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A. U. TYTAPHHOB

OBOJIIONAA CBUHIIOBOTO PYO0BPA30BAHHUSA
B HCTOPHH 3EMJIN

[anrasa craTed MOCBSIeHa YCIOBHSM (GOpMHpOBAHHA PYOHBIX 3anexei
CBUHIla Ha TPOTKEHHH IeOlOrMYecKod McTopuu JeMnH OF MOMeHTa 00—
pasoBaHUg MepBLX MPOTOKOHTHHEHTOB A0 COBpeMeHHoro srana. Beerna
JIH TH YCIIOBHH 6LUIH MOCTOSHHBIMH M B KakKkoit cTeneHd # nmoa BIHAHH-—-
eM Kakyx TPHYMH OHX M3MEHWIHCH?

B paHHux nokeMGpuHCKMX PYynOMpOMBIeHHAX CBHHLIA, B KpPYIHBLIX €ro
MEeCTOpPOXKOeHHAX, MMOAPHBUWHNXCH BIIEpPBLIE B reojioruyecKoi HCTOpPHH
3emnn, HaumHag ¢ 2000 miu, ner, B cneuuduIecKux MapareHesucax
CBMHIA nNo3fHepaHepo3oHCKUX PYAOHOCHLIX Tell, B HX cpoeoBpasHOM
M30TOMHOM cocraBe (paiton Muccucunu — Muccypu) MbI BHAMM 4epThl
BIIO/IHE ONpPeOeNIeHHOW 2BOMIOUMH I1POIEeCCOB BOSHUKHOBEHHS CBHUHIOBBIX -
MeCTOpoXneHul,

[na paccMoTpeHMs STHX 4YepT PYOHLX 3aexedl CBHHIA BOCHOJIB3Y-—
emca nuarpammon (pur. 1), cocraenesso# B KoopmuHarax Pb 20-/'/lii'b 204;
pb206/pp204 HA KOTOPOj HAHECEeHH BCEe M3BECTHLIC [JaHHEE H30—
TOMHOT'® COCTABA, OTHOCANMECS K PyRsem cewmam [ 1, 2, 6 L

‘Haubonee npepHHe pynHble POMB/IEHHs CBHHIIA 3aHHMAIOT HHTEpBall
spemeny or 3500 pmo 2600 mum, ner Hasan., OuM npeMMymEeCTBEHHO
otHocaTca K Adpuxe, Cemepuo#t Amepuxe u Empore, x0Td BCcTpedanrca
TaKxe oTagenbHEE pyaornpogaBleHHd B lOxuHO# AMepuke, ABcTrpaluM H
Hunuu, 2ro paitoner Ourapuo, Hennoyuaitba, Keunuu, CpasuineHna, Kan-
TYDIH ¥ T.0O.

l'eox¥MHUYECKH 2TO - rajIeHHTOBAA MHHepalli3anis, CBA3aHHad C 30—
OTOPYOHBIMH MECTOPOXASHUAMH, NMerMaTHTaMi H KelnesopyOHbMU 3a—
nexaMu, KOTopad MOYTH HUIEe He COOepXUT KPYNHbLX KOHIeHTpauui
CBHMHIlA NPOMBIUTIEHHOIO 3Ha4deHdd, [lapareHeauc Takoii CBHHIOBOH MH—
Hepanu3aluu C cepebpoM, NHEHKOM CTONL ofbrmbii B Hocnenywomee Bpe—
Ms, Ha JaHHOM 2Tane oKaspBaeTCs COBEpPUIeHHO HeCBOHCTBEHHLM.

BeceMa uHTepecHOH H BAMHOK OCOGEHHOCTHIO 3TOrO IepHoAa CBHH=—
HOBOTO pyno6pazoBaHug ABIAETCR €T'0 CBE3bL C TOMAMH, B KOTOPBX
OTHOUWIEHHWE ypaHa K CBHHIY Iopasao Bhllle, YeM B ToCieAyloumue SIOXH,
Ha rpaguke (cMm. puc. 1) sro0 Bb amaer g4 B TOM, YTO M30TOINHLIE OT=—
mowemna Pb207/Pb204 4 Pb /Pb Sonpwel YacTH pPYyAOHpPOAB—
JleHH# DTOr'C MHTeppajla BpeMEeHHM CBA3aHbl C KpuUBO# HaKON/IeHHd pa—
OHOT'eHHOI'O CBHHUA, OTeedamed p = 11-12, 3ro Moxer GuITb CBi~
3aHO CO clegywmyuMH nponeccaMu, PopMupoBanHe MpPOTOKOHTHHEHTOB
MPOHCXOAWIO MyTeM ABYKPATHOI'O BLHNIABIEHMS WX H3 BelecTBa MAHTHH.
Ha neppoM aTarne uwi0 BBIIIABIIEHHEe G&SEHbTOB U3 ﬂepﬂOHHTOB. OTBE=—
YalolWuX yCcpeaHeHHOMY MAaHTHHHOMY BellecTEY, a HA BTOpoOM 3Talne
npoucxoawia nudbdepenunauusa cobcreenHHo GasanmbTroBoit Marmbl [dudde—
peHIKAINS TepeMexanack OCAAOYHbIMM NMpPONECCAMM, B X0Ae KOTOPBX
MOSBH/MCH MEepBLIe I'PAHHTOWAEL
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[lepBbie sapa NPOTOKOHTHHEHTOB MPH CBOEM CTAHOBJICHMM 3aXBaT bi-
Ba/lM y4aCTKH OKeaHWYecKo! kopwl lleMeHTHpoBaBmMecd paHHMMM I'pa-—
HUTOMAHLIMH BBOIIABKAMM H. HACTHYHO B CWIYy [aHHOT'O MexaHH3Ma obpa-
30BAHKHH OHU COXpaHWIM Jake NepBOHAYAlILHOE HOpPMAalbHOe 3alleraHue,
B GonbuMHCTBE npeBHHMX A0€p COBPEMEHHBKX LIMTOB IPUCYTCTBYWOT pelliK—
Thl TaKuX APEBHHX 3€/IeHOKAMEHHBIX TOJI, OTIHYAIUMXCH CPaBHHTelIb—
HO cnaboit nuddepennuannit u ropaspo Gonee BLICOKMMY COAEpPXaHUAMU
peNKux ¥ pacCesHHEBIX 2JIeMEHTOB, Heelll WM NoAoBHele Tomuu B Godee:
o3aHue SMOXH,

[Mo-PHOMMOMY, MMEHHO OTpaeHMeM 3TOrO npouecca (yBelHueHHS
Klapka ypaHa IO CpapHeHMIO CO CBHHLIOM B APeBHHX TOMWAx) SBH/IOCH
NMOFBJIeHHE HA PAHHUX CTaaMgx pynoobpasoBaHMd CBMHLOBOH MHHepamH-
saumu c gBHO 3apbmuenHeM copepxanmeM Pb207/pp204  mo cpam-
HeHMio c 0ollee NO3AHUM BpPEeMeHeM,

Hauunas ¢ Hmwxmero nporeposoa (2600 man. fer masan) u ocoGen—
Ho K komny ero (1900 mnm, ner Hasan) MIPOHCKOQWIO Pe3KOe HU3MeHe—
HHe nponeccoB ceauMexHTauny. Cpeny OCanKoB HIDKHEro NpOTepo30d Ha—
YHHAIOT OOMHHHPOBATH XENEe3HCThle KBAPUUTEL, TOJIMU ClAHIEB C Bbl=
COKMM cofepXaHHeM OpraHHYecKOroO BeleCTBa, BIEpBbIe NMOABIMOTCH B
MACCOBOM KOJH4YecTBe KapOoHATHbLIE TOMIH, TaKie BKIOYawollMe OCTAaT-—
KH OpPraHH4YecKoro pellecTBa, K KOHIY HHXHEO MpPOTEpo30d OTHOCUTCH
nepBoe MNOgB/IeHHE COMEHOCHBIX TOJI.

Ora nepecTpoiika I'eo/IONME INAHETEl, OByCOBJIeHHAS pasBHUTHEM
KH3HHM, 4 BMeCTe ¢ Hell NogpleHHeM CBODOQHOIO KHC/IOpoAda B aTMOC—
depe, He MOTVIa He CKA3aTbCH W HA PACHPOCTPAHEHWH, HAKOINIEHHH 1 060Cco~
6/IeHWH B BHOE PYOAHBIX 3alexell MHOI'MX S/IeMEHTOB,B TOM 4YHCJ/e M CBHHIA.

M3 4gHCTO SMITHpHYEeCKnX HabmopmeHud ciieayeT, yro 60/blad d9acThb
MeCTOpOX/IeHHH ¥ pYyOONpOdB/IeHNi CBHHIA BTOPOrO HHTEpBajla BpPEeMEHH,
oTHOCsIerocs X mporeposol (2600 - 600 mmH. ner masan), cocpeno-
TodYeHa B GONLUIMHCTBE CIydaep B OCalKax HOBOI'O THlla — KapBoHaTHBIX
To/Mmuax, NPOMMUTAHHEX OpraHuko#, McxmodeHueM #BNgOTCS JHWBL INIH—~
HHCTO~yIVIHCThIe dopManuu ( Mak-ApTyp, ABcTpanns),

Bonee yskuil uarepean Bpemenx 1800-1500 min, ner Hasan, Kak
STO clleqyeT M3 TMpHBedeHHOH aumarpaMMer (cM. puc, 1), semics Bpeme-—
HeM dopMMpoBaHus KpyTmHeHuux CBMHIOBBIX MECTOPOXIeHHH Ha pasiuyHbBIX
kouTuHeHTax. K ux umcny oruocarca: Cymmean B Kanape, 3apap B Munun,
Bpoken—xum1, Mak-Apryp B ABcTpanuu, Buxanti B GusngEnuu 1 T.0.

Yro xe NMpeacTapIgmioT CoBoff 3TH MECTOpPOXIeHud?

Mo croemy COBPeMEHHOMY OBGMHKY OHM BCE HECYyT ClleAbl MeéTacoMa-—
rosa, Bce Gea MCKmoYeHHS OHM IPHYPOUEHEB! K APEBHHM TOMIAM [OKEeMG—
pust, Mx Bospact cornacuo rpyGoMy CBHHIOBOMY MeTOQY H3MEpeHHd
(o oBbIKHOBEHHOMY CBMHLY) cOBNagaeT ¢ BO3pacToM Tommu, W TeM He
MeHee coBpeMeHHas MOpQOllorus pydHBIX Sanéxell B OoTAeNbHBX CloyHasx
JBHO HMeeT SIUreHeTHYeCKHe 4YepThl MO OTHOWEHHO K BMEHAaoWHM HX
nopopdM, Cienyer npusHaTh, YTO M3OTONHBLIA COCTAB CBHHIA BCEX 6ea
HCKITOYEHNd DYAHBIX sajiexed, KaKk OTHOCHAIMXCH K 2TOMYy ONTHMAalbHO—
My MHTepBally BpeMeHH (1800-1500 M7H. 7leT Hasan), TaKk K BCEx
nocnenywourx, ykasemBaeT Ha NpHypOdYEeHHOCTE MX K KpUBOH HaKOMIEHHS
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1 ~ orTpenvHble P .El]-!h[e NPOBHHUNY; 2 — KPHBAS HAKONJIEHMS Da[HOMeHHBLIX CBHHLUOB C ONpe/elieHHbIM OTHOLICHHEeM
ypaHa K CBHHILY (Pb20 ), -3 — HM30XPOHLI, MIH, Ne:

I = nosenenue neperix pynomposenienuii ceunma (3000 mmm, net); I - ¢OPMHPOBAHHE TNEpBEIX CBHHLOBO-TIPO—
AYKTHBHEIX OCalOYHBIX KapGomaTHbix ¢opmaimii (2000 mim, net); [II - obpasoBaHHe TepBEIX TPOMBILITIEHHBIX MeC—
TovokAeHmit ceuaua (1000 i, leT)., Buxantu, Bpoken Xumn — Pawm [Ixanra, - CynmipaH, 3aBap; [V = ofpaso-
BAHHE CBHHUOBhIX MECTOPOMIEHHH K3 HECKONMLKHX HCTOYHUKOB DYOHOrO BewlecTBa (coBpeMenHbie ) Iopabckoe; V —
Muccypun - Muccucunu



(eMm. puc. 1) c ropaspo Gonee HuakuM yu (paBHbM 9), 4YeM 9T0 GBEIO
CBOHCTBEHHO TI'a/leHHTaM Pynonposel/leHHdil [Mepporo arana,

Bce »TM yepThl 3aCTaBNAIOT MPEANOOKUTh, YTO HAKONJIEHHe ToAo G-
HbIX CBHHUOB BHE 3aBHCHMOCTH OT pOanbHefiule#l ux cyab6hbl, MPOHCXOOMIIO
ONHOBPEMEHHO C BMEMAIIIMME HX TOMINAMH B peay/bTaTe CHHIGHeTH—
4eCKOT'0 HAaKOfljlenus TpH ocankoobpasoeaHud, INapHas ponb B 3TOM
npouecce HAMH OTBOAHTCSH OPraHHYeCKOMY BeleCTBY, Co3dapaBuleMy
BOCCTAHOBHTE/IbHYI0 OGCTAHOBKY H sapaxeHHe CepOBOAOPOAOM Onpege-—
NedHbBX y4acTKor Oacceiina,

He mMeHee BaxHyw© po/ib Hrpaja Npd 3TOM KOHUEHTpaUHs YIVeKuC—
oTHI, KOTOpad, C OOHO# CTOPOHEI, MpendrcTBOBAlla COOCAXAEHHIO BMEC=—
Te CO CBHMHIOM ypaHa, 4TO [O3BOMKIO MeCTOopOoXaeHHAM nonobuoro Tuma
COXPaHHThL H30TONHEI COCTaB CBHHNA HEH3MEHHBIM [0 HacCTOMIEero
BpeMeHH (Sea nobapku panuoreHHoOIo cnmma), a C Opyroi - ycHAHBA-
na 06CTAHOBKY, HCKINOYABIIYIO 3HAYMTEJLHYIO HOABHXHOCTE CAMOIO CBHHIA,

OuyepnaHo, 4TO yboroe conepxauue ypaHa B 9TOH (opmaudd SBHIOCH
MPUYMHON SBOJIONMM CBHHIA, COTVIACHO Kpupo# C HuakuM , (puc, 1).
Wirade ropops, OHO XOpowo OObLACHAST NPHHAAJEKHOCTL CBHHIOB STHX
MecTOopoXaeHH#t K Tak HasbmaeMomy BuneiiGeprckoMy rumy. C opyroi
CTOpOHBI, YCIOBHMS NepBOHAYA/IBHOTO HMX OCaXIeHHs B BOCCTAHOBHTEIb—
HOHi Cpene C CepoBOnOPONHLIM 3apaeHneM oOyClopmMBaioT crenudi-
YecKHe NapareHesuchl NMOAOOHBX pyn, oforameHHBIX UHHKOM, MEnbIo,
cepebpoM H ap. [JancHeiuHe npeoGpasopaHus, B YACTHOCTH Ieperpyll=
IIHpOBKA pACCESHHBLIX OCANOYHbLIX KOHUEHTpauW#l CBHHHA B MeTacoMa-—
THYeCKHEe pYOHLIC 3alleXH caMOil 3aMBICIIOBATOH KOH{MIYpaiuy, ITPOHC—
XOOWIH Yxe B Gonee noagHee BpeMd.

PaccMoTpuM HEKOTOpBLIe NMPHMENL! MOA0BHBIX Mecropoxmeﬂuﬁ

Mecropoxnenue BuxanTn [5] saneraer B c/mogsHpX #H YepHBIX CllaH—
nax wenbhoBOH IOHBI A PEBHEr0 HIKHENpoTeposolickoro Mops, OMBBAB—
wero pacrioflIoMEeHHBI CepepHee QAaHHOI0 MeCTOpPOXIEeHHS MACCHB ap—
xelckux nopon. lOxHee padoHa MecTOpPOKOEeHHS TOJIUM BMellalOUIHX ero
nopoa GLICTPO BO3PACTAIOT B MOLIHOCTH M NMEpexondT B KPYMHYIO HIKHEe—
NMPOTEPOaOHCKYI0 SBI'EOCHHKIHHAL, cjarainmyno OxHylo PHHISHAWO.
MecropoxneHne npdypoiedo K NOPH3OHTY OOJIOMHTOB M Npeacrasier
coBoft CrapHLi, BLITEHYTble B BHAE CEpPHH HEMIPABM/IBHLIX JIMH3 Ha MpPO—
rsuerm 600 M 1o NpCCTHPARIIO M IpoNO/DKAIIMHXCH Ha MIyOHHY no
500 M ¢ pacaysom no 300 M. B nmopspke pacnpocTpaHeHHOCTH Pya-
HBI@ Tella CauMeHbl MHpHUTOM, cdaiepuToM M PareHuToM, Ilpm oTOM
rameHuT cocTasiagerT 1% oT Macch mepelIX ABYX KohMroHenTos., Camo
Mecropoxpenne Buy MTH aBISSTCH MEETPOM KDYIHCH CBHHIOBO~PYRHOH
npoBHHIKK KyomHo, BhITsSHYTOH B loro-saflagHcM Halpan/leHHH, B KO-
Topo#l H3BECTHHI MHOIOYHCIEHHLIE HAxXOOKE CBHHIOBOR MHEepalM3anri
B To/llle HIDKHEI0 nporcpozcod. He ore ara Apopusung NMepexoakr B
MenHopynHylo mpoBuHU™O OYTOKYMIO, MMIOWYK Te e IeHeTHYecKHe
4epTul ¥ HpHYypoTIeHHYI X wers$oBrM daWaM HIDKHEIo HpoTepe3od.
Bozpacr Mecropoxpenus Buxantu onenrecerca s 1880-1900 Mmy, nter.

Me- -opoxneg:re CynnuecH npepcrapsinger cofoii McracoMaTHYECKYIO
aalivKb B KUAIVIOMEeparax, OpPaHH'CHHYI0O CHH3Y HHTEHCHENO TYPMAIHHI-
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3HPOBAHHBEIMU CHAAHIAMM U CONEPXAIWYI0 B HIDKHe#l 4HacTM 3ajexd JMH3bI
NHPPOTHHOBLIX H MMPHTOBRIX pyd. Bucaumit Gok sanexu crnoxen keapru-
TaMH, OTIMYAKIIMMMCH albOHTHzamuel, MecropoxneHue mpoppaHo naf—
KaMi raG0poMios; C HUMH paHee CBA3LMBAIM 'eHEe3UC MEeCTOpPOWACSHUS,
BO3pACT KOTOPOI'O ONEHHBAlCH Kak mnapamuiickuii, PynHaa sanexb npen-—
CTapfleHa rajlleHHToM, chalepuToM, NUPPOTHHOM H mupuroM. OcHOBHaH
sanexb AOCTHraeT BepTHKANbHOrO pasmaxa no 300 M, o mpocrupa-
HMIO OCHOBHEIE MeTacoMaTHYeCKHe Tella NepexonsaT B HEeCKOIBLKO Mpo—
OYKTHBHEIX [OPHU3OHTOB HE3HAYMTENBLHOR MOIHOCTH, COBIANANIIHNK C 34—
neranneM caMoi#l Bmematome# romuu, Beckma HHTepecHo, YTO MO H30-
TOIIHOMY COCTaBy CBHHIA MECTOpPOXOeHHe CHHXpoHHO ceuTe [lapcei,
narupyemoit 1600 mnu. ner, comepxaimei eme HeCKOILKO pPyAONpPOSB—
neHu#i CBMHUA TOrO e Boapacra., Bpems xe dopMupoBaHMs MeTacoOMa-
THYECKO#l 3allexH, Ho=-BHAMMOMY, OKashBaeTcda aHA4YHTellbHO Gonee noag-—
HEM, Vimaye roBopsd, HAKOIIEHWEe CBMHIA B 9TOM pErHOHE MPOMCXOMUIIO
ONHOBPEMEHHO C OCafoYHOH bopMmanueit okono 1600 ner nasapn.

Crnepyer OTMeTHTB, 4TO B YKa3aHHOM paioHe u3BecTHO eme Gomee
necdrka pyaolnposiB/IeHHH, NMpHYypPOYeHHBIX K OTAebHBIM TOPH3OHTAM TOH
xe CBHTHI [lapcen, OTMHYANIUXCH EQHHCTBOM H30TOIHONO COCTABA CBUH-
Ia W MOoA4YepKUBAIOUWMM ofilee uX Mpoucxoxaenne, OgHAKO MpPH 3TOM
Habmopaercd BecbMa xapakrepHad OCOGEHHOCTL: YeM MeHbuie Macurat
Takux pynonpodeieHHi, WeM faljibuleé OHM OTCTOYT OT paiioHa pasBHTHS
Hanboslee KpyNMHBIX MECTOpPOXaeHuHd, TeM Goibule HAYMHAIOT CKA3bBATb—
Cf HA HUMX He3HAYHTeNLHBEe N00ABKM pajHOreHHONO CBHHIA BMEMAIuX
nopon. lMocnennee 6uui0 BeckMa ynauHo noxasaHo Kyo u ®onmmsctu
ang pattona lOkoHa. ‘

Mecropoxnenne 3apap (Mmnua) oTimuaercs TeMu xe 0COGEHHOCTS—
mu, uro # CymiuBaH, XOTH® BMemawmeld Tomueid CayXUT kapGoHaTHag
dopmanua Apapannu, Bce pynonpoaeneHus B palioHe MeCTOpOMIeHHS,
fnpencTapleHHble METaCOMATHYECKHMH 3ajieXXaMd B M3BEeCTHAKAX, OTIIH=
YAl TCH CXOAHBIM MBOTONHBIM COCTABOM, YKashBasd H& BpeMd TepBOHa—
YanbHOT'O HAKOIIEHHd CBHHLIA B 3Tol Tomue okomo 1500 muw. ner
Hasaj, T.e. peckMa OMM3KO K IpenmojaraeMoMy BpeMeHH 06pasoBaHHUd
camo¥i Tomuu Apapamm,

Mecroposnenne Bpoxen-xunn (Apcrpamna) oTnHgaeTcs HECKOIBKO
fonee ClOXHLIM IeHesucoM. Ha Mecropokpenuu H3BeCTHBI pyOHBIE
Teqna, BO3HMKUIME OOQHOBpeMEHHO ¢ BMemawoue# rommei# oxomo 1500 M,
NneT Masaj, OTIHYAKIIHecsd HOPMAalbHBIM H30TONHBIM COCTABOM CEBHHIA H
nperepnepBwne ckilagdareie aepopMauuy, Ho Hapagy C© HHUMH M3BECTHEI
/TaK HasbBaeMble XUMLI TaKapuHra, BO3HHKUIHe B 6olee BLICOKOM dpyce
MeCTOpoXaeHud, OTIMYaIIHecd aHOMalbHBM CBHHLIOM. WHTepnperanus
AAaHHBIX [0 M30TONHOMY COCTABY 3TOTNO CBHHIA NMOKasalld, HTO OH ObiI KOH=
TaMHUHHPOBAH CBHHIOM NMOPOA, H BPeMd ero oTyoxenus okosio 1000 miH.neT,
T.e. NPEAINoJIOKEHHEe O COBMECTHOM COOCAXIEeHHHN IePBOHAYA/ILHONO CBHHLA
A MaTepuaa BMemamomeil TOMUY He BHISBIBAET HH y KOO COMHEeHHf.

TakuMm ofpa3oM, Ml CBASBBaeM IOFBIEHHe KPYIHBX CBHHIOBBIX
MEeCTOpoXaeHnH MofoBHOre THNa C MepenoMHBIM MOMEHTOM B OCAACHHOH
auddepernuanun 3eMHO# KOpbL [lpoHcxomaenue STHX Mepropomaeﬂuﬁ
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(1800..1500 mm, mer Hasan) oTpaxaeT INIOGANBHYIO SMIOXY MArMa—
THYECKOH aKTHBH3alliM, HElOCPEeNCTBEHHO IpeauleCTBOBABUICH 3TOMY
sTanmy. MarMaTHyecKas aKTHBH3alusa 6eIOMOPCKOTO BPeMeHH SBHIIACH TEM
BOo36yxnammuM GakTopoM, IO BIHAHHEM KOTOPOIrO HAHANIOCH IIepepacrpe—
ges€Hde CBHHIA W ohopMileHHe ero B BHAe MeTaCOMATHUYeCKHX 3alexei,

Ha nmpoTaxeHur BCero MpoTeposod IO AHANOTHYHOE HAKOILIeHHe
pyAHON CBHHLOBOH MHHepallH3alHH, MPEHMYIIECTBEHHO B KapBoHATHBIX
dopManuagx ¥ B MeHblulelf CTelNeHH B OCamO4YHOM Yexie [peBHHX muardopM.
K rakoro popa craTH$OpMHLIM MeCTOpPOKAEHHSM OTHOCHATCH OTKpPLITHIE
3a nocnepgiue 5-10 ner Kpymuuie MecTopoxaenus Ha pocroke CCCP:
[1puosepuoe, XonoaHeHckoe, Capnana, MeCTOpoXaeHHs AKHTKAHCKOIO
pafiona ([MpuBaiikance) u ap. Bce 3TH MeCTOpOXIGHUS MO M30TOMHOMY
COoCTaBy CBHHNA OTHOCATCA K BrnaifeprckomMy THITY MECTOpPOMIEHHH,

W nakonen, B TedeHHe NMOCIeAHEro 3aKIOYHTE/ILHOIO HHTepBAaia
BpeMeHH - baHepo30d, MeCTOPOKIEHHS CBHHUA, MO-TIPEXHEMY YaCTHYHO
HaKallluBagChb CHHI'€HEeTHYEeCKHM B XapboHaTHBIX TO/UIAax, HAYHHAIOT BCe
yarile BO3HMKATL B CBH3H C IpoleccamMu rpanuroobpazopaHus, ocobeHHO
B I'epHHHCKYI0 ¥ albIHiCKylo omoxu. CeHMHEU B MeCTOPOXAEeHHSX 3TOr0
BpEeMEHH HAXOHNUTCH YyXe B TEeCHOM MapareHesHce CO MHOTHMM d/IeMeH—
TaMH, C KOTOPBLIMM paHblle HHKOIOa He 06pas’OBLIBANl COBMECTHBIX CKOI—
nemuit, Tak, HampuMep, 00pasylOTCHd YpaHMHHT-TaleHUTOBHIE DYOHBIE
Tera, ypanMHHT-KIayCTaluTOBLE, I'epMaHAT-TalleHUTOBLIe NapareHesH—
Chbl B pane MecTropoxpenuél ¥ T.o.

Onnoit 13 BecbMa SpKHX 4YepT pynoo6Gpas’soBaHHd STOMO BpPEMeHH SB—
19eTCH BO3HUKHOBEHHE MECTOpPOXneHMH TaK HasbBAEeMOr'o aHOMAaJbHOIO
CBHHIIA, M30TONHBIH COCTaAp KOTOPOI'O yKashBaeT Ha ydacTHe B QopMH-
POBAHMH [8HHEIX MECTOPOMISHHH HEeCKO/ILKMX CBHHLUOB W3 [1pUHLHKIHAIIb—
HO DA3MUYHBIX HCTOYHHKOB C PA3HBIM HAKOI/IeHHEM pPafHOI'€HHBIX €ero
uzoTonos, K umcioy Takux OTHOCHATCH MECTOpPOXaeHHMS H3BecTHoro Miuc-
cy pu—Muccucunckoro paiiorda [ 8l

Ong aTHX MecTOpOMoeHHH XxapakTepHa SIHreHeTHyeckKas MOPHOIOTHs
sanexeli, XxoTq4 Hapaay C STHM BCTpedYaloTCHd M CTpaTHQopMHEBIE Tena,
Mo namnem 8D u 80°% a Takke conmepoMy cocTaBy MHKpPOBKIOYE—
Hu#l, PyNOHOCHBIH pacTBOp npencrabnan coboji 3ax0poHeHHBIE PACCOIbI,
Harpersie o 50-200°, Bce MecropoxpneHus conepxar aoazwerﬂo [IOB bl
weHHbe kosuenrpaumk Pb”C; menwuuma ormowenns PbUY/ ph204 '
. pocTHraer 23, Hro noaaon% 4; OTHEeCTH [aHHBI THUI pPYyAHOI'O CBHHIA

k [xonmun - rEmy, [To 85 - BCe CynbhHIbl 3THX MeCTOpOXoeHUH
KOpOBOIo mpoMcxoxaenus (M3 seMHo# kopsl). [TocKombKY OT[e/IbHbIE
palidHbl 2TOH pynHOR MPOBMHIMH OTIHYAIOTCH BAPHALMAMH HM30TOMNHOTO
cocTaBa CBHHIA, NMOJAC&aloT, YTO HMX MPOMCXOMIEHHMEe CBA3aHO C HECKOIb—
KHMM HCTOYHHKAMH PAgHOre€HHOI'O CBHHLE B 0Ollee OpeBHHX NOPOaAX M
HeCKONLKMMY HaNpaB/IeHHAMH MOTOKOB 3TOIO MPHBHOCHMOTY CBHHIA B
pafioH MecTOopoXaeHHH,

Ona papHoro paiiona Habmonaercs TakKe 3aKOHOMEpPHOCTb, KoTopas
panee Gema oTMeuena Kyo u Ponmnctu [T} nnga Oxona - MakCHMANBHOE
oforamenne pagHOreHHbEM H30TOMOM (Pb 6) duKCcHpyercs ANg HepH-
beprdecknx y4acTkoB gansoro peruosa. [lo u npyrue [9] obmbacusor
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2TO OBHXEHMEe 3aXOpPOHEeHHBIX paccolioB H3 paidoHa Winmboic Boonb
NecYaHHKOB Majeo30d, '€ OHHU: IOCTENeHHO HACHILAITCH pafHOTeHH biM
CBHMHLOM B Halpap/iecHMM HA CeBepo—BOCTOK K MecTy oTioxeHnus (pur, 2).
BecbMma BepodaTHO, YTO MOI'YT GBITH OaHbI H ApYyrHe OObACHEHHs, HO
T7IaBHEBIH BBIBOA 3aK/lO4Yaercs B TOM, YTO CBHMHUBLI THIlA [3KOMJIMH MOTVIH
ObITh MEeHepHPOBAHBI /MWL B MOPOAAX 3EMHOH KOpPHl, M3 KOTOPBLIX OHH
BBIEIAYUBANIHCE O bIMABUIMMHECH HAU'DETHIMHM BOOAMH M OTKIIAbLIBAIMCH
B BepXHHX 3Ta}Xax peruoHa.

Ananoruuneie HabmoneHus GLUIM CaenaHbl B pajoHe pa3BUTHUS Tep—
uuHCKMX Mecropoxpenuit B CCCP, roe ang OByxX KpPyIHbIX MECTOpPOXK—
penuit Auncait 1 MupranuMcail 66U U3YYEH bl H30 TOMHBIE COCTABLI CBHHI A
U pyn, a 3aTeM COMOCTAB/IeHbl C M30TONHBIM COCTABOM CBHHIA, Bblie—
JIGHHOT'O M3 NOPOA BMELAoNed TOMIA 38 NpeeliaMH BINAHHA Mpoca-—
YMBAIOLIMXCH PYNOHOCHBLIX pPacTBOpoB, [lompaBka Ha 00O pagHOTre€HHOI'O
CBUHLIA, TNOJY4eHHOI'O CBHHIIOM BMeEIaloUMX MOpOod, HCXOAd H3 MX BO3-
pacTa B ColepKaHHs B HUX CBHHIA, ypaHa M TOpHs, NMOKasana, 4YTo B
MOMEHT OCAAKOHAKOIUIeHHHS HM30TONHBLIH cocTaB CBUHLA pyd ¥ nopod Gbui
MAEHTHYeH, HeCMOTPd HA CYLIeCTBeHHbIe KojebaHus MU30TOIIHOIO COCTaw—
Ba CBUHIA Topon B HAcTosmiee Bpemsi (¢dur. 3).

Ha ocHOBaHuM CXOACTB& HM30TONHOTO COCTABA CBHHLUA pyd M IO—
pon (nocne pHeceHus COOTBETCTBYIOMMX KOPPEKTHB HA BO3pPacT H
colepxaHue ypasa B nopopax )Hamu [3] 6bi1 AOKa3aH IM'eHe3HC CBHHUOBHIX
pyn CepepHoro Kaekaza, BO3HHKWHX B peayllbTare BbMHOCA CBHHUA B

020,83 o

“..22,190 \— — ——- s Mg s i i o -

(%)
(=]
o

20 4P KM

— . L | f

e ]

dur, 2. Kapra pacnpciencins usoTomubix otowsuuit PhZ00/pp204
B Bepxue-Muccucunckom pyaHom pafiose (mo Xeitny)

1 - MecTo BaaTHA obpasua u omiowenne Pb206,/Ph204; 2 - uso-
OTHCWEHMs; 3 — UpaHUUEl [LyAHGI O CBHELUOBO—LHHKOBOI'O pajioHa
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15 . . —

175 180 185
¢ur. 3. UooTonuwifi cocTap pyoHOTO CRHHIA ¥ CBHHIA BMemalonmx fo-
pon palioHa MecTopoXaeHus Auucai

cpenHelo pcKoe BpeMd u3 Go/lee ApeBHHX TI'PAHUTOB C NOCAEAYIOUHM HX
pPABMBLIBOM H II@pPEOT/IOKEHHeM B TeyeHHe BepxHel pkl

TakuM e MeTonoM ObUla MOKasaHa IeHEeTHYeCKas CBA3bL (Hocrcpen—
HEIOPCKMX) CBHHUOBBLIX MecTopoxaenmit 3atalikanba ¢ Hepaapomckoit
KapboHaTHOH Tomme# HXHero maneoszod M T.a. [4],

TaxuMm o6GpasoM, Mbl MPHXOAMM K BBLIBOAY, YTO IVIAaBHOH IPHYMHOH
pyoooGpasoBaHug CBHHIA, a TaKxe ApyruX sS/eMeHTOB B daHepoaoe
gB/geTCH HapacTrallas QWCHMMETDHS B paclpefesieHuH B NEPBYI odepelb
PYAHBEIX KOMIIOHEHTOB B OCanOuHbX ropopax Jemnu. [lecrpoe pacnpene-
JleHHE ypaHa, TOPHA M CBHHLIA B paspesax 0CANKOB, BOSHHKABUIMX B
bhaseposoiickoe BpeMs I'eOCHHK/IHHA/el, 4YexioB miardopM, noguHHeH-
HO® CKOIVIeHHsIM OpraHHYecKoro MaTepuala, NpHBelo K IHOSBIeHHIO Ca—
MBIX PAa3MHU4YHBIX, ITOAYAC MPHXOTIHUBBLIX CMecell maoronos ceuHua. To,
4YTO CBHHIBI PyAHBIX MECTOPOMAEHHH Ha NMpPOTHKeHWH Bced HCTOPUH
3emny MPOHMCXOAWIH M3 BEPXHHX TOPH3OHTOB 3€MHOM KOpbl, OTYETIIHBO
AOKA3LBAETCH NapajilellbHEIM BO3pPACTaHHEM B HHX MECTporo Xapakrepa
H30TOMHOI'O COCTABA CBHHIA, OTBedaomero aHalordydoMy ux ofpasoBa-—
HHI0 B NOpojax ocagouHoil of0JI0YKM 3eMHOIo uwapa. 3TO AOCTATOYHO
4eTKo BGbIO OTMeTeHO ANd Meso3odcKux MecTopoxpeduit cepHua 3anajg-—
perx Wraree Amepmen Uaprmanmom [10].

Hrax, spomouna pynooBpa3oBardd. CBHHIA B HCTOpHM 3emMiH pasbu-
paaTcd Ha TpH ITVIABHLIY 3Tana.

Meppeii -~ or 3,5 go 2,6 Mmrpa. ner Hoe3an -~ XapaxTepH3yercs MOsb~
feHHeM pynofiposelienuli CBHIA Ha (oHe CPABHHTENBHO BBLICOKOIO 060-
rapiesns mopop oToro Bpemesu ypawom ( p = 11-12).
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Bropoit sran or 2,6 no 0,6 mapa. ner Hazag ¢ Golee y3KHM MH-
TeppalioM BpeMeHH okoio 1,8 - 1,5 Mipa. feT ornuyaercs IOABIeHH—
€M KpyNHBX MPOMBIU/IEHHEIX MEeCTOpoMAeHuH crpaTudopMporo Tuna. I1pu-—
YHHa STOrO saKoYaeTcd B IepeloMe Xapakrepa 0cCagKOHAKOIIICHHA B
HCTOpPHMH 3eMny, MOSBJICHHM [PONYKTHBHLIX KapGOHATHBLIX TOJNI, POMM—
TAHHEK OpPraHUKOM, ABIMOWHXCH OMmKaluNM UCTOUHHKOM CBUHLA,

W naxomen, nng rperwero arama or 600 mmu, mer mo O  xapakre-—
peH BecbMa NECTphE HAbOp pA3/IMYHLIX MECTOpPOXIeHHH, B TOM -UKCle
¥ C aHOMANLHEM CBHHLIOM, OTBEYAIIIUX HapacTallleMy YyCIIOoXHEeHMO
pacnpeneneniss KOMIOHEHTOB B Pa3iUYHBLIX CTPYKTypax ‘3emu.

ABSTRACT

Based on the isotopic composition of ore lead the condition of ore deposit
formation in the course of geological history of the Earth from the moment
of first protocontinents appearance till recently are considered. Three main
stages in evolution of a ore-forming processes are distinguished: first lead
mineralization 3,5 — 2,6 b.y. ago; main lead deposits formed in a narrow
time interval 1,8—1,5 b.y. ago (the whole stage interval 2,6—0,6 b.y.ago)
and the last stage 0,6—0 b.y.ago with variety of ore deposits corresponding
to the growing complication in distribution of components in different structu-
res of the Earth.
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H. [I. PABYUKOB, H. A. IYPACOBA, B. JI. BAPCYKOB

DAKTOPLI MUTPAITMOHHON CIIOCOBHOCTH OJIOBA
B KHUCJBIX MATMATHYECKHUX CHCTEMAX

Hayuenne mex$asoBOro pacupelelleHHd PYOHBIX MeTAalUloB B CHJIHMKAT—
HEIX CHCTEMAX C JeTy4YuMM KOMIOHeHTAMK 4BIgeTcs HeoOXoaumoil mpel-
TIOCBIIKOH [Jig KOJMYeCTBEHHOrNO ONMMCAHHA MArMaTOreHHBIX pOLeccosB,
BeyUIMX K NOSBIeHUI0 NPOMBIUJIEHHLIX KOHUEHTPALHH DYAHOrO BelecT—
Ba, M [ OLEHOK MAaKCHMAILHOH DynoreHepupywoulei CrocOGHOCTH Mar-
MaTHyeCKux cuctem, [lonydeHue mnonobHolt PH3MKO=XHMU4YSCKOH HHPODP—
MalHH, TO3BOMAI0Well oXapaKTepH30BaThk MOBeleHHe 0JloBa B XOAe KpPHC~
TA/VIH38UHOHHOK M SMaHaAlMOHHOH NudxpepeHUHallMd KHCJIBLIX Marm, COC=
TaBUIO [ABHYI0 3afayy HACTOSAWeH cTaThbH,

C oToll nenblo Hamu Opvila TpoBefeHa CepHA PKCTEPHMEHTOB TP
750°C u 1500 kr/cm2 B crcTemax PPAHHT - KaCCHTEPHT — BOla
H Kelledo — OJIOBO- KHCJIOPOA C TOC/eAyluHM onpedelleHHeM KOH-—
HeHTpalukii onoBa B CUHTE3UPOBAHHLIX $Aa3ax C NOMOUILID SNeKTPOHHO-
ro MHKpoaHammsaTopa, B peaylibrarTe 3THX HCCIEIOBAHHE GBIVIO yC—
TAHOBJIEHO, . YTO CPAHHTHLI pPACH/IAB, HACBHNISHHLHI B OTHOLICHMH KACw=
CUTepuTa NPH YKA3aHHbIX fapamerpax, cofepxur 0,0910,04 wec,% Sn,
a MArHeTHT, TaKKe COCYWeCTBYIOUmi ¢ KaccuTepuToM npu 750,
1500 kr/cM“ ¥ neTyuecTH KHCIIOpOAd, KOHTPOJHpyeMoil OyhepoM HH-
Kenb - GyHsemutl, HMeeT KoHUeHTpammio olioba 0,440,1 Bec.%, U3
BTHX NAHHBIX KOS(QEHLHEHT paclpelelieHHd OJIoBA MeKIy MATHeTHTOM
¥ FPAHHTHBIM DACHAABOM MO¥eT ObITh NpuO/msuTemsHO paBeH 4, Ko~
opdUIHeHTEl pacupeleNeHts] OJIoBAa Mek[Ay OPYTHMH KPHCTallliyeCKUMH
($asaMi I'PAHHTOHOOB M CHJMKA1HONR XHUAKOCTBI) MOCYT GBITH NOJIyYeHbI
C UCTIONBb3OBAHHEM 2TOH BelNUYMHBLI ¥ UMEWeACH TeOXUMHYeCKOH HH~
GopMallH N0 pacUpefeleHHIo 0JIOBA MEX/Y COCYIeCTBYUWHMHE MHHe=
panaMH KHCTIbIX H3BeDKEeHHBLIX fopoa, Hampumep, conepxkadue oJjioBa B
fHOTHTAX M3 TPAHUTOB NPHO/MSHTENLHO B ABa pasa HHXe, YeM B CO-

lﬂequec'rn KHMC/IOpO/a, OTBeualulMe pPABHOBECHI HHKEIbh — OYH3IeHHT,
6/M3KM K HHXKHeMY TIpedesly 3HaueHHs f02 [O/1s1 BHOTHTOBBIX [Pa-
uuToB [9]. B cllyqae NOBbILEHHA JIeTYy4eCTH KHCIIOpOo[a COHAepXaHue
olloBa B MaCHeTHTEe, PABHOBECHOM C KaCCHTEpPHTOM, He3HauHTellbHO

YMEHbIWAeTCs B COOTBETCTBHH C $OpPMOil KOHCTaHTbi Clledywieli pe-

axuuu: 2 /3 Fe504 + SnOz = F62Sn04 + 1/3 02-
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CYWeCTBYWOWHX C HHM aKUeCCOPHLIX MarHeTHTax [2], oTkyma kosde—
(pHUHeHT pacmpeneneHHs o/loBa Me[Ay GMOTHTOM H PACT/IABOM paBeH
2. B nopyrue noponco6paayioume MHHEpPAaLI GHOTHTOBBIX FPaHHTOB —
KBapll ¥ NOJIeBbie WNATLI — OJIOBO BXOOHT B He3HAYMTEJILHOH CTeNeHH.
M3 4HC/la axuecCOpHBIX MHHepalloB KOHUSHTPATOPAMM 0JIOBa HADSLY C
MAarHeTHTOM SGBIMIOTCH cdeH H HILMeHHT, CodepkaHHd OJIoBA B Hilb—
MEeHHTAX M3 IPAHHTOB MO TIOPAOKY Be/MYMH 6IM3KH K KOHIleHTpaluaMm
ero B Guotute [7, 8], yro Hapsoy c ManbMH KOMHYECTBAMU CAMOLO
HWIEMEHHTA B KHCIIBIX M3BepXeHHbIX NOPOoAax CBHAETeJILCTBYeT O Hew-
3HAYHTE/IbHOM BJHSHHH ero BhidelieHNs Ha NoBedeHHe 0JioBa B Ipollecce
KPHCTAINIMGAUHY CPAHUTHEIX Marm, B IpOTHBONMO/IOKHOCTL MarHeTHTY H

HIIEMEHUTY cheH sBNgeTcd SHAYMTENBHO Gollee 9¢dpeKTUBHBIM KOHUEHT—
paToM oJIoBa: OTHOWEHHEe CoAepXaHHil 2Toro Meralllla B COCYUWEeCTBYIO—
umXx cpenax ¥ GMOTHTAX M3 rpaHuTOB 3abafikalks cCoCTaBlseT TO [aH-
oM [.¢, Veanosoit [5] B cpenmem 30, orkyna xospduLueHT pac—
TMpenesieHls 0JI0Ba Meway cheHOM H CHIMKATHBIM pacuiaBoMm paseH 60.
[lpy cTomb BLICOKOM 3HayeHMH KoaddulkeHTa paclpele/leHUs KpPHCTal-
nH3allug naxe HeGOMbUIHX KOMMuyecTB cheHa M3 TPAHHTHON MAarMbl 6y—
oeT 3aMeTHO YMEHbUATHL CTelNeHb HAKOI/IeHHd OJIoBa B OCTAaTOYHOM
pacnnape, [eicTBHTE/BLHO, OHeHKAa Komﬁxfﬂﬂpoaaﬂmrol koaddHiIHeHTa
pacnpenesieHHs 0OJioBa TPM KPHCTAIUH3aluu# GMOTHTOBOrO I'paHUTa Cchet—
OPTHTOBOI'O THIIA OLUEHHBAETCH C YYETOM IpHBe[eHHLIX BBILIE SKCIe=
PHMeHTAaNLHBIX M MeOXMMHYyeCKHX NaHHbiX, Kak 0,4, a 09 HIEMeHHT-
MOHAIUTOBLIX GMOTHTOBLIX MPAHHTOB 9Ta BellHYHHA OKa3biBaeTCHA NPHO-
miauTencHo papuoit 0,2, Tlpu 2THX pacyeTax NPMHAMAJOCH, YTO B XO—
Oe KpHCTaymM3alMd GHOTHTOBLIX TPAHHTOB GHOTHT cocTtaBisgeT 5% OT
CYMMBI BHIOEJAIOWMXCH TBepabix (az, a kpapl, NNardHoKiIa3 M KaJuiunar
BRIMAAAIOT M3 PACNABA B NpHG/M3HTENILHO paBHBIX COOTHOWeHHax. [lons
BHIleNleHMa cheHa mpefnonaranack paBHoit 0,3%, 4TO OTBeyaeT HaM—
Gollee OGBLIYHBIM COOCPHAHMAM 9TOO MHHepalla B HOpMalbHBEIX GHO—
THUTOBBIX FpaHHTAX CHEeH—-OPTHTOBOI'O THNA, PacueTbl Bapuamuii XoH-
HeHTpauuii ofloBa B pacniiaBe M OpPYrux dasax B Xode (paKIHOHHOH KpHC~-
Ta/lM3alldd FPAHUTHBIX MAr'M M CONPSKEeHHOrO C Hell peTporpanHoro
KHIIeHHg, BBHITIOJHEHHBIE C NOMOUWEID TNPe/IOKeHHBIX paHee ypaBHeHHH
[12], nokasbiBalT, YTO NpPH KIAPKOBOM COOepAHMH OJIOBA M JI@TYYHX
KOMIIOHeHTOB B HcxoaHol marme (0,0003 pec.% Sn)[4] ma camwix noan-
HHX CTaOHuaX KPHCTA/UMaalWH CHIMKATHOT'O pacllaBa B cliyyae rpa-—
HHTOB UJIbLMEHHT-MOHALMTOBOIO THIIA [O/DKHO HA4yaThCH BhIAE/IEHHE aK—
LeCCORPHOrO KACCUTepPHTa, a B Cly4ae rpaHHTOB C(PeH-OPTHTOBOI'O THUTA
HACBIIECHHEe CHCTeMbl B OTHOLIEHHM OBYOKHCH OJIoOBa Ha MarMaTHYECKO
cTaQWH [OOCTUrHYTO He 6yneT. [lpu mpoBeneHMM 2THX pacueToB BapHa—

i

KomGunupoBaHHEN KOS(GQUIHEHT pacupefelleHHs SBISeTCS CpeOHe—
B3BelleHHOR BeHYHHOH ua Kosm}nunen'mn pacnpefeieHHs /NS OT—
[eLELIX- MEHepaoB: Kcomb IK i"i rie K. - xoapduunent pacnpefe—

NIeHHsT MUKPOKOMIIOHeHTa Me}!{u'y I =TBIM MHHEpAJIOM M MarMoi, r; —
fons BbiAeNeHMst i =TOr0 MHMHepala M3 pacnjapa, npuyem 2 7;=1
]
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LHMH KOHLeHTpalMii oJloBa B XoAe (pakUHOHHOJ KPHMCTaJUH3AalMd H CO—
TNPAXeHHOll C Helt maMCTHANALMM (IMonOa NMPHHMMANOCHL TO, YTO ITOCTIe
OKOHYAHHA KPHUCTA/H3alMd FPaHHTHOH MAarmbl octaerca 2% oT obueit
MACCHI CHCTeMBI OOHOMOJISI/IbHOMO BOOHOXJIOPHOHOrO pacTBopa, YTO CO=
riayeTcd CO CpPelHHMMH COOepXaHHSMH BOMbl ¥ XJiopa B HEU3MEHEeHHEIX
KMCTLIX Bynkaunyeckux crtexnax [3], [{13] » c panom mpyrux xpu-
Tepuep. KomGuHMpOBaHHbIH KoaddMIMeHT pacnpedelleHHs OJlOBA AN -Fpa—
HUTOB MI/IbMEHHT—-MOHALUMTOBOrQ THNA npHHUMaliCcd paBHemM 0,2, a
cteH~opTHTOBLIX rpanuToB — 0,4 (cm. ebrue), Kosthduuwenr pacnpe-
NejnieHUs 0JI0Ba Mewxay (UOHOOM M Marmoil NpYHHMAlCs HA OCHOBAHHH
NOJIYYEHHEIX HAMH SKCIepHMeHTallLHLIX naHHbix paBHbiM 0,02 (oM.
Hike). M3 ©THX NaHHLIX CJleNyeT, YTO NOBLIUEHHE AKTHBHOCTH OKHCH
KalplHs CHH¥AET NpH TPOYHX YC/IOBMSX HHTEHCHBHOCTb HAKON/IEHHA
0/IoBA K KOHLY TNpouecca KPHCTAVIM3AUHH KHCIbIX MarMaTHYeCcKHX CHMC—
TeM. M, TAKUM o0OpasoM, YMeHBllaeT lMaHCHI HA (GOpMHUPOBAHHE IPO=—
MLIUIJIEHHOH OJOBSHHOH MUHepalM3anuH, ‘ ‘

3ameTHag MOBM/IMG3AlMS 0/0BA MarMaTHYeCKHMM (UIOHAAMM 3aBHCHT
oT pana GakTopoB, CPedN KOTOPhLIX HApgdy C KOHIEHTPAUHAMH PYOHBIX
MeTaluloB B OCTATOYHOM PAaCI/IABE BECEMA BaxHYIO POJIL HIPAT TO—
TEHUHAILI JIeTYyYdX KOMIOHEHTOB, CNOCOGHBIX B BBICOKOTEeMIepaTyPHBIX
YCHOBUAX OOPasOBLIBATL C OJIOBOM YCTOHYHBLIE COenMHeHud. [lOMUHHN-—
pylouee sHayeHHe B MepeHOCe HANKPHTHYeCKMMH (umoMaaMH ojloBa Hr=—
paioT GTOPHCTHIE COEMAMHEHU, YTO [10KA3AHO CEeOXUMHUYECKMMU M DKC—
nepuMeHTallbLHEIMM ucclienoBauusmu [1, 21,

‘OcHOBBIBASICH HA TIONYYEHHbIX HAMH DKCIEePUWMEHTANILHBIX pPe3Yilb—
TaTax ¥ onybiukopawHbix Aaupbix [10, 11], xoMBuHupoBaHHLIT KO®(-
¢uuueHT pacnupefenenud ¢ropa ﬁpn KpPHCTa/NMH3ALUM GHOTHTOBBIX PaHM-
TOB MOXHO TIPHHSTL paBubiM 0,1, a mpenelsHoe colepkauue §Topa B
rpaHHTHOM pacniiaBe, pPaBHOBeCHOM C ¢unoopuToM M Tonasom, 0,2 pec,%,
Pacyers 6ananca ¢ropa B xone (pakUHOHHON KPHCTAJNM3AlUHH IDAHHT—
HOIO pacniaBa MOKasbiBawT, yTO B Xode 2Toro lpolecca NMoTeHLHal
dTopa NoOBBILIAETCS HACTOILKO, YTO HA ONpPedelIeHHOH CTalHM HAYHEeTCS
BLideJIeHMe ero COOCTBEHHBIX MHHepalloB — ¢imoopuTa HIH (IUoopuTa H
TOna3a, [IpoBefcHHOe Hamy 2XKCTepHUMeHnTalbHOe MoyueHue MewbasoBoro
pacnpefesieHHs OJloBa B CHCTEME I'DAHUT -~ (UIOOPHT — TONA3 — XJIOpPH—
OBl - BOMA TOKA3AN0, YTO MO3AHEMATMATHYECKHWE (TOMABI B KUCIBIX Mal-
MaTHYEeCKMX CHCTeMax C ¢pakUHOHHOI KpuCTalumMaalMell obiagalT OOC-
TATOYHO BBICOKOH SKCcTparupywiuell crocofHOCTEIO B OTHOIUEHHH pac—
cMaTpuBaeMoro Metania, Tak, KOS(GQHUUHeHT paclpefel/leHHS OJIOBA MEMH=—
Ay OOHOMOIISIIBHBLIM XJIOPHOHBIM (NIIOHOOM, CONEpPXAHHE (TOPHCTHIX COe—
[AMHEeHHMII B KOTOPOM oOllpefeNseTCs] PABHOBECHSMH C Y4acTHeM 'ronaaa_
M ¢uumoopuTa, M rPaHHTHLIM pacniaBom mpu 750°C u 1500 kr/cMm
MMeeT MHHHManeHOe 3HayeHue, T.e, 0,05, Taxum ofpazoM, oOHOBpe-
MEeHHOe HAKONJIeHMe OJIoBa W ¢Topa B OCTATOYHOM pacljiaBe B Xolle
PPaxuHOHHON KpHCTaNM3aluMM FPAHUTHBIX MarMm {BJSGeTCd NpPeanoCckii-
KOif MHTEHCHBHOr'O BRIHOCA OJIOBA no3AgHeMarMaTHYeCKHMH BOOHBIMH
pacTBROPaMH.
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Brie oTMeualiock, 4TO DO Kpajineil Mepe 4acTh aklIeCCOPHOIO Kac—
CHTEpPHTa 'PAHHTOB BhIOelS/IACH. HENOCPeACTBEHHO M3 CHIHKATHOIO pac—
niaBa Ha MO3OHemarMaTthyeckoit craamu, OxiaxOeHue BHICOKO(TOPHC—
TOrO MarmaTHyeckKoro ¢Guouaa, PABHOBECHOIO C 3THM I03[HemMarMa—
THYECKHM KACCHTEPHTOM, HO/DKHO TIPHBECTH K OTJIOWeHMI KaccHTepura
rUApOTEpPMallbHOrNO reHeauca Ha MOCTMArMAaTHYeCKOH CTaiuH mpolecca.
BakHOCTE TeMIepaTypPHOro dpakTopa B HOPMHPOBAHHHM OJIOBSAHHON MH=
HepalMsaluud yOe[HTe/IbHO NOKa3biBaeTCsd CPABHEHHEM IOJIy4YeHHBIX HaMH
OAHHBIX TIO PACTBOPHMOCTH KACCHTEPHUTA B XIJIOPHAHO=(TOPHAHEIX BOAHBIX
pacTBOpax TIPH TapaMeTpax MarmaTHYecKoro Tpolecca, C© DKCIEpH-
MeHTallbHbIMH OAHHLIMHE TI0 PACTBOPUMOCTH KACCHTEpHTA B BOOHO=(TO—
PHOHBIX PACTBOPAX C TeMH e KOHUeHTPalusMH (TOPHCTBHIX COeMHEHHit
B MHTepBane Temiepatyp 25-200 C [2]. B npuponHbix yCrNOBHMSIX CHi-
WeHHe TeMIepaTyphl [O/MKHO B elle GoJjbileidl Mepe cnocofcTBOBATH
BhIAGNIEHMIO KACCHTEpHUTa K3 BOOHBIX (UNOHIOB, TAK KaK CoOepwaHue
GTOPHCTHIX COSAWHeHHH, MCpalUMX OOMHHHPYOUWYK POk B IepeHOCe
ONI0Ba, TPH OXJAWOSHHM CHCTeMEI [OOKHO TajaThk BCIeACTBHE TOMaB—
JleHHs CHOPOM3a (TOPCOAepKAUMX MHUHEepAasOB, NOKA3LIBAEMOI0 Tep=—
MOAMHAMIYECKUMH pacdeTaMH [61

Ha ocHoBaHum mnoiyyeHHO#l (HSHKO~XHMHYECKOH HHPOPMALWH MEI
TpOBE/IH OpHEHTHPOBOUHLIE OUEHKH py[OreHepHupyluel CHOCOBHOCTH KHC—
NBIX MarM B OTHOLIGHHMH OJIOBA B 34BHCHMOCTH OT OCOOEHHOCTeH HX XH~—
MH3Ma H YCNOBHi Tpollecca KpucTaumsaluu, Tak, mociie OKOH4aHHUd
dpaxumonnoft kpucranmzamm 100 kM3 (pasmepwr MHTPY3HBHOIO Telia
cpelHeil Be/lHYHHbLI) GHOTUTOBOrO pPAHHUTA HIIBMEHHT—MOHALUKTOBOIO TH—
na B BoAbli duroun MoxeT mepeiTH He MeHee 2,5-105 TOHH O0JIOBAa,
YTO CPABHUMO C 3anacaMi KPYIHOro NPOMEILIIEHHOTO MeCTOpPO¥IAeHNd,
B cnywae ppakiuonHO#i KpHCTaMM3al#H TOTO e obObemMa rpaHuTa chen-
OPTHTOBOT'O THIA BEIXOA 0J/lOBA& B BOOHBEL (moua ynageT mo MeHbluel
Mepe Ha [dOPSOOK, a NMPOTeKAHHe KPHCTA/NM3alHH C MOJHBIM YCTAHOB=
lIeHMeM pAaBHOBECHSI MeX[y paciilaBoM H BLIONHIOUHMMHCH H3 HErO0 MH—
HepallaMH TpHBe[eT K yMeHbIUeHMIO pyldoreHepHpywomeif cnoco6HOCTH
MHTPY3HBHOII CHCTembl Go/lee yeM Ha 2 mopsaka, TakuM o06pasoM, KHC—
bl MarMaTHYeCKHe CHCTeMbl C TIOHHMKEHHBIM MOTeHUHATIOM KalbIud
U C TPOTeKAaHHEeM KpHCTAIUM3AalHH CU/MMKATHOCO pacuiiaBa To TyTH
MAaKCHMAaJILHOrO (paKUHOHHpOBaHKS Haubollee NMepCHeKTUBHEI B OTHOLIE—
HHH BO3MOXHOCTH (OPMHPOBAHMS TPOMBIIIEHHONO OJIOBAHHOIO OpyAEHEHHd.

CrnenoyeT 3aMeTHTB, YTO TIPH MHTepIpPEeTAlMH TNOJYy4YeHHBIX DKCIEepHMeH-
TallbHbIX Pe3ylbTaToOB MBI HCXOOH/M M3 KIAPKOBBLIX COOEKAHMHE 0J0BA
B KHCJIBIX H3BEPXKeHHBIX Topofax. EciM nomycTHTL, uTO KOHUEHTpAaLMa
OJIOBA B HCXOOHOM MArMATHHECKOM pacnjaBe 6nuia Ha mopaaok Golee
BLICOKGH, 4TO OTBEYAeT CIyYAK OJIOBOHOCHBIX MPAHHTOB, TO Mbi TOJy=
YUM COOTBeTCTBEeHHO OOJlee BLICOXKHMe OLEHKH pyAOreHepHpylouweid Clo—
COGHOCTH I'pAHMTHBIX Marw,

C mpyroif cTOpoHBI, OlleHEeHHas B HACTOSAUWeH cTaThe MAaKCHMAIbHAL
TIOTEeHIMAaNLHAS PYNOHOCHOCTL TPAHNTOMAOR B OTHOWIEHWH OJIOBa, Bhipa—
waemad B BHAe MAacCH MeTallla, Nepexoidilero B MarMaTHYeCKH i
(moNd, HeCOMHEHHO AaljleK0 He BCeraa pealuayeTcd c 06pa3soBaHHEM
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TIPOMBIUTICHHLIX KOHIeHTpalnil ToNeauoro xouunouenta, Bo mMHOPMX ciiy—
qasix, MO=-BHOAMMOMY, (WIOHO, BO3HHKAOUM B XoAe CTAHOBJIGHHS TUIYTO=
HOB, OCTaeTcH /10 KOHLA Npoliecca B MeX3ePHOBOM INpOCTPAHCTBE TNOPOL,
OX7awOeHHe ero NPHBOAHMT K (OPMHPOBAHMIO BKPANNEHHOCTH PYOHLIX ¢(ad.

ABSTRACT

The experimental investigation of tin distribution among granitic melt,
fluid and various minerals permitted to calculate the variations of tin con—
tent during the crystallization of acid magmas and concomitant supercriti—
cal gas separation. The behaviour of tin was found to depend to a large
extent upon the calcium chemical potential of a magmatic melt: the separa—
tion of sphene at the magmatic stage prevents significant tin enrichment
in the residual liquids, while in sphenefree granites tin concentrations
grow fairly fast and this metal may be transferred into fluid phase in
amounts adequate for the formation of commercial deposits.
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JI. H. KOTAPKO

®HU3NKO-XUMAYECKHUE YCJIOBHSA ®OPMHPOBAHNSA
ATIATHTOBBIX MECTOPOJKJIEHMM XUBHH _

ANaTHTOBLIE MeCTOPOXIeHHT XHUOHHCKOIO MAaCCHBA SABJMIOTCH KpYyNHeH-—
MMM B MHpe H HCKIHOYHTE/ILHO BAaXHBLIMH B TPOMBIUIJIEHHOM OTHOWIE-—-
Huu, [7aBHBle MecTOpOXOeHHw anaTHToBhix pya (Kyxuceymuopp, Oxc—
nop, Paceymuopp) npencraBisior cofoit mnacTooBpasHbie Tella 30HAIb—
HOro cTpoenus, Bepxuas sona (GoraTiie amaTHTOBBIE pYABI) CIIOXeHa,
B OCHOBHOM, NSTHHCTHIMH H TNSTHHCTO-IOJIOCYATHIMH PA3HOBHAHOCTAMHU
pyn, cocrogumMi Ha 60-90% u3 uMAMOMOpP}HLIX KPHCTA/IOB anaTuTa,
Huxuas sona (Gemueie anaTHTOBEle pYAbl) TPeACTABIEHA JIMH3OBHIHO—
TMOJIOCYATHEIMH, CETYATBHIMH M GIIOKOBBIMH PyOaMH, CJIOKEHHBIMH JIHH30—
ofpa3sHBIMH MPOMN/ACTKAMH MeJ/IKO3epHHCTOrO HifoiMTa, pasnelleHHbBIMH
ClloMH amnaTHTa JM60 MelKo3epHHCTOro ypTHTa, BHH3 mo paapeay
anaTHTOHOCHOH MHTDPY3WH 30Ha GeNHbIX pyd NepexOodHT B MACCHBHLIe
YPTHTEI, KOTOpbIe COCTOAT Ha 75=90% H3 KPYNHBIX MAMOMOPGHBIX KpPHC—
TalNlOB Hede/HHA, B NMPOMEXYTKaX MeXAy KOTOPBIMH Me30CTATHYeCKH
pasBHBAIOTCS STHPHH, TIOJNEBOji wnaT, cheH, SHMCMATHT, THTAHOMAarHe—
THT, ANaTHTOBLIE MECTOPOXOeHHA NPOPBAHBI BPYNTHBHON Opexkuned ¢
LIeMeHTOM HHO/MT-YyPTHTOBOIO COCTAaRa,

Bomnpocsr resHesuca XHOMHCKMX aNaTHTOBBIX PYA OO CHX MOP BeChb=
Ma [OHCKYCCHOHHBL, BONBWMHCTBO HCcliefoBaTenell cuMTaeT 3TH MeC-
TOPOXOEHH! MarMaTHYecKMMH obpasoBanusmu [2-5]. Pan aBropoB pac-
cMaTpUBaeT anaTHTOBLIE PYOBI KaK peay/bTaT CHAPOTEepPMAallbHO—MeTa—
comaTuueckux npoueccos [12]. B aToit CBA3M BaKHY©O POMb NMPUOG-

. peTalT MeTOAbl, TO3BOJAUHe 60/lee CTPOrO CYAHTh O (QH3MKO—XMMH-
yeckux ycnoBusx oGpazoBanus nopoa, K Takum Merogam mpexie BCero
OTHOCHTCS 9KCNEepHMEHTAllbHOe H3yueHHe MHKPOBKIIOYeHHMH B MHHepalax,
d]ﬂaOBblx paBHOBECHﬁ B Xo[e Tm/aBJ/ieHHd TOpOA H HCKYCCTBEHHBIX CHC=-
TeM, TPHOIMKAUWHXCH O COCTaBY K NPHPOOHBIM,

Hamu petanpHO 6L HMCClieJOBaHbI THIbI, COCTaB, TeMIepaTyphl [O—
MOreHH3alMH MHKPOBK/IOYEHMH B anaTHTax u HedellHHAX TJIABHbIX Aala-—
THTOBBIX MecTopowaenuit [1, 14].

HccnenoBanua TepMOMeTpPHH TIePBHYHBIX PacKpPUCTA/UIH30BAHHBIX BKINO—
yeHHit B Topoaoobpasylouldx MHHepallax anaTHTOHedelIHHOBLIX MOpPOA CBH—
OETEeNbCTBYIOT O TOM, YTO ANATHTOBBIE PYAbl XUOGHHCKOrO MaccHBa 06—
pa3oBalliCh Ha MarMaTHYeCKOM ®Tane MHHepaloobpasoBanus, [na ama—
THTA H Hetbe.rmua alaTHTOBBIX pyad H NOACTHIAWUMX YPTHTOB Xapak-—
TepHB TeMIlepaTyphbl MOMOreHM3alMH MHKPOBK/IOUEHHH Topanka 1000~
700°; Bk/mouYeHHs MOMOMEHHIUPYIOTCS B a/MOMOCH/IMKATHBIR pacnias,

Mopdonorugeckie ocobeHHOCTH, (a30BLIE COCTAB H TeMIepaTyph!
roMbreHU3alHy BXK/IOYEHHH M3 mNopo/loofpasylilix MHHepaloB anaTH—
TOBEIX Py H TNOACTHIAWUMX YPTHTOB AHANOrHYHBEL, 3TO CBUAETENLCTBYET
O BEIJelleHHH MHHepal/loB ANATHTOBBLIX PYO H TOACTHIAWIMX YPTHTOB H3
eIMHOT'O aMOMOCHIMKATHOrO pacilfiapa INpH aHallONHYHbIX (U3 HKO~XH=
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MHUYECKMX YCTIOBMSIX ¥ TIORTBEPKAAeT MHEHHe O CUHMeHeTHUYHOCTH ana-
TUTOBLIX PYA H MACCHBHBIX NOACTH/AOUMX YPTHTOB.

C uenpio BBIMICHeHHMd (a30BLIX paBHOBECHH amaTHTA B UE/IOYHBIX MAl=-
MaTHYeCKHX CHCTeMAaX HAMH GhUH SKCNepUMEHTAILHO H3y4eHBl OHar=—
paMMEl TIABKOCTH cHCTeM HedelMH - ¢ropanaTur, HedellHH - anaTHT-
pona, HepenwH — ¢ropanatur - owoncua [7, 8, 9L

HaueceHue cpemnero cocraBa amnaTHTOHOCHOH HHTPYsHM XHGHH, Bbi-
PENEHHOTO C y4eTOM pACIpPOCTPAaHeHHOCTH BCeX THNOB anaTHTO-Heje-
JIMHOBBIX MOPO/A, Ha HCCcllenuBaHHLIe AHArPAMMBI TJIABKOCTH OKA3LIBAeT,
YTO OH NoNnajaeT B MoJle KPHCTANM3alu#d Hede/MHA BOJH3H SBTEKTH—
yeckux (HOHBApHMAHTHEIX) TOYEK H BJaiM OT NOJel JHKBALHH STHX CHC-
tem (dur. 1). CrneposaTenbHo, Hede/mm [OMKEH OBITH TEepPBON MuHe-
panpHO# (asoif B Xode KpHCTA/M3alMM ATlaTHTOHOCHOH MHTPY3HH, MOC~
Jie KOTOPOI'O HO/MKHBI BEIIESTHCH THPOKCEH M anaTHT. [lerporpadu-—
YECKHMH HCC/Ie[OBAHHMSMH YCTAHOBIIEH HMEHHO TakKOi MOpSOOK KpHC—
TAIUHMAAlHE MUHEPATIOB ATNATHTOHede MHOBEX TOPOML,

Hayyenue $a30BLIX DABHOBECHit B Xo[e N/ABIeHHA LeMeHTa Bpyll-
THBHOH OpekuMH, XMMH3M KOTOPOI'O OTBedYaeT CPedHeMy COCTaBy ara=
THTOHEe(EeNWHOBLIX TOPOA, TIOATBEPKNAET AHXMPBTEKTHYECKWH XapakTep
anaTHTOHOCHOH HHTDY3HH H YCTAHOBJICHHBIR MOPAAOK BLIOSIIEHHS MHHEe—
panop: Hedenun — (amaTHTHMpOKCeH).

Na AL SiD,
1526

dur. 1. [InarpamMmma niap—
KOCTH anaTHT—He(e MH~AH=- 7775
OTCHA

X = Cpeduuii cocTap ana-—
THTOHOCHOW HHTPY3HH

7648 «
Ca, (PD,), F

A

Y] ¥} 7397
7260 CaMySi,0,
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AHXMeBTEKTHYECKH}I XapakTep anaTHTOHOCHON HHTPY3HH H COBNadeHHe
TMOPAAKA KPHCTA/UM3aUKH alaTHTOBBIX PyA C 3aKOHOMEpPHOCTAMHM KPHC-
TaNIM3alHH SKCTEPHMEeHTAIbLHO H3Yy4eHHbix (hochaTHO-CHIMKATHRIX CHC-
TEM CBUAETEJLCTBYIOT O TOM, YTO I'IABHLIM OPOLecCcOM B (OpMHPO—
BAHUM ANATHTOBBIX MEeCTOPOXKIASHHI ABNgIACHL KPHMCTa/NIM3alUHOHHAS NH(-
dbepeHUMan Hd,

Ype3ebiyajiHO BHICOKHE TeMIepaTyphli TMOJHONO T/IABJIEHHS anaTHTOBLIX
pya (cepmue 1400°C npu PH 0=1 x6ap) ¥ NOACTH/IAICUMX YPTHTOB

CBHOETENLCTBYIOT 06 yyaCTHH TIpOLECCOB KyMyJsuHH HedellMHa M amna—
THTA H3 BHegApHBiieHCH €HHOH AHXMSBTEKTHYECKOH HHOIHT=YPTHTOBOIH
Marmel, cofepxauweit 2,30% P9(Cg, uTo B nepecyeTe Ha anaTHT COC=
taBnsier 5,5%. [lonyueHHasi PelMuyHHA O4YeHbL GNHM3Ka (HECKOMLKO HHKE)
K pPacTBOPHMOCTH ANATHTOBOH MOIEKYJ/EI B HHOMHT=YPTHTOBOM pac—
nrape H 9BTeKTHYECKHX pacniapax cHcTeM HedelMH - dTOpamaTHT, He-
¢enuH ~ anaTUT - Boda, HedenuH - ¢QTopanaTHT - OHoncuA. B ceerte
TIOJIyYEeHHBIX SKCTIepPHMEeHTAJIBHBIX AAaHHBLIX CTAHOBUTCH NOHATHOH BO3-
MOXHOCTb BHe[pPeHH$l eOHHOi anaTHTO-He(elIMHOBOH Marmbl, mupdepeH-
LMaLAS KOTOPOH TpOH3oWA B XOfe OanbHelimMx npoueccos, Boauuxaer
.BONPOC - Kax NPOM3OUUIC pa3felleHHe HedenuHa, ATNaTHTa ¥ THPOKCeHa
B XOde KpHUCTaAVM3allMd AanaTHTOHOCHON WHTPY3HH.

B cooTBeTcTBEM C Temlodpusmdeckoii monenwio [15, 6] ovarn mar-
MaTy¥ecknX Macc 6GOnblIoi MOWHOCTH MeXaHH4YeCKH He CTabuibHui, B
HHX Heu36ewHO KOHBeKTHBHOE IepeMeluHBaHHe, BO3SHHKAWEE B pe3yilb-
TaTe pasHHIbL TeMIepaTtyp H, BCIeACTBHE 2TOro, NoTHocTelt BepxHeil
M HMXHeH uwacTelfl MarMaTuyeckoll Kamepel

PaccMOTpHM Tellephb Kak GyAyT paclpenesThCs MHHepanbi B KPHC-
TANMH3YIOWeMCH MarMaTHYeCKOM oyare NpM HaH4YHH KOoHBekuud. B aTom
cllyyae pacmupenel/leHHe MHHepalloB 6yNeT 3aBHCETb OT:HHTEHCHBHOCTH
KOHBEKTHBHBIX TIOTOKOB H CKOPOCTH OCe[aHHsl 4yacTHL TNOO AeHCTEHeM
rpaBATalMOHHONO TIONd, ONpeaeliFeMoro pagHoCThIO nIoTHOCTEH Mar-—
MATHYECKOo pacnnané H KpHcTawmaywuweiica ¢asbl, 3amaya o pac-
npeAefieHHH 4aCcTHU B KOHBEKTHPYIOUeH BA3KOH MHAKOCTH TOA AeiCT=—
BHeM NBYX CHJ1 - KOHBEKTHBHOI'O NepemMelienuss (Bamyuupanusi) u “CrTo=
KCOBCKOro” rpaBHTAlMOHHOIO OCelaHns B obueM Buie pelleHa Bapr-
nerom [13], Buipenewnoe mm ypabHenue

1/8:
(py - plg [1700VK 2

(1)
18pK ag(T-Ty)

lr!NpQ/Np1 =-

naeT BO3MOXHOCTB PACCYHTATL paclpelielleHHe MHHepallbHbIX YacTHI B
BEDPTHKATILHOM paspeae MarMaTHYeCKO# KamMephl B YCIIOBHSIX KOHBeKLWH,
roe N p] —~ YHCTO WaCTHI B eaumule ofbema B JieXauyem GOXy marma-
THYyecKkol kamepsn:, N po = UMCTIO HaCTHI B eqmHuue ofbeMa B BHCS-
gyeM GoOKy Marma'mtxec%coﬁ kamepsl, d - OMaMeTpP YACTHULL, p,-p -
PasHOCTL TJIOTHOCTEH MarMATHYeCKOrO paciiiaBa H MHHepana, g — Bd3-
KOCTb Marmel, V = KHHeMATHYeCKds BASKOCTb MarMbl u/p , K = KO-
apdMIHEHT TEeMNepaTYPONPOBOOHOCTH, a =~ KO2hdHUHeHT TepMHYecKoro
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paclwMpeHHs MarMbi, £ = FPpaBUTALHOHHAS TIOCTOSIHHAM, Tl_Tz- TeM=
nepaTypHEil rpaQHeHT WHTPY3HH,

Ananus IoJIy4eHHOI'O ypaBHeHHd MOKa3kiBaeT, YTO paclpefelieHHe
MHHepallbHbIX YaCTHI CHIILHO 3aBHCHT OT HX pasMepoB H B 3HAYHTEITb=
HO MEeHbiliel CTeneHu OT TeMIepaTypHoOro rpailenTa, padHHlbi B YAS b=
HBIX Becax Mex/[1y MHHepaloM H MarMaTHYeCKHM PpAaclilaBoM,

Ina oneHkm XapaxTepa pachnpefe/leHHs KPMCTa/lMyeckux das B Xode
d)opmnposannﬂ HHOMT~YPTHTOBOi anaTHTOHOCHOH MHTPY3WH MBI NPOBE=—
I AeTallbHBIl 'PaHy/IOMeTpHYeCKHH aHa/lus MHHepaloB, Claraloumx
anaTHTOBBLIE PyObl M HOPOAEI PyAHON cy6daswl.

['paryoMeTpHYeCKHe HCC/IENOBAHHS TIOKA3A/M YOMBHTE/EHOE M=
HoOGpasHe pasMepoB MMHEepanlbHbIX 3epPeH To TopolaM ¥ pynaM ana-
THTOHOCHOil HHTPY3HMM, 4YTO CBHOeTellbCTByeT 00 y4YacTHH B HX (GOpMH—
POBaHHH ABMKYuHMXCs MOTOKOB (GHr. 2). KosddMUHEHTEH! COPTHPOBKH
YKasaHHBIX MHHEepAajloB, PACCYHMTAHHBIE H3 KYyMYJSTHBHBIX KpHBHIX,
6mu3xe x enuHrle, [lonobHbie PeNHYMHBI KOa(¢UUHEHTOB COPTHPOBKH
XapakKTepHbl [JIsl XOpOWO OTCOPTHPOBAHHEIX OCANOYHEBIX OTJIOWEHHII IeC—
KOB, ) ’

Hcnonwoys ypaeuenue (1) ¥ olieHeHubie HaMyu BelMYNHBLI TIO QU3
YeCKHM CBOHCTBAM HUOJHT-YPTHTOBOH MAarmpl, a TaKKe pe3y/bTaThl
rpaHyoMeTPHYeCKHX HCCllenOBaHuil, Mbl MOCTPOMIIM KpHBLIE pacnpeielie—
HMS MHHEpPAJIOB B BepTHKANILHOM paspe3e anaTHTOHOCHOH MHTPY3HH B
3aBUCHMOCTH OT BSI3KOCTH MArMATHYECKOT'O PACH/aBa, TENJOBOr0 [0—
TOKa M pa3MepoB MHHepalbHbix yacTHI (¢ur. 3). Hs rpaduka Buaso,
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wya
¢ur, 2. PesyneraTh rpaHy/IOMeTPHYECKOINO AHAIN3a MHHEpA/IOB anaTH-—
TOBBIX MecTOpoxacHui XuGHH
4 = anaTHT NETHUCTHIX GOTATHIX pyd, § - mupokcen 6emHwix pyA,
¢ = Hebenun GeOHBIX pyA, ? ~ HedelIHH MOACTHNAIOIIHX YPTHTOB
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N . dur, 3. Pacnpeneneune
N, MHHepa/loB B BepTHKAIILHOM
il paspese MarMaTHyecKoii
KaMepsbl

@ -~ anaTuT GoraTeiX pyn,
6 — nupoxcen GenHbix pPya,
6 — Hedemun GeOHeix pyn,
1 — HedelluH NMOACTHIAKIHMX
yprutoB, N2/N| = oTHOlle~
HHe YHuCc/la MHHEepalbHLIX Yac—
THI B BepxXxHed HacTH Mar-—
MATHYECKOH KaMepbl K YHCITY

7 . L YyacTHll B TIPUAOHHOH YacTu
g 4 Z J ¥ J g LE? MarMaTHYeCcKoil Kamepsl

9% +

4TO A7 WHTepBalia BA3KOCTel, peailbHO AOTYCTHMbIX ONH WHOMMT=YP—
THTOBOH# MarMbi, KpHCTalUEl HedellHHa pasmepom okolio 2,4 Mwm 6y-
AyT ocedaTh W HAKaAN/IMBATLCH B HIKHHX YaCTAX anaTHTOHOCHOH HHT—
py3un, o6pasysd NjacT MacCHBHOMO NOACTHJAIOWEro ypTHTa, B TO Bpe-
_M$ KakK anaTHT H THpOKCeH OyOyT HAXOAHTHLCH BO B3BELIEHHOM COCTOS-—
HuH, PoOpMHpOBaHMe MACCHBHBIX YPTHTOB B pPe3ylbLTaTe HelpepbiBHOIO
npollecca OTOWEeHUs! KPHUCTAJNoB HegellMHA, AOCTHralouMX olpeiellel—
HOrO pasMepa, Ha [He MarMaTH4ecKoii KaMephi NOATBEPKIASTCH AaH—
HBIME K3YYeHMS CTPYKTYP ®THX nopon, B moBGom ofpasiie MaCCHBHBIX
YPTHTOB MOXHO BBIJ€/HMTL ABe OCHOBHLIE YACTH — KYMY/ISTHBHEIE,
O[HOPOAHEIE TIO paaMepy, XOpowo OpopMIIeHHbIe KPHCTAJUILI HedeHHa
(okono 65%) u uaTepkymynaTupHelli MaTepuan (oxono 35%), mpencrae-
NeHHBNf KCEeHOMOP(HBIMYM 30HAMLHBIMH BEISNEHHSMH THPOKCeHa, cleHa,
1I07IeBOr0 WmnaTa ¥ Ap.

Ha rpaduka crnegyeT, yTO KpHBEIe Afl THPOKCeHa M Gollee MellKO—
3epHUCTOr0 Hede/mMHA BTOpOil HreHepanmy GeIHEIX anaTHUTOBLIX pyn (cer—
YaThiX, JIMH30BUAHO~TONOCYATHIX) H AmAaTHTA GOraThix PYA PACTONACA—
I0TCSl 3AMEeTHO JleBee KpPHBO# pacrpefeneHus HedelMHAa MACCHBHLIX TO0-
cTunaoUHX ypTHTOB (CM, pur. 3) Ona 3HaYeHMiT BA3KOCTH ANATHTOHOC=
HOil MHTPY3HM, JTH MHWHepallbl GyAYT NOJHOCTLIO' BAMYYMBATLCH U paB—
HOMEpHO pAacTpefelisiTECH B KOHBeKTHUpywuwel xuakocTH, He ocefad, Ono—
HAKO B Xofe GOpPMHPOBAHMS HMHTPY3MM TEMVIOBOH NOTOK, ONpelejsioumii
HHTEHCHBHOCTh KOHBEKIMH B MarMaTHYeCKOM owyare, HelpepbiBHO yMeHb-
umaercd, JTO B CBOW Oyepedb, NPH NPOUYMX PABHLIX YCJIOBHHX, TPHBO—
OHT K ocefaHdio Gollee MelKHX I0° paamepy Kpucramiob, Kpubbie pac-
npeaelieHHa MHHepalloB OyOyT CABHIaTLCA Blpaso, B npouecce Kpuc—
TalNIM3allid ANATHTOHOCHOH MHTPY3HH 1O Mepe YMeHBLEeHHS TeIUIOBOro
TIOTOKa B ONpelelleHHbli MOMEHT HaYHeTCs OOQHOBpeMeHHOe OCeNaHne
NMHPOKCEeHa H HedelMHA BTOPOil reHepauMH, Tak Kak ©TH MHHepaibl H-
[NpABIHYECKH SKBHBANEHTHbI, CyAd N0 GIHM3KOMY pACIOIOMEHHIO HX KpH—
BEIX Ha T'paduxe pacfipenesienna, PacrnosioxeHue ruapabB/myecKH SKBHBA—
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NIeHTHLIX MHHEpalioB B OAHOM CTPaTHrpadhuyecKoM CJoe HHTPY3HH SB—
nseTCs CAeACTBHEM HX pacupelefieHUs B Xofe ABMWKenHs noToxos, Boa-
MOKHO, (OPMUpPOBAHHE MEIIKOIEPHHCTBIX UHONUTOB, ABIMIOUMXCH ClaB-
HOil cocTaBngouleii 6e[HLIX anaTHTOBLIX DYH, SBNSEeTCH CleacTBHeM 9STO-—
ro mpouecca.

PacueT KpHBEIX paclpefel/ieHHS [Jig ANaTHTA INOKa3LBaeT, YTO STOT
MHHepall MIpH BA3SKOCTH HIOIHT-YDPTHTOBOH# MarmMel He Ocaxnazicsd, a Ha—
Xoauiicss B BHAe B3BEeCH, M 10 Mepe KpHCTa/UM3alH¥ H HAKOTJIEHUY He-=
denuHa B HHKHHX 4HACTAX MarMaTHYeCKOH KaMepnl, AaNaTHT MeXaHH—
yeCKH JepeMelascd C OCTATOYHOR MUIKOCTLIO B BepXHHE 30HBI HHTPY-
s (oH kax OBl " me kpucTammaoBaica”). K mMoMeHTy GOpMHMpOBAHNS
30HB GenHBIX Py amaTHT OOCTHral PasMepos, ofecneynBawmiik ero
yac THYHOe ocamnenue (Qﬁ’paE:OBaHHCb TPOCHAOH XPYyNHOIEPHUCTOroO ana-—
THTa), OOHAKO [IABHAS M4CCAa ANATHTA €ule HAXOOHIACK BO B3IMYUYEH=-
HOM COCTOSHHH H OTXHMA/ACh C OCTATOYHOH XHOKOCTRLIO B BepXHHe
30HBI MHTpY3uH, [I0 Bceil BepOSTHOCTH, KO BpeMeHH (POPMHMDOBAHHA JHH~
30BHAHO=-NOJIOCYATHIX pyH, OCTATOYHAA XKHAKOCThH codepkafa Golbuoe
KOMMYeCTBO KPHCTA/IOB aNnaTHTa, Tak YTO MOXHO MOBOPHTL O KallH—
ueobpasHofi macce. [No~BHONMOMY, KOHBEKlHMd B TaKoit cpene 3aTyxala,
B pesynwraTe ®TOro npouecca ofpasoBaiMChL GOraTbie ANATHTOBBIE PYAbL

Tlo Mepe ocThIBAHHA aNATHTOHOCHON MHTDY3HM LIJIO YKDPYIHEHHE KpHC—
TA/NIOB ANATHTA W PACKPHCTA/IM3alHd WHTePCTHUHAIILHON MOPOBOH WHO-
KOCTH, H3 KOTOpOH BLINeN4/UCh MAPOKCeH, cheH, HehelMH, KaMeBbii 10—
nepoit wmat, [lo cTpykTrype GoraToie anaTHTOBLI® PYObBl = THIMYHbE

KyMynaTHBHLIC = TOPOH, COCTOSIKE H3 ONHOPOAHHIX NO COCTABY KPHUC—
TalNoR anaTHTA H HHTEPKYMy/IaTHBHOH DPACKDHCTA/UM30BAHHOH KHO—

xocTH, [lpollecc kpHcTammM3alMud 60raThiX Pyl NPOHCXOOHI .OYeHb Mel-—
nenHo, obecneunBas OuppY3HOHHENHI TNOTOK BeulecTBa, HeoGXOOHMBIA Og
obpazoBaHus NOBOJLHO KPYIHBIX MOWKHIOKPHCTAIUIOB cheHa, MHPOKCEHA,
CKOIJIeHHH 3epeH HedeimHa, CocTaB MHKPOBKIIIOYEHMHE B ANATHTE MNOMd—
TBepKAAeT TOYKY SPEeHHs O ero KpHCTallllH3alUMH H3 alOMOCH/IMKATHOIO
pacniaBa, HACHIUEHHOrO B OTHOUWEHHM 3THX MHHepaiioB,

Taxum ofpasom, copnaneHde 3aKOHOMepHOCTel pacnpenellieHus ana-—
THTA, HedelMHA ¥ TMPOKCEHA B BeDTHKANLHOM Daspese anaTHTOHOCHOH
HHTPYaHH C TONOKEeRWeM PUAPABIMYECKUX KPHBLIX NO3BONAET WPeNNO-
JIOWHTDH, HYTO CJABHLIM TROULCCOB, YUPAaBIEOUMM pacnpeneneHieM MH-
HepajioB B Xo[de KPHCTANH3AUHOHHON auddepeHUMaldH ANATHTOHOCHO
_Marmsl, Obila MeXaHWyecKas rpaBHTALHOHHAL uncpcbepenunaum B YyC-
JIOBHSIX KOHBEKTHBHOIO ABHXEeHMS,

Becxum apryMeHTOM B NONL3Yy AeHCTBHH KOHBEKUHH B XOA€ CTAHOB=
NeHHs ANATHTOBEIX pYyN SIBISETCS HATMYMEe 4YeTKO O0GO3HAYEeHHBIX Nep~-
BHYHBIX TEKCTYP Te4YeHHs, BHIDAKEHHbIX B OPHEHTHPOBOYHOM Iapa’siieilb—
HOM pacrnofIo¥eHHUH KpHCTAINIOB anaTHTa, HedelMHa, NMHPOKCEHa M pas—
BUTUH JIHHEHHOCTH TPaAXHTOMAHOCTH, NOJOCYATOCTH,

HeonpenenesocTsb psina paxToOpoR CTaHOBNEHHH MHOIHT-YDPTHTOBOH
aTIATHTOCHOHON WHTPY3HH (Be/mduia TeNnoOBLIX NOTOKOB, pEXHM KOH=—
BeKIIHH, 3ABHCHMOCTL BAGKOCTH OT CTeNeHM pacKpHCTAUH30BAHHOCTH
H T.0.) He [8eT BO3MOKHOCTH TMOCTPOUTL KONMUYSCTBEHHYIO MOOSMH Me-
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15,

xaHu3ma ¢OpMHPOBAHHS aNaTHTOBLIX PYA H BEBECTH TpPeNNOKeHHbIe
COOGp&)KEHHH 38 paMKH rHnoresdbl, OOHAKO MO¥HO CYHTATH YCTaHOBJIEH=
HBIM, YTO TIABHBIM TMNpoOllecCoM, ONpedeldiOllHM CTAaHOBJIIEHHe anaTHTO-
BOil HHTpy3HM, Obifla XpHCTa/UM3alMOHHAA OHpdhepeHUHalHsd U COPTHPOB—
Ka MHHepalbHbIX 3epeH B Xxoae AeficCTBHS KOHBEKTHBHLIX NOTOKOB,

ABSTRACT

The investigations of microinclusions in rock—forming minerals, experi—
mental data for a number of phase diagrams with apatite and phase equi—
libria during the melting of apatite—nepheline rocks demonstrated that
apatite ores of the Khibina massif were formed during the magmatic stage
of mineral formation in the course of crystallization differentiation accom—
panied by convection processes.
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B. I. MOMCEEHKO, B. I'. CAXHO

IBOJIIONUA TAYBUHHBIX GJIOUOB, MATMATAIMA
H 30JI0TOM MHUHEPAJHM3AIIMM THXOOKEAHCKOI'0 NOACA

O6pamnenne Tuxoro okeaHa xapakTepHayeTcsl IWHPOKMM Da3BHTHEM Byl
KAHOIMeHHBIX O6pas3oBaHHit M CBA3aHHBIX C HEMM MHTDYSHBHBIX CepHi
HO3AHEeMe3030HCKO~KaHO30HCKOro BO3pacToB, OHH C/AranT NpOTSKeH-
Hble By/IKAHHYeCKHe MOHCa [0 aMepHKAHCKOMY M as3HaTcKoMy Geperam
okxeasa, [lo OTHOWEHMIO K CTPYKTYPaM KOHTHHeHTa 3TH NOgCa 3aHM-
MawT OKpaVHHOE TIOZIOWeHHMe: HX riyGHHHOe CTpOeHHe (MKCHPYeTCH Tpaw-
BHTAUHOHHOM CTYNEHBO H H3MEHEeHHeM MOIMHOCTH KOpBl, YTO MO3BOJIAET
paccMaTpHBaTh BYJIKAHHYECKHe TI0fCa KaK CTPYKTYPHI NJ/IaHeTapHOI'o
Macuiraba, pawnna pasgena TexToHochepbl OTYETNIHBO MpOsBlieHa B
BocTtouso-Asuarckom nosice [71.

BocTouno-A3HATCKHI NOAC COCTOUT M3 HeCKONLKUX gacTeit: YykoT—
cxoro, Oxorckoro, CuxoTe-Ammickoro, Karasuarcxoro. K oxpaunno-
MATEePHKOBEIM NOSACAM NPHMBIKAIOT TONepPeYHBIE BHYTPHKOHTHHEHTANbHLIE
By/IXaHHYeCKHe 30HBI: Damkalbckas, Bepxue-CeneMmmkHHCKas H Apyrue,
HanpapleHHe KOTOPhIX TpacCHpyeTcA CIyOHHHBIMH pa3/ioOMaMH,

Oxpaunno—-martepukobsiii (CHXOTS-A/MMHCKHIE) TOSC OT BHYTPHKOH=
THHEHTA/ILHEIX 30H OT/MMAeTCH COKPAWEeHHO{ MOUWMHOCTHIO KOPHEl C Tpe—
obnananrem €a3albTOBOTO CHOs HAl TPANHTHLIM; SHAYHTENLHO GOMb-
weft MOMHOCTHIO BYJIKAHMYECKOro paspesa (N0 5 XM); € WHPOKHM pas-
BMTHeM B €ro CoOCTaBe KHMCIBIX NOpod, CPpead KOTOPBIX NAOMMHHUPYIOT Ml
HHMODHTEI; 4eTKO BHIPAXEHHOR nponosbHOM H TONepeyHOH 3O0HAILHOCTLIO,

B ocHoBaHHH BYNIKAHOT'€HHOI'O paspesa pasBHTa aHAe3HTOBas ¢Gop-—
Mauus, Brluenexamas nunaputoBag dopmanus, COCTABIAOUWAH TO 00b-
emy 70 - 90% Bcex nopos modca, NPeACTABISHA HECKOMLKHMH KOMI-
JeXCaMM: TPHMOPCKMM (HMHKH UrHEMOPHTOBLNI), CaMApTHHCKHM (aH—
ne3uToBRil) W GorononmeckuMm (Bepxumii MrEHEMOpHTOBLAL), Tlo cocraBy
TOpPOABEl OTHOCATCH K H3BECTKOBO=UEJOYHO CePHH C TPAaXHTOBOH TeH-
pesmmeti, OtHowenwe Na/K B ampesurax, 0COGEHHO B HHKHHX JHIa-
PHTOBBLIX MMrHHMOpDHTAX CABHMaeTcd B CTODPOHY KaiMsa, HO B Gojiee 1mo3i-
HHX KOMIUIEKCAX COCTaB HX 9BO/IOUHOHHPYET K HATPOBLIM PA3HOCTAM
{4]. Ons ofewx dopManufi xapaxTepHa AHTHAPOMHOCTEL DBOJIOCNMN COC—
Tapa,

BuyTpukonTHHeHTallbHble 30HbI (Bepxhne=CenlleMmxnuckast, Bamkanipb—
cKag M Op.) XapaKTepHsYwTCs Gosbliofi MOWHOCTHIO kopbl (oo 40 kM),
npeoflanaHeM TPAHHTHOrO clod Haja GazalsTOBbIM., B ocHOBamHM BT~
KaHOreHHOrO pa3pesa PasBHTA AHNe3HTOBad (opMaludg, KOTOpAd B He-
koTopeiXx sonax (Bepxhe-CelleMIkWHCKAsI) cllaraeT OCHOBHYK HACThb
by UBHO~-TNHPOKNACTHYSCKONA TOMIM, B OPYrHX — OOMUHHPYIOT KHC/bie
TIopoAar! Bhilefexawelt mmapuToboft popMauun (Bamkaneckas, Xunran-
ckas M ap.). Ilo cocTaBy noponrr OGelx ¢opmalHii OTHOCATCH K H3-
BECTKOBO~IIE/IOYHOH CepUH C TNMOCTOSHHBEIM NpeoblafjaHHeM HATPHS Hal
kanueM, yTo ocoGeHHO pe3Ko npogpneno B aHfeautax [(1]. B npenenax

25



Ta6nuua 1 -

CocTap rasoB B By/KaHHYeCKHX TOPOAAX OKPAMHHBEIX M BHYTPHKOHTHHEHTANLHBIX

T Hy Ny cc
3ona, dopmannus
Mr |Mr=moms| % Mr MTI'=MOITb Mr
PG P % P
Kr Kr Kr Kr KT
Oxpaunnbifi CuXxo-
TO=ANUHCKH |
nogac
Auneanropasi 2,31 1,16 3,10 45,87 1,64 4,40 41,00
JImnapuroBas 8,81 4,42 19,17 60,18 2,15 6,85 10,8
BHYTPHKOH THHEH=—
TanLHble

AnpeauroBas 0,86 0,43 1,20 44,98 1,61 5,86 54,50
JlumapuTopas 14,43 7,21 298,33 47,1 168 8,02 108,2

Kaw[oii QopMalli, KaKk H B OKpaWHHOM TNoOfCe, OTMeyaeTcd aHTHOPOMHAH
SBOMONMS BylKaHH3Ma, WHTpyauBHBIe oBpasoBanMs, CB3aHHEE C oddy—
QHBHLIMH (opMalusmi, GIH3KM K HHM 1O COCTABY.

Paammuua BynkaHHaMa B OKpPAMHHOM TIOSICE M BHYTPHKOHTHHEHTAIb—
HbIX 30HAX TPOSIBIEHBEI B COCTABe a30-CHAPOTEPMAJLHLIX TOTOKOB, I'e-
HepHPOBAHHLIX BYIKAHHTECKMMH ouaramu. CpedH rasop B TOpodax aH-
OeauToBOlt GopMaluy OBOMX THIOB 30H AOMMHMpPYeT YrJIeKHCIbIiI raa,
HO B OKPaWHHOM INOfCEe N0 CPABHEHHIO C BHYTPHKOHTHHEHTAJLHBIMH OT— -
HOIUIEHHE OKHCIIeHHBIX MA30B K BOCCTAHOBIIEHHBIM 3HAUHTEJNLHO BOMbLIe
(ra6n, 1). B xuciwix Bynkammrax xomrsectso COg CHMXaeTcs, snechb
BoagpacTaeT noms Ho m CO, a orwowenne COo/Ho+CH, 6Gonee B~
CcOoKoe B TOpodax BHYTPEHHHX 30, 4YeM B OKpaMHHbBIX (tabm, 1, ¢ur, 1).

JBoMOLUA ra3oB B NpOLEcCe pPa3BHTHH BY/IKaHH3MA B 9TUX 30HAX
TaKKe MMeeT CBOH ocoGeHHOCcTH, B okpausHoMm nosice oT HayallbHBIX
Ga3 BYIKAHHYECKUX H3BEpWeHHil K 3aBepliaioulM [0/l BOAOpPOAa H Me-
TaHa cHukaeTca., HauBollee 4eTKo 2TO NPOABIEHO B MOPOAAX [HMTApH-—
Topoft ¢opmauuu (ra6n, 2), Tpu pasBUTHM ByIKAHU3MA BO BHYTDHKOH—
THHEHTANLHBIX 30HAX .9BOMMONHS Tas0oBOM0 PEeKHMAa HHAS: KOJMIeCTBO
BO/OpONAa ¥ MeTaHa BO3pacTaeT K KOHeuHLM dasaM HMaBepweHHi, yTo,
BUMMO, CBS38HO C YCJIOBMAMHM T/aBlleHHs cybcTpaTa B OIyCKaloueMmcd
MarMaTHYecKoM odare. B. okpaMHHOM mosce, e NPOUCXOWIEHHEe KHC—
JBIX MalM CBS3LIBAETCH C TOLKOPOBEIMH TpoOLeccamH, CITyGHHA Mar-
MaTHYeCKOli KaMephl yMeHbLUAeTCs OT HayalbHbiX (a3 U3BepKeHHd K
KOHEeYHLIM, 4YTO ONpefdelisieT BO3paACTAHNE [0JH OKHCIIEHHBLIX T'a30B BO
BpPeMEHH,
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aon TuXOOKeaHCKOro nogce

CO CH, CQqy
CCy,
s
MI=MOJTb & MI | MD=MoL " MP MD=MOITH Ho+CHy
Kkr Kr Kr * x| %

1,46 4,11 2,66 0,17 0,47 4421,9 100,51 87,90 171,9
6,08 15,55 9,35 0,57 1,70 1030,4 23,40 56,72 6,1

1,84 5,67 2,58 0,16 0,58 2370,6 53,87 86,68 125,7
3,86 13,72 8,66 0,51 2,04 689,77 15,65 48,87 1,8

Bo/bIHHCTBO 307I0THIX H - 30/I0TO=CepeBpSHbIX . MECTOPOKAeHuH TH—
XQOKeaHCKOr'o Tosica TPHYPOYEeHO K TOpPOoAAM H3BeCTKOBO=UIETNIOYHOH Ce-—
pru GasanbT—aHAesuT-HMNAPHTOBOIO PAnNAa ¥ HX KOMarmaTop, JoHoTasf
MHEHEepanu3alus Cpasada ¢ OHphepeHuHpPOBAHHBIMH MarMaTHYeCKHMH
KOMIIJIEKCAMH TIOBRIlIe HHOH OCHOBHOCTH, HO C OlpaHHYEHHBIM DA3BHTH-
eM KHMcibix ¢aumii, HabmonaeTcsa 3aBHCHMOCTL THIOB MHHEpPa/HM3alHH
oT ocob6eHHOCTell 9BOJIOUMH 2THX KOMI/IeKCOB., HaimMuHe Takoili cBA3H
YXaskBaeT Ha CeHeTHYeCcKOoe WM TapareHeTHYeCKoe CPoACTBO Mar-
MATH3Ma ¥ OpyOeHeHud,

CyumecTBeHHO® B/MgHHe Ha KOHIEHTpalMi 30Ji0Ta M cepebpa B HHT—
PY3UMBHBIX ¥ BYJ/IKQHMYECKHX TNMOPoMax M XAapaKTep CBA3aHHOH C HUMMU
MHHepANM3alHH OKA3LIBAJ/IO NOBEIEHHe ulelioyei B xoae mudgdepeHIHa—
UM MACMATHYeCKHX KOoMINeKcoB, [loBbiueHHe HATPOBOCTH WIIH KallMe-
BOCTH NudPepeHiNaToB ONpEfesisiio COOTHOUIeHHe 30M0TAa M cepefpa B
vux (rabn, 3) m BIWANO HA XHMHYECKHii COCTAB NOCTMAarMATHYEeCKHX
pactsopoB, C ropooamMy HATPOBOH CepPHM gaule ACCOUHHPYOT 30J0Thie
MeCTOpO¥AeHHs), o6pa3oBaHHble MHAPOTEpPMAMH C TIOBBILUEHHLIM CO/ep-—
WaHUeM HATPHA, & KalMeBOil CepUH — 30JI0TO~CepPeGpHHBIe MecTOpPO¥—
nepud, cjopmupoBaHubie dumonaamu c Gonee BhicOKOH nNonelt kamusi. JTH
namHple corzacylorcs ¢ Beogavy B.B. Ulep6unn [ 6] o pazmuuy reo~
XUMHYECKHX TIPOLECCOB, NPOTEKAKUHX C ydyacTHEeM Kajud H HaTpud,
Konuentpauug 3oflota u cepebpa B MarMaTHYeCKHX TOpOOAaX, HPH TPO-—
YHX CXOOHBIX YCIIOBHSX, NPAMO MpONOPLHOHA/LHA COASPKAHHIO B HHX
razop (ra6n. 3, bur. 2), ConoCTapBleHKe OAHHBIX N0 COOEDKAHHWIO Cem
pefpa M 3070Ta B TIOpofax BYJIKAHMYECKHX NOACOB INOKA3LIBAET, 4TO
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Ta6nuua 2

Spomouns rasopoil cocTaBndioweil (pmMOHAOB TIO3AHEeMe3030HC KHX

BynkanuToB (06bemH, %)

3ona, ¢opmaunsd, & i _ CCy
neKc CH (of0] T TR T
KOM 2 2 4 2 H2 + CHy
OxpaunHeri nosc
(Cuxoras-Anuuckui) :
Auneautosas 0,15 Q.12 0,45 0,10 98,58 325,5
JlunapuroBas
MPUMOPCKHH 29,44 1,32 16,68 1,86 50,54 1,61
CaMAapruHCKui 8,28 11,84 11,01 1,32 67,55 7,03
HOronoNbC KU 5.26 4,98 16,92 1,38 71,45 11,01
' Buy TpHKOHTHHEHTAllb~—
uuie (Bamxanecxast)
AnpesuToBas
HHOKHHH 0,84 1,04 2,08 0,11 95,93 100,17
BepXHuUii - 7,91 3,94 0,14 85,22 150,30
JlunapuToBas i
HHKHHI 22,00 1,51 10,69 0,82 64,98 2,85
BepXHHUIT 33.01 11,2% 15.23 265 37,85 1,26
Ta6auua 3
3aBHCHMOCTEL KOHUEGHTPaUMH 3070Ta M cepefpa B MarMaTHYeCKMX TOPOAAX
H2. - Ny cOo CHy
[Mogic, 3ona, mac-
cun, mopona. MI |MP=MOJIB] MI' |MI=MONL | MP  |MP=MOnmbk} MD
T | & | x| x e =
OkpaHHHBIiI TIOAC
( CuxoTa=AMmMHuCKU)
fasansT 7,70 3,80 - - 27,1 3,40 4,30
AHOESUT 4,0 2,00 80,1 2,86 74,6 2,66 5,1
munapuT 0,51 0,26 25,8 0,92 13,6 0,49 0,1
BHyTpPHKOHTHHEH=
ranpibie (Bepxue-
CeneMakHHCKad)
Mankie HHTPY3HH
( auopuTHI) 17,7 8,85 113,5 4,05 301,4 10,76 26,6
HurarmaHckuit
(rpanuTOHABY) 14,7 17,35 94,5 3,37 117,3 4,19 7,3
CroiibuHCKHi# ‘
{rpasnToRA: ) 6,6 3,3 §85,1 1,87 34,4 1,23 4,8
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pynkauuThl u'oddysupBHble O6pa30OBaHus OKPAMHHOIO TIOSiCA XapaKTepH-—
ayWTCs aHOMAILHO BRICOKMMU cofepwxammamMu cepebpa (tadn, 3).

OTrmMmedaeTCHd 30HANIBHOCTL B pa3MeUleHMH THNOB 30JI0TOH MMHepall-—
sauun, 3onoTo-cepebpanoe opyneHenne yGorocynb(MOHONH dOpManum
(mo knaccugpuxamuu H.B. Ierpoeckoit [3]) pasPuTO B OKpPaHHHBIX By
KaHUMEeCKMX N0sicax, a 30/I0Toe OpYAeHeHHe Mallocylbhuanoi dbopMalHu
XapaxTepHO 0Ji BHYTPeHHHUX BYJIKAHWYECKHMX NMOSICOB KOHTHHEHTAJLHOMN
Azum,

OCmue YepTH ¥ WHAUMBKAYALEBIE OCOCEHHOCTH THAPOTEPMATLHLIX
pacTBOpPOB, (OPMHPOBABIIHX MECTOPOXIACHHS 30JI0TA BHYTPHKOHTHHEH-
TanbHbIX H OKPAHHHLIX NMOSCOB, BHAHBLI NPH CPaBHEeHHMH CPEOHHX XHMH=—
YEeCKHX COCTAaBOB MHAKOH M rasorOif ¢pas BK/moyeHHH B MHHepanax npo-
OyKTUBHEIX crtanwuit. [lo cocTaBy ¢monnwi, ¢opMHpOBaBIIHE MECTOPO¥—
nenus obeux dopmaumi, wenoyHo-6ukapGonatusvie (Ta6n., 4). Ocuoey
KATHOHHOH CpYyNNbl COCTABIAIOT HATPHH H KalMil, HO B pacTBOpax OK=—
pauHHOll 30HLI, IO CPABHEHMIO C TAKOBBIMH BHYTPHKOHTHHEHTAJILHOH 30-
HbI, BO3pacTaeT poiib Kamiga, OcHoOBYy rasoBoli daswl cocTaplisieT yr=
JIeKMCJIBII a3z C MOCTOAHHOH IPHMECHI0D MeTaHa M a30T4, HO AN MeC=
TOpOXKOeHMI OKpaWHHO#i 30HBI XapaKTepHo (ojiee BLICOKOe NPOLEHTHOe
conepxanne oxucnennot COg H oueHb Hu3koe BoccTanoBieHHot CH,
dopm yrnepona (ra6n, 4).

oT :COOTHGIEHHs Wenoyeit M KOIM4eCcTBa ra3oB

) - Cymma }
CHy €O,y raaos Conepxa~
mie o
: n-107" 9% Au 1000 | Nag0 100
Mr  jMr-mons Mr
] — AusAg |Nay0/K,;0
KT Kr Kr Kr 2
All Ag
0,20 1926,0 43,8 2035,0 6,1 1,80 32,8 72,5
" 0,30 718,2 16,32 882,0 3,5 140,0 24,4 66,8
- 303,6 6,90 343,5 1,8 90,0 19,6 48,3
1,66 2057,0 46,7 2516,2 9,5 21,0 311,5 75,8
0,46 846,90 19,25 1081,0 1,7 20,0 78,3 55,2
0,30 339,0 9,07 ‘ 500,1 1,3 18,0 67,7 53,2
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&0

®ur. 1. Cocrap rasoe B By/nka—
HHUYECKHX Mopogax OKPauHHOI'O MO—
fiCa U BHYTPHKOHTHHEHTAILHEIX 30H

1 - mnone cocTaBoB rasos
Mopoa JHMNAapHTOBLIX GopManmii;
Ba — BHYTPMKOHTHHEHTAILHEIX,
Ca — oxpammHoro mosca (Cu-
xoTe~Amunckoro); 2 ~ mnone
COCTaBOB Ia30B NOPO AHNE3H=

yg TOBBIX popmaumit: Ba — BHyTpH=

KOHTHHEeHTAaNbHEIX, (@ = OKpanH=—
Horo nosica (Cuxora=Anuuckoro)

Au (- 1077%)

0

20 0 50 30 i/1oco,
7
’ﬂ Ag + 780
- -7
Lo
# 4 799
L )
el $
o 490
43 f i s
i [ =+
= =<

i

300 %00 S00 1000 1500 2000 2500 3000
Cymma zas08 (8 ma/ne ropodes)

EIF

¢ur. 2. 3aBHCHMOCTBL KOHUEHTpallmii 30710Ta M cepefpa B MarmMaTH—

YeCKHX Topoaax OT KOJ/HM4yeCTBa I'a3oB

He=CeneMMmKHUHCKONH 30HDI;

1 - copepxanme sojloTa U cepefpa B MarmMaTHyeckux nopoaax Bepx

2

-~ cofepwaHHe 3o0j0Ta H cepebpa B 3~

tysusapix moponax lekrTpanbHoii yacTi CuxoTe-AnHHCKOro nosica
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lopusonm mecmoponciesus

dur. 3.MaMeHenne conepmxa-
HHA YT7IeKHC/IONO rasa, Me-
TAHA ¥ a30Ta B T'HAPOTEp—
MAaJILHBIX pacTBOpax IpH HX

Y

=
=" 2 F it
N 79 i gl 4
® %‘ SN // .
D C #
'——; 60 8N . //
- S’
v a7 e
Q o~ ]
¥ 40 =
;-g)‘ L S ::" J
S Huwnud Cpedwud Bepraud T
N
8
Y
&
]
S

by

OBMXeHHH K 3eMHOH mnameo- / g |
noeepxHoctH (Xaprunckoe Huwmudd Cpednud Bepzwud
MeCTopOKIeHHe ) /Gpusonm mecmapordenun
Eh
\ ~.(850) ok
% N = 0.2
% % *3
L
47 T \
N
N N
% %
dur, 4. Dpomomms PAORACE i e
M 3aBHCHMOCTB Ipo6wl 3o5oTa \\ »
or Eh—pH rupporepMantusix S & \\\\
PACTBOPOB B NEpHOA MHHEpa— ’ *y
noo6pazopanus (Xapruackoe ‘v\(aa{)
MECTOpOXAeHHE ) .
s ‘ \ 2(690)
TOPU3OHTE! . MECTOPOKACHHS: R
1= BepxHu#, 2 - cpedHuH, . -38 L e
3 = mxHuk 70 75 40 |pH

Ha mMecrTopoxnerusax ofeux ¢opMalMii ycTAHOBJICHA SBOMOUHS [HO-
poTepm NpH HX ABHXEHHMH X 3eMHOH naneonoBepxHocTH, OT HMKHEro
ropuaoHTa XapruHCKOr0 MecTOPOXIEHHS K BepXHeMy B pacTBopax B
rpynne KaTHOHOB BO3pacTalla AONA KAllMg W yMeHblanach MAarHud
(rabn. 5). C mpubmmienHeM K NAJCONOBepXHOCTH B COCTAaBe CHAPO-
TepM yBelWYMBAlIOCh KOHYeCTBO YIIEKHCNOrO rasa, a3oTa H yMeHb-
wHIoCk cofepkanue Merana (pur. 3). OcHOBHOe KOMIYecTBO CaMO—
POAHOIO 3070TAa HA STOM W [OPYTHX MecTopoxnenusx [ansHero
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Ta6nuua 4

%]
Cpenuuit XMMHYeCKHli COCTap Ta30oBO-KUAKHX BRINOYEHMWi B KBapue np'onyxmnmx CTAaOnii 30TI0TOPYOHBIX MeCTO—
pOXNeHHH Pa3/HYHbIX popmanui
Manocynbdmimaﬂ Y6orocynphunnas
KommoneHTE! _
r/1kr H20 r-ake/ 1 xr Ho0 KB, % r/ 1 kr H20 r-aks/ 1 kxr HoC akB.%
Na* 18,730 0,815 52,75 8,849 0,384 54,31
K+ 9,556 0,244 15,79 6,666 0,170 24,05
NH* 1,352 0,075 4,85 0,387 0,021 2,97
Mg+ 0,717 0,059 3,82 0,301 0,025 3,54
CaZ* 6,977 0,352 22,78 2,145 0,107 15,13
3 KATHOHOB 87,835 1,545 . 100,0 18,348 0,707 100,0
HCO; 74,532 1,210 80,34 32,935 0,540 76,92
& 9,362 0,264 17,53 4,406 0,124 17,66
= - - 0,196 0,010 1,42
S 1,516 0,032 519 1,283 0,027 3,84
3B . % - 0.010 0,001 0,14
P —
3  aHHOHOB 085,-410~ 1,506 100,0 38,820 0,762 100,0
. S  anwomoB + 122,742 3,051 57,168 1,409
% KaTUQHOB
iy 117,40 2,668 81,66 332,36 7,554 97,38
CHy o 6,03 0,377 11,54 1,16 0,072 0,93
Ho, 6,23 0,222 6,80 3,67 0,131 1,69
E~ rasos 3,267 100,0 Tl D7 100,0
HoQ, Bec.% - ;114 o = 0,299 - -
pH = 791 " = 6,63 =
Eh n 20,702 Ny - -0,578 "
NaNTK 100 - 76,34 _ - 68,84 -
Ilpo6a Au . 832 - - 675 5

€€




Ta6auua 5 . ‘ y

DBo/molMg rHOPOTEPMAILHEIX PACTBOPOB MO MOPH3OHTAaM INpH GOpMHpPO | . pauiH XaprHHCKOro MeCTOpOXASHHH
Hwxauit | Cpem;ﬁﬁ ~ Cpennuit DAPKERA
KOMIOHeHTH! n — i AT . r —3KB s
Ixr HyO Ik HyO 2kB.% IKrH20 ' W oxB. % 1 kr HZO 1 xr Ho0
Na* 45,525 1,980 46,08 42,921 1,867 62,19 15,758 0,685 62,61
K+ 18,243 0,466 10,84 17077 0,436 14,52 7,981 0,204 18,65
NH} 6,008 0,383 8,91 2720 0,151 5,08 1,165 0,064 5,85
Mg2+ 12,914 1,063 24,74 1,643 0,135 4,50 = B i
CaZ+ 8,121 0,405 9,43 - 6,405 0,413 13,76 2,817 0,141 12,89
3 kaTHOHOB 91,712 4,297 100,0 70,766 3,002 100,0 27,721 1,094 100,0
HCOy 207,723 3,468 83,01 154,016 i 2,182 86,45 37,039 0,607 58,14
cl™ 23,382 0,659 15,77 12,117 0,342 18,55 15,488 0,437 41,86
I8 . 2,444 0,051 1,22 - . - - o %
S  aHHOHOB 233,549 4,178 100,0 166,132 2,524 100,0 52,528 1,044 100,0
s amioHoB+ 325,262 8,475 236,808 5,526 80,249 2,138
KATHOHOB 4
CGCy 40,10 0,911 63,31 51,96 : 1,180 73,17 74,24 1,687 79,61
CH, 5,3 0,330 22,93 1,90 0,119 7.8% 1,772 0,111 5,24
Ny 5,53 0,198 13,76 8,80 0,314 19,46 9,00 0,321 15,15
3 rasos - 1,439 100 - 1,614 100 - - 2,119 100
HD, sec. 4 - 0,084 3 g o 0,007 - 0,128
pH - 8,04 - - - . - 7,14
Eh = -0,780 . - 0,78 _ - -0,674
Nat '
Nat g 100 - 80,95 & N : 81,07 B H 7%,05
llpoba Au - 890 - p— 5 ' - 850
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BocToxa Bemanaio ua cinabo mesoyHbX PACTBOPOB NPH HEUSKHX 3HAYEHHAX
OKHCIIMTEIbHO~BOC CTAHOBHUTEJILHOIO HOTeHUHANA B CPABHHTEIILHO Y3=

KOM TeMIeparyproM uuTepeanle (or 250 no 150°) coemecTtno ¢ nosn-
HUMHU CYJIb¢HIAMH NPOAYKTUBHBIX cTaauit, C yMeHblueHHeM [IIyGHHBI ¢op-—
mupoBanus pH runporepmalbHBIX PACTBOPOB YMEHBLUWAJOCH, & OKHCIIH-
TEelbHO=BOCCTAHOBHTENLHLIM TOTeHLUHAall Bo3dpacTall B H3 pacTBOPOB Bhi—
najalo 30M0TO ¢ Gollee BLICOKHM COAepxaHuem cepebpa (ta6m 5,

(bur. 4).

[MonyyeHHbI® [OAaHHBIE CBHAETENLCTBYIOT O €AHHOOGpasuH [poleccoB
dopmupoBaHud pyn. 3olloTa, uyTo corynacyetcsa ¢ Bmieofamu JLH, Ob-
uypnnuxkoBa [ 2], A,W. Tyrapunosa, B.B. Haymoma [5] u npyrux uc-
cnefopaTesieif 06 ofpa3oBaHHH MHOTHX MMHEpPAJIOB MHAPOTepMalbHBIX
MEeCTOpPO¥ASHHIl B CPABRHHTEJBHO Y3KOM HHTepBalle (H3HKO=XHMHYECKHX
napaMeTpoB pyloo6pasoBanud,

Paznuyus npoueccoe MuHepaiooGpasopaHid MeCTOPOKISHHHR 30710-

Ta ONpefefldioTcd TpeXle BCerc OCOGeHHOCTAMH [eHepaldH UeloYHO—
3eMelBHBIX MarsM M SBOMouMell TIyGHHHLIX rasoBO—HAPOTEePMAIILHBIX
TIOTOKOB,

ABSTRACT

The Pacific beltis characterized by therelationshipbetween evolution of
abyssal fluids forming gold and pold—silver deposits and development of
volcanicity. Gold and gold—silver mineralization is related to differentia—
ted magmatic complexes of increasing basicity. Gold deposits are more
often associated with rocks of sodic series, gold—silver — with those of
potassic one. According to average data for both formations the microin—
clusion fluid composition is: mainly alkali—bicarbonate. ;Potassium
and sodium form the main part of cation group, though sodium pre—
vailed in solution forming gold deposits, and potassium was:more im—
portant in sdutions of gold—silver deposits. Gas phase is mainly compo—
sed of carbonic acid with constant impurities of methane and nitrogen.

The distinctions of formation processes of gold ores are due to peculi—
arities of genesis of alkaline—earth magmas and evolution of abyssal

fluids.
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B. B. IIEPBHHA

XAMMYECKAE HPOIECCHI 30HbI OKHCJIEHHSA
CYJIBbOUIHBIX MECTOPORIEHAN

XuMEYecKHe NpollecChi, NMPOTeKawlie B 30He OKHCIIeHHH CYIb(uAOHLIX
MeCTOpOK/IeHH i, OTIHYalTCs GoMbuM pasHoobpasuem [1, 2].

1. Oxucnenue cylbGuAOB (EbS,ZnS) c ofbpas’oBaHUeM TOJIBLKO
cynsparos, apyrux cymeduaos (FeSy, FeAsS, CoAsS, CugAsS,) ¢
obpasoBaHieM He TOJLKO CYILpaTOB, HO M apceHaToB M CBOGONHOH Cep-
HOI KHCIIOTBI:

2Cu3AsS4 + 17-12-02 +'5H20= Cug(AsO4)2 +3CuSCy + 51‘[2804,

1
FeAsS + HoC + 3?02 = FeAsC4 5 HZSC4.

2. BrpimenayuBanHe M BBIHOC JerKOpPaCTBOPHUMBIX COeOHHEHHil — CYilb—
¢aToB Me[HM, LMHKA, Xelle3a M HaKONeHue Oojlee TpYAHOPACTBOPHMEIX:

PbSOtl.’ FEASO4, Sb203 u T.0.

3. Peaxuuu pacTBOPEHHBIX OKHCIJIEHHBIX TPOAYKTOB C HEOKHCIICHHbi-
MH:

11CuSCy + 9CuFeSy + BH9C = 4CugFeS, + 5FeSC, + 8H9SCys
XaJdbKONUPUT GopHUT

a Tak¥e C KHUIbHBIMH MHHepallaMH MM C BMeUWAawWHMH IopoaamMu:
2CUSO4 + anCOS + Hzc = CU2CO3(OH)2 + 2CaSC4 + C02-

4., Peaxunn MuHepasoB 30HBEI OKHCIIGHHSl C DYOHUYHBIMH BOOAMH:

(

u/M OByX OOjlee PacTBOPUMBLIX MHHEpAJZOB 30HEI OKHCIIEHHS C 06paso—
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BaHHEM M3 9THX Me KOMIIOHEHTOB 60llee TpPYAHOPACTBOPHMEBIX COEMH—
nenuit {3 1:

XpU30Koaaa CMHTCOHUT Maaaxur I‘BMHMOPQ}HT

5. Peakuum mepexofa MOHOB HMaWHX BaneHTHoCTell Fe2t, Mn2+ v3+
V02*Cr3+, Co2+, Pb2+ B TPYAHOPACTBOPUMbIE COEHHEHHH BBICIIHX Ba—
nenTHOCTe# [4], YTO AOCTHraeTcs B peaylibTare OWeNAYMBAHHA Cpefbl
(HefiTpamizannd KMC/BIX pacTBOPOB KApGOHATAME TPH HOCTYNE KHC—
nopoaa, NpY OTCYTCTBHHM OPraHMYeCKHX BelecTB M XJOpPHAHBIX  pac—
TBOPOB NPEUMYIWECTBEHHO B ApHAHBIX YCJ/IOBHSX XApKOro KiIHMaTta) H
COOTBETC TBYIOUWHM MOHHXSHHEeM OKHCIIHTeILHO—BOCCTaHOBHTEIBHOID -
TMoTeHLuamNa, ;

TakHMH OKHCIIeHHBIMH TPYAHOPACTBOPHMBIMH COeOMHEeHUAMH SBIIHIOTCH
MUHEepambl: METHT, — FeOzH, NHPOMO3UT — Bal — Mn02, BaHaOaTkl, Kpo—
KOHT — PbCrO4, reteporeHuT — Coy0g* HoO, nnarruepur - PbOzﬂ

Kak u BO BCex rHNEeDreHHBIX Npoleccax,paxHehwnMu daxTopamu
cnywaTt BemmuuHEbl pH u Eh, koTOophie 3aBHCAT OT XMMHYECKOIO COC-
Tapa pacTBOPOB H OT' KOHUEHTpAIMHM PacTBOPEeHHEIX BewecTe. CHllpHas
OGBOAHEHHOCTL MECTOPOWAeHHMa 6/laronpHaTCTBYEeT PACTBOPEHHIO M Bhi=
HOCY fa¥e M He OYeHb PACTBOPHUMEBIX BeWeCTB, a C APYroi CTOPOHEI —
YCHIMBAIOTCSH NPOLECCH rHAPO/M3a H JIerKopACTBOPHMMBIE COJIH Kenes3a,
CYPBMEI, BUCMYyTa NpeBpauiaioTcd B COOTBETCTBYOUHE TPYOHOPACTBO—
pPHMEIe THAPOOKMCIIBI,

Ho me 'roneko kouuenrpanns H'  wmr CH™ momnoB u HMoHBI, Omlpe-
pengoure Eh cucTeMEr (Fea““, MOOQ",‘VOi“ M T.0.), ONpefensior
XMMHYECKHMH{ COCTAB MHHepalloB 30HbI OKHCJIEHHS M HX TapareHeTHYecKHe
COOTHOLIEHHs, HO ¥ TaKHe 3NeMeHTHhl, Kak Kalblui (3anMcTByeMbri ua
KAJBLUHTA DYOHBIX KHIl WM M3 KapGOHATHBIX TOMI, CKAPHOB H T.A,),
tdochop, O6BHMHO 3aMMCTBYeMEIl H3 anaTHTa BMeUWAOWHX NMOPOM, Takke
BaHaAMit ¥ XpoM, TPHCYTCTBYWOUHe B BHAEe M30MOPDHOH NPHMECH B MH=—
Hepanax BMeWAaouHX TOpofd, HO B 30He OKUCJIeHHS OHH 06pasyioT ca—
MOCTOSITe/ILHEIE MHHEpA/L:: BOKenuHMT — Pb Cu(CH)(CrO4_) (PCy), ne—
xiayasut - Pb(Zn, Cu) (CH)VO4u apyrue [Sf.

HexoToprie ®MeMeHTRI: THTAH, LIHMPKOHHWil, pedkue 3emiH, Gop, oT-
uacTH amomunuii (mocnenunit o6paayeT UHAHOTPHXUT — Cu4A12(OH)12 504 2
'2H2Ou annohaHoHHbIe MHHepallbi) — B 30He OKHCI/IeHHs cebs 3amer—
HO He TPOMBILIOT, B COCTaBe XapaKTepHLIX MHHEpalioB 30HBI OKHCIIeHH
STH 2/IeMEeHThI He (HUIyPHUPYIOT.

Ha raforenos 6Goiblle OpYruX HaxkammpaioTcd 6pom u moa [11],
ofpaayoue coelMHeHHa c cepe6poM, Medblo, PTYTblo, H CPABHHTEIIL—
HO oTyeTiHBO Xnop (kepaprupur - ‘AgCl, mupomopdutr — PbS(PC4)3Cl
H MHHepajpl ero CpyInki) W 3aMeTHO MeHBIY pollb HrpaeT d¢rop,
HECMOTPS Ha TO, 4YTO B CyNb}HOHBIX KHMAX (UROOPHT BCTpPEYaeTcs A0C—
TATOYHO YacTo.
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Ponb xanbiung B XMMPYECKHX TpPONeCcCax O0HLI OKHCeHWs CYyHecT—
BeyHee, uyeM 9TO NPHHATO CYHTATL H8 TOM OCHOBAHMH, 4TO OH He BXO—
UT B COCTAB CYNLOUOHBIX MUHepanoB, slemMenThl Kotopeix (Cu, Pb, Zn,
Fe, As, Sb,...})  ofpasyoT Bce MHOrOOGpashe MHHEpAJIOB 30HEI OKHC—
neymsi, MCcTOYHHKAMH KabLHS MCIYT CIAYKHTL: WHIBHBIA KANBUHT CYilb-
GUOHBIX KHJI, MSBECTHAKM H [OJOMHTBI, €C/IM MMH Tpe/CTaBJIeHbl BMe—
waomie MOPOME, KaNblUHeBble MHHepallbi CKADHOB W/IM KalblUHil nia—-
FHOKNA30B ¥ pOrOBhLIX O6MAHOK, B Cllydae BMeUWaouMx IOpold paHd-
TOMAHOIO COCTaBA M, HAKOHEll, Moa3eMHble BOALI, oﬁpramermsre-Ca(HCOS)z,
KoTOpbie 06pa3yloTcsi B BGOJLUHMHCTBE CllydaeB, NPOHHKAOUME B 30HY
OKHCTICHHSI W CHJBHO Tpeobpasyloume MWHepalbHbli COCTaB 30HB ODKMC—
TIeHM,

Tax, nof BOafeficTBUeM GHKApGOHATHO-KANLUKEBHIX BOA MHOTHe U3

 cynpPATHHIX WM APCEHATHHIX MHHepalloB CTAHOBATCH HEYCTOMUBBIMHE,
y4acTByS B CJEOYIOUWHX peaxlHsx.

AHrnesuTt mpeBpauaeTrcd B LepyccHT [2]:

PbSO, + Ca(HCCg)g = PCOg + CaSCy + COy + HyO.

BénauTHT WpeBpawlaeTCHd B UEepPYCCHT, CKOPOAMT, FETUT HIM HAPO-—
rétut, ofpasyetca runc u ocoboxpawrcas CO9 H H20:

PbFe33+ (OH)((As0,)(S04) + Ca(HCOy)s + HoO = PbCOg + FeAsO, -

GeaanTHT UePYyCCUT  CKOPOIMT

£ ZHZO +2F802H+ Ca504 . 2H20 + COZ-
r8TUT  runc

__Tlon mospelicTeueM Tex we OuxapGoHaTHO-KANBLINEBLIX PacTBOPOB
apammn [7] Mo¥eT THepefiTH B ayCTHHHT C BLIHOCOM MNONOBMHE! IMHXA
B Bupe Gukap6omara:

Ho ne Toneko GukapGoHATHO-XANLITORLIS pacmobbr CTOCOGHEI pea—
FrHpOBaATBL C MHHEpAallaMH 30Hbl OKHCIIeHHA: Ha 9TO CrOCOBHEI 1 Cyllb~-
baTHO-KaNpUHeBBie pacTBOpH, Hampumep, B pesyapTaTe peaklud cOe—
nuHenpus GpowaHTHT cHocobeH NepeHTH B HeBUHIUIHH:

lNo cTeneHH H3BEeCTKOBHC1CCTH MHHepAJbl 30HBI OKHCTeHud ( #, B

4acTHOCTH, apceHaThl) 1O BO3PACTAHMK COReDNENNS Kanmeuys MITyT
6BITH pacmoiiokeHbl B Takodl pan [8]:

FepHe3uT TajJMeCHT BJAagMMUDUT

Paauoe cofepxaHué Ka/iblHsd B 9THX APCEHATAX COOTBETCTBYeT pad-
/AgHO{l CTeNeHd H3BeCTKOBHCTOCTH 30H OKHCIIEHHS, YTO B 3HAYHTE /b
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HOji cTemeHH O6YC/IOBIEHO COCTABOM BMEUAKUHMX NMOpOA ¥ KHJLHBIX
muHepaiioB. [Ipy 2Tom GollblIOe KOMYCCTBO MUPUTA B TEePBHYHLIX py—
fax IpUM ero OKHMCJISHMH NPHMBOAUT K 0OpasoBaHMid CBOGOAHOM CepHON
KMCIIOTH], KOTOpAa®, B3auMOneilcTBYY C XapGoHAaTOM XKanlbiug (HoBecT—
HAKH M/ KallbUWT), ofpasyeT IHIC, BBLHOCHMBII OBEpPXHOCTHLIMH BO—
gaMH B yCJIOBHAX TYMHAHOTO KIHMAaTA.

KapboraTHas BMewawoowad cpefla B YCIOBH$IX ApHOHOMO KiMMarTa
cnocobCTBYEeT PA3BHTHIO WEJIOYHO{ peaKUMH C BO3HUKHOBEHHEM He TO/lk-
KO KajlpllUTa, HO M KapOOHATOB THXelbiX MeTa/UIoB: CBHHIA, MEe[H, HNHH-—
ka, BHcMyTa H Ap. Hapsny c¢ manaxuTom Cuz(OH)2C03 B Gonee me-—
MOYyHOl cpele obpasyeTcd asypHT Cu3{OH)2(C03)2 Hapd/ly C Kalbli-
Tom (pomGosapudeckuii) npoucxomut ofpasopanue aparonuta (pon-—
6UYeCKHii) W M30MOp¢HLIl C HEHM kapb6OHAT CBMHIA CIOCOGEH pAaCTBO-
paTbCcd B aparouute no 18% mo pecy, ofpasys MHHepallbHYIO PasHO—
BUAHOCTB, HOCHUYl HasBamMe TapHOBATUHT = (Ca, Pb)CO513]. Cwmur-
count ZnCOq mpu oToM Takxke oborawaercs wm FeCOg (moureimmut)
unu FeCOy u MnCO,.

MabbiTok kKanplud B 30He OKHClieHHs TIPMBOAMT K ofpasoBaHui 60—
nee GoraThiX KasjblMeM MuHepaloB. B mMeHee uapecTkopBOjfi cpefle 06—
pasyiorea: rafnmarepur CaHAsO, 1/2Ho0; apcenocunepur CagFe, (OH),
(ASO4)3, kmiHoKna3  Cugq(OH)3AsOy;anamun Zn2(OH)A504,3pHTpHH
C03(A504)2 . 8H20. B Gonee uapecTKOBO# cpepe obpasylTCcda: Blaau-
MHpPHT CaS(A504)2-4}{20; moccepTdT CaqFeq(OH)g(AsOy)y; xOHEXATE-
uuT ZnCa(OH)AsO 4 ;@yCTHHRT ZnCa(OH)AsO,; B ~ posamur Cag(Co, Mg)
(A504)2-2H20. STOT CHHCOK MOXHO OBNIO GBI IPOOOTKHTE.

[Tpu paCCMOTpeHHH XHMHYECKHX COCTABOB 9THX MHHepasioB (B oc—
HOBHOM OGpPA30BaHHEIX B MeHee H3BeCTKOBOil epefie) NpHBIeKaeT BHH-
MaHHe IMpOKas PaACHPOCTPAHSHHOCTH B 30HE OKHCIeHHS ApCeHATOR Kaliib—
Mg TPH TOYTH IOJHOM OTCYTCTBHH ero gocdaToB, AmaTHT BMelWAIOUHX
Nopon, pasflaragch KHCIBIMH PACTBOPaMH, CIIY¥HT MCTOYHHKOM (ocho-
pa AnNg o6pa3soBaHMd TAKHX MUHEPAIIOB 30HBEI OKHUCIeHHS, KaK THMpPO—
MophHT PbS(PO4)3CI, muberennt Cug(OH)PO,, roneur Zng(PCy)g - 4Ho0
M Apyrue, KCTOpble B CBOK oOuepedb paailaraiTcsd APCEeHATHBIMH AHHO—
Hamu 1o cxeme [12]:

-3
Pbe(PO4)3Cl + 3As04 = Pbg(AsOy)3Cl + 3po4-3.

CIIy¥HTh TI€OXUMHYECKHM HHAHKATOPOM DLH3MOMHOIO OTCYTCTBHUA MBI L=
KOBBI¥ MUTTHLGI0B B TiepBhunmx pPyOax, -

Ha ppyrux anHoHOB, GUKCHPYEMBIX KalbuyeM B 30He OKHCIIEHUH, B
Nepeylo oyepelb AoMKeH OLITH HasbaH BaXHeHWMik MPOAYKT OKHCIeHHS
CyNehHAOB — CynepdaTHLIl anunoH, HeiliTpammaya cpobOOHYIO CEPHYIO KHC~
OTY WM OTHUMas CyibdaTHLNL aHWOR OT coneli, o0pas3oBaHHLIX Cha—
6LIMH OCHOBAHHSIMH (HampuMep, CKHCHBIM Kelle30M, IHHKOM H T.IL),
kapGoHar Kanpuus (MM ero GiukapGOHATHBIE BOAHLIE PACTBOPLI) Tpe-—
BpamaeTcd B CHIC, YCTOHYHBEII KaK B KHCIBIX, TAK H B clabGowe-~
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JIOYHBIX pAacTBOpPax M OTCYTCTBYWOUWMil TONLKO B MPHCYTCTBUHH 60JbILOrO
KolMdecTBa BJark, H3—34 ero OTHOCHTE/BLHO NerKoil pac TBOPHMOCTH.
Takum 06pasoMm, NPUCYTCTBHE CHNCA MOKET YKA3LIBATL MG0 HA OYEHb
BEICOKYIO KOHLEHTPaUMio CyibdaTta KalpU¥d B pyAHMYHBIX Bodax, 6o
Ha NOCTATOYHYI CYXOCTbH KIMMara.

B oTHx ycnoBHax mpeobGradaeT weloYHLI THI BLIBETDHBAHHS H 34
cYeT WeJsIOYHON cpenbl H TOrJIOWeHHOH WeloYHbIMH pACTBOpaAMH yIrile—
KHCNOTH! H3 BO3OYXa, THAC Nepexoiut B Goiee TPYRHODACTBOPHMbI
kapbonat. [na apuaueix 3o [13] ovyenn xapakTepeH OKHCHO—KapGo~
HATHLIH THI 3OHEI OKHCIIeHHs C o6pasoBanmeM FeOgH, MnOg, npyrux
OKHCJTIEHHBIX MHHepalloB ¥eJjle3a M MapraHia, a Takke ¢ MallaXHToM,
CMHTCOHHTOM, HepPyCCHTOM, GHCMYTHTOM — (Bi0)2C03 u T.1. B aToi
ofCTaHOBKe Kalblikii BUKCHDPYeT eule OONH XapaxXTepHLI ANS HEro api—
OH — M°04_’ o6pasysa npu oTom mopemt CaMoO,, Torma kax B Kuc—

Moit cpene, BMeCTO MoBesuIuTa, oGpaayercd peppumonubmut Feg(MoOy,)g -
'7}120, a B NPHCYTCTBHH CKOpoAHMTa W u30bITKA MOIMOGOEHOBOH KHCIIOTHI
ofpaayercsa MHHepas GeTiaknalmT: '

CaMoOy + 2FeAsOy * 2H90 + 4MoO4Hgy + 6H9O = CaFeqy(AsgMos09y)*
* 14H40.

OpyruM peareHToM, NPENATCTBYIOUMM CyUECTBOBaHHIO NOBEIUIATA,
CIyAaT COeJAMHEeHHA CBHHIA:

CaMoO, + PbSO, = PbMoO, + CaSO,.
MOBEJJUT AHIe3MT BYIbHEHUT Puiic

AHanoruyHag peaklHsi NpoTeKaeT M c KapGOHATOM CBHHLIA — Lepyc-—
CHUTOM, HECMOTPd HA OdeHb MAINYD PACTBOPUMOCTE LUEPYCCHTA; B 3TOM
ciiy4yae BMeCTO THIlca ofpasyeTcd KallbUHT,

B xone @pomonuM 30HBI OKHCJECHHS CYJLQHAHBIX MECTOPOXISHHH BYIlb-
GeHHT gB/IFeTCH OOHMM M3 Haubollee MO3AHHX MuHepalloB, Te Hebomnbume
KOJMYeCcTBa MONubAeHa, KOTOpPbie NPHCYTCTBYKT B INePBHYHBIX CyIIbhH/i-
HHIX pyfax, KaK B Bufe mMonwbhenuTa, TaX ¥ B BHAe NpuMecedi MOIKG—
OeHa B [IPYrHX MHHepaiax, TPH OKuc/enuH nepexoas B Mo O 0uKCH-

pyloTCs CBHHUOM B ¢opMe ByIbfleHuTa (mono6Ho VOi_, CrOi‘ T ).

XoTs KEXJIMHHT (Bi0)2M004 TpyOHee pacTBOPHM, 4eM MOJHGAAT CBHH-
14, HO B OOHE OXWUCHeHHS OH W3BECTeH TONLKOC B OYeHbh HEeMHOUMX MeC—
Topomacymay 1141 uro MoXeT OGBACHATECS JerKol CHOPOIH3yeMOCThio
pacTBOPHMBIX COe[HMHEeHHi BHCMYTa H iipHCYTCTBHEM JOABHXKHbLIX COe/id-—
HeHU{ BUCMYTa W Mo/mM6OeHa Ha pasHbIX 9Tanax pPasBHETHA 30HBI OKHC—
JIeHHH,

Onuoji 3 BaXHBIX TPHYHH, OrPAHMYHBAKUMX pPACHPOCTPaHEHHe MO—
nM6naTOB B 30HE OKMCJIIOHMS, SIBJAeTCH CHIBHBLIH BBIHOC COeOHHeHMI
MoO/mGaeHa (BO3MOXHO, B TaTHBaleHTHO{ ¢opme!) Ha paHHHMX CTAMAX
OKHCHeHHs CYNLGUAHOTO MeCTOPOXAeHUd, KOrha elle MHOTHE 3JIeMEeHTH!
He TOJHOCTBLIO OKMCHH/HMChL M B BHOe Fe2+, V02+, MoO. obpaayoT
6ollee NerKOpacTBOPHMLIE H TOABIXHBIe coeanHenus [“13] .
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Cpenn XHMHYECKHX S/I€MEHTOB, CHJILHO BIHAIOUMX Ha TOBEAeHHe Opy-—
MHX 2JIEMEeHTOB B 30HE OKHCIIeHHS, GOyl pO/lb MrpaeT OKHCHOEe Ke-
neso. Haxopsweeca B pyAHHYHBIX BoOax Fe2(50 )3 cnocoB6CcTBYET NOO—
nepwanmo kuciiotHocTH cpensi (pH runopomsa O,ln-pacTBopa
NH,Fe(SO)g = 2,48) cOrfiacHO ypaBHeHHsIM:

Feo(SOy)q + 2HoO = 2Fe(CH)SOy + HoSOy;

reTUT

a C Opyroi CTOPOHBI THOPOOKHCIIbI Keles3a, YaCTHYHO HeHTpalusyloT
CBOGOMOHYI0O CepHYW KHCI/IOTY COJIACHO TOH e peaklHH, NpoTekKalouei
B obBpaTHOM HAaNpaBEHHH.

Munepan gpoauT KFe3; (OH)g(SO,)g, ABNSIOWHACS: OCHOBHLIM CYill—~

daToM meneaa, oGpasyerca npun pHokono 4,5 u mpenctaeiaeT coboit
ONHO U3 3BeHBLEB Lellofi UeNnH MHHepalloB —~ OCHOBHBIX COJleii OKHCHOIO
wejesa B MHOMOKOMIOHEHTHOH CHCTeme, KOTOpbie B IOC/e[oBaTellhb—
HOCTH TIOHHWESHWUS KHCJIOTHOCTH MOryT OBITH TpeACTAaB/EHbl TAKUM pd-
noM MuHepalloB[]15]:

Fe2(OH)SO4(AsO4)'6H20 - PbFeG(OH)lz(SO4)4 — KFe3(OH)4(804)9 —
MUTTUIAT nawbospo3uT APOBUT

BENAHTUT

Hapany ¢ ®TMM ¥ THTTHUMT M GE0AHTHT CAy¥AT CBOeO6pAa3HbIM
reoXHMHYECKHM HHOMKATOPOM HeAocTaTKa CBHHIA B OKpyXawlleh cpene
(ocoGeHHO TMHTTHUMT) =~ B IPOTHBHOM CIllyyae HOHEI CBMHIA OTHSIM Obi
OT HHX apCeHaTHBIi aHMOH c 0OpasoBaHHeM MHMeTe3HTa, NPHYEeM, BH-—
nuMo, ©@Ta peaklua CHILHO 3aBUCUT oT pH cpedni H OT MPHCYTCTBHS
Apyrux aHHOHOB. Tak, B NPUCYTCTBHM H36bITKA apCceHATHLIX AHHOHOB
no paHHbeiM M,2, Mpoae u np., [16]B olHOM H3 MEKCHMKAHCKHX Mec—
TOPOXKOASHHH Hapsoy C MHMETe3HTOM, CKOPOOUTOM, apCeHHOCHOepHTOM
o6pasyercsi OCHOBHOH apceHaT — kapMHHHT PhFey” (Ol-l)z(AsO,Jn)2 (171

ldD.B. Hyxpos [18] Ha oCHOBaHWM NMYHBIX HAGMOOEHUN HAa MECTO-
poxnenuax GpowantuTa B Kasaxcranwe M, cchilasch Ha SKCIEePHMEHTEI
aMepHKaAHCKUX HccnepobaTeneil INozuaka u TyHnena, oTMeuyaeT, YTO Dl
CYTCTBHEe MOHOB Fe3+ saTpyaHgeT obpasoBaHHe OpolIAHTHTA
Cu4(OIi)GSO4 u anriepura Cug(OH),SO,. XuMH" STOro TIpolecca He
BIIOJIHe #CHA, BO3MOWKHO, OOpasOBaHHe DTHX OCHOBHBIX CYL}aTOB Menu
TpebyeT Gojlee BRICOKMX 3HayeHHH pH cpenki, yem Te, NIPH KOTOPLIX
CYWEeCTBYIOT HOHLI OKHCHOIO kelleaa,

Ilpu otcyrcTBuu (mim HemocTaTke) APYrHX KATHOHOB IMHPOKO pac-—
npocTpAHEeHHEIe B 30He OKHCIIeHHs FHAPOOKHCJBI Kejle3a CIyXaT SHep-—
CHYHBIM TIOCJIOTHTEIEM MHOPHX AHHOHOB C OallbHe#llMM NepexoioM Xe-
mocopbuun B o6pasoBaHMe XHMHMYECKHX coeluHeHWi, Tak, IpH B3auMo-
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fefcTBUN FUAPOOKHCH Wenesa ¢ SO2~ A Asog" ; POS“;‘, V034‘ , Mo02—,
; TeOR" obpaaywTca: baTnepHuT Fe(O%‘l)(SOLL) 'ZHZO, CKOpOOUT FeAsé‘l4 v
-Zl!?O, wrpeHrut FePO, * 2H40,bepparut FeVO, * 2H,0, beppuMo~
SMOAMT Fez(MDO4)3'7H20,$MMDHC‘HT Fe,_,(Te03)3 '2}{20 ¥ LUebM paf
apyrux coeaunenuii, Takum obpaszsom, B FeoXHMHUYECKHX IPOLECCaX 30
HB OKHCTIeHHA CYNbOUOHBIX MEeCTOPOMOeHH#l MUAPOOKACH Wele3a HB—
5eTCH BaXHBIM TOPMJIOTHTENIeM, OCafuTelleM H KOHUEHTPaTOPOM MHO—
CHX XHMHYECKHX 3/IEMEHTOBR, KOTOPbIE C PYAHHYHLIME BOJAMH MODIH
OBITH BBIHECEHB!I M3 30HLI OKHCIIeHHS] CYNbQHOAHOIO MECTOPOKASHA.
Haxonell, rHOPOOKHCE ¥ejle3a = THIHYHOE COedHMHEeHHe 30HBI OKHC=—
TeHHst ~ TpencTasnaeT CobOH MaXCHMaNibHO OXKHCeHHO® COeNMHOHME
Kenesa H, B CBO oOyepelb, BGHHMDﬂBﬁCTByH C BOCCTAHOBJ/IeHHbBIMH
COeAHHEHUAME V3+, ] it M05+, nepeponnt ¥x 8 VO mm naxe VO‘?‘[,

B UO22+, B MOO%L— 1 T.0. [Ip¥ ®TOM HyXHO TOMHHTbH, YTO OKHCIH=—

TeJIbHO—~BOCCTAHOBUTENILHbIE peaklivd B BONHON cpene 04YeHb CHJBLHO 3&-—
BUCHT OT BeJlHyaHbi pH H C ee 3HAYHTENBbHBIM H3MEHEHHeM MOryT Tpo-
TEKaTh B NPOTHRONOIOKHOM HATPABICHWY,

PaCCMOTpeH‘HbIe BbIle xﬁmqecme paKLHH 30HBI OKHCIIEHHA CYJlb=
GUAHBIX MECTOPOWICHUY, Cpeld KOTOpnIX 6ONLUe BHUMAHUG yAelleHO
KANBIHIO, ¥eJe3y, MBIULIKY, MoHMbGOedy, NO3BOJSIOT CYOHTB O CJIIO¥-
HO{ MHOIOKOMIIOHEHTHOH (H3HKO~XHMHueCKO#l CHCTeMe B KOopAMHATAX
pH = Eh, . xapakrepusywouefics CTaOMIHOCTLIO CBOErO PasBUTHS, TPO—
XoaguweH CJOKHYIO DBOJIOUHI0 H CMEHIOUWYCHS MO3aHYHBIMH PaBHOBECH=—
AMH B OTAeIbHBIX YACTHAX CHUCTEeMBl M HaMeHdUWHMHUCH BC BpeMeHH, B
Xone cBOero pasBHTH4,

[Mpouecce! BhHOCA UMM yOAICHUS H3 CUCTEMEB! OAHHX KOMIUOHEHTOB H
KOHIIeHTpaUHsa HJIM HakonieHue Apyrux [13] BrisbiBaeT MHOrOYMC/IEHHBIE
COTpPSPKEHHBIE XHMHYeCKHe peaklu#, CYWHOCTH HeKOTOPhIX H3 HHX Gbl-
fa nokasana B HacToswed CTarLe,

XuMHYecKasd HHTeplpeTanys NMPOLEecCOB 30HbI OKHCIIeHHS NO3BOJIAET
HaM NOHATE XApakTep NepBHYHON MUHepalHdAIWY MEeCTOpOXKASHNS ¥
faTe OUEHKY IIyOOKHX HEeBCKDBITHIX €lle yacTel MeCTOpOXOeHHd,

ABSTRACT

Chemical processes in the oxidation zone are: oxidation of sulfides to
sulfates; leaching of easily soluble sulfates and accumulation of hardly
soluble minerals; interaccion of oxized products with monoxized ones;
reactions of secondary minerals with mine waters; transition of elements
of lower valencies into hardly soluble compounds of highest valencies.
As most important factors of mineral formation serve pH and Eh as well
as chemical eavironment. The. processes of mineral formation are charac—-
terized by stages being reflected in the vertical and horizontal zoning of
the deposits.
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JI. H. OBUHHHHKOB, C. B. TPUT'OPAH

0 METO/IMKE JIUTOXHMHNYECKHX ITIOMCKOB
PYITHBIX MECTOPORJIEHHN B APHJHBIX PAMIOHAX

B Hacrosiuee Bpemsi IpH IOHCK&X pPYOHBIX MeCTOpOXaeHu# Hauboiee
LIHPOKO HCHO/IE3YIOTCH BTOPH4YHBIE OpeOJIkbl aeMeHTOB—-UHANKAaTOpPOB, L&
HOMOMILI 2TOT0 MeTopaa, sapopubuerocs B CCCP B TpHAUATHIX I'oAax,
ye OTKPLITO MHOXECTBO MeCTOpPOXOeHHIl,

Kax mspecTHO, MeTOn NOUCKOB PYAHBLIX. MECTOPOXASHHH TO BTOpHM=—
HbBIM OpeoJ/laM pacCedgHud SJTGMQH’IDB—HH.E[HKaTOpOB ycneuwHo UpHMeHsdeTCH
TOJILKO OJIs Oﬁﬁapy}]{eﬁﬂﬂ MeCTOPD}KﬂeHHI'f! ¥ pyaHBIX TeJl, BCKPBITHIX COB—
peMeHHOl 9PO3NOHHON NOBEPXHOCTBIO. B cBfsm ¢ aTuM B pajioHax € Bbi—
COKO}l CTelleHkI0 I'eOJ/IONHYeCKOH H3Yy4eHHOCTH (5T0 B OCHOBHOM paii=
OHBI, YXKe OCBOeHHble IOPHOPYAHOR npommmneﬂuoc'r’blo) Pe3YNLTATHBHOCTE
paccMaTpHBagMOr0 MeTOona DPe3KO CHHXAeTCd, TaKk Kak B IOQOOHBIX paii-
onax (GOHA BCKPHITHIX 3pO3keil W JIETKOOTKPBIBAEMEBIX TIO BTOPHYHLIM Opeo—
aM MECTOPO)K}JEHKI‘FI HpakKTHIYeCKH HCcYepnaH, H OCHOBHBIM HCTOUYHHKOM
NPHUPOCTa 3anACOB MHHepal/lbHOT'O CHIPLS OCTaeTCH CKpPHITOE OpyOeHeHHe.
3To ozHauaeT, YTO NOBhILEeHHe a(deKTHEHOCTH MeTOAa IOUCKOB PYHHBIX
MECTOPOXIOSHHH IO HX BTOPHYHBIM JIATOXHMHYECKHM OpeoslaM BO3MOxHA
npexae BCer'e Ha OCHOBE PEeSKOr'e yBe/MueHHus ero riayOwHHOCTH, 9TO
MO3BOJUT C NOMOIIBID 2TOI'0 METO[NA OTKPHIBATE He TOBKO BCKPHITHIE
apo3ueil, HO M CKpHITBIE HA IViyBGuHe pyaHble 3allexH.

B nacrosmee ppems 6Graronaps ycrnexam, AOCTHIHYTBIM B H3YYeHHH
H NpakKkTHYECKOM HCIOJIb3OBAHHH TepBHYHBIX INeOXHMHYECKHX Opeo/lOoB,
MOSBU/IACE BO3MOMHOCTE CYIIECTBEHHOr'O NOBBIUCHUA TeOlIOTHUeCKOH ad—
$eKTHBHOCTH INOHCKOB PYOHBIX MECTOPOXIOESHHH 1O BTOPHYHEIM OpeoJiam
paccefuns 1eMeHTOB~HHANKATOPOB, DT0 MOXeT OBITb AOCTHTHYTO, ©CIH
BTOPHYHEIE OPEOJIbl pacCesHHs 3JleMeHTOB-HHAMKATOPOR paccMaTpuBaThb
B KauecTBe ITOHCKOBBIX NPDH3HAKOB He TO/BKO BBIXOAALIMX HA NMOBEpPXHOCTD,
HO M CKpBITHIX Ha Diybuhe (cnensbix) pynusix Ten [lpakThyeckas pea-
nmu3auus MoaoGHOR IOCTAHOBKM NpoblieMbl NpeanojaraeT BhIgBIEHHE U
UaYYeHKe BTOPUUHLIX OpPEOIOB PACCedHHd IeMeHTOB-UHAWKATOPOB, ofpa-
30BABMUXCH B Pe3yNbTaTe THIEPreHHOro pa3pylleHHs He TONBKO pyld-
HBIX TeJl, HO H NOCTOAHHO CONpPOBOXAOAIOIIHX HX NepBHYHbIX IreOXHMHYEC—-
KHX OpeoJIOB. R

I/ICCHenOB&HHHMH, BRINOTHEHHBIMH aBTOpaMH H HX COTPYAHHKaAMH B
pasmuyubix paifionax CCCP, ycrTaHOBMewo, WTO B pesynmTarTe CHIepreH—
HOI'O pas3pylleHHs BBIXOASAUIHX HA TOBEpXHOCTH NEPBHYHBIX Op&OJ‘lOB 7
CKpPHITHIX Ha TiyOnie pynubix sanexell o6wmuo gopmmpyiorcs crnabo
KOHTpacTHBE BTOPHYHBIE OpPEOJIbl pacCesdHus THNOMOP(HBIX AJA AAHHOTO
THUMa OpyaeHeHAs >/eMeHTOB-HHAMKaTOpOB, KOTOphle MOr'YT OBITE HCIOMb~
30BaHLBl A7f NMOHCKOB CKDPBITHIX PYOHBIX TeJl H MECTOPOXASHHM.

CnenyeT, onHaKO, OTMETHTB, 4YTO BOB/IeYeHHEe B Cjepy NOHCKOBBIX
pafor cnafo KOHWTDACTHBIX AHOMAMME (X 4UCHY KOTOPHIX OTHOCATCH W
HafpyAHEIE OpeOolbl CKPHITOI'O OpPYASHEHHS) CYNEeCTBEHHO OCIONHAET ITpo—
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UeAYpY HHTepHpeTAlHH BbIABISHHBIX MeOXHMHYeCKHX AHOMAIKI, MOCKOML—
Ky Bofpwas uacTb cnabo KOHTPACTHEIX aHOMAaluil, KaK NOKA3LIBAET Npak-
Tuka pabor B CCCP, OTHOCHTCH K YHCIY He NPeACTABIAIOMHX MPOMBILI-~
JIeHHOI'0 MHTepeca 30H pacCedHHON pYyAHOH MHHepanmu3allMH, a TaKxe
NMOAPYAHBIX OPeOJIOB YHHYTOXEHHBIX 9pO3Hell pyAHbIX CKOWWICHUH.

Bemonueuueiva B CCCP uccnegopadusaMH  [OOKa3aHO, 4TO 3afada
paabpakopkn clabo KOHTPACTHBIX SK3OTeHHBLIX IeOXHMHYECKHX aHoMait
MO¥eT BHITB YCHUeWHO pelleéHa, €Clli NPH HX HHTEPNPeTAlHH HCUOIb30—
BaTh OCOBEHHOCTH pPa3BHTBHIX B KOPEHHBLIX PYNOBMEUIAMHMX NOpogax oH-—
OOPeHHBIX I'eOXMMWYECKHMX aHOMaimii — popoHadalbHUKA SK30leHHBIX.

lMocTosuHO CONpPOBOXKAAKLINE pPYAHblE MECTOPOXOEHHUS HAOMEHHBIE
FeoXHMHYeCKHe aHOMANNH NpeaCTaBleHbl NepBHIHBIMH Opeo/iaMu, OKaj-
MIMIONMME pY[HblE Tena,  30HAMHM paccesHHOl PYOHOHR MuHepalHaalHH.
PaccMoTpuM HX OCHOBHBIE I'eOXHMHYECKHe OcoGeHHOCTH.

lNpexpge BCero cliefyeT OTMETHTB, YTO NepBHYHBIE OpeOJbl IO pas—
MepaM 3HAYHTENILHO NPEeBOCXOAAT PyAHbIE Te/a: NPOTAKEHHOCTbL Opeo—
JIOB Han pYRHBIMH TejlaMH OBBMHO npepbluaeT COTHH METPOB H B OTAE!IL—
HBIX ciyuasx gocturaeT 1 kM. 3T0 ofecneyuBaeT 3HAYHTEITBHYIO TVTY-
OHHHOCTE NPOTHOIUPOBAHKS CKPEITONO OpPYACHEHHS IO NEepPBHYHBEIM Opeo-—
nam.

[MeppuyHEIe OpeONEl HEKOTOPEIX THNOB PYAHEIX MECTOpOXASHHH AbifA-
I0TCA Cl1ab60 KOHTPACTHBIMH, YTO 3ATPYOHAEeT HX O¢PeKTHBHOE HCHO/Ib=
30pauHe NPH NIOHCKAX CKPLITOrO opyaeHewus., B nogobubix ciaydasx ais
YCHIGHHS Opeo/OB PeKOMEHAYeTCS MCNOML30BaHHEe MeTOHa MOCTPOeHHUs
CyMMapHbIX Opeoiiob. CymecTBYOT OBe MOAWPHKALMH CYMMAapHBIX Opeo-
7oB; a.uﬁn_-:uauhle M MYTbTHIVTMKATHBHLIS,

ApnAuTHBHBIE OpPEoybl CTPOATCH NMyTeM CYMMHPOBAHHS B Kaxaoi mpo-
Be copepxaumii PPYyNNEl 3/1eMEHTOB~HHAHKATOPOB, BBIpaXeHHLIX (HOpMH—
DOBaHHBIX) B EQMHHIAX T'eOXHMHMYECKOro ¢oua, MynbTHIIMKATHBHbE
Opeoilbl CTPOSITCH YO pe3yibraTaM NepeMHOKeHHA B Kaxaoi pobe co-
Oepx»auuii rpynnkl 37eMeHTOB—-HHANKATOPOB OAHHOrO THIIA OpYyAeHeHus.
Bnaropaps Haupap/leHHOMY CYMMHPOBAHHIO KOpPeIMpYIOWMXCH B Opeosax
cogepxauul sneMeHTOB-AHARKaTOpoB (B oTmauHe oT ¢oua, I'ie Koppe-
NSMS ConepXaHul 3/1eMEHTOB OBLIMHO OTCYTCTBYeT) CyMMapHble Opeo-
bl OTIMYAIOTCH OT MOHOSJIEMEHTHBLIX CONLIUMMH  pasMepaMH M BBICOKOM
KOHTPACTHOCTBIO, [1/1 WAMOCTPalMM 3TOro nonoxeuwd wa ¢ur. 1 B pas—
peae 4epe3 KBapl~30NOTOPYOHBIE XUJb! H300pa)eHubl MOHOSIEMEHTHEIS
# CyMMapHBIe OpEObl HEKOTODhIX 9/1eMEHTOB—~HHANKATOPOR AAHHOIQ
Tuna opyneHexusi. CpapHeHMe 3THX OpeOJIOB NOKA3LIBAET, YTO CyMMap—
HEle Opeoibl fBNAIOTCH GO/Nee MHTCHCHBHEIMH M KOHTPACTHLIMH.

Opvolt U3 BamHeHlMX 0COGEHHOCTeH NMepBWMHBIX OPEOlNoB SBNSETCH
HX 30HAMLHOCTB., [ pasnMuHeIX MO COCTABY IMMAPOTEPMAITLHBIX PYAHBIX
MeCTOPOXIeHU YCTaHOB/eHa Ka4eCcTBeHHO 6IM3Kad 30HAMBHOCTE, KOTO-
pasl BHIpaXaeTCs CleAYIOWAM PSaAOM THNOMOpPGHBEIX 3/eMEeHTOB—HHOMKa-
TopoB (B HANpaBleHMH ABMXEHHS DPYNOHOCHLIX PACTBOPOB — OT NOAPYQ-
HBIX CedeuHit opeonoB K wanpyaubmM): W—Be—Sn~Mo—Co—Ni~Cu—Zn—
Pb—Ag—As—Sb—Ba—Hg-]. 30HaneHOCTE OPEO/IOB HCNONBL3YSTCH AN OUEH=
KH YPOBHA SPO3HOHHOIO Cpe3a aHoMalMi W B YACTHOM Cllydae — [Jid
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OT/IMYHMSA HAOPYOHBIX OPEOJIOB OT NMOAPYAHBIX (Mpu MOHCKAX CKPHITOT'O
opyneHeHus) .

OrMeTHM, YTO B [AaHHOM Cllyiae noapasyMeBaeTcsd ypoBeHb 3pO3U~
OHHOI'O cpe3a IepBUYHBIX OpeO/loB OTHOCHTE/ILHO PYAHOIO Tela. HeTtpyn-
4o yBeomThCH, YTO 3TOT YpoReHh B ofwem ciydae ue GygeT COBManaThb
c abcomoTHEIM YpOBHeM SpPO3HOHHOIO Cpe3a Y4YacTKOB HCClle[OBaHHii:
H3-3a KYNHCHOI'O PACHOJIONEeHNS PYAHBIX Tell B npepesax riyboko =po-
[MPOBAHHBIX YYACTKOB MOTYT OBITE BLIB/IEHBI MeHee 3poAMpOBaHHbIE
HaOpyaHble MepBHYHEIE Opeosbl M HaoGopor (pur. 2).

Bnaropapa Gonbliell MHTEHCHBHOCTH 30HAIBHOCTL B CTPOSHUK CYM—
MapHbiX OpeosioB (ec/M CTPOMTB OPEeONEl HAAPYAHBIX M TOAPYAHBEIX SJe=
MeH_TOB) 0 CpaBHEHMIO C MOHO®JIEMEHTHLIMH fBiseTcs Gollee KOHTpacT—
HOM M, ¥TO OCOGEHHO BaxHO, CTABHIILHOIL,

30Ha/LHOCTE CYMMEPHBIX OpPeo/iOB B CHJ/Iy CBOeH BBICOKOH KOHTpPAacT—
HOCTH MOXeT ObITh WCHOML30BAHA HE TONLKO AN OTNHUHY NepClnekKTHR-
HBIX HA CKPBITO® OpYOEeHeHWe HAOpPYAHBIX OpPeoJIOB OT NOAPYAHEIX, HO H
anst guphpepeHUMAalMHE N0 YPOBHAM OpeOJIOB, Pas3BHTBIX B MHTepBale pya-
HBIX TeJ, T.e. AJ19 OUEeHKH YPOBHS SPO3HOHHOT'O cpe3a pPYyAONposB/ieHMH,
rne pyoHele Tella BbIBE[eHbl HA 3PO3HOHHYIO NOBEPXHOCTE.

WaBecTHO, YTO B KAKAOM PYAHOM pafiode BCTPedaloTCsi MHOTOYMC—
NeHHbIe PYAONpPOSBNCHUA H IEOXMMHYECKHe aHOMAallMH, NpeAcTablieHHble
30HaM{ paccedHHOM pyaHod MuHepamsauuM. [Tocnegwwe npencTapldioT
coboii y4acTKH, B Tipefeflax KOTOpPBIX B pe3ymbTaTe BO3OeHCTBHSA pPyno-
‘obpaayomux GIIOHAOE Ha BMemalouHe nopoas! GeiH o6paszobBaHbl 30QHB!
TIOBBLIIEHHLIX TIO CPaABHEHHIO C (OHOM KOHUEHTpauni sleMeHTOR—MHOWKa—
TOPOB MNAHHOI'O THIA OpPyAeHEeHHS, He copepxailie KOHUEHTPHpOBaHHOe
opynexenune. ITono6uble PyAONpOSBIEHHS YACTO BCTPEYAlOTCH B Gnaro-
MPUSATHBIX AJA JIOKATHIALUNA NMPOMBILIEHHONO OpYAeHEeHAS eOJIOrHYEeCKHX
yc/oBuSIX, YTO B psfe CIydaeB CIYXHT OCHOBAHHEM [Ji [MOCTAHOBKH [e-—
TaTbLHLEIX TIOHCKOBLIX W Pas3BenodMHLIX paboTr. 30HBI paccedauHoll MuHepa-—
_musauMu ocoGenHo “omacHel” MPH IeOXHMHYECKHX NOHCKAX ClIerloro opy-
nesenua. Kak yxe oTMedanock, WHAMKATOpPAMH CKPBITBIX PYOHBIX Tedl
U MeCTOROXAeHUR ABNAIOTCH MX HAZPYAHLlE OpPeOoss!, KOTOphE, Kak u
30HBE! paccesHHON MHWHepalld3aluM, XapaKTepPH3YIOTCH HHU3KHMH, OOBIYHO
+ CyBKIapKOBbIMH KOHIEHTPALHIMH anemeﬂms-uunuxampoa. a TaKxe
CXOACTBOM psiia OPYTuX ocoBeHHOCTeH.

CpaBHHTE/ILHOE H3yYeHHe IeOXHMHYeCKMX ocobeHHOCTelf 30H paccedH—
HO# PYAHOR MUHEPAIM3AUUY W MEePBUYHLIX OPeOJIOB NPOMBIUIIEHHOTO Opy-—
OeHeHHd TNO3BOJMIIO YCTAHOBHTEH PAfl HX pas/M4YHil, KOTOpHIE MOT'YT GBITH
HCNO/MBL30BAaHb! MIPH HHTEpPIpeTaull pe3y/bTATOB JIMTOXHMHYECKOIO OIpo-
GoBaHud.

B Ta6n. 1 npuseneHb! BEeJMHUHLI OTHOWEHHS JIHHERHBIX NPOAYKTHBHO-
cTell MYyNbTUINIMKATHUBHBIX OpPeo/IOB HAOPYOHBIX (p'ry'rb, CYpbM4&, MBIUBLSIK,
cepebpo) u nogpynHex (UMHK, Megb, BHCMYT, BOMB(paM) 2/leMeHTOB—
HHOMKATOPOB PTYTHOrO OpyAeHeHHs, PaACCYHTAHHBIe A/ PAIJIMYHBIX YpPOB—
He} NepBHYHBIX OpPEeOJIOB PTYTHOTO MecTopoxneuns Kowuou (Cpenusas
Asus) W 30HBl paccesHHON MHHepa/M3alnH, H3YYCHHON Ha y4acTke Uyme—
Sou (Kowuouckuii pynubii paiiou).
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Bi+ Cu+ Co+W BitCu+Co+W

dur. 1. MoHoallemMelT=
HEI®, AlAMTHBHBIE H MYIb—
THIMKATUBHBIE OPeOJIbl
KBapli~30/I0TOPYAHEIX HUIL,
KepanpaTHO# WTPHXOBKOI}
NMOKAa3aHbl MO OB
IIeHHBIX COAepKaHUii 2ile—
MeHTOB B Opeoiax

dur. 2. YpoBHH 2p0O3u~
OHHOI'O cpe3a TNepBHYHBLIX
Opeo’ion

1 - pyOHOEe Tejo B KO=—
PEHHBIX TIOPOAAX; # = DPO-
NMPOBAHHAY HYACTL PYAHBIX
Ten; 3 - TepBHYHBIE
OpeoyLl B KOPeHHBIX 10—
ponax; 4 - spoampoBamnas
4aCTh NepPBHYHLIX OPeOJOB;
5 = nuEuS ®PO3HOHHO
noBepxHocTH; f -~ nunua
NOBEPXHOCTH, CYeCTBOBAB—
meif B MOMEHT (OpMHpPO—
BAHUS MECTOPOXICHNMS
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Kak cnenyeT M3 NpHBedeHHBIX B Tabn. 1 pawHBX, B OT/IHYHE OT Iep—
BHYHBIX OpPeOfiOB NPOMLIMLICHHOINC OpyNcHeHMs, B CTPOCHWH 3OHBI pacce-—
AHHOH MUHeDA/MAAlUM OTYETMBO{ 30HAMLHOCTH HE YCTAHOBMEWO!: BapUa-
MY WHOAMKATOPHOI'O OTHOWEHHA He SBNAIOTCA 3aKOHOMEPHBIMH M He Bbi~
xonAT 3a npeaesbl TOYHOCTH €ro pacdera.

CpaBHuTE/ILHOE H3Y4eHHe IeOXHMHYECKHX NepBHYHBIX OpPeoliob KOH-
LeHTPHPOBAHHOMO OpyAeHeHHS M 30H pacCesHHOR MHHepamM3aluu B Ha—
cTosmee Bpems C TOH WM WHOM CTeNeHbIO AeTalbHOCTH BLINOJIHGHO AN
nomMeTayeCKnX, KomiefatHo—-nomiMeTaligieCKuX, ONOoBOPYAHLIX,
PTYTHBIX W SONOTOPYAHBIX MECTODOXAESHWH M BO BceX ciaydasx Gea uc—
KimodeHHusi GHUTH NMOATBepXAeHbl paCCMOTPEHHBIE BhIle ClelHnpHYecKne
ocoBeHHOCTH 30H paccesHHON PYAHOH MHHepallM3aluH.

YcTaHoRneHo, YTO B CTPOSHHH 30H PACCESHHON MHHEpaIM3alHW OT-
CYTCTBYeT KOHTpACTHAS IeOXHMHYeCKas 30HANLHOCTE (HMeeTcs B BUAY
SOHANLHOCTL B CTPOSHHM CYMMADHBIX anoMammi).

Bnaropapa OTCYTCTBHIO OTHETNUEOHA I'eOXUMHHECKOH 30HAMBHOCTH
papHalul HHAHNKATOPHOrO OTHOWEHHS YK/IAALIBAIOTCH B CpPaBHATELHO
Y3Ki# MHTepBa] 3HaYeHHH, KOTODHIf COOTBETCTBYET HHXHEH HacTh Npo-
MBIIIEHHOT'O OpYAeHeHHd.

HanoxeuHoe Nos3ponsdeT pekKoMeHAOBATH B KadecTBe KPHTepHd pas-
GparkoBKm 30H paccesHuwofi MHHEpa/M3allul XapaKkTep 30HA/ILHOCTH A Be=—
NYYEHY e OleHKH — OTHOWEeHHS /mMuHefiNbiX NPOAYKTHBHOCTEl CymMMapHbx
aHoMa/mii: eCNH 3HayeHHe 3TOr0 OTHOWEHHN OTBEHAeT MepBUHHEIM OpEeo-—
7aM, PA3BHTEIM Ha ypoBHe cpefHux (WIDKHHX) YacTeft NPOMBILIIEHHOIO
opyAeHeHHs, TO BHIIBeHHAA aHOMa/Ma MOXeT OhITH OTHeceHa B paspsaf
30H paccesHHO} MHHepamizaunn (eciM B ee NpepesiaX, eCTeCTBEHHO,
OTCYTCTBYIOT BEIXOABI NMPOMBILTIEHHOTO OpYAeHEeHHS).

OueBHAHO, YTO OTMeuYeHWble Bbllle OCODEHHOCTH SHAOTEHHBIX aHOMAa—
mait MOryT GBiTL NMPUBNEHEHB! AN WHTEpPNpPeTAUMH SK30rEuHHbIX aHoMamui
MWL MPH YC/IOBHH aAeKBaTHOCTH STHX ABYX TuUNOp aHoMamuit, B cesaasn
¢ aTEM npHobpeTaeT 0cobyio aKTyambHOCTb NpofieMa CPaBHHTENLHOrO

Tab6auna 1

Bemmuyusl OTHOWEHUS THHe#HLIX MPOAYKTHBHOCTEN MY/IbTHIIHKATHBHEIX
opeosioB

Joua paccesHHON Tleperunsie Opeoml

MEHepamMaalmn MPOMBNUTEHHOTO OpYAeHeHHs
(yuacTox Yyms6on) (Kouuou)
TCopu- F TmyGuua Tmy6una
3OHTH! Hg-Sh-As-A H3yHeHHsH ¥Ypoeun Hg-Sb-As-Ag HIyYeHHS
onpoGo- %\-Cu-ﬁi-é anoMa~ opecrics Zn-Cu-Bi-W opeornoe,
Bavns i, M : ™
I 6 Hanpynuerit 500
] 9 200 Happyaswit 300 210
11 7 Cpenuepynnmif 80 !
. Hwxuepynusiit -
4 1087
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H3yUeHHd SHAOIeHHEIX M DK30T'eHHBEIX AHOMAMHH C Lepld YCTAHOBIEHHS
CTeNeHH WX ANeKBATHOCTH B PasIMMHBIX JiaHAWAadpTHO-TEeOXWMHYECKUX yC-—
noeuax. [lonoGHBIMEH HCCIeOBAHMAME YCTAHOBJIEHO, YTO B APWIHBIX paji-
OHAX MEXIY 9HAOTeHHBIMH M 3K30T'€HHLIMA aHOMA/MSAMH BBIABISETCH
TecHad CBA3b, B 3THX YCIOBHSX ANA OGHAPYKEHHS CKPBITBIX PYAHBIX
Te/ll ¥ MEeCTOpOXAeHui Hapsany C NMepBHYHLEIME Opeoliamu (B pafloHax c
YAOBETBOPKTE MLHOMK OBHAKEHHOCTHI0) MOr'YyT OLITE WCHOMLIOBAHBI TaKKe
aK3oreHHble anomaimu (p pajiioHax, rme pyaoeMemaromme -KOpPeHHEe 10—
POAE! TEPeKpPHITH 5TOBHAITEHO—Ae IOBHATLHBIME OTIIONE HUAMHU) .

YcraHoBNeHO, YTO CTeNeHb aneKBATHOCTH CYMMApPHBIX 3K30TeHHBIX H
SHAOT'EHHBIX JHTOXHMHYECKHX AHOMAIME IO CPABHEHHIO C MOHODIEMEeHT—
HEIMHA BBIIe, YTO NO3BONAET PEeKOMEHAOBATL WHPOKOE HCNO/IL3OBAHHE NPH
OKOHTYDPHBAHHH I'EOXMMHYECKHX AHOMAIHM{ MeTOOOB [OCTPOeHHA CyMMap—
fibiX asoMamii ¥ B TEpPBYK Ouepefb MYILTUIAKKATHRHBIX, KaX Haubonee
KOHTPACTHBIX.

ABSTRACT

It i1s shown that the suimmary (additive) aureoles are more intensive and
contrasting than the monoelemental ones; more contrasting and stable is
also the zonong of the first aureoles. In distinction from primary aureoles
of commercial ores in zZones of scattering mineralization variations of the
indicator ratio are not regular and do not exceed the range of calculation
error. It has been established that in aridic areas between endogenic

and exogenic anomalies a close a connection exists, the adequacy degree:
of the summary exogenic and endogenic hthochemlcal anomalies being:
higher in comparison with monoelemental ones.

A, II. COJIOBOB

ITPOTHO3 MACIITABA OPYJIEHEHUA
TP TEOXUMHYECKHUX ITOUCKAX

Bricokas reonorudeckas adpeKTHBHOCTE IMeOXHMHYECKHX MeTO[OB IIOHC—
KOB pPYAHLIX MECTOPOXAeHHH B HAcTOdlUlee BpeMsl He BLISLIBAGT COMHe—
uui. C noMombio 9THX MeTONOB B MHOMMX CTpaHax B pPasnuyuoil reo—
noru4eckoi u nanawadgTHOi o6CTanoBKe GBI OTKPBITHI MHOTHE, B TOM
YHCMle O4YeHb KPYMHbBle MECTOPOXAEHHS H NepedyeHb ITPOMBIIEHHBIX OT—
KPBITHIT poOo/KasT pacTH, [JOCTHI'HYTBIE pPe3yAbTATHI, MPU OTHOCHTEIThb—
HO Malibix 8aTpaTax Ha TPOH3BOACTBO paboT, ONpeAelHId . LIHPOKOe
npHEMeHeHHe MeOXMMHYeCKHX MeTOOOB MOHCKOB BO BCeM MHpe.
[TpOMBlIIeH4bIe OTKPLITHA SBNAIOTCH Haubonee o4eBHAHLIM, HO aalle-—
KO He eQUHCTBeHHLIM peaynkTaToM MOHCKOBHIX IeOXMMUYecKkux paborT.
Baxuejiue auavyeHHs MMeIOT IeOXMMHYECKHE OaHHBIe I adHamMa3a reo—
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Oro—-CTPYKTYPHBIX H IJIHTO/OrO-CTpaTHIpaduyeCKHX 3aKOHOMepHOCTeH
JIoKallu3alHH opyneBetms!. anst OI.IBH‘Kli YpoeHAa ero SpPO3HOHHOIC Cpesa,
30HA/ILHOCTH M FeHeTHYeCKHUX ocobOeHHOCTel, NPUMEeHHTEe/LHO K OTae/b-
HpM O6bexTaM H UeNLIM PYAHBIM papoHaM. YCNeuHoe pA3BHTHE TEOPHH
JMHTOXHUMHYECKHX FOHCKOB PYOHBIX MeCTDpO)KHEHHIﬁ TTO3BOJIMIIO CO304Thk
B CCCP creuuanbHble MeTOAb! KONMHUECTBEHHOH OLUEHKH [0 I'eOXHMHYeC—
KHM OAaHHBIM OXHAAeMBIX JIOKAILHBIX H PEernoHa/IbHbIX 3anacoe merania,
[Mocnensee ¥MeeT NepPBOCTENEHHOEe 3HAYEHHWe [OId NOBbIMeHHS obmed
op)eKTUBHOCTH TI'CONOTANOUCKOBLEIX ¥ PAa3BEAOHHLIX padoT B pPYAHLIX -
paitoHax. 3

I'eOXMMHYECKHE TNMOMCKH Ha OGWHPHBEIX PYAONEpPCHeKTHBHBIX TEppHTO-
puax OGBMHO HAYHMHAIOTCH C ONPOGOBAHHS ANIIOBHAIEHO-ITPO/IOBHAILHEIX
OTNOXKEHUuH CoBpeMeHHOl ruapoceTH. [MOTHOCTE IeOXHMHYECKOI'O ONpO-
-Gopaunsi TMpH 2THX paforax vame Bcero npHHAMaeTce 1-4 npoGhl Ha
1 kM2 mowann. ITo COBETCKHM CTaHmapTaM STO OTBEUAET ChHEMKAM _
cooTBeTCTBeHHO B MacmrTabax 1:200000 (cets 2 x0,5 kM) u
1:100000 (cets 1x 0,25 kM). TTouCKOBbIE JIMTOXMMHYECKHE CheMKH
9TOr0C THUNA, B YC/IOBHIX XOpPOLIO pacy/ieHeHHBIX IOPHBEIX PafiOHOB, C BEI-
COKOlf HamexHOCTHI0 ObecrneynpBaloT OOHApPYXEHHE BCeX OTHOCHTEIILHO
KPYNHBLIX PYOHBIX MECTOPOXACHHH, BBHIXOAAUMX HA YPOBeHbB COBPEMEHHO—
o SpO3HOHHOrO cpesa. MMewHO aTH MecTOpOXOeHHs sBIAIOTCH Haubo-
nee AOCTYNMHEIMU AN NEpBOOHEPENHOH pasBenkH M SKCIIyaTaluuy ¥ mos-—
TOMY NUTOXHMHYECKHE ITOUCKH [0 OT/IOXEeHHSM BpeMeHHOll H TNoCTOsH—
HOM THOpOCeTH ABNAITCH CaMbIM debeKTP[BHbIM MeToaoM BegeHHsa HA
OBUWMPHEIX, MeHee H3YYeHHBIX TeppPUTOpHX.J/IHTOXMMHYEeCKHe IOUCKH
PYOHBIX MeCTOpPOXAeHHH IO MX MOTOKAM pacCedHHs NMPOBOAATCH Ha IiO-
magdx, iaMepdeMblX JeCATKAMH H COTHAMH TRICAY KBaflpaATHBIX K!‘IJ‘IOMB‘I\.-
pOB, C HOCeAyIoUHM BbIGOPOYHBEIM NepeXogoM K Go/ee neTallbHBIM THTO-
XHMHUYECKHM CheMKam Ha Or'paHMYeHHBIX ydacTkax. Ilogo6Hble NMHTOXH—
MHYeCKHe CheMKH IOIYYMIM pacnpocTpaHewde B pynubix paftouax Cepe-
po=Bocroka CCCP, B yacTHOCTH, B palloHAX, TAroTeoWHX K CTpOsIIe#Cs
Baitkano-Amypcko#t maructpams (BAM), s Kawape, » paseupaommxcs
ctpaHax Asun, Adpurn u JlaTuHCKON * AMEpPUMKH H B psige OpPYrHX
cTpaH.

1"[pﬂ IIHPOKOM H YCHelHOM !TpOHSBD.ﬂCTBE‘ 9THX paSo'r, KO/IM4eCTBeH—
HO} HHTepnpeTalHH THTOXMMHYECKHX aHOMA/Mil, BLIABISEMEBIX B OT/IOME=—
HHAX I'ugpoceTH, HaCcTO He ypelndgeTcs HeOGXOIlHMOl"O BHUMAaHHA. Mexmy
TeM, AHAJH3 NOKA3bIBAET, WTO B 38BHCHMOCTH OT NOJIOXEHHS DPYAHOI'O
MecTopoxaehus B Bacceiiie BopocGopa 06pasyloTcHs COBEpLIEHHO pas-
MHYHBIE NHTOXHMHYECKHe aHomal/mu. B YacTHOCTH, Hebo/mbluIOe Mo Macli—
'raﬁy pyaonpospiieHHe, pacliofioeHHOe B BepPUHHe pyclia NMepBoro Hopﬂﬂ-
Ka, crmoco6uHo ofpasoBaTk MOTOK paccesuus GONMBUWIOR NPOTIKEHHOCTH C
BBICOKHMH COpOepxaHudMH MeTallna. B otTmaumne ot Hero, gaxe Kpymnuoe
MeCTOpOXaeHHue, . pacrionoxeHHoe B CpeoneM HIIH HHXHeM Te4YeHHH CcpabB=—
HUTe/IbHO OOonbiIOH peKH, coanaeT TOMLKO Hebomblylo aHOManuio, ¢ Gea—
HBEIMM COOEpPXaHHAMH MeTala B a/unoBud. [IpH 4YHCTO KaueCTBEHHOM
noaxone K peaylkTATaM JHMTOXHMHYECKHX NOMCKOB NpeanouyTeHHe OTna—
eTcsi NepBOH aHOMAJMH, 4YTO CHuxaeT adhdheKTHBHOCTE paboT.
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[na npeonorneuus sTOrO 3aTPyAHEHHS apTOPOM 6LINO NPeAsIoNHEeHO,
NMOMHMO COfepXaHHH MeTaula B Npofax, pacCMaTpHBATL NOKAasaTelb
NPOAYKTHEHOCTH TIOTOKA pACCesHHdA:

P =8 (C,~Cq), (1

raoe S - nnmomaae Bopoc6GopHoro Gaccefina, oTBevammas TOYKe onpo6o—
o
saung, Cy =— copepxauMe MeTanna B 3TOH TOYKe H CO = MecTHoe to-

HOBOE COflepXAaHHe OaHHOIO MeTAallla B AallloBHALHO~IPO/IOBHAIEHBIX
oTnoxeunsx. TeopeTudecks NPOAYKTHBHOCTL MOTOKA pacCesHHs paBHa
nnomanuo#t mponyktuskocT P (B Tex xe mM2%) BTODHYHBIX OpeOJIOB pac-—
CesiHHsl OpyHNEeHeHHs, pasBuTOro B 2TOM Gaccefite BomocGopa, B Npupoa-
HEIX YCTOBHSX MEXAY HHMH CYUIECTBYeT NpONOPUMOHATLHAS 3aBHCUMOCTE.
B uuTepeaile NpHBHOCA MeTallla B PYCMO BelHdHHA P pacTeT, HHXe
TeoOpeTHYeCKH OCTaeTCH NOCTOSHHON UM

= kP=const, (2)

roe k'%21 - MeCTHBi KOS(dHMIMEHT NPONOPLUMOHAMLHOCTH, 3aBUCSLAL
OT pexumMa TBEpOrO CTOKA M CBOHCTE PYOHOI'O 3JleMeHTa, ONpeaeise—
MbIl ¥3 onblTa pabor. TakuMm obpasom, aHamia rpaduxos P!; no3pongeT
NMpOrHO3HPOBATE OXHAAeMYIO0 NPOAYKTHBHOCTE BTOPHYHBIX OPEOJIOB pac-—
cesiHMs, KOTOpas B CBOI0 O4Yepenb AN MeCTOpPOXAeHHH, BCKPHITEIX 3pO3H-
OHHEIM Cpe30M, NpOoNopHHOHANILHA MacmTaby KOpEeHHOro opydeHeHHs P
COIVIACHO 3aBHCHMOCTH

P=kP,, 3)

roe k 2z 1-mMeCTHHI# KoaddHIMEHT NPONOPLHOHAILHOCTH.

Ha pucytike no rpapuxy P; oTHeT/MBO OOHapYXHBAeTCH CYmeCTBOBa—
HHE [BYX WHTEPBANIOB OpYHEHEHHS, ONpefe/diomUX (OpMHUpPOBAHHE NOTOKA
paccesinus cepebpa B pyciie pyuba Cyxoro, Ha KOTOPHIX BTOPOH IO Be=
MHYHUHe NMpOAYKTHBHOCTH 6ollee WeM B [ABA pasa NpeBHIIAET IEpBEBI.
CpenaTe 3TH BaxHble BBHIBOAEI 1O IpaddKy cooepxaHHl MeTallla B Ipo-
6ax C; He YynaeTcd.

B ofmeM cilyuae NOTOKH pacCesiHusi MeCTOpPOMOeHHS PasBHBAIOTCH
B HECKO/ILKHX CMEeXHBIX pycrax M olueHka macmraba KOpeHHOro opyae—*
HeHHS ONpefe/feTCHs CYMMO# HX NMpoayKTHBHOCTeH

Pp = =i 21 P, 4)

rAe M — YHCIO CMEeXHBIX pycelsl, B KOTOPhIX OGHApYXeHB AHOMABHBIE
cofepxauus MeTanna. DTOT BaXHEIA NPHIHAK AAAMTHBHOCTH OLEHOK IPO—
ﬂyxmﬂﬂoc’reﬂ IIOTOKOB paccemnm Ha cogepxaHHe MeTal/lla B alllIOBHH
He pacnpocTpaHseTCcH.

OnblT NOKA3LIEAET, YTO B TOPHBIX pafioHax AN Pycel NEPBHIX NOpSf—
KoB mpocTefiune sapacumocTd (1)-(4) cobmopalorcs nocraTouno xo-
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Pacuer nponykTHBHOCTH NMOTOKa paccesHus, Pyd. Cyxoil, Marapganckas

obnactb

4 - nnau GacceitHoB BogocGopa ana Touyek onpoGoBanus 1-13.
‘B :1 - rpapmx HaGmoNeHHLIX coflepkanuii cepebpa B a/unoBHE; ¢ = OC=
pelHeHHble 3HAYEHHS C; (sa BoeTom doma); 3 - Tpa¢HK MPOAYK-
mustiocTn  Py; 4 ~ ypoBemh yoroiuupbix Snawemmit Pyi5- [ m II -
HHTepBaJLl MPUBHOCA MeTallla B pyciio M pocta Py; 6 - Hanpapnenne

CTOKa
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pouwo. B Bosee CHOKHBIX ClTydasix A/ KOMUYECTBeHHOH HHUTeplpeTalun
NIOTOKOB paccesHus HeoBXOOMMO HCNOIL30OBATL 3aBHCHMOCTH, Npeaso-
Keuuble B.B. TNo/mxapnoukuueiM uim A.H. Boromo6oesm [ 2],

YTouHeuuylo OHeHKYy MacwTaba BHIGBIZEMBIX MeCTOPOXIeHHii Ha BTO-
poOM aTane reOXHMHYECKHX NOHCKOB obecne4yuBaeT MOACHET NPOTHO3HBIX
(reonoruueckux) sanacos MeTama IO pes3ynbTATaM ReTaMbHBIX HMTO-
XHMHYECKHX CbeMOK To dopmyne

)}
Qy =a-— .i-H, _ )

k 40

roe H- uenecoobpasuas riybuna noacuera u a< 1 —~ NonpaBoOuHbBI
MHOXHTE/b, YUHTHIBAKIMMA BEpPOATHYIO [OMO MeTa/lia B HETPOMBIILJIE H=
HBIX copgepxaHusaX. [lpu »TOM Be/MYHHA TPOAYKTHBHOCTH BTOPHUYHBIX
opeonoa pﬂCCBﬁHHH onpeneme'rcs U3 BbIpaxeHus

n ;
P=AX.I(Z cx—nco), (6)
#=1
roe AX- paccTogume mexay Toukamu npo6oor6opa mo mpodumo, | -
pacCCTOsIHMe MeXAY NpOopu/IIMH NMPSAMOYTONBHOH CeTH M n -~ YHCJIO TO4YeK,
powenuwx B mogcuer [2]. Meramsuble MMTOXMMHYECKME CHEMKH HacTO
peayTca mo ceth 100 x20 M, 4TO 1O COBeTCKHM CTaHgapTam OTBeda—
eT macwraby 1:10000. ]

Ipu BrIGOpe riIyGuHbl HoAcYeTa H y4HTHIBA@TCH BEepOATHEBIH 3PO3HOH—
HBI Cpea MeCTOpOMAeHHs IO 3apaHee HajijleHHBIM NOKazaTeldM Ieo-—
XUMHYECKO# 30HATLHOCTH KOHKPeTHRIX INeHeTH4YeCKNX THIIOB OpyaeHeHHd.
[ns nopcueTa MPOrHOBHEIX 3ANACOB MeTA/lla B CIENbIX PYAHBIX Te/lax
dopmyner (5)-(6) wenpuroaHsl.

CamocTodaTe/bHyI0 TpobneMy COCTAaBIgeT IPOrHO3 [0 IeOXHMEYEC—
KM fgadHHblM OOLIMX 3amacoB MeTalula A/d LUefbIX pyAHBIX paiiouos., Onuu
H3 BapHaHTOB pelleHHd 3TOH 3ama4M OCHOBAH HA NMOCTPOSHHH MO pe3yimb—
TaTaM IOMCKOBEIX JTMTOXHMHYECKHX CheMOK KapT yaellbHO# pyaoHOCHOC—
TH TepPPUTOpHil CO CHATHIM NOKPOBOM pBIXIEIX obGpasosanmit [ 3],

Brito noxasano, 4TO ANME AOCTATOYHO CombuuX nfomweane# OueHK:
obmeit MPOAYKTHBHOCTH BTOPHYHEIX OpPEOJIOB paccesHuMs CXOOSTCA 1O Be-
POSTHOCTH, W, B NepBOM NPUOMKEHUHM, HA 34BHCHAT OT INIOTHOCTH IIOHC—
KOopO#l ceTH ompoGopanud, C y4eTOM aTOr0 M CpeAHEB3BEIIEHHOTNO KOS(-
dmlmeu'ra OCTATOYHOH NpOoAyYKTHBHOCTH BTOPHYHBIX Opeo-HOB paCCGHHHH
k> 1 ynemsyoe Ko/muecTBO MeTamia Ag T/M/kM2 ponycTEMO pac—
cMaTpuBaThb B KadecTBe OGBEKTHBHOIO IapamMeTpa, XapaKTepuayollero
PYAOHOCHOCTEL BhIGpanHo# mnomanku. Ilpn MeakomacmTabHoM oGOGILEHHH
Hajijeuuble 3HAYEHHUA YOeMBLHONR PYNOHOCHOCTH A/ Tpaneluil AOmyCTHMO
HHTEPNO/MPOBATE HA SaKpHIThle YYACTKH, C NOC/EAYIOUIHM MOACYETOM
CYMMAapHOH TNpPOOYKTHBHOCTH (qu)oﬁ A/ pyoHOro paioHa B lLeJlioM
WA ONA ero OTAeNBLHBIX KPYITHBIX Y4ACTKOB. 3anapasich COOTHOLIEHMSMU
MeXAY YHCJIeHHOCTBLIO OOBEKTOB B OeCATHYHBIX K/IAcCaX KpYMHOCTH U
MHHUMA/LHEIM MaciuTabom OBHapyXHBAeMBIX OGBEKTOB, MOXHO NpHG/IH—
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MEHHO OHEeHHTH pe3epBHBIE 3anachkl MeTa/lla, BOSGMONHOCTE HAXOM/IE HHs
B paijloHe KJ YMHLIX MECTOPOKAEHHH M BEPOSITHBIE NPOMLILJIEHHLIE 3aTla—
Cbl B pasMYHBIX K/IACCax KPYMHOCTH MeCTOPOXAeHHH. ALTepHATHBHER
pelieHnst 9TO# sapaum Gbum paccemorpensl E.M. Kpatkosckuwm [1].

[lpennoxeuusie MeTONBI KOMYECTBEHHON OLEHKM NMPOTHOSHEIX 3ANACOR
MeTalla B OTAe/bHBIX ODbeKTax, BBIABISEMbIX IIPH MeOXHMUYECKHX IOHC—
Kax, ¥ B Le/IOM [J/19 PYAHBIX paAiOHOB HMEIOT Ba)xHOe aHa4YeHWe AN Bbl-
Gopa nanpapneuus panbHeiuvx pabor ¥ oBOCHOBAHMA  IieNeCOOGPA3HEIX
3aTpaT Ha WX TpoBeleHHe.

ABSTRACT

Methods of estimationof the expected mineralization scale by the way of a
quantitative interpretation of dispersion flows at'the stage of prospecting of
lithochemical surveys, = methods of specification of this estimation at the
stage of detailed lithochemical surveys according to parameters of secon—
dary dispersion haloes and methods of a prognostical estimation of metal
reserves within the ranges of ore region are examined.
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®@. B, YYXPOB, JI. II. EPMUJIOBA, B, C. YYPUKOB

O BO3MOHOM 3HAYEHHM H30TOIIHOIO COCTABA CEPBI
A OHTO-TEOXMMHNYECKNX IIOHMCKOB CYJLOHIHBIX PY]L

Cepa ToOpHEIX IIlOpog M pyAR, TNocTynampmas B NoYBeHHble PaACTBOPHL, MO=—
nagaeT B pacTetns. Tak kKak oun He (PaAKUMOHMPYIOT W30TONEI CEpbl, TO
no suauenmam 854S pacTeHuit MOXHO CyauTs 00 M3OTOMHOM CoOCTaBe
cepsl (06bMHO CyMbaTHOM) MOYBEHHEIX PACTBOPOB. BO3MOMHOCTE MC—
NOJIL30BAHHA 2THX OAHHBIX A8 CYXOEHHS O cepe I'OpHBIX NOpoA WK PYA,
3aneralounXx ToA NOYBOH, SABHCHT OT TOr'O, KAaK ¥ HACKOMBLKO 3HaYHTelb~
HO H3MEHHEeTCH H30TONHBIH COCTAB Cepbl B [IOYBAX HO ee NOCTyHneHud

B pacrenud, DTH HIMEHEHHH B OCHOBHOM 0Bd3aHp! NpOABNEHHIO B [OY~
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BeHHBIX pacTBOpax NBYX GaXTepHa/lbHEIX NMPOLEeCCOB =~ CyibdaTpenyKudH
¥ pereHepaimn cyibpaTa u3 ceposogopoaa.

. CymubaTpenyxuns C pasiHuHOii WHTEHCHBHOCTBLIO MPOTeKaeT BO BCeX
nousax. Ee riaBHasi NpeanochkUlka — coaepxaHme B Hux csoGopuoil Bia-
', OPraHW4ecKOro BeWeCTBA H PACTBOPEHHOIO cymebdaTa,

B xopomo aspupyeMbIx NouBax Haj, 30HO# cymedaTpenyKiuu pacnona—
raeTcs soda, rae Ae#CTBHE OKHCJHTELHLEIX NPOUECCOB BHI3BIBAET NpeB—
pamelHe cepsl ofpasopapuierocs IpH Cy/bbaTpenyKUHu CepOBOAOpOAa B
cym:cbamy:a dopmy. A Tak Kak aTOT Cepoponopon oforaieH H3OTONOM

S TO UM XKe oforameHa H pereHepHpyemas cy/imbdaTHad cepa. Taxkmm
06pasoM, B HIDKe PACIOJIOKEHHBEIX T'OPH3OHTAX IOYBHI, r'ie HAeT Cymspar—
penyKums, CymudaTHasd cepbl yTxelsleTCHd, B HACXOAAIHMX BOJAX OHA B
TOM WM MHOM KO/MYEeCTBE MHUI'DHPYET B HHXe paclojIoXeHHEIE NOPOALI
H B KOHe4YyHOM CdeTe IIoCTyNnaeT B BOABI BepXHero BOAOHOCHOIO I'OpH-—
aouTa. YTO Xe KacaeTcs pereHepHpOBAHHOIO Cy/edaTa, cepa KOTOPOro
ofneryena, TO OH CMEWHBASTCH C MNOCTYNAIONMM C NOBSpPXHOCTH CYib—
baToM aTMOChepHEIX BOA; NMOSTOMY B 30HY CyIbdaTpenyKuHMH NonafaeTt
Gonee Nerku# HCXOAMBIA CYy/LpaT; €ro sHavYeHud § g MoryT ObITb Kaxk
HUIKUMH NOJIOKUTETLHBIME, TaK H omuua-re::buum BcnepcTeue aTOrO
B NOYBEHHEIX NPOGUIAX SHAYEHHUS 543s CBepxy BHH3 BoapacTator. [lna
H/UTIOCTpaIlMH (raGn. 1) NpHBOOMM 3HAYEHHSA 5345 o TMpOGUIAM . COJIOH—
YaKOBEIX NOYB pajiona rop Kreisweupa#t B cTemuoit wactu Kasaxcrasa
(nauuble aBTOpoB), a Takxe mouB paiftoHoB [JoHa @ MaHLMCKOH HUBME -
HOCTH.

IMomumo npo6 u3 rop Keiabinpait, apTopamu H3Y4YeHB! MpPOGBI COMIOHYa—
KOB M3 OpYT'MX padloHoB crenHol uyactu Kasaxcrawa [2]. Bapuaumu
aHa4Ye Ui 6348 co/lonuakoB oT +5,5 mo -4,4% ; xapakTepHoe AJii MHO-
'mx M3 Hux oborameune uaoTomoMm -*S yKaabipaeT Ha NPOSBICHHE CYiTb—
daTpenyximun C pereuepamueft cymupara. Tak kak fonoxeHwe IOHBL CYIb—
haTpeayKuHH W pereHepaumHH CyibdaTa MO OTHOWEHHIO K KOpHeBOll CHC—
TeMe pacTeHuft B npodune NoYyB MOMeT MEHATHCH, TO ClAeAYeT OXH-—
faTe H BapHalMii H30TOIHOI'O COCTaBa IOCTYHaowell B pacTeHWs Cepbl
B pasHble PereTalBOHHBEIE CE30HBI M HMX IepPHOABL -

[lna xKoWKpeTHsalMH NpeACTaBleHui# 06 M30TOMHOM coCTaBe Cephl
pacTeHnit oGpa-mmcn K hakTHYeCKHM [AAHHBIM, KOTOpBIE NOJY4eHbl aBTO-—
pamu. [na aHafM30B MCNONBL30BANach 3071a pacTeHdit ¥ UX 4HacTeil (OIJ—
rauos). UayuenHsle npoﬁat npoucxoaaT ua rop Kwiseupait ¥ us panoua
comxu Xocams B cremuo#f wactn Kasaxcrama,

Toper Keisbupaill XxapakTepH3YIOTCS NOBBIIEHHBIM KOMHYEeCTBOM arT—
MochepHBIX OCANKOB B CpaBHEHMH C OKpyXalouej CTenblo, 3HAYHTETb—
HOl pacu/IieHeHHOCTLIO penweda u obwimmem pacTuremsHocTH (Tpaewl, Kyc—
TapHHUKH, nepebws), ocobGewHo B poiMuHax. Boanoe mMuTanue pacTeHdi
OCyUIECTB/IAETCH B OCHOBHOM 3a CYeT CTEKAaloWMX B [OOMMHBI TalblX H
noxneBbIx pon. HauMewubllee KOMMYECTBO BJATM JOCTYIHO pacTeHHAM,
MpoMapacTaiolUM HA CKALHBIX BhIXO#ax rpaumrtos (apua, cocha): B
uaubonee yBIaXHsaeMbIX HaCTAX OOJMH NPOHM3pacTAaloT /MCTBEHHEIe, Ape-
BecHble H KyCTApHMKOBLIE pACTeHHUd, a4 B NMOAMEHHON# 30He PY4YbeR M
peuek obumbHel Tpabwl. Copepxanne S03 B cyxolf 3ome M3yuUeHHBIX pac—
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Ta6numa 1

HaMmeHeHde H30TOMHOIO COCTaBa CY/bhaTHOR Cepsbl o
NOYBEeHHLIM IpOdHIaM

Palion, ray6uua OT NOBEPXHOCTH TOYBEL, CM 5345 0/0

Toper Keiabiipait

y conky Kapamoxko Ot +4,1 no +4,9
: 0--8 . +5,2
25
B UenTpansuoit momue 3,9
0-2 4,3
8
Huxunti [don Or +5,0 no +6,4
0-150 +7,0
150-200 +8,0
200-250
MaubrMcKas HUAMEeHHOCTE Or +2,8 no +5,4
0-82 Or +7,5 no +7,8
150-400

teunit Kpisbupas or 0,55 no 4,75% . B rabn. 2 npusegeds! pgaHHble
06 M30TONMHOM COCTape Cephl 307kl HEKOTOPBIX PACTEHUH CO CKAILHBLIX
BLIXOMOB TPAHWTOB K K3 Ao/mMH. Bapuamuu swauenuns §34g asnawrca
HaUMEeHBIIMMKY Y TPOHSpPACTAIUMX Ha T'PAHATHLIX CKajlaX apyy W COCHBI}
BO BCeX HU3Y4YEeHHBIX NMpobaX oTH 3HAYeHHS HH3KHe MOJIOKHTelbHBe (OT
+0,7 po +3,0% ). ¥ pacreHnit nonuu KoneGawns pemmamu 5343 aunaun~
Te/eHO Gonbuie, [Ina oGbACHEHMS pasIMuMl H BAPHALME H30TONHOIO
cocTapa cepbl B pacTeuusx Krelsbuipas obpaTHMca K onpefendiolmdM HX
dakTopam.

Tlo pauubiM ARTODPOB, IHAYESHHUS 6343 HIYHYEHHEIX TPOo6 aTMOCHepHEIX
ocanxos B cTemuol wactr Kasaxcrana cocrapmior ot +2,1 no +3, 7%,
B nuramomuxcs aTMochepHLIMH BOAAMH POAHMKAX KpISbulpas ¢ 4HCTOH
NMpOTOYHOH BOAOI, B KOTOpOH GaKTepra/bHas CymbbaTpeayKuHMs He NPOHC~
xoauT, Kak TNokasamm mpo6el, B3sThie B 1969, 1970, 1971 n 1973rr.,
auaveHuda 8343 BAPLUPYIOT B OveHb y3Kux npepenax ot +0,3 mo +3,2%m.
TMopoGunie e Npefensl KoneGauus BelWIWH 534g XapaxTepHbl olsd ap-
'4¥ ¥ COCHBI CO CKAJBHBIX BHIXOAOB TPAHKTOB, I'ie NpONECcCH fakTepuaib—
HOl CyedaTpedyKUHH B INHTAKIHX pacTeHHd BoAaxX NpPaKTHYECKH He
TpOgBAAIOTCY, TaK KaK NMOYBeHHBIf C/oif ¢ HeoGXOMHMEIM AN CynhbaT—
peayKUHH KOMHYeCTBOM OPraHHYeCKOro BelleCTBa 3[AeChb OTCYTCTBYeT:

B pacTeHHMA Ha CKa/lbHRIX BHIXO[aX I'pDaHHTOB NOCTYNaeT cepa, He OT/h~
qamomascs CKOMBKO~HUGYAL IHAYUTENBHO N0 HIOTOMNHOMY COCTaBy QT
aTMocdepHoro cyiwbaTa.

B pommuax, rge uMMeeTCHd NMOYBEHHBIH NMOKPOB, YCIOBHA AMNA CyTubar-
peAyKuuK HecpaBHeHuo Gollee GnaronmpusiTHEL, H3OTONHBIH COCTaB MOCTY=-
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TaGnuua 2

WsoTonuelff cocTap cepel pacTeuuit Kniawblmpas

YyacTky, YuacTkn,
oTmya- B OTIIHYa—
omuecs acTeHud, ] onmecs Pacreuus,
710 yB— HX 9acTH 534S, oloo no yB~ MX YACTH 534S,
naxHe— NaXKHe-— : /a0
HHEIO HHIO
Apua (1969) petkn (1969) -2,9
cTBON +2.4 peTxn (1970) +1,7
XBOA +2,2 petkn (1971) +4,7
Cxampube Apua (1969) metes (1969) -=0,7
BBIXOABI cTBOlN +0,9 [lonuan! mctea (1969) =6,2
rpavnTOB XBOSt +1,6 mictes (1969) +4,4
Apua (1973) mictes (1970) -5,4
CTBOJI +2,1 micTea (1970) +2,7
XBOS +0,7 micTea (1971) -0,3
CocCHbl pasHbie HBEI pasubie
ereon (1969) +1,6 cteon (1969) -1,8
cteon (1970) +2,2 creon (1969) -~2.,8
creon (1971) +3,0 creon (1973) ~5,5
xeost (1969) +1,6 perkn (1969) =2,0
Bepeaa . perkn (1969) -2,7
ereon (1973) -2,0 petku (10689) =2,0
cyk (1973) -1,3 peTxn (1970) +0,1
peTkn (1969) -3.8 petku (L971) -0,4
peTku (1970) -2,5 mictes (1969) ~1,0
peTkn (1970) 2.0 micTes (1970) ~0,2
seTkm (1971) -2,4 metes (1970) 1,2
micTes (1969) +1,4 mctest (1970) 0,0
macTea (1970) 0,0 mectes (1970)  +5.3
macTea (1971) -2,6 macTes (1971) +5,7°
macTes (1973) -0,7 micta (1971) -3,8
Oomius Bepeaa (1970) micres (L971) -4,7
Tpaebr
BETKH -0,4 e npo6a 1 +2,9
TMCTBS -1,4 npoGa 2 +1,1
Bepeaa (1970) ‘ npo6a 3 -0,7
BETKH . =-0,7 npota 4 +4,4
MACTREA +0,7 Kosbsume
Bepesasl pasuble
creon (1969) -2,2 npo6a 1 +2,2
creon (1970) +1,4 mpoba 2 +3,3
erson (1970) -0,3
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namuleii B pACTEHHS Cepbl 3aBHCHT OT COOTHOUIGHHS HHTeHCHBHOCTH PO~
1leCCOB Cy/bbaTpeNYKIMH W pereHepanun cynehara. Tam, raoe He Npouc-—
XOOHT CYMECTBeHHOro OGHOBNEHHS HaCHmIAlomei MOYBY BJard, co3nalor—
cd ycnopug ans zabonauupaHns, ocoGeHHO BO BTOPOi NMOJMOBHHe ne'g%,
4TO MOMeT NMPHBOAMTL K OMEHb PesKoMy BOSpacTaHuio sHadeHmit 87 S
nouBeHHOH Braru, B KauecTBe NpuMepa yKaxem, HWTO Ha OQHOM H3 MO-
HHKEeHHBIX yuacTKOB llewTpambuo#t nomaupl Keiseuipas suauewus 534S
TIOYBEHHOj BIlaTH COCTAaBIISIOT (B o/n): centabps 1969, O; Hions 1970r.
+26,8; 20 aerycra 1970 r. +29,6, 24 aerycra 1970 r. +25,5;
apryct 1971 r. + 5,1; aeryer 1973 r. +14,8 ( y H20 us Toit xe
npobbl 8% = ~3,3). Dru nauuble BechbMa nokasaTelbHel HanGonee
MHTEHCHBHOMY Te4eHHIO CYT:DaTpeNyKLUHH B 3aCTORHON cpefle C OGH/mMeM
OpPraHuvecKoro BelieCTBa NMPH OTCYTCTEUH SHAYHMTE/ILHOTO BIMAHHS pe-.
reHepalMy CyNehaTa U3 CEpOBOAOpOdAa OTBevaeT peskoe yTdmxeneHHe
cy/bhaTHON Cephl NMOYBEHHEIX pacTBopos ( 834g no +29,6%0): cyiupar-
penykKuus C yMepeHHOH pereHepauueif cylbdaTa NPUBOAHT K SHAYHTEITHL-
Ho Gonmee HHAKAM 3Hayewnam 534S sTux pacTteopor (+5,10w), a ee
NOBBILEHHAS MHTEHCHBHOCTL BhIGbIBAeT elle Gosbliee NOHHXKEHHe Copep—
xaunsg B cymbbare msorona §34S (534S no Oom). Cpepuee aunayenne
34g y pacTenmit gomiH, mo gadubiM Tabn. 2, cocraBmier —-0,9%m, a y
pacTeHui BEILe pPACIONIOXEHHOHR S0HBI CKAMBHBLIX BLIXOOOB T'DAHHTOB
+1,7 %0 .

Tobrituenuble suavenna §5%S pacTeuuit noman (oo +5,7%w) obasaus
TIOHHXKEHHOH MHTEeHCHBHOCTH pereHepanMu Cy/ibdpaTa B CPABHEHHH C CYITb—
daTpenykumnelt, Torna Kaxk NOHHXeHHBIe W HH3KHe (no -6,2%w) sHaueuns
3TOT0 [M0KA3A4TelNd SABNANTCH Pe3yNLTATOM YCHUMeHUS DO AKTHBHOCTH
pereHepupywumx cymebpatr GakTepHit B mouBax QOJMH.

IprBnekaloT BHUMAaHHe BapHALHM H3OTOMHOI'O COCTABa CEephl B OOu=—
HAKOBBIX YaCTAX pa3HbIX MHAMBHAOB OTHAE/BHEIX pPaACTeHHi M B HACTAX
OOHOT'O W TOT'O e pacTeHud. B meprom ciyyae npHyHHOf 9THX BapHa-—
it cllefyeT CYHTATH OCOGEHHOCTH MHKpPOYC/IOBHI, Ollpeaeldiolnx Xon
cynubaTpeAyKUHN W pereHepauuu cynbpaTa, a BO BTOPOM — H3IMeHEHHe
STHX YCNIOBHiI B TeUeHHe BereTALMOHHOTO Ce3oHa. 3uauewus 534S peTok
H OCOGeHHO CTBOJIOB SBNMIOTCSH CpeAHHMH [JIl Cephbl, NocTynapuel B
pacTeHus B TedeHHe psa BereTAalMOHHBLIX CE30HGB.

Paitou conkm »Kocaner TpencTapnfeT sHaYMTENbHLIE MHTEpeC AN CO-
nocTapliendsl ¢ KeIsblIpaeM IO H30TOIMHOMY COCTABY Cephbl pacTeHHil.
Conka crnoxeHa OKBApPLOBAHHBLIMM OEBOHCKHMH TYydOreHHO~OCaNO0YHbIMK
NopofaMy, U3 KOTOpEIX ¢ rayBuusl okono 100 M nmoctynaeT KUCHad me—
neauctas pona (pH oxono 3). MCTOMHMKOM CepHOH KHC/OTH M Kefleaa
ap/deTca MAPHT TYyoreHHO-OCagoOYHbIX nopon. Ha comke ® y ee moa-
HOMKHS MHOT'O OepeBbeb. [Ipuierammas K CONKe niomans OGHILHO Opo—
waeTcHd BOOAMH M3 CKBaXHH; 018 cynbpaTHOH cephl 9STHX BOO onpedelie—
Hbl aHadeudss §345 ot -3,9 pmo -7,1%w. [anubie 06 H30TONMHOM COCTape
cephl pacTeHuil u3 pajioua conku JKocanw mpupeneus! B Tabn. 3. Oco-
GeHHOCTRIO TIOCTYNMAOWNX B pacTeHHs pajtoHa comnxu JKocalbl NOYBEHHBIX
pacTeBopoB, OcoBeHHO Ha €€ CK/IOHe M B IpHIerammel AoNHMHe, SBNgeT—
ca MX KHc/lad peaklms, MCK/Ooyalomas NposiBleHHe CY/IbpaTpeayKIHH C
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pereHepauneft cyimnpara, a ClleflOBATENLHO, U NOHIKeHHe sHauYeHuH 8“48'
cymbpaTHOM Cepbl B CpaBHeHHH C aTMochepHbmM cynbpaTom. [MosTomy -
HU3KHe 3Havewus 534S pacTeumil paitoua comkm Xocamel (pno -6,2%mw)
OTpaxawT MOCTYIJEeHHe B NOYBLI CymshaTHON ceprl, obpaayomeics NpH
- BHIBETPHBAHWM NMHpHTa. XapakTepHO, 4TO, Kak ¥ B Khianupae, B paftose
conku Xocanbr suayenns 534S BapLEPYIOT He TOMBKO B CONOCTABUMEIX
YacTAX pa3HbIX HHAWBHOOB OAHOI'O M TOI'O Xe pacTeHus, HO M E pas—
MMHBIX HaCTAX KaXOOoT'Oo PaCTHTENLHOI'C WHAMBHAA. ‘
Baxuednmit pelBOL M3 CONOCTABJICHHH OAHHBIX MO ropam Keiswbupait
u pafiowy comxu JKOcCalbl COCTOHT B TOM, YTO sHaueHms 553S cepnl pac—
TeHH#l, NHTAKMUXCH aTMOChepHBIMH BOJAMM, MOTYT ObITb CTONL Xe HH3—
KUMH OTPHOATENLHBIMHE, KAK H 3HAYEHUS 834g pacTeunit, B KOTOpble IOC~
TynaeT cepa BOA, cCoaepXaumHuXx cBOBGOAHYIO CEepHYIO KHCIOTYy C Gonee Hua—
kumu  (oTpuunatembuevu) suadeuusmu §54S. Omnaxo ecm cymupaTHas
cepa H3 30HB! PUNEpreHesa pyAa C OTpUHUATeNbLHBIMH 3HAYeHHIMH §°°S
fyneT copepxaThbCA B CIabOKHCHIHIX A0 CNabOoWeloYHLIX pPACTBOpax, TO
cliefyeT OXHAATL, YTO BCIENCTBHE CYNMbOATPEAYKUHH M NOBOLHO HHTEH—
CHBHO} pereuepaunum cyimbpaTa B pacTeHHs MOXKeT NocTynaTh eme Go-—
Jlee Nerkasg cepa, T.e. cepa C IOHIDKEHHBIME K OYeHb HH3KMMH 3Haye-
HUAMH 8345.

TabGnuua 3
WzoTonueit coctap Cephl pacTewuii pajioua comxu YKocansl
MecTa BadgTua npob PacTeuns, ux gactu 834S,°/oo
Bepumua conkn Bepeaa (1971) - 4,7
BeTKH + 3,0
THCTHLA
Ocuua (1971) + 1,8
. BETKH - 3,0
JHCTLSA
Ocuua (1973) +1,3
BeTKH
Jlor Ha CK/IOHe CONKH Bepeaa (1971) - 5,4
' CTBON - 3,1
' MHCTLA
Y4acTOK K ceBepo-za— Bepesa (1971) - 3,5
nagy OT CONIKH BeTKH - 5,2
IHCTBS
Tpasu (1973) - 4,2
nmpoBa 1 - 4,1
npoGer 2
Y49acTOK 3a MIAOTHHOI, Bepeza (1971) - 6,9
NepHONMYECKH 3a/HBae~ BOTKH - 3.5
MBIt BOAOH H3 CKBAXHHBI THCTBS
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Ta6bnuua 4

Conepxawue muHKa B 307e pacTennft Knamnpas n Xocanoe (B %)

Pacteuud, ux 4acTa Kuseimpa Kocanet
Bepeas!

CTBOJEI, BEeTKH 0,147-0,345 0,301-0,537

MCTLS 0,036-0,192 0,043-0,318
Pasunie TpaBn! 0,015-0,032 0,033-0,035

HecomueHHpll HHTEpeC NpeACTaB/geT CONOCTAB/CHHE NMORCKOBO-Ole-
HOYHOro 3Ha4YeHHd OAHHBIX II0 H30TOIHOMY COCTAaBY Cephbl pac'renuﬂ H
COQEepPHaHH0 B HX 307le NMHKA = XapakTepHOre 3/ieMeHTa THapoTepMalib—
uo#i cynupuouofi muuepanuaammu. B tabn, 4 npusenewns! pankbie O Co-
Oepxauun UMHKA 8 3one pacTeHui ¥s pomiw Keebumpaa w pailoua conxu
Xocampl, npouapacTalmKX B CONOCTABMMEIX YCIOBHEX BOOHONO
IIATaAHndA,

O6uweft ocobeHHOCTLIO pacTeHui Kbianuipas u pafiona conku XXocamst
fApgeTCHA nafedHHe cOoNepXaHHs MeTa/uiIoB B 30J7le N0 Mepe BO3pacTaHnus
soneHocTH. [loaToMy B 307e TpaB, KOTOphle COHePXAT OCOGEHHO MHO-
'O 30/IbHBIX 3NIeMEeHTOB, COAepXaHue MeTAal/lNIOP HHXe, YeM B 305e ape-
BecHbIX pa¢Teunit. ¥ nocneauux HauboMbunil BEIXOA 304l H COOTBETCT—
BeHHO HanOonee WHAKOe conepXanne MEeTaWIOB OTMEHaloTCH RNH JMCTb—
ep. B ormude oT rop Kniswinpaif, copepxanue IfHKA B 3076 pacTeHu#
ua pajtofia conku Xocane! BeIe, YTO COrAacyeTCHs C NOCTYNIeHEEeM B
STH PACTEHUA BO[ U3 S0HHI TFHAPOTEPMAILHONR MIPHTH3ALMH,

BrmonHeHuble aBTOpaMH HCClIeOBAHHS NPUBOAAT K BHIBOAY O BO3-
MOXHOCTH HCNIO/MB30BAHASA HM3O0TOITHOIO COCTaBa Cepbl pPACTEHHH MpH Mpo-—
BeleHHH (UTOIeOXHMHYECKHX NOHCKOB CYNBOHAHEIX pyd. HecomHenHo
TaK¥e, 4YTO [/ OHEHKH NMPHMEHHMOCTH H30TONHO-pHTOreoXHMHYecKOodH
MeTOAUKH OBHApYXeHHS CKPHITEIX Io[ NOBEepXHOCTBIO Pyd B paioHaXx,
OT/HYAIIHXCA N0 KNHMATHYECKHM U (UsHKO-reorpaduvecKuM YCIIOBHSM,
HeoBXOonUMBI AONOJHHTE/LHEIE -HCCIIeOBAHHUS,

ABSTRACT"

According to the 834S of sulfur of: plants it may be judged of the isotopic
composmon of sulfur, usually sulfate one, of soil solutions. It is shown
that in zones of hypergenisis of sulfide ores with a hegative 534S valye
in the presence of weakly acid-alkalescent waters, in which sulfate redu-
ction and sulfate régenerauon are intensely developed, sulfur with strong-
ly lowered 834S values in comparison to atmosphenc sulfate may enter the
plants. A conclusion  about the possibility of using the isotopic compo-
sition of the sulfur of plants during phythogeochemcal searches for sul-
fide ores is drawa.
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TEOXHUMHAYECKHE METO/IbI IIONCKOB

CYJb®HUIHBIX MECTOPOMIEHUN, NEPEKPBITBIX
AJUTOXTOHHBIMHA OTJOKEHUAMHA, IO 3MATEHETHYECKHM
OPEOJIAM PACCEAHUA i

Haubonbune nmepcrneKTHBLI [J1d BHIFB/ICHHS HOBBIX MECTOPOXIAEGHHN H naxe
PYAHBIX palOHOB MMEIOTCH Ha 3aKPLITHIX TEPPHTOpPHMAX, e pynoBMellan—
mpe noponb! ¢yHnaMeHTa MepeKpbIThl MOJOABME TOMIIAMM AIIOX TOHHEIX
OTIIOXeHuH,

OnpiT HCClleaOBaHMil MOCNeqHuX J1eT BO MHOTHMX PYNHBIX pafoHax Mo-—
KasblBaeT, 4TO HAaj NorpefeHHLMH MECTOPOXACHUSMH MM WX MNepBUYHbI-
MH OpeojlaMH B MepeKphBanlleM ANIOXTOHHOM 4exile M B COBPeMeHHbIX
nousax OOBIYHO yCTAHAB/MBAKTCH OTHYET/IMBEIE I'€OXMMHYECKHE aHO=—

MaJIuH.
[ng nmepekpeIThHIX MECTOPOXKOEHHA BO3MOXHEI TOJILKO SMHIeHeTHYeC—

KHe opeoilsl paccesHus. Onu ofpasyloTcs B peaynbrare guddysmoHHO-
$MIBLTPANKOHHO i MHUI'pALHY IasOB H BO[, OCYIECTB/MONWEX B TOH MM
MHOW CTEMeHH TeOXMMHYECKYId CBAGh MeXOy KOpeHHLMH mopogamu (BMme—
MAIOMEMH PYOHBIE Tela U MepBHYHLIC OPeolikl PACCesHHd), MepeKphLBai—
WHAMH PBIX/ILIMA TOJIIIAMM, B COBPEMEHHBM MaHqwagrom,

Kak nokasemaor pacyersi B.C. lony6Gesa [1], manbHocThk duasTpa-
HHOHHO—1HPYSHOHHOH MHTpDAME MOXET NOCTHIRATh HEeCKOJIbKMX COTEeH
MeTpoB.,

Uccnenopanua A.Y, [epenwMana [2] nokassmaioT, 4TO CTeNeHb
KOHIEeHTPANMH PYOHBIX 3JIEMEHTOB B XOoe SIHIeHeTHYeCKHX [1pOLeccoB
MoOXeT OHITb BEecCEMa sHaYMTeNnLHO#, OnHako niis SMUreHe TMYeCKHX

' OpeosIoB B PHIXJEIX AMNIOXTOHHBIX TOMUAX Haubo/ee BeposITHO
nosBleHNe HeBONLWHX abCOMOTHLIX KOHIeHTpAUUd SeMeHTOB—HHAMKATO-
pPOB MEepeKphLITOr0 OpyAeHeHH#, DTO BLITEKAeT H3 CleAYIOUHX NOoJoXe-
uuit: 1) aBcomoTHeie copepxaHHs GONBUIMHCTBA 2MEMEHTOB B COBpE—
MEHHBIX IHIpPOXMMMYeCKHx opeosiax o6bmMHO Hepermuky (MKr wimm pomm
MKT B JuTpe); 2) reonoruieckoe BpeMs 0OpasoBaHHS HAIOXKEHHBIX
opeonop s GONBLUMHCTBA TMPAKTHYECKH MHTEpeCHLX Chydaep (Mepexpbi-
BaloMHK# MOKPOB MpefcTapied KalHOZOHCKHMY, a daue YeTBepTHYHLIMHA
OTMOXEHHAMH) CpPaBHHTENLHO HeGonbuwoe; 3) BOSMOMKHEIE OGBEME! BOM,
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MHIPHPYIOUIMX Yepe3 PhIX/ible OTIOXKEeHMs I CBA3aHHBIKX C MecTOpoXae—
HHEM, TaKxe Hepenmgu; 4) PBIXNLIe OTNOXKEnAd H MOYBLI ITPOMBIBAITCH
arpeccHBHbIMH arMopcepHemMH ocagkamu. B peaynerare nosBienue
arureHeTHYECKOro opeojla MoXeT cnabo OTpasHTBCH HAa BAlOBOM cogep-—
WAHUW SAEMEeHTOB, JTO NPUBOAKMT X HeOGXOAMMOCTH $AIOROrC Hapiede-
HHS SMHI'€HeTHYECKOH aHOMAa/bHOH CcocTaBngIOmel paccesHHs, YTO

NOBBIAST YYBCTBHTE/ILHOCTL H KOHTPACTHOCTR BBISIB/IGHHS Ope-
OJIOB.

3akperuieHHEe IEMEHTOB B OpeollaX MpPOMCKOAHT B XO[e SMHIeHeTH—
YeCKuK TpeobpascRannil NepekpLBaINK ANIOKTONHBIX TOMN HA TeOXH-—
mpdeckux Gapbepax. Hu3KHe KOHUEHTpauuH 3/1€MEeHTOB-HHIHKATODOB
MO3BOJISNOT A/ GONBLIWMHCTBA Cly4Yaes IpeAlofIoKATE HX AePHIHTHOCTb
B XHMHYECKHX peaKuumax NPH Iponeccax slHreHeTHYecKux Npeobpaso-—
Banuii mopon. B cBasu ¢ ®THM B xone BTOPHYHOIO MHHepanooGpaso—
BaHU# NIeMEeHTbi-HHAKKATOPH HEe MOTLYT B3auMonefcTROBaTL CO BCEMH
aeMeHTaMil H COeANMHEeHHdAMH, HMeKIHMHUCH B. BOooax U BMEellallux
noponax, ¥ CHOCOGHBMH (XMMHYECKH) BCTYNHTL B PeaKUMIO C STHMHU
aneMeHTaMH~-UHIUKATO PaMH.

B COOTBeTCTBHHM C NMPHHUMIIOM TOPMOXEHHS XMMHYeCKHx peakumit [2]
B YCIIOBHaX AedHUATA peareHTOB BynayT peanuaoBbiBaThLCH UL Te, [/
KOTOpBIX XapakTepHbl HAHMEHbUINE H306apHble MOTeHUHANLl i B X04e KOTO=
peIX ofpasyloTcs ¢ HAHMeHbUWHMH [IPOU3BeNeHHSMH PACTBOPHMOCTH, JTH
‘IpouecCH! PeaKO COKPAWIaAT CMHCOK BepPOoaATHHX dopM HAXOKASHUHA Sne-—
MEeHTOB B Opeoyiax B A/UIOXTOHHBIX OT/IOKEeHHSX.

MoXHO Tpeano/IoKATL, YTO BO MHOTHX Cly4YasK paclpefelieHue H
bopMpl HaxOXAeHHsA 3JeMEeHTOB-HHAHKATOpPOB OYAyT O6YCIOBIEHEI OCO-—
GeHHOCTAMH paclpepefieHus ¥ MHHepalloro-reoXMMHYeCKuMu  hopMaMH
[POABIEHUS SHUIeHeTHHECKUX HOBOOGpasoBaHUil MaKpoanemenTos, B
4aCTHOCTH, Haubollee pacnpocTpaHeHHLMH (OpPMAaMH HAXOMOCHMS 2Ie—
MEHTOB B STHX NpoLeccax ABJIfOTCH BOAHOPACTBOPHMEIE COEQHHEeHHS
(cynbdarer ¥ xnopuabl), COPGHPOBAHHEIN KOMIEKC, KapGOHATEI H BOg-—
HOHEepaCTBOPUMbBIE CYJk(aThl, OpraHo-MHHepalibHble COeNHHEeHud, T'Hi-
POOKMCIILI ¥ OKMCIibl Meliesa B MapraHiia, TVINHHCTbie MHHepalnbl.

Ha ocHOBe comocraBleHHs psna H3BeCTHLX cxeM (asoBOro XHMH-—
YEeCKOrO aHallis3a ¥ NPOBENeHHBIX 9KCIEepPHMEHTOB IPyNIod COTpPyNIHHKOB
Imo7l pyKOBO[ACTBOM aBTOpa IpeljioKeHa TexHOJIO'HYeCcKas cxemMa H3Bie-—
YeHHs M3 TIOpoA M Noup BaxHeHwnx das, onpepengiomux Gopmbl HAXOXK=—
neHns MUKPOSINEeMeHTOP B SHHI'eHeTHYeCKHXx opeonax. Cxema npepgycmar-—
pHBaeT nocilenobaTeMbEYI0 06paboTKy npof clieAYOIMMHE PACTBOPHTEIAMH:
1) BOAHOpPACTBOPHMEBIE COSAUHEHUS = BOAHOCIHPTOBON pacTBop; 2) 06—
MEeHHO—~COpPOUpOBaHHEIH KOMIJIEKC — CIHPTOBOH pacTBOp XJIOPHCTOIO KAIHLy
3) kapBonars u cynebaTh - anetaTHo-Gydepuas cMmeck; 4) opraso~Mu-
HepanpHble CoedHHeHHR — 06pafoTKa MepeKHCLIo BOAOPOHA C BhIIeadi=
paHMeM alerarHo-OydepHo# cMmecwio; 5) I'MApPOOKHCHBI Xejlesa H Map-
rafila - CMeCh I'HAPOKCHIAMHHA COJISHOKHCIIONC H YKCYCHOM KHMCIIOTEI
6) rUnpPOOKHGIEl KDEMHHS - WeNOYHOl CONoBEIi pacTBop; 7) OKHMCIH!
Hejle30 = COJIdHasdg KHCoTa, 8) IHHHC ThIe MUHepaJbl - BOAHOMEXaHHYECm
Koe oTMyuuBanme |3].
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Hayuenne Gananca dopM HaXOXAeHHA BaxHeRUIMX SMeMeHTOB-HHANKa-
ropos (Menm, cBMHuAE, UMHKA) B MepeKpLBAOWHX TOMIAX H MOYBAX
Han pAnOM NepeKpPLIThX CyMbiUaHBX MecTopoxaeHHdl mokasano, 4To
OCHOBHAS $aCTh HMX OOGUEro cofepxaHHd 3aKMoueHA B I'HIPOOKHCIAX,
OKHCJ/IaX H TVIHHHCT BIX MHHEepanax. Onnaxo KOHTPACTHOCTE 3[MIHIeHeTH-
yeckux aHoManuii B 3rMx (opMax HaxOXneHns Hepenuka, KoHTPaCTHEHS
AHOMAIMK CBA3aHH ¢ KapOoHaTHO-CYyNbgaTHbMM GOpPMaMM, OpraHO—Mu-—
HepalbHbEME COeNMHEeHMSMH ¥ COpOMpOBAHHEIM KOMI/IEKCOM, KOTOpEIe
MrpaioT HeBONbLUIYIO PONb B oOmeM GanaHCe $opM HAXOMACHHH D/1EMEeH— -
roB (dur, 1, 2).

SKCnepuMeHTAaNBHbBe fAHHBIE MTOKa3and, YTo TpYAOeMKHe olpenesneHHs
OTAENBHBIX 3/IEeMEHTOB Ald NPaKTHYeCKHX uente#t MOryr GeITh 3aMEHEHBI
onpeneleHdeM CYMMEI TSHeneX Meramnos. Bce aro nossonuno paspa-
GoTare M BHEAPHTH B NPOM3BOACTBEHHYIO NPAKTHKY SKCIPECCHYI0 MeTO—
AHKY BbIGB/ICHHA SMHIeHEeTHYECKHX aHOMalMi.

B nacrosmee BpeMs NMpOBeeHB! KCCIeqOBAHMA SMHI'eHETHYECKHX Ope-
O/IOB TpHOUATH MEPEKpPHITBIX MecTopoXaeHu#t Menn, Monubnexa, HHKend,
CPMHIA ¥ uMHKa (MO JMTepaATYPHBIM HCTOYHHMKAM M COGCTBEHHBIM MaTe—
pranam). Bo pcex ciiydasx c NpUMEHeHHEM TOR WM HHOM MeTOOHKH
$a30BOro XMMHYECKOIO aHaluaa opeonsl GbUIM BHIAB/ICHHI H, CleAOBa—
TeNbHO, OHM SBISIOTCH 3AKOHOMEPHBIM H WHPOKO PACHPOCTpPaHEHHLIM I'eO0-
XMMUYECKUM TPUIHAKOM NepeKPHThHX Mecropoxaenut (rabm 1).

Ha ¢ur. 3-6 npupeneHb THMUYHBLIE paspesb! SMHI€HETHYECKHX Opeo—
NOB HeThIpex NMepeKkpuiThX CYAbPHAHBIX MeCcTopoXAeHHH, pacnoyIoXeHHbIX
B pPas/MYHBKX N8HQUWADTHLIX YC/IOBHSX ¥ OT/MYAOUIMXCH 1O MOIHOCTH M
MMTONOTHYeCKMM XapaKTepUCTHKaM MepeKphLBaiouero NOKpoepa B 0coGeH-
HOGTAM TM[POreO/IOTMYECKOr0 pexuMa,

OBuinit aHanA3 MaTepRAanOB, HMEOWHXCH N0 SHHNEHETHYEeCKHM SK30-
I‘GHKI:IM OpeonaM paccesHHd, N0O3BOJ/IdeT CaellaTh crnenylomue OCHOBHLIE
BBIBOABE

1. SmureHeTHYecKHe Opeonl HAGMOOAIOTCH B (MMPOKOM AHANA30HE
cTparurpaduiecknx xapakTepUCTHK MepeKphBalolero 4Yexsia PhXbX
ofpasoBaup#t (oT maneoreHoBEX 0O HYeTBEePTHHHLIX) M BO BCeX cilydasx
MpOsBIIEHEl B COBpPeMeHHbN Mo4ypax. TakuM oGpasoM, NOCTATOYHO KOHT—
pacTHpIE Opeoiibl yCneBawT CPopMEpOBATHLCS 3a NOBONLHO Or'pPaHHYEeHHOe
reoJioryyeckoe BpeMd,

2. Opeone! ¢MKCHpYIOTCA NpH pasHOOBPA3HEX NHTONOTO~(anKanbHbX
oCOBeHHOCTSAX NepekprpBAloWery NoKpoea: Necyasbll aumopmil, cynecua-
HO—-CYTIIMHHCTAs MOpeHa, CYWEeCTBEHHO IVIMHHCThIe ocanounbie 06pasc=
panus (osepubie, NarysHble B MOPCKHE), CIIOXHOMOCTPOHHLIE PA3PEIbI
C nepeclaupaHHeM OC8[AOYHBIX NOPOR PA3JIHYHOIC JHTONOrHYeCKOIo THIA,
MOCTpyAHBIE YeTBEpPTHUHEIE GasalbThl,

3. Opeonsl BuISBIEHLE! B PasHOOOGpa3HBIX naunmatbmo—-reoxmnqecm
YCIOBHAX, M COOTBETCTBEHHO, B DA3/MYHLIX THMAX MOYB: OT TYH/JPOBLIX
M TaexHbX (MepaloTHLX M HEMEepaNOTHLX) A0 CTEMHLX, CYXOCTElHBX
# MYCTHHHBIX,

4. Opeonibl pa3BHBAIOTCH H YCTAHAIMBAIOTCH B MOo4YBax MpH BecbMa
3Ha4YHTellbHEIX MOIMHOCTHAX NepeKpbBaillero noxKpoma. MakcumancHas
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usBecTHasg MomHocTe - 130 M, BepoarTHo, He mpepell, Tak Kak OGBEKTHI
Cc Bonbuweil MOWHOCTHIO Yex/a He HCclegoBanuck, Beane, rme mposonn—
JHCb HCCIIeAOBAHUs SMHUI'eHEeTHYECKHX OpeosioB HAMA MEepeKphITHIMH MEeCTO=
POXAEHHAMH, OHM ObUIM BBHIABICHEI,

5. B snuremeruyecKkmx opeosiax YCTAHOBIEH OYEHbL WMpPOKHH CIEKTp
XMMH4YECKHX 3/IEMEeHTOB, BK/NOYAlOIHHA A/ CYIb(HOHBIX MECTO POXeHHi
Bonburylo 4acTe MX S/IeMEHTOB-HHAMKATOPOB H, BO BCSKOM clydyae, BCe
BaXHeMHUHe 3/IeMeHThl HCCIIe[JOBAHHEIX THIIOB py[d: Menb, CBHHEN, LMHK,
HUKellb, KoGaneT, MoIuMOOeH, MEBIUBAK, CY/Ib}aT—HOH.

6. Mopdonoruyeckne 0COGEHHOCTH SMUI'GHETHIECKHX OpPEOJIOB OINpe—
AelsioTCH JIMTONOTHYEeCKMME OCOGEHHOCTAMH NepeKphBanilero MoKposa,
YCTOBHEMH I'MJPOAHHAMHYECKOT'O peXHMa MOA3EMHBIX BOM, YC/IOBHAMH
3aneraHds pyaHbX 30H. [lnd MecTopomxaeHui#, MepeKprIThIX INIMHHCTbIMH
OT/IOXEHUSMH C NMAaCCHBHBIM I'HAPOAMHAMUYECKMM pPEeXHMOM, XapaKTepHbI
Opeollpl, UMeOUME B peapeae cronboobpasHyio PopMy M pasBHBaOIMECT
B Npefeliax BePTHKA/IBLHON NMpOoeKuuH pynHoi soHsr (oM, dmr, 3, 4).
[lna MecTopoxneHult, MEPEKPLITLX MEeCYaHBLMH OTI/IONEHUSMH C aKTHB—
HbM THAPOAMHAMHYECKMM peXHMOM, MOpHO/IOrHs CpPeoioB KOHTpPOIHpPY-—
eTcsi HampaBlIeHHEeM coppeMenHoro (cM. ¢ur. 6) mwm npeemero (cm.
dur, '5) croka mogaeMHEX BOZ.

7. lpy uay4eHHMH SMUreHEeTHYECKHX OPEOJIOB cllefyeT Y4YMTHBATH
MEeCTHBEIE I'eOXHMHYECKHe pasiuuus jJaHawadroB, C KOTOPHEIMH CBA3aHBI
BapUALlMM YPOBHH '€OXHMHMYeCKOro (oHa, MHTEHCHBHOCTH IIpOSBIEHHS
aHoManuii H ux Mopdosorug B noysax., B 4YACTHOCTH, B AKKYMYJ/IATHB—
Hbix PopMax penveda uHacro HabmmogaeTcd peakKoe paculMpeHMe NJomany

e

Gdur, 3. Pyausii Antail, DnHMreHeTHYeCKHe SK30reHHBIE OpPeOilbi CyMMEI

TaXKellbIX MeTalllloB B HEDEKprBaK)UIEﬁ TOJue NONMHMeTalllIMYeCKOr'0 MEeC=
TOPOXACHUST

A = TIOYBBLI, Opeoiibl B OpraHO—MHHepalbHOlt ¢opme; B — TOYBBI, CO=
neBbie 0peodiel; I = TYMYCOBBIA FODH3OHT TOYB; < = MHHEpPANLHbIA [O=
PH30OHT TOYBLI} 3 =— JIeCCOBHMAHBIH NMOKPOBHEIH CYrimHOK; 4 - O6yphie
JlerKue rJIHHBI,; 5 = lOKOJladHble T¥Kelbie N ITMHBI, 6 - ce[ﬁsouae'mme
H 3elleHOolLBeTHbIe I'JIHHBI, 3arHICOBaHHLBIE, 7 = TIepeoTlIOKeHHbIe necT»-_
poLBeTHBIE [IMHHCTEIE NPOAYKTHI KOphl BemeTpuBanus; 8  — Gyxrap—
MHHCKas CBHTA, H3BECTHHAKH, AlleBPOJIMTHLI, NMeCYaHHKH, paBelINThbi; 9 -
KaMeHeBCKasd CBHTA, [NIHHHCTbIEe AalleBpOJIHTBI C IMPOCJ/IOAMH TeCYaHHKOB,
TyhoB ¥ TypduTOB KuCJOro cocrtaBa; I[( - OaBLIAOBCKasg CBHTA, KBap-—
HeBble alEOUTO(MpPEI, JABOOpPEKYHH U ByJKAHHYeCKHe GpeKuHH allbOH=
TobHpoB, TYydbI KHC/IOro cocTaBa; 11 - BepXHeXKHBETCKHI — HIWHE—
bpaHCKHii CyOBYIKAHHYECKHH KOMIJIEKC; KBaplieBhle albGHT-N0pGHpLI;

12 -~ oxucnenHoe pynHoe Teqo; 13 - 30HA Pa3BHTHS MEPBUYHBIX OpeO=—
mo; 14 - Texroumyeckoe Hapymenue; 15 ~ opeosni ¢ 85% BeposT—
HOCTBIO; 16 = opeoiinl ¢ 99% BepoOdTHOCTHIO
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opeosla 1O CPaBHEHHMIO C pasaMepaMy BepTHKANLHON MpOeKUMH pYAHOHN
30HBL 3pech Xe B HEKOTOpeIX Ciydagx (Hmanpumep, B cononuakax)
NPOMCXOAUT 3HAUYMTEIbHOE YCHIeHHe HHTEHCHBHOCTH aHOMAlNHii B Bepx—
HUX T'OpH30HTax MOYB, )

TeopernueckHe acHekTsl MEXAHHEMA MHIDAUHH 371eMEeHTOB IpH 08
pPasoBaAHMM SNHIEHETHYECKHX OpPeojioB MMOKa elle M3y4eHo mioxo. [o
HelaBHEI'0 BpPeMeHH BO3MOMHOCTE 06pasoBaHusl TaKux opeoios npu
CKONIbKO-HUOYNEL 3HAYHTEBLHBIX MOIIHOCTHAX NepeKphIBAIIEro alloX TOH—
HOrO MoKpoBa (GONbWMX, YeM MOWHOCTEL KANMMUIAPHOH KalMbl TpellnH~
HBIX Bof, T,e. 5-7 M) BooGuwe NpenCTaBIANaCh ManopepodaTHoH. MoOXHO
MpennooXuTh, YTO CTONL HHTEHCHBHAA MHI'DAlMS XHMHYECKHX 3/1eMeH—
TOB B [1epPeKphBAIONIMX MECTOpPOXneHud Tomuax OGO/buwoji MOLHOCTH
CBg3aHa C OCOGEHHOCTAMHM MHI'DAIMH MOHOB B KaNH/UIGPHBIX ¥ IJIEHOYHBIX
BOflX M C ©CTeCTBEHHBIMH SNIeKTpPHYECKMMH MOMSAMHM, XapaKTepHBMH
ang CynbOMAHBIX MEeCTOpoXaeHMH.

[IpakTHuecKoe aHaYeHue SMHr'eHeTHYeCKux opeonos HecoMuerHo. C
HX IOMOmMBIO B 3aKpeiThiXx pakiomax Kasaxcrana 6Gpimm obHapyxe-
Hbl TEpPCIeKTHRHLIE PYAHLIE 30HL CO CBHUHIOBO-LUMHKOBOH MHHEpa—
nusanuei,

ABTOp CuUMTAaeT CBOHM Q[OAIOM OTMETHTE YYaCTHE B HCCIAENOBa—
muax P.U. Epumomoit, H.W. Heceuwmcko#t ¥ OpYTHX COTPYIHHKOB
PYKOBOOMMON MM TIpynmbl. a TaKke GONLIUYI NOANEPXKY WieHa=~KOp—
pecnonpenra AH CCCP.JL.H. OBYUMHHHKOBA H AOKTOpA I'eOll=MHH, Hayx
C.B. I'puropssa.

o S

dur, 4, Kdsaxcrad, InureHeTHYECKHE OpPEO/IBI CYMMBI TSKeIbiX
MeTa/uI0B B NepexkphBamed Tomne MNOMHMETA/VIMYeCKOro MeCTOpO=—
HOSHHSA

A - mouBBI, coleBble OpeoJiBl; § — MepekphbiBalowas TO/MIA pPhiX=
JIBIX OT/IOWEeHHil, COlleBble OpPeoJIb

1 < rymycobrii ropusonT mous; £ -~ MHHEPAILHLI MOPH3OHT TIOYB;
3 - mecku; 4 - mecTpoOUBeTHHIE MIHHBL & - Bepxuuit ¢amen, npo-
MeXYTOYHas Nagka, Cepbie KPEeMHHCTHIE CJ/IOMCThIE M3BECTHAKH; 6 =
BepxHuit damMeH, NpOOYKTHBHAA TAayKa, Cepbie M PO30BATO=CEPBIE KPEM=
HHCTEIE M3BeCTHAKH, BHUIHEBO-CEDhie a/leBpO/HMTH; 7 - BepxHuii da—
MeH, - TPOAYKTHBHAS Na4Ka, KpPeMHHCThIe H3BECTHSKHM C NJACTAMH Ke-
7Ne3HBIX M MaprasHieBbiXx pyn; 8 - pepxHuil damMen, npoAyKTHBHASA
nayka, NMOMMMeTajMYecKue pyAb; 9 — BepxHHui ¢ameH, NPOAYKTHBHAH
nayka, yriHCTO-KpeMHHCTO-KapGosaTHeie mopodsh; 10 — dpasckmit
ToOeapyc, BHIIHeBLle AJIeBPO/MTHl ¥ KBapueBwie nopdupb; 1] = rpasyu=—
La XOphl BLIBETpHBaHHS; 12 - TeKTOHMYecKne Hapymwemus; 13 -
ropHBle BHIPAGOTKH: @ ~ wypdbl; 0 = CKBAXHHB; 4 = Opeom
CyMMEI MeTannoB ¢ 85% BepOATHOCTHI < COACPKAHHMS DNEMEHTOR B NOU—
pax (40-400)+10-5%, B neckax (15-200).10-5%; B rmunax (15- '
125).10-5%
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1 - mox; 2 = Topd; 3 -~ rimHa o3epHad cu3as; 4 -~ NMeCox C rpaBHeM H BallyHaMH, BOAOHOCHEIN; 5 — Ija-
FHO—~MHUKPOKIMAOBEIE TPAHUTLI M MHefCO~TCPaHHTHL; 6 -~ Me[HO-HHKeleBbie PyObl; 7 — SHOOPeHHbL opeoll; § - I'eo-—
JOTMYeCKHe CpaHMUbl; 9 = CKBaWHHBI M HHTepBaln! onpoboBaHud; ] - opeoibi ¢ 85% BepodTHOCTHIO; 1] = Opeo-
i ¢ 99% BepOATHOCTHIO



Tabnunoa

1

[IpuMepE! HalloXeHHEX OpeoiIoB TepeKPLITEHIX MECTOpoXaeHHH

Xapakrep re- Momsocrs, |2y erHas
Tunm Mecro- | JlaHqwadr n | PEeKpemBa- Hoxposa YacTh paapeaa
poxpeHuH paitor Wero mox- e ' | ppxioro mok-

' poBa poBa

i 2 3 4 5

Monumeran- Cremnoit{Pyn- Cymecreenso 120 TMousa
nuyecKoe Hpbt Anraft) TVIAHECThIE Na-
(s ponmpo~ Nleoren-yerBep—
BaHHOE ) THYHBI® OT/IO—

HeHus
TMommmeran- Cyxocrenno#i To xe 100 Becw paspea
nMYecKoe (Pynmmrit
{oponupo~ - Anrait)
BaHHoe)
Mennokonye<~ T[opHo~iiec-  ANMOBHANLHO- 100 Mousa
nanHoe (spo- Eo#t (lOro- npomoBnanbHEbIE
nupopaunoe) Bocrovsas — OT/IOMEHHS

I'pysus)

MenHoKO/T—- T'opHo=-Taex~ KapboHarHO- 55 Becb paspea
YenaHHOe uetlt (Cpep— rmvHHECTEE R
{ckpriToe) it Ypan)  TeppUreHHbIe

OT/IOXEHHS Mela

H Taneorena
Noimiioran=  Croano CyIIMHECTO= 40 Mousa
nuiecKoe (Pynupmt IIAHUCTBIE HEO= '
(sponupoman= Asnrait) reH-4YeTBepTui-
noe) ) HBIE OTIIOXKEeHH

72




Haubonee npu-

Meron Boi= | Kommnexe |Gmuxewnernt x| KoHTpacr- Jlurepary pHbii
ABIICHHS S/leMEHTOB  |MOBEPXHOCTH [ HOCTB HCTOYHHK
opeoia B opeoiie TOPH3OHT Bbi= |OpeOna
FIBJICHHS OpeoJia

6 7 8, 9 10
Mupodochar— Cpumen, mmmk I'ymycoerdi ro- [o 10  Anrpomosa
Hasl Bhbl= PH3OHT NOYB ¥ ap.,, 1971
THXKa
Aneratuo=- Mens, ceupen, To xe Oo 6 Hansere apropa
oy dephasa LHUHK
BBITSDKKA
Banosbrit Menn o 2,5 [lypmk u ap.,
asanua 1972
Consmoxuc~  Menb, umuk  Munepanbub 2 BocrpokayTos,
nas BBITSDKKA FOPH3OHT ITOYB uxos, 1972
Ty xe "To xe I'ymycoBsit 2,5  Bapanos ﬂb..

TOPH30HT NMOYB 1972
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Ta6nuna 1 (mpopomkenue)

1 2 3 4

CpuHIIOBO- Cyxocren- [lecuago-rmuHuc- 35 [Toura
IMHKOBOE moit (Lleur~ ThIe Heor'eH—
(2 ponupo- panbHbIi YeTpepTUIHLE
paHHoe) Kazaxcran) OT/0OXeHHd
CBHHIIOBO~ To xe To xe 30 Mouyea ¥ BEpPX—
UMHKOBOE Heas 4HacTb
(QPOHHPO- psxoro pas-—
paHHOE) pesa
CeHHIIOBO= i i 30 Becw paapes
UHHKOBO@
(sponupo-
BaHHOE )
3onoro=cyne— TaexHbii CospemeHH LI 30 To xe
tbunHoR (3aBatikanse) ammoBui
(s popupo-
BaHHOe)
Menuo-Mo- Cyxocrenno#t JléccorugHbe 25 [Toura
mubpenosoe  (YaBekmcraH) CYrMHKM
(sponupo-
BaHHoe)
"Mennokon-  Cyxocrenmo# IlepeoTnoxenHbe 25 Bece pazpea
JefaHHOe { Myromxaps!) NpogyKThl IiH—
(ckprrroe) HHCTOH KOpBI

BLIBE TPUBAHHS,

oCcano4YHbIe

CMHEB H

IecKn
Menuokon-  ['opHO=Taex- YeTeepTHuHEbIe 20 INoura
genagHoe: aeit (Cpenmmit PIMHBL B CYIVIMHKH
(cxperroe) Ypan)
Pryruoe [Mycremneit  Yerpepruunnie 20 [Tousa
(ckpriToe) (YaGekucran) cyrnuaku
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6 7 8 9 10
Mupodocdar= Ceunen, Mo~ To xe Oo 20 Axntponosa n
Had BBITSKKa JHOQeH ap., 1972
Consnokuc~ Menp, umuk, TnyBuna 1,5~ Ho' B Bunorpanos,
nas Bhi~ Mapragei, 2 M (ncnapu- Jlapuonos,
TIKKA #on, Gapui TenbHBIH Gapbep 1972

BEpPXHero BO[O-

HOCHOI'O IMOPH ~

30HTA )
Auerario- CemHen, u#Hk I'ymycoebifi ro- [lo 16 [laHHBE apTo—
-Oydepuas PH3OHT pa
BBITSKKA
Banopriit . Melubsx, nunk Ilousa 2 3aBOpPOTHBIX,
aHa/u3 1972
Ykcycuo-  Menb, MonuG- [lousa * fdo 20 Anfyn u np.,
KHcilag Bbi- [O€H, LWHK : 1966, bBa-~
TDKKa nerxos, 1970
ITepexucHo- Meab, uuHK, [yMycopsbri o 18 [axHbe aBTO-
ALETATHO—  MBIUbLSK, TOPHU3OHT MOYB pa
6ybepHag KobaneT,
BLITSDKKa 1 Monmbaen
aleTaTHO~
Gydepnas
BEITSDKKA
Banoesiit Uwmk, Menn, Tlousa 2 Bapanop u
aHanus Monubaex ap., 1972
Yrcycho- PryTh Tousa Bapenkos ¥ Ap.,
KHCnag 1973
BLITXKa

5



Ta6nuna 1 (oxkonuaHne)

1 2 3 4 5
]

Menno-mu—~  TaemHo-Go- Mopena 17 [MouBb!
kKeneBoe TIOTHBIR

(sponmpo-  (Komeckait

B&HEOG) nonyocrpog)

MMonmMmeran— SCTOHHS , 15 [Moussl
HYecKoe

(sponupo-

BaHHOE)

Onopo-cyne— Taexso-Mepa- Mepanoii ammosuit 15 Beck paspea
{mnuoe NOTHBIR

(Axyrus)

MenHoKO/I~ lFopHo=Taex= [nuHHCTHI® phxible 12 Bece paspes
yenannoe meit (Cpen~  ofpasopaHns
- (ckperroe)  muft Ypan)

Menuo=au—  Taexno=60- [lecuanncrag 10 Bechb paapea
Kenepoe NOTHEI MOpeHa

(sponmupo-

BaHHOe)

Menuo-uan~ TaexHo=-6o- Topd, osepuas 10 Bece paapea
Kelepoe NOTHRIK rMHa

(sponupo—-

BauHoOe)

3onoro~cynb— Cyxocrenno#t “erpepTiHbe 10 [Moura
dmpHOE (Kasaxcral) cyriamHKH

(sponupopannoe ) '

Ceunnopo—-  Hurepns Anmoenit 8 Paspea
UMHKOBOE

Monu6ne- Apmenns BazanbThl 10 Moura
HOBOE

Mprmevanne., MaTepuallkl, CHCTeMATH3HPOBAHHEIC B Tabnmue, ¥
HeobxonnMas GuGIHOTpadus pacCMOTpeHH AeTansHo B patoTe

10.E, Caera u H.WU. Heceuxckoit (1974).
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Mupodoc= Hukene, IyMmycoBbii 4 Aurponoea #a

tbaTHad Menb : IOPH3OHT IOYB ap., 1971

BBITSKKA B

Consiio~ Humk [lousa 2 Munnep ¥ Ap.,

KHcnag . 1963

BBITSDKKA

To xe CynubaT=HoR i 4 Vipanos, 1969
i Mene, mmHk  MuHepamsHbLH 8 BoCTpOKHYTOB.,

T'OPH3OHT MOYB Ouwkos, 1872

Banosurit Menp, HUKENh, To xe [do 10 Maijopos,

aHalna cynsbarTHas 1972

TJIHHACTO | cepa .

bparuuy '

AneTaTio- Menn, cennen, Osepunie rmHbpl o © [anibie apTO=-

OypepHas Bbl=- NMHK, HEKENb, Ha IIyOusHe 4 M pa

TAKKA U3 0Ca~ KOGannT
AOMHBIX OTIIO=—

WEeHUH H BaJIO-

BBIl aHA/IH3 30—

a6l TOpda

Consmokuc— Menb, Menibax, Housa Wpanopa,

7iaf Bbie Monubnexn 1968

TKKA

Kucnornas Ceunen, Bepxuag gacTh e Pynron, Xokc,
BLITHXKA N3 LWHK paspesa Y266, 1964
TIHHCTOR

dbpaxmmu

Bopnas Monu6agen IMoura Kannangw,
BEITSDKKa ‘ 1962
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ABSTRACT

Over overlapped deposits epigenetic dispersion galoes are widely developed which
are revealed with the aid of chemical phase analysis. Data on the regula-
ricies of development of such haloes and on the balance of occurrence
forms of elements — indicators allow to work out express field methods of
their revelation whose efficiency has been proved by experimental indust-
rial work.
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murpannn. M., “Henpa”, 1968,

2. AW lepenoMman, eoxumus snureHerHYecKmx npoueccoe, M., “Henpa”,
1968, ‘

3. I0.E. Caer, HU. Hecerxckasa, Hayuenne fopM HaxoXieHHS S/IeMEHTOR
BO BTOPHYHBIX Opeojax paccesHus, M., Wag-so OUHTH BHUIMC, cepua 3,
1974,

. II. ARVIIBIIMHA

‘DBOJIIOIAS] COCTABA TVIMHMCTOI'O BEIECTBA
OCAJIOYHBIX IOPOJ{ OT PH®ES O ME30305

=

Jpomouus rMMHOOOpa3OBaHMS B OAHHONR CTarbe paccMaTpHBaeTcs Kak HacTb
CIIOKHOT'O mnpouecca ocapkoofpasopanus, Mayuenne MuHEpasbHOTO, XUMH—
YeCKOr'0 COCTAaBOB M COOTHOWEeHWS HEeKOTOPLIX KOMIIOHEeHTOB B INIHHHCTOM
BelecTee npoeoaulock apropoM Ha 3000 ofpasnax, OTOOpPaHHBIX M3 OT-—
NoXeuuit BepXHero NpoTepoaos, Naneosos M Mezozona CubBupckoit miar—
dopmer, ee obpamnenus u 3anagHo—-CHOHPCKOH MaMTHL YYUTLBAIMCH OG-
MKOBaHHLIE NAHHBIE O COCTape INIMHHCTO# Opakuuu nopopn Pyccko# nnar-
dopMer ¥ gpyrux permonoe [1]. ;
Muuepanwub#t cocTas, Penrrenorpabuueckoe onpenenenne Mu-
HepanbHOT'O COCTaBa INIMHHCTOTO BellecTBa NMOpoA NMOKasano, HMTO OT
pubesa no Me3030d B COCTaBe IVIMHMCTOH YacTH ocCagOYHBLIX MOPON 3aMEeT—
HO yMeHbliaeTcd cogepxaHue rugpocioabl. PaccMarpupaeMblii MHTepBai
OenuTcg HAa TpM oTama: 1) pudelckuii - BeHnCKkMit oTan xapakTepHayeTcs
npeofnafaHueM I'MAPOCINOAbl, Ha HEKOTOPhIX CTpaTHrpapuuecKUx YpPOBHAX
[IPHCYTCTBYeT 3HAYMTelIbHOe KOIHYEeCTBO KAOIHMHMUTA, XJOPUT SBISETCS
BTOPOCTENEHHEM MHHepalioM; 2) Ha HIXHe-cpenHenaneosoiickoM (kemb-
puii - cunyp) srane rugpocimiona OCTaercd INIAaBHBM KOMIIOHEHTOM, B 00~
nacTax apuoHOI'O KIMMATA XJIODUT COCTABNsSeT aHAYHTelbHY, HHOraa
BonbIUYI0 YacTh INIMHUCTOR (pakium, YCHIMBAETCHd pPOJb CMEewaHHOCO H—
HBIX MHUHepanop; 3) BepxHenaneoaofickuit - Mmeaoaojckuit (neson - men)
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9Tan OTNMYaeTcd 3HAYMTENBHEIM CHIDKeHHEeM CofepXaHud THipoCiIoabl U
yBengueHueM [ONH CMEWAaHHOCIOHHEIX MHHEepAalloB, MOHTMO PHIIOHHTA,
BepMHKyuTa, MeXny yKasaHHBMH 3TarlaMH HMEIOTCS NepexogHble ne—
puonel. Pudelickuii aran sabepuwiaercd BEHOCKHM IEPEXOAHBIM IIE€pPHOOOM,
B KOTOPOM TNPOMCXOAUT SHAYKTENbLHOEe yCHIeHMe pojiy X/AOpHTa ¥ CMeuwaH-
HOCIIOMHBIX MHHepa/oB, B KoHIe pneBoncKoro mepuona nabmopaercd Ie-
pexon OT BTOpPOre ararna K TpeTkeMy, BhIpaxawuwui#cs B OBUILHOM MOSB—
JIeHMH MOHTMO pPHIUVIOHHTA M CMEeWAaHHOCIORHBIX MHHEpPAaoB.

Hay4ag MuHepalbHbBIH COCTAB INIMHHCTOIO BeuecTBa OPEBHHX H MOJO-—
ABX OCAnOYHBIX TONI ABcrpanuiickoro xonrusHenra, M. Bam Moopr [22]
TaKxe YCTAHOBWI, YTO B OTJIOXEHHMSX HIKHErO M BEpPXHEro MmpoTepo3od
TARHECTAR (PaKuMs Crnoxena ruppocmonok (MyckosuToM) M xjIOpPHTOM,
B kemBpun NOgBIMIOTCS CMellaHHOC/OHHBIE MMHepaslbl, B OpIOBHKE CO=-
AepxaHHe TMOCIeqHHX MOBbWAETCd, B neBoHe M HmKHeM KapGoHe HIUIHT
H CMeaHHOC/IOHHEIE MHHEepallbl MPUCYTCTBYIOT NMPHMEPHO B pAaBHLX COOT—
HOWeHASAX, a4 HayuHas ¢ MepMH CMelaHHOCTOo#HbIe MHHepallkl npeobna—
paioT, OTMeueHHbIe USMEHEHHS MHMHEpATbHOTO COCTABA IVIMHHCTOIO Be—
wecrpa W,Barn Moopr ofbdacHHEeT mocTcenuMeHTanMOHHEMHE I1pOLeCCaAMH,

XumMmuuecku# cocrap, Crarucruueckas ofpalfoTka analMTHYSCKUX
AaHHBIX O XMMHYECKOM COCTaBe IVIMHHCTOI'O BellecTBa MoKasaja, 4TO OT
pubes 0O Me3030§1 H3MEHeHHe CONepXaHUs IVIABHbX KOMIOHEHTOB HMeEeT
pasnmuyHei# xapaxrep, ConepxanHe KpeMHezeMa M IVIHHO3eMA B TVIMHHCTOM
BelecTee B 9TOM HHTepBalle MeHsieTcs OTHOCHTeNnsHO Mano, Ha srane
puded - KeMBpPHi B IMIMHUCTOM BellecTBe CONEpXKaHHe Kalud yBe/lHYupa—
eTcsl, HaTpud — yMeHbwaercd. Ha arane xembpuit ~ kapbon conepxa—
HHe Kajing yMeHbilaeTcs, HaTpu# - ypenwuwsaercs, Ha srane xapGon -
Mell coxpaHgercd TOT XKe xapakTep HaMEHeHHs CopepXaHusd menoyei, HO
HHTeHCHBHOCTL 9TOTO mpomecca Boapacraer (dur, 1),

[Mony4yeHHbI aBTOpPOM Marepuan o6 H3MEHEHHM COAepXaHMUs Kalus
¥ HaTpug oT pudes 00 Me3030d corviacyercd € faHHBIMM AJlS 0ocanod—
peix mopon A.Il. Bunorpaposa, A.B. Poxosa m A.A. Murnucoea 14,
11]. B reuenne pupes, Maneo30d ¥ Me30304 B I'NIMHHCTOM BelleCcTBe
ropon TPOMCKXOAMNO yMeHblleHHe copepxkanua xenesa oTr 5 no 10%

B pudee, no 2,5-4% B BepxHeM naieozoe u 5,5% B Mesoace. Co-
nepxanMe MariHg ymeHbuwanoch or 3-8% B pubee mo 2,5-4% B Bepx-—
HeM naneosoe u no 3% B mesozoe (pur. 2, 3). [lo nanaem A.B.Po-
wopa, A.A. Murpucoea [11] oT panHero InpoTepoaod N0 Me30KaHHO30H
B IMHHMCThIX ocapnkKax Pycckoit u Cemepo-AmMepukaHCkoé nimathopm
[POMSOUIIO YMEHbIEHHe COOepPKAHMA Xejle3a MOYTH B aBa pasa. Copep-
KaHHE Kejlesa B BOOAx BepPXHETO NpoTepo3od ObUIO 3HAYMTENLHO 567b—
wuM, Yem B (aHepo3oe, BCIEACTBHE 6Go/ee MHTEHCHBHOH ero xuMmu4yec—
Ko# MOGHNM3aIMKM, OTCYTCTBHSA OPraHM3MOB, MOTPef/IMOWLMX XKelleso, H
HAXOXIEHHs ero B PacTBOPEMAIX MHHepanormdecxux dopmax [20L

OnpeneneHue cOOepXaHHd MallblX S7IEMEHTOB B IVIHHHCTOM BellecTBe
nopon KONUUYEeCTBeHHbM CIIeKTpallbHEIM MEeTOAOM CeHOEeTellbCTBYerT, 4qTo
copepxanue Ti, Zr,V, Cr,Ga, Ni B I'MIMHHCTO# (paknu¥ Majo 3aBHCHT OT
neTporpabuyecKoro Tuna nopoani. Heckonbko B Gonbiiefi Mepe 2Ta 38—
BHCHMOCTL HabGmopaerca ana-Mn, Ba, Pb, oruactu Zn.
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®ur, 1. Comepxanne Nay0, K50, Aly03 , SiO; B rammcTom Be-
uecTBe pHpedicKUX, NalleO30HCKHX H Me3030HCKHX mopoa CHOUpCKO#
nnatdpopmel, ee obpamienusa u 3ananHo-CHGHPCKOH MJINTHI

-

] = U3BeCTHAK, ¢ = OOJIOMHT, 3 = ApruwumMT

Cpennee copepxaHMe THTaHa B IVIHHHCTOM BelmecTse rnopon OT pubesd
0O MepMH HaxXOOMTCH B y3KHXx mnpeaesiax. OHO OTHOCHTENBLHO NMOCTOIHHO
B Maneoace H Me3o03oe, W HeCKONbKO yBelnmumpaeTcd B pupee (rabm, 1),
CopnepxaHue Oopa MMeeT TeHQeHUMIO yBenuueHud oT pudes no OPNOBHKA
H NOHMXaeTcs OT CHIypa A0 nepmu. [lonsa BaHagus NOCTENEHHO H He—
3HAYUTEeNbHO yMeHblaercd or puded o nepmu. Maprasen nmpHEMEpPHO
B paBHBIX KOJIHUECTBAX COOEpPXHTCH B OCagKax BCeX BO3pacToB, HO
Pe3KO ypelHuMBaeTCd B [AeBOHe 3a CHeT MOBHLIWEHHs ero B aprilMTax.
ConepxaHnue NMHKa NOHMXAaETCHd B BEPXHEM Malleosoe M Mesosoe, Co-
nepxaHue CTPOHUMH HapacTaeT K OpAOBHMKY, NOCTHras 3gecb MaKCHMYy-
Ma, 3aTeM yMeHbllaeTCd B CHIype M AeBOHe H CHOBA YBENHYMBAETCH
B Me3o3oe, HeaHAuMTe/lLHO M MOCTENEHHO YBelIMuHBAETCHd CoaepXKaHHue
Menu OT puped OO NMepMHM M MOHWKaercs B Mesosoe, Haumnasg oT keMG-—
pusl M OO MepMH TaKxe MOCTelleHHO BO3pacTaeT copepXaHue HMPKOHHS,
B pudedCKuX OT/IOXEHHAX OTMedaeTcs Peakoe OTHOCHTeILHO KeMOpHd
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dur, 2, Conepxanue Fe203 B PIMHHCTOM BemecTBe pHbeHCKHX, Na—
e030fiCKMX W Meaoaoiickux mopon Cubupckoit mnaThopmbl, ee obpamM-—
nenndg ¥ 3ananHo-CHGHPCKOf MIHTHI

1 - nomomur, 2 = H3BeCTHAK, J - APrUIUHT

®ur. 3., Comnepxanme MgO B riMHHCTOM BeuwlecTBe pudeRCKuX, Tid—
MeO30HCKAX W Me3030HCKHX mopon CHOHpCKOi naaTopmel, ee obpaM-—
fMeHud M 3amnanHo=CHGHPCKOj THTHL. YC/oBHBIe 0603HAYEHHA CM, PHC.2

yBeluueHHe, KOTopoe O6YC/IOB/IeHO SHAYMTENbHOM KOBmeHTpanuell ero B
oraenbHeX palionax. Conepxanne xpoMa oT pufes Qo mepMu yMeHb—
maeTcd ¥ ypenuuyupaeTcd B Meszo3oe, Hukenp m kobaneT HMeloT OfWHA-
KOBBIi XapaKrep paclpeneneHHd BO BPEMEHH, HX COAepXaHWe HesHa—
YHTEBHO yMeHbllaeTcda OT puped N0 NepMH H yBelHYHBAeTCH B Me30-
aoe, CBHMHen M ra/Mit B ofmeM paclnpeneieHbl BO BPEMEHH [0BOJILHO
paBHOMEpPHO, YMEHBLUIEHUE HX COAepXaHWd OTMedaeTcd B BepxXHeM Ma—
neoaoe, " 5

na GonbuMHCTBA 2JIEMEHTOB XapakTepHo saMeTHOe YMEHbUIeHHe HX
COLSMKAHNS B BePXHEM Ianecaoe ¥ Meso3oe i BO3pacTaHHé B pudee,
B mmxmem jraneodoe HabGmopaoTcs KojebaHHs CONSPKAHMS STHX SNeMeH—

6 1087
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TaGnuma 1

Conepxanne ManbX S/1eMEHTOB B INIHHHCTOM pemecrTee pudeiickux,

BneMeHT b Pubeit Kem6puit OpnoBuk
Mn 0,0337 0,0120 0,0202
Ti 0,7640 0,2064 0,2700
Ga 0,0027 0,0026 0,0020
Cr 0,0164 0,0067 0,0083
Ni 0,0043 0,0081 0,0048
v 0,0277 0,0170 0,0170
Zr 0,0242 0,00€2 0,0075
Cu 0,0076 0,0078 0,0098
Co 0,0015 0,0020 0,0023
Zn 0,004 64 0,0098 0,0110
Pb 0,0013 0,0013 0,0008
B 0,0230 0,0331 0,0380
Ba 0,0380 10,0214 : 0,0164
Sr 0,0114 0,0154 0,0298

TOB B Ty M [APYIyl CTOpOHY. [MaBHO# mpuuMHOf o6mero Hanpap/leHHOIO
YMeHbUEeHHs COfepHaHnd MAallbX SNSMicHTOB B IVIMHHCTOM BEEeCTBe
ocanodHBIX [Opon aenfercs, BeposTHo, maMeHenme Eh u pH B armoche-
pe u rugpoctdepe, CBA3AHHOE C HEOOPATHMBIMH (H3HKO—XHMHYECKHMH
NponeccaMi Ha NMOBepXHOCTH Jemnu, [loKaszsaTelbCTBOM 3TOMY CIIYMKHT
OOBONBHO MOCTOHAHHOE COAEepKAHMEe MAalbX SIeMEHTOB OTHOCHTEILHO
APYr Apyra Ha BCeM IIPOTSKEHHH OT pHped no Mezsozos, B rabn. 2
[OKAa3aHBl PANBl MOCIEAOBATENLHOCTH SJIEMEHTOB M0 MX CO[epKaHMo.
MunpManbHOe KOJMYeCTBO B IVIMHHCTOM BeleCTBe BCerga COCTAaplder
CeHHEN WM KODanbT, MAaKCHMalbHOe — THTAaH,

s npupeneHHLX AAHHBIX CleAyeT, UTO B [HANA30HE OT rhwefd [0
Me3030§ CBHHEll, KOGalbT, ralnwi. Aux e HOUPKOHMH, XPOM COCTap/lf-
0T TPYNIy 3MeMeHTOE wu3Koro copepxauus, Turad, 6op M Mapramen
SaHUMAaT ZoyrON KOHEH CHeKTpa M dBISiOTCH NIEMEHTaMH BBLICOKOID
<ONEpKaHHSA B INIMHMUCTOM BemecTse, [IpoMexyTouHylo TpYIIY WM
CPefHiI0 YacTb CHeKTpa COCTaB/ISioT Menb, LUWHK, BaHagu# W CTPOHUHI,
CopepMannd KOTOpPeX Konebmorca B Gonee WHMpPOKOM AMAaNaaoHe,

Ananua pacnpoCcTpaHeHHA MalbX 3JIeMeHTOB B IVIHHHCTOM BelecTBe
nokasaj, 4To OT pubesd 0O Mes030s ConepKaHHe MaJlbX 2/IeMEeHTOB Me-—
HSIOCh HanpasiedHo, [10 copepxaHmio MOCNenHHX B IVIHHHCTOM BeuecT—
BE MOPOA BHUENsOTCH TPH INIaBHBIX aTana: 1) pHbelcKuii xapakTepHsy=—

erca noHWmMeHHBM COMTePKAHHEM HMKeNs, CTpoHuus, 0opa W MOBBLIUIEHHBIM

copepaHWeM XpoMa, LHPKOHHMH, IHHKA, BaHaNWd, MarHHS M THTAawa,
2) HWKHEe-CPe[HEeNale030HCKUll XapaKTepHsyeTCs HoPABHOMEDHbIM co-
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NaneQsOUCKUX U Me3030UCKHK mopon

Cunayp HepoH Kap6oH, HOpa Men
nepMb
00,0141 00,2030 0,0284 00,0115 0,0220
0,2600 00,4400 0,2400 0,3100 0,3000
00,0020 0,0030 0,00186 00,0025 00,0021
- 0,0046 0,0031 00,0070 0,0125 0,0180
. 00,0032 90,0034 00,0024 00,0052 0,0056
00,0170 0,0160 ) 00,0069 0,0210 0,0180
0,0083 0,0112 0,0185 0,0130 0,0135
0,0128 0,0147 0,0150 0,0049 00,0044
00,0013 0,0013 0,0009 00,0010 00,0014
0,0130 0,0210 0,0085 00,0077 0,0063
0,0014 00,0011 00,0004 0,0008 0,0012
0,0325 0,0176 00,0041 00,0207 00,0200
00,0120 00,0121 - 0,0860 00,0450
00,0070 00,0054 - i 00,0105 0,0282

AepaHMeM s/leMeHTOB; 3) BepxHelaneozolCKul — Me30a30HCKMH Xapak-—
TepU3yeTCda NOHMAEHHLM COAepXaHWEM HeKOTOpLX MAallblX 37IEMEHTOB.

XapagTep d TPUIHH B 2BONIIKHY COCTaBa IVUHUCTOIO BewecT-
pa, Ha ocHope coBpeMeHHpX NpeAcTaB/eHHii 06 M3IMEHEHHH (M3HKO-XH-—
MHYeCKAX Ycnosui Ha ropepxsHocTH 3emmm [18, 20], umeomuxcs nab—
HBX O cocTape’armocpepsr {2, 3, 18, 6, 16, 12, 19, 13], ssomo~
KK cocrapa Marepunckumx mopon [13], a Taxke Marepuwanos asTopa
'0 cocraBe TNIMHHCTOTO BellecTBa, XAPAKTePHCTHKA 9TaloB SBOJIONHH
rHoo 6pasoBpaHud Npencrabngerca cneayiomei, B pudelicko-BeHACKH
aram B aTMochepe IPHCYTCTBOBa/M YIVIEKMCIpH! ras, asor, KACIOPO..
BripeTpiBanmo NOABRSPrannCh PasiuUHBIC HIBEPXKEHHbe, MeTaMopdu—
YyecKHe M oCafO4YHbIe NMOpoabl, Npeobianan ryMuaHer kmmmar, Bonen—
CTBUE 3TOr'o NPOAYKTHI BbIBeTPHBAHUS HMe/H KaOINHUT-I'HIPOCTIOANCT bIi
cocras, X/IOPHTHI H MOHTMOPH/ZIOHHTHl BOSHHKAIM IVIABHLM O00pasoM
B 00facTaX PaCnpoCTpaneH#us NPOAYKTOR OCHOBHOTO Byskanuasma, GCo-
OepXAaHHe KAlHs ¥ HeKOTOPhIX MallbX SJeMEHTOB B IVIMHHCTOM BelleCT-
Be OBpUIC MAKCHMAILHBM,

B camoM nayanle KeM0OpHiCKO-CWIIYpHHACKOTO aTaria, BChencTBHE
Balikanbckofi CKNan4aToCTH, 00pPA3OBA/IMCE I'YMHOHBIC M ApPHAHbIE KilH-
MATHYECKHe 06/lacTH, KOTOPBIM COOTBETCTBOBAJIO KHC/IOe H melo4Hoe
BumBerprpanne, [IpogykraMu BLIBETPUBAHHA Hapany C I'EAPOCMIOAOH K
KaOIMHHUTOM SIBJISIIMCE XJIOPKTEHI M CMelWaHHoC/HoHHple MuHepaikl. O6pa-—
30BaEye NOCJeNHHX, BEPOSATHO, ONpPeaensiock COCTABOM AaTMOCHEphI,
KMUMaToOM, MPOAYKTAMH BYIKAHUAMA ¥ MOGRICHUEM HAIEMHOH PACTH—
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Ta6nunpma 2

: nOpH.D,OK 3MIeMeHTOBR N0 COoOepMaHMIoO UX B INVIMHUCTOM BelleCTbBe

Men Co Pb Ni Zn Cr Ga
Opa Co Pb Ga Ni Cu Cr
E:\El;:u } o oPb Co Ga Ni B Cr
NepoH Pb Co Ga Cr Ni Sr
Cunyp Pb Co Ga Ni Cr - Sr
OppnoBuk Pb Co Ga Ni b Cr
Kembprit * Pb Co Ga Zr Cr Cu
Pudeit Pb Co Ga - Ni Cu Sr

TeNbHOCTH B cHiype. Conepxauue kanusg B INIMHHCTOM BelIeCTBE Ha
' MaHHOM STare MOHWKAJIOCH, HATPHH — HAPACTAIO,

B neBoHCKMH -~ MEenOBOi 3Tall 3acelleHHe CYyWH PacTeHHAMM B Cpea—
HeM Ialleo3oe U3MEHWNo cocras armocdepri, MpubIMaHB €rc K COBpe=—
MeHHOMY. [loCTymileHHe B 30HY BBHIBETPHBAHMS GONBUIONO KONHYECTBA
OpraHn4yeckoro BemecTBa o6ycioBuno Gonbulee pa3dHoO6Gpasue MO COC—
TABy NpPOOYKTOB BHBETPHBAHMS Nopod. [Ipousowno aaMemesue INAgpOCIO-
ABl CMEWAHHOCIIO HHBIMHA MHHepalaMi ¥ MOHTMOpWUIOHUTOM. C KoHma
OeBOH&, C [OABIeHHeM [MHCTBEHHON pACTUTENLHOCTH, 3areM B Kapbone
n ocoBeHHO B Me3030€ BhLBETpPHBAHHE NpHOGpeno COBpPEMeHHBIH Xapak-—
rep. Hauunas ¢ kKapbona npovcxonwno paibHeiee u Hojiee HHTEHCHB—
HOe TIOHMKEeHHe COnepaHWd Kalusd ¥ MalblX 3JIEMEHTOB ¥ yBelHueHHe
COOepXaHus HaTpHs.

INpuBenennoe BHLIE NO3BOMAgET CAEGNATEH BHBON, YTO H3MEHeHUd B
COCTape IVIHHMCTOI'O BellecTBa B 3HAYUTENpHOH Mepe CBA3aHbl C H3—
MEeHEeHHAMH cocTaBa aTMocdepsbl, KOTOPBMH MOIYT GbiTh 00bACHEHBI
0CODEHHOCTH pa3BHTH$ IIPONECCOB BLBETPHBAHHA ¥ INIMHOOGpa3oBaHMd.
Tax, NOBBLILUEHHOMY COOEPKaHHIO YINIEKHC/IOro rasa B pufefickoil arMoe
cepe COOTBETCTBYIOT B OCHOBHOM I'H/IPOCTIOAMCTHIN HHOI'Yla KAOHHHT—
T'HAPOCIIOAHCTLII COCTaB INIMHMCTOI'® BellecTBa H MHOIOYHCIEHHbIEe
NPUSHAKHM WHTEHCHBHOTO XMMIYECKOI'© prmerpupamug (8, 14, 5]

SxcnepuMeHTalbHbIME ucchienosanuamu [1.B. Xaexuuca u P.Pos
[21, 10] ycranoeneno, 4ro B NPHCY TCTBHH C02 coafnaercy KHciaa
cpena BEBETpPHBAHWY M HeH3MeHHO ofpasyercd wuMT, [lokazaHo Taxxe,
4TO YIVIEKHCHBIH ras gplseTcs AKTHBHRM (AKTOPOM AaJUIMTH3AlMH,
CnenoBarenbHo, SKCIepHMeHTaNbHLIE NaHHLIE TaKXe NMOATBEepXAaloT Bbi-
BOA O TOM, YTO cocTap arMocdeprl B pupee oxkasbmall CylleCTBeHHOe
B/MAnMe HA COCTaB 0Gpasylomerocs INIMHHCTOTO BemecTea.

Ha pyfexe mospgHero npoTepoaos H paHHero Ianeoacs IIPoU3OUITIo
yBEnMUEHHE CONepMaHHd Kucnopopa B arMmoctpepe [12], Sromy momen-
Ty COOTBETCTBYET YBEe/HUYeHHE CO[epXaHHd XIOpHTa M CMewaHHOCIOH—
HBIX MMHepalioB., Hauunad c nepoHa C pa3spUTHEM HA3EMHOH pacTh—
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v B Cu Ba Mn Sr Ti
In Mn v B Sr Ba Ti
v Zn Cu Zr Mn Ba Ti
Zr v Cu B Zn Mn Ti
Zr Zn En Mn v B Ti
Cu Zn Vv Mn Sr B Ti
Ni Zn Mn Sr A B Ti
Cr Zn &r N B Mn T

TEIBHOCTH B COCrape aTMochepsl KOJMYeCTBO KUCiopona NpuGIH3HiIach
K coBpeMeHHOMY, COGTBETCTBEHHO MpONeCcCHl BhIBETPHBAHUS H MHHE—
paneHEIR COCTAB INIMHHCTOI'O BelleCTBa MPHOOpend COBpeMeHHEH 0OIMK, —
YBENHIWIOCEH COfepPKaHHe MOHTMODHIVIOHKTA, BEPMUKYIINTA, CMellaHHO—
CHOMHBIX MHHEpalOB M YMEHDbUIH/IOCh KO/IHYEeCTBO I'MIIPOCIIOf bl.

Spomouns XMMIAYECKOTO CoCTapa INIHHMCTOIO BemecTBa OCOBEHHO
YeTKOo ﬂpOﬂ'BﬂﬂeTCH o COgepXaHHIO B HEeM Kaliud, HATpHH, Xene3a H
MAarH¥ud, BOJ]EE BBICOKOE coOepxaHHe Kajlisg B I'NIMHHCTOM Belnecrpe
nopon pupes M HIDKHEro [aleo30d KOppeIHpyercd C €ro CofepKaHueM
B OcaflouHbX NHopopax. HakofineHmio kKanmug Ha gaMHOM S3Tame CrocebcT-
BOBa/l Xapakrep BhBETPHBAHHS MOpPOA, MPOTeKABUIEr? IpH MOBLIUIEHHOM
cofepKaHun C02 B aTMocthepe # OOyCNOBMBIMN I'MapOCMOOUCTHIA COCTaB
TTHHUCTOT'O BemecTea, [paHHTH3AUMA ¥ DocCheayiomuit paaMpm 2THX
Iopoa, NpPOHCXONMBUIME B STOT INepHOM, TakK Xe Cnoco6CTBOBAM HAKOM-—
NeHmo Kanuga. [lanbHeifliiee uaMeHeHHe MMHEpPA/ILHOT'O COCTABA [NIMHHC—
TOQ BelecTBa NpYBENC X yMeHbieHHIO copepXKanusd Kajaua B
HeM,

Ypenuuenpe copepxaHua HATPHS, 3AK/IOYEHHOI'® B CTPYKTYPHOR pe—
meTKe TMHHUCTLIX MHHEepalloB, OllpenenanocChb W3MeHeHnuemM cocTapa aT=—
Mochepbr 1 ruapoctheprr. Kpome roro, paspurse naardopM, 3aMblKaHue
reoCHHK/IMHANEH M 3aTyxaHHe BY/KaHH3MAa TakkKe OKa3hbBA/lM BIHAHUE
Ha XOf ®TOrO Nponecca. YMEHLUIEHHe COOepXaHud Kellesa ¥ MaTHud
B COCTAaBe TVIHHHCTOI'O BelecTea, B HHTepB&ne orT pI{CbeH Ao Mes30304,
cornacyercd C H3MeHEHHeM COAepXaHHs YIVIEKHC/IOTHI M KHUc/lopoga B
arMocdepe M runpocdepe, a TakkKe yMEHblUEHHEM OO/ ydacTHda a(-
dysHBHO=-OCAOYHOI'O MaTepHualla B TIpolleccax BBLIBETpPHBAHMUS,

B seomouuy cogepxaHus MallbX 27€MEHTOB, BXOAMAIIHUX B CTPYKTYpP—
HYI0 pelleTKy IVIMHHCTBIX MMHepalloB, KaKk H B 9BO/IOLUHM MaKpPOKOMIIOHEH-
TOB, BROENAOTCH TpH 2rana, CoBmageHue TanoB SBOJIIKK COOEpXa—
HMg Manlbx H “6onbmux” SIeMEeHTOB B IVIMHHCTOM BellecTBe OObACHHA—
ercd TeM, YTO IVIABHOH NMPHYHHOW STHX MpoUecCoB HAB/IeTCH XHMHYeC—
.Kag TpaHchopMauds aTMochepsl M rHApPochepsl, OTPA3HBIAACH HA IOBbI-
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wennn Eh u pH cpenwsr u nopsuknoCTM MBOrEx sinemenroe. Ha pomo-
COpHBIX MIIOWAAgX DTO IPHBENO0 K MeHblleMy IepeMemeHHio B Buje
pacTBOpOB TakuX snemenTo, Kak Mn, Cu, Ni, Co, Fe u np. [18,
‘20] u, cnepgoparenbio, YMEHbUIEHMO a.ucopt‘ium MX T/IMHACTBIMM MH—
HepaslaMH.,

SBo/moLKsA COCTaBa IVIMHMCTOTO BellecTBa OCAJOYHBIX MOPOA OT
pubeés no Meszo3d0d ABIAETCH HeoBpaTHMMBM IPOIECCOM, BLIpAXAIOMHMCS
B yOhBAHMH M/ BO3pACTAHHM TOTO W/IH MHOIO XHMHYECKOT'O KOMIICHEH-
Ta, ¥ B YBelHYEHMH MHOToo6pasud ero MuHepalbHLx (QopM. Srams
SBOMONMA COCTABA INIMHHCTOT'O Bell@CTBA COBI&NAIOT C STalaMH ocaf-—
kKoo6pasoBanud, pepenenusmu A.ll, Busorpamoepem [2], H.M. Crpa-
XOBBIM 17, 18, A.B. PonopniM # ;:lp. {11, 12}, ¢.B. Hy-

xpoBeiM [20]
IlerancHoe HccnenoBaHHe COCTABA INIHHUCTOIO BelleCcTBa OpPOf 03—

BONWJIO aBTOpY B Ipegelnax NpoTepozoficko—pHpelickoro u HoBelwero
(ucropuueckoro) sramos, mo H.M. Crpaxosy, yCTaHOBHTHL Gojlee mpof- -
Hble [eMneHWs PA3BMTHA Npolecca IHHOOGpasopaHus, Bbyienenrr pu—
beficKuit aTall ¢ nmepexogHEM MEpUOAOM B BeHae, HIKHe-CpenHenalleo—
30HCKui C mepexonHLEM MEpHONOM B KOHLle JEeBOHA U BepxHealleosoifc—
Kui=Me3030#CKuit oTaibl, BhigBiena Taxke 0COBEHHOCTH IBOIONHH
cocTapa TVIMHHCTOIO BeUIeCTBAa, BhIPaXAaKascs B IepHoauyeckoM Ha—
MEHEeHMH COOTHOWEHNS XHMHYECKHX KOMIIOHEHTOB (A1203:Na20,

K20 3 NaZO). CooTHOUEHHE AMOMHUHHA M HATPHA, Kallud W HaTpust

B IVIMHHCTOM BeulecTpe NoKAa3kmaeT cTeneHb audpdepeHuuanuu mopop
CywH ¥ NMpoAyKTOB WX paapywenus. B riumucroM Bemecrse oT Bepx—
Hero mpoTepo3os A0 Me3030d B npenenax. CHBUPCKO# NMiardopMbl, ee
o6pamrenng u JananHo—~CuGHPCKOR TINTEI BEHUMHLI A1203 : NapO,
K,0:NayO nepuoaudecku BOspacTaioT ¥ MOHIKAITCH, CBUAETENLCT-
Byd O MHOIOKPATHOM YCH{IEHHH M Ocraf/ieHuH [TPOHecCOB XHMHYECKOro
BLIBETPHBAHUA B Tedenue pudes, naneosod U Me30304.

INokasano, 4T0 paspHTHE XHMHYECKOTO BLIBETDHBaHMS AEHTCS HA
nepronst (UMKNLI) pasHeX MOpsnKoB, B CTpPOSHHH NEpPHONOB BhIIENSIOTCS
“rpancrpeccusHbe” u “perpeccusHrie” mx wacTH. T paHCTpeccHBHAd
YacThk MepHoga BHICUWIEro MopsAka COCTONT M3 TEePHONOB HM3Wero Mopsi-
Ka, B KOTOpBX Kaxabit mnocmenyomuit (Gonee mosaumit) xapaxre—
puayercs Gollee BHICOKMMY SHadeHMAMH napamerpor Al203 . Nay0a,

K20 :Na20. B perpeccusno#ft yactu mepuofa BEICWENO nopﬂnl{a, 23)!(-
nwll nocneayolui Mepron MeHbUEero Nopgnka xapakrepusyercsd Gonee
HU3KHMM SHAYEHHSMM STHX napameTpos., TakuM o6pasoM, MepHOAbI HHA-
KOI'O TopdnKa CO3[al0T TeHeTHYecKd Halpap/eHHbI pfAl, aBAgomBiics
nepHoaoM BBICUWIErO Nopdanka.

T'panmikl Mepuoaos BEICWErD NOPAnKa OTPaXEeHbl MaKCHMAabHON XH-
Mudecko# nuddepeHumanvel MMEHACTONO BelnleCTBAa HA CJEAYIOMHUX CTpa—
Turpadudecknx ypopHax: 1) Hushl naxaHnuHCKO# ceuTh (Yuypo-Maiic~
kuit pajion), punbckas ceura (HOnomo-Maiickuii paiion), KpacHoropckas,
mxypckaa ceutel (Enmcedickuit xpsix); 2) MowakoBckas, penkoliecHad
ceuthl ([Mpuanrapee); 3) Bepxy anpaHCKoro dpyca, JIEHCKM# spyc u
ausnl amrunckoro {Mpxyrckmit amdurearp, Typyxanckuit, Hrapckuit
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paiion, Huwkuee [Npuanrapwe); 4) CpenHu#, YaCTHYHO BepxHUHA OpmOBHK
(IOro-3ananuoe IMpuanrapwe, Tyarycckas cuHeknuza); 5) CpenHuR U
Bepxuuit nepon (Hopuneckuit pa#ton); 6) mepxu pepxme#t mepmu (Tymu-
rycckag CHHEeKIH3a) ., i

Heof6paruMoe HallpaeleHHOe H3MeHEeHHe COCTapa INIMHHCTOT'O BeueCT—
Ba, pasfaenddckb Ha 2Talkbl, UMeeT TakKke NHKILl MepHOoMYecKOrO HaMe—
HeHH$, BbIpaXalllHecsd CMEeHO# MOBLILEeHHS X [OHMXEHHS CTeleHH XH-
Mudecko#t nudbepennmaunu rnEHECTOre BemecTma, [locnenHMe H3MepsEOT—
Cf COOTBETCTBEHHO YBelIMYeHHEeM H/IH yMeHbUIeHMeM 3HaYeHMuH A1203 :
Nap0, K20:Na20, O HeofpaTMMOCTH M HANPABIEHHOCTH CJIOXHOIO ITPO—
necca IVMHOOOpasopaHys, COCTOSAMEr'0 W3 NEepPHONMYECKHX I1pollecCoB,
CBHETE/IbCTBYET yMeHbuWeHHe aScomoTHbx SHadeHmit pemmuuner Alp03 :
Nazo or pubes no Mesosos, Ha pudeiickoM arane MakcumalbHbie 3HA-
YeHHUs OaHHOH BenwumHbl KoneGmoTca B npepenax 300-600, na HmxHe-
cpepHenaneozolickomM 200-300, BepxHenaneosoHCKOM-Me3030HCKOM
80-140 (¢ur. 4). YMeHbulenne aGCOMOTHBX 3HAYEGHUH BEIHMIMHEI
A1203:Na20 oT pupes A0, ME30308 corVIACyeTCs C CYyWEeCTBYIOLUMHI
NpeCTaBIeHUIMH O BO3PACTAHMH CKOPOCTeli OCAAKOH&KOMIEHHd B abco-—
MOTHBIX AMINKTYN BePTHKANbHBIX OBWXKeHuli B 9TOM MHTepBaie BpeMeHH
[7, 15, 9], a ramke o Gollee MHTEHCHBHOM XHMHYECKOM BhIBETpHBA-
mau B pokemGpuu [20].

TakuMm oBpazoM, sBOmONNS INMIHHOOBpasOBaAHHY SBIIFETCSH CIIOXKHBM
IIpoLleCCoM, COCTOSNMM K3 HeoOpaTHMOI'C HM3MEHEeHHd XHMHYeCKOTo M
MHHEpallbHOI'O COCTaBa INIHHHCTOI'O BeljecTBa M INepHOgH4YecKOr0 H3Me—
HEHMS CTENEeHM ero XxuMudeckol aupbepenumanun. MuHoobGpasopaHue gB~—
ngeTcd 4acTh0 Gojlee ClIOXHOTO Ipouecca ocangkoobpasopanHud. [TosTomy
OBIKYIIMMYM CHIaMu HeoBpaTumoi#t aposmomuu IMuHooGpasoBanusi, Kak M
ocankoobpasoparug, ABISOTCH H3MEHEHHe COAepXAaHHd YIVIEKHCIIOTO
rasa u Kuciopona B arMochepe H rugpochepe, pasBHTHE OpraHHYeCKOH
JH3HHM, & TaKkKe H3MeHeHHe COCTapa [opop, MONBepraBlMXCs BHIBET-—
puparmio. 3TH PakTopel HEOBGPATHMO H3MEHSTH (PHBHKO-XUMHYECKylo 00—
CTaHOBKY Ha IOBEPXHOCTH 3eM/H M BhI3bBAIM HeobpaTuMoe H3MEeHEeHHe
coCTraBa INTMHMCTOIO BemecTea. lluknuueckuit WM NMepHoguyecKHii xa-—
pakTep mnpouecca INHHOoGpasoBaHug OOYyCOBNMBA/ICH TEKTOHMYECKHM
peXXHMOM 3EeMHOH KOphel, KOTOpEI# NMpenonpenens/i GraronpuaTHLIE H
HebnaronpHaTHLIE YCIOBHA A7 HHTEHCHBHOIY XMMHYECKOI'O BEIBETpHBA—
HUS B OTOEeNbHBIE MOMEHTEI IeO/OrMYecKOd WCTOpHH,

3BOIMOLHA COCTaBa IVIHHHCTOI'O BEHecTBa, NPOFBHBUIAACH B MHTEp-
Bane or pudes No Me3030d, HEe CBAs3aHa C SIUIeHETHYECKHUMH H3MeHe—
HUSIMM TIOPOM, O YeM CBHIETENLCTBYeT cienyiollee: a) IBOMONUA COC—
Tapa INIAHHCTOTO BelleCTBA BEISBIEHA HA OT/IOKEHHAX, NOCTCEeqHMeHTAa—
LMOHHBIE M3MEHeHMH KOTOPBIX OAMHAKOBEI M HAXOQATCH Ha CragWH Ha—
HanLHOTO KaTareHesa; 6) xapakTep H3MeHeHHS COfepXKaHHA Kalus B
TIIMHHECTBIX MHHepanax pudes, maneo3os M Me3030f He COOTBETCTByer
CTeneHd MOCTCENNMEHTANHOHHLX NpeobGpasopanuil; B) MEepHONMYHOCTH
H3MEHeHHd COCTaBa INIHHHCTOI'O BeleCTBa He KOppelHpyeTcd C H3Me-
HEeHHAMH CTeleHN ero SIHUreHeTHYecKux npeobpasopanuft.
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ABSTRACT

In clays of the Siberian platform, of its fram and of the Westem-Siberian
platform from thg Upper Proterozoic to the Mezozoic a decrease of the
share of hydromicas and on increase of the share of mixe-layred minerals
is observed; the potassium content slightly increase (from the Rifean to
the Cambrian) and is them lowered (the Cambrian-Carboniferods-Cretaceous).
A contrary behaviour is characteristic of sodium. The content of iron, chro-
mium, nickel and cobalt slightly decreases from the Rifean to the Upper
Paleozoic and increases during the Mezozoic; in this direction occurs a
lowering of the magnesium concentration. A convlusion is drawn that the
change in the composition of the argillaceous matter is to a considerable extent connec—
ted with the change of the atmosphere composition. On the backgraupd of
irrevershble changes periodical variations of the degree of the argillaceous
matter chemical differentiation are observed.
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C. JI. IIBAPLEB

TEOXHMHA ITPOOECCOB JATEPHTHOI'O BBIBETPUBAHHA

JlaTepuThl, SBIAONHEcCH OOHUM U3 Haubo/see UeHHBIX NpoAYKTOB KopPBI
‘BblBeTpUBaHus, H3ydaioTcd B TeYeHue Gomee Ioilyropa BekoB, OmHako
reoXmMmusl MpoleccoB, NPUBOAAIIMX K (GOPMHPOBAHHIC 9THX HUHTEPECHBIX
IpHpoAHBIX ofpasopaHuil, ocTaeTcs IoKa €lie BO MHOIMX CBOHX IOJIOME—
HUAX CHOpHOM M HeaocTaTo4YHO u3yudenHofi, Tak, WHPOKO paclpoCTpaHeHo
MHEHHEe O TOM, HTO ATEPUTHI NMPeACTABRILT CoGoM oCTATOYHBII NMPOAYKT
pasioXeHud AaliOMOCH/IHKATOB, H3 KOTOPBIX BBIHECEHB! LIENIOYH, /eJIoYHbIe
3eMIIM M KpeMHe3eM, HO COXPaHWIHCh OKMCIBI Kellesa, AMOMUHHA H He—
KOTOPBIX OPYTHX MalolloABHXHBEIX anementoB [2], B To xe Bpems cylie-
CTBYWT HeoIpOBepKHUMble NoKasarelbCcTBa Tol'o, YTO MPOLECCH! JIaTepuTH-
BallMK COTNPOBOXAAIOTCA NPHBHOCOM MAJIONOABMMHBIX BJIEMEHTOB H, B Ya—
CTHOCTH, Jejieda ¥ amOMMHEA B NIpodunb BhIBeTpUBanus, B oToli cesisu
BO3HHKAeT Npobrema HCTOYHHKOB STHX 2IeMEeHTOB, 4 Takke npofiema
IepeBpona KMX BHa4ajle B NOABIXKHOE COCTOSHHE, 4 3aTeM =— H3 IOABIK-~
HOI'O B HEeIOABHXHOE,

JlaTepuTh ~ 9TO NpakTHYECKH OecKpeMHUCTHIe o6pasoBaHud, INOSTOMY
HeobXOoAHNMO OFBACHHTL, B KaKHX YC/IOBHAX INPOHCXOAHT BBIHOC sTOr'O, B
enoM He OTAMMAONIEroCs BBICOKOH TIOABMXKHOCTLIO, B®lIeMeHTa, [IpHHATO
CUKTATH, YTO B NPoQUIe BLIBETPUBAKIUXCE NOPOS HA TOM HIM  HHOM
arane d¢opMHupyercd IIeNoYHasd obCTaHoBKa, Glaronpud TCTBYWIAs BhICo=
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Ko# NoABIKHOCTHM KpeMHeaeMma, B To ke Bpemda mesouHas obcTaHOBKA,
KaK M3BECTHO, CIOCOGCTBYET (GOPMHPOBAHUIO KOP BBIBETPHBAHHS I'NOpPO—
CIMOANCTO~MOHTMOPH/UIOHUTOBOT'O THII4, KOTOpPEIe B NOC/IeAyIoueM O071HK—
Hbl GBITE NmpeobpasorBaHbl B nareputdl, Orciona Kaxyuwascs HeobXonu—
MOCThH NPH3HAHNA CTAAHANLHOTO (Nosramioro) HMyTH (GOPMHPOBAHKA Jla—
TepuToB. OnHako Takoi To4YKe 3peHus IpoTHBopedaT GaKTH pPA3BUTHS
NaTepHTHBIX o6pasoBaHHit HelloCPeNCTBEHHO Mo KOPEeHHbIM mopogam Gea
BUOAMMEIX mepeXxopsbix soH [11, 4, 10], a Taxxe OTCyTCTBHe B Npodu—
7le JlaTepHUTHOI'O BHIBETPHBaHUS LielloyHHIX Bop (7, 21].

Bce »TH, a TamKe MHOTHe Opyr'He TPYOHOCTH 3aCTaB/EIOT HEKOTOPBIX
HccllenoBarenel CYHTATH, YTO COBpeMEHHBIH K/IMMAT TPONMYecKux obia—
cTelt He MOBBO/AET DASBHTHIO IPOLECCOB JATePHTH3ALHH, KOTOpbie Mo X
MHEHHW TpefyioT q:opMu'ponaHuﬂ eme Gollee Temoro M Golee BIAXHOTO
xmmvara [ 5], ‘

ABTOpY NpeNCTABH/IOCH BO3MOXHBIM B TEYeHHe OBYX JIeT H3Yy4aTh Xa-~
pakTep COBPEMEHHBIX IPOLIECCOB BLIBETPUBAHHA T'OPHBIX lopoa Ha Teppu-
ropuu I'BHHeH = 3TOro yHHKAIbHOTO GOKCHTOHOCHOIO PErHOH& HE TONbKO
AdpuKH, HO M OmHOI'O M3 KpyNHeluwHX B MHpe, B pesynbrare cobpan
baxTHieckuit mMarepHail, KOTOPbIH NOSBONGET pPACCMATPHBATEL JIATEPHTHI
KaK eCTeCTBeHHbI#i NPOAYKT CONPSXKEHHOT'o H B3auMOOGYCIIOBIIEHHOT'O pas-
BHTHS KOMIIOHEHTOB [aHnuwadToBR TPONWYECKOH CaBaHHBII IMOPHBIX IIOPOA,
OpraHHYecKoro BellecTBa H NoA3eMHBIX Bod. He aHaNH3HpYA CYUHIeCTBYiO~
KX B3IVIAAOE To TOMY WM HHOMY BOIIDOCY, ¥TO HE IIO3BOJIHET CcaenaTrh
HebGonbliol o6beM cTaThi, B He paccMaTpuBagd B OeTandx uMmewwmwmica
GaKTUYeCKNt MaTepHall, KOTophii B SHAYUTelbHOH Mepe yxe omybiHkoBaH
[6, 10], aBTop mOmBITAETCS H3NOXUTb COGCTBEHHBIN MOAXON K pPeIeHHIO
npo6aeMpl IaTepHTH3AUHH IOPHEIX MOPOH, KOTOPBN NO3PONAET Habemarb
YIIOMHHABUWHXCHA BhIIe IPOTHUBOPEYHH,

Cpepa narepuTHOT'o BRIBeTpuBanud. Hccnepmoearenei,
NPOBOAMBIIMX H3y4YeHHe IeOXMMHH IOO3eMHBIX paboT B paloHaX c Jlare-—
DPUTHEIM TIOKPOBOM, OOBIYHO YOAMB/IAWT HU3KMe aHauenus pH, nabmonae—
Mble 0O BCeMy npoduino Belserpusanud. [lpmiem xucible Boasl BCTpeYa—
IOTCd HE TO/ILKO B IpefesiaX KOphl BHIBETPHBAHMSA, HO M KOPEHHEIX NopoA
(ra6nuna), XoTs ecrecTBeHHo ¢ rury6GuHoil pH BOo HecKo/bko BoapacTaer,
B yeM npudmHa Takoro B ofmeM HeoOBMHOIO SIB/ICHUA?

Ananyia WMewIuXcd MaTepHaIOB NoKasblBaeT, YTO HU3KHEe 3HAYEHHA
pH ne mMoryr GeiTk oBYClOBIEHE! HH CepHOM KHCHOTOH, KOTopoil B Boage
HeT, HM as3oTHOM, AkoObl ofpasywouleiicsa Nnpu rasoBbIX paspagax B TPOIE—
Kax, XoTd BBl yxe NOToMY, YTO aTMocfiepHble OCAlKH, KaK IPABHMIO, HME—
1T Goslee Bricokme sHauedms pH, wem monsemubie moger [21,7], INpuun-
HA HU3KMX sHawenuit pH paccMarpupaeMblX Boj KPOeTCH B BEICOKOM CO-
AEPXaHuE YTIOnbHOH KHCIOTEI, YTO OTPaXaeTcd Ha 3HAYEHHSIX Ilapuuaib-
Horo nasnenus CCy [1, 22, 7]. Yronwuasa xe KHCJIOTA = CIeACTBHE
BBHICOKOH CTeNeHM MHUHepalu3aluy OpraHudecKor'o BellecTBa B YC/IOBHAX
TOBBILEHHBIX CPefHerONOBLIX TeMIepaTyp BoaOyXa NIpU HAIHYMH OJHTEelb—
HBIX CYXMX CEe30HOB ropa.

B camoM gene, pacyerh! IIOKaskBalOT, YTO Hoa3eMHble Boakl 3anan-
Ho#t AdpukM BBIHOCAT B pacTBopeHHoM cocTogbud 50 = 120 rt/rog«-km
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yriekucnoro rasa (B paanuuuoil gopme), uTo coorBercTByer 80 -
200 T/I"O,D:-KMQ MUHepalusyeMoro opraiudeckol’o Beuniectba. Kpome
Toro, Heo6XOOMMO Y4YE€CTb, YTO 3HAYHUTENLHAS 4YACTb CO2 y4YyacTByeT B
crenywomuX LUHKIax OGHONMOTMYEeCKOI'o KpyroBOpOoTaA, & TaKXKe, BHANMO, Bbl=
nendercss B arMochepy. BhICOKo# creneHM MuHHepanusauuy opraHH4ecKo-—
ro BelUleCTBA B TPONMMYECKHX CABAHHAX B HeMaJloll cTeleHH clocobecTByer
To oBCTOATENBCTBO, YTO ONad 3ejieHoH Macchl GOBUWMHCTBA PacTeHu
npuypoueH K HaYaly CYXor'o ce3gHa, Korpga Gomnbliag HacTh OPTaHuKH
cropaetr B IpSAMOM U TIEPEHOCHOM CMEBIC/Ie 3Tol0 CloBa, Bce 2To Xopoiuo
YEASHEBAETCHE C MSBECTHOH HUSKOW TyMYCHOCTLIO TpPONMYECKHX beppaniur—
HeIX mous [13, 17].

Hrak, nonsaeMHble BOABI, HAYyHHAA C TOYBEHHOI'0 T'OPH3OHTA, HECYT B
cBoeM cocTape GosbluHe KOJHYecTBa yIofbHOH KHCIOTH M IOSTOMY $B—
I0TCH KHC/BIMHM, B KHCHIBIX e Bogax 1o CpaBHEHHO CO IIeTOYHBIMHU
COOTHOLIEHHE BBLIHOCA KPEMHHS OTHOCHTENLHO KaTHOHOB yBelHiHBaercd,
[Mocnepnee nomoxeHue NOATBEPXIEHO HE TOJLKO SKCIEPUMeHTAalbHEIMHK
paboramu [19, 20], Ho u mozeBbIMu HabmoneHuamu (Tabmuua), B
KHCIIBIX YCIAOBHAX TepMOAHHAMHYECKOE pPaBHOBECHE peakuuii BTOPHYHOI'O
MUHepanoobpasoBaHis COBHUTaeTCs B CTOPOHY (opMHpoBaHus IHGOcHTa M
KAollMHHUTA, A TPH HalHM4YKH BBICOKO-KEIe3UCTHIX pasHocTeil nmopoa — H
reTuTa, T.e, NMPOOYKTOB JaTepUTHOro BhiBeTpuBaHug [10].

OcHoBHBle (AaKTOPB /MaTepUTH3AUNU. TepMogHHAMHYECKHH
aHANME YCTOHYMBOCTH MPOAYKTOB XMMHYECKOTO BHIBETPHBAHHS IOKA3bIBa—
er, 4To HX COCTaB OoNpefeNdeTcd He TONbKO XApakTepoM Cpefbl, HO H
KOHIIEHTpalHuel B pacTBope KpeMHeseMa, ABiswolledcd ogHMM H3 OCHOB—
HEIX apaMeTpOR, KOHTROMUPYWLIMX MUHEPANbHBI COCTaR ofpasywluxcd
NpH BBRIBETPHBAHMN IVIMH: HH3KHe KOHIEHTpalWH KpemHeseMa obecneyn—
BawT hopMHpoBanue TuOGCHTA, CpefHie — KAO/MHHTA, a BEICOKHME = MOHT-
MopwmonuTa  (purypa). '

CnepoBareilbHo, 1aTEPUTHBI Ipolecc paaBuUBaeTcs He TollbKO, Koraa
B YCIIOBHAX LIENOYHOH Cpefk! NoA3eMHBIe BoAbl BEHOCAT B GONBUHX KOJIH—

. yecTBax KpeMHeseM, HO M B TOM ciiydyae, eciu B Ipoduie BEIBETPHBA—
HUs GechnpepBIBHO coxpaHsiercs claboKucias M KHclad cpepa, a B pac—
TBOpe = HU3KHE KOHIEeHTpalMH KpeMHezema, B kakux ciyuasaX BO3MOXHO
NMOABJIEHUEe ¥ PA3BUTHE YKASAHHBIX YCIOBHA?

OpnHo HE I'NTABHBIX YCIOBHH MBI yie pacCMOTPeNH: aTo BBICOKas Guo-
JoTHMeckas NMPoAyKTHBHOCTHL NaHawadra u GonbuiMe MacwTabbl MHHEepa-—
nusanuy opraHuyeckore BellecTsa,

Bropoe ycioBHe -« 2T0 $O0fblioe XOMMYeCTBO aTMochepHBIX oca-
KoB, oOfeCneuMBAKLMX KpaHHe BBICOKYIO CTeneHb HHTEHCHBHOCTH
ponoobmeta, Hampume), HA TeppuTOpuH ['BHHEM IO HAWMM AAHHBIM
aHAueHHs MOAY/IsS TMOA3EMHOI'O CTOKA B OTAEJBHBIX CllyuasiX IpeBble
mawor 20 n/cex.km? [6] . Takoii BeiCOKHM# BOROOGMeH ofecneunba=
eT GelcTpoe NPOXOXAEGHHE BOABI 4epes TIOpHBIe IOPOAbl, OrpaHH=
yypaeT BpeMd KOHTaKTa TBepnod u xuako#i das, ¥, 4To camMoe IViaBHOe,
ofecneyupaeT GOPMHEPOBAHHE YNBTPaNpPEcHBIX BOJA C HCKMOYHTEIBHO HH3—
KMMHK COAeDKAHHIMH B HUX KpeMHeseMa H ApYrHX ®leMeHToB. A aro,

B CBOW ouepenb, obeclieqHBaeT obpasoBaHue HeOONBIWHX 00BLEMOB  Lie=—
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Tabnuua

HexoTophle paHHble IO COCTABY T'PYHTOBHIX Bon 3ananHoi Adpukn

H
Hcenenyeman Bmematomue ¥
TEPPHTOPHSA TIOPOAB!
' OT =00 cpenHee

I'eymea XKeneaucrtrle nare- 4,6-6,6 5,6

PUTHI

Hedenmioprle cueHUTHI 4,5-6,4 5,3

M IPOAYKTHI MX BEIBET—

pUBaHUA

Ksapuepble necua-— 4,5-6,3 5,4

HHKH

I'paHuTO=THEHCHI 5,0-6,4 5,5
Beper Cnonoeot  I'panuThbl - 5.6
Koctn, paiion
Kopxoro
Beper CnoHoeo#t  Ulenoutble rpaHuTh! - 5.2
KocTu I'pannTO=rHEHCHI - 5,8

I'pasogHOPHTHI - =

Cnanuet - 5,3
Tabon [Necuano-riHHNC THIE 6,2=6,0 6,4
Iaromes . 7 3,5-5,3 5.0

JIOYHOCTH, & CllefoBATellbHO, COXpaHeHWe B pacTbBope Gombluell yacTu
YroflbHOH KHCIIOTHI M €CTeCTBEHHO KHCIoH cpefsl,

TpeTbe ycioBHe = 2TO Hamu4dHe ciabo BCXOMMIIEHHOTO pelbeda, Ko =
TOPHI COKpallaeT ITyTH [ABMXEHWS Boakl oT obnacTrelt muranms (Boaopas—
nenel) K ofnactaM pasrpysku (MecTras rugporpajuueckas cerb), Ha
Haubollee NPOMBIBAEMBIX BOAOPA3JENBLHBEIX MPOCTPAHCTBAX IIOA3EMHBIE BO—
OBl cogepxar 0CoGeHHO HU3KMe KOHUEHTpANHH 3NIEMEHTOB M NO3TOMY
B STHX YCJIOBHIX BOSMOMEH HaunGonee CWIbHEN (OTHOCHTENBLHO APYTHX
KATHOHOB) BBIHOC KpeMHeaeMa, YTo INPUBOAMT COOTBETCTBEHHO K dop-
MHPOBAHUK THAPOOKHCIIOB Xefle3a H amoMuHud. [lo Mepe ABIKEHUS BO-
Obl K OONMHAM peK KOHLEHTPpalMH KpeMHe3eMa B pacTeope INOCTeleHHO
BO3pPACcTawT, YTO CABHIaeT paBHOBecHe peakuuil us oblacTd yCTOHYH-—
BOCTH r'ubbcHTra B obnacThk ycToluuBoCcTH Kaonuuura, VMenno Takas
3aKOHOMEPHOCTE YEeTKO IpOoC/IeXHBaeTcd HA TeppuTopuH ['BuHew, rpe mo
OollMHaM pek, KaK NpaBWiIo, Pa3BHT KAOJMHHT, a Ha Bojopasjenax —
ru66cur,
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Ofmasi MuHepanusa— Si0y, co, | 5104,
s, Mr/a me/a 3 KATHOHOB .
OT=[0 CcpegHee CcpedHee cpeniee CcpeHee
B8.5-184 " 75,8 '. 34 107141 4 59 'MHisapues,
1972
20,0-153 66,3 % T -
49,3.69,0 60,6 4,4 T Bl T £
46,1-70,8 63,4 & 10710 _
- 30,2 11,0 107%% 2,32 Tauy,
1969
= - 13,9 - = Rouge’rie,
N & 12,8 1+ gl L 1960
5 & 11,3 5 -
= & i3 E -
212-200 252 7,9 10010 5,10 Brémont,
40-80 52,6 - 1w . 1965

Cnepopare/lbHO, XOPOWO HM3BECTHAA INpPHYPOYEHHOCTH JIATEPHUTHBIX
GOKCHTOB K IMOBBILIEHHBIM, YACTO CIVIAXKEHHBIM y4acTKaM o6BICHAeTCH He
| pa3pyuleHueM [OpPeBHUX NEHEMISHOB C GOKCHTOHOCHBIMM I'OPHBOHTAaMH,
KaKk 3TO IPHHATO CYMTaTh, & CHenupHxKof IeoXMMHYeCKoH H I'HapoTeoslo—
ruyeckKoil o6CTAHOBOK, CYMEeCTBYWOUHX AIHTE/IRHOe BPEeMs HA BoAopasie—
TaX U B JONMHaAX pekK. B aToMm Bomlpoce MBI IONMHOCTHIO COMMOAPHEl C
C.A.Hopronom [18], xoTopslit npupaeT Gonbluioe sHAYEHHEe IHAPOIE0—
OTHYECKMM YCHAOBHAM B (OPMHPOBAHHHK NATEpHTOB. ,

Yereeproe ycloBHe CBASAHO C TUIOM BEIBETPHBAWOMHAXCH TIOPOA.
[Tpn mpo4mx paBHBIX YCJIOBHSIX IOpodbl, coAepxamue Gojblle KpeMHese-
Ma, OblcTpee oforamawT NOA3EMHEIe BOABl 9THM XHMHYECKHM CQedHHe—
HHEM U COOTBETCTBRHHO OBICTPEE COBHMCAWT PEAKUHH BTOPHIHOLO M=
Hepanoofpacopanus B 06AaCTb YCTOWYMBOCTH KaonvuuTa, VIMEHHO mno-
sToMmy Hambojlee ACTO THIHMHEIC NATepHTHl pAsBHBAOTCA Ha Nopoaax,
cofjepxamuX MeHblle KpeMHe3eMa, a XKelle3HCThleé HX PasHOCTH CBA3aHbI
c nopodamH, ¥ KOTOPBIX IOBBIEHHOE copepxkaHHe xenesa, B sToM oT-
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[OnarpamMMa pABHOBECHS, AHOPTHT =~ HOGCHT = KAOIHHHT=  MOHTMO—
punnonuT mpr 25°C (Tardy, 1969) c HageceHMeM [aHHLIX N0 COC—
TaBpy TPYHTOBLIX Bon 3ananHoli AdpuKH

1 ~ Iemmes; 2~ paiion Kopxoro; 3 - Beper Crnouosoi KocTy;
4 — Cepepunaa Hurepus; 5 - Ceneran; 6 - nNUHWG pasfena No—
nejt KaoimEMTa W ru66cuTa mo Xenrecowy um ap. ( Helgeson et al.,1969)

HouweHux HauGosee GraronpudTHbIMK Ong GoKcHTOOOpA30BAHHA SIBMASIOTCH
fGeckpapnepble Mopoabl: IpH UX BhIBeTpHBaHHE rub6cur obpasyercd Obl-
crTpee, 4eéM KaolMMHUT, HHU3KMe KOHUEHTpauuy KPeMHHA B BoAaX H3BEeCT=—
HUKOB Takxe ABISIOTCH GnaronpusTHEIM (AKTOPOM JIATEPHTH3AUHM KOH-
TaKTHPYIOWMX ¢ KapboHaTaMH alOMOCHIHKATHRIX MOPO..

Bce manoxeHHoe II0SBO/ISET HaM yTBEPXOAaTb, UTO KAONHHHT = [HG=-
GCHTOBBIE M T'eTHTOBBIE KOphl BEIBETPUBAHWA, Kak NpaBHI0, GOPMUPYOTCH
MY HeTIOCPEeACTBEHHOM DaspylleHuy KopeHHbiXx noposa 6e3 ofpasoBaHms
IPOMEXY TOYHBIX NPOAYKTOE BbIBETpHBAHHR, M TOABKO B OTASILHBIX Cly—
YadX WIM Ha OTAELHBIX y4acTKax, Korja co3[aloTcd yCloBus Ond dop-—
MHPOBaHUA S3ATPYAHEHHOT'o BogooGMeHa M meodHoH CPedbl, BOIMOXHO
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o6pasoBaHye INPOMEXKYTOYHBIX INPOAYKTOB BbIBETPHBAHHSA, KOTOpBIE IIPH
COOTBETCTBYIOLIEM H3MEHEHHH IeoXHMHYECKHX H I'HApPOTreo/IoNHYeCKHX
yoropuil B TocefyloumeM Takike MOr'yT ObITh TPAHCHOPMHUPOBAHBI B 14—
TEepPUuTH,

MOSKHHS&HHH H ocaXMaeHde NOJNYTOPHBX OKHCIOB,
IlpoBenedHble HaMH HCCII€OBAHMY HA TEPPHTOPHE IBHHEH NoKasaid,
YTO /IaTePUTHl — BTO He TO/BKO OCTATOYHHEe ob6pasopaHud, CHOpPMHpPO-~
BaHHBle B peay/bTare BBIHOCA NOABHXKHBIX 2J/eMeHTOB ¥ KpeMHe3eMa B
YCIIOBHAX KHCIIOH Cpeabl M CBA3aHHOIO C 9THM OTHOCHTENILHOI'® obora-
WeHud MPOAYKTOR BHIBETPUBAHNA MANONOABIKHEIMK a/IeMeHTaMu, Jla—-
TEPHTH - 2T0 I'eTeporeHHbie ofpasopalus, A8 KOTOPHX XapaxkTepeH
abcomoTHEIE MPEBHOC NOMYTOPHBIX OKUCIOB B S0HY BhiBerpupaHus [10],
Ilpu @»ToM oforamenne NpoQuiA BHIBETPHBAHUS MAJVIONOABIKHEIMY 2I16—
‘MEHTaMH fBIFeTCd MaKCHMANbHBIM B BEPXHHX I'OPH30HTAX H MHHHMAJ b=
HBIM = B HIDKHUX [4], 4To CBHOETenbCTBYeT O MHIDAUHH TPHHOCHMOTIO
BellecTBa CBepXy BHH3, a4 He CHH3y BeepX, OTKyaa Xe NpPUBHOCATCH
STH MAONOABIDKHLIE 2MIEMEHTH M B KAKWX YCNOBEAX OHM CTAHOBATCH
TIOABWAKHEIMY ?

ITprunsel MOBHIHAAUMA 3HAYHTE/ILHEIX KOIMYECTB IIOYTOPHBIX OKHC=
JI0B KpolOTCH B TOH NeoXMMHYECKOlH ob6CTaHOBKe, a HMEHHO B KHCIIOM ee
XapakTepe, KoTopas INoAAepXHBaeTcd B TEYEHHe BCel'o rofa B Ipenenax
BII&XHBIX TPOMHYecKuX capaHH, Kak mokasaHo B npmiaraemo#t rabnuue,
pH nopgseMHBIX BO B 9THX YCIOBHAX omyckaercd ao 3,5, [lpu aroMm
naubosiee KHCibie YCNOBHR BCTPEYAOTCH B IpPeAeliax CaMor'c BepXHEero
NoYBEeHHOTO TI'OpH3oHTa, MaBecTHo, WTo Tponuyeckue deppuToBHE, dep-
panuTHble H A/UIHTHBIE TOYBHI OT/IHYAIOTCH BBICOKOH KHCIOTHOCTbW (pH=
=3,5 - 5,0) ¥ NoSTOMYy XapAKTepHaylwTcs 3HAYHTEeNbHOH BbiIesoYeH—
HocTeio [17]. HerpygHo BHAeTH, YTO KHC/IOTHOCTHL IMOYB AOCTHrAeT KAK
paza Tolo npefela, Koraa NOABMKHEIMU CTAHOBATCH TAKHe MHEpTHHIE
QeMenThl, Kax amoMuHsii ¥ oKNTuoe Weneso, llocnganse ySeadTenbHo
[OKA38HO HE TOTBKG NGHesbIMH Habmogenmamu [13, 14, 3],Ho # skc-
HepuMeHTanbHEME HecnenoBadmsaMu [16], VMeHHo B BBICOKOH KHCIOT—
HOCTH CcOoblecTBa TPONHYECKHX IOYE HAA0 KCKATbh NPHYHHBI OTHOCH=~
TeNLHO BBICOKOH NOABHXHOCTH MHOIHX S/IEMEHTOB~IHAPOJIM3AaTOB,

Takmvu ofpasoM, aTMocthepHble ocagkd, Nonafast B IMOYBeHHBIH Copu-
30HT, CTAHOBATCH KHUCHBMH BCNSACTBYE PacTBOpPeHus yrosibHo#k ¥ dac—
THYHO APYTCHX OPraHmdecKHX KHCMor, OTH KHCIBle DACTBODH! oboraila—
oTcd B ToH miu HHOH CTeleHH He TONNbKO IOABIXHBIMH 37IeMeHTaMH, Ho
¥ ManoloABIDKHLEIMH M 9TO NOKA3AHO CIeUHANBHEIMH aHamusamu soa [7].
[lepeMermnasict 3aTeM B 30HY BHIBETPHBAHMA IIOPOA, HNOAIEMHBIE BOLI
BBUAY HEKOTOpPOI'o MOBblUeHns 3HadeHu#t pH W oxucneHuws opraHoMuHE-
PATILHEIX ECMIVIEKCOB OCAXAAIT HacTh MANONOABMKHLIX ONEMEeHTOR, B
[MepByi0 oyepenb, Xejledo W amoMHHui B ¢opMe I'MAPOOKHCHBIX COeOHHE-
Hui, Adpyras 4acTk PTHX 2/I6MeHTOB BBHOCHTCH TDYHTOEBIMY BOAAMHE B
o6acTh HX Pasrpy3KH (HWKHHEe CKIOHB! AONEH) M TaM OCe[aeT Mo IpH-
YHHe TeX )Ke OKHCIHTEe/BLHBIX NpoHeccoB, B cyxyw wacTk roga ofpazo-
paBwecd CHAPOOKHCHLI Hoa BO3AEHCTBHEM NMOBBIUGHHOH TeMIeparypel
4ACTHYHO TepdioT BOAY ¥, NepeKpucTannusydch, o6paaywr CopHaonT
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TAK HasbiBaeMO# Kupachl, UMewlell IeTeporeHHbIl COCTAB U OTINYAI—
me#cs BRICOKOH NPOYHOCTEW Kapkaca, BosHMKHOBeHHEe KHupack! Npeao—
XpaHAeT HIDKellexaiiie IOpH30HTH KOpbi BRIBETDHBAHHA OT MeXaAHHIECKO=
o paspywieHns GYpPHBIMH TPONMYECKMMM JIMBHAMH H CHOCOGCTBYET yBe—
JIMYEHH WX MOUHOCTH BClleacTbBue Hporpeccupyouenro passuTHd nponec=—
COP BHIBETPMBAHHH KOPEHHBIX Iopon.

Onnako, C ApYroi CTOPOHBI, BOSHUKHOBEHHE KHPACH! H3OIMPYET NCYBY
OT KOPEHHBIX IOpOMd. HOSTOMY ouyBa, JMHUWHBWHCE HCTOYHHEKA CBOEIC Iii=
TaHuA, TepaeT CNOCOBHOCTh K CAMOPASBHTHIO H NHOCTENEHHO Aerpamupy-
€T, 4TO IPHBOAHMT K 0OpPA30BAHMIO OIPOMHBIX, JIMUEHHEIX IIOYBBI, KHUPACH—
POBAHHEIX IIPOCTPAHCTB, Spozud NMOYBH JMUIAET KHPACY HCTOYHMKA ee
Pa3euTHA, a CllefoBaTellbHO, 3aKnagbiBaeT OCHOBBI ee paspyweHnsd, [lo-
CTelleHHO MeXaHHW4YeCcKoe H TellloBoe BOCﬂHEﬂCTBHe BOALI ¥ COJIHLA IpH=—
BOOHUT K pacKalpIBaHHX MOHOJIMTHOI'O naHuipd Ha oTAaelIbHble KyCKH,
KoTopble MERIeHHO CIoN3aiT B IOHMWKeHHBIe MecTa penbeda M peKaMmu
nepeHocsiTca B GaccefiHbl ceauMmeHTanuu, O6HAXUBUIRECS [OPONE], Bbi—
BeTpuBadch, 0alT HA4Yallo HOBOMY UHKITY PasBUTHUS JATePUTHOTO opo—
necca., UMKIHIHOCTEL — OAMH U3 (yHOAMEHTANLHEIX 34KOHOB I'eQlioTHH,
MPOABIIeTCH HCKMOYWHTENBHO YeTKO M B gBJIeHHSX JIATeDHTH3ALHH
[8, 9]. '

AHaNK3 IMEVIHXCE MarepuaiioB Mo3Bo/eT YTBEpKAATh, 4TO flate—
PHTH TIPeOCTABNANT cOOCH MPOAYKT ABYX IIDPOTHBOIGIOMHO=HAIPABIEHHBIX
npoueccoB: 1) BbHOCA THOABINKHBIX S/€MEHTOB, H KPEMHHS, ¢ KOTOpPbIM
CBfi3aHo yMEHLUIeHNE INIOTHOCTH BhIBETPHBAWLMXCH Iopod; 2) OPHBHOCA
B 30HY BHIBETDPHBAHMHA C IPYHTOBBIMH BoAaMH MaJIOTIONBIKHBIX B OOBLIYHBIX
YCIOBHAX 2VIEMEHTOB=THAPOIH3aTOB, YTO BeHeT K YBeNHYEHHIO IVIOTHOCTH
nopoasl. COOTHOWEHHE MeXAy OByMS HasBaHHBIMH MpOUECCAMH H3MeHTeT—
cql He TO/IbKO C TUIyGHHOH 30HLI BEIBETDHBAHMS, HO W B IJIaHe M SBISET—
ce TO9TOMY PasfMYHBIM Ha BoAOpasfenax, cK/IoHax U JoflnHaxX pek, Bce
TO ¥ ONpeAeisieT To Sonblloe pasHoobpasue JaTePUTHHIX o6pasopanuii,
KOTOpOE O6BIYHO BREMIBIIMETCH IPHM JeTaNbHHX HCCIefoBaHuiX M KOTopoe
B JAHHOM CJyyae Mbl, K COX&/ISHHIO, He MOMeM PacCMoTpeTh,

1 mocnepnuu#ft Bompoc, Ha KOTOPOM HaM XOTeNlOCh aKIEHTHPOBATEL BHU—
MaHnue HccllefloBarteliell, Kacaercd BOSMOXHOCTEH COBPEMEHHOH /TBTEepPHTH~
samyy TOPHBIX Topon. MaydeHue Xapakrepa INeOXHMHYECKHX YCTOBHH, Cy—
WEeCTBYWOIHX B TPoNMYECKUMX ofnacTax B HacTodllee BpeMs, NoOKashiBaeT,
yro ‘Haubonee OrarcnpudaTHEIe ycloBHd niig obpasopaHusl NaTepUToB Cy-—
MEeCTBYIOT B TPONHIeCKHX caBaHHaX, r'ae uMmeercs Gofibuioe KOAHYEeCTBO
ocagKoB, BbICOKas GuojlorMyeckas IPOAYKTHBHOCTE JAHAWA(GTOB H MHTEH=
CHBHa# MHHepalH3anus OpraHmdecKor'o BeuecTbBa NpH Graarolpus THOM
coYeTaHHKH XapakTepa TMOACTWIAWIIMX IOpoa, Pefbeéda M TEKTOHMYECKHX
ycrnoeuit, B sroM cnyuae coBpeMeHnble aTepHThH GeaycnoBHO (GopMHpPY-—
oTCH H @CTh MHOTo gokasarenscrs aroMmy [10]. B 1o xe ppemst pac—
YeThl IIOKasbiBaloT, 4YTO Ha ¢oHe GOMBUMX CKOpOCTel BBIBETPHBAHNS B
TPOMHYECKHX CTPaHaX IpoleccH JAaTEpUTU3AlMU PasBHBAIOTCE Kpaiiie
MeuileHHo, Beero nmubk 5 ~ 10 mM/Thic net, Cnefompartenbho, obpazo—
BaHpe Xophl MommocTblo 10 M Tpefyer oipeska ppemend B 1 - 2min,
Jger, a 30 M “(uTo BCTpewaerca Hepenko) — 5-10mmger, C yuerom
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MeXaHHYecKoH 2poauM, KoTopas B ToOH MIM HMHOM Mepe NPOMCXOOMT, NpH-—
BoAMMBIe I IpPHl [IO/KHBEI GBITH eule yBemwueHbl, EcTecrBenHo, uTo B
Te4YeHHe BCero 3TOr'o BpeMeHH o06/acTh GOKCHTOOOpA30BaHHS OOIDKHA
ocTaBarThbCcsl KpadHe NacCHBHOH B TeKTOHHYECKOM OTHOLIEHHH.

HeoGeruo Gonbuias pacTAHYTOCTE BO BpeMeHH TIPOLECCOB 1aTepHTH—
3auuH Iopoa H IIPUBOAMT K BO3HHKHOBEHHW CIIOPOB OTHOCHTEIIBHO BO3=~
pacta aTHX ofpasoBaHH M OTPHHAHMA HEKOTOPBIMH HCClIefoBaTelIIMH
BO3MOXHOCTH COBPEMEHHOI'O /IaTEePHTHOI'O BbiBeTPHBAHHA T'OPHBIX IIOPOA
naxe B YCIOBHAX TPOMMMECKUX CaBaHH,

ABSTRACT

The laterites are the product of two opposite processes: outflux of mobile
(soluble) elements and ‘silica and influx by groundwaters to weathering zone
hardly soluble elements-hydrolizates. Relationships between that two pro-
cesses in the soil profile and plane are a cause of a variety of laterite
formation.
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C. B. BPAH/IT, B. H. BOPHCOB, B. C. JIEIINH, H. C. IOMOHOCOB,
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B. H. CONOJAHKUHA

M30TOMHLIE OTHOIMEHHAA CTPOHIIUA Srb7/Srse
B HEKOTOPBIX IIPMPOJIHBIX BOOAX CHBUPH

Cyns mo uucny mybnukanwii B Mupoeolt nureparype [(1,2], maoromnus
CTPOHUMSl 3aBOEBLIBAET Bce Gonbllee YHC/Io CTOPOHHHKOB M- obnacrtei
npuMeHeHuss, Tor ¢akT, YTO HIBOTOMHEIA COCTAR CTPOHUHA B BOJAX 3a—
BHCHUT OT TNPOAO/IKUTE/LHOCTH H HMHTE@HCHBHOCTH KOHTAKTA C BMEIAlouH—
MH TIOpOoAaMH, COAEpPXKAaImHMH pyOoHMauM# M ctpoHnui, MoxeT GHITh MOJIOXEeH
B OCHOBY IIPOCTBIX Mon.eneﬁ, CIIOCOGHHX OAaThk OTBET Ha BOIIPOC O I'eHe=-
3uce M NMyTAX MHUIPALMH BOA H BMeEWIAOMKX IOPOA.

B reoxummun- H30TONOB CTPOHUHS YCTAHOBJICH ps[ 3HAYeHu#M, KoTopble
MOXHO CYHTaTh HagexHbMH, K HUM oTHOCHTCA MHHHMANILHO BO3MOXHOE
B TIpHpO/e 3HAaYeHHe 51871/Sr86, XapakTepHoe /1 INepBHYHOT'O CTPOHIHUS
(rak HaswmBaemoe BABI) - 0,69899, lNo-BuauMOMY, CTPOHUMM, pac—
TBOPEHHBI B THIOTeTHYecKo# OBeHHnbHOW Bone, BIepBbIe . NOCTYNUBUIEH
B KPyroBOpPOT NPHPOOHEIX BOA M BhleneHHoH rpyOuHHON# marmoi, nonxen
6B BB HMeThb 8:3)7?/5:8%. 6muakoe k BABI. BxoxneHHe e 10BEHHTb-
HOH BOABI B KadecTBe IPHMMECH K Bano3HOH, NO/MKHO COOTBETCTBEHHO
CHIDKATb Sr87/SxBér nocnenHei,

Crnenywieit xapakTepHoll BejuduHol, obiapatwoumeil ynup _}‘eanbIM no—
cToAHCTBOM B npenenax 00,7087 - 00,7095, apnaercd Sl“él /St86 g
BOAE BCeX Mopeill M OKeaHOB., JTO CBHAETENLCTEBYET O AEHCTBHH HaOeX-—
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HOI'C €eCTeCTBEeHHOI'O MeXaHH3M&a ITepeMetuiHBaHHA . BJIHSOCTB H30TOIMHOIO
OTHOWEHHA CTPOHUMA Kako#-ubGo mpupogHod BoABl JaHHOMY SHaUYEHUW
MOMET CYHTATHCH NPHSHAKOM €€ MOPCKOT'o NpoMcxoxpaeHud., MoxHo
HasBATL eme pan xapakrepHbix smawenmit 87586 mo merpomormsec-
KAM M BO3pacTHbIM mpuszakaMm (7], [Tockoibky B NpMpofe He CyIIECT-
ByeT rasoo0pa3HblX coefuHeHUH CTpoOHUMA M, KpoMe TOI'0, KOpeHb
KBAOPATHEI M3 OTHOIUIEHHS MAaccoBhIX 4yucen 87 u 86 Mano ornudaercd
or epmumnsl (~ 1,005), ciienyer oxuparb, YTO TepMOAMHAMHYECKHE H
KHHeMaTHJYecKkHe s(deKTh! (paKuHOHHPOBAHHA H30TONOB CTPOHUMA OyOyT
npeHeGpexurensHo MainbmMu, [leficTBuTeNbHO, B IpHpoae NpeobiagawT
Tpolecchl CMellleHns CTPOHIMA pasjudHoro I'eHeauca,

OnuiT M30TONEM B I'EOXPOHOMETPHH NPMMEHHTENbHO K OOBeKTaM 3eM-
HOT'0, JIYHHOT'O M METEOPHTHOI'O NPOMCXOXASHHs HECOMHEHHO CBHeTellb—
cTByeT o6 OTHOCHTE/BHOH 3aMKHYTOCTH PAJHOXHMHYECKHX CHCTEM pPYy=
6uani - CcTpoHUMI B NpHpone, OCoOGEHHO B CPABHEHHMH C CHCTeMaMH Ka-
i - aprod, Tem He MeHee, H cTpoHumii B FOPHHIX MOpPOAAaX, B H3BE~
CTHOH Mepe, MoaBepXeH BIMAHML MeramMoppuama. HaeectHo [4], uro
TpH HM30XHMHYECKOM MEeTaMOpPpHYeCKOM COGBITHH HM30TONMHBIN cocTas
CTPOHIES BO BCeX MHHEpa/lbHBIX dpasax IopHBIX Hopop SapHueHTPHYECKH
BhipaBHHBaeTCHd, B OTKPHITHIX CHCTeMaX, NPH XHMHYeCKOH 2poa3HH Topon,
BOAEl NpeHMYILIECTEEHHO BHINEIaYHBAIOT M3 HUX CTPOHIMH, II0 cpaBHEHHIO
c pybunmem [3,5]. :

Takum obpasoM, MOXHO OXHMAATb, 4YTO INOTOKH BAfO3HHIX BOA, OMBbi
Bagd B IPOLIECCE eCTEeCTBEeHHON UMPKYISaUMM HEKYy IaMMy TOpPHBIX o=
pon, ByayT aCCHMHIMPOBATEH M3 HHMX CTPOHUHHA DPa3iUYHOI'O M30TOIHOIO
cocrdsa, CleioBaTe/IbHO, M3OTOMHEIH COCTAB CTPOHUMS B KOHIE UHMPKY—
mHuuY 6yAeT MMeTh YCPejHEeHHOE 3Ha4YeHHe, OTpaxaillee NeTPOXHMHYecC—
K¥e OocoOeHHOCTH IIopofd, BMelawmuX BoaHble NoTokH, Ma ckasanHOTO
MorydecKd clenyeT, YTO HauboIbued HMHAMBHAYANBHOCTH CIIeAyeT OXH~-
OAaTh B SHAYEHMAX sr37/s|36 VI MCTOYHHKOB, CKBAXMH, 3aXOPOHEHHEIX
zion, Menbuwell ana pex, emie MeHbweH AN 03€p U, HAKOHEll, MHPOBOH
okeaH oGoflaeTr, MHTEerPHPYEeT BCW IeOXHMMHYECKY HCTOPHIO CTPOHIHG
co BpeMeHH o6ocobiieHHs oKeaHa M MaTepHKOB,

HOna rpadoanamuruueckoll popmanusanuy 'UAPOTEOXMMHH U30TOINOB
CTPOHUHA Lenecoofpas3Ho BoOCHOIL30Barscd anarpammoit KommncroHa u
[xedbepu [4], Ha dur, 1 mo opauHaTe OTIOXEHO BPEMS, OTCYHTHIBAE=
MOe OT COBPeMeHHOCTH B Npouyioe (BoapacT), a o abcuucce -
Sr87/8r86 B cooreercTBy0OmEX OBBeKTaX. IIyCTh B MPOMSBOJLHBIA Ha-—
yanbHelf MoMeHT Ty INpousowna kKoHco/HpalMs Hekoell MHTepecyloued
HAC CHMCTeMHl (HampuMep, 3eMHOM KOphl), COCToSilledl M3 HECKOIbKHX
da3, 1 - 4, ¥ oTnIHUAMMXCH Mex1y coboif pas/iMYHBIM ConepKaHueM
paauoaxTHBHOIO py6Hana-87, Cucrema yHacllefoBalla OT NPOIIIOro
Hekull nHauanbHb# coctap crpoHmmst (Sr87/Sr86) u B mpouecce cymect~
BOBAHMS CHCTEeMBbI, POANBUWEHCE B MOMeHT 1y, B pasax 6Gyner mpoHcxo—
[MTE HAKOIUIEHHE PANMOTEHHOr® CTPoHuMA-87 M ypemmenne Sr87/Sr86,
B cuny Manoff penu4MHB! NMOCTOAHHOM paguoakFPUBHOI'O pacrnafga pyGu-
hua-87, sakoH uameHenus SrB87/Sr86 MoxHO cuuTaTh NUHEHHBIM, B
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Maciirafax reojlorgdeckoro speMenu, Ecim, Ha npuMepe Hawero rpadu—
xa, pybuanii B pase 1 oTcyrcTeByer (anaTHThl, KapOOHATHTE], Iario—
K/la3bl), TO CTpPOHUMEBOE OTHOWEHHe OCTaeTcsd BO BPEMEHH MOCTOSHHBIM
¥ paBHBIM (Sr87/Sr86)u' B pasax xe 2 = 4 pagWoreHHBIl CTPOH~
wii-87 6yner HakKannMeBaThcs CO CKOPOCTHIO, NMPOYOPUHOHANBHOH  KOH—
LeHTpauun pybuaua-87 B HuX,

[ng onpepeneHusa NPEANOIOXHM TeNepb, YTo B MOMeHT T Ipou=-
30UI0 HCXofHOEe MI0XHMHYeCcKoe MeTramoppuyeckoe cobbITHe, MoOryliee
CTyXHThb QA HAC YCJOBHO HadaloM OTCHETa Bo3pacTa MHPOBOI'O OKea—
na, Ilycre B moment Ty ob6pasoBanuck HoBble dasbl 5 — & u mpu sTOM
H30TOIHBIA cocTaB B HHUX, no runorese Kowmmcrona u [lxebbepu, Gapu-
LEHTPHYIECKH BBIPOBHSICS H cran papnbM (Sr87/S186).  [anvmeiimas
2BOIONHSA MBOTONHON'O COCTABA CTROHIMS IpoMCXoouna No hpamsm ab...,
ae. Ecnu nmpennonoxurs, 4To dpasa 5 obenHeHa DPyOHAMEM, aHAIOIMY—
HO dase 1, To HM3OTOIHBIL cOoCTAB CTPOHUMS B HEH, HCIBITAB CKa4YKO-
ofpasHoe W3MEeHEeHHe B MOMEHT TO, ocraeTcd B JallbHeluleM HeH3—
memnbm. Sr87/5r86 B pasax 6-8 Gynyr mapacrarh TO NPAMBLIM

ac.,. ae.
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Ecnu Hekuit BooHBIA TOTOK B TeueHHe BpeMeHHM uupkymsuun 87T, Ma=—
JIOr'0 B CPaBHEHHH C TO’ oMEIBaeT ¢asbl 5~8, TO H30TONHHI cocTap
pacTBOPUMOI'C B HeM CTPOHINS, KaK yxe TOBOpWIH, OyAST COOTBETCTBO~
BaTh CMeCH cocTaBob b..e. [lng omnpepeiileHHOCTH NpPenroO¥KuM, HUTO
CMeChb COCTaBoB GYAeT COOTBETCTBOBATHL NPOEKUHHM UeHTpa TaxecTH P
nonocku be x §T.

B MupoBoM oKeaHe M3OTONHBI CoCTaB ByneT oNpenensiThCH CPeaHMM
3HAYEeHUEeM [EHTPOB THMXEeCTH BCeX TaKuX IIOJIOCOK, OT TO po T=0, mnm,
HMHBIMH CIIOBAMH, TpoeKuHeil  meHTpa Tsikectu Q sawTpuxoBaHHOrO *
TpeyronebHuka  abe. :

B Bopoeme {ozepe), ¥MmelolleM Kak TPUTOK, Tak U CTOK, KOTOPHIe
ofycnoBnuBaloT Bpemst sapgepxku Boa AT, U30TOIMHEIE COCTaB OOIKEH
COOTBETCTBOBAThH LUEHTPY TaxecTd R tpaneuuu befg-

Ha moctpoenns pHc, 1 BHAHO, 4To B MoGOH MOMEHT BpeMeHH bq <
<br<bp. Vmemu crnomamu, pocr Sr87/Sr86 mope#r u osep orcraer or
TAKOBOI'O B PeKax,

Kpome toro, BHAHO, YTO CO BpeMeHeM CTPOHmHI BO BCeX BOOAX MO=—
HeT TONBKO yTraxenarbed., OpauHarhkl touex PQR pawT BoaMOXHOCTH
COIIOCTABHTEL "BO3pacThl” OTAENLHEBEIX THIIOB BO/.

Hamu 6bUIO NPeANpPHHATO IKCHEPUMEHTANLHOE OoNpefeiieHHe H3QTOM~
HOoT'o cocrapa cTpoHlmA B ~Bogax CHGUpH.

HaoTomuelif cocTap CTPOHHMHA MaMepsycd Ha Macc-chekTpoMerpe MU
1305 mMeromoMm KoMIIEHCAUMM C IocieAywilelt xoppenduueir mo obueco~-
0ZHOMY CTAaHAAPTY SrCOB:'!O C COOTHOWEHHEeM Sr87/Sr86=0,7096.
Brinenedne CTPOHIHA NPOBOAMIOCL HA KOJOHKaX Co CcMoioil AMOepinuTt
Gg — 1205800 mew, 3monpoBaHHBI CTPOHUMA NePEBOAMICH B A30THO—
KHCITylo GopMy ¥ HaHOCWICH HA PEeHHeBYIO JeHTY O[HOHHTHEBOT'O HOHHO—
I'O MCTOYHMKA. X

OKclepuMeHTANTEHEle ollpefellenuda cBeneHsl B Tabi, 1 M comocrasie—
Hbl C H3BECTHBIMH penepHbIMU 3HauyeHumamu [7] Ha ¢mr. 2. B ocHoBHOM,
namepennste Sr87/5r86 coorpercrmylor oxmmaeMbiM H ykinanrBaloTcs B
cucTeMatuky our. 1.

B npepenax TOYHOCTH H3MEpeHMH MOXHO NPOBECTH HNAPAIISNH C BO=
namu Kanagckoro wmuTa. [IpanazoH H3MEHEHHA BeMdYMH M HX COOT-
HOUIeHHA IIPAMEpPHO OQMHAKOBBIE.

MrTepecHo oTMeTHTh, 4To Sr87 /Sr36 B POfie HalleTo YHUKAIBHOTO
sakpeiTOro Bomoema — Kacmuiickoro mMops — HECKONbLKO BBIIE, 4YeM Y
Mupoporo okeana -— 0,7103, Hsoromoe orxowenne cTpoHnus B B.Co~-
nenoM oaepe, [0ra, ClIA, ozepax Bepxuem u [xkopax, KaHapa cyuect=-
BEHHO BB OKeaHckoro, OTHOCHTe/BHO . IOBLIIEHHOTO YPOBHA H30TOI-
HOTO OTHOWEHWS B STHX 03epaXx B HACTOAllee BpeMs MOXKHO CTPOUTH
muue noranky (OpeBwmit BO3pacT, clienMguka cocTapa INOCTYHAWMHUX BOI
u op.). C apyro#t cropoHel TepMaibHble Boabl McmaHouuM HMeWOT HU3KOE
ortHoweHue -~ 0,704, coryacywueecss ¢ COCTABOM CTPOHNMA B Gasallb—
rax Henanpuu, Sr87/8:86 e mporoutoro oa; Baikan amanormiko 3ua—
YeHHSAM 4 APYTHX NPEeCHOBOAHBIX o3ep H CyulecTBEHHO IIpeBblulaer
oTHolleHHe nOnsg Mupoeoro okeaHa, Bce 3aro cooTBercrByer cxeme

2 e U
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Ta6nuna

[anuble H3MepeHHs] H3OTOIMHOI'O COCTaBa CTPOHUHA B BOoAax

MecToHaxoxaeHHe BOM Munepamie:| i o /¢ 1 SeB7 /5080
sauud, rr/n
IllapramkyT (rpasurs) 0,26 8,0 0,7184
Hunopa mycthib (rpaHurbl-6asansThl) 1,10 15,0 0,7160
[apwa (rpauuTsr) 0,50 6,2 0,7140
Llymax (xapGoHaThI) 1,30 6,0 0,7130
XKemuyr (rpauuTh!) 1,20 5,0 00,7121
Hurarenesckuit (rpasurs) 1,80 2,5 0;7110

Pacconb! xmopuaHble HATPHEBO—KAIlb=—
uuenble (paiion pexu H, Tyurycka)

2 (ckpaxmpna) 350 0,32 00,7160

3 (crpaxuHa) 8.76 0,19° 0,7178

6 (poamnx) 0,88 0,7110

8 (crBaxwuza) 631 0,02 00,7187

15 (pononuk) 87,5 1,0 0,7114
39 (ckBaxuHa) - 0,39 0,7158
42 (ckBaxuHa) 318 0,68 07132
45 (ckeaxmHa) - 0,26 07168
48 (popmux) 87,5 0,60 0,7139
60 (ponnmx) 7,24 0,49 00,7129
66 (cxmaxmuna) - 0,78 '0,7131
69 (cxkeaxuHa) 4,22 0,37 0,7124
CT-1 (ckpaxuua) 319 0,33 0,7123
Kacunitckoe Mope (paiion Maxauxassi) - - 0,7103
Qa, Baiixan - - 0,7129

Hckonaemsblii men (pa#ion pexkn H, Tyn- 0,08 0,33 0,7130
rycka)

HNpumMm eqamm. b .D.aaub:e nocnepHell KONOHKH HOPMANH30BaHB! IO OT—
HOUIEHHW Sr /Sr =0,1194,
2. OpgHocuI'MOBHIH HHTEpBall NOIPEewHOCTH BCeX uamepennﬁ St 87/ Sr86
pasen 0,0007,

To, ;4T0 BOABI HeCYT MHpOPMAaUU® O NMOpoAax, C KOTOPhIMH OHH KOH=-
TAKTHPYIOT, MOXHO IPOBEPHThL Ha NMpuMepe ruaporepM, Ha $ur.3 mpu-
BedeHbl M30TOIHBIE COCTAB CTPOHHMHA M COMdepXAaHWe HOHOB Xjopa B 6
npoaHalli3NpoBaHHBIX Npobax, [ns YeThipeX M3 HUX BMEAIEMH HOPO—
gaMy SBNAIOTCS TPAHUTHl, [V ONHOH ~ I'paHUTH H 6asanbThl U eme g
onHoO#l — KapOoHartbl, ITocKONMBKY KOHUEHTpauud M H3OTONHBIK cCoCTap CBA—
3aHbl Mexay coboif runepbo/iMyeckod 3aBHCHMOCTEIO, TO HA PHCYHKe A
WuTOCTpanun npuBenena rumepbonma Y = 0,004/ -0,71, Mu Bupmm, uTO
SKCHEPHMEHTAIILHBIe AaHHble, HCK/TIOMAS THAPOKaDPOOHATHBIH HCTOUHHK,
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$ur, 2. CpaBHHTENBLHAA CXE= s;-s'i/sl.aﬁ
Ma H30TONMHONo cocTapa CTPOH=- gyfa 0715 q720
U B HEeKOTophix o6bekTax Cu-— £ §

Oupu ¥ Kananw
—_— e

Lupsi Ha durype: 1 - Mu— — 7 ¥/
poBoii OkeaH; ¢ - 03.Bepxuee 3 .
Kanana; 3 = ‘03, Dopnx, Kanana; S ¥y o |9
4 - oaz.Bombuoe concros, CHA; N . ¥
5 - oa.bonnefi, Aurapkruna; 5 - 1|40 726- -~
6 -~ pexku u ozepa Kamapckoro % ol7
muTa; /7 = Kacmnuiickoe mope; § 46
8 - oo.Baiikam; 9 - nckomaemem L T4
nen, Hoxuss Tysrycka; 10 = rub- 3 s r s J L e |0
potepmil Bailkanpckoit pHdTOBOM E 4oc o% ‘[o dr of o|7
aomn;; 11 - uckonaembie pacco-— T e
nei, Huwuaas TyHrycka a7to ; Q715 6,720

He NpoTHBOpeyar ruinepbonmdeckoit saebucuMmocTd [ 6], 3To mosBoiser
TPeNoJIOXUTE, YTO M3OTONHBIH COCTAB CTPOHHMS (GOPMHPOBAJICH IO pe—
wanmyM BO3AeHCTBHEM ABYX peNepoB, CHILHO OT/IHYAWWIMXCH IO comep—
XaHHIO X7opa M H3OTONMHOMY COCTaBy cTpoHuus. Pemep C BHICOKMM coO—
AemKaHHeM Xjopa HMeeT HU3Koe Sr 7/Sr86 (menee 0,711) u, HaoBo—
PoT, pgllep C HH3KHM COAEDXKAHHEM X/Iopa XapaKTepH3yeTcsl BHICOKHM
otnomennem Sr87/St86  (Gonee 0,718), Takumu pemepams MOTYT GHITEH
"1oBenmnenas Boga”, comepxamas HCl wu otHocureneno Mamoe kommie-
CTBO CTPOHIMS C HHSKMM (BasanbToBEIM MIM MAaHTHEHBIM) OTHOWEHHEM
Sr87 /5,86 u semuenaumpaemsii sroif Boxol rpamur. IlpH sToM Bo Boex
aHaM3UpPOBaHHBIX mNpobax mpeoblagaeT TIpaHUTHad —COCTaB/AOLIAs
CTPOHUEA.

TepManbHBli yraekuciblii ucroysuk “lllymax” ceasan c kapGoHaTHBI-
MM mopopamu, Touka, oTBedaiomas sTOMY HCTOYHHKY Ha ¢mr. 3, Haxo-
AMTCH SHAYHTEALHO HIDKe APYTHX, YTO XapakKTepHo gm BRIIETAYMBAH U
M3 KapboHaTHHIX TMopoa. [loBbnueHHas BelawuuHA S8 / Se8 B 2ToH Iipo~-
6e, Mo CPABHEHHW C MOPCKHMH KapGoHaTaMi, CBHOETe/lbCTBYeT O TOM,
yro poabl mcroyHuka "lllymak” He uabexanu KOHTAKTa C I'DAHHUTaMH,
Ecnn npennofiokHTh, 4YTO NPH KOHTAKTe C KapOOHATHBIME MHOpPOAaMH
HpoH3QUNIO NporopuHoHanbHoe cHmkenuwe noneit Na um Cl, Tmo 6mmaocte
TOYeK, OTBedHalUMX HCTOYHHKAM, CBA3AHHBEIM C I'DAHHTAMH H KapGoHara-—
MH Ha Qur. 4, TAKKe CBHAETe/bCTBYET B NONL3Y NPHUCYTCTBHA B YIVie-
rMCNoM HCTOYHHKE T'PaHHTHOH cocraBisomel crpoHnust, Heobxonumem
apnaercd M BRIOpoc, HabmopnaeMBlif Ha 5TOM DPHCYHKe Al TOYKH, COOT-
peTCTByOWes MCTOYHHKY "Hmmosa mycTemb”, M3=3a BBHICOKOH BEIUE/I&~
gupaeMGoTH Na &3 6asanbToB,

[lis paccoioB XApaXTepHB! BEICOKAS KOHNEHTPAuMs M LJIHTebHOCTD
KOHTAaKTa ¢ ocajouyn MK TOPoAaMH. INosTomy TpyaoHo GBUIO OXHOATH
JeTKoll BaBHCHMOCTH Ha0To,THOTO cocTaBa SI B 3THX 3aXOPOHEHHBIX
pacconax oT MX XUMH4yecKoIl'o col 9Ba, ﬂ:‘ﬁCTBHTeanO, eciti CTpoHu KA

-
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CL, mz-anbfa : #Na/rCL

gt + AL
[ 5
o E
i 3 ¢
2t 2
0 1 Lk > - 1 .._T—i;—% a i 1 L 1 1 [ L L | 1 1
g 70 715 ?73{7 gq710 qrs 4720
sr87/sp 86 s»87/3p 88
bur.3 bur.5
#Na/rClL
dur. 3. 3aBHCHMOCTE MeXNy KOH=—
10 HeHTpaumvMeil XjIopa ¥ H3OTONHBEIM COC=

> TABOM CTDOHUMS B THIPOTEPMé/lb=

" HBIX HCTOYHHKax

dur. 4. 3aBUCHMOCTE MEXAY OT—

N
HOUWEHUAMHE :-_C? H Srs_"/SrB‘5

0’9 B I'HApOTepMallbHbIX HCTOYHHKAX
g2

dur. 5. 3§BHCHM0CT5 Me¥NY OTHO=

I
¥ Sl o e ——— 587/ $B80 B pac—
q, 770 Qs pe 6';72;5:5 -rCl
$r87/'$p88 conax pationa Hummeii Tynryckm

Qur.4 )

B HMX 0OYCIOBlleH PAacTBOpPeHHEM MOPCKHX KapGoHATOB, TO OTHOUEHHEe
Sr87/886 pomxuo coBnajaTh ¢ TAKOBBIME A OKeaH@, a MMEHHO
0,7093. OpgHako H3MEpeHHs] H3IOTONMHOI'O COCTaBa CTPOHUMA B paccolax
pafiona pexn Hipkueit Tynrycku onpoeeprnu raxolt mporHosa. @ur. 5
NMoKaswlBaeT, 4To ANd GonbUWHHCTBA PACCONOB CYUECTBYeT 34BHCHMOCTh
Mexay oTHoweHuaMH 1Na/rClu Sr87/8r86, BhIpasKaeMad NPAMON Jy—
Huelt, [TpuyeM B oT/IHYHe OT I'MOpOTepPMAllLHBIX HCTOYHHKOB SOECh Haw
Gmonaerca ofparHas 3ABHCHMOCTL MEXAY COOTBETCTBYWIIMMH Lapamer—
pamMH, O6BACHEHHe 3TOI'0 MHl HaXouM B NPEeANOICKEHHY ¢yliecTBOBAHHS
OByX penepos, OTBETCTBEHHEIX 3a COAEPXAaHWEe X/IODNL, HATDPMS, CTPOHIUA
H 334 M3OTOIHBLIY COCTaB NOC/IEAHEr0 B Pactiyax, OTH Derepbl NOIKHBI
Mallo OTIHYaThcHd IO OTHOWEHHY, rSr_,",C[, . HO60 TONLKO B aTOM Ciydae
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BO3MOXHO BHIpOXOEHHEe T'unepbonbl B mpaMy®, B To xe Bpems no uao—
TOMHOMY cocTaBy cTpoHmus u To pemmumde Na/rCl oHM [OMKHE! cHib~
HO OTiMYaThCHd., XOTH Takue penepbl NoKA He HAeHTHOMIMPOBAHBLI, HO
BecbMa BEepOfiTHO, YTO HMH SBIAIOTCH TPAHUTHI WIH CH/IMKATHBIE MBI
ApeBHero Mopd, C OAHOH CTOPOHBI, H MOPCKHE OCAao4YHBIe TMOPoabl, C
opyroi, [lepBble Morim o6GYCIOBHTH BBICOKHI H30TOIMEBIH COCTAB CTPOH—
nud ¥ HU3Koe oTHoweHue rNa/rCl,a Bropble “oKeaHMYeCKMi” H30TOIHEIHA
cocraB CTpoHuus ¥ oTHoweHHe rNa/rCl =1, [as Tpex paccoioB MOTy—
YeHO OTK/IOHeHHe OT NpAMOJIMHeHHO# 3aBHCHMMOCTH, Bpenenmem tperTbe—
I"O pernepa MOXHO OG’bBﬂl{HHTb 3TH pacco/ibl C OCTallbHBEIMH 3aKOHOM
pas3bapnedns,

ABTOpBI CTPEMWIHMCH TPHBENEHHBIMH NpHMEpaMH NMOKa3aThk BBICOKYO
MHGOPMATHBHOCTbL H3O0TOIHUH crpoﬁuuﬂ HpKMeHHTeﬂbHO X THOPOreoJIo=—
ru4ecKHM npobieMam,

ABSTRACT

A model of strontium evolution in waters is suggestedwhich is based on Comp—
ton’s and Jeffery’s diagram. Dataof the authors measurements of strontium isotopical
ratios in the Caspian Sea, the Baikal Lake, in hydrotherms of the Baikal

rift zone, in buried brined of the Lower Tunguska region and in fossil ice

are given. The transformation of the dispersed multitude of isotopic data

into a causal regularities is demonstrated. The connection between the
isotopic composition of strontium in waters and their chemical composi-

tion has been revealed. The analysis of mixing regularities allowed to
establish that strontium is in hydrothérmal sources a mixture of an aby-

ssal and a granite components.
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B. B. JOBPOBOJILCKHI

TEHE3UC U COEKTPOMETPHYECKHNA 3®OEKT
COPEHPOBAHHON OKHCH JKEJIE3A

BroreoxnMpdeckue HCCAeNOBaHHHA, NMPOBejeHHBEle aBTOPOM B 3KBATOPHAIIL—
HEIX obnacTdXx A(QpPHKH, MO3BOMWIM OLUEHHTHb KOJIMYECTBO Xejle3a,exe—
rofHo IocTynawimero B IMOYBYy C OTMHpawmed pacTHTeNlNbHOH maccoi,
[nsa BHICOKOTPABHEIX CABAHH M MYyCCOHHBIX JIeCOB, HMEIOWMX NBIUHL Tpa-
BAHON IIOKpPOB, r'ofoBas# NPOAYKTHBHOCTH PACTHTE/ILHOCTH COCTAaBEeT
100-150 n/ra, MuHmManbHas BeNUYHHA 30HAIBHOCTH TPABAHHCTOM
pacTHTENBHOCTH 2-3% OT Beca abcomoTHoM cyXxoit pacTurenbHo# Mac—
CHl yCTaHOBJIEHA HAMH [/ BBICOKOT'OPHBIX JIyI'OB, & [/ CaBaHH INIaTo
oTa BejMYuHa TPHMepHo BaBoe Gounbile, XHUMHYECKHH COCTAB 307l IpH-—
peneH B Tabn., 1, u3a Koropoll cleayer, 4To B GHOLEHO3AX XOPOWO YB—
NleaXHEeHHBIX caBaHH Ha KaX[Obli I'eKTap IUVIOWAAM IMOCTYIAeT eXeroaHo
xenesa He MeHee 3-6 kr B ofnacTn pacnpocTpaHeHHs MeTaMOphHYecKHX
¥ ocafoyHbX nmopoa H 10-25 kr B obnacTu addy3HBHEBIX . MIOPOA OCHOE~
HOT'O M IIeouHOI'c cocrtaeoB, Ecimu ydecTh, 4TO Tpomuyeckne GHOLEHOIH!
ONTHMATBLHOT'O YBIIOXHEHHS 3aHHMAT TeppHTopmo Gonee 1 Mapa. ra, ro
T'PaHAMO3HOCTE OBWXKEHHS Xefe3a o4YeBHOHA,

[ToyBooGpasoBaHue B STHX YCIOBHAX XapakTepH3yeTcd oNpedeileHHbl-
MK TeoXHMHYECKHMH IokalarenaMu, Bemumguna pH 6nuska x HeliTpanb-
Ho#i, uaMmensigchk or 5,8 go 7,4 B pasHoe Bpemd roga, B cocrape ry-
Myca npeofiafawT HeTWapolu3yeMble opraHHYeckue pemecTtBa (50~
80%), cpefH pacCTBOPMMBIX coefuHEHHH (yIBLBOKHCIAOTEHI Clabo AOMHHY-
PYOT Hag TYMHHOBBIMH, OTH yC/IoBHS G/IaronpHATHH 719 copOHpoBaHus
KATHOHOB MHHepanbHoH Maccoit, [lormoumeHHble KATHOHB! COCTABIAT 6o
nee 50% oT eMKOCTH IOIVIOLIEHHS ,

Ilpu 850-1500 MM armMocepHBIX OCAAKOB B I'of pacTHTElbHBIE
OCTATKH TIOJHOCTLIC paspyualwTcs, H Xelle3o ocBoboxpgaeTcd H3 MepT—
BOI'0 OpraHW4Yeckoro eemecTea. [Ipy H36LITOYHOM YBIAXHEHHH NPOLEcCh!
paspyweHuss PACTHTE/IBHBIX OCTATKOB IOAABIATCH H NPOHCXOONT Ha=—
xortenne topha. Kak BuaHo ua paHHBEIX Tabn, 1, xenesc He BBIHOCHTCH,
a aanepxuBaeTcss M akkymynupyerca B Topde. [lpu obumbHBIX arMochep—
HBIX ocagkaX {(okomo 2000 mm/Top ¥ Sonbie) oSpasyworc: B GolblIoM
KONMMUECTBe arpecCHpHHE (yNLBOKHCIOTH], cosgaeTcd KHMCAas Cpefs
(pH 5,0-4,0 xpyrqeii roa), NPOUCXOAHT SHEPIHMYHBLH BHIHOC KATHOHOB,
KoTopble o4YeHb ciiabo copbupyworcs (rabm, 2).

C ofiiacTbio aKTHBHOH GHOreoXuMudecko MoOWIHSALMH Xelle3a Cbs—
38HO WHPOKOe pacnpocTpaHeHHe KpacHOIBeTHBEIX obpasoBaHumil KalHo3od,
3ro nobynWwio aBTOpPa AETANLHO H3YYHMThH GopMBI HaXOXIEHHS Kejlesa B
ykasanuwx ofpaczopanuax, [lpu aToM 6GBlIo ofHapyxeHo, YTO OKHCh
Kelesza, Hapaay © H3BeCTHbIMH MHEHepalbHBIMH MDHH(;)HKE!IIHHMH, MoXeT
NMPHCYTCTBOBATE B 0COBOM COCTOSHUM, KOTOPOe CONPOBOXIAETCH MOTVIO—
IeHHeM CBEeTOBBIX BONMH B ANHMHHOBO/HOBOMH 4acTH CIieKTpa,

KonuqecToentoe oNpenelleHHe nReTa oCYeCTRIS/IoCh IpH TIOMOIIH
perucTpupyeMcero chexktpoporoMerpa tima Cd-14, CnextpodoTroMerpri-
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YeCKOMY MayYeHWW GbUIO MoaBeprHyTo Gontee 200 ofpaancs kaitHosok-
cKux KpacHousetob Epponeiicko#t wactu CCCP, PymMemuy, Bonrapuy,
Yexocnosakiu, lOrocnapun, Kenmu, Tansanam, Yrasabl, Bce usydenHble
ofpasubl ofmagawT oyeHb cilabbM oTpaXeHHeM CBeTa B KOPOTKOBOJHOBOMH
YacTH CIeKTpa, Ae NPOHCXOAHT NoryiomeHue Gonee 90% CBETOBBIX BOMH,
JAnuunoBonHOBasA 4HacTh CIEKTPa OTpaXaeTrcs 3HAYMTENLHO CHibHee, On-
HOBpeMeHHo ollpejelidniack mpeToBasd ¢opMyna Mo cHcTeMe Mancenna

¢ MOMOIIBI0 YCOBEPUIEHCTBOBAHHON cranpaptHo# wxaner [9]. [Momyuen—
Hble [AaHHBIe OTBeYalT xapakTepuctuke ot [0R mo 5 YR. Cre~

neHb ceBeTnocTH oT 4 po 6, gApKocTh uUBeTa BHICOKAas, oObuHO 3,
pexe 6. .

Cornacno paenaemM lllBeprMana u gp, [11], uBeTOBEHIE GOPMYIIBI OKHC—
HO-2KeJIe3UCTHIX MHHepanos cienyiomue: rétur 7,5 YR - 10 YRi;remarur
7,5R~ 2,5 YR; nemupokpoxur 5YR -~ 7,5 YR ; deppuruapur 5 YR -
7,5 YR. [IlpuBepeHuble NaHHble YKA3LIBAWT, 4TO OKPACKA KPACHONBETOB

He MoXeT 6bITk oOBICHEeHa IPHCYTCTBHEM Kakoro-jubGo olpeaeleHHoro
OKHCHO=XKEJIe3HCTOI'0 MHHepasa,

Ocwee copepxanne FejpU3 B kailinosolickux kpacHonserax CCCP
1 Oxuo#t Empons! cocraemser 7-8% [5,6], B kpacsouserax Tpommuec—
xofi Adpuku nocruraer 20 u paxe 25% [ 2]. Onuaxo aTiMu undpamu
Henbad OOBACHUTE NPUYMHY OKPACKH KpACHONBETHBIX OTaoXeHwd, Heko-
TOpbLIE INIeHCTOLEHOBLEIe CYTVIMHKH coaepXar Fe203 B YKa3aHHBLIX Ipe—
gernax, Ho He o6lafalT KpacHbIM IBETOM,

Ilna ycranoBleHHs HOCHTeNs OKpackyd apTopoM OBNI u3yd4eH cocrab
A CHeKTPOQOTOMeTPHYeCKad XapakTepHCTHKA OCHOBHBIX KOMIIOHEHTOB
KpacHouseTHBIX ofpasopanuit [3], Hecmorps Ha To, 4TO MHHepalbHELL
COCTap AaneppuTOBBIX ¥ NecYaHblX ¢paxnuit ofpasiocs us pasuHbiX pafioHos
oTnHYaeTcsd OYeHb CHIRHO, 9TO NOYTH He BIHAeT Ha okpacky, [Ipu co-
NIOCTaB/IEHHH CIHeKTPohOoTOMETPHYECKHX KPHBHIX HCXOOHBIX OOpASLOB H HMX
dpakuuit ICHO BHAHO, YTO OCOBGEHHOCTH OTDAXKEHMH CBETOBBIX BO/H H
IPKOCTH OKPACKH CBSI3aHbl He C OGJIOMOMHBIMH, 4 TOHKOAHNCII@PCHBIMH
komnoHenTamyu (bur. 1), IIHHHBIE BOMHB! OTPAXKAWOTCH YACTHHAMH Ha
20-30% 6Gonee MHTEHCHBHO, Y€M MeK0oOOIOMOYHBIMH,

CyumectByeT MHEHUE, YTO KpacHbf wiu Oypsil HBeT HEOl'eHOBHLIX U
eACTOLUEHOBRIX OTNoMEeHUH O0yCcloBneH NPUCYTCTBHEM HHAMBH/IY &ITH3H~
POBAHHBIX Kene3o~OKHCHBIX MHHEpAaloB, KOTopble MOXHO OOHApPYXHTH
cpedyd AalleBpHTOBHIX M TOHKOIIECHAHBIX KOMIIGHEHTOB [10]. Hawn pannsie
CBHOETE/ILCTBYIOT O TOM, YTO MoAoOHBIE CIIyYaHM cKopee SB/SI0TCS HC-
KMOYeHHeM, YeM MpaBuioM, AJNIeBpHTOBHIE M Hecuanble $paxuuyd IpHOG—
peTalT KpacHBI LBeT /Muwb Toraa, Korga ob/ioMoyHble 4ACTHHBI MOKPE-
Thl TOHKMMHK NIeHKaMK KpPacHOW TIIMHBI WIIH COCTOAT M3 NPOYHBIX arpera-
TOB TVIMHHCTEHIX YACTHIL,

OcHoBHBIM XpoMobopOM B KpaCHONBETHBIX OTJ/IOXEHHAX SIBISEeTCH
dpakupt wactun < 0,001 mm. Ha ocHoBanum MHOTOYHCIEHHBIX AHppak—
TOMETPHYECKHX aHAIM30B MOXHO 3aKmMoyHuTh, UTO dpaxuma <0,001 mm
glioXeHa MPeHMYLIeCTBeHHO INIMHHCTBIMH MHUHEpPaaMH THIA HecoBepuieH—
HOT'O KAoJMHHTA M MeTaramiyasura, CMeUaHoCHOWHBIX H IHAPOCITIOANCTBIX
MUHEpAaIoE, JTuM OCYCIOBNEHO 3HaYHTenbHoe copepmanue A1203 B Xi-
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Ta6nuua 1

Conepxanie XHMHYECKHX 2JIeMEHTOB B 307l PACTHTE/IBHOCTH H MepT

PacrurenbHocTh Si Al Fe P
3naxkoBelll TpaBAHOH NOKPOB HAa 30,91 85,867  B,80 0,80
JaBaXx OCHOBHOI'O cocTaBa, 1aH-

3aHHud

3naxoBblit TpapmHON NOKPoB Ha Me- 23,11 0,81 1,25 1,07
TamophuYeckuX MOpofax KHC/IOro
cocrama, Yraspa

Topthanoli FOPHIOHT TOPHHIX 37a- 10,48 18,97 14,57 0,59
KOBEIX JIyI'OB Ha JlaBpaX OCHOBHOI'O
cocraba, Kunumaumxapo, Tanaanus

3apocin manupyca, o3z, Anb6epr, 16,75 0,13 117 1,26
Yranpa

Topd sapocneii mamupyca, o3.Alk- 13,42 2,94 7,30 1,85
6epr, ¥YraHpa

MHUYEeCKHX -aHalnsax. }KQI‘!QBO ML YaCTHYHO BXOAKMT B COCTap INITHHHC=-
THIX MHHEpAJIoR,

Tak kaKk OUPPAKTOMETPHYECKHM AHAM30M HeNMb3d ONPe[e/MTh HeKPHC—
TANTHYECKHE (HOpME] Fe203, TO GonplICH HHTEpeC NPeacTaBlglOT Pe3yllib—
rathl aupdepeHnManbHOTO TepMuyeckoro aHanmuaa. Kpueble [OTA dpak-
urn <0,001 MM ¥MeOT XOpOWO BbIpaXeHHble NMHKHM, CBOHCTBEHHBIE YIIO—
MHHYTBIM | IVIMHUCTBIM MuHepanam (dur, 2). TakoBel 2HAOTEpMHEYECKHE
apdertel 120-130° u 540-580°, skaorepmuaeckuit sddexT okomo
950°, OcoBeHHO 3aCiyXHBaeT BHEMAHMS TO, 9TO BCe 6e3 HCKIOUeHHS

Ta6nuna 2

XapakTepuCTHKA TYMYyCOBOr'o ropusoHra nous (B %) pacupocTpanen

Komma, at— Yrnepon He~
Buonenoa MochepHBIX pH THAPONH3Ye—
ocafkoB, MOI'O Opras,
mm/ron BeulecTsa
TlocTosinHo BIaXuble JNeca, Yrauna 1900 4,7 12,8
CpeTIBlif NleC Ce30HHOTO YBIaN=
HeHus, YraHaa 1400 6,9 76,7
Capanna, Tanzanua 850 7,4 81,3
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BOI'O OPraHW4eCKOr'o BellecTBa SKBATOPUANGHBIX GHOUSHOIOB Adpuxu

Ti Ca Mg S Mn Na K
0,11 3,33 1,67 0,14 0,09 0,44 2,7
0,01 9,54 6,22 0,10 0,08 0,53 He omnp.
Q,85 4,52 2,71 0,42 0,41 0,54 3,36
0,02 1,30 1,31 0,50 0,20 3,48 34,14
0,01 16,96 4,30 0,57 0,10 h G G 9,88

kpubrie [ITA ofnapaor B TOH WIH HHON Mepe EBBIPAXEHHBIM 3K30TePMH-
YeckuM TonHaTHEM okoiio 350°, DTo oTHACTH CBR3aHO C HPHMECHIo
[IOYBEHHOI'0 T'yMyca, Ho I'NaBHBIM 0o6pasoM C IPHCYTCTEBHEM HepacKpHc—
TAIINA0BAHHON OKMCH XKejes3a,

CornacHo skcmepmMeHTaMm Kamma u Tpefirca [7] , TeMmeparypa 3500
sKaoTepMuiecKoro oppekra amopgHoit Fe203 ykasbiBaer Ha ee ocaxme~
Hue npu pH oxomo 6. 2To Xopoulo cornacyercd ¢ HaWHMH ollpefele= .
nuaMH pH TouyB capaHH M MYCCOHHBIX JjlecoB, B oThenpHBIX CaydYadx Ha
doHe pK3oTepMHYecKoTo NOAHATHS HMeIOTCH Hebonbluue SHAOTEPMHYeC—

HBIX DKBATOPHAILHBIX GHOUEHO30B Adpuxu

¥Yrnepon ¥Yrnepon EmgocTb IO~ CyMMa HOIVIo=
I'YMHHOBBIX byneBO- IVIOLIEHHS, IMeHHBIX KaTHO=
KHCJIOT KHCJIOT Mr=-2k8/100 HOB,

Mr-2ke/100 r

14,2 73,0 20 2,7
10,0 13,3 44 20,0

25,1 13,6 20 19,9
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¥32 Y65 486 533 57% 618 655 @ 726
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dur. 1. OrpaxeHse BONH BHAMMON HACTH CNEKTPa KpaACHOUBETHLIMH
OTADKEHHAMY H HX I'DAHYIOMETPHYECKAMH (paKmHaMHu

O6p. 61~1la -~ KpacHOUBeTHHIe INIMOLEHOBLIE INIMHbI Maccupa By-
yemku, IOwHnie Kapnate, Pymbinus

O6p. 69=11 — xpacHOUBeTHbIe IUIHOLEHOBHIE MOKPOBHBIE CYTVIHHKH
ceBepHOro nobepexksa 03. BukTopus, ¥Yranna

1 ~ ofpazen B uenoMm; @2 = ¢pakmaa 0,01-0,1 mM; 3 — dpaxums
0,001 mm

ss50°
325° g50°
R

130°

540°

575°

dur, 2, Tumiyasie xpusbie [ATA KafiHozOo#CKHX kpacHoupeToB BocTou-
go#t Adpuxn
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kue apbexth 360-390°, 0BycnoBleHHBE NPHMECHI OKHCHO=Kele3HCTHIX
MHHEpaNIOB THIA TeTHTa, UX HaMbOMbIIEE COlePXKAHME NPHYPOYEHO K
KpPACHOUBETHBIM IIPOAYKTAM BHIBETPHBAHUS 2(¢y3HBOB OCHOBHOI'C COCTAaB4.
HanoMuuM, 4TO HMEHHO Ha 9THX OBpA30BAHMSX TPABAHHCTAA PACTHTElIb—
HOCThb Haubollee oBorameHa XellesoM, '

O orpepeneHus xo/mdecTBa HeKpHCTa/VIHYeckoH OKHCH Xelleaa,
conepxameiics Bo ¢pakuun <0,001 MM, GblIM onpoGoBaHE! pas/THYHBIE
SKCTPAKIHH, YCTaHOB/IEHO, YTO NOJHOE H3BIe4YeHHe aMOPQHOH OKHCH Ke—
nesa 6e3 paspyuwleHus INIMHUCTBIX MUHEDANoB AOCTHrAeTcs MeToaoM
Mupa ~ [xekcona [8];sxcTpakuus cMechkl IMMOHHOKHC/IONO HATDHS H
cynuduTa HATPHA B NPUCYTCTBHE GukapboHara HaTpus B kawectse Oydepa
¢ pH oxono 7,3. Kpacueui user npx 2710l 06paSoTKE COBEPWEHHO WO~
gesaer (rabn, 3). CrexrpofoToMeTpHYECKHE KPHBBIE PE3KO MEHSWOT
cBOfl BHA: PASHHUA NOIMIGIEHMY KOPOTKHX ¥ ANMHHEBIX BOMH yMeHbWaeTcs
¥ XpHBHle BHIONaxupawrcd., Ecnm B cocrape ofnoModHod YACTH KPACHO—
IBEeTHHIX OTIOKEHUHE NPHCYTCTBYST B SHAYMTENBHOM KOAWYECTBE KBAapH,
To noche o0paboTKy oTHX 06pasiuoB CHILHO YBelMYHBAETCH CTedeHb OT—
paxenus cpeta (puc., 3, ofpacunt 65-4, 67-1la, 68-15, 69-13,
69-131), wis ofe xpuBble -CONMMKATCH B NIMHHOBOAHOBON YacTH CHeKT-

pa {ofpasubt 66-7, 65~3). Ecnu B KxpacHoupeTaX OTCYTCTByeT KBapim
(Hanpmep, KOT/l1& OHM CIIOXEeHH IPOAYKT&MH BbiBETDHBAHHS OCHOBHBIX
WIH WeJoYHbIX 71aB), KpHBas oGpaSGoTAHHOI'0 MATEpHANa JMWlb He3HaYMH-
TeNLHO TOAHMMAEeTCH Had KpuBolt MCXoaHoro obpasua (oBpasen 69-259),

WUrak, xapaxTepHaa okpacka KpacHOLBETOB 0GYCIIOBIleHa HEKpPHCTAl-
JITMeCKOH OKHMCHIO Xejleaa, KOTOpas TeCHo CBI3aHA C INIMHHCTEIMH 4ac~
THUAMH BenmduHol MeHee 0,001 mMm, B kakom xe cocrosiHHM HaXopUT-
cf T4 OKHCh XKeles3a?

Inst orBeTa HA STQT BONPOC NPEACTABIAIOT HHTEpPEC AAaHHEIE Kpm:ran-_f
JIOONTHYECKHX HaMepeHuii, CeeTonpeloMiieHHe BCEX MHHEPAIOB CBOGOm =

Tabnurua 3

Conepxanue amMopdHoOl OKHCH ejle3a, CBA3aHHOH C (pakunei
<0,001 MM, U MSMeHeHHe OKpPACKH KpacHOUBeTOB Nocie o6paboTKH
no Merony Mupa - [xexcona

) dopmyna usera i dopmyna uBeTa

i e .po ofpaboTky Fealg ® axcs nocne o6paGoTKu
TpakTe, % :

65-4 5 YR 6/8 1,50 10 GR 8&/1
66=7 10 R 5/8 3,61 10 GR 7/1
65~3 5 YR 6/8 2,58 10 GR 6/1
68=15 10 R 4/8 1,62 10 GR 8&8/1
67=l1la 10 R 4/8 3,85 10 YR T/2
60-13 &5 YR 578 ,40 10 YR 778

5
69-131 5 YR&/8 1,96 10-Y T/1
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Holl OKHCH Xefle3a,KaK OKPHCTA/NTM30BAHHBIX, TaKk M aMOPpHBIX, Npe-
epinaet 2,00 [4], Ecnu Gbl Ha NOBepXHOCTHM INIMHHCTHIX HacTHI HAXOAN-—
JINCH IJISHKH M CKOINIEHHS OKHCH XXejle3a, TO Ha 2TO yKasbipanu Gbl co-
OTBETCTBYOLIHEe BEIMYUHE! CBeTompenomieHns, Ho uacrtuubl, claraiomue
tpaknuio < 0,001 MM KpacHOUBETHBIX OT/IOXKeHHH, MMeOT BellNdHHYy CBe—
ronpenomnenus or 1,580 po 1,610, ovens penko pocturas 1,6350.
CrnenoparTenbHo, YacTHubl TOHKOOMCNEPCHOH XpacHOUBeTHOH MAacchl Hpef—
CTaBjIeHbl He OKMCHO=-XEJIe3HCTHIMH MHHepanamu, Ilociie o6paboTku
¢pakunr <0,001 MM mo Mmerogy Mupa - [xexcoHa H HOMHOTO HCHE3-
HOBEHHS KPACHOI'O IIBETA CBETOIPEe/IOMIIEHHEe TOHKOOHCIIEPCHBIX 4acTHIL
cHmkaetrcda o 1,545-1,550, r.e, 0o BenmW4HHE], CBOHCTBEHHOH IPHCYT-—
CTBYWOIHM TIIIMHMCTBIM MUuHepalaM. 3TOT hakT [aeT OCHOBaHHE IIpeannc—
narare, 4TO OKHCh enesa He ofpasyer ¢UAMYECKH OGOCOG/IEHHBIE BhI-
JeleHnus, NOKphIBAWIIHe INIMHHUCTBIE HYacTHnbl, & HaXOAMTCHd B CoOpGHpo=-
BAHHOM COCTOSIHHH HA MOBEPXHOCTH STHX YAGTHIL

Taxoe npeamnonoxeHue XOPOWO ColVIACyeTcs C PeaylbTaTaMH H3yde-
HUE COpGUMOHHON eMKOCTH TOHKOOUCIIEPCHOR 4acTH KpPacHOMBETHBIX OT—
noxenudt, [lanurnie, ‘npuaenennme B rabn, 4, NoKasbIBalT, YTO €MKOCTh
TIOTVIOWIEeHMs IVIMHMCTBIX YACTHI SHAYUTEJILHO BO3pACcTaeT Iocile yaalle—
HHg OKMCH Xefnlesa MeroaoM Mppa -~ [xekcoua, KoHeuno, cop6unonnas
CrnocoGHOCTL TOHKOAMCHEPCHOH JacTH pasHEIX o6paslioB KpacHOUBETOB
6yner HeoNHHAKOBOH B 3aBHCHMOCTH OT COCTABa& TINIHHHCTBIX MHHEpAJOB:

By
<

Impanenae, %
So

by
QS o

&
S

wl s - 67—1a 69-2539

-
-
___/ :.—_-_r-/
0 - L E FE o

¥00 500 600 700 g0 500 600 700 M

dur. 3, CnexTpodoToMeTpuuecKHe KpUBLIE KPACHOUBETHBIX OGPAIOBA~
HML B MCXOMHOM cocTodHMM (CuoWHAs fMEMS) M TOCHEe YOANEHHMS aMOp=
¢HOI OKHCHM Kellesa, CBgsa8HHON c ¢paxmwelr « 0,001 M
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Tabnuma 4

EMKOCTH NOTVIOIEHHS ¢pakuuun < 0,001 MM KpacHOUBETHBIX OTIIO—
weHui

EmkocTh mormomenua, Mr-2ks8/100 r
Copepxanue Cpii— ;
Ofpasen ‘
3aHHO K Fey03, % 0o ynanesus noclie yaaneHus
Fe203 FeZO% .
69-11 8,75 10,20 18,63
69-206 5,76 18,00 22,30
69-209 8,50 20,80 25,00
59=226 5,25 26,75 = 28,80
69-92 7,35 14,40 36,30
69-131 6,60 34,35 35,00
69-250 9,80 - . 31,20 42,85
69-263 9,65 18,00 21.50

[TosToMy B opuuXx ofpasllax Hoclle CHATHS KpacHoM OKpacKM eMKOCTh IO
rVIomeHus yBeqmuniack Gombwe, 4eM Ha 10 mr-sks/100 r (ofpasibl
69-92, 69-250), a4 B npyrux - Bcero Ha 1-2 Mr-ske/100 r (o6~
pasupl 69-226, 69-131).

[Tponeccr copburu-necopbuul PeryIHpylTcd OKHC/IHTEILHO~BOCCTa
HOBHTeNBHEIMHU yclioBuaMH, OKHCIHTeNbHad ofcraHoBKa, O6ycioBleHHas
cBOBOAHBIM [OOCTYIIOM KHCJlOpoAa aTtMochepkl B NOYBEHHYW Tommuly, CIO -~
coBCcTByeT CBASHIBAHHMIO OKHMCH Xenesa, BoccraHoBHTeNlpHBIE yCIOBUS,
BOSHUKAWIINEe NPH HACHIIEHHH NOYBLl BOOOH, 61ATCIPHATCTBYIOT PasBH-—
THWO TNEEeBHIX NpOouecCoB K fecopbuuu oxucu xeneaa, [lostomy Ha yua-—
cTKax 3abolauyvBaHMs KpacHOUBETH TepsioT CBOW OKDACKY H IpHoGpe-
TaOT cephlil LUBeT, KOTOPBI BOZHHKAET IoC/le yOalleHHs OKHCH Kenesa
no merony Mupa -~ [lkeKcoHa,

3akpellfleHne OKHCH Xe/le3a H3 IIOBEPXHOCTH rmmnc'rmx YacTHL
npeacrapigeT cobolf HTOr CIIOXKHOIO MOYBEHHO~-GHOI€OXHMHYECKOT'O IIpo-
necca, CCHOBHBEIMM €I'0 3BEHbSIMHM HUBISIOTCH GHOT'eHHad KOHUEeHTpAllHs
Wejleaa TPABAHHCTOH PaACTHTENBLHOCTLI H Hociefdyomas rpaschopManus
HhopM STOTMO XHMHMYECKO'O 3/leMeHTa B IOYBAX BBICOKOTPABHBIX CABAHH H
MYCCOHHEIX necoB, O6pasoBaHHe OI'DOMHON Macchl KpACHOUBETOB KalHo=—
304 - ewWle OAWH IPHMeEP I'eoIOTHYECKOl AedTelIbHOCTH KHBOI'O BellecT—
Ba — Hanbolee MOTYWIECTBEHHOR CHIBI Ha aeMHOM Towepxmoct [1],

ABBETRACT

It has been establiched thet in tropical biocenoses of potimum atmospheric

humidification iron is accumulated by the hermaceous vegetation. Every
year up to 10—25 kg of iron for eache hectare of the orea is supplied to
the soil with vegetation residues. After biogeochemical transformations

& 1087
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in the oxidizing mediu, at pH 5,8—7,0 the released ferric iron does not
form isolated minerals, but is sorbed by the dispersed phase. This is
accompanied by a change of spectropotomettric indices in the long-wave
part of the spectrum and by a decrease of absorption capacity with res-
pat to alkaline and alkaline-earth elements. The author grounds the hy-
pothesis of the edaphic-biogeochemical formation of red-coloured depo-
sits of Cenozoic.
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1. ®. MEXTHEB

TEOXHMHNYECKAAI XAPAKTEPHCTUKA HE®TEN
CPEMHEIIMONEHOBBIX OTJIOKEHHNA A3EPBAHJURAHA

OcHoBHOR HedTerasoHOCHOR ToOMeN HedTerasoBbIX H I'a30KOHACHCATHBIX
MecTopoxaenuil AsepbGaiipkaHa siBeTcda NPOAYKTHBHad Tomma (cpen-
HU TVTMOLEH ), COCTOAWAR] M3 YepeAylmMXCH . Navek IeCHaHO—alleBpH—
TOBBIX M IVIMHHCTBIX NMOpoA MoumocTbio Gomee 3000 M (MecTramu 3Ha-—
yurensHo Gonsue, moutu no 4000 m)., Oua noapaspernsiercss Ha ABa
orpena, pad CBUT M I'OPH3OHTOB. B page paiioHoB no6bra HedTH NpOH3—
BOOAMTCS M3 OT/IOXEHHH BepXHero IumoleHa (aK4arblIbCKuii M alliepoH—
CKuil gpychl), a Takxe najeoreH, B paiioHe pasBHTHI TAK HASHIBAEMOH
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TperHyHOl MoHOokmuHamy (CuasaHCkmit palioH) ycTaHOBIeHa Hedreraao—
HOCHOCTL BepXHeMeNoBBIX oTioxeHui, Opnnako  okono 98% pobbmBaeMoit
. HehTH HM3BIEKAeTCHd M3 3alexel, CBA3aHHBIX C MPOAYKTHBHOH TOMmuei,
IMoaromy HanGonee u3ydeHHBIMH OKasaluch HedTH, 3alerawmue B pas-
NMYHBIX CBHTAX M I'OPH3OHTAX NPOAYKTHBHOH TOJILIM,

He¢pru mponykrueHo# Tomuu AsepbaliixaHa OTHOCATCH IVIABHBIM OG-
pasoM K HedpTAM Ha(TEHOBOI'O OCHOBaHMH, ABIAIOTCH MONOALIMU KaiHO3OM=
ckumu o A,d, [lo6pauckomy [ 7], kalmorumubimu no A.A, Kapuery [8]
H X MOXHO orTHecTH k Ty B mo An, A,Ilerposy [13]. Ounm sirmsior—
cd MAlIOCEepPHHCTHIMH M MacisgHbMH, Hapauy c aTmM npeobrapgaloliiM TH-—
oM, B pAde aanexed NMPUCYTCTBYWOT Hedrd HapTeHOBO~METAHOBHIE H
MeraHoBo-HapTeHopble, Cpenu Hedrelt AsepGaiinxena, Kpome TOrO, Clle=
Oyer BhIOenAThH Takke HepTH HadpTeHoBo-apoMarmyeckoro rtuma, B uyact-
HOCTH, CYpPaxaHCKyw MACNSHYK HedTb, comepxauyio Bo ¢pakuudx oT
Hayajla KUMeHMd Oo 350°C HapTeHOBBIX yriepogopoaos — 43,10%,
apoMarHyeckuX yriesopoponos - 30,88% u ankanos 26,02%, clenyer
OTHOCHTH K He}TdM HapTeHOBo-apoMaTHiecKoro tuna. K srtomy xe Tumy
OTHOCATCA ¥ HedTH NMOAKMPMAKHHCKON CBHTBI BOCTOYHOIO Kphila ILIOLIanH
Kapauyxyp. Bo ¢pakumax go 300°C copepxkanme nuxnaxos 46,0%, apo-
MaTH4ecCKuX yriesomopoaok 34,8% u ankaHor 19,2%. CopepxaHHe apo—
MAaTHYeCKHX YIVIeBoAopoaoB B Gojlee Bblcokokumsmmx ¢pakmuax (420-
500°C) HEKOTOPHIX HedTeH HIKHero oTraesla NMPOAYKTHBHOH TOJIIK
(0. Aprema, Jlok6araH, Ilyra, CypaxaHnbl) BapbHpyWOT naxe B HHTEpBaje
42-49%. A p OmHaranWHCKONW HedTH B Toll Ke ¢pakiIMH aApOMATHIECKHX
yraesonoponoe okono 65%, CopnaneHue Tuma Hedredl NMPoAyKTHBHON
TOMIM IO COCTaBy BceX ee dpakuuit no 550°C ormeuaercst B peaxux
ciyyasix. [loSTOMY TpH ONPENe/IeHHH THIA HepTH MBI YYHTHIBAIH COOT—
HOWeHHe CYMM OMNPee/IeHHbIX I'PYMI YIVIeBOAOPOAOB B BO3MOXHO (o3 (2
wux konumdectBax ¢paxumit (mo 300, 350 C). ;

Cnegyer BRiAeMHTH B 0COGYW IpPYyHmIly Tak Ha3blBaeMylw Genyio No4YTH
BecuBeTHy©, MATOCMOMHCTYI0 H GecnapaduHHCTYI0O HedTh, 3ajlerarwouryio
B KpOB/le NpoAyKTHBHOH Tomum MecropoxneHuit Cypaxanbl u Kana (mmor—
Hocre 0,780-0,803), ¥ sanerawoumylo HeCKONbLKO HHXE, TaK Ha3blBae=
MY KpacHyio HapTh STHX MECTOPOXKASHHH M MECTOpOXIeHHH Butusii~
Bar, TakKe MAJIOCMOIMCTYW, HO NapapmmcTyw {mnorHocte O, 791-
0,850),

Mel conocTaBuIH GoMbIIOe YHUC/IO HHAMBHAYANEHBIX HedTel NMpooyk=—
THBHON TomuM pafa HedTerasoBbIX MecTOpoXAeHHH M He OBHapYKHIH.
Hedrell, HISHTHYHLIX o cocTaBy ¥ CBoHcTBaM. OTmMaloTCH HedTH He
TONILKO PA3NHYHLIX MECTOPOMAeHHH, HO B HephTu ogHoH M Toif e CBHUTH!
B pa3HbIX TeKTOHHYEeCKHX Gnokax OfHOI'O H TOI'0 Xe MeCTOpOoXAeHHd,
I'mapHBEIMH TpHYMHaMH pa3Hoobpasus cocTaBa M CBOACTE Hedpredl Moryr
OBITH: i

1. Ycnopusl HpoHcXoXeHHs caMol HepTH M PopMHpoBaHms Hedrera-
30BBIX MECTOpPOXIeHHH,

v C-rr.;oenne HedTerasoHocHol IJIomaAy H YC/IOBHS 3ajleraHus
dmouaos (Tun NOBywKH, CTPYKTYPa MECTOpPOXAEHHS M CTENeHb TeKTOHH-
yeckoli ee pasapofNIeHHOCTH, INTyOuHa saneranus HepTeHOCHOr'o Iacra
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H JUTONOrMYecKuit cocTaB KO/MNIEKTOPOB HedTH, XapakTep KOHTaKTa Hed-
TH ¥ BOAH ¥ Op.).

3. Tocnepywomue mpouecckl ¥ GaAKTOPE, OGYCIOBHBWHE QH3HKO~XHMI—
YecKHe IpeBpalleHud HehTH B 3alexax B 3aBHCHMMOCTH OT KOHKpeTHOM!
Teonoro~reoxuMudeckoil obcranobku (MeramopdusM HedTell, BBIBETpH—
BaHHe, OKHCIIGHHe, OCepHeHHe, (H3HKO-XuMudeckad nubddepeHmHawns ),

CocTap u croiicTBa HedTell NPOAYKTUBHOH TOMMUH HEKOTOPHIX MECTO—
poxnenuit AmuepoHcko# u HikHeKypHHCKoOH HedTerasoHOCHBIX o6nacTrei
paspenbHO O BepXHeMy H HIDKHEMY OTaenaM npeacrtaBleds! B rabi, 1.

Hedru npoayxTupHON Tomun NMpeTepnesBaloT cylleCTBeHHbIe H3MeHeHud
BO BpeMeHM M B INpocTpaHcTBe, B peruonanbioMm IUlaHe B HalpaBlleHHM
ofmero NOrpPYyKeHUS OTJIOMeHHiI NMpoayxTHBHOH Tomum B cropoHy Kacnum
Ha CeBEpPO—-BOCTOK, WI'O-BOCTOK, OI' M Oro—-3amnaj OT UEHTpa AmiepoH—
CKOT'O IIOIyOCTPOB& IPOMCXOOMT YBellHMYeHHe Ia30HAaCHIUeHHOCTH Hedrei,
yOblBaHHe HX INIOTHOCTH M CMeHa He(TerasoBBIX 3alleXell INasOKCHIEH-
caTHEMH, B 9roM Xe HalpapjeHuH B cocTape HedTH yBelndMBaeTcd
PONE HOPMATLHBIX alKaHoB, BO3PaAcTAeT KOIHYECTBO apoMaTHdeCKHX yI-
JIeBONOPONOB, YMEHLIIAeTCH COAepXaHHe HabTeHOBBHIX YIVIeBOOOPOAOB,
yBenuuupaercs ob6liasd ra30HACHIIEHHOCTE M Fa30KOHAEHCATHOCTL 3ajie—
XKel, CHIDKAeTCH KOHIEeHTPAlUs B LelloM HEYyINIeBOAOPOAHBLIX KOMIIOHEH=-
roB, KpoMme Toro, mo paspesy cBepXy BHM3 B COCTaBe HepTH BO3pacTa-—
eT pollb MeTaHOBBLIX U apoMaTHiecKHX YIVIeBOAOPOAOB, YyMEHbIaeTcH
KO/MMYEeCTBO HahTEHOBBIX YTVIEBOAOPONOB, TAKXKe YCUIMBAETCH Ia30KOH-
neHcaTHHI xapakTep sanexeil, IlapainenbHo cHIbHO BO3PACTAET KOJIN-
YecTBO achalbToBO-CMOMUCTHX KOMIIOHEHTOB, NIPH OOHOBPEMEHHOM YBe-—
NMYEeHUNM TIIOTHOCTH HedTH,

Hamu ycranoBneHO HanMIMe 3aKOHOMEpPHOH CBAGH MeXay CBOHCTBa=-
MH HedTH H HelbiM paaoM Ieolloro-reoXuMuueckux dakropos, OpHMM u3
‘BaxHelunX ¢akTopop, oGyCIOB/MBAOUMX pasHooGpasue cocrara W °
cBOMCTB HedTell NPOAYKTHBHOH TOMIU,dBSeTcd KX B3AHMOCBA3b C Iac-
TOBHIME BOJAMH, NpPHHMMAOUWMMY y4acTHe BO BCEX CTaaugx Hedreobpa-
sopaHud ¥ HedreHakomneHuda, MHoroe sapMCHT OT THII4, Xapakrepa, ycC=—
JOBHIl Aaeradus IUIACTOBBIX BOA, B WaACTHOCTH YCTAHOB/IEHO, YTO BOALI
rUAPOKApPOOHATHOHATPHEBOI'O THIA, BHEAPHBIIMECS B OTIIOXKEHUA IPOAYK—
THBHOH TOMM CHHU3Y, CHICpAlM BeckMa CYUIeCTBEHHYW poilb B (OPMHPO—
BAHMM COCTapa M CBOHCTB Heprell M KOHTPOIMpOBAJH OOpasoBaHWe CKOIN-
nenuit wepru [10], VYcramoBneHo, YTO B pAdAe MECTOPOXIEHMH Amuie-
DPOHCKO#l HedTerascHocHoM obnacTu GanaHc 3alacoB HEQTH HaXOAHTCH B
npaMoll. 3aBUCEMOCTH OT CTPATHIpagHIeCKOrc YPOBHA BHeNpeHHs THApo—
KapboHaTHOHATPHEBOI'O THIIA BOA B NPOAYKTHBHYIO TOJIIY.

B ornuuEe oT NofapdoMero 6ombHHCTEA HepTerasoBhIX MeCTOpOX-
neHuit Mupa onHo#t us peaxHeluux ocofenHocTel HedTel MPONYKTUBHOM
tommu Aszepaiiikaia dBNAeTCH YBelHYeHUEe INIOTHOCTH HedhTH Mo paspe-
3y MeCcTopoMaeHHH CBepXy BHH3. KnaccuyeckuM MPMMEpPOM B aTOM OT-
HOUISHHWH CJIy)KHT MSBecTHoe HedrerasoBoe MmecTopoxaenue Cypaxaubl,
rfie cBepxy BHA3 IVIOTHOCTh HedtH mamensercs or 0,776 (Genas cy-
paxaHckad HedhTb BEPXOB NMPOAYKTHBHOH TOMUHM AC 0,907, mmxHuit ornen
POAYKTHBHOM Tommuu - TOAKMpMakuHckas csura), Hamm eme B 1955 r,
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Taﬁnr&?a i

CocraB u cBoHCTBa HedTel NPOAYKTHBHON TOMIM HEKOTOPBIX Mecropomenm!
Amueponckoit ¥ HipkHexypunckolt HedrerasoHocHbIX ofnacreit

CMOnLI M CHIIHKareie— Kucnor-
Mecropom- Miore Achane— Bhle dparkmuu HOe
neHue HOCTB TeHHl, ConepKa— YHCIIO, MT,
% Bec Hue, % Bec mon. sec. | KOH
BepxHuit orpen
Kana 0,8389 Her 4,55 600 0,48
0,8764 6,58 619 0,66
CypaxaHsl 0,8134 ' d.,5 528 0,28
0,8647 4,0 612 0,39
BanaxaHbi= 0,8644 ' 1,42
Cabynun- 0,8715 0,007 8,0 = 1,98
Pamanpr
Butnaitar 0,8530 0,31 8,0 694 1,33
0,8697 0,45 8,7 703 1,84
Kapapar 0,8960 Cnepsbl 10,8 942,0 2,00
0,9006 0,018 10,42. 976,2 2,02
Kupopnar 0,9279 7,88 20,0 4,79
Hegreuana 0,9216 3,0 18 2,82
Huxeuil orpen
Kama 0,7778 N6 0,13 6,53 695 0,26
0,8949 4 10,96 688 0,80
Cypaxans 0,8728 Cnentt 5,5 621 0,28
0,8956 - 11,0 979 0,97
BEysoBHEI 0,9079 0,12 15,8 996 0,627
0,9139 0,16 17,5 1003 0,766
BanaxaHbi~ 0,8914 0,80 14,0 - 1,68
Cabynun= 0,9203 - - - 3,80
Pamanst
Buiarams! 0.,8573 Ho 0,64 7,58 0,88
0,9171 12,53 2,76
‘Enbrsiibar 0,8747 0,02 7,9 1018 0,528
0,9110 0,24 12,5 1259 0,97
Kapapnar 0,8605 [No00,025 8,41 618,2 0,42.
0,9200 12,44 963,6 4,14
o, Aprema 0,9189 Ho 1,5 10,0~ 2,3
0,9194 14,0 2,7
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Tabnuna 1 (mpogomxenue)

I'pymnosoli yrieBoopoaHEH cCocTas
 T— Hagre— $pakuun Hauana kmmenus-—350°C,%
HOBbIE IMapagus,
aeHue KHCITOTH, G apoMaTy— HajTe~ napagu—~
o, qecKue HOBEIE HOBble
BeC
I
Bepxuuii orpen
Kana o,11 1,30 11,08 52,54 a1,47
0,21 1,44 14,3 56,30 35,58
CypaxaHsl 0,10 1,14 10,7 44,32 40,98
0,12 2,58 11,78 48,32 43,90
Banaxanbi- 0,90 0,30 13,19 45,30 28,07
CaGynuu— 1,22 0,6 14,80 58,74 40,30
Pamanbl
Butusitbar 0,79 0,23 16,87 47,98 30,72
0,87 0,51 20,41 49,88 33,25
Kapapar 0,96 0,13 16,63 . 58,33 22;59
1,06 0,25 17,54 60,78 24,13
Kiopoenar 1,10 0,63 21,0 51,5 29,5
Hegreuana 1,19 0,52 18,79 62,68 18,53
Huxuuit orpen
Kana 0,15 0,89 12,36 87,55 39,73
0,26 2,82 15,36 46,51 50,09
CypaxaHsl 0,15 0,96 11,46 38,51 26,31
0,43 3,81 22,02 55,69 42,94
ByaopHE! 0,51 0,81 12,42 52,28 32,37
b 0,57 0,88 15,18 55,21 32,59
Banaxanbi- 1,25 0,15 16,15 52,27 20,60
Cabynyu- 1,88 0,4 25,49 63,25 29,68
Pomansr
Bunaranst 0,38 0,20 24,36 51,71 16,39
1,63 0,46 29,96 54,45 23,93
Bubunsiifar 0,42 0,25 20,88 36,52 - 40,01
0,63 2,8 30,68 39,11 45,41
Kapapar 0,28 0,10 18,72 41,0 24,97
2,00 3,70 31,5 56,31 27,5
o. Aprema 5 % 0,13 14,48 48,22 30,80-
1,8 0,66 17,79 51,45 37,30
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Ta6nuua 1 (oxoHuaHHEe)

SOnemenTapHblii cocras, %

i KHCI0pon,
¢ H S N 10 pa3HoOCTH A
Bepxuu#i orpen
85,45 12,85 0,13 0,08 0,15 0,01
86,46 14,14 0,20 0,11 0,26 0,08
85,47 13,10 0,06 0,027 0,355 0,011
86,12 14,08 0,23 0,083 0,397 0,150
85,68 12,09 0,12 0,06 0,20 0,044
87,33 13,14 0,21 0,14 0,816 0,066
86,17 12,90 0,17 - 0,10 0,510 0,028
86,57 12,91 20,23 0,12 0,70 0,037
85,30 12,45 0,18 O,37 0,73 0,060
86,35 12,80 _ 0,21 1,49 0,080
86,3 12,4 0,35 0,29 0,6
86,7 12.2 0,34 0,2 0,51
Huxuuit otnen

85,55 12,94 0,18 Q.17 0,34 0,01
86,18 13,46 0,31 0,30 0,43 0,21
85,84 12,46 0,195 0,076 0,190 0,005
86,69 12,79 0,34 0,19 0,793 0,150
86,60 12,46 0,29 0,22 0,12 0,010
86,61 12,66 0,374 0,24 0,25 0,066
86,73 11,98 0,28 0,12 0,23~ 0,012
87,06 12,21 0,35 0,21 0,62 0,150
85,77 12,18 0,12 0,15 0,430 0. 01
86,70 13,28 0,32 0,25 1,050 0,11
85,90- 12,88 0,21 0,14 0,230 0,017
86,96 12,88 0,33 0,23 0,760 0,08
85,79 12,04 0,20 0,096. 0,85 0,013
86,37 12,64 0,33 0,23 1,46 0,051
87,01 12,05 0,209 017 0,42 0,082
87,4 12,17 0,299 0,20 0,50 0,13
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TaGnuna 2

Cpennee conepxanue olleMeHTOB B 3onax Hedrel IPOAYKTHBHOM

Komu~ Cpenusas
O6nactb YeCcTEO B0/ILHOCT, Fe
po6 %
AmuepoHckad 13 0,044 1,36
Bakunckuit apxunenar 5 0,088 0,40
Arureponckult apxuienar 1 0,054 5,00
Huxuexypuckas . 24 0,101 “8,11

6BIO OTMeYeHO, YTO yBe/IH4eHHe IUIOTHOCTH HedTH IO paspesdy MeCTo-
poxaeHHN ANuepoHCKOTo MOMYOCTPOBa NMPOUCXOAHUT He NMOCTENeHHO H
IaBHO, a CKaukooGpasHo u mpepwmircTo [9]. Ipu aTom Bo BCEx mmH
IOYTH BO BCEX MECTOPOMIAEHMAX INIOTHOCTL HepTH B GA3UCHOM I'OPH3OH-
Te NPOAYKTHMBHON TomuM OOLMHO MeHblle, YeM INIOTHOCTH HedTH BBUIEIe—
alero ropusoHTa, YOBBaHHe INIOTHOCTH HedTH B GASHCHBLIX I'OPH3OHTAX
MPOAYKTUBHOH TOMIM IOUTH BO BCeX HedTerasoBbIX MeCTOPOMOSHHAX
Asepbajiixana ecTb CleACTeHe NoANHTEHBaHEA GasHCHBIX sanexed BHH3Y
JIerKHMH HedTaMH, a OGofbllell HacThbio IasoKoHASHCATOM,

3aKOHOMEPHOCTEL YBENIMYEHMS IVICTHOCTH HegTH CBepXy BHU3 B LeJIOM
IpHCyla BCeM HedrerasobbiM MeCcTOPOXAeHUAM AIIepPOHCKOH obnacTi,
a Takxe MeCTOPOMAEHMAM ApyTHX obnacreit Asepbaimkana. OnHaxo B
HEKOTOPBIX MecTOpoxJeHMAX Kakx Huxmekypunckod, Tak u AmuepoHckoii
HepTrera3oHOCHEIX oflacrell aTa 3aKOHOMEpPHOCTEH He BCEerna BBIPaXeHa
APKO, 4 B HEKOTOPHLIX CIy4YasdX H3MeHeHHe INIOTHOCTH IO paspe3dy He-
CKONbKO HHOI'C XapakTepa, [lpuuuHa sTOrG fBAEHHA B TOM, YTO HacTh
sanexelf HedTH NPONYKTHBHOH TOMUHE IpHypodeHa K PACKDBITBIM CKilal-
xam, CitenoBareilbHO, MECTOPOXIACHUR UBIAIOTCH PASMBITHIMHE H HedThb
onHo#t M ToH xe z3anexu B oAHOH YACTH HCHBITEIBAET BIIMAHHe THIIepreH-
HBIX (akTopoB (OKHMCNeHHe, OCepHeHHe, Aerasauud), a B ' Apyro#, rily-
BGOKOMOIPyEeHHO! 4HacTy 3ajieXH NPOUCXOAAT TEePMOKATAIMTHIECKHE IHpe-
BpaumeHus HegTH,

HeoGxonummo oTMeTHTh, 4TO B HedrerasoBblX MecTOopoxAeHHAX Aaep-
GajixKaHa, MPHYPOYEHHBIX K OpPaxuMaHTHK/IHHAMIRHBIM CKIagKaM B HPHCBO—
[OBOH 4YacTH, I'ae 3allexu Hecb’::n CHNBLHO oforaleHbl NasoM, PeSKHX Mo
MeHeHHH MIOTHOCTH C IIyOHHOH He HabhiopaeTcH.

[TnoTHoCTL HehTH B Ipepenax OgHOI'O H TOTO Xe Inacta yGhlBaeT B
HalpaB/IeHHd pelHOHANBLHOT'O MOI'PYMXEHHA IJIAaCTa H yBellMMHBaeTcsd ee
ra3oHaCHIIEHHOCTL, BBepX xe 1o BOCCTaHMw INlacTa IIOTHOCThL HedTH
BO3pacTaeT. ITO O0COOEHHO XapaKTepHO Aad I[JIacTOB, HMELHX BBIXOXR
Ha NOBEpXHOCTb., B "acTHOCTH, B Npepellax M3BECTHOIO HedTAHOIO Mec-
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TomuH, %

Ni A Cu e Mn Ti
036 . 0,06 0,047 0,074 0,060 0,015
0,10 0,02 0,03 0,136 0,083 0,134
0,06 0,01 0,010 0,200 0,145 0,010
0,42 0,06 0,148 0,151 0,174 0,134

Topoxaenus BanaxeHbl=CabyHup-PoMaHE! B OTIOKEHHAX IIOAKHPMAaKHH=—
CKoif CBHTHI (HHM3HI NpoayKTHBHOH Tommu), obHakawmuxcs B Kupmaxmi—
CKo# ponmHe, Ha rayGunax 250-300 M, nmioTHocTk HedTH HOCTHIaer
aHayeHn#t 0,942 ~ 0,944, Ha rny6mnax xe 2400-2500 M mioTHOCTH
HedTH AaHHOM CBHTH HaMeHdercs B mpepenax 0,916-0,918. B uenom
norHocTe Hedri B ceuTe [1K Bamaxanki-Ca6ynuw-P oMaHHHCKOT'O Mec~
TOPOMASHHA BbIlle INIOTHOCTH HedTell, 3anerawuux B 7ol CBUTE CO=
cepunx mectropoxpenuiit Cypaxaubl u Kana (coorsercrBenno 0,884 -
897 u 0,885-0,890), pacnoncXKeHybiX B HAIPABICHHM PETHOHAMBHOTO
IOrpY*eHHS CBHTHI, BbICOKHe e sHaueHud INIOTHocTH Hedrn B Banmaxa—
.nax (0,942-0,944) ofycnoenenn TeM, uyTo 11K cPuTa B »TOM MecTo-
POXMAEHHH MCILITHIBAET BIIMAHHE B OCHOBHOM TIHIEPI'€HHBIX (aKTOpOB.

Tlo nccnenobanwsim M,B, A6pamoewua [1], semmma rpanuenrta us-
MEeHEeHHd IUIOTHOCTH He¢TH IO paspeay M IO IUIACTY HeOo[AMHAKOBA [Md
pasIHdHBIX HegTelf M 3aBHCHT Npexae BCEro OT BLICOTH 3alleXH,

CorsacHo HaWHM HCC/IEAOBaHHSIM, a TakKe HCCIeAOBAHMIM OpYyIuX
&BTOPOB, BaxHeluM (aKTopoM, O0YC/IOBIMBAWIIMM YBEeJIHYeHHE IUIOTHO-
cTH HedTH CBepXy BHH3 OT KDPOBAM [0 NONOWEH! NMPOAYKTHBHOH ToMuUM B
cpepreMm ot 0,850 po 0,920~0,940, aenaercs yBelMyeHHe B COCTape
HedTH achanbToBO-CMOIHCTEIX KOMIIOHEHTOB., [loCKONlbKYy B cocTaee Hed—
tell Aszepbafimkana acpalbTeHbl, Kak NpaBulo, OTCYTCTBYIOT WIH XKe
penkKo HAXOAATCH B BeckMa He3HAYMTeNbHBIX KONMHYeCTBax, To IO Cylle—
CTBYy H3MeHeHHe CMOJJIMCTOCTH BlIeyeTr 3a cobolf M3MEeHeHHe IUIOTHOCTH
nedpru. CMmonucTOCTe HedTel CBEpXy BHH3 OT KPOBIH IPOAYKTHBHOH TOI-
WH K ee nofoupBe Bo3pactaeT ¢ 8 go 35%. YcraHoBleHa 3aKOHOMED=—
HAS CBA3b MeXAy NIOTHOCTBHIO HepTH H HTOMOI'HYECKHM COCTABOM BMe—
maoumx ee nopon. [Touru moBceMecTHO B HepTerasoBBIX MeCTOPOMIe -
HHAX C yBeludYeHHeM IVIMHMCTOCTH paspes3a IUIOTHOCTH HehTH yGhiBaeT.
CnepopareiibHo, NOJDKHA CYIIECTBOBATEH CBA3b M MEXAy KaiecTBOM Hed-
TH ¥ COCTABOM BMeMAWIIMX MNopod. dTa CBI3b, B YACTHOCTH, Oblia 3a=
meuena C,T,OpnaranopeM [12] Ha npumepe nedrelt BepxHeil 4YacTh
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aleBpHTO-TIHHUCTON KHPMAKHMHCKOH CBHTHI M NOKphIBAWIEH MecyaHo#
ceurbl (HKII) mecropoxpaenuns Kapauyxyp. Heprb BTOpO#, T.0. Hao-
KMPMAKHHCKOH INecHaHol CBHUTBEI COAEPXHT CMoll B TpH pasa Golnbuie,
gyem HedpTb Ooflee MNIMHHCTOH KHpPMAaKMHCKOM cBuTHl, CBS3k Ia30HOCHOC—
TH HedTera3oBhHIX 3anexedl NPOAYKTHBHOH TOIIUM C JUTONOTHeH BMelawo-—
LHX TIOpoJ TaKXe AOCTATOYHO SCHO BhIpaxeHa BO BCeX Hedreras’oBbIX
MecTopoxaeHuax Asepbaixana. PaccmaTpuBaa XapakTep H3MeHEHHs
rasoHOCHOCTH II0 paspesy (UMelOTcs B BUIY rasoBble WANKH ¥ PACTBO=-
PEeHHBIH B HepTH Ias NPOAYKTHBHOH TOJIIH, MOXHO 3aMETHThb CIIEyio=
mee: a) [a30HOCHOCTL aleBPUTOBO-TVIHHHUCTBHIX CBHUT 3HAYHMTENBHO BhiUeE,
YeMm IecyaHblX CBUT; 6) IIOYTH NMOBCEMECTHO B HepTerasoBBIX MECTO-
poxnenuax Asepbalipkana NasoHOCHOCTL BepxHed YacTH paspesa Ipo-
OYKTHBHOH TOMIM 3HAYHTE/IbHO YyCTylaeT Ia30HOCHOCTH HIKHEr'o OoTaena
aTOH TOMIH, HepeaKo IasoHOCHOCTh HmkHe# yactu B 5-10 pas Bbmue
rasoHOCHOCTH BepXHeil JacTH paspesa; B) CBOHCTBA IUIACTOBHIX Heprei
OflHOI'O H TOI'O Xe COCTaBA B 3HAYHTENILHOH Mepe onpedeisioTcs KO-
IM4eCTBOM H COCTABOM PACTBOPEHHOI'O B HHX rasa, PaaiuiHble Mo co-
* craBy HepTH Moryr obliagaTh pas/iIHYHBEIMH CBOACTBAMH H IIPH OAHHAKO—
BBIX Kop4YecTBax paCTBOpPEHHOI'O B HHX rasa, Heoﬁxop,mo, O[AHAKO, OO~
BOPUTHCH, 4TO NMPH BCeM ONPOMHOM pasHoOGpasHu cocTaBa M CBOHCTB
Hedprelt nponyKTHBHOH Tomuu Asepbailixana MX MOXHO CrpPYINHPOBATH

B OBe OCHOBHble I'DYINILI — HedTH BEpPXHEero oraella H HehTH HIDKHero
orgena npoayKTuBHoH Tomuu. Kak mokasanu umccnepnosanua A,C, Nagxi—
Kacymopa [5], HecMoTps Ha wHMpOKHl AuanasoH KoneGaHHS BelMduH
IVIOTHOCTH HedTel MO MecTopoXaeHMAM AmuepoHcKol HepTeras’oHoCHOH
obnacTH, OCHOBHBle 3anachkl HedTH 3[1€Ch XapakTepHU3YWTCd IpeaelamMH
mrorsoctu or 0,851 no 0,890 (medTu Bepxmero orpena) m ot 0,901
no 0,930 (HedTH HIDKHero oTaena).

MukposneMenTsl B aonax Hedred npoaykrueHol Tommm Asepbaiimka—
Ha AOCTaTO4HO oGCTOoATeNbHO HccienobaHsl [1.M, 3ynbdyrapner, A.I, Hc-
pasnaH, $.P, BabaesbimM u apyrumu., K HacTrosmeMy BpeMeHH yCTaHOB-
JIeHo NPHCYTCTBHe B HedTAX NPOoAYKTHBHOH Tomuu Gomee 40 paanuuHBIX
aneMenToe. Hambonee xapakTepHEIMH a/leMeHTaMH 3051 Hedrelt gBngioTCH
Fe, Ni, V. Cpennee conepxaHue paga XapaKTepHBIX /IeMEHTOB B 3071aX
HepreH NpoayKTHBHOH TomUM ¥ BMENAWIIMX ITOPOAAX NPHBOAHTCH B
ra6n, 2 (nmo mammemm A.[l. Ucpasman, I1,B, Canmo, P.A.Axmenoso#t), ITo
AaHHBIM STHX aBTOPOB B 30/7e HedTel NpoaykTHBHO! ToMuM coAepxaHue
Ni (0,62)>V (0,14), B nopogax *e NPOAYKTHBHON TOMIM — HAOGO-
por: conepxanue V (0,053)> Ni (0,012). [na GonblumHCTBA HCCTE—
foBaHHEIX Hedrelt comepxanue Fe >Ni > V.

B nedTaX MpooyKTHBHOM TOMIH HHKe/le—IOPGHPHHOBHIA KOMIVIEKC IIpH=
CYTCTBYeT B ac¢albTOBO-CMOIHNCTON M B MacnaHHCTOH ¢(pakuusaX, BaHA=—
AMeBO~TIOPUPHHOBEIH e KOMIUIEKC CKOHIEeHTPHPOBAH TOMILKO B achaib—
TOBO~CMOJIMCTOH (paKuuH,

Hamu cosmecto ¢ B,C. BpearysosemM, J1,C, Bnacopolt u apyrumu
[11] 6eu1 mccnenopaH H3OTOMHBIE COCTAB BOMOPONA INIACTOBBIX BON M
Heprefi AmuepoHckoi HeprerasoHocHol ofnactu. Peaynerarhl anamisa
IIoKa3aiM, 4TO Bce HCClenoBaHHble HehTH NPOOYKTHBHOH TOMIH IO H30—
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TOMHOMY COCTaBy BOAOPOAA AOCTATOYHO OOHOTHIHEI, CopepxaHue, neiTe-—
pust B HUX mameHserca oT 0,86 no 1,01 OTHOCHTENBLHEIX €AMHHI, IpPH
cpepreM 3HaueHun 0,93 (eqMHHUBI OTHOCHTENEHO CTaHAApTa — BOOBI
MockoBckoro BogonpoBoaa, abcomoTHas KoHueHTpauus nefiTtepus B Ko-
Topo#i pasHa 0,0147 # 0,0005%). Yerko BHIpaXeHHBIX 3AKOHOMep—
HocTelt B H3MeHeHHH H3OTONHOI'O COCTABa B CBA3H C COCTABOM H CBOl=—
CTBaMH Hedrelt He Habmopaercd, MoOXHO KOHCTATHPOBATH JIHUWbL, YTO
nanGonee BHICOKMe KOHmeHTpammu (mefirepma 1,00, 1,01) xapaxrepHs!
nna Hedrel mepxHero oTpena mpoayKTuBHOH Tomumu, Hamu Gbinu Takxe
HCCNIelOBaHBl eMHH4YHBIe O6pasubl KOHAEHCATOB M YCTAHOBIEHO, YTO KOH-
OeHcATBl HECKOIbKO OGeqHEHEl TdXeNnbIM H30TONOM H CpeflHee CoaepkKa—
HHe B HHX neltepma -~ 0,90 npm kKoneGauum sHaveHnm#t or 0,83 no
0,94,

Hamu coemectso ¢ T,C. AsusoBbIM HccielOBaH H3O0TOIHEIH cocTap
yriepona Hegred NPOAYKTEBHON TOMOM MOYTH BCEX MeCTOPOXACHHH
AsepGaftmkana, [lo npeapapurenbusn namas C 13 (B %) nma medredt
MPOOYKTHBHOH TOMUM B LE/JIOM BblpaxaeTcd sHAYEHHAMH B HHTepBajle OT
-2,38 po -3,25, [InanazsoH xoneGauuii mno Bce#dl Tomme cocrasiser
0,87; nna HedTell HIKHero oTaesna Bhlpaxaercd — 2,53-3,06, a ans
Heprefi HEKOTOPLIX MOPCKHMX MecTopoxpaeHufi - 2,34-3,27.

Hawn coemecrtso ¢ T.A, 3omorouukoit u 10.A, BafipamoBbeM nCcie—
OOBaHUA NPOBOHUMMCEH HA HeQTAHBIX MECTOPOXIEHHIX OTKpBHITOI'O THIA B
LenrtpancHo#t yacTy AmMUIepoHCKOro INOMyocTpoBa, I'le HA MOBEPXHOCTH
ofGHaxA0TCH TMIacThl NPOAYKTHBHOH Tomuu c “xuBoi” Hedrwio,

ABSTRACT

Changes of the density, of the composition of oils along the section of

the productive series of Azerbajdjan are described, data on the content of
microelements, uranium, radium, thorium in them, the isotopic composition
of hydrogen and carbon of oils are given. It is shown that under the influen-
ce of oil pools anomalies of uranium and radium distribution and content
are formed.
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A. A. AAPOIIEBCKHI

MOJIEJb I'EOXHMHYECKOIO IIUKJIA
M 9BOJIIOTUA COCTABA IOPOJ 3EMHOHN KOPBI

Ipo6nema reoxaMuYeCKOl SBOMOUNE 3eMHOMN KOpPBI, B CaMBIX pasiMYHBIX
ee acCleKkTax, paccMaTpuballaCk BO MHOI'HX pafoTax, B KOTOPBIX B OC—
HOBHOM OCEella/IMCh CleyIOHe BOMPOCHI, ,

1. 3pomouns cocTaB& pa3MYHBIX THIOB MOPHBIX MOPOA H CpPE[Hero
cocrapa mopon semuoil koper [ 2, 4, 8 u np.].

2. Opomonms THINOB NMPOLECCOB NOPONOOGpA30OBAHHS, B YACTHOCTH
SBOJIIOUHS THIOB JHTOTeHe3a B meropHd 3emmu [ O

3. DBO/OUMHA THMOB PYAHBIX KOHUEeHTpauHi ¥ MpoUeccoB pypoobpaso—
Bahua B uctopu 3ewvm (7, 10 u pp.l.

4. 3pomioumsl COCTABA NOABINKHLIX HADYMHBIX OBONIOYEK — OKeaHa u
atmocheprr (13, 15, 1, 4, 6, 14 u ap.].

Bee 2T pasuoofpasuble NPOSBNIEHHS I'eOXHMHYECKOH SBOMONHE 36M—
HOH KOpBEl MOMHO CBEeCTH K [BYM THNAM NPOHECCOB M CBA3AHHEIMH C HH-
MH OBYM TpynnaM GaxTopoB. Bo-mepBhIX, k MSMeHeHHIO COCTapa MOCTY-
nammero B Xopy martepuana (mpopykTa nuddepeHUHALMH MaHTHE), UTO
TPHBOOHT K H3MEHEHWIO BO BPEMeHM CPeAHerc COCTaBa 3eMHOlf KOpHI B
UefioM, H, KaKk CIeNCTBHE, IVIABHLIX THIIOB TI'OPHBEIX NOPOA KOPLL. Bo=BTo-
PbIX, K H3MEHEeHHIO XapakTepa BUyTpeHHelt OuddepeHIManuy BemecTsa
KOPBI B pesyibTaTe HSMEHEHHUS TePMONHHAMHYECKHX YCIOBHHl IpoNeccos,
NMpOTeKalomuX B 3eMHOH KOpe, I'IaBHBIM 06pasoM Ha €e NMOBEpXHUOCTH,
Baxuefiumm daxTopoMm 37T0# SBOMmOMIME SBISETCHS u3MeHeHHe BO BpeMeHH
MOCTyN/IeHust SHEPIUM, NUTAKUWel reoXHMHUHeCKHe MPOLECCH, CO6YC/IOB~—

JIeHHOe IOgB/IeHHEM M PAa3BHTHEM HHU3HH, H3MeHeHHeM TeKTOHHYeCKOIo
H K/IIMMaATHYeCKOIO peXHUMOB,
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Onxako, Ha $OHe ITHX ABYX T'PyINn AeHCTBYOWHX ¢(aKTOpoB, Oonpeae—
NfeMBIX BHEINHHMHE 1O OTHOWEHHIO K 3eMHO# Kope ycrnopusmu (HoToxa—
MH BemecTBa-npoaykTa auddepeHuuanii MAHTHE W NOTOKAMU ZHEPTHH
3 MAHTHH ¥ KOCMHYECKOI'O NPOCTPAHCTBA) MOXET NMPOHCXOOHTEL 3BOTo-
IMe BelmeCTBAa KOpHI, CBA3aHHas C BHYTPEHHHMH OCODEHHOCTAMM KOPOBBIX
poLEeCCoB K OByCloBleHHAd 3aKOHAMH T'EeOXHMIMECKOr0 KpyropopoTa
BelleCTBA. 30eCh NPeANpPHHSATA INONBLITKA HAMETHTH HEKOTOpkle TeOpeTH=—
YyeckHe CllefCTBHA, UMeKUHe 3HAYEeHHEe A1 MHTepIpeTALHH 3BOJIOLHOH-
HBIX NPOLECCOE, [MPOTEKAKIIMX B 3eMHOH Kope, omgpasCk Ha CBOH#CTBa
mopenefi PeOXUMEUECKOrO LHMKMAA, PAcCMOTpenHbix pawsme [16, 11, 12]
KpaTko cyTb HOeH 3akiiodaeTcd B CleOyIouiem.

B noxnapne va XXIV ceccHu MexayHApPOOHOr'O I'eO/IOTHYECKOT'O KOH—
rpecca aprop [16] nokasan, 4To riaBHelume TeoXuMHIecKHe OCOGEH—
HOCTH NOPOH 3eMHOH# KOphl — pas/Muus CpefHHX XHMHYEeCKHX COCTaBOB
0CAfOUHBIX, MeTaMOPGHYECKHX H MATMATHYECKHX NOPOL — HE COTIACYIOT-
cd C IpocTe#ei (Knaccmecxoi&) MOAENTEI0 IeOXMMHYeCKOIro LHKIa8, 4TO0
3aCTARINET NPeANONOXNTL OoMee CNOXHYI NpHpoOny NHKaa. B OcCHOBe
2TO# C/IOKHOK MoOe/l INeOXHMHYECKOr'O LHKJ/A JIeXHT IHIIoTe3a O Iepe—
pacrnpenefiedud H AnbdepeHUHalHE XHMHYECKHX S/eMEHTOB B KpYTOBOpO-
TE BelleCTBa C ¢paKUHMOHMPOBAHMEM HX IIDH Nepexode M3 OOHOrO pesep-
BYapa KOpbl B NpYTOffi. HellOCpeACTBEHHYIO SMITHPHYECKYIO HHGOpPMAIMIO O
aHakax ¥ Macwrabax 3TOrc ¢PAKUMOHWPOBAWNA HEeCYT CpepHue XumuyHec—
KHe COCTAaBHl H MA&CCHI NOPOA PasfHYHbIX IeHeTHYeCKHX I'pyINm B

C papyro#i CTOpPOHEI, 3aKOHBEI MaccoobMena Mmexny pe3eppyapaMu B
TAKOH UMKIMYeCKOH CHUCTeMe NPHBOOAT K TOMY, YTO BCH CHCTeMa CTpe-
MHTCH K CTAUHOHAPHOMY, YCTOWYHBOMY BO BpeMEHH COCTOAHHIO, NpH KO-
TOPOM Kakoe-/mGo uU3MeHeHHe 3a CHeT NeHCTBUA BHYTPeHHUX GAKTOPOB
CTAHOBUTCH HEBO3SMOXHBIM, a KpaTKOBpeMeHHbLIe MaMeHeHHS MOryT HO—
CHUTL TONLKO peflakCauuoHHbll XapakTep. OnHaxo KOIMYECTBEHHBIE OLEH~
ku [12] mokaswiBAloT, YTO peallbHO B 3eMHO} KOpe AOCTATOYHO G/HM3KOe
K CTalHOHAPHOMY COCTOSHME AOJDKHO HabmopaThed ans aTMOCheph!, MHa—
poctepsr # ocamnouHoi ofonoyku (BClefCTBHE Malojl Be/TMMHHBEI CpegHero
EpemMeHH npefblBadus BelleCTBa B 3THX OOosoukax), Torga Kak riryOwH—
HOe BEWECTRO IpauuTHOl 0GONOYKM KOpHL, B CpefHeM, de GOoNlee ORHOTO-—
ABYX pas Npouyio deped IeOXHMHYeCKHil LMK ¥ He AOCTHINIO CTaumoHap~
HOT'O COCTOSIHHMA. ITO O3Ha4YaeT, YTO ero CpeaHHil COCTAB OOMKEH H3—
MEHSATECH CO BpeMeHeM, a BCIeACTBHe B3auMofeHCTBHS MeXOay BCeMH
pesepByapaMu 3eMHOH KOpbl Napalife/lbHO [AO/LKeH U3MEeHATHLCA H cped-—
HUl X¥EMUYECKHHE COCTaB OCA[OYHEBIX NOPOMA, HENPEepLIBHO IPUCIHOocabimba--
#C¢h K HaMeHdIleMyCq COCTapy DNIYOMHHBIX peaepByapos.

Taxum ofpasoM, asamka CIOMHON MOMAeTH TeOXHMMINEeCKOre IMKAa
IO3BOMISET YKaA3aTh Ha NBa OCHOBHBIX Heobxomumerx daxTopa, KOTOpBIe
cpasadbl ¢ COGCTPEHHO 3aKOHaAMH PEOXHMHYECKOrO LMK/IA H MOryT NpH-—
BeCTH K 2BOMOLUHM XUMHHECKOI'0 COCTapa NOpoja 3eMHOR KOophl: (pakimHo—
HUpPOBAHHE SIeMEHTOB IpH Iepexofe W3 ONHOIO peasepbyapa B Apyro#

U HeCTAUHOHApPHLIE XapakTep TIYGUHHLIX PesepRyapoB kxopbi. [nd Xapak—
TePHCTHKH CBOHCTB MoOAe/ell NeOXHMHYeCKOr0o UMKJIa Ba)HO, 4YTO U3-3a
OTCYTCTBHA (PAKIHOHHPOBAHHS 3JIEMEHTOB B paMKax NpocTefluell mMope—
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/I TeOXHMHYECKOI'o LHK/a H3MeHeHHe BO BpeMeHH CpeAHero Xmumuiec—
KOro €ocTapa pas/MYHLIX NeHeTHYeCKHX IPYNNI Nopon 34 CYeT BHYTpeH—
HHX @KTOPOB HeBO3MOXKHA; TaKad BO3MOXHOCTE 3a/l0KeHa TOJIIBKO B
cnoxuoit Mogesm.

OnHako 3TOT BEIBOA HOCHT TeOpeTHYeCKHii XapakTep U MOMyYeH Ha
OCHOBAHHH aHA/IM3a CBOHCTB MOENM MAaccoobMeHa B 3eMHOMH xope., [Toa-
TOMY OH MOXET HMeTb 3HauyeHWe NOCTO/MBKY, NMOCKOIBKY IpHeMIIeMa OC—
HoBHas Mogems. Ho ecim Mopeis npHHATE, TO, HCNOML3YH NaHHBIE O cpef-
HeM XHMHYECKOM COCTABE Da3/MYHbLIX I'eHeTHYeCKHX I'PYNN I'OPHBIX MOpon
3eMHOJi KOpEBI, MOXHO HAMETHTB CaMble OOmHe SBO/MONMOHHEIC TeHAEHIINH,
KOTOphle CBA3AHLI C 3aKOHOMEpPHOCTSAMH INepepachnpenefieHus XHMHYECKHX
9NeMeHTOB B I'eOXHMHYECKOM KDPYT'OBOPOTE BeIIeCTBa H NOJDKHEI Ipo-
CMATPHBATECH CKBO3L CJIOXKHBIC II@PHOAMYECKHE M HE3AKOHOMEepHBIe Bapu-—
aly| COCTapa IIOpOA B XOfe IeOJIOrM4eCKOro BpeMeHH.

HenocpeacTeelnoe colocTapleHne CPEHHX COCTABOB OCANOYHEIX, Me—
TaMopdHiecKnx ¥ marMaTEdeckmx nopoa [ 12] noxassiBaer, yrto npm
$popMHUpOBaHHH YCTOHYHMBOI'O, CTAIHOHAPHOI'O COCTABA MEeTaMOp(HYecKOro
H MarMaTHYeCKOr'0 pe3epByapoB INepBblii Ao/DkeH OGOramaThLCs MarHuem
H XKeNeaoM, & BTOpO#f — IeJIOYHEIMH SJeMeHTaMH H KpemHesemom. Chep—
CTBHEM ®TOr0 [AO/MKHO ObITE NMOCTENeHHOe B XOAe I'eOJIOrH4EéCKOro Bpe-
MeHH ofefHeHHEe OCaOYHBIX NMOPOA YKal3aHHEIMH 2/eMeHTaMH. DTOT Bbl-
BOJ, MOXHO CONOCTaBHTBE C HEKOTOPLIMH XApaKTepHLIMH NPH3HAKAMH 3BO=—
JIOIMA XHMHYECKOI'0 COCTapa OCAAOYHLIX Nopod, ycTaHopjeuusivu A.I1.Bu-
HorpagoeeM u A.B. PouoeriM [2, 4, 5]. B 4acTHOCTH, yMmeHBLUIEHHE
co BpemeneM orHomeuuss Mg/Ca, a Takxe HeKOTOpOe IOHMXEHHE comep-
MaHUA XKejne3a B OCaNOYHBIX mopoga Pycckoft m mpyrux mIaTgopM MOXeT
OTpaXaTh pas[e/ieHHe STHX SNEMEHTOB B Xone AuddepeHIManHd BemecT—
Ba KOpbl C OTHOCHTE/IBLHBIM OboramesneM kaigkoHeM OCAAOYHOI'O pesep-
Byapa, a MarsHgeM H XellesoM — MeTamoppmyeckoro. MuTepecHo B nose—
neune (ymenblenwe B Gollee Mosoabx nopopax) orHomenns K/Na B
ocagkax (aHepososi, KOTOpOe MOXeT OTpaxaTk oborameHde KaiMeM OT-
HOCHTE/TLHO HATPHS MAMATHYECKHX IOPOA K OTHOCHTE/LHOE YBelMdeHHe
pOMM HATPHHA B NOBEpXHOCTHLIX ODOJIOYKax B Xofe I'eOJIONHYeCKOro Bpe-
MeHH, )

YuuTthieag obcymxpnaeMble CBOHCTBA CIIOXHOH MOAe/[H IeéOXHMHYECKOI'o
MK/a, NPeACTABIAeTCS BOSMOXHEIM MHTEPNPETHPOBATH H AAaHHBE 06 SBO-
/MOLMKE M30TOMHOIO COCTaBa KHC/IOpoga B OCANO4YHEIX TOpOAaXx W, MO BCei
BeposSTHOCTH, B rugpochepe B Teuenue daneposos. Kak ormeruia
E.J. Oouuoea u npyrue [3], naGmonaemoe oforameune H30TONOM 0!8
B TeYeHHe BPeMEHH MOXeT OTpaxaTh CHCTemaTHYeckoe “o6nerdenme”
KHCIopoAa Npu MeTaMopduaMe M IpaHMTH3ALUMM BelecTBa OCAAOYHBIX
nopon ® “BoaBpamenue” THXeJOr0 H30TONA B IOBEPXHOCTHBIE reochepsr.
Bax#o NopYepkHYTL, YTO STOT MeXaHH3M MOXeT NpPHBeCTH K Habmopa-
emMomy ahheKTy TOMLKO B CHITy HeCTAUMOHAPHOCTH MNIyOHHHOrO BemecTsa.

Kouewro, Takoe coNoCTaBieHHe CBOACTB MofeMM C HekoTopemMu (ua-—
ubonee ApKAMHE) SMIUPHYECKHMH [AHHBIMH MOXeT HOCHTB .cefiMac TOM—
KO CaMEIlf NpefiBApHTE/BLHEIN XapakTep, M IVaBHOM Ue/LI0 NaHHOH CTaTLH
apngeTcd OOpaTHTEL BHHMAaHHE HA BO3MOMXHOCTH SBOJIONHH.3aNOMEHHbpIe B
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MOfeN¥ KpPYyropopoTa BemIeCTBA 3eMHOH Kopel. Tem He Menee Hamedeu—
Hble KOppe/siUHH MOT'YT NpPEeACTAaB/ATh HEeKOTOpHI MHTEpeC, IOCKOMBKY
mobBag wmHasd wHTeprpeTalms HAWIEHHBIX SMITMPHYECKHX TeHOCHUHH AO/DK—
Ha NpUBMeKATL NMpeaCTABJeHHd 06 SBOMOUMH XHMHYECKOr'O COCTaBa MOC—
Tynamomero Ha NOBepXHOCTB 3eMJIM TNIyOMWHOrO MaTepHana, O KOTOpoi
OKa MBI HE WMeeM BOSMOKHOCTH CYOKTL Ha OCHOBAHNM He38BHCHMLIX
pauHbX. YTO6B! MCIOML3OBATL SMIMPHUECKHe fAAaHuble A8 CYxAeHHS 06
9BOIOLMA INIyOHHHOTO MAHTHRHOrO Npolecca, Heobxoaumo "CHATE” ad-
bexTH BHYTpHKOpOROH Anddepennnanun. [lambHeiini aHamis CBOKCTB
Mofe/ M I'eOXHMHYeCKOr'0 LHMKJIA M CONOCTABIEHHe MX C Hab/ionaemMbIMH
haxTaMi ACLKHBI NOMOYML OLEHHTH PONTL TOTO (aKkTopa.

ABSTRACT

The laws of dynamics of geochemical cycle are such that the system as a
whole strives for a steady state being invariable in time, if the character

of uoter influences upon the system does not change systematically. Howe—
ver, quantitative analysis has shown that in reality in the Farth's crust a
state being sufficiently close to the steady state must be observed in the
sedimentary shell, the Lydrosphere and the atmosphere while the deep—sea—
ted matter (magmatic and metamorphic rocks) of the Eartk's crust has not
attained a steady state and its average chemical composition must evdve

in time. Information about the trend of this evolution gives the comparison

of the average composition of rocks of differént reservoits (sedimentary,
metamorphic and magmatic). -
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H. H. TOBOPOB, 3. [I. POJIYBEB, E. II. [EHUCOB

TEOXHMHA TJIYBUHHBIX KCEHOJMMTOB # KOHBEKITHA

B BEPXHEW MAHTHH CHXOT3-AJWHBCKON CHJIATYATON
OBJIACTH

Cuxore-AMMEBECKAs CKIaguaras oblacTk HAXOAHTCH B 30He Ilepexopa
A3HaTCKOTO KOHTHHeHTa K THXOMy oOKeaHy ¥ CPoOpMHpOBaHA B 3HAYH=
‘renbHO# CBOeft HAaCTH Ha KOpe COKpaleHHO# MOIHOCTH IpH HHTeHCHB—
HOM NpOSIB/ICHMH WHHIHANLHOrO (Naneosoickoro) CIMIHTO-Inabasoporo
By/IKAHMAMA. BTOpoH MakCHUMyM RamaHuS GasalLTOB NPHXOOUTCH HA
HEOT'eHOBLI TIePHOA M XapakTepHayeT 3NOXy Nepexoga obfnacTu sapep-
IedH¥0}# CKIanuaTOCTH B Momoaylo naaTtdopmy. B o1y smoxy chopmupo-
pamsce obumpHele GasamsTopele maTo (Bopucosckoe, llikoroBckoe, 3e—
suHckoe, Camaprusackoe, Coprapauckoe H Op.), & TaKXKe MHOIOYHCIEeH-
neie ofocofneHHble BylKaHKdeCKHe MNOCTPOIKH, CJOKEHHBle TOIeHTAMH.
C 3agiioqpTe/bHbIM TADOKCH3MOM HHTEHCHBHBIX HEOTeKTOHHIeCKHX OBH-
KOHMH, KOTOpLIe TPOHCXOAM/M B KOHNe INIMONEHA WIM B Hauale YeTBep—
THHHOT'O BpeMeHH, CBasawo ofpazopaHue BY/NKAHOB MeJOYHBIX Gazams—
TOB,

Bynxausr meaoutsx 6asainToOB, HeCymde OOMALHBIE KCeHOJATHI MIMTH-
HellekkX NEPUOMTOB, B Npeobniafajouweit Cpoell YacTH TPYNNHPYHOTCA B
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OBEé LEeNOoYKH CeBepOo—BOCTOYHOIO Hanupapieuus. [apHag uMa HHUX NpOTa—
ruBaeTCs BAOML BOCTOYHOH OKpauubl XaHKAHCKODO CpedMHHOTO MAacCHBA,
TAroTed K 3oHe 3anagHoro CHXOT2~AIHHCKOrO CTPYKTYPHOIO liBa, U
TpocTiexeHa Ha cebepe A0 OOMMHEI Amypa B o0me#fl CHIOMHOCTH Ha pac—
crosaue okono 800 xm. K aToit memouxe mpuypodenn: (c wra ua ce-—
Bep) Bynkaubl bopucoecknit, boeeckuii, Ceuaruuckuit, Menpexuil, J/leco-
saponcknfi, Cameckuil, Honourckuit (burypa)., Bo rropoil uenouxe,
Taroreomeil K aone lewTpanbHoro CHXOTo—AJMHCKOrO TNIyGHHHOIO pas—
JoMa ¥ ONepdAIAX ero Tpelud, Haxoadarcs eynkaubl Kapryuckuii, Boc—
TOK=2, AHIO{CKHIl,

B ormume or TonemToB, menouHble GasambThl (OMMBHHOBLIE TPaXH—
fasanbThl, aHKAPATPHTHI, JeHIWTOBLIe AHKAPATPHUTEL ¥ Op.) XapakTeph-—
BYIOTCS BLICOKHMH CORSpKAHHAMH KaK CHAepOGMITLHBIX, TaK H JHTODHThb—
HBIX MHKpOSiemenToB (Tabm. 1), uTo ykaswipaeT ua obpazoBaune Ma-—
TePUHCKOH# Marmel B npollecCe CeJIeKTHBEHOrO INIABJIeHHs NepHAOTHTOBO=

. ro cyGorpara pepxHedt Mantun [ 4], Ecmu ceaseiate sToT mpomecc c
acrenocdepubiM croem [1], To rayBumy sameraums nepeuduBIX Ouaros
e/0410-6a3aIbTOBONH MATMBl MOXHO CHMTATL G/M3KOH K BepXHel rpa—
HHL® CJIOf C TOBBILIEHHOH 3JIEKTPONPOBONHOCTHIO, KOTOPAHd IO MaHHBIM
MarHUTHO~Te/UIYPHYeCKHX 30HOMPOBAHMA B oro-sanagHom [Ipumopke
npoxoauT Ha ruybure 120-135 xm [8].

OueBnaHO, uTO CpaBHeHHe BAJIOBEIX AHAN30B JIEPUOIHTOB B CHITY
paammua UX MHHEPaTLHOTO COCTAaBa M Ko/leGaHHda cofepxaHuit oTaeib—
HBIX MHHEpa/lOB faxe B KCEHONMTAX H3 OJIHOI'O BYJIKAHHYeCKOI'o Tella
He MOXeT BBIABHTL HM MECTHBIX, HH PECHOHAMBHBIX TEeOXUMUMSCKUX 38—
KoHOMepHOCTel. [lo2TOMy NpOBe[EHHEIE IMeOXMMHYECKHe COTOCTABIIeHHH
OCHOBBLIBAIOTCH Ha CpPABHEHHM peay/bTaTOB aHa/lliaa YHCTO OTOBpaHHbIX
dpaKuuil TIABHBIX MUHEDATIOB TOPOObl — O/MBUHA, SHCTATHTA W MHONCHAA.
Copepxaund GONbUHHCTBA MHUKPOR/IEMEHTOR B MHHepa/laX KCeHOIHTOB H
pMemalomux 6asanbTax ONpefelsiliCh KOIMYeCTBeHHBIM CIeKTpallbHbIM
vetopom: W ¥4 Mo —~KOMOPUMeTPUHeCKUM MeTOAOM C UMHK—~IUTHOIIOM.

BoruciieHHble 110 peaylibTaTaM aHalH30B CpefHHe COOepXKaHus MHKpO-—
3/IeMEHTOB B MHHepallaX JIepLOJNTOBHIX KCEeHOJMTOB CBefeHbl B Tabil2.
CpapHuBas aHauabl Mexay coBoil, MLl BUAWUM, YTO TIABHLMH KOHCTHTY=
SHTHBIMH (KOTOpeHTHEIMH) NpuMmecsamu osuenua saeisiores Ni u Co. Co-
NepXaHusd THX SISMEeHTOB TOHWXAKITCH NpPH Nepexofie OT OMHBHHA K
SUCTATWTY M OT sHCTaTuTa K anoncuay. Opnuaxo w B nmocnepuem Ni
coxpaHsieT CBOe MECTO CpeaM IVaBHbX NpuMecedt. [Mpmmecn Cr,V u Ti,
HexapakTepHble [ANF OJMBHHA, NpHOGpeTaloT KOHCTHTYSHTHLIE XapakTep
B 3UCTATHTE ¥ ocofendo B guoncunae. Wa umcria BTOPOCTENEHHBIX NpUMe—
celi ONg O/MBHHA JOKasaTelMbHEl Z0 B Ag, a gns sHCTATHTA W OMOICHAA —
cepebpo. Kaknx-mbo sakOHOMepHOCTE# B paclpefefleHHd ApYTHX Onpe-—
nengpumxcs mpxpoanementos (Cu, Pb, . Sn, Zr, B) we oTmeuaerca.

PaccmoTpiM Tellepb paclpeaellcHHe BhlelleHHBIX 7 MHKpPO3/IeMeHTOR
B KaXKAOM M3 MHHEpalop KCeHO/MTOB B peruoHa/kHom Iuviawe. Kax bun-
Ho ue Tabh. 2, Ans BCeX TpexX MHHepanop nameuaeTcs Of0maf TeHpeH—
Mg yMeHblIeHHS COOepXaHHWii XapaKTepHbIX MHKPOSJeMEHTOB C Iora Ha
CceBep W YaCTHYHO C BOCTOKA Ha 3anaf, OcofeHHO KOHTPACTHO 3Ta 3a-—
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MupuHd

Dywyns,
° Hu

Kapra pasmeuwenus xaiHosofickux 6asanpromnoB [anshero Boctoka (mo
E.Il. Oenucory)

] = ToneuToBbie 6aszaibThi, || = JeHIUTOBLIE H Hede MH-NeHIHTO~
Brie GazaneThl, [[| - HedennnobBrie GasanbThl, [V — WENOYHbIE OJH=
BHHOBLIe 6a3ajbTh, V - CiIy6uHEbie paanombl, Llnppamu Ha xapre mo-
Ka3aHbl BYNKamel: | - p. Xyp6a, 2 - Dononbckmif, 3 ~ CHHAHHCKM,
4 - Bepxueamo#ckas rpymna, 5 - lopmedl, 6 - Boctok-2, 7 -
Kaptyucxuii, 8 = Canecxuit, 9 =~ JlecozaBonckuii, 10 - Ceusarus-
ckuit, 11 - Hmxmemymuxwuuckuit, 12 - CpenueMynuHXMHCKME, 13 =
Mepxkymonckuit, 14 -~ Bopucoecknit  Boeeckuii, 15 -~ Apremopcxui,
16—18~ MynanpussHckas rpymna, 19-20- Cepepokopeiickag rpynia,
21 ~ YpanawpumHckaa rpymia, 22 - Hemaspckas rpynma, 23 - Cu—
n510x9, 24 - PywyHpCKHI
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KOHOMEPHOCTE npofABndAeTCH B AWUOICHOe, MeHblle —~ B 3HCTATHTE U Meuee
pcero = B ommBHHe, [TpUMeuaTelbHO, YTO HMEHHO B 3TOi NOCHenoBa=
Te/ILHOCTH MOBBILAKIOTCH TeMIepaTyps! IJapleHus MHHepa/oB,

OTknoueHdus OT ykazauuofl ofme# TeupeHUMH CBI3aHB! C OCOGEHHOCTH-
MH pasMellleHHs OTHe/BbHBIX BY/IKAHOB M By/IKAHWYeCKHX 30H. Tak, By~
KaH BopHcOBCKHil, XOoTd M 3aHMMaeT Hanbo/ee IOxKHOe INOJNIOXKeHHe B Ilab—
HOM IeriOuKe meNoYwoGa3aMLTORHIX NMOCTPOeK, HO HAXOOWTCH HEeCKONLKO
sanagxee 3angaHoro CHXOTe—ANMHCKOIO CTPYKTYPHOr'O WBA, JOKATH3Y-
4cb B 30He cybumporHOro Iwuo-CHxoTs~AMHCKONO MNIyOHHHOI'O DPaaio-
ma {cm. puc, 1). CooreeTcTRenuo sToMy, comepxauns Ni, Co, Cr B
omaBuHe,V ¥ Ag B SHCTATHTE M3 KCEHOIUTOB 3TOI'O BY/KAHA HeCKOBLKO
HIDKe, YeM B [JAHHBIX MHHepalax U3 KceHo/mTop CBHATHHCKOr'O BYI/KaHa.
KapTynckuil pynxau W uexkx BocTox-2, waoGopoTr, ynaneus X BOCTOKY OT
I'MIaBHOJ IeNOYKH, NO3TOMY COOEpXAaHHA HeKoTophix silemeHToR (Co m
Ag s omueune; V,Ti, Ag' B sucratute; Ni, Cr, V, Ag B nmoncuae)
BOECH BHIIE, 4EM B COOTBETCTBYIOUIMX MHHEpallax M3 KCeHONMTOR Byl
KaHa Meneexwero.

CpapHeHne Tabi. 1,2 yka3blBaeT HaA ABHYID He3aBHCHMOCTE OIIMCaH-
HBIX HaMeHeuull conepiaumnii MHKpOSNeMeHTOB B MHUHEpalax KCeHOINTOB
OT PeoXHMH4YeCKHX ocobeHHOCTe# camux bBMemalompx GazaieLToB, ITO
CIyXUT OAHHM M3 I'NIABHBIX OOKA3ATe/LCTE KCEHOI'eHHOCTH BKIIOYEHHH U
WX TPHHAAZEXKHOCTH K cyGcTpaTy Bepxuelli MauTuu. Y CTAHOBNEHHBIE 3a-—
KOHOMEepHOCTH pacHpefelleHdsd MHKPOSJIEMEHTOB B INIyOHHHBIX JlepLOJIH—
Tax MoOryT GuTh OEbSCHEeHbI, NO HAWIEMY MHEHMIO, TOMLKO C MO3UIHH
KOHIIeNIIHH O KOHBeKIHOHHBIX Te4YeHHdIX B CYSCTPBTE MaHTHH 3emMim. Xo-
TS NMPHYAHEI 3apoxaeHds, MacuwrTabbl, CTPYKTYpa u Opyrue CBO#CTBa
MaHTHHHBIX TedeHHi ocTalTcd HedCHbIMH, HX Oolblias pollb B Ipouec—
cax TepepacnpefeNeHu# TeNlia M BelleCTBa NPHU3HAeTCHA MHOIAMH yue—
e [5, 7, 9, 10, 11, 12, 14]. Tlpegcrasngercs, 4TO T'IABHEIM -
MEeXaHH3MOM, ollpege/MBIUHM JMOTEepIo MHKpPO2J/IeMeHTOB MHHepalamMHu Jep—
LOJIMTa, fABN4J1aCh BHYTPHKDHCTANIIHNYECKAasa HH@YSHH MHKPDSJIEMQHTOB
C HakoI/IeHWeM X B xuakoli GasanbTHueckolt dase, KoTopasi BLIIJIABIA-
NACH W3 NMEepBHYHOTO NMEPWIOTHTA IyTEM ero 30HHOro miapileHus [2]

B Tlpefe/iax acTeHOCHepHOI'o Clod.

CxopocTe auddy3uu HOHOB M ATOMOB B TBEDAOBIX KPHUCTAJIAX HAXOOAUT—
cfl B NpgAMO} 3aBHCHMOCTH OT TeMIlepaTypkl H paauyca aupdyHaupyome—
ro mona u B oBpaTHON 3aBHCHMOCTH OT 3apdga mnocnepuero |6, 131
Hcxons M3 3TOro, MOXHO NpeAlofaraTh 3HAYHTeILHYI ahpeKTHBHOCTL
MeXaHHaMa BHYTPHKDHCTANIHYeCKOH AnddysuH MHKPO3/1eMeHTOB B TeM=—
nepaTypHbIX YCIOBHAX BepxHeif MAHTHH, a TAKXe 30HAJbHOe KOHLEeHTpU—
pOBaHMe MHKpO®/IeMeHTOB B GasansTHYeckol ¢ase acTexocdepHoro crnog
H COOTBETCTBEHHO ONpefeNeHHYI IeOXHMHYeCKYlo cllelHannsaunio Ga—
3aMLTOBHIX ACTEHOMMTOB, KOTOPblE BO3HHKAIOT MyTeM JOKaNbHBIX 060cof—
neunt sToif ¢asbr [1]. TlocsiegHee mpennmonoxeHme NOATBepXKOAeTCH AaH—
HBIMH 110 OCOBeHHOCTHM pacnpefeleHus ojiopa B 6a3allbTOWOHBIX MTOpO—
nax CuxoTe-Amuckoli oBnactu 131,

Ycranopneunas TeHAeHIHda YMeHblIeHHd conepm'amm MHKpOQﬂeMeHTOB
B MHUHepallaX riyOHHHBIX KCeHOIMTOB YKA3bIBAST HA TO, YTO KOHBEKIH—
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ZEL

Tabnnna 1

Cpenuee copmepxauue (r/T) MuxposneveHuTor B HEOTeH~YeTBePTHYHEX Gasamwronnax CuxoTs-Ammus
(ro Sﬂ Tomy6epoit)

2ne- 1 2 3 4 5 6 i
meute| (33) 17 (24) (31) (24) (21) (17
Ni 235 328 659 397 369 379 133
Co 39 110 153 145 66 44 50
Cr 238 397 680 335 376 515 409
Y 135 536 425 291 167 91 203
Ti(%) 0,90 1,15 1,34 1,07 1710 1,54 1,28
Cu 50 113 82 o8 131 53 120
Zn 105 148 55 94 47 65 54
Pb 2,6 3,7 2,9 5,7 2,8 3,1 6,8
Ag 0,147 0,118 0,035 0,038 0,024 0,026 0,647 .
Mo 0,8 0,5 3,9 3,2 5,3 7.2 5.6
Ga 20 39 38 5 23 23 o7
Sn 2,0 4,6 3,8 2.7 2.7 2.6 9.3
Zr 45 124 197 o8 50 41 ' 129
W ! 1,4 4,0 2,6 ) 9.5 2T
B <1 oD 8.2 g | - k g 6,8

1 - TonemTs! BOPHCOBCKOrO miaTo, 2 — lnenouHble GasanbTel BOPHCOBCKOTO By/Kaua, 3 — aukapaTputbl CBug—
THHCKOr'O By/KaHa, 4 — auxapaTpuThl MeaBexnell sKCTpysuu, 5 — aHkapatpurhi KapTyHCKOTO BymnKaua, 6 - nciilii—
TOBble aHKapaTpETH! BocTox-2, 7 - jelinuToBhle aukapaTpuThl BomoHckoro Bynkana (B CkofKax WHCIO aHAIM30B).
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Tabnunpa 2

Cpenuee copepwanne (r/T) MEKPOSNEMEHTOB B MHHepANax epPUOMHTOBHIX KCEHOMMTOB M3 IIE/IOYHBIX 6a3ambToB

CexoTrs—Amng

MuHepansl, BYITKaHB

(xomra, aramiaos) Ni Co Cr \' Ao Zn Ag
(OF§°8:%:8:
Bopucosckus (4) 2183 204 49 5,8 310 61 0,008
Ceuarnuckni (6) 2227 2186 104 10 330 39 0,089
Mepeexus (7) 2075 116 25 6,6 370 26 0,057
Kapryuckuit {12) 2066 177 61 10 348 27 0,077
Bocrox-2 (5) 1140 126 41 4,3 310 13 0,068
Bonounckuit (2) 1300 120 49 8,5 200 28 0,035
ducTaTHT
Bopucosckni (4) 1208 120 2068 62 880 19 0,097
Ceusruuckai (7) 940 03 1980 92 780 29 0,122
Menpexuit (7) 736 66 2318 35 648 24 0,047
Kapryncxui (9) 655 54 1960 57 737 S5 0,093
Bocrok-2 (5) 613 31 1420 36 609 8,8 0,065
Bonoucxuii {1) 880 100 680 j2) 250 8,9 0,040
Oduoncun
Boprcoscxut (1) 807 45 68523 250 4000 8,5 0,210
Cenarmucxui (7) 640 74 4264 198 3803 9,8 0,150
Menpemuit (4) 450 56 3600 110 3480 6,6 0,108
Kaprywckui (6) 805 41 5866 358 3497 15 0,124
Roorox~-2 {2) 530 01 5200 170 2700 8,3 0,100




OHHbIE TIOTOKHM B JIepUOMMTOBOM cybBcTpaTe acTeHOChepHOI'O C/IO8 HMEH
faTepaneHylo COCTaBNFIoNY0 CeBepo-BOCTOYHOI'O HAaNpaBleHHd, coIviac—
HOT'O C NPOCTHPaHHEM CKJaf4aThiX CTPYKTyp CuXOoTa-AmmMus u pasrpa-—
HUYMBAOMUX X IIyOuuuex pasnomos. [lpu atom B TlprMmopee BOCXO—
gduMe seTBM KOHBEKIHMOHHBIX ITOTOKOB pAacCNojlaralice Ha iore, JI0Kaiu-—
3yACh, NMO—BHAMMOMY, B 30HE INIyOHHHOI'O CYGIIMPOTHOIC paaioma, Ko-—
TOPBIY MO IeObH3EYeCKHM OAHHEIM MPOXOANT BOO/E MOJOCH COBpeMEH--
HOTO weibha, BoaMoxuO, 4TO 2TOT pasiioM SBIAETCH BOCTOYHEIM IIPO—
nomkennem Hublawbckoro nuueamenTa Cepepo-Bocroxa KHP. Hucxo-
AdUHe BeTBH KOHBEKIHMOWHBIX JIOTOKOB, BepOfiTHO, KOHTPOJIMPOBAIMCH
cucTeMoli CyOLIHMPOTHREIX Pas3fioMOB BHKHUCKOH 30HEL, MOXHO CYHTATH,
YTO KOHBEKUHOHHLIH HHK/ OXBATBHIBA NepHoAbl NO3AHEIeOCHHK/IHHAILHO—
O ¥ OporexHoro paspuths CuxoTe-Amiuckoi obnactu (noaauui meao-
s0it) u ofycnoeun mposBnelHs Ga3AMBETOBOTO BYJIKAHMAMA OPCKOTO M
MeJIOBOT'C BO3PacTOB,

ABSTRACT

The authors studied geochemically complex of the most abyssal magmatic
rocks represented by alkaline basalts and xenoliths of spinel peridotites
contained in them. It is shown that the changes of microelement concen—
trations in rock—forming minerals of xenolits do not depend on their con—
tents in enclosing rocks. Stated homogenuity may be explained by the

presence of convection currents in peridotite material of the upper mantle.
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B. H. TEPACUMOBCHHH

IFEOXMMHAYECKIAE OCOBEHHOCTH N I'EHE3HC
BA3ZAJBT-AHIESUT-PHOJIATOBON CEPUH TIOPOJ
B 30HE OKEAHHYECKOI'O PH®TA

(HA IPAMEPE HUCJIAHIHH)

OcTpor Hcnauaous, pacnofloxeHHbl# B 30He CpeanHHO-ATIaHTHYECKOr'o
xpebTa, ClIOXEeH TPeTPHYHLIME M YeTBepTHYHLIMH GaszanbTamu, W TOILKO
okosio 10% npuXoawTCs Wa AOMO APYTHX THIOB NOpON [14]. Haubonee
npesuue moponst Mcnawnum (6asansThl) pacmpocTpaHeHH! IO NepubepHE
OCTpoOBAa, NpedMYylleCTBEHHO B CeBepo-3alafHoi ¥ BOCTOYHON ero yac—
Tax. MakcumalbHbIi BO3pacT HX okono 16 mmu. meT. B yerBepTHUHBLR
NMepHOA BY/IKaHHYecKas AesTe/IbHOCTEH pasBHBAJACH I'IABHEIM O6pazoM B
30He, NepeceKalme# ocTpoe B cybmepuguonamsuom (CCB-I0I03) ua-
NpapleHHH H HeaHAuATe/LHO - Ha asanage Mcnaugmm (n-oe Cualidenme-
cuec). HeommOKpaTHO NpOSBAANACH OHA M B MCTOpDHYeCKOe Bpems, [Joc-
NenHHe MaBepXeuns npoucxoguan B 1970 r. (synkas TIekna), B
1973 r. (o-B Xeitimasit) u B 1976 r, (Bynkau Jleiipxuyxyp).
Cpenn addysupHOl cepun B Mconanamm BAeNSIOTCH BCe pPA3HOBHOHOC-
TH or 6asameTa no puonuta (aHnesnTO-GasalbTHI, AHNESWTEH, AHIE3HTO-
' nAUNTHI, PHONMTO-OALMTH M PHOMATEI), BynkaHuueckwe moponbl KNACCH-
$rmmpyioTcs 1o copepmannio Si09 [3]. K Gasamram oTHocsTCS mMOpo-
asl, comepxamme menee 52% SiQ9g, aunesnrto-6asamTaMm - 52-57%,
aupesnutraM - 57-62%, aupesuTo-pamkram - 62-65%, nammram - 65—
68%, pamuTo~-puomuTaM — 68-73% u puomuraMm - Gonee T73%.
Cpenu ocHOBHEIX Hopon Hambonee pacmpocTpaHeHsl GasanbThl, a cpe-
O KHCHBIX — PHONATO-OALMTH! W PHOMMTH. MHTpysuBHbe nopoas! (rat—
6po ¥ I'PAHHTOMOBI, BKIIOuas ¥ I'paHo(Hphl) paCNpOCTPaHEeHLI Maso.
BasanuTe! OyeHe pasHoobpasuel mo coctapy. B ar1o#t rpynme nopon
BCTPeHAlOTCH PASHOBHAHOCTH, AHANIOTMYHble: 1) GasambTam CpeqHHHO-
OKeanpyeckux xpe6Top, 2) ToneuTam u 3) menowueM GasanbTam KOH—
THHEHTANMLHEIX PHOTOBBX 30u [1].
Cpenu nocTNeAHUKOBBIX GasambToB Mcnawguu B mpenenax pHGTOBOH
30ub1 AkoBcod [10] BeendgeT TONEHTHl, OMABHHOBLIE TONEMTEI, MeJO0Y=
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Hble OIMBHHOBEIe GasalbThbl U IepexoaHble PAGHOBUOHOCTH: TONEUTHl —
MeJOYHLIe OMBHHOBLIE GA3aNLTEHI,

lMopoas! Mcnauauu No reo/orHYecKoMy MOJIOKeHHIo TPYTMIHpYIOTCS Ha
naBbl TPEWMHHLIX WSMMSHHH, 7aBBEl U 3KCTPY3HH UEHTpamLHOIrO THIAa, No-
POkl gaek, CHINIOB H HHTPY3Hi.

B nerume mepumopbl 1971-1973 rr. cotpyouukn TEOXW Axapemuu
Hayk CCCP B.W. lepacumosckuit u A,HM. Ionsxop npuHuMany ydactide
B paBore CopeTckoii Kommnekcuoi skcrneaunuun AH CCCP B Hcnauouu
(wayuueni pykoBonurems uned-kopp. AH CCCP B.B. Bemoycoe) u mpo-
BE/M I'eOXMMHYECKHe HCCIeqoBaHHd.

PesynepTaThl HawmMx omnpeneleluil CONepXaHuda pana 2JeMEeHTOB B Ho-
ponax HMcnauauwm pauel B Tabn. 1. Uudpe, npubeneHuble B 2TOH Tabmi-
e, MOKA3LIBAIOT, YTO KOHUEHTpAUMa CONLIIKHCTBA 3/IeMEHTOB B INoGOM
e apdysupHoll cepun nopon (GazanbTil - aHgesuTo-BasaneTHl, auge-
SUTHl — JAUMTHl — OAUMTO-DHOMHTLl — DHONKTEI) HEPeOKO H3 OOHOIO H
TOTO ¥e paiOHa 3HAYHTE/TLHO BAPBHPYET, MOCKO/BKY (OPMHPOBAHHE HX
NPOWCXO/IHJIO He ONHOBPEMEHHO ¥ B PASNHYHHIX I'eOJIOTHHeCKHX YCIIOBUfX.

Paamemenue anementos B cepun =hbysuBHbX nopon Wcnawpuu
orpaxaeT OOMWYIO I'eOXHMHYECKYI0 3aKOHOMEpDHOCTb B HX pacupepedieHuw,
a UMeHHO: NMOCTeMeHHOe YyMeHblleHHe KOHIEHTpALM} OOHHX 9/1eMEHTOR:
Ti, V, Cr, Ni, Sr, Co, Sc, Cu (oT ocHOBHEIX X XHCABIM) H OOHOBpE—
MeHHO YBelMYeHHe APYIHuX, B NEepBylo ouepelb, MATOPHUNLHBIX S7eMeH—
ToB: Na, K, Li, Rb, Be, Ba, TR, Nb, F (cm. Ta6a. 1). Hanpumep,
cpeniee copepkawue THTaHa B OasamsTax - 2,33%, a B pHoIHTaX OHO
suaunTeMbHO Hume — 0,21%, pauapus cooTBeTcTBEHHO 326 /T M
22,3 /T, xpoma - 162 r/T u 18,4 r/T, wugena -182r/T u 11 r/T,
xobamera — 48 r/t u 7,8 v/, ckawgus - 34 v/t u 6,1 r/T, Meou -
133 r/Tu 12 r/T, ¢dochopa = 1040 /T & 170 r/r. Kouneurpauus
psoa peakux IUTOQHILHBIX 2/eMeHTOR B GasalbTax ropasgo MeHbliasd,
yeM B pHoddTax: Gepunnus B 6asannpTax okono 2,4 r/t, a B puomirax
7,2 r/r, matus cooreercteBenuo 5,92 r/t u 30 r/T, pyGunud -

5,15 v/t u 68 v/7, urTpusa - 32,6 v/t u 109 r/7, upobus -
175 /im0 T3 0l

BazameThl Micnanoum He ONWMHAKOBBI H 1O COCTABY PeOKHX 37IeMEHTOB,
ocofeHHO BBIENAIOTCH CPeAH HUX ue0YyHbie pasHoBuAHOCTH, Illocnenwne
OTIMYAKTCH OT TOJNEeHTOBhHIX GasansToR MeHbIIeH KOHUeHTpauuei THIO—
MOopoHBIX afemedToB ocHoBHbX mopoa (V, Cr, Ni, Co, Sc, Cu) u Honee
BBICOKO# - 2JIeMEHTOB, XapakKTepHpix Ans Kuciex mopox (Li, Rb, Be,
Ba, TR, Nb, ¥.u op). 210 ocoBenHo YeTKO WNIOCTPUPYETCH HA NpHME-
pe CONOCTABICHHS TONEHTOBEIX GasansTos paiiowa Tepcrapeiikap (cepep—
wag wacTe pupra WMenawmmn) co menmounemu Basampramvu o~pa Xeimasi
(1ouas wacTs pupra). TaGa. 1. B NocmemHMx, 10 CPABHEHWIO G MepBbi—
MK, "aTpua Gomewe B 2,5 pasa, kama - B 9,4, TuTasa - B 3,5,
uuobuda - 8 13,7, Gapua - B 6,6, cTpoHums ~ B 4 pasa, UTTPHA -

B 2,7, Gepunmas ~ B 4,8, docdopa — B B H dropa - B 4,7 pasa, HO
xpoma Meublie B 14,3 pasa, wukens - B 6,3, Kobamsra -~ B 1,4,
ckaygud — B 2,2, Menon - B 3,2 ¥ Bauagmd - 2,8, Oueun CwIbHO
OTIMYAKTCH ¥ BeNWMHHBEl OTHOWEHHH paga sideMeHToB. [lis TomeuTOB

136



TabGnuuna 1

*
Copepsanne anemenToB B nopogax Mcnawguu (r/T)

TNopopa Na K \% Cr Ni
Baszaite— 2.27 0,43 380 162 182
TR 273 2773 3286 326 328
1,08-4,02 0,04-2,07 73=855 10-670 12-300
oo nf 2,59 1,03 2009 59 48
= 33 33 31 31 31
3aITLTH
1,59-3,22 0,16-2,27 64-380 12-190 16-132
Aupneau— 3,19 1,50 131 47 L
ThI 20 20 21 21 21
2,35-4,0 1,05-2,69 17-323 17-107 14-54
309 2,34 3z 25 14
MNauuTsr 21 21 28 28 28
2,42-4,13 1,55=-3,46 7=-200 4-180 5-35
Puonuro—~ 3,40 3.00 - 24,2 19,3 18,7
OAaUuThH 53 53 52 52 52
1,51-4,19 1,80-4,07 7,3-11,4 4,1-10,3 5,8-47
3,37 3,23 22,8 18,4 11.0
PuomuaTer 76 76 88 88 88
" 2,52-3,58 2,66-4,22 5-54 4,1-10,5 3,4-43
1,80 Q.37 323 145 52
Ta66po 16 16 18 18 18
1,28-3,27 0,07-1,08 135=-630 15-660 15-100
I'pano- 3,68 2,81 30.1 P7LE 2 1.6
dupb ) ) 20 20 20
2,98-4,11 1,26-3,92 12-48 G,9=-50 4,.3=-76
Bazankre:
iR T 0,09 259 413 133
pelkup,
o8 Bek- 389 0,85 207 20 20,4
Masu
BOC'IDY{HHH HacTh MCHHHE[HI!
BasameTe! 2,01 0,45 4253 91
Naiky 1:95 0,43 421 109
Puomure: 3,03 2,86 29 13.7
Naku 2,80 8,15 30 172

CpennHHO=aTIAHTHYECKUI Xpelet

BazaneTer*** 1,92 0,166 306 292
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138

TMopona Co Sc Cu Ti Nb Ba
Bagam— | __48 et 133 2,33 17.5 134
THI ; 326 101 326 95 83 316
' 18-107 = 14-60 16=-403 0,70-4,66 2-59 18-948
::fg;f o R 28 s 1 1,74 42 340
31 19 31 12 1 s ! 32
3a/bTH
22=-152 21-39 17-150 1,35-2,42 22-100. 52-720
Aupgesn— 20 20.4 42 1,34 54 380
THI 21 2] 21 6 6 17
12-38 13-24 - 8=-118 0,97-1,73 28-70 67-1500
: 10,6 13,3 20,3 Q.71 80 630 _
JamuTet 28 6 28 S 8 20
2,7-26 10,5-16,8 7-69 0,57-0,80 28-90 462-1250
Puomro- 9,7 L 16.6 0,28 64.4 700
. [amATH 52 18 52 13 20 48
3-56 - 2,4-17 4-50 0,16-0,43 21-100 150-1096
7,8 Sl 132 021 a3 130
PuomiTe 88 26 88 26 24 83
1,8-25 2,2-9,8 3,3-30 0,08-0,36 39-130 108-1300
as 46 85 52 23 80
Ta66po 18 6 ° 18 6 i 12
19-63 38-54 45-150 0,65-3,11 4-83 28-220
Ipano- - 11 i 136 0.41 S0 125
dupel 20 6 20 11 6 12
4-19 4,5-11,8 5,4-24 0,22-0,82 31-98 445-1600
BasaneTe:
TeiicTa- .
50 3
peiixmp 6 142 0,54 2.4 30
0=-B Xefi-
e a7 16,5 44 1,87 31 265
BocTouynas uacTb HMcnamoun
Bazameter 45 | 30 124 2,46 17 158
LNaixn 48 28 141 2,79 18 115
PHOMATEL 12,7 6,4 38,2 0,13 45 748
Najiku 11,3 6,1 12 0,15 92 410
CpenunHo-aTnanTHdeckuii xpebet
BasaneTet 42 - 102 0,84 - 103

Se Y. P F Li** Rb** | Be
262 ).p28 1040 542 5.82 2.4
-316 - 101 149 132 38 38 78
47-870 11-67 100-5800 100-3000 2,9-10,5 .1-11 1-6,4
234 50 1560 g ol 1067 1415 45

32 19 24 24 g 11 6
52-473 30-60 480-3400 100-3200 8,5-15,5 11-19 1,5-7,4
200 ir i B 1100 L1170 £ ” 2.0

17 2] 14 14 8
48-580 44-105 380-2400 420-1900 3,8-9,2
180 82, S15 1700 3 - 8.0

20 6 13 13 7
85-367 54-100 100-1100 100-5200 4,6-12
101 97 330 1700 23 82 8.3

48 157 &1 31 6 6 12

150-1090 60-157 100-950 210-7600 14-33 51-76 5,2-15

80 109 170 880 30 88 TaZ.
83 26 24 24 8 8 9
14-111 78-182 100-400 100-2600 26-36 56-76 5,4-12
220 14 435 870 i e 1.3

12 8 14 14 5
85-800 10-17 100-820 100-2300 p I 8
ALO. 3. 260 1860 o e 8.5

19 6 5 5 5
35-260 B54-100 100-860 680-2800 5,4-8

65 16 300 100 4,4 3,4 1l
323 44 1760 720 = " 5,3

BOCTO'-[HER yacThk HCJIEHJJHH

320 ag 900 300 - - oL
aal 40 800 450 = = 1,75

86 125 100 310 = & =

44 148 100 450 - - -

CpenvHHo—-aTnanTudeckuil xpeber
16 - 654 - 4-27 1-2,3 -
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(Ipumeuanna x tabm, 1

MMpamevanus: B wncimTenle naHo cpefHee coAepXaHHe aIeMeHTA; B 3HAME=—
HATE® = YMC/IO AHAIIHM30B, & TaKKe MpUBeNeHsl npenessl KoneGanmit copep—
wanug siiemenToB, Anamiap BemanHensr B TEOXH AH CCCP: HecmesiHoBO#M
NU., (Na, K, Li, Rb) Jlaxruomoeo#t H.B. (Sr, Ba, V, Cr, Ni, Co, Cu),
Caspunopo#t E.H, u Canponosoit I.B. ( F, P, Be), MlakTnonoeo#t H.B. u I'ph-
Hepogkod K.M. (Sc, Y).

*Conepxanue Na,K ® Tib Bec.%.

**Li u Rb — ua ceBepHO# 4acTH puTa.

*** Nannrie saumcTEOBaNBI Ha paboTh [murpeesa JLB. (1973), xpome P.Li

u Rb. [lamnuie no P — ua paborm Melson et al. (1968), Li - Engel et al.,
(1965), Rb — Campsie et al. (1973).

Tepcrapeiixkup K/Na oruoweune cocrapnser okono 16, a gna nemou-
HEIX GamameTOB O-Ba Xofimasi - 4,2, Ti/Nb coorsercreenno 2290
u 265, Ni/Co - 2,66 u 0,55. CpeHue BelMUYHHBI 3THX OTHOLICHHH
nns GasambTop Mcnaupum paswer 4,73 (K/Na). 1330 (Ti/Nb) =
1,7 ( Ni/Co).

TunomopdHsle afemeHTH ocHopHex mopoa ( V, Cr, Ni, Co, Sc) B
noponax Mchauoun B OCHOBHOM CBA3EHBI C T€MHOLBETHLIME MHHEpasa-
MH - O/IMBUMAMHE H ITHPOKCeHaMM, M30MOpHO 3amMemas B HHX MarHul |
xeqneso. B omBuuax ycrauwoenewo: 146-240 r/r V,148-483 r/r
Cr, 1140-1800 r/t Ni u 132-175 r/t Co, b mipokceHax: 233~
418 /T V,760 r/7 Cr,172~-280r/T1 Ni,34-51 1/t Co, 81~-100r/T
Sc. Crpouunnit ¥ BapHii KOHUEHTPHPYIOTCH B nMonepwix mrnartax (470-
840 r/t), a St B miarwoknaszax (330-1100 r/t), mapokcenax (170-
300 r/7t) u omeuuax (120-180 r/t).

Hescuo, nodemy no pauubmM [Mpuuna |15 cpepgnee copepxanne V,
Cr, Ni u Co B menounbix GasampTax BRI, YeM B TONEHTax. ITOro
6LITL He [OO/IKHO, ©CIH HCXOOWTE M3 ODllel reoXMMHYeCKO# 3akoHOMep-—
HOCTH, COVIACHO KOTOPOHi B CEepUH! Y/TbTPAOCHOBHEIE = OCHOBHBIE - KHC—
nele moponsl uHaGmonaeTcs YyMeHblIeHHe HASBAHHLIX SJIEMEHTOB NpH yBe-
MEHMEHMH B HUX CyMMbl weniodef, CrefyeT OTMETHTB, WTO B HEJIOYHBIX
fasanmbTax Mcnawauu KOHIEHTpALMA TAKHX XAPAKTEpPHBIX 27IeMEeHTOB 08—
uwopnex mopon, kax Sr, Ti u P ppme, yem B Toneurax. Tak, B me-
noyHeIX BasambTax o-pa Xefimast (323 r/T Sr, 1,87% Ti, 0,178%
" P)u n—opa Cuaithenmecuec (400 v/t Sr, 1,87% Ti u 0,237% P)
cojepXauie 3THX JEMEHTOB JHAYUTe/LHO Bbllle [0 CPABHEHHIO CO Cpeg-~
HHM cocTaBoM GaszantTop HMonawmuum (262 r/t Sr, 1,398% Ti,0,098% P),

Ma#xu ocHopuoro cocrapa (GazaneTel W OONEPATHI) 1O KOHUEHTPALHH
PEeOKHX 3NeMEeHTOBR AHAJIOTHYHB! BMeNAXIMM HX OasamnbTaM, a nafiku
KHCAOTO COCTAaBa — PHONATO-ganmMTaM i puomaram (om. tabm 1),

B opguux u Tex xe pafioHax CoCTaB MHTPYSMEBHBEIX wopoxn (ra6tpo n
IPaHUTOMABL, BKIIOYAR I'PavHOPUPBI; Takme GMH30K ohdhySHBHBEIM NOpomamM
AHANOrWYHOr'O MM cocTapa (fasaneTaM W AAUMTO-pHOIMMTaM, Taba, 1).

[TpuuaTo cuMTaTEL, UTO KHCHbe noponkt Mcnaupmun obpasobanuchb WK
B Npouecce (pakUMONHON KpHCTAINMKM3aUHy# OasankTOBON popoHaualbHON
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marmer [ 6, 18] unm 3a CyeT YACTHYHOrO nJapleHus Gas’alLTOBOIO
cybcTpaTa B y4acTKax, XapakTepHAYIIHXCH CJ/OXHBIM TeKTOHHYECKHM
CTpOeHHeM C MNOBBILEHHBIM IeOoTepMallbHbiM  rpagmenTom [7, 17].

Kucnele mopoab! NpoCTPaHCTBEHHO M INeHeTHHYECKH TECHO CBASAHBL. C
Gasaneramu. Ha TeppuTopun VClaunuu BhIsSIBIEHB! CHOXKHBIE OAHRKH, CIOM-
HBle HHTPYSHBHBIC CJIOHM K CJOKHEIE IOTOKHM JaB. Cioxuele paikn [18]
Boslee 0ObMHBI IO CPABHEHHIO C gafikaMi KHCAOIO COCTaBa, a CaMblil
PacnpoCTpaHeHHEI! TUM — ClIoxHas fAafika ¢ 6asalbTOBBIME KpasgMH H
PHOMHUTOBEIM LeHTpoM. B BocTouuoi Mcnaupum uspecTHo Gonee 50 Ta-
kux paek. [locTeneunoe uaMeHeHue cocTasa B cepuu 2hdY3UBHBLIX HOpoR
(6asampTel — augeanTo-6a3aNMLTH ~ SHOESHTH! — AAUHTHl — [aUETO—pPHO—
IMTEL — PROMATHI) TAKKKE YKAAHIBAST Ha WX TeHeTHYeCKOoe POACTRO,
npudeM HaTpuil npeoGnapgaeT Han KajlieM, KaK B OCHOBHEIX, TaK M B
xycnex nopopax (oM. Tabn. 1). HaGmiopaeTcs COOTBETCTBHe COCTABRA
GazameTOB W PHOIMTOB. B yyacTkax paseuTus pasHoppaHOCTel Oasams—
TOB HEGKO MeoYHOCTH pPACTpOCTDAHSHH HAWMeHee [He/ouHbie pagHoc—
TH KHCI/BIX lopor. B paiioHax paselTHS WeJOYHBIX Gas’alsTOB BCTpedYa—
1oTCE W uencuusie puormthl |1]. Bivskuii usoTonumi cocTa® Tenns u
CTPOHLMA OCHOBHBIX M KHC/bIX 9(phyS3HBOB TaKXKe CBHAETELCTBYET O
TOM, 4TO NOCHenHue HABNSIOTCH OuddepeHnnaTamMu nepanqﬂmx MAaHTH{I-
ueIX pacniapoe, B Hcnawnmm yczaﬂoaneﬁm GasameTel (HeS/He* =
=1-10-3) u puomarer ( He®/He 1,5:10-5) ¢ BHICOKMME BelHYHHAME
ornowenns He”/He % xapax'repﬂmmn ans mopon 6asajbTOBOTO CJlod
3emim [ 4]. Cpenuee sHayeuue $r87 /5,86 ans 12 o6pasiuoB OCHOBHBIX
nopon cocraeuwio 0,7024+40,0009, a gna 11 kuenex - O,7016+
6,0008 [13, 18]

Cpenunit cocrap 6asameTop Menawauu mo NeTporeHHbIM 9/leMeHTaM
3HaUMTe/LHO OT/MHUYaeTcd oT GasanwToB CpeaHHHO~ATIAHTHYECKOT'O Xpeb-
Ta. B nepeexx meubume Al, Mg u Ca,uo Gomeure Fe n K o 21 1o
pany peakmx anemeutos (V, Ni, Co, Cu, Y, Li) 6asameTer Mcnaunuu
6mi3ku K 6asamsTam CpeguuHo-~ATnaHTHuecKoro xpebra, HO MepBbIE
B aHauuTeNLHO Bombmwell creneHu oboraimedk! 3/IeMEHTAMH, He XapakTep—
Hevu ans ochoewbix mopoa ( K, Rb, Ba, TR), mockomuky Ha TeppHTO—
pur Mcnanouu dHapsiny C TONeHTAMH DA3BHTH lIeJI0uHble GasallbThl U MpPO-—-
MexyTOYHEIe MexOy HHMH MO cocrtaBy nopoarl. B menouurix GasanmbTax
KounenTpamnd He Tomeko Na um K, wo muorux peprux anementoe ( Be,
Rb, Ba, TR, Nb)u F Bbume, uem B TOneuTOBRX GasameTax (cm. Tabm.l).

Cpenu GasampTop MciaHoum BCTpeualTcsd pasHOBHAHOCTH, IO COCTa—
By Grmuskue Gasameram Cpepuuuo-ATnauTuyeckoro xpebra, Cnepyer orT—
MeTHTB, 4T0 DasalbTel U3 Xpefra Peifikbanec no GOMBUIMHCTBY NMeTPOreH—
HBIX SMEeMEHTOB 2aHUMAKT NPOMEeXYTOuHOEe NOMNOKeHWe MeXOY CPemHuMu
cocrapamu 6azameToB Monaugmn u CpenunHo-ATiaHTHyecKoro xpebra,
W awajoruduel nocnennum: 49,93% Si0g, 14,22% AlgO3, 2,21%
Feg03, 9,09% FeO, 11,53%Cal, 0,114% KoC [5]. Meoxumuueckue
uccnenopanng SazamToB Xpebra Pelikbasec, NpUMBKAOIMETO K IOro-aa-
nagHoit yacTu ocTpopa Wcnawnud, noKasaimd, 4TO B GasaneTax BAOOIL
xpebBra PeiikpaHec No mepe Npubmnkewus kK o-By Vcnawaoma wabmopaeT—
csi yBenmuenne copepxanus La K, Ti, P u Bemumuet La/Sm{16] u
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Sr87/ sr86  [9]. TMpuueM Be/MYMHBI YKas3aHHBLIX SHaAYeHHR Ana Gasans—
TOB U3 CeBepHO} YacTH AaHHOIO XpebTa aHaNOrMYHBI TAKOBEIM nng Ga—
samsToB O-pa Mcnaunma. Hampumep, Kouueurpauusa | a nna 6asamsToB
xpebTa Pepikpawec papeupyeT ot 0,85 pmo 8 r/T, a nina GasabToB
o-pa Ucnawgms 2,8 - 10,22 r/1, K90 - cooTBe-rc-rBeHHo 13 04—-0 23%
# 0,14-0,26%, P9Or 0,09-0,25% H 0,14-0,27%, sr&7/5:86
0,70263-0,70364 n. 0,70298-0,70327. Bce aT0 yKasbiBaeT Ha
reHeTHYECKYID CBA3bk MarMaTHYeCKHX pACIllaBOB, CHOpPMUPOBABWMX MOpPo—
ol Hcnaupuu u Cpenauuao-ATiaHTHYeCcKOro xpebra.

lllesounsle G6asamsTel Mcnaugum mo penkum siemMeHTaMm OMM3KH K
menoyusiM GaszamsTaM BocTogHo-Adpukauckoli pupTopod 3ouwl. Ilocnen—
HHe TaKxe SHAUYATETLHO oforameHbl pefKHMH JHTODMIBHBEIMK 3JIeMeHTa—

mu (Rb, Ba, TR, Nb), Ti, F, P.

Brieogbt

1. Copepxanie GOMLUMHCTBA 3MEMEHTOB B /MOGOM THIE NOPOA S
dyaueHolt ceprn (6azambTel - aHAE3HTO-6A3aNLTHL — AHAE3UTHL — AalH—
Thl - NAUHTO-PHOMMTHI) 3HAYHTENLHO BAPLHPYET; OHM (GOPMHPOBAIHCE
He OOHOBpPEMEeHHO M B PA3HBIX I'eOJIO'HYeCKHX YCJ/IOBHAX. ,

2. B cepun mopon GasambThl — PHOMMTHI KOHIUeHTpalMs GONBIIMHCTBA
THNOMOPGHEIX aneMeHToB ocHoBHeIx mopom (Ti, V, Cr, Ni, Co, Cu, Sc,
Sr m P) nocrenenno yGriaer, a Na, K, pana penkux auTOHITBHBIX
anementos (Be, Li, Rb, Ba, TR, Mb) u F - ypenuuusaertcs.

3. B menouunix GazameTax, B OTIMYHE OT TO/IEHTOBBIX, MeHbme V,
Cr, Ni, Co, Sc, Cu u Gombue 2/7eMeHTOB, THIMYHBIX A KHCIIBIX NOPOO
(Be, Ba, TR, Nb, F u np.).

4, Tlo copepXaHWIO PEOKMX 3JIEMEHTOB HHTPY3HWBHEIE IMopoakl Mcnau-
muu (ra66po, rpaHHTOMOBI, BKIOuas rpaHobupel) GMMaKH hby3UBHBIM
NopooaM AHaJIOrHYHOT'O MM cocTtapa (6GasamsTam H AALMTO-PHOIHTAaM) ,

a napku OCHOBHOI'O cocraBa (6asalLTEI H OOJEPHTEI) TOXAECTBEHHBI
BMemanmuM #X 6asambTaM, Nafikd KHCJIOTO COCTABA — PHOMATO-AAIMTaM
H pHOJHTAaM,

5. TunomopdHble snemenTs ocuoeubix mopoa (V, Cr, Ni, Co ® Sc)
B OCHOBHOM CBf3aHbl C OJMBHHOM M NHPOKCeHAMH, H30MOpdHO 3amemas
B HMX Marhufi m Xeneao, a Sr ¥ Ba - C No/jeBRIMH INIATAMH,

6. Opdysususle cepuu mopon (6GasalbThl — aHgesuTH - PHOJIHTHI)
GopMHpOBATHECE B pe3y/bTaTe KpHCTA/UIM3alHOHHOM nmbd)epe!-lunaunu
NepBHYMHBIX MAHTHHHBIX pacHyaBoB.

7. YcranapmeaeTcs eHeTHdYecKas CBA3b MarMaTHYE€CKHX pacINlaBoB,
3a cueT KOTOpHIX topmupoBamick mopoawsl Mcnawgum m CpeauuHo—ATinan-
THYeCKoro xpebra.

ABSTRACT
Most element content of the effusive series varies considerably in any rock
type. In the rock series basalt—rhyolite concentration of most typomorphic

elements of the basic rocks decrease graduallv and concentration of Na, K,
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a number of rare lithophilic elements and F increases. Concerning rare
element content the intrusive rocks of Jceland are similar to the effusive
rocks of the same comrosition. The effusive rock series were formed as a
result of crystallization differentiation of the primary mantle melts. The

genetic relation between magmatic melts of Iceland and Middle—Atlantic
range is established.
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B. . KOBAIIEHRO

TEOXWMWYECKAA CHEIMONKA PETKOMETAJIbBHBIX
IFPABUTOHNIOB U UX IIOJOKEHHUE B OBIEN CXEME
IBOJIONMN HKOHTHHEHTAJIBHOI'O MAI‘MATI’ISMA

[paudTOMAbl, HeCymHe NOBENEHHBle (BNIOTL A0 pymiblx). MO CpapHeHHK
CO CPeNHHMHM COpepXauuaMHK B KHCNBIX MHTpyaububix mopomax (2], xou-
EHTPAUMA HEKOTODBIX penkuxl smemenTop: muTusd, pyGuaud, Ueaus, HEO-
Oust, TavTana, MAPKOHMY, radHusd, peaKoseMelbHBIX JIeMEeHTOB, HTTPHH,
onoea ynoGHO HasBaTkb pegKoMeTalbHeiMH., Cpefd TaKuX IPavHHTOHIOB
MBI BHUISNSEeM [BA TVIABHBLIX I'eOXHAMHYECKMX THNA: 1) IMTHA—()TOPHCTHX
INIIOMASKTOBBIX ANACKUTOB (afig KpaTkocTd 6yAeM HASHIBATB MX JTHTHi~
dTopuCcTLIe TpaduTOMAb]), 2) menouuble rpawuToMast [8, 10, 11].

Teonoruyeckoe MNoJIoXeHWe; XUMHYECKHH W MUHepallbHBIA COCTaBHI,
0COBEHHOCTH 2BOMIONMK PeAKOMeTANLHEIX TPaHUTONAOBR, KOTOphle Hepen—
KO TaKXe HasbIBAlOT anorpaudTaMi, PaCCMOTPEHBI MHODHUMH HCCIeaoBa-—
renamu [1, 4, 10, 11, 13, 16]. HecMoTpsa Ha CYeCTBYOWYO A0
Cero BpeMeHH NHCKYCCHOHHOCTE NpeACTAaBNeHWil O MPOHCXOXASHWH pe-
KOMeTAalbHEIX TPAHATOWAOB, B NOCIeAHHWe oAbl NOMYy4eHEl QOCTATOYHO
BECKHe, KaK KaMeTcs aBTopy, N0oKasaTe/LCTBa CYHMEeCTBOBAHHA B MPUPO-—
Oe Marm pepKOMeTANLHBIX I'pAHHTOB.

K uuM B nepmeylo ouepeab CrefyeT OTHECTH: OTKphITHe cyGBynmKaun-
yeckux (MACTO CTEKNOBATEIX) aHAJIOrOB pelKOMETANBHBIX JMTHi-GTopHc—
THIX TPAHUTOB~OHrOHETOB (10 ]; BLIBNeHe TEOXUMMHECKOHR WASHTHYHOC-
TH peOKOMEeTANbHEIX LIe/IOYHBIX I'DAHHTOB M CTEeK/IOBATEIX NaHTelulepu—
ToB ¥ KomeumuToB [11]; uuskoremmnepaTypHblii XapakTep pacliiaBob
penKoMeTamsHLX TpannTop (550~600°C), yCTO#UMBOCTL IIABHBX M
THIOMOPOHEIX BTOPOCTENEHHBIX MHHEpa/IoB B pacnjape TakKuX T'PaHHTOB,
yCTaHap/MBaeMble SKCIEPHMEHTAMLHBIMH HCCIICAOBAHAAMM; TeONoTHIeC—
KHe COOTHOWEHNS MACCHBOB PeaKOMeTallbHHIX I'PAHUTOB C BMEIIAIOmHUM K
TOpoOnNaMy, XapakTepHble OJs MarMaTHYeCKHX HUHTPysuBHBIX Ten [12,

16 1.

Brieon 0 pewapuielf pomM MarMaTH4ecKHX MpoLeccoB B o6pasoBauuu
TIaBHBIX PA3HOCTed pPeAKOMETA/ILHEIX IPAHMTOBR HE HCKIIOuaeT, KOHEeYHO,
CymeCTBOBAHHAA CpelM HHEX M TUNHYHBIX MeTacoMaTuTOB. B uwacTHOoCTH,
A9 MacCHBOB MHTHH~PTODHCTHIX penKoMeTallbHBIX T'PAHMTOBR Haubolee
pPaHHEME MOCTIeMarMaTH4YecKuMM o6Gpas3oBaHUAMH SBIFIOTCH LBUTTEPH H
KBapli~eNuao/MTORble I'pefi3eHkl, IoCle KOTOPHIX (OpMHpOBaMCE (embi~
WNATATE! MM anbOGuTUTH ¥ uHorpa ofbrMHble KBAPU—~MYCKOBMTOBEIE
rpefizenst (10 ],

B nacTosme® crarhe paccMOTpeHEl HeKOTOpHIE Ofmue W Clenufuiec—
KHe TIeOXHMH4YeCKHe 4epTHl PeiKOMeTAallbHLIX TI'PaHUTOHAOB U BOSMOXHBIS

1
B cooreercTeEMR c onpenenenuem JI.B. Taycoua (1961) penxum
alleMeHTOM MO¥eT OBITh HasBaH TaKol, KOTOpHIA He ABIIeTCd Beny-—
IIAM KOHCTHUTYEHTOM IVIABHBEIX MHHEpalioB [aHHOR MuHepalmeHOR acco=—
[MALNH, !
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MpHYHHBI NOABJICHHS MX B oBllell CXemMe 3BOMONMH KOHTHHEHTAIEHOro
marmatusma. fCcHo, YTO IeOXHMHYecKad OBIHOCTEL pacCMaTPHBAeMBIX
IIOpod — B MX PedKOMeTAlILHOM XapaKTepe: /MTH#i~PTOpACTEIe W IIeloy—
uple I'paHnThl HeCyT NoBkmueHHEle KouumedTtpamun Li, Rb, Be, Sn, Zr,
F, Nb, Ta 1 peako nommxeuHnsle conepxauusg St u Ba. Ho ana mirui-
$TOPHCTEIX T'PAHATOR XAPAKTEPHE! NOHMKEHHBIE CONSpMANMS pefkolemelTb-
HEIX S7IeMEHTOB ¥ WTTpua (p.3.s.), B TO BpeMs KaK UIEIOYHBIE IPaHH—
‘Tl BecbMa GOraThl ®THMH aJleMeHTamu. JIuTHA—QTOpPHUCTbIe IpaHHTHI TaK—
e XapakTepH3YIOTCH HHUSKMMH [0 CPABHEHHIO C LEJOYHBEIMH I'DAHHTAMH
oruowenusmu Nb/Ta u Zr/Hf. B npouecce cranosneHns macCHBOB
MUTHA-PTOPUCTHIX IPAHHTOB OTMedYaeTcd pe3koe oforalleHue NOSOHHX
nopon (oBBMHO TAroTelommMx K ANMKaJbHBIM uacTam maccusoe) F, Li,
Rb, Sn, TIl, Nb, Ta, Hf u 4acToe obenueuue Sr,Ba u p.3.3. C NOHH-
eumem Takxe orwowenuit Nb/Ta¥ Zr/Hf [11]. B maccmpax penko-
MeTalbHbIX WeJOYHBIX I'PAHWTOB B NO3AHMX NOpOAAax NPOHUCXOOUT Hapaay
c BospacTaHueM KoshdHIMeHTa artaiTHOCTH Nopoa Hakomteuuwe Li, Zn,
Sn, Nb, Ta, Zr, Hf, p.3.s., B Meubwep crenenn Be, Rb, F ypemun-
paeTcA bermumua orTHomeuuit Nb/Ta u Zr/Hf. Moxuo NpennonoMuTs,
YTO SBONMIOUHS MACCHBOB PeJKOMeTANLHLIX HTHH~(PTOPHCTEIX W LIE/IOYHBLIX
rpaiuTop GraronpuaTCTBYeT KakK Hakomvlewuio obumx nna ofewx pasHoc—
Teft mMOpon SeMEHTOB, TAK M YCHICHHI HMEeIOHUXCH MeOXHMHYeCKHX pas—
IAYHR MexXxAY HHMH.

lllesoyuple nofieBble WHATH OGOHX THIOB peAKOMeTATLHBEIX T'PAHMTOB
asnsaorca wocurenamu Rb, Ba, St, Pb u Tl; cmopm muTuii-gropucTsix
rpavuTOB OKA3BIBAIOTCH HOCHTE/SMH JIMTHS, LUHKA, HHOTOA HUOOMS W KOH-
IeHTpaTOpaMu JuTHS, pyGHAHH, Ta/wms, uneka, ¢ropa [10]. Psn vuue-
pailoe-KouueHTpaTopob njia Nb umeer Bua: TanTanoumobaTel > UMPKOH >
> copa > MATHeTHT, a O/ 1a ciiopa ¥ UMpKOH B 3TOM PAAy MeHdoT-
ca Mectamu [3]. [Ina meno4HbIX IpaHuTOB pAAB! KouueHTpaTopoe Nb
u Ta (6ea yyera cobcTbBeHHBX MHHepalsioB Nb H Ta) wumMmelT cleayommi
eun: Nb - chen > wimemeHnT > MarHeTHT > UpKod > amdubon; Ta- wme—
MeHUT > cded > uupkoH > ampubon, Coorwomeunue Nb/Ta Bo BCEX MH—
Hepanax ILel/ioYHbIX I'PaHKHTOB, KpOMe LUPKOH&, IHAUYHTELHO BEbIlle, deMm
B MHHepanaX MuTHi~-bTopHCcThX TpaduTos [3]. Brimesieunt Takke cre-
ayonme paps wocareneli Nbu Ta = amdubon > cpew » WIBMEHUT >
MarHeTHT LMpPKOHW, 1a = ched > wibMeddT > amdubon > nupkod, Co-
oruomesue Nb/Ta ymeusmaeTcd B Muiepanax IIeTOYHBI IPAHUTOB B
nocaenosaTebHOCTH: amdubon > cheu > MILMEHHT > uupkoH, Craepyer
NOAYEPKHYTE, YTO I'eOXUMHYEeCKad POk amMbufona B nieJIOYHBIX [PAHKHTO-
WAX BechMa HANOMUHAGT POMTb OGHOTHTA B OBEMHLIX I'pavHTax. ITO CXog-—
CTBO onpefeaseTcd CnocobHOCTBIO W amdubona M OGUOTUTA KOHUEHTPHPO-
BATE TaKie 3/eMeHThl Ka8x JuTHi#, ¢Top, LMuK, oloBo, HHOOH e - T 1
Or/mmuug B MeOXUMEMecKoi poMi amgubona u GHOTHTA BBIDAXAIOTCH B
nepeylo odepeas B pesxoMm obenHenun ambrbona pyGuaHeM H COOTBET-
cTeyounM BeIcokHM oTHomedneMm K/Rb (mo 1000), urto He XapaKTep=-
#o nas Bworura. He csoficrpedHa OHOTHTY TaKke peskas HabupaTeib-
Had crnocofdocTe ampnborna K KouuewTpupopaunic Nb 1mo orHowmenun k
pavarany (eenwsmua Nb/Ta nocturaer 100).

10 1087
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KakoBbl e COOTHOWIEHHS pefKOoMEeTA/TLHBIX I'PAHHTOWACE C OOBIMHEIMH
rpaHiTaME ¥ TPH KAKHX YCIIOBUSX MOT'YT BO3HHKATE Takue Cleundudec—
Kue 0Bpasopaumd, KaK peqKoMeTajbHble IpaHUTHI?

MoOXHO CYHTATE YCTAHOBJSHHEIM, YTO NPAKTHYECKH BO BCEX H3BeCT-
HBIX MarMaTH4eCKUX KOMIIIEKCAX C Y4acTHeM PEeNKOMeTAaNLHBIX I'PaHd-
TOHAOB - TOCNenune sapepmaiT ux paseutwe [ 4], CrepopaTemswo, nim-
Temblas audbepeHUIHaNMs T'PaHETOMAHON MAar'MBl — OOHO H3 YCNOBHH
BO3HMKHOBEHHS COGCTBEHHO PedKOMeTAalBHBIX I'paHuTOHaoe ofomx pac—
CMOTPEHHLIX I'eOXHMHYECKHX THIIOB,

B To xe mpems AN PasNMMHLIX INeOXMMHUYECKHX THIOB peaKOMeTallb-
HBEIX T'PaAHMTOMAOB Hebe3pasim4HO, B KaKHX I'eOTeKTOHHYECKHY YCIOBHAX
6yneT reHepupoBaThbCA MaTepHHCKasd marma H IpoTekaThk nalbHejwas
ee aupdepenumanusa. AHaAmM3 MPOCTPAHCTBEHHOTO pAaCHpefelleHnd Baxuei-
WHMX NPOPMHINE DPeoKOMeTATBHEIX I'DAHHTONAOB INOKA3hIBA@T, UTO OHO KOH~
TPONMPYETCS, C OOHOK CTOPOHBI, MOJOKEHHEM INIyOMHHBIX 30H THMA TeK—
ToHOjepa 3apaprukoro-bensodda u /mueamenTamu THra MoHrono-Oxor—
CKOT'0, & C [gpYyro#f = KpynHepuumu MoBalbHEIMKM packoiamM Tuna pud-
TOB M CBA3AHHBIME C HUMHK TpaHCPOpMHEIMH pasnomamu. PegkoMeTaln—
HElIe I'DAHHTOMAB! 3TOXH AXTHBH3AUMM sanagHol dacte TuxookeaHckoro
KOJILLA HABMNSIOTCH NPUMEpOM MNPOBHHLMH, NPHYPOYEeHHOH K Me3030HCKOH
goue 3apapunkoro-Beubodda, morpyxaiome#cs MOA KOHTUHEHT U3 3BIeo-—
cHHKIHHansHo# ofnacte [5]. B nmpepenax sanandoro cexrtopa Tuxookean—
CKOIo Konblla BLIABMIEHA OTYeT/HBad TEKTOHO-MarmaTHdecKas 30Hallb=—
HOCTb. PenkomeTanbhble menoyHble IpaduThl (9acTo BMecTe C ODYTHME
uwe/ouHEIMK TIOPONAMH) TATOTEIOT K BHEUIMell 30He paccMaTpuBaemoro
peruosa, 8 TO Bpemd KakK MUTHA-TOPHCTEIE I'PAHHTE! MPHYPOYEHB! K ITPO-
MEXYTOYHOR 30He "pacnbiienuoro” marmaTusMa, I'le OHH IMPOCTPAHCT—
BEHHO CBA3aHBI C NpeobnagaiomuMu M0 06beMy OOBMHBIMH GMOTHTOBHIMH
rpaupTami (rpaEpTaMH “CTaEgapTHOrNO” PeOXHMHYEecKOoro THma).

Cyns mo naneoTeKTOHHYeCKHM pexkoHcTpykuusmu JLII. 3onexmaiua,
M.H. Kysemura, B.M. Mopamesa [ 6], cxondoe ¢ OmHCasHEIM MOMOKeHHE
3aHUMAlOT NMPOBMHLUMA BADUCCKUX IHTHA-GTOPHCTHIX Tpauuros Pynubx ['op
(rOP u YCCP), leuTtpamstoro maccupa ®padiud ¥ HeKOTOpHE [PYrHe
TIPOBHHIIHH. .

TpuMepoB NPUYPOYEHHOCTH NPOBHHIKK PEeAKOMETANLHBEIX I'paHuTONZOB
K 30HaM [peBHHX PUPTOB TaKKe HMeeTCHd AOCTATOYHO. Hurepwuiickas
NMPOBUHIMS. pacnojaraeTcs HA KOHTHHEeHTAILHOM NPOAOIDKeHHN 30HL! pH~
Ta, N0 KOTOPhIM OToenwmuch Adpuxa u IOxuas Amepuxa [26]. Dddy-
3UBHBIE AHAJOTH PENKOMEeTAaNLHLIX IeJOYHEIX I'DaHATOBR (IaHTellleDH ThHI
¥ KOMEHOUTHI) TATOTEIOT K BocTouno-A¢pukasckonmy pupry, x Sduonc-
komy pudbry [21], x pubry Amesckoro sammsa [23 1. Pemkomeransunre
nasTe/NepuTE ocTpoba [lanrteinnepua B CpegM3eMHOM MOpPE TakKxKe OT-—
Hocarce K aoHe pugpra [19], Hakomen, rTpeTwduas upobmuuua Bonbuworo
Baccetina B CLIA ¢ penxomeranpubiMi Komenanramu [25] - puomwra-
MH C TIOBBILIEHHBIM CopepwanueM Oepuwnnud E CeprpaHONTOBRBIMH TY-
bamm TOWE UpHMBIKAKT K NPONO/KeHma Ha KomrhHenre (4epes Ka-
mudopuuicknii samue) azoHe pmbra BocrouHo~TuxooKeaHCKOro mopn-
aarus (61,
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[No—-puoEMOMY, NPHYFHY CBASH pasMeueHHd NPOBHHIMH peaKoMeTalb—
HEIX T'DAHHTOMAOE C KpynHeHIEMH TeKTOHHYECKMMH sJeMeHTaMH 3emilu
crieqyeT HMCKaTb B obmel marmoreHepupylomei poiH 30H pHbGTOB H TeK-—
Tonopepors [18]. Mmeuno B »THX 30HAX NPEANONATAlOTCS MOIIHBIE MOTO—
KM BelleCTBA M TeINIOBOH 3HEpPruH, KOTOpEe NPHBOASAT K IIABIEHHIO Kak
MAaTepHl OKeaHHYeCKOH JMTOChephl, TAK, BO3MOXHO, M K INIABICHHI KO-
pbl KOHTHHEHTAJLHO'O THIA C BO3HHKHOBEHHEM MarM MATEPHHCKHX 0719
paciyiaBoB peAKOMeTalbHBEIX I'paHuToHAoB, Hanuume TeKTOHO-MarmaTH-
4YeCKOH 3O0HAILHOCTH B MNpefeflax a3anaaHo# 4acTH THXOOKeaHCKOro Ko/b—
1a CBHAETE/LECTBYET O 3a/I0MEeHHH XapaKkTepHBIX TeOXHMHYeCKHX 4epT
MarMaTH4eCKHX NOopof yxe Ha cTanuM ofpasopauus HMX NMEpPBHYHBIX pac—
nnaeoe. [lpepcrapngeTrcd, 4TO ONpeAelleHHYIO POME B 3TOM HUIPalM NOTO—
KM DIyBuuHBIX dmoupoe (THNA TpaHCMAarMaTHYeCKHX pPACTBOPOB IO
[.C. Kopxunckomy [14]), menoynocTe KOTOPEIX NOBHIUAETCH OT ®Ere€O—
CHHK/IMHALHEIX 30H K NepHdpepHueCKHM KOHTHHeHTaMbHBIM. [log Bospei-
CcTBMEeM TaKHX (VIIOMAOE BOSHHKIIM paclliiaBbl NOBLILEHHOH IE/IOYHOCTH B
nepudeprdeckol aoue apeana (u rpaunTHble B GasambTOBLIe), 4 B 30He
“pacubuiendoro” MarmaTHaMa — MarmMbl HOpMAalLHOf menounocTH (B
TOM YHC/le I'PAHATOMOBI IE/OYHO~3eMEeNBLHOro pdana). XapakTepHo, 4TO
TIOBLILIEHHE LIeJIOYHOCTH Han 30Ho# Bewnodda mo mMepe ypnanewus OT COB=—
PeMEHHBIX OCTPOBHBIX OYT OTMEYeHO W B aHIe3HTOBhx Japax [20],

Bosupxmpe TakuMm obpasoM C ONpenelieHHON IeOXHMHYECKON Clelu-—
duKoit IpaHNTOHAHLIE MarMbl TIpH OanbHefmwed rnybokolt aubdepeHUMALNH
AaoT HayYalo pacliyiaBanM peAKOMeTallbHBIX I'PaHHTOB. B uacTHOCTH, Kak
y»e TOBOPW/IOCH, peaKOMeTalbHble I'PAHHTHI MHTUH-pTOPHCTOrO THNA pac-—
nonaraloTcs B 30He "pachbiIeHHOro” MarmMaTHsMa W TeCHO CBA3aHkl C
HOPMABHBIMHI 1UeJ/I0UHO3eMe/ILHEIME I'paHuTaMi. Cyas Nno COOTHOWEHUIO
naomane BBEIXOAOB 5THX T'DAHHUTOB PAHHEMESO030HCKOro UMK/a Ha TeppH-—
ropum MHP (1760 x¥m2 — maTu#t-dpropucTeie w21 107 KMZ = OBBIMHBIE
FPAHUTEHL), JOTHYHO NMPEANOJIOKHTL, HUTO JUTHA-HTOPHCTHIE TPAHUTHI, 38—
pepmapmue GOpMHUpPOBaHHEe MATMATHYECKHX KOMIIEKCOB, I'eHeTHYeCKH
CBg3aHbl C.PBOMOINEH OCEMHLIX WENIOYHO3EMEIBHEX I'PAHUTOB. ITO NOA-
TBEPXA28TCH TeOXMMMYECKMMHA nauuemME (dur, 1) : 1) mexay menowuo-
aeMelIbHBIMH MDaHHTAMHE U IATHI-OTOPHCTHIMH PeNKOMEeTATLHEIMH MMEIOTCH
BCe T'eOXHMHWYeCKH NPOMEXYTOUYHEIE pasHocTH; 2) IMTHH-GTOpHCTHIE TIpa-
HATEl €CTECTBEHHO NPOAOMKAIOT PeOXHMHYECKYIO SBOMOOMI0 KOMIIEKCOB
LIeJIOYHOBe MeNTLHBIX 'PAHKTOWIOB 30HE! “pacheiiedHoro” marmaruama.
POpMHPOBAHKIO PACTINIABOE DPeKOMEeTA/IbHBIX JUTUA-(PTOPHCTEIX T'DAHUTOR
U3 OOBMHBIX I'PAHMTHBIX MAarM CHOCOGCTBYIOT OYeHbL HHIKAd BelHuHHa
KOMOMHHpPOBAHHOT'O KoahduinedTa pacnpeneneuns dpropa (0,02-0,03,
OlleHeHHas W3 pachpefeleHns ¢Topa Mexay BKpal/ieHHHKAMHM M OCHOBHO
MACCOH OHI'OHWTOB) ¥ TecHas I'eOXMMHYECKas CBSSH TAKHX ZI@MEeHTOB,
kax Li, Rb, Be n apyrue c dTopom B pacmnaeax rpammtomace (dur, 2).
Hakonneune dropa v CBASAHHEIX C HAM peAKHX 3JIEMEHTOB OCTATOMYHBIX
TPaHHTHEIX pAaCIIaBOB, BHAMMO, INIABHLIE perynarTop obpaszobBauus pegko-
MeTalbHLIK HTHH—-PTOpHCTEIX rpauuTos [9 ]

Cyns nmo coctTany HerwgpPATHPOBAHHBIX CTEKOI KOMeHAHTOB MW NaHTe/l-
mepurop [22, 24, 21], B ocTaTouyHBIX pacmiiapax WENOYHBIX IPAHITOR
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dur. 1. Pacupenenienue cpenuux conepwanuit Li, Sr, Sn, Nb, Ta, F
P MacCHpax TDaHMTOMOOB C paa/MyHbiM oTHowenuwem K/Rb, apnsio-
merocs mpaekcoMm aubdepenunammu (Tyrapunos, Kopanenxo, 1973)

{ =~ TpaHETOMAL ’CTaHAApTHOrC” reoxuMuyeckoro Tuna (o6BMHO Ule-
NMoYyHO3eMelbHbIe TPaHUTHI); 2 = CPAHETOMABI MTHi=)TOPHCTOrO el
XUMHYECKOrO THIIA

HakanMBaeTCsd HATPHIE W NOBbIU&eTCHd UX KOa(GhHUIMeHT arnauTHocTH. C
POCTOM NOCI/Ie[HErO B PACIIaBaX NOBBILAIOTCH KOHUEHTPAUHM BCEX Xa~—
PAKTEPHBIX A4 PeAKOMETA/LHBIX [e/IoYHBIX T'PAHHTOBR PeOKHX 3JeMeH—
To (dur. 3). Takam ofpasom, yakomneune uenoued (ocobeudo waTpus)
¥ XapakKTepHblX peaKdx 3/leMeHTOB B OCTaTOYHBIX I'DAHHTHBIX paclia-
BaX perymipyeT npouecc 0OpasoBaHWs pefkoMeTaTbHBbIX Me/IOUHLIX I'pa—
HHTOB, ;

CrepyeT NogvepkHyTb, uTO Npeoblapaiomiad 4acTh PelKOMETAIbHEIX
IpasuTONaoB (M NPAKTHYECKH BCe HTHi-(TOPHCTEIE TPAHUTEI) HOpMH~
PYIOTCH B KOHTHHeHTAlLHBIX 00MacTaX C pasBHTOH CHalIMYeCKOH KODORn,
4TO ABNISETCH IVIABHBIM CBHAETENBCTBOM HX KOPOBOTC MPOUCXOXKOSHHS,
lMoToru ryybuHHBIX GIOMOOB, O KOTOPHIX IOBOPM/IOCE BhIlle, SBIAIOTCH,
CKOpee BCero, HHUUBATOPAaAMY BREUINABISHUA TPaHWTHBIX Marm B KOHTH-
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dbur. 2. 3aBucumocTtr comepxanuss Li, Rb, Be, Sn, Pb, Zn, Ba u
TPeXOKHCH BoJibppamMa OT coflepxaHus ¢Topa B adHPOBLIX OHIMOHMTAX

HEHTA/ILHOH KOpe M ONpefefsloT YPOBEeHb HMX WeJIOYHOCTH. 3TOM ClTy=
yae, no-puaumomy, npaB A.M. Tyrapuuoe [15], nonaratoumuit xOpoBbI#
HCTOYHMK PYyOHOIO BelulecTBa Npeobnapaijomum. [178 HEeKOTOPHIX pegKoMe—
TaMBHBIX MAHTE/VIEPUTOB H KOMEHAUTOR U3 30H pPUPTOR mNpearnonaraeTcd
NOAKOPOBBIK M&Hmﬁﬂmﬁ HCTOYHHK) , 4TO OBOCHOBLIBAETCH HHUSKHM OT—
HolWeHHeM Sr /Sr [21] u nmposasnenuem aTHX Nopog B OKeaHHYeC—
xux ofGnactax. He HCkioyad TaKoih BO3MOXHOCTH, NMOAYEepKHeM, HTO 3Ha-
YHTE/IEHO Yale HW IIeOYHble I'PaHHThI, 0cobeHHO reHeTHHEeCKH CBA3aH-
Hble C OOBMHBIMH LIEJIOYHO3eMeIhHbBIMHA rpadidTaMi, HMeT KOopobBoOe IpOo-—
HCXOXOeHHe, NMOCKOMBLKY 06beM HX B mpegeslaXx KOHTHHEHTOB HeCpaBHeH-
HO Gommbule, YeM B OKeaHH4YECKMX 06acTdX WM B 3BreOCHHK/IHHALHBIX
aouax. MmMeloTca M M30TONHBIE CBHAETEILCTBA 3TOrO npOIIeCC& oand ue-—
nowunx rpawuros Hurepmm [16].

Takum ofpa3oM, peAKOMeTallbHble I'PAHHTOWABI MOT'YT PACCMATPHBATE-
CcHd KaK KOHedYHble IpOAYKThI omTeIbHOR U eCTeCTBeHHON! 2BO/IOLHH
MarmaTH4YecKuX NOopod. NPeMMYIleCTBeHHO KOHTHHeHTaMbHLIX ofnacreif.
BosHuKHOBEeHHe MAaTepPHHCKHX O/ DPeAKOMeTAa/bHBIX I'PAHHTOBR Marm H HX
reoxuMpudeckas ClelH(HKa OCYWeCTB/S/MCE CKOpee BCero B KOHTHHEH=-
TaMLHO! KOpe, HO Mo BIMAHMEM TPOLEeCCOB, MPOTEKAaBWHX B 1NTyOHHHBIX

149



Li
80 | ° Ba

o
o 2 8 ¢ ¢g© oy
wr o 500 t ™
gxﬁr B e B i
. e s B
400 2001
R |, Y - Yow, ®
200 P W 0 n I L 1 1
=]
Yoot

75 : ‘ 7 oQ @F° °a %
Be o
J =] 0 x Q e 2000- ‘d;ﬁﬁw -
1 : S i ) et zr (==
v F [+ > g 8 = 0 i i L I
D

O Sg= Nb
5 00 / "
/] L L - A i .®
®
;5'0 . = o| 200t o
n L) S

- 2o wo @
po L g g ° P a
i K /Rb =
k4 460
Sr ° = m@.o £°
s00 + 200 M -
NafK,0 / AL, 0,
7 17 16
of #2 ¢JAy o nf x7
50 e
o
@
(-]
I L8 20

$ur, 3. 3arucuMocTs conepwanus Li, Rb, Be, Pb, Zn, Sr, Ba, Y,
La, Zr, Nb u Bemuuuuer K/Rb orTHowenus ot amayenns xoshduumentea
armaETHOCTH CTEKON MAHTe/IePHTOR H KOMEHIHTOB

1 = pawswie ( Ewart et al., 1968) nna Hoeoit 3enaunmu; 2 — naw-
npie ( Noble and Haffty, 1969) nna o.llantennepun; 3 - nammrie
(Dickinson, Gibson, 1972) nna pynkana ®auran » Sdmormm; 4 -
TO e ANd NO3[HEX NaB; 5 — To e ama Typor; 6 — nammve (Kopa-
nenko, PuHBKO H hp,, 1971) nng nemsw [Hanwuero Bocroka; 7 -
nannpie ( Noble'and Haffty, 1969) nna CIUA
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aonax 3abapuukoro-Benwoba u pubrax. Macmrabbl KOHIEHTpHpPOBaHud
PEOKHX S/IEMEHTOB B pacCMaTpHBaeMBIX NOponax 3aBHCAT B OCHOBHOM
OT CONEepXaHud 2/IeMEeHTOE B HCXOAHBIX pacmiiasax, oT ofbema nocien—
HHX M OT IMNIyGuHEI ero nocnenyiomei AubdepeHunauuu,

ABSTRACT

Two types of rare—metal granitoids have been marked out: the geochemical
type of litium—fluorine plumasitic alaskites and alkaline granitoids. Both
types of granitoids are enriched in fluorine, niobium, tantalum, tin, beril—
lium, zink, lithium, rubidium and sharply depleted in barium and strontium;
rare earth elements and yttrium only enrich alkaline granitoids. One of the
conditons of rare—metal granitoid formation in the course of the magmatic
process is the long differentiation of granite magma The provinces of ra—
re—metal granitoids are confined the zones of ancient rifts.

{4v]
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A, C. IABJIEHKO

IBOJIIONINA BENIECTBA COBPEMEHHBIX MATEPI/IHOB
H 30H PHOTOOLPA30BAHNA

B npobiemMe NpOHCXOMAESHHA BElleCTBA NOC/eapXeHCKHMX KOHTHHEHTOB OIl-
peneimMiock HeCKOJLKO TNIABHEIX HANpaBleHHH, Pas3IM4yaiomMxcs OUeHKOH
OOMH, COCT4BA M MCTOYHHKOB NPHUBHOCHMOIO BO BHelIHHE OGONOYKH I'iyGHH-
Horo pemecTBa. C OOHOH CTOPOHEI, 3TC KOHUENIHH, MNOYTH INOJHOCTBIO
HCKMIOYaMe POite TIYCHHHOrG NPUBHOCE, T.€. MOAM 3AMKHYTOrO KOH-—
THHeHTamsHoro mukna (nmo T. BapTy), ¢ apyroit - KOHIeNUMH, IpHAAOLIHE
ray6uHHBIM HMCTOYHHKAM 3HAYeHHe IIaBHOI'O, G/ He eJWHCTBEeHHOI'O,
DbakTOpa uapamuBaHHS M NpeobpazsopayKd KouTHHeHTOB. Hambonee u3BecT-
Had 3 mocnenHux KoHuenuud I'puHa u PuRreyna umeeT, B YACTHOCTH, He—
npeonolluMEle TeofIOTHYeCKHe H I'eOXMMHYeCKHe TPYAHOCTH B obbge—
HEeHUH TNpPOHCXOKOEHHS M3BECTKOBO-IIEJIOYHBIX, AHAE3MTOBBIX  Ce=—
puit.

PaccMmaTpupaeMas Hamyl Moaelb -(@m‘. 1) HcxomuT M3 OBOHCTBEHHOH
NpHpoabl BEeCTBA KOHTHHEHTOB Heoresl, pasapacTaHHe KOTOPBLIX IPOHC—
XOOMT 3a cueT NepepaboTKu OKeanwuecko§ (6a3am-TOBOl) W KOHTHHeH—
TamepHO# Kopel nporored (no E.B. Tapnobckomy) M NMOTOKa BellecTBa,
oBycioBNeHHOTO INTyOuHHON Aubbepenupammet niaaweTsl,

CoOTBETCTBEHHO OTIPABHBEIMH KOHUENUMAMH OIS MOAENIH Cily=
MaT: a) TeopHs TaHeTapHo# [erasaund o oOpasOBaHHA 6a3allbe:
ToBOH KOpel IOyTeM 3ouHOro maaenenua A.[l, Buwnorpapoba; 6)
TeopHd 3eMHBIX O6Gonmoyek H nnaHeTapHodl ponM  aTMochepel H
6uocpeprr B.W, Bepranckoro, ocHopononaraiomas AOns eOXHMHH
coBpeMEHHOH KOpbl; B) TEOpPHS KOJOHH CKBO3bMarMaTHUeCKHX pace—
TBOPOB H Marmatuueckoro 3amemenus J[1.C., KopxuHHCKOro, cps—
apBamag B TeOXKAMHYECKH W SHepPreTHUeCKW :efHHLIl BepTUKallp-
HbIH psfl Dpouecchs MeTaMoppuaMa, MarmMaTHaMa H MeTacoMAaToaa,

CooTBeTCTBEHHO MOOEN: YYHTHIBAET M MCHONL3YyeT KOpeHHBIE Clefi~
CTBHS STHX TeOPHi: O eAHHCTBE TelNo-Macco-IlepeHoca, 0 AubdepeHIn—
ayLHOM MHrpaumEu B auddepeHndanbHoOi NOABHMKHOCTH KOMIIOHEHTOB B
TpagrerTax TeoduawyecKux nonefi, 06 WCK/MOUHTEMLHLIX IeOXMMEYEeCKuX
ceoitcTBax BHewHux o6onoyek (ynepxaume M HAKON/ewde Kalud B ocai—
Kax, OKHC/MTebHBE, MHAPOM3HBIe, GHOreHHble PeaKUMH, BAHAKMME HA
pacnpegelieHle 3JleMeHTOB NepeMeHHOMH BaJleHTHOCTH, H3OTONHEIN 06—
MeH W T.L).

B mponecce reoCHHKIHHANLHOTO PasbBUTHA (PaHepPOZOHCKMX CKiagda—
TeIX O6JacTell NMPOHCXOAMT NpeobpasoBaHUe OKeAHHMYECKOH KOphI B KOH~—
THHEHTAIBHYIO, YTO NpeAcTaBaseT cobofl CYIHOCTh INeOCHHKIHHAILHOTO
npouecca. .

KouTuHeHTa/m-Has KOpa ¥ BepPXHHE TODHSOHTBHI MAaHTHH (GaHeposoii-
CKHX CKJag4daThX obnacTe#t GOPMHPYIOTCH M3 BelIeCTBa OKeaHHHeCKOH
KOpbl: HH3KOKA/MeBHIX OKeaHHYEeCKHX TO/EMTOB H OKeaHHYeCKHX rpay-
.BAKK C IOBBIIIEHHBEIM NPOTHB TONEHTOB COACPXKAHHEM K20, TPHBHOCH=
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MEM C Gonee OpeBHUX KOWIWHEHTOR NpH OCAROYHON, MeTamopdruecKoi
¥ namuHrenHol auddepennmnanmu, MocTosuHO OeHCTBYOIMM (GaKTOpPOM
MeTaMoppuaMa H nanureHesa ABISETCH NOTOK INIAHeTapHBIX INTYOHHHBIX
dmounoe ¢ H u C B KavecTRe o0f3aTe/bHBIX KOMIOHEHTOB,

IMocneaHde OOCTHXKEHHS TEOJIOTHH M IeOXWMHH NOGBOJIAIOT HACHITHTH
BeIIeCTRE HHLIM ' COOePKAHUEM TIeohHauuecKe KaTeropuu - “SasaibToRbli”
cnoft ¥ "pepxuas MauwTHS” M NOK&sbIBAIT NPHHIHIHANLHbIE Pa3IHYULA
HX COCTapa B OKeaHe W Ha KOHTHHeHTe. B oOkeaHMuecKylo cTaiMio, K
MOMEHTY Hadajla PACCMATPHBAEMEBIX HAMH BeleCTBeHHBIX Ipeobpasopa-
HHH, 3eMHasd KOp& M BePXHAd MAaHTHA HMENH ClSAyollee CTPOeHHe,
THIIHYHOE /I COBPEMEHHLIX OKeaHOB H KX IalleOC8HA/IOroB —  OGHONIH—
TOB: y/ibTpamapuTh! (rapubypruTel, MEeTafYHHTE) H Saleralimuil BLIUe
KameMapuTOBRLE CIOHCTHIY KOMIeKC (mapanyumThl, BepHUTH! W KJIHHOIA—
POKCEHHTEI) ODpasyleT BEepXHIOK MaHTHIO, Bomelexammne rabdbpoasumpa—
mTH ( ONMHBMH~-ITHPOKCEHOBLIe Tabbpo, TPOKTONHTHI, BKPUTHI, AHOPTO—
suTE) caaranT “6asameTOBBIA CNOY, BBIE KOTOPOTO DPACMOIATAeTCH
OKeaHHYEeCKUH HeXONl U3 OKeaHWYeCKHX TolenToB (M CHWMTOB), KpeMuuc-
THIX ITOpOH, T'VIMH W I'payBakk.

KamsmadrToBBI COHCTHI KOMIINIeKC ¥ rabbpo-ammiBamiTel oBpasyoT—
cA nyTeMm ¢paknMOHHPOBAHHSA, NPeHMMYIIeCTBEHHO MeTacOMAaTHYeCKOoIo, TO-
JeuTa, 4YTO CoNpoBoxaaeTcs cOpocoM KpeMHEKHCIOTHI, XKelleda W HATpH,
bUKCUpPYIOINXCH B KPeMHHCTBIX NOpogax H CHWIHTaxX, [leTpOoXuMudecKas
cxema 3TOr'C npolecca uMeeT cileayiomuii bup (pur. 2). TMogcTHaanmue

=

®ur, 1, Cxema 9BOmOLMH B2WeECTBA B KOHTHHEHTANLHOM IIHKJE H 30—
Hax pupTooOpaszoBaHHS

] -~ oxkeaHMueckas cTadmd; I] - nepexoduad craaus (oCTPOBHEIE
Oyru, Xpaepble MOpd): g - paHHHil =Tam, 6 - noanHui (pamHeopo—
reunwit) otam; [l - KOHTHHeHTAaNLHas cTamus: @ - paHHmi (MoO3a-
weoporennem) atan, 6§ - mosmuME otan (nnardopmmr, wmTH); [V -
pEprorennas ctanus; ! u 2 — rapubypuTe, J - OHANNACHTE, Bep-
NMTEI, OYHUTE, 4 = a/UMBANHTH, Nharuorpanodupbi, asapTosuts ( 3
u 4 = monocyarTsit KoMIllekc), § = roneutbasaneTei, § -~ rpayBak-—
KM, 7 = XJIOpHTOBLIE, SIHAOTOBEIE H ampuOGOJIOBbie claslb, § -
kpemuy, 9 - rnayxogamoBme cnamnes, oxnorutss, [0 - awnesuro-Ga-
aanerhl, ¢mmuw, memaTe, 11 - anpeawrn, {2 - ra66po-amduGommuTsI,
13 = mnarHorHeics!, [4 = MIGCHOMPAHWTEl H PAHOAMOPHTHL, 15 =
ABYNUPOKCEHOBbIe KPHCTAJUINYECKUe CIAHUBl, 1§ = MHEKPOKIHHOBLI@
rHeficel, 7 = TpaxuaHOesHTh, 8§ = MUKPOKJIMHOBBLIE PA&HHTBHI ¥ M-
naputhl, 19 — rpaHaToOBbie NEPHAOTHTEI, NEePexofduMe B BepXHell dac-
¢ B rpocnuauth, 20 - sknoruThi, 21 - uapHOKHTE, <2 -~ sHOEp-
6uTEl, 23 - peTporpanHbie ruelicer, 24 - KallHeBele GasanbThl, 25 —
NefKOKpaTOBbIE CPaHMTHl, <0 - KUMGepiuThbi, 27 ~ NOJepHTHl, MI8=
TOBAa3AbLTHI.
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dur. 2. CxeMa paCwenieHHs TOJEHTOB HAa I'IABHbIe NeTporpaduuecKue
KOMMOHEHTE OQHONHTOBOH aCCOUHANHH

M1 - menanworabbpo, [l - naaruorpaHuThl, Ki- KENeIUCTO-HAll—
moBas accoumamnsi; A6 - nmaGaser, A# -~ nyuur, p - nupoxcemur,
An = awoproszur, [l1 -~ nnaruorpanuodup

I —=11,2 A6 = (42,5 FeQ» 11,4N320 + 4,2K50) =
=1,9 An+1,5 fp+2,94n + 4,4 ila;

11 -6+ (0,2K,0 —0,9 Na0 —0,4FeO) =
=0,9 My + 0,1 M,

MaHTHAHBIE YyIETpaMaduTEl HMElT KOpeHHbIe IeOXHMHYecKue OTIMYHHA
OT TIOPOA CIIOUCTOrO KOMIVIEKCA M TOJEHTOB M UYYXepOAHble MM IO UC—
xogyoMmy BeitecTBy. CoBpemeHnHble OKeaHWdeCKHe DIIHHBI MO JaHHBIM
Ile Jowra £12, 14] wa nopsnok oBoramens kamem no cpapheuuio C
TonenTaMu. Takne ke fNaHHBIE TOMY4YeHBE! HAMM A/ IpayBakK CpefHe-—
naneosofickolt ofuomuropoit cepun Hxuo#t Mouromuu, OforameHue Ka-
neM TepPHreHHBIX NOPOA OKEAHHHYECKCI'C HYeXila MOXeT OHTL CBH3aHC
C DOPHBHOCOM €ro M3 YyXe CyIleCTBOBABIMX CHAMYECKHX MAacc
(pur. 3).

B pauumii sTan nepexogHoil craguu (cmM. pec. 1) B 3apoxaamnmux—
Cd OCTpPOBHBIX AYrax BOJHAKAIOT JIOKalpHEIE YTOmMIeHUd Ga3albTOBOrO
CNof C YETKO BBLIPAXKEHHBIMH ‘KOpPHAMH, KOpPHH COCTOAT M3 KPYNHBIX TeK—
TOHMYECKHX IIacTHH rapubypruTos u rabbpo-ammupamiToB C 3axaThi-
MH MeMOy HHME IUIACTHHAMH [OpPOA OKeaHHYECKOro 4ex/d, M0 KOTOpPhIM
pPA3BHBAIOTCH 30HATIBHEIE CTPeCCOBHE IayKohaH-sK/IOTHTOBbIC KOMINIEK—
CHl, 4TO CONpOBOXOAeTCH COpocOM wesodelt B KpeMHeKHCIOTEL He-
NOCPEeACTBEHHO ITO[l MEeCTKHMHM IunepbasuTOBLIMK NNAaCTHHAMM HaGMmoga-
eTCd pa3bBuTHe peTporpagdpx MO OTHOWEHHIO K 3K/IOHTaAM SIHIOT—aM=
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dur, 3. Ouarpamma Or — An— Ab+ Ne /g SBreccHHKIHHANILHON acco-—
umanuy Owuoit Mouromin

1l = rpayBakxu BLICOKOKANMEBhEE, ¢ — I'PAYBAKKN HHSKOKANNEBLie,
3 -~ anpnesuThl, 4 - TONEHTOBBIe GA3aNLTH! OPHOMHTOBOH acCouHaluH,
5 = BaszaneThl aHAe3nT-0a3ansTOBRoM, OCTPOBCOAYKHON  accouManuy,
i = DHPOKCEHWUTHI, BEpRJAHTH CIOHCTOTO KOMIVIEKCA, 7 = rabfpo-—aiiii-
DaIUTEl, SBKPHTE!, TPOKTOIHTH CAOMCTOIO KOMIWIEKCA, § — IIaruorpa—
HOPUPH! CIOHCTOTO KOMINieKca, § — yapTpamaduti (rapubypruTel, ay—
HUTH!) NANEONKEAHWYECKON MaHTHH
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¢ub6OMMTOBEIX NOPOA C MOSIBJeHHEM IPAHHTOHAHBLIX CHHKHHEMATHYECKHX
Ten. Umeuno oty oBcraHoBKY MBI cunmTaeM Haubo/ee BepodaTHON s
3apOoXKAeHud pacilaBoB, GOPMUPYIOUIHX H3BECTKOBO-IUE/IOYHBIE CEePHH OCT—
poBHBIX Ayr. OCHOBHEIE APIYMEHTHl B NOJBL3Y BLICKASBIBAEMOIO Hpeno—

TIOXEeHHS ClIeAYoIHe: a) NeCTpoTa H BHICTpPOe, HACTO AHTHAPOMHOE, uYe-
pedopauue uieHoB GasallbT-aHAE3HTOBBLIX Cepuil, CONOCTABHMBIE C MECT-

POTOH HCXOAHBIX NOPOJ CI/IOHCTOI'O KOMINIGKCA H OKEAHHYECKOro Yexsa;
6) oTYeTIMBO /MTOGWITbHAS XaPAKTEpPHCTHKA MOPON W3BECTKOBO-IIE/I0Y—
uex cepmit [7, 13 ], 0ocobenno spko BeICTYNamomwas NpH CpABHEHHH OCT—
POBOMYXHEIX 6as3albToB C Okeaumueckmmu [2, 14]; B meperx peako
nopblaeTcst poims K, Rb, U, Th, Ba,Sr, manaet Cr,Ni; K/Rb u Ba/Sr
OTHOWEHHA H3MeHSioTcd B NMombay Rb m Ba; B) upenTwuwocTs pacnpene-—
fleHUd PeKuX 3eMellb B OCTPOBOAYXHBIX AHNe3HTaX W [0KeMOpHHCKHX

¥ 0EeBOHCHKX rpayeakkax Adpukd n ApcTpaimuu, ycTaHOB/leHHas fKexem
u Te#nopom [17], mpamo chumeTemuCTByIOmas © MX BelleCTBEHHOM pPOA—
CTBe; I') NOJHOE OTCYTCTBHE B AHIESHTOBLIX BY/KAHAX DIyGMHHLIX BK/TIO-
4YeHui Npu obumMH pasHoobGpasubX amMubOIMTOB W NOpoa OPUOMHTOBON
aCCOLMANMH, B TOM YHCIEe TUNOMOpHBLIX And damuil HEGKUX naBnednit
spokTonuros [3, 18); n) mocnenuue meramsHble cefCMOIOrMYeCKHe UC-
cienosanua Kmoyesckoit rpymist symxawos B.K. Yruacuwa u np. [8],
obHapyxupme CTON0000pAZHYI0 BEepPTHKANBEHYI AHOMAIBLHYIO 30HY B HH-
Teppaiie raybur 20-50 KM C KaMepooBpasHEIM paCIIHpeHHeM HA INIy=-
fuuax 10-30 kM; e) rurauTckue ofbemMbl AHIE3HTOB, KOTOpbLIe BhIGpa—
CBIBAIOTCH B I'eONIONHYeCKH KpPaTKOBPEeMEeHHBIe INPOMEXYTKH, UTO COBep-
IIEHHO HENOCTHXMHUMO NMpH AOMYLIEHUH HUYTONKHOIO NPOIEHTA UX BbII&B—
NMeHdd W NOC/eAYILEro CIACKHONO (PakUHOHHPOBaHES B INIyOMHHBIX MO=—
nensax.

B pauHeoporeHHell sTan NepeXxOoOHOd CTagWH, B YC/IOBHSX HOBOI'O
AMITYTBCA CXATHS NPOUCXOOHT CMATHE 3BeOCHHKIMHATLHBIX Cepuil, Me-—
XaHHYeCcXoe NepeMellBAHHE BeWECTBa K ero MeTaMoppHueckoe npeob—
pasoBauue,

Mopoasr MeTamoppuayrTca B yoloBHsax ampubonuTosod bda-

UMH = B [eJIOM H30XHMHYecKH. J/laTepansuad W BepTHKAILHAS OHppepeH-
puamkst ofycloB/leHa NaMHMeHHEIM 0o6pasoBaHueM ABTOXTOHHBIX W Napa-
ABTOXTOHHBIX IVIACHOIDAHHTOHAHLIX IUIYTOHOB M IUIOLIAAHON INIArHOIDaHH~
Tusaune#. Bepxusg wacte koprl oboramaerca Si09, Nas(, KO u
RboO. B umsax xopel ckammeaiorcs amdubonuThi B rabépo-ambuboiuTLt
C NoBBIUEHHBIME copgepxauuamvu MgO, Ca0, FeO u StO, obepueunnre
wenosamu ¥ Rb. Sra ardpepenmmamms npueognT k oGocobreumio “rpa-
uuTHOTO” ClOsi, 4TO QUKCHpyeTCH nospreHHem rpaduisl Kowpana u uuor—
pa mpomexyTodtoro “awopuroeoro” chnos, CnenyeT elle pas NoguepK—
HYTE MOIHYIO NATMHIMEHHYK BeDTHKAMBHYIO nudpepeHLHALHI0 BellecTBa

Ha 9TOM aTane C pasfelleHZeM IPAHATOGHILHBIX U 6a3aNbLTObHILHBX
27IEMEHTOB, [AeTallbHO PacCMOTPEeHHYI B pdane waumx paboer [5, 6], xo-
TOpas 3aKiafblBaeT INeOXMMHYeCKHH CTAMG KOpOBBIX M BepXHe MAHTHNHbIX
CloeB Ha BCeX IOCHeAYIoWHMX CTaaHAX paseuTHda, ElO, B 4acTHOCTH, Ofi-

pepessioTCH I'eHepalbible 0COGEHHOCTH pachpernedeHHs C'I‘pOHIIHt—‘Bbe H30—
Tomos [10, 11},
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Hauano KOHTHHEHTAIBLHONH CTAOMH, ee paHHero stana (moaaHeoporeh-
HOI"O) oﬁycnoaneuo MOIIHBIM TIAHETAPHBIM HMITyIbCOM TEeKTOHHYECKOrC
cXKaTHsl, CTAHYBIIErO BHAHANE YACTHBIE S0HEI CO CHOPMHUPOBAHHBIM "T'pa-
HUTHBIM” Cl0eM B eOUHBIE KOHTHHEHTALHLIA MacCHB, [lalbHeiulee Heo=
clabepalomee cxaTtTHe paspellaeTCs NMOMOIHM INIYOHHHBIM CPBIBOM, KOTO—
phIif YXOOUT MOA KOHTHHEWT, NMpOXonsd BHYTpu ~GasamsToBOro” clos.
TMopopeuraune nexaderc XpHUla DTOTO MayOCHEHONC HAABUCE IPHBOAKT K
yBe/IMYeHHI0 MOIIHOCTH “6a3albToBOro” criog M KOpHI B UEOM 3a CHeT
TeKTOHHYEeCKO'O CcaobBaHBaHHA.

I'napHbie PelleCTBEHHABIE npeoﬁpaaosalmﬁ B Hayane KOHTHHEeHTalILHOM
CTaoHH CBfA3AHBI C PA3BUTHEM I'PaHY/MTOBOH daimu meTamopdusma, Bepx-—
Hfsl rpaHula KOTOpO# PUKCHpYeTCA aneck Kak pasnen Koupapa. [Mpamele
CBHAETeNBECTEA O NMOpCAax I'PEHYIMTOBON daluy, BEIXOAL KOTOPBIX B OpOIe=—
Hax ¢aHepo3OHCKUX CKaavaTelX ob/lacTed peokH, AAOT BK/IOYEHUS B
medoYHEIX BGaszaneTax [ 20].

Fat6po-amMprbOMUTE! B YCIOBHAX IPaHYMTOBOI'O MeTaMopduaMa BO3—
BpAWATCH B [BYNHPOKCEHOBLIE KPUCTAIUIOC/AHIL], CHAMYECKNS TOROMABLI=—
B KOpAHEpPHT—-WNHHe/eBble H THIePCTeH-INArHOK/IA30BbIe T'HEHCHL. B Hik-
Heil 4ACTH NOSBISIOTCH SK/IOMMTO-NOAOGHbIE - TOpOoAL!, 3a¢UKCHPOBAHHBIE B
Kameprx GasanbTax Xauras (MHP). Ofpasopapmmecs nopoasl xapak—
TepU3YIOT BelleCcTBeHHbl# cOCTaB reodmauueckoro “GasamsToporo” cios
KOHTHHEHTOB,

Onucannpii npolecc conpopo¥paeTrcs wMobunuzanvel mesoued,

B mnepsylo ouepenk K M MX BBIHOCOM, YTO OGYyCIOBIHBaeT HOBYIO,
Ka/ldeByi0 MPaHHUTHU3ALKI0 BBILENSKANIHX YacTel C/0eB H HOBOe Iepepac=—
npepellenne PanKHX 27leMeHTOR NpPH e/0YHOM nasmureneze, Hapspy c
oﬁpaaoaal-meM B CBOAOBELRIX ITOAHATHAX rpaawrao-uxenov-mo—r‘paﬂu'romHoﬁ
fopmaly, B 30He INTYOMHHOMO HAOBHI'a B 3aBUCHMOCTH OT (HSHMKO-XHMH=—
YyeCKO} O0OCTAHOBKH BBINJIABIMIOTCH AHOE3HT-OAUMT-/THTADUTOBEIE, Tpaxu-
AHASINTORLIE M MENOUHO-6A3a/LTOBEE MAarMbl, MPOAYKTH! KOTOPBLIX, H3~
MUBIIKCEL Ha NOBEpPXHOCTH, OBpa3yloT KpaeBhle BYIKaHMYeCKHe nosgca., [1o-—
Joroe NOrpyMeHHe 30HBI HAABHIa ITOA KOHTHHEHT B HHTepBale OT HH30B
ampuoNuTOROH AC ¥WHEOB IrPadymMTOBON (ailii OTpaxeHO NaTepaibuoH
CMeHOl mopod B ByNKaAHUYeCKHX IOfCax OT HU3BEeCTKOBO-MIENIOYHBIX M
LEe/IOYHO=-3e MeILHEIX BO BHEIIHHX HacTaX, A0 CYDme/OvHBX M INeJIOYHBIX
(pnoTe 0O KamieBLIX HA3ATLTORAOB) — BO BHYTPEHHHX. B HHTPYSHBHOM
THIlE 2TOMY PAOY COOTBETCTBYIOT MNOC/eAOBATeHLHOCTH GaHATHTOB M MOH—
nounTonnoe [6],

Hawm npepacrasnenra © TeoXuMHYecKo# sBomionyM W ee  PaxTo-
pax B KOHUe uepexouaoﬁ -~ Hayajle KOHTHHEHTAQ/IBHOHN cCTaguk B
OCHOBHBIX TIOJIOKEHHSAX COBNAdAlOT C MoOOenkio, paspusBaemoilt C, Xehe-
pom [15, 18],

TnasupiME npoueccaMu gHdpepeRUHANNN KOPBl, BeAYIIHMHE K 060rameHuo
BepXHel YacTH rpavHToduNbHBEIMY sleMeHTamnr, B roMm umcne U, Th, K,
Rb, Ba, Pb, saepaiorca MeTamoppAHecKkHe peaxilud, COMPOBOXIAEMbIE
peruapaTarde#f, ¥ YACTAYHOE BHUIIAB/ICHHE W MHTDAUME BBEPX IPAHET-
HEIX PACHIaBOB. ;

Marepuaiibl 1O WHTAM NPEeBHHX NIaTpopM, AAEHEIE IO Me3020HCKIM
rpasynuTaM llamupa, rpagymuTOoBBIM TRelicam Ypana, Hopeerea e
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Ta6nuuna

Inapnbie npouecch AupdpepeHUHALHH BewecTB NpH 06pPA3OBAHWK KOPBI H

BepXHE i MAHTHM KOHTHHEHTOB H 30H PHpTOreHesa

leopuanuec-| Okeanuuecknii [lepexonnas crannus
KHe CJlion aTan OCTpOBOAYXHLI# sTamN Pa;meoporennbfﬁ
S:g;o‘mﬂﬂ Ipaysaxku Gruw
K50 ¢ } Si09:K30.R30,5 — }sio,, k,0, Rb |
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=
2 ‘
2 TA1203’ Naon INanuurenes naTpoBo- | I'a66po— —
] [Inarvorpasoguns, | aMOMOCHIHKATHBIX amMpuGOIATLI
38: 4HOPTO3HTHI, an- (I0pod H I'payBakk
g én RO, St
= .n% IHBAIIATE! =2
L . -
3 T $i0y, Ko0 '
E
1]
Pacmennenune - KopoBas sknoruti-
TOJIenTa 3auug
[TupokcenuTs!,
BEPIHTEHI,
NapanyHUTE!

o

MapTiasg

KonTHHeHTANlbLHAS CTalHd PugTorennsii
Oporennnit atan| [InanbopMenHsi#t sTan STan
prot | ool
IpanuTHBIfi= PeTrporpanssri
HIEJI0 YH O nefiKoTrpaHu THEIH
I'PAHUTOUAHEI najJHHIreHe3
NanuHreHe3
t (Fe0), Ry0 t
TpaxuannesuTs!
txq0}
e 'panynuTH3aUus
IFeO, R2OI |
Wenowssie TSiO2, K,0 1 (8i, )0y,
GasansTe! RO,Sr, | RZO
e BKIoruTH3anHA BrinnaBnenue
pnonepHTa
TCaO, R20 1 Jepuonursl,
rapuGypruTh
MeiiMeunTsl, Kap6o-
HATUTH, MEITHITNTUTE!
{ Ral}
KumGepnuTs! Brinnaenenue
TOJIeHTAa
YnsTpamMaguThl
{ MgO}

MOBOpd yWe O XOPOBRIX 2KIOrHTax, CBHOETeNbLCTBRYIOT
103AHeM 3Tarne KOHTHHEHTAIILHOH CTamuu PA3BHTHH 30HATILHEIS MeTaMOop=—

dideckue npeofpasoBaurs TPAHYNIHTOBOH H SKIOTHTOBOH banuft mpoucxo-
@k ¥ B (aueposoe (0 ueM roBOpAT U AAHHbE

OB Kak B [oxeMEGpuH,

ofcomorHoro Boapacta eKiouenui (20 1).
Ha mosamem (mhardopmennom) srame KouTHEeHTAMBHOH CTaguu pas—

BUTHY B IpefefaX WHTOR NPCHO/IKAETCH AallbHeMUHN OTHOCHTE MLHbBLI

loakeM rpanuull IDAHYTHTOBOH U OKIOTUTOBOH dauuil Mmeramopdusma,
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O TOM, 49TO HAa

conposoxpakiommiica 6asupukammest (orrouxa SiOg u menoyeit) ¢ mpep-
paumexsneM ABYNMHPOKCEHOBBIX KpHCTAJIOCIaHLeB GasamTororo” cios

B rpasaToBble TEPHAOTHTHl, TIHeHCOB — B YADHOKHTHI H 9HAEPOUTHL X
saTem B "anocuamuueckue” sknoruThl. Obpasyoomuecs SKJIOTMTHE H I'pa-
HATOBLIE NEPHUOTHIHl OTBEYaloT PepxHeldf MAHTHH C HOBOH TrpaHulel
Moxopopuumta, & 4apHOKMTH H 2HAepOuTH - "6asambToBOMY” caow, C
TEKTOHHYECKHMH ABIKEHHAMH IPH YYACTHH NOAKOPOBBIX (MIIOMOOB Ha M-
Tax CPASAHO H IWHPOKOe pasBMTHe PeTPOrpafHbiX rueficos co ceoeobpas—
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uoft dopMalmell pefKOMeTAIbHLIX JeAKOrpaHUTOB, EOCHIECHTPHPYIOIHX HAW—
MeHee NONBHXHbBIE H3 [HTOPHIBLHEIX SJIEMeHTOB, TakKumx, Kak TR,
Nb, Ta, Th.

Ha sTOM Hanpapnenuoe pa3BHTHe KOHTHHEHTA/ILHON KOPEI OGBLMMHO
3aKaHuMBaeTCH. '

7 B cmyuae pudmorenesa (pudrorennas cragus) NPOMCXOAHT PACKAIbI=
Bayne KOHTHHEHTOB W pasfBUraHMe 3pesiof KOHTHHEeHTaMLHOH Kophl. [lnoc-
KOCTH CphIBa 3aKilafblBaloTCHd, BHAHMO, B Bepxuelf mauTmEH, BO/M3m mo—
BEepXHOCTH MOXOpOBHYHYA W MAapKHPYIOTCH NOCNeAOBaTeNbLHON cepuelt oc~-
HOBHBIX H Y/LTPAOCHOBHEIX-LIE/IOYHEIX . TOpoAd, 3aXaHuunpaome#cs KumGep-
maramu [ 21, 22]. MNpu puprorenese ma "anocuamiyeckux” SKAOIHTOR
BBOIIAB/IAIOTCH KOHTHHEHTA/BLHBEIE TONEHTH~TPAINE! C JMTOPHILHON reoXn—
mudeckolt xapakrtepucTukoit (monepurtt Tacmaumn u TpaHcaHTapKTHYEC-
kux rop, Cubmpcko#t miatpopmui) (4, 9], a ua rpaHaTOBLIX NepHAOTH-
TOB — HH3KOKAaJ/MeBble TOJIEHTHI C HH3KHM Sr87/5r86, dopMupyIomHe
OKeaHNYEeCKYylo Kopy. YmbTpapaMuThLl OKeaHWYeCKO# MauTHM ¥ OPHOJIHUTOBR
C HH3KHM cofepxaHHeM Sr M BBICOKHM Sr37/sr85 OTHOIIeHHEeM npea-
CTapMIOT COGO# PECTHT AalOCHANMYeCKHX 9KJIOTHTOB KOHTHHEHTATBLHOH
MaHTHH.

Buisoner

1. BemecTBeHHble HEOAHOPOAHOCTH H PA3NIHYHAA CIIOEB KOpbl H BepX—
Hell MaHTHH COBpeMeHHBIX KOHTHHEeHTOB H OKeaHOB OSYCJIOBHGH!:[ ocanoy=
Hof, MeTaMopdHyecko ¥ nmamiHreHHoB nuddepesmMamMel HCXOOHBIX NOpPOA
Gasam-TOBO# KOpHl M NpoTonaaTdopM™, KOTOpas pealMayeTcsl B INepPHOMBI
TeKTOHMYECKON! AKTHBHOCTH NpH (OPMHPOBAHHH KOHTHHEHTOB M pHbTOre—
Heae.

[NocTosHuo pelicThyOMAM (AKTOPOM TeINIO-MACCO-TepeHoca BC BCexX
rayOUHHEIX NpoLeccax CIIyXuT IvlaHeTapHblff notok dwmougoe ¢ H u C
B KajecTBe 00A3aTe/LHEIX KOMIIOHEHTOB,

2. Ha Bcex aTanax pasBUTHA KOHTHWHEHTA HeOOpaTHMBIH IIyCHHHBIN
MaccooGMeH BefleT K HAKOIUIEHHIO MHTOGHITHHBIX 3eMeHTOB B BepxHel
KOpe M OCHOBaHMA - B HHMXHel ¥ B BepxHell MaHTHH,C NOCNeAOBATElL—
HBIM HMX BeIleCTBeHHEIM NpeobGpasopauneM. [lpu pudrorenese us chop-
MHPOBAHHLIX B KOHTHHEeHTANBHYIO CTAAMIO BepxHeMauwTHHHLIX ciioeR 06—
paayoTcs TONeHTOBas KOpa U y/IbTpamabuToBas BEPXHAS MaHTHS OKea-
HoB. Ha okeaumdeckoit cranuu audbdeperunanmusa sHAOT'EHHOr'©O THNA Opo-
fAB/ieHa OrpaHM4eHHO, a OCHOBHOe 3HayYeHHe npnoGpe'raET HaKOIIeHHe
0CAf0YHEIX NPOAYKTOB, &

3. Bce marMbl ofpaayioTcd Kak 3aKOHOMepHBIE IPOAYKTHI B €OHHOM
Noc/eOBATEMEHOCTH MeTacOMaTHYeCKHX, MarMaTHYeCKHX H MeTamMop—
(MecKnX NMpOLECCOB MO MeXaHH3MY MarMaTHYeCKOrO 3aMeleHus. dpak—
OMOHHOe MNJIAaB/IeHWe, KaK OfWH W3 NpOLeCCOB, B 3TOM MeXaHu3Me He
KMeeT ONpefessiomero B/IMSAHHA HA COCTAB M I'eOXHMHIO PACINIABOB,
BBUHAOY MX GMM30CTH K COCTABY MiaBsmMXcs NMOpoAd. BraronpusTHeME
TeKTOHWYECKHMH OfCTaHoBKamu ans o6pasoBadud I'@OJIOTHYECKH 3HAYM-
MBIX To ofbemy pacniapop (aupeanToB, GasampTOB) SBNAIOTCS NMONOTHE
OMCNIOKAUMH THNa INIyOHHHBIX Wapbsxef U HanBUTOB.
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4. Cxema paccMaTpuBaeTCf K&K OCHOBA ANA KonuuecTsedworo Ga-—
naHca I'IaBHBIX M PEKHX 3/eMeHTOB Npn o0pasoBaHMM COBPeMEHHOH KO-
pPE! M BepxHe#f MaHTHH, ONpefe/ieHHs AOMH INTyOMHHEIX H HOBEpPXHOCTHBIX
HCTOYHHKOB M MOMEHTOB NOCTYIINICHHS 3/IeMEHTOB B ONpefedeHHble Ieo—
norwyeckue o6crauosku (TaGmuua),

ABSTRACT

Transformation of crustal and mantle matter of the Phanerozoic continents
as result of sedimentary, metamorphic and palingenetic differentiation are
considered. Allochemical metamorphism and premagmatic metasomatism are
suggested to serve as the factors of great importance. Differential migra—
tion of rock—forming and ore components, released at this proceses and mo—
ved in the columns of planetary fluids, is responsible for the real element
distribution in the upper continental zones. Riftogenesis leads to the in—
verse effect: distruction of the sialic crust and appearance of basic and
ultrabasic rocks on the earth's surface.
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JI. C. BOPOJIUH, I'. H. MYXUTJANHOB, A. A. TAH3EEB

GOPMAIINOHHBIE THIIBL IIEJIOYHO-I'PAHUTOUTHBIX TIOPON
N HEKOTOPBLIE XAPAKTEPHBIE OCOBEHHOCTH
NX TEOXHMHU

Iﬂenotmo--rpanﬂ'ronnﬂme TOpPOALI HapgdAy C OPYTHMH THIAMH WeJJOYHbIX
nopon (xapBoHaTHTamu, Hede/HHOBHIMU CHEHHTAMH) HBIAFIOTCH BaW =
HbBM TIPOMBIUNEHHEIM HMCTOYHMKOM HHOOMS M LEJIOro psaa APYrHX 9ile-
mentos (Ta, TR, Zr), nosToMmy BhisicHeHHe ocoGeHHOCTel HX pas—
MelweHHs H BLIBIEHHUD ‘Haubollee NepcNeKTHBHbIX B OTHOWEHAM peldKHX
2JIeMeHTOB MAaCCHBOB 2THX TIOpOA NpefcTabBligeT BAKHYIO INPaKTHYECKYIO
safady. B nocnenuwe rogbt HAMETHNMCH TEHOSHUHH pACCMATPHBATE lpe—
CHILEHHB® KPeMHe3eMOM We/oyHbie TOPOObl B KAYeCTBe OAHOIO H3 Bile~-
MEHTOB 'paHHTOHAHOrO MarmaTama [2, 7).Ommako xapakrep paaMe—
WeHNs 2THX Topoll, ocofeHHO B 06lacTsX MOJIONOr0 By/KaHu3Mma, OaeT
OCHOBaHHe TNOJAaraTh CYUIECTBOBaHME ONpellelleHHO# CBA3HM HEKOTOpBIX
THIIOB WEJIOYHO~-PAHHTOMAHEIX TIOPOA CO We/IOYHEIM Hede IMH-CHEeHHTO—
BBIM H OcOGeHHO C“O lHQﬂO'iHO-—ﬁﬂ&BHbT‘OBW MarMa TH3IMOM,
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Haubonee nocToBepHasl CBg3b WeENOYHO-IPAHHTOHOHEBIX TOPOA CO e—
noyHo-6a3aNbTOBLIM, & B pgfe Cly4yaeB M C (OHOJHTOBLIM MarMaTHS—
MOM, YCTaHaBIHBaeTCH B NpefellaXx OKeaHCKHX mpopuuuuii (o-pa.[ac-
x#, Cokoppo, Tyryuna, Boaneceuus, Bype, Keprenen, Kanapckue u
Ap.), e THIOBhIE KOMIUIEKCH! NOPOA NPeACTABIEHb! PANOM OT UEJOY=
HBIX OJIMBHHOBBIX 6a34NLTOB yYepes NMPOMEXYTOYHBIE Tpaxu—-6asalpThl H
MYMKASPHTHl 00 KOHEYHEIX NPOAYKTOB THNa TPAXHTOB, KBapleBhHIX Tpa-
XHMTOB, HATPOBBIX PHOJHTOB, naHTe/uiepuTOoB. [IpecenueHHBe KpemHe—
3eMOM pasHOCTH TOpPUd PaCCMATPHBAIOTCH B ®TOM Clyyae, TakKke Kak
H ¢enpANATOHAHLIE NMOPONOL], B KavyecTBe NH(GPepeHUHATOB WeJOYHO=
fazansTOBOR MarMel, PaaMmeuleHHe WeNOYHO-I'PAHUTOMAHLIX TIOPOA B TPEe=
gefiax OKeaHOB, PaBHO Kax M pasMelleHHe BCEeX THIIOB WeJIO4HOro Mar=
MaTHaMa, KOHTPO/MpPYeTCH CTpYKTYpaMH NJaHeTapHoro mMacwraba (cpe—
AMHHO~OKeaHCKHUMH XpebTamMu; rIyOHHHBIMHM pa3lioMaMH, NepecexKalumMH
OOHOBPEMEHHO KOHTHMHEeHTAILHLIE W OKeaHCKHe OGJACTH, B TOM YHCIEe
H CpPeAHHHO-OKEAHCKHEe XpeGThl; KpYNHLIME NMomHATHaME). OnHako B le-
JIOM B OKEAHCKMX TIPOBHMHIUHNAX WeJOYHO—-'DAHHTOHOHLIE TIOPOAbLI Tpef-
cTrapngalT coboit [OOBOMBHO peakoe gaBNeHHe, W OOBeM HX [0 CpaB-—
HEHHI0 C QOpYrEME nubppepeHunaTamu menouHO-GasanbTOBLIX Ccepul
HEBeIHK.

Ha xonTWHeHTax MOPOAb WENOYHO=MPAHUTOHIHOTO COCTaBa PaCTpO=
CTpaHeHBEl 3HAYHTENBLHO IHpe M MpeACTaBlleHbl BYIKAHHYECKHMH, BYJIK&=—
HOTY TOHWYECKUME ¥ TPHENACHCCANBHBIMY WHTDYSHBHBIME XKOMITIEKCAMH,

B accOUHAlMH ¢ KOTOPHIME B HEKOTODPhIX NPOBHHIHAX OTMEYaloTCsd NO—
poasl WenodHo-Gasanstorore (pudur S¢mormu u [peropm, rpabern Ocno,
rapoapckue uHTpysHH IOwwmoi I'pennaHnun) H Hede/TMH-CHEHHTOBOI'O
(BocTounas Typa, Huio-lemmump) cocraBa, B OPYrHX —MOPOALI OC—
HOBHOI'O M ¢elpNaTOHAHOrO COCTABA BCTpeualoTcd KpallHe peako Him
OTCYTCTBYIOT COBepLIeHHO, HO OTYeT/IHBO NpOgdBJeHa HX CBA3b C GHO-
turoBpiMu rpanutamu (Hurepmiicko-Hurepckas, Bocrouno-KasaxcraH-
ckag),

B pacnpeneneHHH IIeNOYHO-TPAHUTOHAHEIX MOPOA BYIKAHWYECKHX,
BYJIKaHO=II/Ty TOHHYECKAX H HHTPYSHBHBIX KOMI/IEKCOB HA KOHTHHEHTAX
oTMeyaeTcsd HOOBOILHO S4KOHOMEpHAasl TIPHYPOYEHHOCTh K MEeCTKHM KOH-
CONMAMPOBAHHEIM COOPYXEeHHSM MNaTGOPMEHHOr'O THIA, MHTEJEHOS Bpe-—
M$ HMCIBITBIBABIMM CBOAOBLIE TIOAHATHS, B mpepenax 8THX y4acTKOB
seMHO#I KOpBI MX pasMelleHHe KOHTPOJMpyeTCHs 30HAMH AKTHBH3AlHH,
TpaccHpyeMEIME 'pa6eHooGpasHbIME 1 PHPTOBLIMA BlUaAMHAME H TOSCaMH
F/IyBUHHEIX PasiioMOB, HEPeAKO HAC/eAYWOUMX CTPYKTYPHBIA I/aH [peB—
pYiX ocnafneHHBIX 30H MO MpaHilaM B pas’HOll CTeNeHH KOHCOJHAHPO-
BAHHBIX CTPYKTYP.

B ocofyio rpymmy Ue/oYHO~PAHUTHEIX 0GpasOBaHHi ClienyeTr Bhile-
JIATH MEeTOCaMOTHYeCKHe KBapl~IoJ/ieBOLNAaTOBbie MOPOALI CO WE/OYHBIMH
TeMHOUBEeTHLIMA MHHepallaMH a0H perHOHALHBIX paslioMOB B TIpeaenax
KOHCOJMAUPOBAHHEIX CKIAMYATHIX o6GnacTteft (Manaen, Ad¢puka; Buro, He-
nauus; Boctownas CuGupes CCCP u psa Apyrux padioHoB), e OGHa-
PYXHBAIOWHX NPH3HAKOB CBH3H C KaKHMHB-JIMO0 MarMaTHYeCKHMH MOpO-
namu, VMeomuecs OaHHLe TO WENOYHBM METACOMATHTAM I'DaHWTOHI-
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* HOMO COCTaBa CBHOETENLCTBYIOT O NPHYPOYEHHOCTH HX K TeKTOHHYEC—
KHM CTPYKTypa™m JHHeAHOro XapakTepa, PaclofaralmuMcH HA CTLIKAX
WecTKHX 670KoB (nnatdopm, CPeOHHHEIX MACCHBOB) C OGpAMIISIOUINMH
30HAMM CKJAAYATOCTH, TOABEPrUIMMHCH PEAKTHBH3ANMH W OGIANAaIcmHME
TMpPH3HAKaMH NOJIFOKHBYUHX pasiioMoB. B mpepesnax Takmx TEKTOHHYeC—
KHX CTPYKTYP OTMeuaeTCHd NPHypPO4YeHHOCTHL ILeJIOYHO-IPAHHTHEIX MeTa-
COMATHTOB K y4yacTkaMm C Haubol/iee MHTEHCHBHO TPOSBIICHHEIM MeTa-
MoppH3MOM, OOCTHrawuwHM aMpHGOMHTOBOK (allMH H CONPOBOKAAWHM=—
Cs ABIeHHSIMH MarmMaTH3alu¥ H rpaguTasaumm [1, 6].

Co WeJIOYHBIMH KBapli=IoJieBOINATOBEIMHE MeTacoOMaATHTAMHM He Clle—
OyeT OTOKAECTBIATL UWEeNOYHO~MeTaMoppHyeCKHe TNOpOALl —~ PHEEKHTO—
Bhle H 9THPHHOBLIE KeJ/Ie30pYAHBIe CJIAHULI = JOKEeMOPHACKHX HeJle3HC—
TeiX ¢opmanuit THna Kpueoro Pora u Kypckoit MarHHTHON aHOMalMu,
o6pasoBaHie KOTOPLIX, NO=-BHOHMOMY, OGYCIIOBIEHO MeTamMoppHaMOM
M3Ha4YallbHO OOOramieHHBIX Kelle30M ocanoyYHbIX TOpoA,

Cpenu mopo me/loMHO~I'PAHUTOUMAHEIX KOMIJIEKCOB OKeaHCKHX H
KOHTHHeHTAMNLHEIX TPOBHHLMI, ACCONMHPYIOUWHX CO WE/OYHEMH 6Gazanp—
TaMH, Bedyulas pojib NPHHAANEKHT (agiMT-AHONCHO-IreneHGepPrUTOBBIM
H dagnmuT-apdBeICOHHTOBLIM PA3HOCTAM 2(dy3HBHBIX M HHTPY3HBHBIX TOw=
pod, a mapareHe3nchkl C PHOEKHTOM M STHPHHOM (HKCHDPYIOTCH NHIEL B
OCHOBHOH MAacce BYJIKAHHTOB H B HefonplloM MacmTabe B peaKIHOHHBIX
KOMIIZISKCAX 3aMelleHWs WHTPY3HBHBIX Nopod. B anukainLHEIX yyacTkax
. BYJIKAQHO—TIJIy TOHMYECKHX M MHNaGHCCAIBHEIX MACCHBOB WeJIOYHO~Pam—
HHTHOrO COgTaBa, ACCOUMHPYIOWHX C GHOTHTOBBIMH TPaRUTAMH, HApAAy
C BHICOKOTEMIEPATYPHBIME (aamT—apBeCOHRTOBLIME ¥ apdBelCOHN—
TOBBIMH pPasHOCTAMH l"p{_iHH'POﬂﬂOB. JacTO WHPOKO pacnpocTpaHeHbl
HUBKOTEMIepaTypHbie anbbuT-pEGeknT-arupuHoBrie (uHOrma ¢ GHOTH-
ToM) dauHE MOpPON CO SHAYHTENLHBIM KOIHYeCTBOM AKIHeCCOPHBIX pefl-
KOMeTallbHEIX MuHepanop (mupoxnopa, KOmyM6HTa, LUHPKOHa, raraph-
HMTA ),

B rpaHMTOMOHBIX IIE/IOYHEIX METACOMATHTAX aOH PerHOHAJILHBIX
Pa3NOMOB PA3BHTEI HCKITOYHTEJIEHO HH3KOTEeMNepaTypHEIe anms6uT—6Ho—
THT-DPHOE KHTOBEIR H anLGHT—pPHGEKHT=Sr HPHHOBEIE  THIIBI Tnopon, CXod-
Hble Mo HaGopy M conep:xaumo peaxoMeTalibHbiX MHHepalioB C HH3KO—
TeMIlepaTypPHEIME daumsiMu NOPOA MpeAbiAyweid rpynmsL.

B rabmuue cyMMupOBaHE! MMeBilHeCs B HalleM DACHOPSHEeHHH co6=-
CTBeHHbIE W ONMYyGIMKOBAHHEIE AAHHBE TIO PelKHM 2/IeMEHTaM B WeJ/oY9-—
HO-IPAHHTOHAHLIX TNOPOAAX, CTPYNMHPOBAHHBIE B YeTHIPe KOJIOHKH B CO-
OTBETCTBMH C TpPeANIOWEHHEIM HAMH paHee OelleHHeM HMX Ha THIB! [4].
B neppoit M3 HHX O6LeNHHEHE! BYI/IKAHHTH! NAHTE/UIMPETOBOTO H KOMEH[k—
TOBOI'O COCTABA H PHOGEKHT—STHPMHOBLIE 'PAHHTHEI OKGAHCKHX H KOHTH=-
HeHTANLHLIX TPOBHHUME meNoYHO-6a3albTOMAHOH (GopMalul, acCOoUHH—
pyloule CO 3HAYATeNLHEIME OObeMaMH WeoyHO-5a3aibTOBbIX (wenoy~
Ho-ra66pouanbix) mopon. Bo BTOpo# rpymmne O6beNMHEHEI WEJOYHbBIC (-
dyaMBHEIE M WHTPYSHMEHBIE KHCIbie TIOPOABI COGCTBEHHO HIENIOYHO-TDaHH-
ToMOHOH (OpMAaUWH, NpPeACTAaBIEHHbIe BYNKAHO-IIy TOHHYECKHMH H [HNa-—
6HCCaNbHEIMH MACCHBaMH apdedCOHHT—PHOEKHTOBBIX H GHOTHTOBBIX Ipa-
HUTOB; B BUAE CAMOCTOSTE/LHOfi MOACpPYIMEl B 2TO# GOpMalHy Bbie—
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TaGnuua

CopepKaHHg HEKOTODPHIX pelIKMX S/ieMeHTOB B pa3/M4HbLIX THNAX
We/IOYHO-PAHHTONIHEIX - IOPOA

enoyno~rpanut— | Hlenouno-rpannTHpie mopons Gea
Hble TOpPOMBI, AC~- |PH3HAKOB CBS3H CO WeJOYHbIME llenoyno~meTa—
COUHMpYWWHe co |BazalkTamMu Mopdrueckue
WeNoYHEME Ga— TopOnsi
Sne- 3anmsTamMr MarMaTHIeckKiue | MeTacOMATHYeCKHE
MEHTEI :
L]
 N* | T (c/1) [ N| X(c/7) | N T (e/1) [N | R(r/1)
Nb 13 148 12 64 17 439 ) 19
Ta 10 5,5 5 5,6 13 33,2 4 0,2
Zr 14 1140 17 1210 14 3000 4 50
Hf** S . 85 14 16,0 o 55,3 - -
TRgO3 Her namuex 8 483 10 1700 4 85
Be 6 5,9 12 8,0 10 19,1 4 0,7
Li 14 41,7 33 66,5 25 207 4 o
Rb 19 187 34 240 26 . 551 4 15
Cs** 3 1,8 16 3,0 12 6,0 4 0,4

lIppMeuanusa, * N— yucio 06LeKTOB, NAHHHE 1O KOTOpPLIM TIpHBIIEKAJMCHL 059
BhiBe/leHHs Cpe[HHX Be/muuH, Bcero mcnonuaobamo amamsop: Nb -300;Ta-
.200; Zr — 400; Hf — 40; TR — 100; Be—200; Li — 550; Rb — 550; Cs — 70.

** <~ rTonbko Ha Matepuane CCCP,

nA0TCH pasHooGpadHble MeTACOMATHTH MAcCHBOB WeJIOYHO-IPaHHTHEIX
mOpoA H 30H perHOHA/BHBIX pasioMoB, B uyeTBepToii KO/IOHKe O7ig CpaB—
HEHHs NpHBeNeHbl NAHHbIE O PHOEKUMTOBEIM H STHMPHHOBLIM CllaHIlaM M3
fopMalmit KeNesuCTHIX KBapIHTOB,

Kak cnenyeT M3 OaHHBIX TaGlHMlbl, Pe3KHe pa3lMyHd B KOHIEHTPA=—
UHGX TpEMecell pelKHX SJIeMeHTOB TPOFBIeHBEl MeXAY WelOYHO=MeTa—
"Moppuyeckoil, C OOHOM CTOPOHBHI, H BCeMH OCTAILHLEIMH (OpPMALHSMH —
c npyro#i, Konnénrpanua BCeX AHAH3UPOBAHHBIX 3JIEMEHTOB, 38 HCK—
moYeHMeM HUOGHS B WeEJOYHO-MeTaMOPOHYEeCKHX MOpONax, HAMHOIO HH—
We kyapka ocanoynsix mopoa no A.Il. BunorpamoBy. 3TO CBHOETEIb-
CTByeT N0 MeHblle#t Mepe 06 OTCYTCTBHH NpHBHOCA Pe[KHX BJEMEHTOB
TpH WeJI0OYHOM Tpeo(Gpas’oBAHMH TOMI Kelle3HCTHIX KBapuuTOB, B0o3MOM-
HO, OGEOHEeHHOCTb ®THX NOPOMA MPUMECHHIMH 3JleMeHTaMM O6bSCHIeTCH
TpOLeCCOM 'HOPMAaNbLHON TPAHHTH3AUMH M3HAYANLHO HEOGBIYHEIX, 060—
rameHHbIX Xele30M H OOeOHEeHHBIX aMOMHHHEM, OCadOYHO=-MEeTaMOp—
durseckux ropupix mopon [51. :

MarmaTtnyeckre nopons 6a3anbTOMAHON M COGCTBEHHO I'PAHHTOHA—
HO#t dOpMAaLMHE XapakTepH3YIOTCH BeChbMA BBICOKHMH M G/HM3KHMHM KOH-—
LIeHTpalHAMHE HHOOHS, TaHTala, LMHPKOHHS, pPefKo3eMelbHBIX 2ieMeH—
TOB, B cooTBeTCTBHH ¢ NpHHATOH KnaccHukalliell pelxHe 8lleMeHTHI
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MOWHO pa3HellHTh HA “OBeHHILHYI0” ¥ "kopoByw” rpymnsi [3], uro
gaeT NpaBO yTBepxOaTh, 4TO UeJIOYHO=IpaHHTHbIE MOPOALI ABYX Mar-—
MaTH4YeCKHX dopManuit oforauleHpl 2l1eMeHTaMH, HMEUWHMY, NO=BH—
OMMOMY, IOBEeHMIIBHOe TPOMCXOoxaeHHe. B TO Xe Bpems npeacTaBisieT
HECOMHEeHHEIif HHTepeC OTHOCHTe&/EHAA o6orauleHHOCTHL NOpOaA uelIoYHO-
rpaEXTOMIHONK GOpMALMH BJleMeHTaMH "KOpoBOi” CpPyNnbl — JMTHEM, py—
Gunuem, mneauem, Gepunnuem, PakT 2TOT HAXOAMTCH B COOTBETCTBHH C
Gonmkiuelt Nonelt yyacTHs KOpOBOro Marepuala NpH GOPMHPOBAHHH KOH—
THHEHTA/LHLIX (Ie/I0OYHO~PAHUTHEIX OOpA30OBAHMI 110 CPABHEHHIO C OKea=—
HUYECKHMH, HENOCpPeACTEeHHO CBS3aHHLIMH C [MeloYHbIMH GasanbTo-
HaaMu,

B HacTosmiee Bpems Mpr elie He MO¥eM HCHOMB30BATHL PedKHe ale—
MEHTEHI OBeHHIIbHOJ rpyImel MUlg pasfejieHHd MarMaTHYecKMX o6paszo-—
BaHHi wWelloyHo-6a3abTONAHON W WeloyHo-rpaHuTOMAHON dopMmaumis (3a
He[OCTATKOM aHAMTUYECKMX QPAHHBIX), Penxue xe sieMeHTH KOpPOBOW
CPYINEl, ¥ 0COOEHHO pedKHe WeNoYHEle MeTalllbl, SABISI0TCH OTYeT—
MMBEIMH MHOMKATORAME (QOpMALMOHHONO MNOJIOKEHHS M3BEepKEeHHBIX Ue—
NOYHBLIX TEepPeChIUIeHHBIX KpeMHEe3eMOM MOopo.,

Oco6oe reHeTHyeCcKOe TONOKEHHE MEeTACOMATHYECKHX We/IOYHO-[pa=—
HUTHBIX TIopoA O6YyCJ/IOBIMBAeT HX HCKMOYHTENLHYI0 060ralleHHOCTL BCe—
vH Ge3a HCKMOYEHHd PeAKHMH 3JleMeHTamMH, MaKCHMallbHbIe KOHIeHTpa—
UuH HHOOMA, TaHTala, LMPKOHHRA, radHus, pelKO3eMelLHBIX SIIeMEHTOB,
TR, pyCuAud, le3Hud, GepHINHg, NPeBLiuaidule YpOBeHb KIAPKOB KHC=
neix mopod B 5-10 53, HMeOT He TOMBLKO TEOpeTHYeCKHN HHTepec.

B npanHoM ciiywae pelkHe BIeMeHTHEI HrpalT POk MHAMKATOPOB H MO=—
ryT ofpasceaTs 3HAYHTENLHLIE NMPOMLULJIEHHEIE KOHUeHTPAlUH.

Taxum 06pasomM, TOABICHHE WEIOYHBLIX NPECHIUEHHBIX KpeMHe3eMOM
TNopoa MarMaTH4YeCKOro NPOHCXOXOEHHs NeHeTHYECKH CBH34HO C TIPO=—
HeccaMH MIYGHHHOTO MEe/09HO—-6A3aTbTOMAHOr0 H ONHOBPEMEHHO KOpO=—
BOI'0 M'PAHHTOHMAHOrO Marmaobpazopawus, Bcg 2Ta rpyma mopoa npu—
HannexHuT no onpefenesmo JI,C, Bopoowna x "rHEpHOAHBIMY WENOYHBM
06pas3oBaHHgM, BO3HHKIIMM NPH COBMECTHOM YYACTHH IYGHHHOIO M KO—
POBOro MCTOYHHKOB BemecTBa, OOHAKO B COOTBE@TCTBHH C mNpeob—
nafjaHHeM TOTO WM HWHOIO WCTOYHHKA INpPeANaragTCd BhIAeNaTb (Op=
MaluKu: MeJOYHO~0a3albTOMAHYI0 ¥ COBCTBEHHO IE/IOYHO~I'PAHHTO-
HOHYIO,

Cpeny MeTacoMaTHYeCKMX OOpA30BAHMI CO WEJIDYHBIMH TEMHO=IBET~
HEIMH TOpOAo06pasyiouliMd MHHepallaMH BhIOeSIOTCH: (GOPMalMd Ipa-
HUTONONOGHEIX WEJIOYHEIX MEeTACOMATHTOB, B (OPMHPOBAHMH KOTOpPLIX
SHEUHTENBHYIO POJ/lb HIPAIOT OBEHH/BbHBIE PACTBORB, H (QOPMALHA Ke=
Ne30pYAHBLIX UWENOYHBEIX ClAHUEeB, MeHeTHYeCKHM CBA3aHHAd C npolleccoM
HOPMAaJILHOJ I'paHUTH3AalUNH,

Cnoco6 ¢opMHpOBaHHA TeX H/M HHBIX IUE/IOYHO=-IPaHHTOMOHBIX Gop-
MallHii N0CTATOYHO YeTKO OTpaMaeTCs Ha HX pefKOMeTallbHOH reoXH—
MHYeCKOH XapaKTepHCTHKe., DTO TMO3BO/gET HCIONL30BATH pedkHe 3je—
MEeHTBbl KAK HHOMKATOPHI (OPMALMOHHOrO TOJOWEeHHS paccMaTpHBaemoi
CPYHNBI CeoJIOrHYeCKHX 00pasopBaHuil,
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ABSTRACT

Geological data bear eitness about the connection of alkaline granitoid
rockswith alkaline—basaltic and phonolitic (nepheline—syenitic) rocks,
biotitic granitoids (magmatic and metasomatic varieties of alkaline—gra—
nitoid rocks are marked out); besides that metasomatic quartz—feldspathic
rocks with alkaline dark—coloured minerals not displaying some genetic
relationships with any magmatic rocks are distinguished. Concentrations
of rare elements (with the exeeption of niobium) are substantially lower in
rocks of the alkaline—metasomatic formation then in the other three forma—
tions. Geochemical data for magmatic rocks point to the participation in
the formation of alkaline— granitoid rocks of a matter of abyssal and crus—
tal origin. According to the prevalence of some source it is suggested to
mark out the alkaline—basaltoid and the proper alkaline—granitoid forma—
tions.
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BE. I'. JIVTL, E. B. ®PAHUECCOH

TEOXUMHYECKASI XAPAKTEPUCTHKA KHMBEPJHATOB
U UX CPABHEHHE C YJBTPAOCHOBHBIMH
H OCHOBHBIMH IIOPOJIAMMU .

B reonormueckoli nureparype OaBHO AUCKYTHPyeTCHd BONpPOC KIaccH-
¢MKALMOHHON! TPHHANNEKHOCTH KHEMOGep/MTOBBIX Nopon., Kak HapecTHO,
A.H. 3apapnuxu#t [ 6] u I''M. Taneera [ 4] npennarajy oTHOCHTH KHM-~
GepauThI K Cpyllle WelOYHLIX 6a3al1bTOHOOB. DONBIIMHCTBO Xe HCCTie—
AgoRaTedielfl CyuTaeT HX S(YYSUBHLIM AHANOTOM CIIOOSHOTO NEpHAOTHTa
[18, 5). eficTBuTenLHO, CyWeCTBEHHO ONMBHHOBHI COCTAB M HH3KOE
collep¥aHue TIIHHO3EMAa 3acTaplfioT CONOCTAB/ATE KHMOEpP/HMTH C yilb-
TpaGa3HTaMH, HO BBICOKOE cONep¥aHHe wesodeli ¥ THTAHA OTIHYAET HX
OT THNMYHBIX YNLTpPaGasHTOB ¥ cGiMkaer KEMGep/miTel ¢ 6asalbTaMu,

ABTOpHI [OKNALa MOMBITAMCH CPABHHTH KMMOEpPIMTHI C THIMYHBIMH
yiuTpabasuramMu M GasalpTaMM MO paclpefelleHHi0 B HHX MAJLIX Ble-
MEHTOB, Tpeanoarasi, 4To TeoXHMHYeCKHe faHHble NOIMHEI BHECTH SC—
HOCTEL B OOCyWOaeMhifl AMCKYCCHOHHBIH BONpPOC.

B tTaGnuue npuBeneH cpemHHili coctaB KMMGepIHMTOB H CONepKaHUs
Mansix anemeHToB. Cpeduufi cocTaB NMOACYHTAH 1O MHOTOYHCIIEHHBIM
OpUr¥Ha/lbHbIM AHAaJH3aM KHEMGEepIHTOB, COeJIAHHBIX B aHAJMTHYECKHX
naGoparopusx UMI'P3 u HHMIPH. HcnonbaoBaHe! Takke MTepaTypHE
pemmse [2, 3, 1, 7, 21-23, 9, 14, 171

Cpennnit coctaB xuMGepmuTob Owuoii AdpHKM ToOCHMTAH COTVIACHO
pampeM [ 24-301]. :

YuyuTeiBag, 4ro KuMOep/MTOBag Marma BhIMNABlSeTCs B BepxHeil
MaHTHH Ha rayGuxe cBubie 100 kM, ee cCoOCTaB TNpexAe BCEro HHTE-
PecHO CPaBHHThE C MAHTHHHBIMH TIPEACTABHTE/EIMH YILTPAOCHOBHLIX
TnopoAl = FPpaHATOBLIMH WNHHE/eBbiMH NEepPHOOTHTAME H AJLIHHO THIHb=
MH runepbasutamu. Mo GasanbTOB B CpaBHHTENBHBI aHamma crneayeT
TNpUBJIeYL KOHTHHEHTALHEIE TONIEHTHI, UWeJ/IOYHLIe OJIMBHHOBLIE Gasalb—
ThI M Kajmepbie OasaneTel, Cpelnue AaHHBIE TIO I'eOXHMUH TIEPEYHCIIeH-
HEIX YNbTpaGasuTop u GazanuTOB BaaThl Ha paGoter [16].

Kax 270 npunaTo B reoxumH4YecKHx paboTax, cpabBHeHHe uMbGep—
JMTOB C ynbTpabasutamMu u GasanpTaMu yAOGHO NPOBOAHTL He Mo ab-
COMOTHBIM COAEPKAHHAM S/IeMEeHTOB, a B Be/MYHHAX, HOPMHDOBAHHBIX
N0 XOHAPHUTY, TIpH ®TOM ClileAyeT paccMaTpHBaTh TPYNINbLI XHMHYECKHX
2IeMEeHTOB, GIM3KHX YO CBOMM CBOfiCTBaM,

Ha ¢ur, 1 noxasaHo pacnpeneiieHue WeJOYHLIX SNEMEHTOB B KAM=—
fepmrax, ynbrpabasurax ¥ 6asansrax. Ha nHarpamMme MOXKHO BHOETE,
YTO THMHYHBIE YNLTPAGA3HTH XaPAKTEPH3YIOTCH HH3KHMM CONEepXaHHA-
MU ulejloyelt W pacnpefelieHHe TOCNeOHHX GIM3KO K XOHOPUTOBOMY.
[na xumbBepnuToB ,Ha060pPOT, XAPAKTEPHO BEHICOKOE COOep¥aHHe Welnoyeil,
npiyemM B KHMGep/mMTax,kak M B WEeJOYHBbIX Gasanbrax, puKCUpyeTCcs
pe3kKoe, MHOI'OXpaTHO€ HakonjieHue Haubollee WEeNOYHHX DIeMEeHTOB =
K, Rb, Cs, mnpuyem rtem Goibiuie, yem pplue WEJOYHbIE CBONCTBa Dile—
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Ta6nuua

Cpennuii XHMHYECKH#i COCTAB KHMGepiMTOB

Cubupn 0xuas Adpuxa
KomMnoueHThI
2 CpenHee coaep— npeneibl KOJie= cpenHee coaep-
WaHHe GaHui KHaHue
SiO* 27,64 - 34,73
Tioh 1,26 - 1,25
AlgO4 3,17 - 2,88
FegO3 5,40 - 6,10
FeO 2,75 B 3,13
MgO 24,31 &5 31,41
Ca0 14,13 - 5,79
Na_O 0,28 - 0,21
x26 0,64 - 0,90
P205 0,55 o 3,64
CO2 10,84 o e
M., 7,89 - 9,20

Na(%) 0,164 0,02-1,0 0,155
K(%) 0,53 0,1-2,0 0,82
Rb** 26 7-140 30

Cs 30 - 6,0
Sr 710 200-2170 460

Ba 1100 300-2500 660

Y 8,0 - 10,0
La 20,5 18,0-23,6 80,2
Ce 50,2 44,0-60,0 138,0
Pr 5,3 3,8-8,1 16,4
Nd 18,5 12895957 74,3
Sm 2,6 1,8-3,3 10,1
Eu 0,3 0,1-0,9 9.3
Gd sy 1,0-4,3 6,5
Tb 0,2 0,1-0,9 0,53
Dy 0,7 0,3-1,4 4,18
Ho 0,2 0,1-0,2 0,53
Er 0, 3 R ! 1,87
Tm - : - 0,23
Yb 0,5 0,2-1,0 1,28
Lu N - ? - ' 0,20
3TR 110 100-640 346
e 7850 500-19000 14000

Zr 260 140-500 4000

Hf 3 = =
Li 20 4-140 20
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Ta6nuua ({okoHuawue).

Cubupnb Ownas Adpuka
KomnoueHTs! cpeaHee cogep- npenensl Kolle— cpellHee coiep-
KaHue Gauui WaHHe

Nb 98,4 35-250 240
Ta 6,4 1,7=13 9
Sc 20 4-55 20
v 140 17-450 . 140
Cr : 960 25-1600 1200
Mn 1100 1200
Co 80 20-220 75
Ni 700 15=-2100 1300
Ag 0,10 = -

Pb 35 6-50 20
Cu 100
Zn 145 - =

Sn 2] 1-23 -

Mo 3.5 0, 5-8 -

* Okuc/iel AaHel B Bec,%
**Jnementsr = B /T,

meHTa. Ha namarpamme xuMmGeprmToBas KpHBas pacnojaraeTcs B TOTe
6a3aNbTOBBIX JIMHEH, MeXAy KPUBLIMHM WIE/IOYHBLIX OJHBHHOBBLIX 6a3allbTOR
H KamMeBbiX GasanebToB, CpapHuBasg KAMGEp/MTHEI C TIOPOOAMH MaHTHIH-
HOr'o cybcTpaTa — rpaHaTOBLIMH TEPHAOTHTAMH ,MO¥HO NPHHTH K Bhi-
BOAY, YTO TpPH BBLIMJIABIIEHHH KHMGep/IMTOB TIPOHCXOOMT CHILHeluad
SKCTPaKIHS WejoYel, NpuueM TeM Golblie, 4eM BHILE We/OYHEe CBOH-~
cTBa 2JileMeHTa,

Io cpapnenmio ¢ yaprpabasuramy (puc. 2) xuMGepsmTH conepxaT
TIOBLIUIEHHEIE KOJMYECTBA WeJIOYHO—-3eMeJIbHBIX S/IEMEHTOB, NPHYeM CHIlb—
HBEIe OCHOBaHUSl — CTPOHUMt M Gapuii — HakanimMBalwTCd B KMMGepmirTax
B MHOIOKpaTHO# cTemenn. Ha OmarpamMme xpuBas, MOCTPOSHHAS TO KHM—
6ep/MTOBEIM TO4YKAM, TonagaeT B molie 6a3anbTOBBIX JMHHMA H OYeHb
CHMIILHO yhaljleHa OT Y/IpTPAOCHDBHEIX TOpOH, T.e. XapaxkTep HAKONJIEHHI
me/0YHO-3eMEeNLHBIX 2NIeMeHTOB B KHMGepimitax GasalibTOBLIL, a He
YyNbTPabasuTOBLH,

Ha puc. 3 mpuBeneH xapakTep pacnpefefieHusl paAMOaKTHBHLIX Blle-
MEHTOB — TOpHs M'ypaHa, Kak u Ha TNpeObilymHX [HACpaMMmax,kumbGep-
JMTHI 3aHUMAIOT TPOMEKYTOYHOE TIOJIOKEeHHE MeXAy WeNOYHBIMH OJH-—
BHHOBLIMH ¥ Ka/MeBbiMH GasanpraMi, B. oTiHyne oT yipTpabasuToB KHM-—
GepiUTH CHNBHO O6OrameHb PaaHOAKTHBHBIMH 27IeMEHTaMH - YDPaHOM
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Hgpoda [ Xowdpum
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4 Na L K Rb s QB-RSI'B&
dur. 1. [uarpamMma pacnpefel/ieHAs WENOYHBLIX SIeMEHTOB B KHMGep-
mmTax, yiwTpaGasuTax M GasanbTax

1 - xEMGepiuTH, £ -~ FPAHATOBRIE NMEPHAOTHTH], 3 = WNHHEIeBbie
HepHOOTHTB, 4 ~ anbIAHOTHNHBIE T'HHepOasHTE, 5 — KOHTHHEHTAlb-
HEIE TOMGMTHI, § ~ WeJIOYHEIe OIMBHHOBLIE GaszanbThl, 7 =~ KalueBbie
fa3anLThl

dur, 2. [uarpaMma pacnpefenieHud UWelOYHO3eMellbHEIX 2NeMeHTOB B
kuMBepimTax, yinbTpabasurax u 6asalbrax

YcnoBubie ofosnaueHus cM. ¢ur, 1

U ocobeHHo TopHeM, B pany wenoYyHO-KHCNOTHBIX CBOHCTB TOpH# 0o6na-
paeT Gollee OCHOBHLIMH cBO#CTBaMHM. MoOXHO mojaraTh, YTO Ha 2TOH
omarpamMme, Kax H Ha Npe[BIOYyWMX, PACnpefefieHHe ypaHa M TOPHA B
kuMGepmTax ¥ GasalbTax KOppelHMpyeTcs CO WeJIOUHbIMH CBONCTBaMH
anemMeHTOB. dddeKT HaKomieHus Gollee OCHOBHOIO TOPHA IPOHABHICH B
KUMGepIHTaAX CTOJ/IL CH/ILHO, YTO KHMOEp/IMTHI OTIMYAITCH aHOMAILHO
BeicoxkaM oTHOwendeM Th/U >6, HeOGLMHBIM He TONBLKO ANS YILTPa=
OCHOBHBIX, HO U [Jig OCHOBHEIX MOPOM.

¥YnbTpaoCHOBHBIE TIOPOABLI XAPAKTEPHIYIOTCH HH3KHMH COMNePWaHHIMH
penkux 3emens (puc. 4), Mg HAX YCTAHABIHBAETCH XOHAPHTOBEH Xa—
pakTep HX pacupefel/leHHs, T.e. B yIbTpabasuTax OTHOCHTE/BLHO Cpef-
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HEr'0 XOHAPUTA He HAB/mOJaeTCs HH H3OLITKA, HU HENOCTATKA NErKHX
um taxeabix TR. KnMGep/miThi, Hao60poT, CHIEHO 0GOralleHsl peaxuMu
aemiamiu. [lo cpaBHeHH0 Cc ynbrpaGasuTaMH B KHMOepIHTAX conep-—
WaHHe peNKHX 3emMellb YBeJHYHBaeTCd Ha [Ba Nopdlka, TPHYeM B KHM-—
GepiTax pe3ko NpeobAAR&IT INMeMEeHThl NepBoit pyibi,

YunTeiBag, YTO B pAAY KHCIIOTHO~WEJOYHLIX CBOMCTE UepHeBLie 3eMiu
ABNAOTCH GoNiee CHNBLHBIME OCHOBAHMSMH, YeM HTTPHEBbIe, MOWHO MO—
naraTh, UTO,KAK M B TpeObiAyuMx Fpymmax 3J7ieMeHTOB, HAKOIUIeHHe TpeH-
‘MYWeCTBEHHO, lepHEBBLIX 3eMellb B KuMmbGep/mMTax KoppelHpyeTCsl CO lie-
TNIOYHBIMH CBOMCTBAMH 3JIEMEHTOB, NPHYEM YCTAHABIIMBAETCH PE3KOE Ha=-
KOIJIeHHEe 3/IEMEHTOB C 6oNlee CHILHLIMM WeJOYHLIME CBONCTBaMH,

[To xapakTepy pacnpenelieHus pPenxux 3eMellb KMMOEep/MTHl pe3Ko OT—
JHYA0TCHd OT THNHYHBLIX YIbTpaGasHTOB H HAOGOpPOT OyeHb GIH3KH K we-
J04HBIM Ga3ankram.

Paccmartpusas nuarpammbr (pur. 1—4), MOXHO yBHOETH B HHX psii
obumMx 4epT.

B ornuune ot ynprpatasutoB B xumGepimMTax (MKCHPYeTCS MHOIO-
KpaTHo¢ oforauleHHe WeNOYHLIMH, UWeNOYHO-3eMelIbHbIMH, pelKo3e—

100 v/ 100 +
§ i
S wt T~ S ;L
x 10
oy O=——0 ™~ e
; s
N S
—0
/t Fik
—
q’ 1 B 7 TR (N SR R R R TN O VR S e AT (A
i ™ 4 g e PrMdsm G ThDyHoEr Tm YD La

dur, 3. [narpamma pacnpefelieHHs PAAHOAKTHBHEIX BJEMEHTOR B KHM-—
GepimmrTax, ynerpaGasutax u Gasanbrax

Ycnosubie o6o3HayeHus: cM, ¢ur. 1

dur, 4. [OuarpaMma pacnpefelleHHs pelKo3eMelbHBIX 3JIEMEHTOB B
kuMmBepimMTax, ynbTpabasutax u Gasanbrax

YcnobHbie oBoskayeHus cm, ¢ur., 1

174



MeJIbHBIMH M padHO4KTHBHLIMM 37leMeHTamH. Hakonsemwe paccmar—
pUBaEeMBIX DJeMeHTOB B KMMOepiHTax KOppelHpyeTcs Tpexkie BCero ¢
KHCTIOTHO-IIEJIOYHBIMH CBOiCTBAMH 2JIeMEHTOD; YeM Bbille WeJIoYHbie
CBOIICTBa 2lIeMeHTOB, TeM Oolblie OHH oGoramawnT KHMOep/AIHTOBYK Mar—
my. OTHoweHHs GIM3KHX To cBouM cBojictBam anementor ( K/Na, K/Rb,
Ba/Sr, Th/U, La/Yb)ana xumbepiMToB XapaKTepH3ylOTCsi aHOMAlbHbi-
MH 3HAYEHWAMU U BCerfla CMeuweusl B 1oNL3y aneMmeHta ¢ Gonee Bhi-
COKHMH WeNOYHLIMH CBojicTBamu, [lo pacnpe/iciieHHI0O paccMaTpHBAEMbIX
9IeMeHTOB KHMGEpIMThl OTIHYAITCH OT yJIbTPAGa3HTOB M GIH3KH K
wenouHbiM Gazanbram. [lo-BHAHMOMY, NpH BLIUIABIEHHH KHMGeplHTO-
BOH# Marmbl U3 YILTPAOCHOBHOIMO MAaHTHIHOI'O CcyGCTpaTa TNMPOHCXOAHMT
HeoObIYalfHO CHMJ/IBHAS SKCTPAKUMS WENIOYHBLIX, UeJio4HO3eMelbHEIX, pell-
KO3eMeJILHEIX H padUOaKTHBHEIX 3/eMeHTOB C MHOCOKpaTHbM (B fecar—
KM H COTHH pas) HX oboramenumeM. Tak Kax HakoNJieHHe STHX 2JIeMeH—
TOB He KOppeliHpyeTcd C H3MeHeHHeM IJIABHBIX NeTPOreHHBIX BlIeMeH—
TOB, TO B TIETPOJIOTHYECKO} JIMTepaType MX HA3LIBAIOT HEKOrepPeHTHBIMH
INIEMEeHTaMH,

O6bruHble 06LACHEHHS HAKOMJIEHHS HEeKOrepPeHTHBIX 2JIeMEeHTOB CBO=-
Ag9TCH K MeXaHuaMaM paBHTAUHOHHOIO pasfelleHHd, CelleKTHBHOIO IJlaB—
lleHus, ACCHMHIIAIUU KOPOBOro Mmatepuana, CneayeT ckazaTk, uTo 2¢-
(heKTy rpaBHTAIlHOHHOIO pasfelleHHs TPOTHBOPEYHT HAKOINIeHHEe He TOllb—
KO J/IerKMX, HO H TSKeJBIX 3JileMeHTOB., MeXaHH3M CelleKTHBHOrO NiaBlie—
HUF Bpan i cnocobeH obbgachHuTe Nobenenue napwl U-Th c Gonee wuH-
TeHCHBHLIM HAKONJIEHHEM B pacljapBe TYrom/laBKOro TOpHs, ACCHMHIS—
umeii KOpoBOrO MaTepHana TaKXe Helb3si OGBACHUTL CTeUAdHYeCKHit
cocTap KumMGep/mTOB. ACCHMHNGUMA TpeXae BCero okasanack 6bl B pac—
npeflefieHHH [7IABHEIX KOMTOHEHTOB H 0GOralleHHOCTH KHMOGep/MTOB Kpem-
He3aeMOM, 4YTO He Habmonmaertca., KpoMe TOro, reoXxHMHYeCKHe OTHOIIEe—
uua K/Na, K/Rb, Ba/Sr, Th/U, La/Ybe xuMBep/mTax OKa3LBaKTCH
aHOMAallbHBIMH, YTO PEe3KO OT/HYaeT KMMOeDINTH HE TOJNbKO OT Yiib—
TpabasHTOB, HO H OT OOBIYHBIX KOPOBHIX NOpPOA,

Yyureipag ToT dakT, yro oborauleHne KHMGep/HMTOB H Ga3alLTOB
HeKOrepeHTHLIMH 2/IeMeHTAMH HeU3MeHHO KOppelHpyeTCd CO WeloY-—
HBIMH CBOHCTBaMH B57eMeHTOB (2dhdeKTHBHOCTL HAKON/IeHHs 6ollee CHIlb=
HbIX OCHOBaHHii HeH3MEHHO ycuimBaertcs, cM. ¢ur. l-4), a Takxe
YUHTBIBafg pesKyl ob6oramweHHOCTHL Ma3oBOil COCTaBidue KUMGep -
TOB BOAOPOAOM, ABTOPHI MONAralT, YTO HAKOIJEeHWe HEeKOrepPeHTHHIX
9JIEMEHTOB MOM¥HO OOBACHHTL MeXaHH3MOM KHCJIOTHOIO Bhflle/layHBaHUT
[12, 13]. CymnocTs 2TOro MexaHnsma 3aKOYaeTCH B TOM, YTO
MarMaTH4ecKue pacTBOPH, o6orameHHble BOCCTAHOBICHHBIMH (GoOpMaMH
NeTy4YHX KOMMOHeHTOB ( Ho, CO0),06nanai0T BLICOKOH KMC/IOTHOCTBK H,
pearupyd ¢ nopoaaMHM MaHTHiHOro cyGcTpaTa, BBIUEJIAYHBAIOT 3JIeMeH=
Thi, 3aHUMAKUME B PANY KHCIIOTHO~OCHOBHBIX CBOHCTB HauGollee uwe—
TOYHYI0 TO3HLHIO, MarMaTH4YecKHii pacluiap BHIWEJAYHBAET H3 MAaHTHii-
HBIX TIOPOO CMIILHEIE OCHOBAHHA — UWEJOYHEIe, UWellQYHO-3eMelbHbe, pel-
KO3eMelbHBe ¥ paiMOaKkTHBHLIE BNeMeHThL. KMCnoTHOe BhilleNayupaHuie
yCcHIMBaeTCHd C riybHHOM, CleOCcTBHEM yero fB/GeTCH CMeUleHHe TakKHX
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noxasarensubix ornowenuit, kxax K/Rb, Ba/Sr, Th/U nna Hausonee riIy—
BMHHBIX Marm.

Taxum ofpasom, cuiibHag o6oramweHHOCTb KHMGEPMTOBOH Marmbl
WeJIOYHBIMHE, WeJOYHO-3eMe/IbHBIMH, penKoadeMelIkHbIMH U paan0aKTHB—
HpIMH 9J/IeMEHTAMH 00bACHAeTCH TNpolecCOM KHMCIOTHOMO BhilleIadYHBa—
HHMS MaHTHMIHOro BelulecTsa,

Pacnpenenexne clenyouwHXx - KOMepPeHTHBIX ®/eMeHTOB Yyike HHoe,
Hx nosenenie MOXHO OGBHCHHTL MEXAHH3MOM CeJIeKTHBHOI'O NJABJEHHH,
Tak, B cnenywumedi rpyme sinementos - i, Zr, Hf, Nb, Ta -

yCTaHaBIMBAIOTCH HECKOIBLKO Opyrue cooThowenud. [lo cpasnenuo c

dur, 5, [uarpaMma pacripenelleHud THTAaHA,
UEpKoHud W radHus B KuMGepiMTax, yibTpata-

O——o—3 suTax u GasannTax

YcnoBuwie obosHaueHus CM, ¢ur,

fapoda / Xowdperm

e S

T Ir W
yiuTpabazutamu B Kumbepiurtax u GasanbTax ¢uKcHpyeTcs oforaueHue
THTQHOM, UMpKOHMeMm i radumem (pur, 5), HO 2¢PeKT HaKONIeHHS DTUX
9NIeMEHTOB B [I/IyGMHHLIX MarMax HeBe/MK H KOppelHpyeTcd He C KHC-
JTIOTHO~OCHOBHBIME CBOHCTBAMH 3NIeMeHTOB, 4 C TAKHMH HX KadecTpaMm
KaK NerKoniapBKOCTh ~ TYIHONIaBkoCTh., CpaBHHBas KHMGEDPIHMTEHI H rpa-—
HATOBLIE NEPHAOTHTH], MOKHO 38METHTh, YTO OTHOWeHHe Ti/Zr B KuM-
Gep/mTax, OTHOCHTE/ILHO MaHTHIHOrO, CMEWeHO He B TONL3Yy 60jee Oc—
HOBHOI'O UHPKOHHUH, a B NoAL3y Gollee jerkomnjaBkoro TuTaHa. [IpH sTom
MOXHO BHOETH, 4YTO €CJ/IH Ha TpeAbiayWwHX OuarpaMMax TOpPOAbLI HeUd=—
MEHHO pacrnoliarajich B TIOpgadKe YBellHYeHHf MX WeI04YHOCTH ('I’OJ'leHT,
WeJOYHOH OJIMBHHOBLIA GasanbT, KHMOGEPIIHT, KaMeBhii GazalbT), TO HA

5 5TOT nopanoK HapywaeTcsd, Pacnoraraack B ceépendHe NepHOLH-
YeCcKOji CHCTEMEl, THTaH, LUHDKOHHMH, rapuuil, nNo-BrANMOMY, nHAHDbEDEHT—
HBEI K KUCTIDTHO-IIE/IOYHOf OBCTAHOBKEe M HX TOBedeHHe TPH BHINJIABIE—
HUM omnpefensieTca 2(deKTOM CeNeKTHBHOIO TJlaBlieHusd.

AnanormdepiM 06pasoM peayT Ceba HMOGHHE M TanTam [lpH cpaBHe-
HHH KHMOep/MTOB C MAHTHHHBIMH YJIbTPAOCHOBHBIMH TNOpPOOAMH MOMHO
3aMeTHTh, YTO KUMOGepNHTHI oforaumeHpl rIABHLIM o6GpasoM HHOGHEM,
TOrda Kak KOHLeHTpaUHu TaHTala yBe/M4YHBaloTCH He3Ha4yMTellhHO, a B
oTOeNbHRIX CllyyasiX He MPEeBBIUAT COAepXKaHHH B YIBTPAOCHOBHBIX MO~
podax. 3To UPHBOOMT K CHIABLHOMY YBeNIHYEHHK HHOOGHA-TAHTANOBOrO OT-
HOLIEHHA B, KUMGep/mMTaX Mo CPABHEHHIO C YILTPAOCHOBHLIMH TOPOAAMM,
B psiny KHMCNOTHO~OCHOBHBIX CBOJCTB 9/IeMEHTOB TAHTall GBlfeTcH Go-—
7nee OCHOBHBIM, HO HMOOHK Gollee nerxomnaBok, Cmewenue B KumMbGep-—
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MHTAX HUOOHH-TAHTANOBOrO OTHOIWIEHHS B NOJL3Y HHOOHS CBHOETELCT-—
ByeT O TOM, 4TO TPOLEecC HAKOMJIEHH] 9THX 9/IeMEeHTOB yUpaBiseTcs
MexXaHH3MOM CeJleKTHBHOrO BbIMNaBNenud, Ecim momycTHTR, 49TO He-
folbliHe O6beMbl KEMOGep/MTOBOH MarMbl 06pasyloTCH NPH 4YaCTHYHOM
IJ1aBJIGHHH MPAHATOBLIX TEpPHIOTHTOB, TO MOKHO CYUTATbH, YTO HHOGHII
W TanTan BeAYT cebd KaK THUNHYHLIE KOrepeHTHble BlleMeHThl, OHH 060-~
rauaioT KEMOepPIMTOBYI® Marmy, IPH ©ToM ASTKONNABKME HAOOHH ne-—
pexoauT B pacunae B Golbweit cremems, wem Tyronnaskuit TamTan,

Ilo pacnpenenennmio THTaHa, UMPKOHHA, raduAs, HHOGME W TawTana
KHMOGep/HTEI TOX0XHM HA 6a3albThl H OTIMYAIOTCH OT THNHYHBIX YIbTPA—
OCHOBHEIX TIOpOA,

Paccmortpum Tenepr pacnpene/ieHHe B KHMGEpIHTAX SJIEMEHTOB LpRyl-
bl keneaa ( Sc, V, Cr, Co,Ni). B oTiuume oT THNHYHBIX 6a3a7bLTOB,
KAMOEpIHTEl XapakTepH3YIOTCH MOBLILEHHLIMH COMNEPKAHHIMH DTHX 36—
MEeHTOB, 4TO cOmmkaeT UX C ynbtpabasutamu,

Ha ¢ur., 6,7 noxasan xapaxTep pacnpefelleHus BAHaAOWA K Xpoma,
ko6anLTa H HHKelld B y/ILTPAOCHOBHEIX Topopax, KuMbepmTax u 6Gasallb
rax. OToenbHbIE Pa3HOCTH MAaHTHHHBIX YNILTPAOCHOBHEIX TOPOA — I'pa—
HATOBE/@ M UWINHHeJIeBble NEePHOOTHTL!, A/bLIHHOTHIHEIE PUNepGA3UTHI CO=
Aep¥aT TMPUMepHO O[HHAKOBLIE KOJMYecTBa BaHaOud, XpoMa, Ko6alekTa,
Hukens, Kak Buano us puc. 6,10 cpaBHeHHio C yneTpabasHTaMH KHM-—
BGepMMTH HECKONLKO OBoraueHkl BaHAaOWeM M B 9TOM OTHOIUEHHM TIOXOXM
na GasaliLThi, HO OT THIMYHLIX 0a’alLTOR KX OTIMYaeT TOBLINEeHHOE
coflepxkande xpoma. Ha nouarpaMme OTYETNMBO BHAHO MROMeKYTOUHOS
NOJIOKeHHe KHMOeplIMTOB MeXOy ylAbTpatazuTtamu I GasalnTaMH, Ta—
KOe Xe TpOMeXyTOYHOe NOJIO¥eHHe KHMOEep/HThI 34HHMAaloT M 10 pac—
npeneneHwio kobanbTa W Hukena (puc. 7).

CToNlb e HEeBeJIMKM pas3iM4yus KHMOepIHMTOB OT YJIbTPDAOCHOBHBIX IO—
poa 7O pacupefeNeHHi0 XajbKOQH/IEHEIX 97IeMeHTOB, TakK, KHMGepIHTL!
H rpAHATOBBIE NEPHAOTHTEHI COAEPKAT TNPHMEPHO OANHAKOBOE KOJIHYEC T—
Bo 3070Ta U cepebpa [8]. KommuecTBo cBuHla, IWHKa, MosmMbGOeHa B
xuMBepiHTaX OKA3HLIBASTCH YYTh TOBLIUSHHEBM,

TaxkuM 06pazoM, Cpeld KOTepPeHTHBLIX BIIEMEHTOR, NOBEOeHHE KOTO-—
PBLIX COrlacyeTcs ¢ MEeXaHHSMOM CeJIeKTHBHOrO BbIJIaBIeHUsd, MOXHO
BLIIENHTE TIOACPYIITY OTHOCHTENILHO JerKONJaBKHX, KOTOPBIMH KHMGep—
NHTOBasg MArMa HeCKOBLKO o60rauieHa TMo cpaBHeHHIO C MAHTHIHBIMH
nepupnoturamu (Ti, Zr, Hf, Nb, Ta, Mn, Pb, Zn); noarpynmy HHAH}—
theneyTHEIX DEMEHTOB, CONepWaHHe KOTOPHLIX B KMMOep/mTax M yik—
tpabasurax onmHakvss [Sc, Au, Ag),H, HakoHel, MOArPYWIY TYrOmiag—
xux anementos (Cr, Co, Ni), RoTOphLiMH KuMGepauToBas Marma Genua,

Bosppamasics X npofneme, cdopMyMpOBARHLN B Hauale OOKNafa ¥
Kacawouwelicd NoNoOKenyd XEMOepIuTOR CHCAR YILTPAOCHOBHBIX W OCHOB-
HBIX TIOpOMA, cllenyeT cAeflaTh Cledylouue BEIBOMLI.

Mo reoxuMHYecCKUM OCOGEHHOCTSIM pachpeldelleHHsl Mallbix 3/eMeHTOB
KHMBGepIUTH Pe3Ko OT/HYalTCH OT YIBTPAOCHOBHLIX Nopod. B ormuyne
OT THIHYHBEIX YILTPABGA3HTOB KHMOED/MTEl OuYeHb CH/ILHO, B MHOTOKpaT—
HOji cTeneHH oborauleHL! WeNOYHEIMH, Ule/I0YHO3eMeJIbHbIMY, pPelKo3e-
MellLHEIMH M panMoaKTHBHBIMH 8lleMeHTamu. [lokasaTelbHble eOXHMH—
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dur. 6. JuarpaMma pacnpeflesieHus BaHalud H XpoMma B KHMGepiuTax,
ynpTpabasutax u Gasanbrax

VcnoeHeie ob6o3HauyeHHs CM, ¢ur, 1

®ur. 7. Nuarpamms pacnpencionds xoballbTa H HHKeld B KuMmGepiH-
Tax, ylbTpabasurax M Gasalbrax

YcnoBHpie o6o3HayeHna cwm, ¢ur, 1

yecxne otHowenus K/Na, K/Rb, Ba/Sr, Th/U B xumbepimTax pesko
OTIMYaTCs OT YJILTPAGa3HTOB H HaobOpOT O/H3KH K WeNoYHbM Gasallb—
taMm, Oco6ennoctd pacnpenenenua Ti, Zr, Hf, Nb, Ta Takke c6iu—
waloT KuMBepimuTEl ¢ GasanbTamMH, a He C yibrpabasuramu, OCHOBbi—
BafCb Ha TAKOM 6eCCﬂ0pHOM reOXHMHYECKOM CXOoAcTBe GAa3allbTOB H KHM—
6ep/MTOB, TOCJ/leflHHe cleayeT OTHOCHThL K 6asallbTOMAHOH rpymnme nopoa.

Onsako B OT/MYHe OT THNHYHBIX GazallbTOB KHMGep/MThI coAepXaT H
WOCKONLXO TOBbilleRHble KOJ/HYeCTBa TYTONAaBKHX sieMeHTOB - Cr, CoNi,

ABTOpPLI TIONIArawT, 4YTO KHMOep/HTOBasg MarMa HauuliaeT BbITIIAB—
MaTLCH B MAHTHE Ha raybune 150-200 ¥4, Kak CHIHKATHAS WU[~
KOCTb WeNoYyHOro Kanuerore Sasanbronga. B cHIly xak#Hx—-TO 0COBBIX
TIpHYHH He NPOHCXOAHT JOJHOI'C 060CODMeHHS H OTAefieHHss 2Toi 6asalib-
3axBaTHIBAETCSH MarMoil B BLIHOCHTCS HA TOBEPXHOCTH. JTO 06CTOS-
TeILCTBO OBYCIIOBIRBAeT NPOMEKYTOYHOE IOJIOKEeHHE KHMOepPIHTOB MeX-—
oy GasankTaME H ynbTpabasMTaMH 1O pacnpefelleHHi0 CHAePOPHIILHBIX
2/eMEHTOR H CONlacyeTCs C HalmuueM OOHIbHBIX BKMOYEeHH MaHTHHE-
HBEIX Y/IbTPAOCHOBHBIX NOPOA.
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BuIfB/IeHHEIE eOXHMHYECKHe OCOGeHHOCTH KHMGep/HMTOB, OCOOEHHO
aHOMallkHble NOoKaz3ATellbHbie QTHOWEeHUd paga aneMeHToB, MOUYT BLITE
HCTIONIb30BAaHEl [l PelieHHd NpakTHYeCKHX npo6neM - paspaboTKH OCHOB
reoxiMHYyeCKHX TOHCKOB KHMﬁepJ’IHTOBLIX Tell. :

ABSTRACT

A distinct geochemical specialization is characteristic of kimberlites,
their composition differs from ultrabasic rocks (garnet and spinel perido—
tites, alpine—type and oceanic utrabasites) and approaches the composi—
tion of alkaline basalts. According to geochemical peculiarities are mar—
ked out: 1) the group of incoherent elements — K, Rb, Li, Cs, Ba, Sr,
Th, U, TR, in which the kimberlite magma in comparison to the ultrabasic
mantle rocks is enriched in a multiple degree and 2) the group of coherent
elements; among the latter stand out relatively fusible (Ti, Zr, Nb, Ta, V,
Mn), in which kimberlites are slightly enriched, indifferent (Sc, Au, Ag)
and refractory ones (Cr, Ni, Co), in which kimberlites are depleted. For
the explanation of the accumulation of incoherent elements a mechanism
of abyssal acidic leaching and for coherent ones — a mechanism of selec—
tive fusion are suggested.
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MUHEPAJIOT'UA



B. C. BAITUITKUA, H. H. MO3r0BA, H. A. O3EPOBA, B. A. JIOPOTOBUH,
B. B. KOMOBA

YCJIOBUA OBPA30OBAHHA CAMOPOJHON CYPBMBI
N AHTUMOHHUTA M UX CPACTAHHUN

B CYPBMAHBIX MECTOPOMKIEHUAX (II0 AHAJHA3Y
BHK/IXOYEHNN ¥ 9KCIIEPHMEHTAJILHBIM JTAHHBIM)

Kax uM3BeCcTHO, OCHOBHBLM TIPOMBIIIEHHEM MMHEDAIOM CYpPLMEL SBIgeTCS
aHTHMOHHUT, KOTOpbI ofpasyercd B YyCHOBHAX HH3KMX ¥ CPEqHHX TeMIle—
paTyp PyOQHOIO Ipouecca, XOTs BHICKAsbBAIHCHL CoobpaXeHNs W O BOG—
MOXHOCTH follee BBICOKOTEMNEepaTypHOI'® ero ofpasopaHus — OIH3KOIO
TOYKE MIaBIeHHd Sb253 [14].

CamoponHag CypeMa gBigercsa penkum obpasopanueM, Oxa ormeda—
eTCca B He3HAYMTENbHBIX KOJIMYeCTRAX B PASNMYHBIX IO COCTaBy MecTo—
POXKASHMSX: MBUILAKOBbIK, 30NOTOPYAHbLIX, CEPeOPAHBIX, CBHHLOBO—IHH-
KOBBIX M Oa){eé MEerMATHTOBLX. B HEKOTOpBX H3 HHMX €e CILYy THHKOM
apngercd aHTUMOHMT, O6a MuHepana ofpaaylOTcd B MMO3OHIOW, CYPBMd—
HYIO CTanoMio pynoo0pasoBanus ¥ MHOIA BCTPEYalnTCHg B cpacTaHM&X.
Ilpn STOM B OOHRX CIY4YasX AHTHMOHHUT BBIIENSETCH paHbile CYpbMbI
[6, 13], B npyrux — MOXHO moOjmaraTb, 4YTO CypsMa 3aMEmAeTCH aH—
tumonnrom [121, OBbMHO MposiBieHus cypPBEMBI PACCMATPHBANHCE KAK
HH3KOTeMIeparypubeie ofpasoBasys, Yacro ruIleprensnle, xors 1, Pam-—
AOp HE HCK/MOYall ONld HEeKOTOPBLIX M3 HHX BHICOKOTEMIepaTypHOe Npoxc—
xoxnenne [ 8, 11], 3naunMrenvHrie TeMmepaTypsl 06pa3oBaHus CpacTa-—
HHH CYpeMbl H SHTHMOHHMTA MOXHO MPenmnolloXuTe ua omucaxus O.3m-
Maia [15] no mmoBupi-ranranoBsm nmermaruram Bapyrpeck B LlBenun,
Mo ero Muenmo, caMopoasas CypkMa OfpasoBanack mon BoanefCTEReM
OCTATOYHbIX MerMaTUTOBbLIX PACTBOPOB Ha CTHOHMOTAHTAJIMT, NMPH STOM
4aCTb CYpPbMEI COeAMHANachL ¢ cepoii H ofpa3oBbBala AHTUMOHHT,

B cofCcTBEHHO CYPEMAHBIX MECTOPOXOEHMAX Bhile/eHns camMoponHoi
CypbMbl OGBMHO TakKxe peagxd W HedHa4uTenbHbl Hokmouennem sensa-
erca MecropoxaeHune Bysen Xunnc sa ocrpoee BopHeo, rme conepia-—
HHE caMOopoHO¥ CYpbMbl SIB/ISIETCSH MPOMBIUIEHHBIM, XOTS OCHOBHBM
CYPEMAHBIM MMHEpAa/IoM OCTAeTCH AHTMMOHMT, H MecTropoxpaeune Cefi-
Hadoxu B PHMnauouu; B HocienHeM B OTAENBHBX PYAHLX Y4AcTKax
cypeMa cocraenger 80-90% ot ofumero KoluuecTBa STOI'OC MeTanna,
B aTOM OTHOWEHHH MECTOpPOXAEHHE dBigerca yHukanouem, ObpasoBa-
HH@ 30eCh CAMOpOAHO! CYPbMEI CBS3bIBAETCH C AelCTBHEM BBICOKO-~
TEMIepaTypHbIX, NTHEBMATOIHTO~CHpOTepMAallbHEIX pPacTBOPOB INIPH Ae-
duunTe cepwel B pynooGpaaywouwmx pacrsopax [16]. 3ror memon ocHo-
BBBAETCS HA XHMHYECKOM COCTaBe CypeMbl, cogepkamei# 3,2% As, gro
OS5 PABHOBECHBIX YC/OBHN OTBeYaer TeMIepaType KpHCTAIM3Aaluy
630°C [17]. Yro kacaercs anTEMmoHmTa, To no Muenmo B. INaakone-
Ha OH fABNAETCS ONHMM M3 MO3AHMX PYAHLIX MHHepasos,

[Mockoneky ¢opMHpOBaHHE 3AMETHBIX CKOM/eHHA camoponHo# CYpBMEI
NnpeacTrapinser BeCbMa HHTepecHoe gBNeHHEe, BaXHOe B NPOMBLIEHHOM
OTHOWEHNH, a CooOpaXeHHd O BLICOKOTEMIEpaTYpPHOM ee ofpa30oBaHHU
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BeCbMa [HCKYCCHOHHbI, Mbl NpOBEH XOMIUIEKC MHCCHeloBaHul, wuToE
HECKOJIbKO TofpobGHEee OCBeTHTE 3TOT BONPOC, BbUIM Hay4YeHBI CpacTaHus
CypeMEBI C AHTHMOHHTOM B pynax Mecropoxnenus CelHaloknm M ocyumecTt
BIIEHO TepMOMETpPHYEeCKOe HCCienoBaHWe BKMOYEHHI B CONMYyTCTBYIOUIEM
KBapue ¥ pyaHbIX MHHepasiax, AHaIOrM4YHOe HaydeHue, HO B Goneeé or—
paEM4eHHOM Macurate, OGbUID MPOBENEHO [/l CYPbMAHOTO PYOONPOSBE—
negna Bypkampba B Axyruu~. KpoMe Toro, Obuia sKClIepHMEHTAlLHO
HCClleqoBana yCTOHUYMBOCTL AHTHMOHMTA B paCTBOpax pPas/MYHOR KHC—
NIOTHOCTH~IENIOYHOCTH Npr TeMmeparypax or 100 go 540°C u pasne-
max go 1000 arm,

l'eonoruyeckas NMO3HUHA OBYX PacCMaTpPUBAEMEBIX CYPbMAHBIX OObBEK—
TOoB pasimuyHa. Mecropoxpenne CelfHalioxn NMpHypodeHo K 3oHe npobie-
HHA B gpepHMx rHelicax CkanguHaeckoro mura. Pynonpoasnenme Byp-
KaHObd JIOKATH30BAHO B TDEIMHHOM 30HE CPeNM Me3030WCKHX TeppHIeH.
HBIX OT/IOXeHHM,

MunepaneHeie cpacranus., B uccienopanHbx ofpasuax ogHOTO H3
y4acTkoe MecropoxyeHnus Celungifioxu caMoponHas cypbMa #BllgeTcs A0-—
MHHHPYIOIIMM PYOHBM MuHepaloM. [lo MHKpPO3OHAOBEIM OIlpefeNeHuaM,
npoepeaenHemM 10.C. BoponaeBrM Ha pPEHTI'@HOBCKOM MHKpOAHAIHM3ATOpe
IXA-5, copnepxanne Mbilbaka B Hell gocruraer 7,2%. Cnenyer
0cof0 MOAYepKHYTH OTHOCHTENLHYI0 DPABHOMEPHOCTBb €r0 pacilpefelleHus
B HEH3MEHEHHLIX YYaCTKAX CYpPbMBbl, BBISBIACHHYI0 C MOMOLIBI0 MHKpPOSOH—
na. MecraMu cypbMa nmepernonHeHa MelKHME Merakpucramnamu (pasme-
_poM okomo 0,1 MM) apceHMnOB, AHTUMOHMAOB M CY/b(OapCEHHAOB Ke—
llesa M HHKellg; B NMOQHYHHEHHBIX KO/IMYECTBAX NMPHCYTCTBYIOT TeIUTypHAbL
CypeMa OTHYeT/IMBO KOppoAMpyeT KBapu M I0JIeBOH umar, B IOCIeqHEM
OHa MHOr[a NpHYypodeHa K MIOCKOCTSM CIadHOCTH, '

Keapn, naGmopawomuiica ¢ camMopogHo#i CypeMO#, IpencTapBleH Npos-—
pavHBIMH H KDYITHO3ePHHCTBIMH arperaraMmi, HHOrfa oGpasyiolluMH Mpo-
wunku, B ornmume oT Hero KBapi BMewawllMx NOpoa XapakTepHsyercsd
MeJIKO3ePHHCTEIM CTpPOeHHEM M HMeeT cllenbl AMHaMOMeTamMopbHaMa -
TPEIIHHOBATOCTL H BONHHCTO® yracaHue, A

AHTHMOHHT BCTpedaeTcs CIOpafHyYecK¥ B OCHOBHOM B BHAE H30IH—
POBAHHBIX HIroJibYaThEX OOocoGneHuit B HepyoHbIX MuHepanax., Cpacra-

'HMfl ero c cypeMo#i BCTpeualoTcd penko, B afux ciyuasx oH pasBu-—
BaeTcd MO KpagM 3epeH M COAepXHUT MHOT'OYHC/ICHHEIE MEIKHE PEeIMKThI
HesaMemeHHO# cypeMbl (dur. 1,a). B CEpemeHHBX HHKOMSX STH pe-—
JMKTEI yracalT BMecTe C OCHOBHBIM IIOJIEM CAMOPOAHOH CYpPBMEL
Bbnuau cpacrauit 3THX ABYX MMHEpAJIOB DA3BHBAIOTCs KpPYMHEIE -KpHC—
ramnel KkBapna, MHorpa MoxHO Hafmogarb, 4TO Tako#i KBapn MeTaco-
MaTHYeCKH pa3BHBAETCH N0 CypeMe B BHOEe HAMOMODP(PHBEIX KpHCTaIOB
(dur. 1,6) m mono6HO TOoMy, Kak HaBmoOnAanoCh B aHTHMOHHTE, COAEp—
MKHT OAHHAKOBO Moracamiye B CKpPEIEeHHEIX HHKONAX PenMKTEl CaMopod-—
HOM CYypBbMEL

1A5mpu HCKpeHHe Gnaropapuel nokropy B. IMTaakonen sa "npe;mcraane-
HHE YHHKANBHBX OOpasnoB CYpbMAHBX pyn H3 MecTopoxneHns CefHsii-
oku ¥ B.I. Beiuky u B.U, Beprepy - sa ofpasub ¢ pyaomnposiBiieHus
Bypxauabs.
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dur. 1. Musepaibupie cpacTanus: 4@, 0 ~ mecTopoxienve CejHsalio—
KM, 6, 1 =~ pynouposbiieHHe Bypxanaobs

4 - antumomnT (cepbe), paseupajmuiicg no KpasMm 3epeH cypbMbl (Ge—
noe), noymp, uyL,, yeen. 120; f -~ meTakpHcTa/ibl KBapua (uepnoe)
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B camoponHoii cypemée (6Gesoe), mommp, wi., yeen, 120; 6 = NPOKHI-
Ku aHTHMoEUTa (cepoe) C camoponHoit cypbMoir (Benoe) B Kpapue, no—
mup.wa,, yBel. 120; ? — KpucTanl aHTHMOHMTa (Cepoe), Hapactawoumi
Ha camopoaHyo cypeMmy (6enoe), momp.w.,ysen, 1300
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B wmndax us pynonpoaenenns Bypkamops cypeMa Taxxke npeobnapa-—
erT B KONH4YeCTBeHHOM OTHOweHHM. M Tak ke, KaKk B MecTOpOXOeHHH
Ceiltnafioxy, aHTHMOHMT B OCHOBHOM pasofiieH C KpYNHbLMH BLUleeHH -
MH cypbMel, OH mpencrapneH MPHSMATHYECKMMH M HUIONbYATHMH KpPHC—
Ta/llMKaMy, KOTOphbie HEpefKo conepxar MellkHe BKIIOYEHHS CaMOpOaHOH
cypeMEL. M cypeMa, ¥ aHTHMMOHHT OTHYET/IMBO KOPPOOHpPYIoT KBapi,
NpH4YeM AHTHMOHMTOBLIE KPHCTAILI HMHOTa OKPYXAalOoT KpynHBIE€ KPHCTAall=
nel KBapua, Kak Obl HapacTadg Ha HHX. B oToenbHBX y4acTKax cypeMa
H AHTHMOHHMT HAGMOOAIOTCH COBMECTHO B TOHKMX IIPOXHIKaX, Pa3BHBAIO-
mEXCH B MEeXK3epPHOBOM IpocTpaHcTee cpead keapua (dur, 1,8). Boa-
pacTHbie COOTHOUWEeHHH HX B 2TOM Cliydae HeOTYeT/IHBEI. HHOI"E[& npu
Gonpmux yBelMYeHMSX B uwimpax ynaercs HabmonaTe MAMMOPOHEE KpHC—
Ta/lkl aHTHMOHHMTA, HapacTaioliie Ha CypbMY C HaACTHYHLIM €e 3axBaToM
(¢ur. 1,2). B sroMm cnydyae penmKThI CypeMBI B CKpENIEHHBIX HUKOIMSX
yracaioT OQHOBPEMEHHO C OCHOBHBIM IIOJIeM CYPBMEL

Cyna mo mmoorﬂoheﬂnm caMOpoaHO¥# CypbMEI B aHTHMOHHTA,
OTNIOMeHHe 2THX ABYX MHHepaloB B pypnomposeieHHM Bypkauaoba 6biio
Bonee cOMMKEHHBIM BO BpeMeHH, 4YeM B MecTopoxpenunm CelHsiioxn,

Ho B ofoux cnyuasx oGpasoBaHHe aHTHMOHMTA [POHCXOAMIO MO3kKe
KpHCTaJUIM3allii OCHOBHOH MacCChI CypbMbL AHAIOI'MYHbIE BOSPACTHLIC
B3aMMOOTHOWEHHS 3THX MHWHepalioB OoTMedaTcs alg To6sMasCKoro
PYRONPOABICHAS, PACHONOKEHHOTO B Npepenax TOR Xe CypeMAHOH Hpo-
BHHUMM, B KOTOPOH HaxonMTcs M pynonpospienue Bypkamnbs [4].

Bxmouennsi. B kpymHOKpHCTannmiecKoM IpospauHoM kpapue (Mecro-
poxnenne CelHAHOKH), UEMEHTHPYEeMOM M KOppPOOHPyeMOM CAaMOpOAHOK
CypeMoOii, HabmopaoTca TPpH THIa BEMOYeHKH, pasnuyarnmuxcd Mo arpe-—
raTHoMy COCTaBy W cooTHoweHmo (a3 (rammua). [Tepeeni THO BK/mOYe-
Hu# oOBenHHAET OOHO-, OBYX- H Tpex(azoBble raszoBble BKMOYEHHS,
pasnuyalomuecs KOMHYeCTBeHHO M KauecTBeHHO Mo cooTHoweHmo daa,
dopma BKmOYEHHH - OBalbHAg WM HeraTupHaa (dur. 2,g). TH BKIO-
YeHMA HE3ABHCHMO OT COOTHOUWEHHs $aa pacnonaraiTcs Bao/lb OQHHX H
Tex e TpeluH, CeKyIHX KpYyNMHOKPHCTa/IMYeCKu#t Kpapu, ¥ ABASOTCH
IO OTHOWEHWIO K HeMy BTOPHYHBIMH., B Hux 4YacTo mpucyTcTByeT TBep-—
nas ¢asa, npencraplleHHas TabIUTYATHM HeNPO3padYHbM MHHEpPAloM,
Bropo#t THn BKmMoYeHHE B KpYNHOKPHCTA/NIMHECKOM KBapue NpencCTaBlleH
OGBMHBIMY Ia30BO-XKHAKHMH BK/IOYEHHSMH, 4YacTo MHorodaszHemu. Popma
BK/IOYEHHH TakKxe oOBaibHas Wiy HerarusHas (dur. 2,6). PacnonarawoT-
Cd OHHM Uemo4YKaMH BAOJL INIOCKOCTe#, CeKyllMX 3epHa Kpapua B pas-—
MUYHBLIX Halnpap/leHusx, T.e. [I0 OTHOWEHMIO K KBapuy Takke SBJSIOTCH
BTOPHYHBMHE, [IOMMMO r'asa M KHUKQOCTH B STOM THIle BKIOYEHHH BCT—
peyaloTcd TBepable (askl - pyaHas HelpoapadHad, B BHae TaGaMTUATBIX
BhbIflellennl, ¥ Npoapaynas — KyGuueckoi dopmer (ranur?). IMonobubie
ra3oBO-XH[KHE BK/IOYeHHd OOHApYyKeHBl M B MeTakKpHCTallax PYAHBIX
MHHEpa/loB H3 I'PYNNbl AaHTHMOHHAOB, CYyNb$OapCeHHOOB H apCOHHOOB
enesa, HaAXOAMIUMXCH CPeAH CAMOpOAHOHN CypbMEl, HO Gonee MO3OHHX
no oTHoweHwio K He#. Habmopenns nmpoeopu/Mck B HH}pakpaCHOM cCBere,
Brmoyennsa xapaxrepusyloTcd HeraTHBHOH ¢opMoilt M copepxaT TOpsaKa
30% raasa.
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dur. 2, Brxmouenns B kpapue., Mecropoxnenue CeliHaitoku

@ - HeraTHBHOE Ta30BOe BKMOUEHKE C pyAHsM MuuepanoMm (Temuoe)
¥ mnacTHH4aTHiM (6erioe) B LeHTpe, CHATO B NPO3PAYHOM M OTPAaNKCH—

HOM cBeTe, yBen, 420; ( - HeraTHBHOe Ia30BO-KHAKOE BKIIOYeHHe
C pyAoHBIM MHHEpaloM, NPOXOAquHi cBeT, yBell. 420
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Tabauuna
XapakrepucTuka BKMOYeHWN B KBapue M3 MECTODOKASHHH C camo

Arperaruoe cocrodHue BKIMOYeHWH
MUHepanoofpasyome# cpensl

MecrTopo -
Nenud C T srmove~ .
TB.
zzmimm el mapge Vrasa, % |V pact= | npoapau- |V pyason
Bopa, % | yoy paawr,|Pacey %
%
Ta30BEIe ONHO=, 100 - = &
OBYX ¥ Tpex-— 80 - - 20
dazoBbE 60-90 40-10 = -
50-80 40-10 - 10-20
Cefiugtiokn [lazopo-wugkue 30-40 80-70 = =
(dunnau—~ OBYyx M Tpex-— 30-40 50-65 - 5-10
aus) tbazopble 30-40 50-60 10 -
30 55 15 ia
30 70 - i
20 80 - =
Pynonpo- Tlazopo-xupxue 30-25 70-75 5 @
SBJICHHE 15-10 85~90 - -
BypkaHobs

B pynonposenesuy Bypkanabs HaGmopgamoTcs Ape AOPYAHEE IeHepa—
udM Kpapua., B Gosiee paHHeM KDYTHO3epHHUCTOM Kpaple (MKCHpYIOTCHA
TasoBO-XHAKHEe BKIOYEHNA C cCooTHOWenueMm ¢as 1:4, 3ToT KBapu KOp—
popupyercs camoponaso# cypomo#t, Bropag renepanusd Kpapua pasBuBa=—
ercs rnapHemM 06pasoM No nepubeprmu sepen kpymHozsepHucroro (mHorna
HaMOMOPGHOTO) KBapua ¥ BAO/b TPEWHHOK B HEM MpH 3aMEleHHH CAMO—
poaHO# CypeMBI aHTHMOHMTOM, KBapu aToit reHepaumy xapakrepusyercs
OTHOCHTENRHO Boibled NpoapadHOCTHIO H COAEpXHT OYeHb MelKHe
( ThIcHYHbIe M neCATHTHICAYHbIE AOMM MM) Ta30BO—XHIKHE BEIIOYEHHS,
Tasopril nyssipex sanumaeT B HWX OObem mopapka 10-15%,

Bee yxazaHHBE TWlHI BK/BOYEHUE NOAREPranyiCh HATDEBAHKIO B Tep~-
MoKkaMepe, [lna Gonbwei HageXKHOCTH H3MepeHHH Haydalocb He MeHee
10 pakyoneit ¢ ogHMM M TeM e coOoTHoweHHeM Gaa, [laHHBIE TepMO-—
MeTpHYeCKNX HaMepeHM# NpuBeneHbl B rabaune, HamBonee monHple mMa-
TepHallbl NMOMyYeHEl AN MecTopoxaenus CelHsioku,

Tpr HarpeBaHnH ra30BO-KHAKHX BK/MOYEHHH NMepBoro Turna ¢ obpe—
MOM T'asOBOTo Nyanipbka Gonee 30% Hu B onHOM Cliy4Yae IOMOTeHH3A-—
UM nocTHYL He ynanocek, [lpu remuepartypax 345-385° rakue Bxmo-
YeHHs BCKpbmawrcs. ClegyeT OTMETHTb, 4TO NpH HA'DEBaHMH [axe
A0 3THX TeMIeparyp (MKCHpyeTcs [HlWb BECbMa He3HAYHTEILHOEe YMEeHbw—

A
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ponHcH cypeMoi

[anHble MO TepMOMETPHH BK/IOYEHHH [aHHbIe MO KpHOMETpHH
BKIIIOYEeHHH
T pacT=—
T(:,pegz: r:m:.:Mo- T nexpenu- |T rereporenn~ | T romorenn-
> M o AlMH | rayun, ©C lsanun, °C sammu, °C
npoapau- | °C
HOH, o
- - 370 -90 -82,5
- - 385 -90,5 -81,0
- - 355-370 =80 --105 -68,0+-78,0
- - 350-375 -902-105 -78,0+-81,0
- - 345 -90 -75,0
- - 350 -95 -78,0
260 - 370 -105 -84,0
285 - 310 o b
- 350 365 -105 -78,0
= 300 320 - -
- 375=310 - - -
- 210-175 - - =

wenue ofbeMa rasopot gastli, 4YTo yKasnBaeT Ha B3AHMHYK WX HHU3KYIO
pacTBOPUMOCTHL, KpHOMETpHyecKoe HCCleNoBaHHe BK/NOYEeHHH nopobHOTro
THIIa NMOKasano, 4ro NP OXNAMAeHMM no Temmeparypsl — 1607 ne
MPOUCKOAUT 3aMopaxuBaHus rasoe, [Ipu tTeMneparypax or -68 no
-840 nogengercd TONLKO [NOMOJHHTENbHAd rasopasd daza, o6bEM KOTO-
poi#t BOSpacTaeT [0 Mepe MOHWKEHHd Temneparypwu. Hasecrno, 4To
oBBMHO BCTpedawiHecs BO BKMOYEHHAX Iasbl, TakHe Kak C02 1 H,S,
HMEIOT TOYKH 3aMep3aHWs COOTBETCTBeHHO -56 m -85°, [lonyueHnHne
pesynbTaThl CBHAETENLCTBYIOT O TOM, 4TO 9TH I'ashkl BO BKIIOYEHHSX
paccMaTpUBaeMOro THIa OTCYTCTBYIOT.

Temneparypy romoresusansy (r.e, MHHEMAIBHYIO BOSMOXHYIO TeM—
nepaTypy KpPHCTANIM3AUMM) YyNAaNOCk YCTAHOBHTL TOMLKO B [a30BO-
KUNKHX BK/IOYEHMSX B KBapue ¢ copepxanueM rasa 20 um 30% (Bro-
polt THm), DTH TemmepaTypsl CooTBecTBeHHO papHbl 300 u 350°,
Ipx TOM rOMOreHH3alMg BKIOYEHHUH NMPOHCXOAMT C pPACTBOpEHHeM
MHHepalla-yaHHKA NpH Temmeparypax 200 u 285°, 3acnyxupaer BHH-
MaHus 3HaYUTE/ILHOe MOBLIUEeHNEe TeMlepaTyphl MNOMONeHU3aUUH BKMO—
YeHHuil MO CpapHEHMIO C AAHHEIMM And uyucroft Bonel, Takue OTKIOHeHMsd,
Kax cnenyeT ua MaydeHus P—I'—T-X nmarpamm, xapaKTepHb! AJig pact—
popoe xsopupoe [5]. Mopdonorns mumepana-ysmuka M TeMieparypel
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€ro pacTBOPeHHH MOJBONIMIOT MOJararTk, 4YTO OH NMPEACTaBISH TIaluTOM,
4TO TaKie CBHACTeNECTBYeT O CYlieCTBeHHO XJOpHAHOM COCTAaBe& pDACT--
BOpa BO BKIOYeHMsX NMopgobHoro rmma., HabmopaeMble COOTHOWEHHS I'a-—
30BO# M XuAKO#K (a3 B BAKYONSX pynHbX MHHEpaloOB M3 PpyNIbl aHTH—
MOHMAOB, ApCEeHHAOB H Cyb})OoapCeHHMnOB Xejle3a X HHKENs, BHUSMB—
WHXCH NMOC/Ie KPHCTaNIM3AUMH CAMOPOAHOM CYpPbMBl, MO3BOJMIOT OLEHHTH
TeMmeparypy HX TOMOTeHH3amun He uwxe 310° (paumite gna uucrol
BOOBI MIPY AHAOIHYHBIX IapaMerpax),

Temmneparypbl TOMOT'eHH3aN¥H B naubolniee panHeM nopgnnom KBap-—
ne ma pyponposprienna Bypkanabs cocrasiasmor 340-350", npudeM ro-
MOr'eHH3alus MPOUCXOOHUT B r'a3oByl ¢asy., BxmodeHus xe B Kpapue
Bonee moagHe# reHepanuy, accouuMupyiomed ¢ AHTHMOHHTOM, T'OMOTIGHH=—
supyiorcs npr 220-230°, Menkumi pasMep BK/IOYEHHH He NO3BOJIMI
3feck MPOBECTH KPHOMETPUYRCKHE WHCCNeNOBaHKd.

[anHbie Mo arperaTHOMY COCTOSIHHMIO H TepMOMETPHHM BKMOYEHHH yKa—
3LBAT HA 3HAYATENLHYIO POb BEICOKOTeMIepaTypHhix (> 400°) pacr-
BOpOB Ha paHHEX cranugx QopMHpoBaHMS paccMATpPHBAEMEBIX MeCTOpOXae-
uu#t, CamopogHaa cypeMa B HHX OOpasyercsd BCIen 3a BbICOKOTEMIEDA=
TYPHBEIM KBapueM M BbOIANAET paHblle APYI'HX PYAHBIX MHUHEpAanoB, TeM-—
neparypa KpuCTa/iHsauuu Bojiee nospgHux PYAHBIX MHHEpAaIOB H3 TIPYIlbI
AHTUMOHUAOB, APCEHHAOB ¥ CYNbOapCeHuAOR XKenesa ¥ HUKeNnsd oleHuBa—
ercs, Kak yKasbmanock peiie, B 300° u Gonee, [TosroMy npencrae—
JIeHHe O BLICOKOTeMIlepaTypPHOM I[HEeBMATO/JMTOBOM OBpasoBaHHM 3anexet
CaMOpOAHOH CYpBMblI 3ACIYMHBAST CEpPHe3HOr0 BHHMAHMH.

O cyuecTBeHHOM TIEpeHOCE CYpbMEI B rasopoil dase ceHaeTenbCT—
BYIOT BeCbMAa BLICOKHME €e COAEpPXAHHS B 838X CQBPEeMEHHBIX Map0-—
rHopoTepM BylKanudeckux ofnacreit — go 1:-107“ r/n B xoHpneHcaTe
napa, Eppauunbie OnbiThl, TNPOBENEHHLIE paHee, ' IOKAa3all BO3MOXHOCTH
ofipasoBanMs AHTHMOHHTA M3 Naporaszopoi (asbkl MHAPOTEPMALHBIX pPACT-—
Bopoe, CocTrae rasa B yCHOBHAX ONbiTa Oppl GIM30K MPHPONHOMY H
COOTBETCTBOBAJI TAKOBOMY And CEEDBOL[OPOIIHO-YI‘HGKHCHBD( TepM BY/l=—
kaHa Menpeneepa [10]

[ng BHIACHeHHS YCNOBUH BHLJENeHHS CAMOPOAHOK CypbMEI HaMu Gnnia
OCYIIeCTR/IeHA ClelHalbHasg CepHsd SKCHepuMeHTOB, MEel NonpITalluCh
IpoCNen’Ts Kak BIMsIOT cocraB, pH u Temmeparypa pacTBOpOB Ha Bhi-
nafeHde CypbMBI B CylbiuaoHON Hnm Merannuyeckoit popme, OmeiThl A0
300° IpoBOAH/IM B aBTcKinaBax oGsemoM 150 CM3, ty repoBaHHbX
droponnacrom. I[Ipn Golge BEICOKHX TeMmeparypax HCIOb3OBANM aBTO-
knaBer ofremMoM 12 oM™, HaroToOBIeHHbe H3 cinasa DM-437-B. Onbrrel
TpOBOAMNY TPH HaliW4u¥ B apTOKNape TeMIepaTypHOrC rpagueHTa; 9To
NpHBOOMIO K KPHCTAUIM3AUNH YCTOWYHBOK B gaHHBX YC/IOBHSX A3kl M
[aBajno BOZMOXHOCThE OLEHHTH MOABHXHOCTE CYypbMbI M HHTE@HCHBHOCTH
npouecca nepekpucraumsanuu [1]. B xayecrse MCXOmHBIX HCMOMLIO-
Palli PACTBOPH! PA3IIHYHON KHCIOTHOCTH~IIENOYHOCTH, KOTOpYlo 3aja-—

" paN® yHUBEPCAMLHLMHK GybepHemMH CMecAMM, a TAKXKEe CONAHOW KHCIOTOR
¥ THIPOOKHMCHIO HATPHA HeoOXOnMMBEIX KOHUeHTpauuit, PegynbTaThl OMbk-
TOB MoKazaHE!l Ha ¢ur, 3. Kak BuaHO, nns BbmlapeRns MeTanideckod
cypeMEl, HeaapscuMo oT PH pacTeopos, mamBonee 6GrarompmsTHbBME
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AB/SIOTCA OTHOCHTENIbHO BLICOKHe TeMneparypbl. [IpudueMm ponb Temie-
parypel pe3Ko Boapacraer B obnacTi ymepeHHex sHaudenndl PH,xapak-
TepHEX ANg NPAPOAHBLX Tuaporepm. Ecnmm B cunbmokmenex (1N HCD)

u cunbHOmenoudsx (3N NaOH) pacreopax MeramnuieckKag cypbMa INOAB—
ngercs npu Temmeparypax Bemte 250°, to B pacrBopax ¢ pH 5-7 an-
THMOHHT KpHCTanmMayercs uiioTe o 540°, M roneko Bpmie 3TOM
reMneparypsl (naenenne mopsgka 900 arM) Kpucrammusyercs MeTall-
JIH4ecKad cypsMa.

7% x
s
900 | tiid |
A A 3 A
e e 3

N %

i-.-
»

2001 -_-rv—v—-—v—"—'——-—v—ra_\-& . 341},5_:

T T T T T T T

-2 a Z ¥ & ‘4 10 72 77
o f x2 +3 ‘Lg [H+]
Gpr. 3, 3aRUCHMOCTDL 0OpPASCBAHME AHTHMOHHTA, METAllIMYeCKOH Cyph-—
MBI H CYPBMAHBIX OXP OT TEMOepaTyphl M KHCJIOTHOCTH-WeI0YHOC TH
pacTBOpOB E

i sz 3 2 — Sb, 3 = OKHCIBI CYpPBEMEI

OfcyxneHHe pesynbraroe. B M3y4eHHbX HaMH MHHepallbHBIX Cpac-
TaHAAX M3 CYPbMSHBIX MECTOPOXAEeHHH caMopoaHas CypeMa IlpeauecT-—
BYeT. BLINENEHWIO AHTHMOHWTA, [IpHdueM, KAK NOKa3anyu HCCIeAO0BaHUH
B. Ilaakonena nna mecropoxnenus Cefuaiioku ¥ I''H., Famaumna pna
To6bMaHcKOro pyAoONpodBIeHHd, NOMHMO STHX OBYX CYPbMSAHBIX MHHE—
£aNcH ¢ nynax OTMeYalnTcs I'YAMYHAHT H Geprbepur. Onu paspuBaiTCH
KaKk peaKknMOHHBLI® MINeDalbl M0 KOHTakram Gollee paHHero MHPPOTHHA
c camopopnHe# cypemoit, O6pasoBanme ryaMyHOMTa MOXHO paccMaTpu—
BaTh KaK pesylibTaT B3aHMOAeHCTBHA CypPBEMAHOCOAEDXAalUMX PacTBOpPOB
Ha muppoTHH Gea [ONOIHMTENBHOrO mocTynnenus cepsl (FeS+Sb — FeSbS).
Kpucrannmsauuga xe GeproepHra OO/LKHA CONPOBOMXAATHCS TPHBHOCOM
cepur (Feygt 2Sbpacrg + 282pa0rs —  FeSP2S4). 3ro maxommres »
cooTBeTcTBUE C nuarpammoi [1,5. Baprona u B. [Ix. Cxkunnepa [ 3],
oTpaxaiimell 3aBHCUMOCTb MMHEpA/IbHBIX MAPATeHeGHCOB OT AKTHBHOCTH
S, ® Temneparyphl, [MoBbmeHHe TeMmneparyphl, XaK cileayeT H3 3TOMH
aHarpaMMelr, TpefyeT yBeIHYEHHS AKTHBHOCTH S) A COXPaHEHHA pac—
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CMaTpHBaeMbIX MHHEpa/lbHbLIX paBHOBECHH. [Ina ofpas’oBaHHs AHTHUMOHMTA
HeobxoauMa eme Gonee BBHICOKAS aKTHBHOCTbL CepEhL

Hayuenne pkmodeHHH B KBapue, KOTOpEIl HaGmopaercsa C camopod-
HOK cypuMoil, a Takxe B CylbpoapceHHaax H CYIbPOAHTHMOHHAAX Ke-
/lesa W HUKEeNs yKashBaeT, YTO Ha paHHMX CTaausx $OpMHpOBAHUS CYpPb—
MAHOI'O OPYOSHEeHHH CYLIEeCTBEHHYI0 poilb MI'palli BEICOKOTEMIEepaTypHbIe
(oxono 400°C) mHeBMaTONMUTOBHIE pPACTBOpPLI, & B Gollee MO3OHIOK
(anTHMONNTOBYIO) —~ Muakue, cpeameTemnepartypsrie (200-300°C).

BKCnepHMeHTAalbHEIE HCCIIeOBAHUS YCTOHYHBOCTH AHTHMOHHMTA B TI'Mi-
porepMallbHbIX pacTBOPAax CBHAETEILCTBYIOT O TOM, YTO NPH AKTHBHOC—
TAX Cepbl, OTBeHAOIIMX PACTBOPHMOCTH AHTHMOHHTA, NocienHHH coxpa-—
-HfIeT yCTOHYMBOCTE B HEHTpanbHEIX pacTBOpax BIJIOTh [0 540°cC.

Briue aTo#t TemmepaTypel KpUCTa/NIHM3yeTCcs camoponHas cypeMa, C no-
HMXEeHHEM KHMC/IOTHOCTH pacTBOpPOB 06MACThL YyCTONYMBOCTH AHTHMOHUTA
yMeHblaeTcs, a MeTalyItYeCKO# CypeMbl Bo3pacTaeT. JTo, BEPOSTHO,
CRH34HO CO 3HAYMTENBHEM YMEHLUIEHHEeM KOHCTAHT OMCCOLHAAH Ccepo—
BOIOpPOAHO# KHCNMOTEI C yBeNlHYeHueM Tremneparypel. B uwacrHocTn, mo
nauaeM I'\B. Haymoea u np. [ 9], noewnuenne remneparypst ot 100
no 350°C usMenser NMeppylo M BTOPYI0 KOHCTAHTEI AHCCONHAUMM CEepo-
BONOPOAHOH KMC/IOTBHI COOTBETCTBEHHO Ha 2,5 M 1 mMopanku, YuuThBasg
oBurylo Tempenumo snexrpommros (HCl, NaOH, Nall # ap.) x mno-
HH)KEHMIO KOHCTAaHT OHMCCOouMauuy¥ B oGAacTH HaoKpPUTHYECKUX Temiepa-—
typ [2], Moxwuo nmonarars, uro u H3S npu remmeparypax 400 -
550°C u YMepeHHBIX napBileHuax - nmopaaka 500 - 700 arm, cooT-—
BETCTBYIOIIMX NMHEBMATOMHTOBLIM PACTBOpPAM, HAXOAMTCS NpaKTHYEeCKH
MOMHOCTHIO B accouuuposaHHo# dopme. Ha ocHoBaHWn STHX NAHHBIX
MOMHO CHHTATH, YTO BbLINAAEHHE CAMOPOOHON CYpPbMBI B BbICOKOTEMIIe—
parypHBIX YCIOBHSX CBH38HO C OePMINTOM CYNb(MOHOH ceprl, KOTOpPLIH
MoxeT ObITb OBYyCNOBNIEH Kak OTCYTCTBHEM Cephl B pacTBopax, Tak H
T PeNMYIeCTReHHO acCcounupoBaHHOR dopmol cymecreopanus H7S.

[Tonmy4yeHHple HAMH pPe3YNLTATHI O KPUCTA/UIA3ANNY CAMOPOAHOH CYpb-—
MEI U3 BHCOKOTGM]‘IQP&T‘YPHBD( MHeBMATOJIHUTOBLIX PACTBOPOB COINIACYIO T=—
ca B ofmMX YepTrax C TepMogMHaMHyecKuMmu pacueramu B.O. Manyuapsan-
ua u ap. [ 7] no ycrojuMpOCTH AHTMMOHMTA H MeTa/NIAYECKOH CYpPLMEI
B THOpPOTepManbHLEIX CHCTeMax. [lo ux naHHbM, ONa OGpasOBaHHS Ca—
MoOpoaHO#t cypeMul Goslee GraronpusTHH BBICOKWE TeMIepaTypkl.

BricokoTeMnepaTypHoCTh 006pasoBaHMd CaMOpPOAHON CypbMBI B MeCTO-
poxpennu Cejuafioxu nokasnmanact panee B. [TaakoneHoM o wamuumo
B Helt MbIUIbgKA, COOEpXKaHHe KOTOpOTO MPHHMMA/IOCH paBHOBECHbM, [lo-
KasaHHas HAMH PaBHOMEpHOCTL DACHpENelieHHs 2TOTO a/1eMeHfa B Cypb-
Me B HEMSMEHEHHbX Y9acTKax IM03BO/feT CYMTATh IPaBOMEpHOH TaKyio
HHTepI peTanmo,

Takum 06paaoM, NMpPOBEAEHHBEI® HCCIENOBAHMS NQ3BOJILOT CYMTATH,
470 ofpasoBaHMe CaMOpOAHON CYpEMEI B HEKOTOPHX THNAX CYPLMSHBIX
MEeCTOpPOXAEeHHH NMPOMCXOAMT H3 BBICOKOTeMIepaTypPHbX NHEBMATO/IHNTOBBIX
pacTpopoB NpH nedminTe cephl. [loHMXEHHe TeMIepaTyphl T'HpoTepMalb—
HBIX PaCTBOPOB ¥ NMOBERNUEHHE B HUX KOHIEHTpalUMM CyMbOHOHOH ceper
NpPUBOAAT K BEOIAAEHHI0 AHTHMOHHUTA.
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A BSTRACT

A study was made over the conditions of natural antimony and antimo-
nite formation in the antimony dominated deposits. Relation
of the two minerals as well as inclusion thermometry in quartz and other ore
minerals were studied and experimental research of the antimonite stabi-
lity was made for the solutions of various acidities—alcalinities in the
temperature region of 100-540°C under the pressures up to 1000 arm.

A comparison of the antimony-antimonite formations from Seinajoki
(Finland) and Burkandya (Yakutiya, USSR) showed the former to be the
earlier one.

The aggregate state and the inclusion thermometry data from
the better srudied deposits of Seunajoki showed the importance of
the high-temperature (~400° solutions at the early stages of the mentio-
ned deposits formations. The antimony was formed following the growth
of quartz and precipitated earlier than the other ore minerals crystallized
at 300°C and at higher temperatures (antimonides, arsenides  and sulfoarseni-
des of Fe and Ni).

The experimental results showed ther the metallic antimony precipitation
was favoured by the comparatively higt temperatures, pH of the solutions
being not-decisive, though the moderate pH values, as observed in the na-
tural hydrotherms, contribute to the temperarure importance,

The data received are in good agreement with the calculated thermody-
namic ones on the stability of antimonite and metallic antimony in hydrother-
mal sysre'ms (Manucharyans et al.,1970)as well as with the results on the
As distribution on the Seinajoli natural antimony. :

Apart from the Temperatire one more factor is very important for the
antimony formation. The HyS deficit is meant and it probably determined
to a certain extent the ore formation in Seinajoki.

JIUTEPATYPA

1. B.C, Fanuuku#, B.B. KomMora, H.A. Ozepopa., YCTOHYHBOCTE M HHTEH-
CHBHOCTBb NepeKpUCTA/UIMSAndM aHTHMOHHTA B I'HAPOTEepPMALHEIX PacTBOPax,—
leoxmvua, 1975, Ne 9.

2+X.Jl. Baprc, A. [Ik. 2nnuc, Uonusauua B BoaHBIX pacTeopax. — B ku.:
Tl'eoxuMusa THOpoTepManbHBIX PyOHBX Mecropoxaenu#t, M., “Mump”, 1970,

3. M.B. Baprou, B. Ix, Ckrurep. YcrofimsocTe CyNb{HAHBIX MHHEPAJOB.
B kn.: leoxumus IMopoTepManbHBX PYOHBX MecTopoxmenu#. M., *Mup”,
1970, '

4, I''H, F'aMmauun. lleppas naxonka camMopogHO#t CypeMBEl B C@BEpO-BOCTOYHON
fxyrun. — B cf.: Munepanorus sHmoremmrx Mecropoxpaenu#t Axyrus. Hoeo-
cubupck, "Hayka”, 1974,

5. H.Il. EpMmaxkoe. Neoxmvuueckne cucremsl BKmodeHu# B muHepanax. M.,
*Henpa”, 1972.

6. AJl. Epuog, A.B, Kanennopuu, leonorus u pynHbie NpOsBNEHHA Bep=—
xoBbeB pexu . Llxennc-llxamu (lleHCkoe apCeHOMUpPHUTOBOE MECTOPOMIEHHE), —
Tpynw BUMC, 1941, pem. 169,

13 1087
. 193



7. B.O. Manyuapsguu, B.B. Haymos, W.JI. Xogakorckuit. Pusuro—-xmvs—
YecKHe yCToBHS (OPMEPOBAHHA T'HAPOTePMAIILHEX MECTOpPOXIeHHH CYpbMBI H
pryTH. = leoxmmmsa, 1970, Ne 11,

8, Munepanst, Crnpapounux, v, [. M., Hsp-so AH CCCP, 1960.

9. I'B, Haymos, B.H. Peixenko, H.JI. Xonakopckuit, CnpaBoyHHK Tep-
MoaWHaMAdeckux semrawdH, M., Aromwmapar. 1971.

10, H.A, Oseposa, B.C. Banuukni, B.B. Komosa, M,A. 'pyanesa,

A.B. Boankora, O noeegeHu pPTYTH H Cypbmbl B COBPEMEHHBIX TapoT#apo~

repmax Kypuno—KamuaTckoll synkamuyeckolt aosl — B c6.: I'MyporepMais—
HEIe MHHepanooGpasylomue pacTBOpPE oblacrefi akTusHoro Bynkammsma, Ho-
pocubupck, *Hayka”, 1974.
11, 1, Pamaop. Pynuere Murepantl ¥ HX cpacTaHus. Wi, 19862,
12. A.A. CmupHOB., Munepansl rpynmsl caMOpOAHOTO 3ofloTa. — B kH.: Mune—
panmt CCCP, r. I. Han-so AH CCCP, 1940,

13. 3.B. Uyxpos. Cypuma, - B ku: Mmmepanm CCCP, r. [. Ham-so AH CCCP,
1940, .

14. 1. X. Clark. Heating experiments on gudmundite. — Min. Mag., 1966, 33,
N 276.

15. O. H. Odman. Minerals of the Varutrack pegmatite. XXVIII. On " stibuomicro-
lite" and its decomposition products. Geol. Férch i stockholm Féch, 1941, Bd. 63,
H. 3.

16. V. Pahkkdnen. On the geology and mineralogy of the occurrence of na-
tive antimony at Sein#djoki, Finland. Bulletin de la Commission Geologique
de Finland, 1966, N 225.

17. B.]. Skinner. The system arsenic — ‘antimony. — Economic Geology,

1965. v. 60.

0. A. BOTATHRKOB, P. B, BOAPCKAA

BBIABJEHUE HEOJHOPOAHOCTH THUTAHOMATHETHTOB
METOQAMH ITPOCBEYHBAIOIIEN W CKAHUPYIOIIER
SJIEKTPOHHOM MHKPOCKONHNN

Wecnepopanua mocnenuux ner [1, 2, 4] nokasamu, YTO 3/IeKTpOHHAZ
MHKPOCKONHH #B/IgeTCd OOHNM H3 HauGOJlee pe3yNLTATHBHEIX METOAOB
M3y4eHHs HEOQHOPONHOCTH M CTPYKTYD TOHKHX MHHEpallbHEIX CpacTaHuil
B THTaHOMAi'HeTHTax., Takue ycllexu meroaa oGyCIIOB/IeHL paspaBoTKo#
psna NpueMoB, NMO3BOJSIOUMK MOJYyYaTh Pa3/IHuHYl0 HHPOPMAUMIO O TH—
TaHOMAarHeTHTax: maHHele o Mopdosorun, dasopoM cocrape o6pasuOB,
HaAIWYu¥ BK/IOYeHH# u T.0. HaMu GBI M3y4YeHpl THTAHOMATHETHTLI Paz—
nuuex aubdepennuposannex mHTpysuik Bocrousoro Casma (Kuzup),
Kysuneuxoro Ana-Tay ([larsm, Bonbwo#t Kyne—Taira), 3abajikanss
(Kpyumna, Yuna), Komwckoro n—osa (J/lecnag Conka, Adpuwkamga) u ap.
B peaynerare uccnenopaHui BHIBIEHEI MHOI'OYMCJIEHHLIE CTPYKTYpPBI
pacrnapna, AMACHOCTHPOBAHBLI OTAeNbHBIE (A3BI M AOKA3AHO OTCYTCTBHE I'O—
MOTeHHLIX THTAHOMATHEeTUTOR (Ha ypoBHe paspemawmefi cnocoGHOCTH
9/IeKTPOHHOI'O MMKPOCKOIA) B HHETPYSMBHLIX MOpPONAX AaXe B Tex Cly—
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Yagx, KOIYla CBETOBOe OlITHYecKoe H3yuyeHHe yKasblBalo Ha HX OfHO-
pogHocTe. BMecre ¢ TeM IpuMeHeHMe cCaMBIX Pa3iHYHBX MeTOAMK
9IeKTPOHHO# MMKPOCKONHWM NpH H3YYEeHHH THTAHOMATHETHTOB IO3BOIIHIIO
COMOCTABHTE BO3MOXHOCTE H HMHPOPMATHBHOCTBE 3THX METOAOB H MOIy—
YHTh Pe3ylbTaThl, BAXHLIE A8 HHTepHpeTAlHd I'eo/OTHYecKHx Mponec—
cos,

QOnHEM H3 IVIaBHBIX CITOCOGOB BrIgBIeHHs Mopdo/orayeckux ocobeH—
HOCTefl TUTAHOMATHETHUTOB ABNLETCA MEeTON PeIlIMK C MpOTpaBlleHHbIX
unudor ¥ ckonop, CymecTBO ero CBOAHTCH K TOMYy, 4To oo Ae#cT—
BHeM craforo TpaefeHns THTaHoMarserutos B HC| pacTBopsieTcs
MarHeTHT H OCTaeTCs He3aTpaBleHHOH THTaHcogepxamad dasa (e
MEHHT HIH yIbBEUNMHENb); CelneKTHBHOe TpapileHHe OGecleyHBaeT
ofpasoBaHue HA OBEPXHOCTH ofpasua HeKoToporo penbeda, KOTOPHIH U
nposBigeTcd HA peniuke, DTOT MeTOop NOKasall, YTO pasMephl, COOT-—
HoweHHe ¢a3, topma WX BLIENeHHd H PUCYHOK CTPYKTYyp pacnana
TBepAbIX PACTBOPOB B THTAHOMATHETHTAX O4YeHb PA3HOOGpa3Hbl, HO B
TO e BpeMd dBISIOTCH THIHYHBIME M MOTI'YT CJyXHTb MeHeTHISCKOoH
xapakrepucTukoi obpasua. Cpenu mHOTo0Opasus KapTHH pacrnaga MoXHO
BLIE/HTL OBA OCHOBHBLIX THIIAa: MATAETUT-Y/ibBEUNpHenenbii ¥ Marsge—
THT—-HIILMEHHTOBLIH C OPHEHTALMIMH IIACTHHYATOH dasbl CoOoTBETCTBEH—
o mo {100} u {111} oxkrasppa marmerura (dur. 1, a,6). Ma npyrmx
KapTHH paciaga cileyer OTMEeTHTh CIlIOXHEIE CTPYKTYpPbl, HaspaHHbE
pacnan B pacnage (¢ur, 1, B), Ha KOTOpBIX BBIIBAMIOTCH ABE CEpPHH
NIaCTHH, paciafa: KpyHbIE WIEMEHHTOBBIE (MO faHHBM CBETOBOH MHK~
pockonumn), opHeHTHpOBaHHLE Mo {111}, ¥ B NMPOMEHyTEAX MEXIy
HiMH Gonee ToHkme (1 MKM M Menee), opmenTupopanuse mo | 100 |,
Hanuune p ofpasne CTPyKTyp TakKoro THIIA MOXeET CBHAeTelbCTBOBAThb
O cTaAuHHOCTH pacrmana TBepaoro paCTBOpa B CBA3H C NPOI'PeBOM rab—
Opouaop 6onee IMo3NHMMH CHeHMTamMu [1 ].

CymecTBeHHbIM KOIIHYECTBEHHBIM AOINOJHEeHHeM Meroga pPelviHK C
INPOTPaB/IEHHEX UIHGOBR M CKOJIOB ABIMOTCH PElVIMKH C H3BIeYeHHeM.
Hpes merona ceopuTCs K TOMYy, 4To noa AelcTBieM CWIBHOTO Tpap—
nenusi ofpasua HepaCTBOpMMAH IlacTHHuYaTas dasa (mnbMenur wim
yieBeumuHens) ofpaayer oveHb penwedHLe BHICTYTBL, KOTOPBE [pK
OTAe/leHHH PeJIMK OT MOBEPXHOCTH YACTHYHO WM MOJHOCTHIO H3BIeKa—
loTca Ha obpasua. Usprneuennsle nnacruaky (mny ux dparMeHrtr!) apis—
IOTCA MarepuanoM fa/igd  [JAalbHeiulero HCCIeqoBaHHS MeTOQOM MHKpO—
pubpaknuuy B SIEKTPOHHOM MHKPOCKOIe WM MHUKpoaHamuaaTope. [lpu
MeHeHHe MeTrona pelliIiK ¢ M3B/IeYeHMeM B COYEeTAHHM C MHKpoaudpak—
uMell IMO3BOMMIIO YCTAHOBHTHL, YTO IjacTuH4Yarad dasa B THTAHOMATHE=—
THTax C XapakKTepHo# MarHeTHT-yllbReumMHeepOi CTPYKTYpoi pacnapa
u3 mecropoxnenus Jlecnag Conka m AdpuKapna neHCTBHTENBHO IpH~
HAQJIeXKHUT YIbBEUIHHEIH, STOT peaylbraT Gbi1 nogrBepwaes (aiis
obpasua us AdpHKaHABI) METONOM pEHTI'€HOCHEKTPAaEHOIO aHANH3a
Ha npuGope DMMA (snexTpoHHELIE MEKPOCKON-MUKpoaranuzarTop), c©
NOMOUILI) KOTOPOro B IVIACTHH4aTo ¢ase 6o 3aduKCHpOBAHO

‘onpenenenHoe coortsowenue Fe :Ti, COOTBETCTBYIOIIEE YIbBEITH~

wemn [31.
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OpnHako B ofpasue ua [laTeMCKOrO MaccHpa C MOMOMBIO MHKpoauf—
pakuyu OBUIO yCTaHOBNEHO, HTO aHAllol'M4Had njacTHH4arag daza, Bbi-
gensmomafcs M0 3aKOHY MAarHeTHT-YIbBeUNIMHEeNeBoro pacnapa, MpuHag—
Aexur mpneMennry (bur, 1, r). OTOT pesyneTar CBHgeTeNLTCTBYET O
BO3MOXHOCTH 06pasoBaHpd nceBioMOpios HIbMEHHUTAa MO YIILBEUIIHHEeIH,

[pyruM MeToaoM, HO3BOJISIONKM MPOBOAHTE AHAHOCTHKY (a3 u
OLEHHBATHL HX B3AHMHY0 KpHCTaorpadu4yeckylo OpHEeHTAIMO, SBASIOTCH
YILTpATOHKHEe Cpe3kbl, Ha YIBTPATOHKHX CpezaxXx THTaHOMAIHeTHTOB IIOC—
e WX TpPAaB/eHHs B COllgHOM KHcioTe, 0e3 uaMeHeHMH, BHOCHMEIX pell—
JIHKOH, BBIIBIASIOTCH OCOGEHHOCTH CTPYKTYP pacnaga, xapaKTepHbie
ang Tex WM mHex obpasuop (¢ur. 2, a,6). YanTpaTomgMe Cpesnl MO~
BO/IIOT OCYMECTBIATb M AMACHOCTHKY ¢as. 3TUM MeroaoM B COYeTa-
HMM C MuKpopudpaxnueif 6LUIO YCTAHOBIEHO, YTO THTAHOMATHETHTHI U3
onueuunToB JlecHoit Conkyu npeacraeismoT cofo# TOHKoe cpacTaHue
oByx has: MarHeTHTa W y/bBeUNIHHEIM C apaMeTpaMu 3jieMeHTapHo#H -
aueliky 8,4 3\ u 8,46 A coorpercrBeHHO, Meron Cpe3oB HMEET M He-
KOTOpOoe MNpeuMylleCTBO 0 CPABHEHHIO C METOOOM pEeIl/IMK C H3BJeYe-
HHeM: OH [O3BONfeT CyOHTh O B3aMMHOHW opueHTauu# das. Hanpumep,
B ofpasnax THTaHoMargerura Maccuea Jlecuags ConKa ycTaHOBIEHO,
9T0 B crpyxrypax Mamerur—ynbnemnﬂﬂenenor'o paciigna CpﬂCTBHHe
Kpucramiop obenx $as HpOHCXOAHT IO IPaHAM C OAMHAKOBLIMHA KPHC—
ramorpatiiecknMu HHoekcamu, OOHAKO H MeTod Y/NILTPATOHKHMX Cpe=—
30B He [aeT MOJHOIO lpeacCTap/leHHd O CTpoeHmM ofpasua. Mopdono-
rudeckadq uHdopMaumug, nmolyyaeMad 1o cpesaM, tdparMeHrapHa, a
HaGop KapTHH (M0 MX OpHEHTAUMM M DACIONONEHMO B obpasue) HOCHT
ciygaliHBI# xapaxrep.

HauBonee coppeMeHHbEM METONOM, NMPOCTHM B METOAUYECKOM OTHO—
WweHHH ¥ OYeHb O(PYeKTHBHEM OJI H3YYEHHd TOHKMX CpacTaHH# B THTa= ..
HOMAarHeTHTax, AB/IgeTCs CKaHMpylomas 3IeKTPOHHAH MHKPOCKONUS B CO-
YeTAHHH C MHKpPOAHAIM30M, B OTIHYHe OT peryHK C NJIOCKON, Cria)eH—
HO# KapTHHON usobpamenus STOT MeTol AaeT ofseMHoe HaobpakeHMe
neranelt penveda (cM. ¢mr. 2,6, 1;Hu3 ogHOro m Toro xe ofpasua).

3a cueT o6peMHOCTH H30OpaxeHHs H Nepexona OT KOCBEHHOI'O Me=
Tofa X NpAMOMY MO-MHOMY (GmiXe K peanpHOMY) BEIMIAQSAT pPas/MYHBIE
9NeMeHThl MHKPOCTPYKTYphI! I'PaHHIBEl 3€peH, MHKpPOBKI/IOYEHHd, pasHO—
ofGpasHEle CTPYKTYpEl pacnafa M T.O. [IppmMepoM MOTYT Cny#MTh Kap—
THHEI CiloXHOTO pacnama (bmr, 3, ¢) tuma “pacnan B pacmage”, Ha
KOTOpBIX BBIIBASIOTCH ABe OCHOBHbIe cepui mnacriH (B HemedexkTHEX

-
dur. 1. Pennuku ¢ mpoTpaBleHHBIX LUM$OB THTAHOMArHETHTA

@ — MarHeTHT-Y/bBelllIHHelieBhil pacnan B ofpasle MeCTOPOXIeHUI
Adpuxanng; 0 - MarHeTHT-HILMEHHTOBBII pacmad B ofpasaie us [la-
TBIHCKOI'O MACCHBa; 6 - cliosHBIe CTPYKTYPBI pacnana tuma ”"pacnan
B pacrnane” B ToM e ofpaslle; ¢ = TCepaomopdo3a HIEMEHHTa MO
ynpBelwmaHen, Ha pennuky HaBleyeHbI HIEMEHHTOBRIe TIJIACTHHKH M Ha
Bpeske AaHa MHKponudpaxuma c mux (IlaTbmckuil macces)
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yuacTKax): KpymHble, nepecekawmuecd Apyr C Apyrom moa yryiom 120°
H MelKHe, pasBepHYThIe OTHOCHTENBHO NepBhX Ha yron 45  u opuen-
THPOBAHHEI® [PYr OTHOCHTeNLHO papyra nopg yriaoM 90°, lpu cpapne—
HMH 9THX KapTHH CO CTPYKTYpaMM AHANIOTHYHOT'O CMIOXHOI'O pacrana,
BLIIBJIEHHBIMM MeTonoM perniuk (oM, dur, 1, 6), MOXHO BHAETD,
HACKONILKO TMonHee M Tounee (B oMricne mepepawm) muxpodororpadmm,
MoJIy4YeHHLIE B CKAHUPYIOWEM S3IeKTpOHHOM MHKPOCKOIe, ;

Ipyroe BaxHOE IpeMMYmECTBO 3TON0 METOAAa 3AK/MoYaeTcd B TOM,
YTO OH NO3BONAET HabmogaTrk OCOBGEHHOCTH MHKPOCTpPOEHHS BCe# mo-—
BepXHOCTH oﬁpaaua. a He OTAe/ILHBIX €ee Yy4YaCTKOB. B 4JacTHOCTH, B
THTAHOMATHeTHTAX M3 MaccuBob [laTem ¥ KHaup C xapakTepHoit Mar—
HeTHT~ylLBeulTHHe/IeBoi CTPYKTypoll paclaga yCTaHOBIIeHO, YTO BOIH-
3f rpaHdl oBpaayloTCs HeKOTOphe OKaHMIIeHHA 3epeH, [IpencTaBlIsioluHe
coBoit Gonee wupokne (mo cpaBHenmo c HaGmogaeMeMM B IEHTpasLHON
YacTH 3epHa) MoloChHl HepacTBopumoi daser (dur. 3, 6. B npomexyr—
Ke MeXay nByMmsd KalMamu, ofpamisiomumu Kaxnoe us COCe[HHX 3epeH,
yacro HabmopawoTcs Te xé (WIM ¢ HeKOTOpLM HM3MEHEHHEM pasMepa

das) cTpykTypel paclaga, UTO M BO BHYTPEHHHX YYacTKax NOBEpXHOCTH
aepHa, B ofpasuax THTAHOMATHETHTOB C MArHETHT=H/ILELMEHHTOBLIMHE
CTPYKTYypaMu pacnaga nonoOHele Ka#Mel He Habmonamcb, a QUKCHpO—
BAJiOCh TOJNILKO HEKOTOpoe H3MeHeHHe B pasMmepe tas, [logenenue kaiM
Ha rpaHmnax aepeH THUTAHOMAarHeTHTOB CBHﬂeTEJTbCTBYET O 30HAllb—
HOCTH M CTPYyKTYpHO# HEOOHOPOOHOCTH THTAHOMAT'HETHTOB, CBS3AHHOH
C YCNOBHSIMH WX KPUCTAIUTH3ALVH,

XOpoWo MPOCHeXHBAIOTCS B CKAHMPYIOUEM S/IEKTPOHHOM MHKPOCKOIE
R KOHTaKThI THTAHOMarHeTura ¢ HepynueMu Gasamm (dur. 3,6) wnm
MUuHepalaMu-BKIoOYeHusaMH. [loBRepxHOCTH 06pasiuop C peTalsMH CTPYK—
TYypel TAKOTO THIa OGBRMHO [AalleKo He Bcerpa yAadHO IepeaaloTcs per-—
NUKOW B CHy 3HAYMTeNLHON pasHMILI B xapakKrepe penbeda, 4TO Hacro
NPHBOAUT K HApPYWeEHMo [/IeHKH peluKW, [ng ckanupyomel 7eKTpPOHHON
MHKPOCKOIHH TAaKOT0 pofa OrpaHM4YeHHMH He cymecTmByeT, NO3TOMY BO
Bcex ofpa3nax THTAHOMATHETHTOB M3 pasiMuUHBX MaccueoB CoOBETCKOTo
Cowaa ynanoch BHEBATE OCOBGEHHOCTH KOHTAKTOB 3€peH THTaHOMarse-—
THTa& C HepyaReMH $asaMH H C MHHE pallaMH-BEMOYeHHIMH,

HayueHue THTAHOMATHETHTOB MeTOAOM CKAHMpPYWOImEeH 2/IeKTpOHHOH
MHEKPOCKONHMH IIO3BOMHIO TakKxe obHapyxHuTb He HabmopnaeMeuli panee
cnenubruecknit THII HEOQHOPOMHOCTH, HasBaHHLM IVIOGYNApHON CTpPYK—
rypoli (¢ur, 3, 7, 4,8, 6). CTpykTyps TaKoro THma maGmionaICs

dur. 2. CTpykTypH pacnafa B THTAHOMATHETHTaX, BbisBIEHHbE pasd-
MUyHBME MeTooaMH

a - YJNbTPATOHKHH cpe3 C THTAHOMArHeTHTaA H3 OJMBHHHUTOB (Anb—
pukanna); 6 — yILTPATOHKHII Cpea C THTAHOMALHETUTA U3 MelUmTa
(A¢pukanna); 6 - pemyMKa C TpOTpPaBlEHHOro wWimMba _(l‘[a'rbmcxnﬁ
MacCHB); 1 = TOT ¥e obpassl B CKAHHPYWOWEM S/IeKTPOHHOM MHK—

pocxone, yvheauderRkne 2500,
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B THTAHOMAarHeTHTax C KPYIHEIM MAarHeTHT-H/IbMeHHTOBLIM pacliaaoM H
IpHypoYeHbl K ydacTKaM, PaclOJIOMEeHHbIM Mexay IulacTuHamu, I'mobynu
UMEIOT [OYTH onuMHakoBh (B Npenenax onHoro BHOpaHHOO Y4YacTKa)
paamep O, n MKM u OOGHApYKHBAIOT OYEeHBL CTPOrYI0 3aKOHOMEPHOCTH B
pacnpenesiediy, 4YTO HCKIIOYaeT BO3MOXHOCTL HMHTEpHpeTHpoBAThL MX, Kak
pesynbTaT HepaBHOMEpHOI'® TpapieHus ofpasna. PopMa u xapakrep
paclpeneenus rmotynel MO3BONMIOT MpenanosaraTb, YTO y4acTKH Mexay
KPyIHBIMHU [7lacTHHaMA NpeAcraeimorT coboi teepabmt pacTeop FeyTiOy,
B KOTOpOM Mpousouwia HekoTopasa cerperanud Fe n Ti u BosHuKIA
CTPYKTypa C YepenoBAHHEM y4YacTKOB, ODOrameHHbIX THTAHOM H IIJIOXO
[OOAAI0MMXCS TPABMNEHMI0, H Y4aCTKOB, GeHbx THTAHOM M GJIMSKHX IO
coCTapy K MarHeTury (OHM XOpomwo TpaBATCs); MEepexoi OT OfHUX
YyHacTKOP K OPYTHM IJIABHEIR M MOCTeNeHHbH (B OT/MYHE OT CTPYKTYp
pacrnaga TBepaoro pacTBOpa), HTO, BEpOSITHO, CBHAGTE/BLCTBYET O MaB-
HOM HaMEHEeHUM XUMUHeCKOrO COCTaBa TBEPAOTO pacTeopa,

ITpu uayuenun mMopdonornuecknx ocoBeHHocTell THTaHOMArHETHTOB
NpoBOOMIACE Takxe MAeHTHQHKauuws cnarapmmx MuHepan ¢as. C noMowmmo
MUK POSOHIOBOH MPUCTABKE HAMH OLEHHBAIOCH (MOMyKONMYecTBEHHO) pac—
npenenenue aneMenrop 1i u Fe B MuHepanoHex (asax TMTaHoMarse—
truToB (nns GRICTpPO#i AMATHOCTHKM MALMEHHTA M Y/ILBEUNMHe/H), BKIIO—
YalOUKX KPYIHBIE MNACTHHYATEIC BLIIENCHHS M B NPOMEXKYTKe MeXay
HUMH ITod yIvioM 45  NNaCTHHEl CPABHHTENBLHO TOHKOIO pacrana
(¢ur, 4, 6,7 ). MuxposoHnOBbBI aHaIN3 pasHLIX THIIOB IJIACTHH MOKa—
3ajl, YTO OHM pesko OTIMYAIOTCH ApPYr OT Apyra cooTHoweHmeM i u
Fe. Monyuenneil pesynbrar aHanmsa MOSBOMWI OTHECTH NepBhi THII
NNacTHH K WILMEHHTY, a BTOpPBEIe AMACHOCTHPOBATH, KaK ylbBEeUNIHHelNb,
AHanoruyHeie peaynsTaThl MOMYYEHbl W AJig ApPYTHX o6pasios € Mogob-—
HBIM THIIOM CTPYKTyp pacmaga., Kpome Toro, npuMeHeHue MHKPO30HIO-
BOI0 aHalM3a [MO3BONKWIO B psge oBpasuoB THTAHOMATHETHTOB YCTaHO-
BHTb MDUCYTCTBHE TakMX aleMenToB-lipuMeced, kak Nb, K, Si u gp,

[Mopprcynounrie nmoanucH X fpur. 3 u ¢ur, 4

dur. 3, CTpykrypel pacnajla B THTAHOMAarHeTHTAaX, BLIgBJeHHbIE B CKa-
HHpYIOIWeM SJIeKTPOHHOM MHKpocKorne, yber, 2500

@ - CTPYKTYDEr TEN2 “paciag B pacmane” (maccus Kpyuwmna); .0 —
cpacranne 3epeH ([laTBIHCKHI M&CCHB); 6 - KOHTAKT 3epeH C He-
pynuoii ¢azoit (ITaTEHCKHE MacCHB); ¢ - NiaCTHHYATO=r 706y IApHbI
xapaktep pacnana (Yumefickuit Maccup)

dur . 4, KapTHHbl pacnana THTAHOMATHETHTOB B CKAHHPYWOUWEM SJeKT-
POHHOM MHKPOCKOTE ¥ MHKPOaHa/H3 OTAelbHEIX (as

4 - mIacTuHuATO-TIOGYnapHEIE pacnan c yeenuderuem 2300 (Yuneli-
cxil MaccHB); 6 -~ dpopMma raobyins (ToT ke obpasewn, ysenuyenne 2400) H
8 — CoWHBIE CTPYKTYphl TpolHOIC pacnafa B ob6pasue na Yuuelickoro mac—
cupa, yseil. 2500; ? - KpHBag MHKpOAHAJIK3a TOJICTHIX IIMACTHH (ToT xe
obBpasel); 0 — KpUBag MUKPOAHANIA3A YHACTKOB C TOBKVM IUIACTHHYATHIM
pacnanom "
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Ucnonwaopanibie B [Mponecce M3ydYeHHs! THTAHOMATHETHTOB METO/BI
97IeKTPOHHO# MHMKDPOCKONUM B 3HAYMTENBLHON CTENEeHH ACHOMHMIOT APYT
npyra, [lostoMy nauBonee mosnyo uadopmanmo o MopdoNOTrHM, CTPYK—
Type, XMMHYECKOM COCTaBe M B3aHMHO# KpHCTa/orpaduyeckoit opueH—
ranun $as MOXKHO MOJYYUTb, UCHO/IL3Ys BECh KOMIJIEKC METOAOB INpo—
cpeumBaniell ¥ CKAHMpYIOUeH S7IeKTpPOHHO# MMKDPOCKOIIHH,

ABSTRACT

The investigation of fine mineral intergrowths in complicated with, respect
to phase composition titanomagnetites from differentiated basic intrusions
of the USSR by various methods of electron-microscopy permitted to com-
pare possibilities and informative capacity of this method and to obtain
results important for the interpretation of the processes of basic intrusi-
ons consolidation.

It has been shown by the method of replicas of HCI treated polished
sections that the dimensions and pattern of the exsolution textures of ti-
tanomagnetites may be used as a genetic characteristic of a sample. In
particular the formation of the textures "exsolution in exsolved mineral”
(Fig.1) is probably related to the heating of gabbroic rocks by later syenites.

Combination of replicas method with extraction and microdifraction
permitted to identify ulvSspinel in titanomagnetites from the Africanda mas-
sif. However, it was established for titanomagnetites from the Patyn mas-
sif that platy phase separated according to the low of magnetite-ulvbspinel
exsolution is in fact ilmenite. This result testifies to the possibility of
ilmenite pseudomorphoses after ulvdspinel or to the presence of cubic
ilmenite.

Method of ultrathin sections permits to stablish specific featutes of
exsolution textures in titanomagnetites without distortions introduced by
replicas. This method in combination with microdifraction enabled us to
identify magnetite and ulvéspinel from the Lesnaya Sopka deposit with
unit cell parameters 8.4& and 8.464 pespectively.

In contrast to replicas with flat images scanning electron microscopy
gives three-dimensional images of relief detail (Fig. 2, 3, 4). In combi-
nation with microprobe analysis this method permits to carry out reliable
identification of separated phases of titanomagnetite-and to find out fine
details of their intemal inhomogeneity.
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A. T. JKRABUH

CTEPEQJIOTHYECKUE 3AKOHOMEPHOCTU CTPOEHUA
3EPHHCTOT'O MOHOMHHEPAJIBHOI'O ATPET'ATA,
JOCTHTIIET'O PABHOBECHSA TI'PAHUII 3EPEH

Ecnu npu kpucranmmsanud 6a3anbTOBOrO paciilaBa uaeT — B COOTBETCT—
BUH C OUHarpaMMoOil COCTOSHHA — OCa)IeHHe IJIAarHOK/Iasa ¥ MOHOKIIHH=—
HOTO ITHPOKCEHa, TO HacTo 2aTH (asbl 06pasyioT xapakTepHble CpacTaHusd,
HasbBaeMbele OoQHTOBOH CTPYKTypoit. Xorg ofe taspkl KpHCTaIH30BAIHCH
B IIojle cBoe#l yCTOHMMBOCTH, T.e. B WHPOKOM (H3HKO—XHMHYECKOM CMEIC—
jle OHH paBHOBECHBl, TeM HEe MeHee IpH MepeKPUCTa/lM3Aanud 3TOTO
arperara IpH TeMIeparypax MarMaTOI'eHHOTO OTKHIra, AOCTaTOYHEX AMd
camonupdysur pelmecrea BIONbL HX rpanuu, oburopas crpykrypa Gyner
npeofpasoBana B ratGposyio (rpamoGnacroeyio), a pacrpeneneHne KOM-—
[MOHeHTOB B MEHHepanax OynerT romorenusupopaHo, OpHAKo mMpH ocaxige—
HUM MNArHOKNasa M MOHOK/JWHHOTO NMHPOKCeHa W3 pacinjapa, T.e, B CTa-
Omo cHHI'eHe3a, (HMaMKO-xMMHYECKOoe paBHOBeCHe GbUI0 JOCTUIHYTO
HeMoJHOCTEI: ofe (aspl B XHMHYECKOM OTHOWEHMH GBUIH PABHOBECHEI
APYT K ApPyry, HO KapKac I'paHMIl, HanpoTwB, GkUl HepaBHOBECEH, Tak
Kak OH OTpaxan KMHeTHKY KpHcTammsanud $as ¥ ux raburycHore Gop—
MBI H HEe COOTBeTCTBOBa/l HM MHHHMYMY YAC/bHOM INIOMANH T'PaHMI,

HH KaKOMy-/ub0 OPYyroMy SHepreTHYeCKOMY OLEeHOYHOMY [apamerpy.
DPHIHKO-XHMHYECKOE paBHOBECHE B IOJIHOM BHAE Oyner AOCTHIHYTO

B. TOM Clly4ae, €clii, peand3yercd ¥ papHOBecHe IpaHun 3epen (4, 5 1
PeancHoe papHOBEcHe B arperare [JOCTHraercsd, ClegoBaTellbHO, CTy-—
nexyatro. BOMBWMHCTBO NMepPBUHYHEIX CTPYKTYp arperaroes — nopduposkle,
cbepomuTOBEIe, APY30BLIE M T.0, — SBIASIOTCH PE3KO HepaBHOBECHBMMU

B OTHOUEHHH Kapkaca T'paHHMI 3epeH,

I'panofrnacropas CTpPyKTypa MOHOMHHEpAJBHOI'O arperara sBisgeTcs
YHEBEpPCA/ILHOH BTOPHYHOJ CTPYKTYpOH, K KOTOpO# crpemsarcsa mobbie
NepBHYHEIE, CHHI'@HETHYHBIE CTPYKTYPHl MHHepallbHBIX arperarop, €Ciy
OHH OKAXyTCH B YCIIOBHSX DaBHOBECHO MepeKpHCTa/IM3auuH, Koraa
rpaHun bl 6yayT ‘CHOCOGHEI K ABMXeHuio., PopmupopaHue IpenebHOIO
PABHOBECHOI'O @epHAa — MoJM3Apa NMPONCXOAMT B pe3dylbTarTe B3aMMOAeHCT=—
BHY TpPeX CHI: a) CTpPeMIeHHs K MMHMMYMY YOSIBHON muomand rpa—
wuu, 6) cobmoneHns sakoHa Dfinepa o cpssu Konmyecrsa rpaneit (I),
pebep (P) u mepumm (B) B Bomyknom muororpanmuke; ' + B = P+ 2,
B) CTpeM/IeHHsi K MaJlOyI7iOBOK OpPHEeHTaUuM ['PAHMIl 3epeH.

OcHOBHEIE 3aKOHOMEPHOCTH TOIOJIONMH 3e[HHCTEHIX arperaroB MOXHO
NOSCHUTL H MOAENHPOBATEL HA NpPHMepax YIopAnOHYeHHOrO WM Heylo-
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PANOYEHHOrO 3AIO/IHEeHNs NPOCTPAHCTBa chepaMu PABHOIO A@aMerpa
[1,6], ecnm npennonoxuTe mx ONHOBPEMEHHEN POCT C pAaBHON CKOw
POCTEIO [0 TOJHOrC BBNIONHEHHs mpocrpaHcTea, Ipu ymopanouensHoM
pacnonoxenny (cuMMerpHunas peweTKa) AOCTHMraercs pasiydHAs
NJIOTHOCTHL 3anofHeHna npocrpancrsa cepamu [3, 81, koropas mdeer
npenen nnoraoct (d) samommenus pasubi®t 74,05%. 3anaua HAXOM—
NeHns IUIOTHeHWEero 3alo/lHeHWs MPOCTpaHCTBA paBHbMH chepamu B
ofmeM cnydae, T.e. ¥ Ang HepeuwerdaTo# (xaormueckol) yknagxu,
MOJIHOCTLIO [0° CHX NMOp MaTeMaTHKaMHu He peuwena, B 1929 r. T, Buux-
demsn nan ouenky d < 84,3%, a P, Paukun B 1947 r. nomyuun Gomnee
Tounyo omeHky d < 82,711%, CaMblll Ke BaxHLII peaymbTaT [NOCTHI-
HyT H. Koxcerepom [9]: cpepmee umcio rpanmdammx mexay coBoii
TOYEK, NIOoTHekwuuM o6pa3oM 3anoNHMOMMEX NMPOCTPAHCTBO, COCTAaBIfeT
13,56, 3to osHadaer, 4YTO MAKCHMA/LHAY INIOTHOCTH S3AIMOIHEeHHS
IpPOCTPaHCTBa PaBHBIMHE CdepamMy OCYMECTBUTCS MMEHHO B HeylopsaoYeH—
HBIX, HepeueTdyaThX yKIagkax: OKOJIO Kawno# cheprl MOXeT pacnolio—
#urbca B cpegHeM 13,56 ppyrux wapos, Biauskuit peayibTar nonyyed
0. Bepranom [2].

B ycnoeusx, GnaronpusaTCTBYIOLIMX NAMTENLHON IepeKpHCTAIIN3annH,
rpaHMnbl MEPPHPYIOT, W IIpM 9TOM Ka)[noe M3 3€peH CTPEeMHTCH IpHob—
pecTH HEeKOTopyi Npene/lbHYio, PABHOBECHYI B arperare MI0CKOrpaHHYo
dopMy. MiMeeTcs npuHuMnuanbHas pasHHna rpaHelt sepua u rpaseit
KpHCTa/lla, BBIPOCWEro B CBOGOAHOM NPOCTpPAHCTBE: KpHCTaMIecKas pe—
weTka aepHa (rpaHynnl) OpMEHTHPOBAHA MO OTHOWEHMIO K CBOEMY 0=
nusnpy M3 I'paHml MPOU3BOIEBHO,

Popma HpeanpHOro 3epHa, 3OPEKTHBHO HIOTPONMHOIO B KPHUCTAIIO—
rpaguuecKkoM OTHOUWEHHA H Haxoadulerocd B MOHOMHHEpABHOM paBHO—
BECHO-TIEPEKpUCTaNTA30BAHHOM arperare, olpegenseTcd reoMerpuiec—
KMMM NapaMeTpaMu yrnoMsHyToli Bhiwe “auefiky Kokcerepa”. 3ToT reo~
MeTpuyeckuii oBpas cooTpeTcTByeT MHOI'OI'DAHHMKY, KOTOpLMf BhIpac—
Taer B caMoll IJOTHOH M3 M3IBECTHLIX HepeuleTUYATHIX YKI1anoK PaBHLIMH
chepamMu, Korma oM sanmMaiorT 84,3% ofbeMa M BHIpacTalT [0 COMpPH—
KOCHOBEHMS Apyr ¢ npyrom. fluefixa KokceTepa mpencrapnseT coBoit
rubpun xyGookTasgpa M menraronaonekasgpa (ratmma).

Tononorryeckne xapakrepucTHkn ”"gueltkm Kokcerepa”, xyGooxrasn-
pa ¥ MeHTaroHgopekasapa

Uuono PopMa u xonuyecTso
rpateit
Monusap
KBan—| nmeH- |Iek-—
rpaHedl | BepuMH | peBep par P, Sy
Aueiika Kokcerepa 13,56 23,13 34,69 1 30 =2
KyGookrasnp 14 24 36 6 - 8
. [Nenrarouponexasnp 12 20 30 - 12 -
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[Ton papHOBecHO# CTPYKTYpO#t MbI NojpasyMeBaeM CTPYKTYDY arpe--
rara c Tako# craTHCTHyecko# (OpMOit 3epHa, KoTopas yxe HE NIpeTep—
neBaeT ganbHeHuMX TNPHHIANHAILHBIX TOMOJOTHYECKUX H3MeHeHHH, a
NMPOHCKXOQMT JIHIIL yBelH4YeHHe M YMeHbUIeHHe yOelbHOH Mex3epPHOBOH
HEPrHH M pasMepoB 3epeH. B AaHHOM cnywae TepMuH “papHOBECHas
cTpyKTypa” He HMEeT MeTpHYeCKOr'o 3HAYCHHS M HCIO/b3yeTcs HUMEeHHO
B TOM CMBIC/Ie, YTO NIpEeKpallaloTCd KayecTBeHHBIe HaMeHeHHd (OPMEr
aepHa, T.e. CTATHCTHYeCKM crabuieHa mx koopawHaund, dopM IpaHew,
ypcyio pebep M r.i. ['eoMeTrpHyYeckHe mapaMeTph! TAKOTO paBHOBECHOIO
CpeHe-CTATHCTHYECKOTO 3epHa COOTBETCTBYIOT fapaMeTpam sueliku
Kokcerepa (oM. raBmmry).

Ecnx B mpounecce mepeKpHCTallNIH3auuH B IIOpoAe BOSHHMKAeT DABHOBEC-
HAd CTPYKTypa I'paHHI 3epeH, TO H CaMH MJHepalbHple (asnl B IMOpoge
6yOyT K 3TOMY MOMEHTY HAXOOAUTLCA B XHMHYECKOM pABHOBECHM, XOTH
ofpaTHoe COOTBETCTBHE COBEpUleHHO He odepHAHO. CTPYKTyphl arperara-—
pABHOBECHBLIE ¥ HepaBHOBECHLIE — BIIOJIHE MOT'YT ObITh OMHCAHBI I'DAHH-
LAMH 3epeH, T.e. YAelILHOU BelMYMHON MX m/olany, KOJIHYEeCTBOM CTO—
poOH, BepuwMH, pefep y sepHa H yIilaMu Mexny PpansMu. PasHoBecHe
r'paHdu 3epeH B MOHOMHHepallbHOM arperare, CBHAoeTelIbCTBywLIee 0
XUMHYECKOM H (QHSHYeCKOM pABHOBECHSX, [OCTHraercs: a) HpH MHHH—
MyME& ynelbHO# NOBEPXHOCTY T'DaHvll seped ¥ 6) TpH BEKTODHOM pap—
HOBeCHM NOBEPXHOCTHOH SHepHH B I'paHmuax 3epeH (Cpann BCTpedaioT~
ca B pebpax mopg yriamu B 120°).

3epHo, coorBercreylomee ayelike Kokcerepa, — wgean, nociie OOCTH-
KEHUT KOTOPOT'O MOXeT MPOHCXOOHUTHL JHiulb cOOHpaTenbHad INepeKpHc-—
Tannu3anua C ykpynHenmem sepen (3a cuer pacTBopemms Gonee Menkmx),
C YMeHblIeHHeM ynenbHO# MUomagy rpaHun, B KoHime 2TOro MyTH B MO—
HOMUHEpaNBHLX arperatax HaxoguTca MonokpucTamn, HauGonee Grnua-—
KOoe COOTBEeTCTBHe INpefenuHOl paBHOBecHOH dOpMbI aepHa M a4elixu
KokceTepa BO3HHK4eT B arperare MHUHepaliop KyGHYeCKO# CHHIOHHHM,
T.e, 9Q¢eKTHBHO H3OTPONHEBIX, 4 HAHGONbUIee HECOOTBETCTBHE — ¥ MH-—
HEepalnoB CPEeNHHUX ¥ HHU3IWHX CHHI'OHMHA C LENOYHBIMH M C/IOHCTEIMM
CTPyKTypamMu. B kamoMm e KOHKpPeTHOM ciiydae IpenelbHbI PaBHO—
BeCHEIH monuaap Gyner MMeThb KOMIIPOMHCCHYO (opMy, OBYCIIOBIIEHHYIO
AMHAMHYECKMM paBHOBECHEM MeXay reoMeTpHYecKHM pAaclpenelleHHeM
MEeX3epHOBO SHepr'|M M aHM30TponMell KpHcTa/ummyeckoll peweTku. B
TeepnodasoBEIX XKe arperarax Mex3epHoBad SHeprus clIocofHa Mo-—
[aBHTL rabuTycHyio (CTPYKTYPHYIO) AHHSOTDONMIO KpPHUCTAaIMYECKHX
aepeH. 2T¥M OOLACHASTCH HEPEeAKOe MNOUBJieHMEe COBEPUICHHBIX rpaHo—
BIacTOBEIX ArpPeraToB TAKHX Pe3KO AHH30TPONMHLIX IO CTPYKType MHHe—
palioB KakK IMHPOKCEeHLI, aKTHHOJIUT, TYpMaJiMH, amaTHT, PYTWl, CJIOMbI
U T.I.

KonuuyecTBeHHOe coOTHOweHue ratéuryca (06/MKa) KpHCTaIOB C HX
KpHCTa/lMu4ecKol CTpyKTypo# ONHCaHo B page paBoT Kpucramnorpados.
Ho cooTHoweHMe TeHOEeHnMH K IPOSABIIEHHI0 KpHCTa/UIMYeCKOH aHHu30—
TROMHKM pPOCTA B arperare — aTa npofiiieMa B CYUWHOCTH eue HEe paspa—
GoraHa. [lpuHuMIIMAILHBEIE COOTHOWEHHH r'paHuil B nosmbasHoM arperare
He dcHbl, OOHAKO. HANMW4YHe TAK HA3KBAEMOI'0 KpHCTAasloblacTHYeCKOro
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pdana, OTpaxalumero sMIIMPUYECKHM BHISBISHHYIO 3aKOHOMEpHOCTb, [MO—
Moraer YCTAHOBHUTH OCHOBHYIO TEHEHLMI0 K PaBHOBECHOMY PHCYHKY
PpaHHl 3€peH H B MOMHMHHepallbHOM arperare; BHAHMO, yBelUYeHHe
crernenu uaoMoMopdsumMa sepeH pasiMYHLIX MHHEpanoB B arperare B
Kakoii-T0 Mepe MPOMOpIMOHAIIBHO BeIMYMHE [IOBEpPXHOCTHOH SHepruM
H IPOYHOCTH KPHCTA/IMMYECKMX PelleTOK STHX MuHepanos. MaBecTeH
TaKoif pan yBe/lMYeHMd NMPOYHOCTH MHHepasos Npu gedopMamuM HIH
CONPOTHUBJIAEMOCTH 9HEpPrHH AHCIOKalMid B BHAEe XapaKTepHbIX CTPYKTyp:
MOJIeKy/IipHbIe - MeTa/lIi4ecKe » HOHHbIE » KOBAlIeHTHEIE,

B craree npuBoguTCYd CBOOKA OAHHLX O BEJIHYHHE [IOBEPXHOCTHOMH
SHeprud HEKOTOPhIX MCKYCCTBEHHBIX COeOWHeHHH, COOTBeTCTBYIOIHMX
NpUPOAHBLIM MWHepalaM; MHHepankl C BBICOKOH BeJIMYMHON NMOBEpPXHOCTHOM
9Hepruy OOBMHO HAMOMOpPDHEI B MATpHie MHHepana c 0Gojlee HU3KOH
BeIMYMHON 3TOo# 2Hepruu. [IpH NmepeKpHCTA/NIM3AME B H30TPOMHEBIX YC—
JIOBHAX IepecTpoiiKa HepaBHOBECHOH CTPYKTYPHI B PAHHOBECHYX IMPOMC—
XOOHMT IMOCTEINEeHHO, Yepe3 HeCKO/IbKO NMpOMexyTO4YHbX cTraauvid, DrTH
cranuud U BynyT orofpaxarb CTeleHb NpUOIMmKeHHS GOpPMBI 3€peH K
paBHoBecwio., OBLMHO 3epHO OueHb clioxHOH dpopMer (30-25 rpaueit)
NMOCTEeNeHHO CoKpallaeT MX KO/IMYeCTBO B yXKe HM3BeCTHOM HaM Halpapb-—
nenmn (koopnwnaums 13,56), a IpocToe 3epHO, HANPOTHB, YBE/IHUH—

paer: 30 » 25 » 20% « 10 « 7 « 6, Crenent npubmu—

KeHus QOpMBI 3epeH K pABHOBECHK) MOXKHO OIleHHTh, yCTaHOBHB OO0BEeM—
HYIO CTATHCTH4YeCKylo QopMy sepHa B OaHHOM KOHKpPeTHOM arperare B
cpaBHenMn c ¢opmoii guedikn Kokcerepa. [loaToMy HeoBGxoamMo BbIIO
HalfiTi croco6 onpenenenus (oOpMEI 3epHa [0 MeOMETPHM ero CedeHHH

B IJIOCKMX Ccpe3sax arperara, [lpennmaraeMblii aBTOpoM MeETO[ Olpene-—
JIeHHWd CTeleHH NPHBIHKeHHA (opMbI pealbHOro 3epHa K guelike Kok-—
cerepa gpiigercsd Haubollee BaXHBLIM, Haubollee CBA3AHHLM C SHEpre-—
THYECKOH XapaKTepiaCTHKOH Mexs3epHOBOH sHeprum arperara. Onmako
3TOT MeTol He e/MHCTBeHHhiH, CreneHb NMPUOIDKEHMS MOMXHO OIpe-—
NemuTh C NOMOWBIO: 1) MeMepeHHH NUIedpalbHLX YIVIOB, 2) BbMHCIE—
HHA “MHOeKca mpopacraHus”, BLIpAXKAIOIErocs B OTHOUWEHHH YAelbHOM
IM7IOTHOCTH T'paHm Mexny $aso#f A u B K NIOTHOCTH I'paHMI obenx
bas, 3) TakEX CTepeo/OTHYECKHX MOHATHH Kak “MaTpuua KoopauHauuy”
¥ “wiciio npaMbx Nepeceudenun”, Bce aTH sagaum B MeToabl OTHOCATCH
K GpicTpo paspuBawleiica obnacTH CTepeosorHH.

B 6uMuHepanbHBIX Mopopax M pynax nmpeobiafaoimmit MHHepall UMeeT
TeHaeHumo K obpasopanmio QOHOBOH MONHI'OHAIBHO# TpexXMepHO# CHCTe—
MBI I'paHHil, a BTOpPOCTelneHHad dasa CTPYKTYpPHO NMOOYMHEHa 3TOH CHC—
reme. [Ipy 9TOM SKCmepHMEHTANBLHO NMOKA3aHA BO3MOKHOCTL CYOHTh 06
OTHOCHTENBLHO# BElMUHHE MEeX3epHOBOIO HATMKEeHHs Meway abyMs da—
3aMH IO BeNMWYHMHE [QurenpalbHBIX YIVIOB, KOTOpas mpeanojaraercd npo-
TOPUHOHAIILHON 2HepPruH.

[TockonebKy MexnysepHopas dHeprusa (Harsxenne) gBngercs OCHOB-
HpM ¢(uaMIeckuM $GaKTOpoM CTPYKTypodopMupoBaHud, TOo Oig Hac Ge-
3YCIIOBHYI0 LEHHOCThL MMeT /mobhie Me TOAMYEeCKHe NPHEMEl, MO3BOJIZo—
mue BLIABHTH XOTH GbI ee OTHOCHTeNBHYIO BeiuuuHy. [Ipavoe ompe-—
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nefeHHe MOBepPXHOCTHON SHEepruM TBepahX Tell caMo Nno cefe npeg—
CTaBlfeT 3agadvy HCK/MOYHTe/ILHON SKCIepuMeHTalIbHOH cloxHocTH. B
cpeaax Xe nByx(asHbXx MHHepalbHBIX arperaroB BCer'na MOXHO HalTh
TakKHe TO4YKH, I'ie cxopdarcs TpH I'PAHHIBI 3€pEeH = H3 KOTDPBHK ape
OTHOCHATCHA K OAHO# base, a TpeTbs Ipanmua - Ko BTOpo# dase. Hame-—
pSIOTCH, TPH OWIe[palbHBX yria a, B ¥ y, Kaxabllh H3 KOTOPBX B
Clly4ae paBHOBECHS II0 H3BECTHOMY BEKTODHOMY NpaBH/Iy NQO/KEeH Mak—
CHUMAalIbHO NpHOIM3UTLECH K 120°, Ocofenno Toube naHHLIE A8 HCTHH-
HBIX Be/MYMH AHTeApAlbHBIX YIVIOB MOXHO MOJYHUHTE B Cpesax arperaros
MpO3pavyHbX MHHEpPA/IOB: MJIOCKOCTH T'pDaHMIl BHAHBI H YIVIBI M3MEepPSIoTCH
Ha PenopoBcKoM cromuke.

Hamu aror Meron onpoBoBam Ha arperarax NupHTa (KomuenauHbie
Mecropoxnenus KapaGaw, lat, CuGatt ma Ypame), xaneuura (Meramop-
$uyecKue MpaMOprl B MarmMaTOT'@HHBI® KapGOHATHTRI), anaTrhra (MaccH—
bl XuGuuel, ChHHEID), TYpMaluHa, MHPOKCEHA M APYTHX MHHEpAIOB,

[nga onpepnelieHuss CTENEHH NpHO/IMKEHHd arperara K PaBHOBECHIO
HEOSXOJ.‘]HMO 8HATE CTATHCTHYECKYIO XaApaAKTepHCTHKY 3epeH B HCClle—
nyemoMm mnpenapare, [losromy ocHoBHag wens npepnaraemMoro cmocofa
IKCIEePHMEHTAalIbHOIO OIpefe/leHHs XapakTepHCTHYeCKOro HaGopa MIIOCKHX
ceyeHM#t MHOTOI'DAHHMKOB — Omnpefenedne obneMmHo# dopMEr ¢uryp B ciy-
4asx, Korpa He/lkgs ONPENeuTh ee HelOCPEeACTBeHHEM HaG/mopneHueM,
HO MOXHO MNOJYYHTb IJIOCKOCTHBIE Cpeahl lIpenapara B arperarax TBep-—
nex Gas (Meramnel, Kepamuka, TOpHBIE TIOPONbI, PYAbI), BHOTKAHAX H
KPHCTAaUNIM4eCKHX . CTPYKTY pax.

KonuyecTBO MHOIOYIO/IGHHKOB C pPasHEM HUHC/IOM CTOpPoH (Tpeyromb-
HHKOB, YeTHIPEXYIOJEHHKOB, MATHYTO/ILHHKOB H T.I,) B ClyHalHBIX Cpe—
38X MHOTOT'DAHHHKOB aB/seTcd (yHKume#rt ero dopmhel, T.e, [Oid KaXnoro
MHOT'OI'DaHHHKA CylleCTBYeT xapaKTepucTH4YecKuit HaGop ceuyenumit, Ilpen-
naraemert apropoM, A.I', Xapuenkobemm u E.I', Xabwaem crioco6 ocHoBan
Ha MO/ydeHHd ClydaiHblX CedeHHH MHOrOrpPaHHHKOB C [IOACYeTOM dHCNa
pasHbIX MHOT'OYTONBHMKOB (TpEyrONbHHKOB, UEThIPEXyI'OIBHMKOB ¥ T.IL),
ONpeaeIsmomMX XapakTepHCTHYeCKu# Hafop KOHKPeTHOIO MHOIOI'DAHHHKA,
InapHBIMH 27eMeHTaMH 2KCIepHMEHTa gBlSoTCHd TEeONO/HTHAsd OBYX-—
MM TpexoCHasl YCTaHOBKA, IOjlasd NpoapauHasd mofellb HCIHTYeMOIo
MHOT'OT'pAHHMKA M KHAKOCTh, HalMBaeMas BHYTpPL MHororpasnuka. 'opu-—
BOHTANLHLIM YPOBeHb XHAKOCTH B NpOo3pauHOd MOpemm MBororpaHHHKA.
EMHUTHpyeT /mofble NMPOM3BO/IBHLEIE CEHeHHS STOIO MHOTOI'paHHHKA. Kax—
nag cepus MNONOXeHu# Mopgenu, "npokeiMpaeMada” MO OBYM HIH TpeM
ocCsM TeOAONMTHOTO CTO/IMKA, OTHOCHTCH K ONpe[eleHHOMY ypPOBHIO
XHMAKOCTH, HalMBaeMo#t B Mopgeidb QUrypsl MOpHHAMH OO NOJHOTO ee
aanonHenud, COBOKYNHOCTE MHOI'OYI'ONIBHHKOB pasHO# dopMmer, obpasye-—
MBX TOPH3OHTAILHLIMH MOBEPXHOCTSMHM MHIKOCTH, M Gyoer cOCTaBilaTh
HMCKOMBIN xapakTepucTHyecKkuit HaGop., Crocof oTnudaercs yHHBepCallb—
HOCTHIO, NIOCKO/IBKY MO3BONgeT IPOBOAMTHL MCCIEJOBaHMS Ha MO[enax
moBLIX OQWNOUHBIX TPeXMepHbX OOBeKTOB M IPOCTPAHCTBEHHBIX CTPYKTYP.
IMocne nomy4yeHnuss xapaKTepHCTHYeCKOoro Hafopa INIOCKHX CedeHHil nig
pa3NHYHEX MHOTOI'DAHHHKOR (IpABMIEHBIX M HEMPABANLHEIX) STH [8H=
HblEe NPeACTaBlIflOTCH B BUAe rpadMKop B KOOpPAMHATAX OCelf: HMCIIO
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CTOPOH B CEYEeHHH — BEpPOATHOCTH KOMHYEeCTBA CeYeHMH MHOIMOYI'O/ILHHKOB
C pasiIHYHbIM YHCIIOM CTOPOH A/ KOHKPeTHLIX I'eOMeTpHYeCKMx ¢uryp.
MMenno 3TH rpadukn mospoimoT pewaTh ofpaTHyio aanady: mo Habopy
cedeHHM#t B IJIOCKMX Cpesax Mperapara onpenenarb obbemuyn (opmy
CTPYKTYpPHBLIX SH€eK C TOH MM HHOW CTeNeHLo MPUGMMKEeHHs K MeHTa-—
rougonekasnpy, ayelhxe Kokcerepa m T.1.

[Ipu onpofGoBan¥y Merona HaMu npouaeeneHo okojo 187 000 ornens—
HBIX 3aMepoB. XapakKTepHcTHYecKuit mabop ceueHuit Ky6a, HalpuHMep,
OKazalcsg CIefyoWHM: TPeYIoJbLHHKOB - 23,4, 4YeThIpexyroibHHKOB =
56, nATHYroNLHMKOB — 16,7 ¥ wecTHYroibHHKOB — 3,9%,.

Mg yBepeHEl, YTO NPeAJIOKEeHHb CIIOCO6 MoXeT GhITh MONOXKeH B
OCHOBY CTEepeOJIOrH4eCKHX aBTOMATOB,

ABSTRACT

The mathematical aspects of distribution in space under random nucleation
have been considered by Coxeter (1958) and Smith (1964). The distribution
of shapes of polyhedra in a model consisting simply of subdivision by
random planes in not greatly different from what would be obtained by models
more nearly related to the mineralogical situation.

The equilibrium shape of grains depend on two factors: the local geomet-
ric requirements resulting from the need to minimize the interface energe and the
overall requirements of space filling (" Coxeter's cell”).

Topological characteristics of the Coxeter’s cell, cubooctahedron and
pentagendodecaherdron:

Number of Forms and number of faces
Polyhedra hexa-
faces tops edges quadrangle pentagonal gonal ’
" Coxeter's 13,56..23,13.. 34,69.. 1 10 2
cell”
Cubooctahed- 14 24 36 6 - 8
ron Pentagon- - , .
dozdecahedmn 12 20 30 - 12 -
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A. B. RAJIMHUH, H. I. CTEHUHA, H. . IEHUCKHHA

IIPUPOTHBIE H CHHTETUYECKAE AM®HBOJIOBBIE ACBECTBI
(CPACTAHHA, MUCJIOKAIIMOHHAA CTPYKTYPA, KHHETHKA
M MEXAHHU3M POCTA BOJIOKOH, 'EHE3MNC)

Beepenue

Cpenu BOJIOKHMCTBIX MHHepalloB amMpubolioBrie ac6ecThl NpencTaBlSOT
oCcoOOLIil HHTepeC BBHOY BCe BQ3pacTalouleil NpaKTHYEeCKOi LeHHOCTH. Mm
MOCBAUIEHO HeMalZlo IeolIONHYeCKHX M MuHepallorMyecKHMX HCCrie/lOBaHHiL,
HauBO/Lllee SHAYEHHE H3 KOTOPLIX WMewT pabotnt A.Jl, Xonna [24],
B.B. Apummosa [ 5], &.B. Yyxposa [17], 10.K. Anmpeera [1], B.P.Ap-
remoBa [3, 4] u psna npyrux apropoB. OnHAKO OGCTOATENBHOrO H3Y—
YeHHs peallbHOH CTPYKTYPBI NPHPOOHBIX W CHHTETHYECKHX aMOPHGOIIOBBIX
BOJIOKOH, MX CpacTaHHii, KHHeTHKH peaKlMii H MeXaHM3MOB pocTa, O6uMX
$H3MKO—-XHMHYECKHX YCJIOBHii oOpas’oBaHMs BOJIOKHHCTBHIX arperaTop He
npoBoAMiiock, HekoToprle cBeleHHS TO 2JeKTPOHHOMHKDPOC KOMHYeCKOM
XapaKTepHCTHKe acGecTOBLIX BONOKOH coaepkaTtcs B pabore M,[l.Ma-
neepa [14]. Ho ouH He moakpenJeHbl. [eTallbHLIM aHAHM3OM peaslbHOH
CTPYKTYpb! BOJIOKOH. KommnekcHoe uccnenoBanne amM¢uGonoBbix actec—
TOB, HaANpaBJieHHOe Ha OObACHEeHHe INPHYMH H MeXaHu3Ma pocTa BOJIO-—
KOH, TO3BOJNIieT PAIUUTE MHOMHE IeOolIorHYeckHe TNpoblieMbl HX IeHe—
auca. MimMenHo B ®TOM Hampae/leHMH GBI/ COCPENOTOYEHEBI YCHIIUS AaB—
TOpPOB,

Cpacranua u peaisHan cTpyKTypa aMPnGoaoBsIX BONOKOH

B ruapoTepMallbHbIX CHCTeMax aBTOpPbI NOJIYYHIIH YeThipe pa3dHOBHAHOCTH
aMoHubUoBEIx actecToB! (TOpapdBenCOHHT, (eppOAKTHHOJIHT, KYMMMHITO—
HHUT M PHUXTEpHT. OJIeKTPOHHOMHKDPUCKTIHUYECKOe H3yYeHHe BOJIOKOH 9THX
ac6ecTOB NOKa3ajlo, YTO OHH HBJIFIOTCS MOHOKPHCTA/UIAMH HEe3aBHCHMO
OT YCJIOBHil CHHTe3a, 3TO [NOKA3LIBAeTCH YeTKOH OrpaHKOil TOPLOB BO—
TIOKOH M MX GOKOBBHIX TOBepXHOCTeH, NpeicTAaBAAUWMX CO60i TPH3MEI,
yIJoWeHHEle 1o nepeoMy nuHaxouay (dmr, 1).
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¢ur. 1. OrpaHka KOHUOB aM(pHUOOJIOBEIX BOJIOKOH, J7TE@KTPOHHBIH MHK~
pockomn, yeein, 20 000

AmduBosioBrie acBecTbl OGBMHO CHHTE3HPYIOTCSl B BHAE CIyTAHHOBO-
TIOKHHCTOI MacChl W napallle/ibHble CpoCTKH HaGmopawTcs penko. [la—
PANCILHOBONOKHUC THIE arperartsl, O/MoKue XK NPHMPOAHLIM, DKCHepH-
MEHTal/IbHO yAaeTcd MOJyYHTb, OCYWECTB/ss PeakKUHH HalpaB/leHHOTO
sameuwennda, Ho H B 3TOM crlyyae TecHple CpacTAHHS MOHOKPHCTAIIIH—
YEeCKHX BOJIOKOH pelKH.

[Npuponunie amgubonobbie ac6ecThl 0OBYHO ABJMIOTCS HapaielbHO=
BOJIOKHUC TBLIMH CPOCTKaMH HHTEBHOHBLIX KPHCTAJUIOB, OrPaHKa KOTOpPLIX
ofycnoBlieHa YCIOBHSIMHM COBMECTHOMO pOCTA HIM YCIIOBHAMH pACIIET—
NMeHUd MOHOKpPUCTA/la Ha BonokHa, MukpogudpakuMoHHas KapTHHA
CpOCTKOB 4aCTO COOTBETCTBYET MOHOKDPHCTAIIY, peXe BOJIOKHHCTHIe
HHAMBH/ABI B CPOCTKe pAa3BepHYTH OTHOCHTEIILHO ApYyr Apyra,

Pacumppobka nedeKTOB CTPYKTYPBI aM(HOOIIOBRIX BOJIOKOH IPOBO—
OMJlach HA OCHOBE H3YYEeHHH HCKAMEHHH HM3rHOGHLIX KOHTYPOB SKCTHHKUIHH
Ha OefeKTax M C MOMOUILID AHAJH3a MHKPOAM(PAKUHOHHBIX KapTHH. [IpH
9TOM PAa3pLIB DKCTHHKUHOHHBIX KOHTYPOB CO CABHIOM CBHAETE/LCTBYET
0 HAIMYUHM KPaeBOil KOMIOHEeHThI BEKTOpa CABUra OCEeBOi MHUCIIOKALUH,
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kax 210 yctanosieno [,B. Bepexxosoi u B.H. Powaucxum [7 ], Ho-
ru6 KOHTYPOB B BHIe [yr'H yKasbBaeT HA BHHTOBYIO KOMTIOHEHTY BeK—
Topa Bwoprepca (war eBurTOBOK AMCHOKAauMmM).

Ha muxponupaxunoHHBIX kapTHHAX (100)* Tonkux Bonokon (10004 ),
COlepKalMX WHYP OCEeBLIX BHHTOBBIX AKCTIOKA LM B ueﬂ'rpe, Habmona—
. 7IOCk OTK/IOHEHME YrJjla Meway OCSMH 001*u 010* or 90° ua yroa f

[oo1] e
b [aafrw[owl
3 |
= 24 e
P | |2oF
(LT ERE AN R NN NN Y — i -
5 o) =
(1] = —
ee == —
. e ——"
a
LN
P I3

dur. 2. Cxema BHHTOBON OHCNOKALHM B BOJIOKHAX aMpHG0OIIOBOro ac—
6ecTa (4) ¥ COOTBeTCTBYOWEro ed pacuwlelyieHus pediekcoB [AH-
¢paxunonno#t xaptuus (0)

B mnpenenax or 1 no 4°, Takas ocobewnoCcTb obycnoplieHa re/lMKOH=—
AalLHBIM 3aKpy4YHBaHHeM pelleTKH amgubolla nof OefiCTBHEM BHHTOBBIX
AHCIOKalui, Koraa obbeM ynpyro aedopMHpPOBAHHO 0671aCTH BOKPYT
OHMCTOKaLHMi CpaBHMM C o6beMOM BCcero kpucraina. [lmamerp nedopmr-
pPOBAHHOI'O UHIIMHApa BHYTPH ambubolla NMPUHHMAJCA PaBHBM pPacC TOf—
HHIO, H8 KOTOPOM 3KCTHHKIHOHHEIE KOHTY DBl HCILITLIBAIOT MCKAXEHHE, Yol
H3MepHdIlicCd Ha COOTBeTCTBYWOUHX MHKPOOHM(pPaKUHOHHLIX kKapTHHax, llar
BHHTOBO# [MCJIOKALlMH BOJIOKHHCTBIX KPHCTAJUIOB HAXOOUTCH H3 BBIPAKE=
mus: b =2deg B.

CxeMa Takoji BHHTOBOH NHCIIOKAUHH H COOTBETCTBYIOUEro pacu:en_

nenuss pedyiexcoB AMPPAKUMOHHON KapTHHBI TOKasaHbl Ha dur, 2.

boneuas yacTe BookoH (o 70%) HMeeT CIOMHYIO peallbHylo CTPYK=—
Typy, TpHuem OedeKThl, KaK NpaBuiio, napaiielbHbi och pocta C. Ana-
mi3 ocobeHHOCTeH MHUKPOAM(PAKUHOHHBIX KapTHH T0OKAa3all, 4TO AOMNOJ
HHTelLHbIe pedlieKchl Ha HHX O6GbMHO O6YC/IOB/IeHBL! ABOHHMKOBAHHEM 1O
(100). CoBoitHHKOBaHHBIE BOJIOKHA COCTOST M3 ABYX MNM 6Gojlee MHAM—

212



punop u ymnowenn no (010). Orknonenne yrna Mexny ocamu 010*
u 001" 6Lio MCIONBL30BaHO ANl OLUEHKH CYyMMapHOTO Bektopa Boprep~
ca WHYpa BMHTOBBIX AMC/IOKALUMH B IleHTPe aM(puGOIIOBOrO BOIOKHA W yC—
TaHOBIIEHO, YTO ero BellHyuHa MoKeT HaMenatkcd ot 10 mo 50 A Auna-~
JIH3 MCKXaueHMH H3rHOHLIX SKCTHHKHHOHHLIX KOHTYPOB Ha OCEBLIX Aehel—
Tax TOS3BONAET MX HASHTWPHUMPOBATHL KAaK: a) KpaeBuie [IHCOKALHH
( KOHTYDLI MCTEITHLIBAIOT PaspLIB CO COBHICOM); 6) BHHTOBBIE €OWHHYHBIE
mucTokanun (KOHTYPBLI HCTILITHIBAIOT MATHG); B)WHYP OCeBLIX BUHTOBBIX
- AHCTOKauuii OfHOro 3Haka (oceBpie KaMH/UEIPLI); ') AMCIOKAIHOHHBE
fymomi (1Be BMHTOBBLIX NMCIIOKAIMM TIPOTHBOMOJIOKHBIX 3HAKOB); [) [HC—
NOKALMM CMeUIaNHOrO THMa, 3a HCKIOueHHeM XapakTepa CpacTaHHi
OTAEJbHEIX MOHOKPHC TAINMyeCKHX HHAMBHAOB, 3/IEKTPOHHOMMKDOCKONH—
yecKDe HcclleloBaHHe TIOka He OGHapyXHBAaeT NPHHUMIHAJBHBIX pas—
MHYM{ MeXAy TPHPOMHBIMH M CHHTeTHYeCKHMH aM(uGoNoBBIMEH ac6ecTamHu,
Baxubm 06CTOSTENLCTBOM €BISETCH TO, YTO B 9KCHNePHMEeHTAILHBIX
YyCNOBUAX HaBMOOaeTCs COBMECTHLI pocT Gea[HCIIOKallHOHHBIX BOJIOKOH
H BOJIOKOH, COEpXKAUMX OHCTIOKANMH, DTO [aeT OCHOBAHME TNpenosa—
raTh, YTO [HC/OKALMOHHEH MeXaHH3M POCTa 3[eCh He HCpaeT peliaio-
weil poJH, HECMOTPA HA Ha/lMYyHe MAHCIIOKALMiA,

Otman kuHeTHKA peaKumii

B uaoTepMHyeckux FHAPOTEPMAlILHBIX CHCTeMax CHHTeTHYeCKHe amMpl-—
6onoBbie acGecTh! yaule 06paayloTCd B pe3ylibTaTe napalie/lbHo—I0C e A0-—
BaTellbHOM peakuuu, [IpoMexyTOYHEIMH CeNMMKaTHLIME GazaMH ABNAIOTCH
SrHPHH NpH CHHTeae ¢TopapdBeCOHHTOB, AHONCHA NMPH MOJIYYSeHHH TPeMO Mt~
Ta, BHCTATHT TIPH peaklUHy 06pa30BaHHA KYMMHHITOHHTA H B pdalle Cly4aeB
omiBuH, [Tpuunnoil nogsieHna 6e3BOAHLIX CHIIMKATOB Hapady ¢ ampubonaMu
ABJIIeTCs] HEeCKONBLKO GoJlpllag CKOPOCTR MX obpasoBaHHa, MakcHMAIb~
HBMt BLIXO NPOMEXyTOYHOro THPOKCEHA MOXeT nocturath 80 mon.%.
Bo BTOpoit cTyneHs peakuuum IMpPOKCEHLI pasiarawnTca ¢ ofpasoBaHueMm
ampubonos, npeTepneBas noiHoe pacTBOpehue Ges WBIEHHN saMelleHws,
XapakTepHbiX ANl TPHPONHBIX TPOLECCOB. ‘

O neMeHTapHLIT MeXaHHIM 06pa30BAHHSA 3apofbiliei aM(UBoIIOBLIX
BOJIOKOH, KAK NpAMBLIM TIYTEM H3 MCXO[HLIX BEWeCTB, TAK M yeped Npo—
MeXyTouHbie (aabl, ClloWeH H BKMOyaeT B cebda psl BOOHBIX CHIHKA-—
TOB, AHACHOCTHPYEMBIX TWATENLEHLIM PEHTIeHOC TPYKTYPHLIM AHAIM30M,
B xone pacTbopeHHs MCXOOHLIX BEWECTB HIM JIPOMEXYTOYHLIX CWIHKd~
TOB B pacTBOp NepexoAdT THAPOOKHCH WEeJIOYHOJeMeILHLIX MeTalliob |
kpemuud, Mx peaximg opyr ¢ OpyroM naet nepBHYHLIE BOOHLIE CHIM—
kates [12]. Hanpumep, npu o6pasoBaHWH DHXTEPHTA TAKHM TICPBOH—
YalbHO BOSHHKAWOUHM COeHHeHHeM ABIAeTCH KepoluT MgO-SiD_)-QllZO-
3areM NOSIBISIOTCS CTPYKTYPLI CENHOIMTA, TallbKa M, HAKOHEI, PUXTC~
puta. B menom mpouecc oTpaxaeT MPOrpecCHPYICUY TOMUMEpH3aUHNIo
H [erHOpPATAlHIO BOAHLIX CH/MKATOB M MOXET NOPOTeKATL B TBeplod du—
ae, [lannueitmit poct aaponnnieil ampubonos ¢ o6pas’oBaHHEeM BOIOK—
HHCTLIX KPHCTAJJIOB MOXeT TPOHCXOMHTL TyTeM TpHcOeOHHeHMs] K pac—
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bur. 3. Kunetnyeckue
KpHBLIe oOpasoBaHH§
am¢uGonoporo actbec—
ta B cucteme NaF—
Fe(OH) 3—5102-H20

B TIPHCYTCTBHH BBICO—
kux koHuenrtpamuii Na Cl
npH TemIieparype
500%¢C

b=
<
T
=
[=]
=
°

Borzad ampubora (mon. %)
S
T

g 1 1 1 il 1
¥ 12 20

Bpems onsima (vaces)

TYWeMy KPHCTAalTy KPYTHBIX KOMIIEKCHBIX CPYTNHPOBOK, GIM3KHX IO
cCOCTaBy H CTPOESHHIO K NepBOHAYA/ILHO BOSHHKAOUWEMY BOOHOMY CHIH-
KaTy, HanpuMep KepoJuTy,

Kunetuyeckue kpupnie (dur. 3) oTpaxaioT CKOpPOCTh Haubollee Mel-
JIeHHO# CcTadWu TIpollecca, KOTOPOH NMpH o6pA30BAHMHM BOJIOKHHC THIX aM-
¢ubonop ABNSETCS POCT BOJOKOH, JTO NOKA3LIBAETCH TEM, YTO BBele—
HHe B CHCTeMy 3apoabiueil amM(puOOJIOB H H3MEHEeHHEe AOCTEePCHOCTH HC—
XOOHBIX BeWeCTB He BJHSIOT Ha BBLIXON BOJIOKHHCTOR MacChl M, Cleno—
BaTel/lbHO, 34pOabllleo6pO30BaHHEe M pPACTBOPEHHE He ABJMIOTCH JIHMH=-
THPYWOWHMH cTamusiMu. MukpooudpysHOHHbIE gBNIEHHS TaKke He oKa—
3BIBAOT BO3NEeHCTBHSA Ha XO[ MpOHEeCcca, TOCKOILKY BOJIOKHa aM3ubGolioB
pacTyT C OOHHAKOBbIMM CKOPOCTSMH B IWHXTE M MIOJIOCTHAX aBTOK/Ia=—
BOB.

KuneTnka pocTa KpHCTAaUNIOB B CJly4dae, €CJ/IH pellallas pollb MpH-—
HaO/IeXKHT B3aHMOOeHCTBHIO Ha rpaHHlle (asoBOro pasfela, OIHCLIBA~
eTcs B obuwleM BHOe ypaBHeHHMeM IepBOro Nopsanxa

dx 1
— = KS(Cy), 1)
dt
dx
roe -5 ~ TIpHpauleHHe MAacChl pacTyuell NOBepXHOCTH 3a edWHHIY
BpeMeHH, K - KOHCTaHTA CKOPOCTH TIOBEPXHOCTHBLIX TMPOLECCOB, S -

nowans nosepxHoctH, C | — TPaQHeHT KOHUeHTpaUMii YacTHll Ha rpa—
Hule dasoBoro paspgena. :
[lns pacuyeTa KOHCTAHT CKOpPOCTell peakiiHit Mo SKCIepHMeHTalbHbIM

OAHHBIM MOXeT OBITb HCHOJIL30BAaHO CbOpMaJTbHOE KHHe THYeCKoe ypab=—
HeHHe NepBOro nopdixa, dawuee Xopolee ONHCaHHe KPHBLIX

it @

dt
rae X = BHIXOA BOJOKHHCTOH MAacChl B 3aBUCHMOCTH OT BpemeHH. Pac—
yeTel nalwT aHayemne K B mpemenax ot 10~1 po 10-2 uac—=1, Duep-
rus akTHBalMM peakuuit anag temmepatryp 500-550°C cocraenaer

2711 xxan/r.Monb.
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(Dll?-llRO-XHMH‘JECHI!E YeaoBus pocra BOJNOKOH

®
Ecm OCYWeCTBHTEL CHHTe3 aw}mﬁom B CHCTeMe M3 OKHCJ/IOB TIPH Ha-

IIMYHHU BOALI, TO CKOpPOCTHL pPeakKUHH 6yue’r onpene/iaTECAd CKOPOCTBK pacT—

BOpeHHA HCXOAHBIX OKHCJOB B BOAEe. DTO MOJOKEeHHe NOKa3biBaeTCHd 3a—
BHCHMOCTBIO CKOPOCTH Tpollecca OT MHCIepCHOCTH HCXOMOHBLIX BeuleCTB
(wmu onmoro m3 Mcxomsbix BewecTB). B urtore cospawTcs ycnoBus nna
PaBHOBECHOIO pPOCTa KpHUCTAalsioB aMpuG0JioB, NMpHOOpEeTAUMX NMPH3MAa-
Tgeckuii raéuryc., Tak ofcTosno meno B onktitax bofina (211, Jpu-
cra [23] u Tarrna Boysma [20] u OpyrHX aBTOPOB, MCCNEeAOBABIUMX
npefenbl CTAGUNBLHOCTH amMpHb0I0B,

Bonoxauctrie amMpubo/bl CHHTESHPYIOTCH TIPH HA/H4YHM B CHCTeMe
3HAYHTE/bHBIX KOHUSHTpAUHM# ralloHAHBLIX COJIed WeJ/IoYHBIX, WeJIOYHO3e—
MeNbHBIX H OpYrHX MeTamonB, 3To — NepBoe M HauGollee ofuee yclio-
BHe ToNyyenus aMpuGoloBeix ac6ectoB [11]. Tanoumneie com ofec—
NeYyHBaioT BBICOKHE CKOPOCTH pacTBODEHHMS HCXOAHBIX BelecTB, NpPHBO—
AAT X CO34aHH0 GONBLIWOro NMepechllleHHs pacTBopa H B HTOrE K Pe3kKo
HepaBHOBECHOMY POCTY KpHCTamoB, C (U3UKO~XUMHYECKOl TOUYKH 3pe-—
HHg /Ul pOCTa BOJIOKOH HeofGXoOouMa BLICOKas AKTHBHOCTL B CHCTeMe
HoHOB rpynnbi X H Y*,C KHHeTHYECKOH — CO3/1aHHEe YCJIOBHil, IPH KO=
TOPBLIX TIPOLlECC JIMMHTHPYETCS POCTOM BOJIOKHHCTHIX KPHCTAlOB, a
He pacTBOPEHHEeM MCXOOHbIX BewecTB., 10 H APyroe NOCTHraeTCsi BB
OeHHMEM B CHCTEMY TalloHOHBIX collei,

Temuepatypa npoBe[eHMs peaklUuM OKa3biBAET CYUECTBEHHOE BIlis-
HHe Ha rabuTyc KpHcTamoB amMpuGonoB., AHalH3 HMEKWerocd 2KCle-
pHMeHTallbHO'O Matepuala TNokKasb/BaeT, 4yTO ampubolioBrie actecTnr
06pasyloTca TNPH CPaBHHTE/ILHO HEBLICOKMX TeMmepaTypax (400—50000)
B HMXHe# TIONoBHHe Tone#t WX ycTolumBocTH (¢ur. 4). [na Toro wTO—

[
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dur, 4. Bepxusaa rpaHHla yCTOHYMBOCTH amM(dpuGonoB M 06/1aCTh CHH—
Te3a HUX BOJOKHHCTBLIX PA3HOBHOHOCTEI

2 - tpemomHT; 3 = pHXTEpHT; 4 =
~ (¢eppOAKTHHONHT; 7 =— Thnay-—

1 - pubekur-appBeICOHHT;
KYMMHHT TOHHT; - mnapracur; 6
KopaH; 8§  — MaruesHopHGeKHT

*Osmas KDPHC Ta/VIOXUMHYeCKaa gopMynia aM¢ubONIOB HMeeT BHA:
X3 3Y5Zg 0g9(0H, F, Clg.
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6B TIONMYYHTE BOJIOKHUCTBI MaTepHall TpH 6ojlee BHICOKMX TeMIepaTypax
(600~700°C), Heo6X0OMMO TapAal/elLHO CHIILHO NOBLICHTL daBJISHUE,
YTO OaeT KMOY K TIOHHMAHMI0 MeXaHH3Ma BIMAHHA TeMmnepaTyphl Ha
pocT BoNMOKOH., OUeBHOHO, YTO C TOBLIUEHHEM TeMNepaTypbi, TepMH—
YeCKHM pa3pylieHHeM CHOPATHBIX KOMTJIEKCHBIX TPYNIHPOBOK H3MeHs—
eTcsl CTeneHb accolMamMH yacTHU B pacTeope. Ho mpu yBenmueHHH
TZIOTHOCTH Cpedbl C POCTOM [AaB/leHHsS BO3pacTaeT CTeNeHb ACCOUHAIMH
YaCTHU M YCTpaHseTCH OTpHIATe/LHOe BIMAHHe POCTa TeMIepaTyphl,

Mexaunam pocra Bonokon aMduGoion

[lpexne Bcero HeOGXOOHMO BBISICHHTL TPHYHHBI POCTa HMEHHO BOJIOKOH,
a He NPH3MATHYECKHX KPHCTAIJIOB,

CrpykTrypa amMguGolloB OTMeYaeTCs TEeM, 4TO HalpaBlleHHe HX yI[lH-
HeHusi BooNb ocu C oTBeuaeT KpHCTa/VlorpadMyecKuM 30HaM C HaHbollee
NPOYHBIMH CBA3AMH B CTPYKType. DTA AHH3OTPONHA CBg3eil gBgeTCS
Heo6XOOAMMBIM, HO eule He [OCTATOYHBIM, YCJIOBHEM OAJiIf pOCTa BOJIOK=—
HHCTBHIX KPHCTAIVIOB NPH GOJMBIKX TepechiuleHHax, [IpHuyHHA 3akKmOYaeT—
cHd B TOM, 4TO CKOPOCTH pocTa amM¢uOO/iOB B pas3/HMYHBIX KPHCTAIIO=
rpadHYecKHX HANPABJIEHHAX MMEIOT PAa3/HYHY 3aBHCHMOCTL OT Iepe-
CBHNUEHHS, TAK KAK 3TO CXeMaTHYeCKH NoKasaHo Ha ¢ur, 5, Orcwona
SICHO, TIOYeMy TIPH MaAallbiX TMepechilleHHsX B CHCTeMax C OKHC/IAMH H
YHCTO{l BOOOH MBI TIONy4YaeM NpH3MaTHYeCKHe KpHcTalnel ampuGonoB H,
HaoBOpOT, NMPH BLICOKHX TEPeCBbIWEHHAX B CHCTEMAX C PallOMAHBIMH CO=
JIIMH = BOJIOKHHCTBHIe KpHcTalnel, [lo Teopuu Baprona, KaGpepbl u $pan-
ka [6] sTa 3aBucuMmoCTL He @BN@eTCH MMHeliHOR B Tex ciyyasx, Koraa
OCHOBHYI PO/l B pOCTE KPHCTA/la HrpaioT NMOBEPXHOCTHEIE ABIIEHHM.
JkcnepuMeHTallbHble nanHbie Bewwemsr [19] zaBucumocTH cxopocreit
pocTa rpaHeil OT NMepechieHHS MOATBEPKAAIT BbLIBOABI TEOPHH,

Crgpocme pocma

—?;1 BoROKHUCITIONE KPUCAAAb]
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dur. 5. CxemaTnueckasa KapTHHa aasucmoc'm CKOPOCTH pOCTa KpHC—
Tammop aMpuGO/IOB MO PAS3JMYHEIM HANPABIEHHSM OT BEIHYHHEl NEPeChr-
meHus
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[Nanee mocTapaeMcsi BEIICHHTBH, KAKO#l KOHKPETHO MeXaHH3M pocTa
BO3MOXeH NpH 06pasoBaHHH ampHGOIOBEIX BOJIOKOH, Ge30THOCHTEeNIBHO
K KpHCTamorpadpuyeckoMy HamnpapleHHIO pocTa. [AHCIOKAIHOHHBI Mexam
HU3M MalloBeposiTeH, NOCKOJLKY Ao 30% Bcex aMPHGOIIOBEIX BOJIOKOH
MHUeHb AHCTioKaluit W, ¢ Apyrofi cTopoHbl, OH Gonee XapakTepeH OMs
pPOCTA TpH HH3KHX TepechiuleHHsX, [IpH BEICOKMX NepechiUeHHsX POCT

KpHCTAIUIOB OCYUWeCTBIAeTCH C MOMOUBK ABYMEpPHOT'O 3apofkileofpaso—
' BAHHMS WM TYTeM NPHCOe[IMHeHNsd K pacTywell rDaHM TPeXMepHBIX KOMI—
NeKCHBIX IpymmupoBoK. Hamiume Ha rpaum cTymnewel, H37OMOB H Bbi-
XO[OB MMC/IOKALlHl He MeHseT cywectsa mpolecca [18]. Mexaunuam
POCTA BOJIOKOH C NOMOULI0 KOMIJIEKCHEIX PYTIMPOBOK COPjacyeTcs C
OAHHBEIMH O BJ/IHAHHH Ha POCT BOJIOKOH TeMIlepaTypbl H [OABJIeHHd H C pe=—
3yNbTaTaMH aHallus3a MexXaHH3Ma peaklHH 3apokaeHud ampubona, NMpo—
Texkauel yepea ClMOHCTEIe BOAHbIe CH/MKATHI, [IOCKOIBLKY cyuwecTByo—
uHe B pacTBOpPe COeAMHEHHN SIBJSIOTCH CJIOXHBIMH THAPATAMH OKHCJIOB,
Ha NOBEPXHOCTH paCTylﬂéPO KpHCTa/Ula MPOMCXONHUT MX [AerHapaTaiiud

H To/HMMepH3aLHd ¢ 06pa3oBakMeM TPOYHEIX CBsdefl CHIHKATHON CTPYK—
TYPBbI.

CropocTs pocTa BOMOKOH MOXeT 38BHCETB OT CKOPOCTH MAerHa-—
paTalMH H TIPOTEKATH B KHHeTHyeckoil o6nactH, OnHako Gollee BepogT—
HO, 4TO CKOPOCTL NpOHecca onpenendeTcs AH(yaHed KOMIIEKCHBIX
rpymIHpoBOK Ha rpaHule (asoBOro pasfesla WM BCTPedHOH NHbdysHei
BO/BI, ocBoGowaaowecd NpH OerHApaTALHH 'MOPATHPOBAHHEIX OKHCIIOB
Ha TIOBEPXHOCTH pacTywero kpucranna, [locnefHee mnpenmnonoxenue mo—
3BOJIAeT YBA3ATH POCT BO/OKOH B YCNOBHAX GONBIHX TepecChlleHHH, KO-
na npo6neM C NMHTAHHEM PACTYUHX KPHCTAIUIOB He BO3HUKAeT, C PE3KO
pasMyHO# CKOPOCTBIO POCTA OTAEJNLHBIX IpaHeil, ec/ii OCHOBHYWO POJlb
B pOCTE MrpasT TNOBepXHOCTHas Auddysus.

MexannsmMm ofpasosannn aMdubon-achecToBbIx
arperaToB B SKCHCPHMEHTe W NMpUpPOJe

Ha reneasnc ampubon-ac6ecToBhIX arperaToB B NpHpode cpelH reo’io-—
FOB CYWeCcTByeT pdd TOdeK 3peHHs. Paa aBTopoB [25, 24, 22]no-
naraert, uTo acbecThl 06pasyloTcd B pe3yibTaTe MeTacOMATHYECKOro

‘ saMellleHus BMeuwaoumx mopon, [pyrke uccnenopatemd cumraioT [17,
2, 3], uro acGecTsi MOriM BOSHEKHYTb B Pe3yibTaTeé KPUCTA/NM3ALHN
H3 MCTHHHBIX MIM KO/WIOMOHEIX PACTBOPOB, 3ANOJHABIIMX TpPeWHHEl, He-
KOTOphie Teolfiord CKOHHEI cuyHTaTh 26, 16], uro amdmbBonoBbie ace
GecThl 0683aHbI CBOHM TPOHCXOMXASHHEM TNepeKpHCTaUM3alHH MAaCCHB-—
'HBIX KpHCTa/UMyeckux amoutonos, [Nonarawor Taxxe [27, 5, 4], uTo
B psne ciygaeB ac6ecTh! MOrJIM BO3HHKATEL B pPe3y/IbTATe paculen/ieHus
IpHAMATHYECKHX KPHCTA/UIOB MO CHAaiHOCTH,

JKcnepUMeHTalbHbBIE HCC/e/IOBaHHs NMOKa3LIBAIOT, YTO STH pa3HYHbIE
npeACcTaB/IeHHs, OCHOBaHHBIe HA eOJIONHYECKHX HaOMOoOeHHaX, 00beK—
THBHO OTPa¥AKT pasHoobGpasHe MeXaHH3MOB OfpasoBaHHs amMpuOGOIOBLIX
acGecToB B npupone. MX MOXHO pasne/MTe HA: POCTOBLIE H HEPOCTOBEE
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MexanuaMel, OcTAHOBHMCH BHAYAJIE HA POCTOBRIX MEXaHH3Max, [V KO-
TophiX HeoGxoaHMmo cofmonenue oOGIMX yCJ/IOBHiT OBpas’soBaHHA BOJIOKOH,
ONMHCAHHLX BHIIE,

[lapannensHO-BOMOKHUCTEIE  arperaThl, [NepreHOHKYIgpHLEIe CTeHKaM
TpelUlHH, MOTYT BOJHHMKATL [ABYMA uyTaMu. [lepemi#i cBg3an C Ha-
NpABIEHHEIM 3aMelleHHeM BMemmamomelli oopoakl W OCYIIECTBIeH 9K—
cnepumentansio [ 9], B kavecTse Mopenu moponibi GBI HCIOIL3OBAH
MarHesualbHL HeMeHT (nolMMepH3oBaHHAS MgC), pearupopasumii ¢
pacTBOpOM CH/MKATa HaTpud, B xome samemenns MgQ noapeprancs
pacTBOpPEHHIO B TJleHKe pacTBOpa Ha TI'paHMlle 3amMellaeMoOll TOPOJBI H
pacTywero am¢ubo/IOBOr0 arperaTa, OCTABABIIEroCs AOCTATOYHO NpO-
HHUAeMBbIM' A7l AKTHBHON AM(hY3HM KpemHeaeMa K MecTy peaxumd, [py-
roii myTnL o6pazoBaHusa Napal/iellbHO-BONOKHHCTHIX arperaTtoB CBS3aH C
TMOPHUCTBIMHU CpelaMu [15, 10, 7, 13], korna nHMTaHHe PACTYWMX BO-
JIOKHUCTELIX KpPHCTAIUIOB OCYWEeCTBISeTCH M3 HACLIUEHHO'O TOPOBOIO
pacTBOpa U BONOKHA PACTYT CBOUMY OCHOBAHUAMY,

B neppom cinyuae HeOOGXOAMMO yyacTHe B peakKUHH NOCTATOYHO aK=—
THBHBIX COJIEBBIX PACTBOPOB, CHNOCOGHBEIX 06eCledYHTh BBICOKYIO pacTBO—
PEMOCTL MHHEpPAJIOB BMEUWAUMX Nopoad H Bojklloe mepechiuieHde, Bo
BTOPOM Cllyyae pe3kKoe TepecHllleHHe MOWET CcO3AaBaThCsd 34 CYeT Jie—
pernana NapleHuil TpH BLIXOAe TMOPOBOIO paCTBOpa B INMOJOCTH TPEWMHBL
BmecTe ¢ TeM TOPHCTOCThL MOPHBIX TOpO[, BA3KOCTL PAaCTBOPOB U ApPY—
rue (HaHYecKue XapaKTePHCTHKH CHCTEM [OKHbLI OLIThb TAKOBBI, YTOOLI
HE OC/IOWHATE TEYEeHWe Ipollecca H ofecnevdTh KHHETHYECKOe YCIIOBHE
pocTa BOJIOKHHCTHIX aM(pHOONIOB, KOTOpOEe COCTOMT B TOM, 4YTO CaMOii
MeJlIeHHOI cTagHell mpollecca AOMKeH GBITh POCT CAMHX BOJIOKOH, OTH
TpeBoBaEnA HaM He npeACTapislTCH HpeaMepHbIME,

CnyTaHHO—~BONIOKHHC ThIe, pANHAJIbHO=TydHCTHIE H 3aBeaAdaThbie ar—
peraThl ampuGosoBLix acGecToB 06pasyloTcd H3 ITepechUeRHBIX pacT-
BOPOB IIpH MACCOBOM 3apofAbilieo6pasoBaHun IO BceMy o06beMy CH=—
CTeMEl,

B mopdonorum arperaros ac6ecta SHAYHTEILHYIO POJIL HIpaeT
HalliyHe B peakKlIMOHHOM ofbeMe TBepAbix (a3, MX pacipenelieHHe H
OTHOIIEHHEe K TPOTeKAKIHM peaklusM, GH3HKO-XMMHUeCKHe M KHHeTH—
yecKue TpeGopBanud B BTOM CHIyuae Takue %e, KAK ¥ B [ByX Npefb
Oyurax cltydasx.

HepocToBERIiI MeXaHH3M TIPOHCXOMASHHA aM(pHOOJOBLIX ac6GeCcTOB CBfi=
3aH CO CHOCOGHOCTBIO MACCHBHBIX KPHCTAa/VIOB HEKOTOpPBHIX ampubolnon
pacuwenngaThCs N0 YAMHHeHHIO, JTO. NpollecC H3y4eH aBTOpaMH¥ Ha INpH—
Mepe aHTOPHINMTOBEIX acbecToB, 2 IeKTPOHHOMHUKPOCKONHYECKOE H3yde-
HHe OCOOeHHOCTeH MX BOJIOKOH M KPHCTAaJJIOB aHTO(HINWTA, TOMOBEpr aio—
umxcd acbecTHaauuH, 10Ka3allo, 4TO .OIOKHA TpeOCTaB/IdIOT coGoil
TJIOCKHE 2JIACTHYHLIE JIeHThI, YIJIOWEHHBIe TO NMepBOMY MHHAKOHOY CO
cTenenno ymiowenua 1o 10 pas (¢ur, 6). DTH IeHTEI MOrYyT GLITh
CrpyNIHPOBAHEI B TIAYyKM W O6GPA30BEIBATL H3OMETPHYHOe B CEYEHHH BO—
TIOKHO cloucTOro ctpoeHud, MukxponudpakuUOHHBIE KADPTUHE! TAKMX BO—
JIOKOH TIOKa3BIBAOT, YTO STO MOHOKPHCTAIUIBI M, 49TO CYUECTBEHHOTO
pasBopoOTa CllaraluHx HX JleHT He HaGmopnaetcs. OTcona MOKHO 3a-—
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$dur. 6. DnacTUyHBIE TIVIOCKHe JIEHTOYHBbie BOJIOKHa AHTO(HI/IIHTA TOO
9IeKTPOHHBIM MHKpocKomom, ¥Yeen, 3000

K/OYHTb, YTO CJOHCTbIE BOJIOKHA $BJLIOTCH YYaCTKAMH KPHCTAINVIOB AH=—
TodpuIIMTa, TIpeTepneBlIMXx acGecTH3aluMiO, HO elle He paculeIeHHBIX
MeXaHHYeCKH Ha Goliee TOHKHe /eHTbl, O4eHb BAXKHO TO, YTO BIEKTPO-
HOMPaAMMBI TIJIOCKHX JIeHT OOHAPYKMBAKOT HA HX IOBEPXHOCTH MDUCYT—
cTBHe Tambka, CTpyKTypa aHTOGH/UMTA OOMyCKaeT NOsBlIeHHE MOTHBOB
CTPYKTYpPH! Tanmpka 1o miockoctd (100) npu ynaneHuu 4acTH HOHOB
MarHHus,

C XxMMHYecKOH TOYKHM 3pEeHHd STO = THIPOJIH3 B YCIOBHSX BO3—
AefiC TBHY HA AHTOPHINIHT Y JIeKUCJIBIX PacTBOPOB. TPH TeMIepaTypax,
HECKOJILKO HHKe TeMIleparyp cTaGHIBLHOCTH aHTOodumMTa, B cnyugae,
ecl/lH ®TOT NpollecC 3aXOMHT AalleKo, POPMHPYTCH TallbK-=KapOoHaTHELIE
TIOPOMAbI,

Takum o6pasoM, TmnogBIeHHe CTPYKTYPHl Tallbka II0 IINIOCKOCTSM
(100) aHTOGM/UIMTA MOWKHO CYHTATH HETOCPEeACTBEHHOH NPHYMHOI BO3-—
MOXHOCTH paculeljieHHsi ero KpHCTAN/IOB Ha BOTNOKHa-eHTHL [lpn aTom
MexaHuaMme oOpasoBaHHs BOJIOKOH ampubonoporo acbecra 3aKOHO—
MEpHOCTH, OTMeuYaBllHecs B NpPedLAYWHX pasgenax, He HMelT
CHIIBI.
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Mopdonornueckan HecrabuIALHOCTS acGeCTOB M JIHTENBHOCTS
nponeccos acGecroofpasoBaHuA

Am¢ubonoBrie acbecThl 06/1a0al0T 3HAYHTENLHOH TOBEPXHOCTHOH SHEp—
ruefi ¥ HeCcTAOGHIILHBEI B CPABHEHHH C TNPH3MATHYECKHMH KPHCTAaILIaAMH
Toit We macchl. [lomo NMOBepXHOCTHOH ®Heprun B oBuWeM YPOBHE CBO—
600HOHl PHEPruH c:t?pnqecxoﬁz TBepOo# (&3b MOXHO HAWTH H3 ypab-
nenua AG = 4/3ar"AC,+4nr“8, conepwxamero npa unena. Tlepsoiit
orBevaeT mpupocty AG Ha enuHMlly ofbema, BTOpPOil ompeaeliseT Be-—
JTHYWHY TIOBEPXHOCTHOH SHepruM Ha emuumuy nnouwaau ( 8 — BellMyHHAa
MOBEpPXHOCTHOrO HATKeHHd), [IpH Tepexole NPH3MATHYECKOrO aMpi-
foNla B BOJIOKHHCTBLI MONIeKyJpHB 06beM ocTaeTcsi 6e3 H3MEHeHHS
¥ Mlip BO3pacTaeT MIowanbL NopepXHocTH. [JonowuTelLHEM TpHpoOCT
AG  npn sTom paBen = 118 —4ar 8, roe Ty M r = paaMychl nomnepeu-
HOI'O Ce4YeHHd BOJIOKOH H CdJepI;l COOTBETCTBEHHO, !l = OMHAa BOJIOKOH.
HecTabunbHOCTE BOJNIOKHHCTHIX aMpHGOIIOB MPHBOAMT K SBJEHHAM HX Tie—
peKpHCTAUIM3alMH B NpH3MaTHYecKHe, oblanawuime Gollee HH3KHM YPOB—
HeM CBOGOAHON SHepruM, JTa TepeKpHCTA/HM3anus MPOHCXOOHT TPH TeX
We (HIHKO-XHMHYECKHX YC/IOBHAX, TpPH KOTOPHLIX OCYUECTBIeH POCT BO~—
JIOKHHC THIX KPHUCTAIIOB, C YBe/MYEHHEM [/IUTeTLHOCTH OILITOB CBEpX
Heo6xooumoii, [Io cBoeli CymIHOCTH OHA AHANIOrHYHA H3BECTHLIM dBJIe—
HHSM YKPYTHEHHS MeJKOKPHCTalUM4eCKHX das B H306apHO-H30TepPMH=
YeCKHX YCJIIOBHHX. Bawxuo 3aMeTHTb, YTO 3TOT MpOUeCC NMPOHCXOOHT XO—
Td U c Golee MelJleHHbIMH, YeéM pPOCT BOJIOKOH, HO BC€ e 3aMeTHBIMH
CKOPOCTAMH, DKCTPATONSIIMA 10 BpeMEeHH NO3BONGeT YTBePKAaTh, 4TO
TpH BBIAEPKKAX OKOJIO OBYX MecsdleB BOJIOKHHCTEOI amMpuboil B CHOPO-
TepMAallbHbIX YCJIOBHAX MO¥eT 6LITL TI0JHOC THIO NMepeKpHCTA/NIM30BaAH B
NpH3MaTH4YeCKHe KpHCcTallbl, 31‘0 HABCGOHT HAa MBICIIb O TOM, YTO COX=
paHeHHe HeCTaOHILHBIX BOJIOKHHCTHIX aM¢uGOJIOBLIX MAacc B TMpHpOAe
CBfi34aHO C [OOBOJILHO ﬁb}lC"l"pblM H3MeHeHHeM ¢uamc0-xnmnqecmx yCIlo=—
BHif, BBI3BaABIIMX HX o6Gpa3oBaHHe., JTOT BBIBO/ HHTEpPEeCeH B CeojIorH-—
YECKOM OTHOUIEHMM M He TPOTHBOPEYHT B LEe/IOM [PYIrHM YCJIOBHAM 06—
pasopaHHfl BOJIOKOH POCTOBBIM MNyTeM,

ABSTRACT .

Real structure of amphibole asbestos needles shows that the growth as three—
dimensional complex groupings is the most acceptable model for their for—
mation. The result of electronic microscope studies is correlated with ge—
neral physico—chemical conditions of amphibole asbestos synthesis, i.e.
-high ion activity of the groups X and Y, low temperature and high pressu—
res. Similar conditions are responsible for high oversaturations and proce=
ses of kinetics are limited, as a whole, by the growth of fibrous crystals.
The analysis of Finetics data allows one to arrive at the conclusion that
the growth of fibres is determined by the diffusion on tlie border—line and
fibrous habit is due to a sharp difference in the growth rates of various
crystallographic directions under considerable oversaturation.
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Natural amphibole asbestos are both growth and non—growth genesis.
When grown amphibole asbestos are formed, the above mentioned physico~
chemical conditions of growth would be fulfilled, though specific mecha—
nism of asbestos aggregate formation may vary. They are formed by the
reaction of directed replacement, by growth in porous solutions on crack
walls or by a disorderly crystallization in the solution volume.

The non—growth asbestos appear as a result of splitting of prismratic
amphibole crystals in the process of retrograde metamorphism.

The habit of asbestos amphibole (growth) is not stable as compared to
prismatic one, so active dynamics of natural processes with rather rapid
change in physical—chemical conditions is needed for its formation and
subsequent preservation.
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H. H. MO3I'OBA

JAKOHOMEPHBIE MHUKPOCPACTAHHA KAK XAPAKTEPHBLIN
OPU3HAK IMOMOJIOTHYECKHX PANOB CYJIbPOCOJIER

Cynpdocom HI/IH CHOWHEBIE CYyNbOHMABI -~ OGUMpHag CpyNna MHHEepAJOB,
COCTaB KOTODPHIX B CamMOM OfueM BHAe MOWeT OLITh BLIPAWEeH CXeMa—
tiyeckoit popmymoir Ap T, X,  rae A - meramm: (samGone oBBMHES
Ag, Cu, Pb n mp.), T - moimymeramms (As, Sb, Bi), a X - cepa (uac-
THYHO 3aMellaeMas CellieHOM HIM TeJUIypoM).

B usyuenue cymnbpdoconeil sHauMTElNLHLIA BKJaj BHECIH Y4eHble pas—
HEIX cTpaH, Cpenu Hux [1.I'puropres, B.llep6una, A.lonobuxos, U.Koc-
toB, JlL.Bepu, 3. Hadunn, B,Hoeauxuit, U.Takeyun u Opyrue,

Cynbhoconi XapaKTepH3yTCH UellbIM psaaoM ocoOeHHOCTeH, OdHa
H3 KOTOpPBIX = YaCTOe HaXomw[eHHe TeCHBIX MHKDOCPACTAHHA H B3aHMO-
TnpopacTaHuil Cyakpoconell ¢ ralleHNTOM HIH CYNbpocolei 6IM3KOro coc-—
Tapa Opyr c Apyrom. O6biMHO TakHe cpacTaHud O6ANAIOT 3aKOHOMEep—
HBIMH CTPYKTypamu (rpaj¢uyeckumu, pelleT4aThIMH H [P.), CXOOHBIMH
Mo MOpdONOruM C TeMH, KOTOphIE TPakKTYIOTCs KakK CTPYKTYphI pacnana
TBepPABLIX pPACTBOPOB, 3aKOHOMEpHbIe CpACTaHHs CYILPOCONeH ymxe Heod-
HOKPATHO OTMEHalliCh Pa3HbLIMH aBTOPAMH [PH ONMCAHHH OTAEJLHEIX MH~
HepalloB M yCTaHaBJ/IMBAaJIMChk Pa3HbIMH MeToAamHd, Tak, B cylbdoapce-—
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HUTaX CBHHNIA ua Bunnmenrana cpacrtanns HaGmoOamHCh TOH MMKPOCKO—
nom, TecHoe mpopacTaHme OBYX OueHbL GIH3KHX MHHEDANOB, HA3BAHHBIX
apnopuToM [V u ampopurom VI, GEIIO YCTAHOBIEHO TIPH MOPHOINOrU—
HYeCKOM H3YYeHHHM KPHCTAlOB cylbfoaHTHMOHHTOB cepebpa [26 ], a aa=-
TeM TOATBePKASHO NPH PEeHTMSHOBCKOM MCCIEOOBAHHH AAHHBIX MUHO—
panoB [13]. Cpacrammst ranmemura c KosamiTom co CTPYKTYpoOit pacnana
TBEePAbIX PACTBOPOB TA4KKe ONHCAHBI B LeJNIoM pgae pador (8, 7, 61

Hepenko HMMeHHO Takue cpacTaHMsi CIyMH/IH OCHOBOH I AMCKpPe OHi~
Tallli MHHEepaJlbHbix BHAOB H3 Cyibdocomneit, Tak, GbNII B CBOe Bpems
3aKpBITH GeHXaMHHHT, KaK CMech AHKMHHTA C cepebpoconepxanei
cyispoconsio [19 | ryHrappHT kak MHKpOCpacTaHHs KO3a/MTa ¢ ra-—
JIEHHTOM; JMINHAHHT KaK CMeCh [alleHOBHUCMYTHTa C rafenuToMm [11]

H T.A. B HeXOTOpLIX Cilywasx MHUKpoCcpacTaHus GIM3KHX cynegoconei
TDHHHMAMNCEL 3a OBOUHMKH, Kax, Hanpumep, B CyILGOAHTHMOHHTE CBHH-
na u cepebpa - pamaoopuTe.

Hecmorpsa Ha TO, 4TO 3aKOHOMEpHBIE MHKpPOCpPACTAHHS cynehoconei
HAGMONAINCh yXe MHOCHMH HCcliefoBaTellgMH, B LEJOM 3Ta 0CoGeH-
HOCTB CIIOXHBIX CYNBLGHIOB U CTelleHbL ee XapaKTepHOCTH BCE eule He
ofCcyxOaack ¥ Ha Hee He obpawanoch AOMKHOrO BHHMAaHHA, B 1o ke
Bpems, NMOCKOJLKY 3AKOHOMEpHBLIe MHKPOCpACTAHHS GIH3KHX HHOAMBUIOB
OTMEeHal/MCh B CY/IbHOCONSX COBEpLUIEHHO pasHOI'0 COCTABA, TO MOKHO
6BNIO TONAaraTe, YTO ©Ta OCOGEHHOCTHL UBISETCS [OCTATOUHO XapakTep-
HOM ANlg NAHHLIX MHHEPAloB M 06yClOBIeHA OGWHMM TPHIHHAMH, CBfi—
SAHHBIMH C HX mpHpofoit. [losToMy Hayuenme 2TOH, Kasanock 6L yacT—
HOlf, OCOGeHHOCTH cynbhocoliell mpuobGpeTaeT ofwee sHaueHue,

HcnonbsoBanue B TOcTieNHee necATHIEeTHe DIIEKTPOHHOrO 30HAA TpH
HCClIeIOBaHHH CcylbGoCOo/eil MONMHOCTELIO TOATBEPAHIIO 2TO TNpeaNnOIoWeHHe
M TOKAasallo, YTO 3aKOHOMEpHble MHKpPOCPACTAaHHS GIH3KMX WHAMBHIOB
ABISIIOTCS BecpMa XapaKTepHOH M caMoOi HArngaHO# OCOGeHHOCTLI CYilb-~
boconeii,

CoemectHo c¢ 10,C, BopopnaeBniM HaMHM TakHe cpacTaHud Gbum
YCTAHOB/IEHbI C TOMOMUBI MHKpo3oHAa |JXA=5 B CyAbHOCOISEIX pa3HOTO
coctaBa B aiikunurax (cmcrema Cu—Pb— Bi — §), GemxamuuuTax
(Cu—-Pb— Ag — Bi —S), mnnacTHHYATBIX W UTONLYATHIX CYIbhoak-
tumounTax cemana ( Pb — Sb — S), B pammopurax (Ag — Pb — Sb — S)
u B ummmHAopuTax-¢ppankeutax (Pb — Fe — Sn—Sb —S). TNomMumo co6-
CTBEHHO CYNb(OCONBLHBIX CpPacTaHHil, HaGMoJaMChL 38KOHOMEpPHbIE CPOCT-
KM Cynbdocolieii ¢ MPOCTBEIMEH CynbtHAaMH: MHHEpaloB psAa AdKHHHTOB
c BHCMYTHHOM B cHcTeMe Pb — Cu— Bi—-S u xosamdra C raneHd—
ToM — B cuctemMe Pb — Bi — 8. [locnenune, Kax COBOPHIIOCH BRIUE, YCm
TAHABJIMBAJMCL pAHee W NPH OBLIYHBIX MHKDOCKOIHYECKHX HCC/enOoBAHHSIX,

CTpYKTYPhI TepeuHCl/IieHHbIX CcpacTaHMii OYeHb pagHoobpasHbl, Cpenu
uux peitetsareie (¢ur, 1, @), narauctee (dur, 1, 6), TepUCTEIS
(¢ur, 1, 6), paomaneHO~TyIHCTEIe M cepormroBuie (¢ur. 1, 2)cTpyk-
TYypBl TIECOYHEIX uacop (¢HMr, 2, @), cpacTaHHsd, HATOMHHAIOIHE 0=
NHCUHTeTHHeCKUe NBOHHMKY (dur. 2, (), BOHAPHO~KOHUEHTPHYECKHE
(¢ur, 2, 6) u rpaguyeckue ((mr. 2,1 ). OrpnenpHele TPHMEpPHl aHa-
NOCMYHLIX H CXOOHBIX CpacTaHuit HaGmopa/MChb M OPYrHMH aBTOpaMu TIPH
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¢ur. 1, Peweryarsie cpactanua cyaspoBucMyTuTa Pb,Cu n Ag ua
rpymsl GeHxamvuEnToB (a). Cepeprbiit Koywpan., B ofpartrHo-pacce-
SHHLIX SNeKTpoHaX, ysen, 240. [larauctmie (6} cpacramis rnamita
(cBeTno—cepeit) ¥ mauncTpemuTa (cepwit). Ceseprrit Koywpan (Ka-
saxcran), B ofpaTHo-paccesmHbix 97eKTpoHax, yBeq, 240; 6 -~ me-
pHCTas CTPYKTypa 3Be3[4aThiX CPOCTKOB KpHCTa/LI0B, 06pasoBanHas Mu-
Hepanamu pgana cemcelnra-ponénmura. Mectopoxnenune Kapa-Kamap
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MHKPO30HIOBOM HCC/le[loBaHMH Cynbdocoseil — KoaaluTa C TalleHHTOM
[15 ]u cy.mgoconeit B cucreme Pb—Cu—Ag—-Bi—S [16]. Yka-
apBAJIOCE TAKke HA HalliyMe 3aKOHOMEpHBIX CPACTAHHN Cpenu Cypb—
MSHO=BHCMYTOBBIX Cyibpoconeii ceunua [ 9 1.

EcTb HecKoNBKO yxasauuit B /MTepaType Ha 3OHApHBIE CpaCTaHHus
pasHBIX (a3 B KpHCTannax GlIeKibiX pyd, YCTAHOBIEHHLIE C IOMOUILIO
sieKTpOHHOrO MHUKposonnma [24, 29, 22,2 ]. Hamu, coBmecTHo C
A.W. llemuubiM, OTYETNHBOE 30HAPHOE CTPOEHHe KPHCTAIOB BeKioi
pyOBl YCTAHOBJIEHO Ha MHKDPO3OHAOE M§-46 B ofpasuax paga Mec—
Topoxnenuit — XKaiipem (Kazaxcrau), Kmouesckoe (3aGaiikanwe) n $S1Xxi—
moB (YCCP).

Bo Bcex cnyuagsx, Korja BellHYMHA OTAENBHBIX (a3 B CYIb(oOCO/lb-
HBIX CPACTAHHAX TO3BOJAJIA NPCOBECTH JIOKAJLHBIE MHKPO3OHIOBLIE AHa—
MHM3BI H TONYYHTh NOPOLIKOrpPaMMBI MHKpOMETOOOM, 6bIIO yCTaHOBJEHO,
4TO KayecTBeHHBI cocTaB cpacraoumxcs (a3 OOWHAKOB H AeBaerpamMMbi
HX OYeHb G/AM3KHM Opyr K apyry. [lo xumuamy daspl pasiMyanTcd MeX—
oy coboif KOMMYECTBEHHBIMH COOTHOIEHMAMH OJHHX M TeX Ke KOMIIO—
HeHTOB, [lopowKOrpamMMer mpu obuleM cXOACTBE ¥ TMOAOGHH PHCYHKA TaKe—
We B [eTangx pasiMyalTcd OpPYyr oT Apyra. STH pa3/Muyusd NpogB/siOTCS
B OCHOBHOM B OGJIaCTH MallbIX YI/IOB OTPaKeHWil ¥ CKashiBaloTCHd B pac—
WeTNeHMH OTAENBHBIX JMHHD, M3MEeHEeHWM WX WHTEHCHBHOCTH ¥ HEKOTO-
pOM H3MeHeHMM MEeXIUIOCKOCTHBIX paccTodHuil. Bce aT0 cBuHaeTenscT—
ByeT O 3HayuTelILHOM pOACTBe cpacTalnumxcd d¢aa,

3axoHOMepHblE CpacTaHHs GIM3KHX (a3 HepedKO yCTAHABIMBAWTCS
B MHHepanax, CYHTABIMXCH MHWHepalLHLEIMH BHAAMH TOCTOSHHOIO COCTa—
Ba, Hampumep, Bo (pankenTe, UMJMHApPHTE, PAMAOPHTE. DTHM, OYeBHIHO,
obbAcHSeTCS HEKOTupas HeOOHO3HAYHOCTH XHMH3Ma H PeHTHeHOBCKHX
XapakTepHCTHK [AHHLIX MHHepasop: Ang ¢pankenta B ASTM mpuBo-
OWMCHL [Be TNOPOLKOrpaMMEbl, 3aMEeTHO paa/Huaioumecs Mexay coboil
B 0o6nacTH MafbIX Y IOB OTpa)KeHMd; a8 HUIMHOpPATA H paMOOpHTAa
$pOopMyJibl CHHTAHCHL CIOPHBIMH,

B szaxkoHoMepHBIX cpacTaHHIX OpYr € APYrOM Ha6/IodalTCd 9acTo
CynbhoCONH, NPH3HAHHBEIE B KAyeCTBe CAMOCTOSITEJILHBIX MHHepalsbHbIX
BHAOB, DTO MHHepalkl H3 psioB ceMceluTa~piONENIUTa H BHCMYTHHA=
ajikuauTa, [lng NaHHBIX CpacTaHHil OTMEYalOTCHd Te e 3aKOHOMEepPHOCTH:
COCTaB HX XapaKTepH3yeTcs TlepeMeHHBIMH KOJIMYeCTBaMH OOHHX H TexX
®e KOMIOHEHTOB H TIOpOIKOrpaMMEbl OyeHb G/maku, PoacTBeHHOCTH
cpacTanMXca MHHepaloB NO psaOy NPH3HAKOB yXe NMPH3HABAlaCh PaHb—
e, H OHH O6LENMHAIMCH B OTHelILHbie KIACCHOMKAIHOHHBIE TPYIINBI
wm panel, Pan ceMcaitura - @onennura ObI HaMeyeH eule B KOHIe

(Cpennas Asus). B o6paTHo-paccesHHEIX ®JeKTpoHax, yeell 270; % —
panualbHO-IyYHCTas CTPYKTypa, OGpasoBaHHad Hro/ib4aThiMH KPHC—
TannaMu ImoMo3uTa B GynaHkepuTe, MecTopoxaenue Muxainosckoe
(BocTounoe 3abaiikanne). B ofparHo-paccesHHLIX SINEKTPOHAX, yBell
300
15 1087
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dur, 2. Crpykrypa "meco4Hmix yacop”, o6pasopaHHad MHHeEpAaJAMH
pana cemcelluta=fronénmura (a). Mecropoxnenne Kapa-Kamap (Cpen-—
uag Asug). B obpaTHo-paccesHHbLIX SNeKTpoHax, yBeil. 270 (a);

i = NACTHHYATas CTPYKTYpa cpacTaHHd paMaopHTa (CBeT/Em) H aH-
nopura (remueii), Mecropoknenue lNotocu (Bomensa). B o6paTHo-
paccesHHBIX SNeKTpoHax, yeen 960; 6 -~ 30HAPHO-KOHIEHTPHYECKad
CTPYKTypa cpacTaHHs (paHKeHMTOB pasHOW CTeNeHH CYPbMSHHCTOCTH.
YepHbie KPHUCTANIB B UEHTPE = NHUPHT; YEPHEIE KOHUECHTPHYECKH=ITO—

226




npouwsioro Bexa JI.CneHcepoM Kak MoOp¢OTpONHas rpynna NiardoHHTa
[13]. OBochopanuem nns Beinenenust rpymnsl CrieHcepy NOCIYXHIH
ONWHAKOBBEIA KAYEeCTBEHHLIH COCTABR MHHepalloB M YCTAHOBJ/IEHHass UM 1O
rOHHOMeTPHYEeCKHM OTHOLIeHHAM ocelt 38KOHOMEepHOCTHL: C YBellHyeHHeM
CoOepwAaHHS CBHHIA BO3pacTall OQHH H3 KPHCTaUOrpaguyecKuX mapa—
MeTpPOB MHHEepAalloB, TO'Aa KaK OBa APYrHX COXpPaHAIMCh HeNn3MeHeHHbIMH,
[loake Ta 3aKOHOMEpPHOCTHL NMOATBEPAKNACH M PEHTrEeHOBCKHM MEeTOOOM.
B nocnegnme roawl rpymma HACYMTHIBANA YeThHIpE MHHepalLHEIX BHAA,
KOTOphIE TIO BO3PACTAHMIO CBHHIA pachpelel/siiiCh CleldylouMM 06pasom:
pronémmur (3PbS-4SboSs), nnarusoruT ( SPbS . 4SbyS3), rerepo-
mopput (7PbS-4SbyS5)  u cemceitnr (9PbS - 4SbyS3).

Pan BucmyTtHHa - alikuunTa noclie pabor K.Hoxancoma [14], ¢.Bux-
mana [28] u K.[lanepwr [20] cunrancs oaHMM H3 nmpHMepoB TpogBIe—
HUsS coBeplieHHoro uaomopduama B cyinpoconax (maomopduam Bi A b2t
Cu' ). B HeM noMuMoO xpaiHux 4neHos (BHCMyTHHA BigSy u aitkunura
CuPbBiS,), mnpusHaBajochL ewe dYeThipe NPOMEKYTOYHHIX: IadHT
(CuPbBigSg). mmnctpemur (CuPbBigSy), penSamuut (CuyPby BijSe))
u xammaput ( CugPboBigSg).

HOKﬁﬂbeIB MHKpPO30OHAOBLIE aHAlM3bl NMMOKa3a/M, 4YTO M B NepBOM H
'BO BTOPOM Clyyasix psfAbl BK/MOYAKT rOpasfo Goblie TPHPOOHBIX COe—
oMHeHMH, YeM 9To cuuTanoch pambuwe [27, 3, 1], Ona psna aiixu-
HHTOB NOIy4YeHH O4YeHb HHTEPeCHbie JaHHBEe C TIOMOUILK PeHTTeHO—
cTpykTyproro metona [ 271, Brino ycramoBiero, uTO uiieHE ®TOro psie
Na pa3mMyanTcsd Mexly coboff He TOJILKO N0 COOTHOIEHHIO OCHOBHBIX
KOMIIOHEHTOB, HO M CBepXCTPYKTYpoii Mo HapaMeTpy ¢. 3To MHOraa
CONpOBOXOAETCH H3MEHeHHeM TPOCTPAHCTBEHHOH# rpymner ot Pbnm no
Pbmm. CnenopaTennHo, OHH TpencTaBAdIOT cOGOH YNOPSANOYEHHBIE dbazbr
H COBeplleHHbll H30MOpU3IM B 3TOM paAdy, Npeanojaraioulii CTaTHC—
THYECKOE, HeyMOpaOOYeHHOe pachpefelicHHe PA3HBIX SJIEMEHTOB B Ofl-
HOM CHCTEMe TouYeK, NpH O6LIYHBLIX TeMIepaTypax 3aech OTCYTCTBYET,
Hcxons B3 CHMMETpPHM TpPOCTPAHCTBEHHOH CPYNNH M CXeMbI H30MOpP(H3—
Ma NpeAcKas’aHbl MHOTHe TPOMeXYTOYHble WieHbl 9TOrO psifa ¢ pas—
myHbEIME CBepxcTpykTypamu [27, 18] HekoToprie H3 npenckas’aHHEIX.
ynieHOB GBUIM 3aTeM OGHapywxeubl B npupofe [1]. B To ke Bpems 2xc—
NePHMeHTANLHBIM HCCIIeloBAHHeM CHCTeMbl BigSq = CuPbBiSy yC—
TAHOBJIEHA TOJIHAS CMEeCHMOCTEH NPH BHICOKHX TeMmepaTtypax, H oGpaaus,
3axkaneHHBIC TIPH DTHX TeMIePATYPAX, CBEPXCTPYKTYPHI HE OOHAPYKH—
pam [25]. Takum o6pasom, NPHPOAHEN Pl alfKHHETa-BHCMYTHHA TpEl-
cTaBlgeT coGOH psiA yNOpsSNOYEeHHBIX (a3, OTBevaloUMil oNpedelieHHOMY
HHTepBally cuctembl BigS3— CuPbBiS3 , B KOTOPOM NpH BLICOKHX TeM—
nepaTypax CYWeCTBYeT HelpephIBHbLII U30OMOpPPU3M,

nocyaThie BhileNleHHs — CTaHHuH. MecTtopownenne Cmuphoeckoe (Boc-
TOYHOE Saﬁaﬁ_xanbe). B o6paTHo-paccessHHBIX 9NeKTpoHax, yBenl. 255;
1 = CpapMueckas CTPYKTypa cpacTaHis BHCMyTHHa (Genmii) M rna-
nuta (cepwiit), Mecropoxnenue Cemepuwit Koynpan (Kasaxcrau). B
o6paTHO-pacCesHHbIX S/eKTpoHax, yeell, 250
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3TOT psAn ynopsOOYeHHEIX COEOMHeHHil XapakTepusyercd OlipeaelleH-
HEIM HaGOpOM TIPH3HAKOB,

1, TlpoMexyTouynbie ylieHbl pana MMeOT OOMH H TOT Xe KauyeCTBEeH-
HBLH COCTAB 2MeMEHTOB, a B LeJloM BeChb psd OTBeHaeT HEeKOTOpOMY
HHTepBally Ha OHarpaMmMe COCTaBOB,

2, Tpu mepexone OT OAHOrO YieHA PAAA K APYTOMY KO/MYECTBEHHLI®
COOTHOIIEHNS KOMIIOHeHTOB 3AaKOHOMEpPHO CKAYKOOGpasHO H3MEeHSTCH,
TpHYeM COOep¥aHHMd MeTallla M TojyMeTalllla CBA3aHbl 06paTHON 3aBH~
caMocThio, CocTaB ®TOr0 psafna MoXeT ObITh . NMpPeACTaB/eH OOHOH ¢dop—
mynoit  Cu,Pb,Big ,5)9. Hamenenne xonmiecTBeHHEIX COOTHOWeHHI KOM-
TIOHEHTOB ¥ COCeOHUX 4JICHOB OYEeHb HEBeJIHKO, DSl HACYHTLBAeT 60Ilb—
II0e YHUCJIO YJIeHOB M TI0 CBOEMY XapakTepy sBlsieTCd KBaHTYOUMMCS
¥ KBasHHENpepLIBHEIM,

3. Ynenwr pana obnafaT ABYyMsS OAMHAKOBBIMHM TIApAMETPaAMH dyeii-
KM, TPeTHH e 3AaKOHOMEpPHO H3MeHfgeTCd C H3MeHeHHeM cocTaBa, a
MMEHHO TNpH yBe/IMYeHHH COOepXaHWd CBHHLIA BO3pacTaeT KpaTHo pebpy
aNeMeHTapHoOll fYeiikd, DTo oTpakaeTcd Ha INOABJIEHHH CBEpPXCTPYKTYP.

4, [ebaerpamMMbi uileHOB pafla XapaKTepH3ylTcd GONBIIMM CXOl—
cTtBoM, HMameHeHMa MX, TposiB/gOumMecd raBHbEM obpasoM B 061acTH
MalpiX YrJIOB OTP&XeHHS, HOCAT 3aKOHOMEpHEBIl xapakTep: NpH nepexo/e
OT OMOHOIO yleHa pgna K APYroMy MO Mepe yBelHuyeHHS coOepwaHHsd
CBHHIla TIPOHCXOOHT pacllenieHde, He3HAYHTe/bHBIH COBHI H HaMeHeHHe
HHTEHCHBHOCTeH OTOeNbHbIXx /MHH{, Yem Gonbllie no coCcTaBy pas/HyaloTCHd
YIeHb pada, TeM Gollee IHAYHTELHO OT/MYAKTCH M HX AefaerpamMmbl,
M, naoBopor, yem 6/MKe OHM IO COCTaBY, TeM 6oJlee CXOOHBI HX PEHT—
IeHOBCKHE XapaKTepHCTHKH,

5. OnpenenenHoli 3aKOHOMEPHOCTH TIOAYMHAETCH H3MEeHeHHe (H3H—
Yeckux CBOUCTB. Tak, N0 Mepe yBelMYyeHHd KOJMYECTBa CBHHIA TpPO-
HCXO[UT NOBLIUEHHE NJIOTHOCTH, U3MEHAEeTCH MHUKPOTBEPOCTH, OTPaMKe—
HHE H T.A.

6. XapakTepHBEl 3aXOHOMepHbie CPACTAHUS YIEHOB psfda — pelleTda-
Thie, rpajuueckHe, NJaCTHHYATHI® M APYrHe, KOTOphie OOpasyloTcss NpH
YTOpAAOUEeHHH BBICOKOTeMIepaTYPHBIX H30MOP(HLIX CMeceil,

M3 nmepeyncrieHHBIX TPH3HAKOBR HaubGOllee CYWECTBEHHBIM SBJSeTCH
ompefelieHHad CBA3b COCTaBa M CTPOEHHsl, KOTOpasi ofyciloBleHa HAad-—
yHeM B CTPYKTYpPax OAMHAKOBLIX cyObdyeeX M HX HapauMBaHMEM IIpH
nepexode OT OAHOrO uileHa psida K ApyroMy. 3TO oOnpefelisieT CTPYK—
TYPHOe POHACTBO OaHHBLIX CoedWHEeHHi M Tonobue nebaerpamm, CaMbmM ke
HArgOAHBIM TPH3HAKOM MOXHO CYHTATL 3AKOHOMEpPHLIE CpaCcTAHMA 4Hilew
HOB psida,

Paccmorpenne umeoumxcs NaHHBIX MO pany cemceiimra~donénnura
TNOKA3LIBAET, YTO M BTOT paad obllamaeT CXOAHBIMH ocoGeHHOCTEMH, [lo
CoCTaBy OH gBJ/IgeTCs KBA3MHENpPepbLBHEIM, XapakrTepHayercd GH30CThIO
nefaerpaMM M CXOOHBIM HMX H3MeHeHHeM TO pady, oflagaeT aHaNOrHY-—
HBIM 3aKOHOMEpPHBIM H3MeHeHMeM (H3HYecKHX CBOWCTB, NApaMeTpOB Sie=—
MeHTapHOH dueiiku ([BA — TOCTOSHHBLI, & TPeTHil yBe/lMyHBaeTca C
BO3pacTaHHeM CBUHLA), ¥ HAKOHell, TECHBIMH CpPACTAHHAMH YIIEHOB s
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na, Bce 3TO TO3BOMMIIO BHICKA3aThb COOOpameHHe, YTO OAHHENT pAd Cyllb=
doconeit gpngeTcs He MOPPOTPONHBEIM, KAK STO NpeAnosaraiock paHblle
CriedcepoM, a mpeAcTapngeT cooji COBOKYNHOCThL YNOPSAOYEHHBIX NPH=-
POMHBLIX COeAHMHEHMi, CXOOHYW C ‘pamom afixmmutoB [3 ],

MuxkpocpacTaHHd XHMHYECKH M CTPYKTYPHO DONCTBEHHBLIX (a3, Ko=
TOpble YCTAHOBJIEHbI B [APYIHMX CY/IbGOCOJBHLIX CHCTeMax, O4YeBHIHO,
TaKKe CBUAETENLCTBYIOT O CYUIECTBOBAHMH B HMX IMOMOJIOFHYECKHX Ppsi=
OB COe[HHeHMH, ITO NOAKPEen/geTcs CXOACTBOM 3aBHCHMOCTH Meway
COCTABOM H CTpOeHHMeM [aHHLIX $as c ToH, KoTopas YCTaHOBIIeHa B
ONMHCAaHHBIX BLIlle XOPOWO H3y4eHHbIX psanax. Takum oGpa3om, HaMedeHbI
pane:: GerwaMuHnTa — Geppunta B cucTeMe Pb — Ag — Cu — Bi —§
[12], ryurappura - muumanuta B cucteme Pb— Bi—S [17], an~
OopHTa — paMaopuTa ¥ Ap. B HekoTOphIX cllyyasix ynaeTcsi BbIIBHTB
nenvie cemeiicTBa TakHMX pganos, [lono6Hoe cemelCTBO yCTaHOBJIEHO, Ha—
TpEMep, TIPH UCCIIeOOBAHHH YTOMHHABLIMXCS Bhbille LHIMHAPHTA U (paH-
keuTa, BMecTo 9THX OByX MHHepalloB, NMPH3HABABIIHXCA paHee B CHCTE—
Me Pb — Sn— Fe — Sb - §, oBHapyxeHa COBOKYIHOCTBH NPHPOAHbIX
COe[WHeHMI, pas/HMyalnlMXcd Mexay coboif To cocrTaBy: C OAHOM CTO=
poHbl, cooTHowenuamMu Pb u Sn, cBazanubpiME 06paTHOH 3aBHCHMOC THIO,
a c apyroit = otHowenHeM ( Pb + Sn):Sb. Bce omH, kKak ykaswbBalochb
BbILE, O6JIaNAT pOOCTBeHHBIMH AeGaerpaMMaMH H BCTPeHalTCd B pad—
HOOBpA3HLIX 3aKOHOMepHBIX cpacTanuax (4]

Hanuyne ykasaHHBIX NOMOJIOMMYECKHX PSOOB CYylbocollell cBHAETellb-
CTBYeT O TOM, 4YTO H3OMOpPGU3M MeTalllioB M TOJIYyMeTalllioB, T.e. HX
CTATHCTHYECKOe paclpefelieHlde B CYJIbPOCONAX B Npedesiax OAHOH M
TOi e CHCTeMbl TOYEK, OYEeBHOHO, CYUWECTBYeT J/HMUb NPU BHICOKHX TeM—
nepaTypax. Ilpu OGBIMHBIX YCOBMAX M3OMOP(H3M YKA3AHHLIX BIeMeH—
TOB B CTPOrOM NOHHMAHHH ITOrO TepMHHa He HabmooaeTcs M H3OMOPH-
Hble CMECH pacnajalTcd Ha ynopsaoyeHHble ¢daarel, Ilocnennne oGpa-
3yIOT 3aKOHOMEpHbLIe CpacTaHWd APYr C OPYroM U pas/MyaioTCd MeX-—
ny cofo#t kak nmo cocraBy, Tak M 0O CTeneHu nopganka. [loscei
BEpPOATHOCTH, TaKHe CpacTaHusg IO Mepe HAKOIIeHHS (GaKTOB Moo=
WHO OymeT WCHONMB30BATL B KA4YeCTBe IeO/IOTHYECKHX TepMOoMe-—
TpPOB,

(CXo[Hble 34BHCHMOCTH M COOTHOIWEHHH MEXAYy COCTABOM H CTPOe=—
HHEM B BHCMYTO=CYPBMSHEIX CYJ/IL(GOCONHEX NOIBOHMIY HAMETHTE COOT—
BeTCTBYIOUME PAOBl B B APYyTO#l rpymme cyliupocolnieil — BUCMYTOBBIX
MeMCOHHTOB M KOGe/nHTOB, YneHE! ®THX pANOB XapaKTepU3yOTCH Nepe—
MEHHBIMH COOTHOWIEHHSIMH CYPBMEI H BHCMYyTa., DTO, BHOMMO, OBOPHT
O TOM, YTO H3OMOPPU3M MOIYyMETAaVIOB B CYNL(POCOIHX TONKEe BO3MOXKEH
ML TIPH BBICOKHX TeMINeparypax. [loHmkeHHe TeMiepaTypbl COMpo-
BOXIaeTcd YNOpaAo4YeHHeM 2/IeMeHTOB B [pyIle NOIyMeTallioB, Mox-
HO TOJIaraTk, 4TO NOAOGHON# NMPHYHHON OGYCNOBIEHLI TEKHKEe 30HApHbIE
CTPYKTYpPHI 6/lekinix pyd. BosmoxHocTe H3OMOpdHLIX 3amMeueHwuit cpeau
MeTamioB B Cyibdocossgx uaydyeHa HauGolee ciabo, OgHako M 3mech,
OYeBHAHO, CTATHCTHYECKOe paclpefeleHHe PA3HLEIX MeTalUIOB 1O OAHOI
H TOif e CHCTeME TOYeK NPOHCXOAHT JHIE B BLICOKOTEMIIEPATYPHBIX
YCIIOBHSIX.

229



Taxum o6pasom, H30MOpdHasg CMECHMOCTB SAeMEHTOB rpyuner A
(meTamior) u rpymmsr B (nonymeramnnos), Tak e kak H3oMopdHas cme-
CHMOCTL 9JIeMEeHTOB B Tipeflellax Ka)AOH rpymnnel, C TOHWKEHHEeM TeM-—
nepaTypel CMeHdeTcsl yNnopsooueHHeM H pacnaloM TBepAbiX PacTBOPOB.
IT0 NOPOXKIaeT MOMOJIOTHYECKHEe Psfbl, XapaKTepHbIM NPH3HAKOM KOTO—
PhIX SIBIGITCHA 3AKOHOMepHBIeé CcpacTaHUd 4YJIeHOB pPada.

[lepeuyucienHeie Bbillle TMPASHAKM TOMOJIOrHYECKHX PSAOOB CYIH(GOCO-
nleft, BKMOYas M 3aKOHOMepHEIE MHKpPOCpPACTAHHS, CXOAHLI C TeMH, KO-
Tophie yxkasmsaorca A.JI. Yapcmm [10] nma pamoe ymopsnowemnbix ¢as
GepronnnaoB. Te e NPH3HAKH G/H3KH K OCHOBHBIM XapPAKTePHCTHKaAM
nonuMepoB. Taxum o6pasoM, OMHCHLIBAEMEE DPAABI CYNbhocOielt, ¢ Of-
HO}i CTOPOHBI, MOXHO TPAKTOBATL, KaK psfdbl YNODSOOUYSHHLIX (a3 Gep-
TOJUTHAGB, 8 C APYrofi — Xak paabpl HeOPraHHYeCKHX INOJMMeproMolio—
ros. B mofom cilyuae BhilefleHde MOMOJIOCHYECKHX psOOB CYylbGoconei
BLISIB/IIeT CBfI3H, CYWECTBYWOUME MeXAY STHMH CIIOXHEIMH COeHHEHHS-
MH H, OYEeBHIHO, NOJ/DKHO Jledk B OCHOBY palHOHANBHON KlaccupuKaluuu
OaHHBIX MHHepaloB, Tak ke kak BhieJleHHe NOMOJIOMHYECKHX pPSAOB B
nmonMMepax, Ha BaxHOCThL 4ero ykKasbiBan B ceoe Bpems .M., Menne-
1eeB, BHIABIEHHE TAKHX PAOOB B CYNBQOCONSX HMEeEeT OYeBHAHEE IpeH—
myuiecTBa, OHO NMO3BONMeT, UCXOAS M3 YCTAHOBIEHHOH 3aBHCHMOCTH,
KOpPeKTHPOBaTEL NOJIyYaeMble JaHHbIe O CBOHCTBAX, COCTAaBe M CTPOSHMM
cymbhoconeit ¥ NpeOCKA3BBATHL OTAENbHLIE UX SHAYSHHS [IE HEH3YUYeHe
HbIX 4YJleHOB psaa,

CnepcTeueM OBLEKTHBHOI'O CYUECTBOBAHUS IOMOJIOMHMYECKHX PSAOOB
cynbbhoconell gBigeTcd TO, WTO HEPEAKO NOA OOHMM HA3BAHHeM CYbho-—
CONILHOrO MHHepalla ONMUCHBAeTCH HeCKONMLKO NPUPOAHBIX COeNMHEeHWi,
POACTBEHHBIX CTPYKTYPHO H XHMUYeCKH. DTO H NOpO¥KAaNo HeoObACHH—
Mble paHbllle HeolpedeleHHOCTH dopmyn u AUMPPAKUHOHHEIX XapaKTe pHCTHK,

TMocKo/bKy YHGJIO yCTAHAB/MBAGMEIX TPHUPOOHBIX COENUHeHui B IO—
MOJIOTHYeCKHX pAalax oBBMHO HaMHOIO HNpeBpNlaeT KOIMYeCTBO MHUHE—
panbHEIX BHAOB, M3BECTHLIX B HAHHBIX MHTEpBallaX COCTABOB, BCTaeT
pormpoc 06 HX HOMeHK/IaType, CoBepileHHO fICHO, MTO AaBaTh HA3BaHHA
KaXaoMy uileny pafa nenenedooGpasuo. [losromy npr onucCaHnuy HOBBIX
cynshoconelt HeoGxoAHMO NPUHHMATE BO BHUMAHHE MX BO3MOKHYO TpH—
HaOIeWHOCTL K OnpellelleHHOMY FOMOJIONHYeCcKOMYy psaAy. BoamMoxHO,
WHOrOa nydlle OTKA3HBATLCH OT BHAOBLIX HASBaHHii MHHEpanos, 3a-
MeHSs HX Bollee WHMPOKMMH TIOHATHIMH pana H CeMeHCTB,

B zakmouyenuMe cliellyeT OTMETHTb, 4TO H3y4eHHe 34KCHOMEepHBIX
MEKpOcpacTanuit cynbdoconeit uMeer Gonpuoe sHayenne. Bo-nepBrix,
Kak CTPYKTYphl pacmaga TBepAbiX pacTBOPOB 3TH CpacTaHH:A WpH [0—
CTATOYHOM KOJMYECTBE PKCNePHMEeHTANBLHBIX [AaHHBIX CMOIMYT HCTOMEL30-
BATLCS B KAYeCTBe Ieojoridyeckux TepMoMeTpoB. Bo-BTOpHIX, OHH, BO3-
MOWHO, TOCTYXHUB [Nl ANCKpeOUTANHM MHHEepaibHOrO BM[4, HA CAMOM
nene MOr'YT yKaapBaThb Ha Cyl]leCTBOBaHHe HeclpapedMBO OHCKPedH=-—
TMPOBAHHOIO MHHepala TpH 6oliee BRICOKOTEMIIePATYPHBIX YCJIOBHSX.

W Haxonell, kaK XxapakTepHhl TPH3HAK MOMOJIOCHYECKHX PAOOB CYllb=
jocomnell 3aKOHOMepHBIe CPACTAHMA CIIOWHBIX CY/ILOHAOB MOI'YT OKa3bi-
BaTh GOMLIYIC NOMOWL B BLIABNSHHM HOBBIX PAOOB H CceMeHCTB,
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ABSTRACT

The existence of the regular microintergrowths of sulfosalts have been
discribed by some authors in the process of microscopic and x—ray inve—
stigations of these minerals, But Litherto the nature and the origin of the—
se intergrowths have not been discussed. The use of a microprobe micro—
analyser showed that the microintergrowths having regular textures were
characteristic for sulfosalts of different composition (sulfobismuthites and
sulfoantimonites of Pb, sulfoantimonites of Pb and Ag, sulfobismutkites
of Pb and Cu, sulfobismuthites of Pb, Cu and Ag, sulfostannates of Pb
and Sb, sulfoarsenates of Pb and fahlerz). According the microprobe deter~
minations the composition of the phases in microintergrowths are usually
characterized by the variable relations of the same components. Sometimes
variation range is insignificant. The powder patterns of the phases in
the intergrowths are very close to each other and are distinguished only
some detailes (splitting of some lines, their insignificant shifts and small
change of intensity). Ali these effects tell about Structural relac1onsh1p of
intergrowing phases. The microintergrowths are often observed in sulfosalts,
which were considered as the minerals of the constant composition. Becau—
se of such integrowths some minerals of this group have uncertain compo~—
sition and x—ray characteristics.

The comparison of the results of sulfosalt integrowth investigations
with data on homologous ordered series of bertollides (Wedsely, 1971)
shows that these intergmwths are characteristic just for such series and
the reason of their orlglnation is connected with the ordering of solid so~
lutions. It is possible, that in future the microintergrowths will be used as
a geological thermometer.
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A. II. XOMAROB

THUIILI 3BAKOHOMEPHBIX CPACTAHIII MUHEPAJIOB
FPYIIIIBI KEJIBIIINATA

Bonoconepxaummii CHIMKAT UMPKOHHA M HATPUS — KeJLIUHT BIEepPBRIS
omucan B.WU. Iepacumvosckum [ 1], xoTopsmv oTmeuenwr ang mumepana
NepeceKaloWHeCs TNOJMCHHTeTHYecKHe nBoiHuku. Iloanmee B cpocTkax

C KelAbNUMTOM Obilla OGHapyXeHa ero Hopas Ge3BoOAHad MOAHPHKALUS
[5, 4, 31, oTmruaowasca oT Bogocofepkauieil PAAOM CYUIECTBEHHBIX
ocobennocteft (ra6n, 1), OoHaxo u Ana HOBOj MOOHMKALRH OKA3a~
7IOCh XapaKTepHbIM HaHyHe CJIOWHBIX NOHCHHTEeTHYECKHUX [ABOHHHKOB,
Paamiyare ofe dasbl B npospaynbix WHPax MeTONOM BH3YAILHOIO
CpaBHeHHd TPAKTHYeCKHM HeBoamomxHo, [l/19 yBepeHHOH OHArHOCTHKH,

a Takxe c lenbio 6Gonlee cTporoil MHAMBHAyaiMsaluuH ¢as NoTpeBoBa-
NOCH BBINOJIHUTL [eTallbHOe KPHCTANIOONTHYeCKOe HCClieOBaHue, pe—
3yNbTATH KOTOPOrO H3jarailnTcs B HACTOAWEH crarTke.

- KenoenuaT H MOOH(HMKAUHA XelALMIATE 0OpasylOT aKUeCCOPHYK BKpal-—
NeHHOCTH B PAa3/MuHBIX Toponax JloBosepckoro H XHOMHCKOO MAacCHBOB
(Koneckuit mommyoctpor)., O6a muHepala TPeACTABICHLI 3epHAMH He-
NpaBUIILHON GOPMBEI pasMepoM 1-5 MM H MEJIKO3ePHHCTHIMH arperarta-—
MH, B KpynHEIX 3epHAX MHHepalbl HAAeXHO MHATHOCTHPYIOTCH NMOA GH—
HOKYJdPHLIM MHKpOCKONoM, KenapmmT oKpalleH B CHeXHO-Gesbli LBeT,
HEeNpo3payeH, HMeeT MATOBBLIM MM LWeJIKOBHCTHI 6lleck, o4eHb Xpyi-
KMif, cNabbiM YCH/HMeM pacTHpaeTcsl B TOHKHiIi mopowok. B ormiume ot
KenaALuTa ero GeaBoaHad Momu¢MKauusi GecupeTHa, NMpo3padHa, HMe—
T CHMIBHEN CTeKNSHHLN GIEeCK ¥ BBLICOKY TBEpAOCTh,

B wmmdax oba MHHepana npe[cTaB/eHbl arperataMd 3aKOHOMEPHO
cpocluMxcs HHAMBUAOB (cy6uHmMBMOOB). XapakTepHBIMH THIAMH 34KO-
HOMEpHLIX CpacTaHHil gBIAOTCH:

1. Nepecekaoumecs no/mcunTeTHyeckne nBoimuku (dur, 1). 3epua
- Kaxaoi gasel MMeloT pelleTyaToe CTPOeHHe, obOyCl/IOBIIeHHOE pasBHTHEM
[OBYX CHCTeM [BOIHHHKOBLIX TiacTuHoK (B m C) B Tene xpmcramia c
ucxonmHoit pewerxosr (A). Tomumusa A-HHIHBUOOB, sanumawmmx 90%
obutero obrema, oxkoiio 0,1 MM, B- u C-HHOMBHIOB, COOTBeTCTBEHHO,
okono 0,01 u 0,001 mM, CreneHpr CABOMHMKOBAaHHOCTH 3epeH (umcno
TPOCTIOeK B eAWHHIE TShLoMA) ¥y KeNabluHTa Ha l1-2 Topsiika Bbille,
yeM ¥ OeaBoHO# MoOuduKanku., TeKCTYPHbI{ pHCYHOK NBOHHMKOB H pas—
Mephl HHIMBMAOB y MHHepalloB u3 JloBoseptkoro H XuGHHCKOrO MaccCH—
BOB OJHHaKOBBI, Bo BCex ciyyasix Gollee TONCTHIE TIACTHHKH CHCTEMBbI
B sanumaloT cekyuiee NOJOXEeHHEe O OTHOWEHH® K Gollee TOHKMM miac—
trHKaM cuctembl C, [To cBOHM MOpPPOOrHYecKAM OCOGEHHOCTSM pac-—
cMaTpHBaeMbll THI 3aKOHOMEpPHBIX CPACTAaHHii COOTBETCTBYET MeXaHH—
YEeCKHM [BOHHHKAM, XapaKTepHbIM VI8 KallbLUTa U pans APYrHX Mi—
wepanos [7 1. _

2, DupoTakcuyeCKMe CPACTAaHMs KelblHTa H Ge3BOAHON MOMHdM-
Kallu¥, YCTAHOBJIEHbI [Bé CHCTeMBI TIepPeCeKAlOUINXCH I7aC THHYATHIX
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Ta6nuua 1

CpaBHuTeNIbHAsl XapaKTepHCTHKA KeJlAbIunTa
MOANHKAUHH KeAOLIHTA

H OesBoOHON

CeojicTBa MHHE~

Kengpmmt Naal-[zfz

Monupukanng Kellbi—

paioB (Sig07)90,5H90 ‘umra NagZrSigO7
a, 9,24 9,31
bg 5,34 5,42
<o 6,96 6,66
a 920 94°1 5,
B 116° 115°20
y 88° 89°35'
vg 308,3 302,8
Z 1 : 2
XapakrepHbie - 8-4,18 6,5-4,18
HUM nebae~ 10-3,99 6-3,08
rpamMMEl, 5-2,97 -
3-2,90 10-2,91
2-2,74 6,5-2,71
Yn.eec 3,22 3,33
TeepaotTs, kI/Mm2 3,44-458 406-687
User CrexHoO=Ge ki BecuseTHI

Breck

ng
nm
np
ng—np
2V

MaToBEi, wWenko-
BHCTBII

1,710
1,682
1,662
0,048
+83°

CTexngHHbIiT

1,718
1,697
1,870
0,048
w239

BPOCTKOB Teppoil daski Bo Bropoi (¢ur, 2), Obe cHCTeMEl HIACTHHOK
HaxoOaTCs B TpajllellbHO# OPHeHTHPOBKE M MOracaiT OOHOBpPEMEHHO,
Mopdonoruyeckn OHH aHANOMHYHLI TEPeCeKAaloHMCS MOHCHHTE THYeCKHM
ABOMHMKAM NEepBOI'O THM&, HO KOHTPOMPYITCH MJIOCKOCTIMH C HMHBEIMH
KpHCTAalNorpagMyecKiME CHMBOIAMH,
3. Henomupie romMoocembie nceBAOMOpP}O3LI KeJABWATa Mo GeaBONHOM
Moaudukanuu, B cpocTkax aTtoro THmna, xapakTepHbiX kKak ang JloBo—
8€pCKHX, TaK M And XHGHHCKUX HAXOOOK, HOBOOGpA3OBaHHBLII MHHepan
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dur. 1. lNepecekaomnecs TOIMCHHTCTHYCCKHE [ABOHHMKH MOMNGUKAIMH
kenaenuurta, Ilpospaunnit wimg, ¢ ananusaropom, yeena. 300

dur, 2. DHAoTAKCHYeCKHe BPOCTKM Kelawiuuta (Geiioe) B MOmMdu—
Kaunn Kenabmuura, [lpoapaunmii wmid, ¢ aHammsatopoMm, yBell 100,
[rarumoc THKA MHHepalloB OCHOBaHa Ha ONpefelleHHH ONTHYEeCKOro 3HAKA
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Tabnuua 2

BaanMooTHOWeHN S KpHC'rannorpa(jn{qecxux H ONTHYECKHX 2JIeMEeHTOB

CumBoner u JIb)
Soct UYucno Hab- it
Kpuerannorpabuyeckue IEBOHE ke moneHui i enn
s o6o3HayeHust K ocaMm
Ng
[lnockocTs cpacTanus (001) 6 79°
oBoitnukoB A B B, co- .
BeplleHHadg CHaiHOCTh
CnaiiHoCThL COBepileHHas (100) 3 84
[TnockocTh cpacTadus (111) 4 24
neoiiukoe A u C, co-
BeplleHHAsd cnaiHoCTb
CraifHOCTbL COBeplIeHHAs (I11) 3 59

HacllefyeT OCHOBHEI@ [eTalldi BHYTPEHHerO CTPOSHHHT 3epeH HCXOOHOH
dasel, BKMOYAd PACHOJIOKEHHE NEepBHYHBLIX OBOHHHKOB, I'paHHIBI MeXay
dasamMu B NMOOOGHLIX CPOCTKAX HEPOBHbie, HU3BHIBICTLIE, YYacTKH 3epeH,
NpHHaONe¥awwe KeJAbNIUTY W 6e3BoOHO# MoOHGUKALHH, TOracamoT pas—
HOBPEMEHHO, T.e, KaXAnll MHHepal HMeeT HHAMBHOYAILHYIO ONTHYECKYIO
OpPHEeHTHPOBKY.

O6a muHepana OTHOCATCH K TPHKIIHHHONH CHHCOHHH, HO B TO e Bpe-—
Ms O6NafaT SPKO BLIPaXeHHO! TpHroHalibHO# TicepnocuMMeTpHeii, Oua
posIBIsIeTCH B PA3BHTHH COBEPIIEHHOH cNaiHOCTH M0 HceBaopoMGo2apy
C yrioM Mexay TIIOCKOCTAME OKOIo 80° u MMHAKOUNY, 06pasywuemy
C YKasaHHBIMH TJPCKOCTAMH yrilel okonio 60°, B ToM u ApyroM MHHE-
pane cnaifiHoCcTL MO TIHHAKOHAY TNapajilelibHa Haubojiee TOJICTBIM ABOMH-—
HUKOBBIM NJIACTHHKaM cuctembl B, Popuple miockne CKONbI B STOM Ha-
NpaB/IeHHH CTPOrO COBNAMAIOT C IPaHHNAMH OABOWHMKOB, B CBE3H C 4YeM
6BII0 GBI TIPABHILHe® ONMHCHIBATE HX KAk OTOeILHOCTE,

KpucTanionTHuecKoe HCCle[OBaHHe MHHepalloB BEMOIHEHO Ha YHH-
BepcalbHOM cTo/mke ®epopopa, MamepeHHd mpoBefeHEB! HA HECKOJBLKHX
OecATKax 3epeH B CUeUHANLHO U3roTOBRJeHHbIX uumbax. [lockomsky o6a
MHUHEepana THMIEeHbl eCTeCTBEHHOI OrpaHk®, DaHHbIE H3MepeHuit BHayane
NpHBLA3LIBAIINCE K OCAM ONTHUYECKOH WHAWKaTpuchi, [lanpueituias zanaya
cocTodna B TOM, 4roGhl NPHBE3ATL STH AAHHLIE K KPUCTANIOrpaduuecKum
ocam X,Y, Z. C 9roit Uenelw Ha crepeorpadu4ecKOil NPOSKUHH KAK—
noro MuHepana GbuiM ocylWecTBIeHbl npeoGpasoBanus (MOBOpoTHI) @Kc-
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B KpHCTalule KeldbIUHTa

Yraw maknona [TongpHble KOOPOMHATEI
K ocaM
Hsmepel-mb!e BEIYHCJIEHHEbBIS
Nm Np & P ® P
5&8° 35° 85° 26° 84°40' 26°06'
(o] [ 0 1

56 35 89 20 88%45 20°00
68 82 348 53 345°15' 54°00'
33 80 198 50 195°20 52°57

MepHMeHTallbHO HallleHHO#t CHCTeMBI TI0/IOCOB M ocell, KOTOphle COB—
MeCTH/M ee C CHCTeMoOi, paccYyHTaHHO! TIO TmapaMeTpaM 2/eMeHTapHOM
dueiku, ‘

PeaynutaTel BouHCTIeHHHE M 06paGOTKH TONYyYEHHBLIX OAHHBIX C TIO=—
Mombio ceTKH Bynbpa orpamenbr B Tabim 2 u 3, YcTaHOBNEHO, YTO
ofa MHHepanla 067Iafal0T COBEpPUIEHHOH CHAHHOCTHIO MO OOMHAKOBBIM
M/IOCKOCTAM, OTBedalouMM Tcepaopomboaapy (100), (T11), (I11)
u muHakouay (0O01). B Tom u gpyroM MuHepalle MHAMBHOLI CHCTEM
A m B copoifHMKOBaHE! TIO 3aKOHy ocHM Y, NIOCKOCTB CpacTaHHd (001),
Mufubuner cuctem A m C cpacTaioTcd B KelALILHTE IO (111); B vio~
mmukauuy Kenapiuura — no (132) (saxon ocm X). B sunorakcu-
YeCKMX CPOCTKax TIOCKOCTH cpacTanusa das mapaniensher (112) u
(302).

Hecnenopanuw Ha ¢GenopoBCKOM cTo/MKe GBI TNOABEPTHYT Takke
CHHTETHYECKH{ aHANOr Gea3BOMHON MOOMPEKamMM Kejgsmuta [2, 6],
Bce kpucranini ®To#t $askl 0OKasaMCh TOMMCHHTETHIECKH CHOBORHHKO—
BAHHBIMHM TIO 3aKOHY ocu Y, miockocTk cpactanua (001). Kpome To-
0o, B HHX Habmopaimch TOHUaMNe NBOWHUKOBLIE BPOCTKH TIO TIJIOC—
kocram (111) w (31T). Hexkyccreenubit u npHpoHbil aHalorH Gea—
BOOHO# MOOMGHKANMHM HMEIOT OAWHAKOBYIO ONTHYECKY OPHEHTHPOBKY,
OT/IHYHYW OT OPHEHTHPOBKH KelawuuTa., B wyactHocTH, nna Haubonee
BaXHO# B [HACHOCTHYECKOM OTHOMeHMH miockoctH (001) mnonyueHs:

crledylouMe yribl HakioHa momoca (P)  k ocsM onTHyeckoid HHAHKAT-
PHCBI.
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TaGauua 3

BaauMooTHOWEHH KpHCTanmrpatbnqecxux " ouTHYeCKUX I NEMEeHTOB B

CHuMBOJIBI M YT
Kpucrannorpaduueckue Yucio HaKIIOHa
B6ykBeHHbIe
2/IeMEHTEI Hab6mo= K ocaMm
obo3HaueHHs
NeHHi
Ng
CrnailHoCTE COBeplieHHAad (100) 10 63°
(111) 5 32°
(i) 6 64°
[InocCKOCTH CpacTaHHd ABOH- (001) s89°
HuKOB A ¥ B, coBepuiennas
cnaHOCTE
[70CKOCTE CpacTaHHS [IBO ji- (Is2) 4 34°
uukos A u C
[TnockocTh cpacTaHHs Kelk= (112) 6 79o
apumTa [l © xenabiiH-
ToMm | _
To xe (302) 4 66°
Kengbnumr Besponnag momudukaums Kesawnuura
' NPUPOAHBLIA MaTepHan  HMCKYCCTBeHHEBIE KPHCTAJUILl
Ng « ; 79° Ng =89° Ng =89°
P—Nm = 58° P—Nm = 83° P=Nm = 76°
Np=35° Np =7 Npi =15°

Hapsiny ¢ npyrumH QaHHBIMH MHAMBHAYAZBHOCTB OTTHYECKOH OpHEH-
THPOBKH CJIyXHMT BAXHELIM NOKA3aTeILCTBOM MHHEpallOrHYeCKOH Ca—

MOCTOATe/IbHOCTH OBYX H3YYeHHBIX MOOHQHKALMHA KelObILHTa,

HauGonee xapakTepHbLIMH AN H3YyYeHHBEIX MHHepAallOB SIBIFIOTCS Mep—
Bbi M TPeTHHl THILI 3aKOHOMEpPHBIX cpacTaHui. Mopdonoruyeckue oco—
GeHHOCTH TepeceKaloUMXCA MOJHCHHTeTHYECKHX ABOHHHKOB NMO3BOMNSIOT
TNPeANoJIOKHTL, YTO HX OGpa3oBaHHe NPOMCXOAMIO B pe3ylbTaTe MNilac-
THYeCKOH Nedopmanun 3epeH, O06yCJOBJIeHHOH MoTaMOpdhuaMOM TMOposa
H TepecTpPOiKO# KPHCTAJUHYeCKOH CTPYKTYyphbi NMPH 3aMeuleHHH Gea-
BOJHOIO CH/IMKaTa LUHMDKOHHS BOJOCOAepkawMM aHanoroM. Pan npus-
HAKOB, ¥ B YACTHOCTH G/IH30CTHL NapaMeTpoB 3JleMeHTApHOH! HyellKu
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KPHCTA/Ne MOOHGHKAIMM KelabiluHTa

S [NonsapHeie kxoopaMHATEHL
K oCsiM L
NOPQTH‘IQCKHE K_CHepHMGHTaHI:HbIe
Nm Np @ P ¢ P
{
842 76° 88°27 | 900, 88°3c! 00°
84° 59° 346 14,  53°11 346730 547
47° 54° 195717 50%21' 198° 49
83° 7° 76°36  25%2' 79° 21°
]
68° 66° 2°18° 62°41' 2°30" 65°
o] - [
54°  38° - 5036 48°1" 53° 48°
L it
48° 52° 274°23  35°36' 276° 38°

aByx ¢as, ykaspiBaeT Ha TO, 4TO CTPYKTYPHOE pasiMyde MewAy HUMH
He CJ/MIIKOM Be/MKO. DTHM MOXKHO OOBLSCHHTHL OGpasoBaHHe KakK SHOO0-
TaKCHYeCKHX CPOCTKOB, TAK M I'OMOOCEBBIX TnceBaomMopdos,

3amemenne MOOMPHKALMH KeJOLIUMTA Ke/bIUATOM I[POHCXOOHT B
' peayibTaTe NOBBIWEHHS AKTHBHOCTH BOOE Ha 3aKIOYHTENLHON CTa—
oMM KpucTaumsamuu mnopoa. Oomako B CBg3H C  oOmuM fnepuurTOM
BOOBI B IIeJOYHO# MarmMe peaxkuud 3aMelleHHs He [JOXOAHIH [0
KOHIA,

Ananoruynsie HENOJHEBIE INCeBIOMOpPhO3B BOAOCOAEpPXAalMX MHHEepa—
nos no GeaponHelM ofpaayiorca B JloBozepckoM ¥ XHOGMHCKOM Mace
CHBAX NpH 38MEIIeHHH J/IOMOHOCOBHTA MYPMAHHTOM H BYOHHEMMTA SIlH-
CTONHTOM. :

Brnaronaps CTPYKTypHOR 6nM30CTH yKA3aHHBIX Map C/IOMCTHIX THTa-
HO-HHOGOCHIMKATOB Npu 06pas3’oBaHMM NCeBAOMOpP)O3 HANPABIEHHH KpH=
craiorpabudecKux ocell, IeXalkX B NIOCKOCTH INIACTHHKH. H IMEDHO-
Obl  MASHTHYHOCTH BAONBL STHX HaNpaBleHHH OCTAalOTCH HEeHSMEeHeH-

HBIMH.
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ABSTRACT.

The Lovozero and Khibina zirconium silicates having compositions
NagHZrg(Sig07)9:0, n HgoO (keldyshite) and NagZrSigO7 (unhydrous mo—

dification of keldyshite) occur as grains of thuree types:

1) Composite polysinthetic twins, in which are two sysyems of cros—
sing lamellae (B and C) in the initial crystal body (A) of the each phase.
Thickness of the lamellae 0,001 — 0,01 mm;

2) endotaxic intergrowths of keldyshite with the unhydrous modificati—
on of keldyshite, which look morphologically like the crossed polysinke—
tic twins of the 1—st type, but they are controlled by different crystallo—
graphic planes;

3) homoaxial pseudomorphs of keldyshite bormed by replacement of its
unhydrous modification. Pseudomorphs reflect the principal details of
unhydrous phase grains construction,including the disposition of primary
twins.

Optic orientations and twin laws were determined on the universal
stage. In both phases the individuals of A~ B—systems are twinned accor—
" ding to the axis law [010], twin plane is (001); the individuals of A— and
C—systems are twinned according to the axis law (100); ¢win plane is
(T32). Accoretion planes in the two—phase intergrowths are parallel to
(112) and (302).

It is supposed that formation of the twins and the endotaxic intergrowths
took place owing to plastic deformation as the result of metamorphism of
the host rocks and of reconstruction of crystalline substance during repla—
cement of NagZrSigOy by its hydrous co—memder.
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H. TI. IOIIKNH, A. M. ACXABOB, A. ®. KYHI

PETEHEPAIINAA JTE®OPMHUPOBAHHBIX KPMCTAJLIOB
MHHEPAJIOB (OHTOTEHETHYECKHE
1 KMHETHYECKHUE ACIEKTHI)

MexanndeckHe HaNpsDKeHWsd, MCNBITAHHble MHHEpA/IbHBIM HMHAMBHAOM, a
TaxxKe AedhopManuoHHble M3MeHeHHsd, OOYCIHoB/leHHble APYTHMH NpHYHHA—
Mu (HanpuMmep pacTBOpeHHEM ), OKA3hIB&OT BeCckMAa CYMECTBEHHOE BilHA—
HMe Ha ero pgalbHeifee paspurue [ 4, 5]. B npuponsol mocnenedopma=
OMOHHOA HMCTOPHM MHHepana Hepeako CO3[A&WTCH YCJOBHA, KOT[AA MHHE=
panoobpaaywmas cpefa cCIocobCcTBYeT PercHepauHy M NPoAo/DKEeHHMIO poc—
Ta AepOPMUPOBAHHOI'O MHAMBHAA, B MCKYCCTBEHHOM BBIpAIMMBAHHM KpHC—
TAINIOB TpOLECC HAPACTAHMS HOBOI'O MaTepHAala Ha 3aTPaBKy Takxe
dangercd, Mo CyTH Aefna, NMpolueccoM pereHepandH 3aTpaBKH,

Percuepanuss Hu B ¢H3HIYECKOM, HH B Mopjo/lorH4ecKoM, HH B KHHe—
THYECKOM AacHeKrax He gBIfeTcss 4aKancreM pocra, 3To ‘BeckMa creny-
¢uyeckuit mpounecc, XapakTepuaylomuics OCOOBIM MeXaHHaMOM M (OpMu~
poBaHHEM CBOEO6GpPA3HEIX NMUpaMHA pereHepandH, CYIIeCTBEeHHO OT/IHY8-—
omuxcsa Moppoiioruell ¥ wecroBaThlM BHYTPEHHHM CTPOEHHEM OT INIOCKO-—
SOHA/ILHBIX TIMPaMM[ HapacTaHus rpaHelt cramuHoHapHod dopme! (¢ur, 1).

IMockoneky mpobnema pereHepanuu aBNgercd oaHol M3 HaunbGonee Cla-
60 u3y4eHHBIX npobnem MHHEepanorHYecKkoh KpHCTaiorpadHH, OCHOBbLM=
BagCh B IMepBYW odepenb HA OHTOI'E€HETHYECKHX ToaXxogax, oblume 3ako—
HOMEPHOCTH 3Toro INpolecca, a TAKXKe BBICHHTE KpPUCTAIIOTeHeTHYeC—
K¥e CIeACTBUH pereHepanud, onpefe/luTh MeHeTHKOMHPOpMAanHOHHOE 3Ha—
4YeHHEe pereHepupOBaHHBIX KPHCTAaIIOB,

Hccnepopalus NMpoBoAWIHCHL Ha NPMPOAHBIX KPHCTaNax KBapna, Gmo-
OpHTa, KANbINTA ¥ HCKYCCTBEHHHIX KPHCTANAX BOJHOPACTBOPHMBIX CO =~
neit, Iponecchl pereHepaunu u pocTa AefOPMHPOBAHHBIX KPHCTAIUIOB
MOJEeNMPOBANTICL B I'MAPOTePMANILHBEIX yClIoBHAX (B ABTOKNABaX), a Takke
B TePMOCTaTHPOBAHHBLIX KIOBETAX B CTPOr0 KOHTPOJHPYEMBIX YCIIOBHSX
TeMIlepaTypbl K IEepecHIlleHHs C HelloCPeACTBEeHHbIM MMKDOCKOIMYEeCKHM
HafmonenneM TIPOLECCOB M- HX $hOoTO- ¥ KMHOOOKyMeHTague#, AHaTOMH—
YecKHe OCOBEHHOCTH [epOpPMHpPOBAHHEIX KPHCTAJNIOB, OTpaxaimue Hx
MophoorndecKyio SBOMIOUMIO, BBIBASIINCHE C NMOMOLLLIO ONTHYECKOH M
SNEeKTPOHHO! MHKPOCKONHH, CTPYKTYDHOT'O TpaBlleHHs, NaMMa—o6ay4eHud,
PeHTreHoBCKOH Tomorpadnu M pasalHYHBIX CIOCOGOB NEKOPHMPOBaHHUSA [e—
dekToB.

Ioa perexepauue# KpHCTA/UIOB MOHHMEETCH MPOLECC BOCCTAHOBIICHHS
KpHCTa/lIMYecKoit moBepxHocTH (rpaHe#t crauuoHapHo# GopMEI xpnc-ra.n_
na), HapyweHHoH MO TeM WIM MHBM MPHYHHAM,

Kax cBHOeTenbCTBYIOT OHTOreHeTHYeCKHe M SKCIepHMeHTALHLIe HC—
CllenoBanus, MPoONecC pereHepauul He SABISETCH CTAGWILHO NPOrpPECCHB-
HEIM, NonoGHEIM pocTy, OH COCTOMT H3 TPeX KaieCTEEHHO pasiMYHBIX
STanop: npeapereHepaynoHHOro, COBCTBEHHO pereHepaluoHHOr'O W 2Trana
nocnepereHepayoHEOrN0 POCTa, Kbl M3 KOTOPHIX B CBOW oyepedb
pacuiieHsiercl Ha pan cranui,
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dur. 1. Mupamune! pereHepauuu KpUCTaAIVIOB KBapla

a - ofayuenue; § ~ penrrenorpamma, pegm (0003)

IlpepperenepanoHHbll 5Tl XapaKTepusyeTcd HoATCTGBKOM HADYUEH=
HOM {IOBEPXHGCTH KPHCTA/NIHYECKOro MHAMBHAA K ee pocty, OH cocrour
u3 aByx craapuii, B.IepBylo cTagmio, KOTOPYIO MOXHO HasBaThk Craguel
saneyuBaHKY [epEeKTOB H KOTOpas HAYHHAeTCH CPAa3Y XS, KaK TONBKO
AehOpPMUPOBAHHEI KPHCTA&INT OKasblBaeTcs B YCIOBHMSX, GlaronpusiTHBIX
[V COXPaHeHHd ero HebHOCTH M MPOO/UKEeHHS POCTd, NMPOHCXOOUT YaC-
THYHOE CaMO3AleYHBAHNe IOBPEXKIEHHEIX Y4acTKOB, OHO IPOHCXOAHMT B
pesyikTare nepepacnpefe/leHHd BelleCTBA HA HAPYUIEHHOH IIOBEPXHOCTH
myTeM IOBepXHOCTHOH Auddy3mu, 3a CcyeT SHeprHH, 3alaceHHOH KpHc—
rannoM, HapyuweHnad nopepXHOCTb HECKONBKO HHUBEIMPYETCHS H IOKpbl—
BaeTcd GeCKoHeYHO CONLUIMM KOMHYECTBOM GECKOHeYHC MAIBIX I'PaHHBIX
¢dparMesToB, CIIOCOBHBIX K pocTy. JlokameHble medexTsl, Takue, KaK Bbi-
Xogwl auciloxauui, mpenapupyiorcs, (HKCHpYOTCHS SAMKaMH TpPaBIeHHd,

B sry e craguio NPOMCXOAWT M CHATHe oObeMHBIX pedopmauuii (“cbe~
faHve” OBOMHHKOBBIX IONOC, SalleUMBAHHE TPELIMH, MOMMIOHH3ALMH,
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peKpHCTanM3anus ¥ T.01.). HauBonee ofbrua mommronusamus |1, 4},
'B OCHOBE MEXaHusMa KOTOpOi JIeXuT meperpyniMpoBxa AWCIOKauui H3
INIOCKOCTEH CKONbXEeHH: B INepHeHAHKYIApHBle MM panbl, orpaHHYHBAI0-
IIIHe HeCKOlIbKO pasOpHeHTHpOBaHHble GJIOKH C TIOIHOCTLI CHHETHIMHA BHY T
pH HHX pedopManusMH, 3AMETHM, OOHAKO, YTO CHATHe OOGbeMHBIX Aedop-
Mauxifi He 3aKaHYHBAETCsl NOJHOCTLIO B CTAAHH 3alledHBAHHH IOBEPXHO-
CTHBIX gepeKToB, A pacTaTHBaeTcsl obbMHO Ha HecKoibko cragwmit. [lo
KapTHHe pacnpene/leHHs [HCIOKauuid ynaercs He TOJILKO BLIICHHTH Xa—
pakTep CHHUBEJIHPOBAHHBIX TNO3JHEee MeXaHHYeCKHMX aepopMauui, HO M
0coGEHHOCTH TOJNS BHEWHHX CH/I, BBI3BABUINX HAMNPIXEHHOe COCTOAHHE
MHUHepana, :

Bo Bropylo cragmio, cragMio sapoxjieHust LEHTPOB pereHepamuy, BOS-—
HHKAeT MHOXECTBO aKTHBHBIX To4eK, To4YeK aanbHogeHCTBHMHA, K KOTOPBIM
HayMHaeT NOCTYNATh BellecCTBO H3 MHHepallooGpasywowmel cpeasl, Llenr—
paMi pereHepaufdd CTAHOBATCH, C OfHO! CTOPOHBI, BBIXOABl OHMCIIOKaLMH
U apyrux pnedexTopB, M Hepegko ynaeTcsa Habmogark, KaK Ha OHe SMOK
TpapieHus 3apoxpawTrcs 6yropku pocra (dur, 2, @), rpanchopMHEpPYIO-
muecss sareM B cyGHHANBHABI pereHepamuu (dur. 2,6,6). C apyroi
CTOPOHBI, HECHHI'Y/IIpHad pereHepHpylomascsd NOBEPXHOCTh B KOHTaKTe
C pacTBOpOM TepsieT YCTOMYHMBOCTH M pACNafaeTcss Ha YYACTKH CHHIY=
NGpHBEIX, AaKTHBHO PACTYUMX IpaHeif, Ha KOTOpPHIX B fa/bHeHlIeM IIPOHC—
xoput suencthii poct L 2, 3], dopma cySmmmusunoB ompenenserca Kak
KpucTaiorpapuyeckoii opHeHTHPOBKOR pereHepHupyemMoil NOBEpXHOCTH,
TaKk ¥ GUSHKO=XMMHYECKHMH OCOGEHHOCTAMM cpenbl kpuctammsammi [ 6],

Perenepamr!ouﬂbxﬁ aTall Ha4yHHaeTcd C MOMEeHTAa C/IHAHHA OTAelIbHBIX
CyGHHAMBHOOB pereHdpanué B eguHYO NMOJHUEHTPHYECKH pACTYLIYIO 0=
BEPXHOCTb, COCTOAIIYI0 B KaXAbli OTAeNnbHBII MOMEHT ee pocTa M3 CHC=—
TeMbl KOHYcoB pereHepamun (¢ur, 2, 6). C sroro MoMeHTa yaaercs He—
IIOCPeACTBEHHO HaBGmonark pereHepauuio B 9KCHepHMeHTe, (HKCHPOBAThb
H3MeHeHMe ee CKOpPOCTH, NpOoCleXHBaTh AUHAMEKY pereHepapud H Mop-—
tbomoryueckyo 9BOMIONKIO MTOBEPXHOCTH B aHaToMMH kpuctammoB, Crnen=
CTEMEM pereHepaiHOHHOI'O 3Tana gpisercd (opMUpoBaHWe MHPaMHLO perc-
Hepauun (cMm. ¢ur, 1), mpuobperaiommux WecTOBATOE CTPOSHHE BCIIEACT—
BHe I'DYNIOBOI'O PoCTa peTreHepauHOHHBIX KOHYCOB, PereHepainvoHHBIH
aTan pacyleHsercd Ha NBE CTAAHH, KOTOpble OTYET/IHBO BHIgENAOTCH Ha
rpapukax M3MEHEeHUs CKOPOCTH pocTa NehOopMHpPOBAHHOMO KpHCTAaIa BO
BpeMEHH, B TOM 4YMCIIeé ¥ HA OQHOM H3 THIHMYHBIX IpPa¢HKkoB pPOCTA KpHC-
raquios ancomura (MgSOy4 - 7H,0), npusenennom Ha ¢ur. 3,

Perenepauuss HaunHaercsd cTraauell HeCTanMoHApHON! pereHepamuu, Xa—
pakTepHoli oCOGEHHOCTBLI0O KOTOpOH gB/IgeTcA KpalHee HENOCTOSHCTBO BO
BpeMeHH CKODOCTE}'& POCTa pereHepanlHoHHEBIX KOHYCOB, ﬂﬂﬂ KPHCTAJIOB
SMCOMHTA 2Ta CTaOUA OT/IMYAeTcHd, KpoMe Toro, HauGolee BBICOKHMH
(B 3~4 pasa BBIlle CTAHOHAPHOT'O POCTA) CKOPOCTAMH. Ilo AaHHBIM
U3y4YeHUs] NPUPOAHBIX KPUCTAINIOB MOXHO NPeanojarartbh ¥ OTHOCHTENBHO
HH3KHe CKOpPOCTH pocTa B 3Ty cTagMioo, HO HEYCTOMYHMBOCTEL CKopocTeil,
HX pe3Kue KojleGaHHs COoCTaBidA0T cHenupuKy sTol craguu,

Cragus CTauHOHAPHO! pereHepaunn XapaKTepH3yeTcd OTHOCHTEILHO
BBIAEpPKAHHOH, YCTAHOBHBUIEHCH CKOPOCTBIO pocTa pereHepanuoHHBIX KO-
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dur, 2. Mopdonorudeckne kapTHHBI pereHepaluu

¢ - 3apox[IeHHe LeHTpa pocTa B aMmKe TpaeieHus. Kmapu, ye.300;
§ = INeHTPbI pereHepallyy Ha ckoijle kBapua. ¥Yeen, 11000, 6 - xo~-
HYCLI pereHepalMHu Ha THHAKOM[e NPHPOOHOrO KBapua, YBen 50
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HYCOB B 3KCHepHMeHTax C SMNCOMUTOM, B 1-2 pasa npernuaomell CKo-
POCTE pocTa HenehopPMHMPOBAHHBIX KPHCTA/IVIOB, HAXOAALIMXCH B TOHR Xe
cpene.

Mopgonorydeckoil 0CO6EHHOCTBIO PEereHepalioHHOTO ITAala SBISeTCH
Napayie/itHoe INepeMelleHne pereHepHpyeMol NoBepXHoCTH. HM3oXpoHbl
OCTawTCH BCe BpeMs IapaellbHBIMM APYr APYTY M HAYaJIbHOH IIOBEPXHO=
CTH AeopMaiui, KOTOpas MOXET He HMEeTh CTPOro# KpHCTa/NIorpadude—
CKO#l OPHEeHTHPOBKH H Oaxke ObITb KpHBOIMHelHo#, WHAMBHayambHBIE Xe

g V1078 cmrfoen :
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Bpema T (mur)

¢ur. 3., 3aBHCHMOCTb CKOPOCTH poCTa OT BpeMeHH AJI KpHCTalIOB
sncomuTa NpH perewepaunu (2) m ob6brmoM pocte (1)

pereHepanHoHRBIe KOHYChHl HA Hell OpMeHTHpOBaHBl BCErJa KpHCTANIOrpa—
¢HIEeCKH 3aKOHOMEPHO H ofpasoBaHbl 3JeMEHTApHBIMH (GopMaMH, yCTOoH-
YHBHIMHK B OAQHHBIX QH3HKO-XHMHYeCKHX ycloBmax, [ToaTomy opHeHTHpoOBKa
IIECTHKOB B MHPaAMHOAX pereHepaunud KpHCTanorpapuyecky IpaBHiLHAS

U coBllajaeT C HanpaplienueM HambGonbuie#d cKopocTH pocra (Ha kxBapue,
HanmpuMep, ¢ Hanpaenedmem <0001>, ¢ur, 1, 6). [lo usmenenmio pac-—
CTOAHHI MeXAy H30XpoHAMM B IIMPAMMAAX pereHepaluH MOXHO Y/IOBHTh
MOMEHT Iepexofa OT HecTaUuMOHapHOM CTaauH K CTalHOHapHOMH,

Ilpu pereHepauuu GNUaNUHAKOWJANBLHBIX IOBepPXHOCTel Ha kBapue(cM.
dur. 1) KoHycH pereHepanuu GOPMHPYIOT I'paH¥ PoMGOSpPOB H B KOHEY=
HOM HTOl'e 3aMblKaloTrcd uMH, obpasyd NHpaMHAy pereHepauuy IHHAKOH-
na. Ilpn perenepanun 6nuagonexkasnpuyecKHX NMOBEpPXHOCTel Ha anMase
dbopMupyorcs rpain okrasapa [ 9]. Pocr mo gpyruM HanpaplieHuAM 3a-
TOPMOMEH WM BOBCE IpeKpamaeTcs,

Jran nociepereHepaHoHHOIO POCTa CKaikooOpasHO CMeHseT pere—
HepauHoHHEI cpa3y Xe mocjle 3aMbIKaHHS NHpaMuAbl pereHepauuu, [Ipn
9TOM Kak 6yaTo cpafaTnBaeTrT Kakoii=To BHYTPEHHHH MeXaHH3M, MO-
MEHTallbHO MeHSoNmi apanielbHo~-WecToBaTH POCT Ha 30HATEHO=
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CIIOMCTRHHI. B aTane nocnepereHepauyoHHOIO POCTa TAKNE BBETIOTCH
ABe CTaauu, :

Cranua CTHMYHPOBAHHOT'O POCTa OT/IMMAEeTcH COXPAHAWUHMCH elie
BIIMSHHEM NpoUClemuell pereHepanyuu, INaBHBM obpasom Gnaropaps
TPAHCTAHMH H3 NHpaMHa pPereHepauHy B HapacTalollHe CJOH YacTH CTPYK—
TYPHEIX pnedekrob (muciokaumit), cTumynupywoumux poct, [Ipenomnenne
HEeKOTOpPHIX MYYKOB OMCIIOKAUMHA Npu nepexofe M3 MHpaMHuAbl pereHepa—
UMM B nHpamuay pocra pombosgpa MoxHO HaGmoparb Ha ¢ur, 1,6, 2ra
CTHMYNAuUHA HaXoQHT KHHETHYECKOe BHIpaMeHHe B NOBBIUEHHOW CXOPOCTH
pOCTA MO CPABHEHHIO C KPHCTANIOM, He NpeTepneBUHM pereHepaunn, B
onblTax C pereHepauueil KpACTAINIOB 3NCOMHMTA B 34BHCHMOCTH OT YC—
noBufi pereHepanuy CKOpPOCTE POCTa HEKOTOpoe BpeMsi ocraercd Ha

" 40-50% BbIIE CKOPOCTH POCTa CTaupHOHApHOH I'paHH,

B cnenywoumyo craqnio, CTafMio yCTAHOBHUBWETOCH pPOCTa, CTHMYJIM-
pywllee BIHAHHE AeeKTOB pereHepHpyeMoll NOBePXHOCTH NOIHOGCTHIO
NMpeKpalaeTcsi, ¥ CKOPOCTH POCTa pereHEepHPOBAHHBIX M HepereHepHpo-
BAHHBIX KDHCTAIZIOB B COOTBETCTBYKIINX HAaNpabBleHHsX CpaBHHBAlOTCH,

JhoGonbITHLHIE AAaHHBIE O BAMMHHM AedopManuii Ha POCT KPHCTAJUIOBR
[A10T 2KCHEePHMEHTHI 1O BLIPANMBAHMI0 HCKYCCTBEHHBIX aHAIOT'OB MHHepa-
nos, Tak, npeapapurentHoe AehOPMHPOBAHHE KPHCTAIVIOB SICOMHTA IDH-
BOAMT K CTAGWILHOMY YBeJWYeHHIO cKopocTe# Mx pocTa Ha 0,4-1,4.
.10~% cMm/cex mm Ha 120-210%, mpuieM K BIHAHHIO nedopMammit
Gonee YYBCTBHTE/ILHBl KPUCTAM/bl, PACTYIIME NPH OTHOCHTENLHO MAJBIX
mepeoxnaxaenmix (gpo 2°C), r.e. B o6nacTn HemHHEHHON 3aBHCHMOCTH
CKopocTH OT nepeckilenns, C TedyeHHeM BpeMeHM, OOHaKDo, STa pasHHuua
ncyeaaeT, Bpems penakcanmMm ckopocteil onpepensieTcs ypaBHEHMEM pe—
rpeccud THNA Vne(b/VHeuetp =a-bt,rne t - Bpema, a u b - xoapbu~
uHeHTH!, 3aBUCAUMe I'NABHBM o6GpasoM or mepeckiueHusa, ([Tpu AT =0,5-
+C a=1,24, b=0,004; npu AT = 2.C 4 =1,39, b =0,003; npu
AT=3.C a =2,26, b =0,006), Penakcauus ckopocTell MPOHCXOMUT
mps Vpedy/Vieneq = 1i BPeMA penaxcammum,nist NEPEHHCIIEHHBIX Bbiue
nepeceienuit cocrasmmer 50 mmy, 100 mua ¥ 210 MHH COOTBETCT=
BEHHO, T.e. OHO OBPATHO NPONOPUHOHAIBHO NEePECHINEHHO (Iepeoxsar-
[EeHH0),

C.®opaxaMm [ 8] nawes, yTo BHIpaBHHBaHKE CKOPOCTEH IPOHCKOAMT
Tlocne KPHCTA/UTH3AINK cjlof TomuuHol okono 0,05 mm, Ilo Hawmm faH-
HBIM, ®Ta Tomua 3HayuTenbHo eere (0,14 - 0,24 mM) u cnabo sapy-
CHT OT NepecHIlleHnd, oNpeneldsCh B OCHOBHOM CTPYKTYPHBEIM COCTOSl-
HHEeM pereHepupyemMoii nopepxsoctu. [lo nmpupefeHHBIM NaHHEIM MOXHO
' MPUMEPHO OUEHHUThH IPOAO/DKHTE/NIBHOCTE CTaAMH CTUMY/IHPOBAHHOI'O INOC-
TlepereHepa¥oOHHONe pOoCTa M HACTYINIEHHMEe CTallH YCTAHOBHMBIIEI'OCS
pocrTa,

Ha kmHeTHKY pOCTA KPHCTA/NIOB BIIMAIOT HE TOJILKO NpenBapUTe/bHbIe
nedopMmannn, HO ¥ AedopMAaunMM, Bo3HMKawmue B Mponecce pocra. Tak,
IIPANIOKEHME K PACTYHMIEMY KPHCTANIY IOCTOSHHO [AefiCTBYWIHX Harpy3ok,
BHISHIBAWIIMX YTPYTHe AedopMaunu, PesKo CHIDKAET TOYKY HACHILICHHA
pacTeopa (nna ynoMuHapuierocs HeOQHOKPATHO SMCOMHTa = [0 3°C s
CTOPOHY HM3KHX TeMIeparyp), YTO MOXHO OGBACHHTH H3MEHEHHEM Xi-
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MIieckoro moreHnnana (Ap) npr nedopmMupoBaHMM KpHCTAVIA H3rHGOM,
Ha ocuoBe JlamnacoBa cMmelleHHd TOYKH PABHOBECHs IIpH HW3MEHEHMM pa-

AMYyca KPUBH3HBI
a

Ap = const
r

roe ) - yoenbHbli o6beM OOHOH YacTHubl B KpHCTallle, ¢ — CBOGOAHAH
NOBEpPXHOCTHAA SHEPrHa, r — paguyc KpPHBH3HBI KpHCTALNAa.

bur. 4. DeanedexkTHoe 3apacTaHHe NPOTPAB/IEHHOI'O OTBEPCTHHA Ha
amoMOKAaTHeBBIX KBacliax

CymecTBeHHOe BIMSHHE Ha XapakTep pereHepauyyl OKashBalT (UaK-
YeCKHe OCOOEHHOCTH pereHepupyeMoll MOBEPXHOCTH: €e KpPHCTa/IorpagH -
Yeckas OpHeHTanus, Xapaxrep o6paGoTKH, IUVIOTHOCTb AHC/IOKAUM M T,II.

IloBepXHOCTH CBEXHX H3IOMOB pereHepHpYIOTCS € Haubolee ' BhICOKH~
MH CKOpPOCTAMH, B 3-4 pasa NpeBbMIAOIHAMH CKOPOCTH POCTa HOpMAallbe—
HBIX rpaHelt GIH3KHX OPHEHTHPOBOK, NPH STOM BHOBbB HADOCWIHMM ClIOf—
MH He TO/ILKO HacjleAyloTcs BCe OuUCaoKanuu cybeTpara, HO MX KOlHYe-
CTBO Oa&xe 3aMeTHoO yBenwuupaercs, [IpeapapuTenbHOe Tpap/leHHe CHH-
XaeT CKOPOCTb pereHepaudd M ToBbllaeT COBEPWIEHCTBO BHOBb
Hapacrawllero KpHCTalimm4ecKkoro pewecrtsa, [lnoTHocTh pedekToB pesko
cuwxaerca (¢ur, 4, a).

I'panuna pereHepaunn Bo BCEX Ciiy4adX OTYETIIMBO IpeNapHpyeTcd
CTPYKTYPHBIM TpaBileHHeM B BHAe wWwHpokodl monock (dur, 4, §), Ito
NPOMCXOAMT NOTOMY, MTO K HeHl HEeNMOCPe[ACTBEHHO MPHMBLIKAET 4acThb
pereHepanuoHHoit nupamuabl, cHoOpMHpPOBAHHAS B CTAAHIO HecTaluoHapHOMH
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6& .
dur, 5. I'mapoTepmalibHOe TpaBlieHMe IpaHUlbLl pereHepauud (a) u
CJ/I0oeB 30HAJILHOCTH Ha KBaplle M BK/IOYEHHS MAaATOYHOrO pacTBOpa Ha
TpaHdlle H B 3alleyeHHBIX TpeWHHax BO (UmOOpHTE (6)
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dur. 6, TpeumHsl rerepoMeTpur B cybecTpate (4) w mapocrax (06),
Uupxon

pereHepauuu M HachbllleHHad JepekTami, |IporpaBneHHas nojoca BKTOYa-
€T Heé TONbKO TI'paHuily, HO M 9Ty 30HY HecTauMoHapHOl pereHepauxu,.
I'panuna pereHepauud Gollee coBepuleHHa B cliyyae obpacTaHud NpeBa-—
PUTellbHO NMPOTpPAaB/IeHHOH NOBEPXHOCTH, B APYIHX Xe ciyyYadX OHa OTJIH—
yaeTcsl He TOJIbKO OOMIHEM CTPYKTYPHBIX OedeKToB, HO UM IOCTOAHHBIMH
BK/IOYEHUAMH MaTo4HOTo pacteopa (¢ur, 4,6 ). pasmua mupaMunb! pere=-
Hepauuy C 30HOH IOoc/iepereHepanHoHHOIO POCTA XapaKTepH3yeTcs HH3—~
Koit IFIOTHOCTBIO AedeKTOoB, WM BOBce GeadedeKkTHaA M NMPOTPaBIHBAETCH
cnabo (cm. dur. 4,6).

B cnyuyae peskoro CTPYKTYPHOT'O HECOOTBETCTBHA MEePBHYHOH yacTu
KpHCcTamia u H$acTH, obpaaoBaBuwelica B peaynbTare pereHepau#u, Ha
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- F'paHHIe pereHepauHd co3aaloTcs OOGbeMHBlIe HANMPAXEHHH, KOTOphHle MO=—
T'yT paspemiaTbci ofpasoBaHMeM TpelIMH I'eTepPOMeTPHH WIH B cyGcTpare,
w B Hapocrtax (¢ur. 6).

OnroreHeTuyeckuil aHanus MHHepPabHEIX MHAMBHAOB, NPOWEIUNX Ye—
pe3 HalpsXKeHHOe COCTOSHMe, NaeT BO3MOXHOCTh CYAHUTH 06 2BOMONMH
noniefi MeXaHH4eCKHX HaNpsXeHHil B Npouecce PaA3BHTHA H3YYAEMBIX M-
HepanbHBIX cooGuecTtr, [lomyyeHHble KHHETHYECKHME COOTHOIWEHHS MO3BOJIg=
10T NMPOrHO3MPOBATE OCOGEHHOCTH AalbHeluiero pasBHTHA AehOPMEPOBAH-
HBIX KPHCT&JIIOB, 4TO IPEeACTAaB/geT HHTEpecC /18 BhIpallMBaHUs KPHUCTAll-
noB ¢ nehpopMHpPOBAHHBIMH IO o6beMy cBoHCTBaMH,

HckyccTBeHHO pereHepHpys INOBEPXHOCTH IAapoB, IVIACTHH, CTepxHeil,

BHIpE3aHHBIX H3 A3HMYTAIBHO OPHEHTHPOBAHHEIX o6pasauoB AehopMHpPOBaH—
HBIX arperaroB MHHepaloB, MOXHO ONpefel/HTh KpHCTaorpapuiecKyio
OPHEHTHPOBKY MHAMBHOOB, BOCCTAHOBHTb TEKCTYPYy 06pas’loB, BBIICHHTHb
XapakTep nedopmanui, OPHEHTHPOBKY GIIOKOB AedopMaumu H T, ITH 3a-
AaYl Jler'Ko pewawTcd (OTOrNOHHOMETPHYecKol CheMKOH npenaparoe, pe—
I'eHEepHpPOBaHHBIX B MeTacTaGWILHLIX YCJIOBHAX “pocT = pacteBopeHne”,
Hx dororpaMMEl HECYT TY Xe HHPOPMAUHO, YTO H CTPYKTYPHEIE OuarpamM—
Mbl, TO/ly4eHHble ONTHYECKMMH MeTopamu, Meroa pereHepaunuu ocobeH-
HO TEepPCHeKTHBEH /i aHaIu3a TEKCTYP H30TPONHLIX MHMHEpajoB, K KOTO—
PHIM ONTHYECKHE METOABl He NPHMEHHMBI, ‘

ABSTRACT

Mechanical strains undergone by a mineral individual, and also deforma-
tion changes, caused by other reasons influence graetly its firther growth
and regeneration.

Crystal deformation for epsomite leads to the increase of growth rate
by 0,14+ 1,4-10—6 cm/sec depending on supersaturation. Crystals growing
in the range non-linear dependence V(AT) are more sensible to deformati-
on influence. Rate relation t, depends on sipersaturation (100 min at
AT = 2°C). Layer thickness crystallizing during the t; is in the range of
0,14 —0,24 mm which is higher than the predicted thikness of 0,05 mm.

Regeneration os determined as a process of reconstruction of crystal
surface (faces of stationary form of crystal) which is deformed for some
reason. Difference of regeneration process from the normal growth in phy-
sical, morphological and kinetic aspects is shown and three qualitetively
different stages of regeneration, each of wich has a number of steps, are
found. Preregeneration stage is a step of gealling defects and a step of
appearance of regeneration centres. By kinetic data non-stationary and stationary
steps are seperated. Post-regeneration growth includes steps of stimulated and
constant growth. ;

A ‘consuderavle influence on the regeneration process is exercised by
physycal peculiarities of the surface (crystallographic orientation, the
way of treatment, density of defects, etc). In distinct structural discre-
pancy of the outsrown layer and seed-crystal volume strains on boundary
result in forming fractures of heterometria or substratum or outgrowths.
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In regenerating the surface of spheres, plates, pivots cut from azimut-
hal-oriented patterns of the deformed mineral aggregates, we can deter-
mine crystallographic orientation of individuals, restore pettern texture,
find out character of deformation and orientation deformation blocks.
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TA30BO-JKHIKHNE U PACINVIABHBIE BRJIIOYEHNA
B MHHEPAJIAX U X EHETHYECKOE 3HAYEHHUE

B nacrosimiee Bpemsi TepMoBaporcoXMMEs CTajla BaXHOH OTpAaCibio I'eo—
oTHYeCKUX 3HaHui, obnanawomeil CBOMMM clenupHYecCKHMMH obbeKTaMu H
MeTonaMM HccliefopaHui, Bxmiouenus copgepiarcd B MHHepanaX moGoro
MPOHCXOXKAEHNS M NaioT OOBEeKTHBHBIE CBEACHHS O BAXHEHIHX IapaMeTr—
pax MuHepamooGpaaoBanms, KommnekcHble (TepMmoMeTpHuecKHe, yiIbTpa—
MHKPOXMMHMYECKHe M Tp.) HCClefoBaHMs BKMOYeHHH B MHHepajax mar-
MAaTH4YeCKHX, MeTaMoppy4ecCKuX M SK30TeHHBIX MOPO[, a TakkKe pasiHd—
HBIX KOCMOTeHHbIX ofpasoBaHmii IpHHECIH MHOI'O COBEPUIEHHO HOBBIX
ceefleHHil O TepMOAMHAMHYECKHMX IapameTpax MHHepalooGpa3oBaHud, CO=
OTBETCTBYOWHX 3EeMHBEIX ¥ KOCMHYECKHX OGBEKTOB,

OBwupHy©o MHpOpPMAaRMo 06 YCIOBHAX MArMaTHYeCKOH KpHCTauu3anun
OaT CTEeKIoBaThle M pPACKPHCTA/NIH30OBaHHEIE BKITIOYEHMS KalelleK pac—
II11aBOB, KOTOPHIE 3aXBaTLIBAOTCH MUHepalaMH H3BepXeHHBIX Tmopod. O
TeMllepaType KPHCTA/NIM3alMH MarM MOXHO CYAHTh IO TeMIepaTypam

-
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rOMOTreHH3alMH DACIVIABHBIX BKTIOYEHHH B CHEeNHalbHBEIX BBICOKOTEM-—
MepaTypHelX MHKpoTepMokKamepax., Haubonee BricokuMe TemmepaTyps! (Bhi-
we 1400°C) SadpHKCHPOBAHEI IO BKIOYEHHAM B OIIMBHHE y/IbTpaGasuTos,
Haubollee HH3KHE (6300C) - 0 BKMOYEHWIM B KBapue H3 INepuUpepuyec—
KHMX 30H KaMepHBIX I'PaHHTHbIX nmermaruroB, Basanbroupbl M ra6opouabl
KPHCTaNIM3YIOTCS TPM CONOCTAaBUMBIX Temieparypax (B OCHOBHOM BBIe
1000-11000°C), I'panuTOHABl KPHCTANMMSYIOTCA IPH Gollee HU3KHX TeM—
neparypax (B OCHOBHOM HHXe 1000-900°C) 0 CPaBHEHHIO C BYlKa—
HOT'EeHHBIMHM ¥ CYOBY/IKaHHYECKHMH I[OPONaMH KHCJIOro cocraBa. [loBpie—
HHE IIEeMOYHOCTH PpacCIVIaBOB U HaKoIUIeHHe J/IeTyYHX KOMIIOHEHTOB yBe-—
JIMYHBAET HMHTEpBallbl KPHCTA/NIM3ALMM PacIllaBa B CTOPOHY IIOHIDKEHHS
TeMneparyp. B MuHepanax nodBisiOTCS IeHepauH# “HHSKOTEMIIEpATYPHBIX
pacniaBHeiX” BrmodeHmit (nemsasl = go 780=740°C, neilkokparoBkle He—
dbemuuoBble cuennThl — 0o 930-900°C, anukanbHble 30HEI T'DAHMTHEIX
HHTPY3HH - Ao 750—680°C, HeKoTopble GasanbroHabl — 3o 960~
920°C), Ha zapepwaommux CTaauaX KPHCTA/NTH3AIMH MArM IO BKMOYe-
HHSM HMHOI'Aa (HKCHpyeTcs NOCTeNleHHOe HWIH peakoe npeofpasopaHue
CH/IMKATHBIX pacIylaBOB B CHIIMKATHble paclllaBbl-PACTBOPHI H B CHIIHMKAT-
‘HOo—COINeBble H CoOlleBble pacmiapBbl-pacconbl (HehenuHOBBle CHEHHTHI, I'Da—
HHTHBle IIerMATHThI, KAPGCHATHTHI),

KoMmnneKcHble HCCIIEOBAHHS BKIIIOUEHMH B KIMHOIMPOKCEHE M3 Mo6oY—
HBIX NpopblBOB KMoOYeBCKOI'o By/IKaHA IIOKA3alH, YTO B COCTABE INIyGHH=-
HO=-MarMaTru4ecKHx Ia3oB, PACTBOPEHHBIX B 6as’albTOBOM pacliiaee, Npe—
obnanaer CO, c cymecrpennoli npumechio “asora + penkue raswel’ u
HeSHaYHTEe/IbHOM NPHMEeChbl CEepPHHCTBIX rasos. [IpH oXiaXpgeHHH KpHCTAal-
JIM3ylolerocs paclilapa yMeHbliaeTcs KOJIMYeCTBO a3oTa BINIOThL [0 ero
TOMHOT'O yAalleHHd M OTHOCHTENBHO BO3PAacTaeT KOJIM4ECTBO, YTIEKHCIIO=
TH, & 34TeM M KHCIBbIX I'asop, YCTAHOBIIEHO, YTO B TeYEHHE O[HOI'0 Ho—
BepxeHus Gollee HIDKHHE TOPH3OHTH!I cTolba AHphepeHuHpPOBaHHOH Marmbl
B MarmonogpogsiieM KaHalle oboramawrtcs COp u obeaHATCH a3’0TOM,
KOTOPBIHf YAaCTHYHO W/IM IOJHOCThI0 IePEHOCHTCHd B caMble BepXHHUe I'opH-~
S0HTHl MarMaTHYecKor'o KaHana, '

[Mepuopueckas akTHBH3auud MarMaTHYeCKOH JesiTelIbHOCTH M IOCTYI-
7eHHe B MarmMaTtH4eckuil KaHan MeHee gubpepeHHHPOBAHHOTO “IiTyGHHHO-
ro” pacmnapa clocoOCTBYYOT sIH30AHYECKOMY IMOSIBIIEHMIO B KPHCTAallTH-
3ywleMcs paciilaBe HOBBIX Nopuui pacTBOpPEHHOI'O asoTa, a MHoraa o
CO. Jror mpouecc NPHBOOMT K TOMY, YTO H3MeHeHHe Ia3’oBOI'0 peXuMma
IIpH OXMaXOEHHMH CpaBHUTENIRHO clabo auddepeHnHpoBaHHOIO 6asanbToBO-
ro pacmnaepa KmoueBCKoO# CONKHM HOCHT OCHH/USIIMOHHLIN XapakTep, a
COCTaBbl I'a3oB H3MeHAWTCH B ofuieM B Hebonbwnx npenenax. B Gonee
KHCIIBIX paciiiaBax (HanmpuMep, HeKOTOpHIX AHOEe3UTO-[AUMTOBBIX, T'HAIIOfA—
LUHTOBLIX) OOHApPYXEeHBI GONbliMe OTHOCHTEJbHEIE KOIMYeCTBA A30TA,

[lpy Hayuenuu mema, TyhoB, KBAPHEBbIX NOPQUPOE M INTyGMHHBIX Bbi-
COKOTeMIEPATYPHEIX I'OPU3OHTOR MHTPY3HH KBApUeBHIX NOPQHPOB yCTa—
HOBIIEHO, YTO B COCTAaBe /IeTy4YHX Ha Hambollee BEICOKOTEMIEepaTypHol
CTaQWH KPHCTa/UIM3alMH MarmM KHC/IOr'o cocTapa npeobiagaer asoT C
peaKMMH rasaMi WM asoT U COZ.BO BpEeMeHH, NPH OXJI&XOEeHHH cTonba
KHCIIOT'O paciiapa, NPOHMCXOOMT ero obGegHeHHe a30TOM H HaKoIIeHHe
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yriexkuciotsl, B nmpocrpaHcTBe, 10 BepTHKaIH MarMaTHYeCKHX KOJIOHH,
Ha OTHOCHTenbHO Gollee HH3KOTEeMIlepaTypHOH cTaauM HX KPHCTalIN3a8—
LUMH HHOI'Zla YeTKO (HMKCHPYeTCsl BBIHOC as3oTa u3 Gollee HIDKHHX B Ca—
Mble NPUIIOBEPXHOCTHBIE YAcTH (peaynbTATH H3YYEHUS MOPGUPOBHIX HH-
tpyaui Canaupckoro xpaxa), Takum obpazom, H B pacmiabBax KHCIOro
cocraBa, H B paciiiaBax GasanbToBol'o cocTaBa (HKCHPYWTCH CXO[AHBIE
TeHOeHUHH M3MEHEHMs] COCTaBOB I'a3oB H BO BpeMEeHM, H B IIPOCTPAHCTBE,

[ns rpaHuTOB M CBAS3AHHBIX C HHMH MEerMATHTOB HaMe4YeHBbl Temile-—
paTypHble I'paHHMnbl MarMaTHYecKoro, ITHEBMATOIHTOBOI'O H I'HAPOTEPMAallb—
HOr'o STanopB, IIpH OCTHIBAHHH TPAHHTHHIX HHTPY3Hl C IyIyOHHOH 3alloxe=
HHMs Gonmee G-~7 KM TrasoBoe arperatdfoe COCTOSGHHE OTAEIAIMXCS
MHuHepanoo6pasyolliX pacTBOPOB MAalloBePOATHO M IHEBMATOMHTOBEIN aTal
MHHepa/looGpasoBaHua BbipoXpaercd. B mpounecce Marmarudeckoil KpHc—
TAVIH3AIHMH OTAENHWTCH BBICOKOTEMIlepaTypHble I'HAPOTepMalibHble pac—
TBOPHl C pasnuiHbIM coAepxaHuem coneit. [lo copepxanuw pacTBopeHHOH
CH/IHKATHO# KOMIIOHEHTB! OHM MOI'yT 6bITh “pacTBOpaMu B pacmiaee”,

[etaneHo UCCNENOBANIMCL BKIMOYEHHA B MHHepPAllaX IPAHUTHBIX Mel-
MaTuToB (KaMepHBIX, pelKOMeTAallbHBIX, C/IOJOHOCHHIX M APEeBHMX Kepa—
mudeckux), OCHOBHBI@ pesynbrarhl HayyeHua mermaruros: 1. [lokasaHo
Marmaruieckoe IPoHCXOXAeHHe NepHpepHYeCKHX 30H NMEerMaTHTOB C ali-
nuroBol u rpajuueckoll cTpyKTypam¥, 2. OrkpelTo BiusHHe aguaGaTHYec-
Koro Hpouecca Ha NepekpHCTal/u3auuio H aHddepeHnHaHuO NermMariuTo-—
BeIX Ten, [lokasaHa BaxHeiwaa ponb aauabaTwdecKoll MOGH/IH3ALMH pas-—
MMYHBIX MUHEPAJIBHBIX KOMIIOHEHTOB, & TAKXKEe yCTaHOBIeHbl OCHOBHbI®
TpHYMHBl HX NoKamisanud. 3. Onpenenenbl oCHOBHElE IapamMeTpbl KPHC—
TAVIH3ALHMH ¥ TIePeKPHCTA/NIM3allNH MHHepalbHOr'o BellecTBa IerMaTHTOB,
4, YcraHoBneHB! poik M Maciutabbl MPOLECCOB IHEBMATONH3a B o6pasc—
BAaHKHH NeMaTHTOB.

AnnabarvyeckHi npollecC OoKasaH Mo HabmopalomyMcs Pe3KHM H3Me =
HEHHAM TeMIIePATYP M IUIOTHOCTel MuHepalloobpasyiolMX pacTBOpoB BO
BrmouyeHnsax, [Ipouecc o6yciioBleH TpemuHOOGpasoBaHMEM, KOTOpPOE IpH=
BOAMT K MIHOBEHHOMY YBE/IHMeHHI0 o0beMa IoNocTeld, NAaAeHHI0 TeMIle=
parypbl, YMEHbUIeHHW OAB/IEHHS M CHIDKEHHIO IUIOTHOCTH PACTBOPOB B HHX
BIUIOTE OO HM3MEHEHHs arperarHoro cocrodHud, B pesynbrare Hapyue-
HHA pasHoBecHA Mexay NONOCTAMH, B KOTODBIX INPOMCXOOHUT MHHepalo—
o6pazoBaHie, ¥ TOPOBBIMH IPOCTPAHCTBAMU BMeIAOUMX NOpod BO3HH-
KawT fepenansl TeMneparyp, ANaB/IeHHH, KOHUEeHTpalHu#, KOTOphle aKTH—
BH3MPYIOT IepeKpHCTA/VIH3alMIO, 3aMelleHHe H GHICTPHIA POCT MHAHBH-—
AyanbHBIX KPHCTAJIOB B TIO7IOCTHX NMerMaTHTOB 3a CYeT MaccoobGMeHna M
TemoobMeHa, HampapleHHOI'0 B IOJIOCTL OO IMOMHOTO BOCCTAHOBJIEHHS
paBHOBECHS,

Kpucrannusauns peakoMeTalbHBIX NEerMATHTOB OCYWECTBIS/IACh HA
MHOI'OKOMIIOHEHTHEIX CW/IMKATHHIX PaCIIapOB M pPacTBOPOB~PACINIABOB,
obnagaBunx “HeorpaHMYeHHOR” PACTBOPHMOCTLIO /IETYUMX (H20, CO,
u ap.). HauanuHele stanmsl kpHcTammsamuyu (BHewHHe CTPYKTYDHBlIE 30=
HH) OCYWECTBISNMHCHL K3 PACI/IABOB NPK TeMmueparype 1040-1060°C,
[Ona KOHe4HBLIX 9Tanop (BHYTpeHHHMe 30HBI) XapakTepHb! TeMIeparyphl 3
360-2000°C, InoTHocTh PACTBOPOB~PACIVIABOB H3MeHsack or 1,85 r/cm
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(v Gonee) nns HaganLHBIX BTANOR (ANMMTOMAHLIC A0HE], GOHBI rpaduyec—
Kux crpyktyp) mo 1,12 r/cm3 (u menee) mna HeHTpanbHeIX 3oH. [lo
Mepe SBOMOUHOHHOI'O CHIDKEHHSI TeMIlepaTyphl OTMEYaeTcs 3aKOHOMep—
HOe yMeHLWeHUe yaenbHoro ofvema xupkux das (H,0 + CO,) » mep-
BHYHBIX BKTIOYEHHAX DACTBOpPOB-paciiiaBoB. MHTeppan naenenumit or
3000 arMm (u Gonee) no 150-250 atMm, B nepBHYHBIX BKMOYEHHAX B
COCTape PacTBOPOB~PacIlIaBpop HapfAfy C NopoacoCpasyionmMB MUHEepa=—
saMu (¥Bapl, noleBble WNATHI, CIOAYMEH H [P.) METOIOM IMOCIE[O0Ba—
TE/ILHBIX BOQHBIX BBITSXKEK oGHapyxeHbl: H20, CO,), WeMoyHbIE SEMEHTH

(NaT, K LiTy, F-, (HCO3, CO3).B cocrase rasoeolt passr -
H,0, CO,, rassl rpymer ( H,S, SO,, HF, HCI) ,as0r +penkne rasei,

Hayvenbl BKMOYeHHMS B MHHEpalax ABYX DA3/IHYHBIX 30HAIILHBIX pefi-
KOMeTallbHbIX MACCHBOB anorpaiuroB, [lonublii MHTEpBan TemIepaTyp
KpUCTaM3anud amnorpaiuros - or 1080 no 26000 H HIDKe, W OaBlie—
HHif = oT 1500 arm pno 150 arMm u ke, Kpucrannusauusa ocHOBHBIX
CTPYKTYPHO-MHHEPANOrHYeCKHX NapareHeTHYeCKHX 30H alorpaHHTOB OCy~
eCTBI4/ack U3 'a3oBBbIX U XHOKHX pacTBopoB. [InoTHocrb rasootpas—
HBIX pacTBopoB (mo mome) - ot 0,2 po 0,3 r/cm®. [MnoTHOCTL KU~
XHX pacTtsopos (mo pope) ot 0,40 no 0,90 MCM3 i 6onee. CpaBHHUTEILHO
yacThle HGMEHEHHA arperarHoro COCTOSHHH PACTBOPOB, CBASAHHBIX C
pPA3BUTHEM IPOLECCOB TPelMHOOGpasoBaHud, CBUASTEILCTBYIOT O TOM,
YTO PaACTBOPHl KPHCTA/UIH3YOMWEeHCsS CHCTeMbl alolpaHUTOR HAXOAWIHCEH B
COCTOAHUH, GIH3KOM K COCTOSHHIO ABYX$pasoBoro, paBHOBecHd — “KH[-
KoCcTh — raa”, [lpu usay4yeHuy BKIIOYeHWH B MHUHEpAllAX TONA3-KBapU-—
GEPUIIIOBBIX MPOXWIKOB, CEKYIIHX CTPYKTYPHO=MHHEPAIOrHYEeCKHe 30HBI
aIIOTPAHUTOB, TakXKe OOHapyKEeHEB! NMepBHYHBIE BKIMIOMEHHH DACTBOPOB—
pacIilasoB,

TazoBo—-XuaKHEe BKIMIOYEHHS H3 XUIBHBIX H PYAHLIX. MHHEpPaloB H3y—
YeHbl B TPeX MEeCTOpPOXAEHHSX, 3aneranuyux B By/1KAHOIeHHO-OCA[OYHBIX
noponax Pynsoro Anras. Ha Menuo-nupporsHoBoM Mectopoxpennau (Ba-
BUJIOHCKOE) MHHepanbl paHHell NMMppoTHMHOBOH cTaguM Hayall (GOPMHpPO—
BaThca Mpu Temmeparypax 500-550°C us nmHeBMATOMMTOBO-THAPOTEp—
MAanbHBIX PaACTBOPOR, MERHOK — NpH 380°C ua PUAPOTepPMANbHBIX pac—
tBopoB. Ha mpumepe MenHol CTaguM MpociiexeHa sBOMONKA TeMIepaTyp
B NpocTpaHcTBe. Ha HUXHHX TOPH3CHTAX MECTOPOXAEHHH TeMmmepaTrypa
Ha4ana popMupoBanus MenHo#k craguu 380°C, yepes 400 m (pepxuue
OPH3OHTH) OHA CHHKAETCH a0 300°C, [aneoreorepmudeckuil rpagu-
eHT, BBMUC/IEHHBI U3 NPHBeNeHHBIX naHHblx, cocraBiger 15-20°/100 m.

Ha xonuepaHHO-NONAMETAINIMMECKOM MecTopownenun (KopSanuxmu—
ckoe) MHOrocTraaMiiHoe I'MApoTepMalbHOe MHHepanoofpasoBaHyue IpOTe—
Kamno Ha (oHe MOCTeoBATEelLHOIO CHIbkeHHA Temmepatryp ¢ 370°9C
(MeaHO-KOMIenanHas cragus), 350~320°C (konuenannas ), 320-300°C
(monmverannmueckas ), no 280~240°C (Gapurosag). Ilaneoreorepmu~
yeckuif rpafMeHT MecTopoXaeHHs cocrasmser 25-30°/100 m.

B Gapur-nonmMeranmmieckoM Mmecropoxaennn (PyGuosckoe) mune—
panoofpasoBaHue MONMMMETANIMYECKOH cTaguy# HayalloCk IIpPH TeMIepary-
pe 2‘70°C, Gapuropoit = 240-250°C (no xBapuy). [Naneoreorepmu—
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4YecKMii rpagMeHT 3Toro MecropoxgeHus paseH 40°C/100 M. dopmu—
poBaHHe pyn NPOHCXOAWIO M3 KO/NIOMAHO-TMAPOTEPMAJILHBIX PACTBOPOB,
Konmnonpuele BrmoveHns (pacxpnc'rannnaonauumﬂ reib) C CHHEpeTH—
yeckoit KHAKOCTHIO M rasoBoil ¢asoif Haliienbl B chanepure u Gapure,
Hx remnepatypa romorenmsauuu B chanepure 150-200°C, B Gapu~
Te -= 110-180°,

Hcxopnss us rny6usH ¢opMupoBaHHS MECTOPOXKIEHHH, ONpeeeHHbIX
o reojlorH4ecKHM OaHHBIM, HaMedaercd ofpaTHas CBA3b C Ialeoreo=—
rpaguiecKkuMy IpajiHeHTaMH: dYeM IiyGie obpasyercd MeECTOPOXICHHE,
TEeM MeHbllle ero IpaaueHT H HaoGopor. O6pasoBaHHe MEeAHO-IHPPOTHHO=
BOr'0, KOHMeNaHHO-IOMMMEeTa/UIHYeCKOr0 H 6apHUT-IoMMMeTaNIHYeCKoro
MEeCTOPOXAEHHH NPOHCXOAHT Ha (oHe IIOHIDKEHHS TeMmeparyp C 500°C
no 270°C u n3MeHeHHs arperaTHOrO COCTOSHHS MHEHepanoobpa3syionmx
PACTBOPOB C IHEBMATOIMTOBO~THIPOTEPMAILHOTO N0 KOIOMIHO~THIPO—
TepMallkHOI'O.

MeramopdoresHble MUHepanbl pas3lMYHBIX paumit MeramMoppuaMa, Ta—
KHe Kak OWCTeH, aHOaly3uT, CWUIMMAaHHT, I'paHar, KBapi, IO/IeBble liMa—
THl = coaeparT ocofble BKITIOYEHHH, KOTOpbIe NpPeACTaBIfaioT CHIIBLHO
YIUIOTHEHHEIEe BOAHO-COJIeBble PACTBOPBI WIH KOHOAEHCHPOBAHHBIE Ia3khl,
Kak npaBuiio, aTM BK/MOYEHHA COCTOSAT H3 OOHOH MM ABYX XHOKMX a3
fea rasoBoro .IMyablpbKa, ' ‘

Oxnaxpaa BKIIOYEHHS Ha KPHOMETPHYeCKOH yCTaHOBKe, YAAaloCh IO-
JIy4YuTh Ta30BBIA IMy3blpek, M IPOBecCTH romMoreHusauno, OnpeneneHHoM
TeMIlepaType IOMOI'eHH3alMH YHCTO BOOHO-COJIEBHIX, YHCTO YTVIEKMCIIBIX
WIM XHUAKHX a30THBIX BKMOYEHUll COOTBETCTBYeT ompefe/leHHas IUIOTHOCTH
9THX XHUAKOCTeH, YCTaHOBIEHO, 4YTO IVIOTHOCTh ANl XUAKOCTEH B THX -
BKMOYEHHAX SAB/IAeTCH BeIHYMHOH XapakKTepHCTHYeCKod M HeHaMeHHOoH B
obnacTd TeMuepaTryp H AaBileHuli o6pas’oBaHus MeTaMOphOreHHBIX MHHEe—
panoe, OueHuBas Temneparypbl oOpas’oBaHuda 1O OAHHEIM CHHTe3a 3THX
MHHEPAJIOB, NOJIy4YeHBl AABIEHUA, KOTOpbie XOpOIIO COINIaCyTCsl C 9KC—
NepHMEHTANLHEME H pacueTHbMH (kpapn 2,5-4,7 k6ap, aHganysur
2,5-5,6 xbap, nucred Gonee 8 kGap nna Oxuo-Yylickoro xpe6ra).
Tlpy HanWYEE NOCTATOYHO HAAEXHBIX JaHHBIX IO AAaBleHMAM o6pas3oBaHu
MeraMopporeHHEIX MHHEpPAIoOB MOXHO BLMHC/IMTE TeMlepatrypbl MeTaMop—
¢uama. :

YpespbuaiiHo MEePCMEKTHBHBIMHE A/ ONpefefieHus TeMIepaTyp CoNpd-—
XKEeHHBIX TpoueccoB MeramMopdu3aMa BBICOKHX CTYyMNeHe# M aHaTeKcHca
OKa3alliCh HCCIelOBaHHS PACKPHCTAVIM30OBAHHBIX BKMOYEHMH CHIHKATHO-
ro paciuiansa, o6HApy»XeHHBEIX BIlepBble B KBapie Je#fkocoM MHIMaTHTOB
M OTAENbHBEIX aBTOXTOHHEIX T'PAHHTOHAHBIX obocoGneduit B gokeMGpUACKUX
romuax (Ha npumepe AnpaHckoro mmra). [And MHIMATHT-T'PaHHTOR H
aHATEKCHT-I'PAHHTOB BepXHeallaHCKOH CBHTHI yCTAHOB/IEHBI COOTBETCT=
BEHHO C/Ieflylole MHTEPBATb TeMIeparyp IOMOreHisalnu BK/TO4eHui
pacmiasa - g PaHy/IuTOBOR dauun - 850-880° u 840~-9009; gust
ampuBonuToBolt pamun - 700-830° u 800 + 20 °C. Ilo - HemHOTOYHC—
JIGHHBIM TIOKa ONpejelieHHaM [ AaHATEeKTHUTOB TIpaHyauToBod daunnu
¢$benopoBCKoOll CBHUTHI TeMIleparypa ollyCcKaeTcs Ao 820-83000 a nnga
ampuGonnropoit pammn GacceitHa p. OnexMsl — A0 760-790°C.
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3TH ucclenoBaHMd, IIOMHMO MPAMOIO AOKA3ATelbCTBA SBJIEHHH aHa-
TeKCHCA IIpK BLICOKOTEMIIEPATYPHOM pelrHoHAIbHOM MeTaMopduaMe,
NIO3BO/IMIM CAefaTh BhBog o Gonee HHaKoi TemIleparype BEULIABICHHS
pacnziaBop B ycloBuaAX ampubonurosoll damuu (760-830 C) o cpap—
HEHHIO C rpaHyauroBoil (820-800°C),

B anarextuTax amMduGonuTOBOH alMH WHPOKO PACHPOCTPAHEHBI Iep—
BUYHO—BTOPMYHEIE ¥ BTOpPHYHBIE PACIVIABHO~COJIEBbIE M BOAHO~COJIEBbIe
BKITIOYEHNA pacllilaBoB-pPaccolloB, TeMIeparyphl NOMOI'@HH3AUMH = [0
660°C. OunboyHoe TONKOBAHHE STHX BKIOYEHHHA B KauyecTBe NEPBHYHLIX
BKMOYEHHH CHINKATHEIX PACIVIABOB MOXET NPHBECTH K JIOMHBIM BHIBOAAM
O HHU3KOTEMIEPATYPHOCTH M OOBOAHEHHOCTH AaHATEKTHUTOBLIX paclia—
BOB, B cocraBe dumioMgHO¥ (asbl pacliaBHBIX BK/IWYeHHd B KBapue
aHaTeKTHTOB I'paHynuToBoi daumu, kxpome Boabl, ycranoenener CO; (mo
60 obbemH,%) HepacuneHenHbie "kuciele” rasel ( HpS, SOp, HCI, HF)+
+ NHy ¥ peaxo mpimecs N9 + penkwe rasel {go 2 o6wemu,%). Lma
MHHEDalIoB BMELaioluX MeTaMoppHYecKuX [IOpod ¥ aHATEeKTHTOB I'paHy-—
muToBoil B ampubGonuToBON dauMu XapakTepHbl MeTaMOpGOI'eHHBIE BKIIO—
4eHHA CHIKEHHBIX ras3oB BbiCOKo# mnorHoctH (nmpemmymectBenno CO7)
C mpEMechbio “KHCIEIX” rasoB).

[lo naHHPIM ua3y4YeHWs BK/IIOYEHHMH pacqiapa pacdeTrHoe KOIH4ecTBO
“cyxux" rasos (B ocHopaom CO?) B pacnnasax rparynuroBol dauuH,

B cpeaHeM cocraenseT okoio 0,4=0,6 Bec.% IpH ComepXaHUU BOALI
oxono 2 Bec,% ( Pl-120 nopaaka 0,3-0,8 x6ap), T.e. OTHOUWEHHE H,0:

!CO2 pnne rpaHUTHBEIX paciuiaBoB B cpeaHeM okono 4: 1., Orcwopa sto
e OTHOWeHHe nns GmoMAOB B 30HAX aHATEKCHCA B COOTBETCTBHMH C
DKCMEePHMEHTANLHEIMHE W TeopeTHYeCKMMM OAHHBIMM IIpHMEpHO paBHO 1:5.
Narnenve dmouna, onpepeleHHoe Mo MeTamophOreHHBIM OHOGA3OBEM
BxmodeHuaM xuakoii CO2 c yyeToM ycTaHOBIIEHHBIX TeMIepaTyp aHa—
TeKcHuca, nnd ampuOOIMTOBOH M I'paHynuToBOH danuH BepXHeasgaHCKoH
¢BuTH Aocturaer 6,0-6,8 k6ap,
Haydenne MeramopdOreHHBIX BEKMOYeHul IMo3poiser caenark o6oc-
' HOBAHHLII BHIBOJ O HA/MYHH SHAYMTENLHLIX KOIHYECTB CBOGOAHON yrie—
KMCJIOTHl (M BEICOKOE PCOZ) BO (umonpge npu MeTamopdH3Me X aHaTek—

cHce faxe GecKapGoHATHBIX NMOpoA B INTyOHHHBIX 30HaX 3eMHOM KOpEI,

HayyeHBl BKNOYEHHS B ayTHI'eHHBIX MUHepallax KpacHBIX INTy6GoOKoBoA—
HEIX rmH MHpOBOro oKeana, ITH HCCHeAOBAHUA IPHHECIH HOBLIE [aH=
HEle O COCTAB€ H PACTBOPHMOCTH I'a3oB Ha pPa3fHYHbIX ITyGuHax Hela-—
I'mieckoff obrnacTH okeaHa, BrgpneHHBle yCloBMS MHUHepaliooGpas’oBaHusd
XapaKTEepU3YIOT TaKXKe M YC/IOBHA XH3HeoOHTaHHA Ha GonblMx TIyGuHAaX
OKeaHa,

Hccnepopanmst BkmioueHud B ¢uiaumncure M GapHTe MOKA3LIBAWOT
pasnydMe NMPHAOHHBIX O6CTAHOBOK. Ilo BKmMoOYeHMSIM B QHIHIIICHTE yCTa-
HOBJIEHO NpeobnanaHue yIeKUCIOTH, pacTBOPeHHON B NMPMOOHHBIX MOp-—
CKMX BONax, & IO BK/IOYeHMsM B GapuTe — 3HAYMTE/bHbIE copepxanua
CEepHHCTHIX I'a3oB.

BxmoyeHus B GUIMpaMHAA/IbHOM Kbapue INOABOAHBIX addyauit Xapax—
TepHBl 3HAUYMTENIBHBIM COfEPXKaHHEM YIVIeKHC/IOTHl H CEepHHCTEHIX I'a3oB,
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STO YKal3plBaeT Ha IIPHTOKH 2THX T'a30B B IIpImoHHHe OKeaHH4YeckKHue
BOAB M3 INOABOAHBIX BYJIKAHMYECKHX allapaToB X PACTBOpPeHHe HX non
neiicteveM obmero AaelleHMs B MOPCKOH BoAe, a TaKXe BO3MOMHOe
oTheNeHHe B BHAE XHAKOH ¢askl U COXpaHeHHe HA HEOINPEelIeHHO /M-
TellbHOE BpeMs Ha fnHe oKeaHa, Ha aTo e 06CTOATE/NBLCTBO YKA3BIBAWT
aHalnu3bl r'a3’oB U3 BK/MOYEHWHA B aBrHTe ﬂOﬂBOﬂHO—QdIbYQHOHHOI“O npo—
HCXOXAEeHHA, KBApUeBbIX Hopgynell B OocagodYHBIX mopodax ¥ Ap,

Wccnienobanys KOCMHYECKOT'O MaTepuana Obuld HauaThl C BRMOueHHH
B TeKTHTax. M3 BxmoueHud Bo BCeX H3BeCTHBIX TEKTHTAX MHpa HC—
c/lefoBaHbl cofepxamuecsd B HHX rasabl, [IIOTHoCTB H COCTAB rasoB BO
BKMOYEHHAX XapakTepHayloT (HSHYecKoe M XMMHYECKOe COCTOAHHEe ar=—
Moctep, B KOTOPHIX NPOHCXOAWIO NIABIeHHe TeKTHTOBBIX crekon. [lo
CoCTaBy BHIAENEHB! clieaylolye I'Pymmbl: 1) 4ucTO YIVIEKHCIBIE HIH C
HeBonbwWoli MpUMechd CEpHUCTHIX rasoB; 2) choXHoro cocrasa ao 5%
CEepHHCTBIX rasoB, or 50 go 70% - yraexuciorel, or 20 mo 40% -
Bogopofa ¥ no 6% asora; 3) ¢ BoanaywHOH KOMIIOHEHTON M yIVIEKHCIO~
to#t no 20-40%.

Cocrap rasoB, aHaJIOTH4YHBIA 1 rpynme, BcTpeyaercs B obGcHaMaHax
dakapnarbd ¥ 3aKaBKasksi; BTOpasd Ipylna MoxeT IPeNCTABIATL CMe-—
WaHHYW artMochepy, BOSHHKAWUIYIO IPH B3pbiBaX KOMET B 3eMHOH armMo-
chepe ¥ TpeThd I'pyNlla COOTBETCTBYET BHIINABKE CTEKOI B 3eMHOH ar—
Mochepe (rabm, 1).

B MuHepanax MeTeopuToB (onuBMHe, INIArMOK/1a3€e, THMPOKCEHe) Hay—
YeH COCTAB I'ada B Ta3oBHIX H PACIIABHBEIX BKMOYEHHIX, & TAKKEe TeM—
nepaTypel FoMoreHusauud nociepiunx (ra6n, 2), HccnepoBaHe! atMoche—
pPbl BBIUIABIIEHHBIX NENVIEBATHIX YaCTHYeK, BLIGPOWEHHBIX IIPH B3pHIBE, CO=
npoBoxaabweM TyHryccku#t deHomeH, BoiuiapiieHHble TPH B3pBIBHOM
BO/IHEe MelbYaliuiie YacTHYKH COAepXaT BKMoYeHHd C rasoM. AHanus

Tabnuna 1

CocraBrl rasoBoii CMeCH BO BKTIOUEHHIX TEKTHTOB U OBCHAHAHOB
(o6vemu. %)

Ne | Pasuosmasocre ~ |Ipyn- r280) Cb H +N§;ux 0

m| er 2 2 o 2
ey E T NH3‘HC1 rassl

1. Beneasuthl, Tek— I 0~10 190-100'!' 0-10 - -

tuThl Bepera Cno-
HoBo#t KoctH, MHoo-
IWWHHHUTHI, ABCTPAaIHTHI
2. MonpaBuThl, p— 11 o 5 50-70 22-40 o 6 -
BHAICKOE CTeKIo, i
TYHI'YCCKHe Che—

PYTIBl
3. HNapeunoso crekno Il - 22-38 - 49-62 12-16
4, O6cuauaHbl 3a- - 100 - 79-78 20-22
KaBKa3bd
17 1087

257



Ta6bnuua 2

CocTap raasoboit ¢asbl BKIOYEeHHA B MHHepanax MeTeOpHTOB

e Temnepa—- |[dramerp .
Mereopur | Munepan | cocTas TP EOMT O B Ty
reHu3anuy, [Toro Ana
BXAWHeHHHE | o C asarman, B | Vo,
MM

OnuBuH las - 0,014 -1,5

* L - 0,012 5,2

Hukonbckoe 4 - 0,010 1,9
" - 0,012 5,4

& * - 0,017 8,3

0,076 -3,2

Enenopka OnuBHH laa 0,017 -3,1
. " 0,005 -1,8

" Crekno+ras+ 0,012 9,6

+rBepnaga gasa

3ucrarur Crekmno+ras 1400 0,010 7,6

Norton 5 To xe 1400 0,010 6,2
Corenty " . 1420 0;011 8,9

rasa Io3BOIIET OTHECTH ero K BTOpPOH Ipylie, XapakTepHaywueid cMe—
IWAHHY - aTMochepy InaB/leHHa (ra3bl KOMeTHl + arMochepa 3Jemiu),
Taxmm obpasom, Tak HasbiBaeMmblii TyHrycckuit “mereopur”, Nno-BHamMo—
My, 6Bl HeGonbulol KoMeTolf, B3opsabBuleficda B atMochepe 3emin,

B creknax ua mopon ypapHo-Meramopduieckoro kommnekca [lonuraii—
CKOH CTPYKTYphbl OGHApYXeHEl BK/MOYEHHS DPA3IHYHBIX TUIIOB! pAaCIVIaBl&H—
Hble, TBepAkle U camble pasHooGpasHble (NIIOHAHBIE BKITIOUEHUHA,

B creknax nnabiieHuss CMEIIAHHOI'O COCTABA COCYLIECTBYWT Pa3Imd-
HBle TIO COCTaBy raaoBble BEmoueHms (ta6n, 3).

COBOKYIIHOCTH BK/IIOYEHHH B [HAINIEKTHYECKHX H MMIAKTHBIX CTeK—
nax [lonurafickoll cTPyKTYpEl NpeACTABIAIOT cBoeobpaaHble yoapHO—-pe—
MUKTOBBIE TapareHe3uchl ¥ Mo'yT GBITh HCIONBL3OBAHBI B Ka4eCTBE KpH—
TepHd ynapHOro MPOHCXOXKOEHHS BTHX CTEeKodl,

HcecnenoBanusd KOCMUYECKOH NBIIM IPOBOAMIHCH Ha BKIOYEHHAX B
MEeTalIMYeCKUX U CTEeK/SHHBIX UapHKaX, oGHApyXeHHBIX B INIyGOoKOoBOA-
HBIX ocapkax Tuxoro okeana (pnagmna Tonra), OHM JAWT CHILHO OT—
nuyamomuecs peaylbrarhl, IO-BHOHMOMY, M3—-3a DPa3HOI'O IPOUCXOXKOEH Hs
CTeK/IIHHBIX M MeTallIMiecKHX WAapHkoB (KocMHYecKoe, BY/IKaHHYECKOe,
HHAYCTpHAallbHOE, KOJUIOMAHOE),

[nsg BBIgeneHust KOCMHYECKOH KOMIIOHEHTHl B CMECH OCKOJIKOB CTEeK—
7la H CTEeKISHHBIX T1o6ys H3Yy4YeHbl JYyHHble TPYHTBI, KOTOpbIe CIOXEHBI
IIPEUMYLIECTBEHHO KOCMHYECKOil NMBbUILIO,

Ha Bceit Macchl YacTU4eK JyHHOT'O TPYyHTa JIeTKO BBIIEIUTH I106y—
NApHBIe CTeKIAHHBbIe U MeTalulMHecKHe HacTHYKM, OCKOIOYKHM CTekKia.
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{o6benmu, %)

H,S, ¥rne— Ny +

H O, BOMO= 0, co H, + peaxue
HCI popy raasl

0,0 61,0 - 0,0 2,5 28,0 8,5
0,0 59,5 - 0,0 3,0 25,0 12,5
0,0 6045 - 0,0 2.8 23,0 T3,7
0,0 63,0 - 0,0 3,5 21,8 11,7
0,0 58,3 - 0,0 3,2 19.5 9,3
0,0 78,0 - 0,0 13,0 14,0 0,0
0,0 72,0 - 0,0 15,0 11,8 1,2
0,0 72,8 - 0,0 1005 14,0 0,4
0,0 76,0 = 0,0 10,8 6,4 6,8
0,0 76,4 7,4 0,0 7,9 3,5 4,8
0,0 75,8 6,3 0,0 T2 4,0 6,2
0,0 68,5 6,5 0,0 Tl 4,09 13,8

Ypnapuele BRIIMABKM B aTtMocthepe JlyHBl He OOJKHBI MMETH BKIIOYEHHH,
TaK Kax IVIOTHOCTH JyHHOH aTsocdepr! HiuuToxHa, [IpHBHOC KOCMHYECKOoH
NBUIH Ha TMopepXHocTh JIyHBl HecoMHeHeH, W OHa IPeAcTabiaeT cobo#
IVIaBHBI KOMIIOHEHT JIyHHor'o rpyHra. OpHako, TpPH BCeX Kasajloch Gbl
obneryawoumux obcrodTensLCTBAX, HaOeXHo, B YHCTOM BHAEe BBIAEIHTH
KoCcMIMecKywo Iblit Ha JlyHe Tpynno, B sakmouenue npuBonum Tabnuiry

Ta6anuna 3

Cocrap rasopbix BrmoYenull B cTekie ¥ CMeWaHHOD CoCTaBa M3

3W0BUTOB

Ne H,yS, SO, Yrneso— N, +

. 0 2
m | uF, Hel | 92 | noponst | 2 ©O2 | Ha | peixue
rassl

I 0 0 0 0} 0 30,4 69,6
2 (0} 0 0. 0 0 23,3 76,7
3 0 0 13,7 0] 0 19,7 66,4
4 ., 5,8 3.7 0 0 17,4 45,1
5 O 28.5 16:7 0 (0] 18,2 41,6
6 0 43,5 14,7 0 0 274 142
7 19,8 15,5 22,86 0 0 28,3 13,8
*ITokasarens npenomiieHnst crekna 1,527-1,542,
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aHaTM30B rasa BKMoYeHHH H3 OCKOMOMKOB CTeKia B CTEKISHHBIX WwapHKax
IyHHOIO TpyHTa., DTH HCcilepnoBaHua INokaswemawor: 1. Hamwune monopona-—
“KocMHYecKoro rasa” — BO BCeX BKMoyeHuaX, 2. Bonbuume koneGanus B
ColepXaHMH APYTHX KOMIIOHeHT aTMoCdep mnaenenud. 3. Brmouenns Bce
fea HCKIIOYEeHHS HMeWOT JabBlieHus Gojiee BBICOKMe, YeM aTtMocteps! Jly—
Hel, KpoMe Toro, mMewrcs gpa aHanuaa, KOTOpble IOKASBIBAKOT [aBlIeHHA
BHYTPH BaKyo/IM, TPeBOCXOAfLME [aBileHHe 3eMHOH aTMocgepsi, KonebGa—
HUf B cCOCTape aTMmocdep TUIaBIeHHS MOPYT YKas3blBaTb HA pPA3THYHBIE
HCTOYHHKH KOCMHYecKo#i meinu, [lo-BHomMomy, urapuk¥ Ges BKMOMEHHH —
IyHHOI'O, YNAapHO-MeTeOpPHUTHOro NpOHCXOXAeHud. BrmodeHud C HoBBIULIEH—
HbIM [A8BJIGHHEM MOI'YT YKas3hBaThb Ha SHAOMEHHOE JIyHHO-BYIKaHHYecKoe
NpoHCXOXAeHNe WIH ABIATLCH HOKa3&TeNAMH TakKHX NPONeccoB Ha ApYTHX
mjjaHeTax,

CocTap rasopoi cMmecu (o6beMH,%) BO BKMOYEHHIX
CTeKO/l M CTeK/JdHHBIX WAapuKoB /TYHHOI'O I'PyHTA, A0=
crapneHnoro “Jlynoii-16"
H,S, sO
b Z
co H No+penxue
NH3, HCl 2 2 Pasis

Obnomoukn crek- O0-20  3-45 10-35 0-80
na (11 ananuaos)

CrexnaHHble ma— 0-53 0-61 11-95 0-80
puku (11 ananu—
30B)

ABSTRACT

Caseous—fluid and melt inclusios were studied inendogene, exogene and
cosmic minerals. The principal results obtained are as follows.

1. Glassy and recrystallized inclusions of magmatic rocks have shown
a wide temperature range of magmatic crystallization (1400—630°C). Higher
alkali content in melts as well as volatiles decreases the crystallizatio—
nal temperature of melts.

2. Crystallization of the reare metal pegmatites was effected for poly—
component silicate meltsolutions at the background of evolutional decrease
of temperatures from 1060 to 260°C, pressures between 3000 and 150 atm.

3. Formation of copper—pyrrhotite, pyrite—polymetal and barite —poly,
etal deposits took place at reduced temperatures from 500 to 270°C with
aggregate states of solutions changing from pneumatolithic~hydrothermal
to colloidal-hydrothermal.

4. The study of gaseous phase of inclusions in phillipsite, barite and
bipyramidal quartz formed in exogene conditions at ocean floor has shown
the possibility of existance there of gases as fluid phase.

5. Temperatures of high grade of metamorphism were studied by the
recyrstallized melt inclusions in quartz of migmatitic and autochronous
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granite leucosomes. The studies permitted one toconclude that the tem—
perature of fusing and crystallizacion of granitic melts in conditions of
amphibolitic facies is lower (760 — 830°C) as compared to granulitic fa—
cies (820—900°C).

6. Gaseous phase of inclusions in tectites reflects the physical and
chemical state of atmospheres inwhich fusion of tectitic galsses took
place. Three groups of atmospheres can be separated.

7. Inclusions in diaplectic and impact glasses of Popigai structure are
impact—relict parageneses and may be used as a criterion in favour of the
impact origin of these glasses.

8. The homogenization temperature of melt inclusions in enstatite
from meteorites is between 1400 and 1420 °C, The gaseosusphase of inclu~
sions in olivine and enstatite is C02, CO;'H,, Ng + rare gases.

9. Analysis of gases in inclusions from glass fragments and glass
spheres recovered from the Moon’s soil indicates the presence of hydro—
gene contained in all the inclusions, also considerable variations in the
contents of different gases and pressures which are higher than those of
the Moon’s atmosphere.

A. H. BAXAPYEHKO

0 IIEPEXO/IAX I'PAHHUTHBIX PACILJIABOB BO ®JIIOM]LI,
0 X XAPAKTEPE N METAJIIOHOCHOCTH
(II0 BRIIIOYEHUAM B MHHEPAJIAX)

Ho HacTofmWero BpeMeHH CHOPHBIMH SB/SIOTCH BONPOCH BO3MOXHOCTEMH
TOCTEleHHEIX NepeXonoB MarMaTHieCKHX PACIVIAaBOB BO (MMOHABI, a Tak=
e O XapaKTepe H PYnOHOCHGCTH Haufollee MOS[HHMX paciylaBoB H BO3=
HHKAIOUMX M3 HUX PaHHUX (NTOHAOB, TAK KAK TaKMX [IepeXofoB elle oY=
TH HHKOMY Heé yaaBalloch HaGmoparhb. YKe HABHO MO I'eOoNorMYeCcKHMM Ham—
GmopedusM, a B MOC/iegHee BpeMs M SKCNepUMeHTam¥ ycraHobieHo [14,
15, 18], 4ro pacTBOpPMMOCTL B MArMaTHYeCKHX DACIVIABAX BOABI H
OPYTHX BadKHeHIIHX JIeTy4HX fB/IsdeTcH OrpPaHH4MeHHOH, oCOGeHHO B yCilo—
BHAX BepXHHMX HacTeH 3eMHOH KOophl M YBeNnMuiHBaeTCd 3aMeTHO MMuib Ha
BecbMa Goiblupx IybuHax, [IpH mogbeMax e MarMaTH4YeCKHMX pacriia—
BOB K [OCTYNHBIM HameMmy HabmoaeHHio CPaBHHTENBHO MaiblM INIyGuHAaM,
C COOTBETCTBYWIIHMH IageHHAMH .ﬂ.&BJ’lEHHﬂ, H3 HHX HHTEHCHBHO Bbloe—
asioTeg neTyune (MPOMCXOOMT Jerasamus) co 3HAYNTENLHBIM IONBeMOM
TeMAeparyp kpucrtaumsanuu [8, 13 ], BcneacTBHe Yero B HUX AKOGbI
HEBO3MOXHO HaGmogaTk NMPU3HAKOB, a4 TeM Cojleeé caMHMX IPOLECCOBR 10—
CTelleHHbIX NepeXoAoB paclnaBoB Bo quumoxabl, BmecTe ¢ sTiM cediuac
pce Gosbile H Golblle NMOABIAETCH NAHHBIX O BOSMOXHOCTH GONBWIOrO
PACTBOpEHHMS eTY4YHX B paciyiaBax CO 3HAYHTE/bHBEIM IOHIDKEHHMEeM TeM=—
nepaTyp uX kpuctamusanud, a A,.B,Tpomory [5 ], H.IL. Epmaxkory [7 ],
JLII, Basapoy [1] u gp. pnaxe yaanoch H3yyaTh BKTIOYEHHA TaKUX pac-
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JIaBOB B TIOPOAAX, HO TOBTOPIEM, 4YTO eue HUKOMY He yOalloCk HabiIio—
[aTh NepexopoB HOCHEemRHEX BO (monabl,

Ham 110 NnepBHYHBIM BEIIOYEHHSIM OBIIBIX PACIIABOB (NIOHAOB B kKBap-
nax, romasax, ¥acrhio B GepwiiaXx u Apyrux MHHepanaX T'paHHTOB, & B
OCHOBHOM B WX IIPOMSBOAHBIX KaMEpHBIX NerMaTHTaxX ¥ B pdae Apyrux
nosfiHe—~ H MOCTMarMaTHYecKHX Tejl yAaloch HENOCPEefCTBeHHO IIpociie—
auth u chororpadpupoBaTh Taxkue IOCTeNeHHbBle Ilepexoakl, IIPoCieHTb
K NMpoaHaATA3HPOBATE XapakKTep CaMbIX ITOSAHHX OCTATOYHBIX PAaCINIaBOB
M CMEHSIOWHMX MX (UUOHAOB—PACTBOPOB C ONPeAelleHHeM HX MeTaillo-
HOCHGCTH.

1. llocrenennble mepexofdbl pPaciylaBoB BO (WIioMabl, KK OTMedalock,
yoanoch Haubollee IONHG M HAIVIINHO HAGMOAATE [0 NepBHYHBIM BKITIOYE—
HHAM B OCHOBHOM B XOPOLIO Pas3BHUTEIX KaMEpHBIX Nermarurax, oTHacTH
IMerMaTOHAHBIX, MOMeBOLITATOBbIX, MOIEBOWNATOBO~Ipeli3eHoBEIX 06ocob—
JeHUAX — Tenax, 3sajeranliiX cpenu MaTepHHCKHX TpaHMToB B llent—
pambrHom Kasaxcrane (Axuarayckuit xommiekc), B Bocrounom 3abaii-
xanve (Kykynubeiickuii xommnexc), Ha Yxpaune (Kopocrenbekuii mMac—
cuB Ha BonblHE) # ap. 3TH CpaHETH ¢ XOPOWO PaASBHTHIMH KaMepHbIMH
nerMaTHTaAMH, MO BCeM OaHHLM, GOPMHPOBAIIMCH B NO3AHMH IOCTOPOreH-
HEI TepHoA B IATHOPMEHHBIX WIH B yXe KOHCOTWIMPOBAHHBIX CKIaqda~
THIX O6GacTaX B TEKTOHHYECKH Hanbolee CIIOKOHHBIX YCIIOBHAX, HEOO-
XOoAMMBIX [J1 MaKCMMAallbHOI'O MX oforaumeHusl J1erKOIUIABKHMH KOMIIO—
HeHTaMH M QIMOCYWIMMHE JIeTyYUMM [JiId Tepexona Bo dmouarbl, OHH spB—
nawTcHd  oObMHO I'umaGHccanbHBIMH - (yCioBHS, 6GnarolpuaATHHE 07
BhYle/leHHS M HaAKOIJIeHHa JIeTy4HX), MX MacCCHBBl MMEWOT OKPYIVibie, Hale
KyTIOJloBHAHBIE (OPMEI C 3JIEMEeHT&MH KOIblLEeBOI'o, MHOI'0(as’oBOI'0 (3-
4-x (baaoaor‘o)_ CTPOEHUS M 3ajlel*aloT Iofl 9KPaHOM IUIOTHBIX IIepPeKpbl—
BaIMX TMOPOA, CIYXHBLWKMH XOPOUIMMHA “NOBYWKaMH” [ OCTATOYHBIX
pacmiapoB=pmonaos, CocraP 3THX I'DAHHTOB SBJIAETCH CYLECTBEHHO Kaw-
JIMeBLIM, OOBIMHO CyOLIENOYHbIM, J1EeHKOKPATOBHIM A0 alfCKHUTOBOIO (Kpo-
Me CnydaeB IuGpuauaMa) C olpeaelleHHol INeTpoXHMHYeCKoR M pyaHoi
crnenuanusalmmMei, ocobGenHo nocneaywumx a3 X Gojlee JIeHKOKpATOBBIM
u Gonee NErkoIVIaBKEM MENKO3ePHUCTHIM PAa3HOCTAM, HaKallIMBaBLINXCS
0COOEHHO B BEpPXHHX YacTAX MAaCCHBOB,

I'panuThl C KaMepHbIMH IerMATHTAMHM X C HM3YyYEHHBIMHM HaMHu Haubo-
JIee TIOKas3aTebHBIMH TOCTENeHHBIMH, lepeXoflaMi OCTATOYHBIX pacIllaBoB
BO GuTOMABI OTHOCATCH K PENKOMETAITLHBM KOMINIEKCaM, HO IpeCTAaBisi-
wT cobolt ux Hambonee mospgHue, eme 6Gollee CHEUUANIN3HPOBAHHBIE PaSHO-
BuAHOCTH, fApkuM npuMepoM sBIsieTca Hanbollee OeTallbHO HAMM H3YdeH=
HBlli AKyaTayckuil NMO3AHENAaleOo30iCKHH KOMIUIEKC y rpaHuToB B llenT-
pancHoM Kasaxcrade, rge ¢ HHMH CBA3aHbl MHOI'OYHCJ/IEHHBIE pPelKOME-
TanbHble MeCTOpPOX([eHHd, a C HaHboNee NO3AHEH KX PASHOBHOHOCTLIO
(Bexrayarmucknii, Kenrckuit u Opyr¥e MaccHBbl) CXOIVIEHHS KaMEepHEBIX
nermaruros (rabn., 1), :

Kak BupHO #3 tabmuupl, 10 CPaBHEHHIO CO CPeOHMMW IpaHUTaMM B le-
oM B AKYaTayCKOM KOMIUIEKCEe, KpoMe KpeMHeseMa, SHaYHTellbHO BO3-
pacTaeT KOIHYECTBO JIETKOIIABKHX LIEOYHBIX M CWIBHO (NIIOCYOMMX
peaKHx mesovell ¥ ¢ropa, a NapavlelbHO C HHMHM M CAMHX PelKHX Mew-
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rannoB ( W, Mo), HO B paccesinHoM BHae. BaxHo To, ¥TO BO3pacraHue
OTMEeYEeHHbIX JIErKOIUIaBKUX H OCOOEHHO it]ﬂ'[OCy‘IOIlU’IX KOMIIOHEHTOB 3Ha-
YHTENIEHO CH/IbHEe NpofiB/eHo WMeHHo B Gonee moaaHux Macchpax (Bek—
TAYaTHMHCKOM H Ap.), COAEpXAWMX CKOI/IeHMS KAMEepPHBIX IerMaTHTOB, B
KOTOpPBIX 6nar‘oﬂ.apﬂ 3TOMY H TeKTOHHYeCKOoI'O CTIOKOHCTBHA BO BpeMsa HX
dopmupoBanua HaGmMOOAWTCA MepeXxoabl paciyapoB BO Gmonabl, HO 3aTo
B CBA3H C TaKMMM I'DPaHNTaMM, HECMOTps Ha MX COMbIIY0 CIenuantnsa—
UM Ha pegkKHe MeTallllbl, HeH3BeCTHO MECTOPO?KﬂeHHﬁ ITocClIegHHX, Bmec—~
Teé C 9THM HMEHHO B MaccCHBax I'DaHUTOB, (GopMHpOBaBUWIHMXCH B Haubolee
CHDKOﬁHbéX YClIOBHSIX, HAKAIVIMBANIOCHL OYEeHb MHOI'O NneTyqyux — go 200-~
300 cM“/kr B anukaneHbeIX yactax (mpo6sl M.M, Snuncon).

Kamepuble mermMaTuThl, 0COGEHHO KpYIHEIe, XOPOWO PasBUTHIC COCPeno—
TOYEHbl MMEHHO B BEePXHMX KYMNO/BHBIX YacTAX NMOCTOPOT'eHHEIX MAacCHBOB
TPaHUTOB B MeCTax CKOINVIeHHH JIerKOIVIaBKHX, (NIOCYWIHX r'asoB o
SKPAHOM IepekphiBawmuXx nopod. Ilo Mepe xe yriyGleHHAd B MAaCCHBBI
Ha 500-800 M, a Tem Gonee riy6xe, X pasMepbl M KOIMYeCTBa ped-
KO nagawT g0 HMCHYe3HOBEeHHd. Camu KaMepHble, XOPOUWO pa3BHTBIe HmermMa—
THTBl MMeWT OKpPyI'ible M3OMEeTPHYeCKHe WIH wToKoobpasHble (OpMEl pasd-—
mMepoMm no 20-40 M B OMaMmeTpe, OKpyKeHbl BHelIHeli 30HOH ammuros
nmM rpapuueckKoro mermMarura ¢ Gojee pesKHMH BEepPXHHMH KOHTaKTaMH
H C TIOCTENEHHBIMH B3auMoNepexofaMH C BMeIAlomMMMH FPaHHUTAMH B
HIDKHHX dacTaX., B camux mermarurax, Xpome AaIUIHTOBOH M rpaguueckoi,
CHapyXH BHYTPb Das3BHTBI SOHBI: NermMaTougHas, G/I0KOBas, MOHOMMHE—
palbHBIE IloJleBOWTNATOBLIE H HEeHTpalbHble KBapuesble “aaopa”, moa koro-
pbiMK OGBIMHO M pacloflaraioTcsd MHHepanu3OoBaHHbIe MONOCTH (kKamephl),
B nocnennux, XpoMe KpHCTA/VIOB KBapua H IOJEBLIX WIATOB, MaKCH—
MallbHO COCPe[OTOYeHbl KPUCTAallibl Tonasa, (NIOpHTa, YacTo alaTHTa,
aKneccopHoro Gepwiia, GoraThlX JHTHEM ciiog M AP, KAk KOHEeYHEIe IIpo-
OYKTHl peakuui (UIOCYIOMX KOMIIOHEHTOB, HacTo paAoM C KaMepHBIMH
nermMaTHTaMH, OCOGEHHO B CaMBIX ANHKATLHBEIX YaACTIX MACCHBOB IO yCa-
JOYHBIM TpelIMHaM, PasBHTEl 30HB! WIATH3HPOBAHHEIX M I'peil3eHH3Hpo—
BaAaHHBIX rpaﬂn'ron, HHOI'la IlepeXoasdluHe B XWUIIbI,

Kax BugHo, reoloruyeckie H FeOXHMHYECKHE YCIIOBHA B YKa3aHHBIX
crmyyafX BecbMa G/1aronpHsaTCTBOBAIM CIElHANB3alii I'PAHHTHEIX pac—
IU'IB.BQB, C IlepexoaoM HX B KOHeYHBble JIeKOoIl/IaBKHe, a IoC/IeHHX BO
¢monasl, 3TO M NpoOCieXHBAETCH IIPH CHCTEMATHYeCKOM H3Y4YeHHH Nep—
BHYHBIX BEK/MIOYeHMH PaciiiaBoB~pacTBOPOBR B MHHepallax caMHX I'PaHHTOB,
B OCHOBHBEIX OTMEHEHHBIX 30HAX NerMaTHTOB, B MUHepalaXx MX NoliocTel
H B IMOCTMAarMaTHYECKMX TelaX-XWiIaxX, 4YTO HWUTIOCTPHMpyeTcd Npuiarae-
mbivu dororpadmamu (dur. 2-5), [isg crcTeMATHYECKOTO H3y4eHus Iep-
BHYHBIX BK/IIOYEHHH NPUTOTABIMBAINCE Clenua/lbHble MNACTHHKH, KOTO=
pble H3yyamuchk NOJ MMKPOCKOIOM, & COCTAaBbl OTIE/bHBIX BCKPBITBIX
BKTIOYeHHHA M3yuanMmch Ha naaepHolt ycraHoBke. Muorma ynaBanock ua-
BlleKaTh OTAE/LHbie MUHepaibl (MoneBble wnarkl, KBapiu, CIMOAbI, (NIOOPHUT
U Op.) K3 BKMOYEeHHH W uaydaTh uX Gonee neransHo, Kpome Toro, co-
cTap BOAHBIX DNACTBOPOB #A3YHA/CS AaHAIW3aMH MX BOAHBIX BHITHXEK
(A.A. Mockamok j, APOU3BOAMIHCEH AHATIUIbI r'a:sos, USBJIEYEHHBIX B IIy=—
Goxmit Bakyym (M.M, Dmuncon).
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Tabnuuna 1

COCT&B, neTpoxXuMHueCKas u pYﬂHBﬂ cllenyanu3alnug IToclegoBartellb-
HEBIX lﬂiTpYSKBHHX (13&3 A.K'-IﬂT&YCKOl"O KOMl'U'leKCE T'PaHUuTOB l.IeH’rpa.nb-
Horo Kasaxcrana

Copepxanue KOMIIOHEHTOB, Bec.%

Wurpysusubie dassr Komma,

TpaHATOB npob 5102 Aly0q Fe203 + | Ca0 +

FeO+MnO| MgO

AK4JaTayckuii KOMINIEKC (cpeaHee mo KOMIIEKCY )

I pasa 124 72.48 4838 264 2,92
11 paza 131 T2;71"-713.85 2,08 2,21
II1¢aza 135 73,14 13,60 1,63 1,89
CpenHee 390 Ty td LB RT 2,12 2,14

BekxTayaTHHCKHII MacCHB C KaMepHBIMH NEeIMAaTHTAMH

I paza 12 72,91 13,84 2,66 1,88
[Ipaza 10 73,40 13,09 1,98 1,56
IlIjpasza 13 78,856 ..-12,85 1,65 1: 13

CpenHee 35 73,39 13,26 2,10 1,54

Cocrap cpefHuX I'paHdTop no [lanu
70,77 14,59 3,49 2,90

2. B co6CTBEHHO MerMaTHTOHOCHBIX I'DAHUTAX, B CArawidX HX 3ep-—
Hax kBapua (0a u B OpYrHX MuHepanax), KpoMe oOBMHO Ipeo6agaiomux
BTOPHYHEIX, 4 HHOI'la M AHOMAJLHBIX BKITIOYEHHH, XaKk BHAHO Ha (oOTO
(¢ur. 1,4,5,B), BCTPeYATCA NEPBHYHbIE T'a30BO-OTBEP/IEBIIME BK/NOYE—
HuH, Hocnennne COCTOAT M3 rasoeoit ¢assl (g) or 5-10 mo 15-20%

U IUIOTHOT'O arpera'ra MuHepanoB, ofpasoBaHHBIX H3 pacnnaBoB (Rc) —
ao 80=90%. Ipn srom HaGmopawTcd cleayoUHe 3aKOHOMEPHOCTH:
a) ypenumdenue obmel gonu rasosoil Gaskl B NOCTEeAYWOLHX pPasHOBHOHOC—
TAX I'DAHUTOB, OCOBGEHHO B AIHKA/ILHBIX YACTHX MACCHBOB (Kak pesyilb—
TaT HaxoIUleHHs rasoB); 6) kKax NpaBHNO, OTCYTCTBHE BO BKITIOYEHHSX
XKUOKHX $a3 BOAHBIX pacTBOPOB, 34TO HalWYHe CpedH Ia3’oB KpoMe OOblN-
HBIX CO,, N , TPOAYKTOB AMCCouxauuu Boabl — Ho no 20-30% u
SHa‘IHTeanO Meabme kuciiopopa, Bo nabexanue Holy4eHusd 1noGOYHOIO
H, useneuenme rasoes mpouspoamioch 6e3 y4acTHs METalIoB C KOHT-
PObHBIM TOBTOPEHHEM; B) IUIOTHBle arperarbl COCTOAT H3 TeX Xe
MHHepAanoB, 4TO M I'paHuTH (B OCHOBHOM NONEBHle LINATHI' X KBALH ), HO
YaCTO C HANMYMEM AaKIeCCOPHOTO QMAnnuTs ¥ JIeMKOPACTBOT vpiX Lallo—
. PeHOB, naxe B BHAe KPHCTIwIoR 3 ra30Boit dase (pur, 1,5), xak mpo-
OYKTBl KOHEYHRX NCarTiiid.
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Copnepxanue KOMIIOHEHTOB, A fife

Bec, %
Nay0 K20 Rb F w Mo

AK4YaTayCKHd KOMILIeKc (cpeaHee IO KOMILIEKCY )
3,67 4,31 250 850 2,0 2.0
3,71 4,72 - 8370 1150 8,0 4,1
4,02 4,75 520 1580 20,0 12,2
3,80 4,60 380 1200 10,60 6,1
BexrayaTuHckuif MaccHe C':KaMepHbIMM IeMATHTAMH
3,82 4,54 260 900 4,3 2,7
4,30 4,95 430 1600 15,3 6,3
4,81 5,30 780 3100 28,8 15,2
4,31 4,90 490 1880 16,1 8.1
mo A,ll, Busorpagosy

3,52 4,15 200 800 1,5 1,0

[lpn HarpeBaHum go 700°C ¢ NepBHYHBIMH BKIOMEHHMIMM HUYEro He
NPOMCXOAMT (KPOoMe MX OOWIIBHLIX PaspHIBOB), a IpH 700° srmouenus
C yBenu4eHHOH fAoneff ra3oB B aIMTaX W B MO3JHHX PA3HOCTAX IpaHH-
ToB u ¢ 750=800°C B Gonee paHHMX PasHOCTAX TPAHHTOB HAYHHAIOT
nnaBuThbCH OOBMHO OT rasoBolf gaabl M KpaeBBIX yacTell Bakyonei
(dur. 1, r,n,e).llonHoe nnaenenue (romorenusanus) NMPOMCXOAMT IpH
850-9000 Bo BKmoueHMAX B IO3QHMX PA3HOCTAX I'PaHHTOB M no 950°C
(naxe ‘BB B PaHHKX) YACTO C HEKOTOPLIM pACIVIABIEHHEM KBaple-—
BBIX CTEHOK Baxkyone#, KoTopbkle mpuoOpeTawwT OKpPyIVible dopMbl
(bur, 1,x ).llpu oxnaxpeHHH Nocne HEKOTOPOI'O MepeoXiaxneHus ob—
pasoBaBUIHecs pacIyiaBbl BCKHIIAIOT C BblgelleHHeM MAacCHl I'asoBbIX ITy-—

3LIPLKOB Cpead CTeKla — gl (¢ur. 1, r, e, x).[lo ananuaam BoAHEIX Bbi-
THXEK HamMeyaeTcd IMOoCTeNéHHoe oforallleHHe IIoC/eOBATEeNbHEIX BKITO—
YeHHi#l NerkopacTBOPHMEIMH COISMH = B OCHOBHOM XjopHaamyu H (TOpH-

garees N. == 17
T T s

W3 npuBeAeHHBIX HCCllefoBaHuii HarnagHO BHAHO, 41T NMOcieayomue
pPasHoCTH T'PaHUTOR Bce Gonbile u Gomnbuie oforamarTCH 1eryinmi,
dJJﬂOCY!OIL[PﬂVIH U JIerKoINIABKHMH KOMIIOHEHTaMH C COOTBeTCTBYWINHM IO-—

HIDKEHHeM TeMIlepaTyp IUIaB/ICHHA IOC/IeAyoIMX PasHOCTeHd I'paHHTOB OT
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dur. 1. [asoBo-oTBepaeBHe (paCHNaBHLIC) BK/OYEHHS B KpBaplax
rpanuto (4,5) u anmutoe (B) M ux nnapnende TPH HarpeBaHHM:

I - a0 730° ] - no 750° E - no 800° u X - no 900-930°C,
Rc¢ - nnoTHL arperaT Mupepanios (nopona), o6pasoOBAHHBIE M3 pac-
nnapos, gl - crexkna, € - ras (nysepokoB), K7- kpucTanmu
ceoBoaHoro pocra (M3 QUIOHIOE—~paCTBOPOR)

950~-850° pannux ¢as no 800-700° u naxe 650°C nosguux ¢as u an-
JINLTOB, ’

3. B caMuX KaMepHHIX merMarirax, Kax BWIHO M3 NOCIIe[0BaTeb-
HEIX doro (dur. 2), oT HAPYKHBEIX 30H K BHYTPEHHMM Habmopaiorca nepe—
XopHBle TepBHYHible BKIOYeHMS OT CymecTBeHHo pacmiaBubix (¢ur.2,B,B)
0O CymecTBeHHO ¢rmoupantubix (¢ur, 2, H ), Ha dur. 2,A Bugsa nneana co-
BEpIEHHO OAHOTHIHBIX BKMOYeHMH, KaK CBMAETELCTBO HX He aHoMallb-
HOM TIepBHYHOCTH, B HApyXHEIX 30HAX MerMaTHTOB (rpagmieckol, mer—
MATOHMOHOH) B NEepBHYHBIX BKIIOHMEHMSX qOMHHHpyum# ofneM (80-60%)
aaHMMaeT pacnnapubli arperar (Rc) c rasopoil pasoit (15-20%) u
nosAB/IgOTCS KpHCcTa/ubl ceobGoasoro pocta (Kr) ua dwmomgos. IMociego-
BaTeIbHO K BHYTPEHHHM 3oHaM rncrmarnres {(bur 2.R—H)cuneHo Bos-
pacTraer o6beM picramios cBoGoasoro pocra Ao 30-50-60% B ocHob-
HOM 2a cYeT yMeHblleHHs obbeMa pacliapdHoro arperara o 20-10%

B KBapueBblX dnpax. MHTepecHo To, uTo MMEHHO B NEPEXOAHBIX BKMOYe—
HUSIX, MPUMEPHO C NerMaTOWIHOM 30HH!, BO BK/IWYEHMAX IOABISIOTCH Hep-
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dur, 2, lNepexoanbie pacniaBHO=(NIOMAHLIC BKIOYEHHS OT TOYTH YHCTU
pacunapubix ( R¢), ¢ nospreHneM TPH3HAKOB KPHUCTAIIOB CBOGOMHOIO
pocta us ¢mounna (A w B ) B KpaeBriX 30HAX NECMATHTOB, C NOCTe—
TIeHHBIM YEe/MueHueM nocliefuux (['—3) Bunote no mnpeo6napamus (3)
BO BHYTPEHHHX 30HAX M Oajlee [0 MHOrODA30BLIX (IOHNANEHEIX BXINO—
uyennit (H) B xpucrannax us monocTeir; A — TN/edNa ONHOTHIHEIX pac—
NN1aBHO-(IOHMIATIEHEIX BK/OYEHHH — CBHAETENbCTBO HX TEePBHYHOCTH H
He aHoMalbHOoCTH, VIMEHHO B TepexoOHBIX PacTIaBHO-(IOHOAIIBHBIX BKINO—
yeHUsX BIEpBhie NOABISeTCH WUOKas ¢aza BoaoHeix pacteopoB (L). Bau-
3y BK/MOYEHHMY BCKUNEBIINX pacllIABOB-pacTBOpPoB: K ~ wHCTO rasoboe,
J = croxHOe, CYWECTBEHHO [‘A30BOE
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dur, 3. Cragun pacTBOpeHUs-NNABICHHS pacCIaBHO=(QUIOMNATBHEIX BKIIO—
yeHHMii OT HayAMBHEIX - 550° (4) uepes NpoMeXYTOYHEIE 600° (B)

[0 KoHeuHHX — 650-700° ( B,F), xortopuie npy 3aKaiike BCKHIe/H

c ofpasoBaHieM CTeK/la C Ma30BEIMH Ty3BIPbKaMH

Bble TPU3HAKH XHAKoOH (assl pogubix pacteopos (L), kxommiecTBo kxoro-
poii ypenuuupaeTcs K BHYTPEHHMM 30HaM MEerMATHTOB, HO €lle B IOAYH—
HEHHBbIX, 10 CPaABHEHHIO0 c rasamu, & TeM 6Golee C TBEPABIMH dasamu,
kommdectax. CoorBeTcrBenHo cpenu rasoe poabs Hg mocne Hekoroporo
MOBBLIUEHM K BHYTPEHHHMM 30HAM INe'MATUTOB Pe3KOo MajaeTr A0 IOYTH
MOMHOI'O  HCYE3HOBEHHH,

Cpeau xpHCTa/MIOB CBOGOAHOrO POCTa, KaK M B pAaCILIABHBIX arpera—
Tax, BeNymy©® pollb HrpawT noneBble wmarkl (¢ur. 2,I' ,3), kpapu
(¢ur. 2,E,X),nuruessle cmionbl ¥ APYTHe TPYJHOPACTBOPHMEIE MHHEpa—
JIEl, OOHAKO 3/[1eéChb PoOilb JIerKOPacTBOPMMBIX 3HAYHTENILHO IOBbLILAeTcHd,
Cynss Mo BOAHBIM BBITSIKKAM, B PACTBOPAX CHIBHO BoapacraeT ponb Cl,
F, a,K, a B caMmeix BHyTpeHHux soHax =~ Ca, HCO,. B camom Huay
¢ur.2 (K uJl) npuBeneHsl ciyuau aHoMaIbHbBIX BKMIOYeHHUll, BCKUIIEB-
WHX QIIIOM10B~PAaCINIAB0B, WHPOKO pPaclpOoCTPAHEHHBIX B IerMaTurax, B
CBSI3H C yYcano4yHbIMH NpoueccamMu IpH KpHCTa/lIH3allhH. Onu HapoaosdaT
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Ha MOXHY MEIC/IE O CcylLleCTBeHHO ITHEeBMAaTO/IHTOBOM XapakTepe nerma-—
TUTOOOPA3YIOIUX PACTBOPOB,

Mpu sarpesanmu (pur.3, ocobenno 41-4g) Bo BKMOYeHHEX mepexo-
HBIX pacnnapob-umonaop BHauane (oo 450-5200C) B rasoeoll dase
pacTBOpseTcs XuUAKad (asa BOAHBIX PAcTBOPOB M GOmbWas 4acTb KpHC—
Ta/loB CBOGOAHOI'O pocTa (‘42): a ¢ 520-530° Bo BHyTpeHHHX B0HAX
u ¢ 600-650° Bo BHewHMX HAuMHAeTCH INaB/EHMe IMIOTHOrO (pacimae-
Horo) arperara (43 _,) c momolt romorenusaumeit (niapnenmem) co-

. OTBETCTBEHHO IpH 00-650° Bo BHYTPEHHHX 30HAX NerMaTHTOB. 0
700-750° Bo BHEWHHX, C ofpas3’oBaHHeM BecbMa ¢mouaalnbHBEIX pacia—
BOB (AS) C IIOCTENMEHHbIM IIepeXOAoM B CYILIECTBEHHO (UnOWAHBIE CHCTe—
Mmpel, [lpe saxanxe ¢moupanuuble pacniiaBbl BCKHIAIOT C obpalcoBaHHEM
CTeKoNn ¢ Maccoif rasoBBIX Iy3bIPLKOB (dﬁ, B u ' = rpynna ogHoBpe-
MEHHO pacIllapuBWMXcS BKmodenuit), ClegyeT oTMeTHTb, YTO B pac—
mnapaxX, KaKk BHAHO N0 KoWdecTBY W oO0BeMy Ia3oBhIX my3blpbkoB (B,[),
pacTBOpdaoTCH BecbMa Bonbuine ofbeMbl rasob - go 30%, a eume Bblne -
O4eHb KOHIEeHTPHPOBaHHLIX dumonpoB ¢ ofpasoBaHueM (UIOMOHLIX paciuia— .
BOB C IIOCTeNleHHBIM IlepeXOoAoM B YPe3BhMalHO KOHIEHTPHPOBaHHBIE
¢monnel, Bce oTMeuennoe cBumeTenbCTBYEeT O TOM, UTO IerMaTHTH (oC-
HOBHBl@ MX CTDyKTyPHBIe 30HBI) GOPMHPYOTCH M3 BCe Gonee u Gonee
(moHaaNLHEIX, Gollee NEerKomIaBKHX PACIVIABOB C TOCTeIIeHHBIM INepeXo-—
NOM HX B YpesBBMANHHO KOHLEHTPHPOBAaHHBIe mionakbl,

4, B Munepanax monocTe#f B merMaturax, ocobeHHo B Tomasax, a
TaKxe B [MOCTMArMATHYECKHX TellaX, Kak BHOHO HA NocilefoBaTelbHLIX
dorto (¢pur. 4), ycraHapIuBawTCH, BO-IIEPBHIX, KaK TepeXxof OT MO3[He—
MarMaTHiecKHX, — O4eHb BBICOKHE KOHIEHTPAUHH HAaYaMbHBIX QIIOHAOB
(no 60~70%. obveMa BKMIOUEHHE 3aHAMAWT KPHCTAIIE CBOGOAHOrO POC—
ta — ¢ur, 4,4, B, B ), a pallee nocTeleHHbI HX IepeXon BO Bce MeHee
1 MeHee KOHUEHTDHpPOBAHHEIe M'MOAPOTEPMB! C HCYE3HOBEHHEM TpyOHOpac—
TBOPHMBIX MHHepanos, MHorue uccriegoBaTe/ He BepAT B CTONL Bhbl-
COKMe KOHLEeHTpAlHMH HaYalbHBIX (NTIOHJOB M CYHTAIOT, YTO MHHEpPAIIhI
BKmMiOYeHus 3axBaudeHbl [4] m gpyrue. OnHako MHOIOKpaTHBIE HAlUH OIlbi-
TH IO PACTBOPEHHI COAEPMUMOTIO TaKMX BK/MOYeHHH TpH HarpeBaHuM
(pur. 4, 'Al, Az,Aa) ¢ romorenunsauuedt npu 540-550° (¢ur, 4,4,),a
NpH OXNMaXOeHHM BHOBb KPHCTA/VIM3ALIMHA CTO/ME Ke GoNbwHX o6neMoB
KPHCTall/IOB (Q)m‘. 4, A5) ybenurelbHO CBHAETE/ILCTBYET O CYNecTBOBa=
HMH TaKMX OYeHb BLICOKOKOHUIEHTDHDOBAHHBIX HAYaJbHEIX (UIIOMOOB.

Ha cnepywmux dur.4,I',71,3.4 K,] v M npuBenexs! HarmsfHele IpUMepE
XapakTepa M yMeHblieHHsl KoHImeHTpauu#i pacTBOpoB, HHOI'AA CO BCKHIIa—
HHEM, ¥acTo ¢ mosBnenneM xupkolt CO5 (dur. 4,H,1.M). B aasucmmoctu
OT KOHHeHTpauui NMpu HArpeBaHMM OTMEYEeHHOI'o paaa BKIOYeHuH, Ha=
GmonaeTcd NafeHUe TemIeparyp MX roMoreHusamns (u temmepaTyp Mu—
Hepaoo6pasosanmst) or 540-500 no 300-200°C u menee, npu atom
B ob6nactn 480-540° xoHueHTpHpOBAHHEIE I'EAPOTEPMHI HE OT/IMUHAMEI
OT MMOTHHIX azoB (¢momanr). [To Mepe napeHus TeMnepaTypel, cyas
Mo COCTaBy BHMANAWINHX MHHEpAIoB H MO aHAaIH3aM BOAHBIX BHITHAXEK,
pacTBopkl, BHavane Goratkle K, F, penkmvmu menouamMH, CMEHSOTCH Ha
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dur. 4. Bxmoyenus (PMONNOB~PACTBOPOB B MHHEDA/AX MOCIEHOBATE T
HBIX TIOCTMarMaThieckux Tenl (¥un) or upesBhmuaiino KOHIEHTPUPOnme
BaHHLIX

A, B - B KODHEBEIX HaCTSX KPHCTAIVIOB B TOJIOCTSX TerMaTUTOR, B
ansGurutax (romoremusupyorcs mpu 500-550°C); B-J - 10 ®e B
TOTNOCTAX merMaTHTOB M B pyncHocHeix (c W,Mo, Sn)  rpeitaenax,
CPeii3eHOBO=-KBADIEBEIX KHUJIAX (POMOI“BHHSHPY!O’!CH npu 500-350-
300°g; 3,H,KE - muoropazobsie 1 JH - 3- u 2- hasosrie yxe
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CYUIECTBEHHO XJIOPHAHO~-HATPOBHIe M GukapGoHATHEIE, WTO CH/IBHO BIMSET
Ha XapakTep MeTallor'eluH,

TakuMm ofpasoM, MO OXapakTepH3OBAHHBIM BK/IYEHHAM B MiHepainax
KaMepHBIX IerMaTHuTOB, B HX MATEpPHHCKHX T'paHHTax H B NOC/eaywIIHX
TenaX OTYETIIHBO YCTAHABIWBAIOTCS HAIW4YHe, NPUYMHBI, BPeM#d, MeCTO H
YCloBHSl OTMeYeHHBIX NepeXofHBIX PACIVIaBoB BO (NTOMOB!I B XOfe Marma—
TOI'@HHBIX ITIPOLIECCOB, XApaKTep NpeAuecTBYWIHX PACIVIABOB M IIOCHEe—
AYWOWHX GTOHI0B~paCTBOPOB,

B HacTodlllee BpeMfl cyuleCTBoOBaAHHe OTMeYeHHBIX HHSKOTEMHGP&TY})—
HBIX PaCIIaBOB, HX BLICOKAA Ia30HACHIIEHHOCTE ¥ BO3MOXKHOCTHL TOCTIE—
JoBaTeNbHBIX MX NepexonoB Bo dqumouabl Bce Gomnblue M Gonblie MOATBEPX—
naiorcd skcnepuMentamu, [lo O, Tarrny u A, Boseny [18 ] Tonvko mpu-
CyTcTBHEe OAHOH BoObl CIOCOOHO NOHH3HTHL TEMIIEPATYpYy IUIAB/IEHHd I'Pa—
uurop no 640°C, Ecnu pauume mo P, Topancony [17] cumranock, uro
pPacTBOPEMOCTEL BOAbl B I'DAHHTHOM pacmnapse He mpesbimaer 10%, To
onsitamME H.U, Xurapora [15] mocturayra pacteBopumMocTb B 12-13%,
a MMeHHO B HerMATHTOBHIX pacinaeaX no 19-20% [16]. ITo skcnepi-
menrtaMm [l Buwum u O,Tarrna [19 ) mumue orpaEudenHsle XonmgecTtsa
P,Fu Li crioco6HE NOHKBUTH TeMIlepaTypy IMaBIeHHsS pasuTos Ao 560°C,
a no nocnepuuM naneemM [1.C.T'moka [6 ], nerxopacreopawmunecs coe-
Arvenns ¢ropa, B yacrtHoctH KF,npm 15% xoHueHTpauuu B rpaHuTax,
CnoCcoGHBl MOHUSHTE TEMIepaTypy INIaBleHUs NOC/IeOHHX oaxe 1o 300
T.e, B 06IacTh IOCMOACTBA T'HApoTepM. VIMEHHO HaKoIleHHe OTMedeHHBIX
bmocyomux u GUKCHpPYeTCcs B OCTATOYHBIX  IerMATHTOBBIX pacniasax,
O6GBACHAA TakKdM o6pa3oM ITepeXon MOCNeAHHX BO QUIOHILL,

5, OGbMHO Xe BClIeACTBHE HMHTEHCHBHBIX NOABLEMOB pACIZIaBOB M
BCKMIIAHHH, OCOGEHHO IpPH TEKTOHHYECKHX IIOABIDKKAX, OTMEYEHHbIe 2BO=—
MonuK ¥ Iepexonsl M'PaHHTHBIX pacmiiaBoB Bo (wmoMabl Hapyuaworcda, He
HAGmMOnAXTCS OHM M B Oojlee OCHOBHBIX IIopodax BCAeACTBHe Oosiee Bbl-
COKOTeMIleparypHoll HX KpHcTaliusauud, HekoTopkle ajeMeHTHl nepexo—
OOB HaBmoAawTcs JHWb B IENOYHEIX Topoaax (menoyHele merMartuThi).

6, CornacHo AaHHEIM aHAIM30B I'a30B, NOATBEPXIAeMBIX SKCIepH—
mentamu ALA, Kapguxa [11] , BcrneacTeBue SHAYHMTENLHBIX KOMIHYECTE Ta~
KHX aKTHBHEHWMX BoccraHopureliedi kax Hg ¥ ruapokcun (ponyxTon
AuccouMaudy Bofbl NPH ee PacTBOPEHHH B rpaﬂnmoﬁ Marme) B marma-=
THYECKYO CTaui0 He 06pasyeTcsi MeCTOPOXAEHHH MHOIMX THXENBIX Me—
ramoe (B wactHoctn W, Mo, Sn u pap.), HecMmorps Ha wacTo BeckbMa

CpeaHe~ H CnabOKOHUEHTPHPOBAHHLIE BKINOYEeHHS B TIOCJIEAYIOUHX. IIOC T=
MarMaTiyeckux obpasopanuax; E, X - BxioyeHHs BCKHNEBIIMX paHHHX
dumounop; E = CNOXHbIE MO COCTABY CYUIECTBEHHO ['a30Bbie; A = ra—
aoebie (B “coroBom” kBapue); J,M - wacCTHYHO BCKHUEBIUHe CPefHe—
H HH3KOTeMIlepaTypHEIE; AI—AS ~ TocllefoBaTellbHOe TIPH HarpeBaHUH
pacTBOpeHHe OYeHb KOHIeHTpupobauuoro (50-55% ofbema xpucTai-
0B cBOBOMHOrO POCTA) (NIOHAATLHOrO BK/OYEHHA [0 TOYTH NOIHO
romorenusaunn (npr 540°C - As)

271



GoMnbWyio cCllenUHalH3auMio Ha HEX rpaduToB, OHH 06pa3yioTrcd B IOCTMAar-
MATHYECKY0 CTafHil, Korja BoapacraeT Ao npeoblafgaHud pc1b BOOHBIX
PACTBOPOB H O[HOBPEMEHHO Pe3KO NanaeT AKTHBHOCTE M KolmyecTBo (do
IIOJIHOT'O HMCYE3HOBEHMH ) Bopopoga. B BHCOKOTEMIEpaTypHYIO CTaaHio
(500-300°C ), Korpa mocTMarMaTHieckHeé BLICOKOKOHIIEHTPHpPOBAHHBIe
dmonpri-pacTeoprl eme Gorarel K, F u ap., B ocHOBHOM ¢opMmupyoTCH
penxomerancutie (W, Sn, Mo u ap.) mecropoxpenms, a B Bosee HH3KO~
TeMIepaTypHylo CTajuMio, Korjaa pacTeopkl oforawmatworcs Na, Cl, HCO4

H Op., — NoMMMeTa/ilydecKue H ApYyTHe MECTOPOX/IEHMS 3a CHeT MOOGHIH-~
3anMM STHX METAa/NIOB H3 OKPYXawlHX, OCOGEHHO CIlelHalH3MpOBAaHHBIX

Ha HHX Iopod. YeMm HHTEHCHBHEe HHAPKY A 1A nocrMarMaTH4YecCKuXx pac-—
TBOPOB H MOOHIH3AUHA HMH OTMEYEeHHBIX MeTajlioB, TeM CO3[aI0TCH JIyd—
wHe ycliopusl Ans o6pasoBaHud Gonee KpyIHBIX MecTopoxaeHuii, B cno-
KOMHBIX Xe YCIOBMAX, KAKHMH OT/IMHAeTCS CTAaHOBIIEHHEe OXapakTepH3o—
BAHHEIX IIErMATHTOHOCHBIX I'DaHMTHEIX MACCHBOB, HECMOTpPS Ha HMX Gollb—
wywo pyauywo (na W, Mo u nop.) crnemmamusammio, MecTopoXpeHuH Imo-
cleaHHX He ofpasyercd, HWIH o6pa3yloTcs B GONbUWIOM yOATeHHH OT
KaMepHBIX TeIMAaTHTOR,

ABSTRACT

It was possible totrace successive transitions of granite fusions into flu—
ids in Kazakhstan, Transbaikal and orw regions of postorogenic mainly po—
tassic granites, enriched by alkali, fluxing rare alkali and volatiles (Li,
Rb, F andors) and namely in their derivative chambered pegmatites and
subsequent bodies by way of study of primary inclusions of former fusions —
fluids — solutions intheir minerals. :

It was established that:

‘L. In successive intrusive phases of granites (including aplites), accor—
ding to phase change of inclusions, there takes place the enrichment by
volatiles from 5-10 to 15~20% with gradual decreose of fusion point (and
temperature of crystallization) from 950—850°C in early phases to 800—-700°C
of late phases aplites, It is characteristic almost complete absence of aque—
ous solutions, but the presence of products of theirdissociation (Hs).

2. In chambered holozonal pegmatites there are already observed trans—
itional types of inclusions from essentially fusions (in marginal zones of
pegmatites) toessentially fluids (in inner zones) with the appearance and
gradual increase (upto 60—70% (in inner zones of pegmatites) of crystals
of free growth from fluids. Itthe same time fusion point (temperature of
crystallization) of residual fusions decreases from 700° in marginal zones
of pegmatites up to 550—520° C in inner ones. Itindicates that pegmatites
were formed simultanéously from decressing residual easily fusible fluidal
fusions and from highly concentrated fluids. Namely during pegmatite for—
mations there takes place the transition of fusions into fluids; and peg-—
matites, pegmatite granites and orther forms of their display are witnesses

of megistered transitions.
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3. In minerals of cavities of pegmatites and in post—pegmatite bodies
there usually predominate essentially fluid primary inclusions at first (in
albitites and greisens) veryconcentrated(minerals of free growth up to
40-50 %) and then less and less concentrated up to twophase gas—fluid
ones with appropriate drop of formation temperatures from 530 to 300—150°C
and lower.

4. Usually owing to the quick rise of fusions with their boiling up and
tectonic stresses and shoves the recorded transitions of granite fusions into
fluids are broken. They are not observed in more basic rocks due to their
more high—temperature crystallization. Some elements of transitions are
observed in alkaline rocks (alkaline pegmatites). _

5. Transportation of heavy metals by solutions and formations of their,
deposits, connected with granites, into magmatic and late magmatic sta—
ges does not take place due to the presence of recorded reducers (Hg)
and absence of aquatic solutions. They develop in postmagmatic period
with the formation of raremetal deposits (W, Sn, Mo and ors) during high—
thermal stage (500—-300°C) and polymetals and ors during low —temperatu—
re one.
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10. B. KABUIIBIH

JJEMEHTBI-IPUMECH M BRJIIOYEHWUA B MHHEPAJIAX
H3MEHEHHBIX ITIOPOJ{ MEJHO-MOJIMBIEHOBBIX
MECTOPORITEHNN

MecropoxaeHus MeaHo-MONKHOOEHOBOH (opManiH, NONb3YIMHeCH OCO—
6eHHO WHPOKMM PACNPOCTPAHEeHMEM BO BHYTREHHYX 30HAX TuxookeaH-
ckoro ¥ CpeauseMioMOPCKOro MeTayioreHuyeckux nofcot [6], oTho-
cdrcd B HAcrodllee BpeMs K Ipynne GepesautToBblX [5] unu okceraivro-
Boix [4]. [Ona sTHX MecTopoxaeHuil, naxe B cilydae HX SHAYHTEIIBHON
Pa3o6eHHOCTH B NPOCTPAHCTBE COXPAHAIOTCH IMOCTOAHHBIMH TaKue TH—
noMopdHbIe OCOGEHHOCTH KAaK: NMPOCTPaHCTBeHHad W I'eHeTHYecCKas CBEfA3b
C YMEDEeHHOKMCIBIMH DPAHHTOMAAMH YACTO MOHRCHETCHOHOIG XapaKTe—
P2, OpeEMyiZeCTESHAC MEeSOSOACKHII Bo3pacr, cpegHeTeMIleparypHble
YCllopHsI, OGBMHO WITOKBEPKOBBIR XapakTep OpyAeHeHHs, 3ajleraiomero
BHYTPH MACCHBOB I'DaHHTOMAOB, WHPOKOE PAcNPOCTRAHEHHE Hpomecaos
AopynHO!l CVEHHTH3AUFY, OKONOPYAHOH OpPTOK/IA3HSALMH ¥ CEePHUHTH3A-
LM, TOCTPyAHOH aprumnusaumy, MeracoMatHueckd H3MeHEHHBIE I'DaHN-
TOMABl C BKpAIUIEHHBIM H NPOXHIKOBBIM MOJHMOJEHHTOM H HEPeOKOo Xailb—
KONMMPHUTOM c/laraior pyaHble Tejla ®THX AocTraTo4dHo GOoraThiX no coaep-
JKAHHIO ¥ 3anacaMm MecTopomaeHmit, [TomuMO KiacCHYECKMX NPHMEpOB
MecTopoXaeHuli MenHo-MonubaeroBo#t fopMmannu Knaimaxc u Bunreim
(CHIA), Kapxapan, Arapax (ApMenusi) B TocienHue Tofbl IOINYYHIH
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M3BECTHOCTL pAO KPYIHBIX MecTopoxneHnii Kananel u CoBerckoro Coio—
3a; Supaxo, JlapHekc u ap., [10], Xupeken, Amanau [1, 3, 4, 9].
Bo Bpems skckypcuit XXIV ceccun MI'K aBTopy npeacraBuilachs BO3=
MOXHOCTbL JIMYHOI'O O3HAKOMJIEHMSI M H3y4YeHMd paspesoB H3MeHeHHBIX
nopon paga MecropoxaeHud Bpuranckoit Komymfum u cpaBHeHus HX C
HabmoageHUsIMH II0 MecTopoXaeHuaM 3abalikanbd,

Mecrtopoxaenna 3afalkaned, u B YacTHOCTH JKHpeKeH, MPoCTPAHCT—
BEHHO M TeHEeTHYEeCKH CBA3aHbl C Me3030HCKUMHU I'PAHHTOMAAMH AaMaHaH—
CKOI'O KOMILIEKCA, BIepBble BBIOENEHHOr'0 U AeTalbHO OMHUCAHHOIO pa-—
Hee [3].

KourponupyeMsble INIyGUHHBIMH pasiicMaMH MAacCHBbLl aMaHAaHCKOT'O
KOMIUIEKCa CIIOXEeHbl [JHOPHTAMM M I'paHoJHOpPHTaMH, aM(pubono—-6HoTH—
TOBBIMH NOPQHPOBHOHBIMHE TI'DAHHTAMH, MEIKO3ePHHCTBIMH GHOTHTOBBIMH
TpaHHTaMH, A TaKke MAalbIMH HHTPY3HAMH IPaHUT-IOPGHPOBR, IDAHOMMC—
PUT-NOPHHPOB M AHOPHTOBBIX NOPHHUPHTOB,

[Topbniennas menrouHOCTL SBIAETCH XAPAKTEPHOR OCOBGEHHOCTLIO KOMII—
NleKkca, OOHAKO B GOILIIMHCTBE CiydyaeB (GOpPMHPOBAHUE MOHICHHUTOB U
CHEHHTOB B €r'0 COCTaBe CBf3aHO C TPOLecCaMH IIE/IOYHOI'0 aBTOME—
tacomaruama. Ha Teppuropuu pyaHoro moms MecTopoxaeHus JKupekel
npeofnagawiliM pacnpocTpaHeHHeM MOMb3YITCH CpenHe— ¥ KpyIMHO3ep—
HHUCTEle aM(pubOIOBO—~6HOTHTOBRIE I'PaHUTBLl M MEIKO3ePHUCThIe GHOTHTO—
Bhle I'paHHUTHl, a TaKXe XHUIbLHbIE MOpPoAb! [OMOJMHUTENLHEIX HHTPY3Hi, B
YaCTHOCTH CYOBYIKaHHWYEeCKHe T'PAHMThl M I'paHUT=IOPGHPBl, PyaHbli
IITOKKBEPK CIOMHON (GOpMBI TANOTEET K KOHTAKTy CYOBYIKAHHYECKHX
rpaHuToB, Pyabl clloxeHbl IpeMyecTBeHHO BKPAIVIEHHBIM H PO HIKOBLIM
MOJHGIEHUTOM, B OT/eJLHBIX YACTaX PY[JHOTO Tella IPHCYTCTBYeT XalbKo—
NUpUT, B Opyrux crmyyasdX clnopaguyeckyd H NMPeHMYIIEeCTBEHHO B IepHpe=
puuecknx dactax (Amanan) HabGmopaercs yGoras CBHHIOBAS MiHEpall-
3auud, AGCOMOTHBI BO3PACT CEPHUHMTA OKOMOMWILHBIX mopon 140 mMiH,
ner.

Mecropoxnenne Sunaxo (Bpuranckas Komym6usi) nMeeT ynuBHTEIlLb-
HO MHoOr'o obmmux 4epr c KHpPEeKeHOM KaK B OTHOUWEHHH COCTABA MaTe—
PHMHCKHX IIOpOA, TOHKHMX OCOGEHHOCTel HX aKLecCOpHOH MHHepanu3aluu,
BO3pAcTa, TAK M IOClefoBaTe/lbHOCTH CTaHOBIEeHHS H Xapakrepa MeTa-—
comaruama, OHO 3aneraer B Iopoaax wHTpysusBHOH cepuu Tomnei, mmeio-
mei noagHewpcku#it Boapact, OrpenbHble MaccHBBI CepuH o6pasyloT ue-—
TOYKYy CceBepo—3alafHor'o HallpabBlleHus, MPOTATHBAILIYIOCH Ha paccTodHUe
okonlo 300 KM BAONbL AMPEKTHBHHIX CTPYKTYP HeHTpalbHOr'o mnodca Kop-
nuneep, Ha TeppuTOpHMM MecTOpPOXAEHHd H ero OKPecTHOCTSX pacHpocT-—
paHEeHb! KBApLeBble MOHIOHHTBI, 'PAHHTBl H AIdCKUTH, AGCOMOTHBIHR BO3—
pacT KBAPHEBEIX MOHIOHHTOB, CYMTAWIMXCH MaTePHHCKHMH INOpOoOaMH,
140 mun.er. Pynnas muHepanuzauus: MOIMHOHEHHT, IMHPHT, MAarHeTHT,
HeGolbloe KOMMYECTBO XalbKONHPHUTA M peakas IpuMech GOpHHTa, BHC—
MYTHHA M Wee/HTa, cocpeforTodeHa Ha mwowaau okone 1000 x 400 M
B KBApUEeBHIX Xunax, NPOMWIKAX M MeTacoMaTHYeCKH HU3MEHEHHBIX NOopo—
nax. B yucne uaMeneHu#l yxKasbIBAWOTCHA KATHUINMATH3AMHA, CEPHUMTH3ALUA
1 kaonuHuzaumd., Kaonunusaums - crnabad, oxsarblBaiollas Kak pyaHoe
TEN0, TAK H AaleKo pacmpocTpasdiomadcd BO BMELIANIMe TOPOARl; Ka=—
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NMunaTH3alHg pacnpocTpaHeHa B KOHTYpe PYOHOI'O Tejla M BO BMelaio-—
INHX NMOpoAAax ero jexayero GOKA; CEPUTHTH3AUHA ~ TOILKO B Npeneiax
pyoHoro rena. Hamu B xome ocMoTpa MecTOPOXASHHS O KOPEHHEM OG-
Ha)KEHHIM MNOBEPXHOCTH M PA3/MYHBIM T'OPH30HTAM Kapbepa 6BUIO CO~
craplleHo 5 peTancHbIX Pa3pesoB: M0 NMPOAYKTaM paHHel KallduliaTH3d-—
LHH; [0 OPTOKNA3MpOBaHHEIM (2 paspesa), CepPHUHTHAHPOBAHHEIM M Kao—
NHHHE3MPOBAHHBIM TOPOMAM, 1

Boinensnorest crefyomye ISThH THIOB METACOMATHYECKHX IPOLECCOB,
pacnpocTPaHeHHBIX B Npefenax WM BOIM3H PYOHBIX MOMeH MeAHO-MO—
mb6aeHoBRIX MecTopoXaeHul: 1) paHuas aBToOMeTacoMaTHYecKas Ka~
mmmarusanus (cueHMTH3ANUA ); 2) KOHTAKTOBOE aBTOMETACOMATHIECKOoe
BbHIIENIaYHBanie; 3) PyAoHOCHAS OPTOK/IA3H3AIMA-(NIOrONATH3ANI~0KBAD~
neBaHnue; 4) PyAoconpoeoXpawinast CepHTHTH3AalHA 5) nocrpynHasd ap-
PHWUTH38UHA,

ArToMerTacoMaTHieCKHE NpeobpasoBaHmsd MPaHMTOHAOB OGLMHO pacnpo—
cTpaHeHBbl Ha OGWMPHEIX INIOWAASX NPeHMYLIECTBEHHO 3a NpeAeaaMi pyaHbIX
monefl ¥ XApakTepH3YIOTCS MOBCEMECTHBIM NpeobllanaHueM Ka/lueBoI'oc
MeTACOMATH3MA C IIOC/IefoBaTellLHbIM MOBbIUEHHSM DOIM HATPHA K KOHIY
npouecca. B ciyyae sameleHHsl AMOPMTOBR IPHKOHTAKTOBHIX HacTed Mac—
cuBoB (palton MecTopoxpeHus AmaHaH) BOSHHKAIOT NOpoakl THIa KBap—
UeBbIX CHEHHTOB H MOHIIOHHTOB, Ha MeCTOPOXASeHNH }Knpelce}i IIoNnoXeHue
KallHUMAaTOBLX MeTaCoMaTHTOB KOHTPOIMPYEeTCH HEeKKOM IpPaHuT-Iop¢HpoB
{9 }, ua MecTopoxneHun JHNAKo NBYXCOTMETPOBAS 30HA KaIHIUIATHHDO—
BAHHEIX TOPO/I HEeNOCPeACTBEHHO NpHEMBIKAeT K PYAHOMY WTOKBEpKYy [10]}

XumusM mponecca paHHe#l ABTOMETACOMATHYECKOH Ka/lMunaTH3auuy
ONMHCHIBAETCH Clleaytomel pamioos'bemnoﬁ q:opmynoﬁ Si IOT‘OAI Fe"
FeOM"+O Mg_oCa_g, Na_g, +5(0H)+6 . B aonax sHao- H 8K30—
KOHTAKTOB MACCHBOB IIPOLECC paHHe xanmuna'rnaanuu Hepenko Co—
yeTaeTcss ¢ KOHTAKTOBHLIM BEHIIE/IAYMBAHMEM, B XOAe KOTOPOTr'O BOSHHKa=

T OKBapUOBaHHBIE TOPOAbl C aHAAly3WTOBOH MUHepalusauuei, ycTaHOB-
neHHble B 3abalixante ¥ Ha KaBkese [7], HO He oGHapyxeHHLle NOKa
B KOHTAKTOBBIX 30HaX koMmexca Tomne#, [IpHKOHTAKTORAs AHAAITY3HTH=
ZauMs C IeHeTHYeCKOH TOYKM. SpeHHs paccMaTpuMBaeTcs Kak CBAayollee
3BEeHO MeXay BTropHYHBIMH KBapuuTamy H rpedsenamu [8],

PynocompoBoxpawiias opToK/iaszn3auus paclpocTpaHeHa Ha BceX Gea

UCKITIOYEeHNS MeCTOPOXIeHHAX MenHO-MonubaeHoro# dopMalun ¥ Ipencrae—
- nget coboft HaubGonee paHHui M uyacTo Hambollee IPOAYKTHBHEIA aram py-—
[OCONPOBOXAAKIero MeTacoMaTHaMa, Ha MecTopoxnoenuu 2upaxo Hamu

6L M3y4YeH paspea pyAOCONpoBoXaauled OpPTOKIASHTH3ALWH HA .CaMOM
OHe Kapbepa, e MonubaeHOBas MUHepalH3alls JoKanuayercd B “Cy-
xux” TpemmMHax, MHOrnAa ofpasyd 3epkaia cKolbxeHms go 100 M2, B
30HAX HA WHTepBane okolo 70 M yCTaHOBJIEHBI: Clla6o XIIOPUTHUSHPO=-
BaHHEI MOHUOHHT; 30H& THAPOCTIOAHTH3AUMM; 30HA OPTOKIA3H3&ALHH C
HalOXeHHO cepuuuTH3anveli, CxeMa 30HANBHOCTH THIOBOH KOIOHKH Op=—
TOKIIA3H3AUHH Cleayomas.

O - HeuaMeHeHHas nopopa (rpauur) = lla, Op, Ke, Bu , Axg, Mm

276



1 ~ 30Ha cnaboit Xmopurusamuu M GHoruTuaauui - /1.1, Op, Ke, bu, Mm,

2 ~ 30Ha ¢uoromiTH3auuMH-ruapocmopusauuu — A6, Op, Ke, @, lIm,

3 ~ S0Ha OPTOKIASHTH3AUNH-OKBapuepauug~0p, Ké, fim (SilaaTilAlﬂ
FejFegMng ; MgyCagNagKy 1 (OH)350,55)-

- XHMMK4YECKMA COCTaB NMOpoA 30H KOIOHKH PyNOCONpOoBOXaawmel opro—
Knasusauun Mectopoxaenudt Xupeken u Iupako secbMma Gamaock (ra6m, 1),
C TeM JIHub pasnuuneM, 4To Ha JKupekene Gollee OTYETIIMBO NPOABIEHO
oxkpapueBanune, [IpogontHas 30HATLHOCTE KOJOHKM COCTOMT B TOM, 4TO
BO BHEIWIHe# 30He B HANpAB/IeHHH BBLIKJIHHHBAHHA pyaHoro Tesia yGhlBaeT
OGHOTHTH3AIHNA M BO3pACTAeT POk XJIOPUTH3AUMM, B NMPOMEXYTOUHOH —
COOTBETCTBEHHO BO3pacTaeT poilk NHAPOCMIOAW3ALHH, & BO BHYTPEHHEH =~
coXpaHdeTcsl Pe/IMKTOBbIH anu6uT, BepTHKalbHas 30HATLHOCTH KOMOHKH
IPOABJIAETCH B YBeJIMMEHHHM C INTyGHHON po/lM OKBapueBaHHA H (NIOTOIH~
TH3Aaluu,

HaMmenenus HaumHawTCAd co cillabolf XIOpHTH3AUHE aMpuboa, IeHKOK—
CeHH3auuu ceHa ¥ [eaHOPTHTH3AUMH TWiaruoknasa. I[lpoHcxoguT same=
meHHe MepBHYHOr'O GHOTHTA HOBOOGpA3OBAHHBIM, OCOGEHHO WMHTEHCHBHOE
B 3oHe 2, HoeooGpasoBauHbl#i GHOTHT WMeeT 6ypoBaTO-KpACHBI IBET,
Y Hero CHHXAaWTCH IoKas3aTellH Ipe/IoOMJIIeHHsi, BO3pacTaeT HHTEeHCHB-—
HOCTb SHOOTepMHYecKoro ajdexra, coBHrawmerocss IpH 3ToM B 0BlIacTk
BBEICOKMX TEMIlepaTyp, COOTBETCTBEHHO BO3pacTaeT BeluduHa afdexra
Ha kpuBo#t TT, uro cBugerenbCcTByeT 06 YBE/IMYEHHH BBIOENIEHHA KOHC—
THTynHoHHO# Boa ot 1 mo 1,6% (dur. 1). Ha auppakrorpamMmax Ha—
6mopaercss U3MeHeHHe HMHTEHCHBHOCTH GasanbHbx oTpaxeHuit (004),
(005), (006), uro yxasbiBaeT HAa YMEHLUIEHHE OTHOCHTENLHOI'O COASp—
JKaHHY XKejle3a W MapraHpa B OKTasfpHYecCKHX cllogX cTpykKTypel, [lo
BCeM OTHM [aHHbM HoBoOOpal30BaHHBIH OGHOTHT nNpHOIHKaeTcda K duioro-
NUTY, ClIeAOBATENILHO, MEeTACOMATHYECKHH IceBaoMOopdH3M NPOHCXOAUT
Mo CXeMe CoXpaHeHMa ofmero MoTHBa CTPYKTyphl. B xome ncespoMop-
pHaMa NMPOMCXOAHT yBeNHYeHHe MONeKyJISpHOro of0beMa M CTPYKTYpPHO#
PHIXJIOCTH NPH YMEHLUWEHHH cpefiHefl aToMHOH INIOTHOCTH.

IMpu samMelneHMM INATHOKIA3a OPTOKIA30M IPOHCXOAMT HEKOTOpPOe
HAKOIUIEHHe IeTPOr'eHHBIX S/IeMeHTOB~IpHMecell: HaTpHd, Kalblus, Mar—
HHS H XeJjle3a; B AKIeCCOPHBIX MHHepalaX — B YacTHOCTH B IIHPHTeE,
copepxaHue Meau W MonubpneHa Boapacrtaer (dur. 2). Sra xe sakoHo-
MEPHOCTL NPOCNeXHBAETCHd H B aHANHM3axX BaloBHIX npo6 mopoa 3oH, Tak
conepxaHue MonubaeHa ybenwyuBaeTcd Ha 2 Iopsaaka, Meaw Ha 1
MOPAAOK, CYNECTBEHHO BO3pacTaeT M CoaepxaHWe APYTHX PYOHBIX 2/ie—
MeHToB~IpuMecell  (Tabn, 2).

Cyna no naHHBIM OEeKpelHTau#H Ias’oBOo-XKHAKHX BKTOYeHuH, ycrobus
GopMHpPOBaAHHA KOJIOHKH OPTOKIA3H3AUHH XapaKTepH3yOTCsl HanpabileHHBIM
- cHmXeHHeM Temmeparyp or 360-380°C po BHewme#t aome no 300-
320° po puyrpenneit. [Ipu ®ToM KpHBas AEKPUIHTAUHH HEH3MEHEHHOTO
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Tabnuuma 1

Xmvu4eckui# CoCTaB NOPOA PAS/IMYHBIX 30H KOMOHKH PYAOCONPOBOXaAwLIe OPTOKJIA3NUTH3AIMH MeCTOopOoXaeH i

Kupeken () u Bupako (3)

-~

Henamenennas l-6uornrusamun- 2—prnoronuTusaHT~ 3~Op TORIA3HTH3 AT
Bdh e o nopopa (rpaHut) X/IOPHTHAANHA ruapocTonusanus OKBapleBaHme
XK 3 XK 3 K 3 X 3
Si0y 67,68 66,11 67,12 67,86 68,10 68,53 70,00 60,42
TiOg 0,55 0,48 0,56 0,50 0,33 0,45 0,4 0,50
A1203 14,35 15,87 14,25 15,24 13,59 14,59 15,00 18,20
Fe203 1,90 1,61 1,98 0,7
2,10 2,48 1,49 1,30
FeO 2,18 1,90 b ST AT 2,5
MnO 0,05 He omp, 0,30 He omp, 0,01 He omp., 0,05 He omp.
MgO 0,80 0,60 0,72 0,69 0,80 0,21 0,5 0,98
Ca0 2,76 1,88 178 1,65 1,30 1,65 0,8 1,23
Na20 4,42 He omnp. 3,48 He onp, 4,56 He omp, 0,4 He omnp,
K20 4,00 3,88 4,48 3,45 4,50 5,02 8,0 12,44
H20 0,87 He omp. 3,88 He -omp, 2,61 He omp., 2,0 - He omp.
d, 2,67 ’ 2,64 g 2,60 ’ 2,6 ’

AHanu3kl BBIMOIHEHBl IO MarepHajiaM aBTo
TOpHEH NOMUTeXHUYeCKOTO HHCTHTYTa B Momp

pa, na JXupexen -~ na6opaT6pneﬁ BCETEH, ona Supako - naSopa-
eane (so Bpemsa XXIV ceccun MIK).




dur, 1, Kpuenie ATA u TI Guo- Jones %

THTOB M3 OPTOKIA30BBIX METACO- 3 T 1o
o e

MaTHTOR MeIHO-MO MUG/1e HOBOTIO 47A wr 10
0 e vl

MeC TOpPOKASHHS

= gt (i (S (UG zj

rpa’uTa, B3ATOIO B [1OCTATOYHOM 4 {g
— 7

yOoalneHnu oT MeTacoMaTHyecKolk
3aiexH, HMeeT COBepUIeHHO Ca—
MOOBITHOE CTpOeHHe: Ha Hell Bbl=— 7
OeNgroTCsa MAaKCUMyMbl IpH 35 O=
450°C u npu 600°C, orpaxaim-—

mue, BOSMOKHO, CTAAWH MarmMaTH- o ST T (T N qY
YECKOI'o ¥ aBTOMEeTacoMaTH4ec— J 48
KOro MuHepanootpasoBaHus. [To= " 18
ClleOBaTeILHOE CHIKEHHEe TeMIIe—

aTyp OeKpernuTauHH HAXOOHTCH B
POEID AORp 20 400 800 1200°C

COOTBETCTBHH C PerpecCHBHEIMH
YCIOBHEMY MHHEpanoofpasopBaHus B Xxoae paspuTHd KonoHkn, Co-
CcTap OCTATOYHLIX PacTBOPOB CymecTBeHHo HaMmeHsiercd. lllenoy—
HOCTL pAacTBOPOB H3MEHSeTCH HEeSHAaYHTEelLHO, XOTs TeHOeHUHd K
YBENMYEHHIO e€ BO BHYTPEHHHMX 30HAX Bce xe oueBnaHa (pur.3).
CopepaHue BOOBl BO BK/IIOYEHHBIX OT BHEWHHX X BHYTPEHHHM
30HaM BO3pacTaeT B [ pas3, a ofmag MHUHepaJIu3alHs pacTBO-—
pPOB IpH STOM CHHXaeTcd. PBospacTaeT KOHUEHTpauud AaHHOHOB
rajounoB, THAPOKapfoHATA W HECKOJBKO CHHXAeTCs CcoaepxaHue
cynupaT—auuoHa. Beckma HHTepecHO NOBeNeHME KallMs; HECMOTpPS
Ha TO, YTO B LE/IOM IPOLECC HOCHT XApaKTep KalHeBOT'0 MeTacoMa-
TH3MA, €ro coaepxaHHe B OCTATOYHEIX PACTBOPAX CYLECTBEHHO NOBbI-
IIeHO JIHlb BO BHYTpeHHell 30He, a B HaANpABJEHHH OT HEM3MEHEHHEIX
IOpoA 00 3OHB! ¢(uioronuTH3AamMH, [Ae NepBuYHble MUHEpankl saMemalT-
cdg (UIOT'ONIMTOM H OPTOKJIA30M, COAEpXaHHe Kallud IIoC/IefoBaTelIbHO
nagaeT, AHAIOTHYHO M COOEepXaHHe MarHus; MHHHMAanbHO B TOH 30He,
raoe oH Gonee Bcero ¢UKCHpyeTcd B COCTaBe TBepraod ¢askl.
Pynoconposoxpaoman cepHUHTH3ALUMNE TakXke XapaKTepHa O MeCTO—
poxpaeHuil MeaHo-MonubaeHoBol dopManuu, DpHYeM OHa Hame Habmopa—
ercd B GOKOBBIX IOpoAax KBapl~MOIHONEHUTOBHIX XWI, a ¢ INTyGHHOI,
IIo Mepe BLIKIHHHBAHMSA XWI OHa CMeHsercs opToknasusammeii. Ha mec—
TOPOM/AEeHHN DHAAKO HaMH GbIZIO U3YYEHO NBa Paspesa OKOIOKMILHON Cepl-
mMTHoauuKM, B nepeoM paspese oT KBapueBolt MWLl 0O HEM3MEHEHHOH
TMOpPOAEl YCTAHOBJIEHbl 30HBI: CEPHUMTH3AIMH, MOHTMOPH/UIOHUTHIALWH,
XIOpUTU3AalMH, HEH3MeHeHHOI'0 MOHUOoHUTA, Bropoll paapes cocrasnen
Mo H3BMEHEHHEM IOPOAaM OKOllo GoraToll KBapu—MONHGASHHTOBOH MUIEI
moumocTeio 50 oM, Ero mporsixkennocts okomo 35 M., Ha koHTakTe
HHIIOH Habmopaercd Kamuunarusamus (aaynspusanys ), MOWIHOCTEL — SOHBI
HecKONlbKo caHTuMetpoB, [lanee cnenyeT 3oHa cepmmuTusaumuu (oKolo
5 M MOMHOCTH) C AGIOYHO-3eNIeHEIM CIHBHBIM CEPHIIMTOM~—I"MAPOCITIONOl,
Ha paccrosuum pno 15 M pacnpocTpaHsercss samMelleHHe IIarioknasa
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¢ur. 3. Uame'ienre cocTaBa OCTATOYHBIX PACTBOPOB MO 30HAM KOJIOH-
KH OpTOKJasH3aluy
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Ta6anuua 2

Pacnpeneneise HeXoTophlX sleMeHTOB-NpEMeced (r/T) B mopopax M MHHepallax

pas/IEUHEIX 30H KO/IOHKH CepHIHTH3AINHK

iy, St 3ona® Cu Pb Zn Mo Ag Ni Be Ba Sr
Tlopona 0 . 30, 20 . 1 & 20 1,5 300 200
il 1000 30 100 250 2 20 1,5 700 250
2 2500 10 150 10 10 25 S 1000 300
3 200 20 - 700 - - s B "300 100
[lnargoknas ¥ MPOAYKTH! 0] 100 28 - 3 1 - 5 150 1000
ero saMeleHus 1 800 15 - 50 2 - 3 100 500
2 1000 8 200 10 2 10 3 " 200 300
3 80 25 - 700 - - 0,5 . 300 150
Oproxnas 0 8 100 100 3 % - 0,5 2000 500
b & 30 80 100 3 1 - 1 1200 500
2 100 40 100 5 i 10 1,5 1200 500
_ 3 40 80 - 200 1 - 9 1500 300
BroTHT H TF'HAPOCTIOABI 0 . 50 - 250 30 - 70 1 100 100
. 1 200 - 250 30 - 30 0,5 200 -
2 3000 10 1000 - 10 - 0,4 100 -
3 50 10 He omp. 20 1 - 3 150 100
Kpapu o 3 - - - - - - 50 -
1l 20 - - 1 1 - - 100 -
2 100 1 - 1 1 - 1 200 - 100
3 10 - - 100 L - - 50 -
Taxenad ¢paxuus 0 30 10 He omp. 8 - 30 1.5 100 100
1 20000 300 5000 5000 30 50 0,1 - -
2 10000 100 300 "10 20 100 0,8 100 50
3 100000 300 3000 700 1000 100 0,2 - 50

O - rpauur, 1 = XiopurHaamms, 2 - MOHTMOPWIOHMTH3AUAA, 3 -~ cepHuMTH3ALEA,




NOPOAL! PHIXJILIM 3E/IEHOBATHIM AT'DET'ATOM =~ 30H& MOHTMOPH/UIOHHTH3ALHH,.
[Mepexoa K He¥3MEHEHHOH NOPOAe NOCTEeNeHHLH, NPHYeM NIPUSHAKH XJIOPHTH=
3auMu B 30He He3HAYHTENLHE, HO CIOpainYeCcKd OTMEeHYAeTCs OHOTHTHIAIKL.

Tunopasi KONOHKA OKOJIOPYAHOH CEepHUHMTH3AUMM MECTOPOXAEeHHH MenHo—
MornHubaeHoBoil popMauuy HMeeT cliegyioulee cTpoeHue,

O - Heuameneniias nopopaa (rpauutr) — la, Op, Ke, Bu, Angi, Mm
Siy g6 Tip,5Al47FeqFejMng 1Mg5CagNag oKy 5(OH)7(CO4)g,60474);
1 - coHa cnafoil xapGoHaTuaaumu u Xnoputnaanuu - [la, Op, Ké, Bu, Mm
(Kap+Xa) (Si182Tip,6AlyoFeiFesMno,1Mg5CagNagKyg(CH)y(CO9)90,65)5
2 ~ s0HA MOHTMOPHINIOHHTH3AUMK = A6 (Op, ®a, Ke, Mowu, lIn
(Siy 14 Tiy 5A147Fe'é'Fe;L'Mn0 9MgsCayNaj oK 4 (OH)o(CO9)30,64);

3 - sona cepuuaTHsauHH ~ (ép, Op, Ke, llm (3;1731"10 5A144F93F32

4 - 3oHa (momsoHa) ~ agynapusamuu - A0, Keé, lim (51159T10 3Algy
FejFegMn 0,1482Ca3NagKog(Ot)g7(CO)90354);

5 - xuna.

3aKOHOMEPHOCTH TPOAOILHON 30HANBHOCTH KOIOHKH COCTOfl. B Bbila—
AGHHH [0 HAaNpapBleHHI0 K BBHIKJINHUBAHUW DPYOHBIX W/ 30HBI agyisipu-—
SauMH M B 3aMeHe CepHuHTa WIINTOM, DepTukanbHasd 30HaNLHOCTh CO=
CTOMT B IIOC/IEAOBATEIIEHOM YMEHBUEHHH POIM CEePHUIMTH3ALHH; MOHTMO—
PR/UICHUTH3AINE CMEHAETCH WUIMTHIauwe# ® anbburuaauue#t, Haxouen,
mo Mepe pAanbHeHulero yrvIyGlneHHs CepHUMTH3ANNS YCTYIAeT MECTO Op=—
TOK/1A3U3aluK, NodB/geTcd (NIOTNOIMT M MeTacoMaTrHieckad Ko/OHKa IpH—
6mpxaeTcd K THIIOBOH KOJIOHKe WTOKBEPKOBLIX MECTOPOX/IeHHI,

[Inaruoknas HeusMEeHEHHBIX IOpo/ NMPeACTABJIEeH OOLIYHO OUIOCK/IA30M,
B soHe crnabolt kapGOHATH3AIMH OH MMeeT COCTAB OHIOKIa3-albOnTa,
B 30H@ MOHTMOPWUIOHHTH3ALHKM OH YacTHYHO 3aMelleH THApOCionoH,
MOHTMOPH/VIOHHTOM,  KAO/THHHTOM H KBapueM, KOIHYeCTBO TINIHHHCTBIX
MmuHepanop no AaubM [ATA pocturaer 18%., B soHe cepHuuTH3aumu
NICEeBAOMOPGIGSEl 10 INIArMOKIAasy CIIOXeHb! arperaroM YKa3aHHBEIX MHHe—
panoB c mpeoGrajaHdeM c/mogbl OHOKTasgpHieckKoro tuna: cepsHuunt 30%,
MOHTMOpPHANOHUT 8%, kBapn - 40%, nuput -~ 2%. Cyas N0 SISKTPOHHO=
30HOOBBIM CKaHOTpaMMaM, B XOA€ 3aMeleHHs IUIarvok/ias’a CepHuHTOM
amoMHuHER OTTeCHAeTCH B THEUIOBBIE YYACTKH, Kanuii B CHApociioge pac—
IpepelieH HepapHOMepHO, & ColepXaHWe HaTpuf B 30He peaKuuu najaer
MOCTEIeHHO B HMHTepBalle NMeppor'c AeCATKA MHKPOH,

B ornmume OT IUIA&MOKIA3a OPTOKIA3 HCNBITHIBAET 3aMelleHHe TOllb—
KO BO BHyTpeHHeH 30He, le B cocTape: ICeBAOMOpdo3 ¢HKcHpyeTcs OO -
10% cepuuura, B xoge OKOMOXMIBLHOH CEPHIHTH3ALMH B IOpofe B Ié=—
oM ¥ B HOBoOOPa3OBaHHEIX MHHepallax BO3pacTaeT CooepXaHWe MoOo-
nmubpesa, Menu, CBUHIA, & B TdAxenol ¢paknmu eme cepebpa M OT4ACTH
nukenma (cM. Tabn,2 ).

Monubaen HMTEHCHBHO KOHHEHTPHpYeTcs B ICeBaoMOpdOo3ax Mo Iarmio-
K/lasy B 30He C PHIUTH3ALMH, & Meibk - B IceBaoMophosax mno GHOTHTY
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®ur. 4. KpuBbie nekpenura- 7 UM

LHH Ia30BO=XHOKHX BKIIIOYE— 3 9015 2
HHH B [TOpONax 30H KOJIOHKH
CepHIUTH3aHT

1 =~ rpanur; 2 - 30Ha 60 F
ciiaboil KapboHaTH3aALNH;
3 -~ 30HA MOHTMOPHIUIOHHTH—
sanun; 4 — 30HA CepULUTH—~
samun; J - KBaplueBas Xuia wr

20
B 30HE MOHTMODPHIUIOHHTH3A—

min (oM. Tabn. 2). Ocoben—
HO YeTKO npouecc oboraie-—

HHUSI HOBOOGPA3OBAHHBLIX MU—
HEepalioB MONHGOeHOM IIPO=—
CIeXUBAETCH B NCEBOOMOp—
GbHOM paANy MATHETHT = re—
MAaTUT -~ NHUPUT, NPHYEM B INHpPHTE MONMGOEH paclpefeieH OTHOCHTEJIbHO
paBHOMEDHO. '

[expenuranua OCTATOYHLIX PACTBOPOB B KOJIOHKE CepIINTHIAMH TPO~
HCXOAHT B CPaBHUTENBHO Y3KOM HHTepBanie Temmepartyp 340-380 C HO
TEeHAEeHUNA CHIDKeHHA TeMIepaTrypbl K BHYTPEHHHM 30HAM IPOCIEeXHBAeTCH
u speck (¢pur, 4). B cocraBe BKMOYEHH OCTATOYHBIX PACTBOPOE Ipe—
o6nanaloT THAPOKApOOHAT M CynbpaT—anuonbl, COASpMaHiie MX, a TaKKe
¢Topa BO3pacTaeT OT BHEWHHX K BHYTPEHHHM 30HaM B HECKOIBKO pas,
Xxord ofad MHHepPa/IH3anis PACTBOPOB BCIEACTBHE yBe/MYEeHHHd COAep—
JXaHus BOABl CHIDKAETCH: COOTBETCTBEHHO OT BHEUHHX 30H K BHYTPEHHHUM
WaMeHseTCs W colieBofi cocTap pacTBOPOB — cHadala npeofnapaer Oukap-
BboHaT kannd, 2areM 6HKapGoHaT HaTpHud, a HoTOM cyiabdar M Gukapbo—
HAT aMMOHUs, MakcHManbHasd KOHHeHTpauus B PacTBope KaKoro-iuto
KaTHOHa CMelleHa OTHOCHTELHO 30HbI, I'le OH y4YacTByeT B peakKUHH.

Taxum ofpasoM, OCHOBHBIE 2AKOHOMEPHOCTH 2BOMIONNE MHHEPanoot-
pasyomell cpearl, CyOos IO COCTaABy A30BO-XKHAKHX BKIOYEHHH OCTATOY—
HEIX pacTBOPOB, COCTOSIT B TOM, YTO BO BHYTPEHHHX 30HAX CHIKAaeTCH
Temneparypa u ofmas MHHepanHeauusd PacTBOpPOB, MEHAEeTCS HX cocTas
¥ BO3PACTaeT WeNoYHOCTS,

°  Or pHewHHX 30H K BHYTPEeHHHM BO3pacTaeT CoAepXaHHe PyAHBIX aile—
MeHTOoB~IIpHMeEcCeii, YBelMduBaeTcsd u30MoppHasd €MKOCTb NOpPoAoobpasyio—
IIHX ¥ aKIEeCCOPHBIX MuHepasoB.. B cocraBe rskemnofl ¢pakuuy InogabBida-—
1orcs pyaHble MuHepansl, Ofa npounecca pynocONpoBOXAAlWEro  MeTa—
coMaruaMa IMPOHCXOAST B perpecCHBHBIX YCIIOBHSX.

ABSTRACT

General features of structures and composition of altered rocks of Cu—Mo
deposits along wiht the distribution of the trace —elememts and fluid inclu—
sions in minerals are discussed on the example of deposits Zhireken (Trans
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Baikal region) and Endako (British Columbia). These deposits are associ—
ated with the middle acidic granite intrusions of the Late Jurassic age and
have been dated 130—140 m.y. Three distinct hydrothermal alterations are
recognized in the Zhireken and Endako ore zones: processes of pre—ore
autometasomatic feldspatization and contact andalusitization: ore—accom—
panying orthoclasization — sericitization and post—ore kaolinization. The
collumn of orthaclasizatedrocks is composed of granite or quartz monzonite,
zone of weak chloritization — biotitization, zone of flogopitization, zone

of orthoclasization. In this column Cu, Mo, Pb concentrations ore increased
correspondingly (% *10™%) 22 and 190 ;2 and 130; 17 and 120. The tempe—
ratures of decrepitation are decreased from 360-380 to 300-320°C. Total
mineralization and acidity are also reduced. Their composition is changed
from SO?t - HCO; to HCO; —F~=CI™. The column of sericitization is

composed of granite or quartz—monzonite, zone of weak carbonatization —
chloritization, zone of montmorillonitization, zone of sericitization, zone
adulasization.

The concentration of the ore elements is increased from external to
internal zones (96 * 10_4)'. Mo — 1 and 700; Cu — 30 and 200. The fluid—
inclusions have bicarbon—sulfatic composition in all zones, but to internal
zones the concentration of F7, s02- , is increased though total minerali—
zation is redaced. 4
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T. M. CYNIEBCKAH, H. H, BAPAHOBA, C. B. KO3EPEHKO,
B. JI. BAPCYKOB

COCTAB THIPOTEPMAJIbHBIX PACTBOPOB,
®OPMNPOBABIINX KACCHUTEPHT-CYJIb®HHOE
H 30JI0TO-CEPEBPSHOE OPYJIEHEHUA

(II0 JAHHBIM AHAJIN3A BKJIOYEHHN)

CynupnaHo-KaCCHTEPUTOBBIE H 30/I0TO—-CepefpsaHble MEeCTOPOMAEHHS SB—
JIFI0TCSl XapakTepHBIMH o6pas’oBaHUIMM BHYTpeHHe#d 3oHbl Tuxookean—
cKoro pyaHoro nosica, Ofa tuma MecTopoxaeHuit obnanawT HeTKHMH
pyaHobopManHoHHEIME TpusHakami, CynbuaHo-KaCCHTEPHTOBbLIE MECTO—
poxaeHud XapaKTepH3ylTcs OTYeTIHBOH 30HAIBHOCTEIO, BhIpaxaiomeics
B CMEHe KBapn-KACCHTSPHTOBBIX pyn CYILpHAHBIMH IO HaNpaBIEHUIO K
BEPXHHM T'OPH3OHTAM H (ViaHT'aM PYOHBEIX Tell, CXOAHBIM COCTaBOM pPYA
(xaccHTepuT, TYPMAIHH, >XeNesHCTble XIIOPUTHL, CYIbOHAbl XKenes3a),
craadifHocThio MHHepaloobpazoBanusa, B ofweM ciyyae BhpensioTcs
ClleAyiomuie OCHOBHBIE CTaAHH: KBAPU~-KACCUTEDHUTOBAS, XaJlbKONMUPHT=ITHD-
pOTHHOBafA, chanepur—rajieHHTOBas ¥ INOCTPyAHas XBapl—KalbUuuTobas,
Temneparypurii uHTEepBan ofpa3’oBaHHS TPOAYKTHBHOH KBapi—-KacCHTe—
puToBOl crammu cocraBnser 300-450°C, TepmoMmerpuueckuii aHamua
KaCCHTEepHUTOB, OTOOPAHHBIX C pPa3lIHYHBIX THICOMETPHYECKHX YpOBHeilt
Ha pafe mecrtopoxaeHuit Ilpumopbs, naeT ypeaBblMaiHO Gnuskue Bellk—
YMHBl TemIeparyp INOMOI'eéHH3AlMH M OeKpelMTanMH, YTO yKasblBaeT Ha
M30TEePMHYHOCTL MHHepanoobpasopaHud B INpeaellax IIABHOH NMPOAYKTHB—
Holi cranuu [8]. 3onoro-cepefpsaHbEle MECTOPOXIEHEH [ApareHeTHYecKH
TEeCHO CBfi3aHbl C CyOBY/IKAHMYECKMMH HMHTPY3HMAMH KHCIIOIO COCTaBa H
CONPOBOXOAWTCH NOJIAMM HH3KOTEMIIepaTyPHBIX MPOIMMWIKTOB, I'MApOTep—
MallbHEIX KBapPUHTOB H apruwumMroB. HaMu HaydamHCh MEeCTOPOXKIEHHS,
OTHOCHIMEecS K apreHTHTOBOMY THILY 30/10TO-CepeGpsHoi dopManun
[11], ceaczanurie ¢ Kenckolt BynkaHwdeckoil monocolt Oxorcko-Yykor—
CKOI'0O ByJIKaHHYecKoro mosca, [lo gaHHEIM psila AaBTOPOB BLIAEIAIOTCH
crenyommBe CTanoul Npoipecca MHuHepaloofpas3oBaHMs: KBapl—XIOpHTOBas
AOpyAHasa IoMHMeTalllIyecKad, KBapu—-anyispoBas, KBapl-poAoHHTOBas,
IIoCTPYAHBle CTaouH I'pebGeHyaToro KBapua M THIc—aHruapurobas. Oc—
HOBHBEIMM IPOOYKTHBHBIMH CTagusMH SBISOTCH KBapu—aaynspopas H
KBapu~pofoHnToRad, [na Mecropoxaenudt sonoro-cepebpsHol dopManuy
XapakTepeH WWpoKHii pasfpoc ANAHHBIX IO TeMIepaTypam obpasoBaHus
MHEHEpA/IOB NMPOAYKTHBHLIX craauil, T.e, MHHepalooOpasopaHHe WO B
YCIOBHAX peskuX Nepenagop TeMIlepaTyp ¥ nasnenuit, Pasnoremmeparyp—
HOCTBH 06pasopBaHud MHHepalbHBEIX accouHaluii ofyclioBlléHa TeM, 4YTOo
bopMHpoBaHKe PYOHBIX Tesl MPOMCXOAWNO B GNH3NOBEPXHOCTHBIX YCMIOBHAX
u Ha $oHe MHTEHCHMBHBIX TIpoLleCCOB TpeluuHooGpazoBanus [12].
Ximygecknii cocTaB pacTBOPOB, M3 KOTOPHIX HOPMHPOBANIMCH DPacCMaT—
puBaeMble MeCTOPOXAEHMS, H3Y4YeH C DPa3nuyHOH CTelleHbio AeTAalbHOCTH
nmyTeM aHanu3a cocTaBa BKMoYeHui#t B MuHepanax. Bonee mormuo m mop-
po6GHo oxépaxrepnaosanm onoBoHOCHHIe pacTBopel [15]. OcHOBHBEIM
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MeTO[IOM aHanv3a XWUnkoH (askl BKIOYeHHMH ABIAICH MEeTOodA BOJHOH BEI-
TSKKHA, HCIIONL3YeMBIl BAPHAHT KoTopoil omucan B paBore [2]. Onpene-
JleHne PYHHBLIX 2JIEMeHTOB IMPOBOAWIOCH NOJAporpaguyecKuMH MeTooaMU
[13, 14]. Ananua rasopolf ¢asel BKmMOHEHHH IPOBEAeH XpoMaTorpa—
durecku coemecTHo ¢ BB, Manaxosbiv (1975). Benwuunsl pH paccun—
THIBATIHCH K3 AAHHBIX IO KapGoHAaTHOMY paeHoBecH©, BenuyuHe! Eh = no
PaBHOBECHIO yIilekucrora — MeTaH [6 ], :

Ha ocHopanuu aHamu3a cocTaBa XHAKOH (A3BI BKIIOYEHHH B MHHE=
pajax oloBopyaHBIX MecTopoxneHu#t Komcomonbckoro pafiona u Ilpn-
MOpPbfl OCHOBHBIE OCOGEHHOCTH XHMH3MA OJIOBOHOCHBIX PACTBOPOB MOXHO
mpeAcTaBHTE cleayomuM obpasoM. DTHM pacTBOpaM CBOHCTBeHHA MH-
Hepanusamuq nopsaka 5-~10% Bec., 4To paccuuTaHo 6e3 ydyera KOHIEHT—
pauuii TAKHX BAXHLIX KOMIOHeHTOB, kak Si, Al, Fe, xoropble mpHHmy-
NMHATLHO HEeBO3MOXHO OIIPeAelIHTh, HCIONbays MeTo[ BOAHOH BBITSKKHM.
Bapuauun copgepxaHuii OCHOBHBIX MOKIIOHEHTOB, K KOTOPBIM OTHOCSTCS
Na, K, Ca, Cl, HCO4, nocrarouso emuxu (ot 0,05 mo 1,5 mons/n),
cpegHue copepxXaHust xonebmorcd okono 0,5-1,0 monb/in, OrnuduTens—
HON YepTO# ONIOBOHOCHBLIX PACTBODOB (BIETCH IOCTOAHHOE NPHCYTCTBHE
B HHX (TOopa, cpedHAd KoHUeHTpanud kKorToporo 6nuaka k 0,1 monb/i,

a Takxe muTHA U Gopa., KOHUeHTpauus AByX IOCTeHHX KOMICHEHTOB B
cpeaneM coctapnsior 0,01 mons/n m noeewaercs o 0,1 moms/n npn
OTNIOXKEHUH accolHuauuii, coaepXalliX CaMOCTOSTelbHble pa3bl 3THX Iilew
MEHTOB: TypmaluHa, JUTHACoNepxamero Myckosuta u Ap. KouieHTpauuu
MarHusi M cepsl Hu3ku, nopsaaka 0,1-0,01 monb/n, KoHueHTpauuu He—
KoTopblX pyaHeiX anementos (Pb, Cu, W), comyTcTByouHX 0/IoBY B CYilb—
buIHO~KACCHTEPHTOBBIX MECTOPOXASHUAX, Konebmorca B Ipejenax
1079 10"5 mone/a, [lpu aTOM ycTaHOBIEHO NOBBILUEHHE KOHIEHTpAa—
nuif pyaHBIX 2JIEMEHTOB B PacTBope H3 o6pasuoB YYacTKOB PYOHBIX MM,
HeCYWHX COOTBETCTBYWINY0 MHHepanuzanuio, Benuwumnel pH olloBOHOCHBIX
pacTBOPOB, pacCYUTAHHBIE H3 [AHHHIX No KapBoHATHOMY PABHOBECHIO,
YKa3bBAT Ha WeNo4YHOoH-OMusHeRTpalbHbfi WX XapakTtep.

B cocraBe rasosoil a3kl BK/MOYEHUWH B KBaple NPOAYKTHBHOM cTaguu
(rabn. 1) pesko mpeo6nagaer yriekuciora. B cpegneM ee KOHHEHTpa~
nuda cocrapmser 1-2 monb/n. B ormenvHBIXx ciiyyaax Habmogaercd yBe—
nugeHde KoHueHTpaumu o 8 monk/n, B GoneuuHcTBe TPo6 o6HAPYMEH
meraH, a B Hexoropeix CO. OrMmeualorca oueHb HM3KHME KOHIEHTPALHH
a3oTa, OTCYTCTBYET KMCNOpPod., B Tpex ciyyasXx ycTaHOBIIEHO HAHYHe
Boaopopa. Via MONy4YeHHBIX NAHHBLIX TIO PABHOBECHIO C02—CH4 onaT=
= 300°C paccunTaHbl Benwduubl Eh, HaiinenHble sHaweHus mnopsaka
700 MB CBHOETENBCTBYIOT O BOCCTAHOBUTE/BLHOH OGCTAHOBKe IpH ¢op—
MHPOBAHHK OCHOBHBIX MHHEPAIIBHBIX accolUdanmyil CylbhuAHO-KACCHTEpH—
TOBEIX MEeCTOPOXKAeHHI,

OG30p nHTEepaTypPHBIX AANHBIX 10 Pe3ynbTATAM aHalHu3a Xuako# daasr
BKMOYEHUA MHHEPA/IOB 30JIOTOPYAHBIX KU M MECTOPOXAEHMH IoKasbi-
BaeTr, YTO B oOulEeM OHH (POPMHUPYIOTCH leloYHO—-OHKapOOHATHBIMHK pac—

' TBOpamM#, CO SHAYHTENbHBIMK KoiauuectBamu Xiopa [7]. Cocraswnl pac-—
TBOpPOR IO MHHepajlaM HauluX MeCTOPOMAEHMH MPUHINIUAATIBHO He OTIHYa—
OTCSL OT AAHHBIX MO APYr#M IonofHBIM MectopoXaenwam, B pacrpopax,
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Tagnuuna 1

PeaynerarThl aHanusa cocTaBa rasoboil ¢asul BKModeHuii B KBapne
NMpONYKTHBHOH KBApPU-K&CCUTEPHTOBOH CTA[WM O/OBOPYAHBIX MECTO—
pOXaeHui

O6pasen, MecTo- H,0, COy | CHy | CO Ng H,
poxenne, 3oHa Mu~| BeC% | ‘yomsn B pacTBope  BKITOYeHWH
HepajinasaunH

2549 3anaguas 0,12 8,3 I I . 0,05 | N
2551 Illpupopoxuas 0,09 1,3 - - - -
2554 lentrpansnaa 0,10 152 - - - -
2556 0,06 1,4 0,10 - - -
2557 0,07 0,8 - - - -
2558 0,10 82 - & 0,16 0,05
2559 0,10 11,2 0,05 0,05 - 0,07
2560 Mpupoposxsas 0,09 38,1 "= 0,01 - o
2561 ConneyHoe 0,12 1.1 0,25 0.02 - -
2563 608 1p . 70,96 - Bog  ~
2564 012 1,4 0,18 -~ - -
25685 0,14 1,4 0,09 - 0,02 -
2567 0,21 5,0 0,10 - QOT -
2568 SO dd LY 0,16 0,08 o e
2570 0,07 0,9 0,14 = - -
2573 ghs =g PIg = = ”
2576 0,10 2L 0,12 0,007 @ = -
2582 Hdroanasa 0,31 0,7 D08 = - -
2583 0;13 4,6 0,08 0,06 - 0,04
2509 0,63 0,8 0,02 0,005 - b

*[lpoyepk osHayaeT, YTO coAepxaHHe ra3a HIDKe YYBCTBHTENLHOCTH
MeTopa aHanusa,

gopmupopaBuuXx Ag—Au opyneHenue, OoTMeyaercs SBHOe npeobnananue
HaATpUx ¥ GukapGoHar—-HoHoB, ComepxaHHd Kalug M Kallblus CpaBHEMBI
Mexay cobolt, a seruwamibr orHoenuit Na/K u Na/Ca koneGmorcs or
1,3 nmo 17,1 u or 1,5 no 3,7 coorserctBenno (raém, 2). [lpecGna-
nanme wonos Na u HCOg B pacreopax ofyclopnnpaer MX craboluenod—
Hyo peakuuio, Paccunrannele pemuuuusl Eh (700-800 MB) ykasbBawor
Ha BOCCTAHOBHTENLHYI OBCTAHOBKY pyAcoTioxeHus, B cocrape rasopoit
daspl pxmoYeHMH Takke pesko NpeoBnajaeT yriekucnora, [Ipy mpocmor-
Pe BKMIOYEHWH B HUX MOCTHHHNHO OTMEYASTCH HalMuue KUAKOH yIIleKHC—
noTH, Maxciduansuble conepxanus COg9 ofHapyxeHbl B KBapue KbBapi-
pononuronoit cranmu. Ilpu aroMm copepxanne COg Bo BKIOYEHHAX B
KBapune, obpasywlieM TeCHble BaauMHBIE CPACTAHUE C POACHHUTOM M dop-
MHpYWLIEMCH, BePoaATHO, 6/IM3KO ofHOBPEMeHHo C MHHepanamu cepebpa
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Tabnuua 2

Peaynbrarbl anaiusa rasoboll ¢azbl H COOTHOWEHHE KOMIIOHEHTOB B

Homep Cragus MuHe- COy CO. CH4 Ny
o6p. panocoGpa3opaHna (Mont/n B PacTBOPS BRMOGHWH.
19a Keapu—anynapoeas 1,39 | —* { - ! 0,43 l
91 . 0,38 0,21 - 0,44
232 17,50 - - 0,96
276 Ksapu~poncHuropas 9,52 - 0,04 0,84
799 27,30 0,07 - ;77
1139¢ . 2,19 - - 0,31
1190 . 86,40 0,42 0,08 0,04
78 I'peGenuarsiit kBapi 0,32 - - 0,48
223 0,62 0,02 - -

> Hpotlepx o3Ha4YaeT, YTO KOHUeHTPalHd KOMIOHeHTa HHXe YYBCTBHUTE/Ib=~
HOCTH MeTopa.

H 30/10Ta, 3HAYUTE/ILHO BhBllle, MEM B KBapue H3 MOHOMHHEpallbHbIX
KBapUeBBIX 30H LEHTpanbHOR wacTu xun (BeposTHo, Gonee mMosaHeM),
Camble Huskue sHadenus COg orMedaloTcd B NMos3aHeM MOCTPYOHOM KBap—
ne. Bo Bcex cmyyaax HalieHB! HesHauuTenbHble KO/IMYECTBa a3oTa, a B
HEKOTODBIX MPHCYTCTBYWOT Clleabl CH4, cO,; HZ'

B pacTeopax HafineHHOro cocTaBa MeX[Ay KOMIIOHEHTaM#, COCTAB-
NAWIMMH OCHOBHOH coileBoil (OH, BO3MOXHO ofpasoBaHHe KOMILUIEKCOB H
HOHHBIX IIap THIA: NaHCO; » NaCle, KHCO;, Kcle CaHCOE, CaF*, MgHCOJé,

MgF*. Mx npounocTb mpu 25°C HeBeuka, BenMYMHE! KOHCTAHT HECTOl—
KOCTH KONeBmoTcs OKOIlo 10"1— 107, Opnako H3 ®KCIepHMeHTallbHbIX
M pacHeTHBIX JaHHBIX OJI9 HeKOTOPblX M3 STHX KOMIUIEKCOB H3BECTHO,
YTO HX NPOYHOCTL BO3pacTaeT € TeMnepaTypoid. Tak KaK KOHUeHTpauuu
KOMIIOHEHTOB, 06pasyloluX paccMaTpHBaeMble KOMIUIEKCEHI, BEeJIHKH, MOX=
HO IpeAnofiarark, YTO A0NS NMOAOGHBIX YACTHH B pacTBOpax TpH TeMIle—
parypax MHHepalloo6pasoBaHHd Oo/DKHA GBITH Oy THMOH, a, BOSMOXHO,

u sHauntenbHol [1]., [ pacyera Mb! BOCHIONb3OBAIHCH ypaBHEHHEM
[10], noseonsomuM HAATH KOHCTaHTYy KOMIUIEKCA A/ WHPOKOTO AHANa~
sona P u T u3 paHHBIX [18 HOpMAallbHBIX NapamMerpoB. [lomyueHHBIe
peaynsTarh (purypa) NOKasbiBAIOT, YTO C yBejMYeHHeM TeMIepaTypbi
NPOYHOCTE KOMILISKCOB SaMeTHO YRenmuupaercd, IpHYeM HauGonee 3Ha—
YATe/LHO AN YacTHm, o6pasyeMEBIX ABYXBalleHTHBIMH HoNamy, 3apucu—
MOCTb OT fAaBleHHs ofpaTHas, NpH 9TOM BAHAHHE TeMIeparypel cKa-—
3plBaeTcHd CHNbHee, YeM pnapneHne, OueBHOHO, BC/eACTBHE KOMILIEKCO-
ofpasoBanng Gobuwast 1acTb Ca, Mg, F, S04, oHauHTenbHad 4acTb
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KuaKolt dase BKMIOUEHHI B KBapue 30JI0TO—-CepeCpaHBIX MecTopoxaeHuH

H2 pH nms Na/K Na/Li Na/Ca | Na/Mg Cl/HCO3

A (pecoBrie %)
T T f T

- - T:16 S He onpenpensnuce

- 7,03 1,34 9,2 1,52 5,48 0,32
- 6,79 0,24
- 6,13 1,78, 590 118 84,3

0,055 6,06 10,2 129,38 3,7 12,9 0,14
- 6,77 :

0,18 8,17 4,1 36,8 2.1 13,0 0,08
- 7,61 3,46 11,6 1,7 42,2

~- 7,68 174 10,6 3,3 34,2 0,09

** KoMItOHEeHT He ONpenesu.

HCO 6ynyr cessanbl B KOMIUIEKCHBIE yacTHubl, COOTBETCTBEHHO AKTHB=
HOCTb ABYXBaneHTHEIX Ca, Mg ¥ (TOpHA-HOHA CYWECTBEHHO IIOHH-
3UTCH.

[Tonyuennble paHHble IO COCTABY PACTBOPOB M PesYlbTAThl SKCIEDH=—
MEeHTa/IbHbIX HCCIefOBaHuit 1o pacTBOpMMOCTH SnO, B BoAe M BOAHBIX
pacTBopax 3MeKTPOJIMTOB NPH NOBBILEHHBIX TeMmIeparypaX [5] noapoms-—
T CYMTATHL, YTO NEPEeHOC OJIoBa I'MAPOTepPMANIbLHBIMH PAcTBOPaAMHM MOXET
OCYWIECTBIIATHECH B (OpMe I'MOPOKCOPTOPHAHOI'O KOMILIEKCa, KOHKpeTHas
bopma KOTOpOT'O ONPEAENSeTcHd COOTHOWEHWEM OBYX OCHOBHBIX (aKTO-
poB — BejwuuHbl pH ¥ akTMBHOCTH ¢TopuAHoro HoHa, Bemiuuna xe pH
B IIepBY® OYepedb ONpefe/sleTcs COOTHOWEHHeM (OopM YIVIGKHCIIOTH B
pacTEope, & aKTHBHOCTb GTOPHAHOI'O HOHA SABHCHT OT ero 3aKOMINIeK—
COBAHHOCTH.

CKIIOHHOCTEL 30/10TAa K KOMINIEKCOOOpPA30BAHHUIO IO CPABHEHHIO C OJIO. —
BOM eme Oojlee 3HAYUTENbHA 34 CYET y4acTusd B o6pa30BaHMH - XMMHYeC—
KuX cpa3eit 5 snexTpoHoB, OCHOBHBIMH KOHUENUHSMH OTHOCHTEIILHO Iew-
peHoca 307I0Ta B I'MAPOTEePMAJILHBIX YC/IOBHAX SBIAIOTCH, Clleaylolue
OBe: TNepeHoC 30/I0Ta OCYLIeCTBIAEeTcHd B BHAE XJIOPHAHBIX KOMINIEKCOB
B KuclIoH cpefe M INepPeHOC MPOMCXOAHT B Cy/bduaHo# dopMme melToYHBIMH
pacteopamu [4 ], ITolnyyenHble 3HaueHWs KOHUeHTpauuii aHHOHOB B 30JI0-
TOHOCHBIX pacTBopaX, HalgeHHble BenwuuHb! pH M TeMIepaTyp HECKOILKO
Or'paHHYHBAIOT HAGOP BO3MOXHEIX KOMIUIEKCOB 3o0i0Td. B Takux pactso-
pax, o94eBHAHO, HEBO3MOXHQ HaluyHe XJIOPHOHBIX KOMILIIEKCOB, TaK Kak
offacTe HX CymecTBOBAHHA ol'paHMYeHa CWILHOKHCIBMH yciopumaAMH [3],
19 1087
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150 200 250 oo 350
3aBUCMMOCTEL YCTOMYMBOCTH Komniekcoe or T u P

PaccunTano no ypaBHenHio:

98,15 72600 |zj zj
pK® _ 29 g | = 4| ( 0,0128)
TyE T 298 aT ET.P

‘HauBonee BepoATHBI YACTHYHO, & C INOBBILIEHHEM TeMneparypsl 1 pH
PaACTBOPOB H MOJHOCTHLI TI'MAPATHpoBaHHbIe GOPMBI XIIOPHAHBIX KOMINIEK — -
COB, T.€. "'MAPOKCOXIIOPOKOMIUIEKCH! M I'MAPOKCOKOMIWIEKCH 3onota [17,
18]. dropuaHble KOMIUIGKCH 30/10Ta B pacTBoOpe MIHOBEHHO T'HAPOIIH—
3YKOTCH, HE YCTaHOBJIEHC TAaKKe KOMIIEeKcooGpasoBaHme 3ojiora ¢ HCO
10 4 MoHamu [9]. HamepeHue KoHueHTpaluM CY/1bPUO~HOHOB C Ito—
MOIIBI0 CEJIeKTHBHOI'O 2JIeKTPOAa B BOAHBIX BBITAXKAX, IPHIOTOBIEHHBIX
B YC/IOBHAX, HCKIOYAIOWMX OKHUC/IeHHe s2- no SOi‘,noxaaano, 3(;52 &

-6
<o 10 Moib/i1, DTO naeT BO3MOXHOCTbH paccMaTpHBaTh HCCIeAyemble
pacTBOpbl, Kak He copepxamme st H NPOAYKTOB ero auccouuauru, Ta-
KM OS]J&BOM, CMellaHHble XIOPTHAPOKCOKOMIWIEKCHEl H I'HAPOKCOKOMIT=
7IeKCHl SIBIFWOTCS OCHOBHEIMM OpMaMM CYIIECTBOBAHHA 30JI0TA B DPac—
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TBOpax, OTJarasBliHX 3olloTo-cepebpsiHoe opyaeHenHe, 3uadeHus Eh atux
PaAcTBOPOB YKA3HIBAOT HA HA/IHYHE 30/I0T4 B HUX B OQHOBAJIGHTHOM CO=-
CTOSHHH,

IMporeneHHoe HAMH pACCMOTpPEHHe COCTABA PACTBOPOB, (OPMHPOBAB~
WHX OBa PA3NIMYHBIX THNA MeCTopoXaeHuH, NMOoKasmiBaer, 4TO NIPH AOCTa-
TOYHO OOMIBIIOM CXOACTBe B HaGope AHHOHOB H KOMIIOHEHTOB TI'a30BOH
dasnl, pasnmiHe XMMHIECKHX CBOHCTE o/loBa M 30710Ta NPHBOAUT K pad=
MHYHBIM ¢opMAaM CYIIeCcTBOBaHME 3THX MeTa/lIoB B pacTeope, [ns onoBa
Haubonee XapaxTepeH NepeHoC B BHAES PTOPTHAPOKCHILHBIX KOMIIEKCOB,
TOrAa KakK M/ 30/10Ta — B BHAE XIOPHIAPOKCH/IbHLIX,

ABSTRACT

The solutions, forming cassiterite—sulphide, cassiterite—silicate and gold—
silver ores, as it evidenced from water leachates analysis, were slightyly -
alkal ine, near neurtal sodium—potassium bicarbonate—chloride. The relati—
vely high concentrations of F, Li, B and low concentration of Ca, Mg are
tipycal for tinbearing solutions, where as inverse picture is typical for
goldbearing solutions. It wascalculated, that in the solutions of found
compositions the complex forms of Ca;, Mg and F predominated. It was esti—
mated, that Sn is transported ax hydroxofluoride complex, Au — as hydro—
xbchloride complex under formation of cassiterite—sulphide and gold—silver
ores.
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A. C. MAPOYHUH, JI. B. BEPIIOB

JE®EKTBI M 3JIEKTPOHHO -IBIPOYHBIE IIEHTPBI
B MHHEPAJIAX

Sranbl MCCIEe[OBAHHS M OCHOBHbIE NOHATHA. B HccrnenoBaHMH aneKTpoH-—
HO-1BIPOYHBIX LEHTPOB B MHMHepajax BHUENSOTCH TPH STama,

1. Jlo npuMenenuss MeTona 3JIEKTPOHHOT'O NAPaAMATIHHTHOIO pe3oHaH-
ca (3MP) B orpaHMdeHHOM WYHCNe MHHEpAlOB HAGIONANHMCH NMEeHTPHI
OKpackH, OfmHe npeacTrap/leHHs O KOTOPhIX CKIAALBAIMCE [0 AHAOTHH
¢ Fenenrpamn B menouHoranouaHex KpHCTaax.

2. PacumdpoBka Mopenel meHTpoB HA OCHOBE M3MEpPEHHMH CIIEeKTpOB_
AP u vHTepnperauny MX B paMKax TeOpPHH MOIEKYJSpHBEX opOuTanei
M C NOMOWBI0 CTPYKTYPHOI'O aHanusa napamerpos 2P nossonumm
YCTAHOBHTE B MHHepaslax MHoroofGpasHe cBoGOOHBIX pPaOMKaloB, Moje—
KYTISIPHBIX MOHOB, HOHOB B HEOOBMHBIX BA/IHTHHEIX COCTOSHHSX.

3. HaxonneHme M cHCTeMaTHKA MOJNY4YeHHLX AAHHEIX NPHABEIM K TOMY,
4YTO BCe 2TO MHOroofpasue CBOAHMTCH K SBIEHHIO OAHOT'O M TOr'O Xe
THIIa: 3axBary nedeKTamMu SMeKTPOHOB HIH ALIPOK.
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Cneanyer paanudaTh MOHATHS: AedeKThl ¥ B31eKTPOHHO - LIPOYH ke
nenrpsr [ 3]. '

Toyeynem™ nedeKTOM HBISETCA BCAKOE MONOKEHHEe B CTPYKTYpe,
IpeacTapisionlee HApPYWeHHe CHMMETPHH, OIHCHBAEMOR NMpPOCTpPAHCTBEH=-
HOH rpymno# kpucranina. K HEM OTHOCATCA BAKAHCHM HMOHOB “MeXy3ellb—
uele” (MHTepCTHRMANBHEIE) MOMOKEHHS HOHOB, NPUMECHbIE HOHBI —
'MaoMopdHbIe MM MHTepPCTHIMANLHBIE, TPHMECHLIE palMKalbl, arperarTsl
paKaHcHi ¥ npuMece#, B oTiHYHe OT WENOYHOTANOHAHLX KPHCTAIIOB,
rne ofbmMHEle Temopke nebexTsl (maper nedexros mo, lioTTkn H Ppen-
Kemo), B MuUHepanax Haubojlee xapaKTepHEI MpUMecH W BakaHcuu. Bce
aTH medeKThl MPEACTABIMIOT JIOKA/ILHOEe HapyuleHHe 3apsaoBof 3/IeKTpo=
HeHTpalLHOCTH U SBNSIOTCH MOSTOMY “mnpeaueHTpamu”, T.e. JOBYWKaMH
O7s 97eKTPOHOB W/ OBLIPOK. 3axBaT gedeKTaMM 3/IeKTPOHOB MM O#POK
MpH MCKYCCTBEHHOM MM MPHPONHOM OGMy4YeHWH NMpHBOAMT K 06pasoBaHMio
3IeKTPOHHO~[BIPOYHEIX LeHTpoB., CBOGOAHBIMH paguKalaMy B KpHCTAallax
Has3bBAIOT 3/1eKTPOHHO=-ABLIPOYHbLIE LEHTPEl, [peacTaBleHHbIe paguKallaMH,
@axBaTHBUHEMK HIM OTOABWMME SJIEKTPOH H NpHOBpeTWHMH TaKMM 06—
pasoM oAHy CBOGOOHYIO BaneHTHOCTE [ 4].

Meroauka mccnenoBaHHd W MHTepnpeTanus Mopenef ueHTpoB. Tonkko
C MOMOWBI0 S/IEKTPOHHOIO MMapaMAarHUTHOIO PEe30HAHCA BO3MOMXHBI AHAI=
HOCTHKA M pacuHpoBKa HEHTPOB B MuHepanax. Ho nmpu sToM monyda-
ercd ogHO3HAYHad pacuHbpoBKa MOOeNH HmEeHTpa M camoe IOo/HOe H
TOYHOE ONHCAHHE BCEr'0 CIIOXKHOI'O KOMIL/IEKCA ATOMOB, COCTAaBIISIOUIMX
LeHTp.

Mapamerper AP uenrpor (B ocoSennoctn cpoBomHbx paguKaios)
TaKKe BLIBOAATCH H3 CXeM MOJIeKYNSIpHbIX opburanei, xak mapamMeTpsl
napaMarHUTHEX HOHOB I'PYIIBI Xejleda = H3 CXeM KPHCTA/NIMYeCKOTO
mong, LleHTper, CTabGUNH3HPOBAHHBIE CTPYKTYpO# KPHCTAIOB, Xapakre-—
pHAYIOTCH JIOKAIBHBIMHE KPHCTANIMYECKHMMH MO/SAMH, OCH KOTOPHIX 3aKO-
HOMEpPHO OpPHEeHTHPOBAHEI OTHOCHTE/ILHO 3JIeMEeHTOB CTpYKTypl [ 3].

DKCnepUMeHTANIBHO CTPYKTYpPHOE IOJIOMEeHHe LEeHTPOB olpenensercs
C BBLICOKOH TOYHOCTHIO KaK OpMEeHTHpOBKa ocelf g-daxropos, ocell TeH-—
30pa CBepPXTOHKOH H CYyNepCBepXTOHKON CTPYKTYpbl, B CIEKTpax 9/1eKT-—
POHHOI'O MapaMarHHTHOIO pe30OHAaHCa, KaK YHCIO He2KBHBAIIeH THBIX
MOJIOXEeHUuH IleHTpa, CBA3AHHBLIX 3JIeMeHTaMH CHMMEeTpHH, H HHCIIO TIHHU K
CYyIepCBepX TOHKON CTPYKTYyphl, 3aBHCHIlee OT YHMC/Ia M pPacHONIOKEeHHS
MUraHgoB C MAarHUTHBIMM S[paMH,

STH SKCIepUMEeHTaNbHEIC [JaHHBe COMOCTABISIOTCH: a) C MPaBHIbHbi-
MH CHCTEeMaMM TO4YeK [AHHO# MPOCTPAHCTBEHHOH TI'PYIINbI, OMNpedesiouHMI
YUCIIO MOJNOXKEeHUH BOSMOXHBIX THIOB, HX TOYEYHYH0 CHMMETDHIO M OpHeH=- .
THPOBKY OTHOCHTEBHO OCel KpuCTaia ¥ 6) C HanpapleHHsMH KaTHOH-
AHHOH, AHHOH—-AHHOH, KATMOH-KATHOH B KOOpPAWHALMOHHBIX MOJMS[pPax
NAHHOTO CTPYKTypHoro rmma [6].

Berucnenne aTHX HanpaplleHHH M3 CTPYKTYpPHBIX AaHHBIX, HaHeCe-—

HHe HX Ha crepeorpaduyeckyio MpoeKuuio, PA3MHOXEHHEe C ITOMOIUIbIO
3JIeMEeHTOB CHMMETpPHH MO3BOJAIT (B CO4YeTaHHH C aHallu3OM MapamMeT-—
pos SIIP B paMKax TeOpHM MOMEKYNapHbX opBuranefi) MOCTPOHTH MO-
nenn HaBmopnaeMmbx mo cnekrpam AP menrpor [5].

293



Tunbl 1 pasSHOBHAHOCTH 3/I€KTPOHHO={bIPOYHLIX UEHTPOB H HX CHC—
reMaTHka, Pacumbpopannpie ¢ noMomeio I[P THIEI HEHTPOB MOXHO
CHCTeMAaTHZ¥pOBaTb, HCXOOA M3 OBYX MMOJIOXEHHH: a) LEeHTpPBl COXpaHsa-—
JIOT CBOW HHOMBHAYAIILHO _;’-b B CAMBIX pas3HbIX CTpyKrypax (0O - B
kBapue, anarure u KCl,0 BO (VmoopHTe, AHTHADHUTE M WeEIHTe H
T.4.), 6) nenrpH ofpasylofcs MyTeM saxpaTa WM oTaauM AedeKTamu
onHoro anekrpoHa (He ofpaayerca yCToMuMBRIX HEHTPOB B peayibrare
saxpaTa WIH OTAa4H [ABYX 5/eKTDPOHOB).

Taxkum o6paaoM, CHCTeMATHKY MOXHO IpOM3BecTH, nobapndad K pas—
NUYHBIM THIAM AedeKToB pa3/IMYHbLIE BO3MOXHBE AN HUX THIIHI 3/IeK—
rpoHos (mmm abipox). 3TEM nyTeM monywaeM clenyiommue THIIBI UEHTPOB,

1, Mpu zaxparTe SnekrpoHa BakaHcusmMu ammoHop F —nenrp m F-
arperariesle NeHTpHl, pa3jdyaeMbie IO 4YHC/Y arperipoBaHHBIX BakKaH-
CHI H N0 YHMCIy 3axBadYeHHbLIX HMM SIIeKTpPOB.

2. lNpu saxpaTe 2neKTpoHa WM ALIPKH NPHMECHLIMH KATHOHAMH -
NpEMECHbIe KATHOHHEIC neHTphl (“HOHBI B HEOGLMHBIX BATEHTHBIX COC—
TogHMAX”); B 3ABHCHMOCTH OT S/EKTpPOHHOH lcomtur'ypanuu KaTHOHA
saxnaqeﬂnmﬁ (mnu orpaHHem!) SMeKTpoH Moxer OuIThb s' HIM p' HIH
d'wnn  f' - anexrponom,

3. Mpn saxpaTe aLpkM aHumoHamu B nedextHom nonoxennu (0™ 8 KCI)
nnu B6musu nedexra (O— B rerpasape ¢ npumechsM Al B xBapue) -
ABIPOYHEIE AHHOHHBIE LWEHTPHI C ONHMHAKOBOR S/eKTPOHHOH KOH(Urypa-—
uuelt p

4, Tpu 3axpaTe SNEKTPOHA MMM ALIPKH OGLMHBLMH HeOpraHHYECKHMM
_ panukanamu — cBOGOAHEIE pagHKalLI (r.e. c onHo#t cmoBonHoit BaNEHT-
HOCTEIO) .

Bece npepsmymue THnbl fepeKTOB - BaKAHCHH, NPUMECH, &HHOHbI B.
nedeKTHOM IOMIOKEHHH — MPUBOAST B CONAX KHCIOPOAHBX (M APYrux)
KHC/IOT K O6GpasoBaHMI0O EMeHHO CBOGOAHBIX PaNMKAloB: NMpH 3axBaTe
snekTpoHa Bakamcmedl kucimopona, Hanpmmep B CO%” | r.e. B CO7(V,]

saxeaveHHbI 9NeKkTpon pacnpenenserca mo CO,[V,], r.e. oGpasyer-
cqa cpoboaHBI panuKan CO™,; npu saxpaTe SMIeKTPOHA, HaNpUMep,
npuMecHeM ¢ochopoM B KanbnHTe, STOT 2/€KTPOH 3aXBAThLIBAETCH BCEM
panukanom FOT, samemaiommm C023_ c oSDaaonanneM mg J  [Obi=

pountrit uentp O™TIpH HanMuMM pagHKanoB CO3 . 51 04 . P03"'502_ P03

H T.1. Gonee TOYHO ONMHCHBAeTCH Kak CO; S10%‘,' POZ, SO PO
[anereliuiee nogpasnenenne aroi Haubolee BaXHOH H Hanﬁonee ofb=
WHPHO# I'PYyNOBI HEHTPOB yNOGHO IIPOM3BOAMTB: a) MO THIIY CTeXHOMeT—

pun pannxana ABy, AB,, AB3, ABy, 6) myTeM BBIE/IEHHS B THX
rpymuax ABT msosnexrpomnex panmkanoe (mo umcny snexrponos),
B) Mo THNy aToMa, BXOAMWlero B pagMKan: yIeponocoaepxalue cepo-—
conepxaumue H T.1. UpespbmaiiHO BaXHO, 4TO BCE H303/EKTPOHHBIE pa-
AMKalbl XapakTepuaylorcd oqHo# u To# xe npmmmma.nbﬂoﬂ cxeMoii
MO u onHMM M TeM Xe coOoTHoweHHeM napaMetrpor 3P,

5. Haxonen, npu aaxpaTe AbIPKM KHC/IOPOAOM B MOJHMEPHBIX CTPYK=—
Typax o0pa3yloTcsa PasHOBHAHOCTH amipoyHoro medtpa O— : Si—0—-Al,
Al-O~-Al¥ T.n. Moxno Gpuio Gpl NOMYCTHTB, YTO pasHooGpasme No-
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NMMepHbIX CTPYKTYp, HanpuMep B cmimkarax (OCTpoBHBX, memoZeuHbr,
KApKACHEX ¥ Ap.), NpHBeneT K pasHoofpasmio ¥ THIIOB LEHTPOB B HHUX,
OQHAKO MOCKOILKY KHMC/IOpPOA MOYTH BCEraa HAXOAMTCH B HHX B [BO#-
HO# KoOpnMHALMM, TO pasHOOBGpasHe OrpaHMYMBAETCS NHWb LEeHTpaMH
HA MOCTHMKOBLIX M HEMOCTHMKOBBLIX KHMCIOpomax.

OGzop THNOB 3NEKTPOHHO~-ALIPOYHLEIX UEHTPOB B MOponooGpasylomux
H_pYAHbLX MMHepanax. Kaapy.lpmvecn Al°+, aamemawomero §i°',
npueoasT K obpasopammo newrpa O—-Al (mm AlO4+), O6BIYHOTO B
npupoaHLX KBapuax. Kpome toro, maSmopamortcs uenrpn Tidt 032" (e
BaKaHCHeHR xpeMHmr). f-‘e04 {B amerucrax). FasHoof6pasme pasHO-
BHOHOCTEH 3THX UEHTPOB OCYC/IOBIEHO HAMYHEM pasIuYHbX KOMIIeH—
caropos sapsana Li, Na, H, Bxogsmux B KaHalbl CTPYKTYpEL

Noregwe wnamet, HanGonee pacnpocTpaHeHHbLIMH B MOJIeBLX WIAaTax,
KaKk M B KBapue, SBIMOTCH LEeHTPl O™ H Ti3* (u npumecu Fe a3 e
Oun Hame BCEro BCTPedaloTCs B MUKPOK/IHMHAX, pexe B OpTOKIa’ax,
CaHMAMHaX, NIaruckjiasax, NpHYeM B MJIArHOK/Ia3ax pacnpocTpPaHeHHOCThb
HX yMeHbulaeTcda oT anbbura K aHoprury. Ilocne ofnywenna uedtp O
ofpasyercd BO BCex IIO/IeBBIX umarax.

Bo Bcex aMasoOHHTax M TO/MBLKO B aMA3OHMTOBEIX MONEBBLIX uUmAaTax
onucan cnexkrp Pb*, exonsmero B monoxenns X', u cmekrp ma xme-
nopone, cocrannsmomeM K-nommsnp (O~ —Pb)[5). ‘

Fapxacuvie aroxocuiukans ¢ 000a60UNGMY BRUOKAMY: 1LDYRNB CXa-
noAuma, KaNKpuNuma, codaiuma, yccuniuma. B ornEuMe OT MOJEBHIX
uMmaToB, I'Oe UeHTPHl 06pasyloTCs B OCHOBHOM 3a CYeT saMelleHn#
A" g Ti’*, pce MHoroofpase nenTpoB B STHX IPynnax CBA3aHO
He C aMOMOKPEeMHEKHCIIOpOAHLM KapKacoM, a C COCTaBIdoUHMH  Clie—
udduKy »THX rpynn “no6aPoYHLIMH aHMOHAMH”.

B coorBeTcTBMH C COCTABOM AOGABOYHBLIX AHHOHOB H/IM 3aMellalouHx
X M3OMOpPHHBLIX NMPHMECHBX AHHOHOB BLOENMIOTCH CYNMbdHaHEIE (52
H S3 ), cynbbarabe (SO o H ap. ) kapGonatunie (CO7,

H Op.) Ipynnsl HeHTpoB H npyr}ue EeHT phI (c BAKAHCHAMH Tall ma,
ancopGupoBanE EM 02- u op.) [ 7).

Leorumo MOJICKYIISPHEIE HORLI 03 u  Fouenrpu (onmucumaemuie
3nech Kak Na4 H1€HTPBI) .«
Hupxow: wemtpm Nb¥* Hf3+ 13+ 1%, 0~ (umm SiO%_),
- Y-0—-Y, Z3*+ Vg, Z3* 4 MY, O — Al PO3™ , Si0% , 8i0 .
Bepuar: snextponmett mentp Ti”%, aromapnmﬁ BOAOPOA, MeTHNb-

HbIfl paguKan CH3.
Tonas, enanum, 26%x.1a3, xuauum Ti3*, 0~ - Al; s romase ®

spxnase V; B pemaxmre PO a .
HanGypum, Gmue.,wn 0~ (umm Bo4 £ )
Kanvyum : Pb3‘+ Ni3+ PO%" Pog %0;

P03, As03~, As03 7,505, BC,
co033, co¥y, co3, Co3.
Ansuopum:03~ (MO%), POZ3, BOY, SO3, SO3, 58073, §503, 03,
3,072, 5% 03"— M3+ —Na,K,H (cero okxono 40 pasroBmanOCTEi

HeHTpoB) .,
Bapum u yerecmun: SOy , 5073, SO7, 53.
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Anamum : C03§, CO;,‘SiO}S‘, F-UeHTpbl, PaSHOBHAHOCTH O-UeHT-

pa(F—0~—F, F=0~~Cl, 02=-0 "=V u ap.) [1.

Weerum: W3, pasuommasocts WOz, WO4F.

PeruoHnansHoe ¥ MeHEeTHYeCKOe paclpefie/leHHe 3/1eKTpOHHO— bIPOYHAX
uentpos, Mamepenns uenrpos 07 -Al u Ti>* s kpapuax na memopdudec—
KHX KOMIIIIEKCOB 3elIeHOCIaHnepol, aMubomuToBoHi U rpanyauTosol dammii
ANIaHCKOTO WHTa MOKA3AMH 3aBHCHMOCTH KOHIEHTDANHH AMOMHHHEBO—
T'o LHeHTpa OT CTeleHH MeTamMopduama: HauboLUIHEe KOHIEeHTpalyH
XapakTepHEBI 07 IpaHy/JIuToBOM (aumM, HauMeHbUIMe — [/ 3elIeHOKa—
MeHHO#,

TemneparypHag 3aBHCHMOCTb paclpefeneHus a/loMHHHEBOIO UEeHTpa
B KBaplle yCTaHOB/leHa TaKxe Ha MaTepHalle OJIOBOpPYAHBIX MECTOPOK—
nennit 3abaiikanbg, B KoTopex Bonee BrICOKOTeMmepaTypHble (opMaimm
H CTagMy MHHepanusauuu uMmeioT Oonbuime comepxanud Kak O—Al,
rak 1 Ti°" nenrpa m Qg MBULIKOBO—BOILYPAMOBOIO MECTOpOXKa e
vua Kru-Tebeppna, roe pacnpepeneHne anioMHHHEBOI'O LEHTPa MO3BOMWIIO
YCTAHOBHTHL YETKO NPOABIIEHHYI0 TeMIlepaTypHylo 3oHambHOoCTb [ 2].
lenerruecku 00yCrOBIEeHO TaKXE pacllpefelieHHe NeHTPOB B KBapiuax 30—
NOTOPYNHBIX MECTOpOXAeHul, B TONEBLX uMarax ambOUTUTOB.

3akmo4yenne, 3Ha4YeHHE 9JI€eKTPOHHO-[BLIPOYHBIX IEHTPOB B MHHEpa-
norun. Hanmume cpoDOOHBIX PAOMKAIIOB B MHHepajax HMeeT Ipexne
BCero sHauenue obuiefi 3aKOHOMEPHOCTH CYUIECTBOBAHMS IIPHPOFHOTO
BellecTBa B YCIOBHAX NeHCTBHS eCTeCTBeHHON panHaudy Ha MHHEpabl
semuoit xope! (”pagmaunonnoe nbxanue 3eman”), Jlyser (GomGapanpos—
Ka 3apmKeHHbIMH YaCTHIAMH — COJHEYHE BeTep) H MeX3BeJHOI'O
IpPOCTPaHCTBA HA NMPOTKEHMH IeONIOTHYeCKHX WM KOCMHYeCKHX Macll-
TaboB BpeMeHH,

CrofopHble paguKansl B MUHepallax MPUHUKIHANLHC PacuupsioT
NpefcTap/ieHHs O BeulecTBe I'OPHBIX mopop ¥ pyn. OHE oTHocHTCH K
Hauboliee XapakTepHrM H pasHOOOpasHeM THOMOpPHEM IIpH3HAKAM
MHHEepajioB.

C ycraHOB/IeHHeM UWHPOKOI'O PaclpoCTpaHeHus cBOOOAHLIX pagHKalos
B MHHepajax H3MeHfeTCd 3HadeHHe A9 MHHepanorud, N'eoXUMHH H
nerporpaduMu MeToga S/eKTPOHHOI'O NAapaMAarHUTHOIO pe3cHaHCa, KOTo—
pElif CTAHOBHTCH CTAHOAPTHLIM MHHepaloro-nerporpadHieckuM MeTO[oM,
M TepMO/JOMHHECHEHIMH, 1JId KOTOpo#l oKashbmBaercd BOSMOXHOK MHTEp—
Iperauus MUKOB TepPMOBLICBEYMBAHHS,

[TpuMenuTensHo K caMuM cBOGOOHBIM paauWkKaiaM yCTaHap/lHBaEeTCH
HOBas ©0/AaCTh HX CYUWECTBOBAHMA: MOC/Ee XMMHHM, GHOMOTHH, acTpodu-
3MKM — IEeOXHMHYeCKHe NpOLecchl B 3eMHOH Xope,

CeofionHeie pagukaiibl, CnensdHyecKue Mg PAsHBIX I'EOJOTHIeCKHX
¥ TeOXHMHYECKHX _yC/OBHE 06pa30BaHMs, MOI'YT HCNOIL30BATHLCH MPH
MOMCKax PYAHBX MecTOpOXAeHHH, IpPH ONEeHKe BLIXOAOB HX Ha MoBepx-
HOCTb, TpPH DaCWIeHeHMH DY/IOHOCHEIX M Ge3pynHbIX MacCHBOB, NpH Me—
TaNIoTeHHIeCKOM pafioHHPOBAHMM TEPPHTOPHMH KPYNHBX PerHOHOB.
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AB ST R ACT

Electron paramagnetic resonance studies, molecular orbitals and structure
treatments have revealed the formation of many ' types electron-hole cen -
ters in rock-forming minerals. There were observed in_minerals molegular
ions 03, 03, 0%, 83, S, free radicals SiOZ_, Sio3z, Si033‘, POES P024‘
POZ;, POg - 5034';' S03, CO3_, €Oy and others, electron-hole centers 0, .
Pb*, Pb3+, Ti3+, v4+, y2+ 73+ HB+, Nb4* and others. These centrs
were detected in feldspars, quartz, zircon, phenacite, topaz, euclase, kya-
nite, beryl, sodalite, lazurite, danburite, datolite, tourmaline, apatite, am-
blygonite, anhydrite, baryte, celestite, calcite and others.

Geological distributions of electron-hole centrs were investigated in
quartz and feldspars from some metamorphic rocks and from some tin and
wolfram deposits.
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. A. HEKPACOB

®A30BBIE COOTHOIIEHMA
B OJIOBOCOJEPRANINX CYJb®HIHBIX CHCTEMAX
H HX TEOJOTHYECKAA WHTEPIIPETALNA

B paznuuEbxX THNIAX SHOOTeHHRIX MECTODOXOEHHHE ONOBO TECHO aCCOolH—
pyer ¢ Fe, Cu, Zn, Pb, Sb, . Ag.  Bcnencreue sToro B .IapareHesmce
C KAaCCHTEPHTOM OT/IAraloTCsi CTaHHHH, cynmbdocraHHarsl (dpankenrt,
TH/IHT, UAMMEAPHT), cynbdocomm Pb, Sb-m Ag, cynedmaobr m OKHCIEI
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Fe, Cu, Zn u pgpyrux Meramnop, PazoBbie COOTHOWEHMIO MEXAY HHMM
H3y4eHbl BCe emwle cnabo, 4TO 3ATPyAHAET MHTEplpeTauMio reHesHca
ONIOBOPYAHBIX MECTOpPOXAeHHA.

[o NOCTanOBKY Hawux patoT GasoBLle COOTHOWEHNT H3IYYANUChH NUMWL
B nByx chcreMax Sn—S ¥ SnS-SbpS3 [6,9). B cucremax

Fe-Sn—S, Cu—Sn—S m Pb-Sn—-S wuccnengosambl TONBKO HacTHEE paz-
peabi [ 7]. B ruppoTepManbHbIX H CYXHX YC/IOBHAX HaMH OGbUiM H3y-—
yenrpr cucreMmnl Fe—Sn—S, Cu—Fe-Sn-S, Za—-Sn~S, Cu—Zn—5n-S,
Pb—Sn-S, Pb—-Sn—Sb—S, Sn—-Ag-S [2=5].

. Cucreme: Fe—Sn—Sn Cu—Fe-3n-§ usyyamuce B runporepMaibHbX
yenopusx (xnopunmele pacreops) npu 300-500°C u PH20 =1 kGap.
B cucreme Fe — Sn - S — NH 4Cl(HCl) yCTaHOBIeH 7 CTaGuib-
HbX (a3 KacCHTepuT, repueHSepruT, OTTeMAHHT, GepHATHT, MHPHT,
NMUPPOTHH M MarHeTur, Onpeneniena pacreopuMocTs Fe B cymbdunax
o/loBa H KACCHTEpHTe, & Sn B Cynbdmmax H oKMclax xeneaa, [Ipx
300°C = $nO, pacrsopsercs 0,2-0,3%, a npu 500°C no 0,4% Fe.
B SnS wmsoMopdEo exonmT mo 1,65-2% Fe npr 300 nw 500° coor-—
BeTCTBeHHO. PacTBopHMocTb Sn B Fe;03 npu 500°C cocraeuna
2,5%, B FeSp = 2% u B Fey_,S-1,7%.

Brnepsbie NoJyueHbl AAHHLIE O paclipefiefeHHH O/lOBa B COCYlUeCT-—
Byloumx FeS) M Fe|_xS M BbBenenn ypaphehns (1-3) sapucumocrs
pacrpefie/leHAss Sn OT TeMmepaTypkL

325°C: y = 0,9386 + 0,9768x - 0,0009x2; (1)
400°C; y = 0,4002 + 0,4711x - 0,00004x2; (2)
500°C: y = 0,4202 + 0,2895x - 0,0002x2, (3)

B ypaBHeHHAX 9-3) y=(Sn:Fe) 10-5 » Fe|_,5,a
x =(Sn: Fe) 1072 s FeSy,

Nna cEcrembr Fe—Sn—S OTCTpoEeHa nuarpamMma fsz—T [31,
Ha KOTOpOfi BIepBHI ONpe[eneHo Nojie CTaGunbHOCTH OTTeMaHHTa -
(fs; = 1011 _ 1095 arm npr 300°C; 10~-7:3 - 10-8 arm
npu 400°C), u Beormcnena AGT ero ofpasosauus (4)

A 651283 - 23650 — 1,62T,%K (kxan) ' (4)
T
B cucreme Cu—Fe~5n-S§, KpOMe YNMOMSAHYTHIX CY/Iu(naoB H

okucrioB Fe m Sn, crabanener kopemmmn (CuS), nmrenur (Cup_,S),
xanwxonuput (CuFeS;),’ Gopunr (CusFeSy), mpamr (CuzFeSy) u
CTaHHWH, YCTOHUMBEHIMH SBASIOTCH TaKKe CleAyllHe CyAbpUAb
Snu Cu: CugSnSy, CuySnS3, CuzSnySs, Cu3SnS‘i, CuSnSy, CugsSnSg.
Briepprie nony4yeHul KONHYECTBEHHLIE NAHHLIE O 3ABHCHMOCTH OKHCHO-—
Cynu¢maHLIX paBHOBecH# C y4aCTHeM CTaHHMHA M KaccuTepura oT fg,
H f02 (dur. 1). OuH CBMAGTENLCTBYIOT O TOM, 4TO AJA OTIOKEHHS
napareHesncoOB CO CTAHHMHOM GIarcHpHsTHEI HH3KOTEMIepaTypHbie yC—
JIOBHS, TAK KaK C NOBBILEHHEM TeMIeparypbl JMHHM MOHOBapHAHTHBIX
paBHOBECUll C €r'0 YHACTHEM CMelanTCd B OGACThL BHICOKUX 3Hauenuit
fsz u {0y, AGr ©0Opasobanusl CTaHHMHA, BLMUC/IEHHAS M3 SKCIEPH-

—
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194,

Fe : I
B
1 ¥ilg
t=so0t  We 31 #=500°C
B g=146 i RS By p=1#6
2
&
1
! Ll Li L
-3z -28 24 -20 g7,

¢ur, 1. 3aBucHMOCTL a30BLIX COOTHOWEHHH B CHCTEMe OT fs2 H f02

Hz - repuenbeprur, Ks - xaccurepur, Ms = moycomutr, Mt -
marsetut, Po - mupporus, Py - mput, Cp - xanbkommpur

MeHTaNlbHEX AaHHEbX, Aag 300, 400 n 500°C,paena: - 111,96;

- 104,73 u - 96,83 kkan coorpercreeHHo., Cucrema Zn—Cu—-Fe—Sn—S§
HccnenoBana B pacreopax 10% NH4Clw 0,5 HCl npn 300-500°C
u PH20 = 1 x6ap. B xpaepoil cuctreme Zn—Sn-S cTabuiILHBMH
sBnsoTCa Yernpe dasks SnO,, SnS, SnS,, ZnS (a—u B-monuduxa—
nun), Onpenenena pacTEOpEMOCTL Sn'p ZnS B papHOBecHH ¢ SnS, Sn

H MeTannudeckuM oyioeoM, [Ipn 500°C ona cocraemna 0,01; 0,05

n 0,08%. ¥YcraHosnesHo, 4ro cogepxanue Sn B ZnS NpakTHYECKH He
3aBHCHT OT TeMIepaTyphl H Xele3ucTocTn chanepura.

lpu pobapnenun B cucreMbl Zn—Sn—S Wi Zn—-Fe—-Sn-S
Menn pasoBnie COOTHOWEHHS YCIOXHSIOTCH BCIeNCTBHe 0o0pasoBaHus
CTamHMHA H ero Zn-ananmora-kecrepura (CupZnSnSy). B crasumne
npr 500°C pacreopsierca no 15 mom% ZnS,

HUsyuenne cucrembl Cu—Fe-Zn—-Sn-S M ee 4YaCTHBIX pas—
pesoB MO3BOJIMWIO YCTAHOBHTH, 4TO MOBLILIEHHAS ONOBOHOCHOCTHL Cdane—
pura ofycnopnena He H3OMOpPPHBIM BXOXOeHHeM Sn B ero KpHCTaIIH—

- YecKyio peweTKy, a ofpasoBaHHeM TBEpAbLIX pPacTBOPOB, KOTOPEIE NMpH
t umxke 400°C pacnapaTcsa C BbpeleHHeM OHHKCOoepXalero CraHHH—
Ha B cthanepure,
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Cucrema Pb-Sp-Sbh—S ¥ ee dHacTHble CeYeHHS XapakTepusy-—
jorca SonpuwuM uHciioM crabuneHbx tas, Tak, B paspese PbS—SbZS;
ycrofuueel 12 coenuHeHu#l, B pazpese SnS-SbZS - YeThipe coe-—
nuHeHus u T.. [losToMy npexne uem mepeiirs K paccMmorpensio daso-
BbIX COOTHOWEHHA B YeTHIPEXKOMIIOHEHTHON CHCTeMe,N1poaHalH3upyeM
naHHbIe, TIONYyYEeHHHIE HAMH MO OWHapHbBM paspesaM, MHTepecHbM Nd
muHepanorun: PbS—SnS, sns-szs3, SnSz—SbZS3 " SbS——Sb283.

CucremMa PbS—SnS wmsyuanace B CyxHx YCIOBHGX He OQHOKPATHO.
OpHE aBTOpPHI Mpeanionara/ll CyUuleCTBOBAHHE 3[eChL HepephLBHOrO pana
TBepnbx pacreopop [7,8] , a npyrue Bemenan® B Heil mone HecMe-
cmmoct® PbSnS,; m SnS [1). TX pgmarpamma cucreMmer PbS—-Sn$
00 TOCTAHOBKM Haulx paBoT He Gnumia orcrpoena. [To HawmM AaHHBM
OHa IpefcraeieHa Ha ¢ur, 2, M3 KOTOpPOH BHOHO, 4YTO MeXAYy PbSnSz
u SnS cywecreByer HenpeprBHEEM pgn TBEPALKX pPACTBOpPOB, BaxubnmMu
Onsg T'eOXHMMHM M MHMHEpalloTHM SBISIOTCH peay/bTaThl ONpedelleHHs pacT-—
popmmocTtu SnS B PbS. Tlpu 300°C oma cocrapnser 2,5%, Mpu
400°C - 3-3,2%, a npu 836°C pospacraer no 15%.

Peako pasmiunemu okasamice TX pnuarpaMMer GHHADHEIX CHCTEM
SnS—Sb;Sy u  SnSy—SbySy (oM. dur. 2). B nepeo# us X,
kpome SnS wu SbpS3, ycro#wmBel Sn2SbgSy1 # Sn28b,s. & BO
BTOpPO# -~ cOenMHeHHS IPOMEXYTOYHOI'O COCTaBA MeXny Sn52 " szs
OTCYTCTBYIOT, HO HA OCHOBE CTPYKTYphl AHTHMOHHTA BLISAB/ICHA umpox%s
oBnacTs TBepapx pacreopoB. [lpm 400°C B Sb253 pacreopsercs
8,5% SnS,, a mpu 500°C = no 16,5%, r.e. B naHHO# CHCTeMe BO3-
MOXHO OTJIOXeHHe Sn— aHTHMOHHTa., B cmow ouepenwb, B cucreme SnS—
Sb253 ofpasyercs CypbMSHHCTLIH repuenfeprur, Tak xak p SnS
npr 400°C pacreopsercs Ao 2,5% SbyS3. Bro ceuperenncreyet
O TOM, 4YTO B OJIOBO=-CYPbMSAHBEIX MECTOPOXIEHHAX (PasoBkle COOTHOWE—
HUS B 3HAYHTEILHON Mepe pery/lMpyioTcd BANEHTHLEIM COCTOAHHEM Me-
ranos., Paszopple COOTHOUEHHS B CHCTeMe PbS“SbZSS npu 300~
450°C B pacreope 10% NH4Cl orpaxensr Ha ¢ur. 2, a B pacreo-
pax 0,1u, HCl n 0,0isn. NaOH noxasanw B Tabn. 1.

B cucremMe Pb—Sn-Sb—S mnpm Tex Xe mnapamMerpax, KpoMe yTmo—
MAHYTBIX CyabPocosieli M Cynbimmoe, cTa6WILHBEL eme H YeToIpe CYilb—
hocrannara (ra6a, 2). Cocras das u dasoBrle COOTHOWeEHMS B Hel CuUlb-
HO 3ABHCHAT He TOIBKO OT COOTHOUEHHS KOMIIOHEHTOB, HO M OT BAJ/IEHT=—
HOI'O COCTOSHHS OlIOBA ¥ CypbMbL Tak, B NaHHOH CHCTEMe QOKA3aHO
cymecreopanne Sb-comepxamero tammra (no 1,6% Sb), Sp-comep-
xamero mmomoaura (0,3% Sn), cymbdocrammato ¢ Spt?  (ppamkeur,
aunuEnpat, dasa QX) wmm ¢ Sot2  (ruamr x dasa XA).

HeManopaxHoe BIHgHHE Ha (A30BLIe COOTHOWEHMS okaawmaioT pH
pacTBOpOB M OTHOUEHHE fsztfoz. Bce cynbocTaHaThl YCTONYMBEL
TONBLKO B KHC/BIX pacTeBopax. B menounoi#t cpepe THIIMT M dpaHKenT
pasnaraioTcss Ha KACCHTEpPHT+Ia/leHHT M KaCCHTepHT+ralleHuT+OynamxKe—
PHT CoOoTBEcTBeHHO, Ilpu 200°C MOHOBAPHAHTHOE DABHOBECHS KACCHTew
puT + raneHMT + Gy/laHKepuT ={paHkeur cMmemaercs: BOpapo, €C/n fSi‘

= 10712 (u Buwe), a fp, = 10°51 -1047am, Tpn 400°%C
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Tabnuuma 1

Brnugnue uello4HOCTH~-KHC/IOTHOCTH PACTBOPOB HA (A30BbLIE COOTHOWEHHS B
cucreme Sbs-sbzs,’

% wmon.PbS | 0,1 8. HCl (pH= 1) | 10% NH4ClL(pH =5) | 0,1u.NaOH (pH = 9,5)

i 300°C | 400°C ‘| 300°c | 400°C [ 300°C| 400°C
97,5 lanenur Tanenur Fanenur Faneunur Tanenur Tanenur
85 Cemcettur Tanenur+ Tanemur+ Tanemur+ % TFanenur +
Gynamxe- ceMce#HT Gynamme- Gy namKepuT
puT puT
80 ¥ [lmomoaur+ Cemceimr Bynamwke- [lnarwo- T[anenur
N7IATHOHAT pHT HHT (crensr),
OynaHXepuT
78,6 o L 2 Nanconur Ilnarmo- Bynamxepur
HHT +
OMHKEHUT
758 Cemceiturt ¥ i Nanconnt+ LIMHKEeHHT n
UMHKEeHUT reTepoMop—
duar
T2:8 - I'I‘narno— Cemceltur+ JloHaur + " Bynamxe-
HUT+POOHH- reTepo—  POGHHCOHHT PHT+POGHH=
COHHT MopduT COHHUT
70 LlnnkenuT+ . l'erepo-  Po6unco- LUunke-  PoOGurCcOHHT
dwonermur MoptHT HHT HHT +
* AHTHMOHHUT
67,5 " ¥ lnaruwo-  Pob6unco- " Po6uico-
HET+re—  HATHUHH-— - HHUT-HIHH~
TepoMOp— KEeHHT KeHHuT
tuT
65 o = Mnarmount ' . w
62,5 # Po6unco-~ Ilnarmo-  llumxkenur " #
HATHIMH-  HATHIMH- =
KeHHT KeHHUT
60 4 lunkennr lluukenut+ llmnkennt+ He amama. ”
MAartoHuT  (roJiennuT
55 4 " LuakeHut i L LimHKeHuT
(cnenwr)
dronennuT
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®ur, 2, Yacrueie ceyenus cucremb; Pb—Sn—Sb-§

! — TX-puarpamma cucremsi PbS — ShS : B — SnS,, a - PbS,aju ag—
HesakanuBalouMecs ¢askl, obpaayloulMecd NpH pacnafe TBepaoro pacT—
Bopa a; ¢ - TX - OnarpaMMa SacTH CROTEMbI PbS—Sb283 B pacT—

Bope 10% NH4Cl, Ga = ranenur; Bg -~ Gynamkepur, Sm - cem-—
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TabGnuua 2

Cocrap cynepocranHaror (pec.%), CTaGWILHLX B cHcTeMe Pb—

Sn—Sb-8

CoenuHeHnue Pb Sn Sb S Cym Ma
Tunnur 53,5 28,8 1,3 16,4 100
dpankeur 51,24 11,77 15,72 18,59 97,32
Hnnuunpur 36,5 24,28 12,29 24,12 97,19
ox cbaaa(PbSnS3) 48,66 24,97 2,37 22,31 98,32
XA tdaza 57,13 6,84 17,34 18,04 99,81

9T0 MOHOBAPHAHTHOE DABHOBECHE pea/liayeTCs TONBLKO NpH f52 BEIUe
10-5 amv n fo, Gonee 1029 arm, r.e. oHO cMemaerca B ofnacrk
Boicokux sHavennit fSp; wmi07. Chnepomarenwmo, nna ornoxenus cyne—
tocranHaTOB GNAroNpHATHBEI HHU3KOTEeMIlepaTypHbIe KHC/BIE pacTBOPHI
c uepricoxo#t fgy-

M sKCnepHMeHTAalBHLIX OAHHLIX NONy4eHbl ypapHeHus (5 u 6)
reMmepaTypHoit sapucuMocT AGT ofGpasoBaHHa THIUMTA M QpaHKeH-
ra gng maTeppana 327-500°C,

PbS+SnS = PbSnS,; AGT = -78340 + 81,31 T; (5)

SPbS + 381’152 + Sb252 = Pb55n25b2514,
AGy = 486645 + 329,95T. ©

dasopble COOTHOUEHHH B O/IOBOCEpeSpsHbX CHCTEMax M3Y4eHBl Ha
npuMepe aByX paspesoB Ang—SnS H AgZS—SnSZ. Hx TX nuarpam-—
MEI mpencrapiens Ha ¢ur. 3. B cucreme Ag,S_SpS YCTOHHUMBEL
AgyS,SnS M Ha OCHOBe CTPYKTYpH! B-Ag,S %aprenmm) ofpaayerca -
wHpokas obnacTe Teepabx pacTeopoB (no 19% sec. SnS mpu 500°C).
PacrpopaMocTs Agzs BSnS He nmpepbmaer 0,02%. CnepoparemnnHo,
B TNpHpoae BO3MOXHO OOpasoBaHHE OJIOBSHHCTOIO apreHTHTa, HO TPYAHO
oxumarh Haxonku Ag-repuenbeprura,

B cucreme Ag2S-SnS7, kpome HaBeCTHOro B NpHpOAE COENHHEHHS
AggSnSg (kandmnuoura), ycroitmpo# sengercs X-pasa nmepeMeHHOTO
cocTaepa _ AgZSnss ’“AgZS“ZSS) Mo CTPyKType Onuzkad K OKapTHTY

R

ceiinr, Ds =~ pnancommtr, Ht — rerepomopdur; Ln - nousur, Rb -
po6unconnt, Zk - umekenur, Fp - ¢oonennur; An ~ anTHMOHHT; 3
TX - nmarpamma cuctembr SbyS3—SnS (dase @ uB—SnS3);4-TX ~
nMarpamma cuctembl  SbpS3-SnS
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¢ur. 3. TX-omarpammbr cuctem Ag,S—SnS ¥ AgoS—5SnS)

Ag?FeSnS & B oTnmuuse oT CHCTEeMBE! Ag—ZS-SnS pacTBOpPHMOCTE
Sn™t B apremture orpanuuennas (0,01%) u /e B AgZS3 (800°C)
MoxeT pocturare 4% (oM. ¢ur. 3).

Ha paccMmorpenna TX puarpamMm Sn —copepxammux CynIbQHOHBIX CHC—
TeM Cheayer, 4YTo eCiy B CYXHMX yCnoRusx $asoBLie COOTHOWEHWS Of—
penensaioTcsd OTHOWEHHeM MCXOOHLBIX KOMIIOHEHTOB, TeMnepaTypol u Ba-—
NeHTHEIM COCTOMHHEM MEeTA/UIOB, TO B THAPOTEPMANBHEIX YCIOBMSX
OHH YCIIOKHAKTCH BC/IeACTBHE pa3/IHYWgd B pPacTBOPHMOCTHX KOMIIOHEH=—
TOB, a4 TaKKe H3-3a BIUAHAA HA OKHCHO-CYIb(MAHLIE paBHOBecHs {S;,
fo, m pH pacrBopos. Meramier nopsmento# wenoynoctu(Ca, Sb, Cu
H p.) I7I0X0 pAaCTBOPSIOTCS B XJIOPHAHAIX DACTBOPaX M SBIMOTCH CBOEIoO
pona OCeQMTeNsMH APYI'HX KOMIIOHEHTOB.

[TocnnenoBaTeILHOCTE OTJ/IOMEHHA COEMHEHHH M3 MHOI'OKOMIIOHEHT—
HEX CHCTeM perymupyercs t, pH pacreopos u #smenenmeM fg), fOr
B CHCTeMe, !

[loBbimenue t pacuwHpseT nOiIa YCTOWYHBOCTH OKHCIOB, a ee
CHHMEHHe CHoCOoGCTBYeT OTIOXeHHIo cymnspunoB., [Ipp 3ToM Cyibe
bunpl OoTMArAl0TCH M3 KHMCIBIX PACTBOPOB C OTHOCHTeNbHO HH3KOH KOH—
nenrpauue# S, ' (0,05-0,1 Mon/n) B BOCCTAHOBHTENLHOH OGCTa~
HOBKe,

YBemiuenne pH IPHBOAHT K PASIIOKEHHIO Cy/BLHOCTAHHATOB, CYNbpo= -

cosiefi @ MHOIHX Cyau(puAoOB H OGpasoBaHMI0 accolauHi, CoepXallHX
KACCHTEpHT,
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ABSTRACT

Stability fields and phase relations for the systems contaning Sn, Fe,
Cu, Zn, Pb, Sh, Ag, have been determined for 200~500°C and P H,0 =

=1000 kg/cmz.TX diagrams were constructed for the systems PbS—SnS,
Sb2S3-5nS, SbyS3—SnS,, PbS—SbyS3, Ag,S—$nS and Ag S~SnS under dry conditions,
Sowere fSz"fo2 or fs2—f diagrams for the systems Fe—Sn—S, Cu—Fe—Sn-S5,
Pb—~5b—8n-8, Zn—Sn—5, Ag—Sn—S for hydrothermal conditions.

TBe limits of Fe solubility in Sn0; (2,2%) and Sn solubility in Fez0y
(2,5%), FeSy(2%) and Fey_,S (1,7%) were determined for the system Fe—
Sn—S. The Sn distribution between FeS, and Fej_,S was also exsamined.,

A limired Sn solubility in sphalerite was found (up to 0,1% at 500°C). A con-
tinuous solid solution series was found between PbSn82 and SnS, and the
limit of Sn solubility in PbS was established. Two new sulfides (Sn,SbgS;4
and SnSbySs) were synthesized in the system SbyS3—SnS, and a large so-
lubility field for SnS and Sb S (up to 18%) was established in the system
Sb253——5n52.

The limits of the AgyS—based solid solution fields were established
in the system Ag7S—S$nS, and a new phase of variable composition (Ag2SnSa3~
AgySn)Ss) was obtained in the system AgyS—SnS,.

Monovariant reactions involving stannine, tiellite, frankeite, and cyli-
ndrite, and Fe and Zn distribution between sphalerite and stannine were
examined under hydrothermal conditions.

The free energies (G) of formation of simple tin sulphides, stannnine
and sulfostannates were calculated from experimental dara.

Dry and hydrothermal studies of systems involving tin and certain other
metals revealed the effect of temperature, solution pH and fg_ : fq. ratio
on the order in which the minerals occur in ore deposits. These studies
have made it possible  to establish the sequence in deposition of sulfi-
des, sulfosaits and oxides of Sn, Cu, Fe, Zn, Pb, Sb, Ag 2nd some ot-
her metals. Physicochemical conditions of rock formation in pyrite, poly-
metallic, cassiterite-sulfide, tin-antimonial and tin-silver deposits are
considered.
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IIETPOJIOTUA



I. C. J30LEHU/ZE

HIGKHEME3030MCKHN BYJKAHHN3M: AJIBIINNCKON
CKJIATYATON OBJACTH )

PopMmupoBanne xecrxoro PynpameHra B anbnHICKOH CKnagdarolt obrac—
TH 3apeplHIOCE IIepedl Me3030eM B pe3ylibTaTe I'epllMHCKHX [OBHXe—
HMit, 3anoxeHue HOBBIX IeOCHHK/IMHANell B Me3030e, CBASAHHOE C aK—
THBH3alUMel TeKTOHHYeCKOo# O6GCTaHOBKH, BLE3BAJIO OXMHBIIEHHE BYJIKAHH—
YecKHX fB/IeHMi BO MHOTHX MecTax B Tpuace u wpe. ComocraeieHne
TPHACOBOI'0 ¥ IOPCKOI0 BYJIKAHM3MAa pAa3HBbIX 4acTel albIHACKOA obnac—
TH TIO3BOJIsIeT BBLIACHHTb HEKOTOpEhIe Oﬁﬂlﬂe 3aKOHOMEPHOCTH BYJ/IKaHH—
YeCKO# OedaTellbHOCTH HIKHEro Me3030d. '

B Tprace pynkaumdeckas aKTHBHOCTH IIPOFBHIACH NHWEL B 3amagHoi
qacTH anmenuickoit obnactd B [Impenesx, Anenax, [umnapunax # B Kpei-
My. Bocrounee KprmMa NpooyKThl TPHACOBOIO BY/IKAHM3Ma He BCTpe—
yenpl, B [InpeHesax H3BeCTHO camMoe 3amnagHOe NMpPOABIIeHHE TpUACOBOMH
BynkaHudeckol axrmeHocTH. [To pamHeM Mopa u Tubo [17],kak Ha
CEeBEepHBIX, TAK H HA I0XHBIX CKJIOHax Hupeﬂeea BYJIKaHH4YeCKHe I10opoabl
B BHOe /laB H TY(OB NPHYPOYEHEI MIH K BepxHe# YacTH nmepMoOTpHaco—
BbIX KPACHOLUBETHHIX COJIEHOCHBIX OT/IOXEHMH HIHM e IepecilanBaipTcsd
C pPakOBHHHLIMH HM3BeCTHAKAMM aHU3UHCKOI'O dpyca, 4YTO IOATBEpXaaer
HX NOABOMHOMOPCKOE npoucxoxaenue, Cpenu nas O cocrapy Npeofia—
nanT anbbUToPUpsl B OPTOANLOHTOPHPE! = COOTBETCTBYOIINE TpPaxh—
GasaneraM ¥ tpaxmram ( K.,O no 7%). AnieauTEl MrpaioT CPaBHUTENLHO
MOOQYMHEHHYI0 ponb, XapaKTEepHeM AJig ofeux Tpymn mopon geisercs
NpUCYTCTBHe anmebura gBHO cnwinuroBoro o6muka., Kak eugHOo, B [Tnpe-
Hedx TPHACOBLI! BYJIKAHH3M [ajl XapaKTepHYIO OJig SBIr'eOCHHKIIHHAeH
CIUMMT-KepaToQHpOByI0 CepHio nmopopn, Koropas ofGpasopanach B Hayallb—
HOM IlepHone 33poxq1é1mn ToCTNenaneo30UCKUX I'eOCHHKIIMHANeH! anbnpic—
Ko#t CKaanuaTo# oGnacTH.

IOpcku#t BynkaunsM B [THpeneax mposensa/icd I¥WL B 3anafHoOil 4acTH
xpebra u B neHrpanbHo#l Yactu CepepHoro Kpema, roe B reTTaH'CKHX
OT/IONKEHHSX C HeMBIMM [OOJIOMHTaMHK M H3BECTHAKaMH IepecilauBaioTCf
fazanbTOBLIE NMOKPOBH H TYQHI,

Takum ofpaszoM, B [IEpeHesx HIKHEMe3030HCKHMH BYNKaHHSM B
OCHOBHOM YracaeT B KOHIE TpHaca M /MWL B OTAEIbHBX TOYKAX IPO-
pojbkaeTcss B caMOM Haualle feiaca, )

B Anenax mnxHeMe3030HCKHA BYNKAHM3M IMPOSBHICH HWE JIOKallb—
HO B [lonoMHTOBEIX Ambnax, rle TpHAcOBhle KapBoHaTHbe pudel mo
KpasM 4YepeayloTcs c MOABOAHLEIMH BYJKAHWYEeCKMMH oTioxenusvu [ 12],
3ro noaTBEpXgaeT paHee BEICKa3aHHOE HAMHM MHeHuWe o6 oco6o Gna-
ronpudarHo#t ofcraHoBKe paspPuTHa puboB B ofnacTax MOABOAHOIO BYIl—
xanuama | 3],

B Anennmrax, Ha cepepe B ocHOBaHuM JIMI'ypHHCKOroO NIOKpOBa Kallb—
NHOHENOBbIe CJIOM NMPOPBAHBI H NepecilaiBaloTCd C HHTPY3HAMH 3ejIeHO—
KaMeHHBIX Mopof, rajllbKa KOTOpPLIX BCTpedaeTcs B BepxHe# 4aCTH 3THX
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#e crnoeB., [JOCKONBKY KallbIHOHE/IOBLIE CJIOM CUMTAIOTCH THTOH—~HEOKOMC—
KMMHM, TO, €CTeCTBEHHO, BYJIKAHMYECKYI0 AedATeILHOCTL MOMXHO CHHTATH
ruroncko#t [20] . Apanoruunag kapruHa HaGmopaercs u B Kopcuke
[24].

B Cuunuu, B paiione OTHBI M3BECTHA BYJIKaHMYecKad CBUTA MOIll—
HocTeio 60 M, cocrogmas us TydOB, arioMepaTOB H IIOKPOBOB IOOY-
weyHpx 0aaanLTOB; aMMOHHTOBag (fayHa B Tybax yKasmmaer Ha HX
BepxueBaiiocckuit Bospact [22] .,

B 10HO# HacCTH anuNUHCKON IMeOCHHKIMHANLHOH O6/1aCcTH BYIKaHMAM
B HIDKHEM Me3030e npogengicd B Arnacckux ropax. B 3amapnoit Bep-
fepun B mpeMoTpHAce, YACTUHYHO MepexoAs B paHHH# Jeiac, NposBHICH
MHTeHCHBHLIA BY/IKaHHaM B BHAe NuabaszoBbx TYhoB, a B BricokoMm
Arnace NmOKpoBLI GasanbTOB YEpenayloTCd C HIDKHMMH TOpPHSOHTAMH Ipen-—
MoNlaraeMoro HmxKHero nefaca [18].

Ha moBepexbe MapokKko Me3030HCKMH paspea HayMHAETCH TpPHACO—~
BEIMH MEpreigMH W KpacHbIMH NTeCYaHWKAMY, MOKPBITBIMH WAaNKo# 6a-
3a7IbTOBRIX /1aB, BBIUE KOTOPBIX PACHOIaralTcd KpacHeie W Gejbie mec—
YAHHKM H Mepreiy Cc CUIICOM — hnepeas lopckasa dopMmanus, Takum o6-
pasoM, BasanbThl OO/DKHBI OLITH OTHECEHBI K MO3OHEMY TpHAacy.

HauBonee MHTEHCHBHBEIM TPHACOBEIA M IOPCKUH BY/IKaHH3M B 3amnanHoi
HacTH albNUHRCKO# ckinagdaToit obnactu 6buml B [uuapupnax. Mewxny Boc—
royHoit BocHuelt u 3amanHo# CepOueit HWKHHE TpHac Hapagy © OBIOMOY=-
HBIMH M H3BECTKQBO-[OJIOMHTOBBEIMH THIIAMH I PEACTABIEH M B BYJKaHO—
reHHo-0ocano4Ho# damuu, B KOTOpPO# C NMECYaHNMKAMH, DMNIMHAME H -H3BE&CT—
HKAMH NepecianBajoTca aAuabasbl, nopPupuTer ¥ uX Tybbel. AHAIOTHYHBIE
BY/IKaHOT'€HHO-OCano4YHble 06pasoBaHud paclpoCTpaHEeHE! Takxke B 3anag-—
Ho#t Maxenonyvn H B palione Bappapa. B Bocrounol wacru, Mexay
Carnckum MocroM u f6nonumuell mpoTarusaercd Molioca cpenHe—BepXxHe—
TPHACOBLIX OTJIOXMEeHHH, cpead KOTOPBIX 4YaCTO BCTPeYalTCs ['OPH30HTHI
KeparodupoB, KBapuepbx KepaTobWpoB H COIMINTOB., Takum oGpasoMm,
HMeHHO Ha nepubepud reoCHHKIMHAIM, HA IpaHMIe C NAa/le030MCKHM OC—
HOBAHWEM, KHCILIe MOPOABI HIPal0T SHAUMTeNLHYI ponb. Eme Gonee
NnoKazaTelnsHO, 4TO B paiione CapaeBo M cepepHee ero, rme HaxoOuTCd
H3BECTHOE MellegHoe MecTopoxaeuwe Bapeul, cpenHe—sepxneTpHACOBbIe
IpoOaYKThl BYJIKAaHH3Ma MpencTaBleHbl MopoaaMy CyOle/ouHOrO xapak—
Tepa; Hapany c nuabasamu, Keparodupamu, KBapueBbMH Keparodupa-—
MH H KBapieBbMH NOpfHpHTaMM 30eCh BCTpedalTCs Be/I0ypruThL
lMocnenune copepxar po 5% K720 u uHorma B HMX npucyrcTByer
ONMBHH; OHM, BEPOSATHO, ABJIMOTCH TpaxubasanbTaMH, KOTOpEE, Kak
Npapu/Io, MOABNSIOTCH B TI'eOCHHK/MHANMN /MUL B IOCTOPOre€HHON CTagud,
[MOYTH Cpa3y XKe Nnocie MOUHOH opodasit {5, 7

Bonee apko BRIpakeHHBIH CIHHIMTOBL i XapakTep HOCHAT TpHACOBEIE
BY/IKAHOT'€HEI BO BHeuHelt 3oHe [unapw - B YepHoropckoM IpHMOphe,
roe B aHU3UHCKHX, JTaQHHCKHX, peXe B KapHHHCKHX, OTJIOXEeHHHX BCTpe=
YAl TCH THUIIMYHLIE CNH/ITOBLIE MOKPOBBI C WAPOBON OTHOENBHOCTHIO,
anLOUTOBLIM XapaKTepoM IINIarvoK/ilasa M OpYyTHMH NpHGHAKaMH, CBOHCT-
BEeHHBLMM crnEnuraM, [xopmxuepnd u ap. | 4 1 cnpapenmiso cumranorT,
HTO CHWIMTH (OPMHPOBA/NCHL NHWE Ha CPaBHHTENBHO GONMbWMX INyGHHax.
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Hakonnenme Ha gHe MOpPS MOLIHEIX CJ/IOEB NPOAYKTOB BYJIKAHH3MAa YMeHb—
wano raybuHy HaCTONBKO, 4WTO NMO3AHME MU3JMSHHA TOW Xe JaBbl HaA fHE
MOpSl 3aCThLIBAIH B BHAEe HOPMAIBHBIX MOpPMpPHTOB, NMOCHEAHAE NOTOMY
BCer[a 3aHMMAaloT BEepXHHe YACTH CIIHIMTO-NOpQHPUTOBLIX TOIIL.

Ho mHa nepudepuy reocHHKIWHAM, HA I'paHMne C Mane030HCKOH pa-—
MOH, B ceBepo-3anagHO# 4acTH YepHOIOpHH BAXKHYIO PO/ MI'PAIOT KHC—
nbie ByJ/KaHOT'eHHEIE OOpasoBaHHA CpenHero M BepxHero Tpuaca. [lpen-
CTaBlleHbl OHH, C ONHOH CTOPOHEI, NONABOAHBIMH MOKPOBAMH KepaTo{HpoB
¥ KBapueBblX KepaTo(HpoB M albOHTOBLIMM T'PAHHTOMOAMH, C APYIoi,
Bee onn xapaKTepusyloTca HCKmoYATeNbHOR GegHocThio Kamig (KoO= 1%).
IMourn mosnHoOEe TOXAECTBO XMMMYECKOI'0 H MHHepajnkpHOI'O cocTaBa H
pPe3Ko BhIpaXEHHEIR ImabuccanuHelt xapakTep “rpanuros” rosopsr,
4YTO MOClefHHe SBIMOTCH CyOBy/KaHMYecKo# damuedt Kucinoro sddysus--
Horo Bynkammsma (4] .

IOpckuit BynkKanuaM Haubollee MHTEHCHMBHO Npospuiica B Tpore Buyr-—
pennnx [Nuuapun, obpasopap MOJOCY Wro-3anagHoOr? HanpapleHys, Tpo—
TACABAIYIOCH C NepephBaMH OT paioHa [Ipuspen B Meroxun no Bansa
Jlyka B Bocunu, nepexons HaCTHYHO Ha Teppuropmo Xopparad. Marma-
THYeCKHe NMOpPONEl TOH TaK HaskBaeMoH CllaHieBRo—pPOTOBHKOBON 30HBI
npencTap/ieHsl NPeHMYIECTBeHHO A¥aGasaMi, aBrHTOBBMM IopbupuTamu
¥ ux Tydamu, Hekoroprle McclegoBarens naxe yKasShBaoT Ha Haluyue
CepleHTHHHTOB, BO3PACT KOTOPHIX TOYHO ee He yCTaHOB/IeH., 3Ta
BYJIKAQHOT'eHHO~OCaAovuHasa nuabas-cnmmToBas GopMauWg HOCHT SBHO
SBI'eOCHMHKI/IMHALHEIA Xapakrep. JlokasaTenbHo, YyTo B 9TOR Xe a3oHe,

B Tpuace BY/IKAHH3M IIPOSBWICHA NpeMMylIeCTBeHHO B KHcio# banum n
MMue B I0pe NpPUHHMAaeT Ouabas-CIMIMTOBEIA XapakTep, XOTd IOCTeqHME,
MecCTaMH, BCTpedaloTcda U B Tpuace, 3TO, NO-BHAMMOMY, cieayeT o6gac—
HHTHL OCODEHHOCTSIMH pACIOJIONKEHHS TIHTAMMX BY/IKAHHYECKYI0 AKTHB=—
HOCTb MarMarHyeckux odarop, [leperie mopumm Marmsl, HaxoasfCb B
AUMTeILHOM CONPHKOCHOBEHHH C KHC/I0H KOpOi, a IVIaBHOe, HCIBIThIBas
P BepxHefi 4aCTH Ouara BIHSHHE NOJBIMAIONHKXCH C TVIyGHH KHCIEX Iapo=—
ra3oBLIX MOTOKOB, NpHHEMA/N follee H/IM MEHee §CHO BLIPAXEHHBIR KHMCHBIHA
AAUUTOBLM WIM mmapuToBbl cocrap. [locnennue miwe B yCIOBHSX
rTyGOKOro MoOps NOABEpralpTcd anbOHTHsAUMH W NpeBpamainTcd B allb—
Gurobupel ¥ KBapueBble anb6HTOdHpPHI (KMCIBIE CHEMMTHL, KAK MBI UX Ha-
apmaeM), Ho, ecnu riyGHHHEIE pasnOMBI, ACCONMHpYOUMECs C T'@OCHHK—
HHAIEgME, TPOHMKAIOT A0 6a3albTOBOrO C/IOd, TO H3/MBAETCH TOJIEHTO~
pafd MarMa B Gonee WM MeHee YHCTOM BHoe M Popmupylorca Gasanb—
TOBLIE H AHJE3HT-6A3albTOBLIE JlaBbl, KOTOPHIE Ha [HE MNIyBOKOTO
MOpHl CIHIHTU3HPYIOTCH, NpEeBpallagcCh B OCHOBHBIE CITMIIMTEHIL

HeapawnrensHoe paclnpoCTpaHeHHe HMEIOT TPHACOBLIE H 0PCKHE BYJ—
KaHu4ecKHe obpasosanus B Typuum m Hpame (1],

B Typuum opcxuift BylIKaHusM NpOgBUIICH JIOKAIBLHO B palionax Baii-
6ypro—-2paepyMa B 3oHe [loHTHn, 06pasoBaB BY/IKaHOT'€HHO=OCALOYHYIO
TONIY, B KOTOPO# /MaBbl M Tydbl CHHIKTOBOIO M MOopPHPHTOBOrO Xapak-—
Tepa MepecialBalOTCA C KpacHbMM HM3BeCTHAKAMHM M MeprejsMH. Kpome
TOro, cepepHee AHKapel BCTpedalTCs mene:opcme. YaCTHYHO AallbOH~-
TH3UPOBAHHEE nUabasbl
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Tpracoseri BynkaunsMm He orMedaerca H B Hpawe. A iopckad Byn—
KaHu4yecKkasg nedrensHocTh B Hpane nposeunace B some dnwbypca 10—
KanbHo, 0BpasoBaB B OCHOBAHHMH /lefaccKo# waMumaHcko# dopmaumu ro-
PH3OHT MAaNaroHHTOBBX TY(OB M arfioMepaToB MomHocThio ao 30 M,

B UenrpantioM u BocroudoMm Hpane, B cesasu C $aaolt cknagyarocT
U TOAHATHH B KOHIIe IOpbl, MeCTaMHu BHeOpPH/THCE T'PAHHTHBIE HH=—
TPYSHH.

Tpuacopas BynkanmyecKas aKTHBHOCTb OoTMedeHa B lOxHbx Kaprna-
trax, B Pymbmun, u B 3anmanHex Kapnarax, B Yexocnopakuu ¥ npencrae—
neHa B Buae AHAGA30BLIX CHINIOB, nuabas-nopdMpHTOBEIX MOKPOBOB,
CIM/IMTOB H MX TYdOB M cyOBynkKaHH4YecKux ratbpomnoe; B Yexocnoea—
kuy, B obnacru ['eMepun, aTH NOPOAR NepeCialBalOTCH CO ClaHIaM#

n necuaHukamMu. B Kapnarax npogenenus 10pCKOTO ByJIKAHH3MA HE yCra-
Homnexs: [ 9] .

B Kpemmy, no nocieguuM pamden [ 10, 11), Bynkanmam HawmHaercs
B BepxHeM Tpuace (OPMHpPOBAHHEM CIHIMTOBLIX Auabazop, NopbHpHTOR,
ux TydoB m Keparodupop; B Tojule NHPOKIACTEHI NpeoblagaiT Hap Ha-
BAMHM, Cpeau KOTOPBX 4YacThl WAapoBhLIe TeKCTypel. [locne meBonbuioro
nepepbBa B BY/IKAHHYECKON# AKTHBHOCTHM OHA BOSOOGHOBISIeTCH B HIDKHe#
ope ¢ o6Gpa3soBaHMEM CIHIMT-KepaTO{WpOBON TOJIIH, BIOJHE AHAJIOIHY=—
HOJi MPONYKTaM BepXHeTpHacoBoro Bynkanmama. Ho HanbGonee MHTEHCHB—
HbM OBl BYNKAHMSM CpE[HE0pCKUi, faBwMii THIHYHYIO CIM/IMT~Keparo—
tupoByo Tomuy MouHocTho 800 M, B KOTOpPOH NMHUPOKIACTEHI PE3KO
npeobnapaioT Han JaBaAMH,

Taxum obpazom, Mexny [lupenesmu u Kapkasom KpeiM aengercs
neppo#t ofnacTeio, Ime B OAHOM I'eOCHHKJIMHANIBLHOM nporube oGpaso-
BalUCh TpPH PA3HOBO3PACTHBIE CHHIHMT-KepaTOHpOBLIe TO/M OAMHAKO-
BOoro cocrapa. Bmecre c rem, Kpem senaserTca mocnenHei, camoi
BOCTOYHOH TOYKON anbnuicKOll cKiaapuarolt CHCTeMbl, e yCTaHOBIIGHO
npogpleHye TPHACOBOI'D By/IKaHusMa,

Ha Kapkase B TpHace cienbl BYJIKAHHYECKOH AKTHBHOCTH OTCYTCT~
ByiloT. Ho iopcku#t BynkaHHsM BO BCell anblIHHCKOH MeOCHHK/IHHAIBHOM
ofnacT¥ GpUI CAMBIM HHTEHCHBHEIM MMeHHO Ha Kapkase. CymecTeyer
MHeHHMe, 4TO IOPCKHH By/IKaHM3M Kapkasa pasBHBalICi B OABYX I'€OCHHK—
nmuHangx: Bonbworo u Manmoro Kabkasa, AnHanuz daxTudeckoro mMare-
pHana NMoKaseBaer, YTo Ha caMoM [ene Ha Kapkase B lope BY/KaHu-
YecKHe HM3BepKeHHS MPOMCXOAWIH B OAHONK INeOCHHK/HMHANIbHON# 30He,
HaunHaomedics B pallone Tyance Ha BonmbuwoM Kapkaze u npoaoinKam-—
meicsa B pafione Kadama ma Manom Kaekase, B Apmenun, 3dra reo-—
CHHK/IMHANbHAA 30Ha, Waymad saoib l0xHoro ckinona Bonwworo Kaekaaa,
B ceBepOo-3ananHoi 4YacTH Nepecekajila 3aKaPKasCKuif CpegHHHBIH Mac-—
CHB M Ipogo/IXanach Ha I0OTO~BOCTOK B npepenax Manoro Kaekaaa.
Tloareepxpenuem eaMHcTBA THX Kaxyuuxca "aByx” reocuuxanHaneit
CYXHUT HAIHYME MEXYy HMMM, HA TpPUIMOAHATHIX Y4YaCTKAX 3aKapKasc-
Koro cpeaunsHoro maccusa ([lsmpynbckom u JlokckoM MaccuBax) Moli—
HBIX I0PCKHX BY/IKAHOT'®HHBIX TOJIIl, AB/SIOMHXCH COeQHHSIONMM 3BEHOM
aTHX ARyx DonbumekaBxaackoiht u MamokaBxascko#l ByNIKaHOT€HHEIX
TOJ/II,
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Mlnue B MenoBoe—[alleoreHoBoe BpeMs saloxenue Amxapo-Tpaanerc—
KO¥ IeOCHHK/IMHANIY UWHPOTHOI'O IPOCTHPAaHMs BLI3BANIO pasoblUIeHHE enH-—
HOH lopcko#t cxnag4YaTod BYIKAHOI'eHHOH BOHBI HA CeBepO—~3anaflHyIo
W IOro=BOCTOYHYI0O wWacTH. A paaeutie Cepepo-—-AKEepHHCKOH I'eO-
CUHKIMHANIH OTAEIWIO Ha Iro-BOCTOYHOM KOHHe 30HH KadaHckuii
CerrMeHT.

[Tepppre haael IDPCKOTO BYNKAHH3MA IPOABWINHCH M0 Nepubepusm cpe-
OMHHBIX MACCHBOB H B IlipeJeliax cCcllaHnepofl MNeoCHHK/HMHANIH H0KHOI'O CKIIO=—
Ha Boneworo Kapkasza; B Ioc/ieqHeM cilydyae BY/IKaHHUYECKAs AKTHBHOCTEL
TaK¥e MpUYypodYeHa K 30HAM BO3AbManug (reocumHrnuuansM). B obomx
ciy4agx NpoAyKTHl HU3BEPXEeHHi MpeacTaplleHbl KHCABMU NOpPOfaMy -
ansbuToPupaMn H KpapueBbiMH anbburojupamu. B TO Xe BpeMs B Han—
Gonee riaybOKHMX YacTax ClIAHUEBOH IeoCHHK/MHam GopMHpYloTCHd [AHa-
6a30BbIe M CNHIHT-IIOPQHPHTOBBIE CEpHH MpeHMYIlecTBeHHO 6a3albLTOBROID
00 aHgesuT-0azalbTOBOTO COCTAaBOB,

HOS}KG, HayHas C aalleHa, MOoTpyXKaonladCHd ClaHleBad NeOCHHKIM=-
Hallb BOB/IeKaeT B HHCXOOdllHe NBHXeHHd NpHeramilyw K Hell c pora
[OBO/ILHO WMPOKYIO HacTh CpefdMHHOI'o MaccuBa (3akaBkasckoit MHTEH)
BOOIEL PASIIOMOB CEBEpO-3allagHOT0 — KNIo~BOCTOYHOTO IIpOCTHPAHML.
3Aro BLI3BANO pa3apobiieHHe Kpas CPeAMHHONO MACCHBA M WHTEHCHBHYIO
BY/IKAHWYECKYIO. AeATelIbHOCTb, AOCTHTUIYI0 MakcuMyMa B Bafioce. Taxkum
ofpasoM, HMEHHO B aalleH-0afioCe pPAOOM CO CIaHNeBOH -[e0CHHKIMHAILIO
bopMupyeTcsa By/KaHOT'eHHAd T'€OCHHKIMHANL, B KOTOpo# (opMHEpYIoTCT
NIpeHMYLUIeCTBeHHO aHAe3UTOBhIe cepuu, MeomuocTh Gadoccko# BynKa—
HOTeHHO % TOINIM 3AKOHOMEDHO YMeHBWAeTCH C CeBepa Ha 10r' B CTO-
pPOHY CpedHHHOI'0 MaccHBa.

YkasaH Hag OTOC/IAaBCKUMHU TeOJIOTaMH IPHYPOYeHHOCTEL CIHINTOB K
Gonee rnyGoKMM HACTEM I'EOCHHKNIWHANLHOTO GaccefiHa HaMu OTMeEdeHa
patee ang Kapkasa [6]. Jluue B 30HaX, CME@XHLIX CO ClIAHUEBOH IeO-—
CHHKJIMHAIILIO, PA3BUTHI CIHIMTEL, B TO BpeMsl Kak l0XHee BCTpevalTcs
HOpManbube noppupurs;, B KOTOPBX OCHOBHO NIAWUrHOKNAS NHWH WHOLA
YACTHYHO albLOUTHSHPOBAH.

Nuabasbl NpuypoYeHb! HCKMOYUTENBHO K C/IaHNeBOH 3GHe M aHasjlo—
rHuHe nopdupuTaM npeACTABNSHB! WNM CHWIKTOBLIMY PasSHOBUAHOCTAMY,
copepXauiMH MOJHOCTHY AalbEOHTH3NPOBAHHLIM OCHOBHON IIaruokias,

HNA HOPMANBHLIMHE THIIaMH, B KOTODBIX OCHOBHOH IUIATHOKIAS COXpas
HWICH MN¥ TONBEPres MMile YacTHuso# anbpburnsanuy. Tonmoe ToOX-
0ecTBO XMMHYEeCKOI'O H MHHepa/lbHOI'0 COCTaBoB nuabasop u 1o pdupu—
TOB M Nepexon AHaGasoB MO KpasM  CHWUIOB B MOpPPHPHTEI AAIOT OCHO=—
BaHNe 3aRMOWMTEH, YTO ANabasbl FBNMOTCY MWL CH/UIOBOH (Qamunel
T'eOCHHKJIMHANIBHOIO BY/IKAHH3MA H HET OCHOBAHHH IOBOPHTHL O KAKOM=TO
ocoboMm “puabasoBoM” Marmarusme.

B komie 6Galioca-6aTe npousouia CKIagyaTOCTh B BYJ/IKAHOT'C©HHOHR
I'eOCHHKIMHAMH, B pesylbTarTe 4ero cepepo-canagHad 4acTe (Bombuwoi
KaBkas) saMKHynack, a 10ro-BOCTOYHAg dYacTk (Maneit Kapkas), rne
basa CKIag4aToCTH Takxe NPOgBHIIACE [OBOJILHO MHTEHCHBHO, NPOAOI-
¥aeT NorpyxaTbcd M B 6aTe M B BepxHei iope, MO2TOMY TaM HHTEHCHB-
HbBIlf a@eHs3MTOBLIH BYJKAHM3M IIPOAOKAETCH [0 KOHIA BepxHEeH I0pElL
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B koHue BepxHeil 10pEI B peay/ibTaTe HOBON dashl cmantrarocm 3aMK-
Hyllacb H 3Ta 4acThb BYJKAHOI'@HHOH IeOCHHKIIMHAIM,

Bo Bpemsa Garcko#l ¥ BepxHelpCKo#i daa crnagdarocTH B Ipenenax
BYJKAHOT'GHHLIX TOJII NMPOH3OUNIO BHEPEeHHEe I'PAHONHOPHMTOBLIX HHTPY3Hif,
KOTOpBIe MOYTH MCKOYMTEIBHO NPHYypPOYeHbl K 30HAM IMOAHATHH B reo—
CHHEKNMMHaM. WHTpysuBel conpoBoxpgaioTcd oQphysHBHBEIM BYJIKaHH3MOM
B BHAE KBAapHEBLX HNOPOHPHTOB, pPASBHTHX HMMEHHO B palHOHAxX pACIpPOCT—
paHeHus uHTpyauil. [loaroMy 2TH KBapunopdupsr BepxHebaitoccko-6aTc—
KOO H BepXHEIPCKOI'®0 BO3PACTOB MEI cunraeM abdysuBHON danuei
HHTPY3UBHOI'O mpouecca,

B ro Bpems, kak B oro-pocrouuoli (Maspmi Kapkas) uacru BynKa-
HOI'@HHO ¥ T'eOCHHKIMHAaNM nocie Garckoit opodassl mpopoinkaercs aHme—
SUTOBLIH ‘BYJIKAHH3M, B €e CeBepo-3alagHoi (Bombwo# Kaskaz) wactu
HaKalupaw Tcsa GaTCKHe YIVIEHOCHEIe, a MO3XKEe BEePXHEIpPCKHe KpacHO—
LBETHBIC JIaI'yHHO-KOHTHHEHTANLHEE, MECTaMM [HMIICOHOCHLIE OT/IOXEeHH,
B camoii- kpaiiHeii, 10)KHO#l YaCTH STO# SOHEl, HA I'paHMIle C CpPeNHHHBIM
MacCCHBOM, B BepXHEH l0pe NMpodBHICH BYIKAHH3M, AABWHI MAaIOMOLl—~
HYIO CepHIO OMBHE=0azanbT-TpaxuToBoro cocrasa, BMecte ¢ TeMm, cpenu
faTCKUX NPeCHOBONHLIX C/IAHLUEB BCTPEYAlOTCH OTHelbHble MOKPOBEI H Ty—
¢Bl aHAe3HTOBOrO COCTapa, TO N'OBOPHT O TOM,4TO 6asankT-TpaxuToBag
cepHd MoIvia o6pa3oBaTLCs U3 TOMEMTOBON Marmel, NofgHgbme#cs ua 6a—
3anILTOBOTO ClIOf BOONEL INIYOHHHBIX Pas3IoMOB, KOTOpas B BEPXHMX ovarax
aubdepeHUHpoOBAllaCE B CIIOKOMHEIX YC/IOBHSX, C KpafHMMM NpONyKTaMH B
BUMe O/MBMHOBOIO 6a3ajbTa W TPAXHTA, C MePeXONHEIMH MEXYy HUMH TH—
maMu B BHle TpaxnbasanbToB. A yracalouue OYardu aHNe3WTOBOH Marmel
SIH30ANYECKHEe IPOSBIAnH cnabylo aKTHBHOCTE. :

IpuMep Kapkasckoii 10pCKOii BY/IKAHOI'GHHO{I 'EOCHHKIMHAIM [OKASLi-
BaeT, 4YTO pPa3BUTHe pasHbX HacTell MeOCHHK/MHAM He BCerpga IpoHC—
XOOHUT TIO OOQHOMY M TOMY Xe IJIaHy.

. Tem Gomnee, ecTecTBEHHO, YTO B PA3HBIX YACTAX ANLIHHCKOH Ieo-
CHHK/IHHANILHOK O6NacTH BYJIKAHH3M pa3BHBAIICH MO-PA3HOMY, COXpaHdd
IIp¥ DTOM HEKOTOphIe CXOOHEIE YepThl, OOYCIOB/IeHHLIE H3BeCTHEIMH
ofMMH 34KOHDMEepHOCTAMH BYJ/IKAHM3MAa CKilan4aTeix obmacreii,

[TposiBrieHHe HHAXHEME3030HCKOTO BY/IKAHM3MA B albluiicKoil obiracTu
CBE38HO C Ha4alloM 3allOXEeHHMH TPHACOBO-i0PCKHMX I'eOCHHKIMHAael,
OByCNOBIEHHLIM ABJICHHAMM pACTSKEHHd B aroi aoHe, [locnennad,
MO-BHOMMOMY, MOXET OhITh CBA3aHA C HaYa/loM pacuupeHus gHa AT-
NaHTHYECKOI'o OKeaHa Baonb CpenuHHO-ATIAHTHYECKOro xpebTa, KOTOPLIH,
KaK M3BeCTHO, TOXe IIPHXOAHMTCH Ha IOpCKuit mepHod.

3acioyxuBaeT BHMMaHHY (akT COBeplleHHO OQWHAaKOBOH ceBepo-—3aliap —
IOI'O-BOCTOYHOH OpHEHTANWH BYJIKAHOT'@HHLIX I'eOCHHKIMHane# [unapua
Kapkaza, 4TO TaKKe MOXeT YKa3bBATk Ha OOWYI0 TeKTOHHYECKYIO NpH—
YHHY HX 3alloXeHHs. '

Cynga mo ByIKaHH3My, CYLIECTBEHHOE pacCuiMpeHMe sanagHOH YacTH
aneiuicKoli cKNandaToll obnacTH HauMHaeTCH yxe B TpHace, a KaBkasc-
KOH YacTH /Mub B HHKHeR rope. [Ipm sroMm B [IMHapupax H Ha Kaekase
Haubonbuwe# WHTEHCHBHOCTH 3TO pPACTSKEHHe NOCTHI'aeT MaKCHMyMa
HMEHHO B iope.
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Ecmr nonerrareca mpoBeCTH AHAOrMO € COBPeMEHHLIMH 30HAMHU
AHOEe3UTOROIO BYJ/IKAHM3MA, TO IOPCKYI0 BYJIKAHOIEHHYI0 T'€OCHHKIMHAIb
Kapkaza ¢ MOmHLM aHOe3HTOBLIM BY/IKAHW3MOM HYXHO CUMTATL -AHAIO-
roM oCTpoBHEX Ay, ChnaunerByno xe I'eoCHHKIIMHAIL I0KHOIO CKIIOHAa
Bonvworo Kaekaza, gna KOTopo# xapakTepHa CIWIMTO-auabaszoBas
cepua GasalbLTOBOTO COCTaBa, cllefyeT NapallilellM30oBaTh CO CPaBHUTENIb—
HO TINIyGOKOBONHBLIM BHYTpPEHHHM GacceiHOM.

Tor ¢akT, 4TO B 3amagHO# YaCTH BY/IKAHM3M HA4YHHAETCH B TpHAace,
a Ha KaBKase JHub B j0pe, IMOBOPHT COOTBETCTBEHHO O pasHOBpeMeEH—
HOM B HHX Hadale gBlleHU# pacrsxenus, OObdcHeHHe 2TOMy, BBITh
MOXeT, COCTOMT B TOM, UTO OrpaHHuYHBapil#e Cc ora CpenuseMHOMOpPC—
Kyio obnacte ApaBuiickagd u AdpukanHckag minardopMbl yxe B TpHace
ObUIN pasgenleHbl pa3iioMaMH, 4YTO OfeCledHBAlIO HM CaMOCTOSTelbHYIO
MOBHM/ILHOCTE,

ABSTRACT

In the article peculiarities of development of the Lower Mesozoic volca-
nism of the Alpine folded region is considered. It is established, that
manifestations of the Triassic and Jurassic volcanism are practically ab-
sent east of the Caucasus. Products of the Triassic volcanism are mostly
widespread in the Dinarides, poorer in the Pyrenees and Crimea. East of
the Crimea they are not known. On the contrary, the Jurassic volcanism
in the west appered locally and very weakly. Only in the Dinarides it is
sufficiently intensive. But the greatest activity the Jurassic volcanism
shows in the Caucasus, where two zones are well distinguished: 1) Ande-
site volcanism of volcanogenic geosyncline — corresponding to contemporary
island arches and 2)Spilite — diabasic volcanism of schistose geosyncline—
answewring probably to deepsea interior basin.

For the whole of the region it is exactly established, that acid quartz -
albitophyre rocks appear generally first and only at the peripheries of me-
dian masses. Spilites are always formed only in deep sea conditions.

The apperance of Lower Mesozoic volcanism in the Alpine region 'is
connected with the beginning of subsidence of the Triassic and Jurassic
geosynclines, which was stipulated by extensions of the Earth’s crust in
this zone. Apparently this is connected with the beginning of extension
of the bottom of the Atlantic Ocean along Middle Atlantic ridge which, as
is generally known, also falls on the Jurassic period.
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{r_ 4 _A®AHACKLEB,]JI. A, KOHIAKOB

O ‘PEJIUKTOBBIX CTPYKTYPAX HEPEXOJA
KOHTHHEHT—IAJEOTETHC AJIBIIUNCROrO 3TAIIA
PA3BHTHA KABRA3A

B sacTOosimee Bpemsi HH y KOI'O He BBHI3BIBAET COMHeHHH, 4T0 Bombmoi
Kapkaa npepcrapiger coGofi NMOMMUMKIMYHYI0 MEOCHHKIHHAIL, Pa3BHUTHE
KoTOopo#t ¢ Golbliel WM MeHBbUIeH CTeNeHbIO AOCTOBEPHOCTH MOMHO IpO-
CllemMTH, MO Kpapuedt Mmepe, sa nocmenuwe 500 mum. ner [1, 2, 4, 6,
7,.8, 11, 12]. Tlepubepuueckre 4acTH 2TOIO NeOCHHK/MHANBLHOI'O Gac—
cefiHa, BeposTHO, MeTH eume Oollee ApeBHHil — pudefickuif BospacT, O
yeM CBHOETeNLCTBYIOT naHuble OypeHns INTyGOKO# ckpaxuurl B pajioHe
Koucrauuer [3].

CoBepuleHHO eCTeCTBEHHO, YTO 3a Takoi GoNbuod MpOMeXYTOK Bpe=—
MeHM HCTOpHS T'eOJIOTHYECKOT'0 PaaBMTHA TOH MIH WHOM wacTH 3TOro of-
ITAPHOT'O peruoHa, SBISBWErocs yacTelo TeTHca, CymeCTBeHHO MeHd-
nack. OcoBeHHble TPYOAHOCTH CBA3aHBl C PEKOHCTpPYKLUMEH OOTePLUHHCKON
ucTopuu Kapkasa, uTo OfbsicCHAeTCA He TO/BKO 3HAYHTENLHBIM MeTaMop—
bu3MOM OpeBHUX TOJII, MOPO# HANE/IO M3MEHHBIIMM INePBUYHBIH OGIMK
ocanoYHEX M MarmMaTHYeCcKMX TOpHBIX Nopon, HO u Gosee mosguMMa HH-
TEHCHBHBLIMH NIPOLECCaMH JeHyOalHH.

Heckomeko Gonee pacumdpopana reodioruwdeckas uctopus Kaskasa
B PepUMHCKH# Tan (Cuinyp - pauuas nepMmb), KOTODEIE, B LEJIOM, MOX-
HO pasfle/IMTB Ha paHHIOW cTaauio - Bpemsa 06pasopaHHsd u pa3BHUTHA
reOCHHK/IMHA/ILHLIX Mporubos (S-Cl) u nosawow ( Co—Pp), xorma
3apeplIa/Ioch PasBHTHE ITHX NporuboB ¥ GOPMHPOBATHCE CKIIagdaThie
COOpYXeHHs, pasfelleHHble M OKaimileHHble BraauHamMu., Kampabli us ne-
pHOOOE Teo/oruieckoi ncTopun KapKasa xapaKTepu3oBaiicsl onpepelleH—
HBEIM THIIOM MAarmaTH3Ma, KOTOPLIM B IeOJIOTHYECKO# JHTepaType HoC—
BALIEHO [OCTATOYHO MHOro myGmuxanuii. B repumuckom arame yke uab-
JofaeTCs U Clennpuka pasBUTHS neHTpadbHOR YacTH Bomsmoro Kapxa—
3a, OTAe/leHHO# OT ero nepupepuwseckux (dnaurceex) wacTel cCHCTeMa-
MH IOMEepeyHbIX MNIyGHHHBEIX paaiomMoB, BOLUIYI0 posb NMOnepeyHol 30—
HaAMLHOCTH B IeQIorHYecKoit ucTopun KapBKasa oTmedali MHOTHE HCCle—
fopatemu [ 14, 15].

OcHoBHEIE 4epPTEHI I'eOJIOTHYECKOI'0 PASBHTHS AMBMHHCKON IeOCHHK/IH-
udmi Bompworo Kapkasa B IeloM yHac/le[iOBAHEI OT NpPenbIIYIIErO
repuoyHCKore arana. OnHake B 3TO BpeMf CceBepHad 4acTh KaBkasckoit
TepUHHCKO# I'eOCHHKIHHAIM YyXe IpuulieHdeTcd K SIMUIepLHHCKON niaT-
¢opme [lpenkaBkases, a oceBas 4aCTb I'eOCHHK/IMHAILHOIO TPOTA CMe—
maeTcHd K Kry B o67acTb I0XHOrGC ckjaouHa., [lporufauve u HaKOINIeHHe
MOIIHBIX TOJII TepPPHI'eHHBIX OCANKOB B 9TOH 30He ObIIM wanboilece HH~
TEHCHBHBEIMH M [WIHTEILHBIMH K npononmanncrp B pafe palOHOB BINIOTH [0
xouna mena [9].

llonusaTHe B KOHIEe OOrrepa NPHBOAKT K 06PA3OBAHMIO OBYX MpOruGOB
(Hermy6oxoro cepepHOr® M y3KOro, rVIyGOKOTO IOKHOTO) M paspengiome—
ro ux nopuartud nasuoro xpeGra. KOxubll mMporu6, orpauMueHHbl pac—
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JioMaMHi C Cepepa B KTa, ABHIICH oBIaCTEIC HAKONJIEHHS B MallbMe U
najeouen-soueHe MOmHBX (00 6-8 kM) (imuwernx Toymu. Bosgemmauue
Bceji TeppuTopHH Kapkasa B KOHIle s0leHA NPHBeIO K 3aMBIKAHHIO (-
weBkIX MporuGoB U K obpas’opaduio wa Bomeswom Kapkasze KpPyNHBIX Me—
TauTHK/THHOPHER U CONPSKEHHBIX C HWMHM KPaeBBEIX H MEeXIOPHBIX IPOTH—
Bop. Tlponomxapmuiica B OMMICLEHEe — CpeAHeM capMaTe NPOLecC NofHa-
THd TeppuTopud Kapkasa phi3pall aamollHeHHe KpaeBhIX IPOrHOOB MO/~
naccamMu. B 3710 Bpems merauTukmuHopuil Bomeuoro Kapkasza mpenctab—
nan cofofi AMMHUEIE OCTPOB, BOSBLILARWMHKCA HA COTHH KWIIOMETPOB B
WHPOTHOM HaNpaBIeHHH Haf YpPOBHeM MOpS M IHTABWKHE TeppUTeHHBIM
MaTepHajioM Kpaepble, TEPHKIMHATEHBEIE M MeXI'OpHble HMporubel. HepHo—
mopcko-Kacmuiickuif 6acceitd, aBNASCE YacTeio cHCTeMbl [laneoreTHca,
H3—-32 HEeNOCTOfAHCTBA CBASH C MHpPOBEIM OKeaHOM, K obrafa/l NpH3HAKaAMH
TO KOTIOBHHHOT'O, TO KpPaeporo Mopeil.

B nosadecapMaTCKoe Bpemd yCHIlewne BogabiMaHuii Hombumoro Kapxa-
3a NPHBOAHT K IIOYTH IO/THOMY paafefeunio Bacceiinos Yepuoro m Kac-
THHCKOrO MOpel., DTa TeHHeHUHS OKOHYATeNLHO YKpelsdeTcs B KOHIle
mouTa, Korga nocjeaune cpssn Yepuomopckoro u Kacmmitickoro mopeit
ObUM TIpepBaHbl.

IMocnienyomasa UCTOpud TeoslorHYeckoro paspuTHd Bommuoro Kaekasa
. BII7IOTE A0 HAaACTOAUEHO BpeMeHH NMPOXOAHT ITOA 3HAKOM IIOCTOAHHOI'O BO3~

ObIMAHWA, KOTOPOe He TOMBKO YBe/myupaeT INIOmAagk CYIM, HO BEI3BIBa—
eT MOUHYK NeHYQAaudio HAKOIVIeHHBIX Toimu, OcoGeHHO MHTEHCHBEH STOT
npolecc Ha:TeppuTOpHE TpaHCKABKa3CKOr'o NONEpPevYHOrO IOAHATHS,.

INmioneH—aHTpONOreHOBOEe BpeMs aHamenyerTca Ha bomeuom Kapkaze
IUMPOKUM pAa3BHUTHeM ByIKanuama. Bce nanbonee KpynHble BY/IKaHHUEC=-
kue ofnacT¥ pacnofarsiorcs B Npepenax TpauCKapkazscKoro nonepey-
HOI'O NOOHATHH H KOH’I‘pOJmpYIOTCH yanamMu CoOYJIeHeHHS OOJIOXHABYIIHX
NPOAOJLHEX M IONePedHbIX INIyDMHHBIX pasiioMoB.

CaMbBIM 3anagHbIM pafioHOM NpPOSBIEHHS MOJIONOH BYyJ/IKaHW4YeCKOH
OesaTeNnpHOCTH fABMseTCs InbOpYCCKuH, I'le NMOMHMO OCHOBHOIO LEHTpa
MOLeH—T'OMONEHORHX oddiy3UBHEIX U3BeDPMKeHKH aHAS3WTOBOTO pana —

. Bynkauna 2me6pyc — BCTpeueHHI JaBbl MHNAPHTOB.

Kasbekckaa Bylkaugdeckas objlacTe pacrnonoxeHa p OceBojt ‘30He
merauTukmHopus Bomeworo KaBkaza k 10ro-pocToky oT SibbpyccKoil
H NpHypoYeHa K YYACTKY COY/eHEHHS NPHUINOAHATOrC UeHTPalLHOrO H
ONYLIeHHOT'0 BOCTOYHOTO MakpocermenTor Domsuioro Kaekasa., B mpo-
AYKTax H3BepieHud OTMedaeTCHs TeHOeHIH:d K HEeKOTOpOMY YBeJ/MueHHIo
WEJIOYHOCTH BYJKaHHYeCKHX mopon. Bynxauwueckas OedaTelbHOCTB OT—
Meyadlack B IUmOLeHe-aHTponorede. B mpepenax sToit o6nacTu Bhige—
NAI0TCHS TPH BYyJIKaHWMYecKnx paioHa: Kaabexckmit, Kemeckuit u [xab-
CKuil.

Kaabexckuil BynKaHWYeCKHR pPadoH B BHOe NOJOCH! WHPHHOHK A0 15 KM
serTaAHyT Baoie Oceboi sousl Bonbworo Kapkaza oT Bepxopuit [uaens—
poua no BepxoBkeB Tepeka. BylKauuueckag OeATelLHOCTE B 3TOM pai—
OHe XapaKTepHayeTcs HBHSO-’IBmeﬁ L TEe/IbHOCTRIO, OXBATEHIBAOLIe i npo-
MeXKYTOK BpPeMeHH OT KOHla INMOlleHa A0 aHTponoreHa. HeCKombko loro-—
sanammee Kaabekckoro paitona pacnosaraercd KeimCkuil By/IKaHW4eCKHi
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paitoH, rae USBEpKEHHH mpomcxogmmm B muleficTonene u rononewe, Ca-
MBbIM IOXHBIM pafioHoM KasbGekckoll Bynkauwdeckoif obnactu fBigeTcs
[xapckuif, rne B CpeaHeM H NMoaaHeM IuleficTouene obpasoBaluckh au—
[e3UTOBHle IOKPOBBI,

B pationax Gonee samagHbix u Gojlee BOCTOYHEIX, YeM TePPUTOPHS
TpaHCKaBKasCKOr'o NOAHATHS, HHKAKHX ClIe[lOB H3BEePXeHH# B IVHOLeH—
AUTPONOTEHOBOE Bpemsd [0 HACTOAWEro BpeMeun 3aduKCUpOBaHO He Obi-
no, MHckmodennenM #ABNAIOTCH HeGonblie Mo MacwTabam IposBlIeHHS
BepXHeIIOLEHOBOIO aHOesHTOBOI'O Bynkaunama B I'poaneHCKoM paiioue,
- MpAYpPOYeHHEIE K BOCTOYHOMY OKoHyaumio CYHXeHCKON auTHKIHHAIM.

INMnuonen—-aHTpONOreHOBOE BO3ABIMAHHE MeraHTHKInHOpHA Bomuioro
Kapkasa ¥ HHTeHCHBHBIE BY/KaHH4YeCKHe NPOLECCH! Ha 3TOi TeppHTOPHH
CONPOBOXAAMCHL AalbHeHIMMM paapuTHeM PHoHckoro u KypuHCKOro
nporuGos. Kaxpabill U3 HEX B IIMOLEH-aHTPONOIeHOBOE BpeMs pas3BH—
panics 06ocobienHo, MMes CHelluduYeCKHe HYepTHl I'eO/IOrH4eCKoro pas—
BUTHH, W B AHTPONOI'eHe IPeACTaBlil CJOXKHOIOCTPOSHHYIO BIAAMHY C
MakCuMampHolt ruyCuuo#t KpHCTalmYeckoro gyunaMenTa B PHOHCKOM
nporube no 7-9 kM, KypuHckoMm - nol4-15 xMm. Bonee rayfBokas u
cloxHonocTpoeHuads KypuHCKas fenpeccus BK/OUaeT B CBOell IeHTpailb=—
woit wacTu lllmpaxcko-AmKUHOYPCKYIO CKIAAHATYI0 CHCTeMy, KoTopad no
na¥HbIM paga uccneposaTtefedt [ 10, 13 u np.] npencrasnser coboit
ryGokuit ambMUHCKUN TeOCHHK/MHAMLHELE nporub ¢ saTauyBummMcs (Mo—
¥eT GBITL [ame He 39KOHYEHHLIM) MEPHOAOM IOrpPYXEHHT M IpeACTaB—
nfeT B HaAcTOAllee Bpems SIHMeOCHHKIMHAIBHOE CK/aqyaToe COoopyHe—
HHe B NepHOA HWHBEpPCHil.

ObwensBecTHa OrpOMHAS POMIb MOJIOALIX TEKTOHHYECKHX PAa3pLIBOB
riaybokoro sajioxeHHs B CO3[AHHM ANBLNMHCKOrO CTPYKTYDHOrO NJjaHa
Kaekasza. Ouesnnuo, uTo uaubolee KpyIHEIE pasioMbl, pasfesiomue
nMeranTHK/mHopuit Bombuworo Kapkasa ¢ KpaeBbME MeMIOPHEIMH IEO—
rubamu, mmeloT ofuiekapKkasckoe npocTupaune. OOHAKO HeNb3d YMAJATH
H pOJb NONEePEeYHLIX Pe3pLIBOB, MHOI'HE W3 KOTOPLIX HMeloT [ApeBHEe 3a—
JI0XeHne ¥ HeOQHOKPATHO NpoABnamm ceba Kak MarMOKOHTPOJMpYIoHe,
a TaKXe KaKk rpadHibl CTPYKTYPHbIX H QalMalbubIX 30u, 30uLl NepecedeHnd
PasHOHANPABIEHHEIX INVIYOUHHBIX PA3NOMOB # KOHTPOJMPYIOT TEDPUTODH—
alpHOe pacrojioxedde Hapbollee KpYIMHLIX By/IKaHudecKux obnacref u
pafiovos Bomawworo Kaekaaza.

$bopMmupoBane MNIYGHHHEIX MArMATHYECKHMX O4ArOB, MOCTAaBISBIIMX
MaTepHall [Vl BY/KaHHYeCKHX H3BEDMEHHH, CBA3aHO € HOCTOSHHBIM YCH—
TleHueM NOTOKa Temia W MIyOMHHBIX amanammi, Haunboipiero suayedus
TemIOBOJ MOTOK NOCTHI'aN Ha TeppHTOpuH TpaHCKaBKasCKOro MolepedHo—
ro MOAHATHA H B OCOGEHHOCTH HA YYacTKax IepecedeHus pasHoHanpag-
TeHHEX paanomob. Ilo muewnio E.E. Manauosckoro [ 10], mogmem reo—
HaoTepMm Ha BomewoMm Kapkase npomcxopus, nmo~BHONMOMY, HO KOHIA
IMonexa.

Bombuwoit Karkas NpHHAANENKAT K YHCIY PerHOHOB C [OBOMLHO BHICO—
KOoil ceficMuyeckoli akTHBHOCTRIQ. Ha CYUWSCTEYIUWKL CXeMAX BCHA €ro
BOCTOYHAsA MOJIOBMHA NONagaeT B 7-Gammbuylo ceiicMuueckyio 3ouy [ 5],
BombumHCTBO KaBKa3CKuX seMiIeTpsceHufi UMeeT oYaru Ha Ty 6uuax
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He Gonee 20 KM M MWL B eHHHYHBLIX CIyuasix Ha Teppuropun Bocrouyno-
ro KaBkasa ycrauoeneHn odaru or 70 pmo 100-150 Em.

KpaTko npuBeneHHble 0CODEHHOCTH AMBLIMACKOIO aTana reollorHyec—
KOI'O DasBHTHS IeHTpalbHOK BbicOKOropuoi uwactu Bomeuworo Kaekasa
110 COBOKYITHOCTH I'eOMOpdOJIOruM, crneumduxks, B OCHOBHOM, aAHOE3WTO-
BOrr0 BYJIKaHH3Ma AIBLITRHCKOre Bo3pacTa - NOSBONAIOT OTHOCHTL YKa-
BaHHYI0 IOpHYIO rpaay uleuTpansuoro Kaekasa x obpazopannsm mop
HaspauueM “ocTpoBHble ayru”, paseuBaloummecs B NOrPAHMYHEBIX oBmac—
TaX KouTuHenrTa. Kypusckas pempeccus B lOxuom 3akapkaswe Opita B
HepaBHeM mpoiyioM AHoM TeTuca, a Kacnuit — ero pellMKTOBEIM 3amMBOM,
B Takoffi mocrauopke BOmpoca CleAyeT OXHAATE KOHKPeTHOrO pelledHud
MHOI'MX BaxHeimmx HabmoneHHH IeoIOrH4ecKoro M reouandecKoro xa—
pakTepa.

ABSTRACT

The Great Caucasus is a polycyclic geosynclinal whose geological histo-
ry can be traced as far back as 500 m.y. The peripherial parts of this geo-
synclinal basin are probably of the Riphean age. Reconstruction of Preger-
cinian history of the Great Caucasus due to the intensive metamorphism
and denudatuon of ancient rocks is very difficult. The Gercinian cycle is
marked for the intiation, the development and subsequent folding. The main
features of the Great Caucas’s Alpine geosyncline are inherited from the pre-
vious cycle, though axial zone is shifted somewhat southwards. The inten-
sive uplifting of the Great Caucasus in middle-upper jurassic and olygoce-
ne-miocene time resulted in the formation of island arch bounded from the
South by zones of deep faults and trenches that occured to be the accumu-
lation of thick molassa formation. Being a part of Paleothetis system of
the Black Sea ~ Caspian Sea basin because of unstable links with the
world ocean showed either hollow or marginal sea..The geological his-
tory of the Great Caucasus that followed the above — mehtioned time was
characterised by certain stability of the uplifting. Within the territory of
Trans-Caucasus transversal uplift this process is most active. Pliocene-
Anthropogen time is characterized by wide volcanic activity. All Major
volcanic areas are localized within the Trens-Caucasus transversal uplift
and are controlled by joints of long-lived sublongitudinal and sublatitudinal
deep faults.

The formation of magmatic is associated with the increase of abyssal
heat flow during late Alpine time particulary along the deep faults, The
Great Caucasus is a region characterised by considerably high seismic
activity the foci of wich were discovered mainly at a depth of 20 km. From
this point of view we can explain many important geological and geaphysi-
cal data obrained in lest a few years.
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I. C. KOPJKMHCKHN

KHCJOTHO-OCHOBHOE B3AMMOJIENCTBHE MATMbI
C TPAHCMATMATHYECKAMHA ®JIONJTAMH

B uacTodmee Bpems pasHoobGpasue THIIOB MarM IPHHATO 06BACHATE
riapabM 06pasoM BHINVIABIEHMEM H (paKIMOHMpOBAHMEM HX B YC/IOBHAX
pas/MIHOrO AAaB/IeHHS, CBAGAHHOIO C pasimiHeM ray6ru marmoofBpasoba—
wnsa. Ho wapsgy ¢ paenenneM TriaBHeHumMM GaxTopoM, OIpeAelsiomuM
cocTap MarMbl U NYTH ee KpUCTa/UIH3alHH, SBJISeTCH KHCIOTHOCTB—Lle=
JIOYHOCTHL TpPaHCMAarMaTHYeCKHX (NIOHWAOB, B3aUMOAEHCTBYIOUHUX C Marmoit.
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Cmemms&uue NIOTOKOB 'I‘paHCMBI‘MEI.TB‘-IECK!ﬂ( (‘bﬂlUHJJOB noxKaspiBae =
Cq ABJIeHHAMHM IPAHUTU3AUNHN, NPH KOTOPEIX MOIIHBIE TO/INM NOPON MOA—
Bepralorcss MeTaMOphHaMYy, 3aTeM MeTacoMaTthaMmy (demsammartnsamun
H npotxee) H, HaKOHell, 3aMelleHHId IPaHHTOMAOHOH Marmoi c ofwei ne-
Basupukanneii aaMelmlaeMbIX MOPOA, YTO MOXeT ObITh OGBSACHEHO TONLKO
NpOMBIBKOff mMopon ¥ BO3HHKAaKme# MarMel NOTOKaMH BOCXOASIUMX (IIioH—
noe [ 5]. Tlepewoc dmongos ocymecTeisieTcs, BeposiTHO, B BUAe NOTO-
Ka nyaplpell, KOTOpble NPH TEYeHMH Marmbl MOI'YT OOLeAHHATECH B IJieH—
KM ® CTPYH ¢ionaa, 4TO SHAYUTENLHO YCKOpSeT HMX NOAbeM.

Kax noxasripaeT avaius napareHe3HCOB MHHEpasOB MarMaTHYeCKHX
nopod, B Kaxao#t NaHHOW TeKTOHWYeCKO) 30He TpaHcMarmaTtuyeckKue
bmonnrr o6napams ycTolyuBO# KOHUeHTpauMei MEeNOYRLIX MeTalvioB KZO
" Na20 [ 9], a Takxke m mpyrux Gollee NMOABIKHEIX, T.e, Gojlee PACTBO~
PHMBIX B QUIIOHAEe KOMTIOHEHTOB, ONpedeIfioIHX KHCIAOTHOCTL — Meslou—
HOCTE Kak ¢umowpa, Tak W Marmbl, Ha koTopywo ¢uuoun BoaneiicTBYyeT.

Kax oTmeuanoch MHOK pahee, KooQdHUASHTH! aKTUBHOCTH OKHCIIOB
B MarMe 3aBUCHT OT OBwei#l Wello4HOCTH pacliapa, IloKasaTelieM KOTO—
poit MOXeT CAYXKHTE AKTHBHOCTE KHCJOpOog—aHHOHAa 0, [lna atoit sa—
BHCUMOCTH NOJydeHa ¢opmyna

dln f;eo/ dln [02‘1_ =2, a=Cyeo/lCyeo + CMe2+),

roe f BSJ R BA/IOBO#i KOa(UIMEeHT aKTHBHOCTH OKHCIAa Me(, OTHeCeH—
€
Hef X Bamopol (asa/mTuueckoht) xonnentpaimi MeO Kak B HOHMEHpO—

BaHHOM, TAK ¥ HEeHOHMSHPOBAHHOK ¢opMe, a a— CTelleHb AUCCOLMALNM
MeO b pacnnase [ 5, 8 ). Cnepopate/bHo, NOBbHISHRE MEJOYHOCTH pac~
nyapa BClle[CTBHe B3auMopeHCTBHd C lUeJIOYHBEM (DONAOM MIIH C OCHOB~
HOH Noponoi NOBBHIUAET aKTHBHOCTH 60/lee OCHOBHBIX, T.e. Donee nuc—
COLMMPOBAHHBIX OKHCJ/IOB H JIOTOMY NOBBILUAET TeMNEepPaTYPHl HX ocaxne—
HHS, T.e. pacClipdeT oy HX KPHCTANM3AaUdH, CABHras sBTeKTHYeCKHe
A KOTeKTHYEeCKHe COCTABEI B CTOPOHY MeHee OCHOBHBIX H KHCJIOTHBIX
okucnoe. O6patHoe BO3AeiCTBHE OKA3bLlBaeT NOBLIUEHWE ME/IOYHOCTH HA
KpUCTAITM3ALMI0 KHCTIOTHEIX OKMCIOB (B OCHOBHOM KpemHeaewm). [Tobmi-
ueHdHe KHC/OTHOCTH pachijlapa OK43blBaeT NPOTHBONOMOKHOE BO3Je#CTBHE,
T.e. CMellaeT 3BTEKTHYECKHE H KOTeKTHYeCKHe COCTaBbl B CTOpPOHY 60—
Jlee OCHOBHBIX OKHCnoB (6].

Wmelomupeca B JMTepaType 2KCHepHMeHTANbHbIE AHArpPaMMbl INIABKOC—
TH TPeXKOMIIOHEHTHBIX CHCTEM [AI0T BO3MOXHOCTE IO HAKJ/IOHAM KOTeK-
THYECKHX JIMHHMHE CyOuTb 06 OTHOCHTE/MLHON OCHOBHOCTH KOMIOHEHTOB.
Tak, guarpaMma TJIaBKOCTH CHCTeMBI CaO-AIZO,’ - Si02 noxashbipa-
eT, 4To npubaBneHHe KpemHeaeMa K CHCTeME CaO-AIZO , ToHmxas
OCHOBHOCTEL paclilapa, CMemaeT SBTEKTHKH MeXOy H3BeCTKOBLIMH UITH—
HensMH B CTOpOHY Gonlee cmimuoro ocuwopauuss CaQ. Takoro poga aua-
M3 guarpamMM TUIABKOCTH NO3BO/AeT yCTAHOBHTH pan yOmBaiome#t oc-
HOBHOCTH — IIE/IOYHOCTH 1Topoaoo6pasyionmx OKHCIIOB. DTOT pal COOTBET—
CTBYeT pAay BospacTapmei s/eKTpoOTpUIATe/LHOCTH HIIH JIy4ue - pany
BOGR ac-raroineﬁ SHepruy uormaa:mn xauonop [ 81]: K*< Nat<Balt< §r2*<
< Ca2* <Mg*e Mnl+< Fe2*t<c AI3*<Crdt< Co*< Fedt< Zed* < Tid+A sid*,
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CooTHOUIEHHE TPy
KOMTIOHEHTOB SiOz—(A12()3+
+F820RJ)—(CaO+MgO +

+FeO+MnO) B Cpel-
HHX COCTABAX PAGIHY—

HBIX THTIOB HHTPY3HB~
HBIX ¥ 2(py3HBHEIX mHO-
pon (amamuser ua Wede-
pohl, 1969 u [loim,
1936)

1 - moponsr HOp—
MAalBHO# eNOYHOC TH
pfaia nepHAOTHT-rab6po-
AMOPUT=TPAHOOMOD U T
rpanut (Ana HUX TPO~
Be/leHa CpefHsid IHHHS
COCTABOB); 2 — naM=—
npo¢HPEl CPAHHTOH =
Heix dopmarmmit; 3 -

- IOPOABI TIOBRIIEHHOK

WeJIOYHOC TH

BoamoxHubl paanmMEbIe CNy4ad KHCJOTHO-OCHOBHOIO B3aMMOAeRCTBRUL
TpaHCMarMaTH4eCKuXx (UIoWAOR C Marmoii.
PaccmoTpaM caydail, xorfa NIPOHCXOOHT BBHIJIABJEHHe MAarMbl H3

nopos KOpbl WM BepxXHell MaHTHR non bBoaneicTeueM (uuownoB ¢ pas~
JIMMHONR IMe/IOYHO-MeTallbHOCTRIO, T.e. C Pas/MYHO# KOHIeHTpaumneH# me—
nounsx Metamios K70 u NajyO. Tlosbmueune menowysocTd (rowna u
MarMel GyneT pacuMpsTe NOJA KPUCTANM3auuy Gonee OCHOBHBIX OKHC—
NOB ¥ MHHEPAJIOB, CABHIas 9BTEKTHKY M KOTEKTHKY B CTOpoHy oforame-
HUS ee MeHee OCHOBHBIME MuHepanamu. Ha nuarpamme (pur.) B KayecT-
Be KOMITOHEHTOB COCTaBa B3ATH! Cregyoume Tpu Ipymnei: 1) cymma
BECOBLIX KOMMUeCTB Hamboiee OCHOBHBIX OKHCIIOB Ca( 4+ MgO + FeO;

2) cymma amporepurx okmcios Al203+ Fe203;

3) 8i02 (xmcror-

ublt oxucen). Ha Ty nmarpammy uameceHr! Bce cocTasbl hopon (cpen-
uve no Hokkomecy), mpubenensntle B cnpasouuuke K.X. Bepemona[16] u
HeKoTOphle asamuarl P. [Oami [1]. KpecTuxamu o8os3HAueHLI NOPOOLI!

"HOpMaNMLHOK” IMesIOYHOCTH psga AYHET-NEepHIOTHT-rabSponnopHT—KBap—
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LUeBbI# OHOPHT-TPaHONHOPHT-TpaHuT. [IpoBeneHa MHHHUA, coenguHSIOmAN
NMOpoAbl HOpMamnbHOR menoyHocTi. Kpyimkamu ofosuadeubl Kak coBoTBeH—
HO INeJIOYHEBIe NOPOALI; HedeMMHOBBlE CHEHHTHI, (OHOMHTHI W Ip., TaK H
nopoa bl TMOBBIIEHHONH MeJOYHOCTH (T.e. C INMOBBIIEHHOH AKTHBHOCTLIO
meJIOYHBIX MBT&H-‘TOB); CHEHHTHI, TPaxXHTbl, MOUCHHTBI. K&K BHOHOC H3
AnarpaMmel, NMOpOAObI MOBBIUEHHON 1IeJJOYHOCTH pacnoqiaralTcd IpaBee

¥ HHKe JIMHUM MOpOon HOPMAa/BLHOR We/IOYHOCTH, T.e. eClli CpaBHHBATHL
nopoAakl C OOQHHAKOBRIM COOepxaHHeM KpemHe3ema, TO meJ/Io4Hble NOpO—
bl UMeIOT GoJlee BEICOKOE OTHOeHHe CHITLHBIX OCHOBAHUI K CIaBhIM
(amborepubmM) . DT0 MOMET GBHITL OGLACHEHO TeM, UTO COCTABBI MarmMa-
THYECKHX nopon anSJ'lH}KﬂIO’I‘CH K 3BTEeKTHYECKNIM, 4 COCTapR 3>BTeKTHKH
non BoaAe#cTBHEeM UIE/IOYHEIX (IIOMAOB CMellaeTcs B CTOpOHY OGesue—
Hus ero HawbGonee CHIBHBEIME OCHOBaHHAMH. Ma3BecTHO, YTO IpH ABHMXe—
HUH OT IeOCHHKI/THHAJ/IBHBIX 30H (HJTPI OCTPOBHBIX nyr') K KOHTHHEeHTY HJH
Mo Mepe KOHCOMHAAUMM TI'eOCHHKIIMHAMBHBIX 30H MEeJOYHOCTE Marmkl
BospacTaeT, DTo MoxeT OHITh OBBACHEHO TeM, uTo B Gojlee XeCTKOH
Cpenle BO3HHMKaOT Gonee INMIyGOKHe TPELIMHBI, MO KOTOPbIM C Gojlee aua—
YHTE/BHBIX INIyGuH noguuMalorcs Gollee mellodHble GIIOHIBL

OrmMeTnM, YTO AHOPTOSMTLI TOXKe IONANAOT B IO/e LEeJIOYHBIX NOPOf.
370 cornacyercs C TeM, YTO AHOPTOSHTEI YACTO ACCOLUHHPYIOTCH C CHe—
HUTaMH, T.e, NpuHaniexaT dopmMalMH NMOPOA NOBBIUSHHOR IEIOYHOCTH.

ObpasopaHue AHOPTOSHTOB, CllefOBATEe/IbHO, BOSMOXHO 3a CYeT Bbl-
naBlleHUs AHOPTOSHTOBON MAarmbl 1of Bo3aeHCTBHEM (QUIIOMAOB NMOBBI~
HIeHHOH WENOYHOCTH., ITHM,KOHEYHO, He HCKMoyaeTcd 0OpasoBaHHe HEKO~
TOPBEIX AHOPTOSUTOB 3a CuUeT KPHUCTA/NTM3alMoHHO# Auddepeunuamuin B pac-
CINOeHHBIX HHTPYGHHX.

Ocobbrlit cimyail NMpencTaBnqdioT AaiKOBBRIE aMIpodHpoBhIe MOPOMEL,
cpdsaHdble ¢ fopManuaMM IpaHATOMAOB HOPMALHOM INeJIOUHOCTH., ITO
CrieccapTHTB!, KePCAHTHTEl, MHHeTTHI, BOre3uThl. CoOCTaBel HX Ha OHa-
rpamme (bur,) HaHeceHBl TOYKaMH, KOTOpBIE JIOKATCH OKOJO JHHHH IIO—
pon HOPMAJLHO LIe/IOYHOCTH, Mexay rabbpo u puopuTamMu. Mexay Tew,
3TH JaMIpodupbl 06agaloT MOBHILEHHON MEeJOYHOCTBIO, KaK BHAHO H3
accolMauMd B HEX Ka/mMata He TOMBKO C poroeol ofMaHKOM, HO H C
K/IMHOIMMpPOKCeHOM. [lo—BHOHUMOMY, 2TH /1aMNpo¢Upbl BOZHHK/H 3a CHeT
AuabasoBof Marmbl HOPMAJBLHOH IEJOYHOCTH, NpHYeM Ha 9Ty Marmy IpH
ee KpHCTA/NIH3alUWKH BoadeiCcTBOBaA/MM (VIOMAB! NOBBIUSHHON MEIOYHOCTH.
3TO BEI3BANIO CMElleHHe BTEeKTHKH C PaHHEM BbiaelledHeM HaubGolnee
OCHOBHBIX KOMIIOHEHTOB B BHAe (eMHYECKHX MHHepAasioB, THNHYHBIX [/
BKpAaIVICHHHKOB /IAMIPOPHPOB, B C KOHEYHOH /JIe#KOKpaTOBO# SBTeKTHKOH
B OCHOBHO# Macce, oGOraueHHON WIEJIOYHBIMH IOJIeBEIMH lmaTamu. dop-
MHpOBaHHWe gaek NlaMnpodHpoB COBIafaeT CoO BpeMeleM OKOHYATelTb—
HOM KOHCO/mMAAIMH TpaHHTOMAHBIX (QopMalmil, Korga CTAHOBATCH BO3—
MOMXHBIMA GoJlee INTyGOKHEe M OTKpPBITBIE TPEIIMHBI, OTKPHIBAIOMME NYTb
nng Gonee raybuHHBX ¥ Goniee mesouHBIX (uiompob. JlaMnpoduphl hopMa—
Wi COBCTBEHHO WEJIOYHBIX NOPOA (KAMITOHMTLI, MOHYEKHMTHI, AlhbHEHTEHI),
ecTecTBeHHO, Joxarcd Ha ¢ur. 1 B moje meoYHBIX NOPOA.

Hecpapueuno Gompliee 3HaueHue WMeeT NPOTHBONMOJOKHLIE CIydaw,
Korga Ha marMy BosgeHCTBYIOT QUIIOMABI BO3pacTalmel KuCIOTHOCTH.
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H3BecTHO, YTO OCTbIBAHHE BHICOKOTEMNEPATYPHBIX NOCTMArMaTHYeCKHX
(GmounoB BLISLIBAET MOBBIUEHHE HX KHC/IOTHOCTH, WM JIydlle CKasaThb
“KNC/IOTHOH arpeccHBHOCTH”, T.e. CMOCOGHOCTH PACTBOPATL OCHOBAHHS,
OTO NposBnfeTCH 0COGEHHO B BHICOKO— H Cpe[HeTeMIIepaTypHOM NpPHKOH—
TAKTOBOM BbIIE/IAYNBAHAM, HANpPUMep INPH I'pel3eHH3aUMH I'DAHHTOB U
fokoppx nMopoa. ITO MOBBILIEHHEe KHC/OTHO# ArpeCCHBHOCTH IDH NOHIDKe—
HUH TemIepaTypbl o6yCloBleHO KOHOeHCAlMe# KHUCJIOTHBIX KOMIIOHEHTOR
H3 raszoofpasHoro B IKHAKOE COCTOfHMEe, YTO [O/DKHO MOBBIUATE

ux axtuBHocTe [10].

Mpl BpgBHT'aeM THIIOTE3Y, YTO TaKoe NOBBIUEHHE KUCIOTHOH arpec—
CHBHOCTH IpH INOHIXEHHM TeMIepaTyphl HAaYMHAETCH elle B MarmaTHiec—
KOM cocToanuu. 2710T abdexT nomked GeiTb Gonee Bhpaxeu Tam, rue
TeMIepaTypHelil rpagueHT Gojlee SHAYHTENleH, & HMEHHO B Kymoniax
H anopusax IpaHHTOMAHBIX MACCHBOB. 30eCh TemIepaTypa IOoaHAMAao—
IMXcH (VIOMAOB IO Mepe MX NoAbeMa IMOHHXAeTCs, YTO BHISHIBAET
HACTHYHYI0O HX KOHOEHCALMIO C MOBBILEHWEM KHC/IOTHON arpecCHBHOCTH,
B cuiny sTOro oum cTaHOBATCA CNOCOOHBIMU NMPOMSBOOMTE NebasHbuKa—
upio Marmel. [Topoabl, BOSHHKIIHE M3 MarMbl, COCTap KOTOPO# NoABepr—
Cd U3MeHEeHHSM INpPH B3AUMONEHCTBHH C TpaHCMarMaTHYeCKHM ITOTOKOM
¢mounoe, moryr GeiTh Haspaubl “MeTacoMaTHyecKMMu”. AIUTMTHI M ner—
MAaTHTHI, .KOTOpble HEpPeaKO COBEpUISHHO /HUeHb! PeMUYeCKHX MUHEpAIOB
¥ MHOT'A faxe MAarHeTHTAa, ABIAIOTCH Hanbollee NOCTOBEPHLIMH POAYK—
TaMH MeTamarmaTudeckoi nebasudurammu. HMurepecHefmummu meTamar—
MaRMYeCKHMH TTOpofaMi ABJLIOTCH "OHIOHWHATHI”, HelaBHO OTKpPHITHIE H
_metamsuo uaydeuuble B.M. Kopameuxko c corpynouuxkamm [2, 3]. [aiiku
NnopoA OHIOHWTOB OHIMM BCTpedyeHE! B Mouronmw, a satem B Bocrounom
3abaiikanwe. OTn Genble NMopoAbl, B KpaeBBIX YACTAX OAeK CTeKJIOBATHIE,
COBepLUIeHHO JHIIeHBEl TeMHOLBETHHIX MHHepa/job, OHM COaepXaT BKpamieH—
HUKH CaHMAMHA, anmsbuTa u GecClBeTHOH NMUTHeBOl Cmoakl, TOrAAa Kak B
OCHOBHOl Macce, KpOMe 3THX MHHEpAalloB, pacCesHbl UTOMIOYKH HEeCOMHEeH—
HO marmaTtorenuoro tomasa. B.M. Kopaneuko mokaseiBan MHe 3TH NOpoO—
Obl B mosle W A erioe yGeguncs B marmaTtwdeckoit ( a me aBTOMeTra-
comaTnuecko#) ux mpupome. B.U. KoBalewko nokaswlBaeT, YTO W HEKO—
TOpBle TI'PAHHUTHEI AHANIOTHYHOI'O COCTaBa #B/AITCH MarMaTH4eCKHMH, a
He apTOMeTacoMaTHiecKHMH., OnHako NpenesbHasd NeHKOKPATOBOCTB 9THX
TIOpPOA MpH CONOCTAB/IEHHH C OOBMHBIMH 9BTEKTHUYECKHMH IDAHHTAMH 38—
cTap/igeT pacCMATPHMBATL MX KaKk MeTaMarMaTHdecKn nebasupuuupoBaH-
Hble Nopoabl., XapakTepHas AMNS HEKOTOPHIX aIVIHTOB CTPYKTYpa C paHHHM
BhIIe/IeHHeM WAMOMOPDHEIX 3epeH KBapla CBH3aHa, BEPOSITHO, C NMOBBILEe—
HMeM KHCIIOTHOCTH MATMEI, BBI3BABUIEM CMeIleHHe SBTeKTHYECKO# TOYKH
M NOTOMY NepechIlleHHe MarmMbl KpeMHEe3eMOM.

Meramarmatinyeckas nebasubpukanys, BepOATHO, UMEeeT OYEeHBL IHPO—
KOe pACNpOCTpaHeHHWe KaK B IPAHUTOHAHBIX, TAK B MeHbllel CTeneHH
¥ B ra66pougHoi ¥ OPYrux dopMamnpax marMaTHdeckux nopoa. Kouned—
TpUYecKoe CTpOeHWe TPaHMTOMAHBIX MACCHBOB, C Haubollee JefiKOKpaTo—
BEIMH AJIICKHTOBBIMH QamMsiMH B LEHTPABHBIX YacTAX W B Kynonax, B
HEKOTOpBIX ClIydadaXx MoxeT ObITe OB6yCloBJeHO MeTaMarmaTHieCKOd Ae—
GasufuKamielt aTHX HEHTPATLHBIX HACTEH WHTPYSHH. BO3WMKHOBEHHe DHO—

324



JUTOB M I'PAHUTOMIOB HA OKeaHWYeCKHX OCTpoBax cpeamu GasalLTOB, rae
cuanyeckKas Kopa, Nno—-BHAMMOMY, OTCYTCTBYeT, Hanpumep B Hcnauguu

. MOX¥eT OBITB BBISBAHO MeTaMarmaTu4deckKoifi nebasmburammeir GasamsTo-
Bojt Marmel, Cymubypusaums NonepHTOBOM MArMbl © C BRNAJEHHEM H3 Hee
Kaneib cymspuaor B HOPHITECKHMX MeaHO—HHKE/IeBBIX MeCTOPOMASHHAX
MOXeT GHITE BbI3BaHA BO3AEHCTBHEM TpaHCMarMaTHYecKHx GIIIOHAOB C .
poapacTalomefi KHC/IOTHOCTBIO. DTH (NIOHABI, [NepBOHAYALHO HAXOQMBLIME—
CHd B DPAaBHOBECHH C OKHC/AMH ejle3a NOJIEpUTOBOIC paciiiasa, IO Mepe
OXJ/laX/eHHss W BO3pacTaHHd KHC/IOTHOCTH MOINIH BBI3BIBATE CYIbbypH3a-—
IMIO OKHCJIOB ¥eljleaa, C BbIIAJleHHEeM W3 paclyiaBa Kanenk CYIb(roos.

Odenp NoKasaTe/IbHBIM CIyYaeM KHCJIOTHO—OCHOBHOIO B3AHMOAeHCTBHS
TpH MarmaTH4eCKHX Ipolleccax fBIfeTCH INOBHILUEHHE Ie/I0YHO—MeTallb~
HOCTH UpH I'DAHHTH3AUHH OCHOBHBIX M OCOBeHHO KapboHaTHBIX MOpPOA.
Ecmu rpauwnTOoMAoHas MarmMa KOHTaKTHpyeT C noponamu Gollee OCHOBHOI'O
cocTapa HW TpaHCMarMaTWdecKue GmioHabl U3 IPAHHTOUOHOR MArMbl NpO-—
HUKQIOT B 9TH OCHOBHEIE IOPOAEI, GoraThie KalblHeM ¥ Marduem, TO Io-
BBHILEHHE KOHUEHTPALHM NMOCJ/IEAHMX B NMPOCAYHBAIOIMXCH (WIOHAAX BHIAbH
BaeT NosbilieHHe KoadhPHUHEHTOB AKTHBHOCTH OKHC/IOB MEJOYHBIX MeTail-
0B Kajmsa M HaTpud. B peaymeraTe mMarMaTHuYeCKOe 3IamMelleHHEe OCHOB-—
HBIX NIOPOA NMPHBOOWT K OGPASOBAHMIO MAIMBI NOBHINEHHON NE/ICYHO—-Me—
TameHocTH. Tak, Npd I'paHATHIALMHA OCHOBHBIX NOpon THNa AnabazoB H
HX TybOB BOSHHKAIOT CHEHHTOBHIE Kpaepble ¢aluM IN'PAHATOBR, IPH I'pa-
HUTHOAUHMH sHE3BECTHAKOR WE/0OYHOCTL 3aMEMIAONMX WX PAaCH/ABOB YOAHH-
MaeTcd [0 AMONCHAOBLIX CHEHHTOB, a IPH I'PAHHTH3alWH AOJOMHTOB He-
Penxo BO3HMKAIOT jaxe HepelMHOBble CHEHHTHL TAaKOBEI,HANpUMEp, 30HE!
HedenMHOBBIX CHeHuTOB B OKpyre Baukpodr, Ourapuo, Kauana.

OfpaTEMcs Telleps K BOMPOCY O HA/MYHH ABYX THNOB nudbdepeHmma—
LME 10719 CepHii OCHOBHBIX mopon (ra66po, GasanuTel). B CepHE TOIEHTO-
BbIX GazameTOB, T.e. NMOpPOA INOHMKEHHO! MEeNOYHOCTH, AuddpepeHLHanus
NPHBOAMT K NOCTENEeHHOMY BO3paCTaHHMIO B MNMOpPOAaX OTHOWEHHS Xejesa
K MarHUIO M COOepXAaHHA OKHCIIOB Kejeaa, 6ea cymecrpenuoro obora-
meHUd Marmbl KpeMHe3eMOM, 34 HCK/DOYEeHHMeM CaMbIX NO3AHHX CTanui
nuppeperimanmy, Torna Kak B H3BeCTKOBO-IIE/IOYHON M WIeJIOYHOH# cepuax
GasalbTOB BO3pacTaHHe OTHOIEHHS XeJle3a K MAarHHi CONpoBOXAaeTCs
oforameuneM MarmMel KpemMHe3eMOM H obegHeHuem xenesom. Takue gpe
TeHAeHUNH GBUTH HamMeyeHB! NMpH uaydeuwn Tpanmop Cubupckoit nnatdop-
Mul B.C. Co6oneBbiM [11], Ha OCHOBAHWH 3KCNEepPHMEHTALHBIX HCCIeOo—
pauuit E.®. Ocbopuom [15] u Ha ocHOBaHHHM HayyeHHs cepuu Oaszamn—
Top ocTpopubix ayr X. Kywo [13] u A. Muaumpo [14]. B octposuex
oyrax c npubnpKeHHeM K KOHTHHEHTY TOJIEHTHI CMEHMIOTCS U3BeCTKOBO—
WeJIOYHBIMHA H 3aTeM meJIOYHbIMH GazanmbTamMu C COOTBeTCTBYKUIHM H3-—
MeHeHHeM THNa nupdepeHLHALNH.

Cornacuo OcBopuy, aT0 pasmuuue B Tunax aubpepeuumammu 06ycliop-
NIleHO pasMYHbBIM PeXHMOM KHciopoga. MapecTKoBoO-Ille/iouHbIe H IE0Y—
HBle cepuH 6asalbTOB KPHCTAIUM3YIOTCA NpH Gonee BHICOKOH aKTHBHOCTH
xkucnopopa (B cwiry Gomellero gOCTYNA BOOBI, YeM TOJEHTHI), UTO BHISbi—
paeT Gonee panHee BLIMafeHHe W3 MArMbl Xejleda B BHge MAarHeTHTa C
ocpoBoxaeHueM KpeMHe3ema, KOTOpbIfi NMpH KPHCTA/IH3ALHH MeHee lie—

325



JIOYHBIX TOJ/Ie HTOBBIX 5&33%1’08 Ccpa3bpiBaeTCHd 3aKHCHBIM XeJle30M B CH=-
nvKaTax, IpeHMyIIeCTBeHHO MNHpOKCeHax. Takum oﬁpaaom YCTaHap/IH=—
BaeTCHd CBA3b MeXAYy AaKTHBHOCTHLIO KHCIOpooa H meJOYHOCTHLIO
MAarMeal.

HpHMaH CBfI3b MeXOy IIeJI0OYHOCTBIO :bmo:ma H AKTHBHOCTBK) KHCIIO—
poga oudeHb #pKO NMpOSsiB/ISieTCS NpH NOoCTMarmMaTHYecKux npoueccax [7].
BemomunmM, HanmpuMep, OCTOSHHOe 3aMelleHHe OKHCIIOB Xelleda CYbu-
AaMH B KHCJIOTHYX CTaguio nocTMarMaTHdeCKoro npouecca. 3ra ceasb
MoxeT GBITL 0OBbACHEHA YCTORYHBOCTBIO OKHC/MTEITEHO~BOCCTAHOBHTE b=
HOrO TNoTeHuuana QUIounoe, OGYC/OBAEHHON HAMMYMEM Kak B NOCTMarma—
TUYEeCKHX, TaK H TpaucmarmMaTHieCKHX d)mom:ax pdoa neTydux KOMIIOHeH-—
TOB, 34 CYeT peaklui OKHCJ’IEHHH-BOCCTBHOBJTGHHH KoTophIX 6yheprpyeT—

Cd BOCCTAHOBHTEJLHBIf IOTEeHIHA] CHCTEeMbI: =2H"+ 2e " Cl 4+ e~
= CIfPae™ wF~ 00+ 0% 00y 2e™ ¥ npyme Kucnopon B
Marme TOXe IOoABepraeTcs BOCCTAHOBIICHHIO 02 + 287 02", B CHITY

Yero ero aKTHBHOCTB CBg3aHa ¢ ax-mauocmzo 9/IeKTpOHA YypaBHeHHeM
paBHOBeCHS [02] = K[0*"] [e } Taxunm 06pa3oM, HpH NOCTOSHCTBE
AKTHBHOCTH 3NeKTPOHAa, T.e. NPH NOCTOAHCTBE BOCCTAHOBUTEI/ILHOTO IO—
TeHIMAalla CHCTeMBl, aKTHBHOCTB KHCJOpoaa (02) HAXOOHUTCH B TPAMOi
3aBHCUMOCTH OT WIEJIOYHOCTH, T.e. NOBBILUEHHE IIEeJIOYHOCTH OOIDKHO Io—
BHIIATH AKTHBHOCTB KHCIIOpOAA.

CnenyeT orMeTHTR, YTO €C/M CYAHTHL 06 AKTHBHOCTH KHCIOpoAa IpH
KpuCTa/NM3ald MarMel N0 COOTHOWIEHHIO B IOPOAE OKHCHOT'O M 3aKHC—
‘HOT'O Xejleaa, TO OKaxeTCsd, YTO NpaAMas CBA3b MeXAy IIeJIOYHOCTBIO H
aKTHBHOCTBIO KHCJIOpoga BO MHOI'MX Cllydasdx HapyuwaeTcd. Mue kamxeTcd,
YTO CYLEeCTBeHHOe 3HaueHHe [AO/DKHA UMeTh DoJjlee HenocpeACTBeHHas 3a—
BHCHMOCTE TOpfAKa KpHCTalUld3alMl Marmbel OT ee Wel/IoYHOCTH. [lopblie—
HHE IIEJIOYHOCTH AO/DKHO TOHMXATL KOahpUIHMEeHT AKTHBHOCTH OCHOBAHHI.
DTO OOIKHO 3a0epXHBaTh OCaXneHHe KpeMHeaema H GnarolpraTCTBO—
BaTh KPHCTa/UM3ALME MHHepallop, Gefnbix KpeMHeaemom (omuBuu) wim
THWEHHEIX ero (MarHeTHT), C ONHOBpeMeHHBIM OfOTameHHeM KpucTAal-
muayoueics MarMel kpeMHe3eMOoM, Kak 3TO CBOHCTBEHHO H3BeCTKOBO—
WeJIOYHbIM | LIe/IOYHEIM cepusiM BasanmsTOB M ratbbpo, B OTIM4YHe OT TO-
NeHTOBBIX CepHil.

[MoprnleHHEe IIE/IOYHOCTH MAarM C NepexoaoM OT BHEUHHX OCTPOBHBIX
OYyT K KOHTHHEHTaM MOXHO OOBACHHTB, KaK 9TO NPHHUMAETCH MHOTHMH
apTopamMH, Gomsluel TIyOHHOI pa3/oMOB B KOHCOMIMPOBAHHOH KOpe
KOHTHHEHTOB, AHAJIONMYHO IOBBLILUEHHIO IIEJIOYHOCTH Marm IO Mepe KOHCO-
MApAUNH KOpEl B I'eOCHHK/MHANBHBEIX 30HAX MM NO Mepe mepexoga oOT
T'eOCHHKINHAMLHBIX 30H K IIaThopMam.

ABSTRACT

Acid—base interaction of components of magma and of transmagmatic fluids

is one of the most important factor, which, alongwith the depth of magma
smelting, determine the composition and the order of its crystallization. The
increase in magma alkalinity, caused by the increassed K* and Na* concent-
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rations in transmagmatic fluids, increases the bulk activity coefficients

of all basil components of magma and decreases such for acidic components
(silica), It displaces the eutectic and cotectic compositions with their enri—
chment inless basic components. And indeed, the magmatic rocks of increa—
sed alkalinity are impoverished in the strong ~ bases CaO + MgO + FeO in
comperis on with the rocks.of normal alkalinity with the same SiOg content.
It corresponds to the case of magma smeltingand crystallization in the con—
ditions of stable alkalinity, which in different tectonic conditions is diffe—
rent. The lamprophyres represent a different case, when the crystallization
of basic magma proceeds inconditions of increasing alkalinity of transmagmatic
fluids. Very important case is that of magma debasification by the interac—
tion with fluids of growing acidity. By such"” metamagmatic" debasification
leucocratic aplitic and pegmatitic rocks are formed, somtimes perfectly
deprived of any femic minerals, The difference in order of differentiation

of toleitic basalts of island arcs as compared with such of calc—alkalic

and continental basalts, is caused mainly by different alkalinity. Increased
alkalinity decreases the activity of silica and delays its sed%nfentatiqn,
with crystallization of associations poor in silica and with silica enrich—
ment of the residual magma.
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I'. 1. TOPEYHOB

BASHT-TUNIEPBA3BATOBEIM MAIMATH3M ¥ METAJLIOIEHAA
HUKEJA HOJILCKOTO HOJYOCTPOBA

Komscknit monyocTpob npeactabiger cofofi o6lacThb WHPOKOrO pa3BHTHL
Gas3uT-runepbasHTOROro MarMaTé3Ma H FeHeTHUYeCKH CBA34HHOI'O C HEHM
CynbGHAHOrO MeOHO—HHKeIlIeBOrO OpyOeHEeHHS.

AHamia reoforugecKHX, TEKTOHHYECKHX, MArMATHYECKHX H MeTa-
MOpPOHYECKHX SBJIEHHH TOKA3LIBAET, 4TO Tpolecc GOPMHPOBAHHS ero
reolIoruyeckoil CTPYKTYphl OXBAThiBaeT GONBLIOH NepHOO BPEeMEHH — OT
CaMbIX HH30B apxed [0 Ha4dala naneo3od M pazfelEeTCd HA YeThipe
TeKTOHO-MarmMaTHyeckux LWMkaa: 1) Sciomopckuit (caamckmii), 2) ka-

" pensckmit, 3) runapSopeiicknit ¥ 4) xanenoncko-repuuHckuit [1].

B kaxaoM TEKTOHO=MarMaTHYeCKOM LHK/e, B CBOIO o4epelb, Bhile-
NaeTcd TO NBA KPYNHBIX STAaNa, TMEePBLIi 9Tal XapaKTepH3YyeTCs OCalKo-
HAXON/IeHHEeM H BYIKAHHYECKOH [AedTellbHOCTHLIO B MeOCHHK/HHAILHEIX 30—
Hax, a BTOPOH - HHTEHCHBHBIM CKlankoofpasoBauHeM H HHTPY3UBHOK
AeqaTelbHOCTEIO,

B Tewenme Genomopcrore {(caamMckoro) TeKTOHO~MAarMaTH9eCKONO
IHK/A, BepXHAd PaHHUA KOTOporo onpenengercd B 2600+100 mim. e,
cthopMupoBanock apxeiickoe KpHCTA/UMUecKoe OCHOBaHHe, CIIOKEeHHOoe
pasnuuHBMH rHeliCamu, claHlamH, aMmpubonHTamu; CpPaHy/MTAMH C Nay-
KaMH ¥ele3HCTHIX KpapuuToB, [lopoas! moBceMeCcTHO CMSTBHI B KpyThie
H30K/IHHA/IBHEIE CKIANKH CeBepo-3anajfiHoro NPOCTHPAHMs, NPOPBAHBEI HHe-
TPy3uaMH [BYX CPyNn rpaHHTOB, O6pasyiouHx BHITAHYTHIE MacCHBbI ¥
TONA MHI'MATHTOB, C KOTOPLIMH CBSI3AHBI NPOSBIICHHS CJUIOASHOM, Ner-—
MaTHTOBOH H JTHTHeBOH MHHepalMasmmi,

Bazur~runep6asuToBLIl MAarMaTH3M B HHXHEM apxee HDeOCT&BIeH
BY/IKGHHTAMH AHOE3HTU~-Ga34MLTOBOr0 COCTABa H KOMAMATHYHBIMH C
HHMH CH/UIAMH raG6ponoB, MHTPY3HSMH NMepHAOTHTOB H JIepPLHO/HTOR
(npysuToB), ofpasyounx B MOMMX rHeHCOB KYyCTOBBIE CKOIMJIEHHS, MeC—
TaMH O[HMHOYHEIE MEXNJACTOBBIE TeNla BOOJIL TPAHHIl PA3HOBMAHOCTEH
Nnopod, HepeaXo BAOJL /HMHeHHO BLITSHYTEHIX CTPYKTYpPHO=MeTamMOop(h—
yeckux 30H, Kakux-/mbo sakoHOMepHocTell B HX pasMeueHMHM NOKa He
ycraHoBnieHo, Bce 9TH HHTpYy3HBHBIE Tella BMECTe C BMeWAUHMH M0=—
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poAaMi TOABEPIINCHL PerucHanbHoOMy metamopguamy B PT ycnoBmax
rpanyimMToBOfl U rumepaMuGOIHTOBON (auui, B page Clyvaep mPHOG—
pel/li TakK HaspBaeMytl OPYSHTOBYIO CTPYKTYPY, OTIIHYAKUIYI0O HX OT Do~
nee fno3aHuXx 6asHTOB M rHnepbasurop. DTa Haubollee paHHasd CTaOAs
Ga3uT-runepfa3uToBON0 MarMaTH3aMa He [aeT UPOMBILISHHBIX MenHO-
HHMK@/IeBBIX MeCTOpPOXIAeHHH, XapaKTepH3yeTcd JHIL KpaiiHe cnabbiM
NpogBJIeHHEeM PYOOTeHepHPYIOUMX IPOLeCCOB B BHOe pPACCEHdHHOH H He-
PABHOMEPHO! BKpanieHHOCTH THTAHOMATHETHTA, m{ppomna, NUpHTa H
pexe XallbKOUIHPHTA.

B BepxneM apxee, B NepHOJ TaKk HaabBaeMoli JIANNOHCKO{ ¢adbi
CKNAa[MaTOCTH, HAPAAY C MOUMHLIMH MHTPYSHSMH TArHOMUKDOKIMHOBBIX
TPaHUTOR, OTMEYATCH TPeAlecTBYOuMe HM JHMH3000pasHLIe W CHTapo—
o6pasHble Tella HOPHTOB, rabbpo~HOPHTOB, rab6po-aHOPTO3HTOB, Me-—
Tamop¢u3oBaHHpiX Takke B PT ycnoBusx rpaHy/MToBOH H amuGOIHTO-
poil ¢anuit, C @Toi rpynnoit 6A3HTOB reHeTHYECKHU CBA3AHO MEIHO—HH=
Kenepoe OpyheHeHue B palione 03, Jlosso, PynonocHbie MHTPYSHBHI HO=
pUTOB H raGbpo-~HOPHTOB 3ajleraioT B BHAe HEeNOoYeK, BBITAHYTBIX B Ce=
BepOo=BOCTOYHOM HATIPABIIeHHH COCIACHO C PasCHeHCOBAHHOCTHLIO NOpo;
HMEIOT (GOpPMY YAJHHEHHBIX JIMH3 HJIM CINTOCHYTBIX CHrap TpPOTdKeH—
HocTeio o 100 no 800 M, B cocrare pymusix Ten JlorOOaepckoro
MeCTOPOXIeHHd TpeobianaloT BKpPANJeHHBIe Py[bi, He3HAYHTEJILHOE pac-—
NIpCCTPAHEHNS MMSWT CHNOWHLIe M GpekuMeBHAHEE pyaAbl. Hepenxo pyn-—
Hple Tella NepeceKalTCsd MHIAMHE FDAHHTOB M CHIePCTEHOBBIX [HOPH=
Tos [3].

Kapenbckuit TeXTOHO~-MarMaTHYeCKui LHKJ, NMo ofWHM NpeAcTaBle—
HHEIM OTBeHauHi POPMHPOBAHHIO TPOTEPO3OHCKHX CKIAaAYaTHIX NOSCOB,
okasalics HaubGoJlee NMPOOYKTHBHEIM B pA3BHTHH GasuT-ranepbasuToBOrD
MarMaTHaMa M MeHO-HHKeleBoro opyneHeHud. [lporepo3oifickue nogca
3aneralT Ha aprefCKoM KPHCTA/UMYeCKOM OCHOBAHHM B BHAS YSKHX
MOJIOC, BBITIOJIHHBIUHX CJy6OKHe NPOrHOLl, TPOTH H MeXKYTOoJbHBEE NpO-—
CTpaHCTBa HeKorna Goziee OOUMPHON reocuHKIMHanbHO#M o6nacTh, Or—
YyeT/IHBO BhIIeNAeTCd ABa NapallliellbHLIX Tod9ca Kapellud = TaK Ha3bi=
Baembie 3oHb: 1) Komscko-Kelieckas u 2) INeuenrcko-Bapayrckas
CTPYKTYpHO-palHansHas, NMpHypoYyeHHas K ocepoii yacTH Koieckoro mo-
JIyoCTpOBA.

B Konpcko-KeitBCkoii 30He, ClIOXeHHOH GHOTHT-IpPaHAT=CTaBpPOIH=
TOBBIMM THelicaMH, KBaplUHTaMH, MeTaByJKgHHTAMH, KHAHHTOBLIMH H
APYrMMH ClaHIAMH, OTMEeYeHbl MHOMOYHC/IeHHEE MeX(GopMalHOHHbIe
nnacToobpasuble Tena raébpo-naGpanfopuTon, pasMeuwanuilecs B BHOe
genoyexk BAOL O6eMX JIMHeHHO-BBITAHYTBIX MpPaHHL 30HBI, HEPeOKO 3aw
X0Ad KAK B NOACTHNAKUIMe apXefCKHe rHeHChl, TaK M B CJAHULI TPO=
Tepoaost. TIpoTSKeHHOCTh MacCHBOB gocTuraer 10-20 xM, MOWHOCTH
1500-2500 ™M, K sToii rpynne uHTpyauBoB oTHocarca Llarusckmii n
Avgunckuit ra66po-nabpadopHTOBLEIE MACCHBLI C THTAHOMACHEeTHTOBBIM ~
opyaenerHneM, CynspHaHOe MeAHO~HHKe/leBOe OpyOdeHeHHe OTMeyaeTcs
/Millb B HeKOTOPLIX TAACTOBHIX Tejax opToaMmiubConuToR B ratbpo-nab-
pANOPHTOB, He OaloWee, OAHAKO, NMPOMLIUNECHHLIX KOHUEHTPaIHil,
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Bce mapecTHble Cynn¢HOHEIE MedHO~-HHKEleBbie MECTOPOXOCHMS Ha
KoneckoMm monyocTpoBe, 3a HCKIOUEHHEM OTMEeYeHHOro Bbiie JIOBHO-
03epCKOre, NpHypoueHEl K lleyeHrcko-Bapayrckoifl cTPYXTypHO=(aIH-
anLHON M MeTalllIoONeHUYeCKOH 30He Kapelu[, NpoCTHpawleiica C ce=-
Bepo-3anaga Ha Oro-BOCTOK BIOJBL BCero nolyoctpoBa, Paseurtue ee
W0 KaK y THNHYHON reocuukimuamm [2 ].

B mmxuem mpoTeposoe (HOPMHpyeTCH HMKHHH CTPYKTYDHBIH SIPYC -
TaK HadblBaemas TYHApoBas H APyCHe CepHH BYJIKAHOIeHHO—OCAROYHEBIX
NOPOA C CHIIAMM MeTaGasuTOB, TeKTOHHYeCKHe [BHXKEHHg STOMO Ne-
puoaa ofycnopnm obfpasoBaHHe KpyTO#l MSOKIMHAIBLHOH CKIAO4aTOCTH H
AM3BIOHKTHBOB B 0CANOYHO=-BYIIKAHOI'@HHBIX TOPONAX, & TAKKE MHOI O
YHCIIeHHEIX Pa3fioMOB B TIPHNEralumx apxefCKHX rHe#cax, Mo KOTOPLIM
MPOKCXOMIIO BHeAPeHHe GasUT-TUNepGasuTOBONH MarMbl.

C aTHM ®TanoM MarMaTHYeCKoil [efTellbHOCTH CBH3bIBaeTCs BHa-
yale (OpMHUpOBAHME MelIKHX HHTPY3HBOB THMPOKCEHHTOB, OYHHTOB, Iapl-
GyprutoR (cepnenTMHHTOB), TPACCHPYIOWHMX CIyGHHHLIE PA3IOMEI B Ap-
xeficKoM ¢yHAaMeHTe H O6pAa3YWHX NoAca NPOTHMKEeHHOCTEI0 A0 150~
200 KM, OpHeHTHPOBAHHLIE B HATpPABJEHHH IeHepallbHOr'o TpOCTHPaHUS
mopon. Ciopa creayeT OTHECTH M MHOMOYHCJIEHHBIE MACCHBBI THIep6a—
aurop "CepnentunuToporo nosca” (Tysnpm IMapoc, Yanec u op.),
dUKCHpYIOUMe TIy6OKO pasMbITYI0 BeTBb [leyeHrcko-Bapayrckoro ckian-
4aTOTO TOgca, B KOTODOH MWL BEMHeE rpaHulsl ¢ PuHAsHOMel coxpa-
HH/IMCB OCTAaHIBI BYJIKAHOM€HHO-OCANOYHBLIX Mopod, MmepGasuTel xapak-—
TePH3YIOTCST TMOBLINeHHOH keNeaucTocThio (f = 10-12), Hanmuuem Xpo-
MHTOBOH M MAarHeTHTOBOH MHHEpPalM3aUHi H OYeHb GelHEM CyIb(Hd-
HEIM Me[HO-HHKeJleBbIM OpyIeHEeHMeM B cepneHTuHUTaX. [losnnee BOOIL
KPYTHBIX pasa/ioMOB H& KOHTaKTe ¢ apxelickumu rHeiicamMu obpasywoTca

KpynHble MewdOpMalHOHHEIE MHTPYSHBH Ga3HTOB-rHIep6a3nTOB, KOTO—
" pple IO cocTaBy ¥ METAJUIOTEHHH MOWHO MOADPAaSAe]INT:E HA TpH
Tpynne: ;

a) rafpo-nabpanopuThl ¢ THTAHOMAMHeTHTOBEM OpyleHenheM (mac-
cub 'maBHoro xpe6ra MoHue-Yyna-Bomeux TyHOp H p.); ‘

6) cnato nubdepeHnHpOBAHHbLIE MACCHUBL HOPHTOB H rab6po—HOPHTOB
c Ge[HbIMH BKpaNIeHHLIMH CYIBQHOHEIMH Me[HO-HHUKeJiIeBLIMH pylaMH
(maccuerl ropui Tenepancckolf B [lewenrckom paiione, $enopoBbix H
[Masckux Tynop B Hmannpa-Bapsyrckom paiione);

B) HHKeNEeHOCHNI® AN{xpepeHIPpOBAHHBIE MACCHBb! YIBLTPAOCHOBHEIX H
OCHOBHBIX TIOPOA TEPHAOTUTOE (lleplOJMTOB) ~ NHPOKCEHHTOB~raG6po—
HopuToB, K 2710it rpynne otHocurcs maccHB HurTHC~KyMymbs—TpaBs..
Had # Comua B MOHYeropCKOM DyOHOM paifoHe C MSBECTHEIMH MECTO-
POMOEHHSIMH CIVIOWHBIX CY/IB(MAHBEIX PYO KH/ABHOMO THIA H 3allexei
BKpamn/eHHBIX PYA, a4 Takke AHpPepeHUHPOBAHHBIT MACCHB OIHBHHHTOB,
NMepHOOTHTOB M NHPOKCeHMTOB ropwnl 3acteiin-Il, npuypouenmrnt x ce-
BepO—BOCTOYHOMY KOHTakKTy FPaHy/HTOBOi dopmaunuu ¢ GHOTHT—aMbpH-
GoNOBEIMH PHelicaMM M coOepwamuii B 9HOOKOHTaKTe GelHoe BKpalileH—
HOe Me[HO-HUKeJleBOe opy[eHeHWe,

B cpennem mporeposoe dopmMupyeTcd BepxXuuii CTPYKTYPHBIH dpyc
ITeuenrcko-Bapayrcko#t sonel, Ha cepepo-sanamHoM ee ¢nanre paspu-—
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Baercs MouHaa (Bonmee 10000 M) meyeHrckas Cepusi OCANOYHO—BYII-—
KaHOTeHHBIX Topod — Auabazsoe (cmumroB), TYDOR, TydduTOB, Necya—
HUKOB M (HIUIHTOB C cHINamHu ra66po-nuabaszoB, a4 Ha 0Oro=BOCTOYHOM
dnanre -~ cepus Hmannpa-Bapayra noutu ananormynoro cocraea, B coc—
Tape o6eHX cepuil npeoGrafaioT OCHOBHbie 2¢dy3uBrl, B npomexyTke
Me¥Ay HHMH BCIIe[CTBHE XYJILMHHAUMH CKJIANOK H CIyBOKOro 3p03HoH—
HOTO cpes3a 0CcalO4YHO-BYIKAHOreHHLEIe NOPOALI K HACTOAUWEMY BpeMeHH

HE COXPAHHIHCE.

B nepuon noammekapennckoit dase! CKIANYATOCTH 3TH TOMIH CMSTEHI
B MellKMe CKIalAKH M IPOPBAHBI MHOTOYHC/ICHHBIMM MHTPY3HSMH HHKe—
TeHOCHOH 6asuT-runep6asiToOBOR MarMbl, NOCTYIABLIEH MO cHCTeMe
rIyOHHHBIX Pa3iioMOB, TITyGOKO NPOHMKABIIHX CBOHMH KOPHAMH B MAaH—
thio. [lpy @2ToM Ha ceBepo-sananHom (iaHre IiaBHas mMacca MH(hepeH-
LUHPOBAHHBIX HUKEJ/IEHOCHBIX HHTDY3HBOB 'affpO=ITHPOKCEHH T=Te P10 T~
ToBoro (BepIMTOBOrG) coOCTaBa /OKa/M30BANACH NPeUMYWECTBEHHO B BH—
ne GeCKOPHEBLIX MEXIIACTOBLIX Tell — (AKOIHTOB B Npelesax [HCJIONH-
poBaHHOH TY(OreHHO-OCalO4YHOH TOmuH, ofpa3yd Nosic TUnep6asHTOBBIX
MHTPY3H#l ¥ TpYyNNy NPOMEIUIEHHBEIX MEeOHO—HHUKEJIeBEIX MEeCTOPOXIASHUH -~
[leuenrckoe pynHoe mone. Ha wro~pocToyHoMm dilanre, B Tpeneniax ce—
pur HMmannpa-Bapsyra, MHTpysHBHag OedTelBHOCTHL NMPOgBHIACE B 06—
pasoBaHUK UL MEWNIACTOBEIX Ten rab6po-auabazob, rab6po—~HOPHTOB
U OYeHb pefako rab6po-TepHAOTHTOB ¢ y6Oroll BKPANJEHHOCTHIO CYllb—
¢unor, Bce moponr! m pydbl NOABEPriMCHL PerHOHAILHOMY MeTamMopdis—
My B PT ycrnoBuax dauumum seneHbIX claHUeB.

B npounecce paseutua [leyenrcko-Bapayrckoit cTpykTypHO~MeTall =
NOreHHYecKOl 30HBI B TMPHUMEBIKAIOUMX K Hell ¢ 06eHx CTOPOH KOHCO-
JHMOMPOBAHHLIX GJIOKAX apXeHA BO3HHUKJO GOMBLIOS KOMMYSECTEO MEJKHX
MHTPY3HMBHBIX Te/l rHnep6asuToB, TPACCHPYIOUMX [JIyGHHHEBIE PA3IOMBI
CeBepo=-3aNanHoro i ceBepo-BOCTOYHOrO NPOCTHPaHui. HacTo HHTpysH—
BBl JIOKANU3YIOTCA N0 HX TEePHCTHEIM OTBETBJIEHMAM B/O/L KOHTAKTOB
amM@pubo/MTOE H rHeficoB. BrigenqioTcd ABe BO3PACTHBIE [PYNIEI CHIEpP—
6a3UTOB:

a) Gomee pamHga ¥ HauGonee pacCHPOCTPAHEHHASd TIpylla Mac-—
CHBOB NePHOOTHTOB (CepNeHTHHHTOB), NMHPOKCEHHTOB X MOJEeBOUINATOBbIX
ITHPOKCEHHTOB, He Hecyllad 3aMeTHLIX CKONJIeHMH# MelH M HMKellsd, obpa~
30BAHHE €€ MOKHO CBA3BBATL C PaHHeKapelbCKO# (asoi cxiamga-
TOCTH;

6) rpynma MenKuX MACCHBOB CepPHeHTHHHAWPOBAHHLIX NEepPHOOTH~
ToB (rapuSypruToB) ¢ 60raTeiM CyNLGUOHLIM MelNHO~HUKeIeBLIM Opy—
AeHeHHeM, HMeUWHX BecbMa 007blioe CXOACTBO IO BO3pacTy, CocTaBy
Nopon U pyd, CTeNeHH MeTamopdHsMa ¢ MeyeHICKUMH HHKeJIeHOCHBIMH
HHTPY3HAMHE, MMeHHO c 2TO# rpynmno#l runepbasHTOB M CRI3aHEI MEOHO-
HHKelleBble MeCTOpPOWKASHHA AlapedeHCKoOro pyRHOro INolg, pacloyio-
WEeHHpie B ToNle IHeficoB K ory oT [leueHrcKHX MecCTOpPOXAeHHH, Hu—
TPY3UBLI HUKEJ/IeHOCHEBIX CEepIeHTHHHSHPOBAHHBIX NMepPUOOTHTOB 34KapTH—
poBaHLI TaKwke CpeAH apXxelCKHX THedcoB K cepepy oT IleweHrcxkux
MecTopoXaenuit. MHTpYsHBLI HHKENeHOCHBIX CEepPIeHTHHH3HPOBAHHBIX €=
PHOOTHTOB 3aKapTHPOBAHEI TaKXe Cpefdd apxedCkHX CHeiicoB K cepepy
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Ta6nuna 1 (nponomxernue)

6

334

Kapenbckuii

leocunkmunannupi

[TpoTepoaoit

Cpennuit

[Teuenrckas u
Mmannpa-Bap-
3yTCKasa cepHu
TIOKPOBOB apPrH—
TOBBIX Ouabta—
308 (cnumuTer),
TIepecIauBao-
uMxcd ¢ Gunm—-
TaMH, TecYaHH—
Kamu, Tyhu-
TaMH, TydamH,
KBAPUHTAMEH, 0O=
noMuramu, ba-—
3albHble KOHIM=—

- JIOMEpaThl

ABruTOBLIC
nuabass,
CTIH M THI

Hwknuit

1900+
100

KBapuuThI, CMO—
OMCTBIE ClaHIEI,
CIaHIeBAaThIe aM-
GUBOMUTEL ¢ mAay-
KaMH 3elleHOKa—
MEHHBIX TIOPO
(Tyunposas m op
cepHH)

CoMIuTEL, NHA—
Baskl, MaH-
AelnpliTe AHBI




8 9 10
lat6po~auatasnr Cunist
I'a66po~HOPHTHI, MexbopManHoHHbIe TlpomMbnuneHHELle Med-
MHPOKCeHHTHI, IepH— nn@epeuunpoaanume HO=HHKEJIeBbie MEeC—

OOTHTHI, /1€PLOIH—
TEHI, OJIMBHHHTEI
Hoputei H rattpo-—
HOPHTEI

la66po, rattpo-
nabpanopUThI

TIHpoKCeHHTE!, NyHH-
THI, rapubypruTel

l'a66po-nuabasti,
TTHPOKCEHHTHI

HHKEJIeHOCHEIE Mac-
CHBBI
MexbopmanroHHEIE
KPYTO— H TMOJOroNa—

AapuHe MacCHBbI G0ITb—

UMX pasMepoB

Kpymibie Mexdopmam
LMOHHEIE MACCHBEI

JlunacobpasHeie Tena,
TNPHYPOYEHHEIE K [NIy=—
GHHHEIM pasiioMaM B
apxefickux rueiicax
OpuomiToBeie Tena B
ClaHUEeBBLIX TOMWAX

Cunnbi

TOpOXAeHus Monye-
MOPCKOro paioHa
Bennele BRpamnieHHEBIS
MeOHOHHKeJeBEie PYAbI
- (MaccuBBl rope; Pe-—
noposoit, [lanckux
TYHOpP ¥ ropsl I'eHe~
pansCcKoil) '
TuTanoMarHe THTOBEIS
mectopoxnaenua (La-
rUHCKoe, AuMHCKOE)
Bennas BKpannieHHOCTE
XPOMHTA H CyNhOHOOB
(Maccuper CepnenTHHE-
TOBOrO MOSica H Ap.)

[lupar—-nuppoTEHOBaH
BKpanieHHOCThL
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Ta6nuna 1 (oxowuauue)

Tl 2 3|4 5 6 7

Kuanurosrie,
CTABPOIMT~CIT0~
OdHBIe CJaHIbI,
KBA&PUHTHI, GHO—
THTO=I"palaTO=
CTABPOIHTOBLIE
¥ aMbubooBbie
rueich (keitBe—
Kag ¥ [p.Cepuu)

IMpoTepoaoit
Huxuunit

Kapenuckunit
leoCHHKIHHATBHET I

2600+
100

= a Komnnexc rpa- OcHoBHBIE

g " _E HYJIMTOB, T'HEHw : BYIKAHHU THI

Q " =} Chbl H CJIAHUEBI

2 a2 & Welesopyaroit

3 5 cepuH

e E | =

S - B B

8 E A

Saie 5.

s $

Q § I'panaT—6HoTHTO- | BynkammTir

L"Q’ = Bbie, CmoasdHble aHe3HTO—
b= u am¢uGO/IOBLIe 6azanbTOBO-
E rHefiCkl, MONeBO- | O cocTaBa
T LTIATOBLIE AM-—

GUBOHTEL ¥ MHI=
MATHTEI TIO HHM

o7 [ledyeHNCKUX MeCTOPOXKOEHHHE H B TPOMEeXyTKe MeXay MoHye-TyHO-
poit u Ileyenroit (pynonpogsnenne [IpHosepHoe),.

Ona Bcex MeNHO~HHKE/EeBBIX MECTOPOXIeHH! 2Toil BO3PaACTHOH rpym-
‘TIBI XapakTepHbl NNACTO= H JMH3006pasHble GOPMEI PYAHBIX TeJ, N0~
BTOPHOUHe H3rHGEl MOBEPXHOCTH HHKHHX KOHTAKTOB MATEPHHCKHX WHT-
pPYSHEOB, lpeo6lajaHWe B MX COCTaBe GOraThiX BKpan/ieHHEXx pyd. He—
peaxKo 8TH mpocThie GOPMBI CONPOBO¥OAIOTCH COBOKYIMHOCTBIO MHII CIJIO=
HEIX CYJbQUAOHBIX H GPeKYMeBHOHLIX PYA, TPHYPOUEHHBIX K PA3pPLIBHEM
HapyLWeHHSM B[OJ/L KOHTAKTOB PYOOHOCHEBIX MHTPY3HMBOB H K TpEUHHAM
OTC/IOEHHS BO BMeWAuMX noponax,
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lFa66po-nopuTEl, HO- | JlMH3OOGpasH:bie, Bennele BKpamniieHHbIE
pHTHI, rab6po- MeXINJacTOBLEIe Telna Me[OHOHHKeJIieBbie PYyAbI
AHOPTOSHTE, TH- (noBHOOSEpCKOE Mec—
POKCeHHTEI i i TOpPO¥KIeHHue )

MecTopoXoeHna xelle—
3HCTHIX KBApLUHTOB

l'a66po—-aHop TO3H=

Thl, ra66po-nat- Jlunzoobpasubie PaccesHHoe NHPHT-NHPPO-
panopuTel, rat6épo, MeXINJac TOBhIe Tela THHOBOE H THTaHOMAal =
HODHTLI, TEpPHOC= . HeTHTOBOE OpYyleHeHHe
THTEI

Ha ckazawHOro clledyeT, 4TO (OPMHpOBAHHE Me[OHO~HHKEeleBLIX MeC—
TopoxaeHHuli Ha KO/ILCKOM NOJyoCTpOBe 3aKOHYHIOChH B 3aBeplialoumi
nepuon KapesbCKoli CX/1ag4aTOCTH, B MOMEHT NpeBpAleHAd [eOCHHKIH—
HallH ewe HA PAHHMX ®Tanax CBOEer0 Pa3BHTHA B YCTOWYMBLIA CKJAl—
yaThil TMOsIC, MO3[HHE 2Talbkl KOTOPONO OKA34IHMCh MOJHOCTLIO peaylH-—
poBanHemMH, OrcyrcTBre Ha KonkckoMm moslyocTpoBe rpaHHTOB Goliee Nno3[—
Hero BO3pacTa, 4YeM HHKE/IeHOCHBI® WHTPY3HH, I[IO3BOMSET CBUGhi=
BATE MeTaMoppusM pya C HNOoClneMarmMaTHYeckKodl cTanHell CcTaHOBIIE=
HHf CAMHX PpPYOOHOCHBIX MHTDY3HBOB H pPErHOHANBLHLIM MeTamMOphHaI-
MoMm [2].
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MarmaTtiyeckas neaATelLHOCTE B TedeHHe THIepGopeliCKOro Tek—
TOHO~MArMATHYECKOrO UMKIA TPOSBH/IACHL B OCHOBHOM MO TepHpepuy -
Konmeckore monyocTpoBa B BHIOe cepMH OaeK AuHa6a3os, rabbpo-aoite—
PHTOB, ONIMBHHOBLIX rab6po-N0J/lepHTOB, BHEOPHUBIUMXCH MO CHCTEMe Bep-—
TUKANBHBIX TPEUMH CeBepo~BOCTOYHOMO npocTHpaHud, C HUMU CBA3bLBA=-
ercu GapHUT~nomiMeTa/ilMyeckoe OpyAeHeHHe mobepexna Bapenuepa u
Benoro mopeii.

B nocrnporepoaoiickoe Bpemsa KonbCxuit nollyocTpoB nolpeprancd
HEONHOKPATHOH TEeKTOHOMArMaTHYeCKOH AKTUBH3allMi, KOTOPAd BhIpa~—
3HNACHL B BO3OOHOBJIOHHH BYJIKAHHYECKOH NeATeNIbHOCTH M BHEOPeHUH
CcyGBYIKaHHYECKUX MHTPY3UH YILTPAOCHOBHBIX WEJIOYHBIX TOPOMA: OJHBH—
HHTOB, MHPOKCEHHTOB, HiOIMTOB, MelLTeirHTOB, YPTHTOB H HedelMHOBBIX
cuennToB, Ilna HEx XapakTepha OH{pepeHUHalHs MarMel ¢ OB6pa30BaHH~
eM runepbasuToB, WeIOYHBIX NMOpPoA H KapGoHATUTOB., Marma. Geula He—
OoCHMIEHA KpeMHHMeM M aloMHHMeM, HaTpHH peako lpeofiananl Hao Ka—
mem [1].

C aTHMH TIpolleccaMu chasano obpaszopanue KoBAOPCKOro yibTpa—
OCHOBHOI'C WEJIOYHOr'O MAacCHBa C €ro anaTHTO-MAarHeTHTOBLMMH H ($no—
FONHTO~BEPMHUKYTHTOBLIME MeCTOpPOXAeHuaMH, A¢QpUKAHACKOrO MacCHBa
C MeCTOPOXOSHHAMH TEepPOBCKMTA H TUTaHOMarHeTuta, Canmaropckoro,
XaGozepckoro, ByopuapsuHCKOro ¥ OpPYrHX MaccuBoB, K 2Toll ke rpymn-
me cllenyeT oTHecTH M MaccuB [pemaxa-Brpmec,

lNogpnexne wWenOYHLIX NOPOA CPEAH HHMXHETA/IeO30HCKHX GasHT—IH—
nep6asUTOBLIX MACCHBOB SIBUJIOCH TIpeABECTHHKOM TOCI/Ie0OBaBIIero B
FeplUMHCKOe BpeMs PaHAMO3HOM0 pasBUTHA Ha KoILCKOM HollyocTpoBe
WeJIOYHBIX HHTPY3HM THna XuGuu u JloBosepa ¢ M3BECTHBHIMH ANATH-
TOBBIMH M pe[KOMeTAallLHBIME MeCTOPOXISHUAMH ,

HameueHnas NTOCNeROBaTe/LHOCTE SBOMOUHH Ga3HT-rHIep6asHTOBOIO
MarMaTH3Ma H MeTalVIOTeHHH HHKeNs Ha ¢OHe pa3BHTHS eOJIOTHYEC—
xoif cTpykTypbi Konbckoro moityocTpoBa, pasymeeTcs, HECKOJBKO CXEw
MaTusupoeaHa. B cxkatoMm BuAe oHa HMaobpaxera B Tabn. 1.

W3 npubBefdeHHBLIX OAHHBIX ClieyeT, YTO HHTEHCHBHOCTB NpPOABIICHUS
6as3uT-rHNepbasSHTOBOrG MAarMaTH3Ma, HayHHad C apxes,, HeNnpephiBHO
BO3pacTalla ¥ OOCTHrA CBoelc MaKCHMyMa B cpefHeM TNpoTepo3oe,

B NepHoO 3aBepiiedus KapelbCKOof CKIANMATOCTH H TpeBpauleHHs I'eo—
CHHKJIMHAIM B cKnagdaThil nogc., B BepxHem mpoTepoaoe M HIKHEM
naneoaoe GoOpPMHpPOBaHHE KOMINEKCOB fdaeK AHaba3om, a 3aTeM pas-
POSHEHHBIX MACCHBOB YilbTPAOCHOBHBIX~UWETIOYHLIX TOPOJ CBH34HO YXHe
C TeKTOHO-MarmaTHyeCcKoil aKTHBHaalHell niaThopmMbl, CHHXPOHHOH C
runepGopeiickoit H KalleNOHCKO-TepUHHCKOH 3MOXaMu TeKTOreHesa B
coceOHHX 06GIacTHx.

[lo xuMuaMy, MUHepalbHOMY COCTABY H METAlIOMeHHYECKOil Cle-
nuaiMaauuy runepbasuTel (OpyauTH) NPOreOCHHK/MHAJILHOIO STANA pas-
BUTHSI MOP'YyT OBITH OTHECEHB K HE[OCLILEHHBIM OJIHBHHOBEIM TOJIEHTaM,
[posBOOHEIMH 2TOH We Marmbl, NO=—BHAUMOMY, SBIFIOTCH M MAaCCHBEL
6a3uTOB.

Ha crapum paseuTHd nporepo3olickoft TIeOCHHKIMHEAIH B CBH3H
C ypenuyeHHeM IIIyBMMHOCTH DACKOJIOB BHaualle (OPMHDPYHOTCA MaCCHBBI
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rHNepOa3UTOR C MNOBBLIEHHOH MEe/e3HCTOCTBHI) H XPOMHTOBOH MHHepa=- *
Jm3aupel, 8 sareM o Mepe H3MEHEeHHs IIIyBHHHOCTH MarMaTHYeCcKHX
OYaroB B PaA3/MYyHBIX CTPYKTypHO-(alHalbHbIX 30HAX BO3HHKAIOT KPYyNHBIE,
MembopMalHOHELIE HHTPY3HBBLI — NMPOU3BO/[HLIE MHRKPMTOBOH M ratbpo-
HOHOK Marm, oxasaplyecd HaubGollee TPOAYKTHBHEIMH B OTHOWEHHH Mel—
HO—-HHKeJ/IeBO'O H THTAHOBOIO opydeHeHHd. B maneosoiickoe Bpema B
pas3muuHbiX yacTax KoJBCKOMO MOMyoCTPOBA ILHPOKO NPOSBUICH Yilb—
TPAOCHOBHOH WEJIOYHOK MArMATH3M C Kelle30=THTAaHO=pEedKOMeTalbHOK
MeTalloreHuell, KOTopbdl, OOHAKO, He CBd3aH ¢ GasuT-runep6asuTaMu
H3BeCTKOBO~HATPOEOI'O HIIH Xelle30—-MArHe3HaNLHOrO pPAdOB H KOTO=
phIt, B CBOIO OYepeln, ABMJCH NpeABeCTHHKOM XubGuHckoro # JloBozep-—
CKOrg menoYHbIX MACCHBOB,

ABSTRACT

The Kola Peninsula is an area of extensive development of basic—ultraba—
sic magmatism and sulphide nickel—copper mineralization genetically associ—
ated with it. Considering a succession of the evolution of the basic—ultraba-
sic magmatism and of the nickel metallogeny against the evolution of geo—
logical structure indicated that the intensity of these, since the Archean,
continuously increased and reached a maximum in the Middle Proterozoic
during completing Karelian folding and developing geosyncline into the

zone of folding. In the Upper Proterozoic — Lower Paleozoic the formation
of diabase dikes and separate massifs of ultrabasic alkali rocks characte—
rized by iron—titanium—rare metallic metallogeny is connected with tecto—
nic magmatic activization of the platform synchronous with the Hyperborean
and Caledonian—Hercynian tectogenesis. The basic—ultrabasic rocks of
the pre—geosyncline development stage are derivatives of undersaturated
olivine—tholeitic magma while at the development stage of the Proterozoic
geoyncline the parent magma ranged in composition from ultrabasic with a
higher iron content and chromite mineralization to picritic and gabbroid
witha rich nickel—copper and titanium mineralization.
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T. 10. BABAPOBA, 1. T. BAKYMEHKO, B. II. KOCTIOK, JI. . ITAHWHA,
B. C. COBOJIEB

TEMIOEPATYPHBIE YCJIOBHA KPHCTAJUTH3AIAN
IVIABHEAIINX THIIOB M3BEP;KEHHBIX FOPHBIX IIOPOJ

(II0 TAHHBIM TOMOTEHH3AIAH BK/JIIOYEHWA PACILIABOB
B MHHEPAJIAX)

CoBpemeHHasi TeOpeTHYeCKas NeTPOJIOrHsA pacrojlaraeT AOCTATOYHO GOllb=
UMM TIepeYHEeM KOCBEHHBIX M NpaAMEIX MeTonoe oueHkd PT napamerpon
9HOOTeHHOr0 MMHepalioobpasopaHusd, K nmpaMbM MeTodaM OTHOCHTCH H3—
MepeHHe TemNepaTyp H3/HBLMXCH JlaB M BhiGpackiBaeMoil THPOKJAC THKH,
OpnHako Takue H3MepeHHs NAlOT caMbie OGuMe TNpPeACTAaBIeHHS O TeMIe-—
paTypax. pacnilaBoB, TOCKOIBKY H3MEpPHATCH TeMInepaTyphl He CiTyGHH-
HO# Marmel, a TOBepXHOCTHO#H naBbl, Bonee Giuakue K peallbHBM -CBe—
AeHHda 06 YCI/IOBHAIX MACMATHYECKOr0 MHHepal/ioo6pasoBaHHd MOMKHO IT0—
nyyHTE pekoHcTpykiueit PT-ycnoBuil KpHCTa/umsanuu MHHepaioo6pa-—
3YWUMX Cped MO BK/MOYEHHSM pacnyiaBoB, YCTAHOBIIEHO, 4YTO HA DaHHHX
cTaAMdgX MarmMaTHYeCcKOro aTana KpHCTa/NIM3allud 3aXBaThIBAIOTCH BKJO=
YeHHsl CHI/IMKATHBIX, CHIIMKATHO-COJIEBBIX M COJIeBBIX pacIjlaBoB, pac—
N7IABOB=-PACTBOPOB H PacNilaBoB-paccoiioB, BxmoyeHHs CHIMKATHBIX pac—
NJIaBOB 3aXBATHBAIOTCS MHHepajlaM# Ha IJlaBHOM 3Tane MarMaTH4eckKoii
kpuctavmaanud, OcTalbHBEle THNLI PACIJIABHBIX BK/OYEHHH OTpaXaioT
nocneaywumee oborauweHde CHIMKATHOrO pacnilaBa CONSMH H (UIOHOAMH -
ponoit, COg u nop. lone MzOIALMM, BCIEOCTBHE OXJAN/ASHHH, PACI/AaB
TmpeBpamlaeTCd B CTeK/O MM pacKpHCTalUM3oBhBaeTcd, Bcnencteue
TEPMHYECKOl yCaOKH BeulecTBa BKIIOYEHH{I B HHX [ONOJHHTEIBHO MO—
weT 0B0oCOGHTECA rasobad Gasa, a TPH AOCCTATOYHOH TNIIOTHOCTH GimoH—
na - ka#ima wuakooTH, Harpepas sakoHcepBHpOBaHHBIe BKJ/IOYeHNHS OO
TOMOTMeHHOMO COCTOSIHHE, MO¥HO No T roMoreHMsallidi CYAHTb O TeM=
nepaType 3axBaTa pacniaea,

B macToqumelt craTbe CYMMHPOBAaHEI CBENSHHSI TOJLKO 06 yCIIOBHAX
MarMaTHYeCKOro MHHepallooGpa3oBaHHs, NOJMyYeHHBEIe TPH H3y4YeHHH
BK/MOYEHUH Pacn/aBoB, SAKOHCEPBHPOBAHHEIX B PA3JIMYHBIX TIOPOAO0G—
pasylouHx MHHepanax, MeToooM roMoreHH3alHH TepBHYHBIX H MHHMO-
Bropuunbix (mo H.IT. EpmaxoBy) pacnnapHbix BK/IOYEHHi yCTaHOBJeHA
TeMIepaTypa KpHCTa/UM3aluM Hauboliee paCIpPOCTPAHEHHLIX 2dysHB—
HBIX, CyOBY/IKaHHYeCKHX M TJIyTOHMYECKHX TOpO[d pasHOro cocraBa
(rabn. 1, 2).

Kaxk puono M3 Ttabimu, TemmnepaTypbl HadallbHBEIX ®TalOB HHTpaTell—
mypHyecKOi KpHCTa/NM3alHH GONBIIMHCTBA H3BEPXEeHHBIX MOpPOA OKasa—
MCH CYUWeCTBEeHHO BEBILE, YeM ©9TO NpeanojiaraeTcd MHOTHMH HCClle—
noBaTeiiMH, HauGonee BLICOKHMe TeMmmepaTyphbl, OGLIYHO TIPeBLILAIUINE
1400 c)C. OTMeyeHBlI A7l HayallbHOH CTaOHM KpHCTalnH3auuu ¢eHo—
KpHCTaoB dopcTepHTa B runabGuccalbHBIX rHnepbasHTax-MmeliMeyuTax,
NHKPHTAX, THKPHTOBLIX NMOphHpHTax, NepuaoTHT-nopdupurax. B To xe
BpeMd B 9THX TIOPOAAX BXKPaN/eHHHKH K/HMHONHPOKCEHOB KPHCTAalllH-

yorca npu Gollee HH3KMX Temmepartypax (wmke 1270-1230°C), Tem-
TNepaTYPHLIA PA3PLIB MOXeT CBHAETE/LCTBOBATBL, YTO XPOMCOMEpKalmMi
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ONMBHH KPHCTA/UM30Balica B Gonlee riyGOKHX rOpH3OHTAX MAaHTHH, Y
dopcTepuTa U3 Iy TOHWYECKHX - yILTPabasUTOB-OIIMBHHHTOB, TO CPAB~
HEHHWIO C OJIMBUHOM M3 rHnabHCccallbHBIX TOPO[, TeMNepaTyphl KPHCTAl—
m3anun Gojiee HU3KHMe M He mpemmiaioT 1360-1340°C,

B GasanpToupax anpesuTomoi ¢opmaumm ~ GazanbTax, aHOe3HTAaX,
OauuTax ¥ KCEeHONMTaX KOMarMaTHYeCKHX FOMEeOoreHHBIX rab6pOoHOOB -
TeMIlepaTypPhl KPHCTAIVIH3AUMM paHHHX TNeHepauuil BKPATIEHHHKOB HHOI—
na pocrturawrt 1340-1380°C, peaxo -~ Bbime, [Inarkoknas o6smHO-
aBngeTCd "CKBO3HBIMY MHHepasoM, KOTOPHE HAYHHAET KPHCTAJUIHGO-
BATHCH TPH BBICOKHX TeMIeparypax COBMeCTHO C ¢opcTepuTOoM, a NpH
fosiee HMAKHX — C K/mHOIMpoKceHoM (muxe 1290-1250°C). Wmorna
B aH[e3HUTax TOoci/le THpOkKCceHa KpHCTA/lH3yeTcsd poropasd obmanka (mpu
1130°C u HHXe), a B Gollee KMCTIBIX H HHU3KOTEeMIEepATYPHBIX OHpde-
peHuHaTax - G6HOTHT. [lpHMeuaTeNlbHO, YTO TEMIePaTyphl KPHCTallilH—
3alWy He TONLKO 6a3aNlbTOBBIX, HO H AHAE3HTOBEIX MarM SHAYHUTEINLHO
BhLIIE, YeM OHH [NO/DKHBI GLITH B DABHOBECHH C HMaBmITKOM BOAbL, B TO
e BpeMd OHH HHXe TemMiepaTyp NJABNEHHd CYXHX pPaci/laBOB IPH Bbi=
cokoM obuiem OaBnenuu. OueBuaHO, CONepPXaHHe BOALI B pacliaBe B
GOMNbIIMHCTRBE CllydyaeB He npebwiuaio 1-2%.

B 6Gasanproupax Tpannosop popmauuk (ra66po-nuaGasax, ra66po—no-
nepuTax) M TpaxubasalibTax MakKCHMAallbHbie TeMhepaTyphbl KPHCTAalH-—
3alun d:euoxpuc-rannon KIMHONHpOKCeHa Takke pocTuramr 1270-
1250°c, pexe 1300°C. B 6esommbuHOBEX rabbpo-nuabazax u Oole—
puTax Temueparypsl Moryr nomuxartbca no 1230-1210°C, a B Heko-
TOpLIX wWelouHbix GasanbroMaax — no 1100°C.

B riaySuEHBIX TNOpOJAX OCHOBHOI'O COCTaBa THHA rabbpo Temnepartyphl
TNpUMEPHO T€ Ke: TIArHOKNa3 HayuHaeT KPHCTaMKSOBaTbCH mpu 1260°C
¥ Bbille, & KIHHONHPOKCEH — HUMEe 1240-1220°C.

Bmcoxae HauallbHbie TemNepaTtyphl no 1260 C, a uHOrga u Bhiue
1300 C OTMEYAITCH TaKKe AJd KBapua HeKOTODbIX BYIKAHHYECKHX
H CcyOBY/IKaHWYECKHX MOPOA KHMCIIOrO COCTABA — KBaplieBhiX TMOpQHUPOR,
nemM3 u T.u. Kpucranmisauus rexcakBaplla npH 2THX TeMleparypax
BO3MOXHA /HIUL TIPH TOBLIIeHHOM oOBuweM fablenuu (Heckoneko k6ap).
Onnako 4amwe KBapl HAaYMHAET KPHCTAM30BATECHE Hike 1250-1150°C.
B cnyuae cymecTBeHHOro HAKOMASHUS NETY4YHX B KHCI/BIX pacnzaBax ¢Hke—
CHpyeTCS SHAYMTENLHOE TOHMKEHHe TeMTepaTyphl KpHCTa/umaalun (HA-
we 1000° u ouenn peako — Hmke 800 C).

TemnepaTyprl Hayana KpHCTAJUIH3AUIMH MAaJIONTyGHHHBIX DAHUTHBIX
HHTPY3HHl NO CPABHEHHIO ¢ CYGBYIKEHHY }CKMMH NOPPHPOBEIMH MHTDY—
3HAMM 3aMeTHO HHXe M o6biyHO He npesbnuaior 1000 C. Ewme 6Gonee
HUM3KHe TemmepaTypul (Hmwe BOOOC) X |PaKTepHE! [N CTyGHHHBIX aB—
TOXTOHHBIX AHATEKTHTOBLIX F'DAHHTOB H MHUI'MATHTOB, CBA3aHHEIX C [pa—
HyMTOBOH dammell Meramopimama. Hauborlee HM3KOTeMUepaTypHbBIE aB=
TOXTOHHBLI® 'PAHHTHI, NEerMaTHTOBLIE osocgﬁneuna H MHrMATHTHE 06pa-—
aywoTca npu Temnepatypax mopgaxka 800 C u HuXe B YCIOBMAX aMdjH-
GoymmToBO# ¢danuu MeTamopdHaMa.

OpTOoTeKTHTEI M TlepHdepHYecKHe 3OHBI 30HANBHBIX MPAHHTHLIX. NerMa-
THTOB HAYHHAKT KPHCTA/H30BATLCH H3 pacniiaBa TpH CONMOCTABHMEIX C
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Tabnuua 1

; o
Temneparypa roMoreunsaumu ( C) pacnnaBHpIX BK/MOYEHHA B
MHHEpajlaX BYJIKAHHYECKHX M CYOBYJ/IKAHMYECKHX MOpPON pa3iMYHBIX

CTPYKTYPHBIX 30H

Mec ToHAXOKOCHHE, [opona OnusuH e
Maccus : DPOKCEH
1 2 3 <4
Dy muuc xkuit Meiimesar '1450+30 1230-1170
Uenrpanpubmt Annan IMukpuTOBLIH 1285~1220
noppupuT
¥ MNepupotuT— 1440-1420 1270-1230
nopbHpHUT :
Bynkan JHrapyka [MuxpuTO= 1260~-1180
GasaneT
TaiMbIp
Hopunkckuit paiton TaB6po—no— 1330-~1280
epuT
Tamax 1240~1220
Ecceit BazaneT 5
Nonepur 1200~1150
KamyaTka
KmouyeBckaa cofika
npopuiB M, [Tritna BaszaneT 1290~1060
noTok AnaxoHuny 1275~1050
Paiion Hanaueso Tyd Gasansra 1220-1210
ABaynHCKHil BIIK, AunesHur 1250~1200
BIK, XaHrap
Octpor KyHamup AupesHr y
3anamnag KamuaTka 1300~1280
Hcnannua BazaneT 1320~1200
: AH[EeSHT
Kumumanmkapo BaszanbT
Hropo=Hropo 'AHNesHTO- 1250~1160
6aa
Tysa OnusBT 1100-940
Bymkauei KamyaTku
BeaniMauabi AnnesuTo-
namuT
Kapumckuiy
Xanrap JlunapuTo—
pauuToBag
nemMaa
3akapnaree M'manonauut 1290
Ocrpoe Kynamup Hanur
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[Tnaruoxnas Hede mm Apyrue munepaisi Jlureparypubiit
HasB, - | lpom HCTOYHHK
5 6 T 8 9
[Tanrna
Yenypos
Haymos, Pomanues
Bynrakoea
1200-1160 MNanuvna, Wanknit
1250-1200 To xe
Bakymenko, ITonosa
To xe
1370-960 .
1340-1160
1400-1360(?) Axg 1130-1060 4
1380-1290 : Banmuxosa
1370-1300 Basaposa
1320-~1200 Haymos
1270-1190 g N
1200-1180 Haymos, PoManyen
1140-1090 To xe
Bu 1030-950 bBazapora
Axg 1050-900 :
1350 Baxymenxo
1340-1280 "
1350-1080 Ee 1260-780 3
1340. Kamona st
Ke 1150-980 BamuukoBa
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Ta6nuua 1 (okonuanue)

1, 9 3 4
Canaup )
KaMenymmuHcKkas Kpapuepgiit
MHTPYSHSA ' Hopdmp
Canaupckast
Bonrapua I'pannt-
nopup
3abaiikanne Keapuesgbrit
nop¢up
Tanp=llann
Hcnanaous PuromT
Topsueropckuit Bepemmnt
3ananmaa Kamyartka Tpaxuba— 1220-1180
3alsT
Octpos Tenepug 1270-1250
Bynkan Pyxenrepu 1160-1100
Bynkan Kpapaxa Hegenunopbrit 1250
TMHKPHT ;
Benrpusa, Bakonu Hedenunopent 1290-1270 1280-1120
baszaneTt
OcTtpos Maiio Baszauut 1100 1180-1120
Angaparpur 1180-1150 1170-1160
Cepepras TaHzanng Hedemuur 1150-900
Bynxan Conuman 1080-1020
Bynkan 3npopeTt Me nanede mi- 1180-1140
HHT
l'opa Kenug doxomT
Bynkan Kepnmacu Kap6ouaTur
” Bucoxke JleftnuTur 1300~1250
Yraunur 1320-1280
BocTounent [lamup Peprycum— 1380-1250
Hop¢up :
Beaysuit TNeiliuuToBasg 1340-1300
‘ naBa
ClIA, BaiomuHr BaitoMHETHT 1270-1220
Pyanna JleftmmroBeit 1300-1180 1280-1190
GasanesT
JNe#innTaT 1200-1140
LenTpamubit Annas [lceBmoseit-= 1240-1180 1210-1150
LUHTHTE 1170-1140
*Togcwerms x taGmanam 1 u 2:  Amgf- amdmbon; An -~ aHopTO-

Knag; ANK - aHKepHT;
nonomut; Ké — xBapu;

An = anatur;
Ery - xanwuuT;

Bu~ 6worur; fJoa =
Knw — wenouno#t noneroit
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). 1150-1120 bBakymenko, Jlamyxos

Es 1370-1250 To xe

Cannpur Bakymenxko
1290-1170
Kes 1260-910 Haymos
Kea 1320-1030 =
Canunus Ke 1150-950 *
1200-~1100
1080-1040 Iamkwi
Enw Bu 1220-1200 Basaposa
1250-1220
1240-1220 An 1240-1220 d
1100 ”

Haymos, Pomanues

-

1120(?) Basapopa
Bazapoea
900-830 An 1200-1150 &
1240-1200 Haymoe, Pomanyen
1320-1180 To xe
1140-1060 Au 980-930 ™
KEay 690 ad
My 1400 Haywmos
Basaposa
1320-1300 M
T 1250-1150 bu 1270-1240 Bazapopa

My 1250~1230 =
Yenypor

wmnat; Jy - nefinur; Meas -~ menmmHT; Mm - wmarumetut; lla- nna-
ruoknas; Yxa - ukanoput; 0 ~ dopcrepHT.
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Ta6nuna 2 i
TemnepaTypsl romorenuaams ( C) pacniaBHBIX BK/MOYEHMA B

MMEepaNAaX IUTyTOHHYECKMX NOPOA PA3J/HMYHBIX CTPYKTYPHBIX 30H

MecTOoHaXO¥— Topoaa Gt Kamno-
[OeHHe, MACCHB TMHPOKCEeH
1 2 3 4

Kuiic xuit llmnem— $o nopona 1370
Tymancmi IMepupoTuT 1230-1100

Mensrefirut 1150-1040
Onuxuaua OnupynuT 1360-~1340

Menpreiirut 1260-1220
Ecceit @o—Mm—An nopona 1280420

fAxympasrur 1210-1100
Typuit Mric Mea —mironur 1260+20
Benoanmun- Hitormur 1260-1190
cxuft i

AHKEepDHTOBEIH Kap= |

GoHaTHT
Dy mauc xuit NonomuToBLI#K

Kap6oHaTHT
Maneit Cema~ T[a66po 1220-1170
YUK
Bynkan Mm—~  TaG6poun 1400-1270 1190
HHCKH
Kug—lllanTeip- Ta66po 1240-1200
CKHit
lopageropckui  Tepanut 1170-1140
Kyprycy g 1170-1150
CKH#
Topsgerop=- Bepewnt
CKHit
Jlopoaep~ Yprur 1170-1150
CKHi

JlysBput
Kug-lllantep—-  YpTuT 1210-1180
CKHit
Yuxcunit, Hitomm=ypTaT 980-920
Tyea
Kyprycyiae- Hede miHoB bt 1170-1140
CKH} CHEHHT
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Op. muERepams!
Hedenun Ksapu HccnepoBaTtelnn
Ha3B, T 1o
5 6 7 8 2]
Nannna
1080-950 *
1100-870 "
»
1200-1170 r
_ An 1170-1140 .
1170-1150 b
1130-1100 Men 1230-1210 .
1060-1030 v
Anx 730 4
Joa 750-690 r
12 1340-1260 Cenanrus
Magg 1400-1380 i
Maq s 1260-1210 I ek
Ta 1260-1240
1140-1100
1100-1040 N
980-870 Baszapora
980-960 ”
1170-1130 Wanxuii
1100-950 Bazaposa
980-930 Wlamxmii
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Ta6auwua 2 (npopomxenue)

1 2 4
Hmmvaycax  Hayaur 1040-850
Tockyne- Hede mmuoBemit
CKHit CHEHHT
BoTtoronp—

CKRlt
Hwprauckuit
ToMmMmoOTCKMiE 1080-1030
loneu 3oso-
TOH
HWnomencxuii  Muackur
Hexuesckuit HedenuuoBnrit
CHEHHUT
oukuaut 1280~1200
J y- moHKHHNT 1200-1180
Wuarmi, An- Wouxmiut 1280~1250 1220+15

nax
CrHHBIP Ourpour
i INcepnonefiuuTo~
BBIi CHEHHMT
3abatixanve
Bury=- Fpauut
Moxunmn—
CKnit
KOMTI=
Nexc
Kyp6us—
CKHii
XamHH-
ranaii-
CKHuii
Anrait
Turepekcknit I'panut
CHHIOIIHH~
CKH#
Cepxi~
XMHCKHH
KazaxcTan I'panur
Hxensrayc--
Kui
AnnasckHi
WHT
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5 6 7 8 8
Yxa 980-860 Baszaposa
1000-800 v
940-~-800 -
950-780 ’
1040 Yemypor
1000 "
980-950 Bazapopa
1050-980 =
KErw 1050-1020 *
YHemypos
1100-980 IManuna
1100-860 Enw 840 &
1100-980 »
2990-890 Bazapos n np.
970-800 lllep6akora
900-830. Peiig
950~ 750 MoTopuHa
840-820 MoTropuna
1000-980 3yGxoB H Op.
885-780 i
800~-680 BakymeHKOB,
Kocysus
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Ta6nuua 2 (oxonuanue)

1 2 3 4
Bepxne=- I'panynuroBag daumns:
angaH-— MHIMATHT TIO KBAp=—
CKHH uTaM
paiioH rpaHUT aBTOXTOHHBIH
To xe
p.Onexma Am¢pubormTobaga dauma:

aHaTeKTHT
Bepxne- MHI'MATHT
anga’HCKHi
paion AHATEKTHTOBLIH rpadH-
YecKHi nermMaTHT
Anrait, To xe
Boubwag
MyuryH-Taii-
ra
BepxHe=al~ [Tepudepuueckue 30HBI
OaHCKHI nerMaTHTOB
paitoH
Kazaxcraun
Basn-Aiy To xe
[Nxenpray 2
3abaiikanse 4
"Keipa

rpaEuTaMH M GoJjlee HH3KMX TeMIepaTypax. TemmepaTypbl TOMHOH
pacKpHCTA/UIH3aUHH CaMLIX MO3OHHX NOpLHXH# pacmiaBa B MPaHHTax HHOI=
oa omyckaloTcsa 00 SBOOC, a B mermMatuTax - o 630°C. DTu Hu3-
KoTeMNepaTypHBEIe paclljlaBbl CYymWeCTBeHHO ofboraleHbl BOAOH H NPOYHMH
NeTyYUMH KOMTOHeHTaMH (BO BK/IOYOHMAX NOSBIMETCH CBOGOAHAR WHAKAN
¢asa), Takum ob6pasom, TOATBEepKAAWTCH FANOTE3Ll 06 YYaCTHH CHITH—
KATHBIX pacniapoB B (OPMHPOBAHMM MHOMHX THIOB NMerMaTHTOB M pa-—
HHUTOHMOOB,

[ng weloyHBIX MOPOA XApaKTepHB! G0/lee BEICOKHE TeMIepPaTypbl MHHE=
panoobpasopanusi, Hanbonee BLICOKOTeMNepaTYPHLIMH SBISIOTCH JeIAT—
comepxauwue 6as3albTOHObI: KIMHONMHPOKCEH KpHcTalnuayetca NMpr 1380~
1300°C, MHKDPOBKpATJISHHHKH M 3€pHA OCHOBHOH Macchbl NefiuuTa -~ NpH
1250°C u muxe. Taxue TeMIepaTyphl XapaKTepHb! g CpapBHHTelbHO
6enHpiXx BOMOOH pacnyapoB, O0pa3yWwUMXCHd B YCIOBHAX GONBLHMX [IyOHH
H BBHICOKMX NaBieHuii, BrickasmiBaeTcs coofpamenne 0 BO3MOXHOCTH
BHAINABJIeHHMS BHICOKOKAJMEBLIX MAMM H3 6oraThix (GJIOrOMHTOM TIOPOd TH-
na raMMMepHTOB (CJIOOHTOB), KOTOpbie HepedKO BCTpewaloTCd B BHMOE
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880-~860 Yynun

900-870 ”

780-760 ¥

830-790 Tomunenxo
820-790 Bakymenko u np.
800-790 To xe

840-820 Kocyxun

880-820 Baxymeuko, Kocyxmi
740-670 To xe
690-630 4

KCEHO/IMTOB B J/IeHUMTOBBLIX NlaBax H xkuMGepimTax. [IpeoBpasopanne mneii-
U¥TA B NCeBAONEHNHTOBRI ArperaT NMPOHCXOAHT TAKKe B MarMaTHyeC—
KHX YCIIOBHSX, HO TpH 3HAYHTENLHO Gollee HM3KHX TeMIepaTypax =—
1100-980°C,

B naTpHeBOM paay weNoyHEIX 0GpPA30BaHHH K BEICOKOTEMIIepaTyp=—
HBIM OTHOCHTCH GOJBLIHHCTEO TOPO/J CJIOXKHBIX Y/IBTPAOCHOBHRIX lie-
NOYHEIX KOMINEKCOB: WeJOYHEEe yNbLTPaBasHTH, MelMIHTOBbLe TOPOAL,
AKYTHPAHTHTB! = YPTHTHL HauampHbie TeMmepaTypbi KDHCTAINH3AlHH
MHpOKCeHa B HHX HOOCTHC&@iOT 1260-1230°C, MemmHTa - 1230~
121006. HedenuHa - 1200-1100°C. XapaKTepHO, 4TO TeMmepaTypbl
ofpa3opalus OOHOMMEHHLIX MHHEpAayioB, BXOASUMX B COCTAB PA3HLIX MO~
poA, B mMpedesax OOHOK WHTPYawu o6bMHO omHM M Te e, [na mopon
3aKMOYHTE/ILHOTO 9Tana (opMHpOBAHHS STOrO KOMIiexkca (¢popcTepur—
anaTHT-MAarHe THTOBLIX 06pas3oBaHHli ¥ Kap6OHATHTOR) TeMIepaTypLI
KpucTannusauru Gonee ymepeHHbie: anaruta - 1170-1140C, pono-
MHTa H 8HKEpPHTa — 750-690°C. dopmupoBaHHe KapOOHATHBIX MHHE=—
panoB ocywecTBlseTcs M3 oborauenHeix Boaoi, CO9 u comamu cHm~
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KaTHEIX pacIliiaBoOB. BblCKaabIBBeTCH MHEeHHe 0 MarmMaToreHHOM IpO—
HCXOXOeHWH KapboHATHTOB,

B wenounrix ra6bpounax - Tepamrax u GepeliMTax, MHPOKCEH M
HedenHH KpHCTa/UM3YlTca Tpu Gollee HH3KHX Temnepartypax (1170-
1140° » 1080-1040°C COOTBETCTBEHHO ); OOHAKO TeMIepaTyphbi
KpHCTAUIM3alHH TJ/arHokiaza pocturaior 1260-12407C,

HauGonee HHakOTeMIepaTypHLIMH SBNAIOTCH NIeHKOKPATOBLIE Hede—
JIHHOBBIE CHEHHTLI ArimaHTOBO'0O M MHACKHTOBOI'O paOoe, raoe Hayallb—
HBle TeMIepartypsl KpUCTalllu3auun Hedenuua, ofpasyouierocs Bohen
3a KIHHOMHMpPOKCeHOM, He mnpesbimaioT 1000-900 C. Kpucrammsauus
6om=.mnnc’rﬁa Hed)ermuonbxx CHEHHTOB TIPOHCXOOHT M3 Marm THINA CH=
JMKATHBIX pAaCT/IABOB-PACTBOPOB M CHIHKATHO-COJIEBHIX PACT/ABOB,

Taxum ofpasoM, polle MeTacOMaTHYECKMX TpOLECCOB B NeTpore—
He3HCe [axe MPaHHTOHAOB M WeJIOYHLIX Nopoa ropasfo Gosiee CKPOM—
Hasg, 4YeM NpeanonaraeTCd pAAOM HccliedoBaTenei. Takue mpollecChl
OGLIMHO MPUHHEMAIT Y4YaCTHe JHilb B (OPMHPOBAHHH OKOHYATEILHOrO 06—
MKA YWe 3aKPHCTAIVIM30BAHHBIX TOPOA M MrpaioT [IABHYK pPOJL TPH OG-
pa3OBaHHHM aNorpaHHTOB, alnbGHTHTOB, (EeHHTOB M T.N. [IpHHOHNHAaNBEHO
BaXHBIM pe3yiLTATOM TPOH3BedeHHLIX HCClefOBaHHI SB/NGeTCH YCTaHOB=—
7leHHe MarmMaTHYeCKOro reHeanca GONbIUMHCTBA HABEPKeHHBIX MOpPHBIX
nopoa., DTO Tpexae BCero BaXHO AJs TUIYTOHHYeCKMX TOPOM, TMOCKOIBKY
MarMaTHYeCKoe TPOMCXOoWAeH¥e (PyaHBHbLIX ¥ CcyOBynKanuyeckmx obpa-
30BaHMl pelKO BLI3LIBAET COMHEeHHe.

ABSTRACT

The temperatures of homogenization of primary melt inclusions in the rock—
forming silicates (glassy and recrystallized) justifies very high initial tem—
peratures of crystallization of magma. Some averaged values for the points
close to the liqvidus curve are: forsterite of ultrabasic rocks (meimechites,
picrites, peridotite— porphyry, etc.) is usually above 1400°C, however the—
se values for forsterite of plutonic olivinites does not exceed 1360—-1340 °C.
Basaltoids of andesitic formation and comagmatic gabbroids 1340 —1380°;
basalts of trappean formation — 1230 — 1210°C. Very high values (to 1260,
sometimes above 1300°C) have been derived for quartz of some acid volca—
nites — quartz prophyry, pumices, etc., butin some different rocks they

are decrassed to 1250 — 1150 °C or lower. The temperature of low depth
intrusive granites generally does not exceed 1000°C, but frequently it does
not reach 800°C; it sometimes decreases to 680°C in residual granite melts
and even to 630°C in pegmatites.

Most high —temperature alkaline rock are leucitic teffrites
(1380 —=1300°C pyroxen and 1250° microphenocrysts of leucite). In the Na
series (alkaline ultrabasic rocks, jakupyrangite, uritite and carbonatites

. one can outline the following: pyroxene (1260 — 1230°C) — melilite (1230 —
1210°C) — napheline (1200 — 1100°C) — apatite (1170 — 1140°C) — dolo—
mite and ankerite (750 — 690°C), theralite, bereshite of plagioclase (1260~
1240 °C)—clinopyroxene (1170 — 1140 °C)~— nepheline (1080 ~1040°C). Most
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low temperature leucocratic nepheline syenites somewhere around 1000°
or lower.

The reported data thus confirm magmatic crystallization of most of er—
ruptive rocks, plutonicrocks, in particular. Metasomatn: processes in this
case seem to playa subordmate role.

JTUTEPATYPA

1. T.I0. Basapo Ba, N.T. BakyMenko, B.fl. Koctwoxk, /LU Maunua,
B.C. Co6ones, A, Yeny pos. MarmaroresHag KpHCTal/M3alUus mo NaH-
HBIM H3Y4eHHs BKIIOYEHHit MHPepanoobpa3ylouux pPacTiaBoB. *Hayka”, Ho—
pocu6upck, 19785,

A. A, MAPAKYIIEB

HBOJIIOISI MATMATH3MA W METAMOP®H3MA
OCTPOBHBIX JYT

MarmaruaM ¥ MeTaMOpdU3M B DASBHTUM 3E€MHO! KODLI MEHETHYECKH
CBsi3aHbl, OTpa)xas enMHbI NpONeCcC reoOCTPYKTYPHOH SBOJIOUMA IOOBHX-
HBIX 30H. Marmarndeckue ¥ MeTamoppuuecKHe Toponbl 0OpasyiT cepuw,
3aKOHOMEPHO CMeHsiolHe APYr Apyra Mo Mepe H3MEHeHMs MOIIHOCTH,
cocTaBa H CTPOEHHMS 3EMHO#H KOpEL

Haubonee obmue TeHAeHUMA IeOCTPYKTYPHOI'O DA3BHTHA 3E€MHOM KOphI
NPOC/I@XHUBAIOTCA B CHCTeMax OCTPOBHBIX AYI M CBASAHHBIX C HHMH I'€o—~
CHHKNREANMBHEX Rporufos, I'ie NPOMCKOAAT HAKONICHREe OCAROUHO-BYN—
KAHOI'€HHBIX OT/OXKeHHH, cKilan4arocTh M OPOreHe3, COMpoOBOKAAeMble
MeTaMopPu3MOM H pasBHTHEM HHTDY3HBHOI'O MarmMaTuaMa, 3TH Ipoluec-
Chl BeAyT K (OpPMHPOBAHHIO KOPHl KOHTHHEHTA/ILHOIO M MMepeXOQHOT'O TH=—
OB, pasBHBAOIIMXCH B oflleM 3a cuer Kopwl oKeaHHYecKo#H. Boaspacr-
Hbl€ COMNOCTAaBJICHHA TeoNIorHyecKux dopMauu#t oCTPOBHEX AYI U MeTpPOJIo-
rudeckne OaHHbe MO3BONMIOT HAMETHTL [IPHHUMITHAIIBHYIO CXEMy HX 9BO=
mounr. Ha sMOpHoHanbHbIX CTANWSX PAsBHTHH CTPYKTYpa OCTPOBHBIX
nyT, MO=-BHAMMOMY, CXOOHA CO CTPYKTYPO# OKeAHHYeCKMX XxpebTOoB, KO=
TOPHI® PABBHBAIOTCH B CBA3H C OHC/OKAUMSMHE pHPTOBOIO xapakTepa.
O6 aToM CBHOEeTenbCTBYeT CXOACTBO reojlormdeckux topmanuit xpebros
H OCTPOBHBIX AYI' Ha paHHUX aTanax HX pasBuTHA. CBOHCTBEHHBIE OKea-
HUYecKHM xpefTaM opmomurorbie dopmauuz (18] u Meramopdudeckue
obpazoeanns [12, 20 ] B dopManuax OCTPOBHLX AYI' AHANIOTHYHBI TEM
KOMIJ/IeKCaM Mopoa, KOoTOopele 3allerailnT OSLMHO B OCHOBAHHAX 3IBreo-
CHHKIIMHANBHLIX paspe3oB, MO-BHAMMOMY, HElIOCPENCTBEHHO Ha 6asanb—
TOBOM ciice. B ux cocraB BXoAdT mogyuedHble JaBbl MATHe3NaTbHBIX
TOJNEHTOBLIX GasaneToB, KpaifHe OegHbx KarlHeM, acMHOHbE CIAHIIEBI,
KEJesHCTHIe WM MAapraHnOBHCTble KPEeMHHCThIE OTIOXEeHHs, aprH/UIHTHI,
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‘rpayBaKKH H MHTPY3uMM runepbasurTos OyHHT-rapbuypraToBoro HIH
OYHHET=/IePUO/IMTOBOTO COCTaBa. JTOT KOMIJIEKC MOpOA HHTEHCHBHO OHC-
JIOUUPYeTCH M OXBAThpEaeTCcH MeTraMoplHsMOM B paHHu#t (nor‘panmnmk)
NepHo PA3PHTHS OCTPOBHBIX Ayr. Paummit MeraMopdusM HMeer crienugu-
qeckuft HaTpopblt XapakTep ¥ NMpUBOAMT K O0Opa’oBarMio CIMMTOB, allb=—
GUT-XTOPUTOBLIX (seneHrbx) cnamnep u ruaykodanopex (romyGeix) crnan-
e, HATPOBBIX I'PasaroBbIX aMpuoMUTOB, SKIOIHTOB, CEpPNeHTHHHTOB.
BasaneToRpit MArMaTH3M HaYalbHEIX 9TEMOB IPeaCTaBleH MOUHBMH Tpe—
UMHHLIMH  MSIHSHAAME  HenMphepeHIHPOBAKKLIX 6GA3AILTOB, GEeaHBIX
KamueM, THTAHOM, Kelle30M, Gombwel 4aCTBIC apupoBOro  clo-—
WKEHHS. ;

Ayunr-rapufypruropsie MHTPY3HM BHEAPSIOTCH B Ha4allbHble CTALUH
TEeKTOHHYeCKHXx gedopManmii SBIe0CHHK/IMHANBHBIX OTnoxenuik. [ledop=
MauHMH Ha DaHHHX CTaAuaxX HMMET Xapakrep IMbBOBLX NepeMeleHHui,
CBH3AHHBIX C 3allOXeHHeM I[NyGUHHEX pA3TiOMOB, KOTOPHIE MHTEHCHBHO
MpoARIMOTCsH B 0B/acTsaX COYN@HEeHHs 9BI'eOCHHKIHHABHLIX NMporubos c
reoaH THK/IMHAIBHBIMY NOOHATHAAME, IT0 O00YC/IOBIHBAST [IOKANH3ALKIO
AYHMT-rapuly praToBRIX HHTPY3MBOB BAOIL I'DAHMAI BYJIKSHOT'@HHBIX H Cy—
IeCTBEHHO TEepPHIeHHbLIX CTPYKTYpHO—banuameHex aon (9, 17]. Odxo-
TUTOBLIE NOACA OTNIMYAINTCH BONLUIOH NMPOTHKEHHOCTHO B COTHH ¥ Thie
cauy KunomerpoB. Tax, Bnone sansgHoro ofpamnienma THXOro oxeaHa

. ofmAas NPOTHKEHHOCTh OPMOIMTOBRIX MOSCOE HA OCTPOBHEIX AyTrax Npe-
peimwaer 15 rteic. kM [7].

Mo BoapacTy OHM oTHOCHATCH K naneosow (BoNbwol ceprneRTHHHUTO-
bt mogc Apcrpanui, Hoeas 3enamgmsa, TpuMopee), paHHeMy Me30300
(Kopsixckoe naropwe, Caxamuu, fmomus, [pumopbe), noagHeMy Meso—
a0 u naneoreny (Kamuarka, Anomma, Taiipanb, ®wmmnuner, Conomo-
HOBbI OcCTpoBa, Hosas Kanenoums). Comocrasnenne mx obHapyxupaer
paspocoGpasye ofHMONMTOBLIX NMOMCOR, OTpaXaloulee IBONONMI MarMarHaMa
u MeramopduaMa Ha 3MOPHOHANILHOM ¥ paHHeH CTagudX PASBHUTHA OCT-—
POBHBIX [IYT.

JIunedntle TpemHHHbIe 30HB HANHAHWSE 0A3aNbLTOB, THNHYHbE O/ Ha-
YalbHbIX DTANOB, B XOO€ SBOIOHNEY MMOABMNHBX 30H pacrnajalrcs Ha
BY/IKaHBl LEHTPA/IbHOIO THIIA, MTO CB#3aHO C oOpasoBaHWeM NpPOMEXYy—
TOYHBIX MarMaTH4YecKux o4aros nuddepeHunanum GasanbToBOH MarMbl
B srHux ovarax HapacraerT (UIICHOHOE NABISHHE M CTHMYJIHPYETCH KPHC-
Ta/NK3aUHA MHPOKCOHNB C OforaumeHHeM pACINABOB HOPMATHBHBEDM fila—
ruoknasoM (npoasnsercs aHoproamroBag TeHmeHuHs guddepeHumaiHH);
aror tun guddpepenmumanun [1] xapakrepusyercs GpcTpemM mosbruennem
Kenesucroctu MarM, B pesynwrare Moryr BosHuxKarh HeBGonbune OObe-
MBI CHIBHO JXEJIe3MCTHIX CPEIHAX H KACHEX MarM (mcranauTon, jeppo-
JIMIapUTOR), OGOrAN[EHHBIX NEIOYHBMH METANNaMH — KanueM d HaTpHeM,
[To-BUAMMOMY, 3TO aBTOMATMATHYECKHH [poLecC B cHCTeMax, BIN3KMX
K 3aKpBIThM, TpoMcxogsumit 6es 3aMeTHOIO BIMSHHMA OKPYXalOUMX MO=
pon. PakropamMyu ero gBNSOTCH KPHCTANM3aUMOHHaa audbepeHuuanus H
bmougHO-MarMaTHiYeCKOe MHIKOCTHOE pPACC/IOeHHe M paculeleHHe,
Nuddepernnanua | tuna npocnexupaercd B re0TEKTOHHYECKHX CTPYKTY=
pax pHdTOBOH NmpHpORBl HA MOANHHX CTAAMAX UX PaspuTHd, Ge30THOCH-
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TeNwHO Tyna 3eMHOW Koper - Ha nnardopMex (TpanmoBsit BY/IKSHMEM,
HHTpyaun rmia Ckaspraappckoit, Bywusenbockoit) @ B OKeaHN1eCKHX
ofnacrax, mpe ¢ Hell CBASAHL! MPOABNEHHE KHCIOTO MArMATHSMA ~
ACTIAaHAKMTEL, JKEJIe3UCTEE NUNAaPUTHl ¥ TI'paHUTHl, KBApIEeBLIE NeHTeljie—
putet 1 ap. [ 3]. B ocTpoeHbx ayrax aror TEm auddeperumamuu
NpociieXuBacTCd TOMLKC B pAHHEI'€OCHHKIMHAIBHBIC CTAANM HX DA3BH=-
THg., O6pasoBaHMe CHATMYECKOT'O ClIog 3eMHOM KOphl B 9TMX CTPYKTY=—
pax CTHMYIMPYeT MHOoe HAUPABIeHNHS 3BOJIOUMH Bas’aNbTGHAHOMO MAI-
MaruaMa (II) B CTOPOHY aHne3dToB M I'PAHATOMIOB HOPMANBHOH KeneaH—
CTOCTH, KOTOpOEe GBISeTCs THIMYHLIM JJIS 3peiblX CTanuii pasBHTHA
OCTPOBHED. OYI,

‘B sposmonnn ofHOMITOBLXX MOACOBR 3aKOHOMEpHOe HAMEHeHNHe COCTaBa
BYNKaHU4eCKMX 06pasoBaHMil KOppelmpyeTcs ¢ HaMeHeHMeM xapakTepa
runepbasuroBex npogernennit [7, 9, 151,

Ha sMBpuoHanbHEX CTagHaX AOMHHEPYIOT OfHOpPOOHBIE WHTPYSHBHEE
Tela, CIOXeHHBIe MarHesHalbHLMMYA NOPOA&MY, BhylepKaiHbIMH 110 Bep—
THKATM, HaXOAdIMecd B TecHOW accoumany® ¢ BynKaeEHUTaMH, 3arem
HHTPYSHH I'arnepbasHToR CTaHoBarca Gonee oGoCOONEeHHLMH OT BYIKA-
HATOB ¥ B HUX NPOSBAMOTCH S/M1eMeHTHl BEPTHKANBHOIY pAaCCIOeHHS
{ 15], Bripaxaomerocs HeaHAYHTENBHEM MOBLIIGHAEM XKETEAHCTOCTH
¥ CMEHOl NyHHTOB rapunfypruTamm ¥ /IepuoiHTaMy B HallpPABIEHEH OT
NOoLOWBEl ¥ KDOBJIe MHTDY3HBOB., DTO pACC/CeHHe gBITAeTCH HALOHMHLM
INPH3HAKOM MarMaTHYecKOd mpuponk! yIeTPaOCHOBHBX IMOPOA.

OcofleHHOCTH MEepRHYHOT'G COCTAPa M CIIOKEHHH YILTDPAOCHOBHBIX
HHTPY3HEOB OOBMHO 3aTylWlepaHbl TEKTOHMYECKHMM AedopMAaNuaMK ¥ Me-
ramopduamoM (cepnenTmEumasanseit). Cym#TBL O MMX MOXHO TOMBLEO MO
HHTPY3HBAM, KOTODBE HAXOAATCH B NEePBOHAYAIBHOM SAMlEraHHM M COX-
paHuny nepeHyHel cocras, HamBonee mMaryesumansHbie W Gorarwe Xpo-
MOM M HHKENeM Mopoasl B PaNYy rHNepbasHTORBIX XOMIJIEKCOB ACCOIHH—
pyioTcd c Haufoslee MarfHesHallbHbIMM OCHOBHLIMM BY/IKAQHMTAaMH, 4TO
ocofenno nopvepkusanock C.C. 3mvmmem [ 11, [ymur-rapSuyprurose
KOMIL/IeKChl BXOAAT B ACCOLMANMK C TONGATOBLMM GazamsTamu, GenHbl-
ME KeNe3ocM, TOTnAa Kak B [nosicax, oTpedaoumx Gonee 3pensM CTandsaM |
SBI'COCHHK/IHHANLEONC Da&3BHTHR, THIepbasHThl NPenCcTapicHbl AYHHT :
(onMPUHUT ) ~BEPIMTORHIMA ACCONMAINAMI, KOTGDLE OTAMYAOTCH Bonee
KENe3nCTHM COCTABOM H BXOAHAT B KOMIJIGKCHI C aHMeSHT-GasalbToOBBMMK
By/NKaHHTaMid. B sToit sBo/moury runepGaspTOBOrD MArMAaTH3MAT OYHHT-
rapuGypraTopas aCCOUMAHS - NYHHT ‘OIII{LBKHHT)-BEPIU{T‘OB.&H accoiya-~-
uud, xpomk'roaoe H CHIMKATHO-HHKENEBOE OPYyNSeHEeHW= CMeHgeTCH Xe—
neso-TuraHoBeM [ 9], 3axoHoMepHas TPHYPOYEHHOCTE PASIHIYHOND
THIIA YIbTPAOCHOBHLIX MHTDY3HH K BYNKaHWYeCKMM IIOACAaM, KOTOpPLIe
pasIMyan TCH NeTPOXHMHUYEeCKH H MO CTPYETYPHOMY MHONOXKeHMIO, Mof-
‘4yepkupanack Ha npmvepe Hoso#t 3enmanmuu ILA., Yammc [15]. Oua
ofparuna BHUMAHHE Ha Crleuuduxky pexumMa menodeft.

Lynur-rapnfy prurosie XOMIINEKCH, B OT/HYMEe OT Opyrux ylbTpa-
OCHOBHBIX KOMIIEKCOB T'@HeTHYECKH CBA3aHLI C NOSCAMH PA3BHTHR TO-
neuroBbx Ha3anbTop Kpaime OenHRIX KanweM, CxoHmX C GasalbTaMu
chenHHHO-OKeaHMYecKux xpebroe. B rex caywasx, korna ynaercs
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YCTAQHOBHTB MEPBHYHBEIE OPEOJIBl IPOrPeCCHBHOTO BO3AeHCTBUS AYHHT—
rapu6ypruToBbX HHTPYSHH Ha BMellaioliHe [TOpPONEL, Nnpexne BCEro IIpHB—
7eKaeT BHHMAaHHE PEe3KO BBIPAXEHHBIH HATPOBLIA XapakTep 3TOIO0 BO3—
neficteng. TlppMepoM MOXeT ClyXHTb MogC rapubypruT—ayHHTOBLIX
HHTpyaHit Homoit 3enanguu nepMcKoro BospacTa, K KOTOpOMY OTHOCHTCS
maccusel Peg Xunnc, Odyu u ap. Oy OKa3bBAIT HA BMeMAHUe MOPOALI
BEICOKOTeMnepaTypHoe (1200-800°) konrakroBoe BoageHcTBHE, Bhi-
paxalwiieecs B PasBHTHM MeTaMopduyecKnx opeonop 30HATBHOTO CTpoe-
HHA allllOXMMHYEeCKOTo xapakTepa, Hambonee xapakrepHel BEHOC H3 OKpy-—
KalHX MopoA Kalud ¥ MNPUBHOC HATDHS, CONepKaHWEe KOTOpPOrO MOfHK-
Maercs B MeraMopuueckux obpasomanmsix (poroemkax, rueficax, amMduGo-
MTax) KOHTAKTOBBX OpeoiioB no 9-10% NaQO. 3TO B HECKO/BbKO pa3a
NpeBLNUAET [EePBHYHOE COAepKaHWe HATpHS BO BMEIIAMIMX MOpogax -
aprulurax, rpayeakkax, Gasamsrax [15], Amnmoxumuuecku#t xapakrep
KOHTAKTOBLIX OPEO/iOB CBHAETENBECTBYeT O (VIOMAHOM Bosge#cTBHH rapi-—
OypPrUT-AYHHTOBLIX MHTDY3Hi Ha OKpyxaiomue noponsl. B mogcax pas-
BHTHSl NYHHT-T'apuCypruTOBLIX HHTPYa3u# cpenHeTeMIepaTypHb ¥ HU3-
KoTeMreparypHbli MeTaMOpiHaM NposBldercs HHTEHCHBHO M B PErHo—
HallbHOM Macwrabe, oxBaTbmBas KakKk BMemawoumue MOopoabl, IpeBpallai-—
mMecd B 3elfleHble M rolyOple CllaHubl, TAaK M CAMHM HHTDY3HMBbI, IOOBEp—
raiomuecs cepreHTunusanyu. [Ipn aToM coxpaHgercsa HaTpoBbi#l 1podunb
Meramopduama, Hambonee apkmM ero npossleHHEeM gBIgeTcs INayKo-—
panopsifl MeTamMopdusM, KoTophili cnenudnuyen ANA OPHOIMTOBLIX TOHCOB
H He BCTpeydaeTCd B APYTrHX danualbHO-CTpYyKTYPHBIX 30oHax. TecHas
NpPOCTPaHCTBEHHAA accouuauus runepbasuToB M I1ayKoQaHOBHIX CllaHues
onucaHa BO MHOI'MX paforax. Harpopas Munepamusanusa (annbur, xapeur,
HATPOBLIH AKTWHO/IHMT, IVIayKohaH, PpUGEKHT) pACHpOCTpaHAeTCs B STHX
YCIIOBHSX, KAK BO BMEAIOUWMX CJIOHCTHIX IOpoAax, TaKk H B MAaCCHBAax
CepMeHTHHUTOR, HEpeNKO DA3BHBASCHL B HEX OAHOBPEMEHHO C CepHeHTH—
HH3anunei,

XapaKTepHo HalHYHMe CEpleHTHHHTOB TaKKe B NOoscax PasPHTHS CllH-
NUTOB M 3elleHbX C/laHnesB, ofpazopaHMe KOTOPHIX CBA38HO C PacTBOpa=—
MH MEeHee HATpOBOT'O xapakrepa, [Ipm sanerapum rumep6asuToB B MeTa—
Mop{HYECKHX MOSCAX CTENeHb HX CEeplIeHTHHH3AUHHM CBA3aHa C XapakTe-
poM MeTraMop¢u3Ma, YCHWIMBASCH C MMOHWKEHHEeM CTelleHH MeTramopdus-—
Ma C mepexonoM OT I'paHy/MTOBOR unu ampmbommroBoll daumm K dammm
senennx (xnopuroBex) m romyGmx (rnaykodamomrx) cnamuep. Cospa-
eTcd BrIevYaT/leHHe TOro, 4TO CepleHTHHH3auud B OHOIMTOBEIX NOfcax
offycnoenexHa po3nefCTBHEM Ha Y/NbTPAOCHOBHBIE MACCHBHI TeX Xe HaT-
POBBIX ITyGHHHBEX (/mOMNOB, KOTOPHLIMH BEIBBLIBAGTCH paHHH# (AOrpaHUT-
Hpi) MeTaMOpdH3EM BMEMAIINX SBreOCHHKIHHAIBHEX (opmManui, Cep—
NeHTHHH3anus I'HIepbasuToOB 3aTyxaeT [0 Mepe YBe/IMYeHHsS BO3PacTHO-
ro paspemBa Mexay rHnepbasuTaMy M BMellAUMMH HX ITOpoaaMH.

[yHuT-BepnATOBbIE KOMIIIEKCE ¥/bTPAOCHOPHBIX MOpPO[ OTBEHaloT
Bonee apenpmM CTadUsM pPAsBHTHS pPAHHEIeOCHHKIHHAIBHLIX O(PHOMKUTOBBIX
NosicOB, Ha KOTOPBIX YXKe MpOABIgeTCH aH[]Ee3HTOBOEe HalpaBlleHHe 3BOJIO=—
UHKH Ga3anbTOMAHOTO MarMaruaMa (MarMel oforamaioTcs KpeMHHeM,
Ke/leaoM, THTaHOM, KalueM), yCHIHBAeTcs HAKOIUIGHHe KPeMHHCThIX
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OT/IOKeHUul H apruumroB, [lo OTHOWeEHMO K AYHHT-rapubypruToBbM
OGHOIMTOBLIM IMOSCAM CXOAHOT'O BO3pacTra AYHHT-BEpIHTOBLIE Mofca
sanpMaoT Goflee KOHTHHEHTANIbHOe INOJIOKeHHe, OTBedas yYacTKaM 3eM—
HO#t Kopel c Gojlee pa3BHTEIM CHAIHYEeCKMM cioeM (oTMeuaiorcs “map-
Hele” odHOMHMTOBEIE NMOsica, KAK B NMEpPMCKOH M MeoBOil IeOoCHHKIMHAIAX
Hoeoi#t 3enannuu, Challis [14, 15]).[Tono6usle napuee nosca ¢ re-
YEeHHEM BpPeMEeHH OOBMHO CMeualTCd B CTOPOHY OKeaHa, YTO CBA3AHO
C paspacTaHHeéM OCTpPOBHBIX OYI* 34 CYeT OKeaHWYeCKO# BIAagHHEL,

C nogeneHueM aHQe3HTOBOIO HANpAap/eHUs SBO/MIONHH 0a3allbTOBOIO
marmatuaMma (II) cesasb ero ¢ rumep6asuToBBM MarMaTH3MOM MOCHE—
noparellbHO ocllaGeBaeT M pasphBAETCH, YCHIMBAETCH pPOIb JIETYYHX
KOMIIOHEHTOB H, COOTBETCTBEHHO, SKCIJIOBUBHOCTHL BY/IKAHHYeCKHX
npoaeienut, DTOT 9TAN PASBUTHSA OCTPOBHEIX AYT COMPIKEH C ¢o pmE—
poBaHMeM CKIa4aTOCTH M BHYTPeHHMX MORHATHI, CBOMCTBEHHEIX TNpef—
OporeHHo# cranuM. Cyns no cocrany BK/MOYeHHH ITyGHHHBIX 1TOpOM,
BLHOCHMEIX C aHNesHToBbMM napaMi (amduGonurThy, rHelichl, raG6poun sl
CPaHMTEI), OYAI'H PA3BHTHS AHNE3HTOBOTO MArMAaTH3Ma pacloflaraoTcd
B Ipeaenax 3eMHOM Kopel KonuyecTBeHHble OTHOueHHS $as3albToOB H
onee KHMCNBIX NMPOM3BOAHLIX, KOTOpEIe OGLMHO NpeobiagaioT Han Gasallb-
TaMH, MCKMOYAOT NpeacrasBlieHHs o6 apTOMArMarH4YecKOM pasBHTHH
srux odarop (kak B criyuae nubdepermumanmu [ THma) M cBHaerenscT-
BYIOT O pemaiomed posu Takux $GaKTOpOB MarMaTuiHeCKo# sBO/monNM, Kak
{uuoHgHO-MAarMaTH4YeCKoe B3auMonefcTBHE M MarMaTH4YecKoe 3aMeuleHHe
OKPYXAIOIHX CHAMYECKHX NMOPOA C CEeNeKTHBHLIM YCBOGHMEM HX KOMIIO-
HeHToB, CMemeHMe cocTapa MarMkbl OT Ha3anbTOB K aHAe3HTaM H Gollee
KHCIILIM TOpOAaM, BepodTHO, obyciopnnBaercd a$peKToM KHC/IOTHO-
OCHOBHOI'O B3aMMmofeicTBug KommoneHnTos [2 ] mpu MarMarud4eckoM sa—
MelleHH! CHANH4YeCKHx mopon., Ha paHHHX sTamax pasBHTHSA OCTpPOBHBIX
Oyr aENe3HTOBbE OYATH JIOKA/IH3YIOTCH, MO-BHOAMMOMY, B Npegenax
GasanbTOBOrO M MepexonHoro cnoep (y moeepxuocTH Konpana), 3rtum
9ranaM CBONCTBEHHEI NOABOAHLIE HATPOBBIE CEPHH IOPOd HEPEdKO KOHT—
pacTHOTO xapakrepa: GasalbT-18UHTOBLIE, 0a3allbT-IHIapPHTOBLIE, KO=—
TOpble 3aTeéM CMEHSIOTCH aHAe3HTOBbIMH H aHIesHuTO-{1alHTOBLIMH, IMPH
STOM B OCANOYHEIX KOMILIeKCAX YCHIMBAeTCH pollb GNHWEBBIX OTIOXe—
Hu#t, B cBA3M C MorpyxeHMeM TOIl H MX pPaHHHMH AMCIOKauuaMu Ga-—
3anbThl H AHAE3HTHI TIOABEPraioTCHd HHTEHCHBHON CIWIHMTH3ALHHE H 3elle-
HOKaMeHHOMY MeraMopguaMy. C npogeiieHMAMM KHCJIOO Marmarusma
CBA38HO MeHO-KO.[MefaHHOe oyneHeHHe., B MHTpysHBHO# daumm pas—
BHBAIOTCH ab0po—/IArHOrPAHHTHEIE KOMINIEKCHEI C MeCTO PO X1 eHHAMH
Me[HbX, Kele3HbX, MapraHiuoBbix pyn. droit dopMauneli sakaHYHBa-
eTcs paHHereoCHHKIMHanLHOe (mopporeHHoe) pasBHTHE KaXAoro reo-
CHHK/MMHAIILHOIO LIHKIa OCTPOBHBIX AYI', XapaKTepHUsyiomerocsd PasBHTHEM
cnenududecKoro MarMarusMa H Meramopduama, Cpean MeTamopduyec—
KHX npoge/ieHH#t Haubollee YHHBEpCAILHO NpeAcTaBlleHa CIAMMTH3auud
fa3anbLTOB M AHOE3HTOB, 0OpasOBABIIMXCH B MOABOAHLIX YC/IOBHAX B
accomMan¥i C MOPCKMME OTJIOxeHusMH. [lo cremenm Meramopdusma crnm-
NHTH OTBEYAIOT 3elleHocnaHnepol (MyMmennuMr-axTHHONATOBOH), IpeHHT—
nyMmennuuroBolt B pexe uneonuroBo# damusm [16]. 3ro ompenensier
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COMIRTH3AUMI0 KaK SHOoreHHH Mpomecc MeraMopduaMea, TPOMCKOAIMA
Ha riyBunax B HECKOILKO KunoMmerpos (nopsaxa 5,5 xm [21] ),
“MHOT'O BpeMeHH CIYGTH NMocje KOHCOMHMOAUMH ¥ MOJHOIO OCThBAHMSA
HCXOAHbIX GazannroBbx nap” [ 16, crp. 383 ], Chnenoparensho, CKiag—
4aTpie NOogca, B KOTODEK BCKPBLIBAIOTCH CHHIHMTH, OTBEYAIOT IHAUUTElb=
HOli aposun, MckmodeHHe COCTABNSOT CHHMIXATHI Heosmropol damum,
KOTOpLIE MOTYT PA3BMBATLCH HA MeHbLWMX IyGwuHax.

OporeHryeckyM CragudaM IeOCHHKIHHANBHBIX LUMK/IOB OTREYAeT pas-—
BHTHE HA3EMHOIO AHAE3HTOBOIO H fonee KHCIOro BYIKAHH3ME, CBA-

' 3aHHOTO C Ha/lOXeHHbBMM AO0gCaMHM, KOTOPBIE MOIYT SaHMMAaTh CeRymee
MOMNIOKEHHe 10 OTHOWENH K Gojlee NPeBHMM CTPYKTYpaM OCTPOBHBIX
ayr. DToT BYJKaHH3M COMPsHKeH C HAKOMIEHHMEM MOJIAaCCOBLIX OTIIOMe-
‘Buit, B uuTpyskenoft hanuM pasBMBaOTCH MIATMOPAHETLI, HOpPMAILHLIE
KANMeBL® I'DAHUTH], MUIMATHTH H IIPOSBIAETCH WHPOXKHH MeTaMmopbusM
BY/IKAHOI'eHHO=-OCAN0YHEIX TO/n, MarmaTud4eckue odari B 9Ty CTaaMio
pacmonaraporca fonbwed 4ACTLIO B BepXHEM Clloe 3eMHON KOopbl, "TO
CMocoBCTRYET IKCTEHCHBHOMY MNPOABIEHHIC MHIMATH3ALKMA M TPAHUTOMI-
HOT'O MarmMaTHaMa KanMeporc xapakrepa OGnarogaps WMpoOKOMYy paspi-
THIO NMPOLECCOB MAirMaTHYECKOI'» 2aMelleHHs C CeJleKTHBHEMM YCBOeHHMeM
MarmMaMy KOMIDHEHTOB alcTeppureHHbX THeHCoBBX M OPYI'HX MOpOR,
MepBHYHO GOrarsx KameM, B 3akmodHTeNbHBIe 3Talbl HDOCIeKHBAETCH
paneieflice yMeHBWEHHe DIyOHHHOCTH OHAYOB pDA3BHTHA KHCIOTO Mar-
MaruaMa ¥ cOmmMeHHe KHTPYSWBHOI'O H BYJIKAHWYECKOIO IMPOieccoB;

YTO NPMBOAHMT K OGpPa30BAHMI0 BY/IKAHO-MIIYTOHHYECKMX accounauuil u
paspHTHIO BOraThX KamieM urHmMEpuroe (6 | 3aTem nposenserca ue~
TIOYHOM YKIOH KMCTOIe MarMaruama (Tpaxu/iunapuTsy, MaHTelIepuTs).

Takum ofpasoM, KHCALI ByNKaHHU3M B PASBHTHM CCTPOBHBIX Oyr
NPOSBIAETCH PA3/MYHO HA PA3HBIX CTAAMAX IeCCHHKINHANBHLIK LUHKIOB,
B paHHEreOCHHKIMHANLHLN (0AHNESNTOBLM) STAN PasBMTHE I'OCHHK-
NMHATBHBLIX CTPYKTYP KHCILM BYMKaHM3M IPENCTas/ier OrPaHH4YeHRO,. IIpH-
yem B ero MpogeieHudx npeofnagaoT NeMabl QALMTOB XeNe3HCTOre COC-—
Tapa, OTBEYEWHe BLBpPocaM 6as’anbTOBLX WHTOBLX BYIKapop (Hap-
Gonee *okeamayeckue” ueny oCTPOBHBX AYT — Wasy-Boununcxas,
Mapuanckas, Tanra~KepManek u ap,), AHATOIMYeH KHCTEN MarmMaTHsM
OKeaHRYecKHux ocTposos (3],

Ha Gonee paseurex ocrpoesbx ayrax (Aneyrckas, Kypunbckas,
Poxio, 3enrckag, Hopwe Iubpuner, Hopas Bpuranus, ConoMoHoBEI
OCTpoB& ¥ AP.) KMCer MarMaTHaM MpHoBpeTaeT “KopoBe® xapaxrep.
On accouuvpyercs C pasBATHEM &HOESHTOBOIO BY/IKAHM3MAa, OTHOCHACH
K sanmovMTeN:Hen (asaM BYIKAHHHECKHMX UMKAoB, lleurpsr KMCIorc
MArMaTHMa NpeacTaRNeHsl BaPEBHLMH KA/lblepaMH, BOSHUKAIONHMY Ha
adnesHTOBBIX BYIKAHAX B SAKMOYHTENbHYIo hasy ¥X pasBUTHS M DKCTPY-
SHBHBIMM KyTIOslaMH, [IpyMepamMy MOTYT CAYMUTH YeTBePTHUHBIE U COB-
PEMEHHLIE aHnesHToBbEe Bynkaubr Kamuartku (llepenyu, Bessmsmmipit,
Dreop, Apaka m np.), Kypumckux ocrposos (Tao-Pycwip, Xapumxorax
K ap.). ‘

BasaneT-IMITapuToBEfl MarMarMsM NO3AHErD 3Tana XapakrtepusyeTos
WHDOKAM pasBUTHEM HaseMHOro kucnoro (mmeprroBoro) marmMarmsva,
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Y KOTOPOI'O YTPadYuBAlOTCH CBA3H C MarmaTH3IMOM cpegHero U OCHOB=-
HOro cocraeoB, OH COMpsOKEeH C MOIHBIM pa3paCTaHHeM T'DaHUTHOTO
CJIOS 3€MHOJt KOpBl, KOTOpas MCHLITLIBAeT YCTOHYMBAHIE BOCXOQRSHIHEe ABH—
MEHHs, HO HaIuaHHe GOMNbIIMX MacC KUCIOW MarMbl NMPHBOAMT K (OpPMH-
poeanmo rpabenon (Tokaum B fAnonmu, Tayro-Porapya B Howo# 3enap-
nuu, ToBa Ha CymaTpe u Op.) ¥ koneuesBsx nenpeccuét (Yaon, Bonbuio
Cemsauuk u Xanrap Ha Kamuarke, Axan, Ara, Aco, Diipa B fnonnu),
B I'eOCHHKJIHHANBHLIX LNHKIIax pasBuTHg OCTPOBHBLIX AOYT CONpAMEeHHo C
MarMaTHAIMOM 9BOJIOUKCHHpYeT MeTamopdusm, Pamnui (norpanurHbrit)
MeTaMopPH3M OTIHYAETCS HATPOBLIM XapaKTepoM: aM{ubOoNHT—-3e/1eH0-
CJIaHLeBO=CIIWIHTOBAR H SKNOIHT-r7aykodaH-craHuenas $opmaunys,
HpHYeM I1ayKoQarOBLIE Mo:aMOpPH3M CcleuHPHYeH a/s TunepbasHTOBAX
(ofmomuroerx) mosicos W ne BCTpe4YaeTcd B CTPYKTYpax Aopyroro THia,
[Mocnenyoum# MeTaMopdusM CBAsaH CO CTAHOBNEHHEM I/AI'HOTDAHMTOB
M 3aTeM I'PAHATOB HOpPMANBHOI'O psna. Ho mocnensuit B coppeMeHHLIX
9PO3HOHHBIX CPezax OCTPOBHBIX AYT NposBlideTcd orpaHMienHo. Kax
MmeraMopduamM, TaKk M MaArMaTH3M B PASBHTHH I'eOCHHKIMHANBHBIX IMKIOB
OCTPOBHBIX AYI' XapaKTepH3yloTCs NMOCIenOBATeNbHEM YCHIIGHHEM pPONH
kanug., OBWHOCTE THX NMPoneccoB OOGYCNOBIeHA HX CBA3HO C eHHBMEA
BOCXOOSUIAMM NMOTOKAMH (NIOHIOB, COCTAB KOTOPLIX 3aKOHOMEpPHO 3IBO-

TOLUNOHUPYEeT MO Mepe pa3puTHS (auHalbHO-CTPYKTYDHLIX ZOH.
Ofwee pasBuTHE OCTPOBHBIX AYT 3aBepwaercs NNardopMeHHbMH

CTaaudaMK, COOTBETCTEYIOUINMM pa3HOBO3PACTHALM [eCCHHKIMHAILHBM
HMKIaM, B KOTOPBIX BOGOGHOBISIOTCH M3/MSHHS TOJEHTOBLIX 6GazaneTom,
CXOAHBIX C GazanbTaMM TpannoBbix bopManmnit, ¥ 3aTeM pasBUBaeTcCs
menoyHoit MarMaTuaM (menowisie GasaleThi M MHKPUTHL, TOUEHHTEI,
rpaxubasannTh, TpaxuThi). [lepexon X menouHoMy GasanbTOBOMY Mar-—
MATH3MY B OCTPOBHbX Ayrax (Tak xe xax B OKeaHHYecKHX ob/lacTsax
¥ HA KOHTHHEHTAX) HEeM3MEeHHO COIlpOBOXKI8ETCH BEHOCOM Marmamu
PK/IoYeHHH rAyGHHELX (MaHTHHHBIX) yILTPAOCHOBHEIX TMOpoq (mmuEene—
BbIX ¥ F'PAHATOBBIX MTEPHAOTHTOB, SKIOIMTOB), YTO CRWIETenLCTByeT
O CMemeHud OYal'0B pasBHTHA MAarmMarisMa B MaHTHAHyIo obnacTb.
daxropoM nosaeneHMs menounbix daumit (ssomonmm mMarmaruema Il TH-
‘na) aengercs, NO-BAAMMOMY, KHCIOTHO-OCHOBHOE BaauMopeiCTBHE KOM~—
MOHEHTOB NMpH MarMaTHYeCKOM saMEeuleHMH Y/IbTpPaOCHOBHOIO BemecTsa
maHTHi, C 3TOJ TOMKM 3peHHS, MAHTHMHLIC WE/OYHbIe MAIMBI HMET
TaKyio Xe I[pHpoay, KaK M Nelo4YHble MarmMbl, eHepHpylouHeCcd B 3€MHOH
KOpe B Npoueccax MaIMATHYeCKOr'D 3aMeleHHs] QOJOMHTOB H ApPYIHx
KOPOBEIX y/LTPaoCHOBHBIX mopop. Wenownpie GasanbToHOB! H& OCTPOBHLIX
Ayrax Hepeako o6pasyloT MIIACTCBHIC G&JIeXM C OTHET/MBEM MpOsBiIe—
H¥eM KDHCT/NIM3ALMOHHOA M (UmomIHO-~-MarMaTuyecKol auddepeHnmanym,
nppoa et K BepTMKANLHON PACCNOEHHOCTH MHTPYSHBOB (IpUMeEpoM MO-
MeT CIyXuTb nupdepenunposannbit cunn Kamenxa na Caxanume),
TaxuMm ofpa3oM, B pA3BUTHE MArMaTH3Ma OCTPOBHBIX AYT HaMEHaw—
ercs, Mo KpalfHell Mepe, TPH CepHMd M3BEPMEHHbX TOpPHBIX NMOPoA, KO-
‘TOphie MPOCTIKHBAIOTCH HA DASHYHEIK CTAANAX MX I'@OCTpYKTYPHO#
opoymourH. OHM saHMMAaT pasiHyioe NOJIOMEeHwe Ha guarpamMe obiein
CHOTEMAaTHKH M3BEePMeHHAIX TOPHBIX NOPOA B CTHOWEHNE XPeMHEKHCIOT—
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Hoctn (copepxanme Sif) u obmefi wenoYHOCTH (NagO + Ko 0),
dur, 1 [4]: I = cepus Tonenroprx GasanbTOB M (e ppOMMIIAPATOB
(aona Tokapo ma o. Xokkafino[10]),Il - GasanLT-augesuT—1MIAPHTO=
pas cepus (8], I~ GasancT-Tpaxuannesuropas cepus (Kypunbckme
ocrpoea [19]). Cepum I m IIl oTpaxaoT pasBUTHE MarmMaTusMa B
ray6uanex (ManTHHHEX) ofnacrax 3eMnm c mocneayowed MX ABTOMAR-
MarudecKkolt auddeperunanuett (B saxpuiTerx kamepax), dru cepuu He-
3aBHCHMBI OT COCTaBA M CTPOSGHHA 3EeMHOH# KOPEl H PasBHBAIOTCA TaKKe
B oxeaHHueckmx ofnacrax u Ha nnardopmax. Cepusi [I (annesmrosas)
BOSHHKaeT B peayleTare B3auMopelcTBHA C cHalmMYecko#t 3oHON aeMHOH
koprl, Ona cmeun¢uyuHa A8 OCTPOBHBIX AYI M aHANOTMYHBX OOnacreit
reoCHHK/IMHANIBLHOrD paspuTHs. OHa nposeiagercs TONMLKO HA OPOreHHYec—
KHX CTaOufaX SBOJIONMM CTPYKTYP OCTPOBHLIX AYI' M B OKEaHHYECKHMX 06—
nacrax orcyrcreyer. PasMemeHHe mopoa 2TO#i CEpPHHM OTpaxaeT H3BeCT-
Hble npeacrasieHns o6 "aHnesuToBo# /uHMM”, orpaHnuuBaomell pacnpocT-
paHeHue mopopn cepuM [l NpHKOHTHHeHTalLHOK OOGIACTHIO pPA3BHTHS CHA=—
nuyecKol 30Hb 3eMHoM kopel. C Heft cBA3aH TakKe KOPOBBI IUTYyTOHH=—
YecKH# I'PaHHTOMOHEM MarMaTH3M H CONPSDKeHHBHl C HMM perioHanbHb
MeTaMopdHaM BYNKAHOT'@HHO=OCANOYHBX CIOHCTBIX TOMI CKI1ag4aToro
CTpOeHHH.,

ABSTRACT

Three magmatic series are traced during development of island arcs: [ —
tholeiitic basalts and ferriliparites, [I-basalts, andesites and liparites,
Ill-basalts, trachyandesites and trachytes. The first series corresponds
to initial stades of development of island arcs and is accompanied by du—
nite—harzburgite ultrabasic magmatism. The Il series is connected with
evolution of sialic earth crust and is typical for island arcs. The III series
characterizes the termination of geologic cycles and transition to stage of
- consolidation. There is obvious correlation between natural evolution of
magmatism and metamorphism, the latter is characterized by so-—
dic mode of initial stage (I) (spilitization, greenstone and glau—
cophanic metamorphism and more potassic mode at II stage to be connected
with formation of plagiogranites and then granites of normal suite.
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Ji. JI. IEPYVR

TEPMOIAHAMHYECKANA PERHM MATMATH3MA
X METAMOP®HU3MA HA PAHHHX CTAIMAX PASBHTHA
OCTPOBHBIX JI¥T

TepMoguHaMUIeCKui pexuM, T.e, H3MeHeHHE TeMIepaTypsl, [ABIEHAS
® QyTCHTHBHOCTER JIl@eTY4ux KOMIOHEHTOB B [POMeccax MarMarusMa i
MeTaMopduaMa paccMaTpuBAeTCs ML B HAYAIEe 3BOMOUNM OCTPOBHBIX
nyr. B npmioXenwy K BHY TPHKOHTHHEHTAIbHBLM TEPPUIeHHLIM I'eOCHHK/—
HanaM, T.e. K pasBHTLM CKAa14aThiM ob61acTaM 3TOT BOAPOC HCCNER0o-—
Ba/ICs HaMH' B CllenvaibHo# padore [13 ],

Pawnne cranuu paseuTHsi OCTPOBHLIX AYT MO CYWECTBY OXBATHBAIOT
Bpece Tans (OPMEpPOBaNHS OPHONMTOBLIX MOSACOB M Havanwpble (gocknap—
HaThie) CTagH¥ HAKOIUIEHHA KPEeMHHCThX OCAgKoB B ofNacTsx pPasBHTHS
OKeaHdYeckux XenoGOB c mocieaywmuM MeTaMOpPHSMOM 3THX MarMa-
TOreHHO~OCAA0YHLIX KOMIL/IBKCOB,

[nsa oneHKM TeMImepaTypHOI'O peXHMa MarmarnaMa B Meramopdua—
Ma MOMHO HCIO/IL3OBATL LENbH Pl YKe HIReCTHBX MMHEePAlOTHYeCKHX
TepMOMETDPOB, OCHOBAHHBIX HA 3AKOHOMEDHOCTSX pacipeaeneHyst KOMITo-
HeHTOB Memny dasamu [5, 12], Opnako B odmomuToBex GopMaumsx
BeAyWas poNib MPHHALNIENHUT NPEeHMYIIECTBEHHO TOIeHTOBbLM BGasambram
H AYHHT-rapubypruToBoll CepHH YbTPAOCHOBHLX MOPOL, BO3MOMKHOCTH
repmoBapoMeTpuy KOTOphX BecbMa orpanuyenw[5, 10, 17], Heob-
XOaMMO, CliefoBaTeNLHO, pa3paforarb Taxylo CHCTenMy, Koropad Bbi
MOSBOJIK/IA ONEHHBATHL TEMIIEPATYDHEI} DEXMM KPHCTAIUIMSANMM STHX
MOpOR OT /MKBMAYCA N0 COJMAYCA M HIDKE, MO B Ipefenax ONpefeneH—
Hbx Paumit rayGumsocts. Takas cucrema 6ppia cospana Hamu [14 1],
Ona ocHopaha Ha 2PdeKTe 3aKOMEPHOrO CHHMSHHA TeMIeparyp KpHCTal-
NH2AUMK CH/MKATHBIX PACIIABOB (C OJIMBHHOM Ha JHKBMNYCe) IPH [go-
laBkax K HMM pasiM4HLX nopopoobpasyioumx komnorertoB (Ca, Al
Fe, Ti, Mn, Na, K, Cr, HoC 1 r1.1.). Oror adbexr, obHapymeHHsi#

_amriupuueckn I, Pepepom (16, 17 ], okasancs seceMa uerkum. Pas-
paBoTaHHAg HA ero OCHOBE TEeopHs MOSRONMIE ELBECTH AHArpaMMy
{¢ur. 1) c ucommHMaMH MOIBHBX AONeft YOPCTEPHTOBOTO KOMIOEEHTa
B NMOTEHUHAIHLHOM ONMBHHE CHIMKATHOTO pacriiaBa HAHHOIO coCTasa.
Ora amarpamMa Spina paccH¥Tana cilegyiounm obpasom, OBpaGorans
DKCTepHUMEeHTalbHbe [aHHBIe MPAKTHYECKH MO BCEM M3BECTHRIM Ha& Cew
roaHsWHIH AeHL aMarpaMMaM maaskoctT (7 Mumepanwn®, 1974) B cuc-
TeMax, CO[epHMauMx Ha JMKBHOYCEe (opcTepur uiK $asiiMrT NpH aTMoC—
beproM pasneHun, [1pH 3TOM BLISICHHNOCH, HTC NCTapudMbl MOMBHBX
nosedl 9THMX KOMIIOHEHTOB B pacniapax cucreM, He copepxamux Na ¥
K, nuneino ceszanni ¢ ofpaTHolft Temmeparypoil. 3To CBHASTeNLCTBYET
O NPEMEHeHWY X OAaHHLM paciilaBaM 3AKOHOB MAeaneHBIX cMecel, B
CHUCTeMax cO WecYaMy YO&NOCk PACCYMTATE TAK HA3LBACMEIE YC/IOB=
Hele KOSPOULMEHTH AKTHBHOCTH ¥ ¥ n y¥ CBfI3b KOTOPBIX < KO-

Fa»
unenTpauueit ncpmarvusunoro Ab (unum Ne) oxasanace saxoHoMepHOi,
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Tak, ois MarsHesHalbHBX CHCTEM 3aBHCHMOCTH yhg 28i04 OT MO/lb=

HOM NO/H HOPMATHBHOTO ambGuTa XAp M TemllepaTyphl OMHCHBAETCH
CrenyiounM ypaBHEHHEM:

*
Yia0nSiOs = X MggSicy ~1,00051 + 0,1806 X
s e e s B
~0,49561 X5, — 3,06639 X%y +6,08234 X4y — 3,3072%5%,, (1)
rroe
3 3,5Mg

X 5 et
Mg2Si0, T
1
¥ roe A - aTOMBl 2/IeMEHTOB, BXOASIIMX B AAaHHbM pacnnae. Eciu
COOTHOUWEHHEe Fe Mg nepemMeHHoe, TO MOJIbHaAd A0 OJIIMBHHOBOIO
KOMITOHEHTa B [AHHOM CH/JIHKATHOM pACIlJlaBe BbMHCNgeTcd no ¢opMmyne

. 3,5(Fe + Mg)
: ——_— 2

X (Fe,Mg)9SiOy TR, 2

[

Mpu X:n >0,4 pmarpamMMy Ha d¢ur. 1 MOXHO HCIIONL3OBATE He—
MOCPeNCTReRHO [/ OLEHKH TeMIeparyphbl KPHCTA/VIH3AUMM KOTeKTHYeC—
Kux cMmeceii, [lng BbICOKOMArHESHA/ILHBIX CHCTEM H IIPH XOI < 0,4
B NpPHCYTCTBHHM wenodeli cneayeT BBOAMTH IONpaBKy Ha y* o

MgoSi0y
dopmyne

le = X:)l /Y* (3
X01

M OUEHKY TeMIepaTypbl MPOM3BOOHTL [0 BelMuuMHe lg XOI H
= Mg:(Fe +Mg) B onuexne, HaxoasueMCH Ha KOTeKTHKe, TepMOn%t—
HAMHYeCKad H MaTeMarHyeckas oGpafoTKa SKCIepHMeHTa/lbHBIX OAaHHBIX
MO3BO/IM/IA B 3HAYMTEILHO Mepe YIpOCTHTh pacyeT Temieparyp JHK-
BHAYyCaA B O/IMBHHCOAEpPXAIlHX CHCTeMax:

€(°C) = 10°/b - 333 - 200 1g X'y, (4)

s 01 *

0l 9
— 0,018646 (100X, ) — 0,02796 (1gX gy ) 100X pp)™ +

+0,000045 (100 ng) T

Ewe Gonee npocroil, HO He MeHee TOYHBIN CHOCO6 OIEHKH TeMIe—
parypbl OCHOBaH Ha obdeKTe 3aKOHOMEPHOID YBEe/IMYeHHS TEemIeparyp
NUKBHAYCA CHCTEM NpH 3aMeHe cBaseit Me—(C Ha Me—Me B CHIHKAaT-
Hex paciiapax [14]:

9 1039 62 + 43,736 x‘“ + 353,86y + 0,001182

01 3
(100)(M i + 0,125186y (IOOXOI) - 0,000031y (100Xy ) .  (5)
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rane y = (Mg + Fe + Mn) : 0,5 Og. [umarpamma, WUHOCTpHpYOmAs
3Ty 3aBHCHMOCTL, lpeacTapjleHa Ha ¢ur, 21:' el

Hcromeays dopmyny Xy, = .18 X5 /(1+2,15Xy,.)
[15], Mu oBpaBorams mo fpanneunm (f) u (5) HeckonmbKo necsaTkos
XHMHYEeCKHX aHa/li30B MarMarHdecKHMx Mnopoa, clarawiuHx KiacCH4yeC-—
Kne otpumonuroBbie ¢opMmamuu (1, 7, 8, 9], MMomydyenusie nudpper TeM-—
nepatyp KpHCTa/nmM3auMy ObUlM NMOABEPTHYTHI CTaTHCTHiecKo#f oGpaboTke,
Pesynurarel npencrapnessl B BEAe rHcrorpamM Ha ¢mr. 3, 3necwk
BHAHO, 4TO TEeMIepaTyphl JHKBHOIYCOB IepHIOTHT-BEpIIHTOBLIX NMOPOA H
aCCOUMMPYIOLINX C HMMH O/IMBHHOBBLIX BBLICOKOINIHHO3EMHCThIX 6Gas’albTOBR
HHXEe TeMIepaTyp /HKBHAYCOB IMOpOA H3 AYHHT-CapH0ypPrUTOBBIX KOMII—
JIeKCOE ¥ ACCOLMHpPYIOUHX C HMMH O/IMBHHOBLIX TO/IEHTOB COOTBETCT=—
BE@HHO,

Panee 6bu10 mokasano (5, 2], 4TO BLICOKOIMIMHO3EMHCTHIE 6a3aib—
THl BLIVIABISIOTCSH C GOMBLUIMX TTYGHH, YeM TONCHTEBLE B GONLUHHCTBE
ciiyyaes. CnenopaTenbHO, HauallbHbie CTQAMH PA3BHTHS OCTPOBHOH OYTH

CBE3aHbl C NMposBIeHH— 759 T
eM Haubollee BEICOKO- 7 °K
TeMnepaTypHOT'O, HO A
OTHOCHTEJILHO MAaJjio— 7 (
rNyGHHHOTO Marma-— 975 | SN

Tuama (ToneuTopnie 7 7

6asanbTh -+ rapubyp-—
THTHl - AYHHTH ), 3a—
TeéM OHH CMeHgTrcsd 470
6onee rnyGHHHBIMH, HO
OTHOCHTEIILHO HH3KO=—
TeMIepaTypHEIMHE Ha—
nugHusME  (oMMBHHO— §65
Bhle 6a3albTH) W
uHTpysusMH (BepmHTHI-
e pUOOTHTH ).

Ouarpammel ma ¢ur. §60
3 WUIIOCTPHPYIOT CTa=—
THCTHKY TeMNepaTyp
NHKBHOYCOB pa3nny—
HBIX THIIOB NOPOA ABYX {55
rinapHedwnx popmMaumni

®ur. 1. Hzommun
paBHOrO cocraba o= 490 [
BHHA HA /IHKBHOyCe KO—
TEKTHYECKHX CHCTEeM
Ha [Ouarpamme lg X* ,—

ol 45 L | T R 1 | L 1 1
=-1/T TpH P=1 arm q Vrs _0,2 _0’9 _0’5 ._(7,3 _/,0
( Perchuk a.Vaganov, Log X .

1975) (l»!g,,Fe)z Si0,
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¢ur. 2. Heommun paBHOro COCTaBa OJMBHHA HA JHMKBHOYCE KOTEKTH—
'9eCKMX CHIMKATHBIX CHCTEM Ha Anarpamme y—t°C npe P=1 at™m (Per-
chuk a. Vaganov, 1975)
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(74

®ur. 3. Conocrap/leHHe CTATHCTHK TeMIeparyp /HKBUAYCOB B Yilb—
TpaGasktax ( 6) wu Gasamsrax (0) H3 TOpPOA AYHHT-rapubypruaTo-—
Bo#t (1) » sepmT-nApoxcenuTOBON dopmanmii (2)
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OhHOTITOBLIX TIOSICOR, TeMmeparyprl comynycoB y HUX HA HECKOIBLKO
COT I'paaycop HMX€, HWTO HOCTATOYHO XOPOWO COMMACYeTcH C [aHHbLMM
MuEHepanorudeckoft repmomerpmm (4, 51;

A, Nyuur-rapifypruropas topManus - 1180-1350°C
COMPSKEHHBI® O/IMBHHOBIE TONEHThl= 900-1150°0C,
B. Ilepuporur-pepimmrosad dopmavus - 1100-12000C
COMpSOKEHHbIE ONMBHHOBL® Gasanbrii 87 5-10500C,

OpneHTHPOBOYHO MOMHC MOJAraTh, 4TO IVIyBWHBI I'eHepamuu s
dopnmanmm A coorsercreyor 10 ~ 30 x6ap, a nna dopMamuyE B - 20 -
40 xfap, O6 3TOM CBHOETEILCTBYIOT npnﬁmdmenﬂbxe Na’HLle MHPOKCEe-'
HoBOl Gapomerpmm [11].

OcTpoBHLIE QYTH SaKNAnLBAIOTCS HA KOpe OKeaHHYecKOro THMNa, T.e.
HeMOCPeCTBEeHHO Ha BasansTopoM OCHOBaHMM TONEMTOBOIO CocTaBa,
Kak 'mpapino, paspurie Oyry CONpmKeRo C AKTHRH3auMed KoH$OpMHLD
PaanomMoB, GO HelOCPENCTBEHHO C PASBHTHEM CPENMHHBIX OKeAHHHUEC--

knx xpebros. OceBbie WaCTH 3THX CTPYKTyp BCella CIOKEeHEB YlbTpa—
SasHTaMH, SBO/IOUMS COCTABA KOTOPHIKX CBA3AH& C HHTEHCHBHOCTHIO
SasanbTORAHOrO MarMaruama., Orciona clienyeT ¥ CBESb TepPMOAMHAMM—
YEeCKHMX PaslioMOB KDPHCTAINIH3AUKHE CONDMKEeHHBK MarM. Tonurobbie Ga-—
BaMbTE H Y/IbTPAOCKOBHbBIE HETDYSHH AYHKT-rapudypruroBoll dopmaunu
XApaKTepHayloT CAMYK PAHHIOI CTanmo SAOMEeHH: H DASBHTHHE OCTPOB-
HONK ayrTH., MarMaTuaM oTNE4Aercs BLICOKHME TEMIIEDATYpaMH, CYIeCT-—
BEHHO BONHO-BOQOPOAHEMM cocrapoM qumoumos [2, 3, 5 ] 1 Mamormy-
OHHHOCTHO QaNOXeHud, Dolee NOsAHAE HATMHAHHES BHICOKOIVIHHO3EMMHC—
Teix 6e34NMLTOR M MHTPYSHM MarM NepHiOTHT-BEpIKTOBOrC pana Xa—
paKTepUsSYIOTCH NOBLIWEHHOR IVIMHOEMHCTOCTBIC H KeIe3HCTOCTHIo,
fonee HUSKMMM 3HAYMEHWAMM TeMilepaTyphi B G0llee INIyOHHHLIM 3a7CKe-
HueM MarMargdeckux ouaros. [lasneune rasoe (HgO + Ho+ CHy+ COg)
SHAYMTENLHO BLILE, YeM B Cly4Yae AYHUT-TapubypruroBbIX HHTpPYauil,
ArumM, coBCTBEeHHD, ¥ OBbICHAeTCH foee BM3KOTeMIepaTypHEH XapaK—
TEp NAHHOTO MAarMariaMma,

[Mepepembl B HA3ANMHAHHAX ﬁaaanbron, a TAKKe BO BHEPEHHH YIbTpa—
Basurop M GasHTOP HA DAHHHX CTAgHEX DPA3BHTHA OCTPOBHBIX LY X&= |
paKTepusyloTCcHd HeKOIIeHHeM KPEeMHMCTBIX OC&IKOB M I'payBakk. Eule
B NOCKJANYATBHIX MEPHOA STH OCAAKE BMECTe C MarMarTHYeCKAMH Mo~
ponaM# MOryT Hor'pyxarbcsa Ha Bonbwpe rinyOHHBL, AHG0 ITonaaaTs B _
30HY NMOANBHrAHKS OKCAHWMECKOH KOPH B TOMBLKO HTO CHOPMUPOBAHHEYIO —
KOHTHHEHTANBHYI0, TOYHEe IePeXOAHOI'0 THra. 3AeCh MOpoasl MOABEPraloT-
Csl AOCTATOYHO BHICOKOMY SABIGHHIO M C PASBHTHEM INIMKATUBHOHK Tegk—
TOHHKE -~ HMBKOTEMIlepaTypHoMy mrevamopjuamy. O TepMonvHaMHYeCKOM
peXXuMe 3TOro MeraMopiuaMa MOMHO CYOMTH IO NAHHEIM AHAM38 MH-—
HepansHLX NMapareHesHCOB B3 COOTBeTCTBYIOUAX KOMIIEKCOB MOpOA
opuormTOBLX - PopManmi,

Ha ¢mr. 4 npexgcrapnesa puappaMma, pacCUMTaHHA] 10 TePMOOKHAa-
MHYECKHM [QaHHBIM [N PpaBHOBECHHM MHHEpalioB H3 NOpod NeoiH-
TOBOM, XBApI-NYMIENMHTOBON ¥ SeleNOCHaHUeBOH ¢aumip - meTa-
MophHaMAa.,
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lpenenom crabuibHOCTH maparenesuca Low +prl neonaroBas dauMsg Or=—
paHHYMBAETCS CEAYIOUMMH NpefeNsbHbLMHA TapaMerpamm: no 200°C u

7 = 6 kbap. Onnako Haubonee BaXHBIA BHIBOA CleNyeT H3 NONOXEHH
Ha OHMarpaMMe KBapu-IIyMIeIMHTOBON MHHepanbHO# daunun, HogsieHue
KoTopo# BoaMoXHO mpu Pg>5 x6ap. [laparenesuc € + Pum pocra-
TOYHO WHPOKO NPEACTABIEH HE TOJILKO B IPEHHT—ITyMIIEIHHTOBLIX MO—
pogax, HO M B rofiyfex cnaHuax, OH nedCTBHTENBEHO HEepPeaKo MpPHXO-—
OMT Ha CMeHY JOMaHTHTY M NPeHHTY B H3MeHeHHbX Gaszankrax, rpay-—
BakKax H Apyrux nopopnax. CregoparensHO, HH3KOTEMIIEpATYpPHHIH Me-
raMoppu3M Ha paHHell CTaquH Pa3BHTHA OCTPOBHOH HYI'M CONPSIKEH C
pesKkuM BoapacTaHHeM obmero napjeHHs NPH HEe3HAYHTEIBHOM H3Me—
HEeHHM TeMIepaTyphL 3[eCb [OCTHralTCs AOCTATOYHO BLICOKME BEllH-
wHbl Py o >3 kbap. OcrambHas 4acThb nap/ieHus (momna, Mo—-BEAH-
MOMY, NMPHXOQHTCH Ha NOMIO BOAOpOgAa, MeTaHa ¥ OPYIHX BOCCTAHOBIIEH-
HEX GopM rasoe. :

Taxum ofpasoM, paxHeUH# MOMEHT TepMOOMHAMHYECKOIO peXuMa
B SMOpHOHANEBHYIO CTagWio Pa3BHTHA OCTPOBHOM OYI'H — IPHYpPOYEHHOCTH
Havala MeTaMOp{MYecKMX IPOLECCOB K OYeHb BLICOKHM SHaYeHHIM |
papnenus dumomna, cocrosuero He MeHee yeM Ha 50% mna HZO' Or-
ciopa cleayer, 4YTO B :COOTBETCTBYIOmMHX KOMIIeKCax MOXHO HaGmopnaTb
BOHAILHOCTE OT COBEpUEHHO HeMeTaMopdH30BAHHBIX MOPOA OO0 IIayKO=— R
dancnannerrx. ¥ Gonee BHICOKOTeMIIepaTypHLIX MapareHeancoB. !

HanepHeHuwiag 2BOMONMA MeTaMopdrudecKHx KOMILIEKCOB OGHONIMTOBBIX
dopManu#i compsokeHa C BO3pACTAHMEM TeMITEpaTyphl MPH OTHOCHTIBHO
ycrofitusoM, /muGo cnabo. BoapacraiomeM pexuMe naeieHud, O6 aToM
MOXHO CYAMTH MO CMEHe 1aBCOHMT-ITayKohaHOBLIX IMOpOM NapareHe—
amcamu Gl + Act +'Ab + Chl + Ep.

HauBonee Bricoxwe auauenus paenenus Pg= 10#2 kGap npu 350-
450°C pocruraorca B rnaykodancnaHnesbx noscax (Caunarosa,
Maxkcioropckni, PpaHnMCKaHCKH# M Op.), O YeM OQHO3HAYHO CBHAETe/bCT~
BYIOT faHHbIe MHHepa/oruiecko#t repmo- u Gapomerpmm (ra6m_, 1).
[anshefimas sBomonus Meramopdusma nporexaeT Ha (oHe cnana QaB-—
NleHHs ¥ HEKOTOPOTo BOapacraHms Temmeparypht (pur. 5) sunors no
obpazoBaHHa I'paHATOBLIX aMpubGONIHUTOB.

AHanus NaHHBIX NOKA3BBaeT, YTO MO Mepe DAapHTHA Meramoppmama
Hapany c ofMM fapjleHHeM pesko BO3pacTaer faplieHHe BOALl BO (UIOH=—
ne, Tak 4TO B I'MIayKOGAHOBBIX ClaHIAX OHO AocTHraer 7,5 - 8 kbGap.
TMpr nanuuefimeM BospacTaHM TemnepaTypst (ebme 450 - 500°C)
Hapdny C nafgeHHeM [aplleHHs CHIpKaeTcs [aBlleHHe BONbLI H HauHWHaeT
Bospacrare P80 ¢uuomne. B HM3KOTEeMIEPATYPHbLIX GOHAX BEIMUMHA
napuraneroro pasienus CO, He npepbmwana 25 6ap, AHWE B 9THX
ycnosuax ycro#mmest Law, Pr uw Pum.

13!1er H [anee HCIOML3OBAHBI CIIeAYIOlIHe HHAEKCEl MuHepanos: Ab-
anebur, Act - axrumsomur, Chl - xnopur, Gl - rnaykodan, Law-
naBcoHuT, Lom - noMaHTHT, Pr — npenur, Pum —mymmenuur, @ —
kpapu, Tr — Tpemomur, Zo0 — UOMSHT.
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®ur. 5. lpununnmancias cxema H3MeHe—
Hrst Po T napamerpos mpu meTamopguame
BYJIKAHOI'@HHO~OCAMOYHLIX TOPOA HA paH-
Hell CTalMM Pa3BHTHS OCTPOBHON RYyrR
(Tlepuyx ¥ Ywakos, 1973)

Aalrenae , néap
Qo o

IR (DR S L S,

200 400 500 "t

Taxim ofpasoM, TepMoagWHaMHIECKHH pexuM MarMarusma H MeTa—
MmopdsaMa Ha DAHHHX CTaQWsSX Pa3sBHTHA OCTPOBHEIX AYI' BeCbMa 38K0-.
HOMEpeH H XOpOWO OTpa)aeT HX IeOTeKTOHHYECKYK sBOONmE0. Bod-
pacrande Temmeparyp MeraMopdHsMa M CHIKEHHe uX TpH MarMaTHaMe,
CMeHa BOCCTAHOBAeHHbX (unoupnop DO/jlee OKHMC/SHHBIMH, NOCTIDKeHHe MaK—
CHMyMa F‘s H PH O~ BCe STH 3aKOHOMEpPHOCTH XOpOWO I1POCMATpHBA~
I0TCH Ha (oHe Harrzna npeBpanieEKd OKeaHHYeCKOR KOpPbl B KOHTHHEH-
rajlbHyl0., DTHM [0 CYEeCTBY A 3aBepulaercsg HCTOPHS MarMATH3MA K
MeTaMoppuaMa Ha DaHHMX CTag¥sx PA3BHTHS OCTpoBHBX Ayr. B pnams-
HeltleM OHa TIOAYMHAGTCH 3aKOHAM MeTaMopjuaMa TeppHIeHHEIX I'e0-
crukmnane# [13],

ABSTRACT

The thermodynamic regime — the changes intemperature, pressure and
fugacities  of volatile components with the depth of magmatism and mera—
morphism — are considered only for the early stages - in the evolution of
island arcs. : A

The early stages in the evolution of island arcs take in virtually all
the stages of the formation of ophiolitic associations (formations), and
also the early (pre—folding) stages of siliceous sediment accumulation in
the areas of oceanic channel development, with a subsequent metamorphism
of these magmatogene—sedimentary complexes.

A number of mineralogical thermometers based on the laws of component
distribution between the phases have been used to evaluate the temperatu—

' re regime of magmatism and metamorphism (Perchuk, 1969, 1970, 1973;

Perchuk and Vaganov, in press) Ultrabasic and basalt formation solidus
temperatures ‘were estimated for the different periods of the early stages of
island arc evolution. .

- Ultrabasi crocks Basalts
The dunite—harzburgitr Tholeiite basalts, poor
formation:1180-1350°C. in potassium: 900-1150*C.
Nodules in basatlts:
910 — 1180°C.
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Ulirabasi crocks : Bas.ahs
The peridotite—wehrlite—pyroxene  High—alumina basalts:
formation: 1100—1200°C. andesite—basalts and.
others: 875--1050°C.

. Tentative pressure estimates, made using the bipyroxene barometer (alu—
minium distribution) show that a peridotite —wehrlite association of intru—
sive rocks intrudes from greater depths (30—40 kbars) than the dunite—
Larzburgite association (10—30 kbars). The fusion of conjugate basalts
appears to occur at similar depths. :

So, with the evolution of an island arc, hightemperature, relatively
shallow magmatism is changed for a rather deeper and lower—temperature
magmatism. However, if conjugate development of these two formations
occurs in onter and inner belts of the island arc, each of the formations
will reflect the thermodynamic regime of abyssal magma formation (thr Ku—
no model) in the zone where the continental platform is underthrust of abys—
sal magmas are connected with juvenile water—hydrogen—carbon dioxide
fluids. The magma may ascend tothe surface by the ".gas drill”. mecha—
nism (Perchuk, 1973; Perchuk and Dryomin, 1974). The oxidation of sub—
stantial hydrogen fluids at shallower levels could account for the occuren—
ce of highertemperature magmas at these levels. .

The specific nature of metamorphic zoning (Ernst, 1971; Dobretzov,
1974; Perchuk, 1974) in the early stage of island arc evolution is caused,
primarily, by the development of almandine eclogites and glaucophane
schists — low—temperature rocks. which are formed on ultrabasiw
tes, greywackes and siliceous sediments under high pressures.
Thermobarometric measurements lindicate that as the temperature
increases from the zeolite to the glaucophane—shist zone, | the pressure is
two to four times higher than the lithostatic load, usual in the metamorp—
hism of terrigenic geosyncline sediments. At about 450—500°C, the pres—
sure appears to  decrease and the curve of the regime of metamorphism on
the TP—diagram approaches a normal geotherm. As a result, the glanco—
phane zone will be changed by an amphibolite zone. Such a regime could
be explained by the pressures in the lithosphere platform undethrust zo—
nes (Perchuk and Ushakov, 1975). The metamorphic zoning varies with
only dunite—harzburgite formation. Amphibole eclogites which are higher-
temperature rocks than almandine eclogites and glaucophane shists, refer
to the peridotite—wehrlite formation. Here the metamorphic.regime is the
same. The pressure is maximal, but the temperature will be about 100°C
higher.

The study of the Hy90, Hg and COg regime under metamorphism sho—
wed, that the CO9 values vary in the range of the first tens of bars. The
PH20 /PH2 _ratio regularly varies with the evolution of an island arc.
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0. A. BOTATHKOB

JTOKEMEPHUCKNE AHOPTO3NTOBBIE ACCONUAIIAHA CCCP
" UX TEHE3HC

I'moBanbHOe pacnpoCTpaHeHHe aHOPTO3HTOB Ha 3emie oOmen3BecTHO.
Bo-nepBEIX, AHOPTOSHMTEI SBASIOTCH cocTapHO# (HO Bcerna mopwiHeHHOM
no ofweMy) 4acCTeIO Cno¥Ho auddepeHIHPOBAHHLK GASHTOBLX WHTpPYSHI,
KOTOpbIe MMEIOT Pa3NUYHbIl I'eOJIOTHYeCcKMit BO3pacT BIIOTH A0 KaiHo-
309, AHOPTO3HTHI STOrO THIla NPHHATO HASEBATH CTPaTHGOPMHLIMH,

a reHeanc HX CBasmBaeTcd co crpaTutukamuedt (nubdepenmmanmeit)
ponoHadanLHO# GasanbToBo# Marmbl, Bo-BTOphX, H3BECTHBEI OI'DOMHEIE
Tena AOKeMOPHHCKHX aHOPTOSUTOB, NMPHYPOYSHHBX K HOKeMOpHACKHM
mMMTAM HAHM LOKO/IO hpepHux miathopM, Macwrabel aTHX Tesl OIDOMHEIL,
a AHOPTO3HUTHI B HHX HAB/ISIOTCH IVIABHLIMU MOpogaMH cpend 6asuToB,
AHOPTOSHTHE STOIO THINA HASHLBAT apTOHOMHeME [4],

HinpoKuMH reoNoruyecKHME HCCIeAOBAHUAMHE, MPOBOAMMBIMH Ha Tep—
puropuu CCCP, ycTaHOBIeHO, YTO ABTOHOMHBLIE AHOPTO3HUTHI SBJISIOTCH
XapaKTepHeMH 06pajoBaHHAMH OIS BCelt moxemGpuitckoit MCTOpMM 3emiH
W BoapacTt ux konebmercs or 4 no 1,5 mnpn. ner. Hcmonwbsya cxemy
nenenus pnokembpug, npennoxennyio K.A, Wypkumasm u Q.I1, Murpoda-
HoBEM [ 9], MOMHO BEMENHTHL MPOrPOCHHKIMHANILHLIE (1Or€OCHHKIMHAIE—
HbIC), MPOTOT€OCHHKNMHAILHEIC (paHHEereOCHHKIMHAMBHEIE) AHOpPTOSHTOBEE
aACCONMANAN H 2Tal craSuinsaums gpepnmx miatbopm (rabm, 1).

[Tponcxoxnenne CrpaTHPOPMHBEIX AHOPTO3HTOB XOpowo oObscHAeTCA
MarMarudecko#t aubdepeHunaunmelt ponoHadanbHOK GasanbTOBOH Marmel

Huaue oBCTOMT Oeo C MPOMCXOXAEHHEeM OI'POMHBIX Macc aBTOHOM-—
HbIX [OKeMOpHHCKHX aHOpTO3HTOB, B Hacrosumee BpeMd CyulecTsyeT TO
KpaliHel Mepe NATb OCHOBHBIX IHMIIOTe3, ABJIMIOLMXCSH NpeaMeroM
OXWBJI@HHOH NHCKYCCHH,

1. Marmarmieckoe NpPOMCXOMAGHHEe NpH GpaKIHOHHOH KPUCTAaNIM3alHH
nepeEuHO# rabbpouauoi, ra66po—-aHOPTOZUTOBOMN, NHOPUTOBON MM KBApU-—
AMOPHTOBOH MAT'M,

2., MeracomaTHyecKoe NMPOHCXOKIAEHHE NMPH METACOMATHYECKOM Npeot-
pasopaHMK GasHTOB WM MOpoA MHOTO COCTaea,

3. Meramopbuueckoe NpoMCXoXaoeHHe B Ipouecce MeTaMophHiec—
Kokt nuipbepeHnHanmy B yCNOBHAX I'paHYHTOBOH danmy perHoHAIBHOIO
MeraMoptuama,

4, AcCHMHUISIMOHHOE IPOMCXOXAEHHE B peay/ibTare YCBOSHHMs Ga-—
zanbToBOM Marmo#t Gonpuworo o6nemMa Il HHEHCTHIX OCANKOB B OpOreHd-—
YecKH# MepHo] B YCIOBHSX INTyGOKOM K&TasOHBl WM YCBOGHHMS KHCIIOH
Marmo# BHICOKOITIHHOBeMHCTOI'O M KapG: HATHOrO MaTepHana,

5. AHaTekTHYeCKoe MPOMCXOMASHHE ja CYET IIABIeHHS BHICOKOIVIH—
HOZEMHCTHIX OCA[KOB B INIyGHHHBEIX YC/OBHSX KATa3OHHL, BO3MOXHO,

C 4YacCTH4YHBIM y4YacTHeM 6azanbTOBOIO CJIO4,

Orcyrcrene o(dysUBHEX aHA/IONOB AHOPTOZUTOB ABIAETCH ApryMeH—
TOM B NO/L3Y HX METACOMATHYECKOIO MpOMCXOMAeHMs. OOHAKO uenmbi
psl NPH3HAKOB H, B NepBy0 oudepenb, MHHEPAJLHLE MAapareHeaHuch! H
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Tabnrua 1

CpenHue COCTABEI 3€MHOM KOPBl M HEKOTOPHIX &HOPTO3MTOBBIX

KoMnoneHTE! 1 2 3 4 5
Si02 59,07 59,19 59,12 60,70 62,5
TiOg 1,03 0,79 1,05 0,95 0,68
AlpOg 15,22 15,82 15,34 15,83 15,6
FeoOg 3,10 3,41 3,08 1,71 -
FeO 3,71 3,58 3,80 5,50 6,1
MnO 0,11 0,11 0,12 0,14 0,13
MgO 3,15 3,50 3,49 3,02 3.2
Ca0 5,10 3,07 5,08 5,28 6,0
NayO 3,71 2,05 3,84 3,55 3,4
K50 3,11 3,93 3,13 2,28 2,3
Py Og 0,30 0,22 0,30 - 0,18
H90 1,30 3,02 1,15 L YOTT -
COq 0,35 0,54 0,10 - -

Ipowe - - - - -
CyMmMa 99,56 99,93 99,60 99,73 100,09

TpuMmeuwanusa. 1 - cpenuuit cocrap seMuO# Kopul Mo Knapky u Ba-
ummrrory [ 2132 —cpenunit cocrap nenumkopodt rymuer HopBeruu mo .
Toneaumunty [2]; 3 - cpenmmit cocTap M3BepXeHHRX mMOpox MO
Knapky [2):.4 - cpenumit cocrap rpamynuroporo Gnoka Bpasunp-
ckoro mura [16]; 5 - cpenumit cocras aemuo#t kopur [15];

6 - cpepum#t cocrap kpapuesoro guopura [3]; 7 - cpenmmit coc—
rap anpesura [3]; 8 -~ cpepuum#t cocrap mopog rpaHyaHTOBOM
danmn goxem6pusa Wornannme [11] ; O - cpenunit cocras MeTa-
nopon Jlareeu [5]; 10 — cpenmmit cocrap aHOPTO3UTOBOH aCCO-
muanuu 3ananso#t Jlaremu [5]3 11 - cocrap rpaRMTHBX BKIOYe-
HE B AHOPTO3MTAx YKpawWHEL

SKCIepHMEeHTAILHEIE HCC/eNOBAHMs, H30TOMHEM cocrap Kucnopopa [5]
H [pyTHe YKa3bBajoT Ha BHICOKYI0 TeMmeparypy o6pasoBaHMs aHOPTO-
aurop, Bunumo, crienyer nna GONbMEHCTBA H3BECTHBIX Iab6po-aBHOPTO-
SHTOBLIX MACCHBOB HCK/IOYHTH BOSMOXHOCTH HX MeTacoMaTHieCKOI0
reHesnca M NPHHATE MarMaTH4ecKOe MX NPOMCXOXIEeHHé, He 3aBHCHMO
or crocofa 06GpasopaEHs POAOHAYABHONX Marmel, B sroMm ciydae Kapau=-
HallbHBIM BOMPOCOM CTAHOBHTCH COCTAB poaoHadalnbHO# Marmeln B
Hacrodmee BpeMs CymecTBYIOT TPH TOYKH 3peHHS Ha ee COCTaB.
Basansropas Marma., Kosnennus o GasanbTOMQHOM COCTaBe pono-—
Ha4yalbHOR MAarMbl aHOPTO3HTOB CNOXWIACH B IpOLECCe AeTalbHOIo
H3y4YeHHd PACC/IOeHHLIX HHTDY3H# BepxHHX dacTelt semHO# Kopel [lef#t—
creurensuo, aupbepenumannet GasanuToBofi MAME! XOpOWO OBBACHS-
ercs NMpPONCXOXAeHHe CTPaTHPOPMHLIX &HOPTOBHTOB M CAMBIX [PeBHHX
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accouranui

6 7 8 g 10 11
61,25 59,00 61,22 61,81 62:81 .. 7245
%0778 0,84 0,54 0,59 0,48 0,21
16,35 17,00 15,60 16,00 16,92 14,61

2,16 2,40 3,07 2.07 1.41 1,14

4,30 4,20 . 2. B 4,82 3,10 1,54

0,12 0,15 0,08 0,08 0,06 2

2,60 3,16 6,3 3,09 2,56 0,63

5,47 6,10 5,57 4,23 4,85 1,42

3,48 3,60 4,4 2,26 3,34 2,13

1,95 2,10 1,03 3,27 3,51 4,62

0,26 0,30 0,18 0,28 0,09 1,13

1,10 1,00 0,15 0,41 0,23 -

0,20 0,15 o 1,52 0,44 =
100,00 100,0 100,75 100,43 99,80 99,58

AHOPTOBUTOBLIX accouuanu# (mporeocrrKIMHaNLEbX) BenoMopea u Konbo-
KOro IOyOCTPOBA, CpedHeB3BeuwleHHbHll COCTaP KOTOPLIX OTpeHaer ba-
aaneTy WM aHoeauTo-Gasanbry [(8]. OnHAKO TMOACYMTEIBAGMEIE pas-—
NMAYHLIMH ABTOPAMH, CpeJHEP3BelUleHHEIe COCTABLI ABTOHOMHBLIX MOKEeMG-
PH#CKHMX AHOPTOSHTOBLIX MAccHBOB (MM KOMInekcom) Golee moaamux
9TaNoB yXKe He OTBedaloT COCTaBy HCXO[HOIo GasanbTa.

la66po-aHopTOosHTOBAad Marma, Jra KOHIEImHA ¥MeeT MHOI'O CBOHX
cTopoHHuKOB, CpefHH{ COCTAB MHOI'HX ABTOHOMHBX I'a60pO—HOPHT—8HO P
TOSHTOBLIX KoMmnekcop (6es rpauurHOl cepHu) oTBeuaeT rafopo-—
anoproaury., OcofeHHO NMO3uMUMH CTOPOHHHKOB rabG6po—aHOpPTO3HTOBOM
. MCXOHO# Marmbl YKpenuwiIuch nocse SKCnepuMeHTanbHex paGoT Honepa
[17], xoTopuit ycranopun, 4To B CHCTEME AQUONCHI - AHOPTHT IO
Mepe ypenuyenHs napnenns napos sopet o O po 5000 Gap cocrae
SBTEKTHKH MeHsgercd orT 42 pno 73 Bec.% aHOPTHTa, a TeMmmeparypa
aTO# 9BTEKTHKM MeHmerca oT 1274 pno 1095°C. Ha ocuopanum
sroro bagnuerron [10], a sa M ¥ OpyrHe aBTOpLL I PeANOJIOKHIH,
4TO AHOPTO3HUTHI MOI'YT GbITL OGpa3OBaHBI MPH YACTHYHOM MIABICHUH
HwxuEX (GasaneTOBLIX) IOPH3OHTOR. 3€MHON KOpHI B YC/IOBHSAX BBICOKOIO
fapBleHdd BOANHOIO Iapa, '

OpHako 9TH SKCMepUMEeHTAa/IbHbIE AaHHLIe MPOTHBOpeYAT reO/IorH-
" 9ecKMM, yKasHBaOUMM HA “cyx#e” yC/IOBHS CTAHOBMIEHHS rabGpo—HOPHT—
AHOPTO3HUTOBBLIX KOMIUIEKCOB, BMemaomuMyu njis aHOPTO3UTOB, K&K
NpaBuio, gBISIOTCH NOpoabl rpaHynuroBo# dauwm Meramopduama, chop-
MupoBaBuIMecs B ycnopusx Huskoro PHo( . ¥ Gonbummcraa aHOproam-
TOB OTCYTCTBYyeT SHa4duTelLHOe conepaHue BOJOCOAepXalHX MUHepa-—
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noe (amMdubona), KOTOphe QOMKHEI BEI KPHCTAIH30BATHCH BMECTO
NMHPOKCEeHA TMpH TAKOM OaB/leHHH BofgHOro mapa, Fe—Ti  ogucHbe Mi-
Hepanpl OTAMYAIOTCH BHICOKOH CTEeNeHBl0 BOCCTAHOB/EHMH Xenesa
(unbMeHuT), PeMudecKHe CHIMKATHI COOEPKAT OYEeHb HEeSHAMHTENbHOSe
koinnyectso HoQO, anaTHT oTHocurca K GropHcToii pasHOBHAHOCTH,

B HeM MOYTH OTCYTCTBYeT MUHAI I'HOPOKCHIaNaTuTa.

Konewyro, ¥ B 6e3BOOHLIX YCIOBHAX C yBellHyeHueM oOuero naeie—
HES SBTEKTHKA CMemaeTcs (npaBga HE Tak pesko) B IIATHOKIA30BYIO
cropony [12]. Cornacuo aroMmy, BbleseHHe NMIATHOK/IA3a M KOHLEHT-
pauMs KpucCTanlM4ecKor'd Marepualia MOI'YT MPHBECTH K 00pas3oBaHHO
AHOPTO3HUTOBLIX TeJl, 3aHMMawux A0 25 06reMHbIX % MAacchel MHTPY3HH.
B peanbHbX yClOoBHAX ABTOHOMHLX AHOPTOSMTOBLIX KOMINIEKCOB aHOP-
TOBHTH 38HUMAIOT Iopasfo 6énbume obvemer, K TOMYy Xe, KakK IoKa-
3anu reojoruyeckue ¥ nerporpabuuecKHe HCCIENOBaHHd, TaK Ha3bmBae-—
MbIf 6a3ansToBBI crnoli 3eMiaM B Hacroduee BpeMs COCTOHMT OTHIONL
He ua OasanbTa, a CKOpee MpencTapBleH MMOpOAAMM I'paHYNHTOBOR dauuu
MeTaMOopbuaMa, CpPeAHMi COCTaep KoTopo# oTeedaeT agpesuTry (11, 16

K aToMy Hamo goBGaBHTE eme oYeHb BaxHOe OBCTOATENLCTBO, KOTO-
poe 4aCTO MIHOPHpPyercs IeojloraMy NPH pPacCMOTPEHHH I'eHeaHca aHOp-
TO3UTOB, KakK MOKaA3bBAT COMOCTABIEHUd IeTporpaddiecKux H aKCle—
pUMeHTAalbHbIX AAHHBIX, AHOPTO3MTEI HE SBASIOTCH 9BTEKTOMOHbIMH
obpasopaHuaMH, a Gollee BLICOKOTEMNepaTypHel, IeM 3BTeKTHKa Iila-
T'HOK/Ia3 — IMHPOKCeH,

[e#icTBUTEILHO, €CllM IPEeqCTABHTH AHOPTOSHTOBYI AaCCOLHALMIO MO=—
pon KakK MpOCTO aHOPTO3MTEL, raSfpo M I'PaHUTH, TO COTIVIACHO
®.I', Cuury [7] remmepaTypsl HnaplieHus MHHEpalOB M IOPOA TOH Ac—
connanuu cnenyioumue (B °C): amubur - 1118, anoprur - 1550,
naaruoknas AbygAng, - 1280 (wavano nuaenenms) - 1440 (xomen
nnapnenus), ra66po - 1252°, nmopur - 1087, KBapueBbie QHOPHT —
1002, runuynoe raﬁﬁpo (DiAbspAngg) ~ 1200, Timyunedi rpanut
(Q33 Ab33 0[’t33) ~ 950,

[pyruMu clloBaMu,d3 BCcelt raMM bl ACCONMAPYIOUIMX ITOPOg aBTOHOM-—
HBIX AHOPTO3UTOBBIX KOMIIIEKCOB AHOPTO3HUTHI GBIMOTCH Haubollee Tyro-.
niaBKAME TIopoaamu (paxe mpE OTHOCHTENBHO KHMCIOM COCTape Ilfla—
rHoknasa Abgg Ang)- FaG6powabl ¥ T'PaHUTEHI NIABATCH NpH Gollee
HH3KO# TeMIieparype,

B nacrosmee BpeMd, BHOAMMO, IIOKa He pazpemlnMoi npobieMo# sp—
ngeTcd I'eHeauc caMoi radtépo-aHopros3uToBoM Marmel O6umpHbIE
paGors: Mpuna [6] mo mayuenmmo dpaxnuoHEpoBaHHS CYXMX paCIl/laBoB
BBLICOKOT'IMHOZeMHCTOIO Gasansra B uuTepsane naeienusi 0-36 kbap
MoKasaiM OTCYTCTBHE B ITHX YCIOBHAaX OOpasoBaHHA INIHHO3EMHCTOIO
KHaKOTO (paknuonara, Ha arom ocHopanun ['puH npuwen xk BbuBOAY,
-uro po paenendit 36 xGap B cyxux yc/lOBHgX mpouecc ¢paKuuOHHOM
KpucTannusaund OasalnTa HEe MOXET MPHBECTH K. NospleHmo rab6po-
aHopToaHTOoBOK Marmer, Of6pasoBanne ra66po—-aHOPTOZUTOBOIO pAaCliiaBa
IIpH TepeNnapleHHy BbICOKOTVIHHO3EMHCTLIX OCaAKOB, KOHEYHO, NpH

llimeerca B Buny cocras moponkr B ofbeMH.%.
376



ONpefelleHHbIX YCIOBHAX MOIVIO MPOHCXOAHTb, OOHAKO OT'pOMHBIE MJI0—
many, 3aHAThbIe AHOPTO3HMTAaMH, INloballbHOe MX paclpoCTpaHeHHe Ha
BCeX KOHTHHEHTax 3eM/l H WHPOKOe MPHCYTCTBHE aHOPTO3HTOB Ha
Jlyne ykaseBaoT Ha kakue-To ofliMe yCloBHS Mx oOpasoBanms, MMes
B BUAY KakK (M3HKO-XHMHYECKHe YCIOBHMS CTaHOBIEHHS, TaKk M COCTaB
poaoHadanbHO# MarMei,

AnnesuroBas WM KBapueBO-AMOPHTOBAS NepBMYHas Marma. Kak
YKashBalOT MHOTHE HCCIIeAOBATENH,C I'aG6po—HOPHT—AHOpPTOS3HTOBLIMU
KOMIUIeKCaMH B GONbIIMHCTBE Cly4ae aCCOUMHPYIOT KHMCIIble TMOpOMbI,
MacuiTaG NMposB/IeHMs KOTOPLIX He BCerna yaaercd BLIICHHTb, 4 .I'eHe—
THYEeCKOe pPOACTBO C AHOPTOZUTAMH He BCerjga BO3MOXHO NOKa3aTh.
[TosToMy, paccHUTHBAg COCTAB POAOHAYANIBHON MAIMbI,MHOTHE HCCIIENO~
BaATeNM OCTaplmoT 0es BHHMAaHHA KHCIbIe IIOPOMbL

[Tpennonoxenus 0 OAMOPUTOBOM COCTaBe POAOHAYAIBLHOH MAI'MBI AHOP=—
TOSHTOBLIX KOMIIEKCOB GbUTM BhICKasaHbl BonkoMm, Baprom, ®mmorrcom
# np. BamoBele cocrassl MacCHBOB AQMpOHOAKCKOTo, drepayHOCKOro,
Haitnckoro m gp. Mo oueHKaAM pasiIMYHBLIX ABTOPOB TakKike IPHGIHXAaT—
cd K cOCTaBy aHOoesHrTa,

Ocofoe MecTo B 9TOM OTHOUWEHHM 38HMMAIOT AHOPTO3HTOBBIE ACCOLHa—
H4MM 2arana crabunusaumm gpepHMx mnardopm. Kax 600 mokasaHo BBIUE,
C HMMH CBf3aHbl OFPOMHBIE MACCHI T'PAHHTOB MAHT'€PHTOBOTO THIA M
panakusy, 3Ta accouMauusd BHOepPKHBAETCH NMPAKTHYECKH A/ BCEX H3—
BECTHBLIX K HacTofduleMy BpeMeHH cyOmiardopMeHHbX KOoMIiekcos, B
TeX Xe cly4Yasx, Korma B 2TOfl acconpamnuy OTCYTCTBYeT Kako i-nubo
unen (kak, HanpuMep, B CalmMHMHCKOM MaCCHBE panakipM OO He[aBHero
BpEMeHH He GLUIH H3BeCTHLI AaHOPTO3MTEHI), MOCIENYOlUNe HCCIefOBaHUS
BOCIOJIHSIOT 3TOT Npobern.

Acconmanyss aHOPTOZUT-I'PAHUT [AJlf KOMIIJIEKCOB 3Tana crabuiHza-—
UMM ApeBHMX MIaTPoOpM He TOJBbKO BhEEpXaHa B IPOCTpaHCTBE, HO H
SaKOHOMEpHa BO BpeMeHM., ['paHHMTHI BHEOAPSIHCH OGIHM3KO OQHOBPEMEHHO,
HO HEeCKO/IbKO MO3[Hee aHOPTO3HTOB, OKa3bBad Ha HAX KOHTAKTOBOe
Bo3faeicTBHe. AHOPTO3MTHI M T'PDAHUTHI MPH STOM HMEOT ofmyl THTa-—
HOBYIO (mTaHOMarHemT, WibMeHHT), ¢roposyio (drop-~anmartur, tmoo—
pUT, TONMAa3) CNenHalW3ammio, B I'DAHMTAX BCTPEHYAOTCH DEUKThI TH—
NHYHEX OJ1g 6asMTOB MHHepalloB — OJIMBHHA H NHPOKCeHa, MaHrepuro-—
Bblé I'PAHHTHI MMEIOT OYeHb BLICOKOTeMIlepaTypHEIH COCTABR NEpPTHTOB,

B aHoprosuTax BCTpedalTCHd WHTEPCTHIMH, BLOIOJHEHHLIe I'PAHHTHBIM
MarepualioM, GIH3KMM 1O XMMHYECKOMY cOCTaBy K panakunen. Bce aru
baxThl yKasblBAIOT HA He TOJBLKO NMPOCTPAHCTBEHHYIO, HO H I'eHeTHYec—
Ky1I0 CBA3b AHOPTO3HTOB M I'DAHHTOB 9Tala CTabHIH3allHH [peBHHX
mnardopm,

3amMeuarenvHble yonexu B 00/acTH SKCIEpHMEHTa NpH BHICOKHX AaB=—
JIeHUAX COIVIacyloTCsd ¢ 9THM npencraeinenueM., Tak, onerrer T.X. I'pana
[ 6] ¢ pacnnamoM KBapueBO-IHODHTOBOI'O COCTaBa MpH gaBieHusx O-
13,5 kbap nokasan¥ obuiMpHOe MONle KPUCTA/NIM3AUMH [JarHOK/I1a30B.
[ToguuneHAbMHE KPHCTAIMYECKMMY (asaMy ABISIOTCH MHUPOKCEHbl M pPyd—
HBIfi MuHepan, a Haubollee HH3KOTeMIepaTypHasd XHAKas (pakious UMeeT
KMCIbI coCTaB, DTHMH Xe OmMbBITaMH GbUIO [NOKasaHO, YTO colepXaHHe
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anb6HTOBOTO KOMIIOMeHTA H [aruokiasa npu moGoM BaloBOM COCTaBe
pacnnapa SaBHCHT OT OAaB/eHHd; APYIHMH CIOBAMH INpH AABRIEHMSX
nopsnka 10 kx6ap B pacniaBe aHIesHTOBOI'O COCTABA YCTOHYMBBLIMH
6yOoyT TONBLKO MIArMOK/IAa3bl CPedHMX HOMepOoB. STO YOHBHTE/LHO TOYHO
COOTBETCTBYeT MHHepa/llbHbIM COOTHOWEHHAM B CyOmaardopMeHHBIX A0-—
KeMOGpUHCKHX aHOPTOSHTOBLIX ACCOIHAIINGX,

Muorounc/ienHble MONBITKE BLMACIEHHS CPE[HEero COCTapa 3eMHOMH
KOpbl OHO3HAYHO YKAasblBalOT Ha GIH3KHH# K aHIe3HTOBOMY ee COCTaB.
ITonoBHble MpencTaB/leHud MOATBEPXKAAIOTCH CPEHAM COCTABOM Jlef—
HUKOBO# IVIMHEI, KOTOPEIH COOTBETCTBYeT YCPEeAHEeHHOMY COCTAaBy [peB-—
Hux wuroB. B cpoe Bpemsa I'.[l, Abanaceepemm [1] 6bumM coenaHhsl mog—
CUYeTHl CpeflHero cocTaBa HCXOOQHOM MarmMbl HeKOTOPBIX MarMaTHYeCKHX
xomrnexkcos lOxuo#t Amepmku, Adpuxu, Asuu ¥ OpyrHX CTpaH, Beruc—
JIeHHbIE WM M OPYTHMMM CpedHHe COCTaBbl OKAa3allMCh OYeHb GNMaKH K
COCTaBY KBapneporo AHOPHTa M K CpeOHeMy cocTaBy 3eMHOH KOphI B
nenoM (cMm. rabn, 1). Cneagyer OTMETHTBH Takke 6Gnu3Kkuil K KBapuepo-
MYy OHOPHTY cpenmm- ‘cocraB rpadynuroe nokem6Gpma[11].

Takum 06pasoM, TpPHHHMas aHaeaWToBbml (wmm Gmuakuil K HeMmy)
COCTAB pPONOHAYANLHOM MAIMEI, COBCEM HEe OBS3ATEeNBHO MPOHCKXOMICHHEe
‘ee CBY43BBATL C T'HNOTeTHYeckoil MauTmeid, CamMa aeMHad Kopa MOXET
ABMATLCH MOCTABIIHKOM pacliiapa STOI'O COCTapa,

Ipu dpakuuoHHO! KEHMCTANNIM3AUMM AHAE3HTOBOIO MM KBaPI—1HOpPH—
TOBOT'O pachiiapa B INTyOGHMHHBIX 30HaX 3€MHO# KOpHI THKBHAYCHOMH dasoil
gBngeTcHd IIIAr#OK/Ias CpefHux HOMepoe., B Gonee xonogHBIX yyacTkax
MarMaTH4ecKo# KaMepbl, B KpaepBbiX 4HacTax K I/1IarHoKinasy IpHCcoeqd—
HAIOTCH NMHPOKCEeHB! W PyAHRII MuHepan, Huskonnaekas xunkag ¢paxnus,
OCTaAafACcs Mocle KpHCTallM3aldM, HMeeT cocraB rpaHura. [Ipm atoM -
MaHl"epHTbI. MOHLIOHHTEBI H KB&p{leBbie HOPHTbI MOXHO paccMaTpHeaTk B
KayecTee Iopop NMPOMEXYTOYHOT'O 3BeHa, [lonofHbIe MOpPOnbl M3BECTHEI
B Kopocrermbckom, Hoso—MuproponckoMm, CalMHHCKOM H APYFHX MIyTO=-
Hax.

Marepran no aHOPTOSHTOBBIM ACCOLMALMIM 3Tana crabuimsanuu
apepHux nnardbopM HoaTeBepxanaeT Ty KoHuenuwo, CpenHui#i cocrae
aananHO-NATBHACKOTO KOMINeKca GMM30K KpapuepoMmy nmoputy (51,
NpUMEpHO TOT Xe cpegHuii cocTar WMeeT yKpamHCKHH xommiexc, ['pa-
HATHBIE BKModeHHs B naGpapopurax (eM. raém, 1) Moryr senarbes
clefaMi HH3KOMJIABKOTO T'PAHHTHOIO pacllflapa, ACCOUHHPYIOUEro C aHOp—
roauTaMi. CocTap M/IarHoKiasa aHOpPTO3HTOR ('A“SO—GO) corviacyercs
C SKCﬂepﬂMeHTBJI!_:HbMH AAHHBIMH MO ILIaB/IeHHIO KBapieporo auopuTa
[ 6]. Cornacyercs ¢ HAMM ® MOpANOK BEEENTEHHS NOpPOACOGpA3YIOLIMK
MHHEpAaJIOB B KOMAarMaTHYeCKOH CepHH IIopod.

Kak mokasano npoaej:;euuoe Wccnenopadue, o6beM KHCIIOTO Mare-—
puana (ecnm oH nmpHCyTCTBYeT), aCCOUMHPYIOIIErO ¢ AHOPTO3WUTOBBIMH
KOMIIEKCaMH, paamiyeH. B cy6nnardopMeHHbX aHOPTOSHTOBBIX ACCOLHa-
H¥ugx MIolany, 3aHAaThle I'PAHHTAMHM palakuBH, 4acTo: npepocxogsT
[7ICWanM, 3aHAThle aHOpPTO3HTaMH, B Gonee npepHmx Kommnekcax (Annas,
lecyr'mxyp) KONMMYeCTBO KHC/ILIX TOPOMd YKe 3HA4YHTelbHO Menbue, [1id
CaMEBIX OPEBHHUX AHOPTOSHTOBBIX KOMIIIEKCOB I1POI€0CHHKIIHHAIBHOIO
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srana (Benomopwe, Koneckuit momyocTpor) kucnnie anddepeHumarsr B
oflueM He XapakTepH: (KpoMe [AHOPHTOB).

TakuMm o6pasoM, €CiH IIPOAHA/IH3MPOBATH AHOPTO3HTOBLIE acColHa—
IIMM OT CaMBIX APEBHHX 00 CyOmiIaThopMeHHBIX, MOXHO NpHATH K BLIBOAY,
YTO COCTAB POAOHAYANBHBEX MarM [id 9THX accouHany# Gbyl OTIMYEH
(raBn, 2), [1ng aHOPTOSHTOBLIX ACCONMAUME PAHHMX STANOB pasBHTHS
3eMnu xapakTepHsl Gonee OCHOBHBIE POAOKAYA/ILHBIE MarMbl, A1 Cy0-
nnaT$OPMEHHEX — OTHOCHTENLHO KHCiee (NpMMepHo oTpevawliue Coc—
Tapy Kpapueporo Awopura). MaMeHeHmwio cocTapa pogoHadalbHBIX Marm
OTBEYAI0T M3MEHeHHs COCTaBa COCYWECTBYIOMMX MHHepalob (moKHcieHue
N7arHOKNas3a, YBEIMYEeHHEe KEeJIeBUCTOCTH (DeMUYEeCKHX CHIHKaToB), a
TAKKe YBelMYeHHe DONM I'PAHMTHOI'O MarepHuana B coCTaBe KOMINIEKCOB.
HsMeHenvwe cocTapa poAOHAYA/IBHBIX MarM MOXHO OOBACHHTE H3MEHeHH— -
eM cocraBa caMoOi 3eMHOM KOpkl B npounecce ee spomounun, Kak npen-—
nonaraer []. T'pua [14],Marmarudeckas neqarenbHOCTH SBH/IACH IVlAB=

HEIM (GAaKTOpPOM Takoi

SPO/IOL HHA,

Ecnn nmpeanonoxure, YTO A/l18 PAHHEr0 OOKeMOpHS CylIeCTBOBAI
apyro#, Goree BLICOKMA TemmnepaTypHBI! I'pagMeHT, TO IIpHYpPOYEeHHOCTH
aHOPTO3UTOB K NOKeMOpPHIO HAXOQHT CBOE JIOrM4ecKoe OOhsCHEHHe,

B aTHx ycnoBusx nnaBneHHe KOPHI MOIVIO MPOXOAMTE Ha IOPasA0 MeHb-

Tabnuna 2

FnaBneftume THnb fOKeMGPHACKHX AHOPTO3HTOBLIX acconMaunu#t CCCP

LOHHT, MaH-
T'epHTOB b

rpaHar, pa-
NaKuBH .

B Acconrauun Cpenuuit coc—
13-::::) oag:;;t— I:?Tapacr. (monuepxuy— [Mpamepet Meranno—-| Tap KOMIIeK-
pa. THl Mpeobra— MACCHBOB  |penus coe (pono-
B0Ba&HM A ner
naomuae no-— Ha4dallbHad
pon i) Marma)
INporeocumuk- 4-3 Anoproaur, *Npysuroeedt” Fe,Ti, P BaszansToBsm,
THHATbHbI} HOpHT, ra6-  komunekc Be- aH[1e3HTO-5a—
6po, xBap- noro Mops, 3a/TLTOB LI
UeBbHt Koneauknit,
AHOpUT Kanpanakmc- *
Kuft
IMporpocsK— 3=2 AnopTOSHT, Dxyrnxypcknit Fe,Ti,P AHmesHTo-6a—
JTHHATBH bIk HopuT, ra66po, AxaBapckue 3anbTOBBIH,
' MAGHT'epPHT,CHEe— aHn e3HTOB LIk
HHAT,"PAHAT :
Crabunuzamus  2-1,5 AHOpTOSHT, Kapocrenwc- Fe,Ti, P, Angesnrod,
ApPeBHEX MIar— HOpHT, rab- Kuit,3ananHo- penkne KBa& P~ alH—
o pm 6po, MaH- Jlateuicknt, spements ToBwIt
repdT, MOH- CamvuHCKHit
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wHX IIyOHHax M OOBONIBHO YACTO, eClH Y4YeCTb I'eO/OrHYEecKylo aKTHB=—
HOCTH JKH3HH HaWlej IJaHeThl B AokeMmGpuu. Kak moacumran Paitd [13],
npn GoMbuloM TeoTepMHYECKOM I'panHeHTe {~100°C na 1 kM) gna
obpasopaHus I'paHy/JIUTOB He TpeboBanock GONBbIKX INIyOHH = CBBHILE
8=10 xM.

ABSTRACT

Anorthosites are formations characteristic of all the Precambrian history
of the earth and their age varies from 4 to 1.5 m.y. In accord with the clas—
sification of Precambrian three groups of anorthosite associations may
be distinguished: pregeosynclinal, early geosynclinal and associations
related to the stage of stabilization of ancient platforms. Basing upon the
magmatic conception of anorthosites genesis we are first of all confronted
with the problem of parent magmas. The differentiation of basaltic magma
is a satisfactory explanation for the formation of anorthosites belonging

to layered gabbroic intrusions and the most ancien autonomous anorthosi—
tic associations whose bulk composition is similar to basalt. In the com—
position of anorthositic associations attributed to the later periods of the
devolopment of the earth and particularly associations related to subplat—
form stages acid igneous rocks play a significant rBle. The bulk composi—
tion of these associations ranges from andesite to quartz dacite. The
results of experimentations with the melts of these compositions are in
close agreement with the observed relationships among mineral phases in
subplatform Precambrian anorthositic associatiens. It is concluded that
the formation of anorthositic associations may proceed during the melting
of certain part of Precambrian earth’s crust which corresponds with res—
pect to the average composition to andesite. The change of parent magmas
responsible for the formation of anorthositic associations from basaltic to
andesitic or quartz—dacitic is explained by the evolution of the composition
of Precambrian earth's crust in the same direction.
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JI. C. BOPOJIMH

IPOBJIEMA TEHE3HGCA MWACKHTOBBIX W ATTAMTOBBIX MAI'M
(TEOJIOTUYECKHE M TEOXHMHYECKHE ACHEKTBI)

K wnacrosmemy bpemeun Ha TeppuTopun CCCP € pocTaToudHoii cTeneHbio
neTalbHOCTH H3ydyeHO A0 150 maccuBoB Hehe/MHOBBIX CHEHHTOB, I'pyI-—
MEPYIOWMXCH B mpefesax OTAeMbHBIX MeaoyHsx npoeuaunit [ 2], Ha oc-
HOBe T'eHeTHYECKO# Ces3u c GoJjlee pacnpoOCTPAHEHHBIMH H3BEPKEHHBIMH
nopopaMu HedeIHHOBEIE CHEeHHTHI MOI'YT OBITH OTHeCeHbI K ClIeAYIOLMM
rIapHbBM GOPMAaLMOHHEIM TpymmamM: 1) IMenouHo-yILTPAOCHOBHOH — COB—
‘MecTHO C yMbTpabasuTamu, MiOMMTAMH H KapGouaTuTamMm; 2) ImeouHO-
ra66pouaHoll — ¢ mesaoyHMu ratbpounamu M GasansTompamu; 3) Hede-
TAH—-CHEeHHTOBO, obbeaHHAOmEeH aBTOHOMHLIE HHTPY3HH HedenuHOBEIX
CHEHHTOB WM KOMINVIEKCHBIE MACCHBHI LIS/ICYHBIX NOPOA W I'PAHHTOMAOB
(wenouno-rpanurougnas rpynna).

OcofeHHOCTH XHMHYECKOro cocrtapa HedelMHOBBIX CHEeHHTOB IOKasa-
Hel B Tabn. 1, cocraeneunoi asropom W E.[l. OCOKMHEIM MO [aHHBIM

cernue 1000 xuMuYeCKHX auwa/msoB and 135 meodHsIX MacCHBOB
CCCP.
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Tabnuua 1

Cpenuuit cOCTaR HedeMHOBEIX CHEHHTOB (mo dopMaimsm)

dopmaman|  SiO, TiOy AlgOq Feg04 FeO
1 53,71 | 1,00 18,66 4,15 2,43
2 54,60 0,41 23,06 Ba8 254
3 56,27 0,44 21,41 2,56 2,63
4 55,79 0,53 20,59 2,73 2,65

1 - menoYHO-YNLTPAOCHOBHAS, 2 ~ uenoyHO-I'abbpouguas, 3 - He-

bemu-cuennTOBas, 4 - cpefHee A/ BCeX MACCHBOB He(e/HHOBLIX CHE—
HHTOB. :

Kak cnenyer u3 npeasaraeMoil CXeMbl pasMeLIeHHS WEJIOYHBLIX Mpo—
il CCCP (¢ur. 1), 6OMbAas MX YacTb HAXOOUTCHS BHe HanGo/ee
CTabHIBLHEIX YYA8CTKOB KOHTHHEHTANILHOM KOphI, TArOTed K APeBHHM 3IH-
KpaTOHHEIM MOOHJIBHBEIM TOFCaM B 30HAM INIYOHHHBIX Pas/iOMOB, AKTHBH=—
SHpPOBAHHLIM B Ia/lle030e ¥ Meao3oce. B cBdam ¢ IITyGHHHBIME CKBO3BKO—
POBBIMH PAa3/IOMAMH B KPaeBBhIX HACTHAX OpeBHHX IATYOPM M IIHTOB JIO-
Kallu3yIoTCH WIe/IONHO=YTbTPAOCHOBHEIE H KAapOOHATHTOBBIE KOMIIEKCHI,
OTYACTH - MACCHBHI LIEIOYHO-Tab6pouaHol hopMalMM M /ML OTAeILHbE,
B TOM 4YHCle HaubGollee KpYyNHble MHTPY3HH Hede TMHOBBIX CHEHHTOB C
armagTOBLIMH Nopoaamu. OCHOBHAS e 4acTh Hee/IMHOBLIX CHEHHTOB
Naneo3oHCKOro # Me3030HCKOre BO3PACTOB COCpefloTOYeHa B CKJaguaTom
o6pamnennn Cubupckoff nnaThopMel H APYruX CKiaagdaTex obnacTsax
(Cpepuss Aaus, Ypan), e ofpaayeT KpynunX WHTPYauit ¥ He cpaaa—
HAa C rayOuHHLIME 6asameTOMAMBIME Marmamu, THIHYIHON ocoﬁeﬂﬁoémxo
STHX TIOPOA SABIAeTCH NMOHHXEHHAA IIEJIOYHOCTEL H HeBEICOKAas CTeNneHb
arnauTHocTn (K = 0,85-0,95), uTo nosponseT CYATATL UX Oubpe—
peHUMaTaMH MAr'M MHMACKHTOBOFO THUA.

XapakTepHas A8 MHACKHTOBBIX He(pel[HHOBLIX CHEHHTOB TeCHAasd Ipo-—
CTpaHCTBEHHAA W IeHeTHYeCcKasd CONPIKEeHHOCTbL C IEeJIOYHBIMH CHeHHTa-
MH H TpaHHTOMOAMH IIPH OTCYTCTBHHM CHHXpOHHOro ra66pomguoro marma-
THa3Ma 3acTaplfgeT O0LeAWHATL BCEe 3TH NMOpPOAL! B OBCLIYI0 WIEeJIOYHO-I'Da—-
HHETOMAHYIO accoupamiio wim dopmammio. [na sToit dopMauum wame BCe-
ro NpeanojiaraeTcs BbOIAB/IEHHE JIOKAMBHBIX eNIOYHBIX MarM B pesyik-
TaTe MeTacoOMaTH4YeCKOH NepepaGOTKH pa3MMYHBIX MeTaMOppHiecKux no-
pon ¥ Na/MHreHe3a, NOAYHHeHWHOI'O PerHoHANLHON I'PAHHTH3AUWH Ha INIy-
6uuax no 10-20 xm [ 3]. Opuaxo Gonee wmum MeHee OOHOBpPEeMEHHOE
NoAB/IeHHe MHOT'OYHCICHHBIX HedeMH-CHEeHHTOBLIX WHTPYSHH Ha obump-
HBIX TePPUTOPHSX MPOTSKEHHBIX IeJIOYHEIX NPOBHHIME CKOpee CBHpe-
TelbCTBYeT O BHOINABJICHHH JIOKANBHBIX WMEMOYHLIX MarM B CBA3H C
ofmKUM NMPOLIECCOM TEeKTOHHYECKON AKTHPHU3AIMH KPYNHEIX GJIOKOB KOpEI H
NOCTYIVISHNS ENOYHEIX SMaHAUKWHA ue TIYOHHHO-KOPOBEIX M BepXHe-—MaH-
THHHBX WCTOYHHKOB,
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MnO MgO Ca0 Nag O K90 K,

0,13 1,44 5,41 8,11 4,96 0,90
0,18 0,85 270 6,79 6,03 0,77
0,18 0,60 - 2,40 123 6,30 0,87
0,14 0,77 2,93 7.41 5,88 0,90

[MpuMedaTeNEHOH TeONOTHISCKOl OCOBEHHOCTBIO MUACKHTOBBLIX MAaCCH-
BOB B TpeThbell (OpMAlLMOHHO{ I'pPymnne ABMMEeTCH MX YHCTO WHTPYSHBHBIH
XapakKTep, OTCYTCTBHE BYJIKaAHO-IUTyTOHHYECKHX KOMINIEKCOB, I'ie Hede—
JIHHOBbIE CHEHHTHI CONPOBOKAAKTCA KOMarMaTHYHbIMH (GOHOMHTAMH H APY—
PUMH eJoYHbIME adbysusamu. HanpoTue, B paalMyHbIX llenowHo-rab-
6pommb:x NMPOBHHIMAX 'Hepemm e no4YyHple MAaACCHBEBI, I'le WIeNO4YHbBIe rat-
Gpouar! ¥ HeeMHOBEIE CHEHHTHI CONPOBOXAAIOTCS 3(y3HBHBIMM KOMAar=
MaTami. BylKauo-nnyToHHYecKHe KOMIIGKCHI H3BECTHHI M [N KapbGonaT—
HBIX MACCHBOB, NpegCTaBSOMKX Haubosee riybuuubple, Gorarthe yrie—
KHC/IOTOH menounble HepermunTobble (Bocrownas Adpuka) umm ra66pous—
uble marmel (Marunr-Koe, Kaiisepuryne). _

[Ona GonbuMHCTRA IIE/IOYHBIX MACCHBOB XapakTepHa NecTpoTa CocTaBba
nopop, OTpaxalomas Kak Muoroofpasue npoueccos GIHSMOBEPXHOCTHOH
ouppepeHIHanUn HCXOOHBIX TNOAKOPOBBIX MAarm, TaK H IHPOKOe INposBie—
HHe INPONEeCCOB KOHTAKTOBOIO BaaumopeficTBud, OAHAKO B KauecTse KO-
HEYHBIX AUPepeHLHaTOB A/ pas/IHYHbIX (GOPMALMOHHBIX THIIOB BCeraa
MOr'YT GBEITH BCTpedeHH! JIeH#KOKpaTOBbleé PA3HOCTH, CloXeHHble Ha 85-95%
HeheIMHOM H TOJeBBIM umaTOM. ITonobHbie HedeTMHOBBIC CHEHWTHI, HAH—
Bonee GmisKHe K HedeMHH-TONEBOUINATOBEIM KOTEKTHKAM, NpealfiaraeTcs
BLIE/MATL B KayecThe COGCTBeHHO (OAAHTOB, BIM30CTE MHACKMTOBEIX M
arnauToOBBIX (GORSUTOB K NpefeflbHBIM COCTaBaM HedelTHH—IT0/Ie BOLINaTO—
BBIX KOTEKTHK, NIOMHMO [e#KOKpPATOBOI'O XapakTepa, onpedeliseT UX TeK-
CTYPHYI0 OAHOPOAHOCT: M BBIIEPKAHHOCTE MHHEpABLHOI'O COCTABA, OCO-
Geuno B Agpax maccueoB. Kpome Hedenmua W noieporo mmarta B HHX
NPUCYTCTBYeT. B NOAYHHEHHOM KOJIMMeCTBe NPeUMYILIeCTBEHHO JHIMbL OfHH
TeMHOUBeTHbI munepan (6GuoTnT, ampubon wunmu mupoxceu). Cyms no
peaynbTaTaM AeTalbHbIX HCchenobauuii [4, 5], pasmiuubie TemuouBeT-
Hble MHHepalbl GOHAWTOB NPH 3HAYMTENLHEIX KO/eGaHusX B COAEPKAaHHK
AMOMHHMA ¥ WEJIOYHBIX METAJUIOB CONOCTABMMBI 1O OBefi OCHOBHOCTH.
3TO MO3BO/IAEeT CPABHUBATH TPeXMHHepallbHBIe NapareHeauch! GOHAMTOB
C HeBBICOKMMH coaepxauusamu Ca, Mg u Fe B saBucuMocTH OT Tpex
TIaBHEIX NeTPOXHMHYECKHX NapaMeTpOB — CONEepXAHHS B NOpPOAax Kpewm-
HHS, aMOMHHHS ¥ Obue# OCHOBHOCTH (CYyMMBI Xellesa, Kamblus M Mar-—
HHSI). [ @ y4eTOM MeHdIome#cq KOHUEeHTPAaUHH LIe/IOYHBIX MeTallNIOB Kak
“pnomue moABMXHBIX” KOMIOHEHTOB COBOKYNHOCTB THIHYHBIX NAapareHesf-
COB (ORAUTOR M CONYTCTBYIOWHX IOPOA MOXeT OBITH CBefleHA K CeMHME-
Hepa/lbHOH acCoumali, KOTOpOi COOTBeTCTBYET AMBAPHAHTHAA MYILTH=
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cucTeMa B KoopaWHaTax F K ¥ KNa [2]. Ha ocuoBe aTOi MymETHCHC—
TeMbl Bbyle/IfioTCH (AlMH YyMEPeHHOR M NOBHINEHHOH IIe/0YHOCTH (gur.2).

Tunuuubsle NpeaCTaBUTeNM daluii MepBOro Tuna - HedeMUHOBEE CHE=
HUTH, B KOTOPHIX WWIATHOKIA3 #@BRNAETCH IIABHBIM MuHepaniom (nnaruo-
MHACKHTBI) WIM BXOAUT B COCTABA YeTBEPHBLIX MHUHEPANLHBIX ACCOLMALMK,
uapaay c¢ GuoruToM HmH amdubonom. [TomobHble MHACKHTOBBIC MOPOMLI
oBpMHLEl KaK A8 WeoYHO-rabbpouaHex, Tak U O/18 COBCTBEHHO Hede MH—
CHEeHHTOBEIX MACCHBOB, I'leé OHH CONYTCTBYIOT I'PAaHUTOMAAM B JOCTATOYHO
WHPOKOM [HanasoHe meo4yHocTH. OCHOBHBIM YC/IOBHEM BBINIABIeHHS
nanuHTeHHBIX pacfllaBOB B 3TOM CJIy4ae MOXHO CYHTATH NOBHILEHHYIO
TNIHHOSEMHCTOCTL MCXOOHEIX MeTamMopduToB. B ciydae nopenneHHoj me-
TOYHOCTH, KOrpa MJIAarHoKNas HeyCTOH4HB, SaMeTHO pacllMpsioTcs NoJid
HedelHMHCOAEpXKAamMuX COCTABOB M BO3HHKAKOT XapaKTepHble A Jle KO-
KpaTOBBIX (OHAHTOB TPOiHbIe NApAreHe3HCHl C GHOTHTOM, MIEJIOYHBIM
amM¢pubooM HIM THPOKCEHOM,

[ns BhiicHeHHs OCOBeHHOCTe# CpefAHero cocrapa coBCTBeHHO dolidn-
Top (Tabn. 2) ua ofmeil BLIGOPKH HedelMHOBLIX CHEHHTOB GBIIH oTOGpa—
HBl aHa/M3bl B amanasove 53-58% Si09 npu comepxauWl CYMMEI de—
MHYeCKHMX KOMIOHEHTOR M Kanbuds B npegenax 5-10%. B rabn, 1 u 2
TIpHBEAEeHbl Takke sHaveHus KosdduimenTa arnautHocTH K a=K+Na/ Al
u permmumunt N=S/A, rme S=Si/D/2 A=Al-D/2 u D= Al- 3K,Na.
Bemmuuua N xapakTepH3yeT CTATHCTHYECKOE COOTHOLIEHHE HOPMATHBHOI'O
wede/lMHA 1 MONEBOTO WNATA B NepecyeTe HA GHHADHBIE HedeTMHIONEBO-
mrnaToBblii cocrap. Kak BuaHo ua Ttabi. 2, doiauTs Haubonee pacnpo-
CTpaHeHHbIX (GOPMAIMOHHEIX THIIOB CXOOHBLI 1O CTEMeHH arlanTHOCTH
(Ka = 0,9) u cpenueit Besuumue N, papuoji 2,4, 4TO COOTBETCTBYET
mpumepuo 30% uedenuuwa u 70% mnoneporo wmara,

Cpapunpas oTH HHDPEI C HMeKOIMMHCH B JUTepaType OaHHBIMH O
cocTape 9KCNepHMEHTANBLHBIX HedeIHH—I107eBOIITaTOBLIX SBTEKTHK, MOM-—
HO NPUITH K 3aK/IOYeHHI0, 4YTO KPUCTA/NIM3AIMHA OCTATOYHBIX HedelnH-
CHEHHTOBBIX pACIN/IABOB /M KOPOBBLIX AHATEKTHYECKHX BBIVIABOK ITPOXO=
AT TpeHMylleCTBeHHO B uaTepeale 1-5 xbap, T.e. Ha IyGnuax no
20 KM, ‘

B ceA3n C KOHBEPreHTHOCTHIO (ONAMTOB PA3/MYHBIX (OPMALMOHHBIX
rpynn BOaHHKaeT HeoBXOAMMOCTB BrIAB/IeHHA OCOGeHHOCTel paclpepese—

—-—

dur., 1. Cxema pasmewenns wenoynwix npoeunuuit CCCP (cocraenena
JI.C. Bopomuueim u E.A, TloxeucHeBoi)

1-2 - pgpeepnue nnaTdopMbl M umMTbh;; 3-9 - cknaggaTbie o6nacTh:
3=8 ~ 10 KOHTHHEHTAlBLHOH kKope; 9 - 1o okeaHmuweckoi kope; 10-11 -
riyGUHHBIE PASTOMBI M ['DaHMIbI 06/acTeil WeNoyHOro marMaTtiaMa
(“wenounwix mogcoB)”; 12-14 — menoyHo-yLTPAOCHOBHAS (GopMalHd;
15-19 — menoyso-ratbpounHas u GasanprouaHag; 20-24 -~ HedemH-
cuepMToBas; 12,15,20 -~ pnokemGpuiickue; 13,16,21 - HukKHenaneo—
co#ickue; 17,22 - cpennenaneosoiickue; 14,18,23 - pepxuenanec—
30[ICKHEe = HIDKHeMe303oijickue; 19,24 - kallHo30iickHe

25 1087
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dur. 2. OuarpaMma napareHe3HCOB MeJ/IOYHLIX TOPOA

I - daunn ymepenHoit, /| — mMOBbIUEHHOH WEJIOYHOCTH

HUA B HUX PeJKHX H BTOPOCTENeHHBIX 3J/IEMEHTOB, YTOOBI HCHO/BL30BATE
HX B KaieCTBE HHAMKATOPOB KOPOBOI'O W/M NogKoposoro Ttuma marm, C
2TOl uenblo GbUHM HCNOML30BAHBI AaHHble HpuMepHo mo 100- maccuBam
Hede/muoBbix cuenuTor CCCP [2]. lo aTeM AaHHBIM HaAMedaeTcs [aBe
Cpynnel afemMenToB-uugukaTopos: 1) Be, Li, Rb, Cs u 2) Ni, Co, V,
Sc. K mepeoit rpynne “KOpoBbIX MHAHKATOPOB” OTHECEHBI ®lIeMEHTEHI,
obbriHbIe A5 M'PAHUTOWAOB. Bo BTOpPYI0 Ipynimy BKJ/IOYEHB! /1€ MEHTHI,
XapakTephble 1718 DasalbTOMAHBIX Marm. Hamubonee 4eTKH pasiMdgus IO
aNeMeHTaM-HHIHKATOpPaM Neppofi rpymmel. Kaxk Buaguo ua rpaguka (pur.3),
foianTH U3 WeNoYHO—YILTPAOCHOBHEIX MACCHBOB W Menoudo-rabbponn—
Hoit jopmaumu, a Takxe cdoHo/mMTH BocTouno-AdpukaHckoro pudpra oTim-—

Ta6nuna 2

Cpenuuit coctap doisiToB

®opmamnu | SiO, | TiCy | AlyOq | FegOy FeO MnO
3 56,24 0,31 22,28 2,03 2,39 0,19
2 56,70 0,38 22,06 2,19 2,28 0,14
dopmamuu | MgO | CaQ NagO K90 Ky N
1 048 1,78 7,68 6,64 0.9 - 2.8 (2:4)
2 0,52 1,93 8,00 5,8 0,9 2,4 (2,5)"

1 - wenowywo-ra6G6pounuas; 2 - HedeMH~CHEHHTOBAS,-

* CpenHee M3 CYMMBI BelIMYHH 1O OTAEBLHEIM NpoGam.
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HalTCs 3aMEeTHO IMOHIKEHHBIMH COHepXAaHUAMH JHTOPHITEHLIX SNIeMeHTOR
(sa enuuumy mpuuSTH! cpeaHme copgepxauus B rpauutax, no A.T1. Buso-
rpanoey). HampoTue, GOMSHTEI U3 Hehe MH-CHEHHTOBOH (GopMmauuH, a Tak—
e KOHTUHeHTanbHble (oHOMmTE Yemckoro CpenHeropes GmisKku K rpa—
uuTam, Takum 06pasomM, MeoxXHMHYeCKHe [JaHHblEe [TOATBEPHAAIT BO3—
MOXXHOCTB OTHECeHHS 3HAYHTeNLHOK YacTH (OHSHTOB M3 TpeThei dopma-—
LIMOHHOJ TPYNNBI K NPOAYKTAM INalWHMeHHBIX INeJIOYHBIX Marm.

OfpasoBanne MHACKHTOBBIX HE(}he/MHOBLIX CHEHHTOB B Ipolecce I'pa-—
HUTHSAUMM ¥ NandHreHeaa Hanbollee apryMeHTHPOBAHO AJNH KJIACCHYECKO-—
ro npumepa Muackutos Himbmenckux - Buwmesex rop [ 5, 6]. IMpeano-
naraeTcs, 4TO MHACKHTOBBIA paciyiaB BbONIABIAeTCd ' in situ” B peayme—
TATe METACOMATHYECKON AeCH/IHMKAUMHM IPAHETOMAOB H LIEJIOYHOI'O aHa-
TeKCHca, COmyTCTBRyoumx ofumemy nponeccy rpanuTuzammu. Hcexomdbmv
MaTepHaloM CIIyXaT Ne#KoKpaToBrle (EHHTHI ¥ MHIMaTHTH. Creunduxoi
npouecca, nmo B.M. PoueHcony, sapigercs cymec'raeuumﬁ NPUBHOC HE
TOJILKO IIEeJIouel, HO W AaIIOMHHHLI.

C /Pi’
e ’

dur. 3, PacnpeneneHue ®neMeHTOB HHOMKA— ?S;'-’“""
TOPOB B QOPMANUHOHHBIX THNAX Hede MHOBBIX 7'F % ’}Ig"""ff _
CHEHUTOB 45 . b3 .(’

1 —~ WenoYHO-yNLTPAOCHOBHEE; 2 — (OHOMUTHI g ﬁr— /
Bocrouno-Appukanckoro pugra; 3 -~ wmenouHO-rab- 2
6pounnsie (riay6umncie ¢opmauun); 4,5 - xammeras " L.
M HAaTpoBas CPYNNEl Hehe MH-CHeHWTOBLIX Qopma- g2} J
nuit; 6 - ¢onomuTel Yeuckoro cpenHeropbs N :’

Be Li Rb Cs

Kak cnepyeT us muarpammnt (fur. 4), rpasuTusamMs OCHOBHON Mac—
cebl ampuGONMATOR W KPHCTA/NMYECKHX CJ/IAHIEB B PACCMATPUBASMOM ClIy—
4ae mnpeacraendeT coboil, B CymHOCTH, NMPONHKTHIBAHHE HCXOQHOro Cy6-
cTpaTta IUIarHorpaHuTHON Marmol Gea mpupHOoca amomuuus (Tpeun ACG).
TNoaToMmy BhIIAB/IGHHE ME/IOYHBIX MHACKHTOBALIX PACIVIABOB, CONpSXEHHOe
C gecwmKaunueii ¥ NMPUBHOCOM AMOMHHHS, HENOCPEACTBEHHO HE CBA3&HO
¢ rpanuTHzauuel u OBYCOBIeHO MOCTYI/IeHHeM INIyOHHHLIX BBICOKOTEM—
nepaTypHblx menouHblx (Hede/muuaupyommX) pacTEOpoB. Cnelmpuueckoi:
0CcoBeHHOCTBIO MPONeCCOoB (eHUTH3AUMH M MarMaTHYeCKOT'O SaMelleHud,
HArVIaOHO npogaBneHHof B MibMeHCKHX ropax, MOXHO CYHTATHL IOSB/IEHHE
NoJIoCHATOre KOMIVIeKCa pa3HooOpasHbIX JIeHKOKpaTOBBIX H MelaHOKpaTo—
BBIX INE/IOYHBIX nopon. 3T nopoakl sawuMalorT Ao 30% obmei mio-
maan MabmeHOropckore Kommiekca ¥ B COBOKYNHOCTH o6pasyloT nocie—
OOBaTeTLHYI0 I'eHeTHYeCKylo CepHio: IHeHCHI H aMOubo/MThl — GeHHTH —
am¢uboNoBEIe MUACKHTEI — GUOTHTOBBIE MHACKHTEL [lepexogHEIMH NOpO—
AaMi OT GeHHTOR K THNHYHLIM MarmMaTH4eCKMM MHACKHTaM C YCTOHIH—
BBIM  COOTHOWEHWEeM HedelnHa W MO/EBOTO laTa #BIAloTCs GeaHede—
JIMHOBLIE CHEHHTEl H MMACKHTHI C IOHIDKEHHBIM COfepXaHueM Hede/nHa,
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dur. 4, lNeTpoxumudyeckag nuarpamma HMnpmeno-BumneBoropckoro
e /IOYHOT'0 KOMIIIEKCa

i '« uCXomHbBIe MeTaMOpPQUTEL: aM(bnﬁo;MTm ('A) M CTABpPOJHTO—
6uoTHTOBEIe cnaHubl (C); 2 — MEMMATH3HpOBAHHLIE M CPAHHTH3IMPO—
BaHHBIe NOpoAbl; 3 = JeliKOKpaTOBbie NPOC/ION B MHI'MATHTAaX; i o
HHTPY3HBHBIE TIACHOTDAHHTH; 5 — GeHuTH no ampubomnTtam; f — can-
OBMTHl H QHHHTLI; P e aM¢puboTIOBble MHACKH ThI, 8 = mnaruocue—
_im'rm; 9 -~ uETPYSUBHBIe cauokmTby 10 -~ cpenHme cocTaBhl MU-—
ackutop Mnemen u BuuwHeBBRX TIOp

Takum ofpasom, OCHOBHO# NpeANOCHUIKOH MHACKHTOBOI'O aHaTeKCHca
GBUIO NposdB/eHHe IPOLEeCCOB WIeJIoYHOr0 MeTacoMaTosa W Aebasuduxa—
IMH MCXOOHBIX MeTamMophuTOB.

Baxueiimim daxTopoMm, crnocofcTBoBaBmuM AHddepeHIHaAMd W ITaTHH-
reueay, Guita pospactaiomas axtupHocTe COg,uT0 06YCNOBUIO CBA3HM-
BAHHE KanbUHA IpHY Pa3lOXKeHWH OCHOBHOIO NJArCHOKIasa M ampubonos
c ofpasopaHueM KalblUuTa. ITHM OBbACHAeTCH XapakTepHasd yepTa He—
pemiHoBEIX CHeHHTOB MMbMeHCKux u BHmHeBHIX rop: NMpHCYTCTBHE Nep—
BUYHOTO KambuuTa. [Ipy Bomiap/lenud GHOTHTOBBLIX MHACKHTOB Obinp uHac—
THYHO MOCH/IM30BAHEl M MeJ/IAaHOKPATOBBIE DPECTHTHI, NpeAcTapBlleHHble nak—
KaMH caHgbMTOB B MHackKuTax. OCHOBHasd e Macca KalbUuTa BEIIeH-—
/laCk Ha mocleMarMaTHYeCKOM aTrane C 06pasOBaHHeM MOIIHBIX 30H Kap—
GouaTHTONOROGHBIX NOpOA.
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¢ur, 5. [leTpoxumuyeckad OHarpaMMma A7l CPeOHHX COCTABOB leJIouy—
HBIX TOpPO[d, @HOPTO3HTOB M BBLICOKOMNIMHO3EMHCTHIX THeHcoB

J = rnaBHBIE NEeTPOXHMHYECKHE THILI NMPOOYKTOB MeTamopduama H
FPaHHTH3AUMK KOHTHHEeHTANLHO# KOphl, Oc = OKeaHHYecKad Kopa, 4 -
cpenHmit coctaB ampubonutos, B ~ 6asanwroBbli choil, M - cpepn-
HHil COCTAB KOHTHHeHTalLHOH Kope, A — rpamuTHbI ciofi, G — cpen—
umit rpanur ( Oc —A, no A.U. Ponosy u A.A. flpomeeckomy, G - mo
Oemt); 2 - npeBume BhICOKOTMMHO3eMHCThie rueiicki (=3 « Kapeno-
Konbcxuit perumon, 4- Yxpawna, 5 - Tame-lllane); 3 - asopro—
autel, mo ILH. Baxenosoit, C.B. Bornasopo# u Ap.; 4 — Go#auTH
( § - armamToBBie, g - XHOMHHTBI, M = MHACKHTHI); 5 - Gopma=
UMOHHBIE THILI He(eIHHOBLIX CHEHHTOB

O6o6uienne OBUIMPHOrO MaTepHala MO CEepHAM MeTaMOpPUYeCKHX Mo—
pon u3a pasmuuHbiX peruonoe CCCP nokaseiBaeT, 4WTO B Ipollecce I'paHu-—
THsauuy ¥ gebasudmkanEy BEICOKOINIMHO3EMHCTHIX TOPOA I'PAHYJ/MTOBOH U
amM¢ubo/ATOBO# daltuit He NMPOHCXOAWT NOBBILEHHE OTHOCHTEILHON KOH—
LEeHTpaUuH aIOMHHHS, YTO CMelaeT Hauboslee HH3KOTEMIIEPATYpPHBIE Bhl—
naBkn 3a “cHeHHTOBHIT Gapbep”, B o6nacTe Hambonee oborameHHbIX
KpeMHe3eMOM KBapI-cofepxamux naparesesucoe (¢ur. 5). CopoxymuocTts
COCTABOB TI'PAHHTH3HPOBAHHBIX MMOPOA MOAYHHAETCH, B [EJIOM, IeHepaibHOH
HAMpABlEHHOCTH TNMpouecca rpaurThsammu (pur. 5, Tpewa AMG). K To-
MYy xe oObMHad O18 MeTaMOppHYeCKHX CepHil NTepeMexaeMOCT: TOpH-—
B0HTOB HM3KO— M BLHICOKOIIMHO3EMWUCTBIX IOPOA 3ACTaBlfdeT CYHTATH
pecbMa NpoblieMaTU4HOK BOSMOXKHOCTL CeJIeKTHBHOT'O BRIUIABICHUA M
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oBocoblleHHsl TPH TPAHUTH3ALMH CKONMBKO—HHOYAb GHAUHTE/BLHBIX Mace Ie-—
TIOYHEBEIX aHATEKTHYECKNX paclvylaBoB NMyTeM NajuHreHesa ampuboiMToR M
BLICOKOT'IHHOSEMHCTEIX THEHCOB.

HameuaeTcs eme OAMH NPHHUHIHAIEHO BO3MOXHBIH H, TO—BHOIHMOMY,
OCHOBHO# NyTh IeHepalul 3HAYHTENBHEIX OCbeMOoB INTyGHHHOKOPOBBIX
WEJIOYHEIX pPACIVIABOB! AHATEKCHC COIPSKEHHBIX C apXeiiCKUMH aHOpPTO-
SUTOBEIMH MAaCCHBaMH IIOpOI CHEeHUT—MAHIEepPHTOBOH cepuu (Tpeun B npa=-
BOH WaCTH nMarpammel, ¢ur. 5). HeoGxoommoi NpeAnoCHUIKOH >TOro
npouecca MOXHO CYHTATEH TMOBTOPHBIA MeTamMopdu3M aHOPTO3UTOBBLIX KOM=—
NIeKCOB B CBfI3H C Npoueccamu (GaHepo30HCKON aKTHBH3alMH. AHOpPTO-
SUTOBLIe ACCOLHALMHM 3aHHMAIOT, KaKk M3BeCTHO, I'poMafHble nJjoumanu —
OO0 HEeCKO/ILKHUX ThICSY KWiIomeTpoB. [lpH 2TOM BO MHOMHX perHoHax Ha-—
6mofaeTCd COHAXOXOEeHHe NPeBHHX AHOPTO3UTOBHIX M Gojlee MOJIOOBIX
Le/IOYHBIX NpOBHHIMKE. Hapsany C OTHOCHTeNBHO KpeMHEeKHCIIEIMH MaHIe=—
PHUTAMH H IOTYHHUTAMH, AHOPTO3UTAM CONYTCTBYKT CHEHHTHI, CXOMHBIE C
HedeIMHOBLIME CHEHHTAMH IO COOTHOWEHHIO KpPeMHHS, AMOMHHHA W CyM-—
Mbl Kambluud # $pemmiecknx KommouedToB (oM. ¢ur. 5). Takoewl, Ha-
npuMep, crHeunThl Kasapckoro Maccupa, 3aHHMalmue, 10 [OaHHBIM
I''H. Baxeuoroii, ceemue 15% oT ero obmei mmomaon 1500 kB.kM
L. .

Ar‘nauToBBIe KOMIUIEKCH! He(eJMHOBEIX CHEHHTOB, PBKIIIOYalolHe JTy-—
fBPUTHl H OpPYIHMe Meso— M MelaHoKpaToBkle pagwocTd ¢ K; = 1,1-
1,5, uckmountempHo penku. K HacTosmemy BpemeHH M1 BCeX KOHTH—
HEHTANLHBIX NPOBHHIMI H3BecTHO He Gonee 10-12 THIUYHEIX armauTo—
BEIX MACCHBOB, BKJIOYas M HECKO/LKO YHHKANLHBIX N0 Bemdnue (a0
500-1000 kB. KM) H paszoobpasmio MHHEPAITLHOT'O COCTaBa HMHTDYSHi
Jlopozepa, Xubmu, Wimimaycaka u [Tunancbepra. 3TH MHTpYyauu He 06—
HApPYXHBAlOT NMPAMOH INeHeTHYECKON CBS3H C I'DAHHTOMOHBIM WM 6asalk-—
TOMAHBEIM MarMaTH3MOM, NpeacTabisis COGOH MeoXMMHYeCKH aHOMAallLHBIE
obpazopatns Ha (oHe OOLMHEIX MHACKHTOBBIX AHMpepeHIHaTOBR INIyGHH—-
HBIX WJTH KODOBBIX MAarM, :

HoBble pauHble aBpTOpa HO IeTporpad¢uud H IeoXumuH JloBosepckoro
MaccHBa B COBOKYITHOCTH C MaTepHallaMH IO APYTHM AarmnauTOBBIM KOMII-
NleKcaM IO3BOJIFIOT NPe[JIoKHTE OBmylo XKoulenumio oGpa3cBaHHs KpaifHux
arrmanToOBEIX THIOB HedeTMHOBBIX CHEHHTOB KakK IPOAYKTOB BaauMOAeHCT—
BUS MHTPYauit GOHAMTOBOH MArMEl C OCHOBHEIMH BY/IKAHOT'@HHEIMH H Me-—
TaMoppUYeCKUME IOpoAaMH KpOBIIH CYOBYNKaHHYECKHX ArTauTOBBLIX Mac—
cupoe [ 2], Deonmormueckas cTopona 2TOro mpouecca HATVISHO HILTOCT—
pUpyeTCcs NpHMepOM TpeX CMEeXHBIX IIeJIOYHBIX MAaCCHBOB, OTBEYAaloNHX
NOCTIeOBATEIEHOMY YBe/HYeHWI0 TIyOWHLl SpO3HOHHOTO Cpe3a H, COOT—
BETCTBEHHO, NMOIDPYXeHHS KpPYUHBIX KaibaepHex Grnokos kpoem (Kowro-
sepckui, Jlopoaepckuit n Xubuuckuii maccuerl), Kowroasepckuii mMaccus
mpefcTapngeT cobofl 3ak/IOueHHOe B apxeHCKHX I'paHuTo-T'Heficax OKpyI-—
noe rpybocTpaTH(HIHPOBAHHOE TE/IO OCANOYHO—BYJ/IKAHOI'EHHBIX NOpon C
MeJIKHMH HHBeKIHAMH HedeMHOBBIX CHEHHTOB. MOUIHOCTE OKpPYIJIOro
610Ka no pauubiM Gypeunsi we mewee 1 Km. Ha clleflyloleM ypoBHE 3po-
SHOHHOr'O cpeaa B JloBO3epPCKOM MAaCCHBE COXPAHH/IHCH MHOIOYHCIIEHHEIe
KCeHOJMTH OCAf04YHO—BY/IKAHOTI'E€HHBIX TOpOoA KPOBIH, SaKIIOYeHHBIE B
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BEPXHHX I'OPM30HTaX arnauToBhix nopoa. B Xubuuckom maccipe B moc-
nefine TOOBl TaKxe OBGHAPYKEeHBl MHOTOYMCNEHHEIE OCTAHUB! APEBHHX
0CcanoYHO-BYNKaHOI'eHHEIX nopon., Tem cambiM NIOATBEpXAAIOTCH BBICKa-
. ooiBaBuMecs paxee lllempom u Bermanom npeacTapneuns O PONH MeXa-
HH3Ma KallbAepHOrco OOpYLeHHS W NOSB/IOHHR JIYSBDHTOB KaK I'HOpuaHEIX
obpasopaunit (mMaccue WUmimaycax),

YcrojuueocTs cocraBa doitauros (XHEGHHMTOB) He TOMBKO B pA3MAY—
HBEIX MHTPYSHBHBIX MACCHBAX, HO M B Ipefeliax OGLMpHBIX NeTporpadi—
YeCKHX NPOBWHLHMH, COXpaHeHHe B STHX MOPOAAX CTAGHILHLIX COOTHOWE-
uuit Hede/miHa W IolepOrO mNaTa, NOgBJIeHWe BBICOKMX KOHIEeHTpalmi
dropuna matpus (pmimmomurTal, oforameHne raaoso#f cocTaBaSIOmeH No-
pPOO BOOOPOAOM M METAHOM, KpaiiHe Mmadjble maclutabel rugpoTepMAIBEHOrO
MeTacoMaTH3Ma BOKPYT LEJIOYHBEIX MACCHBOB NMOQYEPKHBAIOT AHXUSBTEK—
THYeCKH# XapakTep GOHANTOBEIX Marm, MX HeQOCHIIEHHOCTE BOOOH M BhI—
" nNapiieHEe B INIYOHHHBIX YCJIOBHSX HHXHEH KOPBI W/IH BepXHel MaHTHH.
HanpoTue, NysBpUTEI H OPYTHE Me30— M MellaHOKpaTOBBIE armnanTOBbIe
MOpOABl M3 PasHbIX MACCHBOB peaKo pasf4alorTesi O COOTHOWEHHAM Hi—
dermua, nosepOro WMATA M NApATeHe3HCAM LBeTHBHIX H PedKHX MHHepa-
7IOB, 4TO OTpa)XKaeT Pa3jMYisd B COCTABe BMeNIAIoMMX IMOpoA, CheluMuky
HponeccoB HX MarMaTHYeCKOTo 3amemeﬂm H BhOIap/IeHUus OKAaJkHbIX
arnauToOBBIX MAaIM.

ABSTRACT

Miascitic nepheline syenites, products of alkaline basaltic magmas or
crustal anatectic melts are the main types of rocks in the USSR alkaline
provinces. The average composition of main types of nepheline syenites
and general pattern of rare elements distribution are concidered according
to the new data on 135  intrusive massifs. The possible role of amphibo—
lites and anorthositic syenites ac sourse rocks of anatectic magmas is
discussed.
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H. B. BEJILKOB

IPONCXORJTEHHE N TEQJOTHYECKAA POJIb
APEBHEHIINX TPAHUTOMIOB HA PAHHHUX 3TAINAX
9BOIIOTINHN 3EMHOII KOPBI

Bornpochl NMpOMCXOXAeHMA 3eMHOH KOphl, ee INIyOHHHOI'O CTPOEHHS, OCHOB—
Hble 3aKOHOMEpPHOCTH 2BOMIOIHKH ee COocTaRa ¥ CTPYKTYpPBI B Xoae IreoJo-—
IHYECKOH MCTOPHUH OTHOCATCH K YHCIY BaMHEHIUMX [JHCKYCCHOHHBIX NpO—
friem coppemenHOl reonorui, O6umensBeCTHO OTCYTCTBHE COIVIACOBaH—
HBIX TOYEK 3PeHUs Ha oTH BONPOCH, OTRETHI Ha KOTOpHIE CTPeMATCH
OTBICKATH Npe}[e BCero Ha NyTAX PasBUTHA KOHLENUH# IeobH3MKH, I'eo-
TEKTOHHKH M IeoXnmuu. MeHbllee BHUMAHMe yaendercd mpobGleMam mpo-—
HCXOXKAeHUS ¥ 3BOJMIOUMKM COCTABA ApeBHe X KOMINIEKCOB TNOPHBIX MOo=-
pon, craramillix 3eMHYIO KOPY KOHTHHeHTOB. Mexay TeM, I'VIaBHBIM H
e[IMHCTBEHHO OGBeKTHBHBIM HCTOYHMKOM, MHGOPMALMH O XapakTepe Ieo-
MOTHYECKHX TpPOIecCOB HAa PAHHHX CcTanudx (OpMHPOBaHNd 3eMHOH KOpbI
B HIXKHEeM O0KeMOpHH €@BISIOTCA CaMi rOpHble NOPOABI, MOTYIIHE COXpa-
HATL Te MM HHBle MPH3HAKH W CROKCTBA, ONpeneABIIHeCH YCIOBHAMH
ofpazosalng ApeBHeRIIUX TOPOA W UX NepBHYHOHA mpuponoci. B aToit cpa-
s B nocnenuee pemsa A.B. Cmpopenko [6, 7] ofBocuoBan Bce BO3pac—
TaUyio polle uaydeHud mUpobllem oCcagovHON TeollorHd aokembBpusa u
cBouMu paBoramu crocoBCTBOBA/ UMPOKOMY pPasBHTHIO HCCIeNOoBaHUil B
2TOM Hanpapfexud. [Toyuunu HOBBLIE WMIYTLC TakXe WCCHNencsanud B
obacTH TeOXMMHUM B MarmaTHaMma nokembpus. 3meck ocoOBIf mMHTEepec

C Hallei TOYKH 3peHHs npeacTabnsger koHuenuus A.[1. Buuorpagosa, na-
noxeunasg B pabore “IlpoucxoxpeHue obonmouex 3emms” (1962). He
yray6iasce B pacCMOTpeHHe NpoGneM AOreOonor#decKoil HCTOPHH 3eMilH
H Mexauuama aubdepeHuMalud BeluecTBa Npu GOpPMHpOBaHHH OGOJIOYek
3emm (cornacuo A.Tl. Busorpanoey ou ymnomob/sieTCsi MeXaHH3MY 30H=-
HON NUIABKH ), Hes/b3f He COIVIACHTECS C NPHHUMIHAILHEIM NpegCTaBle—
HMEeM O TOM, YTO BeAyIHM IpoueccoM IpH (OpMHpPOBAHAH BepXHHX 060~
noyex 3eM/M B IOJHOM COOTBETCTBHH C 3aKOHAMH TepMOOHHAMHKHU H
dH3HIeCKON XHMHH SIBISeTCS KOHUeHTpauud Haubolee NOOBHKHBLIX JTHTO—
PUIBHBIX B aTMO(QHIBHBIX 2/1eMedToB. [lpn aToMm cornacHo A.Tl. Buuo-
rpajiopy NepeouaianmbHO OOpasoBbiBaliach B Tpejesiax 3eMHOH KOpbl Ga—
sambTHYeCKas o0ONOYKa, XKaK peaynbTaT pacHieleHns BelieCTBa MaHTHH
wa BasambThl U AYHHTHL BosumkaeT sompoc, KaxuM e TyTeM M Korja
Hayall, hopMHUPOBATECH KUCIIBIE IDAaHUTOWAHBIR CJIOK KODB! KOHTHHEHTAIlb-~
goro tuma? [locraHoBKa 3TOrO BOmpoca M OTBET HA Hero B obuwed dop-
Me comep¥arcsd B uuTHpyemoit paGore A.Tl. Buworpanoepa (1962,

ctp. 11): "OBpaauo ropops, B 3aBUCHMOCTH OT TOI'O, HOAO YTO BEHIIIAB
ngeTcs W AerasupyeTcd llerkonnapkas ¢asa MaHTHH, B obnacTu 3eMHOM
KOpBbI COBEpUIAlTCHd Te W/H Opyrue NpeppalleHus. ECIH 3TO NMpOUCXOOHUT
noA 2KpaH [ApPeBHUX OCANOYHBIX TOMI MM Kakux-Iubo apyrux (4To Boa-
MOMHO TOMHKO HA KOHTHHEHTE) — NPOMCXOOHT MX TMIyGOKOe H3MeHeHHe—
rpauuTHaaums”’. HTo xe npeacTraenan coboli aTOT neppoHAYABHBIN "oK-

pau” Ha CAMBIX paHHHX CTaausx (GOPMHpPOBAHWS TPAHHUTOMAHOIO CJOH,
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KaKOBBl IpHpoaa HauGonee [OpeBHHX CyNepKpycTalbHBIX ob6pasoBaHuii
U XapakTep B3aUMOOTHOWEHWH ¢ Humu Haubojiee paHHHX TI'PAHHTO—
unoe?

Ha xpucTa/umueckWx HIMTAX H KPHCTA/UIMYECKHX (yHaaMeHTax IjaT—
(ilOpM JIOKAITEHO COXPAaHHITHCH npeat—leﬂmne 60!198 HJIH MeHee H3MeHeHHbIe
nopoael, H3y4YeHHe KOTOpPLIX NOo3BONdeT CyAuTk O XapaxkTepe mMarMaTHama,
IMTOreHe3a, MeTaMopbHaMa M APYIHX IeoJIOTHYeCKHX MpOLeCCOB, Olpe—
[elMBUIHMX SBOIONMIO 3eMHOM KOpPLI HA CaMBEIX DaHHUX aTanax ee dopmMu=—
poBaHHud, B KaTapxee WIH apxee. ApTopom coBmectHo ¢ M.[. Baruepoii
aeTallbHO H3ydalacsd KHCIIBIIE MarmMaTHaM ﬂOKeMﬁpHH H B3aHMOOTHOILIe HHudA
apeBHeHWHX I'DAHUTOHOCB W CYNEepKpPyCTalbHLIX ofpa3oBaHMit Ha TeppH-—
TOPWHM CEBepo—BOCTO4YHON uacTH banTHiickoro mura, r'ae 9TH KOMIIEK—
Chl TIOPOA HMMEIOT 3HAYHTEeNLHOe NPOCTpPAHCTBeHHOe pacnpocTpaHeune [ 1,
2]. Umesa B BHAy, yTO ofulMe 3aKOHOMEPHOCTH Ieo/IONMYeCKOl HCTOpPHH
3em/m B paHHeM AOKeMOpuH ONld BCeX peruoHoB cxoadsl [5 ], momyueun—
Hble HAMH BBIBOAEI C H3BeCTHBIM Or'paHH4YeHHeM MOTYT ObITE 3KCTpano-
IMPOBaHbl MNPHUMEHUTENBbHO M K [ApPYr¥M perivoHaM pasBUTHH HOO=
KeMmbpud. h
'~ Hamm ycTanoBneso, 4TO MeTaMOpHSOBAHHLIE HECOMHEHHO OCan0Y-—
Hble KOMIUIEKCBHI, OTHOCHMBIE K OﬁpaSOBaﬂHHM BepxHero apxes HIIH HHX—
Hero IpoTepo30s W IpeaCcTaBleHHble pa3HoobpasHbIMKH THeHRcamu, KpH—
cTalliyeCKuMHA CclaHlaMHi, KBapuuTamu, Kapﬁoua-raMH H OPYI'HEMH Kilac-—
TOMeHHBIMH H XeMOT'€HHLIMH IIOpofamMH, NOBCEMECTHO IOACTHIAIOTCH elue
Gollee OPeBHHMHE MPAHNTUSHPOBAHHEIMH TOMUIAMHE W I'PAHUTAMH, TallbKH
KOTOPBIX NPHCYTCTEYIOT B cocTaBe 6asalbHbIX KOHINIOMEpPATOB, HAXOOd—
WHMXCA B OCHOBAHMH BepXHeapxeHCKHX—HHMHEeIPOTEePO30HCKHX OCaf0qHbIX
TO/MI. YCTaAHOBJEHO TaKxe, YTO Cpeau Haubojlee OpeBHEIO KaTapXxeHCKO—
ro WM HHXHeapXeHCKOr'o KOMINIeKCa oCHOBauusg NpeobranaiorT pasHoo6-
pasHble MeTaMopdu3oBaHHble ad}yaHBHBIE M BYJKAHOTEeHHEIE IIOPOAEI, H3—
Ha4a/lbHO NpefcTaBleHHBIE AHNE3UTAMH, AHALAHUTO-AALUMTAMH, KBaplUeBbl-
MH TNopdHpamMu, B MeHblleli Mepe — aHgesuTo-OasamsTaMH H HX Tydamu,
NMUPOKNMACTHYECKHMH H APYI'HMH BYJIKAHOI'€HHBIMH OGPESOBBHHHMH, C KO—
TOPBIMH TeCHO acCCOUUHpYKTCH OMUBKHe K HHM 1O cocTaBy rrpaHoguo-
PHUTEl, TOHANMTEI, NIarHOrpPaAHUTHI — OOpasylouue B COBOKYNHOCTH €OHHYIO
NepBUYHO~KOPOBYIO BYJ/IKAHO~TUTYy TOHHYECKYI dopmaunio. MakcumalbHble
3Ha4veHnss BO3pacTa Haubonee OpeBHHX I'PaHHTOHOOBR OIlpenel/ieHbl B Tpe-—
nenax 3600-3440 wmnu. nmet [4]. Bynkauoreuunle, sdhbysuBHBIE M :HH-—
Tpy3uBHble O6pasoBaHus pacCMaTPHBAeMOjl NepBHYHO~KOPOBOH BYIKaHO=
TUTy TOHHYeCKOj GopMauul, Kak npasuno, cnabo nudpepeHUupoBaHb! |
6/M3KM IO COCTaBy K aHgeaHTo-fgauuTaM. CHHXpoHuble Toponkl Gomnee
OCHOBHOI'O — 6az3a/lbTOBOTrO COCTABA CpeAd Iopoa paHHeapXeHCKoi Inep-—
BHYHO-KOpPOBOii ¢opMalMKM NPHCYTCTBYIOT B NMOAYHMHEHHOM DA3BHTHH, YITb—
TPAOCHOBHEIE = IPAKTHYEeCKH OTCYTCTBYIOT.

XapakTepHeiMi O0COGEHHOCTAMH I'eOJIONHYECKHX B3aWMOOTHOLIEHHN HC—
ClIe[OBAHHBIX ApeBHEeHUNX HU3BepPXeHHBLIX TOopoA SABIAIOTCH yYacThkle Baa-
UMHBIC TepeCevdYeHHd, Ha/4ue BKJ/IIOYEeHHU# KCEeHO/HTOR AaHAJIONMHYHBIX MO
cocTaBy NOpPOH, HO pa3/mMuHbIX ¢aumit rayGuHHOCTH, B TOM YHCHe H
KCeHO/MTOB 2(p}y3uBOB, pPas3BHTHEe I'DPAHUTO-T'HEHCOB, MOJIOCYATHIX IHEH—
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COB, apTEepPUTOBOrO THHA “MUrMaTHTOB”, B KOTOPEIX cocTaBhl “cyGeT—
pata” u “meTtartexkra” 6IMAKH M poacTBeHHBL [I/1 I'PAHHTOMAHBIX Mac—
CHBOB XapakTepHo 6GeCKopHeBOe CcTpoeHme. B monocuaTrix rueficax, rpa-
HUTO-THECAX W [PAHMTAX HEPE[KH KCEHONMTH M Gojiee KpyNHBIe Tena H
nponyiacTkl 6as3amsTOBOrO CoCTaBa (amhnﬁonwrhl).

K aHaloru4HbIM KOMILIEKCaM IOpOA NepBHYHO-KOPOBOH BYJIKAHO=IITy—
TOHHYECKOH (OopMalmMu, HO MeTaMOpP(H3OBAHHBIX B YCJ/IOBHAX I'DaHY/IHTOBOM
damau rIyOGHHHOCTH, NO-BHAMMOMY, ClleiyeT OTHOCHTL M paHHeapxelcCKue
TJIarHONHPOKCEHOBEIE T'He#CHl — 2HAepOGUTHI M IJIAarHO-NHPOKCeHOBble I'pa-
HUTOUAEBI, TakKxe s3aHuMaKlile JYacTO OI'POMHBIE apeallbl B noxemﬁpnﬁcxux
peruoHax. .

Taxkum ofpasoM, peayibTaThl NPHBeNeHHBIX HAGMOAEeHHH MOT'YT CIy=—
HHTE OOCTATOYHBEIM OCHOBaAHMEM OJid BbIBOOA, 4TO o6pasosauﬂe I'paHi=-
TOMOHOT'O ClIOSI 3eMHO# KOpHl HAYAJIOCH M NPOMCXOAM/IO ONHOBPEMEHHO
c ¢opmupoBanneM GasanbToMAHOH oGomouku. [Tpu aTOoM BeoymmuMm mpomec-—
coM Oblna axKTHBHAS ByIKaHp4ecKas NefTelILHOCTBL, C INOCTYIIeHHEM Ha
TNOBEPXHOCTL MAarMaTHYeCKUX NPOAYKTOB NpeMMYIIeCTBeHHO aHNe3HT-Oa—
UMTOBOrO cocTaBa, K MOBepXHOCTH TNepeMellalMCh INMaBHEIM ofpasoMm
HﬂHﬁOJ‘Iee NMerKOollIaBKUe aHOe3HTOBRBEIE M aHOe3HT-AAalHTOBbBIE pAacCIviaBbl,
3a cueT KOTOPBHIX HA NOBEpPXHOCTH HAKAIUMBAJHCE TOJIM NMHPOKIACTH—
4eckoro, TyQoBOIO, JaBOBOr'O M T.II. BYJKAHOI'@HHOIO MaTepuana. Taxum
nyTeM, a TakKxe yo[ BIMAHHEM SK30TeHHBIX (AKTOPOR — IHNepreHesa,
nepeMeleHHs M NepeoTIOXEHHS STOr0 MaTepuala — dhopMHpoBaZlach nep-
BHYHAS BYKAHOT'eHHO-OCAnouHad o6OJIoOYKa WM 2KpaH, NMOACTH/IaeMbli
GasamsTamu. TIpn OOCTHXEHHH AOCTATOYHOH MOIIHOCTH BYJIKaHOI'eHHO—
OCafoO4YHOr'0 C/IOf BHeApeHHe B HErO HOBLIX TOpUHH aHAE3UT-AALUHTOBBIX
pacniaBoB Kak INIyOHHHOTO, TAK M MAIHHIEHHOI'O NPOUCXOXAeHHHd 06ycio-
BHJIO BO3HHKHOBEHHE HMHTPY3WBHBIX KOMINIEKCOB IOpOA TOHAIMT-I'paHoO-
AHOPHT-NIATHOIDAHATHOTO pAda, HepeAKO COBMewalommx B cebGe uepThl
KaKk MarMaTH4ecKoro, Tak H yIbTpamMeTaMOp¢HYeCKOr0 NpPOHCXOXIeHHS.
To-puauMoMy, GHopMHpPOBAHHE TIPAHHTOHOHONO CJIOS NPOHCXOAH/IO HepaB—
HOMEpHO: B pas/MuHbIX peruoHax OHO MOIVIO HAYaTBCA B pasHoe Bpems
H pasBHBA/IOCE HEeOQHWHAKOBEIMH TeMIaMH.

Ha paccmaTpuBaemMoM paHHem aTane GOpMHpPOBaHHS 3eMHOM KOpb!
OCOSQHHOCTT:IO €ee IreOTeKTOHHYEeCKOI'O pexumMa dBIa/1achb HeBBICOKAad KOHT=-
PACTHOCTL TEKTOHHYECKHX [BHXEHHH, UTO CBA3LIBAETCH C €€ OTHOCHTEITb-
HO Ma/IOf MOWHOCTEIO, BBICOKOH pasorpeToCThLio, Maloi TITy6HHHOCTLIO
oyaros MarmoofpaszoBanug, clabolt koHnconupnamued, cnaboi Aup-
(epeHUHPOBAHHOCTHLI0 IO COCTABY - H CTPOEHHMI0O H pPEaoOM OpPYyTrHX
bakTOpOB.

B pameueiliiem nocTeneHHoe YBelHYeHHe MOIIHOCTH I'PAHUTOHOHOIO
Cllosi ¥ KOPEI, B IIe/IOM, NpOrpecCHpyiomee ee OXJax/acHHe H KOHCOIH-
fauMs, pasBATHe aTMochephl M rugpocheprbl ofycroBunH nepeXxon K Ka—
YeCTBEHHOMY HOBOMY I'eOTeKTOHHYEeCKOMY aTaly paspHTHS Kopel. Haua-
70 2TOr0 2Tana 6bII0 03HAMEHOBAHO INIOGAMBHO NPOSBHBIIMMHCS NpoLeC—
camu o6Wero NJjapneHus U yiabTpameramophuama INIyOHHHEIX 30H I'pa-
HUTOHIHOT'O CJIOf, MPOMCXOMMBIIMMH Ha pyGexe 3000-2800 muH, neT.
3ToT npeBHelumi AuacTpoduaM Ha pybexe apxes # HHKHEro IpoTepo-
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304 onpenenu/ OKOHYATE/ILHOe CTaHOB/IEHHE 3eMHOM KODPEI KOHTHHEHTA/lb—
HOI'O THIIa B KOHCO/MHAQUHIO €& KPYNHBIX YY&CTKOB, NOCHAYMHUBWHX ROp&—
MH KpaToHOB. Hauuwad ¢ sTOro BpemeHH CYMECTBeHHO H3MEHH/ICH CTHIbL
TeKTOHHKH, XapakTep MarMaTHama, HIlepreHesa u JmToreHesa. [udde-
peHUHAalUs NOAKOPOBBX M BHYTPHKOPOBLIX MAI'MATHUYECKHX pPacijlaBoB Te—
Nepbk 3HAYHUTE/ILHO YCHIM/ACh, TNMOCKOMBLKY OHA NMPOUCXOAWIA B I'IyGHHHBIX
YCIIOBHSX MOBBILIEHHBIX AAB/EHUH, TemnepaTyp ¥ KOHUEHTpalMuH JeTY4yHx,
KOTOpBIE Ha MOINVIM C JIerkOCThbI0 NPOHHKATH Yepes3 I'paHuTH3HpPOBAHHLIE

H KOHCO/MAMpOBaHHble TOMuH. Meuee pasorpetad u Gonee MomHas |
KOHCOMAMPOBAHHAY KOpa HA TeKTOHHMYeCKHe HATPShHKeHHs MOrila pearu-—
poBaTL NyTeM PASPHIBHEIX nedopMalMii, PAOMaTbHBIX ¥ TaHMeHUHATLHEIX
nepemMeneHi KpYNHBIX ee ydacTkoB. B 3Toff CBA3M yCHIHNIACH KOHT—
PACTHOCTL TEKTOHHHECKHX MBHXeHM, BOSpPOCIC MHOroobpasme ¢opm MX
NpOfABJEHUS ¥ Paa/yude B CTPOCHHW M falbHedlieM reOTeKTOHHYeCKOM
pasBHTHH OTAe/LHbIX G/OKOB H y4aCTKOB. BllepBhie BO3HHKAaeT HOBBIH H
UWHPOKO PacCNpOCTPAHEHHBIH THI NMOABMXHBIX JHHEHHBIX NOACOB — WOBHLIE
nporubel, TPOr'OBble ONYCKAHHSA M T.II, — O I'PaHMIaAM KOHCOIUOHPOBAH-
HBIX I'DAHUTO-T'HEHCOBBIX OGNOKOB apXed. B HHXHeM NpOTepo30e TaKke
pPe3kK0 YCH/MINCEH MPOLECCH XHMHYECKOH ¥ MeXauudeckon muddepeHumna—
IOHH OCAaOKOoB H HX TpPaAHCIOPTHPOBKH B TIOABHXHBIE 3OHE! b1 (o2
IpYyxeHHil, ] . Cw=

Bo BHYTPHKOPOBBIX INIYTOHKYECKMX H MeTaMOpPhHUECKUX NMPOUEeCcCax Cyule-—
CTBEHHO BO3pOCHa pPOTb BOARI, B CBSI3H C BO3MOXHOCTLIO €€ KOHUEeHTpa-—
UMM B INTyGHHHBIX 30HAX M 3a CHET NOTpPYKeHHd Ha IIyOMHy HaChlneH—
HBEIX BOOOH ocankos. Cpenm apdysHBOB, pPasSBUTEIX B AKTHBHBIX IOOBHK-~
HBEIX Mofcax, BCe BoO3pacTawllas POIL CTalla IpHHaalexaTb sclxbyauaam
Gonee OCHOBHOIO - NpeUMyllecTBeHHO Gas3ambTOHOHOI'®O cocTaBa, ocobeH—
HO Ha NMepHpepHIeCKHX YyYaCTKax MOABHMHBIX 30H,

HipkHenpoTepO3OHCKUMN MHTPYSHEBHBIA mMarMaTHaM, Gnaropgaps mnoseie—
HHIO TyBokoaudpepeHIMpOBAHHLIX B MOAKOPOBBLIX YC/IOBHAX MarmMaTHYeC—
KHX pacnjapop, OT/IMYAETCH BOSHUKHOBEHHM IIMPOKOrO creKTpa Iopo,
CBOHCTBEHHEIX Iab6po-MHOPHT~NNArHOrpAHHTHON, ra6bpo-nepunoTHTOBOM,
rabbpo-aHOpPTOSHTOROH M APYI'MM $OpMauMsaM, Kaxias H3 KOTOPBIX IpHY-
podeHa K OmpefelleHHBIM CTPYKTYpHO-(aunalbHBIM 30HAM M 9TanaM ux
pasBuTHSA. '

Ha sakmounTenbHEIX -~ HHBEPCHOHHBIX 9TANax paHHe— HMXHENPOTepo—
30HCKOro TeKTOleHe3a IpOHCXOAW/IO HoBoe ryobamsHoe mnpossreHne
KHCJIOrO MarmaTuama, oOyCl/IOBHBUIETO BO3SHUKHOBeHHE OOCIUMPHBIX NOJed
NaJMHNeHHEIX ¥ PeOMOpPGHYECKHX ABYMOJIEBOINATORBIX IPAHHTOUWACB W
MArMaTHTOB ((hOpMAalMS MHIMATHT- W AHATEK THT-TPAHUTOB), I'PaHMTH-
3alMI0 ¥ MeTaMOpdH3M OCANOYHBIX M OCANOYHO—-BY/IKAHOMeHHEIX TO/MI ap—
Xes W HHXHero npoTepozosi. OpHOBpeMeHHO NHPOHCXOAWNa AanlbHeMas
nubdepeHInannsg KOHTHHEHTANMLHON SeMHO KOpPBI IO CTPOEHHIO H COCTa-
By. W3 ee riyGHHHBIX 30H BLHIHOCH/IMCHL JHTOGMIILHBIE 3/eMeHTHl (B TOM
YHC/le Kaluii, MPHBHOC KOTOPOr'0 B BepXHHe 30HBI ONMpe[eNHs HOABNeHHe
Ka/MINMATOBEIX T'PAHHTOMAOB), BCIEACTBHE Hero NPOH3OLUIO paafelleHue
TIEPBUYHOIO TPAHUTOHAHOTO CJIOS HA I'paHyNMHTO-6as3suTOBBIH M co6eTReH-
HO I'paHUTHBIX CNoR. Paguonorudeckuit BO3pacT 0OpPOA STOrO paHHenpo—
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TepO30HCKOro aTana nNpeoGpasoBaHHd KOHTHHEHTANLHOH KOpBI HAXOAMTCH
B npepgenax 2800-2600 miH. neT.

3apepiluesne HIKHENPOTEPO3OHCKOIO TeKTOreHe3a NPHEeNI0 K cTabuin-
3aUAM HIKHENPOTepPO3OHCKUX NOABHXHEIX NosicoB, CpeaHenpoTepo3oHCKMit
cy6nnaTpopMeHHubli NeOTEKTOHHYE KM DTall OTIHYAETCH OT HIKHeIlpOTe—
PO30HCKOI0 COKpameHHeM INiomaneit paspuTHA NOABMXHEIX 30H Nporubos
PasUYHBIX TUMOOB, 3aBeplIeHUeM CTAHOBNEHHS KPATOHOB, hOpMUpOBaHUEeM
Haubollee paHHMX NMAaThQOpM H NEpPeXxoaoM K KadyeCTBEeHHO HOBOMY — COG-
CTBEHHO DIeOCHHK/MHAMLHOMY T'eOTeKTOHHUYeCKOMY 3Taly.

B cpenuem npoTepos3oe paspuTas Mouuas ¥ auddepeHuHpoBauHHasd
aemHas Kopa Ha TeKTOHHYeCKHe HaNpdxeHHs pearupopana ob6pasoBaHuem
rIy6OKNX PACKOJIOB, 30H PACTSXKEHHAd W Norpyxeuuit. B aTHX 3ouax Npo-
ABHUJICH WHTEHCHBHBIA o(hdysHBHBIH MaArMaTH3M - NpeHMymecTBeHHO Ga-
SaMLTOHOHBIE, C TeHaeHIMelk oBpaszoBaHusa HA MO3OHHMX aTanax KOHTPACT—
HBIX AuddepenunaToB. CpapHeHHEe 3BO/IOLMOHHBIX PSAOOB CpedHEeNpoTepso—
30WCKHX BY/JKAHHTOB C BynKaHuTamu taueposod, Bemonueunoe l0.B. Bor-
nanopeM, A.C. Bomnwoeeiv u B.3. Herpyna {3}, noseomano cpenate
BHIBOA ©O BX GMM30CTH K BY/KaHWTaM OCTPOBHBIX AYT.

HuTpysun cpeaHeNpoTepO30#CKOre 3Tana pPaaBuTHHd 3eMHON KOpEHI
MpeuMYIIeCTBEHHO NOKAIH30BAHEI B 30HAX TVIYOUHHBIX U ONEPSAIOMHUX HX
pasaiiomoB. MarmaTuyeckue noponb! npenc-raaneum ﬂHd]bepeHﬂHpOBaHHI:lMK
KoMIIZIeKcamMl rat6po-nepufoTHTOB, rabbpo-nabpagOpuToB, LIEOYHLIX
YILTPAOCHOBHEIX IIOPOA W MmMEJIOYHBIX rabBponaoB, sHAepOGHTOB-4apHOKHTOB,
IMe/IOYHBIX MPAHUTOB, Hee/MHOBBEIX CHEHHTOB, NMOPOUPOBHAHBIX MHKPOKIH—
HOBHIX I'PAHHTOB, T'PAHUTOB~pANaKHBH, anackuToB, [myGokomudbepeHIn-
pOBaHHBle Y/ILTPAOCHOBHEIE, OCHOBHEIE, IIEJIOYHEIE H Y/ILTPAKHCIBE HH—
TPY3HH NOABJSIOTCH BNEpBBEIE HA [QAHHOM I'eOTEKTOHHYECKOM 3Talle, pa—
OMONIOrHYeCKH#i BOSPACT KOTOPOr'O PASMMYHEIMA METOHAMH ONpefelieH B
npepenax 2200-1650 wmnae. neT.

B nanppefimem ofGpasoRanus apxes, HWKHEIO W CPEAHETO NPOTEPO=:-
304 CHYXWiH GYHIAMEHTOM, HA KOTOPHIA Ner nnaThOpMeHHLIH wexoun
BepxHero npoTepo3od H HOCT’KEMﬁpHH.

HameueuHad mMopellt TeO/IOTHYECKOr0 pPA3BUTHE IeMHOHY KOpBl # 2BO-
AIONAM MAarMATH3Ma B HIKHEM A0KeMOpuu, €CTEeCTBEHHO, NMpeeibHO
CXeMaTH3MpOBaHa, HO, KaK HaM MpeacTaengeTcd, oHa cliocobcTByeT Bbl-
ABNIEHHIO TIABHEIX 2TamoB GOPMHPOBAHMS 3eMHOH KOPBEI B IEJIOM, a TaK—
¥e noapongeT O6BLACHATL HabmopammEecs 3aKOHOMEDHOCTH B 9BOJIOUMH
NOKeMOpHHCKOrO MarmMaTH3Ma, B TOM YHC/e BeAymyl poJib BYJ/KaHH3Ma
npr GOpMHpPOBAHUMHE IEPBHYHOIO I'PAHHTOHAHOIO CJIOH.

B kxayecTBe uaubonee oOmWMX MOryT OBITE COEN&HBl BEIBOAE! O “TOM,
YTO HA PAHHMX CTaOMAX Ieo/lIoTHYecKoll BOMOUHM JeMiH Beaymas pPollb
B (OPMHPOBAHHH KOHTHHEHTANLHON KOpEI NMpHHAQJexalla aHAOTeHHBIM
npoueccaM, CBH38HHBIM C pACClloeHMeM BemlecTBa 3eMim W obpasopaHn-
eM ee BHemHUX o6oNOYex. SBOMOLHS AOKeMOPHHCKOTO MarmMaTHaMa He—
paspbIBHO CBfidaHa ¢ 9BOMOLMEN CaMoii KOphl — M3aMeHeHHeM ee MOIIHOC—
TH, creneun nubdepeduHanwd MO CTPOEHWIO M COCTaBY, TepMOOHHAMHYEC—
KOro ¥ TEeKTOHHYECKOTO pexuma.
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ABSTRAGCT

The oldestrocks have been preserved in places on the shields and crys—
talline basements of platforms. The study of these enables one to judge

of the character of magmatism lithogenesis, metamorphism and other geolo—
gical processes determining the earth’s crust evolution at the earliest sta—
ges of its formation. As aresult of the detailed study of the oldest super—
crustal formations and franitoids in the Baltic Shield area it is found that
they are mainly varied metamorphosed effusive and volcanogenic rocks —
andesites, andesite—~dacites, quartz porphyries andtheir tuffs, pyroclas—
tic, laval and other volcanogenic rocks — with which similar in compositi-
on granitondstonalites, granodiorites, plagiogranites are closely
associated. In total they form the single primary crustal vol-
canoplutonic formation of which the oldest. rocks give ages of 3600—
3440 m.y.The rocks of the primary crustal formation are slightly differentiated and,
on the average, are similar to andesite—dacites in'camposition. More frequently
rhey are metamorphosed under conditions of amphibolite facies but analogous by ori-
gin complexes having experienced metamorphism under conditions of gra—
nulite facies (enderbites, plagiopyroxene granites and the like) are also
abundant in the Baltic Shield and other regions. :

The study of relations between the oldest ignekus rocks of the granito—
id layer and basaltoids makes it possible to conclude that basaltic shell
and the granitoid layer of the earth’s crust formed synchronously. When
forming the latter the active volcanic activity controlling the arrival of the
most easily fusible magmatic products mainly of andesite—dacite compo—
sition at the surface was a leading process. With achieving sufficient
thickness of volcanogenic—sedimentary strata the injection in them of new
portions of the andesite—dacite melts of both abyssal and palingenic ori—
gin gave rise to intrusive complexes of rocks of tonalite—granodiorite se—
ries with a wide range of abyssal facies characterictic of it.

Later on the gradual growth of the thickness of the granitoid layer and
of the eatth’s crust, on the thickness of the granitoid layer and of the
earth’s crust, on the whole, its progressing cooling and consolidation 9
and atmosphere and hydrosphere evolution were responsible for a change
to a qualitatively new gektectonic stade if the earth’s crust evolution at
the borderline of Archean and Proterozoic. Its onset was marked by glo—
bally snown processes of ultrametamorphism and metamorphism of abyssal
zones of the granitoid layer. Since this oldest diastrophism the style of
tectonics, the character of magmatism hypergenesis and lithogenesis
nave essentially changed inconnection with anhancing consolidation of
the earth’s crust, increasing in the contrast of tectonic movements, arising
deeply differentiated magmatic melts under subcrustal and crustal condi—
tions, considerable enhancing the processes of chemical and mechanical
sediment differentiation and in connection with olher factors of further evo—
lution of the esrth’s crust and magmatism during Pre—Cambrian and Post—
Cambrian resulting from the foregoing.
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H. . BATUEBA

NETPOJIOTHA M TEHE3HNC IMEJOYHBIX I'PAHATOB

 HoBble panuble IO NMeTPOOrHH IUEJIOMHBEIX PAHUTOMAOB TOMyYeHbl Ha oC—

HOBe [AeTaJIEHOI'0 HCClleloBaHHusd Le/IoYHO~-I'PaHHTHOI'O MarmMaTrTHamMa KOJ'lb-
CKOT'0 NOMyOoCTPOBA, ae IEe/oYHBle T'PaHHTH! CHArawT MHOIOYHCTICHHBIS
Maccupbl, OHM SBIAIOTCH HamGONee [PEBHMMH CPEAM AHATOTHYHBIX (GOpMa-~
nMf MHpPa W MOLYT CIYXHTh STA&JIOHOM [/ CPABHEHHS C HHMHK INPOSBIIe=
HUH LIe/IOYHO-TPAHUTHOI'O MarmaruaMa Ha 6Gollee MOJIOABIX nna'nj)opmax "
30HaX TeKTOHO-MarMaTHYecKod aKTHBH3alHH,

BeigenenHas Ha KolnbCKOM NOMyocTpoBe (GOpMAUAT [METOYHBIX [paHy-
TOB—CHERHTOB NpeACTaBleHa pas’HooOpasHbIMM NOPOAAMHM, YTO CO3[aer
GnaronpuaTHEIe NPEANOCEUIKH A CTPYKTYPHO-TEKTOHHYECKHX, NeTporpa=—
¢MHecKHX uccileqoBaHuii M M3y4YeHHs BOIPOCOB NEeTpPOreHesuca,

Obme#t reonorudeckoli NpeArnocHUIKoH Mogb/ieHHs Ha BanTuiickoM my-
Te CpeAHenpoTepo3oHCKof ¢opManny MEeIoYHBLIX I'PAHHTOB—-CHEHUTOB II0—
cityxuno GopMHpPOBaHHE K 3TOMY BpPeMeHH A0CTATOYHO MoumHo# (30-

40 KM) ¥ xecTko#l Kopbl, B KOTOpO# MOIVIH BOSHHMKATHL PACKOBI, [0—
cTHraBlIHe GONBWHX INIyGHH, N0 KOTOPHIM BBIBOOAMWIHCH OHbbepeHnHpo—

' BaHHBEIE MAarMaTH4ecKHe pacIilaBbl, ONpeAeiuBliMe BCe pasHoobpaszue
cpefHeNnpoTepo3oiickoro MarMaTHaMa — OCHOBHOI'O, YJIbTPAOCHOBHOIO,
IeJIOYHOI'0 M KHCJIIOTO.
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lindpsl paguonOrAYecKoro Bo3pacTa CPeAHENpoTeposoiickux shdysun~
HO=0OCANOYHBIX cepull yxnaauipaioTcs B npenens 2200-1800 mmu.ner
[5]. Boapact menoyHuix rpaiutop — 1950-1830 wmmm.ner.

Maccupbl 1eNoYHBIX T'DaHUTOR JIOKANIH30BaHbl B 30HAX TIIyOHHHLIX M
ONepawIMMX X PasloMOB H OTIMYATCH 3HAYMTENbHBIM pasHoobpasueM
B 3aBHCHMOCTH OT MX CTPYKTYPHO-TEKTOHWYECKOH MOSHIMH, PASMEpOB,
(hOpMBI, B3GMMOOTHOWEHUH ¢ BMENIAWIIMY NOPOJAMH PaMbl, INIyGUHEI
SPO3HOHHOIO Cpeaa, GauualbHOrO THIA M ApYyTHX ocobeHHOcTeil. B Hink-
HeM CTPYKTYPHOM STaXe MACCHBBI LIE/IOYHBIX MPAHHTOB HMEWT (OpMYy
TIPOTSKEHHBIX [aeK, ITOKooDpAasHEIX MaccHboB, CpeiH cTpaTHGUUMPOBAH-
HEIX TOVIl BEpPXHEro CTPYKTYPHOI'O ST&axa pasMeuaiTcd MexpopManuor—
Hble HHTPY3HH, NpPHypOYeHHBle K 30HaM INIOCKHX HAABHTOB, MeXIUIacTo-
BOI'0 CKOJIbXEHHd, NOJIOCTeH OTC/IOSHMs KpYIHBIX CKNagok.

O nepepHMHO~-MAarMaTHYeCKOM I'eHe3HCe WE/IOYHBIX TPAHHTOB CBHOS—
TeILCTBYyeT KOMIVIEKC MHOI0OOpPasHBIX npusHakosB., K paxueluuM M3 HEX
OTHOCATCS; NMPHYPOYEHHOCTEH IIEIOYHBIX I'DAHHTOB k 30HAM  INTyGHHHEIX
pPaanoMoB, ABNFOIAXCH TAKKe IyTIMH NMPOHHKHOBEHMS OCHOBHEIX, YilbTw
paOCHOBHle, LIeJIOYHBIX H KHCIIBIX Marm; HaxXoxaeHHe MAacCHBOB lle—
/IOYHHIX IMPAHUTOB CPeAM IOPOA PAa3/IMYHEBEIX CTPYKTYPHO~TEKTOHHYECKHX
aTaxel M caMoro pasiHyHOrO IeTpOorpapHYecKoro COCTaBa" =~ YIILTPa-—
OCHOBHBLIX M OCHOBHBIX, YMEPEHHO~KHCIBIX M KHCIBIX, W3BEDPXEeHHBIX H
ocagoYHo-MeTaMophuYecKHX; pasHoobpasie I'eo/IoOrH4ecKor'o CTPOSHHS
MaccHBOB;. MHOTOpasHOe CTPOEHHE OTHebHLIX MACCHBOB; ABTOHOMHOE
BHYTpeHHee CTpPOeHHMe MACCHBOB, NPOSBHBIIEECS B HAIMYHH 3aKOHOMEep—
HOH OPMEHTHUPOBKHM LIBETHEIX MMHEpA/IOB, He 3ABHCHLEH OT TeKTOHHYEC=—
KHX 2/IeMeHTOB Ilopon pambl; npeoflagadue BecbMa Pe3KHX, Hepeaxo
SPYNTHBHBEIX Opekduii, NPUCYTCTBHE KCEHOMHTOB H UIMPOB; HA/IHYHE OHb—
depeHIHPOBAHHEIX CepHit NMopoA M 3aKOHOMepPHOe HU3MEHEHHEe MX MHUHEe—
pankHOQ COCTaBA B 34BHCHMOCTH OT INIYGHHEI CTAHOBIEHHS HHTPY3HBOB;
3AKOHOMEpHOe M3MEeHEHUe CONE[KAHMS M COOTHOWEHUS DEeOKMX U pac—
CeqHHBIX IMEMEHTOB B NMOpPoAax W MopomooSpasylwux MuHepanax audde—
PEeHUUPOBAHHBIX cepurit NMOpPOA; PA3BUTHE NPUKOHTAKTHBIX danuii MuHepa—
NUSOBAHHBIX I'PAHKTOR B NPHKPOBIEBHIX YACTAX MAaCCHBOB; TepMantHoe
B MeTACOMATHYecKoe IpecCpasoBasue BMeEWAWIAX NOPOS B 30HAX KOH-
TAKTOBR; NPOCTPAHCTBEHHO-CONPAXKEHHAA CRASL C MACCHBAMM IENOYHBIX
TpasuToB cepuit AudPepeHUYPOBAHHBIX NeIrMATHTOB,

Heranbioe nayyenHe MHHEPAILHOI'O COCTABA LIEVIOYHBIX I'DAHHTOB
TNOSBOMWIO BHIAEIUTL CPeAd HUX crienywoume IVlapHefulue T'PYNmbl II0POA:
1) srupuH-ap$BEeOCOHHTOBEIE I'DAHHTH, 2) JenHIOMelaH=(epporacTHH =
CHTOBBle T'DaHHTHI, 3) ABCHT-/IEMHIOMEJaHOBEe IDAHOAHOPHTEH], 4) rpa-
HOCHEHHMTE! M KBApHEeBble CHEHHTHl, 5) uejouHble CHEHMTBI U MHACKHTHI,

HaunBomnee pacnpocTpaHeHbl TOPoAs! TepBbiXx TpeX rpymi. [lo nnomwagyn oko-
o 80% saHMMAaOT SrUPHH-APYBECOHHTOBble I'PAHUTHI, HA AOIIO I'DAHO=
AHOPUTOB M I'DAHOCHEHUTOBR NpuxoauTcd okono 20%, Ha IielloYyHble H Hew—
de/MHOBBIE CHEHHTH MPHXOAMTCS MeHee 1% miowand, [lepeble, kxak mpa-
BH/IO, cjaralT HeGonbluHe 10 MOIHOCTH IniacToobpasHble Tefla, paclo-
Jarawmpecs Ha TpaHune CTPYKTYPHBIX sTa)ell WIH B BepXHHX
CTPYKTYDPHBIX @Taxax, 'PaHOAHOPHTEI H I'DAHOCHEHHTHI OOGBIMHO 3alleraiT
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cpeau TOPOO HIDKHEr'o CTPYKTYpPHOT'O 2Taxa M obpasylTr nalikooGpazHble
i wrokoobpasHule Tena, Ilpu mogcuere ofbema, 3aHHMAaeMOr'o pasiiny—
HBIMH TpylllaM¥ TpPaHUTOMAOB Ha riybuny 10 kKM, Ha [OOT0 STHpHH-—
apdBeNCOHUTOBLIX I'PaHUTOB npuxoaurcd okono 30% o6rema, Ha AoOMO
IPaHOOMOPUTOB M I'PAHOCHEHUTOB - OKoilo 70% obvema.

lllemouHble rpaHuTOMAB OGBMMHO ABIAIOTCH MNOMHOKPUCTAIIINY @CKUMHU
MOpPOAAMH C PABHOMEPHOSEPHHCTHM MM TMOPGUPOBHAHBIM ClIOXKEHHEM,

[NoponooGpasyionie MHHepaibl 'DAHUTOMAOB M INEJIOYHBIX [MOPOM HME=
10T NMepeMeHHEI cocTaB: INIaruoK/las — OT aHaesauHa Ao anbbura; mipo-
KCeH = OT apr'uTa [0 3rupHuHa; amgubonl — oT ¢epporacTHHI'CHTa K
kaTohopUTy—apdBeNCOHUTY U pPUOEKUTY,

XapakTepHble aKnecCopHble MHEHEPANEB! LIeNOYHBIX I'DAHHTOB: LMPKOH,
WILMEHHT, CpeH, anaruT, OPTHUT, YEBKHHHUT, GPUTOMHT, ®BKCEHHT, AaCT=
PODUILIINT, GEepryCOHMUT, THMPOXJIOP # AP.

Pacrnipenenenue axkueccopHbIX X HNOPOAOOGpPa3yIOIMX MUHEPAIOB B
rpaHyTOMAaX 3aBHUCHT OT INIyOMHBI SPOSMOHHOI'O Cpe3a MACCHBOB H KOp—
penupyeTcs C OCOGEHHOCTSMM NeTporpagiyecKoroc cocTaBa, YeTKo Hae
GniopaeTcs 3aBHCHMOCTH IapareHe3HCOB MPAHHTOWAOB OT IIEOYHOCTH
¥ TNOTEeHIHaIa KHCIIOPOAA.

Cnenvdukoli XMMHYECKOrD COCTaBa INENIOYHBIX T'PAHHTOMAOB ABISETCH
UX NOBBIUEHHAs JKEeNe3HCTOCTh, Bhicokoe orHoweHne FeO: MgOwu mapa—
crawuasd armauTHocTb. [IpM oToM B paAy aBTHT = JIeNHAOMEIaHOBBIH
FPaHO[IHOPHT - JIeNHAOMe/IaH — (eppOracTHHI'CHTOBBIH IPAHHT = STHPHH =
aphBeCOHHTORbIH I'PAaHUT HaGMONAETCH 3aKOHOMEPHOE YBEeNMYeHHMe 3THX
napaMerpoB, 4 TaKXe 3aKOHOMepHoe HaMeHenne comepkaius Alg Og,
Ca0, MgO, KyO B saeucumocTu or ysenwdenus cogepxanust $j0g. Or
aBrUT—NeNHIoMeTaH0BbIX TPaHONHOPUTOB K [eNUAOMENaH~pepporacTHHT =
CHTOBBIM T'paHUTAM U SIMPHH-ap¢BEACOHHTOBBIM I'PAHATAM IPOHCXOOUT
yBeNnpYeHue cofepXaHusi py6uaus, uesusd, Taliud, PEAKHX 3eMellb, HT-
Tpud, UUPKOHNS, HHOOMS, CBUMHUA, LUHKa, ONOBA, HHKENd H YMEeHbUIGHHE
colepxaHus CTpoHUMS, 6apus, MenW, BaHagus, KobambTa, Xpoma, 3ra
TeHOEHIHd IIPOofBIeHA KaK IpH CPaBHEHHH IVIaBHBIX CPYII IIOpoA, TakK
i B BepTHKaJILHOM paspese auddepeHuHpOoBaHHEIX M1AcTOOOPAsHBIX HHT-
PYSUBHEIX Tell, 3aKOHOMEPHO H3MEHSITCH OTHOUWEHHA COAEpPKAHMA IIe—
JIOYHBIX U INE/IOYHO-3eMEeJIbHBIX PeAKHX 2/IeMEeHTOB B 3aBHCHMOCTH OT
COMEepXaHus POACTBEHHHIX IIeTPOTeHHBIX sneMenToB (rabm, 1),

BrigBnenHble 3aKOHOMEPHOCTH paclpefelieHust Topoaoobpasyomux u
aKIEeCCOPHBIX MHHEPANIOB M 3JIeMEHTOB Iopojl IeNIOYHO=IpPaHTOHIHO
CepHH MO3BONLIOT PACCMATPHBATL KPHCTANIM3AUHOHHYIO AHbdepeHunanuio
B KayecTBe pealbHOT'O M INIaBHOrO daxTopa SBOMIONAH POACHAYAalIbHOH
Marmel,

HcxoaHblii cocTaB MarMel, aapuelf Bce pasHooOpasue eIouHEIX
rpPaHUTONAOB, MO~BHAWMOMY, OTBEYA&] ABI'UT—/IHIe[OMEIaHOBhIM I'paHO—
nuopuram, B ra6n, 2 NokasaHo, YTO C yAaleHHeM H3 I'DaHOMHOPHTOBO=
IO pacnnapa 4YacTH IArHOK/IA3a M ABTUTA OCTATOYHBIN pacmias
MOXeT npudﬁpefra'n: COCTaB, COOTBETCTBYIOWMHA JenuaoMenaH—pep—
pOTacTHEI'CHTOBEIM H STMpHH-aphBeCOHNTOBBLIM IE/IOYHEIM I'PaHH=—
TaM.
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Tabnupma 1

lMaMeHenne OTHOWEHHS 3TEeMEHTOB B 3ABHCHMOCTH OT COAEPXaHHA
Si0g B mocnenoBarenbHoM pany OuddEepPEHIMPOBAHHON CepHM IeNIovu—
HBIX I'PaHUTOHIOB

Topons! SiOy | K/Rb | Ca/Sr | Ba/Sr | Mg/Li | Al/Ga
Srupus-appeenco- ' 74,18! 156 ' 28 45 ' 35 !1968
HHTOBBEI@ I'DAHHUTHI
(80)

Nemuaomenan—peppo-70,06 250 46 41 89 2335
TaCTHHI'CHUTOBLIE
rpasuTe (16)
Aprur-nemupoomena- 68,02 344 67 2,8 529 4162

HOBBIE T'DAHQAMOPH—~

ol (4)

Tabnunma 2

HaMmenenne cocraBa MarMaTHYeCKoro oCTaTKa NpH ynajleHHH 4acTH
Iaruokiasa ¥ aBruTa U3 I'DAHOAHOPHUTA

Asprur=ne~ | Cocrap no nepecue- |J/leminoMe= |SrupuH—

THAOME 18— Ty. ¥Ynaneno ua rpa- | nan-peppo-|apbsenco-
Oxucnbl | HoBBIK HOAMOPHTA racTHHICH= [HUTOBBIH

e/ 0% Pl SOW Plyg | T FRREE.

cocTaB) ; B 5% ap=| & 10% an- (cp.cocras] 3

rara raTa
SiOg 68,02 T10 75,0 70,06 74,13
TiOqg 0,72 0,9 0,8 0,59 0,33
Aly0q 14,56 13,1 8 o P ¢ 12,45 31,06
FeqOq 1,89 2,4 2,6 2,43 251
FeO 2,25 2.2 1,6 3,16 1,92
MnO 0,06 0,07 0,08 0,10 0,07
MgO 1,21 0,8 0,05 0,34 0,07
Ca0 2,28 1,6 0,3 1,87 0,44
Na20 3,88 3,1 3,0 3,38 4,01
K90 3,55 4,7 5,6 4,44 4,70
26 1087 401



Ypaneune u3 pofoHaualLHOA I'PAHOAHOPHTOBOH MarMbl IUIATHMOK/IA3a
H aBrUTa MNPHBOAHT K ee OBe[HEeHHID [NIMHO3EeMOM, MArHHeM H KajbIHeM
H oborameHui KpeMHe3eMOM, Kele30M H MEJOYHBIME 3JeMeHTaMH, B
nepBy¥0 o4epenb - KalMeM, YTO CHocoGCTBYeT PaCWMpPEeHHMIO IOV KpPHC—
TallIi3alu WeJIOYHBIX II0JIeBbIX mraTop, a4 B yYCJIOBHAX BO3pacTaHus
sHaYeHHH XMMHYECKHX MOTEHUMANIOB menodeil NPUBOAUT K oGpa3oBaHHIO
arna’uTOBRIX WMENOYHBIX I'PAHUTOB,

HanGonee GnaronpuaTHBIME YCIOBHAME [AJf IIOJHOH peanusamuy mpo—
11eCCOB KpHCTAIH3alHOHHOH! ,undxbepeuuﬂaunﬂ B IIPOMEXYyTOYHBIX odarax
AB/OTCH YCIOBHS ATMTE/IBHOIO TEKTOHMYECKOI'o IOKOS,

OfpasopaHne pofoHAYaNbLHON MArMBl IMe/TOYHBIX I'DAHHTOMAOB Mpef~
crasiideTcd HaHOoIee BepOATHBIM B IIpoiHecce CEJ’TEI!_(TKBHOﬁ BBITTaABKH
6a3anbTOMAHOA MarmMbl M3 MaHTHHHOT'O -(IIOOKOPOBOTO) MaTepuanma u Io—
CﬂEﬂ.yIOIIIEM ee pasfelieHHH, 4YTO coIviacyeTcda C 3aKCIepHMeHTalbHbIMHA
[aHHbLIMH,

B menmounblXx I'paHuTOHAAX TVIABHLIMM IIBETHBIMH MHUHEpA/IAMH SBJIsT=—
W0TCH BBICOKOXEIe3HCThIe: appBe/ICOHHT, (GeppOracTHHI'CHT, ST'HMPHUH, oM
PHHABIUT, [lelHoMeJlaH, 3SHHMAaTuT, VM CBOHCTBEHHO Pe3KOo IOBbl-
IWIEeHHOe CoAepxaHue xelesa, UUPKOHud, HHOGHA, TaHTalna, pedkKuX ae-—
Menb, $Topa, UTO B H3BECTHOH Mepe POAHHUT HX C THIHMYHBIMHU INE/IOYHO—
YIILTPAOCHOBHBIMH M INE/IOYHBIMH KOMINVIEKCAMH, [/ KOTOPHIX oBocHOBaHa
UX CBA3b C IIyOHHHBIME NOAKOPOBbIMH GasalbToMAHBME ouaramu [2,4],

Tlpr paccMOTpeHHM BOSMOMHEIX ITyTell ofpasoBaHusl pojoHadansHON
MarmMbl IeNoYHbIX I'PAHHTOHOOB HMEoch B BHAY TO OGCTOATE/ILCTBO,
YTO MHTPY3MAM IIEIOYHBIX rpaHuToB Ha KolbCKOM INOmyocTpoBe Mpefs
UEeCTBOBAJIO MOIIHOe MpodBieHHe 6a3anbTOMAHOIO MarMaTH3Ma B JIHHEH-
HBIX NoaBmKHBIX 3oHax, CocraBbl KOMbCKHX INE/TOYHBIX IPAHHTONIOB HA
numarpamme, npenioxentuoll A H, BunorpagoesmM [1] mms paspenenus
nudbepeHHAHOHHEIX PAAOB TOJNEHTOBEIX, AHAE3UTOBBIX MAarM M KOPOBBIX
I'PaHHTOR; 3aKOHOMEPHO JIoKaTCHd Ha IPOAO/IKEHHM COCTaBoB 3hiy3HBHBIX
Nopol EMaHOpa-Bapayrckoit GasanbroupHoi cepun (dur, 1). Cpenn
IocNeHUX paHee GLUIM ONMHCaHBl U Kepartodups! [6], Gnuskue no cocra-
By UIEJIOYHBIM I'PaHHTaM. Y CTAHOBIEHO TAKXKe NPHCYTCTBHE B HeBollb—
oM KONMHecTBe cpefn =(dy3MBOB HMAaHIpPA—BapP3YI'CKOH CepHH OaluTOB
u aHaeautroB, OTCYyTCTBHE SHAYHTENLHOI'O MPOABJIEHHS KHUCIBIX S(dysuBoB
cpeoM MMaHapa-Bap3yrckoil GasanbTougHOol cepuu oOBAcCHAeTCHd, IO-
BHAMMOMY, TeM, YTO NpH CelleKTHBHOH BHIVIABKE U3 MaHTHM 6Gasanb—
TouaHOK (TONEGHTOBON) MarMmbl KHCIble ouppepeHuuaTs nociieanel, BCile[-
cTBHe Gonbliod BASKOCTH W MIIMTENLHOCTH OTASVIEHHS W pas[elleHHsd,
BHeApANINCEL TIo3AHee M 06PA30BA/IM MHTPY3HBHBIE Tella IIEOYHBIX rpa=
auTouaoe, [Ipu aToM NepBoHa4YalILHEI COCTAB KHMCIIONO OCTATKA NMpHGITH =
Mancs K rpaHoaHopHTy (namury) — BBICOKOXENe3HCTOMY, MAJOTIMHO—
3eMHCTOMY CO I.LIEJ'IO‘-H-IOﬁ TeHAeHInel, QIHOBPEMGHHO C OoTAelleHHeM KHC=
/IOr0 OCTATKA, BO3MOXHO, OTAENS/IMCh M Hebonblune O6BeMEBI COGCTBEHHO
eIoYHOTo paciuiaBa, IIpH pasgelleHHH TONeUTOBOR Marmsl C Bhbife/leHl-
eM KHCHbIX H INe/IOYHBIX PACINIABOB MOINIM IPOHCXOAHTHL IPOLECCH] JIHK—
panuu [7]., VMelonmmecs HaGmooeHHd He NPOTHBOPEYAT cAellaHHOMY [0-—
NyLeHWW ‘¥ CKOopee ero NOATBEPXaawT.
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¢ur. 1. [uarpaMMa COOTHOWEHHS CONEPKAHMSI KPeMHe3eMa H OKMC—
/0B Wellesa B opdysuBax mmandpa-papayrckoit cepuu (1) u wesnou-
HbIX rpanrTonnax Koimckoro mosmyoctpoBa (2)

IMona: [ - nmopone! Tonentosoit cepnu; Il — mopoasr amneauToBOl
cepun; [l - mopoasl camiyeckoro psna

-

Comnocraenenue wWenoYHBIX rpanutonaos Kombckoro momyocTpoBa ¢
HEKOTOPbIMH IIeIOYHBIMM I'PAHMUTAMH MHPa CBHAETENLCTBYeT O TOM,
4TO B GONBUHHCTBE PEeriHoHOB paaMelleHHe MAaCCHBOB WIEIOYHEIX I'DaHM=

. TOB KOHTPONKPYeTCH IityOHHHBIMM TEXTOHWISCKWMM PasioMamy, CBA3aHHbi-
MH C PAIHATEHEMH M TAHNeHIHATLHBIMH nepeMelmeHHIMU G/I0KOB 3eMHOM
KOPEl M C ONCPSIONIMMH Pa3/IOMaMH CiIeAYOlHX IopsaaKos. [Ipeobnagaio—
IIMM THIIOM HHTPY3HMH INEJIOYHEIX I'PAHHTOB ABIMIOTCA AafkM, IUIaCTHHO—
obpasHble Telna, WTOKH, KOJbLUEBEle H T.I, HHTPY3HH LEHTPA/IbHOI'O TH=—
Ita, Hepeako MHorogasHble, BospacT uHTpysu#t HaxoguTcs B mpepenax
OT cpefgHero MpoTepoaos A0 KaitHosos., Kax mpaeuio, mesoudkle I'paHi-—
' ThI MOABIAIOTCH HA 3aBepllalliiX sranax TeKToreHesa, Olpeaesiomux
CTaHoB/IeHHe INTaTGOPMEHHOT'0 peXuMa, WIH B 3oHaX IathopMeHHOH ak—
THBU3ALNH,

HuTpysHEM MmelToYHBIX I'PAHHTOB BO MHOTHX XOpPOUIO H3Y4eHHBIX pafo-—
flax COMyTCTBYWT BYJIKAHHTHI, WHTPY3HBHBIE OCHOBHBIE H ILIeJOYHBIE IIG-
poael.

Bo MHorux paiioHax raxke HabmopnaeTcs CBA3b SI'HPHH=-aBTHTOBLIX,
ST'HPHHOBBIX, N'aCTHHI'CHTOBBIX, apdBe[COHHTOBLIX M DPHGEKUTCOAEpHKauHuX
I'PAHHTOB C T'PAHHTaMH, I'DAHOAHOPHTAMH H I'DAHOCHEHHTaMHM, COOepXKa=—
muMH GHOTUT, OGHIKHOBEHHYIO POroBylo OOMaHKy, aBl'MT, reaeHGeprur,

" haanuT,

XapakTepHoll eTpoXuMu4YeckKoH ocoﬁennoc-rbro LIE/IOYHBIX 'PAHUTOB
BCeX PerdoHOB H BO3PACTOB fABIAETCH MOBEILIEHHAS IIEIOYHOCTH H  Je=—
/Ie3HCTOCTh, CBISAHHAA C HH3KMM CofepxaHHeM B HHX MarHud, Kanblus
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H aOMHHUA TIPH OHOBPEMEHHOM IIOBBIEHHOM COAEpXaHHH wefodell u
xenesa, Ha guarpaMme INIMHO3EMHCTOCTE = MENE3HCTOCTH, IHNPEIONKEeH—
Holit B.A. Kyronmuuemnm [3] ana paspneneHus rpaHuToB-AuddpepeHnHaToB
fasalbTOUAHBIX MATM OT NA/HHIeHHBIX H AHATEeKTHYECKHX KOpPOBEIX I'pa—
HHTOB, GONMBWHHCTBO AHAH3OB INEJIOYHBIX I'DAHHTOB NONAJAeT B IOJe
nuppepeHnuaTop GasanbToHaHEIX MarMm (¢ur. 2, mone III). B To xe Bpe-
Ms HEKOTOpasl YacTh &HANH30B IoNajaeT B Iojle Heollpeae/leHHOCTH )
(¢ur. 2, mone II) mumm mone manuurensbix (¢pur, 2, mone I) rpanuros,
[losTOMy HEmbas HCKITIOYHTEH BO3MOMHOCTE, YTO HACTEH NOPOA, OTHOCH-
MBIX XK (opMAauMH IEJIOYHBIX I'DaHHTOB, HMeeT HHOH I'eHe3UuC U HHYW
$OPMAaLHOHHYI0 NPHHAANIENHOCTE., B To e Bpems AN MarM GoJbLIMHCT—
Ba THUIHYHBIX LEIOYHBIX T'PAHMTOB MHpA, K&K M [JIF LIEeJIOYHEIX T'DAHUTOB
Konbckoro monyocrpopa, HaubGollee BEpOSTHO NOOAKOPOBOE IPOMCXOMKEC—
HHe, 3a CYeT OTAe/IeHHA IIPH BHIUIABIEHHH 6asalbToB Marm I'DaHOOHO—
PHTOBOT'O, T'DAHOCHEHHTOBOTO MM MOHIOHMTOBOI'O COCT&BA H HX IIOCiIe-
aywomelt auppepeHnHanid, SBOMIONUS 9THX pACIVIaBOB B HallpablleHHH
0o6pasoBaHHA  ATTAHTOBLIX I'DAHHTOB OGYC/IOBIHMBAET BOSMOXHOCThH Cy—
IIEeCTBEHHOT'O IIOHIKEHHA TeMIepaTyphl HX KPHCTAINIM3AUMM, CIoCO6-
CTBYeT HAKOIUIEHHI0 B HHUX JIeTY4HX, IpeXne Bcero ¢iropa, a Takxe Ieo—
XHEMHYECKH C HHMHM CBASAHHBIX PEAKHUX SJIeMEHTOB — UMPKOHHS, pPelKuX
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seMenk, HHOOHHA, TaHTanma H Ap., ONpefeNTiomHX IeoXHMMHYECKYW U
METAaNIOTeHHYeCKyl0 ClelHalH3alyio MTOPOA e/IOYHO~PaHUTOUIAHONK hop=
" manuu, OOHOTHNHOCTE IeOXUMIYEeCKOH M MeTa/NIoreHHYecKOoH Crennaiii-
3aliy IEeJIoYHBIX I'PAHHTOHOOB MHpa CIIyXKHUT AONONHHTENIbHBIM BAaXCHBIM
KpUTepPHEeM OoOUHOCTH HX I'eHe3Hca M q;namco-xmmecxnx YCIIOBHI 2BO—
MOINY POACHAYANIBHBIX Marm,

ABSTRACT

New data on the petrology of alkali granites are based on detailed investi—
gation of the world largest province of alkali granitic magmatism on the
Kola Peninsula where aJkali- granites compose numerous massifs with an
area of above 2000 sq km.

The rocksof alkali granite—syenite formation are found to combine a
wide petrographic range of rocks: augite —lepidomelane granodiorites, le—
pidomelane—ferrohastingsite and aerigine —arfvedsonite granites, grano—
syenites, syenites and nepheline syenites. The alkali granites of the Kola
Peninsula represent typically magmatic formations connected with the mag—
matism of the Pre—Cambrian platformstabilization stage in Middle Prote—
rozoic. Magma formation of the alkali granitoids occured during the process
of selective fusion of basaltoid magma from the mantle (subcrustal) mate—
rial. The initial composition of acid residue thereby separated approached
that of granodiorite (dacite) rich in iron, poor in alumina,with an alkali
trend. A small amount of alkali melt seemed to separate in parallel with
the acid residue. The processes of liquation could play a role in fractiona—
tion of the tholeiitic magma with the separation of the acid and alkali melts.
Crystallization and emanation differentiation took a leading part in futher
transformation of the acid and alkali residues.

The favourable condition for the most complete accomplishment of the
crystallization differentiation processes with agpaitic alkali granite
formation is taht of arelative tectonic peace,

Data on alkali granites throughout the world in comparlson with the in—
vestigated alkali granites of the Kola Peninsula point to the possibility
ofalkali granite formation by crystallization from juvenile magmatic melts
evolving towards depletion in alumina, Ca and Mg and enrichment insilica
and Fe. Crystallization of similar residual melts under conditions of in—
creasing the values fof chemical potentials of alkali elements occurs to—
wards formation of agpaitic paragnensises of the alkali granites inwhich
more acid plagioclase is accompanied by more alkali pyroxenes, amphybo—
les displacing paragenensises with augite and ferrohastingsite pertinent
tothe original magmas.

Agpaitic granitic melt evolution is res ponsible for the possibility
of essential falling temperatures during th: crystallization, favours the accu—
mulation of volatiles,primarily F,as well as trace elements related to them
geochemically, such as Zr, rare earths Nb, Ta, Li, Rb etc., controlling
geochemical and metallogemc spec 1ahzauon of alkaligranitoid formation
rocks.
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P. B. BAPATOB

OCOBEHHOCTH IETPOJIOTHH MATMATHYECKHX ®OPMAIMN
TAJUKAKACTAHA

TamKUKACTaH — T'OpHad CTpaHa C IpeKpacHoll 0GHAaXeHHOCTHIO, Ype3Bbl-
yaliHoli MHTEHCHBHOCTBLIO M MHOI'ooOpasHeM HHTPY3HBHBIX H BYJIKaHu4ec—
KHX TPOLECCOB, YTO IIOSBOISEeT PAcCCMATPHBATL OTOT PErHOH B KaiecTbe
ooHOT'o M3 “nmonuroHoB” [l BEIACHEHMH pAf& AKTYalbHBIX BOIPOCOB I'eo-
JIorHYecKoll neTpoiorku (B IOHHMAHMH I.[.Adanacbena) u hOpMalKOHHO=
ro aHanuaa MarMaTHyecKux obpasopanmit, [locTaHoBka M peuwleHHe 3THX
BOIPOCOB CTAH BO3MOMXHBIMH B HTOre OGOBLIeHHS reoJioro-neTporpapy—
yeckuX Marepuanop ycwiuamu B.A, Hukonaesa, B.U. [lonora, X.M, A6-
nyanaera, E,[. Kapnosoit, H.K.,Moposenko, H.Il. Bacunexosckoro,

WU.K. Huxurmsa, E.H,Topeukoit, M.X. Xamugosa, C.M. BaGaxonxaepa,
A.X. Xacanoea, B.W.Bynanosa, A.M.Mecxu, A.T.Tapacenko, 3.A.[IMu~-
rpuesa, U.B, Myuxuna, B.A, Kyrenna, C./, Ulyxuna, B.C.Jlyrkora u
JpYTHX, 3HauMTe/LHBII IpOrpecc B AaHHOH oBmacTH BBII JOCTUTHYT B
fociegHHe ToAbl, YTO Hauwio Haubolee IOIHOE OTPaXeHHe B TPynax

1 CpenHeasuaTcKoro Ierporpaguyeckoro cobellaHnsd,
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Teppuropus TamKukucTaHa obpasyeT CIOXHEIH yaen, rae cxogsatcsd
BeTBH [BYX IeTEpPOreHHBIX IeOCHHK/IMHAJIBHO~CKIAAYATHIX NOACOB ~ 18w
neoaoiickoro Ypano-Tausuanckoro (cucrems Cpepnunoro u Hxuoro
Tanp-lllans, Cepeproro Ilamupa, KyHnbiyns) m Meao-KalHo30HCKOIO
Tnmanaticko~Anbrmiickoro (cucremsl Kapaxopyma, H0xuoro Ilamupa).
I'napHble 4YepTH CTPYKTYPHOI'O I1aHA ¥ COOTHOWEHHS TeKTOHHYEeCKHX
(crpyxTypHO=~thOpMAanHOHHEIX) 30H B CKiaagdaTthlXx cucreMax Ilamupa u
Taue~lllana ofycnoBneHbl oCOGEHHOCTAMHU PACIONOKEHHA APEBHHX TI'eO=
AHTHKIHHAILHEIX K CPedHHHBIX MaccHBoB — Tapmmvcikoro, Iiccapo~Kapa—.
teruxckoro (Kapakymo-Tuccapo-[lapsaackoro), Kypammo-®eprancko-
ro, iOxHonamupckoro,

KpoMe mpononbHOB CyGuMpOTHOH 30HANIBHOCTH, B CTPOEHHH CKIafia—
TBHIX CHCTEM HEMANOBAXHYW pojlb MI'PAIOT NoNepeyHhle INIyGMHHBIE QHC—
JIOKauu#u; KOTOpble PA3feNdioT ckiaagiaThle CHCTeMBbl M 30HEI HA OT =—
AellbHBle 6/10KM, XAPAKTEpU3yomueCd MWHOINA CYLIECTBeHHBIMHE paailii-
YHAMH B MarMatusMe H OpyAeHEeHHH.

K Cpenmunomy Tano-lllanio B mpefenax TeaXHKHCTAHA OTHOCHTCS
Kypamunckas 3oHa. I'maBHbe 4epThl ee MarmaTHaMa oGYCIOBIEHB!
HeIVIyGOKHMM 3alleraHueM MXEeCTKOro AokeMOpuiickoro dgyHmaMmeHTa, pas—
OPOBIEHHOT'O B IO3AHEM naleos30e B pPesyllbTaTe BO3ACHCTBHR COCEl—~
HUX TeOCHHKIMHANbLHBIX 30H, CTPYKTYpa 30HBI GIOKOBO-CKIIaQ4YaTas,
MOMHOCTE KOPBl MOHIDKeHa fno 40-45 KM, a HIONHHHA iybuH 3aie—
rayus reopUsHYECKMX pa3[elioB OTIMYATCH CJoXHBIM crpoeHueMm, Ilo
AaHHBIM 30HY XAPAKTepH3ylOT: BRICOKas MAarMOHACHILIEHHOCTEL NPH Ipe—
obnapaHuy rpaHUTOMOHBIX ¢opManuii: pasHooOpasue HA3EMHEIX BYJKaHH—
YEeCcKHX M BYJIKAHO-IUTyTOHMYECKHX acconuauui, MHOI'ME U3 KOTOPHIX OG-
7apaloT MOBBIIEHHOH MEeNoYHOCTBIO KalueBor'o xapakTepa (TpaxuaHjesu—
ToBas, TPAXWIMIAPHTOBAH, MOHIOHHTOHMAHAS, NALMT-TPAXHAH[E3UTOBAas
M Op.); WHPOKOE pa3pMTHe NOSCOB M Iofed [aek IPaHETOMAHOrC H 6a—
3anLTOMAHOrO psana. §

Tepumncran cxnapiaras cucrema lOxmore Tane-llans (Truccapo—
Anait) paspgensercs Ha CTPYKTYPHO-GOPMAINCHHEIE 30HBI 3epabBlaHo=-
Typrecrauckyw, 3epabwano-Inccapckyo, lxuo-Tuccapckyio u apmekuii,
Ba#icynckuit kpHcTanudeckne mMaccebebl, [lo reodusyuecknM OaHHEM Ha—
6mopaeTcs ycTynoofpasHoe NoHIDKeHHe rpaHmubl Moxo ot BailicyHckoro
u TFapmckoro 6nokop (38-45 kM) k HOxuo-Tuccapckoi (44-46 xMm) u
3epapwano~Iuccapckoit (46-50 kM) asoHam,

3epaBuano-Typkecradckad u 3epapwano-IMccapckas 30HB OTHOCATCS
K KaTeropHH MUOT'eOCHHKIMHABLHEIX, MarMaTHiecKne oGpasoBaHud HUI'pa=—
0T 3Aech pPe3Ko NoguMHeHHYW poib (MeHee 10% mmomanu soH),

IOxuHo-I'Mccapckas aoHa XapakTepHayeTcs pereHepanuell aBreoCHHKIIH-
HankHOI'O peXiMa Ha NOKeMOpuiCKOM KPHCTA/UIM4eCKOM OCHOBAHWH H
YpeaBRMAHHON AKTMBHOCTHIO MAIMATHYECKUX NpoueccoB, ITO NOIBONISET
BHIAENATEL ©e B Ka4YecTBe OCo6oH MarMaTHuecKoll 30HH MIIM KDaeBoro
Marmaruieckoro mosica lxuoro Tant~lllans, B soHe IpencrabiieH moy—
TH MOJHBIA HAGOp TepU¥HCKHX MarMaTHiecKuX dopMaumii I'eoCHHKINHAIIE-
HO-CK1aOQ4YaTHIX ofnacTeii; runepbasHToBas, ratGpopas, INIATHOrPAHUTO—
Bagd, CNHIAT-KepaTodHpoBad, aHge3uToBad, IPAHOAMOPITOBAas, IPaHHTHAS,
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[alUT-/IHIIapuTOoBas, MOHUOHHT-TPAXHAHAE3UTOBAs, IIeJI0YHO~0a3aIbTOHI—
Haga, I'pannrounusie dpopmaunun cnarawr go 50% nomanu 30HEL

lapmckuii 1 BaficyHckult GIOKH ClOXeHBEl MeTaMophHYeCKHMH TOpoaa—
Mu amdubonnToBoll dauuu C NONMCTAfWKHLIM NPOABNEHUEM PerucHATLHO—
'o H HnyTDHO—MET&MOp@HBMa orT ﬂOKeMﬁpIm 00 paHHe= INO30HEreplIHH-
ckoil amox, [lna TapMckoro 6/710kKa THINYHBLI C/IeAylOLIMe paHHeIr'epUHHCKHEe
dopmanun ([Ao-3): mepAnoTHTOBAS, NUPOKCEHHT-TabGpoBAf, KBAPH-~IHO-
pUT-IUIarHOoTpPaHKTHAad, cBoeobpasHas rpaHuTonAHas (KopoHepHTOBLIE
rpaiuToMabl ), rpaHuTHag, OrMeuaercsd mpeobiapaHue I'PAHHTOHOOB, BPE=—
MeHHas GIN30CTk M IPOCTPAHCTBEHHOE CONpSXEeHHe NPOAYKTOB IogKOpo—
BHIX ¥ KOPOBHBIX Marm, WHPOKCE DA3BHTHE NPOLECCOB AHATEKCHCA ¥ Mar—
MAaTHYECKOT'O 3aMelleHnda ¢ obpa3cBaHieM BBICOKOTVIHHO3EMHUCTHIX I'pa-
HUTOMOOB. B IosgHerepuHHCKHH IepHoa B CBA3H C IpoueccaMy oTpa-
sennolt axktuBmasanmn (C-P) B Tapmckom u  Baiicyuckom 6rokax
nporexana MarMarHiyeckas nedTellbHOCTh, CHHXPOHHad C HHBepCHeHd u
DPOI‘QHHT-IGCKIIMH ABMKEHUAMU B CMEXHBIKX noanuenaneosoﬁc!mx T'eQCHHK=-
MMHAaILHBIX Nporubax,

Bo Bcex TekTOHHYECKHX azoHaxX T\nccapo—AnaH cpeny MarMaTHieCKux
dopMauuii JOMUHHPYIOT T'DAHHTOHABI HATPHfi-KAHEBOr'C U KAIMEBOI'O psi-
Aa, cesaaaHHBle C aTaloM O6pA3OBaHMS B CpeaHeM-IlosgHeM KapboHe
CIIOXHO IIOCTPOEHHOI'0 CK/IaAYATOI'C NoAHATHS, ['paHHTOMAHENE paa HaYyH-
Hallcd Kpapl—MOHUO-AHOPHTOBEIMH H I'PAHOAHOPHTOBBIMH H 3aKaHYHBaJICA
TPAHETHBIMU ¥ Ie¥KOrPaHUTHBEIMEU GOpPMAanuaMu,

Hauunaa ¢ paHHell ImepMu, pasiiMyud B CBoHCTBaX OTAENbLHBIX 30H
Iiccapo-Anas eme Gollee CTHpPAOTCH, H B YCIOBHHX CBONOBO-IVIBIBOBOM
TEKTOHHMKH (OopMHpPYIOTCA: IonHbannancHas NaldT-IHIapHToBad (Pl),
wenogno-rpasuroranas (Po — T;), menouno-Gazaneronanas (T) dop-
MM,

B cocrap noaaHerepuuHckoli CeBepomaMHpCKoO# CHCTeMBI BXOOAT
Cepepruag u lOxnas asonwl, CepepHan 3ocHa — 3BreOCHHKIMHANL ypanib—
CKOr'0 THIIA C WHPOKWM pASBHTHEM CepUHHCKOTO HHUIHAIBLHOT'O Marma—
TH3aMA, G/IHAKO ONHOBPEMEHHOI'O C WKHOIhccapckuM (rumepfasuroras,
CIMMUT-AHA6a30Bas, KBapu—-anbbuTodupopas (GopManuK) U IPAHHTOMAOB
HATPOBOrQ, Kaluii-HaTpoBol'o paaa (raﬁﬁpo—nﬂar'uor'panmoaaﬁ, TOHAIUT—
TPaHORMOPHTORAR $HOpMaunu ), :

Kxuag 3oHa xapakTepu3yeTcs HeIVIyGoKMM 3ajieraHdeM KpHCTallli—
yeckoro (yHAAMEHTa, COKpalmeHHO!l MONMHOCTLI0 3eMHOH KOpbl M BoKo-
BbIM cTpoeHEeM, OCHOBHEIE TeKTOHO~-MarMaTHYeCKHe MPOLUeCcChl Ha ee
TEPPHTOPME TPOMCXOAMWIH B TO3[HEH NMepMH — TPHace U CONpPOBOKAATHMCH
GOpMUpPOBAHKEM COMIDKEHHBIX BO BpeMeHu dopMauni — aHaesuTo~baszab-
toBo-NopdupuTOBOH, runepGasuToBOH, rat6po-ImIaruorpAHHTOBOH (rab-
6po—,cmopm~—nnaﬁaaonoﬁ), rpasuronaiolt (T), mpy onpepenmomeff ponu
nocnenHéeti. xHag 3oHa no Habopy M BospacTy dGopManuii OTIHYAeTCH
OT THIMYHBEIX T'ePIMHCKMX CTPYKTyp H IpeacTapidgeT coGod cBoeofpas-
HBl 6nok (“cmanmuieckoe 4apo”), 3aHHMaoUHll MPOMEXYTOYHOEe Moo=
wenne Mexay repuuHunami lOxnoro Tame-lllans, CeeepHoro [lamupa,

C onHOM CTOPOHEL, M KMMMepuao-anmenupamMu IOxmoro [lamupa - c apy-
roi.
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Cknagyaroit cucteme lOxuoro IlamMmpa CBOHCTBEHHBI BEICOKOE IO~
loXeHHe OoKeMOpHiCKOr'o KPHCTANIMYeCcKOro ¢yHAAMeHTA W He COoBCeM
ofpMible 018 NEOCHHK/IMHANIBHBEIX CTPYKTYP Marmatudeckue hopMaiiinH,
Cpenu Hux HauBollee pacHpOCTPaHEHb! MelIoBble T'PAHUTOMABl KalIHeBOro
psana, [eoCHHRIMHANGHLL] MArMaTHEM B OfHUMX 30HAX BOOGIIE He IIPO—
ABMICH, B APYT'HX - CU/IbHO penyumposad. lOxHomaMmupckaa cucreMa
Brmoyaer 3oHbl Lenrpanwuoro, Oro-Bocrtoynoro, 0ro-3anapuoro INa—
mupa u Pywancko-ITumaprckyio.

Hentpaneusi [lamMup pacnonaraetcd B ceBepHoM ofipaMileHHH AJlb—
nuiicko-I'mManafickoro nosica, UMeeT cKIag4aTo-IVbIGoBoe CTPOeHHe U
COCTOHT M3 BHICTYNOB (yHAAMEHTA Ha (WlaHraX 30HBI U HeIrVIyGOKHX
¢paneposoiickux nporuGos, HecMoTps Ha OTHOCHTENLHO HEGOMBUIYIO IVIO—
manb, OH BhlOe/ieTcH cpeAM Apyrux 3oH [lamupa kax ocobas meTpo—
rpadudeckas H I'eoXHMHYecKas NpoBHHuUuS., Bynkanusm pasHoobpase,
MHOI'OSTalleH M MMeeT IOBBILEHHYO meroYHocTh (6asansr—TpaxuroBasdt,
KBapu~KepaTopupoBas, TpaxubasanbroBas, GasalbT—aHnesHT—TUIapITO—
Basi, ONMHPHH-GasalbToBad, JeludT-GasanbroBas dopmanun), Cpenu
INTyTOHWYeCKuX ‘ofpazopanuit npeo6iianaiT I'DAHUTOHOBI Mel-IMaleore—
HOBOT'0 BoapacTa (ra6Gpo-gHopuToBas, ratGpo-IpaHATHAS, CHEeHHT—-IpPa—
HUTHad, JelKorpaHuTHAd, MH'MATHT-I'PAHATHAaS, T'PaHUTONIHO-IOPGH—
poBad daongmnn). Hx xapaxTepHble YepTH: yBelHYEHHAd IEIOYHOCTEH
[pH TIPUMEPHO PAaBHEIX COOTHOWEHHAX Kalus M HATPHS, IOBBIlICHHAS
ponk raGfpoMioB M AMOPHTOB CPeAM PAaHHHX WIEHOB AaccoNHaunui,
BBICOKasl MarHUTHas BOCHPHUMYHMBOCTbL, GOJbuloe 3HaYEeHHEe IPOolecCoB
aHATeKCHCAa, MAIMATHYECKOIO SaMelleHHs M IeIOYHOI'0 MeTacoMaToaa,
NperMyIIecCTBeHHO HaTpopore (ambbuTHsanus, HepemuHusauws), [laneo —~
reH~HeoTreHoBble GopMauMH OMHBHH—6A3allbTOROrC, TpaxubasalbToBOTO,
KallneBoro menoYyHo-rabOipolaHoro pana HMeT BHe30HANLHBIH Xapakrtep,

Pywancko-llnaprckaa soHa - cTpyktypa pamumeit Tg — I —xoncomn—
JanMy ¢ MHOI'€OCHHKIIMHAILHBIM HAGOpOM ocadodHBIX GopMamui M Ipe—
obnapanieM Me3030HCKHX KallieBhlX T'pagHTOMOOB,

IOro-Bocrouneni [lamup npencrasngetr coboil naparecCHHKIHHAILHBIN
nporu6 Ha A0KeMOpHHCKOM KpHCTA/NIHYeCKOM OCHOBAHHH C YeTKO Ipo—
ABNIeHHOH GIOKOBON CTPYKTYPOH H MOIIHBIM OPOTreHHbIM I'DaHHTOHAHBIM
MarMaTH3MOM KallHeBOT'0 XapakTepa (rpaHoamopuToBas, TpaHHTHAS
dopManyu ). XapakTepHb! BYIKAHO-IUIY TOHHYECKHe ACCOUHALMH JIATHT=
MOHIICHHTOHOHOT'O, I'PAHOOHOPHT-OAUHUTOBOI'0, I'PAHUT-/IHIIAPHTOBOI'O CO—
craea, Ocof6o HHTEepeceH CBOeOOpa3HBIil HHTPY3HBHO-2(¢y3HBHBIA AKCyii—
CKMH MaccHB, CBS3AHHBIH C. IMPOPBIBOM Ha IOBEPXHOCTH MOHUIOHHTOHIHOI'O
(naTuroBoro) pacmnnapa u3 Kamephbl KpyIHoro IUIyTOHA.

Oro-3anapueni [lamMup — cpeAMHHEIK MaCCHB, CIIOXKEHHBIH OoKeMOpHi—
CKUMM MeTaMophu4ecKMMH INopogaMyu aM¢uOoIHTOBOH M I'PAHY/IHUTOBOM
danuit, obnagauui aHoMal/lbHO BEICOKOH MOIIHOCTBIO S3eMHOH KOpBI
(50-52 M) 3a cueT pocTa I'PAHHTHO~METAMOPHUYECKOI'o CIIOf H HMC=
neiTaBWHA B Naleo3oe, Mey ¥ Heor'eHe -IPOLEeCcCE TeKTOHO-MAarMaTi-
yeckoil akTupuzamuu., BeposdrTHo, ¢ cobcrBeHHO nokeM6Gpuiickol HcTopueit
I0ro~3ananuoroe [lamupa ceaszaHo hopMupoBaHHe IunepGasuTorRoil, ratGpo-
amM¢puGonuTOBOH, SHOEpPOHT—4aApPHOKHTOBOH, MHIMATHT-I'PaHUTHON dopMa—
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uuii, OfHAKO MAaKCHMMAJIbHOE PAaCHpOoCTpPaHEeHHe IONMYyHH/IH MEJIOBbleé BhICO—
KOTVIMHO3EMHCTEIE CHINIHMAHHTCONepXKallue rpaHHTOHAbl, oGpasoBaBuIHe
rpoManubie INTYTOHBE! B pPes3ynbTaTe NAlIMHIeHesa Ha I'PaHHIe apXeicKoro
H IpoTepo3oli-haHepo30HCKOI'0 CTPYKTYPHBIX OTaMel,

Takum ob6pasoMm, TalkHKHCTaH B UelioM BBIPHCOBBIBAETCH KaK pPEI'MOH
€ MOIIHO PasBHTON XKOpOH KCHTHHEHTANLHOTC THIA M OTYETIHBBIM Hpe—
obanaHueM TPAHHTOMAOB BHYTPHKOpPOBOro npocXoxaenus (ofnactb
_canugecKoro u gemmuecKo—canngeckoro tumna, no [1.C,Xapkesuuy), Mar-
MaTtHdeckue hopmanun TamxHKHCcTaHA SBIAIOTCH NMPOAYKTaMH [esTellbHO-
CTH PA3/IMYHBIX IO I'eHE3HCY M COCTaBY Marm: NepBHYHBIX — runeptasn—
ToBoli, 6a3anbTOBON, I'DAHHTOMOHOA M BTOPHUYHLIX (AHOMANLHBIX) — TpPAXH-
fazanbToboit (3ccekcuropol), TpaxmaHgeauToBOH (MOHIOHMTOMOHONM),
IeoYHO-TPAHHTOUAHON, HedellMH-~-cHeHHToBoR ¥ Ap. Ha doHe armx obmmx
3aKOHOMEPHOCTEl BHIGBIAIOTCS HEKOTOpble YacTHble OCOGEeHHOCTH MarmMéa-—
THYeCKHX dopMauuit peruoHa, OTHOCHTeNILHad PONb M COCTAB TeX HIHM
HHBIX dopMaunu#i B pasHBIX CTPyKTypax TamKHKHCTaHa 34BHCAT OT HX
ITyGUHHOT'G CTPOEHHS H I'eOTeKToHWYecKoro pexuMa, [Ipu comocrarme—
HHH 9B~ ¥ MHOT'COCHHKIHMHANLHEIX 30H H I'eOaHTHKIHHAILHBIX (KecTxux)
6/I0KOB B MOCNEHHX BHIIBIAETCH YCIOMHEHMe CXeM SBOMONHH MATrMAaTi—
JeCKHX INpOnecCoB.3T0 0GYCTOBIEHO COBMeNIeHHeM B MX Ipenellax cob—
CTBEHHLIX T'eOCHHK/MHANEHBIX (reocaHTHKIHHANLHBEIX) dopManui M “KceHo=
FeHHBIX” MarMaTHYecKHX NposBieHul, CBA3AHHEIX C IPOLIECCAMH OTpa-
sxeHHON AKTHBH3auuy. [HNepGasHT—6asHTOBBII MarMATHIM B COYETAHUH
C rpaHuTOMNAMM HATPOBOTO psna Gofee TUMMYEeH IV T'EPUUHCKHX 2B-
reOCHHKIHHANbHEIX 30H 'mccapo-Anas u CepepHoro Ilamupa, Bymkano—
IUTyTOHWYECKHE accouuau¥i CBOHCTBEHHLl paHHMM WIH, HAaoGopoT, 3apep—
waoEM aTanaM pasBHTHS CKIafdaThiX cHcTeM., B mepBom ciydae oHM
IpencTaB/ieHbl HATPOBBIMH BY/IKAHHTAMH M T'DAHUTOMOAMY (CIWIMT-Kepa—
TodupoBad, CIMIMT-AMaGa3oBas, KBapueBo-allbOHTopHpOBas, rab6po—Ina—
CHOMPAHHTOBAS (OpMAauHK), BO BTOPOM - KAIHEBBIMH H HATPHI—KaTHeBbi-
ME (QaUET-/IMIapHTOBAaS, IPAHONHOPHT—~IpPAaHHT—IIOPGUPOBAas, ATHT—MOH—
HOHATOUNHAS M OpyTHe dopManuw),

Bo Bcex MaydeHHBIX 30HAX NPOSB/EHBl EN04YHO-GA3HTOBBIE (opMAalky,
XapakTepuaywmue cybmiaThopMeHHble CTaiMM PA3SBHTHE CKI&am4aThiX 00~
nacTedl WM CBA3aHHBIE C NPOLECCAMH TeKTOHO~MAI'MaTHYeCKOH aKTHBH-
3anH¥ KOHCOMHMAMPOBAHHLIX CTPYKTYpP. HamGonee momio uayyeHHad pas-
HeMe3aoaofickas menodyHo~rab6pounsas (menouHo-GazanbrouaHad ) hopMa-
st HOxuoro Tunb-lllang obpasyer nBe BerBu OudbepeHuMamuy Marmel
(cyBdopmanun): noNepHT—KPHHAHUTOBYO  (TEUIEHATOBY) M KAMIITOHHT
(MoHunkuT) ~ MpMGyprurosyw©, IleTpolorudeckne OCOBEHHOCTH MENOY—
HBEIX rabOpoMAOE H Ha/ludHe B HHX BKMOYeHMH OCapo¢uIbHBIX  IIOpoa
(wnuHeneprle, rpaHaToBBIe NMMPOKCEHUTHI) yGeXaaioT B MaHTHHHOM HC—
TOUHHKe HX Marmel, HauGonee peanbHbIM ABNSETCA NpPENNONOXKEHHE O
TpaxubasanbToBoM (2CCEKCHTOBOM) ee cocTaBe, [IpHBIekaeT BHUMAaHHE
BSoratcTBo Hopoa GopManud I'PAHUTOPHILHEIME 21eMEeHTaMH — KallneM,
amOMHHHEM, CBHHLIIOM, OJIOBOM, GepwiiueM, $¢TOpPOM, PEOKHMH 3eMIBIMH,
Onnako ocraercd HesCHbIM, oforaTunack 7MH Marma “HekKorepeHTHBIMH”
alIeMeHTaMH NpH MarmoreHepanus (ray6uaer 100-150 xMm) uam B
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npouecce akTHBHOT'O B3auMoneHCTBuS C nopooaMy Kopbl, MayueHue
KCEHOJIMTOB Mopoh, 3axXBadyeHHBIX KOJIOHHOH pacilaBa Ha pPasHbIX ypPOB—
HAX, He NO3BONAeT CYMTATh pewaoumMm BTopoi dakrop, He uckmoue—
HO, YTO B Ipouecce MarMooOpasoBaHuA NPOHCXOAMI TNPMBHOC Kaind H
reoXHMMHYeCKH POACTBEHHBIX €My ®JileMeHTOoB M3 clabonuddhepeHuupopat—
HOH YacTH MAaHTHH, ;

Kak oTmeyeHo BBIUE, cpeny NpoAyKTOB Marmaruama B Tamkukucrane
MakcuMalbHbIM pacnpocTpaHeHHeM MoNbL3YITCH pPasHoo6GpasHble I'paHH—
ToMgHble dopManuy, JHOepO6uT-YapHOKHTOBad (popMalus CBA3aHa C INIy—
OMHHOM. KpHCTammaaudeir “cyxux” pacmiapos, o6pasyoWHUXCH NIPH INaB-
JIeHHH HMXKHHX gacTell aeMHOH Kophbl (MeTaMOPPHTHI I'DAHYIUTOBOH da—
uuk), [a66po—HOPHT=MOHIOAHOPHTOBLIE M NATHT—~MOHIOHHTOMAHBIE CePHH
YaCTHYHO KOHBEPI'eHTHB! ¢ HapHOKHTAMH HO MHHEepalbHOMY COCTaBy H
XHMH3MY, HO (GOPMHPYIOTCH B YCJOBHAX HHOTO TEeKTOHHYECKOI'O pexuMa
U runabuccantHbIX daumii ryGHMHHOCTH, [a66pO-NIarHorpaHHTOBbe, TO-
HaluT-rpaHOqHOPHTOBble (GopMAalnHH HATPOBOTO PsANa, CTAHOBJIEHHE KOTO—
PEIX clleqyeT cpasy 3a UBIHAHMAMHU CIHIMT-AHA6A30BOI'0, KBapUeBO—
anL6uTodUpoOROrc cCocTaea, NO-BHAMMOMY, GOPMHMPYIOTCH NpH Na/lMHIeHeae
CHANMYECKOH YacTH KOPbl B CBS3M C HOABEMOM KDPYIHLIX Macc Gasamb—
TOBOM ‘Marmbl, HaTpoBhlii XapakTep Bcell BYJIKaHO-IUIY TOHHYECKOH acco=
uHanu¥, BOSMOXHO, ONpene/dsicd IOTOKAMH HATPOBHIX pacTeopoB, Cym-—
MO# 3THX (GaKTOPOB MOr GbiTh OGYCIIOBIEH CBOEOGPAsHLI I'eOXHMHYEC—
Kuii mpoduIb rpaHITOHAOB, SaHHMAKLHX [0 COASPKAHHIO PeAKHX SJIeMEHTOB
TPOMEXYTOYHOe IIONIONKEeHHe MexAy rpaHuTonfgamMu “cHanmdeckoro” u “Ga—
3anbTOoHAHOrC” papa.

Tunuyxble eloYHO-I'PAHATOHANBIE GopMAal¥M M TECHO CBA3aHHEE C
HIMH menoyHble n Hedemmiopsle cuenntsl (P,—T,) nocrarouno wmpoko
npefcTapBleHb! Tolbko B [uccapo-~Anae. Mx npoHcXoxpneHue TPyOHO o6b-
ACHUTb KaKuM-IH60 OAHMM INeTporeHeTHdecKuM daxropoM., OnHolt us
BOBMOMHBIX NPHYHH I'eHeaHca MeNo4YHBIX IPaHHTOHLOBR ABJSTCH IpoHnec—
CHl CHalIM4YecKoro MarmMoobpas3oBaHus B HIDKHMX 4acTdX KOPHl lipH BEICO—
KOH pONN TITyGHHHBIX I[eJIOYHBEIX PACTBOPOB.

BonbwMHCTBO KPYNHEBEIX IPaHUTOWIHBIX IUTyTOHOB KanueBbIX H HaTpHii—
KailieBbIX IMEIOYHO3EME IEHBIX I'PAHUTOMAHBIX hopMauuii MHBEPCHOHHOI'O
¥ OpPOreHHOI'0 JTAINOB NPHYPOYEHO K 6il0KaM BHIXOLOB MM HeINIyGoKoI'o
3ajleraHnd KPHCTA/NIMYeCKOI'0 OCHOBaHHA, ToYHee, — K HX I'DaHHIe co
CMeXHBIMKM T'eOCHHKIHHAILHBEIMH IpornbGamMu., YKasaHHad INO3HIME IpaHi—
TOMOHBIX Tejl GUKCHPYeT HX IOJIONKEeHHe Ha I'paHmine NoKeMOpHHCKoro
dyHnamenTa u daHepoaGlickoro ocamodHo-By/IKaHoT'eHHoro dexsa, [lo
reopusM4eCcKUM OaHHBEIM, SHAYUTENLHAH YaCThb CHMHXPOHHBIX I'DaHUTOHMO-
HBIX MaccuBoB ['mccapo-Anada u Ilammpa coeamHsieTrcss Ha raybHHe B
orpoMHBEle IuToOGpasHele Tela MouHocThio 4-8 kM, He nabmopaercs
[OCTATOYHO YeTKOH CBSI3H KPYIHBIX IUIYTOHOB C OINpE[elIeHHBIMH pasiio—
Mamu, Cxopee, npouecckl I'paHHToo6pa3’oBaHVd 3axXBATHIBAIM OlpaHu—
YeHHBle pasfioMamyu GIOKH 3eMHOH Kophl, IPUBOAS K NMOYTH NOHOH uX
KoHconugaunu, ['eonoro-cTpyKTypHas NosHUMs I'PaHUTOMOHBIX dopMaliui
HHBEPCHOHHOI'O M OPOI'€HHOI'O 3TANOB OTpaxaeT Haubojee BBICOKOE II0—
noxeHue o06/lacTH NAMHHIeHe3a H MarMaTHYeCKOr'o 3aMelleHus,
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Bce uayueHHble dopManuy noapasgessioTCs Ha AbBe rpynnsl. [lepebie
YeTKO IPHUBA34HBI K OINpefe/IeHHBIM OTHOCHTEIBHO HeGONbUIHM TeKTOHH—
qeckum Onokam (mepmckue runepGasuropas, rabGpo-IiardorpaHdTOBAs
M TpHacoBasi rpaHuTouaHas popmanun IOxmolt sonpt CepepHoro Ilamupa
# ap.). Kpome Hux, mMetworca “ckpBoaHble” MarmaTHYecKue accOUHAlNH,
oXBaThHBAWIIKE LENyi0 CHCTeMy GIIOKOB 3eMHONH kKopbl M obnagawlnne
oTAalleHHBIMH CBA3fMH C Pas3BHTHEM TeX MM HHBIX JIOKalIbHBIX CTPYKTYP.
Takue ACCONHAIMH M3BECTHBEI He TONMLKO [ OPOTeHHHIX KM cy6mratdop—
MEHHBIX CTagufl pasBHTHS ck/lagdarbix cucrem (P} - pamur-numapurobad,
P2_T - LeloYHO=-rpaHuToOMAHa", T- memnouHo-GasanbrouaHas HOxHOro
P HHb-ehlaHﬂ; Me30KallHo30HCKHe I'DaHHTOUAHLIE H Ie/IouHO~rab6pounHbie
dopmanun Hxuoro IlamMupa B CMeXHBIX PEerMOHOB), HO A7 HHBEPCHOH—
HBIX (Cz"cg" rpanuTouaHble ¢opMmanuu ['mccapo-Anas) M gaxe paHHe-
I'eOCHHKIHHANBHBIX 2TanoB, B KauecTBe mpAMepa MOCIeHHX Ha30BeM
cnwmMT~KepaTodupoBsie u rabtGpo-miarvorpanurossie ¢opmamnn (Cp_o),
uapectHele Ha CepeprHoMm [lammpe, B I0xuHoM u lOro-3amagmom TImccape,
Anaiickom xpebre, Cepepiom Bykautay, Tamabitay, Adrarckom Bagax«-
waHe u T.A.

B cpeasu c H3MIOXKEHHBIM CTAHOBHUTCH SICHOH HeoOXOAMMOCTH HCCIIeno—
BAHHY BHYTPeHHeH CTPYKTYpPh MarmaTH4eckuX coobmectTs H dopmMaimi
(BHYTpPHGOPMANMOHHEI} AHAIH3 MarmMaThaMma B NoHuManuu M.A, dasop—
ckoii, P.TI'. UBanoBa u np.). Takoii monxon K H3yyeHHo HEKOTOpPBIX I'Da=
HHTOMAHBIX accommammit Imccapo-Anaa u [Mamupa nmosBonml OGHAPYXHUTH
HX IeTPO/IONMYEeCKY0 HEeOAHOPOAHOCTL, HBIeHHe meTpoliord4eckoil Heom-
HOPOMHOCTH KOMILIekcoB (bopmanuii) BbIpaXaeTcd B TOM, 4TO pasHble
HX yacTH (MAcCCHBBl WIM T'PYIOIBl Teql), BK/IOYas ClIOXEeHHbIe IopoaaMH
ONHOMMEHHEIX (a3, XapaKTepu3ylTCH CYMECTBEHHBIMH BADHAIMAMYU B
paaMepax um MopdolIoruM, XapakTepe B3aMMOOTHOWEHHS co cpedoi, B
nerporpapHyecKoM COCTaBe M XHMH3Me, B I'€OXHMHYECKHX U MeTalllo—
reHn4eckKknx ocobeHHOCTH X,

[TleTrponormieckas AHM3OTPONHS MarMATHYECKUX KOMILIEKCOB OTpa-—
}aeT HeoOHOpPOAHOCThL (6/IOKOBBIE XapakTep) INIyGHHHOT'O CTPOEHHS CKafi—
yaTelXx cHcTeM K 30H, CHXpOHHHBIE HHTPY3HBEI, NPHYpPOYEHHBIE K I'eoaH—
THKITHHANLHEM TOAHATHAM, CTPYKTYpaM pasHel KOHCOMHALHH, BHICTY=
naM ¢yHAaMeHTa, 9B— H MHOI'@OCHHKIMHAJILHBIM Nporubdam, pasHaTCH
DIyGHHHOCTLI0 H TeMIepaTypamMH KpHCTallu3alnuu, MaciutaboM Ipouec-—
coB rubpuauama, MarMaTHYecKoro saMeuennd u aupdepeHmManun, pe—
KUMOM KHCIIOTHOCTH-IIE/IOYHOCTH I'PAHUTOMAHBIX pPacIliiaBoB, MeXaHU3—
MOM (OPMHPOBAHHMS Tell H OTAEJIEeHMS PYHAOHOCHBEIX pacTBopoB, Bonblioe
BIMAHHE Ha paclpefeneHHe W COCTAB MPOAYKTOB MAMATHUAMA OKA3LIBA=—
eT IonepeyHas 3CHAIBLHOCThL CKIam4yaThIX ofiacreil,

Yxazanuble pasnngud OOBICHAITCS HE TOMNBKO I'€ONOrM4ecKo M du—
BUKO~XMMHYECKOH O6CTAHOBKOH KOHCOMMOALMH PACIIABOB B BepXHHX
CTPYKTYPHBX 2TaxaX, HO NO/MKHBI OLITH CBE3aHBI H C YCIOBHEMH IeHe—
pauMg Marm - fAaBJIieHHeM, TeMIlepaTypoll M COCTaBOM cpefbl MarmMoot—
pasopaHud, BHYTDM TEKTOHHMYECKMX 30H unu Golee KPYMHBIX CTPYKTYDR
B TIEpHOAB MACCOBOTO I'PaHMTOO6pa30BaHH BEpPOATHO OQHOBPEMEHHOE
cyumlecTBOBaHHe B G/I0OKax PpAa3HOTO CTPOEHHs M HA PASHBIX TIyOHHHBIX
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YPOBHAX O4aroe rpPaHUTOHAHOH MarmMbl, HECKOIBKO paanuyalieicd co—
CTaBOM,

[TeTponmoruyeckas aHM3OTPONMH KOMIUIEKCOB MOMET NPUBECTH K IIO—
ABJIEHMIO. B HX COCTaBe IIOPOA C YepPTaMH pas/MyYHbIX (opMamHOHHBIX
THIIOB, YTO HaNO NMPUHHMATL BO BHHIMAaHHe IPH GOPMANMOHHOM AaHaluae
MarMatH4eckux obpasopayuit. [leTponoruyeckas HeogHOPOOHOCTbL MHTPY—
3UBHBIX ¥ BYJKAHWYECKMX acCOoLHaluil IPOIBIFEeTCs OT pPaHHEI'©OCHHKIIH—
HaJBHBIX [0 cybmiaTdopMeHHBIX STaloB M MOXeT 6BITh HCIO/IL30BaHA
KaK NONOJHUTE/ILHBIH KpUTepuii TeKTOHHYeCKOI'o palOHUpOBaHMS H HHOH—
KaTop IiyGHHHOI'O CTPOEHHS CTPYKTYPHO-~)OPMAIMOHHBIX 30H,

ABSTRACT .

The territory of Tadjikistan is a complex knot where the branches of two
heterogenous geosinclinal folding belts meet—that is of paleosoic Ural—
Tjanshan and mesokainozic Himalain—Alpic. Extreme intensity and diver—
sity of the plutonic and volcanic process makes it possible to consider
this region as one of ’the test grounds’ for the solution of a number of
urgent problems of geological petrology (in G.D. Afanasiev’s interpreta—
tion) and the formation analysis of magmatic complexes.

The whole Tadjikistan comes intoview as the region with a well de—
veloped continental type of crust and distinct predominance of granitoid
formations of intracrust generation. In this area there are known magmatic
formations which are different products of genesis and composition of mag—
~ mas. These magmas are divided into initial ones such as hyperbasic, ba—
saltic, granitoid ones and secondary magmas such as trachypabsaltic (es—
sexitic), trachyandesitic (monzonitoid), alkali—granitoid, nefeline—syenitic
and other types of magmas. ;

The character of distribution of the formations studied is different in
folding systems. According tothese features one can distinguish magmaric
assemblages both connected with the evolution of local tectonic structures
and "'coming through’’ associations; the latter ones spread all over the
whole system of earth crust blocks.

A study of intrastructure of magmatic assemblages (complexes) revea—
led their petrological dissimilarity displayed in the change of morphologi—
cal peculiarities of contemporary magmatic bodies, their depth, composition,
mechanisme of formation and their metallogeny. The petrological anisotropy
of magmatic complexes reflects the heterogeniety (block character) of dept
structure of folding systemsand zones. The transverse zonation of folding
areas influences greatly the distribution and composition of products of mag—
matism. Petrological dissimilarity of intrusive and volcanic associations
shows itself fromearly geocinclinal stage up to subplatformstage and it
can be used as an additional criterium for tectonic division of regions into
districts and as indicator of depth building of structure—formation
zones.
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C. II. COTIOBBEB

OCHOBHBIE YEPTHI SBOJIIOINH TETPOXUMHYECKIAX
TAKJIOB B CCCP

Onuolt H3 COBpPeMeHHBIX TpobileM y4eHHs O IOPHBIX nopogax (B wHpo—
KOM CMEICTIe CjloBa) ABISETCH ycTaHoBleHHe ocofeHHOCTell pasHOBpe—
MEHHBIX NMeTPOXMMHYECKHX IUKIOB, T.e, BBIABJIEHHE IVIABHEHIIHX XUMH—
YeCKHX 4YepT Pas3BUTHS H IpeobpasoBaHus MarMaTHYeCKHX TOPHBIX Iopon,
OCa/loyHbIX HAKOMMIeHW! ¥ IPOAYKTOB MeTaMoppHaMa M, HakoHel, pere—
Hepanus paciilaBoB MarMbl B TeX MM HHBEIX y4acTKaX 3eMHOH XoOphl BO
BpPeMeHH.

Hmxe, HA OCHOBAHMM HAKOILIEHHBIX COBETCKHMH HCC/ISO0BaTelMHU
GonbOre KojMYecTBa [aHHBIX 0 XMMH3Me pAa3HOBO3PACTHBIX I'OPHBIX IIO—
pon CCCP, Kparko paccMaTpuBaloTCd HaAMEeYAlIHecsl OCHOBHBIE TEH[eH=—
LHH B paclpefeleHHH XHMHYECKHUX 3/IEMEHTOR B PA3HBIX I'eHeTHYeCKHX
rpymoiax ropHBIX IOPOA SE€MHOH KOphHl B pasiMYHBIe TeollorHyeckue sphl,

CHauana Mbl KpaTKO KOCHeémMcHd OHHAMHKH XHMH3Ma MarMaTu4ecKux
TOpHBIX IIOPOA, 3aTeM OCaJo4HBIX, a B KOHUEe paboThHl — MeTaMoppuiec—
KX ofpasoBaHul,

MarMarHieckuii Ipouecc MOXHO, C HEKOTOpo# nomne# ycloBHOCTH,
pas36uTh Ha OBa srana. B TeyeHwe mnepBOr'o 23Talla B NOCIEAOBa~
TenpHO BHOE/EIOMMXCH MEHepanax M3 MarMaTydeckoro pacmiasa (npe~
phIEHAS CEpHA) MPOMCXOAMT IlaneHHe DOMM OAHHX NIEMEHToB (Hampumep
Mg) n orHocuTennHoe yBenuwdeHue KonM4YecTBa OPYTHX, B yactHoctH OH,
F. [eilicTBuTenkHO, TakHe MHHepasbl, kak ampubonel W chiogkl, B obleM
BOZHHKAWIIHEe B CpaBHHUTeNbHO 6Gollee NMO3OHME CTANHH KPHCTAIM3alH{
paciiasa u obnapawomne Gollee ciioxHoM cTPYKTypod (Io cpaBHeHHIO C
OIHBHHAMH I [HPOKCEHAMH), YAcTO OGHAPYXKHBAKT B CBOEM COCTABE
yKasaHHEIe X HeKoTophle ApPyT'He /leTy4yuHe BellecTBa,

[Ona MuHepasoB HeNpepbIBHON CepHH XapaKTepHO MOCTelleHHOe Hapa—
cranme coeauHenu#t Na u K, onHoBpeMeHHO 3HaueHHMe HEKOTOPBIX KOMw-
NMOHeHTOB, HampuMmep Ca, nagaer,

IloBenenne anemeHTOB~NpHMecel (MUKPOSIEMEHTOB) He OQHO3HAYHO,
Hanpumep, HHKenb H KoGalbT cocpefoTayHBAalOTCH IVIaBHbIM 0o6pa3oM B
panee BHOEMAONMXCH M3 MarMaTHYecKor'o paciiiaBa MHHepanax (T.e.
OIHBMHAX M IHPOKCEHAX), M COBepuIeHHO ofpaTHoe IoBefleHHe OGHApY~
XHBAIOT HEKOTOPbE APYTHe, B YaCTHOCTH CKaHAuWR ¥ BaHanui,

B TeyeHme BTOPOro 23TAama MHOI'ME H3 BOSHHUKIUHX IMPH KPHCTAI-
nusanuu MarMb NoponooGpasyiomuXx MHUHEPaoB NpeTepleBaioT TO MWK
HHoe maMeHeHHe, [loyTH MId BCeX 3THX IIOC/IEAYIOIMX HAMEHeHHH Xapak—
TepHO BO3HHKHOBEHHE IMAPOKCH/ICOAEPXAIIMX MHHEepaoB (CcepneHTHHOB,
X/IOpHTOB, TA&lbKOB, CEPMUHTOB M T.I,), BosHukaeT Bompoc, OTKyAa
Gepercss popa? Kak useecTHO, mpoGiiema 06 HCTOYHHKE Boabl, HEoGXOMH=—
MOM jJjis O6pas’cBaHMsd BTOPHYHEIX (B IIMPOKOM CMBIC/IE ) MHHEPAJIOB SB—
naeTcd AMCKYCCHOHHOH., B kawecrtpe mpuMepa yKaxeM Ha mponecc cep=-
[eHTHHHGAIME YILTPAOCHOBHBIX MOpPHBIX mopof. 3amelneHne “cyxoro” onm-
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BHHA (a Takme poMOHYeCKor'o IHMPOKCEeHa) THAPOKCHICOAEpPXAaIliM cep=
IIeHTHHOM TpPakKTyeTCcHd pas3iIH4HoO,

OpHu HccllefoBaTelld CYHUTAWT, YTO CepleHTHHH3AUHMsA 00yC/IOBlIeHa B
OCHOBHOM apTOMeTaMoppuaMom M HeobxoguMas Boaa MOCTyNAET H3 Ma—
TepHHCKo# yIbTpaccHoBHo#l mMarmbl [6 ] u op. 3a. pyGexom GMH3KYIO
runoreay Beickazan I', Xecc [25, 26]. Hactb reomoros H, [12, 13]
H [p. TPHOEPXHMBAETCH —a/jloMeTaMopdudecKod TOYKH 3PeHHs, COIVIAcCHO
KoTOpol HeoOXogHMOe KOJMHYEeCTBO BoAbl [V CepneHTHHH3ALuH ClleqyeT
cBA3HBATL C Golee Mo3aHEME MHTPYysHaMH (o6bMHO Apyroro BospacTa
M HHOIO COCTABa, BIUIOTH A0 KMUCIBIX). HakoHel, HEKOTOpble HCCIIefo—
Barenu [20] ¥ AOp. MpUXogAT K BBIBOAY, YTO HEKOTOpas [0nd BOAHI,
HeoOXoouMasi [Ulsl CEpPIEeHTHHH3aUMM,bbula CBA3aHa ¢ TuUnepbasHTamMy, .a
4acTh = C MNOCTEAYWOIHMH HHTPYSHIMHU 1,

B KOHeWHOM pe3yJbTaTe OCHOBHBIX MpOLECCOB MarMaruaMa (obpaso—
BanHe HCXoAOHOI'O paciuiaBa, BHeApeHHe MarMkl, 6e3 HIH C CONYTCTBY O~
LHMMH SBIeHUIMH AuddepeHnHaund, rubpuaousMa W ap., CTaHoBlIeHHe Mac-—
CHBA -~ KpHCTalUIM3auud, B3auMoAedCTBHe C OKpyXxawmeld cpefo# u Ip.,
fes WM C ABJIEHHIMH ABTOMETACOMATO3a; NMOCTMATrMaTHYeCKHe H3MeHe—
HHUs) BOSHHKAIOT pa3Hoo6pasHEle OpHBIe Topoabl, KOTOphle B OCHEmylo~
mwee BpeMsl NpeTepleBaloT Te WIH HHble H3MEHEHHd,

Cpepnuit XMMHYecKHH cocTap MarMaTHYEeCKHX TOPHBIX IIOPOA, BBEIMHC-
nennbif Hamu [17] ¢ y4eToM pacnpocTpasHeHHOCTH PAaliMuHBIX I'PYyIN
aTHX Topoa B 3eMHolt kope CCCP, npepcrapneH B ra6m, 1.

Paanuunble mpeofpasoBaHnd MarMaTH4YeCKHX H APYTHX paHee Cy—
mecTBOBaABUWIHX IMOPHBIX IOPOJ NPHBOAMT B KOHEYHOM pe3ynbraTe K
pasHOOOpasHbM HIMEHEHUSIM ¥ NePerpyINHpPOBKE XMMHYSCKHX SNeMeHTOBR
HIH HMX COegHHEHHH B HCXOAHBIX I'OPHBIX Mmopogax, [IpoHCXomuT 3HAYH-—
TenbHas NpHpogHad AupdepeHuHALNHS, B YACTHOCTH KOHUEHTpALMs Coeau-—
HeHHH Kanbuud ¥ MAarHu#g, o6ycllOB/IHEad o0pasoBaHWEe pas3iIHYHBIX OCa-—
AOYHBLIX I'OPHBIX NOPOA, B TOM YHCHIe KapOOHATHHIX,

Yrobel UMEeTh KOIHYeCTBEHHOE NpeacTaBileHHe o6 YMOMSHYTBHIX Ipe—
o6pa3oBaHudAX, HaAlOMHHM [OAaHHBIE O PacHpOCTPAHEHHOCTH IVIAaBHEIX THIIOB
OCA[OYHBIX TOPHBIX TIOPOA Ha KoHTHHeHTax (Tabm, 2).

B wupoxoM MacwTate HOeT BOSHUKHOBEHNE TUIMHMCTHIX MHUHEpAJIOB,
ocofeHHO 3a CHYeT PasIoKeHHS HEKOTODHIX NOPONOOBPA3YIOUIHX MUHEpa—
7IcB, MpeXae BCEero MojeBbIX wmaToB, XoTd B NpuUBedeHHOH Tabimiue
[AaHHEIE Pa3/IpYHBIX aBTOPOB HECKONLKO OTIMYATCH, HO IOpSAoK uupp o
PACHPOCTPAHEHHOCTH TINIABHBIX IPYIN OC8AOYHBIX TOPOA ORKHAKOB, YKA=-
3aHHble H HeKOTOpBle Opyr¥e Mmarepuansl [1] cBuaeTenbCTBYIOT O TOM,
YTO TIMHHCTBIE I'OpHBIE NOpoabl AOMEHHPYIOT CPead OCAROYHLIX 06paso—

OrpenbHBle MCCHIEOOBATENIM CYHTAT, YyTO HeobXoaMMas O/d CepleH—
THHHSAUHY Y/IbTPAOCHOBHLIX IOPOA BoAa IOCTyLIaeT H3 BHeWwHeHd cpe-
obl, [lporup aToro Barmapa cylecTeyeT paad BospaxeHuwdt [5] u ap, -
3neck MBI He CTABHM Ilepen coboil LellH OCBEUIeHHd Pas3iHYHBIX hak=—
TOPOB, YHaCTBYWIIHX B Ipeo6pasoBaTe/bHBIX IIPONECCaX HCXOAHBIX
nopog, Mogpo6HO ocBemeHHEIX B page Tpyacs (3, 7, 18, 19] u ap.

2
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Ta6nuna 1

Cpennuit XMMHYECKHH cOCTaB MarmMaTH4ecKuX ropHbelX nopog CCCP

Yucno
OKHUCIIB! Bec.% SneMeHTHl Bec. % aToMOB

(a %)
$i0y " 63,65 0 46,72 60,78
TiOq 0,54 Si 29,74 21,60
Aly04 14,47 Al 7,66 5,79
Fe,0, 2,18 H 0,16 .99
FeO 3,19 Na 2,60 2,31
MnO 0,07 Mg 5 1,87
MgO 3,70 Ca 3,06 1,50
CaO 4,28 Fe 4,04 1,47
Nay0 3,51 K 2,36 1,23
K50 2,84 Ti 0,33 0,14
Hy0 O S 0,04 0,02
P50g 0,10 Mn 0,06 0,02

CyMmMma 100,0 100,0 100,0

papiil Ha KOHTHHEHTAX M COCTAB/SIOT B ofweM Gonblule IOIOBHHE! (B
cpenueM okono 60%).

. Yem 0ByCNOB/IEHO WHPOKOe pasBHTHE MIMHHCTHIX mopoa? OpHolt ua
NpUYHH, 110 HaweMy MHEHHIO, SBJISeTCA BeAymas poib IMO/eBhIX WIATOB
B COCTaBe HCXOAHBIX KPHCTa/UIMYECKUX IOPHEIX MOpofd, B KOTOPBIX OHH
COCTaRIAI0T MPHMEpPHO [Be TPeTH IIaBHHIX IOPOA0OGPasyiolMX MUHEpa=
7oB (HampHMep, cpeaHee KOIHYECTBO IONEBHIX WINATOB B MarmMarHiec—
xux mopopax, corsmacuo T, Bapra [22], pasHo 60,2%).’

B noBepXHOCTHOH 30He 3eMHO#l KOpHl B Xofe BbIBETPHUBAHUS IIOJIeBble
wraTH  IpeTepleBaloT Ipomecc THApPaTH3AaliH, U B HTOre ofpasy-
0T BOAHBIE CHIMKATH AMOMHHUE C OCBOGOXIeHHEM PacTBOPEHHOI'O Kpem-—
Heaema, Hekoropkle cocTaBHble HacTH, Npexje BCEro K20 H Nazo,
nepexogdT B pacTeBop. B pesynbrare BceX 2TUX NPOUECCOB BO3HHKAET
sHAYMTeNbHAs MAacCa INIMHMCTHIX MUHepaios (KAoJHHMT, FallyasurT,
MOHTMOPMIIOHHT, ammodan H Op.). .

I'IoBeneHue SHEMGHTOB—HPHMECGE B 30He ruiepreHesa, ¢ TO4YKH 3pe=
HUE TIOC/IeAOBATENLHOCTH MX BEINIANSHMA B OCANKAX OTPaXeHo Ha ¢ur, 1,
sauMmcreopadioM y B.B, llep6unst [21]. B aTolt cxeme Bhlgensworcs of-
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pasoBanma: 1) ocraTounbie (pesmmoarhl), ocTawluEecs Ha MeCTe,
HanpnMep KpeMHe3eM, BLIIaBllnA TpH pasinoxeHnl CHINKaATOB Ha MecTe
HX BBIBETPHBAHWA. Clona OOIDKHBI OBITH OTHECEHBI KOPEI BHIBETPHBAHHS
2) ruaponusoBaHHBle (rHOpoIM3aThl) — OCANKH, BO3HUKWHME U3
JIerko THAPONMUSYWUHXCH coenutenmi, Ciona, HalIpHMeL, OTHOCHT Kao—
MHHAT, obpadyiouuics NpH MHAPOIH3e amOMOCHIHKATOB; 3) OKHCeH-
Hble (oKcHOATBI) — OcagKM, BOSHHKAOLIME B Pe3ybTATe OKUCIICHHA
fo/lee HH3KOBAGHTHBIX COeAMHEeHHH, HANpUMep THAPOOKHCIHEl Xellesa;
4) kapGoHaTH = obpasywuunecs H3 pacTBOpoB; 5) 2BANOPHTE —
BEIlIaal0llie B OCAAOK IyTeM HCIapeHuss pacTBopa, Hampumep Na,

Ecnu cpaBHMM cpegHue cocTaBbl ocanouHblx obpasopaHui (Tabi,3)
CO CpefHMM COCTABOM MarMaTHYeCKMX TopHHX mopoa (ra6a. 1), To
YBHOMM, 49TO B ofueM Io/Horo GanaHca HeT, XOTA NPHUBOAHMEIE DasImd-
HBIMH HCCJIElOBATENAMH [aHHbIE 1O YKA2aHHBIM O6BEKTaM He SB/SIOTCH
OOHHAKOBBIMH. He OCTaHapB/IHBasiCh Ha BCECTOPOHHEM OCBelleHHH Bonpoca
O XMMHYECKOM GallaHCe MeXOy MACMATHYECKVMH M OCAJOYHEIMH OB
PasSoOBaHMSIMH, MWL OTMETHM IOBEeHMEe HeKOTOPBIX KOMIIOHEHTOB, IpeK—
ne Bcero, NayO, B ofmeit Macce ocanouHBIX I'OPHBIX TIOPOf,-TIO CPaB=
HEHHIO CO CPeJHHM XHMHYECKHM COCTaBOM MarMaTHdecKux macc, QnHod
H3 TVIABHEIX IPHY¥H 9TOT0 XMMHYECKOT'O CBoeobpasus OCano4HBIX TOMIL

Taﬁnnué 2

PacnpocTpaHeHHOCTb IVIABHBIX IPYINI OCANOYHEIX I'OPHBIX HOpPOA
Ha koHTHHeHnTax (%)

ITo
Mo Mo [To ITo M, Xop~|Ilo Mo
OC&HO"IHHG Zcb_}('nap_ ¢.Kye_ ¢.l'le’n— A.noﬂb— HYy H iA.B.Pd-—'-K_ Bene-
TIOpPOAk! Ky HeHy -TuKe= | AeBaty | X.Cna-laoey Homo
231 271 |m (1955) |xy (Hora |[32 1| [33]
[30] | [31] Slack, ) .
1962) .
Tnunucteie 80 57 60 &7 53 53 b
TTOPOABI
lNecyanugkun 15 29 22 19 28 29 15
Kap6onar- 5 14 18 24 19 11 8
HEle IIOpO—
ael (uaBecT—
HIKH, [0—
JIOMUTBI )
B ToMm wHC~ (3) (1)
e spano-
PHTLI

lIpumeuvanune, [aHHble Ona mWIaTHOPM M IeOCHHK/IMHAIBHBIX 30H IIO
M. Xopuy u X,Cnaxy, a rakke no A.PoHoBy, HECKOIBLKO OT/IHYAIOTCH.

7 7
27 108 47



T i dur, 1. Cxema mopefeHud
g8 $id | 43 ‘%‘ 8=
5 23 $3 § 23 (mocnenocsaTensHOCTE Bemafe—
S8 |Ss§ (st [ &8 | &8F
- kAL T G HHS) XHMHYECKHX 3JleMeHTOB
. fe_Mn]Ca MgiMpMa K B 30He rumepredesnca (mo
;“ B.B. lllep6una, 1972)
[1$
Zr, HF 1 - nmo B.Tomsmmmunrty,
Ti g
ge 2 —~ mo K., CMmynugoBcKoMy,
Th 3 — N0 pasHEIM aBTOpaM C
Y nononmueHusmiu B.lllep6rHEI
w
Nb, Ta .
B
Be
0o AB/ISEeTCSH J1erKas Bbillelayli—
i R BaeMOCTL HATPOBLIX COENHHEe—
U : HMA M MUTpauds HX B BOOHBIX
gn fbaccelHax.
M" Yrto gacaercas H_O, To,
cf @CTECTBEHHO, CIeAOBAJIO OXH—
As,Te| » # Aartk CYlecTBEHHOEe BO3pacTa—
Zn : HHE ee Colep¥aHHd B OCajkax
Eg . ¢ - MOBEPXHOCTHOH 30HBI., PHKCH-
Ni pyeTcsi HEKOTOpOe NOBBIIEHHE
cd conepxanug Ca0 B ocamouy—
se- |- HBIX O6pasoBaHU#X, MpUYEeM
glz 4:%:';:- HaxolieHne CoaepxaHuil Kalb—
&b - i Mg UWIO KAK XMMHYECKHM,
Br m_ TaK ¥ OGHOT'eHHBIM IIyTAMH,
i Haxonnenue cepel 1 ocoGeHHO

[ 17 2 | 1 yrnepona, pHKCUpyeMEIX B

OTHOCHTEJILHO NOBBILIEHHBIX

KO/IMYecTBaXx B OCAaOO4YHEBIR
I'OpHBEIX Nopoaax, o6yc/IOBIeHO, NO-BHAMMOMY, B 3HAYMTELHON Mepe
6roreHHbIM haKTOpPOM,

Ons ocapgouHbIX o6pasoBaHHi, B LEIOM, XapPaKTepHO TakXe OTHOCH-
TENIbHO 3HAYMTEeNILHOEe CopepxaHHe OKHCH Xelle3a, KOTOPOro B HEeCKOIbKO
pas 6Bodbiie, 4eM B MATMATHYECKHX OPHBIX Nopogax. OTo CBA3aHO C
CYUIECTBEHHBIMH OKHCIIHTENbHLEIMY IPOLECCAMH, NPOUCXOAAIIMMM B  II0—
BEePXHOCTHOH 30He OCANKOHAKOIUIGHHSH.

OcHOBHBEIE OCOBEHHOCTH MOHHAMHKM XHMH3Ma MeTaMophHaMa 3aKTio-
4alOTCS B TOM, HYTO MNpPOUECC NpeobpasoBalus HCXOMHEIX mnopoa (ocd-
OOYHBIX M HpP.) MOXEeT HATH M3OXMMHYECKUM WU AJNOXHMHYECKHM
nyTeM.

Ecnue ama ocagodHOr'o MHHepAanooOpa3oBaHHd XapakKTepeH [Ipouecc
ragpaTaiii, TO IpH (OPMHPOBAHHH MHOT'MX METaMOpPQHYECKHX IOpPHBIX
nopon MoTyuaeT pasBHTHe ofpaTHbI# Mponecc — nerHapaTauus, oco-
GeHHO nng TiIySuHHBIX dawmi (rpasynarToeol M ap.).

B TeueHue IpoueccoB MeraMoppuaMa NPOMCXOAMT 3HAYUTElbHad Ie—
pPEerpyNImIpoOBKa XHMHYECKHX KOMIIOHEHTOB HCXOMHBIX (OCaNoYHEIX M OpYy=—
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I'HX) FOPHEIX IIOPOA ¥ B pe3y/lkTaTe NPOUCXOAHT O6pASOBAHHE HOBBIX MH—
HepaJoB,

Coepnwnennsa Si, Al, a Takke Na u K ¥ papa pgpyrux sne-
MEHTOB MAYT NPH COOTBETCTBYWIIHX YC/IOBMAX Ha ofpasobaHue MONEBBIX
wnaTtop (KalueBbiX M M3BECTKOBO—HATPOBBLIX), MYCKOBHT& H HEKOTODBIX
JApPYTHX MHEHEDATIOB, KOTOpHe, KAK MEBECTHO, WHPOKO DACHPOCTDAHEHH!
BO MHOT'MX MeTaMoppHYecKHX I'OpPHBIX Ilopopgax, ocofeHHO B rHelicax,

Nns BosHMKHOBeHHHS GHOTHTOB, X/IOPHTOB, aAM(HUGOIOB, pPOMOHYECKHX
NUPOKCeHOB B MeTraMophHuecKHX I'OPHEIX mopopaX TpebyoTcs He TOINLKO
YIOOMSIHyTHIe XHMHYECKHEe SJIeMeHTH! (B IepeMeHHBIX KOIHYecTBax), HO
¥ OTHOCHTENIBHO CYLIeCTBEHHble KOMMYECTBa COedMHEeHHi Xelle3za H Mar-—
Hud .

Tab6nuua 3

Cpennu#t XMMHYeCKHl cocTaB ocanodHbIX IOpHBIX mopoa, Bec.%

Ilo J]éﬁ'r'y u | ITo Koppency|llo Kyeneny llo Pouoey =

Oxucibi Mmny (28] [(24] 1271 ?gﬁmencxomy
Si0y 57,95 = 55,64 58,16 49,82
TiOg 0,57 0,69 0,94 0,65
AL Og 13,39 14,44 15,93 12,97
FegOj 3,47 6,87 8,54 2,97
FeO . 2,08 - " 2,81
MnO e 0,12 0,64 0,%3
MgO 2,65 2,93 3,58 3,09
Ca0 5,89 4,69 6,26 11,64
Nag O 1,13 181 1,85 1,57
Ky 0 2,86 2,87 2,85 2,03
PyO5 5 0,11 0,26 0.17
HeO 3,23 5,54 = 2,91
Co, 5,38 3,86 - 8,26
S & 0,32 2 -
c 0,66 0,65 - 0,47
[pyrue 0,74 - 0,99 0,53
CymmMma 100,0 100,0 100,0 100,0
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Tatnuua 4

CpenHuil XuMHYeCKuH cocTap MeTaMOp(HYeCKHX T'OPHBIX Iopoa, Bec,%

Thefic Kpucramiu~ | AmpnGo- dunmur
i1} weckutt mur [31] i [29] mo
e (410) | cnamen (1] | (200) [1](68) K. Menep-
(538) P
310, 65,50 62,90 40,6 46,80 61,78
TiOq 0,58 0,60 1,6 1286 0,73
Al203 15,80 16,70 15,5 1523 . 16,54
Fey04 2,10 2,30 3,5 242 - 243
FeO 3,12 4,10 T Ty 2 5,45
MnO. 0,09 0,12 0.2 0,20 0,07
Mg0 2,10 2,84 6,9 10,50 2,35
CaO 3,44 2,42 9,4 10,95 1,94
Na20. 3,20 1,96 2,9 215 1,89
K20 2,87 3,20 1,1 0,37 4,24
Hy0 0,80 2,30 - 0,75 2,32
Pyl - 0,20 0,16 0.8 0,25 0,25
Opyrue 0,20 0,40 - 0,50 0,01
CyMmmMma 100,0 100,0 ’ 100,0 100,0

Ippumevanue, B Kpyraeix ckobkaX yKasaHoO KoJIHYECTBO aHalli3oB.

K coxanenuto, cpenHud XMMHYeCKHH COCTABR MeTAMOPPHHECKHX IOp-
HBIX TOPOA IIOKa ellleé TPYAHO pAcCCYHTATb, MOCKOMIBLKY HAM He H3BeCTHHI
mwromann (o6nemMsl) pacnpocTpaHeHHsd pAas3lIMYHBIX PAa3HOBHAHOCTEH Me—
ramopduueckux ropHbIX mopoa. Kpome Ttoro, B 3oHax, rae MeTamopdhusMm
el H30XHMHUYEeCKHM IIyTeM, MOXHO Hpedlloararh WHPOKHH OAAaNasol Xu—
MH3Ma MeTaMopgHieCKHX INpPoayKTOoB, TAK Kak KonebaHud XuMHUYecKor'o
cocTapa HCXOOHBIX (B YaCcTHOCTH OCAmOYHBIX) T'OPHBIX IOpon 3HaYM—
TeJlbHBI.

B nexoropeix paiioHaX KONIHYECTBO NPOAYKTOB PerHOHAIBLHOI'O MeTa—
MoppuaMa, BOSHHMKAWIIMX 38 CYeT NMpeobpas’oBaHus TeX WIH MHBIX oca-—
JCYHBIX ToOmm, SBASEeTCH OYeHbL aHayuTensHeM [10, 11].
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EcrectBenno, ecnm meramoppuaMm 6BU1 a/IOXHMHYECKOT'O XapakTrepa,
TO 31eCh YYeCTb KO/IHYeCTBO IPHBHECEHHHIX BelEeCTB MOXHO JHilb IIPH
[eTalbHBIX HCCe[lOBaHusgX,

3neck MBI OI'PaHMYHMCS NPHBENEHHEM CPEenHHX XHMHYeCKHX COCTaBOB
Haubollee UWHPOKO PACHpOCTPAHEHHBIX Pa3HOBHAHOCTEeH MeTaMOppHYEeCKHX
I'OpPHBIX TIOPOA =— NPEeACTABMTEJEH . pA3IHYHBIX MeTaMOppHYecKHx da—
mii  (rabn. 4) peruonansHoro (OuHaMO-TepManIbLHOTO) MeTaMOp—
busma.

MHoroyncneHHble HCCllefoBaHHd AOKeMOPUACKHX (M YacCTHYHO HIDKHE-
naneosolickux) obpasopanuii kak B CCCP, Tak n sapy6exoM, Nokasa—
74, OCOGEHHO B 30HaX pacnpoCTPaHeHHs MeTaMOp(HYeCKHX IIOpod BHICO-'
KHX CTelleHell MeTamMoppuaMma, HalHyHe MHTMATHTOB pas’HoobGpasHoro
xapakrepa, Bce aTo cBuperesbcTBYyeT O TOM, HTO B 3THX yYacTkax
TPOHCXOAW/IM SIBJIEHHA yJIbTpaMeTamMoppusMa, KOTOopble OGYCIOBHIH &H a—
TeKCHC, majluHreneaunc (T.e. MEeCTHoe IUIABIIEHHE) B pe3yibTare
JIOKa/ILHOI'O ITOBBILIEHUSI TEMIepaTyp H M3MEeHEHHs HEeKOTOpBIX ApYTHX
YCIIOBMH,

Takum obpasoM, NeTPOXHMHYECKHH UMK B 3eMHOH Kope Kak
6e1 3apepluiaeTcs, cosfawTcd (pereHepupylOTCH) HOBBIe OYar¥ Marmel,
neficTBUE KOTOPBIX B INocieayiollee BpeMs BHOBb OGYCIIOB/IHBAWOT o6pa-
Bopanue pPasHOoOOpPasHBIX MAarmMaTH4eCKHX T'OpPHBIX Iopod; HHaAve TOBOpH,
HauuHaeTcs HOBBIH MeTpOXHMHYECKHH UMKl — CBoeobpasHas XUSHL I'op—
HBIX TIOpOA.

Passurie neTpOXHMHYECKHX IHKJIOB BO BpeMeHH
(B pasamuHBIe reoiorHuecKHe 3PHI)

BbuiH 11 MHOT'OYHCIIEHHBle MeTPOXHMHYECKHe LHMKILl COBEPLIEHHO OfHHAa-
KOBBIMHM 38 BpeMs CYUleCTBOBaHMS 3eMHoit kopwl? [IpuBeneHHoe BbIUe
paccCMOTpeHHEe NEeTPOXHMHMYECKHX LMKJIOB IO3BOMSeT TI'OBOPHTb, YTO
OCOBEHHOCTH XMMHE3MAa Kaxaoro ILmkiaa (MarMaTHiecKkoro, OCamoYHoro M
MeTaMopdHIecKoro) oNpenerHiOTC He TONbKO COCTABOM, HO H KOMHYE~—
CTBOM TIOPHBIX IOPO[ COOTBETCTBYWIIEr'o NPOHCXOXAEHHd.

YcraHoBR/ieHHe CpeqHero XHMHYECKOI'0 COCTaBa COBOKYIHOCTH I'OPHBIX
Nopo oNpedelleHHOT'o I'eHeTHYecKoro XapakTepa, MO HaweMmy MHEeHHW0,
[O/KHO MPOH3BOAMTBECA C YYeTOM Kak XHMHYECKHX aHalH30B, TaK H
PachpoCTPAHEHHOCTH  PA3IMYHBIX IPYNI STHX TI'OPHBIX IIOpOA.

B onuMHAKOBOM JIM Ko/MYecTBe B pa3iiMgHble T'eoorHdeCcKHe NepHOAbI
(spBl) pasBHBanmMCh IMapHble MPYINBl YIOMAHYTHIX BBHIUE TI'OPHBIX HOPOA?
HMmerommecss naHHBIe He OAOT BO3MOMXHOCTH OTBETHTH IOJIOKHTEBHO Ha
MOCTaBIeHHBI BOMPOC.

IpuBeneM npHMepbl ¥ Npexae BCET'0 OCTAHOBHMCH HAa MarMaTH4eCKHX
ropHbix nopoagax. PaccMorpenne MHOrOYHCISHHBIX MAaTepHa/IOB, Kacaio-
muXC MarmMaTHHeCKMX I'OpHEIX mopon paanmuHoro sospacra B CCCE
mo3pongeT YTBEpPWKAaTh, YTO CpefHHe XHMMHYeCKHe COCTaBhl pPasHo-—

BOBPECTHBIX MarMaTH4yecKHx KOMIIJIeEKCOB He OBITH OO0UHAKOBBLIMH
(ra6n. 5).
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Ta6nuua 5

Cpenuuii xuMmudecku#i cocTap ApeBHMX (QOKeMGpHHCKHX) M Mosiogblx
(Meso~kaitHo30MCKMX) MarmaTHdeckux FopHEIX mopoa CCCP, mec.%

OpeBuue Monoparie

O E’E:T?i(;};imn YxpauHcka# Kisiso Hanbaui
Rty GorTion) mut (¥Ykpamsa) Bocrok
Si02 67,39 68,45 58,58 59,18
TiOy 0,67 0,45 0,83 1,02
A1203 14,45 14,73 16,65 16,03
Fe203 1,49 1,57 3,15 3,11
FeO 2,68 2,40 2,09 . 3,31
MnO 0,09 0,10 0,12 0,15
- MgO 2,06 1,16 .. 3,45 3,19
CaO 2,91 2,79 6,32 5,22
Na20 3,78 3,57 3,43 3,36
K0 3,30 3,80 2,17 2,86
Hy0 1,15 0,79 2,10 2,22
P,0q 0,03 - 0,19 0,21 0,35

CymmMma 100,0 - 100,0 100,0 100,0

HWa panupix Tabn. 5 gcHo BHAHO, uTO ApeBHMe (noxembpmiickue) mar—
MaTHYeCKHe KOMIUIEKCHl XHMMYECKH CYIIECTBEHHO OT/IMYAITCH OT MOIO=
abix (Meso-kaiHozolickux). [ocTarodHo ckasaTk, UTO pasHHUA B COOEp—
MaHHK Si02 B HHX aocTHraer noutud 9%. 3aMmeTHble pasnuuus HaGmO-
‘AaTCH M B KONHYecTBax APYI'HX OKHCIIOB, HamnpuMmep K,O H Nazo. 3ro
YacTHYHO MOATBEpPXOAeTCH TAaKKe HEeKOTOPHMH OCOGEHHOCTSIMH paclpe-—
nenenuss marmarudeckux [14, 16], ocamounmix [18] u mMeramopduuec—
kux [15] ropubix mopog Bo BpeMeHH,

[lpuBenennble naHuble (M paa ApPYTHX MaTepHAlOB) NMO3BOMSIOT CYli-
Tare, YTO NEeTPOXHMHYECKHe nHKAB Bo BpeMeHH (B Teue-
* HHe MCTODPHMH 3eMHOH Kopbl) He GLIIM HMOEHTHYHBIMH (pur. 2).

Yem o6ycilOBNIEHO TaKoe NOMOXKEeHHe, B HACTHOCTH, CYIECTBEHHOe Io—
HIDKeHMe KHCJIOTHOCTH, a Takxe yMmeHbuenue Ko,0 u Hgnm‘obblx OPYTHX
okuciioB (M ogHopPpemMeHHo Gollee NOBLNUEGHHOE COAEPXKAaHHE CoequHeHHH
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nem POTUMUSECKy o
OJeadosyere
nqm;

dur, 2. Cxema xuMH4YeckuXx ocobeHHoOCTell OpeBHMX (B OCHOBHOM MOO—
xemﬁpuﬁcmx) u MononwiXx (Meso—kaiHOZOACKMX) NMEeTPOXHMHYECKHX
M KIOB

(+) - yBe/MueHMe COlepXaHHS KOMIOHEHTA; (=) = yMenpileHUWS Cne
" fepXaHusd KOMMOHEHTAa

)Kejesa, Kalbiusd H ap. ) B MonoaBIX (Me30-KaiiHO30MCKHX ) NeTPOXHMH—
YeCKHX LHUKIax?

Ipu4MHLl 2THX ABNEHUMA B KH3HHM HeopraHwYecKol NpHpCLEl, BEPOSTHO,
MHoroo6pasHbl M CBA3aHE! ¢ OOIHM pasBHTHEM 3eMHOH Kopel, 3nechb
MBI He MMeeM BO3MOXHOCTH OCTAHABIMBATLCA Ha pasfope HMX 1 , @ IHb
KOCHeMCH OfHOH M3 I'IaBHEIX NpPHYHH: Xoga MarMaTHiecKod pesTellb—
HOCTH,

Hakonnennrle MaTepualsl 0 paclpefelleHHH BO BPEMeHH pasiH4HBIX
(xkax B CMBIC/Ie BO3pacTa, TaK H COCTaBa) IOPHBEIX NoOpod JAT OCHOBa=
HHe BBIABMHYTEH T'HIIOTE3y, COIVIAaCHO KoTopoli B o6meM Xopge pas-
BHTHA 3eMHOH Koph nepMaHeHTHO Bo3pacTajla ponb
fomee HHXHHX o6onouex (c MeHBWHM coanepXaHHeM
KpeMHe3eMa ¥ psaga APYrHX KOMIOHEHTOB) 3eman?,

B ToMm -uHclle Ha GHOreHHOM ¢aKTope, KOTOpPBIH, KaKk M3BeCTHO, HI=—
pan Malyi pollk B AOKeMOpHH M MMes Gonblioe BIHSHHE B IOCIENpo—
Tepo3oiCcKoe Bpemd,

2
BoaMoxHo, npomecckl BBHILIAB/ICHHS B Aerasaund (3oHHOH mnapxkH, 1Mo

A.Tl, Bunorpanoey [2]) mmxuux ofomouer seMHOM KOphl TOXe HMENH
ONpefefieHHoe BIMSHME Ha XOf INEeTPOXMMHMYe KX LMKIOB,
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ABSTRACT

1) The analysis of accumulated data on the chemical compoesition rocks in
USSR allow to outline - (in the first approxu'natmn) the character of the chauges.
of petrochemical cycles in time (in various geological eras).

2) The examination of the principal chemical features of development
and transformation of igneous rocks, sedimentary accumulations: and products
of metamorphism and, at last, regeneration of magmatic melts in various parts
of the earth crust makes it possible to deterinine a number of peculiarities
of petrochemical cycles of different times.

3) The great number of chemical data, collected in USSR, allow to judge
of the charmacter of distribution and redistribution of a series chemical ele—
meants inthe earth crust in the different periods of geological time.

4) While comparing petrochemical cycles of different geological eras
one can establish; that younger (meso—kainozic) cycles possess some spe—
cific features, that distinguish them from older (mainly pre —cambrian)
petrochemical eycles display reduction of acidity and decrease of some
other components. Such peculiar behaviour of petrochemical cycles is
confirmed by the peculiarities of the distribution of variousrocks in time.

5) Possible reasons of the difference of petrochemmal cycles in time
are considered.
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3. I M30X

THIBI TPAHATOUTHBIX ®OPMAIUN C PASHON
PYJIOHOCHOCTBIO

CymHOCTE M OCHOBHBIE TOHATHUS (GOpPMAMMOHHOT'O AHAIIA38 NPUMEHUTE b~
HO K MarmaTtwyecko#h wu pynsoffi TeofioTM¥ HAMM NPHMHATH B OCHOBHOM TO
HopeluuMm ¢opmynupoekaMm [2,8,9], MarepuanoMm A7l BBIBOAOB IOCITy—
Kuia nepdoKapToTeka I'PAHHTOMAHBIX H 6a3HT-IPAHUTOHOHEIX KOMILIEKCOB
CCCP, a Taxke gpyrux ctpaH, HacuuTeHBawumad Gonee 600 o6n-eKTOB,
u3 koropblx 200 cYMTAOTCH PYAOHOCHBIMH, '

Marmarudeckaa ¢opMauus, T.e, NapareHe3HC NOPod, Mo aHANOTHH C
nopono#l, Kax naparesiesucoM MUHEpalopB, ONMCHIBAETCH NPEXAe BCero
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[0 BeleCTBeHHbIM NpH3HakKaMm: 1) HaGopy WM YHCIY IIOPOA B COOIBET—
CTBHH C HOPMAIIMSOBAHHOR HOMEHKNATypHo# wmkamok [5]; 2) konuue—
CTBEHHBIM COOTHOWEHHEM MeXAy NOPOAaMH Pas3HOI'0 COCTaBa; 3) Boaw=
PACTHBEIM HITH NMPOCTPAHCTBEHHEIM COOTHOUIEHMeM Mexay HumH (¢aatbl,
dauuu); 4) XUMHEYECKMM HIH MHHEpa/ONMYECKHM NDPHSHAKAM OTAENLHEIX
mopop; 5) o6mEM RIM CepHANLHEIM IPH3HAKAM, CBHOETEILCTBYIOMNM
HMEHHO O NapareHeTHYeCKOM XapaKTepe ONHCHIBaeMoli- acconuammy, [
HarggHOro H3oOpameHHd H OGBEKTHBHOI'O CPABHEHHS I'DAHHTOHACOAEp—
wammx dopManui Mo MX COCTABY M CTPYKType YAOGHBI CTaTHCTHKO=IIeT—
POXMMHYECKHE BapHAIMOHHBIE QHArPaMMEl, NOCTPOEHHBIE IO CTAHOAAPT—
HBIM aHanuzam Gea nepecueroB [4], C HHX CUMTHIBAIOTCH pasnMYHBIE
BElleCTBEHHEIE NMPH3HAKH, YaCTh KOTOPHIX NMoMemeHa B Tabn. 1, Komu-
YeCTBEHHble COOTHOIWEHHS MeXJy IopoaaMM MIH Mexny Gasuroboit u
rpaHETOMAHOK nopoaHbMH rpymramu [1] BhpaxawTcsi moCpeacTBOM I'HC—
TOrpamMM INIOMAOHOrO PacHpocTpaHeHHs mopon. Ilpu HelocTaTKe Heob-
XOMMMEBIX [aHHLIX HCHOMb3YWTCH YAaCTOTHBIE I'ACTOl'DAMMEI, HOCTpPOEHHEIEe
IO YHCITy AHAIM30B IIOPOA PasHOI'c cocTaBa. ITOT NpHeM olnpabBAblBaeT
cebs mpH OCOMbUIMX NMEeTPOXMMHYECKHMX BBIGOPKAX M TPH NPHOGIMKEeHHH yC—
nopufi onpoGopanma K ciayuainemM, OfGpamenue K NeTPOXHMHH TO3BOJSIET
0OBEeKTHBH3HPOBATE Nponenypy $GOpPMAaUHOHHOI'O AHAM3A NPH peluleHHH
PasiMYHEIX I'eQNOTMYeCKHX H MeTalVIoreHHYecKMX 3agad.

[TomMiMo BelleCTBEHHBIX NMPH3HAKOB, HA IeppoKapTax KOoaHpPOBAIHCH
reofIorE4eCKHe H MeTalloreHH4ecKue NPHU3HAKH, B TOM YHCIIE 'IIOKA3aH—
Hele B Tabm, 1.

K MeTaioreHHYecKMM OTHeCEHBl HHTEHCHBHOCTB pPYOOHOCHOCTH,
a TaKKe THIN TeOXHMHYECKOrO mapareHeanca opyneHenus [12]

C BBHIAENEHHEM BEAYIIMX H CONYTCTBYIOMHX 3JIE€MEHTOB.

O6paboTKa QaHHBIX, CKOHLUEHTPHPOBAHHEIX B GOpMAnMOHHOH NepdoKap—
TOTeKe, TMPHBOAHT X ClIEAYWOUHM OCHOBHBIM BhIBOOAM,

1. B ¢opmaunvonHOM aHamuae mMarmaTwdeckux obpasoBaHull BamHoe
SHaAYeHHe HMeeT HCCIIeJOBaHHe PHTMHYHOCTH MarmMaTHYecKor'o mpouecca,
Hameuaerca crnenyiommit nepapxudecku#t paa apjeHMt, SneMeHTapHBIe I'o—
MOJPOMHBIE PUTMBbI; IIpocThie (6a3UTOBBIE WIM 'DAHHTOHAHEIE KOMILIEKCHI)
unu crnoxuble (6asuT-I'paHHTOHAHBIE cepMH). MyibTHIUIeTHbE CEpHH, CO-
cTodIlHe H3 ABYX M 6olee SeMeHTapnbiX PUTMOB, TecHehunM ofpasoM
COMIDKEHHBIX TI0 MECTy H BpeMeHH CBOEr'o IposBileHus [6]. O6maa spo-
moumd OT PHTMA K PATMY, KaK TpaBH/IO, OCTaeTcs I'OMOAPOMHOH, HeCMo-
Tps HA HEOOHOKpPATHBIE HApPYWEHHd IOMOAPOMHOCTH. MynbTHILIETHOCTH
ocobGeHHO XapakTepHa /s accouHanufi MHTPY3HBOB M 2pdy3HBOB, HHTPY=-
3HBOB M [AaeK, HO (MKCHPYeTCHS H B YMCTO IUIYTOHHYECKHX ACCOUHAaUMAX,
Marmaruieckne meraputmil (ceprm cepmil), A7 KOTOPHIX XapaKTepHa -
TOXe I'OMOAPOMHAas CMeHa CYUeCTBEHHO GasHTOBBIX HATPOBBIX acColHa—
mil BCe Gollee KHCHLIME M GOllee KAMHeBLHIMH, & NOCHeJHHX — accolya-
OEIMM TOBBIIIEHHON IMEeI0YHOCTH,

Hcxops w3 aHanusa PUTMHYHOCTH MarMaTusMa, HaWMeHbue# 1o Bpe—
MeHHM TakKCOHOMHYEecKo# enuHuue# B GopMAaLMOHHOM aHalli3e cllefyer
CYHTATE KOMIUIEKC MM CEepHI0, OTBEYAalolyl0 OOHOMY 3JIeMEHTAPHOMY I'O-

MOAPOMHOMY PHTMY.
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Ta6nuuma 1

YacToTa BCTpeYaeMOCTH NPUSHAKOB I'DAHHTOMAHBIX GopMauuil, Pa3nH4alLUXCH
10 COCTABY ACCOUMHPOBAHHOI'O C HHMMH Opy[eHEeHHH

Tun opynerenus |Fe | Cu,S |Au | Cu,Pb,|Cu, Mo| Mo, | W | Sn Sn, |Pb,Zn
Zii Mo W siy] s
Hucno obwektos |21 6 (44| 3 (18| 6 | 17|13 |18 20 | 10
Tun accoumaumit
Ga3HTOBEIE (o] (0] 0 0O 0 0 (0] (o] 0 0
cymecteeHHo 16 5 4 0 T 1 (0] 0] 0 ¢} o
6a3HTOBEIE
CylIecTBEeHHO 3 1. 87 a 17 2 =) 9 5 17 8
TpasUTOHOHEIE
rpaEuTouaHble O (0] 3 (o] 0O 3 8 4 3 3 2
IIpeo6nanawr e Ga3uToBOH rpymme
rab6po 1 3 (o] 1 I 1 o} 1 X 2 1
AMOPHTH! g 4 20 21 2 i A ° 3 4 0 4 3
KBapuepble 2. 2 14 0 10 2 6 4 4 11 4
[MOPHTEI )
He CpYIIkI 0 0 3 0 Q 2 8 4 13 3 2
[Mpeo6napaloT B rpadHTOMAHON I'pylme
rpaHOAHOPHTH! 11 4 24 i W1 a 2 =] 0 1 2
r'PAHHTEI 8 - 1 4 2 3 6 5 4 4
nefixorpasntel O (0] 3 1 3 3 12 4 13 15 4
Her ra66po 1 0o 11 (0] 5 A 4 3 3 e} 2
- Ectb ratépo 20 6 30 3 12 3 5 6 2 8 6
3aBepuIeHHOCTh
HeT TPaHMTOB 2 0 1 0 1 0 0 0 0 0 0.
HeT nefKo— 5 1 9 (0] 2 3 (0] (0] 0 & 0
T'PAHHTOB
ecTh Te H 13 5 34 8 15 & 47 18 18 8 10
apyrue
YpopeHb of6LIeH menIOYHOCTH ‘
HH3KUH 13 & 18 2 2 . | 0 0 0 J; 0
cpenHuit 3 1 24 0 g 2 15 12 11 .:15- 10
TIOBbILIHH BT 2 (0] 5 5 8 3 2 b ; T 4 0
BBICOKMH 3 (o] 0 (0] 0O O o} (8] 0 0 (o]
Knacc menoyHocTH accoumuaumi
BHICOKOHATpO~ 14 6 8 0 Lo Hl | o o] (0] o] (o]
BRIH
HaTPOBbIX B 0o 32 3 8 2 2 1 o} 0 5
KalH~HAaT- 1 o} 4 0 5 B 4o 14 4 5 3
popbI#
. KanneBbli 0 0] o} 0 g - X 5 1 12 13 2
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Ta6nuua 1 (okonuauue)

naikn obuNbHbIE

428

Tun opynenenns | Fe |Cu, | Au [Cu,Pb,|[Cuyf po | Mo, | & | Sn Sn, Pb
S Zn Mo W (CIVR IS Zn
Yucno obrekroe | 21 | 6 | 44 3 18] 8| 17 |13 | 1820 16
BBICOKOKa= 2 0 0 0 o '0 0 o] 2 2 0
ITHeBbI|
" BHICOKOTIHHO3EMHCTEIe TPAHHTHI
HeT WM Mamo 21 6 44 2 18 B 16 = 9 19 10
wHpoKo paz~ O 0 (0] 1. @ B 4 2] o 5 0
BHTEI
YposeHL Ty GHHHOCTH
' mpunoBepxHo- 3 2 3 0 2 10 1 0 1 1 2
CTHBIE
runabuccane—- 15 4 31 3 16 & 12 7 k3. 2F 8
HEle
Mmedoabuc— 3 6 a0 (] L O - 6 4 2 0
canbHble
abuccancuele O 0 (0] 0 0 O 0 0 0 Q: 0
Cna6o spoaupo- 19 6 40 3 16 4 14 9 16 19 9
BaHHble
SpoaupoBaHHble 2 0 - (0] 2 2 3 4 2 1 : |
Tun paspeaa
SBreoCHHKIH~ 15 5 14 2 1. .10 3 0 2 0 3
HabHBIH
MMOT'€OCHHK— 0 0o 10 (¢] c 1 (] 8 8 5 1
JIMHATBHBIH
reOaHTHKIIH— 68 R 4 1 15 5 T 4 8 7 5
HallbHBIH 3
nnargopmennbli O (o] 3 (6] 2 0 1 (6] 0 5 1
Craguu pasBHTHS
[OHHBEPCH— 7 5 5 0 0O 0 0 (0] 0 1 (0]
OHHAs
usBepcHonHas 10 0 24 3 4 0 3 1 5 1 3
oporeHHas. I 1 T 0 8 1 11 12 7 10 5
aKTHBH3AIMH 2 (o} 8 0 5 5 3 0 6 8 2
Bynkauurop Het 1 0 9 0 2 1 4 9 10 2 0
ByaxaHuTsl mpeg- 9 a 25 2 8 3 6 ! 5 8 T
eCTBYIOT
Bausku mo Bpe- 11 3 10 1 8 .2 i 0 3 10 3
MeHH
[NocnerpaHuToBEIX 2 0 5] 0 0O 3 8 6 14 5 1
naexk Her
INocnerpannropsie 19 6 38 3 18 3 9 74 4 15 9



MpuMeunauug K Taén.l. 1.Tpanuua Mewny 6asuToBoi u rpAHUTOMAHOH MOPOAHBIMH.
rPYNIaME ONPENe/SeTCs IO NONOKEHHIO CTATHCTHYeCKH 3HaYMMOI'0 MHHHMYMA
BCTPEYAeMOCTH TOPOA C COfepXaHHeM 3102 = 60%, 2, I'panuiel Mexny mno-—
ponamu oM, [5]. Knaccel ofmefi menodHocTH (max. EK20+Na 0) Hu3KMHE -
7,5%, cpenuuit 7,5-8,5%, nopbnensuii - 8,5-9,5%, Bhicoku# > 9,5.

4, Krnacchl THIA IEeIOYHOCTH accouMauuii; BEIcoxonarpobblii — Na,O > KZO
Be3e; HATPOBLIK Na20 > KoO mpn Si0y no 69%; Kanu-HATPOBBIH = TO Xe,
npu §i0, no 63%; xanuepbiit ~ KoO > NagO mpu Si0y 57%; BHICOKOKAIHE-~
BBl — 'ro e BO BCeM paay or ratbpo mo I'paHHTOB.

IMocTmMarMarudeckHii n;iouecc, Kag NpaBwio, MO BCcell NOMHOTE pas—
BHBAETCH JIHIb B CAMOM KOHHEe I'OMOAPOMHBIX DPUTMOB, Iocileé I'DaHHTOB
nmocneaHuX ¢a3 W B TepHod BHeApeHud IIOCIerDAHUTOBBIX naek, ofpa—
3ywmKX o6kMHO CBOH AHTHAPOMHENA pHTM. To e camoe, oAHAKO, MO=—
XKeT OTHOCHTBCA M K MYJILTHIUIETHBIM CepHsiM, B KOTODBIX IVIABHBIH 3TAall
mocTMarMaTH4YeCKor'o OpyAeHeHHd HacTylaeTr, No—-BHAHMOMY, TalkXe IHUlb
B KoHUHe ux spomonud, [loaToMy B MeTalNoreHHYEeCKOM aHaju3e Hano
NpUMHEMATE BO BHHMAaHHE HE TOJILKO OAHOPHTMOBEIE, HO M MYIILTHINIETHBIE
TOMOAPOMHEIE cepuu, :

2. B uemax oO6bEeKTHEBHOI'O BhIAEIeHHS MAarMaTHYECKMX M COOTBETCT—
BYIOIIHX MM MeTA/NIOM'eHWYeCKHX IPOBHHUUH BAXHO BBECTH IIOHATHE O
MarMaTHiecKkoM MeraputMme, B ofnactu deMmdgeckoro mpoguns Merapur—
MBI BHIpAXKeHB! Haubollee MOMHO M NPUMEDHO COBIAAAOT C TEKTOHHYECKUM
UMKIOM, OOBeAHHAOIWNM AOHHBEPCHOHHYIO, HHBEPCHOHHYI0 W OPOTI'eHHYIO
craan, B ofnactax canmyeckoro npopunsi ¥ B o6lacTAX aKTHBH3ALMH
MEerapHTMBl HelolIHble, TaKk Kak pegyuUpoBaH HIH OTCYTCTBYET CaMuli
paHHHi HX 4lleH: CYUEeCTBeHHO 6Aa3HTOBBIe BBHICOKOHATPOBBIE H HATPOBBIE
¢dopManuy (COGCTBEHHO BreOCHHKIMHAIbLHBIE), MerapuTMel B TAKHX CIIy—
Yagx HAYMHAWTCH C YyMEpPeHHO~HATPOBBIX, CYLIECTBEHHO I'PAHHTOMIHBIX
dbopMaumii, Ioclie KOTOPBIX CleAyloT KalH-HaTpoBble WM KallMeBble, a
3aTeM menoyHsle, Takue MerapHTMBl MOI'YT OXBATHIBATH BMECTE B3fi—
Thle HHBEPCHOHHYW H OpPOI'e€HHYI0 cTafHH, HO MOI'YT COBI&AaThb TOJILKO
C opHOW oporeHHod unu ObLITH HENMMKOM BHEIeOCHHKIMHANLHBIMY,

Taxma ofpasoM, COCTaB H IIOMHOTA CTPOEHHMA MACMATHYECKHX Me-
TapuTMOB MOTYT CIHYXHTb Gollee KOPPEKTHBIM KpHUTEpHeM IpPH BhIAGIeHHH
W K/IacCHpHKanHl MarMaTHYeCKHX H MeTalUVIONeHHYeCKHMX IpPOBHHIMHA, He—
XKenmu NpHMeHdeMble OOBIYHO NPEeHMYLIECTBEHHO TEKTOHHYECKHe KPHUTepHH,
[ns MeTanmoreHM4eCKuX ITOCTPOEeHHH, KpOMe TOr'o, BaXHYW POk HMeeT
BBUIENIEHHE INPOBHHUMI C Y3KHM WHTEpBAIIOM BO3pacTa MarMaTHYecKHX
obpa3oeanuii, T.e. OTBeYAWWHUX OONACTH PACNPOCTPAHEHHS KaKOor'o-luGo
ogHor'o uiIeHa MerapurMma. [Ipm sToMm 6IM3KHe o BO3pacTy MarMaTuyec—
ke obpasoBaHus OKAa3bIBAWTCH, Kak IPaBHIO, OYEHb CXOAHBMU M IIO
CBOMM BelleCTBEeHHBIM HepTam, INpexae BCero Mo COOTHOUWEHHWIO Kauud H
Harpud [5].

4. B mpepenax y3KOBO3pacTHLIX NMPOBHHLUHI CHIILHOMH JaTepallsHON
U3MEHYHBOCTRLID Halle BCcero oblafalT Takue IPH3HAKH, KaK KOJHYeCT—
BEeHHLIE COOTHOLEHHA MeX[y pasHbIMH TopofdaM¥u BHYTPH 6a3HUTOBOH HIH
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FPAHHTOMAHOH CPYTN, HHOrAA = KOHTPACTHOCTL accodMallHii, HX TIOJHOTa
¥ 3aBeplieHHOCTh H Op, HaMMeHbllags H3MeHYHBOCTBL MO BCell CymMMe
MPH3HAKOB (UKCHPYETCH B MHTPY3HMBAX, OTHOCHAUMXCHA K OAHOH NepBHY-—
HOll oyaroBoii cTpykrype (owaroBomy apearny). MMeHHO TakHe CTPyK—
TYpbl HApO CYHTATH HaHMeHBIell TeppHTOpHANLHOR elHHHIel B (opMa~
mionnom amamise [11]. B cessu c TeM, YTO reolioru Golkuiell YacTbio
BHIAENAIOT MarMaTHYeCKHe KOMIJEKCH WHPOKOro TWIOWAAHOTO PacTpo—
cTpaHeHHus, GOpMallHOHHBI aHa/lM3 MarMaTH3Ma cefyac obCIiyKHBaeT
rrnapHbIM 00pasoM peruoHallbHyl MeTtannoresuio, [IpH nmepexode K aHa-—
M3y Ha YPOBHe OYaroBhiX apealioB cTaHyT 2p¢eXTHBHEIMH TaKXe Ipor—
HO3HBIC OLEHKHM OTHEeJIbHbIX PYOHBIX paffoHOB H Yy3JIOB. '

5. 3apada AMACHOCTHMKYM IIABHEIX THIIOB MPAHHTOHACOAepPXAUMX ¢op-—
Malui, pasiIH4alouHXCd MO PYOAOHOCHOCTH, pellallack NMyTeM BhIgBISHHSA
TAKHX BelleCTBEHHLIX ¥ IeONIONHYECKHX TPHSHAKOB, KOTOpLie TeCHee
BCEr'0 KOPPeNHUpYywTCd HJH Yalule BCero CONPSKEeHBbl ¢ TpPH3HAKAMH Dy=-
noHocHocTH (Ta6m 1),

KenesoHocHbe dopMalMM XxapakKTepusylTca mnpeobllagaHHeM
6a3UTOB HAa/[ rpaHHTOMAAMH, 34MeTHOH KOHTPACTHOCTBI, OTHOCHTE/BHOMN
MEJIAHOKPATOBOCTHIO GasHTOB M I'DAHHTOHOOB, HH3KHM YPOBHEM WEJIOy-—
HOCTH M XapakTepHOill BLICOKOH HaTpoBocThio (dur, 1). Ouu npucyum
/MWL CAMBIM DAHHMM CTAOMaM TOJHBEIX MarMaTHYeCKHX MerapMTMOB,
cO6GCTBEHHO SBreOCHHK/MHa/bHLM, [lo BelmeCTBeHHBLIM NPH3HAKAM K HHUM
6HaKH KON4YedaHHO=TOJNHEHMeTAallluyeCKHEe CyWecTBeHHO addy—
JHBHBIE (OpMaluuy,

3onoToHOCHBIe dopManuu otSnaualo'r HaBopOM TPH3HAKOB,
YCTOHYHBEIM B CaMBIX Pa3HbIX 30/I0TOPYOHELIX NPOBHHUOMAX: CYyWECTBEeH—
HO IPaHHTOHOHLIM COCTABOM IpH 3aMeTHOH PoNd 6asHTOB, pee - Gea
HHX; Me30KPaTOBLIM OGUWHM cOCTaBoM 6asHTOBOH H Me30-MeJ/IaHOKpa—
TOBBIM —~ PAHHTORAHON TPYNNbl; HA3KHM MM 4Yalle CPedHMM YPOBHEM
ofuwel ule/OYHOCTH H, IIaBHOe, 06d3AaTe/ILHBIM HATPOBLIM THIIOM aC—
counanmit (cM., ¢gur. 1). B eBreocHHK/MHANBHEIX OBNACTAX OHH 3aHH=-
MawT Gonee TO3OHES TONOKEHUE B MarMaTHUeCKOM Merapurme, To
CPaBHEHHIO C TpeAbiAyule# CPYNNol, a B MHONeOCHHK/HMHALHBIX (Ccann-
YeCKHX) 4BISIOTCH NMEePBLIME N0 BpeMeHM, [I0 BeuwleCTBeHHEIM NpH3HA~
KaM K HHM O/HM3KH acCoUHALHWH, COTpOBOM¥AaeMbie, HAPAAY C 30JI0TOM,
TaKKe MeHO-NIO/MMeTa/VMYeCKHM OpyneHeHHeM, BK/MOYAaIIie B CBO
cocrap ob6HibHbie 2(dhy3HBEI,

Monu6nenoHocHwe ¢opMAalUHH OTIHYAOTCH OT BCEX OCTallb—
HEIX TABHEM O6pa3oM XapakTepHo COMMKeHHOCTHI) BAPHALMOHHBIX M-
HHR KZO ¥ NapQ Ha rpaguxax (cM, ¢mr, 1). Measo-MoJHGOSHOBLIE
¢opMallMy O HATPOBOCTH ¥ OCHOBHOCTH =~ KHCJIOTHOCTH accouHalwi, a
TaKKe 1Mo TNOJIOKEeHHIO BHYTPH MerapuTMoB, G/IM3KH K 30JIOTOHOCHBIM,

a BOJbHpaM=MOIHGOEHOBEIE = K OJIOBO= H Boanmamonocubm.' CooT-
BEeTCTBEeHHO IHPOKO PACHpPOCTPaAHEeHbI KOMIIJIGKCHEIE THIBI OpYHAeHEeHHd -
H/M MHOrOMeTallbHBIe DAAbl PYAHBIX GopMauui, :

OnopoHocHbie GopMaluM o06lafjalT CYWeCTBEHHO IpPaHH—

TOMOHBIM MJIH YHCTO TPAHHTOMAHBIM COCTQBOM H HEKOHTPACTHEIM CTPOE~
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HHeM; NelKOKPATOBBIM COCTABOM 6A3HTOBOH IPYINHLI NMPH Majol pom
CcO6CTBEHHO Mab6po; BLICOKOI /e KOKpaTOBOCTRI) H OGS3ATeNbHOH 3a-—
BepUWEeHHOCTHLIO MPAHHTOHOHOH TpPYNIBI; CPeOHHM, PeXe NOBLIIeHHEIM
YPOBHEM wWe/IOYHOCTH H, OCOGeHHO, NPHHAMJIEKHOCTHIO K KalHeBOMY HIIH
BLiICOKOKammeBoMY knaccy (cm. dur, 1), Omu BCerpga TPOSBISHL! TO3-
Hee 30NOTOHOCHBIX (GOpPMAalHii, H MOCYyT COBNANATh KAK C HHBEPCHOHHOI,
Tak ¥ c moboli Conee moagneli cranmeli TeXTOHMYeCKOro paspuTid., [ng
tdopmanuit, CONPOBOKOASMbIX TOJLKO KACCHTEPHT=KBAPLUEBHIM OPYIEHEw
HHeM, XapakTepeH YHCTO CPaAHHTOMAHELI! COCTaB H, Kak clleCTBHe, OT—
CYTCTBHe TNOCI/IerPAHHTOBBIX AN4€K IOBLIUIEHHOK OCHOBHOCTH. Te Xe wyep-
Thi MPHCYWH (GOPMAaLHH OJIOBOHOCHBLIX BBICOKOTVIHHO3EMHCTHIX I'DAHHUTOB,
Bxozgmed MHOrAa B COCTaB pPe3KO KOHTPACTHHIX rHnep6asuT-rattpo-
rpauToBbix cepuit [ 3 ]. Popmaumu, conmpoBoknaemMbie TaKKe H KACCH-
TePUT-CYNLGUAHEIM OpYIeHEHUeM, OTIHMYaTCHd 0643aTeNbHEM MPHCY T—
cTBHEM Ga3HTOBOA CPYINLI, LWHPOKHM DA3BHTHEM NOCErPAHHTOBLIX [dam-
eK ¥, BePOfTHO, TeCHOH CRHA3LID C ByIKaHWTAMH,

K onoBoHOCHBIM ¢opMalngM GIH3KH BONbGpaMOHOC HEIe, OOHAKO

" nna Hux Gollee XapakTepeH Ka/M-HATPOBLIl, & He KallHeBbil THI 8C=—
ColHalHii.

BepunnuernocHse ¢opMalHH CYWeCTBEHHO MPAHUTOMIHBIC HITH
CPaHHTOHAHEIE, 38BepUIeHHEIe, IPeUMYWECTBEHHO CpeflHell WesIoYHOCTH,
Ka~HATPOBLIe H KanueBnle, HauGomee xapakrTepHEi HX npHsHak (mE—
HepallorHYeCKHii) — pa3BHTHE BBICOKOrIHHO3EMUCTHIX ABYCMOOSHLIX
rpPaHHTOB. ‘

[flonumerTannuueckoe OPYASHEHUE MOKeT OLITL UNEHOM
pasHBIX panop pyoHeix bopmaumit [ 7], cBPA3aHHBIX C 30JOTOHOCHBEIMH,
O7IOBOHOCHEIMH, MOIMOGASHOHOCHBIME M OPYTMMH THIaM#B TPaHATOHAHLIX
dopmanmit, OBmWHUMM NN HEX ABJFIOTCH CHOKHEI rab6po-~rpaHAToBLIN
HIH AHOpPHT-TPAHMTOBRII COCTap, cnabo KOHTPACTHOE M/ HeKOHTPacT-—
HOe CTpOeHHe, OOHIIHe TNOC/IerpPAHMTOBBLIX AaeK, TecHad acCouHalHs C
ahdysuBamu,

Haufonee ApKHMH H CTATHCTHYECKH YCTOHYHBBIMH OHAarHOCTHYeCKH—
MH TIPH3HAKAMH TPAHHTOHOHBIX dopManuil ¢ pa3HOlt pYyAOHOCHOCTRIO HBe—
NHIOTCH COOTHOUWEHHS Mexny 6a3uTOBOH H CPAHUTOHOHONK MOPOAHBMH
rpyNnaMH, cepHallbHble NOKA3aTel/M KAlMeBOCTH-HATPOBOCTH H ypo-
pelb OOwell WenoyHOCTH., DTH Ke NPHOHAKM MHMeT rNaBHOe 3HAYSHHe
079 aHaANM3a PHTMHYHOCTH MAarMaTH3Ma M BBIENeHHS MarMaTAYecKHX
¥ MeTal/lIONeHHYeCKHX TPOBHHIMNE, VIMEHHO OHH IOJIOWEHBI B OCHOBY
KJaccHpUKAUMOHHON cxeMbl (dur. 2).

6, HuTeHCHBHOCTB NMOCTMArMATHYECKOrO OpY/eHeHHs CHIIbHee BCero
38BHCHT OT reOJIOrHYeCKHX (aKTOpPOB: YpPOBHA I'NIYOMHHOCTH H CTeleHH
9PO3HOHHOIO CPe3aa IIYTOHOB, 4 TAK¥Ee OT CTPYKTYPHO-JIHTOJOrHIeCKHX
$GaKTOPOB PYOOOT/IOKEeHHMs], 4TO o6GmeHaBecTHo, B TO we Bpems reo-
XHMHYECKH}l TapareHe3HC OpyneHeHHS yNpaBideTCs He BHEWHUMH (reo-
normgeckuME) GEXTOpAMHM, & BHYTPEHHHMH, POUICCTBOHHLIME 4YEPTAME
MAarMaTHYeCKHX acCOUHANHNA, KOTOphIe CKIAABBAITCS MAPHBM 00pasoM
noA BIMAHHEM TIIyOHHHBIX, HHXXHEKODOBBLIX M TNMOOKOPOBBIX TPHYHH.
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$Er, 1. C'ra-rnc'ruxo—ne'rpoxl{anecKne OHarpaMmsbl I'IaBHBIX THIIOB
IpaHHTOHHBIX (opMaluii, pa3/MYalUMXCd N0 COCTaBy NOCTMarMaTH—
wqeckoro opydenenus (o6o6ueHHbie ofpaabi)

1 - xa/HeBrie rpaHHTOMAHbIE (NMPOCTEIE) KOMIJEKCHI, COTMPOBOKIA-
eMbie KACCHTepHT-KBaplebrM opynenenmem (Uyxorckuit, [ymxupcxmii,
‘Yaapramckuit ¥ Ap.); 2 = TO e C BLICOKOTIHMHO3EMHCTHIME [paHH—
TaMH, BXOAdWHe B COoCTaB KOHTpacTHbix cepuit ( Bancamr—ITnabuox,
Xyurapuiickas ¥ Op.); 3 - KajMeBbie CYWeCTBEHHO IDaHATOMOHBIE
KOMIJIEKCH _(CIIOXHEIE ), . CONPOBOXIaeMEIe KaCCHTEPHT—CY IL{H AHBIM
opyoenennem {(Bauenascxuii, Mso-Uancku#i 1 Ap.); ¢ — HATPOBLHIE Cy=—
_UIQCTBG}iHO FPaHHTOHOHBIE KOMIINIEKCEI C 30/I0ThIM OopyAeHeHHeM (HK}K—
HeaMypCKHH, BacyryHupruckuii, Maprafiruuckuii, Kpuikkynykckuit, [lnac—
TO! CKH#t ¥ Ap.); 5—7 = MOIMGASHOHOCHbIe $OPMALMK CO COMHMKEHHLIMH BapHa-
IHUOHHBIMH JIHHHSMH Kzo " Nazo; 5 = HATPOBLI® CYWECTBEHHO I'PAHHTOU/ -
HEle KOMIZIEKCHl C M@4HO~MO/HbAeHOBEIM opyaeHenneM (Banxamckui, Ca—
AKCKMii, Merpuncku#i ¥ 0Op.); 6 = KalHHATPOBLIE CYUIRCTBEHHO Ipa—
HMTOHIHEE C MOMOOcHOBEM opynesemueM (Tyurupo-OnexMuHCKHE,
Myurny u Ap.); 7 = TO ¥e, C MO/HMGOeH-BOMb(GPaMOBLIM OpY/AeHEHHEeM
(llaxTamunckuit, Kapkapamisckui, Owmo-HypaThackuii ¥ Op.); 8 =
Bonn$ppaMoHOCHEIE CYWECTBEHHO IDAHMTOMIOHBICE H FPAHHTOMOHEE KaIlH=
HATpOBble Kommniekch (3upabynax, Koiitam, Kapamazap, KanGmackui
 Op.); 9 - GepHUMeHOCHLIE MPAHMTOMAHEE KoMmmiekcki (Apra-bla-
Hax—Xafickuii, BUNgHOAKMUKCKME H Ap.); 10 - Xele30HOCHLIE BLICO—
KOHATPOBLIE CYWECTBEHHO GAa3HTOBLIe xomnnexcm (Capbaii-CoxonoBckuit,
MaruuTtoropckuit, [lamkecan ¥ Op.); ~ HATPOBBIE CYWECTBEHHO Ipa-
HHTOMOHBIE KOMIIIEKCEI, conpoaomaeMme MeAHO=TIOMe Ta IIMY e CKHM
opynenerneM ‘(3mennoropckwuit, llenTpanpho-[lxysrapckuii, ¥Yneb-Ty~
MMCKHU#t ¥ Op,); 12 - CYyweCTBEHHO 'DAHHTOMAHEIE KOMIITIEKCHI, Baphh-
pylollHe OT HATPOBBIX A0 Ka/MeBBIX, C/KOTOPHIMH acCOUHHpYeT CBHH-
LOBO-UHHKOBOE OpYACHeHHe (Oven~Bren—dy, TNpumopckuit, HepunHcko-
3aBonckuit ¥ Op.)
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dur. 2, Cxema Kiac- P —— -t
CHHKALIMH DAHUTO~ TOURHLIe HOpMAaNWH

P HWAHBIX dOpMalmii c
pasHo#i pPyNOHOC-
= HocThio (cM. mosc-
=2 Henua k tabn, 1)
Twn accounauui Fimecrseﬂno-ﬁaauroablej f Cymecraeuuo—rpanuromﬂ'ﬁ-rq [ Ipauurounnie J

Tun wenoydocTH

Obwaa wenoTHOCTh:

- ynaxas,
cpeausid,

- TOBLILEHHAS

Teoxumuaeckuit

Au (CuMo) Mo,W Mo Sn,S TaNb (Au) Mo Mo,¥ Mo Sn,Be{Ta,Nb)
napareHeauc Cu, Fe S Cu,Pb,Zn Pb.Zn ¥ (Cu) Pb,Zn (Sn,S) - (Sn,Be) (Sn) (Ta,Nb) (Sn)
Opy[eHeHns (Cu, Mo) (Au) . Pb,Zn (Ta,Nb)

(Cu,Mo)



B ceasu ¢ "anuHHBEIME” .(6a3WT-rpAHUTOMOHBIME ) AcCOUHAUHAME (op—
MHPYIOTCS [IJIHHHEIE Ke pSOBl PYAHLIX GopMalRmii, BKIOYAOUMEe KaK pel-
KOMeTallbHO~KBapleBeie, TaK H PASNHYHbIe THIOEI CYILOHAHOrO Opyde=—
HenHud, [IpE ®TOoM mnpeo6nanaHde 6a3HTOB OKaskBAeTCHA GIAroNpUATHBIM
ang Fe u Cu, a mpeoGnaganne rpaHuToMaoB — anst Au, Mo,W, Sn
7,1, C YHCTO MPAHHTOHAHLIMH “KOPOTKHMH” KOMII/IEKCAMH OGBIYHO CBf-
34HO TOILKO pelKOMeTallbHO—-KBaplleBoe opylieHenHe, BricOKoHaTpOBLie
accounaunu xapaxTepuni Ana Fe u Cu, HaTpoBmle 079 Au, Kal#-HaT-
poewie Ana W m Mo, KanueBbie M BRICOKOKamueppie Ang Sn. Brmakune
COOTHOWEHUd wesodedl XapaKTepHbl A9 MOIMOGOeHOHOCHBIX accoOlualuii,
[nsa wHMpoxoro pasBMTHd NONHMETA/UIMYECKOr0 OpyAeHeHWd, BeposTHO,
GnaronpusiTHa CywecTBeHHO a¢dys3HBHas ¢opMa marMaTtusma, Orpuua—
TeJ/IbHO BJ/IHAET HAa HHTEHCHBHOCTL OpPYOSHEHUS NOBLINICHHE YDPOBHA ie—
TIOYHOCTH, & Ha peAKOoMeTallbHOe OpyIeHeHHe — HEe3aBeplIeHHOCTL ac—
couuallHii.

[TepeuucieHHBIe 3ABHCHMOCTH €BIFIOTCH B 3HAYHTENLHOH Mepe Be-
POATHOCTHBLIME; OHH GoJblel yacThio xopoio HapecTHw [10], Ho
YHaCTBhI0 YCTAHOBIIEHB! BlepBbie, BakHO MOAUEepKHYTH HEOGXOOAMMOCTH H
HeH36eHOCTE BBeASHHS 2JieMeHTOB (opMaliu3auud B ONHCAaTeNbHBIH Ha-
YuHbIl A3bIK, 6e3 udero ob6paboTka H oGo6uieHHe OOCIIHPHOrO H pasHOpPOd-
HOMO SMIHPHYECKOr'0 MAaTepHalla HeBO3MOKHEI,

Hameuennoe HanpaBneHue (OpMALHOHHBIX HCCJIE[IOBAHHH, Nexauee
Ha CTbIKe MarMaTH4YeCKOH H PYAHOH eo/Iordd, HAXOOHTCH elle B Ca-
MOM Hawane nyTH. [lng NpaxTHKM NPOrHOSHO-MeTAIUIONeHHYEeCKHX ¥ To—
HCKOBEIX paboT OHO TpeACcTaB/fgeTcs BeckbMa MHOroobGeuarourm,

ABSTRACT

The special methods of description, graphic expression and comparison

of granit-bearing magmatic assotiations are proposed basing upon the dates
of more than 600 magmatic  complexes of USSR and, partly, of other regi-
ons. The features of matter, geology and metallogenyc were used. The me-
thods are effective for solving of different problems of Formation analy-
sis, including the rythmes of magmatic processes, the boundaries of mag-
matic or metallogenic provinces, the relation of tectonic and magmatic pro-
cesses and oth. It is found the strong correlation exist between the compo-
sition of magmatic assotiations and the composition of the post-magmatic
ores. The first-range significans have the volume relations of basic and
acid rocks-groups, the serial features of alcalinity (K or Na type), the
total alcaly composition. These features are used as a base of classifica-
tion. The diagnostic sighnes are proposed for the various production. The
diagnostic sighnes are proposed for the various productive granitoid asso—
tiations with ores of Sn (kassiterite-quartz or kassiterite-sulphidic types),
Au, Fe, Cu-Mo, Mo, Mo-W, W, Be, Pb-Zn and others. '
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B. A. KYTOJIMH

IPOHMCXOKEHNUE U I'NIYBHHHAS 3BOJIONUA BASAJILTOB
PA3HBIX ®OPMAIIHN

B, Hacrosuwee Bpems cuHMTaeTcda O6WENPHHATHIM, 4TO 6a3alibTOBag Mar-
Ma BO3HHKAeT 34 CYeT YACTHYHOrO NJAaB/ieHHS BelleCTBA BepXHed MaH—
ThH. [loaToMy nna BLHIACHEHHA reHe3HCA W XapakTepa SBONMONHH 6a3alii-
TOB HeOGXOOMMO paccMOTpeTe: 1) coctaP BepxHefi MaHTHM 3eMJm,
2) 0CcO6eHHOCTH MeXaHH3Ma BBIABICHHS, OTHeNeHHd H NoAbeMa Ga—
aamLToBOM Marmer 3) riybumnas nuddepeHunanus 6a3albTOBOH MAarmer,
Kak uasecTHo, HamGonee NONySMpHEIMH ABNAIOTCH ceffyac mpeacTabB-
neuns A.E. Pumrsyna [23] o nmpomroeom cocraBe Bepxmeit MaHTHH,
KOTOpBii peanuayercda B ¢opme pasHooGpasnbix mepuaoThroB. OnHako
B TOCJ/Ie[lHHE TIOALI MOABHIOCH MHOMO (GAaKTOB, CBHAETE/LCTBYIOUWHX O
MeHblell TPONOpIHN Y/ILTPAOCHOBHOIO MaTepHalla B BajloBOM. COCTaBe
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noAKOpoBOTo cybcTpaTta 1o cpaBHeHHO ¢ ouneHkoii A.E. Punreyna. Cona
OTHOCATCS MHOIOYHCJIEHHBIe [AHHLIE O WHPOKOM pPASBHTHH NHPOKCEHHT®
B cocrabBe BepxHeit MmauTum {2, 5, 6, -8, 16, 22], a Takxke HOBBI®
OLEHKH BAIIOBOMO COCTABA BepXHel MAHTHH, BHIIOJIHEHHBIE CAMBIMH pad—
JHYHBIMH MeTOOaMH, HO HeH3MEeHHO OKASLIBAIIHeCs MeHee MArHesH-
anbubiME, gem muposmuT A.E. Punreyna (tafm 1).

Crnenyer yxasaTh eule HA OOHO OBGCTOATENLCTBO, OrPAHHYHBAIIEE
NPHMEHHMOCTEL HHPOIHTOBOH Moaemu., Kax noxasaiH MHOMOYHCJIeHHLIe
DKCTePHMeHTAalIbHBEIe HCCIIe/IOBaHHd, Pe3yllbTATOM YaCcTHYHOrO IJaB/ie—
HHUG MHUPOJIATA TIPM BBICOKHMX [aBlIeHMSIX B CYXUX YCJIOBHAX gBISIOTCH He
6az3allbThi, & INUKPHUTHI, YTO CO3[aeT HeOBGXOAHMOCTBL CYHTATL 6a3allbThI
TNPOAYKTOM CJIOXHOH H MHOroOCTYNeH4aTo# AufdepeHHHANHH HCXOOHOIO
nukpuToBoro pacmunasa [ 21], INogo6uoe nomyweHHe BCTyHaeT B NPOTH-—
‘BOpeuHe C psfoM reofioriyeckux (akToB [6]. YactuyHoe mnnapreHne
TMHPOJIHTA TPH BLICOKOM MABJICHHH BOABI [aeT BLIIJIABKY 6a3albTOBOTO
coctraBa [20], onnako TpefyeT TaKMX COOEP¥AHHiI BOOLI B MAHTHH, KO
TOpPbIC 3HAYHTEJILHO TIPEeBLILAIT CYWEeCTBYIOWHe OIeHKH,

Takorc NpoTHBOpPeuHI MOKHO H36eXaTh, €CIH CYHTATE, YTO Gasallb—
THI ABJGIOTCH NPOLYKTOM HYACTHYHOrO MIABleHHS HEe MHPOJIHTA, a SHaYHh-
TelLHO MEeHee MarHe3HalbHOro CybCcTpaTa, KOTOPHI MOKeT GBLiTh Npel-
CTAaBlleH DPA3HOOOPA3HBIME THPOKCEHHTAMM, COAEPXAWHMH TO HIIH HHOE
KOJIHYeCTBO OJMBHHA, WIHHEH HJH rpaHaTta, HoaoymH Takux NHPOKCeHH—
TOB H3BECTHE! M B 0aszanbTax M B KHMGepimTax, a HX OrpaHHyeHHAad
pPacnpoc TPAHEHHOCTL MOXeT OBITh 0OLSICHeHa HX MeHbleH yCTORYUBOC THIO
K arpeccHBHOMY BO3[OeHCTBHIO MarMaTHYeCKOrO PAacijlaBa 10 CPAaBHEHHIO
¢ nepupotutamu [ 8], Di moponwi comepxat okomo 20-25% MgOw
MOryT paccMmaTpuBaTbed kak cMeck 50-60% 6Gasanera ¢ 8% MgO u
40-50% nepunotura ¢ 40% MgO. OueBunmo, urec wacTuyHoe NNaBle-
HHe Takoii cMeCH [axe TPH BBICOKOM [AB/IEHHM B CYXHX YCJIOBHSAX HOIDi-—
HO [aTh pacliaB He THKPUTOBOro, a 6asalLTOBOrO cocrTabBa. Bawuo
NMOMYEepPKHYThL TaKKe, 4TO H3 NMOACGHOH CMEeCH MOXKET BLIIABISTHLCS
3HayuTeNLHO GOnplle Ga3albTOBOH MarMbl, 4eM H3 TPAHATOBOrO Jieplo—
MTA WM THPOIHTA, YTO YCTPAHAET Te TPY/AHOCTH, KOTOphEieé BO3HHKAIOT
IIpH PACCMOTPeHHH BOIPOCA O MeXaHH3Me OTHelieHus Ga3anbLTOBOH Mar—
MHl OT HCXoaHoro cy6crpara [10],u cmocob6eTByeT OGBLACHEHHIO eO-—
NOTHYECKHX OAHHBIX O MPOMAJHOM IJIOWAAHOM DPACTPOCTPAHEHHH Ga—
3alLTOB HEKOTOPHLIX THIIOB, ‘

Kak crnenyeT ua ofumx reOoTeKTOHHYECKHX COO6pameHul, cocrap
BepXHell MaHTHH He MO¥eT GLITh ONHHAKCBLIM B pasHYHBIX CTPYKTYpax,
HaXOOdUHXCH HA pPAa3HOil CTAOWH CBOEro pasBHTHH, [lO-BHAMMOMY, Celi-
9ac MOMXHO TMOBODHTL O THNAaX Bepxueit MauTtuu [9], pasmuunbix ans
pasHLIX CTPYKTYPHO-TEKTOHMYeCKHX 30H, HaMm mpencrtaBmercd, 4To
BepXHsid MAHTHA COCTOMT H3 CJIO¥HOIO 4YepelCBaHH§ PA3/MYHLIX NepH-
‘OOTHTOB H THMPOKCEHHTOB, TPHYEM KOJMYECTBEHHBLIE COOTHOLICHHS ®THX
THIIOB NOPOJ HEOOMHAKOBBl AJld MOAKOPOBOre CcyfCTpATA PA3HBIX TeK=—
TOHHYeCKHX 30H, Kaxk cnefyer us aHammsa ceiicMuyeckux namsHeix [8],
COOep¥KaHHe NHPOKCEeHHTOB MOJDKHO OBITh Goliee BEICOKHM B BepxHeil
MAHTHHE CpPeOHHHO—OKEeAHHYECKHX XpeGTOB, OCTPOBHBIX AYT M PHPTOBEIX
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Ta6nuna 1

Banopoii cocTap BepxHeil MaHTHM TO OAHHBIM DA3HBIX ABTOPOR

TMupo-| [15]
Okucnel | nut {171 [19] (11} [ 229 [18]
[23] HEG H7B3

Si0, 45.1648,09 45,1 42,86 43,03 48,2 49,90 47,02

TiO, 0,71 0,43 0,5 0,33 0,60 0,34 o &
A1203 3,54 3,02 4,1 6,99 4,34 6,1 10,40 6,64
Fe203 0,46 - 2,0 0,36 - 1.2 - -
FeO 8,04 12,71 7,9 8,87 12,67 5,6 9,10 8,87
MnO 0,14 0,43 0,2 0,14 0,18 - = s

MgO 37,47 31,15 36,7 35,07 35,00 32,3 20,80 31,78
Ca0 3,08 . 2,82 2,8 4,37 3,06 3,2 8,40 4,56

Na,C 0,57 1,13 0,6 0,45 0,65 2,2 1,40 1,14
K50 0,13. 6,18 0,02 - 0,0030,10 0,07 & =
P,0s 0,06 0,34 £ = 0,06 0,02 = =
Cry03 0,43 0,55 0,3 0,18 0,31 0,30 = =

3on, Buoumo, oHO MUHMMAaNBHO AONNd ApeBHHX UnaTtdopM, KOTOPBIE YXKe
MHIHIKECE TerKON/IABKHX KOMIIOHEHTOB MAHTHIHOrO cybCcTpaTa B NpoO-
liecce CBOell reo/lorU4YecKoil 2BOMOLMY,

CraTHCTHUECKOE H3yyeHHe XHMH3Ma 6a3alibTOB, OTHOCAUMXCH K pas—
HBIM MarMaTHdeckum dopmauusm [4], nokasano, yro o oTmyalTCH
HEeKOTOpPBIMH OCODEHHOCTAMU COCTaBa (6], Otu pasmuyus MOTYT ObITh
OGBACHEHB! Kak OTMedYeHHOH Bhille HEOAHOPOAHOCTHI BepxHed MaHTHH,
Tax M pas’HHUell B TeMNepaType, NABJeHHHM U COMASpPXAHMH JIeTY4YHX B
TOAKOPOBOM CyGCcTpaTe pasHBIX TeKTOHHYeCKHX 30H, KOTOphie Olpe-
OeldioT KOHKPEeTHBI® OCODEHHOCTH MexaHH3Ma BhINIABIEHUS, OTAeleHHd,
noApema ¥ CAyBHHHON nEpbepeHUHalmn 6asanbToBO) Marmbl, B ratn2
pACCMOTPEeHbI YCIIOBHS BLINJABISHHd 6a34JIbTOB B 3aBHCHMOCTH.OT BCeX
BO3MOMKHEIX COYeTAHHI 2THX Tpex ¢aKTopoB., B KagectBe Haubollee Bak-—
HOro cpoiicTBa BLIGpAHO KONMYECTBO pacnilaBa, KOTOpoe, KaK H3BeCTw-
HO, OmpefedaeT MeTPOXUMHUYECKHe OCOGEHHOCTH BHIMUJIABIgeMO{i MarmMbi, B
TOM Cilly4yae, ecliM (UKCHPOBAH COCTAB WCXOOHOI'O cybcTpaTta, TeMile—
paTtypa, [NaBlleHue u conepxaHue JeTy4ynx., CyThb HCHOIL30BAHHBIX YC—
TIOBHEIX KaQyeCTBeHHBIX OLUEHOK [OHATHA M3 CPaBHEHUd NepBOH H BTOpPOIil
cTpox TaGmmuk,, B yerBepToil CTpoKe naHa XapaxTepHCTHKa TeX OCO-—
GeHHOCTell XMMHYECKOr0 COCTaBa, KOTOPBIMH OOMKHBI 06GalaTh pac—
niaeki, ofpasywumMecd NpH JAHHOM (HKCHPOBAHHOM COYeTAHHH (aKTO—
poB. llpH cocrapneHud TaGIMUbLI UCTOMBL3OBAHLI PE3YILTATH MHOMOYHC-—
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NeHHbIX SKCHePHMeHTaNLHLIX pafoT, KpaTkas CBOAKa KOTOPLIX TpHBEeAe=—
Ha B cratee A.®d. Benoycoea [ 3). Hakounen, B naTtolf cTpocke ykasaHo,
Ha Kakoii H3 CYWeCTBYOUHX B NPHpOde THNOB 6a3allbTOMAOB Goliee BCe—
ro MoXoOdT ®TH pacniasbl. HecMoTpa Ha mamnyio NpoBHOCTB KiaccHuH—
KalHu ¥ MPHOIHKEeHHBLIH XageCTBEHHEI! XapakTep HCNO/L3OBAHHEIX Olle—
HOK, TOJIyyaeTCd BIOJHe yAOB/ETBOPHTENLHOe COBNAdeHHe KaK MeTpo—
XMMHYECKHX, TaK M reolIorHYeCKHX NaHHBIX, HMa mocllegHnx ocobGeHHO
nokasaTeNbHEl TNIy6uHa o6pasoBaHMs H OTHOCHTENBLHEE OBBEMBI pac—
TaBoB,

[To roy6une obpasoBanns Bce 6asalbTOBble MATMEBI pasbuBalTcH Ha
ABe rpyninbi = TOJIEHTOBLIE H WeJOYHbE, TOJIeHTOBLie GasallbThl OKea—
HOB, Tpalmbl OPeBHHX H MOJOABIX TNNaTdopMm H 6a3alLTEl aHAE3HTOBOH
dopmanuu obpasyloTca Ha HeBosbwoi raybuHe, TOraa Kak 6as3albThbl
TpaxHannes3HTOBOH# (GopMallHH, WeloYHble OJIMBUHOBEIE OasalbThl KOHTH=—
HEeHTOB M OKeaHoB, He(elHHOBnle H NefiuuroBhie 6azalbTOHAR], UIEJIOYHO—
ylbTpaoCHOBHEIE Ga3anbTOHALl SBIAIOTCH MNIyGHHHBIMH o6pa3’oBaHHSMH,
Tlo—BHANMOMY, TOJBKO [7g 9THX MOCHEOHMX B TOJHOH Mepe TpHMeHHMa
unest TI.T, Tapprca [ 6, 14] o nnurensHOM B3aHMOOEHCTBHH C MaTepHa—
oM MaHTHH BO BpeMd ToAbeMa, KOTOpoe TNPHBOOUT K oforameHHio @THX
MarMm xammem, ¢gochopoM H OPYTHMH HEKOrepeHTHBIMH SlleMeHTaMH. la—
KAM o6pa3oM, B INpollecce NMOAbeMa YCHIMBAIOTCH XapaKTepHBe eoXH—
MHUYeCKHe OCOGEeHHOCTH 2TuX mopof, [IpE ®TOM NPOMCXOOHT COKpaue-
HHe o6vema M riyGuHHAS NH(PepeHUMAallus pacuilaBoB ANg TOrO, 4TOBBI
BOCTIOJIHATE SHepreTHYecKHe 3aTpaThi, HEeOGXOAMMBIE AN B3aHMoAeHCT-
BHS C MaTepHalloM MAaHTHH [14]. Kak H3BECTHO, HMeHHO B 6as3allbTOH—
pax 9To# rpymner o6biyHO HaGMOATCH KAK MaHTHHHbIe, TaK U aKKyMy=—
NTHBHBIE YIBLTPAOCHOBHEIE HOAYIH, & reoJlorHueCKHe ofbeMbl TakKux
6a3anbLTOHAOB MHOMO MeHBlle, YeM /g nepBoit rpymnui, HMckmoyenne coc-—
TaBIFIOT JHIIb UWeOYHbBIEe OJIMBUHOBLIE 6asalbTh, KOTOPBLIE IWHPOKO PaC—
TIpOCTPaHeHEl B COCTABe KOHTHHEHTAILHOH O/MBHH-643albTOBOH (OpPMa=—
MK, a TaKxe OOBIYHBI HA OKeaHWYeCKHX ocTpoBax. [lo-BHOAMMOMY, OHH
MONHHMAaW TCH 4Yepe3 MaHTHIHLbI cybcTpaTr, obnalalmuii AOCTaTOYHO
BBLICOKO#i TeMIepaTypoi, 4YTO He NPHBOAHT K 3HAYHTEIILHOMY COKpaule—
HHIO ofbemMa pacniaea [14],

CriennanibHOe H3y4YeHHe aKKyMYISTHBHBIX HoAyllei B GaszanbTax pas-—
HEX dopMaluii mokazano (Kyromu, 1974), uto riybunsas audbdepeH—
uHauus urpaeT B o6pas’oBaHMM BCero pasHoobpasus nopod 6asallbTOHA-
HOT'O COCTaBa 3HA4YHTEebLHO Oonlee CKPOMHYIO pollb, 4eM MpeanosarAall
I.X. Tpur u A.E, Pmursyn [12] u ocoBemno M.Mx., O'Xapa [ 211.Tlo
MHEHHIO Toc/lefHero, MudpepeHIHauus pPOAOHAYANIBLHON| TMHKPHTOBOH Mar—
MBI TIDH PA3/IMYHBIX YCIOBHAX MOMeT [aTh WHPOKYK TaMMy nopod OT
TONEHTOBBIX $as3anbTOB, yepes We/oYHBE OJMBHHOBEIe 6asallbThl, Me—
nmuuTOoBbie 6a3aibThi, JNeHNHTOBEIE 6asalbThl 00 KUMOGEp/MTOB H [OAXe
kap6orHaTuToB, Hen Hano6HOCTH NPHAYMLIBATH CXEMBI CTOIL CIIOWHON
SBOIMOIIMH, TIOCKOIBKY XOPOLIO H3BECTHO, YTO TaKHe HaGophbl MOpod HH—
Korja He BCTpeHalOTCH B MeHeTHYeCKH eHHBEIX ACCOLMAlMsX, HO BCel-
na TpHHAATIeMAT K PA3HbIM Marmatuueckum dopMmamusm [4 1 Anams
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Ta6nuna 2

Ycnoeua BomaBnenns Ga3anbTOB padHbiX THIOB

Bricokoe napiienue

Huakoe nasnemne

lllenoyuse 6asanbTOMALI

Toneutopnie GazalbTOHALI

Ycii0BHS Bbi-
Bricokas Temneparypa Huakas Temmeparypa Bricokas TeMneparypa Huakas Temnepatypa
nNaBIeHASA
Muoro ne=| Maio ne- Muoro ne-~ | Manmo ne— Muoro ne- Mano ne-~ | Muoro ne- Mano ne- -
TY4HX TYYHX TYYHX TY4HX TYUHX TY4HX TYUHX TYUHX
Bmuguue daxto- T ypemuu, 1 YMeHsu, T ymeHblU, f ymennuu, f ypenuu, T yeenuy, ' T yBemmw, T y™menbi,
pPOB Ha KOJH=— P ymenbum. P. ypemay, P ypemu. P ymersuw. P ywmersul P ypemy,
4eCTBO
pacnnapa
KomigecTeo Cpentee Manoe Manoe Oyenp Manoe Boabuoe Cpemnee Cpennee Manoe
pacniiaBa
[nyGuna Bobi- Bonpluas Bonpwas Bonpwasa Bonelias Manas Manas Manas Manaa
niaBIeHHs ' _
e TpOXHMU~ Bricoko- Maruean- Henochbi- . Bricoxo- ToneuTopwii Tonen~- Bricoko- ToneuToBBH
| YeCKHe OCO— rMHO3e=  AJBHBIL C MEeHH b MarHeat- C TOBBILIEH= TOBBIl €  IHHO3e— C HH3KHM CO~-
GeHHOCTH 6a- MHCTRIL ¢ BLICOKHM BBICOKOITH~  allbHbIH, HBEIM CoAep=— HH3KUM MHCTBI C aepwanueM
3allLTOHAHOTO NOBLALUEH— COOepXa— HO3EeMHCTHIl  BBLICOKO= wamuem MgO conep- HHIKHM MgO ® Bhi-
pacnsapa M co-  Huem TiO, C BBICOKMM FIHHO3e— HA1203, Haupnem conepxa= COKHM COfep-—
nepxaHieM Kzo H colepxaHHeM MHCTEI ¢  HO C OyeHb Kzo H HHEM Tioz, KaHHeM Kzo
K0 u P,05 K0 ¥ BbICOKHM HU3KHM CG— p205 MgO, K50, u Po0g
p205 p205 comep¥a= nepxaHueM P.O
nuem K50 K,0 n 2"
B Pq0g P05
Tun 6asanbTo= Bazaneter Ulenounwe Hegesmso~ lllemouno-  Oxeanuyec— Tpanms Basanuthi Tpamsr MOIO=
HOOB TpaxMaH—  OJIMBHHOBEIE  Bbieé H Jiefi=  Y/AbTPAOC~ . KHE TO/eH— ApeBHHX  AHOE3HTO— ObIX TAATGOPM
Oe3uToBOii GasalbThl LHTOBbLIE HOBHbIE TOBBIe Ga— nnathpopM  BOH (Op=
¢opmauns . KOHTHHEHTOB GasallLTOH- Gazane— 3aNbThI MalHH
¥ OXeaHop nbl TOHABT




Tabll, 2 TOKa3LBAeT, YTO OHM 06pas3ynTCd TpH PAa3HBIX COYeTAHHAX
TeMIepaTyphbl, AaBlIeHHT M COOepXaHHd JeTY4YHX.

[Mpouecc ray6HHHOK ANbdepeHUHALHM TPOTEKAeT HeOAMHAKOBO B fa—
sanbToHAax pasHeix dopMaumit. OH coBeplIeHHO OTCYTCTBYeT B Tpannax
OpeBHHX ¥ MOJoApIX NAaThopM, MMeeT BecbMa OrpPaHHYeHHOe pPAaCHpO-—
cTpAHeHHe B TONEHTOBLIX Gasanbrax okeaHoB H 6GasalbTax aHOe3HTO—
Boit dopMmalliu, a HauGoNee NOHO TPOSBICH B WENIOUHEIX OMBHHOBBIX
fasanbTax KOHTHHeHTA/LHBIX H OKeaHuueckux o6nactax [ 7], INo-pu-
OUMOMY, ©TO 3aBHCHT OT PA3HHILI B cOCTaBe H (H3IHKO-XHMHUYESCKHX
yCnoBUAX 00PAGOBAHHHA, a4 TAKKe OT ocobeHHocTel MeXaHU3ZMA TOAb-
eMa pasHbix 6a3aillbTOBBIX MarM,

B 6asannrax aHOesHTOBOH (opMaunuy B KayecTBe IIyGHHHEIX OHg-
depeHIHATOB QUHCHBATCHA AIUMBAINTE], pewe ratipo, AHOPTO3UTH
u 9BKkpuThl, OTcadka TAKOrO MaTepuana TOBEIUAST COAEPHAHHE KpeMHe-
3eMa ¥ wesloyeili B OCTATOYHOM pPAaCI/aBe, HO YMEHBIIAeT KOJMYeCTBO
TIMHO3eMa, MATHHA W Kafbiusa, B wenouHbix ONMBUHOBHIX GasalbTax
CIyOUHHBIe AKKYyMYJSTUBHBIE HOAYIHM TpefCTaBJIeHLI YePHBIMU IUNUHEe—
TeBLIMH KIHHOMMPOKCEHUTAMH H Bep/MTAMH, wePHLIMH KepCyTHTOBBIMH
KIMHOTIHPOKCEHHUTAMH, BepJHTAMH H ratbpo, MarHeTHTOBLIMH H OJHBHH-
MarHeTHTOBLIME ra66po, TpUYeM mnepbas H3 9THX Cepuil ABNSETCS HAM-
Goslee riyGHHHOH. YOalleHHe akKKyMynaTOB TAKOTO THNA NPUBOAHT K
yBeIMYeHHI0 We/IOYHOCTH OCTATOYHOIO paclllaba.

B sakmoueHne cliefyeT OTMETHTb, YTO NeTPONOrHYeCKHE [IOCTPOSHUS
OOMKHEI OMUPATHCH Ha peallbHbie (akKTHI MarmaTHyeckoi reonoruu [ 1],
B NIPOTHBHOM Cllyyae BCer[da MMEeeTCH ONACHOCTB CXOMACTHYECKOH HH-—
TepripeTaliud peaylbTaTop 6e3 yyera cywecTBylouell AefiCTBHTeILHOCTH,

ABSTRAGCT

Tounderstand the origin and nature of evolution of basalts from different
formations one critically examined the recent dara concerning the Upper
Mantle composition, also some peculiarities in the mechanism of deriva-
tion, separation, ascent and deep-seated differentiation of basaltic magma.
It is shown that the over-all composition of the Upper Mantle would conta-
in less ultrabasic material than it woild from pyrolitic model of A.E. Ring-
wood. Hogh proportion of pyroxenites in the subcrustal is suggested.
Conditions of derivation of basalts of different types as a function of
all possible combinations of temperature, pressure and volatile content
are discussed. 1t is shown that some specific combinatiens of these factors
define the amount of melt and its petrochemical peculiarities. All basalts
can be subdivided into two groups by the depth of origin with alkaline ba-
salts being deep-seated rocks, while tholeiitic basalts appear at low depth.
The study of accumulative nodules has shoen that the deep seated dif-
ferentiation plays more subordinate role in creation of all the variety of
basaltic rocks than anticipated by D.H. Green and A.E. Ringwood in their
petrogenetic conceptions. [t is displayed seldom in tholeitic basalts to
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be common of alkaline basalts. This depends on the depth og origin of
thesc rock types which is consistent with the difference in the time of
ascending to the surface.
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B. H. MAJIOB

OCHOBHBIE YEPTBI BYJIKAHH3MA CAXAJIMHCHKOR
~ H KYPUJIBCKON OCTPOBHBIX I¥T

[Ipo6rienma TMPOHCXOXOEHHT M PA3BHTHH OCTPOBHEBIX AYC Y¥e ANHTeNLHOe
BpeM# TNpHBJeKaeT K cefe BHHMaHHe MHOTHX HCclledoBaTellell caMbix
pa3/myHBEIX CchenHanpHocTel, B ®Toi mpo6iieMe ocobhil HHTepec mpe-
CTABAAOT QANLHeROCTOYHLIE OCTPOBHLI® OYTH, pacnos}araioumecn Ha
FpaHille KOHTHHeHTA/IbHLBIX H OKeaHH4YeCKHX CTPYKTYP H TeM CaMbIM
OTKpHIBAIOUWME OTpe/le/leHHble NepCNeKTHBL! [Nl BbLICHEHHS CBA3eH MeX=—
Oy HEMH, M3 reonorHyeckHx NpoOLecCOB B OCTPOBHBIX Ayrax HauGOIE—
ee BIeYaT/ieHHE NPOM3BOAAT NPOLECCEHl BYNKAHM3MAa: COBPEeMEeHHOIo -
mo 2¢deXTHOCTH CBOEro TNPOAB/IEHHd H OpPeBHero -— Mo ero reoforHyec—
KOii poiM B d:ppmposaunn paccMaTpHBaeMEIX MeO/IOTHYeCKHX CTPYKTYP.
Hepapom uHHIBaTOp paGoT 1o mpoblieMe OCTPOBHBLIX AYr B Halleil CTpa—
ve akan, A.H. 3apapunkuit cuutan, uyTo HayyeHHe BYIKAHHYECKHX B~
NeHWt Ha DTHX CTPYKTYpax MOOKHO OBITHL IepBOCTENeHHOH 3anadei.
Hmxe naeTcs ONMMCAHHe OCHOBHBIX yepT BylkaHuaMa CaxanmHa w
Kypuneckux OCTPOBOB, KOTOpbie SBIAKTCS THIMYHLIMH NpedCTaBHTelIAMH
CTPYKTYP OCTPOBHEIX Ayr B mnpefeinax Coeerckoro [anwnero Boctoka.
HauGonee npeBHHe ByNKaHHYeCKHe NOPOALI B Tpe[el/lax paccMaTpHBae—
MO0 perHoHa H3BeCTHBRI JHIIL Ha CaXB.ﬂHHE, rge OHH BXOO4T B .cocTapB
MeTaMopgHYecKoro Kommiekca, BospacT mocrneasero A0 CHX MOpP TOYHO -
He ycTaHoBJeH. [IpeAnono¥HUTEILHO OH ABJFETCH NMepPMO=TPHACOBbLIM,
Bxonaume B ero cocraB BylkaHH4Yeckne obGpasopaHHs o6nafaioT selie—
HOKaMeHHBIM OOJIMKOM H OTHOCATCH K MeTrabasansTamM H MeTaauHabazam,
Co6cTpenHo naneosofickue (nmepMckne) oTiowenus Ha CaxalmHe TOIb—
3ylOTCd OrpaHMYeHHBIM paclpocTpaHeHueM. BynkaHorenuwle ofpazoba—
HMS B HHX MpeACTaBjleHbl CIHIHTAMM W OnaGazamM¥ M B ©AMHHYHBIX CIy—
yasix = noponamMu, 6MH3KMMH K KepaTodupam, CruauThI M AHaGasbl SB—
NSOTCH BYJIKAHHYECKHMH INOpOO0aMHM, BXOASWHMH H B COCTaB Hepaculle—
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HEHHBLIX Me3030ficKuX (OoBepxHemesoBEIX) OTNOXeHHHE Caxamma, Mak—
CHMalIbHBIM pasBHTHEM 9TH o6pa3oBaHMsl MOJNL3YIOTCH B Tpedelax Boc-
Touno-Caxammckux rop ¥ ToHHHO-AHHBCKOrO MOIyoCTpOBa,

B moanseM meiny, momumo CaxaimHa, BYyIKAHHYECKHE NOPOAEI H3—
BeCTHEI M Ha pgaae ocTpoBoB Mano#t Kypuneckoit rpanni. Haubonee pan-
HUMM pailoHAMH NPOSBIICHMS NO3AHEMEeJIOBOI'O BYJIKAHH3MA SBJISIIOTCS
Bocroyno-Caxa/miHckHe ropel (CnEMETE, 6as’albTOBLIE M TpaXMaHIe3H—
TOBBI® TMOP(UPHTLI, KBapleBrble NMOPGHPEI M Ap.). 3aTeM BYIKAHH3M NpO—
apngeTcss Ha nonyoctpoBe llMmuara (6asalbThl, aHOesHTO-6a3alLTHI, H3—
penka anfesuThi) ¥ Ha Kypunnckux octpopax (6asannToi, aHdesHTO-
6asansTe).

[IpeAnonoXuTe/ILHO NaNeoreHOBLI BO3pacT HMET BYJ/IKAHO@HHLIE
o6pasopaHHsi HEKOTOPHIX OCTPOBOB Maino#t KypuinCkol rpsael, mpen-
craBlieHHbie GasanbTaMH H aHOe3HTo-GasalbTami. B pamHeM muounexe
paiioHaMH TNPCHAB/IEHHSI BYJKAHM3MAa SBISJHCEHL GONLIMHCTBO KPYMHBIX
octpoBoB Bonpwoji Kypunbcko#t rpsiobl M OTOelpHEIE YYACTKH 3aNAOHOTO
nobepexbs Caxamina, Bynkawuueckue moponwl npefcTaBleHH! GasallbTaMH,
aHfeauTO-GazanbTaMH, aHfe3uTaMH M pnauumtamu, Ha monyoctpope IlMHO-
Ta WHPOKO Pa3BHTHI PaA3HOCTH ©THX Nopofd, obnajawume TOBLILIEHHOH
We0YHOCTHI0, B cpenHemM M nosaHem MuOlleHe, a Takke NIHOLEHE OCHOB—
HEBIe- IPOGBJICHHS BYJIKAHH3MA OTMEYalMCk Ha GONLIUIMHCTBE OCTPOBOB
Bonpwo# Kypunbckoit rpanel.: Ha Caxammue cpeAHeMHOLESHOBBIE TMPOHB—
7IeHHS BYJKaHMSMa GBI TIPAKTHYECKH OrpaHHYeHLI HeCKONILKHMH Y4acT-—
KaMH 3amafHoro ¥ BOCTOYHOMO nobepexbd 0XHOro nobepexbs OCTpPOBA,
B merporpa¢uuecKoM OTHOUEHHH NPOAYKTHl CPeJHEeMHOLUEHOBOI'O BYIKa=—
HU3Ma CXOOHBI C TAKOBBIMHM NpeABIAywero 3Tamna, HO WelloyHbe pas—
HOCTH CpefH HHX OTCYTCTBYOT. B mnosdoHeM MuHoLleHe - MHOIEHE MeC—
Ta TpoABlIeHUA BylxkaHusMa Ha CaxamMHe oOrpaHH4YeHB! HeGONbIIMMH
yyactkamu, Cy6umenoyHble pa3HOCTH TOPOJ H3BECTHH TOJBKO Ha Caxa-
/HMHe, HA ero BOCTOYHOM mnobepexke H Ha noiyocTtpoBe KpunwoHe, Ha=
KOHell, B aHTPONOreHe NpolecChl BYJIKAHH3MAa B Tpeae/laXx peruoHa Gbi-
M orpaHMyeHBl ocTpoBamMH Bonwmoit Kypuneckoit rpanvl. [TponyxTe
BY/IKAHHYECKOH NefTe/IbHOCTH CXO[HEI C TaKOBLIMH HEOr€HOBOI'O BO3—
pacTa ¥ BMeCTe C HHMH HOCAT fAPKO BEHIPAMEHHLI! H3BECTKOBO-IIe/I0Ym
HOH XapakxTep.

B TeuenHe Bceill NOCTYNMHOH ANA U3YyYeHHd ANMTeNBHOH IeONlOrHYeC—
KOl MCTOPUM HM3y4eHHOrO perHOHa OT4YeTI/IHBO PacNO3HAlTCH ABa 2Tana
BYJ/IKAHWYECKOH [leaTelIbHOCTH: TO3[IHeNna/le030iCKO~Me3030HCKui (10—
NO3AHeMeJIOBO# ), GIM3KKMit K MJIOWAOHOMY, M TO3JHEeMelloBOi~KalHO30 i~
CKHii, TPOAOIIKAWHMACH OO0 HAWMX AHEeH M OTIHYAKIIHACA UeHTpPalbHBIM
XapakTepoM BYJIKAHH3MaA. i

B mnpenenax Bcero peruoHa BO BpeMs NEePBOrO STaNa NPOSABISHHS
BY/IKAHM3MA, OTIM4Y&/IHCh OCHOBHLIM COCTABOM H NPOTEKANHM B T'IyGOKO—
BOOHOK MOpPCKOH ofcraHoBKe. BynkaHuueckHe amnmapaTki NpeacTaBIaM
coboji KpyNHBIe NeJorHe KOHYCOBHAHBIE MOCTPOMKH, HA CKJIOHAX KOTO—
pBIX HEpeOKO pacnofiaralliCh KOpalllloBble pHQEI, a B HeNocpeACTBEeHHOMH
6MH30CTH OT DTHX TOCTPOEK H B MX TOHHXKEHHBIX YacTaX OTlaralluck
KPEMHHCTHIE HIIEl, COOEpXauHe B CBOEM COCTABE 3HAUMTENIbHbIE TpH—
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MEeCH ¥elleaa M Mapranua. Hawmmas c nosmmero mena (Bropoii aTam),
BYJIKAHM3M TIPOABJIATICH TPEHMYUECTBEHHO B MEIJIKOBOAHO~MOPCKHX YC=—
NOBHAX, KOTOpble H3-3a BLICTpOro mocTymneHus B faccefil ocafKOHAKOT-
JIeHHS ®HOOreHHOI'0 MaTepHaljla YacTO CMEeHANHCH TPHOpPeXHO—-MODPCKHMH
u cybaspanbHeivH. CpefH TPOAYKTOB BYJIKAHHYECKOH NedATe/LHOCTH, Ha-
psA0y C OCHOBHLIMH ITIOPOJAMM, BCTPeYAIOTCSl CpefHHe M KHCJIBlEe pas—
HOCTH /@B, BIUVIOTb [0 DHOJMTOB, (GanualbHEM 8HAMM30OM HAMH TOJLKO
ansg NOoYeTBEePTHYHOH MCTOPHH BTOPOrO aTamna BLIAelIeHO MeCTOoNnoloxKe—
Hue 94 caMOCTOATENBHLIX BYIKAHWUYECKAX LEHTROB,

B npenenax H3Yy4eHHOI'O perHoHa BYJKaHHYecKasd OesITeNLHOCTH TPO-
sIB/IJlaCh B CaMblX PasHOOOGPA3HBIX YCIOBHSX H TIPOHCXOOHJA OYEeHb
OJHTeLHOe BpeMs. 30eCh MOXHO HaGIIOOATH NPAKTHYECKH MOJHBE Te—
Pexo[sl OT COBpeMEeHHBIX H MOJIOABIX JIaB K OYeHb [PEBHHM, UCIHbi-
TaBIUKHM 3HAYHTeNbHBIH MeTamopiuaMm, Bce 910 MOSBONSET KOCHYTHCH
ABYX BOINPOCOB IA4/IeOBYJIKAHOJIONMH, pelleHHe KOTOPBIX TPH U3yyeHUM
IpPOLEeCCOB BYJ/KAHH3MAa CPABHHTEIIBHO Y3KOrO BO3PACTHOIO® NHATA30HA
O4YeHb 3aTPyAHeHO., 3AeCh HMeEIOTCH B By BONPOCH 06 YCIIOBHAX, B
KOTOPBIX NPOTEKAalT H3BeDKEeHHS CHAJIOKIACTHYECKOrO THMA, H TPHYMHLI
SIBIICHUH CUHIIMTH3ALMH, :

‘ B ceasum c TeM, 4TO By/KaHHYeCKHe Npollecchl B npefenax Caxa—
muea n KypHNbCcKHX OCTpPOBOB. HMpoTeKaln 6GoJpileil 4acThio B IOABOAHBIX
YCIIOBUGX, CHAJIOKIACTUTOBEIE TOPOAB 30SChH TONL3YITCH OYeHb WHPO-
KHM pacrpocTpaHeHueM, ®DayHHCTHyeCKHe OCTATKH, OOHADYKEHHBIE Cpe=—
OM TJaCTOB OCAAOYHEIX TOpOMd, pasfelouMX HAJOKIACTHTOBBIE TOJIIH,
YKa3BBAKT HaA TO, YTO OOpA30OBAHME ClACAIOUIMX HX THANOKIACTOHTOB
NPOHCXO/HK/I0 KaKk B IIyGOKOBOHBIX, TAK M B NpHOPEXKHO-MOPCKHX, Ca—
MBIX MEeIIKOBOIHLIX YCIIOBHAX, JTHM CaMBIM ONPOBEPraeTcd BHIBOMA He-
KOTOPBIX HCCliefopaTellell, yKaaLIBAOUMX HA TO, YTO OOPa3OBaHHE Ha-—
MOKJIACTOJIMTOB TPOHCXOOUT TOJILKO HA IyGHHAX, H3MepsieMbiX B He—
CKOJIbKO KMJIOMETPOB, 'de THAPOCTATHYECKOe AaBJIEHHe BOABI MOXET
6BITh COM3MEPUMO C TAaBJieHHeM BYJ/KAHHYECKHX Mas3oB NPH H3BEPWEeHHIX.

C rua7oknacTONMTAMH TECHO CBA3aHO H IPOHCXOW/AEHHe CIHIHTOB,
[Nocnennue B mpefenax HaWlero PerHOHA pPACTPOCTPAHEHBI TONBLKO Cpedu
OpeBHUX OTVIOWeHMiH, BKIIOyas Ciofla NoanHeMelopble 06pasoBaHusA. DTO
0BCTOATENECTBO, & TaKkKe MaTepHallbl 10 GYPeHHK AHA TIIyBGOKMK dacTei
OK€eaHa YKa3biBaldT Ha TO, YTO NPHYMHONW CHHAHTH3AUHM Helb3d CYHh=—
TaTh HH CHelHpUKY COCTaBa HaMBaBlueficad mMarmMbl, HH COGCTBEHHO IiIy—
GOKOBONHO-MOPCKHE YCIIOBHS M3MsaHHSA. Hawm maTepuansl moaTBepxaaoT
TO TNOJIOWEeHHe, YTO TaKoil TNpHYHHO gaBNgeTcd npeobpasoBaHHe OOLIYHBIX
ByKAHHYECKHUX TOPOA B crnelHjuyeckoil o6CTaHOBKE MeOCHHKIIMHATBHBIX
ck/laayaThix oblacTeil.

Ha o6weTeopeTHYeCKUX Tpo6GileM, CBSSAHHBIX C BYJKAHH3MOM, HaH—
fojlee BaKHBIMH gBJEIIOTCH TPOGNeMbl CBI3H TEKTOHHKHM H BYyNKaHH3Ma,

a Takke IO3HaHHA 00mWero xapakTtepa CIyOMHHEIX NPOLECCOB B BY/Ka=—
HHYECKHX 06GnacTax. MCKmoulTe/LbHAS BaMHOCTL BONPOCOB, PasGHpPaeMEBIX
B paMKax 3aTpar¥BaeMbiX HaMH obueTeopeTHyecKHX Npo6lieM, HOTpe—
.Bopalla ONg HMX yOOBJIETBOPHTEILHOTO pPACCMOTPEHHS TNpHBJIeYeHHS 60Jb—
IWOro KOJMYyecTBa AHAJHTHYECKO'0 MaTepHalla M NPHHLUHIHAIILEHO HOBEIX
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MEeTONNUeCKHX TIpHeMOB ero o6pabGotku, Bcero mamu 6niio cobpano
1438 mnonHBIX CHIHMKATHLIX AHAIM30B Bylxannyeckux mopon Caxammua

u KypHIBCKHX OCTDPOBOB, T,C. SHAYHTeNLHO Golblle, HeM y BCeX HAalIHX
npeallecTBeHHUKOB, [N aHamsa cTOllb OBIMPHBIX MeTPOXHMHUYECKHX
OaHHBIX OB NpPHMEHeHBl MeTOObl MaTeMAaTHYeCKOH CTATHCTHKM C HC—
N0/Ib30BAHHEM COBPEMEHHOH 2/I@KTPOHHO=BBIYHCIHMTEI/ILHOR TeXHHKH
{@nexTponHO-BLIMHCIMTENLHaa Mawusa “Haupu-2"). Tipumenenne meTo-
OOB MaTeMATHYECKOH CTATHCTHKM [8€T BO3MOXKHOCTL NpPeACTAaB/dTb
uMelourecs AaHHbe 623 TMOTEepPH NOJHOTH HHPOpMANMH B KOMIAKTHOM
BHOE M TIO3BONAET NPOBOOHUTE 60jlee HaMewHBIe OOLeKTHBHBIE CpPABHEHHd,
KOTOpLIE HH B Koefi Mepe He CONOCTABHMEI C OGBIYHBIMH BH3YAalLHBIMH
CONOCTaB/IeHHAMHY, GasUpyOUHMHCH HA PASIHYHBIX rpagHYecKHX TOCT-
poeHHsAX,

[lp paccMmoTpenuH NpoGHeMEl CBY3H TEKTOHMKHM M BYJIKAHH3MA OCO—
OLIii MHTEpeC NpeACcTABJgi0T BONPOCHE MarmMaTHYeCKOji 30HAIBHOCTH, CBS—
3u FBIEeHMH MarMaTH3Ma C Pa3pLIBHBIMH OWCTIOKALUHAMH, COOTHOLIEHHS
NO3AHEeMeNIOBbIX 1 KAaWHO3OHCKHMX BYJKAHOTEeHHLIX 0Opa3oBaHHii perHoHa
C TOAOGHBIMH 00pa30BAHMAMHM THIHYHBIX KDPAEBBLIX BYIKAHHYECKHX TOACOB,

B mpenenax paccMaTpHBaeMOro peruoHa HauGojlee OTYETIIMBO Bbi-
CTYNAKT TNPOIBIeHHS MOPH3OHTANILHOH 30HANLHOCTH MACMATHYECKHX acCO-—
HualMii wesiogHoro THma. [ng yeTBepTHYHEIX ByJIKAHHYECKHMX obpasoBapuil
KypHNIbCKO#i OCTPOBHOM AYrH¥ OHM BHIPAXKAKTCHE B NOCIENOBaTeNLHON
CcMeHe MpPH OBHXEHHH B CTOPOHY A3HATCKOIO MATepHKA KpaWHe H3BeCT—
KOBBIX CepHil cyOuwe/lOYyHBIMH H HOCSIT ACHMMEeTpHYHbil XapakTep OTHO—
CHTENBLHO OOuwero NMPOCTHPAHHS OyrH. [lng HeoreHOBLIX BYJIKaHUYECKHX
obpazopannii CaxanuHa TakKxke yCTaHABIMBAIOTCH TIPOGBJIEHHS TOPH3OH=-
TallpHOl WeNIOYHOH 30HANBHOCTH, HO, B OT/MyKe OT TakoBoi ana Ky-
PHABCKON OCTPOBHO# LYC'H, OHH GBIAITCH CHMMETPHYHBIMH TIO OTHONIE-—
HHIO K obueil cTpykType ocTpoBa, [pyrHM BHOOM MarmMaTH4eCKOH 30—
HaANLHOCTH SBISeTCH KUCMOTHO-OCHOBHasi, [na CaxanuHa u3-3a OTHO-
CHTEJIEHO HebOIBIoro pasBHTHH 3[0eCh KHCIBLIX TOPOA TRYAHO COBOPHTH
06 OTYET/HBOM NPOSBJIEHMH TAKOIO THIA 30HANLHOCTH, YTO e Kaca-—
etca Kypuneckoit ocTpoBHON OyrH, TO TYT O €e NPOABIIEHUSX MOMHO
yTeepkaaTh Gonee onpeneneHHo, B HeoreHe cpaBHHTE/ILHO. NOBLILEHHEBIS
KO/MYecTBa KHCILIX BY/KAHHYECKHX NOpoA oTMeuaiTcs Ha KyHaumpe,
CuMmymupe u [lapamyumpe, a B aHTponoreHe ata oco6EHHOCTH OCTa-—
eTCcf XapakTepHoit Toapko anag Kynaumpa. [lpuBiiexaeT BHUMAaHHE TOT
bakT, YTO A9 HeOreHa aHOMallbHbie B DPACCMATPHBAEMOM OTHOIUSHHH
YYaCTKH TPOCTPAHCTBEHHO NPHYypOueHH K 6JI0KaM 3eMHOH KOpkl, 06lla—
[AOUHM HEONHHAKOBLIM CTPOEHHEM H OTCTOfWHM HA Pas3iHyHOM pac-—
CTOAHHH OT OTHOCHTENLHO CTAGH/MIHPOBAHHLIX B TE€KTOHHYECKOM OTHO—
LIEHHH [eOJIOrHYeCKHX CTPYKTYP.

B oTHOWEHHM CBS3H 9BIEHHH MACMAaTH3Ma C paapbmnbmn [AKC JIOKa—
HMAMH MOXHO OTMeTHTB ciefywumee. [And Caxanumsa ycTaHaBliHBaeTcsl
TecHas CBA3b SGBJeHHH BYJKAHH3MA M HMHTPY3EBHOO MAarmMaTH3Ma C pas-—
PHIBHBIMH HapyUWeHHIMH NPeHMYWEeCTBeHHO MepHOHOHAJILHOTO H pexe H=—
POTHOrO M AHarOHAIBHOTO TpocTHpaHwil, OcobeHHO WHPOKO MarmMaTH3M
B sdpdysHBHOE M HHTPYSMBHOM (opMax mpogBiaicd HA YY4aCTKaX Nepe—
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CevyeHHs pasjloMOB MEepPHOHOHAJILHOrO M WMPOTHOMO NpocTHpaHuii, Ha
Kypusibckoif OCTPOBHON Ayre MarMOKOHTPOIMMPYIOUIMMHE CTPYKTYDAMHU B
OCHOBHOM HSBIISIOTCH IPOLOJIbHBIE Pa37IOMblI CE€BepO=BOCTOYHOrO NPOCTH=
paHus,

B HacTogliee BpeMs, NOMEMO CYlleCTBOBAHHA ABYX CJIABHLIX TUIIOB
pasBHTHH 3eMHOH KOPBI ~ IIATHOPMEHHOrO H MeOCHHKIHMHAILHOO, =
UelbiM DSINOM HCCllefoBaTelell Bhllengercd TPeTHl TUN, O6YCOBIeHHBIL
poueccaMH akTHBuzaumd, CleACcTBHeM TakuX NMPOLECCOB, B YaCcTHOCTH,
cuntaeTcd obpasoBaHHe KpaeBhlX BY/IKAHHYeCKHX mogdcoB. CreayeT om—
MEeTHTh, YTO NO3[HEMelIOBble H HeOleHOBhle O6pA3OBAHWY HALIErO pPerHo—
HA He o6GlajalT XapaKTePHLIMH HEePTaMH TakKHX MNOSICOB: BYJIKAHHYEC-
Kad [OedTeNbHOCTE B HHX an!&ﬂae'l’CSl B TICABOOHBIX YCIOBHSX, 30eChb
Ha6/monaloTCd CorylacHble B3aUMOOTHOUIGHHS BY/IKAHMYECKUX MOPOA C TOf-
CTHMAWHME MX OBpPA3OBAHMSMH, AT SBICHHI ByJ/KaHH3MAa HE XapakTep-—
HO WHPOKOe I1ljioulagHoe PA3BHTHE H IJIOWAOHOH THI H3BepKeHHI, HAKO=—
Hell, KHC/bie PA3HOCTH CpenH TpPOAYKTOB BYIKAHHYECKOH NAeaTesLHOCTH
NONMB3YIOTCE OTPAHHYEHHBM pacupocTpaneduem. Beoe oTo, a Takke TO,
4TO paccMaTpHBaeMbie BYJIKAHOMeHHLIe OOpa3OBaHHA OTHOCATCH K OpO-—
FeHHOMY KJlacCy, He TO3BOJSeT HCKMOYHTEH Npouecc HX (OpMHpOBaHHS
H3 paMOK OGBIYHOMO MeOCHHKIIHHAIIBHOrO mpolecca.

[lpr uayuyenum ofwero XapakTtepa CIyGUHHBIX NpoLEeCcCOB B BYJ/IKaHH=—
4OCKUX ofnacTax GOonbuiof WHTEpPeC TPeACTABNSET BHISICHAHHE KOMMISCT—
BEHHOI'O pAaclpocTpaHeHHs MOPOM Pa3/MyHOrO COcTaBa H pasiMyHON
(hopManHOHHOH NpPHHALMEKHOCTH, HX SBOMOLHUH, a TaK¥e MeHe3nC H3-
‘BECTKOBO-UIe IOYHbIX TIOPOA, BK/MOYAaS TIOJIOKEeHHe MArMaTHYeCKHX O0Yya~
roB, poAoHAuallbHLIX MarM H pPoJib 3eMHOH KOPbI B (OPMHPOBAHHH 1O~
poA aBAe3UTOBOH (OopMannH,

y Haum nansere, GasHpytownecs Ha GoplIOM AHAIMTHYECKOM MaTe-—
pHalle, ONpPOBepramT IUHPOKO paclpoCcTpaHeHHOe MHeHHe O TOM, YTO
CpenH HM3pec TKOBO-Ue/IoyHbix nopod Caxamuua u KypriIbCcKHX OCTPOBOB
HaHGOMNBIIEM paclpocTPaHeHHeM MONL3YITCH aHAe3uThl, Ha pomo moclnen-
HMX CPeA¥ HeOreH-YeTBepTHUYHLIX Nopon KypHiabCKHX OCTPOBOB TPHUXO-
outca Bcero 20-25%, a He 60~-70%, Kak 2TO CYHTAe@TCHd HEKOTOPEIMH
HCClleAoBATeNIMH, OMHPAIOUHMHCS B CBOHX BBLIBOAAX HA OrpaHHYyeHHEBE
aHamuTUyecKue paHueie., Ha CaXxa/mHe Ko/M4yeCTBO AHAE3HUTOB CpelH
BepXHeMellOBhiX BYJIKaHMYeCKHX Tmopon cocraenaer 18%, a cpenm Heo-
reHoBpiX ~ 0koiio 15%. B cocTaee noepepxHeMeloBEIX TIOPOA pPeruoHa
NpHCYTCTBYIOT TOJILKO OCHOBHEIE moponsl, [NonunHeHHas po/ib aHASSHTOB
M0 CpaBHEHHIO C OCHOBHBLIMH TIOPOJaMH, a Takke TecHas (B mpenenax
OQOHOTO H TOrO ¥e BYJ/XAHWYECKOro anmapaTa) acconmauud 6a3allbTo-
BLIX, @HAE3HMTOBRIX M [APYrHX €GoNee KHCIhIX NMOPOA YKa3hIBAIOT Ha 6a—
3albTOBBII COCTAB POAOHAYANBHOH Marmbl H3PECTKOBO=UE/OYHBIX MO—
poOA perHoHAa H Ha NpHHAMJIEHOCTb HX K 6a3a/IbTOMAHEIM CeHe THYeCKHM
coofwecTBaM ByNKAHHYECKHX TOpoA, i

CparHeHle pPasHOBO3PACTHHIX GA3aNbLTOB perHoHa C " 2TanoHHBIME"
GasanpTamH psna popManmit Mo KpuTepmio CThiONeHTa OGHADYMHBAET,
uyTO HaHGONee NpeBHHe GasannToHAb (MeTamoppuyeckuit xommaexc Ca—
xamuHa) GAH3KH K TOneuTaM. Bce ocTankHbie [OONO3OHEMEeJIOBBIE HO=
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POMBI AHAJIOMHYHONO COCTABA B H3BECTHOH Mepe 067alaloT TepeXO/Hbi-—
MW CBOHCTBAMH OT TOJIEHTOB K GasanbTaM aHOe3uToBOl dopmanmu, Ha-
KOHel, MO3/HEeMel/loBbie W ApyrHe Gojiee Mouoabie (BKIMOwas aHTPOMO—
'eHOBEIE) OCHOBHEIE TOPO/LI OTHOCATCS K aHAeauToBolt gopmanuu, Cre—
meHb CXOACTBA STHX 6a3allbTOHMOB C “®TaloOHHLIM” 6a3anbLToM aHOe-
3uTOBOH GOPMalUH YBeMYUBASTCS TI0O Mepe OMOJIOKEHHS BO3PACTA Byl
KaHHYeCKHX KOMIIJIEKCOB. )

AHamM3 NeTPOXHMHUYECKHX MNAHHBIX II0KA3aJl, 4TO [0NO3HEeMeJIOBLie
ByJ/IKaHHYyeCcKHe o6pas’oBaHMsl, HECMOTPd Ha OGLHPHYI IIoWwAlbL HX PaCe—
TpOCTPaHeH U, IPAKTHYECKH He OOHAPYXHMBAIOT CYUECTBEHHEIX JlaTe-—
palbHBEIX pa3jMyuii B cRoeM cocTapee. [lomoanHemernoBeie H BCE OCTAllbL-
Hpie Gofee MoJIoAbIe BYJKaHH4eCKHe OOpAa30oBAHMA [AkKe Ha CPABHHTEllb—
HO HeGOTLUMX pAacCTOSHHAX OOHAPYKHBAIOT BeCbMAa CYWEeCTBEHHBE la-—

* TepallbHbie pa3myug, CTeleHb DTHX pa3lHyHii CHILHO BO3pacTaeT C
XOAOM eOolloTHYecKoro BpeneHH, [locnieiHee o6CTOATENLCTBO, a TakKke
KOppesgauus yNOMSHYTHIX BbIlUe pPa3iHYMii 4eTBePTHYHBLIX JAB CO CTPOe=
HHEM 3eMHOH KOphl B MeCcTax paclollOKeHHs COOTBeTCTBYWUMX BYyJKa—
HOB YKAasbLBalOT Ha TO, YTO K AHTPONOrEHy HA COCTAB BYJ/KaHHYECKHX
Topoa HAYHHAIOT OKA3LIBATHL BIIHAHHE KOHTAMHHAIIHE KOPOBOI'O CHAJIH~

_4ecKoro mMatepualia, XOTd B Le/loM XapakTep pasiMYHil BYIKaAHHYECKHX
TOpOa TO JNlaTepalld onpefeligeTcd NpoleccamH, TPOTeKawumMMH B Golee
riyGOKHX qacTax 0BONOYKH.

Bce Bynkanuueckue nopoas KypHIILCKHX OCTPOBOB M mnpeoGanaio—
was yacTb Mx Ha Caxa/mHe OTHOCATCH K HM3BECTKOBO—UEJIOYHOMY THILY.
OnHako BONPOCH! MeHe3Hca 9THX TOPOA H, B YACTHOCTH, HaubGoliee Xxa—
paKTepHBIX MX TpeACTABHTENeil, — AHAS3HTOB, N0 HACTOSUIErO BPeMeHH
ocTalTCs Becbma npobleMaTHyHbIMH, MMeloumecss reonoruyeckue, reo-—
XHMHYeCKHe M reopUsHyecKHe OAHHLIC B lLeJ/IOM He MPOTHBOpeHAT Npef-
CTaBJICHHSM C TOM, YTO CIyBGHHHBIE TPOLECCH B 0OGNACTAX OCTPOBHBIX
Oyr MOTYT TIPOXOOMTHL KAK TIO KOHBEKTHBHOH CXeme, TakK H IO CXeMe
30HHOM TIJABKH; ANg TOJIyYeHHS O[HO3HAYHOIO BLIBOJA O XapakTepe 8THX
IpOLECCOB MMeTCsl OCHOBAHHA OTAATH NpeANnoYTeHHe IHNnoTe3e obpa-
30BaHHA TOPOA AHAE3HTOBON dopMallH, Npeanojarawpueil wacTHYHOE
N7ABJEHHE OKeAHWYECKOH KOpBI K BepxHeit mMaHTHH Ha ray6umHax 100-
150 kM B paiiode ceficModokalLHON 30OHEBI

ABSTRACT

The author gives some information on distribution and composition of vol-
canic products within all stratigraphic subdivisions from the most ancient
deposits of Sakhalin (metamorphic complex) to_recent formations of Kurile
islands. The geological history of the region can be devided into two main
periods of volcanic activity: Late Paleozoic — Mesozoic (pre-Late Creta-
ceous) and Lzie Cretaceous-Cenozoic. The first one is very close to areal
type of volcanism and basic composition of volcanic products; the second
“one to the central type of volcanism and not only basic but also middle and
acidic compositions of products. The author comes to the conclusion that
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area formation of hyaloclastites is not only in the deepest weter facies but
should also be spread to all sea facies including the coastal one. In the
course of the work it should be confirmed that the nature of processes of
spilitization is essentially metamorphic. The author considers the follo-
wing questions: magmatic zonation (alkaline and acid-basic), connection
between magmatic processes and disjunctive dislocation, comparison of
Late Cretaceous-Cenozoic volcanic formations of region with the similar
formations of marginal volcanic belts, relative quantities of volcanic rocks
of different composition and different formation, origin of calc-alkali lavs
(the andesitic formation), which is typical for island arcs.

T. 1. AJRTHPEN

PETHOHAJIBHBIH METAMOP®H3M H TEQ®OPMAIH
3EMHOM KOPbI B CBfI3N C 30HAMHU BEHHO®A
APEBHHUX OCTPOBHBIX I¥T

Hexkoropble NeTPONIOrH B TO# WX HHOH Mepe MPHHHMAT CBI3b MeTdm
MopduaMa © soHamu Benwvoda, OnHAKO SCHOCTH B XapakTepe H SHaye—
HUM Takoi cegsu eme Her, Hawa sapgaya mpuBnedbs BHUMAHWE K UHTE-
pecHeiiliuyM B3AMMOOTHOUWEHHIM, CYMECTBYIOUMM MEeXy IIpoueccaMu
MeTaMopduaMa ¥ gedopMalUMgMH B IEOCHHKIIMHAISK, OCOGEHHO B KOp=—
HepbX 3oHax Benwoda, Ha onpeneneHHbx sTaNax paspHUTHAI,

Hccnepopanug Meramopdideckux kKoMlilekcos B 1970-1973 rr.

B [MManasgx HaMu W aclMpaHTaMu YHHBepcHTera ApyXOBl HapooopB
YCTAHOBM/IM HBJIGHMS NMOJMMeTaMopduaMa M. ero MHOT'OCTAAMHHYIO BO-.
THOIHIO ,

Mexny 1oxmoii sonoi 'nmMmanaee u cesepHbiMu, Teruc-I'iManasmu,
pacronaraeTcs CHCTeéMa OIPOMHBLIX INIyGMHHEIX paslioMOB, IO BCEM
npuaHakaM Ipencraenmomux pudefickyio u danepozoiickyio “HCKonaemyio
aony bBenvoda. Bea oxuas 4dacTob 'mManaep crloxeHa mapbaKHbIME
‘nnacruiamu. CHHSY BBepx OHH 06pasyioT WAPLSKH PasHOOBPAasHEX Tep-—
pUT'e@HHEIX H KapGoHaTHBIX nopon [hxayHcap-Kpol, naTHpoBaHHBIX IO
mukpodayHe, Kak naneozoif ¥ Mesosoii. Buime asaneraer wapbsk Yeiin,
COCTABJIEHHEBIA 3elleHbIMH MeTaMop)UYeCKHMK CllaHiamMi ¥ Ty(oTeHHbMH
necuapukaMu., Eme Bbllleé - INIACTHHA TOHKOSEPHHCTHIX KBAPUKHTOB
IlxyTox, MeTaMOpbH3OBAHHLIX B I'paHaTO-aM{uGONHTOROH Ganuy H ca—
MEle BepxHHMe NOoKpoBHl [apBamn, .CloXeHHLe KBapl-IpaHaTOBLIMH,
GHOTUT-I'PAHAT~CTABDOIMTOBEIMH  CIIAHLAMH, YACTO MHIMATHE3HPOBAH=—

HBEIMH.
Bce nojoro-jiexanmue MOKPOBEI CeBepHes Tepexondr B KpyTO pac—

ClIaHIOBAHHEIE TIOPObl TEKTOHHYECKHX KopHel, o6pasylouldx CHCTeMY
aoum Benwvoda.

BoapacT TeKTOHMYECKOI'O CMEIIeHHd K 0Ty WAapbsiHbX MIaCTHH C
amvmrynaMu o 50-100 ¥xM = nociecpenHesoueHoBbId, KOTOPLIH

”
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yCTaHABIHBAGTCH TO HANIETGHHIO IAPBEHPOBAHHBIX TNOPOQ HA aBTOXTOH-
Hble OTIIOMEHHS € HYMMYJHTAMH [IOTETCKOro Beka, BepxHsaa rpannua
pO3pacTa I'VIAaBHBIX NBHKEHH{ — OIHCOIIeH, 4TO OaTHpyeTcs Haubollee
MonoabM MAKCHMYMOM afCOIoTHOO BOSpAcTa MMHEpPAoB MeTaMopD-—
drriecknx mopon Yeitn, Dxyrok u Tapean. Tlo namsemM Kanuii-aproHo—
BOI'O MeTo[A pecllo3HalTCd TPU MakcmMyMa Meramopdmsma B 'mvana—
ax: 30-40, 80-100, 120-130 MmH, NeT; onpeneleHus ChelaHsl

p naBoparopusx Coeerckoro Cowoaa, ‘

Hayuenune MeTaMOpdm'-le(:KHx nmopon I'mManaee mopg MKKPOCKOHOM
OBBEMHO He IIOKA3BBaeT KaTakiasa H BLIABIGET BHICOKYID CTelNeHb Ie—
PeKpHCTaNM3AINY U TIpHCTIocob/Ie ks HOBOOGPasylouMXCsa MUHEpaloB K
npoHcxoauBwHM aepopmanuaM. CnenoparencHo, Obul0 TpH CragHH
TeKTOHHYecKOoH spomouus [mMmanafickoro Meramopduueckoro mosfca -

B OQIrolueHe, Bepxnem Melle u, BOSMONHO, B cpenﬂeﬁ wpe,

YpesBHMAKHO Pa¥HO, YTO BCe TPH CTANUM PErHOHAIILHOI'O MeTaMop—
dmaMa ® pedopmaunit nopon, o6pasyrmuX WapbsKH, MPOACKOOMM 3a8-—
noiro Ao npeppaweHus 'EManaffickoli TeOCHHKIMHANMN B IOPHOE COOPYMKe-—
HHe B KOHUe Heorena, Taxkum of6pasoM, He wMoXeT OBITE pedHd O
IPaBHTALMOHHOM I[IPOMCKOXIEHHH CHCTeMBl WepbsmKked B ['umanasx,
NyTeM pacTeKands TropHLiXx NOpoAd OT LEHTpalbHBIX 30H nofca K
nepupepun.

EnuHcTBeHHOK anbrepnarnnoﬁ MOXeT BBIThb IVlacTHYeCKOe TedYeHHe
MeTaMopRayeMbx MOpoA OT nepubepHu GYAYWEro TOPHOTY COOPYMHe-
HYS B CTOPOHY KOPHEBO# CTpYyXTypHO# 30HbI Beuwoda. dra ugeqa He
OPHI'MHATIbHA = I'€OTIOrH, “May4dapuwne ANLILL, 38 MalsM HCKNOYEHHEeM,
O&BHO NPHWAK K BRBOAY, YTO IVIaBHBIM MEeXaHH3MOM 06pasoBaHEH
wapbspkelt Su10 moponeAranne nopon GyanaMenta (B Anenax KpucTaim—

decku#t (yHnaMeHT HeXOAWTCH CPaBHUTENBLHO He ruyBoko) B HampaBne—
HMH K [NEeHTPY CKlaq4arol0 COOPYXeHHs Ha TO# CTanHH, KOraa IeOCHHK=—
NHHANBHOE nporubaHue eme NMPONONKAIOCh M 30HHEI Benwoda npencraplg—
/I OCeBhleé CTPYKTYPHI Nporutos, _

Hoprona saweft KOHNENna¥ 38KIIOYAETCH B [A0KA3ATENLCTBE HA NMpH=
Mepe raManaiicKoro Marepmana, YTO TeKTOHWYeCKHe WAapbMKHbEe Me—
peMelIeHHs BCerjga COBMAJANH N0 BpeMeHHM C dasaMH Pe3KMX yCcHIeHui
‘NOTOKOB Meramopbuayiomux duuownos no aoHaMm Benwoda., Kpome OH
u CO,, B cocrape {umownos, Kak mpenmonioxun A, Mapakyues, MOy
NpMHEMATE ydacTHe ranovabl, [eficTBUTebHO, NMpOM3Be[eHHBIe aHAIIHSBI
6oruToB M amM¢pubonos u3 mopon Yelina m [KyToka YCTAHOBHIM B HHX
conepxaune dropa no 0,25%.

B sinoxm, Korga ymMeHbWAanack MHTEHCHBHOCTH NPHTOKa (VIOMAOB IO
30HaM BeHrvoda, npekpamaniacn He TONbKO SBJIEHHS PETHOHAIILHOTO Me=
ramMoppusMa, HO u Gonbuide pnedopManHM, BRIBSHBABWHE oGpasoBaHHE
mapbmKelt, DTOT BHBOA MOXET HMeTk O9eHb BOoNbiioe 3HadYeHHe 74
pa3paboTKM CHHTETHYeCKMX NpeAcTapleHuil O CBAagx, CYWeCTBYIOLUIHX
MeXay NeTpo/IOrMYeCKHMH ¥ TEeKTOHMYEeCKMMH IpoueccaMi B IeOCHHK/IH-
HellLHBIX TOfACax.
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ABSTRACT

Some hot fluids (OH,CQy, F) ascending along Benioff zones and spred
towards layered rocks. Such processes had its period of maximum and in
that span of time regional metamorphism developed in favourable rocks.
Structural petrological investigation revealed, that with the periods of
maximum fluids ascending along Benioff zones coincided the tectonic
plastic flow metamorphosed rock layers towards the roots i.e. the Benioff
zones. Thus mechanism formed properly nappe tectonic structurs. Such
processes discussed on the examples of the old Island arches of the Hi-
malayas.

I1. I1. CMOJIMH

YCJIOBHA ®OPMHPOBAHNA MECTOPOKIEHUNA MATHE3UTA,
TAJBKA M BPYCHTA B 3BOJIIOIIUH
MATHE3HAJBHO-KAPBOHATHBIX TOJIII

‘

B peasynerare ogHOCTOpOHHEeH MHTepHpeTau¥M MeTacoMaTHYecKux $opm
M TNpuypo4eHHOCTH MEeCTOPOXAeHHH MarHesManbHEX MMOJE3HLX HMCEKOIae—
MBIX K perHoHalbHO- M KOHTAKTHO-MeTaMop)H30BaHHBEM IOPONAaM HHOTI=—
A2 BBROBHATAOTCS OPTONOKCANBHO-ILTY TOHHYECKHE [MpeCTaBileHud, 00bac—
HOiOmKue HX obpasopaHne NPHBHOCOM MATHHA M3 MarMbl WX MPH pPeruo-
HalbLHOM MeTacoMaroade., HecocrogrenbHocTh MepBOTO MHEHMS HOKAasbi~
Baercd NeTporpadiecKuMy H SKCIEepHMEHTANLHBIMHE [aHHBIMH O HEH3—
MEHHOM BXOXOEHHH MAarHug B MHHEpAJbl paHHHX STAalOB KPHCTAIIH3a—
OMH MarM, a TakKXe OObMHBM OTCYTCTBHEM (IPOCTPAHCTBEHHBIX CBA3eH
MEeCTOpOXAeHHH MarHesHuTa M Talbka C HHTpyaumeamu., Bmecre c tem
TecHelwlas CBI3b pacCMATpPHBAEMBIX NONE3HLX HCKONMAeMBIX /MWL C
HCXOAHO MArHesHanbHbMH (OpMaHaMH T'OPHBIX MOPO IMIIOTEHHOTO
(rEnepGasurer) ¥ rumeprenxoro (MarxesmanbHO-KapGoHaTHbIE H 2BaNO-—
PHTOBLIE OCANKH) UHKIOB CBHAETENLCTBYeT 00 OWHMBOYHOCTH KOHUENIHMH
OCHOBHOIO (pOHTa IpaHUTH3AUMH K eil NofobHBX, B KOTOPBIX MONYMHEH—
HblE MeTacoMaTHYeCKMe B3aUMOOTHOWEHHd, 00yCloB/eHHEIe OKalbHO!
Meramopbuueckodt nuddbepennvannell, NpUBOAATCS KaK A0Ka3aTellbCTBa
PerMoOHATBHOTO W/H JaXe INIoGANbHOTO MEeTAcOMATO3a C MACCOBEIM
NPUBHOCOM MarHug HapHe, [lpHypodeHHoCTH HamGOee HEeHHBIX MeCTO—
poXaeHu# MarHesHalbHBIX MCKONMAeMbX K KapGOHATHBIM TO/IAM, MOO-
BEprumMxcs MeTaMopdusMy HMKHEX sTaxel ckiagiaTex cucreM (oco-
BGeHno noxeMfGpuiickux gdnep), obycrornena npeofnagaHneM MalHe3HaTb—
.HO-KapOGOHATHOT'O CeAMMEHTOI'e¢He3a B [pepHHe 2IO0XH, a A/lg TajlbKa —
TaKie IPOSBIICHHEM MOPOKAAKNIMX ero yciIoBiil MeTaMoppuaMa HMeEeHHO
B Takoi I'eoCTpyKrypHo#t ofGcraHoBke., MaoxummsM B UWHPOKOM CMEICTE
cloBa, a Takke H3ohauHaTbHOCTE MAarHesHalbHEX MOJMe3HBIX HCKOMae—
MBIX ¥ BMeUAUX TOII NO3BOIMOT pacCMATPUBATBH MX B PAMKAax
KOHuenuun MeraMopbudeckux auuii, Takolt momxon H, B 4acTHOCTH,

450



OlLlGHKA TIpeAesIbHBEX ¥ IeperloMHbX (“reonormyecks 9SKCTpeMaibHbI”)
ycnosult MeramopduaMa NnpH GOpPMHMPOBAHHE MeCTOpPOXAeHHH MoaBONAT
HaMeyaThb BaXHbIe IMOMCKOBLIE Npeanoceulku. Paszmiwig ycrnoen#t obpa—
3oBanud 06yCIOB/IMBAIOT HEH3MEHHYI0 pPa3HOPO3pACTHOCTL MarHesuanb—
HBIX HCKOMAEMBIX, XOTH MPHYpPOYEHHOCTH K oaHMM (opMauusgM MPUBOAMT
K HalOXEeHHBIM acconyanuaM MarHesuTa C TANbKOM WIH GpyCHTOM,

+ Margesur, N0 TepMOAMHAMHYECKHM XapaKTEPHCTHKAM, OOJLKEH
OpiTh CTaduleHd B CTAHAAPTHLX YCHOBMAX M, NO T'eOOro-leTporpa=
¢udecKMM OaHHBIM, HECOMHEHHO KpUCTAallusyeTcda B IMepreHHol obcTa-
HOBKe (gpeBHMe M COBpeMEHHLIE MOpPCKHE M KOHTHHEHTAJbHbIE SBalo—
PHTBHI, KOpa BBIBETDHBAHHS T'MIepBGAsHTOB H MeTaMarHesHalbHEX Topon).
OnHako IeHe3HC NPOMBMUUIEHHLIX €I'0 MeCTOopoMaeHu#, IpuypodYeHHbX
b K MeTaMopdu3oBaHHBM KapBOHATHLM TOMMMIAM, SBASETCH CII0pPHBM
MeXay CTOPOHHMKAMH OCANOYHOT'O M THAPOTepMallbHO=MeTacoMaTHYec—
Koro ux npoucxoxpaeHnd, Ha Mecropowpenusx maruHeaura CCCP poias-—
ngerca Bce Gonbule PAKTOB, MOATBEPXKAALIIMX IlapaMeTamMophuuecKyo
ux mpupony. Hameuaercs crparurpafudeckas npuypodeHHOCTb peruo—
Ha/bHO PACIPOCTPAHEHHBIX MATHE3UTOB K OlpefefeHHBM YHacTsaM TOJII,
rorma Kak Apyrue, MompeprummMecs MeramoptuaMy TOH Xe HHTEeHCHB—
HOCTH, CJIOMEHBI OOHHMHM AoloMuTamMu., Tak, B pupee Bawkupckoro aH—
THKIIMHOPHS NMPOAYKTHBHAdA NATAad IOfCBUTA CATKHHCKOR CBHTEHIL, B pHbee
Emnce#icKoro KpskKa — anafbMHCKad CBUTA (TOTNA KaK NOTOMHTEI
NpPHCYTCTBYIOT elle B TPeX CEBHTAx KOMILIeKca), B IIPOTEpO30HCKOM
romme Ouorckoro nmona (Bocrounnit Cags) MarHeSHTOHOCHA MWL OOHA
nojoca OOJOMHUTOB H3 ABYX, BbeNfeMbIX HMHOIYla B CAMOCTOSTENbHBIE
CBATHLL, B omopHbx paspesax Momuo# (oxomo 4000 M) ropasckoi
ceuTel nokeM6pus Oro-3amapuoro Ilamupa nnacroofBpaszHble Tema mMar-—
HE3HTOB MpPHYpOYeHLI NMHulb K cpenHelt amdmGormroso (BynkaHoremHo) —
kapBonaTHo-THe#copolt (TeppurenHo#t) moncBETe, HO OTCYTCTBYIOT B
OONOMHTAX OBYX APYTHX KapGoHaTHo-THelcopbx nogceur. Ha [Tamupe
MAarHesHThl MaKpPOCKONMMYECKH HEOTIHYMMBI OT AOJIOMHTOR, HTO HAgONIo
3apepxano MXx OTKpLITHE, TakKHe e COOTHOWeHHd ABYX KapBoHaTOB
YaCTHYHO NPOABIMIOTCH M HA OCTAlIBHBIX MECTODPOXKIEeHHAX MarHesuTa.
3T0 nuwaer LUEHHOCTH OTHOCHTE/ILHYI0 KPYNHO3ePHHCTOCTE MAarHesHTOB
B KayecTpe IpU3HAKA MX TI'HIpOTepManbHO# npupoabl Hambomee yGe-
AUTellbHbIe TPH3HAKY OCAfOHHOIO IIPOHCXOKOCHHA HMMEIOT MarHe3HThI
pudeiickolt nonomuroeo#t Tomuu Manoro XuHrasa, moapeprie#icsa HUb
cnaBoMmy MeramMopduaMy - CTyIMeHH acnMAHbLIX ClaHneB, DTH MarHe—
SUTEHI PeACTaBlIeHbl B OCHOBHOM MeMTOMOP(HOH pPASHOCTHIO, aHAallOI'HY—
HO#l TaK HasmBaeMoMy “aMopdHOMY Mar"esuTy” KOpHI BLIBETDHBAHHA
ranep6asHToB M HacTO ClaraiT gBHO CEAMMEHTAlUMOHHbIe H AHATreHe-
THYecKue Opexund, B cunbHO mepekpuCTANNH30BaHHBIK MarHe3HTax
Bauwknpckoro asnTuknuHopus (senenocnammepas danus) npu cnaGoi
AMCTIONHMPOBAHHOCTH Hab/mogaercd wecTOBATOCTb, IIONepedHasg K CIIOHC—
TOCTH, HO B HMHTEHCHBHO—-CKlanuaTo#i Tommne Bocroumoro Casma (po-
roBOOBMAaHKOBO—aMimGonuToBasg haunsa) MecTaMy TpOSBIAeTCH IIPOAOIIb—
HO MIo#daras NMHeHHOCTb MarHesurTa., ITH NpuUsHAKH AedopMaluH CBH—
AeTeNbLCTBYIOT O NOCKIagdaToM BoapacTe Marsesura, Haubonee derkas
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nuHefiHad OPHEHTHPOBKA BO3HMK/A B MACHESHTOBLIX MpaMOpax BHeUWHe#
30HE! KOHTAKTHRX Opeonos Manoro Xuurama Tpy MEXaHEYECKOM BOG—
neHCTEEH HACW/ILCTBEHHC BHO[NPHABIWHXCH HHTPYSHBOB., MOXHO MONAraTh,
4TO MpHYPOYEHHOCTE HEKOTOPBIX Tell Mardesura Ha Bocrouynom Casme
# Manom XuHraHe K OTHATHIM SApaAM M YHOYISIHGM CKIaAoK O6yC—
JIOBTIeHa MpEeHMYIeCTReHHo AHGdepeHINallbHEIM I71aCTHYECKHM TedeHHeM,
Tak 4aCTHYHO HHTepIpPeTHPYeTCH KOHTPONL CKIaA4aTOCTHI, HCIO/Ib—
3yeMelli B KAYeCTBE OQHOI'O M3 APryMEHTOB TI'HIOIeHHOI'O MpPOHCXOM-—
[SHNS Marpesura, TOINA KakK TPEANoOXeHHd O [PUYPOYEHHOCTH ero
MeCTOpOXaeHu# K KPYIHbIM paajioMaM cyry60 rifoTerHdHbl. YacTHbIe
MeTacoMaTAYecKHe B3aMMOOTHOWEHHS MAUHe3HTOB WHOIIA MOMHO HGTON—
KOBBIBATH KAaK yHAcC/Ie[OBaHHbIE OHAI'@HEeTHYeCKHMe, HO OTHOCHTE/LHO
pepkxHe SBHO CeKymHe, XOTH M JIOKalbHEBE, (OpPMBI HX 3a7eraHud Clie—
oyer OOBACHUTHL SHUTEHETHUECKHM MepepaclpeneicHueM semecTBa.
Huorpa HenpaewibHyio QOpMYy Tesl MarHesHTa MOXKHO I PeflloJIOXKHTeLHO
CRASHIBATL C HAlOKeHHo# nonomurHsamvel p Xope BomeTpupanus {Emm-
celickuit Kpsx). MecropoxneHns MarHeaura Ha reppurtoprn CCCP
YCTAHOBICHB! B PEerHOHAlILHO~METAaMOPPHUECKUX TOMmax OT CTYIeHH
acMHAHLIX CJIAHUEB [0 MHPOKCeH-aMduBomiTopol (aMcTeHOBbX TI'Helicos)
baumy, HO MOXKa He BCTpedeHEl B IpaHyiurToBod danun. OveeugHO, Mar—
HeaUT TEepPMOAMHAMHKYECKH YCTOWYMB BO BCex Dauusdx PErHOHATLHOIO
MeraMopbuaMa M pasnaraercd ¢ ofpasoBaHMeM IEpHKIaza HiaM Gpy=—
CHTA NHMWL IIPH HANOXEHHOM KOHTAKTHOM MeraMopbusMe B YC/IOBHAX
pezKo yMenpwnpwejica riy6uuuocta (P > 3 k6ap, T > 6000). -
reseTuyeckue GOPMEBI 3aeraHus KpYIMHOKpPUCTAVIHYECKHX MAarHes3HTOB
Haufo/lee XapaKTepHBI /sl IPOMEeXYTOYHEX YC/IOBHH 3eeHOCHaHIeBol
(Bawknpckuit agTHKIHHOpHH) M poropoobMankoBo—ampuGonuTopol (Boc-
Tounsdk Cagn) daumit,. B sToM crasumaeTcs “skcTpeManbroe” npoap—
nenue auddepeHNHaANBHO# MHI'paAufd MAaHTHS B MeTraMopPHuecKOod SBOMmo-
UMM MarHesHalbLHO-KAPBOHATHEIX TOJMI.

Tanek, M0 9KCIEPUMEHTAIILHEIM AAHHEM, . MOXET KpHCTallIE30BaTbCs
B AHanazoHe YCHIOBMH OT CTAHAApPTHBRIX IPH MOBBLIUEHHOH ENOYHOCTH
cpenbl (4To mMopTBepknaeTcs NPUCYTCTBHEM ero ayTHUIeHHBX YeuyeK b
sparopura) mo ehicokux PT (9009; 2,5 kfap). Onmako B meTporpa=
duyecKofi nUTepaType OH PacCMaTpHBAETCH KaK THIIHYHLI MuHepan
baupit 3emeHBX CTAHUEB M MYCKOBHTOBBIX (a/is6HT-SMHAOTOBEIX) pOTO—
BHKOB, TOI'la Kak IIpH OLEHKe erc MeCTOpoxXaeHu# NpeHMylecTBeHHO
Muuwe NoAdYepKMBAeTCs NMPHBHOC KpeMHe3eMa M3 I'DAHHTHO# MAarmMel B
Marsesnanbhuble mopoabl, B pesynbrare uayyenus TanskonocHoctn CCCP
OTYeT/IHBO BHIEBUIOCH, 4T0 ucToumukoM Si0) xa GonbWKKCTBE MECTo—
POMOEHUH CIYXWIM CAMKATHBLIE MAPANopobl, [PAHATOMAEL, ACCOLUHHPYIO—-
IKHecs € TalbKOBBIMH MECTOPOXIEHHSIMHA peruoHa/bHO~MeTaMo phuso—-
pPaHHBX Tomm, MHorga peako Monoxe (Topmag HWlopus), a B npyrux cioy-
qasgx - npepHee (Bocroument Casn) ranbkooBpasopanus u monoOHO
HaparopofaM HMI'DAIH POk MaCCHBHO peclwmuupylowedca cpenbl Bce
9TO MO3BOIMIIO ABTOPY MPEeNooNUTh KOHUeNUMo MaCCOBOIO TallbKo—
oBpacoBaing B peaynbTaTe KOHTAKTOBRO-PEeAKUNOHHOIO MeTacoMaroasa
fIpM permoHanbHOM MeTaMophuaMe, ONpPEeNHrs COOTBeTCTByWlNe (aKk-
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TOPBI IOKAIM3AINKE MeCTOPOXAeHMH W faThb NPOTHO3 TalbKOHOCHOCTH
CCCP [3]. BaxuelunM NonTRepKAGHHEM CIDABENIMBOCTH KpPHTEpHEB,
TIOJIOEeHHBIX B OCHOBY 9TOrO MpOTHO3a, OBLUIC OTKpLITHE B Npeaenax
arnpyopHO HaMedyeHHOT'o OaronpHETHOIO perMOHAa KpynHeHme# Tanbko-
HOcHOH npoevHuun 3ananuoro [IpuGaiikaned, B KOTopo# BoOOulEe OT—
CYTCTBYIOT MarmMaruieckKue mopoabl. PervoHanbHO-MeTaMophHyecKue
MECTOPONACHHS TallbKa MPHypoYeHbl K MHTepRally yCIOoBHH OT CTYMEHH
aCNUHBIX CllaHneB [0 MHpoKceH-aM{ubonuToBol dauuu ¥ OTCYTCTBYIOT
B HanMeHee (uneonuropas daums) u mamBonee (rpanyhurosas dauus)
MIyBMHHBIX KOMIIeKcax. Melnkie MeCTOpOXAEHUS H3BECTHBI TAKXKe B

OTHOCHTEINILHO IVIyGHMHHBIX KOHTAXTOBO-MEeTaMopduieckux tauusx amdbu-
Bo/loBLIX H MYCKOBHTOBEIX pOoroBnkoB, Taxoe pacipepneneHue Mecro-—
poxpeHu# TalbKa NOATBEpxaaeT Teoperudeckoe nonoxenue [1.C.Kop-
#uHckoro [ 1] o kpucrannusaumm TaneKka HA yMepeHHbIX IiyOuHax.
HauBonwwuil uuTepec NpeAcTARIsIOT NpefelbHEE ycloBud GopMupona-—
HHH MECTODCHMueHHHl, BhIXOAMUHE 3a NPHHATHIE PAMKM CTabHILHOCTH
TalibKa npy MeramopbusMme, B MuCreoCHHKMHHaNBHOH pHdeiickoi Tomue
3anansoro IpuSafikanss (crymens acnmnHbx ClaHuer), Ha paccrosHHe
okonmo 500 KM npociexeHs MOPHACHTEHL YEPHBX TabKHTOB MOLIHOCTHIO
po 70 M, mpuypodYeHHbIE K OKPEMHEHHEM OHKOIHUTOBBM AO/IOMETH3H-

. posasseM H3BecTHaxam [ 5], [To mpenmomoxeHmio apropa, MAaccoBas
KPHCTANIM3AUNS B 3THX MUHMMANLHBIX YCIOBHAX MeraMopdusMa crumy-—
NMMPOBA/lach NMPOTEHHOBLIM BeleCTBOM OHKO/HTOB, NPH [eHHUTpPHbHKANNN
KOTOPOro MOI' BbUIEIATECH WENOYHON aMMOHHH, YTOo M Cnoco6CTBOBAIO
KPHCTA/NTU3aliE TalbKa MMpH HeOOBMHO HU3KHX TeMiepaTrypax, JTo
MPEANOIOKEeHHe MTOATBEPAMIIOCEH TIPH ONpPede/leHHH CIeKT POB CRA3AHHLIX
AMUHOKHCIIOT OpIaHH4YeCcKOro BeecTBa OHKOJINTOR, AalOOHKOIHTOBLIX
KpeMRe# ¥ Tanbka (¢ur.). CGanaHCHpOBAHHBIE PEAKUHH, CBI3LIBAIOLIHE
CIEKTphI MPOAYKTOB OBYX MOCIeNOBATE/IbHBIX CTaaH# MGMEHEeHHS OHKO=—
niToB, (UMEKCHPYOT yCWISHHe MOJIMMEpH3alid aMHHOKHACIOT C BhIgele—
auemM O, H (ynanenme nerywx) u C (ycnnenme yriegukaumm), 4ro
COOTBEeTCTBYyeT OGEMHEM H3MEHEHWSM OPraHHYEeCKOTO BemecTea IO
Mepe ero Meramopbrama, Brigeneune HOHA &MMOHMS MOXET MIPIMO
CBHETellbCTBOBATL O BO3HHKHOBEHHMM MeCTHOM camononnepmnna}omeﬂéﬂ '
IE/IOYHOCTH B Ipolecce Hayapleicd KpUCTanin3anud ranbka, Makcu—
ManeHo MeraMopduiecKHe MecTOPOX[IeHHH TAallbKA BLHISBIGHEl B MHPOK—
cen-aMubonuropoil fanuu noxembpua lOro-3amapnoro IMamupa. B cinan-
neBaToM IMIaHTOKPUCTAINIMYECKOM TallbKe 30eCh BCTPEHAlTCH PEeiUKT b
HencesgoMOptHO saMelnaeMorc SHCTATHTA, HO BMeCTe C TéM B Kpaenbix
HacTax KPYIUHLX BKTIOYEHMHE He3aTpOHYThIE 3aMelleHHeM IIPHU3MbBI OPTO-—
MHPOKCeHA MPHOOCpeTAaloT OpPHEHTHPOBKY, NapeiulelbHyio I'PaHMIaM C
TalbKOBLIM arperaroM., 3TH COOTHOWEHHHA CBHAETENBCTBYIOT © COB—
MEeCTHOR KPHCTa//IM3aUUM SHCTATHTA H TalbXa MPH HHTEHCHBHOM Hall-—
pamnenHoM papjedus. Hacruunoe saMemeHHe SHCTATHTA TallkKOM
ofyc/oBIeHO He TepMOAMHAMHYECKMM HEepaBHOBECHEeM, 8 XMMHYeCKUMH
rpagMesTaMH Mexny MATHesHTOBEIM MpaMOpoM M rHedcoM, T.e. 9H-
crarur (npuneraommit K marmesnry) u ranex (mpuneraomuk x raeficy)
CllaraiT SOHBI MeTAcOMATHYeCKOil KONOHKM. DTOT mapareHesdc GNH3oK

453



" AMMHOKHCIIOTEI On | Kp Ta

Tpeouwn (Tp) H9C4N03

Tmamm (Tw)  HoC,NO,

Ananun  (An) HeC3NO,

Cepun (Cp) H7C3N03
Bamuu (Bn) Hp1C5NOo

Acnaprusnoeasg KHCIICTa
(Ac) HLC,4NO,

Juaun (J1a)  Hy4CeNO,

I'nmyramMuHOBaa kucnora

Te#inua (J'ln) H13C6N02

(IN On - Kp:
‘B5Tp - Cp+Bn+Ac+Il3+3H20-l{)+2C

(2) Kp » Ta

Ac+2]la » I'r+/u+2H 2O+.‘3C+3 NH3

CTIEKTDLI CBfISAHHBIX AMHHOKHCJIOT OpPraHH4YeCKoro bBeleCTBa OHKOIIH-
toB (On), oxkpemuemnrix ( Kp) »® orampkoBamHbix oHkomtoB ( ')
yayuryiickoit ceuTei pudes 3.llpubaiixanna. Onpenenenus T.B. [pos—
noeoit, TEOXHW AH CCCP. Brusy npuBeleHbi c6allaHCHPOBAHHbLIE pe-
aKU{H, OTpaxallie COOTHOIEHUS MeX/1y CUeUHpAUeCKHMH coeduHe—
HHUAMH HCXOJHBIX OHKOJ/HTOB H [OBYX CTaguifi HX H3MEHeHHUs

K YCTAHOBJ/IEHHOMY 2KCIepHMEHTA/IbHO BEepXHeMy Ipeneiy ycmﬁ‘mnbc*m
Tanbka opcTepHT+TaNbKSHCTATUTHIAp ¥ TANbK ;! SHCTATUT+KBAaPUHIAP,
KOTOpLI# Kasajlcd He OTBReYAaillUM IposB/IeHHAM Tallbka B IpHpone.
CHHKMHEMaTHYHOCTb MAMKEPCKMX TallbKMTOB — APIYMEHT B MOJL3Y HX
dopMupoBaHMS Y MaAKCHMyMa MeTaMopduaMa, ITOCKOIBKY Ha MeCTOpOX-
OeHHFX CTYNEHM ACHEHBX ClIaHUEB K YaCTHYHO daln¥ 3eJIeHbIX CIIaHueR
TalbK Takxe claraeT CHHKMHeMAaTH4Hble CllaHleBaTble arperarbl H He
COOePXKHT PpelIMKTOB BBICOKOTeMIIepaTypHEIX CMJIMKATOB, KpHCTAINIH3YACh
O4YeBHAHO, COCK/I&n4aTo Ha NMpOrDEeCCHBHOM BeTBM MeramoppuaMa. [ns
TalbKHTOB poroBoobMaHKoBo—-aMdmGonuroso#t daunwm xapaxkTepHBbI ICEB-
noMophoabr MO AMONCHAY H YMeHBUIMTelbHAS I'paHy/su¥s HeopHEeHTHpPO-—
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BAHHOI'O KpyIHOYeury#iqaroro Aarperara, 4TO CBHETeILCTBYET O
KPUCTANIM3AIME HAIPaB/IEHHOTO [aBlleHud, XapakTepHo CyxeHue ofnac—
TH COCTA4BOB IOpPOA, 3aMellaeMbIX peaKIHOHHO=MEeTacoMaTHYeCKUMH
TanbKUTaMu, [0 Mepe Mepexona OT Ganu#t HMSKOTO K GANHAM BHICOKOIO
MeTaMopduama,

B dauuax senenex (v acnmoubx) cnanues (Euucelickmit kpsx) u
MYCKOBHTOBLIX pOTOBMKOB (Marnkei Xunran) TanbKUThH 3aMemanT [qo-—
NOMHMTHI ¥ MarsHesursr (raxxe mo cmimkaTtHo#t cpepe), B poroeoofMan—
kopo-aMduBonuropoit daunu (Bocrouupit CagH) saMemalwTCd MAarHeauThl
(Mentwe Mo cumukaTHON cpene), Torma Kak AOMOMHTEI NOABEPranTcH
nuie cnaboMy CONPSHKEHHOMY OKBapuepanwo. HakoHel, B NHPOKCEH-
amubomuropoit (IOro-3ananmwiit Mammp) u amduBon—porosukosoi [2 ]
dauMsax TanbKHTH! KPHCTAINH3YIOTCH /MWL B AMOMATHESHTOBBLIX 30HAX
MarHesHanbHbX CKapHos, B mepeeix Tpex daunusx aToro psma Talbk
nporpeccused, a B OCTaleHBX (Kpome [Tammpa)- perpeccuses. Tarm
06pasoM, HaBmOAeHHs Ha IPOMBIIEHHBX MECTOPOMISHHSX MOKASLMBAIOT,
4TO B KayecTBe MAKCHMAMLHOI'O MHHepana TalnbK AeH#CTBHTENBHO HaW=—
foriee TimHuYeH Ans QanuM SENeHBX ChnaHues (e OH Takxe YacTHYHO
perpeccHBeH), XOTd KpyNHble ero CKOIIeHHS NpH AOMOIHMTENLHEX Bra-—
FONPHATHEX QaKTOpax BO3HMKAIOT MPOrPECCHBHO HA CTYIEHH ACHHOHBIX
cnanner (M B GaUMM MyCKOBHTOBEIX POTOBHKOB), & DerpeccHMBHO — B
poropooBMankopo—amduGonaTropot Ganuu (1 amduBGONOBRX DPOrOBMKOB).
B MakcHManbHBX ycoeuax (nmpokcen-aMduGonuropas (amus) MeTamop—
¢usMa ycraHOBNeH HauGonee ynopsnoueHHbn Tanbk (Mopubmxaums !
TK), 6muskuit mo cocraey k mpeamnho# crexmomerpun Y3[Si401¢] - (OH)2,
TOrna KaK B OCTA/lbHBX ClydYasx MeTacoMaTW4YecKHil TallbK HEeMaMeHHO
BblBaeT NoTyGecnopsnoYeHHEM (ICeBIOMOHOK/HMHEALIM) 1 xépax'repnay_
ercs M36LITKOM OKTas[puyeCKWX KATHOHOB ‘M BOOLl, BepPOATHO, CBf-
BAHHBLIM CO CMEUAHHO-CIONHON NMPHMeChid TaKEeTOB MOH TMOpPH/UIOHHT O~
BOTO M XMOPUTOBOTO THIOB. BenuudMHa 2TO# IpUMeECH, BO3MOXHO, 00—
paTHO TPOMOpPIHHOHAILHA TeMrnepaType KpHCTallMsanud. TalbKH IIporpec—
cupBHO#i BeTBM MeTaMopdusma Gonee ynopsnodeHsl MO CPaBHEHHIO C
perpeccusnsmvu [ 7] .

BpycHT nerko moiy4aercda B 1a60paropHd [NpH HeBOIbWHX TeM-—
nepatrypax rugpatrangMell nmepmkilasa B TNpAMBM OCAXOEHHEeM H3 BOAHBIX
pacTBOpOB, HO B paBHOBecHOH# CHCTeMe ¢ KapOoHATaMM pacnonaraercs
B OTHOCHTE/ILHO BLICOKOTeMiepaTypHoM mnojie. B npupone OH yCTaHOB/IEH
B CKejleTax HEeKOTOPLX COBPeMeHHLX KapBOHATHBIX OpraHH3MOB, oOf-
HAKO er0 MeCTOPOXMASHHH [PHYypPOUYEHL! JHUlbL K KOHTAKTHBM Opeojam
Maiio#f riyBunHocTH, MoHOMUHEpabHble GPYCHTHTHI MHOIA CBA3BLIBAIOT
C NPUBHOCOM MArHud M3 Marmel, [Ipy 2TOM HeMsMeHHag accouHanusg
OpyCHTHTOB M MATHe3HTOR OOBACHAETCH WM ONHOEDEMEHHBIM HX obpa-—
30BAHMEM COOTBETCTBEHHO BO BHYTpPeHHEH M BHEWHeH 30HaXx WIH peMar-—
HeauTH3anue# GpycuTa po bBHewHel sonme, OnHAXO Ha MECTOPOXAEHHAX
Manoro Xunrasa OpyCHMTHI M IepeMexalluecd C HUMH TEeHKATHTLI
(6pycuT-KanuuMTOBBIE MpaMOpHI) B IIpefeNax eiHHBX pa3pescs nepe—
XOHAT BO BHEWHIOK CTOPOHY KOHTAKTHLIX OpPEO/iOB B MAarHe3HTOBbIe H
OOJIOMHTOBEIE MPaMOpHl, 8 3aTeM — B HelepeKpPUCTAaVIN3OBAHHBIE Kap-—
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foHATHEIE MOpOAE, B TOM YHCIe CYEHb XapakTepusle nenurTomopbHbe
MAardesuTrl, WHPOKO paclpoCTpPaHeHH:LIe 3AeCh H BHe NpoCTpPaHCTBEHHOK
CBA3H C MHTPYy3UBaMH., JTH M ApyrHe HabmomeHus CBHOeTelbLCTBYIOT Of
H30XMMHYECKOM XapaKTepe KOHTaKTHOro MeramopdusMa ¢ oBpasopa-—
HHeM OpyCHTHTOB TIO MarHesHWTaMm, & NEeHKaTUTOB - IO AOJIOMHTaM
[4, 6]. B cnyppur-MepBHHHTOBON M NHPOKCEeH-POrOBUKOBOH dammsx
BpycHT ofpasyeTcd NpH THCTeporeHese mcepnoMopdHo Mo Mmepuknasy
¥ MHUb CHOPAgWiecKd BO BHEWHeH 30He KOHTAKTHBIX OPeo/loB — B pe=
aylbTaTe MpsSMOr0 paanoXeHus kapGomarce (mporoGpycmr). B xomTakT-
HEX opeonax aMbubon-poropuxoroi panuu (CaTka u Bakan B Bawk#pc-
KOM AHTHKIMHOPHMH) Ilepdkilas He ofpasyercs M BO3HMKAIOT [HUE Ma—
NIOMOIIHEI® 30HBI NPOTOGPYCHTOBRX Topon. B ycnoeuax Golbue# riay-—
GMHHOCTH TIpPM KOHTAKTHOM MeTaMoplusMe MOJHOCTBHIO TEPMOQMHAMH-
YeCKM YCTOHUMBEL MarueaualbHble KapGoHATHL

Takum oBpazom, B CK/lagyaThX 30HAX MAarHesHalbEEBie MOJIe3HLie
HCKollaeMble YKIaObBalTCa B 000GMeHHbH BOSPACTHON pgaa: AocKnag-
4yaThlii MapaMeraMoppuuecku#i MaArHe3WT - MpPeMMYIIeCTBeHHO CocKmar-
qaThbll perHoHanbHo-MeraMopdudeckuil Tallbk — [IOCHECK/IanyYaThii KOH-
rakTopo=-MeraMopbudeckuit Opycur. [locnennuii BO3HHKaeT M B HEQUC/IO=-
MPOBAHHBIX BEPXHMX 2TaMax MpH KOHTAKTHOM MeramophusMe O0JIOMH=
rop (memkaturer Annana) u spanopuroBbx GopMmanui (meHKATHTEI C
MeNnKuME Tenamu OpycururoB Ha Taiimbipe).

ABSTRACT

Deposits of magnesian industrial minerals are localized predominantly in
dolomitic strata of the lower levels of folded systems and, with a few
exceptions, fit into a summarized age series: prefolding parametamorphic
magnesite — synfolding regionally-metamorphic talc — postfolding contact-
metamorphic brucite,

Magnesite is thermodynamically stable in all the facies of a regional
metamorphism and becomes decayed with the formation of a periclase
or brucite only during a superimposed contact. metamorphism at a small depth.

Talc deposits are formed mostly as a result of a reaction metasomato-
sis in metamorphic facies of a moderate depth with a successive shrin-
king of the composition area ‘of rocks replaced progressively (p) or regres-
sively (r) along with a higher grade of metamorphism: 1) dolomites, magne-
sites, silicates (facies of slates (p), green schists and muscovite(alvite-epidotic)
hornfels (p, r), 2) magnesites and silicates (facies of hornblende amphi-
bolites (r)), 3) apomagnesite silicates (facies of pyroxene amphibolites
(p) and amphibole hornfels (r)), Judging by the established spectra of fi-
xed amino acids in the organic matter of oncolites, ofisilicified and
talc-replaced oncolites, a mass talc formation at unusually low temperatu~
res of the slates has been sometimes stimulated by a higher alkalinity
(ammonia), determined by a denitrification of the organic matter during
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the talc replacement. Under maximum conditions of the pyroxene amphiboli-
te (disthen gneisses) facies an ordered talc (1 Tk) closest to the ideal
stoichiometry has been established which replaces enstatite in jts ther-
modynamical equilibrium. In other cases metasomatic talcs are semi-ran-
dom (pseudomonoclinic) and are characterized by an excess of f)ctahedral
cations and of water, this being, probably, associated with 2 mlxed-layep
admixture of chloritic and montmorillonitic type layers, the amount of
which is in a reverse proportion to the crystallization temperature. The
progressively metamorphic talcs are somewhat better ordered than the re-
gressive varieties, . o
Apomagpesitic brucitites and apodolomitic pencatites (brucfnecalc:-nc
marbles) in the spurrite-merwinitic and pyroxene homfels facies are for-
med with an intermediary stage of periclase, while in the amphibole hom-
fels tacies.— directly after carbonates. Under the conditions of a.great
depth magnesian carbonates. are completely stable thermodynami—

cally.Contrary to the magnesite and to :alc_,particularly,_ a[.?odolomi[ic
pencatites and pencatites with minor accumulations of a mt_mommeral bru-
cite (at the expense of evaporites) have been established in contact
aurcoles of the nondislocated platform cover as well.
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