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TEONOTWYECKOE CTPOEHME PAJIOHA

Bofikapo-CHHERHCKEE IOpHEE Maccme (pEc. I) odremmmaeT
CHECTEeMy BOJOpaslesbHEX XpelToB B [lonApHOM cexTope Ypana, B
OpefiesaX MAacCHBA OJHMOJNMTH M Iajeo30iCKEe ToMmE YpanbCKOro
CKJIAMYATOr0 MOSCca OCHAKANTCA HA TePPHTOPHA NPOTAXEHHOCTHD
okoso 200 kM m wmpmHOi 50-80 KM,

B coBpeMeHHOl reojyormyeckofi cTpyrType pafiona (pmc. 2) mo-
POIH HROKEMGpPHMiiCKOI'0 B MANeO30fiCKOr0 BO3pAacTa CJAranT CHOXHHHA
MaKeT IACTHH, KOTOPHH CTPYKTYDHO NepeKpHBAET ABTOXTOH OKDAWHH
Bogrouno-EBponefickoif mraTfOpMH.

B aBTOXTORHHX paspesax MiaTOpMeHHOi# OKpamHu (30Ea A,
prc. 1) pujefickme m BeHNUCKHe KapGOHATHO-TEDPPAIeHHO-BYJIKAHOI'€H—
BHe TOMNA (yHAAMEHTa NOTDyXeHN HA IIyomEy no I0 kM, HO B pafne
MOJHATA#l BHBEIEeHH HE IHEBHYD MOBepPXHOCTE, QYHEAMEET IEDEEDHT
MOHEM (X0 7 KM) paspe3oM menb{OBHX TeppPEIeHHO-KDEMHECTO-
KApPOOHATHHX darmi (D-CI), KOTOpH# BeHYaeTCA TeppPEreHHO-fupme-—
BHM KOMILTEKCOM (CZ-P) ornoxenn#t (BolinoBckuii-Kpmrrep, 1945, I1967;
Xepackos, 1967, llepjwiser, 1968, Ilyukoe, I975).

3amagEasg Ipymna [IACTHH, HAXONANAXCA B ALITOXTOHHOM 3arera-
HEE (30BH B-]l) CJIORXeHA KOHOEHCHDOBAHHHMA paspesaMm KapGOHATHO-
RPeMHHCTO-TEMHOCIARIEBHX TOJI (O‘CI) , KOTODHE OTHOCATCH
([lyukoB, 1975, JleHHHX B Ip., 1976) K {aIEAM KOHTEHEHTAILHOIO
CKJIOHA E ero HOMHOXMA. [0 mpyrmM npemcTapneHmaAM (Capenres,
CaMmures, 1978) B cocTaBe 3TOrO NAKeTa IIACTEH (AIMAM KOHTHHeH-
TATBHOI'O CKJIOHA M ero MOHOXWA OTBEYADT ODAOBHKCKHE NECTPHE H
TEMAHE CJAHUH, CHIypEZ#CKO-HARHEXAMEHHOYI'ONbHENE KapGOHATHO-
CJIaHIEBHEe OTJIOKEHAA OTBeYanT NeJarndeCKEM (aluAM KpaeBOr'0 MOPA
(soma B). OcTpoBRas Hyra, PA3BHBABINAACA HA yTOHEHHOM KOHTHHEH-
TAlbHOM Kpae ® OTDAHWYEEBABWAA KDaeBOe MODE C BOCTORA, DECTABDHE-
PyeTca IO KapGOHATHO-TEPPUIeRHO-BYJIKAHOTEHHHM 06pasOBaHAAM
CPelHero nayjeos0f, KOTODHE COXPAHWINCE B BOCTOYHHX ILTACTHHEX
naxera (soHa D).

BocToyHee pacnojaraeTcs OAKeT MIACTREH (30HW E, I'), oTpyE-
TYPHO MepeKpHBADNAX AJUIOXTOHH CJAHUEBHX paspe3oB. OHH CJIOKEHH
nopozamy OfMONMTOBOK acCoLMALMM, KOTOpad OpelcTaBifdeT paspesH
paHHemaneosofickolf oxeanmyeckoi Kopw (lleiime m mp., 1977;
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CaBenseB, Cabessesa, 1977) m BRIDYaeT UENepGAasWTH, TACOPO,
IHAGASH, radspo-aMfEGONRTH W IATHOrDEHATH, a Takse IIayroda-
HOBHE M 3€JERHE CJIAHIM,

Kpafihee BOCTOYHOE NOJNOXEHHE B GTPYyKType pajioHA BAHAMACGT
IIacTHEA, CJOXEHHAA TONMAME OCTPOBOAYXHOH accommammd (soHa C).
B eé ocHOBaRME 3aJeraeT KOMIVIEKC KBapUEBHX I'ad(po-amfuadondTOB
? aMfuCoMMTOB - KBAPHEBHX NHOPUTOB - TOHAJHTOB - Larmorpa-
HETOB, KOTODHE BKJIDYEDT DABJHMYHO NepepadOTAEREHE GNOKHE OfMONA-~
T0B, B mosce BHXOHOE IOPOXK, OpHHANJEXANAX Daspe3aM OANe00Kea-—
HAYECKO} OGNacTH, HX COCTABE B COBDEMEHHAA TIeOJIOTHYEeCKaA
CTPYKTypa OCHADYXEBADT CJOEHYD M MHOTOSTAINHYD ACTOpHMD fODMHPO-
BaHAA,

PanHenaneosoicran OKeaHmyecKas Kopa

Paspesr panHenaneogofcKoil OKeaHMIECKOH KOPH MpECTABIEHH
HECKONBRHEME THIAMA, Kexjull B3 KOTOpHX 38HMMAET B COCTaBe moAca
COOTBETCTBEHHO 3AmAfiHOe, LEHTDATBHOE I BOGTOYHOE JIONOKEHZE.

B samapgB oM TAme pa3pesoB OCHOBHOE OGBREM mOpOT,
OpeicTaBNeH pasJMyEmMu aMmfmdonuTaMu ¥ racéépo-aMmEmsonnTaMa
(rpanaToBHE, LOW3ATOBHE, ANBOAT-AKTHHONHTOBHE). B mopumueHHOM
KOJIFYeCTEE BCTPEvYanTCA IJAyKOJaHOBHE CJaHUH, & Takxe OJOKH
MeTaraéépo ¥ meTarmnepsasmTos (puc.2).

Brosp 3amajHOTO KOHTakTa ToMia Iradoépo-aMiusonuTOB CTPYK-
TYPHO MEpEKpHBAET 0CALOYHO-BYJKAHOI'eHHHE MOPOAH 30H C m
gepe3 MaJOMONHYD NadKy (ImepeHe JIeCATKA MeTPOB) 3eNeHOCHaHIe—
BHX OJACTOMAJOHNUTOB, I'DAHEIE KOTOPOi HAKJIOHEHH K BI'0O-BOGTOKY
(5-60°), B ocHOBaEMZM rad6po-aMimGONATOB, BHIE 3e]EHOCJAHIEBHX
GnacTOMWIOHHTOB, pacnosaraeTcd Tomma (mo 500 M) ruaykofaHOBHX
claHneB, B KOTOpHX IJiayKojaH acCcoumupyeT ¢ XJIOpMEJaHHTOM,TpaHa-—
TOM,IAPATOHATOM M KBapueM. B cepepHoll yacTm pationa (ners I0),
BHIlE IJlayKofaHOBHX cnaHues pacnosaranTcs(anosfdysuBHHE) MeJKO-
3EePHUCTHE NOMSHTOBHE aMinGOJATH M IUIATHOTHEHCH, B KOTODHX am-
quoon OKaliMnTeH # 3amewaeTos ¢ nepadepmm IriaaykofaHOM, a B HOM-
CTANanNUX IVIayKOfaHOBHX OJaHUaX YacTO COXPAHANTCA DENMKTOBHE
CTPYKTYDH MEJKO3EDHACTHX LOU3NUTOBHX aM{mCOJMTOB.

Ha aToM yuacTKe, CTPYKTYDHO HHXE IJIAYyKOJAHOBHX CNAHLEB
¥ NOACTANANUKX 3€/eHOCJAHUEBHX OGMacTOMAIOHATOB pacnosiaraeTcs
IIACTAHA, CJIOXEHHAA OGALO0YHO-BYJKAHOTEHHHMA IODPOJAME 30HH D,



B e€ OCHOBAHHE pacnosaranTcf cJajdo M3MeHEHHHE mopomH. B Boc-
TOYHOH B GTPYKTYDHO BepxHeil 9acTH IIAGTHAH DACCJAHOOBAHHHE
affysmBH COTEpXAT HOBOOGDA30BAHHHE JABCOHAT, & B €e KDOBJE OHH
HpeBpamesd B SMMNOT-TIayKOoPaHOBHe (KDPOCCHTOBHE) CJIAHIM.

Sanannaa (HAXESAA) 9YACTh paspesa radépo-aMfEeQIETOB
(sona E) xapakTepEsyeTCA NPUCYTCTBHEM KDYIHHX TeJ IBYIMHPOKCEH-
IIATHOKJIA30BNX GNacTOMANOHATOB HO raddpo-HopuTaM. B paliore
aKCKypcm#i ([eHs 2) KPyOHOE TeJ0 BTHX HOPOX HEMEeT aBTOHOMHYD
CTPYKTyPy, DESKO IMCKODIAHTHYD K CTDPYKType BMeWapmux raddépo-
aMjnconnToB, IlocnenHEe BONM3H KOHTAKTA CONEDEAT HeOONBMAE TEJ&
POPHCGNEHEATOB, OGPASOBAHHHX IO HOPOJAM YJbTPAOCHOBHOI'O GOGTa-
Ba, B pmAO# vacTE Bolikapo-CHHBMHCEOI'O MACCHMEBA Gpemm Iraddpo-
aMfmGonMMTOB, HENPEPHBHO NPOTATHBAMMAXCA TyHAA OT pajioRa SKGKyD-
onfi, anamora4Hui (JIOK MACCHBHHX NOD{HPOBHIHHX Iaddpo-HOPHTOB
COTEPEAT HeOOJBlMe KCEHONHTH IOYHATOB M TPOKTOIATOB, YUACTKAMM
radépo-HOPATH NpeodpasOBaHH B IBYMHPOKCEH-IUIATHOKNA30BHE pOTI'O-
BRKOBHE GJAOTOMAJOHATH, & B TPOKTOJHTAX BORDYI' ILIACMORIASA
o6pasyeTcA KafiMa TOHKOSEPHMCTOH KeJR{WTOBOM MMEAEAR (I'e PUARAT-
WIeoRacT). HemocpenCTBEHHO BOJAMSA IadCpoO-HODATOB TaM BCTDEYEHO
TeN0 KAulbOMERpOB, NPEeNCTABIADMAX M3BECTHAKH, KOTODHE MCIHTAIH
CKAapHEpOBaHme B MeTaMmopfmsm amfmdosmropofi farmm (CaBenses,
CasenreBa, 1977). HamGonee pmpeBHm# BOSPACT M3BECTHAKOB B
NANe030HCKAX SBIEeOCHHKIMHATEHEX paspesax [ONAPHOrO CeKTopa ypa-
Ja He ONyCHAeTCS HUEe BEHJOKCKOI'O, B CBA3M C YeM BO3pacT
ragépo-amMfuGoNETOR, BMEUADUHAX KaTbIM@UpH, BOSMOXHO ABAAETCH
HERHENAJIe030MCKAM,

Bocrounaa (BepxHAf) uacTes TomE radépo-aMimGOIETOR COmep—
XAT Da3JMYHHE IO pasMepy OJOKA rapnypraToB, IYHATOB, NHPOKCE-—
HATOB M BEDIATOB, NOJBEPrmEXCA DASHHM CTANMAM MpeodpasOBAaHEA
B radépo-ammdomnTs (MopxoBKEHA, I968). KoamuecTBO M pasMepH
9THX BRIDYEHMi BO3pacTaeT K BOCTOKY, BBEpX HO paspe3y TOJMH.
Bocroynas rpanmnma ragépo-amfueONATOR OCHYHO pesKad, B pafione
(neHb 2) MORHO BHIETH, KaK STA MOPOAH Yepe3 MAIOMONEYD SOHY
CepPOeHTHHATOBHX MANOHATOB (10 200 M) pe3Ko CMEHADTCA TIEnepda-
saTamu, OCHYHO B CONDHKOCHOBAHHE C racopo-aMfaCONRTaMM MpHBEE-
HH IyHATH WM rapudypruTe, OfHAKO B pAfNe paspe3oB pafiona
®KCKypomii (mum 2, I0) MOXHO BHIETH, YTO MEXIy radépo-amfmconr-
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TaME B JyHATAME COXPRHADTCA y9acTKM, CJOXEHHHEe KIMHOMMDOKCE-
HATAMH, BEDIHTAMA, TDOKTONMTAMA B MIMHEJEBHMH J€pPLOIATAME.
TmnepdasaTh M TPOKTONMTH BOCTOYHEE CEpPNEHTHHATOBHX MIIOHHTOB
OCHYHO COJEepXAT ONMBHR, IOpomemun#f crammp MaccoBofi meTeandaToi
CEpNeHTHHA3ANMHE, & B 30HAX CEPNEHTHHATOBHX MAJIOHATOB - HAJOKEH-
HYyD CTaj@AD OCpasOBAHMA IaMMa-XpPHSOTAIA C MArHeTHTOM. BMecTe ¢
9TEM B pAme paspe3oB (mam 2, I0) MOXHO BHmeTH, YTO IROEPGA3ATH
B TPOKTOUHTH NOCJNE CTAIMM paHeell MACCOBOH CEepHeHTMAM3AIMA ¥ JO
no3jae#l cTagmm o6pasOBAHNA I'aMMa-XPASOTHIA C MATHETHTOM HCIMHTA-
an amfmdonmsammm (MopkoekmHa, 1968; Casessesa, 1973). Bo MHOIEX
paspesax I'MneplasETOB, IPEMHKADNOEX ¢ BOCTOKA K SOHE CepmenTH-
HATOBHX MAJOHMTOB, MOEHO BHNETH 3aMelleRMe STHX NODPOJN I'PAHATOBH-
ME, [OMSHTOBHME racdépo-aMfECONMTAMA X T'OPHOJNEHIUTAMA W OPACYT-—
CTBHE XWI HWIH JAeK IArdor'PaHATOB, CONPOBORIAEMHX B SK30KOHTAK—
Te YeDHHME CEpNeHTHHATAMA (BHEMHAA YaCTEH) M AIbCRT-XJIODAT-gK-
THHOJATOBHME NOPOJAME (BHYTDEHHAA 9ACTH). "

CepepHee palioHa SKCKypCHii TrEOepiasiTH (30HH P ) Yepes 30HY
CepIeHTHHATOBHX MWIOHHTOB NPHBEJEHH B CONDEKOCHOBEHHE G 0Canod-
HO-BYJIKAHOIeHEHME mopogamMd C ® D, a Takxe ¢ (/MUEBHM KOMILIEK-
com (Cq - P). B oTOM Xe HAmpaBRIeHAM GEPHEHTHHAMTOBHE MIIOHHTH
IepeXONAT B CEPNeHTHHUTOBHY MeJjaHX, COfepmamdii OCJIOMKE radépo-
aMfmonETOB B raayKofaHoBmx cnanneB (llepryHoB m mp., 1974).
[lepeurcaeHHNe NAHHHE MOANEPXABANT MPEACTABIEHHE O TOM, 9TO
0Gpa3OBAHHED CePHeRTHHMTOBHX MWIOHATOB B MEJ&aHXa NpejuecTBOBana
cTanMd, B XO0me KOTOpoi ¢opMEpOBaBIMECHA I'adGpo—aMfneONnTH
"onadanr" GJOKE OJACTOMANIOHATH3MPOBAHHHX Ia6CpO-HODHTOB, H3BECT-
HAKOB M CEDHeHTHER3MDOBAHHHX CUANepOasuTOB B eIMHH{ MOHOJHT,

B ronme radopo-aMiMGOMETOB NNaH-NApaJUIENbHEE OPMEHTHDPOBKM
MUHEEDAJIOB E IOJOCYATOCTE raddpo-amfuiONMTOR pasHuHX I'eHepammi ’
EMEeT CeBepO-BOCTOYHHE IPOCTHDAHES W DI'0-BOCTOYHHE NAJEHNA
(40-60°). YacTO MOXHO BEEETH, UTO NAIOCYATOCTH IaGGpO-aMEHG0-
JATOB OYepYXBAET CKIANKA Te4YeHWsA HECKONBKHX I'enepaimii, HaKIO-
HEHHHE WIM ONPOKMHYTHE K ceBepo-samany. Ocmumi oTare medopma-
Al MoNocYaTOCTH, HAGNNAaeMHX B 39TOi Iosoce, OTBEYaeT Iepeme—
meHEo fparMeHTOB paspe30B paHHeNaNe030lCKO#l OKeaHMYecKoi
KODH B CeBepo-38MaJHOM HaNpaBJIeHWA, B GTOPOHY KOHTHHEHBTANLHOl
o0GJacTR.



lenT™pauas HHI# TAD pa3pe30B CIOKEH T'AIEpOa3nTaMHA
P BX MeTaMOop{A30BAHHHEME aHanoramg (mEm 3, 6).

[Ipeodsaganmans 9aCcThk MOPOL 2IeCh NpelcTaBNeRa IapudypraTa-
M#, MONHOCTE KOTODHX IO IeofM3MYecKAM JaHHEM HapacTaeT K
BOCTOKY B0 4-6 kM. [lomocyarad TeKcTypa IapLUCyprETOB, OIpemesde-
Mad HepaBHOMEpDHHM pacmopelesieHHeM B IODOfe SHCTATHATA, OYEpYHBa-
eT SlleJOHNPOBAHHNE JHHeliHHe, MHOTONOPAJKOBHE CHJIAINKA, OCH KO-
TOPHX HMMEDT CyOMEepHEMOHANBHHE NPOCTHDAHMA, & OCEBHE IUIOCKOCTH
AMENT KPyTHe 3anaf-CceBepo-3amejiiHe NajeRnd.

Bpone mproceBEX 30H CTPYKTYP,OuYepYeHHHX MONIOCYATOCTED,
pacnosarapTCA Tena OYHHTOB pasHOro pasMepa, I'DaHAIN KOTOPHX
CeKyT IOJOCYATOCTH rapulypraToB. YacTo IYHETH OKDyXeHH OpEO-
JIOM XAJI pasHoOff MOWHOCTH.

Bo BHyTpeHHEEH YacTH OPEOJNIOB KAIH HMEMT IYHUTOBHE COCT&B.
K nepujeprE OpeONOB GOCTAB XWI MEHAETCH B MOCHELOBATENHHOGTH:
OPTONEPOKCEHUTH - BEGCTEPHTH - HODHTH (MeHEB 6).

JrpTpaccHOBHHE MeTaMopdMTH (MeHs 7), pasBATHE MO rapudyp-
THTAM M NYHHATAM, GJaranT JHHefiAHe 30HH MOmHOGTERD 1o 400 M ce-
BEpO-BOCTOYHOI'0 NPOCTHPAHMAA, KOTOpDHE NepeceKanT BRYTDEHHDD
CTPYKTYypy Houeil rapnSypriTOB M I'DARELY IapulypruT-IyHAT,
HHorzma MeTamopuTH pa3zienfnT AYHATH B rapndypraTH,

3HAYNTENBHYD 94CTh METaMOPIATOE NpeICTABNADT MACCHBHHE
OJIMBAR-8HTAIOPUTOBHE IMODPOIH, KOTOPHE OCHYHO COXPaHANTCHA B
BHCAYEM GOKy 30H., BGnMaW rpannuy ¢ IapudypruTaMid B HEX HaGIo-
IaeTCA PEeJMKTOBas NOJOCYATOCTH B TeHH CTPYKTYypDH rapudypruTos.
Nopoas cocToaT ma 60-70% m3 nefopMAPOBAHHOI'C OJNHBMRA (F092_90)
CO CHaHOCTED, NOIPYXEHHOT'O B JHCTOBATO-Yelly#yaThii aHTATODAT
C DeIKHME [pM3MaME HOBOOGDPA30BAHHOI'O IMONCHNA. PelUKTH aK-
LIECCOPHOI'0 XPOMINMHEJUIA COXPaHADNTCA B AJpAX CpeiW MarHeTHTa
7 XJOpATa; IO COCTABy PeNMKTOBHY XDOMIIMHENAJ aHATOIHYeH
axKueccopmw rapodypraToe., XapaKTepPHO NPACYTCTBHE CAMODOIHOE Me-
Id, a TaKxe CYJB{HIOB Xeje3a M HHEKeJd.

Cpenn MACCHUBHHX OJMBHH-aHTHIODATOBHX IOPOT M, Kak NpaBmio,
B NPUKPOBJNEBO} YaCTH 30H MeTaMopiMTOB BCTpeyanTCA Tena, CJIOREeH-
HHe  HeceprneHTMHM3MPOBAHHHEMU IapudypruTamd. Pasmepu Ten no-
CTATE0T COTEH MeTPOE MO NPOTAXEHHOCTH M MHOLMX JECATKOB MeT-
PoB MouwHoOCTH., OT CcepreHTMHU3MPOBAHHNX TapudyprAaTOB OHA OTJIH-



4auTCA TpaHo0NacTOBHMY OZHODOZHHMM CTPYKTypaMmu, MONHHEM OTCYT-
CTBHEM CEpNEHTMHE, MHOIZA - OTHOCHTENABHO BHCOKMM COAEDRaHMEM
zuoncuza (3-5%) ¥ NMOBHmEHHON IIMHO3EMUCTOCTHD 8KILECCOPHOTO
xpomunuHenuzga (cM,rTadn. LI ). Ha KoHTaxTe cBexux rapulyp-
TUTOB ¥ ONMBMH-8HTMI'OPUTOBHX MOPOX PASBHTA 30H8 TANBH—-OJNUBU-
HOBHX MOpPOZ. B rapulypruTax NOABIAKNTCH TaNAbK—ONMBUHOBHE U
ONUBHMH~AHTUI OPUTOBHE NPOXMIKM, BHAYAJNE pPEAKHME, &8 38TeM CIyuan-
muecs B pelleTKY DPOMOO3ADUMYECKOTO DUCYHKE, B Avelikax roTopoil
COXPaHARTCH OBOMZHHE ¥ LapoolpasHHE BHINYEHMA CBEXMX rapl-
GypTUTOB. E

B KpoBNE 30H METaMOPQUTOB, MEXZY CEpNEeHTHHM3MDOBAEHHHMU
TapulGypTHTEMA U ONMBUH-3HTUTODUTOBHMY TOPOZAMY MECTaMM
HAOIBDZANTCA MOCTENEHHHE NEPEeXOZH OT rapulypTHTOB C XPH3O0THIOM
K OTalbKOBAHHHM rapudypruram (Taask B nceBzomopfosax mo oH-
CTaTUTY), A8Nee K OJNUBHH-KYMMMEITORMTOBHM NMOpPOA8M, I'ZE MarHe-
3HO-KYMMUHITOHMT 38MENgeT TalbK ¥, B CBOD OYepeAs, 3aMemaercd
ONMBMHOM BTOpofl reHepauuu. K BuyTpeHHell wacTM 30H 3TOT pRA
MeTaMOpOMTOB CMEHAETCA MACCHUBHHMA OAMBMH-8HTUTOPUTOBHMM IOPO-
gampm. Taxum o0pas3oM, B NPMKPOBIEBON uacTu paspesa 30H coxpa-
HANTCA JUYSCTKM TONHOTO OGE3BOKMBAHUA CEPNEHTHHH3MPOBAHHHX
rapulypTruTOB.

B nmozomse MeTaMopfMuecHMX S30H MACCUBHHE ONMBUH-8HTUIOpDH-
TOBHE MOPOZH CMEHANTCA CHaHLAMUW M ON&aCTOMUIOHMTEMH TOTO K€
cocraBa ¢ nopfMpOKNBCTOBHMM, CIHIEBATO-OUKOBHMM CTPYKTYDaMu,
Cnanuu cozepxaT OyAMHMDOBAHHHE NMHSO0BUAHHE ONOKM AYHUTOB,
NPOTAREHHOCTHN A0 KMIOMETPa M MOWHOCTBH AO TEPBHX COTEH MeT-
poB. LYHMTH B OyAMHEX YaCTO NEPEEPUCTANNM30BAHH U AECEPNEHTH—
HH3MPOBAHH C OOpa30BAHMEM NETrMaTOMJAHHX THTAHTOKPACTANIWYECKUX
CTPYKTYp; GONBUME TENa NMEPeKPCTANNM3OBAHH C nepudepuy, MenKue-
OOHYHO MONHOCTEN. ONUBME NEPEKPUCTANIM30BEHHHX AYEUTOB MMEET
NMOBHIEHHYD M8IHE3MaIbHOCTH (F094_92) ¥ H3CHUEH TOHKUMU
BEINUYEHUAMM XPOMUMMHENMZA M MarHeTuTa., OnmBMH o0nanaeT yeTHol
crnaltHocTsn M ZieQOpMUPOBAH ¢ 00pa3OBAHUEM TOHKO3EPEMCTOTO
TpaHo0JacTOBOr0 8rperaTa ONMBMHA TO NEpPUPEpMM KPYyNHHX 3epeH
HIX BZONH CKOIOBHX TpPENmWH, DaccerRanmmx ¥X. B pesayibraTe BO3HUKA-
0T CBOeOOpasHHe nopdupoOnacToBHE, OBOMAHHE CTPYKTYPH, IAe (par-
MBHTH KDYMHHX 3€DEH ONMBMHE paHHedl reHepauMum MOTPYHEHH B MUKDO-
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I'pasHoGNac TOBHE arperaT OJMBRHA BTOPO# IeHepalmy, CBOGORHOIO
OT BRIANYEHP, AKUECCODHH{ XPOMIMMHEJHN IepeKpHcTaIN3OBAHHHX
IYyHETOB 3aMeTHO YKDPYOHEH B OTIAYEeTCA NOBHIEHHOE XPOMMCTOCTED
A EeJe3MOTOCTED OT AKIEecCOpUNa INYHATOB, HE HCMHTABNUX Nepe-
KpUCTaJLIA3aling,

[lo mepudepun moye rapudypruToB oxaiimieno (¢ samama u
BOCTOKA) 3HAYETEJLHHMM [0 LKDUHE Nonamy ayHEToB (mEm I, 2),
Tpasiia KOTODHX N0 JAHEHM KapTHDOBaRHA TAKke De3K0 cpesaeT
HPOCTHPAHRES NOJOCYATOCTH I'apudypruToB. B mmroii yacTH Bojikapo-
CHHBHHACKOI'O MACCHBA KADTHDOEAHMEM ODOCNEXEH Nepexof OT Ioud
IYHATOB, CJATSNINX 3anajHyn KpaeByD 30HY, K KDYINHOMy Texy
IYHATOB ECKPHBAOMEI0CA B NEHTPATBHOJ 9YaoTH IONA I'apUCyprETOB.

[opofs IyHAT-BeIAT-KIXHOMAPOKCeHAT-rad0poBof (momocua-
Tofl) cepum B HeHADYUEHHHX pAspe3ax LUEHTPANBHOM NOMOCH OKafMARmT
TapudyprETH C 3anage # Bocroka (mum 2, 4). HemocpemcTBeHHO 3a
NpAMHKawnei K rapudypraTaMm 30HOE IYyHATOB, MONROCTED IO COTEH
METPOB, CJENyeT 30HA YacTOr'O M HEDUTMHYHOI'O 4YepelOBaHHA
SUENOHAPOBAHHNX JIMH3 ¥ [POIIACTKOB KIMHONMPOKCEHOBHX IYHHTOB,
BEePIUTOB, KIAHONMPOKCEHHTOE M TPOKTOAMTOB, CBA3AHHHX IOCTE-
NEHHHHMA [epexopami, I'paHHIH YepeIyonmEXCA MOpOJ COIJIACHHE
MexIy CO0Goi, OCRAapyXREBAOT pe3KOe CTPYKTYypHOE HecoIJiache o
CTPyKTypoii rapudypraros. Odmas MOMHOCTE 30HH, GJaraemoli mopo-
IaMi IoJocYaTol GepHA JNOCTHIaeT MecTaM@ KWioMmeTpa, TOrja Hak
MOUWHOCTH TeJ pasHOI'0 COCTABA MEHANTCHA OT jonefi MeTpa Jo COTeH
METDOB.

TexcTypam DOpPOJ MOJOGYATOM CepUE NPHCYMA NATHACTOCTS,
HepaBHOMepHaA 3EpPHECTOCTE:, GeCHOopANOYHas OPMEeHTHPOBKA M pe3Kas
H3MEHYNBOCTE KOJNMYECTBEHHHX COOTHOWEHMH NOPOXOOCPAa3yOMAX MHUHE-
panoB, XMMMYeCKHe COCTABH NOPOR MOJOCHYATOl cepum, pacmoiarap-
IMXcsA 3anafHee X BOCTOYHEE I'8pUOYPrUTOB, He UMENT 3HAYHMHX
omamumii, VX odumas xeJe3MCTOCTE M XeJe3MCTOCTh OJNMBMHA Hapa-
CTapT B CTOPOHYy OT rapulyprATOB Yepes IYHATH K BepInTaM H
TpokTommTaM (0T Fogy_gn A0 Fogg_gn). HIMHOMMPOKOEHH B MOpOJAX
[oNocYaTol cepun MMENT GOJNee ReNE3UCTHE CocTaB M COILEDXAT
donblle THTAHA ¥ MeHBIE KANBIMA M XpOMa, YeM KJIMHOMMPOKCEeRH
rapnCypraToE M OMPOKCEHMTOBHX XA M3 BHYTpPeHHeil yacTH rapugypri-
ToBOro noad (Mopkosxkuna, 1968; CaeenreB, Casensena, 1977).
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B uenom nopoAu monocyaToff cepum craranT oGonouKky Irapulypru-
T0B., Ano@uaH nopoz 00ONOYKM MECTaMM NPOHM KanT TAyGOKO BHYTPB
Tena rapulypruToB., ITHM CTPYKTYDPHHE OCOUEHHOCTM MONOXEGHMUA IO=—
poz nomocuaToif cepum ABAADTCA OZHOM M3 uepT PE3KOTO OTAMUMA
Boltrapo~-CuHBMHCKOT'O MaccuBa OT OIM3KMX MO COCTABY MaCCMBOB
Hewdayranenza, Umana, Hosoit I'BUHEM u paAza ApYTHUX.

BocTounufi#t THN paspes3os pacnonaraeTcsi K BOCTOKYy OT
rapu0ypruToB, HENOCPEACTBEHHO 38 NOpozamu monocuaTolt cepum, rae
00Ha®aWTCA OUTOBHMTOBHE Ta00PO-HOPMUTH, AMa0a3H ¥ MX MeTaMmopdu—
30BaHHEHE aHanoTu, ['a60pPO-HOPUTH MMEKNT, KAK MPaBuilo, PUTMUUHO-
NMONOCYaTY TEKCTYPY M XapaKTepuaynTCR MOHMXEHHO! KpeMHeKMCIOoT-
HOCTBD M YCTONYMBHMM NOBHUEHHHMM COJAEGDXSHMAMU METHMSA, K8JBIUA
M 87OMUHMA, TPM HMBKOM COZEDRAHMM TUTEHE.

XapaxTepHoil uepToli BOCTOYHHX IaGUpO-HOPUTOB ABIAGTCH
NpUCYTCTBUE CPEAM HMX TeN, CHOKEHHHX rapuOypruTaMu, AYHUTaMU
UIM mopozamm monocyaTolt cepum (ZeHs 4). KCEHONMTH MMENT OOHY-
HO QopMy NNACTUH MIM JNMH3, MOWHOCTH M MPOTAXEHHOCTH KOTODHX
MEHAETCA OT NEepBHX METPOB 70 COTEH METPOB, 8 I'PAHMIH OPUEHTH-
POBE8HH B LEJOM COTJIACHO C TpaHMLAMM MOpOZ moiocuyaToff cepuu.
Tena 3THX MOPOZ MMENT CUMMETPMYHOE CTDOEHMe: IapuOypIUTH
¥ (Mnu) AYHUTH LEHTPANBHOM YacTu OKPYyXeHH 00ONOYKOW BEpIMTOB
¥ KIMHONMPOKCEHHTOB, CMEHAWIMXCH K KOHTAKTy C ravlpo
TPOKTONNTAMU,., Pa3MEpH M KOJIMYECTBO KCEHONMTOB B LENOM yOHBAET
K BOCTOKY OT rapulypruTOB.

Cpezn raGOpo BOCTOUHOM NMONOCH 3HAUUTENBHHE NJOMEAM 38HU-
M3NT CBOEOOpPa3HHE &KTMHONMT-8HODTUTOBHE (An90_99) NOPOZL
(mers 4) ¢ nomocyaToit, MIM OZHOPOAHOR TEKCTYpOW, CPEAM KOTOPHX
HEM3MEeHEeHHHE TIa00pOo-HODUTH, BEDPIUTH M KIMHOMMPOKCEHHUTH COXpa-
HADTCH B BUZE TeN HenpaBuibHOW QopMu. KOHTAKTH 3THUX NOPOZ BH- -
paxeHn pesxkofl cMeHOl maccuBHOTO raG6po OCBETIEHHOW aKTUHOMUT-
aHopTMTOBOM mopozoit, B KOTOpPO# NUPOKCEHH 3aMEWEeHH AXTUHOIMTOM,
8 8HOPTUT COXpaHAeTCA CBERMM. [[0700HHEe W3MeHEHUA TaGOpOUAOB
Gunu onucanu Ha CpeauHHO-ATNaHTUYECKOM xpedTe ( Coombs,

1961) kax MeTaMopjuaM MOTpPeCeHUA M, MO3ZAHEE, PACCMATPUBANUCEH
KaK MeTamopfmaM OKEeaHMYECHOT'O AHa, NPOXOAMBIMA B yCAOBMAX
seneHocnanuesoft dauum (Muacupo u ap., 1973). [lo XMMUUECKOMY
COCTaBYy 3TH MOPOZH, KAK M UX 8HANOTH HE UPEAWHHO-ATIGHTHUECKOM



xpedTe, OCeIHEHH, B CPABHEHHH C MCXONHHME raddpo, XeaesoM,
KpeMHEAeM ¥ OCOraleHH MATHHEM, KATbIMeM M aJpMEAEeM (oMTraca.?).

Kommiexe IEadasoB, radépo-EEadazoB H arbOETOPHDOB
SaHUMAET BOCTOYHOE MOJOXeHHe B OfMOJMTOBHX paspesax, B KOTO-
PHX HadIogaeTCs CNOXHOEe M MHOI'OKDATHOE HX YepejoBaHMe ¢ rad-
dpo-HopuTamu (xeEs I). Kak mpaBmwro Imadass CJaranT YacTHHHO
WIE MOJHOCTED DasSOCmeRHHE DOM IDApaIIeNbHHX IaeK ¢ CHMMETDHY-—
HHMH KJIE OJHOCTODOHHMME 20HAMH 3aKANNBAHRA.

Pexe BGTpevanTcH HEACASOEHe paspesH (HeHb 1), B KOTOPHX
HEXHDD 4acTh QIarapT cpejHe- B KPyIHO3eDHECTHE CyG-
ofmToBHe racopo-zEacass (mo 600 M) ¢ KCEHONMTAME TENepCasATOB
B radepo-HopEToB. OHE COOTOAT B3 miarmoxnasa (A, g0_gn)»
aBCATa, 3aMellaeMoro Gypo-3eleHoli pOroBodl oOManKkofi, B AIBMEHH-
Ta., YacTO 9TH NMOPORH OpeoGpasOBAHH B MATHHCTHE, NeI'MATORNHHE
raddpo-amfrconnTs mim aMfmconoBwe ragopo. MHorza mecTo Kpym-
HOBEPHMCTHX radfpo-mRadasoB 3aHEMADT MacCHBHHE HEadasoBHE MOp-
(MpATH WIH MAKDOEMACa3sH. BepXHDD YACTH TAKHEX DASPESOB CaaranT
IMadasH ¢ XOpomO BHpaxeHHO§ CTPYKTypoi mapaine’bHHX HIaeK. B
pAIle paspe30B Ha(DIANECE KCEHOJNHTH raddpo-IuacasoB = B MHEKpDO-
IEadasax ® KCEeHONHTH MEKDOEAa’dasoOB CpPemd KDyIHO3EDHHACTHX
ragépo-uracasos,

Ivnada30BHE NaiiKW DAHHEX MOKOJNEHWH HMEnT cydnapaliefbHHE
IpOCTMpaHnA ¥ KpyTHe najeHwd, [[03GHMe MNOKOJEHHAA IaeK OCHYHO
NpeAacTaBIeHH, NOMAMO IMadasoB, MATMOKJIA30BHME NopfEpuTamu,
JalATaMy B asbOATofEpamu. ITH JafiKd 49acTO OpMEHTHDOBaHH Gec-
IOPAJIOYHO B EMENT [OJOrMe NajeRmsd. Baxnoil deprof cTpoeREA
KOMIUIEKCca I@adazoB Ha Boiikapo-CHHEMHCKOM MACCHBE HBJAETCH
HaXOXHEeHWe cpeiy IOPOX MeXIA#KOBHX HPOCTDAHCTE I'HOeplasHTOB,
IOpPOJ, MOJOCYATOl CepUE H I'aGéGpO-HODATOB (CBEXmMX, GNACTOMANO-
BEATA3MDOBAHHHX M 3eJ€HOKAMEHHO M3MEHEHHHX) E OTCYTCTBHE NONY-
WeYHHX JaB,

BocTourad rpanmna 30HH F MapKEpyeTCA Tomued mIarnoRaas-
DPOr'OBOOCMAEKOBHX GI2CTOMWIOHATOB ¥ IUIAPMOMATMATHATOB C XWIaMA
A JMHBaMA IUIATAOrpAHATOB., MOLEOCTE TOMIM MEHAETCA IO IIPOCTH-
PaHND OT NECATKOB IO COTEH METDOB, a €€ I'DAaHMIN HAKIOHEHH K
OC'0-BOCTOKY (40-600). BEnacTOMWIOHATH COINEPXAT TEeKTOHHYECKHe
GNOKM TuUnepGasuToB, radopo (B TOM YMCJe AKTHHOMAT-SHODATATOBHE )M
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Inadasop, NpeTepneBNAX pasHHe cTagup amfusondTH3aIME B ILIa-
THOrpaHATH3anMM, KonmyecTBO M pasMepH STHX BKJIOYEHHR)] yOwBa-—
eT Ha BOCTOK, C aTolf 30HOH CONMpAKEHH MHOI'OYACJIEHHHE OIlepAl-
y#e 30HH GJACTOMWIOHETOB TOI'O Xe COCTABA, KOTODHE NPOHMKADT
B paspe3 OMONNTOB, pacYiIeHADT ero Ha GJOKH ¥ BKIDYANT 00—
JIOMEE HX NODOXL.

OpreHTHpOBKa IBH-IEpaJIeNbHEX ¥ JHHEHHHX TEKCTyp, a
Tak®e fopMa OYEpYMBAEMHX MOJOCYATOCTBN CKJIAJNOK TEYEHMA, HA-
KJIOHEHHHX WIX ONPOKMHYTHX K CeBepo-s3anany, XapaxTepHUsynT
IIacTrYecKne nedopManmy npu uepeuémeann [OpOX, paspesa paHHe-
[Ianeo030#CKOll OKeaHM4YecKoff KOpDH B CeBepoO-3anajHOoM HalpaBJIeHnd,

B CTODPOHY KOHTMHEHTANBHOE OGNacTH.

OrmeneRHEE OT OPEOJATOB Tojdmell GIacTOMANIOHATOB DaspesH
OCTPOBOAYXHOH accommanyd (30HAa G)COXEPXAT B OCHOBAHHM KOMILIEKC
KBADOEBHX rad0po-amMrConnToB # aMiuGOJRTOB — KBAPLEBHX IMODH-
TOE — TOHAJUTOB - I[IAU'AOI'DAEATOE C MHOI'OYHCJEHHHMA BRJNYE-
HEAMHM NOPOR OfMOJATOBOH @CCOLMALAM, & TaKke NONCTHIanLAX
GIaCTOMAJIOHUTOE M IUIardoraeficoB. BxomAuue B ero cOCTAB KpYIHHE
MaGCHUBH TOHAJNTOB, I'DAZHONMODUTOB U aJaMeJUIATOB CONPOBOMIAKTCA
MOLHHMA OpEeOoJIAMA DOTOBHMKOE (JlieHb 1), NpOABIEHHWAMN [IBYHONIEBO-
MOATOBEOH (ONMIOKJIA3-MUKpPOKIMHOBOM) IPAHATH3AIMA B CKapHoOGpa-
30BaHmA, MOLHOCTE 9TOHl YacTH paspesa OO reofmM3dYeCKHM IAHHHM He
IOpeBHmaET 2 KM,

Bume pacnoneraeTcs paspes OCTPOBONY®EHOE acconmanuu. OH Ha-
Y@HaeTCA C TOMIHM BYJKAHATOB HelnfdepeHURpOBAHHO AEACas3OBOK H
KOHTDACGTHO! CIMIAT-KBapn-aibonTodmpooii fopmammii (S, ). Bume
pacnonaranTcd Tomud (D, ) H3BECTKOBO-WEJOYHHX BYJIKAHATOB aHAE-
3UTO-Ga3anbsToBO} MmopfmpnTOBO}l M HenpepuBHO IuddepeHIMPOBAHHON
aHNe3uTO-IamMTOBOH dopmanmii (JnaBH, TyJoOpeRYMH M KCEeHOTYy{H G oG-
JIOMKaM# [OpOJ MOACTHAanuero paspesa). Tonmm BRINYADT GaHKU
CHOTE€DMHEX HM3BECTHAKOB, JIMH3H Te@pOMIOB , BYJKaH KJIACTAYECKHAX
KDEMHMCTHX OCajkoB. Beepxy (po.3 ) mpeoduananT MPOLYKTH pas-
MHBa BYJKS8HHTOB C TeJamd CYOBYJIKaHOE, Ty{oB OPTOJHMPOB M JHH3&MU
OMOrepMHEX M3BECTHRAKOB. BOCTOYHee B 3THX paspesax COKpaumaeTcs
KOJAYECTBO BYJKAHATOE H beano IpeosaafanT BYJKAHOMAKTOBHE Ty{H,
TYPOHIATH, KPEMHUCTHE TY(fWTH X TJIMAMCTHE CJAHIH.
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B3aMMOOTHOLEHNA MENAY MOPOAAMM OFMONMTOS0# accouualun .

HauOonee ApeBHMMM LOpuu8MH 8CCOLMALOMM ABAANTCA rapLlyp-
TUTH, Clarapmue Tena C a8BTOHOMHON BHYyipeHHell cTpyKTypoii,
AMCEOPABHTHO! K CTPyKType APYTMX NOpoz accouuanuu. lpupoaa
rapuGypruTOB OCTAETCA B 3HAUMTENBHO! Mepe HeAcCHOi: mpeAcTas-
AANT JM OHM PECTUTOBHY NMPOZYKT np¥ {PaKLUUOHHOM BHIJIABIEHUM
6a3aJbTOB WUIM ABIAKNTCA TPOAYKTaMH KpUCTannusauuoHHOR zndde-—
PEHIMANUY B COCTABE KDYMHHX DACCIOEHHHX MHTIDyauil — ara mpo-
0neMa eue KLET CBOErO pa3peleHNs M, HAK NPEACTAaBIAAETCA, HMEN-
muecs gaHHHEe 1O Boitkapo-CHHBMHCKOMY ¥ JPYTHM MaccuBaM MAPE He
NMO3BONANT MOKE NPHHATM K €8 OHOHUSTENHHOMY DELEeHHD.

bopMMpPOBAHME KNI ZAYHMTOB M NMUPOKCEHUTOB CEKYWMUX Tapulyp-
TUTH, KK TOKA3HBAKT MOCIEAHWE HUCCIEA0BAHMA, OCHApYAUBAET
TECHYN CBASH C HaCGNDZaeMHMJ 30HaMU BHCOKOTEMNEPaTyPHOTO AMHaMO-
meramop@uama TapuCypTUTOB, BHpPaReHHOTO Aefopmauueil mOIOCYETOCTH
1 HOBOOOpPa30BaHMEM NVMHEUHHX OPMEHTMPOBOK NUPOKCEHOB. ATpEraTH
NNPOKCEHOB pacnonaralTcAd B IMIOCKOCTHM OCEBOTO KIMBAXE M BHTAHY-
TH MO HANPaBIEHMIO €& MalleHMA.

T'aGOpouan ofuonurosoil accounauuy Bofixapo-CHHBMHCKOI'O Mac-
CUBE OTYETIMBO TPYNNUPYLTICA B ZBa THUNa, QOpMMPOBABUMECH B Pas-—
HOe BpeMd. PaHHMe Ta0OpOUZH NpejCcTaBieHH raGOpo-HOPUTaMHU, KO-
TOpHE TECHO 8CCOLMMPYNT C Nopojamy monocyaToif cepuu. I'paHMUH
nopos aToff rpynnH, COTIacHHE MEEZY coO0#, CpesanT MNoaocuyarymn
CTPYKTYPY TapuLOypTUTOB ¥ OOHADYEMBAKT IO OTHOLGHUMD K Hell peskoe
HEcornacKHe. B OTHOmEHMM NMOPOZ MoONOCYaTod cepumu, aCCOLMUPYONUAX—
cA ¢ rac6po aToif rpynnmu, B MOCIeZHEe BpeMA YTBEPAMIOCH upea-
CTaBleHNe, YTO OHM ABNANTCHA HURHMAMM KYMyJNATHBHHMM 4YI@HaMU pac—
CIIOGHHHX MHTDY3Mil AyHUT-BEpPINT-NUDPOKCEHUT-Ta00pPOBOTO COCTa—
BA. MHOrouMcneHHHEe JaHHHE 1O Ypany M (aKTH,HaCAOAEEMHE HA
Bofixapo-CHHEMHCKOM M3CCHBE MO3BONAKT pa3/EGIHTH 9Ty NpoGneMy
Ha ;Be yacTu. Ha Haw B3TAAZ OZHA YacTh NPOOJIEMH KACaeTCA Tpu-
ponn paHHe#t rpynnmw ra6opo, B OTHOWEHMM KOTOPHX, HapAAy C Tpa-
AULMOHHHM TPEACTEBIEHUEM O 6I0 MAaTM8TUYECKOM NPOMCXOKZEHHH,
BHCKAG3HBAETCA MNPEATNIONOKEHWE, UTO 3TH TOPOAH ABIANTCA METaMop-
Guueckumu (Edumor, 1977). OrHocuTenbHO Bropoli wacTu mpoGneMH -
NnpupozZa mopoz moixocuaToff cepuu - HAKOMIEHHHE AAHHHE N0 Ypany M
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Bolikapo-CHHBEHCKOMYy MACCHBY B 9YACTHOGTH, HOSBOJADT yTBEpPKIATH
MeTacoMaTH4eCKOe NPOMCXOXIEHEe NODOX 3TOff CepHM E OTJAHYATE €e
OT ODPTONHDOKCEHATOBHX CEpHil, ClarapmEx KDATHYECKHE S30HH pac-—
CNOGHHHX HMHATPY3Hi,

i Bropofi IpynnH radGpOMUOB, NOPEMCTABJEHHHX UAAGA3aMA H
raddpo-jEadasaMu, MAIMATHYECKAS NPHPOJa ¥ Gonee Moaomol Bos-
pacT, OO0 OTHOHNEHHN K radfpoHiaM paHHE# TpyNIH He BH3HBAET COM-
Henmf#i, 06a ®THX DOJOREHAS ONHOBHAYHO MOKA3HBADTCHA HA MACCHBE
NpAMHMA HadapleHEAMA. BMecTe ¢ 9THM, MHOI'OKDATHOE 4YepeHOBaHME
B HEeHapyWeHANX paspesax racCpO-HOPHTOB A AMA0a30B GO CTPYKTY-
pofi mapasneNBHHX JAEK COTaBAT NOJ COMHEHHEe TPANEIMCHHOe Ipen-
CTaBJIeHNe O TOM, YTO 9TH AMACA3H CJATaDT eNUHYD TOJIMY TOJIBKO
B BepxHell JacTH OfMOJMTOBHX paspesoB. CTPYKTypHOe HOJOXEHNE
IMACA30B B paspesax MACCHBA MNOKE3HBAET, YTO OHM CJATANT 9ac-
TAYHO WIH IOJHOCTHD M3OJMMpPOBAHAHE (SNENTOHMPOBAHHHE) DOH Jgex,
K8K [paBHJIO CPefE I'ad0po-HODHTOB, YTO NOLYEPKABAET CIEIH-
fRYHOCTE MONOXEHMA 30H JIOKAJNBHHX pPacTAXEHMH OKeaHWYECKO# KOpH.
[lprcyTCTBEE CpeAM MMAGA30BHX Paspe30B TAKHX, B KOTODHX HEXHAA
9aCTh CJOXCHA KPYyNHOSEDHHCTHMA &BIMTOBHMM H amimCoNOBHMH Iad-
Opo-mEadazaMmu AIE NEadasaMd C MACCHBHOJ TekcTypo#i, a BepxHAA -
IEadasaME CO CTPYKTypamy NapajilelbHEX JaeK, OPUBOIMT K Npenmo-—
JIOXKCHHD O HAIMYEA B OCHOBAHME HEKOTODHX JAIKOBHX DOEB CHIJIOBHX
sayexeif, CAyXMBIMX IPOMEXYTOYHHMA HDHTADIMME Kamepamu, lomymeHue
TAKOr'0 NpenmoNOXeHMsa NMO3BOJAAET PACCMATDHBATE HO3JHEE IOKONEHAR
I8eK KOHTpACTHOI'O cocTaBa (juadasH - aubCUTOEDH) B mMada3sOBHX
paspesax palioEa Kak OTpaxeHHe KOATpPacTHO# maddepeRlManmd B 38—
CTO#HHX YCJOBHAX TaKEX Kemep. CiefyeT OTMETHTEH OJHAKO, YTO
paspesH CWLIOB, B KOTODHX ODACYTCTBYDT KHCJHE X OCHOBHHE pac-
CJIOBHHHE IPONYKTH KOHTpacTHOfl nuddepeHmMannu, Ha MACCHBE He Ha-
GIDIANNCE.

B pesoM ofmoiNTOBHE paspesH XapaKTepH3yDTCHA CJORHOH CTPyK-
Typo#, B KoTopoii OfMONETH cJaramT I'DYyNNy pacyYellyeHHHEX IUIacTHR G
PrO-BOCTOYHHME NAJIeHMAMA I'paHAN, BMecTe ¢ 3TEM, mis Boiikapo-CHHE-
HHCKOT'0 MBOCHB& OCTAeTCA HepelleHHEM BOIPOC: ABJIADTCA JA HTH
IacTHHH (parMeHTaMl DaspesOB HECKONBKHX MIM OJHOM CTDYKTYpPHO-
fopMamEOHHO 30HH IANEOOKeaHmYeckKo# odnactm, H.l.Jodpemos (I974)
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OTHOCUT MeTaMopduuyeckue NMOPOAH 3aNafHOU MONOCH K OfMONMTaM
BHCOKMX JaBJieHMit ZoxemOpMHCKOr0 BO3pacTa, 8 I'MnepOasUTH M
ra0OpouAN LEHTpaXbHOW — K naneo3oifickuM ofuoONMTaM yMEDEHHHX U
Huakux zasneHuit, A.C.llepfunses, B.H.[lyukoB u B.l.JeEHHX, OCHO-
BHBAACH HA BIEMEHTaX CHUMMETDUM CTPOEHMA raldOpo-runepOasmTOBOTO
KOMIJIEKCA, MHTEPNPETUPYNT CTPYKTYPYy OQMONMTOBOTO pa3pesa Hak
nepexaTy XBOCTOBYKW CHI&AKY C rapulypruramm B AZpe U OOPOZaMM
nozocuaToi cepuy M raGOpo HA KPHABAX. [0 MX NpeicTaBIEHUAM,

B MOMEHT (QOpMUPOBAaHUA CKIAZKM B €& J0COBOHl yacTM MOPOAH mpe-
Teprenn AuHaMoMeTaMOpduaM MOBHWEHHHX AaBueHuil (oGpasoBanue
rpaHaToBHX amfuconmros). He curmerTamopduyeckoM aTame sTa
CTPYKTypa Da3BMBANAch KAk JIeXaubf CKI4aZKa, @ HA MO3AHUX 3TANax
pasBUTMA OHA NEpepoclia B TEKTOHWYeCKu#t mokpoB. B mporuBopeunn
C BSTUMM NPEACTEBIEHNAMN HAXOAATCA: OTCYTCTIBME NPAMHX NEpexo-
710B MOpOZ, oraliMiAwuux rapulypruTH Ha NpeANONarasMHX MNEepeKIn-
HAJBHHX BaMHHGHHMAX M DPE3KOe HecooTBEeTCTBME MomHocTeil mopox Ha
86 KpPHIIBAX,

CorzacHo apyroft marepnperauun (Casezses, Casenresa, [977;
CaBenseB, Camnrun, [978) paccMaTpuBaeMas CTDYKTYypa NpeAcTaBif-
eT MOHOKNMHANBHHN nmakeT nnacTuH. B HEM Meramopduueckue NOPOAH
sanazinoil 1 BocTOYHOM monoc GopMMPOBENMCE B 30HAX OTHOCUTENBHO-
T0 NMPOCKANb3HBEHMA, NO TPaHMLAM KDPYNHHX ONOKOB paHHENAazeo3ok-
CKO! OKeaHMYecKO#M KOpH, HE CTAZMAX NPEANECTBOBABUMX M MOATOTAB-
nuBaBmnx dopmmposanue ocrpoBHodt ayru. llpy 3TOM mpezmonaraeTcd,
yT0 radOpo-ambubonnTy 3anazHoll monmocH QOpMHpPOBAIMCH HECKONBKO
paHbleé YeM BOCTOYHHE, HO Te W Apyrue OuaM cPOpMUPOBEHH B CHUIY-
puitcxoe BpemsA (NOCJHEBEHJOKCKOE - AOHMXHEZEBOHCKOE). DTa MHTEp-
NpeTaluA He Z8eT yZOBIETBOPHUTENBHOIO OOBACHEHWUA HAONNASeMHM
BIIEMEHTEM CHMMETPUYHOTO CTPOEHUA Tallpo-TUNneplacUTOBOrO KOM-
Tierca. BawHOCTH peleHNWA NMOCTaBIGHHOTO TakuM o6pasem BOmpoca
npejicraBisieTcA OYEBMAHOW MOTOMYy, UTO B 38BUCHMOCTM OT HErO Ha-
XOZUTCA peleHMe ZpPYyroro 0ONEe BAKHOTO M NMPUHLUMMUANBHOI'O BO-
npoca: fABifeTCA MU HAONWZSeMafd CUNMMETDUYHOCTEH CTPOEHUA CclIef-
crBueM ZedopMaluum MepBMYHO I'OPUBOHTAJNBHO-CIOUCTOIO paspesa ¢
rapuCypruraMu B OCHOBAHUM M TalUpOMAamMy BBEPXY, WINM MH MMEEeM
346Ch JIeBO C PAaspe3aoM, B KOTOPOM THNeplasuTs ¥ Lad6po CHORHO
YEePEAOBANMCH B BEPTUHAJIBHOM M IaT€panlbHOM Han BICHUAX,

2 208
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MeTamopf#aM OfHOIHTOB

Cpens MeTamopdmyecKmx NpeoCpasOBaHWi MOPON, 3anaiHoro
THIA paspesoB Hamdonee paHHee NPOABIEHME MeTamopiasMa B
pailione 9XCKypcH# (meHh 2) MKCHDyeTCA OGpasOBaHEEM IBYIAPOKCe-
HOBHX OJIACTOMIJIOHATOB II0 I'aGOpO-HODHTAM, 3aJerapiliM Ccpeln rad-
6po-aMfrGOJHTOB B BHJE ASOJHPOBAHHHX OJIOKOB C 8BTOHOMHOH
CTpyRTypo#i. B mxHO# uwacTH Bolikapo-CHHEMHCKOI'O MAaGCHBA Hadmoma-
JHCH CTamuM NpeoCpasoBAHWA MAGCHBHHX Iad0pO-HOPHTOB, NpeJecT-
BOBABI'MX OGPASOBAHMD GJACTOMWIOHATOB (CaBenbeB, Casesbera,
1977). Onm EHpameHH JAHEUHHME 30HAMM TOHKO3EDHECTHX [BYIMPOKGEH-
IUIATBKJIA30BHX DOT'OBAKOB C GJIAGCTOMWIOHHTOBOH GCTDYyKTypo#, pacce-
KapiliX MACCHBHHEe rad0pO-HODHTH, & TaKke OCpasoBaHWEM B TDOKTOJH-
TaX, 3aKJDYEeHHHX B rad0pO-HODATH, KeJH{MUTOBHX I'€pLMHHMT-IUIEOHAC—
TOBHX KaliM BOKDYI' 3EpeH IUarroKnasa WIA OGpasOBaHMEM IO TPOKTO-
JATaM [IAHEJeBHX JEepPHOJATOB, ‘

Cnemyommif sTaHE MeTamopmsMa OPOABJEH O0pA30BaHMEM DasJEY-
HHX aMimooNATOB., Ero paHHAMe CTanu¥ BHPaXeHH MOABJNEHHEM B Gaac-
TOMIWIOHATE3APOBAHHHY r'ad0p0 TOHKO3EPHACTOrO KeJMEHTOBOI'O I'pamaTa
¥ YaCTHYHHM MCYE3HOBEHHEM OpTOmMpOKcena. llo3mHee odpasyeTcs
KDPYOHO3EDHACTHH mopdmpodnacTHYecKui I'paHaT B acCOLMALAX C poro-
BOii OOMaHKOE m KBapmeM. [lo3fHme CTAIMM (MKCUDYDTCA O6pPas3OBAHH-
eM (rpanaT) - LHOM3ETOBHX amfudonmToB., C amfmdonmTaMm 2TOrO
aTana TeCHO ACCOLHMHAPYDT IACMOMUIMATHUTH M Teja IUIalHOI' DAHMTOR.
BospNRHECTBO TeJ IIATHOTLPAHUTOB. pAaclojaraeTca cpend radopo-
-aMfuGONATOE, HO 9YacTh OGpasyeT XWIH A Hajikl cpelid I'HMepdasd-
TOB BJOJb 3aIaJHOI'0 Kpad LEeHTPanbHOl [OJIOCH,

llocnenypuwii aTan mMeramopdmama OPeNCTABNEH NOPOJAME BSIHMIOT
~I'paHaT-aMfuooI0BOI0 COCTABa, KOTODHE cJaramT JHMHEelHHe 30HH
Da3HOil MOWHOCTH, GCeKymue OJacTOMIWIOHHTH3MDPOBAHHHE I'ad0pO-HOpH-
TH B I'DaHaTOBHe radépo-amfuCoNnTH. Torpma xe MO-BAMEMOMY GOpMU-
POBa&NRCE I'paHaT-TJIayKOJaHOBHE CNAHUH B OCHOBaHWM TOJWR rasopo-
-aMfMOONNTOE B JIABCOHAT-IVIAyKOfaHOBHE (KDOCCHTOBHE B NOICTH-
Japmax IaCTEHAX OCAN0YHO-BYJKAaHOTeHHHWX mopox (mers I0).
llomyckaeTcsa OnHAaKO, YTO OGpa3OBaHMe JABCOHAT-IJAYKO(aHOBHX CJaH-
LeB MOTJIO MPOMCXOIATH NO3JHEE I'paHaT-IVayKofaHOBHX.

[locsepsmii aTan MeTamopiu3ma MPOSBWICA OGDa30BAHUEM 3EJEHO-
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CJAHIEBHX IEA(TOPATOB, Da3BABABUMXCA MO BCEM MOPONAM 3aMaHON
[OJNIOCH.,

Hayuenne cocTapa MeTaMopjMyecKHX HOPOR 3aNaiHHX paspe3oB
B CBA3H C NpPACYTCTBMEM CpPeli¥ HAX [IATMOTCDAHHTOB CTAJKHBAETCH
¢ peuieHHeM BOMPOCA HCTOYHHKOB IUIATAOTDAHMTHOI'C BEWecTBa H
gosee OCMADHO# MpPOCJIEMH — M30XMMMYHOCTH MeTamopiusma MOpOX
ATOi MOJOCH.

B nocnepoBaTeNBHOCTH cTammii MeTamopfmama, KOTOpHYE mopeTep-
nmenn radopo-HODHATH B 3aNajHHX paspesax, OTYETIMBO NPOSABIEH
perpeCCHBHEE XOJN MeTaMopfMYecKEX NpeodpascBaHmii. BmecTe ¢
9THEM, B 3anajHuEX pa3pesax OfMOJMTOBO accolMalMi BCTDPEYanTCA
0CAJIOYHO-BYJKaHOT'eHHHE IODOJH,UCIHTABNEE MeTaMmopiusMm amfuso-
JUTOBOT'O yPOBHA, 3IeCh Xe MOXHO BHUETH (IeHs 2), 4TO B IHOep—
¢gas@ETax C paHHeil MaccoBoli meTenpvyaTol cepneHTHHMsanmeidl pasBA-
TH nopdupoliacTH M NPOXRWIKA GleJHO-3eJeHoro amfmoona, Cexyuue
neTeNbYaTHEe HDOXAWIKHA CEepHeHTHHa Oe3 MarHeTHTa, HadimopaeMue
ARJIEHAA JA0T OCHOBaHME OpejnoJaraTe B pANe CJyYaeB NPOrpeCCHB-
HHt MeTaMopiusM aMmfuCOJHTOBOI'O yDOBHA,

B pmenATpanpHOM THIE paspe3OB paHHEi MeTaMopfuaM rapusypra-
TOB BHDA3WICA B 0CpasOBaHHM CKJIAJOK Te4YeHHWA U JUHEe#HHX arpera-
TOB MHPOKCEHOB M XPOMIIAHENHNOB. JTOT 3Tal MeTaMmopdmMaMa 3aKaH-
quBasiCA OpMUDOBAHMEM XWI IOYHATOB ¥ MMMPOKCEHATOB BJIOAB CHCTE-
MH TpelyH, HacaenyouMx mian jgefopMaumi, B KOTOPOM O0pasoBa-
JHECH JHHEjiHHe arperaTH MHPOKCEHOB. JBOJWIMA COCTABOB OPTOIMPO-
KCEHOB ¢ MOCJEeNOBATENEHHM YMEHBIIEHMEM B HEX CONEDXAHUA alnMia-
HuA, KanbUWmA ¢ XpoMma MOKa3HBaeT, YTO 3T IPOLECCH MNpPOTeRald G
[IOHAXEHNEM TeMnepaTypH B CyOCONMAYyCHOR odnacTR rapucdyprara
(1100-800°C). TNpouecc npeodpazoBanms rapiudypraTOB HA BTOM BTa-
lle NMPOCIexWBAETCA U OpU o6pasOBaHME MeTaCOMATHYECKAX XA IyHH-
TOB, NADOKCEHATOB M XpOMATOB. Hadiopaemad INUCKODAAHFROCTHE CTPYyK-
TyPH TapulypruToB K I'padduaM OOpPON MONOCYaTodl cepuu, MOKA3HBa-
0T, 4TO medopmauMy rapLUCypraTOB H& DaHHEM 3Tane MpefuecTBOBa-
JI4 (OPMMPOBAHMI [OPOJ MOCJIOCYATOM Cepum U raddpo-HOPHTOB,.

llocnenyommyi sran MeTamopiMaMa 3afMKCHPOBAH B IRIEPOA3MTAX
DanHe} MmaccoBoii neTespuaToli CepIEHTHMHMsALMM (Je3 MarHeTaTa),
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npoxopmemeff, KAK MOKAsHBAET CTPYKTypa MOpON, B CTATHYECKOR
0 IAaBJEeHAD OGCTAHOBKe. B xofe mocienoBaBmero arama, CepneH-
THHESHPOBAHHHE IapulypriTH BAONE JMHEHHHX 30H MCHOHTAIA HA
PAHHMX CTANMAX DOJHYD NeCepNeHTAHHM3aLMD WIM NpeodpasOBaHns B
NOPONH TANbK-aM@HCOI~-OJIEBEHOBOIO COCTaBa. [lo3fHMe cTajuM 3a-
(MKCMpPOBAHH OCpASOBAHMEM BIONE TeX X HANpaBNeRndl MOPOJ ONH-—
BNH-GHTUMOPDATOBOI'O COCTAaBa MACCABHOE M cnaHUEBaTOE TEKCTYDH.
B 30He comnpAxeHms I'ENepCasmETOB ¢ raddpo-aMfméonmTamu 3anapfHoi
NOJIOCH G STEM STANOM YBASHBALTCA HOBOOOpa3OBaHMA GeCLBETHOI'O
aMmfucona, 4YacToO B aGCOLMANFE ¢ I'ePIMHAT-IUIEOHAcTOM, [yHUTH, B
XOfie BTOr'0' 9Tama, HA pAHHMX CTAJMAX TAKEE MCHHTHBADT NOJHYD
JecepneATAHN3ANAD, 4 HA MO3JHAX -CyAMHMDOBEHME W paCCJaHIEeBa-
HHEE BMECTE C OJMBMH-8HTAT'OPATOBHMHI MOPOIAMH,

OnMBAH-8HTATOPATOEHE , TANBK-8HTACOPATOBHE M KYMMMHTTOHHT-
ONIMBAHOBHE NODORH HACIeIyDT XUMAYECKEH COCTAE OepIeHTHAN3HDO-
BAHHHX I'apulypraToB, COXpPaHAR owﬂomeﬁne‘no,/ 810, =. 1,7
7 xene3mcToCTEP= I0, 9TO CBUIETENBCTEYET 00 M30XAMUYECKOM Xa-
pakTepe Mmeramopimsma. IIpeodnazasnme 38KHMCHOI'O xeJie38 Haj OKHC=-
HHM B OTHOCHTEJBHO MOHHEXEHHOE COJEDRAHME BOIH B OJMBHH-3H-
TACOPDATOBHX IOPOLAX OTpaxapT WX o0pasoBaHme NPH GONee BHCOKAX
TeMnepaTypax HexeNHM pDaHHAS CEepHeHTHHM3alMA rapudypraTos, T.e.
MeTaMopimsM ORJI NPOI'DECCHBHEM IO OTHOWEHMD K Heil, OdpasoBanme
yoToiunBO#l acconMamdi ONABHE + AHTHT'ODHT + MATHETHAT (+KIRHO-
IMDOKCEH), GJIE3KOJ K DaBHOBECHOH, OTBeYyaeT yCJOBHAM METamopius-
MA XJODHTORNHOJ CysPammm 3eseHx cianues (Evans, lromsdort,
1970). JlecepneATHHU3AINAA ¥ NEPEKPHCTALIM3ANAA OYHATOE IPOMGXO-
Iwia, HO-BANUMOMY, B TeX Xe YCJIOBHAX, IPH TEeMIOepaType
( 500°C), npeBHmaBmefi mose yCTOEYMBOGTE XPHSOTHIA B GPYCATA
CepneHTHHA3NPOBAHHHX IyEHATOB. ’

MmHepanbHO-XAMAYECKHY COCTAB ¥ I'DAHOGNACTOBHE CTDPYKTYDH
CBeXMX I'apudypraTOB NO3BOJNANT PAaCCMATPHEATE MX KaK HamGoJee
BHCOKOTEeMIepaTypHHe 00pasoBaHusA (  750°C) mporpeccmBHOrO
MeTamopfrsMa, NpPOTEeKaBWEr'0 HE DAHHUMX CTAIWAX (ODPMUDOBAHMA JH-
HeliHHX 30H yJNBTPAOCHOBHHX MeTamopiuToB, IlosmuAsa cTajgus Mera-
MopfMsMa IunepdasuTOE NPOABWIACH BLOJNB 30H Pa3PHBHHX Hapyle-
HHMli o0pasoBaHMeM YEDHHX CEeplNeHTHHATOB G MarHeTATOM.

B ragépo-HopiTax ¥ IOpoiax NONOCYaTOol cepnn.pacﬂonoxeﬂﬂqx
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B BOCTOYHOM THIE paspesa, DaHHMM 8Tal mpeodpasoBaHEll NpencTas-
JeH BHCOKOTEMIIe pATYDHHEMM GIACTOMAIOHATaME. ORR JIOKAJM3OBAHH
BOOJNB OTHOCHTENBHO MAJIOMOLEHX 30H (mepBHE MIECATKHM METpPOB) C
Pro-BOCTOYHHMN NANSHWAME T PAHMI] (40-600). 3mecs radoponmH
npeoGpasoBaiH B (KJIMHOMMPOKCEH) - IIarfoKIas—-pOr0BOOGMAHKO-
BHE OJACTOMUNOHATH M ILIATHOMATMATATH C IONyOHM kBapoem, C
GNACTOMIIOHATAMA TEGHO ACCOLMAPYOT NerMATOMNHHE XWIH (KIAHO-
NAPOKCEeH) = MIarnoKnas-poroBOOCMAHKOBOI'O COCTABA, EWIH IUa-
THOrDAHATOB (IeHb 4) M OpEOJH HepPABHOMEDHON BKpAIUIEHHOCTH
roxygdoro Kmapia.

(OdpasoBaHie MOpoOJN aKTHHOJMMT-aHOPTATOBOI'O COCTaBa Xapak—
TepuayeT CASIyDUAl @Tal MeTamMoofH3Ma, OXBATHBIErO 3HAYATENb-
HHE OOEEeMH raddpo-HODHTOB, a TaKxe O0pasoBaBMHECA IO 3TOrO
énacToMunoBATH (neHb 4). CBoeoGpasHHii MHHEpATHHHE COCTAB
HOBOOODa30BaHHHX MOPOJ, MO3AWYHWI LCUCYHOK HX pasMelleHHs o
NCeBIOMOPJHHY XapaxTep 3aMeilleHNA IMPOKCEHOB AKTUHOJNMTOM, He
CONPOBORNANUMICA HA 3HAYATEJNBHHX IUIOWUAMAX IMHAMMYECKHMM mnpe-
00pa30BaBMAMA [OAJepxUBanT npencrasnenve (Muacupo # mp.,
1973) C 3eNeHOCNAHIIEEOM yPOBHE MeTaMop{EsMa 9TOI'O THIA, OCYy-
LeCTRAARLEI0CHA B IPANOBEPXHOCTHO} 4YaCTH paspesa OKeaHMYecKOoH
KOpH #, BMecTe C TeM, NO3BOAANT NpelnojaraTh ydYacTHe B 9TOM
NpOLEecCe HA3KOTEMIepPAaTypHOI'O MeTAcOMATO3a B TEKTOHHYECKH
CIOKOHOK (CTATMYeCKOR) OGCTAHOBKE,

[lospuue sramy MeTamopuYecKHX npeodpasoBannii radéoponmos
IpeCTARIEHH MATOMOUHEMA 30HAMH LIOM3AT-aKTHHOJATOBHX M 3ese-
HOCJIALEBHX GJACTOMUIOHATOB C CEBEDO~BOCTOYHHMM IPOCTHPEHAAMA
! Oro-BOGTOYHHMH MaLEHWAMH.

MeTamop¢mam zuadazoB OfMONMTOBO ACCOLMALME Hamboiee
MOJIHO MPOABJEH BLOJB BOCTOYHOTO Kpasg 30HH F , Panemi sTan
X npeodpasopaHmii ukcupyeTcs amfuoosmsandeii, o6pasoBaHueM
OnacTOMUNORUTOB M IUarMoMarMaTasaumeii. HoBooGpasoBaHHHE
MAHeDanbHHEe accouManMy OJAaCTOMIIOHMTOB ¥ IUIATMOMATMATHTOB
(mwraruoxnas Anyy_go + Porosad oOMaHKa i KBapl + GHOTAT)
XapaxKTepusynT ZOCTHACHYTHY AMJIOONATOBHH yDOBEHB MPOI'PECCHB-
HOI'O pocTa TeMmnepaTyp B XO#e LMHAMOMETAaMOpJuM3Ma 3TOro aTana.
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Ha caemywouem aTame IarMOrPAHMTHSHDOBAHHHE NHA0A3H WCIH-
Tan® B KOHTaKTe C TOHAIMTAMH OpDOI'OBMKOBAaHHE, MOCJE KOTOPOI'o
no MeTampadasaM ¥ TOHANATAM MPOMCXOIWIO 00pasOBaHME JIMHEHHHX
30H 3eJIeHOCJaHUEBHX OJacTOMAIORKNTOB,

Koppeasan®sa BHUeNepeYUCHESHHHX COCHTHH HCTOPHH
fopMupoBaHmEs mOpOE OFMOINTOBOH accoumammu X MX MeTamopduama
BCTpevaeT pAJL TPyIHOCTE#, CBASAHHHX E DEDBYD OYepelb C HENO-
CTATEOM DAIMONOTAYECKEX IATAPOBOK M HEPEIEeHHOCTBD PAJE
OYEepUYEHHAHX EHIE CTDYKTYDHHX BOOPOCOB. Ha CerojHAMmAWI NeHB
OCtEeRTHBHAA KODpEJALMA cama 1o cede NDeNCTaBIAST CaMOCTOATENb-
HyD OpodieMy, Tpedyoumyn IarbHERMAX ACCAEHNOBaHMii. BMecTe ¢
STHEM, 8BHANM3ADYA 9TH COCHTHA, MOXHO IOCTATOYHO OCEEKTHMBHO BH-
IeNATh HECKONBKO KDYMHHX 9TANOB (JOPMEPOBAHMA MOPOX - OfMONA-
ToBo# accommamum (Tadm. I).

PasBRii 8Tanm oxBaTHBaeT BpeMA O0pa3OBaHMA IapulyprauToB,
3aTeM radGpo“HODATOB M IIOPOT, NOJOCYATOHl cepum, a Takgke MX
BHCOROTeMIepaTypHHe medopmanmr, [locielynmmii 9Tam:OXBATHBAST
BHBeJieHne radGpo-TAnepOas@TOBOr0 KOMILIEKCA B BeDXHHME MacTH
paspe3a OKeaHUYECKO# KODH, MACCOBYD DAHHDD CepIeHTHHU3AaLMD
THOepCasuToE B 00pa30BaHNEe aKTHHONMT-SHOPTHUTOBHX IODOJN MO
radopo-sHopuTtaM. OgopwieRMe BTOrO paspesa B DAHHENANEO030HCKYD
OKEaHMYECKYD KODy QUKCHDYeTCA BHEIDEHMEeM JaeK I CWLIOE AHada-
30B. )

lo3pumii 3Tam, OXBaTHBAET BPEMA CKyYMBAHWUA paHHeNaleo-
30HCcKoli OKeaHMYEeCKO} KOpH I XapakTepusyeTcs e€ ApPOCIeHHeM,
KOTOpPOE CONPOBOXRJANOCE JIOKANBHHM JUHAMOMETAMODIM3MOM C IpO-
DPEeCCHBHHM DOCTOM TeMIepaTyp A0 aMmpuGOIMTOBOr'O ypOBHA, dopMu-
DPOBaBHMECA NO3JHEE NOPOIH OCTPOBOLYXHHX accoumamuii (30HH D
2 G ) MCIHTANW HE MOCHENHEX CTANAAX MeTamopimsM, He NpeBHUED-
mAfi ypOBHA 3eJIeHOKaMeHHOT'0 NepepOoXIeHnd,



Taduuna I

[locneZoBaTENBHOCTE QOPMUPOBAHMA M METEMOPQUSMa
nopog ofuonuToBOR accoumauuu

TuneH paspesos

3anazsuit

LEHTpanbHui

BOCTOYHHH

3€JIeHHE CIAaHLH
¥ ONaCTOMUJIOHUTH

3NUAOT-KPOCCATO-
BHE, jeHruT-angu-
60N0BLE, T8BCOHU~
TOBHE CHIAHLH

rnayxobaHOBHE
CN8HUH C I'paHa-
TOM, XJIOpMEJaHU-
TOM M KBapleM,
3MUAOT~I0M3UTO~
BHE aMPuOONUTH

TPaHaTOBHE ,
[ON3UTOBHE
auduOONMTH ,
TOPHONGHAUTH ,
MNaTUOMUTMETUTH ,
NAaTHOTPAHMTH ,
KanbUMGUpPH 1O
U3BECTHAKAM

YEpPHHE CEPNEeHTHHUTH,
CEpNEHTHHATOBHE MH-

JOHATH ¥ MEJaHX

NAaTMOTPEHATH, XaZe-

HTUTH, 8ABOUTUTH

ONMBHHE-8HTUTOPUTO~
BHE, aM@uOOn-ONuBH-
HOBHE NOpOAH, Zecep-

NeHTHHU3NPOBaHHHE

AYHATH ¥ TapuCypruTH

Pa8HHfIT MaccoBaf
neTensyaTas cep-
NEHTUHU3ALMUA

0e3 MarLerura

36JI6HHE CIEHLH
® GIacTOMMIO-
HUTH

EUJIH TOH&8IMUTOB,
anozuata30BHEe
POTOBUKHM B
KOHT8KTE C TOHa-
NUTaMHA

TI8THOKNas—
pPOrooGMaHKOBHE
0NaCTOMMIOHUTH ,
MIarOMATMaTUTH

éuaoaau, rad-
po-ZualasH,
ans6uTodupu

SKTHHONMUT=-
SHOPTUTOBHE
NOpOAH
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GnacTOMKIOHUTH pedopuauus xua INIaTHOTPEEUTH ,
ABYNMPOKCEH-Ta— ZAYHHTOB, NHpPO- nAaruoKrIas-po-
TUOKI230BHE MO KCEBMTOB, XpO- roBOOOMaHKOBHE
ra00po-HODHTaM, MUTOB Ha 3ana- EUIH ONgcTOMM-
NNUHEeNeBHe e o0pa3oBaHue JOHUTH Snna—
NepUONUTH TIO DNUHENEeBHX Nep-  TUOHKIA3 )-NHpo-
TPOKTONMUTAM LOIUTOB N0 KCEHOBHE IO
TPOKTONMTAEM rad0po-HOpPUTaM
¥ TIOPOZ8M IOIOCYE-
A TOi Ccepuu
ra00po-HOPHUTH , XUIN ZYHUTOB, ra00pO-HOPUTH ,
METaAYHUTH , NMPOKCEHATOB NHPOKCEHUTH ,
TPOKTONMUTH AefopMaLusa TPOKTONUTH ,
[ONOCYaTOCTH BEDIMUTH, AYHATH,
rapudypruToB KCEHOJMUTH TIapl-
GYPTHTOB
TapulypruTH




IEHD 1.

llenb, OsHakomieHue ¢ oOwuMM paspes3oM OfMONWTOBON accouua-
Juu llallepcroro noxposa,

Ocrguopka I-1. T'unepOasuTe # radopo Ha8 pyd.Kspwop (B.U.
JleHHHX) .

C HavanbpHOM TOYKM MAPUPYTa OTKPHBAETCS MAHOPSME AONMHH
p.Manasa Jllaropra. K sanagy BMAHW GOpTa [OAMHH,CIONEHHHE THIEp=
Ga3uTamMu ¢ xenTo-Oypoll Kopxol BHBETpUBaHUA. B HOHUE ONMEH
BUZEH BOCTOYHHE OTpOTM XpeOTa XOopABNCC, CAOKEHHHE MeTaMOpdu-
30BGHHHMN TadCpo M radopo-aupubonuTamu, I'xe OYyAET NPOXOAUTH
BTOpO#t ZeHP sKcKypcuil. Toraa ®e yyaCTHMKM 3KCKYDPCUM TNO3HEKO-
MATCA C 38N8AHHMM DaspesaMy nojocyaToll cepuw,

MapupyT HauMHEeTCA C OCMOTPE BOCTOUYHHX DPA3PE30B NOPOA
noniocyaTo# cepmu, BCKPHTHX B CH8NIHHHX BHXOZAX M OEpeTOBHX
o0puBaxX Bo3ne ycThA pyusd Kapmop(puc. 3). BAECH MOXHO BHZETH
AYHUTH C NOAKMIOGIaCTMYECKUM AMOMCMAOM, BEDAUTH, TPOKTONMTH ,
KIUHOMMPOKCEHUTH , TalOpO-HOPATH ¥ TadUpo,MCNHTIBUNE MHOTOCTE-
INAHYD CEepHeHTMHM3alLM0 M 36NEHOKAMEHHHE W3MEHEHMA. [lepexof ui
nopoa nonaocuaTod cepuum K TINEBHOMY MONK I'unep6asuUTOB 3LECH OC-
JIOXHEH CUCTEMOM ManoaMmIUTYAHHX HaZABMTOB C KI'0-BOCTOYHHMM
N8AGHUAMHE, CONPOBOXZAEMHX MAJOMOUHHMYM 30HSMHU CEPNeHTUHUTOBHX
i 3€IEeHHX CJaHLEB.

Ocrgnosra [-2., I'aGOpO~HOPUTH U AMa0a3H Ha pyuybe Kapmop
(A.A.CaBenzes).

MapupyT GyAeT NPOZONXEH OCMOTPOM paapesa (oxomo [ kM), TAe
cpeau rab0po-HOpUTOB OCHaXawTCH Aallky aAuatas3eB ¢ ralGipo-HOpHU-
TaMu B MeXZaWKOBHX NPOCTpPaHCTBAX. [IpOCTHpAHME 38KaNEHHHX 30H
ZlaeK OpPMEHTUPOBAHO COTNAcHO ¢ TpaHMUel Imnep0asMTH-Ia6opo B
3TOM paiioHe; NMEZEHUA 38KANEHHHX 30H - CYyOBEPTUKaNbHHE. PaH-
HUE MOKOJNEHUA A8EK CIOMEHH Anatasamu ¥ radGpo-zuabazamu. B
cepepuHe paspe3a OCHaXamWTCH ZAaliKM MIATUOKNE30BHX MOPYUPUTOB U
anep0uTOolupoB, NPEACTIBAANNLUE TMO3JAHUE MOKONEHUA. MeTamMopguaM
InatasoB BhipaxeH 00pasOBaHUEM 8PTEPUTOBHX MIGTMOMATMETUTOB
NNaruoKne3-poroBo00MAHKOBOIO COCTaBA,
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OcranoBka I-3. BocTouhndl TUn pa3pesos OfMONIUTOB HE
p.Manas Jlaropra (A.A.CaBenses).

MapupyT mpogonxaercA mo p.Manaa Jlaropra, nepecexas palion
CIOKHOI'0 YepefoBaHuA ra00pO-HOPUTOB, AKTUHONAT-B8HODTUTOBHX
NopoA, BKAKvaAWmUX ONOKM IuneplasuToB, C radOpo-Auadasamd M
anadazaun (puc. 3).

OCmafg nmaHopama pasMelieHMA 2TUX NMOPOA BUAHA C BEPUMHH
Xonma H& npaBolepexbe pexn Manas Jlaropra. Orcoia B Wro-sangi-
HOM HaTpaBIeHHM OTKDHBAGTCA BUJ HA TOPy, BEDUHHE W BOCTOUHHE
CKJIOHH KOoTOpolt cioxeHs runepCasuraMu u racGpo. 3anaguuil ee’
CKIOH CIOXeH MeTaMop@u3oBaHHHMU AUaGa3zaMd, CTPYKTYPHO NMOACTHM-
JN8aDWAMK TOPOAH BepumHH. Ta ®e monoca Aualdas30B BCKPHBAeTCA B
06pHBaxX AEBOT'0 GEpera DeKHd, XOPOWO BUAMMHX C TOUKM OCMOTpE.
Hag-HuMM, B CEBEpDHOM HANPABIEHUM OTHPHBEETCA BUA Ha Tpynmy
BEDUMH, CHOXEHHWX ABYNUMPOKCEHOBHMU T&00p0 M UX Meramopimao-
BAHHHMK 8HAJIOraMM, CPeZiM KOTOPHX BCTPEYaNTCA HEOOJIbUMe Tena
METAJYHUTOB, BEDAMTOB ¥ (MAM) KIMHONMMPOKCEHMTOB. Ha obGpaueH-
HOM K HEM KXHOM CKJIOHE BOCTOYHOM BepmMHH XOpOWO BUAHA TpaHULA
CBETIO-CEPHX MeTaMOp({u30BaHHHX TaGOpPO-HODPUTOB M TEMHHX aM{u-
OONU3MPUBIHHNX 1'du0pO-ZKUataa0B, HA NPOCTUPAHUM KOTOPHX M Ha-
XOAMTCA TOUKE OCMOTpa. I'aG0po-uualasH cnarspT HUKHOD Y&CTh
paspesa kpynHoro cunna (7). BepxHelt vacTu ero paspesa, 0GHa-
xanueficA BOCTOYHEE, COOTBETCIBYNT BHXOAH AMadasoB CO CTPYHTY-
po#t mapannensHuX gaex (ocTaHOBKA [-4). HemocpeicTBEHHO HUEe
TOYKH OCMOTpa, Cpefu aM{uOonu3upOBEHHHX M, NO3JHEE, 3E6IEHOKE—
MEHHO M3MEHEHHHX rad0po-ZualtasOB pacnolaraeTcd KCEHOIUT Cep-
NeHTUHUSUPOBEHHEX AYHUTOB. B €0 LeHTpanbHo#t yacTU COXpaHM-
Nach DAHHASA MACCOBAA MeTeNbyaTad CepneHTHHM3auudA. [lo mepude-
PUM TENO AYHMTOB OK8HMIEHO YEDHHMM CEDNEHTUHUTAMH, NPOHUKERUM-
M BTayO0b ero BRonb TpeWuH. [IO3AHAA CEPNEHTMHU3ALMA AYHUTOB
(oOpasoBaEMe YEPHHX CEPNEHTHHUTOB) YBASHBAETCA C BEJIEHOCHEH-
IeBHM AnadTope3om auduOONM3MPOBEHHHX Iral0po-IunadasoB.

OcranoBka I-4, Jlaltkm nuaGasos Ha p.Maznas Jlaropra (P.T.
flaesa). Bocrounee OOHaXaeTCA paspes NapaineNbHHX A86K Auata-
30B C PEJKMMM OCTAHLAMM TOPOJ MeXZallKOBHX mpocTpaHCTB (amomu-
POKCEHUTOBHX I'OpPHONEHZUTOB, IaG0po-aMbuGONInTOB).

JaftxoBult KOMNIEKC CHOXEeH adupoBHMM AME0838MM, MNETUOKNE3-
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NMPOKCEHOBHMK M MEIaQMPOBHMM TUISIMOKI&30BHNM AMa0830BHMA NOpP-
gupuTaMM H ansOuTofupauu. MOWHOCTH A8EK HE MPEBHWAET 2 M,
MHOTOKDATHHE BHEADEHUA 1O OAHOM cucreme Tpeuus (&3,npocTupa-
HuA 3550) 00pa3ywT ajupoBHe AMalGa3H, HauOoOJee JAPEBHUE M MHO-
TOUMCIBHHHE B paspese. bonee Monmopne AMa0a30BHE MOPOUPHTH
npuypoueHH K Heckombkum cucreman Tpeuun (0°, 20°), Camme
Mo3ZiHMe U peiZkue Aallky B nmakeTe NpeAcTaBIeHH aQuUpOBHMH annOu-
rofupamu. Bce jalikm nakera uMewT BepTUKANbHHE, 38KAJNEHHHE
KOHTAKTH. [lponeccH meramopdusna ampuConuroBodl dauuu, miaruo-
TPaHKTU3ALME TNOCJEAyNNEer0 OPOrOBMKOBAHUA M JOKANBHOIO AKHAMO-
meTauopdu3Ma Ha 3HEUMTENBHHX UHTEDPBaNaX 3aTYLEBHBAWT NEpPBUU-
HOE 38NIeTaHUE M CTPYKTYpPYy RMANBHHX TEX.

PasanbpToBue Aallki CIOXKEHH NASTMOKIA3OM (An45_48), porosoft
0oOMaHKOH M COXpPEHMIM DEIKME DEIUKTH AMala30BOH M CnuMAMTOBOM
MUKEPOCTPYKTYP M NEPBUYHOTO NAPATEHE3MCa: MISTUOKNE3 (Ln65_40)
+ KJIMHONMPOKCEH. B CBA3M C npoueccamy NIaTMOTPAHUTUBSLHUM NMOABIA-
DTCA METacOMaTHYecKMil Oypwidl CMOTMT M KBapL. B 30Ha8X pacclaHle-
BaHUA BCE 9TM MUHEDanH 3aMElsnTCA accouuauueit KBapua, aiouuTa,
NpeHuTa, NUAOTAE M XIOpPUTA.

[lo XMMM3MY 083MTOBHE A8fKM HEOZHOPOAHH (Ta0l. 2, PUC.4).
x HOopMaTMBHHI COCTEB MEHAETCA OT KBApLUEBHX ZO OIWBHMHOBHX
TonenToB, CocTaB adupuTOB OIM3OK K KOTEKTHYEeCcKOMY (puc.4, 5),
8 MIaTrMOKNa3-NUPOKCEHOBHE NOPOUPUTH OTAMYANTCA OT HMX NpPUCYT-
cTBueN 70 40% HOpMATUBHOTO ONMBMHE M HECKONBKO IMOBHIEHHHME
COZePXaHUAMU TLO2 (mo 1,6%), 4TO MO3BONAET NPEANONETATH UX
KYMYJNATUBHYK NpUpory. AnsOuTOPUPH DO COCTABY ONU3KM K ILIaTMO-
JunapuTaMm U ZaUUTOBHM nopdupuTam,

Ocraroska I-5. KOHTEKT Amada30B U ToHaaumToB (P.I.flaesa).

KoHTakT ZMaGa30B U TOHAIUTOB pACIONSraeTCA HA NpaBoM Oe-
pery peru Manaa Jlaropra. OcMoTp HaumHaeTcd 60U — METDPOBHM
OOH8XeHMEM KpaeBOil 30HN TOHANMTOB, 3alETanUUX B OCHOBAHUH
ocTpozyxmRO# accoumauud. Ha wuMpoTe paspesa monoca TOHANUTOB
MMEET WMPHMHY OKONO 9 KM, HO P&3pPE3 NO3BONAET YyINYyOUTHCA B HUX
Ha pacctoanue 100-150 merpoB. HemocpeZcCTBEHHO C anoAMata3OBHMY
POTOBMKAMM KOHTSKTUDYHNT MEBCCHUBHHE KOHTAMMHMDOBAHHHE MNOPOAH C
COCT8BOM MENaHOKPATOBOTO KB&PLUEBOTC Aumopura (Tadnuua 3, aHanus
1). Bray6s or KoHTaKTa (Ha BOCTOK) OHM CMEHANTCS YEPE3 KaTakna-
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Tatauua ¢
Xumuyeckult cocras Aaex M3 paspesoB pek Jlaroprab
u Manaa llaropra

Be=53 #e~55 Be-823 Be-56 Be-76  Be-790 Be-802 Be-810

si0, 47,1 53,0 47,3 49,0 5
Ti0 1,0 0,63 0,52 0,50

49,7 47,6 74,1
22 0,9 1,64 0,28

9
s 2
3 15,7 4,7 12,4
5
6
0

2
I
AL0, 16,3 13,8 17,2 20,65 15
Pe0,. 2,3 0,72 0,91 3,1 3,
9

0

i

2,37 2,2 1,44
Fe0 9,02 7,37 6,46 ,8,62 g8 10,3 12,6 4,06
MnO 0,09 0,05 0,09 0,2 s 0,2 0,18 0,05
MgO 7,78 8,26 11,2 4,0 4,48 9,36 6,23 0,35
ca0- 10,7 9,29 11,6 9,55 5,73 10,1 8,2 1,04
Na,0 2,24 4,26 1,5 2,42 5,9 2,17 3,24 5,28
K,0 0,11 <0,T <0,I 0,15 0,22 0,49 0,27 <0,
P,0; <0,0l 0,1 <0,05 0,2. 0,13 0,16 0,55 0,02
mem.m. 2,76 1;8% 2,39 " T,42" 1,02 2,13 1,66 0,44
€0, 0,56 0,39 <0, <0, 0,28 <0,I <0,I 0,11
-  <«0,05 <0,05 - <0,05 <0,05 <0,05

S ofm. ~
ONeMEHTH - TipuMecH (p.p.m.)
4 250 211 210 280
Cr 32 232 410 10
Ni 35 196 200 *9
Co Lty 47 u7 32
Pb 052 0,4 "85 0,7
se 37 36 40 36
Li s L 5 4
Be u,7 0,6 0,4 0,6
Rb ol 6x. 7T cl. .
Zr 67 58 363 180
X 20 7 18 25
Nb L 3 3° 245
Ia 4 v 6 8
Ba 50 36 35 29

TIPVMEYaHNe Kk 00pasuan_ p.Jaropran: BC-53 - AWa0aaH PaHHen,
Be=55 = NPOMERYTOYHOM , Bc-82§ - No3jHef reHepauMid A8EK; SC-56-
ueragupoxsn [IaTHOKNa30Bui AKaGa3oBuil nopiupur. P.Man.laropra:
Bc-760pOroBMKOBaHHLY AMata3 y KOHTaKTa C TOHa;IMTamMM, Bc-790-

afuposult anacas; Bc-802-myad ; )
ﬁ%-%lo-angﬁnw #p a@uponﬂﬁ? 83 C MUPOKCEHOBHMM ([€HOKPUCTANIAMM;
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3UPOBAHHHE MEIKO3EDHUCTHE TOHAJNUTH KPYNHO3EPHMUCTHMA PUINAMO—-
mopdHHMM DE3HOCTAMM C JMHEHHO OPMEHTMDOBAHHHMM KPHCTANIAMM
poroBoil OOM8HKM M MI8THOKN&38. KPYNHOBEPHUCTHE TOHBIMTH

3Zech uUMENT cocraB: KBapy (I[5-20%), nnaruoknas ¢ npaAMmolt 3o-
nanbHOCTEO (A o yg o9 » 40 - 50 %), porosas oGMaHKa +
guorur (15-20%), oproKnas (4-5%), MATHETMT, ANaTUT, MHOTAA

- rpanar (re0nuMua 3, aHanus 2). TOHANMTH COAEPXET DELKME
OKPYTIHE KCEHOJNMTH 8HAE3UT-POTOBOOOMAHKOBHX DOTOBMKOB M @BTO-
nuTH (TOMEOrEHHNE BHIANYEHUA) MUKPOAMOPMTOBOrO M raGopoBOI'0
cOCTaB8; BUIHH HEMHOTOUMCIEHHHE ¥ Manomoiine (I-2 cM) Oeckop-
HeBHE Zailku amnuToB (OIMIOKNE3-0PTOKI&S30BHX, C MUDMEKHTOM).
XuMu3M TOPOJ 3TOI'0 yuaCTKa MWINNCTPUPYET Talauua 3.

TaOnuua 3
Xuuuueckuif cocras NOPOA ZMOPUTOB ¥ TOHANMTOB
(Bec.%)
ﬁg Tlopo- KoMnoHeHTH 3
Aa Sio '1‘102 AlEOBFe205Fe0 MnO MgO CaO Na20 K o P 05
I.KBap-
uenun
zwopur 57,7 0,16 17,3 1,16 7,84 0,12 3,29 6,84 3,70 0,95 0,17
2.Tona-

mr 60,5 0,4 16,2 2,0 5,05 0,09 3,21 5,99 3,26 1,93 0,19

KOHTaKT TOHANUTOBOI'O OSTONMTA C AM30438MH - BEDTUHaNBHHHA,
pe3xuit, npunafHEHfl, MHTPY3UBHHHE (a83UMyT NpPOCTMpPaHUA 300). Ha
nporaxeHur 500 M OT KOHTEKTZ BO BMEWAKNEMX TOPOAAX OCHAKaeTCH
HeCKoneko palikooGpasznux anofuz MomHocTBED [-2 M, CIOXEHHHX
POT0B000MEHKOBHMM KBADLEBHMA AMOPMTEMM ¥ KX MATM8TOTEHHHMU
OpeKuusMM ¢ OOCNOMKAMM OPOTOBMKOBS8HHHX AMaCGa30B. Buemanmue mno-
POAN Yy KOHTEKTE MNMpEeBpPaiieHH B aHAE3UT-DOrOBOOOMAHKOBHE DOTOBMKH.
Opeon oproOBMKOB&HWA [POCIERMBAETCHA HA HECKONBKO COTEH METPOB.



LEHD 2.

llenp. MeTaMopimsm racopo ¥ runepdasuToB B paspesax 3a-
mAmeEOr'0 THMA.

[lpr momsesjie kK HAYANy MapipyTa OyAyT NepecedeHH IOJIOCA
BHXOJIOB rapudypraToB, OKajiwiAmine EX ¢ 3amaja MNOPONH Hojocya-—
TO# cepuu ¥ KpynHu# ONOK IHOepOasHTOB, 3aK/WYeHHHE B radspo-
aMmproonaTH. [lo mepafepEr 3TOro GJOKA MECTaMd pacHoNaranTcA
IOpOJH MOJIOCYATOH cepHd,”a ero HUEeHTPATBHAA WACTE CJIOREHa
rapucypratTaMm # pysmramu, OcMOTp paspesa HauymMHeeTCs HA 3anafm-
HOM KOHTaKTe (UIOKa rapulypreToB ¢ radépo-amMguéosdTamu, oepe-
ceKaeT BHXOIH aMiMGONMTOE I jasee HpojleT MO pPyyYyed, KOTODHE
BCKDHBEET paspes MeTadasuToB xpedTa Xopmsncc (puc. 6).

OcraHoBka 2-1. KOHTaKT rapudypruaToB B raddpo-aMimeosnToB
(A.A.CaBenseB). ,

B o6saxeHMH rapudypraTH NepecevYeHH XATaME BEIATOB,
BEGCTEPATOB ¥ KIRHONMPOKCEHHTOB, CONPOBOXIAEMHX ODEeOJaMH
KDYIHHX MOMKAIOGNACT KMMHOIMPOKCeHa, [mpoxceHmT (Tadi. 4 )
HAMEDT OTHOCHTENBHO HM3KYD XeJe3mcTodrs (odp. I8-3, I8-9) B
CpPaBHEHMA C HX aHaJOraMy B NOJOCYATOH CepHm W3 BHEmHEe# OTOpou-
KH IJIaBHOT'O IR IrapndypraToB, NOrpanmyHofi ¢ radépo (odp.
79-a).

Bce mopojs nepeceyeHH CyOUMPOTHHME RANaMH IVIATMOKJIA3UTOB
(Anyy _op TaGN.4) O MANOMONHHME KajMaMmyé amguGona B BK3OKOHTAK-
Te, ['apuSyprATH COZEPRAT TOHKYO HEDABHOMEDHYH BKpAILIEHHOCTE,
NPOXAIKA M [EMOYKM OnejHoseneHoro amimsona, o0pasoBaliue KOTO-
pOro MPOHCXOMWIO OYEBMIHO OAHOBPEMEHHO C ofpasoBan:meM radcpo-
aMfrGoNUTOB,

OcraHoBKa 2-2. l'addpo-amgmdonuTu (A.A.CeBennes)

Bume mo pyYspo, B €ro 6OpTax OoGHaxeHH raddpo-aMdEGONNTH C
rpaHoGNacTOBEMA, MOPIHPOGNACTOBHME M IMOUKAIOGNACTOBHMU CTPYK-
TYDaMA ¥ NIPe[CTABNEHH HapareHesmcoMm poropas oomanka ( £ =50%)+
rpasar ( £ =64-83%) + LOM3AT + KBapn + pyTWI. Pexe BOTpevanTcs
PAsHOBENHOCTH C IUIATHOK/I&30M (Anzg_as) ¥ MOpOAH I'paHaT-IMpPOKCe-
HOBOT'O WIH CylleCTBEHHO I'DAHATOBOI'O COCTABa, l/naBHaa Macca radcpo-
aufrdonnTOB GAM3KA NO XEMM3My K ABYMMPOKCEHOBHM radspo (radnm.S ), .
KOTODHE OCHAXADTCA BHIE MO TEYEHHD DPyYbS.
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Tadnnua4

XEMAYECKME COCTABH NODOL M MAHEDANOB MONOCYATOR cepum (3amafsuii THI paspesos)

70 79-B [9-A 18-3 %ﬁﬁ% I18-12
LyHAT 0I chr BEDIAT KIRHOMADOKC. BedcTepuT nnp.o- ILTATAOKJA3HAT

510, 34,74 42,60 1,64 44,00 50,76 51,60 49,84 50,I6 62,80
Ti0, 0,03 0,01 H.a. 0,07 0,II 0,11 0,36 0,26 0,04
Al205 1,48 on. 13,42 E75 2,88 2,69 1,41 3,68 . RLBT
Gr;_,O3 0,82 0,19 45,88 0,31 0,24 0,32 . Bl H.8. H.a.
fej0, 6,18 1,76 10,3 4,43 3,62 3,66 1,82 2,65 0,66
FeO 3,89 7,20 21,16 7,49 4,82 2,99 6,46 3,31 0,64
MnO 0,I2 0,I2 H.a. 0,Ie 0,15 0,I6 0,20 0,I5° ' am.
lig0 40,50 45,46 T.24: . 29,02 . I9,75 16,80 24,99 22,36 1,04
Nio 0,05 0,22 H.a. 0,01 0,02 0,04 Bg.a. H.a. H.a.
Cal 0,40 0,44 H.a. 7.8 14,34 20,10 14,02 15,87 459
Na,0 0,08 H.a. H.a. 0,14 0,29 0,23 0,24 O S I
K50 o, H.a. H.8. 0,05 0,05 0,I0 oux.’ 0,08 0,32
nnn 11,49 162 - 4,55 2,91 1,43 "0,02 0,99 70,23
CyMMa 09,13 o 996 99,70 100,08 99,94 100,13 99,16 99,8 99,90

f IT.5 9,8 73 18 18 Tind— 164 12,6 24,6% An
(Ca/Ca+lg Yx I00 46,2
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XVMVYECKUE COCTABH I'ABBPO, AMSMBOJIWTOE ¥ VX MUHEPAJIOB

Tadnana 5

An, % 0

8714 - cpx, ODX, An45-26' Hb, Mt, ap; 115-1- opx, CpX, Ana,?. Mt, ap; 8713-Hb, Gr, cg,m29,0

(M. Xopasnec)

. 8714 115-1 o 8713

radgpo ~ ooas T mapo  xkbwa > Gomz o *
510, 49,03 41,06 5I,40 5I,42 49,53 45,39 45,14 41,8 38,98 38,67
T10, 057 0,80 0,06 0,22 0,485 - 0,6 1,06 0,59 0,34
A1,0, 20,91 16,83 2,70 3,89 7,9 33,88 20,28 16,02 20,52 27,16
Cr,05 0,008 - 0,044 0,012 0,023 - 0,01 - - -
Fe,0; 4,45 7,86 - - - - 3,73 3,59 13,I7 8,23
FeO 6,82 8,55 2I,04%) 8,48%) 9,3X) 0,15 6,9% 11,49 12,21 0,9
MnO 0,26 0,23 0,65 0,29 0,28 0,006 0,21 0,17 2,23 0,14
MgO 5,61 10,738 22,91 13,08 10,9 0,006 5,75 10,03 5,12 - 0,43
Ca0 8,02 12,44 0,46 21,85 21,40 17,45 12,00 10,24 7,82 2I,88
Na,0 %20 0.~ 0,81 0,81 I,44 3,I3 2,48 - -
E,0 0,09 0,09 - - - 0,0I g.12 6,08 - -
nnn 0,43 1,08 - - - - 1.2 -1.97 .= 1,78
P05 0,40 0,0I - - - - 0.09 - - -
cymma 100,00 100,65 99,25 100,03 100,73 98,33 99,74 99,09 100,864 99,53

£ 5I,8 44,7 34,07 26,7 R7 - 50,3 45,4 74,2 -
ca/ca+Mg)x I00 - 1,4 54,6 58,5 - o = - =
- = = 87 & L 5 -



OcranoBka 2-3, MeramopimsoBanHue ragopo xpedra XOpHEDCC
(A.A.CaBenpeB)

B KaHpOHe BepXOBBEB pyd.llepmop o0HA®eRH (IACTOMAIOHATHSH-
poBaBHHe ABYIMPOKCEH-IUIArAOKIA308He Iadéopo, OTBevamile M0 XE-
MEYECKOMY COGTaBy ORTOBHAT-Ja0PafiOPOBOMY radGpo-HOPHETy (oM.
raén.5). OHR cOCTOAT m3 rumepcTeHa ( f =34%), 30HANBHOIO
maoncuga ( £ =27-30%), mwiarmoxnasa A COJEDEAT THTAHOMATHETHT
7 amataT. IlonocyuaTocTs, MAHNApaNesNbHHEe R JMHe#HHe OpHeHTH—
pOBKE HAKJOHEHH K CeBepO-CeBepO-BOCTOKY M HMEDT CYOMADOTHHE
npocTHPaHAA. ITH CTPYKTyDHHE SJEMEHTH IePEeCeKanTCA I'DaHMIAME
X80THYECKE OPHEHTHDOBAHHHX HOEIMATOHMIHHX X JIBYIAPOKCEH-IUIATHO—
RJIA30BOI'0 CcOCTaBa,

B RavaJBHEX CTaIMAX OpeoCpasoOBaHMA NOPONH NBYIAPOKCEH-
IArMOKJIa30BOI'0 COCTaBA 3AMEemapnTCs UIATAORIA3-NWPOKCEeH-pPOr'0BO-
0C: BHKOBHMF [IOPOJiAMA C COXDaHEeHMeM TEeKCTYpH. 3HeCh Xe yYacTra-—
MA PA3BATH ILUIACAOKJIA3-NAPOKCEeH-DOIOBOOCMAEKOBHE &pPTEpPHTOBHE
MACMATATH ¥ UUIMPOBHJHHE CKOIUIEHHA MHPOKCEH-POr0BOOGCMAHKOBOIO
cocTaBa, KOTODHE MEPEeCeKanT DaHHDD MOJ0CYaTOCTE. TaKme Ipeos-—
pasoBaHAA HAGMDIAMTOA dalle OO0 Nepufepum Tesna IBYIAPOKCeH-
IWIACAOKJIA30BHX MOPOX.

T'panaT-poroBooGMaHKoBHE radopo-amfroonnTy (0CTAHOBKE 2-2)
OKaiiMIADT GJIOK NMAPOKCEH-IUIATMOKJIA30BHX MOPOXN X IpeiCTARIADT
NPOIYKTH cnelywme# cTagum UxX mnpeodpasoBanmji. PanHMe reHepanmm
aMUCOJUTOB OpeACTABIEHH MOPOIAMA C KelM{mTOBHMM KajiMaMm I'pana-
TA BOKDYI' [IaluOKJasa X POr'oBOi OCMaHKM (3eseHo-0ypoli) BOKpYT
IMPOKCEHOB, B NMO3JHAX TeHepalMAx IpasaT odpasyeT mopdmpodaacTs,
IMPOKCEHH 3aMelWanTcA pOoroBoOj OOMaHKOR M MOABAAETCA peaKIMOHHHM
KBapn. YeTkaAa moiocyaTocTh radcpo-aM@uCONHTOB NMOBCEMECTHO HMe-—
€T CeBepo-BOCTOYHHE MPOCTHPAHMA N DI'O-BOCTOYHHE maueHmsa (40-
80%). B paspese, pacHoJOXeHHOM 3 KM Dro-3anajHee, I'ie BOKDHT
HenocpeliCTBEHHNH KOHTAKT IBYIMPOKCEH-IUIAIMOKJIA30BHX IOPOH C
radopo-aMmfnGoJATAME, BHLHO Pe3KOe HEeCOIVIacHe OpPMEeHTHPOBOK HX
I0JI0CYaTOCTH.

B paspesze pyusa liepuiop pasBATH TAKKE 30HH SMMAOT-amfuéonm-
TOBHX OJACTOMAMOHATOE C RAJI&MA KIMHOLOM3ATA, pacceKamiAe Mpo-
KCeH-nrarmoknasoBHe M I'PAHaT-pPOrOBOOOMAHKOBHE I[OPOIH. B GBOD
O4Yepells OHM BMECTE C ApPYI'MMHM MOPOAAME NepecedYeHH MO3NHAMHA Maio-
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MOUHEME JMHEJHHME 30HAMK 3eJleHHX CJaHles. 30HH -SMAmOT-aMfnso-
JIATOBHX B 3E€JEHOCHIAHUEBHX OJaCTOMWIOHHTOB NMENT MOCTOAHHHE
CeBepO-BOCTOYHHE IPOCTUPAHAA M NI'O-BOCTOYHHE NAlieBMA, COIVIac-
HHE C [OJ0CYATOCTHED TadCpo-aMiuGOINTOB.
OcTanoeka 2-4. MeTamopiusoBaHHHE NOPOJH HOJNOGYATOMH
cepua B BepxoBbax p.Man.Jarcpra (I'.H.CaBensera)

Bo BTopoil mosoBmHE IHA MapmpyT OyIeT NPONONEEH Ha JIEBOM
OGepery noamHn p.Manas Jlaropra, rje BCKpPHBanwTCA MeTamopfm3oBaH-
HHEe IOpOAH MONOCYaTO# Cepud, 3anerawvilde 3anajpee rapudypruaTOB
[lalepckoii mracTHHH, IIpUAYTCTEHE MOPOJ MOJOCYATO# CepHM BIOIB
sanapHoil UpaHnis TJIABHOT'O MOJA IaplCypraToD ABJIAETCA XapaKTep-—
Hoit wepToli cTpoeRmA ofmOJMTOBO} acconmauan Bofixkapo-CHHBHHCKOI'O
maccpepa. [loBceMeCTHO HadimwEaeMHe NAaJeHWs I'PAHAL IOPOX 8To# ce-
PHR K DKIO-BOCTORY, ITON rapuCypruTH, NPMEONAT K BHBOLY, 4YTO OHH
CTPYKTYPHO NOICTANANT I'aplUSypruTH C 3amnajd.

MapuwpyT npoTAXEeHHOCTHD -0Komo 0,7 KM IOIHMMAETCA BBEpPX IO
CKJIOHY OT CKAJNBHONO OCTAHNA LOM3MT-IDAHATOBHX AMGOJIMTOB, pACHO-
JIOKERHOT'O B OCHOBaHAM GOpTa HOJMHH, [lomocyaTocTs am{uGOnMTOB
HMeeT CeBepO-BOCTOYHHE INpPOCTHPAHNA (20°) u KpyTHE ®I'0-BOCTOY-
HHe MajeHys. BHIe MO CKIOHY, depez 120 M 3aKpHTOr'O MHTepEana,
OCHAXADTCA ONUBHHOBHE KJINHOMUDOKCEHATH C [POIUIACTKAMH BEDINTOB.
T'paBRUE DOpOJ OPEEHTHUDOBAHH COIVIACHO C NIOJOCYATOCTED B amudo-
JETAaX, '

HemocpencTBeHHE KOHTAaKT MAPOKCEHMTOB M amfmGOIATOB
BokpuBaeTcA 0,7 KM ceBepHee MapupyTa, I'I¢ OHM NDUBENEHH B CO=-
IPAKOCHOBEHWE Hepe3 MAJIOMOMHYD 30HY CEepIEeHTHAATOBHX ¥ 3EJeHHX
CjaHIeB. BHlle KOHTAKTa BEpPNATH A KIVHONMDOKCEHWTH HA IPOTAXE-—
Hun 70 M pa3OUTH MHOT'OYMCJEHHHMA 30HAMH IPOGNEHNA M CepIeHTH-
HM3alMM, [apalelbHHMI KOHTakTy. .

llanee mo MapmpyTy BHXOJH MACCHBHHX CDEJHE- M KDyINHOSEp-—
HUCTHX KJIMHONMMPOKCEHUTOB C JIMH3OBMIHHMM yYACTKAMU BeEDINTOB
CMEeHADTCA YepejoBaHMEeM OJMBHUHOBLHX BEGCTEPHTOB M MNAHEJEBHX
JIEPOONIMTOR C T'PyCoii JIMH3OBUIHO-ION00YaTOH TeKeTypo#. [InpoxceHH
B HUX CIpyNIUPOBAHH B CyONapajneNbHO OPMEHTHPOBAHHHE JNH3O0BMI-
HHE arperaTH, pPaclOJIOXEHHHE cpely OJMBYHA. linuHens (IepHuART-
IIeOHACT) ofpasyeT B INOpPOIE LENOYKHM 3EPEH, BHTAHYTHX COIVIAGHO
¢ OCWMUM NpOCTHUPaRMEM I'paHMI NOPO.
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Haumnaa npemepsHo ¢ 300 mMeTpa OT KOHTAKTs ¢ aMfMGONHTaMH,
cpeln MMPOKCEHRATOB NOABIAETCA BCE GONblee KONMYECTBO 2MENOHH-
pOBAHHHX JIMHSOBHJHHX TeJ LYHATOB, HCMHTABUMX PasJMYHYD CTeNeHb
cepHeHTHHUSAIMN, 31eCh MOXHO BHJETH, YTO MO Mepagepad NyEATO-
BHX Tel, BONE3A C OMPOKCEHATAMH, IPOCAERUBADNTCA 30HANBHHE OTO-
pOYK# BEPIHTOB ¥ KIMHONMDOKCEHOBHX NYHATOB. B BEX KOIHYeGTBO
nop{apo- B MOMKANOGIACT KIMAOMADOKCEHA yOHBAET OT KOHTAKTA C
FJIAHOMAPOKCEENTaMM BIVIyGB NYHMTOBHX Tel. AHANOTAYHOE pacmpege-
JeHEe KIMHOMAPOKCEHa HaCAOAaeTCA M BOKDYI XWI [MDOKCEHHTCB,
Cexyuds NYHATH. BHIEMAR MOLHOCTH STO¥ 9YACTH paspesa COCTABIAET
okono I50 M, Io0cYaTOCTE NOPOJN M ODHEHTHDOBKA I'DAHHAL COXpaHf-
eT Te EE CEeBepO-BOCTOYHHE IIPOCTHPAHWUA (40-60°) = KpyTHE BI'O-
BOGTOYHHE NANEHWA,

Jlanee, IOCTENEHHO, MUPOKCEHATH C JIAE3AMA LYHATOE CMEHADTCH
yepeOBaRMEM TeX Xe Mopofi (BAAmMAs MOMHOCTH mavyku oxoxo 200 M),
B KOTOpOM OHCTDPO HApAacTaeT OpeoCNajaEne OYHATOB, Tesa KIMHONE-
POKGEHHTOB, IDHCYTCTBYDIME B Havajle HHTepBajld, YaCTO CONEDEAT
B SK30KOHTAKTe OTOPOYKY BEIATOB E KIMHONMDOKCEHOBHX IYKHTOB.
B menoMm s mpoizeHHOE 3aCTH paspesa B HANpamRieHdd K rapudyp-
TETaM, yJOTAHABIMBAETCA I'eHepalbHasA MOCJENOBATEIbHOCTH CMEHH
IOpOJ: KIMHONNPOKCEHWTH — BEDNMTH - NYBHTH, KOTOpadg NOBTOPAETCH
BOKDYT' MeJIKMX IYHMTOBHX Tej Cpelf KIMHONMDOKGEHHETOB B BOKpYT
OAPOKCEHNTOBHX KWI, CEKyUEX NyHUTH, OJTA IIOCJeLOBATENBHOGTHE 2a8-
KOHOMEDHO NOBTOPAETCHA B 3aMNAJHEX ¥ BOCTOYHHX Da3pesax Ioaocya-
TO cepHd,

Bume no crmony, B I'HOax NEeJOBAANBHOIO CBAJNA MOKHO BEIETH
G1ac TOMAJIOHN TU3NPOBAHENE PApPUGYPCUTH M JEPUOJETH C BepTEHYATO-
OJIocYaToji TeKCTypoii M ToHKmME (0,5-2 CM) XWiIaMp KIMHONMDOKCE=-
HATOB, I9TM XKWIH ODHEHTUDOBAHH CYyGNADANNENBHO WIH MOX OCTPHM
yInmom K jmHeiiHOCTH rapulypruToB. 3LeCh Xe MOXHO BHIETE BCe
CTaunM nepeOPMEHTHDOBKN NDOMWIKOB KINMHONMDOKCEHHTOB - OT CeTdYa-
THX, KPYyTO CEKyUWUX NONIOCYaTOCTH rapudypraToB, IO CYGCOLNACHHX
C HOBOOGpPa30OBAHHOH JHHEUWHOCTHO. HefopMamun CO CTPYKTYpHO# mne-
PECTpOliKOM MONOGYATOCTH TapUCyPraToOB I RAM MMDOKCEHMTOB IODOMC—
XOLWIM B OCHOBHOM, HA ypOBHE (e3BOJHHX NApAreHE30B. JCJIOBUA
STUX NejopMal|ii MO-BALUMOMY OTDAXEHH ITePEeXOIOM MeJaHOKDPATOBHX
TPOKTONUTOE B WIMHEJEBHE JEDPLOJATH COIVIACHO DeaK[id:
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0I + PI -»cPx + oPx + S5p. E oTeevanT amfmsonmToBOi (fau@E BHCO-
-KEX paBneHmii wim rpadynanToBod fammm. linmHesneBHe Jie PUOIHTH,
OpHCYTOTEyDHES TOABKO B 3aNAJHHX paspesax nojocuaTod cepud,
IOpeic TARIADT 31eCh, TAKAM O0pa3OM, He DeJMKTH HeMCTOMEHHOH MaH-
TEE, 8 MeTaMopfEyecKHEe OOPOAH, KOTOpHE (OpPMADOBANACE B OCHOB&-
HEn [laflepcRoro GnOKA HA DAHHEX CTANAAX CAyCHHHOTO WLAphUPOBAHESA,
B ynBTpaOCROBHHX IIODOJAX 3ANAJHHX Daspe3s0B DasBHET GrenHosese-
HEHl nNpE3MATHYeCKE-3epHECTH# amfmdon. Ero moABA€EHEe B CHCTEMEe
NONOCYATOCTH, COIVIACHOR ¢ MOJOCYATOCTED radlpo-aMpnGoInTOB
CBA3AHO, OYEBHIHO, C dTamoM MeTamopimsma aMfuconWTOBOH (arma.

lloanHee 3eseHOCJAHIEBHE NpPeOCpasOBaHMA MeTaMopdr30BaHHHX
NOPOZ, {I0N0CYaTO) Cepu] (AKTAHOIATA3ALMA A XJIODATHSAIMA OHPOKCEe-
HOB § @mpuooJa, CepNeRTMHASALMA OJMBHHA C BHIUEJNEHMEM MarHeTH-
TAa) CONPOBORIANTCA B paspese OCpasOBAHMEM GCEpPNEHTHHATOBHX M
3eJIeHOCHAHIEBHX OJAcTOMWIORNTOB, I[lpocTHpanme 30H 3THX GnacTO-
MAJIOHHTOB, COI'JIaCHOE C OpHEHTHADOBKOfl mosocuaTocTH raddpo-am-
frOOIMTOE, MOBHUEMOMY OTpaxaeT NMO3JHEE STAMN JedopMamnmii, Hacie-
IOBABIMX IpeBHEe HanpaBieHue.



IEHD 3,

Leap. Osnaxomrerse ¢ rapudypruTame M MX IpeoGpasOBaHEEsME
ga p.Jaropraerapr.

Ocranoska 3-1, CocTaB ¥ CTPYKTYDH rapudypraToB
(I'.H.CaBennesa).

MapupyT OPOXOMAT B LEHTDPANBHOH YacTH HONA IapudypraToB,
HEeNpepHBAO BCKPHTHX Dy4YbEM HA MPOTAXEHMHM OKOMO 1,5 KM.

Ilo BoceMy paspesy rapudypraTid EMEDT [OJOCYETY® TEeKGTYDY,
koTopas OCYCIOBI€Ra HEDABHOMEDHEM DACHDEAEJEHAEM BHCTATATA B
mopoge (5-80%). B To ke BpeMd, CpelHee COLEDXAHME BHOTATATA
B TNOpORe yCTolumBO M cocramifAeT I15-20%, KOIMYECTBO ONMBHHA
80-85%, mmomcmpza - 0,5%, xpommmunenmpa - I1,5%. MecTamm mosoc-
9aTOCTE MOAYEDKMBAETCA YepelOBaHWEM KDYIHO- W CPefiHe3epPHUCTHX
pas3HOBHHOCTef. B CHCTEME NOJNOC BHCTATAT IPYNIHMPYyEeTCA B JEHEH-
HHE arperaTH, KOTOpDHE OT MecTa K MeCTy BHDaxeHH C pasnmusoff
YETKOCTRN. B rapudypruTax XAMUYECKHE COCTABH COCYIECTBYDIHX
ommpura Fag ,_ g 5 M 2HCTATATA FSg 5 g o o5, 8-2,2
OTHOCHETENBHO CTAaCHNBHH, TOrZiAa KaK COCTaB NMONCHAA MEHAeTCH OT

8KIECCOPHOr'0 XPOMIMAHE RN, NPEXCTARIEHHOrO DALOM (H34,1F°3,9)a

(Cr5 4 Alyo,5 Feg 1)1 O3p = (M, 4 Fez g)g (Cry ,Alg  Feq 546055
MONHTHBEET Hamdoyee MAPOKME BapHaldM CPeld MHHEpanoB rapudyp-
T'ATOB., BanoBuii XMMWYeCKH#i COCTAB rapindyprATOE MACCHBA H COGTAB
cjarapiux MX MEHEpasioB TOXISCTBEHHH IapudypréTaM MHOI'EX
O(HMONMTOBHX MOACOB (Tadm. 6).

B mex yvacTkax, I'ie MOJOCYATOCTE I'apuSyprATOB AedopMEpOBa-
Ha ¢ 00pasoBaHMEM TEKCTyPH NapaesbHO-BOJHHCTOI'O DHCYHK&, €e
XapaKkTep MeHAeTcsA. JTO BHPAKSETCA yCMIEHMEeM KOHTPACTHOCTH pac-
NpefieNIeHNd SHCTATUTA: YETKO O0OCOGAADTCHA NONOCH AYHHTOEBOI'O CO-
CTaBa, KOTOpDHE OKajiMieHH CI'yCTKaM{, IpynnaMmm 3EpeH NerMaTomf-
HOT'O BACTATHTA WIM OTHENBHHMA, HEDABHOMEDHO pacIpeleseRHHMH
KPYIHHMM TadnuTyaTuMe nopdmpodnacTamu SHCTATHTA. MunepanbHHM
COCTaB MOpomy M KONMYECTBEHHHE COOTHOWEHAA MHHEDANOB, B [IEJIOM,
H8 3THX yyacTKaX COXDaHADTCA CNM3KMME K COGT&By rapldypraToB,
O6pasoBanne mynuT-BHCTATHTOBHX cerperanuii 9TOro TANA pPaCcCMATpE-
BaeTCA Hami Kak caefcTEne MeTamopimueckoii mmddepennmammm rapu-
OypraTa mpu ero miacTHYeckol NefOpMALEE.
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Tadnmpa 6
XAMAueCKEe COCTABH IapulyprETOB H EX MHHEDAIOB
3L 2283340 1118 31 1228
rapm. rapn,  rapm. rapm, O En Di Chr Chr
510, 39,10 41,06 39,58 43,3 41,21 56,97 - 53,18  2,200%  2,68%%
Ti0, 0,02 0,02 0,01 0,02 0,01 0,07 0,13 0,19 0,08
Alzo5 0,89 0,9 0,48 0,%4 0,21 2,26 24525 20,64 35,04
Crp05 0,33 0,40 0,3l 0,41 0,I5 0,67 0,72 42,01 28,12
Feao3 4,73 3,86 4,99 2,18 - - - 3,31 4,39
FeO 3,45 4,46 3,74 6,26 8,28% 5,43% 1,79% 19,70 12,05
MnO 0,10 0,11 0,11 0,13 H.a, 0,21 0,06 H.8, H.8.
MgO 40,86 42,19 41,26 41,67 48,36 33,46 17,40 10,87 16,57
NiO 0,12 0,I0 0,11 Q.IS 0,22 0,06 0,07" H.a. H.a.
Ca0 0,57 0,51 0,587 0.67 0.08 0,51 24,02 0,II 0,44
Na 0 0,10 0,I0 0.I10 0.04 H.a. 0,03 0,I9 H.a. H.8.
K50 Al 0,05 ca. 0,02 H.4. - - H.A. H.a.
nnn 9,84 5,99 8,64 4,11 0,36 - - - -
cymma 99,88 99,80 99,90 99,96 98,88 99,67 99,81 99,03 99,37
: 4 9,6 9 9 10,0 - ) 8,4 5,5 56 38
(ca/Ca+Mg)xI00 50,2
x) XxX)

BCE EeJes0 RKak Fe(;

IPEMECH CHJIEKATOB



B ToM me paspese MOEHO BAEeTH, KaK COIJIACHHE ¢ OOJOCY&-
T0CTBED rapludyprETOE HOBOOGPASOBAHHHE OCOCOCJIEHHA AYHHATOB C
oTOPOYKOil SHCTATHTA MEOTAME BeTBATCH, IepeceKanT INOJ0CYATOCTH
rapl0ypruToB M, HAKOHEN, 00pasynT XWIH INYHATOBOI'O X SHOTATATH-
rOBOI'0 COCTABA C YeTKMMA De3KHMA KOHTAKTAME. B BepXOBBAX
py9bd, Cpend rapudypraToE BCTPEYANTCA PEIKEEe XWIH BEGCTEDATOB
§ JMONCEIETHATOB.

Mopgonoras ®al MEOrOOOpasH&a, [IOMAMO NpAMOJHHEHHHX XHI,
4acT0 NEepeCeRanilluXCA, CO CTYNEeHYaTHMM CMSNEHHAMHE, MH YBRAEEM
wrofidaTHe, CMATHE B CKIAJKE K GyIMHADOBaHHHE XWik, MeTamopfm-
yeckad IHfdepeHuMAIMA rapnfypraTa ¢ oSpasOBa&HHEM SHCTATHTHTA
H OyHMTa BHavajJe B CHACTEME II0JOCYaTOCTH, a 3aTeM ¢ 000COGNeHm-
eM STHX [OPOX B BHIUE XHJ, BO3MOXHO, NpPENCTABIAET eNUHH# M OT-
HOCHTENBHO NPONOJAXRHETENBAHE NpONEcc, Ha NPOTAXEHHA KOTOPOI'O
gefopMalEn MEHANHCH OT ITACTHYHHX MO XPyINKHX. BO3MOXHO Takxe,

YTO IIACTUYECKOe TevyeHHe BemecTBa OPOMCXOJWIO B JOEANBHHX 30—
Hax.,

OctanoBka 3-2, MeraMmopfusoBaHEHe TENepCasHTH p.laropra-
erapr (I'.H.Casensena).

B neBoM CopTy mONMHH peKd OYyUEeT OCMOTDEH paspe3, B KOTODOM
BCKPHT KOHTAKT rapudypraToB, HCIOHTABIEX PAHHID MACCOBYD Cephel-—
THHH3ALMD, X OJEBAH-8HTHI'ODUTOBHX MOPOX, OCPa3yDUMXCA MO BTHEM
rapudypruram. I'apudypruTh, CepHeHTHHE3RpoBaHHHe HAa 60-70%, oGha-
XeRW B NpaBoM Gepery pyvYed. Mx monocuaTocThk HaKIOHERA K DI'0-BO-
CTOKY (120°) m ocaoxnena MAJIOBMIVIETY LHEMR CKJagkamu (0,5-1,5 M),
majieHne KDHIBEB KOTODHX HAKJIOHEHO K BOCTOKY B WI0o-BOGTOKYy (S0~
1200), CepneHTMH B rapulypraTe OpelcTaBlneH ONENHO3ENEHHM TOHKO-
BOJIOKHACTHM aNbfa-XpA3OTAIOM, BHIOJHADNAM NeTeNb4YaTHE MNPOXRIKE
0es MarHeT4Ta.

KorTarkT rapudypraTOB C OJUBMH-BHTACOPATOBHMU MODOXAMH NPO-—
XOIMT BRONH pyubd. OH mMMeeT cyOMepHIEOHANBHOE NPOCTEpaHEe H BOC-
Toudoe nagmenne (oxoso 60°). HemocpemcTBeHHHY IepEXOR XpOM UMmmHE-
JUI-3HCTATHT-OJNMBEMHOBO} ACCOLMALMA B OJHBRH-8HTHAT'OPHTOBYD MPOHC-
XOIUT Ha paccToAHEM 3-5 METpOB.Ha KODKe BHBETDMBAHUA OJABHH-8HTH-
TOPATOBHX NOPOA OTYETAMBO COXDaHAeTCA TeHb rapllyprATOBOE monocya-—
TOCTH,ONKHAKO, CTPYKTYpa MOPOIH CTAHOBHATCA INEpeKpeleHHO-TUCTOBATOl 3a
CY9eT HOBOOOpPA3OBAHHOW CHNAiHOCTH B QUHMBAHE M IUIACTHHOK AHTATODUTA,
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HosoodpasoBannag JIMEE#HOCTE B OJMBAH-AHTATOPETOBHX NOPOJAX,
BHpaXeHHAS [ENOYKAMHE MCeBIOMODJHEX uaraem'r-'-mopn'rosux arpe-
TATOB IO XPOMUINAREJHLY, OPEEHTHPOBAHA COIJIACHO C KOHTAK®OM,

CTpyrTypa XANBHHX IyEATOB, NONABMAX E 30HY MeTaMopfmsma,
TAKEE MEHAEeTCH - NOABJIADTCH YYACTKM HEIMATOALHOI'O OIMBMHA CO
onafiRoCTED, WemyKKE aHTHTOpATa, YeTKO BHIHH TPemEHH KIMBA®A,
CEKymue XIH,

B BepXHeM TeYeHHM DyYbA IapulypraTH 10 pe3xrofl rpanmue
CMEHADTCS ONMBRH-AHTHTODATOBHMA CJAHIEMH, CHISlADUEMA 3OHY
pazeera ¢ nagenmes x KB 50° mop yIoM 30°, $parMEHTH MACCHBHY)
ONMEBRH-AHTATOPATOBHX MIOPOA CPel GAAHLEE TOI'C X& COCTABA [pH-
BOIAT K BHBOLy, YTO DacCJAaHIEBaHME OJMBHH-&HTETOPUTOBHX IIOPOJ
Own0 HapdoEee MOSIHMM NPOLECCOM NpPeoGpa3’OBAHMA THIEPGA3HTOE
Ha 2TOM yYacTke. PaccMmoTpeHme aToro Meramopdmsma (Capesnneba,
1977; lire#indepr, Yauyxma, 1977) NpABOJAT K BHBOLY, YTO OH
ABJANCA NPOrDECCHBEHM IO OTHOMNEHHD K pagHell MAacCOBOl CepmeHT:-
HE3AOMM ¥ OTBAY&8ET YCJOBHAM BepXHell T'paHHIE 3eJeHOC/aHueBof
w1 HExRell rpanmue amanoT-amimdommrToBoi fanmmm (Evans,
Trommsdorff, 1970).



JNEHD 4.

Uenb. Wsyyerue nopoa noznocyaTodl cepuu ¥ raéCcpoOMAOB B
BOCTOYHHX paspe3ax ofuonuToBo#f accouuauuu.

MapupyT HeYHeTCA Ha npaBoM GOpPTY AOJAMHN p.TpyGam, OTKy-
18, B 38MN8JJHOM HATP&BJIEHMM OTKPHBSETCA BUA HE IJNABHOE MNOXe
rapulypruTOB, Npope3aemoe AONMHON pexH. B CeBEPHOM HampaBne-
HM#, HA8 NPOTHBOMONOXHOM OOpPTYy AOAMHH XOPOHO BHZEH KOHT8KT
rapulypruToB ¥ AYHUTOB (MOPOAH ¢ XenTo-Cypolf Kopkol BHBETpHU-
BEHMA) ¥ TOPOZ TMONOCYBTOM cepuu (TEMHHE NOpPOAH). llafeHHe KOH-
TgKT8 — KPyTOl OTO-BOCTOYHOE. B mpezemax yuacTka, I'le NPOXo—
ZAT MAPNPYTH, K8DTUPOBaHMEM ycTaHaBiuBaercA (puc. 7), UTO B
OrO-BOCTOYHOM H8NPaBIeHWM TapuOypTUTH CMEHADTCH AYHUTau4, 38—
TeM nonocol BHXOZOB mopoA noiocyaToff cepuu ¥ 3aTeM radOpouza-
un, Cpezu nopoZ moxocyaToil cepum ¥ raCOpOMAOB pacnolaraeTcs
KPYTHOE TEN0 ZYHATOB.

JyHATH 38HUMEDT NOJOKEHME, THUNCOMETPUUECKHM OoXee BHCOKOE,
yeM OKpyxapmue IaGOpOMIH ¥ OTAEIEHH OT HUX 000IOYKO{ mopox
nonocuaTo#ft cepun. ¥ CEBEPHOT'O W DXHOTO OKOHUBHMH Tena AYHUTOB
XOpomoO BMAHO, YTO NONAOCYETOCTH raG0PO-HOPMTOB M TDaHULUH NMOPOX
nonocuaTolt cepuu, 3aNeravmux TENCOMETPMUECKM HUXE ZYHUTOB,
NaZ8nT NOZ HMX.

OcrasoBka 4-1. [lopozn nomocyaTo#t cepuu Ha p.Tpyosw
(A.A.Efumos).

B mpezenax 300-MeTPOBOT'O yY&8CTKa NPaBOr0 0OpTa ZONMHH
p.TpyGap yuacTHMHKM SKCKYDCHM O3HAKOMATCA cO caoxuolf cepueft
LYHUTOB, BEPAMTOB, KIMHONMMPOKCEHHUTOB M NPHUCYTCTBYOLAX CPEAN
3TUX TOpPoA raCOpOMAOB.

Cepuu nopoz Taxoro COCTABA XaDEKTEPHH ANA 30H NEpexoia
OT rapuCypruToB K radopouzam. [[paBUABHAA NONOCATEA TEKCTYpPa B
Nopozax KOMIIEKca OTCyTCTBYeT: HAGIwAa&TCA HeNpaBUlbHOE yepe-
ZI0BaHME MpeoOnafapnmuX 37€ChH BEPAUTOB C JMH3OBUAHHMM CHOAMM
KIMHOMUPOKCEHUTOB M PEeAKMMM IaO0pOBHMM CNOfAMM. CTOND Xe
YacTO HalnoAeWTCA X80TMYECKHME COOTHOWEHMA, 384Y8CTYD GpEeKYHeBHA-
HHE, B KOTOPWX YL/OBATHE WIM OHDYTNHE ONOKM NUPOKCEHUTa CLEeMeH-
TUPOB&HH Maccoff BepiuWwuBOTO COCTABE C ONACTOMUWIOHMTOBOH CTDYR-
TYpo#t ¥ mmoxo sameTHOlf monocuaTocTh, Orubawuei# Onoxu. MHOTHE
JIMH3H W muacTH raéOpo Taxkke OGHApYXWBAKT NPU3HAKM OOTEKAHUA MX
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BMemanmelf BepIMTOBOE Maccoli., Boe 8TO OBEIETENBCTBYET O MOBOJb-
HO CHJBHHX, HO HeperyJfApHEX COBMEOTHHX mefopMan@Ax TOPHHX MO-
pom. lefopMalmm EMeJR MeCTO IPE BHCOKHX TeMrnepaTypax, B odiac-
TH YCTOWYMBOCTH OJABAH-IMPOKCEHOBHX M OJMBAH-IMPOKCEH-ILIATHAO-
KJIa30BHX NapareHe3ncOB,.

CooTHOmEEWS MHOI'O TEI2 HaGMDEADTCH, KaK NDEBAIO, MEXDy Iy-
HATAMA ¥ IHDOKCEHHETAMH: 3IeCH OCHYHH NDAMONHHEHHHE XAIH MAPO-
KCEHHTOB, HHOT'ZAa Oo0pasynu@e CeTh, Oepexoifmpe [0 NPOCTAPAHED
WIZ B CTOPOHYy OT 3anbp0a8HMOB B LEMNOYKH CKEeNeTHHX KDHACTAIJIOB
KIAAONRPOKCEHa HWIH B GECHOPANOYHO PACCeAHHYD BRPAIUIEHHOCTD
9TOr'0 MHHEepana.,

IyHEATH COCTOAT M3 OJNMBEHA M AKIECCOPHOIO XPOMATAa, HMHOTJIA
comepxXaT NpuEMeck KCEHOMODJHOIO KIMHONMMPOKCEeHa, BEepATH M IApO-
KOGHHTH CJOREHH ONMEMHOM ¥ KJHHONMDOKCEROM B NepPEeMEHHHX KOJHM-
YecTBax. Cpemd radGpoMAOB NPEOGNANADT IBYMHDPOKGEHOBHE B OJMABA-
HOBHE (TpDOKTONMTOBHE) DA3HOBREHOCTH, XenezHCTOCTE JeMAYECKHX
MEHepanoB noBumaeTcA oT 8-I0 mon.% B mymurax mo I3-I5%, B Bep-
JHTAX, NAPOKCEHHTAX A radépo. CocTaB IIATROKJNa3a B MOCJHELHMX
YOTORYHB - B CpeIHEM Ango, HesoRanbRHl, ['aG0pomaN, Kak OpaBmio,
He CoNepEAT MArHeTHTAa,

CooTHOmEHAA AYHMTOB M KIMHOMMPOKCEHCOMEDKANMX IOPOJ MOXHO
CUHTATh THIEYHO MeTacOMATHYEeCKEMA, Ha 3TO yKasupanT: mopfup-
06nacTHYECKHd XapakTep BnpaﬁneaﬂocTn MADOKCEHA B OJIMBHHOBOMH
Macce, pasBHTHE KIMHONMPOKCEHA B BHJE NEINOYEK M3OJMpPOBAEHHX
KDHCTAJJIOB BHONB JHHEHRHX 30H NPOHUIAEMOCTH, IDAIMEHTH KeJe3Mc-
TOCTY OJMBEHA B 2K30KOHTAKTOBHX 30HAX MOIHHX MMPOKCEHATOBHX
xui, [omoCHHEe Xe COOTHOmEHMA HAGIDIAKNTCA ODH MOCTENEeHHHX [eDeXo-
R8X OT CYMECTBEHHO OJMBHHOBHX [ODOJ K AHODTATCOJE PRAIMAM,

[IpepmonaraeTcs, YTO BEDIATH, KIMHOMMDOKCEHHTH ¥ 4acTh
Tad0pORROB OGpa3OBANUCE METACOMATHYECKHM OyTEM HA MECTE IyHMTOB,
Omnako, NepBEYHHE COOTHOWEHHA OOPOJ (BO3MOXHO, XAOTHYECKH-UITOK-
BSDEOBHE), B 3HAYHTENBHON Mepe HApyWeHH M 3aMACKUDOBAHH ABJEe-
BRAME "ropave#t" medopmammu (Edmmom, I977).



QuraHOBKE 4=2, I'a00pOoMAH BOCTOYHHX pasapesoB oduonmTOoBOR
gcconmanun (A.A.CaBenses).

MapumpyT OyZeT TPOAONXEH B BEPXOBBAX HEGONBNOrO KAHBOHA
OT KOPEHHHX BHXOZOB ABYNMHMPOKCEHOBOTO Tad0po. 34€ChH MOPOAH KME-
0T YETEYD PUTMHYHO-TIONOCYETYD TEKCTYpY, OCYCHOBIEGHHYD YEDOEO0-
BEHMEM MBNBHO- M ME3OKP8TOBHX pasHoBuZHOCTedl ¢ ManOMOmHHMM mO-
jocauy 8HOPTOSHMTOBOTO COCTABE B BepXHEeHM YacTH MHOI'MX DMTMOB.
MenaHOKPATOBHE YJIEHH PUTMOB MMENT B OCHOBEBHMM DESKYD HEPOBHYD
rpaHMEy M KDPYNHO3EPHMCTYD CTPYKTYPYy. K KpoBI€ PUTMOB 36pHMC-
70CTh yMEHBNAOTCA M HApacT86T KOAMYECTBO MNATMOKNE38. MUHepa-—
18 Ta60po NMPEeACTaBlIEHH T'UNEpC-TEeHOM, AMONCHAOM, MIaTHOHAE—
30M An9:_94 (ra6n., 7), M3peakE porosoii oOMaHKOM, THTEHOMETHE-
TUTOM, ¥ 8naTHToM. [lonocyaTocTe B 3TOH yacTM paspesa HAKJIOHe-
Ha Ha sanai-cesepo-samnsx (40-60°).

Huxe mo KaHBOHy OCHameHW MeTaMopfusoBaHHHE raéOpo, B KO-
TOPHX NMMPOKCEHH MCEeBAOMOPJHO 38MENEHH S8KTMHONMTOM, & II&THO-
Knas coxpaHAeTcA cBexuM (cM.Tadn. 7). B aTmx mopogax, co-
TI8CHO C MOJNOCYETOCTHI, OPMEHTMPOBAEHOH B CeBEPO-BOCTOUHOM
HanpapneHun (nazenus 0B 600), 3aneraeT MaJNOMONHOE TEeNo Iua-
THOTPAaHUTOB THellcoBuzHO# TEKCTyDPH C OYKOBHMH BHAGIOHUAMM Z6-
(GopMMpOBaHHOTO TONYOOro KBapua. B KOHT8KTE C INATMOTPEHUTEMU
Tad0pouAN OKBApIOBAHH. [lajiee B KAHHOHE, y Pa3BMIKA pYyubA OOHa-
XaNTCA ON8CTOMAJIOHMTH NJ&TIMOKIE3-POTOBOOOMAHKOBOTO COCTaBE,
NMON0CYaTOCTh KOTOPHX OPMEHTMPOBaHE& CYOCOTJIECHO C NMPOCTHUPaHUA-
MY NONOCYETOCTH @KTUHOAMT—-8HOPTUTOBHX NOPOA ¥ KOHTAKTOB IIa-
THOTPEHATOB, B npefenax 30HH ONACTOMUICHATH3ELUUM, B NUPOKCE-
HOBHX raG0po ¢ peNMKTOBO{ MOIOCUaTOCTHH Pa3BHBANTCH LENOUKHK
npuam poroso#f oOMa8HKM, BHTAHYTHE 3EpHE raayooro KBapua, WIu-
POBMAHHE 000COONEHAA KBADL~IN8THOKIE3-POT0BOOOMAHKOBHX M
KB&PI-TIATHOKNEG30BHX NOPOA. ITH HAMOONBE paHHME NPOABIEHUA
NNaTrMOTpaHATU38IUM YBASHBANTCA ¢ OCpP830BaHUEM NETM3TOMAHHX
NN8TMOKNE3-pOrOBOOOMIEKOBHX XUA, CEHYNUX NMOJIOCYSTOCTE ZABY-
NUPOKCEHOBHX Ialipo.

38 30HON 618CTOMMIOHMTOB, HHKE MO Py4YBKW NPOZONXENTCA
HOTIPEDHBHEE CKANLHHE BHXOZAH SKTHHONMT-8HOPTUTOBHX MODPOJA,
YepenynmMxcA ¢ yyacTKaM¥ HenpaBuAbHOM GOpMH ¥ pPasHOTO pasMepa,
CIOXEHHHMM CH800 METaMOPPU3OBAHHHMU ABYNMPOKCEHOBHMM TasGpo.
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XuMMYECKEEe COCTaBH rad0pc ¥ HX MHHEDAJOB

TaGnuna 7

20-7 131-7 I3I-4
lrasspd | I oopo | | ] ~ lracopo] |
§10, 45,62 51,78 52,27 46,42 46,16 52,50 53,27 42,90 43,80 52,53 51,82 44,43
T80, 0,27 0,II 0,23 0,02 0,17 0,09 0,29 - 0,5T 0,23 0,20 0,02
41,0,18,03 1,12 2,41 34,67 22,50 1.75 3,29 34,29 18,08 3,20 5,30 34,30
Cry0zH.a. 0,06 0,04 - H.8. 0,08 0,08 - g8, = - s
Fe,05 5,38 - - - 1,07 - = - 399 0 - - -
Pe0 ~ 7,04 22,22 9,45% 0,38% 5,44 18,06% 7,83% 0,25 8,38 12,19% 13,90 0,13%
w0 0,23 0,52 0,25 0,0 0,10 0,33 0,17 - 0,I3 0,21 0,22 -
Mgo 9,15 22,23 13,60 0,01 8,37 25,24 14,42 0,002 9,03 16,0 14,9 0,01
N1O - H.8. H.8. H.Q. H.8. H.8., H.as H.8. H.8. H.8. H.8. H.8.
ca0 12,04 0,85 22,43 17,81 15,01 0,71 22,84 18,88 13,75 12,24 11,28 17,98
Na,0 0,66 - 0,20 0,81 0,59 - 0,21 0,68 0,75 0,30 0,38 1,01
K,0 0,04 - 0,02 0,0 0,06 - - 0,03 0,12 - = 0,01
non 0,16 - - - 0,65 - - - 1,78 2,00 2,00 -
cywme 99,45 98,89 100,90 91,14 100,12 98,76 102,40 97,03 100,12 98,91 100,04 97,89
£ 40,1 35,9 28,0 - 302" 28,7 25,3 -~ 42,4 30,3 34,7 -

(Ca/Ca+¥g00 1,3 54,2 - 2,0 53,2 - - 35,5 35,2 -
An,% - - - 92 3 ¥ 94 - - - .91

X)Fe oGuee xax Fel

Xx) £ XeX83UCTOCTE B MOIEGKyNAPHHX MPOUEHTEX AJNA MOPOJ M 8TOMHHX NPOLGHTaAX AJIi MHHELDaloOB



B pajie CAyYaeB MOXHO BUAETH, YTO B 8KTUHONMT-BHODMTOBHX NOPO-
48X COTACHO C MOJNOCYSTOCTHN PAa3BUBAETCH M4Pwy-NMPPOTHHOBEA
MUHEPANN3ALMS , MBDKUDYEMas 30HAMM OCOXPUBAHMA.

B 600 M OT pasBUNK&E PyybdA, H8 €ro NpaBoM Oepery XOpouwo
BUAHE K8PTUHE NCEBAOMOPHOrO MPeoOpasOBaHMA ABYNMPOKCEHOBHX
raGopo. 37€Ch, B OAHOM M8 BHXOAOB 3TUX MOPOA XOPONO BUAHE MO-
J0CUaTOCTH, OOYCIOBIEHHAA YEPEAOBAHMEM MENaHO- M ME30KDaTOBHX
momoc. B 9TOM BHXOZE, KAK M HA NPWIEralUMX yYaCTHEX, MOIOCUE-
T70CTE MMEET DIO-BOCTOYHHE MAJEHHA ¥ TNPHHAAIGXHT BOCTOYHOMY
KpHNY CKIAAKM, KOTODPAR X8paKTepH3yeT CTPYKTypy raGGpOo-HOPHTOB
p pallore aKckypcuil. B Bepxse#d wacTH CKEIBHOTO BHXOA8 BHAHH
I8THOKAAa3—-POT0BOOONEHKOBHE NPOXMIKM NerMaTOMAHOR TERCTYDH,
KOTOpHE NePeceKanT MOA0CY8TOCTHh Iraf0po-HOPHTA. HECKONBRUMK
MeTpauM HUEe OOHAXaWTCA NMOPOAH 8KTHHOIMT-8HOPTHUTOBOI'Q COCTABA.
B 0OHS8EEGHMM XOpOWO BUAHO KaK TPaHMIE aMPuOONH3aLMM NMMPOKCEHOB
KDPyTO CEUYET MOI0CYaTOCTh radCpO-HOPUTA M NMEPECEeKaeT IPaHMIM
NPOXUIKOB INATHOKN83-POTr0BOOOMEHKOBOTO GOCTaBa. B lLeNoM, KaX
BMAHO M3 pa3pesa, ABYNUDOKCeHOBHe ralGlp0 yuacTKa NpeTepmeny
He MeHee TpeX 5TanoB npeoOpasoBanuii: (a) zedopmamms monmocya-
rocT, (6) DOpMMpOBEHME MI8TMOKNE3-POT0BOOCMEHKOBHX OIaCTOMH-
JOHMTOB ¥ MNATMOTDAHWTHB3ANMA ¥ (B) mceBAoMopfHOE 3aMemEHME NH-
POKCEHOB 8KTHHONMTOM, ONM3KOE IO XapakTepy K MeTaMopduamy
OK@8HMYECKOro AHa (Mmamupo m Ap,, 1973), NOCHEAOBATENBHO CME-
HABWMX ZDYT ADYyTa. g

B xoHue paspesa, Ha neBOM Oepery pyubfl cpeZu MeTaMopduso—
BaHHHX radopo pacnonaraercd ONOK, CIOXEHHHH KIMHONMMPOKCOHMTaMH,
BEPIMTAMA M TPOKTONUTAMM. PacnpefeneHue 3THX Nopoi B OCHaXe-
HUH NOAYMHEHO rpy0oif cuUMMETPHYHON 30HAABHOCTM: IMOJNOCYATHE
TPOKTONMUTH M BEDPIMTH CAATANT NEHTPanbHyD yacThs OOHaXeHMH, &
HIMHONMPOKCEHUTH pacnojaralTCA MO KpasM, HA TpaHule ¢ radopo.
HaGnbmaeune cOOTHOWEHMA NMO-BUAMMOMY OTDEX8NT PA3Pe3 YACTUYHO
nepepaGorarHoro .Teda TUnepoasuTos B radopo.



JEHB 5.

lenp., OsnaKomneHme ¢ MeTaMOpiHYeCKHMA NpeodpasOBAHMAMA
Mopof mosocyaToil cepud, raddépo M zMadasoB Ha p.Jlaropram.

QcraHoBka .5 - 1 . MeTamopimsm nopox nonocyaTol
cepul ¥ ragépo mo JeBOMy OpETOKy p.Jaropran (B.M.JeLEEX).

MapmpyT NpOTAXSHHOCTED OKCNO I,5 KM MPOXOIMT IO KAHBOHY,
nepecexammeMy OOL OCTPHM yI'JIOM IIOJIOCY MeTaMOp{A3O0BaHHHX OOPOX
monocYaTol cepmu.

B 700 M OoT mavama MapupyTa mO JeBOMy Gepery pyuYbd OCHaxa-
DTCHA ypaJUTR3HPOBAHjHE H LOA3ATH3MPOBAHAHE raddpo, COJEep-
Rampe DeJUKTH KIBMHOMADOKCEHa M Nnaruokjasa, [lo1ocyaTocTs
radépo, OGYGJOBIEHHAS YeDPEJOBAHMEM JEHKO- M MENAHOKDPATOBHX
HOJIOC MOMHOCTED IO HECKONBKHX CAHTHAMETPOB, HMEEeT CeBepo-BOC-
rourne mpooTmpanns (50-60°) M KpyTHe MTD-BOCTOYHHE HaNeRHs.
Cpemu rad6po MpUCYTCTBYOT XAIN Iac6po-NerMaTHTOB H JIMH3H,
CJIOXEHHHE YPANATU3MPOBAHARMA M XJOPHTU3MPOBAHHHMH KJAKHOIAPO-
KCEHHTAMH, KapGOHAT-SHTATODPET-TPEMOJMTOEHEMA [OpojamMu (BepuarTa-
M#). KOHTEKTH JIMA3 ODHMEETAPOBAHH COIJIACHO C MOJOCYATOCTED B
raéépo.

[Ipmvepao B I200 M 0T Havana MapupyTa B CKaJBHHX BHXOJIAX
IpaBorc GopTa pyuYba Cpems radepo OOHaxXaeTCA TeJ0 yJIbTpPaoCHOB-
HHX NOPOJ: CepneHTHMHU3WPOBSHHHE BEPNUTH, YPaIUTH3UPOBAHHHE
KARHOMMPOKGEHATH G GEPIeHTMAM3MPOBAHEHM OJNMBHMHOM, BEGCTEDHUTH
¢ HeSOJNBIEM KOJMYECTBOM OJNMBHEA M IMATHOKIa3a. Cpenn MeTaysibTpa-
Ga3HTOB 34JeTanT BEeTEAMMEcH XRAJH, HA BHKAMHUBAHNY B B 3anb0anuax
CJOXEHHHe raf0po-merMaTHTOM, & B LUSHTPANBHHX YacTAX IUIaruoKaasiu-
TOM, Bosse ®Xmi B yapTpadasmTax OPACYTCTBYEeT IUIATMOKi&3,., Hadmo-
JaeMue B3AHMOOTHOMERNA CBHIETENLCTBYDT O METAGOMATHYEAKOM pas-—
BHTHE HA1 ¥ MeTacOMaTHYeCKOM Npeodpas3sOBaHMM I'OepdasnTes, Ha-
OPOTEB ONACAHHOI'O COHAXEHWA B KPYyMNHOH Iunde TakXe MOXHO BHIETH
pasBETHE 30H TPOKTOJHMTOB B BEDUHATE BO3Je XKAN OMMBHHOBOI'O raddpo.

Bume no TeveHmn, B pyGJe Dy4YbA, IAHGA MADOKCEHATOB CeveT-
0f BIOJE OZHOI'O NpEeHUMyMECTEEHHOI'O HANPaBJEHHA NerMAaTOMIHHMA
IRONCHI-QHOPTATOBHMA OCOCOGieHdsAM:, OHE mepecedyeHH MOYTH IMOT
OpAMEM yTJIOM XENOM IIArMORNIa3-pOrOBCOGMAHKOBOIO cocTaBa. B
HeHTDANBHHX YACTAX KDYOHHX KDHACTAJIOB POrOBO# OOMAHKH MeCTaMu
XOpOMO B HAHH PEJHMKTH YaCTHAYHO 3aMEeUlleRHOr0 IMOICHIA.

B cpenmelt wacTm paspesa, Ha mpaBoM Gepery pydYbA, [10]0CYE—



rge, YPINTH3UPOBAHHHE I'adopo ¢ IMATOPHPOBAHHHME IONCHA~aHO-
PTATOBHEMM IEIMATOMIAMY IePECEKanTCA 30HAMA TEYeHWA M paccian-
[eBaHMA HA ypOBHE (ALK 3€JEHHX CJAHIEB ¢ MOWMHOCTED N0 I,5M

§ Dro-BOCTOYHHEMHA NAJieHHAMA. B ofHOM #3 OCHaxeHmli B0HH GIACTO-
MIJIOHATOB XOpOUWO BUJHH CyNUHH ¥ "Oukm" IByX IeHepaumii. Pannme
;I MeHbIMe [0 pasMepaMm COXDaHANT CNelH CJaCTOMAIOHATM3AUMA Ha
ypoBHe {anmm SMMUOTOBHX emfuoonuToB. losghMe m CornbuEe NO pas-
mepaM OCPa30BaHH HA 3€JEeHOCJaHLEBOM ypoBHe. [lopfHpORIAcTH B
G6acTOMAIOHATE IMPEJCTABNEeHH OKPYI/IHMA 3epHAMH IOM3ATH3MPOBAH-
HOTO IUIATHOKJAa38; HOBOOGDE3UBAHAA B OCHOEHOE TKAHA - LIOM3AT H
aKTHHOJAT, B pasHCil cTeneHy paCCIAHIOBAHHHE 3EeJeHOCJAaHLIeBHE
maadTOPUTH NPOCNERMBANTCA W Jiajee BBEPX [O DyYeD MO BHANEHHA B
HEro JeBOr'o NpATOKA. 3[eCh, Yy DAsBAIKA Py4YbA XODOWO BHUHO KaK
IOJIOCYATOCTS STHX radopo odepymBaeT (JIeKCYpoodpasHHe HM3IRCH,
K&X 0OpaBWJo , He Hepexoidlie B MOJHHE CKIaIKH,

Jlanee BBepX MO pPyYhl BHAHO HepecevYeHMe nQuocyaTocTR mmafro-
PHDOBAHHOI'O I'a06pP0O B0HOH GIACTOMIIOHATOE SMUAQT-aMIAGOIATOBOH
fammn, MOmHEOGTED OKOJO 20 CM. 30Ha o6pasyeT He'TOJHYD CKRIAIKY,
ONpPOKMHYTYD K CeBepo-3anajy. B MeJKo3epHMCTOM OCHOBHO{ TKaHH
6NaCTOMIWIOHATA YETKO BHOEJADTCA Kpymuee (mo I o) "ouxm" Tem-
HOji porosoli OGManKM, Da3NMYHO ODHEHTHPOBAHHOH OTHOCHTENBHO CIaH-
[IeBATOCTH, HOBOOGpa30BAHMA B OCHOBHOH TKAHH NPEACTABIEHH KIA-
HOLOM3UTOM M 3eJeHOBATO-0ypHM aMinGoJIOM.

Paspes sakanumpaeTcs y Kpad (MPHOBOI'O CHEXHMKA HA KOpDeH-
HOM BHXOZE IHNep0asmuToB, 3aJjeramiux B BHJe CJIOKa, Cpemd
InagTopMpOBARKEOT0 Iadépo. Lok cioxeH (¢ BOCTOKa Ha sanap)
CEepHeHTMHN3NDOBAHEHEMI JIYHHTaMH, COINEPRANAMA IIONOCYaTHE 060CO0-
JIEHNA BEpIMTOE U TPOKTOIHATOB. DHYTPEHHAA CTPYKTypa X BHEMHHE
TDaHUL 9TOr'0 GIOKA E HEJIOM COPNECHH C MOJCCYATOCTHD BMEmaniux
rad6pounios, KOTOpas MMeeT 37eCh CyOMepHIMOHANBHOE IPOCTUpPaHHE
I BepTUKaNbHHE Najenud. 1o GIM3KOMy K 9TOMy HanpaBJeHAD KakK B
ragépo, Tak M GIOKe IMInepdasmTOER OpPUEHTHPOBAHO pacciaHleBaHde
Ha ypopHe famum 3eseHHX CJAHLEB.

Ocranopka 5-2, MeTamopimam AmacaszOB NapaLIeNbHHX JaeK M
THNepGasMTOR MeXDaliKOBHX IIPOCTpaHCTB Ha p.Jaropran (P.I.filzema,
A.A.E¢umos).

Bo BTopoili nmonoBmHe IHA MapumpyT CyLeT IpPOJOMXEH Ha p.Jlarop-
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Tam, ILe B KAHbOHE NDPOTAKEHHOCTBD OKOJAO 3 KM BCKDHBAKNTCA IHa-
fasH nNapajejbHEX IAeK, 3aTPOHYTHX DAHHEMH CTAIMAMEA amfudonn-
TOBOIO MeTamopfmsMa M IVIArMOr paHETMsaldd. B BepxHedl M HERHEH
YaoTAX KaHBOHA Jaiiky cxaranT po 20% paspesa, B cpeiHeil wacTm -
no I00%.

OcMOTp HAuUMHAETCA B BepxHell yacT® KaHbORA. 378CH HAa NpO-
TAREHHR nersux 300-400 M MeTamopimsoBaHrHe raddpo MPOPBAHH
OIMHOYHHME JEACa30BHMA faiikaMmi, CTPyKTypa LBacasOB 3aKOHOMEp-
HO MeHAeTCA OT afmpoBO#, DEJMKTOBOM MWIOTAKCHTOBOW y KOHTaK-
TOB 0 KpynHOmOopi#poBOd I'adopo-amacdasoBoii B LEHTPANBHHX 49ac-—
TAX RANBHEX TeJ.(KpucTawiusauma in situ ),

Buemanire raddépo-amMfnGONnTH HA STOM OTpe3Ke Maplpyra -
TAKCHTOBHE, MONOCYaTHE. MmHepaibHRil COCTAB: YACTHYHO COCCOPATH-
3MpOBaHHHii IIACMOKAA3 ¢ peJmKTamm npaMoil (% 60-44) m odpaTHOR
(% 60-75-80) 30HANTBHOCTH, CBeTNO3eJeHAA pOroBad OCMAaHKA
(cng 22°, Ngl.660), pelEKTH JHONCHZIA, THTAHOMATHETHUTa, AKTHHO-
JAT, JefiKkokceH. U BMemapumue NOPOIH M pafik¥ DPOHM3AHH CETHD
MerMaTOMNHEX IVArEOrpaHMTHEX Xxan (kxBapu + An 50-28 + porosas
oOMaHKa + CfeH) M B [EJOM MPEeACTABIADT COGO# MANeOCOMy armMaT-
TOBHX (8pTEPUTOBHX) MUIMATHTOB.,

Ha caemyomax I,5-2 KM HON KOCHM yIJOM K NPOCTHDAHMD OCHa-
XAeTCA 30HA JAeK B ZAjiKax, CJIOReRHAS NPEMMYUWECTBEHHO TAKMMA
Xe Iuadasamu, 9TO M B Havase Mapupyra. MecTamm HadimpanTcA
MOpONH MeXIaXKOBHX IpOCTPaHCTB, NpefcTaBleHHHE CepHeHTHHH-
3HPOBAHHEME rapudyprutaviu, OHA OKDYyREHH KODOYKOU BaKaNKA B
XATBHHX Oracdasax. MONHOCTH XWI [Macas’s0B He NpPEBRNAET HEeCKONb-
KHX MeTpOB. JleTanbHHi OCMOTD SaKANEHHHX KOHTAaKToB (pmc. 8) mo-
3BOJIAeT yOeLATHCA B TOM, 4YTO BHeJpeHHMEe 0a3ainbTOBHX pAacIUIABOB
MPOXCXONATIO B yCJIOBMAX YCTOUUMBOIO pacTAXEHMS BAOJNB OIHOU CH-
oreMu Tpeums (20-30°CB). Ha m30GpaxeHHOM yYacTKe HACUMTHBAET-
CH 4-5 NpHOTKpHBAHMY OMHO# TpeuMHH. MOWHOGTE MOCJIELOBaATEJBHO
fOpMAPYDIEXCA IAEK NPEMEPHO ONMHAKOBA (pABHOMEDHOE DacCUMpeRye).
ToxpKO caMuHe NMOSJHME NODLMA pacIiaBa B NaKeTe BHEADAJNCE IO
LMaroHaTbHHEM TpelMHAM WIR O6pasynT BeTBAWMEecH MTOKBEDKH. Kpome
[HMacas3oB, He COIEepEalrX (eHOKDHCTOB B MOMEHT BHeIpEHUda, B 00—
HAXeHMAX BHJHH JAilKM MeranopfMpoBHX [IAUMOKIA30BHX AMa0a30BHX
nopjupaTor (asmmyr mpocrmpanma 40°). BrpamneHEmKM IIAaroKTasa
B HAX mMeDT pasmepd £o0 I-I,5 OM B OpMEHTMpPOBAHH COTJIACHO G
fUIDAIATEHOCTED B MOPOZE.
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EmrpHEEe TeJaa KHCJIOr0 COCTAaBA MPENCTABJEHH €IMHAYHHMA
jafikaMs KBapUEBHX anpdaTofmpoB. MommocTe mx I0-20 oM., Heroro-
pue M8 HEX BHeJDAIACH BIONH KOHTAKTOB CaMmoii nospngell renepaugn
naex afupoBHX IMadasoB., B MEHepansbHOM cocTaBe GAasHTOBHX IAeK
4aGTHYHO COXPAHADTCHA NEPBUYHHE MEHEDATH: B0HANBHHE IUIArMOKIa-
gopse nefickn (N 70-38), peIKO-MOHOKMMAHN] MApOKCeH. B Tadmame 2
npaBefeHs XHUMAYECKHRE H KOJMYeCTBEHHHE CMNEeKTpalbHHE AHANH3H pas-
HHX MOKOVEHMJ NMaCasOBHX [aeK B3 JAHHOI'O paspesa. Boe oHE comep-
®AT HOPMATHEHHE OJUBHH (puc. 4); mo cpaBHEHAD C COJee CeBepHHMH
P DXHEMM CEUEHWAME IAMKOBOJ B0HH, B HEX OOJee HMSKHE COJEPXAHAA
Ti0, = odero xeyesa, KOTODHE elle. 6oNee MOHAXANTCA B CAMHX MO-
JIOMHX JaiiKax AmacasoBuX agupaToB. JUiA MerafmpoBHX [IATAOKIA30-
BHX DOD{MPHTOB XapaKTepHa BHCOKad IVIMHOSEMHCTOCTE M HH3KOE CO-
IepxaAne OKHCH MATHMAdA,

TaxEMm 0o6pasoM, OJHODOIHOCTEH AHada30B B NaKeTe JANb Kaxy-
maﬁcn. MopjanbHHE 7 NMEeTPOXMMAYECKH) COCTAB Jaek, AOBOBBHO 3aKO0-
HOMEDHHE BApMAIME B CONEPKAHUAX ANeMeHTOB-IpuMeceid (oM. Tadim-
Iy 2) CBEZETENBCTEBYDT O HapaGTaHMA NPOLECCOB MArMaTHYecKol
IrdjepeHIManny, 3aBeplieHneM ee, MO-BHIEMOMY, ABIAETCA O0pasoBaHUe
HeGOJMBUAX IOPUME KPEMHEKHCJHX DacILIaBOB.

Cpezs QIaek NOPRCYTCTBYDT GNOKM MACCHBHOI'O amoraprdypraToBO-
I'0 AETATOPATOBOI'O CEepNeHTHHATA HEIpPABAIBHO-OKDYIJOH QopMH 10
20 M B momepeynmke, OHE EMEDT BUJ GyAMH C OGIABIEHHOH, IJamKoh
OOBEPXHOCTHD M OKpyXeHH IO nepufepmn KaijiMamm, KaiMu COCTOAT H3
JBYX NAapajlIeJIBHHX 30H: GO CTOPOHH CEpNEeATHHATA 3TO 30HA CBET-
JIOji, HOYTH Genoil TanbK-TPEMOJATOEOH MOPOIH, MMebile# OGIHK CJlaH-
0a, CO CTOPOHH IMadasa C Heil pe3K0o KOHTaKTHpyeT 30HA TOHKOIHAC-
TOBATOI'0 TEMHO-3€JEHOI'0 XJIOPAT-TPEMONUTOBOro cnaufia (pac. 9).

B ozHOM M3 KpDymHHX ONOKOB HAGMDLANACH TAKXe OCpaTHAS KapTHHA:

Inadasopas palika, CeKyllad CePNeHTHHUT, OyILMHADOBAHHEA M OKDY-

KEHHad ¢ O0eMX CTODPOH TaKOi Xe NBOHON CJAHLEBOE KajiMok. Cme-

lleHHHE YacTH faiik¥ OGJABJEHH, & B DA3PHBH MEXIY HMMH IPOHAKAET
XJOpAT-TPEMONMTOBHE ciaden (pmc., I0).

Ilpmpona nBoiiHON KaiiM, OKpyXamueii GIOKM CepHeHTMHATa, NO-
CTaTO4HO fAcHa. [lpn zedopMalmy Naek CyLeCTBOBATN OTHEJNBHHE yYacT-
KH, I'Tle HanpAXeHWs pa3pelialnch B 30HAX HeGQUBWOJ MOWHOGTH.
Taxuvm 3onamm Grn KOHTEKTH RWIBHHX [OMa0asOB C OJIOKAMH CepleH-

4 208
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THHATA., LJIOKYM MCIHTHBAJIA IBAXEHHA BpaWaTeXBHOIO THNA, U IO HX
nepadeprr OPOMCXOZAIO O6pasoBaHHWEe KOHUEHTPHUYECKMX CJIAHUEEHX OTO.
pOYEK - TaJbK-TPEMOIATOBO} N0 CEePNeHTHHATY M XJIOPHT-TDPEMONE-
TOBOi mo pmMadasy. [Ipm aTOM mMEs MECTO CEMeTacOMATRYECKHMH OCMEH:
TAJBK-Z DEMONATOBKE cJanern odoramenFe, Mn g Ca, npuBHECEHHHMH
A3 Jguadaza, & BO3HMKIMI Ha MecTe O@adasa XJIODUT-TDPEMOJHATOBHI
CJaHel - B NepByD OvYepelsb Mg,3aEMCTBOBAHHHM H3 CEpPIEHTHHMTA
(radn, 8).

' Tacumuna 8
XmvAuecKHii cocTaB cydcTpaTa B HOBOOGDA3OBaHHOH
OAMeTacoMaTHYeCKoll KaliMi MexOy IAacasoM # cep-

NEeHTHHATOM, Bec % '

Kommo-  HmneRHE XiopuT- Tanpk-Tpemons- CepneATHAAT

HEeHTH Iradas  TPeMOJHATOBHI TOEHI CJaHeL

cJjanern mo [0 CepleHTHHA-

IMadasy Ty d
810, 49,17 41,25 40,62 41,01
110, 0,70 0,52 0,3 0,12
u.203 15,80 11,94 1,36 LT479
F°2°5 1,71 1,67 15,49 5,12
Feo 6,62 7,18 4,19 2,01
MnO 0,14 0,42 0,45 0,05
Mg0 9,88 23,00 27,34 37,53
ca0 10,35 6,72 7,10 0,42
K50 0,I8 0,045 He OCH. 0,3
Na,,0 3,17 0,40 0,20 0,I3
o, .0, 1,99 6,02 2,57 11,58
Cr203 0,02 0,07 0,40 0,19,
Pao5 0,12 0TI 0,04 0,06
Cymma 99,85 99,84 100,12 I10C,I4

Brxomn RAIBHHX JMada3oB, NefOPMIPOBAHHHX B I'Opasio GoJb-
wei CTemeH®, MPOCAEXMBANTCH elle HA HECKOJABKO COTEH MeTDOB HH-
®Xe KanbpOoHA. [Madass 31eCh NPeBPAlEHH B SeJeHHe CAaHOH, Cpely
KOTODHX BCTDEYaWTCH JIMH3H M OyIMHH TaJbK-TDEMOMUTOBHX CJIAHOEB

- pe3yasTaT janbHeiiuell medopMammm M MeTamopdmama Imnepoas3mTo-
BHX OJIOKOB.
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IEHD 6.

leas. 03H8KOMIEHME C NPEOOPE30BAHUAMU TrapulyprUTOB HA
paHEMX 37aNaX QOpPMUDPOBAHUA ofuonuTOBON acconMaLuu,

OcraHoBka 6-1. COOTHONEHME AYHUT-NUPOKCEHUTOBOH XunbHOM
cepun ¢ rapudyprataun (I'.H.Casensesa).’

MecTO NMpOBEZEHUA DKCKYDPCUM DACNONOXEHO B BOCTOYHOM yacTH
TrI8BHOTO IONA TapuOypruTus llalepckoro noxposa, B 2,5 KM K 38—
nagy oT KOHTAKT8 C rad0po BOCTOYHOTO oOpammenus (puc. I1T).

s npumaraeMmofft KapTH Npuaerapme# TeppHTOPMM BUAHO, YTO MH pac-
nonaraeucsa B pafioHe, e NOIOCYETOCTH rapnlypTMTOB OYEpPYMBAET
OEHOE 38MHKAHWE CUHKIMHENEe0OpasHO# eTpYyKTypH, mupuHOff OKONO

10 xu.

B mpezenax oOHaXeHUfA, NMPEACTaBIANLEr0 BHXOAH CHAABHOTO
OCHOB8HMA TPOTOBOM ZONMHH, OOH8XAWTCHA MONOCYATHE IapHOYPTHTH.

[lonocyaTocTs rapulypruTOB BHPAXEHA HEDABHOMEPHHM pacrpe-
ZeNeHueM 3HCTATUTA B CUCTEME HEDUTMUYHO uepen&nmnxca NpoCIOoesB
¢ MouHOCTER OT I 70 40 cM, HGKJIOHEHHHX K CEBEpO-CEBEpO-BOCTO-
Ky. JuHellHOCTE: mpeZcTaBIEHa arperaTaMy 3HCTATUTE, K KOTOPHM
TATOTEET HAUOTMCHZA ¥ XpoMunuHenupn (Talia. 6).

Cpezu rapu0ypraToB pacnonaraetrcf HeGONBmOE TENO AYHUTOB
(puc. 12), KOTOpOE OKPYXEHO OpPEONOM AYHHTOBHX M NUPOKCEHHTO-
BHX XMJ, COKYNUX MOAOCYATOCTH IaplOypIrUTOB.

[lo Mepe cryueHMf ¥ YBENMYEHMA MOWHOCTH KW ZYHUTH pasOu-
BAWT rapulypruT Ha ONOKM HENpPaBMABHOM QOpMH C MB3DEAEHHHMU
TpaHNLANM, MOCTENEeHHO UCUE33aPUUe K LEHTPYy AYHATOBOTO Texa.

MoxHO BMAETH HECKONBKO TUNOB KOHTAKTA AYHHTOB M rapulyp-
THTOB: @) - CPaBHMTENBHO pesKkue npAMonuHedmwe, G) - HepesKue,
C paszyBaMy M 34TEKAMM ZYHUTOB NMPU NEPECOUYEHMM CYMECTBEHHO
BHCTATUTOBHX noJoc rapulypruTa ¥ B) - ¢ nopdupodnacTaMe sH-
CTaTUTa M AMONCHMZE B DHAOKOHTAKTAX AYHUTOBHX XuNl. Cpefim HUX
BCTPEYANTCA 30HANBHHE XWMH AYHUTOB C CHMMETDPUYHEMH AMONCHUA-
SHCTATUTOBHMM OTOPOYKAMM M RMIH CIOKHOTO COCTaBa, IAE AYHHT
N0 NMPOCTHPaHMN CMEHAETCHA NUPOKCEHHUTOM.

llupoxcennT cnaranT pa3HOOGPA3HHE XWIH NEPEMEHHOM MomHOc-
TH, CTPYKTYypN M COCTABA; OT MOHOMMHEDANBLHHX 3HCTATUTATOB Yepes
4=2 208
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OJNIMBHHOBHE BEOCTEDUTH A0 AMONCHAMTUTOB. KpynHHE XEMIH 4acTo
MMEDT pe3xue npAMoNMHeWHHe IpaHMIH, OAHEKO KPYyNHOCTHL 3EpHA B
HX DK3O0KOHTEKTAX HE MEHAGTCA MIM BO3PacTaeT. BCTpeyanTCA RUIH
NUPOKCEHUTOB C ZYHATOBHMM OTOPOYKEMHM, 8 TaKKe NepecexKanmuecH
uenouky mopdupo6nacTOB NMMPOKCEHGB BrapiOyprute M ZyHuTe. Mecra-
MM H8 KOH1oHTE C NMUPOKCEHWTAMM M HA yUBCTHAX, HACHUWEHHHX AYHU-
TOBHMM ¥ NMPOKCEHMTOBHMN XWIaMy B rapulypruTax IOABIAETCA TOH-
Kafd HEepDaBHOMEDH&A BKPARIAGHHOCTH APKO3EJIEHOTO AMONCHAA, TPUBOZA-
I8f K BO3HMKHOBEHMO BTOPHYHHX NEPLOIATOB C NEPEMEHHHM HONMYECT-
BOM zmoncuza. HaGnozaewmse B3afdMOOTHOWEHMA NMOPOX, PE3KAR CMEHA
COCTaBA XUI MO NPOCTMPEHMIO, WX PASHOHANPABIEHHAA 30HAIBHOCTH -
BCE 9TO NO3BOAAET NPEANONETETH 3HAYMTEJIBHYD PONb BHCOKOTEM-
NepaTypPHHX MEeTa8COMATUYECKMUX NPOLECCOB NpU JOPMUPOBSHUM KWIH-
Ho#t cepumm. OTH NMpOLECCH NMO-BUAMMOMY COMNPOBOXZANMUCH KAK TEepe-
pacnpezeleHEdeN BelecTsa, rapuOypruToB, TaK u npuBHOcoM Ca, Al
si. : :

CTpyrTypHHE B38MMOOTHOWEHMA MEXZY rapuCyprUTaMu, AYHUTSMU
U NADPOKCEHMTaMU OTYETINWBO BUAHH B CKAJIbHHX OOHaXeHMAX. [lomoc—
9a8TOCTh TapulypruToB, HAKJIOHEHHaA K CEBepy ¥ CeBepO—-BOCTOKY
Moz yTIOM 50-70° ouepuyuBaeT nonorue M3ruOu. OpMEHTMPOBKE NU-
HeltHocTH (8rperaToB NHPOKCEHA ¥ XPOMIMUHENMZS) TOUTH BEPTHKENE-
H8 MIM KPYTO HAKIOHEHa K CEeBEepY. NMIH AYHMUTOB, CEKyNMUe MOIOC-
yaTOCTh rapudypruToB (cM. puc.ll) uMenT, NpeMMyLECTBEHHO,
cyOMEpUZMOHANBEHE M CYOLMPOTHHE NPOCTMPAHUA ¥ OPHEHTHPOBAHH B
CHCTEMEe CHOIOBHX TpemuH. B Hell HanpaBnerue HaMOONBWErO CEETHUA
NepneHARKYAAPHO NMPOCTHPAHUD MOJOCYATOCTH, &8 HEBNPEBIEHHE MUHU-
MaIBHOTO CEATHA OTBEYEET OPMEHTHPOBKE JuHeMHOCTH.

TaxkuMm 00pa3oM, NONOCYETOCTE I'apulypruTOB ABIAETCA HaAWGO-
Jlee DAHHUM CTPYKTYDHHM 3IEMEHTOM. [lepecTpofika MUHEpPaJBHHX ar-
peraToB TapulypruToB ¢ 00pasoBaHMeM IMHEWHOCTM NPOUCXOARNE OF-—
HOBpeMeHHO (MAM HECKONBKO paHble) ¢ fopuMupoBaHMEM AYHUTOBHX XTI,
B OpHOM moJie HanpsAxeHu#t, CHOMNEHMA ¥ paccedAHAne 3EpPHA MUPOKCEe-
HOB B 3aNb0aHAaX AYHUTOBHX XMJI' MAacCMBHH M He OOHEDYRMBAWT M-
HefiHOCTH Jlaxe B TOM CIAyuae, €CIM AYHUT—-IHCTETUTOBHE KUMH JIEKAT
B NAOCKOCTM MONOCYETOCTH rapulyprurToB, [[MDOKCEHWTOBHE XWUJH, KaK
NpaBuio, MEPECEHSNT AYHUTH, MMER, NPEUMyWESCTBEHHO, CyOMepeauo-
HaJbHOE NPOCTMPaHME W 3anajlHOe NdjeHuMe. B XuiIaX 510TC HampaBle-
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TaGnmpa 9
CocTaBH NMOPOZ ¥ MEHEDAJOB M3 AYHATOB ¥ NUPOKCEHHTOB
B rapulyprurax
T . =
33 1 155-B i | aubeaswvis 1 oot 8fur
ZYHHT ol chr “zyEmr ! ol chr =g o+ gl at
510, 35,88 41,30 1,92 ' 36,32 ° 41,00 3,00 ° 55,06 3,36 ° 56,20 53,80
T40, 0,01 0,01 0,35 0,04 0,01 H.a. 0,02 H.8. 0,03 0,04
A103 0,53 0,05 17,09 0,53 0,08 12,84 0,93 11,79 1 LL L,07
CP203 0,55 0,06 45,57 0,37 0,07 48,58 0,62 45,89 0,44 0,70
F8203 4,01 242D 3,67 4,53 1,13 R T, 77 11,30 1,13 0,88
FeO 4,10 6,19 19,83 4,03 5,76 20,50 4,75 19.60 6,26 2,0°
MnO 0,11 0,10 H.a. 0,10 . H.8s Wl 0,15 H.8. 0,19 0,14
MgO 44,13 47,63 . 10,58 43,88 50,95 9,43 33,17 7:75 32,84 18,54
NiO 0,I3 0,I8 H.a. H.8. 0,28 H.a. 0,065 H.a. 0,08 0,04
Ca0 0,06 0,22 0,IT 0,28 0,II 0,07 0,95 H.a. 0,50 21,50
Na,0 0,10 H.8. H.8. 0,02 H.a. H.8. H.8. H.8. H.8. H.Q.
K0 0,10 H.8. H.a. 0,03 H.a. H.8. H.a. H.a. H.8. H.a.
nnn 10,38 1,68 - 10,04 0,10 - L,99 - I,0I 0,71
cywual00,09 99,67 98,68 100,17 99,49 100,33 99,48 99,67 99,79 99,51
£ 9,0 8,8 58 9 6,8 65 7.3 72 11,0 8,2
Y - - 62 - - 70 - - - -



"HWA MHOTZA BHAHW MENKMEe CKI8JKM BOJNOYeHWA, QMKCHpyDmuUe mnac-
Tuusckue Jedopuauuu. Bonee pexkue EUIH NMHPOKCEHUTOB CEBEPO-
8aNM8ZHOTO ¥ CEBEpO-BOCTOYHOI'O NMPOCTUPAHMA CTYNEHUATO CMewa-
DTCA N0 KPYyTOM&ZAUUM TPEWUHAM,

CocraB ZYHMTOB M NMPOKCEHMTOB M3 XuJi B Tapuoyprutax (Ta-
6nuna 9) OTAMYAETCA OT COCTABOB @HAJOIMYHHX NETPOrpafuuecKux
THMOB NOPOA mojocyaToff cepuM  KpaeBWX 30H IapulypruToBOIO
maccuBa (cM. Tadn.5) Oonee BHCOKOM MarHE3MANBHOCTBD. XpOMIMM-
HeNHp B EMNBHHX ZAyHMT8X TaK®e uMeeT Oolee HU3KYH XeNe3UCTOCTE:
¥ OTHOCHTEJBHO HM3KYX XPOMUCTOCTH, MOBHUEHHOE COfepXaHue INu-
HO3eMa8 B CP8BHEHMM C COCTABOM 8KIECCOPME B AYHMTEX KPAEBHX
30H, XuIBHHE NUDPOKCEHMTH B rapulypruTax OTIHYAKNTCA OT KPaeBHX,
Npexze BCET0, MMPOKUM Da3BUTMEM SHCTATUTUTOB, KOTOPHE OTCYT-
CTBYNT B cocraBe KpaeBhx cepmit, JlMONCHAH B EMABHHX NMUPOKCEHH—
78X COZEpPEAT OONEee BHCOKME KONMYECTBA XDPOME, HEXENH IWMONCHIH
B 8HANOTMYHEX MNOPOZAX KPEEBHX 30H,

lloszuu#t meramopfuam runepGa3sMTOB HE 3TOM y4YacTKe BHpa-
3MICA B OOPa3sOBEHMM TANBK—-8HTUTOPUTOBHX NPOXMAKOB, Da3BMUTHX
Bzons yskux (0,5-2,0 M) KpyTONaZSHWMX 30H CEBEPO-BOCTOYHOTO
npocrupaua. OTYETANBO BMAHO, YTO STH NPOXMIKM HAKIAIHBANTCA
H8 yXEe CepNeHTMHM3MPOBAHHHE IapulypTUTH (Ha CETKYy MeTeapyaTo-
TO CEepPNEeHTHHA).



IEHD 7.

llenb,  O3HAKOMIEHME C METEMOP(YMYECKHMMM NpPeoCpas3OBaHUAMM
yIBTPAOCHOBHHX NOPOZ. Jonura p.lesas [lallepa BCcKpuBaeT I'umep-
Ga3UTH, D830MTHe HA cepun vemyd. BepxHon yacTs paspesa Kaxzolt
§3 HEX CIarsWT CepNeHTMHM3MPOBAHHHE I'apulypruTH. B OCHOBEHHM
geuylt, MOAOWBH KOTOPHX HEKJIOHEHH K WI'0-BOCTOKY, 38lerapT Me-
raMopduUeCKEEe NOPOAH yIBTPEOCHOBHOTO cocraBa (puc. 13).

QcranoBka 7-1. Meramopduueckue NMOPOAH YABTPAOCHOBHOTO
cocraBa (T'.H.CaBexnsesa).

0T Hauana MapmpyTa, B NPOTMBOMONOXHOM (TpaBoM) GepTy
ZONMEE DKM BUAHH rapuCypruTH, crarapuue oAHy u3 vemyl. I'spu-
GypraTH 5TOM ®e yemym OCHaxanTCH M BBemxHeM yactu nesoro Gopra
ZONMHH, B OCHOB8HMM KOTOPOTO HauMHAETCA MapmpyT. Ha goHe onm-
BKOBO-XEJITOrO 1|BeTa BHBETDeNOf NMOBEpPXHOCTM I'apLOypPIMTOB XOpEO-
@wo BHAHH JWHeHHHE COKymHe 30HH ONMBAH-8HTUTOPUTOBHX NOPOX C
xpacHO-Oypo#l moBepxHOCTHH. OTYETAMBO BMAHH WNT0-BOCTOYHHE Naze-
HAA MX TpaHMl. Hauoomnee MOWHEA 30Ha ONUBMH-@HTHT'OPMTOBHX MOPOXK,
MOACTUNADMUX IapuOyprUTH,BCKPHBAGTCA CEBEPHEE 'MX BHXOXOB, BH-
me N0 TEYEHMD DeKM. BucAuMit GOK 3TOH 30HHW CIOXEH MaCCHUBHHMM
an@uOon-ONMBUROBLHNY, AMPUOON-TaNbK~ONMBAHOBHNY ¥ 8HTHTOPUT-
ONMBMHOBHMY TOPOZaMU, KOTODHE BKJINYAKNT TeJNa CBEXMX Tapulypru-
108, Takue rapuGyprMTH BCTPEYANTCA HA BCEM MBCCUBE MCHINUM-
TeNBHO cpeau ampuroput-(amducon)-(TanbK)-OAMBAHOBHX MOPOA B
BUAIE TeJN DasiIMYHOTD pa3mepa. Yale OHM 3816ranT B BepXHe}

Y8CTH paspesa 30H U OOHYHO BONIM3M KOHT8KTa C CEPINEHTUHH3UPO-
BaHHHMM rapulypruTamu. HuxHAA yacTh paspessa HaOnmozaeMofl 3OHH
CIIOXEHE OJMBUH-GHTUTODHMTOBHMM CHIEHLUAMM C WI'O-BOCTOYHHMU HAaje-—
HHAMM CIQHLEBETOCTHA. CralBHHA BHXOZ 3TUX CIAHLEB pacnolaraerTcd
Ha mpaBoM Gepery pyukf, B €ro ycThe. Peapes BUCAUEr0 GOK8 30HH
METaMopduyeCKUX NOPOL yILTPEOCHOBHOTO COCTEB& BCKDHBAETCH B
Pycne pyusfi, mo KOTOpOMy mpo#zeT MapuwpyT.

B HuxHeM TeueHuMm pyussi, B €I'0 pycie OOHAXaWTCA 8HTUTOPUT—
ONMBUHOBHE M SHTUIOPUT-aMUUOON-OJMBUHOBHE MOPOZH MBCCHBHOM
TEKCTYypu ¢ nuHelHOW OPMEHTMPOBKON LEMOYEK XPOMUNKMHENHAS,
OKallMNeHHOro M8THETMTOM M XJIOPUTOM. COTNACHO C LEMOYKSMHU
XPOMUNMHENNAS OPMEHTUPOBAHO YANMHEHME AEePOPMUPOBAHHHX 3€PEH
OlUBMHE , KOTOpPHE OKPYyXEHH MEJIKO3E€PHMCTHM arperaToMm paszpolneH-
14 208
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HOTO M (MIM) IPaHyNMPOBEHHOTE OJMBMHA, NpMaMamy aupucona u
CHOMNOHMAMA SHTUIOPMTE. ITH OCOOBHHOCTM MUKPOGTDPYKTYPH XOpPORO
3aMeTHH Ha BuBeTpesoff moOBepXHOCTHM NOPOAW, MMenme#t opmeHTHpO-
BAHHYD AYEUCTO-NIPOKMAKOBY® CTPYKTYpPy. [puneraeman racauns 10
HauOoNnee TUNUYHHX XMMMUUECKHX COCTEBOB 2THX MOPOA M KX MUHEpa-
0B NMOKA3HBAET, YTO MPM NOJIHOM OTCYTCTBMH SHCTATHTA, NOPOAH IC
OCHOBHHM NETPOXMMHYECKMM X8DAKTEPUCTMHAM aHENOTUYHH Tapnoypru-
raM. COCT8B ONMBMHA M PEAMETOBOI'0 8KUECCODHOTO XPOMINMHENMAA
TaKXe 8HANOTHYHH COCT3BaM STHX MMHEDANOB B rapulyprurax (cu.
ra6n1.10). AuduGon 3A6CH NPEACTABIEH MATHE3HOKYMMUWHI'TOHMTOM,
pexe - 8KTHHONMT-TPEMONMTOM. B pasHOBHMAHUCTAX C MArHe3uo-
KYMMUETTOHMTOM HEDEZAKO HAONDAAeTCA BTOPAfd IEHEPaLMA TOHKO3Ep-
HUCTOTO. ONMBHUHAE.

B cpemHeM TEYSHMM DYyUbH, CPEAM 8HTUTOPHT ~(aMfucon)-
ONMBHHOBHX MOPOZ OOHaXawTCh TApUOYPTMTH, MOUTH HE COZEpEamMe
cepneHTHHa, CTPYKTypa MX MEHAETCA OT CpeAHe-ZAO KPYNHO3EDHMUCTOMH,
Hapazy ¢ npeoGnajsomuuy paBHOMEDHO3EDHHCTHMYM DA3HOCTAMM, BCTpE-
4apTCA I'apUOypPrUTH C NOPQUPOBUAHWMM 3epHaM¥ SHCTATUTE U DEXe
ONMBMHE. KOAMuYeCTBEHHHE COOTHOWEHUA ONHMBHHA Fa9_1o W 3HCTE-
Tu78 F8g B HMX NMPUMEDPHO T€ K€, YTO ¥ B CEPNEHTMHUSNDOBAHHHX
rapudyprurax (75-80% 01 wu 15-20% En). CozepxaHue AMONCHAS
BappUpyeT, MOAHMMAACH A0 7%. . AKUEOCODPHHH XPOMUNMHENHMA Npez-
craBled XpoMmukoTuToM (Taln., I1). THOMUHH NOMMTOHANBHO3EpPHUC-
THE CTPYKTyPH. OpMeHTMDOBAHHHE ArperaTh NMPOKCEH8, 8 TAKEe
MONIOCYATHE TEKCTYPH OTCYTCTBYOT, YTO OTJIHMYEET BTU NMOPOZH OT
CepreHTHMHASMPOBAHHNX rapulypruTOoB.

TapulypruTi NEpeceyeHH XUNaMd SPKO3ENEHHX ZAMONCUAUTHUTOB,
BeGCTEPATOB M SHCTATUTUTOB. CTPYKTypa 3THX NMOPOA MEHAETCHA OT
MBIKO3epHMCTOH A0 mermaToMzHON, nMopPUpoBMAHOM. Xunn umenT
HepejKo 30HAaIBHOE CTPOEHWE, BHDPANEHHOE WU3MEHEHUEM COCTEBE IO-
POA OT MX LEHTpPa K KpasAM. B none anTuropuT-(amMduGoi)-OIMBUHO-
BHX TOPOA XWJH MUPOKCEHMTOB NO NPOCTMPAHMD TCEBIOMOPYHO 3aMe-
NEeHH TanbK-aMPHOONOBHM, aMPUOONOBHM (8KTHHONMT-TPEMONUTOBHM )
arneraToM TYCKIO-CEpPOro IBeTa, Ha KOHTaKTe C BMEUAKUXMM TOpPO-
Z8MM CBexHe TapUOypTUTH NPOHM3AHH NPOXUIKAMUM, KOTOPHE PAa3BUBA-
OTCA BAOAL TPEWMH POMOOSZPMYECKOTO DUCYHKA. [I[pDOXMIKM TNpEZCTaB-
nA0T cofoff MMG0 30HH TOHKOTO ZPOOGJEHMA, MO KOTOPHM p83BMBaLTCH
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Tadnnna IO
XMMA9eCKMe COCTABH OJNMBAH-ZHTArOPATOBHX (25I4-H, I523, 2516), aMimGOm-aHTHIODAT-
ONMERHOBEX mopop (ISZ2-r, 95-A) m EX MHEEEDAJOB

2514-1 yo 2623, 2516 1152-T %-a

HOEQE' 01 ant i mopoga Ol ant 01 ant i mopona nopoza

8102 40,60 41,02 43,30 40,87 40,64 4F,92 - 40,32 42,12 40,60 39,69
Ti0, 0,02 0,02 0,01 0,07 0,03 0,02 0,01 0,01 0,02 0,02
A1203 0,90 0,58 1,49 I.I6 0,58 0,76 0,36 0,80 0,61 1,03
9r203 0,39 0,08 0,31 H.a, 0,09 H.a, 0,06 0,21 . 0,4L 0,40
Fe,0; 2,34 I,62 - 2,81 I,63 2,73 - - 4,10 4,28
Fe0 6,40 8,06 4.02x 4,32 8,48 3,60 8.50x 5.I2x 4,60 4,17
MnO 0,I3 H.Q. H.a. HellZ 'Rl H.8, H.2, Bas GiIe 0,09
Mg0 41,28 | 47,20 39,30 41,65 47,60 42,40 47,80 41,31 41,63 39,45
Nio0 0,I5| 0,20 H.a. H.a, 0,25 H.8. H.a. H.a. 110215 H.a.
Ca0 1,23/ 0,09 0,20 0,89 0,07 0,09 0,07 0.28 ' I,06 1,05
Na,0 0,14 H.a, H.&, 0,24 H.a. H.a. H.a. #.a. 0,08 0,I5
K,0 0,04 B, 8.8 0,00 Ha.a. .. 8.8, H.a., Ol 0,03
nnn 6,00 0,24 9,60 7.,33. 0,84 8,72 0,90 9,80 6,80 ¢ 9,64

cymma 99,66 99,II 98,23 99,75 100,21 100,24 97,82 99,65 100,17 100,02
10 9,9 9,4 8,3 10,3 (i ¢ 9,k 5,8+ 10,0 10,3

ol f

R —_—




AHTATOPAT, TaJBK WIH amguoon, Jr60 CHOXeHH copMupoBaBmeiicA
AHTATOPAT—-ONMBEHOBOM WIM TalbK-OJMBHHOBOH mOpomoji. B oTux mo-
poIax KpyIHHE 3epHA OJNMBHAHA NpPeNCTaBNEHH CTPYKTYpPHO HepecTpo-
eHHOli Mommfukarme#t ¢ yeTkoii omafiHocTso mo (00I) m (0I0). Cry-
meHNe AHTHrOPUT-(TANBE)-ONMBHHOBHX NPOXMTKOB @ yBeJMUYEHMEe MX
MOIHOCTH COINPOBOXIAETCA OKDYIVIEHMEM I yMeHbUeHMeM OJIOKOB
rapudypraTos, COXpaHADUWXCA B AYEAX pPAMGOBIPUYECKOl CeTKH IO
nepafepun KPYymHEX TeJ CBEEMX rapudypruToB, Takue Anpa rapucyp-
THATOB, 3alerapliie B OJNEBAH-aHTHI'OPATOBHX HOpOJax, OCHYHO OTHE-
JIeHH OT HEX OTOPOYKOM TANbK—OJMBHHOBHX NODOT.

FadiozaeMas B paspe3e IOCIeloBATENBHAR CMEHA NapareHesm-
GOB: O1+En+(Di) —01+Amf —»01+Ta -=01+Ant - NpencTaBlAeT per-
PECCHBHHI MeTaMmopMuyecKui#i pAnN. B TO ®e BpemdA, OpH neTporpafm-
YEeCKOM M3yYeHME INOpOL BHJHO, 49TO AHTUI'OPUT, amiuéon M TalbK
BCerja MoABNANTCHA B 30HAX JpPOCIEeHMA IapulypraToB C [NeTeabyaTol
XpH3OTWI-NTE3aDIATORCH cepneATHHA3anMeli ( O1+En+Di+Sp), GEKyT
A CMemapT IPORWIKK IeTeJBYaTOr0 CeprneHTHHA (0e3 MarHeTnTa).
Hapamy ¢ reonormyecKAMA IAHHHMA, 3TH HAGWIDIERHMA [ORa3HBALT,
9YTO0 OGpA30BAHEE OJMBEH-2HTUTODATOBHX IIOPOX IPOMCXOLAJIO IO3XE
MaccOBOjl MeTeJRYaToll CepHEHTHHM3AUMM M TakKAM o0pasoM, BECh AR
YJIBTPAOCHOBHHX MeTaMmopuTOB OTpaxaeT NOCJEHyDIee NPOr'pecCHBHOE
HapacTaHWe MeTamopimsma,

Boce MeTamopimueckMe NOPOMH HACHENYDT XAMWYECKHE COCTaB
CepNeHTHAA3MPOBAHHNX IaplUOyprATOB C COXPAHEHMEM OTHOWEHHA
RO/810, = 1,7. [IlpeoGnasfanre 3aKUCHOI'O Xesae3a Hajl OKMCHHM B OT-
HOCHTEJBHO HU3KOE COJEepRAHUEe BONH B AHTUIOPUT-ONMBMHOBHX MODO-
I8x, B CpaBHEHMN C CepIeHTHHASMPOBAHHHMM I'apudypraramu (Tadm.IO,
puc, I4), moxasHBaeT, YTO OGPA3OBAHAE AHTHIOPHT-OJNUEMHOBOL ac-
COLMAIMA OPOMCXOIMIO B GONEe BHCOKOTEMNEPATYDHHX YOJIOBMAX, YeM
PaHRAA CepHOeHTHHM3alMA, XPOMUMMHENTNT B ITHX YCJOBMAX OKA3HBA-
eTCA HeYOTOHYHMBHM M 3aMellaeTCAd MATHeTHATOM M XJOPKHTOM.

JysuTH, momajanine B 30HY MeTaMmopimama, MCIHTHBAXT IEpe-
KPHCTAIA3AIND, HEePEeJKO ¢ 00pa3sOBaHMeM MNEeIMATOMIHHX CTPYKTYD.
Teq0 merMaTOHHHX LYHWTOB, 3aielapiiix Cpeld AHTUIOPAT-ONMBAHO-
BHX IOPOJ, BCKDHBAETCA B BEDXHEM TEWeHHR DyuYhA., KPYNHHE KpucTal-
JH OJEBHHA odpaﬁamr YeTKO} Cma#iHOCTBED, MO ILIOGKOCTAM KOTODOi
pasBHBaeTCA YelyiidaTHil 8HTHIODAT. XPOMUMUHENHN TaKxe [eDeKpUcTal-
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Tadnmoa II
XAMAYECKHEE COCTABHE DEKDHGTAJUIA3OBAHHKX rapudypraTos (JepHnonaToB),

IYHATOB ¥ HX MEHEDAJNOB B3 MeTAMOPIMYECKHX 30H

57 !

2514 i ] 1785
rapug, ol en di iPaE!Id- ol en img:-m’r ol chr

510, 44,00 4I,50 55,23 53,43 43,16 40,90 53,35 40,47 40,64  3.00
140, 0,02 0,03 0,056 0,13 0,02 0,03 0,08 0,06 0,0 &5.a.
A0, I,42 0,53 3,15 3,45 0,41 0,22 1,87 0,54 0,04 8,97
Crp0; 0,2 0,06 057 0,0 0,45 0,06 0,40 0,3 0,08 53,44
Fe,0; 1,28 I,67 - - T 049: . 3,28 T,I8 a9
FeO 8,14 7,51 6,03 1,70% 7,85 8,41 6,I9° 4,90 6,71 23,86
MnO 0,14 Ha. 0,06 0,06 016 0,II 0,14 O0,II 0,12 &.a.
MgO 41,II 48,00 33,51 17,34 43,87 48,3 36,35 47,87 49,40 7,65
Nio 0,I5 0,23 0,I2 H,.a, 0,24 0,29 0,I2 0,I7 0,23 H.a,

Ca0 2.02 0,09 0,49 24.40 0,39 CIl. 0,44 0,67 0,11 0,II
Na,0 0,08 H.a, 0,03 0,14 0,05 H.a. H.a. 0,05 H.a. H.a.
E50 0,03 H.a, H.a, H.a. 0,02 ~H.a. H.a, 0,04  =H.a. H.a.
nnh 1,58 0,70 - - 1,54 0,93 0,68 1,88 0,75 i

cywma 100,34 100,31 99,24 1I0I,3% 99,53 I00,2I I00,07 100,35 99,09 99;30
4 11,2 9,4 9,2 5.8 105 9,2 9,2 8,0 8,2 68
(ca/Ca+Mg )I00 50,3 -



JM30BAH M 06pasyeT HepPABHOMEDHYD DACCEAHHYD BKpAIUIERHOCTS,
LIENOYKH, CKOMNEHAR TOHKO3EDHACTHX (mONHM MM) ¥ KDymHEX (mO

3 MM) momoMopdHHX EDHCTA/NOB, HapAly ¢ XpOMIMMHENHAOM B AyHH-
Tax NPACYTCTBYeT TOHKO3EDHACTHI MATHETHT.

@E3MYeCKre CBOMCTBA (IIOTHOCTE W MATHATHAA BOCIDEMMYA-
BOCTH) ONMCAHHHX HHIlE MEeTAMOPJMUECKHX MOPOJ yIbTPAOCHOBHOI'O
COCTABa PE3KO MEHANTCH B WMPOKOM MHTepBANe 3HAYEHm#, OTIHYAACH
9TEM OT CPABHUTENBHO YSKOIO AWANA30HA M3MEeHeHMiE Tex me CBo#CT:
rapudypraToB ® AyHATOB G [eTeas4aTodl CepneHTEHASaumel,
PacoMOTpeHHAR KApPTHHA MeTamopimsMa IMOepCAsATOB THIMYHA JJIA
Boiikapo-CHHERHCKOrO MacckBa. Ha pme.I 4 (p.Xofina) BHIHO anamo-
THYHOE CTPYKTYPHOE NONOKEHME MeTaMOpPfHTOB I Takad Xe NOCJIelo-
‘BaTe/MbHOCTH B CMEHe MAHEpPAJBHHX NapareHe3HcoB,



LEHb 8.

llenb. PacoMoTpeTh COOTHOWEHNE MERIY MATMATHYECKUMH M Me-
TACOMATUYECKAME OpoueccaMmu npm fOpMApPOBAHMM MOPOX MOMOCYATOHR
cepun.

OcraHopka 8-I. HwiH MUPOKCEHMTOB B raddpo B IOYHMTAX
(I'.H.CaBesrera ). Ha seBoM Gepery p.lles.llaltepa B ckampHOM BH-
XOJle OCHaxeHQ TeJO IYHUTOB, 3asneravijee BOJIM3Y I'PAHAIN C Iapl-
§ypruTami. Ha BeBepHOM M DERHOM BHKIMHEBAHMM TeJa IyHATH
OKABMIEeHH BEpIMTAMA, TPOKTONATAMA M KJIMHONMDOKCEHMTAMH. B
LIEHTPAJNEHOY 4YacTRE Teja IOyHATH NepeCcedYeHH XWiamm radépo, Moum-
HOCTBD OT HECKOJBKEX CM IO 2 M C OpeodialanipaMA CYyGWLADOTHHMA
NPOCTRPaHAAMA M KDYTHMA CeBeDHHMA NajieHUAMA KOHTAKTOB, OpHEH-
THPOBAHHHMH COI'JIACHO C KOHTAKTOM MexIy raddpo ¥ OCHOBHHM Mac-
CHBOM I'apndypruToB, HeKOTOpHE RWIH MMERT CEeBepO-BOCTOYHDE H
cyoMepEnmoRanbRge OpocTMpanusa, COCTAR MODPOJK B XANAX HEIOCTOAH=-
HHii. B mpejfenax OnHOY XAIN MOXHO BHJETH OJMBHHOEOE, IEBYIEPOKGE-
HOBOE, IHMONCHMOBOE raddpo M aHOPTOSHT. DOJBUMHCTEO KAI HMEET
IONI0CYaTOe CTpOeHMe, OCYCJOBJIEHHOE YepeloBaHMEeM MEPeYncJIeHHNX
nopoj, C JHHEJHO-IULIOCKOCTHOH OPMEHTRPOBKCH MMHepasoB. MoxHO
BAJETH KWIH, LEHTpajlbHHE Ya8CTH KOTODHX BHIOONHEHH MEJIKO3€pHHC-
THM, @ KpaeBHe-IeI'MATORJHHN Iacddpo; pexe BCTpeYanTcA OGpaTHHE
COOTHOUWERM: CTPYKTYPHEX DasHOBUAHOCTEH. IIpHCYTCTBYOT XAIH C
aCCUMeTPMYHO#l 30HATBHOCTHEN, I'JE OT ONHOI'O KOHTAKTa K IpyIoMy
TPOKTOJATH CMEHANTCA IadOpO-HOPUTaMA, 3aTEM - IHONCAIOBHME
ragépo m jasnee - aHOPTO3MTOM. B 3THX XWiax xeJe3HCTOCTE raddpo-
HOpATa pe3KO BO3pacTaeT B CPABHEHMM C XEEJEe3UCTOCTHD TPOKTOIATA.
(racn. I2).

' [lo npocTApaHAm RAIH I'a66p0 MHOII2 CMEHANTCA MUPOKCEHMTa-
MR, B KDYyNHHX XWIaX OPACYTCTBYKNT YIVIOBATHE OGJNOMKH LyHATOB,
TpaHrIE KOTOPHX OIMGainTCA M0N0CYaTOCTRD I'addpo; OOHAKO, MeCTaMu
IOJIOCYATOCTh PE3KO AMCKODIAHTHA C BKJINYEHMEM WIM T'paRmneil ®uiH,

HadumopaeTcA HEGKONBKO THIOP KOHTAKTOE KAN C BMeWabmuMu Iy-
Huramm, Hapdonee MpocTol NpefCTABNEH De3KO) CMEHOH mopopn des
A3MEHEHMA KDYMHOCTH 3EpPeH K KOHTAKTOBOI 30He. B JIpyrmx ciyvasx
B 9K30KOHTAKTe KAI Iradopo IYHUTH HACHLEHH HepaBHOMepHD# pac-—
CeAHHOI BKpAIUIEHHOCTHR IUONCUIA,. LHOMCUL OGpas3yeT MeJKUEe KCEHO-
MOpEHNe 3EpHA, BHMNOJNHAMIME MHTEDCTALMM CDeld OJMBHUHA, KpPYIHHE
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CKeJIeTHHE KpHCTALIH (IOAKWIOGNACTH) WIM I'DYyNNEpPyeTCHA B MpepH-—
BHCTHE [ENOYKH, CcylmapamienbHHe KOHTAKTaM XWi. BMmecTe o puon-
CHEIIOM WIE OTHEJBHO DAa3BABANTCA 3EpHA IUIATHOKJIA3a, 3aHAManiAe
TAKOE XE IIOJIOREHHMEe B CTPYKType NOPOIH, KAK IUONCHT,

Hepenxo radépo mo HepesKol IpaHulle CMEeHAEeTCA MMMPOKCEeHH-
TOM, KOTODH# NOCTEeNeHHO Yepe3 BepuuT C yOHBADIAM KOJIMYeCTBOM
MPOKCeHa NePeXOIAT K IYHATY. MHOrza B 9K30KOHTAaKTe ¢ radopo
pacmosaranTcA oGnaYHHe CKOIUIEHAHA, CIYCTKHM HepaBHOMEDHO# BKpam-
JIEHHOCTH IUIArAOKJIa3a, & MeRNy KAIaMi [OABJADTCA Y98CTKA TDPOKTO-
JuTa, B pAme cayuyaeB BHIHO, YTO BHKIMHMBADIMECH XWIH racépo
WIA MRPOKCEHUTOR NPOJONXAKTCA M0 NPOCTHPAHMD LEeNOYKaMmyu 3EpeH
IMONCHIa WIH I[UIarMoKJasa.

PaccMOTpeHHHE COOTHOMEHMA MEeROYy XANBHHM I'adtpo M BMenan-
WAM DYHETOM yCHemHO OCLACHANTCA DALOM NcciepoBaTeseff -
B.®.MopkoBknHO¥#, A.A.EfAMOBHM IpPHA NOMOWM MEXAHAM3MA BHCOKOTEM=—
nepaTypHHX MeTacOMATAYECKHX MPOLECCOB 750°T 1000° - momuoik
mnddysmesi Ca, Al um Si B cymecTBEHHO MArHe3MasbHHIl CydcTpaT
(AyERTH WIn PapudypreETH). MHeHMA MO MOBOLY MCTOYHHMKA Ca, Al
n S1 peceMa pasHooOpasHH. C Hawejl TOYKH 3pEHMA, TAKAM WUCTOYHHA-
KOM MOXeT ABJATHCA M MATMATHYECKOE raddpo, BHEIPADUEECA B Cy—
LecTBEHHO MarHe3manbHHEe yJAbTpacasuTH., TeMmepaTypH BMeWAaDIHX
yABTPaCasuTOB, OYEBANHO, NONEHA OHTH LOCTATOYHO GNM3KOH K
TeMnepaType CaMmoro Iponecca, O YeM CBHIETENLCTBYEeT NMOCTOAHHOE
OTCYTCTBAE 34KAJOYHHX 30H B XKANax radopo.

Tadnuua 12
CocraBu TpokTonuta (I4-6) m radcpo (I4-4)
146 =4 14-6 14ty
516, 42,00 43,56 Ca0 4,67 - 12,04
740, 0,13 0,13  Na,0 0,44 0,50
41,04 5,58 20,88 K0 0,08 0,04
Fe 05 1,48 1,88 P05 0,04 0,09
FeO 8,04 8,76  nmnm.m, 2,54 0,16
MnO 0,18 0,13  cymMa 99,48 99,20

¥g0 34432 1,19 ¢ 12,0 34,4



NEHD 9.

lleab. ®auui NeMBUHCKOIO TMNa B paspese naneosolickux omno-
gennil Ha p.Bomsmas Xo#ma (puc. I9),

OcranoBka 9-1, CpezHeZeBOHCKAA NarMHCKasd CBUTA
(B.H.TlyuKoB).

B BepXHeM MO TEYEHMD BHXOZE OOHAaXeHH DUTMUYHO NEpeclrau-
BanIMECA KBapLEBHE M nanecrxonﬂcmus NECYaHMKM, 8NE8BPOIUTH,
DAMHACTHE M KPEMHMCTO-TIMHACTHE cngumu (puc.19), MécTpue
KPEMHMCTHE CHAHIH COZEepRaT KOHOAOHTH alfifens u pagmonApuum muo-
X0t COXPAHHOCTH,.

Huxe mo pexe, B CKaJbHWX BHXOZAX NEeBOr0 0opTa maruMHCKan
CBMTA TPEACTABIEHS KBAPLEBHMH ¥ M3BECTHOBHCTHMM TECYSHMKAMM,
aneBpOIMTAMM M aPTMIAMTAMU C pasyMyHOil cnomcrocThR(Tpas8LuMoH-
Holt, nmapamnensHOl, KOcoit), QnuueBHMM THepOTAMPaMU ¥ 3HAKAMH
pAGu. Huxe no TeyeHuw, CpeAM 3TUX NMOPOA BHAHH NPOIJISCTKM yr-
IUCTO-TAMHUCTHX ¥ YTARCTO~TAMHNCTO-KPEMHMCTHX CI3HLEB C Npo-
cHoiKaMM M KOHKpeLufAMu OOCOTaleHHHMM 08pUTOM.

OcragoBra 9-2, HonzencupoBanuult paspes cuiypuilCKO-HUXHE-
zeBoHcKol xaporcko#f cBuTH (B.H.IyukoB).

B 200 weTpax HuEe N0 pexe OCHAXEWTCHA YIAMCTO-TIAUEUCTO=
KPEMHMCTHE CH8HIH, COAEpRauWue MNPOCHOM M KPyNHHE KOHKPEeLMOH-
HHE JIMH3H TEeMHHX M3BECTHAKOB DAAIMBNBHO-NYUMCTOH TEKCTYPH M NU-
pPUTOBHE KOHKpenuu, CIaHLUH COZEpKST TpaNTONUTH JIJIaHZOBEpU. Huxe
N0 peKe MOABIAKNTCA NMPOCAOM CBETIHX EK8ATOBATO-CEPHX W3BECTHA-
KOB, TJMHUCTHX, KOMKOBaTHX (TMna " griotte") M JNEHTOYHO-CIO-
HCTHX. B claHuaX Ha#zeHH TpPanTONMTH HMXHETO JYANOBE.

OcraxoBka 9-3. ToHKOueumyiyaras CTPyKTypa naneosoickoro
paspesa (B.H.NyuwroB).

B T200 m HMXe no pexe, ¢ mpaBoro Oepera Xopomo BHAHO
CTpOEHHE DPa3pe3a BCKPHTOTO B N€BOM GOPTY AONMHH. B HeM 00—
HaXeHH MOPOZAH HUEKHE-CDEeAHEKAMEHHOYTONBHOW Bopraumopckoit, BepxHe-
ZIEBOHCKO! KONMOKONBHEHCKON, a8 TaKXe MaruMHcKoif u xaporckoft cBUT.
Oru cnarapr cepuo wmenxux vemyd wupuHow B 50-150 meTpoB M MH-
TEHCUBHO CMATH B CHJIAAKM,

Ha neBom Oepery KaHbOH&8 OCMOTD HEYMHEETCA C BHXOZOB BOp-
lauopcrolf CBUTH, NpeicTaBieHHON @ieBpOAMTAMHM, CBETIOCEPHMM HU3—
BeCTHAKaMM, ZIOMOMMUTM3MPOBUHHHMK W3BECTHAKAwWM W HUXHEN naukoi
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GTAHKHTOB C TOHKHMM OPOCIOAMM CBETJHX 8I1€BPOIMTOB, COZEpPXEMHUX
ocraTku pazuonsApult m TypHeMcruxX dopammHUep, ¥ KOHKDELMOHHHMH
NMH38MA M3BECTHAKA., HUXE MO peKe 3TH MOPOAH CMEHANTCA CBETIH-
MM KPEMHAMM W KPEMHHCTO-TIMHMUCTHMM CJaHLauu (cepuMu, cepo-sene-
HHMM, HDACHOB3THMM), C NPOCIOAMM (TAHATOB M MENKO3EDHHCTHX M3-
BECTHAKOB, MecTamu KpeMHM HE TIOBEDPXHOCTAX CHAOKCTOCTH COAEpPXAT
OoOMABHHE KOHOZOHTH: B BepxHelf yacTu uHTepBana - (awmeHcKue, B
HuxHel - PpaHckme. Pa3pe3H BepXHEro AEBOHS M KapOOHA CHMIBHO
COKpaleHH 38 CYET HAABMIOB M ocoOeHHocTeil cegmmenTauum (pas-
pe3h KOHJEHCHPOBaHHHE: OOWMaf MOWMHOCTE: NOJHOI'0 paspeaa He Ipe-
BumaeT 500 M, T.e. B 3-4 pasa MEHBIE MOmHOCTER 0ZHOBO3paCTHHX
ornoxeHui B cmexHoit mensdoBoli 30HE).

HuEe MO pexe BEDXHEAEBOHCKME M CHIYpPMiCKO-CpEIHEZEBOHCHUE
OTJIOXEHMA CONPUKACANTCA MO paspuBy. Haxozfumecd B KOHTAKTE C
BEPXHEZEeBOHCKMMM OTJIOXKEHMA X3pPOTCKON CBUTH CMIBHO ZedopMupoBa-—
HH, HO IO JIMTOJOTMYECKNM OCOUEHHOCTAM @HANOTMYHH OTIOXEHUAM
aTOM CBUTH Ha yuacTke 9-2, HOBHM B]EMEHTOM ABIAETGA MIACT
KOMKOBaTHX TEHTAKYAMTOBHX M3BECTHAKOB MEJaTUyYeCKOTO OONMKE
(Tuna "griotte").jror naacT ABIAETCA MAPKMPYDWUM M MPOCHESHM—-
BaeTcA B (auuMAX JeMBMHCKOIrO THna Ha paccrofnue L0000 KM oT
Natixor zo pexu Bepxuelt [leyopH ¥ COZEPEMT KOHOZOHTH BEDXOB HUE-
HET0 ZeBoOHA. U3BECTHAKM NEPEKPHTH 0,5 METPOBHM MIACTOM TI'IMHAC—
THX CN8HLEB C KOHOZOHTaMM. Bulle ¢ HE3HEUMTENBHHM Da3MHBOM 38—
J1eranT CpejHeleBOHCKME KBEPUUTONECYS8HMKM HU30B NETMHCKOM CBUM-
TH, Crparurpaduueckuit KOHTAKT XapoTckoft M nmarmuckolff CBMT BuAeH
5 MeTpaMy BHIE ype3a BOZH.

HuxHut N0 pexe KOHEl BHXOZOB Xa8pOTCKON M MarMHCKOR CBUT
o0puBaeTCA HOBOM 30HOH APOONEHMA, MO KOTOPOH# MOPOAH 3TUX CBUT
KOHT8KTUPYOT C AONOMATM3MPOBSHHHMM W3BECTHAKAMM BOPIrawopcKoil
CBUTH K&pOOHE.

OcraHoBKE 9-4. COOTHOWEHWA BOPramOpPCKO#, KONOKONBHEHCKOM
M ¥eubnensckoft csur (B.H.Iyukos).

[lpoxozum oxono 600 M mo npaBoOMy Gepery peKM, MUHYA HJIMHHHE
O0HaXeHMS M3BECTHAKOB M KpeumHell BOpPramopcKoli M KONOKONBHEHCKOH
CBUT. [IOPOAH MepBOR M3 CBUT CMATH B CMHKIMHANBHYW CHIAGAKY C
9hferTHO BHINAZAWMM AZPOM, CIOMEHHHM M3BECTHAKAMH. 38TEM BHOBD
nepexozuM Ha neBull Geper, TAe BUAGH TEKTOHHYECKMI KOHTaKT
KpeMHed KONOKOJBHEHCKOM CBHTH M Nauku nepecnauBaHmA (TaHUTOB,
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U3BECTHAKOB M al6eBPOJMTOB BOPIAWDPCKOY CBUTH. Hume, B MHTEpBaIe
oxono I00 m, B CIHOXHO AMCIOLMPOBEHHO! TOAmME HECKOABKO pas mo-
BTOpPAGTCA cornacHu# KoHTAaKT BOpramopckoft M KeubneiabCcKoR cBHT.
Bepxu BOpPramopckoif cBUTH NPEACTABAGHH TIWHUCTO-KPEMHHMCTHME
cIaHLAMH M (TEHMTAMH C TOPUBOHTOM (ochaTcozepxamuX KoHKpeuit;
TOPH3OHT XOpomo npoclexusaeTcA Bo Bcell JewmBuHCcKO{ 30He. Bume
38]1eT86T MAaYKa CT8IBHO-CEPHX KPEeMEUCTO-TIMHHCTHX NOpoZ. MxHee
paftona (p.KomoxonsHf) B aHanoruyHOM nNauke HaWAEHH KOHOAOHTH
cpeAiHero kapOoHa.

CorzacHO mepexpHBapmad MX KEUbNEALCKEA CBMTE NpPEACTaBIEHA
NepeclanBaHMEM NOJUMMKTOBHX NMECUSHUKOB, AJEBPONMTOB M YIJIMCTHX
gpTUINTUTOB C DACTUTEINBHHM JETPUTOM. B HM3aX OTMEUADTCHA NPOCIOH
KPEMHUCTHX 8PTMINMTOB M NMECYSHO-U3BECTKOBMCTHE KOHKpenuu. HuEx-
HE#t mpezen BO3pacTa KEYBNMENBCKOM CBUTH OMpefenfeTCA COINAECHHE
387IeTGHUEM €68 HE8 (ayHUCTHYECKM OXapaKTEPH30BSHHOM CpeXHEM Kap-
(oHe; BepXHMAA mpezen mo OOEMM NaneoreorpadMyecKHEM HOCTDOSHHAM OT-
BEYAeT HM38M APTUHCKOTO fipyca Huxned mepumu. CBHTE COAEDRUT
HUXHETEDMCKME MUOCMOPH,. JlA IpayBaKkKk keusnenpcxolf cBUTH Xapak-
TEPHO NMOCTOAHHOE MPHCYTCTBUE OCNOMKOB XPOMIIMHEIMAOB.

HenmocpelLCTBEHHO HHXE MO PEKE MOXHO BUAETH COrnacHHM KOH-
TEKT BOPTamOPCKO# M KONOKONBHEHCKON CBMT. Paspes HauMHAeTCA
C M3BECTHAKOB BOPIamOPCKOR CBMUTH, CONOCT&BMMHX MO JMTONOTHH M
NONOXEHMK B paspe3e C M3BECTHAKaMM p.XapyTH, TAe B HUX Haltze-
Hi Gopammrudepn BepxHero smae (Emmcees, 1973). Ux mozcTunaer
manomomaad (50-55 M) nauxa $TAKUTOB C X8PEKTEDHHMM CBETIHMH
NpOCNOAMA aNEeBPONMUTOB., JT8 N8UK8 OTHOCUTCA eme K Bopramopckoff
CBUTE M MO BO3pPACTy MOXET OTBEYATH CPEAHEMY, HAKHEMY BU3E,
TYPHE M, OTYaCTH, BepXHeMy (aMeHYy.

Huxe sTOl NMauknM HAUMHBKWTCA BHXOZH CBETIHX (CEpHX, B36J6HHX
M pO30BHX) KpemHel, ¢ MpOCIOAMM M3BECTHAKOB M KOHOZOHTAMM NO-
TDaHUYHHX CJI06B HUXHET0 M BEPXHETO (JaMeHa KONOKONBHEHCKOW CBH-
TH B Bepxax.

OcTaHopks 9-5, TeppureHHnl Quum xeubnenbcro# CBUTH
(B.H.Mlyuxos).

B 600 m HMEEe TO peKe pacnolaranTcA NPOTAXEHHHE M MOYTH
HeNpepLBHHE BHXOAH TPAYBEKK KEYBNEALCKOHW CBUTH (03--PI ), B
KOTOpHX MOXHO O3HAKOMUTBCA C JUTONOTMYECKUMM OCOCEHHOCTAMM pas-
Pesa cBMTH: MONMMMKTOBHH COCT8B, PUTMUYHOCTL, IpajalMOHHEA
CIOMCTOCTE, (UIMLEBHE IHepOrJnjH.,
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PaccMoTpeHBe paspesa NANE030MCKAX OTJOXKEHWA B KaHBOHE
p.Bon.Xoiina maér oduee mpelcTABIEHHE O JEMBMHOKOM THIE gammi,
KOTOpHE DacHOJIOXEeHH B COBPEMEHHO! CTDYKType B HEIOCpEeNCTBEHHOI
dnusocTd ¢ ofmonmuTamu, JloBepxReKaMeHHOYIONbHAA YacTh paspesa
(BriMYasA OPHOBEKCKME OTJIOXEHHA) IpelcTaBleHa YepelOoBaHMeM
MaJOMOMHHX , KOHIEHCAPOBAHHHX KDPEMHUCTO-IJIMHMC TO-M3EBECTHAKOBHX
naveK. B doJee MOMHHX TepPPUIreHHHX GIMUOMEHHX Tomy. [locienHue
OpeNC TARNEHH 3pEJhMA, CYLECTBEHHO KBADOEBHMM OCAJKaMH, YTO
paccMaTpuBaeTCH, KaK yKasaHme Ha 3anajHuii, MaTfopMeHHHH BMCTOU-
HEK cHoca, (0COGeHHOGTE TEKCTyp OTJNOKEHMil, mesarudeckdmit xapak-
Tep fayHu B naseoreorpafEUecKoe IOJOKSHME HENOCPEelCcTBEHHO K
BOCTOKY OT THIMYHO WeJbJOBHX Gaupi eseuxoro THOA yKA3HBALT Ha
TO, YTO JIEMBHHCKNE (aumy B TedYeHue OPIOBUKCKO-KaMeHHOYI OMBHOI'C
BpeMeHH OTJAaranich B MNpPEJeJiax CKJIOHA W MOJHOKAA NACCHBHOHK KOH-
THHEHTAIbHO! OKpamHH, B KapdoHe HOABJIAETCH HE3DEJHii, NONAMUK-
TOBHIi TeppHIreHHHH MaTepran, MCTOYHMKAMHU CHOCA KOTODOT'O OHIN
OIESKHEe BHYTPACEOCHHKJIRHANBHENE MOJHATHA. B MX mpejenax OCHaxA-
nCh B OQMONUTH, CJYRABIMAE MCTOYHMKOM XPOMIUNMMUHENMUAOEB, OCKIBHHX
B Bepxax paspesa JeMBHHCKO} 30HH. OJMOMMTH M 9BreOCHHKJIHHANE-
HHE OTJOXEHWA BOCTOYHHX TEeKTOHMYECKHX OJOKOE OHIM IPUBEIEHH &
HeocpelCTBEHHOE CONPHKOCHOBEHHE C JIEMBAHCKMMU OTIOREHAAMH
TOJBKO B NOCHEKaMBHHOYI'ONMBHOE EDEMA M aMIUIATYJA MX TeKTOHMYec-
KOIO CONMREeHWA NONXHA OHTH 3HAYATeNbHOH. ToHKOuemyiiwaTas
CTPYKTypa pacCMOTPEHHOI'O paspesa THmAYHa 1A JeMBHHOKOW 30HH,
I'le OHA HaldmoInaeTCHa HapALy C OoJNee KDPYNHHMH WLAaPBAXKHHMA [epe-
KPHTHAMEA. MakcmMasibHas aMIUIATYIa OUHOI'O M3 TaKuX NepeKpHTH B
OKHO} 4YacTm 30HH ouneHmBaeTcsa B 18-20 kM.



IEHE I0.

llenp. CooTHOmEHMA 3eJEHOCTAHILEBOr0, IVIAyKOJaHCJIAHIEBOIO
1 aMfROOJMTOBOIO MeTamop{#amMa MOpOR B paspese, MOACTAIADIEM
rune péasuT-radoposult kommrexc na p.Cpepnmii Keusmesns (pmc.I6).

Qcranopka 10-I, 3ejeHOCHEHIEBHE M IJaykofaHC/aHIEeBHH
MeTaMopiH3M CHIYpPRHCKO-IeBOHCKEX OCANOYHO-BYJIKAHOIE@HHHX TOJI
(B.W.JeHAHX ) .

MapupyT HauMHAETCA ¢ OCMOTpa paspesa, B KOTODOM Ha MPOTHA-
genun oxono 500 MeTpOB BOKPHBAETCH TOMNA IepeclaMBaHUA YEDPHHX
yIVIEGTO-KDEMANGTHX CJAHIEB, CADAAHO-KBADLEBHX CNAHIEB C SMANO-
TOM B KapGOHATOM 10 NMECYAHMKAM M ANEBPOJNATAM M 3€JEHHX CJAHIEB
10 OCHOBHEM 8dfysmpaM, XuMmu4ecKHe COCTABH NOCJEIHAX NpPUBENEHH
B Tada., I3 (odp. 20I a, B, T').

BBepx OT yoTBA NpaBOro NPATOKA pyyell BCKpPHBAET HA NPOTH-
xeruu 300 M TONLy SeJEHHX M SIMNOT-TVIAYKOPaHOBHX caaHOeB (oc-
HOBHHX MeT&3({y3MBOB). 31eCh MOXHO BHANETEH, YTO SMAUOT-IVIAYKO-
faHoBHE NOPOMH COXPAHANTCHA CPEIM 3eJIeHHX CJAHLEB B BHIE Kpymn-
HHX JMH3OBMIHHX y4acTKOB. B mx cocrame (Tadm. I3, odp. 202 a,
6) momumo smmjora 20-30%, raayrojana I15-20% m anpdmra 20-30%,
OGHYHO NPACYTCTBYeT KapdoHaT, & IuafTOpMpOBaAHHHE DA3HOCTH CO-
neprat g0 20-30% xnopuTa. ARLECCOPHHE MMHEDAJH MpejcTABIeBH
MAPATOM, MACHETUTOM, anmaTuToM, cfeHoM. IyaykofaH mo ONTHYECKEM
CBOUCTBAM OCHApYHMBAET 3HAYNTENbHHE KONeGaHWA cocTaBa X B IepH-
fepnu 3EpeH HMROrJA MpelCTaBNIEH KPOCCHTOM. OMALOT OTBEevYaeT Mo
COoCTaBy MUCTAEUATY .

B napannensHoM paspese, B JIeBOM IOPATOKE DEKM IepPEXOJ, OT
00an0YHO-BY MIKAHOTEHHHX MOPOJ UCHHTABWAX 3eJeHOCHAHUEBHE MeTa-
MOD{M3M K SIHNOT-KPOCCHTOBHM CJaHUAM OCYWECTEIAETCA 4Yepes 30—
HY XJIOPUT-aKTHHOJNUT-ANBOUTOBHX [OPOM, COJEPEAWMX JABCOHAT M
CTIIBIIHOMEJIAH,

[lo MapupyTy BHXOUH SIAEOT-IIAYKOFAHOBHX CJAHUEB CMEHADTCH
BOHO} 3esnenocsaanueBux nuadgropuToB (IS0 MeTpoB).

B eé sanapnoit gacTm,
Cpeny auadTOPUTOB COXPAHANTCH PEMMKTH BIMIOT-IJayKofaHOBHX
Cnannes (MeTasdfysMBoB). BocTOYHee BCTpevyanTCH PEJUKTH I'paHAT-
IMlayKofaHOBHX CNAHIEB R [OJOCYATHX aMfuConuTOB, O0pa3OBAHHHX
o radgépo, 3oHa AMAJTOPUTOB OTHENAET ILIACTUHY, CJOMEHHYD
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89

Tadnmoa I3
Xumuuecknit cocTaB MeTaMODiMUECKHX MIOPOJ 3aMafHOI'0 SK30KOHTAKTA
Boiikapo-CHRBARCKOTO MaccusBa (Bec. %)

= TR0 T-TJay KO- LIy KOJAHOBHE CJIAHLH
3eJieRHe CJIaHOH lQaﬂonue c.naan.u!c XMOPMENAHATOM [lnarmorueiicu

" Kommo- -
sentn 20Ia 20IB 20Ir 1 202a 2026 !2033 203x  I%Re 203p-8  203=-1

sio, 40,51 50,43 47,05 44,17 47,69 60,37 56,50 49,40 71,75 73,16

0, 1,03 0,68 I,76 2,16 2,00 0,89 0,77 1,68 0,49 0,38
M1,0, 14,84 16,5 17,08 15,09 14,28 14,82 15,19 13,50 12,74 13,41
Fe,0; 3,00 2,63 6,10 8,40 7,80 3,51 3,I9 6,30 1,60 1,80
FeO = 3,03 5,68 4,9 5,48 5,56 4,44 5,73 6,56 2,52

MnO 0,08 0,13 0,13 0,40 0,16 0,14 0,I7 0,14 0,06
Mg0 5,%6 6,% 5,52 4,93 6,00 3,27 5,13 5,42 1
ca0 13,80 8,68 8,60 1Im,53 9,10 5,26 8,68 10,24 2
Na,0 3,88 2,45 3,18 3,24 3,00 5,17 2,68 4,78 6
0
0

- e W

K50 1,62 1,25 1,70 1,J0 1,38 0,I7 0,24 0,I0
P205 0,19 0,11 0,20 0,26 0,2 0,I0 0,I2 0,23
nnon 3,16 5,42 4,48 4,86 3,42 1,60 2,18 1,56 0,
cysmna 100,64 100,46 100,78 100,66 100,64 99,8 100,58 99,91 99,98
OdreMH.

BEC
r/ov® 2,80 2,88 2,94 3,11 3,16 3,18 3,00 3,26 - -

ONOOCOHOH
GBRS8EBRSE

| )
(=]
-



Ta6n.I3 (npomonxeHme)

T'paHaT-TAayKOQaHOBHE CJBHIH [loE3ETOBHE AMDECOINTH

2046 2060 206c-I | 204m  204x __ 204-1 2043

510, 55,68 43,82 47,18 45,0 44,09 47,59 48,14
Ti0, 1,64 0,74 0,56 0,17 0,13 0,30 0,I4
Al,05 14,9 18,61 19,52 20,30 27,14 18,82 20,71
Fe 05 3,79 5,82 4,68 1,62 1,63 2,28 2,25

Fe0 6,83 6,34 5,47 3,44 I,99 3,67 3,17
MnO 0,21 0,I7 0,13 0,12 0,05 0,08 0,09
Mg0 2,8 7,34 5,29 9,67 4,01 8,48 7,00
Ca0 6,84 12,37 12,10 15,67 16,73 13,80 14,07
Na,0 2,83 1,67 2,II 1,06 1,67 1,50 1,38
K50 1,91 0,27 0,54 0,24 0,20 0,22 0,30
P50q 0,50 0,05 0,03 0,03 0,01 0,05 0,03
mn 1,64 3,38 2,88 3,10 3,12 2,62 3,16

cymma 99,77 100,58 100,49 100,52 100,77 99,46 100,45



04

Tadmanma I4

CoCTaBH MUEEDaNOB M3 IVayKofaHOBHX CJaHIeB M amfmdonmToB mo pexe Cpemamit
Keuneas (Bec. %)

KommonenTH____ 1% : 1920 11927 2046 12040 ;I41/52%
Ga Gl ! Ga Gl Px 16l Ga al Mc | Hb | Cs
8102 39,25 5I,ITI 37,84 52,70 52,9% 55,26 38,I8 54,I9 50,08 47,55 38,52
'I‘iOa 1,18 1,34 0,67 1,69 1,50 0,70 0,59 £, 30 ©,83 0,27 0,I2
3.1203 19,43 12,% 20,0I II,%4 9,74 - 10,97 . 20,I5 - 12,92 27,23 12,77 3,19
Fe203 2,53 5,67 1,8 4,29 6,47 3,48 1,10 3,82 3,18 2,18 1,87
FeO 24,16 II,06 23,70 9,55 4,26 7,598 24,78 10,34 5,39 0,28
MnO 2,22 0,06 6,83 0,09 0,I6 0,I3 1,79 0,06 ge omp. 0,I6 0,03
Mg0 2,11 5,64 0,24 7,I3 5,% 10,95 2,7 5.34 2:3% 16,0 0,I8
Ca0 8,61 4,90 9,58 429 - 13,07 .l J0,%2 4,53 0,81 1I,40 24,08
Na20 4,16 4,50 6,00 4,84 3,775 I.,I0 1,50 0,10
K,0 HEe Omp. re omp. 0,I0 0,25 I,04 10,I8 0,31 0,04
H,0 He omp. He omp. 2,15 He omp. 2,34 2,26
ano 4,50
cymva 93,49 97,8 100,72 9,68 I00,I3 99,78 99,52 97,09 100,26 99,88 99,67
F 88,5 57,@ 98,6 BL;5 49,3 35,7 85,1 59,2 21,0 3,1



0CaLOYHO-BYJKAROIeHHHEMA MOPOJAMH OT 3ajerabnliX BHIle MeTarac-
GpOHIOE OfMOIHTOBOIO paspesa.

Ocragopka J0-2, I'nayrojaHcnanueBHi MeTamopi#sm radépo-
amjmoonnToB (B.U.JeHHHX).

Buwe no pyusm, Ha paccToAHM# 400 MeTpOB BCKDHBARTCA I'O-
ny0ue rpaHaT-raaykofaHOBHE CJAHIH, HEePeJKO C XJODMEJAHATOM.
Cpefr rpasaT-IJIayKOJaHOBHX CJAHIEB B BHJE MAIOMONHEHX MPOIIACGT-
KOB pacmojaranTcsa I'DAHATOBHE aMfMGONATH W ILTACMOrHei#icH. B
BOCTOYHOM KOHIE OCHAKEHHS Cpely MeJKO3epHMCTHX I'paHaT-IJayKo-
faHOBHX CJaHIeB MORHO BANETH JHUH3OBAIHHE JYACTKH CpelHesep-—
HUCTHX MeTaracspo,

B rpasaT-riaykofaHOBHX CJaHIAX NopimpolnacTH I'paHaTa pas-
MepoM 1O 3 MM craranT 5-7% o¢iema MOpOiH, OCHOBH&A TKARB OJO-
mena Iyayxkodanom (40-60%), smamorom (30-35%), B HeGONBMAX KO-
JIVYECcTBAX IPUCYTCTBYRT albOMT, Gejyafd cuanga (maparosar?),
KBapl, AKIECCODHHE MHHEpasH NpejicTaBJeHH ANATATOM, DyIHHM
MMHEDaJiOM, HMHOIJia BCTpeYaeTCsa DyTWwl. B XJIODMEeNaHMTOBHX pas-—
HOCTAX COJEPXETCA N0 25% mIpoKceHa. XEMHYECKHME COCTABH I'pAaHAT-
rrayKofaHOBHX CJAHUEB C XJIOPMEeNaHUTOM NOpMBENeHH B Tadn. 13
(o6p. 203 m, =, I92e), cocTaBH MuRepanoB B Tadm. I4 (odp.

IR c, T).

Cepue rpaHaTOBHe amfMGONUTH NARHOI'O OCHAREHHS OTIMYANTCA
OT IpaHaT-TIayKOJAHOBHX CJAHIEB HW3KAM COJEpDRAHEMEM BSIHMIOTA
(10-15%). [narmormeiicu (cM.Tadn. I3, odp. 203 &, x) Kpome
anreCATa ¥ KBApLIA COJEDRAT SMHUOT, IiaykodaH, I'paHaT, NaparcOHHAT.

[locae 1000 M 3@KpPHTOIO MHTEpBaja OCHAKANTCA I'DaHAT-
PIayKofaHOBHE CJAHIH, KOTODHE N0 XAMHAYECKOMy COCTaBy B COCTARY
mnrepanoB (o6p. 204 6, Tadn. I3, I4) GUEBKE K NMOPOXAM IIPemHLY-—
Wero OCHAXeHWA X OTJAMYADTCA TONBKO KPYOHO3EpPHACTHMEA CTPYKTypa-
MU, O9THM T'paHaT-IJayKofaHOBHE CJAHIH BCKODE CMEHANTCA BHXOIAMU
LUOM3UTOBHX amiACoNATOB, TOHKOINONOCYATHX SMALOT-aMfMNGONIOBHX
CJIaCTOMMIOHATOE M CpeIHEe3EePHUCTHX TIayKOJaHOBHX OJaCTOMWIOHATOE,
liomanToBue amjudomuTs (o6p. 204 m, Tadn.I3, I4) COCTOAT B3 po-
TOBOK OCMAaHKH GAM3KOR K [apracuTy u uomsmTa, Cpeid LIOMBUTOBHX
am{MGONMTOE BCTPEYANTCH JHUH3H BEPIUTOE M KJIMHOMAPOKGEHUTOB
pasMepoM [0 HECKONBKMX METpPOB, JTH MOPONH 31ECH CAJILHO W3MEeHe-
HE N B MX CcOCTaBe KpOME DENMMKTOBHX MMPOKCEHOB yYaCcTBYOT XJOPHT,
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Tadnmua IS

XMME9ecKHe COCTaBH MeTaMop{r30BaHHHX Iaddpo-
NerMaTATOBHX XWI B CJjarapiuX HX MHEHepanoB

(Bec. %)

DR T

mopoja Hb  Ep+Pl mopoza Gl P1+Ep+Mc
810, 40,79 39,23 48,2% 46,04 49,89 46,74
T40, 1,58 2,25 0,04 0,81 1,37 0,20
11203 19,93 15,37 26,00 20,90 14,39 24,39
30203 5,70 6,45 5,69 4,69 4,22
Pe0 = 7,82 1II,I0 } BAs 3,69 8,63 1,28
MnO 0,I6 0,I8 0,I0 0,II 0,I0 0,I5
Mg0 5,38 10,26 - 0,05 4,01 10,86 0,08
Ca0 12,38 10,34 12,43 12,10 3,61 15,52
Na,0 2,36 2,00 4,00 3,24 4,16 2,88
K50 0,24 0,41 <0,I 0,40 0,26 0,52
on5 0,62 He omp. 0,42 0,48 He omp. I,I8
m.o.o. 3,04 2,14 2,23 2,94 He omp. 2,04
Cymma 100,02 99,73 99,59 100,41 97,66 99,22

QHTHETODHT, ampuCos, GAMBEME K KyMMHHD'TOHATY ¥ Tainbk. Cpenm
TOHKONOJOCYATHX SMANOT-aMfHGONOBHX GNacTOMUIOHHTOB, B 100 M
OT Havasa OOHaxeHusA, OCHaxaeTCA JMH32 MACCHBHHX LOM3HUTOBHX
amMfuoonuTOoB, AMeDIas OYeHb De3KMe KOHTAKTH C EMeuaomuM Grac-
TOMATOHATOM (Tadn. I3, odp. 204x - amfuconur, 204x - I -
G/18CTOMIIOHAT) .

lanee BBepX IO pyYbl OCHAXANWTCH CHeIMEMYeCKHe CpelHesep-
BACTHE I'JayKOJAHOBHE GNaCTOMWIOHHTH, [IOpOJH COCTOAT B OCHOBHOM
U3 JMHSOBHJHHX CKOIUIEHH) WIM NOJIOCOK OiejHoroxydoro riaykoga-
Ha W KJEHONOoM3MTa. Cpeim JMH3CYEK IaykofaHa MHOIJA COXPaHADT-
CA pPeJMKTH 3epeH napracmTa, [lo XHMHYeCKOMy cOcTaBy IJayKoga-—
HOBHE OyacTOMWIORMTH (Tadn. I3, odp. 206c, 206¢-1) mouTm He
OTIRYENTCA OT APY3UTOB M JEBYNMPOKCEHOBHX GJACTOMWIOHHTOE MacGh-
Ba Xopp-0c. BoTpevaniuuecs 3/1eCh XWIH IayKofaHn3MpPOBAHHBX
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ragépo-nerMaTUTOE COCTOAT M3 CIADAAHO-SIMMUOTOEON OCHOBHOH Mac-
cu (60%) m smns riaykofana (40%), CIOXEHHHX HEGKONBKHMA KpyI-
HHMA 3epHaMi HM3KOXEJEe3HCTOr'0 CBETMIOIOIYyOoro ruaykodana
(radn, I5, odp. 204m).

W3 cpaBHeHNA COCTABOB DPOI'OBOOGMAHKOBHX I'ad0pO-NIeIMATATOB
(radn, I5, odp. I3Ixm), ryaykofaHOBHX GJACTOMWIOHATOB II0 HAM H
grarammEx STA TOPOIH MMHEDANOB CJefyeT BHEOXL O Ilepepaclpemese-
HAM Kanbima ¥ HATDAA MEXLy aM{MOOJOM M ILIATMOKJIASOM IDE GJAC-
TOMIJIORATHS &AM . :

OT NMASH [HOMBHTOBHX aMIMOONIMTOB IJIayKOfAHOBHE GI8CTOMEIO-
HETH, YePeynuAecs C [OMSHTOBHME aMfHCOJATEMH, IPOCJEXABANTCSH
BBEDX MO DyuYsb npmMepHo Ha 600 M ¥ OpHM BXOZe B Kap CMEHANTCA
8eJIEHOCJIaHIIeBHM) Ixafropuramn nmo amfuéonnTam. B cTeHKax
Kapa xopomo BHIHO, KaKk MeTaradCpORIH MNOJIOrO NajanT IO
paccJaHUOBaRHHE, M3MEHeHRHe IHIepCasuTH.
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Pro.] TerToHO-CTpATHIpajUyecKue DOXDASHENSHRA
oeBepHORt 9acTy Bo#trapo-CHHEEHCKOTO MAC-
OHBa ¥ CXeM& SKCKYDCHH.
Tectono-stratigrafic divisions of north

part of Voykar-Syninsky massiv and sche-
me of excursion.

81



Puc.2 CxemaTydeckan reojorwdeckas kKapra Bo#tkapo-CHHBEMHCKOI'O
maccuBa (mo mauxuM Camexasena,Casesnnesoft,1977,c mameHe-
HEsmz ) . I-4 - OpIOBEKCKO-TEBOHCKHE (HODMANAR KOHTHHEHTAIb-
HOT'0 Kpas:Bienxae A3BeCTHAKOBAA ¥ H3BECTHAKOBO-LOJOMUTO-
Bafg meJrda,NepeKpPHTHE KAMEeHHOYTOABHO-NEePMCKNMM I'DAyBax -
ravu ¥ Gummem (I),JleMBEHCKAA W3BECTHAKOBO-KDEMHHCTO-UEp-
Hocaanmesas (2),YpanrayccEue BYJKAHOTEHHAA B KapOOHATHO-
TepPUreHHas KpaeBoro mojHaTEA (3),CaraTEMCKEE ByJIKaHOTEH
Haf ¥ TypEmatoBas (4);5-CmiypmitcKO-IeBOHCKEE BYJIKAHOTEH
HHe , TYPOTeHHO-TYPOUANTOBHS M KapGOHATHHE OCTDPOBOIYXHHE
hopmanmn ;6-16 - OFHOJMTH B CBA3AHHHE C HAMHE IODOJH:IHO -
pat (6),roHamaTH (7),mopoms cazaTmMmcrEx fopmamnlt,mMeTa—
mopfu3oBaHEHE B amMuOT-ampudommropoft dammm (8),momsuto -
BHe W T'DaHATOBHE aMprdOoJMTH,TaayRofanoBHe cianumH (9),
mwraruoksasopHe ampudommrs (I0),mmadasu,radépo-muadasu(II),
rad6po-HODATH M GJXACTOMAJOHATH3MDPOBaHHHe raddpo (I2a), -
ra66po-HOPATH , 3BKPETH (I26), BeDMHATH , KIMHOMMPOKCEHATH , TPOK
TOJUATH tI3).OJKBZH—aHTHPOpHTOBHe mopox (I4),mynmta (IS),
rapndyprate (I6); I7-momocdaTocTs rapudypraTor;I8-cep —
NeHTEHUTOBHR Mejanx;9-rpanvnH nopol HopMalbHHe ;20-pas—
PHBH B TOXNOWBE IUIACTHH.

#ig.2 Sketch-map of Voykar-Syninsky massiv (modified from Save-
lyev,Savelyéva,1977).1-4-Ordovician-Devonian formations
of a continental margin:Eletc's limestone and dolomite of
the shelf covered by Carboniferous-Permian graywacke and
flish (1),Lemva's chert,black shaile,limestone (2),Ural
tau's volcanics and calcareous-terrigenous of a uplift(3)
Salatim's volcanics and turbidites (4)j; 5-Silurian-Devo
nian Voykar's volcanice,tuff,turbidite,limestone formati
ons of a island arc;6-16 - Ophiolites and related rocks:
diorite(6),tonalite(7),rocks of Salatim's formations me
tamorphosed under epidote-amphibelite facies(a),zoisite
and garnet amphibolites,glaucophane shists(9),plagiocla
se amphibolite(10),diabase,gabbro-diabase(11},gabbro-no
rite,flaser-gabbro(12a),gabbro-norite,eucrite(12b},wehr
lite,clinopyroxenite,troctolite(13),0livine-antigorite
rocks(14),dunite(15),harzburgite(16);17-harzburgite's
banding;18-serpentinite melange;19-boundary between units;
20-principal trusts (defined,approximate).
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Prc.3 CxemaTmdecras Kapra p. Mam. Jlaropra: I-4eTBepTHYHHE OTJIO-
XeHAA, Z-IapnCypruTH, 3-IyHETH, 4-BepIETH, KJIMHONHpOKCEe-
HETH, IYHATH, TPOKTONHTH, S-IByIHPOKCEHOBOe raddpo; 6-ar-
TEHOJMT-8HOPTHTOBOE raddpo; 7-raddpo-mmacasH H amirdoJoBOE
raddpo, 8-mmadasH, 9-ToRamMTH, [0-pASpHBHHE HADYWEHEA IpO—
caexennye (a) E mpegmozaraesue (d).

Fig.3 Sketch map of the Malaya Lagorta r. : 1-Quaternary depo-
site, 2-harzburgite, 3-dunite, 4-wehrlite, clinopyroxeni-
te, dunite, troctolite, 5~ gabbro- norite, 6-actinolite-
anorthite gabbro, 7-gebbro-diabase and hornblend gabbro,

8-diabase, 9-tonalite. 83
8-2 208
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Pac. 4 HopmaTesuuft cocrap ;Eadasop: I-5 af@poBse mmadasH p.
Mar. Xamme# (I), p. Maxap-Pyss (2), p.Man. Xapamara-
noy (3), p.Jlaropran (4), p.Mar. Jlaropra (5); 6-mmada—
30BHe IMPOKCEHOBHE NOPPMpHTH; 7-mOJNE COCTABOB GASaIE—

0B CpemieEHO-ATNaRTHIeCROrO XpedTa (AymerTo ® mp.,I1973).

Figes4 Ordinary composition of diabases: 1-5-aphiricdiabaee
of the Khanmey River (1),the Makar-Ruz River (2),the
Kharamatalou River (3),the Lagorta River (4),the lalaya

Lagorta River (5);6-diabasic pyroxene porphyrite;T-field
of the Median-Atlantic ridge basalts compositions (Aumento

et al,,1973):

Puc.5 KoTexrmieckas muarpamma: femudeckre MERepanH (Fem) -
ansoaT (Ab) - asoprur (An) z1A BOCTOMHOTO THIA pAR3pE-
30B. YoJNOBHHE OGOSHAVBHES CM. HA pHe.4.

Pig. 5 Cotectic diagramme femic minerals (Fem) - albite (4b)

- anorthite (in) for diabases of east type of the seq-
uence ( Legend see Fig.4 ).
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Puc.6 Cxemarwdeckad Kapra MCTOKOB p. Man.llaropra: I-yeTBepTHYEHE OTIOXe—
HEA, 2-rapulypraTd, J-IYHETH, 4-BepNTH, INHOMEDOKCEHHTH, TPOKTOME-
TH, AYHETH, 5- GNACTOMEIOHMTESNDOBAHHNE IadCpo-HODETH, 6-OJEBEH-
AHTHTODHTOBHE LOPOJH, 7-amfmdoMTH, B-ODEEHTHDOBRA NONOCYATOCTH, 9
=~Pa3DHBH.
Sketch map of the upper reaches of the Mal, Lagorta r. 1-Quatermery
deposits, 2-harzburgite, 3-dunite, 4-wekrlite, clinopyroxenite, tro-
ctolite, dunite, 5-flaser gabbro-norite, 6-olivine-antigorite rocks,

T-amphinolite, B-banding, 3-faults.
6-3 208
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Puc.7 CxemaTHseckas KapTa HCTOKOB p. Jlaropraw: I-ueTBEePTHYHHE OTJAOXE—
HEA, 2-TapulypTETH, 3-OyHATH, 4-OJMBHH-SHTETODHTOBHE NODOIH, 5-
BEDJHTH, KIEHONMMPOKCEHMTH, TPOKTONHTH, IYHETH, 6-IBYIHDPOKCEHOBOE
radopo, 7-aKTEHOJMT-AHOPTHTOBOE racépo, 8-miadasH, S-ampudommTH,
I0 -roHanuTH, II-TeKTOHHYeCKWe I'paHENN Yemy# (a), moxpomos (d),
I2-0pHEHTHPOBRA TIOJOCYATOCTH.

Fig.7 Sketch map of the upper reaches of the Lagorta r,: 1-Quaternery
deposits, 2-harzburgite, 3-dunite, 4-olivine-antigorite rocks,
5-wehrlite, clinopyroxenite, troctolite, dunite, 6-gabbro-norite,
7-actinolite-anorthite gabbro, 8-diabase, 9-amphibolite, 10-tona-

lite, 11-tectonic boundary of slices (a) and nappes (b), 12-bgn—
ding.
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Pac. 8 YuacTor naftkoBo# SoHH Ha p.Jaropran B paspese (BBepxy) ¥ B miaHe (BEm3Y):
I-madasy afupoBHe, 2-nopfmpoBAIHHEe raddpo-IEacdasH, 3-CepNeHTEHETH, 4-
SOHH 38KAJMBAHEA, D-pDASDHEH, 6-YeTBEDTEYHHE OTJOXEHHA.

Fige 8 A portion of the dyke Zone of the Lagorta River in the section (top)
and in the plan (bottom): 1-aphiric diabase; B-porphiric gabbro-diaba
se; 3-serpentinite; 4-chilled zonej 5-faults;6-Quaternary deposits,

LY
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PHc.ID.CngBHTEHET(I)
BMemaeT OYIMHEDOBAH-
uyn malxy muadasa (2),
ORPYREHHYD. Eafvamu
TalbK-TDPEMOETOBOTO
(3) u xnopnT-TPeuonn-
ToBOTO CJaHna (4).
Fig.10 Serpentinite

(1) encloses
diabase (2) with a bo
udin structure.Diabase
is fringed by talk-tre
molite (3) and GHorite
—tremolite (4) shists.

Puc.9 Peaxumonsue RaftvH me aHTATODH—
! TOBHM CepHeHTHHHTOM (I) w mmada-
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I-rapnGypraTd, 2-XaiH

IYHETOB, 3-IyHUTH CepHEeHTEHHSHpOBaHHHe (a) H JecepueHTHHE3H-

poBaurse (0), 4-ONMBMH-GHTHTODETOBHE CIAHIH

II Cxemarwvecxrasd Kapra BepxorEit p.Xoftna

Prc

5-0pHEHTHPOBKA

6=

¢-30-0°

0
’

a~-90-60°

OPEEHTHPOBRA JEHeRHOCTH, 7-pDASDHBH.

11 Sketch map of the upper reaches of the Khoila Rivers1-harz

H yIVIH NaJNeHEA OOJOCYATOCTH:

Fig.

recrysta

veins; 3-serpentinized dunite (a)

burgite;2-dunite
lized dunite (b)

5-dip and str

30-0°

4-olivine-antigorite shists

.
?

6-lineati

.
Ll

[] (e)
~1 see fig.12.
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Puc,I2 CxemaTsyeckas rapra yyacTka 6~I (cm.pmc.ll): I-ueTBepTHUHHe OTAOXEHMA; 2-TPapUOYPIETH; 3-TapulyprETH
HACHUEHHNEe IyHHTOBHME XRIAME ;4-IyHETH;S-T=wm: pedcrepEtoB (5),sscrarmaroR (6);mymmros (7); 8-moxoc
warTocTs; S - JEHeRHOCTH;I0 - paspumd; II -~ ODHEHTHPOBRS Xii NyHETOB.

Pige.12 The insition of fig.1i: 1-Yuaternary deposits; 2-harzburgite; 3- harzburgites with abundant dunite
veins; 4 - dunite; 5-7 - veins: vebsterite (5),enstatitite (6), dunite (7); 8-banding; 9-limeation;
10-faultse; H-orien_tu.tion of the dunite veins,
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Pre.I3 Ctpoenme radépo-rENepOaSETOBOTO paspesa N0 JuEEE p.Keusneas-p.Jesas Illaftepa: I-amfudomaTH,

2-3-ONMBRH-@HTETOPETOBHEe NOPONH paccaarmoBanuEe (2) @ maccusame (3), 4-rapudypraTs, 5-
IyHRTH, 6-rad6po, NHDOKCEHETH M BEDIHTH, 7-pASDHBH.

Pig.13 Cross-section of the northern part of the gabbro-ultramafic massif: 1-amphibolite; 2-3 -
olivine-antigorite rocks,foliated (2) and massive (3); 4-harzburgite; 5-dunite; 6- gabbro,

pyroxenite,wekhrlite, T7-faults.
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SIS AN

Bror-cxema ooo'momeafﬂ TENEepGasKToB: I1-3 —rapndgs'nm:
cepnen'rmsnponam? 1), RecepneHTRHRSKDOBAHANE » KyM—
OHE3HpoBaHHHe (3) ; 4-5 - ﬂ;:oe NeHTEHESEDOBAH-
e (4) u necepnearmatpomm?a 5) ; 6-7 —osmBEH -
THET'ODETOBHE NODONH: MAcckBHHe (6) ® paccaasnmoBamuue (7);

B - DaspHBH.

Sketch of the ultramafic rocks relationship: 1-3 -harz
burgite:serpentinized (1),recrystallized (2),kummingto
nized (3); 4-5 - dunite: serpentinized (4),recristalli
zed; 6~7 - olivine-antigorite rocks:massive (6) and shi
stozed (7); 8-faults,
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PEc.I5 CxemaTwuecKas KapTa ¥ paspes KankoHa p.Bomsmas Xoira.
I-2-necqannks : kpapuesde (I), mommwrroBHe (2); 3-

o /3 aleBPOJMTH, 4-apruumTH, S-frandTH, 6-PTaHATH ¢ mpO-
WIACTKAME A&JNeBPOJATOB, 7-NECTPHE KDEMHE ¥ TIHHHCTO-

o # KDEMHHOTH® CJAHIH, B-M3BECTHARE, 9-I14-KOHKDOIWE: H3-

X 15 BecTHAKOBHe (9), Gapmropwe (I0), docdarawe (II), me-
cuaHo-KapdonaTERe (I2), Yepuux Kpemze#t (I3), mEpmTO-

A 16 sue (I4); IS-rpanTomuTH, I6-KOHONOHTH, I7-fopamuHn-

@ depu, I8-pasyomH.

8 Fig.15 Sketch-map and a cross-section of the Bolshaya Khoyla
7

River canyon:1-2 -sandstones:quarzitic (1),polimictic
(2); 3-siltstone; 4-shale;S5-cherts; f-cherts with silt
stone intercalations;7-variegated cherts and shales;
8-limestone;9-14 -nodules: calcareous(9),baritic (10),
phosphatic (11),arenaceous-carbonaceous (12),black
chert (13),pyritic (14); 15-graptolites;16-conodons;
17-foraminifera; 18-faults.
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Puc. 16. CxemaTHdecKas KApPTa MCTOKOB perd CpenHmi Kedbneus:

I- rTeppurenHuil Quuam (CB-PI) i 2- DJMHUCTHE CJAHLH M
aneBpoJMTH (0) ; 3- uYepHHe TJMHHCTHE M KDEMHHACTLE
CJAHIN, METAaNecuaHWKHE, MeTA0a3alETH, 3eJEeHHe CJAHIH
MecTaMd ¢ JapconuToM (Pz,) ; 4- 3NMNOT-TAAyKOLEHOBHE
CJA8HIM ; 5-TpaHaT-TJAYKOPAHOBHE, XJODMEJaHHT-TJay-
KO(OAHOBHE CJAHIN, IDAHATOBHE AMPUOOJMTH, IJATHOrHEei-
CH D0 MeTaradépo; 6- IrIayKojaHOBHE O6JacTOMAJOHHTH
00 MeTaraé6po, NOM3KTOBHE AMPMOOJMTH C JHH3aMA T'H-
nepGasEToB ; 7- amprGOJMTH ¢ JHH3aMH MeTaradopo ;
8- MeTarunepOasuTH ; 9- MECTO HAXONKHM JABCOHHATA ;
10-I1- Hampuru:raasHui (I0) ® BropocremeHHE® (II).

Fig.16 Sketch map of the upper reaches of the Sredny Ketch-

94

pel r.: 1-terrigenous flysh (05-P1), 2-shales and
sildstone (0), 3-black shales and cherts,metasandsto-
nes, metabasaltes, green shistes with lawsonite (Pz,l),
. 4—epidote- glaucophane shistes, S-garnet-glaucophane,
chiormelanite-glaucophane shistes, garnet amphibolites
after gabbro, plagiogranite gneaisses, 6-glaucophane
blastomilonites after gabbro, zolsite amphibolite with
lenses of ultramafic rocks, 7-amphibolites with lenses
of metagabbro, 8-metaultrgmafic rocks, 9-the lawsonite
location, 10-11 - thrustimajor (10) and minor (11).



GEOLOGY OF THE REGION

The Voikaro-Syninsky messif (FigeI) comprises a system of
watersheds -in the Polar sector of the Urals. Ophiolites and
maleogzoic sequence of the Urals folded belt outcrop within
the massif over the area 200 km long and 50-80 km wide.

Geologically, the region is underlain by the Precambrian
and Paleozoic rocks composing some complicated thrust slices
which overlie autochthone of the periphery of the East-Euro-
pean platform.

Riphean and Vendian carbonate-terrigenous-volcanic sequen-
ces of the basement plunge in autochthonous sections of the
platform periphery (zome A, Fig.I) down to IO km. However,
they outcrop onto the day surface within a numoer of uplifta.
The basement is overlain by a thick (up to 7 km) section of
shelf terrigenous siliceous carbonate (0-C;)facies, which is
crowned by a terrigenous-flysch rock complex (02~P) (voinov-
sky-Kriger, I945,I967,Kheraskov,I967,Perfiliev,I%68, Putch-
kov,I975).

The western allochthonous thrust slices (zones B-D) are
composed of condensed sections of carbonate-siliceous-dark-
coloured schist sequences(oncl) which are attributed (Putch-
kov,I975, Lennykh et als., I976) to the facies of the continen-
tal slope and its base. According to other investigators (Sa-
veliiev, Samygin,I978), the Ordovician variegated and dark-
coloured schists account for the facies of the continental
slope within those thrust slices. The Sil urian-iower-Carpo-
niferous carbonate-schist rocks correspond to the pelagic
facies of the marginal sea (zone B)., An island are formed
in a thinned continental edge,which limites the marginal sea
from the east,is restored through carbonate-terrigenous-vol-
canic rocks of the Middle Paleozoic which are still traceab-
le in the eastern thrust slices (zone D).

To the east there are some thrust slices (zones E,F) over -
Lying aliochthones of schist sectiuns. These are composed of
ophiolite assemblage which represents sections of the Early
Paleozoic oceanic crust (Peive et al.,I977; Saveliev, Save-

lieva,I977) and includes ultrabasic rocks, gabbro, diabase
]
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gabbro-amphibolite and plagiogranite as well as glaucophane
end grecn schists.

A thrust slice composed of island are segquences (zone C)
lies in the extreme eastern position of the area. In its base
there occur quartz gabbro-amphi-olite and amphibolite-quartz-
diorite~tonalite-plagiogranite which include differently re-
worked ophiolite blocks. In the belt of outeropping rocks,at-
tributed to the sections of the paleoceanic region,their compo-
sition and geology suggest a complicated and multistage histo-

ry of formation. .

Berly Paleozoic oceanic crust

Cross-gections of the Early Paleozoic oceanic crust are
represénted by several types. Each of them occupies western,
central and eastern position in the belt.

The western type of cross sections primarily consists of
various amphibolites and gabbro-amphibolites ( garnet,zoisi-
tic, albite-actinolite). Subordinate to these are glaucopha-
ne schists as well as blocks of metagabbro and metaultrabasic
varieties (Fig.2).

A sequence of gabbro-amphibolites overlies sedimentary-
volecanic rocks of zones C and D) along the western contact
through a thin member ( first dozens of metres) of green-
schist blastomylonites whose boundaries are inclined south—
eastwards (5-60°). At the base of the gabbro-amphibolite rocks
above greenschist blastomylonites there occur glaucophane
schists ( up to 500 m) where glaucophane is associated with
chloromelanite, gernet, paragonite and guartz. In the northern
part of the area ( day IO) above glaucophane schists there are
ced fine-grained zoisitic amphibolite and plagiogneiss with
amphibolé rimmed and replaced in the periphery by glaucopha-
ne, whereas relict structures of fine-grained zoisitic amphi-
bolite often remain in underlying glaucophane schists. Below
glaucophane schists and underlying greenschist blastomyloni-
tes there is a slice composed of sedimentary - volecanic rocks
of zone D. Slightly altered rocks occur at its base. Schistoue
affusives contain neogenic lawsonite in the eastern and upper-
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mn-st part of the slice,whereas in its roof these are altered
into epidote-glaucophane (crossite) schists.

The western ( lowermost) p&rt of the gabbro-amphibolite
section ( zone E ) is characterized by the occurrence of ma-
jor bodies of bipyroxene-plagioclase blastomylonites in gab-
bro-norites.,. A major body of these rocks in the area of ex-
cursions ( dav 2) has an automomous structure sharoly discor-
dant to that of enclosing gabbro-amvhibolites. Close to the
contact the latter were altered into hornblendite ziving rise
to minor bodies. A similar block of massive porphyry gabbro-
norites includes minor dunite and troctolite xenoliths in gab-
bro-amphibolites which are traceable from the area of excur-
sions into the southern part of the Voikaro-Syninsky massif.

Iocally, gabbro- norites are altered into bipyroxeme-pla-
gioclase horny blastomylonites,whereas troctolites develop a
ringe of fine-grained kelyphitic spinel ( hercynite-pleonas-
te) around plagioclase. A body of calciphyreé was traced in
the vicinity of gabbro-norites.' The calcivhyres represent
limestones which underwent skarning and metamorphism of the
amphibolite facies (Saveliev, Savelieva, I977). The oldest
age of limestones in Paleozoic eugeosynclinal sections of the
Polar sector of the Urals is somewhat above the Wenlock.The—
refore, gabbro-amphibolites, enclosing the calciphyres, may
apparently be assigned to the ILower Paleozoic.

The eastern (uppermost) part of the gabbro-amphibolite se-
quence includes blocks of harzburgite, dunite, pyroxenite
and wehrlite which are different in size. These exhibit dif-
ferent stages of transformation into gabbro- amphibolites
(Morkovkina, I968). The number and size of the inclusions
tend to incresse eastwards, up along the sequence section.
The easternboundary of the gabbro-amphibolite rocks is usual-
1y well-pronounced. In the area ( day 2) one may see the rocks
abruptly replaced by ultrabasic varieties.through a thin zone
of serpentinite mylonites ( up to 200 m). Dunites or harz-

burgites are commonly seen in contact
tes,

with pabbro-amphiboli-
however, in a number of sections in the area of excur-

sions ( days 2,I0) one DRy see some portions composed of clino-
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pyroxenite, wehrlite, troctolite and spinel lherzolite bet-
ween gabbro-amphibolites and dunites. To the east of serpen-
tinite. mvlonites,ultrabasics and troctolites commonly con-
tain olivine subjected to a mass looped serpentinization, whe-
reas in serpentinite mylonite » nes it underwent a superimpo-
sed stage of gamma-chrysoiile and magnetite formation. At the
same time one may see in a number of sections ( days2 and I0)
that ultrabasic varieties and troctolites underwent amphibo-
lization following the stage of early mass serpentinizetion
and up to the late stage of gamma-chrysotile and megnetite
formation (Morkovkina,I968, Savelieva,I973). In many sections
of ultrabesic rocks adjoining the zone of serpentinite myloni-
tes from the east, the rocks are replaced by garnet, zoisitic
gabbro-amphibolite and hornblendite. There are also wveins or
dykes of plagilogranite associated with black serpentinite
(external part) and albite-chlorite-actinolite (internal pert)
at the exocontact.

North of the area of excursions ultrabasic rocks (zone F)
are brought into contact with sedimentary-volcanie varieties
C and D as well as with a flysch complex (c;-P) through a ser-
pentinite mylonite mne. In the same direction the serpentini-
te mylonite rocks grade into serpentinite melange containing
fragments of gabbro-amphibolite and glaucovhane schists (Dergu-
nov et al.,I974)., The aforesaid data prove that the formation
of serpentinite mylonites and melange was preceded by a stage
in the course of which gabbro-amphibolités-brought together with
blocks of blastomylonitized gebbro-norites, limestones and ser-
pentinized ultrabasic rocks to form a single monolith.

Flan-parallel orientations of minerals and banding of gabbro-
amphibolites of different generations strike north-eastwards
and dip south-eastwards (40-60°) in the gabbro-amphibolite
sequence. The banding of gabbro-amphibolites follows along
flow folds of several generations inclined or overturmed north-
westward. The general pattern of banding deformation observed
in this zone well agrees with the displacement of the por-
tions of the warly Paleozoic oceanic crust north-westwards,
towards the continental region.
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The central type of cross sections consists of ultrabasic
rocks and their metamorphosed equivalents ( days 3,6).

There predominant are harzburgites whose thickness, aﬂ‘1n~
dicated by the geophysical daba, increases eastwards up to
4-6 km. The banded structure of the harzbdrgites,controlled
by enstatite unevenly distributed in the rock,marks echelon-
like linear multiorder folds whose axes strike sublongitudi-
nally and axial planes steeply dip west-north-westward.

Along the near-axis zones of the banding-outlined structu-
res there are some dunite bodies of different size with the
boundaries intersecting the banding of the harzburgitea. The
dunites are commonly surrounded by a halo of veins of diffe-
rent thickness.

The veins in the internal part of the haloes are of duni-
ta composition. The composition of veins closer to the halo
periphery varies as follows: orthopyroxenite -websterite-nori-
te ( dav 6).

Ultrabasic metamorphites ( day 7) extensively distributed
in harzburgites and dunites compose north-easterly striking
linear zones, up to 400 m thick, which intersect the inter-—
nal structure of the harzburgite fields and harzburgite-duni-
te contact zone. Metamorvhites,in places, separate dunites and
harzburgites.

The metamorphites are essentially massive olivine-antigo-
rites which generally occur in the hanging wall of the zone.
Close to the contact with harzburgites they develop a relict
banding and traces of the harzburgite structure. The rocks
contain 60~70% of deformed olivine ( Fogo_gp) With cleavage
which is plunged into foliated-flaky antigorite with scarce
prisms of neogenic diopside. Relics of accessory chrome-spi-
nellld are present in the cores in magnetite and chlorite; in
composition relict chrome-spinellid is similar to accessory
harzburgite. Typical. is the presence of native copper as well
as of ferrum and nickel sulphides,

In the massive olivine-antigorites and,

as a rule, in the
near-roof part of metamorphite zones there occur bodies com-
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posed of non-serpentinized harzburgites. Their sizes reach
huﬂéeds of meters in length and several tens of meters in thick-
neseé. They differ from serpentinized harzburgites in grano-
blastic uniform structures and the total lack of serventine,
or in a relatively high diopside content (3=-5%) and a higher
alumina content of accessory chrome-spinellid (see Table II).
There is a zone of talec-olivine rocks at the contact between
fresh harzburgites and olivine-antigorite zocks. Harzburgites
develop tale-olivine 89d olivine-antigorite veinlets which
are at first scarce, but gradually become more dense to form
a rhombohedral lattice with ovoid and svherical inclusions
of fresh harzburgites in the cells.

Harzburgites with chrysotile locally grade into talcose
harzburgites (tale in pseudomorvh along enstatite) in the ro-
of of metamorphite zones between serpentinized harzburgites
and olivine-antigorites. Further, these grade into olivine-
cummingtonites where talc is replaced by magnesia-cumming-
sonite which is, in its turn, replaced by olivine of the se-
cond geperation. Towards the internal part of the zones this
metamorphite series grades into massive olivine-antigorite rocks.
Thus, the near-roof part of the zone sections includes portions
of complete dehydration of serpentinized harzburgites.

At the base of metamorphic zones massive olivine-antigorite ro-
gks grade into schists and blastomylonites of the same com-
position with porphyroclastic schistose-augen structures. The
schistscontain lens-like dunite blocks with a boudine textu-
re Which are up to I km long and up to first dozens of meters
thick. Dunites in boudines are frequentiy recrystallized ahd
deserpentinized, thus giving rise to pegmatoid gigantocrystal-
line textures, major bodies are recrystallized from the periphe-
ry, minor bodies are usually fully recrystairized. Olivine of
recrystallized dunites has a higher magnesia content (Fbgu-ga)
and is saturated with thin inclusions of chrome-spinellid and
magnetite. Olivine displays a distinct cleavage and is deformed
with a fine-grained granoblastic olivine aggregate formed along
the periphery of coerse grains or along the shear fractures cut-

ting them.As & result, some peculiar porphyroblastic ovoid textures
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are formed with the coarse grain portions of early generation
olivine plunged into the microgranoblastic olivine aggregate of
the second generation which is free from inclusions. Acces-
sory chrome-spinellid of the récrystallized dunites is no-
tably enlarged and differs from accessory chrome-spinellid inm
the dunites not subjected to recrystallization by a higher
chrome and ferrum content.

The harzburgite field is rimmed along the perivhery (from
the west and east) by dunite ‘fields which are rather wide
(days I,2). Their boundary, according to the mapping data,al-
s0 sharply cuts off harzburgites. banding trends. In the sou-
thern part of the Voikaro-Syninsky massif a transition has
been traced, according to the mapping data, from the dunite
field composing the western marginal zone to the major duni-
te body exposed in the central part of the harzburgite field.

Rocks of the dunite-wehrlite-clinopyroxenite-gabbro (ban-
ded) series rim harzburgite from the west to east (days 14
4) in the non-disturbed sections of the central zone, The
dunite zone, up to hundreds of meters thick, which adjoins
the harzburgites, is followed by a zone of frequent and non-
rhythmical alternation of echelone-like lendes and intercala-
tions of clinopyroxene dunite, wehrlite, clinopyroxenite and
troctolite, grading into each other. Contact zones of the
alternating rocks, which are conformable with respect to each
other, exhibit an evident structural unconformity with the
harzburgite texture. The total thickness of the zone compo-
sed of the banded series rocks is,in places,up to I km, whe-
reas bodies of different composition have thickness varying
from some portions of a meter up to hundreds of meters,

Structures of the banded series rocks are noted for spot-
ting.inequigranularity, random orientation and sharp varia-
tion of abundance ratios of rock-forming minerals. The banded
series rocks to the west and east of the harzburgites are prac-
tically of the same chemical composition, Their total ferrum
content and olivine ferrum content increase from harzburgite
through dunite to wehrlite and troctolite (from Fb92-90 up
to Pogs_go)+ Clinopyroxens in the banded series rocks has a
7-3 208
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higher ferrum content and contains more titenium and less cal-
cium and chrome than harzburgite and pyroxenite vein clinopy-
roxene from the internal part of the harzburgite field (Mor-
kovkina, 1968; Saveliev, gavelieva,I977). On the whole, the
vended series rocks fringe the harzburgite bedy . Apophyses of
these rocks locally penetrate deeply inside the harsbur-
gite bodv. These structural features of the bapded Series rocks
make the Voikaro-Syninsky messsif greatly different from the
Newfoundland, Oman, New Guinea and some other massifs with
somewhat similar €omposifion.

The eastern type of cross-sections is located to the east
of harzburgites, directly following the banded series rocks
where there are outcrops of bytownite gabbro-norite, diabase
and their metamorphosed eauivalents. Gabbro-norite has as a
rule a rhythmic-banded sftructure and is characterized by a low
silicic content and a stable high content of magnesium, calci-
um and aluminium with a low titanium content.

The eastern gabbro-norites are of interest inasmach as there
are bodies in them composed of harzburgite, dunite or banded
series rocks ( day 4). Xendlith is usually platy or lens-like.
Tts thickness and extension vary from the first meters up to
the hundreds of meters. The, boundaries are generally confor-
mable t8 +those of the banded series rocks. The bodies of
these rocks have a symmetric structure! harzburgite and/or
dunite of the central part are surrounded by a shell of wehr-
lite and clinopyroxenite grading dnto troctolite closer to the
gabbro contact zone. Sizes and number of the xenoliths general-
ly decrease to the east of harzburgite. .

within the gabbro eaestern zone there is an abundance of pe-
culiar actinolite-anorthitas(An90_99) ( day 4) with a banded
or homogeneous structure with unaltered gabbro-norite, wehrli-
te and clinopyroxenite present as irregular shape bodies. The
contacts of these rocks exhibit an abrupt replacement of mas-
sive pabbro by bleached actinolite-anorthites,in which pyroxe-
ne is replaced by actinolite,while anorthite is still fresh.
Similar gabbroid alterations are known from the Mid—Atlantic

ridge (Coombs,I96I) as a burial metamorphism but were later
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considered as an ocean floor metamorvhism taking place in the
greenschist facies environment (Miasiro et als,1973). Those
rocks in terms of the chemical composition as well as their eqg-
uivalents from the Mid-Atlantic ridge are ferrum and silicon
imp~overished and enriched with magnesium, calcium and alumi-
nium as compared with original gabbro (see Table 7).

A sequence of diabase, gabbro-diabase and albitophyre occu-
pies an eastern position in ophiolite sections with their
composite and multiple alternation with gabbro=-norite (day I,.
As a rule, diabase composes parallel dyke swarms which are par-
tially or fully separated from symmetric or unilateral shilled
z0nes.

less common are diabase sections (day I), where the lower-
most part is composed of medium - to coarse~grained subophi-
tic gabbro-diabase (up to 600 m) with ultrabasic rock and gab-~
bro-norite xenoliths. These consist of plagioclase (An30_60),
augite replaced by brown-green hornblende and ilmenite. The
rocks are frequently transformed into spotted, pegmatoid gab-
bro-amphibolites or amphibole gabbros. Coarse-grained gabbro-
diabase is occasionally replaced by massive diabasie porphy-
rite or microdiabase. The upper part of such sections is com-
posed of diabase with a distinct structure of parallel dykes.
Gabbro--diabase xenoliths in microdiabase and microdiabase xe—
noliths in coarse-grained gabbro-diabase have been observed
in a number of sections.

Diabase dykes of early generations trend sublatitudinally
and dip at a high angle. Iate generations of dykes are usual-
ly represented, in addition to diabase, by plagioclase norphy-
rite, dacite and albitophyre. The dykes have frequently a
random orientation and gentle dip. The structure of tne dia-
base sequence in the Voikaro-Syninsky massif is noted ror
the presense of soreens of ultrabasic rocks, banded
series rocks and gabbro-norites (fresh, blastomylonitized and

Ereenstone altered) as well as for the lack of pilliow lavas,
The eastern boundary of zone F is marked by the strata of

Plagioclase hornblende blastomylonite and Pblagiomigmatite with

Plagiogranite veins and lenses. Their thickness varies along
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the strike from dozens up to hundreds of meters and the boundary
is inclined south-eastward (40-60°). Blastomylonite contains
blocks of ultrabasiec rocks, gabbro ( including actinolite-anor-
thite) and diabase subjected to amphibolitization and plagio-
granitization to a various extent. The number and sizes of the
inclusions tend to decrease eastward. Conjurate with this zone
are numerous feathering zones of blastomylonite of the same
composition which penetrate into the ophiolite section,break

it into blocks and include fragments of their rocks.

Orientation of splan-parallel and linear structures as well
as configuration of banding-outlined flow folds, which are incli-
ned or overturned north-westward,characterize plastic deforma-
,tions in the displacement of the section rocks of the Early
Paleozoic oceanic crust towards the north-west and the conti-
nental region.

The sections of the island arc associabion (zone G) separa-
ted from ophiolite with a blastomylonite unit contain at the
base quartz gabbro-amphibolite and amphibolite-quartz diorite -
tonalite-plagiogranite with numerous inclusions of ophiolite
assemblage as well as underlying blastomylonite and plagio-
gnelss. Major tonalite, granodiorite and adamellite bodies,
which compose it, are accompanied by thick hornfels haloes(day
I), manifestations of bifelspathic ( oligoclase-microcline)
granitization and skarn development. As indicated by the geo-
physical data, the thickness of this part of the section does
not exceed 2 km.

A section of the island are association is located above.It
starts. from a volcanite unit -of the wumdifferentiated diabase
and contrast spilite-quartz-albitophyre formations (Sa). still
above are the strata (DI) of calc-alkali volcanite of the an-
desite-basalt porphyritic and continuously differentiated ande-
site~-dacite formations (1avﬁ, tuff breccia, xenotuff with frag-
ments of the underlying rocks). The strata include bioherm li-
mestone banks as well as lenses of tephroide and volcanoclas-
tic siliceous sediments. Washout products of volcanites with
subvolcanic bodies, orthophyre tuff and bioherm limestone len-
ses predominate above (15_3). To the east volcanites are less
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abundant, whereas volcanomictic tuff, turbidite,silicious tuf-
fite and shales become predominant.

Interrelations between the ophiolite assemblage rocks.

Harzburgites which compose bodies with an autonomous inter-
nal structure discordant to the structure of other rocks of
the assemblage are the oldest therin. There is no assurance a
yet whether they are a residual product in the fractional ba-
salt melting or a crystallization differentiation product as
a component of major layered intrusiona . This is still to
be ascertained and the information available on the Voikaro-
Syninsky massif and some other massifs of the world is insuffi-
cient to answer this question.

Formation of dunite and pyroxenite veins intersecting the
harzburgites shows, as was established by the recent investi-
gations, a close relationship with the observed zones of harz-
burgite high-temperature.dynamic metamorphism which manifests
itself in banding deformation and neogenesis of pyroxene linear
orientation. Pyroxene aggregates occur in the axial cleavage
plane and are elongated along its dip.

Gabbroids of the ophiolite assemblage of the Voikaro-Sy-
ninsky massif fall under two different types depending upon
their age. Early gabbroids occur as gabbro-norite which is
closely associated with the banded series rocks. The bounda-
ries of this group of rocks, conformable with respect to each
other, cut off the banded harzburgite structure, thus, exhi-
biting an evident unconformity. As regards the banded series
rocks associated with gabbro of this group,there are some spe-
culations that these are the lowest.cumlose members of lay-
ered intrusions of the dunite-wehrlite-pyroxenite-gabbro
composition., Abundant information on the Urals as well as
observations at the Voikaro-Syninsky massif suggest two ap~-
proaches to the problem. The first approach concerns, in our
opinion, the nature of the early gabbro group. As for this,

a supposition has been made that those rocks are metamorphic
(Efimov,1977). This supposition, as we know, goes together
with another one, which is fairly wide-spread, viz. the rocks
are of - magmatic origin. As regards the second approach,
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the information aveilable on the Urals and the Voikaro-Synin-
sky massi€, in particular, enables us %0 prasume that the ban-
ded series rocks are of metasomatic origin and differ from
orthopyroxenite series composing critical zones of layered
intrusions.

As for the second group of gabbroids - diabase and gabbro-
diabase - their magmatic nature and younger age is doubtless,
which may be unambiguosly proved by direct observations in
the massif. However, the multiple alternation of gabbro-nori-
te and diabase with a parallel dyke structure in the non-dis-
turbed sections does not agree with a wide-spread speculation
that this diabase composes the single rock unit only in the
uppermost part of ophiolite sections. The diabase structural
position in the massif sections shows that it composes dyke
swarms, partially or fully isolated (echelon-like), in gab-
bro-norite which emphasizes the specific position of local
extension zones of the oceanic crust. The fact #hat there
are some sections in diabase where the lowermost part is com-
posed of coarse-grained augite and amphibole gabbro-diabase
or diabase with 2 massive texture and the uppermost part, of
diabase with parallel dyke structures suggests the presence
of sills at the base of some dyke swarms which served as inter-
mediate feeding chambers. Based upon this assumption we may
regerd later generations of dykes of the contrast compositi-
on (diabase-albitophyre) in the diabase sections of the area
as a reflection of contrast differentiation under the stagnant
conditions of such chambers. It should, however, be noted
that no sill sections with acid and basic stratiform products
of the contrast differentiation have been observed in the mas-
sif.

The ophiolite sections are generally noted for a composite
structure where ophiolite composes a group of thrust slices
with the boundaries dipping south-eastward. However, a prob-
lem is still pending? whether those sheets are section por-
tions of one or several structure-formation zones of the paleo-~
oceanic region. According to N.L. Dobretsov (I974), the me-
tamorphissrocks of the western zone are attributed
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to Precambrisn high pressure ophiolite, whereas ultrabssic
rocks end gabbroids of the central zome, 1o Peleozoic modera-
te and low-pressure ophiolite. A.8. Perfiliev, V.N.Putchkov
and VeI.Iennykh, based upon the elements of the synmetrical
structure of the gabbro-ultrabasic rock sequence, regard the
gtructure of the ophiolite section as a squeezed tail fold
with harzburgite in the core and banded series rocks and gab-
bro in the limbs. They believe that the rocks underwent a
high-pressure dynauic metamorphism (formation of garnet &m-
phibolite) in the crown in the process of folding. This struc-
ture developed as & lying fold in the synmetamorphic stage,
while in later stages it has been transformed invo nzppe. The
lack of direct transitions of the rocks rimming harzburgites
on the presumed periclinal closures and a large disrepancy

of rock thickness in the limbs do not agree with those suppo-
siti ons.

According to others (Saveliev,Savelieva,I977, Saveliev,
samygin,T978), the structure under study is formed by mono-
clinal thrust slices. The metamorphic rocks of the western
and eastern areas were formed in the zomes of relative sli-
ding, along the boundaries of major blocks of the marly ia-
leozoic oceanic crust, in the stages preceding and setting
up conditions for the island arc formation. Thie has been
based upon the assumption that gabbro-amphibolite in the
western zone was formed somewhat earlier than in the eas-
tern zone, though both of them are attributed to the 8ilu-
rian (Post-Wenlock -Iower Pre-Devonian). This interpretati-
on fails to account for the observed elements of the symmet-
rical structure of the gabbro-ultrabasic rock unit. This
problem is very important inesmuch as it gives us a key to
the solution of another, even more important problem; whe-
ther the observed symmetrical pattern of the structure results
from the deformation of the primary flat-banded section
with harzburgites at the base and gabbroids upward or this
is a section with a complex alternation of ultrabasic

rocks
and gabbro in vertical and lateral directions,
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Ophiolite metamorphism

Among the metamorphic transformations of western section
rocks the earliest manifestation of metamorphism in the area
of excursions ( day 2) accounts for the formation of bipyro-
xene blastomylonite along gabbro-norite occurring in gabbro-
amphibolite as isolated blocks with an autonomous structure.
In the southern part of the Voikaro-Syninsky massif some sta-
ges of massive-gabbro-norite transformation were observed,
which pregeded the blgstomylonite formation (Saveliev,Saveli-
eva,1977). Those give rise to linear zones of fine-grained
bipyroxene-plagioclase hornfels with a blastomylonite texture
cutting tbrough massive gabbro-norite, as well as to the for-
mation of kelyphitic hercynite-pleonast fringes around the
plagioclase grains in troctolites enclosed in gabbro-norite
or t¢ the formation of spinel lherzolite.

The second stage of metamorphism manifests itself in the
formation of different amphibolites. Tts early phases account
for the formation of rfine -grained kelyphitic garmet in
flaser gabbro as well as the partial orthopyroxene disappea-
rance. Iater, coarse-grained porphyroblastic garnet is for-
med in association with hornblende and quartz. The later
stages account for the formation of ( garnet) - misitic
amphibolite. Plagiomigmatite and plagiogranite bodies are
closely associated with amphibolite of this stage. Most of
the plagiogranite bodies occur in gabbro-amphibolite; some
of them, however, form veins and dykes in ultrabasic rocks
along the western margin of the central zone.

The next stage of metamorphism is represented by evpido-
te-garnet-amphibole rocks composing linear zones of diffe-
rent thickness which intersect blastomylonitized gabbro-no-
rite and garnet gabbro-amphibolite. At that time garnet-glau-
cophane schists were apparently formed at the base of the
gabbro-amphibolite sequence, whereas lawsonite-glaucophane
(crossite) schists, in the underlying sedimentary-volcanic
rocks ( day IO). lawsonite-glaucophane schists may, however,
be formed later than garnet-glaucophane schists.
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The final stage of metamorphism menifests itself in the
formation of green-schist diaphthorite occurring in all the
rocks of the western zone.

studies of the composition of the metamorphic rocks in
western sections, in view of plagiogranite rresent among them,
jnvolve a problem of plagiogranite matter sources and a mo-
re general problem, i.e. metamorphism isochemistry of the
rocks in the area.

Regression of metamorphic transformations is evident in
a sequence of metamorphism stages involving gabbro-norite
in western sections. At the same time the western sections
of the ophiolite assemblage reveal sedimentary-volcanic
rocks subjected to metamorphism of the amphibolite facies.

It may also be observed (day 2) that porphyroblastic rocks
and veinlets of light-green amphibole intersecting looped
serpentine veinlets without magnetite are widely spread in
ultrabasic rocks with an early mass looped serpentinization.
All this occasionally suggests progressive metamorphism of
the amphibolite facies.

The early harzburgite metamorphism in the central type
sections resulted in the formation of flow folds and linear
pyroxene and chrome-spinellid aggregates. This stage of meta-
morphism ended with the formation of dunite and pyroxenite
veins along a system of fractures inheriting the deformation
pattern with linear pyroxene apgregates formed. Evolutfon
of the orthophyroxene composition with a gradual decrease in
the Al, C and Cr content shows that those processes run with
a lower temperature in the subsolidus harzburgite region
(I.IOO—BEOOCQ. The harzburgite transformation process is also
traced in this stage in the formation of metasom tic dumite,
pyroxenite and chromite veins. The observed discordance of
harzburgite structure with respect to the banded series rocks
shows that the formation of the banded series rocks and gabbro-
norite was preceded in the early stage by the harzburgute defor-
mation.

The subsequent stage of metamorphism involves ulyrabasic
rocks of the early mass looped serpentinization (without
magnetite), which ocecurred, as is evident from the rock
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structure, in the static pressure environment. During this
stage, serpentinized harzburgites along the linear zones
underwent in early phases full deserpentinization or transforms.
tion into tale-amphibole-olivine-antigorite. The later sta-
ges account for the formation of olivine-antigorite of the
massive and schstosé structure along the same direction. In
the contacts of ultrabasic rocks and gabbro-amphi-
bolite of the western zone this stage gives rise to the neo-
genesis of colourless amphibole, frequently gssociated with
hercynite-pleonaste.  In the course of this stage dunite also
undergoes full deserpentinization in early phases, as well as
boudinage and foliation along with olivine-antigorite rocks in
later phases.

Ol%gggg-antigorite, talc-antigorite and cummingtonite -
olivine¥inherit the chemical composition of serpentinized
harzburgite with a RO/Si0, ratior equal to I.7 and ferrum
content F equal,to IO which points %o the isochemical nature
of metamorphism, A higher ferrous iron content as compared
with ferric iron and a relatively low aqueous content in oli-
vine-antigorite result from their formation at higher tempe-
ratyres rather than the early harburgite serpentinization,
i.e.'metamorphism was progressive with respect to it. The
formation of olivine + antigorite + magnetite (+ clinopy-
roxene) stable association, which is close to equilibrium,
well agrees with the metamorphism conditions of the green—
schist chloritoid subfacies (Evans, TPomsdorft I970). Duni-
te deserpentinization and recrystallization apparently oc-—
curred under the same conditions at a temperature of about
500°C exceeding the stability field of chrysotile and bruci-
te of serpentinized dunite. The mineral and chemical compo-
gition as well as granoblastic textures of fresh harzburgites
assume that these are the highest temperature formations
( 750°C) of progressive metamorphism which took place in the
early phases of the formation of ultrabasic metamorphite 1i-
near zones, The later phase of ultrabasic rock me tamorphism
accounted for the formation of black serpentinite with magne-
tite along the fault zones.



As regards gabbro-norife and the banded series rocks in
the eastern type of the section, the early transformation
stage is represented by high-temperature blastomylonite.
This is localized along relatively thin zones ( first dozens
of meters) with the boundaries dipping south-eastward (40—
60°). Gabbroid is transformed into ( clinopyroxene) - plagio-
clase-horrblende blastomylonite and plagiomigmatite with
blue quartz. Pegmatol4 veina (clinopyroxene) - plagiocla-
se — of the hornblende composition, plagiogranite veins
(day 4) and Baloes of blue quartz irregular impregnation
are closely associated with blastomylonite.

The formation of actinolite-anorthite is typical of the
following stege of metamorphism whichk invelved large amounts
of gabbro-norite as well as blastomylonite already formed
(day 4). The specific mineral composition of the neogenic
rocks, mosaic pattern of their arrangment and pseudomcrphie
nature of pyroxene replacement by actinolite,which is not
accompanied by dynamic transformations over extensive areas,
corroborate the supposition (Miasiro et al., I973) on the
greenschist facies of this tyve of metamorphism in the near-
surface part of the oceanic crust section and at the same
time make us believe that low-temperature metasomatosis to-
ok part in this process under tectonically calm (statib
conditions.

Iater stages of gabbroid metamorphic transformatiops are
represented by thin zones of zoisite-actinolite and green-
schist blastomylonite striking north-eastwards and dippinq\
south-eastwards.

Metamorphism of ophiolite assemblage diabase is most evi:
dent along the eastern margin of zone F. The early transfor-
mation stage accounts for amphibolization, blastomyloﬁito
formation and plagiomigmatization. The neogenic blastomy-
lonite and plagiomigmatite mineral associations (plagio=~
clase A"uo-so + hornblende + quartz + biotite) charactari_
ze the amphibolite level of the progressive temperature

growth achieved during the dynamic metamorphism of this stage
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In the following stage plagiogranitvized diabase in con~
tact with tonalite underwent hornfels development after
which the linear zones of greenschist blastomylonite were
formed in metadiabase and tonalite.

gorrelation of the aforesaid events in the history of the
formation of the ophiolite assemblage and its metamorphism
poses some problems, primarily due to the insufficient ra-
diological dating and a number of unresolved questions. A%
present the objective correlation is in itself a separate prob-
lem which warrants furtMer studies. AT the same time while
analyzing all these events we may single out a number of ma-
jor stages in the formation of the ophiolite assemblage (Ta-
ble IV,

The early stage covers the formation period of harzbur-
gite, gabbro-norite and the banded series rocks, as well as
their high-~temperature deformations. The subsequent stage in-
volves bringing a gebbro-ultrabasic rock unit uoward the ocea-
nic crust section, mass early serpentinization of ultrabasic
rocks and formation of actinolite-anorthite in gabbro-nori-
te. Accomplishment of this section as the oceanic crust in
the garly Paleozoic is marked by dyke and diabase sill intru-
sions.

The later stage covers the period of tectonic piling upof
the Barly Paleozoic oceanic crust and is characterized by its
shearing accompanied by the local dynamic mebamorphism with
the progressive temperature growth up to the amphibolite faci~
es. The rocks of the island are associations ( zones D and G),
which were formed later, underwent in final phases metamorphism
not exceeding the level of greenstone transformation.



Sequence of formation and metamorphism

of the ophiolite assemblage

Tabls I

bipyroxene-plagio-
clase blastomylo-
nites in gabbro-
ncrites,spinel lher-
zulities in trocto-
lites

Types of oross-sections
western Central eastern

deformation of du-
nite, pyroxenite and
chromite veins in
the west;formation
of spinel lherzoli-
tes in troctolite

plagiogranite,
plagioclase-horn-
blende veins
(plagioclase}-
pyroxene blasto-
mylonites in gab-
bro-norites and
the banded series
rocks

green-schists and
blastomylonites

epidote-crossite,
phengite-amphibo-
le,lawsonite schists

glaucophane sbhists
with garnet,chlorme-
lanite and quartz,
epidote-zoisitie
amphibolites

garnet, zoisitiec am-
phibolites,horn-
blendites,plagio-
migmatites,plagio-
granites,calciphyre
in limestones
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black serpentini-
tes,serpentinite
mylonites and me-

lange

plagiogranites, ja-
deitites,albitites,
olivine-antigorite
and amphibole-oli-
vine rocks,deser-
pentinized dunites
and harzburgites

early mass looped
serpentinization
without magne tite

gabbro-norites,meta-

green-schists and dunites,troctolites

blastomylonites

dunite,pyroxenite
veins: deformati-
on of harzburgite
banding

harzourgites

gabbro-norites,
pyroxenites,troc-
tolites,wehrli~
tes and dunites

tonalite veins,apo-
diabase hornfels in
contact with tonali-
tes

plagioclase-horn-
blende blastomylo-
nites,plagiomigma-
tites

diabase,gabbro-dia-
base,albitophyre

actinolite-anorthi-
te rocks
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DAY T

Purpose. Examination of a general cross-section of the
ophiolite assemblage in the Payersky covers.

gtop I-I. Ultrabasic rocks and gabbro in the Kershor
stream (V.I.Iennyk).

A general panorame of the Malaya Iagorta river wvalley
opens up from the initial point of the route. The valley
slopes composed of ultrabasic rocks with a yellow=brown
weathering crust can be seen westward. At the end of the val-
ley there are the eastern spurs of the Khordjuss ridge of
metamorphosed gabbro and gabbro-amphibolite. The route passes
there on the second day of the excursion and the partici-
pants will see the western cross-sectionsof the banded series,

The route starts with the examination of the eastern
cross-sections of the banded series observed in rocky ex-
posures and cliffs near the Kershor stream mouth (Fig.3).
There are dunite with poikiloblastic diopside,wehrlite,
troctolite,clinopyroxenite, gabbro-norite and gabbro sub-
Jjected to a multi-stage serpentinization and greenstone
alterations. Transition of the banded series rocks into
the major field of ultrabasic rockas is complicated by a
system of low-amplitude overthrusts dipping south-eastward
and followed by thin zones of serpentinite and greenschist.

Stop I-2. Gabbro-norite and diabase in the Kershor stre-
am (A.A.Saveliev).

Further along the route the participants will examine
a cross-section (about I km). Diabase dykes with gabbro-
norite in interdyke screens. are exposed there in gabbro-no-
rite. The dyke chilled zones strike in conformity with the
ultrabasic rocks - gabbro contact zone in this area. The
chilled zones dip subvertically. Older dykes consist of
diabase and gabbro-diabase. Younger dykes composed of pla-
gioclase porphyrite and albitophyre outcrop in the middle
of the section. Diabase metamorphism is traced in the forma-
tion of arterite plagiomigmatite of plagioclase-hornblende
composition,.

B-2 208
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gtop I-3. Eastern type of the ophiolite cross-section
in the Malaya Iagorta river (A.A.saveliev).

The route continues along the Malaya Lagorta river. The
area is notable for a complex alternation of gabbro-norite,
actinolite-anorthite comprising blocks of ultrabasic varie-
ties with gabbro-diabase and diabase (Fig.3).

A general wview of the rock distribution opens up
from the top of & hill on the right side of the Malaya Ia-
gorta river. The hill commands a good view of the mountain loca.
ted in the south-west.The summit and eastern sides of the
mountain are composed of ultrabasic rocks and gabbro. The
western side consists of metamorphosed diabase underlying
the summit rocks. The same band of diabase crops out in
the cliffs of the left riverside clearliy visible from the
observation point Above these one mey see northward a group
of peaks composed of bipyroxene gabbro and its metamorphosed
equivalents including minor metadunite,wehrlite and /or
clinopyroxenite bodies. A contact between light-grey meta-
morphosed gabbro-norite and mafic amphibolized gabbro-dia-
base is distinct on the side of the eastern peak facing us.
Gabbro-diabase composes the lowermost part of the section
of an extensive sill (?). .Diabase exposures with a parallel
dyke structure (Stop I-4) occur in the uppermost part of
the 8ill section cropping out esastward. Directly below the
observation point a xenolith of serpentinized dunite occurs
in gabbro-diabase which has undergone amphibole and green-
stone alterations. Farly mass looped serpentinization is pre-
served in its central part. The dunite body is merginally
flanked by black serpentinite which penetrates inside the
body along joints. The younger dunite serpentinization is
associlated with a greenschist diaphthoresis of amphibolized
gabbro-diabase.

_Stop I-4, Diabase dykes in the Malaya Iagorta river (R.G.

Yazeva). A cross-section of diabase parallel dykes with oc-
casional outliers of interdyke rocks (apopyroxenite horn-
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blendite, gabbro-amphibolite) is exposed eastward.

The dyke compleX consists of aphyric diabase, plagiocla-
se-pyroxene and megaphyric plagioclase diabase porphyrite
and albitophyre. The thickness of the dykes does not ex-
ceed 2 m. Aphyric diabase, the oldest and most common rock
in the section, is formed hy multiple intrusions al ong a
system of joints ( strike asimuth is 355°). Tounger
diabase porphyrite is confined to several systems of joints
(0°,20%). The contacts of the siice dykes are vertical and
chilled. The primary occurrence and structure of veined
bodies is largely obscured due to metamorphism of the am-
phibolite facies,plagiogranitization, of subsequent horn-
fels development and local dynamic metamorphism.

The basalt dykes are composed of plagioclase (An45_48)
and hornblende, and preserve some relics of diabase and spi-
litic microstructure, as well as primary paragenesisiplagio-
clase (Ah65_40) + clinopyroxene. Plagiogranitization resul-
ted in the formation of metasomatic brown biotite and quartz.
All these minerals are replaced in the foliation zones by
quartz, albite, prehnite, epidote and chlorite.

The basic dykes are heterogeneous in terms of chemism
(Tabe2,Fige4). Their ordinary composition varies from gquartsz
to olivine tholeiite. The composition of aphyric rocks is
similar to that of cotectic (Fig.4,5), whereas plagioclase-
pyroxene porphyrite differs from the former in a content of
ordinary olivine (up to 40%) and a somewhat increased con-
tent of T:I.O2 (up to I.6%), which suggests a probable cumulo-
se nature of the latter. In composition, albitophyre is
similar to plagioliparite and dacite porphyrite.

Stop I-5. Diabase and tonalite contact (R.G.Yazeva).

Diabase and tonalite contact is traced on the right side
of the Malaya Iagorta river. The route starts at a 600~
metre exposure of the marginal zone of tonalite which oc-
curs at the base of the island arec association. At the cross-—
section latitude the tonalite band is about 9 km wide,how-
ever, it is possible to penetrate it only for IO00-I50 m,.
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Table 2

Chemical composition of dykes from cross-
sections of the Iagortayu and Malaya

Iagorta river
—B6-5% Bc-55 Bo-823 Bo-56 Bo-76 Bo-790 Bc—B(2 Bo-810

810, 47,1 53,0 47,3 49,0 52,9 49,7 47,6 78,1
™0, I,0 0,63 0,52 0,50 I,22 0,9 TI,64 0,28
31205 1643 3,8 T74,2 20,65 I5,3 15,7 I4,7 2,4
h205 243 0,72 0,9I 3,I 345 2037 -« 242 I,44
FeO 9,02 7,37 6,46+ 8,62 9,68 10,3 12,6 4,06

Mn0 0,09 0,05 0,09 0,2 0,09 0,2 0,18 0,05
g0 778 8,26 II,2 4,0 B,48 9,36 6,23 0,35
Ca0 | I0,7 9429 II,6 9,55 5,73 I0,I 8,2 I, 04
Naao 2428 4,26 I,5 2,42 S5:94% 2,17 3,24 5,28
K0 0,II (0,I (O,I 0,I5 0422 0,49 0,27 {0, I

P205 (0,0 0,I (0,05 0,2 0, I3 0eI6 0453 0,
I.L. 2,76 I,83 2,39 I,42 I, 2,3 I,66 Oplt4
002 0,56 0,39 0,1 (¢O,I 0,28 (0,I (0,1 06 II
8 total - = 0,05 <0,05 = 0,05 (0,05 0,05

Trace elements (p.p.m. )

v 250 2II 210 280
Cr 32 232 410 I0
m 35 I96 200 9
co 44 47 47 32
i) 0,2 0,4 0,5 0,7
Se 27 .36 40 36
14 - - - 4
Be 047 0,6 044 0,6
Rb traces traces 7 traces
Zr 67- 58 363 I80
b 4 20 17 I8 25
b 3 2 3 243
Ia 1T 7 6 8
Ba

50 36 35 29

NotelI) Samples from the Ia i
ort
early dyke generation,Be-55 digbas:yu gl o
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Massive conteminated melanocratic quartz diorite (Taole 3,
analysis I) occurs in direct contact with apodisbase horn-
fels. Deeper inside from the contact (eastward), these

rocks are replaced through cataclastic fine-grained tonalite
by coarse-grained hypidiomorphic varieties with linear-ori-
ented hornblende and plagioclase crystals. Coarse-grained
tonalite is of the following composition: quarts (I5-20%),
plagioclase with a direct zoning (An?o_“aﬁao. 40=-50%) ,hora-
blende + biotite (I5-20%), orthoclase (4-5%), magnetite,
apatite and occasional garnet (Table 3, Analysis 2). Tonali-
te locally contains rounded xenoliths of andesite-hornblen-
de hornfels, as well as autoliths (cognate inclusions) of

a microdiorite and gabbro composition. Unabungent, thin
(I-2 cm) rootless aplite dykes (oligoclase-orthoclase,with
myrmekite) are traced there. Tapole 3 illustrates chemism of
the rocks of this area.

Table 3
Chemical composition of diorite and
tonalite (weight %)
%gf'ROck o m o n e.n t 8

b 110, Al,0y 0 50 50,

I.quartz- 57,7 0,16 I7,3 I,16 7,84 0.I2 3,29 6,84 370 0,95 0pI7
iorite

2°Egnali' 60,5 0.4 T642 2 5,05 0409 3,21 5499 3426 1,93 0,19

The contact of tonalite batholith with diabase is vertical,
sharp, intrusive(strike asimuth is 3003. Some I-2 m thick
dyke-like apovphyses composed of hornblende quartz diorite
and its magmatogene breccia with diabase fragments,exhibiting
hornfels development,outcrop in the enclosing rocks within
500 metres away from the contact. At the contact the enclo-
sing rocks are altered into andesite-hornblende hornfels. The
hornfels development halo is traceable for several hundreds
of metres.
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DAY 2

Purpose. Metamorphism of gabbro and ultrabasic rocks
in western-type cross-sections.

Approaching the initial point of the route the partici-
pants of the excursion will cross harzburgute outcrops, the
banded series roclks flanking them from the west and a major
block of ultrabasic rocks enclosed in gabbro-amphibolite.
The rocks of the banded series occur locally along the block
periphery, whereas its central part is composed of harzbur-
gite and dunite. The examination starts at the western con-
tact of the harzburgite block with gabbro-amphibolite. Then
the route crosses amphibolite outcrops and continues along
the sbtream which exposes the metabasites of the Khordjuss
ridge (Fig.6).

Stop 2-I. Harzburgite and gabbro-amphibolite contact
(A.A.saveliev).

The harzburgite outcrops are intruded by wehrlite, web-
sterite and clinopyroxenite veins followed by haloes of lar-
ge clinopyroxene poikiloblasts. Pyroxenite (Tab.4) has a re=-
latively low ferrum content (sample I8-3, I8-9) as compared
with its equivalent in the banded series from the outer frin-
ge of the major harzburgite field, the fringe being in con-
tact with gabbro ( sample 79-a).

All the rocks are intruded by sublatitudinal plagioclasi-
te veins (Alb4—26’ Tab.4) with a thin amphibole fringe at
the exocontact. Harzburgites contain thin irregular impreg-
nations, veinlets and chains of light-green amphibole which
is probably contemporaneous with gabbro-amphibolite.

Stop 2-2. Gabbro-amphibolite (A.A.Saveliev).

Outerops of gabbro-amphibolite with granoblastic, porphyro-
blastic and poikiloblastic structures, and the paragenesis
of hornblende (f=50%) + garnet (f=64-83%) + zoisite + quartg
+ rutile are observed up the stream in its slopes. Iess com-
mon are plagioclase(An 29_551 and garnet-pyroxene and essen-
tially garnet rocks. With respect to chemism, the major gab-
bro amphibolite body is similar to that of bipyroxene gabbro

(Tab.5) which outerops further up the stream.
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Chemical composition of the banded series rocks and

minerals (western type of cross—sections)

Table &4

70 79=6 29=A 18-3 18-9 18-12
g:ni- 01 Chr wehrlite clinopyroxenite Opx websterite ;é;gggyro- g%ig;g;
510, 24,74 42,60 1,64 44,00 50,76 51,60 49,84 50,716 62,80
Ti0 0,03 0¢01 no anal. 0,07 0,11 0,11 0,76 0,26 0,04
*1283 1,48 traces 13,42 1,75 2,88 2,69 1,41 3,62 21,81
02205 0,82 0,19 45,83 0431 0424 0¢32 no anal. no anal. no anal.
Fe,05 6,15 1476 10,36 443 %462 3456 1,82 2,65 0,66
el 5489 7020 21,16 7 o449 4,82 2,9¢ 6,46 B3] 0,64
1'n0 0,72 0,712 no anal. 0,16 0415 0,76 0,20 0,15 traces
g0 40,50 5, 46 7e24 29,02 16,75 16,30 24,99 22,36 1,04
Iio 0,05 0422 no snal. 0,01 0,02 0404 no anal. no anal. no anale.
Ga0 0,40 Ugit no anal, 7,95 14434 20,70 14,02 15,47 4,59
Ka,0 0,08 flo anal.no anal, O, 0,29 0,23 0,24 0,80 7477
KEO traces no anal.no anal. 0,05 0,05 0,70 traces 0,08 0,32
I.L. 11,49 1462 - 4 4G5 2,97 1l3 0,02 0,99 Qy23
total 99,73 99,62 39,70 100,03 99,94 100,13 99,16 99,85 92,90
£ 1,5 9,8 73 18 18 13,3 15,4 12,6 24,6% An

(Ga./Ca-t-Mg) x 100
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Tabje 5

Chemical composition of gabbro, amphibolite and their minerlas
( Khordjuss)

blastomylo~ gabbro- cpx cpx amphi-— Cs
nite-gabb nor e fringe Pl i1a o HD G

0, 0,57 0,80 0,05 0,22 0,45 - 0,58 I,06 0,59 0,34
41,05 20,91 16,83 2,70 3,89 7,97 33,88 20,28 16,02 20,52 27,16
¢r,0; 0,008 - 0,044 0,012 0,023 = 0,0I - - -
Fe 0% A5 786 - = - - 3,73 3,59 13,17 8,23
FeO 6,82 8,55 21,04 8,48 9,3¢* 0,05 6,9% II,49 1I2,2T 0,9
MnO 0,26 0,23 0,65 0,29 0,28 0,006 0,2I 0,17 2,23 0,I4
g0 5,81 10,73 22,9 13,06 10,93 0,005 5,75 10,03 5;I2 0,43
ca0 8,02 12,44 0,46 21,85 21,40 17,45 12,00 I0,24 7,82 2I,88
Na 0 3,20 0,97 - 0,81  0,8I I,44 3,13 2,48 2 =
K0 0,09 0,09 - - - 0,0 0,12 0,I9 = =
1L 0,43 1,08 - - - S - I74 1,97 - 178
PO 0,40 0,0I - ~ - - 0,00 .- - _-

total . ’ ’ ™
£ 51,8 44,7 34,0 26,7 32 - 50,3 45,4 74,2 -
(Ca/Ca+lg)x100 - I,4 54,6 58,5 ~ - - - -
An, % - - - - - 87 - - - -

8714 - cpx, OpPX, 5‘-n4;:,_26! Hb, Mt, ap; 115-1- opx, cps, Ans:;! Mt, ap; 8713-Hb, Gr, Cs, Anegr Q



Stop 2-3. Metamorphosed gabbro of the Khordjuss ridge
(A.A.Saveliev).

Tn the canyon of the upper reachesoftheShershor stream the-
re are outcropping flaser bipyroxene-plagioclase gabbros cor-
responding in terms of chemical composition to bytownite-
labradorite gabbro-norite (Tab.5). This consists of hypers-
thene (£=34%), zonal diopside (f=27-30%), plagioclase,tita-
nomagnetite and spatite. Banding of the rocks as well as plan-
parallel and linear orientations are inclined north-north-
eastward with a sublatitudinal strike. These structural ele-
ments are intersected by the boundaries of random-oriented
bipyroxene-plagioclase pegmatoid veins.

In the initial transformation stages bipyroxene-plagio-
clase rocks are replaced by plagioclase-pyroxene hornblende
varieties while the structure remains unaffected. ILocally
traced are plagioclase-pyroxene hornblende arterite migmati-
te and schlieren pyroxene-hornblende aggregates which inter-
sect the early banding. Such transformations are more common
for the perivhery of the bipyroxene-plagioclase rocks.

The block of pyroxene-plagioclase rocks is Surrounded by
garnet-hornblende gabbro-amphibolite which is a product of
the subsequent stage of the rock transformation, The older
amphibolite generations are represented by the rocks with
kelyphitiec rims of garnet around plagioclase and hornblende
(green-brown) around pyroxene. In the younger generations
garnet forms porphyroblasts, pyroxene is replaced by hornblen-
de and reaction quartz appears. The distinct banding of gabbro-
amphibolite is generally north-easterly trending and south-
easterly dipping (40-80%). In the cross-section located 3
km south-westward,where a direct contact of bipyroxene-pla-
gloclase rocks with gabbro-amphibolite is exposed, there is
a sharp unconfornity in the orientation of the rock banding.

In the cross-section of the Shershor stream the pyroxene-—
plagioclase and garnet-hornblende rocks are cut by the zones
of epidote-amphibolite blastomylonite with clinozoisitic veins.
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In its turn, these zones are cut along with the other rocks
by younger thin linear greenschist zones. The zones of epi-
dote-amphibolite and greenschist blastomylonite are of a
constant north-easterly strike and south-easterly dip, con-
cordant to the gabbro-amphibolite banding.

Stop 2-4. Metamorphosed rocks of the banded series in
the upper reaches of the Malaya Lagorta river (G.N.Savelie-
va).

In the afternoon, the route will continue along the left
gide of the Malaya Isgorta,river. There are some exposures
of metamorphosed rocks of the banded series which occur
west of the Payersky cover harzburgites. The occurrence of
the banded series rocks along the western margin of the major
harzburgite field is typical of the structure of the Voi-
karo-Syninsky massif ophiolite assemblage. The south-easter-
1y plunge of the rock boundaries under the harzburgites,tra-
ced all over the area, suggests that these rocks underlie
the harzburgites from the west,

The 0.7 km - long route runs upward the slope from the
skerry of zoisitic-garnet amphibolite located at the base
of the valley-slope. Amphibolite banding is of north-easter-
1y trend (20°) snd steep south-easterly dip. Upward the slo-
pe, afger I20 m of the unexposed area there outcrop olivine
clinopyroxenite rocks with wehrlite intercalations. The
rock boudaries are concordant to the amphibolite banding.

A direct contact of pyroxenite with amphibolite rock is
exrosed 0.7 km north of the route., The contact of the said
rocks is traced through a thin zone of serpentinite and green-
schist. Upward the contact wehrlite and clinopyroxenite are
broken for 70 m by numerous shear and serpentinization zones
parallel to the contact.

Further along the route, the outerops of massive, medium-
to coarse-grained clinopyroxenite with lenticular wehrlite
sections are replaced by olivine websterite and spinel lher-
zdite with a lenzoid-banded texture. Pyroxene is grouped
into subparallel lenticular aggregates spread in olivine.
8pinel (hercynite-pleonast ) occurs in the rock as chains
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of grains elongated along the general strike of the rock
boundaries.

Ienticular dunite bodies subjected to different stages of
serpentinization and arranged in an echelon pattern become
abundant in pyroxenite 300 m from the contact with amphibo-
lite. Zonal fringes of wehrlite and clinopyroxenite are tra-
ced along the periphery of dunite bodies in the vieinity
of pyroxenite. The amount of porphyroblastic and poikilo-
blastic clinopyroxene in those decreases away from the con-
tact with clinopyroxenite inside the dunite bodies. The si-
milar distribution of climopyroxene is observed around pyro-
xenite veins cutting dunite. The visible thickmess of this
part of the cross-section is I50 m. The rock banding and
orientation of boundaries is of the same north-easterly
trend (40-60°) and steep south-easterly dip.

Further along the route, pyroxenite with dunite lenses
grades into the alternating varieties of the same rocks (vi-
sible thickness of the member is about 200 m) in which du-
nite becomes rapidly predominant. The clinopyroxenite bo-
dies traced at the beginning of this area generally con-
tain a fringe of wehrlite and clinopyroxene dunite at
the exocontact. On the whole, the part of the section exa-
mined towards the harzburgites is characterized by a gene-
ral sequence in the rock alternation (clinopyroxenite-wehr-—
lite-dunite) repeated around minor dunite bodies in clino-
pyroxenite as well as around pyroxenite veins cutting du-
nite. This sequence is regulerly repeated in western and
eastern sections of the banded series.

Upward the slope, in the blocks of deluvial debris one
may observe Dblastomylonitized harzburgite and lherzolite
with a fusiform and .banded strusture and thin (0.5-2 cm)
clinopyroxenite veins. The veins are either subparallel, or
oriented at an acute angle with respect to the harzburgi-
te lineation. All stages of clinopyroxenite weinlet reorien-
tation - from reticulate, steeply. intersecting. the harzbur-

gite banding to subconcordsnt with neogeniec lineaiion may De
observed there. The deformations involving structural rearrange-
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ment of the harzburgite banding and pyroxenite veins opri-
marily occurred in the stage of anhydrous paragenesis. The
transition of melanocratic troctolite into spinel lherzolite
1seems to be typical of. such an environment with reaction
OI + PL»c Px + oPx + Sp = which would.correspond to the
amphibolite facies of high pressures or granulitic facies.
Thus, spinel lherzolite spread only in the western cross-
sections of the banded series is a metamorphic rock formed
at the base of the Payersky block in early stages of deep
overthrust rather tham a relic of undepleted mantle. Light-
green prismatic-grained amphibole is common for the ultra-
basic rocks of the western cross-sections. The occurrence
of amphibole in the banding system concordant to the gab-
brd;amphibolite handing is apparently associated with me-—
tamorphism of amphibolite facies.

Younger greenschist transformations of metamorphosed
rocks of the banded series (pyroxene and amphibole acti-
nolitization and chloritization, olivine serpentinization
with magnetite released) are accompanied in the section
by the formation of serpentinite and greenschist blastomy-
lonite. The strike of the blastomylonite zones concordant
%o the gabbro~amphibolit? banding is apparently accounted

for by later stages of deformation which inherited the old
trend.



DAY 3

Purpose. Examination of harzburgites and their transforma-
tions in the lagortaegart river.

Stop 3-I. The composition and structure of harzburgites
(G.N.Saveliew).

The route rums through the centrel part of the harzbur-
gite field exposed by the stream for about I.5 km.

In the cross-section the harzburgites display & banded
structure caused by irregularly distributed enstatite (5=
80%). At the dame time, the average enstatite content in
the rock is stable and makes up I5-20%, olivine 80-85%,
diopside 0.5%, chrome-spinellid I.5%. The banding is local-
ly marked by alternating coarse - to medium-grained varie-
ties. Within the bands the enstatite forms linear aggrega-
tes which are locally distinect. In the harzburgites the che-
mical composition of olivine 338.4-9.5 and enstatite 198.5-9.2
w°0_8_2.2 is relatively stable, whereas the diopside compo-
sition varies from EnSO.I 354.8 w°55.1 to EnEOHI 353.2
W°46.9' The composition of aceessory chrome-spinellid repre-

sented by (Mg, tFes g)g (Crg 4 Alpg s Feq 1)160sp ~ (Mg, 1
Fe3.9)8 (ch.?AIG.BFbO.5)£6052 differs greatly as compared
with the other harzburgite minerals. Total chemical composi-
tion of the harzburgite massif and its composing minerals is
similar to that of harzburgites from other oph olite assemblages
(hb.6) In the areas where the harzburgite banding is deformed to
give rise to the parallel-undulatory pattern, its character is
different. The distribution of enstatite becomes more contrast.
punite bands, flanked by aggregates of pegmatoid enstatite
grains or individual,irregularly distributed, large tabular
enstatite porphyroblasts,are becoming distinctly isolated.

The rock mineral composition and the aobundance ratios of mi=-
nerals in the area are, on the whole, close to these of harz-
burgites. The formation of such dunite-enstatite segregations
is apparently a result of the metamorphic differentiation of
harzburgite during its plastic deformation.
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Table &
Chemical composition of harzburgite and its minerals
31 1228 3240 - 11138 31 1228
harzbur. harzbur, harzbur, tharzbur, Ol En Di Chr Chr
510, 39410 41,06 39458 43,36 41,21 56,97 53,18  2,20°° 2,687
Ti0, 0,02 0,02 0,01 0,02 0,01 0,07 0,13 C,19 0,08
A1203 0,89 0,95 0,48 04 9% 0,27 2,26 2,25 20,64 35,04
cr0; 0433 0,40 0,31 0441 0,15 0,67 0,72 42,01 28,12
Fe 03 4,73 3,86 4,99 * 2,18 = = = 3031 4,39
FeD 3,45 4,46 3,7k 6,26 8,28% 5,43% 1,795 19,70 12,05
MnO 0,710 0,1 0411 0,13 no anal. 0,21 0,06 no anal. no anal,
Mg0 40,86 42,19 41,26 41,67 48,36 33,46 17,40 10,87 16,57
NiO Bl 0,10 0,11 0,15 0,22 0,06 0,07 no anal. no anal,
Cal 057 0,31 0457 0,67 0,08 0,51 24,02 0,1 0 44
Na_ 0 0,10 0,10 0,10 0,04 no anal, 0,03 0,79 no anal, no anal,
K20 traces 0,05 traces 0,02 no aaal, - - no anal. no anal.
IL, 9,84 5.:99 8,64 4,11 0,36 - - - -
total 99,88 99,80 99,90 9996 98,88 99,67 99,81 99,03 99,37
f 95 9 9 10,0 9,1 8,k 545 56 28
(Ca/Ca+lig) + 100 2042

x) total ferrum as FeOj;

xx) silicate impurity



Tn the same cross-section there are neogenic dunite isola-
tions with an enstatite fringe which are conformable to the
harzburgite banding. Locally branching,these intersect the
harzourgite banding and form dunite and enstatite veins with
distinct contacts. In the upper reaches of the stream webste-
rite and diopsiditite veins are locally, traced in the harz-
burgites.

The morphology of the veins varies. Apart from rectilinear
intersecting veins with the step-like displacement, there are
plicated, folded veins. The metamorphic differentiation of the
harzburgites, first resulting in the formation of enstatite
and dunite in the banding system. and subsequently in the
isolation of those rocks as veins,is apparently a single,re-
|latively continuous:process nwhich the deformations varied
from plastic to fragile. The ductile flow of the matter was,
apparently, confined to local zones.

Stop 3-2. Metamorphosed ultrabasic rocks in the Iagortae-
gart river (G.N.savelieva).

In the left slope of the river valley a cross-section
will be examined exhibiting a contact between harzburgites
subjected to early serpentinization and olivine-antigorite
rocks ocecurring in the former, 60+ 70% - serpentinized
harzburgites are exposed in the right side of the stream.

The rock banding is south-easterly inclined (120°) and com-
plicated by low amplitude folds (Qe5-I.5 m),the limba of
which dip eastward and south-eastward (90-I20°). Serpentine
in the harzburgites is represented by light-green thin-fib-
rous alpha-chrysotile filling in the looped veinlets without
magnetite.

The contact between the harzburgites and olivine-anti—
gorites runs along the stream. This contact is of a sublongi-
tudinal trend end easterly dip (about 60°). g direct transi-
tion of the chrome-spinellid-enstatite-olivine into olivine-

antogorites occurs within 3-5 metres. The' weathering crust
of olivine-antigorites contains distinct traces of the harzbur-
gite banding. Yet, the roek texture becomes criss-cross lame-
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llar due to the neogenic cleavage in olivine and antigori-
te plates. The neogenic lineation of olivine-antigorites as
chaine of pseudomorphic magnetite-chlorite aggregates in
chrome-spinellid is concordant to the contacte.

The structure of veined dunite in the zone of metamor-
phism also varies. There appear sections of pegmatoid oli-
vine with cleavage, as well as antigorite flakes. Cleavage
joints and cutting veins are evident.

In the upper reaches of the stream the harzburgites are
abruptly replaced by olivine-antigorite schists which com-
pose an overthrust zome dipping south-eastward 50° at a
30° angle, Fragments of the massive olivine-antigorite rocks
traced in the schists of the same composition, suggest that
the schistesity of the olivine-antigorite represented the
late process of ultrabasic rockstransformation in the area,
As is shown by ‘the study of this metamorphism (Savelieva,
1977, shteinberg,Chashukhin,I977) the latter was Progres=—
sive with respect to the early mass serpentinization, and
corresponded to t
the grf::nschist f::i::vi-;‘o:.::n:oi:rttzuzizr P c.)f

y of the epidote-
amphibolite facies (Evana.Trommsdorft,1970).



DAY &

Purpose. Examination of the banded-series rocks as well as
gabbroids in the eastern cross-sections of the ophiolite
assemblage.

The route starts on the right bank of the Trubaym river.
Westward from the observation puaint there is a major field
of harzburgites cut hy the river viley Nerthward on the op-
posite slope of the bank there isa distinct contact between
the harzburgites, dunites (rocks with a yellow-brown crust
of weathering) and the banded-series rocks (dark ). The dip
of the contact is steep, south-easterly. As shown by map-
ping (Fig.7) performed in the area, the harzburgites. are
replaced south-eastward by dunites, the banded-series rocks
and gabbroids respectively. A major dunite body occurs im
the banded-series rocks and gabbroids.

The dunites are hypsometrically higher than the surroun-
ding gabbroids and separated from the latter by
the banded-series rocks. Close to the northern and southern
edges of the dunite body the banding of gabbro-norites and
the boundaries of the banded-series rocks occurring hypso-
metrically lower than the dunites, plunge under the latter.

Stop 4-I . The rocks of the banded-series in the Trubayu
river (A.A.Efimov).

Within a 300-m area of the right bank of the Trubayu ri-
ver the participants of the excursion will see a composite series
of dunite, wehrlite, clinopyroxenite and some gabbroids.

The rock series of a similar composition are typical of
the zones of transition from harzourgites to gabbroids.
There is no regular banded structure in the rocks. Predomi-
nant wehrlite irregularly alternates with lens-like clino-
pyroxenite layers and some gabbro intercalations. Typical
is a breccia-like texture in which angular and rounded Py-
roxenite blocks are cemented by a wehrlite mass with a blasto-
mylonite structure and an obscure banding rimming the
blocks. Many gabbro lenses and layers are also rimmed by
the enclosing wehrlite mass. This is an evidence of relati-
vely strong, but irregular deformations of the rocks. The
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deformatione occurred at high temperatures in the stability
zone of olivine-pyroxene and olivine-plagioclase paragenesis.
A somewhbat different relationship is we a rule observed
between dunite and pyroxenite, which 1is typified by recti-
linear pyroxenite veins grading along the strike, or aside
from the selvage into the chains of skeleton clinopyroxene
erystals or irregularly scattered impregnation of the mine-

rale.
The dunites €ontain olivine and accessory chromite, and
lecally an additiop of xenomorphic clinopyroxene.

wehrlite and pyroxenite are composed of olivine and clino-
pyroxene. Bipyroxene and olivine (troctolite) varieties pre-
dominate in the gabbroids. The ferrum content of femic mine-~
rals increases from 8 to IO mol % in dunite and from I3 to
I5% in wehrlite, pyroxenite and gabbro. Plagioclase composi-
tion in the latter is stable u”90 on the average, non-
zonal). The gabbroids generally contain no magnetite.

The relationship between the dunites and clinopyroxene-
bearing rocks can be considered typically metasomatic. This
is proved by the porphyroblastic nature of pyroxene impreg-
nation in the olivine mass, the occurrence of clinopyroxene
as chaina of isolated crystals along linear-permeability
zones, the gradients of olivine ferrum content in the exocon-
tact zones of thick pyroxenite veins. A similar relation-
ship is observed in gradual transitions from essentially
olivine rocks to anorthite-bearing varieties.

It is assumed that wehrlite, clinopyroxenite and a part
of gabbroids were formed metasomatically in place of the
dunites. Yet, the primary relationship between the rocks
(apparently, chaotic-stockwork) are significantly distyp—
bed and concealed by a "hot" deformation (Efimov,1977).



Stop 4-2. Gabbroids of the eastern section of the ophio-
lite assemblage (A.A.Savelyev).

The route will continue along the upper reaches of a
smali canyon, starting from bipyroxene gabbro exposures.

The rocks exhibit a distinet rhythmically banded structure
controlled by melano-and mesocratic varieties intercalated
with thin anorthositic bands in the upper portion of many

a rhybhm. Melenocratic parts of the rhythms display at the
base & sharp irregular boundary and a coarse-grained textu-
re. Grain size decreases and plagioclase is more abundant
towards the roof of the rhythms. Gabbro minerals consist

of hypersthene, diopside, plagioclase Angy g, (Table 7),lo-
cally, hornblende, titanomagnetite, and apatite. The banding
of this part of the section has & WEW dip (40-60°).

Down the canyon there are some exposures of metamorphosed
gabbro in which pyroxene is pseudomorphically replaced by
actinolite, while plagioclase is still fresh (see Table 7..
In these rocks in conformity with the banding oriented
north-eastwards (dip SE 60°) there occurs a thin body of
plagiogranite with a gneissoid structure and augen segre-
gations of deformed blue quartz. The gabbroid rocks are si-
licified at the contact with plagiogranite. Still down the
canyon, where the stream branches,there occurs plagioclase-
hornblende blastomylonite with the banding subconcordant
to that of actinolite-anorthite and plagiogranite contacts.
Chains of hornblende vrisms, elongated blue quartz grains,
schliereh-like segregations of quartz-plagioclase-hornblen—
de and quartz-plagioclase are observed within znes of blasto-
mylonitization in pyroxene gabbro with the relict banding.
These early manifistations of plagiogranitization are associa-
ted with pegmatoid plagioclase-hornblende veins intersec—
ting the bipyroxene banding.

Beyond the blastomylonite zone, down the stream,there are
continmoms rocky outcrovs of actinolite-anorthite, alterm ting
with slightly metamorphosed bipyroxene gabbro to form asreas
of an irrepular shape and different size. Actinolite—anorthi=
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Chemical composition of gabbro and their minerals.

.

Table 7

20-7 : 131-7 i 2 s 2

:Gabbro i Opx. i Cpxs § F1 jGabbro : Opx. : Cpx. ; ¥l jGabbro : Acty § Act, F1
S]'.G2 45,62 51,78 52,27 46,48 46,16 52,50 53,27 42,90 43,80 52,53 51,82 44,43
Ti0 0,27 0,1 0,23 0,02 0,17 0,09 0,29 - 0,51 0,23 0,20 0,02
.11205 18,03 =112 2,41 34,67 22,50 1475 3429 34,29 18,08 3,20 5¢30 = 34430
Gr203 no anal. 0,06 0,04 - no anal. 0,08 0,08 - no anal. - - -
Feeo3 5438 - - - 1,07 - - 379 = - -
Fe 2,04 22,22 9,455 0,38 5,44  18,06° 7,83 0,25 8,38 12,19 13,90° 0,13*

L] [ ] L] [] L] L} [] L] L]

) 0,23 0,52 0,25 04071 0,710 0,33 0,17 = 0,13 0,21 0,22 -
g0 9,15 22,23 13,60 0,01 8,37 25,24 4,42 0,002 9,03 16,01 14,94, 0,01
Ni0 - no anal., no anal. no anal. no anal. no anal. no anal., no anal. no anal. no anal. no anal,
Cal 12,04 0,85 22,43 17,81 15,071 0471 22,84 18,88 13,75 12,24 1,28 17,98
sa0 0,66 - 0,20 0,81 0459 - 0,21 0,68 0,75 0,30 0,38 1,01
X,0 0,04 - 0,02 0,01 0,06 - - = 0,03 0,12 - = 0,01
IL 0,16 = 5 = 0,65 - “ = 1,78 2,00 2,00 -
tozal 99,45 98,89 100,90 91,14 100,12 98,76 102,40 97,03 100,12 98,91 100,04 97,89
g 40,1 35,9 28,0 - 30,2 28,7 23,3 - 42,4 30,5 MG =
(Ca/Ca+lig) 100 143 S5he2 = 2,0 53,2 = o 35,5 3542 -
an, % = = - 92 - - 94 - - = N

x) Fe total as Fel

xx) f ferrum content in molecular percentage for

rocks and atomic percentage for minerals.



te, in places,displays pyrite-pyrrhotite mimeralization
which is concordant to the banding and marked by zones of
ochre development.

Pseudomorphic alteration of bipyroxene gabbro is well
observed 600 m away from the stream fork, on the right bank.
One of the outcrops distinctly exhibits the banding caused
by alternation of melano-and mesocratic bands. The banding
in the outcrop as well as in the adjacent areas dips south-
eastwards and rims the eastern limb of the fold c mposed
of gabbro-norites. Flagioclase-hornblende veinlets of a
pegmatoid structure intersecting the gabbro-norite banding
are clearly observed in the upper portion of the rocky out-
crop. Actinolite-anorthite outcrop several meters downward.
The boundary of pyroxene amphibolization is seemn to sharp-
1y cross the gabbro-norite banding and boundaries of plagio-
clase-hornblende veidlets. As is evident #wom the secdtion
bipyroxene gabbro in the area, on the whole, underwent at
least 3 stages of successive alteration:(a) deformationm of
the banding; (b) formation of plagioclase-hornblende blasto-
mylonite and plagiogranitization, and (c¢) pseudomorphic
replacement of pyroxene by actinolite, similar in character
to metamorphism of the oceanic floor (Miashiro et al.,I973).

At the end of the section‘én the left bank of the stream,
there is a block composed of clinopyroxenite, wehrlite and
troctolite in metamorphosed gabbro. In the outcrop the rocks
are distributed almost symmetrically, viz. the banded troc-
tolite and wehrlite make up the central part of the exposure,
while the clinopyroxenite occurs along the periphery, at the
contact with gabbro. This relationship suggests that the bo-
dy of ultrabasic rocks was partially reworked into gabbro.
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DAY 5

Purpose. Observation of metamorphic transformation of the
panded series rocks, gabbro and diabase in the Iagortayu
river area.

Step 5-I. Metamorphism of the banded series rocks and
gabbro along the left tributary of the lagortayu river (v.I.
Lennykh).

The I.5 km - route runs along a canyon intersecting at
an acute angle a strip of metamorphosed rocks of the banded
series.

700 m away from the beginning of the route uralitized
and zolsitized gabbro with relict clinopyroxene and plagie-
clase outcrop in the left bank of the stream. The banding
of the gabbro, controlled by alternation ox leouco-and mela-—
nocratic bands up to some centimeters in thickness,strikes
north-eastward (50-60°) and dips steeply south-esstward.
Some gabbro-pegmatite veins and lenses composed of urali-
tized and chloritized clinopyroxene, carbonate-antigorite-
tremolite (wehrlite) occur in the gabbro. Contacts of the
lenses are concordant to the gabbro banding.

About 200 m away from the beginning of the route, in
the right bank of the stream,there is an outcrop of an ultra-
basic rock body viz., serpentinized wehrlite, ural itized
clinopyroxenite with serpentinized olivine, websterite with
subordinate olivine and plagioclase. In metaultrabasic
rocks there occur some branched veins, composed of gabbro-
pegmatite at the pinch and in the selvages, and of plagio-
clasdte in the centre. Plagioclase is observed in the vici-
nity of the veins in the ultrabasic rocks. Therelationship
suggests metasomatic development of the veins and metasoma-
tic transformation of the ultrabasic rocks. Some troctoli-
te mnes in wehrlite near olivine gabbro veins are Observed
opposite the aforesaid outcrop. '

Upward the stream, in its bed, a pyroxenite block is inter-—
sected mainly in one direction by some pegmatoid diopside-



anorthite isolations. The latter are cut almost at a right
angle by a plagioclase-hornblende vein. Relics of partially
replaced diopside occur in central parte of large horhblen-
de crystalls. In the middle part of the section, in the
right bank of the stream,the banded uralitized gabbro-with
diephthoritized diopside-anorthite pegnatoid is intersected
by £low and foliation mnes of the greenschist facies up

to I.5 m in thickness and of a south-easterly dip. Boudirmg
and "augen" of two generations are clearly traced in one of
the outcrops of a blastomylonite zone. The oldest and smal-
lest of these bear traced of blastomylonitizatiom in the
epidote amphibolite facies. The youngest and largest were
formed in the greenschist facies. Porphyroclasts in the
blastomylonite occur as rounded grains of zoisitized plagio-
clase., Zoisite and actinolite are new formations in the
groundmass. Greenschist diaphthorite with various degrees
of foliation is traced still further up the stream up to
its junction with the left tributary. At the fork of the
gtream the banding of the gabbro marks flexure-like bends,
not forming, though complete folds.

A zone of blastomylonite of the epidote-—amphibole facies
about 20 cm thick crosses the diaphthoritized gabbro-
banding upward the streasm.The zone gives rise to an incomp-
lete fold overturned north-westward. The fine-grained
groundmass of the blastomylonite displays large (up to I cm)
"augen" of mafic hornblende oriented in different direc-—
tions with respect to foliation. Clinozoisite and greentsh-
brown amphibole are new formations in the groundmass.

The section ends up at the edge of a firn within a pri-
mary outcrop of ultrabasic rocks to form a block in the dia-
phthoritized gabbro. The block is composed (east to west) of
serpentinized dunite enclosing banded isolations of wehr-~
lite and troctolite., The inner structure and outer bounda-
ries of the block are, on the whole, ® ncordant to the
banding of enclosing gabbroids which is of a sublongitudi-

8-5 208

137



nal strike and vertical dip. The foliation of the greenschist
facies,both in gabbro and in the block of ultrabasic rocks,
has & similar orientation.

gtop 5-2. Metamorphism of diabase of sheeted dykes
and ultrabasic rocks of interdyke spaces in the lagortayu
river (R.G.Yazeva, A.A.Efimov).

In the afternoor the trip will continue atong the lagor-
tayu river. In a 3 km-long canyon there are some outcrops of
gheeted dykes which display traces of early stages of am-—
phibol#te metamorphism aﬁd plagiogranitization. The dykes
make up gbout 20% of the cross-dection in the upper and
Iower partd of the canyon, and up to I00% in the central part.

Examination starts from the upper part of the canyon.
Metamorphosed gabbro is intruded there by isolated diabasge:
dykes, within some 300-400 m. The diabase texture varies
from aphyric,relict pilotaxitic at the contacts to coarse-
porphyritic gabbro-diabase #n the centra’of veined bodies
(crystallization in situ).

Enclosing gabbro-amphibolite over that portion of the rou-
te is taxitic, banded. The mineral composition is as follows:
partially saussuritized plagioclase with relics of direct(nG0-44)
and reverse (No60-75-80) zoning, light-green hornblende
(crg 22°, Ng I.660), relics of diopside, titanomagnetite,ac-
tinolite, leucoxene. Both the enclosing rocks and dykes are cut
by & set of pegmatiod plagio—granite veins (quartz + An
50-28 + hornblende + sphene) and, on the whole,are paleoso-
ma of agmatitic (arteritic) migmatite.

Within the next I.5-2 km a zone of dykes essentially com-"
posed of diabase,similar to that observed at the beginning
of the route, outcrops at an oblique angle to the strike., In-
terdyke rocks including serpentinized harzburgi tes are local-
1y observed. The latter are rimmed by a chilled crust in vei-
ned diabase. The thickness of the diabase veins does not
exceed several meters,

Detailed examination of the chilled contact (Fig.8) indi-
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cates that basalt flows intruded under the conditions of
stable extension alon_ one set of fractures (20—50°u:).
Four or five openings in one fracture are recorded in the
area. The thickness of the successive dykes is almost
equal (regular expansion). Only some younger portions of
the melt in thrust slies intruded along diagonal fractu=-
res or farm branched stockworks. Apart from diabase which
contained no phenocrysts during the intrusion, some dykes
of megaporphyry plagioclase diabase porphyrite are exposed
( strike azimuth 40°). Plagiotlase impregnations are in
gize of I to I.5 cm and are concordant to the fluidity

in the rocke.

Acid veined bodies occur as I0 to 20 cm thick quartz al-
bitophyre dykes. Some of these intruded along contacts of
the latest generation of aphyre diabase dykes. The mineral
composition of the basic dykes partially preserveg primary
minerals: zonal plagloclase iaths (No.70-30), less common—
ly, monoclyne pyroxene. Table 2 gives chemical and quanti-
tative spectral analysis data of diabase dykes of diffe-
rent generations.All of these contain ordinary olivine
(Fige.4). As compared with sections of the dyke zone located
further to the north and south ‘I‘iO2 and total ferrum con-
tent in the diabase dykes is lower; it is still lower in
the youngest dykes of diabase aphyrite. High alumina and
low manganese oxide content is typical of megaphyry plagio-
clase porphyrite.

Thus, the diabase in the thrust slices is only seeming-
1y homogeneous. The modal and petrochemical composition
of the dykes, regularity of variations of trace element
content (Table 2) indicate the intensification of the pro-
cess of magmatic differentiation. The latter apparently cul-
minates in the formation of small portions of silisiemelts.

Some irregular-rounded 20 m-across blocks of massive apo-
harzburgite antigorite serpentinite occur in the dykes. The
blocks are boudinelike with a flattened smooth surface and
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Table 8

Chemical composition of substratum and
neogenic bimetasomatic fringe formed
between diabase snd serpentinite,weight %

Tompo-  vVeined Chlorite- Talc-tremo-

nents  diabase  tremolite 1lite schist  Serpentinite
schist in in serpenti-
diabase nite

8102 49,17 4T1.25 40.62 4I.0I
T102 0.70 0.52 0.37 0.2
AL,05 I5.80 II.94 I1.35 I.79
1'0203 I.71 I1.67 I5.49 S5.12
FeO B6e62 7318 4,19 2.0I
MnO 0.14 0.42 _ 0.45 0.05 ¢
NgO 9.88 23.00 27.34 ‘ 37453
ca0 I0.35 6e72 7.10 Oolt2
K20 0.I8 0.045 no traces 0.I3
Nazo 3.I7 0.40 0.20 0.I3
I.L, I.99 6.52 2057 II.58
cr203 0.02 0407 0.40 0.19
P205 0.I2 0.II 0.08 0.06

Total 99.85 99.84 I00.I2 I00.I4




are marginally surronnded by fringes. The fringes consist
of two parallel zones: from the serpentinite side the zone
is composed of light talc-tremolite of schist appearance.
From the diabase side it is in an abrubt contact with a zo-
ne of thin-foliated dark-green chlorite-tremolite schist
(Fig.9). One of the major blocksisnoted for a reverse arran-
gement: a diabase dyke with a boudim texture, surrounded
on both sides by a double schist fringe is found to inter-
sect serpentinite. Displaced dy ke portions are flattened
and chlorite-tremolite schist fills in the fractures bet-
ween them (Fig.IO).

The nature of the double fringe bordering on the serpen-
tinite blocks is clear enough. In the process of the dyke
deformation there were some areas where tension was released
in zones of small thickness.

contacts of veined diabase with the serpentinite blocks
may be attributed +to such zones. The blocks were affected
by rotation-like movements, and concentric schist fringes
were formed along their margins: talc-tremolite in serpenti-
nite and chlorite-tremolite in diabase. The event was accom-—
panied by biospmatic exchange: talc-tremolite schist was
enriched by Fe,Mn and Ca derived from diabase, while chlo-
rite-tremolite schist, which replaced diabase, was essenti-
ally enriched by Mg, derived from serpentinite (Table 8).

Veined diabase exposures deformed to a greater extent are
traceable for sowe hundreds of meters down the canyon. Dia-
base altered into greenschist with some lenses and boudines
cf talc-tremolite schist is attributed to further deformation
and met@morphism of ultrabasic blocks.



DAY 6

Purpose. Examination of harzburgite transformation in
early stages of ophiolite assemblage. ] _

gtop 6-I. Relationship between dunite-pyroxenite veined
geries and harzburgites (G.N.savelieve).

The excupsion will take place in the eastern part of the
main field of harzburgites of the Payera cover, 2.5 km west
of the contact with gabbro of the eastern margin (Fig.II).
As is seen from the enclosed map of the adjacent area, this
is, a locality whére the harzburgite banding marks the sou-
thern ¢losure of what seems to be a syncl ine, about IO km
wide.

Banded harzburgites afe identified within a rocky base
outerop oTatrough. Irregular enstatite distribution in I-
40 cm~-thick non-rhythmie intercalations inclined NNE ac-
counts for the harzburgite banding.:

¥nstatite aggregates with which diopside and chrome-
spinellid are associated give rise to lineation (Table 6).

A minor dunite body (Fig.I2) surrounded by an aureole of
dunite and pyroxenite veins intersecting the harzburgite
banding is traced in the harzburgites.

As the veins become more dense and thick, dunite breaks
the harzburgites into irregular shape blLocks with corroded
boundaries gradually pinching out towards the centre of the
dunite body.

The contact between the dunite and harzburgite is of se-
veral types:{e) rather sharp, rectilinear, (b) obscure
with bulges and tongues of dunites in places of intersection
of essentially enstatite harzburgite bands, (¢) with porphy-
roblasts of enstatite and diopside in endomorphic dunite
veins. Among the latter there are some zonal dunite veins
with symmetrical diopside - enstatite fringes as well as
veins of & complex mineralogy in which dunite grades along
the strike into pyroxenite.

FPyroxenite occurs as veins of variaole thickness, struc-

ture and composition! from monomineral enstatite through olivine
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websterite to diopsiditite. Major veins commonly display
sharp rectilinear boundaries, yet the grain size at theis
sxocontacts does not vary or may increase. There are so—
me pyroxenite veins with dunite fringes, as well as in-
tersecting chains of pyroxene porphyroblasts in harzoburgi-
tes and dunites. Locally, at the contact with pyroxeni-

te and in zones with abundant dunite and pyroxenite veins,
harzburgite displays irregular fine impregnation of bright
green diopside. The relationship between the rocks, the
g$harp change in mineralogy of the veins along the strike,
their different orientation of the zoning - all this mg-
gests an important role of high temperature metasomatiec
processes in the formation of the veined series. The pro-
cesses were probably associated with redistribution of
harzburgite and supply of Ca,al,Si.

Rocky outcrops clearly exhibit the structural relation-
ship between harzburgite, dunite and pyroxenite. The harz-
burgite banding inclined north-and north-eastward at an
angle of 50-70° marks gentle bends. The lineation of py-
roxene and chrome-spineilid aggregates is oriented almost
vertically, or is steeply inclined northward. Dunite veins
crosring the harzburgite banding (see Fig.II) siow mainly
sublongitudinal ard sublatitudinal strikes and are orien-
ted in eonformity. with shear joints.

The trend of the maximum compression is perpendicular
to the banding strike, while that of the minimum compres-
sion is concordant to the lineatiaon .

Thus, the harzourgite banding is the earliest structu-
ral feature. Redistribution of harzourgite mineral aggre-
gates and origination of the linearity were contemporane-
ous with ( or somewhat earlier ) the formation of dunite
veins within one tension field.

Aggregates and dissiminated pyroxene grains in selvages
of the dunite veins are massive and sh ow no lineation even
where dunite-enstatite veins occur in the plane of the
harzburgite banding. The pyroxenite veins of a sublongi-
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Table 9
Rock and mineral composition of dunite and pyroxenite
occurring in harzburgite
33 R 157 A3 P 1088
dunite ol chr ; dunite : ol chr ;=enstatite : websterite
: : : EN Chr : En di
3102 35,88 41,30 1,92 36,32 41,00 3,00 55,06 3426 56,20 53,80
TiO2 0,01 0,01 .. 70,35 0,04 0,01 no anal., 0,02 no anal, 0,03 0,04
A1203 04553 * J0505. . 97,09 0453 0,08 12,84 0,92 11,79 1,11 1407
Cr203 0,55 0,06 45,57 0,37 0,07 48,58 c,62 45,89 0,44 0,70
F3205 4,01 2,25 5467 4,53 Agl3 5,12 1477 11,30 1413 0,88
Fel 4,10 6,19 19,83 4,03 5,76 20,50 4,75 19,60 6,260 2,09
MnO 9 &l 0,10 no anal. 0,70 no anal. no anal. 0,15 no anal. 0,19 0,14
Mg0 444,13 47,65 10,58 43,88 50,495 QiHs - 33,17 7473 32,84 18454
NiO 0413 0,18 npo anal. no anal, 0,28 no anal, 0,065 no anal, 0,08 0,04
Cal €086 Q.22 . @11 0,28 0611 0,07 0,95 no anal. 0450 21,50
Wa. 0 010 no anal.no anal. 0,02 no anal, no anal, no analyno anal, no anal, no anal,
K26 0,10 no anal.no anal. 0,03 no anal. no anal. no anal.no anal. no snal, no anal,.
IL 10,58 1,68 - 10,00 0,710 - 1,99 - 1,01 0,77
total 100,09 99,67 98,68 100,17 99,49 100,33 99,48 99,67 99,79 99,51
T 9,0 8,8 58 9 6,8 65 743 79 11,0 8,2
~ - 62 - - 70 - - - -




tudinal trend and westerly dip comumonly intersect dunite.
veins of this trend locally display minor folds,
marking plastic deformations. Some westerly and north-easter-
1y trending pyroxenite veins are displaced in a step-like
manner alomg steeply dipping fractures.

Dunite and pyroxenite of harzburgite veins (Table 9)
differ from similar petrographic varieties of the banded
series in the margins of the harzburgite massif (see Tab-
le 5) by a higher magnesia content. Chrome-spinellid in
veined dunite also has a lower ferrum and relatively low
chrome content, and a higher alumina content as compared
with that of accessories in dunite of marginal zones. As
opposed to marginal, veined pyroxenite in harzburgites ex-
tensively exhibits enstatite which is not traced in the
marginal series. Diopside of veined pyroxenite has a higher
chrome content than diopside in similar varieties of the
marginal zones.

Iater metamorphism of ultrabasic rocks within the area
manifests itself in the formation of talc-antigorite wein-
lets traced along narrow (0,5-2.0 m),steeply dipping,north-
easterly trending zones. The veinlets are clearly seen to
be superimposed on serpentinized harzburgite ( on the
reticulate serpentine structure).




DAY 7
Purpose. Examination of metamorphic transformation of
ultrabasic rocks. The Ievayas Payera r. displays ultrabasic
rocks broken inte-a series of thrust slices.Serpentinized
harzburgite makes up the uppermost part of the cross-sec-
tion. Ultrabasic metamorphic rocks occur at the base of eve-

ry ‘thrust slice inclined south-eastwards (FigeI3).
gstop 7-I. Ultrabasic metamorphic rocks (G.Ne.Saveljeva).

One of the harzburgite thrust slices is traced not far
from the beginning of the route, on the opposite (right)
bank. Harzburgites of the same thrust slice outerop in
the upper part of the left bank of the river, at the base
of which the route starts. Linear crossing zones of olivine-
antigorite with red-brown surface are clearly seen against
the background of olive-yeilow weathered harzburgite sur-
faces Their south-easterly dipping bounderies are quite
distinct. The thickest zone of olivine-antigorite,underly-
ing the harzburgites,outcrors north of their exposure, up
the river. The hanging wall of the zone is composed of
massive amphibole-olivine, amphibole-tale-olivine and anti-
gorite-olivine rocks enclosing fresh harzburgite bodies. Such
harzburgite varieties are traced over the whole massif,
excllusively in antigorite-(amphibole) - (talc) = olivine rocks
as bodies of various size. They commonly occur in the upper-
most part of the section, or at the contact with serpenti-
nised harzpurgites. The lowermost part of the zome consists
of olivine-antigorite schist with a south-easterly dipping
schist osity. In the mouth of the stream there is a rocky out-
crop of the schists. A cross-section of the hanging wall
composed of ultrapasic metamorpnic rocks can be observed
in the bed of the stream along which the route will pun.

In the lower course of the stream, in its bed, exposed are
antigorite-olivine and antigorite-amphibole-olivine racks of
massif structure and linear orientation of chrome-spinel-
1id chains rimmed by magnetite and chlorite. Concordant
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to the chains are elongated, deformed olivine grains surroun-
ded by a fine-grained mggregate of crushed and/or granular
olivine, amphibole prisms and antigorite aggregates. This
microstructure is distinctly observed on the weathered sur-
face of the rock which displays a cellular-veined structu-
re. Typical chemical composition of the rocks and their mi-
nerals (see Table 10)indicates that, injterms of petrochemi-
cal features, the rocks are similar to harzburgites in case
there is no enstatite. The composition of olivine and relict
accessory chrome-spinellid is also similar to that of the
minerals in the harzburgites (see Table 10). Amphibole is
represented there by magnesia-cummingtonite, rarely, by
actinolite-tremolite. Some magnesia-cummingtonite-varieties
exhibit the second generation of fine-grained olivine,

In the middle course of the stream, in antigorite- (am-
phibole)-olivine rock, outcrop harzburgites almost without
serpentine. Their texture varies from medium - to coarse -
grained., Equigranular varieties being predominant, yet there
is also harzburgite with porphyry grains of enstatite or,
less commonly, olivine, Abundance ratio of olivine Fa -10
and enstatite Fs. is almost similar to that of serpentini-
zed harzburgite (?5—80%01 and 15-20%En). Diopside content
is variable, locally reaching as much as 7 %. Accessory
chrome-spinellid occurs as chrome-picotite (Table II).
Typical are polygonal-granular textures. There are no
oriented aggregates of pyroxene, nor banded structures,
which makes the rocks different from serpentinized harz-
burgite.

The harzburgites are cut through by veins of bright
green diopsidite, websterite and enstatite. The texture
of the rocks varies from fine-grained to pegmatoid, porphy-
ry. The veins commonly display a zonal structure which ma-
nifests itself in the change of the rock composition
from the centre towards the periphery. Pyroxenite veins
cutting antigorite - (amphibole) - olivine are pseudomorphy-
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Table 10
Chemical composition of olivine-antigorite (2514-X , 1523, 2516L
amphibole-antigorite olivine ( 152, 95-A) and their minerals

2314-U = 1525 : 2516 1520  95-A
rock ol ant 3 rock 01 ant ; o1 ant 3§ rYock . rock
510, 40,60 41,02 43,30 40,87 40,64 41,92 40,12 42,12 40,60 39,69
TiO2 0,02 0,02 0,01 0,07 0,03 0,02 0,01 0,01 0,02 0,02
11203 0,9 0,58 1,49 1,16 0,58 0,76 0,36 0,80 0,671 1,03
Gr203 0,39 0,08 0,31 no anal. 0,09 no anal. 0,06 (o -1 0,41 0,40
13203 2434 1,62 - . 2:,81 1+63 2473 - & - 3 4,10 4,28
FeO 6,40 8,06 4,02 4,32 8,48 3,60 8,50 512 4,60 4,17
MnO 0,135 no anal, no anal. no anal. no anal, no anal. no anal. no anal. 0,72 0,09
Mg0 41,28 47,20 39,30 41,65 47,60 42,40 47,80 41,31 41,63 39,45

NiO 015 0,20 no aral. no anal. 0,25 ©no anal. no anal., no anal. 0,15 no anal.
Cal 123 0,09 0,20 0,89 0,07 0,09 0,07 0,28 1,05 1,05
N320 0,4 no anal, no anal, 0,24 no anal, ho anal. no anal, no anal, 0,08 0,15
K20 0,04 no anal. no anal. 0,07 no anal, no anal. no anal. no anal. traces 0,03
{q 6,05 Q.24 9,60 7433 0,84 8,72 0,90 9,80 6,80 9,64
total 99,66 99,11 98,22 99,75 100,21 100,24 97,82 99,65 100,17 100,02

£ 10 9,9 St 843 10,3 747 %7 5,8 10,0 10,3



cally replaced along the strike by a talc-amphibole, am-
phibole (actinolite-tremolite) aggregate, dimegrey in
shade. At the contact with enclosing rocks, the fresh harz-
burgites ere cut by veinlets which are observed along the
rhombohedral fractures. The veinlets are either fine shear
zones in which antigorite, talc or amphibole ocecur, or
they are filled in by antigorite-olivine, or tale-olivi-
ne. Coarse olivine grains in these varieties exhibit struc-
tural modification with distinct clevage along (00I) and
(0I0)s In places where antigorite-(talc)-olivine vein-
lets become more dense and thick,the harzburgite blocks

are smaller and »ound. The latter are preserved in the
cells of the rhombohedral network in the periphery of ma-
jor bodies of fresh harzourgites. Such harzburgite cores

in olivine-antigorite are commonly separated from the lat-
ter by a fringe of tale-olivine.

The succession in paragenesis -0I + En + (Di)->0I + Amf
<+ 0I + Ta—»0I + Ant. - is a regressive metamorphic series.
At the same time petrographic studies show that antigorite,
amphibole and talc always appear in harzburgite shear zo-
nes with a looped chrisotile-lizardite serpentinization
(OI + En + Di + Sp), cutting and displacing veinlets of
looped serpentine (without magnetite). Alonside geological
data, these observations indicate that olivine-antigorite
was formed following the mass looped serpentinization and,
thus, the whole saries of ultrabasic metamorphites is attri-
puted to the subsequent progressive stage of metamorphism.

All the metamorphic rocks inherit chemical compositi-
on of serpentinized harzburgltes with the same ratio
RU/SiC%:I.?. The predominance of ferrous oxide over ferric
oxlide and a relatively low aqueous content in antigorite-
olivine,as compared with that of serpentinized harzburgites
(Table I0,Fig.I4), suggests that antigorite-olivine was
formed at higher temperature than the early serpentiniza-
tion. Under such conditions chrome-spinellid proves to be
unctable and is replaced by magnetite and chliorite.
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Table 11
Chemical composition of recrystallized harzburgite (lherzolite),
dunite and their minerals from metamotphic zones,.
2514 : 57 - 1785

harzbur, 01 en di : harzbur, 01 en : dunite o1 chy
5102 44,00 41,50 55,23 53,43 43,16 40,90 53435 | 40,47 40,64 3.00
'l‘102 0,02 0,03 0,05 0,13 0,02 0,03 0,02 0,06 0,01 no anal,
A1203 1,42 0453 3,15 3,45 0,41 0,22 1,87 0,54 0,04 8,97
C!‘;_,O3 0,32 0,05 0,57 0,70 0,45 0,06 0,40 0,31 0,08 53,44
Fe203 ; ‘1'28 1|67 = = = 5 ’lr37 = 0-49 3-28 1010 2p27
FeO 8,14 7.517 6,037 1,707 7,85 8,41 6,19 4,90 6,71 23,86
MnO 0,14 no anal. 0,06 0,06 0,16 0,11 0,74 0,11 0,12 no anal.
MgO 41,11 48,00 33,51 17,34 43,87 48,36 36,35 47,87 49,40 7465
Wio 0,15 0,23 0,172 no anal.0,24 0,29 0,12 0,17 » 0,23 no anal,
Ca0 2,02 0,09 0,49 24,40 0,39 traces 0,44 0,67 0,11 0,11
Na,0 0,06 no anal, 0,03 Q,% 0,05 no anal. no anal, 0,05 no anal, no anal,
Kas 0,03 no anal. no anal, noanal, 0,02 no anal, no anal. 0,04 no anal. no anal.
1L 1458 0,70 - - 1,54 0,93 0,68 1,88 0,75 -
total 100,34 100,31 99,24 101,35 99,53 100,21 100,27 100,65 100,85 99,30
o M2 94 9,2 5¢3 10,5 92 . 9,2 8,0 8,2 68

(Ca/Ca+Mg) .00 50,3 -



punite,within the zone of me teamorphism, underwent recry-
stallization to often give rise to pegmatoid textures. A
body of the pegmatoid dunite in antigorite-olivine is ex-
posed in the upper course of the stream. Coarse olivine
crystals display distinct cleavage, along which flaky an-
tigorite occurs. Chrome-spineliid is also recrystallized
to form irregular dissiminated impregnation,chains, aggre-
gates of fine (fractions of mm) - to coarse (up to 3 mm)
idiomorphie crystalls. Along with chrome-spinellid,the
dunite exhibits fine-grained magnetite.

As opposed to harzburgite and dunite with a looped
serpentinization,physical properties (density and megne-
tic susceptibility) of the aforesaid ultrabasic metamor-
phie rocks greatly vary.

The metamorphism of the ultrabasic rocks is typical of
the Volkaro-Syninsky massif. Fig.I4 (Khoilar,) shows a si-
milar structural position of the metamorphite and a simi-
lar sequence in the change of mineral paragenesis.
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DAY 8

Purpose. Relationship between magmatic and metasomatic
processes in the formation of the banded-series rocks.

gtop 8-I, Pyroxenite and gabbro veins in dunite (G.N.Sa-
velieva). A dunite body occurring close to the contact
with harzburgites outerops in the left bank of the Lev.Pay-
era river. In places where the body pinches out (morth
and south), dunite is rimmed by wehrlite, troctolite and
clinopyroxenite. In the central part of the body dunite
is intersected by sublatitudinally striking gabbro veins
with thickness varying from several centimeters up to 2 m
with contact zones steeply dipping northwards. The veins
are concordant to the contact between gabbro and the main
harzburgite massif. Some of the velns strike north—east-
wards and sublongitudinally. The composition of the rocks
in the veins is wvariable. There are olivine, bipyroxene,di-
opside gabbro and anorthosite within one vein. Most of
the veins are of a banded structure caused by an alterna-
tion of the aforesaid rocks with a linear-plane orientation
of minerals. There are some veins, the central parts of
which are composed of fine-grained gabbro, whereas the mar-
ginal =zones, of pegmatoid gabbro, Inverse relations of
structural varieties are not so common, There are veins
with an assymetric zoning with troctolite grading,from
one contact to another, into gapbro-norite and then into
diopside gabbro and anorthosite. Gabbro-norite ferrum con-
tent in these veins greatly increases as compared with
that of troctolite (Teb.I2). :

Along the strike gabbro veins occasionally grade into
pyroxenite. The major veins contain angular dunite frag-
ments, the boundary of which is rimmed by the gabbro ban-
ding, however, in places, the banding is greatiy discor-
dant to a vein inclusion or boundary.

There are several types of vein contacts with enclosing
dunite. The most common type is represented by an abrupt



Table I2
Troctolite (I4—6) and gabbro (I4a—4)

composition
I4-6 T4ty I14-6 T4y
5102 42,00 43,56 Cal 4,67 12,04
Ti0, 0,13 0,I3 Na20 044 0,50
5_1203 558 20,88 K20 0,08 0,04
o 0,04 0,0
F9203 I,48 I,88 P2 5 ’ »09
FeO 8.04 8.?6 'I.Iln 2.54 0.16
MnO 0,18 0,I3 Total 099,48 99,20
Mg0 34,32 II,I9 £ I2,0 Sholt

change of rocks with an unaffected grain' size in the
contact zone. In ather cases gabbro dunite is saturated
by the irregular impregnation of diopside at the vein
exocontact. Diopside forms fine xenomorphic grains fil-
ling in interstitions among olivine, large skeleton crys-
tals (ﬁoikiloblast) or occurs as broken chains subparal-
lel to the vein contacts. Plagioclase grains, occurring
alongwith diopside or separadiely, occupy the same positi-
on in the rock structure as diopside.

Not uncommonly, gabbro smoothly grades into pyroxenite
which, in its turn, grades through wehrlite with a decrea-
sing amount of pyroxene into dunite. Occasionally, there
are cloudy aggregates of irregular plagioclase impregaa—
tion at the exocontact with gabbro, while troctolite por—
tions develop between the veins. In some cases,gabbro or
pyroxenite veins,which pinch out,are traceable along the
strike as diopside or plagioclase grain chains.

The aforesaid relationship between veined gabbro and
enclosing dunite is attributed by a number of investiga-
tors - V.F.Morkovina, A.A.Rfimov through the mechanism
of high-temperature metasomatic processes 750°> T » I000%=

to an intensive diffusion of Ca,Al and Si into the essen=—
10-3 208 153



tially magnesia substratum (dunite or harzburgite). Opi-
nions on a Ca,Al,8i source greatly differ. We suggest that
magmatic gabbro intruding into essentially magnesia ultra-
basic varieties may serve as the source. The temperature
of enclosing ultrebasic varieties should apparently be
close to the temperature of the process,which may be pro-

ved by the constant absence of chilled zones in gabbro
veins.



DAY 9

Purpose. Lemvian facies in the section of Paleozoic rocks
in the Bolshaya Khoila river (Fig.I5).

Stop 9-I. The .iddle Devonian Pagan suite (V.N.Putchkov).
Quartzy and calcareous sandstones, siltstones, shales and cherts,
which are rhythmically intercalated, outcrop up the stream (Fig.
I5). Variegated cherts contain poor remnants of Bifelian conodonts
and radiolarians.

Down the stream, in the rocky outcrops of the left slope, the
Paga suite consists of different bedding (graded, parallel,obligue)
flysch hyerogliphs and ripple marks. Still down the stream there
are some intercalations of carbonaceous shales and cherts with ba-
rite—enriched interlayers and nodules.

Stop 9-2. Condensed cross-section of the Silurian-Lower Devonian
Kharota suite (V.N.Putchkov).

200 metres down the stream there outcrop carbonaceous shales and
cherts with interlayers and large concretionary lenses of dark
limestones of the radiate-fibrous structure and @yrite nodules.
The shales and cherts contain Llandoverian graptelites. Lown the
stream, there appear some interlayers of light yellowish-grey lime-
stones (argillaceous, nodular — of a "griotte" type — and banded-
laminated limestones). The Lower Ludlowian graptolites may be
found in the shales and cherts.

Stop 9-3. Thin-thrust slices of the Paleozoic cross-section
(N.HN.Putchkov).

The section exposed in the left bank of the canyon may be well
observed from the right bank, I200 m down the stream. The section
consists of rocks of the Vorgashor Lower-middle Carboniferous,
Kolokolnenya Upper Devonian as well as Paga and Kharota suites.
Intensively folded, the rocks compose a series of minor thrust
slices, 50-I50 metres wide.

In the left bank of the canyon we first come across the outcrops
of the Vorgashor suite represented by siltstone, light-grey lime-
stone, dolomitized limestone and the lower phtanite member, inter-
calated with light siltstone with relics of radiolarians and the
Tournaisian foraminifera, and limestone concretion lenses. Down
the stream, those rocks grade into light-coloured flints, cherts
and shales (grey, grey—-green, reddish) with phtanite and fine-
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grained limestone interlayers. Thin-bedded cherts, in places,
contain abundant conodonts upon the bedding surface: the Famen-
nian, in the uppermost part of the sectlon and the Fransian, in
the lowermost part. The Upper Devonian and Carboniferous cross—
sections are unusually thin because of overthrusts and sedimen-
tation ( the cross-sections are condensed with the total thickness
of the full section not exceeding 500 m, i.e.3-4 times less than
the tHékness of the contemporaneous rocks in the adjacent shelf
zone).

Sti1ll down the stream the Upper Devonian and Silurian-Middle
Devonian rocks are faulteds against their contact. The rocks of
the Kharota suite, which are in contact with the Upper Devonian
rocks, are greatly deformed, however, lithologically similar to
the rocks of this suite within the area marked 9-2. A layer of
tentaculitic nodular limestones of the pelagic appearance (a "gri-
otte" type" is quite z common feature in the area. This is a mar-
ker bed which is traceable in the Lemvian facies within I,000 km
from the Palkhoy ridge to the Verkhnaya Petchora river and con -
tains conodonts of the uppermost Lower Devonian. The limestones
are overlain by a 0.5-metre bed of shales with conodonts. Upward,
with a slight signs of erosion at the base, there occurs a layer
of the Middle Devonian quartzitic sandstones of the lowermost
strata of the Paga suite. The stratigraphic contact between the
Kharota and Paga suites may be observed five metres above the
water.

The outcrops of the Kharota and Paga suites in the down-stream
terminate as a new shear zone where the rocks of those suites are
in contact with dolomitized limestones of the Carboniferous Vorga-
shor suite.

Stop 9-4.Relationship between the Vorgashor, Kolokolnya and
Ketchpel suites (V.N.Putchkov). -

We cover about 600 m along the right river bank, passing by the
extensive limestone and chert outcrops of the Vorgashor and Kolo-
kolnya suites. The rocks of the Vorgashor sulte form a syncline
with a prominent limestonefoompoaed core. Then we again proceed
to the left bank with an evident tectonic uvountact between the Ko-
lokolnya suite cherts and a member of intercalating phtanite, lime-
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stone and siltstone of the Vorgashor suite. A conformable contact
between the Vorgashor and Ketchpel suites is repeated several
times within a range of about I00.m downward in a complex dislo-
cated sequence. The uppermost strata of the Vorgashor suite con-—
sist of shales, oherts and phtanites with a horizon of phosphate-
containing concretions; the horizon is well-traceable along the
whole Lemvian zone. The Middle Carboniferous conodonts were found
in the similar member to the south of the area (the Kolokolnya
river).

The Ketchpel suite, which conformably overlies them, is repre-
sented by inteércalating polymictic sandstone, siltstone and carbo-
naceous claystone with vegetable detritus. The lowermost strata
are noted for interlayers of siliceous claystone and calcareous
arenaceous concretions. The lower age limit ofthe Ketchpelsuite
is marked by its conformity with the underlying fossiliferous
Middle Carboniferous deposits, the upper limit, according to the
lowermost Artinskian stage of the Lower Permian. The suite contains
the Lower Permian miospores. Greywacke of the Ketchpel suite is
characterized by the permanent presence of chrome-spinellid frag-
ments.

Down the stream there is a conformable contact between the Vor-
gashor and Kolokolnya suites. The cross-section starts with the
Vorgashor limestones which may be compared, in terms of lithology
and position in the section, with limestones of the Kharuta river
containing foraminifera of the Upper Visean (Eliseyev, I1973).

These are underlain by a thin (50-55) m) phtanite member with

light siltstone interlayers. This member is related to the Vorga-—
shor suite and may by attributed to the Kiddle, Lower Visean, Tour-
nalsian and partially to the Upper Famennian.

There are outcrops of light (grey, green and pink) cherts below
this member with limestone interlayers and conodonts of the Upper
and Lower Famennian boundary layers of the Kolokolnya suilte.

Stop 9-5. Terrigenous flysch of the Ketchpel suite (V.N.Putchkov).

600 m down the stream there are extended and practically conti-
nuos outcrops of Ketchpel greywacke (c3 = PI) with the pronounced
lithological features of the suite section, viz.polymictic compo-
sition, rhythmioal graded bedding, flysch hyerogliphs, etc.

Investigation of the Paleozoic rock section in the Bolshaya Khoi-
la river canyon gives us a general idea of the Lemvian faocies which
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are located close to ophiolites in the present structure. The Pre-
Upper Carboniferous part of the section (including the Ordovician
rocks) is represented by alternating thin condensed siliceous-
clayey-calcareous members and thicker terrigeneous flyschoid strata.
The latter include mature essentially quartzitic sediments, which
is an evidence of the western platform source of sedimentary trans—
port. The peouliar‘features of the rock structure, the pelagic
nature of the fauna and the paleogeographic position directly to
the east of the typically shelf facies of a Eletsk type indicate
that during the Ordovician-Carboniferous period the Lemvian facies
were deposited within the slope and rise of the passive continental
margin. An immature, polymictic, terrigeneous material appears in
the Carboniferous with close intrageosynclinal uplifts in the east
serving as sources of the sedimentary transport. There were also
outcropping ophiolites serving as a source of chrome-spinellid
abundant in the uppermost formations of the Lemvian zone. The ophio-
lites and eugeosynclinal deposits of the easterm tectonic blocks
were brought into direct contact with the Lemvian rocks only in the
Post-Carboniferous time and the amplitude of their tectonic dis -
_placement should be rather high. Thin thrust slices of the cross-
section under consideration are typical of the Lemvian zone where
they may be observed along with larger overthrusts. The maximum
amplitude of one of the overthrusts in the south of the zone is
I8-20 km.
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Purpose. Relationship between greenschist, glaucophane
schist and amphibolite metemorphism of rocks in the sec=
tion underiying the ultrabasic rock-gabbro complex in the Sredny
Ketchpel river (Fig.I6).

gtop I0-I. Greenschist and glaucophane schist me tamor-
phism of the gilurian-Devonian #edimentary-volcanic sequen-
ces (VeIslennykh)e

The route starts with an examination of the section with an
exposed 500-meter thickness of intercalating black carbanaceous
shales and cherts,micaceous-quartz schists with epidote
and carbonate in sandstones and siltstones and greenschists-
in basic effusives. The chemical composition of the green-
schists is given in Table I3 (sample 20I,a,8,r-).

Up the stream from the mouth of the right tributary the-
re are green and epidote glaucophane schists (basic metaef-
fusives) exposed within 300 m. The epidote-glaucophane rocks
oceur in the greensschists as large lenticular portions,

In addition to epidote (20-30%), glaucophane (I5-20%) and
albite (20-30%) they usuelly contain (Tab.I3,sample 2(2 &,d )
carbonate, whereas diaphthoritic varieties contain up %o 20-
30% of chlorite. Pyrite, magnetite,apatite, sphene are acces—
sories. The glaucophane composition, in terms of gtical ;
properties, greatly varies and it occasionally occurs as
crossite in the grain periphery. Epidote is similar in
composition to pistacite.

In the parallel cross-section, in the left effluent,
the transition from sedimentary-volcanie rocks, subjected to
greenschist metamorphism, to epidote—crossite schists in-
volves a zone of chlorite-actinoiite-albite containing law-
sonite and stiipnomelane.

Further along the route, the outerops of epidote-glau-
cophane schists grade into greenschist diaphthorites (I50
metres)s There are relics of epidote-glaucophane schists
(metaeffusives) in diaphthorites in its western part.East-
ward there are 'relics of garnet-glaucophane schists and
banded amphibolites formed in gaooro. The diaphthorite zone
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Table 13
Chemical composition of metamorphic rocks.of the western
exocontact of the Volkaro-Syninsky massif (weight %)
. 1 Tpidafe-glasco- i Glacsbate shAT ™R | lagtogsiss
201a 2078 201 : 202a 2025 _: 203a  20%k 192 i 20%-  20%-I
5102 40,51 50,43 47,05 44,17 47469 60,37 56,50 49,40 71475 73,16
710, 1,03 0,68 1,76 2,16 2,00 0,89 0,77 1,68 0,49 0,38
£L:l.203 14,84 16,15 17,03 15,09 14,28 14,82 15,19 13,50 12,74 13,41
F9203 3400. 2453 6,10 8,40 . 7480 3451 3,19 6,30 1,60 1,80
FeO 3,03 5,68 4,98 5,48 5¢ 56 4, 44 5¢75 6,56 2,52 1,49
1in0 0,08 0,13 0,13 0,40 0,16 0,14 0,17 0,14 0,06 0,04
Mg0 5456 6,95 552 4,93 6,00 3427 5,13 S.42 1435 1,08
Cad 13,80 8,68 8,60 10,53 9,10 5,26 8,68 . 10,24 2,36 0,85
Na 0 3,88 2,45 3,18 3,24 3,00 5,17 2,68 4,78 6,00 6,00
KEO 152 1,25 T, 70 1,10 1,38 0,17 0,24 0,10 0,12 0,20
P05 Ge19 0,11 0,20 0,26 0,25 0,To (0 = 0,23 0,13 0,06
1L, 13,16 5442 4,48 4,86 3,42 1,60 2,18 1,56 0,76 2,08
total 100,64 100,46 100,78 100,66 100,64 99,86 100,58 99,91 99,98 100,55
Volume
weight
gr/cu.cn 2,80 2,88 2,94 B 34716 3,18 3,00 3,26 - -




Ior

Tab.

13 (contnd.)

Garnet-glancophane sc'iist

Zoisitic amphibolite

sme lon s

204§ 206¢ 206¢-I 2044 204 3% 2045e~T 204 3
5102 55,63 43,82 47,18 45,0 44,09 47,59 48,14
Ti0 1,64 0,74 0,56 0,17 0,13 0,30 0,14
31255 14,95 18,67 19,52 20,30 27,14 18,82 20,71
Fe205 3,79 5,32 4,68 1562 1,63 2,28 2,25
Fel 6,53 6,54 S.47 Seldt 1,99 3,67 3417
¥nO 0,21 0,17 0,13 0,12 0,05 0,08 0,09
Kg0 2485 (% 529 .67 4,01 8,48 7400
Ca0 6,84 12,37 12,10 15,67 16,73 15,480 14,07
ﬁa20 2,83 1,67 2,11 1,06 1567 1,50 1,38
K,0 1,91 0,27 0,54 0,24 0,20 0,22 0,30
P205 0,50 "0,05 0,03 0,03 0,01 0,05 0,03
IL 1,64 3,38 2,88 3,10 3,12 2,62 3,16
total 99,77 100,53 100,49 100,52 100,77 99,46 100,45
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Table 14
Composition of minerals of glaucophane schist and amphibolites
along the Sredny Ketchpel river (weight %).
Compo- 192 : 192¢ Pageq 204 & P ooun P 1u1/s52X
nents Ga Gl 3 Ga Gl _Px 3 GlL. ! Ga Gl Nc : Hb___ i1 GCs
3102 39,25 51,11 37,84 52,70 52,96 55,26 38,18 54,19 50,08 47455 38,52
Ti0, 1,18 1,3+ 0,67 1,69 1,50 0,0 0,59 1,70 0,83 0,27 0,12
11205 19,43 12,96 20,017 11,9 9,74 10,97 20,15 12,92 27,23 12,77 52,19
Pe,0, 2,55 5,67 1,85 4,29 6,47 3,48 1,70 3,82 5,18 2,18 1,87
FeO 24,16 11,06 23,70 9455 4,26 7,58 24,78 10,34 5439 0,28
MnO 2,22 0,06 6,83 0,09 0,16 0,13 1,79 0,06 not determ. 0,16 0,03
Mg0 2,11 5,64 0424 713 5,97 10,95 2,71 5434 2435 16,01 0,186
Ca0 8,67 4,90 9,58 4,79 13,07 3,71 10,22 4,53 0,81 11,40 24,08
Na,0 4,16 4,50 6,00 4,84 3475 1,10 1,50 0,10
KEO not determ, not det. 0,10 0,25 1,04 Ap,AB 0431 0,04
H20 not determ. not det. 2,15 not determ. 2454 2,26
IL- : 4.50
total 99,49 97,86 100,72 26,68 100,13 99,78 99,52 97,09 100,26 99,88 99,67
F 88,5 5746 38,06 515 49,3 35,7 85,1 59,2 21,0 3,71
x) according to V.F.Morkovkina (1967) S Fo*2 4Fe*? 4 Mn Nein
- Fe+2 + Fe+5+Mn*Mg : ’
Pet? 1 zoi
f = « 100 (for zoisite)

Fet? 4+ a1



separates & slice composed of sedimentary-volcanic rocks
from metagabbroids of the ophiolite section occurring above.

gtop I0-2. Glaucophane schist meteamorphism of gabbro-am-
phibolites (V.I.Lennykh).

Blue garnet-glaucophane schists, frequently with chloro-
melanite, outerop within 400 metres up the stream. There are
thin intercalations of garnet amphibolite and plagiogneiss in
garnet-glaucophane schists. Ienticular portions of medium-
grained metagabbro may be found in fine-graimed garnet-glau-
cophane schists in the eastern boundary of the exposure.

Garnet porphyroblasts, up to 3 mm in size, compose 5-7%
of the rock bulk in garnet-glaucophane schists, the ground-
mass consists of glaucophane (40-50%), epidote (30-35%),
with subordinate albite, white mica (paragonite?), quartz.
The accessories are apatite, ore mineral. Rutile may also
be found occasionally. The chlioromelanite varieties contain
up to 25% of pyroxene. The cnemical composition of garnet-
glaucophane schists with chloromelanite is given in Table I3
( sample 205 A, % ,T792e), the mineral composition is indica-
ted in Table T4 (sample T92 ¢, T .

The grey garnet amphibolites of the exposure differ from
the garnet-glaucophane schists in a low epidote content
(I0-1I5%). Plagiogneisses (see Table I3 sample 2034 % ) in ad-
dition to albite and quartz, contain epidote, glaucophane,
garnet, paragonite.

After T,000 metres of the unexposed area there outcrop
garnet-glaucovhane schists which in terms of the chemical
and mineral composition (sample 204 & ,Tab.I?,T4) are close
to the rocks of the previous exposutre, differing only in a
coarse-grained texture. Those garnet-glaucopheane schists
grade into outeropping zoisitiec amphibolite, thin-banded epi-
dote-amphibole blastomylonite and medium-grained glaucophane
blastomylonite. The zoisitie amphibolite (sample 204 u ,Tab.
I3,14) consists of hornblende,close to pargasite,and zoisite.
Tn the zoisitic amphibolites there are wehrlite and clinopy-
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Table IS5

Chemical composition of metamorphosed gabbro-
pegmatite veins and minerals composing them

(weight %)
1 LO=-
b cmanis DIk - aite.campis 20M
TOCK Hb “Ep+FL Tock GI  TPl+Ep+Mc
S0, B0,79 39.25 58,25 46,08 49,89 L4674
T40, I,58 2,25 0,04 0,81 I,37 0,20
AL 0; 19,93 15,37 26,50 20,90 I4,39 24,39
Fe, 05 5,70 6,45 }5.41 5,69 4,69 4,22
Fe0 7482 II, IO 3469 8,653 I,28
MnO 0,16 0,18 0,I0 0,II 0,I0 0,15
¥g0 5,38 10,26 0,05 4,0I 10,86 0,08
Ca0 2,38 10,34 12,43 I2,I0 3,61 15,52
Na,0 2,36 2,00 4,00 3,24 4,16 2,88
K,0 0e24 0,4 <K0O,I 0,40 0,26 0,52
%% 0,62 not detrm.0,42 0,48 not determ.l,IB
I.L. 3.0 2,18 2,23 2494 not determ.2,0%
rotal 100,02 99,73 99,59 I00,4I 97,66 99,22

roxenite lenses, up to several meters in size. Those rocks
are greatly altered and contain, in addition to relict Dy-
roxene, chlorite, antigorite, amphibole close to cumming-
tonite and talc. Among thin banded epidote-amphibole blasto-
mylonites IOO metres from the frontal border of the exposu-
re,there outcrops a lens of massive zoisitic amphibolite
with rather sharp contacts with enclosing blastomylonite
(Teb.I3, sample 204 emphibolite, 204x - T - blastomylonite ).

Further, up the stream there vuterop specific medium-
grained glaucophane blastomylonites.
consist of lens-like accumulations or
glaucophane and clinozoisite. Relies o
are oceasionally present among glaucop)

hane lenses. The che-
mistry of the glaucopheane blastomylonites (Tab.I3 sample

The rocks Primarily
bands of pale~blue
f pargasi te grains’
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2060206 c~I) does not practicaily differ from that of dru~
sites and bipyroxene blastomylonites of the Khord-Yus mas-
gif. The glaucophane gabbro-pegmatite veins consist of the
micaceous-epidote groundmess (60%) and glaucophane lenses
(40%) composed of several coarse grains of low-ferruginous
light-blue glaucophane (Tao.I5, sample 2D4n).

Comparing the composition of hornblende gabbro-pegma-
tites (Tab.I5, s ample I3IA ), glaucophane blastomylonites
and the minerals composi ng these rocks, we may come to the
conclusion on the redistribution »f calcium and sodium bet-
ween amphibole and plagioclase under blastomylonitization.

Glaucophane blastomylonite alternating with zoisitic am-
phibolite is traceable from the zoisitic amphibolite lens
up the stream within about 600 m and in the open portion
of the corrie grades into greenschist diaphthorite- in amphi-
bolites. In the corrie walls metagabbroids are seen to gent-
ly plunge under foliated, altered ultrabasic rocks.

Moamucamo k newatn 14/Y1-1978 T,

O6sém 10,25 na,+1 pxn, Tup., 500 ska, 3ax, 208
O¢ceTnoe MPOM3BOACTBO 3=-# THNOrpaduu
H3pnaTenscTea “Hayka”

Mocksa K45, yn, Xnanosa, 12/1
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