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YIK 549 (470.1)

B cOopHEKe naeTcA IeoJormdeckas, NeTporpafMdueckas M, MIHepano-
TUYeCKans XapakTepHCTHRa 00bexTOB Baikambckoit srckyperm XI Cresga
MMA: CimomAHCKOIO KOMILIeKca mecTopomueHmit (fuioromuToBHX, BOLIACTO-
HUTOBHX, MPaMODHHX, JIA3ypHTOBHX), mopon Beioft BHemkn Ha XemesHolt
mopore cT.Kyaryr - cr.bailran, TaxepaHCKOrO,KOMILIEKCA WEJOYHHX INO-
POX, MeTacoOMaTHTOB, TPAHMTOB ¥ IEIMATHTOB, A TAxke I'DAHNTOR-pala-
kuBE OyxTH llecuanoit, JlaHH ommcaHMA ToueK HalJoIeHws Baftkaimcroi
SKCKypcum. Kpome TOro, NpMBEeNEHO KDATKOE ONMUCEHME 3KCIOHATOB MH-
HEpanormiecKoro myses MpERyTCKOIO NOMTEXHMYECKOT'O HHCTHTYTA.

OrBeTcTBeHHH] penaXTOD
IOKTOD I'e0JIOrO-MIHEepaNIorMyeCKUX HAYR
mpod. B.M.lmaxuH

Peparrop J.I.IoxropdyHcrasa

llepeBon TercTa Ha aHraHicKE# A3HK BHOoaHeH B.B,TOKMAKOBHM H
E.ll.T'ycar mox pemaxmmedt B.M.lmaxwma, 1.1 KorocoBckoro

© MucrrTyr reoxmvum mM.A.Il Brrorpanosa
CuupcKoro oTnenenus Awxamevum Hayx
CCCP, I978



LTAS P IS TR VYV Y]

1ye R 0 (e R S e S LR R S
Teonoruueckmit ouepr ComopsHckoro paiiona (E.I.Bacmires,
B.H.BunHAKOB, J.3.PeSHMIKEA) .+ + o « o« s o « ¢ ¢ s o o »
B g A AL SRR LS e R SR AT e o Tl 1S T
MATMETEROORIR  HOPOIH, ¢ s o wive eliatie whiallal e L aitliar ao ol lasla
CTDYRTypa ¥ T'eOJOTMYECKOE DASBHTHE. o o « o « o« s s o = =
MunepanbHHe accOImMAlMN M COCTAB MAHEDANOB MeTaMopduiecKux
nopox rpaHysuroBoft damm B Kro-3anamHom [IpmGaiikanne
(®.B.Kysuemnosa, I'.B.Fornapesa, B.A.PycaroBa). . . . + . .
VBBeCTKOBO-CHIIMKATHHE MOPONH OCHOBHOI'O COCTABA . .+ +« «
YARTPROCHOBHHE METRORSETH o' o s s/ s o & o o s.0 o s o o %
HODONR/ CPONHEYG  COCRABR L. . T it i b e SR o ol A0 R
Keapncomepzamie NepecHmeHHHe TJMHOSEMOM MOPOMH. « « « « o
MAHEDAMH. « o o o o o 5 ¢ o & ¢ s s s o s v s s s 2 s.»
Omncamme mapmpyra (rourkm I1,2,3,7 Ha puc.I). o v o ¢ o o &
KapdoraTHHe M KapOOHATHO-CIJIMKATHHE NOpomH lro-3anamHoro
Mprcatikanss (B.H.BAUHAKOB): o o o o o s o o o o o o o o o
llecTopornerne mpamopoB "lepesan” (Touxa 6 ma pmc.I) . . .
CroIgHCKOE MecTOpOXIeHme Bostacrommra (Touxa 4 mHa pue.I).
MeHepasbHHE accolmamiy MATHe3PAJbHEX CKapHOB CUNIAHCKMX (quro—
romiToBux mecropoxmeHE# (M.3.Pesmmmuft). + + ¢ « o+ o e
[loporooGpasyomue MAHEDATH. « « o o s o o o s s » = » « =
Omucanue mapupyta (Touxm 5 w 3A Ba pEc.I). o o v ¢ o o &
MusepansHee accomuarmu Beso#t Baemym (B.U.Jesmmxn#t, 3.1.0eT-
e P (NP NP R o R . 6 R LA U TG 1R
TlopomooCpasyife MAHEDAIH + o o « s s o s o o o o o = o +
Onncampe MapmpyTa (DHC.I5)e o« v s oo 4 o v o v s o o o &
i Munepanshue accomuammy Taxepana (A.A.Homes, B.M.[IMaxus,
R HBRnOB ) L T RSR R S e SRR L SR e
Teonormuecive ocofeHHOCTH TaxepaHCKOTO MEJOYHOI'O MacCHBa.
CrapHOoBHe accommamimy TARePaHA . ¢ o+ o o oo s o o o o o
KpaTkas XapaxkTepHCTHKA CKADHOBHX MUHEDANOB. . + « « + «
SDRTNTH B TIETMarErH. s T G e 3 ol S e el At
KpaTkas xapakTepUCTHKA MUHEDAJOB NMEDMATHTOB . + + « « « «
Omwcanne mapmpyTa (PHC.I6 M I7) . & v v ¢ « & o o o o »
Npuvopexuii KoMmwiexke rpamuToB pamaxwsn (C.II.0Gyxos, A o Ecmm)
MrHepanormuecknit Myseli VpKyTcroro NomTexXHWYECKODO MHCTUTYTA
e DL CRROTOR e o o b bt o Ve ot s b Th 5 adha ar e oy

Crp.

2w W,

I4
I5

I7
I8
19
28

8y

589

52
59
62

67
67

w & 8?8833’»?38%



[IpemcoBue

Ha Geperax "CuOmpcroro mopa" - os.bajikan pacnonoxeHH MHOIOYMC—
JIEHHHE OCHAREeHNA TOPHHX IIOPOJ CaMOro PasJMYHOrO BO3pacTa U cocTa-
Ba. B MEHEpaTOTMYECKOM QTHOWEHNMY HAMGOJBIA{ WHTEeDec IpeIcTaBIANT
oxpecTHocT™! T.CimonAHKAa B LIO-3aI2IHOM OKOHYAHNMY 03epa, 3Uech Ha-
XOUATCA CTABIME KJIACCHMECKMMI MECTODORICHMA (IOrOIMTa ,UHTEpEeCHHE
[JerMATHTOBHE XWIH,KDyIHOE MECTODPOXIEHMEe KAJNBIMTOBHX MPaMOpOB IV
LEMEHTHO# NpPOMHIVIEHHOCTH ,HEJABHO OTKDHTHE MECTODORIEHNA BoJUIAC-
romMTa. Kpome TOro, B paifioHe MMEDTCH MHOTOUNCJCHHHE MCTOYHUKY Je—
KHODaTHBHHX MATepHaJOB ¥ NONEJOYHHX KaMmHeii: rpaHuTa, mpamopa, Ja-
3ypuTa, aMas’oHMTa ¥ MHOTHMX IPYyTHX.

BTOopHM MHTEDECHHM IJIA MUHEDANOTOB OGHREKTOM, HSBGGTHHM CpaBHi-
TEeJBHO HEeJAaBHO, HO yEe 3aBOEBABIMM TI'DOMKYO CJIABY,ABIAETCA Taxe-
DaHCKM# KOMILIEKC WEJOYHHX NODPOJ ¥ KOHTAKTOBHX METACOMATHTOB BMEC—
Te C TEeDPPUTOPHANBHO GIM3KMM K HEMy &8VHCKNM KOMILIEKCOM T'DaHNTOB
n merMaTmToB,TaxepaHCKMEe CTENM HAXOIATCA HA CeBepo-3aNlalHoM Gepe—
ry os.Baifikan, mexny ycTkeM p.AHra u nposmBoM OIBXOHCKME BODOTA.
3mech OTKDHTH HOBHEe MUHEDANH TaReDPAHUT M a30NpOUT, OGHADYREHH
VHAKAJIBHHE [0 pasHOOGpasyul MUHepaJbHHE aCCommaimu,

Oda odnerTa BrmOYEHH B MapupyT Baixameckoif sxckyperm XI Cresna
MexmyHaponHo#t MuHepamorwdgeckoll accommamu, Opoxozamero B Cuoupn
.(aqrycT—cenTadpL 1978 roma). llo myTw ciemoBaHmA OT ONHOI'O M3 HMX
K IpyroMy SKCKYDCAHTH NOCEeTAT elle IBa WHTePeCHHX o0BexTa Ha Oepe-
rax osepa Bafixan., Omve m3 HMx, bemas BHewmka Ha crapoit Kpyrodaii-
KanecKol ®exesHo# Iopore, TeppuTopHanbHO TAroTeeT K CmozaAnke.OH
IeMOHCTDUDYeT pasHOOGpa3HHe MeTacomMaTWieckye NpPOIeccH B apxeiic-
KX MpamMopax, BRJIDYasd MpomeccH HefesmHM3aimu. Bropoi, mMaccus Ipa-—
HUTOB-palakiBy B oyxre llecuaHoft, - GimEe IO BO3PACTy ¥ CTPYKTYD-~
HOlf MPEYPOYEHHOCTH. K TpaHATAM I WEJOYHHM moponay Tamepara.

B HacTosAmeM COODHMKE MMETCS CTATHM [0 BCeM Nepeduc/eHHHM
0o0LEeKTaM SKCKYpPCHM, & TaKke KDPATKOe onmcanme MuHepaJorwdyecKorQ
myzes MpKyTCKOro NOJMTEXHWMYECKOT'O HHCTHTYTA.

Pyccxuit m anrymitckuft TexcTH craTeit mueHTHuHH. COMCOK JHUTEpaTy-
PH, TalJMUH W DUCYHKNM CKOHIEHTDWPOBEHH B OIHOM MecTe U SBIANTCA
ofumvy 1N O0OMX TEKCTOB.
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E.I.Bacuires, B.H.BumHAroB, J.3.PesEmuxnit
TEQIOTYNECK! QUEPK CIQIIHCKOTO PAJMOHA

CmonaHckuit paitoH HaxoIMTCA ¥y bro-sanamHolt OKOHeYHOCTH O3epa
Baiixan, B 30He cowieHennda CagHo-bailkanbcKoOro CKIAMIATOrO moAca
n llapuxasrafickoro kpaesoro Bucryna dyHmavenra Cuéumpckoit miardop-
mu, Ipammmefl pasjgeia STHX I'eOCTDYKTYp ABiAerca DaasHuft CamHcxumit
rayouEEn# pasaom (pme.I), {

Boraras MuHepaJornd MecTOpoxneHmit quiorommura, Jasypura, Ipa-
HATHHX TETrMATHTOB ¥ CBOe00pasHOe I'eOJOTHYECKOe CTPOEHHEe H3JaBHA
NpUBIEKaJN BHUMaHWEe I'eOJIOTOB K STOMy palfoHy. BaxHyo poJE B HOHM-
MAHHE ero IeOJOTMYeCKOrO CTpoeHHA uMeJu padorH M.JI.Uepckoro,
C.C.CvupuoBa, A.E.J®epcmana, I.C.Kopruackoro, IL.ILImmnernxo,
A.N.Cynoesa, I.B.Kammanra, H.T.Yyuaxosa, E.Il.Uyitkuroft, ®.B.KysHe-
nopoit, II./M.HaneroBa, B.M.Pomencona, A.A.llafeeBa ¥ pama JIpyT#x HC-—
caemoBareneit. B HacToAmeM ovYepKe HMCHOOJNL30BAHH KAK MaTepUalH Ipe-
IHIyUEX HcchaepoBaTeneil, Taxk ¥ HOBHe NAHHHE, NOJYYEHHHE B XOJE
WCCHeNOBaRMl ¥ NeTANBHHX I'eOJOr'OCHEMOYHHX padoT IOCAEIHMX JeT.

CrpartTurpadnas

B crpoermy CIMIAHCKOrO paifoHA OCHOBHYM DOJNb HI'DapT IIyGORO—
MeTaMop{M30BaHHHE OTJOXEHHA BEPXHEIO apxes ¥ HUXRHErO NpOTepo3od,
IpencTaBleHHHe COOTBETCTBEHHO CJIONAHCKOHR M XaHrapyJbCKoll cepuamu.
Mexny HMMM yCTaHORJIEHO JTJIOBOe cTpaTHrpafudecroe Hecormacue. C
CeBepO-BOCTOKA 06e CepHM OTIeJeHH OT OOJACTM DASBUTHAA paHHeapxeii-
ckux odpasoBaHmil llapemasraiickoro BHcTyma IiaBHEM CagHCKUM pasio-—
MOM.

CimonmHCKAA cepus MMeeT cpenHon MomHOCTH 6300 M, M3 KOTOPHX
6I% cocTaBIAwT MpamopH, I16% - POroBOOGMAHKOBO-NHMDPOKCEHOBHE KDHMC-
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TasnocnanuH, 16% - GuoTuToBHe THeftcH, 7% - KBapU-IMOICEIOBHE I0—
pPOIH. 9TM IJaBHHe THOH NOPOX BRJNYEDT CcJeIynieé Pa3HOBMIHOCTH.

I. MpaMOpH: KAJBIMTOBHE, IOJOMHT-KAJEUMTOBHE, KaJbLMT—IOJOMI~
TOBHE, NOJOMHTOBHE C INepPEeMEHHHM CONeDXaHMEeM KBapla, IHONCEIa,Tpe-
MOJIMTA, BOJIACTOHUTA, IpafuTa - B CymEeCTBEHHO M3BECTKOBHX DPA3HO-
BEIHOCTAX; (opcTepura, WIMHENHW, (uiorommTa, IMONCHIA, TDEMOJMTA,
dpycura, rpafmTa - B CYWECTBEHHO MAUHESHAIBHHX DASHOBEIHOCTAX.

2. KpumcTamnochsHIH: POrOBOOOMAHKOBHE, NMPOKCEH-DPOr0BOOCMAHKO-
BHE, POrOBOOCMAHKOBO-NMPOKCEHOBHE, IMPOKCEHOBNE, IBYIMPOKCEHOBHE,
CKaNOJHT-IHDOKCEHOBHE , KaJIBIMT-NMPOKCEHOBHE (+CKAanoJmT) .

3. Tmeficu: JefirokpaTOBHe KBADPIUTOBMIHHE, GHOTMTOBHE, IrpafmT-
GHOTMTOBHE, T'DAHAT-CHOTHTOBHE (_-n_-_rpa@m), CUHOTUT-CIILIMMAHNTOBHE
(+rpadur,rpasar), CMOTHT-KODIMEpNTOBHe (+rpafmT, rpaHar, cuLTAMA-
HAT), OMOTUT-KODIMEPUT-THNEpCTeHOBHe (+IpaHaT, CHLIMMAHWT), GHO-
THT-TUIEpCTeHOBHe (+I'paHar), OHOTHT-TEIEDPCTeH-IUONCHIOBHE.

4, Kpapn-muonCHUIOBHE [OPOMH: KaAJNBIMT-IMONCKIOBHE, IUOTCHIO-
BHE, KaJBIMT-KBADI-IMONCHIOBHE, KBAapU-IMOICHIOBHE, KBADIEBHE;
HHOIZA COJIEDEAT 3HAUMTEJBHyD IpMMech anarura. C oToil rpynmoi Tec—
HO aCCOIMUDPYOT B paspese HAJLIMT-BOJUIACTOHATOBHE M KBapL-BOJIAC-
TOHHTOBHE NOPONH, HMENONMe JIOKATBHOE pACTDOCTpPAHEHHE.

B paspese cepmM I'IaBHHE THIH NOPOX O6pa3ywT 3aKOHOMEDHOE DPHT—
MIYHO-IMKJMYHOE NepeciiamBanye. MONHOCTE OTHEJNBHHX IIACTOB KOJSG-
JeTcq OT NepBHX MeTPOB N0 NepBHX cOTeH mMeTpoB. Kak npamuio,B ol-
HOM IIacTe COYeTanTCA HEeCKOJNBKO CJMBKHMX DasHOBHIHOCTe# mopon IaH-
HOr'O THIAa.

Ilo KoJMYEeCTBEHHOMY COOTHOWEHMND B paspese IJIABHHX THIOB NOPOXN
CIDJAHCKAA CepUA pasiiejieHa HAa JBe CBUTH (CHUM3Y): KYITYKCKYD,Kap-
GOHATHO-aJNMOCHINKATHYR, MOmHOCTED 2900 M, M mepeBaJbHYn, CymecT-
BeHHO KapdoHaTHyo (3400 M), B xyaTykckoft cBMTe MpamMopH COCTABIA-
T 4I% OT ee MONHOCTM, a4 B NepeBaibHOK cBuTe - 78%.

XaHrapysircKas cepHf 3aJeraeT Ha CJDIAHCKOR cepul ¢ yIJIOBHM
cTpaTErpafuuecKUM HecorJacueM, NOBEPXHOCTH KOTOPOT'O HpH CJeNoBa-
HAH B CeBepo-3aMafHOM HANpaRIeHNMM NepPeKpHBaeT Bce CoJiee HURHUE
YPOBHE NepeBaJbHON CBUTH, & 3aTeM M UaCTh BepxHell NONCBUTH KyJ-
TYKCKO#’ ‘cBuTH. MoumoCTH pasMHTOll 4acTH paspesa COCTaBJAEST -HE Me-
Hee 3000 m.

I3 odmeft mommocTn paspesa xaHrapyneckoift cepum (3900 m) 227
COCTABIANT MPaMOpH, 24% - KpuCTaWIOCHASHIH ¥ IHellcH IMONCHIOBHE,
54% - rHef#ion OmoTmTOBHe. MpamopH ® THelfcH GHOTUTOBHE NpeNCTABIE-

”
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HH B OCHOBHOM TeMM Xe DASHOBUIHOCTAMM, UTO M B CUONAHCKOM cepum.
Tpynnma KpuCTALIOCHASHIEB ¥ I'HefCOB JMONCHIOBHX, Xa8paKTEDHAR TOJIE-
KO IJIfi XaHrapyJAbCKON cepuy, BKIRNYAET CAeIybUMe DasHOBATHOCTH:
KPHCTALIOCHAHIH THONCHNOBHE , I'HeiicH IMONCHIOBHE, KAJBIM{UDH IMON-
cunosHe. Hepemxo omEm comepxar BosracToHmT (mo 40%).

B cocraBe cepmM YeTKO BHIEJANWTCA IBe CBUTH. HimkHAA, Xaparois-
CKAdA, CBUTA MOWHOCTED B cpemHeM I200 m Ha 75% cJoXeHa KpUCTAIIO-
CJIaHIAMM ¥ THelicaMM IMONCHMAOBHMM; I'HelicH GMOTHTOBHE M MpAMODH
COCTaBIANT cooTBeTcTBeHHO I0 m IS%.

B cocraBe GesumaHckoit cBmTH (MomHOCT: 2700 M) OCHOBHY®D DOIB
ErpainT OmoTmTOBHe rHeftcw (74%) u mpamopu (25%). Cpemm raeficos
npeo6rafanT IJMHOBEMICTHE - pA3HOBMIHOCTH, 8 MpamopH donbmelt wac-
THO BHCOKOMAIHE3HAJBHHE .

B cocraBe ofeEx CBHT NpUCYTCTBYOT TOPM3OHTH MApraBNeBHX NODOX
MOIHOCTEN OT 5 nmo I2 M, BRADYALUMX IMOHIWTH, CHECCAPTHHOBHE KBap-
IMTH, DPONOHHTOBHE KDUCTALIOCTAHIH, IMONCHIOBHE KDUCTAJIOCJAHLH U
THelicH ¢ MapraHmeBHM BOJIACTOHATOM WM GyCTAMATOM, MDAMODH M KaJb-
IMQUPH ¢ MMHepaJaM# GYCTaMET-BOJUIACTOHATOBOIO DANA ¥ MaDraHIEeBHM

TPOCCYADOM.

MarmMmaTrmueckue DODPOXH

CrnexTp mMarmaTwdeckux nopon CiomsHCKOro paiioHa JocTaTOYHO mH-
POK, HO CTelleHb HaCHIEHHOCTH MMM MeTaMopiudyeckoft Tomm B meyom
HesHauNTeJbHAd. BHIEJAeTCA HECKONBKO IDYNII MM KOMIIEKCOB Marma-
THHMECKNX TOpON, KOTODHE XapakTepnsyoTcd HUXe B BO3pacTHOH mocie-
JIOBaTeNBHOCTH (OT IpeBHMX K GOJNee MOJOTHM). '

I. T'pannTo-rHeficH ¥ YADHOKMTH KMTO#CKOIO KOMIUIEKCA. ITO IpEB—
Hellime ¥3 TOCTOBEDHO YCTAHOBJIEGHHHX MArMaTHYeCcKuX nopon. OGHYHO
o0pas3ynT UIACTOBHe Tesa HeGOMBmO# MONMHOCTH, BeChEMa pasJuyYHHe IO
BHYTPEHHEMY CTDOEHMI. B 30He rpaHymToBO# damum meTamopimsma sTH
TPaHUTH YacTO CONEDRAT TMHOMOD(HHN YApHOKATOBHIl mapareHesyc:Irunep-
CTeH - KBapl - AHTHNEePTHTOBHH IIATEOKIA3 WX 00a MOJEBHX mIaTa.

2. Basurn n ynpTpadasmrd. OCHOBHYD Maccy NOpOL PPYNIH COCTAB-
JANT raéCpoMmH M OAM3KMe K HMM NeTDOTHIH, odpasybime HeSoxbume -
KOHJODMHHE CO CTDYKTYypo#t Toymm Tena, B GOIBUEHCTBE OHH HCIHTAJH
CIIBHYD TIOCTKOHCOJMIAIMORHYD CTPYKTYpHO-MeTamMopimieckyn nepecTpoil-
Ky, NprOCpeNH GAacTWYeCKHe CTDYKTYDH, Ipy0yo rHe#CcOBEIHOCTE.Cpe-
I¥ HEX NpeoGiajanT aMpuGOJMTH M aMprGoJmM3MpoBaHHHE racépo. Kpome

\7



TOr'0,BCTPEYANTCA pasHooGpasHHe NAfKOBHE NOPOIH - MeTaldasmTH,yIIo-
MEHAEMHe DA3JMYHHME RCCHeOBATEJAME KAK JaMipodwpH,raddpo-maada-
3H, MEKporadlpo ® T.m. JlalikoBHe NOPONH TaKEe CHJIBHO MeTaMOpf#30-—
BaHH ¥ B CONBUMHCTBE NpelCTABNEHH IarvoampuéommTamu,

3. llexounne nopoxs. OCHOBHYW MACCY STHX IODOX COCTABIANT CHE-
HHTH, o0pasyomme Kpynuu#t Mano-EHcTpuHCkE# MaccHB B 3anamHoff gac-
TH IWomanE. CpeI¥ HMX NpeoGJAJAnT MEeJOUHHe DASHOCTH, COCTOAMEE
¥3 MEKDOKJMH-IIEDPTHTa, aibOMTa, SrupuH-aBrurTa. U3 naiikoBo-XMIBHEX
meJOYHHX TOpOX HaEGoJee WHTEDECHH TAK HasHBaeMHe "MOHNOHHTH".OHE
UMPOKO PAcHPOCTpaHeHH HA (VIOrQNHMTOBHX MECTODORNEHMAX B BHIE MOMm-
mux (mo I00 M) mpoTaxeHHHX Zaex. B cocTaBe JaeK yYaCTBYDT MeJKO-
SEePHECTHE CHEHHTH HEJOYHOI'O ¥ M3BeCTKOBO-MENOYHOrO THOOB, COGCT-
BEHHO MOHIIOHMTH M MeJaHOKDATOBHe CHEHMTH, Cpel mOCJeNHEX Hepel-
KM TOpONH, CJHMSKHE CHEHMTOBHM JamiipofupaM THIA BOI'e3HTOB ¥ MEHET-
Ta-BOI'e3NTOB.

.4, T'paEMT-NErMATETH ¥ NEIMATHTH CINISHCKOIO THNA. JTO CIMSKHE
K aJACKHTAM IOPOXH, YacTo odiananume rpysosepemcTol (OpTOTEKTHTO-
Bo#t) CTPyKTypo#t ¢ OCWIBHHM DASBATHEM MHKDOIIEIMATHTOBHX CDOCTKOB
B IWHPOBHIHHX NerMaTOMIHHX o0ocodieHmit, C HEME accOIMEPYyDT H COC-
CTBEHHO NErMATHTH MPOCTOTO COCTABA, OOpAsynIMe KDYNHHE XAJI006pas-—
HHe BHIEJEeHEs B I'DAHMT-IerMaTHTax n odocolneHHHe xmuH. l[IpeoGrana-
0T CyOmeJOYHHE MEKDOKJMH-TEDPTHTOBHE M IUIAIMO-MEKDOKJMHOBHE DA3HO-
CTH C KUMHOIMpOKceHoM M cfeHoM (ecim BMemamiMe HOPONH MpeICTaBIE-
HH MpaMOpaMl ¥ KDHCTAJUIOCJAHNAME) WM GHOTHTOM (B NOASX GHOTHTOBHX
raeficoB). MUKpORIMH-IUIAIMOKIA30BHE ¥ CYWECTBEHHO IIATHOKIA30BHE
I'PEHAT-NIErMATHTH DACHPOCTPAHEHH He3HAYMTENBHO.

5. TpaHNTH CAAHCKOI'0 KOMIJIEKCA. JTO MEJKO- M CpeJHEe3eDHECTHE
yacTo nopdmpoBRIHHEe amiudonoBHe, OMOTAT-ambuGOJOBHE ¥ IBYCIIOLA-
‘HHe T'DaHETH, KOTOpHe 06pasyonT ofumpHHe mojs (GaTomTH) ® wro-sa-
nany oT paccmaTpeBaemoil Teppuropun. [Ipuiaraemas kapra (pee.I)
BRIOYAET KpaeByo 9acTh OUHOTO M3 Takux nojefi. CagHCKME I'DAHATH
HEe BCTpeYeHH B OGJACTH DASBUTHA I'DEHUT-NEIMATHTOB CJMIAHCKOI'O TH-
na, OT KOTODHX OHM OTJIMYANTCA He TOJBKO IO COCTABY M CTDYKTYDe,
HO ¥ MO XapakTepy KOHTAKTOBOIO BosleilcTBMA Ha BMemapimye MOPOIH.
THeltcH Oe3HMAHCKO# CBMTH B OpeoJie I'DAHHTOB MYCHOBUTH3MDOBAHH XM
(uOpOJMTHSKPOBAHH, YTO COBEDUEHHO He CBOHCTBEHHO I'DAHMT-TErMATH-
TaM CJIONAHCKOI'O THNA. _

6. PenxoseMeJBbHHE NEIMATHTH. B nochemHMe IOIH YCTAHOBJIEH NOCT-
duroronMTOBHE BO3pACT HEKOTODHX THNOB NerwaTHTOB pailoHa, paHee
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CUHTABIKXCA OoJiee JNpeBHMMH. B dacTHocTH, K 5TOHf rpynme OTHOCATCA
nermMaTRTH C peJxo3emes]bHON MAHepaymsammeit, NMOCTOSHHO IPHBJIEKAB-
e BHEMaHWe HccienopaTeseit. Bme B Havase Bexa OHM M3yuaamck Pa-
IneBoft sxcnemwmmeidt Axanmemum Hayk ¢ yuacTEem B.J,Bepranckoro,Hau-
dosiee pacrpoCTpaHEeHHHM DPeNKO3eMEJIBHHM MUHEPAJOM NerMaTHMTOB SBJIA-
eTcAa OpPTHT, OTMedasmch Tarxe feprycommT, GeTadmT.

K aro#t e rpynme OTHOCATCA aMaSOHMTOBHE NEIMATHTH M HENABHO
OoCHapyXeHHHEe Be3yBHaHCOJepRaupe XWIH. 3aMeTHM, YTO NOCTVIOromm-
TOBHE MerMATHTH - eQMHCTBeHHH{ B pajioHe THN NOpPOX, IVIA KOTODHX
JOCTOBEPHO YCTaHOBJEH alCOMOTHHI BospacT. [IpopoimBUMECS B pasHHE
TOIH ¥ DasHHMM NCCJeNOBaTeJAMH ONpeleseHMA CBHHHOOBHMM M ypaH-
CBUHIIOBHMM METOZAME [0 aKIeCCOPHHM MMHEpaJiaM Iay GJm3Khe pesyib—
raTH: 500-600 wmi.Jet.

7. BasaneTH HeoreHoBHe. OTHOCATCA K TpaxméasansToBoit dopmarmn
M NpencTaBieHH OCTAHLAMH NOKPOBOB, HeKKaMyl ¥ MHOIOYMCJeHHEMM nafl-
kamu, B Gasanbrax HeKKOB OOHADYREHH KCEHOJMTH DIYOMHHHX YJABTDPAOC—
HOBHHX NOPOX — IMPOKCEHMTOB M JIEDHOJHMTOB.

MerTamopdmrsam

JoxemOpuiickue Tommn ChmpsHckoro paftora MCnwTaimM IayGoxrmit Me—
Tamopdusm, nocrurapmtit BHcumx cydédammft rpamymmroBot darmmm. Boas-
mafg 9acTh ero TepPPHTOPMH OTHOCMTCA K 30He CTaCMIBHOrO pacmpocT-
PaHeHHA I'MNepPCTEeHOBHX NapareHe3WCcoB, BKIDYAA M KPATHYECKHe "rpa-
HYJHTOBHE" ACCOIMAINMH: I'HIEPCTeH-KODIHeDHT-KAIMINATOBYD, IHNEep-
CTeH-I'PaHAT-KAJMINATOBYD, IBYIMPOKCEH-IBYNOJAeBOIMAaTOBYD, OmeHKa
TeMIepaTyp MeTamopiuama naA sTOH# 30HH MO KANBIMT-ZOJOMHTOBOMY
PeoTepMOMETDY NOKA3HBAaeT BHCOKMe SHAYEHHA - 800-820°. Bumskme
APpH ONpeNeyAnTCA N0 IBYIMPOKCEHOBOMY M DOrOBOOGMAHKOBO-KJIMHO-
MMPOKCEHOBOMY DABHOBECHAM. B OCHOBHOM Xe OLEHKM DaBHOBECHHX TeM—
nepaTyp no coCymecTBYRIMM XeJie30-MarsHesHaJbHHM MEHepasaam Goxee
HE3K#e. OpHEHTHPOBOYHHE ONpeleJieHHMA NABJCHHA 0O IpaHaT-TANepeTe-
HOBOMy reofapoMeTpy IanT OYeHb CTACWIbHHe 3HaueHma: (8-9 kdap).
Bimskee pesyasTathH (oT 8 mo I2 xdap) NMOAYYEHH MO YIJIEKHCIOTHHM
BKJIOYEHWAM B KBapOe H3 KBapU-IHMONCHIOBHX MOPOI.

B 3so0He, HemocpemcTBeHHO Npmaeravme#l K runepcTeHoBO#f, CTENeHB
MeramopiusMa Taxxe NOBOJBHO BHCOKAA, OTBevamiiad I'DAHHYHHM YCJIO-
BuaAM amfmcomToBolt M rpanymuroBo#ft darmit. YcToRuMBEMM napareHesH-



camMyM sIechk ABIANTCA: B MeTANEJMTAX I'DAHAT-KODIMEDHT-KaJMINaT-0Ho—
TAT, B MATHCSHAJBHHX MpaMopax XOJIOMHT-(HOpCTepAT+IVIOrONMTH+INKHENS.
ONEHKE TAJeOTEeMIepaTyp NOKA3HBADT 3HAYEHMA B cpemHeM Ha 50-I100°
HUEe, 9eM IUIA THnepcTeHoBoft BOHH.

CronsucKallt PpaHYyIMTOBHE KOMIUIEKC NOJIOe BDEMs CUMTAJCA KIac-
CHYECKMM IpeJcTaBATeNeM IIyGHMHHHX Ge3BOJUIACTOHMTOBHX KOMILIEKCOB,
noka B I97I r. smeck He OWMM OCHADYXeHH MeTamopiMYeckWe BOJIACTO-
HETOBHE MOponIH. Illociemywime HCCIeIOBAHMA BHABMIAM DasHooOpashe M
MMPOKOE ILIOMATHOE DA3BATHEe BOJNNACTOHETOBHX NapareHesHCOB, 8 TAK-
Xe ONpejeJeHHHe 3aKOHOMEDHOCTM WX JIOKANM3alim. B pesyrsraTe OKa-
3a70Ch BOBMORHHM DACUJEHATH IpaHyJmMTOByDL dammo Ha cyddamm®  mo
IABIEHND ¥ TNapIMAaNbHOMY NABJICHAD YTJEKHCIOTH: BOJUIACTOHETOBYD H
KBapU~-KAJBIMTOBYD. B nose nocielHelt BOMIACTOENT B KPEMHHCTO-KAD-
GOHaTHHX Nopolax He oCHapy®eH, HeCMOTDA Ha JeTalbHHE CleIMajbHHe
HOBCKH.

B mone BosnacTOHMTOBON cySdammu, BRINUANINEM TaKEe ¥ Npuaeran—
IyO ¢ pra 0esTENepPCTEHOBYN 30HY, NPUCYTCTBYDT KaK BOLIACTOHMTO-
BHe, TAK W KBapI-KAJBIMTOBHE NAPATE€HE3MCH, JOKAJMBAIMA KOTODHX
KOHTDOJMPYETCA CTPYKTYPHEME (axTopami. B mpemesiax NOJA COOTHOmE-
ma T - Pg - Pco2 GHI¥ B IeJoM CJMSKM I'DEHFYHHM YCJIOBHAM 06paso-

BaHMA BOJNACTOHETA, B OTJIMYKE OT NOJA KBapO-KaJbIMTOBOK cyddarmu.

llpopeccH yabTpamMeTaMopdusMa ¥ BHCOKOTeMIepaTypHOro Immapropesa
NpoABWIMCHL B palioHe crado ¥ B NEeJoM He MpUBEJH K cymecTBeHHOHR
nepecTpoitke mapareHe3WCOB HTANA IPOTPecCHMBHOrO MeTamopjusma. B
5TOM OTHONEHNM CJIONAHCKHN I'DAHYJMTOBHH KOMILIEKC DEBKO OTJHMIaeT-
cA oT mpuiaerapmeidl mapwkairaiickodf Tosmm, e MATMATHTH,, TDAHATO-
THelicH ¥ yaApTpaMeTareHHHe I'DAHNTH 3aHMMaT OCIMpHHe Toxd,bojee
YeTRO HAJIOREHHHE NPOIECCH perpeccHBHO#l cTammm meramopiuama (uk-
CHPYDTCA MO NOCTKPHCTAM3aIMOHHEM NpeoGpasoBaHWAM pasHOBO3pACT-
HHX MarmaTH9ecKHX HOpOIX.

HanGosee 3HaTMMHE MPOLECCH JOKANBHOr'O MeTamopdmsma (meTacoma—
TO3a) CBA3aHH CO CTAHOBJeHWeM (fopMamuy aCHCCAJBHHX MAIHe3HaTbHHX
CKADHOB (mpemMymecTBeHHO TNOCTMAIMATHYECKHX ), K KOTODOH OpHHAmIe-
KaT (UIOrONMTOBHE M JIA3YPHUTOBHE MecTOpoxneHua. [lona paseBMTHA Mar-
HEe3HMAJIHHHX CKADHOB OCHYHO CORNANAKNT C YYACTKAMM MAKCHMAJRHOR
KOHIEHTpaIMY TeJl PPaHNT-NEerMaTHTOB CHOOAHCKOI'O THIA, BCIeNCTBHE
CJM30CTH MX 1O BpPeMEHM 06pasoBaHMA M KOHTDOJMDYWNMM CTPYKTYDaM.
Tak, KpynHeillee HEeHTpPaJBHOE NoOJe, I'AF DACHOJOKEHO GOJNBUMHCTBO
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QIOrOmATOBHX MECTOPORNeHM#, KOHTDOJMDYeTCA CJAOXHOH aHTUdHODMHOMN
CTpyKTypoi#f, K cBOIOBOM YacTu KOTOpo# NpPHYpOUSHO M Hamdoaee Kpyn-
HOEe CKOIUIeHWe IpaHmT-jlerMaTiToB (pme.I)¥,

[locTMArMATAYECKNE MAPHE3MANBHHE CHAPHH palfoHa OTHOCATCH INpeV-
MylieCTBEHHO K HODMAJBHOMY (QIOromuTOBOMY) THIY MEJOYHOCTHM, 3Ha-
YMTEJBHO DeEe - K dammaM BHCOKOM mesounHoCTH (JasypHTOBHE MeTaco-
MATHTH) .

B nocnejmHMe Ir'ofH BHACHWIOCH, 4TO KpOME MATHe3MAJEHHX CKAPHOB
B paiioHe JOCTATOYHO WMPOKO PASBUTH DASHOOGDA3HHE N3BECTKOBHE
CKapHH, Ooxbielf 9acThl CBABAHHHE C MNOCT(VIOIONMTOBHME NEerMaTHETaMH.
9T0 mpexie BCEro COGCTBEHHO =K30KOHTAKTOBHE OTODOYKH TEIMATETOBHX
Tes (9MUIOBMTH); IPOCCYMAD-SIMOOTOBHE CKADHH, DASBUTHE HA (WIOTOMM-
TOBHX MeCTOpOXIeHMAX (HepeIKo MO MarHe3MaNBHHM CKapHaM); feppoca-
JUT-aHIPAIMTOBHE CKADHH, BCTpevapumecs B paffoHe MeCTODOXNEHHT Mpa=
mopoB [lepeBaj; rpaHaT-Be3yYBMAHOBHE KOHTAKTOBHE CKApHH Ha Mano-Bu-
CTPMHCKOM MECTODORICHMM J&3YyDUTA; I'DOCCYAAD-BOISCTOHMTOBHE U
KBAPI-TIONEBOMIAT-I'POCCYAAPOBHEe CKApHH CimzgHckoro (AcamoBckoro)
MECTOPORIEHHA BOJLIACTOHHATA. K oToit e BospacTHO# rpynme mpemmoNO—
KUTEJBEO OTHECEHH KJMHOIMPOKCEH-I'DAHAT-BOJIACTOHHTOBHE M HKIMHO-
NMUPOKCEH-BOJIACTOHUTOBHE CKADHH, NDPOABJIEHUA KOTODHX HOCTHIanT Mac-
uTadoB MecTOpOXIeHME. M3BeCTHH Takke M3BeCTKOBHe cKapHH (c yuac-
THEM IpoceCyiapa, KAMHOIMPOKCEHA, BOJIACTOHUTA) GoJee paHHel cra-
.

3aMeTHM, 9YTO B pasMeleHMH H3BECTHOBHX CKAPHOB NDOABIEHA HeT-
K8A 38KOHOMEDHOCTH: MX BOJUIACTOHMTCOIEDRAINE DPASHOBHUIHOCTH Hesa—
BHCHMO O THTA CKApHOB (opMEpy®RTCA TOJNBKO Cpem¥ NOPOX, conepxam
MeTamMopuecKkHe BOJIACTOHATOBHE NADATCHES3KCH.

CTpYyRTYypa M reoXOrXYecKOE
Pas3sBHTHE

Muorme ocoGeHHOCTV TI'eCJIOTMYECKOI'0 CTPOEHHA Cfmmucrcoro paiio-
Ha OpeJonpeleJieHH €ro paclHOJoReHNEM B HENOCDPENCTBeHHOX GIM30CTH
oT 30HH I'nasHoro CagHCKOIO pasioMa, ABIADMEIOCHA YACTHO KpPaeBOro
mBa Cudmpckoft miarhopmu. ITOT JMHeaMeHT 3aJIOXWICH eme B apxee H
BO BCE NOCHeIynie NepHONH AKTHBH3AIMM KOHTDOJMPOBAJ I'e0JOrmYec-
KOe pasBUTHe INpuiexameil TeppHTODHH.

% Cm. raxxe crarso J.3,Pesrmmroro.
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TeKTOHNMYEeCKAsA CTPYKTypa pailoHa npeficTamRIfeT COYETAHHE DPASHO-
BO3PACTHHX ¥ DasHOODHEHTHDOBEHHHX CHCTEM CKJIAJOK, O6pasymumx B
COBOKYIHOCTH CJOXHH# MOROKMMHODHIt, HAKJOHeHHH# K pro-sanagy
BHTAHyTHE Bross I'zasEOro CasHcroro pasmoma. [Ipem aToM cmomAHCKas
I XaHrapyJlbCKad CepHM 0o6pa3ynT CaMOCTOATENBHHE CTDYKTYDHHE Apy-
CH, TaK KaK pasjelAullee HX HecoIvlacme ABJIASTCA HE TOJNBKO CTpaTH-
rpafuyeckuM, HO ¥ MMeeT OTYeTJMBHE CTDYKTYpHEM iapam'ep. B cmo-
IAHCKOR ToJe NpeMMymecTBeHHHM DaSBHTHEM NOJB3YOTCHA CHIANKE Ce-
BepO-3anayHoro NpoCTUpPaHMA, a B XaHIapyJAbCKOit - CeBepO-BOCTOYHO—
ro. [lomoSHHe Ee pasmMuuA OCHADYREBADT ¥ CHCTEMH Da3pHBHHX Hapy-
meHut B 9THX TOJIIAX.

Msyguerme nociepoBaTelBHOCTH JODMMDOBAHMA TEKTOHMYECKEX CTDYE-
TYyp ¥ CONYTCTBYOIMX MPOLECCOB MeTaMopduaMa ¥ MAIMATESMA NO3BOJA-
DT BHIEJHTH HECKOJNBKO STANOB IeOJOTMYECKOr0 PAsBMTHA pajioHa B IO-
KeMOpHH,

[lpomsomemuee Ha pydere pPaHHErO M HO3AHEro apxed odpyluleHMe ma-
puranraiickolt craamgaTof CHCTEMH MHOIMME HMCCJeNOBaTEJNAMM paccmar-
puBaeTCA Kak Hamlosee B3HAYHMTEJNbHOe COOHTHME B IeojIOTHYecKo# mcTo-
pi Bocrousof#f Cméupm. K 5TOMy BpemMeHH OTHOCHTCH B34JOXeHHEe KpaeBo-
To mBa, odocoduBmero CuOMpCEH#t KpaTOH B Cmo—b‘aﬁmfmcxw IpoTO-
reocHHKAMHaAL., PopMmpoBaHMe mosmHeapxeifckoro GacceilHa cenmMeHTa-
MM OpUBeJI0 K HAKOIUIEHHD TeppHI'eHHO-BYJKaHOIeHHO-KAPOOHATHOH cim-—
OaHCKO# cepum,

PapRenpoTeposoiickuit HTan HavalcA ¢ OTJIOKEHNA HA DasMHTOM ap-
xefickoM yHIaMeHTe NpeMMyUeCTBEHHO TeDpEIreRHO# Xamrapyabckoll ce-
pur, llocremoBaBmas 3aTeM CKIaTYaToCTh CHIa HamdoJee 3HAYMTENBHOR
0o macmTadam IBuxeHmE M cTeneHM CTDYRTYpDHO-MeTamopfmuecko#t mepe-
cTpoiixM ofeux Toum. PopMMpOBaHME KDYNHHX CKIANOK M3rHGa CONPOBOXE-
IaJoch BOSHHKHOBEHHMEM CBOSOODA3HHX CTPYKTYP TEI'aHTCKOI'O IOPH30H-
TaJBHOrO OTciamBaHua, Hamdoaxee sHaumTeNbHOR M3 HuXx ABndeTcAa Ko-
MapcKad CTPYKTypa B HeHTpasJbHO# wacT pafioHa, roTopas odpasoBa-
Jlack NpE IOPH30HTANBHOM DACXOXIEHMM CYUWEeCTBEHHO I'HelficOBHX ToJug
KYJATyKCKO# m xaparonsckoft ceuT. [lomoCHHE CTDYKTYpPH KOHTDOJMPOBA-
J MHTEHCHBHYD CKJIAIYaTOCTh TeYeHHd, MPOABABLYOCA B BAJNE CHCTEMH
ONPOKMHYTHX M JeXaumX H3okmHaseil. 9Ta crIamuaToOCTh CONDOBORIA—
N1achk JMH30BHM OyIMHAKEM, KOTODHit ¢ Hamboasueidl MHTEHCUBHOCTED NpPO-
fABJIEH B CIOIAHCKO# cepum.

C pammempoTeposolickolf ckiIamdaToCThR OHJA HENOCDPENCTBEHHO CRA-
3aH 30HANBHHI OporpeccHMBHHIl MeTaMOpiMaM NOPOJ CHOIAHCKOR M XaH-
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rapyisckoit cepuit M BHCOKOTeMIepaTypHHII mmadTopes mapuxairaifckoro
Kommiekca.0cho CHMMETPHA MeTaMOpduYecKoR B0HANBHOCTH ABJAJACE [10-
Jloca pasBUTHA NOPOJ, CJOIAHCKON cepwm, MCHHTABNLAS HAMGOIBINE IDH-
CABATOBHE AefopMaluu.3nech pacnojarasachk I'PAHYANTOBAS 30HA MeTa-
MOp{mama, TODIAa Kak B IpuieXalX xaHrapyahkcko#t m uwapmmanraicroit
TOJNIAX YCJIOBUA MeTaMopduama B OCHOBHOM OTBedan aminGosmMTorRoit da-
mrm. B xone paHHenpoTeposoficko# CKIamUATOCTH HeHM3OEKHO BOZHNKAJM
MecTHHE AHOMAJNW NABJIeHAT B CWIy pasjwdmit WIaHOB Nedgopmamuil rpa-
Hyganyx Toym. OmHo#t M3 Takumx aHoMaymil GHIA OGJMACTE OTHOCHTENLHO
NOHMREHHOTO JIaBJEeHNA, OTBevapmas Komepckoil cTPYXTYpe OTCIAWBAHESA.
K nmepudepun sToft CTPYKTYDH NpHypoueHa GOMBIAA YACTE M3IBECTHHX
BOJUIACTOHUTONIPOSABICHNIH .

C kyasvrHammel# MeTamMopWsma CBASAHO CTAHOBJCHME KOMILIEKCA IDa-
HUTO-THeficoB (B ampmOOMMTOBHEX 30HAX) M YapHOKMTOB (rpaHyiaToBas
30H2), a HAa ero PerpecCHBHON CTANMM NpPOM3OWIO0 BHeIpeHKe Gas3MT-IH-
nepdasuTOB M 3aTeM MEeJOYHHX MHTDysHi.

CrramgaTocTh cleqyomero, CpegHempoTeposofickoro, aTama clIemoBa-
Jla HEeNOCPeICTBEHHO 34 HIRHeMpoTeposoifcko#t m Owna odycnoBjIeHa Ipa-—
BOCTODOHHEMM CIBHI'OBHMYM IBUXEHMAME B 30He KpaeBoro msa. C mosp-
Hefi momepevyHO# CRIATYATOCTHO OHAO TECHO CBA3AHO BHEJDEHHMe AJACKH-
TOBHX I'DAHMT-NIETMATHTOB, TeXa KOTODHX Goxabmell 9acTBD KOHINEHTDEDY-
OTCA BOOJE OCEBHX JIMHMI NoONepevYHHX AHTVRIMHAJNBHHX CRIQNOK. (Oue-
BHIHO, OHM MCNOJB30BAJ¥ OCJaCicHHHE 30HH DACTAREHEA B CBOJAX
ITUX CTDYKTYD.

B KOHIE CpemHero NpOTepO30f MMPOKOe DASBHTHE NOMYYHIN IPOOEC-
CH IOCTMATMATHYECKOI'0 MATHe3MaJBHOrO MeTacoMaTosa, B TOM UHMCIE
{(UIOTOIMMTO~ ¥ JAa3ypUTOOCpa30BaHNA.

HanGonee sHAUMTENBHHM COCHTHEM NO3IHeDpoTeposzoiicko#t mcTopEM
PasBUTHA DailoHa ABWJIOCH CTAHOBJIGHWE I'DAHMTONIOB GarTosmToBoit dop-
mamm (cagHckuit xommiexc). OHO CONPOBORNANOCH CRIANYATHMA Hedop-
MalmAME, MHTEHCMBHOCTH KOTODHX Ha paccMaTrpupaemofft TeppuTopME B
[ORJIOM HE3HAUMTENEBHA, HO 3aMeTHO BO3pacTaeT K mro-sanany.llpm stom
TPaHiIla [OJA I'DAHKTOB NPAMEPHO COBNANAET ¢ NPOCTHDAHMEM BTHX Ha-
ndonee mo3mHMX CHAAUOK. JoxemOpmilckoe pasBuTHe pafjoHa 3aBepIIOCh
(opMIpoBaHMEM NOCTHIOTOIMTOBHX TEIMATHTOR.

B mameosoe ¥ Me3030e pacCMATDHBAEMAS TEPPHTODHA IpeICTaBIA-
Ja codoif cTadmaeHyD ofnacThk ¢ odmeil TeHmeHmuelt k BozmEMaHUKL. B
KaiiHozoe paifioH OWn BORJe4YeH B HOBHi M cBoeoGpasHHEt TeRTOHHMYEC-
kit jponmecc - pufroreHes.PaHHAA cPamua PasBUTHA DHOTOBHX CTPYK-
TYP CONDOBOXIAJACHE MAaCCOBHMM HM3JMIHHAMM Oas3aibToOB.
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®.B.Kysuenosa, I'.B.Bonnapesa, B,A.Pycaxosa

MVHEPAILHHE ACCOLMAIIMM ¥ COCTAB MMHEPAJIOB METAMOPEMYECKMX
TOPOJl TPAHYIUTOBOR AL B KI'O-3ANAIHOM IIPYBAMKAIELE

Meramopdwuecrre mopoms bro-sanamgHoro IpuGafiranea GCONBHMEHCTEO
TeoJIOrOB OTHOCAT K HamGoJee IPeBHMM X BHCOKOMeTamopfM30BaHHHM
KOMILIeKcaM Joremdpua. Eme B I1936-I945 romax I.C.Kopmmuckmit, n3y-
Yaf MUHEDAJEHHE aCCOMMAIME B NOPOEAX STOro pafioHa, CPaBHEN MX C
apxeffickuvm nopomam® ANTAHCKOrO M AHAGAPCKOrO KDHCTALIMYECKHX M-
TOB ¥ BHUequn Iya Bocrouro#t Cudmpr emmuuft Annano-Cmomspckmit komm—
JeKC, MeTamopim3cBaHHHN B ycJoBEAX rpaHysmroBo# damum. Boaee mosi-
HMe paGOTH N0 M3yUYeHMOD MUHEDAJLHHX NapareHesHCOB B NOpOIax BIo-
sanagsoro [pubafixanes NOATBEDEIAWT STOT BHBOX.

B macrosmem ovepre OyZeT NaHa XapaKTEPHCTHRA MWHEDAJBHHX acco-
mramut B noponax rparyauroBoft dammm meramopdmsma.

[leTporpaguueckite pacdoTH MOCHAENHMX JieT, HaNpaBIcHHHe IJIABHEM
0o0pasoM Ha M3yueHNe XAMMYECKOro cocTaBa MeTaMopdudecKMx mOpom M
NOpOZOoGpasyliiX MAHEDANIOB, & TAaKXe HA M3ydYeHHe MNOCJeI0BaTENBHO-
CTH MEHEPANOOGPA30BAHMA B 3THX NODOIAX, NO3BOJMIM BHIEJMTE B HIO-
sanagHoM llpmbaftxante Tpu cyCdames IIyCHHHOCTH - AJIAHCKYD,CyTaM-
CKY®D ¥ YOrapCKyn, KOTOpHEe OHJM BIEepBHe ycTaHOBAeHH A.A.Mapakxyme-
BuM (I965) m mosmuee B.M.Kacrpurumoft (1974,1976), Jl.I.KapcakoBMm
(1973,I976) n np. A I'PaHYJIRTOBHX KOMILUIEKCOB HA AJITAHCKOM MUTE.

HauGosee pacmpocTpaHeHHHMM B palfoHe ABIADTCH NOpOJH ajanaHckof
cy6bamm metamopdmama (cCHIUIMMAHAT-IpAHAT-OMOTUT-ODTOKNA30Bag M
I'paHaT-THIEPCTeH-KODPIMe PAT-0PTOKNA308as CTyneHn). IIopojH cyTamc-
xoft » yorapcko#t cyofammit (rpaHaT-runepeTeH-CHUIMMAHUTOBAS , UMK~
HeNb-KBapneBasd X canfupiH-xBapIEBAsA CTYNeHM) NPOCAERNBADTCA B
BUJIE DEJMKTOBHX TeN B JNWHeHHO BHTHAHYTHX CTDYKTYpax-Tofgcax B Npe-
Jlenax pasBHTHA cJmoiAHcKo#ft ¥ mapumanrafickot Tosm.
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: llo xuvugeckoMy cCOCTaBy cpely Noponl rpaHymuroBoft dammmy BuHIes-
eTcqd NATH rpynn: 1) M3BeCTKOBO-CHJMKATHHE MOPONH OCHOBHOIO rOC-
Tapa; 2) YALTPAOCHOBHHE MeTAadasnmTH; 3) MOPOIH CPeNHero COCTABA;
4) xBaprcolepRalEe IepecHIeHHHe u205 nopomH; 5) KapGoOHATHHE MO-
DPOIH.

Kpome nopon, ofnelMHEeHHHX B YKA3aHHHE I'DYINH, B IO-3alaIHOM
[IpnGafixanbe HMPOKO DABBHTH MeTACOMATHYECKWE IMONCHIOBHE, KBapI-~
IMONCHIOBHE, AHNPAIUT-CKATIOJMTOBHE, BOJJIACTOHMTOBHE M JIp.TODOIH,
ROTOpHE OIMCAHH B oTnexsHHX ovepkax J,3.Pesmumxam n B.H.Bummaxo-
BHM,

I. I3BecTKOBO~-CHJIUNEKAaTHHE NOPONH
Lo« 1 - o B - 5 - 8 0 s o o SRR o (o R iR B - B - -

Tlopoms sToff IpynmH MO XMMIMECKOMY COCTaBY OTYETJMBO Dpasneld-
OTCA HA IBe NOITrDYNNH: 8) HeNOCHMEHHHE $i0, mopomH u 6) HacHUEH-
HHE W NepecHmeHHEHe S1i0, MOpOMH.

~a) HepochmenHHe SiOo NODOJH COTEPXAT HODMATHBHER HefesmH u
OJMEBMH. OTH IODOIH NpENCTaBJIEHH I'MIePCTeH-DOrOBOOCMAHKOBHMA ¥
JIBYTIMPOKCEH-DOIOBOOCMEHKOBHMI KDUCTAIMYECKIMA CJaHUAMY. PasBUTH
OHM NpeMMyueCTBEHHO B cumuaHcKo#f cepwm, rie odpasynT futacroodpas-
HHe TeJa GOJXBMOH MOWHOCTM M NPOTAXEHHOCTH. OTmeNbHHE IMACTH IIpPO-
TArMBADTCA HA NECATKM KWIOMETDPOB IO IPOCTHPAHWD IpH MowHOocTE 30-
-60 u Gojee MeTpOB.

It oTHX mOpOX ycTOfuMBH ClefyDIMe MMHEepATBHHE ACCOIMAIEH:

1) Porgg oz Wiggn0 - I"mzs-
2) Poryg 2~ Ungg 99 - - Ingg_20%)

%) [udps pazom c zeneaomamesnmmm MIHepajamMi O3HAYapnT Be-
JMUMHH BacTHOR EeJesMCTOCTH W 9THX MUHEDAJOB, IMDDPH

PAIOM C NJIATHOKNA30M — CONEPXAHHe aHOPTHTA,ONpEelNes]eHHOe ONTHYec-
KUMM MeTOnamu .MuEepan B KDYTJIHX CKOOKaX O3Ha4¥aeT - BCTPEY&ETCA B
CONBIIOM KOJIWYECTBe,KBaIpaTHHe CHOOKM — HeDABHOBECHWH MiHepa.
Cmaposm: Iln-mnarmoxnas, Por-poropas odmaska, I'mn-rmnepcrer; Jln-
" emmomcmn, I'p-rpamat, Bu-GEotwr, On-onEBEH, lin-mmiHe s, CHILI-CHJ-
JamaHAT, Py-pyTmn, Cand-candwpms, Kili-xammeBu#t noseso#t mmar,Ke-
KBADII.
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XMMIYEeCKUR COCTAB HEIOCHUEHHHX 8102 NOpPOJI XOpOomo CONOCTaBIAET—
CA CO CDEIHMM COCTABOM MEeJOYHHX OasansToB ( Nockolds ,I954), Ha
mearpamve ( Naj0 +Ko0)- S10, , mpemroxennof X.Kymo (I970) naa
BYJIKAHAYECKMX IOpOX,O0HM TaKkxe MONAJAnT B NoJe NEJOYHHX 6A3aJBTOB.

¢) HacmmeHHHe m mepeHacHueRHHe S102 mopomH cozepxat B HOpMAa-
THBHOM COCTaBe PHNepCTeH WIM kBapn ¥ renepcreH. [opomu sTo#ft mon-
TPYNIH MpeicTaBleHH NBYIHPOKCEHOBHMM, DOTOBOOGMAHKOBO-IBYIEDOKCE-
HOBHMY M DOTrOBOOCMAHKOBHMM KDMCTAJIMYECKAME CJAHNamu. B oTJmdme
OT NOpPOX MepBo#f MOXrpYNNH, B STHX NOPOJAX MOXET IPHCYTCTBOBATH
HeGoJbloe KOJHYECTBO MONAJNBLHOrO KBapla, [UIATHOKJIASH COINEDXAT MEHB-
e aEOpTHTOBO# cocraBasmmedt; demMEueCKHe MMEepaNH EMENT GOJee BH-
COKYD XeJeSHCTOCTh. B 8Ty Xe HONIDyNIy BXOZAT I'DAHATCONEpEANEE
SKJIOTATONONOGHHEe NOPOIH M CBoeodpasHHe kBapucomepxamme (mo IS
o0nemME. %) THIepCTeH-IIATHOKNA30BHE MOPOJH C OYeHh OCHOBHEM ILIATHO-
xnasom (¥ 83-90), HasmaHHHe Hamy runeprTamu (MEHepaJbHas accomma-
ma 5).

[lepeuncyeHHHe NOPOIH HMERT CJeLyolMe MAHEDANBHHE &CCOMMAIMH:
1) Tungg-Inyg g7-Iys;

2) T'mo - I[K35 - POI‘3I - ]17[45_50 - (Bﬂ);
8) Porgy - Ings 453

4) Tpgr_mmy = Porgs - Tun = Iy (KB);
5) Tmnzqg 44~ Ingg oo~ Ke.

llopoxs naHHO# MOAIpYNIH Pa3BUTH NMpeUMymWECTBEHHO B WapHxayTai-
cxoft cepum, OCOGEHHO NMOPOIH IEePBHX TpeX MMHePaNLHHX accommami,
e OHM 06pasynT IIACTOBHE M JIMH3OBUIHHE TeNa, NPOCTPAHCTBEHHO
accomuupynme ¢ SHASPOMTaMM M 4YapHOOSHIeponTamm. B caomaHcko# ce-
PR OHE 3alerapT TAKEe CPeIM SHIEDPOMTOB B BHNE DEJMKTOBHX TeJ.
TpanaTcomepramme SKIOTHTCTUONOCHHE MOPOAH M I'MIEPATH BCTDPEYANTCH
B 00eHX CEepHAX, & I'MOEDUTH ecTh M B Oe3HMAHCKO# cBmTe XaHrapyJIb—
croft cepu#. JKJIOIHTONOIOCHHE IODPOIH ¥ THIEPHTH 3aJeranT cpely IIo-
POL cyramckolf cyGfaimy IIyGWHHOCTHM, KOTODHE MNpDOCJIEXNBANTCA B pali-
OHe B BHIE NPOTAKESHHHX NOSCOB,

XuvmyecKkHe COCTABH MOPOX BTOpPOH# MOArpynnH CONOCTABMMH CO Cpel-
HUM COCTABOM TOJEMTOBHX GasamsToB (Kyeo,I970; Nockolds »1964),
Teoxmmrdecroit ocoGeHHOCTH MOPON OMICHBaeMoff I'DYNIH ABJIANTCA
TOBHUIEHRHE CONePXaHNA B HMX 2JIEMEHTOB IpYNnH xejesa (B I'/T):Huke-

aa (I00-300), xodanwsra (50-60), xpoma (200-300), Bamamma, uTO
ene doxblie PONHMT MX C MATMATHYECKMMM [IODOIAMM OCHOBHOI'O COCTAaBa.
OrHoweHme NiCo B 5TMX mopomax OJM3KO K TAKOBOMY B TOJEMTOBHX Oa-
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sansrax (Korapko,I973).

Ecom MCXOIMTE ®3 TOrO, YTO NOPONH IPynnH I ABIAWTCA OPTONOPO-
JaMP ¥ YTO MX NEePBHYHHE XMMEYECKHE COCTABH COOTBETCTBOBANH WMENOY=
HHM ¥ TOJEMTOBHM OasajbTaM, MOKHO CHeJNATh BHWBOX, 4TO MeTamopimsm
STHX NOPON OHJA MOYTH M3OXAMHYECKNM.

2. YaxrTpaocHOBHHE MeTadasuTH

JALTPAOCHOBHOT'O CcOCTaBa MmeradasuTH 00pasywT JMHB0BMIHHE TeJa
pasmepom oxono 200x300 M. B mapumanraitckoff cepum OHM mpOCHIEXHBA-
OTCA B BHme mofca (IMPUHOD OKOJMO 4 KM), BHTHHYTOTO COIMIACHO C
MPOCTHPAHMEM BMENAnmUX MOPOX B cyOMepUIMOHAJBHOM Hanpasaemum, Ilo
XEMPYECKOMY COCTABY OHM COOTBETCTBYOT IMPOKCEHOBHM IMPOKCEHHTaM
(o Hoxxoxmency). MumepasnerElt cocTaB MeTaGasMTOB:

Twn - Ox - Por - (Bm).

B Meralasmrax BUOHH CJeIH 3ajNeYeHHOr'O MHTEHCMBHOI'0 KaTakjiasa,
nomodHo mmpokcemmTaM (nepmonmram) JlecoTo, ommcanHuM .Baymom
( Boud ,I973). 9TOT KaTAKIA3 BHpPARAETCA B M3OTHYTHX mBOfiEWRax
CKONBXEHHSA B THNEepPCTeHe, B MeJKO3epHECTOR pOroBEKOBONONOGHOM
CTPYKTYDE MeX3epHOBOro mpocrpancTBa. llocrenypmes 3a KaTaxkIasoM

i Qau@ndo:m'zsam IHPOKCERNTOB NpHBEJNA XK NOABJNCHMD NofxmmToBolt

| fr, ICeBRONOPEMpPOBOf CTPYRTYPH B 3THX HOpofax. JIMRSH MeradasMToB 3a-
JeranT cpejy NOPOXN, OTHOCAWEXCA K HamGonee ruyommmof (cyramckoft)
cyodarme MeTaMopduama.

3. Iopoxuw cpefHero cocTasBa

llopoms aTolf rpynmH EMENT NPAMEDHO paBHHE OTHOWEHEA IVIMHOSEMZ
K cymme ménoveft m xanemua. Cona OTHOCATCA NMPOKO PACHpPOCTpaHeHHHE
YADHOKMTH THNA SHJAEDOUTOB, KOTOPHE N0 XHMWYECKOMYy M MEHepalbBHOMY
cocTaBy GJMSKM K CDENHEMy COCTABY THIEPCTEHCONEDPRANEX TOHANETOB
no Hoxxkoxbncy. K sToff Xe rpynnme mopon OTHOCATCA M I'DAHATCOIEDXA-
mre SHAepOMTH. [lo XMMPYeCKOMy ¥ MEHEDaJAbHOMY COCTaBY I'pDaEATCOTEp-
xaMe 3HIePOATH ABIANTCA NePEeXONHHMH K NOpOJNAM, MepeCHMeHHHM
AI05.

lmHepantRas accommamya SHIEPOHTOB: Ll

I) I‘HH43_50~ BH4I - In - Ks - (KII) = pLlUShs '

MurepansHAA accom@anysa I'paHATOBHX SHIEDOHTOB: y

2) Xoeg.m = Tangg go = Bayg ~'IIx ~ T




4, KBapucogepramue NepecHmMEeHHHNE
Al.Og mopoxXH ¢ HOPDMAaAaTHBHHM E 0 -
PYHIOM

dTa rpynma nopoX HamGOJee PasHOOGpPa3HA MO XHMUUYECKOMY ¥ MEHE-
pansHOMy coctaBy. [lo comepranmow FeO, MgO u Ca0 oHM paspensoTcs
Ha TpM TMOXIDYINH: a) XeJe3ancTHe,O6) MarHesmaiabHHe, B) odorameHHHE
RAJIBIMEM:

a) meseamcTHe Gejnbe Ca0 u MgO NOpDOIH XapakTEpU3YOTCA

Mgo:Fe oom. = 0,54-0,6I, comepxammem Ca0 ot 2,5 no 3,0%, ReO

or 5 no 8%, Mg0 ot 2 mo 4%, comépxammem Cr (r/r) 30-I20, Ni
I4-60, Co I8-2I, V I00-250, HOpmaTHBHOro kopyema ot 2,5 mo 5,8%.
B 5Ti monrpynmH BxoIAT: GHOTHT-IpPaHATOBHE ILIArHOIrHeldcw, rpaHaT-
CWUIEMAHNT SHCTATHTOBHE, I'DAHAT-THIEPCTEHOBHE W I'DAHATOBHE TI'DaHy-
JmTH. [Io cocTaBy Xese30-MarHe3MANEHHX MWHEDAJNOB W XADAKTepy MUHe-
DaNBHHX accompammit cpely 3TEX IOPOX BHIEJeHH TpH cyddarmu IIyOmH-
HOCTH: WOrapckas, CyTamcKasd M alIaHCKasd.

MmrepanbHHE accommamm uorapckoff cytdammu:
L) Upgp = O = Bearcatng e 3,20) = I = Be o (KON

MyrepanpHHEe accommamey cyramckoft cyddarmm:

2) TPog 66 ~ TMU39(AT,0, = 4,0-5,08) = 1 = Brog - B
3) I‘P64 - In (Br)- (HII) - Ks.
MrHepaspHHE accolmanuy ajifa’Hckoil cyddarmm:
4) Buyr 45 - Tggpy — In - Ka
5) Bugg_4g ~ TPeg-76 =~ TMM45-50 (AL,0, 2,6-3,2) ~ K& - (KD

lloponn worapcko# m cyramckoit cyCpamuit rayGMHHOCTH B BHIE De-
MHKTOBHX IPOCJIOEB ¥ JHMH3 IpOCJeXMBANTCA B BHAE IDOTARCHHHX [OACOB
Cpel MOpoX CJOAAHCKOR cyddamyy IIyCHHHOCTH;

6) MarHe3WaJbHHEe TOPOZH: MgO:Fe o6m, = °T I,0 mo 2,44,
¥g0 ot 5,00 no I4,00%,Fe0 or 5 mo 9%, Cad - or I,00 mo 3,93%,
HOpMATHBHHIt xopyHn or 3,60 mo I4,00%,Cr (r/t) I80-680,Fi 70-630,
Co 25-55,V 300-400. B aTy monrpyrmy BXONAT cJelylmye IODOMH:OHO-
THT-IDAaHAT-SHCTATHTOBHE I'DAHYJMTH, GHOTHT-CANGNDHH-IeDIEHNT-3H-
CTATUTOBHE TIHellcH, GHOTHT-I'paHAT-IUIEePCTeH-CHLMMAHNTOBHE , OMO~
THT-IPAHAT-CIWUIMMAHUTOBHE C DPEJMKTOBMM cANGUPHHOM B Da3JM4YHOH cTe-
NEeHN KOpAMEepUTU3NPOBAHHEE rHelficH ¥ GroTHT-2HCTATHT-IDAHATOBHE
rHeficH G6e3 CHIMMAHKTA, C DEJMKTOBHMM 3eDHamy canfuprHa.
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X¥MuuecKWe COCTABH MMHEDAJNOB, & TAKEe HEKOTODHE MWHEDAJBHHE
| accommamyy TOSBOJADT BHAEJWTH CPeI¥ NOpoX 5Tolf MOATDYNNH  TPH
. cySfammm IMIyOMHHOCTHM: YOIapCKYO, CYTaMCKyn M ajnaHckyo (HamGo-
Jiee PacIpOCTDAHEHHYD) .

MyrepaJabHHE accolpanuy yorapcko# cyodammm:

I) Can - Tepm - Ke - Iln - KMl

2) Tpgy - Tunp1_25 (AT,04 ot 3 1o 8,8%) /Kopa/ = Cna% - Iln. - Ks -
- (Kim)
MnHepaseHHE accommammu cyramckoR cyddarmu:
b TPecies ~ MMhog.u3 (a1,0, 6,006,798y = Bezeisy = Cwm = T 8

: - KB - Hill - /Kopn/

4) Bupy - Can - Tepy - SHoy = It - Ke ~ (KIII)

MuHepanbHHe accolmmamuy ajnaHckoi cyodarmm:
6) Bu - I'mn - Kopx - Hill - Ks - IIn
(. I‘pee_rre o~ (IW43) - bu - I{op:a - IIn - Ks - (HuO).

llopoms, OTHeceHHHe K gorapckoft m cyramckoif cyGdamuaM meTamMop-
(usma, ABIANTCA TAakke DEJHKTOBHMA. [IpHBeneHHHEe MMHEDaJbHHE acco-
WAy 3THX cyOdaumilt coxpaHWINCH JIMNE B y49acTKAX, He 3aTPOHYTHX
ropruepuTHsanveil. B cBA3M ¢ MHTeHCHMBHOH# kopmmepuwrusammedt odpasy-
eTcA HOBHHt I'paHaT ¢ GoJee BHCOKOR XenesucTocTeo (okoso 76%) m ru-
nepcren ( £ =43%), a canfuprH, CHUIMMEHAT, WIWHENb, SHCTATHT,BH-
COROMarHesyuaJbHHt rpaHaT HCYesanT.

B) o6oramermNe Ca0 ¥ Genune MgO MODOIH: Mg0:Fe odm_=0,34—0,'?3:
Ca0 (mec.%) = 5-I7%, Mg0- I,30-3,20%, HopmaTwBHH# KOpyHE oT I,0
no 3,042 . K aTot moarpynne OTHOCATCH MENKOSEPHMCTHE DOPOBEKOBO-
NonoGHHe I'paHAT- M I'MNepcTeHcOoXepRampe MOPONH, ofpasywimpe JMHSH
7 NpPOCHOK cpel OMOTHT-IpaHATOBHX I'HeficOB Oe3HMAHCKO# CBHUTH X
CJIAHCKO# CepHH.

MrHepasJbHHE acCOLMAam#n:

RIS T = Wigp g = I 5 63
2) Bu - TPyn_ng = Iiyg - Por - Tun - Jln - Ke

MuEepaxu
[lopomoodpasynmue MUHEDATH MeTaMOpOAYecKUX MOpol NpelcTaBIeHH

BHCOKOTVIMHO3EeMICTHME MUHEpaJaMy - I'pDaHaTOM, KOPIMepuTOM, CHIGmMMa-
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HATOM, IHCTEHOM, canfupMHOM, NMMHEABO; N3BECTHOBO —CHIMKATHHMA —
MOHOKJMHHHEMM ¥ pOMOMYECKNMMM NUpPOKCEeHamu, porosoft odmankoit; c/oma-
MA (QIOrONMMT-aHHUTOBOI'O PAJA; UIATMOKIA30M; KAJMIIATOM; KBapIeM.
M3 axmeccopHHEX MEHEDAJIOB NPUCYTCTBYOT IUDKOH, PYTWI, amnaTUT,Mar-
HETHT.

Huxe OynyT paccMOTDEHH MECTE HaudoJiee BAXHHX IJIA ONpeleseHHA
P-T ycnosmft meTamopfusma xese30-MarHe3MaJbHEX MUHEDaJOB NEPEMEH-
HOI'O cocTaBa: I'DAHAT, KODIMEDPHUT, pomOuyecku#t ImMpOKCeH, porosas
ofmaHka, OMOTHT, canfWphH.

I'pdrar

T'panaThH NMHpON-albMaHIMHOBOT'O DPANA IMPOKO DPACHPOCTPAHEHH B Me-
Tamopd@ueckux nopoxzax paftona. OHE BCTpeYawTCA BO BCEX BHISJIEHHHX &
Ipymmax Iopol KpoMe yJILTDAOCHOBHHX MeTadasuToB. I'paHaT coxpaHAeT
CBOD yCTONYMBOCTE BO BCeX BHIeNEHHHX cyddammax IIyCHHHOCTE B BOIO-
sanagnoM [Ipudaftkanre. Buaronaps nepeMeHHOMY XHMHUECKOMY COCTABY
rpaHaTH NpPOABIADNT Ce0A Kak HaudoJee YYBCTBUTENBHHE WHIMKATODH yC-
nosmft MeTamopimaMa, .

TparmaT 3 W3BECTKOBO-CHIANKATHHX

DoOpoOkxf OCHOBHOIO cOCTaBa

T'panaTconepkamue OCHOBHHE XpMCTa/UIMYEeCKHe CJAHIE THIA anosK-
JOPRTOBHX amiueoJIMTOB BCTPEYaNTCA B BHIe HeCONBIMX DEJMKTOBHX OC-
OCOGJNIeHRt B MIACTOBHX TeJjax DOroBOOCMaHKOBO-IUIEDPCTEHOBHX M IBY-—
NAPOKCEHOBHX KPMCTALIMYECKMX cJaHieB. ['paHaT B aTHX nopojax odpa-
3yeT KpynHEHe (@0 2 CM) KDHCTAJIH TEeMHO-KDACHOrO mBeTa. BOKpyr 3se-
PEH I'paHATA HAGJOIALTCA DPEAKIHOHHHEe KaiMH pDOroBOOOMAHKOBO-IHIED-
CTeH-IIarHOKJIa30BOI0 COCTABA BIUIOTH N0 O0GpAa30BaHMA MOJHHX TCEBIO-
mopfos no rpamary. Msyuemme XFMWYECKOI'O COCTaBa rpaHaTa M3 KDYNHO-
SePHRCTHX ANOSKJIOIMTOBHX aM{uCOoJMTOB BHABJAET €r'0 30HANBROE CTDO-
enme. [lo mpemBapMTesBHHM NAHHHM OeHTpalbHad 4YacTh 3€PeH COIEeDRUT
GoJbile MMPONOBOJ MONEKYJH M MeHslle rpoccyaspoBoif (radn.I).B kpa-
eBoft wacTH 3epeH yMeHblaeTcA COIEPRAHME JMPONOBO# MONEKYJIH M yBe-
JIMYUBAETCH CONEPRAHME I'DOCCYAAPOBOR MOJEKYJNH NpHM MOYTH HEMSMEH-
HOM COIEpRAHMM aJEMAHIMHA KAk B LIEHTpe, TAK M B KPAeBHX YacTAx
sepen (4I-45%).

KpoMe KpyTHOSEDHMCTHX I'DAHATOBHX aMfMGOJMTOR, BCTPEYADTCH MeJ-
KOSEDHHCTHE aMfuOOMMTH ¢ MeJKMM cyOummomopdHHM rpaHaToM, KOTOpHE
uMeeT ReNe3UCTOCTE, paBHyn 77%, H coxepxuT 62% alpMAHIMHOBOR coc-
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1 o'rasmeﬂ (radn.I). Cyma mo B3aMMOOTHOWEHWD C OKDYXAKIFMY MIHE-
~ panamn (poromoli oGwaHkofl, PENepCTEHOM, IIArMOKIA30M) IDAHAT 5T0-
. ro cocraRa SBNAETCA DABHOBECHEM, B OTJNUEE OT MAUHeSHANBHHX I'Da-
, BATOB W3 KDYUHO3EDHHCTHX DasHOBEEHOCTEeR MOPOX ¢ MX DEAKIMOHEEME

~ gaftvavm., I'paHATH M3 ANOSKAOTMTOBHX amMiuGoJMTOB MO CBOEMY XHMHEYEC—
 KOMy COCTaBy COOTBETCTBYDT I'DAHATAM M3 SRJIOTHTOB MeTAMODIHYECKHEX
. gommrercor (Codoxes,1970).

: XapaxTepHO# OCOGEHHOCTHD MAIHe3HaALHOM paaaonmocw TDPaHATOB
| W3 STHX NODOX AMIACTCA NOBHIEHHOE ConlepEamMe Cr 05 (1o 0,I7 Bec).

I'paHaTH ¥3 NOpPOX CpPeXHEero cocTasBa

B sroft rpynme mopox msyueH XuMuyecKui cocTaB I'DAHATOB K3 IHE-
nepcTeR-I'paHaTOBHX 9HIEePOUTOB annaHckoit cybdaimu rayomHuocTn.I'pa-
HAT pO30BATO-KpPAcHOTO IBeTa ofpasyeT cyCummioMopfHHe 3epHA pasme-
pom of I no 3 MM, WacTO HANOJHeHHHEe BRINYEHMAME ILIAIMOKJAS3E,KBAD-
ma. BerpedanTcs Taxme Meaxme HIMOMOpPfHHe 3epHA rpaHaTa 0e3 BRIO-
geHnfl npyrEx muHepanoB, OHE OTHOCATCA K NHMpON-AJBEMAHIWHOBOMY DA=-
Iy, HO OTJMYANTCHA OT I'DAHATOB M3 IDYNIH HOPOJX, NepecHueHHHX
AI505, GoJee BHCOREM CONE[KAHNEM I'DOCCYIAPOBOR MOJNEKYJIH (or 6,5
no I3%). EemesmcTocTs X KoJedneTca oT 69 mo 77 (radn.2).Comepma-
HMe I'POCCYAApOBOft MONEKyJH B I'DaHaTax M3 NOpoJ aJbMaHmIHOBOR
cyCfammy MeTamopiMsma HaxoImTCA B Npamoft 3aBMCHMOCTHE OT cOmepRa-—
Hra Ca0 B sTHX nopozax.

'paHaT™H U3 KBapOncojgepxamax ONepe=
. CHmMe HHHX A1203 noponxn

TpaHaT ABNIAETCA ONHEM M3 INIABHHX NOPOXOOGpasyoIMX MMHEDAJOB B
aToft rpymme mopox. MHorma ero comepzaHme mocTEraer I15-20% olne-
Ma MopojH. Pasmepd sepeH BaphUpYOT OT CYOMHKPOCKOMMYECKNX X0 I-
I,5 vm B muameTpe.

B namHomM pasgeine OyIeT JaHa XapakTepHCTHKa I'DAHATOB M3 XeJe-
S8HCTHX ¥ MATIHe3MAJBHHX DASHOBHIHOCTelt mopon. I'paHaTH m3 odorameH-
Hux Ca0 mopon GMMSKM K BHUEOIMCAHHHM I'DAaHATaM X3 NOpON TpeTheft
PpyIIH NOpPON CpemHero cocTapa, OTJMYAACh OT HEX JIENB HECKOJBKO
MOHMKEHHNM ColepxaHMeM ImponoBo#t mosexyas (oxoxmo I7%) npm BHCOKOM
coneprammu rpoccyaspa (mo I6%).

T'paraTh B3 ReJe3HCTHX M MATHE3MANHHHX pDasHOBHIHOCTeif pas-
IeJAnTCA Ha ReJesmcTHe (comepxanue ansMaHmuHa 68-70%, mupona.
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22-26%), marseamanbHue (ansMaHIMHa 58-62%, mipona 34-35%) m BHCO-
KOMArHe3nanbHHe (axsmaHmmea 45-5I%, mmpona 46-5I%). Bee rpamaTs
u3 5TOfl I'DYNNH NOPON COXEPEAT MAJO rpoccyiApa M cneccapriHa(radi.
3). Ha mmarpamse H.B.CodoneBa (I970) BHCOKOMAIHeSHaJbHHE I'DAHATH
JoxaTcAd B NoJse rpaHysmToBo# damuu. I'paHaTH cpengell MarHe3WAJbLHO-
CTH, & Tak®e XeJie3MCTHEe DaSHOBMIHOCTH I'DAHATOB NONAJanT B IOJE
aufméommroBo#t famm meramopdmsma (pmc.2). ;

BuneseHHHe DaSHOBHMIHOCTH TDAHATOB TI0 XMMIYECKOMY COCTABY XO-
POIIO CONOCTABJIANTCA C I'pAHATAME M3 MOPOX rpaHysmaToBo#f dammn meTa-
MopjmaMa AMNAHCKOI'O WUTA (?.hpa;tymes,l%s; Kapcaitos,1973; Kacrpe-
xuHa,1976). llopoms, comepxamme xeiesMcTHe rpadara ( £ =70-76%),
COOTBETCTBYOT aljyiaHckolft cyddammy IIyCHHHOCTH,IODOIH C MarHeaualb-
HEMA rpaHaramu ( £ =62-66%) - cyramckoit cySdamuu. IlopomH ¢ BHCO-
xomarsesuansHuu rpagaramu ( £ =47-55%) comocraBaanTes ¢ nopoja-
Mp yorapcroi#t cySfammm - Haudojee DIyOHHHON Ha ANNAHCKOM mMATE.

BunesJeHHHe N0 XMMWYECKOMY COCTABy I'DAHATH pasMuanTCA TaKKe M
MO pANY IPYyTHMX NPU3HAKOB. lieJleSMCTHe I'PAHATH MMENT PO30BYD MM
(MOAETOBO-PO3OBYD OKpacky. Topma MX 3epeH OCHYHO GJM3Ka K MIMo-
MOpfHO}#, BROUEHHMA COCTOAT M3 OKDYRADIMX MHUHEDAJIOB (mamomaaa.
KBapna, GHOTHTA).

T'paHaTH MarHesWaJbHHE X BHCOKOMATHE3MAJNBHHE OCHADYRUBANT IDH3-
Haxm GoJjiee CHORHON MCTODMM 06pa30BaHMA KaKk caMuX MMHepaJoB, Tak
B CONEpXAUMX ¥X NOpOX. [IpexNe Beero OTYETJHMBO yCTAHABJMBADTCA JIBE
TeHepalmy I'paHaToB. I'paBaTH NepBoif reHepamuu (HauGoJee MATHe3HANb—
HHE) COXpaHAOTCA B BUJIE DEJNEKTOBHX 3€DSH C BIIOYEHHAMA CHIUINMAHN-
Ta, 3eaeHoll mImMHesw, pyTMAAa ¥ w3penka candupuEa. OGHYHO OHM odpac-
TapT WK NOJHOCTEH 3aMmemanTcd UIMOMODIHEM WM CYCHIMOMODQHHEM I'pDaHa-
TOM BTOpo#t reHepamuu. Ilom xymoit rpaHaTH IBYX reHepamiit MOXHO OTJH-
YUTH 00 nBeTy. PaHHuit rpaHaT uMeeT GypOBATO-PO3OBHII MM IHMYATO-
posoBHil IBeT, a rpaHaT doNee NO3IHEN - OpaHEeBO-PO3OBHI WM OpaH-
ReBO-KpacHHI.

llocToAHAHE YaCcTO OCMIBHHE BHJUEHAd CWUIMMAHHTa B 3eJeHO# nmm-
HeJH B IpaHaTe IepBofi MeRepalf sSBIANTCA NPOLYKTAMM pacnajia Nep-
BHYHOI'O BHCOKOMAIHE3MAJEHOr'O IpaHara. bojee NOJHYD KapTHHY CTDYK-
Typ pacnaza rpaHaToB NepBoif reHepampy MOXHO Hal/moIaTh JHIE B NOpO-
JIax, OTHOCHTEJABHO YHEeJeBIMX OT NOCJHeNynIX MeTamMopfiuecK:mX npeos-
pasoBaHmii. Takume NOpONH CHIM BCTpPeYeHH Ha lEHOM IoGepexbe Baitkaia
oim3 llamanckoro meca. B oTHX mopozax rpaHaTH NpPOPACTANT INeHIPUTO-
NONOGHHMA IMyYKAMM CWLIMMAHUTA, JHGO MDOHM3AHH TOJNCTHMM WTVIAMM CHJI-
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JuvaHnTa. C BHemHe# CTOPOHH 3epHA IpaHaTa 3aMenanTcA DIMHO3EMAC—
TEM 2HCTATHTOM. OOHYHO HaGmomanTCs JMUb (parMeHTH 2TOr'0 3aMeme-—
HHA: SHCTATMT C MIJIAMM CIJUIMMAHMTA, I'DAHAT C UIVIAMM WM MySKaMu
CIUIMMAHNTA M 3eJeHO# WIMHeJbD B IEHTDE 3€pHA.

Eme pexe coxpaHAOTCA CTPYKTYDH paclama TIpaHaTa nepBoli reHepa-
IMA B YCJIOBHAX NocJenyoue# xopimepuTHsamuy. B HaYaJBHYDL CTAIM0
3aMeleHna IpaHaTa co CTPYKTYDaMu pacraja KODIMEDHTOM MCuesaeT
9HCTATUT, HO COXPaHANTCA CHUIMMAHAT ¥ WNMHeNb. BOKpyr rpaHara
PasBMBaDTCA KailvH M3 CHMIUIEKTHTOB KOpIMepHTa ¥ GoJiee ReJesHcToro,
HO elle IVIMHO3EMICTOr0 I'MoepcTeHa, JmOo KalvH U3 KODIMEpHTA C BHJIO-
YeHMAMM Menkoil seJsienot mnueesd. [IpE MHTeHCHBHON KOpImepHTH3aINH
o0pas3ynTca NCeBIOMOPHOSH MO IPAHATY M3 KODOMEDHTa ¢ SeDHAMM WIn-
HeJlm W CWwLTMMaHuTa. ONHOBpEMEHHO C KODIMEepHTH3amyeil WHOrma pac-
TeT HOBHit xejeswmcTH#t rpaHaT ( f£-76%), DRBHOBeCHHIl ¢ KOpHHepH-
TOM.

Ha roppedAIMOHHOM I'paduxe, HOCTPOEHHOM Ha BeJMUMHAX XKeJesHCTo-
CTH BMEMAlUMX HOPOA ¥ I'PAHATOB YETKO BHIEJM/IICH YeTHpe NoJd Ipa-
satoB (puc.3). B mose I-I 060COOHHCH BHCOKOMAIHESHAJNBHHE IDaHA-
TH. CoelMHAwNAA UX CPeIHAA JMHMA yKasHBaeT HA cJaadyn 3aBHCHMOCTH
ReJIeSNCTOCTH HTHX I'DAHATOB OT XEJEe3MCTOCTH MATEPHHCKEX IOPOI.
Bmi3Ky® KapTEHY IanT Takke IDaHATH cpejHedl marHesmamsHOCTH (moie
[-11). HenesucTHe I'DAHATH OCHADYEMBANT GOJIEE UETKO BHPAXCHHYD NDf-
Myl KODPeJAIMOHHYD 3aBHCUMOCTL MERIY BeJMUWHAMM EEJE3UCTOCTH I'pa-

' HATOB M comepmammx ¥x nopox (moxe ). Ocodoe mone (I¥) odpasynT
I'pDaHATH M3 MATEHCEBHO KODIMEPHTH3MDOBAHHHX NOpOX. B sToM caydae
KOpIMEPHTHZAIMA CONPOBOXIAETCA POCTOM I'paHATOB NOBHMEHHOH Xexe-
3MCTOCTH. :

OGHapyxmBaeTcs TaKKe XOpouas ofpaTHaA KODDEJNAIMOHHAA CREASE MEX-
Iy XeJe3UCTOCTEN I'DAHATOR I COlepzammeM B Hmx Cry0z (pmec. 4 ).
Ha sToM rpadwre rpasaTH TIpyNIMpybTCA B IBa NoJd. HuxHee moje 00—
pasynT meJesMCTHe rpasaTH ( £ =70-75%), a BepxHee moze - Marge-
3MaNBHHE ¥ BHCOKOMAI'He3MaJbHHe rpaHaTH. [IpM OIMHAKOBON OTpHIATENB-
HO# KOppeJAIMM MarHe3MaNbHHE I'DAHATH COJEDPEAT JoJblie °r2°5 3

lloponH, colepxamMe PEeJMKTH BHCOKOMAI'HESMAJBHOI'O I'paHaTa, OTJIM-
4apTCA THIMYHON rpaRyaMTOBON CTPYKTYypoil. I'oxyGo#t xeapnm B HEX cJa-
raeT JJIMEHHE IUIOCKHWe JMGO BepeTeHOBMIHHe JIMH3H. Jopma 3epeH BHCO-
KOMATHE3HMAABHHX I'DAHATOB COIVIACYETCA ¢ SHJEeMEeHTaMM pace/aHIeBaHWA
¥ DpasBaNbIEBAHEA B NOPOJAX: BHTAHYTHE WHYPH ¥ MJIOCKME JMH3H.Immep-
CTeH KDPHECTAJUM3YeTCA B BHIe MOHOMIHEDANBHHX arperaToB BJOJEH KBap-
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UeBHX JMH3. [IarmoxiasH BO BMEMADIMX NOPONEX TAKXe HECyT CIemH

WHTeHCHBHOH mIacTudecko# mefopMamym: IUIABHO HM30THyTHE IBORHMXH,

WHOrZda IBOUHWIM CKONEEEHMA Ha (oHe Mcuesammix Gojee DAHHMX IBOH-
HUKOB, MBOTHyTHe Napa/UIeNBHO C NBOMRMKAMA IIArMOKIA38 AHTHIEDPTH-
TOBHE BPOCTKM KaJuuTIaATA.

Koprnmepnur

HoprmepuT ABIAETCA pACIPOCTPAHEHHHM MMHEDAJOM B IDYIIE KBADI-
COMlepRalMX IepeCHmeHHHX A1203 IOpOX B HMX MarHesHaJbHO! pasHOBHI-
Hoctm. Ilo okpacke mpeodiazanT OaeNHO-QHOJIETOBHE DPASHOBUIHOCTH
KODIHEPHUTA .

OnTudeckue cBolicTBa MMHepaJa IOBOJBHO OXNHOOOpasHH. OcoleHHO
MOCTOAHHH BEJMYVMHH ToxasaTenell mpenomnerus ( Ng - 1,549, §p -
1,539). MeEOrouMCNeHHHe SaMepH yIVIOB ONTHYECKHMX ocelt B Kopmmepm—
Tax BHABMIY HMHTEDECHYD 3aKOHOMEDHOCTEH. Bce KODIMEDHTH K KTy OT
Boasmoro CafHCKOTO pasioMa MMEDT NOJORMTeNbHHIE 3HAK 2V , a Kop-
INeDHTH H3 [OpPOJ, 3ajJerapiiMX CeBepHee STOI'0 pPasjioMa HMEDT OTDH-
naTenkHHit 3HaK yraa 2V ., [Ipm 9TOM BeJWYNHH YIJIOB B TeX H JIDYTHX
nopofiax OCHYHO OINWHAKOBH (74-78°). Toxmsko KOPIOEEDUTH N3 DEJMAKTO—
BHX TOpOX dorapckoi cydfamum B CawisHCKOIl cBUTe manT HeycToium—
BHE BeJWuMHH yraa 2V (or +67 no +85°).

Xuvmdeckuit cocTapR KOpIMEDPUTOB M3yyeH HenmocraTouHo. MmeeTcsa
Joub OfMH aHayms (Tadn. 4) , yxasuBapumii HA ero BHCOKYO MAIHES3V-
anpHocTs ( £ =I6,7%) 1 HeOOH'IHO BHCOKOE CONEDXAHMe BOIH.

Kopnmepur BemeT ceGf KAk HEPABHOBECHU MEHEpaa B acColMammax
C BHCOKOMATHESMAJBHHMM TI'pDaHaTami, SHCTATHTOM, cangupuHOM, OHO—
TrTOM. Bee oTH MEHepasiH B TOl WM mMHOt Mepe 3aMemainTCA KOpPIMepH-
ToM. 0COGEHHO MHTEHCHBHOW KOpIMEDUTHIAIMA NOLBEpranTcs I'PaHATH X
BHCOKOIVIMHOZEMUCTHE 3IHCTATHTH, canfupuH. Hadimonaercsa Taike 3aMe—
lleHne KODIMepMTOoM OCHOBHOIO ILIArHOKIA3a. B nopomax, MeTamopduso—
BaHHHX B YCJOBMAX alNaHCKO#l cy6@aimu IVIyOMHHOCTM, IIe ReJe3UCTOCTH
rparaTa okxoxo 70-76%, KOpIWiepHT He OCHADyXMBaeT OTYETJHBHX MpU3-
HAKOB HepPABHOBECHOCTH C I'DaHaTOM.

PomMméuuecKkune NHEpoOKRCEHH

PomGHYecKue IMPOKCEHH ABJANTCSA UMPOKO pacIpOCTPAHEHHHMN LIHe-
pazavy. OHM BcTpevdawTcs B NOPOJAX OCHOBHOI'O M CpeJHErO cocrasa,
a Takke BO BCeX PasHOBUIHOCTAX BHCONOIVIMHOZEMMCTHX TNOpox. Kexe-
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BNCTOCTH. POMOMYECKNX NHMPOKCEHOB B OCHOBHOM 33BACHT OT COCTABa BMe-
manmux Nopoxn. I'MOepcTeHH, BOSHAKAKIME IPA pacnale BHCOKOMAI'HE3M—
@JBHHX TI'paHATOB, UMEDT HU3KYD ReNe3UCTOCTH, HEe3aBHCEMO OT XeJe-
BHCTOCTH COIepXAIMX WX nopon (odp.I, Tadn.4).

T'mnepcTeHH M3 NODPON OCHOBHOI'O M CpPeIHEr'0 cocTasa B mrydax Oy-
PHEe WM OJMBKOBO-GypHe. Ilon OMHOKyJIApHO# Jymo#t - mpospadvHHe ,YHC—
THe. [IEOXpOM3M IMIEPCTEHOB M3 9TOf IDYyNOH MOPOX OTYETJIMBHE, HO
He WMHTEHCHBHHI. B moponmax, HeIOCHIEHHHX 8102 , THIEDPCTEHH MMenT
HU3KYD XelXe3ncTocThs (0Kojo 29%) ¥ HeCKONBKO MOBHIEHHOE COJEpXa—
Hie Al,0q (oxoxo 4%). B Gonee KMCHHX, HACHIEHHHX 810, nopogax xe~
Je3UCTOCTE MX NoBHmaeTcd mo 35%, a colepxaHme AI203 CHHEaeTCH J0
I,30%.

TunepcTeHH W3 IPYNIH NOPON CpeaHero cocrasa (sHAepOWTH) HMEDT
eme Gomee BHCOKYD XedesmcrocTs (45-50%) npm comepxammm AI504 -
2,6-3,2% (radn. 2 ).

Juis mopon OCHOBHOI'O ¥ CpelHErO COCTaBa BHIEDRMBaeTCA OTpHLa-
TeJbHAA KODPeJAMA MeXIy coIepRaHMeM aHODTUTOBOR MOZEKYJH B Ijia-
THORJA3e M XeJe3UCTOCTHD COCYymecTByDmero ¢ HEM I'HIepcTeHa, mOImMe-
wennaa H.I.Jodpemosum (I970).

PomGirgeckre MIPOKCEHH W3 KBADHCONEDEANMX NepecHmeHHEX Al,Og
mopox GJM3KM IO cocTaBy OpoHsuTam (odp.I m 2, Tada. 4 ), comepxa-
HEMe IUmHO3eMa B Hux 3,2-5,6%. HamGoiee BHCOKOE COJE[XaHWe AIZO3
¥ HH3KAafg XKEJeBSHCTOCTH B POMOMYECKHX NHPOKCEHaX HalmoraeTcs B Mar-
HesmansHEX nopozax (o6p.3 u 4, Tadn. 4 ). [lo cBOEMy COCTABY OHE
OTHOCATCHA X BHCOKOTJIFHO3EMHCTHM SHCTATHTAM. JTH NHMDOKCEHH ofpasy-
OTCA B pesyJbTaTe pacnaja BHCOKOMATHESHANEHOr'O I'DAHATA HA BHCTA-
TAT + CWLIMMAHHT, JHMOO HA SHCTATHT + TeDOWHMT + CaNfMpHEH.

CanpupmH

Canfmpur o6pasyeT MeJkMe yIAWHeHHHe 3epHa (He Goxee 0,5 MM mo
pmEHofk ocm). ComepmaHMe ero B nopome KoxeGreTcs OT eJUHAYHHX 3e-
peE mo I-2%. BuecTe c 3epHamMy OypOBaTO-3eJeHOR NIMHENH H HIMOMOD~
(HEMM 3epHAMHA DYTHJIA OH o6pasyeT NATHUCTHE M JMHSOBEAHO-NOJOCHATHE
060COGJeHAs CPel#l MeJKO3eDHHCTOH KBapH-INIArHOKIA30BOJ OCHOBHOM
MaccH. Mspenxa HadmopanTcd KaemMKH canfWpwHa BOKDYT NMEHeIN. HHOr-
Ia OH 00pasyeT BKIWUYEHHMA B CHOTHTEe, THIEDPCTEHe M eme pexe B I'pDaRa-
re. B mrydax canfupwe He BuneH. [loxm aymoft mmuHE B-candupUHOBHE
000COCAEeHNs ONpeNeNAnTCH N0 3el]eHOBATO-Troaydo# okpacke. Canfupus
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IJIEOXPOMPYET OT APKOr'O 3eJeHOBATO-I'OJy0oro mpeTa no Ng 1o Gaen-
HOI'O XeJITOBATO-DPO30BOTO IBeTa 1no KNp, no ocw Nm -Gaenuuit, 3enero-
BaTo-roxydoit. KoHcTanTu cangmpuma: 2 V = Fp 54°, c:Fg = 69
Ng =I,7I4, Np =I,708. llokasaTesp NpEJOMIECHHA CBUIETEJNBECTBYET O
TOM, YTO campUpuH OTHOCHTCH K MarHe3WaJbHOH pasHOBHIHOCTH.

OcHOBHas macca canfwpHHa M WIMHENM B mopome o6pasopajach 3a
CueT rpaHaTa NpM NOJHOM ero 3aMemeHNH MEJIKO3ePHECTHM canfupuH-
UNUHeNb~IUIArHOKNA30BHM arperaToM, B KOTOPOM JHUE M3pPenKa MOKHO
BCTDETHTH DEJMKTOBHi rpaHar. CandMprH pasBEBaeTcd Takxe No GHOTH-
Ty. Ilpm aTOM MO OTHENBHEM JMHEHHHM 30HaM KIET NOJHOE paspyleHne
BHCOKOTHTAHMCTOT'O OMOTHTA ‘Cc o0pasoBaHuem Oe3BojnHOR accormmanum:
WMIHENb-CanPUpIH~-DYTHI-KICJH{T NIarnoxias, MspelKka KBapll ¥ OpTO-
KIas-NepTeT. BwecTo OMoTHMTA CTQHOBUTCA yCTOWYMBHM B mopome (uro-
romuT, B KOTOpOM MOYTH BIBOE YBEJMUYMBAETCA colepxaHne gropa (o6p:
6, Tabn. 4 ), mOHMEaeTCH COIEpEAHMe BONH, YMEHBHAETCH COIEpFRaHWe
TuTaHa. CandupHH CTAHOBNTCA HeyCTOWMMBHM BO BpemaA Nociexmyomeit
KOpIMepUTH3aIyK. B xopmmepuTcomepEauMx MOpOJAX canfMpEH BCTpe€a-
eTcA JMub B eIUHWYHHX PeJMKTOBHX 3epHax. Hadmonmamich CHMIUIEKTH-
TONONOCHHE CpacTaHMA canfWpyHa ¢ KOPIMEDPHTOM, BO3HMKUFE B De3ylb-
TaTe 3aMemeHus canfUpyHa KODIUCPUTOM. .

VMaygeHne MMHepaJBHHX IapareHesnCOB [O3BOJAET NpednoaaraThb,4To
NMOpoNH, COoNepxamue candupnH, BO3HMKJM MO 30HaM, rae PT yciaomma
cyramcroit cyoamm mocTHMrasM CBOEI'0 MAaKCHMANLHOIO 3HAUCHNS M IpUG-
JIMXAJMCH K YCNOBMAM eme GoJee BHCOKOTEMICpaTYpHO# M IiIyGuHHOR cyo-
damm - uyorapcko#t (Kapcarom,I975, Tmedopumxnit,1976, KopmkoBckwuit,
Kucaaxopa,I975).

BErorTunrH

XapagTepHo#f 0COGEHHOCTEK cOCTaBa GMOTHTOB B IODPOKaX IPaHyIMTO-
Bolt fawm B wro-sananmHom llpuGaitxanse ABRIAETCA WX BHCOKAS TUTAHHC-
TocTh. ComepxaHue Ti0, B Hux roJednercss oT 3,35 .10 6,I5 Bec.%,npe-
o6nananT cojepxaHua 4-5%. HamGosee TMTaHWCTHC GHOTMTH TOJ, MIKDO-
CKOUOM MMEeRT MHTeHCHBHYI KPaCHO-GYDY0 WJM OpaHreBaTO-KpACHYK Ol-
pacKy.

Kax BumHo us rpagwxa (puc. 5 ), GONBUMHCTBO GMOTHTOB OTHOCHT-
cA Kk (UoronuT-aHENTOBOMY pAny. CocTa®B GHMOTHTOB BC MHOIOM SaBUCHUT
OT COCTABA BMeNlanIEX NOpoX. BHMOTHTH ¢ HM3KOil XeJe3UCTOCTED cojep-
XaTca B oforaumeHHHEX MarHMem noporax. (uHaKo 5Ta 3aKOHOMEDHOCTEH He
BCeIJa BHIepXuBacTcA, OCOCEHHO B NOpPOIAX CYTaMckoil M 4yorapcroit
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cyOdamuit PIyCMHHOCTH, THe M OoJNee XeJesHcTHe MOPOIH CONepXaT
MarHe3uaJbHEN OMoTHT, GmuskkE mo cocraBy x quioronmty (Hanpmmep,
o0p.5, Tmadn. 4 ). Hamdonee MarHe3maJibHHE GHOTHTH COJIEDXATCH B ac-
COIMAIMKA C BHCOKOMAIHESMANBHHMM I'IEPCTEHOM ¥ I'paHaTOM. OGHYHO
COCyueCTByDUMe I'MIepcTeH M CMOTHT HMENT OJM3KHEe BeJMYMHH EeJesHC-
TOCTM. BUOTHTH M3 mopon cyramcko#ft m yorapckolft cyodammii rayGuHHOC-
TH MMEDT CaMHE HW3KWe 3HAYeHus xejesucroctd ( £ =II-29%). Omm or-
JMUanTCHA HUSKUM COIEpHAHMEeM IJMHO3eMA, BHCOKMM CONEDRAHMEM XpoMa,
BHCOKMM cojiepxaHueM (Topa., BuoTUTH M3 mopon axjaHckolt cyddammm
TIyGHHHOCTH Gosee xeJesucTHe ( £ = 35 — 45%), oHM conepxaT
GoJsle uaoj. Ha rpafuxe (pmc. 5 ) oHM JORATCA B IONE AHAAT-
cunepofumuTa. Oxkpacka CMOTMTOB KpacHOBaATO-Oypad WM 3eJIeHOBATO-
Oypad.

ConmepxaHyne IJMHO3eMa B OCHOTHTAX MAJO 3aBMCHT OT IMIEHO3EMACTOC-
TH COIepXauMX MX nopol. EeJe3uCTHe NepecHmEHHHE IJIMHO3EMOM NODOIH
comepraT HAuOOJEe BHCOKOIVIMHO3EMHCTHE GMOTHTH, HO NEepecHueHHHe
TJIMHO3EMOM ¥ oCoraleHHHe MATHHEM IOPOJH COIENXAT CHOTHTH NOHMREH-
HO# IVIMHO3eMHCTOCTH, IIpM CHMXSHMM CTeleHM MeTamopdMsma HameuaeTca
yueHblleHHe CoIepRanua Si0, B OMOTHTAX M yBeJHYeHMe TeTpasIpuwyec-
goro amommema (puc. 6 ), 4TO NOATBepRNaeT NaHHHe E,H.Ymaxopoit
(1970).

[lpn moBHmeHMN cCTENEeHH MeTamopd#ama B GHOTHTAX NMPOHCXOMNT TaKxe
YMeHBlleHNe COIepRaHuA re+2 ¥ yBeJMueHEme KoymdecTB Ti , Mg , Cr ,
3TO corJacyeTcd ¢ BHBOZaMM Ipyrux mcciaemoparese#t ( Engel a.o,I960).

Porosue o6MAaHKHN

Poropne 0oGMAHKE OPUCYTCTBYRT JMIL B IIODOJAX OCHOBHOI'O COCTABA:
| ~ J0r0BOOOMaHKOBO-IMPOKCEHOBHX CJ8HIAX M aNosKJOTHTOBHX amiméoimTax.
| B uryfax poroBHe OOMAHKM TeMHO-3eJIeHHE, NOYTH 4YepHHe. Ilreoxpoupy-
| BT B OJMBKOBO-OYpHX TOHaX.

‘ B radmvne I npHBeNeHH XMMMYECKNe AHAJHM3H TpPeX DPOrOBHX o0Ma-

; HOK, B TOM YHMCJIE M3 ANOSKJIOIUTOBOIrO ampubosura. Ilo xmvmyecKoMy

) COCTAaBY POT'OBHE OCMAHKM OJM3KA K TAKOBHM H3 I'DaHyJMTOBHX (armit

| meramopiusma (CoGosneB, Koctok,I970), OmHakKo OTJMYAKTCS OT HAX GO—
flee BHCOKEM COJepEAHMEM cyvmapHoro Al (mo 2,75 (GOpMyNBHHX eIMHAI)
¥ OCOGeHHO Gosee BHcoxmM Al (0,7I-I,0I). PoroBie OOMAHKHM OTJH—
YapTCs Takke OoJee BHCOKO# MarHeswalnbHOCTED M TOHMREHHHMM 3HaYe-
mmm Pe*? (ocodemmo 06p.I m 2, Tadn. I ). [OBHUEHHHe CONEpRAHNA

o
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Al0; , Naj0 , Mg0 u cr205 B 9THX DOUOBHX OOMaHKaX OOBLACHARTCH.
BO3SMOXHO, NOPWHAIVIEXHOCTHEO MX K ANO3KJIOIHMTOBHM amfudonmram,

OIMCAHME MAPUPYTA

Touxa I pacrnosomeHa B HavaJe II7Z2 ;v aBroMoGHIBHOR IOpOrH
Wpryrcr-Ynas-Yna. B nmopoxno#t BHeMre OCHAXEHH aANOSKIOMTOBHE aM-
(ucomnTH CoONAHCKOR CepHE ¢ KPYNHEMM DEJMKTOBHMM 3epHAMM T'DaBaTa.
Boxpyr rpapaTa o6pasypTcA KaiiMH CHMIUIEKTHTOBHX CpaCTAHME TUIATHEO-
RJasa ¥ I'MOepcTeHa, HHOra - poropoft odMaHkyM. MHOTHe 3epHa I'paHa-
Ta NOJHOCTHD SaMelleHH MJIArMOKJIAa3-TUIeDPCTEHOBEHM AUDEraToM ¢ odpa=
30BaHMeM CBETJHX KPYTJIHX NCEeBIOMOPHO3, OKDYXeHHHX mmpokoft kafhoft
73 KDYNHHX sepeH poropolt odmaHkm. OCHOBHaA Macca NMOPONH MMEeT I'M-
nepcTeH-IarHoKIa3-poroBooomarkoBuft cocraB. Kpynene sepEa porosoft
OOMAHKM OKDYRCHH CHMILIGKTHMTAMN M3 Iiarmoxnasa (B 70-80) u rumep-
cTeHa.

PeJuxTOBHe SepHa rpaHaTa OCHADYEMBAnT 30HAJNLHOE CTpOEHMe. B
HeHTpanbHOR 4acT: STHX 3epeH IpaHaTr MMeeT 0oJee MATHCSMANBHHE
cocraB. Xuvmdeckmit cocraB rpaHaTOB IpWBeXeH B Tadmmne I , Opu Omi-
CAHMH MUHEDAJIOB MeTamopdiiuecKHX Nopox pailoHa.

Touka 2 pacnojoxeHa B IODOXHOM BHemke Ha JeBOM ckioHe p.lloxa-
Ouxu, Oxu3 llamaHckoro MHca. B oGHamemmm mopon ComomAHckoff cepmn
Had)mJaeTcs YepeNOBaHEE I'DAHATOBHX M I'DAHAT-IHIEDCTEHOBHX I'DaHy-
JUTOB C CWIBHO DASDPYyUEHHHMN OHOTHT-I'DAHATOBHMM TIHeltcamu, comep-
RalUMy PEeJIMKTOBHE MPOCJOM M JWHBH I'pasaT-IENepCTeH-CHILIAMAHNTOBHX
PpaHyJUTOB, B pPasyMuHO#t CTeNeEM ROpIMEDHTH3NPOBAHHHX.

MarepecHoft 0cOGEHHOCTED NMOPOX ABJAAETCH Ccolepzaumiics B HMX BH-
COKOMarHesMansHH{l rpaHaT, XeJesUcTOCTH KOTODPOrO KoaediaeTcA oT 53
B I'pAHATOBNX IpaHyimTax 1o 47% B IrpaHaT-IiNepCTeH-CIUMMABNTOBHX
rpaHyaMTax. B rpasaTax HaGMONEOTCA CTPYKTYPH pacrnaja Ha cHumMa-
HET ¥ SHCTATHT.

I'paHAT-rENepCTCH-9HCTATHTOBHE I'DAHYJIUTH ABIADTCA Hamfolee BH-
COKOMeTaMOop{M30BAHHEMA Topoiavu B paffoHe. OHM OTHOCATCA K CyTam-
cxoft cy6@ampm rayouHHOCTH, o A.A.Mapaxyuesy (I965), ycnoBua meTa-
mopfmsma KOTOpO# ONSHNMBADTCA: Podm = 9-10 xGap, - T=900-1000°C.

Toura 3 pacnosoxeHa Ha JeBowm Gepery CioIAHKM B 3 KM BHIE ee
ycThA. 3nmechk o0HaxeHH GHOTHT-IDAHATOBHe IHeitcn ComonaHcko#ft cepmm,
OTHOCAUMECH K XeJe3ucTo#f PASHOBMIHOCTM KBADICOASDEAIMX NepeCHueH-
HHX IJIMHO3EMOM NOpoN. 2TH NOPOIH MHTEpPecHH TeM, YTO B HUX BCTpe-
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'qan-rca rpaHaTH ABYX reHepaimil, oTpaxapu#e CMeHy YCJOBME MeTamop-
Gmava. I‘panar I Gonee marHesmansHu# ( N -I,754-1,760, uro coor-
 BETCTBYeT ~ 47%). 9T0T rpaHar - pesukTOBH#i. OH COIEDEHT OGHMIB-
HHE Bmmqem CIWUIMMAENTA M 3eJieHo#t mouHesm. Qopma 3epeH rpaHa-
Ta yLIMHERHAA JuOo JmH30BHMIHaA. I'paHat Il gBnseTcA Hamdonee pac-
NpOCTpaHEeHHHM MMHEDAJOM B TOpoxe,’ cocTasaad mo 10-ISF odsema mo-

- pond. I'padar II odpacraer rpasar I m odpasyeT OCHIBHHE paspoO3HeH-

. HHe mmmomop(HHe sepHa. HeseascTocTs rpasara II - oroxo 65%.

- Jlpyrue nopomoodpasypijie MAHEDAJH B 3THX NOpojax: ILIATMOKJAS,
KBapy, OMOTHT, Ramuumnar. [rarmowknas NpECYTCTByeT B IBYX IeHepaipl-
. ax. [lnarmoxnas I - KpynmHHe NedopMUDOBAHHHE IUIACTHHH C AHTHNOEDTH-

. TOBHME BpocTkamy kaymumara. [lrarmorzas Il - MeJkme SepHA ¢ OTHYETIH-
BHME JBO#HMKAMM W Ge3 aHTHNEPTHTOBHX BpOCTKOB. I[lnarmornaz I co-
nepxur 35-40% An , a muarmoxnas II 30-35% An, Keapnm Gesmft mum
ronxydosaThit, YyacTo B BHIe YIJMHeHHHX JuH3. HesesmcrocThk GHOTHTA
xosedaerca oT 32 mo 4I1%.

Touxa 7* pacnonoxeHa Ha JeBOM Gepery p.Tayolt, B 3 i Bume ee
yCThA, T'Ie HaxXONATCA JBe JaSypUTOBHe Komu. B ommo#t m3 Hmx, pacno-
JoxerHo#t B I00 M oT ypesa pekm ¥ npejcraBiAnue# codoft TpaHmen ray-
OuHo#t oxono 7 M, B cepemmHe XIX Bera M3BECTHHM 3HATOKOM Rexp Cnom-
pr T'.M.[lepimxuee 6uno noduro 40 mymos (640 xr) sasypmra. Bupador-
KM COXpaHAJMCH HeTpOHyTHMM no I972 ronma, xorja OHIM pacumueHH X
W3y4YeHH 3aHOBO.

JaaypuToBas MEHepaJHM3aImiA JORANM30BaHA B HeHTpassHO# HacTE ro-
pH30HTA KaploHATHHX nopol CimondHckofl cepuM, comepmammX MeJKHe Te-
Jia JaMupoJ¥poB, MOHIIOHMTOB, I'DAHHT-NEIMATHTOB M JMONCHI-CKANOJHETO-
BHX MeTacoMaTHTOB. MomaocTh ropusoHTa Gonee I00 m, nameHme nopox
- KpyTOe Ha CeBepo-BOCTOK. Boibilas 4acTh paspesa KapGoOHaTHHX [O-
pOX NpencTaBieHa B pasHoff cTemeHM CKADHMPOBAHHHMM KANBIMTOBHME
¥ KaJbBIUT-IOJOMHTOBHMA Mpamopamu. B Mx cocTaBe yCTaHOBJIEHH Kajb-
IMT, DOJOMAT, IMONICHX, (OPCTEPHT, (WIOrOIMT, UMNWHENH, CKANOJHT,DO-
roBasg OoOMaHKa, TPEMOJMT, IJATrMOKIA3, SIMIOT, CEpNEeHTHH, ANaTUT,
IMpKOH, c(eH, pyTma, KBapn. JOJOMATOBHE MpaMOpDH OOCpASYRT OTAENE-
HHe cJjom MomHocTsR I-8 M. 9Ta pPasHOBMIHOCTE NOPOX odorameHa Ipa-
(uToM n cepoli.

B [Ipudafixanbe Ja3ypHTOHOCHH' TOJNBKO CJOM JOJOMHTOBHX upauopon.
cojieprame GyIMHMPOBAHHHE MeJKMEe TeJa I'DaHHTOMAOB, I'HeflcoB, ckrap-
HOB MAIMATHYECKOrO sTana. JMONCHMIO~JIasypHTOBHE M {MIOrONMTO-JIA3y-
pmonuE MeTacCOMATHTH OCHYHO pa3BMBAWTCA HA KOHTaKTax CYIEH aJoMo-

¥  Omicamme A.B,TarapmroBa. ¥



CUJIMKATHHX IIODOJ ¥ NOJOMUTOBHX MpamopoB. Hepemko aasypuT szamenma-
8T CWIMKATH B CKADHUDOBAHHHX CYWECTBEHHO IOJOMETOBHX MpaMopax.
Ilpomecc Ja3ypuToOGpAa30BAHIA CONPOBORIAETCA NEpeKpucTamsameit,
KaJpIUTA3ampell JOJOMHTOBHX MpaMopoB ¥ IPMBHOCOM CTDOHIMA B HOBO-
06pa30BaHHHA KAJBIMUT.

Jazypur odpasyeT TIHe3N0OOpasHHE ¥ JMHIOBUIHHE CHOIMEHMA,O00HY-
HO He IpeBmmamimue I-2 M B TomepeyHuke. [lpeodiajaer BrparIeHHHI
TUI MWHEpAJM3aIlM, B CIVIONHHX Maccax MMHepal BCTDEYaETCHA DEeIKoO.
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B.H.BuunaxoB

KAPBOHATHHE ¥ KAPBOHATHO-CWIMKATHHE IOPOIH KI'0-3ATIAITHOT'O
ITPUBAJKAIET
MECTOPOLJEHUE LEMEHTHHYX MPAMOPOB "IEPEBAI"
CIIONAHCKOE MECTOPOXJIEHVE BOJTIACTOHMTA

B paspese noxemdpua Kro-3amamsoro [Ipudafikanes (cimomaHcKas M
XaHTapyJIbCKAA CEephi) KAapOOHATHHE ¥ KAPOOHATHO-CHJMEATHHE MODOIH
cocTaBIAnT Okoa0 50%. OHE IDOCTATOUHO DPa3HOOGPASHH 1O IBETY,CTDYK-
Type, TeKCType, XMMUUECKOMy ¥ BelleCTBEEHOMy cocrapam (radm. 5,6
puc. 7 ).

I'1aBHEMM TOPOIOOGPASYRIIIMYI KOMIOHEHTaMK Topon seiaswrca Cal,
Mg0o , sio, , 002. OcTasbHHE OKMCJH COCTaBIANT NOJM OPONeHTa,pel-
KO TepBHe OpomeHTH. Jimre B GoraTHX anaTUTOM KBapI-IWONCHIOBHX NO-
porax couepmanme P205 nocruraeT 20,5%. B nesom Bce pasHOBUAHOCTH
MeTamopfueckux KapOOHATHHX M KAPOOHATHO-CIWMKATHHX IOpOX o6pasy-
0T JBa PANA: MarHe3MAJbHHI # M3BECTKOBHII (pmc.'7 ) ¢ LMpOKAM Ima-
NIa30HOM KOAECaHWl B CONEDRAHUAX KPEMHERNCJOTH.

BHCOKOKPEMHACTYIO YACTH MarHesWalbHOT'O pANa IPelCcTaBIADT KBADI-
IMONCUIOBHE MOPOIH, OCHEeIMHADIME UMPOKYD TamMy DasHOBMIHOCTeH oT
IHMONCHIOBHX KBADIMTOB Yepe3 MOHOMHHEDAJbHHe IMONCKIOBHE IOPOIH
0 pasHocTell KaNBIMT-IMONCHIOBHX. B 3aBMCUMOCTN OT Hadopa MNHepa-
JIOB M TX CONepxaHmil mopomH mvenT OeJHii, cepoBaTo-GCetuit, ToxydoBa-
To~-Oeauit, roxydoif uBeT, MACCHBHYO W/ TOHKODUTMUYHYD TCKCTYDY.
llepBan xapakTepHA LA HOYTY MOHOMMHEDANBHHX IMOICHIOBHX Pa3HOBUI-
HocTell, a NocJelHAA CBOMCTBeHHa NMONCHIOBEM H amnaTHT-IHONCHIOBHN
KBapouTaM. IIo KpymHOCTM 3epeH MOPOJNH MeJKO3epPHHCTHE, DeXe CcpelHe-
sepHucTHe. JMONCHI NpelcTaBXeH KpailHuM MarHe3MaabHHM “JISHOM DAZA,
a anatnr - (Qrop-anatuToM, Ilopomy srolf rpynme B KyJATyKckolff u mepe-
BanbHOR CBATAX COCTABIAKT OKOAO 5% cymssapHOl MOIHOCTM pa3pe3oB.
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Kasemmdmpy n $opCTEPHTOBHE MpAMODH GHBADT GEJHME, XeJTOBATO-
OenHnit, pexe roaysoBaTO-CeNHMM, MEJKO—- K CpefHeSepPHECTHME, HOJOC-
YaTHME, WHOTNA MACCUBHHME. Kansmmr-marmesmambhufi ( Mgo mo 3,5%),
YaCTO- BRINYAET SKCCODIMOHHHES BPOCTKM IOJOMHTA pasmrdyHO% dopmu.
QOpCTEDHT HWBKORENEe3UCTHI, OGHYHO OKDYREH TOHKMME IHOTCHIOBHMA
kaitsavm. Pemxue vemyiikm dutoromuTa GeclBETHHE WIM YYThH SOJOTHCTHE.
limrHess GecrBeTHas, CBeTJIO-Cepas, IHMYATas, CBeTJIO-CHUHAA, 3eJeHad,
GnrenHO-(HONETOBAA, GISIHO-pPO30BAS, KpACHAH.

Hamprmdup ¥ GOpCcTEepUTOBHE MPAMODH UMPOKO DA3BUTH B paapesax
KyJNTyKCKOM#, NepeBanbHOll M Oe3HMAHCKOM CBET, COCTABIAA B HAX JO
50% MOmMHOCTM KapOOHATHHX Mavex.

MpamopH IOJIOMMTOBHE CBO#CTBEHHH paspesy Ge3HMAHCKOE CBMTH.ITO
OeJiHe, HeDeIKO ¢ CEpOBATHM OTTEHKOM, CpPeIHe~KPYIHOSEDHMCTHE I'Dy-
dononocyaTHe NOPOJH. MuHepaJH-IpAMecH He XapakTepHH,. uame IPyIuX
MUHED&JOB BCTpEYacTCA rpagur.

MpaMOpH KaJbIPIT-I0JOMUTOBHE M IOJOMUT-KAJLIMTOBHE 06Da3ylT B
COBOKYIIHOCTN KAK OH CBA3YWNYyHL I'DYNIOY MeXIy MarHe3UMAJBHHM H M3BECT—
KOBHM DAIaMi Nopon. BcTpevawTess BO BceX YeTHpex cEuTax lro-3anan-
Horo [Ipwdaitrkanes, HO He MMENT B HUX IOMIHMDYOIEro 3HaveHmsa. Kane-
IMT-NOJOMUTOBHE MpaMODH IO MUHEDAJBHOMY cocraBy CJM3KR K Mpanopam
(ransmmivpam) dopeTepEToBHM. MM cBodlcTBeHEH napareHesuC IOJIOMUTA
M KaremuTa ¢ (OpcTepuTOM. B IONOMIT-KANBIMTOBHX Mpamopax OGHYeH
IMONCHE, BIech BHAUMTENBHO DEXe, YeM B HOPCTEPHTOBHX KaJsmadupax,
BOTpevacTCA IMMHeNb. Comepmanyc Mg0 B xamemitax 2,5-3,5%, uacTH
5KCCOJIOIAOHHHE BPOCTKE HOJOMKTA.

KapGoraTHO-CcIUMKaTHHE NOPOINH H3BECTHOBOI'O PAIA NpeICcCTaBISHH
NopoJal¥ KBapU-KANBIFITOBOrO cocTaBa. Ha JOKaNBHHX ydYacTKax IO HEM
Pa3BHBANTCS NAPATUEHS3UCH C BOJLIACTOHMTOM, B o6eux Ipymmax Iopojx
HAGOJAnTCA TIOCTENeHHHe MEepPeXONH OT KANBIMT-KBAPLEBHX DI BOJLIAC-
TOHUT-KBAPIEBHX [OPOJ]] K KBADLUEBHM N BOJLIACTOHMTOBHM Mpamopall.dTo
deJle, roxydoBaTo-0elHe MeJIKO-CPeIHe3ePHUCTHE MacCHBHHE W IDy-
donosocuaTHe NOPOAH. BCTpevanTca OHR B KYATYKCKOE M NepeBaJbHOM
cBrTax. bosee moxpoGHas XapaKTEDHCTHKA BOJIACTOHHTCOIEPRAUMX MO-
por OyIeT naHa npu omrcaHuy CioIAHCKOIO MeCTOPORICHHA BOJIACTOHV-
Ta.

MpamopH IMONICHIOBHE M KAJLUMTOBHE ¢ JMONCHIOM - IOJyGoBaTO-Ge-
JHe WI¥ OeJHe, IPYyOoNoJocuyaTHe; NepBHe NPEKUMYleCTBCHHO MEJKO- X
CpeIHe3epHUCTHE , anpue ~ KpYIHO-I'MIaHTO3epHHUCTHe. Jv cBoMCTBeHEH
npocTok MUHepasbHUit cocTaB. O0e DasHOBMIHOCTH MPaMOPOB TECHO ac—
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. COIMMPYOT IpPYyr ¢ IpyroMm, o6pasyd B COBOKYNHOCTH MOWHHE KAapGOHAT-
- HHe Tauky. K omHOi# ¥3 TamuMx navyex NPUYPOYEHO MECTODORIEHHE LEMEHT-
HEX MpamopoB "llepepaxn”.

lpavopH IMOICHIOBHE - 3eJgHOBaTO-GeJHe U Do30BHe. Omm cBoficT-
BEHHH pasHEM cepusM (mepBHe - XaHrapyieckoff, BTOpHe - CIOIAHCKOH
cepmM), HO EMEDT MHOIO OCUMX YepT: MAHepaibHWH nm xummdeckmit coc-
rap (radn. 5,6 |, puc. 7 ), NONOXEeHNMEe B DUTMIMHO-IMRIMYHHX Hadopax
HOpoJ. 3eleHOBaTO-OeJie MpDaMOpH OXOTHO NepecIanBapTCA B paspese
¢ IMONCHIOBHMM I'Heficamm (KpHCcTaLTO-CHAHIAMA), & DOSOBHE MPaMOpDH —
C pPOroBOOOMAHKOBO-IIIPOKCEHOBHMY KPHCTAJIOCHAHNAMEA. COOTBETCTBEHHO
JIAONCHI 3eJIEHOBATO-CeNHX MpamopoB MeHee xesesmeruft (mo I0-IS5% re-
IeHCepruToBOft MONEKYAH), UYeM posoBux (casmTh).

JlocTaToOuHO ONHODONHHE IAYKK KapOGOHATHHX WM KapGOHATHO-CHIE-
KaTHHX Topon B paspese Kro-3amammoro IlpnGaliransa pemxm. Boxee
XapaKTepHO TOHKOEe MM rpydoe INepeclaWBaHWE PASJHYHEX [0 MarHesH-
aJbHOCTH ¥ KDEeMHEKMCJIOTHOCTH NOpOX, COYETaNIMXCA BIOJHE 3aKOHOMEp-
Ho. HadmomaeTca ompelelleHHAs NPHYPOYSHHOCTE KAPGOHATHHX NOpPOX K
TeM WM VHHM DasHOBMOHOCTAM I'HeltcoB. Tax, mMpamopH rpafuToBHe THA-
roTenT K I'pafuTcolepmamyMm CHMOTHTOBHM IHelfcam, MpaMOpH MarHe3Waib-
HOI'0 DANA — K UX IVIMHOSEMMCTHM DASHOBUIHOCTAM, & KapOGOHATHO-CH-
JHKATHHE IOPOMH — K KBADIMTOBHIHEM OUOTHTOBHM I'Heltcam. KoHTaxTH
MERIy KapOOHATHHMI, KapOOHATHO-CHIMKATHHMM ¥ ANIOMOCHIMEATHHMI
nopomamMy OHBaWT Kak De3KMMA, Tak ¥ INOCTeNeHHHMA, MMEDIUME BHAIX
4acTOro TOHKOI'O HepecjamsaHmA. Mapxupyomee 3Ha4YeHNWe B NAYkax EKap-
GOHATHHX NOPOX MMEKT CJIOM, OCOrameHHHe KBapIeM, IpafuToM,Ccyrsdu-
JavMy WM UTHIHEJH0,

MecTopormenue mpamopos "llepepan”
(Touxa Hadmomenmsa 6 Ha pmc. I )

MecTopokIeHNe DpacHoOJOXeHO Ha Bomopasnete pex Iloxadmxa u Cum—
IfAHKa, B Npelelax HuxHell MONCBATH NepeBajlbHOR CBUTH, NpelcTABISH—
Hofl 37eCh NMpPENMYNeCTBEHHO CpeNHe-IHTAaHTO3eDHUCTHME KAMbIATOBHMA
MpaMopaMy ¢ HWSKUM COIepEaHWeM MuHepasoB-mpmMeceit. IltacTH HMBKO-
MarHe3MaJbHHX MpaMopoB MomHOCTHsR 40-60 M pasmelieHH CJIOAME MpaMo-—
POB ¥ KaJbOMpHpoOB (OPCTEpPHTOBHX, IHONCHAOBHX, MPAMODOB IOJIOMAT-
KaJIBLMTOBHX ¥ KaJbIMT-IOJOMHTOBHX. BCTpEvYanTCA CJOM KBaDI-IHON-
CHIOBHX NODON, MpaMOpOB KBAPHEBHX M rpafmrconepmammx. Hs marma-
THYECKNX NOPOJ OTMEYANTCA MaJoMmomHue Jafikm ¥ XWiH racdpo-zmacda-
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30B, TpaHMT-IerMaTHTOB, B TOM UMCIEe M NOCTIOTOMUTOBHX.

O0nekTOM OTpPaGOTKM HA IIGMEHTHOE CHDBE ABIANTCA KaABIMTOBHE
MpauMopH ¢ cofiepramHmer Mg0 1o 3,5-3,8%. IlonyTHo paspadaTHBAnTCH
KaJBIUT-IOJIOMITOBHE M NOJOMMT-KAJNBIMTOBHE MpDAMOPH, HCHIONEL3YEMHE
LA NonydeHuA WedeHKH.

KanpmmT HMBHOMarHe3MaJbHHX MpaMopoB rosydoll, romysosaTo-GeJmit,
GeJit. Ilpmponma roxydoil oxpacku He yCTAROBJEHA. KpucTalld KanbijTa
doraTH NOJMCHHTETHYECKNMMM IBOfiHMKaMM, comepmaHme Mg0 B KaJabOATe
cocramzer ~ I,26 Bec.%. OTHesEHNe KDUCTAJLIH KAJBIOUTA NOCTHTANT
I0-I5 cv B nomepeuHuke. PocTy CTONB KPYNHHX KDECTANIOB CIOCOOCT—
BOB&JM KAK CYWECTBEHHO KANHIMTOBNE COCTAB MDAMODOB N HM3KOE CO-
IepRaHMe B HUX MWHepaJoB~-Ipmieceil, TAK ¥ pACNOJOXeHNEe MecTODPORIE—-
HUA B 30He OTHOCHTEJBHOI'O NOHMKEHHA JIaBJNeHNA, CBA3aHHOrO ¢ fopuw-
poBanueM Komapcroit CTDYKRTYPH I'MIAHTCKOI'O OTCJIAMBAHINA.

CinAHCKOe MEeCTOPOXIeHNe BQJIACTOHETA
(Toura Hadmomemma 4 Ha puc. I )

MecTopoxmeH1e BoJMAcTOHMTA N0 p.CimigHre OCHADYXEHO aBTOPOM B
I97I romy. PacnomomeHo OHO B 2 ¥M OT I'.ClOOAHKW B Npefesax KBapi-
xapdoraTHoll mavxy BepxHe# momeBUTH KyaATyxcko#l cuTH (puc.8).

Crparurpafuueckuil paspes MeCTOPORISHUA HOCTATOYHO DASHOOGDA—
3eH ¥ B0YaeT BCe IVIaBHHE IDYIIH MeTaMopdiueckux nopon pafioHa.
BosnacToHETCOMEpRANME IOPOXNH OCpasynT HYeTHPE CJORHHX [LIacTa Cpeli-
Heit cymmapHo#i MomHOCTED OKONMO 32 M, OHM NPUYPOYEHH K MAJOMArHe3W-
aJBHHM YaCTAM paspesa M Haudosee YACTO ACCOIMEDYDT C IMOICHIOBHMYI
KaNBIMOIPaMy, KBADI-IMONCHIOBHEMI [OPONAaMM, KANBIMTOBHMI Mpamopa—
MH.

B TeKTOHNMYECKOM OTHOWMEHMN MEeCTODOXIEHME DACIONOXKEHO B CEBEPO—
BOCTOYHOM KpHUIE MPONOJBHON AcCAMOBCKOR CHMHRINHAMM, ZedopHIIpoBaH-
HO# HamomeHHO# momepeunoft IlepeBanbckof cTpykTypoit. B pesyabrare
DOPONH MCIHTHBANT NpoNe/iepoodpasHuit n3rnd, mMes HOpMANBHOE 3aje-
TaHMe B WRHOH YacTWm MeCTODORIEHMA M ONPOKMHyTOe — B ceBepHoi. -
POXO DA3BUT B DA3JMUYHHX TOpoXax OymwHam. BuoTuTOBHC THejicH I po-
T'OBOOOMAHKOBO-IIMPOKCEHOBLE KPACTAMIOCHAHIE O dojee KOMIEeTEeHT-
HEMM, 8 MPAMODH ¥ KANBIMQUDH - IIACTHYHHMN Toponami. Maxcumanb-
HHe JUIMAH OymuH B mwiaHe jocturanT 200-500 v, a pasipdr MX COCTaB-
aget mo I00-200 wu,

V3sBepxeHHHE MOPOIH HA MECTOPOXISHMY NpekCTaBJEHH NalKamy MOH-
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.nonmon. radépo-1radasoB, MeJEMMM XUlaM¥ IDaHWT-IerMaTHUTOB M Ner-
| MATMTOB. B KOHTaKTax C HuMI HadoNanTCs MAJOMOUWHHE (mepere cm)
mom,t MATHE3UANEHEX ¥ M3BeCTHKOBHX CHAPHOB.

"~ Bo/uIacTOHUTOBHE NOPONH, kpome BoJacTommra (I0-65%), rambmmra
' (3-657), mroncmpma (2-38%), xeapma (mo 27%), comepzar amatur, OO-
| leBHe WNATH, DPyOHHe (IMpPHT,MAUHETHT, JOIMOHMT) M BTODWUHHE (Ipym-
[IH MOHTMODWJUIOHWTA) MUHEDAJH, CYMMADHOE CONEDPXAHWE KOTOPHX OGHU-
"HO He mpeBmmaeT 1-2%. JMUe B HeHTpaJBHON YACTH MECTOPOXNEHHUS BTO-
| PMYHHE MMHEDAJH N0 BOJLIACTOHUTY COCTABAANT ~ 90%.

| BoaaacTOHMT B CBERMX KpUCTALIAX GeCHBCTHH, Xapak-
" repusyeTcs BHCOKOR umcToToff (Tada. 7 ).

. HKaxnsnpom T OGesuit, TomydoBaTo-CeJHit, colepRaHue MgQ B HeM
- cocrasaaer 0.I-0.2%; mapranern, THTaH M XeJe30 NPAKTHYECKH OTCYT-
| CTBYWT.

. JIuomncnpn OCecupeTHH, OTHOCHTCA K KpaliHeMy MarHe3uanbHO-
| My WIeHy pAna IMONCHI-TeleHGepruT (Tad.n B

| Ha samamHoM ¥ mxHOM (UIAHTAX MECTODORICHMS NapareHESHCH C BOJ-
. JIACTOHMTOM 0[O NMPOCTHPaHM CMEHANTCHA KBAPI-KAJIBIMTOBHME ACCOIHa-
| AV, EMEDIMMM LIMDOKOe pAcIpoCTpaHeHWe B mpegfetax Kro-3amamgHoro
 NprGaitkansa. O6pasoBaHMe BOLIACTOHWTA - MUHepada aduccofOCHOTO U
. HeOOHYHOTO MIA I'paHyJuTOBOM (famm meTamopdusma, CTAJO BOSMORHHL
. Ha JaHHOM yYacTKe OJarofiapd JOKAJbHOMY NOHEEeHNmo P " PCOZ'

: O0yCIOBIeHHOMYy (OpPMHADOBAHNEM 30HH WHTEHCHBHOT'O dyma:xa Ha pTane
. IJaBHOE (asH CKIANYATOCTH.

K 3s0He BoLnmacTOHHTA, TATOTENT MHOTHME NIDOABIEHHS H3BECTKOBHX
CKADHOB, TAKEEe HENaBHO OCHADyREHHHe B pailoHe.

Ha MecTOpORIEHMN DA3JMYANTCS IBA TUNA M3BECTKOBHX CKADHOB:KOH-
TaKTOBHA ¥ I'He3noBuii. [lepBHe B BuOe MAIOMOUHHX 30H (2-5 cm) Had-
JIJANTCA N0 KOHTAKTaM J@eK IIArMOKNIA30BHX MOHIOHMTOB C BOJLIACTO-
. "HNTOBHME TOpOIAMM, & BTOpHe 06pasypT meakme (mo IO-I5 cv B mome-
PeuHMKe ) JWH3H W IHe3la CPeIy BOJIACTOHMTOBHX TOpPON 6es BHmMOlM
. CBA3H C KaRMMM-JMO0 MarMaTWYeCKMME O0pas3OBaHUAME.

Moymue MeTacOMATHYECKNE KOJOHKH IO KOHTAKTaM MeJAaHOKpPATOBHX
MOHIIOHMTOB C BOJIACTOHMTOBHME HOPOIAMM FMEDT BHL:




00 i £ 3 4 5 0
Mono- | Oxonockap- | OxosocrapHo-| Crapa | Cxapr | CkapH Kansimr-
HUT HOBaf NP~ |Bag NOJEBO- |MMPOK-| IDaHa-| IMPOKCEH-| BOLIACTO-
MeJa- | pOKCEeH-IO-|UnaT-mMpok- |ceH- | ToBwi |xaisimro-|HHTOBas
HOKpa~- | IeBOWNaTO~ | CeH—-8MMII0~ | T'paHa-|c mi- | Buii nopona
TOBUil |Bag Topoma|ToBag mopona TOBHI{ | poKce-

HOM

lns 30HH 5 xapaKTepHH HEMOCTOAHHAA MONHOCTEL ¥ COCTaB. JTO HOI—
YepKHBACTCA He TOJBKO KOJNeOAHWAMH COJEepRaHui kKaanmyTa, JHONCHZA,
HO U NEpeMEeHHHM COCTaBOM MocyenHero. ColepmaHue reneHOCPrETOBOM
MOJEKYJIH B IWONCHIe KoJedneTcA OT HyJA BO BHeimHell yacTH 30HH IO
I0% B ee THIOBOH uacTH.

-+ Tpanar 3ox 3 u 4 memaxnil, KPeMOBOrO IBeTa, COJEPKUT OKOJIO 755
rpoccyiApa B 30He 3 1 okoao 72% - B soEe 4, [MpOKCeHH N3 3THX Xe
B0H NpexcTaBaeHH muoncumavu ¢ I0f comepxaHmeM reneHOepruHTOBOR MO-
Jexyns, CocTaBH COCYWECTBYOIMX MIHEpPAJOB NMPEBENEHH B TadumIe g*.

THesnosuit THI M3BECTKOBHX CKADHOB MMeeT vame BeEro NONeBO-
maT-KBApI-I'PaHaToBHi cocTaB. I'paHaT IpelAcTaBiacH OCCIBETHEM I'DOC—
CYJApOM, MMEHUIMM MHOLIA CJas0 POo30BaTHil W 3eJieHOBaTHE OTTEHOK,
a nmpoxceH - muoncmuom ¢ I10% comepxaHmneMm releHGePruUTOBON MONEKY-
JH, XmmrdecKue COCTABH MPWHEDAJOB IpEBEeNeHH B Tadmine I0 .

B mycroTax BHIeJa4YMBAHMA BCTDEUCHH paHee He H3BeCTHHE YA pail-
OHA MHHEDAJH - TayMAcHUT ¥ IECMAH.

HamGonee BepoATHO, YTO STOT THM H3BECTKOBHX CHADHOB I'@HETHYIEC-
KI CBA3aH C NOCTEMOTOMMTOBHMY NErMaTHTaMK K ABIASTCA KOHTAKTOBO -
MHOIWILTPAIMOHHEM,

B saximoueHne OTMeTIM, YTO BOJTACTOHUT, IHOTCHI-BOJLIACTOHNTOBHC
KOHIIEHTpaTH, a Takke HeoforaueHHHe pynH ComoigHCKORO MeCTOpORIEHIA
BOJUIACTOHNTA LPUIONHH IIA IpoM3BoyicTBa (apdopa, (amHca, ruaasypeil,
OGJMIOBOYHHX IUIATOK M XPYTHX Kepammiecxix mame.ml.

* Mlepecuer aHaMM30B NpoMzBEIeH C yUeTOM IpUMECH KBapma B Npose
K-54-Ir - 1,5 %, B mpode K-54-1- r' - 0,5%.
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JI. 3. Pesannxuii

MUHEPAJIBHHE ACCOLMALIY MATHESHAJBHHX CKAPHOB
CIIOIAHCKMX @IOTOMMTOBLX MECTOPOENEHMA

. QroronUTOBHE MecTOpoRneHmMA CUNIAHKM Kak Kraccwueckult oOnexT

"' nerporpado-riHe paJOTMYECKNX KCCJAeNOBAHNI M IDAPOIHHIT MIHEpaJoIu-

| YecKmit Mysel WSBECTHH OKOJIO IByX cToieTHit, B oTeuecTBeHHO# m 3a-

| pyGexmoil NMeuaTH TNepBHe AHAMM3H CJONAHCKAX MUHEDAJOB NOABMIMCEH ele
. B goHne IB-ro Bexa. Yxe Bo BTOpo#t moNoBMHE I9-r0 BeKa BHIAIMMCH

. pycckmm muHepasorom H,H.KoxmapoBEM IpoBeleHH CHCTeMaTHYeCKMe MC—
. CJIeNOBaHMA KpUCTaIOrpaduy NpeKpacHo O6pa30BaHHHX MMHEpPaJoB (uio-

. PONMTOBHX KW, BOllequMe B ero MHOroTomHnwe "MaTepnaiH mia MMHepa-
~qoryu Poccun" (IB52-I877) u " Materialen zur Mineralogie

~ Russlands " (I854-1886). Torma xe MOABIANTCA NEPBHE CBEJICHAA

| 0 reoJOrMM MecTOpoRIeHE pafioa. OcOGeHHO MHTEHCHBHO MUHEDAJOIO-

1 neTporpafueckue MccaeNoBaHMA mpoBomwmick B 20-50-x romax Hamero
| CTONeTHSA, B CBASH ¢ paspenkoll W orpadoTkoif UIONONMMTOBHX MECTODOR-
. TeHuit.

1 CoryiacHo OCWeNPUHATHM ceffyac BO3I3PEHMAM, (UIOrOIMTOBHE MECTODPOR-
i Zerns CIONSAHEM MOXHO paccMaTpUBATEH Kak aGMCcaJbHHE MATHE3MANbHKE
crapun (Kopmusckmit,1955; Kapuwos,1968). Tenesmc (UIoronuTOHOCHHX

| MEPOKCEHOBHX NOPOL ¥ CAMOrO (VIOTOMMTA B TeucHHMe MHOTMX JeT ABJA-
eTes NpeIMeToM OCTpHX JEcKyccmit (CymproB,I1928; Ihimnerko,I930;

" Kasmmme,1939; Kopzumckwit,1947; BapadaHos,I954; Kammme m PoreHcoH,
:195'?; Emsapren,1959; lvaknu,1962; Pesnunknit, Bacunnes,I97I; Pes-
Hwmxu# m oap. ,I977).

. Onnako, HecMOTpA Ha CYMECTBeHHHe DACXORNEHHA B IeHeTHYeCKO

' TpaKTOBKe NpOLECCOB, BHIEJEHWE THIOB (UIOIONMTOBHX MECTOPORICHMUI

‘¥ pachpejiesieHMe B KJIACCHIMKAIMOHHHX CXeMAaX DAaSJIMYHHX MeTacomaTh-
TOB OKABHBANHMCH AHAJOTWYHHMY,IOCKONBKY OCHOBHBAJMCH HA BIOJHE Oue-
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BUIHEX Pas/OryeAX B MODHOJNOTHH, CTPOEHWMH ¥ JIHTONOTO-CTDPYKTYDHOM
HoyoxeHn) (UIOTCIMTOHOCHHX Ted. [0 COBOKYNHOCTH NDHSHAKOB ceftuac
MOXHO BHIEGJNHTE KOHTAKTOBHE CKADHH MarMaTHYecKo#f crammm m TpE oc-
HOBHHE T'DYINH NOCTMATrMATHYECKMX CKADHOB. B YHCIe NOCHSTHHX:

I. BoHansHHe TeJa ¢ CONDAREHHHM paSBUTHEM anoKaploHATHHX N
anoamoMOCIIMKATHHX CKAPHOB, 3ajerapijie B KOHTakTaX COOTBETCTBYD-
HMX IOpOX.

2. CrapHupOBaHHHE OCHOBHNE KDMCTAJUIOCJAHIH,

3. Cexymme ("TpemmHHHe"), (OTONMMTOHOCHHE RWIH JIeCTHUYHOTO TH-
na.

KoHTaxTOoOBNEe MaAarHeszmalbsHHE CEKa PHH
MarmarniecKO#f ¢Tapnmmu - Hepemxas, HO He3HAUMTENE-
Had B O0bEMHOM BHDaXeHNH I'DyNNa Mopon. OCHYHAS M3BeCTHAS HA GONB~
UMACTBE (VIOTOMNTOBHX DYIHWKOB DaSHOBHIHOCTL — MaJoMOmEHE (mo me-
IMMETDOB) Tella 3€JMeHHX IHONCHIATOB 10 KOHTAKTAM T'PaHUT-TIeIMATHT OB
CJOIAHCKOTO THIA CQ CJOMCTO-NOJOCUATHMA GEJHMH KAJEIMT-KBADI- 0~
NCHNOBHMY NOpOnmamu, [IpaBuibHAA B30HAJBHOCTE B 5K30CKADHAX OTCYTCT-
ByeT, HO Pe3KO NPOABNEHO CHEIMPAIHOE H3MeHeHWE COCTHBS BKDECT OTO-
po¥eK: IyCTO-BeJeHH{ ¥ KOHTAKTa C TDAHUTOMIOM THONCHIAT NOCTENSH—
HO CBEeTJIEeT, MEepexofd B HEMSMEHEHHYD GOKOBYD IODOALY. 9TO BH3BAHO
NOCTEeNEHHEEM M3MEHEHWeM COCTaBa IMONCENA, MPEeMMymEecTBEHHO yMeHEe-
HMEM WEJOYHOCTH ¥ odme#t xexesmcrocT: (pmc. 9 ). B xBapm-KamsmuT-
AMONCHIOBHX IOPOZAX BCTPEYADMTCA YYACTKM, MHTEHCHBHO HACHIECHHHE
TPaHMTORTHHEMA NDOXAJIKAMA, NpPHOCDeTADUMMK OCIMK "3DYNTEBHHX Gpek-
" ¢ xapaxrepHO#t 30HaNBHOR OKpacKofl GIOKOB-KCEHOMUTOB JHONCHIO—
BHX TIOPOX, B HEKOTODHX CXeMax BHIEJSBIMecA B OCOOHHE MODHOIOIO-Te—
HeTHYecKHi THO MeTacOMATHTOB. :

VHOrO poma OTOPOUKM 06pasynTCs B MATMATHYSCKYD CTAIND B KOHTAK-
'Tax TpaHMTONIOB ¢ GeJHMH CYyIeCTBERHO KANBOUTOBHMY MpaMopami. 3TO
SOHKM APKO-DOSOBHX NEDPEeKPHCTAUIM30BaHHHX MpAMODOB, IOCTENeHHO (B
mHTEepBaNe 5-40 cM) mepexoIAmEe B GeJmHe TMOPONH. JeJeHH# KIMHO-
I¥POKCEH, CMeHALWMH GesHit THONCHI MpaMOpOB, KOHIEHTDHDYETCH ¥ KOH-
TakTa, & KOJMYEeCTBO ero 38BHCHT OT COCTaBa MpaMOpoB. lIpm 3aMemerRmn
HA3KOMATHESHANBHHNX H CelHHX CHJMKATAME MPaAMODOB KOJIYECTEO odpasy-
DIETOCA NMUPOKCEHA HeBeJMKo: o 5-10%.

VsBecTHN I Gosee ClOXHHe MO CTpOeHMD Texa sToi cTammE. Bo Beex
CIyd9afX CHADHH MarMaTHYecKO# cTamymy oTJMYaeT OIHA OOMAS NDUEIAIH-
aJbHAs YepTa: peskmii KOHTAKT ¢ MarMaTmyeckoft mopoxoit, He 3aTpPOHY-
Toft HaJOXEeHHHMY (HOCTMATMATHYECKIME) npeodpazoBaEMAMM, J@omcmn -
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CHANOJNTOBAA ANOIDAHMTHAS 30HA, O0AB3aTENBHAA ¥ NOCTMAIMATIIECKHX
CKApHOB, OTCYTCTBYeT, & SHIOKOHTAKTOBHE M3MEHEHNA BHDAXeHH B OT-
yeT/Bofl mecHsMKAIMK X oCOralleHNM KJIMHOIMPOKCEHOM BIUIOTH 10 odpa-
30BAHIA NUPOKCEH-NONEBOUNATOBHY (KAIMINATOBHX) OKOJIOCKADHOBHX IO-
POX, YacTO CO 3HAUMTEJBHHM COJEDXAHMEM c(ieHa.

KnnHONMMpOKCEHH SHINOCKADHOBHX SO0H Kak OH NPOIONEAKT DAL IAONCH-
Z0B 2K30CKAPHOB [0 HADACTAHMO HATDOBOCTH, XeJe3MCTOCTH M, KDPOME
TOro, rymHO3eMmcTocTH (pEc. 9 ).

Cpezr DocTMarMaTHEYe CKHMX MeTAacOMATUTOB HepBoi
rpynne (KOHTAKTOBHX) PasJMualTCA B MODPONOIMYECKMX THNA: 0Gpa-
30BaHMA Ha KOHTaKTax MarmaTiieckux (IPeMMymeCTBEHHO - I'DAHNTOHIOB)
NOpON ¢ KAapOOHATHHEME ¥ IUIACTOBHE TeJa ("SOHH") MO IpaHUIAM CJI0eB
AMMOCHIIMKATHHX I KAPOOHATHHX IIODPOI.

MarmesralprHO-CKADHOBHE Teaa 0O
rpaHENaM rPaHETOMNNOB C KapGoOHRATHH-
ME noponxamun ("kopkoBHe") pacHpOCTpAHEeHH IMPOKO, HO B
CONBIMHCTBE HeBeJMKM [0 pasmepaM. JJIA HMX THIMYHO 30HAJBHOE CTDO-
EHMe CcJelybmero BMIA:

I'panu- | lecmmmupoBak- | lmon— Jmonenn- | Iuon- | Imon- |Crap- |Mpa-

TOMN |HHIl IDaHUTONL |CHI- qurorony- | CHIo- | CHI~ |HMpO- |MOD

WIK IWONCHI~ |cKamo- | ToBas Bafg |dQuio- |BaHHHI
KaJMInaToBas  |JUTOBad ﬁopona TIOpO- | TOT¥~ [MpamMop
oKoMocKapHo- |mopoma | ("como- | nma TOBHI
Basg mopoja mr") Kajlb—
. mudrp

Jlmoncn-noJeBOUNATOBAA 30HA OTYETJMBA NPY 3a8MENeHNH CYUEeCTBEH-
HO IUIATMOKJIA30BHX IPAHUTOMIOB, TOIZA KAK NECHIMKAIMA ¥ O0OrameHne
NPUKOHTAKTOBOM 30HH HIJIMHOIMDOKCEHOM 0OJiee YHEBEDCAJBHH., B mepeno-
BO# YAaCTM KOJOHKYM IIpU BamelieHMM JIOJIOMETCOMEDEAINX MPanMopoB (kKaib—
IM{UPOB) 30H2 (VIOTOIMKMT-IMONCHIOBHX KANBIMUDPOB NMOCTENEHHO CMeHSA—
erca mmonchi-{uoronnT-PopcTepUTOBEME K 3aTeM QMIOTONUT-(POPCTEpHTO-
BuM# ( + UTKHesNb) Kaaslmdupam#, NepeXOAuEMH B Mpamop. [Ipomemy-
TOYHHE SOHH KOJNOHKH OUeHH CTEPEOTHIHH ¥ BCETNA OTUET/NBO BHDARCHH
B Meiux (caHTUMeTDH-IEIMMETPH) KODKOBHX Tejax. /HAas KapTHHA HAC-
JONAeTCA TPX MHTEHCHBHOM DasBUTHM Ipollecca B MONHHX KapOOHATHHX
TOPH30HTAaX Cpeny moJeil rpaHNT-NerMaTMToB. B MeTacoMaTHueCKHe Kalb-
WQUpH ¥ IHONCHIMTH ¢ GUIOTONATOM 3IeCh NpeoCpa30BaHH KPYNHHE
(no mecATKOB MeTpOB) GNOKE-KCEHOJNMTH MpaMODPOB, JECHIMINPOBAHHHE
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S0HH I'DaHMTOMIOB NOCTHIENT HECKONBKMX MeTpPOB; OCHUHA 3HAYWTEILHAA
[epeKpHCTAIN3aIHA MeTACOMATHTOB € OOPA30BAHMEM KDYIHOKDHCTAJLIN-
yeckoro uioromiTa "KOpKOBOrO THIA", MCKamaplias IPaBIIBHOE 30HANB—
HOe CTDOEHHME TeJ.

MerTacomMarTrEuecKkHe Tenxa(308BH) 1O
rpaEHEEuUamM rEefficoBHX ¥ KapG6,0HATHHZX
¢cJZoeB Ooiee pasHOOODAsHH MO THIAM, IPEXIe BCErO B 3aBMCHEMOC-
TH OT COCTABA MCXONHHX I'DAHMYANX IODON,, IePBMYHOI'0 XaparTepa KOH-
TAKTOB ¥, HAKOHEI[, MHTEHCHBHOCTH WIA MACWTAGOB METAcoMATO3a. 30—
HaNBHOCTE MasoMomHbx (#0 0,5-I M) KOHTAKTOBHX TeJ AHANOTWYHA 30—
HaNBHOCTH "KODKOBHX" OTOpOYeX, XOTA cladee BHpakeHa W MeHee Iipa-
BAJIBHA.

llpr samemeHMm GUOTHTOBHX M, IVIMHOSEMHCTHX CHOTHTOBHX IHeficoB &
IHONCHN-CKATIOJMTOBHE TOPOIH He 00pasynTcd, & ¢ M3MeHeHHEMM (xa-
JMINATE3NPOBAHHEME) THeflCaMM I'DaHNYMT HeNOCPEICTBEHHO NHONCHI-HIo—e
romiToBas 30Ha. OCHYHH cayvam, kKorma ToHkme (mo 3-5 M) mpocyom
MpaMopoB B THelficax HSJMKOM 3aMemeHH THONCHI-(UIONONMMTOBHEMM MJII “a—
me AMONCHMIOBHMI C PACCEAHHHM QMIOTONMMTOM MODONAMN,

llpr mpociexmBaHWM TAKAX 30H IO IPOCTHDAHND IO IEPEXoja B Mpa-
MODH yIAeTCH HAOGJOIATE NOCJEINOBATENLHYD CMEHY MeTacoMaTHIeCKHX
TOpox, HOBTODANIUYR COKOBYD SOHANEHOCTE OGHYHOT'O THIA.

B KpymHHX KOHTAKTOBHX TeJax-30Hax (Mx pasmMepH NOCTHranT MHOTZA
20-40 M MO MOWHOCTY TPH NDOTAXEHHOCTE B COTHM METDOB) 30HAJIBHOCTE
Beerza MeHee OTYeTJMBAA. TakWe 30HH NOYTH MEJMKOM CJIOXKSHH NHONCH-
IATaMA C KPYIIHOKDHCTAJLIMYeCKOR BEDAIUIEHHOCTED M I'HE3NOBHME 000CO0-
JeHMAMY IPYIEX MEHepajoB: quioromTa ¥ KaJsIATa C YuagTHeM anaTHTa
¥ JmOUCEra. STOT QUIOromMT mpencTABIAET BTOPO# M3 TDAIMIMOHHO pas—
JYapIMxcAs B pafioHe THNOB KPYNHOKPHCTA/IMYECKOIO OCJOICHEHHS -
"IHesnoBHI" WM "I'He3IZOBO-IPOXMIKOBHIL".

Bropyw rpynny nocTMArMATHYECKHX METACOMATHTOB - C K & P H B —
POBaHHHEe OCHOBHHE KPHCTAAAOCAAEHIOH-
MOXHO, NONB3yAch TepmuHosorme#t B,A.Kapmioma (I968), HassaTs "He-
KOMIIEHCHDOBAHHEMY 3HIOCKapHamm" (B mampHeltueM nua KpaTxocTd -"sH-
IOCKApHAMH" ), MMes BBHJY MX DasBATHE CpPelH AJOMOCHIMKATHHX NODOI
BHE 00A3aTeJBHHX KOHTAKTOB ¢ KapOOHATHHME CJAOAMH. B cocTaBe crap-
HEPYEMHX IOpON - IIATHO-~POTOBOOCMAHKOBHE M IMIATHOKIA3-INPOKCEHOBHE
KPECTAJIOCHSHIH, MHOIO M3BECTKOBHCTHX (KAJBIMTCOIEPRANAX) CO CKa-
NIOJMTOM pasHOocTell, MpOCJOM MMDOKCEHOBHX KANBIMATOBHX MDaMODOB K
"posoBHX" RanbIMinpoB. Odpasypmpecs 3a WX CYET MAUHESHANBHHE CHAD-

an



 HH W OKOJOCKADHOBHE NOpOJAH OOHYHO paccMaTpPEBANTCA KAK De3yAbTaT

| IOCJeNOBATENFHOI'O DAfa MMHeDAaJbHHX SamemeHmit: cxanoymrmsammy (I
@ JWMOTICHIM3AIMA ) , TApracHTHSAIMA, (VIOTONHTHSAIMA, COOTBETCTBYOIMX
.j_ 30HAM HMHQWIBTpaIEOHHOR MeTacomaTwieckol xomomkm (Kopmmmckmit,1947).
. Herporpadwieckn "sHNOCKADHH" NOBOJEHO PasSHOOOpasHH, HO IpeodJanan-
| pu# THID - OMPOKCEH-CKANOJMTOBHE, KAJBIMT-INPOKCEH-CRANOJMTOBHE NO—
ponH Hepemko ¢ furorommToM M mapracuroM. OHM DasBHBADTCA NpEeEMyme-
. CTBEHHO N0 MSBECTKOBHM IIATMOKJAS-IMDOKCEHOBHM KDHCTAJUIOCJAAHIAM,

. BaxBaTHBag cJoltku ampnooscolepramux pasHocTel m kanbmudupoB. lpy-
. To#f pacmpocTpaHeHHHi THI, MMONCHUI-TIADPIacHTOBHE IODPOIH,06pasyoTcs
IpM 3aMemeHVE doJee EeJe3HCTHX (¥ IVMHOSEMHCTHX) KpPHCTAJUIO-CJAH-
nes - NAPOKCEH-aMHGoNMOBHX, amMiuCoNmoBHX. Cpefy MeJKO3ePHMCTHX,
rHeficOBEIHNX N0 o0imKy "SHIOCKApHOB" BCTpevawTCs NPOTAXEHHHE I[O-
croliHHe 30HKM KDYIHOKDUCTAJUINYECKMX KalbIMT-NapracUTOBHX, KaJb-
AT—-IUONCHI~CKATIO/MTOBHX HOPOI.

YacTHyHOEe B3aMemeHme OCHOBHHX KDHCTALIMYECKHMX CJAHIEB (QEKCHDyeT-
CA Cpemm BceX IoJyeil PAa3BHTAA MATHESMANGHHX CKAPHOB, 8 HAMGOJNCE HH-
TeHCHBHO, IO OOJHOTO 3aMemeRHd, NODONH MpeoCpasoBaHH BOJHE3NM Kpyl-
HHX CKOIUIERWH (VIOTOMMTOHOCHHX X, Ho M B 5TUX yYacTKax XapakTep-
HOE CJIONCTOE CTpOeHWMe 3aMelieHHHX NauYeR COXPAaHAeTCH, TaKk Kak OCMME
¥ BapMamu® cocrara "sHIOCKADHOB" 3aMETHO OTpPAXapT COCTAB MCXOIHHX
NOpON ¥ Hepemko - TeKCTYpHHe ocodeHHOcTH mociaemmmx (momocuaTocTs,
TOHKYD CJIOMCTOCTS).

B.domsumECTBE pPAzZHOBAIHOCTelt SHIOCKADHOB BCTpeYAeTCA DACCEAH-
HHJi cpelHe- M KDYNHOKDECTAJUIMYECKHH (UIOrONmMT, a TAkRe ero T'Hesja
COBMECTHO C KAJNBIHTOM, B NPHHIMNE COOTBETCTBYDNME "THe3NOBOMY"
MODHOJIOTHIECKOMY THUILy KOHTAKTOBHX 30H.

QPAOrONHMTOHOCHHE XHJIH JTECTHHRUYHOT OO
T ¥ I 8 - o4eHp cremafwyHHE OpencTaBMTENB MAIHE3NaXbHOCKADHOBOM
dopmampn. B oromuane oT GONBUMHCTBA IPYTEX (UIOPONATOBHX MECTODOR~
IeHvit, Ha CIOIAHCKUX MeCTODORIECHMAX JECTHWYHHE EWJIH ABIANTCA IIaB—
HellimM THIOM KOHIEHTDAIM KpyNHOKpHcTawmyeckoro quiorommra. Cyd-
BEPTHKAJBHEE XIUIH NEPECEKAnT BKPECT NPOCTHMPAHHA CJOXHHE IO COCTa-
By IUIACTH aJIOMOCHWIMKATHHX TIOPOX M 3aJerammpe cpelll HUX TeJa Mar-
MATHYECKMX II0pOJ, MHOTja “"HarmamHBanTcA"HA ONHOZHAYHO OPUEHTNPO—
BaHHHE (MoNepevHHe) Wk (0Jee pPaHHRX I'PaHNT-NEerMaTHTOB U Ierva-
THTOB, IPUYEM IPOCTEXNBANTCA N Yepe3 KOHTaKTOBHE MeTacoMaTHTH X
"SHEOCKAPHH". OTHM REABHEZ THN NPUHIMIMANEHO OTJMYEH OT "KOpPKOBO-
ro" u "rresnoBoro” duioromra.
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CpenEne pasMepH REI — TeCATKH METDOB 10 NANEHWD B IOPOCTHPAHED,
DEPBHE METPH IO MOMHOCTH. _
B oGuem CIydae FUIH UMEPT 9eTKOe CHMMETDHYHO-BOHANBHOE CTDOE—
Hme (OT KOHTaKTa K IEHTDY):
Kpwcran- | Inoncnn- | Inonemu— Imoncunosas| Enoromropag Kansmmrosoe

JI0-clla~ | CKanom- | furorom- 30Ha 30HA "ampo®
Hell TOBaA TOBas
30H& 30Ha

B cocTaBe neHTPANBHHEX (IHraETOKDUCTAJUIEYECKHX) 30H, HaYMHAA
OT IWONCHNOBOR, y4acTBYyDT TakXe aNmaTHT, CKAIOJHT, mapracuT, Ga-
pueBH#t momeBo#t mmar (rmazofem).

B munax coveraeTcA IBa THNA 30HANEHOCTH, Da3JMUHKEX He TOJBKO
MODJOJIOTHYeCKH, HO M IO COCTaBy. MeimosepHECTHe KpaeBHe MeTacoma-
THYECKHE 30HH ~ HeGOoammre mo mommocT: (5-30 cM), CTPOT'O BHJIE XA~
HH IDY ONHOM THIE GOKOBHX IIODPOX ¥ 38KOHOMEDHO MEHADTCH cO CMeHOH
nocxenEMX, Tak, B CHOTHTOBHX IHeffcax OTCYTCTBYET MHONCHI-CKATOJE:
TOBaA 30HA; B KOHTAKTAX C IIACTOBHME MeTACOMATHTAMA GOKOBAS 30—
HAIBHOCTD XM COKpalaeTCd, KAk OH JONONHAACH IPAHAYAIMME CKADHA-
MH; 3aNB0aHIH REN B I'DAHMIEX C NWONCHINTAMA M KDYIHOKPHCTAJINIE C—
KIME "SHIOCKADHAME" CJOKEHH NepeKDECTAILM30BAHEEMA MUHE paTamMm
9THX NOpON Oe3 MpaBANEHOR 30HANBHOCTE ¥ T.I.

TrranToxpACTALMYecKHe (BHyTDeHHWE) SORH, COCTaBJALIME OCHOB-
HOR oOnem X1, BeIyT celf Mo-MHOMy. KoreGaHMs MONHOCTE ¥ TOJHOE
BHIANEHAEe (UIOTOIMTOBO# B0HH CO3IANT OCWYDL NPOIOMBHYD (IO mameHmD—
~IPOCTHPAHND) B30HAABHOCTH XWJI; WSBECTHH HEGOMLUNE XVUIH BoOOmE Ges
30HH KPYUIHOKpHCTALIMYecKoro duoromuTa ("wkamsmuToBne™). Baammoor—
HOWeHUA MWHEDAJIOB BHYTDEHHMX dacTelt X¥J BechMa HENOCTOSHHH, B
npocTefimeM caydae (I "KaiBIMTOBHX" MHTEDBAJAOB XWI) OT KOHTAKTOB
B KalbIMT "BpacTapnT" NapamielbHO-CTOAGYATHE IePOeHIUKYAADHHE CTeH~
KaM XIIH arperaTH JHONCHIA, CKANOJWTA, NApracuTa, a KpHCTALIH ana-
TRTA "IWIaBapT" B KATBIUTOBOM AIpE. Iipr passuToll duoromrToBof S0HE
quioromET HapacTaeT Ha CTOJCYATHE arpeTaTH, 3aMemas X — BILIOTH Io
COIPEKOCHOBEHNS ¢ MeAKo3epHECTo} mmomcmmomol, mmorma JIHOnCH~umo—
TOMATOBOX 30HO#. HmeasbRas kapTWHA 9acTo HapymaeTcd. Tak, B Raib-
IMTQBOM "AIpe" HepeIXM XOpOWO OTDAHeHHHe KPMCTAJUIH BCEX CHIMKAT-
HEX MUHEDaNOB, NpUieM IMONCHI WX CEANOJMT MOIYT BRNYATH KDHCTAM-
JH (uiorommTa; amaTHT MOXeT KOHIEHTDHDOBATHCH y SaJLCAHIOB XIIH,
comepramelf CHIMKaTHHE MMEEDAJH C KAJNBOMTOM B NEHTDe MM, HATIpOTUR,
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o0pa30BHBATE MPOCEYKH B KaJBIMTOBOM "Anpe" M T.I.

KosmriecTBeHHHE COOTHOMEHUS RUWIBHHX MUHEDAJOB MEHADTCA OUYEHB
LIFPOKO, IaXe B DABJNMYHNX yyacTkax (MHTepBajiax) ONHMX H TeX e
XWI, B IeJIOM ODHOOGDa3HHX 10 HAG0py MHHEDAJOB.

[IpyEIATMANBHO OTJIMYHHE MWHEDaJOTHIEeCKA# THI JeCTHWYHHX EWI M3—
BecTeH TOJBKO HA OJNHOM MECTOpPOXRIeHMM pailora - TammECcKOM, B aTmx
EWJaX IMPOKO pachpocTpaHeH dopcTep:T, MHOTIA ciaraiommii dgopcrepn-
TOByD 30HY (BMecTo mmomcmpomo#t) ¥ odpasypmuit xpymuue (mo 20-40cm)
KDHCTAJJIH B RUJBHOM KaJblTe. B mocJaemHeM, KpoMe TOT0, OTMedYanT-
CA BRINYEHM] WNIMHEIH.

Ilia meHTpaJbHOR YacTH QUIOromMTOHOCHOTO mosA C/BIAHKM YCTAHOB-
JIeHa onpefeJieHHas IuomamHas (JraTepanbEas) 30HANBEHOCTE B pasMele-
HEM DasHHX MODJONOTHYECKHX THIOB MecTopoxmeHmit quorommra (puc.IO)
He paccmaTpBas MexaHusM QOPMUDOBSHMA, NONYEPKHEM TONBKO, UTO
30HAJNBHOCTE HE CBA38HA C KAKMM-JMOO TeMIepaTypHHM I'DAIREeHTOM MM
KOHTAKTOBHM OPEOJIOM I'DaHMTOMIOB, a OCYCJIOBIEHA CTDPYKTYDPHHMEI dax-
ropam (Pesmmmumit, Bacmiares,I97I). Ilo cBoeMy THNy aTO CBOeoOGpas-—
HafA, CTPYKTYPHO-(QaIMalbHAs B0HANBHOCTD OTJIOREHHA. :

HopomooSpasyniie MUHE PATH

[lapareHesuCcH MarHe3MaAbHHX CKADHOB CJAramnTcA OTPaHMYEeHHEM 4YHC-
JIOM OCHYHHX IOpOIo0o0pasynIMX MUHEDPaJoB, H3 KOTODHX B KAYeCTBE oK-
30THUECKHX MOXHO OTMETHTE TOJBKO CyJIbfaT-CKANOJUTH X THanofaHH
JECTHWYHEX ®ui. CnaBy "NpHEPOIHOI'O MMHEDAJIOIMYeCKOro myses"Cioonsn-
Ke NpUHEeCJM IJIaBHHM 00pas3oM COBepIEeHHHe {OpPMH ¥ YHMKANEBHHE pasMe-
DH KDHCTAJUIOB M3 JIECTHWYHHX ¥ua. Ha MecTOpPORNEHWAX M3BECTHH Ha-
XOIKN G0YeHKOOOpasHHX KDHCTAIOB CUMIOIONMMTA JO MeTpa B NONEpPEYHMKE
7 I,5-2 v mo BHCOTe, NDA3MATHYECKNX KDHCTAJUIOB anaTHTa, IWMONCAIA
¥ CKaNloJHuTa JJMHOM B JECATHM NeIMMeTpOB I dojece MerTpa. Kpome Torc
37ech BCTpeYapTCs HeoOHUHHe OKpAcKy MWHepaloB: OeJHil ¥ AprRO-3eje-
HH}f mMoncHI, CUpeHeBHil cranosmT. MHorve Mop@oJOTrHUECKHE W IBETO-
BHE DABHOBUIHOCTH CJMIAHCKMX MMHEDAJOB NOJIYYHJII COOCTBEHHHE HA3BE
HUS: GajikanuT, MOPOKCAT, CTDOTAHOBHT, JaBDOBHT, KOKUNAPOBHET X JD.

Huxe KpaTKO XapaKTEepM3yoTCA IViaBHeilunme MMHepaJad, NDPHMEDH COC-
TABOB KOTODPHX NpwBeleHH B Tadn. II. AHamrTnueckuii mMaTeprana Lo
IMPOKCeHaM ¥ 0coGeHHO (urorommram CIAOIAHKN TOCTATOYHO OGMIEH B
JMTepaType ¥ 31ech He NpUBOJMTCA.

PnroronuT BO BCex napareHesncax OJU30K COOCTBEHHO DANY
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(MIOrOIMTA-MCTOHNTA, 3HAUHTENEHO BaPBHDYA N0 TMHO3EMHCTOCTH WIH
no cymme RS, Ti B mesos, ¥ caado - 1O YACTHO! ReJe3ncTOCTH
(pmc. II ). IpaBna, B GOJBUMHCTBE aHAMM30B (M3 MCTEPTHX HaBECOK)
COOTHOIIEHNA OKMCJOB XeJesa OCHYHO VCKAXEHH B IOJB3Y OKucH. JlaBHO
3amMeueHa NpAMAA 3aBHCHMOCTE cocTaBa (®esesmcTocTH) (VIOrODHMTOB
MarHe3XaTbHHX CKADHOB OT REJEe3UCTOCTH BMemawuprx (3amemaeMux) mo-
pon. B cpenHem HauGosee MarHesMAJBHH CJOIH "KODKOBHX" Tea, Hamoo-
Jiee EeJe3UCTH - B JECTHNUHHX XUJIAX CPEIM OCHOBHHX KDHCTALIOCHAH-
meB # "SHIOCKAPHOB" Boodme, & B YACTHOCTH - B NAPracHTCOEpEANNX
accormamax. $rorommTH napT uMpokmi# mBeTOBO# ‘pAN, dYTO MHOTEA CXAy-
XRWIO OpuunHO# BHIeNeHES THIOB Jwioromura: "cepeGpAHKM", "AHTAPHOTOY
"pEimHeBoOro", "mmramky" u T.m. CooTHomemwe F m OH B comozax MeHs-
eTcs IMPOKO ¥ He3aKOHOMEepHO, IpHuYeM B Coabmo#t Mepe m3-3a Toft wm
wHO#t CTemeHM IMIpaTHpOBaEHOCTY (BepMUKyImTHSammm) cimwp. IlocTosHEO
NpYCYTCTEMEG B cocTaBe fuiorommra Ba0 or 0,6 mo 2,2%.

Cnermuxofl KDPYIHOKPACTALIMYECKUX RUIBHHX (UIONOINTOB ABJIAETCA
1BeTOBas BOHAJBHOCTH POCTA, HHOTIIA MNOMYEPKHYTaA SOHANBHHM DacHo-
JOXEHUEM TBeDIHX MUKpOBKIUeHHE. B HEXOTODHX KDHCTAJNIAX HACYMTH-
BaeTca 1o I5-20 m Gosee DHTMMYHO YepeIyDIMXCA TEMHO- H CBETJIOOKp&—
MeHHHX 30H., PAS/WUMA 30H IO XeJe3MCTOCTH HEeBeJMKH, HO IO COJepRa-
HiAM Ba, F , OH m ocofeHHO MMKDOSJEMEHTOB OHBaDT 3aMeTHEMM. Ha-
npmdep, Colep®amma Cr ¥V pasimapnTed B 2-2,5 pasa.

KXImnBEOODXpPOKCEHH pasHOOOpa3sHH N0 OCMUKY: OT Cepo-
BaTO-CEMHX N0 IOYTH YeDHHX BESYANBHO M OT GeCHBeTHHX N0 IyCTO-3e-
JeHHXx B Wimax. Cyna mo mvemmeiics TOBONBEO NpencTaBETEeJbHOE ama-
JuTHdeckoff nondopke GONBIMHCTBO NMPOKCEHOB MAI'HESMANBHHX CKADHOB
GMM3KO COGCTBEHHO JMONCHIY X TOJMBLKO B NMDOKCEH-CKANONMTOBHX "3H-
IOCKAPHAX" M IMPOKCEB-TOJEBOMNATOBHX OKOJOCKADHOBHX NOPOIAX IOC-
THTSDT ReJe3MCTOCTH caymToB (pme. I2 ).

CocTaB IMpPOKCEHOB, KAK ¥ CJX, OTYETJHMBO BABHCHT OT BAJOBOIO
XMMW3MA TIOpOJ, NOJOREHWs B paspese TeJ M IapareHesmca. Ilpm aTom
I'DyNy HOCTMATMATHYECKNMX NWPOKCEHOB XapakTepH3yeT odmas ocoleH-
HOCTBH, OTYETJMEO BHCTyNAanAA NpH COTOCTABNEHAN ¢ NEPOKCEHAMH GIM3—
KUX 110 MPMHEDAJBHHM aCCOIMamuaM MeTamopfiueckux KapGOHATHHX IODOI.
B mocnemHMX COCTABH IMMPOKCEHOB BapBUPYDT NPAKTHYECKN B JMOICHI-
releHOePIrUTOBOM DNy, TOrNA KAK B IHPOKCEHAX NOCTMATrMATHYECKHX
CKADHOB HamdoJee DE3KO BHpAXEH M30MODJM3M YeDMAKMTOBOT'O THIA
(puc. 9 ). OcHOBHHe KoJeGaHMA COCTABOB B HAX CBAB4HH C TPeXBaJEHT-
HHM XeJIe30M ¥ IVIMHO3EeMOM B 00eMX KOODIMHEAIMAX TpH 38METHO ION4M—
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HeHHHX BapHaiyax B COISDRAHMAX 2aKUCHOIO XeJesa ¥ HaTpug, 0T 06—
mell 3aKOHOMEPHOCTH OTKJIOHANTCA Haubodee KeNe3WCTHE CAJMTH CKamo-
JTOBHX "SHIOCKADHOB", HO CMENEHHE MX COCTABOB OTHOCHTEJEHO KJV-
HOIMPOKCEHOB MCXONHHX NOpPOXN (M3BECTKOBMCTHX KpHCTAJLIOCAAHIEB-Kalb-
ONGUDOB) MMeeT TOT Ee XapaKTep: BOSDACTAHME CYMMH R2* mpH CoXpa-
HEeHWM WM YMEHBOEHWN NOJM TefeHOeprmra. CoIepraHMe KaablUA B DALY
TNOCTMarMaTHIE CKUX TMPOKCEHOB COXpaHAeTCA CTACHIBHHM, COOTBETCTBYH-
WEM ypoBHL mwoncuga (puc. I3 ), OTKIOHEHHS OT cocTaBa KOTODOTO,
TaKAM 00pasoM, HANpABJISHH B CTOPOHY (accaura. OmHaxo maxe HauGo-
Jee IJIMHO3EMICTHE pasHocTH (1m0 4-6% A1,04 ) mo cooTHomeHmAM Ca,

Mg u ZFe He IOCTHIawT moJya (jaccamToB.

[IMpoXCeHH KOHTAKTOBHX CKapHOB MarMaTHuecko# crammm odpasynr
Ipyro#t usomop{HHI DAN, B KOTODPOM IapasIefibHO C 3aMEeTHHMM BapHa-
IEAME eleHCepPrrTOBOr0 MUHAJNA MEHAETCHA HATPOBOCTDL M CONEDRaHNe
OkucH ®enesa (eIWpEHA), 8 B OKOJOCKADHOBHX LODPOJAX W TMIMHOZEMA —
IpeNMymiecTBeHHO B mecTepHO#l koopamHaimm. C DOCTOM KOJMUECTBA MU-
HAJOB IeflcHOEPrUTa ¥ STRPEHA KAJIBIWEeBOCTH 38KOHOMEDHO NOHERAET-
cA, T.e., M30OMODYHHE 3aMemEeHNA B 9TOM pANY HANDARIEHH OT INHONCHIA
K SI'MPHH-8BIUTY ¥ (eppraBIuTy.

B paspesax MarHe3NaJILHOCKADHOBHX TeJ COCTaB MEPOKCEHA HENOCTOS-
HeH. B 30HaJBHHX NOCTMArMATMYECKMX KOHTAKTOBHX TeJax XeJe3MCTOCTH
(n MeHee OTYETINMBO - IVIMHOZEMMCTOCTEH) IMPOKCEHOB DACTET OT Kaplo-
HaTHO# K aJoMocCHIMKAaTHOR mopone, MpH OCHYHO CTAGUIEHOM YPOBHE B
npelesax Kamnoi u3 30H KOoJMOHKM. Ta Xe M3MEHUYWBOGTH IMDOKCEROB OT
KaJBIMTOBOrO "Ampa" K KOHTAKTY OGHYHA ¥ IJIA JECTHUYHHX xux. Taxas
38KOHOMEDHOCTE XOPOmo (UKCHpYyeTCH NpH BHCOKOH ZEJe3MCTOCTH aJIioMO-
CIIMKATHOH moponH. B xoHTarTax Tes ¢ IpAHETORIaME Wi JeltkoxpaTo-
BEMA CMOTMTOBHMM THeilcaMy XeJIe3MCTOCTEH NMMPOKCEHOB — B ETOM ciayyac
MUHHMAJIEHAS - BapeIpyeT HesHAuUMTeNbHO. Bollee ACHO KonefaHMA cocTa-
BOB MaJOXeJe3UCTHX IMOICKUIOB (MKCHMDYNTCA MO CONEPHAHUAM MEXDONJIC-
meHToB: Cr , V, Ni, Co, KOTODHE HCDEJIKO M3MEHANTCSA ONHOHANDAB-
JIEHHO, HO DaBSMMUHHM 00pa3oM KOppPeJUpyAch ¢ ofmell ReJesucTocThi
IWPOKCEHOB B DAas3HHX IeHepalMAxX H THNax TeJl.

B KPYNHOKPHCTAJIMYECKNX IHOTICHIAX KWJ DeXe, YeMm BO (ioronurax,
BCTpeYaeTes Ipyfas LBCTOBAA 30HANBHOCTEH POCTA, HO 3aI0OHOMEDHOE B0-
HaJpHOS pacIpeleNeHre MMKPOBKIDUEHN B xpucrainax JOEBGJIBHO OOCHYHO.

Dapracn'T™ He OTHOCUTCA K YMCHY LOCTOSHHWHX MUHEDAJIOB CJO-
IAHCKUX METacOMaTHTOB, LA KOTOPHX THMINIHH HHU3KOreaesmcrHe (Oec—
rapracuToBHe) THIHE IOJOHOXK. OH pacnpocTpPaHEH B HEKOTODHX DA3HOBUI-
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HOCTAX ANOKPHUCTAJIOCHAHIEBHX "SHIOCKApDHOB" M B JECTHUYHHX XWJIaxX
CcpeIy OCHOBHHX KpHCTa/UIOCJAHIEB, NMDEMMyNECTBCHHO B yuacTKax, I'pa-
HUvYaU¥X C napracETcomeprammmu "e=HpockapHamm". Bce mapracuTH Mec-
TOPOXISHW KeJeSKCTH — KaK NpaBmio, XeJesUCTee aCCOIMMDYDIMX C
HUMY KJIVMHOIMPOKCEHOB WM (UIOrONMMTOB; BU3YaJBHO OHM YeDHOI'O IBETa,
Kpymawe xpucTaswH (B xuaax - zo I0-25 cm) MMERT XapakTepHYD IJIOC-
KOTpusMaTiieckylo $opMy C IPOZONBHO# WTPUXOBKOIL.

Mamoe 4MCIO MMEDIMXCA AHAJWB0B OXBATHBAET TeM He MeHee IMOUTH
Bce I'eHepaumm napracuToB. Kax BumHo us pmc.I4 , mapracuTH npp-
HAIJIEKAT COGCTBEHHO NAPracET-(HeppOracTHHI'CATOBOMY DALY CO SHAUMTE-
JEHHME OTHJIOHEHMAMM TOJBKO B CTODOHY uYepMakmra-{eppouepmaxura.Mex-
Iy TeHepalMAMM He 3aMeTHO 38KOHOMEDHHX pasJmumit, MCKmoYasd HEeCKOMb—
KO NMOBHIEHHy®W dTopMcTOoCT: napracuToB us xmi (radn. IT ). Iapra-
CHTH MEeJKO3EeDHUCTHX SHIOCKADHOB OT/IMYANTCH, KDPOME TOr'0, MNOBHUEE-
HHM conepxaHmem Cr - no 0,3%, T.e. Ha NOpPANOK GOJBINM, YeM B
NapracuTax JeCTHHYHHX RWI.

CranosxuTH B PA3MYHHX NAapareHe3Wcax IOBOJBHO CTACHIE-
HH [0 OCHOBHOCTHM — Kpaitame mpemesan ot 65 no 80-85, npeodnamaor
cocTaBH ¢ 75-78%7 meitommTa. lcrmoueHVe cOCTABIANT B CpelHeM Golee
HATDOBHE CBOeOGDPA3HHE CHDEHEBHE CKAMNOJMTH — IVMIAYKOJMTH, HO OHH
HEXAPaKTEDHH A (UIOMOMMTOBHX, & DPACHPOCTPAHEHH IIPEeMMylecTBEHHO
HA JIASYPUTOBHX MeCTOPOXIeHMAX. CKAamo/mMTH BCEX COCTABOB OTHOCATCH
K nedmmmTHON MO XIOpYy BETBH, B KOTODOH 3aMelleHUe COg xmopom He
COOTBETCTBYeT CONepraHMo Mapuasimra (msomopiusm CaAl - NaSi Ges
Bapmammit B modaBouHofi anmoHHo# rpynne). TunomopdHas OCOGEHHOCTH
KPYIHOKDACTAIMYECKEX CKATOJJUTOB M3 KWI — BHCOKAaA NOJA CYJIbHaTHO-
ro xommoHeHnTa (mo 2,5% S05 ), Torma Kax B KOHTAKTOBO-ILIACTOBHX
MeTaCOMATHTAX OCHYHH KapOOHAT-CKANOMMTH C CONEDRAHMEM SO? B Ipe-
menex 0,I-0,5%. LA CKATOJMTOB TEIWYHH TBEDPIHE MUKDOBKIMYEHMA, A
B KpECTa/MAxX M3 XUI HEPeIKo HaGJonaeTcs ynopanoqeamoe pacuosoxe—
HYe MEKDOBKJNYEHM IO 30HaM pocTa.

ATmlaT® T B KOHTAKTOBO-ILIACTOBHX METACOMATUTAX NPACYTCTBY-
eT KaK AKNEeCCODHM{l MMHepaJs, NOCTHI'af 3aMeTHOr0 KOJEUeCTBA TOJBKO
B KPYNHOKPHCTAJUIMYECKAX I'HE3NOBHX 000COONEeHMAX. A JeCTHHYHHX
RWJI anaTHT, HAUPOTHB,O0YEeHb XApAKTepeH; ero KOMMYecTBO B OTHENE-
HHX YYaCTKAX RIJI MOXeT mocTuraTh 50% u dojee. AmaTHTH, OCOGEHHO
RWIBHHE, OUYeHb PA3HOOCpA3HH IO IBETY - OT MOJOYHO-CEeJHX, pO30Ba-
THX HENDO3PAYHHX N0 I'ONydOBaTO-3€JeHHX BOIAHO-NPO3PauHHX; BCTpe-
YapTCH I'yCTO-(MOJeTOBHE NATHNCTOOKpAlleHHHe KDHCTAJIH, Bce pasHO-
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BETHOCTH IO COCTABY OTHOCATCA K (TOp-anaTuram, 3aMeTHHE CONeDKa—

. HuA XJ0pA OTMEYeHH 10 eIVHMYHEM aHAJM3aM anaTiTOB M3 I'He3l B IIac-
ToBHX mmomcmmurax (Tadn. II ). Kpome TOro, amaTHTH MATHe3WANBHHX
CKADHOB IOCTOAHHO COINEPRAT Cepy, OTCYTCTBYOLYD B AnaTHTaX MeTamop-
(fryecKuX NOpOX, NPHYEM MAKCHMATELHH CONEPEAHMA CEepH B anaTWTe H3
JeCTHUYHHX XuJI. JJIA oTolf ®e IeHepalMyl XapaKTepHa yCToiuuBas u30-
MopdHas npuMeck KpeMHesema - 0,8-I,07%. .

Hax u GOJBUMHCTBO JIDYI¥X MWHEpaJoB JECTHUYHHX XUJ, KPHCTALIH
FWIBHHX anaTHTOB COIEDEAT KOMIUIEKC CHMHPEHETHYeCKNX TBEDIHX MMKDO-
BRIDUCHHM, EMepmmX GOpMy UT'ONBYATHX M OPVBMATHYECHAX MUKDOKDHCTAJ-
JI0B, 38KOHOMEDHO OPHEHTMDOBAHHHX OTHOCHTEJBHO CTPYKTYDH MUHEDaJa—
X03AnHA, JIA amaTHTOB STOT fakT OWM OoOHapyEeH eme B 30-X romax,

HO TONBKO HeIaBHO yAaJoch YCTAHOBHTH, 4YTO "MMKponapareResuc" ana-
THTA BRIOYAET KBApI, AHTUApuT ¥ Kaasuue (Pesmmuxuit,1976). MHaTepec-
HO, YTO B MaxponapareHesMce XU [epPBHE IBa MUHEpaka OTCYTCTBYOT.
CymvapHuit o0beM MHKDOBRIDYEHN! HESHAUNTEJNeH: 0,I-0,3%, HO BCTEn-
CTBHE MAJHX DasMepoB (MMKDOHH - HeCATKM MUKDOH) OHH TyCTO HACHIA-
0T amaTuT, TOHKO BHPUCOBHBAA BHYTDEHHee CTpOEHNE KDPHCTAJWIOB. Bia-
ropapsi 9TOMy aUaTUT OTYeTJMBee, 4YeM IDyT'We MIHEpaNH, OTpPaXaeT
CJOXHH XO KpHCTAIM3AaIMM B JIECTHWYHHX Xmiax. OCHapyRUBanTCH
KPMCTAJUIH ¢ PAsHOTHMIHON 30HANBHOCTEL pocTa (4o MecaTkOB 30H) M
caejamy pesolm M peremepamyn faHToM-TpaHell, a Taxxe GJOUHHE U
MOSaMYHHE KDUCTA/MH. 3aMEeTHM, YTO OTTEHEM OKDAaCKU ¥ OCOGEHHO cTe-
NeHs MPO3PAYHOCTE ANATHTOB ABHO 3aBHCAT OT KOJMYECTBAa M XaparTepa
pacmpeleNeRns TBePIHX X (UIOMTHHX MUIKDPOBHKIIOIEHHI,

Tnaanodan (Capmiicomeprammii xaymeBHit monesoit mwnar) B
JIECTHWYHHX XMJIaX BCTDEUAeTCA SHAUUTENHHO DeXe NPYIUX MEHepaJoB.

On o6pasyeT XOpOUO OrpaHeHHHEe N3OMeTPWYHHE WM yIMMHEeHHHe KpHCTal-
JH, nocturaomue 30-40 cm B nonepevHuKe, pasHoofpaseH IO ILBETY: ce-
- pHit, CBeTJO-cepHil monynpo3pauHHil, OeJHit M DPO3CBHII EenpospauHHii.Bo
BCEX AHANMNTHYECKNX NDOBEDEHHHX CJAYYaaX Ka/MeBHE MOJEBHe WNMaTH M
OKABHBAMMCE BHCOKOOAPMeBHMM — 4-7% BalO (radn. II ). Twanofas ua-
me BCEro OCHADPYEMBAETCA B KUIAX, NEDECeKAnIUX I'paHRT-TervaTHTH
WM TEerMATHTH, KaJMeBHe MOJEeBHe WIATH XOTOPHX OTJIRYanTCA NOBHICH-
HHME conepRanuaMi Gapus: ot 0,3 mo I,6% (lmaxmu,IS76).

Kaasnou T B DPasiMuHHX DApareHesNcax OTHOCHTENBHO CTasuiIcH
N0 CONEpXAHMN OCHOBHHX u3oMOp{HEX npumeceil - Fe, Mn , Mg (coTue
- necatHe mom %). Tonsxo B accommaipn ¢ fopcTepuTom (+ MMMHEIS)

B COOTBETCTBYDIHX 30HAX MATHE3WAJIbHOCKADHOBHX TeJl KalBLVTH OTJMYa-
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pTCA MOBHmEHHOR MarpesWaibHocTHD - Ko I1,5-1,7% MgCOs, [pyrae
TUONYHHE BIeMeHTH-npaMecd, Ba U Sr, BADBADYOT Colee MUPOKO X J0C-
TATOYHO 33KOHOMEPHO,lpAOCpEeTas MHIMKATODHOE 3HAYEHHEe NpU EBHIesre-
HAW PeHepaimil RanmpIMTa, B MATHE3WANBHHX CKApHAX EMNONHE YETKO BH—
IeIADTCA TPH OCHOEHHE IeHepardi NepEWYHHX KaabIMTOB: W3 CRADHOB
MarMaTRYeCKoll CTamui, KOHTAKTOBOILIACTOEHX [I0CTMATMATHYECKAX Me-
TACOMATHTOR ¥ JECTHHUHHX XAX, OCOCEHHOCTHO KANBHHX KANBIMTOB AB-
afeTcA conemMfuunas fopMa HaXORIeHAs Oapud, OoJbmas 49acTh KOTODOI'O
OpUCYTCTEYET B BATE camocToATenbHoff fasH — TOHYAMNMX 3aKOHOMEDHO
OPHEHTHDOBAHHHX MUKDOKDHCTANNPB Oapara., OOpasopaHme MOCAENHETO MO
DALY NpU3HAKOB WHTEDNpETHPYETCH KARK De3yJNbTAT PAclaja TBEePNHX
pacTBOPOB KanblyiTa, NepEAYHO Colepxamero Ba m SO, B n3oMopdHO#
fopme ( Pesmmukuit, Boposses,1975).

PasmepH MOHOKDHCTANLHHX WHIMBHIOB KAJNBIMTA B JECTHMUHHX RMIAX
nocturant I5-30 cm. JiAa HUX XapakTepHO YHODANOUYEHHOE DACHOIOKSHUE
JOBONEHO OCKUNBHHX (UDONIHHX ¥ CHHIEHeTHUHHX TBEDIHX MAKDOBKIOYEeHMit
(mocsenmwe mpencTaBNeHH OGHYHO aHTUAPUTOM). B yIauHHX cpesax Kaib—
IMTOB M0 pacupeleNieHdio MUKPOBKINYEeHNE OCGHADYRMBAWTCA (AHTOM-KDHC—
TANIH ¢ NepromMyeckoll 30HaAMBHOCTED pocTa WM GoJiee CJAOKHHM CTpOe-
HFEM, AHAJOTMYHEM OCOCeHHOCTAM BHYTDPEHHEI'O CTDOSHEA anaTETOB W
IPYTEX MUHEpaJOB MWL

OIMCAHVE MAPUPYTA

Touxa 5. Kapeep (UIOrOmATOBOTO MecTOpORIeHHA "Pymmuk Mk 2".

Pymruk % 2 - omHO M3 THIMYHNX MecTopoxueHmii CIOIAHRE C MHTEH-
CHBHO Das3BHTHMM NOCTMAIMATHYECKEMHM METACOMATHTAMY M CEDHAME JEeCT-
HIYHHX XML,

MecTopoxIeHMe JOKaJM30BAHO B ANpe KpyMHO# cuiabHO cxaTolt (mso-
KIMHAJIBHO!) CHHKIMHA/M, OCIOXHEHHON Gonee MeNiuMy CiriIanxavy.0CHOB-
Haj uacTh Kaphepa MNpoiieHa B TOMiE, CJOKEHHO!l NpeMMyumecTBEHHO pas-
HOOOpasHEME GMOTHTOBMMM IHelicamm. CpemM HMX pasymuanTcd GHOTHT-
I'paHATOBHE, OHOTHMT-KOpPIMEDUT-IPAHATOBHE, CHMMAHUTCOIEpRAlME,CO0-
CTBEHHO OMOTHTOBHE, 4ACTO JeiKORpaTOBHE DAas3HOCTH, MUTMATH3MDPOBAHHHE
reefici., B rmeficax 4acTH HeGOJBIME MO ‘MOWHOCTH IIPOCJON KAPGOHATHHX
fiopoxn: CeJIHX IMONCHI-KANBIMTOBHX M DEXe IOJOMATCOIEPRalMX Mpamo-
POB, KAJBIMT-KBADI-IMONCHIOBHX IOpON., B meHTpanbHO# 4acTH Kapbepa
OHM MOYTH NOJHOCTHD IpeoCpasoBAHH MeTAcOMaTHYeCKMMM Mpoleccamu.B
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3aMKe AHTHRIMHAIM (3amajHEe YCTYUH Kapsepa) sajeraeT ILIAcT OCHOB-
HHX KPHCTAJIOCTAHIEB — IMPOKCEH-aMjHOONOBHX, NMAPOKCEHOBHX,H3BECT-
KOBHCTHX IHMPOKCEHOBHX C IIPOCJIOEM MpaMOpPOB,BRINYADIMM KAJXLIMTOBHE
PO30BHE DPA3HOCTHM C IMPOKCEHOM M CeJiHe NOJOMUTCOmepxamme ¢ dopere-
PUTOM ¥ WIMHENE0,

C BocToka crnomcras Touma odpesaeTcs moumHO# maiiko#t mopom, moay-
YMBIMX B paiioHe ofmee HASBaHWe "MOHLIOHMTH". 3TO HamsoJiee IpEBHHE
M3 MAaIMaTHUYECKHMX NOPOX, KOTOpHe MOXHO HadimouaTh B kapkepe. B coc-
TaBe JAlik¥ eCThk COOCTBEHHO IMPOKCEHOBHE MOHIOHMTH,COIEpXAmMe Cpel-
Hull wiarnoxnas ¥ KajveBHU Nozeso#t mmaT, pasJMYHHe MeJaHo- B Jeii-
KOKpAaTOBHEe XUJbHHE CMEHHTH, B TOM UYMCJe IIOPOINH THIA CHEHMTOBHX
JamnbodupoB, MOHLOHMTH HCIHTaNM 3aMeTHHI MeTamopinsM, OGyCIOBMB—
mmit HadmomaemHe ceifdac Bapwammy B COCTABE NIODPOX.

Crenyomme TO BO3PACTY MAIMATHYECKHME NODPOIH — CYyOmeJIOYHHE MIK-
DPOKJMHOBHE T'DAHUT-TIEIrMATUTH (OPTOTEKTHTH), ofpasywime Cepmn COr-
JIACHHX 3WJI, MecTaMy — DasIMiHO OPMEHTMPOBAHHHE BeTBANMECH NPOXHI-
KM B MexCymveHHHe TeJa. [I[pm OpPOXOIKE Xapkepa BCKDHBAMMCE NOBOJBHO
KPyTHHE IIONepeYHO-CeKymMe RWJIH NerMaTHTOB, EIWHWYHNe, YacTHUHO
paspylieHHHEe BHXOIH MX MOKHO Ha(/pIATh B BEPXHUX yCTyNax SamagHOro
dopTa. \

B Tomre OmoTuTOBHX THeliCcOB BHIHH 3OHKM IMONICHIOBHX MeTacOMaTH—
UYECKHX TOpOI, Dpere IUHONCHA-(IOrOMNTOBHX MeTacoMaTUYECKMX KaXbImiu-
poB (mocTmarmaTiueckolt cTammy). 9TH NOPONH BOSHUKIM TR 3aMeleHHH
KapOOHATHHX [POCJNOEB, IEePEXOIH B KOTODHE ylaBaloch HaGimonaThs IpH
[IPOXONKEe Kaphepa W B pasBeTBIeHHOH ceT! NON3eMHHX BHpadoTok. Ilo
OCHOBHHM XPHCTAJIOCJAHIAM MECTaMl Da3BATH CKATOJMTOBHE M NAPracuT-
colerkaupe MOponH, Bojea penky moJocvaTHe (IOrormMT-IAONCHIOBHE MTO—
POIH M nocJoiiHHe 30HH IMONCHAM3AIMHE N0 GMOTHTOBHM IHeiicam,pasBu-
THe BOJN3Y JECTHHYHHX XWJI. B IIACTOBHX MeTacoMaTHTaX OCHYHH KpyI-
HOKDVCTaJMYeCKUe IHe3I0BHEe 0C0COGNeHMA KalbIMTa, IWONCHIa ¥ quro-
romrra. BCTDEYATCA TAKKE NOJHOCTED WX HACTIYHO SaMENeHHHe Mpo-
RWIKN TDAHATONNOB. B KpynmHHX IumGax Ha BTOpoM (cHM3Y) yoTyme B Me-
TACOMATHIECKUX KANBIMINpAX MOXHO HAGOIATE NPOXIIKM I'pDaHMT-IerMa-
THTOB C OTUETJMBHME "KODKOBHME" OTODOYKEMH: IHOICHI-CKANOJMTOBOHR,
nmoncu-uroromiToBoft, MecTaMM IMOICHIOBOit 30HKaMu. Ciaexmyomel mo
MOPAINKY 30HON KansmuEpoB B 3TOM CIyuae SBIANTCA NOPOIH CaMoro
ILIACTOBOIO TeJa MeTacOoMATHTOB.

JlecTHNUHEE GUIOPOTMTOHOCHHE RMWJIH HA MeCTODORICHMNM MHOI'OUMCJEHHH,
HO B OCHOBHOM BHGDAHH IIpM OTpadoTKe. B CTeHKAX Kaphepa MOKHO yBW-
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IeTh BHKIMHMBAOUWMACA yuacTKH ("XBOCTH") JECTHMYHNX XWX, CJIOREH-
HHe IpeMymecTBEHHO NUOICHAOM, M CYWECTBEHHO KAJNBIMTOBHE XIIH —
OOHYHO KAaJBIMTOBHE MHTEeDBANH NPOTSEEHHHX XN C NPONOABHOA SOHANE-
HOCTED. Ha BTOpoM (CHM3Y) ycTyme B NMpoBaje NOJNOTHA KAPEEPA BCKDH-
BaeTCA yYacTOK XWJIH C XOpOollo BHpaxeHHO# 30HO# KpyIHOKpHCTALINYEC-
xoro furoromura (mpEMep acHMMMeTpWYHOR 30HANBHOCTH). 3mech Xe BuA-
HO, UTO XWia 3aHUMAET KPYNHYD MeXCYINHHYDO NONOCTH: HA IpONOJEe-
HA XWIH B 3a0amgHoM GOpTY NpocJoif MpaMOpOB DEeSKO M30UHYT B ToNe-
DEYHYD CHIATKY.

Hapany ¢ Gonee IpeBHMMM, B Kaphepe BCKDHBADTCA MAJOMONHHE Te-
Ja nocTUIOTrOMATOBHX NerMaTHTOB, 4 TaKRe KBapn-KapOOHATHHE CEKy-
e TPORMIKE.

Toura 3A (0,5 xm  cepepy oT Tourm 3, puc. I ). Kapeepw duro-
TOIMATOBOr0 MECTOpORIeHHA "Pymxuk % 3".

Hecronsro HeGOJNBUMX KAPHEPOB BHTAHYTH Iemnoukot B BepxHelt wacTm
IeBOr0 CKJIOHA NOJMHH p.CIDIAHKM, OPOTHB 3JaHMA DYROYUpPaBICHEA.
MecTopoRIeEMe MHTEPECHO TeM, YTO HO3BOJNAET HAGONATH B3AMMOOTHO-
WeHNs DPasHOBO3PACTHHX ¥ DASHHX MODHOJIOrMYECKMX THIOB METACOMATH-
YeCKUX TOpOI.

Kapreps BCKDHBaWT (UIOrOMMTOHOCHYD HOJOCY BIOJL KDYNHOE Ieoso-
rudecxoii T'DAHNMITH: KOHTAKTA CymecTBeHHO rHeftcoBoff wacTm Tommm ¢
npunerapmei k Heft ¢ ceBepo-BoCcTOka MomHOE naykof xapGOHATHHX MO-
pon. HemocpeICTBeHHO B KaphepaX KOHTAKTHPYOT: C Lro-3anang -
IWAacT aMpuCoN~IPOKCEeHOBHX H M3BECTKOBNCTHX NEDOKCEHOBHX KDHCTAJ-
JMNECKUX CJAHNEB, & CO CTOPOHH KAPOOHATHOI'O = I'OPU3OHTA - OeJHe
KaJIBIAT-KBAPI~AHOICHIOBHE WM KBapI-ITMONCHIOBHE NOPOTH C IOJOCaMM
roxy6oro amaTuTa, OepeMeEapiHecsd ¢ KBapl-IUONCHI-KAJBIMTOBHME Mpa—
mopamu. Ha Bcem mporaxenmu (Gomee 300 M) BIONH KOHTAKTa 3ajeraeT
JIMH30BHIHOE Tedo (MomHocTs oT 2-3 mo I8-20 M) mocTMarMaTHYeCKHX
JIUONCHIOBHX METaCOMATHTOB.

B cTeHKax KapbepoB, I'E COXPAaHWMCH HeUSMeHEHHHe KANBIMT-KBapIi-
IVONCHUIOBHE NMOPOXH, BHAHO, YTO OHM NPOHM38HH YACTHMM MPOXKIKAME
I'pPaHUTOXIOB. ['DAHMTOMIN CYOWEJOYHHe, MHKDOKJMH-NEPTETOBHE C KIH-
HO-IMPOKCEHOM M c(eHOM; M KOHTAKTH OKDYXEHH TOHKMMM OTODOYKAME
IMONCHIMTOB — CKApHOB MarmMaTuyeckoff crammm.

NocTMarMaTHYeCKHEE CBETJIO-3eJeHHEe IMONCHIMTH paSBUTH IpeHMyme-
CTBEHHO N0 KApDOOHATHHM ¥ KBADI-IMOICHIOBHM IODOYAM ¥ 3aMemanT
DaHHEMe CHADHH ¥ NDOXUIKY IDAHMTOMIOB. PeSMKTH MM KOHTYDH NOcCJaeli-
HUX HEDeIKO BHIHH CPeI¥ 3eJeHHX MMONCHNOBHX NOPOXN B BHIE NDOXMI-
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KOBUJHHX I'DyGOSEPHUCTHX NHONCH[-CRANOMMTOBNX (MHOTZA ¢ {moromiroM)
cromwreruit, llpennonaraercd, 9To BCA NPUKOHTAKTOBAA mojoca ORiA
OCWIBHO HACHNEHA I'DAHMTOMIHEME Npoxmaxamy ("30HA CETYATHX MHBER-
mEi") m Gnaromaps sTOMy 3Hech GojJee WHTEHCHBHO NPOSBANHCH M NOCT-
MarvaTHYeCcKHe IpPOIEeCcCH.

B MeN®O3eDHMCTHX IMONCHIOBHX HOpPOIAX 3ajerapT HeIpaBUIbHHE
rHe3noo0paskhe OGOCOCNEHMA KDEMOBOT'O WM pPOB0BATOrO KDPYIHOKDHC—
TaJUIMYECKOr0 KANBIMTA C IMONCHIOM, pexe amaTuToM M quoromrroM, B
CHATHX Kaphepamy YacTAX TAKAX IHesJo-KEI00CpasHEX ofocobiemm#t c
KPYUHEM (uroromsroM OHJIO GOJNBNE, ¥ OHE CAYXEAM OCBEKTOM pas3padoTHH
("rHesnoBufi" THn woromsra).

B cTeHKaX M 9acTHYHO B NOJOTHe KaphepoB B KPUCTAIMYECKHX CJAH-
I'aX BCKPHBAETCH HECKONBKO HeCONBIMX @TOromTOHOCHHX R JECTHHY-
HOTO THNA, AQHAJIOTHYHHX XWIaM DyIHMKA 2. B HHEEHEM (nro-BocTouHOM)
Kapbepe MORHO HAGMONATS B3AMMOOTHOWEHMA JeCTHWYHOHA XMIH C KOHTaK-
TOBO-ILIACTOBOMt MeTacomaTwyeckoi 3oHoit.[lpy mepexole B IMONCHIOBYR
NOpoNy XWJa TepdeT NMpPABUABHYD opMy B peskue I'PaHMIH ¥ NpOCIeRNBa-
eTcH B BAJNE MENOYRM KDYNHOKDHCTAIMYECKUX CKOIIEHNME KAJIBITA, MOl
cHfa, Qnoromira ¥ anaTuta. B mpoTmBomomoXHOM GOPTY Kapkepa B Ge-
JHX KBapI-IMONCHIOBHX IOPOIAX HAa NPOJOJREHMN XWJIH BHIHA CEXyulad
30Ha 3eJieHO# IMONCHIOBO# MOpOIH.

W3 cnérm@wyHNY MUHEpANOTHYECKNX OCOGeHHOCTEH dTOr0 y4acTHa MOX—
HO OTMETHThH 9YacTOe HDUCYTCTBHe Iiaykosmra # Gapura. CmpeHeBHl cka-
nommT (rraykosmT) sajeraeT NpeMMymeCTBEHHO B COCTaBe TOHKMX Mpo-
XUJIKOB Ha NDPOJNOJKEHEHM I'DAHMTOMIHEX XWIOK B JMoncHmrax. [osmuas
HE3KOTeMIepaTypHasa GapuToBas MuHepaimaamua NPOABIEHA B 00pasoBaHMN
HeGONBIMX THe3J GapuTa B JECTHUYHHX Xmjax, [MONCHIATAX, WHOIJA Ia-
Ke B KBADH-IMONCHIOBHX MeTamopdideckmx nopomax. II.B.Kammmu ykass-
BaJl HA HAXOIKM BHTEDUTA COBMECTHO C GapuToM. BapuTy OCHYHO COMyT-
CTBYyeT DasBHTHE IIO IWONCHINTAM amMfMGoJOB TpeMOoJMT—aKTHHOJMTOBOI'O
paznse.
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B.M.Jlenmmni_!. 3.1.IeTpoBa

MUHEPAJIGHHE ACCOLMALIMM BENOJ BHEMKW
(03.Baftxar)

BeJslag BHEMKa - 9TO MCKYCCTBEHHOe OCHaXeHMe OINHOTO W3 Hamdogee
MOWHHX KapOOEaTHHX IIAcTOB mapurasrafickoif cepum Ha depery o3.Baii-
Kal, CO3JlaHHOEe B CBASK CO CTPOMTEJHCTBOM B Havualie Hamero BeKa
Kpyrodafixanbckolt meqesHo# moporn. PacmonoxeHa OHA IDEMEPHO  HA
CepelmHe DACCTOAHMA MexIy mopTom Bafikan (ycTwe p.AHPapH) u cTamE-
mae#t KynTyx.

B mapumasTaicKyn Ceprn M3IaBHA OOBLEIHHANTCA HAEOOJNEe NDEBHEE
mopord Kro-3anapmroro lpmaitkansa. OHE claranT Tax HasuBaemuit [la-
puxanrafickui BHCTYT, KOTODH# DPOCTHPAETCA OT HEHOK OKOHEYHOCTH
03,Baiikan B ceBepo-3amapmHoM HampaBiaeHEHM Ha 300 KM IpH MaKCHMAJE-—
HO#f mmpuHe 70 KM W ABJAETCA HApALy ¢ ANNAHCKUM M AHaGapCKMM IUTa-
ME YacTeb apxeiickoro dymmamenTa Cudupckoft miarTdopma.

HecnenoBanus mapuxairaickolt cepum 6wm Havath H.H.Ceuransckmm,
B.3.Koxerro ¥ mpomosxeRH J.C.KOpxMHCKEM, ynesmBimMM COJBMOE BHUMAa-
HAe BHABJIEHVD (alMANBHHX YCJAOBRE MeTamopdrYecKHx mpomeccoB.B Go-
Jee MO3NHME TONH M3yYeHWeM cTpaTErpadum m MeTamopusma 3aHEMa-
mmcs 0,3.Em3zapee, A.A.ladees, H.H.Kpumos m mpyrwe.

Ilo ocoGeHHOCTAM NPOABNEHWA MeTamopfmsma, criIamuaThx nedopma-
o, MarmMaTESMa M MeTacoMaTosa B mapHERaira#ckolt ceprM BHIEIADTCA
TPX PeHeTWYEeCKAe IPYUIH ropon, chHopMmpoBaHHHE HA NOCJIENOBATENb~
HHX 5Tanax ee PA3BHTHA: MeTaMOpdUIECKOM,. yIBTpaMeTaMopDPHIECKOM M
nocTMarMaTHueckom. Hawdonee paHHMMM SBIAVTCA TNOPOIH TPaHyIETOROM
fanmm, ODpeIcTABIEHHHE B OCHOBHOM ampnGoso-IBYIMPOKCEHOBHMH,HOTH-
TO-amMinG0oIO-TANEPCTEHOBEMY, GHOTHTO-aMinGON0~MONCHIOBHME H Cy-
MecTBEHHO aMprOONOBHMY ILIATMOCHAHIAMY, NepecsanBapiMICA C IHnep-
CTeHO-IHONCHIOBEMY, GHOTHTO-I'MIEDCTEHOBHMH B OHOTHTO-I'DAaHAT OBHMH
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rHe#tcamu u mpamopamu. BospacT mopoxn rpaHysmTOBO# farmm, ompeme-
JeHHHTT CBEHIOBHM N30XDOHHHM METONOM IO BaJOBHM Npodam r'HeffcoB,
cocrasageT 2,9-3,0 mrpn.ner (CodorosEy m mp.,I965).

[lopomH clenyomero — yaIbTpaMeTaMOpfMuecKOIro — 5Tana Ha CoBpe-
MEHHOM 3POSWOHHOM cpese mapumajraficko#f cepum moxbaywTca HamGosee
IMPOREM pacnpocTpaHerMeM. OHM DasBMBARNTCA MO NOPOJAM I'DAHYJIMTO-
Boft dammu. IIpeoGpasoBaHMe MCXONHHX NOPOX OCYUECTBAAJIOCE B NOCJHe-
IOoBaTeJBHOCTH: KpucTawmueckult ciaden (ruefic)—- METMATH3NDOBAH-
mult caasern (ruefic) — MarmaTHT ¢ peJmKTamu caanma (rHefica)—- Te-
HeBo#t murmaTuT. B yyacTrax CIJIONHOI'O pas3BHTHA TEeHeBHX MHI'MaATHTOB
[IPOMCXOIMIO BHILIABJIEHNE I'DAHRTOMIHHX MarM. COnpAXEeHHO ¢ MAIMaTHTa-
MU [O HamdoJiee OCHOBHHM CJIAHIIAaM ¥ IHeiffcam pasBUBaImCh: Ga3nfuxaTH.
B xauecTBe NpOMEXYTOYHHX NPOLYKTOB I'DAHMTH3SOWA MpamopoB GopMupo-
BaJUCh KOJOHKM MAPHe3MaJBHHX, MEJOYHO-MarHe3MaNbHHX H M3BECTKOBHX
CKapHOB. B ofueM TPONECCH yJAbTpameTaMopinyecKuX npeodpas3oBaHUi
IPOABWIMCE I'JIABHHM O0pa30M KAK BHCOKOTEMOEDATYPHHE peruoHanbHHi
MeTacoMaTo3, CONpPOBOXIABIMiiCA JOKANLHEM BHILIABJIEHNEM M KPUCTAJLIA-
samyell TPAHNTOUNHHX MarM. BHOBB c(HOPMIpOBAHHHE NApareHesucH CBA-
IeTeJbCTBYDT, YTO UX 0o6pasoBaHMe NPOMCXOIHIO B YCIOBMAX, IpaHHY-
HHX Mexny rpary/mToBofl ¥ amiuCo/mMTOBONi, ¥ B yCIOBUAX amiucoIuTO-
Bo#t dammit MeTamopimsma. AGCOMOTHHIE BO3pacT NOPOX, ONpeleJeHHHNR
pyOumnii-cTPOHIMEBHM MSOXPOHHHM METOIOM, cocTamnseT 1,8 mipm JeT
(Tepumer , BapmaBckas , 1966) .

llopons NOCTMAIMATHYECKOI'O 5TaNa DasBUTH JOKaXbHO. OHM ciarant
S0HH, NDORHJKYM ¥ EWJH, CEeKymue MODONH DaHHMX sTanoB. HamGoree mm-
POKO NOCTMATMATVUYECKME METACOMATUTH DacHOpOCTDaHEeHH B y4acTKax pas-
BUTHA CKADHOR NpelHIymero sTana. OHM NpeIcTaBIeHH MarHe3WalbHHMY
H W3BECTKOBHMY CKATHAMM - (MIOTOMMTOBHMYN, aminGoJOBHMH, I'DaHATOBH-
MH, BOJNACTOHATOBHMHA, — KJIMHOLOW3HTOBHMM MEeTACOMATHTAMM M IDyTH-
MH DasHOBHIHOCTAMH,

Ha Penoit BHeMKe NOCTATOYHU MUPOKOE DACIPOCTPaHEHHE MOJYIMIIN
06pa30BaHKA BCeX TPEX ATaloR pasBRTHA mapuxanrafickoit romm.M uro
OCOGEHHO BAXHO, 3NECH CPABHUTEJIBHO MHTEHCHMBHO NDOABIIMCE NPOHECCH
NOCTMArMATHYECKOTO MeTACOMATOZa, NpuBemuwe K GopMupoBaHMD (uroro-
IMTOHOCHHX METacOMATHTOB, CHeIM{MYecKHX He(eJWHOBHX IOpPOX, MeTa-
COMaTHTOB ¢ OJaropojHOll UNMHENB M IPyruxX o6pascBaHuil.

KapdonaTHHe noponu B palfoHe Bemoit BHeMky 3ajieranT B flpe MOJIO-
roif WyMUXMHCKOI AHTHKJIWHAIM, oOpasyemoit mepexpusapmelt ux Tommed
JMH30BHIHO-TIONOCYATHX YapHOKNTOB. [lo MHeHmD McclenopeTeself, mpo-
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BOAVBIMX 376CEH 6TAIBHHA T80JOTWYECKHE DPAaCOTH,dTH KAPOOHATHHE 0=
POAH MOTYT MpPeACTaBAATE COGOR HauGoZee TAyGMHHYD YacTh uapHxanrait-
ckoli cepun (Kpumos, Dajees, 1969). MompOCTH r7IaBHOTO KapGOHATHOI'O
mwiacra cocrapaAeT 180-200 M, IPOTAREHHOCTE ero BHXoma — 1,5 HM.

B mpenernax miacTta oTmedaprca Majomoumne (0,5-8 M)‘ M OCHYHO CHJIB—
HO OyIMHWPOBaHHHE IIPOCNOH POr0BOOGMAHKOBO-IMPOKCEHOBHX IIAIMOCJaH-
eB, CHMOTUTOBHX B MarHeTHTO-IMDOKCEHOBHX IarmorseficoB. Kpome To-
T'0, B HEHTpaJbHO! 4WacTE OCHAREeHHs KapOOHATHHE NODONH DACCEKAnTCA
mMaJioMomHoi mafixofl osMBMHOBOIO® Gasanbra. AHANOIMYHHE HAfiKM TOBOIE-
HO xapakTepEH 1A [pudairansd.

Kar ocHOBHO# miacT, Tak ¥ MeJKHe IPOIIACTKE KapCGOHATHHX IODOX
Benoit BHeMKE HA COBDEMEHHOM SDO3HOHHOM Cpe3e MOYTH IOJHOCTED COC—
TOAT M3 Da3HOOGPA3HHX NPONYKTOB YIALTpaMeTaMOpIMJYeCKHIX ¥ IOCTMAT-
MaTHYeCKMX Opeodpas3oBaHM#t MCXONHHX MpaMopoB, Cpem¥ HMX Ipeodiama-
0T ipopcrepmosﬂe ¥ UMMHeNe-(POPCTePUTOBHE KANBIMEWDH, IMDPOKO pac—
IPOCTPSHEHH Takke MarHe3MaJbHHe CKApHH., McxoInHHe MpamOpH COXpaHu-
JICH JIIE B BHIE HeGOJNBUMX DEJMKTOBHX TeJ JMHBOBEIHOR MM MBOMET-
puuHON (opmu. Pasmepn Takux Tes He mpeBumanT I x 3 M, a camMm mo-
POIH TOYTH HAmeJo CJOXEeHH HOJNOMHTOM, T.e. NDPEICTABIADT codo#t mo—
JAOMATOBHE MpamopH (radn.I2, axamms I).

lopormu, cdopmMupoBaBluMecs IO INOJOMMTOBHM Mpamopam Ha yAbTpame-
TaMopirdecKoM 5TaNe, IO T'eOJOIMIECKOMY NOJOXEHMD MOTYT OHTEH pas-
IeleHH HA JOBe TDyNOH: a) HOpOIH, HadimIaeMHe BHEe KOHTAKTOB ¢ Ipa-
HATOMNSME; G) IOpOJH, DACIHONOXEHHHE HA KOHTAKTe KAPCOHATHHX IIO-
POI ¥ I'pAaHUTOMNOB. OTH JBE IDYINH HOPOZ COOTBETCTBYDT IBYM CTAIW-
AM eIUHOTO OpoIecca I'DAHMTH3AINMM IOJOMETOBHX MpamopoB. OGpasoma-—

' HEe TIOpOX. paHHe# cTaIMM OCyWeCTRIANOCH NON Bo3melficTBHMEM I'pDaEATH-
3UpYDIOUX PacTBOPOB IO MAacCOBOI'0 BHIIABJISHAA TI'DAHETOMIHHX MAIM N
MPOUCXOINAO ONHOBPEMEHHO C (POPMMPOBAHMEM MUI'MATHTOB B NAaYKaxX KpHC-
TIUIMYECKAX CJAHIEeB. YCJIOBHO 5Ta CTANUA HA3BaHA MUTMaTHTOBOH.Zop-
MEDOBAHME HOPON CHeIypilled cTaiiM NPOMCXONMIO IO MeXaHWsMy Marva-—
TAYECKOI'0 3aMemeHMA Ha (pOHTe IepeMemapmerocHd MarmMaTHiecKOr'o pac—
mwaBa. Taroft mexaHwaM 3aMemeHWA paccmorpeH B padorax [.C.Kopmue-
croro (I976), B,A.Eapmxoma (1968), X.M.Dacwemra (I973). 3ra cra-
INA HasBaga marMarEdeckoff. BsaMMOOTHOmMEHWA MeXNy NODONAMH IBYX
BHIENCHHHX CTaI®l He Bcergza oxHOsEauHH. Ho Bce 9TH MeTacoMaTEIEC—
KHe NOPONH HMeDT HerTKNe BSARMOOTHOMEHES ¢ OCpASOBAHMAME HOCTMAI-
MATHIECKOrO STANA: NOCJeNHHe JECO DASBMBADTCA OO HEM, JHGO ofpa-
SYDT B HEX CeKymme Tela.



Ha murmaTtmTOBO# cTammm odpasyprca fopcTepuToBHe M mmmHededop-
CTEDETOBHe KasemmdmpH (radx.I2, amams 2), DOYTH HANENO 3aMeman—
mee IAACTH NOJOMHTOBHX MpaMopoB, & TAKEe 30HANBHHE ¥ He30HAJLHHE
TeJa METACOMATHTOB XWIbHOM, JMH30BEIHOZ M TpydoodpasHOo# fopmH.
HamGosee pacUpOCTPaHEHHHME MOPOIAaMM ABJANTCA MOHOMUHEDAJBHHE IH-
POKCEHOBHE CHADHH, HAGOJAEMHe HIM B BHIE CAMOCTOATENBHHX TeJ,
W B BAIE TeJ,ClarapniX BHyTDeHHMe 30HH CKapHOB. Bo BHemHMX dac-
TAX Tel BcTpevamwTca GopcTepHTOBHe M HOPCTEPMTO-IMPOKCEHOBHE CHAD-
HH, Bosee pemxuMy ARIADTCA MEeJOYHO-MATHE3WANEHHE CKADHH C 30HAIE—
HHM cTpoeHWeM: (HedemHO-KaMIIaTO-KaJBIATO-INPOKCEHOBAA TOpona)
- (medesmBo-KamsImTO-PopcTEpHTOBAA Topona) (Tadx.I2, amams 3)
- (mmmene-opcrepuronuft kanemmdmp) - (mosommToBHE Mpamop).

B6ym3¥ KOHTAKTOB MpaMOpOB C KpUCTAJUIMYECKMMM CJAHIAMY ¥ B Ma-
JIOMOIIHHX TPOIIACTKAX MDAMODOB BO BHYTDEHHEX 30HAX SOHANEBHHX TeJ
NoABIAETCS UMMHEN E, (eMiNeckne MUHEDANH CTAHOBATCA OoJee XeMe3UC—
THMM ¥ IVIMHO3EMHCTHMN; YCJIORHAETCA MUHEDAJBHHE COCTAB MODPOX H
CTpOEHMe TeJ MeTacoMaTHToB. OTMedaeTcA CJemywmee CTPOeHHEe Ted:
(cramommToBas mopoma) - (CKaNOJMTO-IMPOKCEHOBAS mopoma) - (mma-
HeJle-IMPOKCEHO~-POPCTePUTOBHA crapH) — (mmuHene-HopcTeprTOBHE Kaxs-
madup) - (mosrommroBu#t Mpamop). MeHBINM DaCTPOCTDAHEHMEM NOJB3YOT-
CH 30HaNBHHE TeJa, COoTeprauye B 30HAX OINHOBDEMEHHO aHODPTHT, fac-
CauT ¥ mMuHeNb. Cpeim He3OHAJBHHX RWIBHHX M JIMH30BHIHOHE dopMH
TeJ CKAPHOB DacHpoCTpaHeHH 00pasoBaHMA CO WNMHENbD KpacHoro, py-
OMHOBOI'0 E DPO30BOr0 mBeTa. K KOHTAKTy INOJOMATOBHX MpPamopoB C De—
PEKDHBARIAMA ¥ TNONCTHIAKIAMA MATMATH3MPOBAHHHMY ILIATHOCJAHIAMY
IPUYPOYEHH -TeJla IIacTOBOK HOPMH MOMHOCTEI IO 5 M M CJIeIyonmeM
crpoeHvem: (MUMATH3MpOBAHHHE miarmociaHen) - (IHMPOKCEHO-IUIATHO-
K7Ia30Bag mopoza) - (MIMHeXe-TMPOKCEHOBHH CrapH) - (INMHEIe-IMpPOK-
ceBo-fopcTeprToBH#E ckapH) —(umMHeJe-HOpCTEPHTOBEE KaJBIADHD) .

06pasoBaEus MarMaTuueckol cramam (rada.Il2, aHammsH 4,5) mpo-
CTDaHCTBEHHO NDEYPOYEHH K KOHTAKTaM MArMaTHYeCKHX NOpox. Oraeis-
HHE BOHH WX, OCOGEHHO BHYTDeHHMe, 3a4acTy® BEeCHM& TOUHO NOBTODA-
0T KOHJUTypamun KOHTAKTOB. B STHX Xe MeTacomMaTuTax OTMeYanTCH Ma-
JIOMONHHE anoduMsH I'PAaHWTOMIOB, & CamMyMl T'DAHMTOWIH CONepRAT KCeHOMIH-
TH METACOMETHTOB ¥ He HECYT HMKAKMX CJIeIOB HM3MeHeHu# B CBA3M C
o6pa3oBaHNEM MeTacoMaTHTOB. OTH (axTH CBHIESTENBCTBYRT O (OPMADO-
BAHNME MEeTACOMATHYECKEX TOPOJ B MAIMaTHYECKYH CTaIdn IO NOJHOHK
pacKpUCTALIN3aIMY MATMATHYECKOro pacmiaBa. B xapdoHaTHOR Toume
MarMaTHYecKue NOPOIH NpelcTaBieHH cuermramu (Tadm,I2, anams 6)
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W TPaHOCHeHNTaMM, peXe MOponaMu He(es MHCHEeHWTOBOTO cOCTaBa, T.e.
TpaRUTONNIAMH TOBHNEHHOH! menoyHocT. lloABNeHMe Takux mopox, Ges-
YCGJIOBHO, CBA38HO C BNMAHMEM BMEL@OIMX IONOMHTOBHX MPAMODOB, TIOC—
KONBKY B Ipernenax Bcell mapumanraifickoit cepmm, caomensoi npenMymecT-
BEHHO KDHCTANIOCHAHIAMYA . ¥ PHelicamy, pasBHTH IVIaBHHM 06pasom Omo-
THTOBHE M amMiuGos0-CUOTHTOBHE I'DAHMTH, ‘

OGpasoBaHme pasHOOGDA3HHX MeTACOMATHUECKWX NODPON Ha VABTpaMe—
TaMOPJWIECKOM oTaNe NPOMCXOMAIO B CJeIyNUMX WHTepBAJaX TeMuepa-
Typ: 700-820°C, OTpPEeNeJIeHHHX IO He(e MH-I0JeBOMIaTOBOMY TepMOMeT~
‘py (Hepuyx,I970) m 690-8IC°C, ompezejeHHENX NO KANBNMT—-MATHESHTO-
BoMy TepMoMeTpy (Goldsmith , Newton ,I1969).Hamdoree BHCOKHE
TEeMOepaTYPH XaparkTeDHH IJiA NOpOX METMATETOBOf cTamu:.

Xumudeckas RANpABIEHHOCTH MPOLECCOB IpeoGpasoBalud MOJOMITOBHX
MpamMOpoB Ha yJBTDAMEeTaMODIMUYEeCKOM BSTale 3aKI0YaeTCAd B NPHBHOCE B
mpamopd Si , A1 , Fe , K u Na ¥ BuHoce u3 Humx Ca, Yg , CO,.

3aKOHOMEDHOCTH 3aMeleHWs MpaMODOB NPOABIANTCA B ONHOBDEMEHHO-
IOCNEeIOBATEIPHOM DAa3BATHM MeTacoMaTHYeckol 30HAaNBHOCTH. BHYTpeH-
HFe 30HH MeTacoMaTHTOB 1O CBOEMY COCTaBY Haudolee OJMSKEM K COCTa-
By TPaHMTOMNOB. Ilo HanNpaBReHWD OT BHYTPEHHNMX 30H K BHENMHWM B GOME—
UMHCTBE CJyYaeR HACIOIAeTCA MOCTENeHHOE yMeHBNEHHe comepxanmit Si
1 Al ¥ yBeJlWuYeHHMe comepxamHmit Mg, Ca, 002. Comepmanms xe Fe , a
mHOrZA ¥ Ca m Mg nocTHranT HAmGONBIMX 3HAYEHHE B IPOMEXYTOYHHX
8oHax. llmpokoe pacHpoCTpaHeEMe MeTacOMATHYECKEX NODOL MUTMATATO-
BO#t crammm, comepxammx HefeJMH, UNMReJNb, OPTOKNA3, AHOPTHT, MTHPOK-
CeH CBUNETEJNbCTBYeT 00 MHTEHCHBHOM IDMBHOCE I'DAHMTHSHDYDIMME DACT-
BOpaMM 3HEUUTEJBHHX KoJumdecTB Na, K, Al m Si eme mo MAcCOBOTO BH-
IJIaBJIEHNA B BHEIDeHUA B KapOOHaTHYD Cpely I'DaHHTONMIOB.

MeTacomaruueckne o6pasoBaRWA IOCTMATMATIYECKODO a2Tama Ha Bejoft
BHEMKE NOJNL3YNTCHA BECEMa WMPOKMM DACIpOCTpaHeHueM. Ilpm IeTasrHOM
W3Y9YeHNH I'eOJOIMYeCKUX naanuo'omomem B TeTPONOr0-TeOXIMIYeCKHX
OcoGeHHOCTe# NMOPON PASHHX 5TanoB OHN CHEAAH BHBOX, YTO [PONECCH
MeTacoMaTH4ecKOro Mpeolpa30BaHEA KapOOHATHHX HOPOJ OT yALTDaMeTa—
MOP{MNECKOr0 sTana K NOCTMATMATHYECKOMY OHIN eIMHHME # HeIpepHB-
HEME, & BHIEMAEA CTaIMiHOCTH MEMHEpanooGpasoBaHWA B Npelesax sTana
BO BCEX  CJyJafAX CBA3aHA C M3MEHEeHNWeM XVMW3Ma DacTBODOB IIDH HX
B3aEMONefCTBAN ¢ BMeWANIMMA TOPONAMA M NOCTENeHHHM NAIeHHeM BX
TeMnepaTypH BO BpeMeHH. TeM He MeHee BHIeJIeHMe cTauuil Ha OpaxTake
BeckMa Iesecoo0pasHO M BIOJNHE ONpPABIAHO, NOCKONBKY OHO CHOCOGCTBY-
eT OoJlee KOHKDeTHOR M neleHampaBieHHo# whaccnfurammm pasHoo6pas-
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HHX MeTacoMaTUTOB. lcxoma u3 meTaNbEHX HCCIeNOBaHMft B3aMMOOTHOUE-
Hulf mopon M MWHepasoB, OHJI CIeJaH BHBOX, 4YTO (GopMADOBaHHE BCETO
MHOr'0OGpasua MOpPOXN HAa MNOCTMAIMATHYECKOM STANE OCYMECTBIANOC: B
MeCTh YCNOBHHX INOCJAENOBATENBHHX cTamuifi. MuHepajormdYecku xaxmas
CcTamis XapakTephsyeTcd MaxKCHMAABHHM DasBUTHEM ONOpeNelJIeHHHX MAHE-
paJoB, HO TaK Kak (U3NKO-XMMUYECKHEe N TepMOIMHAMIYECKHe IOJA HUX
yeToRYMBOCTH IOBOJBHHO IMPOKNA, He HCKINYEHA BOBMOXHOCTH NOSBISHNUA
OIMHAKOBHX MWHEPaJOB B 00pa30BAHAAX HECKOJBKMX, OCOOEHHO COCEel-
HUX, CTammi.

llopomu I crammm pasBMBANTCA 110 DOpPONAM CaMGI'0 PAa3SHOI'O0 MCXONHO-
T0 cocTaBa: O CHEHWTaMm, I'DAHOCHEHWTaM, I'DAHWTAM, MAT'He3UaTBHEM
CKADHAM, KPUCTAJUIMNECKMM CJaHNIaM. B rpaHMTORMmax, 3ajerapimx cpe-
I¥ IOJOMMTOBHX MpamMopoB, NpPOABIEHA MUKDOKJIMHM3AIMA, TOrIa HKak
9TH NODOIH, 3aJerapmye Cpeld CJaHNEB, NOLBEepranTcsa CRAlNOIMTH3a~
A, YTO OPEBONET K QOPMMPOBAHWD CYMECTBEHHO MEKPOKJWHOBHX H CKa-
NOJUTOBHX TNOpPOX. MarHeswasJbHHe CKapHH MONBEPranTCA NepeKpAcTal-
J3alyE, B LeJoM clado MeHsas CBoil cocTaB; OYEHL PENKO, B Hemoc-
PENCTBERHON GMM30CTH OT KpUCTALIMYECKUX CJAHNEB, OHM NOIBEpranT-
cA cranoymrTu3amEM. Ilo XKpHCTADIYEeCKUM CJaHnaM #. IpDaHuTaMm, CexKy-
WAM UX, Da3BHBanTCA XEUJIbHHE TeJia WIMHEeJe-IIMDOKCeHOBHX CKapHOB
(radn.I2 ,anams 7). Tlpy 5TOM 3aMemeHWe IPAHNTOMTHHX TOPOJ UIM-
HeJle-MPOKCEeHOBHMY CKapHAMM CONPOBORINaeTCA (GODMHPOBAHHEM CHAIO-
JUTOBHX NOPOJN BO BEENHEX YaCTAX Tel. MOWHOCTH 30H CHANOJMTOBHX
NOpoJ YBEeJMUMBAETCA C yBeJMUeHHeM MONHOCTY SOHH WMMHEeJe-NHpOKCe-
HOBHX CKapHOB. He(elmMHCOmepxamye MeTACOMATUTH B I cTammo NOCTMAr-
MaTHYeCKOro oTana pasBuBapTCA BO BHYTPEHHEX YacTAX KapJOHATHHX
IIacTOB HE KOHTAKTE ANOLOMOMUTOBHX (PODPCTEpPETOBHX M umMHese-Gop—
CTEPUTOBHX KANbIM(UPOB C CHEHUTAMM ¥ MATHESWAJIHHHMM CHApHAMU, De-
Xe CO CJaHIaMil M rpaHocreHuTamu. HadionawTcs OHE B BHIE MeTacoMa-
THYECKUX 30H, XWJI B NDOKIIKOB.

Bo I crammo BeckMA UMPOKO MpOABJIEHA (UIOTOMMTH3AINA, NDUBOLA-
mas K GOpMMpOBaHMD {orommTo-mipoxceHoBHX (Tadn.l2 ,asmams 8),
fIOrOMITOBHX,, (VIOTOIMTO~-KANBUUTOBHY , IOIONMUTO—-IITDOKCEHO~KAIBIM-
TOBHX ¥ KaJbIMTO-{UIOrONNTO-CKANONUTORBHX MOPoJi. B 8Ty Xe cTamn
o0pa3yeTcsa ¥ KIMHOTYMUTO—-RaJAbIUTOBHE NOPONH. PIOrONMTOBHE mNapare-
He3WCH TPEeMMyNeCTBEHHO DAasBMBATCA MO NOpONaM MarHe3WalbHO-CKap-
HOBOIt dopMamym; MO TPAHUTOWIAM M CHEHNTaM TpOIOJXapT pasBHBATHCA
CKAaNOJUTOBHE IIOPOJH, a HedeMHCOMEDEAIME accommalyy 3amellanTca
MeTacoMaTHTaMV, COIEDEAMMMI COIaauT, PakMaHuT,raorH. Ilo dasmimxa-
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TaMm ¥ OCHOBHHM KDHCTAJUIMIECKMM CJaHIAM pasBHBANTCA NMOPOIH C map-
racnTom. MeracomaTmTH [I cTamMm mocTMArMATHYECKOrO STana cJaaranT
MeTacoMaTHIECKHe 30HH, NPORWIKM, Teja HEeNpaBUIbHON Wm rHesmoBoi
dopme, B Kanmpmufupax oTMeuaeTcA IomamHads (aorommrmsaimA. B Hexo-
TODHX TeJax, CJIOXSHHHX TOJBKO o0pasoBaHEAME II cTamey, HadmaaeT-
Cf HEUYeTKO BHPAREHHAd 30HAJXBHOCTE (oT meHTpa # nmepndepmu): (mm-
POKCEH+IOrOMAT+KanbIMT) ~ (fuorommr+kaasmT); (EIOromET+CKANO—-
JHT+KANBIAT) - (HIOrOMMT+KaNBIMAT) .

MeracomaTu?d [l cramuy MeHee pacHpocTpaHeHH, 4em mopomw I m II
cramuil. Cpemu HEX BHOEMADTCA (UIOTOMHUTO-KAaJBOATOBHE, (VIOTONHTO-IIH~
POKCEHO-KAJBIMTOBHE , MMDOKCEHO-KANBIMTOBHE, NAPracAT M IpaHaTCoO-
Iepraliie accoLManyy, Pa3BUBALIMECHA 0O HOPOJaM MAaTHe3MalbHO-CKap-
HoBo# opmarmm. Hedeswn, comaymT, raKMaHUT ¥ I'abEH B NOPOIAX pan-:
HEX cTammit 3aMemanTcsA KaHKpUHMTOM. MeTacomaTuTH Il cTamm ciaaranT
OpeEMymeCTBEHHO TeJa HelpaBMABHOH r'HesnoBolt m maTHmcToR PopmH,pe-
e NPOXWIKE,

Cpemm mopoxn IY cTammm OCHOBHYR pOJNb MI'panT anbCMTOBHE, CEpleH-
THHOBHE, KIMHONOW3WTOBHEe ¥ IIOM3WTOBHE MeTacOMATHTH, Dexe OTMeda-
OTCH ANOKANBIMPMDOBHE TPEMOJATOBHE M ANOCKADHOBHE SIMNOTOBHE MO
ponn. llocremnme Bcerma odorameHH CcyiAbfmmamMi: MHPHETOM, TAJISHHTOM,
XANBKOIUPATOM, MOJMONSHHTOM, IMPDOTHHOM. ANBCGHTOBHE METaCOMATHATH
DA3BABAKTCA N0 CHEHHTAM M IDYI'MM IpaHRTonzam. [IpeicTaBieHH OHH
COGCTBEHHO ANBOATOBHME H peXe aKTHHOJNTO-AJBOHTOBHME IODOIAMH.
CepneHTMHOBHE MEeTACOMATHTH 00pasywTcs, Kak NpaBuwio, 3a cueT dop-
CTEDHTCONEPRAMIX TOPOJN, & KIMHONOM3MTOBHE H NOMSHTOBHE - 3a CYeT
CRANOJMTOBHX M T'DAHATOBHX CKAPHOB H N0 KDHCTAUIMYECKEM CJAHIEAM.
MeTacoMaTuTH sTof#f cTAamEW cJaarapT HeGOJBIME TeJa HEeNpaBRALHON mwim
npoxmaroBo# gopmu MomHocTED mo 0,5 M; penxo B 30HaX APOCIEHEA
HAGMmoNanTCA OJOKM MOMBWTOBHX ¥ KJIMHOLNOMBHTOBHX IODOI pasMepoM
I,5 x 4 M. MomgOCTE 30H CepNeHTHER3EDOBAHHHX NMOpOX mocTmraeT 20 M.

llopomu ¥ cTammu IONE3YOTCA HeBHAUNTENHHHM DAcCIpOCTpAHSHHEM.
CpeIn HVX BHIEJANTCA DPA3HOCTH, CHOPMMPOBAHHHE IO CHEHMTAM H I'Da-
HOCHEHWTAM: KBapIEBO-AJNLOMTOBHE W KBADHOEBHEe NODOIH, BSaMemamime
MarHesWaJbHHEe CKapHH (KBapmeBO-KapOOHATHHE, CYMECTBEHEHO KBaDHEBHE
U CepIeHTMHOBHE), Bce 5TH MOPOXH OGPASYOT NPORWIKY ¥ MAJOMOMHHE
RWIH, Cexyume odpazoBaHMa dosee pamHMX crammit. MOmHOCTE XHI TOJNE-
KO B pelrEX chayuasax pnocturaeT 20 cM, OCGHYHO NepBHE CAHTEMETDH.

MeracomarnTu YI cTamum NpOSABAANTCA JIOKANBHO, charad Kpallme ma-
JIOMOWHHE NIPOXMJEW, OTO IEOJUTOBHE MOPONH,Da3BABADIMECA IO MEHE-
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PanBHHM &CCOIMAIMAM, CONEpXAIMM (elbIUNaTONIH ¥ CKANOJHT, ¥ CEeD-
IEHTHH-acOeCTOBHEe ~ IIO INOJOMMTOBHM MpamopaM ¥ KalnsImdupam.

$opvupoBaHNe NOPON Ha NOCTMATMATHYECKOM STalle OCYIECTBIATOCH
B YCNOBHAX TJIABHHM 06pas3oM WHTEHCHBHOI'O NepepaclpemeNeHRd Nouas-
JAONero CONBIMHCTBA TeTDPOTeHHHX W DeNKUX SJIeMEeHTOB MEXIy BHOBB
fopMEpyeMuME MeTacoMaTHTamu, JIMEE JeTyume KOMIOHEHTH M TOJBKO B
He3HAYUTEJEHOX Mepe HeKOTODHEe MeTDOreHHHE SJIEMeHTH NpPMBHOCHIICEH
NOCTMATMATHYECKUMY DACTBODAME B 30HY MEHEDANoOGDA30BAHWA W3BHE.

TemnepaTypH o6pa30BaHMS MOPOJ NOCTMAIMATHYECKOI'O 5Tamla, OIpe-
JeNeHHHe MO He(e MHE-TONEeBOMNATOBOMY M HaJBIUT-MarHESHTOBOMY MIHe-
DPaJBHHM TEpMOMETDEM, COMNOCTABIANTCA C TeMmmepaTypamu, HalimeHHHEME
I/ TMONOOHHX NapareHesMCcOB B IPYI'AX DETHMOHAaX, M COIJIACYOTCA C
SKCIIeDEMEHTANEHHMY NAHHHMY IJIf COOTBETCTBYRUMX MPHEDANLHHX &8CCO-
miaimit. B maHHOM ciyuae yCTaHOBJIEHO, 4TO mopomd I cramum dopMupo-
BaJMCH B WHTepBAle TeMIEPATYp oT 620-640 ;o 690-700°C; I crammm
or 520-540 gmo 620-640°C; W ctammm or 380-400 ;o 520-540°C;
IV - or 280-300 jpo 380-400°C; ¥ - or I50-200 mo 280-300°C;
¥I - or 50 mo I50-200°C.

llocnemoBaTeIEHOCTE 00Pa30BaHAA BCTDedYapumxcs B moponax bBeoit
BHEMKW MWHEDAJIOB CXEMATHYECKN MOKA38HA Ha cxeme. Mzorue nmHe-
PayH ABIANTCA "CKBOSHEME" ¥ BCTpedanTcs B 00pa30BAHUAX KAK YIBTDA:
MeTaMOpiMUecKoro, Tax ¥ TOCTMATMATHUECKONO STANOB. YCTAHOBIEHO,
YTO COCTAB GOJIBIMHCTBA M3 HUX ONpeIe]AeTCs COCTABOM 3aMelaeMHX
[opoj, TeOJOrMYEeCKNM IOJOReHWEM COTepxamei#l ¥X NOpOJH OTHOCHTEJNHHO
KOHPAKTA MpPAMODOB C NEePEKPHBALIMMY ¥ NONCTUJIANIMMY CHaHIAMA,a Tax
Xe MOJOREHMEM MEHepaJa B Toff min WMHOR 30He MeTacoMaTHUeCKOR KOJOH
K#t, T.€. EPHCTA/UMSaiMe# MUHepaNOB B ONpeneseHHHe STAlH ¥ CTAIMM.
B sToM oTHOmeHMN BeckMa NOKABATEJBHHMA ABJANTCA WBMEHEHAA cocTa-
BOB TAKUX WHMPOKO DACIPOCTDAHEHHHX MWHEDAJOB, KAk IMPOKCEH ,ORHeJNE

. KanemmuT, @IOrONUT.

HayeiuT - camuil pacnpocTpaHeHHHH MuHepan B mopomax bexmo#t Buen-
ku. Or Handosee paHHMX OGPA3CBAHME YIBTpaMeTaMODHUUECKOIro aTana
k nopozam [ cTamuu mocTMATMATHMECKOIO 5Talla €ro COCTaB MEHseTes
TAREM O6PA30M, YTO KOJWU(CTBO MArHe3uToBOf cocramnapmeidl B HeM 3a-
KOHOMEPHO yMeHBIIAaeTcA, a cornpraHuAd Fe, Mn , Ba, Sr , Ce , La ,

Nd , J ¥ Yb yBeJIMumBawTcA. AHANOTMVI'HE 3aKOHOMEDHOCTH YCTaHAB-
JUBAWTCA ¥ IJIA HAJBIMTOB M3 30HAJBHHX MeTacoMaTUuecKux Tej: B Hal
PaBJEHUN OT BHEWHNX 30H K BHYTDEHHEM B KaJBIUTAX yMEHBlaeTcA IOJ

¥gC0z ¥ yBemmumsapTCA KOHUEHTpamyy Fe , ¥n, Sr, Ce, Ia,
N4, Y, Yb.
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linugess npelcTaBieHa 3epHAMM ¥ KDHCTAJIAMH BEeCEMA Da3HOOODas3—
Holt oxpack#: OecIIBETHHMP, CHDEHeBHMHM, KDACHHMY, CHHEMY,3eJEHHMH
¥ TEeMHO-3eJIeHHMM, NOYTH YepHHMH. Kak noxasayiy aBaJmsH, IBET MHHe-
paia onpeneiAeTCA IJIAaBHEM 06pa3oM ero odmelt xeJesucTOCTHD, & MpPH
HM3KO# oOme#l ®enesMCTOCTM - COOTHOWEHWMEM B HEM JBYX- W TpeXBaJeHT-
HOro xenesa M cojepxanueM xpoma (radn,I3, eHamsu 4,5,6). Cocras
MIMHEJM B HEJOM, ¥ OCOOSHHO ee XeJe3HCTOCTH, B SHAYMTENBHO GOME-
meit cTemeHM, 4YeM COCTaB IDPYI'MX MEHEpajoB, 38BACHT OT COCTABa BMe—
maome# cpem WM, IPYTEMHE CJOBaMH, OT IeOJOTHYECKOrO NOJOXeHAA
TeJ METACOMATHTOB OTHOCHTENHHO KOHTAKTA ILIACTA MPaMOPOB C IEPEK-
PHBADIPMM ¥ DONCTHNALMOEME cjaHnmavu. [immHesm ¢ HauGoliee BHCOKOR
EeJe3ucTOCTED — f =22-31 - XapaKTepHH A WIMHEJe-IMPOKCEHOBHX
CHAPHOB, DA3SBUTHX HENOCpeICTBEHHO Ha KOHTAKTe KapJOHATHOIO ILIAC-
Ta ¢ NepPeKpPHBANIPMA ¥ MNONCTHJIADIMMY MHIMATH3VDOBAHHHMYA CJSHIAME.
llo Mepe ynaneHMa OT KOHTaKTa XReJESHCTOCTEH WONMHENH yMeHBIAETCHA,H
B Im#HeJe-HOpCTepHTOBHX KambIufupax meHTpanbpHo#ft gacT® KapOOHATHO-
ro IacTa OHA He OpeBHmaeT 9, WaMeHAACh B mHTeppare f = 3-9,
Ilpu Takxoit HM3KOX EeJe3WCTOCTH M AGCOJOTHOM OpeOolNalaHWM IByXBa-
JeHTHOT'O XeJesa MIMHEN: JHO0 GeclBeTHa, JHMOO OKpalleEa B IoJydo-
BaTHe ToHA, [lpECYTCTBHEe B COCTaBE HU3KORENE3HMCTOR MNMHENM NpUMe—
CH XpoMa B KOHIEHTpalmAx cr205ow 0,3 mo I,5% npunaeT et KpacHO-
BaTHE OTTEHKA — NOABIADTCA KPHCTAJLIH DO3OBOI'0, CHDEHEBOI'O M py-
OuHOBOTO mBeTa. C HaJWYMEM B COCTABE NMWHEJM TDPEXBAJEHTHOI'O Xe-
Jesa CBASAHO NOABIEHME 3eJeHWX TOHOB; HpHM STOM C pocTom odme# xe-
Je3UCTOCTH ¥ aCCOJWTHOT'O COINECDEAHNA TPEXBANCHTHOT'O XeJe3a HHTeH-
CHBHOGTE B3€JEHOT'O IBeTa yReamumBaeTcA: mpr f =31 ¥ CcOTEepXaHEH
Fe205=2.6% ‘(ra6x.I3, aHaimz 6) NNEHEN: CTAHOBETCA NOYTH YepHOH.

B 30HAIBHHX METACOMATHYECKHX TeJiaxX YJIbTpaMeTaMopfuieckoro sTa-
na XeJesSVCTOCTh WIMHENV YMEHBHAeTCA OT BHYTDEHHEMX 30H K BHEIHEM.
B o6pa3oBaHEAX NOCTMAIMATHYECKOI'0 3Tana MExNy XeJe3HCTOCTED HIF-
HeJM BHOBb QopMEpyeMoro mapareHesMca ¥ XeJe3MCTOCTED 3aMemaeMol
IOPOIH CYyuecTByeT NpAMAs KOppeJsaIusd.

[upoxceH HapALy cO NINHEJED ABAAETCA ONHMM M3 IJABHHX NODONO-
ofpasyomrx MEHepaJoB B MeTacomaTHTax Bemofi BHemkm. ls-3a sHauu-
TQJBHHX BAPMAIME XUMIMECKOTO COCTABA €0 BHIENEHHA HMEDT CaMyD
pasHoO6pasyn OKpacky: Jelyp,cepyp, posoByn (MaamHOByD) M 3eJe-
HyD pasHOff MHTEHCHWBHOCTH, BILMIOTE N0 TeMHO-3eJeHO#, mouTm 4epHOH.
Kax 7 B cayvae mImHe)M, OKpacka IMPOKCEHAa 38BHCHT IVIABHHM 06pasoM
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oT ero odme#t XeJNeSHCTOCTH, & IpH EM3KOE XeJe3HCTOCTH - OT NOBH-
meHHHX KOHNeHTpamu#t NpEMecHHX 5aemMeHTOB.HesesHCTOCTH NMPOKCEHOB
B OYeHb CHABHOZ Mepe 38BHCHT OT I'€OJOIHYECKOr'0 NOJOXEHHS COJepRa—
OAX MX NaparcHe3HCOB OTHOCHTENEBHO KOHTAKTa KapGOHATHOrO IJacTa C
NOZCTIIANIAME ¥ NEepeKpHBAOIMME CJAHODAMA: B LEeHTpajJbHO# YacTH miac-
Ta OPECYTCTBYDT HAMMEHee XeJeSHCTHe DA3HOCTH, ¥, CAMOTO KOHTAKTA
- HamboJiee BHCOKOReJe3MCTHe. [IMDOKCEHH M3 BHYTDEHHMX 30H 30HANL-
HHX METACOMATHIECKHX TeJ yJAbTpamMeTaMopfHYecKOro STana XapakTepu—
3ypoTcA Gomee BHCORO# XeJeSHMCTOCTEHID, YeM IHDOKCEHH M3 BHEIHWX 30H.
BufrnAeTcA YeTKAA TeHNEHIHWA ‘CHHXSHNS B NHPOKCEHAX COIEpXaHmi Xe-
Jesa, TJMHO3EMA, MAPraHNa ¥ THTAHA OT DPAHHEX cTaimit K NO3NHMM.

Hedeswu m3 nopox beso#t BHeMkE, Kak W HedeJWHH ¥3 MEJIOUHHX NO-
PO HpyrEX paffoHOB, XapaKTepusywrca IefmmuToM meaoueldl ¥ E3OHTKOM
KpeMEeKuCJIOTH, HedesMHE B mopozax yJabTpaMeTaMopfmMYeckKoro arana
ABNADTCA MeHee YNODPANOYEHHHMM MO CpaBHeHWD ¢ HedeMHamm u3 ofpa-
30BaHM#l MocTMATMATHYECKOTO sTama. Mexny ynopAmo4YeHHOCTEHI Hedeid—
Ha B TemmepaTypo#t ero o6pasoBaHMA OTMe4aeTcAd NpAMAA KODpeJAmnd.

-QIOTOINT ABJAETCA ONHUM H3 HamdoNee NMPOKO paCHpOCTpaHeHHHX
MEHEDAJIOB, KPUCTALIMSHPYDIUXCA HA NOCTMArMATHYeCKoM =rane. Ero
COCTAB B OYeHBH CHIBHOR CTeNeHHM 38BHCHT OT COCTABa 3aMeNAaeMHX Io-
pon. YcTaHOBNEHO, 4TO Hamdojee IJIMHOSEMMCTHE (UIOTOIMTH Da3BHBAKT-
cA Mo oforameHHHM IJIMHOSEMOM IOpOIaM: OO He(eiwH-, aHODTHT- K
[IMAHEJbCONe PRAMUM MEeTACOMATATAM; MeHee IVIMHOBEMHCTHE — IO IHMPOKR-
CEHOBHM cKapHaMm. Camo#f BHCOKO# XeJe3HCTOCTER XapakTepHayboTcsa (uo-
TONKTH, 3aMemapmye WIMHeJe-IMPOKCEHOBHE CKapDHH HA KOHTaKTe Kaplo-
HATHOI'O IJIACTA C TEePeKpHBapuiMu caaHumaMu. [Ipy 3amelleHMR NOpOX
OIMHEAKOBOr'0 cocTaBa (uioromnaTH M3 mopon I cTamum Bcerna COmepXaT
Gonpuie Ba; mMenT GoJiee BHCOKYD EeJIe3MCTOCTh M GoJiee HH3KWME KOH-
uempamia F , uem duioromutH u3 mopox [l cramum. IIpm mpocroilt me-
pexpucrawmmsamym (drorommr I cTamm — GuoromnT [ crammi) Bo quo-
TOMMTE OTMEYaeTCA YBeJWUEHNe CONepXaHMi#l IyIMHO3emMa ¥ yMeHBIeHHe
KOHneHTpammi# Ba # ofmeit meneancTocTH.

OIVICAHME MAPIPYTA
(pme.I5)

Touka I. OdHameHwe B xpafHe# Kro-3anampoit wacTu beno#t BHemkm
BOJM3M EeJe3HONOpoxRHoro mekeTa 105 kM. B oOHaxemmm JefKOKpaTOBHE
KPYTIHOBEPHACTHE ¥ ME30JMTOBHE CPENHE3EPHACTHE CHEHHTH CeKyTcA
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IOPORUIKAMM, MeTacoMaTHYeCKNMA 30HAMM ¥ MaJOMOWHHMM XUIaME Hedesm—
HO-KaIMMNaTo-IMpOKCEHOBHX nopol I cramum nocTMarmMaTHYecKOro 3Ta-
na. B BocTouHo# (mpaBo#t) uacTy oGHaXeHNA Teja He(e MHO-KATMIIaTO-
IMPOKCEHOBHX IOPOJ MMeDT Cojee CJOXHyD HopMy, dYem B JeBo#t, rme
npeoGJanainT MPOXRUAKA C TNpAMOJMHEeUHHMH KOHTaxKTaMH.

YuacTramMy He(eauHO-KaMIINAaTO-IMPOKCEHOBHE TOPONH 3aMemanTcH
QIOTOMNTO-MMPOKCEHOBHMM MOPOJAMM, OGPASYOIMMA NPORMWIKK ¥ I'He3.a
pasHooGpasHoft gopvH. HamGonee MOSIHMME NOPOIaME B IAHHOM OGHaXe-
HUY ABJADTCA KAJBIMTOBHE XWIH. B yyacTkax nepecevyeHHs ¢ IMPOKCEH-
COTepEANMMA TOpOZAMY RIWIH oforauanTcd IMPOKCEHOM, & B yYacTHax
dmoromTconepRAIMX MOPON B RWiax NpeodnranaeT duoromT, Mecramm
OTMedaeTCcs IHe3N0Bafd NEPeKPUCTAM3AIMA TOPON ¢ 00pasoOBAHAEM
KDYIHOBEDHACTHX ¥ I'HTAHTOS€DHUCTHX KAJBLIMTOBHX nopon C IHpOKCce-
HOM B QIOTONMHMTOM.

Toura 2. OOHaxeHMe pacrojaraeTcd y ypesa osepa Balixan. B amo-
IOJOMETOBHX Kaibplmdupax HadmomaeTcsa WTOX00GpasHOoe TeJo KPYyNHO3ep-
HECTHX Je#ROXpaTOBHX CHEHNTOB, B KOTODHX COAepEaTCA pasHoodpas—
Ho#t fopMH IAHGOBHE BKINYEHMS NMMPOKCEHOBHX CKApHOB. B HemocpemcT-
BeHHHX KOHTAKTax CHEHUTOB M CRADHOB DASBUTH HefeJMHOBHe NODOIH.

Toura 3. B mmmrese-fopcTepHTOBHX KaJAbIE{Wpax HACHOIAeTCA Telo
OUCHHTOB, BAPHHDPYRNEX N0 MEHEDANBHOMY COCTaBY OT JeAKOKDATOBHX
0 MeJaHOKPATOBHX, ¥ IO CTDYKTYPE M TEKCTYpe — OT MeJKO3eDHHCTHX
IO KPYUIHOSEDHECTHX ¥ OT MACCHBHHX IO MOJOCYATHX. B HEX OTMEuanT-
cA MHOTOYHCJCHHHe OJIOKM KDHCTALIMYECKHX ClIaHneB. Mexmy cEeEmTa-
MM ¥ CJAHIAMEK CYUWECTBYDT KaK NOCTeNleHHHEe, TAK ¥ De3KMe KOHTAKTH.
Mexny cleHWTaMM X KapOOHATHHMM NOPOJEMM BCerJia NDHCYTCTBYeT 30HA
Heje MHECONEpRANUX NOpon. IIpm TOM B ciyuae IOPM3OHTANBLHHX KOHTaK-
TOB CHEHHTOB C Mpamopamy odpasyeTca JMub OIHA 30HA MeTacoMaTHYec—
KAX KAJMUNaTo-IMPOKCEHOBHX NODOXL, B CIydae BEDPTHKAJBHEX - CepHA
80H: (mEpoKceHOBHE cmeEmT) - (Hede MHO-KANMNNATO-MHPOKCEHOBAA MO-
poma) - (Hedeammo-$opcTepnrosas mopoma) - ( dopcrepuwToBHft CrapH)-
- (mmmexs-$opcTepuToBHEt KanEmdHp) - (momoMmTOBHEZ Mpamop). Mom-
HOCTH 30H MeTACOMATHTOB NPM BEPTHKANLHHX KOHTAKTAX B3HAYHTEIBHO
MeHbDe, YeM Op¥ I'OPMBOHTANEHHX. [[pmcyTcTBywuMe B CHeHHTaX IMHOO-
BHe BRIDYEHMA NMPOKCEHOBHX CKADHOB Beerma OKPYyXeHH 30HOR HedemmH-
COIEepRAMIX IOPOX.

Tguca d. B naHHOM OCHaReHMM CpemyM OCHYHHX mme;e—@cchepnTo-
BHX KanemifupoB HaAOMOIALTCA TeJla CKAPHOB CO MMMHENBD KPAacHOI'o
ImBeTa M GoJee DEeNKO BCTpevaplMMCH APKO-3€JEHHM XDPOMIMOICHIOM.
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KpacHaa orpacka mmmHeJ# OCYCJORIEHA NPUMECED XpoMa. B mmmHeJsAX ¢
HamGosee Apxoft pyomHOBO# okpacko#t comepxmres I,43% °r2°} LAl
yMeHENeHEeM Colerxammt Cr,Oz 10 0,3% okpacka mIWHeNu GJejHeeT,
H OpeoflalabT yRe CHpDeHEBHEe TOHA. [lepexpHCTAIM3ANMA WIMHEJH CO-
NPOBORNAETCA YMEHBNEHUEM CONSPRAHUHE CrpOszi COOTBETCTBEHHO YMEHB—
meHNEM MHTeHCHBHOCTM OKDACKE OT pyOmHOBO# 5o cEpeHeBoft mwm Gec-
nseTHOR.

Touga 5. B nenTpambHO#t acTH Beno#t BHeMkm cperm cumyuel femeH-
Tupyome#t MaccH, cocToameit 3 KarIMTa, CJOIH ¥ KJANHONOMSHTA, OT-
MeuaeTcA MHOXECTBO Tesl JIMH30BHIHOR ¥ oxpyriaolt fopmH, CIOREHHHX
B DASJMYHHX CJAydYadxX CKaNoJUToM, HedesmHOM, (uoOrommToMm, CONAJIHTOM,
KaHKDHHETOM, amimeoJoM, HOMSHTOM M KJIMHOMOM3UTOM. BeTpeuanTrcs
Taxme PeJMKTOBHe HesaMeleHHHe OOGJOMKY GoJee DAHHMX IOPOXN - CHEHU-
TOB, CKAPHOB, KAJBIMGMPOB.

Toura 6. B oGHaxeHMM cpemy mmene—tbOchepnfromx KanpIuupos
OTMeYanTCA IBA pasollleHHHX 10 BepTHKAaJH BHXONE NHDOKCEHOBHX CHe-
HHTOB. B BepxHe#f WacTm oCHaXeHMA B CHEEMTAX NPHCYTCTBYNT IJHOO-
BHe BRINYEHNA KDHCTAIMYECHKUX cJaHmeB. CTDYKTypa U TEKcTypa CHe-
HATOB B HENOCPENCTBEHHHX KOHTAKTAX CO CJAHNAME CHJIBHO BaphUpYeT,
a caMy OHM 3aMemapTCH MOHOMEHEPANBHHMH YEDHHMHE NHPOKCEHOBHMM
CKApHAMM, B KOTODHX NPHECYTCTBYDT HHBEKIMOHHHE NDOXWIKN MarMaTh-
YecKoro maTepuana. Ha KOHTaKTax CHEHMTOB W KapOOHATHHX mopon Had-
JoranTca HedeaMHo-KaJMIIaTo-MIPOKCEHOBHE NMOpONH. FoJjee NO3MHAMA
ABJIADTCA NPORUJIKY ¥ OTODOYKM (IONONMMTOBHX MODOX, KOTODHE DpasBHBa-
NTCA 10 Hede MHO-RaMINAaTO-NMHPOKCEHOBHM HOPONaM.

B nmmue#t uacTy oOHA®eHMA HAa KOHTAKTE CHEHMTOB ¢ KapGOHATHHMI
NopoJaME Tak®e o0pasypnTcA THMPORCEHOBHE CkapHH. Ho 37mecs Mexnmy che-
HATAMA ¥ NHPOKCEHOBHMM CKADHAMA MOCTOAHHO OTMeYaeTcs OYeHb MaJo-
MOUHAA 30HA HedeJMHCONEPRANEX NOPON, ¥ CAMM CHEHHTH M IMPOKCEHO-
BHE CKADHH IepeceKanTCA IPORMIKAME He (e mMHO-KaJWmrIaTo-MHPOKCeHO—
BHX ¥ He(eJWHO-KAaJMMIAaTO-KaJlBIMTOBHX MOpoX. K yJacTkaM WHTEHCHB-
HOT'O PASBUTHA He(eJMHOBHX NODOJ NPUYPOYEHH NPOXMJIKM I THE3Ia Co-
JamuTconepraiyMx MeTacoMaTMTOB. B arToft R TOUKe HAGDICHIA IpucyT-
CTBYDT TeNa MeJOYHO-MarHe3WaJbHHX CKEDHOB, HMEDIMX CleIynmee 30-
HaNBHOE CTpoeHMe (0T BHYTDEHHMX 30H K BHemHmMM): (He(e MHO-KaJmMu-
NATO-KANBIUTO-NMPOKCeHOBas nopoja) - (Hedesmuo-ramsimro-dopeTepn-
TOBas mopoja) - (mmmeene-PopeTepnToBHR KasBmmfmp) ~ (mosoMETOBHR
Mpamop) .

Touga 7. B ummuele-@opcTepuToBHX KaaslufEpax HACAOIADTCA MHO-
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T'OYNCJIEHHHE TeJa MeTACOMATHYECKMX NOpON. 9TH Teja JMOO HAMesao
CIOREHH MOHOMWHEpAJBPHHMY TMPOKCEHOBHMM CKapPHaMH, JMOO MMEDT 30—
HaJNBHOE CTPOEHYE: B UEHTPAJBHOM YacTH - MOHOMMHepaJbHHe IMPOKCEe—
HOBHe CKApHH, JaJee CHelyeT Y3KAafd 30HKA (POpCTEpUTO-IHMPOKCEHOBHX
Wi OpPCTEPUTOBHX CKAPHOB. [IMPOKCEH B CHADHAX NDPENCTABIEH MAJOEE-
gqesucTem ( £ =0,4-2) u mamorymHO3eMECTHM ( A1,05 =0,2I-1,5%) muom-
cuuoM. BeTpeuapmmecs 37ech Xe CeKym@e NPOMWIKN (MIOTOIMTOBHX HOPOL
CHIONEHH TAKRE HAEMEHee REJE3MCTHMM I TUIMHOSEMUCTHME (UIOTOMATAMI,
OCOGEHHO 0O CPABHEHMO ¢ QUIOTONHTAMM, PA3BATHMM 1O HedeJmH-,aHOp—
THT-, I NMEHENBCONEDPRANMM TODOMAM.

B sTom ®e yuacTke NPMCYTCTBYeT KDyUHHA GJOK DOrOBOOGMAHKOBO-
IMPOKCEHOBHX KDMCTA/UIMYECKMX CJAHNEB. B cJaHIAX JOKANLHO IOABIA-
pTea JelikorpaToBHe OCOCOGNEHMA, COCTOANME K3 HefesawHa, OpPTOKIA3a,
mrpokceHa. [lo cocTaBy cpeiE HOJOGHHX OGocoGieHM# mpeodnazanT Ka-
JINNAaTO-MMPOKCEHOBHE M He(e MHO-KaJMInaTo-MMPOKCEHOBHe MNOPOXH,JTH
NOPONH SABAANTCA MATMATHTaMM, CHODMAPOBAHHHMK 3a8 CYET KDPUCTAJLIINYEC—
KHX CJAHIEB TON BO3XeficTBHEM I'DAHMTH3UDYOIMX PACTBOPOB IO BHILIAB-
JNEeHES MAT'M: 5TH IOPOJH W CJSHIM NEepecexamTcsd XUJABHHME TeJaM# CcHe-—
HUTOB. Bosee mo3yHMMM 0GDA30BAHMAME 316Ch ABIANTCA NPORWIKM H
THe3la MUPOKCEHOBHX CHADHOB M CKANOJMTOBHX MODON C BHCOKOREJe3HC—
ruvy wrmHe sn ( £ =3I) u mupoxcenom ( £ =I4). YuacTkamum Bce STH
MOPOTIH MOIBEPranTCAd NePeKPHCTAJUIM3AIME C O0pa3OBaHWEM IMIaHTO- B
KDJIHO3EPHECTHX (UIOrONATO-IHMPOKCEHO~KANBIMTOBHX IOPOIX.

[IMpOKCEHOBHE CHADHH, UMMHEJe-IMPOKCEHOBHE NMOPOMH, KANBIMEHDH,
CHEHNTH ¥ KDHCTALIMYECKHEe CJIaHIH B JAHHOM YYacTHKe NepeceKanTcs
IPORMIKAME KBApPHEBO-KAPGOHATHHX MODOJ.

Toura 8. OCHaxeHwe pacnozaraeTcsa B Kpafie#t ceBepo-BocTounok
uacTe Beso#f BHemkxw. Ha xoHTakTe KAPOOHATHONO IJACTA C NepeKpHBAK-
IME MHT'MATH3YDOBAHHHEME IBYIAPOKCEHOBHME IIATMOCJAHOAME DaCcIOJio-
XeHO IJACTOBOE C YacTHMM NepexuMAMM TeJO CHeHHTOB. Buoas Bcero
KOHTAKT4 KAK C IPAHMTAMM, TAK M C MATMATH3MDOBAHHHMA CJAHIAMA,
DPA3BHBADTCA MAarHE3WAJNBHHE CKADHH CAeIyDmEro SOHANLHOT'O CTDOEHMA:
(mMpoxceHo-IIarHOKIA30BaA mopofa) - (mImHeZe-IMPOKCEHOBHE CRApH)
- (mmEene-IMpOKCEHO-POPCTEPUTOBKA ckapH) - (umuEene-fopcTepuTO-
BHE kampimdmp) - (monoMETOBHI Mpamop). MONHOCTE: CHADHOBHX 30H
BO3DACTAET B CJAyYAE BHIOJAXWBEHWA KOHTAKTOB M C yBEJWMYEHAEM CTe-
NeHE MEIMATH3AIME CJaHNeB. HamGoJBmMME MONHOCTAME X&DaKTeDH3YOT-
CA CKADHH, DASBHTHEe B KOHTAKTE C CHeHMTAMM, MarmaTwueckwme HODPOIH
B CJAHIAX ¥ MUI'MATHTAX NpeNCTABIEHH Je#KOKpaTOBHMM IpaHATaMy, a
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IoCNeIHUX NPOMCXONMJO yXe B MaJOIV[yOMHHHX ycJaoBEAX. [loske MHOIO-
YMCNCHHHE TPelMHH 3aloJHWJA IPaHNTHAA MarMa, o0pasoBaBllad B Ipelne-
Jax Maccuea COTHM RAJ pasHo# MpOTAREHHOCTH.

Kax BumHO Ha cxemaTwuecko#t kapre maccmBa (pmc. [6 ), Ha compe-

"~ MEHHOM SPO3HMOHHOM cpese HalJmwIaeTcs He MOHOJNTHOE NWHTDYSHBHOE Te-
JO, & CKOpee MHBEKIMOHHOE MOJe, I'Ie MHOTOYMCJSHHHE JIMHSH ¥ CHJLIH
MeJOYHHX ¥ He@eJMHOBHX CHEHMTOB CEKyT BMellanmye NOpPOIH, WIN,Hao-
60pOT, KCEHOJMTH MOCJEeTHMX NOTDyXeHH B GOJee KDYNHHe NHTDY3HBHHE
TeJd. B cBA3M ¢ OTHM CO3TABANACH CIATONDHATHHE YCIOBMA IJIA BCE—
CTOPOHHEr'O IOpOTrpeBa M Npeo0pasoBaHmMA BMemammux nopox, OmHako B
CpeIHEerJyOHHHEX YCJIOBUAX rad0ponMIHAd MAarMa BH3Baja JMUEL Iadépou—
3amm ciaaHneB. llesounas marMa okasasa dolee CHWIBHOE BJMAHWE HA
TOPONH KPOBIM. JOJNOMATH GHIM NPEBPAlleHH B anonepHKIa3oBHe GpycH-
TOBHE MpaMOpH ¥ DasHOOOpasHHE CKApHH, & CJNAHIH - B DOTOBMKM Das-
JMYHOTO COCTa®ma.

Buemanmue IOoxeMOpHiCKAE NODONH CJHOXREHH KDHCTAIMYECKMMA CJI&H-
aMy TUIATHOAMPMGOJIOBOTO, IIATMOMMONCHIOBOTC U IMIATMOIBYIMDOKCEHO-
BOr'O CcOCTaBa, & TaKKe ANBMAHIMH-OHOTHTOBHME M KBapH-CH/LIMMAHNTOBH-
MH CJaHIaM#, KBaplMTamyi, MpamopaMu, IOJOMUTaMM, KBapli-BOJUIacTOHH-
TOBHMM KapOOHATHHMI IIOpOJaMil C anaTHTOoM.

Ta66ponmH mpencTaBleHH OJUBMHOBHM I'aG0po M rad@po-HOpUTAaMM,
PYIHHME IIPOKCEHWTAaMM, Iad0po-IuopuTamy, IWOpHTaMM. XapaxTepHH
NOCTENEHHHE MNepeXoli OT radOponIoB K IWIArMoamMiMOONOBHM CiaHUuaMm,
CBUIETENLCTRYDINE O IradCponsaryy NOocaeIHNX. OnHaxo B HEKOTODHX
Cay4Yasx HalmomanTCA U DPe3K0 Cerylue KOHTaKTH.

llemrouHHe CUe HUTH - TPAXNTOUIHHE CPENHe- M KDY-
[HOKDUCTALIMYeCKIe MOPOIH. CIOMEHH KaJMHATDOBHN HOJEBHM LTIATONM
(40-60% ampOuToBOl COCTABNAWNEH) W HATPOBHNM aBLUTOM. MHOrya B
HEX DasBMBaeTCAd OMOTHMT, OCOGEHHO NpE IHellcU(PKAIMN CHEHUTOB.

HedenZ"HOBHE CHEHUTH - NPEHMYyKESCTBCHHO Tpaxy-
TOMNHHE CPeAHEeKPNCTaMMEeCKNe NODCITH, CJOXEHHHC KamMHATDOBHM HO-
JIEBHM WNaToM, HedesyuHow n arumpuH-aBrutoM (I8% ar@prHOBOrO MMHAJA).
[lpy rEelicujnKaimy TONEBOH mmaT pacnazacTed Ha a’xbOUT ¥ MHKDPOEINH,
a NIpOKCEH 3aMemaeTcs GMOTHTOM W peixo racTmHrcurom. lspeiaxa B
He(eIMHOBHX CHEHNTAX OTMCUANTCA XeJe3NCTHIl ONIBHUH M 6apKCBH'F”
XapakTepHO MOYTH NOJHOS OTCYTCTBHE KAHKPMHNTA.

CrapHoBHe accormaryu TaxepaHa

CxapHoBee mopomu TamepaHa, PASBHTHE TIO JOJIOMHTAM, BECEMA pa3—
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HOOGpasHH,TO pasroolfpasne oTpaxaeT CIOXHYN MCTODHI CTAHOBJIEHNA
MarHe 3MaJBHO-CKapHOBOl (opmarmm, Brmdammedl kax MarmMaTmyeckuft, Tax
1 mochemarmaTHdecKuil aTanu M IocJeroBaTeJBHYD CMEHY XapakTepa Mu-
HepanooGpa30BaHuA — MArHe3MAJBHOI'0, KaJBIEBOT0 M MeJoYHoro. Pas-
JIMYNe DeoJIOPMUECKNX YCJOBHiT cKapHOOODA30BaHWA TaKke NDEBOIWIO K
06pa30BaHMB DASHHX THIIOB CKAPHOB: B YacTHOCTH, 9acTh CKAPHOB pas-
BUBaJack HENOCDPEICITBEHHO B KOHTAKTAX TeJ WMEeJOYHHX' ¥ He(peJIMHOBHX
CHEHUTOB, & Ipylag QopMEpoBaJachk B BHIe XWIBHHX U Tpydoo6pasHHX
TeJ cpefd GPYCHTOBHX MpamopoB, T.e. B 3HQUUTEJBHOM YIANEeHWH OT
MarMaTHIeCKHX Tek.

[lpemcTapieEre O MarHe3MaJbHO-CKapHOBO# opmamuy TaxepaHa naeT

cxema I, a cxema 2 NORASHBAET ACCONEAIMO DOT'OBMKOB B HSBECTROBHX
CKapHOB, DasBHTYD 0O CHIMKATHEM ¥ CHIMKATHO-KADOOEATHHM HNODONAM.

HarGonee THIMYHAA DEeaKIMOHHAS KOJOHKA B KOHTAKTOBOM THIE CEAD-
HOB TakoBa: meJouHo# (wm HedeJWHOBHE) CHEHAT — IMAHEAB-faccam—
TOBHI CRAPH —» NMEHENB—POPCTEPATOBHE CKapH — ODYCHTOBHI Mpamop.
Vuorma THIOBag mmuHeJdB-(accauToBadg 30HA OTCYTCTByeT, H NEJOUHHE
CHEHMTH HeIOCDEJICTBEHHO CONPHKACANTCA €O NNMMHEJB—(HOPCTEPATOBHMA
cxapHamu. B caydae He(e/MHOBHX CHEHHTOB BMECTO WIMHEJb-faccamro-
BHX CKADHOB HEDEJKO DASBUTA 30HA YDTUT-HHOIMTOB. llocnenHas MHOI-
na COTEDENT DeJMKTH NIMHENE-$ACCANTOBOrO CKADHA, HO Hame, BIIEMO,
YpTHT-MHOJHTH DA3BEBAJVCE Cpasy BCJAeX 34 NMEHEeAb—-{opCcTepUTOBOH
30H0#. Ha Ham B3IVIAL, BHNANEHWE OTHENBHHX 30H KOJOHKH CBHIETEeJb-
CTByeT O HEONHOBDEMEHHOCTH KX S&PORNESHES. R

B xXuJBbHOM H TPyOoOOpasHOM THIAX CKAPHOB Ham(oJee 4YacTO BCTpe-
YalTCH KOJOHKH IBYX BHMIOB: 4) WIMHeNs—-POpCTEepHTOBHA cKapE — fop-
CTEDUTOBHA KaJbIMup —» OPYCHTOBHHA MpamMop E 6) IMONCHAOBHE CKADH
—— MOHTHYEJIATOBHA cKapH —s HOPCTEPATOBHE KaabImfup — OPYCHTO-
BHJ Mpamop, KOTODHE Das/MYanTCA HAJMIHWEM NIMHENH B nepsoft pasHO-
BHIHOCTH. B GecOnnHeJNeBOM THIE CKapHOBOX KOJOHKA MHOI'ZA BCJEL 3a
MOHTEYe/UIMTOBO# 30HON pasBMTa axepMaHWT-MOHTHUEUmMTOBag. 00e pas-
HOBHIHOCTY CKAPHOB HEDEIKO DACCEYEeHH WEeJOUHHME CHeHATAMH, YTO yKa-
3HBAET Ha uX (OPMUPOBAHNE B MarMaTHYeCKy® CTAIMD.

Cyms no axepMaHMT-MOHTHYEJUMTOBOMY NapareHesuCy, BOSMOXHaA
TemMIepaTypa CKapHOBOIO Npoliecca OLeHWBAETCHA B 850-880°C TIpH map-
IMaibHOM IaBJIEHWR 002 Huxe 0,5 k0. B KOHTAKTOBOM THNE CKAPHOB
npu Tokt xe Temmeparype gmaBieEme COp OHNIO BHmE, YTO ¥ NOMEWAJO o0~
PA30BaHAD 37€CH AKEPMAHNTA ¥ MOHTHYE/UIATA.
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C noHMEeHVeM TeMIepaTypH OIMCAHHHE CKAPHH NOIBeprasichk pasimi-
HHM M3MCHEHHMAM, BCJIEICTBME KOTODHX NOSBWIMCE aloOMarHe3WaJbHHE W3-
BECTKOBHE CKADHH, MEJOYHHE CKapHH ¥ NpeoCpasoBaHHHe MarHesMalib—
HHE CKapHH, IepeumcjeHHHe Ha cxeme I. IlocKOmMBKy TemmepaTypa KOH-
COJIMIALMN MEJOYHHX ¥ He(deJMHOBHX CHEHMTOB COCTABIANA OKOJO 600°cC,
3TH KM3MEHeHUs B OCHOBHOM Takxe NpPOTEKaJ¥ B marmMagwyeckuit =ram.

ArayiormuHHe CTaIMM MUHEDanoo0pasoBaHusA MarMaTHYecKoro STana:
MATHE3HAJBHOI0, KAJBIMEBOr0 M WEJOYHOro GUKCHDYLTCH Taxke VA
accoIManM® POrOBMKOB ¥ M3BECTKOBHX CkapHOB (cxema 2).

KpaTkas XapakTepUCTHKA CKADHOBHX MWHEDAJIOB

[lpencTaBienne 0 XapakTepe MUHeDAJNLHHX accormamyili B pasiMyHHX
THIAX TI'OpHEX nopojn TaxepaHCKOT'O I'eTepOreHHOT'0 MaccuBa JaeT Tali.
I4, M oxapakTepuayeM KPaTKO OCHOBHHE NODONOOGpasyniye MUHEDAJH
MarHe 3MaIBEHO-CKAPHOBO# M M3BeCTHOBO-CKAPHOBOH fopmaimil u HamGoaee
MHTEDECHHE BTOPOCTEINeHHHE M axIeCCODHHE MNHEp&aJH B HMX. B Tadim-

max IS5 m I6 opuBeleHH XMMUUESCKWe QHAJM3H pANlAa MUHEDAJOB.

llnugens. Hene3ucTOCTH WNKHEMM B KOHTAKTOBOM THIE CKAapHOB BapbH-
pyeT or 32 mo I5, a B xunpHOM - OT 3 ;m0 8%. KelnesucToCTh €€ IOHE-
XaeTcCA MO Mepe yIaleHMA OT MHTPY3UBHOI'O Teja. Marpockonmueck:
WNUHeJ b 9epHasg, GecIBeTHas, rouaylas, JUIOBag, KpacHas. B jmaoBoi
PasSHOBMIHOCTH, DA3BETOR NOBOJBHO LMPOKO, CONEPRATCA IO 2% THTAHA.

Qopereput. Comeprut 1o 8% (aammToBOrO KOMIOHeHTa. 00pasyeT Kpu-
CTAJIH pasmepom IO 3 cM. BecuBeTHHit, XesTHi, KpacHHii. SaMemaeTcs
CEepNeHTHHOM K NeBeilmToM, HM3pelxa I'yMETOM W KIMHOIYMHATOM.

MarHezmodeppuT. B MarHesWalJbHHX ckapHax NPUCYTCTBYeT HE MarHe-
TUT, & MarHesuofiepput. B OTHENBHHX CIyuYaaX B IMNHEIE-(ODPCTEDPUTO—
BHX CKapHAX KOHTAKTOBOI'O TKIA OH NpUOCpeTaeT pPOJb MOpPOoNoospasyil— -
mero MuHepasa. KoucramnusyeTca nosme wmiHes ¥ @opcTepura. Comep—
REHNE MarHe3noheppUTOBOr0 KOMIOHEHTa BapeupyeT or.60 mo 75%. Xu-
MyYecKuit aHanMu3 TpMBeleH B Talk.I6 .

Juoncun, XapakTepusyeTcd CTaHIADTHHMII* ONTHUCCHKUMA KOHCTaHTaMy
M XUMIYECKMM COCTABOM. reJesncTocTs (-5%. BeclBeTHHIf, XeJTOBATHIL,
3eyeHuil. Mspenka MMeeT APKYD IOJIYOyH OKpacKy.

faccanT. XapaKTepPHHI IMPOKCEH THJIOBHX CKapHOBHX 30H. ComepxmT
6-7% rumHO3EMa, KeJesucTocTs 8-25%. lBeT GyTHIOYHO-3eJeHHi 1o
YEpHOIO.

Inranpdaccanr. OrioryacTca OT ¢accanTa BHCOKMM COJIEDEMAHMEM THTa-
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Ha (mo 4%), npwdem GonBWAA YACTH NOCJEHEr0 HAXOMMITCA B Tpexsa-
JeHTHO#t (opwe, YTO BHABJEHO CIELMAJNEHHM aHayM3oM. [[BeT oT Kopmd-
HEBOI'0 N0 MaJMHOBOI'O. Pas3BUT B HEKOTOPHX TpPyGOOOpasHHX TeJax !
Ha KOHTAKTaX HedeJMHOBHX CHeHUTOB. Bo3aMO®HO, 06pas30BaH M0 CHEIM-
(MYeCKNM CHMIMKATHEM mopomam. Comepsmt no I0% rumHOseMa, XapaxTe-
DMSyeTCA MaJM YIIIOM onTmieckux oceft (2v =+280). :

‘TnmangggpoggccanT. B oTimuEe OT MAJIMHOBOTO THTaHdaccamTa Mak-
DPOCKONMYECKN YeDHHI, COmepxuT 1o 3% IBYOKUCH THTaHa I 7-9% Ium-
Hozema. HexesmerocTs 20-30%. PaseuT B GonBIMX MAaccax IO POrOBH-
Kam radépoBoro cocrasa.

MonTmuesumT, PasBuT B EMNBHHEX I TPyG0OGpA3HHX CKADHOBHX TeJax;
MOJIOYHO-CeJHil, KOPHYHEBHil, XeJTHH; XeJe3UCTOCTH ero BapeupyeT OT
0 nmo 7%. MaruesvaJbHHI KMpHTEeHHNT ABIAETCH MOHTHYECJUIETOM C 52%
(e ppOMOHTIYE/UIMATOBOr0 I TJIayKOXPOMTOBOI'O KOMIOHEeHTOB. OH IpHCYT-
CTByeT B NapareHesuce ¢ KaJMCWIMTOM B I'paHaT-BOJLIACTOHMT-MeJIH-
TOBHX cKapHax. Jlo cux nop Gojee XeJesucTHE mMoHTHYesamT (¢ 75%

(be ppEMOHTIUEIUIMTa) OHI HafimeH Joub B HefesmumTax KoHro.

ArepuaHuT. BeTpeuaeTcss B TpyGooGpasHEX ckapHax. ComepmuT 95%
aKepMaHNTOBOR MOJERYNH ¥ 5% HaTpoBoro MemwmTa. KesesmcTocTs 2%.
MeJmumT ¥3 BOLNACTOHMT-MEJIUINTOBHX CKAPHOB OTJMYaETCH CoJiee BH-
GOKMM COTeDEaHWeM HaTpoporo memwmra (39%) u rexemwra (4%).

Tyvmur ¥ xymHorymuT. INaBHHE MMHEDAJH HEKOTODHX THIIOB. CKapHOB
¥ KasbIM{upoB. BapeupymwT 1O OKpacke OT GeCIBETHHX IO OpDaHReBHX
n xextux. XesesmcrocTs mx mameHserca or 0 mo 8%.

Omoromnt. HexeaumcrocTs or 0 mo 25%. lper ot Gesoro, Geciper-
HOro0, 0" uepHOro. Korma quioromuT pasBAT NO TATAHCOLEDRANMM IMIH-
HeJb-(OpCTepUTOBHM CKApHAM, OKpacka ero CTaHOBATCA CBETJIO-KODHEY-
HeBo# u3-3a mpucyrcrsra I,5% mByokmcu TMTaHa. B 30He rumepreHesa
IepexomuT B BEDMUKYJHT.

BomnacrornT. OOHYHHII MEHepal DOTOBUKOB ¥ H3BECTKOBHX CHADHOB.
Ontudeckye cBoOficTBA W COCTAB CTAHNAPTHH., 3aMENaeTCA NEKTOJIMTOM
u afBuyMITOM, .

I'pana?i. BapeEpyoOT NO COCTABy OT UMCTOr'O I'POCCYJApa N0 &HIpa-
IMTa C CONepRaHUeM KeJesUCTOro KommoHeHTa 85%. B BoLIacTOHUT-
MeJIMUIMTOBHX CKApHAX PasBHT TAKEe MeJaHUT, 3aMellaeMHil TDOCCYJIAPOM.

[lapracut. Paseur no gaccaumTy. Makpockommuecku 3ejeHHit, B mwm-
(e GecrmperHHil: XemesmcrocTs 5-10%. Hedenmumsamms Bcerma HacTyma-
eT IocJe NapracuTH3alyH,

Besysuan, TecHO conpazeH ¢ IapracHToM ¥ rpaHaTamu. Makpocko-
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Hzomop@usm yrasaHHOrO BHINE THIA yCTAHOBNEH TaKke B JYHHOM MI-
Hepane-apMaroJuTe. BO3MORHO, OH MOXET MMETE MECTO B THTAHHCTHX
6HoTHTax, ampudosax ¥ NHPOKCEeHaX.

¥z cynsfumHoll MuHepaymsammy A TamepaHa XapaKTEpPHO WHMDOKOE
pacnpocTpaHeHre IMPPOTHHA BO MHOI'MX THIAX CKADHOB, OCOGEHHO B TH-
TAaHPACCANTOBHX C TDEeXBAJEHTHHM THUTAHOM B IMDOKCEHE W B MINHEJB—
(QOPCTEPHTOBHX C TAXEPAHMTOM, B KOTODPOM THTAH TAKKE HAXONMTCA B
TpexBaneHTHO! dopme.

CrenyeT oco00 BHIEJMTH TPOWMT ¥ IXepdumepnT. TPOMJMT IO CHX
Nop B CKADHAX BOOOmE He OTMeYalZcsf ¥ IO HeJaBHErO BDEMEHH CUMTal-
Cf MCKINYHTENBHO MEeTEODHTHHM MHHEpaJoM. Ixep{umepuT - CHAORHHR
CYABIMN KaNWA W Rejesa — TAKKe BIEDBHE OHJI YCTAHOBIEH B METEODH-
Tax, a 3aTeM B pynax TajmHaxa ¥ B HefesmHOBHX nopomax XméuH. Ha
TaxepaHe — €I'0 TPeThA HAXONKA B 3EMHHX YCJIOBUAX, NPHYEM COCTAB
ero snech, B OTJIMYHE OT MOBYX IpYyrMx NpospiaeHu#l, BecimMa GAN30K K
MeTeopHTHOMy. Ero dopmyza.

o )
K 3,00 (Cu 0,80 NGD.UB Cuo,u‘r )0'93 (FE"‘US M'BJB cogds)"'g-, (S|3.55 Ctg;s’ {4.00

Keraty, mrep@mmepnT HaxOIMTCA B TeCHOH CBA3KM C TPOMIMTOM M Ka-
JVCUWIMTOM B I'DAHAT-BOJJIACTOHNT-MEJMINTOBEX CKADHAX.

T'paHMTH ¥ TmEerMaTHTH

B npepméesax TaxepaHa IMPOKO UDPOABJNEHH KUCJHE MarMaTH4YeCKNe NOpo-
IH: MeTamopforeHHHe NMerMaTUTH IoreMOpuiickoro BospacTa, I'DaHHTH
aVHCKOI'O KOMIUIEKCA ¥ CBA3aHHHWE C HEMM NerMaTHTH. B BoxOpasielbHOM
9acTH MeXIy 3aJmBoM Ycorh-AHra m OyxToit A Ha Oepery bafikana odHa-
xaercs AwHCEuME rpaEMTHHE MaccHB IUomamsb okoxo 4 kB.kM (MBaHOB M
ap. ,1976), comepxamuit merMaTHTOBHe Teya, C HMM IeHETHYECKHM ¥ IPo-
CTDAHCTBEHHO CBASAHH T'DAHUTHHE ¥ NETMATHTOBHE RWIH B Ipefesax Ta-
KeDAHCKOI'0 WeJOYHOr0 radépo-cHeHETOBOI'O MaccHBa, B TOM YHCTe ama-
SOHHTCOZepRamEe NermatwToBde Tena (Imaxwn # mp.,I1973).

BuuuMHEE KOHTAKTH AMHCKOI'O MaccuBa NDPEMMYIECTBEHHO TEXTOHWYEC—
KMe; EWJIBHHE TejJa B €ro mpejesax TOBCEMECTHO MMENT WHTPY3UBHHE
KOHTAKTH WM MOCTENeHHHe MEePeXONH BO BMemaoime CpaAuTH. CTaHOBJIE-
HWEé MacCHBa IPOWCXOIMIO B CYOIIATGODMEHHHX YCJIOBMAX TOCTE KOHCO-
JHIANAY CKAATYaTOCTH PET¥OHA.

HuxHAA 4YacThs Maccupa CJIOXeHa GHOTHTOBHMEM IDAHUTaAME CO CJAGO BH-
paxeHHO! IHeliCOBMIHOCTED, IONOr0 MOrDPykRawmeiics Ha sanax. Bume za-
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JNeranT JeAKOKpaTOBHE TDAHATH, CPelM KOTODHX BHIEJADTCA Y9acTKM
ans6uToBNX IpaEuMToB (pEHE. I7).

BroTHTOBHe I'DaHWTH MMERT IOBOJBHO CTaCHABHHI cocTaB: Kajlmmar
(35-45%), mmarwoxnas k 25-30 - (25-30%), xBapm (30-35%), OmoTmT
(2-6%), porosas oomanka (0-3%). BcTpeuamwTcs MyCKOBHT, I'paHaT,alna-
THT, TypMaJMH, MarHeTHT. Je#xoxpaTOBHe TIDAHUTH  XapaxTe-
pEsynTCA GoJiee NEPEMEHHHM cOCTaBoM: Kasmmmnar (25-35%), mwiarmorias
¥ I0-256 mm amsour (25-50%), xBapn (20-40%). ANTBGETOBHE I'DAHUTH
cocToaT W3 axsdmra (mo 70%), xmapma (I0-20%), » mmxpoxiuEa (Ho
20%). AxmeccopHHe MUHepasH B JeMKOKpATOBHX ¥ aXbOHTOBHX T'DAHATAX
- MOYTH Te Xe, YTO ¥ B OHOTHTOBHX: I'DaHAT, MarHeTHT, (UIDODHT,Myc-

ROBHT, Xmwmgeckrmlt cocTaB rpaHETOB caenyomuit (B crROGRax - wmcxo
aHANWSOB) :

0CcTar
TpammTy 810, Al,0; Fe,0; Ca0 Mg0 K0 RNay0 [0

BroruToBHe (8) 73,37 13,87 1,400,60 0,23 5,31 4,49[0,60
leitroxparoBue (5) (72,79 14,14 I,24 0,42 0,I2 5,48 5,25|0,47
AmpouroBne (2) 70,35 16,78 0,46 0,I2 0,02 4,55 7,36]0,36

JlonoJHNTENEHO ONpeliesieBH: B CHOTHTOBHX rpamMrax Ti0, -0,09;
Wm0 -0,04; P205-0.U?; B JeftroxpaToBHx Ti0, -0,07; MnO -0,02.

Cpens*TpaHATOB 3ajerapT NerMaTHTOBHE B KBApOEBHEe RHUJIH, GOJE-
mafg 9acTh KOTODHX NpHypodYeHAa K OMOTUTOBHM I'paHuTaM.B anpOHTOBHX
TpaHATaX XWIbHHEe 06pa30BaHWA OTCYTCTBYOT. [lermMaTHTH, 3ajieranime
B JefiKOKpAaTOBHX I'DAHMTAX, OTJMYAKNTCA OT JPYTEX OTCYTCTBAEM DE3KHX
CEKYyIMX KOHTAKTOB, GOJBINMME DasMepamMy Tel, pasHoodpasHO# MWHEpa-
ymsampelt, B HMX, KAk NpaBWIO, HADANY C MMKDOKJWHOM GeJOro IBseTa
OPECYTCTBYET 8MA30HMT. M3 axmeCCOpHHX MMHEDAJIOB NPUCYTCTBYOT. I'pa-
HaT, TypMayvH, (UIOOpPHT, XapaKTepHH NOCTENeHHHE NepeXOnH OT IeIrMa-
THTOB K I'paHnTaM. PasMepH Tes HeBEJNKH.

B omymume oT ONMMCAHHHX BHIE, NErMATHUTOBHE XMJH B Npeliejax me-
JIOUHOIO radCpo-CcHeHHTOBOro MaccmBa (Oyxra Yaam-Hyp) xapakTepmay-
OTCA YeTKEMM DBYIMMH KOHTAKTaMy C BMENADUMME MeTaMOppruecKHMM TO-
ponaMe, radCpoMIaM¥’ M CHEeHMTamMu. PasMepH Tes 37eCh pasHOOGDasHH -
BILIOTH N0 HECKOJNBKEX COT METDOB B IUMHY NpE MomHocTH 1o 50 M.[Ipm

"



Onncanne MAapupyTa no TamepaHCKeMy MACCHBY

. Toura I. Mapupyr HaumHAaeTCs Ha ckioHe I.MpaMopras B HOeHTpalb-
Holt vacTE maccwBa (pmc.I6 ). Bpmech xopomo oGHaXeHA peakuMORHAS
KaiiMa THTaH@eppodaccauTOBHX NOPOX, DasBUTAA MEXELY TOJIOMAT COJE D~
EAUFMA MDaMODaME ¥ DOI'OBHEKAME radCpoBOrO COCTABA EA MPOTAXCHEN
400 m. MommocTr kafivi mocTEraeT 5 M. MpaMopH TOXCTIAWT 5Ty Rafl—
My, a DOTOBEKN NEDPEKPHBANT €e C NaUeHWeM IIOCKOCTH KOHTAKTA OKO-
70 60°, B mexom xe MpamoOpH ¥ DOI'OBEKM 0GpasywT KDYIHHER mpoBec
EDOBJHE CpeIiy WeJOYHHX CHERNTORB,

TmrandeppofaccanToBHe MOPONH DESKO OTJMYANTCH OT TEMHO-CeDHX
POT'OBEKOB CBOMM YepHEM IBeToM. OHE clomeHH Ha 85-95% Turarpeppo-
@accamToM H 8KNECCODHHMY NPUMECAMA - NNEHENBD, anaTHTOM, KabiW-
- ToM  1mp. IlEpokceH comepxET 7-9% rummEoseMa ¥ 10 3% IBYORHCE TH-
TaHa.

Ocoduft mHTepec TEHTAReppOfACCANTOBHX NOPON SaKINYEETCH B TOM,
9T0 OHM 00pasoBaHH MeTAaCOMATHYECKNM IyTeM. STH NOPOIH DPa3BHIMCH
N0 POT'OBHMKAM IIOZ BO3NE#CTBHEM MENOYHHX CHMEeHMTOB. Ilpm »ToM mpomc-
XOIWA HEKOTODHH NDHBHOC RAJbIWA ¥ BHHOC MATHNA ¥ XeJesa, 4TO fAc-
HO VM3 CpPaBHEHHA XEMUUECKUX aHAJM30B POTOBUKOB H THTaHbeppodacca-
ETOBHX NOPOX. OTMETHM, YTO DOTOBMKN B KOHTEKTE CJOREHH BaDBEDYO-
IPMU KOJM9eCTBAME aBruTa ¥ OpOH3WTa, OJMBKHA, amfudona, jadpamo-
pa, pymEOro MuHepasa. Tmrardeppofacca®ToBHe TOPONH HEPEOXO 3aMe—
mapTes HedeJWHOM ¢ o0pasoBaHEeM HedesiH-THTAHABIWTOBHX TODOIL.

B mpamopax paifoRa BHIHA Macca OCTDOYTONEHHX KCEHOJATOB pas-
JITYHHX TIODOJX — NODEMMYyMEeCTBEHHO CKAPHOB, YTO yKa3HBAET HA 3HAUN-
TeJBHYD IACTHYHOCTE ¥ NONBIEHOCTH MpamMOpOB. JTO MORET CORIATH
BreuaTIeHNe O WHTDYSHBHOM NDOMCXORIEHMY HKapGOHATHHX MODOL.

Toura 2. Haxommres B 800 M x mro-samany ot I-oft Toukm. 3mecs,
B KDYyIHOM IPOBeCE KDOBJM CPENM NEJOYHHX CHEHNTOB, OCHAXamTCH OpH—
THHAJIBHHE I'DAHAT-BOJIACTOHUT-MENUINTOBHE CKAapPHH, KOHTAKTHDYDIME
C POr'OBHKaMI I'paHaT-BOJIACTOHUT-IMDOKCEH~TIONEBOMIATOBOTO COCTARA.
Ocodernuit mHTEepeC MpeIcTABJALT MEPBHE NODOIH, CopeprRamne BO BTO-
DOCTENEHHHX ¥ EKIEeCCODHHX KOJMYEeCTBAX TAKNME DeIKWEe MUHEDaJH,Kak
KYCIMIVH, KAJBCAJMUT, IXEDPMISDHT. TPOMNUT, MATHE3WANBHHHE KHp-
wre#HAT, NEPOBCKMT ¥ Xp. Beero B aTolt MenxosepeMCTOR MOpoze
BeTpeyaeTca No 20 MEHepasaoB.

llpenmosaraeTcs, 4TO NOPOIH BOSHMKIN HA DPaHHe# MHTDY3WBHOA
CTamny 38 CUET MepreJMCTHX NOPOX, a 3aTeM HCHHTAMM GoJee IO3IHME




S e

MeTacoMaTHYeCKMe Npeolpa30BaHWA.

Cpemm 5THX CKEpDHOB BHIHH JaiKonmonoOHHe 0OCPA3OBAHMA YEPHHX
MacCHUBHHX, MHOTZIA NMODJUPOBUIHHX IODOXL, KOTODHM MOIYT IpHIMCATE
marmaTuyeckmit reHeswc. Ha Ham B3TJAN, OHM BOSHMKIM 38 CUET IIpOC-
noeB cJaHieB. OHM CIOXeHH AHIE3WHOM, GADKEBHKMTOM, KEDPCYTHTOM,
TOPTOHOJMTOM, KAJMHATDPOBHM IOJEBHM WMATOM, He(elMHOM, IHOICHIOM,
HopmaTweRHE cocTaB comepxut 22% Hedesmna.

Toura 3. Haxomurca B I,5 xm or mpemunymei#, B BepxHe#k wacrTm
EDyTOr'0 CKJIOHa, Oo0pameHHOI'O k 03epy baiikan. 3neck, B HeGOJBIOM
JIORKE, MH BHIAM DAL JMHS M CHIOB THIMYHHX TPAXUTOMIHHX 3IEDHH-
aBrETOBHX (o#ANTOB, CeKyumx OPYCHTOBHE aIONEeDHKIA30BHE MpaMODH.
Herorophe m3 JWHS, BHIAMO, OyIMHMDOBEHH eme Ha MarmaTudeckof
cTammy. BOxpyr HUX BHIOHH KafivMH peakIMOHHHX MarHe3WalbHHX CKapHOB
- IMEHeJb-PaccanTOBHX M NMNMHeNE-POPCTEpUTOBHX. B GPYyCHTOBHX Mpa-—
MOpax BHIHH RHJH IMVHENE-HOPCTEDHTOBHX M AMONCHIOBHX CKADHORB.

B KOpeHHOM OCHaxXeHWM MOXHO NDOCJEIMTEH NOCTeNeHHHHE mepexoxn
doitanToB B rHeficoBumHNe HefeJWHOBHE CHEHMTH, KOTODHE CBA3&HH C
cocemHe# TexToHmuecko#f 3omno#. I[Ipu sTOM KamvHATDPOBH# moneBOR wmaT
B foltauTax pacnamaeTcA HA anBONT ¥ MEKDOKJIMH, & NMUDOKCEH 3amema-
eTca OHOTHTOM.

Toura 4. SoHaNBEHAA XWUJA CKAPHOB Ccpell GDYCHTOBHX MpaMopoB.HEn-
Ja MMeeT JMH3OBHIHYD GopMy ¢ MakceMmaibHo# momHocTed 0,5 M. B
OEHTpaJeHOR YacTy ee pasBHUT Iojydofft IMONCHIOBHE crapH, 3aTeM
UmeT 30Ha MOHTHYEJUMTOBHX CKapHOB, KOTOpAA IO NepAepEM B KOH-
TAKTE C MpPaMOpOM CMeHAeTCH (POPCTEPHTOBHM KANbmmdupoM. JInoncmmo-
BHEt CKADE B OCHOBHOM CJOXEH POJYOHM IHONCHIOM CTAHIADTHOIO XMMH-
Yyeckoro cocransa. OKpacka ero MeHdeTCA OT cJado IO MHIEHCHBHO I'O—
Jyco#t, B mopone HAG/MOIAeTCA NPEMECH BRIBKEHTA.

CrapHH ¥ KaJbIMEMDH M3pPelNKa DpacCevYeHH NPOXUIKAME Be3yBHaHA
¢ KcaHTOPmnMTOM. CRAapHH MeCTaMM 3aMENanTCA CepHerTHHOM W JeBeil-
JHATOM,

Touxa 5. Cpemu OpPyCHTOBHX MpaMOpOB - XWJIOOOpasHHE pasnve Jm-
JIOBHX NMEHEJb~JOPCTEDHTOBHX CKADHOB, 38MEMAEMHX KDYIHOKPHCTAJ-
JUYECKUME KAJbIMT-QIOromMToBEME noponamu, [lepepadoTka STUX CHap-
HOB KAJNBIMT-{IOrONMTOBHMK NODOJAME NPHBOIMT K IepepaclpeleJlie HAD
THTaHa. OH BXOIMT B cocTas (QuioromuTa, OTYEro mocleXHWfi mpEOGpe-
TaeT CBeTIO-KOpHuHeBHE mBeT. BmecTo refixmamTa NOABIAETCH NEpOB-
CKAT OKTasgpHYecKoro radmryca. [IpexpacHHe KpPHCTaLIH MNOCJHETHETO
nocrurant 1,5 cM B nonepevHnKke. KpucTammd pasmepom mo 5-7 mm




BCTpEYANTCA OYEeHBH 4acTo.

Touxa 6. Pamom ¢ Toukoi 5 HAXOIWTCA HeGOJBNOe TEeJO IMOTHHX Oe-
JHX JIMOTICHI-MOHTVYEJMTOBNX CKAapHOB., llopoma COZEpRAT OKOJO 2/3
MORTHYesmTa M 1/3 mmomcmma, YTO IO COISPRAHWIO MATHAA COOTBETCT-
ByeT GpycmTOBOMy Mpamopy. OTmegaeTCA IpHMech BOJJIACTOHHTA, KycC-
IMgaHA, BIIbKEHTA. MORTHYEIMT »TOR MOPONH ABAAETCA ONHMM M3 Ca-
MHX MAJOREJNe3MCTHX B MHDE, :

Smeck ®e pasBHTH COJNee NOSKHHE AHIPAIMT-CAJNTOBHE CKADHH XeJ-
TOr0 IBEeTa, a4 TaKEe 3eJieHHe CaJMT-OJNUBHHOBHE IIODOIH.

Touka 7. HmjaH THNWYHHX WIEHENE—-QOPCTEPUTOBHX CKADHOB CpeIHA
6pycHTOBHX MpamopoB. Okpacka CKApPHOB WHTEHCHBHO JIIOBas H3-3a
rprapmerofft mmmHesm. B mopofie NOBONBHO MHOTO refikmimra, B mumde
PYOMHOBO-KDACHOT'O, & MAKPOCKONMYECKE — 4YepHOTo., ['efikEIMT comep-
XuT 4% KPUYTOHATOBOI'O KOMIOHEHTA, T.€. OJMB0K K KOHEYHOMY MAarHe-
BMANBHOMY uleHy. Taxue refikWmTH OTMevayuch Jummbk Ha llefiome m B
Kampoprrr, B moposme DpECYTCTByeT TaKXe MHDDPOTHH.

Jna EHTepecyDmEXCH OPEeMMymeCTBEeHHO MWHepaJorme#t rpamm-
TOB ¥ NEeTMATHTOB BOSMOEEH IEpeXon ¢ TOUKE 7 cpasy BHa
mouky I0 (rapeep DO I'DAHETHOMY HETMATHUTY). .

Touxa 8. SoHANBHOE JMEB00GDA3SHOE TENQ CKADHOB cpen#t GpyCcHTO-
BHX MpamopoB. lleHTpanbHad YacTh TeJa CIOXeHA aKepPMaHHT-MOHTHYEJ-
JrToBEMY ckapHamm (25-30%7 arepmaruTa). B KauecTBe BTODOCTENEHHHX
nprveceff B mopone TPHCYTCTEYRT Takke KYCIHIWH, BOJJIACTOHUT ,BMIb-
KEeHT ¥ IWOTCKI. AKepMAHNT COIepKET 95% aKeDMAHNTOBOI'O KOMIOHEHTa
¥ 5% HATPOBOrO MeJWIUTa. MaxpocKOIMYEeCKM OTJIMIAETCA OT ReJToBa-
TOPO MOHTHYEJUINTA CBOWM CeJHM I[BETOM.

llenTpasbHAas 30HA OKaiwIeHa 30HOE MOHTHYE/UIITOBHX CHApPHOB KO-
PHYHEBATO~KEJTOr'0 IBeTa. MOHTHUEJUIMT CONEeDXUT 7% (epPEMOHTHYET~
JUTOBOIO KOMIOHeHTa. K SpyCHTOBHM MpamMopaMm IpMMHKEeT TpeThA pe-
aKIMOHHAd 30HA — POPCTEPUTOBHX KalbIAGIPOB.

Bume, PALOM C STHM JMHIOBHTHHM TEJNOM, pacrnoiaraerTcs OyIMHMDO-~
BaHHAS JNH38 KEePCYTHTCOIEDXAUMX IHOPKTONONOCHHX NOPOT, OKDPYXeH-
Haf Kaiivavz muGdysmOHHHX ckapHOB. K S0HANBHOMY CKapHOBOMY TeJy
OHa OTHOWEHUA He UMeeT.

 Toura 9. B 50 m mmxe mpenunyme#f ocTAHOBKM HAXOIATCA IOBOJBHO
MONEHHe TeJa CepHX UMMHeNb-(opcTepPUTOBHX CKAPHOB, OCpasoBaBlmMecs
MeKNy NBYMA BHXOIaMV HedeIMHOBHX CHEHWTOB. CpPﬂH BTNX CKApPHOB
BCTPEYADTCA AWIH KANBINTA, CONEpRANme TrraHOIIBEINT ¥ 830TPONT




Conepranme mocnenHux BapeupyeT oT I mo 70% - T.e. 5TO THTAHMOI-~
BUI'MTOBHE M 430NDOMTOBHE CKADHH, DA3BATHE M0 MIMHEJIE-HODPCTEDPHTO-
BHM CHapHaMm. MomHocTh: ®Ea mocTHraeT 5-I5 cm, mHOrna meHbme. Jop-
Ma HenpaBuabHAA. THTAHIDIBATAT ofpasyeT UYepHHe KPHCTAJLIH pasMe-
pov mo 20 mv mo mmHHO# ocM. YacTo 3amelleH CYDHME "OKHCJIAME XeJie-
3a,

Toura I0. Kapbep, BCKpHBanUME KPYIHYD XWIYy aMa30HETOBOIO HEr'w
MaTHTa CYCIEPOTHOr'O NMPOCTHPAHMA. XOpOmO BCKDHT BMcAumil ceBepHHB
KOHTAKT XATH C BMENADIMMA CHEHHTaMA B Mpamopamm. [locaeiame WHTEH-
CHBHO MNepepadoTaHH,

Emna vMeeT ueTKO BHpaXeHHOEe 30HAJBHOE CTDPOEHEe., fAmpo MoumHO-
CTBO 1O 7 M CJIOKEHO NHMIATHM KBapleM, BRIOYAKMAM KDYTHHE HIMOMOD{H-
HHe KPHCTaIH KaJuuiara, KHTEHCHBHO albOUTHSHDOBEAHHOI'O M 9YACTHIHO
amMa30HUTHSHPOBAHHOrO. BOKpyr Anpa pacloNOXeHa 30HA KDYIHOKDHCTAN-
JYECKOI'0 CYMEeCTBEHHO KaJMUNATOBOr'O NerMaTHTa, a BO3Je KOHTaKTa
e CMeHAeT 30HAa CpeliHe- ¥ KPYIOHOBepPHHCTOT'O cyu:ec'rses'mo IIArAOKIA~
30BOI'0 NermaTura.

PasHooGpaseHR cocTaP aKOeCCOPHHX MUHepaioB: UepHHE TypmaJmH,po-
30BH# rpaHar, marHetnT, ceH, OpTHT, IMPKOH, MeHIeJeeBWT (pasHo-
BUIHOCTE OeTadura). MX MOXHO HAGJNIATE B ceBepHON CTeHKe Kaphepa
JUIM B KPYOHHX rJImOax oTBaja. YacTh MWHEDaNOB BCTPEYAeTCA B BHIE
KDYIHHX KpPHCTAJIOB. i

[pr HeoOXOIMMOCTE MOKHO SaJleDXaThCA B Raphepe HA Bpemd
ocmorpa Todek II m I2, cnycTEBNECH Ra Oeper OyXTH KO
. BpeMeHE ocMoTpa TOuRE I3.

Touxa II. JlupsoBmmmoe Teno §o#AMTOB Cpem GPYCHTOBHX MPEMODOB.
3pechk BCJIeX 38 SHIOKOHTAKTOBOE 30HOH MilOJMTOB pasBATa MOMHAS 30—
Ha (I-2 M) KDYIHOKDHCTANIMIECKEX MIMHEIE-JOPCTEPUTOBHX CKADHOB.
JTH CKapHH, & Takxe (oAAUTH, pacCeYeHH XMJIAME KAJIBIHT-fUIoromMTo—
BHX mopon. C ofpasoBarweM NOCJHENHMX B HIEHEJIB-PODCTEPETOBHX CKap-
Hax cBA3aHA 30HA NEPOBCKUTH3AIMK, 30eCh NMEePOBCKHT MMeeT Kydmuec—
kuit ra0ATyCc: pasMepDH KDPMCTAJIOB OOHYHO 3-8 MM, HMHOrma ZOCTHramT
I5 v mo pedpy kKyda. HedequHOBHe CHEHMTH W KAABIAT-HIOrONNTOBHE
IOPOJH PACCeYeHH RUJIKAMA NeoJMTOB (HATDOJMTAE M TOMCOHMTA) MOIHO-
cThio o0 I oM.

B6imsm oT 5TOr0 CKAPHOBOIO TeJia HMENTCA BHXOXH IPYTHEX TelX He-
(eJMHOBHX CHEHMTOB, B HK30KOHTARTE KOTODHX DasSBUTH CHDeHEBHE TH-
TaHPacCamTOBHe CKAapHH. [loclenHWe MHTEDECHH TEeM, YTO B OCHOBHOM
COnepxaT TpeXBaJe HTHHH THTAH, A& 8To CBHIETENBCT-
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ByeT O BechkMa BOCCTaHOBUTEJNBHHX YCJOBESX MX (opvupoBaHuA. B mopo-
Jax COIepERMTCA No 5% MMPPOTHHA.

Toura I2. Haxomnrcs B 50 M Hume npenunmymet. Ha KpyToM ciioHe
UMeeTcd PAsIYB KMIBHHX WNWHEeJIB-POPCTEDUTOBHX CKAPDHOB ceporo n (-
OJeTOBOI'O IBETa CO CPABHUTEJNEHO OOWJIBHOH, XOTA M MeJkoil, BKpal-
JeHHOCTBI TaxepaHuTa. TakepaHWT BUIEH JMUE Non Jynb#t B BHIe opaH-
EeBHX W KpacHOBATHX KDUCTALIOB C XWDHHM GJIECKOM.

Toura I3. Ha Gepery Bafixasa B CKaZBHOM OGDHBE BUNIEH BepPTHKAIE~
HHfi paspes OIHOTO M3 Tesl TPYGOQODASHHX 30HANBHHX CKADHOBHX TeJ
cpem GPyCHTOBHX MpamopoB, ABJIANIMXCA KCEHONUTOM B MENOYHHX CHe-
HHTAX. 37ech IEeHTpaNbHAasA 30HA IMONCHIOBHX CKAPHOB CMEHAETCA 30—
HOJt MOHTHMeJUIMTOBEX CKapHOB, KOTOpas odpamnAeTcA 30HaMM fopcTepd—
TOBHX M I'yMUT-KJIMHOT'YMATOBHX KaJemudupoB. B THiIOBOH YacTu Teia
BUIHH 30HH IMEHeJNb-JACCANTOBHX CKADHOB, 3aMEmMEHHHX NapracuToM X
Hede MHOM,

9KCKypCaHTH, HHTepecybmEecs MUHepaJoruef IDAHMTHHX Oer-
MATHTOB, IpH HAJWYMM BpEMEHW MOI'YT NO3HAKOMHTECA NONOJHA-
TeABHO ¢ Hedoasmo#t HesoHaabHO# mermaTmToBOM Emiac# BozIe
ypesa BOJH, B 3anajHoff wacT# OyxTH Yaam-Hyp. HEmia Haxomur—
CA B MeJaHORPATOBHX, CYMECTBEHHO IMPOKCEHOBHX NOpOJAx,HMe—
€T HEeCKONBKO anmodus ¥ napawleJbHHX XMIOK. COcTaB HmerMaTHTa
FajmunaT -~ IATAOKNa30BHE, ¢ HeCOJBIMM KOJWYECTBOM KBAapIA
E OmoTmTa. M3 aKmecCOpHHX MMHEDANOB NPUCYTCTEYOT OPTHT, OG-
pasyommit KpyIHHe KpUCTAJUIH, MATHETHT M cheH.

[locne saBepmeHnmsa mepBo# wacTm mapupyra, mo Tougam I-I3,
SKCKyPCAHTH NOINHEMADTCA K aBTodycaM M IepDee3EanT B paitoH
OyxTH Ad, TIe 3HAKOMATCA C I'DAHMTAME M ImermMatutamy (Toumm
14 7 I5), a 3aTeM BO3BpamMaOTCH Ha KOpasdis.

InA Tex SKCKYDCAHTOB, KOTODHE HAYANM JeHE ¢ OCMOTDA T'pa-
HATOB ¥ NEerMaTHTOB B paiioHe OyxTH Aa-(Toukm I4 m I5), Tou-
kot I3 saBepuaeTcs MapupyT no Taxepary. [locse KOpOTKOro OT-
JHX8 SKCKYPCAHTH NOINHMMADTCA K aBTOGycaM M CJELyDT HA KO-
padJs.

Toura I4. - Ha BepumHe r.ToHmpa. 3nech BHXOIAT JelKOKDPATOBHE

IPaHMTH amHcKoro kommiekxca (pme.I7). Hecronmko GoJiee OTYUETJMBO,
YeM OOHYHO, NpoABJeHa THelticoBmmHocTh. [lo cocTaBy TONEBHX UNATOB

fA




970 MUKDPOKJMH-IIATHOKJIA30BHE I'DAHETH. /3 TeMHOIBETHHX BCTpedaeTcd
OHOTHT B ACCOLMAIMM C I'paHATOM, IOBCEMECTHO NDPUCYTCTBYET MEJKOYe-
uy#gaTHit MyCKOBAT OJeJHO-3€JIeHOr'O IBeTa, MHOTZA OH pasBHBaeTCH

mo GrOTHTYy. Pexe oTMeuamwTcs I'paHAT-MyCKOBAT-XJODHTOBHE M I'paHaT-
MyCKOBUTOBHe arperaTh. B 50 M K BOCTOKY OT BeDIMHH MORHO Halimo-
IATE IHE3N000pasHHE BHIEJEHNA MUKDPOKIMHCONEDHALMX anbOHTOB, FUJIH
alMTOB M pPelikMe 0C0COGJEHHA MEJKOSePHHCTHX NEerMaTHTOB.

Touxa IS5 - Ha BepmuHe I'.As, 3neck oGHAXAWTCA NETMATHTOBHE TeJa
"ameGoBumHONX" (opvH. MOXHO IpOCNEIMT: NeTaN¥ CTPOSHNA XUJI B Bep-
THKAJEHOM cedeHuM (ceBepHHE OGDHB CKajiH) ¥ B TOPH3OHTAamBHOM ( B
NONHORNA CKAJIH ONHA M3 XRWJ BCKDHTA KaHaBOR). IlerMaTmTOBHE Teja
sajerapT cpemM JefKOKPATOBHX . I'DaHUTOB., Pe3KUX KOHTAKTOB MEXIy
HAME HeT. DHIOKOHTAKTOBHE YJACTKM XWJI EMeWT OGHYHO I'DaHMTHYW,ano-
rpadUuecKyn B pexe rpafuuecKkyn CTPYKTYDY. BHYTpPEHHMEe YUaCTKE TeJ
CJOXeHH Hermarturavy anorpafudeckoit ¥ GIOKOBO# CTDYKTYR.

CocraB mermMaTHTOR B IpelefiaXx XU M3MeHAeTcd MOBOJBHO 3HAUM-
TenpHO. Tak, B Tele Yy NMOINHORWMA CKAJH COIECpRAHNE KaJumaTa OT KOH-
TaKTa K HEeHTpy BospacraeT oT 35 mo 45% (B TOM umcie aMa3OHAT —
or I7 mo 30%), xBapna or 30 mo 35%. KosruecTsa IIarmoxnasa, GHO-
THTAa ¥ MyCKOBATA, HA0GODOT, COKpAmNanTCA. M3 AKNEeCCODHHX MuHepa-
JIOB BCTpEvawTcA IpaHaT, TypMaiuH, @MoOpHT.

Cpemm TpaHMTOB 3TO# YacT® MaccuBa NerMATHTOBHe BHIEJEHHH Yac—
TH, ONHAKO AMA3OHWTOBHE NEIMATUTH BCTPEYANTCHA TOJBKO HA BepUMHE.
EnmHmdEHe KpHCTALIH GJlelHO-3eJIeHOTO MAKDOKIMHA BCTDEYalTCA TaKEe
HETIOCPENCTBEHHO B I'paHUTaX M B MHOTOYMCJEHHHX MEJXO3EDHUCTHX Mer-
MAaTHTOBHX TeJax Ha CeBepo-BOCTOYHOM CKJIOHe r'opH. Kpome mermatmTo-
BHX TeJ, B IDaHNTax BCTPEYATCA MHOTOYMCJIEHHHe KBADHEBHE RIIH.

[=1~




C.O0.06yxoB, A.C.Eckunr

** [IPYMOPCKMI KOMILIEKC I'PAHMTOB PAIIAKMBH
(x mocemenmn GyxTH [lecuaHolt)

[lpoTeposofckie I'paHATH, OOneNMHAEMHE B MPAMODCKERE KOMILTEKC
IPAaHMTOB DATAKMBE, CJAranT y3KyD (2-25 KM) NOJKOCY,pOTATHBANMNYD-
CA BOOAR sanamHoro Oepera osepa bBafiran dosee vem Ha 330 kM. C
ceBepo-3anang TPaHNTH TPAHCT'DECCHBHO NEDEKPHTH OCANOYHHME HOpONa-—
Mz Gaftxamnckoit cepum BepxHero mporeposod. C Wro-BOCTOKA TOJNOCA
pacnpocTpaHeHNd I'DEHUTOB OrpaHNdeHa GeperoBolt smmmelt Balixana, a
CceBepo-BOCTOYHee yoThA pexu Bospmoit Byrynsnelikn, no soHe I'apHO-
ro pasnoma BadamHoro IpuGaftwansa, OHM TEKTOHMYECKM KOHTAXTHDYOT
C IeTepOreHHHM MeTaMODIMYEeCKNM KOMILTEKCOM OJIEXOHCKOH M aHruHCKOH
cepuf COOTBETCTBEHHO apxeifcKoro ¥ mpoTeposoifickoro BospacTa. B mpe-
neyax 5Toff TeppHTODHM IDAHATAMM CJOXEH eIMHHI IUIyTOH, NDEypPOYEH-
HHl K JWHeaMeETy KpaeBHX DasjoMOB orpaHwdeHma Cuoupckoif mrardop-
MH,

[lerporpaduyecKy NPUMOPCKWE TI'DAHETH DANaKWBH IOIpASNeNanTCA
Ha CcJefyolpie PAsHOBHOHOCTE: 1) KDYIHOOBOMIHHE TDAHHTH; 2) HepaB-
HOMEPHOREDRACTHE NODIMPOBUIHHE IDAHUTH; 3), CPeNHEBEDHUCTHE I'DAHH-
TH; 4) MeJKO3EPHMCTHE AILIETOBWIHHE I'DAHATH.

MunepasyrpHHt cocTaB BceX pasHOBHUIHOCTelf xapakTepusyeTcs HTPUCYT- -
CTBMEM KAJMEBOI'0 NOJEBOTO IMaTa (MIKPOKJIMHA) KAk B OCHOBHON Mac-
ce, Tak ¥ B BHIe OBOMIOB K NOPJMPOBHX BKPAIUICHHEKOB, IJIATHOKIA33
(B ocHoBHOHt Macce - I0-30% AH, B oGosoukax oBomuoB — 2I-26% AH),
KBapna, porosolt oomamrm (c:Ng =I7-I8°, - 2v =76-78°), Gmorura.
AxnecCcopHHe MEHEDAJH NpeNCTaBJeHH MATHETHTOM, TUTAHOMAIHETHTOM,
IMDKOHOM, C)eHOM, OPTHTOM, ANATHTOM M (UIOODPHTOM.

[IpyHAZNEXHOCTS UPEMODCKMX T'DAHATOB K (JOpMAIMM DaNaKWBH NONTBED-
EIAeTCA DasBATHEM MaprMHANMOHHEX CTPYKTYD, 'CUEMMIWYHHX mig Boex
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DanakWBd, W OCNMM CXOJACTBOM IeTPOXMMWYECKHX XapakTeDHCTHE C HJIAC—
cuveckuMM panakuey Basgruitickoro mmTa ¥ YEDPaMHCKOIO KpHCTAIIIIYECKO-
o Maccusa. Bce pasHOBHIHOCTH NPHMODCKAX I'DAHUTOB OTINYAKTCA 3HA-
YNTEJIBHHM TpeoCnajarmeM K Han Na, BHCOKMM OTHOWEHEEM Fe kK Mg,

a Taxme BHCOKOf oOmefft RKese3MCTOCTEHD, HApPALY C BHCOKO# XenesmcTo-

CTED OMOTHTOB ¥ poropofl OOMAHKM, YTO XapaKTepHO I THINYHHX Da-
NAKUBH.

B radmume I7 npuBomATCA cpemHuit cocTaB® KDYNHOOBOMIHHX I'DaHW—
TOB NPMMODCKOT'O KOMIUIEKCA ¥ COCTABH MMHEDAJOB 3THX I'DAHMTOB.HMeH-
HO TAKuMM FpaHmTamm cJoxeH Geper Bafixana B pafione OyxTH Ilecuanoft.
[lepecueTH HA HODMATHBHHE COCTABH JakT JJIA KANMEBOr'0 HOJEBOrO WMa-
Ta 67.2% Or; 25.8% Ab; 7,07 An, a nna maaruoxnasa 60.8% Ab ;
23.7% An; I5.5% Or, KexesmcrTocTh porosofi oomamk: - 84, Xesesw-
¢ToCTh GHoTHTA - 79.

HauGosnee MATEpECHHe DPA3HOBMOHOCTH NPHMOPCKNX IPAHMTOB paNaKy-
BN MOEHO HalmoIAaTh B KPYNHHX BHXOJAX, CJarapuux MHCH Maias Kojo-
KoneHA (oxHuft) n Bomsuas KomokonbHs. (ceBepHH#), & Takke OCTDPOB
Bagnanui#t rameHs B'paitoHe OyxTH IlecuaHoit. CBoeodpasme Janmmagra
sToit OyxTH, cumTamueica omHMM u3 HaudoJee RMBOIMCHHX M NpHBIE—
KATeAbHHX MecT o3epa baitwan, cBA3aHO ¢ HepaBHOMEDHHM BHBETpDUBa-
HMEM TPEMODCKEX TI'DEHETOB. ¥ HONHOXEA MHcY Bospmas KosoxkoabHa,cC
ero DEHOH CTODOHH, B KDPYIHHX IMIHOAX MOXHO Hal/mwIATH TUINYHHE pas-
HOCTM TPaHUTOB DANAKWBM C KPYOHHME OBOWIAMHM MHKDOK/IMHA, OKaiiv-
JIEHHHMY OCOJOYKOH CReTJIOr0o OJMI'OKJIA3ZAa.

Tadamuga I7
Xmorgecknil cocTas I'DAEKTOB-DANAKUBHE 7 MUHEDAJIOB M3 HHUX

Oxyfenn I 2 3 4 5 v,
§10, 69.84 68.39 63.33 39.75 34.00 ~
110, 0.60 0.57 |' 0.26 6.0I 2.00
41,0, 13.84 18.08 19.0I 7.26 19.50

Fe 05 1.73 0.08 1.65 15.16 13.66
FeO 2.33 0.16 0.I9 16.77 18.39
MnoO 0.05 0.55 0.28
Vg0 0.57 oo 0.I2 2.35 3.57
ca0 1.84 0.60 4.22 7.%4 0.56
Na,0 2.90 2.53 5.98 1.05 0.12
K,0 5.11 9.77 2.37 1.45 8.4

F e - 2 0.22 0.I4

CocraBu: I-cpezHuit cocTa® KPYNHOOBOMZHHX I'PAHUTOB-PANaKUBU
npﬂngpcxoro KOMILIEKCA ; 2-KANMEBHA MOJNeBOM WmaTy 3-nuaruoxias;
4=porosas OCMaHKa; S5-OHOTHT.
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A.B.Cuzopos

MYHEPAJIOTVYECKY MYSE/ MPKYTCKOTO
TIOMMTEXAYECKOTO MHCTHTYTA

Myse#t MpKyTCROIO NOJMUTEXHWIECKOrO MHCTHTYTa HABJIAETCA TPETHUM
1m0 BeJWUMHe COOpaHWEM MUHEDAJNOB B BHCUMX yuYeOHHX 3aBemeHmax CCCP.
Hacunmrupas B cBomx (oHmax <7250 odpaszmoB, Myseill ycTyunaeT Jmmb
KOJUIeKIAM MOCKOBCKOIO yHMBepcHTeTa ¥ JeHMHIDaICKOrO IOPHOIO MH-
CTHTyTA,

Myseil cnpaBemmBO NOJNB3yeTCA M3BECTHOCTHED ONHOTO M3 dorareii-
mix codpaHmit CHOMpCKMX MUHepAJOB., BHCOKyD OmEHKY ero -pasHoodpas-
HHM, MHOTOYMCJIEHHHM ¥ YACTO YHMKAJLHHM SKCIOHATAM MOXHO HIpO-
9ecTh B THCAYAX OT3HBOB HA DASHHX fA3HKAX mmpa. [loceTurenecit myzes
TOpaxaeT ® TO, YTO €r'0 SKCIOHATH JOCTABJEHH B Myseil B OCHOBHOM
CTYyIeHTaMW ¥ BHOyCKHWKAME MHcTuTyTa. OpramusoBamHuft B 1947 r. kak
y4elOHuit Myseidl npm xafenpe MMHepalOru®, My3eil mpeBpaTHICA HHHE B
CaMoCTOATENbHOE YUYpeXRNeHMe, Belyuee, HapaALy ¢ y4eCHolf, Coibiyo
IPOCBETHTENECKY padoTy. EreromHo ero nocemanT IO THCAYM I'pynn
nocetuTesei, B ToMm umciae oxono 300 rpynn TYpHCTOB M Hay4YHHX pa-
GOTHHKOB M3-3a pyldexa.

OcHOBY My3esA COCTABJIANT y4eOHHEe KOJIEKIMY I IPyNOOBHX ¥ ca-
MOCTOATENEHHX 38HATHH CTYIEHTOB - GyIymHX I'eOJOr0B, TI'OPHAKOB,000-
raTtuTeneit, meTamnrypros. CucTemaTWdecKasd KOJIGKIWA IOCTPOEHA IO
XMMHPYECKO! CHCTEMATHKE: CAMODOIHHE SJIEMEHTH, CYABQHIH ¥ MX aHAIO0-
TH, OKHCJIH ¥ THTDOOKHCJH,TaNOMIH, KapOGOHATH, cyabjaTtH, focfaT,
BoJsfpamaTH, MOJMOIATH, BaHaUATH, GOpaTH, CUIMKATH.

C y4eOHO# mesnb B My3ece uMeeTCA KpucTawnorpafmieckas BHCTaBKa,
IJle BHCTABJEHH NEePEBAHHHE MOIEJM MHOT'OI'DAHHWKOB, & PAIOM C HEMA -
IPEPONHEE KPUCTAMLIH, PEn BUTDHH NOCEANEH DPa3sHOBUIHOCTAM MHHEpAJE-
HHX arperaros, ncesmomopdosam, (mawyeckum cBoilcTBaM, OHTOI'EHMH
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MIHEDaJsoB. JMenTCA CermaibHHe SKCHNO3MINME IO IparQUeHHHM ¥ Moje-
JIOYHHM KaMHAM, [0 CHHTeTHUYECKHM AHAJOraM MIHEeDAaJoB.

[IpomeccH MUHEpaJOOGPa30BaHusd WLINCTPUPYOTCA SKCHOSUIMAMA IO
MUHEpaJaM OerMaTuTOB, IHIPOTEPMAJIBHEX MeCTODORIeHW, CKapHOB, KHM—
GepJMTOR M T.I.

OcoCuit uHTEpeC NpelCTABIANT BUTDHHH, NOCBAMCHHHE MECTODOXIEHUI-
aM MpxyTcroft o0JacTH M MHHepasiaMm, OTKDHTHM EDKYTCKHMMI MCCJeIOBa—
TEJIAMHA .

OcTanoBmMcA Cosee MONPOGHO HAa HEKOTODHX KOMLIEKIMAX X odpasuax,
HAXOIAMAXCA B SKCIOINIWMA My3es (puc.18).

B spurpnre "OnemeHTH" oCpamanT Ha CeGR BHUMAHWE BKDal-
JIeHHHe DYIH 30JI0TA, 3aMevaTeJBHHI odpasel] KBapla ¢ 3aMeTHHME
BRIUYEHNAME 30JI0TA4 ¥ TOHKOINCIEDPCHHME OGpPA30BAHMAME MOJMGIEHWTA,
30JI0TO HA MATHETHTe, B IMODHTe, PANOM HAXONATCA MOIEJM 30JOTHX
caMOpOIKOB ¢ JeHCKuX (ConafiCMHCHMX) RMPUMCKOB ¥ CDeI¥ HAX — CaMo-
pomxos Becom 9 xr I30 r (majimen B 1950 r.) = I2 xr 360 r ("Besm-
KxaH"), HalinemHoro B 1957 r. ropHum macrepom I.I.Twiasosuv, Ha
@oTo OH m300pakeH c HalineHEwmM "BesuxaHoM". 3meCh Xe INDHBJIEKADT
BHUMaHWE IEHODATH M Ipyrde QODMH CAMODOIKOB MeIM, MPOBOJOYHHE
dopMu cepedpa, MeJKHMEe KameJbKH CAMODOIKOB DPTYTH Ha KHHOBapH,0l-
paanﬁ CaMOpPOIHKX MHUBAKA, CYDBMH,KDYyIHHe mTyoH rpafura ¢ BoTo-
TOJNBCKOTO MeCcTOpORIeHus B BocTouHom CasgHe.

B Butpure "Cynsduion m mX aHamorn" cilemyeT oGpaTHThH BHHMAHWE
Ha yHUKanbHHe oCpasmu aypuuurmenra n3 HACCP, MOHOKDPUCTAJUIH Ma&p—
martura (B momepeummke mo I2 cm), mx cpocTru Becom 50 um IS0 xr ms
mecTopoxnernd CaBuHckoe Jo 5 B UnTuHCKOH# 0GIacTH, KOHKDEIMN MAPK&—
3KTa, CPOCTKE KDYNHHX KYOHYECKHX KDMCTAJUIOB NHPUTA.

B Mysee xopomo IpeNCTaBJIEHH DA3HOBHIHOCTH KBapI@, B TOM uMCIe
TOpHHI XpycTasb ¢ BrIUeHMsMH pyrmia ("BosocH BeHepH"), KpyIHHE
ReOIH amMeTHCTa, o0pasmH IMHMYATOI'C KBEDPUA M MODMOHA, & TaKkke XpH-
3onpasa ¥ IMTDUHA.

B surpuHe "TanowpH" 3HAUWTEJBHOE MECTO 3aHMMART DPa3HOOGpA3HHE
no mpeTy ¥ dopme BHIEeJeHWH SKCHOOHATH (VINODHTA CHOMDCKUX MECTODOX—
IeHmil m cpem® HHX - OKTasmpmuecxmit xpuctamn GecrBeTHOro (fumoopmTa
¢ HaGJOIAEeMHMM BU3YaJIHHO I'a30BO-XUIKEME BRIDICHAAMI.

s srcmomaToB knacca "KapdoHaTe" BHIEXAOTCA o6pasiH MarHesuTa
¢ KpyuHefimero B mupe CaBBHHCKOrO MecTopoxmerma (MpxyTcras o6nacTs)
X penxme OOpasLH YPAJNBCKOIO Mamaxura. PANOM MORHO BUIETH HNOJMPO-
BaHHHE IUMTKY DPA3JMYHHX MpaMODOB, B TOM YHCJE MpaMopoB BypoBmpH-
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ckoro u Byryaszeilckoro mecTopoxneruit Ha Baiikase.

MIpyMepHO TPETh BHCTABOYHHX BUTDMH SaHMManT MHHEDAJH KJiacca
"CwmxatH", CECTEeMATH3MDOBAHHHE MO MX CIDYKTypaM. 3mech odpamainT
Ha ce0d BHUMAHEE MHOI'OYMCJIEHHHE KDYTHHE KPHCTAJIH CHOMPCEMX CJIOZ

(MyckoBAT U GUIOrOTMMT), KPYUHHE MOHOKDHCTAJUIH NOJNEBHX NMATOB, WX
: Ipy3H, BHIyHT (pasHOBETHOCTL BEe3yBHAHA ¢ pexy Buwmoit) s Gaiixamr
(mmonemy co CummAHCKOro MecTOpoRNeHMs Ha Baiikare). j

CnempasbHoe BHMMaHME CJeIyeT YISJUTEH BHCTaBke “[loNesHHE HCKO-
naemie MpkyTcro#f ofnacTu" ¢ KpYMHHEME KPHCTAJUIAMH CJOX,cdeposmTo-
BuMM OODa3OBaHUAME MarHeTHTa M3 AHrapo-Jimckoro xesxesopyIHOTO
paitora, KDyIHHMM BaJyHaMil TEMHO-3eJIeHOr'0 HedpuTa, MHOIOYMCJIEHHH-
M OGpaslaME Ja3ypHTAa.

BuCTaBNIeHH MMHEDAJH, OTKDPHTHE BIEDBHE MPKYTCKEME MUHEDAJQIEMH:
YApOKT, APMCTDOHI'MT, A30NPOMT, TAKEDAHNT M Ip.

B mMysee mMenTCA ¥ JIpyTHe DeruOHaJbHHE BHCTaBKU: mO MoHroJsmu,
no pafiony crposmeiica Baitrano-Auypckoft xesesHomopoxso#f MarmeTpa-
J#, 10 JaTbHeTOpCKOMy MeCTOPOKISHMD.
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Tadazenga l

Xmmueckuft cocTaB I'paHATOB,THMNEPCTEHOB ¥ DOTOBHX OGMAHOK
U3 N3BeCTKOBO-CHIMKATHHX ITIOPOX OCHOBHOI'O cocTaBa B Kro-

BanagHom Ipucaftikanse

Poa b le 1

Chemical composition of garnet, hypersthene
and hornblende from basic calcareous-silica

rocks of SW. Cisbaikalia

I'panar Tmnepcren Porqpasa olmaHxa
Garnet Hypersthene Hornblende

I = b 3 I 2 3

I 2 3 4 5 6 7 8 9
8i0, | 39.I0 37.60 38.00 (50.80 52.90 |43.70 42.80 42.70
740, | 0.08 H.o0H. 0.0I | 0.24 0.I5 079, 0,68, 1,80
A1205 22.60 2I.90 20.9"| 3.92 1.30 [I3:55  16:1T0" TI1I0
I'e205 D58y | earil i b U2t I.09 ks b e o i 0
FeO |[22,00 28,93 1I8.40 |(I7.82 2I.02 s, N S R T
MnO 07418 BRI SR - g AN 1l 6 0.37 0,10 RS Y DI
Mg0 ' 111,400 /4,75 (9.10 124,67, 22,00 115,05 15,15 12,29
Ca0 4,10 6,17 6.6 |H.00ER. 0,80 |I0.94 I0.80 II.35
Fa,0 | §.00H. H.o0H. 0.27 H.00H. 0,I0 2e 195 2,40 W Eds
K50 | H.06H. H.00H. 0.24 H.00H. 0.I0 D430 70,88 LT aT
Cr 04/ 0.I7 0.044 0.076 0.026 0.0I6 | 0.I2  0.04 0.064
Hy0"'| m.omp. m.omp. H.omp.|H.omp. H.OM. | T.77 T1.49 2.I5
by H.OOp. H.omp. H.OOp.|H.omp. H.0OP.| 0,27 (0,I2 0.64
Cymma [[00.43 I00.5I 99.84 |I00.30 99.64 |99.73 99.58 99.86

Ng I.760 I.,760 I.760 | I.700 - - - -

Np - - - I1.690 - - - -

2v - - - (~)80°. i« - - -

£ 51,95 77.30 53.1I | 28.80 34.84 | 2I.80 1I9.23 30.8

Impon | 42.04 I8.25 36.70 - - - - -

Anem, | 45.47 ©62.25 41.58 - - - - -

Crec. 1.66 2.45 2,57 - - - - -

T'poc. 1 10.83 © I7.05:I9.I5 - - - - -
Si 2.95 2,95 294 | 2.86 IV 6:32. 1519 | 16439



Tadanumna I (npomomkeHue)
Table 1 (continued)

W 3 R U 6 7 8 9
‘2~ fo,01 0.03 0.06] 0,14  0.08| I.66 I.74 -.I.54
{201 2,00 1.85) 0.08. d.03| 09I ‘I.0oI 0.39
T4 - - - - = 0.08 0.0 0.I7
re*? [0.0¢ - 0.29| 0.06 '0.03| 0.3 0.33 0.57
Me T8 085 F05) 1.5 Xzl s luaes . 2.0
ve*? |1.38 1.89 'I.I9|‘0.35 -.0.65| 0.90 0.78 I.20
va (0,05 0.07 0.07| 0.0 0.0I i v 1~ L ¢ 5
RS {1 S 8 e SR 5 - [ 0.03 | I70 - I.e8 I.79
Na i 4 . 4 i 0.63 6.68  0.4I
K " & & & &) 0.07 0.05 0.28
o | & 5 # i 0.70 L.ad T 2.12
F 0.I3 0.05 0.30

[Ipumeuarue: I, I-a-, Ig T'PaHATOBHE ANOSKIOTUTOBHE aMPUGOJNHTH,
2 - I'HIepcTeH-POrOBOOGMAHKOBHIA caaHen (cionfHCKas cevud), 3 — poro-
BOOGMAHKOBO-IBYTMPOKCEHOBHe caaHiH (wapumanraitckas cepms).
Anpammrnx T'.B.Bornapesa.

1, 1a, 1b - garnet apoeclogitic amphibolites, 2 - hypersthene-
hornblende schist (Sludyanka series), 3 - hornblende-bipyroxene
schist (Sharyzhalgai series).

Chemist: G.V.Bondareva

In all Tables:

n.O.O. - loss in ignition Tp. - garmet
Cyuma (2) - total lupomn - Pyrope
ca. - traces AnBM. - Almandine
H.00H. - not discovered (nil) Cmec. - - Spessartine
H.OHp. - not determined I'poc. - Grossular
HEpacT.0CT. - undis.rem. : ;

Si - surplus of
Yz.sec ~ spec.wt. : L
N - ind.of refr. . I8 ¢ oo
Ll = rock P - ferruginity
MUH . mineral Feogy. & Hou iy



Tadaunuma 2

XmmuecKne cocTaBH I'paHaTOB, IMICDCTEHOB U JHOTHTA U3 TLOPOX
CpelHero cocraBa (rpaHaTcofcpranme 3HIepOHTH)
L i G-

Chemical composition of garnets, hypersthenes and biotite
from intermediate composition rocks (garnet-containing enderbites)

I'panatu IunepcTeHH EuoTaT
Garnets sg{g::; Biotite
i ‘ P 3 4 5 6

510, 35.10 37.90 49,40 5I.30 36.80
T40, 0.35 H.OO0H. 0,13 0.05 5.58
u203 22,10 21.90 3.20 2.60 1613
Pe,0; I.80 I.44 1.62 ClIL. 2.50
Fe0 32.14 26.08 28,98 26.26 I7.32
MnO I1.25 I.28 0.40 0.47 0.05
Mg0 5.43 6.40 I5.95 17.94 L0562
Ca0 2187 4,49 0.46 0.84 0.25
Na,0 0.I0 H.OOH, 0.I0 - 0.I0
K50 0.I0 H.OGH, 0.I0 - 8.57
Gr205 H.O0H. 0.09 H.00H. 0.05 H.Omp.
H20+ H,OIIp. H.Omp. H.Omp. H,Omp. 2.49
P H.OIp. H.Omp. H,Omp. H.Omp. 0.42
Cynava 100.54 99.58 I100.14 99.51 99.50
f 76.80 69.54 50.44 45,13 48.10
Iupom * 21.06 25.64
AJIBMaHIH 69.72 58.53
CneccapTuH 2.67 2.90
T'poccyaap 6.55 12.93
s 2.82 2.9 T, 91 I.96 2.81
nly 0.18 0.04 0.09 0.4 I.I9
¥l I.9I I.98 0.05 0.08 0.I9
i 0.0I - - - 0.32
Pe*? 0.I0 0.08 0.05 H 0.15

0.65 0.76 0.92 I.R I.19
ro*? 2.15 1.70 0.94 0.84 I.I2
Mn 0.08 0.08 0.0I 0.0I -
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Tacéanmna 2 (oponorxenue)
Table 2 (continued)

i1 2 3 4 5 6
08 N i 0.20 0.38 0.02 0:03 0.02
Na ; - = — = i
K - - - - 0.84
OH - iy - - I.28
2 AU - - - - 0.1I0

Aramurur I'.B.BoHnapesa
Chemist: G.V.Bondareva

Taoaxnna 3

Xmvideckuit cocTaB rpaHATOB M3 KBaADICONEDRAIMX, IIepeCHIeHHNX
Alzo3 nopoxn
Table %

Chemical composition of pgarnets from quartz-containing rocks
superseturated with Alp03

1 2 3 4 5 6 £ 8

$i0, (38.64 37.90 38.00 38.50 37.20 38.00 39.20 39.50
110, 0.24 n.06H, CI 0.08 0.23 H.o06H.' 0.07 0.08
A1203 222680 2L 0 20,0 23560 1 82430 |22, bRINE23 00 & 23,80
Fezo5 H.00H. 0.48 0.80 «cux. 3.48 | 1.63 2.58 I.00
FeO 30.I7. . 21.07 30,50 29.04 25,60 26,91  21.99 .  20.88
MnO [0y R S R R 6 1 - R B 7 AL 1 P B e 0.77
Mg0 e KRl T S0 o L R - s 3 TSN < e oo BT < W = RS o 5 1 KRR B
Ca0 1320 LAl a0" SRRl Toa8 S (112 -~ 0,84 0.56 0.85
Ne,0 |pn,00H. H.o0H. 0.28 0.I0 0.I6 0.26 m.omp. - 0.I0
Cry0; | 0.03 0.II2 0.07 0.I6 0.04 0.006 H.omp. H.omp.
Cymaa L00.27 99.98 I00.29 I00.83 99.22 I00.56  99.3I 100.23
N I.790 I.780 H.omp. I.760 H.Omp. H.omp. H.omp. I.754
£ oo | 717 - 73,26 774.00 64.74 62.35 63.39 52.58  46.78
fnopoxw 60.00 43.83 54.00 59.09 60.00 57.00 = 565.50 47.00
Mupon'| 26.89 25.I0 22,49 33.77 35.05 34.33 45.77 5I.16




Tadaxuwma 3 (mpomosmenue)
Toa BHillie 13 (continued)

" Anpu, B8,II 68,71 70.40 62.08 57.79 59.48 50.75 45.00
Crec. | I.59 2.24 2.59 0.92 F.91 Qa0 e
Tpoc. | 3.4 3.95 4.52 3.23 2038 T80 o
si 3.00 2.99 2.99 2.97 2,94 2.97 2.95
aly 0.0 0.0I O 0,05 0.03 0.05
Al 1207 2,00 2,00 2.0 200 ol o)

w

DDHHO.C)NDNOJ
BREE8xR8RIN3

R 3 - = & & >
A ST o~ el 17 S I8 0.09  0.I4 0.0
¥ |o78 0.5 071 I.02 I.00 I.00 I.25 1.48
Pe*c 11,08 205 2.0 1€} L.86 L74. 1.3 | T80
¥w |0.056 0.07? 0.08 0.03 O0.II O0JII 0.05 0.04
Ca [0.09 0.I2 0.I4 0.09 0.09 0.07 0.05 0.06

lprmeuanve. 06p.I, 4, 7 1 8 - u3 nopon cuopaHckoff cepmm; o6p.
2 m 5 - us mapuwanraiicko#t cepmm; o6p.3 u 6 - w3 Oe3LMAHCKOME CBU-
TH.

Anammryrn T'.B.BornapeBa (M 2-8) n T.A.Jlaxuo (% I).

1,4,7 and 8 - from rocks of the Sludyanka series; 2 and 5 -

from the Sharyzhalgay serles; 3 and 6 - from the Bezymian suite.
Chemists: G.V.Bondareva (2-8) and T.A.Lakhno (1).



Tadnumoma 4

Xymsryeckye COCTABH I'MIEDPCTEHOB, OMOTMTOB M KODIMEDUTa M3
KBapICOAGPXAIMX NeDPECHIEHHNX Al,0
[Ipndaiikansa

Table

nopox Kro-3amamHoro

4

Chemical composition of hypersthenes, biotites and cordierite
from quartz-containing rocks supersaturated with A120 ’

S.W.Cisbaikalia
Tunepcreny ‘BHOTUTH Kopmzepnt
Hypersthenes Biotites Cordierite
i 2 & 6 2
i 2 3 6 7 8
5102 53,30 49,10, 53.00' . 5E.60 | 39.00 4I.20 51.60
TiOa 0;28 7 002 "0.08 0.39 4,90 3.35 0.05
11203 322 15,65 ' 4.40 8.80 | 14.75 15.50 30.50
30203 11 MR 00 ) IR 1 T 0.86 2aa3 1.68 I.69
FeO 18,02 2L 13025 LAt 1 BT I3 4. 88 2.0I
MnO 3804018 04T DE3 0.02 0.I0 0.02
Mg0 2o49 UT9.84 - FTR2 123016 ' Ty 20076 9.97
Cal 0,567 0.28 1 0.56 0.34 | H.OGH. 0.14 ot
Na20 0.17 - O.I0. H.cop,. 0.I8 | H.00H., 0.20 0.25
RBD 0.I5" 0:T0) '8 enp. 0.20 9,39 9.16 0.50
Cr 05 g, onp. 0.28 g omp. EH.omp.| 0.63 0.32 H. OID.
BBD - - - - 3.29 2l 2.82(7)
F - - - - LT 1.45. 0,05
Cyvmia 99.91. 99,77 99.41 29.66 |I00.93 99.84 99.76
fuacT. 31,00:,39,69 2I.00 25,36 | 29.28 = 1L.66 16.8
frnopomu | 55.50 47.00 37.10 | 47.00 29.00
Ng T.725 F.643 I.549
Np I.714 I1.540
2V W9 s wEsl i _ged +76°
Si TS96 HE=85 > v E190 1.86 2.86 2.96
aly 0.05 0.I5 0.I0 0.74 | I.I4 I.04
a’l 0,09 0,20 0.08  0.271 0.12 D27
L 0.0I - - 0.0I 0.26 0.18
ret? 0.03 0.09 - 02 0.2 | 0,68

I00




Tadaxuma 4 (mpomomrexne)

Table "4 (continued)

I 2 3 4 5 6 7 8
¥g 123 © I.09 T.468 : Tiod 1.63 30T

Fe*2 | 0.55 0.68 0.40  0.42 0.67 0.29

¥n 0.0I i 0.0I - e 0.004

Ca 0.02  0.0I 0.02  0.0I M 0.0I2

Na X -

K 0.87 0.83

OH 1.60 I.10

F 0.63 0.76

Amamprurx T.AJJlaxgo (2, 5 1 7), T'.A.KpaBuenxo (% I), I'.B.Eomn-
napesa (3 n 4), H.T'.Tackuna (6 ).

Chemists: T.A.Lakhno (2,5 and 7), G.A.Kravchenko (1),G.V.Bon-
dareva (3 and 4), N.G.Taskina (6).

I0I




Tadaxrmna 5

Cpennme XuMHYeCKMe COCTABH KADOOHATHHX M KapCOHATHO-CHIMKAT—
HHX NOPOX CJOISHCKO# cepmm, Bec.%
Table 5
Average chemical compositions of carbonate 'and carbonate-
sllica rocks of the Sludyanka series, wt.%
it &3 3 4 5 6 7 8
(21701 76a) B LT A 4) |G (T7) - RITS)

Si0, |59.20 I2.57 4.05 6.29 3I.85 22,14 6.22 8.90
™0, (0.0 0.04 0.0I 0,04 0.0 0.0I 0.0I 0.II
A1,0; | 0.50 0.42 0.I7 0.4I 0.I3 0.28 0.45 1
Fe0; | 0.I9 0.07 0.08 0.16 0.I2 0.I4 0.2I 0.42
Fel 0,38 0,48 0,14 1027 *.0.T5 @ 0,28 "N0.14 0.36
MnO 0.62 0,03 0.00 6,02 0,02 0,0L  0.0T 0.08
Ca0 2I.52 33.I1 32.04 42.27 46.76 42.85 48.96 48.47
Mgo 12,81 /19,99 19,98 0,68  I.46 2,05, ‘4.08 I.45
Na,0 0021 00,90 1 0,670,207 .0,14) 0,18} '4.20 0.40
K50 QelBterauaa ~OCOREIB. 2T i 0SUb  OL06A .19 0,38
805 0010 03021 i0s02 e 0,08 2 0008 1 00F | D07 ) KOO,
P50g I,52 0,05 0.0I 0.04 0,03 0,05 0.08 0.05
m.o.o. | 3.756 32,38 43.0I 39.07 I9.I0 3I.9% 38.89 37.93
Cymmva 199.78 99.65 99.756 99.74 99.89 99.95 99.5I 99.64

MargesmanbHu# pan: I - NOPOIH KBApO-AMONCHUIOBHE; 2 — KANBIM(H-
PH (fopeTepHTOBHe; 3 ~ MpaMODH JOJOMUTOBHE; 4 — MpPAMODH KAJBIMT-
IOOJIOMITOBHE! ¥ NOJNOMUT-KAJNBIMTOBHe. VISBECTROBHHE pAN: 5 ~ MpaMOpH
H IIOPOXH BOJUIACTOHMTOBHE; 6 — MpaMODH ¥ HODOIH KBADI-KAJBIUTOBHE;
7 - MpaMOpDH KaXhIMTOBHe Oelne; 8 - MpaMOpH KaJBOMTOBHE DOSOBHE,

(B cxo0kxax yxasaHO KOMMYECTBO aHAJHM30B, IO KOTOPOMY MONCUMTA~
HO CpenHee 3HaueHme).

Magnesial row: 1 = guartz-diopside rocks; 2 - forsterite cal-
ciphyres; 3 - dolomite marbles; 4 - calcite-dolomite and dolomite-
_calcite marbles.

Calcareous row: 5 - marbles and wollastonite rocks; & - marbles
and quartz-calcite rocks; 7 - white calcite marbles; 8 - pink cal-
cite marbles.

(In brackets are numbers of analyses).



Tadanmga 6

Cpennye XMMUYECKHEe COCTABH KApPGOHATHHX NOPOXL XAHIapyIBCKOM
cepun, BEC.%
Table 6

Average chemical compositions of carbonate rocks of
the Khangarool series, wt.%

I 2 3 4 5

(10) (27) (3) “(4) (14)

510, 14.46 2.16 5,17 5,11 72

140, 0.02 0.0I 0.03 0,03 0.05

3.1203 0.32 0.30 0.53 0.93 0.92
Fe 03 0.I0 0.I2 0.22 0.26 0.34

Fel 0.22 0.05 0.1I6 0.04 0.63
MnO 0.01 0.01 0.0I 0.02 0.04
Ca0 30.75 31,32, 41.05 49.57 50,32

Mg0 23,59 <D b8« T1.87 3.21 I.IT
Na,0 0.1I5 6 8 0.I9 0.I9 0.28
K50 : 0.1I5 0.I0 0.I7 0.34 0.24

tso3 0.0I 0.0I H.0CH. H.OOH. 0.02
P205 H.O00H, 0.0I 0.01 H.OGH. 0.03

o.I.0. 30.20 44,84 40.48 40,03 38.23

Cymma 99.98 99.63 99.89 99.73 99,92

I - ganpmuups OOPCTEPHTOBHE; 2 — MpAMODH NOJOMATOBHE; 3 - MDE
MOPH KaJBIMT-IOJOMATOBHE M HNOJOMIT-KAJEIMTOBHE; 4 — MpAMODH KAJTb~
IMTOBHe OejiHe; 5 - MpaMODH KAJBIMTOBHE 3SJEHOBATO-GelHe.

1 - forsterite calciphyres; 2 - dolomite marbles; 3 - calcite-
-dolomite and dolomite-calcite marbles; 4 - white calcite marbles
5 - greenish-white calcite marbles.

I03



Bla 3w Tadxwma .

XvMEdecrEe COCTABH BOJIACTOHMTOB, Bec.?
Chemical composition of wollastonites from different rocks, wt.%

I 2 3 4

810, 51.70 52.50 52.60 53.90
T10, H,O00H. H.OINp. H,Omp. H.OmHp.
11203 0.I0 H.OOH. H,OCH, H.OOH.
Fe 05 0.06 ’ 0.06 0.08 0.03
Mg0 H.OCH. H.0C0H. H.O0OH. H.OOH.
Ca0 47,38 46,55 46.27 44,86
Fa,0 H,OO0H, H.O0CH. H.OOH. H.OCH.

0 H,OO0H. H.O0H, H.OOH, H.O0GH.
Hy0” 0.12 0.04 H.OGH. 0.1I6
B0 I1.I6 0.84 0.80 I.24
Cyvma 100.40 99.95 99.75 ' I00.0L

I - MpaMOp BOMIACTOHATOBHE; 2 - KaXbIM@ED BOJIACTOHHTOBHI
3 - mopoza HANBIMT-BOJIACTOHMTOBaA; 4 - MOpONA KBADI-IMONCHI-BOJ-
JACTOHMTOBAA .

ARa)m3H BHOOJHEHH B xmmmdeckoif jadopaTopmm MHcTHTyTa 3emmolt ko
pa CO AH CCCP (amammrmk H.I'.Tackuna).

1 - wollastonite marble; 2 - wollastonite caleciphyre; 3 - cal-
cite-wollastonite rock; 4 - quartz-diopside-wollastonite rock.
Chemist: N.G.Taskina.
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el e -8 Tadaxuma §

Xmmordeckne cocTaBH IHONCHIOB, BEC.%
Chemical composition of diopsides from different rocks, wt.%

I 2 3 4
3102 55.00 55.20 54.70 55.1I0
Ti0, H. OCH, H, OCH. H,OCH. H. OGH.
11205 0.25 0.65 0.40 0.50
Fe 05 9,13 0.08 0.06 OLTE
Pe0 0,07 0.07 0.I4 o
¥nO H.Omnp. H,.ONp. H.omnp. H.ONp.
Mg0 18.45 18.04 18,74 18.04
Ca0 25,51 25.65 25.52 ;2D 80
Na 0 0.I0 0,13 0.I2 0.22
K50 H. OCH, H. OCH, H.00H. H. OCH.
HQU' H. OCH. H. OCH. H.OOH. 0.04
HyO" 0.26 0.26 0.53 0.40
Cymua 99,77 I00.08 I00.2I I00.28

Kpucrammoxuvmueckie (DOPMyJIH
Crystallochemical formulae

0 6.00 6.00 6.00 6.00
si 1.99 1.99 1.99 I.99
a 0.0I 0.0I 0.0I 0.0I
pe>t A 0.02 0.0I 0.0I
re?* L o4 0.0I 0.0I
Vg 1.00 0.97 0.98 0.97
Ca 0.99 0.99 0.99 0.99
Na 0.0I 0.0I 0.0I 0.0I

I - gansmEWp BOJIACTOHMTOBHH#; 2 - NOpPOJA KAJBINT—BOJLIACTOHE-
TOBAR; 3 - IOpOJA x:?apn-nnoncgn-nomacmrm'rom, 4 - mopoma
KBaDI-IRONCHIOBaA. (AHaymTur H.T,Tackmra)

1 - wollastonite calciphyre; 2 - calcite-wollastonite rock;
3 - quartz-diopside-wollastonite rock; 4 - quartz-diopside rock.
Chemist: N.G.Taskina.
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Table 9 Tadanmnona 9

XuMEuecKHe COCTEBH COCYWLECTBYDIEX I'DAHATOB I KCEHOB W3
MPOKCeH-TPAHATOBHX (soHA 3) B T'paHAT-IMPORCEHOBHX (30HA 4) crap-
HOB, Bec.

Chemical composition of coexisting garnets and pyroxenes
from pyroxene-garnet (zone 3) and garnet-Pyroxene (zone 4)

skarns, wt.%
30Ha 3 Zone 3 ? 30Ha 4 Zone 4
14 2 3 4
§i0, |[4I.20 54.20 38.80 54.70
Ti0 0.85 0.05 0.27 0.0I
21:8; | 16.50 1.00 15.00 0.75
Fes03 | 7.01 1.72 8.52 0.9
Te 0.40 3.14 0.30 3.23
MnO 0.I6 0.I2 0.II 0.08
MgO0 H.O0H. 14,51 H,00H, 14,91
Ca0 33.51 24,11 35.66 24,9
Na»0 0.I0 0.25 H.O00H, 0.I9
lézé 0.33 0.1I2 0.10 H.OGH.

5 | 0.04 0.0I 0.02 0.02
333 H.Omp. 0.26 H.Omp. H.OMp.
goa* HO.:%Zp g.ggg. 8235 HbO%%.

2 Eod.sa i 99.49 99.42 100.05

KprcTalIoXaMrdeckae (HopMyIH
Crystallochemical formulae
0 I12.00 6.00 I12.00 6.00
si 3.09 2.00 3.04 2.00
Al 1.5 0.04 1.41 0.03
ve: | 0437 gositoo | 0T gloal:

e - - . . - -
re>* | 0.03 0.10 0. 0:20 %
Mn 0.0I12,89 0.0L - 3.02 -

Mg .- 0.80 - 0.84
gg. 2.85 8.8% 100 3.00 0.99}

o - - - 0.01 I.
H i O.DI g i DO

I - rpanar; 2 - OKCeH; 3 - rpasaT; 4 - IMpOKCeH. AHaJM3H

BHIOJHEHH B XMMWYECKOR JAG0paTOpME MHCTHTyT2 3eMHOR CO AH
CCCP (amaymTHEM H.I‘.’I'acmzuaai,mT.R..I[.a.xﬂo‘fl.l N

1 - garnet; 2 - pyroxene; 3 -~ garnet; 4 - pyroxene.
Chemists: N.G.Taskina, T.A.Lakhno.
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n 10
T &bl ® Tacdxuma 0

X¥MMuecKUe COCTABH I'DAHATOB W IHMPOKCEHOB M3 gonenomnar—-mpn—
I'pOCCYJIAPOBHX CKADHOB, Bec.

Chemical composition of garnets and pyroxenes
from feldspar-quartz-grossular skarns,wt.%

I 2 2]

810, 40.10 40.60 53.80

Ti0 H.OO0H. 0.09 0.0I
41263 22.80 2L,68 0.73
Feo03 © 0.86 0.69 0.98
Fel H.OOH. 0.05 2.08
MnO 0.05 0.02 0.02
Mg0 0.60 H.O00H. 16.55
gao 34.49 35.16 24.24

a20 0.I0 0.21 . 0,40

K20 0,39 0.13 H.OOCH.

H 0- - 2 - -

éo"' H.OGH. H.O00H. H.OOH.

ﬁO 0.05 0.09 0.0I
m. .18, H.O0OH. 0.80 0.74

Co 0.22 - -

Cyfiua 99.66 99.68 99.72

Kprcramnoxumudeckue GopMysIH
Crystallochemical formulae

0 I2.00 I12.00 6.00

S1 3.04 3.06 1.9815 oo
o 2.04 1,98 8:0H
T, b, +¥12,02
Fesr 0,05 0.04 0.03:I,0I
Ng 0.07 < 0%

Ca 2.80 ]2-87 2.92 0:9610,99
Na = = 0.03]

I - rpoceynap sexeHoBaTlt; 2 - rpoccyrsp OecmpeTHER ; 3 - X~
oncHn; AHAJWSH BHIOJHEHH B XHAMAYECKHX :rad?pa-ropm Hpereryra sem-
mo#t xopw CO AH CCCP (amasmTErR H I' Tackuma) ® BypATCKOPO I'€OJOI'E-
yeckoro ympapnenus (amamurex B,M, Arparosmu).

1 - greenish grossular; 2 - colourless grossular; 3 - diopside.
Chemists: N.G.Taskina and V.M.Ignatovich

Io7



Ta b lve: i1 Tadauua II

CocraBH MMHCDAJOB M3 MATHE3MAJLHHX CKapHCB B JIECTHMYHHX XIJI

CmongHcKoTro (UIIOTOMMTOBOTO MECTOPORIEHUS

Composition of minerals from magnesial skarns
and ladder veins of the Sludyanka ph.logop}te deposit

DapracurTu*
Pargasites *
I 2. 3 4
810, 40.95 40,87 41.10 40.85
Ti0, 0.48 0.4I 0.38 0.66
11205 I5.53 16.38 15.52 I15.41
39203 4,54 i) 4,53 5,30
Créoj 0.46 H.OIp. 0.47 Ol
Fel 347 5.899 3.35 5.28
MnO 0.07 0.I3 0.I2 0.08
Mg0 I5.95 13.08 16,34 I14.42
Ca0 12,06 I3.06 12.20 B2 P08
Nay0 Il ) .20 I.92 2.03
K50 BalD 3.54 2.00 2.26
Hy0* I1.00 0.47 0.79 I.I9
HéO'_ 0.16 0.06 0.14 0.I2
Cl 0.35 H.OIp. Q.27 H.OIIp.
F 0.86 0.39% 0.80 L2
Cymma 99.79 100.57 99.79  100.95
0-(F,Cl)2 0.43 0.16 0.39 0. B
Cymma 99.36 100.4I 99.40 I00.44
CxanmoauTh
Se'aipo lites
5 6 / 8 9
510, 46.28 45.50 45,20 44.60 44.90
Tio, (518 CJl. CIl. ci. CJI.
Al;04 24.88 28.40 28.20 27.90 s o)
Fe 05 0.2 0.25 0.25 H.00H H.00H
Fel 0.I0 Gila CaI. Cal. clI.
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Tadxanuya 11 (npomomreHue)

' T ah il el 1 (continued)
5 6 7 8 9
) MnO CJl. 0.03 <0.03 <0.03 <0.03
| Mgo 1.04 H.OGH. H.OGH. H.O0H. H.0GH.
Ca0 14.563 17.95 18.72 17.98 17.18
[ Sro H.O0mp, 0.03 0.03 0.1I8 0.2I
| Nay0 4.30 2.90 2.88 3.30 3.47
‘KQO 0.36 0.30 .15 0.18 0.25
H‘20+ Satl 0.46 0.24 0.32 0.44
(m.m.i.)
HQU' 0.37 0.02 H.00H. H.OOH. H.OOH.
€0, 3.69 4.20 4.25 3.00 3.20
805 0.I9 5 L 0.38 2,51 2.41
cl 0.07 CI., 0.06 0.1I1 0.I5
¥ 0.I14 H.OGH. H.O00H. H,O00H. H.O0H,
0=( €1, F )2 0.06 - 0.0I 0.02 0.03
Cyava I100.I5 100,33 I100.33 I00.06 9871
(TR -0,1I7)
(Ba0-0.1I7)

AnaTuTH

! A'p at il ties

I0 II 12 I3 I4
£10, H.OCH, H.OCH, I.2 I.00 I.00
Ti0, H.OIp. H.Omp. H.OGCH. H.O0OH. H.OCH.
A1203 0.24 H.O0H. H.OOH. H.OOH. H.OOH.
Fe 05 0.25 H.OCH. H.0CH. H.00E. H.O00H.
FeO H.OTp. H.OIR. ¢, clI. cJl.
MnO H.OCH. H.00H. 0.02 0.0I 0.10
Mgo H.OIp. 0.07 <004 20,04 <010
Ca0 54.64 55,42 55.54 54,98 54.98
Na,0 H.oIp. " R B 0.39 0.34
HZO H.OIp. H.OCH. £.0,05 <0.05 <0.05
Po0g 40.52 41,04 40.22 40.63 40.76



Taoxnnnoa II (npomomerne)

Table 11 (continued)

I0 ihil I2 13 I4
SO5 : 0.40 C.70 I.00 06 I.18
H0t 10.46 } 0.34 0.45 0.34 0.28
Hy0™ ] . 0.04.  0.08 0.06
F 2.30 2.80 3.10 2.86 3.00
cl £ TN 0.58 0.06 CQeET 0.06
002 H.OID. 0.60 0.1 0.44 0.22
HEpacT.oCT. 178 H.O0CH. - = -
O=( P, C1 )2 T.IX1 1.32 Ay S 1.26
Cynma I00.I3 I00.4%7 I00.66 100.70 100566

( TR - 0.09)
loxeBHe HNATH JECTHWYHHX MV
Ladder-vein feldspars

i5 16 - N 2k
510, 59.85 60.44 60.48
Ti0, CcJI, H.0CH, H,.OCH.
49.1203 20.64 2L, I 20.98
1’@205 H.OMNp. H.OO0H. H.0OOCH.
Fe0 H,OIp. 0.07 0.07
MnO H.O0H. H.OOH. H.OCH.
MgO 0.2I H.OOH. 0.30
0al 0.86 e 0.34
Ba0 ¢ 6.92 U450 5.10
Na,0 0.93 2ald 2.21
KZO I1.07 I10.62 11.08
HED' 0.I2 0.08, 0.I0
Hy0* 0.12 0.36 0.24
Cymma 100.60 100.06 I00.80

i

* Npmmeuanwe. IaprachTH M3 KOHTAKTOBO-ILIACTOBHX METACOMATHTOB
("sHmocKapHOB"): I - MeJKO3epHMCTAs IMONCHI-IAPracuToBas IOPOIA,
2 - I'Hp3%a ¢ KPYNHOKDUCTALIMUECKNUM DApPracuToM M3 JeCTHIMHHX RWJ;

I10
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3 - /moncHI-IapracuToBas 30Ha, 4 - KpynHOKpucTawmueckuit. Cramo-
JIITH KOHTAKTOBO-IUIACTOBHX TeJ: 5 - raasnrommT U3 "xopresax" (7)
CKapHOB, 6,7 - CKANQMTH M3 CaMT-CKANOJIMTOBHX nopoxm; 8,9 - upyn-
HOKDUCTaJIMUECKIe U3 JeCTHWYHHX X, Amarnra: I0,II us reesn B
30Hax [OUOICHIOBHX MeTacoMaTuToB; 12 -I4 - KpyMHOKpHCTALIMUYECKHE
3 JeCTHNYHHX XWI.

Agamze 2,5,10, II, IS5 mo JmTepaTypHHM JaHHEM; 16,17 - u3
marepuanos &,B,KysHenoBoii.

[Ipoure - Mo mMaTeprayam aBTOpa.

Aramrukn T.A.JaxHo, H.T,Tackuma, K,®.ImiTpuesa.

¥ Pargasites from contact-bed metasomatites ('endoskarns'):
1 = fine-grained diopside-pargasite rock, 2 - patches with
coarse-crystalline pargasite from ladder veins, 3 - diopside-par-
gasite zone, 4 - coarse-crystallime. Scapolites of contact -bed-
like bodies:5 - glaucolite from 'crustal'(?) skarns; 6,7 — scapo-
lites from sahlite-scapolite rocks; 8,9 - coarse-crystalline
from ladder veins. Apatites: 10,11 = from patches in zones of
diopside metasomatites; 12-14 - coarse-crystalline from ladder
veins.

Analyses 2,5,10,11,15 - according to literature

16,17 - by F.V.Euznetsova
others - by the author
Chemists: T.A.Lakhno, N.G.Taskina, K.F.Dmitrieva

jR



Table 12

Tacauwna I2

Xmmmrzeckmit cocraB mopon Benoi BHeMxm
Chemical composition of White Cutting rocks

% ompoow | 10/3  II/I 9/16 23-I-3 I2-M-3 5-I-I 6~I-3 I3-I-4
¥k n/m b5 2 3 4 5 46 7 8

810, 2.19 14,36 36.44 47.85 46.I6 60.54 43.60 49.20
T40, H.00E.  0.II 0.16 0.I0 0.52 I.II 0.5 0.65
41,0, 0.27 I.28 =+ 7,70 - I5.57 9.23 I5.80 I3.58 7.24
F9205 0-30*) 0'471) 0.03 0.36 S-CB I.59 4.70 2.]:8
FeO 0.93 =H.o6. 0.58 0.I8 I.08 I.08
Mno 0.0I 0.02 0.02 wm.omp. 0.08 0.0I 0.07 0.05
¥g0 2I.56 20.75 34.46 9.32 I5.75 2.08 I3.73 I7.2I
a0 30,28 33.09 7.30 I3.30 22.75 4.64 I9.43 I8.34
Na,0 0300 0.29 4.00 4,91 0.I9 I.55 I.I6 0.28
K50 0.06 0.I2 1.92 4.31 0.I0 II.32 0.29 2.0I
Py05 0.02  0.0I 0.02 0.25 0.06 0.44 0.2I 0.I0
€0, 44,93 29.62 7.30 3.19 H.omp. 0,70 H.omp.H.omp
n.0.f. |H.omp. H.OMPp.  H.O0mp. 0,20 I.43 0.26 I.45 I.46
Cyvma 99.72 100.I2 100.28  99.36. 99.93 100.22 99,8I 99.83

DNpumevaHEeE.
I - monomuToBHil Mpamop; 2-6 - IO
na: unuHede-fopeTe

%)

MTOBHH KaJIbIM

pHOE Reneso,BHpamernoe B Bume Feyly
ggnﬂ (gJ)mrpame'ramp@mecrcoro aTa-
D

7 HedeMHO-KaAbIMTOo-Hop-

CTEPHTOBaA NOPOJA {)3) MATMATATOBOM! r:'x-ama5 He (e IMHO-KAINIIAT O~ T~
»

DOKCEHOBaA NOpOIA MarMaTHUYeCKO# cTammu
CKADH mMarmaTHueckol cramam
oCcTMArMATHRYECKOrO BTana:

OpPOIH
7), - (UOromMTO-NMPOKCEHOBAA MODPOJA

CTaIER
[0 mMMHeJe-TMPOKCEHOBHM CKADHaM I

WIHAeJIE= KCEHO

5), meporceHoeu#t cmemmt (6); 7-8 -
- mmneae-r:fr[poxcenonxﬂ ckape I
C

TAINM, DASBATHS
cTaj My NOCTMATMATEYECKOTO 3Tams

8). AmamurEen B.A,Pywsmnesa, O.M.Orpyrera u E.A.Kremuxopa.

* motal iron as Fea'os.

1 — dolomite marble; 2-6 - ultrametamorphic-stage rocks: spi-
nel-forsterite calciphyre (2) and nepheline-calcite-forsterite

rocks (3
rock of magmatic phase (4),
phase (5),
spinel-pyroxene s
phase II (8). Chemists:

Klepikova.

f migmatic phase, nepheline-potash feldspar-pyroxene
S i 'apine].-pyroxe.ne skarn of magmatic
pyroxene syenite (6); 7-8 - po tic-stage rocks:
karn of phase I (7), phlogopite-pyroxene rock of

V.A.Rumyantseva, 0.I.Okrugina and E.A.

IT2




Table 13 Tadanmmoa I3
Xumryeckyit cocTaB MMHepaJoB 3 mopon Besoft BHemmm

Chemical composition of minerals from White Cutting rocks
% mpodm |BI4-II-8 I5-I-2 9-I¥-I 22-[I-2p I2-I-3 6-I-I 5-I-2

¥ n/n I 2 3 4 5 6 7
4

810, 55,01 47.76 50.83 0.50 1.08.:.0.72, 42.16
710, H.00H. 197 0.65 0.09 0.0I 0,02 m.omp.
Al504 1.5 8.79 5.05 67.79 66.66 64.47 33,71
Fe 05 0,60 0.96 3.07 H.OOH. 0.2b:2.62| 008
FeO 0,18 I.53 2.87 2.24 IT.78 :F2.62; m.onp,
MnO 0.02 0.06 0.08 0.01 P.08 012 | "m.anp.
Zn0 H,OIp. H.Oomp. H.ONp. 0.I0 0.39 0.45 =R.omp.
Cr205 H.Omp, H.OOp. H.Omp. I.46 0.03 0.04 =.omp.
Mg0 18.13 I4.42 | 12.54 28.54 [9.79. 19,27 Hionp.
Cca0 22.97 - 28,05 28,00  m.o0W:- [40.50...0.18! 1,69
Na,0 0.09 0.I9 I.02 0.03 H.Onp. H.omp. I5.69
K2D 0.04 0.I0 0.I6 H.00H., H.omp, H.omp. 5.69
P205 H.omp. H.omp. 0.08 H.ONMp. H.OOp. H.OHp. H.ONp.
m.0.0. 0,68 0.96 0.64 H.Omp. H.omp. H.omp. 0.83
F 0,02 0.03 0.02 H.OOp. H.OOp. H.OOp. H.OOH.
Cynmvia 99.30 99.8I I1I00.09 1I00.48 I00.57 I00.5I I00.05
- 4 22 9.6 20.3 4.5 26:5. "/ 3L.0

DNpunmeuwuanne, I -3- nnponceﬂ?: Geamit (I) mmonemm u3
anoNOJOMMUTOBHX IDOKCEHOBHX M MaymHOBHEt (2) TmrakdaccanT n3 amo-
cnannenu? morHeJe-paccanTOBHX CKADHOB MUIMaTHTOBOM cTammm, TeMHO-
seqeru#t (3) daccamT us anocnaﬂgenux IMPOKCEHOBHX CKADHOB MarmaTH-
ueckolt crammm; 4-6 mmmHeJW: DYyOMHOBO-KpacHas (4) ms mnmHeJe-Hop-
CTEDETOBHX CKapHOB, TeMHO-3exeHas (5) m3 anonoaumnfonux MIAHEeJe—
IMDOKCEHOBHX CKApHOB MarmMaTwieckoft crammm, uepHas (6) ms amocaaH-
OeBHX mIEHeJe-(faccamTOBHX CKADHOB MUIMATHTOBOR CTAIW¥ yJIbTpaMeTa-
MopfmdecKoro atama; 7 - HedeJEH M3 ANOCHEHMTOBHX He(esMHO-KaJmm-
DATO-IMPOKCEHOBHX mopox I cTajmy IOCTMArMATHYSCKOro 3Tama.

1-3 - pyroxenes: white diopside (1) from pyroxene skarn and
crimson titanfassaite (2) from spinel-fassaite, both migmatite
stage; dark-green fassaite (3) from pyroxene skarn, magmatic
stage. U4-6 spinels: ruby-red (4) from spinel-forsterite skarn,
dark-green (5) from spinel-pyroxene skarns, magmatic stage,black
(6) from spinel-fassaite skarns, magmatic stage. 7 - nepheline
from nepheline-Kfs-pyroxene rocks (stage I, postmagmatic process)

- II3




Migehil e, 45 Tadaumnuga IS5
XMMUYeCKN cOoCTAaB MMHEDANOB THTAHA ¥ IMpKoHuA TamxepaHCKOTO MaccHBa

Chemical composition of titanium and zircon minerals,

- Tazheran massif
I s 3 4 5 6
810, H.O0H. H.00H, H.OOH. H.OGH. H.00H. . @:d4
Ti0, 15.36 2 09 15.40 7.35 59.%76 53.92
T1,04 H.omp. [2.48 H.ONp.  H.OMNp. H.OTp. H.onps
A1,04 H.00H. 0.78  H.o6H. 1.30 H.00H.  5,34%
F0203 0.78 0.99 I6.0I 23.18 6.98 I.I5
FeO H.O00H.  H.OOH. 5.16 10.80. 2.24 0.94
MnO H.06H. H.06H. 0.II 0.30 D27, 0.08
Mg0 H.00H. H.06H. 45.0I 37.39 30.26 0.47
Ca0 II.52 10.68 H.00H. 0.43 H.006H. 37.78
Na,0 H.00H. H.O00H. CI. 0.62 H.06H. 0.I0
K20 H.00H. #H.00H, H.00H. H.OCH. H.o0H. 0.25
B203 H.omp. H.,omp. I9.07 18.28 H.OOp.  H.ONp.
Zr0, 7I.44 72.48 H.OOp.  H.OMNp. H.ONp.,  H.OHp.
nnmn H.OOp.  H.OIp. H.OOp. H.OIp. H.omp. 0,53
Cymva |99,I0 I00.00 100.76 99.65 99.51 100.70
Yn.Bge - 5.0 363 3.79 3.80 -
& (A) ] I5.28 5.108 9.26° 9.23 5.067 -
b - 12,25  I2.29 - 2
¢ 10.13 - 3.0I 3.02 13.913 -
Ng - - 1.855 o £ -
Nm - 2.28 1,822 1.950 -
Np = - I1.799 I.813 - -

OprmMedgaHUHe. %) Buecte ¢ peNKIMM BEMIIAMA.
I - KaIBIMPTUT, & — TaxepaHuT, 3 — a30IpoHMT, 4 - THTAHUCTHE JoI-
5 = refixwmr, 6 - KyGmYecKkmii MEepOBCKHT.

BHTUT,

¥ Together with rare-earths.
1 - caleirtite, 2 - tazheranite, 3 - azoproite, 4 - titanic
ludwigite, 5 - geikielite, 6 - cubic perovskite.

II4



MusepasbEHEe accormmamun TaxepaHa Taoannoa I4

Mrmepass #3 BMeman- | MuHepaiH MuHepams MATDY- | Mumepanu rpat MUHepaiH MarHesuaskb-|MuHepaJH M3BeCTKO- MnHepann cramum me- (MUHEDANH HAJOXCHHO! BHCOKOTEMIEDATYPHOI #
OAX IOPON ~ [raddpounos SUBHHX NEJOYHHX | HUTHEX mer- | HO-CKapHOBO# dopma- |BO-CKapHOBOZ (Hop- JIOYHOT'0 MEeTAacOMATO- MUHEDAJIN3aTii TnmporepManabHas MVHE paJIn3aLms TunepreHHas MUHE paJu3a1ma
& it o reie 3a THUTaH-IMDKOHNEBOIL BopHoi CymeCmmHoil
narmoxnasy (MI0-60)| Ilnarnoxnasy K- Na momeBoit [K-Na mosepoit | [mmHe s BonnacToruT Omrenr (da IR-29) Bammerent AsomponT TIppOTHH Bpycent Ananpnmn TmrponesnT BepMuKyJmT fIposnuT
(%30-60 s S KaremmapTuT TuraHo- TpomaT QeppoGpyCHT HaTponmT Ceafiemmr (?) MomTMOPmILIORNT  Harposnosmt
MaKpORIVMH ABrut MuxpoxmH AMa30HIT %opcrepuT Me ot OrupUH-aBIUT TaxepaHuT JIOTBUIHT Txeplmmepnt | CepreHTuHH TOMCOHHUT TlosoLmT Amnofan Xanmre i0H
CramoJmTH Bpouszur Anp6nT ATBOUT Jromeny Turarasrur - BapxeBuRnT I/Dmp;xemm - Hﬂpn; TleBeimT CrunsGuT Kanpmur T'emaTuT Onax
Poropas oOMaHKa Porosas o6man- |Hedesmu KBapn Gaccaur lmoncun Kepcyrur Teftumr TeHTIaHIT XJIODATH lladazuT MycxoBuT TeTur KprcToGammT
i o TlepOBCKUT XambKomupuT | AKTHHOJMT Mopzernr TomopoxuT AparonT
ABruT $OpCTEPHT Harprii-aBrut BroTuT Tnrangaccant Aunpannt Hedesmm Pyrimn BopHUT T'padnT [exT0MNAT Tune T'nopomMarHe 3UT
TunepcTeH THTaHOMAPHETUT | STUpPHH MyCKOBHAT MoxTmIeImT Tpoccynap Kasmemme o i Hpex;m
Iomcnn limses SrupuE-aBrur  |lomumTiomnt |AXeDMaHAT MesarmT KaymmuarpoBkit moJ. mmar i Apcenomuput(?)
ATBMAEIME THTAHNT TacTUHTCHT Porosas o6MaH-lyMIT Napracur KamkpummT [
Ka
d)opc';epl‘a'i‘ ! KagsmmT BapreBEKAT TuraHoMarHe Ty KIIMHOIYMAT Besysuan
BuornT AnaTur Qe ppOropTOHOINT | THTaHAT QroronuT KeanTo@mumT
MycroBuT Jlemmnomesan AxTrHOEMT MarzesuodeppuT Mar. Knpure iEnT
CHLTIMAEAT TuranmT Cneccaprus  |JosommT Kycmunzs
BOJUIACTOHAT MarreTuT TypmaJIuH Kassrmr BuIBREHT
Ksapr AnaTuT PudexnT K/IMHOMON3HT
T'pagnT JrupuH LHousuT
Kanemmar SmImoT CranoJsut
TomomuT OpTaT
YBapoBuUT AnaTtuT
T'poccynsap HeprommT
Kopysz MeHneneeBuT
[uxoTHT ®e prioCOHUT
Pyrmx BuemyTin
TaTaguT
T balne il
Mineral associations of Tazheran
Tiner ) B Minerals of Granite peg- Minerals of Minerals of calca- Einerais: of ¥inerals of superposed high-temperature g l
country Tocks RN intrusive matite magnesial-skarn reous-skarn alksline mineralization Hydrothermal 5. n)ization | S 3
alkaline rocks minerals formation formation metascmatic phase | Titam-zircon Sorate Sulphide P I g o
Plagioclases Plagioclases K-Na feldspar E-Na feldspar | :ﬁ::: 2 ;oi%iztonite Olivine (Fa 12-29%) Baddeleyite el G Bymtotive e Anaicite Hydromelilite Versi o it Tebsaith
s {5
;1:::;:2 i::) il:;:;:O—GO) ik i 5yl e T:t:naz;ite g:gii:::;::eite : alcirtit.:e Titam'.c.: Tx.'oilite Yorribranbin g:troli:: iz:ib?i.yte (?)| Montmorillonite Natrojarosite
Scapolites Bronzite Albite Albite Fassaite Diopside Fegneripite ludwigite | Djerfisherite | Serpemtimes > = " °° g e R Shalopeay
. g Kaersutite Ilmenite Pyrite Deweylite Stilbite Calcite Hematite Opal
Apulilende it ophelins Nnnrkn Foantacac ARtoaarhs Nepheline Geikielite i YA ; Chabasite Vuscovite Goethite Cristobalite
Augite Forsterite Sodium-sugite | Biotite Moghicellite SEoesmlar Kalisilite Pearcvekits szl e e Y e Todorokite Aragonite
Hypersthene FTitanmagnetite | Aegirine Muscovite Akermanite Melanite K-Na feldspar Rutile ik Actim')lite Pectolite Gypsum Hydromagnesite
Diopside Spinel Aegirine- -Polylithio- Humite Pargasite Canciinite B?,m?te ) Graph:.Lte
Almandine Sphene augite nite Climchumite Vesuvian : froon Lollingite Prehnite
Forsterite Calcite Hastingsite Hornblende Phlogopite Xanthophyllite Arsenopyrite(?)
Biotite Apatite Barkevikite Titanmagnetite Magnesioferrite | Magn.kirschsteinite
Muscovite Ferrohortono- Sphene Dolomite Cuspidine
Sillimanite lite Actinolite Calcite Wilkeite
Wollastonite Lepidomelane Spessartine Clinozoisite
Quartz Sphene Tourmaline Zoisite
Graphite Magnetite Riebeckite Scapolite
Calcite Apatite Aegirine
Dolomite Epidote
Uvarovite Allanite
Grossular Apatite
Corundum Cyrtolite
Picotite Mendeleyevite
Rutile Fergusonite
Sphene Bismuthine



D adh Lanas Tadaunmpma I6

Xvmmuecrut cocTas Heiio'ropm:_ TnoPonooCGpasyiMX CKAPHOBHX MHHEDAJIOB
Chemical composition of some rock-forming skarn minerals

I 2 3 4 5 6 7 8 ) I0

810, I.I5 u,o0m, 48.64 45.I3 45.80 54.54 37.50 43.20 39,46 0.87
T40, 0.76" 2.I2 0.37 3,88 .3.06 .0.05 0.02  0.27 1‘37 1.62
Al1,0; | 62,57 7I,II 6.83 9.63 6.96 H.00H. 0.43 0.94 I4.98 2.03
Pes0; | 3.57 I.59 3.I0 I.59 2.00 0.48 0.24 0.55 0.I6 68.24
FeO I1.76 B.00H, 0.72 0.72 4.02 n.o04, 0.36 H.o6H.0.36 II.49
¥no 0.3 0.I2 0.03 0.05 0.I3 0.02 0.04 0.02 cx. . 0.60
¥go 20.54 26.45 I4.52 I3.42 I3.96 18,77 24.72 1I3.42 26.22 I3.I0
Ca0 0.43 H.00H. 23.80 24,9 24.I0 26.I3 35.41 4I.20 I.60 0.20
Na,0 | H.0OH. H.008, 0.43 0.50 H,066. 0.I0 0.20 0.53 0.05 H.00H.
K50 H.onp. H.onp. 0.I8 0.I8 H.omp. ecx. 0.I0 H.o0H, -9.57 H.omp.
Bo0g 0.08 =H.omp. 0.02 H.ONp.H.omp. H,00H.H.omp. 0.05 0.0I H.omp.
HY0OH. H.00H., I.I7 H.ONp.H.06H. 0.60 0.7I 0.64 5.27 H.o0H,
Cywmua |I00.62 IOI.39 99.8I I00.06 I00.02 I00.69 99.70 ID0.82 99.05 98.I5

Opmuedanuel - yepHan INMHeS: M3 UNMHENE-JACCARTOBOIO CKADHA;
2 -JmnoBas WMNHENh M3 WIMHHeJb-HOpPCTEPHTOBOIO CKADHA; 3 - faccaur u3 crap-
Ha; 4 - Ma)MHOBHE THTaEfaccayT (cnelmarbHE{ QHANNS YCTAHOBWN B HeM 2,69%
Ti0z m 0,89% T40,); 5 - yepHwil THTAHABrET W3 "mHpoKCEHMTA"; 6 - roaySol
mwoncun; 7 - Genuwit MOHTMYeNmT; B - arepMaRmT; 9 - KpeumoBuft fuoromuT M3
KaNbIMT-(uoronuToBoi nopomu” ¢ meposckmrom; I0 - Marneanoq)éppm B3 [NKHeJ b-
(OPCTEPHTOBOTO KOHTAKTOBONO CKADHA. AHSJM3N 3AWMCTBOBAHH M3 DAGOTH

( Kouen,Camoitnon, I974 ).

1 - black spinel from spinel-fassaite skarn; 2 - violet spinel from
spinel-forsterite skarn; 3 - fassaite from skarn; 4 - ruby titanfassaite
(special analysis showed 2.69% '1':1.2()3 and 0.89% Ti0, )i 5 - black titan-
augite from 'pyroxenite'; 6 - blue diopside; 7 - white monticellite; 8 -
akcmmute. 9 - creamy phlogopite from calcite-phlogopite rock with pe-
rovskite; 10 - magnesioferrite from spinel-forsterite contact skarn.Ana-
lyses by (Houe®, Camofnos, I974).
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Puc.I. CxemaTwdeckas reoJOTEuecKas kapra CimmgHCKOro paftoHa

I-ueTBepPTHYHHE OTJIOKEHWA; 2 M 3-HUEHWE mpoTepos3oil, XaHrapyib-
cKaf cepuA: 2-Oe3HMAHCKAs CBUTa, 3-Xaparolbckas cBuTa; 4 m 5-
BepxHE#t apxeli, CHOIAHCKAaA cepia: 4-lepeBajbHAfd CBATA, S-KyIATyK-

[ crad cBHTa; 6-HumruE apxel, wapuwanralickas cepusn; 7-HeoreHOBHE
WIaTo6a3aJbTH; S8-N03JHenpoTeposoiickne rpanuTH (cagHCKMii KOMILIEKC);
9-cpeHeNpOTepO30iicKie aJIACKATOBHE I'DAHNT-NErMATHTH ¥ NEerMaTATH
cmongHckoro Tuna; I0-IZ2-paHHenpoTeposoiickne MarMaTHYecKHWe IIOPOIH:
I0-cuemnTH, MOHHNOHMTH, II-radGpounun, I2-rpammro-rHeiicH (rmrofickmit
rommexc); I3-ceBepHas rpaHMIA DACHPOCTDPAHEHNA MeTaMOpPdHdeCKHX
napareHesrcoB ¢ BOJIACTORHETOM; l4-l®HAf I'DAHMIA DPACHPOCTPaHEHUS
MeTamopdWuYeCKMX NapareHes}COB C THNepcTeHoM; I15-mmHamomeTamopdu-
yeckne mMadTOpuTH 30HH IyiaBHOro CasHCKOTo pasioma; 16-paspHBHHE
Hapymenma; I7-3alerarue CJIOUCTOCTH: a-HODMaJbHOE, O-ONDOKEHYTOE;
I8-3aseranne KpucTamM3amMoHHOR caaHmeBarocTH; I19-22 - OCHOBHHE
MECTODORIEHUA ¥ NpPOABRNeHMA: I9-HUBKOMATHE3WaJBHHX MpamopoB, <0-
BOJLIACTOHATA, <l-(fuoronuTa, 22-JA3yDHATA. ‘

[mppu B Kpy®Kax — HOMepa TOYEK II0 MApHpyTy sKcKypcmm (cm.moc-
JeyoiMe CTaTHH).

L

it & 5

Fig.1. Schematic geological map of Sludyanka region

1 = Quarternary deposits; 2 and 3 - Lower Proterozoic, Khanga-
rool series; 2 - Bezymian suite, 3 - Kharagol suite; 4 and 5 -
Upper Archean, Sludyanka series: 4 - Pereval suite, 5 - Kooltook
suite; 6 - Lower Archean, Sharyzhalgay series; 7 - Neogene pla-
teau-basalt; 8 - Late Proterozoic granites (Sayan complex); 9 -
Middle Proterozoic alaskite granite-pegmatites of Sludyanka type;
10-12 - Early Proterozoic magmatic rocks: 10 - syenites, monzo-
nites, 11 - gabbroes, 12 - granite-gneisses (Kytoy complex); 13 -
northern range limit of metamorphic parageneses with wollasto-
nite; 14 - soothern range limit of metamorphic parageneses with
hypersthene; 15 = dynamic metamorphic diaphthorites of Main Sayan
fault zone; 16 = fracture dislocations; 17 - stratified bedding:
a - normal, b - overturned; 18 - crystalline schistosity bedding;
19-20 - main deposits: 19 - low-magnesiality marbles, 20 - wol-
lastonite, 21 - phlogopite, 22 - lazurite.

Encircled figures are numbers of stops on the route.
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Puc.2. JlmarpaMma MOJEXyJIADHOI'O COCTABA I'DAHATOB. I - mome K-

JorurToB, Il - mone JmMToB, Ul - mone moponm amdméomuroBolt v
IY - nmone pOTOBMKOB. HaTH: I - M3 wapuxanraficxo# Tomumm, 2 - u3

CJRIAHCKON cepmy W GesHMAHCKOR ¢BUTH 3 - M3 BHUepoWTa, 4 = I -
UTOR Hsm? Yranmy » lBemmu Howie , Subraggnia.n ,I£5g7x)'pa
- I'DAHAT M3 OCHOBHHX rpaHyxmToB llBenwm, 2 - FpamaT u3 J:erms'foa

, 3 - I'DAHAT H3 JIWHAMOMETaMOP{MSOBAHHOIO YADHOKMTA YraHmH),
5 = W3 ANOSKIOTHTOBHX aMfmGOJMTOB.

Pig.2. Garnet molecular composition dia?m' Fields: I - ec-
logite, II - granulite, III - amphibolite facies, IV - hornblen-
de., Garnets from: 1 - Sharyzhalgay series, 2 = Sludyanka series
and Bezymian suite, 3 - enderbites, 4 - granulites of India,Ufm—
da and Sweden (Howie, Subramaniam, 1957) (1 - garnet from basic
granulites of Sweden, 2 - garnet trom leptites of India, 3 - gar<
net from dynamic-metamorphic charnockite of Uganda), 5 - apoeclo-
gitic -amphibolite.
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Puc.3. I'pafux 3aBECHMOCTV XEJIE3MCTOCTH I'DAHATOB OT REJE3HCTO-
CTY MaTepDWHCKMX mopon. Touka B KpyRKe - IpaHaT M3 9HIeponTa Me-
m ( Howie , Subramaniam 1957, Tada.ll). Jumma I coemmHAET
TpaHaTH dorapckoit cydfamm riayomHEHOCTHM, JuEMA II - cyramcko#t cyG-
famuy TiycuHHOCTH, mone ll - ammaHcko#l cySfammm IJyCMHHOCTH, NOJE
I¥Y - rpaHaTH U3 KODIMEDUTOBHX DOTOBMKOB, Y - I'paHaTH U3 JmadTopr—

DOBaHHHX THeCOB.

Fig.3. Relationship diagram of garnet ferruginity and country-
rock ferruginity. Encircled point - enderbite garnet from India
(Howie, Subramaniam, 1957, Table 11). Line I connects garnets of
Chogar abyssal subfacies, line II - Soutam abyssal subfacies,
field IIT - Aldan abyssal subfacies, field IV - cordieritized
hornblende garnets, V - garnets from diaphthorized gneisses.
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Puc.4. Tpaduk, wumcTpupyoumit o6paTHyD 3aBACHMOCTD MEXRIY Xeje-
3UCTOCTRE I'DAHATOB U CONEDXAHMEM B HUX Xpova. BepxHee moje - rpa-—
HaTH U3 NOpON cyTamcko# cySdamm rayourHOCTM. HuxHee moje - I'pa—
HATH U3 [OPOJ aJjaHcKofi cysdarmy riIyOMHHOCTH.

Fig.4. Diagram illustrating inverse relationship between gar-
net ferruginity and its chrome content. Upper field - garnets
from Soutam rocks of abyesai subfacies. Lower field - garnets
from Aldan rocks of abyssal subfacies.
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Prc.5. CocTaB GMOTHTOB MeTamopiwmveckmx mopon. Jlmeme# oGBeneHO
mojie GHOTHTOB M3 SHIEDOUTOB.

Fig.5. Composition of metamorphic rock biotites. Field of en-
derbite is encircled.
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Puc.6. T'pafux 3aBMCUMOCTH TETDAa®IPHYIECKOT0 AJOMUHMA OT COJEp-
RAHNA KpemHeseMa B OMOTHTax. I — OMOTHTH M3 NODOXL aJIaHCKo# cys-
damuu DIyOMHHOCTH, 2 — GMOTHTH M3 NOPOX cyTamcroll cydfamum riy-
OuHHOCTH, 3 - OMOTHTH M3 SHIEDOHTOB.

Fig.6. Diagram of relations between tetrahedral Al and Si con-
tent in biotites. 1 - biotites of Aldan rock abyssal subfacies,
2 - biotites of Soutam rock abyssal subfacies, 3 - enderbite bio-
tites. 3
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Puc.7. Imarpamma Si0, — Cal - Mg0 Kap@OBATHHX ¥ KapGOHATHO-CH—
JMKETHHX NOpox KXHOIO Ilsﬁde.ﬂm.um"?m. 1 v
C/ongHCKAA CepHA, MATHe3HANbHHE pAn: I - IOpoIH KBapO-IMONCH-
IOBHE; 2 - Kaabmadwp GopecTepHTOBHE; 3 - MpaMODH JNOJOMUTOBHE;
4 — MDAMODH KAJBIMT-IOJOMHTOBHE ¥ NOJNOMHT-KANLIMTOBHe. CimonaH-
CKas Cepws, W3BeCTKOBHE pAN: 5 — MpaMopH H NODOIH BOJIACTOHATO-
BHe; 6 - MpaMODH M MODONH KBaDD-KAJBLIHTOBHE; 7 — MDaMODH KAJBIH-
TOBHE OejHe; 8 = MpamopH KajNbIETOBHE DOBOBHe, XaRTapylbCcKad Ce-—
ff‘“: 9 - mdmpH dopcTepuToBHe; 10 - MpaMODH IOJOMETOBHE;
- MpaMoDH xa.wmgm—.mmmonue ¥ IOJOMHT-KaJbOETOBHE; 12 - Mpa-
ggu KATBIHTOBHe OesHe; I3 - MpamMopH RaibIMTOBHE 3eJIEHOBATO-Oe-

Fig.7. Si0,-Ca0-MgO diagram of carbonate and carbonate-sili-
cate rocks of South Cisbaikalia (mol.%).

Sludyanka series, magnesial row: 1 - quartz-diopside rocks;

2 - forsterite calciphyres; 3 = dolomite marbles; 4 - calcite-
dolomite and dolomite-calcite marbles.

Sludyanka series, calcareous row: 5 — wollastonite and mar-
bles rocks; 6 - quartz-calcite and marbles rocks; 7 - white cal-
cite marbles; 8 - pink calcite marbles. )

Khangarool series: 9 - forsterite calciphyres; 10 - dolomite
marbles; 11 - calcite-dolomite and dolomite-calcite marbles; 12 -
white calcite marbles; 13 - greenish-white calcite marbles.
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Puc.8. CxemaTiec-
Kafg IeOoJOIMYeCKAs Kap-
Ta CIONAHCKOrO MECTO-
}()omemm BOJLIACTOHUTA

cocTaBUIH B.H.Bmgaa—
®oB ¥ I'.®,Mexenos).

I - xpEcTaLIOCIaH-
IIH POrOBOOGMaHKOBO-IIV-
DOKCEHOBHE; 2 — DPHefl-
CH GHOTHTOBHE; 3 - mO-
POJH Ge3BOJIACTOHNTO-
BHE KapOOHATHHE M Kap-
GOHATHO-CHJIMKA THHE ;

4 - TOPOJH BOJJIACTO=
HUTCOJEpXRalMe, CclpaBa-
YACTHUHO MJM TOJHO—
CTHO B38MElEHHHE MIHe-
paJaMy I'DYIIH MOHTMO-
PUWUIOHNTA; o - pakkn
MOHUIOHMTOB (BHEMAcCUTa0—
HHe); 6 - I'paBEMT-IEerMa—
TNTH; 7 - 3aJerasne Ino-
JIOCYATOCTH TOpon (cie=
Ba - HOpMANbHOE, CIpa—
Ba - ONDOKMHYTOE);8 -
aJerasne JMHEHHOCTH
cjJeBa - MO GHOTHUTY M
amfudoiyy, cnpaBa - IO
BOJUIACTOHMTY); 9 =
paspHBHHE HADYWeHNA.

Fig.8. Schematic
geological map of Slu-
dyanka wollastonite
deposit (by V.N.Vish-
nyakov and G.F.Mekhe-
dov).

1 - hornblende-py-
roxene crystalline
schists; 2 - biotite
gneisses; 3 - carbo-
nate and carbonate si-
licate wollastonite-
less rocks; 4 - wollas-
tonite-containing rocks,
on the right - partial-
ly or completely re-
placed by minerals of
the montmorillonite
*group; 5 - monzonite
dikes (unscale); 6 -
granite-pegmatites;

7 - rock bedding (on
the left - normal, on
the right - inverted);
8 - rock lineation (on
the left - over biotite
and amphibole, on the
right - over wollasto-
nite); 9 - dislocations
with breaks in conti-
nuity.

section I-I
Pazee3 no I-1
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Fe**Mn

Prc.9. CoorHOmEeHHMA Mg - Fet , Mn- Bt ,Ti B KIMHOIMDOK=-

CeHaX, B ATOMHHX NpPONEHTAX. YCHIOBHHe OGO3HAUEHMA AHAJOTWYHH DHC.
I2. CTpeixaMm NMOKASAHO M3MeHEHHe COCTaBA IMMPOKCEHOB B paspese
KOHTAKTOBOTO TeJa marMatwdeckoff crammm ¥ paspese JeCTHWHHOR Xuum
(I - muomcupm-cramosmTOBasdg, 2 — NMONCHI~{IOTOmATOBag, 3 = NHONCH-
IOBafd MeJKO3EDHMCTHE 30HH, 4 — KPyIHOKDHCTALIMYECKH:).

Fig.9. Mg-Fe°! Mn- R>',Ti relations in clinopyroxenes, in
atomic percentages. Symbols as in Fig.12. Arrows indicate pyro-
xene composition changes in magmatic-stage contact-body column
and in ladder-vein column (1 - diopside-scapolite, 2 - diopside-
phlogopite, 3 — diopside fine-grained zones, 4 - coarse crystal-
line).
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Puc.I0. Cxema pasMemeHMA IJaBHeimX MecToporieHm#t guioromiTa I
S0HAMRHOCTH CJRIAHCKOTO (UIOrONMTOBOTO NOJA.
1 - maprupyomme CTpaTHrpafudeckyue MOINpasieleHHA; 2 - IJOmamsk Das-
BUTHA CYMECTBEHHO T'HeilcoBoit uacTy ciuomAHCKO# cepmy WM cpeIHero
CTPYKTYDHOI'O I'ODPH3OHTa; 3 — TPAHMTONIH CIDIAHCKOTO THoa; 4 -
KDYIHHE KOHTakTOBHe Teja (30HH) NOCTMAIMATHYECKMX IMOICHIOBHX,
fIOrOINT-IHONCHIOBHX METACOMATHTOR; 5 — paspHBHHe cmemeHuA; 6 -
TpaHUIH 30H IPeHMyMeCTBEHHOT'O DA3BATAA DPasIYHHX MopdoiormyecKnx
TUNOB MeCTODOXISHME KDYIHOKDPACTa/UIMYecKoro guoromira. OCHOBHHE
MecTopoxnerus @moromra: 8-9 xmipHore Tuna (8 - mpOMHILIEHHHE,
9 - genmpomuieHHHe), 10 - THe3IOBO-NPORMIKOBOrO THOA, LI - KOpKO-
BOT'C THIA,

Pumvcxymvy mmdpavy ofo3HaueHH: I - 30HA FWIBHOTO THIA C IOASOHA-
M HODMAJIBHHX IMONCHI-@IOronnT-KassmuToBkx ®unl (I A) m smOpumo-
HAJBHNX, mmoncmn-dmoromnToBHX (I B); II - rHe3IOBO~IPORUIKOBOTIO,
Il - xoproBOr'O THIA.

Fig.10. Location scheme of the main phlogopite deposits and
zoning of Sludyanka phlogopite field. '

1 - marking stratigraphic units; 2 - development area of es-
sentially gneiss part of Sludyanka series or of the middle struc-
tural horizon; 3 - granitoids of Sludyanka type; 4 - large con-
tact bodies (zones) of postmagmatic diopside, phlogopite-diopside
metasomatites; 5 - offset displacements; 6 - priority development
zone lim%ts of various morphological types of coarse-crystalline
phlogopite déposits.

Main phlogopite deposits. 8 and 9 - vein type; 10 - patch-
veinlet type, 11 - crustal type.

Roman figures mean: I - vein-type zone with subzones of nor-
mal diopside-phlogopite-calcite veins (IA) and of embryonal diop-
side-phlogopite veins (I ); II - patch-veinlet type; III - crus-
tal type. 4
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Pec.II. [poexmuy COCTABOB (UIOTONMATOB B KOOPIMHATAX ({WIOrOmAT-
HCTOHAT-aHHAT-cHIepofmumT (MO JaHHEM aBTOPA ¥ JMTEpATYPHHM). Us
KODKOBHX Tes: I - KDyHNHOKpUCTammmueckuit, 2 - MearovemyhuarTHit,
IMOTICHI~{IOronMTOBaA 30HA. /3 KOHTarTOBO-IIACTOBHX METACOMATHTOB:
3 - EpyUHOERDHCTawmueckult, 4 - , mexxovemyhuate (4 - mMONCHI-
QUIOrOmETOBAA 30HA, 5 - IMONCHI~IVIOTONITOBHA Rawpmadup, 6 - camr-
CKANOMUTOBHA "sHImockapu"). M3 JecTHMUHEX #ua: 7 - KPYNHOKDHCTAJ-
Jmyecknit, 8 - meakouemyiuaTuii, mmomemn-quioronmToBas 30RA. CTper-
KAME COeIWHEeHH COCTABH (WIOIOMMTOB B ONHOM DPaspese KOHTAKTOBO=
ILIACTOBOTO TeNa W paspess JEeCTHUYHOR RUIH.

Fig.11. Projections of phlogopite compositions in coordinates:
phlogopite-eastonite-annite-siderophyllite (according to author
and literature). From crustal bodies: 1 - coarse-crystalline;

2 - scurfy, diopside-phlogopite zone. From contact-bed metasoma-
tites: 3 - coarse-crystalline, 4-6 - scurfy (4 - diopside-phlogo-
pite zone, 5 - diopside-phlogopite calciphyre, 6 - sahlite-scapo-
lite 'endoskarn'). From ladder veins: 7 - coarse-crystalline, 8 -
scurfy, diopside-phlogopite zone. Arrows connect phlogopite com-
positions in one column of contact-bed body and in ladder-vein
column.
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Prc.I2. CocTaBH KIMHONMMPOKCEHOB B_KoOpIMHATAX Cu — Mg — Fe B aTOMHHX NpONeHTaX.

Tnpoxrcenn meTamopg}mecm nopon: I - GesHe FaJBIMTOBHE MpaMOPH M KBApU-KAJBIET-IHONCHIOBHE
OpoTH, 2 =~ "PO30BHE" KANBIMTOBHE MpDAMODH, KAJBIH 7 MSBECTKOBHMCTHE KPHCTAJIOCHAHIH. [Mpox—
CEHH KOHTAKTOBHX MAIHES3MAJBHHX CHADHOB MarMaTMYECKOM cTammM: 3 — IMONCHIH SK3OKOHTAKTa, 4 —
OKOJIOCKADHOBHE IMPOKCEH-NONeBONNATOBHE MOPONH, IIMPOKCEHH KOHTAKTOBO-ILIACTOBHX NOCTMATMATIYECKAX
CKADHOB: § - MEAKO3EDHMCTHE IMONCUIOBHE N .IMONCHI-MIOIOMMTOBHE NODOIH, 6 = K OKPHACTAJLIIEE C—
Kfe THESTA, 7 — JMONCHI-QMIOrOIMTOBHE KAJBIMQUDH, § — IMONCHI-TIAPPAcHTOBHE M 9 — €aimiT-CKANO-
ToBHe "BHIOCKapHH", I0 - aHNpaIMTOBHE CKADHOWIH. M3 JNeCTHMYHEX Xwi: 11 = KDYIHORDHCTAJLIHYECKRE,

I2-T4 — menxozepEmMcTHe (I2- mromcmuo 30Ha,I3 - mrOMCHI-EIOrOMNTOBAR M IHONCHI-CHATIGIATOBAS
30HH, 14 - IMONMCHI-DApracHTOBafg BOHA).
Fig.12. Clinopyroxene compositions in coordinates Ca-Mg- Fe, in atomic %.

Metamorphic rock pyroxenes: 1 - white calcite marbles and uartz-calcite~diopside rocks,
2 - 'pink' calcite marbles, calciphyres and calcerous crystalline schists. Magmatic stage py-
roxenes of contact magnesial skarns: 3 - exocontact diopsides, 4 - nedrskarn pyroxene-feld-
spar rocks, Postmagmetic skarn contact-bed pyroxenes: 5 - fine-grained diopside and diopside-
phlogopite rocks, b - coarse-crystalline patches, 7 - diopside-phlogopite calciphyres, 8 - di-
opside-pargasite and 9 - sahlite-scapolite 'endoskarns', 10 - andradite skarnoids. From ladder
veins: 11 - coarse-crystalline, 12-14 - fine-grained (12 - diopside zone, 13 - diopside-phlo-
gopite and diopside-scapolite zones, 14 - diopside-pargasite zone).
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Puc.I3. CocTaBH RJIMHOIMPOKCEHOB B KOODIMHATAX YEepMAKUT
( 2.00- Si) - wacTHaA XeXe3NCTOCTE (IONA IemeHOSDPTUTa) — Kalb-
IMeBH{T KOMIOHeHT. YCJOBHHe 0G03HAUEHHA AHAJNOTMYHH puc.9  I2.

Puc.I4. CocTaBu mapracuToB Ra jmarpamme JV.A.Jmpa m np. (a) n
B paspese [0 IUIOCKOCTH qepmaﬂnThéepquepmaRHT—uaprach-erporac-
TuHrent (G). llapracuTH "sHIOCKADHOB": I - M3 KpyNHOKPMCTAJIMYEC-
KX 30HOK ¥ THe3N, 2 - M3 MEJKO3eDHHCTHX IMONCHI-IapracuTOBHX
nopoxn. M3 JeCTHWYEHX XUJI: 3 — KPYNHOKpACTaUmuecKu#t, 4 — MeJKO-
3eDHACTHIA, IMONCHI-IAPracHTOBasg 30Ha. 3aJMTHE KDYEKM — HDPOEKIMA
TeOpeTHYECKOTO COCTaBa pAlla NapracuT-{epporacTHHICHT (a) m map-
racuta (6). CTpesxamy MOKA3aHH COCTABH NapracuToB B paspese Of-
HOlt RWJH.

Puc.I5. CxemaTmueckmit reosormueckuit paspes Benoft uemxu (Kpu-
JoB, llagees,I969) n pacnosoxeHWe TOdYeK HaGJDISHNA.
I - GMOTMTO-TMOEDCTEHOBHE M TIUIEDPCTEHOBHE YapHOKUTH C JMH3OBHIHH-
MM BETOUEHMAMA MeJAHOKPATOBHX KDHCTAJINYECKEX CJaHIEB; 2 — OHMOTH-
TOBHE, GHOTHTOBO-THIEDCTEHOBHE I DPOIr'0OBOOCMAHKOBO-IMPOKCEHOBHE
rHeficH, TepecJiauBapIecs C MAJOMOIHHME NDPOCIOHKaMH MeJIaHOKDaTo-
BHX KDHCTAJUIMYECKAX CJAHIEB; 3 — aloIOJOMUTOBHE KANBIMGMDH;
4 - varHesWanabHHE CKADHH yJabTpaMeTamopfuueckoro M mocTMarMaTi-
YeCKOr'o STamna.

Pig.13. Clinopyroxene compositions in coordinates tscherma-
kite 2.00 - 8i) - relative ferruginity (hedenbergite part) -
calcium component. Symbols as in Figs.9 and 12.

Fig.14. Pargasite compositions on a diagram by W.A.Dier et
al. (a) and in a column through the plane tschermakite-ferro-
tschermakite-pargasite-ferrohastingsite (b).

'Endoskarn' pargasites: 1 — from coarse-crystalline zones
and patches, 2 - from fine-grained diopside-pargasite rocks.

From ladder veins: 3 - coarse-crystalline, 4 - fine-grained,
diopside-pargasite zone. Solid circles - projections of theore-
tical composition of the pargasite-ferrohastingsite (a) and par-
gasite (gg row. Arrows indicate pargasite compositions in a
single vein column.

Fig.15. Schematic geological column of White Cutting ( Kpm-
10B, llageeB, 1969) and location of the observation stops.

1 - biotite-hypersthene and hypersthene charnokites with lenti-
cular inclusions of melanocratic crystalline schists; 2 - bio-
tite, biotite-hypersthene and hornblende-pyroxene gneisses, al-
ternating with thin interbeds of melanocratic crystalline schists;
3 - apodolomite calciphyres; 4 - magnesial skarns of ultrameta-
morphic and postmagmatic stages.
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Puc.I6. Teomoro-nerporpafuucckan xapra TaxepaHCKOro MaccHBa
(cocrasmn A.A.Kones,I972 r.).

I - mwrarnoamduconoBHe, MIATMOCMOTHTOBHE, IBYNMPOKCEHOBHE CJIAHIH;
2 - KBapuMTH, 3 - KBapI-CHIIMMAHMTOBHE CJAHIM, 4 - KaJbIUTOBHE
MpamopH; 5 - IDOJOMHTH, 6 - IOJOMHTCOIEPRAIEE MDPAMODPH € IIDOCJIOAME
OpYyCHTOBHX MpamopoB, 7 — GDYCHTOBHE anoNepHisiascBHe MpamMopH, 8 —
I'DaHATOBHE CHEADHH, 9 - BOIACTOHUT-MENMINT-IpDAHATOBHE CKapHH,I0-
~OPOTOBMKOBAHHHE CJAHIE raddpoBoro cocrasa, II - BOLIACTOHAT-NE-
POKCEH-TIOJIEBOUNIATOBHE DOroBUKKM, I2 - NUpOKCEHOBHE porosukn, 13-
PPaHuTO- M CHeHWTOrHeficH, I4 - radépo, racé6po-HODMTH, radéGpo-Iuo-
puTH, IS5 - cyOmexounwe cueHmTH, I6 - HefenuHOBHE cmeHWTH, I7 -TH-
TaHfeppofaccanToBle n HedeaMH-THTAHABIMTOBHE moponH, I8 - rpaHuT-
HHe TeIrMaTHTH, XKIJIBHHE M HeNpaBUIEHHE Teja, I9 - COBpPEMEHHHE DpHX-
JHe oTnoxeHus, 20 - pasiomH, 2I ~ rpaENIH, 22 - SJeMEeHTH 3alera-
HUA TOpOX, 23 — TOpHHE BHPAGOTKM — CKBAXWHH, WypJH, KaHABH;

B xpyxxax - HoMepa ToYek Hal/moleHUA coIJacHo MapupyTy no Tame-
PAHCKOMY MACCHBY.

Fig.16. Geological petrographic map of the Tazheran massif
by A.A.Konev

1 - plagioamphibole, plagiobiotite, bipyroxene schists; 2 -~
quartzites; 3 - quartz-sillimanite schists; 4 - calcite marbles;
5 - dolomites; 6 - dolomite-containing marbles with brucite-mar-
ble interbeds; 7 - brucite apopericlase marbles; 8 ~ garnet
skarns; 9.- wollastonite-melilite-garnet skarns; 10 - hornfeli-
nized schists of gabbro composition; 11 - wollastonite-pyroxene-
feldspar hornfels; 12 - pyroxene hornfels; 13 - granite- and
syenite-gneisses; 14 - gabbroes, gabbro-norites, gabbro-diorites;
15 - subalkaline syenites; 16 — nepheline syenites; 17 - titan-
ferrofassaite and nepheline-titanaugite rocks; 18 - granite pegma-
tites, vein and incorrect bodies; 19 - modern loose deposits;

20 - faults; 21 - boundaries; 22 - rock-bedding elements; 23 -
working - wells, exploring shafts, ditches.

Encircled are observation route stop numbers over the Tazheran
massif.
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Prc.I7. CxemaTuueckas reoJorudeckad kapra AMHCKOIO I'PAHMTHOIO
Maccuea.
I- pHxJHe OTJOXEHMA, 2 ~ MpaMOPH KaJBIMTOBHE M IOJOMUT—KAJBIHTO-
BHe, 3 - DOroBOOGMAHKOBHE CJAHIH, 4 — I'DAHUTH CMOTHTOBHE, 5 —
T'pDaHATH JefiKoKpaToBHE, 6 — IDAHATH aJbOMTOBHe, 7 — KBApUEBHE XU-
JH, 8 - NerMaTWTOBHE XUJH, O - pasJOMH.

Fig.17. Schematic geological map of the Aya granite massif.

1 — loose deposits, 2 - calcite and dolomite-calcite marbles,

3 - hornblende schists, 4 - biotite gfanites, 5 = leucocratic

granites, 6 - albite granites, 7 - quartz veins, 5 - pegmatite
veins, 9 - faults.
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P u c¢. I8. Pacnoxnoxerve BuTpuH: I m 2 HOBHe nocTymieHua; 3,4,
38,39 remertmueckas xomnexkmua; 5-7, 9,I10,I2 duswdeckme croitcTBa U
OHTOT'eHMA MMHepasoB; 8 - kpmcrayum; II dumopmT Bocrouroro 3adail-
xanpd; 13 mosesHHe mckonaewHe Mpkyrckolt obmactu; I14-29 cucrema-
rryeckas rorexmmA; 30 w 37 mmeepasn [Ipumopss; 3I-34 umcnonb3oBa-
HNMe MUHepanoB; 35 MUHEpaJbHHEe DecypcH 30HH BAM; 36 wmmHepamu ABcT—
pammu; 40 vmHepasu Monrosmm; 41 nmomaprm noceruTeneft myses; 42
HOBHE ¥ CHHTETUYECKMEe MuHepaiH; 43-45 n 292 canomBeTH M TOZEN0U~
HHe KaMpW; 46 KOpa/ulH ¥ paKkoBuHH; 47 McaaHmexui#t mnar.

Fig. 18, Stand display: 1 and 2 - new specimens; 3,4,38,39 -
genetic collection; 5-7,9,10,12 - physical properties and ontoge-
ny of minerals; 13 - commercial minerals of Irkutsk district; 14-
29 - systematic collection; 30 and 37 minerals from Primorsk re-
gion; 31-34 using of minerals; 35 mineral resources of Baikal-
Amur Railway zone; %6 Australian minerals; 40 Mongolian mine-
rals; 41 presents of visitors; 42 new and synthetic minerals;
43-45 and 29a gems and decorative stones; 46 corals and shells;
4% Iceland spar.
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PREFACE

On the shore of the Siberian Sea — the lake Baikal there are
many denuded rocks of different age and composition. 4s to mine-
ralogy there of great interest would be the region of Sludyanka
with classic phlogopite deposits, interesting pegmatite veins,
large deposits of calcite marble good for the cement industry
and the lately discovered wollastonite deposit. Besides the re-
gion is rich with decorative material and article stones as gra-
nite, marble, lazurite, amazonite and many others.

Mineralogists should be taken by the Tazheran complex of al-
kaline rocks and contact metasomatites along with the near Aya
complex of granites and pegmatites. The Tazheran steppe lies on
the North-West Shore of Baikal. Here have been found the new mi-
nerals: tazheranite, azoproite and unique various mineral asso-
ciations.

These two objects are in excursion routs of XI General Meeting
of the International Mineralokical Association to be hold in Au-
gust-September, 1978. But between those there are two other plea-
sant sights as (1) the White Cutting on the Round-Baikal railway
proposing different metasomatic processes in Archean marbles and
“(2) the massif of granite-rapakivi in the bay of Peschanaya which
is on age and structural confinement near granites and alkaline
rocks of Tazheran.

The book holds articles on the mentioned objects and also
about the Mineralogical Museum of the Irkutsk Polytechnical Insti-
tute.

Russian and English texts are identical. The references, tables
end figures are placed between these two texts.
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E.P.Vasilyev, V.N,Vishnyakov, L.Z.Reznitsky

THE GEOLOGICAL STORY OF THE SLUDYANEA REGION

The Sludyanka region is the South-West extremity of the lake
Baikal in the Jjunction zone of Sayan-Baikal fold belt and Sha-
ryzhalgay marginal bulge of the Siberian platform foundation.
These geostructures are divided by the Main Sayan deep fault (Fig.
). |

The rich mineralogy of phlogopite, lazurite and granite pegma-
tite deposits and a peculiar geological structure have since at-
tracted attention of many geclogists. Explanatory work of its
geological structure was carried out by I.D.Chersky, S.S.Smirmov,
A.E.Fersman, D.S.Korzhinsky, P.P.Pilipenko, A.I.Sulpyev,P.V.Kali-
nin, N.T.Choolkov, E.P.Chuikina, F.V.EKuznetsova, P.I.Naletov,
B.M.Ronenson, A.A.Shafeyev and a good many others. This paper in-
cludes materials of old and late collected during exploration and
detailed geological surveys.

Stratigraphy

The Sludyanka region was mainly formed by deeply metamorphosed
deposits of the Upper Archean and Lower Proterozoic represented
by Sludyanka and Hangarool series. The gngular stratigraphic in-
conformity between them is shown. At the North-West there both
series are separated from the area of Early Archean formation de-
velopment of the Sharyzhalgay bulge by the Main Sayan fault.

The Sludyanka series is some 6300 m thick, 61% of it is com-
posed of marble, 16% of hormblende-pyroxene crystalline schists,
16% of biotite gneisses, 7% of quartz-diopside rocks. These main
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types of rocks include:

1. Marbles: calcite, dolomite-calcite, calcite-dolomite with
variable quartz content, diopside, tremolite, wollastonite, gra-
phite - in essentially calcareous varieties; forsterite, spinel,
phlogopite, diopside, tremolite, brucite, graphite - in essen—
tially magnesial varieties.

2. Crystalline schists: hornblende-pyroxene , pyroxene-horn-
blende, pyroxene, bipyroxene, scapolite-pyroxene, calcite-pyro-
xene (x scapolite).

3. Gneisses: leucocratic quartz-like, biotite, graphite-bio-
tite, garnet-biotite (¥ graphite), biotite-sillimanite (& gra-
phite, garnet), biotite-cordierite (t graphite, garnet, sillima-
nite), biotite-cordierite-hypersthene (: garnet, sillimanite),
biotite-hypersthene (1 garnet), biotite-hypersthene-diopside.

4. Quartz-diopside rocks: calcite-diopside, diopside, cal-
cite-quartz-diopsite, quartz-diopside and quartz do occasionally
contain a considerable admixture of apatite. Calcite-wollasto-
nite and quartz-wollastonite rocks of local distribution asso-
ciate closely with this group.

In the series column there main‘types of rocks form a natural
rhythmically-cyclic interbedding. The thickness of individual
beds varies from a few tc hundreds of metres. As a rule several
close rock varieties of a particular type combine in one ped.

By its quantitative correlation there the main rock type
column of the Sludyanka series is divided into two suites (from
below)} Kooltook, carbonate-alumosilicate, 2900 m thick, and Pe-
reval, essentially carbonate, 3400 m. In the Kooltook suite
there marbles compose 41% of the bed thickness and in the Pere-
val one 78%.

The Khangarool series overlies the Sludyanka series with an
angular stratigraphic inconformity, whose surface, following
north-west overlies still lower levels of the Pereval suite and
then a part of the upper Kooltook subseries. The eroded column
part thickness is over 3000 m.

Of the total Khangarool series thickness (3900 m) there 22%
is composed of marbles, 24% of crystal schists and diopside
gneisses, 54% of biotite gneisses. Marbles and biotite gneisses
are represented on the whole by the same varieties as in the Slu
dyanka series A group of crystalline schists and diopside gneis-
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ses, typical only for the Khangarool series, is of the following
varieties: diopside crystalline schists, diopside gneisses, di-
opside calcyphyres. Often do they contain wollastonite (up to
40%) .

Two suites are clearly distinguished in the series composition.
The lower, Kharagol suite of 1200 m has 75% of crystalline schists
and diopside gneisses, 10% biotite gneisses and 15% marbles.

The main part of the Bezymian suite of 2700 m is composed of
biotite gneisses (74%) and marbles (25%). Aluminiferous varie-
ties predominate among gneisses; marbles are mostly highly mag-
nesial.

Both suites have horizons of manganese rocks of 5 to 12 m
thick, including gondites, spessartine quartzites, rhodonite cry-
stalline schists, diopside crystalline schists and gneisses with
manganese wollastonite or bustamite, marble and calciphyres with
minerals of bustamite-wollastonite series and manganese grossu-
lar.

Magmatic rocka

The magmatic rock spectrum of the Sludyanka region is suffici-
ently wide, but the degree of their presence in metamorphic rocks
as a whole is insignificant. Below there are several groups or
complexes of magmatic rocks characterized after their age (from
old to young).

1. The granite-gneisses and charnockites of the Kytoy complex.
These are the oldest of the authentically established magmatic
rocks. Usually they form thin bed-like bodies and differ consi-
derably in their internal structure. In the granulitic facies
zone of metamorphism there these granites do often contain a ty-
pomorphic charnockite paragenesis: hypersthene - quartz - anti-
perthite plagioclase (or both feldspars).

2. Basites and ultrabasites. The main part of this rock group
consists of gaﬁbroids and petrotypes close to them, occurring as
small conformal bodies. Most of them were under severe postconso-
lidating structural-metamorphic reconstruction, have blastic tex-
ture and a coarse gneiss-like appearance. Amphibolites and amphi-
bolized gabbroes predominate. Besides, there are various dike
rocks: metabasites, called by different authors lamprophyres,gab-
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bro-diabases, microgabbroes, etc. Dike rocks are also highly me-
tamorphosed and represented mainly by plagioamphibolites.

%, Alkaline rocks. These rocks are chiefly of syenites ,form-
ing Malo-Bystraya body in the Western part of the location. Al-
kaline varieties predominate, consisting of microcline-perthite,
albite, aegirine-augite. Among the dike-vein alkaline rocks so-
called 'monzonites' are of interest. They are widely distributed
at phlogopite deposits as thick (up to 100 m) extensive dikes.
The dike composition includes fine-grained syenites of alkaline
and calcareous-alkaline types, monzonites and melanocratic sye-—
nites. Among the latter there are not seldon rocks close to sye-
nite lamprophyres of vogesite and minette-vogesite types.

4. Granite-pegmatites and pegmatites of the Sludyanka type.
These are close to alaskite rocks, often of coarse-grained (or-
thotekti@e) texture with an abundant development of micropegma-
tite intergrowths and schlieren type pegmatoid inclusions. Asso-
ciating pegmatites are of a simple composition, forming large
vein-like segregations in granite-pegmatites and separate veins.
Prevailing (are) sub-alkaline microcline-perthite and plagio-micro-
cline varietiés with clinopyroxene and sphene (when country rocks
are represented by marbles and crystal schists) or biotite (in
the fields of biotite gneisses). Microc;ine-plagioclase and sub-
stantially plagioclase granite-pegmatites are insignificant.

5. Granites of the Sayan complex. These are fine- and medium-
grain, often porphyric amphibole, biotite amphibole and bimica
granites, forming extensive fields (batholiths)to South-West. The
enclosed map (Fig.1) shows a border part of such a field. Sayan
granites are not met with in the region of granite—pegﬁatite de-
velopment of the Sludyanka type differing not only by their com-
position and texture but also by the contact action on country
rocks. Gneisses of the Bezymian suite are muscovitized and fib-
rolitized in the aureole of granites, which is unlike granite-
pegmatites of the Sludyanka type.

6. Rare-earth pegmatites. The postphlogopite age was  estab-
lished recently for certain types of ﬁegmatites in an area pre-
viously considered to be older. In particular, attractive pegma-
tites with rare-earth mineralization belong to this group.
V.l.Vernadsky together with the Radium Expedition of the Academy
of Sciences studied them at the dawn of this century. '‘‘he most
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widely distributed rare-earth mineral of these pegmatites is gl-
lanite, also fergusonite, betafite and uranoferrithorite.

Amazonite pegmatites and recently discovered vesuvianite—con-
taining veins are of the same group. It is important that post-
Phlogopite pegmatites are the only type of rocks in the area,
whose absolute age is reliably established. Independent determi-
nations on accessory minerals by lead and uranium-lead methods
gave close results: 500-600 mln.years.

7. Neogenic basalts. rhey belong to the trachybasalt forma-
tlon and are represented by remnants of sheets, necks and nume-
rous dikes. Xenolytes of abyssal ultrabasic rocks — bPyroxenites
and lherzolites, were discovered in basalt necks.

Metamorphdisn

Pre-Cambrian rocks of the Sludyanka region have experienced
deep metamorphism up to the highest subfacies of the granulite
facies. The largest part of its territory is the zone of stable
distribution of hyperstheniec paragenesis, including critical bra-

nulitic' associations: hypersthene-cordierite-potash feldspar,
hypersthene-garnet-potash feldspar and bipyroxene-bifeldspar.tiva—
luation of metamorphism temperatures for this zone with calcite-
dolomite geothermometer gives high values - 800U-820°C. Close fi-
gures are determined by bipyroxene and hornblende-clinopyroxene
balances. Evaluations of balancing temperatures by co—-existing
ferromagnesial minerals ‘are generally lower. Approximate pres—
sure determinations with garnet-hypersthene geobarometer give ve-
ry stable values (8-9 kbars). Close results (from 8 to 12 kbars)
were obtained on carbon dioxide inclusions in quartz from quartz-
diopside rocks. .

In the zone next to the h_,ypersthenic one there the met amorphism
degree is also quite high, meeting the border conditions for am-
phibolite and granulite facies. Here stable Parageneses are:gar-
net-cordierite-potash feldspar-biotite in metapelites, dolomite—
forsterlte—phlogoplte—splne1 in magnesial marbles. Paleotempera-
ture evaluations show that on an average they are 50-100°C lower
than those for the hypersthenic zone.

Until the discovery of metamorphic wollastonite rocks in 1971
there the Sludyanka granulitic complex was considered as a clas-
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sical representative of abyssal complexes without them. Follow-—
ing researches revealed diversity and widespread field develop-
ment of wollastonite paragenesis and also definite regularities
in their localization. So, it became possible to subdivide the
granulitic facies into a subfacies by pressure and partial pres-
sure of carbon dioxide: wollastonite and quartz-calcite. Wolla-
stonite was not found in silicium-carbonate rocks of the latter
in spite of detailed search. In the field of wollastonite subfa-
cies, including the adjacent hyperstheneless zone, both wolla-
stonite and quartz-calcite parageneses are present, their loca-
lization being controlled by structural factors. Within  the
field, relations T—PS PCO were, on the whole, close to border
conditions of wollastonité formation, differing thus from the
field of quartz-calcite subfacies.

Processes of ultrametamorphism and high-temperature diathpho-
resis are revealed weakly in the region and as it is did not
lead to substantial paragenesis reconstruction of the progressive
metamorphism stage. In this respect the Sludyanka granulite comp-
lex differs sharply from the adjacent Sharyzhalgay séries, where
migmatites, granite-gneisses and ultrametagenous granites occupy
wide fields. Superposed processes of the regressive stage of me-
tamorphism are more clearly fixed by post-crystallization trans-
formations of magmatic rocks of different ages.

The most significant processes of local metamorphism (metaso-
matosis) are connected with formations of abyssal magnesial
skarns (primarily postmagmatic), to which belong phlogopite and
lazurite deposits. The fields of magnesial skarn development usu—
ally coincide with the areas of maximum concentration of granite-
pegmatite bodies of the Sludyanka type due to their eloseness by
formation periods and controlling structures. Thus the largest
central field,where the majority of phlogopite deposits is lo-
cated, is controlled by a complicated antiform structure at the
top of which there is the largest accumulation of granite-pegma-
tites (Fig.1)*.

Postmagmatic magnesial skarns of the region relate mostly to
the normal (phlogopite) type of alkalinity and considerably less
to the facies of high alkalinity (lazurite metasomatites).

= See also the paper by L.Z.Reznitsky in this volume.
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It was recently revealed that in addition to magnesial skarns
there various calcareous skarns are widely developed in the re-
gion, mostly connected with postphlogopite pegmatites. These are,
first of all, exocontact margins of pegmatite bodies (epidosites);
grossular-epidote skarns developed on phlogopite deposits (often
over magnesial skarns); ferrosalite-andradite skarns found near
the Pereval marble deposit; garnet—-vesuvian contact skarns on
the Malo—Bystraya lazurite deposit; grossular-wollastonite and
quartz-feldspar-grossular skarns of the Sludyanka (Asyamov) wol-—
lastonite deposit. Clinopyroxene-garnet-wollastonite and clino-
pyroxene-wollastonite skarns, manifestations of which approach
deposit scale, are hypothetically related to the same age group.
Calcareous skarns (accompanied by grossular, clinopyroxene, wol-
lastonite) of an earlier stage are also recorded. .

It should be noted, that a clear regularity is demonstrated
in the locations of calcareous skarns: their wollastonite-con-
taining varieties, irrespective of the skarn type, are formed an-
ly among rocks containing metamorphic wollastonite paragenesis.

Sitiru et unre and geological
development

Many geological structure peculiarities of the Sludyanka re-
gion are determined by its location in the immediate proximity
to the zone of the Main Sayan fault, which is a part of the mar-
ginal seam of the Siberian platform. This lineament was formed
in Archean and in the course of all subsequent activization pe-
riods has contralled the geological development over the adjoin-
ing territory.

The tectonic structure of the region represents a combination
of systems of folds of different age and orientation, forming a
complicated monocline, inclined towards South-West and extending
along the Main Sayan fault. Sludyanka and Khangarool series
form independent structural units, as the inconformity dividing
them is not only stratigraphic, but has a clear structural na-
ture. In the Sludyanka series there folds of NW-trend show a pre-
ferential development, while in the Khangarool one do the IE ones.
Similar differences are also shown in these units by the systems
of fracture dislocations.
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The study of the tectonic structure formation sequence and
the accompanying processes of metamorphism and magmatism makes
it possible to mark out several stages of geological development
in Pre-Cambrian.

The collapse of the Sharyzhalgay folded system between Early
and Late Archean is considered as the most notable event in the
geological history of Eastern Siberia. The formation of the mar-
ginal geoseams, isolating the Siberian craton and Sayan-Baikal
protogeosyncline is related to this period. The formation of a
Late Archean sedimentation basin came to accumulate the terrige-
nous-vul canogenic-carbonate Sludyanka series.

The Early Proterozoic stage began with the deposition of a
mainly terrigenous Khangarool series on eroded Archean founda-
tion. The following folding was the most significant by its scale
of movement and degree of structural-metamorphic reconstruction
of both series. The formation of a large flexure fold was accom—
panied by the appearance of peculiar structures of a gigantic ho-
rizontal exfoliation. There the most important is the Komar
structure in the central part of the region, formed by horizontal
widening of essentially gneiss strata of the Kooltook and Khara-
gol series. Such structures controlled intensive flow folding,
manifested as systems of overturned and recumbent isoclines.This
folding was accompanied by lens boudinage demonstrated with maxi-
mum intensity in the Sludyanka series.

Directly connected with the Barly Proterozoic folding was a
zonal progressive metamorphism of rocks of the Sludyanka and Khan-
garool series and high-temperature diaphthoresis of the Sharyzhal-
gay series. The symmetry axis of metamorphic zoning was the strime
of the Sludyanka series rocks subjected to greatest deformation.
The granulitic zone of metamorphism was located here, whereas in
the adjoining Khangarool and Sharyzhalgay series the metamorphism
conditions were mainly for the amphibolite facies. Local anomalies
inevitably occurred:-in the course of the Early-Proterozoic folding
due to the differences in deformation planes of bordering beds.
One of such anomalies was an area of relatively low pressure,fitt-
ing the Komar exfoliation structures. The largest part of the
known wollaston&te manifestations is confined to the periphery of
this structure.
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The formation of granite-gneiss (in amphibolitic zones) and
charnockites (granulitic zone) is connected with metamorphism
culmination, while on its regressive stage be intrusions of ba-
sic-hyperbasic rocks, followed by alkaline intrusions.

The folding of the next stage, the Middle Proterozoic one,fol-
lowed directly the Lower Proterozoic and was conditioned by
right-hand transverse displacement in the marginal geoseam zone.
The intrusion of alaskite granite-pegmatites, whose bodies con-
centrate mainly along the axial lines of transverse anticlinal
folds, was closely connected with a later cross folding. Obvious-
ly, they made use of weakened expansion zones in the arches of
these structures. !

At the end of the Middle Proterozoic took place a wide deve-
lopment of postmagmatic magnesial metasomatosis processes includ-
ing formations of phlogopite and lazurite.

The most significant event in the Late Proterozoic history of
the region.was the making of granitoids of batholithic formation
(Sayan complex). This was accompanied by folded deformations of
a negligible intensity on the territory, .but growing noticeably
to the SW. With that there the granite field border somewhat co-
incides with the course of these latest foldings. The Pre-Cambri-
an development of the area was concluded by the formation of
post-phlogopite pegmatites.

During Paleozoic and Mesozoic eras the territory represented

a stable area with a general tendency of elevation. The region
was involved in a new and peculiar tectonic process during

Cenozoic: rifting. The early stage of the rift srtucture deve-
lopment wént with an intensive outflow of basalts.



F.V.Euznetsova, G.V.Bondareva, V.A.Russakova

MINERAL ASSOCIATIONS AND MINERALS COMPOSITION
OF METAMORPHIC ROCKS OF THE GRANULITIC FACIES
IN SOUTH-WEST CISBAIKALIA

The majority of geologists take metamorphic rocks of South-
West Cisbaikalia as the earliest and highest metamorphized comp-
lexes of Pre-Cambrian. Already in 1936-1945 D.S.Korzhinsky,
studying mineral associations in rocks of this region, compared
them with Archean rocks of Aldan and Anabar crystalline shields
and proposed a single Aldan-Sludyanka complex for Eastern Sibe-
ria metamorphized in conditions of the granulite facies.This is
confirmed by works on mineral paragenesis in rocks of South-
West Cisbaikalia.

The present paper gives characteristics of mineral associa-
tions in rocks of the granulite facies of metamorphism.

Petrographic works of recent years taking up with chemical
compositions of metamorphic rocks and rock-forming minerals,and
also with mineral formation sequences in these rocks come up
with three abyssal subfscies - Aldan, Soutam and Chogar, estab-
lished by A.A.Marakushev (Mapaxyues, 1965) and later by V.M.
Kastrykina (Kacrpuxusa, 1974, 1976), L.P.Karssakov (Kapcaxos,
1973, 1976) et al. for granulite complexes in the Aldan shield.

Widely distributed in the area are rocks of the Aldan sub-
facies of metamorphism (sillimanite-garnet-biotite-orthoclase
and garnet-hypersthene-cordierite-orthoclase stages). Rocks of
the Soutam and Chogar subfacies (garnet-hypersthene-sillima-
nite, spinel-quartz and sapphirine-quartz stages) are found as
relict bodies in linearly extended structural belts within de-
velopment limits of Sludyanka and Sharyzhalgay series.
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Five groups are identified by their chemical composition among
the rocks of granulite facies: 1) calcareous-silicate rocks of
basic composition; 2) ultrabasic metabasites; 3) intermediate
composition rocks; 4) quartz-containing rocks supersaturated with
A1205; 5) carbonate rocks.

In addition to the rocks listed in the groups above, the fol-
lowing metasomatic rocks are widqu developed jn South-West Cis-
baikalia: diopside, quartz-diopside, andradite-scapolite, wolla-
stonite and others, described in different papers by L.Z.Reznits-
ky and V.N.Vishnyakov.

Calcarsoneg-=8ilicats rockas
ol brans e Solomiporg l v ion

Rocks of this group fall into two groups by their chemical
composition: a) rocks insufficiently saturated with 810, and b)
rocks saturated and supersaturated with 3102.

a) Rocks insufficiently saturated with Sio2 contain normative
‘nepheline and olivine. These rocks are represented by hypersthene
-hornblende and bipyroxene-hormblende crystalline schists. They
are developed mainly in Sludyanka Series, where they form beds of
large thickness and extent. Individual beds stretch many kilome-
ters along the strike with a thickness of 30-60 m and more.

The following mineral associations are stable for these rocks:

1) Hblyg 5o-Plgy_no~H¥Psgi .

2) Hblyg oo=Flyg 9o=B¥P35-Piqg_op¢

The chemical composition of rocks insufficiently saturated with
5102 compares well with the composition of alkaline basalts (Nock-
olds, 1954). On the diagram of (Na20+K20)-SiOE, proposed by Kuno
(Kyno, 1970) for volcanic rocks, they also come into the field of
alkaline basalts.

Figures next to ferromagnesial minerals show values of ferrugini-
ty = FE%%gEU“ of these minerals, figures next to plagioclase-anor-
thite content are determined by optical methods. Minerals in round
brackets indicate presence of large quantities, in square ones -
unstable minerals. Symbols: Pl - plagioclase? Hbl - hormblende,
Hyp - hypersthene, Di - diopside, Gr - garnet, Bt - biotite, 01 -
olivine, Spl - spinel, Hen - hercynite, Sill - sillimanite, Ru -
rutile, Sph -: sapphirine, Kfs - potassic feldspar, Q - quartsz,
Cord - cordierite.
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b) Rocks saturated and ultrasaturated with Si0, contain norma-
tive compositions of hypersthene or quartz and hysersthane.ﬂccks
of this subgroup are represented by bipyroxene, hornblende-bipy-
roxene and hornblende schists. Differing from rocks of the first
subgroup, these rocks may contain small quantities of modal
quartz, plagioclases have less component anorthite; femic mine-
rals have an increased ferruginity. The same subgroup includes
garnet-containing eclogite-like rocks and peculiar quartziferous
(up to 15 volume %) hypersthene-plagioclase rocks with basic
plagioclase (83-90 An) called here hyperites (mineral association
5). , ~

The enumerated rocks have the following mineral associations:

1) ByP3c-Diyg_z9~Plysi

2 Hyp-D135-Hb151-P145_50-(Bt)

3) Hblz4-Plyc o

4) Gryg_go=Hbloo=Hyp -Pl,g (Q);

5) HyP30_yy~Plyz_go~Q-

Rocks of this subgroup are developed mainly in the Sharyzhal-
gay series, especially rocks of the first three mineral associa-
tions, where they form beds and lenticular bodies associating in
space with enderbites and charnoenderbites. In the Sludyanka se-
ries they also occur between enderbites in the shape of relict
bodies. Garnet containing eclogite-like rocks and hyperites are
found in both series, and hyperites are also present in the Be-
zymian suite of the Khangarool series. Eclogite-like rocks and
hyperites occur among rocks of the Soutam abyssal suofacies,which
are found within the region as extended belts.

Chemical compositions of the second subgroup of rocks are com-
parable with the average composition of tholeitic basalts (KyHo,
1970; Nockolds, 1954).

The geochemical peculiarity of these rocks lies in an in-
creased content of ferrous elements (im ppm): Ni (100-300), Co
(50-60), Cr (200-300) and vanadium, which brings them closer to
magmatic rocks of the basic composition. The relation Ni:Co in
these rocks reaches that of tholeitic basalts (Korapro, 1973).

Assuming that rocks of group 1 are ortho-rocks and that their
primary chemical compositions go with those of alkaline and tho-
leitic basalts, then the metamorphism of these rocks is practical-
ly isochemical.
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Tt rabasic metabasltes

Metabasites of an ultrabasic composition form lens-shaped bo-
dies about 200x300 m. In the Sharyzhalgay series they are <found
in the form of a belt (about 4 km wide), extended in conformity
with the trend of enclosing rocks in a submeridional direction.
By chemical composition they are like pyroxene pyroxenites (ac-
cording to Nockolds). The mineral composition of metabasites is:

Hyp - Ol — Hbl - (Bt).

In metabasites there are traces of a done-up intensive cata-
Plasm gsimilar to pyroxenites (lherzolites) of Lesotho described
by F.Boud (1973). This cataclasm is expressed by curved twin
glidings in hypersthene and a fine-grained hornfels-like tex—
ture of intergranular space. The aﬁphibolization of Dpyroxenite
following the cataclasm brought about a poikilitic pseudo-porphy-
ry texture in these rocks. Lenses of metabasites appear among
rocks belonging to the most abyssal (Soutam) subfacies of meta-
morphism,

Roockas of intermediate
composition

Rocks of this group have somewhat equal ratios of alumina as
to the sum of alkalies and calcium to which belong widely distri-
buted charnockites of the enderbite type. By their chemical and
mineral composition garmet-containing enderbites are tramsitional
to rocks supersaturated with A1203.

The mineral association of enderbites is:

1) Byp43_50-Bt41-P1-Q-(Kfs).
The mineral association of garnet enderbites is:
2) Gr69_77-ﬂyp 45_50-131: %-Pl-Q -

Quarts=cionptainlng) iroeks
supersaturated with AJ.205
(with normative corundum)

" This group of rocks is most varied by chemical and mineral
. compositions. After Fe0, Mg0 and CaO content they fall into three
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subgroups: a) ferriferous, b) magnesial, c¢) enriched by calcium.

a) Ferriferous rocks poor in CaQ and Mg0 are characterized by
ftota1=0.54—0.61, Ca0 content from 2.5 to 3%, FeO - from 5 to 8%,
Mg0 - from 2 to 4%, Cr content (ppm) 30-120, Ni 14-60, Co 18-21,
V 100-250 normative corundum from 2.5 to 5.8%. These subgroups
include biotite-garnet plagiogneisses, garnet-sillimanite-ensta-
tite, garnet-hypersthene and garnet granulites. On the composi=-
tion of ferro-magnesial minerals and character of mineral asso-
ciations there are three abyssal subfacies: Chogar, Soutam and
Aldan.

Mineral associations of ' Chogar subfacies:

1) Gr52-Si11-En51 (Ll205=3.20%)—P1-Q-(K£B).

Mineral associations of Soutam subfacies:

2) Grgg_ge-HyPsg (A1,05=4.0-5.0%) ~P1-Bt,g-Q.

3) Gr64-P1 (Bt) - (Efs)-Q.

Mineral associations of Aldan subfacies:

4) Bt,4 _48-Gr,?0_77-P1-Ka

5) BtiE IIS'GrBB-'?G'H‘Yp#S-SO (u203=2.6-3.25)-Q-(Krs).

Rocks of the Chogar and Soutam subfacies in the shape of re-
lict interbeds and lenses are found as extended belts among the

rocks of the Sludyanka facies.

b) Magnesial rocks: MngFetotal from 1.0 to 2.44, Mg0 - from
5.00 to 14.00%, Fe0 - from 5 to 9%, Ca0 - from 1.00 to 3.93%,nor-
mative corundum - from 3.60 to 14.00%, Cr (ppm) 180-680, Ni -
70-630, Co 25-55, V 300~-400. The following rocks are in this sub-
group: biotite-garnet-enstatite granulites, biotite-sapphirine-
hercynite-enstatite gneisses, biotite-garnet-hypersthene-sillima-
nite, biotite-garnet-sillimanite with relict sapphirine,gneisses,
cordieritized to different degrees, and biotite-enstatite-garmet

#gneisses without sillimanite and with relict sapphirine grains.

Chemical compositions of minerals and also certain mineral as-
sociations give three abyssal subfacies: Chogar, Soutam and Al-
dan (wide;y distributed).

Mineral associations of the Chogar subfacies:

1) Spn-Hen-Q-Pl-Kfs
2) Gryo-HyPoq_ps (A1205 from 3 to 8.8%)/Cord/ -Sill-Pl-Q-(Kfs)
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Mineral associations of the Soutam subfacies:

3) Gr52_66—Hyp28_45(A.1203 5.0-5.??%)-Bt29_52—Sill—Pl-Q—KfE—
/Cord/. 1
4) th2—Spn—ch—En21—P1—Q—(Kfﬂ)

5) Bt29—Gr53-En28-P1-Q—(Kfa).

Mineral associations of the Aldan subfacies:

6) Bt-Hyp-Cord-Efs-Q-Fl

7) Grgg_ng-(Hyp,3)-Bt-Cord-Pl-g-(Kfs)

Rocks belonging to the Chogar and Soutam subfacies of metamor-
phism are also relict ones. Mineral associations of these subfa-
cies given above are only preserved in areas not affected by cor- &
dieritization. In connection with intensive cordieritization
there a new garnet with a higher ferruginity (about 76%) and hy-

persthene (£=43%) are formed, while sapphirine,sillimanite, spi-
nel, enstatite and highly magnesial garnet disappear.

zi c) CaO-enriched and MgO-poor rocks: Mg0:Fey . ,=0.34-0.73;

- Ca0 (wt.%)=5-17%, MgO - 1.30-3.20%, normative corundum from 1.0
to 3.0%. To this subgroup belong rocks with fine-grained horn-
fels-like garnet and hypersthene. They form lenses and interbeds
among biotite-garnet gneisses of the Bezymian suite and Sludyan-
ka series.

Mineral associations:

1) Bt=Gron=Ples oo-Hyp-Q
2) Bt=Gron_og-Plyo-Hbl-Hyp-Di-Q

MINERALS

Rock-forming minerals of metamorphic rocks are represented by
high-alumina minerals: garmet, cordierite, sillimanite, kyanite,
sapphirine, spinel; calcium-silicate minerals: monoclinic and
orthopyroxenes, hornblende; mica of phlogopite-annite Tow; pla-
gloclase; potash feldspar and quartz. The following accessory mi-
nerals are present: zircon, rutile, apatite and magnetite.

Below there are six ferro-magnesial minerals of a variable
composition and most important for the determination of P-T con-
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ditions of metamorphism: garnet, cordierite, orthopyroxene,horn-
blende, biotite and sapphirine. .

Garnet

Garnets of the pyrope-almandine serles are widely distributed
in metamorphic rocks of the area. They are observed in all rock
groups except the ultrabasic metabasites. Garnet keeps its sta-
bility in all abyssal subfacies in South-West Cisbaikalia. Gar-
nets are most sensitive indicators of metamorphism conditions
because of their variable composition.

Garnet from calcaresous=-silicathe
rockes . of bimwl/c composltTion

Garnet-containing basic crystalline schists of the apoeclogi-
tic amphibolite type occur as small relict isolations in beds of
hornblende-hypersthene and bipyroxene crystalline schists. In
these rocks garnet forms large (up to 2 cm) crystals of dark-red
colour. Reaction rims of hormblende-hypersthene-plagioclase com-
position are observed around garnet grains up to the formation
of a complete pseudomorphosis.The chemical study of a garnet
from coarse-grained apoeclcogitic amphibolites gives its zonal
structure. According to preliminary data there the central part
of the ‘grains contains more pyrope component and a less grossu-
lar one (Table 1). Pyrope content decreases and the grossular
one increases in the rim part of the grains, but the almandine
content is almost constant in the centre and in the rim parts of
the grains (41-45%).

Besides coarse-grained garnet amphibolites tbere are rine-
grained amphibolites with tiny sub-idiomorphic garnet: 77% fer-
riferous and 62% almandine (Table 1). Judging by relations of
surrounding minerals (hornblende, hypersthene, plagioclase),gar-
net of this composition is stable, whereas magnesial garnets of
coarse-grained rock varieties with their reaction rims are not.
By their chemical composition there these garnets of apoclo-
gite amphibolites go with garnets from eclogites of metamorphic
complexes ( CoGones, 1970).
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The magnesial variety of garnets is peculiar with an increased
Cr205 content (up to 0.17 wt.%).

Garnets f£rom Trocks
of——dAntarmediate composition

In this rock group there the chemical composition of garnets
from hypersthene-garnet enderbites of the Aldan abyssal subfa-
cies was studied. Garnet of pinky-red forms subidiomorphic
grains from 1 to 3 mm, often containing plagioclase and gquartz.
There are also fine idiomorphic garnet grains without inclusions
of other minerals. They are of the pyrope-almandine series, but
differ from garnets of this rock group, supersaturated with
A120 » by a higher content of grossular component (from 6.5 to
13%). Their ferruginity varies from €9 to 77 (Table 2).The gros-
sular content in garnets from rocks of the almandine subfacies
of metamorphism is directly related to the Ca0 content in these
rocks.

Garnets from quartz-containin g
rocks supersaturated with 31203

Garnet is one of the main rock-forming minerals inh this rock
group. Sometimes its content reaches 15-20%. Grain sizes vary
from submicroscopic up to 1-1.5 mm in diameter.

Here are characteristics of garnets from ferriferous and mag-
nesial rock varieties. Garnets of rocks enriched with Ca0 are
close to the abovaumentioned‘garnets from the third rock group
of an intermediate composition, differing from them only by a
slightly reduced content of pyrope (about 17%) and a high con-
tent of grossular (up to 16%)

Garnets of ferriferous and magnesial varieties are divided in-
to ferriferous (almandine content 68-70%, pyrope 22-26%) and mag;
nesial (almandine 45-51%, pyrope 46-51%). All garnets from +this
group of rocks contain little grossular and spessartine.

On N.V.Sobolev's diagram ( CoGoseB, 1970) highly magnesial
garnets lie in the field of the granulite facies. Garnets of me-
dium magnesial content and also ferruginoﬁs varieties of garnets
are in the field of the amphibolite facies of metamorphism (Fig.2).
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‘ The varieties of garnets compare well in their chemical compo-
. sition with garnets from rocks of the granulite facies of the
Aldan shield metamorphism ( Mapaxymes, 1965; Kapcaros, 1973;
. HacrpukuHa, 1976). Rocks containing ferruginous garnets (£=70-
. 76%) correspond to the Aldan subfacies. Rocks with highly magne-
sial garnets (£=62-66%) - to the Soutam subfacies. Rocks with
highly magnesial garmets (£=47-55%) correspond to rocks of the
Chogar subfacies - the most abyssal in the Aldan shield.

Garnets distinguished by chemical cpmposition do also differ
by a number of other features. Ferriferous garnets are pink or
violet-pink. Their grain shape is usually close to idiomorphic;
inclusions are composed of surrounding minerals (plagioclase,
quartz, biotite).

Magnesial and highly magnesial garnets indicate a more com-
plicated formation history, both of minerals themselves and of
rocks containing them. First of all, two generations of garnets
are clear established. Garnets of the first generation (the most
magnesial) remain as relict grains with inclusions of sillima-
nite, green spinel, rutile and occasionally sapphirine.Usually
they are overgrown or fully replaced by idiomorphic or subidio-
morphic garnets of the second generation. Under a magnifying
glass there garnets of two generations may be distinguished by
colour. Early garnet is brownish-pink or smoky-pink, but the la-
ter one is orange-pink or orange-red.

Constant, often abundant, inclusions of sillimanite and green
spinel in a first generation garnet are products of disintegra-
tion of the primary highly magnesial garnet. A more complete
picture of the disintegration texture of first generation gar-
nets may be observed only in rocks that have not undergone the
following metamorphic *cansformations. Such rocks were found at
SW of Baikal, near the Shaman promontory. In these rocks there
garnets are intergrown with dendrite-like clusters of sillima-
nite or pierced by thick sillimanite needles. From the surface
there garnet grains are replaced by aluminiferous enstatite.Usu-
ally only fragments of such a replacement are seen: enstatite
with sillimenite needles, garnet with needles or clusters of sil-
limanite and with green spinel in the grain centre.

In conditions of the following cordieritization disintegra-
tion there textures of first generation garnets are very seldom
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preserved. At the initial stage of garnet replacement by cordie-
rite there enstatite disappears, but sillimanite and spinel re-
main. Rims of cordierite symplektites are more ferruginous, but
gtill aluminiferous; hypersthene or rims of cordierite with in-
clusions of fine green spinel develop around the garnet. Af an
intensive cordieritization there pseudomorphs of cordierite with
grains of spinel and sillimanite are formed over the garnet. Si-
multaneously with cordieritization grows occasionally a new fer-
fiferous garnet (f=76%) stable with cordierite.

On a correlation curve drawn by ferruginity values of inelud-
ing rocks and garnets there are four fields of garnets (Fig.3).
In the field I-I there are highly magnesial garnets. The con-
necting mean line indicates a weak dependence of ferruginity of
these garnets on the ferruginity of bearing rocks. A similar pic-
ture is also given by garnets of a medium magnesial content
(Field II-II). Ferriferous garnets show a more clearly exprésseal
direct correlation dependence between the values of garnet fer-
ruginity and their mother rocks (Field III). A particular field
(IV) is formed by garnets from intensively cordieritized rocks.
In this case there the cordieritization is accompanied by growth
of garnets with an increased ferruginity.

Good reverse correlation is also discovered between garnet
ferruginity and its Cr205 content (Fig.4). On this curve there
garnets are grouped into two fields. The lower is formed by fer-
riferous garnets (£f=70-75%) and the upper one by magnesial and
highly magnesial ones. At an equal negative correlation there the
magnesial garnets contain more Gr20 .

Rocks containing relicts of highly magnesial garnet differ by
their typical granulite texture. Blue quartz therein composes
long flat or fusiform lenses. The grain shape of highly magne-
sial garnets conforms with elements of schistosity and boudinage
in the rocks; there are extended strings and flat lenses. Hyper-
sthene crystallizes as monomineral aggregates along quartz len-
ses. Plagioclases in mother rocks also show intensive plastic
deformation: smoothly bent twins, occasionally gliding twins on
the background of disappearing earlier twins, antiperthite  po-
tash feldspar ingrowths bent parallel to plagioclase twins.
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Cordierite

Cordierite is a 'widespread mineral in the group of quartz-
containing rocks supersaturated with A1205 in their magnesial va-
riety. In colouring there light-violet varieties of cordierite
predominate.

Optical properties of the mineral are quite uniform.Especial-
ly constant are refraction indices values (Ng - 1.549, Np -
1.539). Numerous measurements of the 2V angle in cordierite came
up with an interesting regularity. All cordierites to the South
of the Large Sayan fault have a positive 2V, while cordierites
from rocks occurring to the North of the fault have a negative
2V; magnitudes of 2V in both rock groups are usually similar (74
78°). Only cordierites from relict rocks of the Chogar subfacies
in the Sludyanka series show an unstable magnitude of the angle
2V (from +67 to +85°).

The cordierite chemical composition has been insufficiently
studied. There is only one analysis (Table 4) indicating its high
magnesial content (£=16.7%) and an unusually high water one.

Cordierite behaves as an unstable mineral in assoclations with
highly magnesial garnets, enstatite, sappherine and biotite. All
these minerals are replaced to some extent by cordierite.Garnets,
highly aluminiferous enstatites and sappherine are subject to
an especially intensive cordieritization. A basic plagiocalse re-
placement by cordierite is also noted. In rocks metamorphosed in
conditions of the Aldan subfacies with a garnet ferruginity of
about 70-76% there cordierite does not show clear indications of
its instability to garnet.

Crthopyroxenes

Orthopyroxenes are widely distributed minerals. They occur in
rocks of basic and intermediate composition and also in all va-
rieties of highly aluminiferous ones. The ferruginity of ortho-
pyroxenes mainly depend on composition of mother rocks. Hyper-
sthenes formed at the disintegration of highly magnesial garnets
have a low ferruginity irrespective of the mother rock ferrugini-
ty (Sample 1, Table 4).
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Hypersthene from rocks of basic and intermediate composition
appear in lumps brown or olive-brown and under a binoclular mag-
nifying glass - transparent and clean. The hypersthene pleochro-
ism of this rock group is clear, but not intensive. In rocks un-
dersaturated with Sio2 there hypersthenes have a low ferruginity
(about 29%) and a slightly increased A1205 content (about 4%).In
8102 saturated rocks there the ferruginity rises to 35% but A12°3
falls to 1.3%. s

Hypersthenes from a rock group of average composition (ender-
bites) have a yet higher ferruginity (45-50%) at an A1203 con-
tent of 2.6-3.2% (Table 2).

For rocks of basic’and average composition there a negative
correlation maintains between the anorthite content in plagio-
clase and ferruginity of the coexisting hypersthene,after N.L.Do-
bretsov ( JloGpeuoB, 1970). ' A

Orthopyroxenes from quartz-containing rocks supersaturated
with A1203 are close to bronzites (Samples 1 and 2,Table 4) with
an alumina content-of 3.2-5.6%, The highest Alao5 content and
the lowest ferruginity in orthopyroxenes is observed in magnesi-
al rocks (Samples 3 and 4, Table 4). Their composition makes them
highly magnesial enstatites. These pyroxenes are formed as a re-
sult of highly magnesial garnet disintegration of enstatite+sil-
limanite or enstatite+hercynite+sapphirine.

gapphirine

Sapphirine forms small elongated grains (not over 0.5 mm,along
the axis). Its content in the rock varies from single graiﬂs up
to 1-2%. Together with grains of brownish-green spinel and idio-
morphic grains of rutile it forms spotty and lenticular or
stripe-shaped isolations among the fine-grained quartz-plagio-
clase matrix. Occasionally sapphirine rims are noted around spi-
nel. Sometimes it informs biotite, hypersthene and less fre-
quently garnets. Sapphirine is not evident in lumps. Under a mag-
nifying glass there spinel-sapphirine isolations are determined
by their greenish-blue colour. Sapphirine pleochroism is bright
greenish-blue along Ng, pale yellowish-pink along Np and along
Nm - pale, greenish-blue. Sapphirine constants: 2V=54°, C:Ng=6°%;
Ng=1.714, Np=1.708. Refraction index indicates that sapphirine be-
longs to a magnesial variety.
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The main mass of sapphirine and spinel in the rock was formed
on a total garnet replacement by a fine-grained sapphirine-spi-
nel-plagioclase aggregate, where relict garnet is only occasion-
ally present. Sapphirine also develops over biotite. With  this
there a complete disintegration of highly-titanic biotite takes
place over individual linear zones accompanied by a formation of
an anhydrous association: spinel-sapphirine-rutile-acid plagio-
clase, occasionally quartz and orthoclase-perthite. Instead of
biotite there phlogopite becomes stable getting an almost double
content of fluorine (Sample 6, Table 4), water content is lowered,
titamium content decreases. Sapphirine becomes unstable in the
course of the following cordieritization. In cordierite-contain-
ing rocks there sapphirine occurs only as isolated relict grains.
Symplektite-like intergrowths of sapphirine with cordierite were
noted, caused by sapphirine replacement of cordierite.

Studying the mineral parageneses makes it that rocks contain-
ing sapphirine were formed over zones where P-T conditions of
the Soutan subfacies reached their maximum value and approached
conditions of the more high-temperature abyssal Chogar subfacies
( KapcakoB, 1975; I'1ecoBunkuil, 1976; Kopukosckuft, Kucaakosa, 1975).

Bliowd tes

The biotite composition in rocks of the granulitic facies in
South-West Cisbaikalia is peculiar with a high titanium content;
T102 in biotites varies from 3.35 to 6.15 wt.%, where 4-5% is
predominant. Under a microscope there the most titanious bio-
tites have an intensive red-brown or orange-red colouring.

The diagram shows (Hig.4) that the majority of biotites be-~
long to the phlogopite-annite series. The biotite composition
usually depends on the composition of containing rocks. Biotites
with a low ferruginity occur in rocks enriched with magnesium.
But this is not always true, especially in rocks of the Soutam
and Chogar subfacies, where rocks with a higher ferruginity also
contain magnesial biotite, in composition close to phlogopite
(for example, Sample 5, Table 4). The most magnesial biotites
are contained in an association with a highly magnesial hyper-
sthene and garmet. Usually coexisting hypersthene and biotite
have close values of ferruginity. Biotites in rocks of the Soutam
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and Chogar subfacies have the lowest value of ferruginity (£=11-

29%). They differ by a low Al content and a high Cr and F one.

Biotites from the Aldan subfacies rocks are more ferruginous (f=

35-45%) and they contain more A1205. On the diagram (Fig.4) they

lie in the field of annite-siderophyllite. Biotites are of a red-
dish-brown or greenish-brown colour. i

The alumina content in biotites is practically independent of
alumina in the containing rocks. Ferriferous rocks supersatumated
with alumina and enriched with magnesium contain biotites with a
lower alumina content. Together with a lower degree of metamor-
phism there a decrease of SiO2 content in biotites is indicated
as well as an increase of tetrahedral aluminium (Fig.5), after
E.N.Ushakova (Ywarosa, I970).

With an increase of the metamorphism degree in biotites there
is a decrease of Fe+2 content and an increase of Ti, Mg and Cr
quantities coﬁforming with deductions of other authors (Engel et
al., 1960).

Hornblendes

Hornblendes occur only in rocks of a basic composition: horn-
blende-pyroxene shales and apoeclogitic amphibolites. In lumps
there hornblendes are dark-green, almost black. Pleochroism is
olive-brown.

Table 1 gives chemical analyses of three hornblendes includ—
ing one from an apoeclogitic amphibolite. Chemically hornblendes
are close to those from the granulite facies of metamorphism (Co-
Goner, Kocrwk, 1970), but differ by a higher content of total
Al (up to 2.75 formula units) and especially by a higher FiAS
(0.71-1.01). Hornblendes are of higher Mg and lower Fe'?® values
(especially Samples 1 and 2, Table 1). An increased content of
A1203, Naao, Mg0 and Gr203 in these hornblendes may be explained
by their affinity to apoeclogitic amphibolites. :

ROUTE DESCRIPTION

Stop 1 is located at the 114th km of the Irkutsk-Ulhan-Ude
highway. Apoeclogitic amphibolites of the Sludyanka series with
coarse relict grains of garnet are exposed in the road cutting.
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Rims of symplektite ingrowths of plagioclase and hypersthene,oc-
casionally hornblende, are around the garnet. Many garnet grains
are fully replaced by a plagioclase-hypersthene aggregate with
formations of light-coloured rounded pseudomorphs surrounded by
a wide rim of coarse hornblende grains. The main rock mass has a
hypersthene-plagioclase-hornblende composition. Coarse hornblende
grains are surrounded by symplektites of plagioclase (70-80% An)
and hypersthene.

Relict grains demonstrate zonal texture. In the central part
of these grains there garnet has a more nagnesial composition.
The composition of garnets from such rocks is given in Table 1.

Stop 2 is located at the road cutting on the left slope of
the river Pokhabikha, near the Shaman promontory. In the rock ex-
posure of the Sludyanka series there an alternation of garnet
and garnet-hypersthene granulites is observed having heavily dis-
integrated biotite-garnet gneisses containing relict interbeds
and lenses of garnet-hypersthene-sillimanite granulites cordieri-
tized to varoius degrees.

An interesting peculiarity of these rocks is a highly magnesi-
al garnet with a ferruginity from 53 in garnet granulites to 47%
in garnet-hypersthene-sillimanite granulites. Texture disintegra-
tion (of sillimanite and enstatite) is observed in the garnets.

Garnet-hypersthene-enstatite granulites are the most  highly
metamorphosed rocks in the area. They are allocated to the Sou-
tam subfacies, according to A.A.Marakushev (Mapaxymwes, 1965),
with metamorphism conditions of: Ptotal=9-ﬁ0 kbars, T=900-1000°C.

Stop 3 is on the left bank of the Sludyanka river, 3 km above
the delta. Here biotite-garnet gneisses of the Sludyanka series
are exposed, belonging to a ferruginous variety of quartz-contain-
ing rocks supersaturated with alumina. These rocks are of inte-
rest as they include garnets of two generations reflecting  the
changes in metamorphism conditions. Garnet I is more magnesial
(N=1.754-1.760, corresponding to f~47%). This garnet is a Te-
liet one. It contains abundant inclusions of sillimanite and
green spinel. Grains of garnet are elongated or lenticular. Gar-
net II is the most widely distributed mineral in the rocks for-
ming up to 10-15% of the rock volume. Garnet II grows over gar-
net I and forms abundant isolated isomorphic grains. The ferrugi-
nity of garmet II is about 65%.
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Other rock forming materials in these rocks: plagioclase,
quartz, biotite, potash feldspar. Plagioclase is present in two
generations. Plagioclase I -~ coarse deformed plates with  anti-
perthitic ingrowths of Kfs. Plagioclase II - small grains with
clear twins and without antiperthitic ingrowths. Plagioclase I
contains 35-40% of An and plagioclase II - 30-35% of An. Quartz,
white or bluish, often in the shape of elongated lenses.Biotite
ferruginity varies from 32 to 41%. *

Stop 7* is on the left bank of the river Talaya, 3 km above
the delta, with two small lazurite mines. In one of them,located
100 m from the river and representing a trench about 7 m deep,
some 640 kg of lazurite were mined in the middle of XIXth cen-
tury by G.M.Permikin, a well-known expert on Siberian mineral
resources. The mine was untouched until 1972 when it was cleared
and explored anew. c

Lazurite mineralization is located in the central part of the
carbonate rock horizon of the sludyanka series containing bodies
of lamprophyres, monzonites, granite-pegmatites and diopside-sca-
polite metasomatites. The horizon thickness is over 100 m, rock
dip - steep, North-East. A large part of the carbonate rock co-
lumn is represented by calcite and calcdite-dolomite marbles,
skarned to a different degree. The marbles contain calcite, do-
lomite, diopside, forsterite, phlogopite, spinel, scapolite,horn-
blende, tremolite, plagioclase, epidote, serpentine,apatite,zir-
con, sphene, rutile and quartz. Dolomite marbles form separate
beds, 1-8 m thick. This rock variety is enriched by graphite and
sulphur.

In Cisbaikalia only dolomite marble beds containing small bo-
dies of Al-Si rocks: granitoids, gneisses or skarns of magmatic
stage ('boudins') are lazurite bearers. Diopside-lazurite and
phlogopite-lazurite metasomatites usually develop at the 'boudin'
contacts of alumo-silicate rocks and dolomite marbles. Quite
often lazurite replaces silicates in skarned, essentially dolo-
mite, marbles. The process of lazurite formation is accompanied
by recrystallization, calcitization of dolomite marbles and ad-
ditions of strontium into newly formed calcite.

Lazurite forms patch-like and lens-like accumulations usually
not exceeding 1-2 m in diameter. An impregnated type of minerali-
zation predominates and the mineral is rarely in continuous masses.

§ Description by A.V.Tatarinov.
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V.N.Vishnyakov

CARBONATE AND CARBONATE-SILICATE ROCKS OF SOUTH-WEST
CISBAIKALIA

Carbonate and carbonate-silicate rocks form about 5U% in the
column of the South-West Cisbaikalia Pre-Cambrian Sludyanka and
Khangarool series. They vary considerably in colour, texture,
structure, chemical and mineral compositions (Tables 5,6,Fig.6).
Main rock-forming components are Ca0O, MgO, 5102. 002. Other
oxides make parts of a per cent, rarely first per cents. Only in
quartz-diopside rocks that are apatite-rich there the 9205 con-
tent reaches 20.5%. On the whole, all varieties of metamorphic
carbonate and carbonate-silicate rocks fall into two series: mag-
nesial and calcerous (Fig.t) with wide silicic acid content fluc-
tuations.

The highly siliceous part of the magnesial row is represented
by quartz-diopside rocks covering a wide range of varieties from
diopside quartzites through monomineral diopside rocks to cal=-
cite-diopside ones. Dercnding on the minerals and their content,
rocks are white, greyish-white, bluish-white or blue and have a
massive or finely rhythmic structure. The first one is typical
for nearly all monomineral diopside varieties and the latter one
is characteristic of diopside and apatite-diopside quartzites.By
their grain size the rocks are fine-grained, rarely medium-
grained. Diopside is represented by an extreme magnesial member
of the series, and apatite by a fluorine-apatite one. Rocks of
this group in Kooltook and Pereval suites make about 5% of the
total column thickness.
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Calciphyres and forsterite marbles are white, yellowish-white,
rarely bluish-white, fine- and medium-grained, banded,occasional-
ly massive. Magnesial calcite (MgQ up to 3.5%) does often in-
clude exsolution dolomite ingrowths of a different shape. For-
sterite is of a low ferruginity, usually surrounded by thin di-
opside rims. Sparse phlogopite flakes are colourless or slight-
ly aureate. Spinel is colourless, light-grey, smoky, light-blue,
green, pale violet, pale pink or ;ed.

Calciphyres and forsterite marbles are widely represented in
columns of Kooltook, Pereval and Bezymian suites, composing up
to 50% of the .carbonate bench thickness.

Dolomite marbles are characteristic of Bezymian suite. There
are white, often of a greyish shade, medium- and coarse-grained
thick-bedded rocks. Vinerals-admixtures are rare, graphite being
one of the most often accessory minerals.

Calcite-dolomite and dolomite-calcite marbles jointly form
what may be taken as an intermediate group between magnesial and
calcerous rock series. They are met with in all four suites of
South-West Cisbaikalia, but are not of dominating importance.Cal-
cite-dolomite marbles are close to forsterite marbles (calci~
phyres) by their mineral composition: bolomite and calcite para-
genesis is peculiar with forsterite. Diopside is usual in dolo-
mite-calcite marbles; spinel occurs here more seldom than in
forsterite calciphyres. The MgQ content in calcites is 2.5-3.5%,
exsolution ingrowths of dolomite are frequent.

Carbonate-silicate rocks of the calcerous series are Tepre-
sented by rocks of a quartz-calcite composition. Locally there
parageneses with wollastonite develop over them. In both rock
groups gradual transitions from calcite-quartz or wollistonite-
quartz rocks to quartz and wollastonite marbles are observed.
ihese are white, bluish-white fine- to medium-grained,massive or
thick-bedded rocks. They occur in Kooltook and Pereval suites.
More detailed characteristics of wollastonite-containing rocks
will be given in connection with the Sludyanka wollastonite de-
posit.

Diopside and calcite (with diopside) marbles are bluish-white
or white, thick-bedded rocks; the first ones are mainly fine-
and medium-grained, the second are coarse-grained. A simple mi-
neral composition is peculiar. Both marble varieties associate
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closely forming jointly thick carbonate rock masses. The cement
marbles deposit 'Pereval' is at one of such rock masses.

Diopside marbles are greenish-white and pink. They are cha-
racteristic of different series (the first ones - Khangarool,
the second - Sludyanka series), but have much in common as: mi-
neral and chemical composition (Tables 5, 6; I'ig.6) and posi-
tion in rhythmically-cyclic rock sets. Greenish-white marbles
readily alternate in the column with diopside gneisses (cry-
stalline schists) and pink marbles do with hornblende-pyroxene
crystalline schists. Correspondingly, diopside from greenish-
white marble is less ferriferous (up to 10-15% of hedenbergite
content) than from a pink one (sahlites).

Sufficiently homogeneous benches of carbonate or carbonate-
silicate rocks are rare in South-West Cisbaikalia columns. More
typical is a thin or coarse alternation of rocks differing in
magnesial and silica content, combining quite regularly. A de-
finite affinity of carbonate rocks to one or another variety of
gneisses is noted. Thus, graphite marbles do draw towards gra-
phite containing biotite gneisses, marbles of the magnesial se=-
ries do so to aluminiferous varieties and carbonate-silicate
rocks do towards quartzite-like biotite gneisses. Contacts be-
tween carbonates, carbonate-silicate and alumosilicate  rocks
may be both sharp and gradual, having an appearance of freguent
thin alternations. A marking significance in carbonate rock
benches have beds enriched with quartz, graphite, sulphides or
spinel.

Marble deposit 'Pereval'
(Stop 6 in Fig.1)

The deposit is situated on the watershed of the rivers  Po-
khabikha and Sludyanka, within a lower member of the  Pereval
suite, mainly represented here by medium- or gigantic-grained
calcite marbles with a low content of minerals-admixtures. Beds
of low-magnesial marbles of 40-6U m thick are separated by
layers of forsterite, diopside marbles and calciphyres, dolo=
mite-calcite and calcite-dolomite ones. ''here are beds of
quartz-diopside rocks, quartz and graphite contaihing marbles.
Thin crossing dikes and veins of gabbro-diabase, granite-pegma-
tites and postphlogopites are met with.
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Objects of cement raw material mining are calcite marbles
containing up to %.5-5.8% VMgO. At the same time there calcite-
dolomite and dolomite-calcite marbles are worked for ballast.

salcite of low magnesial marbles is blue, bluish-white and
white. The nature of the blue colouring is not established.Cal-
cite crystals are rich with polysynthetic twins; MgO content in
calcite is up to 1.26 wt %. Individual calcite crystals reach
10-15 cm in diameter. The growth of such large crystals was pro-
moted both by an essentially calcite composition of marbles, a
low content of minerals-admixtures and by depositing in a zone
of a relative pressure reduction, connected with the formation
of Komar gigantic exfoliation.

Sludyanka wollastonite deposit
(Stop 4 in Fig.1)

The wollastonite deposit on the river Sludyanka was disco-
vered by the author in 1971. It is located 2 km from the town
Sludyanka in the limits of a quartz-carbonate bench of the wup-
per member of the Kooltook suite (Fig.7).

The stratigraphic column of the deposit includes all the
main groups of metamorphic rocks characteristic of the region.
Wollastonite-containing rocks form four complicated beds with
an average total thickness of about 32 m. They belong to low-
magnesial parts of the column and most often associate with di-
opside calciphyres, quartz-diopside rocks and calcite marbles.

Tectonically is the deposit in the North-East limb of the
longitudinal Assyamov syncline, deformed by a superimposed
transverse Pereval fold. As a result the rocks are under a pro-
peller-shaped flexure, having a normal position in the Southern
part of the deposit and an overturned bedding in the North.Bou-
dinage is widely developed in various rocks. Biotite gneisses
and hornblende-pyroxene crystalline schists come inj marbles
and calciphyres go with plastic rocEs. The maximum  boudine
length on a contour map reaches 200-500 m and the distance be-
tween them is up to 100-200 m.

Volcanic rocks are represented by dikes of monzonites, gab-
bro-diabases, minute veins of granite-pegmatites and pegmatites.
Contacting them are thin (first cm) zones of magnesial and cal-
cerous skarns.
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Wollastonite rocks, in addition to wollastonite (10-65%) ,
calcite (3-65%), diopside (2-38%), quartz (up to 27%) contain
apatite, feldspars, ore-bearing (pyrite, magnetite, limonite)
and secondary (montmorillonite group) minerals with a  total
content of 1-2%. Only in the central part of the deposit there
secondary minerals over wollistonite make about 90%.

Wollastonite in fresh crystals is colourless, characterized
by a high purity (Table 7). ]

Calcite is white, bluish-white, Mg content is 0.1-0.2%;man-
ganese, titanium and iron are practically absent.

Diopside is colourless and belongs to the extreme magnesial
member of the diopside-hedenbergite series (Table 8).

Parageneses with wollastonite along the strike West and
South of the deposit are replaced by quartz-calcite associa-
tions, widely distributed within the limits of South-West Cis-
baikalia. The formation of wollastonite (an abyssophobe mine-
ral, unusual for granulite facies of metamorphism), comes in
this section with the local decrease of Ptotal and PbOQ' sti-
pulated by the formation of an intensive boudinage zone at the
main phase of the folding stage.

Many recently discovered outcrops of calcerous skarns do
draw to the wollastonite zone. 3

Two types of calcerous skarns are distinguished: contact and
patch-like ones. The first one of thin zones (2-5 cm) may be ob-
served over contacts of plagioclase monzonite dikes with wol-
lastonite rocks and the second one forms small (up to 10-15 cm
in diameter) lenses and patches among wollastonite rocks show-
ing no connection with any magmatic rock.

Full metasomatic columns over contacts of melanocratic mon-
zonites with wollastonite rocks appear as follows:

00 1 2 3 4 5 6
Melano- Nearskarn Nearskarn Pyro- Garnet Pyroxene- Calcite-
cratic pyroxene- feldspar- xene- skarn -calcite -wolla-

monzo- ~feld- -pyroxene- -gar- with skarn stonite
nite spar epidotic net pyro- rock
rock rock skarn xene

Inconsistent thickness and composition are typical for zone
5. This is emphasized not only by fluctuations in the calcite
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and diopside content, but also by a variable composition of the
latter. The hedenbergite content in diopside varies from zero in
the outer part of the zone up to 10% in its rear part.

Garnet from zones 3 and 4 is small, cream-coloured, contains
about 75% of grossular in zone 3 and about 72% in zone 4. Pyro-
xenes from the same zone are represented by diopsides with a 10%
content of hedenbergite. Compositions of associated minerals are
given in Table 9*.

I'he patch type of calcerous skarns has most frequently a feld-
spar-quartz-garnet composition. Garnet is reprsented by colour-
less grossular, occasionally pale-pinkish or greenish, and pyro-
¥ene is there by diopside with a 10% content of hedenbergite.
Chemical compositions of minerals are given in Table 40.

Minerals, previously unknown in the region, as thaumasite and
desmine, occur in solution cavities.

Probably this type of calcerous skarns is genetically related
to postphlogopite pegmatites and has a contact-infiltration na-
ture.

There is yet to say that wollastonite, diopside-wollastonite
concentrates and also non-enriched ores of the Sludyanka wolla-
stonite deposit aré good for manufacturing porcelain, earthen-
ware, glaze,decorative tiles and other ceramic articles.

i Anglyses were recalculated for quartz admixture in specimen
K-54-I'-1r 1.5%, in specimen K-54-T-T 0.5%.
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L.Z.Reznitsky

MINERAL ASSOCIATIONS OF MAGNESIAL SKARNS
IN SLUDYANKA PHLOGOPITE DEPOSITS

Phlogopite depositsof Sludyanka are known for about two cen-
turies as a classical object of petrological and mineralogical
studies and also as a natural mineralogical museum. The first
analyses of Sludyanka minerals appeared in the home and foreign
press at the end of the 18th century. Already in  the second
half of the 19th century the Russian mineralogist N.I.Kocksharov
has carried out systematic crystallographic studies of excel-
lently formed minerals. from phlogopite veins, which are  pub-
lished in his 'Materials for the Mineralogy of Russia' (Koxua-
poB, 1852-1877) and 'Materialien zur Mineralogie Russlands'
(Kocksharow, 1854-1886). Then also came out the first informa-
tion on the geology of regional deposits. Mineralogical and pet-
rographic studies were most intensive between 1925 and 1960 in
connection with surveying and working phlogopite deposits.

Generally, Sludyanka phlogopite deposits are viewed as abys-
sal magnesial skarns (HopxuHckult, 1955; Rapukos, 1968).The ge-
nesis of phlogopite-bearing pyroxene rocks and of phlogopite 1is
disputed over many years (CmMupxoB, I928; [ununenko, I930; Kanu-
HuH, I939; HopxuHCKuit, I947; BapaGanoB, I954; Kamuaun u  PoHeH-
CoH, I957; Eausapbes, I959; [Makus, I962; Peanuukuit, Bacuises.
I971; Pesnunmxuit m zxp., I977).

But the determination of phlogopite deposit types and their
distribution in classification schemes gf different metasomatites
is similar and based on quite obvious differences in morphology,
texture and structural position of phlogopite-bearing bodies.
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These indications distinguish contact skarns of magmatic stage
and three main groups of postmagmatic skarns. They are:

1. Zonal bodies with apocarbonate and apoalumsilicate skarns
occurring at contacts of corresponding rocks.

2. Skarned basic crystalline schists.

3. Cross-cutting (fissure) phlogopite-bearing weins of the
'ladder' type. y

Contact magine'sial skarns of the
magmatic stage area common group of rocks, but
insignificant by volume content. A well-known variety of most
phlogopite mines are thin (up to decimeéters) bodies of green
diopsidites along the contacts of granite-pegmatites of the
Sludyanka type with laminated-banded white calcite-quartz-diop-
side rocks. A correct zoning in exoskarms is absent, but a spe-
cific composition change gcross the borders is sharply pro-
nounced: dark-green at the contact with granitoid diopsidite
becomes gradually lighter and is passing into an unchanged rocf.
This is caused by a gradual change in diopside composition,main-
ly reducing alkalinity and totally ferruginity (Fig.9).In quartz-

calcite-diopside rocks there are areas, which are intensively
saturated with granitoid veinlets, appearing as 'eruptive brec-
cia' with a characteristic zonal colouring of diopside rock of
blocks-xenoliths, taken in some schemes as a special morphogene-
tic type of metasomatites.

Different borders are formed during the magmatic stage in
contacts of granitoids with white, essentially calcite,marbles.
There are small zones of bright-pink recrystallized marbles,gra-
dually (at:an interval of 5-40 c¢cm) turning into white rocks.
Green pyroxene, replacing white diopside of the marbles,concent-
rates at the contact and its quantity depends on the marble com-
position. At the replacement of marbles with a low magnesiality
and silicate-poor, the quantity of pyroxene is not high: wup to
5-10%.

One knows also more complicated bodies formed at this stage.
In all cases magmatic stage skarns are characteristic of one com-
mon principal feature: a sharp contact with magmatic rock not
affected by superposed (postmagmatic) transformations. There is
no diopside-scapolite apogranite zone so typical for postmagma-
tic skarns and endocontezst alterations go with a distinct desi-
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lication and enrichment with clinopyroxene up to the formation
of pyroxene-feldspar (potash feldspar) nearskarn rocks and often

. with a considerable content of sphene.

Clinopyroxenes of endoskarn zones seem to continue a row of
exoskarn diopside, increasing the soda content, ferruginity and
also the alumina content.

Among postmagmatic metasomatites of the first
contact group there are two morphological types: formations at
the contacts of magmatic (mainly granitoid) rocks with carbonate
and bed bodies ('zones') at the bed borders of alumosilicate and
carbonate rocks.

Magnesial skarn bDodies at bor-
ders o gerarn il wont ode S lwith JeiaT bo-
nate rocks are widespread, but mostly of small dimen-
sions. The following zonal struéture is typical:

Grani- Desilico- Diop- Diop- Diop- Diop- Skarned Mar-

toid nized side- side- side side- marble ©Dble
granitoid -scapo- -phlogo- rock -phlo-
or diop- lite pite gopite
side-po- rock rock calci~
tash feld- ('slu- phyre
spar near-— dite')
skarn rock

The diopside-feldspar zone is distinct with replacing of main-
ly plagioclasic granitoids, but desilication and enrichment of
the zone with clinopyroxene around the contacts is normal.In the
front pant of the column replacing dolomite-containing marbles
(caleiphyres), the zone of phlogopite-diopside calciphyres is
gradually taken by diopside-phlogopite-forsterite and then by
phlogopite-forsterite (% spinel) calciphyres, transforming into
marble. Intermediate zones of the column are very stereotyped and
always present as minute (centimetres-decimetres) crustal bodies.
This is different at an intensive process developing in  thick
carbonate horizons inside granite-pegmatite fields. Large (up to
many metres) blocks-xenoliths of marbles are transformed here in-
to metasomatic calciphyres and diopsidites with phlogopite and
desilicated zones of granitoids reach several metres; a consider-
able recrystallization of metasomatites is usual with the forma-
tion of coarse crystalline phlogopite of the 'crustal type',dis-
torting correct zonal body construction.
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Hetasomatiec bodies (zonas) at con-
tacts o I gneiss and carbonate beds
differ rather in types, first of all depending on the composi-
tion of initial contacting rocks, the primary character of con-
tacts and on the intensity or scale of metasomatosis. Zoning of
thin (up to 0.5-1 m) contacting bodies is similar to that of
'erustal' borders, but expressed weaker and less correct.

There is no diopside-scapolite roPk formation at the replace-
ment of biotite and aluminous biotite gneisses and diopside-phlo-
gopite zone borders directly with altered (potash-feldspatized)
gneisses. Commonly there thin (up to 3-5 m) marble interbeds in
gneisses are completely replaced by diopside-phlogopite or, more
often, by diopside rocks with scattered phlogopite.

Tracing such zones along the strike up to their transfer into
marbles one observes a successive substitution of metasematic
rocks, repeating the lateral zoning of the usual type.

In large contact bodies-zones (sometimes 20-40 m thick and
hundreds of metres long) the zoning is always less distinct.Such
zones are almost wholly diopsidites with a coarse crystalline im-
pregnation and isolated patches of other minerals: phlogopite and
calcite together with apatite and diopside. This phlogopite re-
presents the second traditionally differing type of coarse cry-
stalline mica occurring in the region - 'patch' or 'patch-vein-
let'.

The second group of postmagmatic metasomatites - s c arne d
basic crystalline s8c¢chists - are so called
after V.A.Zharikov's terminology ( kiapmkos, 1968) 'uncompensated
endoskarns' (below as 'endoskarns'), considering their develop-
ment among alumosilicate rocks outside the ordinary contacts with
carbonate layers. The composition of skarned rocks includes: pla-
" gioclase-hornblende and plagioclase-pyroxene crystalline schists,
many calcareous (calcite-containing) varieties with scapolite,
interbeds of pyroxene calcite marbles and 'pink' calciphyres.
Such magnesial skarns and nearskarn rocks are usually taken as a
result of a successive row of mineral replacement: skapolitiza-
tion (and diopsidization), pargasitization, phlogopitization,cor-
responding to the zones of metasomatic column infiltration (Rbp-
HAHCKMi, 1947). The 'endoskarns' are quite diverse in petrogra-
phy, but the predominating types are pyroxene-scapolite, calcite-
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pyroxene-scapolite rocks, often with phlogopite and pargasite.
They develop primarily over calcareous plagioclase-pyroxene cry-
stalline schists, taking in some thin beds of amphibole-contain-
ing varieties and calciphyres. Anofher widespread type, the di-
opside—paréasite rock, forms by substitution of more ferriferous
(and aluminiferous) crystalline schists-pyroxene-amphiboles and
amphiboles. Among the fine-grained, gneiss-like 'endoskarns'
there are layered zones of coarse crystalline calcite-pargasite,
calcite-diopside-scapolite rocks.

Partial substitution of crystalline schists is fixed among
all fields of magnesial skarn development, but most intensively,
up to a complete substitution, it is near accumulations of phlo-
gopite-bearing veins. But in these areas the characteristic 1la-
minated structure of substituted packets is retained too because
appearance and variation of 'endoskarn' composition reflect the
composition of the initial rocks and often also structural pecu-
liarities of the latter (bamding, thin layering).

Most endoskarn varieties have a dispersed medium and coarse
<rystalline phlogopite; their patches contain calcite, corres—
ponding in principle to the 'patch' morphological type of con=-
tact zones.

5t SR o o R B 161 -1 R b R i W e d:d ane?
t ¥y p e- avery specific representative of a magnesial skarn
formation. Contrasting most other phlogopite deposits, ladder
veins in Sludyanka deposits are the main type of coarse-crystal-
line phlogopite concentrations. Subvertical veins cut across the
courses of complicatedly compound alumosilicate rock beds and bo-
dies of magmatic rocks, occasionally 'superposing’' similarly
oriented cross veins of earlier granite-pegmatites and pegmatites
also traced through contact metasomatites and 'endoskarns'.Thus,
this vein type is absolutely different from 'crustal' and 'patch'
phlogopite.

Average vein dimensions are tens of metres along the dip and
the strike, first metres in thickness.

Generally, the veins have a distinct symmetrically-zonal
structure (from contact towards centre)

Crystal- Diopside- Diopside- Diopside Phlogopite Calcite
line -scapolite -phlogo- zone zone 'core'
schist zone pite zone
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In the composition of central gigantic crystalline zones,
which begin from the diopside one, there are also apatite, sca-
polite, pargasite and barium feldspar (hyalophane).

Two types of zoning differing not only morphologically, but
also by composition are combined in the veins. Fine-grained bor-
der metasomatic zones 5-30 cm thick are strictly analogous in
one type of lateral rocks and regularly alter with the change of
the latter. Thus, there is no diopside-scapolite zone in biotite
gneisses; the lateral zoning of veins reduces in contacts with
bed metasomatites, as if it is supplemented by the bordering
skarns; vein gouges in contacts with diopsidites and coarse-cry-
stalline 'endoskarns' are composed of recrystallized minerals of
these rocks without correct zonality, etc. -

Gigantic crystalline (inner) zones, composing main vein=- vo-
lume behave differently. Thickness variations and complete
omission of phlogopite zone produce a usual longitudinal (along
dip and strike) vein zonality; there are small veins without
coarse -crystalline phlogopite zone ('calcite' ones). Relations
between minerals of veins' inner parts are not constant. In the
simplest case (for 'calcite' intervals of veins) there parallel-
columnar aggregates of diopside, scapolite and pargasite 'inter-
grow' into calcite mass perpendicularly to the vein walls, while
apatite crystals 'swim' in the calcite core. Phlogopite grows
over the columnar aggregates in developed phlogopite zomes, sub-
stituting them, up to the contact with fine-grained diopside,oc-
casionally with a diopside-phlogopite zone. The ideal picture is
often distorted. Thus, in calcite 'core’ there are quite often
well-faceted crystals of all silicate minerals, while diopside
and scapolite may include crystals of phlogopite; apatite may
concentrate at vein gouges, containing silicate minerals with
calcite in the centre or, on the contrary, form cuttings in cal-
cite 'core', etc. :

Quantitative relations of vein minerals, uniform on the whole
in their composition, may change widely even in different inter-
vals of the same vein.

A different mineralogical type of ladder veins is known only
at one deposit of the region - the Talaya one. Forsterite occurs
widely in its veins, sometimes composing a forsterite zone (in
place of diopside) and forming large (up to 20-40 cm) crystals
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in vein calcite which also holds spinel inclusions.

For the central part of the Sludyanka field there a definite
area (lateral) zoning is established in locations of phlogopite
deposits of various morphological types (Fig.10). Without exa-
mining the formation mechanism, it should be underlined that
zoning is not connected with any temperature gradient or con-
tact aurecle of granitoids, but is stimulated by structural fac-
tors (Pe3HEurmi, BacWireB,1971). This is a peculiar, structural-
facies zoning of this deposition

Rock-forming minerals

Parageneses of magnesial skarns are composed by a limited num-
ber of common rock-forming minerals among which only sulphate-
scapolites and hyalophanes of ladder veins may be mentioned as
exotic ones. The fame of Sludyanka as a 'natural mineralogical
museum' is mainly due to the perfect forms and unique dimensions
of the ladder-vein crystals. Finds are known at the deposits of
phlogopite crystals up to one metre in diameter and 1.5-2 m high,
prismatic crystals of apatite, diopside and scapolite over a
metre long. Besides, there is an unusual colouring of minerals:
white and bright-green diopside, lilac scapolite. Many morpholo-
gical and colouring varieties of Sludyanka minerals have re-
ceived their own designations: baikalite, moroxite,stroganovite,
lavrovite, koksharovite and others.

Brief characteristics are given below of the main minerals,
whose composition examples are shown in Table 11. The analytical
material on pyroxenes and especially phlogopites of Sludyanka
is quite abundant in literature and is not listed here.

Phlogopite in all parageneses is actually close to a
series of phlogopite-eastonite, varying considerably in  Al-con-
tent or in the total sum of R°': Ti and weakly - by particular
ferruginity (Fig.11). It should be mentioned that the ratiocs of
iron oxides are usually distorted to the benefit of oxide in the
majority of the analyses (from ground material). A direct depen—
dence of phlogopite magnesial-skarn composition (ferruginity) on
the ferruginity of substituting rocks has been noted long ago.Ge-
nerally, the micas of ‘crustal' bodies are most magnesial, and
of ladder veins - most ferriferous among the crystalline schists
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and 'endoskarns' and, in particular, in associations containing
Pargasite. Phlogopites produce a wide colour row, which occasion-
ally led to the following identifications of phlogopite types as
'silvery', 'amber', 'cherry', 'gipsy', etc. The F and OH ratio in
micas changes widely and irregularly, mostly due to the degree of
mica hydration (vermiculitization). The constant amount of BaQ
present in phlogopite is between 0.6 and 2.2%.

The specific feature of large vein phlogopite crystals is co-
loured zoning of growth, sometimes underlined by zonal distribu-
tion of hard microinclusions. Up to 15-20 rhythmically alter-
nating dark- and light-coloured zones may be counted in some cry—-
stals. Zone differences of ferruginity are not high, but may be
quite noticeable by Ba, F, OH and especially the microelement con-

tent. For instance, Cr and V constants may differ 2-2.5 times.

Clinopyroxenes differ by their appearance: from
greyish-white to almost black visually and from colourless to
dark-green in thin sections. Judging by quite representative ana-
lytical information at hand, the majority of magnesial skarn Py-
roxenes are close to diopside proper and only in pyroxene-scapo-
lite 'endoskarns' and pyroxene-feldspar nearskarn rocks ferrugini-
ty reaches that of sahlites (Fig.12).

The composition of pyroxenes, as in the case of micas, clearly
depends on total chemistry of rocks, position in the body section
and paragenesis. At the same time, there this group of postmagma-
tic pyroxenes is characterized by a common peculiarity, which ap-
pears distinctly in comparison with pyroxenes of metamorphic car-
bonate rocks, close by their mineral associations. In the latter
case there pyroxene compositions vary mostly in diopside-hedenber-
gite series, while in pyroxenes of postmagmatic skarns isomorphism
of the tschermakite type (Fig.13) is sharply expressed. Basic com-
position variations are connected with trivalent iron and alumina
in both coordinations with clearly dependent variations in fer—
rous iron and soda content. The most ferriferous sahlites of sca-
polite fendoskarns' diverge from the general regularity, but the
displacement of their compositions in relation to clinopyroxene
of parent rocks (calcareous crystalline schists-calciphyres) is of
the same nature: increase of the sum R5+ and stability of decrease
of hedenbergite. The calcium content in the series of postmagmatic
pyroxenes is stable, corresponding to diopside level whose compo—
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sition deviations are thus directed towards fassaite. But even
the most aluminiferous varieties (up to 4-6% 1.1203) do not reach
the field of fassaites by Ca, Mg and JYFe correlation.

Pyroxenes of the magmatic stage contact skarns form another
isomorphic row, in which, together with noticeable variations of
hedenbergite minal, the content of soda and ferric oxide (aegi-
rine) changes, and in alumina near-skarn rocks - primarily in VI
coordination. The Ca content reduces regularly with the growth
of hedenbergite and aegirine minals, i.e. isomorphic substitu-
tions in ‘this series are directed from diopside to aegirine-
augite and ferriaugite.

The pyroxene composition is not constant in the columns of
lasnenj.a.l skarn bodies. In the zonal postmagmatic contact bodies
there the ferruginity (and leas distinctly - Al-content) of py-
roxenes grows from carbonate to Al-Si rqck. the level being sta-
ble within the limits of each zone in the column. A similar
changeability of pyroxenes from calcite 'core' to contact is usu-
al for ladder velns too. Such a regularity is well fixed where
the ferruginity of Al-Si rock is high. In contacts with grani-
toids or leucocratic biotite gneisses, the pyroxene ferruginity
= in this case minimal - varies insignificantly. More clearly,
fluctuations of diopside compositions with a low ferruginity are
fixed by microelement content: Cr, V, Ni, Co, which often alter
unidirectionally, but correlate with the gemeral <ferruginity of
pyroxenes in different body generations and types.

In large crystals of the vein diopside there coarse-colour
growth zoning takes place less frequently than in phlogopite,but
a regular zonal distribution of microinclusions in crystals 1is
usual.

Pargasite is not one of the constantly present mine-
rals of Sludyanka metasomatites for which low ferriferous (par-
gasite-leas) types of columns are typical. It is distributed in
certain varieties of qpocryatnllosehist 'endoskarns' and in lad-
der veins inside basic crystalline schists, mainly in areas
bordering with pargasite containing 'endoskarns'. All pargasite
deposits are as a rule ferriferous and with a higher ferruginity
than clinopyroxenes or phlogopites associating with them; visual-
ly they are black-coloured, Large crystals (up to 10-25 cm in the
veins) have a characteristic flat prismatic shape with longitudi-
nal striations.

I



.

A small number of the available analyses, nevertheless,covers
all pargasite generations. As may be seen from Fig.14,pargasites
belong to the pargasite-ferrohastingsite row itself, with consi-
derable deviations only towards tschermakite-ferrotschermakite.
Regular differences between generations are not noticeable, ex-
cept a somewhat increased fluoricity of pargasites in the veins
(Table 11). Pargasites of fine-grained endoskarns differ by an
increased content of Cr - up to 0.3%, i.e. dn order higher than
in- ladder-vein pargasites.

Scapolites are quite stable in various parageneses
on their composition, the extreme limits lying between 65 and
80-85% Me, predominating compositions having 75-78% meionite.The
exceptions are formed by more sodic, peculiar lilac scapolites -
glaucolites, but these are not typical for phlogopite deposits
and are distributed primarily at lazurite ones. Scapolites of
all compositions belong to the branch, deficient in chlorine, in
which substitution of CO3 by chlorine does not conform to  the
content of marialite (isomorphism CaAl - NaSi without variations
in additional anion group). The typomorphic peculiarity of large
scapolite crystals from the veins is in a high content of sul-
phate component (up to 2.5% 503), whereas in contact-bed metaso-
matites carbonate-scapolites are usual with a SO3 content within
0.1-0.5%. Hard microinclusions are typical for scapolites and an
orderly grouping of microinclusions by the growth zones is often
noted in the vein crystals.

Apatite exists in contact-bed metasomatites as an ac-
cessory mineral, reaching considerable quantities only in coarse-
crystalline patch isolations. On the contrary, apatite is very
characteristic of ladder veins, where its content may reach 50%
and more. Apatites, especially from the veins, vary considerably
in colour - from milky-white and pink to clear bluish-green;dark-
violet crystals with spotty colouring occur also. By their com-
position all the varieties belong to fluorine-apatites; a notice-
able chlorine content is noted in isolated analyses of apatites
from patches in bed diopsidites (Table 11). In addition, magnesi-
" al skarn apatites regularly contain sulphur, which ddes not exist
in metamorphic rock apatites, the maximum sulphur content being
in ladder-vein apatite. A stable isomorphic admixture of 0.8-1.0%
silica is characteristic of this generation. '
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As the majority of other ladder-vein minerals there crystals
of vein apatites contain a complex of syngenetic hard microinclu-
sions with needle and prismatic shaped microcrystals regularly
oriented relative to the host-mineral lattice. This fact was
known for apatites in 1930, but only recently it was possible to
establish that 'microparagenesis' of apatite includes quartz,an-
hydrite and calcite ( PesHuuxuii, 1976). It is interesting to note,
that the first two minerals are not present in the microparagene-
sis of veins. The total volume of microinclusions is insignifi-
cant: O1-0.3%%, but due to their minute dimensions (microns - tens
of microns) there apatite is densely saturated with them, the in-
ternal texture of crystals being clearly drawn out. Because of
this, apatite reflects the complicated crystallization process in
ladder veins more clearly than other minerals. Crystals are found
with growth zoning of different types (up to scores of zones) and
marks of resorption and regeneration of phantom-faces and also
block and mosaic crystals. Colour shades and especially transpa-
rency degrees of apatites obviously depend on gquantities and dis-
tribution characters of hard and fluid microinclusions.

Hyalophane (barium-containing potash feldspar) oc=
curs in ladder veins quite rarely in comparison with other mine-
rals. It forms well-faced isometric or extended crystals reach-
ing 30-40 cm in diameter, diverse in colour; semi-transparent
grey and light-grey, opaque white and pink. In all analytically
checked cases the potash feldspars of the veins had a high bari-
um content: 4-7% BaQ (Table 11). Hyalophane is most often found
in the veins intersecting granite-pegmatites or pegmatites, whose
potash feldspars are marked by an increased barium content: from
0.5 to 1.6%.

Calcite is relatively stable in various parageneses on
its content of main isomorphic admixtures - Fe, Mn, Mg (up to
0.n%). Calcites differ by an increased magnesial content - up to
1.5=1.7% MsCO3 - only in association with forsterite (3spinel) in
corresponding zones of magnesial skarn bodies. Other typical ele-
ment admixtures, Ba and Sr, vary more widely and quite regularly,
being indicators to determine calcite generations. Three main ge-
nerations of primary calcites stand out quite distinctly in mag-
nesial skarns: 1) from magmatic stage skarns, 2) from contact-bed
postmagmatic metasomatites and 3) from ladder veins. The peculia-
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rity of vein calcites is a specific form of barium location, the
majority of which is present as an independent phase - extremely
thin, regularly oriented microcrystals of barite. The formation
of the latter is interpreted by a number of indications as a re-
sult of the disintegration of calcite hard solutions, primarily
containing isomorphic Ba and soq(feaanuxuﬁ, Bopodnés, 1975).

Dimensions of calcite monocrystals in ladder veins reach 15-
30 cm. They are distinct with a regular arrangement of abundant
fluid and syngenetic hard microinclusions (the latter being usu-
ally'represented by anhydrite): In good sections of calcites
there phantom-crystals are found by microinclusions with perio-
dic growth zoning or more complicated construction similar to
those peculiarities of apatites and other vein minerals.

ROUTE DESCRIPTION

Stop 5. Guarry of phlogopite deposit 'Mine No.2'.

Mine No.2 is one of the typical- Sludyanka deposits with inten-
sively developed postmagmatic metasomatites and series of ladder
veins.

This deposit is in a core of a large strongly compressed (iso-
clinal) syncline, complicated by smaller foldd. The main part of
the quarry passed through a rock mass composed mainly of various
biotite gneisses. Among them are biotite-garnet, biotite-cordie-
rite-garnet, sillimanite-containing proper biotite (often leuco-
cratic varieties) and migmatized gneisses. In gneisses thin car-
bonate rock interbeds are frequent as white diopside-calcite and
infrequent are dolomite-containing marbles and calcite-quartz-di-
opside rocks. In the central part of the quarry they are almost
fully transformed by metasomatic processes. In the anticline
curve (Western scarps of the quarry) lies a body of basic crystal-
line schists - pyroxene-amphibole, pyroxene, Ca-pyroxene with mar-
ble interbeds including calcite pink varieties with pyroxeme and
white dolomite-containing rocks with forsterite and spinel.

In the East the layered rock mass is cut by a thick dike of
rocks generally known in the region as 'monzonite'. These are the
oldest of magmatic rocks observed in the quarry. The dike compo-
sition includes proper pyroxene monzonites containing medium pla-
gioclase and potash feldspar, various melano- and leucocratic veir
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syenites and rocks of the syenite lamprophyre type. Monzonites
have undergone a noticeable metamorphism that caused variations
in rock composition.

The next magmatic rocks by age are subalkaline microcline
granite-pegmatites (orthotektites) which do form series of con=-
cordant veins, but in some places they do make differently ori-
ented branching streaks and interboudine bodies. During the
quarry passage there relatively large cross-cutting pegmatite
veins were discovered. Isolated partially disintegrated out-
crops of them may be observed in top ledges of the West scarp.

Small zones of diopside metasomatic rocks are usual in bio-
tite gneisses but not so usual are diopside-phlogopite metaso-
matic calciphyres (postmagmatic stage). These rocks are formed
by replacement of carbonate interbeds. Transitions to them could
be observed in the course of the quarry passage and in the
branching mine adits. Scapolite and pargasite-containing rocks
have developed in places over basic crystalline schists. Rarer
are banded phlogopite-diopside rocks and layered zones of diop-
sidization over biotite gneisses, developed in the vicinity of
the ladder veins. Coarse-crystalline isolated patches of cal-
cite, diopside and phlogopite are usual in bed metasomatites.
Totally or partially replaced granitoid veinlets show also. At
the large blocks on the second (from below) ledge granite-pegma—
tite veinlets may be noted in metasomatic calciphyres with dis-
tinct 'crustal' borders: diopside-scapolite, diopside-phlogo-
pite, occasionally small diopside zones. The next zome in orden,
in this case, are rocks of the metasomatite body.

Ladder phlogopite-bearing veins are numerous in the deposit,
but they are mainly worked out. In the quarry walls there are
jutting parts ('tails') of ladder veins, chiefly composed by
diopside, and essentially calcite veins: usually calcite inter-
vals of extended veins with a longitudinal zoning. On the se-
cond (from below) ledge a section of the vein is open in  the
quarry cave-in with a well defined zone of large phlogopite cry-
stals (an example of asymmetric zoning). It is also seen here
Shat the vein occupies a large interboudine space. At the Wes-
tern vein extension there a marble layer is bent sharply into a
transverse fold.
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Parallel to the older ones there thin bodies of postphlogopite
pegmatites and also quartz-carbonate intersecting veinlets are
visible in the quarry.

Stop 34 (0.5 km to the North from stop 3, Fig.1). Quarries of
phlogopite deposit 'Mine No.3'.

Several small quarries are rowing upon the leff valley slope
of the river Sludyanka just opposite the mine administration
building. The deposit discloses relations of metasomatic rocks of
different age and morphological types.

The quarries open a phlogopite-bearing band along a large
geological border: contact of an essentially gneiss part of the
rock mass with a thick bed of carbonate rocks adjacent North-VWest.

Directly in the quarries there are the following contacts: from
SW - bed of amphibole-pyroxene and Ca-pyroxene crystalline
schists and from the carbonate horizon - white calcite-quartz-di-
opside or quartz-diopside rocks with bands of blue apatite alter-
nating with quartz-diopside-calcite marbles. Over the whole ex-
tension (about 300 m) a lens-like body (2-3 to 18-20 m thick) of
postmagmatic diopside metasomatites is abutting the contact.

The quarry walls show where unaltered calcite-quartz-diopside
rocks were preserved and that they are impregnated by frequent
veinlets of granitoids. Granitoids are subalkaline, microcline-
perthite with clinopyroxene and sphene; contacts are surrounded
by thin fringes of diopsidites - magmatic stage skarns.

Postmagmatic light-green diopsidites are developed primarily
over carbonate and quartz-diopside rocks and replace earlier
skarns and granitoid veinlets. Relicts or contours of the latter
are frequently seen between green diopside rocks in the shape of
veinlet-like coarse-grained diopside-scapolite aggregates (occa-
sionally with phlogopite). It is supposed that the whole zone at
the contact was abundantly saturated with granitoid veinlets
('zone of network injections') and therefore postmagmatic proces-
ses have manifested here more intensively.

In fine-grained diopside rocks there occur irregular patch-
like isolations of creamy or pinky coarse-grained calcite with
diopside, infrequently - apatite and phlogopite. In the worked-
out quarries parts there were many of such isolations with
large phlogopite crystals and they served as mining objects
(patch type of phlogopite).
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In the walls and partially in the quarry road-bed there seve-
ral small phlogopite-bearing veins of the ladder type are opened
similar to the veins of mine No.2. Relations of the ladder vein
with the contact-bed metasomatic zone may be examined in the lo-
wer (South-East) quarry. Transforming into a diopdide rock there
the vein looses its correct shape and defined borders and 1is
traced as a chain of coarse-crystalline accumulations of calcite,
diopside, phlogopite and apatite. In the opposite scarp of the

quarry a transverse cutting zone of green diopside rock may be
seen in white quartz-diopside rocks of the vein extension.

A frequent occurrence of glaucolite and barite may be taken as
a mineralogical peculiarity of this deposit. Lilac scapolite
(glaucolite) shows mainly in thin veinlets on the extention of
granitoid veinlets in diopsidites. Late low-temperature barite
mineralization is indicated in the formation of small patches of
barite in ladder veins, diopsidites, occasionally even in quartz-
diopside metamorphic rocks. P.V.Kalinin indicated the find of
witherite together with barite. The development of amphibole of
the tremolite-actinolite series over diopsidites is usually ac-
companied by barite mineralization.
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V.I.Levitsky and Z.I.Petrova

MINERAL ASSOCIATIONS OF 'WHITE CUTTING'

White Cutting is an artificial exposure of one of the thick-
est carbonate beds of the Sharyzhalgay series on the Baikal
shore, created in connection with +the railway construction
around the lake at the beginning of this century. It is located
approximately at the middle between port Baikal (issue of river
Angara) and the Kooltook railway station.

The Sharyzhalgay series is made up of old rocks of South-West
Cisbaikalia. They compose a so-called Sharyzhalgay bulge, which
strikes from the South-West end of Baikal North-West for 300 km
at a maximum width of 70 km and is, together with Aldan and Ana-
bar shields, an exposure of Archean foundation of the Siberian
platform.

Studies of the Sharyzhalgay series were taken up by N.I.Svi-
talsky, B.Z.Kolenko and continued by D.S.Korzhinsky heeding the -
discovery of facies conditions of metamorphic processes. Later
on there stratigraphy and metamorphism studies were carried out
by Yu.Z.Elizaryev, A.A.Shafeev, I.N.EKrylov et al.

By metamorphism manifestatiohé, fold deformations, magnetism
and metasomatosis there threé genetic rock groups are made out
formed on consecutive stages of its development: metamorphic,ult- *~
ra-metamorphic and postmagmatic. Granulite facies rocks are the
oldest, mainly represented by amphibole-bipyroxene, biotite-am-
phibole—hyperaﬁhane, biotite-amphibole-diopside and by essential-
ly amphibole plagioschists alternating with hypersthene-diopside,
biotite~hypersthene and biotite-garnet gneisses and marbles. The
granulite facies rock age detergined by a lead isochronous method
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on large gneiss samples, is 2.9-3.0 billion years (CoGoTOBHY M
ZAp., I965).

Rocks of the following, ultra-metamorphic stage have the
widest distribution over today's truncated Sharyzhalgay series.
They develop over ganulite facies rocks. The transformation of
initial rocks took place in the following sequence: crystalline
schist (gneiss) migmatized schist (gneiss) magmatite with
schist (gneiss) relicts shadow migmatite. In the areas of
continuous development of the shadow migmatites there a fusion
of granitoid magma took place. Basificates developed in conjunc-
tion with migmatites over most basic schists and gneisses. Co-
lumns of magnesial, alkaline-magnesial and calcerous skarns were
formed as intermediate products of the marble granitization. In
general, processes of ultra-metamorphic transformations mani-
fested themselves mainly as high-temperature regional metasoma-
tosis, accompanied by local fusion and crystallization of gra-
nitoid magma. The newly formed parageneses indicate that they
formed under conditions between granulite and amphibolite and
in those of an amphibolite facies of metamorphism. The absolute
rock age after a rubidium-strontium isochronous method is 1.8
billion years (I'epaudr, Bapmasckas, 1966).

Rocks of the postmagmatic stage are developed locally. They
compose zones, veinlets, veins and intersecting rocks of earlier
stages. Postmagmatic metasomatites are most widely distributed
in places of skarn development of the previous stage. They are
represented by magnesial and calcerous skarns (phlogopite, am-
phibole, garnet and wollastonite), clinozoisite metasomatites
and other varieties.

Quite widespread are formations of all three stages.Especial-
ly important is that the processes of postmagmatic metasomato-
sis were falrly intensive, resulting in the formation of phlo-
gopite-bearing metasomatites, specific nepheline rocks, metaso-
matites with gem spinel and other formations.

- Carbonate rocks do lie in a core of a'gently sloping Shoo-
mikha anticline, formed by an overlying body of lenticular-band-
ed charnockites. Investigators think these carbonate rocks to
be the deepest exposed part of the Sharyzhalgay series column
(Kpunos, Hapees, 1969). The main carbonate bed is 180-200 m
thick and the extent of its outcrop is 1.5 km. Within the bed
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limits there are thin (U.5-8 m) and usually highly boudined in-
terbeds of hornblende-pyroxene plagioschists, biotite and magne-
tite-pyroxene plagiogneisses. Besides, in the central part of the
exposure there carbonate rocks are intersected by a thin dike of
olivine basalt. Similar dikes are rather typical for Cisbaikalia.

Both the main bed and small interbeds of White Cutting carbo-
nate rocks at to-day's erosional truncation consist almost fully
of various products of ultra-metamorphic and postmagmatic trans—
formations of the initial marbles. Forsterite and spinel-forste—
rite calciphyres do predominete'and magnesial skarns are widely
distributed. The initial marbles have remained only as small re-
lict bodies of lense-like or isometric form. Dimensions of such
bodies do not exceed 1 x 3 m and rocks are almost wholly com-
posed of dolomite, i.e. represent dolomite marbles (Table 12,ana-
lysis 1). ;

Rocks forming over dolomite marbles at the ultra—metamorphic
stage may be divided into two groups by their geological posi-
tion: a) rocks observed outside the contacts with granitoids;b)
rocks located at the contacts of carbonate rocks and granitoids.
These two groups correspond to two phases of a single process of
dolomite marble granitization. The formation of earlier phase
rocks happened under the action of granitizing solutions before
the mass fusion of granitoid magma and occurred simultaneously
with the magmatic formation in the mass of crystalline schists.
Conditionally this phase is called 'migmatite'. The rock forma-
tion of the next phase proceeded according to the mechanism of
magmatic replacement over the fromtof a displacing magmatic melt.
Such & replacement mechanism is examined in the works of D.S.Kor-
zhinsky ( Kopzuuckuit, 1966), V.A.Zharikov (Hapuxos, 1968), L.I.
Shabynin ([aCuHuHE, 1973). This phase is named 'magmatic'.The re-
lations between Tocks of these two phases are not always simple.
But all metamorphic rocks have distinct relations with forma-
tions of the postmagmatic stage: the latter either develop over
them or form intersecting bodies therein.

At the migmatite phase do form forsterite and spinel-forste-
rite’ calcxphyres (Table 12, analysis 2) almost wholly displacing
beds of dolomite marbles and alsc zonal and non-zonal metasoma-
tite bodies of a vein, lense-like and pipe-like shape. The most
widely distributed rocks are monomineral pyroxene skarns,observed
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:ither as independent bodies or as bodies composing inner zones
f skarn columns. In the outer parts of the bodies there occur
orsterite and forsterite-pyroxene skarns. Less frequent are al-
aline-magnesial skarns with a zonal texture: (nepheline-potash
eldspar-calcite-pyroxene rock) - (nepheline-calcite-forsterite
‘ock) (Table 12, analysis 3) - (spinel-forsterite calciphyre) -
.dolomite marble).

Near contacts of marbles with crystalline schists and in thin
marble partings in the inner zones of the zonal bodies appears
spinel, femic minerals become more-ferriferous and aluminiferous;
the rock mineral composition and metasomatite body structure be-
comes more complicated. The following body structure is seen (Bca-
polite rock) - (scapolite-pyroxene rock) - (spinel-pyroxene-for-
sterite skarn) - (spinel-forsterite calciphyre) - (dolomite mar-
ble). A lower distribution have zonal bodies containing simulta-
neously anorthite, fassaite and spinel. Among the non-zonal vein
and lense-like skarn bodies there red, ruby and pink spinel is
widespread. Bed-like bodies up to 5 m thick, having: (migmatized
plagioschist) - (pyroxene-plagioclase rock) - (spinel-pyroxene
skarn) - (spinel-pyroxene-forsterite skarn) - (spinel-forsterite
calciphyre) are formed at the contact of dolomite marbles with
sverlying and underlying migmatized plagioschists.

Magmatic phase formations (Table 12, analyses 4, 5) are con-
fined to magmatic rock contacts. Their individual zones, especi-
ally the inner ones, quite often repeat distinctly contact con-
figurations: In the same metasomatite there thin granitoid apo-
physes are noted and granitoids contain metasomatite xenoliths
and do not carry any signs of changes connected with the metaso-
matite formation. These facts evidence a metasomatite rock for-
mation during the magmatic stage up to the full crystallization
of the magmatic melt. Magmatic rocks are represented in the car-
bonate body by syenites (Table 12, analysis 6) and granosyenites,
not so often by rocks of a nepheline-syenite composition,i.e. by
rocks of increased alkalinity. The appearance of such rocks ; is
doubtlessly connected with the influence of including dolomite
marbles, as within the limits of the whole Sharyzhalgay series,
consisting primarily of crystalline schists and gneisses do main-
ly develop biotite and amphibole-biotite granites.
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Various metasomatic rocks form during the ultra-metamorphic
stage within the following temperature intervals: 700-820°C, as
determined by the nepheline-feldspar thermometer ([lepuyk, 1970)
and 690-810°C, as determined by the calcite-magnesite thermome-
ter (Goldsmith, Newton, 1969). Highest temperatures are typical
for migmatic phase rocks. 3

The chemical orientation of dolomite marble transformation
processes at the ultra-metamorphic stage consists in supplying
Si, Al, Fe, K and Na and in substracting Ca, Mg, CO, (NleBunguit,
llerposa, I973).

Ragularities in marble replacements are demonstrated in the
simultaneous-consecutive developmént of metasomatic zoning. In-
ner zones of metasomatites are the closest in their composition
to those of granitoids. A gradual decrease of Si and Al content
and increase of Mg, Ca, CO2 directed from the inmner zones to
the outer ones is mostly noted. The Fe content and sometimes
that of Ca and Mg reaches maximum values in intermediate zones.
A wide distribution of metasomatic rocks of the migmatite phase,
containing nepheline, spinel, orthoclase, anorthite, pyroxene
evidences intensive additions by granitizing solutions of consi-
derable quantities of Na, K, Al and Si before the mass fusion
and intrusion of granitoids into the carbonate medium takes
place.

Metasomatic bodies of the postmagmatic stage are there wide-
ly distributed. After a detailed examination of geological re-
lations and of petrologo-geochemical peculiarities of rocks
from different stages it was-concluded that metasomatic proces-
ses of carbonate rock transformation from the ultra-metamorphic
stage to the postmagmatic one were single and continuous and
that different phases of mineral formation within the stage li-
mits are in all cases connected with alterations in  solution
chemical properties during the interaction with country rocks
and gradual temperature drop with time. Nevertheless, the iso-
lation of phases is quite expedient and justified, as it brings
a more concrete classification of various metasomatites.Detailed
studies of mutual relations between rocks and minerals put it
that all diverse rocks at the postmagmatic stage formed in six
conditional consecutive phases. Mineralogically there each phase
is characterized by a maximum development of definite minerals,
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but due to their widé chemical and thermodynamic fields of sta-
bility, it is possible that similar minerals appear in rocks of
several, especially adjacent, phases.
| Rocks of phase I develop over rocksof aquite different initi-
. al composition: over syenites, granosyenites, granites, magnesi-
al skarns, crystalline schists. In granitoids, deposited among
dolomite marbles, microclinization takes place, whereas these
rocks, deposited among schists, are subjected to scapolitization,
leading to a formation of essentially microcline and scapolite
rocks. Magnesial skarns undergo recrystallization, showing 1lit-
tle composition changes; very rarely, directly-proximata to cry-
stalline schists, they undergo scapolitization. Vein bodies of
spinel-pyroxene skarns are developed (Table 12, analysis 7) over
crystalline schists and granites, intersecting them. The replace-
ment of granitoid rocks by spinel-pyroxene skarns is accompanied
by scapolite rock formation in the outer parts of the body. The
zone thickness of scapolite rocks rises together with increasing
spinel-pyroxene skarn zone thickness. Nepheline containing meta-
somatitds in phase I of the postmagmatic stage do develop in the
inner parts of carbonate beds over the contacts of apodolomite
forsterite and spinel-forsterite calciphyres with syenites and
magnesial skarns, less frequently with schists and granosyenites.
They are observed as metasomatic zones, veins and veinlets.
Phlogopitization is displayed rather widely in phase II and
it leads to the formation of phlogopite-pyroxene (Table 12, ana-
lysis 8), phlogopite, phlogopite-calcite, phlogopite-pyroxene-
calcite and calecite-phlogopite-scapolite rocks. Clinchumite-cal-
cite rocks are formed during the same phase. Phlogopite parage-
. neses develop primarily over rocks of the magnesial skarn forma-
. tion; scapolite rocks continue developing over granitoids and
y syenites and nepheline-containing associations are replaced by
metagsomatites, containing sodalite, hackmanite, hauyne.Rocks witl
pargasite develop over basificates and basic crystalline schists.
Metasomatites form metasomatic zones, veinlets, bodies of an ir-
regular or patch-like shape. Areal phlogopitization is noted in
calciphyres. In some bodies, composed only of rocks of phase II
there an indistinctly expressed zoning is evident (from centre
to periphery): (pyroxene+phlogopite+calcite) - (phlogopite+cal-
cite); (phlogopite+scapolite+calcite) - (phlogopite+calcite).
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Metasomatites of phase III are less distributed than rocks of
phases I and II. Among these there are phlogopite-calcite, phlo-
gopite-pyroxene-calcite, pyroxene-calcite, pargasite and garnet-
containing associations, developing over rocks of a magnesial
skarn formation. Nepheline, sodalite, hackmanite and hauyne are
replaced by cancrinite in rocks of earlier phases. Metascmatites
of phase III compose mainly bodies of an irregular, patch-like
and spotty shape but rarely veinlets. ;

Among rocks of phase IV there the main ones are albite, ser-
pentine, clinozoisite and zoisite metasomatites, less frequent
are apocalciphyre tremolite and aposkarn epidotic rocks. The lat
ter are always enriched with sulphides: pyrite, galenite,chalco-
pyrite, molybdenite, pyrrhotite. Albite metasomatites develor
over syenites and other granitoids. They are represented by pro-
per albite and, less frequently, by actinolite-albite rocks. As
a rule serpentine metasomatites are formed over forsterite-con-
taining rocks, but clinozoisite and zoisite are formed over sca-
polite and garnet skarns and over crystalline schists. Metasom:
tites of this phase comppse small bodies of an irregular or veir
like shape and up to 0.5 m thick; blocks of zoisite and clino-
zoisite rocks of 1.5 x 4 m are rarely seen in crushed zones.Ths
thickness of serpentined rock zones reaches sometimes 20 m.

Rocks of phase V have an insignificant distribution.Among the
there are varieties formed over syenites and granosyenites:quart
-albite and quartz rocks, replacing magnesial skarns (quartz-car
bonate, essentially quartz and serpentine ones). All these rocks
form veinlets and thin veins intersecting formations of earlier
phases. The vein thickness reaches rarely 20 cm, usual are
first centimetres.

Phase VI metasomatites occur locally, forming very thin vein-
lets. These are zeolite rocks developing over mineral associa-
tions and containing feldspathoids and scapolite; serpentine-as-
bestos rocks do develop over dolomite marbles and calciphyres.

The rock formation during the postmagmatic stage was mainly
under an intensive redistribution of a majority of petrogenic
and rare elements among newly formed metasomatites. Only volatile
components and insignificantly some petrogenic elements were
brought into the zone of mineral formation by postmagmatic solu-
tions.
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Rock formation temperatures at the postmagmatic stage, as de-
termined by nepheline-feldspar and calcite-magnesite mineral
thermometers, are compared with temperatures obtained for simi-
lar parageneses in other regions and coincide with experimental
data for corresponding mineral associations. In the given case
there it is established that rocks of phase I were formed in the
temperature interval from 620-640 to 690-700°C; phase II - from
520-540 to 620-640°C; phase III - from 380-400 to 520-540°C;IV -
from 280-300 to 380-400°C; V - from 150-200 to 280-300°C; and VI
- from 50 to 150-200°C.

Rock-forming minerals

Many minerals are of a 'passing-through' type; they occur at
both ultra-metamorphic and postmagmatic stages. It is established
that the composition of the most is determined by the composition
of replacing rocks, geological position of the containing rocks
relative to the marble contact with schists and also by the mi-
neral position in this or that zone of the metasomatic column,
i.e. by mineral crystallization during definite stages and phases.
In this respect there valuable are changes in compositions of
such widespread minerals as pyroxene, spinel, calcite, phlogo-
pite.

Calcite - most widely distributed mineral among the White
Cutting rocks. From the earliest formations of the ultra-metamor-
phic stage.to the rocks of phase III of the postmagmatic stage
there its composition changes in such a way that the gquantity of
its magnezite component decreases regularly, while contents of
Fe, Mn, Ba, Sr, Cl1, La, N4, Y and Yb do increase. Similar regula-
rities are also established for calcites of zonal metasomatic bo-
dies: from the outer zones to the inner ones there in calcites
the share of Mg005 decreases and concentrations of Fe, Mn, Sr,Cl,
La, Na, Y, Yb incease.

Spinel is represented by grains and crystals of a varying co-
louring: colourless, lilac, red, blue, green and dark-green, al-
most black. As shown by analyses, the mineral colour is deter-
fmined mainly by its total ferruginity and in cases of low ferru-
ginity - by the ratio of di- and trivalent iron and chrome con-
. tent (Table 13, analyses 4, 5, 6). Ihe spinel composition on the
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whole, its ferruginity in particular, depends on the composition
of the containing medium to a considerably larger extent than on
the composition of other minerals. In other words, it depends on
the geological position of metasomatite bodies with respect to
the marble bed contact with overlying and underlying schists.Spi-
nels with the highest ferruginity (£=22-31%) are typical for spi-
nel-pyroxene skarns that have developed.directly at the contact
of the carbonate body with overlying or underlying magmatized
schists. The spinel ferruginity decreases from the contact and
in spine-forsterite calciphyres, in the central part of the car-
bonate bed, it does not exceed 9, altering within an interval of
£=3-9%. At such a low ferruginity and absolute predominance of
bivalent iron there spinel is either colourless or bluish. The
presence of 01-205 concentrations (from 0.3 to 1.5%) in spinel of
a low ferruginity produces reddish shades - there are crystals of
pink, lilac and ruby colours. The appearance of green shades is
connected with the presence of trivalent iron in spinel;with the
growth of total ferruginity and the absolute content of trivalent
iron there the intensity of green colour increases. At f£=31 and
F9205 content = 2.6% (Table 13, analysis 6) spinel becomes al-
most black.

In zonal metasomatic bodies of the ultra-metamorphic stage
there the spinel ferruginity decreases from the inner zones to
the outer ones. In postmagmatic stage formations there exists a
direct correlation between the spinel ferruginity of a newly
formed paragenesis and that of the replaced rock.

Pyroxene, along with spinel, is one of the main rock-forming
minerals in metasomatites of the White Cutting. Due to the nume-
rous variations in chemical composition its segregations have an
extremely variable colouring: white, grey, pink (crimson) and
green of a various intensity up to dark-green, almost black. As
to spinel there the pyroxene colouring depends mainly on its to-
tal ferruginity and at a low ferruginity - on concentrations of
admixed elements. The pyroxene ferrugiﬁity depends to a great
extent on the geological position of the containing parageneses
relative to the -contact of the carbonate bed with schists. The
low ferruginity varieties are present in the central part of the
body and highly ferriferous - adjacent to the contact. Pyroxenes
of inner zones of metasomatic bodies of the ultra-metamorphic
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stage are characterized by a higher ferruginity than ﬁyroxenes
of outer zones. A clear tendency in pyroxenes is revealed of re
duction in iron, alumina, manganese and titanium contents fron
the earlier stages to the later ones (Table 13, analyses 1-3).
Nepbelines of the White Cutting rocks, as nephelines from al-
t kaline rocks of other areas, are characterized by alkaline defi-
cilt and silicic acid excess. Nephelines in ultra-metamorphic
stage rocks are less ordered in comparison with nephelines of
postmagmatic stage formation. A direct correlation is regi-
stered between nepheline ordering and its formation temperature.
Phiogopite is one of the most widely distributed minerals
crystallizing during the postmagmatic stage. Its composition de-
pends to a very great extent on the composition of the rocks to
be replaced. It is established that most aluminiferous phlogo-
pites develop over rocks enriched with alumina: nepheline-,
anorthite-~ and spinel-containing metasomatites; less aluminife-
rous - over pyroxene skarns. Phlogopites replacing spinel-pyro-
xene skarns at the contact of the carbonate bed with overlying
schists are characterized by the highest ferruginity. Replacing
rocks of a similar composition, phlogopites from rocks of phase
II do always contain more Ba. They have a higher ferruginity and
lower concentrations of F than phlogopites of phase III. At a
simple recrystallization (phase II phlogopite phase III phlo-
gopite) there an increase in alumina content and decrease in Ba
concentrations and total ferruginity in phlogopite is noted.

! ROUTE DESCRIPTION

! (Pig.15)

Stop 1. An exposure in the extreme South-West part of the
White Cutting near the 105 km railway mark. Leucocratic coarse-
grained and mesolithic medium-grained syenites are intersected
in the exposure by veinlets, metasomatic zones and thin veins of
nepheline-potash feldspar-pyroxene rocks of the postmagmatic
stage (phase I). In the Eastern (right-hand) part of the expo-
sure there nepheline-potash feldspar-pyroxene rock bodies have a
more complex shape than in the left-hand part, where veinlets
with straight line contacts predominate.
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Nepheline-potash feldspar-pyroxene rocks are replaced partly
by phlogopite-pyroxene rocks, forming veinlets and patches of
various shape. In places of crossings with pyroxene-containing
rocks there the veins are enriched with pyroxene, while in phlo-
gopite-containing rocks phlogopite predominates in the veins.In
some places there is a recrystallization of rocks with a forma-
tion of coarse-grained and gigantic-grained calcite . patches
holding pyroxene and phlogopite.

Stop 2. The exposure is located at the edge of lake Baikal.

A stock-like body of coarse-grained leucocratic syenites is ob-
served in apodolomite calciphyres. It contains differently
shaped block inclusions of pyroxene skarns. Nepheline rocks are
developed at the contacts of syenites and skarms.

Btop 3. In spinel-forsterite calciphyres there is a body of
syenites, varying in mineral composition from leucocratic to me-
lanocratic, and by texture and structure - from fine-grained to
coarse-grained and from massive to banded. Numerous blocks of
erystalline schists are noted therein. Both gradual and sharp
contrasts exist between syenites and schists. A zone of nephe-
line-containing rocks does always exist between syenites and
carbonate rocks. In the case of horizontal contacts between sye-
nites and marbles there forms only a single zone of metasomatic
potash feldspar-pyroxene rocks and in the case of the wvertical
ones - a series of zones: (pyroxene-syenite) - (nepheline-potash
feldspar-pyroxene rock) - (nepheline-forsterite rock) - (forste-
rite skarn) - (spinel-forsterite calciphyre) - (dolomite mar-
ble). The zone thickness at vertical contacts is considerably
smaller than at horizontal ones. Block inclusions of pyroxene
skarns in syenites are always surrounded by a zone of nepheline-
containing rocks.

Stop 4. In this exposure, among usual spinel-forsterite cal-
ciphyres, skarn bodies with red-coloured spinel and, less fre-
quéntly, with bright-green chrome-diopside can be seen. The red
colouring is caused by chrome admixture. In spinels with the
brightest ruby colour there is 1.4% of Cr205. The reduction of
Crao3 content to 0.3% makes spinel colouring pale and 1lilac
tones predominate. The spinel recrystallization goes with a re-
duction of Cr,05 content and that of colour intensity from ruby
to lilac or to colourless.
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Stop 5. In the central part of the White Cutting, among a ce-

. menting mass consisting of calcite, mica and clinozoisite, there

are numerous bodies of lenticular and spherical shape having in
various cases scapolite, nepheline, phlogopite, sodalite,cancri-
nite, amphibole, zoisite and clinozoisite. Relicts of non-re-—

.~ placed fragments of earlier rocks - syenites, skarns and calci-
phyres are also there.

Stop 6. Among spinel-forsterite calciphyres there two verti-
cally separated outcrops of pyroxene syenites are noted. In the
upper part of the exposure there are block inclusions of cry-
stalline schists in syenites. Texture and structure of syenites

.~ in contacts with schists vary considerably and they are replaced

by monomineral black pyroxene skarns, in which injected veinlets

- of megmatic material are visible. At the contacts of syenites

and carbonate rocks one notes nepheline-potash feidsparhpyroxene
rocks. Of a later period are veinlets and rims of phlogopite
rocks developing over nepheline-potash feldspar-pyroxene rocks.

In the lower part of the exposure, at the contact of syenites
with carbonate rocks, pyroxene skarns are formed also. But here-
is constantly a very thin zone of nepheline rock between sye-
nites and pyroxene skarns. Syenites and pyroxene skarns are in-
tersected by veinlets of nepheline-potash feldspar-pyroxene and
nepheline-potash feldspar-calcite rocks. Veinlets and patches of
sodalite-containing metasomatites occur at places of an intensive
development of nepheline rocks. At the same stop there are bo-
dies of alkali-magnesial skarns possessing the following zonal
structure (from inner zones to outer ones): (nepheline-potash
feldspar-calcite-pyroxene rock) - (nepheline-calcite-forsterite
rock) - (spinel-forsterite calciphyre) - (dolomite marble).

Stop 7. In spinel-fousterite calciphyres there are numerous
metasomatic rock bodies. These bodies are either wholly composed
of monomineral pyroxene skarns or have a zonal structure: in the
central part - monomineral pyroxene skarns, followed by a narrow
small zone of forsterite-pyroxene or forsterite skarns. Pyroxene
in skarns is represented by diopsides with a low ferruginity (f=
O.4=2) and a low alumina content (A1205=0.21-1.5%). Intersecting
veinlets of phlogopite rocks also met with are composed of like-
wise low-ferriferous and alumina-containing phlogopites, especi-
ally in comparison with phlogopites developed over nepheline-,
anorthite- and spinel-containing rocks.
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In the same section there is a larze block of hornblende-py-
roxene crystalline schists. Leucocratic isolations appearing lo-
cally in schists consist of nephelins, orthoclase and pyroxene.
Fotash feldspar-pyroxene and nepheline-potash feldspar-pyroxene
rocks predominate in such isolations. i'hese rocks are migmatites
formed over crystalline schists under the action of granitizing
solutions prior to magma fusion: thesesrocks and schists are in-
tersected by syerite veln bodies. ihe later formations here are
veinlets and patches of pyroxene skarns and scapolite rocks with
a highly ferriferous spinel (f=31) and pyroxene (£=14). In soms
places all these rocks are recrystallized with a formation of
gigantic- and coarse-grained phlogopite-pyroxene-calcite rocks.

Pyroxen=z skarms, spinel-pyroxene rocks, calciphyres, syenites
and crystalline schists are intersected in this area by veinlets
of guartz-carbonate rocks.

Stop 8. 1This exposure is located at the extreme North-East
part of the white Cutting. At the contact of the carbonate bed
with overl ying nigmatized dinyroxene plagioschists there is a
bed-like body of syenites with frequent pinches. Alomg the whole
contact, both with granites and with migmatized schists, magnesi-
al skarns develop with the following zonal structure: (pyroxene-
plagioclase rock) - (spinel-pyroxenc skarn) - (spinel— pyroxene-
forsterite skarn) - (spinel-forsterite calciphyre) - (dolomite
marble). The zone thickness increases in the case of flattening-
out of the contacts and with the increase of the schist magmati-
zation degree. Skarns developed in contact with syenites are cha-
racterized by the largest thickness. Magmatic rocks in schists
and migmatites are represented by leucocratic granites, and near
carbonate beds or therein - by syenites. Minerals in zonal meta-
somatic bodies show regular changes in composition. From the in-
ner zones of metasomatites towards outer ones there in pyroxenes
is a decrease of ferruginity and A1203 content and in spinels -
that of ferruginity.

In the given stop, observations carried out at a distance
from the contact with overlying crystalline schists show meta-
somatites of different zoning in calciphyres. Two types of zonal
bodies predominate. The first type are pipe-shaped skarn bodies
developed outside the contact with magmatic rocks and having the
following structure:

I19%




(scapolite rock) - (scapolite-pyroxene rock) - (spinel-pyroxene-
forsterite skarn) - (spinel-forsterité calciphyre) - (dolomite
marble). Bodies of the second type are observed at the contact
with magmatic rocks. They have the following zonal sttucture:
(pyroxene syenite) - (spinel-scapolite-pyroxene skarn) - (spinel-
pyroxene-forsterite skarn) - (spinel-forsterite calciphyre) -
(dolomite marble). Spinel-pyroxene skarns and syenites are re-
placed during the ﬂﬂlcwiﬁg,processes by scapolite and phlogopite
rocks. In some places there is recrystallization of skarns with
a formation of coarse-grained and gigantic-grained varieties. In
the process of recrystallization of earlier skarns there spinel
and pyroxene ferruginity decreases. y
Stop 9. Charnokites, granites and basificates are intersected

by sub-parallel phlogopite veins. Vein bodies are formed over
charnockites and granites. From outer zones toward inner ones
there is the following zoning: (unaltered charnockite or granite)
- (scapolite rock) - (spinel-pyroxene skarn). The scapolite zone
does not exist in basificates and basic crystalline schists. The
zone thickness of scapolite rocks in granitoids and charnockites
is maximum at the vertical contacts and minimal at the horizon-
-tal ones. Phlogopite-pyroxene rocks are later formations.The ear-
ly development of spinel-pyroxene skarns in relation to phlogo-
pite-pyroxene rocks is confirmed, on the one hand, by the dis-
tribution of spinel-pyroxene vein bodies without traces of their
phlogopitization and, on the other hand, by the presence of  re-
lict unreplaced blocks of sbinel—pyroxene skarns in  phlogopite-
pyroxene rocks. Phlogopite-pyroxene and phlogopite-pyrexene-cal-
cite coarse-grained rocks are present in the same section. They
were formed in the course of recrystallization of Tine-grained
phlogopite-pyroxenc rocks into the following phase of the post-
magmatic stage. .
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A.A.Konev, B.M.Shmakin, A.W.Ivanov

MINERAL ASSOCIATIONS OF TAZHERAN
(Western coast of Baikal between Aya and Uhlan-Noor capes)

The Tazheran alkaline massif concerns a skarn minerals asso-—
ciation with some new and rare facies. Numerous minerals are
characteristic also of other rocks there and especially of gra-
nite pegmatites. This brief paper is given to these two com—
plexes, but a more detailed information on geology,petrology and
mineralogy of the area runs in a monograph (Kones,CamoitioB, I1974)
and a number of articles (liBaHOB,ilMakus, 1969;HoHeB u Zp., I969,
I970; CauoitmoB u Koues, I974; lMakui @ zp., I973).

Geological peculiarities of the Tazheran alkaline massif
; The Tazheran heterogenic massif is on the Western shore of
Baikal near the Olkhon island. It has only 4 lkm in diameter, and
its South-East part is sheared by a shore fault and subsided up-
on the bottom of Baikal.

The massif consists of gabbroids, alkaline and nepheline sye-
nites and intersecting veins of graniteé pegmatites. /ide fields
of hornfels and skarns represent roof remnants of schist-carbo-
nate rocks, belonging to the Pre-Cambrian Olkhon series. Country
rocks are metamorphosed in conditions of the amphibolite and
granulite facies of metamorphism and at the massif top there
they were subject to additional thermal metamorphism and meta-
somatosis (Fig.16).
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There are no close genetic ties between the massif rocks
since they were formed at different periods and in different
depths. The gabbroid intrusion took place in the Upper Protero-
zoic under mean-abyssal fonditions. It produced a dome-like
structure into which alkgline and nepheline syenites intruded
during Paleozoic. Their formation proceeded under low-abyssal
conditions. Numerous fissures were later filled with granite
magma, forming hundreds of] pegmatite veins.

As the schematic map of' the massif shows (Fig.16), there is
no monolithic intrusive body at the modern truncation, but an
injection field rather, where numerous lenses and sills of al-
kaline and nepheline syenites intersect country rocks or,on the
contrary, xenoliths of the latper are in larger intrusive bo-

. dies. This gave favourable conditions for heating and transfor-

mation of country rocks. But 1n\the mean-abyssal conditions
there gabbroid magma has caused‘only a schist gabbroization.
Alkaline magma had a stronger influence on the roof rocks.Dolo-
mites were converted into brucite . (apopericlase) marbles and
various skarns, and schists - into hornfels of a different com-
position.

Pre-Cambrian country rocks were composed of crystalline
schists of a plagioamphibole, plagiodiopside and plagiobipyro-
xene composition and also of almandine-biotite and quartz-sil-
limanite schists, quartzites, marbles, dolomites, and quartz-—
wollastonite carbonate rocks with apatite.

Gabbroids are represented by olivine gabbro and gabbro-no-
rite,ore pyroxenites, gabbro-diorites, diorites. Gradual tran-
§sitions from gabbroids to plagioamphibole schists are characte-
ristic,‘indicating a gabbroization of the latter. But in some

cases there one observes sharp intersecting contacts.

Alkaline syendites are trachytoid medium-
and coarse-crystalline rocks consisting of K-Na feldspar (40-
60% albite component) and natrium augite. Occasionally biotite
develops therein especlally during the gneissification of sye-
nites.

Nepheline syenites are mainly trachytoid
medium-crystalline rocks consisting of K-Na feldspar, nepheline
and aegirine-augite (18% of aegirine minal). During gneissifi-
cation there feldspar disintegrates into albite and microcline
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and pyroxene is replaced by biotite and rarely by hastingsite.
Infrequently there ferriferous olivine and barkevikite occur in
nepheline syenites. An almost complete absence of presence of
cancrinite is characteristic.

Skarn associations of Tazheran

Skarn rocks which developed over dolomites are quite diverse.
This diversity reflects a complicated history of magnesial-skam
formation, including both magmatic and postmagmatic stages and
a consecutive change in the mineral formation nature - magnesi-
al, calcic and alkaline. Differences in geological conditions
of skarn formation also. imposed various skarn types: in particu-
lar, some skarns developed directly along body contacts of alka-
line and nepheline syenites, while others formed as vein and
pipe-like bodies among brucite marbles, i.e. at a considerable
distance from magmatic bodies.

Scheme 1 gives Tazheran magnesial-skarn formation and scheme
2 shows the association of hornfels and calcareous skarns deve-
loping over silicate and silicate-carbonate rocks.

'he most typical reaction column for contact type skarns is:
alkaline (or nepheline) syenite —»spinel-fassaite skarn — spi-
nel-forsterite skarn —brucite marble. Sometimes there is mo
rear spinel-fassaite zone and alkaline syenites come into direct
contact with spinel-forsterite skarns. In cases of nepheline sye-
nites there an urtite-ijolite zone is often developed instead of
spinel-fassaite skarns. The urtite-ijolite zone does sometimes
contain relicts of spinel-fassaite skarn, but apparently more
often urtité—ijolites have developed directly after the spinel-
forsterite zone. It seems that omissions of certain zones in the
column evidence  their unsimultaneous generation.

In vein and pipe-like types of skarns there most often 'two
kinds of columns occur: a) spinel-forsterite skarn ——forsterite
calciphyre —=brucite marble and b) diopside skarn —=monticellite
skarn -~forsterite calciphyre-——brucite marble, which are diffe-
rentiated by presence of spinel in the first variety.In a skarn
type column without spinel there the akermanite-monticellite zone
develops after the monticellite one. Both skarn varieties are
often intersected by alkaline syenites which proves their forma-
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Magnesial-skarn formation of Tazheran
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Hornfels associations and calcareous skarns
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tion during the magmatic stage.

After the akermanite-monticellite paragenesis there a possi-
ble skarn process temperature is estimated as 850-880°C at a par-
tial CO2 pressure below 0.5 kb. In contact type skarns there the
CO, pressure was higher at the same temperature, preventing 'here
akermanite and monticellite formation.

With temperature fall there skarns were 'subject to various
changes resulting in apomagnesial calcareous skarns, alkaline
skarns and transformed magnesial skarns given in scheme 1.4As the
alkaline and nepheline syenite consolidation temperature was
about 60U°C so these changes occurred mainly during the magmatic
stage.

Similar mineral formation phases of the magmatic stage are:
magnesial, calcic and alkaline, fixed also for associations of
hornfels and calcareous skarns (schemk 2).

A brief characteristic of skarn minerals

The mineral association character in various rock types of
the Yazheran heterogenic massif is given in Table 14. There are
main rock-forming minerals of magnesial-skarn and calcareous-
gskarn formations along with most interesting secondary and acces-—
sory minerals therein. Chemical analyses of minerals are shown in
Tables 15 and 16.

Spinel. The spinel ferruginity varies in the contact type of
skarns from 32 to 15, and in the vein one - from 3 to 8%. It de-
creases from the intrusive body. Macroscopically spinel is black,
colourless, blue, violet or red. The widely developed lilac va-
riety contains up to 2% titanium.

Forsterite. Contains up to 8% of fayalit'e component. Forste-
rite forms crystals of up to 3 cm. Colourless, yellow, red. Re-
placed by serpentine and deweylite, occasionally humite and cli-
nohumite.

Magnesioferrite. There is no magnetite in magnesial skarns,
but magnesioferrite. In some cases it is a rock-forming mineral
in spinel-forsterite skarns of the contact type. Crystallizes la-
ter than spinel and forsterite. Magnesioferrite content varies
from 60 to 75%. Chemical analysis is given in Table 6.
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Diopside. Characterized by standard optical constants and
chemical composition. Ferruginity is 0-5%. Colourless, yellow-
ish, green. Sometimes has a bright blue colouring.

Fassaite. Characteristic pyroxene of the rear skarn zones.
Contains 6-7% alumina, ferruginity is 8-25%. Colour from bottle-
green to black.

Titanfassaite. Differs from fassaite by a higher content of
titanium (up to 4%). Colour from brown to crimson. Developed in
some pipe-like bodies and at the contacts of nepheline syenites.
Contains up to 10% alumina. A low angle of the optical axis (2V=
+28°) is characteristic.

Titanferrofassaite. As to crimson titanfassaite it is macro-
scopically black, contains up to 3% titanium didxide and  7-9%
of alumina. Ferruginity is 20-30%. Developed as large masses
over hornfels of gabbro composition.

Milky-white, brown, yellow; ferruginity varies from O to 7%.Mag-
nesial kirschsteinite is monticellite containing 52% ferromonti-
cellite and glaucochroite components. It is in the paragenesis
%ogether with kalsilite in garnet-wollastonite-melilite skarns.
A higher ferruginity monticellite (75% of ferrimonticellite) was
only found in Congo nephelinites.

Akermanite. Occurs in pipe-like skarns. Contains 95% of aker-
manite minal and 5% of ia-melilite. Ferruginity is 2%. Melilite
from wollastonite-melilite skarns differs by a higher content of
Na-melilite (39%) and helenite (4%).

Humite and clinohumite. Main minerals in certain types of
skarns and calciphyres. Vary as colourless, orange and yellow.
Ferruginity changes from O to 8%.

FPhlogopite. Ferruginity from O to 25%; colourless to black.
When phlogopite is developed over titanium-containing spinel-for-
sterite skarns, its colour becomes light-brown due to the pre-
sence of 1.5% of titanium dioxide. In the hypergenesis zone there
it passes into vermiculite.

skarns. Optical properties and composition are standard. VWollas-
tonite is feplaced by pectolite and afwillite.

Garnets. Vary in composition from pure grossular to andradite
with a 85% ferriferous component content. In wollastonite-meli-
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lite skarns there melanite is also developed, partly replaced by
grossular.

Parpgasite. Developed over fassaite. Facroscopically green, in
thin sections colourless: ferruginity 5-10%. Nephelinization al-
ways comes after pargasitization.

Vesuvianite. Closely connected with pargasite and garnets.Ma-
croscopically brown (ferruginity 19%), yellow, pink. It is sig-
nificant that a rather aluminiferous vesuvianite (A1205 - 20%)
is developed over non-alumina diopside skarns.

Xanthophyllite. Colourless mica with Im=1.657. Associates
closely with vesuvianite and pargasite, sometimes with phlogo-
pite.

Cuspidine. A well developed mineral at lazheran, indicating
an increased fluorine potential at the final formation stages of
some skarns. Optical constants are standard.
numerous vein skarns, crystallizing during final formation sta-
zes. Mineral of the apatite group, in which over half of phos-
phorus positions are substituted by silicon, sulphur and carbon.
It is apparently a typomorphic mineral of magnesial-skarn forma-
tion in low depths.

Clinozoisite. Often forms accumulations in near-skarn rocks
developed over syenites. Characterized by a bright pink colour.

Scapolite. As clinozoisite it is a near-skarn mineral. Often
produces a blue colouring of rocks. Meionite content varies from
50 to 70%. Together with clinozoisite, scapolite develops before
nepheline and is replaced by the latter.

. Titanium-zirconium mineralization at Tazheran is interesting,
developed mostly in spinel-containing magnesial skarns. Among ti-
tanium-zirconium minerals we observe typical 'carbonatite' ones;
calcirite and baddeleyite, and also a new mineral - tasgheranite,
which was discovered in carbonatites also (CamoinoB, KoHes,1974).
Their crystallization followed in the above-mentioned order all
of them being fairly high-temperature minerals. Their development
indicates a high potential of zirconium and titanium upon magne-
sial skarn formation.

Tazheranite. A new mineral of Tazheran, where it is widely
distributed as an accessory admixture. Forms round grains and
isometric crystals of 0.01-0.2 mm rarely up to 1.5 mm in diame-
ter. Colour is orange and red, lustre is greasy, adamantine.
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The composition is close to that of calcirtite, but differs
by a trivalent form of the most titanium therein. As against te-
tragonal calciritite there tazheranite is cubical. The crystallo-
chemical formula of tazheranite is:

3+ 4+ 3+
(Zr; 36080, 79719, 700, 13420.067€0.054.07%. 97

It indicates an oxygen deficiency in comparison witﬁ its
theoretical quantitj required for a face-centered cubic cell.It
is supposed that the tazheranite lattice has hollows similar to
those of artificially stabilized zirconium dioxide. We consider
tazheranite as an example of a natural cubic zirconium dioxide
stabilized by trivalent titanium and calcium.

The presence of trivalent titanium indicates reductive condi-
tions of skarn formation. It is not accidental that pyrrhotite
is widely developed therein and also graphite is met with.

Geikielite is a rare mineral, but is largely developed there.
Its quantity in rocks reaches 5%, crystal size - 5 mm. Macrosco-
pically black, in thin sections ruby-red. Its crystallochemical
formula is:

2+ & 34 ;
(M&4  8667¢0.078"20.00971.953 (11, 859780, 21972.078%

In contact spinel-forsterite skarns there picroilmenite is de-
veloped instead of giekielite. Differs from giekielite with cry-
stallizing earlier than spinél.

Perovskite is formed after and over geikielite in calcite-
phlogopite and nephelinized rocks developed over spinel-forste-
rite skarns. Sometimes perovskite forms crystals unique in size
(up to 1.5 cm) of octahedral and cubic habit. Unusual transparent
crystals of grey and red colour were noted.

Azoproite and titanic ludwigite. Borate mineralization com-
pleted skarn formation process. Usually confined to calcite vein—
lets intersecting spinel-forsterite skarns. Total quantity of
azoproite and titanic ludwigite varies from 1 to 70%. Their long
prismatic crystals have dimensions from 0.1 x1mm to 5 x 20 mm;
colour is black. A heterovalent isomorphism of 2Fe5+;;::M3+T14+
takes place. Specimens with 65 and 39% of MgTi component  were
studied: azoproite and titanic ludwigite. Chemical analyses cal-
culation results in these formulae:
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Azoproite:

2+ ; At
Mgy onFeq, 53M, 0109, 81(Feq 4gTiq 43481 0003, 9284 06%20
Titanic ludwigite:

2+
[Mgs,ssFl,fs MnG.DS [‘uu u fs 1.98 (FezmT'quMgsz 0.20 )5.9‘2 Bll.l'). 0 203

An isomorphism of such a type is also established in a Jlunar
mineral - armakolite. It can possibly take place in titanic
biotites, amphiboles and pyroxenes.

As to sulphide mineralization there a wide distribution of
pyrrhotite in many types of skarns is characteristic of Tazheran,
especially in titanium-fassaite ones with trivalent titanium in
pyroxenes and in spinel-forsterite ones with a trivalent tazhe-
ranite.

Troilite and djerfisherite should be specially mentioned.Tro-
ilite was never noted in skarns and until lately was. considered
as a meteorite mineral. Djerfisherite, a complex sulphide of po-
tash and iron, was also originally found in meteorites and then
in Talnakh ores (Norilsk region) and in nepheline rocks of Khi-
bin (Kola peninsula). Its third earthly occurrence is at Tazhe-
ran where its composition is fairly close to the meteorite one,
differing so from the other two findings. Its formula is:

A
Ks00(CuogoNGg0sC00.07)005 (Fe, o Nig16 L0046l a7 (Sis.e5 Closs ) no

Besides, djerfisherite is in close connection with troilite
and kalsilite in garnet-wollastonite-melilite skarns.

Granites and pegmatites

Acid magmatic rocks are widely manifested within the Tazhe-
ran massif. There are metamorphic pegmatites of Pre-Cambrian age,
granites of the Aya Paleozoic complex and associated pegmatites.
In the watershed area between the Ust-Anga bay and Aya bight
there the Aya granite massif, containing pegmatite bodies, is ex-
posed on the Baikal shore of about 4 sq.km. ( BaHOB ¥ Ap., 1976).

Granite and pegmatite veins occur within the Tazheran alkaline
gabbro-syenite massif, including amazonite-containing pegmatite
bodies (llMaKUH ¥ ZAp., 1973). They are genetically and spatial-
ly connected with the Aya massif.
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The apparent contacts of the Aya massif are mostly tectonic;
vein bodies within have intrusive contacts or gradual transi-
tions into country granites. The massif formation took place un-
der subplatform conditions after the consolidation of regional
folding.

The lower part of the massif is composed of biofite granites
with a weakly expressed gneissic structure gently subsiding to
the West. Leucocratic granites are higher up including areas of
albite granites (Fig.17).

Biotite granites have a fairly stable composition: potash
feldspar (35-45%), plagioclase No,25-30 (25-30%), quartz (30-
35%), biotite (2-6%), hornblende (0-3%). There are also musco-—
vite, garnet, apatite, tourmaline, and magnetite. Leu-
cocratic granites are characterized by a more variable composi-
tion: potash feldspar (25-30%), plagioclase No.10-25 or albite
(25-50%), quartz (20-40%). Albite granites consist of albite (uwp
to 70%), quartz(10-20%) and microcline (up to 20%). Accessory
minerals in leucocratic and albite granites are almost the same
as in biotite ones: garnet, magnetite, fluorite, muscovite. The
chemical composition of granites is as follows (in brackets -
numbers of analyses):

Components |- Losses
510, 41,0; Fe,0; Ca0 Mg0 K,0 Na,0|of ig-
m\ AT 5 R, o i *2 | nition

Biotite (8) 73.37 13.87 1.40 0.60 0.23 5.31 4.49| 0.60
Leucocratic (5)]|72.79 14.14 1.24 0.42 0.12 5.48 5.25| 0.47
Albite (2) 70.35 16.78 0.46 0.12 0.02 4.55 7.36| 0.36

Additionally are determined: in biotite granites TiO2 - 0.09;
MnO - 0.04; P205 - 0.07; in leucocratic granites '1in2 - 0.07;Mn0
- 0.02.

Among granites there are pegmatite and quartz veins, the majo-
rity of them occurring in biotite granites. There are no vein
formations in albite granites. Pegmatites from leucocratic gra-
nites differ from others by absence of sharply intersecting con-
tacts, large body dimensions and varying mineralization. As a
rule, amazonite is present together with white-coloured micro-
cline. Of accessory minerals there are garnet, tourmaline, fluo-
rite. A gradual transition from pegmatites to granites is cha-
racteristic. Body dimensions are not large.
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In contrast to the veins described above, pegmatite veins with-
in the alkaline gabbro-syenite massif (Uhlan-Noor bay) ara charac-
terized by sharp cutting contacts with metamprphic rocks,gabbroids
and syenites. Body dimensions here are up to several hundred me-
tres long and 50 m thick. With that veins without amazonite are
usually thin, while amazonite-containing bodies are thick, with a
well manifested zonality.

In the mineral composition of veins, in addition to the rock-
forming potash feldspar, plagioclase, quartz, hornblende and bio-
tite, there are muscovite, garnet, tourmaline, sphene,allanite and
numercus other accessory minerals (listed in Table 14). The potash
feldspar in the vein centre often forms large idiomorphic crystals
of bluish-green. Large segregations of black tourmaline and red
garnet also occur here, imparting a bright colour range to pegma-
tite. Albitization processes are intensively manifested.

Pegmatite textures are rather various: aplite-like, hypidiomor-
phic, graphic, apographic, block etc. At the vein contacts with
country rocks and xenoliths there are well expressed alternation
processes in exocontacts, including formation of skarn mineraliza-
tion in marbles.

Brief characteristic of pegmatite minerals

Potash feldspar is usually represented by microcline (X=ray
triclinicity 0.90-0.98), often with perthite ingrowths. Amazonite
colouring’ in potash feldspar is not uniform. Crystal faces and sec-
tions adjoining intersecting albite veinlets are of a deeper co=-
lour. A special study of the elements-admixtures (llMaxus #u Zp.,
1973) showed that average concentrations of Ba, Rb, Cs and Pb in
grey and green potash feldspar is approximately the same (%):

Q-ty X-r
 A-Tay
Colour Bm‘giea Ba Rb Os Pb trlﬂlinicity
Grey 16- 0.070 0.26 0.020 0.003 0.90—0.95
Green 15 0.055 0.29 0.020 0.007 | 0.95-0.98

Certain differences in the ordering degree of potash feldspar
and amazonite allow there to be a connection between colour ap-

209



pearance and processes of lattice ordering. The study of gaseous-
liquid inclusions in minerals shows that amazonitation  (recry-
stallization of potash feldspar with ordering and small growth of
Pb content) occurred simultaneously with late albitization at a
temperature of 200-250°C.

Biotite is represented by a highly ferriferous yariety, its
pleochroism is in green shades. Nm=1.675-1.683%. Biotite of simi-
lar composition occurs in amazonite pegmatites of Ilmen mountains
in the Urale. Alkaline elements-admixtures content in  biotites
are: Rb 0.14-0.72%; Cs 0.01-0.8%.

Garnet belongs to the row of almandine-spessartine, with a
nearly equal content of both components, plus 2-3% of pyrope mi-
nal. Forms rhombic-dodecahedral crystals of a fairly large size -
up to 2 cm in diameter.

Allanite is widely distributed in pegmatites. Its crystals
sometimes reach 10-15 cm in length with sections up to 5 x 20 mm.
Composition of one of the crystals is: (%): SiO2 50.06.']3102 Ta55s
A1203 11.85, Feeo3 8252, T3205 18.96, FeO 8.86, Ca0 11.85, Mg0
1.32, Mn0 2.13, NaEO 025 nao 0.20, H20 2.47, Th02'1.54. total
99,52. Among the rare-earth elements cerium and lanthanum predo-
minate. ‘

Tourmsline forms characteristic subgraphic intergrowths with
quartz and idiomorphic crystals. By composition belongs to schorls.
In one of the specimens were determined (%)s 3.08 F3203;10.69 FeO;
0.31 MnO; 0.31 CaO; 0.77 Na 03 0.68 Ti0;.

Sphene occurs in the shape of small idiomorphic crystals in
feldspars or forms large round segregations up %o 6 cm in diameter
without sharply expressed faces. Colour is light-brown, less fre-
quent is dark-brown. :

Concluding these characteristics we should yet say that secon-
dary and low-temperature hydrothermal minerals are widely deve-
loped at Tazheran and also those of the crust of weathering (see
Tgble 14). One is especially interesting - brucite, widely deve-
loped in apopericlase brucite marbles. Brucite development over
periclase and not over dolomite is proved by specific forms of
pseudomorphs having a concentrically-zonal ('onion') structure
and by the fact that there are indications of their pressure on
calcite as the brucite volume is larger by 18% than that of peri-
clase. It is usually brown, pure-magnesial, but sometimes there
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are metasomatic zones of greenish brucite containing up to 10%
of ferriferous component, i.e., ferrobrucite. i

The Tazheran massif route

Stop 1. The route starts on the slope of the mountain Mramor-
naya (Marble mountain) in the central part of the massif (Fig.
16). Reaction rim of titanferrofassaite rocks is well exposed
here, developed between dolomite—containing marbles and hornfels
of gabbro composition. Rim thickness reaches 5 m and a length of
400 m. Marbles underlie this rim and hornfels overlies it with
a contact plane dip of about 60°. On the whole, marbles and horn-
fels form a large roof remnant among alkaline syenites.

Titanferrofassaite rocks differ sharply from dark-grey horn-
fels by their black colour. They consist of titanferrofassaite
(85—95%) and accessory minerals - spinel, apatite, calcite, etc.
Pyroxene contains 7-9% alumina and up to 3% titanium dioxide.

Titanferrofassaite rocks are interesting with their metasoma-
tic origin. They have developed over hornfels undergoing action
of alkaline syenites. Together with that there was some addition
of calcium and removal of magnesium and iron evidenced by com~
paring chemical analyses of hornfels and titanferrofassaite
rocks. Hornfels in contact is composed of varying quantities of
augite and bronzite, olivine, amphibole, labrador and ore mine-
ral. Titanferrofassaite rocks are often replaced by nepheline
with a formation of nepheline-titanaugite rocks.

There are numerous angular xenoliths of different rocks,main-
ly skarns, in marbles of the region, indicating their consider-
able plasticity and mobility. This may indicate an intrusive ge--
nesis of carbonate rocks.

Stop 2. Located 800 m South-West of the first stop. There are
exposed, in a large roof remnant among alkaline syenites, origi-
nal garnet-wollastonite-melilite skarns contacting with hornfels
of a garnet-wollastonite-pyroxene-feldspar composition.Attractive
are the first rocks containing in secondary and accessory quan-
tities such rare minerals as cuspidine, kalsilite,djerfisherite,
troilite, magnesial kirschsteinite, perovskite and others. There
are somewhat 20 minerals to be found in this fine-grained rock.
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We suggest that the rocks be originated at an early intrusive
phase over marlaceous ones and were then subject to later me-
tasomatic transformations.

Dike-like formations of black, massive, sometimes porphyra-
ceous rocks are among these skarns which could be of a magmatic
genesis. We think, they originated over schist intgrbeds. They
consist of andesine, barkevikite, kaergutite, hortonlite, K-Na
feldspar, nepheline and diopside. Normative composition coh-
tains 22% nepheline.

Stop 3. Located 1.5 km from stop 2 on the upper part of a
steep slope facing lake Baikal.There's in a small ravine a number
of lenses and sills of typical trachytoidal aegirine-augite
foyaites, intersecting brucite apoperoclase marbles. Apparently
some of the lenses were boudined at the magmatic phase. Around
them are border rims of reaction magnesial skarns - spinel-fas-
saite and spinel-forsterite. In brucite marbles, veins of spinel-
forsterite and diopside skarns are seen.

In the native exposure, a gradual transition from foyaites in-
to gneiss-like nepheline syenites connected with the neighbouring
tectonic zone is drawn. Thereby, EK-Na feldspar in foyaites dis-
integrates into albite and mircocline and pyroxene is Treplaced
by biotite.

Stop 4. There is a zonal skarn vein among brucite marbles. It
has a lenticular shape with a maximum thickness of 0.5 m. In its
central part there develops a blue diopside skarn, then occurs
the zone of monticellite skarns, which is replaced along the pe-
riphery in contact with marbles by forsterite calciphyres. Diop-
side skarn is mainly composed of blue diopside of a standard che-
mical composition. Its colour varies from pale to intensive blue.
There is an admixture c¢f wilkerite in the rock.

Skarns and calciphyres are occasionally intersected by vein-
lets of vesuvian with xanthophyllite. Skarns are replaced in
some places by serpentinc and deweylite.

Stop 5. Among brucite marbles there is a vein-like bulge of
violet spinel-forsterite skarns being replaced by coarse-crystal-
line calcite-phlogopite rocks. Reworking of these skarms by cal-
cite-phlogopite rocks leads to a redistribution of titanium. Ti
is in the phlogopite composition so - that mica has a brown colour.
Instead of geikielite there appears perovskite of an octahedric
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habit. Good crystals of the latter reach 1.5 cm in diameter.Fre-
quent are crystals up to 5-7 mm.

Stop 6. Close to stop 5 there is a small body of compact
white diopside-monticellite skarns. The rock contains about 2/3
of monticellite and 1/3 of diopside, corresponding by its mag=
nesium content to brucite marble. There are admixtures of wol-
lastonite, cuspidine, and wilkeite. Monticellite of this rock is
one of the least ferriferous in the world.

There develop also later andradite-sahlite skarns of yellow
colour and green sahlite-olivine rocks.

Stop 7. We see veins of typical spinel-forsterite skarns
among brucite marbles. Skarn colouring is intensive violet due
to titanic spinel. There is a large quantity of geikielite in the

~rock as thin sections - ruby and macroscopical - black.Geikielite
contains 4% of crichtonite component, i.e. it is close to the
magnesial end member. Such geikielites were found only in Ceylon
and California.

The rock holds also pyrrhotite.

Please: Mineralogists heeding granite and pegmatite minerals
well leave stop 7 for 10, the pegmatite quarry.

Stop 8. A zonal lenticular body of skarns among brucite mar-
bles. The central part of the body is composed of akermanite-mon-
ticellite skarns (25-30% of akermanite). As secdndary admixtures
there are also cuspidine, wollastonite, wilkeite and diopside.
Akermanite contains 95% of akermanite component and 5% of soda
melilite. Macroscopically it differs from yellowish monticellite
by its white colour.

The central part of the zone has a border of monticellite
skarn zone of brownish-yellow colour. Monticellite contains 7%
of ferrimonticellite component. The third reaction zone, forste-
rite calciphyres, adjoins the brucite marbles.

Higher up, next to this lenticular body, there is a boudine
lense of kaersutite-containing diorite-like rocks, surrounded by
rims of diffusion skarns. It has no connection with the zonal
skarn body.

Stop 9. 50 m below stop 8 there are rather thick bodies of
grey spinel-forsterite skarns formed between two outcrops of ne-
pheline syenites. Calcite veins, containing titanic ludwigite and
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azoproite, occur among these skarns. The content of these two mi-
nerals varies from 1 to 70%, i.e. there are titanic ludwigite
and azoproite skarns developed over spinel-forsterite skarns.
Veins are 5-15 cm thick, sometimes less. Their shape is irregu-
lar.Titanic ludwigite forms black crystals with a long axis up
to 20 mm. It is often replaced by brown iron oxides.

Stop 10. A quarry opening a large pegmatite vein of a subla-
titudinal strike. A pendent North contact of the vein with count-
Ty syenites and marbles is well stripped. The latter are inten-—
sively transformed.

The vein has a clearly expressed zonal structure. The core
up to 7 m thick is composed of smoky quartz including large idio-
morphic crystals of potash feldspar, intensively albitized and
partly amazonitized. Around the core there is a zone of coarse-—
crystalline, mainly potash-feldspar pegmatite taken over near
the contact by a zone of medium- and coarse-grained, mainly pla-
gioclasic, pegmatite.

The composition of accessory minerals is various: black tour—
maline, pink garnet, magnetite, sphene, allanite, zircon, mende-
leyevite (variety of betafite). They may be observed in the North
wall of the quarry or in large blocks of the spoil bank. Part of
the minerals occurs as large crystals.

Please: You may stay at stop 10 as long as they do stops
11+12 but come up to stop 13 in due time.

Stop 11. A lenticular body of foyaites among brucite marbles.
Here, following the endocontact zome of ijolite, a thick (1-2m)
zone of coarse-crystalline spinel-forsterite skarns is developed.
These skarns, as well as foyaites, are intersected by veins of
calcite-phlogopite rocks. A zone of perovskitization in spinel-
forsterite' skarns is connected with its formation. Perovskite is
here of cubic habit: crystal dimensions are usually 3-8 mm, some-—
times reaching 15 mm. Nepheline syenites and calcite-phlogopite
rocks are cut by zeolite veinlets (natrolite and thomsonite) of
1 cm thick. ‘

Near this skarn body there are outcrops of other bodies of ne-
pheline syenites whose exocontact develops lilac titanfassaite

. skarns. The latter are up with containing trivalent titanium ma-
king their formatidén conditions quits reductive. Rocks contain up
to 5% of pyrrhotine.
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Stop 12. Located 50 m below stop 11. On a steep slope there
is a bulge of spinel-forsterite skarn vein of grey and violet
colour with a rather abundant but fine dissemination of tazhe-
ranite. Only a magnified tazheranite makes orange and reddish
crystals with greasy lustre.

Stop 13. On the Baikal shore there is a vertical section in a
rock cliff of a pipe-like zonal skarn body among brucite marbles:
a xenolith in alkaline syenites. The central zone of diopside
skarns is here replaced by a zone of monticellite skarns, which
is fringed by zones of forsterite and humite or clinohumite cal-
ciphyres. We see in the rear part of the body a zone of spinel-
fassaite skarns replaced by pargasite and nepheline.

Information: If time is spare, researchers going for granite
pegmatite mineralogy might also see a smgll non-
zonal pegmatite vein near the water level in the
West part of the Uhlan-Noor bay. The vein is in
melanocratic, substantially pyroxene rocks, has
several tongues and parallel veinlets.Pegmatite
composition - potash feldspar with small gquanti-
ties of quartz and biotite. Of accessory mine-
rals there are allanite, forming large crystals,
magnetite and sphene.

Seeing stops 1-13, excursionists are invited
busing to the Aya bay for granites and pegma-

= tites (stops 14-15), afterwards they will re-
take the boat.

Ftllows beginning the trip with granites and

pegmatites near the Aya bay (stops 14-15), fi-
nish up with stop 13. Enjoying a short rest,

they bus back to the awaiting boat.

Stop 14. It is at the summit of Tondra mountain. Here are out-
crops of leucocratic granites of the Ays complex (see Fig.17).
Gneiss-likeness is here somewhat clearer than usual. By feld-
spars composition these are microcline-plagioclase granites.Bio-
tite occurs in association with garnet. Pale green scurfy musco-
vite is present everywhere, sometimes developing over Dbiotite.
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Garnet-muscovite-chlorite and garnet-muscovite aggregates occur
not so often. At a distance of 50 m to the East from the summit,
patch-like outcrops of microcline-containing albitites may Dbe
observed as well as aplite veins and rare bodies of fine-grained
pegmatites.

Stop 15. The summit of Aya mountain. ‘Amoeba-lik?' shapes
of pegmatite bodies are exposed here. Vein-structure details
may be followed in a vertical section (North rock-scarp) and in -
a horizontal one (at the rock foot one of the veins is exposed
by a ditch). Pegmatite bodies occur in leucocratic granites.There
are no sharp contacts between them. Endocontact vein zones have
mostly granite, apographic and not so often graphic texture, In-
ner sections of the bodies are composed of pegmatites of apogra-
phic and block textures. ‘

The ﬁegmatite composition within the vein limits changes con-
siderably. Thus, in a body at the rock foot, potash-feldspar con-
tent increases from contact to the centre from 35 to 45% (in-
cluding amazonite - from 17 to 30%) and quartz from 30 to 35%.0n
the contrary, quantities of plagioclase, biotite and muscovite
are reduced. Of accessory minerals there are garnet, téurmaline
and fluorite. Among granites of this part of the massif, pegma-
tite outcrops are frequent, but amazonite pegmatités show only
at the summit. Single crystals of pale-green microcline exist al-
so directly in granites and in numerous fine-grained pegmatite
bodies on the North-East slope of the mountain. Besides  pegma-
tite bodies, there are numerous quartz veins in granites.

216



Te———

S.P.Obukhov, A.S.Yeskin

THE PRIMORSKY COMPLEX OF RAPAKIVI GRANITES
(visiting the Peschansy Bay)

Proterozoic granites taken into the Primorsky complex of rapa-
kivi granites make up a narrow (2-25 km) belt along the western
coast of Baikal of more than 330 km. From North-West  there the
granites are transgressionally overlapped by sedimentary rocks of
the Upper Proterozoic Raikal series. From the South-West there
the zone of granite distribution is limited by the Baikal coast
line. Granites do tectonically contact with the heterogeneous me-
tamorphic complex of the Olkhon and Anga series of a respectively
Archean and Proterozoic age. Within this territory there the gra-
nites make up a pluton confined to the lineament of the marginal
faults bound by the Siberian platform.

Petrographically there Primorsky rapakivi granites are subdi-
vided into the following varieties:

1) coarse-ovoid granites,

2) inequigranular porphyry granites,

3) medium-grained granites,

4) fine-grained granites.

The mineral composition of all varieties is characteristic of
potash feldspar (microcline) in the mass and also as ovoid, por-
phyry phenocryst, plagioclase (mass: 10-30% An, ovoid shell: 21-
26% An), quartz, hornblende (c:Ng=17-18°, -2V=76-78°), and bio-
tite. Accessory minerals are represented by magnetite, titanomag-
netite, zircon, sphene, allanite, apatite and fluorite.

Primorsky granites belong to the rapakivi formation because of
the typical margin texture development and the similar petroche—
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mistry after the classic rapakivi of the Baltic shield and the
Ukrainian crystalline massif. All these varieties come out with
a much higher K than Na, a large ratio of Fe: Mg and a strong
ferruginity (Fe0+P9205)=(FeO+F0203+Mgo) along with such of bio-
tites and hornblendes which is characteristic of typical rapa-
kivi. .

Table 17 gives the average composition of coarse-ovoid gra-
nites of the Primorsky complex and that of their minerals. Just
of such granites is the Baikal coast in the region of the Pes-
chanaya Bay. Upon the normal content there potash-feldspars gets:
67.2% Or; 25.8% Ab; 7.0% An; plagioclase: €60.8% Ab; 23.7% Anj;
15.5% Or; ferruginity of hornblende is 84, of biotite: 79.

Peculiar varieties of Primorsky rapakivi granites show at
large outcrops making up capes Malaya Kolokolnya (south) and Bol-
shaya Kolokolnya (north) and also the island Baklany EKamen in the
Peschanaya region. This landscape known as the most charming
spot of Baikal with wide soft sands and solemn ‘'stilted' pines
depends upon uneven weathering of Primorsky granites and sand-
drift. The southern foot of Bolshaya Kolokolnya cape spares in
big lumps typical varieties of rapekivi granites with large ovo-
id microclines fringed by light oligoclase shales.

P abilie "7
Composition of rapakivi granites and their minerals (wt.%)

Components 1 2 3 o a7
5102 69.84 68.39 63.33 39.75 34.00
‘I'iO2 . 0.60 0.57 0.26 6.01 2.00
A1203 ; 13.84 18.08 19.01 7.26 19.50
Fe203 1.73 0.08 1.65 15.16 13.66
FeO 2333 0.16 0.19 16.77 18.39
MnO 0.05 n.det. n.det. 0.55 0.28
Mg0 0.57 traces 0.12 - 2.35 3.57
Cca0 1.84 0.60 4,22 714 0.56
Na20 2.90 2.53 5.98 1.05 0.12
K20 5.1 9.77 2.37 1.45 8.44
F - - - 0.22 0.14

1 - average composition of coarse-ovoid rapakivi granites
of Primorsky complex; 2 - potash feldspar; 3 - plagioclase; 4 -
hornblende; 5 - biotite.
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A.V.Sidorov

THE MINERALOGICAL MUSEUM
OF THE IREUTSK POLYTECHNICAL INSTITUTE

The museum holds 27250 samples of minerals. It takes up wide-
ly with Siberian minerals which are often unique. Interesting is
also the fact that usually students and graduates do supply the
museum with samples. It was found in 1947 to train only students
of the VMineralogical Department. Now it is an independent insti-
tution doing teaching and instruction work. The museum has got
known and therefore every year there come about 300 groups of -
reign tourists and scientists.

The main body of the museum is given up to students - future
geologists, mining engineers, metallurgists and specialists in
ore processing. The systematic collection is based on chemical
composition: native elements, sulphides and their analogues,
oxides, hydroxides, halides, carbonates, sulphates, phosphates,
tungstates, molybdates, vanadates, borates and silicates. At the
students' disposal is a crystallographic exhibition of wooden
polyhedron models along with natural crystals. A number of
stands is given to mineralogical aggregates, pseudomorphs, phy-
sical properties and ontogeny of minerals. There are also pre-
clous and decorative stones; synthetic analogues of minerals.The
processes of minerogenesis are illustrated by minerals of pegma-
tites, hydrothermal deposits, skarns, kimberlites and so on. Es-
pecially instructive might be expositions of minerals of depo-
8its in Eastern Siberia discovered by Irkutsk scientists.

Here we shall introduce some collections and samples (Fig.18).
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The stand 'Elements' invites to richly impregnated gold ore,
the remarkable quartz sample with considerable gold and molyb-
denite inclusions, gold on magnetite and in diorite.* One may see
there models of gold nuggets from Lena gold mines with a weight
of 9 kg 150 gr (found in 1950) and 12 kg 360 gr ('Giant')found
in 1957 by the mining foreman G.G.Ghilyasov. The phgto shows
him with the Giant nugget. Attractive are also dendrites and
other copper nuggets, wirelike forms of silver, fine mercury
. drops on cinnabar, samples of native arsenic, antimony, lumps of
graphite from the Botogol deposit in the Eastern Sayanms.

The stand 'Sulphides and their analogues' is enriched by
unique samples of orpiment from the Yakutian Republic, monocry-
stalls of marmatite (12 cm diameter), their aggregates of 50 kg
and 150 kg from the Transbaikalian Savinsk deposit, concretions
of marcasite and accretions of large cubic pyrite crystals.

The museum is sufficiently provided with quartz varieties as
mountain crystals with rutile inclusions ('Venus' hair'), big
geodes of amethyst, samples of smoky quartz, morion, chrysoprase
and citrine. &

The stand 'Halides' demonstrates numerous samples of various-
ly coloured and shaped fluorite from Siberian deposits and among
them there one can admire the octahedrite crystal of colourless
fluorite with clearly visible gaseous inclusions.

Among the class 'Carbonates' there are distinguished samples
of magnesite from the world's biggest Savva deposit (Irkutsk
district) and samples of rare Urals malachite. Polished marble
plates come from the Burovchinsky and Buguldeisky deposits bear-
ing at the Baikal lake.

Somewhat a third of the exposition make silicate minerals,sy-
stematized after their structures. Large plates and crystals of
Siberian mica (muscovite and phlogopite), big monocrystals of
feldspars and their druses, viluite (variety of vesuvianite from
the Viluy river), baikalite (diopside from a Sludyanka deposit)
and many other specimens would be worth a good look.

One should not fail to see the exposition 'Commerial minerals
of the Irkutsk district' with stout mica crystals, spherical ag-
gregates of magnetite from the Angara-Ilimsk ore region, bulky
boulders of dark-green nephrite and many lazurite samples.

220



Exposed are also minerals found by Irkutsk mineralogists as
armstrongite, azoproite, charoit, tazheranite which are named
after the astronaut N.Armstrong, the AZOFRO geological associa-
tion, the Chara river and the Tazheran steppe abutting the Bai-
kal lake.

Moreover there are other regional exhibitions: of Mongolian
minerals, rocks and minerals of the Baikal-Amur railway region,
minerals of the Dalnegorsk deposit near Vladivostok.

The following scheme would be a good guide to the exhibition.
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