH K_20>NagO; SiOQ=67——72% =>1; K20>>N8'_10 SJOQ=
Xapaktepuple ajemedTh-npiMe- | =71—76%. XapaxTepHble
cu: Pb, V, Ga, Zr, Co, Sr, Ba, | snementsi-upumecu: Be, Mo,

Cu, Y, Yb, Be Wos Xhy 71, -Nby DBaitila,
Ge, Li, Bi, T1
[MocTmarMaruueckue [peitzennaanus TypManuHE AL
MeTacoMaTHYecKHe H3Me- TypManuHu3aL s I'peiisenusanus
HEHBSA
PajuoakTHBHOCTE = ToBLiuennas

Merannorennueckie

Paccesnnas MoaubaeH-BoOJb-
0COBEHHOCTH

(hpamMoBaA MHHEpPAJH3ALHA

PenxomeransHad M MOJHG-
neH-posibbpaMoBas  MHHEpa-
NH3AUMA

AbcomoTHblit 225—260 MJH. Jer

BO3pacT 460—480 mun. aet

Yenosua o0pasoBaHHs TPaHHUTOMZOB HAaJNOMKHAH CBOH OTMEYaTOK Ha
BHEIUHUH 00JAMK mopol ¥ HopMy MX NposBienns. PaHnnexajlelolcKHe Tpa-
HHTOH b, KaK OBUI0 MOKa3aHO BblIle, caaradT MUTMATHTOBOTO CTPOEHUSA
c‘tKMOJ'IHTOT[OJIOﬁHbIe TeJaa, COorJacHble CO CTPYKTYpaMH BMEUIAIOHIHX MOPOJI.
CTpyKTyphl TPagHTOHAOB TapMOHHYHBEL CO CTPYKTYPaMH BMEMIAMOIIHX MOPOX
H KOH(GOPMHEI O OTHOIICHHIO K KOHTakraMm. I paHHTOHIAB XapaKTepH3YIoTCH
rHEfiCOBEIM C/lOXeHHeM U GAacTHYeCKHM, KaTakJacTHUECKUM CTpPOCHUEeM.
OK30KOHTAKTOBbIE 30HBI MacCHBA CJOXKEHBI My0OKO MeTaMop(u30BaHHBIMH
1I0POJlaMH, THeficaMH H amM(pHOONHTAMH, KOTOPbIE CBS3aHbl C TPAHHTAMH I10-
CTeMeHHLIMH IIepexofAMHU Yepe3 30HY MHrMaTHTOB. B dopMHpOBAHHH MOpOX
SHAUHMTEJNBHYIO POJL HrpaloT NpOLecchl NepeKpHcTaaausanuu, Andhysuon-
HOTQ H HHQUILTPALMHOHHOTO METACOoMAaT03a, KPHCTANIHIALHA H3 pacljaBa.
[IIrpoko NposABAEHLI MOCTMACMATHYECKHE METACOMATHUECKHE IPOLECCHI,
phlpasuBIIMecs B rpefiseHusalnud U okBapuepanuu nopof. C rpeifiseHHsaln-
el cBA3aHO oOpasoBaHHe JABYCHIOASHBIX THEfiCOB H MYCKOBHTOBBIX I€rMari-
TOB, HECYIHX PACCeSHHYIO BOJb(PaMOBYIO MHHepaJH3aHIo.

[TosanerepuMHCKHE IPAHUTBl CJAaraipT WTOKoOOpasHbe Teaa, KOHKOP-
JAHTHBIE 110 OTHOIIEHHIO K CTPYKTYpPE BMEMIAIOMIHX TOJLL C 3JeMeHTaMH
nrckopAaanTHoctH. CTPYKTypHl TPaHHTOB THIHIHOMOpG®HO3epHHcThe. I Heli-
COBHAHOCTb BTOPHUHAs. DHAOKOHTAKTOBLHIE 30HbI XAPAKTEPH3YIOTCS HaJWu-
eM «3aKaJeHHBLIX» OTOPoYeK. DKIOKOHTAKTOBLIE 30HBl CJIOXKEHBI GHOTHTOBBI-
MH poroBHKaMu. MHrMaTH3auHs BO BMeIIAlOUIHX MOPOJax He IPOSBH/IAC.
FpaHuubl Mexkay IPaHHTAMH M POTOBHKaMH pe3kHe, yeTkHe. POpMHPOBa-
FHe replHACKHX TPAHHTOB NPOHCXOANIO B YCJAOBHAX HeOOnbmuX Taybun W
aaBepiiaeTcs rpeilsenu3auuel, ¢ KOTOPOi cBA3aRa MonuGAeH-BOb(QpaMO-
Bas H pelKOMerajbHasd MHHEPAJH3aIHs.



SARJOYEHMHUE

I. PannekasneloHCKHE THeflCO-TPAHHTOMAHBIE KOMILIEKCH PasMelialoTcs
B IPEBHHX CaJaHPCKO-KaJded0HCKHX CTPyKrypax ['opHoro Aunras, CloMeHHBIX
MOUIHBIMH IecuaHO-CJAAHIEBEIME OTJOXKEHHAMH KeMOpO-OpIOBHKCKOTO BO3-
pacra. OHM JOKaAM3YIOTCH BAOJb TIYOMHHBIX PasjiOMOB, BHIpayKeHHBIX 30-
HaMH CMATHS.

2. Ctanopnenne THelco-rpaHHTOMIAHBIX KOMIIJIEKCOB NPOHCXONMIO B Ha-
NPAXKEHHOH TEKTOHWYECKO#l 0OCTaHOBKe, B YCJOBHAX WHTEHCHBHEIX mude-
PEeHUHAILHBIX JBHKeHHIl, B CBA3H ¢ POpPMHPOBAHHEM 30H CMATHA.

O6pasoBaHHe MHTMATHTOB M FPAHHTOHJIOB TECHO CBA33HO C NPOABIEHH-
€M IpeilIecTBOBABIICTO HX BO3HHKHOBEHHIO riyGOKOro mMeramMop(Hama, Ko-
TOpHIl TpoHcxoAua B ycnoBusix amdubonurToBoil danuu. Ilosenenne MHr-
MATHTOB H TPAHHTOMIOB JOJIJKHO PACCMATPHBATBLCH He KaK PE3VIbTAT BHEN-
peHust MArMbl M3 KaKHX-TO CJYOHHHBIX MarMaTHYeCKHX 04aros, 4 Kak
caeNcTBHe Ipollecca rpandTooO0pa30BaHUS HA MecTe B CBSI3H C SIBJAEHUSAM
pacnyiapieHHs] BMEIIAOUHX nopol. B ocHoBe npolleccoB rayGOKOTo MeTa-
MophuaMa B MarMooGpas3oBaHHs JIEXKHUT OAHA H Ta ¥Ke NpPHUHMHA — AeiCT-
RHE PAacTBOPOB, KOTOpPbl€ BhI3bIBAIOT NOBHIIEHHE TeMIeparyphl B TOM HJi
MHOM yuacTke 3eMHOH Kophl. Temmbl M MacmitaGbl mjaBieHHsi 3aBHCAT OT
TeMIepaTyphbl, CTPOEHHs] H COCTaBa BMeWAOWUX NOPOoJ, GOopMBl MUTPALHH
PELIeCTBA U AP.

3. CranoBjenHe paHHEKaNELOHCKHX THEHCO-TPaHHTOHAHBIX KOMIIEK-
COB CONPOBOXKAAETCH paccesiHHON MoanGieH-BoAbYPAMOBOH MHHEpaNH3a-
nHell, KoTopas MposiBJsercs. nocie (GOPMUPOBAHMA TerMATHTOBBLIX H Tpa-
HHTHBIX TeJl B YCJIOBHAX NOHHKaloMlelicss TemnepaTypsl. Oma O6yCJIOB/IEHa
rpeiisenusanueii B CBfA3H C MPOABJEHHEM DAa3pLIBHBIX TEKTOHHYECKUX HApy-
wenHi. VCTOUHAKOM pPYAHOrO BeLIeCTBA fABJAAIOTCS BMEULAlOMIHe MOPOALL.

4. PannekaseloHCKHEe THEHCO-TPAaHHTOUAHBIE KOMIJIEKCH 0 TEKTOHHYE-
CKOMY INOJIOKEHHIO, CTPOeHHIO, COCTABY H cmocoly 00pas3oBaHisa OTHOCATCA
K GatosnuroBomy rpampuronmHomy (opmanmonnomy tany (10. A. Kysneuos,
1964). TlomoGHble KOMIJIEKCH, NPOABHBIINECH B PaHHEKAJIEJIOHCKOM 3Tarle,
muporo passutsl B Lleurpanpnom Kasaxcrauwe, Cesepuom Tsmb-Illane u B
APYTHX perHoHax, 4TO orpaxaer oOUyl0 HaNpaBJeHHOCTb I€0JOTHYECKHX
NPOLECCOB KAJEeAOHCKOr0 UMK/IA B CXOAHEIX CTPYKTYPHO-TEKTOHHUECKHX 00-
JIaCcTsX.

5. Gopmauns GaTONTMTOBLIX FPAHHTOMLOB MposBHAach B [opuoM Aurac
IBaXKIL — B paHHeKaJefOHCKOe H MO3AHErepIHHCKOC BpeMs, B HEPHOM 3a-
BEPIIEHHS CKJaAK006pa3oBaTeJbHbIX NPOIECCOB B CBA3M C TNpOABJICHHEM
rayOHHEBIX PA3JOMOB, COMPOBOXK/AAsS B TOM H APYTOM ciaydyae KoHCOMHAA-
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LHI0 Teonoruyeckux crpykryp. OHa mposiBu/ach B pasHoe BpeMd B CXOI-
HbIX, HO HE WACHTHYHBIX YVCioBHAX. PopMuUpoBaHHE paHHEKAJELOHCKOl
THeHCO-TPaHUTOHAHOI 6aToJHTOBOH (opMalHH IPOHUCXOJHJIO HAa CpaBHH-
TeJbHO GOJNBIIHX ryOHHAX, B HANPAMXKEHHOH TEKTOHHUYECKOH 0OGCTaHOBKE.
ITospuerepuunckas dopmanusi 6aTOMHTOBLIX TPAHHTOB MPOABHJIACH HA MeHb-
mux raybunax B Gojiee CNOKOHHOH TEKTOHHYECKOH 00CTaHOBKe. Pasiuuynblie
yCI0BHSI (POPMHPOBAHHA TPAHHTOMAHBIX GATOMHTOBHIX (opMauMii oTpaxa-
I0TCA HAa XapaKTepe H Macmrabe CBA3aHHOIO C HHMH opyfeHeHus. C ruei-
co-rpaHHTOHAHOI (opmanneil CBA3aHa paccesHHasd MOJHOAeH-BOJNb(HpPaMO-
Bas MHHepaNH3alHs, C TepUHHCKOH TrpaHUTHOR Qopmanueit 6aTOJHTOBRIX
rPAHHTOB — peiKOMeTa/JbHble H MOJHOIeH-BOJAL(MPAMOBEIE MECTOPOKIEHHA
il PYIONDPOSABIEHHS.
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