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a.v.ogroscvariZe
kavkasionis hercinuli granitoiduli magmatizmi

wigni momzadda avtoris mier kavkasionze 1980-1995 wilebis ganmavlibaSi Catarebuli komplegsuri
geologiuri samuSaoebis Sesrulebis Sedegad da dasabeWdad mzado iyo 1997 wels, magram obirqturi
mizezebisy gamo es ver moxerxda. miuxedavaT imisa, rom mas Semdeg sakmaod didi dro gavida vfigrobT,
rom Sroma kvlav inarCunebs agtualobas. amave dros, rogorc Cans uaxloes momavalSi ar isaxeba
kavkasionis hercinuli granitoidebis kvlevis perspeqgtivebi, ris gamoc gadavwyviteT misi gamoqveyneba axali
monacemebis damatebiT.

wignis Sesaval nawilSi mokledaa ganxiluli granitwarmoSobis problema, misi kvlevis dRevandeli
mdgomareoba da granitoiduli magmatizmis roli da adgili dedamiwis gergis evoluciis da sasargeblo
wiaRiseulis formirebis procesebSi.

wignis ZiriTadi nawili emyareba avtoris mier mopovebul mdidar faqgtiur masalas da liTosferuli filebis
Teoriis fonze komplegsuradaa Seswavlili  kavkasionis hercinuli  granitoiduli magmatizmi da
SemoTavazebulia misi geneturi modeli. amasTan erTad, Sromis dasasruls, detaluradaa aRwerili sakenis
hercinul granitoidul intrizivTan sivrcobrivad da geneturad dakavSirebuli avtoris mier mikvleuli hokrila-
aCaparas ogros madangamovlineba.

A.V.Okrostsvaridze
HERCYNIAN GRANITOID MAGMATIZM OF THE GREATER CAUCASUS

The book has been prepared by the author as a result of the research work carried out during 1980-
1995 in the Greater Caucasus and it was ready for publication in 1997, but due to certain reasons it
was not printed. Though, quite a long time has gone since then, we consider that the work still
remains urgent. Besides, the situation shows that the investigation of Caucasian Hercynian
granitoids most likely will not be carried out in the nearest future. Due to this reason we have
decided to publish it adding new data.

The first part of the book shortly deals with the contemporary situation in the investigation of
granitoids- the role and place of the granitoid magmatizm in the evolution of the continental crust,
and the processes of formation of mineral resources.

The main part of the book relies on the vast factual material obtained by the author of the book. On
the base of the theory of lithospheric plates, Caucasian Hercynian granitoid magmatizm is
thoroughly investigated and petrogenetic model is introduced. At the end of the work, a Hokrila-
Achapara gold ore-mineralization, revealed by the author of the book, and related in space and
genetically to the Sakeni Hercynian granitoid intrusive, is described in detail.

OradasieHnue
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['eonorusi, ¥ KOHKPETHO METPOJIOTHS, UCCIEYEMbIX TPAHUTOHIOB BBI3BIBACT OOJIBIION HAYYHBIA U
MPaKTUYECKUH MHTEPEC, TaK KaK OHU SIBIISIOTCS OJHUM W3 BOXKHEHIIMX KOMIIOHEHTOB TePIMHCKON
oporeHHoil cucreMbl bonbmioro KaBkaza u, BMecTe ¢ TeM, ¢ HUMHU CBSI3aH Psii 3HAUUTEIbHBIX
MECTOPOXACHUN TOJIE3HBIX HCKOMaeMbIX. JIJIs TEpIUMHCKOr0 TIpPaHUTOUIHOTO MarmaTru3Ma
M3y4aeMOro pPEruoHa HE CYIIECTBYET €AMHON MEeTPOreHEeTUYECKONM MOJENM W MO3TOMY TJIaBHOM
IIeJIbI0 aBTOpa ObLIA MOMBITKA CO3JaHUSI TAaKOW MOJENH, KOTOpas MOJTHOCTBhIO OBl OTpakaia poJib,
MECTO U PyI000pa3yrOIIHiA MOTSHIIMA OTMEYSHHOTO MarMaTru3Ma B SBOJIIOINH oporeHa bomibimoro
KagBka3a.

Kaxk HU3BCCTHO, 6OJ'IBIHa$I 4acTh KOHTHUHEHTAIbHOMN KOpBI CJIOKCHA TI'pPaHUTOUIHBIMU mopogamMu M

(haKTHYEeCKH C WX TeHepamyel CBS3aHbI IPOIecchl ee GopmMupoBaHus. Mcxoas u3 BRINIECKa3aHHOTO, SICHO,
yro 03 JCTaNbHOrO M3YYCHHS TPAHUTOUJHOTO MarmMaTrh3Ma HEBO3MOXHO TOIHOCThIO BOCCTAaHOBUTH
KapTUHY (GOPMHUPOBAHUS U IBOJIOINN KOHTHHEHTATLHONW KOPHI.

W3yyeHne TpaHUTOMIHOTO MarmMaTH3Ma MOMHMO TJIOOANBHOTO TIO3HABATEIBHOTO 3HAYCHHS, HMEET |
0O0JIBIION MPaKTUYECKUI HHTEPEC, TAK KaK C MPOLleccaMy IPaHUTO0OPa30BaHMs YaCTO TeHETHUECKH CBSI3aHbI
MECTOPOKACHUSI ONaropoAHBIX, PEIKUX W IIBETHBIX METaUIOB. B pesymbraTe NpOBElNEHHBIX paboOT B
KpucTtamueckoM (QyHaamente bonpmoro KaBkaza, Hamu Oblla yCTaHOBJIEHA IPOCTPAHCTBEHHAsS U
TEHETHYECKAs CBA3b HECKOJIBKMX 3HAYMTEIBHBIX PYIONPOSIBICHUN C T€pUIMHCKHMHU IT'PAaHUTOMAAMH, Ha YeEM
MBI JI€TaJIbHO OCTAHOBUMCS B IIOCTIEIHEN TiIaBe.

HccnenoBanus mokasainu, 4To Kpucramnmdeckuil pynmament bonbimoro KaBkasza mpencraBiser
CcO0OM CIIOXKHYIO aKKPEIIMOHHYIO CTPYKTYPY, CPOPMHPOBAHHYIO B PA3IMYHBIX T'€OJIMHAMHUYECKHUX
peXUMax, TJe Pa3BUINCh Pa3IMYHbIC TEHETUYECKUE THUIBI IPaHUTONI0B. KoMIIeKCHOe u3ydeHue
9THX TPAHUTOMJIOB TI0KA3aJI0, 4TO MX (OopMHpOBaHHE, B IIEJIOM, OBLIO OO0YCIOBIECHO CYOMyKIMEH
OK€aHCKOM Kopbl 1oj BocTouHo-EBponeickyt0o KOHTHHEHTAJIbHYIO IUIMTY, YTO B CBOIO OYEpPEb
OBLIO OTpeziesieHo mpolieccamu cyxeHus [laneoreruca.

B mepBoil 1iaBe KHWTH KPAaTKO OXapaKTEepHU30BaHA HMCTOPHS H3YUYECHHOCTH TPAHUTOHIIOB M HEKOTOpHIC

CHOpHBIE BONPOCHI MX TreHe3nca. PaccMOTpeH CIOXHEHIINI BONPOC 3BOJIOLMH TI'PAHUTOOOPa3YIOLIMX
IpoLeccoB, MpobiaeMbl (OPMHUPOBAHMS KOHTUHEHTAJBHOH KOPBI M OOCY)XIAIOTCS BOMIPOCHL CBSI3H
TPAaHUTOMJHOTO MarMaTh3Ma ¢ pyaoo0pa3ylolMMH MpolieccamMi. B 3Toil e TilaBe JaHbl aBTOPCKHE
MHTEPIPETALNHY OCHOBHBIX TEPMUHOB U MOHATHI NETPOJIOTUU IPAHUTONIOB.

Bo BTOpOil TnaBe KpaTKO OXapaKTepPH30BaHBI CTPYKTYpHO-(POPMAIMOHHBIE 30HBI KPHCTALTHYECKOTO
¢ynnamenta bonpmoro Kaskaza. B Tperbeil rImaBe maHbBl pe3yibTaThl TI'eOJOrO-NETPOrpaduvecKux
WCCIIEIOBAHUN pErvoHa M BBIIEJIEHBI YeThIpe TepIMHCKHE TpaHuTOHIHBIe cepu bompmoro Kaskaza. B
YEeTBEPTOM TIJlaBe, C MOMOLIbIO BapHAIMOHHOTO aHaM3a, MCCIEIOBaHBl IETPOXUMHUYECKHE OCOOCHHOCTH
W3YyYEHHBIX TPAaHUTOUJIOB.

B mocneayronux riaBax pacCMOTPEHBI TEOXUMUYECKHE 0COOEHHOCTH TePIUHCKUX TPaHUTOUAO0B boibiioro
Kagpkasa, u3ydeHsl Mopoaoo0pa3yroinue MHHEpalibl, a TAaKXKe TepMOOapruIecKuii U (DIFOMIHBIN PEKUMBI UX
obpazoBanmsi. B 1eBsATO# T1aBe MaHa METPOTCHETHYECKAas MOJETh TEePIMHCKUX TPAaHUTOUIOB bombIoro
KaBkaza. Kuaura 3akaH4ymBaeTcss ONMCaHUEM W aHAJIM30M OOHapyXeHHOro aBTopoM OKpuiia-Adanapckoro
30JIOTOPYIHOTO TIPOSIBJICHUS, CBS3aHHOTO ¢ CaKkeHCKMM TPAaHUTOWIHBIM WHTPY3HMBOM TEPIIMHCKON
TeHEepaLUH.

Pabora moaroroBiena B otnene mnerpojoruu WHctutyTra Teomornun uM. A.U.J[xanenmmmze. Ilonesbie
UCCIIEIOBaHUs, MPU KOTOPBIX ObLIO oTOOpano Gojee 3000 oOpa3LoB, OCHOBBIBAIMCH HA KIIACCHYECKHX
MIPUHITUIIAX MeTpoJioTHH. Bo BpeMs KaMepallbHBIX paboT 0puT0 ommcano 6osee 5000 mpo3padHbIX TUTH(OB U
10 200 nonupoBaHHbIX aHIUTH(OB. beuto nmpoBeaero 6osnee 1000 MONMHBIX CHIMKATHBIX aHAJIM30B MOPOA U
270 aHaNM30B MOHOMHHEpaioB. ATOMHO-a0COPOLMOHHBIM MeTonoM, mpumepHo B 2000 aHanmm3ax, a
KOJTMIECTBEHHO-CIIEKTPaIbHBIM - 0 3000, B mopoaax Obliia ompeneacHa KOHIICHTPAUs PyIHBIX 3JIEMEHTOB.
Ha wmukposzongoBom anammzatope "CAMEBAX MICROBEAM" 6buio BeimonHeHo 10 5000 TOoYeUHBIX
aHAJIM30B MUHEPAJIOB, PEHATCHOCTPYKTYPHBIM METOIOM ObLIO H3ydeHo 110 MOHOMUHEpaIbHBIX (paKIni, a
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METOJIOM H30TOIHOTO pa3bdaBicHus B 40 oOpasmax OmpelesieHO COACpIKaHUE PEeKO3EMENbHBIX 3JIEMEHTOB.
B 70 o6pa3nax rpaHUTONAOB KPHOMETPHYECKAM METOJIOM HCCIIEIOBAHBI Ta30BO-KAIKHE BKIFOUSHHUS, a B 25
o0pasiax MeToJJOM XpoMaTorpaduu ObLIO OMPEACICHO KOJUISCTBEHHOE COJIepKaHue 12 pa3InyHbIX Ta30B.

B 3akiroueHune aBTOp BRIpaXKaeT 0JIaroJapHOCTh TEM JIMI[aM, KOTOPBIC BHECIIH CBOU BKJIAJ] IIPU TIOJTOTOBKE U
myOnMKaIyu 370l  padoThl, APY3bsAM, KOJUIETaM, CTYJCHTaM M MECTHOMY HACCICHHIO KOTOPBIC IMOMOTalld
MHE INpH TPOBEJICHUH CJIOKHBIX, HO OYCHb WHTEPECHBIX M MHOTOJICTHHX MOJIEBBIX paboT. Bripaxaro
IyOOKyH0 OJarolapHOCTh BCEM COTPYJIHHKAM TeX J1a0OpaTOpHid, riae ObUIM TPOBEACHBI aHAIUTHUCCKUC
paboTHI TOOBITOTO HAMHU MaTepHaa.

I'myGokyro 01aroITapHOCTh BEIPAXKAK0 OCHOBATEIISAM I'PY3HMHCKOHN TETPOJIOTUIECKON IIIKOJIbI, HBIHE ITOKOHHBIM
uneny-koppecnongedtry AH I'pysun, npodeccopy I.M.3apuaze u AOKTOpY TreorI0ro-MHHEPATOTHIECKUX
Hayk, npodeccopy H. ®. TarpumBuim, KOTOpbIE Jadd BO3MOXHOCTh aBTOPY pabOTaTh B METPOJIOTHU
IPaHUTOUIOB U YbW MCCJICIOBAHUSI BO MHOI'OM OINPEIC/IMIIN HApPaBICHUE 3TOH pabOTHI.

Oco0yto 61arogapHOCTh BBIpaXKar0 MOEMY YUHTENo, wieHy-koppecrnonaeHty AH I'pysun, mpodeccopy
Jd.M.lenrenua, 3a peIakTUPOBAHUE NAHHON KHHUIHW, IOJIE3HbIE KOHCYJIbTAUUU U MOCTOSHHYIO MOMOIIb B
nporecce padoThl. Bblpakaro GyarogapHOCTh OAHOMY U3 JIMIEPOB I'PY3MHCKOW IE€OJOrMYECKHH LIKOJIbI,
akagemuky AH ['pysunm W.I1.'amkpenunze, 3a mpumep 0€33aBETHOTO CIY)KCHUsI TE€OJIOTHMH W 3a LICHHBIC
Hay4YHbIE KOHCYJIbTALlUH.

Bonbiryro GmarogapHocTh Beipaxaro wieHy-koppecnonnenty AH ['pysun, npodeccopy M.B.Tomunmsuiy,
KOTOPBIH BCeraa NOAAEPKUBAJI MEHS, U 10 HACTOSHUIO KOTOPOr'o 3Ta KHUra ObljIa OIyOJIMKOBaHA.

C uyBcTBOM OONBLIOrO YB@KEHHS BCIOMHAI0 BEJIMKOJICHYI JIMYHOCTb, JOKTOpa TI'€O0JIOro-
MHUHEpaJIOTHUeCKNX Hayk, npodeccopa . A. BenuKocIOBHHCKOTrO, KOHCYJNBTAllMd KOTOPOTO BO MHOTOM
MOMOTJIM MHE B TIOJTOTOBKE JaHHOW paboThl. BeIparkaro MCKPEHHIOK OarofapHOCTb JIOKTOPY T'e0joro-
MHUHEpaJIOrHuecKux Hayk, npodeccopy I'. JI. Onukanze, KOTOpBIH Beerga ¢ 0COObIM BHUMAaHHUEM CIIEIHI 3a
MOei Hay4HOU paboTOi, CBOMMH IOJIE3HBIMU COBETAMHU OKa3bIBaJl OOJIBIIYIO TOMOIIb U CIYKWI HPUMEPOM
npo¢eCCHOHAIBHOTO M JOOPOCOBECTHOIO OTHOIIEHHS K HaYyKe.

Hckpennoo 061arogapHOCTh BBIpAXKaI0 JIOKTOPY Teojoro-muHepanorndeckux Hayk O.3.[dynmaypu, 3a
o0cyXJIeHe MaTepUaIOB JTAHHOW pa0OTHl W IIEHHBIE COBETHI. 32 OKa3aHHYI MOMOIIb W TOINEPKKY MpH
paboTe HajJ JaHHBIM UCCIEJAOBAHUE BBIPAKAID HCKPCHHIOK O0J1aroapHOCTh, KaHIWJAaTaM TIeoJIoro-
muHepanorudeckux Hayk M.I. Torommmze, K.C.Uuxemunze, I'.JI.Unumnamze, ueiHEe mokoiHo# [I.H.
KenxoBenu u BceM coTpynHukam otaena nerpojoruu I'eonornueckoro uacturyra AH I'pysuu.

Bripakato  O61arogapHOCTb MOUM  JIpY3bsIM-T€0JIOTaM, KaHAMJATaM Te0JIOrO-MHHEPATOTHUECKUX HayK
W.3.Mranobmumsuny, JI.b.bamenenmBrumm u .M. biayamBuim 3a moaaepxky MpH NPOBEIECHUM TOJEBBIX
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Ab — anpbur
Act- akTHOIUT
Adu-anyssip
Alm —anpmanIus
Amph - amdubon
An - aHopTHT
Andl - anmanysur
Andr - anapaaut
Apt - amatut
Aug - aBruT
Bt - 6uoTut
Cc —xanpuur
Chl - xtoput
Cor - kopauepur
Cum - KyMMHUHTTOHUT
Ep - smmor

Grt- rpanar

Hbl — porosast oOmanka

IIm - unpMeHuT
Ksp- kaimeBbIif T10JIEBOH IIITaT
Mgt-maruetut
MikKr - MuUKpoKIuH
MSs - MmyckoBUT

Ol - onuBuH

Ort - opTokias

Pl - marnoknas
PX - mapokcen
Qtz - xBapiy

Ser - cepuut

Sf - chen

Sill - cuumanuT
Spi - mmuHeNDb

St - craBponut

Tu - rypmanun

Zr - TUPKOH

ZS—110€3UT

Ludpsl mpu cuMBoONax >Kele30-MarHe3uaibHbIXx MuHepanax (Grty;) — ux oOmas Kelae3ucTocTh, Ui
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mrarnokaza (P1?°) — Homep, a s kanmeBoro mosesoro mmara (Ksp'®) — coxepskanne B HeMm anbGHTOBOTO

KOMIIOHCHTA



1. OBIIAA XAPAKTEPUCTUKA I'PAHUTONJI0OB

I'panuTonApl, SABISAACH OCHOBBIMH MPOTYKTaMM IUTyTOHHYECKOTO MarmMaTu3Ma, CIOKEHBl 3€pHHUCTBIMU
KpHCTaJJIaMU TIOJIEBBIX INIIATOB U KBapua. B HMX B HEOONBLIOM KOIWYECTBE PACCHINAHBI YELIYH CIIOX U
pexxe ampubonoB. [lo Bcell BEpOSTHOCTH 3THMOJIOTMYECKH CIOBO "TPaHUT" MPOHMCXOAMT OT JATHHCKOTO
cioBa '‘granium', 4ro o3HayaeT — 3epHHCTBbIi W 1Mo D. BermaHy 3TUM Ha3BaHHWEM MbI OOS3aHBI
Banepuycy (1700-1785), kOoTOpBIii BIiepBble TPUMEHWIT 3TOT TEPMHH I 0003HAYECHUS 3E€PHUCTHIX MOPOJI,
COCTOSIIIMX M3 TOJIEBBIX INMATOB, KBapua u ciof. CieayeT oTMETUTb, YTO YacTh HCCIENOBaTeled moj
TEPMUHOM "TpaHUT' NMOHMMAIOT BECh CIEKTP I'PAaHHUTOB, a APYIHE 3TH IMOPOAbl OOBEIMHSIOT B TEPMHUH
"rpanuronn’". B nanHo# KkHHTE 1T 0003HAYSHUS IMPOKOTO CIIEKTPa TPAaHUTOB OyIeT HCIOIb30BaH TEPMHH
"rpaHuTOHABI", a O] TEPMUHOM "TpaHuT" OyAET MOoApa3yMeBaThCsl OOIETPUHATOE OIIpeIeliCHHE TPAaHUTA.

1.1. OcHOBHBIE 3TaNbI UCCICAOBAHUS TPAHUTOUJOB

IlepBblil cepbe3HBId HAYYHBIN aHAIW3 TPAHUTOUIOB JaH B MU3BECTHOM TPYHAE BBIAAIOLIETOCS MIOTIAHACKOTO
ecrectBoucnbiTarens JDkeitmca Xarrona (1726-1797) "Teopuss 3emuu". OH TEpBBIM  ONPEAEIHIT
IMPOCTPAaHCTBCHHO-BPEMCHHYIO CBA3b T'€OJIOT'MYCCKUX CO6BITI/II\/'I, a TaKXXC YCTAaHOBWJI pOJIb MarmMaTrmuima,
CeIMMEHTAllMM M S5pOo3ud B Iporecce (QOpPMUPOBaHMS 3E€MHOH KOpPbl M MOKa3aj, YTO TIPaHUTOMIIBI
NPECTABISIOT COOOH MHTPY3UBHEIE MOPOJIBI, KOTOPBIE CEKYT M Apo0sT BMemarIyto cpeay. OH ke nepBbIM
yKa3aJl Ha TO, YTO OCHOBOW H3yY€HHMS TPAaHUTOHMIOB M BMELIAIOIIUX IOPOJ SIBISIOTCS HMX AETalbHbIC
MIOJIEBBIE MCCIIEJOBAaHUs, CIEIOBATENIbHO, MOXHO CKa3aTh, 4To J[.XaTTOH sBIsSETCS OOHUM W3 YYEHBIX,
3aJIOKUBIIUX OCHOBY HAYYHOI'O M3YUCHUS I'PAHUTONI0B U B ICJIOM I'€OJIOT'MH, KaK HAyKH.

Hcropuveckn Obun chOpMHPOBaHBI JBE OCHOBHBIE TeOpUH OOpa3oBaHMs TrpaHuTOHI0B. OmHa Tpymma
ucclieioBaTeNnell yTBepikaana, 4YTo OHU SBIISIOTCS MarMaTH4ecKUMHU 00pa3oBaHHSIMU, a [0 MHEHHUIO JIPYTOH
rpymnisl — GOPMUPOBAHUE TPAHUTOMIOB IPOUCXOAMIO METACOMATHIECKUM IIyTeM. DTOT CIIOp HayaJcsl eIe
B XIX Beke m ocobenHo oGoctpwics B 50-x romax XX-ro. BuIHBIMH TpHUBEp)KEHIIAMU TEOPUH
Marmatudeckoro reHesuca rpanutoupoB Obumm [1.Hurn, H.boyen, A.JleBuncon-Jleccunr u ap. — T.H.
IyTOHUCTHI. COTJIaCHO WX KOHICTIMH TPAaHUTOWABI SBISIOTCS MPOJYKTaMH KPUCTAJUTM3AIMKU 0a3UTOBOM
MarMel. Mpmero ¢GopMHUpoBaHUS TPaHUTOUIIOB ITyTEM METACOMATHUYECKOTO NpPeoOpa3oBaHUsI OCAJTOYHBIX
nopoz pazsuBanu X.Pambepr, X.Pun, X.Berman u np. — T.H. HenTyHHCTHL. CliefyeT OTMETHTD, YTO yUEHbIE
000MX HaNpaBIEHWH YaCTUYHO pa3feNisifl WAEU APYr Apyra, B YaCTHOCTH, MO MHEHHMIO MarMaTHCTOB
METOCOMAaTH3M BBI3BIBAETCA JEHCTBHEM SMaHAUN T'PaHUTOUIHON MarMmel, a, 10 MHEHUIO METaCOMaTHCTOB, B
HEKOTOPBIX CIy4yasX, METacOMaTH3M BBI3BIBAET TE€HEpalMI0O TPAHUTOMIHBIX paciuiaBoB. B mpouecce
W3y4YeHHs] TPAHUTOUJIOB 00a ITHX HANpaBJICHHS CTOJKHYJIHCH C IENBIM PSJIOM CEPbE3HBIX MpobieM, u3-3a
Yero MOSBUINCH HOBBIE, 00JIe€ MOJCPHU3UPOBAHHBIE TEOPHH.

[lepBas, 6bonee i MeHee cPoOpMUpPOBAHHAS TEOPHsS TPOUCXOXKICHUS TPAHUTOB BCTPEYAETCS B TPYAax
¢dpany3ckux reosnoroB XX B., KOTOpbIE BBICKAa3aJli MPEIION0KEHHE, YTO TEIUIO U 3MaHALUHU, UAYLIUE U3
rTyOUHBI 3eMJTH, BEIlyT K MpolieccaM, CeroHs Ha3biBaeMbIM IpaHuTh3anueid. B 80-x . 3nb e bomoH u ero
IIKOJa BONPOCHI TPAHWTH3ALMM TOJHSAIM Ha OYCHb BBICOKUH ypoBeHb. OHHM OBUIM TNEPBBIMH
UCCJIE0BATEISIMYA, KOTOpBIE IOIMYCTHJIM BO3MOKHOCTH BBIIIJIABJICHHS I'PaHUTHOTO paciulaBa W3 3€MHOU
kopel. [lo MX MHEHWIO, BBIIUIABICHHAs T'PAaHWUTHAs Marma, IOJ BO3JCHCTBHEM C)KMMAOIUX CHJI, 4acTO
NEepexoauT B MOOWIBHOE COCTOSHHME W B BEPXHHUX TOPU30HTAX 3EMHOH KOpBI 00pa3yeT CeKyliue,
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UHTPYy3uBHBIC Teda. Kak BHIuM, CYIHOCTH BOmpoca chopMHpoOBaHa MPEKPAcHO, HO TEPMHUH "aHATEKCHC"
elle He YITOMUHACTCSI.

HoBeiM sTamoM B '"rpaHUTOMTHOWU" AMCKYCCHH MOXXHO CUHTATh TPYIAbl CKAHIWHABCKHX TEOJIOTOB, B
yactHoCcTH, padoty J.Sederholm (1907). Ou B pe3ynbTare ACTATBLHOTO M3ydeHHs (GUHCKHX TOKEMOPHHCKHUX
o0Opa3oBaHMii, MPUIIET K BHIBOAY, YTO MUTMATHTHI ()OPMHPYIOTCSI B pe3yibTaTe YaCTUYHOTO TUIABICHUS
HOPOJ] B YCIOBUSIX BBICOKOTO AABJICHUS U BBICOKOW TEMIIEPATyphl. DTOT NPOLECC OH Ha3BaJl MaIMHI€HE30M
win Bo3poxnenueM. [lozke P. Eskola (1933) BBenm moHsTHE aHAaTeKcHca, MO KOTOPOMY IEPBBIMH
BBIIIJIABIISIOTCS KBApPL-IOJIEBOIINATOBBIE acconuanuy. 110 ero MHEHUI0, MOOMIIM30BaHHOE BEIIECTBO MOXKET
UCTIBITaTh MUIPALIMIO U 1aTh HE TOJIBKO JICHKOKPATOBBIE JKUJIbl MUTMAaTHTOB, HO U TPAHUTOUIHBIE Tella, JaxKe
0aTOMUTOBBIX Pa3MEPOB.

OTanHyo pojib B MCTOPHM HM3YYEHHs] TPAaHUTOMIOB chirpainu Tpyasl X. Puma (1950, 1957), mokasaBmiero
CIIO)KHOE ¥ TMPOTHBOPEYMBOE JIMIO 3TUX MOPOA 3eMHOH Kopbl. He ciaydailHO cBOlO paboTy OH HazBai
"I'panuTHBIE TNpOTHBOpEYMs" U BCE XK€ CyMel YBUIAETh EIWHCTBO M 3aKOHOMEPHOCTb Pa3BUTHUSA
IpaHUTOUAHBIX CHCTCM. IlIo ero MHCHHIO, OpPOI'€HbBI BO BpPEMA CBOCIO pa3BUTHUA POXIAIOT GHHHLIﬁ,
MOCIIEIOBATENbHBI TEHETHUECKAN P TPAaHUTOMAOB, Ha3BaHHBIA '"TpaHuTHoW cepmeir” (Pum, 1957). Bo
BpEMs PACWICHCHHA T'PAaHUTHBIX CepI/Iﬁ OH PYKOBOJICTBOBAJICA CTCIICHHBIO HUX IMEPEMCUICHHUA OT O4Yara u
BBIACIIAT CICAYIOINHE TPYIIBLI: ABTOXTOHHBIC TI'PAHHUTBI — MNAPABTOXTOHHBIC T'PAaHUTBI — aAJINIOXTOHHLIC
IpaHUTHI (MHTPY3UBHbBIE TPAHUTHI) — TPAHUTHBIC IUTYTOHBI. Kak BUIMM, IPUHLINI CXEMbl PEKOMEHI0BaHHON
X.Punom mpocT 1 oueHb MpakTHUeH. BmecTe ¢ TeM, HECMOTpPS Ha BHELIHIOK (OPMaIbHOCTh, OH HATIOJIHEH
CTPYKTYpPHO-TEKTOHUYECKUM, TE€HETHYECKUM M HCTOPHKO-TEOJOTHYECKHM cojnepkanueM. IlpaxTuueckas
peanmzanys 3TOW CXeMbl HEBO3MOXHA 0€3 JeTambHBIX MOJEBHIX paboT. DTO ecTecTBEHHO, Tak Kak X.Punx
0oJblIIOE BHUMaHHE YJEISUI TI0JIEBOI I'€OJIOTWMH, CUUTast, 4TO MpobieMa MPOUCXOXKICHUSI TPAHUTOUNIOB B
NEPBYI0 ovepeas MpobiieMa IOJIEBOW T'€0JIOTHH, a He MUHepalorud, nerporpaguu wim reoxumun (Pun,
1957), ¢ ueM TpyIHO HE COTJIACUTHCH.

B omnpeneneHnn reHe3nca rpaHITOUAOB OOJBLIYIO POJIb ChIMPali KCIEPUMEHTAIbHbIE Pa0OThI, HAYaThie B
30-x T. TpouuIOro BeKa, KOTOpbIE TMPEACTABISIOT COOOW TEOPETUYECKYI0 OCHOBY (OPMHUPOBAHUS
IPaHUTOUIOB YJbTpaMETaMOP(PHUUECKUM ITyTeM. B pesynbraTe 3THUX HCCICIOBAHUN AKCIIECPHUMEHTAIBHO
IMOATBEPANIIACH BOSMOXKHOCTE CYHICCTBOBAHUA BOJHBIX CUJIMKATHBIX PACTBOPOB.

DBTEKTHYECKOMY ILIABJICHUIO TPAaHUTOB MOCBSIICHBI MpeKpacHbie TeopeTndeckue Tpyasl O. Tuttle (1955,
1959). B ycnoBusSX BBICOKHX JaBIEHHS W TEMIIEpaTypbl OH mccienoBan cuctemy Ab+Ort+Qrt+H,O u
YCTaHOBMWIL, 4TO IpuMepHo nipu aasnenuu 1000 6ap u Temneparype 640-650°C B 570t CHCTEME MMEET MECTO
TpOIHasi SBTEKTHKA, YTO OTBEYACT COCTaBYy €CTECTBEHHBIX rpaHuToB. Mcciemoanus O. Tuttle paszsuim
J.Bunkiep (1966) u G.Platen (1968), skcrmepuMeHTaNbHO YCTAHOBHB, YTO TOJyYEHHE TPAHUTOMIHBIX
paciiaBoB BO3MOXKHO B pe3yjbTaTe IUIABJICHHS OCAJOYHBIX MOPOA M JIOKa3ajiH, YTO CYyIIECTBOBAHUE
AHATEKTUYECKUX TPAHUTHBIX PACIIaBOB BIIOJHE PEATHHO.

B konne 60-x rofoB y HETPOJIOTOB cO3pena Hles O pa3INYHbIX MYTAX HNPOUCXOKJIEHHUS IPaHUTOWIOB. B
Hadane 70-x TonoB BeIXOAHMT (pyHmamentanbHbld Tpya K. Menepra (1971) "OOpa3oBaHre MUTMAaTHTOB H
rpaHuToB". ABTOpP NPUXOAUT K BBIBOAY, YTO (OPMHPOBAHHE TPAHUTOMAOB BO3MOXHO, Kak 3a CUET
NpPUBHOCA MaTepHana, TaKk W HM30XUMHYECKH M BBIAENSET TPU THUIA TPAHUTOMIOB: AHATEKTUYECKHE,
MarmMaTh4ecKre U MeTacoMaThueckre. B 1ol paboTe OH MPUXOIUT K BBIBOY, YTO CAMBIM PEATbHBIM ITyTEM
00pa3oBaHMs IPAHUTOUIOB SIBJISICTCS] YACTHUYHBIN MJIM MOJHBIN aHaTekcuc mopo. B 1976 roxy nmybnukyetcs
padora E. Ragen (1976) "T'econorust rpanuta”, rie Ha OCHOBAaHHH OOJIBIIOrO (DAaKTHUYECKOro MaTepHalia
TPAaHUTOMJHBIE TOPOABI PACCMATPHUBAIOTCA KaK KOHBEPreHTHBIM THUI, T.e. MPEAIoaraercsi, 4ro Hux
(opMHpOBaHIE BO3MOXKHO PAa3IUYHBIMHU MyTAMHU U3 PA3IUYHBIX UCTOYHUKOB, YTO OBLIO MPUHAITO MHOTUMHU
UCCIIEIOBATENIAMHU.
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1.2. Knaccudukanus rpaHuTOUTHBIX OPOJ

Kaxk u3BecTHO, Ki1accuukanus mpeaMeToB U SBICHUN MPEACTABISIET CO00M (PyHIaMEHT HayYHBIX
uccienoBanuii. OHa OCHOBBIBAETCS HA PA3JIMYHBIX MPUHIUIIAX, HO B UTOTE TO3BOJISIET OMPEACINUTh
CYIIHOCTh W TIPUYHMHBI (HOPMHUPOBAHUS W TPeoOpa3oBaHUs OOBEKTOB M cucTeM. CyllecTByer
HECKOJIBKO CXeM KIJIaCCU(UKAIUU TPAHUTOHIOB, B YACTHOCTU — MUHEPAIOTUYECKAsl, XUMHUCCKas,
reoIMHAMUYeCcKasi, TCHETHYEeCKass U UX KOMOWHAIUU. 37eCh MBI KPaTKO PAacCMOTPUM HECKOJBKO
HanboJiee pacpPOCTaHEHHBIX BapUAHTOB.

Munepaiornyeckass kjiaaccupukanmusi. [lepBas  kimaccudukanus TPaHUTOMIOB — ONHMpaiach Ha
MUHEPAJIOTHIO ¥ Ha €€ OCHOBaHWH OBLIM BBIJCICHBI OMOTUTOBBIC, MyCKOBUTOBBIC, POTOBOOOMAHKOBEIC W
JpyrHe pa3sHOBHIHOCTH TPAaHMUTOB. 3aTeM 3Ta KiacCHU(UKAIMs YCIOXKHWIACh U 3a €€ OCHOBaHUE Oblia
OpUHATA MOJAAIbHAs MHHEPAJoOrus, T.e. COOTHOIICHHWE OCHOBHBIX MOJAlbHBIX MHHEpaioB. CaMmbIM
yCIHemHbIM okaszaicst Bapuant A. Shtrekeisen (1976). ITo ero ompeneneHHI0 TPaHUT MPEACTABISET COOOi
3€pHUCTYIO TUIYTOHHYECKYIO TOpOay, B KOTOpoH mons kBapua Mensercs oT 20 go 60% u B KOTOpOH
wiarnoknas coctasiser 10-65% ot Bcex moneBbix mmaroB. OH paspabotan QAP kinaccupuKanoHHYO
quarpammy, rae Q sBiseTcss MOJANBHBIM KBapieM, A- MOJATBHBIM IICIOYHBIM MOJEBBIM MIMaToM U P —
MOJaJIbHBIM IIJIAaTMOKJIa30M. OTa Kiaccu(HKalMOHHAs JuarpaMma B JajibHeWmeM Oblia gopaboTaHa
JPYTUMH HUCCIIEIOBATENISIMU, HO TPUHIMI OCTajJcs TOT Jke. B 1emoM, kiaccuuKkanus, OCHOBaHHAs Ha
MOJAJBbHBIX MPOMOPLHUAX MHHEpaja MpocTa M XOpOIla TEOPETUYECKH, HO CJIOKHA Uil MPAKTHYECKOTO
NpUMeHeHUs. B oTiindme OT MHUHEpaJOrmyeckoil XuMudeckas Kiaccu(uKals TpPaHUTOHMIOB OKa3allach
0onee nHMOOPMATUBHON U TPAKTUIHOM.

Xumnueckas kjaaccupuxkanmusa. Kak H3BECTHO, TPAHUTOUIBL, B OCHOBHOM, COCTOAT M3 OKHCEU
KpeMHe3eMa, TJIMHO3eMa, Kalbls, HAaTpUs M Kajus, U MMEHHO Ha HMX COOTHOLICHUSX OCHOBBIBAIOTCS
MHOTOYHCIICHHBIE XHMHUYECKUe Kiaccupukanuu 3TuX mopoa. OAHMM W3 M3BECTHBIX BAPHAHTOB TaKOM
KJaccu(UKalMU SBISETCS MX pa3/ieieHHe Ha IIEIOYHbIC, CyOIIeNOuYHbIe U M3BECTKOBO-ILEIOYHBIE CEPHU.
YcnenrHo paboTaeT B TpaHUTOMAAX, TaK K€ Kak M B IIEJOM B MarMaTW4yeckuxX MOpojaax, Kiaccudukanus,
ocHoBaHHas Ha coorHomieHnn SiO,-(Na,0+K;0). 3xech cneayer OTMETUTh BapuaHT, pazpaboraHHbli E.
Middlemost (1985), B koTopoM BbifieneHO 14 pa3sHOBHIHOCTEH TI'PAHUTOMIOB. IIPOCTYIO, HO YIaYHYIO
KJIacCH(HUKAINIO TPaHUTONIOB paspadoTan S. Shand (1947) on, mo mapameTpam COOTHOLICHHI aTFOMHHUS,
KaJblWs, HATPUS M Kayius, HOAPA3IeNii IPAaHUTOMIbI HAa TpU OOJbIIME TPYMIbI: YIbTPaaJlOMHUHUEBBHIE,
amoMuHreBble W yinprpamienodnsie  (A=molAl,Os;; C=molCaO; N=moINa,O; K=molK,0). Tlo »stoit
KIIACCU(UKAIIMK  TPAHUTOWJIHBIE TOPONBI  SBISIFOTCS  yibTpaamoMuHueBbiMH, Korma — A>CNK,
ATIOMUHUEBBIMH — KOTIa CNK>A>NK u ynprpamenounsiMu, korma A<NK. Dra knaccuduxanms
oKaszallach BOCTPEOOBAaHHOW OOJIBIIMM YHUCIOM HCCIIEJOBaTeNield M OHAa M Cceldac 4acTo MpHUMEHsIeTCS B
NETPOJOTMH TPAaHUTOMIOB. BIOCIENCTBMM BBUICHWIIOCH, YTO OTMEUEHHBI T€OXUMHYECKHH THII

TPaHUTOUIOB, (POPMHUPYETCS MPEHMYIIIECTBEHHO B OMPEICICHHBIX YCIOBHAX TCOJAMHAMHUUYECKOTO PEXHUMa
(tabm. 1.1).

Tadauuma 1.1. Cpeanue XuMH4YecKHe [TaHHbIEe YJAbTPAATIOMHHHEBBLIX, AJIOMHHHEBBLIX H
yasTpameaounsix mopoa (Chyes, 1985)

Oxucu YibTpaantOMUHUEBBIE AJIOMUHHUEBEIE YapTpalleaouHbie
n 199 158 25

SiO, 71.45 67.43 74.01

TiO, 0.32 0.55 0.23

Al,O; 14.76 14.67 11.59

FeO+ 2.49 4.13 3.08
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MnO 0.13 0.12 0.10
MgO 0.78 1.64 0.55
Ca0 2.01 353 0.48
Na,O 3.72 3.72 4.33
&) 352 3.20 5.09
P,0s 0.14 0.17 0.06
Total 99.32 99.16 99.52

AICNK 1.10 0.93 0.86
NK/A 0.67 0.65 1.09

leopunamuyeckasi kiaaccupukanus. [lepBeie cucTeMaTHYeCKUE HCCIEAOBAHHS JJIi BOCCTAHOBIICHUS
TEKTOHO-MAarMaTHYeCKUX PEXHUMOB 00pa30BaHUs TPpaHUTOMAHBIX mopon mposen D.Pearce et al.(1984). C
UCIIONb30BaHeM Majbix sjementoB - Rb, Y, Yb, Nb, Ta, onu mnpemmoxkunu meiblii psg TEKTOHO-
MarMaTHYecKuX JUCKPUMHUHAIMOHHBIX THArpaMM M C ATOW TO3WIUH BBIACTHIN 4 T€HETHYECKUE TPYIIIBI
TPaHUTOUJIOB: TPAHUTOUIBI
IPAHUTOM/IBI ¥ CUHKOJUTM3UOHHBIC rpaHuTOn bl (Tad. 1.2).

OKEaHCKUX XpeOTOB,

OCTPOBOIYXHbIE T'PAaHUTOHIHI,

BHYTPHUIIJIUTOBBIC

Tadauna 1.2 TekToHo-MarMmaTudeckasi kaaccupukanus rpanutounon (Pearce et al.,1984)

I'panutsl okeanckux xpedros (I'OX)

I'paHUTHI HOPMATBHBIX OKEAHCKUX XPEeOTOB

['paHUTHI aHOMATILHBIX OKEaHCKUX XPeOTOB

I'panuThl OacCcEeHHOB 3aIHUX OCTPOBOAYKHBIX XpeOTOB

I'panuTH 6acceHHOB MEPETHUX OCTPOBOAYKHBIX XpeOTOB

I'panutel octpoBHBIX ayr (I'OJI)
I'paHUTBI OCTPOBHBIX YT C MPEOOIaJaHIEeM TOJIEUTOBBIX 0a3aIbTOB
I'panuTEl OCTPOBHBIX AYT ¢ MpeoONIagaHueM IIETOYHBIX 0a3aJbTOB

r PAaHUTBl AKTHBHBIX KOHTUHCHTAJIbHBIX OKPAWH

Buyrpunaurtosbie rpanutsl (BIIT)
I'paHuUTHl MHTPAKOHTHHEHTAIHHBIX XPEOTOB
I'paHuTHl UCTOIIEHHOW KOHTUHEHTATHHOU KOPBI

I'panuThl OKEaHCKUX OCTPOBOB
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Koaanznonnsie rpanntsl (KI)
CUH-TEKTOHUYECKUE TPAHUTHI, CBSI3aHHBIE C KOJUTU3UEH KOHTUHEHT-KOHTUHEHT
ITocT-TeKTOHWYECKHE TPAHUTHI, CBI3aHHBIC C KOJUTM3HEH KOHTHHEHT-KOHTHHEHT

CHH-TEKTOHHYECKHE T'pPaHUThI, CBA3aHHBIC C KOJUTH3HEH KOHTUHEHT-AyTa

CunukaTHbIC pacIUIaBbl MPEJCTABJISAIOT COOOM HACTONBKO CIIOXKHBIE CHCTEMBI, 4YTO HX MPOCTHIC
KIJTACCH(MKAIIH HE OTPAXKAIOT PeaTbHON KapTHHBI i €CTECTBEHHO, KOMITJIEKCHBIE KIacCH(DUKAIINN SBIISTFOTCS
bonee nHpopMaTUBHBIMU. Hrke npenaraeM HECKOJIbKO BapHaHTOB KJIACCU(DUKAIIUY TPAHUTOUIOB.

Ipanntonabl S u | Tunos. [TosBiieHNEe B TEOIOTHH TEOPUHU JTUTOCHEPHBIX TUTUT U BBISICHEHUE MPOIECCOB

9BOJIIOLIUH IPAHUTOOOPA30BAHMUS TIOPOIUIIO HEOOXOAUMOCTh CO3JaHUSI HOBOH, O0Jiee COBEPIICHHOW TCOPUH
TeHe3Hca rPaHUTOoB.

HoBbIM 3TanoM B W3y4eHHH TPAHUTOUIOB OPOTEHHBIX CUCTEM MOXKHO CUMTATh OMYyOJIMKOBaHHYIO B 1974 T.
crathio aBcTpanuiickux reosoroB A. Chappel, G.White (1974) "O nByx KOHTpacTHBIX THIax rpaHuToB". B
Hell (haHepo30iCKUe TPaHHUTHI I0T0-3aMmagHoil ABCTpaIMU pa3/ielieHbl Ha aBa Tuma - S u |. B rpanuTax S
THMA OHH OOBEIUHAIOT O0Opa3oBaHWs, IIONYyYEHHbIE B  pe3ylbTaTe IUIABICHHS CHAIMYECKHX
MCTAaTCPPUICHHBIX OCAaAKOB, a TIIoA | TUIIOM OHHU BBIACIWIN T'PAaHUTOUIBI, C(bOpMI/IpOBaHHI)IC
NPEHMYIIECTBEHHO B PE3yJIbTaTe BEIOOPOYHOTO IUIaBJIeHHsI MeTaba3uToB. B 6onee mo3anux padorax (White,
Chappel, 1983, 1988) B rpanmutommax | Tuma BbImeNeHBI aBa MOATHIA: oOpasoBanus Oemnbie K0,
CBSI3aHHBIE C 30HaMHU CYOAYKUIMHM W HECyOAYKIMOHHBIE TUOPHUTH M TpaHOAMOpWTHL. Hike mpeanmaraem
TalnuILy, B KOTOPOii AaHa Ooliee JeTanbHas XapaKTepUCTHKA STOH Kiaccu(uKaImm.

I'paHuTONIbI WIHBMEHUTOBOW W MAarHeTHTOBOI cepuii. B 1977 rony smonckuii reosor S.Ishihara (1977)
NPEUIOKIIT  TO/IPA3ACIUTh TPAHUTOMABI HA JIBE KaTeropuH, B YACTHOCTH, Ha WIBMEHUTOBYIO H
MarHeTHTOBYIO cepud. [1o ero JaHHBIM, CHJIMKAaTHAas MarmMa MarHETUTOBOW CEpHM XapakTepusyercs: Oolee
BBICOKMMH TOKa3atensimu Mg/Fe, uem Te jke MOpoabl MIBMEHHUTOBOM cepuH. ['eHEeTHYecKH Marma
MarHeTUTOBOM Cepru uMeeT OoJiee BRICOKYIO (GyruTuBHOCTH O, 1 hopMupyeTcst Ha OONBIIHX TITyOnHAX, 9eM
MarMaTU4eCKUi pacijiaB  WIbMEHUTOBOM

cepun. Koppemsius 370l kiaccudukanuu ¢ kiaccuukamnuedi S v | THIOB TpaHUTOHIOB TakoBa: BCE
IPaHUTOUIBI MarHETHUTOBOW CEPUM COOTBETCTBYIOT oOOpa3zoBaHusiM | THIla, HO WIBMEHHTOBAas CepUs
OXBaThIBACT, Kak S Tak W | Tun rpanuTonioB. BrocneacTBuu, 3Ta KiacCu()UKAIUS TPAHUTOUIOB, HECMOTPS
Ha IICJIBIA PSIJT ITOJIOKUTEIIBHBIX MOMEHTOB, CTajla MEHEE MOMYJISIPHOM, YeM KJIaCCH(HUKAIUSI TPAHUTOHIOB 110
S u | Thna.

Taéauna 1.3. Kparkas xapakrepucTuka ocodeHHocTeid S m | Tumor rpanuroumor JlauaaHackoro
CKJIaYaToro mosica oro-3anagnoi Ascrpaauu (Chappel, White, 1974)

N I Tun S Tun
I MerTaaroMHHUEBAS muHepanorus; | [lepanaromunueBas MHUHEpaJOrus; NpeoOsafaoT
npuobnaganue poroBod O0OMaHKM HaJ| | MyCKOBUT M OHMOTHUT, poroBasi OOMaHKa OTCYTCTBYET,
OUOTHUTOM, cpeau AKLECCOPHBIX | HEMHOTO KOopauepuTa u (WIM) aJUTIOMOCHIIMKATOB;
npeobiagaet cheH Ccpenu aKIECCOPHBIX MPeodIIaiaeT MOHAITIT
Il | KcenonuTsl OoraTbie poroBoii 0OMaHKOM [lenuToBBIE  MAM  KBapUEBBIE  META0CAIOYHBIC
KCEHOJIUTHI

11 | Ces3anbie BbICOKHE KOHIEHTparmu Na,O Ces3anble HH3KWE KOHIIEHTparuu Na,O
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IV | MonekynsipHbIi Monekynspusiii Al,O3/(Na,0+K,0+Ca0)>1.1
A|203/(N320+K20+C30)<1.1
V | HopmaruBHeni  auomncua  wim  Manoe | HopmarusHoro kopyHaa >1%
coJiep)kaHue HOPMATHBHOTO KOPYH/1a
VI | lllupokuii cnekTp MOpOA OT MaPUUSCKUX | Y3KHUH CIEKTP PEeb3HUSCKUX TTOPOT
10 (herTb3nIecKuX
VIl | YcroliumBoe  comepkaHne  31eMeHTOB | HeycroiiumBoe comepkaHue JIEMEHTOB BHYTpPHU
BHYTpPH TUTyTOHA TUTYTOHA
VIl | Uaummansasie &'Sr/%°Sr= 0.704-0.706 Unuuuansasie o Sr/%°Sr >0.708
IX | OObluHO HeckiIamyaThie, pe3kue KOHTAKTHI | Hacto CKJIa4aTkIe, HHOT 1A OKPY>KEHHBIC
C XOpOIIO BBIPAKCHHBIMA KOHTAKTHBIMH | BEICOKOMETAMOP(HUIESCKUMH OPOJaMU
apeaamu

I'panutonabpt A tuma. /[o Havama 80-X roJ0OB CUMTANIOCh, 4TO B (haHEpO30€ MPOoUecch (HOPMUPOBAHUS
TPaHUTOMIOB OBUTH CBSI3aH JIMIIIb C OPOTEHHBIMH CKJIaquaThiMu mosicamu. B 1979 romy M.Loisell, D.Wones
(1979) BeLAenMI TPAaHUTOUABI A THTIA (AaHOPOTEHHBIE TPAHUTOUIBI ), KOTOpBIe 00enHeHbl Ca, HO 00OoTaIeHbI
meao4aMu. OTHU TPAaHUTOUABI, KakK MpPaBWUIO, OOpasylOT HM30METPHUYHBIC MAaCCHBBI,  CBS3aHHBIC C
AHOPOTEHHBIMM KpaTOHAMH WJIM KOHTHHEHTAIBHBIMH pudTamu. B TpaHumTommax A Tuma oTmedaercs
Boicokas kourentpaims K,0, F, Cl, Ga, Nb, Ta uY wu Huskoe conepkanne H,O u CaO. Kak npaswio, st
TPaHUTOMJIOB 3TOTO TUIA XapaKTepeH MUHepal (UII0OpUT U oboraiieHHble (TOPOM CIIOABI M aM(pHOOIIEL.
Marma rpaHHTOMZOB A THIIA OTIMYAETCS BHICOKOH Temmeparypoit (>830°C) u wacto Haxomutcs B
acconanuy ¢ MaUYECKUMH MOPOJaMH M aHOPTO3UTaMu. CUMTAeTCs, YTO TUIWYHBIMH MPEACTABUTEISIMU
9THX TOPOJ SBJISIOTCS pallakKWBH, KOTOPBIE IUPOKO pacrpocTpaneHsl B OuunsHanu, B pudre Ocno u BO
MHOTHX PETHOHAX 3eMHOM KOpbl. BonbIIMHCTBO HccienoBarenedl mpennojiararoT, 4To (HOpMHUpOBaHUE
AHOPOTEHHOH T'PaHUTOMIHOW Marmbl CBSI3aHO C JIGHCTBHEM ILTFOMOB, KOTOpbIE, B OOJBIIMHCTBE CIIy4yacs,
BBI3BIBAIOT TAKXKE U PUPTHHT.

I'panutonapl C, M u H tuma. B 1982 roay J.Didier Bmecre ¢ rpymmoi meTpoOroB MPeaaoKu

OpUTMHANIBHYIO, HECKOJBKO M3MEHEHHYIO CXEMy KIACCH()MKALUK OPOreHHBIX TI'PAHUTOMAOB. OTH
TPaHUTOMIBI OH Pa3leNiwil Ha JBe Oosbliue rpynmsl: kopoBele (C) m mantuiible (M). B rpanurongax C
THTIA OH B CBOIO O4epens BhIAENWI ABa moarumna: Cs — TPaHUTOUIBI, KOTOPBIE C(POPMHUPOBATUCH 3a CUET
TUIaBJICHUS! BEPXHEKOPOBBIX MarmMatuueckux mnopox W C; — TpaHUTOMABI KOTOpble OOpa3oBaIUCH B
pe3ynbpTaTe IUIaBlIeHUs] HIKHEKOPOBBIX MarMaTHdeckux mopoa. [log M Tumom OH BBIAENHI CMEIIaHHBIE,
MaHTHHHO-KOPOBBIE, a TAaKK€ MaHTHIHBIE IpaHuTOoMAbl. K rpaHuTomzam 3TOro Tuma OH OTHEC MOPOABI
MIPEUMYILECTBEHHO CPEIHEN KHCIOTHOCTHU: KBaplLEBbIE JUOPUTHI, TPAaHOAHOPUTHI U agamesuThl. [lo3nHee,

sti mopoel B. Barbarin (1991) Beigenin kak rpanutonibl H Tima, T.e. TpaHUTOMIbI THOPHIHOTO TeHE3HCa.

I'pannTOoNabl ¢ HU3KUM cojlep:kaHueM Kaiausi. CpaBHUTEIHHO OOJbIIE BHUMAHHS XOTEIOCh Obl yIIEIUTh
TPpyHme TPaHUTOWIOB C HU3KUM COAEpPKaHHEM Kallus, KOTOPYIO B T'€OJOTHYECKOH JHUTepaType Ha3bIBAIOT
"tponauemMutamu”, "ToHanmuTamu'", "HaTpueBBIMH TpaHuTamMu' W "minarmorpanutamu”. o BceoOiiero
NPU3HAHHUS TEOPUH TEKTOHUKHU JIMTOC(EPHBIX IUINT HA 3T MOPObI He oOpamany 6onbimoro BHIMaHus. Kak
BBISICHUIIOCH BIIOCIICACTBHH, B 30HaX KOHBEPIeHUMH JUTOCPEPHBIX IUTUT OHU O0OpasyloT MOIIHEIE
MHTPY3UBHBIE O0pa30BaHUs, a TaKKe BCTPEUAIOTCS B BEpXHEW 4acTH OPHOMUTOBOW accouuanuu. Kpome
3TOro, KaK H3BECTHO, IOPOAbI TAaKOTO THUIA IPEACTABIIOT cOOOHM INIaBHYH COCTaBJIOLIYI0 4YacTh
apXenCcKOro rHefcoBOro KOMILIEKCA.
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Tepmun "TpoHAaueMHUT" B TCOJOTHUYECKON JUTEpaType MOSBWICS B Hadasie XX-TO B. W OIpeaelseT
3epHHUCTYIO, MOTHOKPUCTAIUINIECKYIO, MArMATHYCCKYH0, JICHKOKPATOBYIO TIOPOY, COCTOSIYIO, B OCHOBHOM,
W3 HaTPUEBOIO IUIArMOKJIa3a M KBapla, a OMOTUT M KalHMEBbIH MOJICBOW LIMAT OTMEYAIOTCS B HEOONBLIOM
kosmvecTBe. CHavyana 3TOT TEPMUH HE OBUI MOMYJISIPHBIM, a TAKHAE MOPOBl HE CUATAITUCH MArMATHYCCKUMHU
oOpazoBanusamu. Jlaxxe camplii mpenaHablii Marmatuct N.Bowen oTHocua 3TH moponsl K HATPUEBBIM
METaCOMaTHUECKIM 00pa30BaHMsIM, HO 3aTEM LEJIBIM PSAIOM HCCIeNoBaTesIel JOCTOBEPHO OBLIO TOKAa3aHO
CYIIIECTBOBaHNE TPOHAMEMHUTOBON MarMbl W BIOCIEACTBHH ISl 3TUX TOPOJ TEPMHUH "TPOHAMEMHUT' OBLI
yTBEPXKICH MeXIyHapoaHBIM CO030M reonoruueckux Hayk (IUGS).

B nocnensue roael BO3poc MHTEpEC K IPAaHUTOUAAM C HU3KUM COAEP)KAaHMEM Kallusl, TaK KaK BBIACHUIIOCH,
YTO caMble IPeBHUE KOHTHHEHTAJbHbIE 00pa30BaHMs 3€MHOH KOPBI MPEICTaBICHb HMEHHO STHMHU THIIAMH
mopon, T.H. "cepeIMH THeicamu". ['0BOps ApyrmMu ciioBaMH, C OOpa30OBaHHWEM 3THUX IIOPOJ CBA3aHO
TOSIBIEHUE KOHTHMHEHTANbHOM Kopbl 3emiu. lloBblmieHHOE BHMMaHHE K '"cepbIM THeiicam" U TMOsIBIEHUE
TEOPUHM TEKTOHUKU IUINT BBI3BAJO OONBLION HHTEPEC K OCTPOBOLYKHBIM IUIarMOTPaHUTaM, TaK Kak
MOCIIEIHAE TI0 TIETPOXUMHYECKAM JaHHBIM OKa3allMCh 00pa30BaHUSAMU, TIOXOKUMHE Ha "cepble THeHCH". B
1961 roay Beiwia crates P.Larsen u R.Poldervaart, rae onu renesuc 6aronura MiIariorpaHUTHOTO COCTaBa
Bonyx Poka OOBSCHSAIOT YaCTHYHBIM IUIABJICHHEM OCHOBHBIX mopon. IToszanee, B.Hamilton (1969) ceszan
IMPOUCXOXKACHUEC HU3SKOKAJIMEBBIX TI'PAHUTOUAOB C YaCTHUYHBIM IIJIABJICHUCM MeTa6aSI/ITOB B YCIOBHUAX
CyOqyKIIHH.

Oxkeanckue miaarumorpanutbl. B 1975 1. Beixoaut wusBectHas craths Il.Kommana wu 3.Ilerepmana
"OKeaHCKHE IUIArMOTPaHUTHI", B KOTOPOM aBTOPBI MPUXOAAT K 3aKJIIOYEHUIO, YTO 3TH MOPOIbI SBIISEOTCS
pesynbTaToM muddepeHnuanun 6a3aIbTOB OKEaHCKOW KOpBL. XOTs B Tocienyromiei padore y 1. Konmvana
(1983) mosiBasiFOTCS COMHEHUST B QOPMHUPOBAHUY FAPHUTOUIOB UMEHHO 3THM IyTE€M, U OH OTMEYaeT, 4To
o0pa3oBaHME IUIATMOTPAHUTOB C AaHOMAJIBHO HHU3KUM  COACp)KAaHMEM Kalus IyTeM [POCTOH
muddepernmanmy 6aaa3bToB HEBO3MOXKHO. Kak 1oneBbie, Tak 1 9KCIIEpUMEHTANILHBIE TaHHbIE TTOKA3bIBAIOT,
YTO Jake camas oOeHEHHas KaiueM Oas3ainbToBasi Marma B pesynbrare auddepeHuuanuu GopMHUpyeT
noposl Oosee OoraTble 3TUM JJIEMEHTOM, YeM OTMEUCHHbIC IUIarMOTPAHUTHI, CIEIOBATENLHO BOIPOC
TeHe3Hca IUIarHOrPaHUTOB M BOOOIIE TPOHJMEMHUTOB JI0 KOHIIA HE PEIIeH U TI03TOMY HETPOJIOTH MPHOETatoT
K Hliee MerocomMartusMa. B 3ToMm ciydae, 0 MHEHHMIO HEKOTOPBIX HMCCIEAOBaTeeH, UMENl MECTO IPHUBHOC
¢uronzoB Si u Na, 4T0 BBI3BAIO TUTATHOTPAHUTH3AINIO 0a3aIbTOBBIX TTOPOI.

Kaxk u3BeCTHO, XMMH3M I'PaHUTOMIHBIX PACIIABOB, B HEKOTOPOW CTENEHH, ONPEIeIIeTCs Te0JMHAMHISCKUM
PEKMMOM HMX OOpa30BaHUS, YTO U OTPAKEHO B COCTaBE MOPOA. [ €OTEeKTOHMYECKasl TUCKPUMHHAIHUS
TPaHUTOMJIOB 10 OCHOBHBIM XMMHYECKHM JJIEMEHTAM HE BCETJa JaeT JKeJlaTeJbHbIe Pe3yNbTaThl, TaK Kak
1OJ BO3/ACHCTBHEM BTOPHYHBIX T'EOJOIMYECKHX MPOLECCOB OHHM HEPEOKO HCIBITHIBAIOT YaCTUUHYIO
MHTpalrio. B oTIHYMe OT HUX Maibie 3JieMeHThl, Takue kak Zr, Y, ND u peako3zemesbHbIC 3JIEMEHTHI
SBJISIFOTCS CTAOMJIBHBIMU 110 OTHOLIEHMIO K OTMEUEHHBIM IpoueccaM. M cxoas u3 3Toro, BHILIEOTMEYECHHBIE
AJIEMEHTBl MOXKHO HCIIOJIb30BaTh JIISl BOCCTAHOBICHHS TEKTOHO-MAarMaTHYecKOro peXuMa o0pa3oBaHUs
marmarnueckux nopox. D.Clarke (1992), cymmupyst Bce NETPOXMMHYECKHE W T€OXHMHYECKUE JaHHbBIC
NPEIIOAKIIT CIELYIONIYI0 KITacCU(PHUKALUIO TPaHUTOUI0B (Tatm.1.4).

Kak BHUIHO W3 3TOTO KpaTKOro 0030pa, B WCCIICJOBAHWW TPAaHUTOUIHBIX IOPOJA OTMEYACTCS IENBIH pST
HpOTI/IBOpe‘II/II‘/'I, HO 6CCCHOpHO, YTO OHH ABJIAIOTCA KOHBEPICHTHBIMH O6pa3OBaHI/I$[MI/I, T.€C. OTH TOPOJbI
(OPMUPYIOTCS B Pa3IMUHBIX CTPYKTYpax 36MHOH KOPBI C MMOMOIIBIO PAa3IMYHBIX MeXaHU3MOB. He BhI3bIBacT
COMHEHHS, 4YTO HCCIICZIOBAHUE TPAHUTOWAOB HAXOAWTCS Ha IMPABWILHOM IIyTH ¥ MbI, IOCTENEHHO
MPUOTKAEMCS K UX IeTaTbHOW pacimgpoBKe.

3akaHuuBas STOT pa3jiell, OCTAHOBUMCS HA METPOJIOTMYECKOM TEPMHUHOJOTUU, KOTOpas MHOT/AA CIUIIKOM
npoTuBopeunBa. Mcxoas u3 aToro, HIKe MPUBOIUTCS aBTOPCKAasi HHTEPIIPETAIIS.
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Tadoauua 1.4 Tabnuna kiaccuuranuu rpaHuTouAHBIX mopoxa no J1.B.Kiaapky (1992)

poroBast 0OMaHKa.
SMHUJOT

THMBI TPAaHUTOMIOB VY IbTpaaitOMUHHEBbIC AJTFOMHHHUCBBIE VY bTpanieaoyHbIe
ITapamerpsl A>CNK CNK>A>NK A<NK
XapakTepHble MHHEPAITBI Kopauepur, rpanar, OpTONUPOKCEH, dananuToBbIN OJMBHH,
TOMAa3, TYPMAJIHH, KJIMHOITUPOKCEH, ATUPHH, apPETCOHHUT,
IIMAHENb, KOPYH]T KYMMUHKTOHHT, pubexuT

OO01mmre MIUHEPATBI

Buotut, MyckoBHUT,

buotut, MycKOBUT B
MaJIOM KOJINYECTBE

Buotut B Majiom
KOJINYECTBE

OKuCIIEHHbIE MUHEPAJIbI

Wnemenur

MarueTtur

Maruetut

IIOKa3aTeIin

AKI1€CCOpHBIE ANMaTuT, MUPKOH, Anmatur, TUpKoH, Anmatur, TupKoH,
MUHEPAJBI MOHAITUT aJUTaHHT AIIaHUT, (QITFOOPHUT,
KPHUOJIUT U TUPOXJIOPHUT
JIpyrue XuMUYecKue F/CI>3 Huskoe - CaO, Al,O3, H,0,

Ba, Sr, Eu

BbICOKOE - SiO,, Na,
Fe/Mg, Na+K, Zr, Nb, Ta,
2REEs, Y F/CI<3

M30TOonHLIN cocTaB

87gr/80sr

0.7050-0.7200

0.7030-0.7080

0.7030-0.7120

W3oTonHeIl cocTaB

BKJIFOUAIONIEN YTOJIIICHHE
KOHTUHEHTAJIbHOU KOPBI

OKpaWHbI W OCTPOBHBIE
IyTH

eNd B OCHOBHOM <<( B OCHOBHOM =0 BBICOKHE BapHaluu
Tunuansie ATUIMT-TIETMaTUTOBEIE; [Hopdupurossie Sn-W-U-Mo wu rpeuseHsl
MHUHEpaTbHBIC MOJINMETAITMYECKUE © SN- penkux mMetamtos (Nb-Ta)
MECTOPOKACHUS W-U-Mo- Cu u Cu-Mo
Be-B-Li-P

T'eonnHamMuueckmii Casi3aHHBIE c | CBa3anHble ¢ 30HamMH | Pe3ynmpTaThl  pacTshKeHUWH
pexuM 0Opa3oBaHUS KOJIJTM3HOHHOM cyOomyKIun MOCT-TEKTOHUYECKUX WU
TEKTOHUKON KOHTUHEHTAJIbHBIE AHOPOTEHHBIX KOMIUIEKCOB

BHYTPUKOHTUHCHTAJIBHBIX
XpeOToB

I'paanTuzanus. [log 3TUM TEPMHHOM 4YacTO MOAPa3yMEBAIOT METACOMATHYECKUH TPaHUTOOOpPa3yIOIIHI
NPOLIECC U MPOTUBOIOCTABIAIOT €r0 MarMaTu4eckoMy mpoueccy (GOpMHpPOBaHUS TPAHUTOMAOB. B Hamei
paboTe oH uMeeT Oosiee LIMPOKOE MOHATHE M BBIpAXKAeT Ty OOIIHOCTh SHIOTCHHBIX IIPOLECCOB, KOTOPHIE

BBI3BIBAIOT T'PAHUTU3AIUIO TCX UJIM UHBIX ITOPOM.
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YabTpameramoppusm. [ToHnMaeTcs Kak Jajeko 3alleanini MmeraMopdus3m, BO BpeMs KOTOPOI'o BEIIECTBO
U3 TBepAOW (a3l MEPEXOANUT B KHUAKOE COCTOSHUE (CTPYKTYPHBIM, ()a30BBIM M XMMHUYECKUM ITyTeM). OH
00BEIMHSACT IICITBIN PSIIT IPOIIECCOB: PETHOHAIBHBIN MeTaMOp(hU3M, aHATEKCHUC, MMATMHTEHES U JIp.

Amnarekcuc. U.Cenepxonm, aBTOp 3TOr0 TEPMHUHA, MOHUMAJ €T0 3HAUYCHHE, KAK IUTABICHHUE OCAJTOYHBIX
MOPOJT B Pe3yJIbTaTe MOBBIICHUS TeMIepaTypbl. CerofHs 3TOT TEPMUH MPUOOPEI 00JIee ITUPOKOE 3HAUCHUE,
Y TI0/T 3TUM TIPOIIECCOM TIOIPAa3yMEBArOT JIF000# (haKTOp IIaBIEHUS OCAIOYHBIX MOpoa. YacTo 3TOT TepMHUH
OTOXICCTBIISIIOT C MAJMHICHE30M, KOTOpBI BHayaje UCIOJb30BANCA HJs ONpPEICNCHUs IMOpPOId
MarMaTU4ecKoro TeHe3Wca, MOJBEPrIINXCS IMOBTOPHOMY IUIaBieHHI0. llo MoeMy MHEHHIO JTydile
MCIIOJB30BaTh 3TH TEPMHUHEI B X TIEPBOHAYAIEHOM 3HAUYEHUH U OTJENHUTH UX APYT OT APYTa.

Heckompko HeompeneneHHo ToHsATHE ''MHTpY3uBHas ¢a3a". Hekortopele wmcciemoBaTeny Bce
neTporpapuuecKie pasHOBUAHOCTH B MarMaTu4ecKux 00pa3oBaHUSIX BBIACISIIOT B CAMOCTOSITEIbHEIE (as3bl,
a HEKOTOphble B oHY a3y OOBbEOUHSAIOT OOJNBIIONW CIEKTP MarMaTHYeCKUX MOPOJ, HauWHas OT rabopo u
KOHYas TpaHuTamu. TepmMuH "WHTpy3uBHas as3a" aBTOp MOHWMAaeT, KaK  pe3y’dbTaT TEKTOHO-
MarmMaTu4eckoro CO6LITI/I}1, KOTOpasd CYHIECTBOBAHUEM CCKYIIHMX KOHTAKTOB MW HE3aBUCHUMBIX CTPYKTYP
OTJesIeHa BO BPEMEHH OT APYI'MX MarMaTHYeCKUX 00pa30BaHUil.

CpaBHUTEIBHO MOAPOOHEE OCTAHOBUMCS Ha MOHATHAX ''MarMaTudyeckue cepu' u ''MarmMaTHdecKue
¢opmanun'. HcciaenoBanue MarMaTHyecKuX MOPOJ MOKA3al0, YTO OHM JIOKAIM30BaHBl B 3€MHOM KOpE B
BUJIE TEHETHYECKUX WIJIM MPOCTPAHCTBEHHBIX accomuanuu. Kak m3BecTHO, M1000€ Hay4dHOE HCCIIEJIO0BaHUE
HAYMHAETCS C KiaccH(UKanWu, T.€. C CHUCTEeMATHU3allMd TPEIMETOB W sBIeHUH. (DaKTHYeCKH TEPMUHBI
"mMarmatudeckue (opmanmu" u "Marmarndeckume cepun’ OBUIM BBEICHBI C IEIBI0 CHCTEMATH3AINH
MarmMaTu4eckux spjacHuit, O0a ITHX TOHATHS, B ONPECIICHHONW YaCTH, IIEPEKPBIBAIOT JAPYT APYra, U3-3a Y4ero
WX WHOTJIAa CYHMTAIOT TOXIAECTBEHHBIMH. TpagullMOHHO, TIOJi TEPMHUHOM ''Marmatuveckwe cepud’”
MOJpa3yMeBalOT HEMPEPHIBHOE W HANpaBlICHHOE MEeTporpapuueckoe M METPOXHMMHUYECKOE H3MEHEHHUE
BEIIECTBA, T/ie OOJbIle BHUMAHUS YACISICTCS BEUISCTBY M €r0 MeHETHYECKOH OOIIHOCTH. DTO HE OTPHIIACT
CBS3M CHUCTEMBI C BMEIMIAIOMIEH Cpenoil, Tak KakKk HalpaBICHHOE W3MEHEHHE BeIIeCTBa IOJDKHO OBITh
00YCIIOBJICHO 3aKOHOMEPHBIM U3MEHEHHEM I'e€0JI0rMUeCKOi 00CTaHOBKU. B oTiinume oT "cepun" OCHOBHBIMHU
npu3HakamMu "'Gpopmanun’ CUMTAIOTCS COCTaB, CTPYKTypa W B3aUMOJIEHCTBHE MarMaTHYECKOTO paciiiaBa C
BMEIIAOMIKUMHU TIOPOJIaMH.

B nerponoruueckoii nutepatype MNOHATUE ''rpaHUTHBIe cepuM' BrepBbie BBen X. Pun, B cBoeil kHUre
"I'panuTHBIE cepuu B MOABWKHBIX 30HaX" (1957). Ilo Hamemy MHEHHIO, B CKJIaI4aTON CUCTEME BBIAETIEHUE
"rpaHUTHBIX cepuil" Oonee OmpaBIaHO, TaK Kak; €CIM NpUAaTh 3TOMY TEPMHHY OOJIBLIYIO
reoAMHAMHYECKYI0 Harpy3Ky OH HauOoJjiee peajbHO OTPasHT CYHIHOCTh T'PaHUTOMAHOrO MarmMaTu3ma. B
OpOTeHHOU cucTteMe (GOPMHUPOBAHHE TPAHUTOUIOB CBI3aHO C OOmel TeHACHIHMEW ee pa3BuTusa. Ha
PasIMYHBIX 3Talax 93BOJIIOLMU OPOTEHHOM CHUCTEMBl W3 OJHOro cyOcTpara oOpasyroTcs pa3IuyHbIe
TPaHUTOUIBI, U TIOATOMY IiesiecooOpa3Hee UCTIONb30BaTh ITEHETUYECKU CBS3aHHBIE MEXTy COOOM TpaHHUTHbIE
cepuu, a He QOpMaIUK, KOTOPBIE HE OTPaKAIOT IOJHOCTHIO MPOIECC 3BOJONUN T'PAHUTOUIHBIX CHUCTEM.
Takum 00pa3oM, B OPOr€HHOH CHCTEME HaBEpPHOE INMpaBUJIbHEE MOJACPKUBATH MPUHIMII HCIIOJIB30BaHMS
TEpMHHA "TPaHUTOMIHAS CEpHUA’" — 3TO 3aKOHOMEpHAs T€HETHYECKass acCOIMAlUs MarMaTHYECKHUX IMOPOJI,
KOTOpbIe C(OPMHUPOBAINCE M3 €IMHOr0 cyOcTpaTa ¢ ONpelesieHHBIM MEXaHW3MOM T'€HEpald MarMbl BO
BpEMsI OZJHOTO TEKTOHO-MarMaTH4ecKoro IUKIa IBOJIOLMH OPOT€HHON CHCTEMBI.
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1.3. DBoJIOHs MPOIECCOB IPAHUTOOOPA30OBAHUSI U
HEKOTOpPbIe BONPOCHI (OPMUPOBAHNA KOHTHHEHTAJIHHON KOPBI

AHanu3 UCTOPHUH HCCIIeIOBaHNS TPAHUTOUIOB U COTIOCTABJICHNE BCeH HaydHOUW MH(OPMANINU B TII00ATEHOM
Maciita0e TOKa3bIBae€T, YTO OTHOIICHHWE OTHCIBHBIX HCCIIEIoBaTeIe K TpoOjieMe TPaHUTOUIIOB
00yCIIOBIIEHO TeM THIIOM M BO3PAacTOM PETHOHA, TJIe OHU MPOBOIWINA HCCIENOBaHMUA. B HacTosiee Bpems
OJTHO3HAYHO YCTaHOBJICHO, YTO TPAHUTOOOPA3YIOIIKE MPOLECCH MEHSIOTCS TTAPaJUIEIBHO SBOJIOLMN 3€MHOM
KOpBI, T.€. Ha KaXJIOM OJTale WCTOPHH 3€eMJIM TOCIOICTBOBAIM TPAHUTOOOPA3YIONINE MPOIECCH
OTIpeIeIeHHOTO TeHETUIECKOTO THITA.

Cample npeBHHE TPAaHUTOMAHBIC OOpa30BaHMS, TpPEACTaBICHHBIC T.H. 'CephIMH IUTarnoTHEWcaMu',
natupytorest 3.8-3.0 mu. netr. Bompoc uMX NMPOUCXOXKACHUSI 1O CETOIHSIIHETO JHS OCTACTCS CIIOPHBIM.
CornacHo OIHOW TEOpHH, OHHM MPEICTaBISIFOT COOOW MPOIYKTHI, 0OOTallleHHbIE BOJOW M BHIILIABIICHHBIC
HETOCPECTBEHHO M3 MaHTuH. [1o npyroit Teopun — mepBUYHAS KOpa 3eMJIH Oblia 0a3albTOBOTO COCTAaBa,
KOTOpasd 3aT€M, B pE3yJIibTaTe I[eP'ICTBHﬂ MaHTHHHBIX (I)HIOI/I[IOB, HCIIbITaJIa TPAaHUTU3AalUIO0.

I'maBHas pomp B (opMupOBaHWM TIEPBHUYHOW KOHTHHEHTAILHOW KOPBI, NPUHAMICKHAT OOIBIIOMY
conepkanuio (IrOUA0B B MaHTHH. HO 37eCh BO3HHMKAeT CyIIeCTBEHHBIH Bompoc. [Touemy 3TOT mporecc
TPaHUTH3AIMKA 3aTPOHYJ JIHIIb 4acTh 3emHOU Kopwl? Ilo muenwmto S.P.Taylor u S.P.McLennan (1985)
BEPOSTHO, TPAHMUTH3ANMs TMpOTeKala B MacmTabe Bced 3eMHOH KOpbhl, HO B pE3yJbTaTe CHUIBHOTO
CTOJKHOBEHHMsI C acTepouaoM (KOTopeld mopomun JlyHy), IUIOmIagh CONPUKOCHOBEHHUS OKa3allach
JIETa3MpPOBAHHOM, YTO BHI3BAJIO B 3TOH YaCTH MPUOCTAHOBIICHUE TIPOIIECCOB TPAHUTH3AINH.

Io Bceit BepoATHOCTH, MEXaHNU3M TPAHUTOOOPA30BaHUS U3MEHUJICS B TO3[JHEM apXee - PaHHEM IPOTEPO30e
(3.0-1.7 mupa. ser). B aroT mepuoj 3eMHas KOpa CTAHOBHTCS JOBOJBHO MomrHO# (30-40 kM), uTO M
o0ycioBMBaeT Meramophu3M rpanyinToBoi damnuu. Kak u3BecTHO, BO BpeMsi MeTaMOp(u3Ma 3TOr0 THIIA
MIPOUCXOANT BbIIeNIeHHE (DIIFOU/IOB, BBI3BIBAS TPAHUTH3AIMIO PACIIONOKEHHON Haj Hell kopwl. Haumnas co
cpennero mporepo3os (1.7-1.3 Mapa. jeT) TIJaBHBIM IMPOIECCOM B TPAHUTOOOPA30BAaHUM CTAHOBUTCS
TIepeTIaBIeHUE YXKe CYIIeCTBYIOIIEeH IpaHUT-THeNCOBO# Kophl. Briocneactuu, yxe ¢ npeBHero pudes (< 1
MIIpJ. JIET) WU3-3a CHIDKEHUS TeOTEePMUYECKOTr0 TPaJMeHTa, BO3paciia MOITHOCTh 3¢€MHOW KOPBI, 4TO B CBOIO
ouepellb CTaJl0 NPUYMHOW  00Opa3oBaHUs JIMTOCEPHBIX  IUIMT, BCJCACTBUE 4YEro  IMPOIECCHI
TPaHUTOOOPA30BAHUS HCIBITHIBAIOT JIOKAIH3AIMIO JIHUIIb B TIOJBMKHBIX 30HaX HaJ 30HAMH CYOyKITHH.
COOTBETCTBEHHO YMEHBIIIAIOTCS M TEMIIBI POCTa KOHTHHEHTa bHOM KopbI (Taylor, McLennan, 1985).

B mo3gHem mpotepo3oe U B (aHepo30e TPaHUTOOOPA3YIONIUE MPOIECChl BHOBH CBSI3aHBI C ITOJBHXKHBIMU
nmosicaMd. Bmecte ¢ TeM, K TaJTMHTeHe3y TPaHUT-THEHCOBOW KOPHI JOOABUJICS aHATEKCHUC MOIITHBIX TIECYAHO-
TJIMHUCTBIX TIOpoA. TakuM 00pa3oM, Ha Pa3IMYHBIX dTalax Pa3BUTHS 36MHON KOPBI TOCIIOICTBOBAIN Pa3HbIE
MEXaHU3MBl TPAaHUTOOOPA30BaHUs, M MApPAIUICIFHO C WX HM3MCHEHHEM HW3MEHSIICS W TeHETUYEeCKHHA THUI
TPaHUTOHUIOB.

Kak w3BecTHO, OOJbIIas 4acTh KOHTHHEHTAJIHHONH KOPBI 3E€MIIHM CIIOKEHAa TPAHUTOWIHBIMHA TOPOJaMH,
MOATOMY CYIIECTBYET HEMOCPEJICTBEHHAsI CBSI3b MEXKJy MX T'eHepalueid W TpoieccamMd (OpPMHUPOBAHHS
KOHTUHEHTAIbHOW KOpPBI, TaK KaKk MPOLECC MAcCOBOW TIeHepaludy TPaHUTOMAHBIX MOPOX (hakTHuecKu
SIBIISIETCS MEXaHU3MOM 00pa30BaHMsI KOHTUHEHTAILHON KOPBI.

[IpoGnema o0OpazoBaHUS W SBOJIIONHMYA KOHTHHEHTAJIHHOW KOPBI BCerJa ObUIA M OCTaeTCs OJHOW U3
BOKHCUITUX TPH HCCIIeoBaHUN 3eMiu. [lo cpaBHEHHUIO ¢ OKEaHCKOH KOpOH KOHTHHEHTAJIbHAs Kopa Ooee
JIPCBHSIS, CPAaBHUTENBHO MOIIHAS W Oosee pasHooOpasHas. OHa, TJIaBHBEIM 00pa3oM, CIIOXKCHA
TPaHUTOUTHBIMU TIOPOJAMH, @ OCHOBHBIE, YJIBTPAOCHOBHBIC, OCAJOYHBIE M METaMOP(PHUUECKHEe MOPOIBI
HAXOSTCS B IMOAYMHCHHOM IOJIOKEHUU. KOHTHHEHTaIbHAST KOpa SBISETCS YHHKAIBHBIM OOpa30BaHUEM
CoyHeUHOU CHCTEMBI, (OPMHUPOBAHHE KOTOPOH HAXOJIUTCS B MPSMOW 3aBUCUMOCTH OT B3aWMOJCHCTBUS
BOJIBI M CHJUTUKATOB M T€HEPAINX TPAHUTOUIOB.
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ITo ompemenennto V.Pollard (1979), koHTHHEHTaIbHAS KOpa 3eMIIH MPEACTaBIsIeT cob0i TO OCHOBAaHUE, HA
KOTOPOM HPOTEKAITH MOCIIEYIONIME CTAJNK BOJIFOINH XKU3HH, YTO M NIPUBEIIO K mosBIcHHI0 HOMO sapiens.
[TosToMy mporieccsl ee 00pa3oBaHMS W POCTA BBI3BIBAIOT OOJIBIION HAy4YHBIM MHTEpeC, 0O, eciau Obl He
KOHTHHEHTAIBHAS KOpa, )KM3Hb Ha 3eMJIe, [0 BCEH BEPOSITHOCTH, Pa3BUBAIACh Obl B IPYTOM HAIPaBJICHUH.

[Io S. S. Taylor u S. M. McLennan (1985), ocHOBHbIE YacTH KOHTHHEHTOB C(HOPMUPOBAIHUCH B
JIOTIO3THETIPOTEPO30MCKOE BpEeMsl M3 IOBCHWIBHOH Marmbl, HO OCOOGHHO WHTEHCHUBHBIE KOpPOOOpa3yloImue
MpOIIeCCHl NPOTEKaNn B HHTepBaje 3.2-2.5 mapa. net. B 3ToT nepuoj 3eMHast Kopa B pe3ysbTaTe YTONICHHUS
pazmenuiuack Ha TPAaHYJIUT-O0Aa3UTOBYI0 M TpaHyJNUT-THeicoByro. He3HaumrenbHas dYacTb HOBOIt
KOHTHHEHTAJILHON KOpBI c(OPMHUPOBANIAcCh B KOHIIE MPOTEPO30s U B (aHepo3oe, IMocie Hadajaa JeHCTBHA
CyOIyKIIMOHHOTO MEXaHHW3Ma, HO TOTJa BO3HUKACT BOMNPOC — KAKUM IyTEM PaCUIMPSUINCh KOHTHHEHTHI?
Oco0y10 IHCKYCCHIO BBI3BIBACT BONIPOC pa3pacTaHusi KOHTHHEHTAJIBHOW KOPHI CO CpemHero mporeposos. C
OJTHOW CTOPOHBI, B 3TOT MEPUOJi KOHTUHEHTHI PACIIUPSUIUCH ITyTEM aKKPEIIMU OCTPOBOYKHBIX KOMILIEKCOB
WM BEPTHKAIBHBIM PACCIOCHHEM CYOOKEaHCKHX KOMIUICKCOB, YTO BBI3BIBAIIO T€HEPAIMIO TPAHUTOUIHBIX
pacmiaBoB. C Apyroil CTOpOHBI, MMOBEPXHOCTH KOHTHHEHTOB MPOTPECCUBHO YHHYTOXAJIHCh B PE3yJbTATe
XUMHUYECKOH M (PU3UUECKON 3PO3UH, & 0CAJOUYHBIC TIOPOALI B 30HaX CYOIYKLUH MOCIE MOMaJaHUs B PEKUM
BBICOKOTO MeTaMOp(hHU3Ma, IOTPYKAINCh U TUIABWINCH B MAaHTUH. TakuM 00pa3oMm, CO CpeTHET0 MPOTEPO30st
9YacTh MacCchl KOHTHHEHTAJIBHOM KOPBI B pe3yJIbTaTe PEIUKINHIOBBIX MTPOIIECCOB HAXOAMIIACH B IIOCTOSHHOM
JUHAMUKE.

Mogenbs cTaOMIBHOCTH KOHTHHEHTOB Tpeanaraet R.L.Armstrong (1968, 1973), mns momnep:kaHusi 3TOM
TEOPUM HCIONb3YeT H30TONHbIC [aHHbIE W TEOXUMHYECKMH OanaHc ApoOJICHUs M BBIBETPUBAHUS
KOHTUHEHTAIbHOW KOPBI, XOTS Pa3IMYHBIMU aBTOPAaMM Ta K€ T€OXMMHSI M M30TOMNUs ObUTH HCIIOIb30BAHBI
KaK apryMEHTBI CETEBOI0 POCTa KOHTHHEHTanbHOoM kophl (Morbath, 1978; Tailor, McLennan, 1985; Stein,
Hofmann, 1994). DT aBTOpHI IMIABHBIM MEXaHH3MOM POCTAa KOHTHHEHTAJIBHON KOPBI CUMTAIOT MPOLIECC
TeHepaly OBEHWJIbHBIX TPAaHUTOMIHBIX pAacIUIaBOB W3 MaHTUH. HecMmoTps Ha ceTeBod pocT
KOHTUHEHTAJIbHOW KOPBI, OOJIbIIAs YaCTh YUEHBIX CUUTAET, YTO €€ POCT 3aBEPIIMIICS 2.5 MIpA. JIET Ha3al, a
B (haHEepo30€e ITOT IpoLecc OblT HE3HAYUTENFHBIM. JTa HJies OblIa MOJKPEIUIeHa H3YYEeHHEM B TPAaHUTOUAAX
uzoronoB Nd u Sr B Kanenonunax, ['epunanaax u ['umanasx, XoTs MOCIEAHUE U30TOMHBIC HCCIICIOBAHKS B
Kopnunsepax Ceseproit Amepuku (DePaolo, 1981, 1988; Samson et al., 1989; Samson, Patchett, 1991) u B
JlaumangckoM ckimaguaToMm mosice B Bocrounoit Ascrpamuum (Hensel et al., 1985) mokasamu, uro 31ech
Oonbas yacth (haHEepO30HCKOH KOHTHHEHTAILHOW KOPHI SIBISIETCS FOBEHUIILHOH M, COOTBETCTBEHHO, POCT
KOHTUHEHTOB OBUI 3HAUNTEIIbHBIM.

Kak mokazanu HallM HCCIENOBaHMs, MO3JHENaNeo30ickue TpaHuTOMAbl bonpmoro KaBkasza sBIstoTCS
Pe3yIbTaTOM 3BOJIIOLUHM T'€PLUHCKOr0 OporeHa M HMX (HOpMHUpPOBAaHUE IMPEACTaBIsIeT coOoil KiaccuyecKuit
IIPUMEP POCTAa KOHTHHEHTAIBHOM KOPBI B PE3YJIBTATE AKKPELUU OCTPOBOAYKHOTO KOMIUIEKCA K aKTHBHOM
KOHTUHEHTAIbHOW OkpanHe. CieyeT OTMETHTh, YTO, 0 JAaHHBIM HALIMX HCCIEIOBaHWM, OONbIIas 4acTb
repIHCKUX rpaHuTonioB bonbmoro KaBkasza ¢gopmupyercs B pe3ynbraTe yibTpameraMoppu3Ma rmecqyaHo-
TJIMHUCTOTO CyOCTpara, 4acTh SBJSIETCS Pe3yIbTaTOM MaHTHHHO-KOPOBOTO THOpHIM3Ma, a HE3HAYUTEIbHAS
4acTh - Pe3yJIbTaTOM CEJIEKTUBHOTO IJIaBlIeHUs 0a3UTOBOTO cyOCcTpara.

1.4. I'paHATOMIHBINA MarMaTU3M M IIPoLecchl pyA000pa30oBaHust

OpHOM U3 TIaBHBIX 3a/1a4 U3YYEHUS TPAHUTOUIOB SBISIETCS OIIEHKA WX PYJOHOCHOCTH U yCTAaHOBIIEHUE POITU
TPaHUTOMIHOIO MarMaTtu3Ma B Ipoleccax pyaooOpa3oBaHus. B coBpeMeHHOW 3eMHOI KOpe CyIIecTBYET
00JIbIIIOE KOJTMYECTBO PYOHBIX MeCTOpoxkaeHnH. Cynd 1Mo MX pa3MeIleHHI0 OHH c(hOpMHPOBAHBI MPSMBIM
WIN KOCBEHHBIM IYTEM M3 T'PAaHUTOMIOB, HAXOASALIMXCS C HUMH B MPOCTPAHCTBEHHOM acCOLMAINH, JTHOO
TPaHUTOMUIHBIE TEJA CAMH UCTBITBIBAIOT OPYyICHEHHE.

Henbim psimom uccnenosarenedt (Peiid, 1990; u ap.) ¢ Oonpiioil yBepeHHOCTBIO OBLTO TMOKAa3aHO, YTO
¢uronsl, BBIIENCHHBIE W3 TPAaHUTOWAHBIX pACIIABOB, COJIEPXKAT METALIBHI WU B TOM Ciydae, €Ciu
MarMaTHYecKui pacIulaB XapaKTepu3yeTcs WX OpAWHApPHBIM coaepxkaHueM. [lo pacueram 3THX XKe
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ucclieioBareneld, KOHIIGHTpAIMsS METAIIOB B TPAaHUTOMIHBIX pAacIulaBaX TaKoBa, YTO TPU HJCATBHBIX
YCIIOBUSAX, JaK€ WHTPY3UB CPEIAHETO pa3Mepa MOXKET JaTh MECTOPOXKICHUE MPOMBIIUICHHOTO 3HAYCHUSI.
Hcxons u3 3Toro, NOTEHIMATBHBIC BO3MOXXHOCTH OPYJICHCHHUS UMEIOT TIOYTH BCE TPAHUTOUIHBIC PACILIABHI,
OJTHAKO B (POPMHUPOBAHUU MECTOPOXKICHHUS IMOJIE3HBIX HUCKOMAEMBIX, IOMHMO UCTOYHHKA, HEMAaJIOBAKHYIO
pOJIb MTPAIOT U Jpyrue (akTOphl: CYHIECTBOBaHUE Oapbepa, TSPMOIWHAMHYCCKUAN PEXHUM, KOHIICHTPALIUS
(haroumIoB u 1p.

B mocnennue rogpl K BO3MOKHBIM BapUaHTaM B3aMMOCBSI3M T'PAHHUTOMJHOTO MarmMaTu3Ma M OpYyJCHEHUs
JMo0aBwWIICS ele OJUH BapwaHT. Kak mMoka3any H30TOIHO- TEOXUMHUYECKHE JaHHBIE, B (OPMUPOBAHHU
HEKOTOPBIX PYAHBIX MECTOPOXKICHHUI MPUHUMAITK yUacTHe U HeMarmarudeckue pactBopsl (Hall et al., 1974;
u ap.). CornacHo 3TOi KOHIENLUH, TEIUIOBBIC MOJII TPAHUTOUIHBIX WHTPY3UBOB BBI3BIBAIOT AKTUBH3ALMIO
MUPKYISIIHA TOJA3EMHBIX BOJI, B PE3YJIbTATE Yer0 OHU YaCTO BBIMBIBAIOT METAIUIBI U3 TPAHUTOWIHBIX TEN U
OTJararoT WX Ha (Qu3HKO-XUMHYecKux Oapbepax. MccnemoBarenn Takol MexaHU3M pyno00pa3oBaHUs
Ha3bIBAIOT PEUUKIMHIOM U €ro pPeaJbHOW KAPTHHOW CYHMTAIOT THIAPOTEPMATBHBIC MPOIECCHI
pymooOpazoBaHus, MPOTEKAIOIINE B COBPEMEHHBIX CIpenuHTOBhIX 30Hax (Rona, 1984; u np.). Cnemyer
OTMCTUTBH, YTO CTPOCHUC U T'CHE3UC OPYILCHGHI/II\/'I, CBA3AaHHLIX C I'paHUTOMAaMM, C OJMHAKOBBIM YCIICXOM
MOXKHO OOBSCHUTH KaK OPTOMArMaTW4yecKoi KOHIICIMel, TaKk W PEIMKIMHIOBOM MOJENbI0, HO HH OJTHA
KOHIICIIIHA HE Ja€T OTBETA Ha TJIaBHBIN BOIIPOC - IMOYEMY MMCHHO C 3TUM, a HC C JPYIr'UM TCJIOM CBA3aHO
OpyIeHEeHHUEe, KOTOpOe KaK 10 CBOEMY CTPOCHHMIO, TaK H [0 TeHE3UCY U T'e0JIOTHUECKON TTO3UIMH OTMHAKOBO?
Moxet ObITh, B (HOPMHPOBAHHUM PYIHBIX MECTOPOXKICHUH, CBS3AHHBIX C TPAHUTOUAAMH, MPUHUMAIOT
ydactue 00a oTMeueHHbIX Mexanm3ma? ['nme ke uctmnHa? [l 3TOro MBI mpuOeracM K BBHICKAa3bIBAHUIO
E.Raguin: "Kak BHIHO, JWIIb B HCKIIOYMTCIBHBIX M CYACTIMBBIX CIy4asX MPOUCXOAUT CIIHSIHHE
pyaoobpasyromux (hakTopoB u obpazoBanue MectopoxaeHuii”" (Raguin, 1976).

JletanbHble UCCICIOBAHUS MOCICIHUX JIET MOKA3BIBAIOT, YTO C OMPECICHHBIMU TeHETUUYCCKUMH THIIAMU
IPaHUTOUIOB CBsI3aHbI KOHKPETHBbIC OpylcHeHus. C TpaHUTOJaMH S THIIA, MPEHMYIIECTBEHHO, CBSI3aHbI
mectopokaenuss  Sn, W, Ta, Nb, Be wu Li u gpyrux peakux meramwioB. C rpanurounamu | tuma, B
OCHOBHOM, CBsi3aHbI MecTopoxaenus Cu, Mo, Ag u Au, a ¢ rpaadTONIaMU A THIIA - MECTOPOXKIeHUs ZI,
Nb 1 perko3eMeNbHbIX 3JIEMEHTOB.

IIpumepHO Takyro K€ KapTHHY pacIpelesieHUs METAJUIOB M0Ka3ajiu MPOBEACHHbIE HAMU HCCIIEJOBaHUS B
TepUUHCKUX TPaHUTOMAHBIX oOpa3oBaHusx bonbimoro Kaskasza. IlogpoOHo B mocneaHel riaBe HacTOSIIEH
paboThI OyzeT paccMOTpEHa CBsI3b OPYIEHEHHUs C TEPLIMHCKUME I'paHuTongamMu bonbmoro Kaskasa.
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2. OBIIAS XAPAKTEPUCTHUKA JOAJIBIIUMHACKOIO KPUCTAJVIMYECKOI'O
OYHIAMEHTA BOJIBIIOI'O KABKA3A

bonemoit KaBkaz mpencraBisger co0oil  (aHEPO30HCKYIH0 OpPOTEHHYIO CHCTEMY, KOTopas
npociexkuBaercs: nmpuoimsuTenbHo Ha 1200 kM ot TamaHCKOro 10 AMIIEPOHCKOTO MOTYOCTPOBA
JlocTirasg MakcuMaibHOW 1mmpuHbl 180 KM B cBoed IneHTpainbHOM yacth. C ceBepa OH
orpaHnyuBaercsa BocTouHO-EBPOINIEHCKON TUIMTOH, a ¢ 0ra - BHYTpHKaBKa3CKUM MacCHBOM. B ero
(GOpMHUPOBAaHMKM YETKO BBIACIAIOTCS JBa JTama: JOAIbINUNACKUN W anmbnuiickui. Ha bosbiiom
Kaskase, u B nemom Ha KaBkase, anbIUMNUCKUM dTall HAYUHAETCS TPAHCTPECCUEH, PErMOHAIBHBIM
HecoryacueM M (OpMalMOHHBIM H3MeHeHueM mopoa. Jloanbnuiickue oOpa3oBanusi bosbiioro
KaBkaza B reoJormyeckoil JUTEpaType paccCMaTpUBAIOTCS KaK KPUCTAJUIMYECKUN (QYyHIAMEHT WIIH
KPUCTAIJIMYECKOE OCHOBaHUE, 0OHa)KEHHAs 4aCTh KOTOPOIO MpOoCTUpaercs npudiau3utensHo na 200
KM, @ MaKCUMaJIbHasl IIMPUHA He TpeBbiaeT 40 kM.

Kpucramnmuecknii pynnament bonpmoro KaBkasza, B OCHOBHOM, CIOXKEH KaJCJOHCKUMH M T€PIHUHCKUMH

IUIaTMOTHEecaMH,  TPAaHUTOTHEHCaMH, TpaHUTAMH, TPAaHOAMOPUTAMH, KBapLEBBIMH  JHOPHTAMH,
KPUCTAUTMYECKUMHU CllaHIamu, ampubdonuramMu u (parmMeHtamu opuonnToB. M3-3a psaga nmpuyuH Jydile
u3ydeHsl ocanouyHbii yexon (TomummBumm, 1993; bepunze, 1970; u mp.), MarMaTu4eckue oOpa3OBaHUS
(Aymaypu, 1972, 2003; bopcyk, 1979; u np.) u reommHamuka (["'amxpennmze, 1984; u ap.) anpnmiickoro
stana bonpmoro KaBkaza. Uto kacaeTcs 10anbIUACKOTO KPUCTAJUIMIECKOTO (yHAaMEHTa, TO HECMOTpPSI Ha
yCIIEXH, JOCTUTHYTHIE B €70 U3YUYEHHUH, OCTAIOTCS M pobieMbl. K HUM OTHOCSTCS - KOppEeTsius 0CaI04YHBIX
MOPOJI, UICHTU(PUKAIMS TEKTOHHYECKUX MOKPOBOB, B3aHMOCBSI3b MEXKIY METaMOP(PHU3MOM U MpoIeccaMu
rPaHUTOOOPA30BaHUs, BO3PACTHOE U T'€HETHUECKOE DPACWICHEHHWE TI'PAHUTOWAOB,  BBIABICHHUE DPYAHBIX
MHUHEPaATU30BaHHBIX 30H U JIp.

Henasuo Boeitien B cBer (yHmameHTanbHbI oboOmatommii Tpyn W.IL.Tamkpenumze u J[.M. llenrenna
(2005) o nokeMOpHIICKO-TIAIC030MCKOM PErHOHAILHOM MeTaMop(u3Me, T'PAaHUTOUIHOM MarmMaTh3Me Hu
reonquHamMuke KaBkaza, KOTOpBIM SBISETCS KPYMHBIM JOCTIXKEHHWEM B HCCICIOBAHMM pErvoHa. B 9Toif
MOHOTpadMu, OCHOBAaHHOW Ha KOHIICNIIUA TEKTOHUKH IMTOCHEPHBIX IUIHT, NAIOTCA M Pe3yJbTaThl
MCCIIeIOBaHNN JOOpCKuX TrpanuTonioB bombmoro Kaskaza. [lokazaHo, 9TO TpaHUTOUIHBIA MarmMaTu3M B
[EJIOM, SIBIIIETCS OTPaXKEHWEM BapHaluid TepMOOapHUeCKOTO TIOJSI BO BHEIIHUX O00O0JI0YKaxX 3EMIIH,
MIPEJICTABISISE COOOH MpSAMOE CJIENCTBHUE TE€OJAMHAMHUYECKOTO PEXHMMa Pa3IMYHBIX CTPYKTYPHBIX €IUHUI]
36MHOU KOPBI.

2.1. KpaTkuii 0030p reoJ10ru4ecKoro uccjiaeI0BaHus

Wzyuenue xkpucramumueckoro Gynnamenta bosipiroro KaBkaza Havanock ¢ KOHIIA JEBSITHAIATOTO BEKa, a
Oonee MeTaNbHBIC TIONEBBIE W MHUKPOCKOIUYECKHE WCCIIC/IOBAaHUS Hayalld MPOBOAUTHCA C Hayala
nBajaroro Beka. [lepeeie HarboJee MOJIHBIC paObOTh ObUTH BhIMOHEHbI B 30-40-x . ([Iem00, 1937; Uxorya,
1941; u np.).

B 50-x m 60-x rogax ABamIlaTOTO CTOJETHS HAYMHACTCS WHTEHCHBHOE HCCIICNOBAHWE KPHUCTAUTMYECKOTO
¢bynnamenta bonbmioro Kaskasza. B u3yueHun MetaMoppuUecKiX U MarMaTHYECKUX TIOPOJ OOJBIIYIO POITb
cerrpanu Tpynel . M.3apuaze (1961, 1970), I'M.3apunze n H.®. Tarpumsmmu (1958, 1959, 1967),
I'.JI.ApanaceeBa (1968, 1971), AM. Jlemuna (1960), E.A.CHexkxo (1958), I'.M.Muxeea (1958),
J.M.Illenrenua (1965), I'.JI. Onukanze (1969), I'. 11 Aymb6anze (1969), T.I'.Uxotya (1971) u ap. B arot xe
MIEPUOJT BOIPOCHI TEOJOTHUYECKOTO CTpOeHHS W TeKToHWkH wuiydanu [1.J[.I'amxpenumze (1963, 1964),
IILA.Anamus (1968), M.JI.Comun (1965, 1969, 1971), HIL.WU. JIxaBaxumeuiu (1970), O.M. Xyrumsuiu
(1972) u np.
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B xonme 50-x r. I'. M. 3apumze u H. ®@. TarpumBuin pa3paboTaid TCOPHUIO, IO KOTOPOH MeTaMOpP(HUTHI
Bbonbimioro KaBkaza oOpa3zoBamuch B pe3ysibTare HAJOXKEHHOTO aloMeTaMopdusMa, a TpPaHUTOUJIBI
c(hOpMHUPOBAIKCH MTyTEM METACOMATHUYSCKOW TPaHUTH3AIMK TaOOpOMIOB U IUIATHOTPAHUTOB. B 3TH rombl
OTMEYEHHBIE aBTOPHI HE OTPHIAIN 00pa30BaHUE IPAHUTOUIOB MATMATUICCKUAM ITyTEM.

B nHavane 60-x r. Hayancs NepecMOTp MyTeH MPOUCXOKACHHUSI MeTaMOp(UTOB U TPAHUTOUAOB. B pesynbrarte
n3ydenusi Meramop¢utoB bakcanckoro ymenbs J[.C.Kuzepamprep (1960) 3akmiodmn, dYTO TEKTOHO-
CTPYKTypHOE cBoeoOpa3ue meramopputoB [JaBHOro xpeOTa NHPOTUBOPEUUT HIEE HX KOHTAKTHOTO
obpazoarmsa. M.JL. Commu (1965) mpowsBen MONHBIA aHANW3 KPHUCTALIMYECKHX MOPOA (QyHIaMEHTa
I'maBHOrO XpeOTa M HpHUILET K BBIBOAY, YTO I'PAHUTOMIHBIC TE€JIa HE SIBJIAIOTCS NMPUYMHOM 0Opa3oBaHUs
MeTaMop¢puToB. OH TakKe MpPUBEN BECKHE apryMEHTHl B IOJIb3Y H30XUMHYECKOW MPHUPOABI TeHe3uca
METaMOp(HUTOB U B PE3yNIbTaTe U3YUCHUS aKLECOPHOTO LIUPKOHA KPUCTAJUINYECKUX CIIAHIIEB YCTAHOBHI HX
MeTaTeppureHnyo npupoay. ItoT ¢akr mnozBonmn M.JL. Comuny (1965) u E.A.Chexko (1968)
UCIIOJIB30BaTh CTpaTUrpauuecKuii NPUHUMN HpU HoApasaeiaceHuu MeramopduroB I[maBHOro xpedra
Bompmoro KaBkaza u BBIAETUTH TPU TJIABHBIX CEPUU: MAKEPCKYIO, OyYJIBIreHCKYI0 U NaOuHCKyr0. B 1965
roay M.W.bapanos u U.M.UepHoB onmyOIMKOBaNy JaHHBIE O MUTMAaTHTaX, KOTOPBIE CEKYTCS YIyKaMCKHMHU
TPaHUTOMIAMH, YTO OIHO3HAYHO YKAa3blBa€T HAa PETMOHANBHBIH XapakTep TIeHe3uca MHUIMAaTUTOB. OTH
BbIBOJIbI €IIC 60nee YKpCenujiInu MHCHHUE O HAXOXIACHUHW Ha I'maBHOM xpe6Te TpPaHyJIMTOBBIX CJIAHICB
(Ienrenua, 1968), a Ha [lepemoBoM xpedre - 3knoruToB (Adanackees u 1p., 1969; Tarpumsuiu, 1970).

PaccmoTpenHble BbIlle JaHHBbIE OKa3ajd CYIIECTBEHHOE BIHMSHHE Ha METPOJIOTOB M3ydarolux boinbiioi
KaBka3. Yixe ¢ Hauama 70-x T. maes MeTacoMaTU3Ma OTOABUTAETCS Ha 3aqHui 1aH. [losBumucs paboThl, B
KOTOPBIX MeTaMOpQHUUECKHE KOMIIEKCHI PACCMAaTPHUBAINCh KaK PE3YJIbTaT H30XUMHUECKOTO PErHOHATIBHOTO
Metamoppusma ([xaBaxumBuiau, 1970), a TpaHUTHl - KaK aHATEKTHYECKHE aBTOXTOHHBIE 0Opa3OBaHUS
(Wenrenna, 1972). B aTOT %€ mepuoj B JaOWHCKOW cepuu ObUIM HaWACHBI KPUHOWJIEU, KOTOPHIE Al
BO3MOYKHOCTh JaTHpoBaTh 3TH mopozasl opaoBukoMm (Iloranmenko, Crykamuna, 1971). Tak kak mexmy
Na0MHCKOM M MAaKEepPCKOW CepUsIMM HEcOorjlacHs HE OTMEYaercsi, IOSBHIIOCH OCHOBAHHE PAacCMaTpUBaTh
MeTaMmop¢uueckue KoMmiulekchl ImaBHoro xpebra bompmoro KaBkasa kak eauHOe paHHETePLMHCKOE
obpazopanue (Agamus u ap., 1973).

B nauane 70-x r. yxe ObLIO J0Ka3aHO, 4TO 00JOMKHM (yHJameHTa [J1aBHOro xpeOTa B KOHIJIOMEpaTax
MOSIBIISIIOTCA  JIUITh ¢ BepxHero maneo3os (Illenremma, 1969, 1972; Xymumswim, 1972; u ap.). Ot
apryMeHTHI ele 0oyiee YIPOYMIIH MBICIb O TOM, YTO Pa3MbIB KpUCTATUUECKOro (GyHmamenta Bosbiioro
Kapka3za Haydascst ¢ 3TOro BpeMeHH.

[lepecMoTp B3rmAg0B Ha MeTaMOp(U3M M MarMaTH3M KpucTajuudeckoro ¢pyHaamenta bonpmoro Kaskasza
JIAJl CTUMYJI HOBBIM TIETPOJIOTUYECKUM HCCIeIOBaHUSAM. HaduHas ¢ 3TOro BpeMEHH OCOOCHHO aKTHBHO
paboTel Benuch Tpy3mHCKuMH TneTposoramu [.M.3apumze, H.®.Tarpumswmm, .U J[xaBaxumsumm,
I'JI.Omukamze, J.M.llenremna, O.Il.Hamapewmsunu, J[.H.Kemxosemn, I'.M.Jlym6am3e, T.H.Uxotya,
I K.lumakypumze, P.A. Axsneauann, I'.JL.Ununaamze, M.A.Kekenua, W.ILIIagumBmwm wu ap. Otmedy
moHnorpaguio J.M.Illenrenna (1972), B koTopoli 000CHOBaHO aHATEKTHYECKOE MPOUCXOXKICHHUE OOJbIICH
JacTH maieo3oickux rpanuTonoB CeBepHoro KaBkaza m mpemioxkeHo ux (opmarmonHoe aeneHue. B
BocTrouHOoi dactu Coduiickoro momusatus [.JL.Uwumaanze (1978) BmepBeie ommcan NPOTrPECCUBHYIO
pPETHOHATBLHYIO 30HATBHOCTh MeTaMopduToB. B aToT ke mepuon [.M.bapanos, U.1.I'pexoB, A.H.lonrux u
npyrue (1979) s Bcero kpucrammdeckoro gynnamenta bonbmoro Kapkaza cocTaBHIIM reoorn4ecKyro
kapty Metamop¢uToB B Macitade 1:200 000.

80-¢ rompl XapakTepH3YIOTCs JAeTalu3allell MCCIelOBaHUM KpHCTaJuIMdeckoro QyHaamenta boimbiioro
Kagkaza (Illenrenna u ap., 1981, 1989; Mranoomumswim, 1980; lIsenunze, 1986; Oxpociapunse, 1987) u
Ilepenosoro xpebrta (Illenrenuna u ap., 1984, 1986; lllapumBuiu u ap., 1989). OcoOEHHO MHTESHCHBHO
MPOBOJMIINCH Pa0OTHI IO M3YYEHUIO MeTaMopduueckux obpa3oBanuii bonbmoro Kaskasza (Kaxanze, 1984;
ITommopamze, 1985; Ilymynasa, 1988; Illenremua M.J., 1989; u nmp.). MTorom crama omyOIMKOBaHHAsS



24

KoJuteKTUBHAs MoHOTpadus "lleTponorus metamopduaecknx koMimiekcoB bopmoro Kaskaza" (Illenrenma
u ap., 1991). B 3tk ke TOABI TMOSBHUINCH pabOTHl, B KOTOPBIX CHHTE3UPOBAHBI TETPOIOTHICCKHE H
TEKTOHUYECKUE JaHHBIC U TMPEUIOKECHA HOBas T'€OJMHAMUYECKash MOJICNb 00pa30BaHMs KPHCTANTMYSCKOTO
¢yamamenta bompmoro Kaskaza (Anmamus, [lasumBrmm, 1979; Axamus, 1984; bapanos, I'pexos, 1982; u
np.). UTo kacaeTcs TepIMHCKUX TPAaHUTOUIOB, TO B TMOCIEIAHUE TOABl UX HM3YUYCHUIO YACISIOCh MCHbIIE
BHUMAaHMUS, BCJICJCTBUM YETO B HACTOSIICE BPEMs HE CYIICCTBYET CIUHOW METPOJIOTUYCCKONW MOJICIH IS
3THX TMOPOJ|, KOTOpas B COBEPIICHCTBE OTpaxkasia Obl WX pOJb, MECTO W PyH000Pa3yIOMINH MOTEHIHAT B
mporecce 0o0pa3oBaHUsl KpUCTAUIHUecKoro ¢yHnamenta bombimoro Kaekasza. Ilostomy manHas pabota

SIBIIITCS TOTBITKOM BOCIIOJIIHUTE 3TOT MPo0elt.
2.2. CtpykTypHO-hopMALHOHHBIE 30HbI

Kpucramnuuecknii ¢pynmament bonbsmoro KaBkaza mo cBoeMy CTPOCHHIO, COCTaBy, BO3pacTy
KOHCOJIMAAIIUNU U UCTOPHUU I'€OJOTHUCCKOro pa3BUTUA ABJIACTCA CIOXHBIM I'€TCPOrCHHBIM O6pa3OBaHI/ICM. C
ceBepa Ha IOT B HEM TPaIULMOHHO BBIICJISIOTCS YEThIPE CTPYKTYPHO-(OpManrOHHBIE 30HbI: bedackiHCcKas,
[MepenoBoro xpebta, I'maBHOro xpedra m HOKHOro CKJIOHA, pa3lieleHHbIE MOIIHBIMH TEKTOHUYECKUMHU
HapymeHusMu (puc. 2.1). DTr 30HBI, BO BpeMs aBIIMHACKOTO OpPOreHe3a, MCIBITaIl APOOIeHNE Ha eI
psin reobnokoB. B pesynpTare 3TOro mpomecca Kpucraumueckui ¢ynHmameHT bombmoro Kaskaza

(aKTHUECKH MPUHSUT COBPEMEHHBIH BUJ.

Boa: Aag,.

Puc. 2.1. Cxema cTpoeHusi 00HAXKEeHHON YacTH Joajabnuiickoro ¢pyngamenta boasmoro Kaskasa (k

cesepy ot I'1aBHoro nagsura) (Ilerposorust Meramopguueckux.., 1991).
A-B — noanwsmnuiickue cTpykTypHO-(hopMarmonnabie 30HbI: A — bedacsiHckas, b — IlepemxoBoro xpebta, B —

I'maBHOTrO Xpedra; 1-4 — OCHOBHBIE BBIXOABI AOME3030MCKHX KOMIUIEKCOB B 30HAaX W MOA30Hax: | — B
Bbeuacerackoit 30He, 2 — B 30He IlepenoBoro xpedTa, 3 — B Dnp0Opycckoii moa3one ['maBHoro xpebra, 4 — B
[lepeBanbHoii monzone I'naBHOTO XpebTa; 5 — MOogHATHS (BBICTYIBI) HoajdbIUKCKOro GpyHramenTta (Lupsl B
Kpyxkkax): 1 — Uyrymickoe, 2 — Aramaxkunckoe, 3 — Coduiickoe, 4 — bibiOckoe, 5 — beckecckoe, paiioHa
p.-Moiesas, 6 — Tebepaunckoe, 7 — bankapo-/Iluropckoe, 8 — IlIxapckoe, 9 — Amaitxoxckoe, 10 — VHa-
meckoe, 11 — [lapesnsckoe, 12 — Kybanckoe, 13 — KucnoBonckoe; | — Cesepnsbiif, |l — ITmexwum-

Teipublay3ckuid, |11 — ['TaBHBIN HAgBUT.
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BeuacbIHckas 30HA. SIBIseTCsS KpaiiHEe CEBEPHBIM OOHaKEHHEM KpHCTaindeckoro (pyHmamenta bompmoro
KaBkaza u xapakrepusyercsi (parmMeHTapHBIMU BbICTynamMH. Ee OCHOBHbIE OOHa)KEHHMS OTMEYAaroTCs B
yienbsax pek bakcan, Mainka, Kyoans, Jlayn, bonbmas Jlaba u benas. 13-3a cinoxHOU cTpaTUrpaduu 3Toi
30HBI, TPEAIOKEHO HECKOJIbKO BapuaHTOB ee pacwicHeHus. [1o HO. . IToranenko (1982) meramopdudeckue
nopobsl bedachlHCKOH 30HBI BKIIIOYWAIOT B ce0sl JBE CEpUU: XacayTCKyl0 M dYereMcKylo. HekoTopsie
WCCIIEIOBATENH CUYUTAIOT, YTO TPAHUIIBI MEXYy STUMH CepusiMH Be3ze Tekronnueckre (bapanos, Kponaues,
1976; bapanoB, 1987). bomee napeBHeld mo crTemeHH MeTamMop(u3Ma CUYHMTAETCS YEreMCKas Ccepus
(KuzeBanbtep, 1960), HO MO CTPYKTYPHBIMU W JINTOJIOTUYECKUMH MPHU3HAKAMU XacayTCKasl cepHs JpeBHee
(ITotanenko, 1982).

XacayTckas cepusi OOHa)kaeTCs B CEBEPHOHN YacTH bedackIHCKOM 30HBI M €€ CPeqHsST MOIIHOCTD COCTABIISET
npumepHo 2500 M. OHa B OCHOBHOM CIIOK€Ha OHMOTHT-KBAPIEBBIMH, OHOTHUT-aIbOMT-KBAPIIEBHIMU U
CCPUIIUTOBBIMU CJIaHIIAMMU. Ota CCpusAa CCUCTCA KAJIMCBLIMU I'paHUTAMH P. ManKa, KOTOPBIC OKa3bIBAIOT Ha
Hee aKTMBHOE MarMaTHYecKoe Bo3AelcTBHEe. Ueremckas cepusi MpOCIEXKHUBAETCS Ha 3ama] oT YereMckoro
ymeabs W g0 ymenbs p. Kyb6awb. Ee wommuocts 2000-2700 M. Ona, B OCHOBHOM, CJIOXCHA
MOHOMUHEPAJIbHBIMHU KBapuuTamMu u MyCKOBI/IT-aJ]b6I/ITOBI)IMI/I )41 MyCKOBI/IT-XJ'IOpI/IT-aJ'IL6I/ITOBI)IMI/I
KPUCTAIUIMYECKUMH CIIAHLIAMH.

IToponp! beuacbiHCKOI 30HBI MeTaMOp(H30BaHBI B YCIHOBUAX (hallM 3€JCHBIX CIAHLEB M 3[1€Ch YETKO
BBIJIETISIOTCS Bce TpH cyOdanuu: nodmotutoBas, bnoturoBas u rpaHatosas ([loranenko, 1982). CropabM
SBJISIETCSl BOTIPOC Bo3pacTa MetamopdurtoB 3toi 30HbL. [lo KO 4. Ioranenko (1982) ux peanbHbIl BO3pacT
Bappupyet oT 550 1o 800 muiH. JeT.

B beuachlHCKON 30HE BBIIEISIOT YETHIPE BO3PACTHBIE TPYIIBI MarMaTu4eckux 0Opa3oBaHUIL:
JTOKEMOpUICKYIO, paHHE- W TMO3IHETePIUHCKYI0 W aibhuiickyo. K mepBoil rpymme OTHOCAT
MacCHBHBIE IUIArMOTrpaHUT-opdupsel, Auadasbl, nuada3-noppupbl U pasiauusbie nopuputel. K
paHHETepIIMHCKOW BO3PACTHOM TpYIIE OTHOCAT CEPIEeHTUHUTHI, TPaHUT-THEWCH Tad0po-
MJIarMOTPAHUTOBOM aCCOIMALMA M TPAaHOAMOPUT-THEMCHL. K mMo3mHerepinHCKuM 00pa3oBaHUsM
OTHOCSAT MOILIHBIA IPAaHUTOUIHBIN MHTPY3UB Masnka, KOTOpbId UMEET aKTUBHBIM MAarMaTHYECKHUI
KOHTAaKT ¢ BMemarmumu metamopdurtamu (Iloramenko, 1982).

3ona IlepenoBoro xpedTa. IIpencraBiser co060# CyOMMPOTHYIO TPOTOBYIO CHCTEMY, KOTOpast C CEBepa | ¢

ora OrpaHHY€Ha MOUIHBIMH PErMOHAJBHBIMU  Pa3IOMaMHU. [lo crenenn weramopdusma 30HA
nojpasfensiercs Ha MeTaMOp(U30BAHHYIO  JOBEPXHENAICO30MCKYI0 W  HeMeTaMOp()U3UPOBaHHYIO
BEPXHEIMAJIE030MCKYIO0 YacTU. ['€0JIoruueckoe CTPOCHUE JIOBEPXHENAIe030MCKON YacTu 30HbI IlepegoBoro
xpebta oueHb cinoxkHoe. Ilo pasnuuHbIM  Tpu3Hakam  (cTpaturpaduveckuM,  CTPYKTYpPHBIM,
MeTaMOp(HUUECKUM) BBIJEISIETCS YeThIpe KOMIUIeKca (CHU3y BBepX): biamOckuil. Ypynckuii, Mapyxckuii 1
Peuencrunckumii.

BiibInckuii KOMIUIEKC CIIOKEH J0JACBOHCKUMHU (DEMOCHAIMYSCKUMH THEHCAMK U CJIaHIIAMU U TPEICTaBIIACT
co00#f aBTOXTOHHYIO TIOAOHIBY 30HBI IlepemoBoro xpedta. B VYpynckoM KOMIUIEKCE BBIACISIOTCS
Kusmnkonbckuit 1 ToXaHCKUH JI€BOH-HMKHEKAPOOHOBBIE ITOKPOBEI, KOTOPBIE CJIOXEHBI BYJIKAHOT'€HHO-
ocajouHsiMu Topomamu. Ilomx HasBanmeM MapyXCcKOro KOMITIEKCA BBIICISETCS CpPEIHENaae030MCKUi
O(HUOIUTOBBIA AJUIOXTOH. PeuencTHHCKHII KOMIUIEKC OOBEIMHSET JOBEpXHEMaIeo30iCKue ANrapCcKuii U
Jlxentyiticknit  mokpoBel. C  70-Xx T. TpaHMIBI MEXIy KOMIUIEKCAMH pPacCMaTpUBAINCh  Kak
mpeuMyInecTBeHHO ctpaturpaduueckue (Kuzeaasrep, 1960: u ap,), a mo3xe, B OCHOBHOM, KaK HaJBUTOBBIC
(bapanos, Kponaues, 1976; lllenrenua, 1984; I'pekos u np.,1985). bibiOckuii u PeuencTHHCKI KOMIUTEKCHI
UCIBITAIM WHTCHCUBHBIM pPErHOHANBHBIN MeTamMopdu3M, HO 3TOT Impolecc ciabo 3amenn Mapyxckui
O(HUOTUTOBKINA AJUTOXTOH U BYJIKAHOTCHHO-OCA/I0YHBIC TTOPOIBI Y PYIICKOTO KOMILICKCA.
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brmOckmii koMIuIeke oOHaxkaeTcs B 3ama HON JacTH 30HBI [lepenoBoro xpebdra, B 6acceitnax pp. bonbmmas u
Manas Jlaba u ciaraeT TOAHATHE C OMHOMMEHHBIM Ha3BaHmeM. A.A.CamoxuH (1962) B bawsiockom
KOMIUIEKCE BBIICIIIT OATKAHCKYHO i apMOBCKYIO CBUTBHI.

bankapckas cBuTa, MakcUMaibHOM MomHOcThI0 2000M, oOHaxaercss B ymenbe p. Manas Jlaba u, B
OCHOBHOM, CJOXKeHa aM(uOoNIMTaMu W POroBOOOMAHKOBBIMHU THeiicamu. B BepxHel dacTu Oaikapckoit
cutel H.®.Tarpummusumm (1970, 1982) oOHapyxuina HeOONbIINE COTIIACHBIE Tella JKJIOTHTOB, KOTOPHIE
MOCTETIEHHO MEePeXOIAT B TpaHaToOBble aM(puOOIHUTHL. JleTanbHble TeoJornuecKre Ha0mroIeHHSs MOKa3bIBaIoOT,
YTO STH Tena, cHOPMUPOBAHHBIE B YCIIOBHUSX BBICOKOTO JABIEHHS, MPEACTABISIIOT COOOW €CTECTBEHHYIO
9acTh cpe3a. APMOBCKas CBHTa, MOIIHOCTh KOTOpoM mpeBbimaeT 1500 M ciiokeHa aanONTH3NPOBAHHBIMHU
MYCKOBUTOBBIMH M MYCKOBHT-POTOBOOOMAaHKOBBIMH CIIAHIIAMH W TUIarnorseiicamu. HuwxkHsis 4acte cpespa
MpEJICTaBIeHa KPYMHO3EPHUCTHIMH  KBapI-TPAHAT-MYCKOBUTOBBHIMH CJAHIIAMH C MHOTOYHCIEHHBIMU
BKIIFOUCHUAMU KHAaHHWTA.

Crenenpr MetamopduszMa BIbpIOCKOr0 KOMIUIEKCa OTHOCSAT K BBICOKOW CTYNEHH CTaBPOJIUTOBOH (aruu
KHaHuT-cuinManuToBoro Tuma (Hlenrenma wm np.,1991). B mopomax 3TOoro KomIniekca OTMEUYarOTCs
aKTUBHBIE PETPOTpagHble IMPOLECCH: POroBas OOMaHKa 3aMeLaeTCsl aKTUHOJIWTOM, OHMOTHT M TIpaHaT —
XJIOPUTOM, CTaBPOJIMT U IJIaruoKjia3 — MyCKOBUTOM. OTMedaeTcs Tak)Ke MeTacoMaTHuecKas aJ]I)6I/ITI/I33HI/IH.

N3otonueiii Bo3pact bibsiockoro komiuiekca K-Ar meromom ompenenun [.J[.AdanacseB (1968,
1971). Ilo ero maHHBIM, BO3PacT POTOBOW OOMaHKH, OMOTHTa W MYCKOBHTa COOTBETCTBEHHO OTBEYaET
383420, 373420 u 354+10 mutn. net. ITo Rb-Sr m3oronmHOMy MeTOy BO3pacT MeTamaardorpaHuTOB YIIL. P.
Bonsmas Jlaba ompenemsiercst 376+40 mun. mer. Mnnmrmansesie manmeie ° SH/®Sr orsewaror 0.70343
(Kpacusckast, CommuH, 1991). Bospact 3THX IUIarHOrpaHuToB ompeaeneH Takke SM-Nd wmeromom
(Kypasnes, Kpacusckas, 1989). [ns ananuza OBUTM HCIOJIB30BaHBl Kak oOpas3lbl MOpPOJBI, TaK H
MOHOMUHEpanbHble (pakUuu amnaTura, opTHTa M cdeHa. PesynpraTsl oOKa3aauch HEOJHO3HAUYHBIMH.
N30xXpoHHBIH BO3pacT opTUTa U cena ompernener kak 400+11 muH. seT, a cpeHa U anaTuTa — NPUMEPHO
460 M. ner. Ecau nmonydeHHbIe JaHHBIE IPUMEM 32 BO3pacT (opMupoBaHus cyOcTpara, TOraa pe3yinbTaThl
MOJTyYeHHbIE CTPOHIIMEBON M30XpOHON COOTBETCTBYIOT 37640 muH. et (Kpacusckas, Comun, 1991), uro
MOYKHO CUUTATh BPEMEHEM KPUCTAJUTU3AIMY BHITUIABICHHOTO TIAarHOTPAaHUTHOTO paciljiaBa.

[Mpeamonoxkenne 00 aMIOXTOHHOM Tpupole  PedencTHHCKOro KOMIUIEKCa — BIEpPBbIE BBICKAa3alld
I''.bapanoB u W.H.I'pexoB (1974). B HeM BBIAENSAIOT YETHIPE OCHOBHBIE TEKTOHWYECKHE IUIACTHUHEI:
Anrapckyro, Aoummupa-Axyockyto, UYnmnukckyto u Ksagapckyro (Kpacusckas, Commn, 1991), Bompoc
B3aUMOOTHOIIICHHSI KOTOPBIX SBJISETCS IMCKYCCUOHHBIM.

Anrapckas IUIaCTUHA, B OCHOBHOM, CJOXEHAa METaTepPUTeHHBIMH IMOPOAAMH — CIIOASHO-XJIOPUTOBBIMH
MUKpOTHelicaMy, QWIIMTaMH W KBapl-TpadUTOBLIMU CIIAHIIAMH, B KOTOPBIX OTMEYaeTcs alIbOMTOBBIC
am¢uOonuTel. Adummpa-Axy0Ockas macTiHa OOHa)KaeTcsl 3amagHee BEPXOBbEB P. ALrapa U CTpYKTYPHBIM
HECOTJIaCHeM TepeKphIBaeT AINrapcKyl0 IUTAaCTHHY. B cTpoeHWM OTOH IUIACTHHBI JTOMHHHPYIOT
MEJIKO3EPHUCTHIC PACCIIaHIIOBAaHHBIC alTbOUTOBBIE aM(DHUOOIUTHI M POTOBOOOMAHKOBEIE CIAaHIbI. UHIMKCKast
IUTAaCTHHA CTPYKTYpHO NepekpbiBaeT AbOumapa-AxyOckyro minactuHy. OHa ClIOKeHa MEJIKO3EPHHUCTBIMU
TPaHaT-MyCKOBUT-OMOTUT-TINIATHOKIIA30BEIMU  CIAHIIAMA W IUIarHOTHeWcamMu. B HHX oTMedaroTcs
NPOIJIACTKH TPAHATOBBIX KBApLUHUTOB M KBapueBbIX ampuOonuTos. Kadapckas miactuHa cioxkeHa rpaHart-
CTaBPOJINTOBBIMU KPHUCTATMYECKUMU CIIAHIIAMH, MEXJY KOTOPBIMH pPEIKO OTMEYaloTCid KBapIieBbIe
aMm(puOOIUTEl U OWOTHTOBBIE IUTArHOTpaHUTHl. Ee B3auMOCBs3h ¢ UWIMKCKOW TUTACTUHOW CIIOpHA.
MunepanbHble TapareHe3uChl STOro KOMILIEKCa MMOKa3bIBAIOT, YTO TEMIIEpaTypHbIE YCIOBUS MeTaMophu3Ma
B €ro pasMYHBIX YaCTSIX MEHSIOTCS OT XJIOPUT-CEPHUIIMTOBOM cyOdamuu 10 CHUIMMAaHUT-OMOTHT-
MycKOBUTOBOH. OTCyTCTBHE B MapareHe3nucax KHaHUTa W aHAady3WTa OCJIOXHSIET TOYHOE OIpeleIeHUe
Oapuyeckoro Tuna weramop¢usma. J[.M.llenremma wu ap. (1984, 1986), onwupasce Ha aHamu3
BBICOKOKAJIBIIMEBBIX TPAHATOB, CIUTAIOT, YTO MeTaMopdusm Arrapckoit u JPKEHTYCKOH IUIaCTHH OTBEYaeT
KUAHUT-CHJNTAMAHUTOBOMY OapU4ecKOMY THUILY.
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Menee wu3y4eH W30TOIHBIN Bo3pacT Pedenctuackoro komrmiekca. K-Ar MerogoM BO3pacT MyCKOBHTA U3
nermatuta Ksadapcekoit mnactunsl, onpeneneH kak 390 MiH. JeT, a MyCKOBHTa W3 MYCKOBHT-TPAHATOBBIX
cnanieB Anrapckoro mokposa kak 387+ 10 muH. net (Kpacusckas, Comun, 1991). Cambiii Gonbinoin
Bo3pact K-Ar merogom (470+14 muH. set) ObUT MONMyYEH MO POTOBOM oOMaHKe ampubonuToB Abummpa-
Axyb6ckoit mactunbl (XauH, 1984). Onupasice Ha 5TH U APYTHe JaHHBIE TOMYyCKAETCs, YTO PaCCMOTPEHHEIE
MOpoAbl 00pa3oBallCh MEpeA MO3AHUM JEBOHOM, T.€. OHU SIBISIOTCS OOpa30BaHUSMH KaJleJOHCKOTO
TEKTOHO-MarMaTHIeCKOT0 IIHKJIA.

Bepxnemaneo3oiickue  obpazoBanusi llepenoBoro  xpeOTa  HECOTJIacCHO  HAJEralOT  HA
CpeIHEenale030iiCKue M HECOTJIaCHO e IMEePEKPBIBAIOTCS HIKHEIOPCKUMHU ocaikamu. Hiukxue
4acTh Ccpe3a MPEACTaBICHbl HEMETaMOP(PU3HPOBAHHBIMU  MECUYAHUKAMH,  alIEBPOJIUTAMH,
apruuiuTaMd M KOHIJIOMepaTamH, a BepxHue - 3(dy3uBHbIM oOpa3oBaHueM. Takum oOpazom,
HA4YMHAS C TO3JHEr0 Mayie030s MOpoabl 30HHEI IlepemoBoro xpedTa HE HUCHBITHIBAIOT IMPOIIECC

MeTaMopdusma.
3ona I'naBHoro xpedTa Hamboliee XOpOIIO OOHa)KEHHAS M camas OOIbIIas CTPYKTypHO-(hOpMallmOHHAS

eMHAIIA KPHCTaTYeckoro ¢pyHnamenTa bonpmoro Kaskasa. B oTniame ot qpyrux 30H, 31€Ch HHTCHCUBHO
MMPOABJIACTCA T'C€pUMHCKAA CKJIaA4aTOCTb, MeTaMOp(bI/BM n Marmatusm. Ilo JIOKaJI3aly T'paHUTOUAOB
M.JL.Comun (1971) B sTOM 30HE BBHIIENWI ABE TOI30HBEI — DIBOpYCCKyro (ceBepHylo) u llepeBanpHyto
(10KHYI0), TIOCKOJIbKY C MEPBOM MOJ30HOMN, B OCHOBHOM, CBSI3aHBI JIBYCIIOJSTHBIC KAJTHEBbIC TPAHUTOMIBI, a
BO BTOPOH TO/I30HE MpPEoOIaNaroT KBAapLEBBIE JAUOPUTHI M TPaHOAHOPHUTHL. CleayeT OTMETHTh, 4TO ITH
HO/30HBI [0 COCTAaBY METaMOP(HTOB, XapaKTepy MarMaTH3Ma W T€OAMHAMUYECKOI MO3UIMU 00pa3oBaHUs,
OTIIMYAIOTCS APYT OT APYra Tak Ke, KaK U Jpyrue CTPYKTYPHO-(POPMAaIMOHHBIE 30HBI U IOATOMY UX MOYKHO
OBLIO BBIICIUTH B PaHTE 30H.

DnbOpycckas NOoA30Ha TpeNCTaBiIeHa mopoaamMu DbOpyccko-Makepeckoro MeraMop(hUueckoro KOMILIEKCa

¥ UMM TOJHOCTBIO cioxeHbl TebGepauuckoe, bankapo-Zluropckoe m yacts Llxapckoro, Coduiickoro u
AnaiixoXcKoro TMOAHSTHU. B npenenax 9ToMl NOA30HBI MOXHO BBIIEIUTb TPU CTPYKTYpPHO-
cTpaturpaduIecKux ypOBHs: HIDKHUH, cpeaanii u Bepxuauii (bapanos, 1987). HikHss 9acTh COOTBETCTBYET
BBIJICJICHHOH MM € TOHJapaiickoil cBHTE, KOTOpas TMpPEICTaBIsieT COOOH MUIrMaTHUTU3UPOBAHHYIO
UHPPACTPYKTYpPYy. DTOT YpOBeHb OOHaXxatoT cpesbl pp. KyOanb, bakcan, llIxensna u ap. bonbmiyro posis B
CTPOCHUH HMH(PPACTPYKTYpbl HUIPAIOT OPTOTHEHCHI, KOTOPBIE HEIOCTATOYHO M3Y4YEHBI M CETOJHS
paccMaTpUBAIOTCSl Kak 4acTh MUTMaTH3UPOBAHHOTO cyOcTpaTta. x obHaxarot cpesbl pp. Llxenwbna, Haxap,
Amun-Cy, l'onnapaii, Kupkut n Yny-Mypymx. Kak BuznHO, OpTOrHeichl 3aHMMAIOT 0ojiee HU3KHE YPOBHH,
YeM MUTMaTHTBI, HO HE BE3/I€ OTAEISAIOTCS OT HUX. OpPTOTrHEeHChl MPEACTABISIOT COO0H OAHOPOIHBIE, CBETIIO-
cephle, CPeTHE3EPHHUCTRIE TTOPOIBI, MUHEPATIBHBIH COCTaB KOTOPEIX o4deHb OemeH: Qri+Bt+Pl+Ksp+Mu+Grt.
CpenHsisl 4acTh MakKepCKOM cepuM NpeicTaBlieHa MaparHeiicaMd M KpPUCTAUIMYECKHUMM ClIaHLAMH, a
MUTMAaTUTBI Pa3BUTHI JIOKATBHO W HOCST, B OCHOBHOM, KOHTAKTOBBIA XapakTep. [lomHbIe cpe3sl 3TON JacTu
MaKepCKOH Cepur OTMEYalOTCs B yIIenbsix pp. bakcan u Akcayt. B bakcanckom ymense, y TypOassl Azay
oOHa)kaeTcs Ta 4acTb MeTamopduueckoro komiuiekca, kotopywo I'.M.bapanoB u C.M.Kpomaues (1976)
BBIJICJIVIIA T10]] Ha3BaHWEM JIOHTY30pYHCKOUM cBHUTHL. B 30He [maBHOrO XpeOTa BO3MOXKHBIMH aHAIOTAMU
JOHTY30PDYMCKOW CBUTBI SIBJISIFOTCS KyCIIapTCKue THEHCHl (neBble KapHu3bl p.Uepex bankapckwuii),
nenyxoBckas cButa (y c.bypoH) u onpenenennas gacteb cpesa p.KsipThl.

Bepxuss, Tperbs uactb OnpOpyccko-Makepckoro MeTaMop(UYecKOoro KOMIUIEKCa MpeicTaBieHa
HEMUTMAaTU3NPOBaHHBIMA MeTaneumTaMu (MormH.1000 M), M3BECTHBIMH B JIUTEpAaType MO Ha3BaHHUEM
apkacapckoil cButbl (ComuH, 1971). XapakTepHbIM MHHEPAJIOM 3TOW CBHUTHI SBJSIETCS aHIAIy3WT, YacTo
OTMEUAlOTCsl IpaHAaT M KOPAUEPUT, PENKO — CTaBpOJUT. B cocraBe apkacapckoll CBUTHI OTMEYAIOTCA
MHOT'OYHCIIEHHbIC OKaTaHHbIE IUPKOHBI, YTO SIBHO CBUAETEJILCTBYET O TEPPUICHHOM XapaKTepe 3TON CBUTHI,
cTpaTurpaduuecKue aHaJIOTH KOTOPOI U3BECTHHI B BEpXHEW 4acTH p.AKcayT | B yiI. p.Uerewm.

Bepxusist rpanuiia Dnp0pyccko-Makepckoro MetaMoppHYecKoro KOMIUIEKCA 10 TeOJOTHYSCKHM JTaHHBIM
SIBJISIETCS] JOBEPXHEMAIE030MCKOM, T.K. B BEPXHEMAJICO30MCKUX OTIOKECHUSIX €ro Marepual He OTMEuYaeTcs.
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Uro kacaercsl HIDKHEH T'paHHIBI 3TOTO KOMILIEKCA, TO M30TOIHBIC JaHHbIE JAlOT HEOJAHO3HAYHBIC IH(PHI.
Iupkonsr oprorueiicoB Anpii-Cy E.B.bubukosa, M.JI.Comun u U.C.Kpacusckas (1989) U-Pb meromom
naTupoBany Kak 382:+20 mun. ner. X.Jlunonz u ap.(1987) *°’Pb-*Pb meros0M JaTHpOBANM STH LHPKOHBI
kak 500 MiH. JIeT, a uX OpeBHUN KOMITOHEHT — 2 mup. JyetT. [lo mociemunm manasiM M.JI.CoMuHa u mp.
(1991) BO3pacT HMPKOHOB ITOr0 Meramopduueckoro kKomiuiekca cooserctByeT 400-420 mun. ner (U-Pb
METOJT), & BO3pacT ux npeBHero kommoneHnrta - 1500-2000 muH. ner. Onupasch Ha 3TU JaHHBIC TOIYYHM,
YTO OPTOTHEWCH SIBISIOTCS TO3IHECHIYPCKHUMH OOpa30BaHUSMH, U BO3MOXKHO WX (DOpPMUPOBaHUE OBLIO
CBSI32HO C KaJIe[IOHCKUM TEKTOHO-MarMaTHYECKUM LIHKIIOM.

[lepeBasibHAs TOJ30HA TMpejacTaBieHa mnopoaamu JlabuHo-ByynsreHckoro meramoppudecKoro
KOMIUIEKCKa U TIOJIpa3/iesisieTCsl Ha JIB€ YacTH: MepBasi LeJuKoM oOHaxkaeTcsi BoctouHee p.CaHuapa
U, B ocHOBHOM, cnaraer Coduiickoe MmomHsTHE, a BTOpas OOHa)kaeTCsl 3amajHee 3TOH peKH U
cmaraer nenukoM Yyrymickoe U uyactuuHo Coduiickoe mogHsTHs. BocrouHas yacTh 3TOro
KOMILJIEKCa COOTBETCTBYET BbIICJICHHON paHee byynbreHckoi cepun, a 3anaaHas — JIaOMHCKOM.

B Hm3ax BOCTOYHOM YacTH KOMIUIEKCa BbIAensercsa rBaHiapuHckas cuta (Commu, 1971), koropas

MIPOCIIEKUBAETCST OT BojopasdensHoro xpedra pp. I'Bamaper m Cakenn no ymenbs p.Mapyx. Ona, B
OCHOBHOM,  CJO)KEHAa  MEIKO3CpHUCTBIMH  TpaHaT-OMOTUTOBBIMH,  OHMOTUT-POrOBOOOMAHKOBBIMH,
pOroBOOOMaHKO-IIIAarMOTHEHCaMH U KpUCTaUIMdecKuMHu cianmaMu. OO0rmast MoImHoOCTh cepun 6oee 500 M u
BBIIIIC €€ 3aMEIIA0T OYTH OJHOPOAHBIE aMpUO0IuThl H3MeHUKMBOM MomrHOCTH (100-800 M), koTopsie M.JL.
Comun (1971) omucanm 1oj Ha3BaHMEM KIUYCKOW CBUTHL. Ha rTpaHuie A0MOaiicKOW CBHUTBI, KOTOpas
MPOAOJKAET €€ BBIIIe, YacTO OTMEYAKOTCS MPAaMOpHBIE TOJIIIM MOIMHOCTBIO 1O E€AWHHYHBIX METpPOB.
Bonbirast 4acTh mocieqHel CBUTHI OOHakaeTcs Ha JIEBBIX KapHHM3ax yii. p.JlomOaii-Yieren. Ee BeIxombl
M3BECTHBI TAaK)Ke€ Ha 00OMX CKIIOHaxX MecThadanbCckoro Xxpebrta, ceBepHee Apxbi3-Kimuckoit aempeccun.
CBuTa crnoxeHa OMOTHTOBBIMHM U ABYCIIOASHBIMH CIaHLAMHM, ABYCIIOJSHBIMH, MEIKOKPUCTAIUINYECKUMHU
TUTarMOTHecaMy, TIOAYUHEHHO OTMevaroTcss aM(QuOOIHUTBl M KBapieBble aM(pHUOOIHTHI M JOBOJIBHO YacTo
BCTPEYAIOTCS JIMH3bI MPaMOPOB.

B ymense p. Cucuna, nesoro npuroka p. Cakenn, I'.JL.Ununnanze (1978) moa aTum >xe Ha3BaHUEM BBIJIETHIT
cabomMeTaMoppU3UPOBAHHYI0 CHCHHCKYIO CBHUTY, CIOKEHHHYIO OWOTUTOBBIMH M JBYCIIOJSHBIMH
MEJIKO3EPHUCTBIMU TIATHOTHEHCaMH, KBapl-OMOTHTOBBIMH CIIaHIIAMH U peako amdubonuramu. Criemnyer
OTMETHTh, YTO B TIOPOJAX ATOH CBUTHI YACTO OTMEUAETCS AaHAATY3UT U KOPAUEPUT U U3pEKa — rpaHar.

3amagHee p. Mapyx, B paiione "Beprixiuc T16a" oOHakaeTcss HEOOJBIIOW, H30JUPOBAHHBIA BBIXO]
MeTamopduieckux mopon, koropsrii J[.M. Illenrenua, JI.H.Kenxosenu u I'.J.Ununnanze (1974) Beinenunu
M0J] Ha3BaHHMEM CBHUTHI "Beplxiuc TOA" W OTHECHH ero K BepxHeMy ropusoHTy JlabuHo-Byynbrenckoro
MeTaMmoppuueckoro Komiiekca. CBUTa, B OCHOBHOM, CIIOXKEHA OJHOPOIHBIMH JIBYCIIOJASHBIMU,
IBOMTOBBIMH M MUKPOKJIMHOBBIMHU CJIAHIIAMH, MOIIHOCTH KOTOpOi He mpeBbimaer 650-750 m. OHu ke B
9TOW CBUTE BIIEPBBIE OMHCAIH YePHBIE (TPapUTOBbIE) KATHUIITIATHI.

O BozpacTe byynbreHcKoi cepuu MOKHO CYIHTH JIMIIH IO U30TOMHBIM JaHHBIM. |'paHaTtoBsie aM()rOOINUTHI
p. Cesepnas ITtumu matupoBanbl SM-Nd meromom (Comun, XKypasies, 1990), u ux BO3pact oTBE4aeT
npumepHo 320 mutH. jet. Takue e BO3pacTHbIC JaHHbIE ObUIM TOJTydeHbl pu natupoBke U-Pb metomom
MUPKOHOB JHOPUTOBBIX opTorHeicoB p. Kimmu (Bbubukosa u np., 1991). Takum o0Opazom, 3TH JaHHbBIE
YKa3bIBaIOT Ha TEPLMHCKUI BO3PACT PErMOHAIBHOTO MeTaMoppu3Ma U ynbTpameTamopdusma byynbprenckoi
cepui.

Hawnbonee nmonHbI cpe3 3amaiHoi yacTy KoMiiekca (JIabuHckas cepusi) mpeCcTaBiICH Ha MPABhIX KapHU3axX
pp. Hamxypr, Mamxypn u Jlammmnce. 3aece M.JI. ComunbiM (1971) ObUTM BBIACIEHBI YETHIPES CBHTHI:
MaMXypIIcKasl, JaMXypIICKasi, JIAIITPAKCKas U aJKapcKasl.

HwmwxHsst dYacTh MaMXypLCKOH CBUTBHI CJIOKEHa OHOTHUTOBBIMH, OHOTHUT-POTOBOOOMAHKOBBIMH H
JICHKOKPAaTOBBIMU TUIATMOTHECaMu. B CpelHUX JacTsaX CBUTHI BO3pAcTaeT poJib aM(UOOIUTOB, a €€ BEPXHIS
YacTh OTIMYAETCS CMEIIaHHBIM CTPOEHUEM. 31echbHa (JOHE YepeOBaHNS POTOBOOOMAHKOBBIX U CIIOAMCTHIX
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IJIarMOTHEeHcoB, oTMedaeTcs MomrHas (10 M) mauka mpamopoB. O01Iast MOITHOCTH CBUTHI ocTuraet 1000 m.
Jamxyplickas CBUTa TPEHMYIIECTBEHHO CIOKEeHAa aMm@ubomutaMi © aM(QUOOIOBBIMUA  CIIAHI[AMH.
XJIOpUTOBKIE, CIIOASHBIC U TPaHATOBBIC CIIAHIBI M THEHCHI 3aHMMAIOT MMOAYUHEHHOE TNojoxeHue. C 3Tok
CBUTOW TIPOCTPAHCTBEHHO CBS3aHBI MPAaMOpPHBIE TOJIIH, MOIIMHOCTh KOTOPBIX HHOTHA MpeBbimaer 50 M.
O6mmas mourHOCTh CBUTHI 600-700 M.  JlamTpakckassh CBUTa, B  OCHOBHOM, CJIO)KEHA  CJIFOJIUCTO-
TPaHATOBBIMU METANCIUTAMHU, XJIOPUT-TPAHATOBBIMHU, CIIOAMCTO-CTABPOJIMTOBBIMU, XJIOPUT-AJILOUTOBBIMU H
rpauTOBRIMU ClTaHIaMH. B MOAYMHEHHOM TOJOXEHHH OTMEYaroTcsi aM(puOOIHUTOBBIE M KHAHHTOBBIE
ciaHibl U Mpamopbl. [lo 1memoMy psay TreoJorudecKkux (akTOB YCTAHABIMBACTCS, YTO JIAIITPAKCKas W
aJKapcKasi CBUTHI, SIBISIOTCS AJDIOXTOHHBIMU YelIysiMU. | TaBHBIM apryMEHTOM OTMEUEHHOTO SIBISETCS TOT
(axT, 4TO B cOCTaBe 3TUX CBUT OTMEUAETCsl KUAHWT, TOTra Kak B Oojee riry0okux cpe3ax JlaObuHckoi cepun
CIIEJIOB BBICOKOTO JaBJeHUS He HabOiromaeTca. AjpKapckash CBHTa CIOXCHa allbOMT-KBapLEBBIMU
nophuponaaMn, KHaHUTOBBIMH CIIAaHI[AMH, KBapuuTamu u aMmpubomutamu. B Hell oTMeyaroTcsi MOIITHBIE
Mavykd MpPaMoOpOB, B KOTOPBIX OBUIM HalJeHbl KPUHOHMJIEH IMOCTOpAoBUKOBOro Bo3pacta ([loramenko,
Crykamuaa, 1971). B mpaBom cpese p. Jlammrice sTa cBHTa HCHBITHIBAET MyONMMpPOBaHHE, a IUIOCKOCTH
HaJBHUTra Mapkupyortcs ceprienTeantamu (Comun, 1971).

TakuMm oOpazom, Oosbimas 9acTh mopon JlabuHo-ByynbereHckoro MeTaMopQuuecKoro KOMILUIEKCca UCTIBITala
30HAJLHBI MeTaMOp(GU3M aHAATY3UT-CUIIIMAHUTOBOIO THIIA. B HEM pa3BUTH aHAAIy3UTOBBIE U
CTaBpOJIMTOBBIC MUHEPAIBHBIC aCCOIMALNU, HO HE OTMEYAIOTCsl KHAHWTOBBIC MapareHe3uchl. MckimoueHue
COCTAaBJISIIOT  ajpKapckass M JIAIUTPAaKCKas CBHUTHl, MeTaMOp(QU30BaHHBIE B YCIOBUSX KHAHUT-
cwutuMatuToBoro Ttuna MeramopdusMa (Illenremua, Kemxomemu, 1982) u mo Bceil BepOSATHOCTH,
SBJISIFOILMECS ANJIOXTOHHBIMU YEIITySIMU.

3ona HO:xHoro ckiona. Jloropckuit pynmament bonbinoro Kaskasza B 3oHe HOxHOro ckjioHa oOHaXkaeTcs
¢parMeHTapHO B BHJE HEOOJBIIMX BBICTYIOB B JICHACCOBBIX Ocajikax. B 3Toi 30HE CpaBHHUTENILHO IIUPOKO
NPEJICTABICHBl BEPXHENANIC030HCKO-TpHUAcOBbIle, clabo MeTaMop(U3UpOBaHHBIE OCAIKH, KOTOpHIE, B
OCHOBHOM, oOHaxatorcsi B Bepxueil u Hwxkneit Canernn ([usckas cepusi), a Takke B BHIE HEOOJBIINX
¢parmenToB B Kaxerun.

CeBepuee ['opabckoro wuHTpy3uBa OOHa)kaeTcs HeOONBLUION BBIXOX aM(uOONIUTOB, NEPEKPHITHINA
HIKHEIOPCKO# OasanbHOU ¢opmaruein ([ynaypu, Toronumze, 1970). Hebombinoe oOHaXKEHHE TOHOPCKUX
METaMOP(PUUECKUX TOPOJ, CIOKEHHOE KPUCTAIUIMIECKUMHE CIIaHIIAMH M MUTMaTHTAMH, OTMEYaeTCs TAaKXKe B
cpese p.llloynunu (mpaBblii mpuUTOK p.Alrapa), KOTOPO€ TPAaHCTPECCHUBHO NEPEKPHITO HIKHEIOPCKUMHU
nopogamu (Anmamusi u ap.,1975). B BepxoBesix p. Amrapa oOHakaeTcs T.H. ANTapCKUi TEKTOHHMYSCKHMA
BEICTYII, KOTOPKIH B BUE y3K0it monock! (100-200 m) mpocnexuBaeTcs mpumepHo Ha 12 kM (Aynaypu u ap.,
1973). OcHoBHasi 4YacTb OOHa)KEHHS CIOXEHAa CHJIBHO Pa3IpOOJCHHBIMA MHKPOKIMHM3UPOBAHHBIMH U
XJIOPUTHU3NPOBAHHBIMH CIIOASHBIMU TPaHUTaMH, a HEOONbIIAs YacTh - CIIOASHBIMU KPUCTAJUINYECKIMHU
cnaniamu U murmatutamu. [lo muenuro O.3. Jdynaypu ¢ coaBropamu (1973) 310 0OHakeHHE MpenCTaBIsSET
co0oii yacTh ByynbreHckoil ceprum, KOTOpasi HeMOCPEICTBEHHO TPaHUYUT C ITUM TEKTOHUYECKUM BBICTYIIOM,
a CyIIECTBYIOIIasg MEXIYy HHMH JENpeccHs 3allojHEHa JehaccoBbIMH ocaakamMu. C 3TUM  TpyOHO
COIJIACUTBCS, TaK KakK MO HAabopy MOpoJ 3TOT TEKTOHWYECKUH BBICTYI PE3KO OTIMYAETCS OT IPAaHUTOHOB
ByynbreHckoid cepuu M, IO BCEM BEPOSATHOCTH, SIBJISETCS AHAJIOTOM TI'PAHUTOMIOB Makepckoil cepuu
(OxpocuBapuaze, 1989), 4TO HCKIIOUAET TEHETUYECKYIO CBsS3b AILrapCcKoro BBICTYHAa C byylbreHckoi
cepueil. B 3TOM ciyyae MOXKHO pacCMOTPETh JBa MPEAIONAaraeéMbIX BapHUaHTa MPHUHAIIIEKHOCTH 3TOTO
BoicTyna. IlepBeIii - BO3MOXHO AINTrapcKuii TEKTOHWYECKH BBICTYN fABIsSeTCS dYacThio KaBkaszckoro
CPEIMHHOI'O MAaccHBa, OOHA’KAaHHOT'O 31ECh B BHAC TEKTOHWYECKOHW YEIIyH; BTOPOW — BO3MOXHO SIBISIETCS
YacThIO AJUIOXTOHA, KOTOPBIH IIaPbUPOBAH C CEBEPA B MO3HEIIAIC030HCKOE BpEMSL.

W3 oaroro xparkoro o03opa SCHO, 4TO JAotopckuii QyHmament bompmoro KaBkasza mo cBoemy
JUTOJIOTHYECKOMY COCTaBy, crpaturpadguu, MeTaMophu3My, XapakTepy MarmMaTu3mMa U HCTOPUHU
Te0JIOTUYECKOTO Pa3BUTUSL SIBIACTCS CIOXHBIM TeTepOreHHBIM oOpa3oBaHueM. CyIecTByeT MHEHHUE,
COTJIACHO KOTOPOMY OC3JOYHBIE MOPOJBI OTMEYEHHOro (yHAaMEHTa MPEICTABIAIOT COOOW eIMHBIN
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cTpaTurpadUuecKuil cpes3, HO JCTANbHBIA aHAIW3 IOKa3bIBaCT, YTO Y 3THUX MeTaMOpPHU3UPOBAHHBIX
OCQIOYHBIX KOMIUICKCOB OOJIBINE pa3Induuii, yeM obOmiero. Tak, HampuMep, bedachIHCKHM KOMIUIEKC UMeeT
ropaszuo 0oJjee MECTPBIl U MENAHOKPATOBBIM cocTaB, yeM DnbOpyccko-Makepckuil. B cocraBe Bibiockoro
KOMIUIEKCA METaMOP(UTHl UTPAIOT 3HAYUTENIEHO OOJNBIITYIO POJb, €M B MOPOJAaX KaKOro- JHUOO Ipyroro
KoMIiekca. Makepckas cepusi pe3Ko oTiauyaercsi OT byynbreHckold cBouM Oosiee CHaTMYECKHM COCTaBOM.
Takue pa3nuyus OTMEYAlOTCS U B APYTuX crpaTurpaduueckux eguHunax. CX0oXKecTb 3TUX KOMIUIEKCOB H
cepuil He3HauuTenbHass. Hanmpumep, MpoBOIsAT mapamiens Mexay Makepckoil cepuedd n PedencTruHCKUM
KOMIIJIEKCOM, HO HE JINTOJIOTUYECKHU, HEe TIETPOXUMHUYECKU 1 TeM 0oJiee He MO XapakTepy MeTaMophu3mMa 3TH
00pa30BaHMS HE SBISIOTCS HISHTHYHBIMA. Ha HEOMHOPOIHOCTh KpUCTATNYECKOTO (hyHIaMeHTa bombiroro
KaBkasza ykas3bIBalOT W pa3IMYHOTO YPOBHSA M XapakTepa MeTaMOop(du3M, METaCOMAaTH3M U PETpOrpajHbIe
npoueccsl. OTIMYUEe O0TMEYAaeTCsl TakKe U B CTUIIE TEKTOHMYECKMX CTPYKTYp 3THX KOMIUIEKCOB. Bce atu
JAHHBIE TIO3BOJISTIOT TPEANOJIOXKUTh, HYTO KpucTaumdeckuit (ynmamenT bonsmoro Kaskaza mmeer
KOJUT&XKHOE CTPOEHHUE, KOTOPOE MOTIIO C(OPMHUPOBATHCS TOJIBKO B pe3yjbTaTe OOJBIIMX TOPU30HTAIBHBIX
nepememieanii (Comun, 1991).



31

3. TEOJIOI'MYECKAS XAPAKTEPUCTUKA I'EPIHIMHCKHUX
I'PAHUTOHNOB BOJIBIIOI'O KABKA3A

Kak yxe Opmo mokazaHo, Kpucrammmdecknii ¢yHmamenT bompmoro KaBkaza - ciioXHOE reTeporeHHOe
oOpa3oBaHHe, B KOTOPOM BBIICISCTCS HECKOJBKO KPYIHBIX CTPYKTYPHO-(OPMAIIMOHHBIX 30H, B
(OpPMUPOBAHUM KOTOPBIX BaXKHYIO POJIb ChIFpajl TEPIUHCKUNA TPAaHUTOWIHBI MarMaTH3M U KOTOPBIH
BBI3BIBAET OOJIBIION HHTEPEC KaK C HAYYHOW, TAK M MPAKTHYECKOW TOYKU 3PCHHUS.

B pesynmpTaTe MpOBENEHHBIX HAaMH KOMIUIEKCHBIX Pa0OT B KpHCTALTHYeCKOM ¢yHIameHTe bombmoro
KaBkaza ObITM BBIZIENIEHBI YETHIpE T€HETHYECKHX PA3HOBUAHOCTH TEPIUHCKUX TPAaHUTOWUIOB, KOTOPHIE
SIBJISIFOTCSL OCHOBHBIMU COCTAaBJISIIOIIMMHU YETHIPEX ITyTOHUYECKUX CEPUIL:

1 - raGOpo-mIarHorpaHuToOBOM; 2 — Tab0p0-aAaMeUIMTOBOM; 3 -  IJIATMOTPAHUT-TPAHUTOBOW U 4 —
rpaHoauopuT-asickuToBor (puc. 3.1). Kaxmas cepust SIBISICTCS €CTECTBEHHBIM TE€HETHYECKUM PSIOM
TUTYTOHUYECKHUX TTOPO/I, W3 KOTOPHIX WHUIMATHHBIMU TTOPOJAAMH MEPBBIX IBYX SBISIFOTCS TaO0OpOUIBI, a IBYX
MOCJICTHUX - KUCIIBIE TIOPOIBI.

Kaxnas w3 cepuil XapakTepusyeTcsi OINpelNesIeHHBIM COCTaBOM CyOcTpaTa, CBOeOOpasHeM MeXaHu3Ma
TeHepalii MarMbl M KOHKPETHOH T'eOAMHAMHYECKOH MO3WIKed o00pa3oBaHMs, 4YTO OTPAKEHO B HUX
re0JIOTNYeCKUX, MEeTPOXMMHUUECKUX, MUHEPAJIOTMYECKUX M T€OXMMUYECKUX ocobeHHocTsX. Mccnenyembie
TPaHUTOMJIBI HUKE OXapaKTePH30BaHbI MO TUIYTOHHYECKHM CEPHsIM, YTO Iiejecoodpa3Hee ¢ HAyYHOW TOUKH
3peHUsl.

3.1. 'a00po-njaruorpaHuTOBAasi cepusi

["'aG0Opo-mIarnorpaHuTOBast CEpHsl MPEACTABIIET COO0M HENpPEephIBHBIM FOMOJPOMHBIN P MOPOJI, HAYMHAs
OoT TaO0pOMIOB W 3aKaHYMBas IUIATMOTpaHUTaMH. B psje paboT mocieqHWX JeT TOKa3aHO, YTO OTH
MarMaTHTBl CO3/IaI0T HE3aBUCUMYIO Trab0po-IUIarHOrpaHUT-TUIATHOPUOIUTOBYIO  (popMarui, KoTopas
¢dopmupyetca mocne "opuonuToBbIX" Oa3UTOB M PaHHUX AaHJAE3UTOB M 3aKaHUYMBACT PAHHEOPOTCHHBIN
marmati3Mm (Bopcyk u gp., 1986). dakThuecku 3TH KHCJIbIE MarMaTHTBI MPENCTABISIOT COOOH MepBbIe
TPaHUTOMIHBIE O0pa30BaHMSl Ha IYTH NPeoOpa3oBaHUs OKEAaHCKOW KOpbl B TPAHUTHYIO M, IO BCEH
BEPOSITHOCTH, Ipolecc GOpMUPOBAHHS TabOPO-TIIIArHOrPAaHUTOBOM CEpUU SIBIISICTCS OJJHAM U3 MEXaHHU3MOB
pocTa KOHTHHEHTAIbHOM KOPHI B pe)KMME TEKTOHHUKH TUINT.

B kpucrammmueckom ¢ynaamente bonbmoro KaBkaza mopospl rab0pO-IIIarHOrpaHUTOBOM  CEpUU
TePUIMHCKOM TeHepanuu oOHaKaTCs (pparMeHTapHO, U OHU, B OCHOBHOM, JIOKAJM30BaHBI B TEKTOHMYECKUX
yenrysx, "BBITAIICHHBIX" BAOJNH [1aBHOTO HajBura. THNMUYHBIMEU OOPa30BaHUSMHU ITOH CEPHU SBISIOTCS
MarMaTUThl TEKTOHHYECKHX BHICTYIOB bemra, Kamenncras n Crumasyk. [lo memomy psimy KpUTepueB K
3TOH ke CEepUU JODKHBI OTHOCHUTHCS IUIArMOTPAaHUTHI, JIOKAJIM30BaHHBIE B  biabiockom, UmimukckoM u
BbeckecckoM maccuBax (cum. puc. 3.1).

MaccuBsl bemita m Kamenucras oOHakarorcs Baoiab [naBHoro Haasura B AOXa3Md U HMEIOT
JIMH3000pa3Hbie (opMbI 00IIEKaBKa3CKOro mpocTupanus. MaccuB KameHucras, KOTOphIi OOHaXkaeTcs B
BepXxoBbsAX p.Jlammmce Ha 17 kM ° ¢ ceBepa M C [Oro-3amaja HAXOMMTCS B TEKTOHHYECKOM KOHTAKTe C
HIOKHCIOPCKUMHU CJIaHIIAMH, a C IOr0-BOCTOKAa M CEBEPO-BOCTOKA — C MeTaMOpP(OUYECKHUMH ITOPOJaMHU
JAIMTPaKCKON W maMxyplieBckoi cBUT. C FOTO-BOCTOKA Ha HEOOJBIIOM ydacTke ero ceder CaHUapCcKui
TPaHOIMOPUTOBBIN UHTPY3UB O0aTcKoro Bo3pacta. MaccuB bemira oOHaxkaeTcsi B BEPXOBBAX OJHOUMEHHON
pex Ha 12 KM° W OrpaHMYEH HIDKHCIODCKAMH CIAHIAMH, KOHTAKT MEXIy KOTOPHIMH IIETHKOM
TekToHuUYecKui. [1o reoornyeckoi mo3UIKH, IO TIETPOTOTUICCKIM, MUHEPATOTHUECKUM U TEOXUMUICCKIM
MpHU3HAKaM, TOPOJIbI OTMEUCHHBIX KPUCTAILTMUECKUX MACCHBOB MPOSBISIOT TOJTHYIO HACHTUYHOCTD.
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Puc. 3.1. CxemaTtnuyeckas reoJiormyeckasi Kapra Kpucraumdeckoro ¢ynaamenta boabmoro KaBkasza m ero reorpadgmuueckoe mnojo:keHne (OrpaHUYeHO
TOYKAMM).

CtpykTypHo-popmannonnsie 30Hbl: | — beuaceinckas, I1- IlepenoBoro xpedra, Il1- Dnp0pycckas nmonzona 30ub [maBHOTO XpedTa, 1V-IlepeBanbHas moa3oHa 30HBI
I'maBHOrO Xpebra, V- FOkHOro ckjaoHa. Yci. 00o3Hau.: 1-BedackiHckast 30Ha, 2- 3oHa IlepemoBoro xpe0Orta, 3- DnbpOpycckas moa3oHa 30HbI [J1aBHOTO XpeOTa, 4-
[lepeBanpHast mon3oHa 30HBI [maBHOTO XpedTa, 5-3oHa HOxHOTO CcKIlOHA, 6-rab0po-TIIarnorpaHWTOBasl cepusi, 7-TaO0po-aJamMerIuToBasl cepus, S-TUIarHOTPAaHHUT-
IpaHUTOBast cepus, 9-rpaHOIMOPHUT-ATSICKUTOBast cepus, 10-cpeqHEIOpCKUe TPaHUTOMIHBIE HHTPY3UBHI, 11- cTpaTurpaduueckue M MarMaTHUECKHE KOHTAKThl, 12-
tektonnueckue Hecornacus (I'H- TiaBubiii HaaBur), 13-negunkn. 14 - mudpsl B Kpy:KKax — TeKToHHYeckue mogusaTus. (1-Uyrymckoe, 2-Coduiickoe 3-bisiockoe, 4-
Beckeckoe, 5-Tebepnunckoe, 6-bankapo-/{uropckoe, 7-1lIxapckoe, 8-Anaiixoxckoe, 9-Yranbsckoe, 10-Kybanckoe,11-Kucnosonackoe, 12-Jlaprsinbckoe).

IMpumeuanue: OA—Oxprna-Aganapckoe 30J0TOPYIHOE MPOSBICHHUE; J[aphsbckoe MOTHATHE TIEPEHECEHO ¢ BOCTOKA.



Kaxk Obu10 0TMEYEHO B IPEIBIAYINCH T1aBe, paiton MaccuBoB bemra n Kamenucras Tak ke, Kak u BCS
3amagHas 4acTh Kpuctammdeckoro ¢ynmamenta bornpmoro Kaskasa, xapakTepusyercs CIOXHBIM
TCOJIOTHYECKUM  CTpoeHHeM. MeramMoppudeckue  MOpoabl  palioHa, T.H.  JIAIITPAKCKUN
Metamopduaeckuit komruieke (Comut, 1991), B 0CHOBHOM CITOKCHBI TPAHAT-CIIIOUCTHIME CIIAHIIAMH,
anbOUT-KBApUECBEIMU TOPGUPOUAAMH, KBapIUTamMu, aM(puOOIUTAMH M CEPIICHTUHH3UPOBAHHBIMHU
yinbTpabasuramu. B mopomax 3TOro KOMIUIEKCa OTMEYAKOTCS MPAMOPHBIC TOJIIHA MOITHOCTHIO JI0
HECKOJIbKMX METpPOB, Tle Oblla OOHapykeHa ¢ayHa KpHHOWIEH MOCTOPJAOBUKCKOTO BO3pacTa
(IToranenko, Ctykanuna, 1971). DTOT KOMIICKC CO3/IaCT CJIOKHYIO CUCTEMY HAJBUIOB YEIIYHYaTOrO
ctpoenust. OCHOBBIBasich Ha Teosiorndecknx MaHHbIX |.M.bapanoB (1976) momycTmn ajioXTOHHOE
pacnosoxenue Jlamrpakckoro MeTaMopQUUEcKOro KOMIUIEKCa, YTO MOATBEPAIOCH TOCICTYOIIUMU
uccnenoBanusimu (Lenremma u np., 1984). OO0 angoXTOHHOM CTPOCHWH 3THUX MOPOJ TOBOPHUT U TOT
¢akT, YTO B HMX COCTaBE OTMEUAIOTCS KMAHWTOBBIE MAapareHe3WChHl, TOrna Kak B Ooiee TIryOOKHX
cpe3ax MeTamop(duTOB KpHcTalumdeckoro cybctpara Bombiioro Kaskaza cyiecTBoBaHue clenos
BBICOKOTO JaBIIEHUS HUTAEe He HeOmomaercs. Kak MOKa3bIBarOT JAeTalbHBIE MHHEPAIOTHYECKHUE
WCCIIEIOBaHUS, OTMEUYEHHBIE TOPOABl C(HOPMUPOBAIKCH B YCIOBHAX MeTamMopdu3mMa KHaHUTOBOTO
Oapuyeckoro Tuma craBposutoBol daruu (Illenrenna, Kerxosenu, 1982).

ITo coBpemeHHO# reoamHamuueckor moxaenu (Xaus, 1975) kpucrammdeckuii cydctpar Bonbiioro
KaBkasza copmupoBajics B OCTPOBOIYKHBIX Te€OAMHAMHYECKHX YCIOBHIX. B pernone mmpokum
pacrpocTpaHeHHEM  IOJB3YIOTCS  BBICOKOTEMIIEpAaTypHble  0Opa3oBaHUs, a  CYyIIECTBOBaHUE
METaMOpP(UTOB C BBHICOKUM JIaBICHUEM SIBJISIETCSl CIIOpHBIM. YacTh WccienoBaTesiell CUUTaeT, YTO Ha
bonpmom KaBkase mapHoro meramMopuueckoro mosica HE CYIIECTBYET, a 10 MHEHHIO HEKOTOPBIX
uccienoBareneil, mopoasl Jlamrpakckoro MeTaMop(hUUEcKOro KOMILIEKca MHPEICTaBISAIOT CoOoM
o0Opa3oBaHHs HE TOJNBKO CO CPEJHHMM JaBJICHHEM, HO W 00pa3oBaHUs C BBICOKUM  OapU4ecKuM
PEKHMOM U TO3TOMY JOMYCKAIOT ero Hamuune Ha bomemom Kakaze (Illenremma u mp., 1991). Mut
paszzensieM 3Ty TOYKY 3PEHHS U CUHTAEM, YTO BO3MOXHO COBPEMEHHBIE CPE3bl IIOXO OOHaXKaIoT
MOPOJBI ATOrO Mosica, JINOO0 HaJIOKEHHBIE MPOLECCH CTEPIH CIebl BHICOKOro nasieHus. Mcxons u3
OTMEYEHHOT0 SICHO, YTO COINpPHKACAIOIIMECcs] MeTaMOp(UTHl TEKTOHWYECKHMX BHICTYNOB bemra u
Kamenwncrast SBISIOTCS aJIOXTOHHBIMU TIOPOaMHU BBICOKOTO 0apuU4ecKoro JaBlICHHS U CHHXPOHHBIE
MarMaTH4yecKue 0Opa30BaHUsl JOJDKHBI ObUTH cHOPMHUPOBATHCS B ATHUX XKeE YCIOBHUSIX.

MaccuBbl bemra u Kamenucras cClOXeHBI IJIarMOTPAaHUT-THEWCAMH, KBapIEBBIMU JTUOPUTAMHU,
JMUOpPUTOTHEWcaMu 1 rab0po-muopuTorHeiicaMmu. HecMOTpss Ha X MarMaTH4ecKoe TPOHMCXOXKICHUE
OHM HE CO3JAI0T M30JMPOBaHHBIE, CEKyIIWe Tela, a TMPeJCTaBIsAI0T coboil oOpa3zoBaHuUs
CIIOUCTOOOPa3HBIX W JIMH30BUAHBIX (OPM, MOIIHOCTh KOTOPBIX KOJEOJIETCS OT HECKOJIbKUX
CaHTUMETPOB JO HECKOJNBKUX MeTpoB. MX pacmpenenenne He TOMYMHEHO KaKOW-THOO
3aKOHOMEPHOCTH, HO JIMH30BUHbIC ()OPMBI IIPEUMYIIECTBEHHO UMEIOT OCHOBHBIC TE€Ja, & CIIOUCTHIC —
KHCIIbIE Tena. Bech 3TOT KOMIUIEKC MOpPOJ| CEYeTCs MHOTOYHCIIEHHBIMU XWJIAMHU albOUTO(OUPOB H
KBapleBbIX KepaTtodupop pazinyuoi mornHoctH (0,4-2,0 M), KOTOPhIE COBMECTHO ¢ BMEIIAIOIIUMU
MOPOJIaMH MCTIBITHIBAIOT CHIILHBINA KaTakia3, OpeKYnpOBaHUE ¥ MAJIOHUTH3AIIHIO.

IImaruorpanuThl MPEACTABISIIOT COOOM CBETIO-CEphIe, 3EICHOBATHIE, MEIKO- W CPETHE3CPHUCTHIC
MOPOJIbI THEWCOBOW TEKCTYpPhl M JIESMUA00JIACTOBON CTPYKTYpPHI M XapaKTEPU3YIOTCS HWHTCHCHUBHOM
XJIOpUTHU3ALUEN u SMUIOTU3ALAEN. Nx MUHEPAIOTMYECKUM COCTaB TPOCT: >l
04+ Qtz+Chl+Ep+Grt+Sf+Mgt; KaIHIIIaTE B CIIOIBI, KAK IPABIIO, B HUX HE OTMEYAroTCs. JIMIIb B
olHOM oOHaxkeHWU MaccuBa Kamenucras, y CaH4apcKoro nepeBaia, B INIarHOTPaHUTaX BCTPCUYAOTCS
MeTacOMaTHYECKUE KalWImaTel W dermyu cepurura (o0p. 1249). B mmarmoknazax HaOmIromacTcs
PeNMHMKTOBas 30HAIILHOCTh W TPOIECC JCaHOPTU3ANUU. B I11eI0M, MOPOABI HCIBITHIBAIOT CHIJILHBIN
KaTak1a3 ¥ MIIOHUTH3AIIHIO.
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I'paHOIMOPUTOTHENCHI, NUOPUTOTHEHCH W KBapIEeBBIC JTUOPUTOTHEWCHI TPEICTABISIOT COOOMU
VIENEeBITYI0, PECTUTOBYI0  YacTh cybOcTpara, merporpaduyeckoe pas3Indre KOTOPBIX BBI3BAHO
nepepacrnpeieieHMeM  MHUHEpajioB. OTO  TEMHO-CEphle  3€JICHOBAaThle,  IMPEUMYIIECTBEHHO
MEJIKO3epHUCTBIE TOPOJBI THEHCOBOW TEKCTYPHI M TPAHOOJIACTOBOM CTPYKTYphl. X MUHepanbHBII
coctas u3menuns: PI**"°+Qrt+Cpx+ActtHbl+Ep+Ap+Sf+Grt+Ser. Hepeako peIuKTOBbIC MHPOKCEHbI
OTMEYaIOTCs B LIEHTPE POroBOil 0OMaHKH, YTO CBUAETENBCTBYET 00 MX BTOPUYHOHN mpupoae. Takum
o0pa3oMm, B pe3yJbTaTe MPOBEACHHBIX MHOIO T€OJIOTO-TIETPOrpaduIeckux paboT ObLIO YCTaHOBJIEHO,
yro MaccuBbl bemra wu KameHucras mnpeacTaBnsioT co0O  eAMHBIA TOMOAPOMHBIM DAL
MarMaTU4ecKux IMOpoJl, HauWHas C TabOpoWI0B W 3aKkaHYwMBas IuiarnorHedicamu. OHU CeKyTCS
MHOTOYHCIICHHBIMH >KWJIaMH aJbOUTO(HUPOB, KepaTopUpoB U KBapUEBHIX KepaTOQUPOB pazIMYHON
MOIITHOCTH, KOTOPBIE COBMECTHO C BMELIAIOIIMMY TIOPOJAAMH HCIIBITHIBAIOT CUIIBHOE OpeKYHpOBaHKe U
KaTakJas.

Cruma3zyrckuii maccuB oOHaxaetrcs B Bepxueit Cpaneruu BAons ['7aBHOTO HajBWTa W HMEET
TUH3000pa3Hy0 GopMy 00IeKaBKa3cKoro mpoctupanusa. llopomamu 3TOro MaccuBa CIIOKEHBI
Oompmas yacte Jlakuxunjackoro xpedra, ropa Crumasyku W €€ OKpeCTHOCTH. MaccHB OTrpaHWYeH
TEKTOHUYECKUMH HapyIIEHUSIMHU U C I0ra C HUM COIIPHUKACAIOTCS JIeHacCOBbIE IIMHUCTHIE CIAHLBI, a C
ceBepa - BEPXHEMAICO30HCKHUE, XJIOPUTH3UPOBAHHBIE W SMHUIOTU3UPOBAHHBIE POTOBOOOMAaHKOBBIE
KpUCTaJUTHYeCKUe ciaHipl. OOIIas Iionans ero OOHaKEHHOW YacTH COCTaBjsgeT mpuMepHo 15-16
KM,

Paiion nokanmzaumu CruMasyKCKOI'O MacCHBa OTJIMYAETCS CIOXKHBIM T'€ONTHYECKHUM CTPOCHHEM U
KPYTBIM penbedoM, YeM M BbI3BaHAa CPABHUTEIBHO HEAOCTATOYHAS H3YyYEHHOCTh 3TOTO MAacCHBA.
Jlums HI.U. Jxapaxumsuy (1970) npu onvcannu MeTaMOp@HTOB paiioHa, yIIOMSHYJ TIarHOTHEUCHI
Jlakuxumnackoro xpeOTa.

[To namuM naHHBEIM B CrMMa3yKCKOM MacCHBE SIBHO BBIJEIISIOTCS JBE TEHETUYECKHUE Pa3HOBUIHOCTH
TPaHUTOUJIOB: ABTOXTOHHBIC IUIATMOTHEMCHl M MOOMIIM30BaHHBIC ILIATHOTPAHHUTHI. ABTOXTOHHBIC
IUIATHOTHEMCH B CYNIECTBYIOIIMX  OOHAXCHUSX  3aHUMAIOT  NPEUMYIIECTBEHHO  HU3KHE
THIICOMETPUYECKHE YPOBHHM, a QJUIOXTOHHbIC, MACCHUBHBIC IUIATHOTPAHUTBI CEKYT AaBTOXTOHHBIC
o0pa3oBaHHMs W 3aHMMAIOT TPEUMYIIECTBEHHO BEPXHHE THUIICOMETPHYECKHE YPOBHH. JleTanbHble
noJjieBble pabOTHl TOKa3alld, 4YTO TMOCIEJHUE HWCIBITHIBAIOT TEHEpalui0 B IUIATMOTHEWHcaX |
NPE/ICTABIAIOT UX AaKTHBU3UPOBAHHYIO M MOOMIM30BaHHYIO YacTh. DaKThl, MOATBEPIKAAIONINE 1TO,
4acTo OTMEYAIOTCS B OKpallHUX (alnusx MaccuBa, B YaCTHOCTH, B yuI. p.llanepu u ee mputokax (cm.
puc. 3.2).

[Tnaruorueiicel MpeacTaBisIFOT COOOH  TOHKOCJIOHCTHIE, MEJIKO3EPHUCTBIE IIOpOABI
rpaHoJIenu1001acTOBOM u nenua001acTOBOR CTPYKTYPBL. Cocras: PI+Qrt+Chl+Ep
*Hrb+Bt£Ms+Ser+Sf+GrtxZr. TIlnarumoxnaz (0.1-1.3MM), B OCHOBHOM, MpEICTABJICH AaHIC3UT-
OJIMTOKJIA30BBIM PAJIOM M HCHBITBIBAET COCIOPUTH3AIMIO, MYCKOBUTH3AIMI0 W CEPULUTHIAIMIO.
3oHanpHOCTh HEe oTMeuaeTcs. Kaapir (0.05-2.0MM) co3maer rpaHOOIACTOBBIE M JICTUAOOIACTOBEIC
KPUCTAJUTBI. XJIOPUT M SMUAOT SIBIAIOTCA MPOAYKTaMHU Pa3JIoKeHus: poroBoit oomankwu. ['panar (0.2-
0.5MM) mpencTaBieH albMaJAMHOBBIM PSJIOM M BCTpedaeTcsl KpaiHe peako. B 3Tol acconumanuu
MUHEPAJIOB TIABHYIO POJIb UTPAIOT IIATMOKJIAa3 U KBapIl, HO MHOTAA KOJIWYECTBO XJIOPUTA U SMHUI0TA
nocturaer 8-12%. Ilmarnorseiicsl MCIBITBIBAIOT WHTEHCUBHBIM KaTak/a3 ¥ MIUIOHUTH3AIMIO U 3TOT
MIPOLIECC MPENBOPSIET TEHEPALHNIO MIIarHOTPAHUTOB .

IlnarnorpaHuThl  MPEACTABISAIOT COOOW MOJOYHOrO IIBETA, MEIKO3EPHUCTBIE IOPOMAbI, OHH
XapaKTEepU3yIOTCS ~ MAacCHBHOM  TEKCTYpo W rpaHoOiacToBod  crpykrypoit.  Cocras:
PI+QrtxMikr+ChltEp£MstBttSer.  ITmarmoxmaser  (0.1-1.5MM)  XapakTepusyroTcsi  MPSIMOIA
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30HATLHOCTBIO C ABYMsI- TPEMS 30HAMHU OJUTOKIIa3-aibOuTOBOro cocraBa. MukpoxmmH (0.1-1Mm)
SIBIISICTCSL METACOMATHYECKUM O0pa30BaHWEM W pa3BUBAcTCsA 3a CUYeT albOWTa W MyckoBurta. Ero
KOJIMYECTBO B TOPOJIC OYCHh MAaJi0 M HE BCErJa OTMeuacTcs. B HE3HAYMTEITHLHOM KOJIHYCCTBE
BCTpEYAlOTCSl OWOTHUT, XJOPUT W OIHJOT, CPABHUTENHLHO OOJBIIE MYCKOBUTa W cepuluTa. B
pe3yabTaTe yMEHBIICHUsI OOIIEr0 KOJIMYECTBA IBETHBIX MUHEPAJIOB IUIATHOTPAHUTHI TEPEXOAAT B
ASICKUTOBBIC  Pa3HOBUIHOCTH, KOTOphle Ha CruMa3yrckoOM MacCUBE TIOJB3YHOTCS OOJIBIINM
pacrpocTpaHeHUEM.

B ¢opmupoBarnn amSCKUTOBBIX TUIArHOTPaHUTOB CrHMa3yKCKOTO MAacCHBa, IO BCEH BEPOSTHOCTH,
TJIaBHYIO POJIb UTPAET KpHCTALTHIecKoe (ppakumpoBanue. M3 HIDKHUX TOPH30HTOB WHTPY3UBA BBEPX
OTMeYaeTcs IOCTENeHHAs JEWKOKpaTU3alys IJIarHOTPaHUTOB  (paccTOsiHUE MeEXAy OOHa)keHHOM
HIDKHEW W BEpXHEW dYacTAMH WHTpPY3WBa cocTaBisieT mpumepHo 1 km). Crnemyer OTMETHTB, HTO
AISCKUTOBbIE Iardorpanutsl  CrUMa3syKCKOrO MacCuBa MPEACTaBIAIOT co0OW  HaWITydIInid
OONHMIIOBOYHBIM MaTepuan W TIOMHMO TIPEKPACHBIX JEKOPATHUBHBIX KAadeCTB XapaKTePU3YIOTCA
0OJBIIION YCTOHYMBOCTHIO KaK K MEXaHUIECKOMY, TaK M K XHUMUYECKOMY BO3EHCTBHIO.

Puc. 3.2. Oona:xkenue B cpe3e jJeBoro npuroka p.llanepu. B nnarnorueiicax (1) renepupyrorcs
IUVIATHOTPAHUTHI (2).

Taknm 06pa30M, B CI'I/IMaSYKCKOM MAaCCHUBEC BBIACIIAIOTCA I'PaHUTOWJIbI ABYX TC€HCTUYCCKUX THIIOB.
IlepBeiii — Ooyiee paHHWE, TNPEACTABICHHBIC  XJIOPUTU3UPOBAHHBIMH W SIUIOTH3UPOBAHHBIMHU
ABTOXTOHHBIMH TIUIATMOTHEHCaMH, KOTOphIe C(HOPMHPOBATUCH HAa PaHHETCPIIMHCKOM JTare IyTeM
BBIOOPOYHOIO IUTABJICHHS MeTaMOp(UUIECKOro cyOcTpara, a BTOpOi — 0oJjiee Mo3aHKe, 00pa30BaHHbBIC
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B TICPUOJ TO3THETCPIIMHCKON AaKTUBH3AIIMM B pe3yjbTaTe TMEpCIUIaBICHUS W MOOWIH3AITNN
IIaTMOTHENCOB.

ITopoabl TaOOPO-TIIATHOTPAHUTOBOW CEPUH  OTHOCSTCS K TPAHUTOMIAM, JIOKATU30BAaHHBIM B
basiockom, Hunnkckom U beckecckoM MaccuBax. AHaIOTHYHBIC 00pa30BaHMsA OTMEYAKOTCS M Ha
rpanunax bedyacklHCKOW 30HBI M 30HBI IlepemoBoro xpebTa, B CeprieHTHHHTAX MaccuBa HikHei
Tebepapl, Tl TUIArHOTPAHUTHI MPEACTABICHBI JIMH3000pa3HbiMu Tenamu (YecHokoB, Kpacusckas,
1985). Bompoc BpeMeHH HX 00pa30BaHHs OCTACTCS JUCKYCCHOHHBIM, MOCKOJBKY, IO HEKOTOPHIM
JAHHBIM, 3TH TOPOJBI 00PA30BAIUCH B KAJEJOHCKOM TEKTOHO-MAarMaTH4eCKOM IIMKJIE, a MO JPyTrUM
JAHHBIM OHU SIBJISIOTCS PAaHHETEPIIMHCKUMU 00pa30BaHUSIMU.

Kowmmiekc meramopduTOB W TpPaHWUTOMAOB bIBIOCKOTO MaccuWBa cllaraeT SAPO OAHOMMEHHOTO
MOMHATHUS B 3amanHoi dactu IlepenoBoro xpeOta, B Oacceline p.Mamnas Jlab6a. [To I'.JI.AdanackeBy
(1968), bnblOCKHT KOMIUIEKC SIBISIETCS CIOKHOW aHTHKIMHAIBLHOH CTPYKTYpOH, KOTOPYIO CEKYT
rabOpOMAHBIN W TUIATHOTPAaHUTHBIN WHTPY3WBBIL. B KHCIBIX WHTPY3WBax OH BBIJENAET ABE (hasbl:
nepBasi - IJIarHOTPAaHUTOBAs U BTopas — JeikorpanutoBas. JI.M.1llenrenua (1970) B MarMatuyeckux
KOMIUIEKCaX J3THUX IIOpOJA BBIIEISAET MeTarabOpo W TPOAYKTHI WX MpeoOpa3oBaHUsl: THOPHUTEHI,
KBapIIeBbIe AUOPUTHI, IUTATHOTPAHUTEIL.

B roxnHoii wacti bewacerHCKkoW 30HBI p. beckec oOHaxxaeT HEOONBINOW TPaHUTOWIHBIA MAaCCHB,
KOTOpI:Iﬁ B JIUTCPATypC M3BCCTCH II0J OTHUM K€ HAa3BAHUCM. O1H rpaHUTOUABI  ONHCAIN
I''1.AdanackeB (1968), C.C.KpyrmoB (1962), A.M.llenrenmna (1972), C.B.UecHOKOB w
N.C.Kpacusckas (1985). Ilo muenuto I'.J[.AdanacheBa, OHM CEKyT BMEMIAIONINE CEPIEHTHHUTHI U
BbI3BIBAIOT HX ACCUMMIIALINIO. B beckecckux rpanuTonaax HpCO6fIaIlaIOT IJIaruorpaHuTbl, a B
CPaBHUTEIBHO MOJYMHEHHOM IOJIOKEHHUHU IPEICTABICHBI KBApLEBBIE AUOPUTHI, AUOPUTHI U Tab0po.
HHaI‘I/IOFpaHI/ITLI SABJIAIOTCA CBETJIO-CEPBIMU, CPEAHE3CPHUCTBIMHU, HWHTCHCUBHO OTHEMCOBAHHBIMU
nopojamMu. B HUX oTMedaeTcs SIBHO CJIOMCTOE PACIIONIOKEHHE CIFO/ M XJIOPUIOB. XapaKTePHbI TAKKe
3epHHUCTBIE, TrojJyOoBaTble otTaensbHocTH KBapua (3-6  wMm). Bwmecte ¢ Bo3pacraHueMm
JuHaMoMeTamop(du3Ma HaONOAaeTcss PpOCT dYellyd CIoJ ©  albOWTH3alus, WHOTJa U
MHUKPOKIMHHU3ALHA.

N3oTonHbIi Bo3pacT rab0po-naaruorpaHUTOBON CepUU BbI3bIBAaET OOJIBIION HHTEPEC, TaK KaK
CUMTAETCs, YTO OHU SIBJISAIOTCS TIEPBBIMU T€PIIMHCKAMHU O0pa30BaHHUSIMU B KPUCTAIUTMYECKOM
¢ynnamente bonbmoro Kaskaza. I'.A.AdanaceeB (1968) K-Ar wmeromom omnpeaenu
M30TOMHBIN Bo3pacT cito]l beckecckux mumarnorpanutoB kak 400-450 muH. ser, a ¢iorodura
U3 KOHTaKTa CEepIIeHTHHUTA ¢ miaruorpanutamu — 450-460 mun. ner. [locnennuit pesyabrar
OH CYHTAJI CaMbIM peaJbHBIM BO3pPAacTOM OOpa30BaHUS IUIATMOTPAHUTOB. [LIarmorpaHuThI
brmubekoro maccuBa [1.3. XKypasneB m W.C.Kpacuckas natupoBamn Sm-Nd meronom
(KypasneB, Kpacusckas, 1989). bbu1 wucnonb3oBan o0paszenl NOpPOIbI, a TaKxke
MOHOMMHEpaJIbHbIE (PAaKIMU amaTtuTa, opTuTa U cheHa. MonanbHbIM BO3pacT OpTUTA U
chena Obin ompeneneH kak 400+11 muH. ner, a amaruta - npumMepHo 460 MiH. JeT.
N3otonHbIil BO3pacT 3TUX mopoia Obul ompeaeneH u Rb-Sr meromom (Comun, 1971).
[Tomy4yeHHbIE pe3ynbTaThl COOTBETCTBYIOT B cpenHeM 370 MIH. JIeT, a mapaMerp 87Sr/%sr
cooTBeTcTBYET — (.70343, uTO IBHO yKa3bIBacT HA MAHTUITHYIO T'€HEPALMIO IIarMOTPAaHUTOB.
Kax u3BectHo, Mmomanbubiii Bo3pacT Sm-Nd (Tng) pukcupyer To Bpemsi, KOrja UMEI0 MECTO
BBIJICTICHWE TPAHUTOMIHOTO paciiaBa M3 MaHTHHHOTO pesepByapa (Allegre, Ben Othman,
1980; De Paolo, 1988; De Paolo et al., 1991), a u3oxponHbIii Bo3pacT Rb-Sr moka3ssiBaer
BpeMsi KpUCTaUTM3aluu rpaHutongHoro pacruiaBa (Taylor, McLennan, 1985; ®op, 1989).
Ecnun yuecTb 3TM fHaHHBIE UM TNPOAHAIM3MPOBATH OTMEUEHHBIE PE3YNbTaThl, TO MOYKHO
JIOMyCTUTh, YTO BBIJCNICHHE IUIArMOTPAaHUTHOTO pacljiaBa M3 MaHTHUHHOTO pe3epByapa
npousonuio npumepHo 400-460 MiIH. €T Ha3a/, YTO COOTBETCTBYET KaJI€JOHCKOMY TE€KTOHO-
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marmaTuueckomy 1ukiy. [lomyuennsie Rb-Sr meronom uucna (370 MiH. 51eT), mo-BUAUMOMY,
YKa3blBalOT Ha PAHHETEPLMHCKOE BPEMsl KPUCTAJUIM3AaLMU IUIArMOTPaHUTHOIO pacIulaBa
(BO3MOXHO, pacruiaB ObUI PEIUKIMHTOBBIM). TakuM o00pa3oM, TOJIeBbie HAOIIOACHMS,
nerporpauyeckue ONMCaHUS W H30TOIHBIE JAaHHbIE IOKa3alh, YTO rabopo-
IUIATHOTPAHUTOBAsl  CEpHUs  SABISETCA  CIOXKHBIM ~ MarMaTu4eckuM oOpa3oBaHUEM U
npecTaBisieT co00i OpraHMYecKyo COCTABIAIONLYI0 0pronuToB. Bonpoc reoannammyeckoit
no3unun opuonutoB Ha bompmom KaBkaze ocraercs auckyccMoHHBIM. Hekoropsie
MCCJIEOBATEIN CUUTAIOT, YTO UX KOPHEBBIE 30HBI HAlO0 UCKaTh BAOJb ['T1aBHOro HazxBura, a
opuonuter IlepemoBoro xpedTa paccMaTpUBalOT Kak LIAPUPOBAHHBIE C IOra Ha CEBEp
(Amamus, [laBumBuiu, 1982).

3.2. I'a60po-axamMe/sINTOBAsI cepust

Orta cepus, B OCHOBHOM, JIa€T HEMPEPHIBHBIA TOMOTEHHBIN psj: rab0po-AHMOPHUT-KBAPIIEBBIN TUOPHUT-
rPaHOAMOPUT-aAaMEJUIMTOBBI. MHOrga  HMHUIMAIbHBIE  COCTaBIISIIOIIME 3TOW  acCOLMalUU
NPEACTaBISIIOT CO00M ynbTpaMaduThl, a Ha MOCIECTHEM 3Talle 3BOJIIOLMH HUKOTAA HE 00pasyroTcs
CIIOJTUCTBIE TPaHUTHL. Bech 3TOT KOMIUIEKC IMOPOJ WHTEHCHBHO ceueTcs rab0opo-mophupoBBIMH,
TUOPUT-TIOP(GUPOBEIME U Ta0OpO-AMada30BBIMA TE€NAMH, MOIIHOCTH KOTOPBIX BapbHpPyeT OT
€AMHUYHBIX 1O HECKONBKHX MeTpoB. llopompl 3TOM cepur 4YacTO XapaKTEepU3yIOTCS IEPBHYHO-
MarmMaTHYecKoOi CIOUCTOH TEKCTypoi, KoTopas OOyCIOBJIEHa YepefOoBaHHE TOHKOIOJIOCYATHIX
JIEMKOKPAaTOBBIX M MEJIAaHOKPATOBBIX 4YacTedl. MuHepanbl, NPEUMYIIECTBEHHO, NPEACTaBICHBI
FI/IHI/IILI/IOMOp(l)HI)IMI/I 3€pHaMH, IIpH 3TOM ILJIaruKJIa3bl 4aCTO UMCIOT TPAXUTOUAHYIO OPUCHTAILUIO, UTO
YKa3bIBaeT Ha MarMaTHYeCKUN TeHEe3UC 3THX NOopoA. st mopo 3Toi cepuu IaBHBIMU (eMUIECKUMU
MHUHEpaJaMH SIBJISIOTCS] POroBas OOMaHKa U OMOTHUT, PEIKO OTMEYAETCs KIIMHOIMPOKCEH M €Il pPexe
OopTONHMpoKceH. B ornmyme oT rabOpo-IiIariorpaHUTOBOM CEpHM, B 3TOW CEpHUHM Ha TOCIEAHEH
CTYIIEHU 3BOJIIOLMHN (HOPMHUPYETCs] KaJIMEBbIM MOJIEBOM LIMAT, KOTOPBIM YacTO SBIAETCS PE3yIbTaTOM
aBTOMETACOMATUYECKON MUKPOKIMHHU3AIIHH.

OO0bIYHO B KpucTaJuTMYeckoM cybcrpare bonbmioro Kapkaza mopossr rab0po-aiaMeiinToBOl cepuu
Oo0HaXarTCs CeBEpHEEe IMOpOJ TadOpO-IIarMOrPaHUTOBON CEPUU M MOJIB3YIOTCS  OOJIBIITUM
pacnpocTtpaHeHreM. B nuTeparype OHM OIMUCAHBI B COCTAaBE PA3UYHBIX KOMILIEKCOB W (pOpMAIIHN.
Bmecte ¢ TeM, WacTh WccieqoBaTenei COBEPIICHHO CIIPABEIJIMBO CUUTAET, YTO IOPOABI rabOpo-
aJlaMeJUTUTOBON CEPUU KPHUCTAILTHYECKOro cyoctpaTa bonbioro Kapkasa npecTaBieHbl pa3indHbBIMU
BO3PACTHBIMH TPYyTMIIaMU. B 9acTHOCTH, BELICTISIOT KAJICJOHCKHAE U TePIIMHCKHAE 00pa30BaHusl.

[Mopoasl rab0po-a1aMeIIITUTOBOM Cepur KaleJOHCKONW KOHCONMHIANNU (QparMeHTapHO OOHAKAIOTCS B
Beuaceiackoii 30He. B ymense p. benas J[.M.1enrenuna (1972) Beinenun maccussl laxoBka u Caxpait
M omHcal MX Kak TeHETHYECKOE eIMHCTBO KBAPIIEBBIX TUOPUTOB, T'PAaHOIMOPUTOB, IUIATHOTPAHUTOB H
TPaHUTOB, CUWTas MX TUOpPUIHBIMH oOpasoBaHusMH. [lo ero MHEHHWIO, B pe3ynbTare IeHCTBUS
JIEMKOKPAaTOBOM MarMbl Ha OCHOBHBIE M YIILTPAOCHOBHBIE TEJa, 00pa3yeTcsi MarMaTHYeCKUi paciuias,
MPOAYKTHl KPUCTATM3AIMM KOTOPOTO TMPEACTABIEHBl MMPEUMYIIECTBEHHO pPOTOBOOOMAaHKOBBIMHU
KBapLEBBIMU JUOPHTAMHU.

B cpesax ymenss p. Kybanp u ee npurokoB Xyzec, [xamankon, Amankon, Magum, Tammnkon u
Jayn oOHaxaroTcs HIDKHENAIC030MCKHe MeTaMOpQHUUYecKrue MOpojsl (YeremMckas CBHTa), 00pa3ys
MOIIHBIE AHTUKJIWHAIA CyOIIMPOTHOTO TPOCTUPaHWsA. B HUX JIOKaIM30BaHbI MAarMaTHTHI
(hemudeckoro mpouias pazIndHOrO COCTaBa, KOTOPHIC, IO HAIIEMY MHEHHUIO, OTHOCATCS K rab0po-
aJaMe/UINTOBOM CepHHM. OTH IOpOAbI B JINTEpAaType ONHMCaHbl Kak rab0po-amM(puOOIUTHI,
aTBLONTH3NPOBAHHBIE METATHOPUTHI, OTHeWicoBaHHbIe TpaHuTHl ([llenrenma, 1972) U CHCHUT-THOPUTHI
(AdanaceeB, 1968). U.C.Kpacuckas (1977) Bemenmina WX Kak Ta0Opo-auOpUTEI U rabOpo-
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nraba3oByio GopMaIiio U WX TCHEPAIHIO CBS3aIa C KaJeAOHCKIUM TEKTOHO-MarMaTHISCKUM ITHKIIOM,
C Y€M MBI MTOJTHOCTHIO COTJIACHBI M TIOATOMY PacCMaTpHUBATh WX 3/1€Ch He Oy/ieM.

TI'aGbpo-amaMeinTOBasT Cepusl TEPIUHCKONH KOHCOMWIAITMM OOHaKaeTcsl CceBepHee rabopo-
TUTarHOTPAHUTOBOW CEPHHU U MPEJCTaBICHA B BUE MPEPHIBUCTON MOJIOCHI, Clararoline I0KHYI0 9acTh
KpucTamwyeckoro ¢pynaamenta bonbmoro Kaskasa (cm. puc. 3.1). Ha camoM mpunogHsITOM y4acTke
3TOTO (PyHIAMEHTa MOPOABI rab0po-aIaMeIITUTOBOM cepru yke He 0OHaXKaroTCS M, BEPOSTHEE BCETO,
MEPEKPHITHl TOPOAAMH TPAaHUT-MUTMATHUTOBOTO KOMIUIEKCA, KOTOpBIE BIOJNb [JIaBHOrO HaaBHTa
HETIOCPEACTBECHHO CONPHUKACAIOTCS C HIKHEIOPCKUMU claHnamu (cpe3 p.Hakpa). Eciau B3sTh 3a TOuKy
orcuera cpe3 p. Hakpa, To yBUIuM, 4TO BOCTOUHEE U 3allaJHEEe HEe IOCTEINCHHO OOHAXKAIOTCSI OPObI
demuueckoro npoduns (FOxnast 3oHa no [1.J[.Tamkpenuaze) u cpeau HuUX oOpazoBaHUs rabOpo-
aTaMeITUTOBOM cepuu. BocTouHee 3TOW penepHOil 30HBI IOpoaaMH rab0po-amaMeUIMTOBON cepruu
cnoxensl Japbsanbckuid, Kacapckuit, Anaiixoxckuii n lIxapckuit maccusbl. [loponbl 3T0i *e cepuu
oOHaxaroTcs B KpaiHe IOKHBIX cpe3ax pp. Ypyx, bamkapckoro Yepeka m besenru. 3amannee,
NOpPOJaMHU 3TOM cepuu ciokeHa Oosbiias yacte Co¢uilckoro mogHsTHs, a €Iie 3amagHee, MOPOAbI
rab0po-ajaMeuInTOBO cepur  OoOHaxarorcss B Uyrymickom nogustud. Kak Bugum, B
KpuctasummdeckoMm ¢yHmamente bombemoro KaBkasa rabOpo-agamernuToBasi cepusl ciaraer, B
OCHOBHOM, €r0 IJXHYIO 4YaCTb W IMPCACTaBJICHA B BH/C HpeprBI/ICTOI\/'I IIOJIOCBhI, Ha4YWHasA OT
Jappsnbckoro u koHdas YyryniCKUM MacCHBOM.

JlapbsiibckHMii MaccUMB TpEACTaBIsieT COOOW KpaifHe BOCTOYHYIO YacTh OOHakeHUs  rabOpo-
aJIaMeJUTUTOBON CEpPHH | B IIETIOM KpHCTaITHIeckoro ¢pynaamenta bonsmoro Kaskasa (cum. puc. 3.1).
OH oOHaXkaeTcs B BHUJE JBYX BBICTYNOB: coOcTBeHHO [lappsmbckoro u ['Bemerckoro. Ilocinennuit B
Buje HeOosbimoro ¢parmMeHTa oOHaxaeTcs Ha tore JlapbsibCKOIO MAacCHBa, KOTOPBIN
TEKTOHUYECKUMHU U TPAHCTPECCHBHBIMHM KOHTAKTaMM OKPY)KEH IOPOAAMH FOPCKOro Bo3pacTa. M3-3a
JIOCTYITHOCTH MaccuB u3y4anu MHorue ydenole (@D.M.JleBuncon-Jleccunr, [ILILIIaTHUIKNH,
[.C.bensukun, B.I1.Penrapren, JI.A.Bapmansuu, H.WU.Cxuprnanze, I'.J[.Adanacses, O.3. Aynaypu u
Ip). HeranbHas metporpaduueckas XapaKTEpUCTHKa TPaHUTOMIOB Jlapbsiabckoro maccuBa jJaHa B
paborax J[.M.Illenrenna (1965, 1972).

Don I[apBHHBCKOFO MacCcCUBa COCTaBJIAIOT KBApUEBLIC JUOPUTHI aJdaMCJUINTBI, a COBCPIICHHO
COTJIaCHBIMHU IEPEXO0AaMU C HUMU CBA3aHbI, IMIPEACTABICHHBIC q)aKTI/IquKI/I PECTUTOBBIMU YUaCTKaMH,
JIMOPUTHI, Ta00OPO W PEIKO YIBTPAOCHOBHBIE MOPOABI. B MacchBe OTMEUAlOTCS TaKKe PEITUKTOBBIE
YYaCTKH MeTaMOpPHUUYECKHX TIOpOJ, VIEJEBIINEe OT aCCHMWISAIMH W TuOpumu3ma. Uto kacaercs
MErMAaTUTOBBIX U AJISICKUTOBBIX 00pa30BaHMI, TO UX POJIb B CTPOSHUH MacCHBA JIOBOJIHLHO CKPOMHASI.
Bech 3TOT KOMITIEKC MOPOJ CEYeTCs MHOTOYHCICHHBIME KHJIaMu JTaba30B U quada3-mopGupuToB
pa3IMYHON MOIIHOCTH.

210.]'[5[ OCHOBHBIX IIOPOJ B CTPOCHUU Hapbﬂ.HI)CKOI‘O MacCHuBa JOBOJIbBHO 3HAYUTCJIIbHA. OHI/I, B BUJEC
JTMH3000pa3HO-TalKOBBIX TeEJl, BCTPEUAIOTCS B KPHCTAIMYECKMX CIAHIAX W B THeicax, a B
TPaHUTOMJAX MPEJCTABICHBl 4Yallle OBAJIBHBIMH W pPEXe JHWH3000pasHbIMH Teinamu. MX cocraB
oTBe4yaeT rab0po M OKBapIOBaHHBIM IabOpo. DTO 3elIeHOBATO-CEPOr0 IIBETA CPEIHE3EPHUCTHIC,
NPEUMYIIECTBEHHO MacCHBHBIE MOPOJBL. MX CTpyKTypa, B OCHOBHOM, HopdupobiacroBas. Cocras:
Hrb+PI+Chl+Ep+Py+Sf. B mopoze, B 0OIBIIOM KOIMYECTBE OTMEYAIOTCS AKIIECCOPHBIE MUHEPAIIHI:
neiikokced W ched. IlociaenHuil, XapakTepu3yeTCs XOPOIIO BBIPAXKCHHBIM IUICOXPOU3MOM, YTO
XapakTepHO A5l TAOPUAHBIX TOPOI.

HI/IOpI/ITBI, TaK XC€ KakK H T a66p0, B I[apBHJ'ILCKOM MacCCHUBC MTPCACTABJIICHBI B BHJC PCCTHUTOBBIX
Y4aCTKOB MW B HHUX BBIACIAIOTCA JABC PA3HOBUIAHOCTHU: pOFOBOO6MaHKOBBIC U OHOTHUT-
pOFOBOO6MaHKOBBIC. OHn TEMHO-CEPbIC, B OCHOBHOM MAaCCHBHBLIC M B CpaBHCHUH C BMCINAIOMIUMU
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TPaHUTOUJIAMH XapaKTEPU3YIOTCS MEIKO3epHUCTOCThIO. B HUX peaKo oTMedaroTcsi ToppUpOBUIHBIC
BBIIEIIEHHs KBapIia u monesoro mmara. Cocras: Pl+Qrt+Hrb+Bt+Ep+KspxSfAp£Zr+IIm. Tuopursr,
KaK TMpaBUiI0, 00paMJICHBI KBapIICBBIMU JIUOPUTAMHU, CO3aBasi OCHOBHOH (oH JlaphsibCKOT0 MacCuBa.
B HUX BBIACISIOTCS IBE Pa3sHOBHUAHOCTH: OHMOTHT-POTOBOOOMAHKOBas W PoroBooOMankoBas. OHH
cepble, KPYIHO3CPHUCTHIC, MPEUMYIIECTBEHHO MAaCCHBHBIE, B OCHOBHOM TJIOMEPOOJIACTOBOMH
CTPYKTYpBl. B HHX OTMEYAKOTCS PEIMKTOBBIC YYaCTKH METaMOP(PUUCCKHUX MOPOJ, MPEICTABICHHBIX
KBapII-COCIOPUT-CEPUITUTOBBIMHU,  KBapI-aM(pHOONI-dIHIOT-XJIOPUTOBEIMA U KBapI-OMOTHTOBBIMHU
CJTaHIIAMHU ¥ THEWCAMU.

KBapueBsle  AMOPUTBI  MOCTENCHHO  3aMEINAIOTCS  IPAHOJAMOPHTAMH M aJaMeUTUTaMHu.
MakpOCKOITMYECKH OHHM TIOYTH HE OTJIMYAIOTCS JIPYr OT APYra, TOJIBKO B aJaMEJUIMTaX YBEIHYCHO
HPOLIEHTHOE COACP)KaHHUE KAIHUIIIATOB. DTO Cepble, CBETIIO-CEPhIC, KPYITHO3EPHUCTBIE MTOPOJIBI, YacTO
nopdupobnacroBoit  crpykrypsl. CoctaB:  Pl+Qrt+Mik+Bt+Hrb+Ep+Chl+Sf+Ap+Zr+Ort+Mgt.
[Inarvokiaas MOpEeICTaBlICH — aHAC3UT-OJNHMIOKIA30BBIM  PSJOM W HCIBITHIBAET HMHTECHCHUBHYIO
neaHopTu3anuo. Keapip oTMeuaercs B JIByX TeHEpaLHsX: KBapll paHHEH TeHepaluH BCTPEdYaeTcsi B
M30METPUYECKON (hOpME M HCIBITHIBACT BOJIHOOOpA3HOE MOTAlICHUEe, a KBapll MO3/IHEH T'eHepaluy B
OONBLIMHCTBE CIyYaeB CO3JIAeT XKIIOMOJAOOHbIE Tea U ceueT BCIo mopoay. KamummaT npencraBieH
MHKPOKJIMHOM M, B OCHOBHOM, (DOPMHpPYETCsI 3a CUET IUIarHoKia3a. BHOTUT oTMedaeTcs B OOJIBIIOM
KOJIMYECTBE, HMeeT 3€JICHOBATO-KOPUYHEBYIO OKPacKy M XapaKTepU3yeTcs HMHTCHCHBHBIM
mwieoxponusmoM. C HUM CBsI3aHbBI TIOYTH BCE aKI[ECCOPHbIC MHHepajbl. Tak ke, Kak U B KBapLEBBIX
AUOpHUTAxX, B I'PaHOAUOPUTAX U aJaMCJUIMTAaX OTMEYANOTCA PCIIMKTOBBLIC YYAaCTKH MCTaMOp(bI/ILICCKI/IX
HIOPO/I, ¥ OHH 110 BCEM MPU3HAKAM HICHTUYHBI PECTUTAM KBAPLEBBIX JHOPHTOB.

Kacapckuii MmaccuB oOHakaeTcs 3anaaHee Japbsiibckoro Maccusa, B baccerine p.Apmaon. C ceBepa u
I0ra OH TEePEKPhIBACTCS COOTBETCTBEHHO METaMOP(UYESCKUMH TOPOJaMU OYPOHCKOW M KacapcKoi
CBUT, C BOCTOKa -BEpPXHEMAale030MCKUMH KOHIJIoMeparamu (0aZoHCKas CBUTA), a Ha 3amaje
TEKTOHUYECKH KOHTaKTUpyeT ¢ [[efiCKiM rpaHUTOUHBIM HHTPY3UBOM.

OcHoBHOI ¢oH rpanuTonnoB Kacapckoro MaccuBa CO31AlOT, CBSI3aHHBIE MEKAYy COOOMH
MIOCTETIEHHBIMH TIEPEX0AaMH, KBapLEBbIE TUOPUTHI, TPAHOAUOPHUTHI U aJaMeIUIUTHL. TekcTypa mopon
MIPEUMYIIIECTBEHHO THelicoBas, a CTpYKTypa nopdupoBuHas. Cocras:
PI+Qrt+Mik+Hrb+Bt+Chl+Ep+Mu+Ap+Zr+Sf+Ort+Mgt. B KacapckoM MaccuBe OTMEUaroTCs
pecTUTBl METaMOP(PHUUECKUX M OCHOBHBIX MOPoA. OCTaTKu METaMOPPHUUECKUX MOPOA HCIBITHIBAIOT
WHTCHCHBHYIO METaCOMAaTHYeCKyl0 TIepepaboTKy ¥ 4YacTo MEepexoAsT B JIMOEPXHTBI —B
MEJTaHOKPATOBBIE TIOPOJbI C THEHWCOBOW TEKCTypol W MOp(HupoOIacTOBON CTPYKTypoil. PecTuts
OCHOBHBIX OPOJ MpEACTaBICHB Tab0ponIaMH, OKBapLOBaHHBIMH rabOponaamu U aunoputamMu. OHU
OBAJIbHOM (POPMBI ¥ COBEPIIIEHHO MTOCTETIEHHO MEPEXOAT BO BMEIIAIONINE TIOPOIHI.

ITo nanuemM I.M.3apunze, H. Tatpumsunm (1967) u JI.M. Lllenrenua (1972) TPAHUTOUBI
Kacapckoro mMaccuBa MpOSBISIOT MOJHYIO aHAJOTHIO ¢ TpaHuTouaaMu Jlapesieckoro maccuBa. Ilo
I''M.3apuaze, H.TarpumBummu (1967) 3ti rpaHutongsl cOPMHPOBANINCH B PE3yJIbTaTe KaJlHii-
HaTPUEBOTO METACOMATO3a KacapcKoi M OYpOHCKOW CBUT.

Apnajixoxckuii MaccuB. 3amajiHee KacapCKUX T'PAHUTOMJIOB, B Mpeneiax AJalXOXCKOTO MOJHATHUA,
HIMPOKO OOHAXKAIOTCS MOPObl rab0p0-a1aMeITMTOBON CEPHU, KOTOPBIE, 10 HAIIEMy MHEHHUIO, MOKHO
BBIJICJIUTH TOJ] Ha3BaHHEM Aaixoxckoro maccuBa. MakTUYECKU OH SIBISIETCS HEMOCPEICTBEHHBIM
MPOAODKEHHUEM KacapCKUX TPAHUTOHIOB M 3TH MACCHUBBI OTENSIOTCS APYT OT Ipyra TPaHUTOUIHBIM
TEJIOM IOPCKOro Bo3pacta. CeBepHas 4acTh ANaliXOXCKOTO MAacCHBa, KOTOPYIO OOHAXKAIOT IMpPaBbIC
NPUTOKHU P. YPyX, AeTanbHo Obiia onucana [I.M.11lenrenna (1972), a 10)KHYI0 4acTb, BKIIOYAIOIIYIO B
cebs1 OacceliH TPUTOKOB BEpXoBbeB p. Puonm, wmsydamu [.M.3apumze, H.T.Tarpumsmwm u
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0.3 dynaypu (1962). Ilo MHEHHIO MOCIEIHHMX, OTMCUEHHBIC TI'DAaHHUTOMIBI O0Pa30BAIMCH IyTEM
MeTocomarosa ¢emmaeckoro cyocrtparta, a mo MueHuro J.M.lllenrenna (1972) 3t mOpoasl UMEIOT
reTeporeHHoe MPOUCXOXKACHHE.

Ha ApnaiixoxckoM MOIHSTHH TOPOABI JUOPUT-aAaMEIUIMTOBOM CEPUU JIOKAJIM30BAHBI B LIEHTPAILHOU
YaCTU aHTUKIMHATBHOW CTPYKTYPBI, 2 KPUCTAUTMYCCKUEC CIAHIIBI Pa3BUTHI HA €r0 KPBUIbSX (B paiioHe
I'ypmxunexckoro mepeBajia OHH 3aHMMAIOT Bojopa3aen [maBHoro Kaskaszckoro xpebra). Yacto
KPUCTAJUIMYECKUE CIAHIBI B TPAaHUTOMAAX BCTPEYAIOTCS B BHJIE PECTUTOB, MOIIHOCTH KOTOPBIX
KOJIEOJIETCS OT HECKOJIBKUX CAHTUMETPOB A0 5-7- M, a AUHA JOCTUTAET WHOT/AA JABYX-TPEX JECSTKOB
MeTpoB. OHM B OOJIBIIEM WM MEHBIIEM KOJMYECTBE MPHUCYTCTBYIOT TOYTH HA BCEW IUIOMIATU
pacrnpocTpaHeHus Tab0po-aJaMeIUTUTOBON CEpHUH.

B rpanmTonpax AJaiiXxOXCKOrO MaccHBa OTMEYArOTCsS MHOTOUYHMCIICHHBIE CEKyIlue Tena auadas-
noppUPUTOBOK TpyNIbl. MOIIHOCTE AaeK MHOT/A NpeBbimaeT 10 M U OHM TPOCICIKUBAIOTCA OT
HECKOJIbKIX METPOB JI0 HECKOJBKHIX KIJIOMETPOB. B 11emom, B ipeienax paccMaTpuBaeMoro MacCuBa,
pa3InvaloTCcsl JBa THUMA CEKyIIHMX (EMHYECKHX TeN: MepBBIH— Ooyiee paHHEH TeHepaluH, KOTOPHI
ACCUMIIIMPOBAINCH C BMEMAIONIed Maccoil (M0 HalleMy MHEHHIO, BTOP)KEHHE TaKOTO THIIA Tel
SIBJIICTCS. OJHUM W3 (PAKTOPOB BBI3BIBAIOIIMX 0O0pa3oBaHUE (EIb3MUSCKUX PACIUIABOB); CEKYIIHE
(demuyeckre Tena BTOPOHM TEHepald He OKa3bIBAIOT aKTHBHOTO TEPMHUYECKOTO BO3JCHCTBHUS Ha
BMEIIAIOIINE TPAHUTOUIBI, B CIEJCTBHE YEro KOHTAKT MEXIY HUMH YETKHHA, OHH XapaKTepPU3yIOTCA
MAaCCHUBHOW CTPYKTYPOW U HE HCIBITHIBAIOT OrHelicoBaHus. Heo0X0AMMO OTMETHTh, YTO KOJUYECTBO
(eMHYeCKHX CEKyIIUX TeJ OYeHb BEJIMKO W B cpeaHeM 3aHumaeT 20-25% Bceil miomaau, a B
BepxOBbAX p. HaHuaxu oHo npessimaeTr 30% (3apuaze u ap., 1962).

B cekymux Tenax mepBoro THMa U B UX PECTHTAX BBIIEISAIOTCS CIEAYIOIINE PAa3HOBUIHOCTH: Tab0po,
OKBapIlOBaHHbIE Tab0pO, OKBapIOBaHHBIE TabOPO-TUOPUTHI, OKBapIIOBaHHBIE Uaba3-TIOPQUPHTHL,
OKBapIIOBaHHBIE U MHUKPOKIMHU3UPOBaHHbIE Ta0Opo-Auaba3bl M POroBOOOMAHKOBBIC JTHOPHUTHI
(Bapumze u ap., 1962). B GonpmMHCTBE CilydaeB BMEMIAOIIMMHU ITOPOJAMHU SBISIOTCS KBapIICBEIE
JIMOPUTHI, KOTOPHIE MTOCTENICHHO, C SIBHBIMU THOPHUIHBIMU KOHTAKTaMH, 3aMEIaloT pecTUThl. Ciemayer
OTMETHUTh, YTO B C(peHAX KBAPIIEBBIX TUOPUTOB HAOIIOJAETCS XOPOIIO BEIPAKEHHBIH TIIEOXPOU3M, UTO
XapaKTEePHO JJIsi THOPUIHBIX TTOPO/I.

I'panuTonapl AaiixoOXCKOro MaccHMBa, B OCHOBHOM, IIPEACTaBIICHBl KBapIEBBEIMH IHOPHTAMH,
rpaHoguoputaMu W agameumartamMd. OHH, Kak OBUJI0O OTMEUEHO BBINIE, TEHETHYSCKH U
MPOCTPAHCTBEHHO CBS3aHBI C JHOPUTAMH, TabOpoMIaMH W JIPYTMMH OCHOBHBIMH TelaMu. MexmIy
Pa3HOBUJIHOCTSIMU TPAHUTOUJOB YETKOM I'PAaHULBI HE OTMEUAETCS, U OHU COBEPLICHHO MOCTEIEHHO
3aMemanT ApPYyr Apyra. B sToM koMiiekce mopoj Bcerna HaOII0JaroTCsl THEHCOBBIE TEKCTYPHI,
KOTOpBIC JOJDKHBI TPENCTaBIATh CO00M IMEPBUYHYI0 MarMaTHYeCKyl CIOHCTOCTh. B artux
TPAHUTOUIAX PEIKO OTMEYAIOTCS  JICHKOKPATOBBIC JKHIIBI, MOITHOCTh KOTOPBIX KOJIEOIEeTCS OT
HECKOJILKHX CAaHTUMETPOB J0 METpa M MPAKTHUECKH ITErMaTUTOBBIE 00pa30BaHUs HE BCTPEUAIOTCSI.

KBapieBbie IUOpUTHI SBISIOTCS MOPOJAAMH TEMHO-CEPOTO M CEpOro IBeTa, KOTOpbIE
MPOHM3aHbl JIGUKOKPATOBBIM MarepuaioMm. WX crpykrypa rtHnuanoMopdHas, peaKo
rpaHobIacTOBasA, TEKCTYpa — 3€PHUCTO-THEHCOBAs, TOPOJIa COCTOUT U3 TIIAarHOKIIa3a, KBapIia,
pPOTOBOI OOMaHKH, MHOTJA U3 OMOTHTA, XJIOPUTA M Kanuiimnara. V3 akieccopHbpIX MUHEPAJIOB
BCTepUaroTcsi c(heH, amaTuT, IUPKOH, WIBMEHHT, PEAKO JIEHKOKCEH U OPTUT, elle pexe —
KaJIbIIUT.

['paHOAMOPHUTHI M aITaMEIUTUTHI TIOCTEIICHHO 3aMEIA0T KBapIeBble JUOPUTHI. C ONpeeICeHHOW TOUKH
3pEHUS] OHU SIBIISIOTCS MHUKPOKIWHU3UPOBAHHBIMU KBaprieBbIMU auoputamMu. Co CBOCH CTOpPOHBI,
TPaHOJIMOPUTHl HM3-32 BO3pPACTaHHMS MUKPOKJIMHA TMEPEXOMAT B aJaMEIUIMTHL. Bonibmias 4acTh STHX
TTOPOJI COCPENOTOUCHA B BEpXOBhsX pp. JloMmbapyna, 3onmxurypa U DeHa U B cpe3ax pp. Momuca u
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Homapyna. OHE MaKpOCKOITHYECKH TPYIHO OTIIMYAEMbl OT KBAPIIEBBIX JHOPUTOB U SIBIISIOTCS TEMHO-
CephIMHU 3€PHUCTBIMU TIOPOIaMU. B OTIHMYHME OT KBAapIIEBhIX JUOPUTOB T'PAHOJHOPUTHI U aJaMEJLTUTHI
XapaKTepU3yIOTCSl OTHOCUTENILHON KPYMHO3EPHUCTOCTBIO U claboil THEHCOBUTOCTHIO. VX CTpyKTYypa,
B OCHOBHOM, runuanoMopdHo3epHrnctas u mnopdupodmactoBas. [locmemnsst oOycimoBieHa
BBIJICJICHHEM MHKPOKIMHA, KOJIMYECTBO KOTOpOro B ajaMeurax BospacraeT. Cocras:
PI+Qrt+Mik+Bt+ChltMu+Ep+Ap+Zr+Sf+RutMgt. MuKpokiIMH, B OCHOBHOM, HPEJICTaBJICH
KPYITHBIMH 3epHAMU C BKITIOUCHUSIMH TUIATHOKIIA3a, KBapla U clitojl. B aTux mopojax, mo cpaBHEHUIO ¢
KBapIeBBIMU JHOPUTAMHU, KOJTMUECTBO [IBETHBIX MUHEPAIOB YMEHBIIACTCS U TOSBIISIIOTCS MYCKOBHT U
CEPUIINT, KOTOPHIE B MOCICTHUX HE OTMEUAIOTCS.

Hlxapckmii MmaccuB. Ha 3amane AnaiixoXcKOro maccuBa, Mocjie IOPCKOW Jenpeccuu, OOHaXaeTcs
IlIxapckuif MacCWUB CIIOKCHHBIM, B OCHOBHOM, TPaHHTOMIAMH Tra0Opo-agaMeTMTOBONM CEPHH.
[[Ixapckuif MaccuB ciaraeT BOCTOYHYIO 4acTh IMOJHATHS, U3BECTHOTO IOJ 3TUM ke Ha3zBaHueMm. C
10Ta, BOCTOKA M CE€Bepa OH HAXOIUTCS B TEKTOHUYECKOM KOHTAKTE C JISHACCOBBIMH CIAHIIAMH, a €T0
3amagHas TpaHWIa C MeTaMOpGUYECKHMH KPUCTAJIUTMYECKUMH CIIAaHI[AMH TIPEACTaBISET CcOoOOi
aKTUBHYIO, OpPOTOBHKOBaHHYIO 30HY. Penmbed LlIxapckoro maccuBa TpyneH Ui TEOJOTHYECKOTO
M3yYEHUS W TIOSTOMY JaHHBIE OYeHb CKyIHBL. Metamopdudeckue oOpasoBanus llIxapckoro maccuBa
Oonee win wmenee aetansHo Obutn omucanbl IILU.J xaBaxumBumu (1970), 4uro ke Kacaercs
TPaHUTOUIOB, TO OHU IIPAKTUYECKH HE N3YUEHBI.

®on Illxapckoro maccuBa CO3HAIOT XJIOPUTH3UPOBAHHBIE M OMOTHTU3UPOBAHHBIC KBapIEBBIE
JUOPUTBl M TpaHOAMOpHUTEL. OHU TEMHO-CEpble, KPYINHOKPHUCTAUIMYECKHE C INPEUMYLIECTBEHHO
MAacCHBHBIMH  TEKCTYpaMu H rpaHo0IaCTOBBIMH ctpyktypamu.  Cocras:  PI**
*+Qrt£Mik+Hrb+Bt+Ep+Chl£ll. Bo BpeMs HHTEHCHBHOH MHKPOKIMHH3AIMH STH IOPOJBI YACTO
NEePEeXoaaT B aJaMeJUIUThl, HHOTJAa MX COBEPILIEHHO MOCTENEHHO 3aMeIIaloT AuopuThl. Eme pexe B
OTMEYEHHBIX TIPaHUTOMJIAX HAOJIONAIOTCS PECTHTOBHIE OBAJIbHBIE Yy4YacTKW TaOOpouaoB U
OKBapLOBaHHBIX Tab0pOMIOB, pa3Mepbl KOTOPBIX KOJIEOJNIOTCS OT JELMMETPOB A0 HECKOJIBKHX
MeTpoB. B MaccuBe YacTo BCTpEdYarOTCsl YYacTKH TIPaHUT-aIUNIMTOB MOLIHOCTBIO 3-5 M. s
[IIxapckoro mMaccrBa XapakTepHa MHTEHCHUBHAS MHUKPOKIMHHU3ALNA, KOTOpas "MPOHM3BIBAET" TOPOIY
U B pe3yipTare 00pa3yloTcs MUKPOKIMHU3UPOBaHHBIE TIpaHuTOMAbl. Ha ywacTkax CHIBHOHR
MUKPOKJIMHU3AIMNA TPAaHUTOHUBl MEPEXOAST B KBapI-MYCKOBUT-MUKPOKIMHOBBIE METMATHTBI, YTO
OTJIMYAeT 3TOT MAcCHB OT BCEX 00pa3oBaHWi ra0b0Opo-amaMeiuToBON cepuu. OH ceyeTcs Takke
CEThIO KBapILIEBbIX 1 MUKPOKIMHOBBIX JKMII. UTO ke KacaeTcs rab0po-n1uada3oBbIX CEKYIIHUX TEN, TO UX
JIOJISI 3]1ECh, TIO CPABHEHUIO C IPYTUMH MacCHBaMH, HE3HAYUTENbHA. B rpanutonnax Illxapckoro
MaccuBa OTMEYAIOTCS  MHOTOUYMCIIEHHBIE OCTaTKM  MeTaMop(UYecKoro cyobcTparta, MOIIHOCTh
KOTOPBIX HWHOTJA JIOCTHTaeT HECKOJNbKTX MeTpoB. OHHM  TIpejcTaBlIeHbl TpaHaT-OMOTHUT-
CUIUIMMAHUTOBBIME W aHJIANY3UT-CHIUIUMAHUT-OMOTUTOBBIMU  KPUCTAIMUECKHUMH ~ CIIAHIIAMH U
THelcaMu.

Ilo mHamemy MHEHHUIO, OTMEUYEHHBIE TPAHUTOUABI SIBISIOTCSA  CJIOKHBIMH TE€HETUYECKUMU
oOpazoBanusmu. Kak BHIIHO, 3/1eCh Ha SHCUMATHYECKOW KOpe C(HOPMUPOBAIKMCH OCAIOYHBIC MTOPOJIBI
CPaBHHUTEJIBHO 0Oo0Jjiee cuanudeckoro mpoduis, yeM Ha Apjaixoxckom wmaccuBe wiu Coguiickom
nonHsaTuN. K TOMy e TpaHUTOMIBI 37ech OoJiee CIBUHYTHI M OTOPBaHBI OT MarMaTHYECKOro odYara.
W3-3a 3TX (paKTOPOB MACCHB UMEET CPABHHUTEILHO OoJiee JICMKOKPATOBBIH MPO(PHIb U OCHOBHBIC
Teda 3/1eCh OTMEUAIOTCAd B MEHBIIEM KOJIMYECTBE, YeM B JPYrHX o00pa3oBaHHSIxX radb0Opo-
aIaMeJIuTOBOM cepuu.

Cpe3 p.Mectnavanga. B 3ToM cpe3e, HEMOCPEACTBEHHO BIOJb [7aBHOro HajaBUTa, MOPOABI T.H.
10)KHOH 30HBI KpucTasumdeckoro pyranamenta (I1.J].Iamxpennaze, 1964) "pazopsanbl" Ha HeOobIINE
O/IOKM M B BHJIE TEKTOHHYECKUX BBICTYIIOB OOHAXalOTCs cpeau JjedaccoBbX ciaHueB. OHu
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NPEJICTABJICHBI TMOPUTOTHEWCAMK, OKBAPIIOBAHHBIMU THOPUTOTHEWCAMH W TOJIIAMH aM(pUOOIUTOB.
OtMegaroTces Takke aM(puO0II-OMOTUTOBBIC M OMOTHTOBBIE KPUCTAIITHICCKUE CITAHIIEL.

Ha neBom kapum3e p. Jlexmupa (BepxoBbe MecTnadana), B J€HacCCOBBIX TIIMHUCTHIX CIAHIIAX B BHIC
TEKTOHHYECKOTO BBICTYNA, OOHAa)KaeTcs TeJIO0 [AWOPHUTOBOIO COCTaBA Ha KOTOpOE HaJIBUHYTHI
MHUKPOKJIHHOBBIE TOP(HUPOOIaCTOBBIE IPAHUTHI TNIATHOTPAaHUT-TPAaHUTOBOM cepun (puc.3.3.). IOxHee,
npuMepHo depe3 50 M, B JeHacCcOBBIX TJMHUCTBIX CIIAHIAX, B aHAJOTMYHOW CHTYyaIlMH, OTMEYaeTCs
TEJIO KBaplLEBBIX AUOPUTOB. lIpuMepHO Takas ke KapThHa HaOmrogaeTcss W Ha KapHu3ax p. Yama
(BepxoBbe p. MecTrayana).

Puc. 3.3. CxemaTnyeckasi 3apucoBKa JieBOro kapuusa p. Jlexraupa. 1- riuMHucTble cJaHUbI; 2-
AUOPHUTHI; 3- ABYCHIOASIHbIe MUKPOKJIMHOBBIE TPAHUTHI.

[To Bceli BeposiTHOCTH, B cpe3e p. Mectnadana (pparMeHTapHO OOHAXKAIOTCS IMOPOJIBI MaHTHHHO-
KOpOBOTO TE€He3Huca, B TOM uHciae oOpa3oBaHus rabOpo-azameruiuToBoil cepun. M3-3a
(parMeHTapHOCTH OOHaKEHHUS] HEBO3MOXKHO HMX ACTAIBHOE M3YY€HHE, HO 3TO SIBIACTCS elle OIHUM
BECOMBIM apTyMEHTOM B IIOJIb3Y TOTO, YTO MOPO/IbI Tab0pP0O-aAaMeJUINTOBON CEPUN  TIPOCIICKHBAFOTCS
BJIOJIb FO’KHOW yacTu Kpuctainyeckoro ¢pyngamenta bonsmoro Kaskasza. C Bonopasaena pp. Hakpa
u HeHckpa HaunHaeTcst HOBasl 110J10ca OOHaXKEHUH (3amanHas), KoTopasi, 10 CPaBHEHHUIO C BOCTOUHOM
YacThlO, XapakTepusyeTrcs Oojiee OCHOBHBIM cocTaBoM. OHa IIPOCIEKUBAECTCA IIOYTH IO BCei
[lepeBanbHOl MOJ30HE M CBS3aHA C HIKHUMHU TOPHU3OHTaMH OYyJbIeHCKOM cepuu, o0pasys Tena
JUH30BHUIHOW (OpPMBI 00IIEKaBKa3CcKOro mpoctupanus. OTMEUYEHHBIH MOAC ¢ BOCTOKAa HAYMHAETCS
CaxkeHCKMM MHTPY3UBOM, a Ha 3arajie 3aKkaH4uBaeTcs rpaHuTonaaMu IlmexnHckoro Mmaccuaa.

CakeHCKMii MHTPY3MB UMEET JIMH30BHAHYIO (OpMy OOIIEKaBKA3CKOI'O IPOCTHPAHHUS U
MPOCIICKUBACTCS C MPaBoro ckiioHa p. Hakpa mo BogopazmensHOro xpedta pp. ['Banmpa u Kimun u
obHaxaercs mpumepHo Ha 70 kM? . C ceBepa MHTPY3HB OMPAHHYCH T.H. AIMOEICKIM PErHOHAIBHBIM
HAJIBUTOM, C BOCTOKa W IOTO-BOCTOKA, IJie OH BBIKJIMHUBACTCS B BHJC Y3KOH IIOJIOCHI, HHTPY3WB
HAXOJWTCS B aKTUBHOM KOHTaKTE C MOPOJaMH CHCUHCKOM CBUTHI. 3arajHee, BHIKINHUBASICH, BHOBb



43

HaxoJIUTCid B aKTHMBHOM KOHTaKTe C CHCHHCKON CBUTOH, a Ha IOro-3allaJHON TpaHulle, BAOJb P.
bernna, CakeHCKWIT MHTPY3HWB ITOCTETIEHHO IMEPEXOIUT B THEHCHI TBAHIPUHCKON CBUTHI. 31€Ch, Ha
NpaBOM KapHU3€ OTMEUCHHOW peKH, SIBHO HaOJIomaercs paspylleHHe MeTamophuueckoit
CTPYKTYPBL: POrOBOOOMAaHKO-OMOTHTOBBIE CIAHLIBI TBAHIPUHCKOW CBUTHI IOCTEIIEHHO HEPEXOIAIT B
POrOBOOOMaHKO-OMOTHTOBBIE THEHCHI, KOTOpBIE B CBOIO OYepelb 3aMEelIaloTCsl KBapLEBBHIMU
JUOpUTaMH U TpaHoauoputamu. Kak BuauM, oTMedeHHbIEe (PaKThl OYTH UCKIIOYAIOT APYT Apyra, HO
€ClIM B ACTAIAX NPOAHAIN3MPOBATh I'€HE3UC MHTPY3HMBA M YUECThb, YTO I'BAHAPUHCKAsT U CHUCHHCKAsS
pasHble cTpaturpaduyeckue eTMHHILIBL, TOr1a OTMEYCHHOE BIOJIHE AOIMYCTHMO U XOpolee 0OHaKeHHe
JaeT BO3MOXKHOCTh 3a(MKCHPOBATh 3TO.

@®on CakeHCKOro HWHTpPY3MBa, TaK K€ Kak M JAPYrUX aHaJOTMYHBIX TE€HETHYECKHX
00pa3oBaHuil, CO3/MAlOT KBapleBbIC JAMOPUTHI W TPAHOJAUOPUTHI, KOTOPHIC COBEPIICHHO
MOCTETIICHHO TEPEeXOsT B aJaMeUIMThl, TUOPUTBI W TaOOpOWIbI, NpPEICTABICHHBIC B
MOMYMHEHHOM KoyimdecTBe. CpaBHUTENBHO OOJIBIIIOE COXpaHMBIIEECS Telo Trabopo-
JMOPUTOBOIO COCTaBa OOHakKaeTCsl Ha JIeBOM KapHu3e p.CakeHH, y TIOJHOXbSI BEPIIUHBI
Maryammpxa (cMm. puc.3.4). Yame rab0po-AHOPUTOBEIC Tela OTMEYAIOTCS B TPAHUTOUIAX B
BUJIC KCEHOMUTOB. Kak moka3aiiu JieTalibHbIC MOJICBBIC UCCIICIOBAHMS, WX WHTPYIUPOBAHHE
BBI3BIBACT BBIIUIABJICHHE KHUCJBIX PACIUIABOB M3 CyOCTpara, ¢ KOTOPBIMH OHH BIIOCIICICTBHU
ACCUMWJIMPYIOTCS, U JIMIIIb PECTUTOBBIC YUACTKH CBUACTEIBCTBYIOT 00 UX BTOpKECHUU. Yaiie
OTMEYCHHBIC PECTUTHI BCTPEUAIOTCSI B BHJIE OBAJIBHBIX Tel (cM. puc. 3.5.), Hepeako
UCTIBITHIBAIONIMX OKBApIEBAHUE M MUKPOKIMHMU3AIUIO (CM. puc.3.6). B menoM rpanuTousi
CakeHCKOro HWHTpY3UMBa Cepbie, IPEUMYIIECCTBEHHO OJIHOOOpa3HbIC, CPEIHE3CPHUCTHIC
TIOPO/IbI, MACCUBHOMU

Puc. 3.4. I'a00po-1uopuTOBOE TEJI0 HA MOACTYNAX K BepinmHe Maryammupxa.
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Puc.3.5. Ocrartoxk ra60po-I1MOPUTOBOro Tesa B KBapueBbiXx auoputax. IlpaBbiii kapHu3
p-CakeHckoii Auanapsl.

WM THEHCOBOW TEKCTyphl M MOpPHUPOOIacTOBON CTpYKTyphl. I[lopdupoOdiacTsl mpeacTaBIcHbI
MU30METPUYCCKUMH 3€PHAMH MHUKPOKIUHA (2-5 MM). [1aBHBIME MOpPO000pa3yOIIUME MUHEPATaMH
sBisroTes Tarnokias (30-40%), xBapi (15-35%), mukpoknus (10-25%), 6uotut (3-10%) u poroBas
obmanka (2-8%), BTOPUYHBIMU W aKI[ECOPHBIMH MHHEPaJaMHU - XJIOPHUT, SIHUJIOT, CEPUIINUT, KAIIBIHUT,
ceH, OpTHUT, NPEHHT, ANATHT, LUPKOH, PYTHJI, MarHeTHT. [lnarnoknas, B OCHOBHOM, IPE/CTaBIICH
aHJIC3MH-TUIArMOKIIA30BbIM PSIIOM H YacToO.

Puc.3.6. OcrtaTtok rad0po-IMOPUTOBOr0 Tejda B TIPAHMOAMOPHTE, KOTOPBI HCNBITBIBAaeT
HHTEHCHBHOE OKBapueBaHue. PsioM KBapu-MuKpok/JuHOBasi :kuja. IlpaBblii kapHu3 p.
CaxeHnn.
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COCCIOPHTH3HMPOBAaH M CEpUIMTH3MpOBaH. PoroBas oOMaHKa XapaKTepu3yeTcs CEepbIM I[BETOM, HO
MHOT/Ia OTMEYAIOTCS 3eJICHOBATO-TOIYOOBAThIC PA3HOCTH. BUOTHT BBIIENIACTCS KOPUUHEBATHIM [IBETOM
U o0pasyercsi 3a CUeT poroBoil oOMaHku. OTMEYaeTCsl YacTHUYHAs XJIOPUTH3AIMS M AIUAOTHU3AIMS
Oonotuta M poroBoii oOmaHku. I[lopdupoOracToBble BBIAENEHHS MHUKPOKIMHA (HOpMHPYIOTCS B
pe3ysbTaTe MUKPOKIMHHU3ALUH, YTO CKOpEe BCEro SIBIISETCS aBTOMETACOMAaTHYECKUM IpolieccoM. B
pe3yibTaTe MHTCHCHBHOW MHUKPOKIMHU3AIMK M OWOTHTH3AIMU TPAHOJMOPHUTOB, YaCTO BO3pPAcTaeT
IPOLEHTHOE COJIEPKAaHUE  MUKPOKIMHA, COBEPLIEHHO HCUE€3aeT pOroBas OOMaHKa M MOPOJBI
NpUOOPETAIOT aAaMeUIMTOBBIH cocTaB Kak B 11€J10M B IpaHUTOMAAX 3TOM cepuu, Tak U B CakeHCKOM
MHTPY3UBE OTMEYAIOTCS MHOTOYHCIEHHBIE PECTHUTHI MeTaMopduueckoro cybcTpara, KOIHYECTBO
KOTOpPBIX OT ILIEHTpa K nepudepusM yBenuumBaercs. HacTo Ha Kpasx HHTPY3HBAa OTMEYAIOTCS
yIUIMHEHHBIE MapasieNIbHBIe PECTHTHI (CM. pHUC. 3.7.), CTPYKTYPHBIE 3JIEMEHTHI KOTOPBIX COBIIQJAIOT C
napaMeTpaMy BMEIIAoMuX 1mopo. Kiaccuueckum npuMepoM OTMEUEHHOTO CITYKUT OOHa)KeHHE TIO
BOJIONAJIOM ITPaBOro, O3bIMIHHOTO MpUTOKa p. CakeHu. 37eCh PECTUTH 3aHUMAIOT TIOYTH MOJIOBHHY
BCEW IUIOMAAN OOHAKEHUS U, B OCHOBHOM, IIPEJICTABICHBI POrOBOOOMAaHKO-OMOTHTOBBIMH T'HEHCaMH
MeTaMO(pPUUECKOI CTPYKTYpBl. B IpaHOAMOPUTOBOM paciiiaBe OHU PACIONIATAIOTCS MapaJlIeIbHBIMU
yuacTkamu ¢ asumytoM nogenus 10-20° i yrmamu Haxiona 50-60°. dopma u pa3mMeps! UX pasHbIE —
5X2 cm., 10x3 cm, 10X5 cm, 100X5 cm u T.n. OT™MeueHHbIe NapauleibHble PECTUTHI YKa3bIBAIOT Ha
crnaboe IBMKEHUE MarMbl M, BO3MOYKHO Ha €€ HEMOABMKHOCTb.

Puc.3.7. IlapasienbHble KBapL-pOroBo0OMaHKOBO-OMOTHTOBBIC PeCTHTHI B TPAHHOIHOPHTE.
BepxoBbsi p.Aanbek. IlpaBbiii nputok p. CakeHu.

[opoast CakeHCKOTO MHTPY3MBa MCIIBITHIBAIOT CHIBHOE TEKTOHHYECKOE BO3JIEHCTBUE, OHU IPOOATCS
U HMHOTZAA TIepexXOoJsIT B KAaTaKIa3UThl M MWIOHHTHL. B 3TOM OTHOHmEHHMH 0COOOT0 BHUMAHHSA
3aCTy’KHBAIOT CEBEPHBIN U I0KHBIN KOHTAKTBI, BAOJIb KOTOPHIX [0 BCEMY HHTPY3UBY HPOCIICKUBACTCS
MOIIIHAs HeTIpephIBHAS 110JI0Ca MIJIOHUTOB. CaMBblil MOIIHBIH YYacTOK 3TOTO IOsCa OTMEYaeTcsl Ha
CEBEpHOH TpaHUIle WHTPYy3MBa, Ha mpaBoM Oepery p. CakeHckas Awuamapa, TZleé OH JOCTHUTaeT
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mortHocTh 250 M (cM. puc. 3.8.). [TapanienbHo 3ToM Mmojioce B MUrMaTUTax mpociekusaercs 100-150
-MeTpoBasi OKHCJICHHas 30Ha (mojioca cowieHenms Codwuiickoro n TebepauHckoro reodmokon). Kak
MOKa3aJlu TPOBEACHHBIC PabOTHI, OTMECUCHHASs 30HA IEPCICKTHUBHA C TOYKU 3PEHUS OPYJCHCHHS
(OxpocmBapumze, 1987).

3anagnee CakeHCKWI MHTPY3UB MPOJOIDKAIOT JIOKAIN30BaHHBIE B TBAHAPUHCKON CBUTE, T.H. Tab0po-
quoputoBble opTorHeicsl p. Kibra. OHu, ommpasch Ha Ie€0JOrMYECKHE KpUTEpuH (IHEHCOBOCTH),
CUMTAIOTCS KaleJoHCKUM oOpaszoBanue. Ho, cornacHo mocneannm nanaeiM (bubukosa u ap., 1991),
ero ¢popMHpOBaHHE MPOU3OLUIO B BepxHeM maneo3oe. CilaeaoBaTeNbHO, €CIU PAa3JeNuTh 3Ty TOUKY
3peHnsi, Torma TabOpo-gumopuToBOE TeIo p. KiBIY MOXHO OTHECTH K TepOHHCKOW TabOpo-
agamesuinToBol cepun bonpioro KaBkasa. 3amagHee KIbIYCKHE OTPOTHEHCH MPOJ0IIKAET y3Kast
[10JI0Ca AUOPHUTOB M IPAHOJUOPUTOB, KOTOpasi ()parMEHTapHO CJIEAYET BAOJb I'BAHAPHUHCKOM CBUTHI,
napajuiedabHo p. Aurapa. 9Ty MOJIOCY TPaHUTOMJIOB 3arajHee MPOoAOKAeT ATeCCKU TPaHUTOUIHBIN
MmaccuB. OH uMeeT OOLIEKaBKa3CKOE MIPOCTUPAHUE MPOTSHKEHHOCTHI0 puMepHO 10 KM, a MOIIHOCTh
ero konebnercs B mpenmenax 1,5-2 kM. OH, B OCHOBHOM, TPEJCTABIIEH THEMCOBBIMU KBapIIEBHIMHU
JAUOpUTAMHU U T'PaHOAUOPUTAMU.

Puc. 3.8. CxemaTnueckas 3apucoBka cpe3a p.CakeHCKOH AYanapsl.

1- MUTMaATUTBI W TPAHUTOWIBI TPAHUT-MUTMATHTOBOTO KOMIUIEKCa; 2- 30HA OKHUCJICHHS, 3- 30HA
MuoHuTH3aK; 4- CakeHCKUW UHTPY3HB.

MaccuBHoe 1ab0po-aZaMe/UIMTOBOE TEJI0 OOHaXkaeTcs B BEPXOBbsAX p. JomOait u, cieays BIOJb
AnMOEeKCKOro HaJBWIa, HENPEPbIBHON monocoi cpeaneit momHoctbio 700-1000 M mpocnexxuBaeTcs
o Mapyxckoro mepesaia, mpuMepHo Ha pacctostHun 20 kM. B otimare ot CakeHCKOTO WHTPY3HBa U
Arecckoro MaccuBa JlomOaiicko-Mapyxckoe OOHa)K€HHME  XapaKTepU3yeTCs CPaBHHUTEIHHO
MapUUECKUM NpOQHiIeM W, B OCHOBHOM, NPEACTaBICHO AUOPUTAMH M KBapLeBbIMU nuoputamu. C
T€OJIOTHYECKON TIO3UIUH, IO COCTaBy BMEIIAIOIINX IIOpOJ, IMeTporpaguyecKuM MpU3HAKAM H
JPYTUM TEOJIOTHYECKUM KpuTepusiM Arecckuil, JlomOaiickuii 1 MapyXCKUii MacCHBBI MPOSIBIISIOT
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MOJHYI0O HWACHTUYHOCTh ¢ CaKeHCKMM WHTPY3UBOM M TIOITOMY, UX HEe Oyaem JIETabHO
XapaKTePU30BHIBATH.

Ha 3amannoit okoneunoctn bomsimoro Kaskaza moposl rab0po-aaMeuIuTOBON ceprui 0OOHAXKAIOTCS
B UyrymickoM MOJHSATUH M MPOCTPAHCTBEHHO CBS3aHBI C KYIOJOM OJIHOUMECHHOTO aHTHKIMHOPUS.
Bwmemaromie MeramMopduThl, B OCHOBHOM, IPEJCTaBICHbI aM()UOOIOBBIMU TOPOJaMH, KOTOPHIC
MeTaMOp(HU30BaHbI B YCIOBUAX (halliu 3€TIEHBIX CIIAHIEB, 3MUA0T-aMpudbonmnToB 1 ampudonuToB. B
mpelieiax d3TOro TOMHSATHS  BBIACNACTCS JBa OOJNBIIUX OOHAXCHUS TPAHUTOHUIOB TrabOpo-
aJlaMeJIJIMTOBOM cepuu: BepXxoBbs p. benas u ITiexuHckuii Mmaccus.

B oOHaxxeHuu BepxoBbs p.benas, B TaKOM K€ COOTHOIICHUH, KaK U B BBINICOTMEYCHHBIX MACCHBaX,
BEIACIIAIOTCS TaO0OPO-THOPUTOTHEHUCHI, KBapIIeBhIe THOPUTOTHEWCHI, TPAHOAWOPUTHI M aJTaMEIIIUTHL
OTMe4aroTCss MHTEHCHUBHBIC MPOILECCHl  MUKPOKIMHHM3AIMHA, OWOTHUTH3AIMM U MYCKOBHTH3AIIWU.
MuUKpOKJIUHHU3AIMS aJIbOUTa IIPOTEKAET HAa KaTaKJIa3UPOBAHHBIX Y4aCTKaX IMOPOJIBI.

IMmexuHckuMii MaccuB  TpeACTaBiIsieT Cco0OM camoe 3amajHoe OOHAXKEHHE TPAHUTOUIOB
Kpucrawmyeckoro ¢ynnamenta bonpmoro Kaskasza. Iloponasl maccuBa AeTanbHO ObUIM OMMCAHBI
JA.M.Illenrenua (1972). Ux Beixompl HaumHarOTCcs B OacceiiHe p. Ilmiexa, ceBepo-3amagHee TOPBHI
[Mumra ¥ TPOCIEKUBAIOTCS B HANpaBiICHHHM MOTrpyxeHus (yHaamenta. OHHM XapaKTepU3YHOTCS
XOpOIIIO BBIPAKEHHON THEHCOBOM TEKCTypOW W MPEACTABISAIOT COOOW HATTSAHBIN MPUMEpP MOPOT
rab0po-agameuToBoil cepun. CaMbIM JpEeBHUM 00pa3oBaHueM [IIMIEXMHCKOTO MacCHBa SIBIISIFOTCS
ra00po-nnabaspl, KOTOpbIE BCTPEYAIOTCS B BHIE ACCUMHIMPOBAHHBIX PECTUTOBBIX YYACTKOB.
OcHOBHOH (OH MacchBa CO3JAIOT KBAapLEBblE OUOPUTHI TMOPHIHOIO IeHe3rca M TIPaHOAMOPUTHI.
rpaHOI{I/IOpI/ITBI OT KBApLCBBIX AOUOPUTOB OTIHWYAIOTCA JHIOIb IMPUCYTCTBUEM MHUKPOKIIMHA. B
pe3yibTaTe MHTEHCUBHONW MHUKPOKJIMHHU3ALUU TPAHOIUOPUTHI MPUOOPETAIOT aJaMeIINTOBBIA COCTaB.
PCI[KO OTMECYAKOTCA KBapI_['aJ]I)GI/IT'MI/IKpOKIH/IHOBBIe nermMaTtuthl. IIIMEeXWHCKUM MacCHUB cedeTcs
MHOTOYHCIICHHBIME JTHa0a30BbIMH U TUA0a3-OPPHUPUTOBBIMHU KHIIIAMH.

Takum 00pa3oM, HCCIEIOBaHUS IMOKa3ald, 4TO rabOpo-aJaMeNIuToOBas CepHsi CO37aeT MOIIHYIO
MOJIOCY TOpOJI, HaunHas ¢ Jlapbsiibckoro MaccuBa (Ha BOCTOKe) M KOHYas [TIIEXHHCKUM MacCHBOM
(na 3amaje). CoracHoO MOJICBBIM JAHHBIM, MOYTH BO BCEX MACCHBAX JCHCTBYET CIMHBIM MEXaHU3M
TeHepaliil MarMbl. DTO MHTEHCHBHOE BTOPXKEHHE OCHOBHBIX TeEJl, KOTOPOE, M0 BCEH BEPOSITHOCTH,
CHOCOOCTBYET IUIABJICHUIO MeTaMOphHUUecKoro cyOcTpara, a BCE MOCICIYIOUINE Pe3yIbTaThl
ABISIFOTCS  CJIEJICTBHEM OTMEUEHHOro TMpoliecca. Bo3pact MmopoJ pacCMOTPEHHOW CepuH, O
TeOJIOTUYECKUM JIaHHBIM, OMNpeNeNsaeTcss BepXHUM mnaneo3oeM. lanabie K-Ar U30TOMHOrO METOAA
orBeuaroT B cpeqHem 140-170 mun. et (AdanacwkeB, 1968; Comun, 1969; OxpociBapuaze, 1989).
OTO OMOJIOKEHHBIE JaHHbIE, TaK KaKk B CPEJHEIOPCKOM TEKTOHO-MarMaTH4ecKOM IIMKIEe B
KpucTauimueckoMm cyocrpare bBompmioro KaBkaza panuoreHHBIH aproH MUTPUPYET, MPH 3TOM
cTpaTurpadUuecKuil MaTepua MOKa3bIBaeT, YTO PETHOHAIBHBIN MeTaMop(hu3M 37ech MPOTEKAT JI0
cpenne-mo3anero kapbona. K. Bakypamse m ap. (1990) U-Pb m Rb-Sr wmeromamu ompemenunm
M30TOIHBIA BO3PACT TOPOJ] M3YYCHHBIX MACCHBOB W IIOJNyUYEHHBbIE HMMHU JIaHHBIC, B OCHOBHOM,
OTBEYal0T KapOOHOBOMY Bo3pacTy. Tak HampuMep, BO3pacT akieccopHoro mupkona IlIxapckoro
MaccuBa cooTBeTcTByeT 305+5 wmmn. setr (U-Pb metox). Bospact nupkoHa TIpaHOAHOPHUTOB
CakeHCKOT0 MHTPY3HMBa 3TUM e MeTo oM cooTBeTcTByeT 320 MiH. net. E.B.bubukosa ¢ xomieramu
(1991) U-Pb meTomom ompeienuia BO3pacT 1upkoHa KIIbICKUX OPTOTHEWCOB, KOTOPBIH oTBeuaeT 320
MJIH. JIET, YTO COOTBETCTBYET BepxHeMy KapOoHy. [lo HamieMy MHEHHIO H30TONHBIE BO3PACTHI
[IIxapckoro maccuBa U KJIbIUCKUX OPTOTHEHCOB IMOIHOCTHIO COOTBETCTBYIOT T'€0JIOTHUECKUM JIAHHBIM,
yTo ke KacaeTcsi CakeHCKOr0 WHTPY3WBa, TO TIOJYYCHHBIC PE3YIbTaThl KAKYTCI HaM
MPEYBEIMYCHHBIMH, TaK KaK M0 T'€OJIOTMYSCKUM KPUTEPUSM OH MOJIOKE KJIBIYCKHX OPTOTHEHCOB, W
MMO3TOMY OTH OfuHaKoBble MU(PPEI (320 MIH. JIET), IO BCEH BEPOSITHOCTH, HE BHIPAXKAIOT PEaTbHOM
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reoyiormueckoil KapTuHbl. Cauraem, 9To Bo3pacT 320+5 MutH. et Oojiee TpHUEeMIIEM IS KIBIYCKHX
OpPTOTHEICOB W, MO-BUAMMOMY, OTpa)kaeT BO3PACT KOHCOJMAAIHMH IOpOJa TrabOpo-amaMeTuTOBOM
cepun. Yrto ke kacaercs CakEHCKOTO WHTPY3WMBa, C YYETOM II€JIOTO psla JaHHBIX, TO €ro
WHTPYANPOBaHUE MOJDKHO OBITh CBA3aHO C acTypuiickod opodazoit (305-310 mum. mer). Takum
o0pa3oM, OmNMpasch Ha IOJNyYEHHBIC PE3yJIbTaThl, MOXHO TPEANOJIOKHUTh, 4YTO TECHEparus
MarMaTH4YecKOro paciuiaBa rab0opo-aaMeuIuTOBOM cepur MpoTeKana BO BpeMsl CYAETCKOW opodassl,
a MHTPYAWPOBaHUE TIPOUCXOAMUIIO BO BpEMST aCTYPHIICKON U 3aaJICKOi opoa3 TepImHCKOTO TEeKTOHO-
MarmMaTU4ecKoro IuKJa.

3.3. [lnaruorpaHuT-rpaHUTOBAsN Cepusi

OTa cepusi NPOCTPAHCTBEHHO U T€HETUYECKHU CBS3aHA C TPAHUT-MUTMATUTOBBIM KOMILIEKCOM
U TIPEACTABIISIET €r0 OPraHMYECKYH 4acTb. MUTMaTUTHI B 3TOM KOMIUIEKCE MPECTABICHBI
pa3HBIMA MOP(OJIOTHYSCKUMHU M TCHETHUYCCKUMHU THUIIAMH, a TPAHUTOMJBI - KaK COTJIACHO-
AHATCKTUYCCKHUMH, TaK ¥ MOOWJIM30BAHHBIMHM CEKYIIMMH TEIaMH. OJTa CEpHsl IMUPOKO
pacmpocTpaHeHa B KpucTaimmdeckoM cybcrpare bonbmoro Kaskaza (cm. puc. 3.1.) u
(dbopMuUpyeTCs Ha MO3HEOPOTCHHON CTaJMH ABOJIIOLNH, PUMEPHO OJHOBPEMEHHO ¢ Tab0po-
aJlaMeIIMTOBOM cepuei. IlnarnorpaHuT-rpaHUTOBas cepus pacHpocTpaHeHa HAa 000UX
Ooprax neHtpaiabHOM uyactu bonbmoro KaBkaza. Ee Ha 10XKHOM CKIIOHE, OOHaXXarOT pp.
Wurypu, Mectuauana, Hakpa, Henckpa, Cakenu, I'Banipa u Kiinu, a Ha ceBEpHOM CKJIOHE —
pp- Ypyx, bankapckuii UYeper, besenruiickuii Yeper, Yerem, bakcan, Kybanp, [layn,
Tebepna, Akcayt u ap. [Topoasl 3Toii cepun onucansl B Tpyaax A.M.Jlemuna, [".M.3apunse,
H.®. Tarpumsunu, I'.J.AdanacseBa, I'.A.Muxeesa, O.Ill. Hanapenmsunu, I'.JI. Onukanse,
JAM.lenrenna, M.JI.Comuna, I'.1.bapanosa, I'. K. Humakypunze, I'.JI. Ynuunanze, U. 3.
MranoOauImBWIN U IPYTUX UCCIEIOBATEIICH.

CyOcTpaT mMIardorpaHUT-TPAHUTOBONM CEpUM TPEACTaBIsieT COOOH ynbTpaMeTaMop(hr30BaHHBIE
0CaJO4YHbIC nopoAakbl, rac MEXaHU3MOM reHepanuun TpPaHUTOUIHBIX paciiaBoB ABJIAIIOCH
AHATCKTUYCCKOC IIJIaBJICHUC. (-DOpMI/IPOBaHI/Ie OTMCUCHHOI'0 pacijiaBa IMPOUCXOJUIIO B YCJIOBHUAX
aMm(puOONUTOBOM W PEOKO TPaHYJIUTOBOH ¢amuu CcO CIEAYIOUIeH IOCIeA0BATEIbHOCTRIO:
KPpHUCTAJUIMYECKUE CIIaHIBI 1 IUIaTAOTHEUCHI - MHUTMATUTBI - JABYCIIIOASHBIC IJIaTMOTHENCHI U

IIJIaTHOTPAHUTHI - MHKPOKJIMHOBBIE nophupoO1acToBbie I'PaHUTHI -
MErMaTUTBI U aIlJIUTHI.
I'paHUTOMIBI, KOTOPBIE CBA3aHBl C MUTMATHTaMH IO CTPYKTYpe M COCTaBY CXOXH C MX HEOCOMOIL.

YacTo B 00HOKEHHH XOPOIIO HAOIIOIAeTCs KaK JIEMKOCOMAa MCTIBITHIBACT MOOMITU3AIMIO W TIEPEXOIUT
B TPaHUTOUJHYIO MacCy, T.€. KaK IMPOUCXOIUT O0pa3oBaHUE TPaHUTOMAHON Marmbl. Hepemko, 3T
MOOWJIM30BaHHBIE TeJa, B BEPXHUX 3Ta)xaX CTPYKTYPHI CKIIAAUaTOW CHCTEMBI CO3JIAI0T KOHTAKTOBEIC
apeayibl, MOITHOCTh KOTOPBIX MHOTIA JOCTUTAET JIECITKOB METPOB.

B neTponoruyeckux U CTPYKTYPHO-TEKTOHUYECKAX OCOOEHHOCTSX IJIarHOTPaHUT-TPAHUTOBON CepHU
KOZMPOBAH BECHh MYTh BOJIONNHY CKIIAAUaTOW cUCTEMBI. B ee popMUpOBaHNM YETKO BBIIEISIOTCS JBa
JTana: paHHEKMHEMATHYECKHMM M TNO3JHEKMHeMarndeckuil. Ha paHHekMHeMaTHdyeckoM JTare
NPEUMYIIECTBEHHO (OPMHUPYIOTCS pacIUiaBbl IUIATHOTPAHUTHOTO COCTaBa, KOTOPhIE B OCHOBHOM,
CO3/AI0T COIJIacHbIE TeJa YacTO THEMCOBOHW TEKCTYphl. MX CTpPYKTyphl HOCST NPEUMYIIECTBEHHO
JEeNUAOrpaHoOIacTOBBI  XapakTep M NPEACTaBICHBl  TIJaBHBIM ~ 00pa3oM, OHOTHTOBBIMH,
JBYCIIOASHBIMM W  MYCKOBUTOBBIMHM IIIarHorHeiicamu. Ha NO3QHEKHMHEMAaTHYECKOM  3Tare
TUTaTMOTHEMCHl HEPEAKO HCIBITHIBAIOT HAJOKEHHYI0O MHUKPOKIMHHU3AIMIO W MPHOOPETAIOT CcOCTaB
KaJJMEBBIX TPAHUTOB, HO B HUX BCE )K€ OTMEUAIOTCS PEIHKTHI JICUI0TPAHOOIACTOBOW CTPYKTYPHI.
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Ha mo3mHeknmHEMaTHYecKOM JTare 3BOJIONUH IJIATMOTPAHUT-TPAHUTOBOW cepur (HOpMUPYIOTCS
MPEUMYIIECTBEHHO CEKyIIHNe TPAHUTOWIHBIE Tela, KOTOpble, B OCHOBHOM, IIPEICTaBJICHBI
OMOTUTOBBIMH, JBYCIIOJSHBIMA ¥ MYCKOBUTOBBIMU TpaHUTAaMH M TPAaHOMUOPUTaMH. B HuX
MPAKTHYECKH HE HAOIOAIOTCS THEHCOBBIE TEKCTYPHI M XapaKTEePHU3YIOTCA THIMHUANOMOP(HBIMH
crpykrypamu. Co3/iaBasi UHTPY3UBHBIE Tela Pa3IUYHON MOIIHOCTH OHHM CEKYT CHUHKHHEMAaTHYEeCKUE
IJIATMOTPAHUTHI U KPUCTAJUIMYECKHUE CIIAHIIBI, HO B KOHTAKTHBIX 30HAX TEPMHUUYECKHE U3MEHCHUS HE
HAOIIOJAIOTCSI, YTO TOBOPHUT O TOM, YTO BTOPKEHHE ITHX TEJ MPOU3OILIO B €Ile CHIIBHO MepeTpeThie
nopoibl. [10 BCeM T'€ONOrHYecKuM KPUTEPHSIM ATOT 3Tarl (hOPMUPOBAHUS TUIATHOTPAHUT-TPAHUTOBOM
CEpHUHU CBSI3aH C UHBEPCHUEH OPOT€HHOM CUCTEMBI.

Jns  nnaruorpaHUT-TPAHUTOBOW — CEPUM  XapaKTEpHBIM  BTOPUYHBIM  IIPOIIECCOM  SIBIISETCS
MHUKPOKJIMHU3AMA, KOTOpasi 0COOCHHO MHTEHCHBHO IPOSBIISIETCS Ha BTOPOM JTalle €€ SBOJIOLHH.
OHa nenukoM "MOKphIBaeT" MOPOABI 3TOM CEPUM U YacTO 3aTPYAHSET PECTaBPAIMIO I'€OJOrMYECKUX
IPOLIECCOB, MPOTEKABIINX 10 MUKPOKIMHHU3ALMU. 31€Ch HA 3THX BOIpocax Oosee 3alepKUBATHCS HE
OyzeM, Tak Kak UX JAeTalbHO PACCMOTPUM Jajee.

B rpaHMTOMZAX IUIArMOTPAHMT-TPAHMTOBOH CEPHMH, KaK MPAaBHJIO, BBICOK mapamerp o Sr/*°Sr (>
0.7075), otmeuaercst 6osbiioe conepkanne K, Rb u nanraHonmoB He BcTpedaeTcsi poroBas o0OMaHKa
" IMAPOKCCH U T.O. ITo reoxuMHUUECKUM U METPOXUMUYCCKUM KPUTECPHUAM OHH OTHOCATCA K TUIIMYHBIM
00pa30BaHMAM I'PAHUTOUAOB S THIIA. DTa Cepusl pa3BUTA IIOYTH BO BeeX (aHEPO30UCKUX CKIIaI4aThIX
cucTeMax, TJe OOHaxaloTcs mopoabl HHGpacTpykTypbl. OOpa3oBaHus 3TOH CEpUH LIMPOKO
MIPEACTABICHBI B TEPUMHCKUX CKJIaA4aThIX cucteMax Ypana, Kapnar, Tatp, Anbn, [lupunees u ap.

[Topoabl TeplUUHCKOW TIAarMOTPAaHUT-TPAHUTOBOM CEpPUHM 3aHMMAIOT OOJBIIOE MECTO U B
CTpOoeHUH KpHcTaunueckoro ¢pynaamenta bonpmoro Kaskasa. OHu oOHaxkaloTcsi ceBepHee
nopo/1 rab0po-a1aMeNInTOBOM CEPUH U OXBATHIBAIOT OONBIIYIO YaCTh DIHOPYCCKON MOA30HBI
30HbI ['maBHOrO Xpebrta. Mx HeOosbliue BeIXO/bI OoTMedaroTcs Ha IlepenoBom xpeOre u B
beuaceiHCKOM 30HE, a Takxke Ha [lepeBasibHOM MoA30HE. bosbias 4acTe OTMEUEHHOW CEpUU
dbopmupyeTcsi 3a c4eT Mopoj] IIbOpyccko-Makepckoro MeramophuyecKoro KOMIUIEKCa U
npencTaBisier coboit ux uHbpacTpykrypy. [lo Bcem kputepusiMm 31ech OOHaKaeTcs TOT
YpOBEHb, HA KOTOPOM MpOTEKall yabTpaMeraMopdusM U rpaHuTooOpasyrore npoueccsl. Tak
KaK 3TH IPOLECCHl MPOCTPAHCTBEHHO M T€HETUYECKH TECHO CBA3aHbl C MUTMATHTaMH, TO
MUTMaTUTBI OXapaKTEPU3yeM OTIETHHO.

3.3.1. MurmMarTursl

O npoucxoxiaeHnd wMurmMaturoB bonbmoro KaBkaza CymecTByeT MHOMXKECTBO —pa3iIMUYHBIX
npencrasinenuii. [lo muenmio ['.A.Mwuxeesa (1958), A.M.[emuna (1965) m ap. MHUTMATHUTHI
KpHucTawmyeckoro ¢pynaamenta bonpimoro KaBkasa chopmMupoBainck noji akTUBHBIM BO3/IEHCTBHEM
IBYCITIONSHBIX TpanutonnoB Ha cybctpar. [.M.bapanoB m W.U.Yepnos (1965) cosepumeHHo
WCKJIIOYAlOT BO3/ICWCTBME TPAaHUTHOW MarmMbl Ha cyOCTpar, W HX TNPOHUCXOXACHHE CBS3BIBAIOT C
NPOTrPECCUBHBIM peruoHanbHbBIM MeTamopduszmoM. J[.M.Illenrenna (1972) B 30ne I'maBHOTO XpeOTa
BBIZICIISIET METACOMATHUECKHE W aHaTekTuiaeckue murMatutel. [.JL.HnunHamze (1978) paccmarpuBaer
¢opMHpOBaHME STHX MHIMaTHTOB, KaK CJEICTBHE aHaTeKCHCca METaMOP(QHUUYECKHX IOPOI.
I''M.Humaxypunaze (1971) B npenenax TeGepauHCKOro 0JI0Ka BBIIEISIET TP OCHOBHBIX TEHETUYECKHIX
TUIIA MHUIMAaTUTOB: MeTaMOp(oreHHble, aHaTeKTHYecKHe M MeracoMaTtuyeckue. [lo Hamemy
HaOJIIOIEHNIO, CPEAH MUTMAaTHUTOB BBIIEJISETCS JBAa TCHETHUYECKUX THIA: MUTMATHUTBHl KOHTaKTOBBIX
apeasioB JIOKAJIbHOTO PACIPOCTPaHEHUs (apTepUThl) U aHATEKTUYECKUE MUIMATHThl PETHOHAILHOIO
pasBUTHS (BEHUTEHI).
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MurmMaTiThl KOHTaKTOBBIX apeajioB XapaKTEpU3YIOTCA JIOKAJIBHBIM PAacCHpPOCTPAHEHHEM M TECHO
CBSI3aHBI C TPAHUTOMIHBIMH HHTPY3MBaMH. B ciygae Xopomrero oOHaXKeHHS BHIHO, YTO
JIEMKOKPaToOBas 4YaCTh MUTMaTHTOB MPEJICTAaBIsIET CO00H armodu3bl rpaHUTOMIHBIX Tell. Kinaccnyeckum
MIPUMEPOM OTMEUYEHHOTO SIBIISICTCS OOHAXKEHHE B 3allaJHBIX MCTOKaxX p. I'BaHapa, Tae MHTPY3UBHOE
TPaHUTHOE TEJIO MMEET MOIIHbIE KOHTAKTOBBIE apeanbl C BMEIAIOMIMMH KPHCTAUTMYECKUMHU
CaHI[aMU M CO3AaeT apTepuToBble MUTMaTHTHI (puc. 3.10). Mopdonorndecku OHU MPENCTABISIOT
co00if MIacToBHIHBIE 00pa30BaHMS, KOTOPhIE B HEMOCPEICTBEHHBIX KOHTAKTaX OCJIOXKHEHBI Ooiee
MO3IHUMH TEKTOHHYECKMMH HapymeHusMu. [laneocoma MuUrMaTuToB mnpenctaBieHa am(puOOIOBEIMU
KPUCTAIDTMYECKUMH CIIaHIIAMH, W, BO3MOXHO, MO3TOMY '"yilenmena" oT mporieccoB aHaTekcuca. OHa
YaCTUYHO JI€30pPUEHTUPOBAaHA, HO COXpaHseT 0OIIeKaBKa3cKoe MPOCTUpaHHE C a3UMYTOM MaJCHUS
350° u yraom mHakiona 65-60°. ITo HaleMy MHEHHIO, K MHTMATHTAM KOHTAKTOBBIX apeaioB MOXKHO
OTHECTH M arMaTHUTHI, B KOTOPHIX MaJeocoMa MPEeACTaBlIeHa PECTUTAMU HENPABUIIBHBIX OYepTAHUM, a
HEOCOMa 3aHMMAacT TPOCTPAHCTBO MEXKIy HHMU. B  U3ydeHHOM peruoHe HeOONbIIUM
pacrpocTpaHeHHEeM HONb3yoTca armMaTtuthl (puc.3.11). Mx ornenbHble OOHa)KEHHMS OTMEUAarOTCsS B
cpe3ax pp. I'Banapa, Cakenun, Haxap, [ayn, TeGepna u np. Kak npaBumo, maseocoma arMaTHTOB
npe/cTaBlIeHa, B OCHOBHOM, POroBOOOMAaHKOBBIMU THeWcaMH, a OMOTHTOBBIM CyOCTpaT oTMedaercs
penko. MUrMaTuThl PErMOHAIIBHOTO PA3BUTHS HE MPOSBIISIOT HUKAKOH MPOCTPaHCTBEHHOW CBSI3U C
TPaHUTOUTHBIMH TEJIaMHU U 9acTo 00pa3yroT OJHOOOpa3Hble MOIIHBIE TONIHU. [10 BceM reHeTHYecKuM
1 MOP(OIOrHYECKUM NMPU3HAKAM OHHU MPEACTABISAIOT COO0M TUIMHWYHbBIE aHATEKTUUECKUE 00pa30BaHMUs,
KOTOpBIE, B IIEJIOM UMEIOT OOIIEKaBKa3CKyI0 OPHUEHTALUIO.

Puc. 3.10. AprepuToBBIi MHIrMATHT HAa KOHTAKTe TIPAHMTHOrO WHTPY3HBAa. BepxoBbs
p-I'Banapa.



Puc. 3.11. Armatutsl. Ilogctynsl k BepmuHe I'Banapa. CyOcTpar cioskeH OMOTHTOBBIMH
rHeiicamu.

OHU mpeAcTaBleHbl Pa3TUYHBIMH MOP(OIOTHYECKUMH THUIIAMH, B KOTOPBIX OTPaXK€HA CIIOXKHAs
JIMHAMKKA 3BOJIIOIMK oporeHa. Ha mepBom aTane popMHUpPOBaHUS MUTMATUTOB 00Pa3yIOTCs CIIOUCTHIC
mMurmMaTutel  (puc.3.12),  KOTOphle  XapakTepU3YIOTCS  NapajUleJbHBIM  PaCIONIOKEHHEM
MEJIAHOKPATOBOM U JIEMKOKPATOBOM COCTaBIAIOIIUX. X MOILHOCTH U3MEHYMBBI, BBIAEISIIOTCS TOHKO-
U TOJICTOCJIOUCTHIE, PABHOMEPHO M HEPAaBHOMEPHO CIIOMCTBIC PA3HOBUAHOCTH. B TOHKOCIOUCTBIX
MUTMAaTUTaX JIEMKOCOMa pacIipe/ielieHa PaBHOMEPHO BO BCEHl IMOPO/IE M €€ MOIIHOCTH KOJISOJIETCS OT
0.2 mo 1 cm. HTEHCHBHOCTHh NPONMTHIBAHHUS JIEMKOKPATOBOM YacTH, KOTOpas NMPEUMYIIECTBEHHO
MJIaruorpanuToBas, coctarisieT 40-45%. B TOICTOCIONCTHIX pa3HOBHIHOCTSIX MOITHOCTH JIEHKOCOMEBI
M3MeHseTcsi oT 1 10 5 M M MHTEHCHBHOCTb NPONUTHIBaHUS cocTaBisieT 45-75%. JloBOIbHO 4acTo Ha
TpaHuIle JICHKOKPATOBON U MEIaHOKPATOBOM COCTABIISIONINX OTMEYAIOTCS TOHKUE MOHOMUHEPATHHBIC
ciou OMOTHTOB, BEPOSITHEE BCETO PECTUTOBOTO XapakTepa. MHOTa 3T pecTUTH 00pa3yroT MOIIHEIE
Tena. B aToM OTHOIIEHWH 0COOOTO MHTEpeca 3aciyKHWBAIOT OMOTHTOBBIE PECTUTHI B BEPXOBBAX P.
I'Bangpa, MOIIHOCTH KOTOPBIX BapbupyeT oT 3 70 20 M. OHM, B OCHOBHOM, CJIOKE€HBI OMOTHUTOM,
KBapleM W IUIarHOKIIa3oM, TAe cojiepxkanue Ouotuta gocturaet 60-70%. C mpakTHUECKOW TOYKHU
3PEHUS 3TU PECTUTHI SBISIFOTCS. XOPOILINUM ChIPbEM IS allFOMUHUEBOM MTPOMBIIUIEHHOCTH.



Puc. 3.12. Ilocoiinble MUTMATHTBI ¢ KBAPU-CHIJIHMAHUT-0MOTUTOBBIM NPOTOJIUTOM. IIpaBsbIii
kapHu3 p. Cakenm.

[locnoiinple MHUIrMaTUTBl Ha MO3JHEKMHEMAaTUYECKOM JTale€ 3BOJIIOIUU HUCIBITHIBAIOT
CKJIQJIYaTOCTh, BCIICJICTBUE Yero (GOpMUPYIOTCS CKIamadaTeie MurMatutel (puc.3.13). B
peruoHe 3TOT MOP(OIOTHUECKU THII MUTMAaTUTOB OTMEYAeTCs MOBCEMECTHO U MOJIb3YeTCs
caMbIM OONBIIUM pacmpocTpaHeHueM. Yacto pa3iaudHble MOP(OJIOTHUSCKHUE THITHI
MUTMATUTOB CIMBAIOTCS U CO3JAIOT CIOXKHOMOCTpOoeHHbIe Tena (puc.3.14). HecoMHeHHo, uTO
MUTMaTUTU3alMs] CBsA3aHA C KWHEMAaTHUYECKHUMHU IIpoleccaMu, U II0 3TUM [pPU3HAKAM
BBIICTISIIOTCS.  PAaHHEKMHEMAaTUYeCKWe W TO3JHEeKHMHeMaTudeckue oOpasoBanus. Kak
MOKA3bIBAIOT MHOTOYHCIICHHBIE TIOJICBBIC HAOJIOJCHUS, BO BpEeMsl CKJIAIKOOOpa3oBaHUS
HEOCOMa  MUTMATHTOB  XapakTepuszyeTcss  OONBIIOW  MIACTUYHOCTBIO,  XOPOIINM
[MOATBEPKIACHUEM UEMY SBIISIOTCS ITUTMATUTOBBIE TEKCTYPHI.

Yacro, 1oj1 BO3JICHCTBUEM TEKTOHUYECKMX CHJI JICHKOKPATOBBINA PACIUIaB UCIBITHIBACT MOOMIIU3AIIUIO
W CeueT pacloJIOKEHHbIe BhIMe TOpoabl (puc.3.15) W B MHUTMATHTOBBIX apeayiaXx o00pa3yroTCs
aHATEKTUYECKUE, MOOMIM30BaHHbIE CEKyIIMe Tesa rpaHuTonoB. Ha Gosee mporpeccuBHOW craanu
aHaTeKCUca, OTMeYaeTcsl MOCIeAyollee TUIaBJICHHE MaIe0COMbl, BO BpeMsi KOTOporo (opmupyercs
T.H. ISITHUCTBIE MUTMATHTHI (puc.3.16), KOTOpEIE, 1O CYLIECTBY,



Puc. 3.13. CkaaguaTrble MUTMATHTBI ¢ KBAPI-CHIJIHMAHUT-0MOTUTOBBIM MPOTOJIUTOM. Y IIeIbe
p- I'Banapa.

Puc.3.14.Crusine arMaTuToB M MNOCTIOMHBIX MUrMatuToB. Cy0CcTparT arMaTuToB CJI0KeH
OMOTHT-POroBOOOMAHKOBBIMHU THEHCAMM, 2 CJIOMCTBIX MUTMATHTOB — OMOTHTOBBIMH THelicaMM.
Bepxosbs p.I'Banapa.

SIBJISIFOTCSL TIEPEXOTHBIMUA O0pa30BaHMSAMH OT MHTMATHTOB K TpaHWTOMAaMu. Ha KoHe4HOW craauu
aHaTeKcuca (OPMHUPYIOTCS aHATEKTHYECKUEe IpaHUTOH b (puc.3.17), B KOTOPBIX BCE )K€ OTMEYAIOTCS
ocTaTKH cyOcTpara.



Puc. 3.16. [IaTHUCTBIE MUTMATUTBI HA KOHTAKTE ¢ TPAHUTHLIM TeJioM. BepxoBbs p. ['Banapa.



Puc. 3.17. AHaTeKTHYeCKUii TPAHUT ¢ POrOBOOOMAHKOBO-0MOTHTOBBIM pecTUTOM. BepxoBbs p.
I'Banapa.

Kak BuauMm, B MoOp¢oJOrMM MHIMaTHTOB KOAMPOBaHA BCA IIOCJIEN0BATEIBHOCTD
yIbTpaMeTaMOp(HUIECKUX MPOIECCOB, HaYMHAs OT CIOUCTBIX MHTMATHTOB M 3aKaH4MBas
aHaTeKTU4YeCKUMHU rpanutamu. K cokanenuto, B npezenax oJHOro 0OHaXeHUs, HEBO3MOKHO
3a(pUKCHPOBATH TOJIHYIO KAPTHHY TAKOH IMOCIENIOBATEIBHOCTH. MBI MMOCTApaIiCh MOKa3aTh
3Ty TMOCIEN0BaTeIbHOCTh Ha IpuMepe cpe3a p. I'Banapa, uro 3adukcHpoBaHO Ha
dororpadusx. M3 HHUX SCHO BHIHO, YTO AHATEKTHYECKAs MUTMATH3alUs HAYMHACTCS C
00pa30BaHUs CIOUCTBIX MUIMAaTUTOB (cM. puc.3.11), KOTOpble HCHBITHIBAIOT CKJIAI4aTOCTb
(em. pmc.3.13), MoOmnm3ammio JeWkokparoBoid dactu (cMm. puc.3.15), ¢opmmupoBanue
IOATHUCTBIX MHMIMaTtutoB (cM. puc.3.16) M, HakoHel, OOpa3ylTCs aHATEKTUYECKUe
rpanuTonnbl (cM. puc.3.17). EcrecTBeHHO, 3TO OYEHb YNPOIIEHHAs CXEMa aHaTEeKTHYECKOU
MUTMaTH3alMK U TPAaHUTOOOPa30BaHus, HO B HEH OTpa)keHa CyTh 3TOTO Mpoliecca.
MHoro4uciaeHHbIE HUCCJIICAOBAHHUA IIOKa3ajlnu, 4TO JIA TeHETUYECKOMN KHaCCH(bHKaHHH MHUI'MAaTHUTOB
HEOO0XOIUMO M3y4YEHHUE, KaK X MEJaHOKpaTOBOM yacTu, Tak M jerkokparoBoil. K. Mennepr (1971)
OpYA 3TOM CYHTANT HEOOXOIUMBIM H3Y4YeHHE MUHEPAITbHBIX (anuii MaTepUHCKUX TIOPOA W s
MOGI/IJ'II/BaTOB, Hu Jid pECTUTOB. Ilo ero MHEHUIO, €CJIM BCC TPU COCTABJIAIOIIUE OTHOCATCA K OI[HOﬁ
MHHepaHBHOﬁ (1)21111/11/1, TO MHUI'MATUTBI OOJIXKHBI OBITh AHATEKTHYECKUMH O6p2130BaHI/I$IMI/I, C 4YeMm
TPYAHO HC COIJIaCUTLCH.

[TapareHeTHYECKHE acCOLMALMA MUHEPAJIOB CyOCTpaTa pacCMOTPEHHBIX MHTMATHUTOB MOKA3bIBAOT,
YTO OHU OOPa30BAUCh B YCIOBHSX BBICOKOW TeMIeparypbl ampuboauToBoil darmu, a Gapuueckuii
THI COOTBETCTBOBAJ aHIANY3UT-CHUITMMaHuToBoMy. CyOcTpar, U3 KOTOPOro chOpMHPOBAIKCH
PaccMOTpeHHBIE MUTMATHTBI, OBLI, B OCHOBHOM, METAINeIMTOBOIO COCTaBa, a moposl, boratsie CaO,
HOJIB30BANIMCh HEOOMbIIUM  pacripocTpanenneM. ChopMupoBaBIIMECs 3a CYET MNEPBOTO THIIA
cybcrpara TapareHe3uChl aJIe0COMBI CITEAyIOIIHE: Bt+Sill+Cor+Grt+PI+Qrt;
Bt+Sill+tMu+Cor+Grt+Qrt; Bt+Mu+Grt+Pl+Ksp+Qrt. TlapareHe3ucbl MaieocoMbl BTOPOTO THIIA
cyocrpara: Hrb+PI+Qrt; Hrb+Bt+Grt+Sf+PI+Qrt; Act+Hrb+Pl. B ciayuae oboux TumoB cybcrpaTa
HEOCOMa TPeJCTaBIeHa KakK IyIarnorpanuToBbiM coctaBoM (Pl+Qrt; P1+Qrt+Bt; PI+Qrt+Bt+Mu), Tax
u rpaauToBeM (PI+Mik +Qrt; PI+Mk+Qrt+Bt; PI+Mk+Qrt+Bt+Mu; Mik+Qrt).

C TOuYKM 3peHUs TeHe3rca TPAaHUTOUIOB OOJBIIOW MHTEPEC BBI3BIBAET CTPYKTYPHOE COOTHOLICHHE
HeocoMbl M cyOcTpata. IlojeBble HccineqOBaHHS TMOKAa3bIBAIOT, YTO IIATHOIPAHUTOBBIE HEOCOMBI
(opMHupYIOTCSI BO BpeMsI paHHEKHMHEMaTHYeCKOW aeopMalii, a TPAaHUTOBBIE HEOCOMBI — BO BpEeMs
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MO3HEKMHEMAaTHYeCKOH. OTo (akT, BHUAMMO, HE CIOy4YalHBIH, T.K. OH, II0 BCEH BHIUMOCTH,
00yCITOBIIEH TEPMOIMHAMIYECKAMH YCIOBHASIMHU MX 00pa30BaHUS.

3.3.2. /IBycaioasiHble MUIATHOTHECHI U MJIAarHOrPaHUTBI

JIByciro/isiHbIE TUIarMOrHENCHl U IJIarHOTrPaHUTBl IPOCTPAHCTBEHHO M F€HETUYECKU CBSI3aHbI
C MUIMaTUTaMU U, KaK IPaBWIO, CO3/AIOT IIACTOOOpA3HBIE COIVIACHBIE TENla, KOTOpHIE, B
OCHOBHOM, Pa3BHUThl B INTyOOKMX 3PO3MOHHBIX CPe3ax I'PAaHUT-MUIMATUTOBOIO KOMILJIEKCA.
KoHTakThl ¢ BMENIalOIMMHY MUTMaTUTaMU coriiacHble (puc.3.18.), HO UHOIIa OHU CEKYT UX, U
CaMM CEKyTCsl JABYCHIOASHBIMH U 1nopdupobiacToBeiMu  rpaHuTtouaamu  (puc.3.19).
I'HeiCOBOCTh IUIATMOTPAaHUTOB PEIMKTOBAsA, T.K. COBIAJAeT C IHEHCOBOCTBIO cyOcTpara. B
OOH@)XEHUM XOpOIIO HAONIONAIOTCS  IOCTENEHHblE IepexoAbl OT MHUIMAaTUTOB K
IUIArMOTHENCaM € TOJHBIM COXPAHEHUEM CTPYKTYPHBIX 3JieMeHTOB nepBoro. Ilo Bcem
CTPYKTYPHO-IIETPOJIOTHYECKHUM JIaHHBIM - 3TO PAaHHEKHHEMATHYECKHUE 00pa30BaHMsL.

N S

.

Puc. 3.18. CxemaTuyeckasi 3apucOBKa OOHa’keHMs B BepxHeM TeuyeHun p. J[xuHrepeii.
JIByCIIIOITHBIE TUIAarMOTPAHUTBI CEKYT MUTMATHTHL. |- ABYCIIOJISTHBIE TUIArHOTPAHHUTBI; 2- MUTMATHUTHL.

JIBycniofsiHble TUIarHOTHEMCHl M TUIarHOTPAaHUTHI (parMEHTapHO BCTpEUaloTCs BO BCel
mIarnorpanuT-rpanuToBod cepun. Ha HOxxHoM ckinone bonbmoro Kaekaza oHM, Kak
MPaBUIIO, CO3JAIOT Tela HEOONBIIOW MOIIHOCTH (3-5 M) W WHOTAA MPOCISKHBAIOTCS Ha
HECKOJIBKO JIECATKOB M COTEH MeTpoB. Penko oTmedaroTcs 00pa3oBaHHs OOJBIITNX
MacIiTaboB, cpeAr KOTOPBIX CIEeAyeT OTMETHTh 3amafgHoe BepxoBbe p. CakeHu, Tae
oOHa)kaeTcs JIMH30BUAHOE IUIAarHOTPAHUTOBOE TeNo, MomHOCThI0O 150-200 M wu
npocnexuBaerca npumepHo Ha 1200 M. KoHTakT ¢ BMeHIalOUIMMU MHUTMAaTUTaMH BE3JE
COTJIaCHBIM, a Ha mepudepusx 5>TOro IUIATHOTPAHUTHOTO Tella OTMEYAIOTCS OCTaTKH
MUTMaTUTOB, CTPYKTYPHBIE 3JIEMEHTHI KOTOPHIX COBMAJAl0T C BMEIIAIOIIUMH MUTMaTUTaMHU.
Ha nesom Oepery p. JkuHrepeid B aHaJOTUYHON CTPYKTYPHO-TE€OJIOTMUYECKON 0OCTaHOBKE
oOHaKaeTCs MIarKHOrHeMCOBOE TeIo MOITHOCTRIO 350-400 M u munoii 2500 M. B oTianuue ot
MPEABIIYIIET0 OOHAKEHUS 37eCh CpPeId TPAHUTOUIOB OTMEUaeTcsi OOJbIIoN (parMeHT
MUTMaTUTOB. MOIIHBIE TeJa MJIarHOrPaHUTOB OTMEUYAIOTCSl Ha CEBEPHOM CKJIOHE Bosbiioro
KaBkaza. Cpenm HUX clleqyeT OTMETUTh OOHakeHue OacceitHa p. KyOanb KoTopoe,
MOILHOCTBIO 1-4 KM, ITpocieknuBaeTcss npuMepHo Ha 30 kM.
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Puc. 3.19. CxemaTuyeckasi 3apucoBKa 00Ha:KeHUsI I0KHbIX KapHu30B Kiuyxopckoro nmepesaJia.
JIByc/110/isiHbIe TPAHUTBI CEKYT ABYCIIOASIHbIE NIJIATHOTPAHUTBI M MUIMATUTHI. 1- AByC/II0AsSIHbIE
IUIATHOTPAHUTBI; 2- IBYCJIIOASIHbIe TPAHUTHI; 3- MUTMATHTBI.

Ha cunenyromem odrame pa3BUTHsA IUIATMOTPAHUT-TPAHUTOBOM CEPUM IUIATMOTPAHUTHI U
IJIaTMOTHENChl  MCHBITHIBAIOT ~MHTEHCUBHYIO MHUKPOKJIMHU3ALMIO W [O3TOMY 4YacTo
BCTPEYAIOTCS B BUJE PECTUTOB CPEAM MUKPOKIMHU3UPOBAHHBIX MOPHUPOOIACTOBBIX
rpaHuToB. YTo KacaeTcs BpeMeHU 00pa30BaHUs ATHUX TPAHUTOHIOB, TO, KaK YK€ OTMEUaNoCh,
OHU C(bOpMI/IpOBaIII/ICI) mo4YTH OJHOBPEMCHHO C MUI'MATHUTaMMU.

CaMbIM OOJBIIMM PAaCIPOCTPAHEHUEM CPENU MIIAarMOTPAHUTOB U TUIArMOTHENCOB MONIBb3YIOTCS
ABYCIIOJAHBIC PAa3HOBUAHOCTHU, 4 CPABHUTCIBHO B MOJYMHCHHOM IIOJIOKCHUU BCTPCUAIOTCA
OMOTUTOBBIE 1 MYCKOBUT-XJIOPUTOBEIE, €II€ PEKe OTMEYAIOTCS TpaHaT-OMOTUTOBBIE, TPaHAT-
CUJIMMAHUT-OMOTUTOBEIE n KOpI[I/ICpI/IT-CI/IJ'IJ'II/IMaHI/IT-6I/IOTI/ITOBI>IC PaSHOBHUAHOCTH.
[1naruorpaHuThl U TIATMOTHEMCHI SBISIIOTCS CPEIHE3EPHUCTBIMU, CEPhIMHU, CBETIIO-CEPhIMHU,
THEMCOBBIMU WM MACCUBHBIMU Inmopoaamu. ITo MCPE HCUC3HOBCHUA FHCI\/'ICOBI/II[HOCTI/I,
MPOUCXOAUT TOCTENEHHBIM MEePexXo] IUIArMOTHEWCOB B IUIATMOTPAHUTHI, JJIS MOCIEIHUX
XapaKTEpHbI, B OCHOBHOM, FpaHOHeHI/IJIO6HaCTOBI)Ie CTPYKTYpPBI, HHOTAa OTMCYAIOTCA
MOWKUIO0JIaCTOBBIC u rpaHoOIacTOBEIE. Cocras:
PI+QrtMikr+BtxMszSilltAndl+Cor+GrttHbl+Zr+Apt+Mgt. Tlnaruokmnas (0, 1-10 mm), B
OCHOBHOM, TIPEJCTaBICH albOUT-OJIMTOKIA30BBIM  PSAIOM, a TpsMas 30HATBHOCTh
HaOmrogaeTcss penko. MHorga B HEro BKIIOYEHBI OWMOTUT M CWUTMMAHUT. OTMmedaercs
MUKPOKITMHU3AIHS KHCIIOTO TTarMOKIIa3a, a MUKPOKJIMH MPEICTABIICH
BBICOKOYIIOPAJAOYCHHBIMA  PA3HOBUAHOCTAMHU C  PE3KO BBIpa)KeHHOﬁ MI/IKpOKHHHOBOfI
pemieTkoit. B aTux mopoaax OoNbIIUM pacnpocTpaHeHueM mojib3yercs 0uotut (0,2-2,5 mm),
KOTOpBIfI, B OCHOBHOM, IMPEACTABJICH YAJINMHCHHBIMHA (bOpMaMI/I 1 UCHBITBIBACT XJIOPHUTHU3AIIO
M MYCKOBUTHM3alMIO. MHOrga oOH co3JaeT 1oJIoCYaThle CKOIUIEHUS, IO-BUAMMOMY,
MPEJICTaBIISIIONINE COOOM PENIMKTOBBIE CTPYKTYPbl MUTMAaTUTOB. PETUKTOBBIMU MUHEpaTaMu
cyOcTpara SBISIOTCS CHILTUMAHUT, KOPIAUEPUT U I'paHar.

K.B. Bakypamse c¢ coaBropamu (1990) u3 OuoruToBBIX MIarnordeiicos p. Hakpa U-Pb
METOJIOM, OTPEIEIIUI HU30TOMHBII BO3PACT LUPKOHOB, IO KOTOPOMY BpeMsi 0Opa3oBaHUS
PAaCCMOTPEHHBIX IUIAarMOTPAHUTOB  COOTBeTCcTBYeT 31945 MiH. J5er, a HCTOYHHKA
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TeppureHHoro mMarepuana - 1005+5 mun. ner. [lo HamieMy MHEHHUIO, MOJTYYEHHBIE JTAHHbBIE
COOTBETCTBYIOT pe3yJbTaTaM TI'€OJOTUYECKUX HCCIECIOBAHUM U MOXHO JOIYCTHTb, 4YTO
OTMEUEHHBIC TUIATMOTHEMCHl ¥ IJIaTMOTPAHUTHl CPOPMHUPOBAIKNCH B Hayalle BEPXHETO
KapOOHa, B YaCTHOCTH, B CYAECTCKYI0 opodasy.

3.3.3.MukpokJInHOBbIe NOPPUPOOIACTOBBIE TPAHUTHI
H MpodjieMa MUKPOKJIMHU3AIMT

I'eprimHCKHE MUKPOKIWHOBBIE MOPGUPOOIACTOBBIC T'PaHUTHl IUIATMOTPAHUT-TPAHUTOBOW ~ CEPUU
Bonsmoro KaBkasa Bcerma ObutM B IIEHTpe BHUMaHHS HcciemoBateneit (3apumse, 1962; Illenrenua,
1972; Humaxypunze, 1971; Oxkpocusapuaze, 1986 u 1ap.), HU3YyUMBIIMX BCE MPOCTPAHCTBO
pacrpocTpaHeHus] MUKPOKJIMHOBBIX NOPQHUPOOIACTOBBIX TPAHHTOB W IMO3TOMY 3JeCh OyayT
PacCMOTPEHBI JIHIIIB TPOOIEMHBIE BOMPOCHI.

MuKpoKIHHOBBIE TTOPPUPOOTACTOBBIE TPAHUTHI - 3TO CBETIO-CEpPhIC, KPYITHO3EPHUCTHIE TIOPOJBI, B
OCHOBHOM MAaCCHBHOW TEKCTyphl W  mOp(UpoOmacToBoil CTPYKTYphl. Cpenmn HUX BBILAEISIOTCS,
CBs3aHHbIC MCKOY CO6OI71 IIOCTCIICHHBIM nepexoaom, XJIOPUTU3UPOBAHHBIC 6I/IOTI/ITOBI)IG,
XJIOPUTHU3UPOBAHHBIC ABYCIIOOAHBIC n XJIOPUTU3SUPOBAHHBIC Pa3HOBUIHOCTH. Cocras:
Mikr+PI+Qrt+BtxMu+Chl+Ep+CctApt+Zr+Sf+GrixMgt+Ru.

[lnarmoxmaz (1-25 MM), B OCHOBHOM, MpEICTaBIIeH albOMTOM ¥ OJHrOKiIa3oM. B ampburax
30HaNLHOCTh He Habmomaercs, OH (OPMHUPYIOTCS MyTEeM JCaHOPTH3ALMHM IUIarHOKiIa3a C
OTIEpEKEHHWEM TIpoIlecca MHUKPOKIMHH3AIMK. B ONWrokiazax oTMEUYaeTcsl COCCIOPUTH3AIMNS H
SMUIOTU3AINS, U3-32 YeTO 30HAILHOCTh B HUX MOYTH He HaOmoaaercs. Kanuepslit monesoii mmar (1-
35 ™M) mpexacraBieH 1OpGUPOOIACTOBBIMH,  BBICOKOYIIOPSIOUEHHBIMH, IMPEUMYIIIECTBECHHO
pemeryateiMu  pazHOBUAHOCTAMUA. OH ¢dopMHUpyeTcs ITyTeM 3aMelieHHs IUIarnokias3a, KBapla,
O0moTuTa, MyCKOBHTA M MHOT/IA IENIBIX y4acTKOB Mopos! (puc. 3.20). Ha pa3HbIx aTamax 3aMenieHus
TUTATHOKIIa3a MUKPOKIMHOM OOpa3ylTCS paziUdHble MOPQOJIOTHIECKHAE TUIIBI IepTuToB (puc.3.21,
3.22). Ksapr nepBo#i TeHeparuu rpaHoOJIaCTOBBIM M BXOAWT B OCHOBHYIO MaccCy TOPOJIbI, a KBapIl
BTOpO¥ TeHepanuu GopMUpyeT THe3a U Kuibl (puc.3.23), KOTopble CeKyT MOp(UPOOIaCThI MONEBBIX
MITTATOB ¥ MHOTJA CAMHU CEKYTCS JKHAJIaMH KaJIUIIIIATOB.
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Puc. 3.20. OcTraTku NepBUYHBIX MHHePAI0B B MUKpokJuHe. O0p. 124. Huk. ckpemt., yB. B
4,7x10. Ieperan Haxap.

buotuter (0,2-3MM) TIpenCTaBIEHBI OTACHBHBIMH YEIIySIMH WM aHXHUMOHOMHWHEpPaJIHHBIMHU
cxomneHusmu. [lapannensHo npoueccy MUKPOKIMHU3AMU €70 COJEPAKAHUE B MIOPOJE COKpaIlaeTcs,
U OH 3aMeLIaeTcsi MYCKOBHUTOM M XJOPUTOM, & IPU HMHTEHCUBHOW MUKPOKIMHHU3ALMU LEITUKOM
3amernaeTcs STuMU MuHepanamu. C OMOTUTOM HPOCTPAHCTBEHHO CBS3aHBI AIMATUT, IUPKOH U OPTHT,
a C BUJION3MEHEHHBIMH Pa3HOBUAHOCTIMHU U pyAHble MUHEpanbl. MyckoBuT (1-14MM) — BTOpUUHBII
MHUHEepal, GOpMHUPYEMBIil 3a cueT OMoTHTa M Iularnokiasa. OH co3AaeT CKOIUICHUS WIN OTIENbHBIE
yemyd. MyCKOBUTHI, COOPMHUPOBAHHBIA 3a CUET OMOTHTA, COJEpXAT alaTuT, IUPKOH, MAarHeTHT,
rpaHaT ¥ OPTUT, a CQOPMHUPOBAHHBIE 3a CUET pacHaja IJIardokiasa

Puc. 3.21. O0pa3oBaHblii, B pe3yJibTaTe 3aMellleHUA MUIATHOKJIA32a MUKPOKJINHOM, MUKPOKJIUH-
neptut. O6p. 325. Huk. ckpeut., yB. B 4,7x10. Yu1. p. Cakenu.
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Puc, 3.22. Muxpoxiuausanus aasoura. Oop. 1009. Huk. ckpeu., yB. B 4,7X10. BepxoBbe
p-I'Banapa.

NPEACTABICHBl YHCTHIMH PAa3HOBUIHOCTSAMH. XJIOPUT 3aMeIlaeT OMOTHT M CO3JIAeT CKOIUICHUS MU
MOOHMIIN30BaHHBIC KUIIbHBIE Tena. ['paHar (1-3MM) oTMedaeTcsl peJiKo U MPeCTaBIeH aJbMaHIMHOM,
Ul KOTOPOTO XapakTEpHO 3allOJHEHWE  TPEIIMH XJIOPUTOM. XapaKTEpPHbIMU aKLIECCOPHBIMU
MHHEpaJIaMH SABJIAIOTCA allaTUT U UPKOH, PCAKO OTMEYACTCA C(beH " OPTUT U €IS PECIKE CUIINIMMAHUT,
KOTOPBIM UCHIBITBIBAET (QUOPOTUTH3ALUIO U MyCKOBUTH3aLMIO. [lopdupobiacToBble MUKPOKIMHOBBIE
TpaHUTHl (parMeHTapHO OOHAKAIOTCS Ha BCEH IUIOLIAU PAaclpOCTPaHEHHS TPaHUT-MUTMATHTOBOTO
KOMILJICKCA U, B OCHOBHOM, CBA3aHbI C €T0 aHTUKIIMHAJIbHBIMU CTPYKTYpaMHu. Ounn CO31ar0T

Puc. 3.23. KBapueBoe "o3epo" B mMuxkpokuue. O0p.130. Huk. ckpemr., yB. B 4,7X10. IlepeBan
Haxap.
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aBTOXTOHHBIC, CY6aBTOXTOHHLIe M alJIOXTOHHBIC Tella. ABTOXTOHHEIC TCIa, B OCHOBHOM,
MpeaACTaBJICHBI pAHHECKMHEMATUYCCKUMH MUKPOKIMHU3UPOBAHHBIMU

IlaruorHeiicaMu 1 miuardorpanurtamMu. CyOaBTOXTOHHBIE M QJUIOXTOHHBI TeJa  SIBISIOTCS
MO3THEKMHEMAaTHYECKUMHU 00pa30BaHUsIMH, KOTOPBIE CEKYT BMEIIAIOIINE TIOPOIBL, HO HE OKa3bIBAIOT
Ha HUX aKTHBHOTO TEPMHYECKOIO BO3JEHCTBHUS, TAaK KAK OHM HAXOXATCS B PAaBHBIX TEMIIEPATYPHBIX
ycnoBusiX. B OCHOBHOM 3TOT (akT M cyllecTBOBaHHE NOP(UPOOIACTOB MUKPOKIMHA HPUBEIN
TeoJIOrOB K MjIee METacOMaTHYeCKOro 0O0pa3oBaHusi TpaHUTOUAOB. KOHEUHO, MBI JalleKu OT MBICIH,
YTO B TPAHUTOMAAX Kak Obl HE CYIIECTBYIOT METACOMAaTHYECKHE SBJIEHHUS, B YaCTHOCTH,
MUKPOKJIMHU3ALUS, HO B AHATEKTHMUECKUX CEKYIIMX TIpPAaHUTOMAAX 3TOT MPOLECC HOCUT SBHO
aBTOMETACOMAaTHUYECKUH XapakTep. bomee TOro, mHorga ormedaercs IBHKEHHE NOPPHUPOOIACTOB
MHUKPOK/IMHOB BMECTE C I'PAHUTOUAHBIM PACIIaBOM. XOPOIIUM HOATBEPKACHUEM 3TOMY CIIY>KUT MX
OpPUEHTHPOBAHHOE PACIIOJIOKEHHE MO0 TEYEHHUIO MarMBbl.

Kak moka3pIBalOT TeOpeTHUECKHUE U IKCIIEPUMEHTAIbHBIEC JaHHbIE, MUKPOKIIUH MPECTaBIISAET
co0OW MHHEpaJ CO CPaBHHUTEIBHO HU3KOH SHEPTETHUKOM, M3-3a YEro OH KPUCTAJUIU3YETCS
MO3K€ OCTAIBHBIX MOPOA00OPA3YIOIIUX MUHEPAJIOB, B Pe3ylbTaTe 4ero MHUKPOKIWH YacTo
sBisieTcss  mopupoOIacToBEIM  00pa3oBaHWEM 1O  OTHOMICHHWIO K  OCTAIbHBIM
nopoaoo0pa3yomuM MuHepanaM. CreaoBaTelnbHO, MUKPOKIMHOBBIC BBIICICHUS SIBISIFOTCS
ABTOMETACOMATHYECKUMH OOpa30BaHUSMH, YEMYy BECOMOE IOATBEPKICHHE OOHAKECHUE
MOIIIHOTO TOP¢UPOOIACTOBOIO TPAaHUTOMIHOTO Tela B BEpXOoBbe p. 3amagHas ['Banmpa
(puc.3.24).

Puc. 3.24. MuUKpoOK/INHOBBII MOP(PUPOOIACTOBBIN TPAHUTHBIN HHTPY3UB. 3anagHoe BepXoBbe P.
I'Banapa.
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Puc. 3.25. Xy0puTU3HPOBAHHBI MHUKPOKJMHOBBIH Nop¢upod/1acTOBbIi I'PAHUT C KBapu-
OMOTUTOBBIMHM pecTHTaAMHU. 3anagHoe BepxoBbe p. 'Banapa.

OTMedeHHOe OOHAKEHUE MPEACTABISAET COO0H MHTPY3UBHOE Teno MomrHOCThI0 700-750 M,
CEBEpHBI KOHTAKT KOTOPOro IpeJCcTaBisieT co0oil Kymyap nepeBaia Cnaprak. Baons sToro
KOHTAKTa OH COIPHUKACACTCS C KOPAHEPUT-CHILTIMAHUT-OMOTUTOBBIMA MUTMaTUTaMH. JIMHUS
KOHTaKTa YeTKasi, HO OPOTOBMKOBAaHUS WM APYIMX aKTHUBHBIX TEPMHUECKUX SIBICHUN He
HeOmonatoTes. KOKHBIM KOHTaKT, KOTOPBIN Takke pa3BUT B MUTMAaTUTax, Oosiee akTHBEH. Bo
BMEIIAIOUIMX MOpOJaX OTMEYAIOTCA TI'PAaHUTOBbIE amo(u3bl M TMPOLECCHl HHTEHCUBHOU
MUKPOKJIMHUA3aIWU. HWHTpY3MB, B OCHOBHOM, MPEJCTAaBIEH XJOPUTH3UPOBAHHBIMU
OMOTUTOBBIMH MOP(PUPOOIACTOBBIMUA TPaHUTAMH, B KOTOPBIX OTMEYAIOTCSl PECTUTHI
BMEIIAIONINX MATMATUTOB U OMOTHTOBBIX THeWcoB (puc. 3.25). [loppupobiacTsl MEKPOKIHHA
JIOBOJIGHO OOJBIIME M WHOT/A JTOCTUTAIOT 3-4 CM, 4acTO OTMEYAETCS WX OpPUEHTALUsS IO
TEUYEHUIO0 MarMbl. B rpaHuToMgHOM Tene, B OTJIMYME OT BMEILIAIOIIUX MHUIMAaTUTOB, "CETh
MUKPOKJIMHOBBIX KW' HE OTMedaeTcs. Bo BMemaromield mopoae u B TpaHUTAaX OpPUEHTAINS
MHUKPOKJIMHOBBIX MOp¢hupodracToB He coBnagaer. Mcxons M3 OTMEYEHHOTO MOYKHO
MPEIOI0KHTE, YTO MPOIECC MUKPOKJIMHU3AIMH B BMEIIAOIINX MUTMAaTUTaX U TPAHUTOHIAX
IpoTeKal B pa3jIMYHBIX YCJIOBHUAX M B pa3HOe Bpems. Takum oOpa3oM, Jaxe U3 KpaTKoro
ONKCaHMsI TPAHUTOUJOB BHUJIHO, YTO OHHM SBISIIOTCSI MHTPY3UBHBIMH OOpa30BaHHUAMU U UTO
nop¢pupoOIacThl MUKPOKIMHOB, BO3MOXKHO, BEIKPUCTAJIIM30BATIMCH U3 MarMbl.

3Z[CCB K€ CJICaoBallo OBl OCTAHOBUTHCS HA HCTOYHHUKE KAalMS. C“II/IT&CTCH, 4qTo KpI/ICTaJIJII/I‘IGCKI/Iﬁ
¢ynnament bonbimoro Kaekasza ncnbiTan pernoHanbHyI0 MUKPOKIMHU3aMI0. Bmecte ¢ Tem, ocTaercst
JIMCKYCCHOHHBIM BOTPOC 00 WCTOYHHMKE KajlHs, TPHYEM TMPEBaTUpPyeT HJes O ero MaHTHHHOM
MMPOUCXOXKJACHUU, OJHAKO I.[eJ'II:Iﬁ pPAA JaHHBIX TOBOPUT 00 O6paTHOM.

Jl71s1 BEISICHEHUS 3TOTO BOIIPOCa MBI MPOBENH CHeruanbable uecneaoBanms (OkpocuBapuaze, 1984). B
TrPaHUT-MUI'MAaTUTOBOM KOMILJIEKCE BO BpEMSI aHATEKCHCa M TPAHUTH3AaLUU OTMEYaeTcsi oOeTHEeHHe
murmatutos K,0O, T.e. mporcxoamna MOOMIM3aLHUs 9TOTO dJIEMEHTa U ero MuUrpanus. Bmecte ¢ tem,
JeTajJbHbIe IETPOJIOTMYECKHE HCCIIeOBaHUSl IOKas3aliM, 4TO BbICBOOOXKIeHHEe W murpamus K,O
MPOXOAWIN B YCIOBHAX HHU3KOTO JaBieHHs. XOpOIIUM JI0KAa3aTelbCTBOM 3TOMY  CIIyXKaT
IUTaTHOTPAHUTHI, KOTOPHIC BBIIABWINCH B YCJIOBHSX BBICOKOTO IABJIEHHS, HO MO CPaBHEHHIO C
cyoctparom ucneitanu peskoe obdegHenne KO u oboramenne Na,O. [IpoTHBONONOXKHYIO KapTUHY
MOKAa3bIBAIOT MUKPOKJIMHOBBIE TTOPHHUPOOIACTOBBIC TPAHUTONIBI, 00pPa30BaHHBIE B YCIOBUSIX HU3KOTO



63

bapuyeckoro pexxuMa — oHu ooeaustores Na,O u oboramarorcs K,O. Mexoas u3 BhIIIEH3I0KESHHOT O,
MOJKHO IPEINOJIOKUTh, YTO BO BpPEMS PETHOHAILHONW MHBEPCHH, IMPOTEKaBIICH IpH 0OIIeM
YMCHBIIICHUN 0apu4ecKoro pekrMa, TMPOUCXOAMIIA MHIpalUs Kalus W, CJICIOBATeIbHO, OH
CTAaHOBUJICS IMTOTCHIIMATIBHBIM HCTOYHUKOM MHUKPOKJIMHHU3AIIMH.

Bormpoc coneprxaHnust Kalius Mbl J€TaabHO U3YYMIIH B PECTUTAX PACCMOTPEHHBIX TPAHUTOMTHBIX CEPUI
(tabn. 3.1). BericHMIOCHh, 9TO B TeX TpaHHWTaX, Yed cyOcTpar ObUT Oorar Kaiamem, OTMedaeTcs
WHTCHCHBHAs MUKPOKIIMHU3AIUS, a B TPaHUTOMIAX, 4Yel cyOcTpaTax OeIeH MM, STOT MpOIEecC
BbIpaxkeH cia0o. Bmecre ¢ teMm, poct K,0 oT cyOcTpaTta K TpaHUTY BO BCEX CITydasx HE3HAUHTENICH H
moutu paBHBIN (cM. puc. 3.26). Kpome 3toro, eciam uctouynukoM K,O sBIseTCs MaHTHA, TOTIA
WHTCHCUBHYIO MUKDPOKJIMHU3AIUIO JOKHBI UCIIBITBIBATH T€ MOPOJIbI, KOTOPBIE UMEIOT 00Jiee TECHYIO
TEHETUYECKYI0O M TMPOCTPAHCTBEHHYIO CBfI3b C MaHTHEH, B YaCTHOCTH, rabOpo-allaMeiuiuToBas U
ra00po-IJIarHOTPaHUTOBAs CEPUHM, HO pealbHas KapTHHA WHAs, B YaCTHOCTH, MHKPOKIMHU3AIIUIO
WCTIBITBIBAIOT T€ TPAHUTOMU/IBI, Yei cyOcTpaT c(hOpMHPOBaH 3a CUET METUTOBBIX MOPOJ. AHAIOTUYHAS
KapTHHA OTMEYAeTCs M B JPYTUX TEPIMHCKUX CKIAIYaThIX CHCTEMax 3eMHOW Kopbl. HeoOxomumo
OTMETHUTh, YTO K TePIMHCKOMY TEPUOJY Jera3alus MaHTHH KaJlheM YXe JOJ/DKHA ObITh OClia0JieHa,
TaK KaK OH SIBJSICTCS OJTHUM U3 aKTUBHBIX MUTPHPYIOIINX 3JIEMEHTOB. TakuM 00pa3oM, omupasch Ha
IMPUBEACHHLIC  BBILIC (I)aKTBI, MOXHO J0IyCTUThb, UYTO MCTOYHUKOM KaJInud pCFHOHaHBHOﬁ
MUKPOKIMHHU3AIMH TUIATHOTPaHUT-TPAHUTOBOW CEPUM SIBIISUICA SHCHANMYECKUH MeTamopdudecKkuit
cyoctpar. ITo Bcem naHHbIM, (DOPMUpPOBAHUE BEPXHEKOPOBBIX, AHATEKTHUYECKHUX TPAHUTOWIOB HE
TpeOyeT JOMOTHUTEIEHOTO

Ta6auna 3.1. Cpeanme xumuueckue anaausbl K,O u SiO, B repuMHCKMX I'PaHHTOMIHBIX
cepusix M B ux pectutax boasmoro Kapka3sa B npegenax Adxazuu

Pectursl I'panutonani Ha3zpanue rpaHuTonIHOI
cepum
KO0 SiO; K,O Sio,
3,73(8) 56,33 (8) 4,46(65) 72,42(65) ITopdupobracToBbIe TPAHUTHI
IJIarMOIPaHUT-TPAHUTOBOU
cepun
2,09(10) 53,17(10) 2,32(50) 68,73(50) I'paroanopuThsl rabopo-

aHaMCHHHTOBOﬁ cepun

0,59(11) 51,71(11) 0,88(30) 71,15(30) ITnaruorpanuTs! Tab6po-
IUIAarHOTPAHUTOBOM CepHH
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Puc.3.26. CoorHomienne K,0 u SiO, Mexkny repuuHCKMMHM T'PAHUTOMAHbIMM cepusivu (1) m ux
pectutamu (2) bouabmoro Kapkasa B npegeinax Adxa3um.

1- mopdupobnacToBble TPaHWUTH TUIATMOTPAHUT-TPAHUTOBOM CepHH; 2- TPaHOJHOPUTHI TadOpo-
aJ1aMeJIIMTOBOM cepru; 3- IIaruorpaHuTsl rab0po-IUIarnorpaHUTOBON CEPHH.

IMMPUBHOCA KaJIUg U IJIA OOBSICHEHHS €r0 MCTOYHHKA HE CyHECTBYCT HUKAKOI'0 IOBOAA IJIsd CO3daHUA
TUIOTE3bI O MAaHTHMHBIX KaJIMEBBIX CI)J'IIOI/I,I[aX.

Yro KacaeTcs BO3pacTa MUKPOKJIMHU3ALUH, TO OHA XOPOILO JaTUPYETCs Te0JOrHYECKUMH TaHHBIMH.
OxaTaHHBIA MaTepual MHKPOKIMHU3UPOBAHHBIX TOP(PHUPOOIACTOBBIX TPAHUTOB BCTpEYaETCS B
OCQJIOYHBIX TIOPOJIax ceBepHOro ckioHa bompmoro Kaekaza (HamapeumBumu, 1965; Illenrenua,
1972). Ha 1oxxnom ckinone O. M. Xynumsunu (1972) B BepxHeKapOOHOBOM KBUILICKOH TEPPUTEHHO-
0CaJIOUHOM TOJIIIE OOHAPYXKIII TAIbKA OTMEYEHHBIX TPAHUTOB, YTO OJTHO3HAYHO YKa3bIBAeT HA HAYAJIO
npolecca MUKPOKIMHU3ALHMH IUIAarMOTPaHUT-TPAHUTOBOM CEpUU 10 BEPXHEKapOOHOBOI'O BPEMEHH.
OTMedeHHBIE TPAHNTHL, KaK OBIJIO TMOKA3aHO BHIIIE, SIBHO MOJIOXKE TUIArHOTPAaHUTOB U TUIarHOTHEWCOB.
Onupasch Ha 3TH JaHHBIE, MOXHO JIOMYCTHTb, YTO OCHOBHas YacTh MHUKPOKIMHH3UPOBAHHBIX
nop¢pupoOIACTOBBIX IPAaHUTOB CHOPMHUPOBANACE BO BPEMsI aCTYpPUHCKOI 0podasbl.

Takum 00pa3om, B pe3ysibTaTe CyMMHPOBaHHUSI PACCMOTPEHHBIX MaTepHaOB MOKHO HPEATIONOKHTb,
yTo (popMupoBaHHE MOpOJ CcyOCTpara IJIarHOTPaHUT-TPAHUTOBOW CEPUM HAYajJoCh B CPEAHEM
naneo3oe. VX WHTEHCHBHBIA MeTamMopdu3M H yibTpaMeTaMOp(u3M HA4YWHACTCS B CYICTCKYIO
opo(azy repUMHCKOro TEKTOHOMAarMaTH4ecKoro Hukia. B 3To Bpems (OpMHPYIOTCS MHUIMaTHUTHI
PETrUOHAIBHOT'O pa3BUTHUA, HHaFI/IOI“paHI/ITFHeI‘/'ICLI " IUIaruorpaHuThbl, a ABYCIIOJAHBIC T'PAHUTOUABI C
AKTUBHON MUKPOKJIMHHU3AIMEH (GOPMHUPYIOTCS BO BpeMs TIOCIIEYIOIIEH, acTypuiCKOl opodassl.

B koHme 3Toil TaBel XOTeJIOCh OBl KOCHYThCS MaciiTaba TepeMelIeHus MOOWIN30BaHHBIX
TPAaHUTOMIHBIX PACILIABOB B aHATEKTHYECKUX 00pa3oBaHUsX. [1o HAIUM IMOJIEBEIM HAOIIOCHHUSIM Ha
Bonwmom KaBkaze oH He OONBINION, YTO JOKA3bIBAETCS MUHEPAIHHBIMU NAparceHe3ucaMu CEKYIIUX U
BMEIIAOIMUX MOpoa. B memnom, ecnu CyauTh MO KOHTAKTHBIM, CTPYKTYPHBIM M MHHEPAIOTUYECKUM
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JAHHBIM, TO PACCTOSIHME TEpeMENIeHHs He JODKHO TMPEBBIINIaTh HECKOJIBKHX COTEH METpPOB.
[IpexpacHBIM TOATBEPKACHIEM OTMEUEHHOTO CITY>KUT TOT (paKkT, KOTOPBIH OBLT 3aUKCHPOBAH HAMHU
B BbIIICONTMCaHHOM [ BaHapuHCKOM MHTpY3uBe (puc. 3.27). B aTom mHTpy3uBe, Ha BbicoTe 2950 M,
MpPUMEPHO B 3-4 M OT IO)KHOTO KOHTAaKTa, OTMEYAIOTCA PECTHTHI OMOTHUTOBEIX THEHCOB. X pa3smepsr
He MPEBBIMIAIOT AECATKA CAHTUMETPOB, U OHU JI€30PUEHTHPOBAHBI B IPOCTPAHCTBE.

LUyl hf (3809 V)
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Puc. 3.27. Cxemaruyeckasi 3apHcOBKa 3amajJHOro BepxoBbsi p. I'Banapa. B rpanuronanom
HHTPY3HBe 0TMEYAIOTCH PeCTUTHI THelicoB.

[Terporpadudeckn OHHM TPEACTABISIIOT COOOH TMEpPEXOTHBIE IMOPOALI OT OMOTHUTOBBIX THEMCOB K
SMOepXHUTaM M T03TOMY BBLICISIOTCS 3K30THUYECKOW TEKCTYpod B OOHaKEHHU. AHAIOTUYHBIC
oOpa3oBanus (PUKCUPYIOTCS BO BMEIIAIONUX MUTMATUTaX MHTPY3WBa, ruricomerpuuecku Ha 270-300
M HmKe, Ha BeicoTe 2700 M, B momormBe jeaanka [ Banapa. 371ech MOIIHOCTh OMOTHTOBBIX THEHCOB
coctapnseT mpuMepHo 30 M, a3sumyT naxenus 340° | a yron maxinona 45-50°. Kpome reonormueckux,
NeTporpapUUecKux W TeOXUMHUYCCKUX HACHTU(GHUKAIMHA STHUX TMOPOA MbI IPOBENIM JETAIbHOE
MUKPO30HJIOBOE HCCIIe/IOBaHHE OMOTUTOB KCEHOJIMTOB M OMOTHTOBBIX THEWCOB W yCTAaHOBWIIH, YTO
OHHM SBJISIFOTCST WACHTUYHBIMHU 00pa3oBaHusAMU. VICXO/s U3 CKa3aHHOTO JIOIyCKaeM, YTO OTMEUCHHBIE
PECTUTHI TIPENCTABIAIOT COOOH YacTh OMOTHUTOBBIX THEWCOB, KOTOPBIE WHTPY3WB 'BRITAmmiI' Ha
YPOBEHb CETOMHANIHET0 OOHaxeHHs. ECIM yuecTh, 4TO pa3HHIIA yICIbHBIX BECOB MKy IPAaHUTOBBIM
pacriaBoM M OMOTHUTOBBIMH THeWcaMu HEOOJNbINAs, TOTHA "TOTpyKeHHe" PECTHTOB B TPAHUTOBBIM
pacmiiaB ObUTO HEOOJBIINM, CIEAOBATENbHO, MOYKHO MPEANOJIOXKUTh, YTO MHTPY3UB NEpEMEIIeH He
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MeHee yeM Ha 270-300M. EcTecTBeHHO, TONYyYEHHBIN pe3ylbTaT HE OTpakaeT TOYHOTO Macriraba
NepeMeIeHUsT MHTPY3MBa, HO OH HAXOJWTCS B TIOJIHOM COOTBETCTBHU C JIAHHBIMH MHHEPAJIBHHBIX
MapareHe3UCOB U CTPYKTYPHBIX JIEMEHTOB OTMEUCHHOTO OOHAKCHUSI.

3.3.4. IlerMmaTuThI

IlermaTuTOBBIC 06pa3013aH1/1;1 HJIaFI/IOFpaHPIT-FpaHPITOBOﬁ CCpUH OTMCUAIOTCA IIOYTHU BE3IC,
rac IpOTEKaJIM HWHTCHCHUBHBIC IIPOLECChHI MUI'MaTHU3aluUd U FpaHI/ITOO6paBOBaHI/IH. B
OOIBIIMHCTBE CJIy4acB OHHU I'CHCTHYCCKU CBA3aHbI C IMOCTMAIrMATHYCCKUMH IPOLECCCaMH U
CO3JaK0T KHJIbI, JIMH3blI M TI'HE31a pa3quH017I MOINHOCTU M MPOTAXKECHHOCTH, HHOraa
OTMCYAIOTCA UX MOIIIHBIC ITOJIA.

B mermarurax HHaFHOFpaHHT-FpaHI/ITOBOfI CECpUU  BBIACIIAIOTCA KBapH-MI/IKpOKJ'H/IH-6I/IOTI/ITOBBIC,

KBapIl-MyCKOBUT-MUKPOKJIMHOBBIC, MHKPOKIIUH-IBYCIIOSIHbIC, MYCKOBUT-MHUKPOKJIMHOBBIC, KBapIl-
AIbOUT-MUKPOKJIMHOBBIC, KBapI-MUKPOKIMHOBBIC, albOUT-MUKPOKIMHOBBIC, MHKPOKIHHOBBIC H
anpouToBbIe pasHoBuaHOCTH. CoctaB: Pl+Mik+QrtBt+Ms+ChlxGrt=Ep+CcxTu+Apt+Sf+Ort+Mgt.

[Inaruokias, B OONBIIWHCTBE CIy4aeB, MPEICTARICH AIbOUTOM, 00Pa3yIOIIMM KPUCTAIUIBI pa3MepoM 3
cM. Otmeuaercs kBapil (1-15MM) IByX TreHepanuii — MepBUYHBIA U TPUBHECEHHBIN, KOTOPHIE B TIOPOIE
pacrpenencHpl HepaBHOMEPHO. MUKPOKIMH-IEPTUT CO3AaeT OOJbIINEe KPUCTAJUIbI, pa3Mepamu 110 4
cM. OH 3amemaerT KHCTBIM TUIAarMOKJIA3 MM oOpasyercss 3a cyer pacmaga oOuotuta (1-20 mwm),
OTMEYaeMOIr0 B OCHOBHOM B IErMaTWTax B BUAE aHXMMOHOMUHEPAJIbHBIX CKOIUIEHHH. MyCKOBUT
3aMeInaeT KUCIBIN TIarnokia3 ik GopMHUpyeTCsl B pe3yJbTaTe KpUCTALIH3AINN MaJCHBKHX YEHIyeK
CEpUIINTA U MYCKOBHTA. ANIAaTHT, CPEH, OPTHUT, TPaHAT, TYPMAIIMH ¥ MarHETUT BCTPEUAIOTCS B Pa3HOM
KOJINYECTBE.

W3BecTHO, YTO NETrMAaTUTOBBIE Tella OTEHUUAIBHO pyloHOCHbIE. C 3TOH TOYKM 3peHHs OONBLIOro
BHUMAaHUS 3aCIyKMBalOT 00a KapHU3a CpeJHero TedeHus p. I'Banapa, rae rpaHaT-MyCKOBUT-OHOTHUT-
MUKPOKJIMHOBBIE TETMAaTUThl 3aHUMAIOT TOYTH BCIO IJIOH[a[b OOHAKEHUS M MPOCIEKHUBAIOTCS
npuMepHo Ha 1 kM. B ymense p. Knuda, Ha mpaBoili ctopoHe T.H. "Oonpmmx kamHel'", oOHaxaeTcs
MOII[HOE, paanycoM npumepHo 60 M, oBaimbHOE MermaruToBoe Teno. OHO pa3BUTO B MUTMATHUTaxX U
CJIOKEHO, B OCHOBHOM, U3 TIOJIEBBIX IIIATOB U Yenryek ciroa (20-40Mm).

3.4. 'panoauopuT-aJIICKUTOBAS cepust

[Tonq >TuM Ha3BaHMEM Mbl BBIICIWIA TPAHUTOUABI T.H. Yiury-Kamckoro tuma, KOTOpbIE
NPENCTABIIEHb], B OCHOBHOM, TI'PaHOAMOPUTAMH, TpaHUTAMU U aISACKATAMHU, ITOCTEIEHHO
3aMENAIINX Jpyr-apyra. B oTiauume OT pacCMOTPEHHBIX TPAHUTOWAHBIX CEPUN €€ He
KOCHYJIUCh TepPIUHCKHE MeTaMOp(rUecKre MPOIECChl U M0 BCEM I'e0JIOTUYECKUM KPUTEPHSIM
OHa  SIBISIETCS  CaMbIM  MOJIOABIM  TPAHUTOMJIHBIM  OOpa30BaHWEM  TEPIIMHCKOTO
TEKTOHOMarMaTHYeCKOro IWKIa KpucTaumueckoro ¢ynaamenta bompmoro Kaskasa.
JlarepanbHO TpaHOAMOPUT-ATACKUTOBAST CEPUS HE OTIENAETCS OT IUIarMOrpaHUT-TPAHUTOBOU
CEepUU U HA YPOBHE COBPEMEHHOT0 OOHa)XCHHs, B OCHOBHOM, JIOKaJIH30BaHa B apealie 3TOi
cepuu (cm. puc.3.1).

Tlopoasl rpaHOIMOPUT-AISICKUTOBOM cepuu U3 yienbs p. Yiury-Kam Boepsoie onucan I.I1.Aramansx
(1935). Ilozgnee anamormuHble 0Opa3oBaHMs B BEpXOBBSAX pp. bombmol u Manbiii 3eneHuyk,
Beigennn M., becconor (1938) m HazBanm mx rpanutamu Yiury-Kamckoro Tuma. IlocremeHHo 3TO
Ha3BaHHWE TBEPJO YKOPEHHIIOCH CPElld HCCIeAoBaTeNel Kpucrtaummdeckoro gynmamenta Bombmioro
Kagkasa.
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B mopojax 3Toil cepuu TNABHYIO pOJb WIPAIOT TPaHOJIMOPUTHI M TPAaHUTHI, & B HEOOIBIIOM
KOJINYECTBE OTMEUAIOTCS AMSACKUTHL. DTO MENKO- M CPEHE3EPHUCTBIC MOPOJIbI CEPOTO U CBETIO-
ceporo LBETA, c PaBHOMEPHO3EPHUCTOM MacCHUBHOU CTPYKTYpOH. Cocras:
PI+Qrt+Mik+Bt+Ser+Chl+Ep+Ce+Sill=Grt+ Ap+Zr+St+Ort+=Mgt.

[Tnaruoxnassr (0,2-4 M), TJIaBHBIM 00pa3oM, MPEICTABICHBI AlbOUT-OJIMTOKIA30M, B OTACIBHBIX
ClIydasix OTMEYAOTCs TAaKXe albOMT, OJMIOKIa3 M OJIMIOKIa3z-aHae3uH. OHHM, B OCHOBHOM,
30HaJbHBIE, HAONIONAIOTCA JBE WM TPU 30HBI, WHOTZA YEThIpe W IsSITh. BHYyTpeHHHE 30HBI
NPEICTABICHBl ONWUIOKJIA3-aHAEC3MHOM, a BHEIIHHE - 0ojiee KUCIBIMU pasHOCTAMHU. Kpucramibl
IUIaTMOK/Ia3a, B OCHOBHOM, HE M3MEHEHHbIC, PEIKO OTMEYaloTCs MPOLECcChl albOUTH3AlMNY,
MUKPOKJIMHU3ALMN U CEPULMTH3AlM{, YTO BBI3bIBAET CTUPAaHHE 30HANBHOCTHU. KanmueBwle mosieBble
MIaThl OTMEYArOTCsl B m3MeHunBoM KonmmdectBe (10-35%) m co3maroT KpUCTaTbl ABYX T€HEpaIHid.
[TepBbie mpeacTaBieHbl KceHOMOPGHBIME 3epHamMK HeOombimux pazMepoB (0,1-1 MM) U 3amONHSIOT
IPOCTPAHCTBO MEXIy KBapLEeM M IUIardOKJIa3oM. OJTO IepexogHas pPa3HOBUIHOCTb MEXAY
TPUKJIMHOBBIM OpTOKJIa3oM (-2V=60-75) u MakCUMalbHBIM MHUKPOKIHHOM (-2V =78-85) u sBustorcs
TUMUYHBIMA MarMaTU4eCKMMU KPHUCTaJUIaMH, KOTOpBIE€ BIOCJEICTBUE HCIBITHIBAIOT YaCTUYHOE WITU
nmonHoe ynopsrouenrne. Kamummartel BTopoil reHeparwn (1-2 MM) OTHOCATCS K MaKCHMAalbHOMY
MUKPOKJIMHY U SIBIISIOTCSI CPABHUTEIBHO TO3JHUMH 00pa30BaHUSIMH U, B OCHOBHOM, TIPE/ICTaBIICHBI
MUKpPOKIHH-TIepTUTOM. KBap1l oTMeuaeTcst Takke AByX reHepanuii. Kapu nepsoii renepanmu (0,3-2,4
MM), B OCHOBHOM, CO3/1a€T OTAEJIbHbIC TPAaHO0IAaCTOBBIE KPUCTAIIBI, & BTOPOH — MPEICTABJICH B BUIE
KWIOK win ckoruteHwid. buotut (0,1-1,7 MM) mpexacTaBiieH dYeurysiMH C XapakTepHBIM OOBIYHO
KOPUYHEBBIM OTTEHKOM. IIpOCTpaHCTBEHHO C HUM CBS3aHHBI anaTHT, IUPKOH M MarHeTut. buorut
WCTIBITHIBACT MHTCHCUBHYIO MHKPOKJIMHHU3ALHUIO U chalyro xjoputuzanuto. C XJIOPUTU3UPOBAHHBIMU
Pa3HOBUIHOCTSIMH CBSI3aHBl KPUCTAJIBI CareHWUTa, MarHeTuta W cheHa. ['paHar W CHJUIMMAHHT, B
OOJIBLIIMHCTBE CITy4aeB, SBISIIOTCS PECTUTOBBIMH MUHEPATIaMHU.

Ilopoapl TrpaHOOUOPUT-ATSICKUTOBOM  CEPHUM  TOJNB3YIOTCS  OOJBLIMM — PAacHpOCTPaHEHHEM B
KpuctawmmyeckoM ¢yHaameHTa bonpmoro Kaskasza. imu ciioskena Oomnbinasi 4acTh HHPPaCTPyKTYphI
OnpOpycckol mMoA30HBI 30HBI ['TaBHOTO XpeOTa, a Takke MAaNKHUHCKANA HMHTPY3UBHBIA KOMITIEKC
beuaceiHckoil 30HBI. OCOOEHHO OONBLION MAacCHB IMOPOJ 3TOW CEpUM OTMEYAETCSI B BEPXOBBAX
Oacceitna p. Kybanb, Tam, rie oOHa)kaeTcsl caMblii HHXKHHH CTPYKTYPHBIA 3TaK KPUCTAIITMYECKOTO
cybctpara bombimoro KaBkaza (B paiione Dip0pyccKOro JMHHAMEHTHOro moaHsatus). [lo Bceit
BUAMMOCTH, (DyHIAMEHT ByJKaHa DIb0pyc AOJDKEH OBITH CIOXKEH 3THUMHU K€ rpaHuTamMu. BocTounee
W 3amajiHee dTOH 30HBI HAOIIOACTCS YMEHBIICHHE OOHAKEHUS! TPaHOAMOPUT-AIICKATOBON CEpUH,
YTO JOJDKHO OBITH BBI3BAaHO OOMIMM morpyxeHuem ¢yHaameHTa. Cekyliue Tela T'pPaHOAWOPHT-
AISICKUTOBOM CepuH, MPEACTaBIEHHBIE TPAHWUT-AIIUNTAMH M TErMaTUTaMH, BCTPEYAIOTCS IOYTH 10
BCEH TUIOIIAAH PacTipOCTPAHEHUS 3TOM CEpHH.
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Puc. 3.28. CxemaTuueckas 3apucoBka o0Ha:keHusi y sogonana Haxapa.

broTuTOBBIE T'PAaHUTHl T'PAHOAUOPUT-ATICKUTOBON CEPUM CEKYT HOPOABI T'PAHUT-MUTMATHTOBOI'O
KOMILJIEKCA.

1- GuoTUTOBEIC T'pPaHUTBI; 2- nmopoAbl rpaHUT-MUI'MATUTOBOT'O KOMILJICKCA.

B roxHoi1 yactu Bogopasnena I'maBnoro KaBkasckoro xpe6Ta MOIIHBIE TEJa 3TON CEPUHU MPAKTUIECKH
He oOHaXkaloTCs, NUIIb B BepxoBbsix pp. Hakpa nu HeHckpa ormeuaercs rokHas, HeOOJIbIIAs 4acTh
KY63HCKOFO MaccuBa. B ocTambHBIX ClIydadX cepusad NpeACTaB/ICHA JHIIb OTACIbHBIMHU MaJlbIMH
WUHTPY3UBHBIMHU TE€JIaMU. XOpOILINM IPUMEPOM OTMEUEHHOTO SBJISIIOTCS KapHM3bI Bojonaza p. Haxap,
IJle MeIKO3EPHUCThIE GHOTHTOBBIE TPAHUTHI, MOIIHOCTBIO MpuMepHO 10 M, ¢ yrimom HaxioHa 60°,
CEKyT MOPOABI TPAaHUT-MUTMAaTUTOBOTO KomIuiekca (puc.3.28). CrneayeT OTMETHTh, YTO BMEILAIOIINE
MUTMATUTBl HCIBITBIBAIOT WHTEHCHBHYI0 MUKPOKIMHHU3ALUI0, B TO BpeMsA KaK 3TOT MPOLECC
MPaKTHYECKH HE KacaeTcs cekymero Tenaa. CpaBHUTENBHO OOJBINON HHTPY3uB Yiury-KaMmckoro tuma
TPOCIEKHBACTCS B BEPXOBE P. AHIPYKBEii. 371eCh OHO C YIJIOM HAKJIOHA IpuGmm3uTensHo 45°, ceuer
IrPaHUT-MUI'MAaTUTOBBIH KOMIIEKC M BIOJb KOHTAKTa BBI3BIBACT Cj1a00€, YaCTUYHOE IUIABJICHHE
BMemanmux nopox (puc.3.29).



Puc. 3.29. KoHTakT [ABYCTIOAAHBIX TPAHWUTOHAOB TIPAHOAMOPHUT-AISACKHTOBOH cepuHM €
MHIMATHTAMHU IPAHUT-MHTMATHTOBOI0 KOMILIeKca. BepxoBbe p. AHApYyKBeii.

Kak yxe ormeuanoch, caMmblii OONBIION MacCHUB TPaHOTUOPHUT-ATSICKUTOBOH ceprH OOHaKkaeTcs B
BepxoBbe p. KybaHb, miomans ero obHaxenus npesbimaer 400 kM . TOT MACCHB MOIIHOH 30HOM
MUTMaTHTOB OOIIEKaBKAa3CKOTO TPOCTHpaHHs paslelieH Ha ae 4yacTd. HOxHas 4acTh HHTpY3UBa
oOHaxkaeTcss B OacceifHax p.Ymny-Kam wu ero nputokoB — I'epanukon, Y3yHkos, YupHuHKOI,
Kuukunakon u Yiry-O3zen. CeBepHyro 4acTh OOHaxarT p.Yiury-Xyp3yk, KuukuHakos, YukynaH,
VYuykynanny u JlayT.

KybaHckuii rpaHUTOHIHBII MAaCCHB UMEET aKTHBHBIM KOHTAKT C BMEUIAIOIMMU MEeTaMOp(PHIECKUMU
NOPOJAaMHU, U €r0 MHTEHCHUBHOCTh 3aBHUCHUT OT CTENeHH MeTramopdusma mnepBoro. Camblii akKTUBHBIN
KOHTaKT OTMeYaeTcsi ¢ o0pa3oBaHusAMH (aluii 3eNeHbIX ciaHues. Hampumep, Ha mpaBoM KapHU3eE p.
VYuny-Xyp3yk BTOpKEHHE JIBYCIIOASHBIX TPAHWUTOB BBI3BIBAET OOpa30BaHWE OHMOTUT-TPaHAT-
CWJJIMMAaHUTOBBIX CJIAaHLEB U MUTMATUTOB. Takas ke KapTHHA OTMEYaeTCs B cpe3ax pp. YUyKyJlIaHUY,
T'epanukon u [Jayr. MuHepanbHble apareHe3Ucbl MUTMAaTUTOB KOHTAKTOBBIX OPEOJIOB CIIEAYIOIIME -
Qrt+PI+Sill+Bt u  Qrt+PI+Sill+Grt, uro oTBewaer am¢pudomuTOBOM (anuu. B oTaMuHe OT
METaMOP(UTOB 3€JICHBIX CIAHLEB, HA MOPOABI TPaHYIUTOBON M aM()UOONIUTOBOH (halluy MHTPY3HUBBI
Viny-KaMckux IBYCIIOISHBIX PAaHUTOB HE OKa3bIBAIOT AKTUBHOTO KOHTAKTHOI'O BO3JECHCTBHSL.

['eonornueckue JnaHHBIE TIOKa3bIBalOT, uTO cyoOcTtparom KyOaHckoro MaccuBa W BOOOIIE
TPaHOUOPUT-ATISICKUTOBOM  CEpPUHU  SIBIISIOTCA TPAHUTOTHEHCH aM(pUOOIMTOBOW W  YacTHYHO,
TpaHUYJINTOBOM (auuu, KoTtopsle, B OacceiiHe p. KybGanp oOHaxaroT camble ITyOOKHE Cpe3bl pp.
lopanukon, Haxapa, Mopne, Unanpykoii u Tongapaii (Illenrenua, 1972). OcobenHo Oosnblioe
oOHaxkeHHe cyOcTpaTa oTMedaeTcs B BEpXOBbsAX OacceifHa p. bakcan, B cpe3ax pp. Anun-Cy, llxenna
n Kuptuk. AHanormusele NopoAbl OOHaxaroTcs ceBepHee Kiryxopckoro mepeBana, B CpeaHEM
TedeHHH p. Yry-Mypymx, a Takke B ymenbe p. Hakpa. Takum o6pa3zom, oTmeueHHBIE
TPAaHUTOTHEMCHl JIOBOJIBHO IIMPOKO OOHaXaloTCs B HHQpacTpyKType OiabOpyccko-Makepckoro
MeTaMOp(UUECKOr0 KOMIUIEKCa, HO YacTO WX OMIMOOYHO OTOXKAECTBISIIOT C MHUTMAaTHUTaMH,
rpaHUTOTHEHcaMH U IaparHeiicaMy rpaHUT-MUTMaTUTOBOTO KOMIIJIEKca.

I'paHUTOrHENCH - CBETIIO-CEpBIE, CPENHE3EPHUCTHIE MOPOJBI C SPKO BBIPAXKEHHOW T'HEHCOBOCTHIO,
00yCJIOBIEHHOH YepeloBaHWEM KBapI-TIaJICBOLINATOBEIX M OWOTHUTOBBIX CIIOEB MOIIHOCTBIO
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mpumepao 1,5 oM. MuUKpOCTpyKTypa JIEHKOKpAaTOBOM YacTH TpaHOONAacTOBas  HWHOTIA
TUTTAAROMOPGHO3EPHHUCTAS, a METIaHOKPATOBOM —  JIemUAoTpaHo0JIacTOBas. Cocras:
PI+Qrt+Mik+Bt+MuxChl+Ser+Grt+Zr+Ap+Mgt.

Bonpoc renesuca 3TuX mopoJ — IMCKYCCHOHHBIN. Kak ObU10 0TMEUEHO BBINIE, HX OTOXKICCTBIISIOT C
TUTarHOTPAHUT-THEHCAMU TUIarHOTPaHUT-TPAHUTOBOM CEpUH, YeMy IPOTHBOPEYAaT MHOT'OYHCICHHBIC
reoJIOTHYEeCKUe M TMETPOXUMHYECKHE [aHHble. B ominume OT IUIarMOTrHEMCOB IUIarHOTPAaHUT-
TPaHUTOBOM CEPUHM OHHM XapaKTepU3yloTcsa Ooliee OIHOPOAHBIM CTPOSGHHEM H  OOJIBIINMHU
MouHocTaMu. Hampumep, BuauMas MOIIHOCTh I'PaHUTOTHEHCOB B cpe3e p. Anmn-Cy npesbiliaer
4000 M. B To e Bpems 3TH MOpPOABI HE SBISIOTCS THIHYHBIMH MPOAYKTaMH CEIEKTHBHOTO
TUTaBJICHUS, TIOCKOJIBKY B HUX ropas3lio OoJjblie JEeHKOKPaTOBOTO MaTepuala, YeM MEJIaHOKPAaTOBOTrO.
Kpome Toro, yacto Ha okpaiiHaX IpaHUTOTHEHCOB OTMEYAOTCSI OCTATKU CUJUIMMAHUTOBBIX CJIAHLEB U
amM(}puOOIUTOB, YTO YKa3bIBaeT HAa MarMaTHUYeCcKyIo pupory BMeratoumx mopon (Comun, 1991). [pu
3TOM ¥ MHUKPOCTPYKTypa TI'DaHMTOTHEWCOB IIOKAa3bIBA€T, YTO OHHU SBIIAIOTCS MarMaTudecKuMHU
00pa30BaHMUAMH, Ha 3TO K€ YKA3bIBAIOT U MOP(OIOTHIECKHE THITHI TUPKOHOB 3THX Topon (bubukosa
u ap., 1991).

B pe3ysnbraTe conocTaBieHNs OTMEUEHHBIX (PAKTOB JOIMYCKACTCS, YTO IPAHUTOTHEICHI TIPEACTABIISIOT
co0oif Marmatuueckue 00Opa30BaHUs, KOTOpBIE IOCIE KPUCTAIM3ALUM HUCIBITAIM OTHEHCOBAaHUE.
BwmecTte ¢ TeM cocTaBisronINE UX MUHEPAJIbl HE HCTIBITHIBAIOT Ae(OPMALH, IPAKTHYECKH HE U3MEHEH
TUTaTMOKJIa3 ¥ MUKPOKJIMH, B KBaplle OTMEYAeTCsl JIMIIb BOJIHOOOpa3Hoe moramieHue. Ho xak oHuM
UCTIBITAJIM OTHEWCOBaHHWE, KOIZa Ha MOpoJax HeT W cieja nTuHaMomeramopduima? EnnHCTBEHHBIM
OOBSCHEHHEM JTOMY MOXET CIyXuTh Momenb M.I'ubbapma, 1o KOTOpOl TPaHUTOTHEWCHI
c(OpMHUPOBAIKCH B TBEPIOM COCTOSIHUHM, HO B YCJIOBHUSIX BbicOKOoro PT pexxnma W 3HAUHTENHLHOTO
Mex3epHucToro pacmuiasa (Hibbard, 1987). CienoBatenbHo, MpUHUMAs 3TY HICH0 MOXHO JOMYCTHUTB,
YTO BHAYaJIe 3TH MOPOAbI 00pPa30BaMCh KaK MAacCCHUBHBIE IPAHMUTHI, a MO37HEE NPeoOpa30BaINCh B
TPaHUTOTHEHCHI.

Ota ujes MOAKPEIUICHA HW30TOIHBIM BO3PACTOM TI'PAHUTOTHEHCOB, KOTOPBIH OBUI ONpeieicH u3
upkoHoB U-Pb meromom (Bubukosa u ap., 1991). Tlo 3THM JaHHBIM MPOTOJIMT I'PAHHUTOTHEHCOB
chopmupoBancst B uarepsaie 400-425 MiH. JIeT, a BO3pacT MCTOYHHKA TEPPUTEHHBIX MOPOJI, YeMY
COOTBETCTBYET PEJIIMKTOBAasi 4YacTh HUPKOHOB, coctaBuT 1500-2000 mua. netr. CrnemoBaTenbHO,
M30TOITHOE MAaTHPOBAHHME YKA3hIBAET HA BEPXHEKAJEIOHCKHI BO3PACT TeHepalluyl IUIarHOTPaHuTOB, a
WX OTHEMCOBaHHE, BO3MOXKHO, OCYIIECTBHJIOCH B IEPHOJ TEPIHMHCKOrO TEKTOHO-MarMaTHYECKOTO
uKia, mo moaenu M. 'n60apna.

Bompoc owara MarmMaTH4ecKOro pacijiaBa TPaHOAUOPHUT-ASICKUTOBON CEpHHM TakKe SBIACTCS
JIUCKYCCHUOHHBIM. ['OCIOJICTBYeT MHEHHE, 4YTO OH CGHOpPMUPOBAICS B pe3ylbTaTe aHaTeKcHca
IJIaTMOIPaHUT-TPAHUTOBOW cepur. Ho mpu TakoM MOAXOJE K BOIPOCY CYIIECTBYET LENBIA psif
MIPOTUBOPEYMIA: TPAHOIUOPUT-AISICKUTOBAS CEPUS XapaKTEPU3YyETCsl FOMOI€HHBIM CTPOCHHUEM, U B HEM
HE OTMEYAIOTCS PECTUThl IUIATMOTPAHUT-TPAHUTOBOM CEpUM M MUTMATUTOB. JTa cepus
XapakTepu3yeTcsi OONBITUMH MaciiTabaMy paclpoCTPaHEHUsI, YeM TUIarHOTPAHUT-TPAHUTOBAS CEPUs
M [pUd ATOM HE BCErla COBMANAIOT apeallbl UX paclpocTpaHeHus. B omiuuume oT Apyrux
TpPaHUTOUIHBIX CepI/Iﬁ rpaHOANOPUT-ATIACKHUTOBasA CEpUsA BBIACIIACTCA PaBHOMCPHO3CPHUCTBIM
CTPOCHUEM, UTO JOJI’KHO OBLITH BBI3BAHO 6I)ICTpI)IM 1 OIHOBPEMECHHBIM OCTBIBAHHUEM MarMabl, HpH‘IHHOﬁ
yeMy MOTJIO OBITh JIMIIL €€ ObICTpOe MepeMelleHHe Ha OOJBIIOE PacCTOSHHE, YTO HUCKIHYaeT
TeHepali0 MarMbl 3TOM cepuM B apeajie IUIarMOTPAHUT-TPAHUTOBOW cepuu. ['paHOAMOpPHUT-
AISICKUTOBAsI CEpUs XapaKTEPHU3YeTCs TAKKE CBOCOOpasveM TMETPOXUMHUYCCKHX, TCOXUMHYCCKUAX H
MUHEPAJOTHYECKAX OCOOCHHOCTEH, Ha 4YeM MBI OCTAaHOBHUMCS B TOCICAYIONIMX TJjaBax.
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CrnenoBaTenbHO, OMHUPAsCh Ha TPHUBEACHHBIE 3/1eCh (DaKThl, MOYKHO 3aKIIOYHTh, YTO Marma
TPaHOAHOPHUT-ATSICKATOBOHN cepui GOpMHPYETCs He 3a CUET IUIarnOrPaHUT-TPAHUTOBON CepHrH.

B pe3yibTaTe aHajiu3a I'COJIOTHYCCKUX, MNETPOXUMHYCCKHX, TI'COXUMHUYCCKUX, MHHEPAJIOIMYCCKUX,
TepMO6apI/I‘leCKI/IX U APYTHUX KPUTCPUCB MbI OOIIYCKAacM, UTO Mar MaTHUYCCKUM pacijiaB rpaHoJuOPUT-
AIISICKUTOBOM cepun q)OpMI/IpyeTCH B pe3yibTaTe NaJIMHICHE3UCa IMO3JHCKAJICJOHCKUX
FpaHHTOFHCﬁCOB, BO BpEM:A FepHHHCKOﬁ AKTHUBHU3aIluH. 3IICCI) Mbl OCTAaHOBHMCs JIMIIb Ha
TCOJIOTMYCCKUX JAHHBIX, 4 OCTAJIbHBIC BOIIPOCHI paCCMOTPHUM B IMOCJIICAYIOIIHX IJI1aBaXx.

JeranbHple 1mONEBble HAOIIOAEHUS IIOKa3bIBAIOT, YTO YacTO IOPOAbl TPAHOTUOPUT-ATISICKUTOBOU
CepHUH JIOKATM30BAHbI B BEPXHEKAJEIOHCKUX TPAaHUTOTHENHCAaX M HEpPenKo CeKyT MX. OTMedeHHoe
Xopomo Habmopaercst B cpese jenHuka p. llxennma. 3mecs B ero cpeaHed yacTW IUIarMOTPaHUT-
TPaHUTOBAsl CepuUs HaJBHHYTa HAa BEpPXHEKaJEIOHCKHE TIPAaHUTOrHEWChl. MMHIMaTHTBI HMEIOT
00IIIeKABKA3CKOE TIPOCTHPAHHUE, a 30HA COIPUKOCHOBEHUs HAKIOHEHA Ha ceBep ¢ yriaoM 60-65° (puc.
3.30). HemocpencTtBeHHO B 30HE KOHTAaKTa OOHa)XKaeTCsi paBHOMEPHO3EPHUCTOE TEJO ABYCIIOISHBIX
TPAaHUTOB, B KOTOPBIX OTMEYAIOTCS JE30pHUEHTHPOBAHHBIE PECTHTHI TPaHUTOTHEHCOB. OHU UMEIOT
OBaJIbHbIE KOHTYPBI M COCTaBISIIOT 1/3 Bcell ruiomann OOHa)KEHHSA, BMECTE C TeM KakKoro-indo
AKTUBHOTO TEPMHUYECKOTO BO3JCHCTBHSA Ha KpasX pECTUTOB He oTMedaercs. Kak Oyzaer mokaszaHo
Jajec, Mmoo NneTpoXuMHUYCCKHUM IIpHU3HAKaM FpaHI/ITOI‘HeI\/'ICI)I, X PECTUTHI U ABYCIIOAAHBIC T'PAHUTHI
ABJSIFOTCA MACHTUYHBIMU 0OpazoBaHMsAMHU. ClieqyeT OTMETUTh, YTO B KOHTAKTHYIO 30HY BTOpraercs
MOIIHOCTBIO IMPUMCPHO 8 M, OKHCJICHHAas XWja aIICKUTOB. I/IHTepCCHO, 4YTO aHaJIoru4yHas XKwuja,
oTMe4aeTcs B MOMOOHOM TreoJornueckoil cutyanuu B cpese p. Jaya. CeBepHee 3TOro oOHa)keHUS,
npumepHo B 400 M, B TpaHUTOTHECax OTMEYAeTCs BTOpOoe OOHaKEHHE, T/Ie IBYCIIO/ITHAS TPAHUTHAS
Marma JIOKaJllu30BaHa B rpaHuTorHeicax (puc. 3.31). B ornuume oT mepBOro oOHaXEHUS, 37€Ch
PECTUTHI COCTABIIAIOT MIOJIOBHHY BCEr0 OOHAXEHUS U HE JI€30PHEHTHUPOBAHBI.

Puc. 3.30. TekToHUYecKHMii KOHTAKT MeKAY MOPOAAMM IJIATHOTPAHUT-TPaHUTOBOM cepum (1) u
ABYCJIOASIHBIMHA TPAHUTAMH TPAHOAMOPHUT-ALISACKUTOBONH cepun (3). Bmoae KoHTakTa
BTOPraioTcs AajsCKUTOBble TpPaHUTAILINTHI (2). B rpanuTougHoli Macce mOBCeMeCTHO
0TMeYaKTCs e30pPUEeHTHPOBAHHbIE PecTUTHI IpaHuTorHeiico (4). IlpaBblii kKapHu3 cpeaHero
TedyeHus p. Hxenna.
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Eciu yyuThIBaTh NETPOXUMUYECKYIO MJIEHTUYHOCTh TPAHUTOTHENHCOB M JIOKAJTM30BAaHHBIX B
HUX JIBYCJIIOJISTHBIX TPAHHUTOB, a TAKXKE TOT (PAKT, UTO COCTAB I'PAaHUTOTHEHCOB OTBEYACT TOMY
YpOBHIO MeTaMop(du3ma, 1Mocie KOTOPOro HaUMHAIOTCS YJIbTpaMeTaMoppuiecKue MpoIecchl
(OMOTHT-CHITMMAHUT-KAIAIITIATOBEIC; CHJUTUMAHUT-OMOTHT-MYCKOBHTOBEIE), TOTJa MOXKHO
JOIYCTUTh, YTO Marma HCIBITHIBACT T€HEPalI0 B apealieé KaJeJIOHCKUX TPaHUTOTHEWCOB
MyTeM UX MaJMHIeHEe3a.

»
»

Puc. 3.31. Marma [BYCJIOASIHBIX TPAHUTOMIOB TIPAHOAMOPHUT-AJSICKUTOBOH cepuu (1)
HCNBITHIBAeT TeHepali0 B KaJeJOHCKHX TpaHMTOrHeiicax (2). B rpanuTomaax ormedarTcs
pectuthbl rpaHuTordeiicos (3). IlpaBblii kapHu3 BepxHeil yactu Jegunka Hlxenna.

OToT (aKT THOJKpeIuIsiercs W JPYIrMMHM T€0JOrMYecKMMM JaHHbBIMH. B uacTHocTH, B
PETHOHAIBHOM MacuTade MOpOJbl IPAaHUT-ATICKUTOBOW CEPUM PACIIOJIOKEHBl HA YPOBHE
TPAHUTOTHENCOB. XOPOUIUM IPUMEPOM OTMEUYEHHOTO CIIYXKUT IEPBBIi JIEBBIM KapHU3 p. JlayT
(eM. puc.3.32). Bmecte ¢ TeMm, BAOJIb KOHTAaKTOB OTMEYAeTCsl AKTUBHOE TEPMUYECKOE
BO3/ICIICTBHE, KOTOpOE BBIpAXKaeTcd 3aMelleHHEeM MYCKOBUT-OMOTHUT-IIIIArnOKIa30BON
accolyanuy  IPaHUT-CULIMMAHUT-IJIATMOKIIA30BOM M I'PAHUT-CUIIIMMAHUT-KOPAUECPUT-
IJIarMOKJIA30BOM acconManMsMu. B IBYCIIOIAHBIX I'DAHUTAX MHUIMAaTHUTOBBIE PECTUTHI HE
BCTpevaroTcs, HO Ha paccTostHUM 80-100 M OT KOHTaKTa OTMEYArOTCs PU3HAKN ACCUMUIISILIUU
Y THOpUIN3AIINH.

3akaHuyMBas 3Ty TJaBy, CYMTaeM I€JIeCOOOpPa3HbIM OCTAHOBHUTBCA HA CBS3M MEXKAY
MUKPOKJIMHA3AUMEN W TPAaHUTOMIAMM T'PAHOAMOPUT-AISICKUTOBOM cepuu. (Cunraercs, 4To
MEX1y TEepUMHCKMMH TrpaHuTtougamu bosbmoro KaBkaza MHMKPOKIMHU3MPOBAHHBIE
noppupoOIaCTOBBIE T'PAHUTHI SBISIOTCS CaMbIMM MOJOABIMH OOpa30BaHUSMH, OJHAKO
peanbHas KapTHMHAa BUAMMO OoJiee CIIOXKHAs, YeM CYIIECTBYIOIIEEe Ha 3TOT CUET MHEHHE.
CoMHeHuss He BbI3bIBAET TOT (DAaKT, 4YTO MPOLECC MUKPOKIMHHU3AIMM HE Kacaercs
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TPAaHUTOHIOB OTMEUEHHOUW CEpUU M B HUX OYEHb PEAKO OTMEUYAIOTCS CAUHUYHBIC BKIIOUCHUS
nop¢upo0IaCTOB MUKPOKIIMHA.

[TomeBble  HAOMIOJMEHUS  IOKA3bIBAIOT, UYTO TPAHUTOUIBI, KOTOPHIC  HCIBITHIBAIOT
MUKPOKJIMHU3ALUIO, SIBJSIFOTCS OoJiee JAPEBHUMH OOpa30BaHHUSMH, 4YE€M T'PaHOIUOPHT-
QIACKUTOBAass Cepus, HO BOMNPOC BO3pacTa MEXIy NOCICTHUMH W  IPOLECCOM
MUKPOKJIMHHU3AIUU OCTaeTcs CrnopHbIM. C 3TOH TOYKH  3peHUs

A

750M — —

Puc. 3.32. /IBycawoasinble TPAHUTHI I'PAHOAUOPUT-ANSICKUTOBON cepuu (1) BOBIEKAKT B CBOil
apeaj MopoAbl TPAHUT-MUTMATHTOBOI0 KoMiliekca (2). Bpoab koHTakTa oTMevaercs KMJa
AJSICKUTOBOro rpanuT-amura (3). JleBblii kKapHu3 BepxoBbes p. [layT.



A
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Puc. 3.33. /[IByciawasinple TpPaHMTbl TIPAHOAUOPHUT-AISCKUTOBOH cepunm (1) cekyr
nop¢upod/acToBble IPAHUTHI IJIATHOTPAHUT-TPAHUTOBON cepuu (2), B KOTOPBIX 0TMEYAIOTCH
KCEHOJMTHI ANOPUTOB (3). DTH MOpPOAbI CeKyTcsl AJSICKMTOBBIMH TIpaHuTanauTramu (4).
IIpaBwblii kapuu3 p.I'onpapaii.

UHTEpEeCHOe OOHaXKeHHEe HAOI0JaeTcsl Ha JIeBOM KapHu3e jeqHuka p. ['onnapait (puc.3.33).
31ech ABYCIIOSHBIE TPAHUTHI IPaHOINOPUT-AISICKUTOBON CEpUU CEKYT

IPAaHUTBI, B KOTOPBIX OTMEYAIOTCS MHOTOYHCIEHHbIE MOP(UPOOIACTOBBIE BKIIOYECHHUS
MUKPOKJIMHA U HE HUCKIIIOYEHO, YTO HAOII0AaeMbIi MPOIlecC MUKPOKIMHU3AIMY OBl BbI3BAaH
UX TEPMHUYECKMM BO3JeHcTBHEM. Eciam Mbl pasgenseM 3Ty MbICIb, TOTZla HE MCKIKYEHO,
YTO  BTOPXKEHHE TPAHUTOUIOB TPAHOAUOPHUT-ASICKUTOBOW CEpPUM B 3aaJICKyl0 opodasy
BBI3BAIO PEMOOMIIN3ALMI0 MHUKPOKIMHOBBIX PAaCTBOPOB M CHOCOOCTBOBANIO PETHMOHAIBHON
MUKPOKIMHU3AIHH.

Yro kacaeTcs Bo3pacTa rpaHOAMOPUT-ATSICKUTOBON CEPUM, TO MHOIOUYMCIIEHHBIE U30TOIHBIE
natupoBku K-Ar meronom naror mupokuit pazopoc naHHbeIX (oT 150 no 350 mun. ner). B
HocJeHUE TOABI MONyYeHbl Oojiee HaJleXHble pe3ynbTaThl, B yacTHocTH, K.M.bakypanze
BMecTe ¢ kosuteramu (1990) nupkons! U3 nBycmoasaHbIX TpaHuTOoB Kybanckoro maccuBa U-
Pb meromom matupoBanm 305+£5mmH. ner. OHHM, 3TU ke TpaHuThl, Rb-Sr metomom,
JaTUPOBAIN Kak 295410 MIH. J€T, 4TO B Ipejenax NOrpeuIHOCTH COBNAAAET C JaTUPOBAHUEM
upkoHoB U-Pb MeTosoM. Onupasich Ha 3TH JaHHBIE MOYKHO JIOMYCTUTh, YTO PACCMOTPEHHbBIE
IpaHuThl cCHOPMHUPOBAIIUCH B MO3AHEM KapOOHE, B 3aaJICKYyI0 opoda3y, 4TO yKa3bIBaeT Ha TO,
YTO TIPaHOJUOPHUT-AIACKUTOBAs CEpuUsl SIBIAETCS CaMbIM MOJOABIM 00pa3oBaHHEM Cpenu
TEePLUMHCKHAX TPAaHUTOUAHBIX cepuil bonbmoro Kaskasa.

Takum 00pazoMm, NpPOBEICHHbIE PAOOTHI IMO3BOJIIOT PE3IOMUPOBATh, YTO TI'PAHOIUOPHT-
AJISICKUTOBAsI Cepus SIBJISIETCS PELUKINHIOBBIM 00pa3oBaHuEM, KOTOpoe chOpMUPOBATIOCH B
M03/IHEM KapOOHE MyTeM NaJlMHTeHe3a O3 JHeKaleJOHCKUX TPaHUTOTHEHCOB.
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4. HETPOXUMUA 'EPIIUHCKUX TPAHUTOU OB
BOJIBIIOI'O KABKA3A

['myObokoe W BCECTOPOHHEE HW3YYCHHE MAarMaTHYeCKMX TOPHBIX TOPOJ, B TOM YHCIE
TPAHUTOMJIHBIX, HEBO3MOXXEHO 0€3 JCTAJIBHOr0 IEeTPOXUMHYECKOro HcciaeaoBaHus. B
JBAJIATOM BEKe, Oyiaronmapsi 3TUM HCCICIOBAHUSM, TEOJIOTH MPUILIUM K HJEEe 3BOIIOIUU
HEOPraHWYECKUX CHCTEM U JOKa3ajd, YTO MarMaTH4eCKHe TOpPHBIC IOPOJbI 00pa3yroT
eCTeCTBEHHbIE HemnpepbiBHbIE psaabl (Mroiep, Cakcen, 1980 u ap.). HccnenoBanue
€CTECTBEHHBIX PAJIOB MarMaTUYECKHMX TOPHBIX MOPOJ SABJISETCS BaKHEUIIEH 3agadeit
COBPEMEHHOW METPOJIOTHH, TaK KaK JIMIIh B HUX 3aJI0KEHA pealibHasl U ToJHAass WHGOpMaIus
0 TEHEPAIUU U IBOJIOIAN MarMaTHYECKAX CUCTEM.

W3ydyeHrne meTpoXuMHYECKHX OCOOEHHOCTEH TepIMHCKHX TIpaHUTOHAOB bompmoro Kaekaza Mbl
IMPOBOJAWJIM  BapUallUOHHBIM  METOAOM, 60.]'[66 IMPpUEMJICMBIM  JI1I  HU3YUCHHUA CCTCCTBCHHBLIX
MarmMaTtudeckux accormanuii. [IpoBeneHHas pabora nana BaXHY HMH(GOPMAILKIO U B OOJNBIIUHCTBE
CIIydaeB MOJTBEPAMIIA TC B3TJISAbI U MPEACTABICHUS, KOTOPBIE BO3HUKIIM Y HAC BO BPEMS MOJEBBIX U
neTporpapuuecKux padboT.

4.1. BapyuauuoHHbIi aHAIU3

BapuanuoHHbIH aHAIHA3 TETPOXUMHUYECKUX JAHHBIX MAarMaTHYECKUX CUCTEM OBLI MPEII0KEH
eme B 1909 r. m3BecTHBIM HemelkuM reonorom A. Harker (1909).3atem ero mpuMeHsUH
Takue KpynHele mnerposioru, kak A.M.3aBapunkuii (1930), H.A. Enucee (1975),
J.A.BenukocnoBunckuit u apyrue (1984), JI.A.BemukocnoBunckuii (1990). Ilo namemy
MHEHHIO, TPUMEHEHHE JTOr0 METOJa B MarMaTHYeCKUX CHCTeMax JaeT HaWIydIlIni
pe3ynbTaT, TaKk KaKk B HEM 3all0O)KeH MEXaHHW3M, JCWCTBYIOUIMI BO BpEeMs 3BOJIOIUU
MarMaTHYeCKOW CUCTeMBIL. [IpenmMymiecTBo 3TOro MeToa, o CPaBHEHHIO C APYTUMH, COCTOUT
B TOM, YTO OH JIa€T BO3MOKHOCTh HE TOJBKO CTAaTUCTHUYECKH HMCCIENO0BATH OOBEKTHI, HO U
BBISICHSET TEHACHIMU WX OSBOMIOIMUA. Kpome TOro, 3TOT METOJ /JaeT BO3MOXKHOCTH
CUCTEeMATHU3UPOBATH MHOTOYUCIICEHHBIE XUMUYECKHE aHATN3bl MArMaTHUYECKUX TOPHBIX MOPOI,
yro oOierdaer BoOCHpHATHE  (U3UKO-XUMHUYECKHMX  IPOIECCOB, TMPOTEKAIONMX B
MarmMaTu4yeckux pacruiaBax. CiemayeT OTMETUTh, YTO BapHAIIMOHHBIM aHAINU3 WCCIIETOBaHUS
METPOXUMHUYECKUX JIAHHBIX JICTOK I BOCHPHSATHS, TaK KaK €r0 pPe3ylbTaThl BBIPAKECHBI
BEKTOPAMHM, YTO JaeT BO3MOKHOCTH MPOCIEIUTh U COMOCTABUTH HBOJIOIIMOHHBIEC MPOIECCHI
Pa3TUYHBIX MAarMAaTHYECKUX CHCTEM.

HeoOxoaumbiM  ycioBHeM  (DU3MKO-XMMHUYECKOTO MOJCIUPOBAHUS OOpa30BaHUS M 3BOJIOIUU
MarMaTu4eCKux paciijiaBoOB SABJIACTCSA HATUYNEC CCTCCTBCHHBIX accounaunﬁ (cepnﬁ, paa u T.,I[.). B stom
clydac 00BEKTOM METPOXUMHUUYCCKOr0 UCCIICAOBAHUA BBICTYIIACT HE OTACJIbHAd ropHas Imopoza, a €€
€CTCCTBCHHBIC acColualry, CBA3AHHBIC T'CHCTUYCCKHM CIUWHCTBOM, a BapHAllMOHHOC 0606HI€HI/IC
XUMHU3Ma Ir'OPHBIX TOPOA MPEAYCMATPUBACT COITOCTABJICHUC TCHACHIIMN U3MCHCHHS UX COCTAaBa.

Bo Bpemst nccienoBanus BaprHalliOHHBIM METOJIOM (PH3UKO-XMMHUYECKUX MIPOIECCOB MarMaTHYECKUX
CHUCTEM MBI TOJBH30BAIMCh BapuaHTOM, mpemiokeHHbM J[.A.BemukocnoBunckum (1990), cormacHo
KOTOPOMY XHMHYECKHE aHAIU3bl MOPOJ pasieisstorcs Ha 5 kucioTHeix rpymm: | <57% SiOy; I
=57,00-61,99% SiO,; 111=62,00-67,99% SiO,; 1V-68,00-75,00%Si0,; V>75,00%Si0,. B kaxmoii
KHCJIOTHOM TPYIINie BBIYUCISAETCS CpeqHHi cocTaB rmo okuciam (tadm. 4.1.). Ilerpoxumudeckue
napaMeTpel TEePEeCYUTAaHbl KaK i OTAENbHBIX aHann3oB (mpwiok. 7,8.9,10,11,12), tak u 1o
KHCIIOTHBIM rpynmam (Ta01.4.2). Bo Bpems rpadudeckoro n3o0pakeHus: IETPOXUMHUSCKHUX JTaHHBIX
pPasIUYHBIX TPAHUTOUIHBIX CEPUi, C WCIOJB30BAHMEM pPacCMaTPUBAEMOIO0 METONA, IIOJIydaeM
HECKOJIBKO TOYEK IO KHUCIOTHBIM TpymIaM, COSAUHEHUE KOTOPBIX AT BApUALMOHHYIO KPUBYIO, U B
KOTOpPOH OTpakeH apeas TeHeparyi ¥ TCHACHITNH YBOIIONNN MarMaTHIeCKUX PacIlIaBOB.
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Taoauna 4.1.Cpexnne xumMuYeckue aHaaudbl (Macc.%) TepUUHCKMX TPAHUTOUAOB W
MO03IHEKAJEeJOHCKHX IPaHUuTOrHeiicoB boabmoro Kagkasa no KHCJIOTHBIM IPyNIIAM

| T'p. | SiO, | TiO, | Al,O; | Fe,O3 | FeO | MnO | CaO | MgO | K,O | Na,O | No

I'ab0po-niIarnorpaHuToOBasi cepust

I 5147 | 068 | 1657 | 3.70 | 652 | 0.17 | 7.88 | 6,50 | 1.02 | 3.16 | 15

Il | 5950 | 042 | 1569 | 348 | 368 | 0.11 | 6.28 | 484 | 0.75 | 3.74 | 25

I 16530 | 0.32 | 1541 | 239 | 312 | 0.10 | 400 | 225 | 0.66 | 3.76 | 30

IV | 7133 | 0.25 | 1403 | 1.15 | 214 | 0.06 | 2.70 | 1.13 | 0.81 | 403 | 35

V | 7728 | 011 | 1294 | 042 | 065 | 0.08 | 1.78 | 0.60 | 0.39 | 485 | 20

I"'a00po-agamesiuToBasi cepust

I 52.87 | 092 | 1693 | 356 | 487 | 017 | 7.60 | 543 | 166 | 3.16 | 17

Il | 60.02| 067 | 1735 | 3.29 | 460 | 0.12 | 560 | 239 | 197 | 277 | 30

I | 64.60 | 0.58 | 16,55 | 233 | 3.26 | 0.14 | 3.86 | 1.96 | 3.09 | 3.43 | 38

IV | 7109 | 030 | 1528 | 1.29 | 140 | 0.07 | 1.89 | 0.86 | 3.57 | 3.65 | 47

MurmMaTuThbl I'PAHUT-MUIMATUTOBOI'0 KOMILJIEKCA

Il 15885 | 096 | 17.27 | 253 | 522 | 0.14 | 267 | 345 | 349 | 293 | 10

I | 6474 | 069 | 16.37 | 291 | 446 | 013 | 160 | 226 | 416 | 249 | 30

IV | 7045 | 031 | 1448 | 111 | 271 | 0.09 | 150 | 1.60 | 3.28 | 245 | 30

V | 7575|033 | 1402 | 0.73 | 231 | 0.08 | 1.17 | 149 | 235 | 256 | 12

Il1aruorpaHuTHI U IVIATHOTHENChI IVIATHOTPAHUT-TPAHUTOBOI cepun

I | 6505 | 0.74 | 16.14 | 160 | 3.29 | 0.11 | 332 | 209 | 206 | 3.25 | 12

IV | 7218 | 030 | 1471 | 0.73 | 1.72 | 0.07 | 212 | 0.95 | 148 | 425 | 35

V | 7556 | 018 | 1348 | 113 | 0.05 | 1.34 | 090 | 135 | 1.35 | 407 | 25

MI/IKPOKHI/IHOBLIC IT'PAHUTBI HJIaFHOFpaHHT-Fpa]—[I/ITOBOﬁ cepun

I | 66.06 | 058 | 16.30 | 1.81 | 212 | 0.06 | 210 | 151 | 492 | 3.01 | 20

IV | 70.70 | 0.32 | 1501 | 106 | 1.18 | 0.05 | 167 | 0.81 | 520 | 3.27 | 45

V | 7595 | 005 | 1277 | 027 | 0.77 | 0.08 | 0.57 | 043 | 592 | 260 | 25

I'paHoaHOPHUT-AJIACKUTOBAS cepus

Il | 6755 | 0.61 | 1566 | 1.66 | 254 | 0.07 | 259 | 150 | 2.81 | 3.58 8

IV | 71.85 | 025 | 1497 | 0.87 | 1.22 | 0.04 | 1.21 | 0.65 | 455 | 3.48 | 120

V | 7575 | 015 | 13.14 | 0.67 | 0.77 | 0.02 | 0.79 | 0.51 | 2.87 | 3.80 7

Ilo3nHeKkaJIeJOHCKHE TPAHUTOTHEl Chl

Il | 6053 | 060 | 1781 | 217 | 3.77 | 224 | 3.12 | 298 | 292 | 278 | 5

I | 6552 | 070 | 16.38 | 1.87 | 299 | 0.12 | 1.72 | 2.18 | 3.27 | 3.36 | 15

IV | 7094 | 045 | 1549 | 112 | 202 | 0.06 | 1.32 | 1.16 | 3.83 | 355 | 15

XHUMHAYECKHE aHATU3EI 06p33HOB JaHbI B IIPUIJIOXKCHUAX. No — KoJIM4ecTBO aHaIM30B IIPpU BBIYHCIICHUU
CpCAHUX JaHHBIX.

[MeTpoxumudeckass KkinaccupUKalMs TEPIUHCKAX TPaHUTOMIHBIX cepuii bombmoro Kaskaza
MPOBOJMIACH C IMOMOIIBI0 KiaccupukanuoHHblx guarpamMm  SiO,-(Na,0-K,0) u Ab-An-Or, mo
CpeHUM TIOKa3aTessiM KHCIOTHBIX rpymm. M3 mauarpammbr SiOp-(Na,0-K,0) Buano (puc.4.1), 4ro
nepBasi Touka rab0pO-TUIArHOTPAHUTOBOM CEpUH PACIIONIOKEHA B TIoJie TabOPOHIOB, BTOpasi — B TOJIE
KBapIIEBbIX TUOPHUTOB, TPEThS — B I0JI€ TOHAIMTOB M IPAHOJIUOPUTOB, a YETBEPTasl U IATast — B IOJIE
HU3KOIIENIOYHBIX TI'PaHUTOB. Bwmecrte ¢ TeM, TPakTHYECKH HE OTMEYaeTcs CyMMapHBIH
KOJINUECTBEHHBI pocT wmienouerd. [IpuMepHo Te ke Mmojisl 3aHUMAaroT TOYKH rab0po-aaaMeTuTOBOR
CepuH, C TOM JIMIIb Pa3HULICH, YTO B HUX BBICOKO
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Tabaunma 4.2. CpenHue INeTpoXMMHYECKHE [aHHble TIE€PUMHCKHX TPAHHUTOHIOB H
MO03IHEKAJEeJOHCKHX IPaHUuTOrHeiicoB boabmoro Kagkasa no KHCJIOTHBIM I'PyNIIAM

Tp. | A F M k f |[CaO+ |SiO+ | Or | Al | Q |NPI
2A1,05 | 2Al1,04

I'a60po-nIaruorpaHuToOBasi cepust

I 1737 | 526 | 30.1 | 115 | 53.3 |29.5 |79.5 45 | 528 | 42.7 | 55

I 222 | 496 | 28.1 | 104 | 498 | 273 |824 5.0 | 488 | 46.2 | 46

Il 35.7 | 435 | 20.8 9.6 56.7 | 225 |89.8 41 | 39.7 | 56.2 | 42

IV | 59.2 | 296 | 11.2 | 10.2 | 55.0 |19.6 |94.3 58 | 473 | 469 | 25

V 765 | 141 9.4 4.8 52.2 | 17.7 |96.6 3.7 | 470 | 49.7 | 17

I'a60po-agamesniuToBas cepust

| 273 | 516 | 21.1 | 355 | 465 |28.7 |815 27.9 | 52,6 | 195 | 62

I 37.3 | 442 | 185 | 383 | 575 | 275 |87.0 28.3 | 38.8 | 329 | 52

I | 476 | 382 | 148 | 347 | 641 [249 |904 26.7 | 342 | 39.1 | 40

IV | 578 | 336 | 106 | 454 | 673 [215 |94.0 27.8 | 311 | 411 | 33

MurmMaTuThl FPAHUT-MUTMATUTOBOI0 KOMILIEKCA

I 357 | 442 | 201 | 493 | 576 |25.1 |87.3 30.0 | 31.8 | 38.2 | 30

I | 420 | 39.7 | 183 | 451 | 58,5 | 224 |89.7 274 | 232 | 494 | 31

IV | 532 | 320 | 148 | 405 | 56.7 [20.1 |924 21.8 | 28.0 | 50.8 | 30

V | 517 | 30.7 | 176 | 57.6 | 522 | 145 |94.3 29.2 | 23.0 | 478 | 19

Ilnaruorxeiichbl M IVIATHOTPAHUTHI IVIATMOTPAHUT-TPAHUTOBOI cepun

I | 427 | 406 | 16.7 | 29.5 | 524 |23.7 |89.1 193 | 428 | 379 | 35

IV | 593 | 255 | 152 | 20.0 | 68,5 | 20.2 |94.5 115 | 444 | 441 | 24

V | 684 | 203 | 11.3 | 191 | 52.7 | 18.1 |56.5 99 | 33.7 | 564 | 17

MMKpPOKJIMHOBbIE TPAHUTHI IVIATHOTPAHUT-TPAHUTOBO CepUM

I | 576 | 316 | 10.8 | 46.6 | 625 |20.6 |94.0 346 | 36.8 | 286 | 27

IV | 784 | 153 | 63 | 523 | 605 [195 |96.5 36.7 | 32.7 | 306 | 16

V | 876 | 94 30 | 630 | 655 |12.2 |98.7 50.1 | 201 | 29.8 | 10

I'panoAMOpHUT-ATSCKUTOBAS CepPHUs

I | 58.1 | 30.8 | 10.1 | 37.0 | 60.6 | 220 |93.1 25.0 | 388 | 36.2 | 24

IV | 702 | 215 | 87 | 383 | 675 |20.2 |96.5 273 | 352 | 375 | 15

V | 76.6 | 16.2 72 | 342 | 53.2 |168 |97.6 184 | 354 | 462 | 7

Ilo3nHekaleqOHCKHE TPAHUTOTHEChI

I 379 | 436 | 185 | 38.8 | 58.7 | 25,5 |88.1 279 | 375 | 346 | 35

I | 476 | 374 | 150 | 37.1 | 58.7 |22.7 |91.7 25.7 | 346 | 39.7 | 20

IV | 623 | 27.2 | 105 | 380 | 59.0 | 211 |95.2 240 | 364 | 396 | 15

CyMMapHOe coJep)KaHue IIeJiodeld, B TO ke BpeMs oT Touku | k Touke |V HaOmromaercs siBHOE
YBEJIMYEHHE OTMEUCHHBIX JJIEMEHTOB. MMIMAaTuUThl I'PaHUT-MUIMAaTUTOBOIO KOMIUIEKCAa HE
MOJUUHSIOTCA KaKOH-TH00 3aKOHOMEPHOCTH | JIOKATH3YIOTCSA B Pa3IMYHBIX HOJISIX KBAPLEBBIX MTOPOI.
[Inaruorseiicsl ¥ IIarMOTPAaHUTHI IJIATMOIPAaHUT-TPAHUTOBON CEpUM 3aHUMAIOT IOJsI TOHAIMTOB U
HU3KOILIEIOYHBIX IPAaHUTOB, 8 MUKPOKIMHOBEIE MOPHUPOOIACTOBBIE IPAaHUTHI — MO CyOIIETOYHBIX
rpanuToB. Cpeanue Touykd (Touka IV) KHCIOTHOCTH OCHOBHOW MacChl TPaHOIMOPHUT-AJSICKAUTOBON
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CepHH M BEPXHEKAJECIOHCKUX TPAHUTOTHEHCOB PACIIOJIOKEHBI B IMOJSIX HOPMAJIBHBIX TPAaHHUTOB, a
9acTh — B MOJISIX TPAHOIMOPHUTOB. BTOpas ToUka KMCIOTHOCTHITONAIAET B TOJIE KBAPIEBBIX THOPUTOB,
a V Touka TpaHOAMOPUT-ASCKUTOBOW CEpHUHM — B TMOJIE€ HU3KOLIEIOYHBIX TrpaHUTOB. Crenyer
OTMETHUTh, YTO B TPAHOAMOPHUT-ATACKUTOBONH CEPUHM M B MHIMAaTHTaX TI'PAHUT-MHTMaTHTOBOTO
KoMmIuiekca, koraa SiO, mpesbimaer 75%, ormeuaercs peskoe ymeHbiieHue K;O, 4T0 BO3MOXXHO
BBI3BAHO  TNPOLIECCAMU  OKBapleBaHUs.  [leTpoOXMMHUYECKYI0  KIacCU(UKAIHMIO  TePUUHCKHUX
rpaHuTOUIHBIX cepuit bosporo Kaekasa emie Oonee yrouHuia HopMatuBHas jauarpamma Ab-An-
Or (puc.4.2). 3 Hee BUAHO, YTO MOPOJBI rabOpO-TUIArHOTPAHUTOBON CEPUH
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Puc. 4.1. I'epunHckne rpanuTonansie cepuu boabmoro Kaska3a Ha kiaccugpukanmoHHOR
auarpamme SiO,-(Na,O-K,0) (mocTpoeHa mo cpeHuM MOKa3aTeaAM KHCJIOTHBIX TPYIIN)
(Knaccnpuxamus . . ., 1981).

ITons: 1- rab6pounsl, Il — cybuienounsie radopouasl, Il — nuoputsr, 1V- cyOiienodnbie JUOpUTHI, V-
KBapIieBble AUOpUTHI, V| —cyOrenounsie kBapiieBbie AUOpUTHL, VIl — TOHATUTHI U TPaHOINOPHUTEHI,

VIl — xeapueBbie cueHutsl, |X-Hu3Komenoynele rpaHuThl, X-rpanuTbl, Xl- cyOuienovnsie
neiikorpanutsl, XII- neiixkorpanutet, X1 - meno4ynslie 1eHKOrpaHuThI.

VYen. 06o03Ha4: 1- rabOpo-TUIarnorpaHUTOBast cepus, 2- Tab0po-aTaMeITUTOBAsT Cepus, 3- MUTMATUTEI
TPaHUT-MUTMATHTOBOTO KOMIUIEKCA, 4 — IJIarMOTHENCHI U TUTArHOTPaHUTHI MIarHOTPaHUT-TPAHUTOBON
CepUH, 5 — MHUKPOKIMHOBBIE MOPGUPOOITACTOBBIC TPAHHUTHI TUIATMOTPAHUT-TPAHUTOBOW cepuu, 6 —
TPaHOJIMOPUT-ATACKUTOBAsT Cepusi, 7 — BEPXHEKAJCIOHCKUE TPAHUTOTHEHCHI, 8§ — JIEHKOKpaTOBbIC
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IpaHATOBBIC MJIATMOTHEHCH U TPAHUTOUIIBI, 9 — 30HA pacpOCTpaHEHUs] MarMaTHueckux mopon, 10 —
rpaHuIla CYOIIEIOYHBIX TTOpo/I, 11 - BepXHSsI rpaHUIA pacpOCTpaHeHHs 0e3 (eNbIITaTOBBIX TOPOI,
12 — rpanuna pacnpocTpaHEHHUs! KBApLEBBIX MOPOJ,.

Ab

Puc. 4.2. I'epunnckue rpanuTouaHble cepuu boabmoro KaBkaza Ha HOpMaTHBHOM
KJIaccupuKanuoHHoii quarpamme Ab-An-Or (mocTpoeHa 1Mo cpeIHUM MOKAa3aTeJsiIM KHCJIOTHBIX

Tpymi).

Ilona: 1- TpoHABEMHTBI, 2 — TOHANUTHI; 3- TPAHOOUOPHUTHI; 4- anaMeUIUTBI; S5- TPAHUTHI
(O'Conner,1965). VYciu. obo3nau. cMm. puc. 4.1.

SIBJISTFOTCSI TIPAKTUYECKH O€30pPTOKIIA30BBIMH OOpPA30BaHUSMH, MEPBasi TOYKAa KOTOPHIX TOMEIIEHA B
MoJie TOHAJUTa OOraToro aHOPTHTOM, a MOCICAHSAS — B MOJie TpPOHAbeMmHTa (Touka V), Mexmy
KOTOPBIMU OTMEYAIOTCSI COBEPILIEHHO MOCTENEHHBIE IepeXopl. B mosie ToHannTa moMelieHa u nepnas
TOYKa rab0p0-aJaMeIITUTOBOM CEPHH, HO B OTIUYHE OT Ta0OpO-TIarnOTPaHUTOBON CEpUU 3Ta Cepus
oboramena oprokiazoM. Ee BTopas W TpeTbs TOYKH MOMEIICHBI YK€ B IOJIE TPAHHOAWOPUTOB, a
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yeTBepTass — B IIOJIE aJaMEIUIUTOB. TOYKHM IUTarOTHEWCOB W TUIATMOTPAHHUTOB IIATOTPAHMT-
TPaHUTOBOW CEpHUH pa3MENIEHBl B TOJSIX TPOHABEMTAa W TOHAIHNTA, CPABHHUTEIHHO OOOTAIIEHHBIX
OpPTOKJIa30M, a TOYKH MHKPOKIMHOBBIX TMOP(PUPOOIACTOBBIX TPAHUTOB — B TOJAX aJaMeUIUTa U
rpaHuTa. TOYKH rpaHOANOPUT-ATSICKUTOBON CEpUH M BEPXHEKAJIEOHCKUX TPAHUTOTHEHCOB 3aHUMAIOT
OJIMHAKOBYIO TIO3UIIUIO U PACIIONAraloTcs, MOYTH LETUKOM, B TI0JIE€ HOPMATUBHOTO TPAaHUTA.

PaccMmoTpenHble  kiaccu(UKAIMOHHBIE JUArpaMMbl TIOJTHOCTBIO MOJATBEPIKIAOT METPOXUMUYCCKUE
3aKOHOMEPHOCTH BBIJICIICHHBIX TPAHUTOUIHBIX CEPHH M SIBHO YKa3bIBAlOT HA UX TCHETHYCCKYIO
WHAUBHUTyaTbHOCTE. llopoasl rab0po-TIarnorpaHUTOBON CEpPHH pacIoNararoTcsl B MOJIX radopo,
JINOPHUTOB, KBAPIIEBBIX ITHOPHUTOB, TOHAIWTOB M IIArHOTPAHUTOB (TpoHALeMUTOB). Ilopombr rabopo-
aJaMeJUTUTOBON CepUM — B TOJISAX rab0po, KBapIEBBIX JUOPUTOB, 'PAHOJAMOPUTOB M aJaMEJUIMTOR.
['paHUTBI TIArHOTPaHHUT-TPAHUTOBOW CEPUM - B MOJNSAX KBApIEBBIX JUOPHTOB, TPAHOTUOPUTOB,
TOHAJUTOB  (IUIATHOTPAaHUTBI) U TpaHUTOB. Ilopoasl TpaHOIMOPUT-ATSACKUTOBOM CepUHU U
TPaHUTOTHEWCHI PACTIONOKEHBI, B OCHOBHOM, B TIOJISIX HOPMATHUBHBIX TPAHUTOB.

Bo Bpems 3BONIONINY TEPUMHCKUX TPAaHUTOUAHBIX cepuil bonbmoro KaBkasza mis nzyueHus Bapuanum
OT/ENBHBIX OKHCIOB MBI BOCIIOJIB30BAINCH MeTOOM A.Xapkepa. CMBICI €ero OCHOBBIBAaeTCS Ha TeX
3aKOHOMEPHOCTSIX, KOTOpBIE HWMEIOT MECTO BO BpeMs KPHCTALIHYECKOTO (QpaKIUpOBaHUS
MarMaTH4eCKUX pacIUlaBOB, B YaCTHOCTH, NapajuleIbHO ¢ Bo3pacTaHueM SiO, 3akOHOMEpHO
U3MEHSETCS KOHIEHTpAlMs W JpPYyrHX OKHCIOB. BcemexctBme »srtoro, amarpammbel  A.Xapkepa
NPEACTaBISIOT cOO0M eNMHCTBO BapUAIIMOHHBIX KPUBBIX, KoTopble mpoxomat yepes I, I, 1, IV u V
CpelHHE TOYKM KHCIOTHOCTH, I'JIe M3MEHEHHE KaXIOH KpHBOW KOOPAWHHPYETCS COOTBETCTBEHHO
Bo3pactannio SiO,. Kak Bumum, 3TOT METOA JJaeT BO3MOXHOCTH BO BpeMs (DpakiHOHHOM
KpUCTAUIM3allMd MarMaTHYeCcKoro paciuiaBa CIEeIUTh 332 BapHAIMsIMHU KOHKPETHBIX OKHCIIOB, YTO
SIBJISICTCS TIPEUMYIIIECTBOM 3TOTO METO/Ia.

Ha auarpamme A.Xapkepa XOpOIIO OTOOpPaKeHbI Bapuallud Ta0OpO-TIIarHOrpaHuTOBOM cepuu (puc.
4.3.). B a10i1 cepun nmapayuienbHo ¢ Bo3pactanueM SiO, pe3ko ymenbiaercs coaepxkanne MgoO, FeO,
Fe,Os; u CaO u Bospacraer monsi Na,O, HO ocoboro BHUMaHUS 3aciykuBaroT Bapuanuu K;O. Ero
COZIep)KaHUE B ATOW CEpPHH, MO CPAaBHEHHIO C JPYTHMMH CEpUSIMH, CaMOE€ HU3KOE M, BMECTE C TEM,
OTMEYaeTcs ero yMeHsbllleHHe OT nepBoil (~1%) mo msaroit kucinotHod rpymnn (0,39%), uro pesko
OTJIMYAET 3Ty CEPHUIO OT JIPYTUX I'PAaHUTOUAHBIX ceprii bonbimoro Kaskasa.
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Puc. 4.3. BapuanuonHasi aumarpaMMa XHMHYECKOI0 COCTaBa TIepPUMHCKOIl radopo-
IIAruorpanuToBoii cepun bouabmoro KaBkaza (mocTpoeHa 1o CpeJHUM MOKa3aTesiM
KHMCJIOTHBIX TPYyM).

VYen. 0603n.: Cpeanee conepkanune SiO;, o I, 11, 1, IV u'V - kucinotHsIM rpymmam.

B mopomax TpaHOIHOPHT-aJaMeUInTOBOM cepuu (puc.4.3), mapamiensHo ¢ Bospactanmem SiO,
YMEHBIIAETCS TIPOLIEHTHOE CO/IEP’KaHUEe BCEX OKMCIIOB, HCKIIoYeHue coctasisitoT b Na,O u K0,
coJlepyKaHue KOTOPBIX TIOCTETIEHHO BO3pPACTAET OT MEPBOM KUCIOTHOMN TPYIIIHI K MATOW. DTH Bapralluu
YKa3bpIBalOT Ha MPOLEHTHOE BO3pacTaHHME KBapla, ajbOuTa W KajJWIllarta B CHCTEME BO BpeMs
Kpuctawm3anuid. OJHOBPEMEHHO TPOHMCXOAUT oOeqHeHue Marmbl — Fe-Mg muHepanamu, 49TO
COBEPIICHHO €CTECTBEHHO BO BPEMsI KPUCTAILTU3AI[MN TPAHUTOUTHBIX PACIJIaBOB.

B MurMaTuTax rpaHHT-MHTMaTHTOBOTO Kominiekca (prc.4.5) mapamienbHo Bospactannio SiO, pesko
ymenbInaetcs coaepxkanne Al,O3, FeO, Fe,03 u MgO. Conepxanne CaO ymenbmaercs mexay | u ll
WHTEpBaJaMH, a 3aTeM ero COJepXKaHHWe, Tak ke, kak u conepkanue Na,O B moponmax, modru He
Mensercsa. Conepkanne K,0O Bo3pacraer mexmy | u |l maTepBaNamMu, a 3aTeM €ro cojepKaHue PE3KO
yMeHbIaeTcs. Takue BapHalud XUMHUYECKHX J3JIEMEHTOB HE
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Puc. 4.4. BapuanuonHasi JAumarpaMMa XHMHYECKOI0 COCTAaBa TIePUMHCKOIl radoopo-
agaMe/UIMTOBOI cepuu boabmoro Kaskasa (mocTpoeHa o cpeiHIM MOKA3aTeIAM KHCJIOTHBIX

rpymnm).

VYen. o603Ha4. cM. Ha puc. 4.3.

XapakTepHbl UI1 YUCTO MarMaTHYeCKHX OOpa30BaHMH, YTO XOPOLIO BBIPAXKAET TCHETHUECKYIO
npuposy MUTMaTtuToB. Heob6XommuMo OTMETHTh, YTO MHUTMATHUTBI PETHOHANBHOTO pPa3BUTHS B
OOJNIBIIMHCTBE CIIy4aeB MPEACTaBISIIOT COOOH pPECTUTOBBIE CHUCTEMBI, M BO3MOXXHO MUIPALIUs
BBICBOOOKACHHOTO U3 apeana wurmarmzannn K,O sgBnseTcss NpUYHMHON MUKPOKIMHU3AIUU
IJIaTMOIPaHUT-TPAHUTOBOW cepuu. Ilnarvorseicsl M IUIArMOTrPAHUTHI IUIArMOTPAHUT-TPAHUTOBOM
CepUH SIBJISIOTCS CHHKOJUTU3MOHHBIMH OOpPA30BAHUSIMH, M3-32 UETO MX XMMHYECKas 3BOJIOLUS HE
OTBEYaeT NMPUHIMIAM MarMaTruueckor auddepentmanun (puc.4.6). [Io MHOTOYNCICHHBIM KPUTEPHUSIM
OHU MPEACTaBISIIOT cOOOM aHATEeKTHYECKHE paciulaBbl, cHOPMHUPOBAHHBIE B YCIOBHSAX BBICOKOTO
JIaBJICHUS, YTO OTPAKaeTCs B BapHalusix okucioB. [lapamiensHo ¢ Bo3pactanueM SiO, ymMeHbIIaeTcs
cozepkanue Bcex aneMeHToB, kpome Na,O, koropsiit Bospactaer Mexay Il u IV unTepBanamu. B
MHUKPOKIMHOBBIX TOPPHUPOOIACTOBBIX TI'pPAaHUTAX ITOH K€ CEPHH, B OTJIMYKME OT IUJIATMOTPAaHHUTOB, C
Bo3pacTanneM SiO, mporpeccuBHO
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Puc. 4.5. BapuanuoHHass AuarpaMMa XMMHYECKOI0 COCTaBa MHUIMATHTOB TIpPaHMT-
MHTMATHUTOBOr0 KoMiiekca boasmoro Kaskasa (mocTpoeHa mo cpeqHMM ToOKa3aTeasiM
KHCJOTHBIX FPYIIN).

VYcn. o603Ha4. cM. Ha puc. 4.3.

yBenuuuBaercs cogepxanue K,O, u ero konmuecTBo B V KHCIOTHOH rpynme gocturaer nodru 6%.
[TapannensHO ¢ 3TUM MPOIIECCOM YMEHBIIAIOTCS APYTHE OKHUCIBI, YTO XapaKTEepPHO Uil TPaHUTOHIIOB,
c(hOpMHUPOBAHHBIX B PEKUME WHBEPCHH.

Bonblras 9acTh MacChl TPaHOAMOPHUT-ASICKUTOBOM cepun cobpana B |V kmcmorto# rpymme (SiO;
=68,00-75,00%), rme mapamienbHo ¢ Bo3pactanueM SiO,  moBbimaercs cojepxanue K0,
MPAKTHUECKU HE u3MeHseTcs KoHuenTpanus Na,O v 0THOBpEMEHHO YMEHBIIIACTCS MPOLICHTHAS A0JIsI
BCEX OCTaNbHBIX OKHCIOB (puc. 4.8). Cinemyer oTMeTHTh, YTO B V KHCIOTHOHM Tpymme, Koraa
Si0,>75,00%, pe3ko ymeHbinaeTcs komudectBo KO, UYTO XapakTepHO sl TPAHWUTOHUJIOB,
BBIKPHCTA/VIM30BaHHBIX M3 MarMaTu4eckoi cucrteMbl. Hajgo OTMETHTh, YTO B METPOJIOTHH ITOT (DaKT
HE TIOJTyYHJT IOCTATOYHOTO OOBSICHEHUS U TIOATOMY HEOOXOJIMMO €To JIeTalbHOe n3ydeHune. Bapuaryn
XUMHUYECKUX DJIEMEHTOB B BEPXHEKAICOHCKMX IPAaHUTOrHEWCaX OTBEYAIOT 3aKOHAM KPHCTALIN3alliu
MarMaTH4ecKoil cucTeMbl. B HUX, mapaiensHo ¢ Bo3pacTanueMm SiO, MpOrpecCHBHO yBETMYHBAETCS
nporeHTHoe copepxkanne K,O u Na,O u ymeHbIIaeTcst 10y BCeX OCTaILHBIX OKUCIIOB (puc. 4.9).
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Puc. 4.6. Bapnanuonnas AuarpaMmMa XMMHYeCKOI0 COCTaBa IUVIATHOTHENCOB U MJIATHOTPAHUTOB
TepPUUHCKON INIATMOTPAHUT-TPAHUTOBOH cepuu Boabmoro KaBkaza (mocrpoeHa mo cpeiHum
NoKa3aTeJsiM KHUCJIOTHBIX Fpynm).

VY. 0603Ha4. cM. Ha puc. 4.3.

Takum 06pa3oM, BapuallMOHHBIE AUarpaMMbl A.Xapkepa MOKa3ajid, YTO MPH DBOIIOIMH TEPIIHHCKUX
TPaHUTOMIHEIX cepuii Bombmioro KaBkaza B HHMX OTMEUYarOTCS 3aKOHOMEPHBIE BapHAIldH BCEX
XUMUYECKHUX 31eMeHTOB. [Ipu Bo3pactanun SiO, Bo Bcex cepusix ymenbinaercs coaepkanue Al,Og,
FeO, Fe,0;, MgO, CaO, MnO u TiO,. B memom, Na,O mposBIseT TEHICHIUIO ITOBBIIIEHNS,
WCKJIIOUCHUE  COCTABIAIOT  JIMIIb ~ MUTMATHThI ~ TPAaHUT-MHUTMATUTOBOTO  KOMIUIEKCA U
mopupOOIACTOBBIE TPAHWTHI IJIATHOTPAHMT-TPAHUTOBOW cepHH. B MEpBBIX, KOJIWYECTBO 3TOTO
JJIeMEHTa He W3MEHseTcs, a BO-BTOpeIX yMeHbmmaercsa. Comepxanne KO yMmeHbImaercss B
OTMEUYEHHBIX MUTMATHUTaX, B IUIATHOTPAHUTAX [IArMOTPAHUT-TPAHUTOBOMN CEpHH U B TIOPOIax rabopo-
ITaTHOTPAHUTOBOM CEPHH, a BO BCEX OCTAIBHBIX CIyYasX OHO BO3PACTaeT.

Mpir usyuwmnu cootHorreHrne K,O/Na,O ortHocutensno SiO; (puc.4.8), Mo KOTOPOMY TepIHHCKHE
rpaHuTouIHbIe cepur boibmoro KaBkaza sBHO oTiwuaroTcs Jpyr oT japyra. [lapamnensHo ¢
Bo3pacTanueM SiO, 3TO COOTHOIICHHE YMEHBINACTCS B TIOPOAaX rab0po-IIarnorpaHUTOBON CepuH, B
MUTMaTHTaX TPAHUT-MUTMATUTOBOI'O KOMILUIEKCA M B IUIATMOTPAaHHUTAaX ILIarHOTPAHUT-TPAHUTOBOMN
CepUU W BO3pacTaeT B rab0po-aJaMeTUTOBOH W T'PaHOAMOPUT-AIICKUTOBOM CEpUsAX, a TaKkkKe B
nophupoOIacTOBEIX TpaHWTax. Ha 3TO# guarpamMme MOpOJBI TPAaHOTUOPHUT-AISICKUTOBON CepHH U
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BEPXHEKAJICIOHCKHE TPAHUTOTHEHCHI MPOSBISIOT OAWHAKOBBIC METPOXUMHYECKHE TECHICHIMH, YTO
CBUJETENBCTBYET 00 X T€HETHYECKON OJIM30CTH.
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Puc. 4.7. BapuannoHHasi AuarpaMMa XHUMHMYECKOr0 COCTaBa TIePUHUHCKUX MHUKPOKJIUHOBBIX
nop¢upodJacTOBbIX TIPAHWTOB IJIATHOTPAHUT-TPaHUTOBO cepum boabmoro Kaskaza
(TmocTpoeHa o cpeIHNM NMOKa3aTeaIM KHCJIOTHBIX TPyNi).

YcioBHBIE 0003HAUYCHHUS TE XKE, YTO U Ha puc. 4.3.

Ecmu meton A.Xapkepa MoKa3bIBaeT BapHAIlUK KAXJIOTO XMMHUYECKOTO JJIEMEHTa, TO BapHAIlMOHHAS
BEKTOpHalibHAs JuarpamMma OBpapjia-EjmceeBa Ha OJHOM rpaduke OTpakaeT BeCh MPOIECC
9BOJIIONMN MarMaTu4eckoi cucrembl (BemmkocmoBurackuit u ap., 1984). Ona mpencraBiser coboi
npoekimio  Terpadapa (Mg,Fe)O-Ca0-2Al,05-Si0,, koTopas AaeT BO3MOXHOCTb JICTATLHO
PaccMOTPETh MOCIEI0BATEIbHOCTh KPUCTAITM3AI[MA MHOTOKOMITOHEHTHOH MarMaTuuecKoil CHCTEMBI
C YYeTOM KaK XHMHYECKHX, TAK ¥ MHHEpPAIbHBIX (DakTOpoB. BMmecTe ¢ TeM, reHETHYCCKHI THI
NpPE/CTaBICH HE IM0JeM, HO BEKTOPOM, T.€. BAPHAI[MOHHBIM ITyTEM O3BOJIOIMH, KOTOpPBIA JaeT
BO3MOYKHOCTh COIOCTABJICHHS PA3JUYHBIX T'CHETHYECKHX BHUIOB. HeoOXOAMMO OTMETUTH, 4TO
F.Evrard (1947), paccmotpuBas B3aumooTHomenust 110, Fe,0; u FeO, mokasan, uto Ha rpaduke
TiO,-(TiO,+FeO) ananmm3pl KOMarMaTH4eCKHX MOPOJ] PACIIONAratoTCsl MPSIMOJIMHEHHO, a B Cilydae
ACCHMUJIAIIMH, THOPUAM3MA U METacoMaro3a — He MPSMONUHEHHO. DTa 3aKOHOMEPHOCTD SIBJISICTCS
XOPOIIUM TCHETHUYSCKHM KPUTEPHUEM M, Kak OyJET eIlle MOKa3aHo, MPOSBISICTCS U B TEPIUHCKHUX
TpaHUTOUTHBIX cepusx bomemoro KaBkaza. Ilo Bcell BepOsSTHOCTH, PTO SBICHHE OOYCIIOBJICHO
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(1)I/I3I/IKO'XI/IMI/I‘ICCKI/IMI/I 3aKOHOMCPHOCTAMHU KpUCTA/UIM3allM MarMaThu4eCKoOro paciiiaBa, KoOTopas
HapymaeTcsa B Ciiyda€ aCCUMUIIALINN, r1/16p1/1m/13Ma U ME€TacoMarTo3a, 4YTO Ha BapHallMOHHBIX rpa(bHKax
OTpaxacTcCs B HCIMHCHHBIX KPHBBIX.
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Puc.4.8.Tuarpamma SiO»-K,O/Na,O repumHcKHX rpaHuTOMAHBIX cepuii Boabimoro Kaskaza
(IMOCTPOEHA MO CPETHUM NMOKA3aTeIAM KHCJIOTHBIX TPYI).

Kpusble: 1 — rab0po-rutaruorpanuToBasi cepusi; 2 — rab0po-ajgaMesiuToBas Cepysi; 3 — MHUTMaTHTHI
I'PaHAT-MHT'MaTHTOBOTO KOMIUIEKCa; 4- TUIArMOTHEHCHl U IUIarHOTPaHUThI TUIArHOTPAaHUT-TPAHUTOBOM
CepuH; S5- MHUKPOKJIMHOBBIE NOPGHUPOOIACTOBBIE TPAaHHUTHI IJIATMOIPAHUT-TPAHUTOBOW cepuu; 6-
TPaHOJIMOPUT-ATSICKUTOBASI CEPHSI; 7- BEPXHEKAIEIOHCKHE TPAaHUTOTHEWCHI.

W3 ananu3a SBOJIOLMOHHON JUarpaMMbl T€pLUHCKUX IPaHUTOMIHBIX cepuii boabmoro Kaskasza (puc.
4.11) HarmsIIHO BUAHO, YTO ATH CEpUH (OPMHUPYIOTCS B Pa3TUYHBIX MarMaTHYECKUX O4darax U UMEIOT
pasHple IyTH OBOJIIOLIMM, HO OHM CTPEMATCS K IO KBapl-NaJeBOIINATOBON 3BTEKTUKH.
dopmupoBaHHe MMOpPOA TrabOpO-TUIArHOTPAHUTOBOM CEpUM HAauyMHAETCsl B apeaje, OoraTom
rmHO3eMOM M (pemuueckumu daementamu (touku | u 1l). B mporecce 3BojonuMu coctaB Marmbl
cTpemuTcs K 30He 3BTeKTHKH (Touku |1 u 1V), a B mocnenneit dhaze Tpenn stoi

CepHH CJIeTKa HakKJIOHSeTCs K cpene, 6oratoit SiO,, UTO MOMKHO OOBSICHATHCS HAJTOKEHBIM CITa0bIM
OKBaplieBaHHEM. B 11e0M, TpeH  MIaruorpaHuTOBOM CEpUM MPSIMOIUHEHHBIN, UTO YKAa3bIBACT HA €T0
SBHYIO MarMaTH4YeCKyI0 IPUPOIy. BmecTe ¢ TeM, OH MPOXOANUT BECH ITyTh IBOJIOIUH MarMaTuIecKon
CHCTEMBbI, HAYMHAsl C OCHOBHOT'O COCTABA U 3aKaHYUBAsl KUCIIBIM.
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Bapunannonnas kpuBasi rab0po-a1aMeuINTOBOI cepiy HAYMHAETCSI B OCHOBHOM Cpejie M HarpaBieHa K
30HE TPAHUTHOM 3BTEKTHKH, XOTS U HE OCTUraeT ee. Bmecte ¢ Tem, B HEll He OTMEUArOTCS MPOLIECCH
IIeJIOYHOTO0 METAacOMaTH3Ma M OKBaplieBaHHA. B oTiMyue OT IUIarMorpaHUT-TPaHUTOBOM CEpUU ee
BEKTOP XapaKTEPU3YeTCsl HE NPSIMOIMHEHHOCTHIO, YTO YKa3bIBAa€T HA ACCUMWIIALIUIO U THOPUAN3ALIUIO
B mpouecce ee¢ ¢opmupoBaHus. CieayeT OTMETHTh, YTO 3TH (DaKThl HAaXOAATCS B XOPOIIEM
COOTBETCTBHH C Pe3yJIbTaTaMU TOJNEBBIX U MEeTPOrpadpuyIeckux UcciaeI0BaHnH.

B omimume oT paccMOTpEeHHBIX cepuid, TOPOAbl IUIArMOTPAaHUT-TPAHUTOBOW CEPUM HAYMHAIOT
dopmupoBaThcs B apeasne, 00CJHEHHOM XMMHUYECKUMH JIEMEHTaMH M TIHHO3eMOoM. [lapamiensHo ¢
Bo3pactanueM SiO, B MHUIMaTHTaX I'PaHUT-MHIMATUTOBOTO KOMILIEKCA, TPEHI SBOJIOLHMU OT 30HbBI
9BTEKTHKH OTKJIOHSETCS BIPABO M XapaKTEpU3yeTCsl CHIIbHBIMHU 3ur3aramu. llomyueHHass KapTHHA
JICTAIFHO BOCTIPOM3BOAMT CYIIHOCTh TEHE3MCa MUTMATUTOB - OHH OOpa30BAINCH B PE3yJbTaTe
YaCTUYHOTO TIABJICHUS CyOCTpara 1 B 3TOM CUCTEME 3aKOHBl  KPUCTAJUTM3AIMOHHOTO (PaKIIMPOBaHUS
He JelcTByoT. Bmecte ¢ Tem, Ha mocieqHeM dSrtarme HX (OPMHPOBAHUS HMEN MECTO Mporecc
MHTCHCUBHOTO OKBapleBaHUs. [IIarnorpaHuTel ¥ IUIATHOTHEWCHI IIarHOTPAaHUT-TPAHUTOBON CEPUH
HauMHAOT GopmupoBanue B apeasie MurMatutoB (T.111) u cTpeMsrcs k 30He 3BTEKTHUKH, XOTS OHU Ha
MOCJICTHEM 3Tare SBOJIIOIMK HCIIBITHIBAIOT Ci1adble BTOpUUHBIC mporecchl. Hadanphast Touka (T.111)
TpeHaa mnopdupoOIacTOBBIX TI'PAaHUTOB OTMEUEHHOH CEpUH, paCIOJIOKEHa HEMOCPEACTBEHHO Ha
TPeHJE TJIArMOTPAaHUTOB M MPOJOJDKACTCS MPSMO K 30HE ABTEKTHKHU. DTOT (PakT XOpOIIO OoTpa)kaeT
TEHETUYECKOEe eIMHCTBO PACCMOTPEHHBIX IIarHOTPaHUTOB U MOP(UPOOIACTOBBIX TPAHUTOB U TO, YTO
IMMOCJICAHUC YaCTO ABJIAIOTCA PC3YyJIbTATOM MUKPOKIIMHHU3AlIHUK IJIarMOrpaHUTOB. Ha IIOCJICAHEM JTalle
(dhopMupoBaHUsL nop¢hupoOIACTOBBIX TPaHUTOB oTMeYaeTcs ciaboe OKBapIIeBaHUE.
BepxHekanenoHCKHE TPAaHUTBI HAYMHAIOT  (OPMHUPOBATbCA  BOJIHM3M  MHIMATHUTOB  T'DaHHT-
MUTMaTHTOBOTO KOMILIEKCA B cpefie, 00eTHEHHOW (PeMHYECKHM U TIIMHO3EMHBIM MarepuanoMm. [1yTh
UX DBOJIIOIMU TIPENCTABISET COOOM MPSIMOW TPEH[, KOTOPBIA CTPEMHTCS K TPAaHUTHOH IBTEKTHKE,
BTOPHUYHLIC IIPONLECCHI 31€Ch HE OTMCYAIOTCA. ITo sTum Ipu3HaKaM 3THU MOPOAbI SABHO OTBEYAIOT
MarMaTH4eckuM oOpaszoBaHusM. HTepecHO, 4TO
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Puc. 4.9. lnarpamMmma-Moaeb NeTPpOXUMHYECKOH IBOTIONNH TePIUHCKUX TPAHUTOMIHBIX CePUH
Boabmoro Kaskasza (nmo dspapay-EauceeBy). E — 30Ha 3BTeKTHKMH.

Kpusble: 1-rabOpo-miaruorpanuroBas cepus; 2-rab0po-agaMenuToBas CepHs; 3-MHIMaTHUTbHI
TPAaHUT-MUIMAaTUTOBOIO KOMIUIEKCA; 4-TUIAaTMOTPAaHUTHl  IUIarMOrpaHUT-TPAaHUTOBOM cepuu; 5-
MUKPOKJIMHOBBIE TPAHUTHI TUIArHOTPAaHUT-TPAHUTOBOM CEpHH; 6-TPaHOINOPUT-aJaMEITIUTOBAsI CEPUS;
7-BepXHEKaJeJOHCKUE IPAaHUTOTHEHCHI.

TPaHUTOTHEMCOBYIO KPHBYIO HEMOCPEJCTBEHHO TIPOJIOIDKACT M CTPEMHUTCS K 3BTEKTUKE TPEH]I
SBOJIIONMU TpaHoAnopHUT-aysickuToBoil cepun (T.l11), koTopas ucmbIThIBaeT ciaboe HaJIOKEHHOE
OKBapleBaHue. JTOT (akT eme pa3 MOATBEP)KAAET Halle NPEAINOJIOKEHHE, COIJIACHO KOTOPOMY
HOPOJBl  T'PAHOJHOPHUT-AJSICKUTOBOW CEpHM  TPEJCTABIAIOT cOO0OH  pe3ynbTaT —MHaJMHTeHe3a
MO3IHEKAJIEIOHCKUX IPaHUTOTHEHCOB.

Takum 00pa3oMm, TepHMHCKHE TPAHUTOWIHBIE CEPHUH Ha AWarpaMMe-mojennd OBpapaa-Emmnceesa
MOKa3aJld JOBOJBHO HHTEPECHBIC PE3YNbTATHI, KOTOPHIE HAXOIATCA B XOPOIIEM COOTBETCTBHH C
TIOJICBBIMY T€OJIOTUUECKUMU HaOmo/ieHussMu. V3 aHanmu3a auarpamMMbl BUHO, YTO PacCMOTPEHHBIE
TPAaHUTOUHBIC CepUU (POPMHUPYIOTCA B PA3TUYHBIX MAarMaTWYeCKMX OdYarax M IMyTH WX DBOJIIOIUH
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pasiauyHB, HO B IIEJIOM, BCE OHH CTPEMATCS K AaHXMIBTEKTHYECKOMY cocTaBy. ['abGbpo-
TUTATHOTPAHUTOBAS CEPHsl TPEICTaBIsAET COOOW MarMaTH4ecKylo CHCTEMY, KOoTopas (popMHUpyeTcs B
cpene, 6oraToil rTMHO3EMOM U (PEMHUYECKHMHU 3JIEMEHTAMU M CTPEMHTCS K 30HE 3BTEKTUKHU. ['abOpo-
aZlaMeJUTHTOBAs Ceprsl Takke oOpa3yercs B cpese, 00raToi TIIMHO3EMOM U (DeMHYECKHUM DIIEMEHTOM,
HO B ee (OPMHPOBAHMH OOJIBIIYIO pOJb HWIPAOT MPOLECCHl ACCUMHISIMUM M THOpUAM3MA.
[TnaruorpanuT-rpanuToBas cepusi GopMupyercss B cpene, 0OCTHEHHOW STHMH DIIEMEHTAaMH, W 3Ta
JrarpaMmma XopoIIo OTpakaeT TeHeTHIeCKOe eIMHCTBO MUTMATUTOB TPAHUT-MUTMaTOBOTO KOMILIEKCa
U TPaHUTOMJIOB 3ToW cepuu. M3 aHanmmza nuarpamMmbl CTAHOBHUTCA SICHO, YTO CYIIECTBYET TeCHasd
TeHeTHYeCKasi CBS3p MEXAY MMO3THEKAICIOHCKAMH TPAaHWUTOTHEWCAaMU W TOpPOJaMHU TPaHOIHOPHT-
AISICKUTOBOM CEpHH.

N3 anamm3a AFM gmarpammsbl (puc. 4.10) HarmsigHO BUAHO, 4YTO TOPOABI rabOpo-
IUIArMOIPaHUTOBOM CEpUM HAYMHAIOT (OPMHUPOBATHCS B I10JIE TOJIEUTOBBIX 0a3ajbTOB,
IBOJIOLMOHUPYIOT B  CTOPOHY  aHAE3UTO0A3aJIbTOBOIO  COCTaBa M 3aKaHYMBAIOT
dopmupoBanue B cpene, Ooratoil HarpueMm. IlepBas KucioTHas Touka TabOpo-
a/1aMeJIJINTOBOM CEpUU IOMNAAAET B II0J€ aHJE3UTA U ABOJIIOLHOHUPYET MOUYTH MapauIeIbHO
KPUBOH, JesIIeld TOJEUTOBYIO M H3BECTKOBO-LIEJIOYHYIO CEPUM M IPEphIBAeTCA Y TOUKU
JAIUTOB CpeaHero coctapa. Ilnarmorpanurt-rpaHuToBasi cepusi HaUMHAEeT (OPMUPOBATHCS B
aH/Ie3UTOBOM cpesle, M €€ TPEeHIbl HANpaBSIIOTCS K 30HaM OoraTbiM wienouyamu. U3
JUarpaMmbl  XOpOILIO BHUIHO, KaK KPHUBYIO 53BOJIOLMUM MUIMAaTUTOB HENOCPEACTBEHHO
IPOI0JKAET KPpUBasi MUKPOKJIMHOBBIX TOPPHP00IacTOBBIX I'paHUTOB. [lopoabl rpaHoIMOpUT-
QIACKUTOBOW CEpUH HAYMHAIOT (POPMHUPOBATHCS B JALMTOBOM cpele, M TPEH]I UX IBOJIOIIH
Ipe/CTaBIsieT Cco0OW HENOCPENCTBEHHOE MPOAOIDKEHHE KPUBOW BEpXHEKaJICAOHCKUX
IPaHUTOTHEHCOB. JTOT (AKT SABISETCS €lle OJHUM AapryMEHTOM, IOATBEPIKAAIOLIUM
TEHETHYECKOE EIUHCTBO OTMEUEHHBIX TPAHUTOUIOB.

W3 kf nmarpammel BuaHo (puc.4.11), yTo repuMHCKHE TpaHUTOUIHBIE cepuu bonbiioro
KaBka3za xapaktepusyrorcs cpeaHeil kuciaotHocTeio (50-70 %) m GonbIIMM JMANa30HOM
kanueBoctu (50-70 %). Ilo cpenqHemy MmokaszaTenato Mbl OKOHTYPHIIM IOJI PaclpoOCTpaHEHUS
KOKIOW CEpPUM, 4YTO IO3BOJWIO IPOCIEAWTH OTMEYEHHblE napamerpsl. MccienoBanus
nokaspiBaloT (BenukocnoBunckuii u ap., 1984; Oxpocusapuaze, 1989), uro B omHOM
TEKTOHOMAarMaTHYeCKOM IIMKJIE€ OTMEYaeTcs SBHBIM pOCT Kalud U Kele3a OT
paHHEKHHEMAaTHYECKUX IPaHUTOUJIOB K O3 JTHEKHUHEMATHUYECKHUM. Xopomum
MOATBEP)KJIEHUEM ITOTO SIBJISIOTCS FEPLUUHCKHE I'paHUTOMUIHBIE cepun bonpmioro Kaskasa.
Ecnn pykoBOACTBOBAaThCS 3TUM NpHHUMIIOM U AaHHbIMH Kkf auarpammsl (puc.4.11), Torma
nopoJsl rab0po- IUIArMOTPaHUTOBOM CEpUM  CIelyeT OTHECTM K CaMblM paHHUM
00pazoBaHUsIM
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Puc. 4.10. TI'epumHckue rpanuTouanble cepuun boabmoro Kaskaza ma AFM auarpamme
(mocTpoeHa BapUAIHOHHBIM METOI0M, M0 CPeIHUM JaHHBIM KHCJIOTHRIX rpynn) (A=Na,0+K,0;
F=FeO+0O,9 Fe203; M:MgO)

1- kpuBas nquddepenunanuu TonentoBol cepun (mo Makaonansay u Kamypy). Cpenuue coctassl: TB
—TOJIEUTOBBIX 0Oa3anpToB (1o Skemry m VYaiiry); TA — TOJEUTOBBIX aH/E3UTOB; A— H3BECTKOBO-
MIeNTIOYHBIX aHae3uToB; D —mammroB; R — puonutos (o Upeuny u baporapy).

VYen. o6o3Ha4. cM. Ha puc.4.8.

PacCMOTPEHHOI'O TEKTOHOMAarMaTW4yeckoro NMKJIA. 3a HUMHU CIEAYIOT IUIarMOrpaHUThl U
IUTarMOTHENCHl  TUIArHOrPaHUT-TPAHUTOBOM CEpUH, a MUKPOKIMHOBbIE MOPHUPOOIaCTOBBIE
TPaHUTHI TOJKHBI OBITh CaMbIMH MOJIOJBIMH OOpa3oBaHusMH. W3 3Toll AuarpaMMbl BUIHO,
4T0 00pa3oBaHUs rab0OPO-a1aMeITTUTOBON U TPAHOIMOPUT-ATSICKUTOBON CEpUU - CUHXPOHHBI
U OHU (POPMHPYIOTCSI MPUMEPHO MOCIE MIArMOTPAaHUTOB IIATMOTPAHUT-TPAHUTOBON CEPUH U
JI0 MUKPOKJIMHOBBIX TOPQHPOOIACTOBBIX TPaHUTOB. EcTecTBEHHO, 3Ta [UarpaMMa He MOXET
BOCCTAHOBUTH HJI€AJbHYI0O KapTUHY IMOCIEA0BATEIbHOCTH (OPMUPOBAHUS OTMEUYEHHBIX
TPAaHUTOUIHBIX CEPHii, HO BCE e 0TOOpakaeT OOILYIO0 TeHACHIHIO.

I'epunHCckue rpaHnTouaHsle cepur bosbmoro Kaeka3za, 1Mo CpeIHHM ITOKa3aTeNsIM TPYIII
KUCIIOTHOCTH MBI paccMoTpenu U Ha Ab-Q-Or HopmatuBHOH (a3oBoii iuarpamme (puc. 4.12).
Ha Heill rpaHuTOUIbl pa3HBIX CEPUN 3aHUMAIOT pa3iauyHbie moJiga. ClenyeT OTMETUTh, YTO
napajuienbHo ¢ Bo3pacranueM SiO, HopmaTuBHBIE Tokazatenn Ab-Q-Or B pasHBIX cepusix
MIPOSIBJISIIOT pasHble Bapuanud. B rabOpo-IuiaruorpaHUTOBOM CepUM, BCE TOUYKH KOTOPOU
pacrnosararoTcs B oJie IBOWHOTO MUHUMYMa.
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Puc. 4.11. T'epumHckue rpanuTouannie cepuu boabmoro Kapkaza mna Kkf agmarpamme
[(k=K/(K+Na) x 100%;] [f=(Fe**+Fe* +Mn/Fe*" +Fe**+Mn+Mg) x100%].

[loms: 1- rabGOpo-marnorpanuToBas cepusi; 2 — Ta0Opo-aaMeruITOBas CEpHs; 3- MHTMATHTHI
TPaHUT-MUTMATUTOBOTO KOMIUIEKCa; 4- I[UIArHOTHEHCHl W IUIATMOMUTMATHUTHI  IUIATMOTPaHUT-
TPaHUTOBOM CepHU; 5 — MUKPOKIMHOBBIE TOP(HUPOOIACTOBBIE IPAHHUTHI ILIATHOTPAHUT-TPAHUTOBOMN
cepHH; 6 — rPaHOIMOPHT-AISICKUTOBAS CEPHSI.

Hccnenosanusi mokaszanu, uto mapamerpsl Ab-Q-Or Bo Bpemsi 3BOJIOIMH TPAHUTOMIHBIX CEpPHid
MPOSIBISIIOT Pas3IMYHbIE BapUalM, HO OHU NPAKTUYECKH HE BBIXOJAT 3a IPEIENbl OAHOM 30HHBI. B
YaCTHOCTH, TabOpO-TIarnorpaHUTOBast Cepusl JIOKAIM30BaHA B 30HE JBOMHOTO MHHUMyMa H €€
BapHalny He BBIXOAT 3a ee mpeaensl. [IpuMepHo Takyio jke MO3UIHMI0 3aHUMAIOT IUTarHOTPaHUTHI |
IUTaTMOTHEMCHl  MJIarHOTPaHUT-TPAaHUTOBOM cepud. Touku raOOpo-azaMeIuIMTOBOM cepud, B
OCHOBHOM, pAacIIOJIOKEHBI B 30HE TPOMHOTO MHHHMyMa TPAHUTHOW SBTEKTUKH W €€ BapHaIllH
OTMEYaIOTCsl B MpejesiaX 3TOH ke 30Hbl. Bapuanuu mop¢upoOi1acTOBBIX T'PAaHUTOB IUIATMOTPAHUT-
TPaHUTOBOM CEpUH HE BBIXOAAT 3a MpeAeNbl 30HbI, oOoraimeHHOH oprokiazoM. [ 'paHommopur-
ASICKUTOBAsE CepHsl W TIO3JHEKAIECJOHCKHE TPAaHWTOTHEMCH pAacIoiaraloTcs B 30HE TPOWHOTO
MUHUMYMa 1 IPaKTUYECKH HE MCTIBITHIBAIOT BapHallly.
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Puc, 4.12. I'epunHckne rpannTouanbie cepun bonbmoro KaBkaza na ¢a3oBoii nmarpamme Ab-
Q-Or-H;O (mocTpoeHa 1o cpeIHUM JAHHBbIM KHCJIOTHBIX FPYIIN).

Kpussbie: | — Py;0=500 6ap; Il - Py0=4000 6ap (no Tarny u boyeny); Il -Py0=2000 6ap,
Ab/An=1,8; IV - Py,0=2000 6ap, Ab/An=c0 (110 ®on [lnareHy); ® — TOUYKa TPOHNHOTO MUHHMYMA.

VYcn. 0603Ha4. cM. Ha puc. 4.1.

Ha reognnaMuyueckoil AMCKPUMUHALIMOHHONW MYJIBTUKOMITIOHEHTHOM quarpamme R;-R; ¢puryparvusHbie
TOYKH TepIUHCKUX TPAaHUTOMAHBIX cepuil bonpioro Kaskasza pacmnonararoTcsi, B OCHOBHOM, B TOJISIX
CHUHKOJUTU3UOHHBIX U JIOKOJUTU3MOHHBIX IpaHUTOHI0B (puc. 4.13). Cyas mo 3To# nuarpamMme, rabopo-
TUTATHOTPAHUTOBAS CepUsl HAYMHAET (POPMHPOBTHCS HA TOKOJUTM3MOHHOM 3TaIle 3BOJIIOIUN OPOreHa U
3aKaHYMBAeT Ha CHHKOJUIM3MOHHOM d3Tamne. [loutn Takas jke KapTHMHAa HaOMIomaeTcss M B CiIydae
rab0po-anamemnToBoil  cepun. IlepBas ¢urypatmBHas TOYKAa KUCIOTHBIX TPYI IUIArMOTPAHUT-
TPaHUTOBOM CEPUU PACIIONIOKEHA B JOKOJUTM3NOHHOM TIOJI€, BTOPAs — B CHHKOJIJTM3UOHHOM, a TPEThA -
Ha TPaHUIE CUHKOJUIM3MOHHBIX W IIOCTOPOI€HHBIX IpaHUTOMIOB. lIpuMepHO cXoaHas KapTHHA
HaO0JaeTca M B CIydae TPaHOIMOPUT-aSICKUTOBOM cepun. CleoBaTeNnbHO, AUCKPUMUHAIIMOHHAS
muarpamma  R;-R, mokaseiBaeT, d9rOo rpaHuTOMAHBIE cepuu bompmoro KaBkasa HaumHaiOT
(OpMHUPOBTHECS MPUMEPHO HAa JOKOJIM3HOHHOM 3Tare (GOpMHUPOBAaHHUS OPOT€HA M 3aKaHYMBAIOT — Ha
CHHKOJIJTN3MOHHOM JTare.
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Puc.4.13. TeonmHamMuyeckasi IMCKPUMHUHANMOHHAsi auarpamma R;-R, mus rpanuromnon
Boabmoro KaBka3za (Batchelor, Bowden, 1985) R;=4Si-11(Na+K)-2(Fe+Ti); R,=6Ca+2Mg+Al).

Hoasi: 1- wmanTHifHOTO (pakiupoBaHus, 2- MOKOJW3MOHHOE, 3 — TMOCTKOJM3UOHHOE, 4 —
II03/IHEOPOT€HHOE, 5 — aHOPOI'€HHOE, 6 — CHHKOJIU3UOHHOE, 7- IIOCTOPOr€HHOE.

VYen. o0o3nau: 1. rabOpo-TutarMorpaHuToBas cepus, 2. ra0b0po-ajzaMeiuToBas cepus, 3.
TUTATMOTPAHUTHI TUIArHOTPAaHUT-TPAaHUTOBOM cepuH, 4. TPaHUTHI IIaTMOTPaHUT-TPAHUTOBOU cepud, 5.
IPaHOIHOPUT-AIISICKUTOBAS CEPHSL.

Takum 00pa3oM, BapHaLMOHHBIN aHAIN3 METPOXUMHUYECKOH IBOIOLMN TEPLIUHCKUX TPAHUTOUIHBIX
cepuil bonpmoro KaBkasza mokazan, 4TO OHM HMMEIOT PA3JIMYHBIE OYard M MEXAHU3Mbl I€HEpaluu
MarMaTHYeCKHX DACIUIaBOB; Pa3IMYHbl TAaKXKe IYTH HX 3BOJIIOLUH, HO BCE JK€ OHU CTPEMSTCS K
AQHXMIBTEKTUUYECKOMY COCTaBY (eNb3UUYeCKMX MarMaTHMYecKHX paciiiaBoB. B wactHocTH, rabbpo-
TUTATHOTPAHUTOBAS cepusl HAYMHAeT (OPMHPOBAHKE B apealie, 00raToM TIIHHO3eMOM M ()eMUIECKHUMHU
3JIEMEHTAaMH, SBOJIOIMOHHBIA TPEHA KOTOPOH CTPEMHUTCS K aHXMIBTEKTHYECKOMY COCTaBy, HO B
KOHIIE 3BOJIFOIIUH TIOPOJIBI STON CEPUU HCIBITHIBAIOT Ci1ab0e OKBapiieBaHue. [ eonctopus 3Tol cepuun
JIOBOJILHO JITMHHASI, OHA HAYMHAETCS Ha JOKOJUIM3MOHHOM M 3aKaHYHMBaeTCS Ha CHHKOJUTM3HOHHOM
JTane »HBOJIONMKM OpPOTEeHHOW cucTeMbl. [abOpo-amamernnuToBas cepus SABISETCS  CIOKHBIM
METPOJIOTHYECKUM OOpa30oBaHUEM, OHAa HauyWmHAeT (HOpPMHUpPOBAHHWE B cpeiae, OoraTold (eMHICCKUMU
JJMIEMEHTaMH, U €€ TPEHJ CTPEMHTCS K KBapL-TOJICBOLINATOBOI 3BTEKTHKE, HO B €€ ()OPMUPOBAHHUU
3HAYUTENBHYIO POJIb WUTPAIOT MPOILECCHl aCCHMUJISAINKA M THOpuan3Ma. MHWIMaIbHbIE TTOPOIBI ITOM
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CepUU HAYMHAIOT (POPMHUPOBATHCS HA JIOKOJUIM3MOHHOM JTarie, HO OCHOBHAS YacTh T€HEPHPYETCs Ha
CHHKOJUTM3MOHHOM JTarme. B oTinwmdme OT 3THUX cepuil IUIarHorpaHUT-TPAaHWTOBAs HAYWHAET
(dbopMupoBaThC B apeayne, OCTHOM XMUMHUYCCKUMHU 3JCMCHTaMHU W TJIMHO3EMOM M CTPEMHUTCS K
AHXMPBTEKTUIECKOMY cOCTaBy. [lo BCceM MeTpOXMMHYECKUM JaHHBIM OHA SIBIISIETCS aHATEKTHYECKUM
oOpa3oBanueM, (HOPMHUPYIOMUMCS B MUTMaTHTOBOM Cpejie, B OCHOBHOM, Ha CHHKOJUTU3MOHHOM JTare
SBOJIONMU OpOreHa. MarmMaTH4ecKui paciiiaB I'paHOAHMOPUT-AIICKUTOBOM CEPUU TEHEPUPYETCS B
apeane, 60raToM KpeMHEe3eMOM H MIEeJI0YaMH, M €ro TPEeHJ CTPEMHUTCA K KBapIl-TOJIEBOIITATOBOM
aHXUIBTEKTHKE. 110 BceM METPOXUMHUYECKUM MPU3HAKAM 3Ta CEpUS SIBJISICTCS MPOYKTOM PELMKIMHTA
BEpXHEKaJeTOHCKUX TPaHUTOTHEWCOB, KOTOpbIE CQOPMHUPOBAINCH HA CHHKOJUIM3MOHHOM JTare
OPOTE€HOM CUCTEMBI.
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5. TEOXUMUA 'EPHUHCKUX I'PAHUTOHUI0B

BOJBIIOI'O KABKA3A
5.1. Peakue 3j1eMeHThI

ITpumepro B 400 o6pasiax repIUHCKUX TPAaHUTOMIOB HAMH OBLIO ompenaencHo comepxkanne Cu, Pb,
Zn, Mo, Ni, V, Co, Cr, W, Sn, Li u Rb. Ananussl mpoBOIWINCH B 71a0OPaTOPHUH TECOXHUMUHN
I'eonoruueckoro mucturyta uM. A.W.Jxanemunze AH I'pysun. Dnementst W, Sn, Mo u V Obutn
omnpezeacHbl KOJIMYECTBEHHO-CIICKTPAJIbHBIM METOJOM, a BCE OCTalbHBIE — METOJOM aTOMHO-
abcopOImoHHO# cnekTpodoromMerpun. CpeHue MOKA3aTeNM MOJYICHHBIX PE3yJIbTaTOB JIaHbI B Ta0JI.
5.1

Taoauna 5.1.Cpennne conepkaHusi peKUX JIEMEHTOB B TepPIIUHCKUX TPaHUTOHAaX BoJibmoro
Kagkaza (r/1), N —koJm4ecTBO aHAJIN30B

Cu Pb Zn Mo Ni Co Cr V w Li RDb N

I'a60po-miarnorpanuToBas cepusi

65 4.3 70 30 55 17 470 73 7.4 2 10 30

I"'a00po-agamMessiuToBasi cepust

19 33 87 1.8 36.7 14.5 320 151 22 14 149 70

MurmMaTuThbl I'PAaHUT-MUIMATUTOBOI'0 KOMILJIEKCA

15 22 50 1.7 30 13 340 100 14 15 105 50

I1aruorpaHuTHI U IVIATHOTHENCHI IIATHOTPAHUT-TPAHUTOBOI cepun

14 33 56 2.6 12 8 525 76 17.5 10 38 25

MuKpOKJIMHOBBIE TOP(PUPOOIACTOBbIE TPAHUTHI IIATHOTPAHUT-TPAHUTOBOI cepuu

13 37 51 2.6 11 7.5 403 34 20 18 144 55

Ilo3nHeKaeJOHCKUE TPAHUTOTHEN ChI

11 24 63 2.7 17 15 168 74 21 16.6 88 20

I'panurt-ansickuroBasi cepust

17 30 54 2.9 16 11 325 30 24 155 126 80

Amnanus IMPOBCACHHBIX pa60T IMOKa3bIBACT, UTO PACCMOTPCHHBIC I'PAHUTOUJBI IO COCTABY PCAKUX
3JIEMEHTOB ONM3KH K APYruM  aHaJIOTUYHBIM O6pa30BaHI/I$IM, HO OTMCYArOTCA CHCI_II/I(bI/I‘leCKI/Ie
TCHACHIIHUH.

CopepxaHne Meau B TEPUUHCKUX TPAHUTOMAHBIX cepusix bompmoro Kaskaza (puc.5.1) Onm3ko K
OOIIMM KJTAPKOBBIM IOKa3aTeNsiM, JIMIIb B Tab0po-aJaMeuIMTOBOW CEepUH OTMEYAeTCsl €€ BBICOKOE
COZIep)KaHue, Iie KOHIIEHTPAIMs OTMEYEHHOro sjieMeHrta jocturaetr 65r/t. [To W.S.Pitcher (1982),
0oJBIIIOE TIPOIEHTHOE cojepKaHue W MuHepaim3anuss CU XapakTtepHa Juisi TpaHuTonjioB | Twma.
T.B./Banunkuii (1985) cumran, 4ro Meapio oOoramieHsl Jockiagiateie rpanutouasl. J.B. Taycon
(1977) u M. Ky3emuna (1985) npeamonararor, uro CU He XapakTepeH IS IJIarHOTPaHUTOB
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ToJeuTOBOro psiaa. IllomydeHHble HaMM JaHHBIE BIIOJHE oOTpaxaroT wujeo B.Ilutuepa u
T.MBaHULIKOTO.

ConepxaHue CBHHIIA BRICOKOE B rab0p0-a1aMeIUTUTOBOM, TUIArHOTPaHUT-TPAHUTOBOM U TPAHOIUOPHT-
AISICKUTOBOM cepusix (puc.5.1). Ero koHIeHTpalyst B 3TUX CepUsIX B 2 pa3a BHIINIE U MOXKHO CKa3aTh,
YTO OHHM UMEIOT MOJIOKUTEIILHYIO CBUHIIOBYIO crienuanu3aiii. OO 3TOM roBOpST HU3KHE ITOKa3aTeIH
cootnomenus K/Rb, koTopble, B mopomax 0TMEUEHHBIX ceprii KonebmoTes ot 500 mo 900, Torma Kax,
no T.B.MBanunkomy (1985), B monoOHbIX rpanuTonnax Jlokckoro mMaccua, OHU cocTaBistoT 1850, a
Ha Xpamckoro - 1550. Coxepkanue CBHHIIA B TaOOPO-TIIIarOTPAaHUTOBOMN CEPHH, 10 CPAaBHEHUIO C
0o0IMMMH KJIaKOBBIMH, OodeHb HH3Koe (4.3 1/T). Ero xoHmeHTpamus mpuOImKaeTcs K COIEp KaHHIO
3Toro aneMeHnTa (5.3 1/T) B IJIarMOTPaHUTaX TOJIEUTOBOTO Psija.
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Puc.5.1. Conep:xanue Cu, Pb u Zn B repumHcKux rpaHuTONIHbIX cepusix boasmoro KaBkaza.

CrionrHpIMY JIMHUSIMU OTMeUeHBI Kiapku 110 A.B.Bunorpamosy (1962).

| — ra66po-maruorpanutoBas cepus; |l-rabbpo-amamemmroBas cepust; |ll- MUTMaTUTBI TpaHHT-
MUTMAaTUTOBOTO KOMITIeKca, |V- IUIarnorpaHuThl W TUIATHOTHEWCHI IUIATHOTPAHUT-TPAHUTOBOM

cepur; V- MUKPOKJIMHOBBIC MOP(HPOOIACTOBBIE I'PAHUTHI IJIArMOTPAHUT-TPAHUTOBOU cepuu; V-
TPaHOIOPUT-ATSICKUTOBAST CEPUSL.
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B otnmnume ot cBHHIA colepKaHUE LIMHKA B TEPUUHCKUX TPaHUTOMIHBIX cepusix bonbmoro Kaskaza
MPUOIIKASTCS K OOIMMM KJIApKOBEIM (puc. 5.1). B 1ab0po-TurarnorpaHuTOBOM CEpPHM OHO TOYHO
OTBEYaeT OOIIMM KIAPKOBBIM IOKa3aTeslsiM, a B rabOpo-alaMelUIMTOBOM CEepUu ero colepKaHue
COOTBETCTBeHHO yBenudeHo A0 37 r/t. Ilo reoxumuueckoit knaccupukanuu JI.B.Taycona (1977) B
TPaHUTOWIAX TOTO THMA cpemHee comepkanue Zn orBedaet 43 r/1. ComepikaHue dTOTO dJIEMEHTa B
TUTarMOTPAHUT-TPAHUTOBOM U TPAaHOAMOPUT-AISACKUTOBOM CEPUSX HUKE MO0 CPABHEHHIO C KIIAPKOBBIMHU
U TIPUOIIDKAeTCs K KIAPKOBBIM TIOKA3aTeNsIM T€OXUMHUIECKON KITacCU(PHUKAIIUN TPAHUTOUTHBIX TIOPO/I.
Kak BHIHO, B pacCMOTPEHHBIX TPAHUTOUAAX COJICPKAHUE IMHKA MPUOIMKEHHO K HOPMAILHOMY, HO B
rab0po-a1aMeIUTOBOM CEpUM OTMEUAETCSI €ro MOBBIICHHAs KOHIIEHTPAIIHS.

Copnepxanne MOIMOIeHa B TEPLUUHCKUX TPAaHUTOUAHBIX cepusix bonpimoro KaBkasa mo cpaBHeHHIO ©
knapkoBeiMH (1 T/T) moBbimieHo. B TO ke Bpems B ero pachpefelicHHH OTMedaeTcsl sBHas
HeogHoponHocTh. CopepkaHne MoauOaeHa B rab0po-anaMessIMTOBOM CEpUH yBEIMUYEHO B 2 pa3a, a B
MUTMaTHUTaX IPaHUT-MUTMAaTUTOBOTO KOMILIEKCA M TPaHOINOPUT-ATIICKUTOBOM cepuu - B 3 pasa.

N ———0———"°

| | | | | |
I 11 m v A\ VI

Puc. 5.2. Conepxanue Mo, Ni u CO B repiiHHCKHX rpaHUTOWIHBIX cepusix boabmoro Kaskasa.

VYeci. 06o3Hau. cM. Ha puc. 5.1.
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Oco0pIif MHTEpPEC BRI3BIBACT COJIEPIKAHME MOJMOICHA B Ta00pO-TIarHOTPAaHUTOBON CEpUH, B KOTOPOIt
€ro KOHIICHTpAIIMs BO3pacTaeT Ha 3 MOpsjKa MO CPaBHEHHIO C KJIAKOBBIMH. B rpanuTommax | tuma
W.S.Pitcher (1982) yka3biBaeT Ha 00JIbIIIOE COJCPKAHUE U MUHEpAIU3AIMI0 MonOieHa. Bo3MokHO,
MONHOZCHOBOE OpyACHEHHE TEeTHYNBACKOrO palioHa TEeHETHYeCKH CBsi3aHO co CruMasyKCKuM
UHTPY3HBOM OTMEYEHHOTO T'€HETUYECKOTO THIIA.

B mepepacmpenenceHun HUKEIS TakXKe OTMEUaeTCs HEOTHOPOAHOCTH (puc. 5.2). Ero comepskanue
OYCHb BBICOKOE B TrabOpO-IJIAarMOTPAHUTOBOW CEPUM M B MUIMAaTHTaX TI'PAHUT-MHTMATHTOBOTO
KoMImiekca. B mepBoii oHO mocTuraer 55 r/T (kimapkoBsie 35 1/T), Bo Bropoit — 37,5 r/T (kimapkoBeie 10
r/T). B rpanmTOMIAx IUIAaTHOTPAHHUT-TPAHUTOBON CEpHUH W B TPAHOAHOPHUT-AISICKUTOBOW CEPHH
KOHIICHTpAI[MK HUKEJS OJU3KU K OOIIEKIapKOBhIM. BoibIioii mHTepec BbI3bIBaeT cojaepxanue Cr
(puc.5.3). Ero xoHmeHTpaius BO BCEX CEPHSIX yBEIWYEHA MPUMEPHO HA OJWH TOPSAOK, U Ha €ro
IepepacIpeesICcHHe TeHETHUECKUM TUII TPAaHUTOUA0B ITPAKTUYECKU HE ACUCTBYET.

[Tomy4yeHHBIE pe3yNbTaThl MBI CPABHWIIN C COJCP)KAaHUEM aHAJOTUYHBIX 00pa30BaHMI 3eMHON KOPBI U
BBIABUJIM, YTO IIPOLCHTHOC COJACPKAHUC XpOMa pPE3KO YBCIWMYCHO B pacCCMATpHUBACMBIX HaMHU
rpaanTonnax. CiemxoBaTenbHO, MOKHO JIOIMYCTUTb, YTO TePUUHCKUE TpaHuTonabl bonbmoro Kaskasa
UMEIOT MOJIOKUTENbHYI0 XPOMOBYIO CIELHUAIM3AIMIO M C 9TOH TOUKU 3pEHHUs 3aCIyKUBAIOT 0COOOr0o
uHTepeca. B orTiamume oT xpoma, BaHaqMii HE XapaKTEpPHU3YeTCs Pe3KO aHOMAaJbHBIM COAEPIKaHHEM,
XOTS OTMEYAETCS €T0 HEOAHOPOAHOE pacupeneneHue (puc.5.3).
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Puc. 5.3. Conep:xanue Cr u V B repuMHCKHX rpaHUTOMIHBIX cepusix Boabmoro Kaskasa.

VYcn. 0603Ha4. cM. Ha puc. 5.1.

KonnyecTBo ero oueHp BBICOKOE B mopojax rabopo-amamerumtoBoi cepuu (161 1/T) M HU3KOE B
nopdupobnacToBelx rpanutax (34 1/T) U B rpaHoanopuT-aisickutoBoi cepun (30 1/1). B menom B
PacCMOTPEHHBIX TPAaHUTOMIAX CoAep)KaHWe V MOYTH HE BBIXOAWT 332 PaMKH KJIApKOBBIX, JHIIb B
rab0po-a1aMeITNTOBOI CepHH €T0 COlepKaHHE TTOBBIIICHO.

[loBbieHo Ttakxe cogepkanue W B TEepUMHCKMX TIpaHUTOMIHBIX cepusix bonpmoro Kaskaza
(puc.5.4). Tlo A.Il.BunorpanoBy (1962) ero KOHIEHTpaI¥s B TPAHUTOWAAX HE TIpeBbIIaeT 1.5 1/T, a B
paccMOTpeHHBIX cepusix Mensercs or 7.4 no 20 r/r. Camas Huskas konuenrpauus W (7.4 r/1)
oTMedaeTcs B rabOpO-TUIarMOTPaHUTOBOM cepuu, a caMasi Oosblias B rab0po-agaMeNIMTOBOH M
ra0b0Opo-IJIarHOrPaHUTOBOM CepUAX — COOTBETCTBEHHO 22 M 24 r/T. KOHIEHTpalKs 3TOTO 3JIeMEHTa
MOBBILICHA M B  IUIArHOTPAHUT-TPAHUTOBOH cepuM, B KOTOPOH OT IuiaruorpaHutoB (14 1/1) K
nopdupobsacToBbM rpanuTaM (20 1/T) OTMEUaeTCs ero mocTeneHHoe yBenudeHue. [IpuOau3uTebHo
Takas ke KapTHHA KOHLEHTpaluu BoJb(ppaMa HaOMOJAeTCs U B TPAHOAUOPUT-AIICKUTOBOM cepun
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(24 r/t). W.S.Pitcher (1982) cumuraer, 4ro BbICOKHE KOHIeHTparumun W W ero MHHEpaIu3aIus
XapaKTepHbI JUTS TPAHUTOUIOB S THTIA, YTO MOJATBEPIKAACTCS W HAITMMU JTaHHBIMH.

KonnenTpanust mutus U pyOuans B TEPIMHCKUAX TPaHUTOMIHBIX cepusx bonbmoro KaBkasza Huzkas
(puc. 5.4), HO B OTJICNBHBIX CEPHUIX COACPIKAHUE ITUX JICMECHTOB MPUOIMIKACTCS K OOIICKIAPKOBBIM.
B ra66po-miarnorpanuToBoi cepun cogepxkanne Li u Rb cocrasnser coorBerctBenHo 2 u 10 r/T.,
YTO ONM3KO K KOHIICHTPAIMY THX JJIEMEHTOB B IUTArHOrpaHuTax TojieuToBoro psna (Tayccon, 1977).
B rab0po-agamMeuiuToBOM cepru UX COACPIKaHUE COOTBETCTBEHHO cocTaiseT 14 u 149 r/t u Oiausko
K KJIapKOBBIM MMOKa3aTessIM. B rmrarnorpaHuT-rpaHuTOBOM cepuu coaepkanue Li m Rb Hu3koe kak mo
CPaBHEHHIO C OONICKIAPKOBBIMH, TaK U TI0 CPABHEHHIO C KJIAPKaMU FeOXMMUIECKON KiIacCU(pHUKAINN
TPaHUTOHJIOB. B 3TOW cepuu OTMEUaeTcs MX YMEHBIICHHUE OT MHTMATHTOB TPAaHUT-MHUTMAaTHTOBOTO
KOMITJIEKCa K TUIATHOTPAHUTAM TUIarMOTPaHUT-TPAHUTOBOM CEpUU, U 3aTeM CKAYKOOOpa3HBIA pOCT K
noppUPOOIACTOBBIM TPAHUTAM.

B rpanut-amsickutoBoii cepuu koHmeHtpammu Li u Rb  (Li =15.5 r/t, Rb=126.6 r/1) HH3kHE MO
CpaBHCHUIO C O6HleKHapKOBbIMI/I, HO 6JII/I3KI/I K TIIOKa3aTC/IsiIM MNAJIMHTCHECTUYCCKUX T'PAHUTOUI0B
mestouroro psiaa (Li=27 r/t, Rb=140 r/t) (Tayccon, 1977).
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Puc. 5.4. . Conep:xanue Li, W u Rb B repuuackux rpanutounsix cepusx boabmoro Kaska3sa.

Y. 06o3Hay.cM. Ha puc. 5.1.
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Taxum 00pa3oM, IPOaHATU3UPOBAB IIOJIyUYCHHbIE PE3YJIbTaThl, YBUANM, UTO B PACIPENEICHUH PEIKUX
3JIEMEHTOB TEpIUHCKUX TpaHUTOMAHBIX cepuil bonpmoro Kaskaza oTmeuaercs omnpenesneHHas
3akoHOMepHOCTh. C rabOpo-IIarnorpaHUTOBOM Ceprel CBsI3aHbI MOBBILICHHBIE KOHLEHTpauuu Cu,
Mo u Ni. B a10i1 cepun comep:kaHie Meau IPEBHIIIaeT 65 /T, a MOTUOIEHA OTMETAETCs B IpeHeaax
30 r/T. OTH naHHBIE, MO CPAaBHEHHWIO C KIAPKOBBIMH, YBEJIMYECHHI NMPUMEPHO HAa TPHU TOPSIKA, U
MIO3TOMY 3Ty CEPHUI0 MOXKHO paccMaTpuBaTh KaK MOTCHIUAIBHO PYJOHOCHOCHYIO IO OTHOLICHHUIO K
Mean u monubOaeny. ITo W.S.Pitcher, Beicokue konrentpamuul, Mo u Ni U ux MuHepanu3aus
xapaktepHa st rpanutounoB | tuma, a T.B. VBanuukuii cumran, uro Bbicokoe coaepkanue Cu
CBS3aHO C AOCKJIAAYaThIMKU TpaHuTouaamu. Kak BHIOUM, MOJIydyeHHbIE pPE3yJbTaThbl HaxXoIsTCAd B
XOPOIIEM COOTBETCTBUH C I'€OJIOTMYESCKUMH U METPOXUMHUYECKUMHU JaHHBIMU 3TOH cepuu. B radbopo-
aJaMeJUINTOBOM CEpUH COIEPKAHHWE PEIKUX JJIEMEHTOB KojeOnercsi B Ipeaeiax KIapKOBBIX.
Uckmouenne coctaisitoT W u V. Cozpeprkanue Bosib(hpaMa yBEIHUCHO PErHOHANBHO, JHIIb BHICOKHE
KOHIIEHTpAIMK BaHa/Ms OTIMYAIOT OTMEUEHHYIO CepHI0 OT Apyrux. Ero conepxanue, o CpaBHEHUIO
C KJIApKOBBIM, YBEJIMYEHO MPUMEPHO B 4 pa3a. Bricokoe conepikaHue BaHAAUA OTMEYAETCs] OYTH BO
BCEX OOHaKGHUSX W, KaK BUJIHO, XapakTepeH sl rab0po-amamesnToBoii cepun. Ilo comepxkanuio
PEIKUX 3JIEMEHTOB MOAO0OHAs TEHACHLMUS OTMEYAeTCsl B IUIarMOTPAaHUT-TPAHUTOBOW U T'PAHOANOPHUT-
QIICKUTOBOM cepusix. B HuX moBeimieHo coxepxkanue Pb, Sn u W. OcoOblii HHTEpEC Cpeau STHX
9JIEMEHTOB BbI3bIBaeT W, TMOCKOJIBKY OTMEYAeTCsl €ro MPOTPECCUBHBIH pPOCT OT MHIMATHTOB K
TPaHOHOPUT-ATEICKUTOBON cepuu. B mocmegneit kommyectBo W, 1O CpaBHEHHIO C KIApKOBBIMH,
BO3pacTaeT Ha TpH mopsaka u gocruraet 24 r/t. W.S.Pitcher (1982) cuwmraer, uro BBICOKHE
koHueHTparmu W 1 SN 1 UX MHUHEpaIu3anus CBA3aHbl C TPAHUTOUAAMHU S THIIA, YTO OTJINYAET UX OT
OCT&JIbHBIX TPAaHUTOMIOB. B repruHCKHMX TrpaHUTOMIHBIX cepusx bonpmoro KaBkasza Gospmioi
MHTEpeC BBI3BIBAET cojep)kaHue xpoma. [lo cpaBHEHHMIO C KIIAPKOBBIMH, €0 KOJIWYECTBO BO BCEX
cepusiX BO3pacTaeT B CpeAHEM Ha OJMH Mopsaok. Kak BUIHO, pacCMOTpEHHbIE TPAHUTOUIHBIE CEPUT
XapaKTepU3yIOTCsl  TOJOXKUTENbHON crenuanu3anueii Cr M ¢ 9TOH TOYKH 3pEeHHs 3aciyKHBAIOT
0c0o00ro BHUMaHHSI.

5.2. Peaxko3zeMelbHbBIE 2J1€MEHTHI

Kax wusBecTHO, peako3emenbHble dneMeHTH (P3D) sgBIsIOTCS OAHMM W3 HAAEKHBIX HHIUKATOPOB
METPOTEHETHYECKNX MPOIIECCOB, TaK KaK B 3aKOHOMEPHOCTH WX KOHIIEHTPAIIMH OTPa)KEHBI BOPOCHI,
Kak 00 HICTOYHHMKE MaTepHaia, Tak U IyTH X 3BOJIIOLIUH.

Hamu B HMHctuTyTe merporpaduu, MUHEpajorud W pyaHsix Mectopoxkaenuit AH Poccum B 40
oOpa3uax repuuHCKUX rpanutonzoB bonbmoro Kaskasa meTonom u30TONMHOrO pazbaBiieHHs OBLIO
ompeneneHo coaepxkanue P30 (tabm. 5.2). HopmupoBaHme TOSyYEeHHBIX pE3yIbTaTOB OBLIO
NpPOBEIEHO [0 aHanM3y XOHIpuTa, mnpemtoxkeHHoro W.V.Bounton (1984). Ilpexxae uem Mol
paccMOTpUM coAep)KaHue u pachpeaeneHne P35 B OTAETBHBIX CepHUSX, OTMETHM, 4YTO IO
cootHomeHnto SiO,—YDb repumHckue rpanuTonasl bonpmoro KaBkasa oTHocsATCs K 00Opa3oBaHUSIM
OCTPOBHBIX AYT U OKEaHCKOH KOpbI (puc. 5.5).

W3 r1ab0po-mnarnorpaHUTOBOW CEpUU MBI HM3YYHJIH 6 O0O0paslioB: TPU W3  BHILIABICHHON
IJIAaTHOTPAHUTOBOM dYacTH W TpHu M3 TrabbpommHoro cybcTpata. Bce TmomydeHHBIE TPEHOBI
XapaKTEePU3YIOTCS HU3KUM yPOBHEM M OTBEYAIOT 3aKOHOMEPHOCTH KOHIeHTparuu P35 B rabbpo-
TUIaTHOTPaHUTOBON cepuu (puc. 5.6.). B cyOcTpare oTMewaercs THI TOJICUTOBOTO DPAaCIpe/eeHus,
KOTOPBIH (haKTHYECKH TOBTOPSET KPHUBYIO 0a3albTOB CpeIWHHO-OKeaHCKOTro xpebra. ComeprkaHue
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P33 B mnarumorpaHuTax MaJ0 4YeM ~ OTIMYACTCA OT HMX KOHIGHTpaluu B cyOcTpaTe, 4YTO, B
OTIpEJICIICHHON CTENEeHH, YKa3blBaeT HAa UX I'CHETHUYECKOE EWHCTBO. B IuiarnmorpaHutax oTMedaercs
HEOOJIBIIOE YMEHBIIICHUE TSKENBIX JIAHTAHOWIOB WM TPEHJA OIyckaeTcs BAonb npodwis 10, a
AIIEMEHTHI TPYIILI [EPHS OCTAIOTCS TPAKTHYECKH B TOHW JKe KOHIeHTpamuu. OTMedaeTcs IHIIb
HeOO0JIBIIIOE YBEIIMYCHHE JIaHTaHa. B 3THX mopojiaX, B OTIMYKE OT KJIACCUYSCKUX TPAaHUTOTHEHCOB, HET
pe3ko  BeIpaxkeHHOro EU wmuHmMyma. OOeqHEHHME IUIarMOTPAHHUTHBIX PACIIABOB  TSDKEIBIMHU
pElKO3eMENbHBIMH 3JIEMEHTaMH, TIPU CEJICKTUBHOM IUIABJICHUU, TI0 HAIIEMY MHEHHIO, OOBSCHSIETCS
3a7iepKKoi aMmpuOO0IJIOB B CyOCTpaTe, KOTOPHIE, KAK U3BECTHO, SBIISIOTCH KOMIUICKCHBIMUA HOCHTEIISIMH
P33. Otor dakr eme pa3 mOKa3BIBaCT, YTO BBILIABISIICS JIMINL JICHKOKPATOBBI MarepHal, a
(emuyeckas 4acTh OCTaBaJIach B CyOCTpare B BUIE PECTUTOB.
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Puc. 5.5. Coornomenne SiO,—YDb B repumHcKknx rpaHnTonIHbIX cepusix boasmoro KaBka3za.

| — mose oOKeaHCKOW KOpPbl W BHYTPHUIUIUTOBBIX TIpaHUTOHIOB; |l — moie ocTpoBHBIX Ay,
KOJUIM3MOHHBIX U OKEaHCKHX rpanuTonnos (Pearce, 1984).

VYcn. obo3nau: 1 —mimarnorpaHuTbl rabOpO-TUIarHOTPaHUTOBOM cepud, 2 — TPaHUTOHIBI rabOpo-
aJ1aMeJIJITMTOBOM cepuu, 3- TPAaHUTOUABI IJIarHOTPAHUT-TPAHUTOBON CEPHU.
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Tpenn pacnpeneneaus P33 B muarunorpaantax CruMa3ykCKOro MacCHBa MOBTOPSET 3aKOHOMEPHOCTh
pacrpeneneHus 3TUX DIIEMEHTOB B aHAJOTMYHBIX MOpoJiaXx MaccuBoB bemira m Kamenucras, ¢ Toi
JIMIIb Pa3HUIICH, YTO B MEPBOM OTMEYaeTCs pe3kuii EU MuHuMyM. DTOT (hakT emre Ooyiee yCHIHBACT
NpEeJICTaBICHUEe O JIEHCTBUM TIPOIECCOB KPUCTAILUTMYECKOTO (DpakiHMpoBaHUsl B IUIATHOTPAHUTAX
Crumasykckoro maccuBa. Kpome dpakiupoBanus marvokiasa, jaeduuut EU BO3MOXHO BbI3BaH
00eTHEHHEeM TIOPOIbI AaKIIECOPaMH BO BPEMsI SBOJTIOIIMM MarMaTHYeCKOT0 paciliaBa.

B nurepatype paccMOTpeHBI Ba MeXaHH3Ma (OPMHPOBaHHs TrabOpO-IIarHOTPAHUTOBOU CEPUH:
KPHUCTAJUTMYECKOE (PpaKIMpoBaHue 0a3abTOBOM MarMbl M CEJICKTHBHOE IUIABJICHHE METa0a3uTOB
(Wedepol, 1983). Ommpasice Ha  pe3yJabTaThl  T'€OJOTHYECKOro,  METPOXUMUYecKoro u P30
UCCIIE0BAHUM JIOIyCKAaeM, YTO T€HE3MC PACCMOTPEHHON CEPHUHU CBA3AH C CEJEKTHBHBIM ILIaBJICHHEM
MeTaba3uToB.
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Puc. 5.6. Pacnpeneinenne peaxko3eMeJbHBIX JJI€MEHTOB B TIepOMHCKOH  radopo-
IUIAarMOrpaHuToBoil cepuu boabmoro Kaska3sa.

O6paszusr: 1309, 1229, 1205 — BeiwiaBieHHbi wiarnorpanut; 1317, 1380, 1397 — meraba3uToBbie
pecTuThl. B — TpeH1 cpeiHero comepikanus cpeAMHHOOKeaHckux 0azanbToB (Wedepol, 1983).
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Puc. 5.7. Pacnpenenenue peako3eMebLHBIX 3JIEMEHTOB B rpanurouaax Jlapesiibckoro (2715,
2754), Kacapckoro (2901, 2905) u Canonckoro (2939, 2940) maccuBoB.

B otnuume ot rabOpo-IuiaruorpaHuToOBON cepuu, B pacnpezeieHud P30 B rad0po-amaMeiinTOBOM
CepUH OTMEYaeTCsl YeTKas acMMMeTpu4yHOCTh (puc.5.7 u 5.8). Ha puc 5.7, rae HaHeceHBI TpPeHIIBI
pacnpeneneuus P30 B Jlapesuibckom, Kacapckom u CaloHCKOM MaccHMBax, OTMEUEHHBIH (HakT
XOpouio (UKCHpyeTcs. DT TPaHUTOWABI OOOTamieHsl deMeHTamMu Tpynnel Ce W oOemHEHBI
TSOKETBIMU JlaHTaHouAamMu. B rpanuromnax Kacapckoro maccruBa, B OTIMYKME OT TPaHUTOUIOB
Happsmeckoro n CaJOHCKOTO MacCHBOB, OTMeuaeTcss 4eTkuil EU MMHHMYM, BMecTe ¢ TeM OHHU
oOoramens! anemenTamu rpynmsl Ce. HeoOxoanMo oTMETUTb, 4TO TOCIEAHNH (DaKT XapakTepeH s
THOPUAHBIX TPAHUTOMAHBIX oOpasoBaHuii. B rpanntommax p.CamoH, HECMOTpS Ha YETKO
aCUMMETpPUYHBIN mpodmiasr EU MUHUMYM He OTMEYaeTcs, YTO YKa3bIBaeT Ha OOJBIIYI0 POJIb
MeTacoMaThU3Ma B Tpouecce (POpMUPOBAHUS TPAHUTOMAOB. DTH TPAHUTOMIBI XapaKTEPHU3YIOTCS
BBICOKUM YPOBHEM JIETKHX JIAHTAHOUIOB M HEOOJIBIINM coziepkaHneM Tsokenbix P33. Takoii mpoduis
UX PpacHpeleNICeHUs] XapaKTepeH [UId PYJOHOCSIIMX TPaHUTOUAOB, YTO MOATBEPKAAET U MOILHOE
MOJIMMETAIUIMYECKOE MECTOPOXKAeHUE B CalOHCKOM IPaHUTOUAHOM MacCHBE.

Tpennsl pacnpenenenuss P30 B CakeHCKOM HMHTPY3MBE COOTBETCTBYIOT THITy T'PAaHHTOMJIHOTO
pacnpeneneHus ¢ 4eTkuM EU muanMyMoM (puc. 5.8), KoTopsie

MOYTH aHAJIOTMYHBI TpeHaaM pactpeneneHus P30 B JlapbsuibckoM maccuBe. B moponmax cyOctpara
CakeHCKOro MHTPY3uBa cojepkanue P3D HaMHOro BbIlle, YeM B rabOpO-IUIarHOrpaHUTOBON CEpHH,
YTO MOXKHO OOBSICHUTE BBICOKOH YICIBLHOW [0Jeii OMoTHUTa M pOTOBOM 00MaHKH. TpeHABl ATHX TIOPOJT
MOYTH TOPH3OHTAIBHO, C HE3HAYUTEIBHBIM EU MUHHUMYMOM, MPOCIEKUBAIOTCS BIOJb OTMETKH 60,
BMECTE€ C TeM, OTMe4YaeTcs OoOeqHEeHue JaHTaHoM. Takoe pacnpexaencHue P3D xapaktepHo mist
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PECTHTOBBIX TApPareHEe3WCOB, YTO HAXOMUTCS B XOPOLIEM COOTBETCTBHH C IETPOTCHE3UCOM
CakeHCKOro HHTPY3UBa.

200
e
1501 o,
100
80

O6pa3el/ XOHAPHUT
"N
S

-ttt 1°1° 117 1 © 1 1"
La Ce Nd SmEu Gd Dy Er Yb

Puc. 5.8.Pacnpenesienue peako3eMeJbHbIX 3jeMeHTOB B pecrurax (1456, 1460) u B
rpaHuronaax (252, 427, 743) CakeHckoro HHTpy3uBa rab0po-agamMeJINTOBON CepuM.

Tpennst  1mOpdUPOOTACTOBBIX T'PAHUTOB IUIATHOTPAHUT-TPAHUTOBOM CEPHU  XapaKTEPU3YIOTCS
TPaHUTHOW AaCMMMETPUYHOCTBIO M 4eTkuM EU muaumymom (puc.5.9). Bricokoe copepkanue
JJAHTAHOWJIOB LIEPUEBOU I'PYIIIIbI, BO3MOXHO, BbI3BAHO MHTEHCUBHOW MUKpPOKJIMHU3anuen. 13BecTHO,
41O (QenpaAmmnaTsl B OONbIIEM KOJIMYECTBE COJEPIKAT JIETKHE JAHTAHOWJIBI, YeM OHOTHT M POroBas
oOmaHka. B rpaHuMTOMZAax IUIArMOTPaHUT-TPAHUTOBON CEpUH MOBBILICHHOE COJACPKAHUE JIETKHX
JAHTAHOMJIOB M HU3KHUH YPOBEHb UTPUYMOBOW TPYMIIBI, CKOPEE BCETO YKa3bIBAIOT Ha MX BO3MOXKHYIO
PYZOHOCHOCT.

BepxHekaneoHCKME  TPAaHUTOTHEMCHI  XapAaKTEPU3YIOTCSA  ACUMMETPUYHBIM,  IIOYTH
ITPaHUTOUIHBIM TUNIOM pacnpeaeneHuss P30 (puc. 5.9). B otnuune ot mopdupobiaacToBbIx
rpaHUTOB B HUX Eu MUHUMYM BBIpa)K€H HE YETKO, HO BBICOKO CyMMapHoe cojepxanue P30.

CopnepxaHue U 3aKOHOMEPHOCTD pacnpeneneHust P32 B rpaHOIMOPHUT-aTSICKUTOBON CEpUU SIBISIETCS
THITMYHO TPAHUTOBOMU, HO B Hel c1abo BeipakeH EU MuanMyMm (puc. 5.10). [lo HammeMy MHEHHIO, STOT
¢dakT JOKeH OBITh BBI3BAH HHU3KMM YpPOBHEM Ju(QepeHLuannuy, 4YTO BBIPAKEHO OOJBIIOH
KOHIICHTpAIMeil IUIarnokiasa B MOPOAAX M 4YTO, COOTBETCTBEHHO, BBIPAKACTCS B BBICOKOM
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comepkanun EU. B 1menoM, MOXHO OTMETHTh, YTO  HH3KHIl YypPOBEHb KPHCTAIHYECKOTO
(b pakIpoBaHUs XapaKTEePeH A TePIMHCKIX TPAaHUTONIHBIX cepuil bompmmoro Kaskasa.
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Puc.5.9. Pacnpenesienne peako3eMeJbHBIX 3JIeMEHTOB B MNOpP(HUPo0JacTOBBIX TpaHUTAX
TePUUHCKOH IUIATHOTPAHUT-TPAHUTOBOH cepun (354, 2592) m B BepXHeKaJeJOHCKHUX
rpaHuTorHeiicaxx (2204, 2355).

Ha puc. 5.11 HaneceHsI TpeHABI CpEAHETO colepkaHus P30 B rpaHnTax IUIariOrpaHuT-rPaHUTOBON U
I'PaHOIMOPUT-ATSICKUTOBOM Ceprii M B aHAJOTHYHBIX OOpa3oBaHUSAX 3eMHON Kopbl. Kak BuAHO M3
JuarpamMMmbl, OTMEYEeHHbIe TpaHuTouasl  bompmoro KaBkasza mo coxepkanuio B Hux P30
NPOSIBIISIIOT IMOJHYIO AaHAIOTHIO C TEPUUHCKHMMH OMOTHUTOBBIMH TrpaHuTongamu llIBaprBanema u c
TePUMHCKAMU CyOIIeIOYHbIME rpannTonamu [luprnees.

Ha puc. 6.12 nokazaHo BiusiHEE (hakTOpa MIIOHUTH3AIMU Ha cojiepxkanue P33 B rpanutonpax. Ha
9Ty IMarpaMMy HaHeCeHbI TPEH bl MIJIOHUTU3UPOBAHHEIX (00p. 55, 172,
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Puc. 5.10.Pacnpenenenue peako3eMeabHbIX 3J1eMEHTOB B TPAHOAUOPUT-ATACKUTOBOM cepuM.

O6pasupl: 280 — u3 cpesa p. Caxenu; 962 — u3 cpesa p.I'Banapa, 2347, 2456 — u3 cpesa p. Hayn.
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Puc. 5.11. Pacnpenenenue cpeaHero coaep:kanust P3D B nosaHekajel0HCKUX IPAaHUTOrHelcax,
B IUIaTMOTPAHMT-TPAHUTOBOH W TI'PAHOAMOPHUT-AJSICKUTOBOH cepuii boubmoro Kaskaza, a
TaKsKe B AHAJOTMYHBbIX 00Pa30BaHUAX Pa3JINYHbIX PETHOHOB MHpA.
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Tpennpl: 1 —TMO3MHEKAICIOHCKUE TPAaHUTOTHEWCH bonbmroro Kaskasza, 2 — repiuHCKHAE TPAHUTOUIBI
TPaHOHOPUT-ATSICKUTOBOM cepun bombimoro KaBkasza, 3 — repunHCKrAE TPAaHUTOUABI TUIATHOTPAHUT-
rpanuToBoii cepum bombmoro Kapkaza, 4 — repumHckre OMOTHTOBBIC rpaHuToujsl llIBapriBaibaa
(Emmermen, 1975), 5 — repunnckue rpaauronas [Tupunees (Fourcads, Allegre 1981).

176) 1 ¥ HEeMUIOHUTU3UPOBAHHBIX (00p. 345) rpaHUTOUIOB MIATHOTPAHHUT-TPAHUTOBOW cepuu. Kax
BUANM, MIUJIOHUTH3UPOBAHHbBIE PA3HOBUIHOCTH UCIBITHIBAIOT OOETHEHNE KaK LIEPUEBOM I'PYIIION, TaK
W TSOKETIBIMU JIaHTaHOMAaMH. B rpanuTonaax 3Toil cepuu cymmapusie P3D konebmioTest B mpeaenax
160-185 r/t, a B UX MHJIOHUTHU3UPOBAHHBIX PA3HOBUAHOCTSIX 3TOT MOKa3areib HamaeT A0 55-70 r/t.
[lo-BuarMoOMy, BO BpeMsl MWJIOHWTH3ALMU BBIHOCSTCS, B OCHOBHOM, 3JIEMEHTHI I'PYHIBI LEpus, a
TSDKEJIbIE JTAHTaHOWIbI IIPOSABIISIOT CPABHUTENBHYIO HHEPTHOCTb.

Msl paccMOTpenH 3aKOHOMEPHOCTh paclpeleNieHusl cpenHero coxepxanus P3D B repuuHCKHX
rpanurongax bompmoro Kaekaza (puc. 5.13). Tpenn raGOpo-miarnorpaHUTOBON CEpUU 3aHUMAET
caMbplii HHM3KMH ypoBeHb M ToMuMO Kpome La m Ce mourm Bce  BIEMEHTHI pacIojararoTcs
CyOrOpU30HTANBHO, MPUMEPHO BIOJBb 10-ro ypoBHs. TpeHn rad0po-agaMe/UIMTOBON CEpUU HA ITOMN
JMarpaMMe 3aHHMaeT CaMblii BRICOKHI YpOBEHb M B TO )K€ BpeMs XapakTepu3yeTcs HeOompmuM Eu
MUHHMYMOM, YTO MOXXHO OOBSCHHTH ()EMHUYECKHM CyOCTPaTOM STOH CEpHH U HU3KUM KadueCTBOM
¢dpakiupoBanus. Pe3yabTaToM HacHeJICTBEHHOCTH CyOCTpaTa JOJDKHO OBITH OOJIBIIOE COJEpIKAHHE
TSDKEJIBIX JIAHTQHOMJIOB B JTOW CepuH. TpPeHI TpaHWTOMIOB IUIArHOTPAHUT-TPAHHTOBOW CEpUH
XapaKkTepu3yeTcs YeTKOW aCMMMETPHYHOCTHIO. [1o cpaBHEHHIO C TpeHJaMH APYTHX I'PaHUTOHIOB B
HeM camblii Oompmioli EU MuHMMYMOM, 4YTO, MO BHIMMOMY, MOKHO OOBSCHHTBH IPOIECCAMH
MHUKpOKJIMHU3anuH. [IpuMepHO aHAIUTUYHBIM TPEHAOM XapaKTEepU3yeTcs W TIPaHOIUOPHUT-
amsickuToBass cepus. C TOW JUINb pa3HUIEH, YTO B HEH CpPaHUTENBHO HHU3KOE MPOILEHTHOE
conepxxanue P33, a taxxe Hu3kuit EU MuanMymM.
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Puc. 5.12. Pacnpenenenne tpeHaoB P3D B MMIOHUTH3HPOBAHHBIX (00p. 55, 172, 176) u B
HEMUWIOHUTHU3UPOBAHHBIX ( 00p. 354) repuunckux rpanuTouaax boasmoro Kaska3za.
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3aKOHOMEPHOCTH COJEPKaHUA U pacupeneiaeHuss P30 Mbl u3ydniu U B cyOcTpaTax dTUX TPAaHUTOUIIOB
(puc.5.14). Kak BUOHO W3 3TOW OUArpaMMbl, COACp)KaHWE W THIT PacHpeleiICHHS 3JIEMEHTOB B
rpaHuTOoMaX 0OJIee WM MeHee ompeenseT coaepkanue P30 B cyOcTpare.
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Puc. 5.13. Tpenn cpennero cogep:xxanusi P3D B rpanuTonIax repuuHCKNUX IPAHUTONTHBIX CepPHi
Boasmoro Kaska3sa.

1 — rpanuTONABI TAOOPO-IIIATMOIPAHUTOBOM CEPUH; 2 — TPaHUTOM B rab0pO-a1aMeIIMTOBOI CepHH ;
3 — TpaHMUTOMABI IUIATHOTPAHUT-TPAHUTOBOH cepuu; 4 — TPaHUTOIABI TPAHOIUOPUT-ATSICKUTOBOM
cepui.
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Puc. 5.14. PacnpenejieHue cpeaHero cojlep:KaHusi peiKo3eMesIbHBIX 3JIeMEHTOB B cy0crparte
repUMHCKUX TPAHUTOMIHBIX cepuii bosbmoro Kapkasa 1 HekoTOpble MHANKATOPHbIE MOPO/bI.

Tpennsr: 1- cyOctpaT T1abOpO-TUTATHOTPAHUTOBON cepun; 2 — cyOcTpaT TpabOpo-amaMeTuTOBOR
cepun; 3 — cyOCTpaT IJIarMOrpaHUT-TPAaHUTOBOM cepuu; 4 — 0a3abThl CPEIUHHO-OKEAHCKOro XpedTa
(Wedepol, 1983), 5—aBcrpanuiickue rpayakku (Taylor, McLennan, 1985).

CyOctpar raOb0Opo-IUIarMOrpaHUTOBOM CEpPHUM MPOSIBISET IMOJHYI0 HICHTHMYHOCTh C OazajlbTaMu
CPEIMHHOOKEAHCKOW KOPBI U MX TPEHIbI (aKTUYECKH CIEIYIOT ApYyr 3a apyroMm. Tpenm cyOcrtpara
rab0po-aJaMeJUIMTOBOW CEepUH 3aHUMAaeT JOBOJIBHO BBICOKYIO, 50-yIO OTMETKY W B OTJIHYHE OT
cyOcTpara rabOpo-IUIaruorpaHUTOBOM CEpUM, B HEM CyMMapHoOe cojiepkaHue P3D HaMHOTro BhIIIIe,
YTO B OCOOCHHOCTH, OTHOCHTCS K TSDKEIIBIM JaHTaHoWnaM. TpeHn cyOcTpaTa IIarMOTpPaHUT-
FpaHHTOBOﬁ CEpUH XapaKTEPU3yETCd aCUMMETPHUYHBIM, ITOYTHU 'PAHUTOUAHBIM TUIIOM PaCIIPEACIICHNA,
YTO OOBSCHIETCS XapaKTepoM CyOCTpaTa, B YaCTHOCTH, NMPOJYKTAMH pPa3MbIBa KOHTHHEHTAIbHON
KOpPBI: METaleJNINTaMyd M MeTarpayBakkamu. Ha sTy anarpaMmy HaHeceH cHekTp coiepxanus P30 B
rpayBakkax ABCTalNH, KOTOPBIH, (pakTHUeCKH, COBMAACT C THIIOM PacIpe/eNICHHs] ITUX IEMEHTOB B
cyOCTpaTe TIaruorpaHuT-TPAaHUTOBOM CEPHH.

Uro kacaercs cyOcTpara TpaHOJUOPUT-AISICKUTOBOM CEpUH, TO, KaK yxe ObUIO TOKa3aHO, OH
MPEJICTABJICH BEPXHEKAICAOHCKUMHU T'PaHUTOTHEcaMu, TpeHabl pacupeaencHus P332 koTopsix (cm.
puc. 5.10) mouTH MOBTOPSIIOT TPEHABI pactipeaenenrs P332 B caMoii 3Tol cepum.

Takum 00pa3oM, UCCIIeIOBaHNE 3aKOHOMEPHOCTH COJIePKaHUs U pactpeneneHust P30 B repuuHCKux
TPaHUTOUIHBIX CEPUAX Bonsmoro Kaskaza ImoKasajio, 4TO OHM NPCJACTaBJIICHbI COBCPUICHHO Pa3HBIMU
TeHETUYECKUMH 00pa3oBaHusIMH. OYeBHIHO, YTO OHU (OPMUPYIOTCS M3 Pa3IMUHBIX IMPOTOIUTOB,
HaxoaAmuXxcs B YCJIOBHUAX pa3IMYHOTO r€OAMHAMUYCCKOI'0 pEeXXUMaA. Pe?,y.HBTaTI)I ITPOBEACHHBIX pa60T
MOATBEPXKIAIOT, YTO IUIATHOTPAHHUTHI TabOpO-TIarHOrpaHUTOBON Cepu CHOPMUPOBAIUCH IMTyTEM
CEJIEKTUBHOTO IUIABJIEHHUsI 0a3UTOBOrO CyOCTpaTa, TPaHUTOHMIBI IJIarHOTPaHUT-TPAHUTOBOW CEpUHU
o0pa3oBaIUCh B pe3yJbTaTe aHATEKCHCa METarpayBakKOBOI'O UM METAIeNIMTOBOIO CyOcTpara,
TPaHUTOH B TAO0PO-aJaMEITNTOBON CEPHH SIBIAIOTCS CIIEACTBUEM CJIOKHOTO MaHTHIHO-KOPOBOTO
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B3aUMO/ICCTUBS, a TPaHUTOUJBI TPAHOJAHOPUT-ATICKUTOBOM CEPUH SBIISIOTCS TMPOIAYKTOM
NaJIMHreHe3a TO3JHEKATCJOHCKUX TIpaHUTOrHeicoB. UTo KacaeTcsl CTENeHH KPHCTALTHYECKOrO
(dpakipoBaHus ~ TEPIUHCKUX  TPAHUTOUAHBIX paciuiaBoB bonbimoro Kaskaza, To, mo Bcei
BEPOSITHOCTH, B HUX ATOT Iporiecc ObLT ciabo BBIPaXKeH, TaK KaK BBHITUIABICHHBIN pACIIaB H3HAYATHLHO
0BT KHCIIOTO cocTara. [Iporece kpucTamuMyeckoro (GpakiMPOBaHUS CPABHUTEILHO CHUIIBHO Pa3BUT B
TUIATHOTPAHUT-TPAHUTOBONH M TPAHOAUOPUT-AIACKUTOBOM CEepUsAX. ITOT Mporecc (aKTUYSCKH HE
OTMEYaeTCs B IUIAaTHOTPaHUTaX TaOOpO-INIarMOrPaHUTOBOM CepuH, 9YTO JKe€ Kacaercs Trabopo-
aJaMeJUTMTOBOM CEpUH, TO B €€ TIEHE3UCE BEIYIIYH POJb CHIFPATH MPOIECCHl ACCUMWISIUN H
THOPHTN3ATIHH.
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6. IIOPOJOOBPA3YIOIME MUHEPAJIBI I'EPHUHCKHUX
I'PAHUTOHNJOB BOJIBILIOI'O KABKA3A

6. 1. KanueBblii moseBoii mmart
DopMUPOBAHKME KAJTMEBBIX MOJEBBIX IINATOB MPOTEKAJIO B IIMPOKOM MHTEPBAJE JABICHUS U
TEMIIEPATYpPhl, BCIEJACTBHE YEr0 WX COCTaB U CTPYKTYPHBIE OCOOCHHOCTH SIBIISUTUCH
XOPOIIMMHU KPUTEPUSIMU I BBISICHEHHMS T€HE3MCa TPaHUTOMIHBIX Tmopoa. Kanuesbie
MOJIEBBIE IIMATHl KpUCTAUIMYecKoro cyocrtpara bonemioro Kapkaza wu3ydanu MHOTHE
ucciaenoBarend. bpUlo  yCTaHOBJIEHO, YTO OHM, B  OCHOBHOM, IPEJICTABJICHBI
BBICOKOYTIOPSJOYEHHBIM CTPYKTYPHBIM THUIIOM — MaKCUMaJIbHBIM MHUKPOKJIMHOM, C XOPOIIO
BBIPOKCHHOW MHMKPOKJIMHOBOW pemeTkoil. IlpeoOmamaer MHEHHE, YTO OHHM  SIBJISIOTCS
MeTacomaTudeckuMu oopazoBanusimu (3apunze, TarpumBuiu, 1958, 1959, 1967 u np.), xoTs
Mo3/IHee TOsIBWJIAch paboTa, B KOTOPOM OTMECUCHHBIC KAaJHWIIIAThI PAaCCMOTPEHBI Kak
marmaruyeckue oopaszoBanus (Iloranenko, 1982). B naneo3oiickux rpanuronnax CeBepHOro
KaBkaza J|.M.llenremua (1969) Bplgenuyn nBa THNA KaJIMINIATOB: OCHOBHOM MAacChl M
noppupodiacropele. OH cumraer, uYTo NOPPUPOOIACTOBBIE KAIMIINATHL  SBISIOTCS
HU3KOTEMIIEPATYPHBIMH METaCOMAaTHUYECKUMU OOpa30BaHUSMHU, a KIMILIINATEI OCHOBHOMN
MacChl — BBICOKOTEMIIEPATyPHBIMU MarMaTH4eCKUMU.
B nmanHOil paboTe paccMOTpeHbI pe3yibTaThl PEHATCHOCTPYKTYPHOTO HccienoBaHus 45
KaJIMIINATOBBIX (Dpakiuii TepIHUHCKUX TPaHUTOMAHBIX cepuil bompmoro Kaskaza. PaGora
Obuta mpoBeneHa B Cankt-IlerepOyprckom yHHBepcuTeTe Ha Kadelnpe MHUHEpAIOTHMH U B
WucTtutyTe reonoruu u reoxponoioruu aokemOpust PAH. Cuumku oOpa3noB MpoBOIMIINCH
nBaxabl Ha qudpaktope "poH —2" ¢ METHBIM U3ITyUYEHUEM.
Hns ompenenenust yrnopsimodenust Al-Si MbI MPUMEHWIN CTENEHb PEHTTEHOBOW TPHKIMHHOCTH H
cojepkanue amoMuaus B nosiokeHud T [lo mukam 131 u 131 Obut ompenenen T,0-TiM, uro
COOTBETCTBYET XapaKTepy pEHTIC€HOBOW TPUKIMHHOCTH, KOTOpas MOXeT MeHiIThcss oT O
(MOHOKIMHOBBIE Kamummarel) 10 1 (it MakcuManpHOro MuKpokiwHa). [lo muky 201 Obwio
OTIPEICNICHO MPOLIEHTHOE COJICpYKAaHNE HATPYsI B KaJHIInaTax. Pe3ynbTaThl MPOBEACHHBIX PaOOT JaHbI
B TaoOm. 6.1.

Tadauua 6.1. HexoTopble cpenHue pe3yabTaThl PEHTIT€HOCTPYKTYPHOTO aHAJIN3a KAJUIINATOB
TepUUHCKUX IPAaHUTOMIHBIX cepuii bosbmoro Kagkasa.

Kou. Ha3panmue cepuii Coaepx. | MoHokuI. Cnerennb Temmep.

o0p. Kanum. TPUKJINH o

paza (%) ®opm. npu C
% Ap

2 k0 5k0
8 ['ab6po-anameuToBas 3 36 0,90 390 410
10 I'panon.-ansickuroBas 35 20 0,85 600 630
7 MurmaTuThl 20 25 0,85 540 580
10 | [Mopdupobmact. rpaHUTHL 15 20 0,80 470 520
5 IlermaTuTEI 7 15 0,80 390 420
5 JKunbueie dammu 5 20 0,90 360 390
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Bo BpeMs peHAreHOCTPYKTYpHOT'O aHallM3a OBUIO YCTAHOBJICHO, YTO W3YYCHHBIC KaJHIIIATHI
MIPEJICTABICHBI BRICOKOYTIOPSIOYEHHBIMU Pa3HOBUAHOCTSIMHI — MUKPOKIMHaMH. Ho B HUX oTMedaroTcst
YYaCTKH OpPTOKJIAa3a, YKa3blBalOUIME Ha KPUCTAJUIM3AIMIO CTPYKTYpbl B MOHOKIMHHOW (haze. Kak
BUIHO, B 0OJiee YyHMOPSAOYEHHON CTPYKTYpe MHUKPOKIIMHA MpeobpazoBaHme mponsonuio mosaHee. [1o
COJCp)KaHUI0 MOHOKJIMHHOM (ha3pl B KaJIWIINATaX TEPIMHCKUX TPaHUTOMIHBIX cepuil Bombmioro
KaBka3a 4eTko BBIOENSIOTCS Tpu rpynmbl. IlepBas, ¢ GombmmMM copepskaHHEM MOHOKIMHHOW (pa3bl
(36%), cBsi3anHas ¢ TabOpO-aIaMeIIMTOBOM cepueii, BTopast — co cpeaHum coaepkanuem (15-25%),
CBSI3aHHAS C TPAHOIUOPHUT-ASICKATOBOW cepueil, ¢ MUTMaTUTaMy IPaHUT-MUTMAaTHTOBOTO KOMILIEKCA
u mop(upoOIACTOBBIMA TPaHUTAMH W TPEThsl — C HU3KUM conepxkanueMm (7%), cBs3aHHas C
NerMaTHTaMH U TIOPOJaMH KUIBHBIX (DAl TUIarHOTPaHUT-TPAHUTOBOM cepuu. YCTaHOBIEHO, YTO
COXPAaHEHHIO CTPYKTYpbl OpTOKJa3a B KaJWIINarax CIocoOCTByeT Oojbllas  CKOPOCTh
KPUCTAJUTM3AIMH, CPABHUTENbHAS CYXOCTh MarMaTW4ecKoro paciuiaBa M, COOTBETCTBEHHO, ciaboe
MPOSIBICHHUE THAPOTEPMaIbHBIX MpolieccoB (Parson, 1978). Mcxons 13 cka3aHHOI'O MOKHO JIOITYCTHTb,
yTO0 Tab0pO-amaMeTuTOBas Ccepusl XapaKTepu3yeTcsl OOJNBIION CKOPOCTHIO KPHUCTALTU3AINN U
CpPaBHHUTEIHHO

OOJBIIION CYXOCTBIO MAarMbl (3TUM MOXKHO OOBSCHUTH B I[EJIOM CIIa0BIH THAPOTEPMATBHBIN TPOIIeCC B
9TOol cepun). llermMaTuThl MIArdOTPaHUT-TPAHUTOBOW CEPUM W TOPOJBI JKWIBHOW  (amnun
KPUCTAUIM3YIOTCSI OYeHb MEIUICHHO B Cpele, Ooraroil THUApOTEpMaMH, a MHUTMAaTUTBhl TPaHHT-
MHUTMaTUTOBOTO KOMIUIEKCA, TOP(HHUPOOIacTOBbIE IPAHUTHI M TPAHUTOUIBI IPAHOJHMOPUT-ATSICKUTOBOM
cepuu  (HOPMHPYIOTCSL B cpelle C HOPMaIbHBIM THUAPOTEPMANbHBIM pexuMoM. [lomydeHHble
pe3ynbTaThl HAaXOISITCA B XOPOILIEM COOTBETCTBHM C JPYTMMH T'€OJIOTHYECKUMH JaHHBIMU
PacCMOTPEHHBIX CEPUH.

o skcriepMeHTaIbHBIM pad0TaM M TEPMOJMHAMAYECKIM BBIYHCICHHUSIM H3Y9YEHBI TTIaBHbIE (DaKTOPHI
ompeneneHuss CTpyKTypsl kammmmatoB (CemoBa u ap., 1982). VYcraHoBieHO, YTO TIAaBHBIM
KOHTPOJIEPOM CTPYKTYPHOTO TIOJIOKEHHS KaJIWIINATOB SBISIETCS TeMIlepaTypa KPUCTAJUTH3AINH, a
JIaBJIeHHe Ha Hero ocoOoro BiusHus He okasbiBaeT. M.C.Cemoma (1982) cumtaer, 4to B mopojaax
aM(puOOIUTOBOM U TPAHYJIUTOBOW (amuii B YCIIOBUSX KHAHUT-CHJUIMMAHHUTOBOTO PEKHAMA
pa3BHUBaeTCs CpeNHUIl OpTOKIAa3, a B YCJIOBUSAX AaHNATY3UT-CHJUIIMAHUTOBOTO pEXHMa -
MakCUMaJbHBII MUKpOKJIMH. [lo ee MHEHWIO, B YCIOBUSX MeTamop(du3Ma aHIaTy3uT-
CUJJTHMAHWTOBI'O THUIIA CYIIECTBOBAHHUE YIOPSAIOYCHHOI'O KaJIMIIIATa OOYCIOBICHO OCOOCHHOCTSIMHU
¢nrounHOM (dazel. B dWacTHOCTH, OONBIION KOHIIEHTpalmWeHd BOAOPOJA, YTO CHOCOOCTBYET
YIOPSAMOYCHUIO CTPYKTYPHI Kanmuiimara. Eciu mpuHATE BO BHHMAaHHE BHINIECKa3aHHOE, TO MOXKHO
JIOMTYCTUTh, YTO TNIABHBIMHU (pakTopamu ymopsigoueHuss Al-Si kanumimaroB sBISIOTCS TeMIIEpaTypa U
THTT MeTaMopdu3Ma.

C mOMOIIBIO ABYCIIIOSTHOTO T€0TEPMOMETPA MBI ONIPEEIIMIIN TEMIIEPAaTypbl 00pa30BaHUs U3yUEHHBIX
KaJIMIIaToB. JTOT TeoTepMomerp Obul mpemioxern T. baptom B 1962 romy, a 3arem ero
ycoBepurenctBosan J.C. Stormer (1975). IloaydeHHBIE STHM METOJOM TeMIIEpaTypsl (HopMUpoBaHUs
KaJMIINAaTOB HAXOIATCS B XOPOIIEM COOTBETCTBHHM C TI'EOJOIMYECKMMH JaHHBIMH HMCCIIEAYEMOTO
peruona. Camasi BbICOKasi TeMIIEpaTypa KpUCTaUIM3alK (PUKCUPYETCsl B KAIUIINATAX TPAHUTOUIOB
IPaHOIMOPUT-AIsACKUTOBOI cepun - 600°C, B ycioBHSAX naBieHus 2 KO , 2 B YCIOBHSX JABICHHUS 5
k6 - 630°C. DTH mMOKa3aTeNM CPABHUTENHHO HHU3KME B MHTMATHTAX TPAHHT-MHUIMATHTOBOTO
KOMIUIEKCA M COCTABIISIOT, COOTBEeTCTBEHHO, 540 m 580°C. MuKpoKIHHBI mOp(HHPOGIACTOBBIX
IDAHATOB KPUCTAIIH3YIOTCA B ycaoBusx Temmeparypsl 470°C (2 k6) u 520°C (5 x6). Camble HU3KHE
TeMIiepaTypsl 00pa3oBaHMs KalWINNATOB IUIATMOTPAaHUT-TPAHUTOBOM CEpHH  OTMEYAIOTCS B
MEerMaTUTaX M IOPOJAX KIIBHBIX (aimuu. DTH MOKa3aTedH COOTBETCTBEHHO TakoBbl 390°C (2k6),
420°C (5 k6), 360°C (2 k6) 1 390°C (5k6). CaMble HU3KHE TeMIIEpaTypbl (HOPMHUPOBAHMUS KAIMIIIATOB,
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PACCMOTPEHHBIX TPAHUTOMIHBIX CEPHil, HMEIOT OPOIBI rab0po-agamernnToBoii ceprn — 390°C (2 k6)
1 410°C (5 x6).

Takum 00pa3oM, B pe3yibTaTe PEHTICHOCTPYKTYPHOTO HCCICIOBAaHUS  KaJMIIIIATOB TEePIUHCKHX
rpanuTonioB bonbimoro KaBkasza BeIICTWINCE MX JBA FTEHETHYECKUX TUMA: BRICOKOTEMIICPATYPHBIH U
HU3KOTEMIepaTypHbIii. BmecTe ¢ TeM, TemneparypHble yCloBHS (OPMHUPOBAHUS ONMPENEIAIOT 00beM
Na ¢a3er u, B ompeneneHHON CTENeHH, CTPYKTypHBbIE OCOOEHHOCTH MHUHepana. M3 paccMOTpEeHHBIX
KaJMIINAaTOB PE3KO BBIIEISIOTCS KaJIHWIINaThl rab0po-agaMessIuTOBON cepuu. B HUX, B OTIAHYHE OT
KaJIMIIIATOB IPaHOIMOPUT-ATSICKUTOBOM ceprr, moutd B 10 pa3 Hmxe mporieHTHoe cozepkanne Na n
B ZIBa pasza Oonbplre 00beMa MOHOKIMHHOW (a3bl. BMecTe ¢ TeM, eclii B MEPBOH CEpPHH CpeaHee
cogepkanue SrO coctasnser 390 r/T, TO BO BTOpOH, U B MOPPHUPOOIACTOBBIX T'PAaHUTAX OHO,
COOTBETCTBEHHO, cocTaBisgeT 170 u 140 r/T.

6.2. BHOTUTHI

BHOTHTHI BBI3BIBAIOT OOJIBIION MHTEPEC MCCIIEAOBATEICH, TaKk KaKk OHU (DOPMHUPYIOTCSA B HIMPOKOM
JIMara3oHe TEMIIEPaTyphl U IABICHUS U UX COCTaB U CTPYKTYpa HAXOJSATCS B MPSAMON 3aBUCUMOCTH OT
(PUBUKO-XUMHUYECKUX YCIIOBUH KpPHUCTAILIM3AI[M MarMaTH4ecKoro paciuiaBa. Takwe WX CBOWCTBa
TIO3BOJIAIOT BOCCTAHOBUTH TEPMOJMHAMUYECKUE YCIOBUS 00pa30BaHMS U BOJIOIUH MarMaTHYECKOH
cucTeMbl. BMecTe ¢ TeM, KOHIIEHTpanus B OMOTUTaX PEAKO3EMETbHBIX 3JIEMEHTOB SIBIISIETCS OJHHUM U3
HAaWIy4lINX KPUTEPHEB OMNpeesieHUs] PYyJOHOCHOCTH I'PaHUTOUIOB. M3 repuMHCKUX TpaHUTOUIHBIX
cepuii bonpmmoro Kaskasza mpl nmeranbHo m3ydnmnu 140 MOHOMUHEpaNbHBIX (pakmuid OnotutoB. Mx
yCpeIHEeHHbIE XUMUYECKHE, METPOXUMUYECKHE M KPUCTAJUIOXUMUYECKIe (OPMYIIBI ¥ aHAITN3EI JaHbI
B TabI. 6.2, 6.3 1 6.4.

Kax BunmHO u3 puc. 6.1, oTMeUeHHBIE OMOTHUTHI MPEACTABICHEI MAarHUEBBIMHU U KEJI€30-MarHUEBLIMU
Pa3HOBUJIHOCTSMM, BMECTE C TEM, OHOTHUTBHI KOHKPETHOW TI'PAHUTOMIHOW CEPUHM 3aHMMAIOT
OTIpesieTICHHBIE TIOJIS, YTO eIIe pa3 MOAYEPKUBACT MX F€HETHYECKYI0 WHIAUBHIYaIbHOCTh. BUOTHTHI
rab0po-a1aMeJJINTOBOM CEepUH, B OCHOBHOM, TPYIIHUPYIOTCS B II0JIE MHUTMAaTHUTOBOrO Ouotura. B
OTIIMYHE OT HUX OWOTUTHI TPAHOAHOPHUT-AISICKUTOBOW CEpPHH TPEACTABIEHBI, TJIABHBIM 00pa3oM,
JKENEe3UCTHIMA  PAa3HOBUIHOCTSAMU. bDHOTHTHI MHIMAaTHTOB TPAaHUT-MHUTMATHTOBOTO KOMILIEKCA
MIPEICTABIICHBI KaK MAarHUEBBIMH, TaK U KEJIC3UCTHIMUA PA3HOBUIHOCTSIMU. BUOTHUTHI IJIAaTHOTHEHCOB U
TUTATHOTPAHUTOB TUIATHOTPAaHUT-TPAHUTOBON CEPUH IIPENICTABJICHB, B OCHOBHOM, MarHHEBBIMHU
Pa3HOBUJHOCTSMU, a  MHKPOKJIMHOBbIE  TOP(PUPOOIACTOBBIE  TPAHUTBI —  KEJIE3UCTHIMU
Pa3HOBUIHOCTSIMU.

Tabanpa 6.2. Cpegnue XxuMHYecKkHe AHAJIN3bI OMOTHTOB TePUMHCKHMX I'DAHWUTOMIHBIX CepHH
Boasioro KaBka3za ( Mmacc%)

n SlOZ TlOz A|203 FEZO3 FeO | MnO I\/IgO CaO Kzo Nazo HZO_ H2(3+

['a66po-apamenuToBas cepus

30 | 36,87 | 1,23 | 15,34 | 6,46 | 13,17 | 0,31 | 9,40 | 1,46 | 9,15 | 0,18 | 1,50 | 4,37 | 99,32

MurmaTtutel HJ]aFI/IOFpaHHT-FpaHPITOBOﬁ cepuun

30 | 3592 | 146 | 18,64 | 548 | 14,40 | 0,23 | 856 | 1,56 | 7,84 | 0,14 | 1,03 | 4,62 | 99,56

IlnarvorpanuThl U MJIArKOTHENCHI TUIArOTPAHUT-TPAHUTOBON CepUU
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10

35,35

1,50

17,45

5,78

13,60

0,25

9,92

1,72

7,78

0,09

1,23

5,14

99,74

Hop(pnpo6naCTBme T'paHUTHI INIAruOrpaHuT-rpaHUuTOB

01 cepun

30

34,28

0,78

18,36

9,74

14,76

0,31

7,73

1,66

3,30

0,14

1,71

6,39

99,74

rpaHOI[I/IOpI/IT-aJ'IHCKI/ITOBaﬂ cepus

40

35,98

1,80

17,90

8,40

13,22

0,44

8,08

1,49

6,95

0,13

1,62

4,96

99,40

Tabanna 6.3. Cpeqnuii KpUCTATIOXUMUYECKHA COCTAaB OMOTHUTOB IePIUHCKUX TPAHUTOUIHBIX

cepuii boasmoro Kapka3za (B nepecuere Ha 22 KUCJIOPO.)

Si

Al

XZ

Al

Ti

Fe*

Fe+2

Mn

Mg

XY

Na

Ca

["'ab0po-agamenuToBas cepus

5,66

2,32

8,00

0,45

0,14

0,74

1,83

0,04

2,15

5,35

1,80

0,04

0,23

2,07

MurMaTHUThI 1A

THOTPAHUT-TPpa

HHUTOBOU cepuu

5,42

2,58

8,00

0,75

0,16

0,60

1,79

0,03

1,88

5,25

1,52

0,02

0,24

1,78

IImarnornei

ChI U TIJIaruorp

AHUTHI IJIaruOrpaHuT-

TPAHUTOBOM ce

5058

5,42

2,58

8,00

0,59

0,16

0,69

1,74

0,03

2,26

5,47

1,51

0,02

0,24

1,77

[MopdupobracToBbie TPaHUTHI IIATHOTPAHUT-TPAHUTOBON CEpHH

5,17

2,83

8,00

0,56

0,09

1,23

1,95

0,04

1,82

5,69

0,66

0,04

0,28

0,98

I'panoauo

PUT-AISICKUTOBAsI CCPpUL

5,45

2,54

8,00

0,73

0,15

0,89

1,64

0,03

1,79

5,23

1,30

0,03

0,31

1,54




10 Cupepoduns u 90

ACIITUAOMEAAHBI
\V V \VA V \
90 70 50 30 10
R* Fe “4+Mn

Puc. 6.1. 3aBucumocts Fe*, Mg, Mn u R* B GMOTHTAX repUHHCKMX IPAHHTOMIHBIX CepHii
Boabsmoro Kaska3za mo M. Foster (1960).

Ve, obo3Hau: 1 — rabGbpo-amameruinToBasi cepus; 2 — MUIMAaTHThl T'PaHUT-MUTMAaTHTOBOTO
KOMIUIEKCa; 3 — TIUIarHOTHEMChl W IUIarMOTPaHUTHl IJIarMOTPAHUT-TPAHUTOBOW cepuu; 4 —
nop¢pupoOIaCTOBbIE TPAHUTHl IUIATMOTPAHUT-TPAHUTOBOM CepHM; 5 — TPaHOAUOPHUT-AISICKUTOBAs
cepus.

Kak wm3BecTHO, B OMOTHTAax B3aWMOJICHCTBHE 3JIEMEHTOB OKTadAPHOW ITO3WUIIMM MOXXHO BBIPA3UTh
U30MOp(HHON CMEChI0 MHUHEPAJIOB, TaK HA3bIBAEMBIMH PsJIaMH UCTOHHUT-cHIepouanTa 1 HIoropur-
aHuTa. B mocnexHure ronel ObUTK MIPEIJIOKEHBI pa3inyHble BapuaHThl kiaccupukanuu. [lo Hamemy
MHEHHIO, U30MOP(HBIHA cocTaB OMOTUTOB Jydlie Becero orpaxkaet meron C. I1. Kopukorckoro (1965).
OH OCHOBBIBAaeTCS Ha IIPUHOUIIC, YTO B OTMCYCHHBIX I/I3OMOp(1)HBIX paaax MmpoucHTHOEC KOJINYCCTBO
aTOMOB QJIFOMHHUS B OKTA3APHOM U B TETPAdIPHOH MO3ZUIUAX 3aMETHO OTIMYAIOTCS.

C mpuMEHEHHEM 3TOr0 METOJla MBI MOJyYHIIM TaKylo )K€ KIacCU(PHUKAIMOHHYIO KapTHHY, Kak U B
cimydaer meroga M. Foster. buotutsl rab0po-agaMenIuTOBONH CEpUH, B OCHOBHOM, IPEACTaBIICHBI
¢roropuUT-aHUTOBBIM, 2 OMOTUTHI TPAHOIMOPHUT-ATSICKHTOBON CEPUH — UCTOHHUT-CUACPODUILTUTOBBIM
panoM. MurMaTuTel TPaHUT-MUTMaTUTOBOTO  KOMIUIEKCa  IPEJACTaBICHBl KaK  HCTOHHUT-
CUIEPOPUIUTUTOBBIM PSZIOM, TakK ¥ (IOrOQUT-aHUTOBBIM. BHOTHUTHI TUTATHOTPAHUTOB W TUIATHOKIIA30B
TUTarHOTPAHUT-TPAHUTOBOM CEpUH, B OCHOBHOM, TPYNIHUPYIOTCA B (IOropHUT-aHUTOBOM IIOJE, a
OMOTHUTBHI MUKPOKJIMHOBBIX MOP(HUPOOIACTOBBIX IPAHUTOB—B UCTOHUT-CUAECPODUILTTHTOBOM.
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Puc. 6.2. CooTtHomieHHue K03 (pPUUHUEHTOB agi-ay; B OMOTUTAX repUMHCKUX IPAHUTOMIHBIX cepuii
Boasmoro Kaska3sa.

a-Si: (AIVI/ZTeTp.KaT.)Xloo%; a'V|=(AIV|/ZOKT..K3T.)X100%;

IMonst: | - ucronur-cunepoduiummroBoro 5-50% conepxanus; Il - nctonur-cunepoduumrooro 50-
100% copepxaHnusi.

Yci.0603Ha4. cM. Ha puc. 6.1.

Kak u3BecTHO, (PU3MKO-XMMHUYECKHE YCIOBHS KPUCTAIUTU3AIMA TPAHUTOMIIHOTO paciijiaBa XOpPOIIO
pacudpoBbIBaOTCS MO TJIMHO3EMHOCTH, XEJNE3UCTOCTH M MarHueBocTd. lccienoBaHust B 3TOM
HANPaBIECHUH TPOBOIMIN A.A.Mapakymes u W.A.Tapanun (1965), B.C.MBanos (1970),
A.T.Xutpynos (1981) u npyrue. [1lo U.A.Tapanuny (1971), Bo BpeMsi pOopMUPOBAaHHUSI TPAHUTOUIOB
IJIaBHBIM (DaKTOPOM DPETYJIMPOBAHHS TIMHO3EMHOCTH B OHOTHTaxX SBIISETCS KHCIOTHO-ILEIOYHON
pexum. g ero ananmza A.A.MapakymeB u W.A. Tapaauna (1965) mnpemioxmim nBa mapamerpa
ouoturoB S u M (S=Si/Al; M=ZFe+Mg/Al ), M0 KOTOPHIM BBICUMTHIBAJICS KHCIOTHO-IIEIOYHOM
PEXHUM TpaHUTOOOpa3yrOIKX nporeccoB. Onupasick Ha 3Tu qaHHble, B.C.MBanos (1970) mpemioxw,
OCHOBaHHYI0O Ha XMMHYECKOM TMOTEHIMAle Kalmuid M BOJABI, JAWarpaMMy H3MEHYHMBOCTH JKelie3a |
TJIMHO3eMa B OMOTHTAX.

Wcrnonp30Banue 3TOW OuarpaMMbl TI0Ka3ajo, YTO OHOTHUTHI TEPUUHCKUX TPAHUTOMAHBIX CepUil
Bonbmoro Kaskaza ¢popMupyloTcs B cpelie pa3iInyHOM >KeJIe3UCTOCTH, TIIMHO3EMHOCTH, KAJTUEBOCTH U
noteHana BoAsl. COOTBETCTBEHHO Pa3fIMYHbI M TeMIepaTypsl UX KpucTtamwmmsanuu (puc. 6.3). Kak
BUJUM, Ha OTOW JuarpaMMe OHOTUTHI Ta0Op0-aJaMeJUTMTOBOW CEPHHM 3aHUMAIOT COBEPIICHHO
W30JIMPOBaHHOE, OoraToe TIWMHO3EMOM TIOJ€, a TeMIICpaTypHBIH HMHTEpPBAI HUX O0O0pa3oBaHUS,
MPUMEPHO, COOTBETCTBYET TEMIIEPATYPHOMY HHTEPBAITy OMOTHUTOB IPaHOINOPUT-ATSICKUTOBOM CEPHU.
Ilone pacmpocTpaHeHHss TOCIECAHUX PAacHONOXKEHO B TMOJE PACHpOCTpaHEHUS OHOTHTOB
TUTATHOTPAHUT-TPAHUTOBOM CEpUM, YTO YKa3blBaeT HA CXOXHE (DU3UKO-XUMHUYECKHE YCIIOBHUS HX
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¢dopmupoBanmsa. TemmepaTypHblii HHTepBad 00pa3oBaHHS OHWOTHUTOB MHIMAaTHTOB TPAaHUT-
MHUTMaTUTOBOTO KOMIUIEKCA OY€Hb BEJIMK W OH IMEPEKPBIBACT IOJsI OMOTHTOB IJIATMOIPAHUTOB U
nop¢pUpOOIACTOBBIX IPAHUTOB IIATHOTPAHUT-TPAHUTOBOM cepur. Cpean MOCIEAHNX CaMyIO BBICOKYIO
TemIeparypy o0pa3oBaHHs UMEIOT OMOTHUTHI MJIArMOTHEICOB U IUIATMOTPAHUTOB, & CAMYIO HU3KYIO —
OnoTHTHI NOPPUPOOIACTOBBIX TPaHUTOB. Ha 3T0i qrarpaMme Xopoio BUAHO, YTO 0Yarom

H20 126 121

f65

Puc. 6.3. /ImarpammMa H3MEHYMBOCTH KeJE€3UCTOCTH U TIJIMHO3EMHOCTH € 3aBHCHMOCTBIO
MOTEHIUATA KAJTUS M BOAbI B OMOTHTAX repuMHCKUX rpanutonioB boasmoro KaBka3a.

[oms: 1-rabOpo-amameruToBasi cepusi, 2 — MUTMATHTHl TPAaHUT-MHUTMATHTOBOTO KOMIDIEKca, 3 —
IUTATHOTHEMCHl M IUIAarMOTPaHUTHI ILJIATMOTPAHUT-TPAHUTOBON cepum; 4 — mnopdupobiiacToBbie
TPAHUTBI ATOU KE CEpUU; 5 — TPAHOIUOPUT-ATSICKUTOBAS CEPUSL.

Ta6anna 6.4. CpenHue nmeTpoxuMuyeckue napamMeTpbl OMOTHTOB TepUMHCKHX TPAHUTOHUIOB
Boabmoro KaBka3a u cpeaHee cogep:xanue B Hux Li u Rb (r/T).

I'panuronanas cepusi M f | Li Rb
['ab6po-anamennuroBas 47 52 21 110 867
I'panonnopuTt-ansckuToBas 40 58 29 95 685
Murmar. rpas.-MHTM. KOMILIEKca 44 54 25 52 447
[InarnorpaHuTsl Mar.-rpaH. cCEpuu 40 56 25 82 599
[HopdupoOit. TpaHUTEI MJar.-rpaH. Cepuu 38 60 26 175 951

FpaHHTOHHHOﬁ MarmMbl HH&FHOFpaHHT'FpaHHTOBOﬁ CECpUM ABIACTCA ap€ajl MUTMATUTOB, a 3BOJIIOIUA
MarMaTu4yeCKoOro paciuiaBa mpoTekajia OT IUIarMOrpaHUTHOroO CoCrtaBa K rpaHUTHOMY. BwMmecte ¢ TEM,



119

cTereHb TudQepeHnranud MarMbl OYeHb Maja, 4TO BOOOINE XapaKTepHO ISl BEPXHEKOPOBBIX
aHATEKTHYCCKUX 00pa30BaHUM.

Kaxk mokazanm MHOrOunCIeHHbIe nccnenoBanns (Ymakosa, 1980; Ky3emun, 1985 u np.) B 6noruTax,
U BOOOIIIEC B CJIFOJIaX, KOHICHTPALUS PEAKUX 3JIEMEHTOB SBJISICTCS OJAHHUM M3 JIYYIIUX HHIUKATOPOB
BBISBJICHUS PYJOHOCHOCTH B TPAHHUTOMIAX. JTO CBOWCTBO CIIIOJ OOBSCHSACTCS WX CTPYKTYPHOH
0COOCHHOCTBIO, KOTOpasi JaeT BO3MOXKHOCTh M30MOP(GHO 3aMellaTh PeAKHe 3JeMeHThL. Harmpumep,
KoHIeHTparws Rb B OMOTHTE BhI3BaHA €0 KPUCTAUTOXMMUYECKOM OIM30CTRIO K KaJIHIO, a TUTHS - K
Marauo u T.1. Ho kak BUIOHO, COIEpIKaHUE PEAKHX SJIEMEHTOB B OHOTHUTE OMPEACIsSCT HE TONBKO MX
CTPYKTypa, HO M WX KOHIEHTpalMs B TPAHUTOUIHOM paciuiaBe. Bo BpemMs MHKPO30HIOBOTO
UCCJICJIOBAHUS OOHApYXWIOCh, YTO B OHOTHUTaX OOJBIIMHCTBO PEIKHUX 3JIEMEHTOB CBS3aHO C
MUKPOBKJIIOUCHHSMU ~ aKIIECCOPHBIX MUHEpalioB. [3ydeHne OWOTUTOB T'PAHUTOUIHBIX Cepuit
MOKA3bIBACT, YTO B OMOTHTaX MAapaJUICIIbHO C WX 3BOJIIOIMEH, BO3PAcTalOT KOHIECHTPAIIUM DPEIKUX
3IIEMEHTOB, YTO 0COOCHHO KacaeTcs JUTUS U pyouans. OTMeueHHas 3aKOHOMEPHOCTh
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Puc. 6.4. B3aumocBsi3b KOHUeHTpanuu Li MexXay repumHcKuMH rpanutonnamu bBosabimioro
KaBka3a u ux ouoruramu. Ycji. 0003Ha4. cM. Ha puc. 6.1.
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Puc.6.5. B3aumocBs3b KoHumenTpauuu RD mexay repumHckuMu rpaHutomaamu Boubuioro
KaBka3za u ux ouoruramu. Ycj1. 0003Ha4. cM. Ha puc. 6.1.

XOpOIIIO BHHA B M3YYE€HHBIX HamMu OnotuTax. Ha muarpamme 6.4 u 6.5 mana 3aBucuMocth Li u Rb
MeXIy OHOTUTAMH TepPIUHCKUX TPAaHUTOWAHBIX cepuil bompmoro KaBkaza u BMemaronmMmu
nmoponamMu. W3 3TUX auarpaMM sICHO BHJHO, YTO OTa 3aBUCHUMOCTh, B OOOMX CIIy4asx, IMPSMO
MPOTIOPIIHOHANIbHASL, YTO SIBHO YKa3blBaeT Ha TO, 4TOo B OwHoTHTax comepkanme Li u Rb, B
OTIpeIeTICHHON CTENIeHH, OOYCIIOBICHO KOHIIEHTPAIMEH 3THX 3JIEMEHTOB B MarMaTU4eCKOM pacIliaBe.
B wusyuennsix Owortmrax comepxanve Li m Rb, 1o cpaBHeHMIO ¢ JaHHBIMH APYTUX aHATOTHYHBIX
00pa3oBaHUM 3eMHOM KOPBI, XapaKTePU3YIOTCSI HEBBICOKUMH KOHIICHTPAITUSIMHU.

Taknm 06pasoM, IIPOBEACHHBIC HCCICOOBAaHUA IMOKa3ajrd, 4YTO KaXKJasd TI'CPHUHCKas TI'paHUTOHIHasA
cepus bonpmoro KaBkaza xapakrepu3yercss KOHKPETHBIMH Pa3HOBHIIHOCTSIMU OHOTHTA. BHOTHTHI
rab0po-aJaMeIITUTOBOI CepUU TPEICTaBICHb MAarHUEBBIMH Pa3HOBHUIHOCTSMH, a TPAHOJUOPHT-
ASICKUTOBOM —  JKCEJIE3HUCThIMU. brnotnuTel MHUI'MATUTOB T'paHUT-MUT'MATUTOBOI'O KOMIIJIEKCa
MPEACTABICHbl KaK MAarHUeBBIMU, TaK M KEJIE3UCTHIMA PAa3HOBUAHOCTSAMH, IUIATMOTPAHUTHI
TUTATHOTPAHUT-TPAHUTOBON CEpPUU — MAarHUEBBIMH, a TOPPUPOOIACTOBBIE TPAHUTHI ITOHM YK€ CEpUH —
JKEJIEe3UCTHIMU Pa3HOBUAHOCTSIMH. M3ydeHrne OMOTUTOB IUIArMOTPAaHUT-TPAHUTOBON CEPHUU IMOKA3aJo,
YTO MX MarMaTHYeCKU pacIulaB TEeHEpPUpPYEeTCsl B apeaje MHUITMAaTUTOB M HBOJIIOIUS Marmbl
HanpaBJieHa OT IJIATHOTPAHUTHOTO COCTaBa K TPAaHUTHOMY, IPU 3TOM CTeleHb auddepeHnranun
HU3Kasl. 3aKaHuWBas 3Ty MOATJIABY CIEAYET OTMETHTh, YTO Pe3yJbTaThl HCCICIOBaHUSI OHOTHUTOB
HaxogATCA B XOpomeM COOTBETCTBHUHM C TCOJIOTMYCCKUMH H TECTPOXUMHUYCCKUMH HJaHHBIMUA
PacCMOTPEHHBIX CEpPHUH.
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6.1. MyCKOBHUTBI

Kak HN3BECTHO, MYCKOBHTLIL q)OpMI/Ip}IIOTCH Ha IIO3JHEM DTalice I‘paHI/ITOO6paBOBaHI/ISI " MIO3TOMY B HX
CTPYKTYPE H COCTaBC€ KOAHWPOBAHBLI XapaKTCPHBIC IIOKA3aTCJIM 3TOr0 ITaria. KpOMe TOIro, B
MYCKOBUTE, KaK B IIOCTMAarMaTu4€CKOM MHHEpAJIC, CKOHICHTPHpPOBaHA OoJpIlIasi 4YacTh JETYy4YUX
QJICMCHTOB, UTO NPUAACT UX U3YUYCHUIO CILIC 0oJIbIIIEE 3HAUCHUE.

MyYCKOBHTEHI MOJB3YIOTCS OOJBIIAM PACTIPOCTPAHEHUEM B IIATMOTPAHUT-TPAHUTOBON M IPAHOIHOPHUT-
AICKUTOBOM cepusix, a B  rab0po-ajaMeITUTOBOM W Ta0OpO-TIarHOTPaHUTOBON CEpUSAX OTH
MUHEpaJbl TPaKTHYECKH He BCTpedaroTcs. M3 OTMEUEHHBIX Cepuii Mbl BBUICHHIM W H3Y49WId 85
MOHOMUHEPAIBHBIX (PAKIUNA MYCKOBUTOB. MX XUMHUYECKHE M MHUHEPAIBHBIC COCTaBbl, a TaKXKe
HEKOTOPHIE ETPOXUMHYCCKHE ITapaMeTPhI TaHbI B Ta0J. 6.5 u 6.6.

Tab6a. 6.5. Cpennee xumuueckui cocraB ( B Bec%), MyCKOBUTOB I'epUMHCKMX IPAHUTOUAHBIX
cepuii boabmoro Kapkaza 1 MUTMAaTUTOB I'PAHUT-MUTMATHTOBOI0 KOMILIEKCA

| SiO, | TiO, | AlLO; | Fe,0;3 | FeO | MnO | MgO | CaO | K,O0 [ Na,0 | H,O | H,0" | = |
I'panurt-ansickuroBasi cepust

14597 - [3082] 195090 | - [1.36 ] 111 ] 950 | 079 | 1.32 | 532 | 99.73 |
MumMrmMaTurhbl rPAaHUT-MUIMATHTOBOI'0 KOMILJICKCA

| 4755] 075 [ 3047 ] 160 | 101 | - [1.23 [ 093 | 961 | 064 | 0.60 | 5.24 [99.76 |
HJ‘[aFI/IOFpaHI/ITBI HﬂaFHOFpaHHT-FpaHHTOBOﬁ cepun

14637 - [2913] 175 | 093 | 001 | 1.29 | 1.21 [10.34]| 0.83 | 1.17 | 6.15 | 99.84 |
MuKkpokJIMHOBBIE TOP(PUPOOIACTOBbIE TPAHUTHI IATHOTPAHUT-TPAHUTOBOI cepuu

14634 - [3139] 144 | 048 | - [ 123 ] 1.04 [1056] 0.78 | 0.66 | 5.48 | 99.70 |
IMerMaTUThHI NJIATHOTPAHUT-TPAHUTOBOM cepun

| 4634 - [3026|143]054] - [085] 0911140 081 | 0.28 | 6.48 | 99.83 |

Taba. 6.6. CpenHuili HOpMATHBHBIH COCTaB (Macc%) U HEKOTOpbIE CPeJHHEe NMEeTPOXHMHYECKHE
napaMeTpbl MYCKOBMTOB TIe€PIHHCKHX TPAHUTOMIHBIX cepuii M TPaHUT-MMIMAaTHTOBOIO
komIuiekca bonbmoro Kapkasa

| Komaman. | Myckosur | IMaparomut | Penrur | M | f | I |
I'paHuT-ansickuToBasi cepust

| 26 | 430 | 8.4 | 486 | 48 | 51 | 40 |
MuUrmMaTHThI IPaHUT-MUIMATUTOBOI'0 KOMILJIEKCA

| 18 | 368 | 8.3 | 549 | 49 | 50 | 40 |
IInarmorpaHMThI IATHOTPAHUT-TPAHUTOBOM CepHH

| 10 | 480 | 112 | 409 | 48 | 50 | 40 |
MuKpoKJIMHOBBIE MOPPUPOOIACTOBbIE IPAHUTHI IIATMOTPAHUT-TPAHUTOBOI cepuu

| 20 | 444 | 106 | 450 | 57 | 40 | 42 |
IlerMaTHTHI IIATHOTPAHUT-TPAHUTOBOM CepHH

| 10 | 562 | 108 | 330 | 41 | 58 | 41 |
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Puc. 6.6. beable kanueBble CII0AbI (MyCKOBHMTBHI) FepIIUHCKUX TPAHUTOMAHBIX cepuii boabmioro
Kagka3za na Mu-Phe-Par qnarpamme. ITo K.Kanehira u Sh. Bano (1960).

Ve, o6ozHad: | — MUTMaTUTBl TPAHUT-MUTMATHTOBOTO KOMIUIEKCa, 2 — IUIarHOTHEHCH W
IUTaTMOTPAHUTBl  IUIATMOTPAHUT-TPAHUTOBOW cepur, 3 -  MHKPOKIMHOBBIE MNOPQPHUPOOIACTOBBIE
TPaHUTHI 3TOH ke cepuu, 4 — MerMaTUTHI 3TOM Ke CepHH, S- TPaHUTUOPUT-ATSICKUTOBAs CEpH.

W3 nuarpammel (puc. 6.6) XOpoIIO BUAHO, YTO OeJble KaJHeBbIe CIIOJBI, B OCHOBHOM, COCTOST W3
MHHAJIOB MyCKOBHTA M (DCHTUTA, & HA MUHAJ TTAParOHUTA MPUXOAUTCS HeOOJbIIast 0. MyCKOBHUTBI
OTACNBHBIX TEHETHYECKHX THUIIOB HE CO3/AI0T HW30JMPOBAHHBIX TIIOJICH, HO B MYCKOBHTax
IUIAarHOTPAHUT-TPAHUTOBOM CEPUHU OT IJIATMOTPAHUTOB K MErMAaTUTaM SIBHO OTMEUYAETCsl yMEHBIIICHHE
MuHaNa (eHrura W Bo3pacTaHue MyckoBuTa (cM. puc. 6.6.). Ilo mammeim S. Guidotti (1973),
TeMIiepaTypa He OKa3blBaeT BIMSHHUS HA KOJMYECTBO COJCP)KaHHsS MHHAJIA B MYCKOBHUTaX W OH, B
OCHOBHOM, OlpeJessieTcss JapieHueM. [lapauienbHO ¢ BO3pacTaHMEM 3TOro Iapamerpa B OelbIx
KaJIMEeBBIX CIIOAAX BO3PACTAeT MPOICHTHOE COJCp)KaHWE MHHAJA (PEHIHMTa, a COJCP)KAaHWE MHHAJIOB
naparoHUTa U MYCKOBHTA - YMEHBIIACTCS. DTO MX CBOMCTBO MOXKHO HCIOJIBb30BaTh, KaK XOPOIIHUI
Oapometp. V3ydeHHbIE C ITOH TOYKM 3peHMS Oelible KaJIHMEBBIC CIIOABI HE TPOSBIAIOT OOJBIINX
BapHUaluii, HO caMmoe OOJIBIIOE KOJIMYECTBO (PEHTUTOB OTMEYAETCSI B MUTMATHTaX, a CAaMOE MaJioe — B
nermarutax. CocTaB OeNbIX KaJHeBbIX CIOJ IUTATHOTPAHUTOB M TIATHOTHEHCOB CKIIOHSAETCS K MOJT0
(eHruTa, a uX cocTaB rpaHOMOPUT-ASICKUTOBOW CEPUH — K MO0 MYCKOBUTA.
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Puc. 6.7. CoorHomenne marHueBoctu M=(Mg/ZFe+MQ)x100% u  KeJe3UCTOCTH
f=XFe/XFe+Mgx100% MyCKOBHTOB repHMHCKHX I'PAHUTOMIHBIX cepuii Boabmoro KaBkasa.

VY. 0603Ha4. cM. Ha puc. 6.6.

Kak y)xe oTMe4anoch, riiaBHON XapaKTePUCTUKOW MOPOJI SBJISETCSI MX MarHHEBOCTh, XKEJIE3UCTOCTh U
TJIMHO3eMHOCTh (Tabn. 6.6). Puc. 6.7 wunocTpupyeT 0OpaTHO MPONOPIMOHATLHOE COOTHOIICHHUE
JKCJIE3UCTOCTU U MAarHu€BOCTU B MYCKOBUTAX . YTo ke KacaeTcsl MarHUEBOCTH U TJIMHO3€EMHOCTH, TO
MEXy HUMHU He HaOI0aeTcsl KaKoH-THO0 3aKOHOMEPHOCTH.

3aBUCHUMOCTh MEXJIYy MAaTEPUHCKUMH MOPOAAMU U COAECPKAHUEM MYCKOBUTA OYEHb CIOXKHAs
U B Pa3sHBIX N€HETUYECKUX TPYIIAX MpOsBIAETCS MO pa3HoMy. Hampumep, B rpaHurongax
IUIATMOTPAHUT-TPAHUTOBOM CEpUM MMapajIeIbHO C BO3pacTaHUEM Si, B  MYCKOBHTax
COJIEpKaHUE OTOT0 JJIEMEHTAa YMEHBIIACTCSA, @ B MHUIMAaTUTax 3Ta 3aBUCUMOCTb IIPSIMO
IIPONOPUMOHAIBHAS. B MyCKOBHTax IIJJarMOTPAHUTOB M IUIATMOTHEWCOB ILIArMOTPaHUT-
TPAaHUTOBOM cepuu Kaluid uMeeT OOpaTHO MPONOPIMOHAIBHYIO 3aBUCHUMOCTh, a B
nophupo0IaCTOBBIX IPAHUTOMIAX ITOM KE CEpUU - MPsIMO MponopuuoHaNbHYI0. Kak BuaHO,
MEXIy MAaTepUHCKUMHU IOPOJAaMU U COCTABOM MYCKOBHUTOB TaKas CIOKHAs 3aBHCUMOCTb
BbI3BaHAa KaK COCTaBOM BMEILAIOLIUX IOPOJ, TaK M CBOeoOpa3ueM TEePMOJAMHAMUYECKOTO
pekuma ux oopa3zoBaHusl.
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Puc. 6.8. lnarpamma 3aBHCHMOCTH OKTa3ApOBbIX KaTHOHOB XL(Fe+Mg+Ti+Mg) u anwomunus
1IeCTOli KOOPIAMHAIMU B MYCKOBHTaX (0esible KajHeBble CJIIOAbI) TePUMHCKUX TPAHUTOUIHBIX
cepuii boasmoro KaBka3sa.

VY. 0603Ha4. cM. Ha puc. 6.7.

Ilo nuTepaTypHBIM IJaHHBIM, BO BPEMS IIOCTMarMaTHYecKOW mepepabOTKU I'PaHUTOWAOB 3BOJIIOLIUS
XMMH3Ma MYCKOBHTOB IIPOTEKAE€T B YCJIOBHSX POCTa KUCIOTHOCTH PACTBOPOB, YTO BBIPAXKAETCS
3aMEIIeHNEeM OKTa3JpOBBIX KATHOHOB AalIOMUHHEM IIecTOi KoopauHauuu. W3 auapraMmel
3aBHCUMOCTH OKTa3/IpHBIX KaTHOHOB M KaTHOHOB ANIOMUHMS IIECTOW KOOPAMHAIMHM B MYCKOBHTax
TepIUHCKUX TPAaHUTOUIHBIX cepuit bonpmoro Kaskaza (puc. 6.8) xopomro BHAHO, YTO KHUCIOTHOCTb
MOPOJI YBEJIMYUBAETCS OT MUTMATHUTOB TPAHUT-MUTMATHTOBOTO KOMIUIEKCa K TOPQHUPOOIACTOBBIM
rpaHUTaM IUIaTMOTPAaHUT-TPAHUTOBOM CEPUH, a B TIETMATUTAX 3TOM K€ CEPHHU - PE3KO YMEHBIIAETCs, K
TOMY € TMOCTMarMaTW4ecKHe pacIUIaBbl T'PAaHOJUOPHUT-ASICKUTOBOM CEepUH HE XapaKTepH3YIOTCS
0O0JBLION KHCIOTHOCTBIO.

Takum 00pa3oM, H3y4YEHHbIE MYCKOBHTHI, B OCHOBHOM, MPEJCTaBICHbl (EHTHTOBBIMH U
MYCKOBHTOBBIMU MUHAJIaMH, @ Ha IIAparOHUT MPUXOANUTCS Majas MpoLeHTHas noyis. BMmecrte ¢ TeM, oT
IJJAaTMOTHEMCOB M IUIarMOrPaHUTOB IUIArMOTPAaHUT-TPAHUTOBOM CEPUU K MErMaTUTaM 3TOM K€ cepuu
OTMeYaeTcs yMEeHblIeHHE (PEHTMTOBOM YacTH M BO3pAacTaHHUE MYCKOBHUTOBOH, YTO MOXKHO OOBSICHHTH
MIOCTETIEHHBIM YMEHBILIEHUEM JIaBJICHUS B Ipoliecce ux (hopMupoBaHus. B MmyckoBuTax rpaHOANOPHT-
AISICKUTOBOM CepUHM, IO CPAaBHEHWIO C TUIATMOTPaHUTaMU W MOPPHUPOOIACTOBHIMH T'pPaHUTAMU
IUIarMOTPaHUT-TPAaHUTOBOM cepuu, peoli1agaeT MHHAI YACTOIO MYCKOBHTA.
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7. ®JIIOUJTHBIA PEXKUM OBPA3SOBAHUSA I'EPITMHCKUAX
I'PAHUTOUAOB BOJIBIIIOI'O KABKA3A

Wsydenne QuronmHOoro pexxuma o0pa3oBaHHS TPAHUTOHIOB MMEET BaKHOE 3HAUCHHWE, TaK KaK JaeT
WHQOpPMaIMIO, Kak O TIETpPOoreHe3nuce IMOopoA, Tak M 00 WX MOTEHIHMAIbHOW pPYIOHOCHOCTH.
beccriopubiM sBisieTcst TOT (akT, 9TO (ITFOUIBI HE TOJBKO YIaCTBYIOT B IIPOIIECCe MUTMATUTHU3AIUN U
TPaHUTOOOpA30BaHU, HO U HEPEIKO WIPAOT TIABHYIO POJIbh B TOCTMAarMaTU4IeCKOM MPEoOpa3oBaHUU
TPaHUTOMIHBIX TOpoJ. Bmecte ¢ Tem, QuouaHbie CUCTEMBI BO MHOTOM CIOCOOCTBYIOT pPyTHON
MUHEpAJIN3aIII 1 00pa30BaHUIO0 MECTOPOKICHHUH ITONIE3HBIX NCKOTAeMBbIX.

B 310i1 rmaBe paccMOTpeHBI pe3yabTaThl U3Y4YeHHUs! (PIIOMIHOTO pekrMa oOpa3oBaHMs TEPHUHCKUX
rpanutonsioB bonbiioro Kapkaza. HMccnemoBaHue, KOTOpO€ OCHOBAaHO HAa TEOPUM Ta30BO-KUIKHUX
CHCTEM, TPOBOIMIOCH KOMIDIEKCHO, JUISI 3TOTO WCIOJB30BaH KaK KPHUOMETPUUYECKHI METox
uccijeJ0BaHusd TIa30BO-KHUAKUX BKHm‘IGHHﬁ, TaK H MCTOJ TGpMH‘IGCKOfI AaKTUBHU3allUHU TIa30B
(xpomarorpaduaeckuii).

7.1. KpuoMeTpuiecKue uccae10BaHus

KpunomMerpuueckne HCCleNoBaHUSA TEPUUHCKUX TpaHUTOMI0B bonbmoro KaBkasa mpoBogwInCh B
HuctutyTe reoxpoHonorun u reonoruu aokemoOpuss AH Poccum, B 1. Cankr-IlerepOypre. Bouto
uccienoBano okoo 60 00pa3oB OTOOPAaHHBIX M3 BCEX M3YyUEHHBIX TPAHUTOUIHBIX cepuid. CyIIHOCTD
METoJa COCTOMT B CIEAyIoIeM: o0Opasel] OXJIaXTaroT B KpUOKaMepe [0 BO3MOXHO HU3KOH
TEeMIIepaTypbl, a 3aTeM IyTeM IIOCTEIIEHHOTO HarpeBaHusi (QUKCHUPYIOTCS mapaMeTpbl (a3oBbIX
M3MEHEeHUI BKItoueHW. TeMneparypa NiaBleHHs BEIIECTBA 3aBHCHT OT UX XMMHYECKOTO COCTaBa.
Hanpumep, npu Temneparype  -210°C mmasures asor, mpu  -185°C — meran, a npu -56.5°C
ABYOKHCh yriaepona, mpu 0°C — IHCTHILTHPOBAHHAS BOAa U T.1. 110 Hauamy TeMIepaTypbl ILIaBICHHS
MOYKHO CYJUTh O THII€ pacTBOPOB, a IO KOHIy — O KOHIEHTpAIMH COJeHd B cucteMe. TemmepaTypa
TOMOTEHHU3allM OJHO3HAYHO YyKa3blBaeT Ha IUIOTHOCTh CHCTEMBI, YEM OHa HIDKE, TEM BBIIIE
IUIOTHOCTh CHUCTEMBI. 3HAsl XUMHUUYECKUH TN (IIIOMIOB M IUIOTHOCTH, IO W3BECTHBIM TEMIIepaTypam
BO3MOXHO OIIPEJIEIUTh JaBlieHNe, CYLIECTBYIOlIee B cucTeMe. M3yuenne ra3oBo-xuIKuX BKIIOYEHUI
3THM METOJIOM OKa3aloch HanOosee MHPOPMATUBHBIM B aHATEKTHUYECKOH IUIarHOTrPaHUT-TPaHUTOBOM
Y PELUKIMHIOBON IPaHOJUOPUT-AIACKUTOBON cepusax bonpmoro Kaskasa.

J1i1st BOCCTaHOBJICHHS TIOJHOM KapTHHBI (DIFOMIHON SBOJIONUH TPAHOAMOPHUT-ATSICKUTOBON CEPUH MBI
U3YYMIIN M TTOPOJIBI e CyOcTpaTa — BEpXHEKaJICIOHCKHE TPaHUTOTHEHChI. O0pasiibl 3THX MTOPOJI B3SThI
u3 cpe3oB pp. Haxap (00p.2525), Jayn (06p.2355), Ilixenma (oOp. 2204, 2219,2220) u  Axapui-cy
(006p. 4-m). Bo Bcex oOpasmax oTMedaroTcs JAByX(a3oBble (KUAKOCThTa3) BOJIHO-COJIEBBIC
BKJTFOUCHUS, KOTOpPbIC MNPEHMYIIECTBEHHO pa3BUThI  BJIOJb TPEUIMH B KBapie.lHOrma Tpewiisl
(TMHEWHBIC 30HBI) CEKYT TpaHWIBI MHHEPAJIOB, W OHHU SIBISIOTCS MEPBUYHO-BTOPUYHBIMH U
BTOpUYHBIME (uroniHbIME BKTIoYeHusiMu (Roedder, 1984).

TeMmepaTypa IUIaBICHHS B OfHOI rpymme BKirouenuit (T,,) kone6nercs ot —16 no —23°C, uro Gnmsko
K aBTekThKe Temmeparypsl miasienns NaCl. Koneunas TemmepaTypa IUIaBieHus (GHUKCHPYETCS B
npegenax ot —6 10 —2°C (tabu. 7.1.). DTH naHHBIE MOKA3BIBAIOT, YTO KOHIEHTPALHS CONCH B ITHX
BKJITFOUeHUsX, nepecunTanHas Ha dkBuBaeHT NaCl (Onac)) , M0mKHA OBITH B mpeenax ot 10 g0 4
macc. % (Potter, 1977). Bropas rpymma BKIIOYEHHIH JaeT HeOONbIIyI0 WHQOpPMAIUIO, U
€JMHCTBCHHBI BUIUMBIA A((EKT, KOTOPHIH B HHX HAONMIOAAETCsA, 3TO OBICTPOE HCUC3HOBEHHE
My3sIppKOB Ta3a, B mpegenax or -6 1go —1°C. Takoe CBOWCTBO XapakTepHO IS
CJTa0OMUHEPATTM30BaHHBIX BOJJHO-COJIEBBIX PACTBOPOB, M UX



Ta6u. 7.1. TemnepaTypbl NJIaBJdeHUS TA30BO-KUJAKHUX BKJIIOYEHUI, HX COCTaB U KOHUEeHTpamus (Inyc)) B TEPUHHCKUX TPAHUTOMIHBIX cepusi boabmoro

Kaska3za
I'panuTtonanas cepus Tun T°C remn. Temi. CocraB | Konuenrp Temm. CoO, N, CH,
N HA3BaHHE l'[OpO)IBI BKJIKOYE Ha4vaJjaa OKOHYaHUSA TOMOI'€H.
HHUH IJIAaBJI. 0
IJIaBJI. (macc%) TC
(3NaCI)
MHTMATHTBI FPAHUT- [ -45 -25 -25 -18 Na-Cl 20-18 90-160 | Trm=-56,6°C | Trr=-210°C | Tmn=-185,5"C
MUT'MATHUTOBOTO
KOMILIEKCA B
I - 72 10 -1 90 - 160 - -
[L1aruorHeics 1 [ -35 -22 -12 -5 Na-ClI 15 90 -170 Trom=0°C | Trom= 137°C -
IJIarnorpaHrThbL
IUIarHOTPAHUT- Mg+Fe
TPaHUTOBOM CEpUH T ) 3 +Ca 5 90-170 _ _ _
HopdupobracTossie [ -45 -20 -29 -19 Na-Ca 28-21 70-160 | Trom=-11°C | Trom= 143°C -
T'pPaHUThBL
TUIarHOTPAHUT- )
. K-Na
TPaHUTOBOM CCpHH I -12 -10 7 -2 10-4 70-160 - -
JIBYCIIFOISHEIE [ -49 -15 -10 Na-Ca 19-14 110-170 | Trom=-19°C - Trom=-94,5°C
TPaHUTBI TPAHOANOPHUT-
-29°C

aIJIICKUTOBOM cepun
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I - -6 2 9-1 100-170 Trom=-90,5°C
BepxHekaeqoHCKIe I -16 -23 -6 -2 Na-ClI 10-4 100-160 -
TPAHUTTHEUCHI
I - -6 -1 9-2 100-160 -




KOHIIGHTpalyst JObKHA OBbITh B mpenenax oT 9 mo 2 macc.%. Hns obeux rpymnm BKIIOUEHHH Temreparypa
FOMOTGHH3AIHH OTMedaeTcst B mpexenax or 100 go 160°C. B memom, B MO3IHEKATCIOHCKHX TPaHHTOrHeicax
BkioueHuit CO, He HabmronaeTcs, HO B oopasie 2204 GuKcupyroTcs BKIIOUEHHSI, TUIaBJICHUE KOTOPBIX MTPOTEKaeT
B mpegenax Temmepatypsl -10°C. DTOT mMokasaTelb COOTBETCTBYET TEMIICPATYpE IUIABICHHS YITIEKHCIBIX
rasTHIPaToB, B Cllydae Mol MHUHEpaimM3aluu BoIHO-coieBoit cuctemsbl (Collins, 1979). Takum obGpazom, 3Tu
JaHHBIC B TPaHUT-THEHCOBBIX (pIIIOMIaX, YKa3bIBalOT Ha HebobIoe cogepkanue CO, BO Bpems NeTporeHesa.

JlaHHBIE O KOHLIEHTpAIMHd BOJHO-COJIEBBIX BKIIIOYCHWH M TEMIIEpaType HMX TOMOTCHHM3AlUH JIOCTATOYHBI IS
MOCTPOCHHUSI M30XOPbl BOAHO-COJEBBIX cUcTeM. [10 M3BECTHBIM TemIepaTypaM TOMOTEHH3AIlMH BOJHO-COJEBBIX
BKJIFOUCHHUI M 110 KOHICHTPAIIMHU COJICH, MIOTHOCTh CHCTEMBI ompeaenseTcs ypaBuernuem R.Bodnar (1983). Ilo
W3BECTHBIM TJIOTHOCTSIM M KOHIIGHTPAIMH COJICH BO3MOXKHO MOCTPOCHHE M30XO0pbl (uirongHol cuctemsl (Potter,
Brown, 1978). OTuMm myTeM TOCTpPOEHBI KaK W30XOpa BEPXHEKAIECTOHCKHX TPAaHUTOTHEWCOB, TaK M BOOOIIE
M30XOPBI TePIMHCKUX TPaHUTOUIHBIX cepuil bonbimoro Kaskasa (puc. 7.1).

Puc. 7.1. PT Tpena 3Boonuu Guion10B repiuHCKUX rpaHuTon10B bosbsmoro Kaskasa.

N3zoxopel: 1 — BomHO-COJIEBasi CHCTEMA TFOM=1OOOC, 10 macc.%; 2 — BOmHO colieBasg CHCTEMA TFOM=2000C, 10
macc.%; 3 -BomHO-coseBasi cuctema T,o,=150°C, 10 macc.%; 4-BomHo-coseBasi cucrema T,o,=120°C, 25 macc.%;
5- asorHas cucrema Syy,=3.289 CM3/I‘; 6-yIrIIeKUCIIO-Ta30oBass CUCTeMa Scopy=0.92 CM3/r; 7-yriIeKUCIo-ra3oBast
cucteMa Sc0y=0.93 cM’/r; 8- cucrema H,0-CO,, ¢ Bomoit 40 u 20 macc. %, Sco,=0.80 cm®/r; 9- YTICKUCIIO-
rasosas cucrema Sco,=1.16 eM/r.

Crpenkoii 0003Hau€H PETPECCUBHBIN TPeH (PIIOMIHON CUCTEMBI IPAHUTOHIOB.
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[Topoabl rpaHOAMOPUT-ATIICKUTOBOW CEPUU MBI U3YUMIIM B cpe3ax pp. Akcayra (00p.9-88), Ktu-Tebepaa (06p.20-
88), Hayn (00p.23-50, 23-52), Knuu (06p. 75), I'Banmpa (00p.972) u Cakenu (00p.354). B atux oOpasmax
OTMEUaeTcs JBa THIA BOIHO-COJCBBIX BKIIOUCHHH XJIOPHI-KAIbIMEeBOT0 coctaBa (Tabi.7.1). BomHo-coseBbie
BKITIOYEHUS TIEPBOTO THIIA MEPBUYHO-BTOPUYHOTO IeHe3rca W WX KOHIIEHTpamus Koyiebnercs B mpenenax 14-19
Macc.%. BriroueHHs BTOPOro THIa OTMEYatoTCesl B OONBINX KOJIMYECTBAaX. Temreparypa IIaBIeHUs HaXOUTCS B
npenenax or —6 o +2°C, uTo yKaswlBaeT Ha KOHILEHTpAHI0 pacTBopa oT 9 1o 1 macc %. Temmeparypa
TOMOTCHH3ALHH 0GOMX TUIIOB BOJHO-COJICBBIX BKIIOUCHHI HaxoauTes B npeenax ot 100 go 170°C.

B rpaHoauopuT-ansacKUTOBOM cepuu, B OYeHb MaJlbIX KOIWYeCTBaX, oTMevaroTcs BkiroueHust CO, u pukcupyroTes
mumb B obpasmax 20-88 m 23-50. B mepBoM W3 HUX TeMIieparypa TOMOTE€HH3allMM BKIIIOUYEHUH ONMU3Ka K
KPUTHYECKOH Temmeparype yriekucioro raa (+31.2°C). B obpasue 23-50 ormeuarorcss Brmodenns HyO-CO,,
rae konmuectBo H,O konebnercs B mpemenax 20-40%. Temnepatypa romorenusanuu H,O mo  kommuecTBy
colep:KaHus B HEHM BOABI OTBEYACT, COOTBETCTBEHHO, -19 m —29°C. Dtu JIaHHBIE COBEPUIEHHO JOCTATOYHBI IS
mocTpoeHus u3oxopuoit cucremsr HO-CO, (Brown, Lamb, 1986). ITo Hammm mogcyeram, TaBieHe 00pa3soBaHUs
CPAHUTOB FPAHOAUOPUT-AIICKUTOBOM cepuu npu Temneparypax 650 u 700°C otBeuaer, cootBercTBeHHO, 4.0 - 4.3
kOp (kxorma H,0=20 macc. %) wu 5.3 — 5.5 x0p (xorma H,O=40 macc %). B oOpasue 23-52 rpaHoauopur-
AIICKUTOBOM CEPHH OTMEUAIOTCS OT/Ae/IbHbIC BKITIOUCHHS, TEMIIEPATypa IIIaBIeHHs KOTOpEIX otBeuaeT —94.5°C, a
Temmepatypa romorenmsamuy - -80.5°C.  DTH mapaMeTpbl COOTBETCTBYIOT COCTABY - YIJCKHCIBI ra3-METaH.
[IpucyrcTBue MeTtaHa BO (QUIIOMIHON CHCTEME OJJHO3HAYHO yKa3blBaeT Ha €€ BOCCTAHOBUTEIbHYIO MpHpoay. Kak
MOKa3bIBAIOT TEPMOJMHAMHYECKUE PACUETHI, AK€ HE3HAYUTEIBHOE COAEP)KaHHE METaHa B CHCTEME BO3MOXKHO
JHMIIb B YCHOBMSX yctoiumBoctu rpadura (Lamb, Valley, 1985). Takum o6pa3om, B oOpasue 23-52
CYIIECTBOBAaHHE METAHOBBIX BKJIIOUEHHH yKa3bIBAa€T HA BOCCTAHOBUTEIBHYIO CPEy IETPOreHe3a CUCTEMBI.

Bonbioit MHTEpEC BBI3BIBACT M3YYCHHE Ta30BO-KUJIKHUX BKIIOYCHHHA B aHATEKTUYECKMX MHUrMaTHTax (CyOcTpar
TPaHUT-MATMATHTOBOT'O KOMIUIEKCA), TaK KaK JUIsl OCYIECTBICHUS! YACTUYHOTO TUIABJICHUS HEOOXOIUMO aKTHBHOE
yuactue QurrongoB. Hamu Obiiv m3ydeHsl oOpasibl u3 yml. pp. Kmua (125), Cakenn (338), ['Banmpa (966),
lonauxup (2617), Yerem (64-A, 68- A) m UYerer (212-A, 214-A). B HuX Tra30BO-KHIKHE BKIIOYCHUS
CKOHIICHTPHPOBAHBI, B OCHOBHOM, B MOoOMIM3aTax kBapma. OIHaKO B KBapIax MPHUCYTCTBYIOIIMX B MAJ€OCOME,
BKJIFOUEHHUS] OTMEYAIOTCSI PEIKO, 3TOT (haKT TO3BOJISIET MPEANONIOKHUTh, YTO 10 KpaiiHeH Mepe 4acTh ()IOH]I0B
o0Opa3oBaiach MpH pa3ioKEHUH MUHEPAJIOB.

Bo Bcex o0pasiax MoOmiIn3ara MIMPOKO Pa3BUTHI IBYX(a30Bbie (KUIKOCTh-Ta3) BOJHO-COJIEBBIC BKIFOUYCHUS JABYX
0B, HauanbHble TeMIepaTypsl IIaBIeHAS BEIIECTBA IEPBOT0 THIIA BKIIOUEHH, KonebmoTes ot —40 10 —25°C,
a xomeunbie - 0T —18 10 —5°C. DTH 3HAYEHHS COOTBETCTBYIOT HATPHii-KaJIbIHii-XTOPHIHBIME PACTBOPAM, C
KoHIeHTparmeit ot 8 mo 20 macc. % Ha Dyac.

Kak ycranoBneno, mpu ymnpTpameramMopdusmMe W MHUTMaTH3AIUH, MPHCYTCTBHE KAaJBIIUEBBIX XJIOPHUIHBIX
pPacTBOpOB XapaKTEPHO W AJISl JPYTrMX PErnoHOB 3eMHOI kopwl (Bamuuk, CemoBa, 1986; Bamnuk, 1988). Bo
BTOPOM THUIIE BOAHO-COJIEBBIX BKIJIIOUEHMH KOHLIEHTpalusl pacTBopoB MeHseTcs oT 10 mo 1 macc. % Ha Opacl.
TeMmmepaTypa roMOreHH3aInK 00ONX THITOB BKIIOUYeHHi Komebercs ot 90 10 160°C.

VYrnekuciple BKIIOYEHHS OOHapyXeHBl BO Bcex o0Opas3lax MHUTMATUTOB (pHC. 7.2), XOTS W HEMHOTOYHCIICHHBI.
Onn, HIPEACTABIICHBI NIEPBUYHO-BTOPUYHBIMU BKIIIOYEHUSIMH, a B  oOpasue 214-A OB110
3a()UKCUPOBAHO HECKOJBKO TEPBUYHBIX BKIIOUYECHHH.

TeMmmepaTypsl MX IIaBICHHs OIH3KH K TemmepaType —50,6°C, 4To CBUIETENBCTBYET O XHMHUYECKOH UHMCTOTE
cucreMbl. B nanHom ciydae nepBuyHble BkioueHHS CO; MMEIOT HauOONBUIYIO IUIOTHOCTh, & B TEPBUYHO-
BTOPUYHBIX BKJIIOYEHUSX IUIOTHOCTh YyMeHbliaercs. OueBumHo crektp T, CO, oTpaxaer 4YacTUUHYIO
pasrepMeTH3almio YIIEeKUCIOTHOW CHCTEMBl Ha PETrPecCMBHOM dTamne MeramopduiMa. DTO MPEATNONIOKEHHE
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MOATBEPIKIAETCS M DKCIIEpUMEHTAIbHEIMU paboramu (Bamuuk, 1988; Sterner, Bodner, 1989), mostomy nasieHue,
MpU Pa3BUTHH MPOTPECCUBHOIO yIbTpaMeTaMoppu3Ma, B YCIOBUIX aM(pUOOIUTOBON (halluu, CICTYET ONPEACIITh
o HanOoJjee, a pErpeCCUBHON CTaIUU — TI0 HAMMEHEE TUIOTHBIM MEePBUYHBIM BKIoUeHUSIM COs,.

B nHamewm cnyyae Hanbonee mioTHeIM BKitoueHusiM CO, (TmM=-34°C) COOTBETCTBYET YACIbHBIN 00BbeM (.92 eM /T
3Hasi TUIOTHOCTH CHCTEMBI, C TOMOIIsI0 auarpamMMbl PVTco, (LmymoBud, 1986), mpum u3BeCTHOM pexuMe
TEMIIEPaTypbl, MOXKHO OIPEJENNUTh NaBJICHHE BO BpPeMs KpHCTaUIM3anuu mopoasl. Kak m3BecTHO, Temmeparypa
06pa3oBaHus IATHOrPAHUT-TPAHATOBOI cepun Bonpmoro Kapkasa Bapsupyer ot 700 10 750°C (Oxpociapuse,
1993). EcrectBeHHO, KBapi, MO (QUIIOMAHBIM BKIIOUCHHSM KOTOPOTO TPOBOIMINCH  HCCIIEIOBAHUSA,
KpUCTAJUTM3YETCS TpU OoJiee HU3KHX Temreparypax. [1oaToMy pacueTsl AaBICHUH HAMU TPOU3BOAMINCH I10
temmeparype 650 u 700°C. ITo oTMEUCHHBIM TeMIepaTypaM JaBI€HUE B MUTMATUTAX, MIPH KOTOPBIX MPOU3OIIENT
3axBar BkmoueHnid CO,, otrBewaer 6.3-6.7 kbap. B 3TWx mopomax BBIUMCICHUE IaBICHUN 110 HaWMeEHee
HU3KOIUIOTHBIM BKItoueHussM CO; cooTBeTcTBYET 2,3-2,6 KOap.

. »
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Puc. 7.2. llepeuuno-BTopuuHbie BKI04YeHns H,O-CO, B MUrMaTUTAX TPAHUT-MUTMATUTOBOT0 KOMILIEKCA.

UYepHble BKIIOUYEHUS B My3bIpbKax — yriaeKuciblil ra3z. Oop. 207-u. Yeenuueno B 530 pas.

B mMurmarturax cucreMa a3oTHBIX BKIIOYEHHH oOHapyxkeHa B oOpasue 168-A u 214-A. OHH, B OCHOBHOM,
SIBJISIFOTCS [IEPBUYHO-BTOPUUHBIMY BKJIIOUEHHUSIMH, HO HHOI'/Ia OTMEYAlOTCs U BTOPUYHbIE BKJItOUeHus (puc.7.4.). B
HEKOTOPBIX CIy4asX A3TU BKJIIOYEHHUS DPACIOJararorcs IO JUHEWHBIM 30HaM, COBMECTHO C BOJHO-COJIEBBIMU
BKITIOYEHHUSIMH BTOPOTo Tuna. Hepenko BO BKIIIOYEHHUSX BOKPYT Ia30BOT0 MY3bIpsl MPUCYTCTBYET 000J0K BOAHOM
¢azpl. [Ipu oxiakaeHUM BelLecTBAa BKIIOYEHUs HE YAAaeTcsl IIEPEeBECTH B TBEPAOE COCTOSHHUE, OIHAKO
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HAOJIIOAETCs TeTePOreHN3aIMs CUCTEMBI TIpH Temmeparype oT —170 no —180°C. Tlpu HarpeBaHWu, B Ipeieliax
Temmeparypbl oT —136 10 —140°C, oTMeuaeTcss TEpexXoi CHCTEMbI B XKHAKYIO (Ba3y. B eIMHHYHBIX CIydasx BO
BKITFOUCHUSX HAOJFOIaeTCsl BRIMOPaXKUBAHUE YTIICKUCIIOTHI,  3aTeM €€ TUIABJICHHUE MPU TeMIepaType oT —73 10 —
61°C. T,oy yIIIGKHCIOTHI HAGIOAETCS TIPH Temmepatype ot —61 g0 —42°C.

Hcxons n3 BBINICOTMEUEHHOTO, HET COMHEHHS B TOM, YTO IMapaMeTPhl PACCMOTPECHHBIX BKJIIOUCHHUN OTBevyaroT N-
CO; cuctemsl. [Tockonbky B OONBIIMHCTBE BKIIOYCHUN JOJIS YIIIEKUCIOTH HUYTOXKHA (YTIICKUCIIOTa He 00pa3yeT
CaMOCTOSTENbHYIO (a3y), TO ¢ HEOOJBIIONW MOTPEHIHOCTHI0 MOXKHO BOCHOJIB30BaThCA M30XOPOH YHCTOTO a30Ta,
ILIOTHOCTH KOTOPOTO GIIM3KA K KPHTHIECKO TouKe a30THOi cuctemsl (-147°C) (puc.7.1.).

Kak Oput0 mOKa3zaHO BBINIE, OBYCIIONSHBIC IUIATHOTHEHCH M IJIArHOTPAHUTHI IJIATHOTPaHUT-TPAHUTOBON cepHuu
00pa3yroTcsa Ha paHHEKHHEMAaTHYECKOM 3Talle ¥ FeHETHYECKH MaJIO YeM OTJIMYAIOTCSI OT HEOCOMbI MarMaTuToB. B
oOpa3nax ucciaenoBaHHbIX u3 ymenbs pp. Kmuua (33), Cakenn (208, 332) u I'Banapa (984) BomHO-COJICBBIC
IByX(a30Bble CUCTEMBI BKJIIOYEHHH MEPBUYHO-BTOPUYHOIO TI'€HE3UCA HEMHOTrOYMCIeHHbl. OIHaKo B HHX
oOHapy>KeHa BOJIHO-COJICBask CUCTeMa JBYX THUITOB. HayanbHbie T, BKIIOYCHHMIA IEPBOTO THIIA KOJICOIIOTCS OT —22
no —35°C, a xomeunsie — oT —5 10 —12°C. DT 3HAYEHHS, BEPOATHO, COOTBETCTBYIOT XJIOPUIHO-HATPHEBOIL
cUcTeMe ¢ J0OaBKaMH XJIOPHUI0B MarHUs, xkene3a u kKainpius (boprucenko, 1982). Ix KoHIEHTpanus JOCTUTAET 10
15 macc. % Ha Dpyc. TemmepaTypa IUIaBICHHUS B BOJHO-COJIEBBIX BKJIFOUEHHSX BTOPOTO THIIA HAXOIUTCS B
HHTEpBajie OT —3 A0 +1°C, a KOHLIEHTpALMs COCTaBIsIeT 10 5 Macc. % Ha Dnac. Bo Bcex oOpasuax 3Toil cepun
IIMPOKO TIPENICTABICHBI YTIEKUCIbIe BKIIIOUeHUsT kKpome o0p. 208 (puc. 7.3, 7.4).

I 52 BRA. o- 1BrRAIOUeHHTE
10
I I '_'MTLHE j|
-40 -30 -20 -10 0 10 20 TromCO2

Puc. 7.3. I'ucrorpamma T,,, Braoyennii CO, B KBapuax MUTMAaTHTOB I'PAHAT-MATMAaTHTOBOI0 KOMILIEKCA.
Bcero npencrasieHo 52 BKIIOYCHHS.
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Puc. 7.4. I'ucrorpamma T,,, BkI04eHnii CO; B KBapuax JBYCIIOASHOI0 IUVIATMOTPAHUTA MJIATHOTPAHMUT-
rpanuToBoii cepun bosbmoro Kagkasa. TeMHbIM LIBETOM Bbljie/IeHbI IEPBUYHbIE BKJIIOYEHUSI.

Bcero npencrasneno 291 BkiroueHue.

OcHOBHas 4acTh 3TUX BKJIIOUEHHH — IEPBUYHO-BTOPUYHOTO reHe3uca. [lepBudHbIe BKIIIOYCHUS XapaKTEPU3YIOTCS
CaMbIMU BBICOKUMH IIIOTHOCTAMU. CriekTp Ty OUEBHAHO, OTpaXkaeT pa3yIJIOTHEHHE CUCTEMBI Ha PETPecCUBHOM
craauu metamopdusma. ITo HanGonee miotHeM BKmouernsM CO, (Tro,=-30°C, V=0.93 cm%/r) mpu T=650-700°C,
naBiieHHe 00pa3oBaHHS OPTOTHEWCOB cocTaBUT 6.8-6.5 kOap. JlaBieHWe B MOMEHT MPOSBICHUS BTOPHUYHBIX
TporieccoB mpH Temieparype ot 350 g0 400°C cocraBisier, cooTBeTCTBEHHO OT 2.5 10 2.8 KGap. B 310l cepuu
a30THas CHCTeMa BKJIOYEHUi oOHapyxkeHa B o0p. 33. T, BKIOUYeHHH Konebnercs B mpexaenax ot -137 mo —
144°C, B OHOM BKJIIOYEHHH YCTAHOBICHO BBHIMOPAKMBAHWME TBEpAOi ()asbl, a 3aTeM ee IUIABICHHE U
temneparype —81.5°C .

Kak ObuIO TI0Ka3aHO BHIIIE, IBYCIIIOJISHBIC IPAHUTHI (DOPMUPYIOTCS B MPOIECCE MO3AHECKIIAUATRIX JIBKESHUHN U B
OTIINYME OT TUIATHOTHEHCOB W TUIATHOTPAaHUTOB O00Pa3yIOT MPEUMYIIECTBEHHO MOOWIN30BaHHBIE, HHTPY3HUBHEIC
Tena. B oOpasuax mccienoBaHHbIX U3 yml. pp. Akcayt (00p.9-88), Ktu-Tebepaa (00p.20-88), dayn (o6p.23-50,
23-52), Knbra (00p.75), I'Banapa (06p. 972) u Cakenn (00p. 354) mMpoKo npeacTaBlIeHbl JIHHEHHBIE 30HbI BOJTHO-
COJIEBBIX BKJIIOYEHHM, MPEUMYIIECTBEHHO XJOPUIHO-KAJIBIIMEBOTO COCTaBa, ¢ KoHUeHTpauuen 14-19 macc. % Ha
Onacl- LIIMPOKO pa3BUTHI BOIHO-COJIEBBIC BKIIFOUEHHSI BTOPOTO THIIA. TeMIiepaTypa OTTauBaHUS Ta30BOTO ITY3BIPS
Kosiednercd or —6 110 +2°C. BeposiTHbIE KOHIIEHTpALMK 3TUX PACTBOPOB MEHAIOTCS OT 9 mo 1 macc. % Ha Dnagl-
T, om BOTHO-COJIEBBIX BKJIFOUCHHU OTMedaeTcsi B mHTepBasie or 100 mo 170°C. Yriekucible BKIIOUEHHS OYEHb
MHOTOYHUCJICHHBI, B obOpasmax 20-88 m 23-50 o0HapyXkeHO MO HECKOJbKY BKIOUeHHA. B mepBoM m3 HUX Ty
BKITIOUEHMH OIM3KO K KpUTHYecKoil Touke yrimekuciuors (+31.2°C). B o6p. 23-50 Bcrpeuens! Biitouenns H,O-
CO,, B KOTOpBIX O00BbeMHas 110Jis1 Boabl coctaisier 20-40%, Ty — 19 1 29°C. DTuX JAHHBIX JOCTATOYHO VIS
noctpoenus m3oxopbl cucrembl H,O-CO, (Collins, 1979). [laBnenue mnpu 0oOpa3oBaHMU JBYCIIOASHBIX
TPAaHUTOMJOB COCTAaBJISIET, COOTBETCTBEHHO, 5.0-5.3 kbap (mpu 40% H,0) n 3.8-4.3 kbap (mpu 20% H,O) npu
temmeparype 550-600°C.
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Puc. 7.5. llepeuuno-BropuyHbie BKiIOYeHnss H,0-CO,. TeMHbIil my3bIpeKk BO BKJIIOYEHUAX — CKHKEHHAS
yriekuciaoTa. Ysei. B 590 pas.

B 00p. 23-52 o0HapyXeHO €AMHUYHOE BKJIIOYCHHUE, T, KOTOPOro paBHO —94.5°C, a T, COOTBETCTBYET -80.5°C.
OTH MMOKa3aTeNIH CBUICTEIBLCTBYIOT 00 YITIEKHCIO-METaHOBOM COCTaBe BKIIIOUeHHH. Hammume meTana B cocraBe
¢uronia 0JJHO3HAYHO CBUIETEIBCTBYET O BOCCTAHOBUTEIEHOM XapakTepe (IronaHoi cucteMbl. Kak mokaspiBaroT
TEPMOJIMHAMUYECKHE pacueThl, OoJiee-MEeHee CYIIECTBEHHOE KOJIMYECTBO MeTaHa BO (IIOWE BO3MOXHO JIUIIb B
nosie ycroiuuBoro rpadura (Lamb, Valley, 1985). Takum o6pazoM, oOHapyKeHHE CYIIECTBEHHOIO METAHOBOTO

BKJIFOUEHUSI MOJKET CBHUJIETEILCTBOBATH O BOCCTAHOBHUTEILHOM XapakTepe TeHe3Mca JBYCIIOASHBIX TPAHHTOB
(06p.23-52).

B mop¢hupo61acTOBRIX TPaHUTAX MCCIIEA0BAHHBIX U3 yiuI. pp. Cakenn (00p. 33, 80), I'sanapa (06p. 850, 857, 913),
V3yn-kon (06p.20-44) u Haxap (00p.20-63) mupoko pa3BUTHl BOJHO-COJIEBBIE BKIIOYEHHMS ABYX THUIOB. llepBbiit
THI PaCTBOPOB MPECTABIEH XJIOPUAHO-KAIbLIMEBO-HATPUEBOM COJIEBOM CHCTEMOM ¢ KOHIeHTpaluen ot 28 mo 21
Macc. % Ha Dy, Bo BKIIOUEHHSX BTOpOro THMA HadaiabHas T, koiebmercs B mHTepBane oT —10 mo —120C,
KoHeuHas - oT —7 0 —2°C. DT JaHHBIE TOBOPAT O NPEOOIaIaHIH XIOPH/IOB Kalis B BEIIECTBE BOIHO-CONEBBIX
pactBopoB (bopucenko, 1982), a ux xonmnenrparus coctaBisieT or 10 mo 4 macc. % Ha Dnacl. Tron BKITIOUCHUI
BOJIHO-COJIEBBIX PACTBOPOB HOPGUPOGIACTOBBIX TpaHHTOB Konmebnercs or 70 mo 160°C. Bxmouenus CO,
MEPBUYHO-BTOPUYHOTO TeHe3Uca 00OHapyKeHbI IuIib B 00p. 80. JlaBnenne npu oOpa3oBanuu nmopdpupoO1acToBbIX
IPaHUTOB, OIICHEHHOE 110 HanOoJIee MIOTHRIM BKIrOYeHHsIM CO; (TFOM=1110C, V=1.16 CMs/F), mpu T = 550-600°C
COCTaBJISEeT, COOTBETCTBEHHO, 3.1-3.5 kOap. BkitoueHHsi a30THOrO coOCTaBa, MPEANONIOKHUTEIBHO TEPBUYHO-
BTOPUYHOIO TeHe3uca, 00HapykeHbl B 00p. 80, a T, BKIIOUeHuUH Koaedaercs ot 143 1o 144°C.

U3 rabbpo-agamMeinTOBON CepuM HCCIIEAOBaHbl 00pa3ibl rpaHUTONI0B U3 CakeHCKOro MHTpY3uBa (446, 462,
740, 745, 801, 817, 819), a Taxke u3 Mapyxckoro (186, 194), lapesmsckoro (2704, 2743, 2744) u Kaccapckoro
MaccuBoB (28, 76, 2882). B sTux mopojax pa3BUTHI BOJHO-COJIEBBIE BKJIFOUEHHUS JIBYX THIIOB. TEPBHYHO-
BTOPUYHOTO M BTOPUYHOTO TeHe3uca. B rpanuTonmax CakeHCKOTO HHTPY3UBa B MapyXxCKOTO MacCHBa HadaabHas
T, BemecTBa BKIIOYEHUH TIEPBOTO THIIA TOCTUTACT 719°C, a xo"euHas T, konednaercs oT —7 10 —9°C. Kak Bugum
3TO XJIOPUIHO-HATpPUEBAs CUCTeMa cojieil ¢ kKoHIeHTpauueh A0 10 macc.% Ha Dy,c. TeMmepaTypa OTTauBaHUS
ra30BOTO My3bIPbKa BO BKIIFOYEHUSX BTOPOTO THIA KOIEOIeTCs 0T —6 10 —4°C, 4TO COOTBETCTBYET KOHIICHTPALIHH
coneit 10 9 macc.% Ha Dnac. B rpanuronaax Jdapesisckoro u Kacapckoro maccuBoB HayanbHas Ty, BKIIOUCHUH
MEPBUYHO-BTOPUUHOIO T€HE3UCa COCTABISIET OT —25 10 —310C, a xoHeyHas T,, — OKOJIO -5°C. ITony4yennsie
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JIAaHHBIC TMO3BOJISIIOT OXApaKTEPU30BaTh COJIEBYIO CHUCTEMY KakK XJIOPHIIHO-HATPHEBYIO, BO3MOXHO C J00aBKaMu
XJIOPUJIOB MarHusi, Kamus, skene3a u kanbius (bopucenko, 1982). KoHieHTpalus pacTBOPOB COCTaBIsAET 8 Macc.
% Ha BNaCI-

Mernkue (0 5 MMK) BKIIOUEHUS CKM)KEHHBIX T'a30B MEPBUYHO-BTOPHUYHOIO I'eHE3Hca OOHapyKeHbl B 00p. 2744
(puc. 7.5.). BBuay mx manoro pasmepa TOYHO OMPEAEHHTh T, BemecTBa 3THX BKIIOYEHUH HE YHAIOCh, & Troy
cocraBmsier or —62 10 —48°C. TTogo6HOE TOBEICHNE BKIIOYCHHIT BOSMOKHO IPH HX YIJIEKHCIO-METAHOBOM
cocraBe. Hannume MeTaHa B BEIIECTBE YIVIEKUCHIBIX BKIIOYCHWH, KaK YK€ OTMEYaloCh, CBHUAETEIBCTBYET 00
OTHOCHTENIFHO BOCCTAHOBHUTEIBHOM XapakTepe (pIouIHON CHUCTEMBI, a UMEHHO, 00 €e YCTOHYMBOCTH B 00jacTu
cTabuibHoro rpagura. B naHHOM ciydae 3TO HAaXOAUT MOATBEPXKICHHE B TOM, UTO B KBaplie 3TOro obpasua
LIMPOKO PA3BUTHI TBEPJbIEC BKJIIOYEHUSI TEMHOTO BEILECTBA, KOTOPHIE, 10 BCEH BEPOSITHOCTH, SIBJISIOTCS JIEHCTaMHU
rpaputa (puc. 7.5.). Takum 00pazoM, pacTBOPHI, YYACTBYIOIIHWE B (POPMHPOBAHHU TPAHUTOMIHOIO BEHICCTBA
rab0po-a1aMeIINTOBOM CepUH, UMEIH MTPEUMYIIECTBEHHO.

Puc. 7.6. O6p. 2747. TBepasble BKIOUYEeHHA (CBETJIbIE), HHOTIA ¢ TeMHBIMH (pa3amu (rpadut?) u a6COTIOTHO
TeMHbIe BKJI0UeHust (0utymni?). YBein. B 482 paza.

Tabu. 7.2. JlaBiaeHusi o0o0pa3oBaHUsl TEePUMHCKMX TPAHMTOMAHBIX cepuii bossmoro Kaskasza mo
praoyennam CO, n H,O-CO,

Ha3Banmue mopon T rom. H,O Scoz(cM/T) 650°C 700°C
MurmMatutel ~ TPaHUT-MHTMATHTOBOTO -3°%C - 0,92 6,3 kO 6,7 KO
KOMILIEKCa
[InaruorHeiicel W IUIAarMOTPAHHUTHI -30°C - 0,93 (2,3 x0) (2,6 x0)

TUTarHOTPaHUT-TPAaHUTOBOH cepun

IMopdupobnacropbie IPaHUTHI -1°C - 1,16 3,5 k0 3,7 k0
TUTArMOTPAHUT-TPAaHUTOBOM cepun

JBycntoasHbIe TPaHUTHI -29°C 20% 0,80 5,3 k6 5,5 k0

TPaHUT-ASICKATOBOW CEpUH -1°c 40% 0,80 4,0 x6 4,3 x0
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Takum oOpa3om, 1Mo pe3ynbTaTaM KPHOMETPUUIECKUX HCCIEAOBAHUN Ta30BO-KUAKUX BKIFOUEHUH B T€PIIMHCKIX
TPAaHUTOUIHBIX cepusax bonbmoro Kapkaza MOXKHO clienath psiJi BRIBOJIOB:

1. B cybcrpare mmarnorpaHUT-TPaHUTOBOM CepuM (MHUTMATHUTHI PETHOHAIHHOTO PAa3BUTHS) PacTBOPEI,
conepxkarme HyO-CO,, CO, u N, NOSBISAIOTCA Ha 3Talle MHUTMATHUTOOOPAa30BaHUs, YTO yKa3bIBacT Ha
MIPUCYTCTBHE TETEPOTEHHBIX (MIIOMAOB B 30HAX yibTpaMeTamopdusMa. B menom, XuMudecKuil cocTaB
¢mronnoB B mopoaax 3toit cepun orpannuuBaercs H,O-CO,, CO,, N; u CHy u ux cmecamu. JleransHoe
M3yYeHHNe TIOKa3bIBaeT, UTO B JIEMKOCOMaX MUTMAaTUTOB HanOoJjee JPEBHNUE BKIFOUCHHUS COCTOST M3 YACTON
nin noutH ynuctor CO,, a camble MoJtoable - U3 H,O.

2. B mpouecce 3BONIOLMU IIArMOTPAHUT-TPAHUTOBOM cepun mnoBeneHue CO, HeogHo3HayHO. Ee
MOSIBJICHUE KOPPEIHPYEeTCsl ¢ HadaJloM MHUIMAaTH3alluM U SCHO, YTO OHA CIOCOOCTBYeT Ipoleccam
aHATEKTUYECKOro MiaBieHus. KoanuecTBo yriieKHcaoThl BO (UItone BO3pacTaeT Ha CTaguu 00pa3oBaHUs
3HAYNUTENIbHBIX 00BEMOB aHATEKTUYECKUX PACIUIaBOB, 4YTO 3adurcupoBaHo B oOwinu BritoyeHuid CO, B
ABYCIIOAAHBIX aruorueiicax IJiaruorpaHurax. 3aTeM KOJIHUYECTBO YTJICKUCIOTBI BHOBL PE3KO
COKpalaeTcsi, IOCKOJIbKY JHIIb oOTAaenbHble BKIoueHHs CO, pa3BUTBl B OBYCHIONSHBIX H
mop(UpoOIIaCTOBBIX TPAHUTAX.

3. Ilpenmmonaraercs, YTO MOCTyIUICHHWE B CyOCTpaT IUIarMOTPaHUT-TPAHUTOBOH cepuH  (UIIOUIOB,
COJiep)KalllUX YTJICKHCIOTY, CBSA3BIBACTCS C MPOILECCaMd MHUTMAaTH3allld, KOTOpbIE MPOTEKAIOT B
aM(QuOOIUTOBOM M, YACTUYHO, B TpaHYIUTOBOM Qanusax. Ha rpanynmutoByio ¢amuio ykas3pIBaroT
BkitoueHus unctor CO, B murmarutax. Ha Hannume sToit ¢anum B moponax Makepckoil cepuu BIIEPBbIE
ykaszan J[.M.Ilenremua (1978). J. Toure, 1.Bottings (1988) ycranosumm, 9410 B mopoaax am(puOOIMTOBO#
(haruu npeoOmanaromieli dhazoit uronsa sABiIsLeTCS BoJa (B HEKOTOPHIX ciydasx BMecte ¢ CHy u Ny), Torma
Kak B IOpOJax TpaHyJIUTOBOW Qamuu, BO QIIOWAHON ¢a3e mnpeoOiagaeT dYHCTas YIrIEKUCIIOTA.
CrnenoBarensHo, copepxkanne CO, Bo (umiommax sBIseTCs HAJSKHBIM KPUTEPUEM JUIS Pa3lIelICHUsI
amM(puOOIUTOBON M rpaHyInTOBON (anuid. [Ipoucxoxkaenue xe (aronnos, nenuxoM coctosmux u3z COp,
OCTaeTcst MPEIMETOM JTUCKYCCHH.

4. BopaHo-coneBas cHUCTE€Ma BKIIOUYEHUW B IUIArMOTPAaHUT-TPAHUTOBOM CEpUM MpEICTaBiICHA [BYMS
tunamu. [lepBbiil TUN BKIIFOYEHUH UMEET KallbIIMEBO-HATPUEBO-XJIOPUAHBIN COCTaB, @ KOHLIEHTPALUs COIU
00b1uHO 70 20 macc.%, HO mHorma mocturaeT 30 macc.% Ha Dyae . M3oxopa Ca-Na-Cl pactBopos
npoxoauT BOoyim3u PT mapameTpoB Meramopdu3mMa, 4To MOATBEPKAAET JaHHBIC O INIABEHCTBYIOIIEH POJIH
XJIOPUJIOB KaJbIIWsl U HATPHUS B COCTaBE PACTBOPOB, YYACTBYIOIIUX B Tpolleccax Metamopdusma. Bropoit
TUTl BKJIIOYEHUH — 3TO CIaOOMUHEpANTH30BaHHBIC BOJHO-COJIEBBIC, CYIIECTBEHHO KallUEBO-HATPUEBO-
XJIOPUIHBIC PACTBOPHI, KOHIICHTPAITHS KOTOPHIX He MpeBbimaeT 8-10 macc.% Ha Dyycp. XOTS 00€ CHCTEMBI
BKIIOUEHHH MMEIOT OiM3Kue TemmepaTypsl romorermsanuu (ot 80 10170°C), 5TH pacTBOpHI pa3sHbIX
COCTaBOB JIOJDKHBI ObUIH MOCTYNATh B CHCTEMY Ha pa3jMYHbIX dTarax MmeTporeHe3a. BeposTHo, HATpHUEBO-
KaJIBITHEBO-XJIOPHIHEIC pacTBOPHI SIBJISTFOTCST CHHMETaMOP(PUICCKIMHI dronnamu, a
CIa0OMHUHEPATN30BaHHBIE KAIMEBO-HATPHEBO-XJIOPHUIHBIC PACTBOPHI MOSBIISIOTCS HA PErPECCUBHOM dTarle
Pa3BUTHS CEPUMA U TPUHUMAIOT YIACTHE B HU3KOTEMIIEPATypPHOM METaCOMATO3€.

5. A30THas cHCTeMa BKJIIOYCHHMI HHaFHOFpaHHT-FpaHHTOBOﬁ CCpUn  MOSABIACTCA Ha  JTallC
MI/IFMaT006pa3OBaHI/I}I. Hwu3zkas mIoTHOCTh a30THBIX BKJ'IIO‘-IGHPIFI, HI/13K06apI/I‘-IeCKI/IC ITOJIOKECHUSA U30XO0PhI
a30THOI CHCTEMBI (pHC7 1), a TaKKC acconuanysa 3TUX BKJIFOUCHHII CO CJ'Ia6OMI/IHCpaHI/I3OBaHHI>IMI/I BOOHO-
COJICBBIMU pacCTBOpaMH PpPErpe€CCUBHOIO JTalla TIIO3BOJIACT IIpEArojaratb IMO3JHEC, OTHOCUTCIIBHO
HU3KOTECMIICPATYPHOC MMPOUCXOKACHUC a30TOCOACPKAIINX (l)J'IIOI/LI[OB IIOBBIIICHHOM KUCIIOTHOCTH.
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6. JlaBienne, mpu OOpa30BaHUM MHUIMATUTOB (CyOCTpaT IUIAarMOTPAHUT-TPAHUTOBOM  CEpHH),
ONpe/IeNICHHOE TI0 HaumOOoJNee IUIOTHBIM IepBUYHBIM BrIOUeHUsM CO,, nocturaer 6.0-6.4 xOp.
JBychtonsHple TUIArMOTPAHWTHI BO3HUKIW Tpu AaBieHuu 5.8 u 6.2 xOp. BeposTHbie naBiieHus, mnpu
(hopMHpOBaHUHU NIBYCIIOASHBIX TPAaHUTOB, COCTABISIIOT OT 5.0 mo 5.3 xOp (ompeneneHue 1Mo MEPBUIHO-
BropuyHbM BKItoueHussM H,O-CO,). [lo atum pacueram mopdupo0iacToBbIle TPAaHUTHI (HOPMUPYIOTCS
pu paBiennn 3.1-3.5 xOp.

7. B mopomax cybOcTpaTa TpaHOAMOPUT-AIACKATOBOM cepuM  (TPaHUTOTHEHCHI) OTMEYaIOTCS
cmabomuHEepanu3oBaHHble, MeHee 10 Macc.% KOHIEHTparH, TOMOTe€HHbIE BOAHO-COJIEBBIE (DIIFOUIBI, TE
penko Bctpedatotcsi Boaubie BkimoueHuss CO,. Konuenrpuposanusie duronasl Ca-Na-Cl, a Taxxke H,O-
CO; conep:xamiye pacTBOPHI HOSABJISIIOTCS Ha 3Talle NaJMHreHes3a. B rpanuTax rpaHoqMOpUT-aIsiICKUTOBOM
CepuM YK€ IIUPOKO IPEACTABICHB! KaJbLEBO-HATPHUEBO-XJIOPUAHBIE BOJHO-COJIEBBIE DPACTBOPBI.
KonnenTtpanus neporo Tuma pacTBOpoB HaxoauTtcs B mnpezaenax 14-19 macc.%, a BToporo tuma, Oonee
no3zxHero — ot 9 go 1 macc.%. B oTnmuue oT miiarnorpaHUT-TPaHUTOBOM cepyH, BO (prIronaax 3Toi cepuu
He BcTpevatorcs BkiroueHus N, u uucroro CO,. [locnenHue BKIIIOYEHHS] BCTPEUAIOTCS JIMIIb BMECTE C
H,O0. B ornmume oT Apyrux cepuii B Hell (QUKCHpyeTcs METaH, YTO OJHO3HAYHO YyKa3blBaeT Ha
BOCCTAHOBHUTEJIbHBIM PEXUM CHCTEMBI.

8. OmonaHbIe peXXUMBI 00pa3oBaHus rab0po-a1aMeNTUTOBON 1 rab0po-TIIIarnoTpaHUTOBOM CEpUN PE3KO
OTIMYAIOTCA OT (DIIOMIHBIX PEXUMOB O00pa30BaHUs IUIATMOTPAHUT-TPAHUTOBOM M TPaHOIUOPUT-
AISICKUTOBOM cepuil. Bo BKIIIOUEHUSAX MEPBBIX ABYX Cepuil BOOOIE HE OTMEYAIOTCS HU YTJIEKHUCIBIN Ta3,
HU MeTaH #u a30T. Mcxonmsd w3 3THX (PaKTOB, C yUETOM TEOIIOTUYECKOW TIO3UIIUH MeTporeHe3nca
W3YUYCHHBIX CEPHid, MOXKHO JIOMYCTHTh, 4TO HCTOYHUKOM CO; B 3THX cepusiX SBISAETCS cyOCTpar.

9. PactBopbl, yuacTBOBamue B 0Opa3oBaHWM Tab0pO-alaMeUIUTOBOM CEpUU, UMEIHU
MPEUMYIIIECTBEHHO HAaTPUEBO-XJIOPHUAHBIN COCTaB, KOHIIEHTpAIHsI KOTOPOTO HE MpeBbimana 8-9
Mmacc %.

10. PacTBOpBI, KOTOpbIE y4YaCTBOBaJM B OOpa30BaHMU TraOOPO-IUIArMOIPAaHUTOBOM cepuu BibiOckoro

MacCUBa, MMEIH NPEHMYIIECTBEHHO XJIOPHIHO-KAJIBIMEBYIO CHENUATN3alUI0, a KOHIEHTpaIus cojei
kosebanack B npeaenax 8-19 macc.%. I'paHuTomabl rabOpO-IIardiOrpaHUTOBOM CEPUM TEKTOHHMYECKHX
BeicTynoB bemta u Kamenucras coxpaHwiy WHOOPMAIHMIO JIMIIbL O CIa0OMHHEPAIN30BaHHBIX
MOCTMarMaTHYeCKUX IMAPOTEPMAaJIbHBIX (IIIONAAX, KOHIEHTPALUs KOTOPBIX HE MpeBblmana 5 macc.%.

7.2. XpomaTorpajduyeckue ucciaeq0BaHU

Xpomarorpadhuveckuii METOJI UCCIEOBaHUS, B OTIMYME OT KPUOMETPUYECKOro, peliaeT COBEPIICHHO Jpyrue
3aJ]aud, B YAaCTHOCTH, (DUKCUPYET TIOYTH BCE HAXOJMSAIIMECS B TIOPOJIE Tasbl M JaeT BO3MOXKHOCTh MPOBECTH HX
KOJIMYECTBEHHBIIN aHAIN3.

Xpomatorpaduyeckoe HCCIEIOBaHHE Ta30B TEPUUHCKUX TPaHUTOMAHBIX cepuil bonbmoro Kaskaza wmbl
npoBoguiau B MHcTuTyTe TeoxpoHonoruu u reojorun nokemOpusi AH Poccunm, B 1. Canxr-IletepOypre. Ha
Maccnektpomerpe MS-20 AEI Obuin uccnenoBanbl 24 oOpasua. [Ipubop cOCTOMT M3 KBaplEBOIO peakTopa C
HArpeBaTeleM, KOTOPBIil MOKeT yBeamuuth Temmepatypy 10 1300°C co cxopoctsio 10°C B mumyTy. Bo Bpems
HarpeBaHus CHCTEMa JaeT BO3MOXKHOCTh MIPOBECTH HEMPEPHIBHBIN aHAIN3 BBIIEIEHHBIX ra30B Ha ciexyromue 12
kommoHentos: H,O, CO,, CHy4, C, H, H,, CO, Ny, SO,, O,, H,S, HCI u HF. Bech nporiecc npoBeieHus aHanu3a
aBTOMATHU3UPOBaH M HOTPEITHOCTH MOTYYEHHBIX JaHHBIX HE MpeBbIaeT 6%. Pe3ynprarsl aHanu30B JaHbl B Ta0II.
7.3.
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W3 TpaHUTOMIOB Ta0OpO-TIaTHOTPAHUTOBONH CEPUH ITHM METOIOM MBI M3y4umwiad 4 oOpasma, aBa — U3
IJIArMOTPAHUTOB KPHUCTALUTMYECKOTO BhicTyna KameHnucras u qBa u3 ruiaruorpanuTtoB bibiOckoro maccupa. Kak
BUJHO 3 Taba. 7.3 B HUX OYCHBb BBICOKO COJICpKAHHME Ta30BOM (ha3bl, YTO B OCHOBHOM OOYCIIOBIICHO OOJBIIOH
noaeit H;O. Oco0eHHO BBICOKO KOJHMYECTBO ra3oBod (asbl B IUIArMOrpaHUTax bBibpIOCKOro MaccuBa, IZI€ OHO
nocruraetr 11 mi/r, a B marnorpanutax KameHucroi 3ToT nmokasareib npudimkaercs k 6 Mi/r. B atux nopoaax,
MO CPaBHEHHUIO C JPYTUMH TPAHUTOWIHBIMU CEpUSMH, O0COOCHHO Bbicoka aoyii H,O. B Brpiockom MaccuBe
cootnomenne H,O/ CO,npeBbimaet 20, a B miarnorpanntax KaMeHHUCTOH, 0TMEYEHHOE COOTHOIIIEHHE, OOJbIIe
10.

M3BectHo, yto cootHomenne N/C [(N=2N,, C=CO,+CH,+3(CH,)] mmsi mopoix KOHTUHEHTAIbHOU KOpBI
konebmercs B uaTepsaie 0.15-0.50, a s mopox okeaHnckoit kopsl ono Hroke 0.15 (Norman, Sawkins, 1987). Dror
napametp (cMm. Tabn. 7.3) mia mopon BeicTyna Kamenwmcras Beime (.22, a i 1iaruorpaHuToB biasiockoro
MaccuBa He mnpesbimaer 0.081, ciemoBaTeNbHO, MO 3TUM KPUTEPHSIM ILIarHOTPaHUTHI BIIBIOCKOTO MaccuBa
OTHOCATCSI K 00pa30BaHHUSIM OKEaHCKOW KOPBI.

B rpanurongax rab0po-agaMeIIUTOBON CepUU CyMMapHasi COCTABIISIONIAs Ta30B HE MpeBbImacT 2.8 MII/T U, KaKk
BUAMM, OHa HAMHOTO HIDKE, YeM B MOpoJax rab0po-IularuorpaHuToBON cepuu. B 3Toi cepun ymeHblIeHa 107
H,O u mapamerp H,0O/ CO, ne mpesbimaer 3,3, Toraa Kak B mopojax BiabpIOCKOTO MacCHBa 3TOT IMOKAa3aTelhb
npesbimaer 20. Ilo coamep:kaHuio ra3oB B TPAaHUTOMIAX 3TOH CEpUU CXOXKECTb MPOSIBISIIOT C OJHOW CTOPOHBI,
Hapbsinbekuil 1 Kacapckuil maccuBsbl, a ¢ 1pyroil - CakeHCKUH HHTPY3UB M ArecCKui MaccuB. B OTMEUEHHBIX
MaccuBaxX CyMMapHO€ KOJMYECTBO ra3oB paBHoe, HO B JlappsinbckoM u Kacapckom maccuBax BO3pacTaeT AOJ
CO..

B stux mopomax makcumym mnapamerpa H,O/CO, coorBerctByeT 1.9, a B mopoaax CakeHCKOTO MHTPY3HBa U
Arecckoro maccuBa OH, COOTBETCTBEHHO, cocTaBisieT 3.3 u 2.7. OTMEUYEHHbIE MACCUBBI OTJIMYAIOTCS IO
cogepxkanuro CO, u CO. B mopomax CakeHCKOTO HMHTPYy3WBa W ATECCKOro MacCHBa 3TH KOMITOHEHTEHI
MPUCYTCTBYIOT IIOYTH B PAaBHOM KOJIHMYECTBE, a B rpanuTonaax Japesnbckoro u Kacapckoro maccuos CO, noutu
BaBoe npesbimaer CO. Dty maccuBbl orTiamyarorcs apyr ot apyra u no N/C mapamerpam. B rpanutonmax
Hapssibekoro u Kacapckoro maccuBoB oHU cOOTBETCTBYIOT - 0.121 u 0.114, 9yTo oTBedaeT mopoaaM OKEaHCKOU
KOpBI, a B 00pa3uax CakeHCKOro HHTpy3uBa U Arecckoro mMaccua cootHomenne N/C orsevaer Benmunnam 0.314
u 0.347, uro xapakTepHO MJIsi TIOPOJ KOHTHHEHTAIbHOW KOpbhl. Kak BuAMM, H3y4YeHHE TMOpox Tabddpo-
a/1aMeJUIUTOBOM CepuH XpoMaTorpauuecKuM METOIOM JTaJI0 IPUMEPHO Ty K€ KapTHUHY, YTO M U3y4YEeHHE ra30Bo-
KHUJKUX BKIIOYEHUI -KpHOMETPUYECKHM METOIOM. B 1enom mo ¢ironnHoMy pexuMmy o0pa3oBaHusl Hanbosee
ONMU3KUME SIBISIOTCS, ¢ OAHOUW cTOpoHbl, Jlapesibckuit n Kacapckmii maccuBbl, a ¢ apyroi - CakeHCKUH
VMHTPY3UB U Arecckuii MacCuB.

JloBOIbHO HMH(DOPMATUBHYIO KApTHHY Jajl0 HM3YYCHHE MHUIMaTHUTOB TI'PAaHUT-MUTMAaTHTOBOIO KOMILIEKca. B
MUTMAaTUTaX PETMOHAIHLHOTO Pa3BUTHS (CM. Ta0iI. 7.3) CyMMapHOE KOJIMYECTBO T'a30B HEBEJIMKO U HE MPEBBIIIACT 2
MJIT/T, YTO IOYTH B 5 pa3 HUXKE, YeM B IPAHUTOM/aX ra00PO-IJIarMOTPAaHUTOBON CEPUHU, HO B HUX YBEJIMYCHA JOJIS
CO,. Makcumym mapamerpa H,O/CO, B mMurmarutax He TpeBbIIIaeT 5,3, Torza Kak B rpaHHTOWAAX radbopo-
IJIaTMOTPAaHUTOBOM cepun OH mocturaeT 22. B murmarmrax, mo cpaBHeHUio ¢ CO,, CpaBHUTEIHLHO BO3PacTacT
noist CO. Ecin B mopozax BaiiepaccMOTpeHHbIX cepuii cootHomenrne CO/CO, He mpeBbimaeT 2, TO 34eCh 3TOT
nmapametrp otBeuaeT 3-3.5. Urto kacaercs BenumumHbl cootHomieHus N/C, To ona, B cpemHem, Bwinie 0,25 u
COOTBETCTBYET JaHHBIM KOHTHHEHTAJLHOW KOpbl. B IutarnorpaHuTax IUIarMOrPaHUT-TPAHUTOBOM CEpPHUH, I10
CPaBHEHHUIO C MUTMaTUTaMHU, CyMMapHOE KOJMYECTBO Ta30B HE YBEIMYMBACTCS, HO OTMedaeTcs sBHbIN poct CO,
u mapamerp H,O/CO, mnonmxkaercs a0 2.8, 4TO HAXOAWUTCS B XOPOIIEM COOTHOIIECHHH C PE3yJbTaTaMu
KpHOMETpHUECKUX uccienoBanuid. Takxke, kKak W B muarnorpanurax mapametrp N/C cOOTBETCTBYeT AaHHBIM
KOHTHHECHTaJIbHON KOPBI.
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Tabu. 7.3. Coctas razos u N/C nmapaMeTpbl B repuMHCKHX TPAaHUTOMIHBIX cepusi Boabmoro Kaskasa (mar/r)

Ne o0p. | H,O CO, CH, C:H: H, CO N, SO, H,S N N/C H,O/CO,
TI'ad0po-miiaruorpaHuToBas cepus
1221 | 3.461 0.358 0.104 0.014 0.052 | 0.859 0.116 0.0002 | 0.0005 5.016 0.228 9.9
1326 | 3.527 0.312 0.089 0.018 0.047 | 0.741 0.137 0.0002 | 0.0007 4.876 0.236 11.3
66u 10.558 0.483 0.0039 0.005 0.003 | 0.650 0.048 0.0003 | 0.0001 11.792 0.081 21.9
88n 8.365 0.502 0.026 0.006 0.005 |0.787 0.059 0.002 | 0.001 9.505 0.074 17.8
I'ab0po-agamesnuToBas cepust
186 1.193 0.402 0.057 0.010 0.072 0.535 0.180 0.0006 0.0005 2.469 0.347 2.7
819 1.102 0.313 0.059 0.007 0.082 0.518 0.143 0.0008 0.0003 2.224 0.314 3.3
2743 1.079 0.660 0.048 0.013 0.809 0.301 0.053 0.0001 0.0001 2.980 0.121 1.6
2882 1.055 0.552 0.029 0.011 0.577 0.461 0.087 0.0008 0.0008 2.754 0.114 1.9
MurMaTuThl rPaHUT-MUTMATHTOBOIO KOMILJIEKCA
125 0.660 0.142 0.158 0.110 0.059 0.393 0.0811 0.0001 0.0003 1.407 0.352 4.7
168u 0.631 0.120 0.044 0.008 0.042 0.408 0.082 0.0001 0.0001 1.338 0.276 5.3
212n 0.507 0.144 0.049 0.011 0.037 0.627 0.111 0.0004 0.0003 1.500 0.254 3.5
214n 0.885 0.176 0.046 0.010 0.022 0.576 0.175 0.0003 0.0003 1.946 0.396 5.1
966 0.951 0.222 0.036 0.010 0.018 0.451 0.073 0.0001 0.890 0.176 0.196 4.3
2617 0.788 0.189 0.059 0.013 0.032 0.674 0.129 0.0005 0.0004 1.765 0.498 4.9
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ILaruorpaHuThI IVIATHOTPAHUT-TPAHUTOBOI cepum

33 0.700 0.438 0.055 0.012 0.033 0.654 0.236 0.0006 0.0003 2.134 0.398 1.6
332 0.902 0.342 0.048 0.010 0.026 0.544 0.121 0.0002 0.0003 1.974 0.205 2.8
984 0.707 0.376 0.037 0.008 0.021 0.380 0.139 0.0001 0.0003 1.672 0.265 1.9
2818 0.880 0.614 0.054 0.011 0.033 0.652 0.182 0.0001 0.0001 2.432 0.175 1.2
ITopdupobdaacToBbie IPAHUTHI JIATMOTPAHUT-TPAHUTOBOI cepuH
850 2.062 0.190 0.062 0.016 0.032 0.958 0.119 0.0007 0.0003 3.279 0.190 10.8
2044 3.047 0.274 0.147 0.015 0.043 1.455 0.154 0.0016 0.0003 5.137 0.223 111
2063 5.450 0.325 0.099 0.039 0.034 1.307 0.103 0.0012 0.0003 7.312 0.201 16.2
I'paHoAMOPHUT-ATSCKUTOBAS CePHs
75 2.876 0.316 0.990 0.020 0.018 1.146 0.154 0.0037 0.0001 4.627 0.214 9.1
972 2.116 0.292 0.096 0.022 0.021 1.067 0.177 0.0006 0.0005 3.798 0.233 7.9
2352 2.900 0.375 0.100 0.017 0.026 1.139 0.284 0.0003 0.0007 4.995 0.245 7.8




B nop¢hupo6acToBEIX IpaHUTOMIAX IUIATHOTPAHUT-TPAHUTOBOW CEPHH, a TAKXKE B JIBYCIIOISHBIX
TpaHUTaX TPAHOAUOPUT-AIICKUTOBOH CEpUU OTMEYAETCS PE3KOE yBEIMUCHHE Ta30BOW (a3bl W 10
CPaBHEHHIO C TUIarMOTpaHUTAMH OHA B JBYCIIOASHBIX TPaHUTAX YBEIUYMBAeTCs B 2 pas3a, a B
mop(hupoOIacTOBBIX TpaHUTOHWIAX B 3 pasa. B IByCHIOASHBIX TpaHHWTaxX OO0IIee KOIWYECTBO Ta30B
nocturaet 4.6 mMiar/r, a B noppupoonactoBeix — 5.2 mar/r. [lo cpaBHEHUIO € IUIarHOTPaHUTaAMU BO
(harommax 3THX TOpOJ pe3Kko yBenmumBaeTcs kommdectBo H,O u ymensmraercs goist CO,. Cpemaue
nannbie napamerpa H,O/CO; B IBYCIIOISHBIX TpPaHUTAaX OTBEHYAIOT 8.2, a B MOPPHUPOOIACTOBBIX —
12.7. Ilo cpaBHEHMIO C TJIaTMOTpaHUTaMu B HUX oTMeuaeTcsi Bo3pactanue CO u ymensiienue COy.
Cpennnii mokazarens mapamerpa CO/CO, misi IBYCHIOASHBIX TPAHUTOB OTBedaeT 3.6, a uid
nopdupobnactoBeix — 4. Kak BUAMM, B IBYCIIOASHBIX M MOPGUPOOIACTOBBIX TPAHUTAX OTMEYAETCS
o01masi TeHIECHIU BO3pAacTaHMs I'a30B, HO B MOCIEIHUX 3TOT MPOLECC BbIpakeH 00Jjiee NHTEHCUBHO.
I[To N/C mnapamerpy OTMEYEHHbIC TIPAHUTBI MOJHOCTBIO COOTBETCTBYIOT —OOpa30BaHHUIM
KOHTHHEHTAJILHOHN KOpBI (CM. Tabm. 7.3).
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Puc. 7.7. BapuanmoHHas [aumarpaMMa paclpelejieHUsi OCHOBHBIX Ta30B B TePUHUHCKHX
rpanuTougax boasmoro Kapka3za.

VYcn. o0o3Hau: |-TUTarMOrpaHUTHl  TUIATMOTPAHUT-TPAHUTOBOW CEpUHW; 2— TPaHUTOUIBI TrabOpo-
aJaMeJUINTOBOM CepyM; 3 — MUTMAaTHUTHl TPAaHUT-MUTMaTUTOBOTO KOMIUIEKca; 4 — IJIardOrPaHUTHI U
IJIArMOTHEHCHl MJIarnOrPaHUT-TPAHUTOBOW CEpUH; 5 —TpPaHUTHl T'PAHUT-AJSICKUTOBOM cepuu; 6
nop$upoOIaCTOBBIC TPAHUTHI MJIATHOTPAHUT-TPAHUTOBON CEPHH.

Takum oOpa3oM, uCCIeAOBaHHE Ta30BOM COCTaBISIOMIEH XpomaTorpaduyeckKuM METOJIOM B
repuUMHCKUX TpaHutonnax bonemoro KaBka3a mokasanio, 4To MO COCTaBY M KOJIMYECTBY OHM PE3KO
OTJIHYalOTCsA JApyr oT Jpyra (puc. 7.6). I'panutonasl raOOpO-IIardOrpaHUTOBON  CEPHH
XapaKTepU3YIOTCSl caMbIM OOJIBIIIMM coJiepikaHreM Ta3oBod ¢asel (11 mi/r), B KoTOpoil camas
BBICOKAs JI0JISl BOABI, @ OCTaJibHBIE ra3bl BO (UIIOMOaxX WIPAlOT HE3HAUUTENbHYIO poiib. Ilapamerp
H,O/CO, B »TuX rpanuTongax npesbimaer 20, Torga Kak s Ipyrux oOpa3oBaHUN STH JaHHbBIC
3HauntenbHO Hke. [lo mapamerpy N/C mnarmorpanutel  BnblOCKoro MaccuBa OTBEHYAIOT
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00pazoBaHUSIM OKEaHCKOW KOPHBI, a MaccuBa KaMmeHncTass — KOHTHHEHTATBHOW. B mopomax radopo-
a/IaMeJUTUTOBOM CEepUM CyMMapHOE KOJIMYEeCTBO Ta30B HU3KOE W HE mpeBblmacT 2.8 mi/r. B stoit
cepur OueHb HH3Kas Aons BoAsl u mapametp H,O/CO, ne mpesbimmaer 3.3. Ilo mapamerpy N/C
rparuTOuAs! Jlapbsutbckoro u Kacapckoro MacCMBOB 3TOW CEpUH OTBEUAIOT 00Pa30BAHMSIM OKEAHCKOM
KOPBI, a TPAaHUTOUABI ATecckoro MaccuBa U CakeHCKOTO MHTPY3HBa — KOHTHHEHTaIbHOH. CyMmMapHoe
KOJMYECTBO Ta30B B MHUTMATUTaX TPAHUT-MHUTMaTHTOBOTO KOMIUIEKCA W B IUIarHOTPAaHUTAX
IUIarHOTPaHUT-TPAHUTOBOM CEpUU caMOe HH3KOoe. B MHUrMaTHUTax OHO He MpeBbIMaeT 2 MIUT, HO
orMmeuaeTcs Bbicokas Aomsa CO,. B mmarnorpanuTax cymMmMapHOE€ KOJIMYECTBO T'a30B OCTACTCS MOYTH
TaKoe ke, H0O HEeHaMHOTo Bo3pacraeT koiamiaectBo CO, n mapamerp H,O/CO, He mpesbimaet 2.8, a
MUHHMYM cooTBeTcTByeT — 1.2. CkadukooOpa3Hoe Bo3pacTaHue QIIIOWAHOW (a3sl OTMedaeTcsl B
MOp(HUPOBUIHBIX TPAHUTAX W IO CPABHEHHIO C MUTMATUTAMH W IIATMOTPAHUTAME YBEIHMYUBAETCS B
TpH paza. Bmecte ¢ Tem, otmeuaercs ymensinenne CO,u napametp H,O/CO, npubmmxaercs x 12.7.
ITo mapamerpy N/C mmarnorpaHuT-TpaHUTOBasi CepHsi OTBeYaeT 00pa30BaHMSIM KOHTHHEHTATBHOMN
KOpBI. B rpaHnTONIaX TPaHUT-ATSICKUTOBOM CEPHH BRICOKO CyMMapHOE cofep KaHue ra3oB (4.5 Mi/r),
HO TI0 CPaBHEHUIO C MOPPHUPOONACTOBBIMH TIpaHUTAMH OTMEUYAECTCS YMEHBLICHHE 0N BOABI U
napametrp H,O/CO, monmxkaercs mo 8.2. Ilo mapamerpy N/C rpaHuUTOMABI 3TOH CcepuHM TakKxke
OTHOCSTCS K 00pa30BaHUSIM KOHTHHEHTAIBHOMN KOPBI.

7.3 (I)JIlOH)IHbIﬁ PEKUM U HEKOTOPLIE BONIPOCHI r€eHEPAIIUU AHATCKTHYCCKHUX
IrPaHUTOMIHBIX pacCiliyiaBOB

Kak wu3BecTHO, TpaHUTOMAHBIE AHATEKTUYECKHE PACIIaBbl HEPENKO CBS3aHbl C AHTHKJIMHOPHAMHU
CKJIaguaTod CHCTEMBbl U 00pasylOT MPEUMYILIECTBEHHO, AaBTOXTOHHBIE U CyOaBTOXTOHHBIC Tela,
KOTOpPBIC TOCTENECHHO 3aMEHIaloT MEeTaMOpPUThl aM(pUOOINTOBOW (A, HO HEPEAKO SIBISIOTCS
CeKYUIMMH TeNlaMH. THUNWYHBIMM TNPUMEPAMH TaKUX TPAHUTOMIOB SIBISIOTCS: TPAHUTOUJIBI
HentpansHoro Ypaina, [lupunees, Anbn, Kapnar u ap. ['epuuHckue rpaHUTOMABI MJIardoOrpaHUT-
rpaHuToBO# cepun bonbmoro KaBkaza sSBISIOTCS KIACCHYECKUM MPUMEPOM OTMEUYEHHBIX MOPOJ.

Uzyuenne ¢umrongHOro peknma o0pa3oBaHUs TEPUUHCKHX TrpaHUTounoB  bombmoro Kaskaza
MO3BOJIMIIO KOCHYTBCS NPOOJIEMBI IMPOUCXOXKIEHHUS KYIMOJbHBIX aHATEKTHYECKUX TIPAHUTOUIHBIX
pacIulaBoB, B YaCTHOCTH, IONBITAEMCS YCTAHOBHUTH CBS3b MEXAYy TIE€HEpalUeil aHATEKTUYECKOTO
paciiaBa, TeKTOHUKOH U (QIFOUIHBIM PEXKUMOM.

Ha pannem srame pa3BuUTHs T€OJOTMHU CIIOXKUIIACH TEOPHUS, COMNIACHO KOTOPOM BTOPKEHHUE
TPAaHUTOUJIOB B TEOCHHKIMHAJIBHBIE OCAaTKU BBI3BIBAET KOHTAKTHBIM MeTaMOp(pu3M
BMEILAIOIIMX MOPOJ M BO3JbIMAHUE CKJIAJA4aTOM CHUCTEMBL. JTa TEOpPHUsS IOJIb30BAIACH
OOJBIION MOMYJISIPHOCTBIO M JIaXK€ CETOJHS Y Hee MMEIOTCA mocienoBarenu. [lepBoiii, KTo
BBICKa3aJl MPOTUBOMONIOKHOE MHEHHE, ObLIT U3BECTHBIN (hpaHIry3ckuii reosnor 19-ro B. Dnb ne
Bbomon, B ubux Tpynax o6 Anpnax, pakTUYecKu cPOpMYyIUPOBAH MEXAHU3M (POPMHUPOBAHUS
AHATEKTUYECKUX TPAHUTOMIHBIX DPACIIaBOB B COBPEMEHHOM IIOHUMAaHUHU, HO HEKOTOpPHIE
ACIIEKThl 3TOW TEOPUU OCTAKOTCS HEPEIICHHBIMU A0 CETOMHAIIHETO JHS.

B orianune oT OTMEUeHHBIX 00pa30BaHHM COBEPUICHHO JPYTYI0 TEOTEKTOHHYECKYIO TO3HIIUI0
3aHUMAIOT TPAaHUTOMIBl AKTUBH3MPOBAaHHBIX 30H. OHHM, Kak MpaBWIO, CBSA3aHBl C TIYOMHHBIMHU
pa3noMaMu KOHCOJIMOMPOBAHHOTO cyOcTpaTa W (OPMHUPYIOT HHTPY3MBHBIE OaTONMUTOBHIE Tea,
otopBaHHbIe BO BpeMeHH. Ha Bonbmom KaBkaze THIMMYHBIMU MPENCTABUTENSIMU TAKUX TPAHUTOHUJIOB
sistotTes Kenacypekuit, b3p10ckuit u Yiba-21epckuii HHTPY3UBBI FOPCKOTO BO3pacTa.

3,ZIGCI) MBI ITIOIIBITACMCSI 06CY)II/ITB HEKOTOPKBIE BOIIPOCHI I'€HEpalMi aHATCKTUYCCKUX T'PAHUTOUIHBIX
pacmjiaBoB, 6J1ar0;[ap;1 OPpOBCACHHBIM HaAMU HCCICIOBAHUAM (bHIOI/I,I[HOFO pexxumMma 06pa3OBaHI/I$I
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TEePIUHCKUX TpaHuTouaoB bombsmoro Kamkaza. B Teopermueckoidl meTposiorum OaronpHSTHRIMA
YCIOBUSIMU ISl TEHEPAIllUd MarMaTHYECKUX PacIUIaBOB SBISIOTCS: (1)-maseHue oOmIero JaBieHUS,
YTO BBI3BIBAET B CHJIMKATaX YMEHBIICHUE TEMIIEPATyphl IUIaBICHUS, (2)-TOKAJILHOE YBEIUYCHUC
Temriepatypel, (3) oOorameHue cyOcTpaTa COEIWHEHHSIME, BBI3BIBAIOIIMNMH  YMEHBIICHHE
TeMmepartypsl miasnenus (I'Bosckuii, 1975).

N3 reonrHaMUKH HW3BECTHO, YTO BO BpPEMS CUJIbHBIX CKATUW WM PACTHKEHMM 4YacTh JABHMYKEHUM
COTIPOTUBJICHHUS TPAHCHOPMUPYETCSI B TEIUIOBYHO SHEPruio. VI3BEeCTHO Takke, YTO B KyIoJjax
CKJIQMYaThIX CHCTEM HMEIOT MECTO CHJIbHBIE CONPOTHUBIEHHS, YTO, IO-BHIAMOMY, BEIET K
MPOrPECCUBHOMY MeTaMOp(u3My CyOCTpaTa M K CEICKIIMOHHOMY IUIABJICHUIO, U B KOHEYHOM UTOTE, K
(hopMHPOBaHNIO AaHATEKTHYECKHUX TPAHUTOHUIOB.

[lo namemy MHEHHIO, (HOPMHPOBAHUE AHATEKTHYECKOH MarMbl BBI3BIBACT HE TOJBKO YBEIMYCHUE
TEeMIIepaTyphl B KyIoJlax F€OaHTUKIMHAJIEH, HO U TO, YTO BO BPeMsI CKJIAAKOOOpa30BaHMUs, B KYIIOJIax
AHTUKJIMHAJTEH BO3HUKAIOT YCIOBHS, NMPH KOTOPHIX B HUX MPOSIBIAIOTCA BCE TPU OTMEUEHHBIX BBIIIE
¢aktopa. He nomkeH BBI3BIBATH CHOpBl M TOT (akT, 4YTO o0Omas pPEruoHajbHAas WHBEPCHUS
00yCIIOBIMBAeT yMEHBIIEHHE OOLIEro AaBjiCHUS. Bplllle MBI OTMEYadl BO3MOXKHOCTH YBEINYEHUS
TEeMIIEpaTyphbl CUCTEMBI BO BpeMsl ABMKEHUH cxKaThd U pacTskeHHus. OcTaloch pacCMOTPETh TPEThIO
IPUYHMHY, CHOCOOCTBYIOINYIO IUIABJICHHIO, 3TO YBEJIMYEHHE KOHLEHTPALUH JIETKUX (IIOUA0B B
cCHUCTEMe, 4TO, BEpPOSTHEE BCEro, SBJSIETCS OAHUM H3 CaMblX 3HAYUTEIbHBIX (HaKTOPOB,
CHOCOOCTBYIOIIUX ~aHATCKTUYECKOMY IUIABJICHUIO B KymojlaX aHTHKIMHaneid. Omnupasce Ha
pe3yabTaThl U3YYEHHS TEPMOOAPHUECKOTO U (DIIOMIHOIO PEKUMOB 0Opa3oBaHMs IUIAarMOTPAHUT-
rpanuToBoil cepun bombmoro KaBkasza, Mbl moctapaemcsi 0OOCHOBAaTh NPUYMHY KOHLIEHTpAIUH
JIeTKUX (DIFOMIO0B B KYIOJaX CKJIAAYaTOH CUCTEMBIL.

N3ydeHue TemrmepaTypHOTO peXHMa MPOUCXOXKIEHUS TPAaHUTOMJOB OTMEUYEHHOH cepuH IoKa3alio,
YTO  JIOKAJBHBIH POCT TEMIIEPAaTypbl HE SIBISETCA INIaBHBIM (PAKTOPOM TE€HEpalHu TPAaHUTOMIHOTO
pacmnaBa. B wyactHocTH, B OOH&KEHHSX YIbTpaMETaMOPPHUUECKHX IOpPOJ SICHO BHIHO, 4YTO
TEMIICpAaTypa MCKAY TI'PAHUTHBIM paCIlJIaBOM W BMCHIAIOIIMMH IMOPOJaMH IIOYTHU paBHasd. Yro
KacaeTcs JaBJICHHs, TO B KyIOJIaX aHTUKIMHAJIECH OTMEYAETCsl ero IOCTENEHHOE YMEHbBLICHUE, UTo,
M0-BUIUMOMY, OOYCIIOBIIEHO HHBEpCHEW CKJam4daTtoil cuctembl. [lo JaHHBIM, MOJXY4YEHHBIM IO
BkitoyeHusIM CO,, B MUTMaTHTaX rPaHUT-MUTMATUTOBOrO KOMIUIEKCa 001iiee JaBjieHHEe MPEeBhIIaeT 6
kO, a B mopdupoOIacCTOBBIX TI'PAHUTAX, TEHEPUPYEMBIX CPEOM MHUIMAaTUTOB, OTMEYAETCSl  €ro
noHmwxenue 1o 2.5 - 3 k6. Kak BumHO, ¢opMupoBaHHE TPaHUTOMIHOIO PacIulaBa MpPOTEKasio, 10
CPaBHEHMIO C BMEILNAIOIIEH Cpelol, B YCJOBUSAX IHOHIKEHHOTO naBieHHA. Uto kacaercsa oObema
¢dronHON (a3bl TO KaK MOKa3bIBAIOT HAIKM MCCIIEIOBAHUS, OTMEUACTCsl €€ PEe3KOe YBEIWYCHHUE, OT
MAJIEOCOMbl MUTMAaTHTOB K MOp¢GHUpoOnacToBEIM rpaHuTaM. Eciam B majgeocomMe MUTMAaTHTOB
CyMMapHO€ KOJINYECTBO I'a30B, B CPEAHEM, COOTBETCTBYET 2 MJI/T, TO B OPPHUPOOIACTOBBIX IPAHUTAX
3TOT MOKa3arenb oTBedaeT 5.5 mu/r. Bmecre ¢ TeM, Mo CpaBHEHHIO C CyOCTpaToM, B 'pPaHHTOMIAX
OTMEYAETCS OTHOCHUTENIFHOE YBEJIMYEHHE BOJBI U LIENIOYEH, MOHMKAIOIMX TeMIepaTypy MJIaBICHHS
cCHIIMKaTHOro pacrasa. Ecmu B naneocome murmatutos mapametp H,O/CO,, B cpeaHeM, oTBedaeT 2,
TO B OTMEYEHHBIX TpaHUTaX JTO COOTHouleHWe paBHO 12. Takum oOpa3oM, Jake U3 3ITHX
HEMHOTOUYMCIICHHBIX JaHHBIX BHAHO, 4YTO TaMm, TIle QOpMHUpyeTcs aHAaTeKTHYECKHH pacIlias,
HaOrofaeTCs SIBHOE yBEIMIeHHE (DIroraHOMN (asbl, MPEUMYIIECTBEHHO BOAHO-IICIIOTHOM.

Kak yxe oTmeuanock, mojeBble HaOJMIOAEHHUs MOKA3bIBAIOT, YTO B CKJIAAYATOM CHUCTEME TeHepalus
CHWJUIMKATHOI'O pacIulaBa MPOUCXOJMT, B OCHOBHOM, B KyIIOJIaX AHTHKJIMHAJIEH, YTO HAaBOAUT HA
MBICJIb, YTO KOHLIEHTPAIHS JIETKUX (IIIOUI0B CIIOCOOCTBYET IUIaBICHUIO. MBI JOIyCKaeM, 4To KyIoJia
AQHTUKJIMHAJICH SBIISIOTCS TOW OJIArONPHUSITHON CTPYKTYPOH, IJIe COCPEOTAuNBAIOTCS TP OTMEUEHHBIX
INIaBHBIX  ()akTopa, CHOCOOCTBYIOIIMX TEHEpPAalMH AaHATEeKTHMYECKHX pAacIUIaBOB: yBEIMYEHHE
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TEMIIEpaTyphl, YMEHBIIICHUE JaBJICHIS U YBEIHMUEHHE KOHIEHTpAIH JerkuxX (mrounmoB. O mpuunHax
MOBBIIIICHUST TEMIIEPATyphl W TIOHW)KCHUS OOIIETO JaBJICHUS B OTMEUYCHHBIX CTPYKTYpax YkKe
TOBOPHJIOCH. 3/IECh K€ MocTapaeMcss 000CHOBATh MPEACTABICHHE O TOM, KAKUE CHIIBI CIIOCOOCTBYIOT
KOHIIEHTPAIMH JIETKUX (QIIFOUOB B KyIOJIaX T€0aHTHKIINHAIEH.

EcTecTBeHHO, YTO PErHOHAIBHBIC TEKTOHHYECKHE CHIIBI, KOTOPBIE BO BPEMS CKIIJKOOOpa30BaHHS
BO3/ICHCTBYIOT Ha CyOCTpAT, BBIBOMAT U3 paBHOBECHS (ITFOHMIHYIO CHCTEMY, M HCXOs U3 MpUHIuIa Jle
[latenbe, MPOUCXOAUT MX MPOCTPAHCTBEHHAs AU(QEpeHIHAIHs, & UMEHHO - JJICMEHTHI, HMEIOIIIE
OOJIBILO# YAENBHBIN BEC M HU3KYIO MOIBIKHOCT, MUTPHPYIOT B CTOPOHY ITOJICH BHICOKOTO JaBIICHHSI,
a DIICMEHTHI C HU3KHM YICIbHBIM BECOM M BBICOKOM TMOIBIKHOCTBIO — JBHTAIOTCS [0 HATPABICHUIO
HoJiel ¢ HU3KHAM JaBlieHHEM. VI3BECTHO, YTO KyMoJia CKIIAJ4aToOd CHCTEMBI, B YCIOBHSAX DPEKHMa
WHBEPCHH, TPEJACTaBISIOT cOO0W 30HY HHU3KOro aasieHus. CIeI0OBaTeNbHO, €CIIH B CKJIAT4aTON
CHCTEME HapylIeHO (IIFOUIHOC PAaBHOBECHE, BBI3BAHHOE MHBEPCHCH M KOJCOAHHEM JaBJICHUS, TO B
Ky[oliax aHTHKJINHAIEH OyIyT KOHICHTPUPOBATHCS JIerKhe (Iouapl. B OCHOBHOM, 3TO Boja U
IEJIOYH, KOTOpBIC, KaK MOKA3bIBAIOT JKCICPUMEHTAbHBIC MaHHBIC, CIIOCOOCTBYIOT ILIABICHHIO
CHJIMKATHBIX PACIUIABOB U, IPH UX J00ABICHUHU B CHCTEMY, TEMIIEpATypa IUIABJICHHs YMEHBIIACTCS Ha
JIeCATKH, a HHOT/1a M Ha coTHH rpaxycos (Wyllie, Tuttle, 1964; u ap.).

Taxum 00pa3om, MOXKHO IOMYCTUTh, YTO B KyIOJIaX aHTUKIMHAIEH CKJIaA4aToN CHCTEMbI B TeHEPALIUU
IPAaHUTOMIHBIX PACIUIABOB OOJBLIYIO POJIb MIPAIOT JOJITOBPEMEHHBIE TEKTOHWYECKUE HAIPSKEHUS,
KOTOPBIC BBIBOAAT M3 PABHOBCCHUIA (I)J]IOI/IILHY}O CUCTCMY U TIPU KOTOPBIX JICTKHUE COCTABJIAIOIIHNC
UCTBITHIBAIOT MUIPALMI0 B CTOPOHY KYIOJOB AHTHUKIMHAICH. YBEIMUYEHHE KOHLEHTPALUU 3THX
(IIOUIOB B CUCTEME YMEHBIINIACT TEMIIEPATypy IUIABJICHUS W YacTO CIIOCOOCTBYET T'€HEpalluu
IPAaHUTOMIHBIX paciuiaBoB. OIHOBPEMEHHO MPOMCXOAWT HMHBEPCUS, KOTOpas 0OyCIOBIMBaET
[IOCTETNICHHOE TaJieHHEe [JaBJICHUS B CHCTEME M KOTOpas CO CBOEH CTOPOHBI, CIIOCOOCTBYET
YMCHBIICHUIO TEMIICPATYPhI IUIABJICHUA B KYIIOJax aHTHKJIHHaHCﬁ, YTO SABJIACTCA AOINOJIHUTCIBbHBIM
(akTOpOM, CHOCOOCTBYIOIIMM TI'€HEpPALMU TPAaHUTOMIHBIX paciuiaBoB. (CienoBaTeNbHO, B KYIOJIax
AHTUKJIMHAICH BO BpeMsl CKJIAAKOOOPa30BaHMs M MHBEPCHUU JCHCTBYIOT BCE TPH BBINICOTMEUYEHHBIX
(dakTopa, CIOCOOCTBYIONIMX AaHATEKTHYECKOMY IUIABJICHUIO: (1)-BcecropoHHee yMEHbILIEHHUE
naBieHus, (2)-JIOKaJbHOE YBENUYEHHE TeMIepaTypsl u (3)-oOoramieHue CTPYKTYpbl JIETKHUMH
q)HIOI/II[aMI/I. Hcxons W3 3TOr0o mpeamnoJiaraeM, 4YTO B YCJIOBHUSIX WHBEPCHM KYIOJ aHTUKIMHAIH
CKJIaquaTON CHUCTEMBI SIBIISIETCS TOW OJarompHATHOM CTPYKTYpOH, B KOTOPOH COCPEIOTadMBAIOTCS
OIITUMAJIBHBIC TepMo6apnquK1/1e, (1)J]IOI/IILHI)IC U TEMICPATYPHBIC YCIOBUA [JIA BbBIILJIABJICHUSA
AHATCKTUYCCKUX I'PAHUTONUIHBIX PaCIlJIaBOB.
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8. TEPMOBAPUYECKHWI PEKUM OBPA3OBAHUS
I'EPHUHCKHUX I'PAHUTOHNAOB BOJIBIIOI'O KABKA3A

YcraHoBneHne TepMOOAPUUECKUX YCIOBUI 00pa30BaHUs TPAHUTOWAOB SIBISACTCS OJHUM M3 BaXKHBIX
KpUTEpHEB Ul pa3paboTKH MX HeTporeHerndeckoil mozenu. K coxaneHuro, mIsl TepLUHCKHX
rpanuronoB boneimoro KaBkasza He pazpaboTana enuHas TepMoOapruecKasi MOJIENb UX 00pa30BaHuUs.
B omianume oT HHMX, CYIIECTBYeT MOJENb TepMOOapHUecKoro o0Opa3oBaHUs METaMOpP(HHUTOB
KpucTtamumdeckoro cybcrpara bomsmoro Kaskaza, paspaborannas M.J[.Ilenremma (1989). On
mpe/uiaraeT CleyIOUIyl0 MOJAENb: Makepckas cepus —HMHQPAcTpyKTypa (CHIMMaHHUT-OMOTHUT-
KAIMIIMATOBBIE W OHOTUT-MyCKOBHTOBBIC rHeiicoBble (ammn) — T =560-720°C, P=3.3-3.4 k6;
IHEHCOBO-ClIaHIeBass 4acTh (OMOTHT-MYyCKOBUTOBbIE (alliM T'HEHCOB M JIOHIY30pyMCKas U KTH-
TeGepAMHCKas CBHUTHI CTAaBPOIHTOBOH (armu) - T =470-580°C, P=2.8-3.2 k6; cmaHueBas 4YacTh
(6MOTHT-MYCKOBHTOBBIE THEHCHI U apKacapcKasi CBUTA U €€ aHAIOTH CTaBpouTOBOH (arun) - T =430-
550°C, P=2.7-2.9 k0; GyymbreHckas Cepusi — rBAHAPCKAs CBHUTA (OHOTHT-MYCKOBHTOBBIC THEHCOBBIC
daupu ¥ BBICOKOTEMIIEpaTypHas 4acTh CTaBponmToBoil (ammu) - T =480-630°C, P=3.2-4.0 k6;
Kacapckasi CBUTa (aHAANy3WTOBas CTYNEeHb OWOTUT-MYCKOBHUTOBOH THekcoBoi darmm) - T =520-
570°C, P=1.2-2.0 k6; NTajeBaIbCKasi 1 CHCHHCKAS CBHTBI (AHAATy3HT-OHOTHT-XIOPHT-MYCKOBHTOBAS
cy6damms) - T =430-520°C, P=1.5-2.0 k6; JaGHHCKAs CEPHs — MAMXYPICKAs M IaAMXyPIICKasi CBHTHI
(CTaBPOIHT-CHIIMMAHHTOBAS M CTABPOIHT-OHOTHT-aHAaTy3:uTOBast cybdarms) - T =500-570°C, P=3.2-
3.4 x0; namTpakCKUH W aJKapCKUil TEKTOHMYECKHEe MOKPOBHI (cTaBponuToBas ¢amms) - T =420-
580°C, P=4.8-5.2 KG; aBTOXTOHHBIH KOMILIEKC 30HBI IIepeoBoro xpedTa - apMaBUpCKas i OaKaHCKas
CBHUTHI (CTABPOIHT-KHAHUT-OHOTUTOBBIC Cybbarmu craBponuToBoil (amuu) - T =470-530°C, P=6.8-
7.5 k0.

l'eonoruueckne u merporpaduyecKre HUCCICAOBAHUS IMOKA3bIBAIOT, YTO YJIETpaMeTaMOphu3M H
CBSI3aHHBIC C HUM TNPOIECCHl TPAHUTOOOPA30BaHUS B KpUCTATUUeckoM (yHmamente bonbioro
Kapka3za npotekanu B paznuusbix PT pexxumax. YipTpaMmeTaMoppUUecCKUe MPOIECChl, 00pa3yrolue
IJIarMOTPAHUT-TPAHUTOBYIO CEPUI0, HAYMHAIOTCS B CHIMMAHUT-OMOTHT-KAJIMIIIATOBON CyOduimu
aHGuOOIUTOBON (ary U MaKCUMyMa CBOETO Pa3BUTHS JIOCTUTAIOT B YCJIIOBHSIX TPaHAT-KOPIUEPUT-
KaJaumImaroBoil cyodarmu. Ims aToro mporecca xapaktepHas peakmwms: Bt+Sill——Gri+Cor+Ksp.
VYibTpaMeTaMophHUeCcKHe MPOLECChl, 00pasyolnue rabopo-a1aMeIUIUTOBYIO CEPUI0, HAYNHAKOTCS B
OMOTUT-MYCKOBUTOBOW THEHCOBOHM (halliu WM B BBICOKOTEMIIEPATYPHOH 4YacTH CTaBPOJIUTOBOM
¢darmmu. XapakTtepHas peakiusi 3toro mporecca: St+Ms+Qrz«——Bt+Grt+Sill. T'panuToummsit
pacmiaB raOpo-MIardorpaHUTOBOM CEpHM, IMO-BUJAWMOMY, HAYMHACT BBITUIABIATHCS B YCIOBHSIX
KHAaHUT-CUJUIMMAaHUTOBOTO 0apUYecKoro THIMAa MeTaMoppu3Ma, B BBICOKOTEMIIEPATYPHOM YacTH
CTaBpOJUTOBON (armu. B amdpubdomurax 370l (amuu HaOMIOJAITCA KPUTUYESCKUE MapareHe3UCH:
Hbl+Grt+PI+Qtz+Ep; Hbl+Grt+Ep+PI+Qtz+Bt; Hbl+Phn+Chl+Ab+Qtz+Ep, a B kpucraiumveckux
cmannax - Grt +Bt+Chl+Phn+Hbl+Qtz.

[Ipy KOMIUICKCHOM HM3YYCHHU TEPMOOAPUUYECKUX YCIOBHH 00pa30BaHUs T'ePIMHCKHUX TPAHUTOMIOB
Bbonbmioro KaBkaza Mbl HMCHOJIB30Balld KakK 3KCIEPUMEHTAIbHO MoATBepxkaeHHbIE PT naHHbIE
COCYIIIECTBOBAHMS MHHEPAJIOB, TaK W Pa3jIMYHbIe T€OTEPMOMETPHI M Te00apoOMEeTphl: TpadUTOBHIN,
rpaHaT-OMOTUT-KOPAUEPUTOBBINH, POTOBOOOMAHKOBEIH U AP.
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8.1. I'paduroBasi reorepMmomMeTpusi

I'padutoBbIil reoTepMOMETP OCHOBBIBAETCS HAa N3MEHEHUH MapaMeTpa 3JIeMEHTapHOM KIIeTKH rpadura
C(A), xoTopslii ymmoTHsieTcs 0 Mepe pocta Temneparyps (Illenrema, Axpneauanu, 1977). Iocre
YMEHBIICHUS] TEMIIEpaTyphl YKa3aHHBIH MapameTp Oojblle He H3MEHSETCS, M IO03TOMY O3THUM
TreOTEPMOMETPOM MOYKHO OTPENENUTh TOJBKO MaKCUMAaJIbHYIO TeMIEpaTypy, KOTOPOW JOCTHraeT Ta
WM MHAs TIOPOJIa BO BpeMs MeTamop¢du3ma. M3 reprimHCKUX MATMaTHTOB ¥ TPAHUTOUIOB MBI CMOTJIH
orobpath 20 o00pa3ioB, cojepkammx rpadur, OMpeaeieHue TEeMIIepaTyp  KOTOPBIX Jalio
yOenutensHble pedynbTathl (Tabmn. 8.1). TemmepaTypbl oOpa3oBaHHS HEKOTOPBIX 00pa3loB ObLIH
OIIpe/IeNIeHbl M TPaHaT-OMOTUTOBBIM T'€OTEPMOMETPOM, HOITYYCHHBIC PE3YNIbTaThl HOYTH WIACHTHYHBL,
YTO YKa3bIBaeT Ha HAaJEKHOCTH ITOr0 re0TEPMOMETPA.

Tab6amnua 8.1. TemnepaTypnl 00pa3oBaHusi TePUUHCKAX IPAHNTONAOB M MUTMAaTUTOB BoJib1ioro
Kagka3a no rpa¢guToBOoMy reorepmomMerpy

06p. | C(A) [Taparene3ucsr T°C XapakTepuCTHKA TIOPOIBI K MECTO B3STHS
N obpasma
66 6.705 | Pl+ Qtz+ Mikr+Bt+Sill | 720 | I'paHHUT-MHUTMaTHTOBBIH KOMILIEKC,

MUTMAaTUTHI, yuI. p.Knnub

125 | 6.703 PI+Qtz+Bt+Grt+Sill 750 | TlnmaruorpaHUT-TPAHUTOBAsE CEPHsl, PECTUTBHI,
Bepx. p. Haxap

966 | 6.703 | PI+Qtz+Bt+Sill+Grt+Cor | 750 | I'paHUT-MHTMaTHTOBBII KOMILIEKC,
IUIArMOMHUTMATHTHI, yIil. p.I'Banapa

2960 | 6.716 Pl+Qtz+Bt+Mirk+Ms 630 | Makepckasi cepusi, JBYCIIOJSHBIE THEHCHI,
Bepx. p. Lleuc

202 | 6.716 Pl+Qtz+Bt+Ms+Grt 630 | Byynbrenckas cepusi, MUTMaTHTBI, Mapyxckuii
nepesal

228 | 6.718 PI+Qtz+Bt+Grt 620 | Byynbrenckas cepusi, MUTMaTHTBI, Mapyxckuii
nepeBa

231 | 6.718 Pl+Qtz+Bt+Ms+Grt 620 | Byynbrenckas cepusi, MUTMaTHTBI, Mapyxckuii

nepeBai

813 | 6.716 PI+Qtz+Chl+Grt 660 | Byynbrenckas cepusi, OHOTHTOBBIC THEUCHI, VIII.
p.I'Bangpa

1286 | 6.718 PI+Qtz+Chl+Grt 620 | I'aGOpo-mIaruorpaHuTOBasl Cepusi, TPAHATOBBIC

IJIarMorHeicel, BepX. p. Jlammurmce

1336 | 6.718 PI+Qtz+Chl+Ep 620 | 'aGOpo-mIarnorpaHuTOBast cepwus,
IJIaruorHeicsl, paifon CaH4apckoro nepesaa




147

Kak BuanO 13 Tabim. 8.1 B MurmMaruTtax OyyJnbreHCKOW CepHH TeMIiepaTrypa oOpa30BaHUS MUTMATHUTOB
nocturaer 660°C, a cpexmsisi Temieparypa konebnercss B mpemenax 620-630°C. ITpubaH3UTENBHO
aHAJIOTUYHBIE TEMIIEpaTypsl 00pa3oBaHUS WMEIOT W TpaduTOBBIE 0Opa3lbl IJIarHOTHEHCOB rabopo-
IJITATMOTPaHUTOBOM  cepuu (62OOC). 3HauuTeNILHO 00JIee BBICOKHE TEMIIEPATyphl (UKCUPYIOT
rpaduToBbIe 00pa3Ibl MUTMATUTOB IPaHUT-MUTMATUTOBOTO KOMIUIeKca. [lo aToMy reorepMoMeTpy B
MHIMATHTaX JAHHOTO KOMIUTIEKca Temreparypa gocturaer 750°C.

8.2. 'paHaT-0OMOTUT-KOPAUEPUTOBDBI reoTepMoOGapoMeTp

Teopernueckue BBUHUCIEHHA W OSKCIEPUMEHTAJbHBIE JaHHBIE IIOKa3bIBAIOT, YTO MEXKIY
COCYLIECTBYIOLIMMHU >KEJIe30-MarHe3uajlbHBIMH MHUHEpaJaMH 3aKOHOMEPHOCTh IepepacHpeacieHust
Fe, Mg, Mn 3aBucutr oT TepMOOapUUECKUX YCIOBUI CHUCTEMBI SBISSICH XOPOIIMM KPHUTEPUEM IS
pectaBparuu PT ycmoBuii kpuctammmsanuu mopoj. I[lo HamemMy MHeHHWIO, OOHUM W3 Hambolee
HaAC)KHBIX MCTOJ0B COBPEMCHHBIX TCpMO6apI/I‘IeCKI/IX I/ICCHCI[OBaHI/Iﬁ SABJISAKOTCS FpaHaT-6I/IOTI/ITOBbII71
reOTEPMOMETP M TpaHaT-KOPAUEPUTOBBIA OapomeTp. OcHOBHas mnpoOieMa WX HaAEKHOCTH -
TOYHOCTh aHaJM3a MHUHEPAJOB, IMOTPELIHOCTh KOTOPOIO JOBEd 10 MHHUMYMa COBPEMEHHBII
MHKPO30HJOBBIA aHATIU3aTOpP.

Hamu 6pmmo mposenmeHo 6Gomee 1500 TO4eUHBIX MHUKPO30HAOBBIX aHANHM3aB OMOTHUTOB, TPAaHATOB H
KOPJUEPUTOB TEPHUHCKUX TpaHuTOMa0 bonpmoro KaBkasa Bo Bcex ciydasx — HCCIEAOBAIA
napareHeTUYecKne MUHepanbHbIX accouuanuu. C Lesblo KOHTPOJIS, U3 OJHOTO M TOTO XK€ Hutuda Mbl
W3yYalld pa3IMuHble MUHEPAJIbHBIE TTapbl U CONOCTABISUIN UX Pe3yNbTaThl. [loydeHHBIE STHM ITyTeM
PT mnapameTpbl MNpakTU4YeCKH COBMAJaNH, YTO TOBOPUT O TOYHOCTH TPOACTAHHOW pPaOOTHI
MHUKpPO30HIOBBIE HCCIICAOBAHUS MPOBOIWINCH B 3MUCCHOHHO-CHEKTPAIBHOM HCCIIEAOBATEIbCKOM
neHTpe ['py3MHCKOro TEXHMYECKOr0 YHUBEPCHUTETa Ha MHKpPO30HI0BOM aHanmzartope "CAMEBAX
MICROBEAM". B paHHOW paboTe  ansl ONpENENIeHUs TEeMIIepPaTypbl, MBI MOJIb30BAJIHCH,
npemtoxkeHabM JI.ITepaykom n M.JIaBpenTtseBbiM (1983), rpaHaT-OMOTHUTOBBIM T'€OTEPMOMETPOM, a
JUIE  ONpeJAeTCHUs JaBlCHHs — TPaHAT-KOPAHEPHTOBBEIM Te00apoMeTpoM, TPeaoKEeHHBIM
A.Il.ApanoBuuem u K.C.Ilogensckum (1983) .

I'panar-OMOTHTOBas TEOTEPMOMETPUS M TpaHAT-KOPJHEPHUTOBas OapoMeTp OCOOEHHO YCIEIHO
"paboTaroT" B MOPOAAX IUIArHOTPAHUT-TPAHUTOBON CEPHH, TaK KaK HMX MHUHEpaJbHBIC I1aparcHe3HChl
JAI0T AJIsL 3TOrO XOPOIIYI0 BO3MOXKHOCTh. Kak yxe oTMeuanocs, cyOCTpaToM 3TOH CepHM SBISETCS
Makepckuii MeTamopuUecKuii KOMIUIEKC, TeMIeparypa oOpa3oBaHHMsS KOTOPOTO HAaXOIMTCS B
npexenax 560-720°C (Illenrenna, 1989). C BepxHeil TpPaHHMIBI TOrO TEMIIEPATYPHOIO PEXHMA
JOJDKHO HauMHaTbes  (opMupoBaHue MUTMaTHTOB TPaHUT-MUTMATHTOBOTO KOMILJIEKCa U
TUIATUOTPAHUTOB IUIArHOTPAHUT-TPAHUTOBOM CEPUH, YTO MOATBEPKIACTCS IOJTYYCHHBIMH HaMH
pesyabpratamu. Kak BugHo U3 Tabm. 8.2 Temmneparypa o0pa3oBaHHs OTMEUYEHHBIX MTOPOJT U3MEHSIETCS B
npeznemax 700-750°C, a ux cpennss Temnepatypa cocrasmser 720-730°C, muuib B ogHOM Ciydaert, B
rpaHaT-KOPANEPUT-OMOTHTOBOM pecTuTe, Oblla 3adMKCUpOBaHA TeMIleparypa WX IaparcHe3nca
810°C.

B apeane pa3BUTHS TUIaTHOTPAHUT-TPAHUTOBON CEPHHM OTMEUAIOTCS TOPOJIBI TpaHaAT-KOPIUEPHT-
OMOTUTOBOM acCOIMAINU, KOTOPbIe (PaKTHIECKU OTHOCITCS K PECTUTOBBIM ITapareHe3nucam cyocTpara.
Wx cpaBHUTENBHO OONBIINE BHIXOJBI OTMEYAIOTCS HA JIEBBIX KapHHU3aX CpelHero teueHus p. Haxap
(ceepnbiii ckioH bosbimoro Kaskaza). Paccmorpum j1Ba Tuma o0pasioB, B KOTOPBIX (DaKTHYECKH
OoTpakeHa 00IIas KapTHHA IBOJIOIUN TEPMOOAPUIECKOTO PEeKUMA dTOU CepUH.
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O6pazer; 2108 B3saT ¢ meBoro kapumsa p.Haxap, Ha 2.5 KM ceBepHee JIemHHKOBOrO o3epa. OH
MPENICTaBISIET COOON CPEHE3EPHUCTHIII MUTMATUT MUKPOArMaTHTOBOUM CTPYKTYPBI C TTapareHe3MCOM:
Grtg7.011Btgg 70t Cor+Sill+Mikr+Pl. T'panater (0.8-1.8MM) c0371al0T H30METPUYECKHUE KPUCTALIBI U
XapaKTepU3yIOTCS PETPECCUBHON 30HAFHOCTHIO (cM. Tabm. 8.2). OT meHTpa K nepudeprun Bo3pacTaeT
KEJIE3UCTOCTh W cojaepkanue MN, HO yMeHbIIaeTcss MarHueBOCThb. J[si OMOTHTa, B KOHTAaKTE C
rpaHaTaM XapaKTepHa BBICOKas >Xene3ncTtocThio (68-70%), a ¢ kxopamepuroM — Hu3Kou (52%).
Kopauepur sBAsSeTCS TOMOTEHHBIM MHUHEPAJIOM M PEIKO OTMEYaeTCs B BHJIE HOPPUPOOIACTOB,
JKEJIE3UCTOCTh B HEM MEHsETCs B npenenax ot 39 no 42%. TemnepaTtypa paBHOBECHS IICHTPOB rpaHaTa
u Guormta (cM. Tabn. 8.2) oreuaer 720°C, a Ha mepudepusx monmkaercs no 650°C. JlaBieHne
LIEHTpa IpaHaTa u KopAuepuTa paBHsercs 3.6 k0, a Ha nepudepusx - 2.2 k0. Onupasich Ha ITH JaHHBIC
MOXXHO JIOMYCTUTH, YTO B ATHX OTIOKEHHSIX TPaHAT SBISIETCS PErPECCHBHBIM MHHEPAIOM, KOTOPBIi
HAaYMHAET KPUCTAIUTH3AIMIO TIPHU TeMIIepaType 720°C u naBieHnn 3.6 K6 M 3aKaHYMBAET CBOH POCT
npu temneparype 650°C u gapnennn 2.2 6.

[MonobOnyto kaptuny PT pexxrma oOpazoBanus qaet u obpaser] 2110, koTopsiii Mbl 0TOOpanu Ha 200
M ceBepHee OoT obOpasuma 2108. OH mpexacraBiseT coboil peCTUTOBYIO 4YacThb CyOcTpara, TIaBHBIMHU
MUHEpallaMH KOTOpPOW SIBIISIIOTCSI KOPAMEPHUT, OMOTWUT, KBapu M Iularnokias. CpaBHHUTENIBHO B
HEOOJIPIINX KOJNMYECTBAX OTMEYAIOTCS CHIUIMMAHWT, Kajlummnar u TpaHaT. KopauepuT sBisercs
CPaBHHUTEIBHO TOMOTCHHBIM MUHEPAJIOM M IPEACTaBIEH KPyIHO3epHUCTEIMU arperatamu (1-1.6 mm) c
KeNe3ucTocTelo mpuMepHo 35-40%. I'paHar 3mech, Kak ¥ B BBINICOTMEYEHHOM 00pasie,
XapaxkTepu3yeTcs 30HabHBIM cTpoeHreM (puc. 8.1). KommuectBo MNO 1 Kene3ucTocTs BO3pacTaroT
B HEM OT LIEHTpa K nepudepuu, HO



Tabéauua 8.2. Cpeqnne XuMuyecKkne aHAJIU3bI MapareHeTH4eCKUX OMOTHUTOB, IPAHATOB M KOPAUEPUTOB (Macc.%)u cpeHUe TeMIepPaTyphl U AaBJIeHHUSA
HX KPHCTA/UIM3ANHHA B TePIUHCKUX MUTMATHTAX IPAHAT-MUTMATHTOBOT0 KOMILJIEKCA U IUIATMOTPAHUTAX MJIATHOTPAHUT-TPAHUTOBOI cepuu Boabioro
Kagka3za

No Mumnep SiO, TiO, | ALO; FeO MgO |[MnO K,O CaO Ha3panue u Mmecto oTO0Opa mopot T°C
o0p. an
P k0
278 Bt 34.57 | 3.50 | 18.21 21.80 7.12 0.86 9.60 0.00 [Inarnorpanutsl, BepxoB. p.CakeHu 730°C
Grt 38.10 | 0.00 | 20.23 30.55 3.02 7.34 0.00 0.38
Bt 33.64 | 194 | 20.51 24.99 9.10 0.30 7.10 0.00 [InarnoMurmMaTUThI, BEpX. p. 700°C
Auamnapa
405 Grt 37.77 | 0.00 | 19.73 35.70 3.80 0.00 0.00 0.1
Cor 50.68 | 0.00 | 34.47 10.10 3.63 0.00 0.00 0.34
966 Bt 33.49 | 3.35 | 19.68 24.25 7.52 1.15 8.57 0.00 [T1arnoMurmMaTHThI, BEpX. 735°C
p-I'Banzpa
Grt 36.61 | 0.00 | 20.54 31.67 3.21 7.41 0.00 0.00
1017 Bt 3497 | 2.69 | 21.58 20.17 8.14 1.18 7.34 0.00 [InarmoMurMaTuThI, BEpX. 730°C
p.I'Bannpa
Grt 3850 | 0.00 | 19.78 29.29 3.51 7.85 0.00 1.14
125 Bt 3464 | 1.10 | 19.55 21.83 8.35 0.14 8.88 2.70 [TnarunorpanuTtsl, Bepx. p.Haxap 740°C
Grt 40.74 | 0.00 | 19.72 29.75 3.88 4,26 0.00 1.35
105 Bt 35.94 | 1.44 | 20.06 20.13 8.42 0.25 7.20 2.70 IInarumorpanutsl, yi1. p.Kimudasckas 750°C
Auanapa
Grt 39.80 | 0.00 | 18.76 26.77 3.52 8.95 0.00 2.03
2027 Bt 3439 | 1.92 | 18.80 17.54 8.25 0.21 9.39 0.10 MuUrmartuThl, BepX. p. Y3yHKOI 710°C
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Grt 3482 | 0.00 | 21.01 33.96 3.11 4.01 0.00 1.16
Bt 36.75 | 2.23 | 16.78 25.94 6.45 0.11 9.89 0.00 Pectuts! rpanaT-kopauepur- 1. 720°C
ounoruta, ym1. p.Haxap 0
Grt g 35.32 | 0.00 | 19.59 37.56 2.95 3.51 0.00 0.85 m. 650°C
2108 | Grtm 3474 | 0.00 | 19.17 36.99 2.04 6.12 0.00 0.72 1. 3.6 kKO
Cor 48.22 | 0.03 | 32.05 10.08 8.16 0.14 0.00 0.00 m. 2.2 k0
Bt 36.62 | 2.21 | 18.35 19.32 10.44 0.17 0.19 0.00 Pectuts! rpanaT-kopauepuT- 1. 730°C
ounotuta, ym1. p.Haxap 0
Grt 1t 35.73 | 0.00 | 19.77 37.19 3.01 341 0.00 0.91 . 660°C
2110 | Grtm 3431 | 0.00 | 18.92 36.71 1.99 6.29 0.00 0.54 . 3.7 k0
Cor 48.60 | 0.00 | 31.70 9.25 8.00 0.27 0.54 0.00 m. 2.2 k0
2374 Bt 36.14 | 1.71 | 21.53 19.98 9.06 0.00 9.34 0.00 PectuTsl rpanar-kopauepur- 810°C
ouotuta, yui. p.Jlayn
Grt 37.64 | 0.02 | 20.53 24.04 4.63 11.37 0.00 1.10
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Puc. 8.1. CxemaTrnmueckass 3apHCOBKa OJHOr0 M3 Y4YacTKOB HULIM(a TrpaHaT-KOpPIAHepHT-
OuoTuTOBOrO pectura (00p.2110) 1 MUKPO30HAOBBIE NPO(QUIN I'PaHATA.

Apabckumu 1dpamu 0003HAYEHBI TOYKH MUKPO30HJOBOTO aHAITU3A.

ymensbiaetcs cogepskanne MgO. Temneparypa paBHOBecHsl LIEHTpa rpaHata U OMoTuTa (CcM. TaO.
8.2) orseuaer 730°C, a mepudepun — 660°C. JlaBieHre paBHOBECHS LEHTPA PAHATA U KOPAHEPHTA
cooTBeTcTBYeT 3.7 KO, a nepudepun — 2.2 k6. Ecnu nomycTuth, 4To Bce TpH OTMEUSHHBIX MHUHEpaa
BBIKPUCTAJUTU30BAJINCh NPUMEPHO B OJHO M TO K€ BpeMs, TOrJa MOXHO CUUTaTh, YTO
KPUCTAUTM3ALMS STHX ACCOLMAIMH MHUHEpAIOB HAdagach HpuMepHO mpu Temmeparype 730°C u
naByieHnH 3.7 KO M 3aKOHYMIIACh IIPU TeMIepaType 660°C u nasnenun 2.2 6.

IIpoBesieHHBIE HAMHU HUCCIICJOBAaHUS IOKa3bIBAIOT, 4TO 00a oOpasiia 00pa3oBaIMCh MPH PErPECCUU
TepMOOAPUIECKOro pexknuMa, MpuMepHO B paBHbIX PT ycnoBusix. [Tockosibky B apeane MUTMATHTOB
TCHEPUPYIOTCA INIaruOpaHruThI HHaFHOFpaHHT-FpaHHTOBOI:I CECpun U OHHU q)aKTI/I‘IeCKI/I npeaAcCTaBJIAIOT
€000l X HEOCOMY, TOT/Ia MOXKHO 3TH TepMOOaprUIecKre mapaMeTpbl 00pa3oBaHus paCPOCTPAHUTH U
Ha HUX.

Kak BuaHO n3 Tabi. 8.3, rpaHaT-OMOTUTOBBIE TEMIIEpaTypHbIE PAaBHOBECHS aSICKUTOB U IEIrMaTHTOB
TUTATHOTPAHUT-TPAHUTOBOM CEpUH  HIDKE, MO0 CPABHEHWIO C MUTMATUTAMH W TUIarMOTPaHUTAMU.
XuMu3M ® TiepepacrupeneneHre KaTuoHOB Fe-Mg B rpamatax u OHMOTHTaxX TIIOKa3bIBaeT, YTO
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¢dopMupoBaHHE BMEIIAONIMX MOPOJ TPOMCXOAMWIO B YCIOBHSX TEMIIEPaTypHOTO peXnMma ciraboit
perpeccuu. B rpanaTtax oT LeHTpa K nepudepun B IECATHIX A0JIX IIPOLIEHTa OTMEYAETCs BO3pacTaHUe
FeO u MnO u ymensmienne MgO. MakcumanbHasi Temreparypa oOpa3oBaHUS OTHX IOPOJX
cootserctByer 670°C u dukcupyercs B ymense p.Y3yu-Kom, a MunnMansHas Temmeparypa -625°C
oTMedaeTcs B amsickutax p.Haxap. Kak moka3eiBaioT npoBeeHHbIE MCCIEAOBAHMS, TEMIIEPATyPHBIN
MHTEpBAI 00PA30BaHMs ACKHTOB M MErMATHTOB HEBEMHK M KoieOnercs B mpenenax 10-30°C, uro.
[O-BUAMMOMY, [OJDKHO OTpaXaThb peajbHble TepMmMuueckue ycioBus. [lo Bceil BeposTHOCTH,
AIACKUTOBasT W TMarmMaTutoBas (asbl TUIArMOTpaHHUT-TPaHWTOBOW cepun bonbsmoro Kaskasza
c(hopMHPOBAIHICH B YCIOBHUAX TEMIIEPATYPHOTO PEXUMa, HIDKE MPUMEPHO HA 100°C, 4em MHTMATHTHI
rPaHUT-MUT'MAaTUTOBOTO KOMIUIEKCA W TPAaHHUTHI 3TOW e CEpUH, OHHM OXBATHIBAIOT TEMIIEpPAaTypHBIH
uHTepBAn mpuMepHO 625-660°C. CnemyeT OTMETHTH, YTO BO BCEX CIydYasX KPHCTAIIH3ALHS
TPaHUTOMIHOTO pacijiaBa IpoTeKaia B yCIoBUiAX perpeccuBHoro PT pexuma.

34 —— —
24 MnO
14 ‘i“:.;"_’.—"\'—o—o

Puc. 8.2. CxemaTrnmueckasi 3apHCOBKa OJHOT0 M3 YYacTKOB ILIM(a rpaHAT-0MOTHTOBOIO
pectuTa (00p.2087) M MHUKPO30HAOBLIE MPO(NUIH IPaHATA.

Apabckumu dpamu 0003HAUEHBI TOYKH MUKPO30HOBOTO aHATHU3A.
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B rpaHOIMOpUT-AIACKUTOBOM CEpUU  TpaHAT-OMOTHTOBBIE W  TPaHAT-OMOTHT-KOPAUEPUTOBBIC
acCOIMAllMi B OTJIMYME OT IUIAarMOTPaHUT-TPAHUTOBOW CEPHUM OTMEYAIOTCS CPaBHUTEIHHO PEAKO.
HckmroueHrne cCOCTaBIAIOT 3amajHble KapHuU3bl — Haxapckoro oszepa, rae oOHakalOTCsl TpaHat-
OMOTUTOBBIE TPAHWTOWIBI W TJI€ KOJIMYECTBO TpaHAaToB gocturaer 8%. OHU 00pa3yloT MOIIHYIO
MOOMIM30BaHHYIO CUCTeMYy CceKymmx Ted (4-7M) M pacmpoCTpPaHEHbI Ha JIOBOJHHO OOJIBIITHX
TUIOMIANAX. TPEJCTaBIsAss COOOW CPEeIHE3EPHUCTHIC MOPOJbI MACCHBHOW TEKCTYPhl M TPAaHUTOBOM
CTPYKTYPBI, KOTOpPbIC HCIBITHIBAIOT HE3HAYMTENbHBIC MMOCTMArMaTHUecKHe H3MeHeHus. Kamuesbiit
MOJICBOY IIMAT MPEACTABICH, B OCHOBHOM, MHKPOKJIMHOM SIBHO MarMaTHYeCKOTO MPOUCXOXKICHUS.
I'panater MIPEICTABIICHE HM30METPUYHBIMH, OBOJIBHO oOaWHakoBoro pasmepa (1.8-2.0 mm)
KPUCTAJUTAMHU U TaK XKe, KaK M BCS MOPOJIa, YIEJIETH OT MOIIHBIX BTOPUYHBIX TPOIIECCOB.

B rpanarax o6pasma 2087 sBHO BRIpakKeHHas 30HAIBHOCTH He HaOmomaercs (puc.8.2). Ot meHTpa K
nepudeprun He3HAYNTENTFHO YBEINYHBACTCS COJIEPKAHUE JKele3a U MapraHia U TakKe He3HAYUTeIbHO
YMEHBIIIAETCS KOJIMYECTBO MarHusi W Kaublus. TeMIepaTypHOEe paBHOBECHE IIEHTpa TpaHaTa W
6uotnTa orBedaer 735°C. ITpUMepHO TaKWe K€ Pe3yIbTAThl MBI TONY4aeM W M3 APYTHX IpaHaT-
OMOTHTOBBIX acCOLUMANNN IPAaHOAHOPUT-ATACKUTOBOM cepun. CpenHsisi Temreparypa ux o0pa3oBaHuUs
He omyckaercs Hmke 710°C, a makcumanbaas He npesbimaer — 735°C (1a61.8.4). He BbI3bIBacT
COMHCHUA TOT q)aKT, 4YTO TaKO€ PE3KOC OCTBIBAHHUEC MarMbl JOJIKHO 6]:»ITI) BBI3BAHO €€ 6I)ICTpI>IM
MEPEMCUICHHUEM, ITOATBECPIKAACMBIM U I'€OJIOTUYCCKUMU JaHHBIMU.

Obpazen;r 2336 oToOpaH W3 OOHAaXKEHHS IBYCIIOASHBIX TPAHUTOB Ha JIEBBIX KapHH3aX CPEIHEro
TeyeHuss p. Jaya. DTo MaccuBHas CpeOHE3EpHUCTAss MOPOAA CO CIEAYIOLIEH MUHEpaIbHOU
acCOUMALUEN: P|27+QtZ+KSp+Bt75+Grt77+Cor+ChI. B ikene30-MarHe3uaabHbIX MHHEpalTaX 3TOro
oOpasna (cM. puc. 8.4), 30HAIBHOCTh HE HAOJIIOAETCs, B PE3yJIbTAaTe Yero OblIa OmpeeiicHa CPEIHSISI
TeMIeparypa OoOpa30BaHUs, KOTOpas COOTBETCTBYET 710°C wu cpemHee naBieHne - 3.5 KO.
OCHOBBIBasICb Ha 3THUX JaHHBbIX, Mbl CHHUTA€M, YTO IIPOU30LIJIO PE3KOC OCTHIBAHUC MarmMaThdeckoi
CHCTEMBI, BBbI3Ba] €€ OBICTPYIO KPUCTAUIM3ALMI0 C 00pa30BaHWEM TOMOTCHHBIX MHHEPAIOB, YTO B
CBOIO Ouepeab 00yCIOBICHO EPEMELICHHEM MarMaTHYECKOT0 paciijlaBa B BEpXHHUE TOPU30HT.

MBI BHIUMCIWIIM ~ TEMIIEPATypHBIE YCIOBHS COCYIIECTBOBaHWS T'pPaHATOB W OHOTUTOB B
MO3HEKAJICIOHCKUX TpaHaTorHeicax (tabm. 8.5) M OTMETHM, YTO HM30METPHUYCCKHUE KPUCTAJIIBI
rpaHatoB (2.9-2.5 MM) XapakTepHU3ylOTCS TOMOTCHHBIM CTPOCHHEM M B HHUX MPAKTUYECKH HE
HaOIOJaeTcs 30HANBHOCTE. B TO ke BpeMs, B pa3nWyHBIX 00pa3iax TeMIlepaTypHbBIE YCIOBHS
COCYIIIECTBOBAHUS TPaHAT-OMOTUTOB U3MEHSIOTCS B HEOONIBIIOM UHTEpBajie. DTU (akThI emie Oobiie
YKPEIUISIOT JOMYIIEHUE, COTJIACHO KOTOPOMY OTMEUYEHHBIE 00pa3Ibl OTHOCSTCS K MarMaTHYECKUM
obOpazoBanmsaM. Kak BuaHO W3 TaOm. 8.5 MuHMManbHas TemIieparypa paBHOBECHS TPAHATOB H
GUOTHTOB BEPXHEKANEJOHCKAX T'PAHHTOTHEHcoB cootBerctByer 630°C, a MakcHManbHAs He
npeBbimaer — 665°C. DTH JaHHBIE MO3BOISIOT 3aKIIOYMTh, 9TO OOPA3OBAHHBIC 33 CUET
BEpXHEKaJIeTOHCKUX IPaHUTOTHEWCOB T'PAaHUTOUIbI TPAHOAMOPUT-AIICKUTOBOM CEPUH BHITUIABUIINCH B
TeMIIepaTypHBIX yciIoBHsX npumepHo Boime 100°C, a Gosee HU3KOTEMIIEPATYPHBIE apeasbl OCTAINCH
B BUJIE PEIUKTOBBIX YYaCTKOB CyOCTpaTa.

MuHepanbHbIE acCONMAaIlii TPaHUTOUIOB TabOpO-aqaMeJUIUTOBON CEepUH HE Jaf0T BO3MOXKHOCTH
ITUPOKOTO WCTOIB30BaHUS T'PAHAT-OMOTHTOBOTO TEPMOMETPA, IIOCKOJBEKY TpaHaT-OMOTHTOBEIE
MapareHe3nuchl OTMEYAIOTCS JIUIIL B PECTUTaX JTOH cepur, dUTO (aKTUIECKH OTpakaer
TEMIIEPATypHBI pEXUM €€ KpUCTAJUIM3alK{, IO3BOJIASI OCHOBBIBATHCS Ha H3THUX JAaHHbIX. Kak
MOKa3aJI MUKPO30H/IOBBIE MICCIIEAOBAHUS, B TpaHaTax rab0po-a1aMeNInTOBON CEpUU 30HAITLHOCTh HE
OTMEYAETCs, U IOPTOMY MBI MOXKEM CYIUTh JIMIIb O CPETHUX TEMIIEPATYPHBIX JaHHBIX. Temmeparypsl
KPUCTAJUTH3AIMKA TPAHUTOUJIOB TabOpo-aaMennToBOi cepuu (cMm. Tabi. 8.6) He XapaKTepU3yHOTCS
BBICOKMMHU ToOKazaTemsiMu. Camas BBICOKAas TeMIieparypa 630°C (ukcupyeTcss B pecThTax
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alaMeIUINTOB Ha KapHM3ax mpaBoro Oepera p. I'Bammpa. Camast Hmskas — 600°C ormeuaercs B
pectutax CakeHCKOrO WHTpPY3MBa M B BepxoBbe p.bermua. Kak mokaspiBaeT rpaHar-OMOTHUTOBBIN
reorepMoMeTp (cM. Tabi. 8.6), yCIOBHS paBHOBECHUsS IpaHAT-OMOTUTOB rabOpO-alaMeIuTOBOM CEepHUU
HAXOMATCS B TeMmmepaTyproM uuTepBane 600-630°C. Kak Gbu1o TMOKa3aHO, UIS TPAHHTOHMIOB ITOM
CepHMH TIOYTH TE XKE TEMIIEpaTyphl Al U rpaUTOBBIA T€OTEPMOMETP, JIMIIb B OJJHOM Cily4ae ObLia
3a)MKCHPOBAHA CPABHHTENHHO BhicOKas - 660°C TemmepaTypa. M3-3a BbIlIe YKA3aHHOIO, MOYHO
IPEANOIOKHTS, 9T HHTepBan 600-660°C peanbHO OTOOpaKACT TEMIIEPATYPY KPHUCTAITH3AIII
TPaHUTOHIOB Ta00PO-aJaMeJUINTOBOM CEpUH.
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Tabanna 8.3. Cpennne XuMu4ecKne aHAJIU3BI NapareHeTHYeCKNX OMOTHTOB  TPAHATOB
(Macc.%) u cpeHMe TeMIepaTypbl HX 00pPa30BaHMA B AJACKUTAX M MErMaTHTAX IePIUHCKOI
IUIArTHOTPaHUT-TPaHuTOBOM cepun boabmoro Kaskasa.

No Munep. SiO, TiO, | Al,O4 FeO MgO | MnO K,0 CaO IMaparene
o0p.

106 Bt 34.93 1.78 17.75 20.20 6.90 0.00 7.10 0.00 PIY+Mik+
Grt 11. 36.92 0.00 19.77 35.78 3.73 4.43 0.00 0.92 rpaHaT-cu
p-Y3yHKOJ

Grt m. 37.13 0.00 19.35 35.02 3.10 411 0.00 1.52
207 Bt 34.72 1.89 18.05 19.80 6.90 0.00 6.90 0.00 PIZ+Mik+
Grt 11. 38.05 | 0.00 20.32 35.80 3.60 6.80 0.00 1.15 MErMaTUT
p-Yaykam

Grt 1. 37.65 0.00 19.72 35.10 2.90 7.11 0.00 1.74
214 Bt 35.05 1.62 18.25 20.10 7.70 0.00 7.10 0.00 PI+M
Grt 11. 37.42 0.00 19.81 37.7. 3.44 3.07 0.00 0.05 rpaHaT-Ch
AJISICKUTEI,

Grt 1. 38.15 0.00 20.31 38.26 3.16 3.15 0.00 0.05
20 Bt 35.17 1.32 18.15 20.15 7.80 0.00 0.90 0.00 PI®+
Grt 11. 37.15 0.00 20.70 36.45 3.75 3.13 0.00 1.32 aJIACK

Grt 1. 36.92 0.00 21.07 37.32 3.25 3.37 0.00 1.17
530 Bt 3356 | 1.84 | 17.14 | 21.60 7.20 0.00 7.90 0.00 PI?+
Grt 11. 34.22 0.00 18.00 33.60 2.50 7.15 0.00 0.04 TIET!

Grt 1. 34.85 0.00 18.56 34.10 2.40 6.70 0.00 0.03
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Ta6anna 8.4. CpenHune XMMHYeCKHe aHAJIM3bl NMapareHeTHYeCKHX OHOTHTOB M KOPAMEPHTOB
(Macc%) U cpeaHue TeMmmepaTtypbl W /[AaBJeHHA HUX KPUCTAIM3AUMM B TePUHUHCKOIA
TPaHOAMOPHT-AJSICKUTOBOM cepun Boabmoro Kaskasa

No | Munep. SiO, TiO, | Al,O4 FeO MgO MnO K,0 CaO IMTaparene3ucer
o0p.
2087 Bt | 3573 |175 |18.19 |20.05 |8.19 0.00 | 10.47 0.00 PI®+Mik+Qtz+
Bt 1l 3531 | 186 |1829 |19.89 |8.58 0.00 |10.38 0.00 rpaHaT-OMOTHT
Bepx.p.Haxap

Grt 1. 36.55 | 0.00 | 19.62 33.57 | 4.58 2.61 | 0.00 0.93
Grt 1. 37.39 | 0.00 |19.37 34.27 | 4.67 2.51 |0.00 1.03

Grt 1. 3753 |0.00 |19.49 34.72 | 4.84 2.482 | 0.00 1.07

2.53
Grt 1. 37.68 | 0.00 |19.05 |34.48 |4.62 0.00 0.99
2087 Bt 3577 | 196 |19.15 |18.74 |8.25 0.13 | 10.54 0.00 PI%+Mik+Qtz+
Grt . 37.76 | 0.00 |19.99 |34.03 | 4.68 2.58 |0.00 0.85 IPAHUT-GHOTHT
Bepx.p.Haxap
Grt m. |37.67 |0.00 |20.81 |34.09 |4.72 2.58 |0.00 0.91
Grtm. 37.37 |0.00 |2010 |33.74 |4.44 2.36 | 0.00 0.90
2033 Bt 3579 |1.34 [1930 |[1958 |7.88 017 |9.47 0.13 PI?+Qtz+Bt;,+
Grt 1. 37.14 | 0.00 |20.25 |34.52 |4.47 2.44 |0.00 0.96 IPAHUT-GHOTHT
p-Haxap
Grt 1. 37.86 |0.00 |19.11 |33.74 | 4.50 2.28 |0.00 0.98
2033 Bt 3593 [1.32 [19.29 |[21.31 |7.63 0.04 |9.21 0.00 PI*+Qtz+Ksp+
Grt 3759 |0.00 |[2095 |30.92 |227 6.46 | 0.00 2.01 IPaHUT-OHOTHT
Hayn
Cor 4624 | 0.00 |32.25 |10.33 |6.87 0.02 |0.00 3.33
2397 Bt 3445 |1.49 |20.18 |20.73 |10.49 |0.29 | 10.14 0.00 PI?+Mik+Qtz+
JIBYCIIOJSTHOM
p. Hayn

Grt 38.80 | 0.00 | 22.36 25.32 | 4.27 427 |3.98 0.74
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Tadauna 8.5.CpenHue XuMHYeCKHe AaHAJIU3bl MapareHeTHYeCKUX OHOTHTOB W TIPAHATOB
(Macc%) u cpeaHue TeMMepaTypbl KPUCTANIM3AUMU MO3THEKAJETOHCKUX TPAHMUTOTHEHCOB
Boanmoro Kaskaza

No Musep. SiO, TiO, | Al,O4 FeO MgO | MnO K,0 CaO IMaparenesu
M
00p.
2111 Bt 36.11 | 0.99 | 18/98 | 20.43 | 9.38 |0.20 9.81 0.00 | PI*"+Qtz+Btgg+
Grt 3796 | 0.00 | 20.75 | 3229 | 349 (3.37 0.00 2.19 | mecro cnusHUS
2355 Bt 3477 | 117 | 2129 | 21.18 | 9.49 |0.16 9.67 0.00 | PI”"+Qtz+Btg+
Grt 3739 | 0.00 | 19.75 | 34.65 | 3.07 |5.07 0.00 0.85 | ymr. p. Hayn
2387 Bt 36.61 | 1.72 | 1893 | 22.89 | 8.80 |0.00 9.13 0.00 | PI+Qtz+Bt,+
Grt 3585 | 0.01 | 21.89 | 3321 | 3.16 |[1.02 0.00 466 | yur p. dayn
2405 Bt 36.22 | 091 | 21.39 | 17.90 | 10.81 |0.00 9.21 0.00 | PI+Qtz+Btg,+G
Grt 36.03 | 0,64 | 21.63 | 32.92 | 479 |1.93 0.00 1.37 | ym. p. Jayn
2526 Bt 36.06 | 1.70 | 18.12 | 18.93 | 8.57 |0.00 9,78 0.00 | PI®+Qtz+Mik+
Grt 38.57 | 0.00 | 20.70 | 32.76 | 3.16 |2.43 0.02 0.07 | ym. p. Haxap
2556 Bt 3496 | 213 | 17.74 | 19.66 | 8.76 |0.21 10.35 0.00 | PI+Qtz+Bts+G
Grt 36.70 | 0.01 | 2043 | 31.67 | 3.38 |4.60 0.01 1.34 | yu. p. Jxanma
2575 Bt 3598 | 1.79 | 16.92 | 20.37 | 9.98 |0.15 9.07 0.00 | PI+Qtz+Bt;+N
Grt 38.82 | 0.00 | 20.22 | 28.14 | 3.19 [4.92 0.00 3.72 | yur p. Aapui-cy
2616 Bt 3568 | 1.85 | 18.75 | 20.08 | 8.93 |0.17 10.47 0.00 | PI®+Qtz+Btg+
Grt 38.14 | 0.01 | 20.62 | 33.33 | 3.68 |2.63 0.01 0.91 | yur p. Mypymx

Ta6anna 8.6. CpenHume XHMH4YeCKHe AHAIM3bI TNapareHeTH4YeCKHX OHOTHTOB M TPAaHATOB
(Macc%) u cpeaHue TeMmepaTrypbl UX KPHCTAUIM3ANMH B PeCTHTAX TPAHUTOMAOB radopo-
agamesiuToBOI cepun boabmoro Kaskasa

No Mumep. SiO, TiO, | AlO; FeO | MgO [ MnO K,0 CaO [Maparenes

o0p.

187 Bt 35.05 | 2.17 | 19.02 | 24.84 | 6.93 | 0.68 8.71 0.00 | PI®+Qtz+Btge+
Grt 36.95 | 0.00 | 21.86 | 31.05 | 1.21 | 9.58 0.00 0.08 | ymrp. Cakenun

429 Bt 35.69 | 2.01 | 20.17 | 22.30 | 7.81 | 8.80 7.83 0.00 | PI®+Qtz+Btg+
Grt 37.92 | ]0.00 | 21.022 | 30.92 | 1.62 [10.13 0.00 0.10 | yur.p.Agamapa
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747 Bt 36.60 | 1.84 | 2098 | 2146 | 830 | 0.71 7.56 0.00 | PI*+Qtz+Btsg+
Grt 38.19 | 0.00 | 20.63 | 31.19 | 1.73 |10.96 0.00 0.07 | Bepx. p.berun

778 Bt 3432 | 224 | 1885 | 25.72 | 6.75 | 0.70 8.,90 0.00 | PI*+Btge+Sill+
Grt 37.21 | 0.00 | 21.17 | 30.56 | 1.16 | 9.71 0.00 0.08 | ym. p.I'Bangpa

2825 Bt 37.74 | 1.84 | 19.27 | 26.14 | 7.54 | 0.62 7.90 0,00 | PI®+Qtz+Bty+
Grt 38.07 | 0.00 | 20.05 | 30.62 | 1.54 |10.00 0.00 0.07 | ym.p.Oxpuna

Puc. 8.3. CxemaTnyeckas 3apucoBKa OJIHOT0 U3 YYACTKOB LI (a rpaHaT-KopAUEpPUT-
ABYCJIOASIHOTO rpaHuTa (00p.2336) 1 MMKpPO30HI0BBIEe NMPOGHUIN rPaHATA, KOPANEPUTA U
ouoruTa.

Apabckumu pdpamu 0003HAYEHBI TOYKH MUKPO30HIOBOTO aHAJH3a.

Takum 00pa3oMm, B TepIMHCKHUX TPAHUTOUIHBIX cepusx bompmoro KaBkaza rpaHaT-OMOTHUTOBEII
reOTEPMOTEp M I'PaHAT-KOPAUCPHUTOBBIA OApOMETP JArOT JOBOJBHO YOCIUTENBHBIC pe3yiabTarThl. Ux
NPUMEHEHUE OKa3aJloch OCOOCHHO AS(PQEKTHBHBIM B IJIATHOTPAaHUT-TPAHUTOBOW WM TPAHOAUOPUT-
amackuToBo  cepusax. [lo mokaszaTensiM TreoTepMoMeTpa M reobapoMerpa  perMoHalIbHas
MUTMaTH3alus ¥ yIbTpaMeTaMop(uieckre npoleccs B cyOcTpaTe miariorpaHuT-TPaHUTOBOW CEpUr
HAaYMHAIOTCA B YCJIOBHSIX CpEIHEH TemImepaTypbl 730°C u maBmenms 3.6-3.7 kO, a nambHeiee
pasBUTHE MPOIECCOB MPOTEKAET B YCIOBUSAX PE3KOro yMeHblIeHus Aasienus (2,0-2,2 k0) u npu
CPaBHHUTENBHOI CTAGHIBHOCTH TEMIIEPAaTYpHOro pexuma (He omyckaercsa Hike 700°C), 4To. BUANMO,
JOJDKHO OBITH OOYCIIOBJIEHO perHoHaibHOM MHBepcued. Tepmobapuyueckuil pexxuM KpUCTaUTU3aUN
TPaHUTOMJIOB TUIATMOTPaHUT-TPAHUTOBOW cepuu HaxoauTcs B npenenax PT yciosuit GopmupoBanus
HEOCOMBl MHI'MATHTOB, T€HETHUECKHM HE OTIMYasChb OPyr OT Apyra. lemmepaTypHbIl pexXum
MUKPOKIMHHU3ALMHY, ATSACKUTH3AIMN U TEerMaTU3alMid Pe3KO CHIDKAETCS U B CpPEeAHEM KoseOseTcs B
npenenax 625-660°C. Taxxe, KaK M KPHCTAILTH3ALMS OCHOBHOM MacChl IPAHHTOMIOB 3TH MPOLECCHI
NpOTEKaloT B ycloBusX perpeccun PT pexuma, 4To, MO BCEH BEPOSTHOCTH, BBI3BAHO OOIIEH
WHBEpPCUEN OpOreHa.

TemrmepaTypHbIii WHTEPBAT KPHUCTAIM3AINN JBYCIIOJHBIX TPAHUTOB TPAHOJHOPUT-ATSICKUTOBOMN
CepHH  O4YCHb HeBENMK M KoieOmercss B mpememax 720-730°C. Om me mnpesbmmaer 735°C u He
OIIyCKAETCS HUXKE 7100C, a oOmee aBJIeHWe oTMeYaeTcs B mpenenax 3,5 k0. Uto kacaercs radbopo-
aJlaMeJUTUTOBON CEPHH, TO MO I'PaHAT-OMOTUTOBOMY I€OTEPMOMETPY I'PAHUTOWIHBIC TOPOJBI B 3TOM
CepHH KPUCTAILTH30BaInCh mpH Temieparype 600-630°C, 4To MOMKHO COOTBETCTBOBATH PEANbHOIN
TeOJIOTMIECKOM CUTYAIINH.

8.3. AM(pubo10BBINi reoTepModapoMeTp

JocTurHyTble 3a MOClIeIHUE TOAbl YCHEXHM B MHUKDPO30HIOBOM HCCIIECAOBAHMU JAIOT BO3MOXKHOCTH
UCIIOJIb30BaTh XMMHUYECKHUe OcOOeHHOCTH amdubonoB s onpenenenus PT ycnoBuit oOpaszoBaHus
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nopoj. JleranpHble HCCIENOBAHUS IIOKA3bIBAIOT, 4YTO B aM@uboiax MmapajieIbHO C POCTOM
meramopdusma yBemmumBaercst coxepxkanme Ti, Na u Al (Al'Y mpsimo mpomoprmonansso pocty
temneparyps, a AlY'- nasmemmio), a comepxannme Ca - OOPATHO MPOMNOPLUOHANBHO JABICHHIO.
Ommpasice Ha 3T cBoiictBa, T.Xomang w C.Puuapmcon (1979) mnpemnoxunm aM@uOO0IOBEIit
reotepMobapoMeTp IS MeTaba3suToB, KOTOPbIA 3areM jgopabotan M. A.Memkua  (1990).
[IpumeHeHue 3TOrO TepTepMOOapOMETpa B TEPIMHCKUX T'PaHUTOMAHBIX cepusx bompmoro Kaskasza
JIAI0 JOBOJIBHO yOenuTenbHble pe3ynsTaTsl (puc.8.4). MuKpO30HIOBBIA aHamnM3 aM(uboIoB w3
rab0po-TIarHOrPaHUTOBOM CEPUH MBI IPOBEIH IO MPHUHIIUITY: CYOCTpaT-IIaruorpaHuT. Mbl U3y4uiind
6 map ampuOOII0OB, HcCIeJOBaHIE KOTOPBIX Jaj0 TOYTH HICHTUYHbIC Pe3ybTaThl. [103TOMY 3/1eCh MBI
paccMOTpHUM JIMIIb OXHY Mapy, 3To oOpasusl 1399 (cybcrpar) m 1401 (miarmorpanuT) ¢ MaccuBa
Kamenucras. O6pazen; 1399 sBisieTcss MENKO3epHUCTOM rabOpOUAHON MOPOAOH TEMHO-CEPOro IBETa
THEHCOBO TEKCTYpHI, TpaHOOIacTOBOM CTPYKTYpHI. CocTas:

P17+ Aug+Hrb+Bt+Qtz. OGpaser; 1401 mpencrasmsier co6oii CPEIHE3EPHUCTYIO IJIaTHOTPAHUTHYIO

MOPOy CEpPOro IBETa C XOPOIIO BBIPAKEHHON T'HEHCOBOCTHIO, KOTOpAsi MCIBITHIBACT IpOOJICHHE H
oxsapiieBanue. Cocras: PI*%+Qtz+Hrb+Chl+Ep.

MuUKpO30HAOBOE HCCliefoBaHne aMPHOOIOB ATHX TIOPOJI ITOKA3alo, YTO OHU Kak B cyOcTpaTe, Tak U B
IJIaruorpanuTax IMmpeACTaBJICHbBI MAarHMEBbIMH POIrOBBIMU O6MaHKaMI/I. IlIo Bceit BCPOATHOCTH,
am$uOon B BBIIABJICHHOW Macce HE IUIABUTCS, HO HCHBITHIBACT IIOJHYIO T'OMOICHU3ALHMIO, YTO
BBIPKACTCS B CTUPAHHM 30HAIBHOCTU. B oTnmyme oT am(puOOIOB IUIArHOTPAHUTOB, B am(uboIax
cyOcTpaTta KOIMPOBAaH BECh MyTh dBomOIHMHA MeTamopdmsma. Kak BugHO m3 Tabmn. 8.7, B poroBoit
obMaHke cyOcTpara ot neHTpa (Touka 1) k mepudepun (Touka 3) BO3pacTaroT MOKa3aTeN! TaBICHHS U
TeMreparypel (puc. 8.4), 4TO MO HAIIeMy MHCHHIO, TNPEACTABISACT COOOW peaNbHYI KapTHHY
9BOJIIOLMU IPOTPECCUBHOTO PErHOHATIBHOTO MeTaMophu3Ma.

[To mpoBeneHHBIM HAMH BBIYHCICHUSIM, KPUCTAUTU3AIMS POTOBOH OOMaHKH B CyOcTpare Hadanach
MPUMEPHO NPHU TEMIIEpAType 540°C u naBeHnn 5.3 K6, a HANBHEHIINI POCT NPOUCXOIUI B YCIOBUAX
spoionuu pocta PT pexxuma. B paccMoTpeHHO! poropoii oOMaHKe MeTaMOp(hU3M MaKCHMAaJIbHBIX
[apaMeTpOB JOCTUraeT IpU TEMIEpaType 630°C u nasnenuu 8.7 K6, HO BOKpYT' 3TOr0 MHHEpaia
OTMeYaeTcs OKHCIUTENbHAs 30Ha (Touka 4), TemmnepaTypa KpHCTaTU3alliid KOTOPOH COOTBETCTBYET
600°C u maBmenmo 7.5 k0. ITo HameMy MHEHHIO, 5Ta 30HAa MHHepama cdOpMHpPOBAnach Ha
PErpeccCUBHOM cTaguy peruoHagbHOro wMeramoppusma. B nmanHom cimywae, PT  ycnoBus
¢dopmupoBanusi amM(puOOJIOB BHIIUIABIICHHOW IUIATMOTPAHUTOBOW YacTH npuOmmxkarorcs k PT
napamMeTpaM pPErpecCHBHONM CTaauM mnpeoOpa3oBaHus MuHepana. LleHTpanbHas uyacte am¢ubona
nnaruorpanuTa (Touka 1) orseuaer Temneparype 610°C u naBnenuo 7.0 k6, a nepudepuiiHas yacTb —
temmeparype 620°C u naeieHuio 7.5 k6. Pe3ynbTaThl MO3BONSIOT JOMYCTHTB, YTO KPHCTAILIH3ALS
IUTarMOTPAHUTHOTO PACIUIaBa MPOUCXOJMIA Ha PErpecCUBHON cTaanu MeTamopdusMa, MPUMEPHO B
yenousix Temmepatypst 600-620°C u

nmasienns 7.0-7.5 k0. Kak W3BECTHO U3 TEOPETHYECKOH NETPOJOTHUH, B YCIOBHAX CPEIHETO
re0TepPMHUYECKOT0 rpaJueHTa, oTMeueHHbIH PT pexxum pocturaercs mpuMepHo Ha riryoune 35-40 km.

PesynbTarhl nccnenoBanus enaloT 0ojee JOCTOBEPHBIMH MHKPO30HIOBBIE HCCIIEIOBAHUS IPaHATOB
orMedeHHbIX Tiopoa (puc. 8.5). B pecturax wmaccuBa bemra (00p.1317) ¢ mnapareHe3ucom
PI¥+Qtz+Act,s+Hrb+Chly+Ep+Grt ot uenTpa k nepudepun B rpaHatax majgaer cogepxkanue MnO
(ot 5.6 1o 2.73%) u xenezucroctu (o1 77 mo 69%), HO Bo3pacTtaeT comepxkanne MgO (ot 4.4 mo
7.12%), 4TO SIBHO COOTBETCTBYET YCIOBMSM HPOTPECCHBHOIO PErHOHaIBbHOr0 Meramoppusma. B
rpaHaTax IuIaruorpaHuTos (06p.1227) ¢ maparenesucom PI?°+Qtz+Chly+Ep+Grt orMeuaercs sBHO
perpeccuBHas 30HaIbHOCTh. OT HeHTpa K nepudepun magaeT coaepxanue MgO (ot 7.23 mo 4.23 %)
u coxepxanue MuHana mupoba (ot 28 mo 16%), Bo3pactaer xene3ucrocts (0T 68 1m0 78%),
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cogepxkanne MnO (ot 4.42 no 8.84%) u nmons mmHana cneccaptuHa (ot 11 mo 19%). Io Bceit
BEPOSITHOCTH, MO OTUM J@HHBIM CYOCTpaT pPacCMOTPEHHBIX IMOpoJ; cHOpMHpOBaiCS B YCIOBHAX
MPOTPECCUBHOTO PETHOHANBHOTO MeTaMophu3Ma, a KPHCTaUIM3allus TUIAarHOTPAaHUTHOTO paciiiaBa
MpOTEKaJla Ha CTaAuU perpeccuBHoro pexxuma PT ycrnoBuid.

Takum 00pa3om, ucmosb3oBanue aM(puOOIOBOro reoTepModapoMeTpa Aaio BOZMOKHOCTb TOMYCTUTD,
49TO CyOCTpaT rab0po-TIarHOTpaHUTOBON cepur CHOPMHUPOBAICS B pe3yibTaTe MPOTPECCHBHOTO
PETHOHAILHOTO MeTaMophu3Ma TPH MaKCHMaIbHBIX faBieHun 8.2 -8.7 k0 m Temmneparype 620-
630°C.  Kpucramimsaupsi IUIATHOTPAHHTHOTO pAacllaBa HAYalach Ha PErPECCHBHON  CTaHu
MeTamopdu3Ma, IpuMepHo mpu Temneparype 600-620°C u nasneruu 7.0-7.5 k6.

AMpubooBHIi TeOTEpMOOAPOMETP B MOpOAax rabOpo-aaaMeUINTOBON CepHH Aail 0oliee CKYAHYIO
WHGOPMAIUIO TI0 CPaBHEHUIO C rabOpo-IIaruorpaHuToBON cepueil (Tabn. 8.8), Tak Kak poOroBbIc
00MaHKHM OKa3aJIMCh TOMOTEHHOTO cTpoeHusi. HecMOTps Ha 3TO, MX M3y4YEHHE HaeT ONpeleleHHOe
npencrasienue o PT ycmoBusix oOpa3oBanus mopoj 3Toi cepun. B mopogax rab0po-amaMeinToBoi
CepuH, MO CPaBHEHUIO C rabOpO-TIarMOrpaHUTOBOM, OTMEYAETCs PEe3KOe YMEHBLICHHE aBICHUS
kpuctamummzanuu (cMm. Tabin. 8.8) reorepmobapoMeTpy cpeaHee AaBiieHHe oOpa3oBaHHs aM(DHOOJIOB
Jlapbsibckoro Maccusa oTBedaeT 4.5 k0, a Temmeparypa 530-540°C. ITomydeHHbIC TeMIepaTyphl
HU3KUE, HO OHHU SBISIOTCS TeMIepaTypaMy (OPMHPOBAHHS PECTUTOB TOM YaCTH MOPOJIbI, KOTOpask HE
MOJIBEPTIIaCh MarMaTH4ecKoi mepepadboTKe, T.€. OHH He JOCTUTIN TOW MaKCUMAIlbHOW TeMIIepaTyphl,
KOTOpasd cMorjia 6I)I HX pacCiljiaBUThb. Ecmm PYKOBOACTBOBATLCA 3TUM NPUHIUIIOM, TOrJa TEMIIEpaTypa
530-540°C, momydeHHast st MCTaMOP(OHUIECKHX PECTHTOB, COBEPIICHHO peanbHa. [{eHTpatbHas 4acTh
poroBoii 00p.2754 Jlappsnmbckoro maccuBa oTBeyaeT gaBieHuio 8.0 kO W Temmeparype 430°C.
B03M0kHO, 3TO PETMKTOBAs YaCTh POrOBOM OOMaHKH HESCHOW T€0JIOTHYSCKON UCTOPHHU.

Pectuthl CakeHCKOTO MHTpY3HMBa JAlOT MPUMEPHO OTHHM M TE€ XK€ Mokazarenu. [1o3tomy, 37ech MbI
pPacCMOTPHUM PpE3YJIbTaT HM3Y4YCHHsI TOJBKO OJHOrO oOpasma. PoroBas oOManka B obOpasme 1456
copMHEPOBATACH IPHMEPHO B YCIOBHX aaBiIeHHst 4.5 k6 u Temmeparypsl 580-590°C  (cm. TaGu.
8.8). OtmeuecHHBIC

TEMIIEPAaTyphl HI)KE pPE3yNbTAaTOB IIOJYYEHHBIX IPYTHMH Te€OTEPMOMETPAaMH; BO3MOXHO H 3.1€Ch
JEHCTBYET TOT ke (aKTop, 0 KOTOPOM MBI TOBOPHIIH MpH paccMoTpeHun Japesiibckoro maccusa. Uto
KacaeTcs JaBieHus oOpazoBaHus am¢puodosos Hapbsiibckoro Maccua 1 CakeHCKOro MHTPY3HBa, OHO
WICHTHYHO M B CPEJAHEM COOTBETCTBYyeT 4.5 KO, YTO, MO HAlIeMy MHEHHWIO, OTpa)xkaeT peabHYIo
CUTYaIHIo.



Taboauma 8.7. Xumuuyeckuii coctaB amM@uo0J0B rad0po-mIarHOrpaHUTOBOH CepHH, HX KPHCTAIJIOXHMHYECKHE

KpHCTAJIN3allNH
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napamerpsl U PT ycioBus

No Touk. SiO, TiO, Al,O4 FeO MgO MnO CaO Na,O K;O | Cymma [MTaparene3ucs
o0p.
1 46.36 0.38 8.66 14.33 11.52 0.43 10.85 0.43 0.81 | 93.48
2 46.15 0.31 8.53 14.59 13.14 0.42 10.81 1.06 0.71 | 95.85 PIP* "0+ Avg+Hrb+Qtz
1399 3 46.76 0.35 9.78 15.31 12.44 0.50 10.88 1.30 0.93 | 96.29
4 46.35 0.34 9.38 8.53 14.49 0.42 10.97 1.20 0.71 | 95.83
1 43.00 0.42 10.62 16.61 10.90 0.50 10.54 1.54 1.52 | 95.28 PI”®+Qtz+Hrb+Chl+Ep
1401 2 43.94 0.42 10.54 16.70 10.18 0.50 10.76 1.66 1.12 | 95.85
No Toux. Si Ti Al"Y Fe Mg Mg Ca Na K AV P T°C
o0p.
1 6.93 0.04 1.07 1.86 2.67 0.05 186 |0.33 0.16 0.51 5.3x6 540
2 6.92 0.03 1.08 1.87 2.99 0.06 1.77 |0.30 0.12 0.44 6.0x6 550
1599 3 6.55 0.03 1.45 2.00 2.89 0.06 1.83 |0.39 0.18 0.36 8.7x0 630
4 6.88 0.04 1.32 1.78 2.73 0.05 1.73 |0.33 0.12 0.15 7.5x6 600
1 6.62 0.04 1.38 2.13 2.49 0.06 0.73 | 0.44 0.22 0.54 7.0x6 610
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1401

6.64

0.04

1.34

2.16

2.35

0.05

0.79

0.48

0.22

0.57

7.0x0

620
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Tabéauua 8.8. Xumuueckuii coctaB am¢u60/10B ragopo-araMeUINTOBOI cepuH, X KpUcTaLIoXuMuyeckue napamerps! U PT ycjioBus kpucTauinzanum.

No 06p. | Touk. SiO, TiO, Al,O4 FeO MgO MnO CaO Na,O K;O | Cymma [MTaparene3ucs

2710 1 45.61 0.32 8.46 15.41 10.99 0.66 11.14 1.20 0.82 | 94.65 PI***+Hrb+Bt+Qtz

2 45.02 0.37 8.06 15.45 10.99 | 0.64 10.99 1.32 0.82 | 94.31

2745 1 51.79 0.53 14.70 9.99 6.12 0.24 9.03 3.94 | 0.22 | 96.83 PI*°*0+Hrb+Qtz+Bt

2 49.12 0.03 5.64 15.62 12.42 0.42 11.30 0.64 0.40 | 95.68

1456 1 4732 | 048 9.82 15.12 1099 |0.55 9.62 1.57 | 0.92 | 96.39 PI**%%4+Hrb+Qtz+Bt+Chl
2 46.93 | 045 9.98 15.09 11.02 |0.56 9.70 1.55 | 0.96 | 96.24
No 06p. Toux. | Si | Ti | AV | Fe | Mg | Mg Ca Na K AlY P T°C
2710 1 |6.99]003| 101 | 197|251 008 | 1.82 0.05 0.16 45 4.5k6 530°C
2 |699| 004|198 | 198 | 254|007 | 1.83 0.39 0.16 4.56 4.5k6 530°C
2745 1 |736]002| 118 | 118 | 277 | 0.02 | 1.07 0.25 0.05 1.81 4.1x6 4300C
2 |698|001| 185 | 1.85 |[3.09| 005 | 1.81 0.18 0.09 0.01 4.5k6 5400C
1456 1 |6.72]004| 203 | 203|239 006 | 1.89 0.41 0.18 0.56 4.4x6 5900C
2 | 670|004 | 207 | 207 | 242 | 0.07 | 1.90 0.44 0.20 0.54 4.5x6 5800C
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Puc. 8.4. Amduodon0Bblii reorepmodapomerp (Mpiikun, 1990) n1s MeTaba3UTOBBIX PKCTUTOB
rpaHuTouaHbIX cepuii boabmoro Kapkasa

VYcn. obosnau: 1- am¢pubonsl MeTaba3MTOBBIX PECTUTOB TabOPO-IUIaArHOTPAaHUTOBOM Ccepuu; 2-
ampuOoIBl 3TOH Xe cepuu; 3 — ampuOOIBI pecTUTOB rabOpO-aTaMeNTINTOBON cepuu; 4 — MaHHbBIE
amM(pn00I0B PA3NUIHBIX PETHOHOB MUPA.

[Monst: |-oknoruter 3amanHoit Hopeerun (Jemtveit, 1987); ll-rpanymuroBsiii komiuieke CTaHOBOM
obmactu (Mprimkus, 1990); lll-raeficoBsiit kommieke Anuponaaka (Brown, 1977); 1V-amdubonuts
CranoBori oOmactu (Mpikun, 1990); V u VI - Meramopdudeckuit komruieke Ilepudepain-
[udepxana Ascrpammiickux Anbm, V - nepudepuiiHas dacTh ampuOOIa CI0KEHA MarHHEBBIM
katadaputom, VI- neHrpaibHas dacth ampuodona cioxena riaykodanom ( Norman, 1987).
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Puc. 8.5. Mukpo3oHa0BbIe NPOo¢UIN rPAHATOB I'PAaHATOBOr0 pectura (00p. 1317) u rpanaroBoro
miaruorpanura (0o6p.1227) radopo-ninarnorpanuToBoii cepun boabmoro Kaskasa.

Apabckumu 1pdpamu 0003HAYEHBI TOYKH MUKPO30HOBOTO aHATN3a

Takum 00pa3zoM, cchiIasCh Ha Pe3yJbTaThl PACCMOTPEHBIX I'€OTEPMOOAPOMETPOB, CTAHET SICHO, YTO
TepUMHCKHAE TpaHUTOUAHbIE cepun bonpmoro KaBkaza oOpasyrorcst B pasnuunbix PT pexumax. B
YaCTHOCTH, CyOCTpar raOOpOo-IJIarnOrpaHUTOBONW CepUH CHOPMHUPOBAICA B YCIOBUAX BBICOKOTO
JIaBJICHUS] MIPOTPECCUBHOTO PErHOHAIBHOTO MeTaMOp(pH3Ma, MaKCHMaJbHBIE TapaMeTphl KOTOPOTO
COOTBETCTBYIOT ~ jaBneHmio 8.2-8.7 k6 wu Ttemmeparype 620-630°C.  Kpucrammmsarus
TUTaTMOTPAHUTHOTO PAacIUiaBa Hadalach HA PETPECCHBHOM CTaJMM PErHOHAIBHOTO MeramopdusMa B
ycnoBuax Ttemmeparypsl  600-620°C u  nasnemms  7.0-7.5 k6. Temmeparypa (OPMHpPOBAHHS
rPAaHHTOMAHBIX TOPOJ TabOpPO-aiaMeIUTHTOBON cepuu KoieOmercs B mHTepBaze 600-660°C, a
napienue — B npenenax 4.5 k0. [Ipomecchl pernoHanbHOW MHUTMAaTH3alMU U yJIbTpaMeTamopdusma
cy6CTpara MIarHorpaHUT-TPAHATOBOH CEPHH HAYMHAKOTCS MpH Temmepatype 740-750°C u maBneHmu
3.6-3.7 k0. AKTHBHBIE MarMaTH4eCKHE IMPOIIECChI 3aKAHYHMBAIOTCA B ycaoBHSX Temmepatypbl 700-
710°C u paBmenms 2.2 k6. Ilpomecchl MHKPOKIMHHM3ALMH, IErMATHTH3AMH IUIATHOIPAHMT-
rPAaHHTOBOH CepHH TNPOTEKAIOT B TEMIEPAaTypHOM uHTepBame 625-660°C, a Temmeparypa
KPUCTA/UIM3AIMHA TPAHUTOMIOB TPAHOAMOPHUT-AISICKMTOBOM cepun He npesbimaer 735°C u He
OITyCKAETCSl HUXKE 7100C, a TaBIIeHHe OTMevaeTcs B mpejenax 3.5 k0.
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8.4. TepmoGapuyeckuii pe;kMM M BONPOC reHepanuu 0eTHbIX KajJuem

PAaHUTOUIHBIX paciiaBOB

B KoHIIe 9TOH TJIaBbI 3aTPOHYT JIO TOCIIEAHET0 BPEMEHU JUCKYCCUOHHBINA BOMIPOC aHOMAJBHO HU3KOTO
comepkanuss K;O B paccMOTpEeHHBIX TPaHUTOMIAX, U B IIEJIOM B OpPOTCHHBIX AHATCKTHUYECKUX
pacmiaBax. B mepromoruu JUTsl  OOBSCHEHHWS O3TOTO0 BOMNPOCa, NPEUIararoTCsl JBE BEPCHUU:
HU3KOKAIIMEBBIN CcOCTaB cyOcTpata, W3 KOTOporo (QopMupyercss IUIarHOTpaHUTHAsT MarmMa |
HAJIO)KCHHBIC IPOIECCHl AIbOMTH3AIMM W OKBaplieBaHWsI. Ha OCHOBaHMM TETPOXUMHUYECKHX MU
TepMOOAPUICCKUX HCCIICIOBAaHUN Tra0Opo-IIaruorpanuToBoit cepuu bombsmoro KaBkaza — aBTop
MPEJICTABJISICT HOBYIO BEPCUIO O HU3KOKAIMEBOM COCTABE ATHX KUCJIBIX BBITLIABOB.

R.Colleman u Z.Peterman (1976), BmepBble BBIAEIHB OKEAHCKHE ILIATMOTPAHUTHI, CBA3AIH HMX
npoucxoxeHue ¢ quddepenuuanyeii 6a3zansToBo MarMel. B mocnenyromeit padote (1983) onu He
cMorIM 00OCHOBAaTh aHOMANBHO HU3KOe cozaepxkanue KO B OKeaHCKMX IUIarMOTPaHUTaX W JIMIIb
oTMeTWIH, 4YTO "Oa3ambToBas Marma, Jake C He3HAuWuTeNbHBIM cojepxanuem KO, mpu
JuddepeHnranuy JaeT Marmy 0osiee 00OTraleHHYI0 3TUM dlleMeHToM". BMecTe ¢ TeM M3BECTHO, YTO
B CpE3ax COBPEMEHHOH OKEaHCKOI KOpBHI IUTarMOTPAaHUTHI HE BCTPEYAIOTCS, OHU (DMKCHPYIOTCS JIHIIb
Ha OCTPOBHBIX Jyrax W, MO BCEH BEPOSITHOCTH, MPEIACTABISIOT COOOW TOT WM HMHOW (hparMeHT
oporeHHoi cuctembl. CieoBaTeNbHO, 3TU (AKTHl JTOKAa3bIBAIOT, YTO TeHepanus MIardorpaHuTHOR
Marmbl He TPOTEKAET IyTeM MpocToi AuddepeHmanuy 6a3arbTOB OKEAHCKOH KOPBHI.

W3yyeHne neTpoXuMuM rpaHUTOMIHBIX cepuil Bonbmoro Kaekasa mokazano, 4To mpu UX 3BOIOLUH
TOJIbKO B raOOpo-TIarnorpaHUTOBOM CepuH yMeHbluaeTca conepxkanue K,O, a B ocTaibHBIX Tpex
CepusiX KOHIIEHTPAIHS 3TOTO 3jeMeHTa pactet (Tadi. 4.1). B yacTHOCTH, B IEpBOIi KUCIIOTHOW TpyIITIE
(Si0,<57%) rabOpo-mIarnorpaHuTOBOM cepun cpenHee coaepxkanune K,O paBasercs 1,02, a B
4eTBepTOM KucaoTHOM rpymme (Si0,=68-75%) comepxanue 3TOro symemMenTta moHmwkaercs a0 0,39%,
TOT/a KaK B Tab0po-aAaMeINTOBOM CEpUM B OTMEUEHHBIX KUCIIOTHBIX TPYIIAX CPelHee COolepKaHue
K;O cooterctByer 1,66% u 3,57%. llpubausurensHO Takas ke KapTHHA HaOmogaercss U B
OCTQJIBHBIX CEPUSIX.

Tepmobapuueckue  HMccleJOBaHUS W TOJIEBble  HAOMIOAEHWST C  YY4ETOM  COBPEMEHHBIX
IKCMEPUMEHTANLHBIX JIAHHBIX MpPUBENM aBTOpa K BBIBOLY, IO KoTopoMy obeanenHas KO,
IUTarMOTPaHUTHAST MarMa HCIBITHIBAET T'€HEPALUI0 B YCIOBUSAX PEKUMa BBICOKOTO OAaBICHHUS U
CPaBHUTEJHHON HH3KOW TeMIIepaTyphl, IPU BHICOKOM IMoOTeHIMane Boabl. Ha puc. 8.6. mokaszan
pesynbrar skcriepumenta W.C.Luth, R.H.Jahns u O.F.Tuttle (1964) na xotopom oroGpaxen PT
PEeKUM Hauana IJIaBJIeHUs TPAHWUTHOH cucteMbl. V3 amarpamMmbl BUAHO, YTO BBIIIE AaBIEHUS 5-6
k6, B mHTepBane Temmeparypbl 600-660°C, M3 IpaHHTHOH CHCTEMBI BBITLIABISICTCS aNbOMTOBBI
paciuiaB, a KanummnaroBas ¢asa paciuiaBa HauuTaeT (OPMHUPOBATHCS B YCIOBUAX AaBieHuUs 1-2 kO u
temmeparypsl 730-760°C. TpeHibl MX IUIABICHHS NEPECEKAIOTCS B YCIOBHAX JABICHHS 3-4 KO (CM.
puc.8.6). Tpenna Hauana miasnenus cucteMbl KAISIO,-SiO,-H,0, B ycnoBusax aaBineHus Bbilie 2 KO,
(aKTHUYECKH HE 3aBUCUT OT M3MEHEHUs IAaBJICHUS, U TEMIIepaTypa Hadajla ero IUIaBJIeHUs] HUKOTJa He
omyckaercs Hmke 700°C. CymecrtBoBarme B cructeme NaAlSiO; yMmeHbpmaer temmeparypy ee
iaBjieHusl. B ycioBusx naBieHuss npuMepHo 6-8 kO anpOuTOBasi cucTeMa BBHIIIIABISETCA NPH
temmeparype 600-650°C. JlaHHBIE 9TOr0 OSKCIEPHMEHTA XOPOIIO CXOIATCS C IPOBEICHHBIMH
TepMOOAPUICCKUMI  HMCCICAOBAHISMH  TabOpo-TIarMorpaHuTOBOM  cepwmnu. B wacTHOCTH,
amM}puOONIOBBI TeoTepPMOOAPOMETp MOKa3aJl, YTO BHIIIABICHHE IUIATMOTPAHUTHOTO pacIulaBa M3
6a3nuTOBOr0 CybCTpaTa IPOTEKano, HpEMepHO mpu Temmeparype 630°C u naBiennn 8,7x6, a
KPHCTAJUTH3AIMs 3TOT0 PACIIABA HAYaIach MPUMEpHO, npu Temnepatype 620°C u nanenuu 7,5 K6.
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ITo Bceit BepOSTHOCTH, pE3yIAbTATHI COMOCTABICHUS SKCICPUMEHTAIBHBIX M IOJYICHHBIX HaMU
JAHHBIX JAIOT MPaBO JOMYCTUTh, YTO BHIOOPOYHOE IUIABIICHHE TPAHUTOWAHON Marmbl, 00eTHEeHHON
K;0, npoTekaet B yCIOBHSIX BEICOKOTO IABJICHUS U HU3KOM TeMIIEpaTyphl.

Kak wu3BecTHO, B OpOreHHbIX cucTeMax BbicoOkue PT ycnoBus pa3BUBaKOTCS B 30HaAX
CyOAYKIIMK, HO BHUJIUMO CPAaBHUTEIBHO BBICOKHH OapUYECKHl PEXUM JOCTUTACTCS U B
OCTPOBHBIX Jyrax CKJIaq4aTol CUCTEMbI, HA pAHHEM, HE MHBEPCUOHHOM 3Talle UX 3BOJIIOIUH,
M, BUAUMO HMEHHO OJTOT (aKTOp OMpeAeseT IOCIEA0BATEIPHOCTh BBITUIABICHUS
IJIaTMOTPAHUT-TPAHUTOBOM CEPUHU.

Pkb

/ OO IV V _VI
| |\¢\
700 800 900

Puc. 8.6. /lmarpamma HavaJjia IiaBJieHus B rpaHnToBoii cucreme (Luth, Jahns, Tuttle, 1964).

600 1000 T°C

Tpennpr: | — Bbicoko- u —HH3KoTemnepatypHoro kBapma; Il — NaAlSi;Os-KAISi;0s-H,0; 1 —
KAISi30g-Si0,-H,0; 1V — NaAlSi3;0s-SiO,-H,0; V — NaAlSi;0g-KAISi;0g-H,0; VI — NaAlSi;Os-
H,0.

Takum 00pa3oM, OCHOBBIBASICh HA HKCIEPUMEHTAIBHBIX JAHHBIX M JOOBITOrO HaMH (haKTHUECKOTO
MaTrepuajga, MOXXHO [JOINYCTHT, 4YTO IUIarMOTPAaHUTOBBIE pacIUIaBbl, C aHOMAJbHO HHU3KUM
conepxkanueM K,O, reHepupyroTCsl B YCIOBHMSX  BBICOKOTO JABJIECHUS M CPaBHUTEIBHO HM3KOH
temrneparypel. llo Bceil BepoSTHOCTH, W3MEHEHHE TEPMOOAPHUYECKOTO peXHMa OT BBICOKOTO
JaBJICHUsIT K HHU3KOMY TIpH CpaBHUTENBHO CTaOWIBHOW TeMIiepaType, B OPOI'CHHOW CHCTEMe
OlpeliesIgeT CYLIECTBYIOLIYIO I10CJEI0BATENIbHOCTh BBIIIABIEHUS TI'PAHUTOMAHBIX PAacIlIaBOB:
TUTarHOTPAHUT — TPAHMUT.
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9. IETPO'EHETHYECKASA MOJEJIb 'EPIHIUHCKOI'O
I'PAHUTOUJHOI'O MAI'MATHU3MA BOJIBILIOI'O KABKA3A

KomnnekcHpie uccneqoBaHusl TEPUUHCKUX TpaHuTOMAOB bonpmoro KaBkasza u aHanms
MOJIYYEHHBIX PE3YJIbTATOB TMO3BOJIWIM HaM TMPEIOKHUTh TETPOTCHETUUECKYIO MOJEIb
oOpasyromero ux wmarmarusMa. Huke comocTaBUM TMOJNYYEHHBIE JIaHHbIE W JIMIIL Ha
OCHOBaHWHU (HaKTHYECKOTO MaTepHalia CIeIaeM COOTBETCTBYIOIIME BBIBOJIbI, UTO SIBUTCS
CBOCOOPA3HBIM MOJILITOKHBAHUEM MIPOBEICHHBIX UCCIEIOBAHUN.

'ag60po-miaruorpanuTroBas cepusi. B psne pabot ObUTO BBICKAa3aHO MPEIONIOKEHHE, YTO rabOpo-
TUTATHOTPAHUTOBBIE accOIMany  (POPMHUPYIOTCS TOCiie OQHUOIUTOBHIX 0a3WTOB W 3aBEpIIAIOT
pPaHHEOPOTEeHHBIM MarMaTm3M ckiagdaroit cuctemsl (bopcyk u ap., 1986). Ilo Bcem mpu3Hakam B
YCIIOBHUSIX TE€OJJUHAMHYECKOTO PEXKHUMa OCTPOBHOM JIyTH 3TH MarMaTUTHI IPECTABIISAIOT COOOM MEPBHIC
TPaHUTOUTHBIC MOPOJIBI HA MMYyTH MPEOOPa30BAHUS OKEAHCKOW KOPBI B TPaHUTOBYI0. CleloBaTeNbHO,
nporecc (OpMUPOBaHUs Tab0PO-IJIArMOTPAHUTOBON CEPUM SBJISICTCS OIPEICICHHBIM MEXaHU3MOM
pocta paHepo30MCKON KOHTHHEHTAIFHOW KOPHI 3EMIIH.

Kak yxe rosoBpuiiock, rabopo-maruorpanuroBas cepust bonbioro Kaskasa oOHaxkaercs
BJ0JHh [7aBHOrO HajnBura B BHUAE HEOONBIIMX (PparMeHTOB TIYOMHHBIX TEKTOHHYECKUX
yemyi. [lerporpaduyeckne, NETPOXMMUYECKHE U FTEOXUMUYECKHUE UCCIIE0BAHMS 3TOH cepun
MOKa3aJli, YTO OHA MPEJICTABIISIET COOON €IWHBIA TCHETUYECKUH DS MOpOJ, HAYMHAS C
ra0OpouI0B M 3aKkaH4MBas IularmorpaHuramu. [lo BceM aaHHBIM, cepust (GpopMHpoBanIach
IyTEM CEJIEKTUBHOTO TUIABJICHUS OAa3WTOBOTO MPOTOJIMTAa B YCIOBHUAX MeTamopduszma
BBICOKOr0 Oapuyeckoro Tuma. s IUIarMOTpaHUTOB 3TOW CEPUU XapaKTepHO OoJblIoe
nporeHTHoe coaepxkanue SiO; (75%), mpeobnamanme Na,O Ham KO (>1%) m HU3KOE
nporeHTHoe conepxkanue Al,Oz (<14%). ITapamerp K,O/NayO, kak mpaBuio, MEHbIIE Ha
0,25 1 OIU30K K JaHHBIM 0a3ajJbTOB CPEIUHHO-OKEAHCKUX XpeOToB. B 3T0il cepun oObr4HO
KaJMeBble MUHEPAJIbl - OMOTHUT U KAJIUILIIAT HE BCTPEYAIOTCS.

B rpanuronnax rabopo-miaarnorpaHUTOBOIN CEpUH, 10 CPABHEHUIO C APYTUMHU T€PIUHCKUMU
TPaHUTOUIAMH, OTMeUaeTcsi Bbicokoe coaepkanue Mo (30r/t), Ni (55 r/t) u Cu (65r/1), HO
¢dukcupyercs Huskas konueHrpauus W (7,4 /1), Pb (4,3r/1), Li 2r/t) u Rb (10 r/1). Kak
Juis 06a3uTOB, TaKk W JJIs IJIArMOTPAaHUTOB ATOM cepuM XapakTepeH "TOJIEUTOBBIM" THIl
pacrpeneneHus: peKo3eMeIbHBIX 2JIEMEHTOB, YTO TIOJKPEIUISIET BEPCHUIO0 00 UX TeHETUYECKOM
LIEJIOCTHOCTH.

KommuiekcHoe wu3yueHue GaongHoro pexxuma o0pa3zoBaHus rabOpo-IIaruorpaHUTOBOMN
CepuH MOKa3ajo, YTO BO BpeMs ee (OpMHUPOBaHUS BbICOKA KOHIEHTpauus GuroniHoi ¢a3sl (8
MII/T), HO OHa, B OCHOBHOM, ObLIa TpeacTaBieHa modTu YucTeiM HyO, mOCKONBKY mapaMeTp
H>0/CO; npespimaer 10. UYto kacaercs TepMoOapuUYeCKUX YCIOBHHM 0Opa3oBaHUS STOU
CepuH, TO WCCIECNOBAHUS TIOKA3alHM, YTO €€ MPOTOJIUT CPOPMHUPOBAICS B YCIOBHSIX
PETHOHANBHOTO MeTaMop(r3Ma BBICOKOTO JaBJICHUS, MaKCUMaJbHas TeMIIepaTypa KOTOPOro
nocrurana 620-630°C, a naBieHne BapbupoBato B mpexenax 8,2-8,7 k6. Kpucrammsawus
IUIarMOrPaHUTHOTO PacIllaBa Hayalach Ha CTAJAUU PETPECCUBHOIO MeTaMopdu3Ma, MIPUMEPHO
npu Temmeparype 600-620°C u maBiennu 7,0-7,5 6.

B nerponoruyeckoit nureparype B OCHOBHOM PAacCMOTPEHBI JBa MeXaHH3Ma (OPMHPOBAHUS
rab0po-TUIarHOrpaHUTOBBIX AaCCOLMAIMI: KpHCTauInyeckoe (pakuupoBaHue 0a3zaabTOBON
marmel (Colleman, Peterman, 1976) wu cenexktuBHOe IuTaBieHHe Metaba3uToB (Green,
Ringwood, 1968). TlocnenHsisi Bepcusi, MO HAlIeMy MHEHHIO, HauOojee TMOJHO OTpakaeT
cBoeoOpasue CTPOCHUS ITON acCOLMAIUH MTOPOJI, MEXaHU3M UX (DOPMUPOBAHUS U IBOJIOLHUIO.
Takum  oOpazoMm, cymmHpys  BC€  pPe3ylbTaTbl  KOMIUIEKCHOTO  HMCCIEIOBaHHUA,
NETPOTeHETUYECKYS] MOJeNIb rab0po-IIaruorpaHUTOBOM CEpHUH MOXKHO C(HOpPMYIHUPOBATH
cleAyromuM oOpa3oM: cepust oOpa3dyercs Ha paHHEM »JTale 3BOJIOLUU TepLUUHCKON
oporeHHoil cucrembl bombmoro KaBkaza M3 CyOAyKIMOHHOW IJIacCTUHBI, B pe3yjbTare
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CEJICKTUBHOIO IUIABJICHUA Oa3UTOBOTO TMPOTOJUTA, MPU BBICOKOM MOTEHIMANE BOJIHI,
MaKkHCMaJbHOE JaBlIeHHE B KOTOpoM focturaio 8,2 —8,7 k0, a Temneparypa He MpeBbIlaia
620-630°C. Kpucrammmsauus —IUIACHOTPAaHHTHOTO —pAaciUlaBa  HAdYalach Ha  CTAjuH
perpeccuBHoro Mmetamopdusma, B yciioBusx nasieHus 7,0-7,5 kO u TeMrepaTypbl 600-620°C.
[To coBpeMeHHOW KiacCH(PUKAIMK, T'PAHUTOUABI TaOOpO-TUIArHOTPAHUTOBONH — CEpUU
Bonbioro KaBkaza nHambosee Oau3ko crosaT K, BeiaenacHHbiM A.J.White u B.W.Chappel
(1988), rpanutonnam | Tuna, cBA3aHHBIM C CyOAYKIIMOHHOM OKEAHCKON KOPOH.
I'a60po-anamessinToBas cepusi. B kpuctammmyeckom pynaamente bonbsmoro Kaskasza sra
cepust OOHaXKaeTCsl ceBepHee Ta0OpO-IUIarMOrPaHUTOBOW CEpUM W MEXKIYy HUMHU BE3JE
bukcupyercss peruoHajbHbIA TEKTOHMYECKUH KOHTAaKT. OHa CO3/1aeT HENPEPHIBHBIA psij
1opoJ, HauMHasg ¢ Tab0OpPOUIOB U 3aKaHYMBAs aJaMEIUIUTaMU. XapaKTEPHBIMU MHUHEpaJaMu
STOM Ccepuu SBIAIOTCS pOroBas oOMaHKa M OWUOTHUT, IUIArHOKIIA3 MPEJCTAaBIIEH aHJE3UH-
OJIMTOKJIA30BBIM PSAJIOM, a KaJuLINaT - MUKPOKIMHOM. B 3Toil cepum, mo cpaBHEHHIO C
rab0po-TuiaruorpanuToBoi, koHmeHtpauus KO yBenuumBaercs g0 2-3macc.%, a
conepxkanue SiOy, oT TabOPOUAOB K agameruIuTaMm, u3MeHsercs ot 52 mo 71macc.%. B
rab0po-a1laMeJUIUTOBOM CEepUH KOHIIGHTpAlMsl PEAKUX DSJEMEHTOB BapbUPYET B TMperesiax
KJIapKoB, HO wuckioueHne cocraBmsier W u V. Coxpepkanue BoJb(pama YBEITHYCHO
PErHOHANIBHO, JIUIIH BHICOKAsI KOHIICHTPAIUS BaHAMs, COJEpKaHue KOToporo gocturaer 171
/T, OTJINYAET ATy CEPHUIO OT IPYTUX. B 3aKOHOMEPHOCTH pachpeAeieHus PeAKO3eMEeTbHBIX
3JIEMEHTOB ATOH CEpUU OTMEYaeTcsl Kak ToneuToBbld THm (B 10-15 pa3 Gonbline XoHIpHTA),
Tak 1 aune3uToBbIi (B 100-150 pa3 O6ombIe XOHAPUTA).

B ¢dopmupoBanun TpaHUTOMIOB TrabOpo-agamMerIMTOBON Cepuu, IO CPaBHEHHUIO C
TPaHUTOUIaMU Ta0OPO-TIIIAarMOTPAHUTOBOM, YMEHbIIIEHA poJib (IoUIHON (pa3bl, cymMmmapHas
KOHIIEHTpalsi KOTOpPOW He MpeBbImaeT 2,5 MI/T, YTO BBI3BAHO PE3KUM YyMEHBIIECHUEM
conepxanusi H,O. B atoii cepun mapamerp H,O/CO,, B cpemnem, paBeH 2, Torja Kak B
ra00po-IIaruorpaHUTOBON Cepuu 3Ta BenuunHa npessimaer 10. B ra6bpo-agaMennuToBoil
CepuH, MO CPaBHEHUIO C rabOpO-TIArMOrPaHUTOBOM, PE3KO YMEHbIIAeTCs 00Ilee JaBICHUE
(4-4,5 x0) W, cpaBHUTEIBHO HE HAa MHOTO, YBEJIMYMBACTCSA TEMIlEpaTypa KPHCTAIUTA3AIUN
rpannTOnI0B, nocturas 670°C.

['a60po-anamenuToBas cepusi, B OTJIMYME OT rabOpo-IIaruorpaHUTOBON, (hopMupyercs Ha
MIO3[IHEH CTAJHWH HBOJIFOIUM OPOreHHOM cucrteMbl bosbmoro KaBkaza m B Hel JeWCTByeT
COBEPILIEHHO MHOM MeXaHW3M TreHepauuu Marmbl. IIpoTonurom »3Toil cepuu sBisICA
SHCHAIMYECKUIN CyOCTpaT, KOTOpbIA ObUI pacmojio’keH HaJ CYOQyKIMOHHOM OKEaHCKOM
KOpOii, IIeperuIaBiIeH bl MaTepuai U TEMJI0BOM MOTOK KOTOPOW JABUTaJCsl BBEPX U BBI3bIBAJ
MHTPYAUPOBAHKUE U YACTUYHOE IJIaBJICHUE BMEIAIOIIUX MOPOJ. ITOT GPOHT MarMaTuyecKou
AKTUBHOCTH TIOCTETIEHHO pAaclpoCTPaHsUICd K BEpPXHUM TOPHU30HTAM IMPOTOJIUTA, YTO
BBI3bIBAJIO TIEpPEIUIaBICHUE BMEUIAIOUIMX IOPOA M HMHTEHCHUBHBIE ACCUMWJISLIMOHHBIE U
ruOpuHbIe Tporecchl. Takoi MeXaHW3M B COBPEMEHHOM NEeTPOJIOrHYECKOW JUTepaType
TPaKTyeTCsl KaK THUTelbHOE WiH mnporpeccuBHoe TuaBineHue (bopcyk um mp. 1986). B
pe3yibTare aHaiau3a JOoOBITOr0 HaMH (PAaKTHYECKOro mMarepuaia MmpeanosiaraeM, 4To UMEHHO
TaKOM MEXaHW3M TeHepallid TPAHUTOMIHON Marmbl JEHCTBOBaJl BO BpeMsl 0Opa3oBaHUs
repIHCKoi rabopo-agamenuroBoit cepun bonbmioro Kaskasa.

Takum  oOpa3oM, CcymMMuUpys Bc€  pe3yjibTaTbl  KOMIUJIEKCHOTO  HCCIIEIOBaHUS,
NETPOTreHETUYECKYI0 MOJelb Tra00po-agaMesInTOBON Ccepun MOXKHO C(HOpMYIHUpPOBAThH
CIEIyIOIUM O00pa3oM: cepusi oOpa3zyeTcsi Ha IMO3JHEM JTale 3BOJIONUN TepLUUHCKON
oporeHHoil cuctembl bonbmoro Kaskasza, n3 HajcyOAYKIMOHHOHN IJIAaCTUHBI, B pe3yibTare
TUTENLHOTO IUIABJIEHUS, ACCUMWISALMM M THOpPHIM3Ma SHCHAJIMYECKOrO IMPOTOJIUTA TPU
HU3KOM MOTEHIMaje (IIONIHON cucTeMbl. MaKkCUMaabHOE JaBJICHUE MPU KPUCTAILIM3AIUU
TPAaHUTOMIHOTO paciuiaBa gocturayio 4,5 k0, a TeMreparypa He MpeBhIIIaia 670°C.

[To coBpemeHHOI Kiaccu(UKAIMK TPAHUTOHIBI Tab0pO-aaaMeTNTOBOM cepuun bonbiioro
KaBkaza wmambonee Omm3ko crosaT BeygenenasiM  A.J.White, B.W.Chappel (1988),
rpaHuTouaM | Tuma, He CBS3aHHBIM C CYONYKIIMOHHOW miactuHoM. Ilo kiaccuduxanmu
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J.Didier u ap. (1982), mopoasl paccCMOTPEHHO# Ccepur ONM3KHM K MaHTHHHO-KOPOBBIM
obpazoBanusM M Tuma u rpanutougaMm rTuOpuaHoro H tuma, BeimencHubiM  B.Barbarin
(1990).

Ilnarmorpanur-rpanuroBasi cepusi. B coBpemenHoii reoctpyktype bousbmoro Kapkasza
IUIATHOTPAaHUT-TPAHUTOBAsE  CEpHsl, B OCHOBHOM, JIOKaJM30BaHa ceBepHee rabopo-
aJlaMeJUIMMHUTOBOM, HO HEPEJKO OTMEYAeTCs €€ aJNIOXTOHHOE HaJIBUraHue Ha 3Ty ceputo. O6e
9TH cepur POPMUPYIOTCS MPUOIMZUTEITHLHO OJHOBPEMEHHO, HO PE3KO OTIMYAIOTCS JPYT OT
JIpyra reoJliHaMU4ecKol Mmo3unuel o0pa3oBaHuUsl U MEXaHU3MOM T'€Hepalli IPaHUTOUTHOM
Marmel. [lnaruorpaHuT-rpaHuToBasi cepusi GOPMHUPYETCS B YCIOBHSIX T€OAMHAMHYECKOTO
pPEeXHMMa SHCUAIMYECKON OCTPOBHOM AYTH IIYTEM CEJIEKTHUBHOTO IJIABJICHUSI MOIIHBIX OCAIKOB
CHAIMYECKOTO MPOPMIIS, METAMOP(PU30BAHHBIX, B OCHOBHOM, B aM(pUOOIUTOBOH (arivm.

B renepanuu rpaHUTOMIHOTO pacIulaBa U, B I[EJOM, B IBOJIOLMU CEPUM, OTMEUaeTCs /IBa
JTara: pAaHHEKMHEMATUYECKUM U MO3JHEKUHEMATHYeCKuid. Ha paHHEKMHEMAaTUYECKOM 3Tare
dbopMupyeTcss MPEUMYIIECTBEHHO IUIArMOTPAHUTHBIM paciuiaB, KOTOPBIA, B OCHOBHOM,
CO3MaeT IJIaCTOOOpa3HbIe COTJaCHbIE Telda, a Ha TMO3JHEKMHEMAaTUYeCKOM JTare
BBITJIABIISIETCS PACIIaB TPAHUTHOTO COCTaBa, KOTOPBIA B OCHOBHOM, 00pa3yeT ceKyllue Tena.
Kak B paHHEKHHEMATHYECKHX, TaK U B TO3JHEKHHEMATUYCCKUX OOpPa30BAHUSX OCHOBHBIM
dbeMu4YecKuM MHHEpaIOM SIBISETCS OHOTUT, KOTOPBIA HCHBITHIBAET MYCKOBHTHU3AIUIO U
XJIOPUTHU3ALMIO. XapaKTePHbIE MUHEPAJIbl 3TON CEPUU — CHINTUMAHUT, aHJIATy3UT, KOPAUCPUT
u rpaHar. Kanummar npencTaBieH MHUKPOKIMHOM M OTMEYaeTcss Kak  [EepPBUYHBIN
MarMaTU4eCKUd, TakK M BTOPUYHBIM Meracomaruyeckuid. IIpomecc MHTEHCHBHOU
MUKPOKJIMHU3AIMHA B 3TOM CEPUH JUCKYCCHOHHBIM — CHOPHBIMU SBISIOTCA KaK MCTOYHHK
KaJlisg, TaK W XapakTep mpouecca. B pesynbrare mpoBeneHHON pabOThI JOMYCKaeM, YTO
dbopMupoBaHHE BEPXHEKOPOBBIX AHATEKTUYECKUX TPAHUTOMAOB HE TpeOOBalo MPUBHOCA
JIOTIOJTHUTEILHOTO MaHTUHHOTO Kanus. [lpeamonaraem, 4To KCTOYHUKOM ITOTO DJIEMEHTA, B
MpollecCe MHMKPOKIMHU3ALUUU [JIarHOTPaHUT-TPAHUTOBOM CEpUH, CIYKUJI SHCHAITMYECKHUI
cyOcTpar, a caMm MpoIecc HOCHJI aBBTOMETACOMAaTHYECKUN XapaKTep.

[To meTpoxuMHYEecKOl KiacCHQUKAIMK 3Ta CEPHUH OTHOCUTCS K H3BECTKOBO-IIEIOYHOMY THUITY.
[TepBUYHBIA COCTAB PAaHHEKHHEMATHYECKUX IPAHUTOMIOB OTBEYAET HATPUEBOMY Ds/ly M3BECTKOBO-
menounoro tuma (cpenane Na,0=4,25%, K,0=1,66%), a mo3mHeKknHeMaTHYeCcKue 00pa3oBaHUS —
KajueBo-HaTpreBomy psny (cpeanue Na,0=3,30%, K;0=5,20%). [leTpoxumudeckue uccieroBaHUs
MOKa3bIBAIOT, YTO MAarMaTHYeCKWil pacIUiaB STOW CEepHH HCIBITBIBAET TE€HEpaluio B cybcrpare,
6orarom SiO; u Al,Os, B pe3yspTaTe BEIOOPOYHOTO TUIABJIEHHUS. BMecTe ¢ TeM, TpU KPUCTAITH3AINT
HE OTME€YACTCsI MHTCHCHUBHOI'O q)paKHI/IpOBaHI/IH, TaK KaK aHaTEKTHYSCKUM pacmiiaB n3HadajJlbHO 6])1.]'[
KHCJIOTO COCTABA.

ITo reoxuMUYeCKUM JaHHBIM, B TPAHUTOMIAX IJIATMOTPAHUT-TPAaHUTOBOU cepun bonbmoro Kaekaza
oTMeuaeTcs Bbicokoe coxaepxkanue Li (18 r/1), Rb (144 r/t), W (20 r/1), Pb (37r/T) n Huskoe - Cu
(13r/1), Mo (2,6 /1) m Ni (11 r/t). Cepust oboraiieHa JETKUMH PeIKO3eMETBHBIMI dIIEMEHTaMH (B
100-180 pa3 BbIIIE MO CPaBHEHHUIO C XOHAPUTOM) M OOEAHEHA TSKEIBIMH PEAKO3eMETbHBIMU
anemenTamu (B 10-40 pa3 BbIIIe MO CpaBHEHHUIO C XOHAPHUTOM). BMmecTe ¢ TeMm, B rpaHUTOMAAX ITOH
CepUH OTMEYaeTCs 3aMETHBIH MUHUMYM EU, 9TO MOXHO OOBSICHUTH (hpaKIUpOBaHHEM ILIArHOKIa3a
WJIH WHTCHCUBHON MHUKPOKJIMHU3AIINEH.

WHTepecHy0 KapTUHY IO U3y4deHue (PIIOMIHONW CHCTEMBI B IUIarHOTPAHUT-TPAHUTOBON cepuu. B
paHHEKWHEMATHYECKUX TPAaHHTOUIAX OTMEYAeTCsS caMOe HU3KOE CYMMAapHOE KOJHYECTBO Ta3oB (2
Mr/r), HO BbicOoKas KoHueHTpaius CO, u mapamerp H,O/CO, konebnercs B unreppaie 1,2-2,8. B
MO3IHEKNHEMATHYECKUX TPAHUTOMAAX OTMEYAeTCs CKAYKOOOpa3HBIH pocT (UIIOMAHOHN cuctembl. B
HEl, 10 CPAaBHEHHIO C PAHHEKMHEMAaTHYECKUMH OOpa30BAaHMAMM, MX KOJIMYECTBO YBEIHMUMBACTCS
npuMepHO B Tpu pasa. Bmecte ¢ Tem Habmromaetrcs monmxkenne CO, u cootHomenue H,O/CO,
nocturaer 12,7. Kak BUOuM, OT paHHEKMHEMAaTHYECKUX TPAaHUTOMIOB K MO3JHEKHHEMATHYECKUM
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OTMEYaeTcs yBENUYEHHE TMOTeHIIMajda BOABI W YMEHBIICHHWE YIIEKHUCIOTH. B mmarnorpanut-
TPaHUTOBOW CEpHH B OOPAaTHO MPOTOPIMOHAIHFHOW 3aBHCHMOCTH K TOTEHIIMATY BOJBI, HAXOMUTCS
JIaBJICHUE TIOCKOJIBbKY HA PaHHECKMHEMATHUYSCKOM STalle SBOJIIOIMU 3TOM CEpUH OHO BHICOKOE, a Ha
MO3THEKMHEMaTHIeCKoM — Tajgaer. Ha mepBoM Jrame maBiieHHE BBIYHCICHHOE IO IUIOTHOCTH
BkimoueHuit CO,, paBHseTcs 6,5 k0, a Ha BrTOopoM — 3,7 k0. [lo TrpaHaT-KOPAUEPUTOBOMY
reo0apoMeTpy KpHUCTaIM3alusl TPAHUTOMJOB HAa MO3JHCKMHEMATUYEeCKOM JTare IMPOTeKaeT B
YCIIOBUSIX cpenHero naBienns 3,6 k6. UTo kacaeTcst TeMIeparypbl 0Opa3oBaHUs STOW CepuH, TO OHA
JIOCTATOYHO BBICOKA ¥ KoseGmercst B untepsane 700-750°C. Bmecte ¢ TeM, B OTIMYHE OT JABICHHS
pe3kne W3MEHEHHs TeMIIEpaTypHOTO peXMMa Ha Ppa3IUdHBIX »JTalax »JBOJIOLWN CEpHUH, He
ormeuarotcs. CienoBaTenbHO, MOKHO JOMYCTUTh, YTO DBOJIOUS IJIATMOTPAHUT-TPAHUTOBOW CEPUU
MPOTEKaa B YCIOBHSAX PE3KOr0 YMCHBIICHUS [JaBJICHUS W CPaBHHUTEIBHOW CTAOMIBLHOCTH
TEMIIEPATypHOTO PEKMMA.

Takum 00pazoM, CyMMHPYS Pe3yJIbTaThl KOMIUIEKCHOTO HCCIIEJOBAHMS, IETPOreHETHYECKYIO MOIEIb
IUIaTHOTPAHUT-TPAHUTOBOW CEPHM MOKHO  Cc(HOPMYIHpOBAThH  CIEIYIOIAM  0o0pa3oM: cepus
chopMHpOBaNace B YCIOBHSAX I'€OAMHAMHYECKOTO PEKMMa T'epIHUHCKON SHCHANNYECKON OCTPOBHOMN
nyru bompimoro KaBkasza B pesynbrare aHaTeKCHCa MOIIHBIX TEPPUICHHBIX IMTOPOJA CHAIMYECKOTO
npoduisi, MeTaMoppU30BaHHBIX B aM(PHOOIUTOBOMN U pEAKO TPaHyIUTOBON (anusiX.

B reHepamum MarMbel  BBIACISIFOTCA  JBa OCHOBHBIX  JTama: pPaHHEKWMHEMAaTHYeCKUH U
HO3ILH€KI/IH€M3TH‘-I€CKHI7L HCpBBIP'I IMPOTEKaJI B YCIOBHUAX CPAaBHUTCIBHO BBICOKOTO JOaBJICHUA U
HU3KOTO TOTEHIMalta BOAbI B  pe3yibraTe 00pa3oBbIBAJCS pacijlaB  NPEUMYLIECTBEHHO
TUTATHOTPAHUTHOTO cOocTaBa. [lo3MHEKMHEMATHYECKU 3Tall COBMAN ¢ OOIIeH WHBEpCcHEW OpPOTeHHOM
CHUCTCMBI, IIPOTEKAJ B YCIIOBUAX CPAaBHUTCIBHO HU3KOT'O AAaBJICHUSA W BBICOKOT'O IIOTCHIIMAJIa BOJBI -
BBITNIABIWJICSI pacIUIaB TPaHUTHOTO COCTaBa. CdhopmupoBanHass Ha O000MX 3Tamax Marma,
XapaKTepr30BaIach KUCIBIM COCTABOM, BCIIEACTBUE YETO MPOIECC MHTEHCHUBHOTO (PaKIMPOBAHUS HE
pasBwiics. PernonanbHas MHUKPOKIMHHU3ALMS CEPUM HOCHIA ABTOMETACOMATHUYECKHH XapakTep, a
MCTOYHUKOM KalWs CIIYXKHJI cyOCTparT.

ITo coBpeMeHHOH KiaccH(UKAIMH, TUIATHOTPAHUT-TPaHUTOBas cepus bombimoro KaBkasza Omuska k
rpanutoraaM S tuna, BeyieneHHbpiM A.J.White u B.W.Chappel (1974). Ilo knaccudukarmu J.Didier
(1982) mopoel pacCMOTPEHHOMN CEPUU HAXOJSATCS B TIOJTHOM COOTBETCTBHH C TpanuTonnamu Cs THIa,
KOTOpbIe (POPMHUPYIOTCS B PE3YJIbTATE AHATEKCHCA TEPPUTECHHO-0CATOYHBIX KOMITJICKCOR.

I'panonnopur-ansickutoBasi cepusi. Cpeny pacCMOTPEHHBIX I'DAaHUTOMIHBIX CEPUH OHA SIBISIETCS
CaMbIM MOJIOZIBIM 00pa3oBaHUEM U (aKTHUECKH 3aKaHYMBAET TePLUHCKHIA IPaHUTOUIHBIN MarMaTu3M
Bbonbiioro KaBkaza. Orta cepusi pa3Bura ceBepHee rab0Opo0-aJaMeIUTOBOW CEpUU U HUHTPYIAUPYET
MeTaMOp(HU30BaHHBIE W yJIbTpamMeTaMop(U30BaHHBIE KOMIUIEKCHI, CPEAM HHUX M IUIarMOTPaHUT-
TPaHUTOBYIO CEpHIO. | paHOAMOPUT-ATIACKUTOBASI Cepusl TaK XK€, KaK M IJIarHOTPaHUT-TPAHUTOBAS
¢dopmupoBanack B 0OCTAHOBKE T'€OJWHAMUYECKOTO PEXKHMa SHCUAMYECKOW OCTPOBHOW JyTH, B
MEPHUOJ PETMOHATBHON MHBEPCUU OPOT€HHOH CHCTEMBI, HO B OTJIMYHUE OT IUIArMOIpaHUT-TPAaHUTOBOM
cepur, KoTopasi oOpa3zoBajlach IyTEM AaHATEKCHCAa OCAJ0YHBIX IOPOJ, TPAHOAHOPUT-AISICKUTOBAS
cepusi chopMHUpoOBaach B pe3yJbTaTe MalHHI€HE3a MMO3/IHEKATECIOHCKIX IPAHUTOTHEHCOB.

CepI/ISI XapaKTepUu3yeTca TIOMOICHHBIM CTPOCHHUEM H©U B HEeH BBIACITACTCA JIMIIb HECKOJBKO
neTporpapUuecKuX pasHOBUIHOCTEH, B YACTHOCTH, TPAHOTUOPUTHI, TPAHUTHI U ATSICKUTHI, KOTOpPBIC, B
OCHOBHOM, XapaKTEpU3YIOTCS CpeTHE- U PABHO3EPHUCTHIM cTpoeHreM. Cepuist co3aaeT Kak MOIIIHBIC,
0aTOMUTOBOTO THITA 0OPA30BaAHUSI, TAK U HHTPY3UBHBIC TEAa CPABHUTEIBHO HEOOIBIIIOTO pa3Mepa.

IlerpoxuMuyeckoe H3y4eHHE TPAaHOINOPUT-ATSICKUTOBOM CEpHUM IOKA3alo, YTO OHAa OTHOCHTCS K
MarmMaTu4ecKuM 00pa30BaHUSIM H3BECTKOBO-IICIOYHOTO THIIA M €€ 0OJbIIas YacTh pa3MmernaeTcs B V
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kucnotHoit rpymnme (Si0,=68,00-75,00%), rae mnapamienbHo ¢ poctoM SiO, yBenuuuBaeTCs
conepxanne Na,O u K,O. BapuanuoHHBIH aHamM3 pa3aryHBIX METPOXUMHUYCCKHX TapaMeTpoB
MOKa3aja, 4TO TOPOJbI TPaHOJUOPUT-ATSICKUTOBONH CEpUU SBISIOTCS PE3yJbTaTOM MaJIMHICHE3a
MO3/IHEKAICIOHCKUX IPaHUTOTHEWCOB. CleayeT OTMETUTb, 9TO Ha (a3oBoit auarpamme Ab-Or-Q Bce
TOYKH 3TOW CEpUHU TMOMEHIAIOTCS B 30HE TPOMHOTO MHHMMyMa W TMPAKTHUYCCKH HE HCIBITHIBAIOT
BapHaIliy, 9TO 00YCIIOBJICHO OTCYTCTBHUEM CHIIBHBIX MOCTMAarMaTHYECKUX MPOIIECCOB.

ITo reOXMMHUYECKUM XapaKTEPUCTHKAM B TPAHOIMOPUT-ATSICKUTOBON CEpHM YBEIHYEHO COMEpKaHUE
Li (15,5 r/1), Rb (125 r/T), W (24 /1) u Pb (30 r/T) 1 moHmkeHo mporientHoe coxep:xanune Cu (17
r/tr), Mo (2,9 r/t) u Ni (16 r/1). Cepusi xapakTepu3yercsi SIBHbIM T'DAHUTOHIHBIM THIIOM
pacmpeneineHuss PeIKO3eMEIbHBIX JJIEMEHTOB €O ¢1abo BBIpaKeHHBIM MuHHMyMoM EUu. Tlo
TEOXHUMHUYECKUM KPHUTEPHUSM TPaHOJHOPUT-ATSICKHTOBAS CEpHsl MPOSIBISET MOJHYI)  aHAJOTHIO C
MO3THEKAICTOHCKMMHU TPaHUTOTHEHCAMH.

B rpaHomuopuT-aJsICKUTOBOM CEpHM, MO CPABHEHHIO C IUIArMOIPaHUT-TPAHUTOBOW, YMEHBILICHO
CyMMapHO€ KOJIHMYeCTBO ra3oB (4,5Mi/r), Ho yBenmmdena noiss CO,. Ecium mapamerp H,O/CO; B
IUIaTMOTPaHUT-TPAHUTOBOM cepun AocTturaer 12,7, TO B TpaHOAUOPUT-AJSICKUTOBOM CEPUH OH
yMmenbmaeTcss a0 8,2. CrienmomarenbHO, NMpH  (OPMUPOBAHUM 3TOH CEpUHU, 1O CPABHCHHIO C
OTMEYCHHBIMU TPAHUTOUAAMH, SBHO yMeHbIleH noteHuuan H,O wu yBemmuena  gons CO,.
Tepmobapuaecknii pexuM 00pa3OBaHUS T'PAaHOMUOPUT-AJEICKATOBOM CepUH  XapaKTepH3yeTcs
CTaBMIBHOCTBIO, TEMIIEPATYpa €ro KpUCTA/UTH3auy He npesbimaet 735°C u e magaer mmke 710°C, a
JIaBJICHHE OTMEYaeTcs B mpezaenax 3,5 k0.

Takum 006pa3oM, CyMMHPYS pe3yIbTaThl KOMIUIEKCHOTO MCCIIEIOBaHUS, METPOreHETHYECKYIO MOJIETb
TPaHOJHOPUT-AIACKUTOBOM CEpUH MOXKHO C(HOPMYJIMPOBaTh CJICIYIOLMM 00pa3oM: cepust
chopMHpOBaNace B YCIOBHSAX I'€OJAHMHAMHYECKOTO PEKMMAa T'epPIMHCKON SHCHAIMYECKON OCTPOBHOMN
JyTH BO BpeMsl pErvuoOHJIbHOM WHBEPCHH OpPOTEHHOW CHCTEMBI B pe3ysbTaTe NalWHTeHe3a
BEPXHEKAJIETOHCKUX I'PaHUTOTHENHCOB. OHAa OTHOCUTCSI K HM3BECTKOBO-ILEIOYHOMY MarMaTH4ecKoMy
TUIY ¥ (AaKTUYECKH 3aKaHUYMBAeT TEePIMHCKUN TPaHUTOMIHBIH MarmatusM bonbimoro Kaskasa.
Kpucramimsanus TpaHHTOMIOB IpoTeKala B yclnoBusx Temmeparypsl 710-735 °C u cpemmero
nasyieHust 3,5 kO, Py HU3KOM MOTEHIIMANE BOJIBI.

[To coBpeMeHHOI KiacCH()UKALUKA TPAHOIHMOPHUT-AIsCKUTOBas cepusi bombmioro Kaekasza Giuska K
BoiziesienHbpiM A.J.White u B.W.Chappel (1974) rpanutonnam S tuna. Ilo knaccudukanuu J.Didier
(1982) paccmoTpeHHasi cepHsi HaXOAUTCS B MOJHOM COOTBETCTBHM ¢ rpanuTongamu Cj , KOTOpbIE
(GopMHUpYIOTCS B pe3yJbTaTe IUIaBICHHS BEPXHEKOPOBBIX MarMaTHYECKHX MOPO/I.
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10. O HEKOTOPBIX PYJOIIPOSABJIEHUAX, CBA3AHHBIX
C TEPUUMHCKHUMHU I'PAHUTOUJAMMU BOJIBIIOTI'O KABKA3A

Kak wm3BectHO, Kpuctamumdeckuii ¢yrmament bompmioro KaBkaza, ¢ TOYKH 3peHHS PYAHOMR
MUHEpaIU3aliK, CYNTACTCS CPAaBHUTEIBHO OeTHBIM. BMecTe ¢ TeM, IpU MPOBEJCHUH MOJICBBIX paboT
BIICPBBIC OBUIO OOHAPYKEHO TPHU WHTEPECHBIX PYIONPOSBICHUSI, UMEHYEMbIX HaMH TBUOECPCKUM,
CrumasykckuM u Okpuina-AdamapckuMm. Ocoboro BHHMaHUS 3aciyxuBaeT Oxpuia-Agamnapckoe
30JIOTOPYTHOE TIPOSIBIICHHUES, KOTOPOMY MBI yJICIHIN HanOOJIbIlIee BHUMAHHE,

Kpome »3TOro HeEKOTOpble YYacTKH HCCICAOBAHHBIX T'PAHUTOMIOB MPEACTABIAIOT  COOOM
MPEBOCXOIHBIN CTPOUTENBHBIA U OOJUIIOBOYHBIN MPUPOIHBIA MaTepHall, pecypchl KOTOPBIX OTPOMHBI.
Cpenu HHX ClleyeT OTMETHUTH ONMCAHHBIE U HCCIICIOBAaHHBIE HaMH JICHKOKPATOBBIE IIATHOTPAHHUTHI
Crumasykckoro maccuBa ra00po-agamenToBoil cepur. OHHM 3aHMMAIOT BEPXHHE TOPU30HTHI
OTMEUEHHOTO MAcCHBA, OOHAKAsLCH MPUMEPHO Ha 5 kM . [lmaruorpanntsl CrHMa3yKCKOrO MAcCHBA
HPEICTABIAIOT COOOM MEIKO3EPHUCTBIE MAacCHBHBIE IOPOABI OelIoBaTO-MOJIOYHOTO IBeTa. OHH
SIBIIAIOTCA MPEBOCXOAHBIM 06J'II/IHOBO‘IHI>IM MarepuajioM, TaK KaK XapaKTCPU3YIOTCA HAWITYUIIHMMU
JICKOPAaTHBHBIMH CBOICTBaMHU, MPAaMOPHBIM T'a0UTYCOM M TPH 3TOM, B OTIHYHE OT MPaMOpPOB, OYCHb
CTOHKM K BO3JCHCTBUIO MEXaHWYECKUX M XMMUYECKUX MIporeccoB. Kak nm3BecTHO, MOTpeOHOCTH B
6GJ'II>IX rpaHuTaXx Ha MHUPOBOM PBIHKC OYC€HL BCJIIMKA, CHUTACM, YTO IMPOAYKIUA U3 CFI/IMa3yKCKOFO
Oemoro rpannuTa OyAeT KOHKYpPEHTHOCIIOCOOOHOW Ha MHUPOBOM pBIHKE. UTO KacaeTcst 3amacoB, TO IO
MpeABAPUTCIBHBIM ITIOACYCTAM OHU AOCTATOYHO BCJIMKH. CnenyeT TAaKXXC€ OTMCTUTH, YTO MOIIHBIC
naykyd OMOTHTOBBIX PECTHTOB B ymienbe p.I'BaHIpa, cpequ T'PaHWTOB IUIArHOTPAHUT-TPAHUTOBOW
CEepUH, PEACTABISAIOT COO0H MPEBOCXOTHOE CHIPhE ISl ATIOMHUHUEBON MPOMBIIIUIECHHOCTH.

TBubGepckoe pyaonposiBjieHHe OOHaKaeTcs B BepXOBbsix p.TBuOepu (mpasbiil mputox p. MHTYpH) 1
chOpPMHUPOBAHO CpelW HWKHEIOPCKUX TJIMHUCTHIX CIIAHIIEB, KOTOpBIE MPEACTaBISIOT COOOH
TEKTOHHYECKH BBDKATBIE YEIIyH CPEAM I'€PLMHCKUX T'PAHUTOMIOB IUIATMOTPAHUT-TPAHUTOBOM CEpUH.
Becnoit 1991 roga mpaBble KapHH3BI BEPXOBBhEB p. TBHOEpH OOBATMINCH W OOHAXKHIACH MOITHAS
opyAeHeHas 30Ha, KoTopas, BeicoToi nmpumMepHo 100-150 m u miuHOM 700 M, poCIeKuBaeTCs BAOIH
9TOH peKH, MOUTH A0 3aMaJHOrO JIGAHWKA ropbl TeTHyNbA. Bu3yanbHO 30Ha MPOM3BOAUT OOJIBIIOE
BII€YATJICHNE, TaK KaK BCSA CTEHA OpY/IeHEHa, a BHU3Y PacChIIaHbl OTPOMHBIE PYIHBIE TIIBIOBI, pa3Mepsl
KOTOPBIX JOCTHTAlOT HECKOJNBKMX METPOB. PynomposiBieHHe MPEJCTaBIE€HO KBapI-MTUPHUT-
NUPOTUHOBBIMU aCCOLMALMSIMUA M, MO BCEH BEPOATHOCTH, MPHUHAMJIECKHUT K MUPUT-MUPOTHUHOBOMY
nosicy FOxnoro ckinona bonbmoro Kaekaza. U3 aroro pymomnposiBneHus HaMu ObLIO 0TOOpaHO U
NPOaHaIM3UPOBAHO OK0JI0 20 00pa3LoB Ha COAEPIKaHHUE 30JI0Ta U JIUILE B TPEX KOHLUEHTPALHUS 3TOTO
aneMeHTa jnocturana 1 r/t. HecMoTpst Ha 3TO, MBI CUMTaeM, YTO 30HA 3aCITy>KUBACT JICTAIHLHOTIO
UCCIIEIOBAHUS, TIOCKOJIBKY PYJHAs MUHEpAIN3alysi OYeHh WHTCHCHBHAS, a MaclITaObl OpYJCHEHUS
OTPOMHBI.

Crumasykckoe pyaonposiBjieHne oOHaxaeTcs Ha Jlakuxuinckom xpeOTe, BOTU3M I0KHOTO KOHTaKTa
Cruma3yKkCcKOTo IUIarHOTPaHUTHOTO MacCHBa C FOPCKUMHU JIGHACCOBBIMH TJIWHHUCTBHIMH CJIAHIIAMHU.
PynomnposiBienne pa3BUTO CPEAM JIEHACCOBBIX TIMHUCTBIX CIAHIIEB U MOITHOCTHIO puMepHO 10-15 M
oOHaxaercs, mpuMepHO, Ha 60 M, a OCTalbHAs YacTh IMEPEKPHITA JEITIOBUAIBLHBIMA OCATKaMHU.
OpyaeHeHre npeCTaBIEHO MACCUBHOM MUPUT-TUPOTHHOBOM PYI0H KOHIIEHTPAIMS 30J10Ta, BAPbUPYS
B mpeaenax 1.7-2.5 r/r, a couepkanue cepebpa gocturaer 50-55 r/t. Ilo Bcelt BuaumocCTH,
PacCMOTPEHHOE PYIOTPOSIBICHUE SIBIIICTCS TIEPCIIEKTUBHBIM OOBEKTOM U HYXKAACTCS B JAalbHEHIIIEM
JIETATbHOM MCCIICIOBaHUH.
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10.1. Oxpuia-Ayanapckoe 30J10TOPYAHOE MPOsIBJIeHHE

B 1986 romy B BepxoBbsix p.Auarnapa (JeBbiii mputok p.CakeHun) npu u3ydeHun CakeHCKOTo
WHTPY3UBa, B €ro CEBEPHOM KOHTAKTE€ C TPAaHUT-MUTMATUTOBBIM KOMILJIEKCOM, BJIOJb
Anmnberckoro peruoHalbHOrO HaJABHra Obula OOHapyXeHa MOIIHas 30Ha OKBaplIEBaHMUS,
CEePUIIUTHU3ALNH U XJIOPUTH3ALMHU C BBICOKUM cojiep:kanuem 3oii0ta (OxpocuBapuze, 1987).
B 1990 rony na BocTO4HOM mnpoaokeHun (CakeHCKOro HHTPY3HMBA, B €r0 CEBEPHOM
KOHTAaKTe, Ha JIEBbIX KapHH3ax p. Oxpuia, Oblia 0OHapy)XeHa aHAIOTUYHAS 30HA C BHICOKUM
COJlep’)KaHHWEM 30JI0Ta, KOTOpas  MpPUYpoYeHa K TOMY K€ PErHOHaJIbHOMY HAaJIBUTY
(OxpocuBapumze, 1992). Ilozauee Obuto BbiaesieHO Oxpuiia-Adanapckoe 30J0TOPYAHOE
MPOSIBIICHUE KBapIl-30JI0TO-MAJOCYIb(QHUAHOTO TUAPOTEPMATIBHOIO TE€HETUYECKOro THUIla
(OxpocuBapumze, 1995). Ono oOuaxaercs Baosib pp. Okpuna u Ayanapa u Komopckoro
Xxpe0Ta,u MOoMEepeuHbIMH Pa3ioMaMH pa3Aesisisich Ha ABa ydyacTka — OKpHIICKHM (BOCTOUHBII),
KOTOpBIM MHpPOTATMBAEeTCS MPUMEPHO Ha 3 KM M Auanmapckuil (3amajgHblii), KOTOPBIA
npociexkuBaercss npumepHo Ha 2 kM (puc. 10.1). Ha Auamapckom ydacTke, KOTOPBII
XapakTepu3yeTcs: 00Jiee MOIHBIM OPYACHEHUEM, 110 0OBEKTUBHBIM MPUIMHAM MBI HE CMOTJIH
MPOBECTU JI€TAlIbHbIE TMOJIEBbIE HCCIEIOBAaHMUS W IO3TOMY B O3TOM paboTe mpejiaraem
pe3yNIbTaThl JETaIbHOTO U3ydeHus JIullb OKpriIcKoro yyacTtka. I1o utoram npoBeieHHbIX
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Puc. 10.1. Teorpajuyeckoe MNoOJIOKeHHE M CXeMATHYeCKasi reoJIOTHYeCKash KapTa paioHa
Oxpuiia-A4yanapckoro 30;J10TOPYAHOTO MOJIsI.
1- HUKHCIOPCKUEC aCIMIHBIC CJIaHIIbI; 2 — cpez[HeHane030f/'Ic1<as[ CHUCHHCKasA CBUTA — MCETATCPUTI'CHHBIC

CITaHIBl 3MUAO0T-aM(puOOTUTOBON Qarmu; 3 — HWXKHE —CpEIHEeIaleo30icKas KIbIYCKas CBHTA -
yepenoBaHne amM(pUOONNTOB W METaTeppPUTEeHHBIX CJIAaHIEB, 4 — HIKHE —CpeaHenaIeo30McKas
TBAaHJAPUHCKAs CBUTA - METATEPPUTCHHBIC THEWCHI, aM(pUOOIUTHI U MUTMATUTBI; 5 — CpeIHe -
BEpXHENAIC030MCKast TPaHUT-MUTMATUTOBAs cepusi; 6 — BepxHenaneo30ickuit CakeHCKUN UHTPY3UB;
7 - cpenHeopcKue rabopo-arabasbl; 8 - 30Ha MUJIOHUTH3AIMH U OKBapiieBaHus; 9 — 3ona Okpuiia-

Adamnapckoro 3010TopyaHoro nposiinerus; 10 - sagsury; 11 — pasiaomsr; 12 - JeTHUKA.
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paboT cocTaBiieHa CXeMaThyeckas reojiorThYeckass KapTa U JiBa IOMEPEYHBIX Cpe3a ITOro
yuyacTka. /{7 aHanu30B Ha PyAHBIE AJIEMEHTHI TOUEYHBIM METOAOM ObLIO 0TOOpaHo Oojee
100 oOpasmoB Becom 5-7 xr. IIpoOHble aHaMW3bl BBHINOJHSJINCH KOJWYECTBEHHO-
CHEKTPAIbHBIM W aTOMHO-a0COpPOLIMOHHBIM METOJAaMH B XHMMHUYECKHX JIaOOpaTOpHsX
I'eonornueckoro uncruryra AH I'pysun, KMMCa u Kasperckoro coBmectHOro I'py3suHcko-
ABCTPaIHMICKOTO 30J10TOI0OBIBAIOIIETO MTPEIIPUATHSI.

XapakrepucTuka OKpwiIckoro y4dacrka. OKpHICKHH y4acTOK 30J0TOPYIHOTO IPOSIBICHUS
oOHaxkaeTcs Ha JIEBBIX KapHU3ax p.OKpuia U MpoCiIe:KUBASTCS MPUOIU3UTEIHLHO Ha 3 KM BIOJb TOH
peku. MakcuManbHOH MOIIHOCTH PYAOBMEIIAroIias 30Ha AOCTHUTaeT B HeHTpanbHON dactu (400-
500M), a Ha BOCTOKE W Ha 3amajze OHa cyxaercs A0 150-200m. Ha 3amane oHa rpaHU4HT c
Komopckum xpebToM ¥ cpe3aercss MOIIHBIM TOMEPEYHBIM

Puc.10.2. O0mmii Bua oxHoOro u3 cpe3oB LlenTtpanbHoro 6s10ka Oxkpuiabckoro yyacrtka OxpuJa-
A4anapckoro 30710TOPYAHOT0 NPOsIBJIEHUS.

pa3ioMoM, a Ha BOCTOKE, TAKXKE CPe3asiCh MOMEPEUHBIM Pa3IOMOM U MOKPHIBACTCS JCIIOBUATBHBIMU
OTJIOKEHUSIMH ymienseB pp.K Memynu n Henckpa. IOxHas rpaHuiia 30HBI MPOXOIUT MO TOPOJAM
CakeHckoro uHTpy3uBa Baosib p.Okpuia, a ¢ ceBepa OHA OrPAaHUYMBACTCS KapHU3aMU TPAHUT-
MUTMaTHUTOBOTO KOMITJIEKCA.

Paiion  xapakTepu3yercsi CIOXHBIM TEOJIOTHYECKUM CTPOSHHEM, TJ€ OCHOBHBIM
TEKTOHMYECKHM HapyIIeHHeM, KakK ObLI0 OTMEYEHO BBIIIE, SBISETCS AIMOCKCKUIA
pETHOHATBHBIN HAJBUT, BIOJh KOTOPOTO TPAHUT-MHTMATHUTOBBIH KOMIUICKC HAJBUHYT Ha
CakeHCKUH MHTPY3UB. OTOT HAABHI cedeTcs Ooyiee MOJIOABIMH Pa3IOMaMU CEBEPO-
BOCTOYHOTO W CEBEPO-3aMaHOrO MPOCTUPAHUS, KOTOPHIMU CMEUICHBI KaK PYAOBMEIIAIOIAs
30Ha, Tak U pyaHble Tena. Cekymmmu pazaoMamMu OKpPHIICKOE PyAHOE ToJe pa3ipo0seHo Ha
Tpu Onoka: 3amamubii, Llentpaneubiii w Bocrounsni. [Ipu »Tom 3amagabiii 010K
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MaKCHUMaJIbHO TPUIIOTHAT, a BocTouHbli - onymieH. B kaxmom pyagHOM OJI0Ke BBLICSIOTCS
[JIaBHBIE PYIHBIE Tella, KOTOPbIE, B OCHOBHOM, PAa3BUTHI B €r0 LIEHTPAJILHOW YacTH, a TAKkKe
HeOoJIbIINE OPYJCHEHHBIE YYaCTKH PACCESHHBIE 110 BCEMY PYAHOMY IOJIIO.

— 6 7 [P0% (8 [

Puc.10.3. CxemaTnyeckasi reojioruyeckasi kapra OKpuacKkoro pyaHoro moJis.

1 — I'paaut-murmatutoBas cepusi; 2 — CakeHckuid MHTpY3uB; 3 — ['ab0po-nnaba3oBeie naiku; 4 —
30Ha paznoMa W MWIOHMTH3auMu; S5 - 30Ha ApoOJIEHWs, OKBapLEBAaHHS, CEPULUTH3ALUU U
XJIOpUTH3aLUK; 6 — pyAHBIE TeNa; 7 — pa3lIoMbl; 8 — YETBEPTHUHBIE OTIIOKEHUS; 9 — JIETHUKH.
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Tak kak B TpeTbed IJlaBe pabOTHl JaHa JeTajlbHAas METPOJIOTHYECKas XapaKTepUCTHKA
OxpuiicKoro paiioHa, TO Ha 3TOM BOIIPOCE 37eCb Mbl He OyleM ocTaHaBiIuBaTbcs. JIuib
KpPaTKo OTMETUM, YTO PyJOBMEIIAIONIasl 30Ha, B OCHOBHOM, NPEJICTaBlIeHa pa3apOoOIeHHBIMH,
OKBapLIOBAHHBIMU, CEPULMTU3UPOBAHHBIMU U XJOPUTU3UPOBAHHBIMU IOPOJAMU T'PAHUT-
MHUI'MAaTHTOBOI'O KOMIIJICKCA.

XapakTepucTHKa pPyAHBIX Ted. Ha cOBpeMEHHOM 3pO3MOHHOM YpPOBHE OpYyIEHEHHE, B
OCHOBHOM, MMPECACTABJICHO KHUJIaMH, ITPOKUIIKAMH, JIMH3aMWU U THE3JaMH, KOTOPLIC 3aITI0JIHAOT
TPEUIMHbl U IIyCTOTHl Pa3IpOoOJCHHbIX, CEPULUTHU3UPOBAHHBIX MU OKBAPLIOBAHHBIX MOPOI.
CpG[[I/I PYAHBIX TCJI OTMCYAKOTCA Ppydbl 1IOJOCHATBIX, BKPAIUJICHHBIX, IPOKHUIIKOBO-
BKpaIUICHHbIX, OPEKYNEBbIX U MAaCCUBHBIX TEKCTyp. Pynbl 10BoiabHO OefHbI cyiabpuaamu,
KOJIMYECTBO KOTOPBIX HE IPEBBIIAET, B cpeaHeM, 2-3%, U IO COCTaBy U T€HE3UCY HUX
MOYKHO OTHECTH K 30JI0TO-KBapll-Majlocylb(uIHOMYy reHerndeckomy tuiy. CTpyKTypHO-
TCKCTYPHBIC 0COOEHHOCTH pyd, uX MHHepaﬂbHBIﬁ COCTaB MU OKOJOPYAHBIC H3MCHCHHUIA
[IOKa3bIBAIOT, 4YTO MpPOLECC PYIOOTIIOKEHUS MPOUCXOIUT NPEPHIBUCTO U  0oOpasyer
CJIEAYIONINEe MHHEPAJbHBIE ACCOLUMAIMH: KBapI-IICEIUTOBYIO, KBApL-IHUPUTOBYIO, KBapII-
HOJUCYNIb(UIHYIO, KBApL-30JI0TYI0 U KBApI-aHTUMOHUTOBYIO. 30J0TO BCTpEUYaeTcs BO BCEX
MATH acCOUMalMsIX, U camas OOoJblIas KOHIIGHTPALUs BCTpPEYaeTcs B KBapI[-30J0TOH.
N3yueHune coctaBa U CTPOCHMS PYIHBIX T€l1 B OTAENbHBIX OJOKax IOKa3ajlo, YTO  OHHU
SABJIAIOTCA pa3OpBaHHBIMU U CMCIIAHHBIMHA 4aCTSAMU OJHOI'O U TOI'0 XK€ PpyJAHOI'O IIOJIA, XOTs B
KaX/10M 0JIOKe OOHaXKar0TCs pa3Hble pyJHBIE ACCOLMALIUH.

Puc.10.4. KBapu-30/10T0-aHTUMOHUTOBOe opyldeHeHue lLlenTpanbHoro o0g0ka OKpHIBLCKOrO
yuacTka OKpuiia-A4yanapcKoro 30J10TOPY/AHOTO MPOSIBJICHHS.

B 3amaHOM 6710Ke MOIIHOCTB TIIABHOTO PYIHOTO Teia Bapbupyer oT 10 mo 14 M (a3. max. 10°, yr.
HaKi1. 60°), OHO JTOKATH30BAHO CPEIH CCPUIHTH3NPOBAHHBIX, XIOPHTH3HPOBAHHBIX ¥ OKBAPIIOBAHHBIX
mopoJ1, rpociexuBaetcs Ha 480 M U xapakTepu3yeTcs 30HAIBHBIM cTpoeHneM. Huke maH cpes aToro
Tela BIOJb IATOTO, JieBoro mpurtoka p.Okpwia, HaunHas ¢ mepecedenmss 2400M wm3orwmmcel (0T
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MTOJOIIBEI K KpoBie): 1 - pyaHoe Temo — 2,2M; 2 - Oe3pyIHbIe OKBapIlOBaHHBIC MOPOALI - 3,7M; 3 -
pymHoe tenmo - 1,5M; 4 - Oe3pymHBIE OKBapIlOBaHHBIE TOpoAsl — 1,7M; 5 - pymHoe Temo — 2,4m.
PynoBMmemaromas cpena, B IEJIOM, NPEACTaBlIEHA MOPOAAMH TPAaHUT-MUTMATUTOBOTO KOMILICKCA,
KOTOpble WHTCHCHUBHO pa3ipo0JieHbl, CEPUIIMTH3UPOBAHBI M OKBaproBaHbl. CaMo pymHOE TeJo
MPEJCTABICHO  JKWIAMUA M TPOXKWIKAMH MOIIHOCTRIO OT 1 70 15 cM, UEeMEHTHPYIOIUMH
pa3apoOJcHHBIE M OKBapllOBaHHBIC MMOpoabl. OHO TPEACTABICHO KBapIl-30JI0ThIMU, KBapIl-
HICCTUTOBBIMH, KBaPII-TIUPUTOBBIMH acCONMUAIMAM. MHUHEPaIbHBIA COCTAB PYyJIbI CIEAYIONINNA: KBaPII,
IICCITUT, TMHUPHUT, MUPPOTUH, CHAICPUT M 30J0TO. MaKpPOCKOIMUYECKH XOPOIIO HAOIIOMASTCs, YTO
KBapII-IICEIIUTOBBIC JKWIbI CEKYTCS KBAPI-MMUPUTOBLIMHU, yYKa3bIBas HA paHHHUU MEPHUOJ IICETUTOBON
MUHEpaIu3alu. B 3ToM pyaHOM Tene 3050Tas MUHEpaIu3alis OTMEYAaeTCs B KBaPI-IUPUTOBOU U
KBapII-30JI0TOHW accouuanusx. B KBapi-30J0Tol accouualMy cpeiHee coiepikaHue 3onora u3 21
mpoObI cocTamiseT 2,71 r/T, a MakcuManbHOe — 5,27 T/T. B KBapI-muprUTOBOM acCOITAITNN CpeIHee
cozepkanue 3050ta U3 15 mpo6 cocrasiser 1,76 r/t, a wmakcumansHoe — 2,82 1/1. llleenuroBas
MUHEpalu3alysg OTMEYaeTcsl TOJbKO B ATOM OJIOKE M CpelHee cojaepkaHue Boib(pama B KBapil-
IICCITUTOBOI acCOIUAIINK, OMPEICICHHOE KOJMUYECTBEHHO-CIIEKTPAIbHBIM METOAOM, B 5 Mpodax
cocrasisteT 1600 r/t, a MakcumanbHoe gocTturaet 2200 r/T.

B LleHTpaabHOM 6I0Ke MOIIHOCTD IIABHOIO PYIHOTO Tela BapbupyeT oT 25 10 30 M (a3. max.20°, yr.
ma1.  60%). OHO JOKATM30BAHHO  CpEAM  OKBAPLUOBAHHBIX,  CEPUIHTH3UPOBAHHBIX M
XJIOPUTHU3UPOBAHHBIX MTOPOJ, MpOCiexuBaeTcsa Ha 670 M U XapaKTepU3yeTcs 30HAIBHBIM CTPOCHHUEM.
Hwxe nan cpes3 aToro pyaHoro tejia BAOIL TPETHETO, JIeBOro npuToka p.Oxpuia, ¢ nepeceueHus 2240
M H3OTHIICH (OT TOJOMIBH K KpoBie): 1-pymHoe Teno-1,3m; 2-6e3pynHble OKBapIOBaHHBIE TTOPOIBI-
9,7m; 3-pyaHoe Teno-2.0M; 4-Oe3pyaHble OKBaplOBaHHBIC MOPOABI -1M; S-pyaHoe Teno-1,4M; 6-
Oe3pyaHbIE OKBapLOBaHHBIE TOPOABI - 3,5M; 7-pyaHoe Tenno-4,8M; 8-0e3pyaHble OKBaplOBaHHBIC
nopoAsl -2,1m; 9- pyaHoe teno-1,2m.

Pynosmemaronias cpena, B LIEJIOM, HPEACTaBICHA MOPOAAMHU T'PAHUT-MUIMAaTUTOBOTO KOMILIEKCA,
KOTOpPBbIE HWHTEHCUBHO DPAa3IpOOJICHBI, OKBAPIOBAaHBI W CEPUIUTH3UpPOBaHB. CaMoO pyIHOE Telo
MIPEICTABICHO KBAPI-AHTUMOHUTOBBIMH JKWJIaMH, MOIIHOCTh KOTOPBIX BapbupyeT OT 1 mo 20 cM u
KOTOpBIE IIEMEHTUPYIOT Oe3pyaHbIe pa3apoOieHHbIe OpoAsl. KpoMe Ha3BaHHBIX KHJI, OTMEYAIOTCS
MPOXKHMIIKA KBapII-ITUPUT-apPCCHOITUPUTOBOIO M KBapI-30JI0TOro cocraBa. OCHOBHOH (hOH co3lmaeT
KBapI-aHTUMOHUTOBAs ACCOIMAIIUS, IO KOTOPOM B OPYJICHEHUU COCTaBIsIeT Mpuoau3uTenbao 70%
U B OTIMYME OT 3amagHOro pPyAHOrO Tela 3/1eCh, KBApL-IIEENUTOBAas acCOLMALMSg HE pa3BUTA.
MuHepaibHBI COCTaB PyI CICAYIOIIUNA: aHTUMOHHT, apCEHOIMUPHUT, MUPUT, C(alIeput, 30JI0TO U
KkBapl. B 3TOoM pymaHOM Teie 3050Tasi MUHEpanu3anus (PUKCHpyeTcs B KBapI[-30JI0TOM M KBapIl-
AHTUMOHHUTOBOW accOITMaIusAX. B KBapI-30J0TON accolualiy cpeaHee COIepiKaHme 30JI0Ta W3 24
npo6 cocraBisger 6,35 1/T, a MakcumaibHOe jocturaet 15,60 r/T. B KBapl-aHTMMOHHUTOBO
accolyaluy CpellHee cojaepkaHue 3oio0Ta u3 18 mpob cocraBnser 2,11 1/T, a MakcMManbHOE -
3,82r/1.

B BocTousoM 6710ke MOIIHOCTb [IABHOIO PYHOTO Tea Bapsupyer oT 17 1o 21 M (as. max. 10°, yr.
raK1. 60°). OHO JIOKATH30BAHO CPE/IH OKBAPIIOBAHHBIX, CEPHIATH3HPOBAHHBIX M XJTOPHTH3MPOBAHHBIX
nopoJ, mpociexusaercs Ha 250 M M XapakTepusyeTcs 30HaJIbHBIM cTpoeHueM. Hinke mpeanoskeH
Cpe3 3TOTO0 PYAHOTO Teja BIOJIb IIEPBOTO JeBOro mputoka p.Okpmina HaumHas ¢ nepeceueHus 2060 m
M3OTHUIICH (OT MOJOMIBEI K KpoBie): 1 - pyaHoe teno — 1,2M; 2 - 6e3pyaHble OKBapIIOBaHHBIE TOPOIbI
- 1,8m; 3 - pynHoe Teno — 1,4M; 4 - Oe3pyIHBIC OKBapIIOBAaHHBIC TIOPOJBI - 3,6M; 5 - pyJHOE TEIO —
2,3M; 6 - 0Oe3pyaHbIe OKBaplOBaHHBIC HOpoAsl - 1,8M; 7 - pyanoe Temo — 2,0M; 8 - Oe3pyaHbIe
OKBaplLOBaHHbIE OpoAsl - 1,7M; 9 - pynnoe Teno — 3,3M. PynoBmenaroniye nopoibl NpeacTaBICHbI
TPaHUT-MUTMATHTOBBIM KOMITJIEKCOM, KOTOpPBIE HMHTEHCHBHO OKBapIIOBAaHBI, CEPUIIMTU3UPOBAHBI U
XJOpUTH3UPOBaHbl. CaMO PyAHOE TEJO MPENCTaBICHO JKUIAMH U MPOKIIKaMHU, MOITHOCTh KOTOPBIX
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BapeupyeT oT 1 10 10 cM m KOTOphIe IIEMEHTHUPYIOT Pa3ApOoOJICHHBIE MOPOALL. Teno mpeacTaBiIeHO
KBapI-MMAPUTOBBIMH, KBapI[-TIONHACYIH(OUIHBIMA M KBapI-30JI0THIMH accolmanyuamMu. B meimom ero
MUHEPAJIbHBIA COCTaB TAKOB: MUPUT, aPCCHOMUPUT, C(aJepuT, TAIICHUT, 30J0TO U KBapi. B 3tom
PYIHOM Teje 30JI0Tas MHHEPaTu3alisi OTMEYAeTCs B KBapI-30JIOTOW W KBapI-TIONHCYIb()HIHON
acconuanusax. B kBapi-3050Tol accommanuu cpejiHee coaepikaHue 3o0j0Ta u3 15 mpob cocTaBiseT
3,82 r/T, a MakcuManbpHOoe nocturaer 6,11 r/t. B kBapu-monucynbGUAHONH accoIlUali CperHee
coaepxanue 30510Ta 3 16 mpob cocrasiser 1,64 r/T, a MakcumanbpHOe 2,73 T/T.

XapakrepucTuka MHHEpPaJaoB PYAHbIX TeJd. OKpUICKUH y4yacTOK pYIHBIX —Tell
XapaKTepU3yeTcsl CI0KHBIM MUHEPAJIbHBIM HA0OPOM, B €ro COCTaB BXOMST KakK PyAHBIE, TaK
U HepyaHble MHHepasbl. KpoMe uncToro 30510Ta, Cpeu pyAHBIX MHUHEPAJIOB, BBIICISIFOTCS
IIEEINUT, APCEHOIUPUT, XaJIbKOIUPUT, CHAJIEPUT, TAJIEHUT U aHTUMOHMT, @ CPEAN HEPYAHBIX —
KBapl, KAOJUHUT, TUKUT, TUAPOCIIIONA, a1yJIAp U KaJbLIUT.

Ha OxpuickoM yudactke cpeau HepyIaHbIX MuHepanoB 90% mpuxoAauTcs Ha KBapl], KOTOPBIH
IIPEJICTaBJIEH B UeThlpex reHepanusx. Kapi nepBoii reHepanuy co3/aeT KUiIbl U IPOKHUIKH
pa3Hoi (OPMBI U MOIIHOCTH, OH MPEJICTaB/IEH MEIKOKPUCTAUINYECKUMHU Pa3HOBHUIHOCTSIMH,
4acTo pa3Apo0JeH W ero OKpacka MEHSETCS OT CBETJIO JI0 TEeMHO-ceporo IBera. Ero
o0Opa3oBaHue, 110 BCE BEPOSATHOCTH, CBS3aHO C OKOHYAHUEM IIpoliecca Tpei3eHu3annu, U B
HEM YacTO BCTPEYalOTCs BKpamyieHus Iueenuta. Ksapu mnepBoil reHepanuy, B OCHOBHOM,
IPUYPOYEH K 3anmagHoMy pyaHoMy Texy. KBsapi BTOpoil reHepanuu cedeT KBapl NEpBOU
TeHepalud W TPei3eHU3MPOBAHHBIE MOPOJBI, HO YacTo caMm paszapoOieH. B kBapre stoi
IeHepaluy BCTPEYArOTCs BKpAIUICHUs IUPUTA, apCEHONMPUTA U Mapkasura. OH BcTpedaercs
BO BCEX TpeXx pyaHbIX Tenax Oxkpuickoro ywactka. KBapiy TpeTbeil reHepanuu ceder KBapil
HEepBOIl U BTOPOM reHepalMy U XapaKTepU3yeTCs] MEJIKO3EPHUCTBIM CTPOEHUEM M MOJIOUHO-
JKEJITOBATOW OKPACKOW. 3HaUMTENbHasl 4acTh 30JI0TOW MuHepanu3auuu OKpUICKOrO ydacTKa
CBsI3aHa C KBapleM 3TOW I'eHepalluy, U caMble BHICOKHE KOHIIEHTPALIUH 30J10Ta (PUKCUPYIOTCS
B ero xwuiax (10-15 r/t). KBapiy 310l reHepaniuu BCTpeyaeTcsl BO BCEX TPEX PYIHBIX Tellax
OKpHJICKOTO y4acTKa U ¢ HUM IPOCTPAHCTBEHHO 4YaCTO CBS3aHbl aayssdp U KapOOHaTHBIE
MuHepassl. [lo JaHHBIM KOJMYECTBEHHO-CIIEKTPAIbHOIO aHAIU3a, B JKMUJIaX KBapla TpeTheil
reHepalnu, KpoMe 30J10Ta, OTMEYAIOTCs BBICOKME KOHLEHTpaluu cepedpa, Meau, IMHKa,
CBUHIIA U MbllIbsgKka. KBapil yeTrBepToil reHepanuu, B OCHOBHOM, CO3/a€T JHMH3000pa3HbIe
HAKOIUIEHUS U peke NpOoXWIKK. OH XapaKTepu3yeTcs KpPYIMHO3EPHUCTBIM CTPOEHUEM, CEUYET
KBapIl TPEThEH TeHepaluu M XapaKTepu3yercs OenoBaro-roiiyooBaTtoi okpackoil. Ksapiy
4YeTBEPTOM reHepany oOoraiieH aHTHMOHUTOM, B HE3HAUYNUTEIbHOM KOJIMYECTBE OTMEYAIOTCS
TaJICHUT, apCEHONMUPUT, cdanepuT U xanbkonupuT. KBapi sToil reHepanuu, TJIaBHBIM
o0pa3oMm, cBs3aH ¢ LleHTpanbHBIM PYIHBIM TEIOM.

301070 Ha OKPHIJICKOM Yy4YacTK€ PYIHOTO MOJs B Pa3jiMdyHOM KOJUYECTBE BCTPEYACTCS B
IpeJienax BCEX PYIHBIX TeJ, HO, B OCHOBHOM, CBSI3aHO C KBaplLieM TpeTheil reHepanuu. Ilo
npuOIM3UTENbHBIM  pacueTaMm, 95%  3050TOM  MMHepanu3allud  NPUXOJUTCS  Ha
MEJKOIUCIIEPCUOHHOE 30JI0TO, HA YTO YKa3bIBalOT BBICOKHME KOHIIEHTPALMM 30JI0Ta Ha TaKUX
y4acTKax, TIJIe MHMKPOCKOIHMYECKHE 30JI0Thle BKpaIJIeHHs BooOIle He HabII0aloTcs.
Mukpockonuyecku HaOJrofaeMble 3€pHa 30J0Ta OTMEYAIOTCS PEIKO M MX pa3Mepbl He
npesbimatoT 0,1 MM M OHM TpelCTaBIE€Hbl arperaraMy JEHAPUTOBBIX, YEIIyW4yaThIX U
OBaJILHBIX (HOpM.

Anynsp Bcerja BCTpedaeTcsi B acCOMalKM C MPOAYKTUBHBIM KBapLEM H, B OCHOBHOM,
IIPEJICTaBJICH YAJUHEHHBIMU KpUCTAIaMH. biarogaps 3ToMy €ro MOXHO HCIIOJIb30BaTh Kak
OJIMH M3 KpPUTEPUEB TOHCKA 30JI0Ta, HO OTCYTCTBHE ajayliipa HE O3HA4YaeT, YTO 30JI0TOrO
OpyZI€HEHHUsl Ha 3TUX y4yacTKax He oxkujaercs. llleenuT BcTpewaeTcst TONbKO B mpezenax
3amaZHOrO pyJHOrO Tejda W CBsI3aH C KBapleM IepBOM TIeHepaluu, IJIe OH CO3AaeT
BKparuieHUsI HeNpaBWIbHBIX (opM. [IHpHUT MIMPOKO pacrpoCTpaHEeH KakK B PyIHBIX Teax, TaK
U B pydoBMemarmoummx nopogax. Ero ¢opMmupoBaHue NIPOUCXOAMIO B TEUYEHUE BCEro
nporecca pynooOpazoBaHus. [IMpOTHH BCTpedaeTcs B MallblX KOJMYECTBAX U JIMIIb B
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3amagHOM pyaHOM Tene. Mapka3uT BCerja BCTPEYaeTcsl ¢ IMUPUTOM TPETbEW IeHepaluu B
BUJIC BKpAIUICHUHA. APCEHONHUPUT — PACHPOCTPAaHEHHBI MHMHEpad M 4acTO BCTPEYAETCS C
KBapLEM TPEThEHl reHepaluu BMeCTe ¢ MUpUTOM. Hepeako oH ¢ oTMEUEeHHBIMU MUHEpaIaMH
CO3/1a€T TOHKHE MPOXHUIKU, 00pa3ysl CeTeBYyI0 CHUCTeMy KpacHoBaroro nsera. Cdanepur (B
MaJIbIX KOJIMYECTBAX) BCTPEYACTCS B KaXJIOM pPYAHOM OJOKe, HO €ro CpaBHUTEIHHO
HaubosbIIee Koau4uecTBO (pukcupyercs B 3anaaHoM u LlenTpanbHoM Onokax. ['aneHuT Tak
Ke, KaK U c(hajepur, 0TMEYaeTcsi BO BCEX TPEX PYAHBIX OJOKax, rie BMeECTe cO c(haiepuTom
Y XaJbKOIUPUTOM BCTPEYAECTCS B BHUJIE MEJIKHUX BKpAaIUICHUH. XaJbKOIHUPUT OTMEYAETCS BO
BCEX PYIHBIX OJIOKaX, HO €ro HauOoJjblIee KOIUYECTBO MpUXoauTcs Ha LleHTpanbHblil OJI0K.
AHTUMOHHT BCTpEYaeTcs B JIOBOJHLHO OOJBIIOM KOJUYECTBE, B OCHOBHOM, B lleHTpanbHOM
pyaHoM OJIOKE B BUJE MAacCHBHBIX >KMJIBbHO-BKPAIUIEHHBIX M >KWIBHBIX pyA. B Hem penko
OTMEYAETCs peanbrap, KOTOPbI €ro KOpOJAUPYeT.

I'munucTele MuHepansl Ha OKpPUIICKOM YYacTKE PYJHOTO IOJI BCTPEUAIOTCS MTOBCEMECTHO.
OnHu puKCHUPYIOTCS KakK B MyCTOTaxX W TPEHIMHAX KBaplla, TaK U B CYJIb(PUIHBIX MUHEpajax.
KapOonatel B BHJe HEOONBIIUX MPHUMA30K M IATEH BCTPEUAIOTCS C KBAapIeM YeTBEPTOM
reHepaluu, BeposITHO, X 00pa30oBaHKHe HAYAIOCh OJHOBPEMEHHO C OTMEUEHHBIM KBapleM U
POJOJDKANIOCHh B JajbHelmeM. [IpucyrcTBrue KalbLIUTOBBIX KU B aHTUMOHHUTE YKa3bIBaeT
Ha TO, YTO PyI000pa3yrolire IpoIecchl 3aKaHUYNBAIOTCA 00pa30BaHUEM 3TOTO MUHEpaa.
O0beM NpoBEAECHHBIX HAMU TOJIEBBIX U JJAOOPATOPHBIX UCCIEAOBAHUN HE 1a€T BOZMOXXHOCTHU
MIOCTPOUTh TE€HETHUYECKYI) MOJENIb M3Yy4aeMOro PYAHOrO IOJIs, HO IO3BOJSET H3JI0KUThH
IIPEJIBAPUTENLHYIO BEPCUIO €r0 00pa30BaHUsl.

EcTecTBEHHO, YTO Kak M B JPYrUX PYAHBIX MECTOPOKICHHUSAX, JAHHBIM Ciydail HaKOILICHUS
PYIHBIX MHHEPAJIOB OOYCIIOBJIEH COBOKYIMHOCTBHIO TEKTOHHYECKUX (aKTOPOB, CTPYKTYPHO-
JUTOJOTHYECKUX  OCOOCHHOCTEH, cocTaBoM  (QuiowaHON da3bl U ONpeleTICHHBIM
TEPMOOAPUYECKUM  PEKUMOM pyAoJIoKanu3yromen cpeasl. B palioHe TJaBHBIM
PYAOKOHTPOJIUPYIOMUM (HaKTOpoM siBiseTcsl ANMOSKCKUH pernoHajIbHbIM HaJBUT, BJOJIb
KOTOPOrO TI'PAaHUT-MUTMAaTUTOBBIM KOMIUIEKC HaABUHYT Ha CakeHCKUH HMHTpPY3UB. 30HaA
CONPUKACHOBEHMsI ~ CHOCOOCTBOBaja  Pa3BUTHIO  PETHOHAIBbHO-IMHEMHOTO  cTpecc-
MeTamoppusMa ¢ JpoOJieHWEeM,  OKBaplIeBaHWEM, CEpULIUTH3ALMENH U XJOpUTHU3alLueH,
BHYTPU KOTOPOH CO3JaUCh ONaronpusiTHbIE YCIOBUS Ui (OPMHUPOBAHUS H3y4yaeMoro
opyneHeHus. VICTOUHMKOM 30J0Ta M JPYIMX pPYAHBIX 3JEMEHTOM, BO3MOYXKHO, SIBIISETCS
CakeHCKUI MHTPY3UB MaHTHMHO-KOpOBOro reHesuca. Crenyer OTMETHTb, 4YTO BIOJb
MepUMeTpa  OTOTO  MHTPY3WBA, 3aHUMAOMEro 77 KM%, (UKCHPYETCS —HECKOIBKO
PYZOIIPOSIBIIEHUH, YTO, [0 HallEMy MHEHHIO, CBUJIETEJIBCTBYET O MAPAreHETUYECKOU CBA3U
MeEXJly OTMEUEHHBIMU OPYACHEHUSIMHU U UHTPY3UBOM. KpoMe Toro, aHajan3 MHOTOYHCIEHHBIX
JAHHBIX PA3JIUYHBIX PETMOHOB MHpa IOKa3bIBa€T, YTO OCHOBHBIE PE3EPBBHI 30J10Ta, MEIU U
MOJTO/IeHa TEHETUYECKH CBS3aHbI C TPaHUTOMIHBIMU KomIuiekcamu | tTuma (Ermolov, 1999;
H JIp.), K KOTOPBIM NPUHAUIEKUT U JaHHBIA HHTPY3HUB.

OmonnHas cucrema CakeHCKOr0 HHTPY3UBa U TPAHUT-MUTMAaTUTOBOTO KOMILJIEKCa, KaK ObLIO
NIOKa3aHO B TIJlaBe 7, HMMe€Ja, B OCHOBHOM, HAaTPHUEBO-XJIOPUIHYIO CIIELHAIN3ALUI0, C
OTpEeIeNIEHHBIM COJEpPKAHUEM YIJIEKHCIIOTHI, YTO CBHJAETEIbCTBYET O OJarompusTHON
¢dumrongHON  0OCTaHOBKE JUIs TEpeHoca U HAaKOIJIGHMS  30J10Ta, IOCKOJBKY, IO
HKCIIEPUMEHTAJIbHBIM JAaHHBIM, IpPH BBICOKUX TeMIIepaTypax 30J0TO pACTBOpPSETCA B
xyopuanbix ¢monnax (Frank et al., 1999), a yrnekucnora cnoco0cTByeT HaKOMJICHUIO 3TOTO
aneMeHTa B pyaHbix 6apbepax (Dillay et al., 1997; JlamyxoB u ap., 2001).

Yro kacaercs BO3pacTa pyJONPOSIBIEHUS, TO 3TOT BOIPOC OCTAETCS OTKPBITBIM. B paiioHe
pynonposiBienus K-Ar nzoronHoe natupoBanue CakeHCKOr0 MHTPY3HBa AaeT uu@pel ot 163
1o 168 min. net (Okpocuapuaze, 1990), 4To MOKET CBUAETEILCTBOBATH JUIIL O TOM, YTO B
3TOM MHTEpPBAJIE BPEMEHU MHTPY3UB UCIIBITAJI BTOPUYHBINA HAarpeB BBIIIIE 300°C TeMIepaTyphbl,
TaK Kak BBILIIE ATOM TEMIEPATYpbl, KaK HM3BECTHO, PAJAMOICHHBIA aproH MUIPUPYET U
OTMEYEHHBI METOJ| IOKAa3bIBAET OMOJIOKEHHBIE JaHHbIE, T.€. BO3pacT, KOorjga mopoAaa
MOCIEAHUNA pa3 Ieperpenach BBIIIE 300°C. Mcxoms u3 9TOrO U W3 TeMIepaTypbl
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KPUCTAITU3AIUH 30JI0Ta, MBI JIOMTycKaeM, 9T0 (OPMUPOBAHHUE U3Y9aeMOTO PYIOTPOSBICHHUS
CBSI3aHO CO CPEIHEIOPCKON TEKTOHO-MarMaTu4eckoi aKTUBHOCTBIO PETHOHA, HO HE UCKIIIOUEH
JIPYroi BO3pacT pyAOIpOsIBICHUS.

TakuM o00pa3oM, Ha OCHOBAaHMM MPOBEICHHBIX HCCIIEJOBAHUM MOXKHO 3aKIIOYUTh, 4YTO
U3y4aeMoe 30JI0TOPYIHOE MPOSBICHUE MPUHAIICKUT K KBAPII-30J0TO-MAIOCYNIb()UIHOMY
TUAPOTEPMAIBHOMY F€HETHYECKOMY THUIY U IPOCTPAHCTBEHHO, a BO3MOXKHO M F€HETHUYECKH,
cBs3aH0 ¢ CakeHCKUM MHTPY3MBOM MAaHTHUITHO-KOPOBOTO reHe3uca. CTpYyKTYpHBIMH U
JUTOJOTHYECKUMH (haKTOpaMHU OpPYIEHEHUs SABIIJIACh JIMHEWHO-TEKTOHUYECKass CTpeccoBas
30Ha, KOTOpas pa3BWJIACh BIOJb AJMOETCKOTO0 PErHOHAJIBHOIO HAJABHIa, MO KOTOPOMY
IPaHUT-MUTMAaTUTOBBIA KOMILJIEKC HaABUHYT Ha (CakeHCKUH HWHTPY3UB M B Ipelenax
KOTOPOrO  TOpOJbl  CWJIBHO  pPa3ApoOJeHbl, OKBapLIOBaHbl, CEPULUUTHU3UPOBAHBI U
XJIOPUTU3UPOBAHBL. JJI1 aKTUBU3UPOBAHHOW pyqOHOCAIICH (QrouIHON cucTeMbl (BOZMOXKHO
CPEIHEIOPCKOT0 BO3pacTa) 3Ta 30HA CTaja OJarompHsATHBIM apeasoM JUisi (OPMHPOBAHUS
MOIIIHOTO 30JI0TOPYAHOTO MPOSIBIEHUSI KBAPI-30JI0TO-MAIOCYIb(UIHOTO THAPOTEPMAILHOTO
FE€HETUYECKOT0 TUIIA.

Kak  wu3BecTHO, TMOMOOHBIE  MECTOPOXACHMS,  CBsI3aHHBIE C  Tad0OpO-AUOPUT-
TPAHOMOPUTOBBIMUA OOPa30BaHUSIMHU, PA3BUTHI B Pa3IMUHBIX pernoHax mupa. Cpeam HUX
MOXXHO OTMeTuTh lleHtpanbHoe pynHoe moine B Kysnenkom Aumnaray, bepezoBckoe u
Koukapckoe na Ypaie, lapacyn B Bocrounom 3abaiikanse, Mozep Jloyn u ['pacc Baans B
CIIIA, Mayut Mopran B ABctpanuu u ap. Ilo macmTabaM U TeoJOrHYeCKUM YCIOBHSIM
o0pa3oBaHUsl HM3y4yaeMoO€ pPYJOIPOSIBICHHE Hauboiee CXOJHO € MecTopoxkaeHuem Jlera-
Jemo6u (Billay et al., 1997) u Ceun-/[xupma 8 Dduonuu (Jlamyxos u ap., 2001). 3akanunBas
ATy IJ1aBY X049y OTMETHUTh, YTO aHAJIU3 MOJYYEHHBIX PE3yIbTaTOB U CPABHEHUE UX C JAaHHBIMH
AQHAJIOTMYHBIX MECTOPOXACHUN 3€MHON KOPBI MO3BOJSET TOMYCTHTh, YTO M3YYEHHOE HAMU
30JI0TOPY/IHOE  TIPOSIBIIGHHWE  SIBJISIETCSI  MEPCIEeKTHUBHBIM M TpeOyeT  JanbHEWIero
HCCIIEI0BAHMUS.
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3AKJUIOYEHMUE

B neBsaToil rnaBe Hacrosmied paboThl (AKTHUYECKH TOJBITOKECHBI IPOBEJICHHBIC HAMH
UCCJICIOBAHMSI U TIOOTOMY He OyleM JeTalbHO aHAIM3UPOBAThH MOJYYCHHBIC PEe3yJbTaThl, a
KpPaTKO PaCCMOTPHUM JIUIITh OOIIENETPOTOTUUECKHUE BOIPOCHI PETHOHA.

Ha ceronHs He BBI3BIBAET COMHEHMSI TO YTO KpUCTaUiIMueckoe ocHoBaHue bosbiioro Kapkaza

SIBJIICTCS. TETEPOTCHHBIM COOPYXKEHHEM, KOTOPOE KOHCOJIUIAMPOBAJIOCH B PE3yJbTaTe JIATCPaIbHOTO
CKYYHBaHUS U aKKPEIHUH TOPHBIX MTOPOA, c(POPMHUPOBAHHBIX B Pa3HBIX T€OAMHAMUYECKIX peknMax. B
€ro CTPYKType YeTKO BBIAENSIIOTCS O0pa3oBaHUS TpeX TEKTOHO-MarMaTHYECKUX IIMKIIOB:
KaJICJIOHCKOTO, TEPIIMHCKOTO M aJIBIIUHACKOro. YTO e KacaeTcsl CyIIECTBOBAHUS TOKEMOPUHCKOTO
pernoHampHOTO MeTaMmopdm3ma M rpaHuTooOpa3zoBanms Ha bompmom KaBkaze, To 3TOT Bompoc
0CTaeTCs TIMCKYCCHOHHBIM.

HeranpHOoe wuccnenoBaHue TrepUUHCKUX CpaHuTouaoB bonpmoro Kapkaza mnokasamo, 4To OHHU
MMpEeACTaBJICHBI pa3HbIMH TI'CHCTHUYCCKMMHU THUIIAMHU, KOTOPLIC C(bOpMI/IpOBaJII/ICI) B Pa3IMYHbIX
TreOAMHAMHYECKUX PEXUMAX M3 PAa3IMYHBIX IPOTOJIUTOB, PA3HBIMU OBUIM TAKXKE BPEMsI 1 MEXaHU3MbI
TreHepaluyd TPaHUTOMAHOTO paciuiaBa. (CrenoBaTeNbHO MOXKHO 3aKIIOYUTh, YTO TEePLUHCKUE
rpaHUTOUAHBIC CCEpHUH, C(I)OpMI/IpOBaHHLIG B Pa3IMUHBIX TI'COAMHAMUYCCKUX PCKUMAX, ABIAIOTCA
3aKOHOMEPHBIM CJIEICTBHEM 3BOIIOLKU OporeHHon cucteMbl bonbimoro Kaskasa. IIpu aTom xoTenock
6]:1 OTMCTUTH, YTO HAIIIM HCCJICAOBAHM IIOKa3ajIu, YTO U3MCHCHUC FpaHI/ITOO6pa3YIOIlII/IX MEXaHU3MOB
INPOMCXOAUT HE TOJBKO BO BPEMsI IBOJIOLMM 3€MHOM KOpBI, HO M B Ipeieiax OZHOIO OpOreHa, B
TE€YEHHE OJHOTO TEKTOHO-MAarMaTH4eCKOro LUKIA. XOPOIIUM IMPUMEPOM OTMEUCHHOIO SIBIISIFOTCS
HCCJICA0BAHHBIC HAMU I'CPUUHCKUC I'PAHUTOUIHBIC CCPUU Boasmoro Kaskasa.

C y4eToM reoJMHaMHYECKONW TO3UIMH (HOPMHUPOBAHUS PACCMOTPEHHBIX TPAHUTOUIHBIX CEpHi, B
KpUCTAJUIMYECKOM OoCHOBaHUM bompiioro Kaskasa ¢ rora Ha ceBep MOXHO BBIIEIUTh YEThIPE TEKTOHO-
MarMaTH4YecKHe 30HBI: CyOAYKIIMOHHO-OKEAHCKOH KOpbI, SHCHUMAaTHYECKOH OCTPOBHOW IYTH,
SHCHAJIMYECKOH OCTPOBHOHW JyrM W aKTUBU3MpOBaHHOW miardopmel. [lepedrcieHHbIe 30HBI
(dakTHYECKH ~ COBMNAZAlOT C  TPAAULUOHHBIM  CTPYKTYpPHO-()OPMALIMOHHBIM  pacwICHEHHEM
KpucTalmyeckoro ¢gyHaamenra bonbmoro KaBkasa m oTpakaroT €ro CTpyKTYPHYIO OCOOEHHOCTb.
CxonHbple KapTHHBI MarMaTH4ecKod 30HAJIBHOCTH HAOJIOJAIOTCS BO MHOTHX OpPOTEHHBIX CHCTEMax
3eMHOH KOpbl. B KadecTBe mpumepa MOXHO MPHUBECTH JIEBOHCKHE M KapOOHCKHME MarmMaTuiecKue
apeanbl lleHTpanbHOM A3WH, KOTOpbIE XapaKTePU3YIOTCS 0ojiee CIOXKHBIM M MacIITaOHBIM
CTPOCHHEM.

Ilo cBoeMy crTpoeHMiI0 M Habopy MOpoJ K KpHCTauIMdecKoMy ocHoBaHWiO bombmioro Kapkaza
HanOosnee Onmu3ko croar [epumnmasl 3anmanHol EBpoOIBI, BOCTOYHO-aBCTPAIMHCKHE TePLUHCKUE
oOpa3oBanus, moTIaHAckue KamemoHuapl u Apyrue oporeHHble cuctembl. ClieayeT OTMETHTh, YTO
paccMOTpeHHBIE TEKTOHO-MarMaTHYeCKHe apeajbl, Takke Kak u B ciaydae bompmoro Kaskasa,
3axXBaThIBAIOT KaK CKJIagyaTble 30HBI, TAaK W CMEXHbIe ¢ HUMHU miardopmbl. Hanpumep, Oomnbiuas
JacTh KAJIEIOHCKUX 00pa3oBaHuii 3amaaHoil EBpomnsl B mo3aHEM KapOoHEe W Hadalle IepMH, UCTIBITHLIA
TEPLUUHCKYI0 MAarMaTHYECKYI0 aKTUBHU3ALIHIO.

B kHure wu3-3a mMOCTaBICHHBIX B HEW lENE€Hd IIMPOKO HE OCBEIIEHA CBA3b MEXKIY TPaHUTOWIHBIM
MarMaTu3MOM H  PyJo0OOpasymIIUMH  TpollecCaMd M HE  OXapaKTePH30BaHBI  JIETALHO
PYAOIPOSBICHUS, CBA3AHHBIE C T'€PUUHCKUMU rpaHuTougamMu bonbmioro KaBkasza, uto, mo Hamemy
MHCHHUIO, SIBJIIETCS 3anmadeid Ommkaiimiero Oyaymiero. HeCOMHEHHO, CYIECTBYET CIOXHas
B3aMMOCBSI3b MEXJY HHUMH, IIOCKOJIBKY JAaHHBIE IOCIEIHUX JIET IIOKa3bIBalOT, YTO HEPEIKO
MarMaTU4eCKUe pacijlaBbl HE TOJBKO SIBIISIIOTCS PYAOHOCHUTENISIMH, HO 4YacTO CBOEH TEIIOBOM
SHEPTUeil BBI3BIBAIOT, BO BMEIMIAIONIMX IOPOJAX, aKTHUBH3AIMIO (IrouaHON cuctembl.B mroOoM
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ciIy4ae, KOT/Ia MeXIy MarMaTH4eCKIMH MOPOAAMH M OPYACHEHHEM CYIIECTBYET MPOCTPAaHCTBEHHAS
CBSI3b, CIIETyeT MPU3HATH MO3UTUBHYIO POJIb MarMaTH3Ma B mporecce GOpMHUPOBAHUS OPYICHEHHS.

B HacTosiliee BpeMmsi HE BBI3bIBACT COMHEHHs, YTO C KOHKPETHBIMH THIIAMH MarMaTHTOB CBSI3aHBI
OIpe/ICICHHbIC TCHETUYECKHE THIbI OPYJCHEHHUs. B YacTHOCTH, ¢ paHHEOPOTCHHBIMU TOJICUTOBBIMU
0azanbraMd ¥ O(QHUONUTAMH CBS3aHBl KOJUYENAHHBIC, IJIATHHOBBIC, XPOMOBBIC, MOJHOJCHOBBIC, a
MHOTIA U 30JI0ThIe MecTopoxkaeHHs1. C 1M03THEOPOTeHHBIMU W3BECTKOBO-IIETIOYHBIMHI U LICIOYHBIMH
MarMaTUTaMH CBSI3aHbl BOJIb()PAMOBBIC, CBHHIIOBBIC, OJIOBSIHHBIC, CYpPbMOBBIC, 30JI0THIC U JPYyTHe
MecTopokaeHusi. [looOHBIe KOPPEIALMOHHBIC TEHICHIUH OTMEYAIOTCS MEXKAY TIepLHUHCKUMU
IPaHUTOUIHBIMU CEPHSAMH M pyaonposiBieHusMu bospmoro Kaskaza. XopomiM npuMepoM CIIyKUT
BeIsIBJICHHOC ~ HamMu  Okpuia-Adanapckoe — OpPYACHEHHE  KBapIl-30JI0TO-MaJOCYJIb(MHIHOTO
THAPOTEPMATIBHOTO T€HETHYECKOro THIIA, CHOPMUPOBAHHOE BIOIb CEBEPHOro KOHTakTa CaKeHCKOro
WMHTPY31Ba rab0po-agaMesINTOBON CEPHH.
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A. V. Okrostsvaridze

HERCYNIAN GRANITOID MAGMATIZM OF THE
GREATER CAUCASUS
(SUMM ARY)

Introduction

The Greater Caucasus represents a folded-nappe polycyclic geological formation which has
been developed as one of the magastrucrutes of the Paleotethys and nowadays it is the
North-East segment of the East Mediterranean orogen. Its width reaches 170 km and it is
stretched of 1200 km between the Black and Caspian Seas to the NW-SE direction. Two
major stages are distinguished in its formation: Pre-Alpine and Alpine. Pre-Alpine
formation makes a heterogeneous crystalline basement complex, the exposed part of which
is 200 km long and the width reaches 40 km (Figure 1). It is mainly constructed of
Caledonian and Hercynian crystalline schist, amphibolites, granitgneisses, migmatites and
granitoids. Four regional structural zones are distinguished in this basement (from the South
to the North): Southern slope, Main range, Front range and Bechasyn. During the Alpine
tectonic-magmatic activisation these units underwent several tectonic uplifts and as a result
of these ororgenic processes the crystalline basement of the Greater Caucasus acquired the
up to date structural face. The Main range zone is the best exposing part of the crystalline
basement of the Greater Caucasus. Different from the other zones, Hercynian
metamorphism and granitoid magmatism are intensively represented in this unit.
Metamorphism rate ranges from green schist facies to granulite, but amphibolite facies is
mostly found (Shengelia et al., 1991).

Hercynian granitoid magmatizm has been studied in some of the regions of the crystalline
basement of the Greater Caucasus, but there does not exist its thorough petrogenetical
model and our task is to creat the model, which would thorougly  reflec the
conditions of formation, the way of evolution and ore-forming potential of this magmatizm.

General Description of Hercynian Granitoids

As a result of complex geological, petrochemical, geochemical and mineralogical study it has
been asserted that the Caucasian Hercynian granitoids formation to place in four plutonic
series (from the South to the North): (1) gabbro-plagiogranite, (2) gabbro-adamellite, (3)
plagiogranite-granite and (4) granodiorite-aliaskite (Figure 1). As we can see in the series
asserted, the two are of gabbro-granitoids and the other two of granitoids compositions. As
the last one prevails in these series, they can also be called granitoid series. They are
localized in the structure in general Caucasian direction and despite intensive Hercynian and
Alpine movements, some lateral zonality is still observed in their distribution.

Gabbro-plagiogranite series is exposed in the South edge of the crystalline basement, and is
related to Beshta, Kamenistaia and Sgimazuki small tectonic uplifts, which are distributed
along the Main fault (Fig.1). According to geological and petrological data, the roots of
allochthonous scales of plagiogranites of the Front range zone should be looked for along the
Main thrust. Gabbro-plagiogranite series is gneissed and mainly constructed of plagiogranites
and also of fewer number of quartz-diorites, diorites and gabbros. They appear in turn in
lens-form layers of different thickness. Plagiogranites are mainly constructed of acid
plagioclase and quartz (composition: PI+Qtz+Chl+EpxHbl+Grt=Sf+Mgt). Gabbros and
diorites represent restite of the protolithe (composition:
Pl+Qtz+Cpx+Hbl+ChltEp£Ap+Sf+GrtxMgt). The age of crystallization of plagiogranites
was defined by Rb-Sr method and it corresponds to 370£20 Ma (15=0,70343).
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Figure 1. Schematic geological map of the crystalline basement of the Greater Caucasus and geographical position (marked dotted line).

Structural zones: I- Bechasyn; Il - Front range; 11 - Elbrus subzone of Main range; IV- Pass subzone of Main range; V - Southern slope.

Conditional mean of exposes: 1 — Bechasyn zone; 2 — Front range zone; 3 — Elbrus subzone of Main range zone; 4 — Pass subzone of Main range zone;
5-Sothern slope zone. Hercynian plutonic series (6-9): 6-Gabbro-plagiogranite; 7 - Gabbro-adamellite; 8-Plagiogranite-granite; 9-Granodiorite-
— alaskite; 10 -Middle Jurassic granitoid intrusive; 11-Stratigraphic and magmatic boundary; 12-Fold systems (MT -main trust); 13-Glaciers.
14- Number in the circle-the main tectonic uplifts: 1-Chugushi, 2-Sofia, 3-Blibi, 4-Beskes, 5-Teberda, 6-Digori, 7-Shkhara, 8-Adaikhokh, 9-Unal, 10-
Kuban, 11 — Kislovodsk, 12- Dariali. Notes: The Dariali tectonic uplift transfers from East; HA- Hokrila-Achapara gold ore mineralization zone.



Gabbro-adamellite series is structurally connected with the Passing subzone and makes quite
a wide strip of exposures (Fig.1). The rocks of the series participate in the construction of
Dariali, Kasar, Adaikhokh, Skhara, Sofia and Chugush tectonic uplifts. Gabbro-adamellite
series are exposed in the form of intrusive bodies of different thickness. They are mainly
constructed of quartz-diorites and granodiorits, but gabbros, diorites and adamellites are less.
There are no strict borders between them and they gradually substitute each other. They are
dark gray, medium grained, massive rocks (composition:
Pl+Qtz+Mikr+BittHbl+Ep+ChlxSf+Ap+Zr+Ort+Mgl). The series is characterized by a large
number of fine-grained spherical maphic inclusions. Tigel melting and hybridism represented
the magma generation mechanism for this series. The isotopic data (U-Pb method) of
formation of this series corresponds to 310+12Ma.

Plagiogranite-granite series is structurally connected with Elbrus subzone of the Main range
zone and lesser part is also met in the Passing subzone. This series is connected with
migmatites spatially and genetically, and makes granite-migmatite complex. Migmatites were
formed under the HT-LP metamorphizm conditions, mainly from metaphelit protolite.
Plagiogranites make layer-shape conforming bodies of different thickness, which are often

gneisses. They are gray, medium grained rocks (composition:
Pl£QtztMitxBtxMszSilltAndlxGorxCr+Zr+Ap£Orth£Mgt). Granites principally make
mobilized crossing bodies of different thickness

(composition:Pl+Mik+Qtz+Bt+MstChltEp+Ap£Grt+Zr+Sf+Orth+Mgt).  Together  with
migmatites plagiogranite-granite series undergoes the process of regional microclinization.
The age of crystallization of plagiogranite-granite series was defined by Rb-Sr method and it
corresponds to 317-325 Ma.

Granodiorit-alaskite series is localized in the Elbrus subzone of Main range zone and is
represented by intrusive  granodiorite, granite and alaskite  (composition:
Pl£Qtz+Mik+BtxMs+Ser+Chl+Ep+Crt+Ap£Zr+Orth+Mgt). The field research shows that
the generation of magma of this series took place as a result of remelting of Caledonian
granitegneisses. Different from the series described they do not undergo Hercynian
metamorphizm and their crystallization age is dated as 300+5Ma (U-Pb method) and
295+10Ma (Rb-Sr method).

Petrochemistry

Petrochemistry was based on variation method investigation of magmatic sistem
(Velikoslavinsky et al., 1984). The method gives an opportunity of systematization of great
number of chemical and petrochemical data and at the same time, shows graphically their
variation tendencies. According to this method chemical analysis are divided into I, 11, 11, IV
and V groups of acidity, where 1<57,00% SiO;. 11=57,00-61,99% SiO,. 111=62,00-67,99%
SiO,.  1V=68,00-75,00% SiO,; V>75,00% SiO,. For each oxygen group chemical and
petrochemical parameters (Tab.1) are calculated the average statistic data .

For petrochemical classification of granitoids we have used SiO, —(Na,0+K,0)
discrimination diagram.  Diagram-model represents (Mg-Fe)O-CaO-2Al,03-Si0O, tetrad
projection (Fig.2) and gives an opportunity to discuss according to one diagram the
fractioning of multy-component magma systems (Velikoslavinsky et al., 1984). It is
determined that ona TiO,-(TiO,+FeQ)

Table 2. The average petrochemical parameters according to acidity groups of Hercynian
plutonic series of the Greater Caucasus (N-amount of analysis)
Gr A F M CaO+ SiO,+ R R, A/CNK K f N




203
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AlLO;

Gabbro-plagiogranite series

| 17.3 52.6 30.01 29.5 79.5 1978 1486 0.81 115 53.3 15
11 22.2 49.6 28.01 27.3 82.4 2264 1214 0.85 104 49.8 23
1 | 357 43.5 20.8. 22.5 89.8 2600 836 1.04 9.6 56.7 42
1Y | 59.2 29,6 11.2 19.6 94.3 2714 616 1.09 10.2 55.0 34
Y 76.5 14.1 9.4 17.7 96.6 2949 460 1.10 4.8 52.2 30
Gabbro-adamellite setries
I 27.3 51.6 21.1 28.7 81.5 1780 | 1410 | 0.82 355 | 46.5 22
11 37.3 44.2 18.5 27.5 87.0 2212 1061 1.04 38.3 57.5 35
I 47.6 38.2 14.8 24.9 90.4 2322 828 1.04 34.7 64.1 44
Y | 57.8 31.6 10.6 21.5 94.0 2530 538 1.12 454 67.3 54
Plagiogranites of plagiogranite-granite series
I | 427 40.6 16.7 23.7 89.1 2514 774 1.20 295 | 524 57
1Y | 59.3 255 15.2 20.2 94.5 2790 556 1.20 20.0 68.5 79
Y 68.4 20.3 11.3 18.1 96.5 2944 320 1.29 19.1 52.7 27
Microcline granites of plagiogranite-granite series
I | 57.6 31.6 10.8 20.6 94.0 2306 614 1.16 46.6 62.5 42
1Y | 784 15.3 6.3 195 96.5 2638 542 111 52.3 60.5 63
Y | 876 9.4 3.0 17.21 98.7 2750 354 1.11 63.0 | 66.5 47
Granodiorite — alaskite series

I | 58.1 30.8 10.1 22.0 93.11 2451 674 1.12 37.0 60.6 42
Y | 70.2 215 8.7 20.2 96.5 2512 498 1.19 38.3 67.5 49
Y 76.6 16.2 7.2 16.8 97.6 2887 364 1.20 34.2 53.3 22

diagram co-magmatic rocks are distributed on a straight line, and hybrid and metasomatic rocks are
not on a straight line (Evrard, 1947). This conformity makes a good genetic criteria and it is

conspicuous in our case as well.
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Analyzing figure 2 is evident, that different plutonic series start forming in differen magmatic
sources. Gabbro-plagiogranite series represents magmatic system which is formed in the area
rich in aluminous and femic elements and they trend to eutectic zone. Gabbro - adamellite
series is also formed in the area rich with these elements, but in their formation the processes
of assimilation and hybritization was important. Plagiogranites of plagiogranite-granite series
are formed in the area poor of aluminous and femic elements and its composition trends to
eutectic field, though silicification deviates from this field. As we can see from the diagram
the trend of Caledonian granite-gneisses is continued by Hercynian granodiorite-alaskite
series trend, which confirms even more the opinion, according to which the mentioned series
represent the Caledonian granite-gneisses remelting product and they trend to eutectic zone.
AFM diagram analysis shows that the first oxidize point of gabbro-plagiogranite series is
situated in the tholeiite field, but evolution trend goes through andesite and dacite fields.
Gabbro—adamellite series evolution trend follows tholeiite and calc-alkaline field division line
and ends in dacite area. The evolution trends of the rest series are distributed in dacite and
riolite fields.
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Figure 2. The (Mg-Fe)O-CaO-2Al,0;-SiO, diagram-model for Hercynian plutonic series of the
Greater Caucasus.

Trends: 1-Gabbro-plagiogranite series, 2-Gabbro-adamellite series, 3-Migmatite of granite-migmatite
complex, 4-Plagiogranites of plagiogranite-granite series, 5-Granites of plagiogranite-granite series,
6-Granodiorite-alaskite series, 7-Caledonian granite-gneisses. E-Eutectic zone.

The analysis of R;-R, diagram shows that two average acidity points of gabbro-plagiogranite and
gabbro-adamellite series dispose within pre-plate collision field. The last acidity point of gabbro-
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adamellite series is situated in the syncollision formation field, and of gabbro-plagiogranite series in
the borders of syncollision and mantle fractionated fields. According to this diagram, plagiogranite-
granite and granodiorite-alaskite series can be treated as syn-collision formation. In both of these
series A/ICNK (A=molA,0;; C=molCaO; N=molNa,O; K=molK,0) parameter is >1.1 (tab.1), which
is common to S type granitoides. According to this diagram gabbro-adamellite series represents pre-
plate collision formation and protolite of gabbro-plagiogranite series is situated in the pre-plate
collision field and plagiogranites part is locatied in the mantle fractionates field. According to this
diagram, plagiogranite-granite and granodiorite-alaskite series can be treated as syn-collision
formations.

Geochemistry

In 400 samples of the studied plutonic series Cu, Pb, Zn, Mo, Ni, Co, Cr, W, Sn, Li and Rb
concentrations have been defined. The analyses of the results have show, that they are close to general
clark, but some anomalies have also been detected. In plagiogranites of gabbro-plagiogranite series
composition of Cu (65 g/t) is increased, and Mo (3 g/t) is found. The clark concentrations of these
elements correspond to 10 g/t and 1.3 g/t, accordingly. According to V. S. Pitcher (Pitcher, 1982), Cu
and Mo increased concentrations are characteristic to | type granitoids. In granitoids of gabbro-
adamellite series rare element composition ranges within the clark limits. The exception is W (22 g/t)
and V (151 g/t) and the clark concentration of these elements corresponds to 2.2 g/t and 44 git,
accordingly. In plagiogranite-granite and granodiorite-alaskite series W (accordingly 20 g/t and 24 g/t)
and Sn (accordingly 45 g/t and 45 g/t) compositions are increased. The clark concentrations of these
elements corresponds to 2.2 g/t and 3 g/t, accordingly. V.S. Pitcher (Pitcher, 1982) considers that high
concentration of these elements is characteristic to S type granitoids. Cr concentration in Hercynian
granitoids of the Greater Caucasus deserves special attention. It is worth mentioning that in granitoid
rocks its clark corresponds to 4.1 g/t, while its minimal concentration (325 g/t) is detected in
granodiorite-alaskite series and the maximum (470g/t) in gabbro-adamellite series. Proceeding from
these data it is obvious that Hercynian plutonic series of the Greater Caucasus is characterized by
general Cr high concentration.

In 40 samples of the studied rocks La, Ce, Nb, Eu, Gd, Dy, Er and Yb concentrations have
been defined. Gabbro-plagiogranite series is characterized by Rare Earth Element (REE) low
concentrations (Fig.3). Different from gabbro-plagiogranite series, in gabbro-adamellite
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Figure 3. Rock-hondrite normalized diagram of REE for Hercynian granitoids of the Greater
Caucasus.

Trends:1- Gabbro-plagiogranite series, 2-Gabbro-adamellite series, 3-Plagiogranite-granite series, 4-
Granodiorite-aliaskite series.

series REE concentration is increased. In the granitoids of this series light elements
concentrations are increased and heavy elements concentrations are decreased, but Eu
minimum is poorly marked. REE distribution in plagiogranite-granite series is characterized
by typical granitoid trends. Granodiorite-alaskite series is also characterized by REE
composition of granite type, but Eu minimum is poorly marked.

The fluid regime of formation
The fluid regime of Hercynian granitoids of the Greater Caucasus has been studied in complex. We

have used cryometric and chromatographic methods.

Cryometric method shows, that gabbro-plagiogranite series keeps the information about only slightly
mineralized postmagmatic, hydrothermal fluids, the concentration of which does not exceed 5 mass%
Equivalent NaCl (Enaci). The fluids, which participate in the formation of gabbro-adamellite series,
have Na-Cl specialization and the concentration does not exceed 8-9 mass% (Eac)-

Two types represent the system of salty water inclusions in plagiogranite-granite series. The first type
of inclusions has Na-Ca-Cl composition, its concentration ranges between 20-30 mass% (Enaci). The
isochors of these fluids are near PT parameters of metamorphism and ultrametamorphism (Fig.5).
These data do not agree with the assumption, according to which during the mentioned processes salty
water liquids are represented by Na-Ca chlorides (Williams-Jones and Samson, 1990). The second
type of salty water inclusions are represented by weakly mineralized K-Na-Cl liquids, the
concentration of which does not
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Figure 4. PT diagram fluid evolution for Hercynian granitoids of the Greater Caucasus.

Trends: 1- Salty-water system, Thom = 100°C, 10 mass% (Enact); 2- Salty-water system, Thom =
200°C, 10 mass% (Enac)); 3- Salty-water system, Tpom = 150°C, 10 mass% (Enaci); 4- Salty-
water system, Tpom = 120°C, 25 mass% (Enac1); 5- Nitrogen system, Sy = 3.289 cm®/gr; 6-
Carbon-dioxide gas system, Sco,=0.92 cm3/gr; 7- Carbon-dioxide gas system, Sco,=0.93
cm®/gr; 8- H,0-CO, system, H,O 40 mass% and 20 mass%; 9- Carbon-dioxide gas system,
Sco2=1.16 cm*/gr.

Regression trend of granitoid formation marked by arrow.

exceed 8-10 mas% (Enaci). TWo types of Ca-Na-Cl salty water liquids are already widely present in the
granodiorite-alaskite series. The concentration of the first one ranges between

14-19 mass%, as of the second - between 1-9 mass% (Enaci))- Gas-fluid inclusion investigation is
genetically related to this series. Paleosoma of magmatites, which are genetically related to this series
practically have no fluid inclusions. This gives us the right to assume, that fluid part was still formed
in the way of phase transformation of minerals. The evolution of the fluid regime process of this series
is characterized by regular change. The earliest inclusion in leucosoma of migmatites consists of pure
or nearly pure CO,, but the latest - of H,O. As H,0, CO,, CH,4, N, and their mixture determine the
whole fluid composition, that points to the fact of heterogeneous fluid participation in the process of
ultrametamorphism (Bodnar, 1983). The appearance of CO, in fluid system is related to the process of
migmatization, which underwent in the conditions of amphibolite and partially granulites facieses. In
some samples of migmatites CO, inclusion points to the existence of granulite facies (Collins, 1979).
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By means of chromatographic method we have done quantitative analysis of the following gases:
H,0, CO,, CH,, C3Hg, Hy, Nj, SO,, O,, H,S, HCI, HF. The results show that Hercynian plutonic series
of the Greater Caucasus are sharply different according to their gas composition. Plagiogranites of the
gabbro-plagiogranite series are distinguished by the large sum composition of gas phase (11.2 ml/g)
and concentration of water is the highest in the fluid phase of these rocks (H,0/C0,=20.2). The gas
sum amount in gabbro-adamellite series is sharply decreased (2.80 ml/g), but CO, proportion is
increased (H,0/C0,=3.3). The gas sum amount in protoliths (migmatites) of plagiogranite-granite
series is low and does not exceed 2.2 ml/g, and the parameter H,0/C0O,=5.3. In plagiogranites of this
series the gas chemical amount does not increase as compared to migmatites, but CO, percentage
clearly increases (H,O/C0O,=2.8). As compared to plagiogranites in porphyroblastic granites of this
series the fluid phase sharply increases and its chemical amount reaches 6.2 ml/g. At the same time
CO, proportion is decreased and H,O/CO, parameter goes up to 12.7. The gas chemical amount (4.5
ml/g) is also high in granodiorite-alaskite series as well as in porphyroblastic granites. The water
proportion (H,0/C0O,=8.2) is also high. It is known that N/C parameters (N=2N,; C=CO,+CH,;+3C,)
for the continental crust formation ranges in the interval of 0.15-0.50 and for the oceanic crust - is
lower than 0.15 (Norman, Sawkins, 1987). According to these parameters gabbro-plagiogranite series
corresponds to oceanic crust formation (N/C=0.077) and gabbro-adamellite series both to the oceanic
(N/C=0.117) and to the continental crust (N/C=0.330). This parameter in plagiogranite-garnite series
is 0.236 and in granodiorite-alaskite series— 0.231, which points to their upper crust genesis.

PT regime of formation

Granat-biotite geotermobarometer and granat-cordierite barometer showed quite reliable results in the
Hercynian granitoids of the Greater Caucasus (Perchuk et al., 1983). Their data turned out to be the
most informative in plagiogranite-granite and granodiorite-alaskite series. In protolites of
plagiogranite-granite series the regional migmatization and ultrametamorphic processes started at 730-
750°C temperature range and under 3.7-4.2 kb pressure. The microclinization and pegmatization
process thermal regime falls up to 600-620°C temperature and 2.2-2.7 kb pressure. Granodiorite-
alaskite series formation temperature interval is very small (710-735°C) and pressure ranges in the
interval of 3.2-3,5 kb. According to amphibole geotermobarometer (Mishkin, 1990) the maximal PT
regime in the gabbro-plagiogranite series protolites reached 8.2-8.7 kb pressure and 620-630°C
temperature. The crystallization of the plagiogranite melt occurred at the regression stage of regional
metamorphism and ultrametamorphism at nearly 600-620°C temperature and 7.0-7.5 kb pressure
conditions. In gabbro-adamellite series according to this geotermobarometre the granitoid melt
crystallization occurred in the range of 4.0-4.5kb pressure and 630-670°C the temperature condition.

Petrogenetic model

We can sum up the results of the research carried out on the petrogenetic model of the
Hercynian granitoids of the Greater Caucasus in the following way:

Gabbro-plagiogranite series, which is exposed along the main fault in the form of lesser
tectonic uplift, was formed at an early stage of the Hercynian orogen evolution (370+20 Ma).
The plagiogranites of this series are characterized by Na,O (3.5-4.5%) surplus K,O (<1%),
Al;O3 low percentage (<15%), K,O/Na,O parameters, as a rule it is lower than 0.25. In the
gabbro-plagiogranite series fluid phase amount reaches 11.2 ml/gr, but CO, share is decreased
(H.0/C0O,=20.2). This series both for gabbro and for plagiogranites is characterized by REE
toleitic type distribution, which is one more confirmation of their genetic unity. According to
the discussed data, the series should have been formed as the result of subducting oceanic
crust partial melting (P= 8.2-8.7 kb; T = 620-630°C) and water high potential regime
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condition. Crystallization of plagiogranite melts occurred at 600-620°C temperature and 7.0-
7.5 kb pressure conditions. According to all characteristics gabbro-plagiogranite series
granitoids corresponds to the subducting oceanic crust | type formation.

Gabbro-adamellite series was formed at a late stage of the Hercynian orogen evolution
(310+£5Ma). Its protolite was located just over the subducting oceanic crust and magma
generation mechanism was tigel melting. In this series, in contrary to gabbro-plagiogranite,
KO is increased (>2,5%) and SiO, composition changes from 52% to 71%. In REE
concentration both toleitic and andesite distribution types are fixed, which show hybrid
genesis of the series. In gabbro-adamellite series the fluid phase amount is less (2.8 ml/g), but
CO, proportion is increased (H,O/C0O,=3.3). In this series granitoid melt crystallization
occurred at the temperature range of 630-670°C and 4.0-4.5 kb pressure conditions.
According to all characteristics gabbro-adamellites series corresponds to M type formation of
mantle crust generation.

Plagiogranite-granite series was formed at a late stage of the Hercynian orogen evolution
(317-325Ma) under island arc geodynamic conditions. In metapelite protolite, regional
migmatization and ultrametamorphism processes of this series started at 720-750°C
temperature range and under 3.7-4.2 kb pressure. In the evolution processes two stages are
distinguished: sinkinematic and postkinematic. On the first stage of plagiogranite composition
anatectic magma was formed, which made conformity bodies, and on the second stage the
granite composition melts were formed, which mainly made cutting bodies. In early kinematic
phase in plagiogranites the fluid phase amount is detected (2 ml/g), CO, share is high
(H,O/C0O,=2.8). In the late kinematic granite fluid phase sharp increase can be seen (6.2
ml/g), but CO, share is decreased (H,O/CO,=12.7). According to all characteristics,
plagiogranite-granite series belongs to sincollision anatectic typical S type formation.
Granodiorite-alaskite series was formed at a late stage of the orogen evolution (300+5Ma) and
it finished the Greater Caucasian Hercynian plutonic magmatizm. The field and petrochemical
researches show that magma in this series was formed as a result of remelting of Upper
Caledonian granite-gneisses. In granite-alaskite series as compared to plagiogranites of
plagiogranite-granite series the fluid phase is increased (4.5 ml/g) but CO, share is low
(H,O/C0O,=8.2). The thermobar regime of this series is characterized by stability. Its
crystallization temperature ranges in the interval of 710-735°C and pressure is in 3.2-3.5 kb
interval. It is characterized by REE distribution granite type, with Xu sharply expressed
minimum. To all existing data the discussed series corresponds to sincollision remelting S
type of upper crust formation.

Thus, the research work done enriches our knowledge about the Hercynian granitoids of the
Greater Caucasus and gives a chance to form its petrogenetic model. It is evident, that the
Greater Caucasian crystalline basement is a collision-accretion construction of a complicated
history, where Hercynian orogenic magmatizm played an important role. Relying on
petrogenesis of plutonic series and their lateral zones we assume that during the Hercynian
orogenic events northward subduction of oceanic crust (the southern edge of Paleotethys) was
activated and caused regional metamorphism and granitoid magmatizm. The mentioned
activation also comprised the Euro-Asian plate southern edge wich is confirmed by the
existence of Hercynian recycling granitoid magmatizm.

Ore mineralization

It is considered that Greater Caucasian crystalline basement is poor in mineral resources. But
as a result of the field work, we have revealed three interesting ore manifestations: Thviberi,
Szgimazuki and Hokrila-Achapara. Hokrila-Achapara is the most significant among them,
which we will describe in detail. Besides, some areas of the investigated granitoids represent
very good building and facing material. Among them should be mentioned plagiogranites of
the Szgimazuki massif, of the gabbro-plagiogranite series. They are situated in the upper level
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of the mentioned massif, which are on area of 5 km?. They are white-milk color finegrained
massif rocks and represent good facing material, because they look like white marble, but
different from which are resistant to chemical and mechanic factors.

Tviberi ore-mineralization. It outcrops in the upper reaches of the river Tviberi (right
tributary of the river Enguri) and was formed in Lower Jurassic sediments, which are
localized as tectonic scale among granitoids of plagiogranite-granite series. In 1991 the left
cornice of the river Tviberi fell down and a massif ore-mineralization zone was outcropped,
which is of 100-150 m thickness and lies along 700 m. The ore is represented by quartz-pirite-
pyrrhotite associations where the gold composition does not exceed 1 g/t. Notwithstanding
this fact, the detailed study of the zone is necessary because dimension of ore-mineralization
zone is very high.

Szgimazuki ore mineralization. It is located on the Lakchkhilda mountain range, near the
southern contact of Szgimazuki plagiogranite massif in the Lower Jurassic sediments. The
ore-mineralization outcrop is of 12-15 m thickness and lies along 60 m and other part is
covered with deluvial sediments. The ore-mineralization is represented by massif pirite-
pirotine ore, where gold consentration ranges between 1.7-2.5 g/t, and the silver composition
reaches 50-55 g/t. As we can see this ore-mineralization is rather interesting and needs further
investigation.

Hokrila-Achapara ore-mineralization zone
Durring the early nineties of the last century within the crystalline basement of the Greater Caucasus
was distinguished quartz-gold low sulfidic hydrothermal genetic type of the Hokrila-Achapara ore-
mineralization zone (Okrostsvaridze, 1992, 1995; Okrostsvaridze, Bluashvili, 2000). It is located in
the crystalline basement of the Greater Caucasus and structurally related to the regional Alibek fault
of general Greater Caucasian direction (SE-NW), along which granite-migmatite complex overthrusts
the Sakeni granitoid intrusive.

Granite-migmatite complex is a collisional anatectic formation of the upper crust (S type
granitoids), which was formed at Upper Carboniferous (315-325 Ma; U-Pb and Rb-Sr age)
under the conditions of HT-LP type of metamorphism and ultrametamorphism. Sakeni
intrusive of gabbro-diorite-quartzdiorite-adamelite composition (outcrop 77 km?) is of
lenslike shapes and lies in the common Greater Caucasian (SE-NW) direction. According to
petrochemical and geochemical parameters it is metaluminious of mantle-crust genesis the |
type formation, which was formed by tigel melting durring Upper Carboniferous (310+5 Ma;
U-Pb age).

The Hokrila-Achapara gold ore-bearing zone can clearly be seen in the relief and is build up
of highly foliated yellowish-gray and oxidized rocks. It is divided into two parts by Kodory
range: the Achapara (west), which is spread on 2 km and the Hokrila (east), which is
outcropped nearly at 3 km distance.
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Fig. 5. Schematic geological map of the Hokrila area of the Hokrila-Achapara gold ore-
mineralization zone.

1- granite-mignatite complex, 2- Sakeni granitoid intrusive, 3 — gabbro-diabase, 4- milonitization and
silicification zone, 5 — ore-containe zone, 6 — ore-bearing body, 7-tectonic faults, 8- Quaternary
sediments, 9 — glaciers.

The Hokrila area (Fig. 5) is outcropped on the left bank of the Hokrila river and is localized
among broken, silicified, milonitization, chloritization and sericitization rocks. Thickness of the
ore-bearing zone reaches maximum in its central part (400-450 m), to the west and east thickness
reduces up to 150-200 m. The western border of the ore-bearing zone is represented by a transversal
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fault and the Kodori ridge. As for the the east border, it is represented by a crossing fault and is
covered by deluvial sediments. The southern border is stretched across the Sakeni intrusive rocks and
along the Hokrila river to the north is bordered by a of granite-migmatite complex.

The region is characterized by complicated tectonic construction, where the main tectonic unit
is the above mentioned Alibek regional fault, which is crossed by younger fault of north-west
and north-east direction. The Hokrila ore-bearing area is divided into three blocks: western,
central and eastern. Western block is coming upward and the eastern is going downward. The
investigation of ore bodies in each block showed that they represent the parts of one ore-
mineralization zone later broken and moved. That's why in each block different ore-mineral
association is outcropped.

At contemporary erosion level ore-formation is mainly represented by veins, lenses, stringers
and nests which mainly fill rock gaps. Non-ore minerals are mainly represented by quartz,
carbonate and clay minerals. Ore-minerals are: pyrite, pyrrhotite, marcasite, arsenopirite,
antimonite, sphalerite, galena, chalcopyrite, silver and gold. Five associations of ore minerals
are distinguished: quartz-scheelitic, quartz-pyritic, quartz-polysulphidic, quartz-antimonitic
and quartz-gold. Gold is met in every five, but the highest concentrations are in quartz-gold
association.

The west main ore-bearing body (dip azimuth 10° angle of inclination 60°% has 10-15 m
thickness and is mainlg/ represented by quarts-gold association. The central main ore-bearing
body (dip azimuth 20°, angle of inclination 60°) has 25-30 m thickness and is represented
mainly by quartz-sheelitic and quartz-gold association. The east main ore-bearing body (dip
azimuth 10°, angle of inclination 60°) has 17-20 m thickness and is represented by quartz-
pyritic, quartz-gold and quartz-polymetal associations.

In the quartz-gold association of the western block the average gold concentration
corresponds to 2,71 gr/t (the average of 20 samples) and the maximum reaches 5,27 gr/t. The
average gold concentration (the average of 15 samples) in quartz-pyritic association of this
block corresponds 1,76 gr/t and maximum reaches 2,88 gr/t. In the central block the average
gold concentration (the average of 24 samples) in quartz-gold association corresponds to 6.35
g/t, and maximum 15.60 gr/t. In the same block in quartz-antimonitic association the average
gold concentration (the average of 18 samples) corresponds to 2.11 g/t and maximum 3,82 g/t.
In the eastern block in quartz-gold association the average gold concentration (the average of
15 samples) corresponds to 3.82 g/t and maximum 7.11 g/t. In the same block in quartz-
polysulphidic association the average gold concentration (the average of 16 samples)
corresponds to 2.64 g/t and maximum 3.52 g/t. In quartz-sheelitic association, which is
present only in the western block tungsten average concentration (the average of 5 samples)
corresponds to 1600 g/t and maximum reaches 2200 g/t.

As it is known gold-bearing hydrothermal quartz-low-sulphidic deposits which are connected
to gabbro-diorite-granodiorite formations are found in many regions of the world. The gold
ore-mineralization studied by the author show much in common with the Sechi-Jirme and the
Lega-Demby gold deposits (Lapukhov et al., 2000; Billay et al.,1997). Like these deposit the
Hokrila-Achapara gold ore-mineralitation belongs to hydrothermal quartz-low-sulphidic
genetic type and is connected in space and genetically with gabbro-diorite-granodiorite
formations. Linear tectonic stressed zones represent the ore-forming structural and lithologic
factors, which caused strong crashing, milonitization and silicification of the rocks and
regressive quartz-epidote, chlorite-sericite mineral association are formed in it.

Thus, comparing our results with other analogical data, we can conclude, that the Hokrila area
and very likely the Hokrila-Achapara ore-mineralization zone in all are prospective and as a
result of further geological-research work the gold deposit of industrial importance can be
discovered.
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Ipuaoxenue 1. Xumuuecknii coctaB (Macc%) repuuHCcKoii raGopo-niaruorpaHuToOBOI cepuu
Bouabsmoro Kapkaza

Ne SiO, | TiO, | AlL,O; | Fe,05 | FeO | MnO | CaO MgO K,O | Na,O | H,O H20+ CyMMa

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1205 | 68,96 | 0,19 | 1394 | 181 | 229 | 0,07 | 435 | 143 | 080 | 3,30 | 0,28 | 2,15 | 99,51

1206 | 68,33 | 0,33 | 14,49 | 1,97 | 2,71 | 0,10 | 3,03 | 2,14 | 0,92 | 3,78 | 0,32 | 1,81 | 100,02

1212 | 48,72 | 0,48 | 1855 | 4,96 | 6,90 | 0,11 | 2,50 | 492 | 0,54 | 4,00 | 0,22 | 1,18 | 100,07

1218 | 64,96 | 0,36 | 15,30 | 1,86 | 3,59 | 0,07 | 554 | 1,91 | 0,60 | 2,50 | 0,06 | 2,62 | 99,37

1219 | 67,52 | 0,35 | 14,80 | 2,58 | 2,17 | 0,15 | 1,49 | 2,35 | 1,14 | 467 | 0,24 | 2,41 | 99,87

1221 | 72,70 | 0,27 | 12,75 | 0,45 | 2,87 | 0,06 | 1,22 | 1,03 | 1,80 | 3,20 | 0,30 | 2,94 | 99,79

1227 | 69,60 | 0,33 | 14,45 | 2,27 | 165 | 0,07 | 3,44 | 1,35 | 0,40 | 400 | 0,14 | 1,68 | 99,38

1229 | 70,92 | 0,22 | 12,40 - 3,87 | 006 | 288 | 1,20 | 1,00 | 4,00 | 0,42 | 2,47 | 99,35

1233 | 66,70 | 0,37 | 1564 | 2,52 | 1,29 | 0,05 | 3,77 | 1,59 | 0,90 | 3,30 | 0,54 | 2,91 | 99,58

1241 | 7464 | 0,18 | 11,90 | 0,98 | 2,72 | 0,06 | 1,00 | 0,20 | 1,00 | 5,50 | 0,30 | 1,45 | 99,08

1244 | 57,54 | 0,50 | 16,55 | 3,19 | 0,72 | 0,07 | 6,04 | 750 | 0,55 | 4,60 | 0,26 | 2,38 | 99,90

1246 | 61,94 | 0,44 | 1488 | 6,41 | 090 | 0,23 | 558 | 453 | 0,82 | 2,68 | 0,22 | 1,38 | 99,91

1249 | 68,34 | 0,19 | 1530 | 0,79 | 2,15 | 0,03 | 552 | 1,18 | 0,70 | 3,20 | 0,08 | 1,83 | 99,41

1250 | 65,46 | 0,37 | 16,91 | 3,14 | 162 | 0,09 | 1,92 | 262 | 0,97 | 4,40 | 0,38 | 2,40 | 100,28

1274 | 64,44 | 0,28 | 14,45 | 2,25 | 3,66 | 0,14 | 5,76 | 2,30 | 0,70 | 3,20 | 0,24 | 2,00 | 99,48

1389 | 47,57 | 0,63 | 1599 | 489 | 794 | 0,24 | 925 | 6,53 | 0,85 | 3,12 | 0,06 | 2,79 | 99,86

1282 | 75,12 | 0,13 | 13,26 | 0,38 | 1,79 | 0,03 | 1,66 | 0,32 | 1,80 | 3,60 | 0,32 | 1,46 | 99,87

1302 | 61,94 | 0,27 | 16,66 | 2,23 | 3,73 | 0,14 | 400 | 2,19 | 0,70 | 3,60 | 0,30 | 3,91 | 99,77

1303 | 71,61 | 0,26 | 14,19 | 195 | 1,44 | 0,10 | 3,00 | 1,43 | 0,32 | 4,04 | 0,22 | 1,34 | 99,90

1306 | 66,39 | 0,30 | 14,76 | 3,47 | 162 | 0,16 | 3,70 | 2,64 | 0,17 | 4,66 | 0,32 | 1,72 | 99,91

1314 | 61,22 | 0,25 | 1455 | 2,82 | 434 | 0,25 | 6,36 | 457 | 0,28 | 3,09 | 0,18 | 1,59 | 99,50

1316 | 68,50 | 0,27 | 14,28 | 1,31 | 251 | 0,11 | 400 | 1,43 | 0,30 | 3,60 | 0,28 | 2,30 | 99,80

1317 | 56,26 | 0,40 | 1598 | 1,74 | 696 | 0,24 | 7,65 | 3,50 | 0,40 | 2,80 | 0,46 | 3,20 | 99,10
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1323 | 62,20 | 0,19 | 1564 | 2,25 | 4,23 | 0,24 | 599 | 295 | 0,10 | 2,30 | 0,34 | 3,20 | 99,53

1327 | 68,40 | 0,31 | 1462 | 0,28 | 3,73 | 0,11 | 410 | 1,59 | 0,30 | 3,50 | 0,70 | 2,40 | 100,04

1336 | 73,26 | 0,21 | 13,77 | 0,70 | 1,93 | 0,03 | 1,44 | 1,11 | 1,10 | 4,00 | 0,10 | 1,86 | 99,51

1337 | 78,08 | 0,10 | 11,39 | 0,15 | 1,07 | 1,03 | 0,70 | 0,05 | 0,30 | 6,20 | 0,40 | 1,28 | 99,75

1348 | 56,54 | 0,43 | 16,15 | 3,20 | 4,95 | 0,28 | 3,64 | 524 | 0,40 | 2,40 | 1,00 | 2,22 | 99,45

1349 | 77,52 | 0,12 | 12,24 - 129 | 0,03 | 1,00 | 0,17 | 0,60 | 530 | 0,38 | 1,48 | 100,11

1380 | 45,13 | 1,23 | 1558 | 453 | 7,74 | 0,13 | 987 | 6,95 | 0,33 | 3,09 | 0,07 | 1,14 | 99,79

1388 | 50,30 | 0,58 | 15,48 | 4,81 | 6,89 | 0,21 | 849 | 6,85 | 0,81 | 3,25 | 0,22 | 1,99 | 99,85

1390 | 54,50 | 0,53 | 14,28 | 459 | 6,72 | 0,16 | 8,24 | 579 | 0,64 | 3,28 | 0,07 | 1,10 | 99,90

1397 | 58,34 | 0,49 | 1562 | 3,22 | 521 | 0,15 | 7,48 | 458 | 0,61 | 3,23 | 0,10 | 0,86 | 99,89

1401 | 64,80 | 0,38 | 15,82 | 1,08 | 3,30 | 0,08 | 3,88 | 1,66 | 1,79 | 509 | 0,12 | 1,76 | 99,82

1402 | 56,81 | 0,70 | 15,74 | 3,76 | 4,10 | 0,18 | 6,32 | 3,52 | 2,28 | 4,85 | 0,18 | 1,02 | 99,35

2850 | 76,30 | 0,08 | 13,71 | 0,62 | 0,54 | 0,03 | 2,68 | 0,90 | 0,60 | 3,81 | 0,08 | 0,56 | 99,91

2852 | 76,94 | 0,08 | 14,34 | 0,39 | 0,36 | 0,02 | 2,00 | 0,88 | 0,12 | 426 | 0,12 | 0,40 | 9991

2858 | 79,09 | 0,05 | 12,50 | 0,46 | 0,36 | 0,02 | 1,61 | 0,95 | 0,33 | 407 | 0,06 | 0,42 | 99,42

1392 | 57,59 | 0,50 | 14,92 | 3,90 | 6,62 | 0,16 | 7,24 | 462 | 0,55 | 3,57 | 0,08 | 0,86 | 100,61

3005 | 74,84 | 0,56 | 12,57 | 1,06 | 289 | 0,05 | 049 | 1,22 | 1,21 | 156 | 0,15 | 1,82 | 99,42

3032 | 47,44 | 1,31 | 16,36 | 0,75 | 645 | 0,13 | 7,99 | 1066 | 2,83 | 2,06 | 0,38 | 2,89 | 99,25

3036 | 58,10 | 0,55 | 16,65 | 1,63 | 0,36 | 0,04 | 7,26 | 590 | 2,05 | 547 | 0,41 | 1,32 | 99,74

3042 | 75,79 | 0,22 | 13,53 | 0,49 | 0,27 | 0,02 | 2,03 | 0,67 | 0,41 | 548 | 0,12 | 0,63 | 99,68

3048 | 72,97 | 0,07 | 1542 | 1,06 | 0,36 | 0,03 | 1,78 | 0,38 | 1,25 | 5,53 | 0,12 | 0,97 | 99,94

3061 | 73,20 | 0,20 | 15,23 | 1,12 | 0,27 | 0,03 | 236 | 0,43 | 0,69 | 5,17 | 0,17 | 1,02 | 99,89

3070 | 73,47 | 0,15 | 15,24 | 0,41 | 0,36 | 0,02 | 2,10 | 0,96 | 0,18 | 6,12 | 0,09 | 0,82 | 99,92

AHaJau3bl BbINOJTHEHBI B I'eonornueckom uHeruTyTe AH I'pysun.

Oo6pa3supi: 1205-1282 - u3 maccusa Komenucras; 1302-1349 - u3 maccusa berurer; 1380-1402 - u3 maccupa
Komenuras; 2850-3070 - u3z maccuBa C3rumas
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Ipuno:xenne 2. Xumudecknii cocraB (Macc%) repuuHCcKoii radbopo-axamesinToBoii cepun boabuoro

Kagka3za
No S|02 TiO A|203 FEQO Fe Mn CaO Mg K, Na, Hzo Hzo CyMM
2 3 @) @] O O O ) * a
1 2 3 4 5 6 7 8 9 10 11 12 13 14

185 | 61,2 | 0,50 | 17,00 | 1,40 | 4,80 | 0,24 | 550 | 2,50 | 2,20 | 3,50 | 0,25 | 0,70 | 99,55
0

186 | 64,0 | 0,45 | 16,00 | 1,00 | 4,00 | 0,27 | 490 | 2,40 | 250 | 3,00 | 0,15 | 0,80 | 99,37
0

194 | 62,8 | 0,50 | 17,10 | 1,40 | 4,20 | 0,20 | 5,60 | 2,30 | 1,20 | 3,20 | 0,15 | 1,00 | 99,65
0

252 | 58,6 | 0,53 | 17,85 | 2,80 | 350 | 0,08 | 7,82 | 1,19 | 2,00 | 3,20 | 0,37 | 1,78 | 99,54
0

344 | 478 | 082 | 17,61 | 3,97 | 8,05 | 0,06 | 853 | 581 | 1,9 | 3,00 | 0,27 | 1,81 | 99,68
5

39 | 62,9 | 0,72 | 16,25 | 1,72 | 5,04 | 0,72 | 4,76 | 0,87 | 2,00 | 3,60 | 0,20 | 1,48 | 100,12
2

427 | 64,8 | 0,39 | 15,13 | 149 |455| 0,25 | 5,32 | 1,83 | 250 | 2,60 | 0,19 | 0,90 | 99,97
0

431 | 63,0 | 0,38 | 16,32 | 2,49 | 3,36 | 0,10 | 4,99 | 255 | 1,60 | 3,00 | 0,30 | 1,76 | 99,97
2

433 | 60,4 | 0,49 | 1757 | 141 | 4,76 | 0,12 | 598 | 2,72 | 2,20 | 3,00 | 0,20 | 1,03 | 99,93
5

436 | 62,9 | 0,37 | 1598 | 1,72 | 4,76 | 0,09 | 5,21 | 1,91 | 2,20 | 3,50 | 0,20 | 1,13 | 99,97
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14

448 | 64,4 | 0,63 | 14,79 | 2,17 {392 | 0,12 | 499 | 159 | 2,30 | 3,00 | 0,40 | 1,45 | 99,67
1

470 | 575 10,90 | 18,12 | 295 | 4,34 | 0,13 | 598 | 2,63 | 1,40 | 3,20 | 0,35 | 2,30 | 100,03
7

482 | 64,7 | 0,49 | 15,13 | 0,47 | 350| 0,19 | 3,55 | 155 | 2,60 | 3,60 | 0,20 | 1,09 | 100,17
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8

492 | 68,1 | 0,40 | 15,30 | 0,86 | 2,87 | 0,20 | 0,51 | 0,51 | 3,00 | 3,00 | 0,25 | 1,23 | 99,57
0

440 | 54,0 | 0,83 | 17,17 | 2,80 | 6,16 | 0,18 | 7,67 | 438 | 2,10 | 2,50 | 0,35 | 1,85 | 99,04
5

513 | 69,9 | 0,37 | 1435 | 155 | 252 | 0,18 | 3,10 | 1,03 | 3,40 | 2,40 | 0,20 | 0,86 | 99,98
2

521 | 66,4 | 0,43 | 1547 | 2,48 | 2,66 | 0,16 | 3,88 | 1,21 | 2,50 | 2,50 | 0,27 | 1,75 | 99,74
5

494 | 64,6 | 0,37 | 18,02 | 2,32 | 1,40 | 0,17 | 3,43 | 0,71 | 3,10 | 5,00 | 0,10 | 0,62 | 99,81
0

550 | 70,2 | 0,36 | 14,11 | 1,09 | 294 | 0,19 | 3,88 | 0,47 | 3,70 | 2,00 | 0,10 | 0,88 | 99,88
3

743 | 61,3 | 0,82 | 16,32 | 2,88 | 4,27 | 0,12 | 532 | 2,71 | 2,20 | 2,00 | 0,30 | 1,58 | 99,90
8

789 | 68,2 | 0,42 | 1478 | 0,63 | 3,92 | 0,20 | 3,77 | 1,19 | 3,70 | 1,90 | 0,10 | 1,18 | 100,07
8

795 | 59,7 | 0,60 | 18,19 | 0,22 | 580 | 0,07 | 6,76 | 2,31 | 2,60 | 1,40 | 0,38 | 1,47 | 99,53
3

798 | 634 | 0,78 | 16,15 | 1,79 | 4,27 | 0,09 | 554 | 2,31 | 2,00 | 2,00 | 0,26 | 1,31 | 99,96
6

799 | 60,8 | 0,78 | 17,51 | 2,33 | 434 | 0,13 | 554 | 2,71 | 2,00 | 2,30 | 0,25 | 1,52 | 100,28
5

800 | 58,4 | 0,62 | 16,15 | 293 | 563 | 0,08 | 6,84 | 3,82 | 1,50 | 2,00 | 0,22 | 1,38 | 99,50
3

142 | 499 | 0,84 | 14,30 | 586 | 543 | 0,44 | 10,2 | 6,91 | 1,04 | 2,65 | 0,39 | 1,49 | 99,53

6 3 5

145 | 65,3 | 0,76 | 16,56 | 2,10 | 3,61 | 0,19 | 2,41 | 257 | 297 | 1,79 | 0,31 | 1,05 | 99,69
1 7

145 | 50,7 | 0,94 | 15,60 | 3,89 | 7,44 | 0,47 | 883 | 589 | 1,88 | 2,85 | 0,27 | 1,12 | 100,11
6 3

146 | 51,7 | 1,07 | 16,15 | 3,79 | 6,07 | 0,19 | 7,47 | 595 | 2,09 | 2,92 | 0,33 | 1,52 | 99,32
0 2
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270 | 68,2 | 0,36 | 15,11 | 3,99 | 0,00 | 0,08 | 3,84 | 1,19 | 1,87 | 3,71 | 0,08 | 1,12 | 99,60
4 | 5
270 | 67,4 | 051 | 1535 | 3,82 | 0,63 | 0,08 | 3,38 | 1,68 | 2,98 | 3,14 | 0,02 | 0,78 | 99,83
6 6
270 | 71,2 | 0,08 | 16,66 | 0,81 | 0,34 | 0,03 | 0,71 | 0,80 | 4,29 | 4,11 | 0,06 | 0,78 | 99,38
8 1
271 | 524 | 0,81 | 1351 | 3,96 | 592 | 0,34 | 7,87 | 9,11 | 1,84 | 2,75 | 0,04 | 1,25 | 99,85
0o | s
271 | 685 | 0,47 | 14,84 | 2,70 | 1,00 | 0,07 | 2,69 | 1,55 | 4,23 | 3,09 | 0,02 | 0,58 | 99,83
1 9
271 | 56,1 | 1,11 | 16,31 | 504 | 3,72 | 0,22 | 6,77 | 3,98 | 2,54 | 2,99 | 0,06 | 0,86 | 99,71
3 1
271 | 729 | 0,06 | 14,85 | 1,06 | 0,00 | 0,03 | 0,64 | 0,63 | 6,57 | 2,70 | 0,02 | 0,46 | 99,37
4 | 8
271 | 68,1 | 0,39 | 14,49 | 3,32 | 0,88 | 0,12 | 2,36 | 1,48 | 453 | 2,45 | 0,04 | 1,04 | 99,45
5 5
271 | 68,7 | 0,79 | 14,49 | 332 | 0,88 | 0,12 | 2,36 | 1,48 | 455 | 2,45 | 0,04 | 1,04 | 100,27
6 5
270 | 69,1 | 0,42 | 14,77 | 1,79 | 1,46 | 0,07 | 2,66 | 1,26 | 4,07 | 3,37 | 0,02 | 0,80 | 99,88
9 9
271 | 74,8 | 0,28 | 10,97 | 3,05 | 0,00 | 0,03 | 2,81 | 0,79 | 2,81 | 3,27 | 0,04 | 1,04 | 99,87
9 2
272 | 63,8 | 0,84 | 15,74 | 3,85 | 217 | 0,12 | 401 | 291 | 241 | 3,14 | 0,10 | 1,10 | 100,27
1 8
273 | 639 | 0,71 | 1529 | 5,69 | 0,00 | 0,10 | 3,56 | 3,14 | 2,76 | 3,37 | 0,40 | 0,80 | 99,79
3 7
273 | 55,6 | 0,98 | 1593 | 579 | 3,03 | 0,17 | 6,15 | 501 | 2,86 | 3,03 | 0,08 | 1,16 | 99,79
4 | 0
273 | 65,0 | 0,70 | 15,89 | 4,34 | 0,77 | 0,09 | 3,01 | 1,54 | 3,80 | 3,16 | 0,14 | 1,26 | 99,79
6 9
1 2 3 4 5 | 6 | 7 8 9 | 10 | 11 | 12 | 13 14
274 | 66,6 | 0,56 | 1556 | 2,63 | 2,03 | 0,10 | 3,29 | 1,50 | 3,70 | 3,31 | 0,00 | 0,48 | 99,80
0o | 4
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274 | 644 | 0,67 | 16,01 | 3,21 | 2,07 | 0,09 | 3,25 | 2,03 | 430 | 3,30 | 0,02 | 0,42 | 99,77
4 0 2

274 | 738 | 0,30 | 12,56 | 2,30 | 0,00 | 0,03 | 3,09 | 2,45 | 190 | 2,57 | 0,06 | 0,82 | 99,89
8 1

275 | 53,0 | 1,01 | 16,64 | 6,08 | 426 | 0,12 | 6,19 | 547 | 131 | 194 | 0,16 | 3,74 | 99,93
1 1

273 | 59,0 | 1,03 | 16,79 | 3,80 | 3,52 | 0,14 | 554 | 2,81 | 3,12 | 3,16 | 0,04 | 0,60 | 99,62
9 7

275 | 67,5 | 0,45 | 15,08 | 3,82 | 0,00 | 0,07 | 3,75 | 1,33 | 2,79 | 3,75 | 0,08 | 1,08 | 99,76
4 6

275 | 62,8 | 0,84 | 15,89 | 3,81 | 224 | 0,12 | 397 | 3,07 | 230 | 3,54 | 0,00 | 1,16 | 99,77
5 3

284 | 649 | 098 | 1541 | 2,17 | 3,25 | 0,09 | 3,67 | 256 | 201 | 2,79 | 0,06 | 1,91 | 99,86
1 6

289 | 50,3 | 1,11 | 1591 | 559 | 443 | 0,18 | 853 | 7,48 | 2,23 | 298 | 0,08 | 0,76 | 99,64
0 6

289 | 696 | 0,71 | 1572 | 1,19 | 253 | 0,06 | 1,54 | 1,67 | 0,98 | 500 | 0,08 | 0,64 | 99,75
2 3

289 | 742 10,28 | 1238 | 1,30 | 090 | 0,06 | 0,83 | 0,95 | 4,46 | 294 | 0,12 | 1,40 | 99,90
) 5

290 | 68,0 | 0,68 | 14,45 | 1,24 | 2,71 | 0,06 | 229 | 1,79 | 485 | 3,19 | 0,12 | 0,32 | 99,73
1 3

290 | 71,3 | 0,06 | 18,10 | 0,77 | 0,18 | 0,03 | 0,40 | 0,83 | 3,39 | 3,92 | 0,12 | 0,72 | 99,78
4 2

300 | 56,3 | 1,36 | 1595 | 3,25 | 543 | 0,18 | 546 | 4,80 | 2,76 | 1,94 | 0,45 | 1,63 | 99,58
7 7

300 | 71,0 | 0,11 | 15,78 | 1,14 | 1,08 | 0,07 | 0,77 | 0,38 | 489 | 3,75 | 0,21 | 0,58 | 99,79
8 3

275 | 62,2 | 0,66 | 16,82 | 3,26 | 2,62 | 0,08 | 266 | 2,61 | 3,87 | 1,98 | 0,10 | 2,59 | 99,51
2 6

301 | 714 |1 0,29 | 1498 | 1,15 | 1,08 | 0,05 | 0,95 | 0,52 | 4,76 | 3,75 | 0,27 | 0,52 | 99,75
0 3

301 | 46,4 | 246 | 17,40 | 1,79 | 523 | 0,18 | 119 | 7,76 | 1,14 | 2,83 | 0,42 | 1,72 | 99,28
2 2 7
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301 | 61,7 | 1,01 | 16,59 | 2,00 | 434 ] 0,12 | 2,79 | 2,89 | 3,29 | 3,56 | 0,37 | 0,99 | 99,75
4 1
301 | 69,3 | 0,61 | 14,74 | 2,64 | 1,44 | 0,09 | 2,53 | 1,28 | 2,11 | 417 | 0,18 | 0,63 | 99,73
7 1
322 | 60,8 | 0,89 | 16,83 | 2,56 | 3,43 | 0,12 | 4,61 | 2,98 | 2,05 | 3,34 | 0,23 | 0,92 | 99,76
2 6
322 | 633 | 059 | 1534 | 1,68 | 4,12 | 0,11 | 411 | 243 | 2,79 | 3,93 | 0,18 | 0,73 | 99,81
8 3
361 | 72,7 | 0,24 | 16,20 | 0,99 | 0,90 | 0,03 | 1,53 | 0,55 | 3,48 | 3,48 | 0,80 | 0,92 | 99,76
6 7
361 | 554 | 1,02 | 14,87 | 2,33 | 543 | 0,17 | 8,05 | 6,88 | 0,75 | 3,41 | 0,08 | 1,45 | 99,82
8 0
361 | 70,0 | 0,36 | 16,16 | 0,75 | 1,98 | 0,05 | 1,27 | 1,23 | 3,62 | 3,58 | 0,04 | 0,80 | 99,65
9 6
367 | 69,7 | 0,42 | 1550 | 1,04 | 2,17 | 0,06 | 2,55 | 0,95 | 3,23 | 3,45 | 0,04 | 1,23 | 99,77
3 6
367 | 54,8 | 1,12 | 18,12 | 445 | 343 | 0,15 | 6,74 | 451 | 1,93 | 3,60 | 0,08 | 0,64 | 99,65
4 | 8
367 | 67,8 | 0,44 | 1599 | 1,16 | 1,80 | 0,06 | 2,44 | 1,32 | 3,54 | 3,62 | 0,32 | 1,32 | 99,83
5 2
367 | 71,4 | 0,08 | 16,44 | 048 | 1,35 | 0,09 | 0,80 | 0,78 | 459 | 3,22 | 0,12 | 0,56 | 99,91
9 0
368 | 69,0 | 0,11 | 16,82 | 0,23 | 0,90 | 0,03 | 0,49 | 0,92 | 7,20 | 2,58 | 0,12 | 1,28 | 99,74
0 6
368 | 629 | 0,94 | 18,10 | 1,91 | 580 | 0,13 | 0,44 | 2,49 | 3.45 | 0,71 | 0,08 | 2,78 | 99,80
2 7
368 | 51,0 | 1,04 | 17,08 | 463 | 470 | 0,22 | 7,87 | 552 | 2,13 | 3,20 | 0,08 | 2,17 | 99,71
5 7
368 | 70,6 | 0,21 | 17,14 | 0,69 | 1,08 | 0,04 | 0,85 | 0,61 | 4,21 | 3,40 | 0,04 | 0,96 | 93,83
7 0
369 | 69,1 | 0,54 | 1499 | 1,32 | 1,98 | 0,09 | 2,11 | 1,81 | 3,24 | 3,48 | 0,04 | 1,12 | 99,85
o | 3
1 2 3 4 5 | 6 | 7 8 9 | 10 | 11 | 12 | 13 14
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400 | 56,2 | 0,31 | 21,34 | 2,36 | 1,65 | 0,05 | 540 | 2,73 | 0,93 | 7,10 | 0,40 | 1,24 | 100,83

5 2

322 | 52,7 | 0,79 | 16,28 | 4,20 | 8,18 | 0,61 | 861 | 6,05 | 2,11 | 2,77 | 0,12 | 0,80 | 99,85

9 9

400 | 66,0 | 0,26 | 17,15 | 0,30 | 2,22 | 0,07 | 4,41 | 1,65 | 2,07 | 425 | 0,24 | 1,12 | 100,14

7 8

400 | 60,6 | 0,80 | 17,00 | 1,74 | 2,70 | 0,07 | 6,65 | 3,14 | 0,66 | 3,80 | 0,10 | 1,02 | 99,39

8 3

400 | 66,1 | 0,38 | 16,92 | 0,33 | 1,82 | 0,05 | 465 | 1,08 | 1,62 | 505 | 0,32 | 0,91 | 100,43

2 4

401 | 67,1 | 0,34 | 15,06 | 1,72 | 0,80 | 0,06 | 3,49 | 1,22 | 2,65 | 3,69 | 0,80 | 1,23 | 100,25

5 6

402 | 531 | 048 | 22,73 | 1,00 | 1,29 | 0,05 | 12,1 | 1,94 | 0,15 | 4,92 | 0,60 | 0,96 | 100,07

5 0 7

405 | 59,8 | 0,40 | 19,21 | 1,65 | 518 | 0,08 | 6,72 | 0,72 | 1,40 | 1,10 | 0,11 | 1,45 | 99,05

5 2

405 | 655 | 0,31 | 15,64 | 0,80 | 6,05 | 0,07 | 1,40 | 1,87 | 2,16 | 3,80 | 0,14 | 0,04 | 99,80

8 5

407 | 735 | 0,33 | 13,44 | 0,63 | 259 | 0,02 | 0,98 | 0,55 | 3,60 | 3,46 | 0,05 | 0,55 | 99,55

) 9

407 | 731 | 0,27 | 13,44 | 0,08 | 2,80 | 0,02 | 0,74 | 0,44 | 454 | 3,80 | 0,05 | 0,23 | 99,76

9 9

408 | 69,1 | 0,46 | 16,00 | 0,20 | 3,45 | 0,04 | 1,79 | 0,73 | 3,00 | 4,70 | 0,20 | 0,56 | 100,36

1 1

408 | 729 | 0,27 | 13,74 | 0,03 | 2,70 | 0,02 | 1,75 | 0,41 | 2,50 | 4,20 | 0,08 | 0,42 | 99,66

) 7

44 | 56,4 | 0,84 | 18,71 | 0,18 | 7,77 | 0,10 | 5,34 | 3,02 | 2,64 | 3,00 | 0,10 | 0,34 | 99,99
6

71 | 61,2 | 0,56 | 18,03 | 0,59 | 533 | 0,10 | 529 | 2,11 | 132 | 3,46 | 0,11 | 1,25 | 99,48
9

109 | 58,3 | 0,72 | 18,19 | 0,51 | 6,48 | 0,10 | 6,09 | 2,68 | 1,32 | 3,00 | 0,12 | 1,11 | 99,14

6 0

193-| 60,9 | 0,31 | 1585 | 3,00 | 3,81 | 0,25 | 5,59 | 3,01 | 1,00 | 3,35 | 0,22 | 2,28 | 99,64

6 7
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172-| 736 | 0,05 | 14,81 | 0,81 | 0,14 | 0,03 | 1,11 | 0,32 | 3,50 | 4,60 | 0,04 | 1,08 | 100,14
6 5
160- | 73,0 | 0,05 | 15,28 | 1,05 | 0,36 | 0,10 | 1.34 | 0,24 | 250 | 5,70 | 0,14 | 0,54 | 100,32
6 0
169- | 746 | 0,05 | 14,34 | 0,58 | 0,20 | 0,07 | 1,14 | 0,16 | 3,30 | 480 | 0,07 | 0,55 | 99,88
6 2
170- | 73,0 | 0,05 | 15,11 | 1,05 | 0,36 | 0,07 | 1,04 | 0,32 | 2,80 | 550 | 0,53 | 0,21 | 100,13
6 9
192-| 73,0 | 0,62 | 13,12 | 0,94 | 2,02 | 0,07 | 245 | 1,26 | 0,80 | 4,40 | 0,20 | 1,40 | 100,38
6 8
177- | 74,0 - 13,28 | 1,11 | 0,36 | 0,07 | 1,01 | 0,12 | 2,60 | 6,70 | 0,20 | 0,02 | 99,55
6 8

Ananu3bl BeinosiHeHb! B [eostornyeckom mnuctutyte AH I'py3un.

Oo6pa3upi: 185-194 - u3 paiiona Mapyxckoro nepeBaia; 252-1460 - u3 Cakenckoro uHTpy3uBa; 2704-2755

- u3 Jdapesnbsckoro maccuBa; 2890-2904 - u3 Kacapckoro maccusa; 3007-3690 - u3 IlIxapckoro maccupa;
3222-3229 - w3 ym. p.Yepex besenrmrckoro; 3616-3619 - w3 ym.p.Mectuaugama; 4002-4085 - w3
Anaiixoxckoro maccuBa; 44-1096 - u3 Apjaiixoxckoro maccuBa (aHaJM3bl B3AThI M3 0oTuéTa 1962 roma

I''M.3apumze, H.®.Tarpumsumm u 0.3 Aynaypu); 193-6, 177-6 - u3 Ilmmxckoro maccuBa (aHaTU3bI B3STHI

u3 mororpaduu J.M.Illenrenuna, 1972).

IIpuniaoxenne 3. Xumudeckuii coctaB (Macc%) repuMHCKUI IJIATHOTPAHUT-TPAHUTOBOM cepuH

Boasmoro Kaska3za

Ne SiO, TiO, Al,04 Fe,04 FeO MnO CaO MgO K,O Ne

1 2 3 4 5 6 7 8 9 10 1
MurmaTuThbl

39 75,91 0,62 11,2 0,93 3,96 0,13 0,58 1,18 2,28 1,

42 72,65 0,34 12,58 1,40 4,14 0,11 0,58 2,19 2,46 0,
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66 58,60 0,80 14,96 3,23 5,04 0,13 1,99 3,61 6,48 2,

77 63,91 0,28 14,45 2,50 4,50 0,28 2,10 2,60 4,80 1,
169 89,84 0,36 13,60 1,88 3,60 0,10 2,00 2,20 2,34 3,
113 70,50 0,29 14,45 1,49 1,98 0,10 3,06 1,18 3,57 2,
115 71,22 0,36 14,28 1,32 1,98 - 3,18 1,52 1,31 3,
240 68,50 0,35 14,50 0,20 4,60 0,14 3,30 1,70 1,70 4,
248 67,38 0,38 13,60 1,05 5,00 0,14 2,20 2,70 3,00 3,
249 60,00 0,45 18,60 1,70 5,50 0,14 1,45 2,00 4,20 1,
265 52,75 0,79 17,17 0,73 5,81 0,10 1,60 1,95 5,20 1,
298 72,40 0,18 11,56 0,90 2,44 0,07 1,03 3,60 6,00 2,
307 59,80 1,20 20,70 1,15 5,58 0,29 1,26 2,60 4,30 1,
319 65,90 0,28 14,60 1,10 4,80 0,14 2,10 2,50 3,00 2,
338 63,40 0,48 19,40 1,60 5,60 0,21 1,23 0,24 4,20 1,
351 75,02 0,10 13,50 0,30 1,94 0,06 1,54 0,86 1,00 4,
373 62,92 1,05 17,43 2,49 5,79 0,20 1,00 3,10 1,58 3,
300 75,30 0,28 11,22 0,90 1,32 0,07 1,12 1,80 4,4 1,
928 68,40 0,35 14,90 1,04 1,26 0,12 0,48 1,88 4,22 4,
966 60,20 0,95 16,12 0,36 8,44 0,62 1,95 3,25 1,56 2,
2012 53,40 1,05 21,85 2,27 7,05 0,07 1,29 5,53 3,64 2,
2020 64,88 1,17 17,38 2,19 4,16 0,06 0,80 2,42 3,87 1,
2024 52,24 1,33 21,52 2,64 6,16 0,06 1,69 5,56 3,71 2,
2036 57,23 1,29 17,29 5,95 2,19 0,08 3,88 3,71 3,90 2,
2047 66,44 0,58 15,53 2,00 4,32 0,17 1,29 2,49 3,76 2,
2083 66,08 0,48 15,34 1,39 3,78 0,07 2,02 2,97 2,62 3,
2116 69,32 0,56 15,26 0,71 3,98 0,05 1,20 1,69 2,40 3,
2391 65,34 0,96 15,53 1,17 5,17 0,07 1,62 2,62 3,12 3,
2154 64,98 0,75 16,47 2,09 3,61 0,07 1,42 2,63 3,38 2,
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2343 70,40 0,33 15,25 1,12 1,97 0,07 2,45 1,05 2,97 3,
1 2 3 4 5 6 7 8 9 10 1
2371 57,40 1,01 15,60 2,10 5,37 0.24 6,09 4,42 0,80 3,
2406 64,45 0,97 15,77 0,76 4,70 0,09 3,82 2,42 2,63 3,
2432 58,61 0,97 16,88 2,63 4,01 0,15 5,41 4,00 2,75 2,
2444 67,33 0,50 16,28 1,58 1,54 0,05 1,26 1,13 6,13 3,
2480 69,57 0,41 15,90 0,88 1,63 0,05 0,52 1,43 6,88 1,
2486 62,04 1,07 18,07 2,16 4,67 0,18 0,81 2,68 4,68 2,
2510 76,11 0,32 12,13 0,79 2,04 0,11 1,47 1,26 1,72 3,
3557 72,18 0,22 17,06 1,28 2,26 0,05 1,09 0,84 1,12 2,
2151 58,97 1,05 18,02 3,07 5,61 0,09 1,28 4,05 3,98 2,
3567 63,44 0,67 18,54 1,60 3,61 0,18 0,81 1,54 3,60 3,21
ILinaruorseiicbl U NJIarHOrPaHMUTHI

33 67,09 0,70 14,09 0,76 4,86 0,11 3,74 2,44 1,77 2,
176 71,50 0,23 15,30 0,30 2,80 0,14 1,30 1,00 1,70 2,
180 72,40 0,17 14,50 0,30 2,40 0,11 2,70 0,70 0,60 5,
184 73,00 0,17 14,00 0,30 2,50 0,14 2,00 3,10 0,70 2,
305 75,28 0,25 13,94 0,60 0,18 0,01 1,40 0,88 1,30 4,
325 67,20 0,33 14,60 1,20 4,00 0,10 3,70 1,50 2,00 3,
344 73,50 0,15 14,96 0,45 1,20 0,03 4,00 0,40 1,00 3,
353 74,77 0,25 13,76 0,36 0,51 0,04 3,07 0,60 1,00 4,
984 75,80 0,05 14,36 0,24 0,36 0,02 0,96 0,87 1,40 4,
2039 71,51 0,38 14,81 0,73 2,02 0,05 1,61 0,60 1,56 3,
2043 67,61 0,63 15,93 1,03 3,07 0,06 2,63 1,00 1,96 4,
2067 67,28 0,40 16,26 1,46 1,80 0,03 3,30 1,15 1,68 4,
2071 64,46 0,74 16,61 2,48 2,81 0,06 5,00 1,43 1,74 3,
2076 62,78 0,83 17,10 1,14 4,12 0,05 4,01 2,11 1,53 3,
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2109 70,36 0,25 15,74 0,60 1,94 0,19 2,14 0,49 2,88 4,
2122 74,26 0,10 15,03 1,15 0,00 0,02 1,02 0,26 1,14 5,
2205 70,31 0,42 15,37 0,63 2,49 0,05 2,01 1,02 0,99 5,
2206 71,78 0,56 14,14 0,42 2,62 0,04 2,15 0,70 1,81 4,
350 75,05 0,10 13,50 0,30 1,94 0,06 1,54 0,86 1,00 4,
2374 63,14 1,10 18,36 1,39 4,31 0,82 1,81 3,08 1,93 2,
2408 62,93 0,84 17,26 2,95 0,24 0,11 4,43 2,89 2,41 2,
2426 72,49 0,17 16,57 1,08 0,00 0,03 1,11 0,39 1,21 6,
2473 68,24 0,55 15,50 0,45 3,18 0,04 1,82 2,15 2,98 4,
1 2 3 4 5 6 7 8 9 10 1
2510 76,11 0,32 12,13 0,79 2,04 0,11 1,47 1,26 1,72 3,
2611 76,35 0,32 12,51 2,46 0,00 0,03 1,77 0,65 1,70 3,
3201 73,19 0,52 12,99 1,30 2,35 0,06 3,03 1,13 1,52 3,
3202 70,32 0,38 15,83 2,15 1,08 0,05 1,86 1,03 1,79 4,
3560 74,09 0,14 12,17 0,74 0,72 0,03 2,03 0,51 1,32 3,
2587 63,03 1,07 16,07 2,03 4,41 0,14 4,64 5,25 1,59 2,
Muxkpok/jinHOBbIe TOP(PHPO6IACTOBbIE IPAHUTHI

37 73,55 0,20 12,75 1,26 1,26 0,05 1,75 1,00 4,04 2,
46 72,91 - 12,41 1,36 0,72 0,02 1,64 0,92 5,28 3,
54 72,02 0.10 13,43 0,70 1,62 0,03 0,93 1,00 5,28 4,
64 72,85 0,24 12,75 0,56 1,53 0,05 1,68 0,75 5,04 3,
106 75,48 - 12,56 0,48 1,08 0,03 0,83 0 6,60 2,
130 73,64 - 13,26 0,78 1,26 - 1,77 1,18 4,92 2,
131 75,47 0,05 13,10 0,35 0,45 - 0,52 0,40 6,42 2,
167 74,29 0,08 14,11 0,42 0,54 - 0,23 0,17 5,70 2,
172 71,37 0,09 13,94 0,44 1,62 0,02 1,82 0,44 5,76 3,
174 72,75 0,98 14,14 1,08 1,08 0,02 1,25 0,60 4,15 3,
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223 73,90 0,07 13,53 0,35 0,90 0,02 1,12 0,26 512 3,
286 71,00 0,25 14,62 0,25 1,79 0,03 1,49 0,81 5,30 3,
335 73,00 0,17 14,37 0,14 0,17 0,07 1,40 0,24 5,70 2,
360 71,62 0,22 13,45 0,44 1,86 0,06 2,32 0,70 4,00 4,
832 71,00 0,86 14,10 0,54 1,33 0,03 0,54 1,15 6,20 2,
845 70,28 0,20 14,10 0,27 1,30 0,02 1,55 1,40 5,70 2,
870 70,16 0,35 13,60 1,08 2,00 0,07 2,52 1,80 3,46 3,
940 75,20 0,10 13,95 0,27 0,50 0,53 0,20 0,10 4,62 3,
953 78,40 0,05 10,90 0,18 0,57 0,01 0,46 0,65 6,45 1,
973 72,14 0,09 13,42 0,36 0,75 0,01 0,64 0,95 6,80 2,
997 74,66 0,15 12,60 0,13 1,29 0,03 1,11 0,47 4,40 4,
1000 73,00 0,15 13,60 0,61 1,00 0,10 1,76 0,47 4,00 4,
2033 75,22 0,09 13,37 0,09 1,28 0,02 0,77 0,24 5,48 3,
2034 69,05 0,33 15,80 0,45 3,01 0,04 2,01 0,54 5,24 3,
2038 67,96 0,43 15,88 1,01 2,37 0,05 2,27 0,98 3,33 3,
2040 69,68 0,44 14,69 0,86 2,42 0,05 2,25 0,92 4,61 3,
2063 69,65 0,46 14,86 1,26 2,03 0,05 2,01 1,22 3,12 3,

1 2 3 4 5 6 7 8 9 10 1
2068 70,64 0,21 15,51 1,70 0,50 0,03 0,92 0,62 4,28 4,
2072 70,37 0,19 15,39 1,63 0,18 0,02 1,03 0,39 5,49 3,
2075 68,52 0,30 16,95 0,96 1,66 0,04 1,39 0,59 2,35 5,
2070 68,72 0,44 15,25 2,10 1,62 0,06 1,47 1,10 3,24 3,
2077 71,75 0,18 14,98 1,13 0,54 0,02 0,75 0,37 5,61 3,
2078 70,55 0,21 15,95 1,26 0,64 0,03 0,69 0,57 4,02 4,
2086 69,26 0,45 15,30 1,09 1,98 0,04 1,51 0,92 3,15 4,
2087 69,62 0,27 15,76 0,95 1,58 0,04 2,13 0,64 3,63 4,
2088 70,59 0,28 15,21 1,29 1,44 0,05 2,50 0,49 2,99 4,
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2095 63,38 0,74 16,55 2,07 3,75 0,07 4,05 1,69 3,65 2,
2105 69,88 0,37 15,20 1,03 1,98 0,03 1,89 0,35 3,55 4,
2185 72,33 0,36 13,52 2,38 0,54 0,04 1,67 0,60 4,25 2,
2407 74,70 0,17 13,62 1,47 0,00 0,03 0,30 0,81 5,13 2,
2444 68,33 0,50 16,28 1,58 2,54 0,05 1,26 1,13 5,13 3,
2450 62,72 0,76 16,84 1,80 2,68 0,10 2,86 2,36 5,06 3,
2472 69,61 0,33 16,78 2,30 0,00 0,04 0,74 0,99 5,69 2,
2479 71,83 0,18 16,48 0,74 0,52 0,02 0,74 0,66 4,88 3,
2480 69,57 0,41 15,90 0,88 1,63 0,05 0,52 1,43 6,88 1,
2496 67,36 0,28 15,35 1,65 2,38 0,04 1,64 1,21 5,54 2,
2517 70,18 0,14 15,80 0,95 0,30 0,02 0,55 0,71 8,18 2,
2518 67,81 0,44 16,97 0,99 1,49 0,04 0,95 111 5,79 3,
2559 70,05 0,33 16,12 2,30 0,00 0,03 1,23 0,93 5,72 2,
2596 71,00 0,23 16,46 1,95 0,00 0,05 1,09 0,77 3,56 3,
2602 69,68 0,40 16,27 2,17 0,36 0,02 1,11 0,85 5,24 2,
2487 71,21 0,79 17,24 0,96 0,00 0,03 0,49 0,71 5,58 2,
2934 72,48 0,17 14,33 1,33 0,18 0,04 0,71 0,78 5,54 2,
3095 67,63 0,77 15,83 2,78 0,90 0,07 1,85 1,56 4,56 3.
3100 70,48 0,16 17,39 0,81 0,54 0,04 0,86 0,90 4,72 3,
3234 73,35 0,45 14,25 0,68 1,62 1,62 0,40 0,58 3,43 2,
3540 71,61 0,25 15,91 0,87 0,90 0,04 0,84 0,63 5,12 2,
3548 69,96 0,18 17,14 1,15 0,36 0,04 0,73 0,55 5,24 3,
3605 72,02 0,33 15,12 0,85 1,53 0,07 1,24 0,60 4,25 3,
3611 68,76 0,49 16,34 1,35 1,44 0,05 0,76 1,15 5,50 2,

AHanu3bl BoinoJIHeHbI B I'eonornyeckom mnHcrutyte AH I'py3un

Oo6pa3ub:
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Murmatutbl: 39-77 - ¢ rokHOro ckiona Kiyxopckoro mepesana; 109-115 - ¢ 10KHOro CKJIOHA
Haxapckoro nepeBana; 240-249 - ¢ 1oxHOro ckiioHa Mapyxckoro mnepesana; 265-273 - u3 yur.p. CakeHu;
928-966 - w3 ym. p.I'Banapa; 2012-2047 - u3 yur.p.Y3ynkon;, 2083 - u3 yur.p. Haxap; 2116 - u3 r0XHOTO
ckioHa Haxapckoro mepeBana; 2151-2154 - u3 ymi. p. Ky6an; 2343-2444 - w3 yur. p. Jayt; 2480-2510 - u3
yiur. p. Haxap; 3557-3567 - u3 ymr. p. Hernckpa;

Inarunorueiicel U miaarnorpanuThl: 33- ¢ 10XHOTO cKioHa Kityxopckoro mepesana; 179-184 - ¢
tokHOTO ckitoHa Haxapckoro nepesana; 305-357 - u3 ymi. p. Caken; 984 - u3 yur. p. ['Bannpa; 2039-2043 - u3
yi. p. ¥Y3yskor;, 2067-2076 - u3 yui. p. Haxap; 2109 - u3 ucrokos p. Haxap; 2122 - u3 ym.p. Kyban; 2205-
2206 - u3 ym. p. llIxenna; 2374-2426 - u3 yni. p. Jayn; 2473 -2510 - u3 ym. p. Haxap; 2587 - ¢ rokHOTO
ckiona Kiyxopckoro nepeBaina; 2611- u3 yur. p. Yny-Mypymky; 3201-3202 - u3 ym. Uepek besenruckoro;
3560 - u3 ym. p. L{xBanaup;

MuKpoKJIMHU3HPOBaHHBbIe mopdupodaacToBble TIpaHuTh: 37-64 - ¢ FOKHOTO CKJIOHA
Kiyxopckoro mepesana; 106-223 - ¢ roxHoro ckiona Haxapckoro mepeBama; 167-174 - u3 Amrapckoro
TEKTOHHUECKOro KiauHa; 286-360 - u3 ymr. p. Cakenu; 832-1001 - u3 ym. p. 'sanapa; 2033-2040 - u3 ymi. p.
V3ynkoir; 2068-2078 - u3 ym. p. Haxap; 2086-2105 - u3 ceBeproro ckinona Haxapckoro nepeana; 2185- u3
yir. p. Upuk; 2407-2450 - u3 yur. p. Jayn; 2472-2518 - u3 ymr. p. Haxap; 2559 - u3 yur. p. Jxannakoi; 2596
- ¢ 1okHOTO cKiloHa Kimyxopckoro nepeBaiia; 2602 - uz yur.p. Mypyky; 2934-2941 - u3 ym. p. Canon; 3095-
3100 - u3 ym. p. TBubepu; 3234 - u3 ym. p. Teubep; 3540-3548 - u3 ym. p. Hernckpa; 3605-3611 - u3 ym. p.
Mecrtuayvana.
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Ipuaoxenue 4. Xummnueckuii coctaB (Macc%) Mo3AHEKAJEAOHCKUX I'PaHUTOTHelicoB BoJibioro

Kagka3za
Ne SiO, TiO, Al,04 Fe,04 FeO MnO CaOo MgO K,O Neé
2094 67,86 0,32 16,45 0,97 2,35 0,04 1,42 1,38 3,76 3,
2129 62,51 0,68 17,75 2,29 2,35 0,03 0,83 3,28 3,96 4,
2154 64,98 0,75 16,47 2,09 3,61 0,07 1,42 2,63 3,38 2,
2203 67,77 0,59 15,36 1,13 3,26 0,05 3,09 1,25 3,51 2,
2204 68,27 0,63 15,40 0,52 4,03 0,05 2,33 1,31 2,27 4,
2217 63,25 0,57 16,23 1,27 4,84 0,11 1,03 3,42 2,42 4,
2219 64,46 0,63 16,24 4,63 0,63 0,09 3,61 1,64 0,57 4,
2220 69,58 0,40 15,07 1,84 1,80 0.05 1,26 0,77 2,87 5,
2355 69,41 0,39 16,78 0,42 2,20 0,05 1,12 1,05 5,04 2,
2374 59,14 1,10 18,36 1,39 7,31 0,29 1,81 3,08 2,93 2,
2395 73,32 0,30 15,32 0,58 1,30 0,03 1,39 0,82 2,24 3,
2488 62,93 0,11 17,26 2,95 0,24 0,20 4,43 2,89 2,91 3,
2436 66,27 0,88 17,17 0,50 4,71 0,09 0,45 2,24 3,69 1,
2572 71,37 0,33 16,10 1,64 0,75 0,04 191 0,59 2,52 4,
2616 70,68 0,82 14,66 0,74 4,01 0,11 0,97 1,89 2,56 2,
2801 70,07 0,39 14,69 1,45 1,62 0,07 1,66 1,67 4,32 2,
2806 67,40 0,62 15,40 2,12 2,17 0,07 1,96 1,61 3,24 3,
2818 70,04 0,40 15,90 1,79 0,72 0,05 0,32 1,24 5,19 2,

AHanu3bl BoinoJiHeHbI B ['eosnornueckom mnHctutryte AH I'pysun.

O6pasuer:  2094-2154 - w3 ymr. p. Haxap; 2203-2220 - u3 ym. p. llIxenga; 2355-2436 -
u3 yur. p. Hayxa; 2572 - u3 ymr. p. llIxenga; 2616 - u3 ym. p. Yay-mypyxy; 2801-
2818 - u3 ym. p. Hakpa.
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Hpuaoxenue 5. Xumnueckuii coctaB (Macc%) repumHCKONA rPaHOAHOPUT-ATIACKUTOBOM cepuH

Boasmoro KaBkaza

Ne SiO, TiO, Al,04 Fe,04 FeO MnO CaOo MgO K,O Neé

1 2 3 4 5 6 7 8 9 10 1
56 72,21 0,24 13,26 1,13 1,53 - 2,34 1,34 2,34 4,
75 73,36 0,15 12,58 0,91 4,32 0,11 2,24 - 2,46 3
116 70,70 0,20 14,79 1,96 1,26 0,08 3,06 1,18 3,86 2,
156 73,65 0,07 13,60 0,35 1,08 0,03 1,39 0,45 3,80 3,
164 72,40 0,10 13,60 1,61 1,44 0,08 2,12 0,50 2,40 3,
165 72,84 0,09 13,60 1,33 1,08 1,80 1,80 0,50 3,26 3,
266 73,30 0,08 14,11 0,25 1,07 0,38 1,38 0,48 4,80 3,
269 71,25 0,30 14,45 0,10 1,65 0,12 1,60 0,89 3,40 5,
280 71,45 0,30 13,97 0,12 0,62 0,06 2,26 1,37 4,40 3,
329 69,80 0,20 15,50 0,45 2,20 0,20 2,80 0,80 3,60 3,
354 69,05 0,45 14,45 0,40 3,59 - 2,09 1,49 4,20 3,
359 69,12 0,36 15,50 1,20 2,65 - 3,84 0,78 3,00 3,
360 70,10 0,18 15,12 0,90 1,66 0,20 1,96 1,40 4,20 4,
853 70,26 0,35 13,92 0,73 2,35 0,15 1,20 1,80 3,30 3,
899 71,00 0,20 14,82 0,36 0,90 0,20 1,96 1,40 4,56 4,
849 71,16 - 13,94 0,36 1,60 0,02 1,12 1,32 3,30 5,
920 73,00 0,20 13,60 0,27 0,50 0,08 0,84 0,68 3,70 3,
955 71,40 0,18 13,83 0,36 1,83 0,10 0,79 0,88 4,60 2,
962 72,20 0,29 14,53 0,80 1,08 0,10 1,49 0,95 3,28 2,
1021 73,60 0,13 13,29 0,27 1,01 0,15 1,23 1,08 4,48 3,
2005 71,21 0,25 15,04 1,44 1,06 0,04 2,14 0,56 3,10 3,
2006 71,53 0,23 15,20 1,42 0,72 0,03 1,75 0,47 3,82 3,
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2007 71,70 0,25 15,02 0,79 1,40 0,03 1,67 0,43 4,14 3,
2008 75,64 0,04 14,58 0,15 0,56 0,02 0,69 0,11 1,85 5,
2009 71,92 0,25 14,69 0,37 1,85 0,04 1,57 0,47 3,24 4,
2011 70,56 0,24 15,94 1,11 1,26 0,02 0,32 0,58 5,01 3,
2014 72,07 0,18 15,10 0,98 0,52 0,01 0,82 0,33 5,75 3,
2019 70,51 0,31 15,27 0,80 1,46 0,02 1,00 0,66 5,85 2,
2021 70,42 0,31 15,87 1,66 0,84 0,02 0,97 0,66 5,52 2,
2049 72,30 0,31 14,50 0,61 1,80 0,02 1,77 0,55 4,50 3,
2051 72,59 0,26 14,54 0,75 1,06 0,03 0,43 0,58 2,75 6,

1 2 3 4 5 6 7 8 9 10 1
2134 3,17 0,15 14,91 0,12 1,58 0,03 0,75 0,46 4,55 3,
2136 72,62 0,17 15,19 0,65 1,08 0,03 1,40 0,44 3,27 3,
2139 72,89 0,34 14,10 0,80 1,62 0,03 1,39 0,48 4,48 2,
2142 75,68 0,28 11,92 1,84 0,90 0,03 0,93 1,16 2,35 2,
2144 67,98 0,50 15,82 2,18 1,80 0,05 1,77 1,30 2,99 3,
2146 73,34 0,14 14,25 1,33 0,01 0,02 0,58 0,24 5,49 3,
2150 71,16 0,24 15,39 1,77 0,27 0,03 1,02 0,36 4,19 4,
2052 72,37 0,23 14,70 0,74 121 0,03 0,94 0,63 4,19 3,
2177 70,01 0,42 15,67 0,81 2,33 0,03 0,62 0,95 3,49 3,
2179 68,73 0,57 16,01 0,79 2,87 0,04 0,91 1,26 2,98 4,
2185 72,33 0,36 13,52 2,38 0,54 0,04 1,67 0,60 4,25 2,
2206 71,78 0,56 14,14 0,42 2,62 0,04 2,15 0,70 1,81 4,
2207 70,84 0,24 15,17 0,35 1,98 0,03 2,07 0,51 3,67 3,
2210 67,81 0,57 14,79 0,80 4,32 0,07 2,48 1,54 2,15 3,
2216 72,45 0,39 13,95 1,92 0,97 0,04 0,48 0,45 3,84 4,
2218 71,24 0,22 14,03 0,01 1,66 0,02 0,90 0,53 4,67 3,
2303 67,68 0,62 15,74 1,62 2,08 0,07 2,55 1,58 3,36 3,
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2307 68,77 0,36 15,49 1,42 0,93 0,02 1,49 0,90 4,80 4,
2314 69,83 0,34 15,73 0,72 0,02 0,08 1,38 0,90 3,91 3,
2324 72,95 0,22 15,48 0,45 1,06 0,03 0,64 1,19 4,12 2,
2342 69,56 0,28 15,66 2,08 0,81 0,05 2,06 1,06 3,07 3,
2343 70,40 0,33 15,25 1,12 1,97 0,06 2,45 1,05 2,97 3,
2347 71,88 0,28 16,35 0,40 1,13 0,04 1,76 0,92 3,47 2,
2349 70,54 0,32 17,17 0,65 1,12 0,03 1,63 1,01 3,63 3,
2368 71,03 0,21 16,42 0,85 0,61 0,03 0,62 0,81 5,85 2,
2372 72,60 0,22 15,66 0,75 0,50 0,03 1,22 0,39 2,13 5,
2376 69,23 0,42 15,79 1,15 2,24 0,08 0,48 1,68 5,01 2,
2379 69,00 0,35 17,36 1,11 0,88 0,04 1,74 0,92 3,95 2,
2382 69,89 0,39 14,72 0,93 1,48 0,04 2,03 1,02 3,25 3,
2389 76,02 0,12 11,92 1,10 0,00 0,02 0,34 0,91 4,19 3,
2420 70,45 0,21 17,61 1,38 0,30 0,04 1,42 0,78 3,40 3,
2423 70,39 0,21 17,47 1,72 0,00 0,04 1,55 0,92 3,36 3,
2439 72,41 0,30 16,09 1,37 0,68 0,03 1,40 0,81 2,26 3,
2441 66,95 0,68 15,99 2,12 1,97 0,08 2,91 1,79 2,65 3,

1 2 3 4 5 6 7 8 9 10 1
2448 70,22 0,64 15,67 1,96 0,64 0,06 2,52 1,45 1,72 4,
2456 70,86 0,18 16,99 1,50 0,00 0,03 0,87 0,74 5,18 3,
2808 69,72 0,44 15,52 1,38 1,44 0,05 1,02 1,30 4,78 2,
3200 69,26 0,18 17,66 1,03 0,36 0,03 0,85 0,92 5,93 3,
3205 70,66 0,05 18,35 0,27 0,54 0,03 0,89 0,65 4,28 3,
3206 72,94 0,05 10,47 0,71 0,36 0,03 1,10 0,75 4,16 3,
3217 67,94 0,57 16,13 2,11 1,80 0,07 2,43 1,11 3,08 3,
3230 70,41 0,16 17,13 0,89 0,72 0,04 0,58 0,56 521 2,
3247 73,35 0,45 14,35 0,68 1,62 0,40 0,58 1,04 3,43 2,




234

3584 69,85 0,12 17,52 0,79 0,45 0,03 0,74 0,83 5,63 2,
3585 69,77 0,18 17,70 1,14 0,54 0,06 0,90 0,48 4,35 3,
3586 67,83 0,28 17,82 1,34 0,72 0,03 1,17 0,84 5,68 3,

AHanu3bl BoinoJiHeHbI B ['eonornueckom uncruryte AH I'py3un

O6pa3upr: 56-116 - u3 yur.p. Kinery; 156-280 - u3 Haxapckoro nepeBana; 329-360 - u3 ucrokoB p. CakeH;
853-1021 - u3 ucrokoB p. ['Banmpa; 2005-2052 - u3 ym. p. Kyban; 2134-2150 - u3 yur. p. Y3yskom; 2176-
2188 - u3 ymi1. p. Upuk; 2206-2218 - u3 yni. p. lxenna; 2303-2456 - u3 ym. p. Jayn; 2808 - 13 ucToKoB p.

Haxkpa; 3200-3247 - u3 yu1. p. Uepek-bezenruckoro; 35-3586 - u3 ucrokos p. Henckpa.

Ipuaoxenue 6. [lerpoxumMuyeckne mapaMeTpbl repuUMHCKON radpo-miIaruorpaHuTOBOI cepuu

Boanmioro Kaska3za

Ne A F M K f CaO" Si0," Or Ab Q N PI
2A1,0; | 2Al,04

1 2 3 4 5 6 7 8 9 10 11 12
1205 | 41,4 62,7 22,8 14,5 61,1 22,5 91,5 7,4 41,0 51,0 41
1206 | 41,5 39,6 18,9 13,3 54,2 21,6 91,0 6,3 42,4 51,3 38
1212 | 30,8 36,3 32,9 8,2 38,5 38,8 76,9 - - - -
1218 | 30,1 51,2 18,9 13,0 61,2 25,4 88,4 5,8 37,0 57,2 54
1219 | 46,0 35,4 18,6 13,3 52,5 27,4 81,2 7,4 42,0 49,6 27
1221 | 53,4 38,4 11,4 26,7 65,3 17,6 94,0 13,2 33,8 53,0 15
1227 | 61,4 28,4 10,2 39,2 59,1 22,3 93,8 29,5 43,0 27,5 30
1229 | 49,1 39,8 11,1 14,5 64,7 18,9 91,6 8,2 46,4 45,3 26
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1233 | 451 37,7 17,2 15,9 67,2 24,5 92,6 8,1 40,4 51,5 37
1241 | 63,4 34,0 2,6 11,0 91,0 16,5 96,7 7,0 53,3 39,7 8
1244 | 31,7 22,1 46,2 7,0 21,3 27,3 81,6 6,0 61,4 32,6 54
1246 | 23,8 45,3 30,9 16,4 45,3 25,4 85,8 2,7 37,7 59,6 37
1249 | 493 36,6 141 11,8 57,7 251 90,6 6,0 42,3 51,7 47
1250 | 43,9 35,3 20,8 14,4 49,5 23,8 92,4 7,2 44,5 48,3 36
1274 | 32,8 47,8 19,4 11,8 58,4 24,8 87,8 6,5 45,7 47,8 45
1302 | 38,4 61,6 30,0 10,8 59,9 26,4 88,2 6,6 51,9 41,5 40
1303 | 48,5 355 16,0 4,0 56,3 21,1 93,3 3,5 43,3 53,2 39
1306 | 39,5 38,9 21,6 2,3 51,0 23,0 90,3 6,4 41,2 52,4 26
1314 | 22,7 46,4 30,9 5,2 46,3 25,3 82,2 3,8 39,2 47,0 34
1316 | 43,3 38,4 18,3 4,9 59,8 23,3 93,8 2,5 45,1 52,4 37
1317 | 211 55,7 23,2 8,1 58,0 28,8 80,6 5,6 60,8 33,6 60
1323 | 20,2 54,6 25,2 2,6 54,7 26,2 85,5 0,9 35,3 63,8 58
1327 | 40,1 44,0 15,9 50 58,3 22,6 90,0 2,6 45,2 52,2 38
1336 | 58,2 29,7 12,1 15,6 56,6 18,8 95,4 8,3 42,2 49,5 15
1337 | 83,0 16,4 0,6 29 941 15,2 98,4 1,8 56,1 42,1 5
1348 | 17,3 49,1 33,6 9,3 54,0 25,4 83,8 4,8 44,9 50,3 45
1349 | 80,7 17,0 2,3 6,5 81,8 16,4 96,6 3,7 50,5 45,7 11
1388 | 20,5 49,4 30,1 13,4 53,2 32,2 78,3 - - - -
1389 | 17,2 53,6 29,0 15,2 48,5 33,4 74,9 - - - -
1390 | 191 52,8 28,1 11,2 52,6 30,1 79,9 - - - -

1 2 3 4 5 6 7 8 9 10 11 12
1392 | 21,9 51,9 26,2 9,2 54,1 28,0 82,3 6,9 59,9 33,2 57
1397 | 20,6 50,7 28,7 11,0 53,6 27,5 82,0 6,2 58,7 35,2 56
1401 | 61,5 25,5 13,0 26,5 53,1 24,6 91,1 - - - -
1402 | 41,6 37,8 20,6 23,6 51,5 28,0 84,4 - - - -
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2850 | 68,7 17,2 14,1 9,2 41,3 19,6 95,3 4,1 39,8 51,1 29
2852 | 73,3 11,9 14,8 1,2 31,0 19,5 96,2 0,7 43,0 56,2 21
2858 | 71,9 12,6 15,5 50 31,2 16,4 96,5 2,0 39,0 58,1 18
3032 | 215 31,4 47,1 47,2 27,2 29,2 69,3 19,3 76,3 4,4 4,4
1380 | 15,4 53,4 31,2 51 36,1 30,4 70,8 - - - -

3036 | 73,4 18,8 8,8 19,0 53,4 35,9 90,3 19,3 76,3 4,4 43
3042 | 813 9,4 9,3 4,0 37,2 19,1 96,6 2,6 53,6 43,8 16
3048 | 80,0 155 4,5 12,2 66,1 21,4 97,1 8,4 54,3 37,3 15
3061 | 774 16,9 5,7 8 6 21,7 96,6 4,7 52,3 43,0 19
3070 | 78,8 9,2 12,0 1 30 21,2 95,9 0,7 61,1 38,2 15
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IMpunoxenue 7. [lerpoxuMuveckne napaMeTpbl repuuHCKO radopo-agaMe/LIMTOBOI cepun

Boasmoro KaBkaza

N A F M K f CaO" Si0," Or Ab Q N PI
2A1,0; | 2Al,04

1 2 3 4 5 6 7 8 9 10 11 12
185 40,0 | 425 17,5 29,1 58,4 27,6 86,4 22,5 51,6 25,9 47
186 43,0 38,0 19,0 36,0 54,6 24,5 84,6 26,2 | 440 29,8 47
194 36,2 | 459 18,9 20,0 58,1 26,7 84,7 13,0 | 49,0 38,0 50
252 442 | 46,6 9,2 38,2 73,1 32,1 87,2 24,3 37,0 38,0 68
396 42,9 50,4 6,6 35,6 80,9 26,5 89,8 19,9 33,9 46,2 54
427 39,8 | 459 14,3 49,0 69,2 25,0 87,9 26,2 23,8 50,0 66
431 36,1 | 439 20,0 34,7 55,9 26,5 88,5 16,9 30,1 52,8 59
433 37,3 | 43,2 19,5 41,8 55,6 28,7 85,8 254 | 338 41,0 63
436 410 | 453 13,7 38,3 65,2 26,2 87,8 22,8 34,2 43,0 57
448 32,6 36,3 30,9 42,8 67,5 23,6 84,9 24,6 30,8 44,6 59
470 32,3 | 49,2 18,4 | 30,6 59,9 30,6 86,7 17,5 37,5 45,0 62
482 52,7 33,9 13,4 | 430 59,6 22,9 911 23,2 28,8 48,0 50
492 59,1 35,8 51 50,0 80,6 24,1 92,7 26,1 24,5 49,4 54
494 56,0 35,4 8,6 46,7 74,3 27,5 94,9 24,2 26,7 471 46
513 54,0 36,4 9,6 59,0 68,4 21,6 93,5 31,0 20,3 48,6 53
521 45,0 | 441 10,9 50,0 69,4 24,5 92,5 30,1 19,7 50,2 59
550 57,0 39,2 4,7 65,0 82,8 22,3 92,8 31,0 15,7 53,3 63
743 30,5 | 4938 19,7 52,3 55,9 27,0 87,3 25,3 217 52,9 70
789 49,7 39,8 10,5 66,1 67,7 22,6 91,0 30,6 14,8 54,5 59
799 31,0 | 4838 20,2 46,7 57,1 24,9 87,2 23,3 251 51,6 68
800 22,6 52,9 24,5 43,2 54,8 29,1 82,5 214 | 26,5 52,1 75
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2704 | 53,8 34,7 11,5 24,2 63,3 23,8 93,9 14,4 | 42,2 43,4 37
2706 | 51,5 34,3 14,2 38,1 58,2 23,4 93,2 23,5 355 40,7 38
2708 | 81,8 10,4 7,8 40,2 43,3 21,9 97,7 28,3 39,2 32,5 8
2709 | 63,2 26,1 10,7 44.4 58,2 22,0 93,9 30,4 | 36,0 33,6 31
2710 | 19,8 | 40,9 39,3 30,3 37,2 25,7 72,2 35,3 77,2 12,5 62
2711 | 59,6 27,8 12,6 47,0 55,0 22,2 93,8 31,5 33,0 35,5 33
2713 | 31,1 | 464 22,5 35,2 54,3 29,2 82,9 19,7 34,3 46,0 72

1 2 3 4 5 6 7 8 9 10 11 12
2715 | 56,7 31,3 11,0 54,3 60,2 21,5 94,3 34,5 26,4 39,1 36
2719 | 63,2 28,5 8,3 36,3 66,4 17,4 95,7 194 | 328 47,8 33
2721 | 40,3 | 408 18,9 33,2 55,2 24,9 89,8 215 | 40,6 37,9 41
2733 | 42,6 35,6 21,8 34,4 48,2 24,3 91,1 23,3 | 409 35,8 37
2734 | 30,7 | 431 26,2 38,2 48,1 28,1 82,4 37,9 57,0 4,1 54
2736 | 52,8 35,5 11,7 44,1 58,2 28,1 93,7 30,0 35,3 34,7 34
2739 | 39,2 | 433 17,5 39,2 58,0 28,2 76,5 31,8 | 455 22,7 49
2740 | 54,3 34,1 11,6 42,2 62,2 23,7 92,3 355 | 454 19,1 35
2744 | 52,1 34,0 13,9 46,1 58,1 24,6 91,5 34,6 38,4 27,0 35
2748 | 49,7 23,0 27,0 32,4 32,2 18,9 92,9 14,8 28,6 56,6 41
2714 | 854 8,8 5,8 61,2 47,1 19,6 98,3 41,9 21,6 33,5 11
2751 | 17,6 52,7 29,7 30,2 50,2 29,1 80,5 18,7 | 42,0 39,3 65
2752 | 417 39,6 18,7 56,3 54,2 24,9 90,7 39,8 28,3 31,9 44
2754 | 57,8 30,4 11,7 32,0 59,0 23,9 93,8 216 | 42,0 36,4 36
2755 | 40,1 38,9 21,0 29,3 51,2 251 89,1 20,8 | 46,5 32,7 38
2841 | 38,2 | 414 204 | 321 53,1 23,8 89,5 184 | 37,1 445 43
2890 | 23,5 | 427 33,8 32,2 41,1 30,2 74,9 - - - -
2892 | 53,2 31,9 14,9 11,3 55,2 21,5 93,9 7,1 53,7 39,2 13
2895 | 71,0 19,9 91 49,0 55,2 16,7 96,9 294 | 21,7 42,9 13
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2901 | 58,9 28,0 13,1 50,2 54,1 21,2 92,5 364 | 34,3 29,3 27
2904 | 811 9,6 9,3 36,2 37,1 23,0 98,1 22,5 38,1 39,4 5
3007 4,6 89,2 6,2 56,3 89,1 17,8 56,2 35,7 35,9 28,4 61
3008 | 78,6 21,3 0,1 46,2 | 100,1 19,7 99,06 32,1 35,6 32,3 10
3010 | 76,3 19,0 4,6 45,4 70,2 20,3 97,3 31,7 35,7 32,6 12
3012 | 21,4 36,8 | 41,6 20,3 33,2 35,5 71,3 - - - -
3014 | 429 39,0 18,0 37,3 55,2 24,6 88,9 28,8 | 454 25,8 29
3017 | 55,2 33,5 11,3 24,0 63,4 4,5 92,9 15,7 | 451 39,2 24
3673 | 62,2 28,9 8,9 380 65,0 36,8 76,5 24,3 37,0 38,7 28
3674 | 316 | 425 25,9 26,3 48,2 31,7 82,3 - - - -
3675 | 63,2 251 11,7 39,4 55,5 23,2 93,8 26,7 39,4 33,9 27
3679 | 75,3 17,2 7,5 48,6 57,7 21,5 97,7 31,2 31,3 37,4 12
3680 | 82,8 9,3 79 64,3 40,4 22,2 97,2 48,0 24,4 27,6 6
3682 | 29,4 53,1 17,5 76,5 63,2 23,5 91,0 31,2 9,0 59,7 16
3685 | 27,0 | 450 28,0 30,2 48,3 31,4 78,2 - - - -

1 2 3 4 5 6 7 8 9 10 11 12
3690 | 57,4 27,0 15,6 37,0 50,2 21,4 93,3 24,5 38,1 37,4 25
3222 | 38,2 | 40,6 21,2 28,3 52,2 26,8 87,4 20,0 | 475 32,5 44
3228 | 46,2 37,1 16,7 31,2 56,1 24,4 88,3 251 51,3 23,6 38
3229 | 259 | 421 32,0 33,2 42,1 30,51 77,3 34,5 65,1 0,4 64
3616 | 74,8 19,2 59 39,0 65,3 21,8 96,8 23,5 34,5 42,0 18
3618 | 22,4 | 405 37,1 12,3 38,2 27,4 76,3 - - - -
3619 | 28,8 66,2 50 39,2 88,0 21,8 95,1 - - - -
4002 | 67,5 21,5 11,0 17,1 52,3 26,5 91,7 13,4 | 60,5 26,1 35
4005 | 55,3 25,9 18,8 7,3 43,2 33,5 88,1 - - - -
4007 | 60,4 23,8 15,8 24,2 46,4 26,2 90,7 17,2 52,4 30,4 38
4008 | 37,6 35,9 26,5 10,4 43,5 25,4 89,4 7,2 59,3 59,3 47
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4015 | 64,0 23,7 12,3 32,2 52,2 23,6 93,4 211 | 418 37,1 33
4025 | 55,1 23,7 21,2 15 38,3 41,2 82,7 - - - -
4055 | 253 67,4 7,3 45,9 84,2 31,5 87,0 16,7 19,1 64,2 78
4058 | 418 | 464 12,8 27,2 67,2 21,4 90,2 176 | 459 36,5 17
4075 | 65,8 29,1 51 4,1 76,0 18,1 95,9 24,7 33,7 41,5 14
4079 | 71,5 24,7 3,8 44,5 78,2 17,9 96,0 30,3 36,3 33,4 33
4081 | 69,8 25,1 6,1 29,3 73,1 22,2 94,1 21,5 | 49,0 29,5 18
3687 | 76,7 17,1 6,2 44,4 61,5 22,6 97,2 28,7 33,2 38,1 10
4085 | 68,0 27,8 4,2 28,0 79,2 19,3 95,1 17,5 | 425 40,0 20

44 340 | 478 18,2 36,1 59,0 29,3 82,9 32,4 | 52,3 15,3 51

71 375 | 46,0 16,5 20,2 61,2 28,1 86,6 14,2 52,7 33,1 47
1096 | 31,0 | 498 19,2 22,0 59,1 29,4 83,8 16,5 53,3 30,2 54
193-6 | 31,2 | 47,2 21,6 16,2 56,1 26,2 85,5 10,4 | 53,0 36,6 49
172-6 | 87,2 9,3 3,5 33,1 61,3 20,1 98,1 221 | 417 36,2 2
160-6 | 84,1 13,4 2,5 22,3 76,2 20,89 97,78 16,1 53,0 30,9 12
169-6 | 90,2 8,0 1,8 31,4 73,3 19,4 98,4 21,3 | 441 34,6 12
170-6 | 83,6 13,1 3,3 25,2 70,4 20,4 98,0 17,8 50,9 31,3 10
192-6 | 55,7 30,7 13,6 10,1 56,2 19,2 98,9 5,7 47,0 47,3 25
177-6 | 86,3 12,6 1,1 20,3 86,0 18,3 98,3 15,8 59,7 2,5 8




Mpunoxenne 8. IMerpoxumMuyeckue mnapaMaTpbl TePUHHCKONH IUIATHOTPAHUT-TPAHUTOBOW cepuu

Boasmero KaBskaza

241

N A F M K f CaO" Si0," Or
2Al1,04 2Al1,04
1 2 3 4 5 6 7 8 9
MurMaTuThl

39 35,2 44,5 20,2 50,0 55,6 14,6 93,3 17,3
42 29,9 48,4 22,2 67,5 58,0 16,5 93,9 11,2
66 43,2 39,0 17,8 65,0 59,7 22,9 88,5 34,1
77 419 41,9 16,2 54,8 66,1 21,4 80,3 22,6
109 43,0 40,0 16,8 31,2 57,7 194 92,0 10,3
113 57,3 31,5 11,2 48,7 61,0 21,6 93,6 15,4
115 48,7 34,7 16,6 20,3 54,3 21,4 931 7,4
240 49,6 35,8 14,6 21,4 61,8 21,4 90,1 7,9
245 41,1 40,4 18,6 40,0 55,9 19,4 89,5 14,2
249 89,3 47,3 13,4 62,5 66,9 26,1 91,0 21,4
265 43,2 43,6 13,2 74,3 66,2 24,0 90,6 26,1
298 61,0 24,2 14,8 64,6 53,7 16,1 94,0 42,1
300 60,2 21,6 18,2 65,3 48,9 15,3 95,3 41,2
307 40,2 42,9 16,9 59,7 63,5 27,7 90,8 39,7
319 41,6 40,8 17,6 40,5 57,2 21,3 90,5 14,2
338 46,6 51,4 1,9 62,5 93,9 26,3 93,9 20,1
373 31,3 49,5 19,2 25,4 70,0 23,5 90,6 14,6
928 66,3 18,1 15,6 30,1 50,0 21,7 94,7 23,1
966 25,8 54,1 20,1 28,8 63,6 22,7 85,2 16,5
2020 40,3 42,7 17,0 57,2 58,1 231 92,3 32,2
2024 31,6 41,5 26,9 46,0 46,0 29,5 84,5 -
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2036 36,1 44,4 19,5 46,2 56,0 28,4 87,8 -
2047 40,2 42,5 17,3 55,0 58,0 21,2 91,1 33,1
2083 44,8 34,6 20,6 31,2 49,0 21,6 89,9 -
2116 46,7 38,9 14,4 33,2 60,0 20,5 92,9 19,4
2151 33,6 447 21,7 56,2 54,2 24,7 87,6 -
2154 42,9 38,6 18,5 44,2 54,1 22,7 91,5 29,6

1 2 3 4 5 6 7 8 9
2371 24,8 45,4 29,8 12,4 46,5 28,7 774 7,7
2391 43,7 39,6 16,7 35,2 57,2 21,6 90,1 26,1
2406 43,5 38,9 17,6 34,0 56,0 24,2 88,4 23,4
2432 35,5 39,6 24,9 37,0 47,1 27,6 84,5 30,4
2444 69,5 22,1 8,4 55,0 59,0 22,7 95,6 43,2
2480 68,8 19,6 11,6 73,0 49,5 20,9 95,9 48,2
2486 43,3 40,3 16,3 55,2 58,1 24,3 91,3 39,0
2510 55,1 30,8 14,1 26,2 56,2 16,6 94,8 12,2
2807 6,9 21,3 14,8 56,0 45,2 22,3 95,5 31,6
2827 35,8 43,9 20,3 50,0 55,0 21,5 91,5 28,3
2343 60,7 29,1 10,2 37,2 61,2 21,9 94,1 22,3
3557 52,2 35,5 12,3 23,0 62,0 22,7 96,5 8,2
3567 52,2 36,6 11,2 39,2 65,1 249 93,7 28,9

Ils1aruorseiicobl ¥ NIArHOrPaHUTHI

33 39,4 43,1 17,5 40,5 59,4 20,5 87,9 25,5
176 56,3 32,6 11,1 39,2 64,3 21,5 96,4 19,9
180 64,0 28,5 7,5 6,1 69,6 20,7 94,2 4,2
184 37,0 29,5 32,5 13,5 36,8 19,0 96,4 5,5
305 78,7 9,6 11,7 15,9 47,6 18,9 97,0 91
325 44,0 43,0 13,0 28,8 65,7 22,2 91,2 16,7
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344 69,0 29,4 1,6 34,4 91,1 21,0 95,0 21,8
350 62,0 27,0 10,1 14,5 60,4 18,3 95,5 7,3
353 75,8 14,0 10,2 13,1 57,1 19,8 95,4 7,5
984 80,8 7,8 11,2 17,0 33,3 19,1 97,0 9,6
2039 62,8 30,4 6,8 20,2 71,3 20,4 95,7 12,0
2043 53,6 37,5 8,9 24,5 70,2 23,3 92,9 15,0
2067 59,5 29,6 10,9 19,3 60,3 24,4 93,1 13,0
2071 42,8 44,6 12,6 26,2 66,3 26,7 90,1 16,1
2076 417 41,3 17,0 21,2 58,2 26,2 88,9 14,4
2109 70,2 24,9 4,9 31,3 74,0 22,3 95,2 21,0
2122 84,5 12,3 3,2 11,5 69,2 20,1 98,5 7,6
2205 60,2 29,8 10,0 11,5 63,0 21,6 94,2 7,3
2206 62,1 30,7 7,2 22,3 70,3 20,3 94,5 13,4
2374 31,5 50,4 18,1 44,2 63,4 25,6 87,2 29,3

1 2 3 4 5 6 7 8 9
2408 443 36,9 18,8 33,2 53,4 27,6 89,1 26,0
2426 84,2 11,3 4,5 11,2 59,0 22,1 98,2 7,6
2473 55,1 28,1 16,8 32,0 48,2 21,5 921 22,8
2510 55,0 30,8 14,2 26,0 56,0 16,6 94,7 12,2
2587 27,3 39,5 33,2 27,2 40,2 25,5 83,3 17,9
2611 65,6 26,5 7,9 22,2 66,2 17,7 97,2 11,6
3201 51,0 37,1 11,9 26,0 63,2 19,5 93,2 11,7
3202 59,7 30,0 10,3 21,2 62,3 22,2 95,5 13,7
3560 72,0 20,4 7,6 19,3 61,2 18,0 96,2 9,6

MukpokJIMHOBBIE TOP(PHUPOOIACTOBbIE TPAHUTHI

37 66,8 23,4 9,8 48,9 57,6 18,2 96,1 29,1
46 75,6 16,5 7,9 49,1 56,0 17,1 95,6 34,9
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54 74,1 17,9 7,0 46,3 55,4 18,5 96,2 32,3
64 76,4 17,2 6,4 43,9 56,8 18,0 94,5 33,2
106 85,7 14,3 - 63,9 100,0 18,9 97,6 42,6
130 70,0 18,6 11,4 55,4 46,4 18,6 96,1 31,3
131 88,8 7,2 3,8 66,2 52,4 17,7 97,0 44,9
167 87,8 20,2 12,0 63,5 72,2 18,3 99,4 34,7
172 78,5 17,6 3,9 54,7 73,7 18,9 98,8 39,1
174 75,3 18,2 6,5 44,3 62,5 18,8 75,3 28,7
223 78,5 18,8 2,7 50,0 72,7 17,5 97,8 33,3
286 76,7 15,3 8,0 54,7 62,4 20,4 95,7 36,3
335 92,3 5,0 2,7 56,5 79,3 18,2 98,2 37,2
360 73,0 20,0 7,0 39,2 65,3 19,8 94,9 27,9
832 74,8 15,4 9,8 65,3 47,2 18,7 97,7 40,0
845 74,3 13,5 12,2 57,5 39,7 19,9 951 40,5
870 63,8 18,6 17,6 40,9 48,9 20,2 93,1 24,6
940 90,9 8,0 11 44,5 70,6 18,1 99,3 29,4
953 84,9 8,0 7,1 76,5 42,3 14,2 99,2 40,6
973 81,9 9,6 8,5 66,0 39,5 18,2 97,5 44.8
989 74,4 18,3 7,3 39,2 59,2 17,5 96,3 27,2
997 81,8 18,6 4,6 41,9 64,7 17,8 97,0 28,5
1000 79,8 15,6 4,7 39,2 67,6 19,4 96,8 26,8
1001 56,1 34,4 9,2 74,2 69,1 21,4 94,9 34,2

1 2 3 4 5 6 7 8 9
2038 63,2 28,2 8,6 351 65,2 22,9 93,9 25,3
2040 65,1 27,1 7,8 49,2 66,2 21,3 941 34,5
2063 57,5 30,7 11,8 26,5 59,0 21,1 94,3 15,8
2034 73,3 22,1 4,6 50,2 73,2 22,4 94,4 38,3
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2068 75,9 18,4 5,6 40,2 65,0 21,1 97,6 28,5
2070 60,3 30,3 9,4 36,3 64,2 21,5 95,3 24,7
2072 81,8 14,6 3,5 49,0 70,0 21,3 98,1 36,5
2075 719 22,8 53 21,2 71,2 23,3 96,2 16,9
2077 82,7 14,0 3,3 51,1 70,1 20,3 98,2 36,7
2078 79,0 15,0 51 35,2 64,0 21,4 97,8 27,2
2086 67,3 24,9 7,8 30,2 67,3 21,5 95,3 22,3
2087 71,5 22,6 59 37,0 68,0 22,5 95,3 26,1
2088 70,7 24,6 4,7 30,3 75,1 22,2 95,3 21,7
2095 46,9 40,8 12,3 46,0 65,0 25,8 89,7 33,2
2105 66,9 25,5 7,6 36,2 65,2 21,5 94,9 25,4
2185 67,0 26,2 58 50,0 72,0 19,5 96,8 30,3
2407 78,2 13,5 8,3 57,0 48,0 18,2 97,9 33,4
2444 69,5 22,1 8,4 55,1 59,2 22,7 95,6 43,2
2450 52,8 32,6 14,6 48,3 56,2 21,6 96,5 41,6
2472 73,1 18,1 8,8 58,6 54,4 22,5 97,8 37,8
2479 81,5 11,8 6,6 49,3 50,4 21,6 97,8 32,5
2480 68,8 19,6 11,6 73,0 49,5 20,9 95,9 48,2
2487 84,1 8,7 7,2 57,1 41,3 22,4 98,4 33,9
2496 62,2 28,8 9,0 56,3 64,0 21,9 94,4 40,1
2517 84,6 9,5 59 72,0 48,5 21,9 98,1 52,5
2518 71,7 19,3 9,0 55,5 55,5 21,7 96,1 39,1
2559 73,4 18,4 8,2 59,0 55,3 22,2 97,2 39,0
2596 74,8 17,5 7,6 42,2 56,0 22,2 97,7 26,6
2602 72,0 20,4 7,6 54,2 60,3 22,3 97,3 35,9
2934 78,4 14,4 7,2 55,0 53,5 19,3 97,7 36,1
3095 62,9 27,5 9,61 48,0 62,2 22,9 95,6 32,8
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3100 78,4 12,6 9,6 49,0 44,5 22,9 97,2 32,6
3234 75,0 18,7 6,3 50,2 63,2 19,3 97,5 28,8
3540 77,1 16,6 6,3 55,0 66,0 21,2 97,4 34,8
1 2 3 4 5 6 7 8 9
3548 81,3 13,4 53 51,0 59,0 22,8 98,1 35,2
3605 71,9 22,2 5,8 46,2 68,2 20,6 96,5 29,5
3611 68,2 22,2 9,6 57,0 56,2 21,9 96,3 38,9
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IIpniaoxenne 9. IlerpoxmmMmuyeckue mnapamMaTpbl IO3JHEKAJEHIAPCKUX TI'PAHUTOrHeCOB

boabmero KaBkasa

N A F M K f CaO" SiO," Or
2Al1,04 2Al1,04

1 2 3 4 5 6 7 8 9
2094 62,2 26,4 11,4 39,0 57,0 22,6 94,3 28,6
2129 51,3 27,9 20,8 38,3 43,1 24,0 92,0 32,7
2154 43,0 38,6 18,4 44,0 54,2 22,7 91,5 29,6
2203 53,6 35,9 10,5 44,2 66,3 22,9 92,0 28,7
2204 53,2 36,2 10,6 25,0 66,2 22,0 92,2 18,0
2217 41,4 37,3 21,3 27,2 50,1 21,9 89,3 20,1
2219 37,4 49,8 12,8 8,4 68,3 24,6 89,3 53
2220 65,4 28,3 6,3 27,0 72,2 20,9 95,9 19,8
2355 68,8 22,2 9,0 52,0 58,0 22,2 95,4 35,9
2374 31,5 50,4 18,1 44,5 63,2 25,5 87,2 29,8
2395 69,1 21,3 9,6 22,2 55,3 20,6 96,58 155
2408 443 36,9 18,8 33,1 54,2 27,6 89,1 26,0
2436 43,0 39,7 17,3 56,0 56,0 22,1 92,4 30,4
25,72 70,7 23,1 6,2 28,2 68,0 22,5 96,5 17,4
26,16 42,9 40,6 16,5 41,2 58,0 19,4 93,4 20,1
2801 60,0 25,4 14,6 52,0 50,3 20,6 94,3 30,8
2806 52,4 34,1 13,5 41,2 59,0 22,2 93,6 24.8
2818 69,1 20,1 10,8 54,0 51,0 20,9 97,3 34,3




IIpniaoxenne 10. IlerpoxmMmuuyeckne mapaMaTpbl repUMHCKONH TI'PAHOAHOPHT-AJISCKHTOBOMH

cepun boasmero Kaskasa

248

N A F M K f CaO" Si02" Or
2Al1,04 2Al1,04

1 2 3 4 5 6 7 8 9
56 63,6 23,8 12,5 35,4 62,1 19,3 94,6 16,9
75 53,4 46,6 - 32,5 100,5 18,4 94,0 19,6
116 60,7 27,8 11,5 51,9 68,4 22,3 94,5 28,9
164 65,4 28,9 5,7 28,4 76,9 19,5 96,2 16,9
165 71,3 23,5 52 37,5 72,1 19,4 96,9 23,1
266 83,3 12,9 4,8 47,7 60,0 21,5 99,5 31,8
269 76,5 15,6 79 43,9 68,4 20,3 95,5 23,1
280 77,8 7,6 4,6 52,2 42,2 19,0 95,3 30,9
329 66,3 25,7 7,6 42,4 64,3 22,7 93,9 27,3
354 57,4 30,7 11,6 46,4 59,2 21,0 95,5 31,8
359 59,4 33,4 7,5 42,4 64,3 22,8 92,8 24,6
360 68,7 20,0 11,3 39,5 50,7 21,4 94,5 29,5
853 57,3 27,3 16,4 42,2 52,1 19,1 94,2 24,7
899 74,5 11,9 13,6 36,2 35,2 21,0 951 24,4
849 72,6 16,2 17,2 44,6 83,2 16,5 98,9 22,5
920 82,7 91 8,2 48,7 64,3 18,5 97,9 25,2
2005 70,9 23,6 55 33,2 70,0 21,6 95,9 22,3
2006 75,8 19,6 4,6 39,0 70,2 21,4 96,7 26,4
2007 74,8 20,9 4,3 44,1 73,1 21,0 96,3 29,8
2009 73,1 22,1 4,8 34,2 72,0 20,4 95,9 22,8
2011 74,9 19,9 52 68,2 48,5 20,9 97,7 21,8
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2014 84,0 12,3 5,7 55,0 70,2 20,6 98,5 37,1
2019 75,2 19,1 5,7 58,1 65,0 20,8 96,6 40,5
2021 75,8 19,2 58 55,0 63,3 21,6 97,5 38,1
2049 72,2 22,5 53 49,0 70,2 20,3 95,7 32,0
2051 79,1 15,6 53 23,2 63,0 19,2 97,8 17,6
2052 76,3 17,8 59 41,0 62,4 19,8 96,9 28,3
2134 78,5 16,9 5,6 47,2 68,0 19,3 97,1 30,9
2139 72,1 23,1 4,8 50,1 73,2 19,5 96,4 31,1
2142 57,4 29,3 13,3 36,2 55,4 16,0 96,5 16,7
1 2 3 4 5 6 7 8 9
2146 86,3 11,4 2,3 50,2 73,0 19,12 99,1 35,2
2150 79,0 17,6 3,4 39,4 74,2 21,1 98,1 28,1
2177 64,4 27,2 8,4 38,3 64,2 20,7 96,0 25,6
2179 59,3 30,1 10,6 32,4 61,2 21,5 94,8 22,8
2185 67,9 26,2 59 50,0 72,2 19,4 96,9 30,3
2206 62,1 30,7 7,2 22,2 70,0 20,3 94,5 13,4
2207 72,9 22,2 4,9 38,0 71,3 21,6 95,2 26,6
2210 45,3 41,9 12,8 29,0 65,0 215 91,3 18,5
2144 57,2 31,8 11,0 34,1 62,0 22,4 94,6 23,0
2216 71,5 24,4 4,1 38,1 77,2 18,7 98,1 25,9
2218 77,9 16,7 53 50,1 64,2 19,3 96,7 30,7
2303 57,4 33,1 9,5 39,2 65,2 22,6 94,2 25,9
2307 74,3 18,3 7,4 43,2 58,2 21,9 96,2 32,8
2314 69,8 21,4 8,8 40,0 58,0 21,8 96,4 27,5
2324 31,8 42,6 25,6 100,0 51,8 21,7 89,9 28,8
2342 60,9 241 15,0 35,3 48,2 22,1 94,5 22,5
2343 60,8 29,0 10,2 37,1 61,0 21,9 94,0 22,2
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2347 69,3 20,8 9,9 43,2 54,1 22,3 95,8 241
2349 70,4 19,0 10,6 43,1 50,3 23,2 95,7 27,3
2368 79,9 12,6 7,45 57,2 49,3 21,6 97,6 39,2
2372 82,7 12,9 4,4 20,0 63,0 21,2 97,7 13,9
2376 59,2 27,0 13,8 60,1 52,2 20,7 95,0 36,6
2379 67,1 23,9 8,9 46,2 60,3 23,9 96,0 28,5
2382 66,5 23,2 10,3 38,2 56,2 21,2 94,9 24,0
2389 78,7 111 10,2 49,1 38,3 15,4 98,2 26,5
2420 74,5 16,9 8,6 39,3 53,4 23,7 97,0 24,7
2423 73,0 16,9 10,1 39,0 49,5 23,7 96,9 23,9
2439 66,9 23,2 9,9 31,3 57,1 21,7 96,8 16,8
2441 53,4 31,9 14,7 31,2 55,0 23,7 92,5 21,1
2448 61,4 24,0 14,6 20,2 48,3 22,6 94,6 12,7
2456 79,6 13,1 7,3 52,0 51,4 22,6 97,9 34,5
2808 65,8 23,0 11,2 52,0 54,2 21,1 97,0 33,6
3200 80,2 11,5 8,3 56,0 44,5 23,4 97,3 39,7
3205 84,9 8,2 6,9 42,2 41,4 23,8 97,5 28,9
1 2 3 4 5 6 7 8 9
3206 81,1 10,8 8,1 45,0 43,0 21,6 97,3 28,2
3217 58,9 31,6 95 34,4 65,1 23,4 94,2 22,9
3230 79,7 14,8 5,5 53,0 61,0 22,5 97,9 35,1
3247 66,1 23,1 10,8 43,2 58,2 20,9 96,2 26,8
3584 80,9 11,1 7,9 56,1 44,1 23,1 97,5 38,2
3585 79,8 15,4 4,7 43,0 65,2 23,5 23,5 29,7
3586 75,5 17,1 7,4 56,2 56,2 23,0 23,0 39,4




puioxenue 11. Coaep:rkanue peaKkux 371eMeHTOB (I/T) B TepIUHCKOI ro60po-nmjIaruorpaHuToBoOi cepuu
Bouabsmoro Kapkaza
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N Cu Pb Zn Mo Ni Co Cr \%
1205 - 2 60 14 62 8 750 10
1221 90 3 50 42 22 25 640 150
1229 90 1 50 42 86 7 1000 10
1241 - 2 70 9 81 9 450 10
1248 70 3 60 20 86 7 350 6
1269 40 4 80 90 27 6 780 17
1309 20 10 100 17 29 25 330 280
1317 35 7 90 12 85 9 450 20
1323 60 1 80 24 40 40 470 450
1337 70 4 80 30 52 40 350 30
1349 65 2 50 40 20 10 760 11
2852 52 10 70 23 40 15 240 10
2856 57 6 60 31 20 10 250 29
1389 57 5 80 28 92 17 94 40
1400 144 3 80 32 86 23 155 29

AHaju3bl BbINOJHEHbI B I'eosiormyeckom

METO/I0M.

uncturyre AH I'pysun,

ATOMHO-206COPOLITOHHBIM
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Ipunoxenue 12. ComeprxaHue peaKux 3j1eMeHTOB (I/T) B TepUUHCKOI ro00po-agaMe/UINTOBO cepuu
Bouabsmoro Kapkaza

N Cu Pb Zn Mo Ni Co Cr \%
1 2 3 4 5 6 7 8 9
185 - 20 80 2,7 25 17 320 90
192 10 24 100 2,4 30 29 330 480
205 - 18 50 2,5 56 50 190 800
255 20 20 100 2,3 38 18 680 40
384 - 20 100 2,1 24 10 284 300
440 25 25 120 2,0 60 21 300 440
470 21 25 70 2,3 55 7 430 110
492 15 20 20 2,4 45 9,8 900 130
513 - 20 60 2,2 19 6 500 110
550 20 38 50 2,2 23 8,4 720 110
743 20 90 70 2,2 22 12 340 350
799 20 16 150 2,1 29 17 370 320
2704 10 8 60 1 30 5 280 66
2709 10 20 90 3 30 5 280 28
2710 50 10 150 2 150 30 770 95
2714 10 5 50 0,5 20 10 290 11
2733 10 40 60 1 30 10 170 100
2734 30 10 200 3 30 20 130 16
2739 10 5 100 1 30 10 140 96
2740 20 10 70 15 30 10 310 150
2744 10 20 70 1 20 10 150 68
2748 10 10 70 3 30 5 500 52
2755 20 20 100 2 20 10 130 78
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2890 10 20 120 1 40 30 100 120
2896 20 25 90 1 20 15 420 130
2897 50 15 70 1 20 10 320 6
2905 10 25 50 0,5 20 15 180 33
3672 30 70 130 2 70 17 110 48
3673 20 70 80 2,5 30 12 210 200
3674 50 70 100 2 60 10 210 105
3675 30 80 60 1 30 5 340 80
1 2 3 4 5 6 7 8 9
3679 20 120 30 1 30 8 270 60
3680 30 50 100 2,2 60 20 220 145
3685 30 60 140 2,3 30 18 90 205
3687 20 80 70 1,8 30 17 250 115
Ananu3sl BoinosiHeHsl B ['eosiornueckom uHcetutryTe AH I'py3un, aToMHO-a0cOpOLIMOHHBIM
MeTO0M.
Mpunoxenune 13. Coxep:kanue peagkux J1eMeHTOB (I/T) B TePHUHCKON MIarHOTPaHUT-TPAHUTOBOM
cepuu boanmoro KaBka3za
N Cu Pb Zn Mo Ni Co Cr \%
1 2 3 4 5 6 7 8 9
MurMaTuThl
42 60 35 30 2,7 100 6 650 140
77 18 45 100 2,7 6 6 600 62
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109 - 25 100 2,3 10 9 200 210
113 20 45 100 1 6 6 80 160
115 50 30 30 2,3 6 6 500 22
175 48 24 200 2,6 16 15 640 340
237 30 29 80 2,3 40 10 450 200
238 25 16 60 2 60 23 660 600
249 20 29 50 1 110 18 480 300
265 - 20 100 2,7 160 16 860 400
300 - 30 50 2,1 17 17 690 17
307 15 30 30 1,8 210 25 740 380
338 20 38 100 1,8 60 17 480 280
856 40 20 70 2,4 60 60 480 100
928 30 45 300 11 18 6 440 64
966 40 40 50 1,5 35 7 680 130
1012 20 30 50 4,7 11 8 420 9
1036 10 70 50 4,7 11 8,1 420 9,6
350 - 27 100 2,3 32 10 1000 13
351 15 35 80 1,8 60 25 90 40
373 20 38 100 2,6 40 18 450 17
2012 10 14 50 2,3 34 56 92 16
2020 6 5 45 2,5 12 11 120 80
2024 9 6 60 2,5 54 20 96 100
2036 8 30 45 2,5 7 8 160 45
2371 10 20 13 1,5 70 50 390 140
2017 7 8 44 3 8,4 5 370 45
ITaruorxeiicsb! ¥ NIArHOrPaHUTHI
180 20 24 30 2,7 8 6,0 700 80
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184 20 20 30 2,6 16 6,0 1000 55
1 2 3 4 5 6 7 8 9
288 20 18 30 2,0 13 8,1 40 330
305 15 35 20 2,5 17 7,0 880 62
353 10 36 50 3,0 14 11,0 480 17
984 10 65 50 1,0 17 15,0 82 6,6
208 - 39 100 2,7 19 9,5 780 11
2067 9 27 - 3 7,4 8,4 400 28
2061 8 70 130 4 8,2 41 240 5
2076 20 35 80 3,5 8,1 16 740 140
2205 13 6 60 2,5 8,5 8 460 70
3560 20 30 90 2,0 20 - 160 105

MuKpoKJIMHU3UPOBaHbIe NOP(PHUPOOIACTOBBIE TPAHUTHI

64 10 30 30 1,8 6 6 60 28
131 20 52 30 3,1 3 6 1000 72
174 - 40 25 2,0 11 8 880 12
335 10 45 - 2,3 13 8 780 14
832 - 40 30 2,1 12 7 640 43
953 15 56 - 1,6 14 6 640 6
969 30 50 40 3,6 12 6 270 28
1000 - 30 30 2,8 20 8 700 43
1001 20 25 25 50 23 7 700 110
2033 7 16 - 4,5 4 3 150 5
2038 12 12 55 6 6 52 200 96
2075 9 60 50 1,5 4 6,6 340 9,8
2077 12 100 50 2 4 5 180 10
2087 14 3 - 3,5 5 6,4 300 27
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2088 8 60 50 2,5 4 6,6 180 25
2095 10 20 50 11 6 10 100 25
2185 32 - 50 2 7 7 20 32
2479 10 20 60 2 15 15 340 29
2496 15 20 110 1 10 10 260 27
2517 15 60 100 3 5 15 640 14
2548 20 2 130 2 15 10 400 100
2602 10 50 100 2 30 10 460 22
3540 20 50 60 3 20 - 280 17
Ipunoxenue 14. Coaep:xkanme peakux 3JeMeHTOB (I/T) B NMO3IHEHEKAJIeJOHCKHX TPaHHUTOTrHelcax
Boasmoro Kaskasa

N Cu Pb Zn Mo Ni Co Cr \%
2203 27 61 50 3 13 21 102 100
2204 15 18 56 2 14 18 80 132
2217 5 1 60 4 15 12 70 150
2219 6 5 50 2,5 5 13 28 86
2220 8 22 52 2 12 11 65 105
2094 10 37 50 2,5 3 8,6 40 21
2355 20 20 110 6 40 30 300 28
2374 9 13 75 3 12 20 220 82
2395 7 17 61 2,5 9 18 200 75
2572 20 20 50 2 30 - 500 37
2616 13 32 58 2,5 27 15 205 40
2801 2 41 80 1,5 20 10 210 34

AHaJau3bl BbINOJTHEHBI B ['eonornyeckom mHeTuTyTe AH I'py3un, aToMHO-a0CcOPOMMOHHBIM METOI0M.

Ipunoxenue 15. Coaep:kanue peakux 3jJ1eMeHTOB (I/T) B repUMHCKOH I'PAHOAHOPHUT-AJISICKUTOBOM
cepuu boasmoro Kapkaza
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N Cu Pb Zn Mo Ni Co Cr \%

1 2 3 4 5 6 7 8 9

30 30 18 5 2 6 6 900 20

56 20 26 10 2 5 4 700 25
165 15 16 - 2 6 6 700 27
280 20 39 80 2,2 13 20 450 60
329 10 35 2 2 9 8 670 22
358 10 38 60 2,6 29 9 880 44
853 15 35 20 1 15 10 710 60
962 20 34 100 1 11 9 360 50
2005 20 16 - 4 6 6,6 280 16
2006 15 15 - 3 5,6 21 210 12
2007 11 18 - 2 5 55 350 14
2011 8 17 - 5 4 5 230 16
2019 8 23 35 3 4 5 130 12
2049 7 65 100 3 4 5 180 12
2051 8 47 72 2 4 4 140 16
2052 10 30 90 2 6 4 150 14
2134 10 18 57 4.3 7,8 6 230 7,6
2139 21 15 60 3 10 5 210 12
2142 30 13 52 4 14 10 200 38
2144 24 36 40 3,5 16 12 180 60
2146 20 42 41 3 8 11 90 40
2150 18 48 35 4 6 6 56 21
2177 10 45 43 4,6 7 5 120 36
2185 - 32 50 2 7 7 20 32
2207 12 25 50 2 55 6 100 42
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2210 92 135 200 5 42 26 380 120
2216 6 5 40 3,5 16 6,5 96 55
2218 16 25 - 2 12 6 180 6
2314 10 20 50 2,6 30 30 450 24
2324 10 25 40 2,1 30 20 340 20
2347 15 15 70 3 30 30 410 11
1 2 3 4 5 6 7 8 9
2420 12 20 85 2 25 15 370 12
2439 30 17 80 4,6 40 30 55 18
2441 15 30 150 4,6 30 15 410 85
2448 20 35 120 3 25 17 380 70
2456 15 40 30 1,8 20 20 700 15
2808 - 40 90 3,5 20 15 210 23
2372 15 16 90 3,8 30 20 400 10
3584 20 60 50 2,4 20 20 160 18
3585 20 62 65 3,0 10 18 240 20
3586 20 70 100 2,8 15 15 370 22

AHanu3bl BbinoJIHeHbI B I'eostornueckom mnHcruryte AH I'py3un, atoMH0-a0copOLMOHHBIM

METO/I0M.



