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IIPENCJIOBNE

Tpypuoo mailtm B HayKax o demiae [ojee aKTyalAbHYIO, CIOKHYI0 H
obumpayo npoGiemMy, deM HaydeHHe PyI006pasyomux CHCTEM ¢ Iedbio Ho-
BEINCHHUA eIIe BechbMa HA3K0H dOHeRTHRHOCTH MONCKOB W MPOTHO3HOE OMEHKU
pyausix Mectoposipennit. Munnuapasr pyGieit, poinapos, gyHToB, Mapok B
dpaHKOB TPATUT €3KET0JIHO TeJ0BEYECTEO, ITOOE BHABUTH HOBHE MITHEDATIbHEE
PecypeH, TaTh MPABHIBHYIO OMeHKY TIy00KHM FOPH30HTAM W (IanraM MaBecT-
HEIX DPYIHHEIX T0Jeil, Bei0paTh MeproovYepe;(HEe II0NA 1 [/ HOUCKOB MeCTo-
POSKJIEHMIT M MecTa Badoskenna PyAunkoB. TpymHo HA3BATH 00JIACTh TEOJIOTH-
YeCKMX BHAHMIL, He HMEMIIYI0 OTHOIISHHS] K DKOHOMUIECKOU TeoloTum, HO,
HECOMHEHHO, OIHO M3 MePBHIX MECT IO HCIOJb30BAHMI0 UX 3aHHMAET Te0XH-
mus. Baecre ¢ TeM moTeHiman ee eme fajJeK0 He IMOJHOCTHIO 3aefCTBOBAH
mas obmerdennms OpeMenn pacxXoJ[0B HA PACHIMPCHUE CHPLEBOH Gassl TOpHO-
PYAHOR IPOMBIIIIEHHOCTH.

Cratem cOOpHEKA TOCBAMEHB TEOPETHIECKUM OCHOBAM PY/HOI reoXuMHun
H PacCMOTPEHMI0 HOBHX MAHHEX, WCIOAL30BAHME KOTOPHX KAK IIPH Peruo-
HAJbHBIX METAJJOTeHHMYCCHKUX HCCJEIOBAHMAX, TaK U TIPH I[aHﬁOJIBG Kpymao-
macmra0HOM DNPOTHO3UPOBAHHN OPY/[AeHEHHS HA INIyOMHY MOKET TOMOYh
HONCKOBHKAM W Pa3BeliMKaM HAHTH ONTHMAIbHEIE NPAKTHIECKIE DPEHICHILA.
Bricoke mpodeccmomanbuas HeATeILHOCTh Te0JOTAa-PYAHHKA — HTO TBOpUE-
CKOE HMCCJe0BAHNE, BHISBJIAIONEE HEYTO PaHee HEM3BECTHO®, TIOCKOJBKY HET
COBEPIICHHO OJIMHAKOBRIX MECTOPOKJIeNNil, PYHHX yanop u paiiomos. V mpm
9TMX PasHo00PA3HBIX, PA3HOMACIITAGHKX W HA PA3JINYHEN Pe3yaLTaT OpHeH-
THPOBAHHEIX paforTax, €cTecTBeHHO, HeoOXo/mM0 OBITh B KyPCe COBPEMEHHEIX
Pe3yIbTaTOR, MOTYIEHHLX NCCIEOBATCALCKIME KOMIEKTABAMA MHOTHX BEIy-
[UX HAYIHEX T[EHTPOB CTPAHEH 32 IOCTEHMe TOJE M JIeCATHICTIHA.

Coopunr otrpeiBaerca crateeit JI. B. Taycoma o reoxnvmuecknx tuomax
MarMaTHYeCKUX MOPOJ H MHAHKATopax mx pymorocuoctu. H. A. llluxo ¢ co-
aBTOpPaAMH PACKPHIBAIOT PETHOHAJBHLIC 3aKOHOMEPHOCTH METAI0TeHmIecKoit
B0HAJIBHOCTH KPYITHOTO DPErMOHA, 3ABUCANINE OT TEOIHHAMIIECKNX YCIOBHI
ero passHTHA. ITY K TeMY TeOXUMHYECKOR 00YyCI0BICHHOCTH MeTAIIOTeHH-
YeCKOr0 PAasBHTHA CKIAAIATHX obxacreil passmsaior crarbm I'. H. Mlep6m
u B. M. Parkumesa, W. C. Typrura, II. @. Usanknna m gp., ocCHOBaHHEE HA
ray0OKOM H3YyJYeHHH KIAPKOBOH TeoXHEMHH o0mmpHHX muposuAnmii Cubmpm.
B. A. 3n06un, A. B. Hoxnn, H. H. Avmuueknit, B. B. [Toranses, A. C. Jla-
OyX0B W JIP. XaPaKTepuayioT 0ojee JOKAILHLNE YCIOBHA, IPHINHE, TEOXAMI-
9ecKie NPHU3HAKH I KPATePHH IPAMOIl ONEHKH Opy/leHeHUA. 3aBepmant chop-
muk crarem B. I'. Monceenxro, I'. B. Pyuxmra, M. C. Caxaponoii, H. B. Poc-
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JASKOBOM W JIP., B KOTOPHIX BEIABISETCS MEXaHM3M MATPANNE I KOHIEHTPATINIL
5I6MEHTOB B PYI006PasyIOIUX cHCTEMaX M HaMeTaeTcs HalpaBIeHie IOuCKOB
HOBEIX KOJITIOCTBEHHEX HHMKATOPOB PASHOCTOPOHHEH OMEHKN DYIHBIX Me-
CTOPOsK/IeHAH M PYAOHOCHBEIX miomayeil Kak mpWm MeIKoMacinTalHOM MeTal-
JTOTCHITeCKOM AHANM3E OOMIMPHHX TEPPUTOPHIl, TAK W Ha CTAJNH JETAIbHBIX
[OMCKOBO-ONEHOIHHX M pasBefodHHX pabor. Mmorme mjem, Pa3BHBAEMEI®
B CTAThAX COOpHMKA, W HANPABISHHEG PErHOHAILHOrO I JOKANBHOTO TeOXMMI-
TecKOTO aHAJIm3a, IPHHOCHIEe CBOM IIONE M CO3/AI0NEe HAYIHYIO MEepCIer-
THBY MOBHMIEHHs dPQeKTHBHOCTH TPYAA TEOIOr0B IPOA3BOJICTEA, dopmyampo-
BAJNCH T HACTOMYMBO PEKOMEHIOBANICE A JlaTbHeNIel paspaloTK® 3aMeda-
renbHEEIM ucciemonareneMm meap Cmbmpu, OCHOBATEIEM 3amaj(HO-CHOIPCKOTO
KOJJIeKTUBA TEOXMMHUKOB pyjmHoTOo mpoduis mpodeccopoM, UIeHOM-KOppec-
nommentom AH CCCP @eamxcom Huxomaepmiem IllaxoseM. Boanmmucreo
aBTOPOB COOPHEKA, YYHUKH ero ¥ LOCTe0BATENH, MOCBAIEAT CBOM TPYIE
CcBeTJIOH ero maMATH.

Bam3ocTh TEMATHKW MHOTHX crareil W HMOBTOPAEMOCTE B HUX 3HATATENb-
HOM WACTH CCELIOK MOGY[MIN HAC BaBepIIATh COOPHUK OOMUM CIHCKOM JHTe-

PaTypH.



J. B. Taycon
MATMGLI 1 PY/IBI

HPOGJIBMB CBA3M MArMaTHYCCKHUX TOPHBIX IOPOJX M JHIOIeHHBIX Pyo-
HBIX MECTOPOJK/CHUI M3/[ABHA CUNTACTCH OJIHOI M3 BAKHEHITUX M TPY/HEHIIIX
B TEOJOTHH.

Dennre Huromaesma [llaxor — mpynueiimmit cumpckmit Teoxor-pya-
HOK — IpeKpacHO TOHAMAaJ 3HageHHme aroil nmpobaemsl. B opmHoil m3 ceomx
nocaepgErx pador «MarMa m pynn» OH He TOJIBKO IOKA3aJ ee IePBOCTeIeHHOe
3Havenne, Ho o0paTmi ocofoe BHIMAHNE HA POID JeTYIAX KOMIOHEHTOB Marm,
0coOEHHO HA TO3J(HEe- M TOCAEMATMATHYECKHX BTANAX MCTOPUH MHTPY3UBOB.
@. H. [lTaxos mojuepruBa , 9T0 penicnue mojxo0HLIX 3289 BO3MOYKHO TOIBKO
IIpH YCJIOBHHM HIMPOROTO HpHUB/JICYCHNUA I'€OXHMHYCCKHX JIAHHBIX U AKTHBHOIO
VIACTHSI B UCCJHAEJOBAHUAX IeOXNMHUKOB. C.neuye'r YHa3arh, YTO N TeOXHMHKN
yiKe TaBHO HAYaJu 3aHUMAThCs HT0il wpobaemoil.

B 1948 r. A. Il. Bunorpajyoe coGpan mepBHil ceMHHAP Te0XHMOKOB, Ha
KOTOPOM HONIPOCH/ MPUCYTCTBOBABIINY OTBETATh Ha OFMH EIMICTBEHHHI BO-
npoc: B KaKuxX caydasax rpamut jaer pyay? Oreerst Obinm BechMa Heompeme-
JeHHEIMH U B PAJE CIAYyYaes, Kak Teneps Acno, omndounsiva. Begymme mamm
merporpadsl (B. C. Komres — [{BopHuKoB) TOrjia TOABKO HAYAIH 3aHEMATHCS
TeOXHMHE I'PaEUTONIOR, HO, K COKATIEHNI0, HA MOJYKOJMIECTBEHHOT OCHOBE.
JTOT METOMONOTHYECKHE HEeKOPPEKTHHIl MOAX0[ CO0COOCTBOBAN IIOABICHHIO
ommO0YE0Nl TOYKH BPEHUSA O TOM, YTO TOTEHOHAILHO PYIOHOCHHE IDaHATH
JIOJUKHEL OBITH 3HAYATEALHO O0OTAINEHE TeMH PYNHHIMEH BJIeMEHTAMH, MECTO-
POSKJEHAS KOTOPHIX CBASAHG ¢ HAMI TeHETHYCCKN. JTa KOHIENIHS METaJio-
TeHMYECKOI CHeIHANM3AIMIT MArM TOJYYniIa 0COOCHNO IMUPOKOE pacmpocrpa-
Hernne B 60-x rogax u ¢ TeX MOp MOJJICP/KUBACTCSH YACTHIO I'E€0JOTOB.

Odgens 60bIIOE 3HAYSHTE /I PEHICHIA ONPOOJEMBI TEOXHMMAN MATMATHIE-
CKITX TIOPOJ W CBA3W SHAOTEHHOTO OPYJ/IEHEHHs ¢ MATMATHTAME UMeI CO3BAaH-
wetit A, II. Bumorpajossim 30 ser maszajg Me:KIyHAaPOIHEI CHMIO3MYM, TMOCBA-
IMEeHHBIA T'eOXHMHUN PeIKAUX DJIEMEHTOB B CBA3H ¢ MPOOIeMOM meTporeHesmca.
B mem, mapany ¢ mammvu kpynmeidimuvu reoxmvuramm A. II. Bmmorpamo-
seiv, JI. C. Ropsxmuckuym m H. B. BemoesiM npmEEMannm ygacTme TaKHe BEHI-
patomuecs ydensie, kar JI. X. Apenc, 9. Varepcon m gp. 3akpEBaA CHMIO3H-
yM, A. II. Buuorpagos o6parni BHOMAHEE HA HEOOXOJHMOCTb WM3YICHUS TeO-
XuMun PeKuX DJICMEHTOB B CBA3H C IETPOTEHE3NCOM W OTHOIMEHWN PYAH I
nopojer. Jis MOHEManUA CYIHOCTH 9THX OTHOINEHWH IMePBOCTCICHHOE 3Have-
HHE HMeJIU BBIBOJIBI 0 M'COXUMMICCKAX KPUTEPUAX MOTCHIHAILHON PYHOHOCHO-
CTH TPAHHTOW/(OB, BIEPBEE [IOCTATOYHO O0OCHOBAHHO C(HOPMYINPOBAHHLIE
B 1970 r. ma Beecolosmom reoxmyvmaecrom cummosuyme B Mpryrere.

Yike R ToMy BpeMmenn ORI HAKOTICH 3HAYATEIBHHIT MaTepual, MOKA3EH-
BAIOIINIT, 970 B KOHETHOM WTOTe IVIABHEIM (AKTOPOM IMOTEHIHAIBHON PyTOHOC-
HOCTH MAarMaTHTOB ABIACTCA HACHINEHHOCTh IX JETYINMH U, IPEKIE BCETO,
BOJOIT, a TAK/Ke MHTEHCHBHOCTh M MaciTalsl IPOIECCOB BMAHATHOHNOM Imd-
depernuanun M yeHOBWI eTazalud MarM Ha II03[He- H IMOCIeMarMaTindecKkmnx
oranax. Hoanuecrsennoe mayuyeHme TEOXUMUM PYAHBEX, PEIKAX H JeTyIAX
KOMIOHNCHTOB MarM IOKABAJO0, UTO TPW IX KpueTaamnzannonuoi juddepennnma-



nmn Gomee 99 % aroMoB PYAHHX H PEAKMX DIEMEHTOB 3aXOPAHMBACTCA B MO~
POI000PasYIONMX I AKIECCOPHHIX MIHEPAIax MarMaTuros.

B LPOTHRONIOIOAKHOCTD IOPO00GPASYIOMAM, PY/[HEM 1 PEJREM dIeMEH-
TaM Jerydne KOMIOHEHTH MAIM B 3HAUATENBHOI CBOeil Macce NOKHIAIOT KpPu-
CTATITH3Y OIS MATMATHICCKue pacmaansl. B HanGoapmmx KOJAMIECTBAX U3
MATM YAAIAITCA XJIOpP W yriaexucrora (Gosee 90 %), B 3HAYATEIBHEIX — BO-
na, Gop u cepa (Gomee 70 %), B HamMeHbIIAX (OKOJIO 50 %)— ¢rop. Muoro-
qHCIIeNHbe HKCIEPHMERTH ¥ HEKOTOphie IPHPO/IHLIe CHCTEMbl HOKAa3aud, |To
¢ JMeTyYNMH M3 MaCMaTHYECKHX 0YaroB BEIHOCHTCSH TacTh mopo006pasyommx
preMeHTOB (IPeKIe BCEro HATPHA n kaxnsa), a Takme pyansie u pegkme. Ojma-
X0, IPHHEUMAS BO BHUMAaHHe He3HAUHTeNbHbE A6COMIOTHEE CONepP/Ranm 601b-
IMAHCTBA JETYIHX, KOJMIeCTBA PY/HHX M PEJIKAX DJIEMEHTOB, KOTOPHIE MOTYT
GHITH ¢ HUMI CBA3aNL, ORasmBalorea meboapmumn. Hanpavep, MakcnMaabHOe
KOJIMYecTBO XJ0Pa B MarMax OLEHHBACTCA B 0,3 %. EcrecTBenno, 9T0 Koau4e-
CTBO PYOHHX H PEAKAX OIeMEHTOB, KOTOPOe MOKET OBHITH  CBA3AHO
¢ 9TMM TPAHCIODTHEIM AareHTOM, Gyjiler BeChLMa OTPAHMYEHO, ocofeHHo ecanm
VIUTHBATH, YTO B MarmMax Ha CBA3h ¢ XJ0POM IPETEHYIOT MHOTHE 1opooo6-
paayion[ae HIeMeHTH, B TOM Wne/e Kalbijuii, Harpuit u Ranmit. B peayasrare
MOZKHO TONATATH, 9TO €O BCEM KOMILIEKCOM JeTy4HX KOMIIOHEHTOB MarM CBA-
amBaercs Tobko okomo 1 % aroMoB PYJAHBIX W PEAKHX D/IEMEHTOB.

MacirraGsl ¥ WHTCHCHBHOCTD TPONECCOB HMAHATHONHOM Auddepennuanmm
MarM OLpeessioTCA AX MCXOJHHM COCTABOM, YPOBHEM COACPKAHMA JCTYTUX,
a TaKxe o0meMoM m TUyOmHOI 3aneraEmA JndOepPeHIMPYOMEXCA U KPHCTAT-
AM3YIOIMAXCHA MarMaTHYeCKUX 04YaTOB. HanGoxee 0aaronpHATHRIMU YCIOBHA-
MII A TPOTERAHNA MPOLNECcCOB HMAHAT[MOHHOM nuddepermuanun 06IaTAIOT
ramaGmecabEEe MHTPY3HN, (GOPMHEPYIOMMACA Ha raybuHAX 4—5 HM.

BechMa CI0/REBIM, KOHETHO, GHII BOIPOC O THHAX MarM, 0COGeHHO B CIY-
gae TPAHATOWIOB. SIBaAACH 9HEPreTHICCKN nanbosee BHITOTHHIM KJIACCOM
TOpoji, TPAaHMTHL MOTYT O0ODPa30BHIBATECA PAINHTHEIMH crnocobamu. Ilomerm
PaEOHANBHOI CHCTEMATHRH MAarMaTHIeCKAX TOPHLIX HOPOX, OCHOBRIBAIOMLNC-
cA WA PAsIMIEAX WX KOJAMYECTBEHHOTO MMHEPANBLHONO COCTaBa M KOHIEHTPA-
TMWOHHEIX COOTHOIEHMH IeTPOTHHHIX BJIEMEHTOB, YCHeXOM IOKa He yBeHda-
ames. BMecTe ¢ TeM KOMMYecTBeHHbe Te0OXIMIIeCKHe NCC/e/I0BaHnA MOKA3AIMT,
470 MarMaTHUecKue MOPojsl jaske OAMBKOr0 MHHEPAJIBLHOTO H XHMHIECKOTO
COCTABOB MOTYT CYMECTBEHHO OTINYATHCA JAPYT OT Apyra o KOHIeHTPAlmoH-
HEIM COOTHOMIEHHAM pefrux anemenros. Hak okaszanoch B caydae rpaHuTos,
panGomee PAsIMIAIOTCS COAeP/RaHusA PyOuMsA, JHTUS, CTPOHILHS, fapua =
dropa.

[IpenMymecTBa NCHOAL3OBAHMA ANHAIX 0 PEOXHMHN PeJKAX ICMEHTOL
IS YCTAHOBIGHNS PABTMUMIl MY PAHHTAMI, MMEIOTIIMU famskme ypOBHM
10 KPEMHERHCJIOTHOCTH W COASP/RATMIO MeJ0Ueid, HATIsA/IH0 JeMOHCTPUPYIOTCA
puc. 1. ComocrapieRne NeTPOXAMUYECKA W MIHEPATOrHIeCKH CXO/[HEIX neitko-
KPATOBHX TPAHWTOB, OTHOCAN[MXCH K PABIMTHHM WHTPYSUBHEIM KOMILIEKRCAM
1 MMEIOmUM PA3INTHEN TeHesHuc, I0Kasano, 4Uro IO BEIMYHHe OTHOMICHMA
F(]Sill_ej__—RB:—)(maBHuﬁ PeKOMEeTAINLHEIT HHIEKC IPAHATONIOB) OHH pasjmda-
JoTCS Ha TATH MOPAAKOB: OT 2,5 y IIarMOrpaENTOB MAHHCKOTO ROMILICKRCA
(3amapmeit Casn) mo 13 ThiCAY Y ArmamTOBHIX TPAHNTOB Xaun-Borguaeroro
maccnsa (MHP) m Goaee 150 TmicsaT y OHrOHHUTOB MHP (amruii-gropmeroit da-
UM IIIOMASHATOBEIX aeiikorpannrtos). Ila TIeTPOXAMMYCCKOM IHarpaMme
Si0,/(Na,0 - K,0) ouronmrst MHP mpaktadeckn ne 0TIHYa0TCA OT Pallakm-
gn Hamaperoro maccusa (Cesepuoe Bafafikanne) U THPUHCKAX PHOJNTOB N3
paiiona Xamuepanrn (Bocrounoe Badaitkaase). PeRoMeTaIIBHOE e OTHOME-
HAe y IOCTEHUX COCTABIALT BCETO 48 H OTAMIACTCHA OT OHTOHMTOBOTO Ooitee
geM B 3 THesan pas. IIpusesenubie TeOXIMUIECKHe JAHHEE OTIETIMBO NOKA-
BHIBAIOT IPCHMYIIECTBO MCHONB3OBAHMA PEKUX DICMEHTOB LI PactiCHeHNA
eTPOXMMUYECKT CXOAHEX rpammromion. [Ipopesennse mCCIEOBAHMA TIOKRA~
Bafm, uT0 WUBYYABIIMECA JCHKOKPATOBHE TPAHHTHEL PasiUTaiOTCA pPasHLIMHE
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cmoco0aMu W ye/aoBHsIME 00pasoBanus. Jro AaJ0 OCHOBAIME MOJOKHTH B OC-
HOBY TeOXHMHYECKON THIW3ATNH rOPHAIX HOPOJ TeHOTHICCKWIl IPU3HAK.

CrcTeMaTHIECKAe HMCCACOBAHMA 0 TEOXIMHUN PEJKHUX DJIEeMeHT0B B Ipa-
HUTONAX NMOKA3AMH BO3MOKHOCTh H 11€Iec000pPasHOCTh Ie0XUMHUIeCRON THIA-
sanun jannoro Kiacca marmaruros [Taycom, 1977]. ITox reoxuvuaeckum TH-
OOM MArMATHIECKNX TOPHHEIX HOPOJ MOHNMAJAch WX TPYINA, XapaKkTCPH3YIO-
masicss o0mMHOCTBI0 cnocofa M yclnoBuit 00pasoBaHHA W TPHYPOYCHHOCTHIO
K OmpejedeHHHM TeojiHHAMIYeCKIM 00CTAaHOBKAM, & TaK/Ke CXOJCTBOM XUMH-
YECKOTO, PEAKOIIEMEHTHOTO II MHHEePaJbHOTO COCTABOB.

IlepponadaipHOe TeHETHYECKOE IIOPA3ACNCHHE IPAHHTOUIOB OCHOBHIBA-
I0ch Ha TPex oOmenpH3HAHHEIX cmocofax mx o0pasopaHmsA: HaJduHreHnese,
muddepernmanun GasuTOBHX MarM M yJabTpaMeraMopdmieckom npeoGpasopa-
HOM BENIeCTBA TPaHyInT-0a3HTOBOTO CJOA KOHTHHEHTATLHON 3eMHOI KOPHL.
[lasuHreHHEse TPAHHTOMIE BOZHHUKAIOT, IIO-BHIEMOMY, Ha raybmmax 15—
20 KM OPEeAMYIIeCTBEHHO BO BHYTPHKOHTHHEHTAABHBIX MOJBM/AHBIX 30HAX.
B szapumcmvocTit 0T cTeleHH MeTaMopdmaMa IOPOJ PaMBl OHH IOAPa3/enaoTCa
ma jBa psja: maBecTRoBo-mesounne m ujexounsre. Ilepsme dopmumpylorcs
B 067aCTAX ¢ HOHIKeHHHMN YPOBHAMH MeTaMopQmsMa, a BTOPHE — 3a cyer
Goxee rayboro MeraMopdusoBanHeX mopep. Pasawmdms B CremeHm MeTamop-
¢mava ucxommoro cyOcerpara, eCTECTBEHNO, CKA3AMNCE HA TeMIepaTypHbIX
pessiiMax DaXHHIeHHOr0 IUIaBIeHnudA, 6oee UEJI0YHOM MHHEPAILIOM Iapare-
Fesnce MAXMHIeHHAX TPAHHTOMAOR IMEN0YHOL0 PaAAa, 00pasoBaBmuXCA 3a
CUeT BHICOKOMECTAMOP(I30BAHHEIX TOIIML, H BeCbMa CIUIBHO — HA NX pejKo-

: 1
DIIEMEHTHOM cocTase. |'MapHBI PeIROMETAANBHEIT HHIEKC F(ISJ:_—:LI;—:) y ma-
JMHTEHHEX TPAHATOM{0B H3BECTROBO-IIEJAOYHOro psaAga cocrasaser 155,
a y TPAHUTOMJIOB IIEJ0YHOTO PaAfga yMenbmaercs o 40. B rpamnrax memoqno-
ro psAja, MO CPABHEHHIO ¢ H3BECTKOBO-INETOYHBIMIE, B ABA Pas3a yBeJlnIHBaCTCA
cofiepsRanne CTPOHIM B GapmA, a TaK:Ke MPKOHUA I PeKNX 3eMelb. IToan-
HEe kmease juddepernuarTsl 9THX JABYX TPYNN NAaJIHHCEHHBIX MarM CTOJIb
Pe3KO OTAMYAMNCH OT MATEPHHCKAX, WT0 UX NPHIIOCH BHJIENUTH B CAMOCTOS-
TeNLAHE TeoxmMmuyeckme Tunel. Tar, B TeHEeTHIECKON CBA3H € M3BECTKOBO-
MEeJTOYHEIMI TPAHUTOMAAMH OBLI BHAEACH TCOXWMMUYCCKHE THI TLIIOMAa3ITO-
BBIX PeTROMETAABHKX JeiiKorparnTos. [{na nux, 00 CPABHEHMIO C M3BECTKO-
BO-IIETOTHHIMI TPAHHTOUIAME, XaPAKTCPHH Pe3Koe MOHMMACHNE KOHIICHTPA-
mmit crpounua u Gapus m BospacTadue Jurtid, pyomana, gropa, a Tarike 0:10-
Ba, Boabpama, GepmAAUA W APYTuX pegkux ajeMenton. CropoHHWKaMU Me-
TAJLIOTCHIIECKO CIenuaIn3anul TPAHNTOE IMCHHEO OHH OTHOCHINCEH K 0I0BO-
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HOocEEIM. Cefigac MOKHO CKazarh, 4TO ¢ INIIOMA3HTOBEIMEH PEIKOMETAJJLHHIMI
JefiK OTPAaHUTAME TeHETHUECKM CBASAH LEJLI KOMIVICKC PYIHHEX MECTOPO:K/Ie-
grit. O0nyHO oHE 06pasyoT runabuccalbuble HHTPY3un, oOpaMIAIONIIe MaTe-
puHckEme 0aTOMHTH MABECTKOBO-IIEIOYHEIX NAJIMHTEHHHX rpanmrompon. Cie-
JIyeT CKasaTh, 4TO NJAIOMa3WNTOBAA HaUpPaBIeHHOCTH AuddepeHumalii Beger
K HAKOIUVIGHWIO B OCTATOUHHX PacliiaBaX IpPess/ie Bcero BoAgsl u ¢ropa, a Tak-
e JATHA B pyOmana. B anukaibHBIX YACTAX UMHTPY3WI 9THX TPAHHUTOHOB
dopMmEpyeTeA gazke caMocroATelNbHAs Qalis Tak HABKBAEMHX ANTHI-Gropm-
CTHIX TPAHNTOB, HOJTYIHBIINX HAa3BAHUE OHTOHHTOB. B HuX copeprkanme dropa
cocrapasier 0,61 %, a amrma — 550 r/Tr mporms 0,23 % u 140 r/r coorBercr-
BEHHO B I'DAHMTAX IVIaBHBEIX (a3 dTOT0 TeOXUMHIecKOTO Tuna. Eme Goapme
CHEKARTCH COJep/KaHue cTPoHIMA H Gapms, U MOYTH B UATH Pas BOZpacTaer
OEHO y oloBa, Boxbdpama n Taurana. Ecan B nopojax raapEHX (as mi0Masn-
TGERX PEIROMETANIBHEX JeHKOTPAHUTOB TJIABHKIL PeJIKOMETANIDLHI HHIKC
cocraBnger 4500, To y amrmit-gropmersix rpaunmron om jpocrmraer 150000,
T. e. yBesnunpaerca Oonee gem B 30 pas.

Caegyer crasarb, 4T0 JuTHUA-TOpHCTHE (ANME MOTYT BO3HHKATH H B
CBABH C PasBUTHEM MATM APYIWX FeOXHNMHUYECKUX THIOB. B wactHmocTm, BRICO-
KOMH KOHIEHTpanmaMn Gropa M IUTHA OTIHIAIOTCHA TAK HABHIBACMEIC DIILBA-
HEl, BUePBHEe onncanase Ha Hopayomue [Henley, 1972]. B orauune or anrmit-
¢ropueTx ganmii TIOMAasHTOBHX JeHROTPAHUTOB B HUX OTMEYAIOTCH T0CTA-
TOYHO BHICOKNE COJEP/RAHOA CTPOHINA W 6apus, a M3 PYJHBIX DIEMEHTOB —
nuaka. Bricokne copepsramma cTpoHnuA W 0apHA TA0T OCHOBAHIE IPEIona-
TATh WX CBA3L ¢ JATHTORKIME MarMamu. OIHAKO 3a CUeT BEICORHX CONED:KaHMit
dropa, autng u pyGuna B HUX COXPAHAETCH NOCTATOYHO 0OJBINOe 3HAUEHHE
rIagHOTO pepromeraiiabaoro mmexrca (11.000), xors m MHOrO MeHbIIe, YeMm
y ouronuton. /A 9ALBAHOB XapaKTePHE YMEHBIIEHNE COJEP/KaHmi HaTpHA
u npeobnananme kanmsa. B pesyasratre ortmomenme K/Na B Hux cocras-
agzer 2.3.

Iloanaune ruensie auddepeHNEATH NATUHTEHHHX TPAHNETONIOB IEIOTHO-
T0 PAIA TaKiKe OYeHb 3HATUTENBHO OTIMIAITCHA OT MaTepHHCKuMX marm. Mx
TIABHHI peroMeTannbusril mupexe 430 mo cpasmenmio ¢ 40 y mMarepmucrmx
TpapaTON0B. BMecTe ¢ TeM B HOX CYIECTBOHHO BO3PACTAET COAEPsRAHIe Iup-
KOHHA, PeJIkuX 3emMenn, nmobma, a tawke ¢ropa. Harommenme sToit Tpymmel
PeIKEX HJIEMEHTOB OTPaKaeT arnamToByl0 TeHAeHNW0 B auddepeHmmamnm,
XapaKTePHYIO JIIA MArM ¢ MOBRIOIEHHOHN menogHocThio. OgHako obeHeHHOCTH
HX BOJIOI CYMECTBEHHO CHIKAET MOTEHIMAILHYI0 PYAOHOCHOCTD, HOCMOTPA HA
BRICOKI@ YDOBHM COJIEP:KAHNIL PAJIa PY/HEIX daeMeHToR (0J0Ba, IUHKA W AP.).

Cpenu rpasmTonioB — KucawX jAuddepentnmaros GA3ATOBEIX MATM — BHI-
NeNANTCA YeTHPe TeOXHMHYECKIX THOA: TJIaTHOTPAHUTHEL TOJAEHTOBOTO PANA,
BeAYIINE CBOE NPOMUCXORJEHANE OT MHTPY3HH TOJTENMTOB OKEAHATECKOTO THIIA;
TPAHUTONIBL AHJAE3UTOBOTO pHJIA; TPAHHUTHI JATATOBOTO pPAda W armnauTOBEHIEe
PearoMeTalIbHBIE TPAHUTOMN/IBI. PpaHHTOH}IH AHJAE3UTOBOIO psAla ABIAIOTCA
KucasMn auddepeHnnmataMu AHIE3UTOBEIX MArM, a JAaTHTOBOTO —IIPOU3BOJI-
HEIMH 0a3N1TOB MIOMIOHUT-TATHTOBOI accommaruum. ATHAUTOBBE jKE PEIKOMEe-
TALIbHBE IPAHUTH TEHETHYECKH CBASHBAIOTCA ¢ mexoduuMn Gasmramm. [lpm
9TOM IJIATHOTPAHNUTH OOKYHO TPHYPOYEHH K TeM KOHTHHEHTAILHHEM pu(TO-
TEeHHEIM CTPYKTYPaM, B KOTOPHX 0a3aTbTONIH TPEACTABICHE TOJICNTAME OKea-
HIMECKOTo Trma (Tpojgocceruit Tim). 'panuTonsl ange3nToBoTo THNA PacIPoCcT-
paHensl B cpennx gacTax 300 Bennofda, a Takme BO BHYTPHKONTHHEHTANb-
HHX IOIBMWRHBIX 30HaX. CXORHOE pacnpocTpareHue MMEIOT M TPAaHATH JaTHu-
TOBOTO PAJA ¢ TOH TONBKO PABHEIEH, UT0 OHK 1M UX D0Jee OCHOBHBIE MaTepPiH-
CKWe MarMbl IPUYPOYEHE K THIOBHM dacTAM 30H Bennodda, a Bo BHYTpH-
KOHTMHEHTAJIBHEX IOJBIKOHX 300aX OHH MMeI0T GoXbmee PasBUTHE, HEKEIH
TPaHHTOMJN AHE3UTOBOTO PAJA. ArmauToBsie TPAHUTH O0OBYHO TPUYPOUYCHBI
K RKOHTHHEHTAJIbHBIM pH(IJTOBbIM CTPYRTYPaM H MMEIOT ITOBLIINICHHOE COoJ/lepira-
HUE NUPROENA, HIOGHA, PEIKUX 3eMellb, IIMHKA 1 0JI0BA, & TaK/ke Pe3K0 MOHH-
sKeHHoe — crpounua u Gapuma. llociegHee cpasy oramdaer WX OT HATHHTEH-
HBIX PEJROMETANILHHX TPAHNTOB MIENOTHOTO pPAfAa. ATHAATOBEE TPAHNTH
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caMu MOTYT PacCMATPHUBATHLCH KAaK HCTOYHHK pejkux oiaemenros. 113 rpaunnro-
uaoB Aroll TemeTM4ecKoll TPynmel HambOIbINENl MOTeHNHAIBHOH PYIOHOC-
HOCTBIO OTJINYAIOTCHA IPAHNTEL JaTHTOBOTO W B MEHBIIEH CTeNeHH AHIE3HTOBOTO
PATOB.

B rpyume yasTpameramMopuuecKmX IDAHNTONIOB Cei9ac BEIEIAIOTCA
TaK:e deTHpe TIeoXNMHYecKHX THIA: 3H7epOmTs, YaPHOKHTH, PaNaKHBH M
yabrpaMeramMopduueckue Jeiikorpagnrel. (DyHpaMeHTaTbHEE Te0XHMHUeCKHe
nceaeposagna, nposejennse 3. W. Ilerposoit mw B. U. Jlepumrmm [1984],
NOKA3AJIN 3HAYUTE/bIbIE N3MEHeHNA KROHIEHTPAINOHHEX COOTHOIMeHNH TeTpo-
TEeHHEIX H PEJKNX HJIeMEHTOR B Tpoliecce yabTpaMeTaMop@mueckoro mpeodpa-
30BAHMA NOPOJ] ROHTHHEHTANBbHOHA mporokopsl. OcofeHimo HaTIsa/Ho 9TO BHIHO
Ha mpumMepe reoxuMnm yaprpameramopdmueckoii llMapspranraiickoit cepun
10:xnoro TlpuGaitkanna. Baanmocnasn ynnrpaMeraMop@uiecknx m WHTDPY3UB-
HBIX YJIEHOB DTOI CCPMEM JIOCTATOUHO HALJAJHO JEeMOHCTPUPYIOTCA Ha puc. 2.

B opomecce yanrpaMeraMop@uueckoro mpeobpazopaHmnAa (asalbTOHIHEIX
TOPO TPOTOKOPKI BRIENAITCA ABA Ba/REHX pydeka — cOpasomanme miaruno-
MEOTMATHTOB B PE3VJILTATE BRIHOCA W3 MATEPHHCKNUX MOPOJ] MaPUUCCKIX KOM-
ToHeRTOB (OPe/EAe BCero Maruus u skesesa) u QGopmuposanne H-mmarosex
MHUTMaTHTOB TPH JalbHelIeM VIBTPAMETACOMATHYECKOM NIpeodpazoBaHmn

OPO/I.
i K (Sr-+ Ba
Ilo VPOBHIO ROHINEHTPUPOBAHIA Maruouda 0 BCJIYIIIC CTHOICHHEA T (Nl = Cr

K niaarmnoMurMartutTaM BecbMa 6311131(1’1’ BH)IEPGIITLI. a I“l-LﬂHaTOB}:IM MUrMaTu-
tTaM — vapuokmtsl. l'pasmTHyI0o cepmio Kaxk O 3aMBIKAOT  yJbTpaMera-
Mopuueckue aeiikorpanntei. Ofnynoe coHaxosijenne yrasaHHblX Beime ¢da-
uil yiabprpaMeraMop@mIecknx mopojl U TPeX THIOB 'PAHUTOH/0B JaeT OCHOBAa-
HIE paccMaTPHUBATH DHjIePOUTHl, YAPHOKHTH U yIbTPaMeTaMoOpQmuecKme Jeii-
KOIPAHHATH KaK CaMOCTOATEIbHEE TeOXHMITCCKIEe THNE TPAHATONIOR, BOZHUK-
mme B PesyibLTATE AHATEKTHIECKOTO TIIABJIEHHA MUIMATHTOB DPa3iudHbix
crajmit yaprpameraMopdmaeckoro mpeobpasosanng 0azuToBO HPOTOKODH.
Kpome 5THX Tpex TeoXMMUYECKUX THIIOB TDaHUTONTIOE, CHOPMHPOBABIINXCA
Ha prame yJjbTpaMeraMop(uueckoro mpeo0pasoBanug KOPHL B XOJe PasBHTHA
IPAHUTONI0B KOHTHHEHTAJIBHOM KODH, HA JTAlle, COOTBETCTBYIOIIEM MAKCHMY-
My rpammTooGpasosanus (1700—1500 smam ser mo A. B. Pomosny [1980]),
IPOECXOAII0 BHEJPEHNe HMHTPY3HH TPAHUTOMOR, M3BECTHHIX IO HAZBAHHEM
panakmsu. ITo PeJKOAIEMEHTHOMY COCTABY IOC/]E/HHE CYNECTEeHHO OTINTa-
I0TCA OT JPYIUX TPAHHTOIIOB YIAbLTpaMeraMop(uuaeckoro psja IMOBBINIEHHBIMI
RommenTpanuamu gropa, pyduaunsa u Gapus Upu ero peskoM npeobaataHER
naj crpourmeM. Bemegcreme 9Tor0 oHM 00Ia1al0T CAMBIM BBEICORHM TJIaBHBIM
PeIROMETATIBHEM WHIEKCOM Cpejn JPYyTHX yIbTPaMeTaMOpPPHIecKux rpanu-
TonoB. Bee 2T0 mamo ocHOBaHNE A BEIACICHIIA PAlaKWBH B 0Co0BIT reoxm-
MUTECRUI THT TPDAaHUTONI/I0B.

Takxuy oGpasom, ecaun opPMEPOBAHHE YIbTPaMeraMOpHHUIECKEX TDAHH-
TOUAOB Kak OB 3aBepInaeT mpolecc yabrpamMeraMopdusMa, T0 BOBHHKHOBeHNE
panakuBi, BO3ZMOGKHO, CBA3AHO ¢ GTOPHIHEIM 3TA0M Jerasannu BepXHeil MaH-
i 3emam. M3 5T0i IPYNOEL IPAHUTOHZLOB PYTHBIMI BO3MOKRHOCTAMI 00Jaja-
0T TOJBKO PalaKWBH, ¢ KOTOPHME CBASHBANTCA Heloapmme 10 pasMepaM



MecTopo:xaenndA ondosa. BeckMa BaskHOil oTianYnTenbHOIE weproil yiasrpaMera-
MOPPUIeCKAX TPAHATOB M DPALAKUBH SIBIAETCH HECPABHUMOE HI ¢ KAKIMEI
APYTHMH TPaHATAMM II0YTH [ecATHKPATHOEe upeodiagamme Oapmsa Hafg
CTPOHLAEM.

Hpartraa RonmuecreeHHAsm XapawkTepUCTHKA PeIKOMETANIBHOTO COCTABA
TPAHUTONILOB DPABINYHEX TeOXIMNIYECKUX THIOB IOKA3HBaer, IT0 Hanb0ub-
mue pasanunsg XapakTepHH faa pyougus (4—850 r/t), ¢ropa (0,015—
0,51 %), nurua (5—480 r/1), Gapma (40—2300 r/t) u crponmua (12—700 r/1).
H epoosHe ecrecTBeHHO, YTO COOTHONIOHHE HTHX 2/JeMEHTOB, HA3BAHHOE HAMO
IaBHBEIM PeKOMeTAILIBHEIM MHACKCOM TPaHuTONA0B, MaMensaercs ot 6 y mia-
THOTPAHATOB TOJenToBoro psipa no 62 rtuesv B mopogax Li-F dauun nmomasu-
TOBHIX PeIKOMETAIbHEX JeHRorpaHnTos (OHTOHHATH), T. €. Goaee geMm B 10 THI-
cAY pas.

B radn. 1 npusejiensl 0THOCHTETBHEE PACHPOCTPAHEHHOCTH I'PAHUTOMIOB
Pas3iIHEIX TeoXUMHYECKUX THIIOB, OIEHEHHKE [0 COBPEMEHHOMY JPO3HOHHO-
MY cpe3y KonTHHeHTaabHOH Kopel. Ha Gosee rayfokux ypoBHAX 5TO COOTHO-
menne OyneT MEeHATLCA B HONL3Y TeOXHMHIECKHAX THIOB yiabTpaMeraMopdmae-
cRuX rpasnTonjos. Ha ocnopamym NPUHATONR PACIPOCTPAHEHHOCTH Te0X HMUYe-
CKUX THIOB TPAHUTOMIAOB MHOJCYUTAH DPEIKODIEMEHTHEIL COCTAB CPEIHEro
rpaHOTa. Hak BugHO, OH jloctaTouHo 0am3ok k cpegHemy rpamuaty A. I1. Bu-
vorpamosa [1962]. Ilpusegeunse B Taba. 1 pemrosIeMeHTHEE COCTABE AHIe-
3HTOB H JATHTOB DOKABKEBAIOT, YTO MX KUCJBE NPOM3BOLHEE 110 YPOBHAM KOH-
NeHTPHPOBAHNA PEIKHX BJIEMEHTOB COLOCTABUMBI ¢ MATePHUHCKHMH MATMaMM.
Ocofenno 910 XapakTepHo ANA JATHTOB H IPAHUTOHLOB JATATOBOTO PALA, UTO
BHJLHO IO MX IJIaBHOMY PeJKOMETaNIbIoMy HEAerey (47 m 50 coorsercTBeHHO).

IlpoeeneEHAsA TeoXuMuYECKAS THIWIAINA TPAHATOHZOB IOKA3AJA IleJe-
c000pasnocTh HOJOOHOTO IIOAXOAA K IeHEeTHYeCKONl KiaccHmpUKammd IPYTHX
TOPHBIX TOPOJ W BO3MOKHOCTB €TI0 HCHOJb30OBAHMI B KAYECTBE OCHOBHL A
CHCTEMATHIAINN TeOXUMUYeCKNX mmoseil paccegHana. llox repMunoM ¢reoxumn-
"ecKoe IOJe» IPeUIATASTcs IIOHMMATH TeOJOTHYCCKH OLHOPOZHOe TOPHO
IpoCTPaHCTEO, XapaKrepuaywoiieecsd OJM3KUME (U3NKO-XHMHIECKIMHI yCJO0-
BUAMH 00Pa30BaAHIA MAHEPAJBHEIX ACCOMUAINIL, HMEOIMMX CXOANLe Tapare-
HEe3WChl M YPOBHHU CONEP:RAHOA XHMHYECKHX dieMeHTon. DBee onm MoryT OnITH
pasjenens Ha [Be GOILIIMEe TPYMIE: Te0XAMHTIECKHEe IOJA PACCESHIA W Teo-
XHMHYECKIe IT0JIA KonnenTpuposannd. I Te, m gpyrume BechMa pasmooOpasHbl.
IIpu sroM ecrecTBEHHO, 4TO B 3EMHOI KOpPe PE3KO IPeoliajaloT reoXuMide-
CKHe [OJIA PACCEeSHU, XOTS B UPAKTHYLCKOM OTHOINSHNH BARHEL 3HATUTENIHHO
Oosee pegkme Treoxumudeckue nosas xouneatpuposanma (FIIK). Iocaoegmme
Moryr obpasoBmiBaThbed TerelppMA myraMmu. Hawmbonsmue mo macimrradav u
MaccaM BellecTBa TeoXHMHUYeCKHe IOJIA ROHIEHTPHUPOBAHNA BO3HUKAIOT B pe-
ayaerarte ocagkoobpazosanua (axsorennsie I'IIK), Cpemn samoremHsx mosei
Hau(oapIIme Macchl BemecTBa ckoHneHTpuposans B I'IIH, Bosmmkmme B pe-
3yABTATE MeTaMODPOreHHEIX Tpoueccos M QopMuposasiimecs oco0eHHO MH-
TeHCHBHO B fokeMOpuu. I sroMmy ke BpeMeHH mnpmypodeHo (opMHEpOBaHIIe
T'TIK, o6pazoBuBaBIIXCsA B Pe3yabTaTe BO3NEHCTBIA Ha IMOPOJE 3eMHOM KOPHL
HHTPATeTIyPHISCKAX (NIIOHI0B, BhILJIABIINXCA BeIECTBOM BePXHEH MaHTHH.
Yame oHI OTHOCATCH K 30HAM PasnoMoB M o0beIUHAITCA MOHATHEM IPHpPas-
JOMHEIX MeracoMaruros. B Qaueposoiickoe ppems Ha JeMie IIHPOKO pac-
OPOCTPAHUINCH MATMATHYCCKHE MPONECCH, NPHBOMHUBIINEG K 00Pa30BanmIo
marmarorenHex ['TIH. OcofeHHo wWHTEHCHBHO HTH NPONECCH ITPOTEKATN B
30HAX AKTUBHBIX COYWICHOHHOH KOHTHHEHTOB ¢ OKEAHAMHM (THXOOKeAHCKMIL THII)
H BO BHYTPUKOHTHHEHTAJLHHX IOIBIGKHEX 30Hax (o6aacte Teruca). OOwramo
marMaroreHEsle I'TIH BosHukamum B mpegensax pygHo-MarMaTHUecKUX CHCTEM
(PMC), sBuAmoouxcsa BajKHEIM IPECTABITEICM PYIOHOCHEIX NPHPONHEIX CH-
crem. Crenyer mMers B BUAY, UTO IIOJ IPHPOMLHBIMA CHCTEMAMH ITOHAMAKTCS
KPYHHEIE TEOJOTHYCCKH OQHOPONHEE CTPYKTYPH — 00JacTH IpoTeRaHnA pPama
TeHeTHYECKN B3aNMOCBA3AHHGLIX TEOJMOTHICCKHX IPOIECCOB, MNPHBONAIINX
K (OoPMUDOBAHMIO COBOKYMHOCTEHl TeOXHMHICCKHX II0Jel pacceAHHA MW KOH-
IeHTPHPOBAHM.
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TaGamma 1
Pejko2IeMEHTHAS XapaKTePHCTHRA PPAHATONIOB

OrHocu-
ek, K Na F Li Rb sr Ba sn Ph In  |NalK Ba-+Sr Srl-Ba Li--Rby| TeabHam
TeoxuMHMECKIIE THOH T HI ! [ v o
X PAHNTOUTOB e K/Rb RD S F(SH—Bn é)maﬁ;;fé)u-
mac. % T/T HOCTB, Y%
IImarmorpanuTel  TOJEHTOBOTO
pana 0,26 | 3,1 |0,045 5 4 140 60 3 3 75 13 650 50 1,4 6 2
Ppanmronjisl  aHJe38NTOBOTO
panga 2,0 3,0 10,07 18 | 100 260 [ 550 2 10 43 | 2.5 200 8 3.1 100 8
TpasuThl JATHTOEOTO PAA 3,5 3,4 | 0,08 21 | 125 700 | 1700 5 23 a) 2.0 280 19 3.4 50 5
ATImantToBple  peIKOMETalIh-
HBlE TPAHKTHL 3,6 40 102 105 | 270 12 40 | 18 46 390 24 130 0,2 4,3 15 000 2
ITauATCeHALIE TPAHNTON/IL 3~
BeCTKOBO-IIEJIOUHOTO PAia 3.8 2,8 10,08 50 | 175 330 | 830 6 27 o1 1,8 190 6,6 3,5 155 40
ITmoMasnTOBBE  PejiKoMeTal-
JILHBLE JeKOT PAmThL 3.9 2,8 10,27 180 | 440 70 1 175+ .22 28 40 i/ 90 0,6 3.5 6 800 5
TlamuaTeHHBIE TPAHUTON]IBL e~
JNOYHOTO psfia 4,1 3,5 |0,05 27 | 140 650 | 1550 4 19 64 | 1,9 | 300 16 3.4 40 15
PeproMerajabaeie  TPAHATH
MENOYHOTO PAJIA 3,8 31 10,09 52 | 270 170 | 500 6 20 43 1,8 140 Z.3 3.9 430 3
SuepOuTh 1.1 2.4 | 0,05 12 22 280 | 450 2 3 50 | 3,2 | 500 33 2,6 25 4
Y apROKUTHL 3.3 24 |040 15 90 300 | 1000 | 2,5 10 50 1.7 a70 12 4,3 80 3
Panmaruem 4,5 24 1047 30 | 250 110 | 1400 ¥ 40 90 1,5 180 6 13,7 300 5
Yasrpameramopdirieckne aeii-
RKOTPAHITEL 5,0 20| 0,02 10 | 140 260 | 2300 3 12 35 1,4 360 18 9.8 12 8
Cpenunii TpaEuT 3,3 2,9 |0,08 42 | 160 340 | 1020 G 22 701 1.9 200 8,5 4 120
Cpepauii rpannt ATIB 33 2.8 10,08 40 | 200 300 [ 830 3 20 60 1,8 160 5,6 3.8 170
Li-F  daums  mIoMasiuToBbIX
PETKOMETAIILHLIX TeiikOrPaHITOR 2.7 24 10,51 480 | 850 30 80 | 40 15 30 1.8 44 0,1 3,7 62 000
AnjieanTnt 1.3 3,7 10,07 10 30 380 | 270 | 0,8 7 60 | 3,8 | 430 22 1.7 43
JlatnTa 2,5 2,7 10,09 30 | 110 | 1220 | 1470 | 4.4 16 110 | 2.4 230 15 2,2 47

Tpumeyanne. CPeAHNiE PpAHKT gal ¢ YueToM OTHOCHTEIBHOI pacnpocTpaneHIoCTi; cpepunii rpannt AIIB — mo A. II, Bunorpamosy [1962].



Taxmy oGpasom, pemenme mpoGaeMsl craseit Marm ¢ SHIOTCHHHEM 0pye-
HEHHEeM JOTHHO PACCMATPHBATLCS KAK YCTAHOBIEHHE YCJI0BMH GopMmpoBaHms
I'lIK ® npepenax pyfHO-MarMaTHYeCKHX CHCTEM Ha MATMATITOCKOM I moeT-
MarMaTHIeckoM JTamax WX PasBHUTHA.

Cpemnr ycmosmii gopvmposammst marmatoremumx I'IIK TICPBOCTEIICHHOS
SHAYUCHAE TPHHAJJIC;RUT IPoIeccaM dMaHAIMOHHOH juddepernuamum mMarma-
TIMECKOTO BEIIECTRA, Macmralbl M HHTEHCHBHOCTE KOTOPHX ONPeIeIA0TCH
TEOXMMIYCCKIM THIIOM MArM, a Tak:Ke pasMepamMu m TiayOunoll GopMmpoBaHms
nx ouaros. llas momckoB m onenxm Marmatorennsix I'IIK BaskHoe 3nadenme
MMEeT olpejielienne YPOBHA 3PO3MOHHOTO CPe3a PYAHO-MarMATHIOCKIX CICTEM.
Ceiigac m3BeCTHO, YTO ONTHMATBHBIME YCI0BHAMMI PasBUTHA IPOMECCOB HMaHa-
muonHon puddepennmanmn MarM oTAHYATOTCS THHAGHCCAIBHBIE HHTPY3UH,
dopmupylommecs Ha rayomEax 2—6 B

Tarmv oBpasomM, onenka moremmmambHON PYNOHOCHOCTH MATM TOIKHEA
OCHOBLIBATRCSI HA WX TeOXHMIIECKOM TuTe W Mopdosormn unrpysmit. Cpeam
BEIIENEHNBIX TEOXNMUYeCKHX THITOB TPAHMTONO0B HanGoiee BBICOKOHM MOTEH-
IHATBHON PYIOHOCHOCTHIO OTIAMYAIOTCH THIAGHCCATBHEE MATPY3HH ILTIOMA3U-
TOBEIX PE/IKOMETAJIbHLIX JeHKOIPaHNTOB U TPAHUTOE JATHTOBOTO Psyjia. B mo-
CIeMHEM clydae HY/KHO HMeThb B BHIY, Wr0 9TH IPAHHTOME OOLYTHO TECHO
CBA3AHEL E/IHACTBOM MarMaTHIeCKOTO 0Yara ¢ JATHTAMH I Jasie MOMOHITAMH,
00pasys ¢ HUMW eIUHYI0 TIOMOHAT-TATHTOBYI0 accoumamimio. To ke MOKHO
CKA3aTh M 00 anIeamToBOil accolUAIUM, KOTOPas ofbLeImHseT TPaHITOAJIE
AH/IC3UTOBOTO PA/a, amiesuThl W aHfjesntoGasanbrel. Iloremnmannuas pygo-
HOCHOCTH DTOIH acCONMALNH TAK/KE TOCTATOYHO BHCOKas. ITecKOIBRO MEHBITYIO
TOTEHIUANBHYIO PYAOHOCHOCT UMEIOT THINA0NCCANBHEE HHTPYINT ATIANTORKYX
DCAROMETAINILHEX TDAHHTOR, TPAHUTONIOB H3BECTKOBO-TIEIOUHOTO PATA, Peji-
KOMETANNLHEIX IPAHATOB HIeJ0YHOTO Psjla, MIATHOTPAHNUTOB TOJENTOBOTO Pi-
fa 1 panakuen. HanmvenpmuMmu BosMosHOCTAME 061aqal0T A TIHTEHHEE rpa-
UHTOMABL IeJIOTHOTO PANA, SHAPOMTH, YaDHOKMTH H yJbTpamMeraMopQude-
CKHe JelKorpanmTH.

Ilpm amanmse moTeHNWATLHON PYOHOCHOCTH BAasKeH He TOILKO YPOBeHB
ROHIEHTPAIHK TaKUX JeTy4ux, Kak Boja, xaop, ¢rop, Gop, cepa m yriaerme-
JI0Td, WO TaKiKe M WX cooTHOmenuA. lloprmenHse minm moHMmKeHHBIE Ccomep-
ARAHUS B MarMax BOJBL OLUPeJeIA0T X COOTBeTCTBEHHO ILIIOMAZNTOBHI MIH
armauToBLIl XapaxTep. BMecrte ¢ Tem BechMa BayRHEIMH TOKABATEAMM HBIf-
I0TCST HAKOTIEHNe 1 Goxpmas poash ropa B Tpomeccax HMAHAMTOHHOI -
depennmanun B NAOMABHTOBHX T ATTAWTORHIX rpanuronmgax. B marmrosoii
cepmu, Hapsaay co ¢ropom, cymecTsenHO Bo3pacTaeT 3HaveHHEe XJI0pa I Gopa,
B amJIe3WTOBOM jike acconmanum IPH NOHKEHHOH poam dropa — xmopa
W CepHI.

Onme u3 mokasareneil ToTeHNUANLHOM PYIOHOCHOCTH TPAHUTOROB —
HAKOTIIEHNe HEKOTOPHIX Jietyunux (Bofa, frop, XJi0p) m pAma peJKHxX dieMeH-
TOB B MHHePaJIaAX MO3MHMX cTajnil KPHeTaxamsanan., B 5ToM OTHOMEHHH 0CO-
Genno marepecen Guorut. Ilpn amanmae yemaosuit HAKOMICHIA JeTy4nx B Mar-
MATHTAX Ba/KHA He TONBLKO OIEHKA YPOBHSA MX KOHIEHTPUPOBAHMSA, HO I yCTa-
HOBJIEHWe (PYTHTHBHOCTH KHCIOPOAR, KOTODas HAPALY TEeMIepaTypoil u
AaBICHHEM KOHTPOJMPYET MHHEPAJLHEE PABHOBECHA B BHJIOTEHHHIX IIPOIEC-
cax. Kak manectno, ofnuM 13 MeTo0B ONEHKH (YTHTHBHOCTI RUCIOPOIa
Mozer OBITh anaams conepskanna ero s nosmmun (OH, F) B TATIPOKCUICOIEeP-
FRANIX MHHEpajlax, Tie RHCJI0PON BEICTYIAET B POJH MHKDPOIIEMEHTA, 3aMe-
mamwomero raasesie nonsl OH™ n F~. B srom oTHomeEnn ocofenHo BA:HLM
ABIACTCS COOTHOIIEHUE HOTIOB I'WjiPokenaa, ropa, XJopa I KuCIopoia B G1o-
THTaX MarMaTHYCCKOX TOPHHX TOPO].

Mposepennwe 10. II. Tpommmsv [1983] meeaegosanus mowasamm, uro
COOTHOINCHMA STHX HOHOB B OMOTHTAX MOTYT OHITH HCIIOJB30BAHK B KadecTse
KPHUTEPHs NPH ONEHKE MOTeHNHANLHON PYZOHOCHOCTH MHTPYSHil TPAHHTOMIOB
PA3HBIX TEOXUMIISCKNX THHOB.

B mErpysmax, cnocofumx remepuposats 3omoToe OpyReHeHne, OWOTHTH
OTJIHYAIOTCS  BEHICOKUM YDOBHEM CO/leD;Kanmsd KHCI0POJa M  IOBHIICHHEM
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Puc. 3. Tona cocrasos mwosmmun (OH, F) Puc. 4. Koppemsums 0,1F/B — F/100 X
OmoTHTa M3 MATPY3WIl pazHoil PyIOHOCHOCTH Li - Rb
ga pmarpamyve. F—OH—O mo I0. II. Tpo- Sl Ba ans Qanimii  mToMasn-
muay [1933]. Fr=Hn 5
BamTpuxzoana oGnacTs ¢ cofeparmest Cl 0,3 ar, 0 TOBHX PCAROMETALILIEX JELKOTPAHETOB
» noaunuu (OH, F). ¢ pasuoil pyAnoil NpoAyKTHBHOCTBIO.

xaopa (puc. 3). D10 cBoficTBEHHO B IePBYI0 ovepens GHOTHTAM U3 MOPOJ JaTH-
toBoil cepun. IIpuANMas Bo BHAMAHHE NPEIIOITHTEILHYIO CBA3b 0J10Ba ¢ (T0-
POM, CHIeyeT UMeTh B BHAY, IT0 MOBHINIEHHBE KOHIEHTpanun gropa B OHOTH-
rax B nosunuu (OH, F) mommusr paccMATPHBATLCSA KaK BayKHEIA KpuTepmil
0/10BOHOCHOCTH HuTPysuit. B coorsercreun ¢ atum moxe Li, Be, Ta, Nb m Sn
(M. pme. 3) oTBeYaeT ILIOMA3UTOBHIM PeJKOMETA/JIBHBEIM JeHKOTPaHHTAM.

(CxeMaTHYHO COOTHOINEHHA JIeTyunmX, MUHePaJIH3alul, MopQoIOTHH HHT-
pysuil u OPUYPOTEHHOCTH K ONPENEJNCHHHIM TeoNHHAMHYCCKUM 00CTanHOBKAaM
DPHMEHOTEIBHO K MOTEHIMAJBHO PYIOHOCHHM TPAHUTOMAM PasHOTO Te0XIl-
MHYeCKOTO THIIA MOTYT OhITh cBemeHH B Tabamisl. Hampmmep, B Tabx. 2 tanm
IPAHATOMAOB DPACIOJOKeHE B HOPAAKe YOHBAOMEd NOTeHNHAJIBHON pPy/0-
socHOCTH. Cpeiu BHENEHHHX TPAaHUTOM0B MaKCHMaJbHOH IOTeHIHATLHOM
PYIOHOCHOCTHIO 00MafaloT IEmamccaibHbe U CYOBYJIKAHNICCKHe WHTPYSHH
IaTHTOB M TPAHHTOHAOB JATHTOBOrO PsAjia, & TaK:Ke runabuccasnbHBE, ME30-
abuccanbHee U cyOBYIRAHHYECKUE MWHTPYSHN IIIOMA3UTOBHIX Pe/KOMETa b=
HEIX JefIKOTPAHHTOB.

B mpemenax TeoXMMHYECKHX THIOB TPAHATOMIOB, OTAMYAIOMMXCA MAaK-
CcUMaJbHOHM TMOTEeHIHAJLHON PYAOHOCHOCTLIO, CYAA IO CYHECTBYIOIAM Paaim-
UmAM B XapakTepe MX MUHEPaJIm3arjii, MO;KHO BHEIHTH (amum, XapaKTepu-
BYIOIMMecs PasInIHON PYLHON MPOYKTHBHOCTHIO.

Hanpumep, B mpepenax Monrosno-OxoTcKoro mnosica cpejiil ILIIOMA3HTO-
BEIX PeJIKOMETAIIBHEIX JIeHKOTPAHITOB MOKHO BEJIGNUTH TPU danud ¢ Heonn-
HAaKOBHEIME YPOBHAMHE cofep:kanmil ¢ropa, Gopa, JHTHA, PyOUIHA, CTPOHIUA
m Gapms, pasanyaionuecs XapakTepoM MUHeDaJm3alimi.

Cpenn WHTPY3HWil IIIOMa3HTOBHIX PEIKOMeTAJUILHEIX NECHKOrPaHUTOB BEl-
flessieTcs IPyNNa TPAHATONIOB, XapaKTePH3YIONUXCA HEBEICOKIM COIeP/KaHT-
eM TOpa, HECKOJIBKO NOBHIIEHHEM 00Pa I CBA3AHHKIM ¢ HUMH BOJL(YPaMOBBIM
opyienerneM (pme. 4). Jlas mHTPY3Wi co CPeHUMM JIJiA 9TOTO TeOXHMHIIECKO-
To THIIAa TOPOJ KoHTeHTpanmuaMu (ropa W HEBEHICOKMMHI cojep:kaHEAMH Gopa
XapaxTepHO odoBsHHoe opyrneHeHne. Darmn jKke, 0TIMYAIONINECH MOBEIIIEHHEIM
comep:kanuem ¢ropa, B 2—3 pasa NPeBHINAKIIAM CPefume JJA HTOr0 THIA,
ofpasyior rpaEHTOHAN Tak nasmpaemoro Li-F tmma (omrommrer), xapakrepu-
sylomuecs TopsmernEMA cofepymaruamu Li, Rb, Ta n Sn, mo me umeromue
ACCOIEUPOBAHHOTO ¢ HUMH IIOCTMAaIMaTtHdeckoro opynexenusi. He mermiouerno,
9T0 TOTOM B CBA3W ¢ HOMH OyoyT o0HAPY:KeHH PegKOMeTallbHEE rpeii-
3€HH, a4 HEKOTOPHE W3 OHTOHHUTOB CAMH CTAHYT HCTOUYHHKAMI PEIKHX MeTas-
nos. Hexoropsie pasinmunsa HaOM0fal0TCA M MeRAY HHTPY3HAMHA JATHTOBHIX
accommamuii. Hampmvep, ¢ ONHEMH JATATOBHIMH HHTPy3uaME Sabaiikaiba
CBA3AHO NPEMMYIECTBEHHO TOAMMETAJIHTIecKoe (aRaTyeBcKmil W Hep3aBOM-
CKoif KOMILIeKCH), a ¢ ApyruMu (IIHPOKMHCKHI KOMIIEKC U IIaJapoHCKasd
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XapakTepueTHEa NOTeHIHANBHOI

PYIOHOCHOCTHII TPaHHETORA0B PASIHYHBIX TEOXMMHYECKNX THHOB

Tabanmma 2

TeoXUMUYECKHHE THEH TPAHATOH-
A0B

CoOTHOIEHHUA JICTYUUX

MuHepajinsaunsg pPYOIHO-Marma-
THYECKUX cucTeMm

TeopnnamMnueckan ofcraHopka

Mopgoaoruieckne THIE WHTPY-
auif (rayguHa opMupopanmns,
KM)

I'paauTsl TaTATOBOTO pAA
JlaTuTh

Hi0-1-B—F €08

Pb, Zn, Au, Ag, Mo, Cu, W, Sn, U

Trurossie 1actn son Gennoda
BuyrpukorTuneHTaIbHbIE
TO/IBN7KHBIE 30HEL

I'mnabuccanbane (4—5)
Mesoatuccanbanie (5—~6)
CyGBymkanmaeckne (1,5—2)

[LrromasuToBse peIroMeTa L~
Hble J'IBfII(OI‘p&HHTbI

H,0—F—€l—B—C0,—8

Sn, W, Nb, Ta, Li, Be

BuyrpuronTunenTtanbunie
HOJBHAHBIE 30HEL
Trmoesie wactn 30m Bennoga

l'umaGuccansanie (2—3)

Mesoabuccanbusie (4—6)

I'paHATH aHE3UTOBOTO PAA
ABJIe3UTH

H0~Gl—CO, B8

Cu, Pb, Zn, Mo, Au, Ag

Cpenane wactn 30 Bennoga
BuyrpukonTnHenTATLHBIE
TIOJBHFKHBIC BOHBL

I'mmauccanease (3—5)
Mesoabuccanbuse (5—8)
CyOpynkaamaeckie (1,5—2)

TlannHreHdsle  TPaHWATOMJIH
H3BECTHOBO-IIEI0YHOTO PAJA

HOZ 01 -Pe (0 B8

Ph, Zn, Mo, Ag, Sn

BuyrpukosTHHeATAILHEIE
TIO/IBHYKHELE B0HBT
Trumoseie wacru son Benvoda

Mesoabuccanbasie (5—7)

T'mnaGueccanburie (3—4)

Armamrosrre  pepromeranis- | CO,—F—Cl—H,0—B—8 Zr, TR, Nb, Sn Rowrmnenransusie  pudro- | Manaduccanbmse (2—5)
HEIE T'PAHITEL T@HHEBIC CTPYRTYPHL

Pegroveramipnsie  rpapuret | H,0—CO0,—Cl—F—B—S Mo, W, Zr, TR BryrpuronTunenTansaie Tanaéuccambsie (3—5)
IIEeJI0YHOTO PAZA TOJIBHKHEIE 30HEL Mesoabuccansusie (6—8)

IInarmorpamnTs TodemroBoro | Cl—CO,—S—H,0—B Cu, Pb, Zn Pudrorennsie crpykrypn ¢

pAna

OKEeaHMICCKIMH TOJIeNTaMM|

I'mnaGuccansusie (3—4)
Cy6pymranmueckne (1,5—2)




Cepus)— 30/0TO-IOJUMETANIHIecK0e MU 30JI0TOe opymenennsa. Jlarmrs m rpa-
HATOWAH IaTATOBOTO PAJA, ¢ KOTOPEIMU CBA3AHO 30JI0TOE OPY/AeHEHUe, OTIH-
Yal0TCA BEHICOKEMH YDPOBHAMH KOHIEHTPHPOBAHWA TAKUX HJIEMEHTOB I'DYIIE
Jmenesa, Kak XpoM M Hukenb. B satnrtax, conpoBOIAIMMXCH TOJNBKO MOJIN-

METaJIJIHYeCKUM OpYyJIeHeHueM, IlaﬁJII-OJIaIOTCH HeBBICOKME YPOBHH COJlepP/RaHUA
Sr |- Ba

Cr - Ni
cocrapager 20—30, B To BpeMa Kak Jid TPYONB JAaTATOB € B30JA0THM 0pYy-
JeHeHneM, OTJAMYAMIeHcA 0T TepBOH NATHKPATHLIM VBeJINYCHHEM YPOBHSA
COJIeP/SAHMM XPOMa M HUKEJs, DTO OTHOIIEHNE CHHKAeTCS M0 4—D5.

I'mmabuccajbHBEIe WHTPYSHH JATHTOBREIX MarM I IJTIOMasHTOBHIX DPEIKO-
MeTAIILHEIX TPAIUTONIOB OGRHUHO 00pasynT PYAHO-MATMATHICCKHE CHCTEMEL
(PMC), nmomane xoropeix pocturaer 1—2 Teic. KM®.

PMC, cBaszaHHEE ¢ INIIOMASHTOBREIMH PeKOMETaJIBHEIMHA JeHKoTpaHM-
taM, 06EMHO GopPMEPYIOTCH Ha TaybmHax B 2—3 KM. B pesyabrare mus stax
HHTPY3HI XapakTepeH IPOoIecc MHTEHCHBHON WX Merasalun, HATMHAIMHIECST
eme Ha Io3[HeMarMaTHdecKoM dTale M NPUBOAAMNI K o0pasoBaHmio aMaHa-
IHOHHBIX 0PEOJIOB. 3aBUCHMOCTH MHTEHCHBHOCTH 9TOTO IMPOIECCa OT TiryGmHEl
CTAHoBJCHUS WHTPY3unM ocofenno xopomo eujana ma npumepe [lleprororop-
croit u Agyn-Homouckoit marpysuit. OTtHOCSCH K T€OXUMHYCCKOMY THITY L0~
Ma3UTOBHIX DPeJIKOMETAJIBHEIX JeHKOIPAHWTOB, 3TH PACIOJ0;KEHHBIE PANOM
uHTpYy3un GopMEpPoBaiuch HAa PasHOU raybuHe. B pesynbrare B 9K30KOHTARTE
IlleproBoroperoit muTpysmu, dopMUPoBaBIIeiics Ha MeHbIIeH IayOmHe, KOIH-
yeerno fropa ma 1 M® mopoy coctanager 25 kr. B sksoxonrarTe Anyn-Homon-
cKoil muTpysun, gopMuposasnieiica ua Goasuiei raybune, 8 1 M® nopon conep-
JRUTCA BCero 3 Kr ¢ropa, 1. e. B & pas MeHbIne, yeM B cayuae [lepaosoil TopHL
V rumabuccadbHHX MHTPYSHI IIIOMAZHTOBEX PeIKOMEeTANILHEX JeifikoTpamn-
ToB, opMupoBaBmUXCcA Ha Heboapmod TayOune, KOHIEHTPAINUI PYAHHEX M
PelKUX 3JIeMEHTOB B HDMAHAIMOHHBIX OPeoJiaXx NPEeBHIIAIT (QOHOBHE BCEro B
2—3 pasa, upu yseamyenun gucnepcun xoumenrpamui 3 10—15 pas. Opeonst
00HYHO HMEIOT INIONMAJHOH Xapakrtep u passusaiorcsa B npepenax 1—2 km mux
OKBOKOHTAKTOBHX 30H. K HauboJsee THONYHKIM HJIeMEHTAM 3THX OPEC/I0B OTHO-
carceAa GTop, 0I0BO, IUTHIT, TIe3WH, CBHHEI M PTYTh. BeckMa cBoeofGpasHo pac-
npefesenme B 30HAX HK30KOHTAKTA BOOH. B HemocpemcreeHHON GiusocTH OT
MHTPY3UU OPOMCXOJWT BHCYIIMBamme mopox. Ha paceToAHmm oT HEX OKOJO
1 M QopMupyercs 30HA ¢ OTHOCHTEJLHO TOBHIICHHHEM CONCPKAHHEM BOJIHI,
KOTOpOe ¢ yAaleHHeM yMenwmaercs jo gomonoro. [[nsa ompepenenus pyaHoR
npopykruBEOcTE PMC Gonpmmoe 3HAUEHHME HMEET BEJMIMHA UX DHPO3HOHHOTO
cpeaa. Hanpmmep, B PMC, ofpazoBaHHEX B pesy/abrare PasBUTHs IHmadmc-
CAJBHBIX WHTPY3uil IIIOMAa3UTOBBIX PeIKOMETAJIbHEIX JeHKOrPDAHUTOB, HaM-
Oosnee mepcuexktusHel Teé PMC, B KoTophIX pynonmpomsBogAmias WHTPY3UA
BCKPHTA Bcero Ha 2—5 % cCRoeil miomagm m B npejesax KpPOBJHM HMeeT He=
CKOJBKO He BCKDHTHX 5P03HEH Kyuosos. B Bepxuux MarMatuyeckux KaMepax
KYHONBHHX CTPYRTYP TAKNX HETPY3Hil oGpasyoores pacnaass Li-F rpammros,
a TaK;Ke MHOTOUHCJEHHEE DHJ0- M DJKaorpeisens. Hmwxpume ke ogarm mMar-
MAaTHYECKHX PAaclJaBoB OOKYHO CJHYRAT MCTOYHAKAMU THAPOTEPMAaJbHBEIX
PacTBOPOB.

B PMC ¢ aaruroBsiM MarMaTmsmMoM ONTHMAJLHEM ABASETCA pPasMemeHue
OCHOBHOTO MarMaTHYecKOTO oduara Ha raybwne 4—>5 kM. Bosnmkaomue B cBa-
80 ¢ TAKAMH HHTPY3HAMHA KOJBIEBHE BYJIKAHO-KYIOJLHLE CTPYKTYPHE 00ETHO
umeior pEamMerp B 30—40 xm. H TagmMm erpyrrypaM GhBaeT OPUYPOYEHO Fe-
CKOJBKO JIECATKOB MECTOPO;RIEHNl W pymonmpossieHuii. MertannoreHmueckoe
BHAUeHHE KOJBIEBBEX CIPYKTYP OLLIO IOHATO y:Ke maBsHo. B mocaenmee spems
UX HayYHIHCH BHJENATH HA OCHOBE KocMHYecknx cheMok. Onmaxo oag mx
TPaBUILHONR MeTaJIOTeHHYecKoH OleHKH HeoOXouMo 3HATH, ¢ 0YaTOM KaKHX
MarMm 9TH KOIBIEBHE CTPYKTYDH CBA3AHEL H KAKOB YPOBEHb 9PO3MOHHOTO cpe-
3a pasputhx 3mech PMC. B cmeremax ¢ naruToBEIM MarMaTmsMoM Y MaKcH-
MajLHo moTenmuanbno pymoHocErXx PMC Marmarmueckme mposBIeHHA Ha
NOBEPXHOCTH TPEJCTAaBIeHE WHTPYSUBHHEIMH IOTOKAMH I'PAHUTOB JATHTOBOTO

oTux saeMeHT0B. B pesyJibrarte Iad HAX CPeJHee 3HAYeHHEe OTHOIIeHHA
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7777 Puc. 5. Cxema pasMeIeHmst py/HO-MArMaTHIeCKIX
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Hura | T8 4 fvi paga wmanm GoJee OCHOBHBIX TopoX (1o
.}Mu&f‘-"‘&ﬂ"(\ /3?/ Sy KBaPIEBBIX MOHIOHUTOB), IOJAMH pas-
_.——':‘47‘&)’ (152 ,1:f‘<,*\:f‘_:, \] JMYHEX To EwuchorTHoctH afdysusos u
.—"'1 7/ A e ’:)’”{,ﬂ 3 nosgcaM?d MACK, COCTAB KOTOPHIX KoJed-
_j{g_‘//"i’ /f,’/ "q'-:;;\ 7 jeTcs 0T OCHOBHEIX  Ipejcrasirenei
AI@' & i e (mammpodupsr) Ko caMeiX KuCIBIX (KBap-
,{ﬁ ‘/-"‘""”“'-.-‘""'If*-.,____r_,-j nessle  mopdmprr). B ux mpegemax Ha
Y < MHP ; KHP 3HAUNTENLHMX ILIOMATAX BMELIAWIIHEe

ocamoano-metaMoppmueckme  u  DoJee
APeBHNE W3BEP/KEHHLIE TOPHBIE MTOPOIEL
MAMeHeHs MeTACOMATHIeCKHMY IponeccamMn (HpoNmIHTH3AUMA, OepesmrTmaa-
must, o0pasoBanme BTOPHYHKX KBapmurtos u 1. 1.). IlocTmarmarmieckme mpo-
Tecesl THAPOTEPMATBHON0 MaMeHeHIsl HOPOJ{ KPOBIH, PaBHO KAk H ofpasoBa-
Hpe B HEX TEOXUMUYECKUX [0JIeH KONNMCHTPUPOBAHIA PasHoil HHTEHCHBHOCTH,
ONPENEAAIOTCA He TONBKO IMPOIECcCaMn JieTa3allii MaTePHHCKUX HATPY3Wil, HO
M HX TEeIIOBLIM BO3JelcTBHEM Ha BbIIIEJe;KaIIne TOMIN T0POoI. B peayasrare
IPOHNIACMOCTh TOPOT YBETMYMBACTCA HA HECKONIBLKO TOPANKoB. MHoTOWMC-
JeHHLe jKe PajHaJbHBe W KOHIEHTPHYCCKHE TeRTOHMICCKME HAPYIIeHHS B
eme GoXbImeil cTENeHN YBeJMTHBAIOT MX NPOHANAEMOCTH U 001erdanT MArpa-
U0 B HAX MOCTMATMATHIECKIX DMAHAIMIEA.

Heorsemuemoit wacrtsio PMC aoGoro tuna ssasioorea IIIR. B coorserer-
BHN ¢ HOC/E{0BATEILHOCTHIO JieTA3alil MATCPHHCKEX HWHTPY3Mil cpefu HHOX
pajessmores IR mMarMarnueckoro, THEBMATOMUTOBOTO W THIPOTEPMAIBHOTO
aramos. 1lpm srom penkonmementasie acconmanmm atnx 'K 6yayr sasmcers
OT TeOXHMITIECKOTO THIA MATePHHCKMX WHTPYBHIl, a Tak/Ke OT YCJIOBHWI W Bpe-
MeHHOH IocIeqoBaTeJbHOCTI BTATOB WX JIeTasamu.

Wsyuenme TCOXMMUI PYIHO-MATMATHYECKHX cmcteM 1 Qurcanmsa B ux
mpefenax TAABHEIX TEOXHMIYECKHX IoJeil paccesAHHs M KOHIEHTPUPOBAHMNS
M03BOMAIT OCYIECTBIATL NOKAJIBHEIE MeTaJTOTeHNIecKUil MPOTrHO3 HA YPOB-
me PMC 1 PasBUTHX B IX NIpejieJax cIPYKTYpP Broporo m Goee HUSKHX HOPAN-
KoB. OHAKO TEPBHIM HENPEMEHHHIM OIeMEHTOM TAKOTO TPOTHO3a ABIACTCA
BLIeIEHAE W OKOHTYPUBAHEE DPYIHO-MAarMaTHIeCKIX CHCTEM, OTIHIAIONIXCH
BHICOKO#1 pyjiHoil npogykTuBHOCTHI0. Hampumep, B peayiabraTe TaKoro JOKalb-
HOTO MeTaJJIOTeHHIecKoTo NporHo3a B BocrouHoM 3abaiikanbe MOKHO BEIIe-
aurs PMC ¢ JTaTHTOBHM ¥ ILTIOMA3ATOBHIM MarMaTtmsMoM (pue. 9).

C osrmmu geyma tanama PMC B Bocroasom Sabaiikanbe cBA3aHE MPAKTH-
9ecK: BCe CKOJBKO-HUOYAL KPYMHHE MecTOPOsKAeHWA 0J0Ba, Boabpama,
CBUHIA, MEIN, IMHKA, 30j0Ta, MosaubieHa m np. [ToreHHUaIbHEe BO3MOKHO-
et orux PMC moka ToqbKO HAYMHAIOT BCKPHIBATHCH, M 3ajadeil reosormie-
CKOil cay:kOH gomKHO OHTH CHCTeMATHYeCKOe I3ydeHHMe OSTHX PYAOHOCHBIX
ctpykryp. Her coMeHms B ToM, 4T0 M3YyYeHHE TeOXMMITIECKHX moseil  KOH-
mentpuponarnsa B PMC ¢ n3BecTHRIMH MECTOPOKACHHAMMI II03BOJIAT [OCTa-
TOYHO GEICTPO TPUPACTUTH 3ATACH PAJA PYIHHX Y3108 # PEAHEMHPOBATE rop-
HO-/{00KBAIOMYI0 TIPOMHILIEEHOCTh 9TOTO 3HAMEHUTOTO B HPOMIIOM IOPHO-
pynEoro paitona Cubmpm.

N3 crazagHOTO cJaexyer, 9T0 TeoXMMHUecKHme TIPUHIUIE JOKAIBHOTO
MeTaJJOTeHNUeCKOTo AHAJII3a TPUMEHATEBHO K PY/IHO-MAarMaTHIecKHM CH-
cTEMaM JOJGKHEL OCHOBHIBATBCA HA TeOXHMAYCCKOW THIHMBAUNH MarMaTHTOB,
MOp(OJIOTHE W BPO3MOHHOTO YPOBHA NPONYKTHBHLIX WHTPYSHil, a Tawike Ha
OKOHTYPHBAHIH TCOXUMHTCCKMX I0Jefl KOHIeHTPUPOBAHIA MarMaTHieckoro,
MHEeBMATOIETOROrO M THIpoTepMmanbHoro sramos. lIpm sToM reoxuMuvYecKH
NOJGKEA WBYJATHCSA BeA TPUAa HPOAYKTOB IOCTMAIMATHYECKNX HPOIECCOB:
PY/HEE BaJIeRM, CONPSRENILS ¢ HAMH METACOMATUTE M TEPBUUHEIE OPEOIHL.
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Hrorom momo6HEX reoxnMmgeckux paor GYIyT Te0I0T0-Te0 X UMHYECKIe MOJIe=
IH PYAHO-MarMaTHYECKHX CHCTeM M HX OTACABHBEIX dacTeil, MM03BOIAIOIIHe
ompefieisATh HamboIee PANEOHANBHEE IYTH DPA3BE[KM M IKCIAYATAIUH DPYH-
HBEIX MeCTOPOKICHHI.

Ilposenenumii ananma cesseit MarM I Py MOKASHBACT BO3MOMKHOCTH HX
00beKTHBHOH OIEHKHM 1 HeOGXOEMOCTS HCIIOTH30BAHAA YiKe HAKOIICHHKX 3Ha-
HOM 1A Te0XMMAYECKOTr0 CTPYKTYPHO-METAIIOTeHMIeCKOT0 IPOTHO3a, OKOH-
TYPHBAHAA DPYAHO-MATMATHYECKUX CHCTEM W INPENBAPHTENLHOH ONEHKHE HUX
PyAHOi mpoxykTmBHOCTH. IIpH MOMCKAaX MArMATOTEHHKX MECTOPOKACHMIt TOT
TeOXUMHIECKHUIl CTPYKTYPHO-META/IOTCHIIOCKAN IPOTHO3 MOJLKEH CTATh He-
00XONMMEIM HalaJbHHIM 3BEHOM B IIPOIECCE MOMCKOBO-DABBEIOHHX PaoT.
HocTarayTHE B HacTOANEe BPeMs YCIOXH II0 FeOXUMATECKOH B MopQorornie-
CKOil THUMBANNN TPAHATONOB HEOOXOAIMO MCIT0IB30BATH TIPH TEOXHMIIECKOM
KapTAPOBAHMA II07Ieil PASBHTHS HTOTO THINA HBBED/KEHHKIX TOPHHIX IIOPOJ.
BumecTte ¢ alcomoTHHIM BO3PACTOM Te0XMMEYCCKAd M MOP(OSOTHIECKAS THIIH-
3aTUT MATMATHTOB MOTYT COCTABHTH METOOJOIHIECKYI) OCHOBY Te0XHMIIe-
CKOT'0 KapTHPOBAHHA.

Ecrectsenno, 9ro pafoTH 0 TEOPHH OTEHIMATEHONR PYIOHOCHOCTH MATM
Tpe6yIoT cBoero MpofoJuKeHus W pacmmpenus. Cregylomas Heiab HCCTenoBa-
HOA — onpejesenne cuenudurn pyjanoil TPOAYKTABHOCTH PasIHYHBIX (ammit
B Ipefleax BRJIEJTCHHBX TeOXHMUYECKAX THTOB, 8 TaK:ie paspaborka Kpure-
pueB 11 00BEKTHBHON ONEHKH YC/JAOBHMI W BpeMeHHOHl mOCIeX0BATeNLHOCTH
ux perazanmm. Haxomem, y:xe celiac Hamo HaMeTHTH PauMoOHATHLHEEA KOMI-
JIeKC Pe0XMMHWYECKHX METO/I0B, KOTOPHIH cJiejlyeT NPHEMEHHTH Jf KOIHIeCT-
BeHHOH ONEHKN MacmTaboB DPYAHOE HPOTYKTHBHOCTH PYIHO-MATMATHICCKIX
CHCTeM, BILIOTH JI0 HOJicYeTa WX IOTeHI[HAALHHIX Pecypcos.

H. A. llnao, P. b. Yuuréaes, B. . Tonuapos,

E. ®. [lpiesexmii, 0. H. Wsanos, B. A. Kyaemos,

II. TI. Jlearmn, A. II. CoGoxen, B. C. Hsanos,

I'. B. Jlesamos, B. T. Caxno, B. A. Xommu, B. II. Cyxos,
I'. B. Pyukin, B. H. Boesogun, A. B. HUrnarsen
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TEOJINHAMHKA, MATMATHYECKASA

I METAJUIOTEHUYECKASA 30HAJTBHOCTL
CEBEPO-3AITAJTHOII YACTH THXOCOKEAHCKOTO
HOJBIGKHOTO TIOACA (TTII)

B meTopum pasBnTus raaBHEIX TEOCTPYKTYD BeMHOH KOPH Hal/Tioaer-
Cd 4YepemoBaHme ABYX TEOMUHaMHYECKHUX PeRIMOB — C:RATHA H PacTAKeHna.
Pemnmpl pacrasmennus 00yCIOBINBATE JECTPYKIMIO KOHTHHEHTATHHEIX MAG-
CHBOB 11 00JacTeil Co 3pemoi OKeaHnIecKoit KOpoif, ITO NPUBOAIIO K BOSHIK-
HOBeHHI0 PuT0oB, IB- M MUOTCOCHHKIMHANCH W APyrux CTPYRTYD Ha yTOHEH-
HOM KOHTMHCHTATBPHOM I METaHOKpPaTosoM QyHmamente. PeHRIMHE CaaTHA
BHIHIBATH HOPMHPOBAHEE IPOTO- W AEHTePOOPOTEHHIX 05.1aCTeIl, BayRHeim-
MH 3ieMeHTaMu raydmmHOTo crpoenma koTopex B TIII ssamores ceiicao-
poransurie zomn (CD3). [loMAMO TPAMBIX TeOIOrHUECKTX AHATKATOPOB pe-
JRIMOB PaCTA/ReHHH — C/KATWH A MX BHABTCHUS BAKIO0e 3HAUCHHES MMEeT
AHaTH3 MarMaTH3Ma, KOTOPHIL JeTUTCs Ha Jiba THHA: AHOPOTEHHHI 1 0poreH-
B, HIN COOTBETCTBEHHO TONeHT-6a3aJAbLTOBLIT m JNITAPHAT-aHIe3NTOBLIA,
mo A. A. Mapakymesy. IlepBeiii 3 nux xapakTepusyer ofcTaHOBRY mpeobaa-
AQAIOMEro pacTMKEHN I, a BTOPOM — ciRaTHs.
Vexoma ms 9TAX mpejicTaBIeHmiT, HAMI 1 BEIIOJHEH0 TAHHOS HCCIeq0BA-
aue. CTpyRTypHOI 0CHOBOI A1 HETo mocay:xmra TeRToOHITeCKasT rapra Jamrs-
mero Bocroka (pemaxtopst 0. A. Kocsirnm m JI. M. [Tapdenos).
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Tlopndeiickas mCTOpPHWsA PernoHa PackpriTa BCe erme crabo. Mosxno npep-
0T 0ENTH, YTO B APX€e MMEJIH MECTO [(Be KPYIHLIe dIIOXH PACTA/KEHHA 1 1B —
CiRATHH, HOCICIHAA M3 KOTOPHX 3asepmmIach CTAHOBICHWEM IPOTOROHTH-
HEeHTANbHON KOpH, 3afAKCHPOBAHHON yALTpamMeTaMoppuaMoM M aHATCKTH-
yeckmmu rpanntamu. Hagamo mporeposos — 91oxXa PaCcTA/KeHNA, BAT0RCHIA
OPTOTOHANBHOM CeTH TIHYOMHHBIX PasioMOB, TMOCTY/RUBIINX KAHATAMIT JULA
nojxBeMa aHOPOTeHHHX MarM (GasuThi, runepfasmrni), a KOHEI CPeIHero  1po-
TEP030A — HMOXA CRATHSI, MHTPY3WBHOTO MHOIOPABHOTO MarmMaTusMa M Ha-
BEMHOT0 BYJKAHH3MA B IPOTOTCOCHHKIMIAIBHBIX BOHAX W 00/1aCT/AX MPOTOAK-
THBUZALMT KOHTHHEHTAAbHEX Oa0KoB. B 9Ty smoxy nposBHINCH IepBLle CBO-
OBO-TILIOOBKIe TACTOKALMA W PA3I0MbL JHATOHATBHOM COTH.

K mavamy meores BOCTOYHAA 4YacTh A3mMATCKOTO KOHTHHEHTA, MPOTATH-
BABIIAsCH, IO HAIEMY MHEHHIO, [0 COBPEMEHHSIX OCTPOBOJIYKHLIX COOPYKe-
Huit, npejgcrasaana coboil opoPMUBIIMIACH KPATOIL. On GBI Hapynien CeThio
OPTOTOHATLHLX W JHATOHANBLHHIX 30H FAYOHHIHIX PasnoMOB, B KOTODHE Kak
6Bl BIOKENL PAa3HOMOPA/KOBHE KOJABIEBEE W JIyTOBBE CTPYKTYPSI. Bee atm
571eMEHTE! OB Ha PACIOIOKEHIe, OPHCeHTHPOBKY I MHOTHE 0CO0CHHOCTH
reocTpyKTyp Heores (pme. 1).

Weropuu passutus ora Jlaaemero BocTora m Cepepo-Bocrora B Heoree
HeckoapKo pasanumel. OfHAKO B TEI0M 37eCh npeobragaior yeaosua pacrs-
WReHMA, HAPYIIAeMEC CPaBHATEALHO KPATKOBPEMCHHBIME C/RATHAMIL, HMEIO™
IMUME TeM He MeHee OYeHb BajKHoe SHAYeHHe B OTHOIIEHWH MArMO- I pyiore-
Hesa. YMECTHO OTMETHTE, 4T0 Ha (JoHe MpeofiraJalonnX C:KaTuil miInm pacTaie-
Huii B IpeieTax 0TAEILHEX Te0CTPYRTYP JOKAIBHO NPOABILANCH HALDHKCHNA
IPOTHBOMOIO/KHON0 BHAKa, YTO Hanboiee APKO BEIPAKENO B COCYMECTBO
Bali Ha MHOIMX sTamax passmrusa cesepo-zamajga TILLL rexToHOmApP TCOCHH-
KJIUHAIL — OPOreH.

Pugeiicko-panienaneoaoiickas MarMaTideckas HNCTOPHA Cenepo-3alaja
TIIII cpasara ¢ pacmagoM A3uaTCKOro KouTHHenTa. B mpegerax BOSHIKIINX
B 5T0 BpPeMA 3BrEOCHHRIMHAILHEX HPOruboB (OpPMHPOBATMCH THIITHLE
omonmuToRKIe (rmmepGaszur-GasuT-KPEMHUCTEE) ACCOTHATIII. B npurneraiomux
K DETEOCHHEIMIAISIM TacTAX MIOTEOCHHKIHHANCH U Ha CPeMHHKX MaccuBax
JOKATBHO IPOABHANCH KATHSDHE H YALTPAKATHEBS 6a3aTbT-PHOJATOBELHE
1 LOMIORMTORBI BYTRAHIEM 1 MegHoe opyienenne. Ha (MOITOHCKOM MACCHBE
UBAMATCH CyOUICTOuNble Kaamii-HaTprensie §asaibThl 1 BHOJAPUINCH IIKPITH
I mabasbl, KOTOPLIM COMYTCTBYET 30i10Toe opyjesenue. llpmvepno B aTo ke
Bpema CPOPMHPOBATACH WEAOTHEIE CUCHNTHL H HOPMADKRMTHL (arMan K aH~
cxnit xommaexc). Ha Bypenscrom Maccmse B Hagaue manHON snoxu obpaso-
BaNach KouTpacTHas 0asa’mbT-PUOTHTOBAT ACCOTMAIIA (¢ wmenampguTamm),
a B KOHIE — KPYIHKE TPafmTOuTHEe Ty TOHE! (GupobumancKuil KOMIIEKE).
Ha XamagalicKoM MAacCHBE IOCIETHAM COOTRETCTBYIOT MHTDYSHI BO311ECEH-
croro xommiexea. B mpepenax mporuGoB ¥ BOCTOUIBIX OKPaHH Cnbupcroit
maaropysl 1 BypenncKoro Maccusa B paee BOZHHEIN Y3KIE 30HLL C OazuTo-
BEM MarMaTEaMoM (KRpHOTOPHQTEH), TOCAY/KUBIIHE, BEPOATHO, IyTAMI MUTpa-
UM OBCHUIBHBEIX PACTBOPOB, ofycmopuBniX (QOPMUPOBAHME IOJUMETAN-
AWYeCKUX CTPATHPOPMHEX sane:keil B KapOOMATHO-TEPPATEHHEIX TOILAX
pudes n xembpms.

Cpepnmii najneesofi — ogHA M3 JMOX MHTCHCHBIOTO MarMaTuzMa B HCTO-
pun Semnu. Pasmepur GacceiiioB TeOCHHKIHHANLHOIO 0CAKOHAKOTIACHIHA
H aHODPOTEHHOIO0 MArMaTH3Ma Pe3KO0 COKPAIIAKTCH, 2 HA HX MCCTE BOJILIMKANT
HOJ(HATHA C OPOTENELIMI HATPHCRLIMH PHONUT-AHC3HTOBLME KOMILIERCAMM,
CONMPOBOKAATOMMUMHUCH MEHO- I T(HHKOBO-KOIYEJIAHELIM OPYACHEHIEM (Omoit-
ckas soma). B oxpaunnnx npornbax (Cerre-JlaGan m ap.) B feBone B y3KUX
30HAX IPOABMICH eTogH0-0a3MTORLHA BYJIKAHUBM, OYEBH/IHO, pud)TOTeHHBIM.

Ocobenno WHTEpPCCeH cpenne—noanﬂenenomﬁuﬁ mefiTepoopOreH LIl Mar-
MATH3M, NIMPOKO TIPOsIBICHHLIA Ha CPeIMHHBEIX MacCHBAX. On mpesicraBieH
THOAIHEMA  BYTKAHO-ILIYTOHMYECKAMI  PHONUT-TPAaHUTOMJHEIME  ACCOIIA
MAAMY, HEPeJKO IOBEIMEHHOE IMETOYHOCTH; JIOKATHHO PasBUTH AHLCSHTH
n 6azamprer. OpyfeHenme, CBIBAHHOE ¢ ACBOHCKHM MarMaTH3MOM, MPAHAjLIe~
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Puc. 1. CxeMa BaiKHEHMNX OPTOTOHAILHLIX M AWATOHAJBHLIX CKBOBbCTPYHTYPHHIX JHHea-
MEHTOB, IYTOBEIX PA3pPHIBOB II MCTACTPYKTYp ceBepo-samapa TIIII (¢ siemenramm paitonm-
poBamm).

1 — Brxoget fopudetickoro dynnamenta Cudnpekoit u Kuraiickoil nnardopm; 2 — uexosT aTux maarhopm;
3 — cpenHe-Nno3gHeeBOHCKHEe OPOTeHHEIe MArMaTHTH; 4 — cnOnpcKue TPamMmmsl; 5 — MU0- ¥ ABTeOCHHKIN-
HAJBHEE ME3030MIL; 6 — KaiiHO30MIE; 7 — BYJKAHOI€HHBIE M BYJIKAHO-IUIYTOHOTEHHLIE MOACA M 30HH,;
8 — NePUBYJIKAHNYECKNE BOHBI; 9 — TJIYOMHHEIE PA3MOMEI (@) M HX TpefIojiaraeMoe npomopkedne (6);
70 — y9acTKH MTYOMHHEX DA3JIOMOB, BIOMb KOTOPHIX BOZHMKIN COBpeMeHHHIe (a) m maneoceiicMoporaib-
HEe (6) 30Hn; 11 — HanboJee HANEHHO 000cHOBaHHEE MeracBomel (I — ITpubaiik anberuit, IT — Yayp=
i o ulill o crmit, 111 — Hmxaeamypernit, I'V — OMonoHckuif).

FKOT K BYJAKAHOI@HHO-ILIYTOHOT@HHOMY PyIHO-popMamuoHHOMY PsfLy (3010T0,
cepebpo, CBHHEN, TUHK, MeIb, MoaubaeH). Ha pasMemenue ero BImmio Ha-
Jpune KOIBIEBEIX METacTPYyKTYp, Tmma OMoToHCKOI.

B mosmmewm mameozoe — cpegHeii 10pe PErmOH HCILITAN HOBoe obmee pac-
TAKEHNE, COMPORBORIABIICECT aHOPOTEHHRM (0a3a/ibTOBMM K 0a3aJbT-PHOJHTO-
BEIM) MarMaTH3MOM B Te0CHHKIMHANBHEIX, PHPTOTEHHRX, 4 34 €ro IpegeraMu
u B maargopmenunx (cuGupckue Tpamusl) ycaoBuax. B mosgHeM Tpmace Ha
dore o0mero pacTayKeHUs BOSHUKAWT BOHHL C;KaTus, B KOTOPHIX HAYAJCA aH-
IesUTOBHI BYJIKAHUAM, cKopee Bcero, B ¢Basu ¢ naxeoCD3 (Homm-Myprams-
ckag 3oma, Momromo-Oxorckmit mosac). Takme ke ycaoBmsa COXpPaHHAHCH Ha
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Goapmeil wacTH TeppuTopum B paHHeHd m cpeameii ope. Opynenenue XajapKo-
u cugepodpuinmoc.

JlorampHbie c;KaTHA B CTPyKTypax ceeepo-samaga TIIII — oraBykm 1up-
KyMoamadmueckux IPOIEeccoB, ¢ KOTOPHIMH CBA3aH MHTEHCHBHEII TPHACOBO-
popekmit MarmatnaM Ha 3anage Cesepmoit m IOmmoil Amepuk.

Baxue pybescom B nectopun Cesepo-BocToka Geima moaanas wpa. B ato
Bpems mpousomia Auddepernumanma ma obracTe CiKaTHL (Me3030mAB) W pac-
Takenna (kaitmoszousst). B mepsuiit (mpoTooporennmiii) aTam CxRaTis ORI CMA-
THL B CKJIQIKN OCAJ0OYNLe BEPXHEOIATC030HCKO-I0PCKNIe TOJIIH MEe3030u/.
Beneq 3a THM B 9BTCOCHHKIMHATBHEIX CTPYKTYpPaxX H3IWINCH aH/e3nTOBEHIE
U PHOJINTOBEIE JaBhl, a B MHOTEOCHHRJIMHAILHBIX BHEJPHINCH Malbie HHTPY-
3WH MOPUTOB 1 00J1€e KHCIHX TOPPHPOBHIX 1OPOA 1 CHOPMUPOBATICE KPYII-
HEI® MACCHBH BHICOKOTIMHO3EMHCTHIX TPAHATOB (KOJBIMCKHIl KOMINIEKC).
C sTEM aTamoM cBhsaHa Pocchmeo0pasyomas 30J0To-KBapueBas (opmarimst
Hoanimer.

B Cmxoto-Anune u B nekoTopsx souax mesosons Cesepo-Bocroka B mosg-
Heil 10pe eme COXPAaHAIOTCH, & MECTAMH M BO3HHKAIOT PAs[(BIIOBLIE CTDYKTYPHI,
compoBo;KAafomecs anoporennsM marmarusmom (Hsmuo-Anoiickad, Wnnne-
Tacckas 30HL u Jp.). llpooporenHoe C;KaTme W TPAHUTOMIHEIA MarMaTH3M
NPOABWINCH B HAX B Haga’de Mela (XyHTapUiCcRas cepus u ap.)-

Ha 3agI0UNTeIHLHEIX 9TANAaX IPOOPOTEHHOTO CARATHA B MUOTGOCHHKIN-
HaJsX CHOPMAPOBATHCEH TPAHOAHOPUT-TPAHUTHEIC HHTPY3NT (1yKOTCKITH KOMII-
IeKe, HIPKHeaMypeKast Cepus U IP.), ¢ KOTOPHIMI acCOIUUPYeT 30T10T0€, 0I0BO~
BOMEQPAMOBOE I MOTUMETAIINILCKOe OPYICHeHNE, a B Y9BOTCOCHHKINHALAX —
rab0po-nIaruorpaHETHEE U Tab0po-CHCHUTOBLIE KOMILICKCHL C MeJHOIL I Men-
Ho-MoambeHoBoit (¢ somorom) cuemmanmaarmeii (Omoiickas, IOsmmo-Amioii-
ckan 30HH 1 Ap.). Ckopee Bcero, B aTo yike Bpemsa GHLIH moxHosIeHs Monroiro-
Yykorckan, llpnbpesknasn n gpyrme naneoCM3, maj KOTOPLHIME B SIOXY MeI-
[aTe0TCHOBOTO JIeHTepOOPOTeHE3a BOSHUKIN OKDAMHHO- M BHYTPHKOHTHHCH-
TalpEMe 06aIacTH TeKTORoMarMarmueckont arrtmsmsamumm (TMA).

HawuGomee metadbHO B HACTOAIMEE BPeMs MNPOAHATH3NPOBAHBL CTPOEHHE
1 meraamorerna Oxorexko-Yaynaeroit o6nactn TMA. Ona passmwiacs max Mos-
roxo-Uyrorckoit maneoCM3 m cocTont M3 BYIRAHMISCKOIL (Oxorcro-HYyxor-
CRUil osic B OGHYHOM HONMMAHTH) W IepUByAKanndeckoil 30H. Bammeimmm
CTPYKTYPHEIMH DIEMEHTaMH 06J1acTH ABIAIOTCH MEracBOALI MAMETPOM 500—
600 KM, JUIA KOTOPHX TPEANOIATACTCA jipesnee (ToxeMOpniickoe) 3al0iKenne
W yuaciejoBaEHOC passutue. LA Hee XapakTepHA OTYeTIMBAg MarMaTHue-
cKag M PYAHAA 30HAILHOCTH, B NPHHIMIE COOTBETCTBYIOIAs 30HAJNBHOCTIH
BYJIKAHOTCHHO-TUIYTOHOTCHHOTO OpYAeHeHus Haj somoii Bempopa m roppe-
TUPYIOMAACA CO CBOMCTBAME 3€MHOI KODPHI PermoHa (pme. 2). llpmmepno Ta-
KOil ke 30HAJBHOCTHIO obGmamaer um Ilpmmopexasn obmactn TMA, xora » ee
IpeeTax Menee YeTKO BHIENAOTCH BHYTPEHHNE BYIKAHOTeHHLe AyTH, KOTO-
puie B Oxoreko-Yaynexoit 06aacTi BMENAOT MEIHO-KOTIEANHOC (c somorom)
1 MeHo-ropduposoe (¢ MOANGICHOM T 30JI0TOM) OPYNCHEHNE, CBA3AHHOL C TO-
HAJAAT-TPAHOTHOPHUTOBOIL (opMammeii.

Monromo-OxoTcKas ® Jpyrue BHyTpukoHTHHeRTaxhHEe obmactm TMA
XapakTepPU3YIOTCs CYMECTBeHHO TIPAHMTOMIHBEIM MarMaTH3MOM M IUTYTOHO-
TeHHBIM OpYyMeHeHmeM, obmuii Gon KOTOporo TEM He MeHee Gnmsor GOHY OK-
pamHHO-KOHTHHenTANbHEIX obmacreit TMA.

BozoGmoBuBmeecs (MIH yCWINBIIEECH) B MO3[[HEI 10pe PACTA/KeHNe Kpast
A3SHaTCKOr0 KONTHHERTA MPUBEJIO K PACTISHSHMI0O €ro Ha CepHH IBTECOCHHKIII-
HamTBHNX 300 cyOmepmmmonainsuoit (Caxanma-Xokkaiiio), ceBepo-BoCTOYHOM
(Kopaxma-amuaTka) u [pyroii OPHEHTAPOBKH, KOTOPHE PasAedsl KD YIHLIIT
Ox0ToMOPCKMiT KOHTHHEHTATBHEH 670K M MAKPOKOHTHHEHTH, ONYCTHBIIACCA
HEW)Ke YPOBHMA BOJ OKeaHa.

B npegenax Hopskcko-Hamuarckoro permoHa HabuiofaeTCs CMCIEHNe
TPOIECCOB BYIKAHU3MA B HANDABICHNN KOHTHHEHT — OKeaH BO BpeMeHi.
Biech BOBHURAIN COLPS/KEHHbIe Taps Tporu6oB m ocTpoBHEX Ayr. B mporm-
Hax dopMmpOBANNCH TPEUMYMIECTBEHHO AHOPOTCHHLIE 0a3aIBTOBEIE CepHE
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Puc. 2. Roppenanns MeTalIoreHn4eckoil 30HaIbHOCTH I ITyGHHHOTO cTpoerns OXOTCKO-
Uayncroi obmactn TMA mo npodmaw Maranan — Hoasnia. CeiicMosornueckne Jammsie
nonygenst MD3 AH CCCP.

1 — maHTHA; 2 — «6asanbToBwity cmoit; 3 — «rpaEnTHO-MeTaMOpQIuecKuits c10#; 4 — TOPONK BepXOAH-
CHOTO KOMIJeKca; § — ocankn B OXO0TCKOM Mope; 6 — Yenommka-fAmckuil mos naneoCdh3; 7, § —
TpaHullel ceiicMosoruyeckue (7) m rpasm-, MATHHTOMETpHUECKue (§).

W KPeMHHCTHE TOJIM, 4 B IPUKOHTHHEHTAJIBHEIX WX YaCTAX — IIMKPHT-MEi-
MEYHTOBHIC KOMIICKCH. B 0CTPOBHEIX Jiyrax HaRaQILIMBAIMUCH BYJIKAHUTH TO-
BRINIEHHOH KUCJOTHOCTH W IMETOYHOCTH, YKA3WBaOMHUEC HA HAJIWNYHe B WX
OCHOBaHUM DJOKOB KONTHHEHTATBHON KOPH. Baino moj4eprayTs, 4T0 HEOKO-
MOBHIE MOPCKME Oazaabr-aHjesnToBere Toxuu Ilerynbueiicko-Mypraibcko-
Taiirorocckoil yru B 10r0-3amajjHOM HANPABICHHH CMEHIOTCH OHOBO3PACT-
HEIMH Ha3eMHBIMU Gasalbr-anie3uToBuMu HakomreHusmu Oxorcxo-Uyror-
ckoro mosca. OrmermMm, uTo momo0HHEE COOTHOmEHHmA mmeeT Hypmiasckas
cucTeMa OCTPOBHEIX AYT ¢ BocrouHo-Hamwarckmm m flmoHcKEM HazeMHBEIMM
BYJIKAHHYECKUMU IOACAMMT.

B moagEemenoroit — maTeoreHOBLIN aTam apeHa AHOPOTEHHOI0 MATMATH3-
Ma cmectniach B Hoparcko-HamuaTckoit ofiactu eme mazee B CTOPOHY OKea-
Ha, 3 Ouworopcko-Bocrouno-HamMuaTckyo 30Hy, a TOYTH BCA ee 3aunaHas
9acTh CTajda Cymieil ¢ JTOKAILHEIMH HOPOABICHASAMA TPOTOOPOTEHHOTO Mar-
MaTH3Ma.

PaspuTue sereocuEKkaInHaNbHLX 300 Hopakcko-Hamuarckoit m X oxgaiigo-
Caxanumnckoit ofmacTell COnPOBOIAMOCH HEONHOKPATHEIM BHEPEHMEM YJib-
Tpaba3nT-T1ab0po-mIaTHOTPAHATHEIX CEPHil ¢ XPOMHTOBEIM, IJIATHHOBHIM, 30-
JOTHIM Opy/ieHeHmeM W Jp. B conmpsukeHHHEIX ¢ HEMN BYJKAHHYECKHX J[yTax
(GOPMHPOBANNCH PAHHEOPOTEHHEE Trab0po-IIarmorpaduTHEE CEPHE C Mef-
HOIT, MeTHO-MONHONEHOBOH M B0g0T0H MumHepammsarmeit. C mosgHeoporen-
HEIMH TPAaHUTOMJAHBIME, OOBYHO KAIMEBEIMU, WHTPY3HAMHI aCCOIMUPYET Mef-
HO-MOINOIEHOBOR, 0JI0BO-CepefpsAHOe W PTYTHOE OpyieHeHue.

Heoren-uersepruyuas »moxa C:KaTHsg NPOSBHIACH IPEHMYIICCTECHHO
BIOJIbL COBDEMEHHBIX IPHTHXOOKCAHCKHX OKpamH. B 5To BpeMms BO3POAMIHCH
CD3, max roropemu B Hopakcko-Kamuarcekoit o6mactn dopmuposanmes ma-
BEMHEIC BYJKAHOTCHHEIC II0SICA, CJOJKEHHbIE M3BECTKOBO-IIENOYHBIME BYJIKA-
HOTAMH, W CBA3AHALIC ¢ HOMH HePUBYJIKAHUYECKNE 30HE, a B0Jb THX00KEaH-
CKOIl aKBATOPMN — CHCTEMAa OCTPOBHLIX JyT, IepexoJAmas o JaTepaln B Ha-
3eMHEIe ByTkanuueckme nosgca Hamuatkm n flmonum.

B mpenenax reocrpykryp HEOTGH-IETBEDPTHUHOTO HTAlla C;KATHA IOJYTH-
70 PasBHTHE BYJIKAHOT@HHO-IUIYTOMOTEHHBIH PAX PYAHHEX (opmamuii, pasme-
MEeHNe KOTOPEIX OTBeYaeT MOJlelln 30HAILHOCTH Haj 30HO# Bemboda.

Ha xonTHHEHETE B HEOreH-YETBEPTHYHOE BPEMHA NPOABMINCH JTOKAILHER
pactmrenns, obyciopusmEe (QOPMHDOBAHHE aMarMaTHIHHIX PHPTOTEHHEIX
BOafAWH # (asalbTOBBIE M3IHAHHUA. JTH ABICHHM, CKOPEE BCErO, CONPAMKEHML
¢ TpomeccaMH YCHIMBIIEHCH [eCTPYKIUM B Hpeaeaax OKPAMHHKIX MOpeii.
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BBLIBOJTBI

B ucropum passutusa cesepo-sanaguoi gactm TTIIT mabmiomaercs ue-
PeJIOBAHME HIOX C;KATHS M PACTLKEHUs, IPOJOIKUTEIBHOCTL KOTOPHIX CO-
Kpamazach BO BpPeMeHH. AMODOreHHEIe MarMarmieckue o0pasoBaHus OIOX
PACTA/KEHNA CHENMATH3HPOBAHL HA CHACPO- U XAIBKOQMILIOE, 3 OPOTCHHEE
H3BEpP/KeHHLIE MOPOJIEL DIOX C:KATHA — Ha XaJIBKO- M JHTOQUILHOE Opy/eHe-
ame. OGmasa sBosonuA PyA000Pa30BAHAA B HEOree BEIPAKCHA B YBEeJHICHIN
poan amTodMABHON MHHEPATU3ANME OT Pudes K KaUHO3010, UTO HBIACTCA
CIEICTBHEM BO3DACTAHHA CTENEHH 3PeTOCTH IOBTOPHOM KOHTHHOHTATH3ATHIL
3eMHOIT KOphl PeTHOHA BO BPEeMeHH.

XapakTep MATMATHYECKOH I METa/UIOTCHWICCKOH 30HATLNOCTH Ha IPO-
TSYREHIN HEOTed MOCTENeHHO M3MEeHsICcH OT IePHKpaToHHOro B pudee, pam-
HeM 1 CPeHEeM Iageo30e 10 IePHOKeAHNIECKOT0 B MO3THEM Nale030e I ocobemn-
HO B Meso30¢ W Raitmozoe. Ilporecest pudrorenesa u KpunTopudrorenesa, co-
TPOBO;RAABIINECS AHOPOTEHHBHIM MAaTMaTH3MOM H TPOABIABUMCCT B CAMBIX
PasuLIX II0 NPHPOJE IeoCTPYRTypPax (aBJIAKOTeH, MHOTEOCHHRINHATL K ap.)
Ha PasiMYHEIX BTANaX PasBUTHA PEruoHa, o0yCaOBUIHE PasBHATHE BO BHETIHEHR
veranmorenmIeckoit soge TIII «ayswepoaHOTroy €ii XaXIbKO- I CHIEPOPHIBLHOTO
opyneHeEnsA. 1IpHCyTCTBHE JIUTOPMILHON 010BO-cepedpAnoil u IPyroil MuHEe-
panmsammm Bo BEyTpenneii sone Tl yrasnBaer Ha HaJIMdie B ¢€ OCHOBAHAL
GIIOKOB KOHTHHEHTATBHOH KOPEL.

A. JI. Hoxxnn, B. II. Kosames, C. B. Measrynos,
10. M. Ilysanxon

TEOXUMNYECKAA TUITA3ATIMA BJAOROB
KOHTHMHEHTAJIbHON KOPbI
KAK OCHOBA METAJIJIOTEHNYECROIO AHAJIN3A

Baskmefimeii 3ajaueil TeoXnMuM B METANLIOTeHIIECKOM aHAIH3e CTa-
HOBHTCH TCOXHMIYECKAs THNH3ANNs KPYOHHX CTPYRTYPHO-BEIeCTBEHHRIX
KOMILICKCOB 1 OJIOKOB 3CMHOII KOPHL JIs Iejeil IPOTHO3UPOBAHII PYNOHOC-
Hoctn 1 paspaforku crparernu mouckon [Taycon, 1979]. OcroBy ee jo/Hb
COCTABHTH CPABHUTENBHLIC PerHOHAILHLIE TEOX UMITTCCKIE NCCACTOBAHM, B TOM
q@CIe pesHeiinmX KOMIUIEKCOB IIaTdopM U MOABI/KHBIX MOACOB. JTto maer
BOBMOJKHOCTH BHABATH IEPBHUAYI0 HEOXHOPONHOCTH COCTaBA MAHTHHAHO-KO-
POBOTO BEmEcTBA KAK IABHYIO NPUYHEY GOPMHPOBAKNA TEX WL HIHIX MeTal-
JOreHIICCKUX IPOBMHNAI B X0 IPEeTCPIenaeMoro MMM TeRTOHOMAarMaTHie-
CKOTO pasBuTHA. B KauecTse HPHAMEPA MO:eT OHThH yKazaHa PeROMeTaIIbHAL
(Li, Hb, Be, Ta, Zt, Th, U, TR, Y, Mo, Nb, W u ap.) pyaorocHocTh OJI0KOB
KOPHI, OIpPEfesseMas CTCMEeNblo 3PeTOCTH MIH TeoXUMHYeCKOil nuddeperi-
POBAHHOCTH MaHTUAHO-KOPOBOTO IPOTOBENECTEA I TECHO CBAH3AHHLIX C HIMM
BHITECRAMIX KPHCTAIHIECKHX 00pa3oBaHiri [Homwwm, 1983, 1985al.

B ocnopy reoxnMmyeckoil THIH3annn reobroroB KOHTUHACHTAILHOH KOPLI
T10107CHEL POBYIBTATH MACCOBEIX KOJHYCCTBEHHHX ONPOISTCHMIT PaHoarTHE-
ueix oiementos (PAJ) — ypama, TOpus, Kaiud — THOHYHBIX CHATAIECKIX
okcupmros  [[Mepbaxon, 1982], ycrofivmBo HAKANTHBAIOMMXCA B KOPE.
N3 Hux Hambodee HAMGKHLIM HHIHKATOPHLIM OJICMEHTOM SBIZCTCS TOPMIA
[Homskmm, 19836 ], oTHOCUTeNHHO WEEPTHLIL IPH PErmOHAILHOM MeTaMopQms-
sme. Comepicanpe PAD B KpHCTALIHYECKOM (PYHIAMEHTC H TNEPEKPERIBAIOULIX
KOMILIEKCAX, IPEBHIMIAIONICE CPEHIONn BEJIMYHHY A (I'PAHUTHOTO» CIO0A
[Ponos, fipomenckmnii, 1978],— npusHak BHCOKOIL reoxmMuecroit udpepen-
nmposagHocTH Kopsl. (Domosuie smauenna PAJ, GIM3KHe K cpejHeMy cojiep-
SKRANNIO B «0a3aJIbTOBOMY CJIOE, CBH/ETE/JIbCTBYIOT O BeChMa HH3KOIl 3pesocTn —
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npeobmagammu Qemmaecknx macc. Honnentparnus PAD, comocraBumas co
CPEIHAM YPOBHEM B KOHTHHEHTAILHOIT KOpe,— MOKA3aTeIb YMEPeNnno# I HHa3-
Koif cmaamunoct. PasHas cremeHb TeoXHMUYECKOR AmpdepeHrnpoBaHHOCTH
anprochepHbx GIOKOB HAXOTUT OTPaKeHme B o0uieil pagnoreoXnMHIecKoi 30-
HaJIBHOCTH KOHTHHEHTATLIoMH semmnoit koput [Cmeicaos, Turos, 1983 ], a rax:xe
B perunonannnoii mMeramiaorennn |Hyssemos, Wnpmmermit, 1985].

PAJITMOTEOXVUMNYECKUE THIILI
CTPATHOUIMHPOBAHHLIX KOMILIERCOB

T TPAHUTOMIOB INIABHBIX CTPYKTYPHBIX OBJACTEN
KOHTHHEHTA/IbHOII KOPbLIL

TIaBHBIC CTPYKTYPHEIE DJIEMENTH MAaTePUKOB — MPEBHHAE MIaTHOPMLL
T CKIaTaTie TT0aca, PA3JMYRI0I[HECH BHYTPeHHAM CTPOSHEM H CTEIeHbI0 Teo-
XEMATCeCKOH MuddepenupoBaHHOCTH COCTAaBIAIONNX Teobirokos u dopma-
OHOHHBEIX KOMINIEKCOB. B aToll cBAsW mpejcranisercs 1execoofpasHEIM pac-
CMOTDETh OHBIT PAXUOTeOXMMHUUCCKON THNM3aun DPA3HHIX CTPYKTYPHHEIX 00-
macteii: Bererymon ¢yngamenta Cudnperoil mwraTdopMel, ToKeMOPHICKAX cpe-
auaAex Maccmsos Ilammpa m TyBel, cxmamgartoit obaactm nasnreozouf AlTae-
Caam, a Tarkie TePUOKLAHMYECKO 0CTPOBOAY:KHOE cueremsl HaumJaTkd.

Anrapo-Hamcrkuii, Bumpocumcrkuit n Hamcrni
BB CTYyIOB toro-samagpoii gactm CuOmpekoil DIaTOOPMLI IPEACTaBIMIOT
001aCTh TPEHMYTIECTReHHOr0 PA3SBUTHA CHATNICCKAX, B MEHbIIel mepe gemn-
YeCKO-CHAMMIECKHX I (eMIYecKnx KOMIICKCOB 2GMHOI KOPHI, MOIIHOCTh KO-
Topoil 3mech cocramiser 43—0H1 K.

Jlpesneitmmy spasercs pagHeapxefickmil 4apHOKHT-TPAHyIUTOBLIN dop-
MallTOHHBI KOMILTEKC KaHCKOIl Cepum, PA3BUTHI B OCHOBAHIN BIJIHIMOTO pas-
peaa u ofHamaw(miics a 6oabIel yacT TeppuTopun Aurapo-HaHckoro Br-
cryma. CrToMKen on rmnepeTeHoBbIMH M OHOTHT-TPAHAT-IHIePCTeHOBEIME THEH-
caMH TDAHHTOMIHOTO COCTAaBa, TAMHO3EMUCTHIMI I'DaHaT-0uOTHT-KOPIHCPHTO-
BHIMHA THEHCAMW ¥ BLICOKOTJIHHO3SMHUCTLIMHA UINMHEIb-CHITUMAHUT-KOPIHASPH-
TOBBIMH KPUCTAIIOCHAHIAME METANeIUTOBOTO0 COCTABAa, I'PAHAT-0HOTHTOBBIME
raeficaMit I TPany/idTaMu METa0CafoTHOTD, CYIIECTBEHHO KBAPIIMTOBOTO COCTA~
Ba. B HmRmeilt vactm pazpesa pacopocTpameHsl rpaHaT-rUIepCcTeHOBEe H By~
OHPOKCEHOBLIE KPUCTANIOCHAHIE 6a3a1bTOBOr0 U aHe3NT00a3aTLTOBOIO CO-
cTaBa, 4 TAW/KE PACCIOPHHEIE aHOPTO3UT-TMPOKCEHHT-rabfpo-HOPHTOBLIE WHT-
pyaun. IIHPOKO MPLICTABICHLE aBTO- M AMIOXTOHHEIC YADHOKHTHL (6OTYHHATHL
m kyaseesnts [mo FO. A. Kysnenony, 1941]) ksapaeso-guopuronoro, rpaHATo-
BOTO M Tpa#ocHenmTosoro cocrasa. (TAHOBICHHE YaPHOKAT-TPAHYINTOBOTO
KOMTIJIEKCa 3aBePITHIOCH (OPMHPOBAHMEM JIEHKOKPATOBBIX OPTOKIA30BBIX
rpanitos, rpadomuopurton m mermarompos. Copmepixamme PAJ (U, Th —
—10* %, K, mac.%)* 8 mopojax xommiexca cuabHO Baphmpyer [Homknm,
1983al, mo B meaom raeiics oramuanTcd mopnmmenuoit (10—35) Topmemoc-
HOCTBIO, BECOKUM (9—35) ormomenmem Th/U. YapHorutsr pesro obejaesst
ypamom u Topuem. Cpegnne opueHTHPOBOUHLIE OUEHKN JIA YaDHOKUT-TPAHY-
amrosoro Kommiekca cocrasamior: U — 1,0; Th —15,3; K — 2,46; paa
OPTOKTABORKIX Tpammton  rpamopmoputos: U — 1,0; Th —11,1; K — 1,37
(rabn. 1).

UapHOKHT-TPAHYINTOBEI KOMIIEKC BBEPX IO Paspesy CMEHACTCH MHr-
MATHT-THeICORLM eHdceiickoi cepmm. [lopojisl KoMOIerca pacmpocTpaHeHs
B sanajHoil mpuemncefcKoil mosoce Anrapo-HaHCKOTO BHICTYIA, a TAKIKE
HA OTJeIbHEX YYaCTRAX B I[EHTPAJbHOII 30HE, TTe MePeKPHIBAIOT IPAHYIHTH .
Kommaexe cromen meravopduueckumu mopogavu amdubonurosoil Qammm:
IPaHaT-GHOTHTOBLIMEI, PE/Ke IPaHAT-OMOTHT-CIUIMMAHUTOBHIMH H am¢pubomr-
OUOTHTOBHLIMHU MaparaeiicaMi, KATHeBHIMI 1 KaJAni-HATPIEBEIMA OPTOrHeicaMn
(kucabiME MeTaByaKanmTamu), ampuboamramn (MmerabasmraMm); B BepXHER

* Jlampuie TOKA3aTeIh PABMEPHOCTH Be3jle OUYIneH.
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Tabamma 1

Onenkn cpepnux copepskanmii ypama m topua (r-107% %) m xamms (mac. %) B raaBHEIX
CTPATH(HIPOBAHHLIX (OPMANMOHABIX KOMILIEKCAX H TPAHNTOMIAX 3eMHOM KOPbI 10:HOM

vactH Ennceiickoro Kpmka W cesepunix paiionos Boeroumoro Casma

BhICTYIT
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KOpBI
U|Th|K | U|Th | K | O|Th| K
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&
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g 58 JByTIONIeBOINNATOBEIX  JIeiiKoTpa-
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= = ——
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= M Bed o] Loalil L |t =1
:tg By/KaHOreHHO-TEPPHTEHHLI (0T
2 Jaoxenusn Enxamcroro mpormba) 2,3 | 8,42,04
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TOJOBMHE paspesa PasBUTEl TOPUBOHTHL MPaMOPOB M KaJbOudupos. ['Hefckr
MHATMATHBAPOBAHEL, TPOHM3AHE TEIaMN THCHCOBUAHEIX TPAHATOB, G0Iee Mo3/-
HOME anantamu u nermarmtamu. Cpemnee conepskanme PAD B crparudunupo-
BaHHLIX mopogax wommierkca: U — 2,7; Th —17.4; K — 2,81; B rmeiico-
pugaEx rpaEuTax U — 2,4; Th — 17,4; K — 4,6. Jleiikocoma MErmMaTuToB
pesro obennena U (mo 1,3—0,5) m Th (no 4,9—1,0).

B mpepenax Bupiocmhckoro poictyinia MurMatur-raeiicossiii opmanmos-
Hbiil KOMIJIEKC NPEICTAaBIeH IPeMMYIIeCTBeHHO TPAHAT-GHOTHUTOBHIMEA THEH-
caMil ¥ IUIATMOMHTMATU3NPOBAHHEIMI WX PAasHOCTAMH XaHIaMHHCKON CBHTH
co cpemauyM comep;kammem U — 2,0; Th — 16,3; K — 2,55; B murmarur-rpa-
mutax — U — 1,8; Th — 16,3; K — 2,48.

B mpouecce gopmupoBanma sTux KOMIUIEKCOB Ha loro-samafge Cubupckoi
naardopmMel GblJIa CO3NaHa KOHTHHEHTAIBHAA TeoXuMudeckKH AuddepeHmupo-
BaHHAA cmajmueckas xopa spexoro Tuna [Homrme, 1983a, 6], onnum us xa-
PaKTEepPHLEX MPH3HAKOB KOTOPOil ABIAETCHA TOBHIIEHHAN TOPUEHOCHOCTh M Ka-
JHEBOCTH, IO TOPUI IPEBHIIAIONIAS, & 0 KalHWi0 HAXOAAMAsCH HA yDOBHEe
CPeJIHNX 3HAYEHWIl, IPUHATHX JIIs «CPAHUTHOTO» cJ0sx semHOE Kops. Coxpa-
HEBHIHECH OT HPO3UH ¢1a00 HMPOABICHHLEC PYZHEEC KOHICHTPAIMH IIPEeICTaB-
JICHEL PEIKOMCTAIIBHBIMA IErMATHTAMN, BEICOKOTJIMHO3EMUCTHIMI THeHcaMII,
THTAHOHOCHEIMI PaccJI0eHHHMA MeTabasuTaMu W Jp.

B Bepxmem apxee IpOM30NUIM JIECTPYKINs — B3JIAMEIBAHHE KparoHa,
pudTorenes, mMOrpy;KeHUe CHMAJMYECKUX MacCe M 00pazoBaHHE OCATOTHO-BYII-
KAaHOI'€HHBIX KOMILJIEKCOB 3€JIeHOKaMEeHHBIX IIOfACOB. (DOPMHPOBEUIHCIJ (I)BMH—
qecKue H eMUYecKo-cualndecKue mosaca.

IIpumepom mepsoro us Hux asaserca lIpmenmceiickmil 3eleHoKaMeHHEHI
mogc. Ciomen oH ABYMA CTPYKTYPHO-BENECTBEHHRIMA KOMILICKCAMH, TPeJi-
CTaBJEHHBEIME METAMOPPU3OBAHHLIMI B OCHOBHOM B SHHZOT-aM(uO0IUTOBOI
damun 0cagOTHO-BYJIKAHOTCHHEIME TOJIAME, OTHOCAMMMUCH K IOKCeEeBCKOI
Cepui, U TECHO CBABAHHEIMH C HOMH MHTPY3HBHBIMI, IPENMYI@CTBeHHO HHIb-
HEMH o0pazoBanmaME. HmrEMN KoMmmiexc o0pasosa am@uboanraMm, OTBe-
YAKNUME 10 COCTABY HHM3KO0KEIe3MCThiM i HUBKOKATHEBLIM TOJEUTaM, M II0JI-
YHHCHHEIMH UM KBapI-II0JeBONIIATOBHME OPTOTHEHCAMHI — KHCIBIMHE MeTa-
BYJKAHATAMHI, PE3KO OOCTHEHHLIMH yPAaHOM, TOPUEM W JPYTUMH CHAIHYecKH-
Mu okcupmiamn. B ocHoBaHmHE paspesa 3ajeraiT MeTaTeppureHHbe GmoTmT-
KBApIEBLIE ¢ TpagaToM THEHCH M CJAHIB ¢ TOPUBOHTAMH KBAPOHTOB I MpPa-
MopoB. Vnrpysusnpie (aiynm OCHOBHBIX U KUCAHX mopop — rabépo-amguio-
IUTOB M THEHCO-TPAaHuTOB — M0 cocTaBy O0am3ku »PQYysMBHHBIM aHAJOTaM.
Cpennue copepsanua B crparndunuposassoM kommiexce: U — 0,0; Th —
2,2; K — 0,93; B nopogax rEefcorpasHofHOPUT-IIarHOTPAHUTOBOH GopMaum:
U=1,4; Th — 4,7, K — 2,25. Bepxumil ¢cTpyKTypPHO-BELECTBeHHBIH KOMII-
nexce 00pazoBaH YEpPeJoBaHUEM IO0JEBOIIIATOBEX KBAPIHUTOB, 3€JICHBIX CIaH-
nes ¢ amfuboiauramu (Meradasuramm) u KBapPI-IOJIEBOMIIATOBLIMIA OPTOCTAH-
maMi (KUCIBIMU METABYJIKAHWTAMU); B BepXHeil IOI0BHIE paspesa OH CI0/ReH
IPEeNMYyIecTBEHHO TY(GOTeHHEMHA B BY/IKAHOMUKTOBBIME META0CAKOTHBIMU 10—
pogaMu ¢ TOPHB0OHTAMH FKEJE3UCTHIX KBAPIUTOCIAHIEB, KUCJIBIX I OCHOBHBIX
Mmerasyiakanutos. Cpegum Hux HaGIIOMAOTCHA COTIACHBIE HACIOCHHID CYOBYI-
KaHNYeCKHe MHTPY3UH MUKPOTPAHHTOB, TpaHuT-mopdupos, merarabdpo, cep-
NeHTHHA3APOBAHHKY YIbTPaMaQHTOB U CEKYINHE MHTPY3HBHBIE Tela IJIaruo-
rparnTos. Comepsannme B ocajouno-Byakamorennnix mopomax: U — 1,0;
Th — 3,1; K — 1,2; B werpysususix miarmorpanurax: U — 0,9; Th — 4,6;
K — 1,44. Cpennne snavennsa PAD pus popmaumonnoro xovmaexca [Tpuenn-
ceiickoro senenoxamennoro nosca (U — 0,9; Th — 2,3; K — 1,28) Gausrm
TAKOBBIM «Da3aJbTOBOTOY CIOS 3EMHOII KOPHI, YTO W ONpefexser OPHHaIes-
HOCTD €ro K ()eMHATECKOMY THITY ¢ DPHUCYIMME PYAHMME KOHIEHTPAIUAMN (51ke-
Je3MCTHIE KBAPIMTLI, THTAHOMATHETHTOBOE M KOJUEJAHHOE OPY/IeHeHMUe).

3eeHOKAMEHHBIE Nosca (eMIIeCKO-CHAINICCKOTO THIIA ABJIANTCH KPYI-
HBIMM SHCHMAJIUYECKHMH BHYTPUKPATOHHEIME CTPYKTYPaMu ¢ PasfapoOIIeHHEIM
B DOTPY/REHHBIM KPUCTAIIMIECKHM IPOTOKOHTHHEHTATbHEIM OCHOBAHUEM.
Ilpmmep Takoro Thma cTpyKTyp — Hamcknii serexorkamenusii mosc B Boc-
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TogaoM CafHe, B CTPOCHHE KOTOPOTO TAKHE BRUIGIAIOTCA JIBA CTPYKTYPHO-Be-
mecTsenanx rRommiaerca [Homrmm, 1985]. Hmkanit npegcrasaen avbubomni-
ToBOI M amPudoanTOBO-THEICOBOI ToMmaME. AMPUOOTHTE TePEIYIOTCH ¢ aM-
¢ubonoBsIMu THeiicaMm, a B HU3aX pazpeza — C TOPH3OHTAMHE yILTpaMaguTOB
BYJTKAHUIECKOTO O0JMKA, ¢ PEIHKTAMH KYMYJIATHBHLIX W CIWHNPEKC-CTPYE-
typ. Cpepn ampuGonnrtos u yaprpaMaduToB passuThl Teaa Merarab6éponmos,
AYHUTOB I mepuA0THTOB. Bee aTi mopomst mo cocTasy 00 HeIUHAIOTCS B TOMEUT-
KOMaTHUTOBYI0, 0a3aIhTOBYI0, HEPHOTHTOBYID U rad0OpOBYI0 acCOmMMAIIN.
B pepxmeil tomme mpeofiaamaioT OHOTHTOBHIE W OMOTHT-TPAHATOBHEIC THEHCEH
TaUTOBOTO, PHOJAIATOBOTO M PHOJUTOBOTO COCTABA, COMEPKAILNE TOPU3OHTEI
nnarnokaazosex ampubGonmror. Haubomee xapakrepnas pajnoreoXx uMmyecKast
0C00EHHOCTh HIGKIET0 CTPYKTYPHO-BEIMECTBCHHOTO KOMIIEKCA — ILOBBIIICH-
umas (12—20) ropuenocunocrs rueiicos npn sricokoM (9—14) Topuit-ypamosom
ornomenun. Cpeguee cogeps;kanue PAD B mem ouwenusaerca: U — 0,9; Th —
7,0; K — 1,35. Hmxunii koMmmIexrc MeTaMop@uaoBan B yeJaoBusax ampuoomn-
TOROM harum, MHTEHCHBHO MATMATH3UPORBAH ¢ 06Pa30BAHUEM [IIIATHOMUTMATHT-
THEHCOBRIX KYIIOJN0B U HeDOJBINNX IIarHOMHTMATAT-TIYTOHOB GO CPEIHAM CO-
mepswasuem U — 0,9; Th — 2,31; K — 1,28.

Bepxumit ¢TpYKTYpPHO-BCHIECTBCHHBI KOMIICKC B HHARHEH 94acTH Ipen-
CTaBJCH MeTaoCag0IHRIMA TOPOLAMA: KBAPIUTAMM, TIMHO3EMHUCTHIMI OHOTUT-
TPaHaATOBHIMHA THefcaMI ¢ TOPHBOHTAMH MpPAMOPOB, B CpegHEH — meTa-
Gazuramm: ampuboamramm u aMPuOOTOBRIME TIATHOTHEHCAMH, a B BepX-
Hell — KHUCThMHI MeTaByJKAHWTAMH: OHOTHTOBHIMH OpPTOTHEHCaMM PHOIAI-
TOBOTO U JAIHTOBOTO COCTABA M METATEPPUIreHHEIMI KBaPIHUTAMI M KBAPIEBO-
CIIOTUCTEIMU CAAHIAMA. TTOPOJEL KOMILIEKCA METaMOpPQUI0BAHKL IIPEHMYII[eCT-
Benmo B ammgoT-aMubornToROM dammm H BMEINAT HUKHEIPOTEPO3oicKue
IPAHOAMOPUT-IIATHOTPAHATOBEE HHTPY3un. Hak W B HIKHEM KOMILIEKCE
METABYJIKAHATHL KUCJOr0 COCTABA, 4 TAK}e METATEPPUTeHHEE TMOPOXLL OTIIHU-
TanTCA MOBLIMIeHHOMH (15—23) TOpHeHOCHOCTBI0 M BEICOKUM TOPMII-YPAaHOBEIM
(7T—13) ormomenmeM, 9TO CBEXETEILCTRYET 0 (JOPMHDPOBAHHE HX 34 CUET BEI-
corofupPepennupoOBaNALIX CHATHYECKNX MAace TPAHNYINTOBOH dammm, obey-
HenHo#l ypanom. Cpemaue smavenma PAD s 5T0r0o KOMIIEKCA COCTABJIAIOT:
U—1,4; Th —11,3; K — 2,05; masa uHTPY3HBHOE TI'PaHOXHOPHT-IIATHO-
rparuroBoit popmammu: U — 1,4; Th — 5,3; K — 2,69. B memom mura mopop
Hamcxoro zenmcmoraMeHHOTO MOfICA OPHEHTHPOROYHEIC OMEHKH TAKOBE: U —
1,2; Th — 9,3; K — 1,72. Oum orpakanT ycpelHeHHLE CBOHCTBA KOHTPACT-
HO 9epeyonuxca HA3KOPATM0AKTHBHLIX (EMIICCKAX W RECOKOPATHOAKTHB-
HBIX (TOPWEHOCHBIX) CHAJMYECKNX MHHEPAJNBHHX Mace, M0aTOMY NHaHHAS PaH-
HenoreMOpUECKAA CTPYKTYpPA OTHECPHA K (EMHYECKO-CHATMYECKOMY THOY.
g Hee XapakTepHE THTAHO-MaTHETHTOBEIE PYAL, KOXYeJaHHAS, METHO-KOJI-
Jeflannas 30J0TO-CYAnfUAHAS MEUHepanmsanma, pymonpossaenuma Ni, Mo,
Pb, Zr, acbecta, a Tarime ;RIMIBHOTO FPAHYAHPOBANHOTO KBapPIA.

B mmwmmem mporepozoe B mpemendax oro-samanuoii oxpamasl Cmémperoit
niaardopmel npeobraganra o0CTAHOBKA HINKPATOHHOTO OCANLOIHOTO OacceiiHa.
B mpenenax Brnpocunckoro BeicTyma B 9Ty 210Xy copMEPOBAH MOI[HEIL Kap-
O0HATHO-KBAPINTO-CAAHIEREI KoMmmieKke (Hepoiicras cepua [mo A. M. Cess-
ko, 1982]) ¢ ropmzomramm MeraGasuToB, OJMCOMUKTOBHIX NECYAHHKOB, BEL-
COKOTIMHO3EMHUCTEIX W YIVIeDOTHCTHIX CIAHIEE, FeOXHMUTECKH CHETMHATIA3H-
POBAHHEIX Ha peIKHEe, PafANOAKTHBHEIE, OIaropofgHsle MeTaliasl. HoMmoiaere
30HANBHO MeTaMop(U30BaH OT 3eJeHOCIAaHIEBOH go amdudonmrToBoil dammm.
Comep:xarna PAD B memom pas mero cocrasagor: U — 2,5; Th — 10,7;
K — 2,13, uro npumepno B 1,5 pasa mpessiimaer 3HaYeHUA, TPUHATHIE JUIs
RODH KOHTHHEHTOB.

Ha py6Gesxe 2 mupp mer mpousonmrnun mHBepCHA Iporuba, 30HATLHEI Me-
TaMOPPU3M 0CAMOYHEIX TOJN B GOPMHPOBAHNE MHIMATHT-TPAHHUTOBOIL H Tpa-
HHTOBOI (opmarnit (caaHcrmit Kommiaere). [lo manarm B. B. Bpranesa n ap.
[1985], rpammrooGpasoBamme oxBaTHBamo sHadmrexbHENT (2,0—1,64 mmapp
Jer) spemeHuoil maTepBat. OHO CONPOBOKIATOCH MIPUBHOCOM H KOHIEHTPamueii
PA3. Cpepune smauenus pusa reeiicorpammTos cocrasiaaior: U — 3,1; Th —
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27.9: K — 4,17. B mpemenax Amrapo-Hamckoro BrcTyna B 9Ty ke JIO0XY
dopMAPYIOTCA TPAHATOMAR TAPAKCKOTO KOMITEKCA: U — 3,0; Th — 35,8;
K — 3,%.

Pammenporeposoiickas anoxa B [Ipncasube saBepimaerca PasBuTieM KOM-
MCHCAIAOHHKX IPOTHGOR, BHEITOMHEHHHIX BYIKAHOI@HHO-OCA(OYHBIMI TOI-
[aMH, T CTPYKTYD aKNTKAHCKOTO THIA, XaPaKTePU3YIOMAXCH HBTHATMCM B~
COKORPEMHe3EMACTHX PHOJUTOBHIX JIaB KalHeBOro YKIOHA 1 HAKOTICHIEM
TepPPUTEHHBIX O0CAKOB KOHTHHCHTAIBHOTO THIA. Itr ToNMH BMeIIAloT AHQ-
depenpoBAHHLIe NHTPY3HH JeHKOKDPATOBLX IPAHATOB H PEJROMETAIIBHEIX
mervariuros. Cpepume comepikanus PAD A cTpaTHUIEPOBAHHBIX TOJIY
atux crpykryp rakosn: U — 2,3; Th — 8,4; K — 2,04; B mpopsIBalmMUX WX
rpagnrax: U — 3,4; Th — 19,9; K — 3,32.

Bepxmenporeposoiickue (pudeiickme) 0caTOTHO-BYIRAHOTCHHBIE KOMII-
Aexcwl pacmpoctpaHenst B Kysaiicko-MupmayHcRoit cTpYRTYpHO-hopMaTnon-
Hoii some: B Mamckoy, Mupuaymcxom, Hmarameroy mporubax. B paspesax
OHII Be3jle CMeHAIOTCH TeppﬂI‘CI[HO-HapﬁOHBTIIh[)lII OTIAOMRCHILAMMT I’\'efﬂﬁpl[ﬂ
I SBISTIOTCS COCTABHEIM DJEMEHTOM cajaxpuf. Byrramoremmuie o5pasoBanmns
TpeCTABTeHE MeTabasa bToROM M ROHTPACTHOH MeTATITA PUT-H23TLTOBOIL
dopmammeit B cocraBe KyBaiiCROII ByaKaHOTeNHO-0cagounoit cepmm. Ilpoct-
PAHCTBEHHO ¢ HIMIT COTPS/REHSI rHnepGasuTonnie i raddpo-mIPOKCEITUTOBBIE
HHTpYy3uHl. By.ﬂHaHHTlxl M MHTPY3VWBHBIE IOPpoabLl 1Mo coCcTaBy 1 reoXIMUYeCRITM
cBOICTEAM OTPAKAIOT CHENUQHKY WHANHAJILHOTO MarMaTHsia BepXHeapoTe-
PO30TICKO-HI/RHEIAMe030HCKOTO NOABIRAOTO II0ACA BO BHeIINeH 30He aKTH-
pusiposagroro Qyxtamenta Cubmpckroit naatrdopyel. OpUEHTIIPOBOYHKIE
cpexume orenkx PAD jrst ocamouno-By.TRAHOTCHHOTO ROMIIERCA: U — 2,2;
Th—4104; K — 2;21.

B npmmnardopyennoii some llpmcasipsi B Teuenue H03IHETO IPOTEPO30
(sepxmero pudes) B mporndax HaRATINBAIUCT cybanpaInbHLe MeCTPOINBETHHI®
feppurennse 1 KapOOHATHO-TeDPUIEHHER OTIO/KeHNA, BpeMeHaMu COMpo-
BOJCIAIONAECA NBBEP/KONMeM  INEMOTHHX —BHCOKOKAJUEBHX Ty(oB W JaB
u sHeApeHmeM Jnala3oB (kaparacckas, OceIKoBadg cepui, HePCHHCKI KOMII-
aexc llpmeasanckoro mporuba). Cpepnue comepiRaHitg PAD » nopopax aToro
dopranmonnoro Kommiekea: U — 2.5: Th —9,1; K — 3,26; B waameBsX
meromnmx  Merapyirwamnrax: U—2,0—4,5; Th—10,5—13,0; K—6,5—11,0.

B npememax panHe[oReMOpPUIiCKAX CTPYKTYD Bocrousoro Cagna MIHAPOKO
HPECTABIGH CPEIHeNAI 030 CKIiT — JeBOHCKAM 0CAJ0THO-BYTKAHOTeHH LI
dopuanuonnrii KoMmmIere (AryJbCRWIT M Taitbuncko-Hancexkuit mporud b,
PuGuncras snajuaa). B maufonee KpynHoil cTpyrrype (AryiberoM mporube),
samoskmBIeiica B mpegesaX DBUPIOCHHCKOTO BHICTYHA, PACIpPOCTPaHeHbl Tpa-
xmnannesurobasansrosas (U — 1,8; Th — 4,2; K — 1,6) m rpaxur-rpaxmiit-
napurosas (U — 4,0; Th — 16,0; K — 3,98) gopmaiium. Omnn 11 poOPHBAIOTCH
CHeuT-TeiikoT PAHATOBO MHTPy3neil (OrHATCKUE KOMIICRC, U — 3,4; Th —
19,6; K — 4,29). Buie 1o paspesy Te 1 Jpyrie OepeKphBATCA TePPULeNHOIT
TO1Iel, BRIOYAIONEH rOPH3OHTH TPaxubasaabTos. Cpeguue sHaverua PAD
NS AEBOHCEOTO 0CAJ0YHO-BYJIRAHOTEHHOTO KOMIUIERCA TAKOBLI: U — 2,6;
Th — 9,4; K — 2,06. Cy6syaranmieckue HHTPY3MH OCHOBHOTO H KHCJIOTO
coCTABA M3BECTHH B mpemesnax Hamekoro BHICTYHA, BYJIKAHOI@HHLe I WHTDY-
anpiuie 0GpAZOBANMA KUCJIOTO W MEJOTHO-CHATHICCKOrO COCTaBa PasBHTEL
taryke u Ha Amrapo-Hamckoil ruanife (CepepHuHCKAA BYJIKAHOIIYTOHHIECKA
cTpyxrypa). Cpeine omeHKH PATHOTCOXMMUIECKOr0 (OHA KOMILIEKCOB (cnr.
tad1. 1) moxassisawr, 910 CyOIETOYHBIE MATMATHTHL Amrapo-Haackoro BoI-
CTyTA OTIMUAIOTCA TOBLINEHHOH TMPHMEChIo Beex PAD. CpejgHenmaneo30iicKmil
(OPVAHOHHKT KOMILIEKC HaK/IABIBAeTCA Ha apxeiickie, mportepo3soicKue
I KaJTeTOHCKME CRiaanuateie coopyskerua. MopMmapyeMbie HMII CTPYRTYPBHI THIIA
rpafeHon ¢o CyOIETOYHBIMI I IIEJOUHBIMII MATMATHTAMA W KOHTHHCHTAXL-
HEDMH 0CUTKAMIT BIIOJIHE COMOCTABNMEL ¢ 00Pa30BAHMAMM JMMKOATHHEHTATLHHIX
pudros [Hosmxnn, Caarimm, 1985].

Cpegmumuabse MacecHBH cKITaguaTHX ob6macTelil
panepososn (IOmuwuit Haunp, Bocroumas Tys a). I0x-
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mEti IlaMED M3BeCTeH Kak Permom ¢ CHAIMYECKMM npoduiieM 3eMHOH KOpH,
MomHocTs Koropoit nocruraer 70—80 wm [Jlurocdepa..., 1982]. IHa aroii rep-
puropnu HanGonee ApesBHne, apXeiicKue, FHECH M MUTMATHTE 3a6TAI0OT B 0C-
HOBaHUN BHjMMoro paspesa llammpo-Hypucranekoro cpepmumnoro maccusa,
nepepaboTaHHOr0 B ATBIMACKYIO 3HOXY HPOIECCAMH TeKTOHOMArMATHIOCKOIL
arrupm3annn. G cesepa o ceBepo-BOCTOKA MacCHs 06 paMAALTCA TePPUTCHELMMA
I BYJTKaHOTeHHO-KapOoHaTHBIMH (OPMANMAME [aJe030i-PAHHeMe3030HCKOTO
9BreOCHHKINHATBEHOrO npornba. B mocrmmsepcuonnbii sran passmras sroro
nporuda B CBA3W ¢ 30HON cowleHeHHst ['yur-ATHayperoro u [0sxmo-1lanmp-
CKOTO TJIYOMHHLIX Da3jioMOB, OTPAHNIUBAIONIAX CeBeDPHHI 0J0K CPELHHHONO
MaccuBa, cpopMmupoBaicAa Kh3bLI-pabaTCKuili (camaHTyPCKmi) ByJIKaHOTTY-
TOHUYCCKUIT KOMILIEKC CYMI@CTBEHHO KUCJIOTO COCTaBa, MpeCTaBIeHHb (par-
MEHTAMH DPOJIHPOBAHHKX NaJCOBYIKAHOB.

Paguoreoxmvmueckne xapakTepECTHKH KPHCTATIHIECKHX 00 pasoBammil
llamupo-Hypucranckoro epeunnoro Maccmsa (B mpejiesax repparopun CCCP)
OTAHYAI0TCA GoNbUIMM pasHo0GpasueM 0COGEHHO s I'PANHTOMTHEIX II0POJ,
UTO CBA3AHO C Tepepacupe/eleHneM DaTHOAKTUBHBIX BIEMEHTOB B TpPOIecce
HEOJHOKPATHOTO TEKTOHOTEPMAJIBLHOTO BOBJEHCTBUA M PA3BATHAS MarMaTide-
ckux ogaros. Hamm mpegsapurennisie onenkn cpennux cogep:xanuii (tada. 2;
U — 3,51 Th — 17,0) naa sroro maccmsa GIHM3KN K paHee TPUBOTUMBIM JIaH-
HEIM J7ist Tpanurorneiicoporo caos Tamp-lllana u IMammpa [Baparos, Mora-
poeckuii, 1978]. Oporennsie By IKAHUTH KHBHI-PaGATCKOTO KOMILTEKCA 11/1eH-
THIHBL KpucTamImieckomy cyberpary no xounenrpanuu Th (16,7) m comepixar
HecKoaBKO Gonpme U (4,5), 9To He IPOTUBOPEYNT MpPeACTABICHUAM 00 00 paszo-
BAHHM KHCJBIX PacIiaBoB 3a CYET apPXeHCKOro rpaHuTHO-MeTaMopPHuecKoro
OCHOBAHMA, BBITEKAIOMAM H3 aHATN3a Te0JI0T0-TeKTOHWYECKOH 06CTaHOBKM
M JIAHHBIX O TAYOHHHOM CTPOeHUH PermoHa.

KR nokemGpmiickuM cTpykTypaM THmA CPEIMHHEIX MACCHBOB OTHOCHTCH
rak:ke Canrmien B IOro-Bocrounoit Tyne, kKoTophiii oxaiimmen ¢ cesepa u 3a-
nana cajlaupCKMMU CKJIAA9aTHIMH COOpysreHmAMO. B ucropum ero paseurus
OpocaeRUBaeTCA ompejesenHad aHajornsa ¢ [lepbuEckum Gaorkom Bocrod-
noro Caana. B paspese 1oxkeMOpHA BHIEIAIOTCA TPH MOIIHEIX CTPYKTYPHO-Be-
IEeCTBeHHBIX TOJPa3[e]eHusd: HIKHAA TepPUIreHHas TOIMA € MOYHHEHH0it
POJIBI0 BYJTKAHOIEHHOTO Marepuaja OCHOBHOTO COCTABA, 30HATBHO-METAMOD-
dusoBannas B sejeHocIanlesoii-aMpuboanToROl Janum W oTHOcAHIAsACH

Tabnmmoma 2

Ouenxu cpepmnx cojep:kanmii pajoaKTHBHBIX DieMeHToB (- 10~% %) B crpysTypHO-Be-
UIECTBeHHBIX KOMIJIEKCAX KOHTHHEHTAILHOH 3eMHOI Kopbl

Kpucranan- | IlepexpuBaio- | OporeHHBEe
wecKuit HyH- IHe TeppH- KHUCIIEE BYJI-
Te0CTPYKTYpHAA 061aCTh AaMenT T i ;;]?::L":’é;;u Tun dysEmamMenTa
U Th U Th T Th

Cpepmunnie  MaccHBEL 15U I (o ) T - 45 | 16,7 Cranmyeckmit
(IOro-Bocrounsii ITammp)

Beieryner  gyamamenta 0,9 2,911,8 79| — — (DemumyecKmil
Cubupckoii  maardopmer 12 9,37 2.8 89| 38 | 220 MemMuvecKo-cHa-
(Bocrounriii Casm, Emn- mTIecKui
celiCKmii Kpsk) 18 [ 19,0 | 2,9 | 15,8 | 4,0 | 20,5 Crammgecrnii

Cxnapuateie  obnacto — — 1,3 56 | 4,1 | 16,1 (Demmyecko-caa-
(Topasui Anraii, Hyanen- JHYecKnil
Kmif Anaray, 3amnajHsrit
Casm)

Ocrposame pyrm (Kam- 0,4 d.d | 4.2 281 20 30T DeMHYeCKMI
YaTKa) 1,9 62 | 1,3 4,0 | 2,6 4,7 (DemmvecKo-cua-

JIMYecKui
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K HIGKHEMY IPOTep03010, KapioHaTHAS TOIIIA MPAMOPOB ¢ TOPH30HTAMA THeM-
COB W KPHCTATINYIECKUX CIAHIEB HIYKHE-BEPXHEIPOTEPO30ICKOTO BO3pacra
u kapOOHATHO-TEPPUreHHAA BepXHero uporeposos. llociaegssas B psage mect
nepeKpEBaeTcsa BeHI-HIKHeReMOpuiickuMu 5ddy3npHO-KapOOHATHEIMI THCI0-
IMPOBAHHEIME OCATKAME, BEIIOTHAIOIIME IIOBHEE HPOTHOE I OPEeACTABIAI-
muME co00i OCHOBAHMA calampij, 3aJ0KeHHHIX Ha JokeMOpmickoMm ¢yHTa-
merTe [Poron, Huxwmrawm, 1969].

TloxkeMOpHiicKie 200XH IPAHUTOBOTO MATMATIAMA BHIEICHH ¢ HEROTOPOit
noaeit yeaosrocrn [Poros 1 xp., 19781, B parmeM nporeposoe CHHXPOHHO ¢ 3a-
BEPUIAIOIIAMI CTAJUAMI TPOTPECCHBHOTO MeraMopdmama QopMUpyercd aHa-
rekrur-marvataTonsii kKommirere (PR;). Crmegcrsmem mpomomRaromeiics aBo-
JIONUHA TPaHHTOBBIX O0vYaros ABWJIOCH PpasBATHE I[H}HHG-CPE}IHBH[)OTBDOBOE’(*
CKUX [APAABTOXTOHHEIX KOMIIEKCOB ATACKUTOB, CYOI[ENOYHBIX JeHKOr PaHM-
T0B, rpagocnernTor W mermarturor (PR, ;). K mosgnemporeposoiickomy Bpeme-
HI OTHOCHTCS OONIMPHAS MHTPY3US JIBYCHIOIAHLIX TPAHUTOB M TPAHUTOMIIOB.
Marmartmam camanpekoii smoxu Ha CaHruieHe, OMHMO BYJIKAHOT@HHEIX 00pa-
30BAHMIl OCHOBHOTO COCTABA, IPEACTaBIeH TPAHONIOPUT-IIATHOTPAHHT-TOHA-
AUTOBBIM KoMILTeKcoM. llpocTpaHcTBeHHO MACCHBEL KOMILIEKCA IIOBCEMECTHO
CONPSHKEHE ¢ IMOBHEIMI mporubaMu cananpun. B KajemoHcKoe BpeMa aKTHBH-
3alin 30W TAYOMHHLIX PAaz3JOMOB TPOU30ILI0 BHEPeHUe capXxoilcKkoil Trpamm-
TOBOH WHTPY3WH, MACCHBEL KOTOPOH HANEIO CIOMKEHH N3BECTKOBO-IIEIOTHEIMI
I cyOmesmo9usMu GHOTHTOBEIMI I JIBYCJIOSIHBIMA TPAHNTAMA, & OCHOBHON 00-
JACThI0 €@ PAa3BUTHA HBWJIACHE TEPPUreHHAS HUMKHE-IPOTEPO30HCKas TOJIA
IHEiicOB B KPUCTAIIMIECKHX CIaHIeB. JTOMY KOMILIEKCY COOTBETCTBYET KY-
rypunackmit Bocrogmoro Casma [Ilomsros m gp., 1978]. Iepummckaa amoxa
OTpaauJIach B AQKTHUBHBIX 6JIOHOBI:IX nepeMeimeHuax KOHCOJWIUPOBAHHLIX
CTPYKTYD ¥ PasBUTUU IPAHUTOBOLO CYOINEJ0IHOTO U IIEJI0YHOr0 MAIMATHAMA,
JATHPYEeMOT0 MHOTHME TWCCIEJIOBATENAMI CPeIHNM — BePXHEM IaIe030eM.

Crparuduuyuposannsie CTpPyKTYypPHO-BelecTBeHHbe KoMmiekes CaHrm-
JEHA OTJAMYAIOTCA 10 PAJMOTe0XMMHYeCKnM cBoiicrsam. Teppurenasie obpa-
30BaHIA HIZKHETO 1IPOTePO30s B BePXHeil HamMeHee MeTaMOP(pu30BAHHON TaCTH
paspesa comep:rat U — 0,7 o Th — 6,3. Huxaume ropnzortsr meramMopduron
snugor-ampubonnTonoil m ampubonmTonoil anmii, BCKPHBAIOMAECA TAABHLIM
ofpasoM Ha 3amajie HArOPHA, XapaKTepuayTes HuakmM comep:rammem U (0,4)
u Gomee BricokuM Th (9,4). Iromy ofmemy panmoreoxmmmaeckoMy oy cyd-
crpata coorsercreyior koamdecrea U (0,3) u Th (8,4) B asroxToHHEIX TrpaHu-
tax. Cpemuee comepskaane U m Th B aBro- M mapaasToXTOHHBIX I'PAHITOUIAX
HE;KHET0 — CPeHEeTO IpoTeposos coorsercTBerHo (1,3 m 9,2 (rabmx. 3). Bepxme-
OPOTePO30HCKNe WHTPY3IWBHLEE TPAHUTHL OTAMYAIOTCH OT Gojee APEBHIX He-
anagnressro mo Th (9,8) u pesro mo U (1,6). ITepexprsaionmme MerareppureH-
HYI0 ToJuly KapOoHATHBIE OTJIOMKEHHUA HHUKHEr0 — BePXHEro IpoTeposos,
BRIOYAIOMAE TOPH3OHTH THEHCOB M KPICTAIINISCKHX CIAHIER, obmaajamnor
HN3KO0iT pajimoakTURHOCTRIO co cpexanM goropmM comep:mammem U (1,0) u Th
(2,7). PagmoreoxuMuaecxe XapaKTePUCTHKE AI€030CKUX IPAHHTOBBIX KOM-
mirexcor CaHrmiIeHa PAcCMATPHBAIOTCS COBMECTHO € CAJAMPCKUMM II Kale{oHO-
TePIUHCKIMEI TPAHUTONIAMI TeOCHHKINMHATBHHX CTPYKTYp dameposos. IIpo-
Tepo3oiickme Merareppurensnle KapOoHartaee Toamu lepfmreroro 61oka oT-
amuaoTcd Goxee BEICOREM cpegHmM comepsranmem U (3,3) u Th (4.0). B mepe-
CeRAMUX BTH TONMMHA JeHKOKPATOBHX W IHerMaTomgaux rpammrax U — 2,9,
Th — 10,5, K — 4,23, 1. e. 110 ypoBHIO TOPUEHOCHOCTH OHH CXOJHH ¢ IpPO-
Tepo3oiickaMu rpaHmramu CaHrmieHa.

Craanmuarme oOGmactn danepososn DB paneposoiickom
NOJABU;KHOM MTOfACe K 3amajy u Ioro-samajy ot Oalikanamy HeoHOPOTHOCTH
reoxuMuIecKo guddepeHIupPOBAHHOCTH CTPYKTYPHO-BEN[ECTBEHHERIX KOMIIeK-
COB SBUAACH CJEGICTBHEM CJIOMKHON DBOMIONMN TEOCHHKJMHAJILHHEX CHCTEM
Antae-Casuckoit obnactu. Ilo BpeMeHH- KOHCONMIAIMN 3[eCh BEIIEIAIT Ca-
JdaupcKne, KajefoHcKme w repuuHckme crpykrypsl [Hysuemos, 1954].

Paunue crajuu passuTHH TMOABWKHOTO MOACA OTHOCATCA K OalikaibCcHO-
CAIANPCKOH 3TM0Xe — K 3a/0/KeHHI0 U (OPMHPOBAHUIO DBreOCHHKJIMHAIBHEIX



TaGauna 3

Cpennee copepsxanne ypama o Topus (2-107* %) B erparndmmpoBaHHEIN KOMILIERCAX H
PPaENTOMAX narecs3on Antae-CasrcKoll crIaguaTodl o0JacTH H JOKeMOPHA CPemiinioro
maccensa Canrmen (Bocerounas Tysa)

] KysHen-
I;'\'_Il‘:g;[ﬁ KHii Alla-

5 - ' Tay, 33~ | Boerounan| B TeTom
Tk TeRTOHO- | Ppapgrongase u pvemaonme | CATAHD, | maihmi Typa | W0 perio-
MarMaTHIecKuit erpaTHHHUITMPOBAHEEE KoM= Rysbace, | gagn, Sa- 2 HY

TLCHCH LipuoBee |~ nagnan
Tyna
o0 T i« R i o N PR 4 R % ) W VR [ o ) R

IeproumacKIi I'pasnr-neiikor panuToBkiil,

D—P 7,8(25,4(5,0]20,0(4,0]21,3]|5,7|22,8
By KanoTeHHO-TCp PUTEHILIE,

PZ,_3 26] 92|25 97| —| — |26 95
Merateppuressne, PRy -] — =] =103 92(0,3] 9,2
I'pamoopuronsii, S 44 TS| TA| == [ 445 T8
Teppurennsie, PZ;_, 14l o3[ 48] B4l = dp =143 ] 8T

Canaupo-xaie- I'pannTir capXxofcKoTO KOMI-

JIOIIC KM Jnekca, P7Z, —| — | —| — [1.7|186[1,7|18,5
Merareppuresnse, PRy = e pees ) =000 10520 53] 9.2
I’panonuopuT-IHOPUT-TOHA-
nroBeti, €,_s (GaromaTs

IECTPOTO COCTABA) 14] 7,8 24] 64..09] 43120]. 63

Teppurenno-KapioHATHO-
pyiaKanorennsie, R — PZ; (0,8 48|1,1| 5,2(0,9] 3,4[1,0] 51

Jocamanpernii T'pannTi KBICTAPLICCKOTO
roMIuIexca, PRy =l o= f il = | 698 1.6 108
AmatexTuTel, rueiicorpasu-
i, PRy o - —1—=1—-—1063( 92]0,3| 9,2
Merareppuresnnie, PRy —| — | —| — {04 9,4]|0,4]| 9,4
HapGonarnuiii ROMILTICKC,
PRy — | == —[40] 27[1,0] 2,7

NpPHPa3JI0OMHEEX TPOTOB, BHIIOJHEeHHHX pufeiicKo-cpegHeReMOpHICKEME BYJI-
KagumTaMz 0a3albToBOro M PHOJIUT-0a3aILTOBOIO COCTABA B COUCTAHHH C TEp-
PHTeNNHEIMA ocafKaMu, W o0mMHEPHEX obmacTeil mennda, XapaKTePH3YOIIXCHT
HAKONJICHHCM KapOOHATHHRIX ¥ Teppurenno-kapGomarneix Ttoam;. C mupep-
CHOHHOI cTajHell 30H cajJlaupHj] CBA34HO CTAHOBJIeHWe CHHOPOTeHHON rpaHO-
IHOPHT-ILIATAOTPARAT-TOHAINTOBOM (OPMAIIN, BRJICUAIONEH MOPONEL MeTa-
coMaTU4eCKOro M TEOPHIHOTO HPOMCXO:IEHHs, BO3HUKINIHE IPH B3aMMOJei-
CTBHH TPAaHOAUOPHTOBOH MarMbl ¢ OKDY/KAION[HMU BY/JIKAHATAMH U H3BECT-
HAakamn pudes — wembpua [[Tunye, 1961; Joarymmm u gp., 1971; m ap.].
Pasamume B cocrase oroil QopManum, ee METAJIOTCHNH M TeOXHMHU OBIIO
BHI3BAHO TEOTEHTOHMYCCKUM IIOJIOKeHNeM ILIYTOHOB M BAMAHHEM COCTABA BMe-
MARIAX TOJN Tpn rpaHErEsanuu. Pasmemenme »>Tux rpaumTonjioB Hmpouc-
XOJH/JI0 B OCHOBHOM Ha YpPOBHEe cTpaTmduiupoBaHHEX obpasoBaHmil pudes —
HIREET0 KeMOPHSA, OTPAHHYMBAJIOCH YYACTKAMO AHTHKIMHOPHHIX MONHATHA
I0Ka CATAmpPCKNX 30H M OIPEeNsiloch THIAOHCCAILHBIME YCIOBHAMH BO3-
HAKHOBEeHMA Marmarmueckmux ouaroB. llo cmoeit mpmpone GoapimmHCTBO Mac-
CHBOB TapaaBTOXTOHHO ¥ (OPMHDOBAIOCH HEBIAIEKEe OT MecTa 3apork/IieHHHd
marmst [Hysmemon m ap., 1971]. O6pasosanme mociegHeid MOTI0 IPOMCXO-
IMTH 334 CHET IVIABJCHHAA BYJKAHOTEHHHIX M 0CAZ0YHBIX Iopoj Oosiee peBHHEX,
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uem caNanpHIbl, KOMIUIEKCOB QeMmdaecKoro npoduia. JToMy Teamcy He Tpo-
THBOPEYAT TreoJOTHIecKue HaOJIO/ieHns, NaHHHe NeTPOXMMHUU U CJO/HAA
GHILBPO—XaJIbKO'OKGH(I)H.TIBHaH reoxmMuyecrad W MeTaJdJoreHm4YecHKas choenna-
amzarmst marmarnros (Fe, Cu, Au, Mo u 1p.). B crpykrypHo-BenjecTBeHHAX
KOMIIJIeKCAX cajanmpuy upesshvaiino EmaknM cojtep:kanmem U u Th (0,9—1,2
u 2,7—2,8) xapakrepusyorca HOPOAE BYJIKAHOTeHHHIX I KaplOomaTHHX Qa-
nui, B TePPHIeHHO-BYJKAHOTeHHHIX Toamax oHo cocraBmager: U — 4,1 n
Th — 5,2, a B neqoM JiA TepPUTreHHo-KapOoHATHO BYJAKAHOTCHIIBIX KCMIIEK-
cos: U — 1,0 Th — 5,1 (cm. 1aba. 3). Huskaa pagmoaxtusnocrs (U — 2,9
u Th — 6,3) veranosiaeHa jisid TPAHHTOMIAOB, B TOM Yucje M JUIA TPAHATOB
u rpaEET-mopdupos mospHEX ¢das craHommenust Maccusos: U — 2,0
w, Th —8,6.

emOpuiickne Rovmaeresl Bocrousoro Cagna B Haunbomee THIHUHOM BITjIe
nposigiess B Cucnmo-HasmpekoM CHHRIMHOPHAN, T. €. 32 IPE/CIAMUE BECTYIOB
maardopusl. B MaHckoM mporm@e 2ToMYy BO3PACTHOMY YPOBHIO OTBEHAIOT
panHeReMOpniickie KapOoHATHHE OTIO:KeHnsA M 0asajbrouIkl I CBABANNLIE
¢ HEMHE [HopuT-Auadas-rabipoBsle HMHTPY3HA MAHCKOTO KOMIJICKCA, JUIA KO-
TOpHX XapakTepH cienyommue cpepmme sHavemma: U — 0,7; Th — 2,0;
K — 0,88. IlosgmexemOpuilckas — cumiypHicKaA amoxa Xapaxkrepusayer B
HTOM permoHe MO3IHION O0POTeHHYI0 CTAJHI0 PAas3BATHA cajaupui, KOIja Ipo-
MCXOMIUIA 32JI03KeHHe CePHH MEJKHX UPOTEGOB, BBIMONHEHHBIX MOJACCOUII-
HEIMA OTJIOKeHMAMHA TO3HET0 KeMOPUA — OPAOBUKA, M BHeADeHUe JIBYIOje-
BOIIIATOBKX JefiKOKPATOBEIX TPAaHATOB (KYTYPUMHCKUIT, OeJUIBIKCKHHA KOMII-
derchl). I'paHuToMBl TAKOTO COCTABA PA3BUTHL He TOJIBKO B CTPYKTypax ca-
mampmi, Ho u B Becrymax ¢ympamenta Cubuperoit miardopmnr (Hauckowm,
Bupocunckom), a tawke JlepouHckoM aETHRImHOpuu. Jleiikokparossie rpa-
HOTH OBTHX CTPYKTYP OTINIAIOTCA TOBHITHCHHLIMM INEJ0YHOCTHIO H CONepiRa-
mmem PAD: U — 3,8; Th — 22,2; K — 4,27 (cm. Tabm. 1).

I{ kaneoHCKEM TeOCHHKIMHAILHBIM CKIAJYATEIM 30HaM OTHOCHTCH WHT-
pareocHHKAMHAJNBHER HPOrAOB «CKBOSHOIO» Pas3BHTHA Ha NPOTAKEHHM Ca-
JanpcKoil M RaTemoHCcKoil 9moxX, mperepOeBIIne B OOJBITMHCTEE CJIYYAeB KOH-
CONMIAINI0 B HEKHe-BepXHecu ypuilckoe BpeMa — Saunanuno-Casanerad, [llan-
manbeKo-UyasmMancKan, XoJdyHeKo-Uyickas. OHu BhIOJIHEHH Iecdauo-
CTAHIEBEMI ocafgKkaMm, 00pasyOIIEMA MOIIHEIL TePPHICHHEN BHY TDUTE0CH HK~
IMHAABHEN KOMILIeKC. B oTimume oT camaMpeKoil HIOXH WHHIOHATLHBIME Oa-
3UTOBEI MarMarTmsM pPaHHAX CTaAud KajemoHHJ BHEPaKCH caado. Hawamo
naBepenn (CUJAYP) 03HAMEHOBAJOCH MOMHOE BCOHMRCH KOPOBOIO MarMartus-
Ma # (JOPMEPOBAHHEM CHHOPOTCHHBIX TI'DAHUT-TPAHOIMOPUTOBHIX O0ATOIHTOB
B CTPYKIYPaX (CKBO3HOIOY PASBHTHA, HCIHTABMINX 3HAYUTENBHOE MOTPY:RE-
mme. IL1yTOHB CONPOBOKNAKTCA ABICHHAME IPOTPECCHBHOTO METaMOphua-
Ma, IPAHNTH3AIMA W MAarMaTHYeCKOTO 3aMelneHHd, YHACJACNYIOT COCTaB BMe-
MAIAX TOJI. PacmpocTpaHeHsl M 3aMeTHO IepeMemenHbie teja. K cmHO-
poTeHHOH oTHecema (opMamus ABTOXTOHHHX TPaHHTOB W MHUTMATHTOB
30HAJBHEX MeTaMopduueckux KoMmmiuekco [Murpomonsckmit m gp., 1967;
Hoarymun u gp., 1971; Meavrysnos u ap., 1983; m np.]. I'panurounam csoii-
CTBeHHBI yOOTHEe opeoasl pearoMeranabHol Mumepasgmsamum. Copep;kauus
panmoarTuBHEX diemenros Hmskme: U — 1,5 m Th — 7,6 B rpammronpax,
U — 1.3 n Th — 6,7 Bo BMeImaIONMX MAaCCHBHE OCATOYHHX Topozax (cM.
taba. 3). Hanemomckme rpammronmie kommuercH Bocroumworo Casma (ryryp-
uypHckni) n Camrmaena (capxofickuil) XaparTepH3YIOTCsi BHICOKCH panmmoax-
rurocThi0 (U — 3,8 u 1,7; Th — 22,2 w 18,5) B orimune 0T CHHOPOTCHHBIX
MarMATHTOB TEOCHHEKJUHAJIBHHX 30H (aneposofl U ORPY:RAIOMAX TOPOJL JI0-
remGpuiickoro ¢ynpamenra (U — 1,2 u 0,3; Th — 9,3—9,2). Itn rpamursl
HECYT PeKOMeTAIIBHYI0 TeoXuMmuueckyio Harpysky (Mo, W u np.), 3 Boc-
rouroM Casme ¢ mmMu csasaHel npoasinernsa Cu, Au, Fe.

K mospmeit (Bepxmmil cmiayp) dase HHBePCHOHHON CTaJUH KaJeJoHM[
HeKoTOopHe wuccaejosarenu [Amromor m ap., 1978] orHocaT mocaemylomee
BHEIPeHHE TPAHHTOBOH WHTPYsHu [UROUcKoro, OalitalirMHECKOr0 M IPYTHX
rommiexcos Janansoro Casma. H. B. Poros m ap, [1978] camrator oty dop-
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Manpio HOCTHHBEPCHOHHO, a Bpeva o0pasoBaHmA — PaHHeTePNUHCKAM. JT0oil
/e JAaTHPOBKE OTBETAIT KOMINIEKCH TIpPaHOCHeHHT-TPAHHTOBHIT Bocroumoi
Tysu m rpasuT-neiikorparnT-cennToBsi Boctoumoro Casma [fmyk, 1978].
Mu mpupepssusaeMcsas HocIHe[HeHl TOUYKH 3peHHs.

lepnuackuil sTanm OTAMYANCA BHATHTENBHHM I/IHIGOBEHM IBIKEHHEM, aK-
THBHEIM CY0aKBalbHBIM M cyGaspa/ibHBIM BYJKAHH3MOM, MOPCKHM W JaryHo-
03CPHBIM PEKHMOM OCaJKOHAKOILIeHHA. PafloHK pacnpocTpaHe A OTI0MKeHTIE
TePUOMHCKOTO dTama OBUIM 3HAYMTENBHO IIMPe, TeM 510 (PArMeHTAPHO Ipeji-
CTaB/ieHO Ha cospeMeHHOH mnosepxmocru [Komames, 1980]. ®ymngamentom
TePOUHCKOTO CTPATHUIMPOBAHHOIO Paspesa CAY:KUIN KaJIeOHCKHE W (ojee
ApeBHUE, BRIOYAA JOKeMOPHICKHE, KOHCOIUAUPOBAHHEE CKIATIATHE CTPYK-
Typsl. Byaxkanmam mpencrasien GaszannTomoit m mopdmposoii dopMarmamu
cobcTBeHHO B(QPy3HBHEIME H CyOBYIRAHEYECKAMA dammavu. IloscemectHO
noppuposas GopManus IpeIIIECTBOBATA IOSBJICHMI0 IOCTOPOTEHHOTO WHT-
PYSUBHOTO TPAHHTOBOIO MarMaTH3Ma.

Teppurennsie gamun seson-mepmeroro Bospacra coxepimar U — 1,5—2,0
u Th —7,2—9,5. B cnannax ¢ opraHukoil m s3HATATENHHOMH NPUMEChI0 KIc-
J0TO HMPOKJIACTHICCKOTO MaTepmamna cpennss Koumertparus U m Th mocrn-
raer 3,5 u 11,1. dpdysusn Kucaoro cocrasa mo MOBOIBHO BEICOKOMY cofep-
mammo Th (15,2—16,6) m U (2,1—5,0) Bo Bcex mPoSBIEHHAX VIMBHTEIHHO
0NHO0OPAasHLL 1 110 HTOMY IPU3HAKY 3aMETHO BLUIEIHIOTCS cpenm Goaee jpen-
HHUX HaJe030HCKUX MATrMATHTOB. AHOMAJBLHASA PajHOAKTHBHOCTD (3,7—5,4 —
U m 24,5—-27,9 — Th) ycramaBamsaercs B Tpaxmimmapurax, KOTOPHE B
paspese BYJKAHHTOB JIeBOHA BCTPeYalOTCs Pejke W Hambo/iee XapaKTepHH A
Cepepo-MuuycuncKoro mporufa m Aryasckoii nenpeccon Bocerounoro Casna.
Ilo copeprranmio ypana m TOPHA HOPOAK KHCIOTO COCTABA CYOBYIRAHHYECKIX
daruii 1OJHOCTHIO COOTBETCTBYIOT accomuEpyOmMEM HPy3HUBHEIM aHAIOTAM
(8 rpammr-mopdmpax U — 2,8—44; Th — 15,6—20,7).

Hocroporenmsiii rpaEETOBHI MATMATHAM TPOABHICA HE TOJLKO B Ipeie-
JaX TePHUHCKAX CTPYKTYP; OH NIHPOKO IPEJCTABICH B AKTHBH3NPOBAHHEIX
pasioMax, mopajkalOmUX canrampo-KaleJoHCKHe I Golee NpeBHHE coOpyike-
HuA Qynsgamenra. CraHOBIeHHe TI'DAHNTOBHX KOMILTEKCOB OBLIO CBSIZAHO C
PasIMYHBIMA CTATTUAMHI TEKTOTeHe3a. ApeaH TPAHATOB JeBOHCKOTO BO3PacTa
PasBUTHL B NOKeMOPHIICKUX BRICTyHaX (yHmaMeHTAa M 0COOEHHO B COIPEeIeib-
HEIX ¢ HEMu paiioHaX Bocroumoit Tyss m Bocrowmoro Casma, B Samammom
Casne, Mammanscro-Uyaenumanckoit 3oHe u B ap. OmgHAKO cpefm ATHX Tpa-
HUTOB BCe WYamle BLIAEIAITCS II03THENANC030MHCKTe KOMILIEKCH. ApeanoM
KapOOH-IePMCKOTO MarMaTH3Ma HBJAAIOTCA CTPYKTYDHO-BEMECTBEHHEe 30HH
Poproro Aumras, memocpepcTBenH0 NPHMHKAIOMETro K COGCTBEHHO TePIHH-
croit O6p-3aiicancroit reocunxannamn. IeprmrHckEM rpamATaM cpoiicTREHHA
penroMeTaIbHAA cHenu(uKa U 0co6eHHO KOHTPACTHO el OTJIMIAIOTCH TOPO-
ikl MOTPY3HUH KapOou-mepMckoro sospacra. Ilociaenume B mesoM i ompesess-
I0T METAJITOTEHNIO PEIKNY BIeMeHTOB permoHa. I'pannuTH IeBoHCKOMH HHTPY3HO
TeOCHHKIMHAILHKX 30H ¢aHepososa comep:kar Th — 12,2—16,6 (cpenmee
15,7); U — 1,6—4,4 (cpenmee 3,4). D1m BeMYMHK AHATOTHIHN TAKOBEIM JIA
opysuBHEIX 1 cyOByIRAHHUECKUX TOPOR KHCIOTO cocTana. VICKIIOUeHTOM
ABIAIOTCA JleBoncKkne rparnthl Bocrounoro Casma m Canrmmena, mpopwiBalo-
mue HeIoCPeICTBeHII0 NoKeMOPHACKHE RpHcTaTIMIecKIi $yHTaMeHT, — B
Kommiercax Bocroumoro CasmEa onm comepskar U — 2,7—6.8 (cpenmee 3,4);
Th — 15,5—29,0 (cpenmee 19,6), a B rpammrax Bocroumoit TysH B cpemHEeM
U—4,0 o Th — 23,8, Tpanutsr KapboH-TePMCKOTO BO3pacTa PE3RO BHIE-
agiorea mo copepsranmio U (3,0—18,1, epepnee 6,6) m Th (16,2—57,3, cpen-
nee 20.8). CpeHue opmeHTHPOBOYHLIC OMEHKM 110 BCCM M3YIEHHEIM MACCHBAM
PepuuHCKAX TrpaEnToB cocrasiusor: U — 5,7; Th — 22,8 (em. raba. 3).

Jlanusre mo pacnpenexenno U w Th B mopojax reocHEKIMHAIBHEIX OT-
moeHnii gameposos yKA3mHBAOT HA HOCTemeHHOe Hakomwrenme PAD or mpes-
mux oGpasopanmii kK Goxee momxomenM [Mmrpomonsckmit, Mexsrynmos, 1974,
1975]. Ilpu ar0it peskoit pagmoreoxmMmueckoit KOHTPACTHOCTH B PA3HOBO3-
PACTHEIX TONIMAX MH He HalmiomaeM, 3a MCKIOYeHHEM HH3KOTO TEPBHYHOTO
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(ona pajMoaRTHBHOCTH B BYJIKAHOPEHHBIX M KapOOHATHEIX (OPMAIIAX BEPX-~
Hero puesi — HWRHETO najeo30s. B a10M ke HaUpaRIENHH BO3PACTALT NOJA
TePPHTeHHOI cocTaBagiomeil, Kotopas B OCHOBHOM M OTpefedseT YPOBEHD
CHANNIHOCTH TeOCHHKIAMHAJBHBIX OTA0/RCHIH W WX PagHOTEOXMMHYCCKHE
cwoiicta. Cnaban TeHjennuma yseanyenus CHAIAYHOCTH OCAZOTHBIX TOJTT
BHI3BAHA TPEUMYIIECTBEHHBIM BAMAHAEM MECTHHIX HCTOYHIKOB cHoca. IloBh-
HIeHNE CHAJNMYHOCTH (PAaHEPO30HCKUN CTPYRTYPHO-BENIECTBEHHBIX KOMITEKCOB
B 3HAYATEJNBHON Mepe 3aBHCe;0 W 0T TPOABJICHHI KOPOBOTO MarMaThaMa,
B ero paspmruu npocie;KmBaoTes NOBLIMENNe KHCAOTHOCTH H IEJOMHOCTH
NOPOA IIABHKX (a3 KPHCTAAIHBALUK, yBeanuenne cogepsanus PAD u ApV-
IIX CHATUYCCKUX ORCH(UIOB, YTO TPUBEJIO K WIMEHEHIIO TI'e0XHMUYecKoil
I METAJLIOTeHNYeCKOH cenu(uRN rPaHATOMIHBIX KOMIUIEKCOB OT CYI[eCTBEH=
Ho gemmaeckoro npoguaa (pudeit — nwicunii maneosoil) mo APKO BHPAKEH-
HOTO PEAROMETA/IbHO-CHaAndecKoro (nosanii maneosoii).
OcTpoBOoay#HBEe CHCTEMB THX00KeAHCKON OKpamHE Ep-
po-A3HAaTCKOr0 KOHTHHEHTA PAcCMATPHBAITCH Kak 00JacTh nposasinennii de-
MUYCCKHX W CHATAYECKO-QeMUYeCKNX TeHJEeHI NIl PasBUTHA 3eMHOM KOpPHL.
B apegenax Kamuatkn ee mommocts 30—40 kM aas Goapmei wactu teppm-
TOPHN; Ha BOCTOYHOH OKPAIIHE II0JIYOCTPOBA OHA PE3KO COKPAMIAeTes 10 22—
28 xum [Bexecra w np., 1977]. Ha cospemennos spo3moHHOM ypoBHe Haubomee
fipesHEe, JoReMOpHMcKie W Taxeo30i-paHHeMe3030HcKIe, 00pPA30OBAHEA OT-
MEYaIOTCH KAK HPOCTPAHCTRENHO Paszo0meHHbe BHCTYILE (YHIAMEHTA Me30-
Kaligozolicknx maxomreHuit, [loxemGpuiicKue KoMINICKCH TpeacTaBIeHbl Tpe-~
OMYINecTBeEHHO KHCJBIMHI MeTaMop(Inmecmmm OGDaHQBﬂIlHF{MT{ g GHOTHTOBI:I—
Mi, OHOTHT-rpaHaTOBLIMI, peske OHorTHT-aMPnGoJ0BEIME THeficaMi T MHTMa-
THTAME ¢ KHAHOTOM, CH/JIMMAHNTOM H KODJAMEPHTOM B 3amajiHoii YacTH moxy-
0CTPOBA 1 NPEUMYIIeCTBEHHO MeJAHOKPATOBKIMH I0pofaMu — am@uboanramm,
NAPOKCEH-aMPuOOTOBEIME THeilcaMil 11 MeTABYJIKAHHTAMU K BOCTOKY OT [Ment-
panbHo-Hamuarckoii gempeccun. B coOTBeTCTBHH ¢ XUMHIYECKHM COCTABOM
3amajHasg W BOCTOYHAS 30HEL 8aMETHO Pa3INgaloTes MO cpefmneil KOHIEHTpPa-
i PAD B nopojax dynmamenra (tata. 4). [lepexprsaonme goremGpuiickiue
KpHCTaNInYecKne o0pasoBanna TAJIeo30il-PaHHeMe3030liCKNe BYIKAHOTEHHO-
TEPPUICHHBIC KOMILUIEKCH, KOTOPHIe COXPaHAIOT (parMeHTapHo XapaKTep
HOKPOBHBIX OTJHO/REHHIT ([0J0r0e 3ajeraHue W OTHOCHTEIBHO HeGOJBIIYIO
MOIIHOCTh NP 3HAYNTEILHOM BPEMEeHHOM HHTePBAJIe HAKOILIOHNS), ¢YIecTBeH-
HO TepepabOTAHKL B TMpONEcce PAsBUTHA B Me3030€ TePMaJbHO-KYHOJbHBIX
cTpykTyp. B peayisrarte atoro masneosoiickue oTI0MREHHS 0KA3AJACH 30HAIE-
HO MeTaMOp(M30BaHHBIMU 0 YPoBHA smupor-amduboamroBoit dgamum, a mo-

Tabamnoa 4

HMpejsapureiasnsie onenkn epejnnx copepmammii U, Th, (r-107* %), K (mac. %) B raas-
HBIX C/I0JIX HADMIOZAEMOro paspesa 3emmoii Kopel m-oBa Kamuatka

Bananunam BocrouHan
= o Ramuartka HKamuaTra
RKomnaere
U | Th | K v |lm | x
Oporennniii (ocrpornas nyra), KZ(Py — Q) 1.8 3.2 i 2.08: | 4:8 2:2] 151
T eOCHHKAMHAI bHEIIT (nepnoreannyeckKmii
noze), MZ(K, — K,); uepegosanne teppuren-
HLIX W BYJRaHI9ecKuX (opManmit 1451 35 | 1,5571 0957 2.3 1| 1,40

Horeocumkmmmanuueiii  (iumtHedi), PZ —
MZ; TeppuremHmie I ByJRaHOIeHHHE 00paso-
BAHUA 3eJIeHOCAANIEBoi u anujoT-amfudonn-
toroli danuii metamopdusma 1.5 44 | 1,50 | 1,4 3501400

Myunament, AR — PR; raeicst m amdnbo-
JUITHL B PA3AUYHKIX COOTHONICHIAX, MHIMATH-
THI, ABTOXTOHHALIC TPAHNTHL 1,9 6,2 | 2,0 0,4 1.4 0,7

3 awas M 438 33



pons GymaMenTa IpeTepHemn perpeccusumii Meramopduam. Ilo conepranmnio
PAD maneosoii-paHHeMes030iicKIe METABYIKAHUTEL CONOCTABAMEL C TparaMIx
npesHnX ILTaT(opM, TeppPHUreHHEIC oOpazosaHua OJM3KA K MOKeMOPHHC KM
cnanmueckny rHeiicam [[Iysamkos m np., 1977

B moajHeM Mejy pamee CYINECTBOBABIIMe B mpejenax Kamuaten ¢TpyK-
TYPHEIE OJEMEeHTH GBI npeopasoBafsl B CBsSH C PAsBHTIEM Bocrowio-
KaMuaTcKoTo DBrEOCHHKIMHAJBHOTO Tpornda. Brimonnsomue ero ocapodto-
BYJKAHHUECKIE acCOIMainm pasgoobpasHEl 0 PAANOre0XMMUYECKIM Xapak-
TepHCTHKAM; HAmpuMep, 0(asaipThl 13 Pas.IIIHBIX yacreil paspesa IO3gHe-
Menossrx oraosrennit conepxat Th ot < 0,2 mo 10,0; Taxum oGpasod, sBreo-
CHHEITHAIBTEE OTIOKEHN BKIUAIOT KAK (OKEAHMECCKHe), Tak I «ROUTI-
JIeHTAIbHBIEy KIACCH BYTRAHHICCKHMX o6pasosammii. CymecTBeHHO BYJIKAHO-
MHKTOBHII XapakTep TeppUreHHbX OTIO/KEeHMI, Hapagy ¢ upeobiamannem
HA3KOPATHOAKTHBHMX BYJIKAHATOB, HPeLONPeIe i HEBLICORME CPeHIe
konmenTpanny PAD B TEOCHHRIMHAJIBHBIX KOMIIERCAX (em. Taba. 4).

Kaitnosoiickie 0cTPOBOAYAKHbE BYJIKAHATECKHE TEHTPRL dopmupyor cyd-
Tapajiie bHEe KYJAHCO00PAasHO PACHONATANMUeCs IETIH, o0be/(NHAEMEe B
IlenTpannuo- M Bocrouto-Kamuarckuii Bymkanmzeckme mosca. lIpomyrrsr
BYJKaHN3Ma OTHOCATCA K GasannT-amesnT-6asanproroil, G6asainbI-aHAC3NTO-
BOIT, AHIE3AT-PUOINTOBOI ACCOIMAIIAM pasauTHoil 1eJ0YHOCTH, TIHHO3e-
mmeroeTu 1 MarHesnasipHocTi. CroppennpoBaHHEE © rounenrpanueit K epern-
sme comepyiamma U n Th sapenpyoT B MIMPOKOM JuanasoHe (0,4—4,2 1 0,7—
9,3 COOTBETCTBCHHO) M B HIPOCTPAHCTBEHHOM OTHOMIGHITI dopMuUpPYIOT pamno-
FEOXHMIECKYI0 30HAJBHOCT, OTPA/KAKIYI0 3aKOHOMCPHOCTH pacmpeene st
pa Teppuropuu HaMuaTRN BYIKAHNTOB PA3IIIHOIO HeTPOXHMUTECKOTO COC-
rasa |llysankos, 1983, 1984]. Bmecte ¢ TeM cpejHuil YpoBeHb HaKOIJIEHISA
PAD B mpojyKTax BYJIKaHH3MA TOBRINAETCH B paitoHax, T/t 06HApY/KABACTCHA
rpanuTOrHEHCcOBOE OCHOBAHUE [MTyzankos, 1978]. K arns ydacTKam TATOTEIOT
H TPOABICHHA PEAKOMETATTHHOM MIHEPATHAAUNE, TPEJCTAaBIAOIMIe HEo
sRMaHHOE siBIeHUe I HaMuaTkm, ¢ ee PTYTHEIM, 30J10TO-CePeOPAHBIM, 110~
MMETAITIeCKIM, MEJHEM, MeHo-MoJAHnG/eHOBEIM, MEIHO-HMKEJIEBLIM, 4 B
BOCTOYHHIX PAOHAX — METHO-KOTYJaHHBM, XPOMATOBHM opynencuuneM. Bu-
PaBieHHHI XapaKTep PacipefeICHIn U u Th mesxny moponamu Ilenrpansio-
un Bocrouno-Kamuarckoro BYJIKAHIIECKOTO IIOfCOB HPH PE3KOM PABITHIIIT
CPEJIHUX CONeP/KaHmil B KOMIJeKcax dymmamMenTa He TO3BONACT JOMYCKATH
IPAMYIO CBA3L IPOJYKTOB KHCJIOTO BYJIKAHU3MA C HAGMIOgAeMBIMIT KPHCTAI-
mreckuMn obpasopaHnAMH (QyHIAMEHTA. VHaciaenopaHne KUCIBMI BYJIKaHH-
TaMH PaANOreoXMMHUeCKHX HPM3HAKOB meraMopdugeckoro cydeTpara oTpa-
spaeT HEONMHAKOBEIL XOJ HBOJIOIMI MaHTHIHO-KOPOBOTO BEIECTBA JLIA pas-
JAMYHHX CTPYKTYP HEPEeXOAHON 30HHEL MEIY KOHTHHCHTAMA X OKEaHOM.

0B YHACJEXOBAHII TEPPHTEHHBLIMH HOMILJIEKCAMIL
M KUCALIMI MATMATHTAMU
PATHONEOXHMHYECRNIX CBOUCTB
KPHCTAJLITYECKOTO @ YHTAMEHTA

11 0 TEOXMMHYECKON CBA3IL TPAHUTONIOB

11 BMEIIAIOMIX TIOPO]L

X apaKTCPELIM aCIeKTOM reoXUMATeCKOI cBA3N (HOPMAINOHHEIX KOMI-
JTOKCOB SBISETCS YHACHeOBaHile TePPUIEHHBIMU TOJIAMIL, KHCIHIME ByJjka-
HITAMA § TPAaHUTONIAME TeoXHMIYeCKIX CROICTE KpHCTALIHIecKoTo (yHua-
MerTa. Dra 0cOBEHNOCTh HANUIIHO MIIOCTPUPYeTes (CM. rabu. 2) Ha mpuMepe
cHATIHECKHX M (eMuTecko-cHammiecknx Giowos dyunamenra Cubupcroi
maaTdoPMH, Ijie cojepiRanne Th B TeppHreHHHX HOPORAX HAXOAUTCH B IPA-
MOl 3aBECHMOCTH 0T TOPHEHOCHOCTH TIOICTHIAIOMETO MeraMopdIuecKoTo oc-
HoBaHUA. AHATOTHUHAS TeHEHIMA YCMATPUBACTCA W JJIA MEHEe TOPMEHOCHAIX
roummexcos Kamuatku. Copepswamme Th B cmanmieckux u B MeHbInei mMepe
heMmIeCKO-CHAIMTeCKUX B0HAX KOPHI CHIRACTCH B TepeRPHBAIONAX TOINAX,
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Puc. 1. Xapawrep B2aBUCHMOCTH CONEP-
sRanmi TopuA (n-107% %) B aBTOXTOHHHX
Il CHHODOTCHHEIX TPAHATOMAX 1 B 110PO-
Jax cy0crpara — BMEIAOIENX cTpaTudu-
NUPOBAHHEIX KOMIIJTERCAX.

1 — MUTMaTNT-TpaEnThH enunceiickoro m 2 — Gu-
PIOCHHCKOT0 apXeicKuX I'HelicOBLIX KOMILJIEKCOE;
8, 4 — MAATHOTPAHNTONE COOTBETCTREHHO Ka-
PATAHCKOTO M IOKCAERCKOTO KOMILTEKCOB DAHHEe-
nokemOpuniicKNX BeleHOKAMEHHBIX TTOACORB; 5, 6 —
CHHOPOTEHNLIE BEPXHCITPOTePOBONCKNe TpAHUTO-
UNB: 5 — TpaHWTOTHelichl Telickoro m 6 — Ka-
JNi-HATPHEBHIE TPAHITH  TATAPCKO-AAXTHHCKOTO
KOMIIEKCOB, 7—10 — aBTOXTOHHBIC [1J1ATHOIpA-
VHTBI: 7 — HOMKHO-TYTicKO1'0, 8§ — OYIyavHCKoro,
9 — YVIALIIMAHCKOTO0 W 10 — CanTmICHCKOTO
(MYTYperan csura PR,) MeTaMopduyecKuX Komi-
JeHCOB] 11—14 — mnknenaneoaoiickue (cajanp-
CHUE) ROMILICKCH TPAHHTONAO0E TTeCTPHIX 0ATOH-
TOF: 11 — Toproro Aaram, 12 — KysHeukoro
Anaray m 3anamdoro Canva, 13 — Bocrounoft
TyeH; 14, 15 — cUHOPOreHHBE KAJeIOHCKIE
IrpapNTOHIHEE KOMILIEKCH  COOTHEETCTBEHNO T T T T
Topnoro Agmran, 3anapnoro Canama, 5 70 15 20

S
N

&
]
o

3
L

(2N
1
-~
i

ABITOXIMONHBIE U CUNGDOZEHHEIE SOXHUIMOUTE!
X

/Topode: ¢ybemparna

a B (eMUYCCKHX OcTaercsl NPHMEPHO Ha TOM ke VPOBHE /M BO3pacraer 3a
CUeT JOHOJNHUTETLHOTO LOCTYTIeHHS TeoXUMATeCKH 3PejblX CHATNIecKIHX
mace. Yro racaercst U, To Konuenrpamusa ero s CHJIY TeCHOH TeoXHMHUUYECKOit
CBABW € TIHHUCTHIM U YIIePOIMCTHIM BemecTBOM, KAaK IPaBHIO, BCETIA BO3-
pacraer B INePEKPHIBAIOIINX 0CAJKAX OTHOCUTENBHOTO KPHCTAIIHIECKOTO
dyuanamenta, oGHIHO 00EJHEHHOTO UM B TIPOIECCe MeraMopduama. B paspese
TEOCHHRJIMHANBHEIX CTPATHQUIMPOBAHHEIX TOMI, (GaHepPo3os, 110 CYIMECTBY,
HeT ocagouHBIX 00pasoBaHMil, KoTOPHE OB yHACHELOBATI HOBHIICHHYIO pa-
AMOAKTHBHOCTH M XHMHYECKMl COCTAB CHAJMYCCKUX OIOKOB PAHHEro JIOKeMb-
pus. BemecTBeHHHIT cocraB TePPHUTEHHEIX KOMILICKCOB cdopMuposasica sa
cuerT geMmIecKoro u QeMmIecKo-cHANIIeCKOT0 MaTepuana (Tmma BepXHeIpo-
TEePO30HCKAX TePeKTUHCKOI, mredaicKoii TOJOT), & B TMOCICAYIOMEM — MecT-
HEIX MCTOYHNKOB (PasMBIBA KOHCONMIMPOBAHHHX MATE030MCKAX COOPYKeHHIl
¢ HOHIFKEHHBIM pajpmoreoxmMmvecknmM ¢ouom). OOmmit HeBslcoKnilt ypoBeHb
PanzuoaKTHBHOCTH HHRHENANC030ICKAX CTPYKTYPHO-BEMECTBEHHBIX KOMILICK-
coB, ciabadg X TreoxuMmueckas M(GepeHNEPOBARNOCTS MOXTBEPKAAIOT HTH
npejcTaBieHuA 00 YCA0BHAX 0CAJKOHAKOIIIEHHA B DBOJIONAN IIAJE030iCKO
TeOCHHKIMHAIN,

Y HAC/eI0BAHHOCTh XUMH3MA cy0CTPaTa XOPOIMO HPOCJAC;KHBACTCA B CH-
HOPOTEHHEIX ABTOXTONHHIX M ciafo HepeMemeHHHX rpaHuTomgax (pmec. 1).
Haumnaa ¢ 9apHOKAT-TPAHYJIMTOBOTO KOMIEKca (pamEmit apxeii), sasep-
muBIerocs obpasopaHmeM OPTOKJIA30BHX TPAHWUTOB, M 1ajee K MHIMATHT-
PHEMCOBOMY — ¢ MUTMATHT-TPAHUTOBHIMH TIIYTOHAMMN, VCTOWYHBAS 3aKOHO-
MEPHOCTH COOTBETCTBIA PAAMOAKTHBHOCTH (X 0COGEHHO TOPHEHOCHOCTH IIOPOJ,
nexonHoro cyGerpara) m chopMHPOBAHHBIX 3a CYeT HMX TPAHATOMIOB IPO-
CIe/KUBAETCHA B PaHHETOKeMOPHHACKOX KOMILIEKCAX 3eIeHOKAMEHHBIX I0JCOB
C ]IJIaI‘HOMHI‘MaTHT-—]IJ’[aI‘HOI‘pﬂHHTOBHMH, TOHHJIHT-HI[B.I'HOI‘paHHTOBHMH npe-
HUMYIIECTBEHHO CHHEMHEMATHYECKUMH IapaaBTOXTOHHLIMI WHTPY3HAMH (M.
raba. 1, 3). 3a HCkaoOUeHHmeM IIATHOMHTMATHTOB W AHATCKTHTOB BEHHTOBOTO
THIA — KOPHEeBOil (anuu MaccoBoro IPaHNTO00pasoBAHHA B YCIOBHAX aM-
¢ubonuronoit pammn (HanGonee BepoATHHI, M0 HammM IpeficTaBJIeHAAM, YPO-
BeUb TAYOMHHOCTH DPAaBBHTHSA (CePHX» THeiicoB), BTOPUYHO wmetomentoii U
u Th, Bermunma TOpHEHOCHOCTH B apXeHCKHX OPTOKIA30BEIX TpaHuTAX N1
Ooziee TO3THUX APTEPUTOBHX MATMATHTAX 1 MUTMATHT-TPAHATAX HAXOJUTCS
B 3aBUCHMOCTH 0T TOPHEHOCHOCTH NMCXONHEX COOTBETCTBOHHO UAPHOKHAT-TPA-
HYJUTOBOTO W MUIMATHT-THEHCOBOTO KOMINIEKCOB. HN3K0 pagmoaKTHBHERE
TIIaTHOrPAHATONIE 3eJICHOKAMEHHLIX T0ACOB (DeMIUECKOTO0 THIA VHACIEHYIOT
TeOXHMIYeCKNe CBOMCTBA NIPUMHTHEHEIX 110 COCTABY KHCIHIX MATM, CBS3aHHKX
¢ Gasmramm (ITpmennceiickuii mosc), MIH ABTOXTOHHHX H ¢iabo mepeMenen-
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HEIX TLIATHOMHTMATHT-IIArHorpaEnToBsx pumaasok (Hamcknit mosc) [Hom-
rkmH, 1985al.

AHaJIOTMIHEE TeoXHMUYIecKIe CBA3N TPAHHTOMOB M BMEIIAIOMIUX HOPOJX
BEABJAAIOTCA M JUIA CHHOPOT@HHBIX BEPXHENPOTEPO3OHCKUX TPaHNTOMIOB:
aproxTonuEX TpammrorHeiicos Teiickoro m psyja APYIAX KYIHIOJOB I caado
HepeMeneHHpX Kaanii-HaTPIeBs X TAPHUTONI0B TATAPCKO-aAXTHHCKOIO KOMII-
qerea B EmmceiicKoM Kpsske; KAJZe[OlCKHNX ABTOXTOHHRIX IVIATHOTPAHUTOB
JO;EHO-IYHCKOT0, GyTYayHCKOL0, TYBIIMAHCKOTO M CAHTHJICTICKOr0 METaMOp-
(GUUECKNY KOMIICKCOB 1 HILRHENA1e030HCKIX (camampcKMx) TPaHATOMIOR
nectporo cocraBa Aarae-Caanckoii obaacti. B iexoM ycraHasJIHBAGTCH NPH-
Masl 3ABHCHMOCTL CPeJHUX 3HAYCHHHT TOPHCHOCHOCTH KOMILIEKCOB OTHX rpa-
HETOMIOE OT mopoj cybBerpara (em. puc. 1).

VHacaenopaHme TPAHMTOMIAMA COCTABA M TEOXMMUTECKHX CBOMCTB He-
XOJHHIX BMEIMAIOMAX 10POJ, Ha 9T HeOoJHOKPATHO obpamas BHEMaHUe
M. H. Hlaxos [1966], cymectsenHo BiugeT M HA METAIOTEHUYECKYIO CTIeI(Ha-
ausammio. Hampmmep, cpeine-sepxHeKeMOpHIiCKIe TPaHOHOPUT-IIATHOTPA-
HUT-TOHAJMTOBEE KOMILIEKCH OATOINTOB IIECTPOTO COCTABA MEHSIT CBOK
METa0TeHMIecKY0 cmeiuduKky B 3aBHCHMOCTH OT IPHYPOUEHHOCTH K BY.I-
KanoreHHBIM (OPMAUAM OCHOBHOTO COCTAaBA (Fe—Au—Cu) uanm Byjagano-
TeNHO-KaphoHATHO-TePPUIeHHEIM  00pasoBaHmAM (Fe—Au—W—Mo). Ilpn
HTOM YCTAHABIMBAETCH IHOJHAH AHAJIOTHSA B CPeIHEM COJCP/KaHHN PAI B
rpaEATOMAAX ¥ Toponax cyberpara. Ta ke 3aKOHOMEPHOCTH PALMOre0XHMil-
GeCKOTO COOTBETCTBAA BhIABJIEHA JJIA IPAHUT-TPaHojMopHTOBOI (opMaimi,
BOZHUKINEH B Tepuod KajefoHCKOH MHBEPCHH, 1 JUisd BMEIaoiux IOopor
HU/KHero — CPeHeT0 Tajgeo30d. OTH PPAHATOMAL HECYT YOOryio MuaHepaiu-
sanuo penkux (W, Sn) 1 xaabKoQuabHHIX HIEMEHTOB.

3uaunT, YHACAGHOBAHHOCTH PYAHO-ICOXUMITECKNX M MeTajIoreHmde-
CKIX cBoilere cyOcTpara — yHuBepcaabHas Yepra CHHOPOTEHHBX M aBTO-
XTOHHBX PAHUTOMJI0B, OTPAKAIOMAA, C OJHOH CTOPOMEI, CPABHWTENLHO He-
Gonpiume TIYOMHB 3aPO/KICHMA MarMaTHYeCKHX 04aros, OrpandveHHbe, 1m0
CYIIECTBY, TEOCHHK/AMHATLHEMIE TOMIAMI, BOBJEUCHHHMI B IIPONECC HIBEp-
cuu, a ¢ Apyroit — Goaee rayGunuse, abuccanbHBEE YCAOBUSA ABTOXTOHHOTO
TpaEATO0(PA30BAHMA B YCJIOBHAX ampmboanTosoil annun B KOMIZIEKcax ak-
THBABHPOBAHHOIO KPHCTALINYECKOTO (yHjaMeHTa, OXBAaYeHHOTO oporeHueir.

B kauecTse OMHOH M3 BajKHEIIMNX TeoXHMIYECKHX XapaKrTepucTur dax-
Topa YHACAENOBAHHOCTH Hpejiaraetcs KodQuIiment cooTBETCTBUA (£q), or-
Pa/KAIONINI OTHONIEHNMs CPeJHero COJAeP/RAHMs DJIEMeHTa B TPAHUTOMIAX,
K TAKOBOMY BO BMEIIAONUX IOPOIax (cyGerpare). B mpeanpHOM caydae oH
paserr 1. Jlas Topus B MeTaTepPUIEHHEIX KOMILIEKCAX, BRAKOYAIOMUX ABTOX-
TOHHBIC I'PAHATOMAHBIE ACCONMAIMM, KOdHPuIHeAT COOTBETCTBHA NMMeeT 3Ha-
wenme 0,75—1,1, B cHHOPOTeHHBIX KOMILIEKCAX CAJAMPUI I KajaejoHHI —
1,0—1,3; Gompmme ero KojefaHHA (0,5—2,1) yecraHapIHBalOTCA B BOHAX
SeIeHOKAMEHHBIX IOSCOB M DBreOCHHKJIMHAJBHEIX TPOTOB, I/le BMemaiouiie
IPaHETOM/BL TOJIIH HMMEIT CYIIECTBeHHO demmueckuii cocras. OrraoHeHMEe
koapdunmenra B cropoHy Goabliero 3madeHns (K. > 1) BuizBano ocobeHuo-
CTAME pACHpemelenns TOPUHA B CBA3M C KpucTasauzauonnoil auddepen-
iEaIMeil MATMBl MAM OTPaykaeT MAPaaBTOXTONHYI0 HPHPOLY TIPAaHUTOMIAON,
T. 6. WHYIO, 9eM oKpymawmui cyberpar, cpeny MarMooOpasoBaHAA, BOBJE-
yennyio B oporeH. 3uasenne K< 1 Mojker yKaswBaTh Ha meramopdoreHEYI0
W VIbTpaMeraMophoreHHyio (amaTeRTHYeCKYI0) IPHPOJY TPAHATOMIOB, HA
yeaous, npu kKoropeix Th mpmofperaer MOABMGKEOCTD M MUTPHPYET 1 IEPBOM
ciydae B HK30KOHTAKTOBYIO 00MAacTh JEHKOCOM, a BO BTOPOM — Ha Homee
BHICOKVME YDOBHH MHPMATHT-IIyToHOB. ImsKoe sHadueHne roadumenTa co-
OTBeTCTBES XaPAKTePHO s CerPeranuoHHBIX MHTMATHT-TEerMaTOMIHBIX I
rHeficOTPAHATOBKIX ACCOMHAIME, aHATeKTHT-MHTMATUTOB M KOPHEBLIX 30H
MATMATHAT-TPAHHTOB.

Bce To cBUIETENLCTBYET O TOM, UT0 B PAsHEIX THHAX TPAHUTOUIO0B M
B PAasHBX MACCHBAX PETHOHA OJ[HOTO KOMILIEKca CPejHee CONeprRaHme Th
papeupyer B Goiee INMPOKMX Hpeferax, 4WeM BO BMeN[AlImuX crparudum-
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Pue. 2. Cootronieane cpejiero co- -
aepmanna topus (n-107 %) B rpann- 50 v
TOMJIHEIX MACCHBAX, RICTHX BYIKa-
HITAX M BO BMEIJAIOMIUX  TOJIIAX, 7 S /il
nexognoM cyocrpare. 4
30 4

1—5—Aarae-Canpcrad crjaguaran 06/1acTh:
1 — IPaBUTORBIE TOCTOPOTEHHBIE WHTPYAIH
CpeJtHe-I103HEMAIe030ickEnX HOMTITICKCOE,
2 — BVJAKAHMMECKHe  CpelHernasneosoiickne
KOMILJIEKCH TIOPOT KHCI0T0, cYOUIEeT0THOTO 1l
MWETOTHOTO COCTEHA, 8§ — TPAHNTORJIHBIE CHH-
OpPOTEHHBI¢ KOMILICKCBL CPeRHEr0 Najeosod,
4 — IrpannToOniHbBIS L‘Il[l(lp()l‘l‘]ll‘]hlf" HOMILITeR-
C¢bl  HIDKHETO 1AJe0pofl, 5 — TPasnTONIs
AOKeMOPUICKIIX  KOMIJICKCOB  CPEeAMIHOIO
maccrna Caprusien (Boerounas Tysa):, 6—
10 — povemOpnilckne BROTYOH BoeTouHoro
CafsHa: § — TPAHNTOBBIE LLOCTOPOrE¢HHBIC WH-
TPY3UH  CPCLHE-TIO3ANENAIC030HCKUX  KOMIT=
JeKC0B, 7 — BYJKAHUYECKNE CPEeHenaTeo-
30liCKIIe  KOMILICKCH 1OPOJL KMeJoro, eYo-
WEeJa04yHoro g meJjoyHoro coctapa, 8 — Tpa-
HUTOMIHBIE [10CTOROTEHHBIE KOMIITEKCH HITH= o Vo
HEPO — epejHero najeosos, 9 — TPaRATONL- / 0 08 P AD a7
Hbie panHefoKeMOpuiicKNe HOMIJICKCH 8e-
JeHOKAMPHHWX TOACOBR, 10 — IpadiTonms { p 4+3 x8
paHHeRoKeMOpHIiCKNX cHaimyecknx 0J0KOB, -
Crnmomwsoit  JuaMeil  orpanudeHn  ofnacTi 3 - \ Lo P 4 mg
pacupoetpanenusa: I — noremBpniicknx o ~ - Y
HIZKHENAIe030MicKnX cHHOPOTEHHBIX TpaHn-
TOWIOR cpefiil BMEmAmnX feMateckux a5 ofl
theMuuecKO-CHATUYeCKUX  CTPYKT) pHO-BeIle- T - :
CTBEHHBIX MOACOB AOKCMOPITA 1 HAHHETO 1a- T >
JE030H ]%U%T(l‘lg()l‘u (‘_am}&} u Adrac-CanHer0f 5 10 20
craaguaToit obaacrn; — Cpepue-noagHe-
Ha1e030fe kX ITO(.'TU].’)()F{‘IIIILIXl MarMaTHIe- BMeuarouue monaui, qyo'cmpm
CKINX  KOMINIEKCOB  CPeIn  maneosoiicknx
crpatTnduiupoRaHABIX TOJM AnTae-CaaHcKoit
craamuaToii ofaacT W HUMHENATeo30HCKIX
TPAaHUTONAOB B TpeAenax paHHegokemOpnii-
CHUX TPOrOBHIX 3€7IeHOKAMEeHHBIX 30H KHau-
CHOM TaBlfe; 111 — HMGKHENIPOTeposoiicknX 1 TEPIIMHCKNX  TOCTOPOrCHHBIX  KNCJHX  MArMaTmiecnnx
TI0pOL B ripegesax panHepokemOpuiicknX THEicOBRX KOoMIaercos Bupoenuekofi rawnbsr. [ITprxonoif
JmHReit orpapnyena o0JacTh cOOTBETCTBIT COMEPAHAHAA TOPHA B IPAHMTONMAX, KUCIBIX BYJIKa#utax u
BO BMCOIAIONNY TOJMAX I #exXoanom  cylerpare.
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posanubx obpazoBannax. Beensioresa cosepiento o000coOICHIRe TOTA €10
KOHIEHTpalun, cpoiicTseHnse ompegenenunM gopmanuam (puc. 2). Humwnee
noae (/) DpEHALIEKIT CHHOPOTEHHBM IPAHHTONIHBIM KOMILICKCAM HUAIHETO
naneosoa Anrtae-Casncroit o01acTi M rpaHnToONiaM PAHHETO JOKeMOPHA TPo-
roBuX cTPyKTYp Bocrounoro Casma. Haunfomee KoMmakTHO TIO comep:Raumnio
Th rpynnupyoTes KajgejoHckne cuHoporennsie KoMmaexen (K, = 0,8—1.4).
3,TIEC1) ABHO IpocaerruBaercdA BJIAMAHHE ITOPOJL C BhIJIEPAIAaHHBIM XPMHYEC KM
COCTABOM U OJHOPOIMHEIM (JOHOM PAINOAKTUBHOCTH, TPHCYIIM (INIIONHBIM
ocagKaM Bepxmero KemMGpma — opposrka. Douabinnil pasdpoc B cojlepraHAAX
Th oramugaer rpaEmTONIH MECTPOrO €OCTABA CANAMDU ¢ BMEN[AIOIIHMI HX
BYJKaHHTAMH OCHOBHOTO €OCTaBa M KapOOHATHHIMH TOPOAAMH. JTO MOEET
OBITH BHABAHO BOBJEUYEHMEM B BBRILIABKH JOKAJIBHEIX Macc TePPHICHHOr0
MaTepuaza, BAUAHNEM IPOIECCOB KPHCTAMIH3ANMOHHON W OMaHAIHONHOIL
mudpdepernuanun, a rTakme BoaMoykHEHEM npmuHocom Th, pacrsopamu,
VYIacTBYIOIIAMA B HKOHTAMHIHAIIIH W MeTacoMaTtose.

IMone Il wraouaer B OCHOBHOM CpeJHe-pepXHemaljeo3oiickue (reprin-
¢KUe) MHTPY3Ul U OpedlmecTsyionine nuM ap@ysuesl Kucjaoro coctasa Antae-
CasiHeroit ckaajguaroil obaacTH, a Tak:ke KaJdeJoHCKHE TOPHEHOCHBIE I'palii-
TOBBIe HHTPY3HE (KyTypumHCKHI, Geamkcknit kKommiaeken) Bocrounoro Casnna
n Canrmmema wro-soctoxa Tysw (capxofickuii komiuerc). He mekiioueno,
YTO KaJeJ0HCKNEe MHTPY3UN TAKOTO COCTABA PaclpocTpaHeHs! (o iee MUPOKO —
3a mpegenaMu JoxemMOpuiickux OJ0KOB, B YACTHOCTU, B CAJAHPCKAX CTPYK-
TypHO-QopManuoHnLX 30Hax (capxoiicknit kommuaere Boceroumoit Tysw), on-
HAKO BCJGACTBIE KOHBEPIeHTHOCTH COCTABA OHH MOTYT paccMaTPHBATHCH
COBMECTHO ¢ TePIHHCKHMN rpaHATongaMu. [lna Bcex 9THX TOPHEHOCHBIX TPa-
HITOBEIX KOMILUIEKCOB BBIABJAETCA peakoe HecoorrertcTBue cojepykanuii Th
B kucamx mMarmaturax (12—60) ¢ rakoswmym B mopomax pamm (3—10). Hon-
nenTpanmua Th s TpaHuTax M BYJKaHUTAX 3aMeTHO MeHsdAercs B 3aBHCHAMOCTIL
OT TPUYPOYCHHOCTH K TEM MW WHEIM CTPYKTYPHO-)OPMAIHOHHEIM 30HAM WJIK
reobnokam otoil obmacru. HmkHAs wacrh Tons TPAHNTOB XapakTepuayer

37



papnamun copep:kanuit Th (or 12,0—18,0) B genoHCKNX KOMIUIEKCAX, Pasme-
MEeHHHIX TJaBHEM 00pasoM B KaleJOHCKHMX CTPYKTypax YHAcHIeJoBaHHBIX
MHOTeOCHHKJIMHAJBHEX TIpornbos — Janajusii CasH, meHTpaspHbie, Hanbo-
nee mporHyree ydacTru Amyiicko-Uyiickoro cmmarampopms. Cpepuas dacrb
nosis ¢ Gomee BrcoknMm copep:ianmem Th (16—32) xapakrepuayer HHTPY3HB-
HEle TPAHNUTH TOro ke Boapacra cpexmmunix Maccusos Tyeer (Camrmmen) n
KOHCOJIMJINPOBAHALIX HILKHENAIe030HCKIX CKIAMUATEIX COOPY:ReHmil, odpam-
JNSAOMAX 110 TepEGePHi YHACHCOBAHEBE TIYOOROBOINEC TPOTUOLL M BHICTYIIEL
dyunamenta (Bocrounmas Tysa, Ilpencaampe). Momno mymarts, 910 oTH Ba-
pUAlAHE B OQHOTUIIHEIX I OJH3KHX IO COCTABY KMCJABIX MAarMaTUTAX OTPAKAIOT
TeOXHMIYECKYI0 HeoJHOPOIHOCTh HCXOIHOr0 IIOTPY:KEeHHOTo KpHCTallimde-
CKOTO CHATMYECKOTO cyGeTpara, 3a c4eT KoToporo (QOPMAPOBAIMCEH MATMEL
Kuegoro cocrasa. oA mosgHenaneo30icKuX TPAaEATOBHIX KOMILIEKCOB KOH-
nenrpamua Th eme emme (Bepxusist wacrs moia [) m gocTHraeT B OT/JE/MBHEIX
macensax 60—70 v/t (Fopumit Anrait, 3anaguas, Bocrounas n llenrpansnasn
Tysa). llosprenne amoManbHo#l POHOBOIL TOPHEHOCHOCTH CBA3AHO B OCHOBHOM
¢ YCJIOBHAMM CTAHOB/JIEHIA MAcCHBOB, MX NOBHINEHHOM I@I0IHOCTH, IPOAB-
JIEHAAMH SIPKO BHIPa;KEHHEIX IPONECCoB KPUCTAJIH3ANIOHHOR 1 HMAHAMOH-
poit pauddepeHmEaEI T Kak ciaefcrsue — oforameHnmeM PeNKAMHE i Pagmo-
ALTHBHBIMA DJIEMEHTAMH KYHOJAbHBIX dacteil mayroHoB u T. j. Bammo orme-
THTL, 970 TMOTOGHEE MOBLICHARE COLePHRAHNA He BHIHBJICHR HE JIA OJHOTO
13 TPAHUTOMIHBIX MACCHBOB CATAMPCKON MM KaJeJOHCKOM BIMOX B IIpejesax
(ameposoiickoit Axnrae-Cagrckoii obxactu. B ymreparype [Hukoneckas,
Tpodmmon, 1963; 3aiiges, 1963; Murpomonscrmit, 1972; Awronos m mp.,
1978] HeojHOSHATHO PACCMATPHBAJICH BOIPOC O B3AMMOOTHOIIEHUH KAaIe[OH-
CKOIl WM TepHHHCKONl TOCTOPOreHHOH TPDAHHTOBOR MHTPY3Wil, TeM He MeHee
TePUMHCKIH MarMaTHaM, NPOABJIABIIMICA B yeaoBuaX GJOKOBOW TeRTOHMKM
B KOHCOJIHNIAPOBAHHLX CTPYKTYPAX Pa3amdHoOro BO3pacTa I COCTaBA, PedKo
oramIaeTcs oT OoJee APEBHHX CATANPO-KAJCMOHCKIX TPAHNTONIOB OTHOCH-
reanHo BRCcoKo KoHmenrpammeit U m Th u B oroM KadecTse He HaxXomuT cebe
AHAIOTOB CPEeH BMEmAuuX 1nopojJ (aHeposzod (3a MCKIIOUYEHHEM TEBOHCKUX
BYJIKAHAYECKAX IOPoj Kmesaoro coctasa). G mocmegmmvum reprigHCKAe TPaHM-
TOHIE TEOXHUMHUYCCKN JIOBOJABHO TECHO CBA3AHLI, 10 YPOBHIO PafMOaAXTHBHOCTH
OHI HJIM TIOMHOCTHIO COOTBETCTBYIOT BYJIKAHUTAM HJIHM HX TepexpuBaior (K, =
== 1,0—1,7) BeaefcTBHe NMPOABJCHHEIX B HHTPYBHAX TNporgccos pupdepen-
mmamun. Feanm B KadecTBe BMeniaomed TPaHOTH cpelsl PACCMATPHBATL HE
TePIMHCKHI BYJIKAHOTeHHO-TePPUreHHH KoMIIeKe, a Oojee JApeBHme crpa-
TIHIUPOBAHHEE 00Pa30BAHUA CAJAHPCKO-KATENOHCKOr0 Braka, Xapakre-
PU3VIOMIETOCH MOHIKCHHBIM (QOHOM PagmoakTUBHOCTH, TO woapduneHT co-
orserctBua (3,0—8,3) orpasmr BechkMa BHICOKYIO KOHTPaCcTHOCTH PajgHoreo-
XAMHYECKHX CBOMCTE TPAHUTOWIOB TI0 OTHOUICHHI K HOPOAAM DPaMsl.

B enmanuueckux Grokax jmowembpua I0:mmo-Emmceiickoro rpsma m Boe-
rounoro CafgHa TpaguTsl u Kuce/se sPPysURsl pantero [0KeMOPHA I MALe0305
XapaKTepUa3yIoTCA OJHUHMH M TEeMH FKe IpeJelaMu ITOBLIITeHHBIX (12—42)
cofep:kanmii Topus (Bapuanmonuoe noje [/[), cBuieTeNBCTBYOIIAME 00 00-
mux, OJAM3KHX IO COCTABY MCTOUYHHKAX MarmMooGpasosanmusA. [[is aBTOXTOH-
HEIX T caabo IHepeMemeHHbX I'HefcorpaHiToB H IPAHMTOB HIKHET0 IMpoTepo-
30s (TapakcKmil, CagACKAI KOMILIERCH U JIp.) MCXOAHKIM CyOCTPATOM SBIAIOT-
¢A TPAHYIMTH W THEHCH KAHCKOil, eHUCelicKoil, GuplocHHeroil cepmit ¢ HaeH-
THYNEIMA 110 OTHOIICHMI) K ABTOXTOHHBIM PA3HOBUIHOCTAM I'PAHHTOHIOB
conepskanaavu Th. Cyas mo yeToBEAM pasMemieHus, cocTapy H pagHOTeo-
XHMHIECKHM IPH3HAKAM KHCIRIX H3BEP/ICHHBIX MOPOL 3a CULT HTOrO JKe CHa-
Amgeckoro cyberpara HOBHIOEHHOH TOPHMEHOCHOCTH (OPMHPOBAIICH KaJjle-
morcKAe (KYTYPUMHCKMil, GeTBKEKHIl KOMILIEKCH), TePIHiICKAe IPAHATH 1
kacase pyaxanutel CeBepHmECKOil ¢TpyRrypsl B l0ikuo-Enuceiickom Kpsike,
Aryaseroro mpormba B mpejerax DBupiocmuckoro Buieryma, Cesepo-Mmay-
crmneKoit Branuusl m Hamnckoit riisi0sl B cepepnnix paitonax Bocrounoro Casma
¢ BHIXOMAMHUM HA HOBEPXHOCTH WIH TACTHYHO IMOTPYAKEHHLIM CHATHICCKIIM
KpueramamIeckuM ¢yngaventoM. B ofmem mimane xapaxrtep yHacjeLoBaH-
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HOCTH KHCJABIMII MATMATATAMH, W B YaCTHOCTH, I'PA4HOTAMH KAK BHeJ(PCHIBIMI,
TaK M ABTOXTOHHHMH PaJHOreoXHMHYCCKUX CBOICTB cHaamiIecKoro cyberpara
B TpejieJax JPeBHEX BBICTYIOB (yHIaMeHTa HPOSIBICH BIOTHE ONpElelIeHHO
M MOMKeT CHY/KATh YOCMUTeNBHEIM KPHUTEDPHEeM MpPH Ie0XHMAYeCKUX CONOCTaB-
mennax. C proil mosunmm ofpamaer Ha cefA BHHUMAHHe IPeHile BCETO HMOJHAs
AHANOTHA PATHOTEOXUMUYCCKUX CBOHCTB TePIUHCKEX TIPAHATOB M KHC/IMX
BYJKAHHTOB B CTPYKTYpPHO-BEIIECTBEHHLIX KOMIIOKCAX HATe030HCKOI CKIaA-
gaToil 0GJACTH M KHCIEIX MATMATHTOB AHAJOTHIHOTO COCTaBa M BO3pacra
B Boctoumoym Casme m EnmceiickoM Kpsike, paciipocTpadeHne KOTOPHX OrI-
paHmumBaeTCH CHATmIeCKHMH O/oKamm ocrosamus. lloppumenHas pajmoak-
THBHOCTH (TOPHEHOCHOCTH) TEPIHHCKOTO KHCJI0r0 H3BeP/KEeHHOTO BCINECTBA,
COTIOCTABUMAA TOJNBKO ¢ PaHHEAPXEeHCKUMH I'PAHyIHTO-THCHCOBRIME KOMIJICK-
camn BeicTymos ¢yugamenta CmGupekoit maatgopmbl, HapALy € JApyruMu
CEOJOTHIeCKIME TPH3HAKAME [O3BOJIACT ¢ MHEIX MO3UIMIA MOJOATH K BOLpPOCY
00 HCTOUHHEE DTEX KUCJIBEIX MAaTMATHYECKHX MACC M IPHPOJE KPHCTALINYeCKO-
ro OCHOBAHHA IOABMKHOHN 00jacTh, 4eM BTO IPeACTABIAIOCH pamee.

0 IPHPONE ®YHJAMEHTA

AJITAE-CAAHCKOIL IOJABIKHON OBJIACTH 11 OCOBOH POJIII
TEPIIIHCROIO MATMATHU3MA B METAJJIOTEHII

PE/IKIIX 2JJEMEHTOB

IlpefcTaniennsd o MOIIHOCTH, COCTABE I CTPOCHHIL 3€MHOH KOpPHI
CRIATIATO-TIEI00BOr0 obpayaennsa iora Cubupckoif miaTgopMbl HE OJIHAK/IBL
MEHSIACH BCJe[ 3a IepecMOTPOM WK OOHOBJICHHEM OCHOBOIOJATaIOMIHX
KOHUEIIAH pasBUTUA ILTAHETH B 11J0M, (JOPMHPOBANNA JUTOCHEPH KOHTH-
HEeHTOB M OKEAHOB, DBOJIONMHA TMaBHEINX ee 3penneB. B aTHX mpejcrabie-
HEAX M0-PAsHOMY BHITJISAJIENH KOHCTPYKTHBHAs M J@CTPYKTHBHAH TeHIeHI{NI
TEOAMHAMETECKOTO HPOIEcca, PA3INTHO OCBen(ajach H TPAKTOBAIAChH Ie0JI0-
rmuecKadg MCTOPHS OJHIX H TeX ;K¢ PernoHoB.

[lepronauaibuo coofpasKeHHs O coCTaBe IAYOOKAX TOPH3OHTOB DIHIeo-
CHHKIMHAIBHBIX CRIAAIATHX obaacreii u 20H LlentpaibHo-A3HATCKO TERTO-
HOMATMATHYECKOH CHCTeMb BOCXOJAT K THIOTe3e HCXOZHO pPAaCILIABIEHIOM
3eMJIH, KOTOpasd MO MEépe OCTHBAHHA MOKDHBA/JIACH CIUIONIHOM H/M IIPEPLIBH-
¢Toil rpaEnTOTHEiicoBoil oTopoukoii. Tak, IT. C. ITammac Bce rpaHnTH I THEHCKH
KPHCTALINYeCKAX IIATOB I OPOTEHOB IpPUHHMAJX 33 HePBO3AAMHLIe oOpaso-
BAHIA, 4 PA3BUTHIE 3[eCHh MECUANNKE, CJAMIIL I H3BECTHAKN CHUTATL «(TPHUCI0-
HEeHHBIMHOY K HHM. B BHATATENHLHON CTENEeHU IO aBJICHUEM BTHX IEepBBIX
npuvmTHBabix upegcrasienmit M. J[. Yepcruil BocmpmuaI rpoMaiyio, €o-
crasiennyio Daiikaabekoii m Casnckoil criIag4aTeiMi 00/1acTAMEA [Bopucax,
19231, myry, peiempmyiocs wap miato Mprytckoro ampurearpa (HasBaHHOTO
UM IIaMe030iCKAM MOpeM), ¢IpeBHHM Temenem Asumiy. B cmenmsmieii ee rumo-
Tede AKKPeIMH XO0JO0XHOTO MeTeopuTioro BemiecrBa (40-¢ ropsr) Tame J0-
OyCKaeTCA IIPOTO- W feiiTeporeHHoe MOABICHHEe Ha IJIAHETAX B3EMHOro THIA
CIUIONTHBIX CHATHUeCKHY 000J0Y€K, MMO3JIHEee 3aTOILIAeMBIX OazaxbTaMu.

Beaen 3a moBceMecTHRM 00HADY/REHHEEM AKRTHBILIX KOHTAKTOB I'PAaHUTOH-
OOB ¢ TAJEO30MCKEMH 1 Me3030HCKHMH MOPCKMMH H KOHTHHEHTAAbHBIMI
OTIOKEHTSAMI CPOJlIl Te0J0T0B OKOHUaTe b0 yTeep:kaaercs saraam JL. Jle-
JOHE O TeoCHHK/JAMHATLHOH mpmpoje obpamienns mwratdopms. Habmogas
TeOCTHKAMHALBINE MOMIHOCTH TAJe030iCKIX OCAIKOB Jlajke Ha mepupepu-
gecKHX vacTAX maaTdopMsl, HecaefoBaTe]H cOINAMadnch IpA3HaBaTh B Ipe-
Jlelax MOABH;RHOIO MOACA KPYIHOAMILIATY/IHbE BepTHKAJAbHEE HepeMenein
XPYIKOr0 TI'PAHHTOPHEHCOBOTO OCHOBaHW:A, HorpedaBmerocst mox Gojee Mo-
JgomeiMu jgaBavu ® ocajpkamm. A. Il. Uypakror, mampumep, Ipeamoiaral B
dysmamenTe Me;RropHbX BHagus Hagmame Oafiraam. e Oymydu B COCTOAHMIL
OTPHEIATH THXOOKEAHCKHIl I TePHUHCKI TekTomoMarMatuaM B mpefexax Mon-
10;10-OX0TCKOro0 I0fAca, OH OPWIOMKII 00JABIIHe YCHIUA K YTBePRIEHHIO
1mpoTeposoiickoro BoapacTa Taasmeiimmx Qopmaumii Hysmemkoro Amaray u
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Bocrounoro Casna. Ero mporusnmram (A. C. dpeanmreiiny, A. I'. Bomor-
auny m ap., nopgjepikannuy A. Il Apxanrensckum n H. C. Illarcknm) ypa-
I0Ch B KOHIE KOHIOB OTCTOATH KOMOPOMHCCHYIO TOYRY SpeHus B MOJb3Y
KalelOHCKOT0 BoO3pacTa O0JLIIHCTBA CTPYKTYDP BOCTOUHOHR wHacthm AJitae-
Casmckoil 061acT, OKPY;KAOMUY COOPYIReNns DalKkalbLeKOro BpPEeMer.

”()HIIMHHHB noJgesdnocTn A Ho3HaHUuA I'.’I}’GHIII[OI‘() CTpoOCHHAA HEJIp
reofuanyecknx Janunix mociae paGor b. I'yrenGepra. . Bepua, M. Hunra
n @. Ilpecca MOBHICWIO HMHTEPEC TCOJOTOB K Das3/IMTILIM HHTePIPETAHAM
BHABIAEMEIX B Iurtocepe ceiicMUYCCKHX PasjieJoB W TOBepXHOCTEd oTpa-
JReIlA, K OG’LHCHEHHHJ TPAEUTAIINIOHNLIN ¥ TeIJIOBLIX moaeit m T. 1. CO BpeMe-
HeM Ha 3Tol Gasze VYTBepPIHINCH HpeIcTaBJAeHnAa 0 CYHICCTBOBAHUHN JIBYX npum-
HUOHAIBIO Pa3iUYHbX KOp — MAJOMOmHON oKeanuueckoil (0azajinToBoil) 1
MOILHOIT KONTHHEHTAILION (rpanuToBoii BBepxy u OasaiapToBoil BHusy). Bee
Oonpliee IpuU3nanmne CTal 3aBOCRLIBATL B3LNAL O NPEBpPAlleHNH HepPBEIHO-
MajmuecKoll uian nepexodoil Kopol (B0Jh aKTHRNRYX OKPANH JPeBANX Kpa-
TOHOB) B KOPY cHaxudeckoro tnna. Corjacno mykjieapHo-aKKPergHonnoil
TrnIoTese, BLITEKABMIE M3 TaKHx II[)Q,H,C.'I‘HB.TIL‘IIH]:{. B cpennsemum‘-i AKBATOpPUIL
[Mazeorernca B xoje GaliKaTBCKOrO, RaXeJOHCKOr0 U TepHUHCKOro IHKIOB
TeKTorenesa K wry or Culnpekoii miargopMsl 1o mapamuBanue Bee Gosiee
MOJIOJIOIl KOHTHHEHTAIBHON Kopw. Onpejessics MeXanmsM HTamHoro mpu-
wieHennda K maatdopme codpaHHoro B CKIAAJKH, KOMCOJNMHPOBANIOTO B XO07e
MetaMop@naMa M IPAHNTHAAIHIL BHOBE CHOPMHPOBANNOTO DTA}KA TEOCHIKIIL-
HaJBHLIX OCAJIKOB, Il]]aB;[,a. U3 TaKHX IIIJOHCTHBJIBIIM!U[ HAYEro HeJbh3s GI;I.TIO
CKazaTh O WHpPHHE 300 JATOCHEephl, BOBJIEKABIIMNCH B IOCIACOBATETBHLIC
nEKAe TerkTorenesa (B Llentpansuoii EBpone onm mpegeraBisancs B0 MHOTO
pas suauntennnee, vem B [lenrpansmnoit Asun). I'panmrno-meramopdutecine
Macchl cpefu ciabo MeTaMopPHaoBAHNKIX 0fpasoBaumil HAle0308 OHIMI
CTaJIH paccMaTpuBaTbCHd Hak «3apPOJILILIT?Y J_l,p(‘.BIIEIL:"[ OPOTOROPHI, TOCTCOEHHO
Oﬁ]’]OCHIHB TEOCHHRIHHAJNBHLBMHA OTJOKEHNAMH, a APYIrUMH — Kak (i)ph\FMOH—
Tl JoMaBllerocst mo mepudepuu Kpuerasimdeckoro mura. B. A. Hysneios
[1954] oGocnoBuiBad BRX0AL BHCTYHOB HokemOpust B Anrae-Casuckoit 00-
JacTH IO cHeTeMaM THYOHHILIX pasioMoB (GalKaJbCKOTO T KajleJoHCKOro
sanoskennsa. Tem ne MeHee Bcerja HnaxoJAmJamch TeoJIOTI, BOC-H[)IUIHMHB].I.[HO
rpanATHO-MeTaMOpQHIecKHe Macchl KAK YuacTKH MeraMopuaMa M «CHATU-
3anpumny caMmx OTJI0/RCHHIT MOABH/RHBIX IIOHCOB € HCPABHOMEPHDLIM HpOHBJI(‘-
HueM !lﬂHpH?HBlIHf{ Macc H TenJoIOTOHKOB.

YKazaunpie TPEJACTABICHHA ILIOXO BA3AINCH ¢ TeOPUIHUCCKHAME (CBH-
HAETedbCTBAMIY JABYX- IJH TPeXCA0HHOTO ¢TPOEHUA ROHTHHEHTAIbHOHN 3eMioil
ropst. H. JI. JloGperor [1980] mpeamomaran nurimdeckoe u HOMMIAKIAUE-
CKOC pAacCclIOeHHe panneil ancsnuTopol KOpEL Ha TpadnTorHeiiconnit m rpa-
ayanT-0a3uToBEE caom. Ilo cospemenmmniv ceiflcMHUCCKEM JamilbiM KaiefoH-
ckas u repoumnckas kopa llemrpanbuo-AsmaTckoro mosica BapnupyeT ot 42
1o 5D KM (npm MommocTH «rpadurtnoroy cqaos ot 10 jo 30, a «Gasaabroporon
or 30 mo 50 xm). C. B. Hpeuios ¢ coaBropaMu yeranapjiuMBartT nalnane Tpa-
HHUTHOTO cI0A M moj Mme;xropusiMu nmpormbamu. B. C. Cypkos ormeuaer mi-
HHMAJbHYH MOIMHOCTH KOPHl IOl HPOrHOAMH H MaKCHMaJbilyl) — IOJ TOJl-
naruaMu (o 60 ®M).

I’ICC.‘IBHOB&TEJ’IH IOJIArawT, YTO rpanuia KOPBI 1 ManTHH DOJABARHA BCJIC-
cTBHe npeofpasopanua HazanbToB u raéipo B sraorntul. [lpormHanne mosepx-
HOCTH OHH CBA3LIBAIOT ¢ HKRJIOTHTH3ALUE] (a3albToB, a HOAHATHE — ¢ pPas-
VILIOTHEHHEM BepxHeMaHTHiinnx cyGerpaTtos.

Taknm ofipazom, HAJIHIO MHUO/KECTBEHHOCTL IMOAXOAOB K OHpEejledeln
cocTaBa M CTpPOEHH S 3eMHOI ROpPHI M K TPaAKTOBKEe Te0JIOTO-TEOXHMHYCCHUX
M TeopH3MIeCKUX AAHHBIX, NPHBJACKACMBIX LIS PEHICHHASA MPOOJCMBI Te0TH-
HAaMHYECKOro pasBHTHA 3eMHOro wapa. C rex nop Kak Onuio orhpoiiedo Opej-
CcTaBjenue 0 NOABJCHNH CIVIONIHOI cHaJTuvecKoif NPOTOKOPHI €lie Ha A0reo-
Jorgueckoil crajgum gopMumpoBanms 3eMIH, JIHTENbHOE BpPeMdA IYMAIH, 4To
HCTOUHHKOM KHCIBIX M3BCPIKEHNLIX TOPOX CAY/RHI0 HIH BOMICCTBO CaMOIi
MaHTHH HJH IPOXAYHKThL 2HIO- I HR30reunoro HpGO(’)pﬂaﬂBB]lHﬂ 6&138.‘1]—»’!‘0]3,
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BAMOAMABINAX TEOCHHKJANAANbHEe Tporu. Ceifgyac B3IIAL 0 CYUIECTBOBAHUM
HeTPephIBHLIX CHAJMYCCKUX npoTtoreocep BO3POKIACTCA HA OCHOBE 00CYiK-
menus KocMoreoxmMuueckux paunnnx [Bapeykos, 1982; Pynnuk, Coboropnu,
1984; Cypros, 1985]. ObGcy:kmas Mmacmrad NpPOABIEHUs W TEHESHC BapHC-
nmiickoro rpanmrHoro marmarmama Hasaxcrama, I'. JI. Jlo6peuos [Bapme-
CKHUIl TPaHUTOUAHLIT MarMaTHanM..., 1985] wnpmamMaer HeocmopuMbIM 1H0-
JA0ykeHue, UTO KHCILI MarMatusM B Takmx (OpPMAX CTAHOBUTCH BO3MOKHLIM
TOJBKO B CJlay4dae HalIn'uYma KOHTHHEHTa/IbHOI KROPBKI. HOJIHOPOB})IG HCTOUYHHU KL
IPAHMTHOTO BEHIECTBA HE MOIYT obecneunBath nabiiojaeMbie 06HLEMB KHC-
J0i1  Marmel.

B macrosamee Bpems Mesy CTOPOHHHEAMH TeKTOHMKH IUIHT W TEKTOHO-
MATMAaTH3MA TeOCHHKIANHANCH TPOOMKAITCA CHOPHL 0 BeeM mosmmuam. Opnn
cnermannersl BuAAT I[lentpanpio-Asnmatckuit cerMent amrocdepst cdopmm-
POBABHIMMCH HA HepBuuHO-oKeanuyeckoin Kope |3omemmaiim, 19721, mpy-
rre — na Kope mepexoxnoro tuoa |Bemoycos m mp., 1976; Jlo6penos, 19801].
A. B. Heiige u mp. [Hapre..., 1972] pacemarpusaor 60K TeOCHHKINHAID-
noro damepozos Me;ry maaThopMmerHEbME mwiactunaviu Boerounoii Esponsi,
Cnbupn m Huras kar Boanmkmmii Ha mexoano GasaxbtoBoil Kope. Herotopuie
necJaeoBaTeIn JOIYCKAIT CVIECTBOBANME 3JleCh B TPONLIOM OTKPBITOLO
OKeaHa, a Apyrme — IHIB cpeguseMmuomopuii. A. B. Jlepryios u ap. [1986]
caurarT, uTo maizeozongsl llentpansnoit Asmun m Hasaxcrawma copmuposa-
JUCH HA MECT¢ OTPOMHOIO OKeaHWYecKoro saausa. B nociennme rofs ma-
RajigBaeTcsa Rce OONBME JaHHBIX 0 naimaunm B npefenax Amrae-Casmceroii
ofiacTn WOPOJ, XapakTepuayionmx TIyboKoBomgHele scenoba (DonmmmTH),
ADEBHHEe KOHTHHENTAJLHLIC 1 0CTPOBOAY/KHBIE CKIOHBI (OJIMCTOCTPOMBI, THKILIL
domm, TypomanTe), Kpaeenie n vuyTpenHme Mops. llogpmnues ofoGmammnme
paﬁOTh[ 10 0aJeoperROHCTPYKRIMAM CeJUMEeHTAIMONHBIX M TeKTOHOMATMaTH-
TeCKHX 00CTAHOBOK JOKeMODHA U HIGKHero najieozosn |Bacmiabkosermit, 1960;
penregencrnii, 1967; Wpanwknu, Hlermos, 1971; Boaros, 1986; Bepsnm,
1987] n epenero — mepxnero mageosoa [Hopames, 1980]. Ilo ganuwim sTux
4ABTOPOB, B IPOLLIOM 3JleCh CYNIECTBOBAJIH TCOMMHAMHYCCKNE 00CTAaHOBKI,
aHAJOTrUMHBIE T€M, KOTOPHIE B Me30-Kailiozoe HabaionaoTes BROAbL 3amaiHoil
okpaunn THxoro oxeama — ¢ OKPAHHHRIME MODPSAMH, OCTPOBHLIMI J{yrami
H TAyOOKOBONHBIMH sRejsohaMi.

B. Il. Kosames cumTaer, 9T0 HHTEHCHBHOCTh GaliKadbCKOTO M Kaldeon-
CHROTO TeKTOTreHe3a CHJILHO TpeyBeJIHYeHa 3a cuer ourH0YHOTr0 YapeBHeHnsd
panee reprmHcKIX 0CajlouupX U MarMaTudecKux (QOpMHPOBAHUIII U 4TO HAH-
Gonee macmtabino, IOANO, Pa3sBePHYTO H BCECTOPOHHE B PErHOHe NPOABUI
cehsi reprHICKnii TeKTOHOMATMATHZM B Xofe dopMmupoBanus goma [lameo-
TETHCA W MHOTOATAIIHOTO DA3RUTHH TPATCEBPA3MATCKOTO CpejHe-BepXHena-
Je0301ICKOTO MOABMAKHOIO LOfCA BAOJAL 10ikHEX okpanin Bocrouno-Esponeii-
ckoit, 3amanuo- u Boerouno-CuGupeknii niur. B ary snoxy yike na muuim-
AJIBHOM 2Tane HMeeT MeCTO CMeHa pacllaBOB MAHTHITHOTO OUTAHUA RoHTpacT-
HBIMHA JI2EaMH KOPOBOTO NUTanHA. OomneMsl HCTOPraBmierocda KHCJIO0TO BeIIeCTBa
CBHJIETEBCTBYIOT © HECOMHEHHOH H TOBCEMECTHON pa3BUTOCTH B37ech HAaj
BepXHeil MantHeidl cmammdeckoro cyberpata. PasBuTme MarMaTHUYeCKH aKTHB-
HOTO TOfca Ha TEPexo[e OT APeBHero KOHTHHeHTa K OKeaHy COBEpPIIAIOCH
B QopMe HECKOIBKEX CAMOCTOATENRHLIX DHIW300B cHpoca aKKYMyJIHpOBal-
HOTO B JHUTOCHEpe TeIla W PaspAfKH TeKTOHUYecKHX nanpsrenmii. B npese-
Jax nosca M ero "acTtell JuHAMHTECKHe HAUpPMenusd U HHepProdIoRu ObLTiL
HEPaBHOMEPIB, YTO TPHBOJIIO UCXOXHO efuibie 00pasoBaHiisi K pPasHBIM IO
nurencusnoctn Tpanchopmanmamv. Mompb atux mporeccor yosBanza ot ¢asb
K (ase, 4TO HANLIO OTPAKCITHE B HEOMHHAKOBLIX PE;KEMAx MarMmartmaMma (reo-
CHHKIHHAJIBHBIX B Hadajle M KBAa3MKPATOHHBIX B KOHIE) B 3aBHCHMOCTH OT
pasHoil MPOTPETOCTH JTUTOCHEpHI.

Ananna QarTHUIECKOr0 MarepHaia UOKAZhBaeT, uto B (OPMUPOBAHHN
cpeiHe- M IO3/{HEIIATCO30HCKANX PeKOMETANIBHLIX IpPaHiTOB, 00JaJal0Mux
HOBBLIIEHILIM PAAROTCOXUMIYCCKAM (OHOM, OCHOBHYI POIb HIPAIH He MeCT-
HEIE, & TIYOHHHBLIE KOPOBHIE HCTOYHAKN Marmoo0pazoBanmsa. Apeain HX
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;HPOHBJIEIIHH onmpenesuJARCh OﬁiILEM IIJIaHOM Pa3BHTHHA TEOCHHKJIMHATBHOMI CHC-
“TeMBl, HAJIHIAEM U COXPAHHOCTBH) CHAJHYECKOT0 KPUCTATLIHTIECKOTO J0KeMG-
puiickoro ocHoBanms. CyIecTByomue UpejeTasienua o GI0KOBOM CTPOCHHH
persmoHa He PELIAIOT OJHO03HAYHO IpodJeMpl 0 cBolicTBax (Qymjgamenta, I0-
rpefeHHOT0 HOA (aHepo3oNCKEMH TolmaMu., B cBA3R ¢ BHUEH3I0IKEHHBIM
neodxoguvo Gosiee IOAPOOHO OCTAHOBATHRCA Ia DTOM BOHpOCe.

Huxe BrcKaseBawTes coodpaykennmsi 0 cocrtaBe (yHIaMeHTa € TOUKH
3peHHsS BEI[ECTBCHHOTO COCTaBA M PAJHOTEONMMHUECKHX CBOICTB TeX BHRICTY-
OB KPUCTAMINYECKOTO OCHOBAHHA, KOTODHE PAa3BUTHl Ha CEBEPO-BOCTOKE
obmactr (lOsmo-Enuceiickuit kpssi, Bocrounsi CafgH) I B cpeUHNLIX Mac-
cuBax 10ro-BocToka TyBul, a Takyke cBOCTB HAamOOJee JPeBHUX TEPPHICHIbIX
TOJIIL ¥ TICPECEKAIONIero 9TH K APYrue (Panepos3oickue KOMILICKCH ITOABUKHOIL
‘BOHBI TEPIIHCKOr0 KHCJIOI0 MAIMATHIECKOTO M2BEPIKEHHOI0 BeIIecTBa.

Yike 0TMETATOCH, UTO K KOHILY PaHIero apxesi Ha IOro-samage coBpe-
MEeHHEX KoHTypoB CmOmpckoil miratdopmsl OblIa co3TaHa cHATHYeCKas Kopa
KOHTHHEHTAJAbHOTO THHAa. Mosno upejmosaraTs, 9T0 OHA PacHpoCTPANAIACK
M jlajiee K 10Ty, HO Ha Mo3aneapxeiickoM srame ObLIA MOABEPrHyTa HECTPY KU
B CBH3M C PA3BUTHEM 3eIeHOKAMEeHHBIX moscos, amanornuusx llpnesmceii-
«ckoMy (prprorennomy ¢emudecroro tmma) u I{auckomy (deymuecro-cuaiu-
YeCKOTO THIA) € MOTPY:RCHHEIM KPHCTALIMYCCKHM ocHOBammeM. B xomme
1I037[Hero apxed TEKTOHEYECKHUE YCJIOBHS PACTANCIIMA CMEHILINCh 00CTaHOB-
KOl CyRATHA, UT0 YCTANABIMBACTCSH TIO PA3BUTHI0 CHHKEHEMATHYCCKUX I'paHu-
rou/ioB. MacCOBHIH BRIXOJl HA HMOBEPXHOCTH MAHTHHHOTO, B PazHOil CTeHeHm
TeOXUMAYECKN Au(PepeHupoBanioro BemecTsa, OTeBH/NCe, LUDHEEI K yCH-
JIHHI0  CTPYKTYPHO-BENIECTBEHHOI M TFEONHMIUECKOH  Heo o POTHOCTH
KPUCTAIIYECKOr0 OCHOBANMAA peruona Gynymeir mojsmkmnoi obractu. B pan-
JENPOTePO3OHCKHIT HTAl B YHACIETOBAHULIX IPOTHOax [IPeBHUX 3eJeHOKa-
MeHHBIX BYJHKaHHYCCHKHX IIOHCOB CI)O[]MB[)OBH.'IF[CB 0CaJgoIHO-BYJ/KaNOrenHble
xommiexcent. B 1o:kmom ofpamiennu Cnéuperoro KpaToma Mpom3ouLio, Cyas
mo BCEeMY, 3ajo0yRenue IIPOTHAREHHOro IIH:[\l[EHpOTUpOBOﬁCI{Ol‘O MOABHALHOTO
mosica, IPEJCTABIAMUIEr0 YePeoBAHAC OIOKOB CHAJNMYECKOI 3eMHOHI KOpwHI,
B Ipeferax KOTOPHX B TeYeHIe [IATEJNLIOr0 BpeMeHn (QOPMHDOBAIHCH TEp-
PHTeHHLIe WIH TePPHTeHHo-KaploHaTHhe ocagku meIb(oporo Tnma (bupio-
cunckmit, Jlepomuckmii, Caurmienckmit 6,0k U Ip.), H IIOBHKX (TPOrOBHIX)
NATPaKPATORNHX MPOTHGOB, amasornunnx Daiikano-Batamexomy nosicy (mpo-
rammennocts Goaee 1500 km) [Gyxapos m np., 1985], Amracorckomy uporu-
0y — B ocnomanmu Cucnmo-Rassiperoit u XaMcapuackoil (aneposoiicKux
'CTpyI{TypHO—bepl[a]lliOI[IILIX 30H B Bocroanonm CHHIIE, CJ0KeHHBIX 0CAT0YHO-
BYJRAHOTCHHBIMM TOJI{AMUI.

Ha pyGeme 2,0—1,8 MaApR JeT TpPoOM30NLIM MHBEPCHA IOABH/AKNHONE 00-
JAcTH, PAa3BUTHE 30HANLIHX METAMOPPHUECKUX KOMITEKCOB, (GopMupoBaHue
B YCTOHYHBHIX CHAJNMYCCKIX BJOKAX THERCOrPAHNTOBLIX KYIOJIOB I HHTPY3HB-
HBIX RaJHeBLIX TPAlXATOB, B (I)GMII‘:IECKHX u (I]L'!MH‘I'\“CHO-CIiih"[l«[lleGEH.\'. 30Hax —
AUOPAT-IPAHOTHOPUT-ILIATHOIDAHHATOBLIX , TOHAANET-IIIArHOrpaHuTOBRIX, rat-
OpO-IIATMOTPAHNTOBEIX KOMILIeKcoB. N Komny HmRHEero mnporeposos Bes
5Ta 00JIacTh, BEPOATHO, B 3HAUNTENBHON CTemeHu OblIia cTa0HII3HpoBaHa.
B pudee makammmpaimch TeppRreHHbe _CYWIECTBOHHO BYJTKAHOMUKTOBLIC X
TPayBaKKOBLIC TOJIIN 3a CHET MECTIHIX obJacreil cHOCA (THIIA TEPEKTHHCKOI,
juefamcekoii moJip.), OTIMYAIONUEcAd HURKOI DPANHOaKTHBHOCTBIO, & TaKiKe
MeJKOBO/IIe KapOOHATHBIE I TeppHreHHo-RaplomaTnnie ocafsu. Rpmerad-
JuYecKuit @yngaMent ObLI CKPLIT IOT TOMMAMH IIPOTEpPO30d.

Camanpero-Hanemonckas MOABIKRHAA 001aCTh (OPMIPOBANIAch, BHUMO,
Ha py0esxe cpeguero m Bepxmero pudes. MMemio B 81y smOXy B 3amagHoil
mepEkpatonHoii wactm CmGmpexoit maatdopys (Exmceiickuii Kpsm) mpo-
H30NLTA KPYOHAM CTPYKTYpHAs NepecTpoiika ¢ odocodienmer H0H HHTEH-
CUBHOIO ByJIKAHM3MA BHaYale IIPHEMITHBHOTO TOJCHTOBOrO (OKeaHHILCKOTO)
THNA ¢ MHTPY3HAMH yJapTpamaduroB, a sareM 0OasaibT-aHAE3HT-TAATOBOIO
ocrpoBoxy:kHoro mpoduas. CirefoBaTeibio, K HAUAIy CATaHPCKOIL (nos:me-
HalikaIbCKOM) JECTPYRUHU JOKeMOpHilcKoe J1oike cbaﬁaposoncmn TOJIBHHLHOIT
ofJacTH COCTOSANIO M3 CodeTaHdsl OJOKOB ¢ pasHol CTENeHBIO CHAINYHOCTH,

42



Pue. 8. 3apucirvocts cofepskamma topuma (nx

1074 %) B KUCAWNX OPOreHHBIX BYJIKAHU-

Tax U TPAHUTONJAX OT TOPHEHOCHOCTH 10O
RPUCTALINICCKOr0  (yHaaMenTa.

1 — IlenTpansHas  HamuaTka, 2 — CeBepo-BocTok
CCCP [Barpysuna, CwmeicioB, 19771 8 — fmonckne
ocTpoBa; 4—6 — IOro-Bocrtounoe, IleHTpajipHoe n 3a-
nagnoe 3adajikagbe [Mensepes u np., 19871 7—% —
Ennceiicknit wpam, AHrapo-Haucnuil, BuplociHHCKHH
BuICTYNB, 10 — IOTO-BoOcTouHbit Ilamup; 11 — IOro-
3anan CHIA [Brookin, 1982; Steriing, Mafan, 1970;
Bnkon et al., 1931].
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o 20 3Y %
PasofmEenHsX MDOTIXPOHNLIMA TPOTOBHI-
MO CTPYETYPaMI (3e1eH0KAMEHIBIMA HOA-
caMn), H OTIHIAOOUMICA MOILHOCTAMI
I COXPAHMOCTRIO I'PAHUTHO-METaMopQmie-
ckoro caox. Opnm m3 HUX C MOIHHIM
KOHCONUAUPOBAHHEIM (yHIaMeHTOM IIpef-
craBaanm  coboii  obiaactm  ODIMEPHOrO bl 5 fb 7,_‘?, 2‘0
NOABH/KHOTO KONTHHEHTAJIBHOIO NIelb(a .
(He3HAYMTETBHOTO ONYCKAaHHA KPaeBHIX Kpucmauniussexud goyHdamnesm
yacreii mpeBHell cylnm) MH  TOXBOJHEIE

MOAHATHA B BHJAC YCTOIUYNBEIX CPEINHHBIX APEeBHAX MACCHBOB, Ipyrue —
CTPYRTYPHL PACT:KeHNA II HHTEHCHBHOTO HporAfamHmsa ¢ DeAyIHpPOBAHHBIM
KPUCTAIMYECKHM OCHOBAaHIeM H YHACJICLOBAHHHIM pa3BUTHEM B TEUCHU®
BCell catampo-Kajgenonckoil amoxu. llocrennme ma pamnux crafuAx cajamp-
¢ROTO (BO3MO;KHO, Godee JIPeBHEro) TeKTOTeHe3a BMeI[alH BYJIKAaHOTeHHO-
ocallouYHLIe  KOMINICKCHE, B COCTaBe KOTODRIX B3HATATENBHYIQ POJL Arpal
Gasmrosriit Martepuas ([[weGamckumit, Tepertmmcxkmiz ropersr). I'panmia
nmrenpda 1 mporndos GUECHpPOBATACH BYJTKAHWIECKAMH TPOTOBHIMEH HOACAMH,
BIOOCTOACTRUM BHIIOIHEHHLME CIMIATORKMA W TOPQUPUTO-CIaHIeBEME (HOp-
mammamy. B oGmactm medabda, naapumep B IOro-Bocrogmoii Tyse, mposnie-
e purdeiic Ko-HERHeTANe030HCKOT0 OCHOBHOIO BYIKaHH3Ma HPOUCXO/HIO
B pUTORLIX 30HAX I JINHCHILIX HBre0CHHKINHATAX, 3aI0KeHELX Ha JPeBHEeM
KPHCTAMIMIECKOM OCHOBAIMM B0JAb LIYOMHHEIX PAsIoOMOB. 3a mpejle]aMu
TPOTOBLIX BYIKAHOTCHHLIX 30H HaKAIIABATHCH IMeAbPOBLIC OCATKH TeppH-
T(‘HHO—K&IJGOH&THDI‘O H ]‘i'dpGOHaTl]Ol‘D cocraBa.

Obmmupusr au Onuin pudeiicko-amHeKeMO paiickue MPorudul, CI0/KeHHEe
(eMIUeCKHME CTPYKTY PHO-BeINeCTBeHHEIMI KOMILIeKCaMu, GopMupoBaInch JIn
OHH €O BCKDHITHCM OKEamiIecKoil KOPH, Kak 2TO ceifyac MHOIHe MOIAraioT,
cyants Tpyano. OZHAKO HEROTODPHE CTOPOHLI HTOH MPOGIeMH MOKIO ObLIO
Obl OCBETHTL IYTeM TOIATEIBLHOTO TETPOreOXUMHIECKOT0 M 0co0enmo pagmo-
reOXUMUYeCKOT0 HechaexoBanmil pudeiicKux 0 HIZKHETATe030icKUX BYIKAHI-
YecHHMX TOJI (B TOM YHCJE KHCJIOTO COCTaBa), CJAraluX CcalalpcKue I ca-
JanPO-KATGOHCKHE TPOTOBhe CTPYRTYpsl. Pesyiaprarsl HeTPOXUMHYECKIX
HCCIETOBARMIT TOKABKIBAIOT, 9TO «COCTAB OKeMOPHACKOTO ByJIKaHH3Ma Y pano-
MoHroapcKroil 06JACTH B OCHOBHOM HE BLIXOAUT 34 PaMKU COCTABOB, CBOIi-
CTBEHHLIX 00JacTAM ¢ MaTepHKOBOM M Tepexofsoil Kopoit. CiepoBatelbHO,
€O CTOPONELI COCTABA MOKeMOPHICKOTO BYIKaHH3MAa HOpAMad W MHAPOKAL aHA-
normst ¢ 00CTAHOBROM COBDEMENHEIX OKeanoB, IIPOBOAEMAA JIIA JIOKeMOpus
NpPOBHANMIT HEKOTOPHMH HccTefosaTensvu, He moprepsxiaercs» [Bemoycos
A AD- 19765 - caidiblds

CRIamuaTocTh I OPOTenes B CATaupCKUil M 0CO0EHHO KaJIeOHCKMIl IIMKIILL
TeKTOTeHe3a, COMPOBOKIABIINECA TIPAHNTOO0PA30OBANMEM, CBHJITENBCTBYIOT
0 CMeHE TOKTOHHYCCKHX PERHMOB pacTssmenus (pudroreHesa) cimarmedm, 00
ofmeM cOMmKeNn, CKYIHBAHMH cHaTnyeckux OTOKOB KOpH, (opMupoBaHmu
venryiigaTrix, HAZBUTOBLIX ¢TpyKTyp. CiegoBarenbmo, B Jwdom ciaydae pas-
BHTHE TepiHHHCKOr0 MarMaTA3Ma [POUCXOJHI0 B MHLIX EO0JOTHISCKHX YCJI0-
BHAX, UeM CaJalpo-KaieJ0HCKOro, B 00CTAaHOBKE (pereHepHmpoOBAHHOIO) CHA-
JIHYeCKOro KPHCTA/IHYECKOro ocHoBaHHA. OOHT reoXHMHTecKAX HcciefoBa-
HEOfl CTPYKTYPHO-BemPCTELMNAX KOMILIEKCOB JloKem0puiickoro QynjaMesTa
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Puc. 4. TeoxummuccKas TIHITI3ATI A (f)()]).\iﬂl['llﬂ!-lllhlx ROMILTEKCOB (Il_\,v'II,TIaMOHT& 10TO0-3amaja-
noit waern Cubmperoii naargopsei i1 Aarae-CasHeKkoil ckaanuatoit ofaacrim.
1—16 — eTpaTH(dNIAPOBAHAEIE KOMIZIEKCHI: CH AT WU ec K We: I — cpende-sepxHenasieosoiicKue
(repumnerue) ocagounsie (a) n pyakanoresnse (6) (D, C, P, (U, Th, n-10—4%: U — 2,6; Th — 9.3); 2 —
103 HeloKkeMOPURCKIe TTeCTPOIBETHEE BYJKaHOTeHd0-KapboraTHo-Teppurennsie (ITpucansHcknii nporudy
(U — 2,5; Th — 9,1); 3 — pansenokemdpuiickine ®BADUITOC/IAHIICREE 1 TPAHYINTOTHelicoBoie (AR, —
—PR,) (U — 2,2 Th —16,5); demnueckocnagnuecnme 4 — moxlenaneoolicKie (kaje-
poncine) dammonIHEe (*-,,-- 04) n TeppurenHo-rapGoHaTHeie (0 — 8) (U — 1,4; Th — 6,6); 8a — pepx-
repreiickine # Beng-HmHEHeKeMOpHiicKe KapioHaTHRIE M BYNTKaHOreHHO=TeppureHase (Mancknit npornd,
Husramcro-Mupuuyncesaa erpykrrypa) (U — 2.5; Th — 8,0); 5 — pudeiickne seqeHocaannessie ByJi-
Kanorenno-reppurennpie (Teperruncrnt, Txebamernit BeicTyosr u gp.) (U — 1,2: Th — 6,7); 6 — npo-
Tepoaoiickue raeficono-caanneso-rapGosatape  (CaurmgeHcknit, Hepbunerpit 6mao0sn) (U — 1,3—3,3;
Th — 4,0—6,5); 7 — panHenoKeMopuiickne (AR.—PR;) caanueno-ampuboauTo-rueiffcopsie (MeTaTeppi-
I ¢cHHO-BYAKanoTeHdhe) (KancKniil sesteHOKaMednnil nosc n ap.) (U — 1,2 Th — 9,3, demunue ¢ k m e:

OJIHO3HAYHO CBHETENLCTBYET O TEHETHUECKON CBAZM PEKOMETAJIBILIN TO-
PHEHOCHHIX TPATHTOB ¢ MATMAMH, POKIEHHBIMH B cyOetpate rpanutio-mera-
Mopguueckoro €nosi BLHCOKOH cTemenm apenoctu. llpamas saBucumocTs co-
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86 — mepxuerndeiickme u peni-kemopriicKne (cajganperne) TeppUreHHo-KaptoHaTHee i RYJIKAHOTEHITBIE
(U —1,4; Th — 3,2): 9, 10 — qexXoxa aMIAde0s0iicKoit aTdopmel (2 — Kalinosoiickuii: a — ocafkiu,
6 — maarobasaaete (U — 0,5, Th — 2,4), 10 — Mezoaofivkmil), 11—I16 — rpapuToMibie KOMIJICKRCHL:
cnanuYecKUX 30H: 11 — cpegHe-pepxHenageosoiickue WHTPY3WBHBIE CHEHUT-IPAHIT Jefikorpa-
anrossie (U — 3,4—5,7; Th — 19,6—22,8); 12a — HInKHena eosolckne (KajedoHeRne) HHTPYIWRHBIE
rpanutoBsie (Bocrounsdi Caan) (U — 3,8, Th — 22,2); 15 — BePXHEnpnTepo3oicKiHe HHTPY3NBHBIEC
rpanntoese (Hamcxnii maccus) (U — 1,7; Th — 8,5); 156 — HmKHEOPOTEpOsOHCENe THEHCOP PAHNTOB bIE
n rpamntoseie (U — 3,1; Th — 30,4); beMUUYECKH-CHATNYECKNX 30H 13a HIDKHeNA1e0-
soficEne  (KAJEQOHCKNE) MHTPYIHBHAE TTAPAABTOXTOHABIE TPAHUTOBBLIE I TTATAOCPAHWTORRE (Toprsii
AaTail @ Bapagpmit Cag4) (U —1.0; Th — 8,0); 126 — HHEHENPOTepo3oiickne AHOPRT-TPaHOANnOpPHT-
TAATHOTPAHMTOBEE (TPAMNTONTE AedeHOKaMeHHbX moncos) (U —1,4; Th — 6,0); pemuuecrEnx
30n: 130 — HIBKHENAIeo30fcKHe (calanpo-KameqoHcKne) NMapaaBTOXTOHHbIE TIECTPOTO COCTARA 1y ==
1,8, Th — 6,3); 14 — GaanT-yabTpaldasuTOBbIe KOMIJIEKCH demmueckux 308 (U — 0,2; Th — 0,3).

mepsranma Th B KHCHBIX OPOTEHNLX BYJIKAHATAX ¥ IPAHHTONIAX OT TOpME-
HOCHOCTH [OPOI Kpuerapimieckoro ¢gynmamenta (puc. 3) m ABIAETCA OTpA-
JROHEEM TI06AIBHol reoxuMurYecKoil 3akomomepuoctit. IIpm oTom BoapacTanue
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ronnenTpanun PAD B IpaHuTOMIHLIX KOMIUIEKCAX e 3aBHCHT OT BPeMeHH
u cunocoba obpaszopanna mociefnux. OHo ABIHETCHA CICACTBHEM BOBJIEYCHHA
B rpaHuTo0o0pazoBaHne Bce GOMBIIEr0 KOJMYECTBA MAJHHTeHHHX CHATNYeCKIX
Macc M yMeHBIIeHHA POIH QeMHUYecKoi cocTarisfwieil. B cpeme cymecTsenuo
deMauecKOro I (PEMHICCKO-CHATIUYECKOrO HPOPmIeH TOABICHAe ABTOXTOHHEIX
(amaTeKTHUECKHMX) BLICOKOPAJANOAKTHBHEIX TPAHHTOMIOB MCKIIOUETo. BECOKOIT
TOPHEHOCHOCTRI0 00JaaloT TPAHYJIHTOBEE KOMIUIEKCH, CJATAIONIE HIGKHIE
TOPH30HTEL pPaspesa CHAJMYECKOTO OCHOBAHHA Ioro-zamajmoit wactn Cubup-
CKOiT IaTGopMBl. ITUM YPOBHAM COOTBETCTBYT aBTOXTOHHEKIE THEHCOTPAHENTL!
M HHTPY3UBHLIC TPAHHTEL C CAaMOM BLICOKOH KOHIEHTpanmeit Topus.

Ilpavas xoppeasnusa comep:xanuii Th Mesny noponavm cyberpara u rpa-
HHTORJAAMHA COXPAHAETCH, KaK IPABHIO, H IO OTHONICHHWIO K CAMBIM MOJOIBIM
A TanHaoro GJ0Ka LPOSBJICHHSAM KHCIOTO MarMatmsma. IlamGoiee Bhicorme
comep:kanna Th B eBoHCKUX KHCJAKX W MIETOYAHIX BYIKaHATAX DocTodmoTo
Casna cOOTBETCTBYIOT TAKOBOMY B TMOJACTAJIAIONIAX THeHcaX M ABTOXTOHNGIX
TpaHuTax pannefoKeMOpHHCKHEX CTPYKTY PHO-BENIECTRBENHEIX KOMILIeKcoB AHra-
po-Hasckoro, Buplocunckoro seictynos. Ta e 3aBHCHMOCTD YCTAHABIMBALT-
Cs1 Ha IpuMepe mopoj gyHnaMeHTa M OPOTeHHBIX KHCJILIX MarMaTHTOB Pasibix
paifonos 3abaiikanss, Cesepo-Bocroxa CCCP, Kamuarkm, flmomermx 0cTpO-
B0B, [Oro-Bocrounoro IMaymmpa m I0ro-3amama CIIA (cm. pume. 3), omm-
HAWIMAXCA COBEPUIEHHO PasHBIM YPOBHEM TOPHEHOCHOCTH.

CaenoBaTebHO, apeannl CpeHE-BePXHEIAIL020fICKAX IOCTODOTEHHBIX
TPAHHTOB € PEJKOMETANLIbHOI cruenndnKoi, pasMemiennwsie B npejesiax ¢a-
HEPO30UMCKUX CTPYKTYDHO-BEINECTBEHIHX KoMmIekcor Antae-Casmckoit of-
JACTH, MOJKHBL OTpazaTh IPHCYTCTBUHE ¥, N0 CVIIECTBY, OKOHTYPHBAThH B
UX OCHOBAHHU paHHeJ0KeMOpHiICKHe reoXxuMuuecku auepennupoBannbe
CHAJIMYECKHE MAacchl KOHTHHENTaJbLHOH Kopul. Iuamraropamm rayOHImsx
GmoKOB cHanmdeckoil KOPHI TAKOTO THNA B calampo-KaTel0HCKHX KOHCOJM-
AHPOBAHHEIX KOMINIEKCAX MOIYT CJIY/KHTL TaK/Ke TEeKTOHMTECKHe BRIXObI
pudeHcKO-HIKHEKeMOPHHCKAX CYIIECTBEHIO KapOoHaTHLHIX TOJL[ B accOoNma-
IHHA C TEePPUTCHHLIMHI, MECTAMH METANEJIHTOBLIMHI IMOPOJAMI, IIPEICTABIIIIO-
IMUMA JIPEBHHI TeJb() MIH YIaCTRH NOABOAHLIX noausTtaii. Onu M3BecTHLI
BO MHOTHX apeajax NOPOABIEHHIT II03/[HEHATe030iCKOr0 TPaHNTHOTO Mar-
MaTH3Ma.

lepnmackas smoxa MarMaTHaMa HMeeT BAKHOE 3HAUENHE JIISA METANI0-
TeHHH, 0coGeHHO pekoMerajanmoro mpoduias. C mMarmMaTnaMom HToil dnoxm
CBA3aHO (JOPMHPOBAHHE DPEIKOMETAIILIIO-PEKO3MEIBHOI, PeIKOMETATILHO-
Monmben0BOM, OJOBAHHOM, HMOJAMMETAJINICCKOH, MeTHO-1e0IUTOBOM, (a0~
PUTOBOIl MHHEpAJW3ANNH, TIHHO3EMHO-COOBOTO CHpBA W Ap. IHa ynmkann-
HOCTH Marmarmama BepKHeHaJIEOSOﬁCKOI‘O BpeMenu M CBA3ANHOTO ¢ HHUM
pyaoobpasosarnsa obpaman BumManme I'. Illneiimepxen. 10. A. Hysmueios,
A. L. fInmme [1967] orMmevann mmupokoe pasBHTHE «BHETEOCHHKEIMIATHHOTON
TPAaHHTHOTO MarMaTH3Ma B Ipejerax cyO0ITHPOTHOro mogca repnunng Kepa-
3un. CyGcexBeHTHBIN, He CBA3AHHENT CO CKIANIATOCTBIO KMCIBIH MATMATH3M
riy0uHROII TPUPONE XapaKTepeH He TOABKO A TO3[AHe-, HO M JJAd pPaHHe-
repuuaCKOro Bpemennm. Hemocpefcrsennyio cMeny paHHeIEBOHCKOTO NHH-
NUAIBHOr0 MmIaTo6a3albTOBOrO MarMaTmaMa B cmcTeMe TpaHceBpasmaTCKOTO
TOJIBMKHOTO I0fIca MacIITaOHEIMK M3BE [HKeNIAME BYJKATNICCKAX U Iy TOHM-
YeCKUX MAacC CHalM4ecKOT0 cOCTaBa, OECCHOPHO MCXOMWBIINX M3 IaAMaHTHH-
HEIX KOPOBHIX ¢yGCTPATOB TOJ BIMAHHEM IOTOKOB TOILIA U JErKUX NPOIYKTOB
npeofpa3oBaHNA MAaHTHIHOro BemecTBa, mokaszan B. II. IHosamer [19801].
JdmmreocunkAMHATBEEE oporennme (mo B. B. Bemoycomy) peskmmmi, cBoii-
CTBGHHEIE HEBOHCKOMY, KapOOHOBOMY § NEDMCKOMY NPOSBICHHSAM TpPaHH-
Touxnoro Marmarmama Anrae-Casmckoit obinactm m IHasaxcrama, BEpOATHO,
CHeNAOUICCKH XAPAKTEPH3YIOT TaK HA3HBAeMEe SBJICHEA KpPaTONH3aIHH
(mo A. A. Borganosy) mim cTabUIH3ANEE AKK PEIIIPOBABIICT KONTHHCHTAIBHOIT
JHTOCHEPEI, KOTOPHIMH OTMEYEHH TIaBHeiimme pyOe:km HCTOPHH JeMim —
GuEANBHEC OTPE3KM MEraxpoH IPOJOKHTENBHOCTHI0 OKojgo 1,5 mupa zert
[Bopykaes, 1986].
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SARJIIOYEHHNE

MaccoBsle PAgMOTEOXTMIMIECKIe HRCCACAOBAHMA, BHIOTHEHHbE H&'
ocone 12 500 KoJIWMYeCTBEHHBIX PAMMA-CHEKTPOMETPIMMECKUX ompejesnennii U
(mo Ra), Th, K n 14 000 XnMagecKnx JIOMHUHECIIEHTHEIX, KOJTOPHMETPHISCKIX
amamuzos wa U 11 8000 sa Th roprsix mopofg, HO3BOJHIN TPOBECTH I'e0XHMH-
WeCKYH THIH3AINI0 KPYIHEX (J0KOB KOHTHHEHTAIBHON KOPEHL 10T0-3amaimoil
gactu CubGupekoit maathopust 1 Asrae-Camnckoit criaaguaroii  obmacti
(puc. 4). OHE Faad BOZMOMHOCTD KOJMYECTBEIHIHO ONEHATH He TOJNLKO CTeleHb-
uX QeMHTHOCTI — CHAJMIHOCTH, WO U YPOBeHb reoxmvmueckoii JuddepeH-
IOUPOBAHHOCTH B OTHONIEHWN TAKUX CHAXHIECKNX okcmpuiaos rar U m Th,
00HAPY/KUBAOMUX OOM[HOCT FEOXHMUTECKNX CBOMCTB B PACCCAHNN M KOHIeH-
rpamnu ¢ gpyrivn pepknvu anemenramu (TR, Y, Zr m 1p.). B padore mpuse--
menH onenku cpepaux comepskannit U u Th gas Kpymisix crparnuIHponaH-
HHIX KOMILICKCOB 1 € yIeToM (opMALIIOHHOLO COCTABA, IOCJHeIHHE OTHECEHERL
K CHAJMYCCKOMY, (eMUUecKo-CHATMIeCKOMY Win (emmieckoMy Tunam. Aua-
JOTHYHEE OLEHKN TIPHBEICHL I JJIA TPAHHTOM/IHLIX KOMIIEKCOB COOTBETCT-
ROHHO CHATHICCKHX, (eMHUECKO-CHANMYCCKHX I (EeMHICCKMX BOH.

Beiseiena mpHHIMIAATBHAA OOMHOCTh HANPABICHIA DBOJIONMT DPagmo-
PeOXUMATECKNX CHONCTB Te0JOTHIECKHX KOMIUIEKCOB B Xojle passutua ¢a-
HEPOBOHCKIX TeOCHHRINHATILHO CKAAMIATEX cucTeM (cm. Tadx. 3, 4), a Takixe:
mokeMOpuiickux (eMUIeCKHX 30H IIPA Pe3KO PAa3MIHOM KOTHICCTBEHHOM.
BRIPAKEHAN [75 BHYTPUKOHTHHEHTATRHBIX M HEPHOKEAHHYECKHX IOACOB.
Inna cumagwgeckux OJ0KOB KODH € T'PaHy/INTO-THEHCOBHIM OCHOBAHHEM ycTa-
HARJIMBAIOTCH 1POTHBOMOMOKHGIEG TEHJEHINH B oBojionun cogepkanni U
u Th B neperpuBsaiomux see 6ojee MOTOIMX CTPATHHUIHPOBAHABIX KOMILISK-
cax, ofycaoniennne MakcuManabumM cojepsanmem Th B mopojax Kpuerami-
augeckoro QyujaMedta u MuHAMAALHLIM U BCIENCTBHE BLIHOCA €r0 IPIL
Meramopduame.

Ha npumepe KHCIAHX BYJIKAHOIECKAX M TPAHUTOMITHBIX KOMIIEKCOB.
VCTAHOBJICHA YHACTCJOBAHHOCTD MATMATHTAMM PAJHOre0XNMHIECKUX CBOHACTB-
cyGerpara, wro Tposmisercs HamGosee OTYETIHBO TPH TPAMLIX Habxmoje-
HUAX JUIA TAPAABTOXTOHHHIX WHTPY3UBHEIX KOMILIEKCOB 1 00HAPY/KHBAGTCH:
HPH PACCMOTPEHNI DPErMOHANLHOTO MarepHalka, KOTjla CBA3h JBIAETCA OTO-
cpefoBamnoii. Ecam Kpucrammrgeckmil dynnaMent ne HaOIONAeTCA, 3aKIIO-
YeRms 0 €ro TeoXHMAYecKNX CBOiCTBAX MOTYT ORITH CAeJaHEl IO BYJIKAaHUYE-
KM KOMIDIEKCAM T ATOXTOHHEIM WHTPY3UBHEIM 00pasoBamusaM, IPOUCXOK-
JleHne KOTOPHIX CBA3AHO ¢ MOCTOPOIeHHBIM HJIH BHEICOCHHKIMHAJIBHEIM DPe--
RIMaMU.

H. C. Typwun

TEOXHMHYECKNE KPUTEPUH PYTOHOCHOCTH
BYJIRAHOTEHHBIX ITOPOJL AJITAE-CASHCHOII OBJIACTH

B 70-x ropax aBTOp TWPOBOLWI HCCJIEJOBAHHA MEBOHCKOX BYJIKAHO-
FeHHHEX KOMILIEKCOB TPenMyNecTBeHHO HA DPTYTHO-PY/HLIX ¥ IIOJIHIMETAN-
AWYeCKNX pPyIHHX ofnexrax B crpykrypax lopmoro Amras, Hysmenxoro
Anaray u TyBn ¢ 1eibI0 BHIABICHHS CBssell MArMaTmaMa I OpPY/IeHeHWs.
BrocuegerBum 5ToT (aKTHuecKmil martepmal OBUI MCIOIL30BAH JIIH ONEHKI
NPoPEANPYIOMEro OPYAeHeHNA B PAIHIHEX paiionax Anrae-CagHCKO#I
obmacrm (ACO) 1 [uaA comocTasieHns KaTeCTBEHHOTO METAJNBHOrO0 COCTaBa
B TORIECTREHHBIX IO IETPOXHMHIECKOMY COCTABY Pas3HOCTAX BYIRAHUTOB.
Rax m @. H. Illaxor, aBTop 10Iaraer, 970 FeOXMMHYLCKAA (TAMATE) Marma-
TOTEHHHIX IOPOJ AJANTEJNbHA H YCTOHYINBA HE3aBHCHMO OT HCTOYHHKA TPOMC-
XO;IeHANA: TePBHYHO-MAHTHHHOTO WJIM jKe 3a CUeT KOPOBOIl BMeINAOmeil
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paMbl, CoOXpaHAA B cefe cIes HIeMPHTOB-HHAHKATOPOB, MPHCYINNX pORoO-
mavanbHEOMy BemecTBy. [lamreanmocts amddepennmanm M KPHCTALTH3ATIN
BelecTBa TPHBOOUT K HHBEJIMPOBKE NX TIeOXMMHUYECHKHX OCOGE}[HOCTBﬁ, CBH-
SLIBAIONINX MATMATHYECKYIO TOPOAY CO CBOMM [EPBOMCTOYHHKOM, IOITOMY
Gostee HaJesKHBI JIIS BBIABJICHHA TAKUX 0CODPHHOCTEH BYJNKAHOIeHHBIE 1LOPO-
B, (MPHOBEHHO» KOHCEPBUPVIOI[HE KATECTEEHHLIE PYTHO-TEOXHMITECKHe CO-
OTHOIIEHUS NePBONCTOTHITHA.

HEOJIHOPOHHOCTI: coaep:Hanua M pacnpenejeHus PpPYJIHOro Bemgecrsa Ha-
PALY ¢ MAKCHMAJBLHBIM ero (POHOBBIM KOJHYECTBOM B IIOPOJe CBHIETeIbCTBY-
€T, TI0 HANIEMY MHEHHIO, B II0JIB3Y KOHIEHTPAI[NN PYI, TOTAA KaK OJHOPOIHO-
pﬂBHO.\iepHOE pacnopenenienune c 06]]];1‘1M HHU3KNM (i)()HO}!bIM cojepyxranmueMm —
B 10JB3Y paccesaHudA PYITHOIO BelecTsa. HCHO, UTO BelleCTBeHHO-DHepreTu-
yecKas HEYCTOHYMBOCTH PACIPEJeNeHAS METAJIOB B PYAOHOCHOI Marmari-
qecKoil TOPoAe — OIHH M3 BayKHEHINNX KPUTepues JOKaabHOTO 060cobmeHns
PYIHOPO BemiecTBa B KOHIEHTPHpoBaHHON Qopye BmioTh o olpasopauus
OKOHOMHOYECKW 3HAYMMLIX PYIHLIX 00BLeKTOB.

Onupasich Ha DTM W JPyrue JaBHO CJORNBIINECH IpefcTaBJIeHIA,
B pAZe CAYYAEB JOKA3AHHHIE HKCNEPHMEHTAIhHO, ABTOP IOCTABMI 3agady,
X0TA OBl NpUGAMIKeHHO ONpeeluTh PYAHYI0 CHEIHATU3ANMUI0 CHHXPOHHBIX
MATMaTH3MY BYJKAHOI@HHBIX KOMIUIEKCOB B pasamaesix permomax ACO ¢
XOPOIIO U3BECTHHIM METATOTeHHICCKHM TPOMINIeM ¢ MOCACYIONIM IePeHo-
COM MCC/IeMOBAHUII B CTAG0MAYUCHHLIC PalOHLI.

Amanmauposanuch JeBOHCKHE BYJIKAHOI@HHbIe M CyOBYJIKaHmIecKnme o0-
pasoBanmA, UPEJCTABJCHHBE IIEI0THO-3eMETBHRIMI THHepeHIITPOBAHHLIMI
1 KOHTPAaCTHBIMUI K&HI’IE‘I—H&TPOBHMH M HATPOBLIMH CepuaMNn GHGHJII;T"HHILEHIIT-
JanuT-puoanToBOTO, le'().Tl'H'T*r)‘dS'dﬂbTOBO[‘O MHOI'/Ta ¢ IpHMEChIO TPAXHTOBOTO
MaTepmajga, TpPaxXuange3nT-TPaxnfazanibTOBOTO COCTABOB, CIATAIIIAX TIOTO-
KM, TOKPOBLI, JUH3LI, CILJIL, CERYI[He Telxa, IITOKM B KaJbiepax u rpabeno-
BEIX CTPYKTYPaX, a Tak:ke 10 0OPTaM KECTRIIX CTPYKTYD, B 30HAX riayOuH-
nux pasnomos. Cocras cyOpynkammIecknx Komarmatos oddysnsos onpesens-
eTcsl COCTABOM TIPOCTPAHCTBEHHO CORMEMEHHLIX ¢ TUMI H(()y3nBHEIX aHAJIOTOB.

OnpegererHoit 3akoHoMeprnocTn B orGope ofipasnos u npod Ha aHaIN3LI
He OBIT0, HO MAaCCHB YHCEA, MCIOJAb3YeMbld JLIH pacyeros, comep:Ran 70—
75 % ohdyausunix u 30—25 % cyGeynrammuecknx mopox. OOmuit oGbem
suGopkn oxomo 2000 obpasmor: 480 mo werwipem paitomam Topmoro Anrasm,
380 — no rtpem Hysmemkoro Amaray w 1114 — mo mectu paitonam TyBor.
Ilo wasmmoMy W3 permoHOB OBLTH MONOOPAHLL IPYUILL IPOD U3 OCHOBHEIX BYJi-
gaanTon (raGGpo-muafaser, raGbpo, pmaGazossle 1 OazadbT-aHIE3NTOBLIC
TOpHUPNTE) 1 KUCIBIX (MEKPOT PAHUTH, KBapuennie u (eab3nTosue mopdupsr,
¢enp3uTH W IP.) U3 APEANOB BYIKAHOTEHHLIX MOPOJ Kak B Ipejenax PYNHBIX
noJjeil (Ho He B PYAHBIX Tedax!), YCAOBHO HA3BAHHBIX «PY/AHLIMID, TAK I BHE
ux (Gomee 5 EM OT PyHHBIX O0DLEKTOB), HABBAHHBIX «Ge3DYIHBIMH» BYJIKa-
HHUTaMH.

ITpofnl aHaIH3UPOBAIACH MOJYKOJNIMYECTBEHHLIM CIHEKTPATbHLIM aHAII-
30M Ha 24 pJeMeHTa ¢ IMOPOroM YyBCTBUTEABHOCTH, JOCTATOYHBIM [ CTATH-
cTnyeckux pacdeToB. CTaTHCTHKH H OIEHKA NApPAMETPOB PACCYUTLIBAIHCL 1A
9BM BYCM-4. AmanmzupyeMble MeTajJikl paasjiesieHsl HAa YeTeIpe TPYNIEL
¢ yuetoM mx dopmanmonnoit npuHagae;kuocrin: I — Hg, Sb, As; Il — Cu,
Zn, P1; 111 — Cr, Ni, Co u IV — Mo, W u Be. Mur monaraem, 4to eAUHCTBO
KOMIUIEKCHOI0 TOJHMETAJNIBHOrO Pymoodpasonauns moasonser (es cymect-
BeHHOI OIMHOKN OmpeRedaATh «Py[HbLIe» W «0e3pyaHbie» BYJIKAHOTeHHBIE MOPO-
OBl II0 XapakTepy pacHpefefeHNA META/IOB He3aBHCHMO OT COCTAna W THIA
PVAHOTO 00BEKTA, PACIOIATAIINEroCA B II0JIe PA3BUTHA H3yvaeMbIX BYJIKa-
HOTeHHLEIX TOPOJ.

Pyanas cnenumanmsanus BYJIKAHOTCHHEIX U CyOBYTKAHHYECKHX IOPOJ
ompeensIach HAa OCHOBAHNT XapaKTepa pacHnpefeleHns clAeJyIux mapa-
METpOB: X — cpefmee cofep:kamme metamia, D — pgucnepens, V — mapua-
nus (ormomenne )/ D/X) u R — xoafdunuent mapHOii Koppeasnnn JaHHOTO
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MeTALIa ¢ COCYMECTBYIOMNMA ¢ HOM B MOPOJe HIeMPHTAMA C BEPOATHOCTHIO
0,9. Manpreiimue paccysxaenns Gasupyioress Ha CHeAYIOIIAX HOCHIKAX:

1) Bricokoe smawernme X, D u V B «pynmsix» u «Ge3pyIHEIX» BYIKAHATAX
CBHIETEJIBCTBYET O GIarompHATHON IOTeHIHAIBLHON PYZOHOCHOCTH HX HA ma-
pareHHOE OpY/[CHEHUE COOTBETCTBYION[MX METAJIOB;

2) mmakoe sHavenue X npm Bricorux D m V yrasisaer Ha HePaBHOBECHO®
pacrperie/ieHAe HAPAreHHHX METaJJI0B, HO C BO3MOKHOCTHIO (opMEpOBAHWH
1e00JIBIINX M0 MacmTabaM W KOHTPACTHHIX II0 COXeP/KAHMI0 MOTANIA PYAHEX
00'BEKTOB;

3) paBHOMepHOe HE3Koe 3HaueHme X, D u V CBHIETeJIbCTBYET O Majo-
BePOHTHOI BOBMORHOCTH 00pPasoBaHuA TapareHHHX BYJIKaHATAM PYTHBX
00BEKTOB COOTBETCTBYIOM[AX METaJLIOB;

4) mricorme sEavenns X npu HusKEX D n V yRasHBAOT HA PEKYIO BO3-
MO/KHOCTH (POPMUPOBAHUA OPYACHEHHA CIA00KOHTPACTHOTO OPEOIBHOTO THIA
U TOBRINICHHOTO (OHA PACCEAHUS MeTaJIOoB.

Hoaddumenr mapmoit xoppenanun R ykaswBaeT HA npenoYTHTeILEYIO
HDapareHHyi0 acConuanuo MeTa/lioB B PYAHHIX O0BEKTAX U BYJKAHOTEHHBIX
HOPOAAX, BRIKYAS M MePRUTHEIE 0DPEOJE PACCEAHNN, CBA3AHAYIO ¢ METAIIOM-
KOPPeIATOpOM.

Ha ocmome yrasaHHEIX IPH3HAKOB, ABAAIONIXCA ECTECTROMHEIM OTPAae-
HileM (HBUKO-XUMUIeCKHX H TepPMO-JIHHAMUYCCKAX YCIOBHiT PyAHO-MarMa-
TUYECKOTO TIPOIEcca, PACCMOTPHM IIOJYYeHHHE® KOHKDPETHHIC pe3yIbTaTEH
pacgetoB X, D, V u R gan |—IV rpynn meraninos B paitomax Lopmoro Au-
rasn, Hysuenkoro Anaray m Tysu napaniensno [us «pyAHEX» W «Ge3pyIHEX»
BYIKAHATOB (cM. Taluaumy).

«Pynmsre» Byaxannrt s Makemvaapusle 3gageHmS X BO BCEX
paiioHaxX TPUCYNIN PTYTH KaK B OCHOBHBIX, TAK U B KUCIAKIX PAa3HOCTAX BYJIKA-
Huros. Cypema mpeobGaamaer B Kysmenmom Amaray, meanr — B TyBe, IUIHK
n xpoMm — B loprom Anrtae m (menee) Tyge, aukens (g0 0,08 %)— » TI'oprom
Axrae. Croxs BEHICOKOE CpefHEe ero COAEp:KaHme IIA PeruoHa 00BLACHACTCH
ROHTeHTpamnnei Hiukeas B rabopomgax Hypaiickoit 3omer. OryMeuaercs moBhI-
nexnoe copepskanme As nu W B ocHOBHEIX Byakamurax lopHoro Aaram u
KRysuenkoro Anaray m Be B mocaepwem. J[as Kucamx By RamuTOB Xapak-
repast W B Hyasmenrom Amaray u Be — 8 Topmom Anrae. Orvernv cpasmm-
TeIBHO MHPOkHil pasdpoc woxeGaHmii cofepswanua Sh s Kyswenkom Amaray,
Cu — » I'oprom Axnrae, Ni — B Toprom Axnrae n Tyne B OCHOBHHIX By.IKa-
murax, Cr, W, Co — 3 Kysmenrom Amaray u Tyse, Be — » T'opmoy Aarae
u TyBe B KuCIBIX BYJIRAHWTAX (B Hpe/eaax KIapKOB).

CpapruBaa sHauenus X, D u V, MOKHO BBIIOTUTH METALIH ¢ BHICORIMA
WM CPABHUTeIHHO BEICOKMMI JHCICHHBIMI 3HAYCHHAMO BCeX Tpex IlapaMer-
pos: As — 1 Topmom Axrae u Tyse, Mo — & Topmom Aarae m Hysmernxom
Anmaray, W u Be — » Kmcaex ByakannTax Bcex Tpex permomnos. DBricoxas
BapHALMA IPH HOSKHX CPEJHMX B OCHOBHBIX BYJAKAHUTAX OTMeueHa Iiaa Sh,
As u Be B Hysnenkom Axaray, Co — B Hyanenxom Anaray mw B Tyse, W —
B lopuom Anrae m Tyse, a B RuCABIX Byakamntax — a1a DBe Bo Beex permo-
max, nua W — s Ryssenrom Amaray, Co — 5 Tyse, Sh — B I'oprom Anrae.

Amamna Beanuun pacmpegmenenus X, D mw V B «pyubix» ByIRaHATAX
MO3BOJIMI BHIIEIHTH IJIABHLIC DIEMEHTH (MeTasJbl)— I MKATOPH: B OCHOB-
HuX pyakannrax 'opmoro Asrasm — Hg, As, Cr, Ni 3 Cu, Zn, Kyasuenxoro
Anaray — Hg, As, W > Cu, Cr, Be > Zn, Mo, Tyswm — Hg, Cu, Cr >
> Zn, As, Pb» > W, Ni, Co, B kucanx syrxammrax Topmoro Axras —
Hg, Sb, Be > Cu, W, Zn > Mo, Ni, Cr, Kysmenkoro Aanaray — Hg, Zn,
Mo > W, Cu, Cr, Ni> Pb, Be, Tyem — Hg, Zn > Cu, Co, Be > W,
Mo, As, Pb. Kak sugmo, Hg, As m Cu sBasiores «CKBO3HBIMIY MeTaJIamMu,
npucymumir secem tpem permoHam ACO. Coenuuyeckme MeTamxmwl, 1. e. oTpa-
ARaKIMue MeTaioreHnIecKuii npogmrs paitona, B Toprom Axrae — Co u W,
B Hysmemkom Amaray — Mo, W (Cr u Ni), 8 Tyse — Mo, W = Co. flcHo,
qTO pamee W3BeCTHAA CHEIMATH3alus PeruoHOB 31ech XOPOIMO MOATBePHRAa-
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CraTacTHUECKHe MAPAMETPEI PACIPENSTCHNR METAMIOB B «PYHBIX» M «Oe3PYIHBIX» BYTRAHATAX OCHOBHOTO M KHECIOTO COCTABA

i Topuwilt Anrait HysHenruit Anaray
Ilopoga & ];]Ya“' E «Pygmbien «BeapynHEIe» «Py@HEe»
E X o 4 o= | R AR TR R T m e | R
OCHOBHEIE BYIKAHUTH: Hg 4600 1,90 306 | Ni, Cu, As 564 | 3 971 | Cu, As 3200 | 100 312 | Sb, As
nuabasoBpie, GasanbT-an- I |Sh 37 | 106 852 | As 100 | 3 547 —_ 180 4,10 | 3513 -
Ne3UTOBLIe, TpaxmbasannT- As 4221 | 200 336 | Li, Cu, Hg 167 | 3 328 | Cu, Hg 230 | 706 3637 | Cu, Hg
AHNIE3UTOBLIe TOPQIPUTH
B mx cyOByakammueckiie Cu 388 | 1 825 | Ti, Co 446 | 1 709 | Hg, As 750 0,29 23 | Ni, Co, Ti
ROMATMATES II |Zn 30| 2 4714 | Ti, Cu 400 | 90 75 | Ph 380 2,70 14 | Co
Pb 43 0,09 220 | Zn 86 | 0,20| 164 | Zn, Ag 150 | 100 666 —
Cr 1627 | 30 106 | Sr 607 | 2 736 | As 870 0,23 174 | As
IIT | Ni 8008 0,08 112 | Hg, Co, Ti 600 | 2 74 | Co, Cr, Cu 260 0,60 298 | Co, As, Li
Co 262 0,20 540 | Ni, V, Ti 160 | 0,40 | 197 |Sec ...« 24 7 368 | Sc, Ti, Ni
Mo 203 0,40 30 | Be, W 126 | 0,70 | 209 | Ni, Cu 326 32 494 | W, Li
IV |'wW 22 1 5060 — 121 6 6554 — 10 0,10 | 3162 | Mo
Be 5 0,0009 60 | Mo 91 0,09 [T105 — 11 0,30 | 1570 | W
Hucnsie  ByJIKaHUTH: Hg 1800 0,10 176 | Ti, As 803 | 0,40 | 395 |Cu, As 2600 0,22 570 | As, Cu
JANAT-PAOJNTOBEE, KBap- 1 |sb 106 0,10 043 — 100 | 0,40 311 | Pb 130 0,30 133 —
nessie, erbp3uToBLe MOp- As 468 0,80 604 | He, Ti 362 | 8 247 | Cu, Ni 230 2 194 | Pb
dups m ux cyOByITRaHN-
R Cu | 58| 080 | 480 |Co, Pb 385 | 0,20 37 | Ni, As 670 | 6,40 | 119 | Pb, Ni, As
11" | Zn 487 0,012 22 | Cu 187 | 0,20 75 | Pb 1100 0,02 406 | Co, Ni
Ph 369 1,40 80 | Ti, V, Ni 120 | 0,40 | 118 | Zn 390 6 185 N1, Cr, Ti
Cr 238 6 325 — 288, 2 132 | Ti, Ni 620 10 161 | S
IIT | Ni 189 i 442 | Co, Cr 289 [ 0,40 69 | Co, Cu 630 5 112 | Co, As, Hg
Co 175 0,90 171 | Cr, Ni 75 | 0,07 ] 414 |Ni 64 0,02 221 | Ti, As
Mo 323 0,40 195 | Cu, Cr 123 | 0,10 26 | As 312 21 445 |V, Pb
IV |wW 148 | 100 676 e 50 | 1 3952 — 49 3 1117 —
Be 76 2 5884 - 18 | 0,01 | 546 | Li, W 39 0,20 362 | Sn, Zn, Cu




4

Okomvwamme TabaAHIH

KysHenkmnil Anaray TyBa - Kaapk no
I'pym- 5 " 2 = A Bu-
Hopopa i g «Beapynnsien «PynIabIen «BespyaHbies E n:'? HOTPaj0-
S —_— — = &8 o | By, 1075
E = Pl vl om X o P8 d = ¥ | 2| v | r _[88S
OCHOBHEIE BYJIKAHUTHL Hg 260 | 20 608 | Cu, As | 3875 6 63 | As, Cu 420 | 3 130 | Cu 350 0,90
muabasosnie, Gasanbr-am- I |sh 93 | 30 1862 — 134 0,31 131 — 130 |° 2 344 | Hg 85 10
Ne3UTOBEE, Tpaxmha3anabr- As 70 | 610 1100 | Fe, Cu 634 0,40 100 | Hg, Cu 430 | 61 574 | Hg, Cu 160 20
QH/IE3NTOBBIE TMOPPHIPHTHI
" ux cyOpyJIKanmieckme Cu 1000 | 12 31 | Mo, As | 1241 | 21 119 | Zn, Hg 850 |12 129 | Mo, Zn 850 | 1000
KOBATAATE II |Zn 260 1,50 75 | Cu 865 T 967 | Cu 250 | 4 253 | As, Cu 655 | 1300
Pb 190 2 235 - 420 | 12 771 | Ag, Zn 820 | 0,40 24 | Zn 280 80
Cr 910 0,90 330 | Ni, Ti 924 | 18 {4s] RiTa 45 | 1,50 | 860 |V, Ni 450 | 2000
III | Ni 1000 8,10 <90 | As, Cu 236 9 402 | Co, Cu 70 | 0,48 | 191 | Co, Cu 590 [ 1600
Co 110 0,004 18 | Ni, As 218 6 355 | Ni, Cu 180 | 2 248 | Cu, Ni 230 450
Mo 6,2] 0,10 | 5270 |Cu, As 125 0,95 170 | Cu 45| 0,31 | 433 |W,Cu 3 14
v |W 50 0,70 167 | Mo 78 0,10 405 | Mo, Be 24| 0,09 451 — 21 10
Be 50l o001 | 2001 — 12| 0001 | 263 |W 16 | 0,50 | 1397 | W 8 4
! Hg 17 0,90 | 1765 | Cu 2448 0,52 10 | Cu, As 40 | 0,80 707 |Cu 22 0,80
nm“;‘ﬁ;,’;‘lﬁnmgﬁamﬁ' I |sb | . ¢ 3t | — 126 | 4 510 s 50 | 5 14 | 60 2,60
(] = o)
neske, dnenban'rgnue Tiop- As 140 0,30 124 | Hg 361 | 16 350 |Cu, Hg 2001 3 274 | Hg 195 1%
X o
P e cu | 270| o070 | 98 |As, Hg | 891 | 24 17 |As,Mo | 500 |60 | 490 |Mo 360 | 200
Il | Zn 230 0,05 31 | Pb 4245 |- 31 145 | Pb 1000 | 6 77 | Pb 480 600
Pb 170 0,10 59 — b27 | 43 216 | Zn, Ag 140 | 0,90 | 214 [Zn 170 200
Cr 380 0,90 79 [ Ni, V 148 8 325 — 200 | 1 158 | Ni 285 250
III [Ni 65 0,25 243 | Cu 281 | 15 145 | Cu, As 80| 0,70 | 331 [Ti 132 80
Co 14 0,001 78 | As, Ni 76 4 832 |Ni,V 60 | 20 2357 | Cu 50 50
Mo 80 0,10 1250 | Cu 142 8 630 | Cu, Ti 41 1,60 975 [ W 36 10
IV | W 15 0,001 211 — 247 | 14 480 | Sn 16 | 0,48 838 — 27 15
Be 7 0,004 903 | Sn, Ti 23 0,30 703 | Zn; W 15 |5 0;25 | 833 [|[W 18 5153

IIpaMevwaHNe, X = cpefHee comepwaHue meraiia, 109 %; D — mucnepcnm, 10™5 %; V — sapmanus, %; R — HapHag KOPPeJALNA C L0CTOBEPHOCTBIO (,9.



eres. W3 mommMeTaniudecKoil TPYINHL MPEANOYTHTEILHLMI MOYKHO CIMTAThH
s Topaom Aatae — Pb u Cu, 3 Hysmenkom Amaray — Zn u Cu, B Tyse —
BCIO TPHAY.

KoppestiiHoHALIe CRA3N METALIOB B (PYAHBIX» BYIRAHNTAX MOJCKA3H-
BAIOT BEPOATHH{ (DOPMAIMOHHKA TN PYAHEX O0GBEKTOB, HPEXHOTATACMEIX
B maparemese ¢ nyakanuravn. Tak, koppensmua Hg c Ni, Cu, As n Ti B oc-
HOBHBIX M KHCJIBIX IIOPOJAX CBUJETEIBCTBYET O IOJMCYIbQHIHOM TapareHe-
ae, casb Cu ¢ Ni B ocnonnnix pyaramnrax Hyssermkoro Asmatay — 0 MeJHO-
ankesesom Tume, a Cu ¢ Mo B Tyse — o Megmo-moauGueH-noppupoBoM.
B HKysmemkom Anaray u » Topuom Axrae ormeuena koppeasmms Mo ¢ Be,
a Be ¢ W n Li, 9ro cBujgereqbCcTByeT 0 peIROMETANILHOM THIIE MIHe-
pasTMaar .

«Bespynuuer ByIRamuTH. Bicokne m yvepennsie BeJImTHAEL
X, D u V B ocuosHbX mo coctasy syikannrax umeior Hg, As m Cr o meex
Tpex permoHax, BBICOKHe 3HAYCHMSL CPENHIX XapaKkTepHbl [IA Cu, Zn, Ni
m Mo B Kysuenrom Amaray, puas Pb 8 Tyse. Beicokme sexmunnnt D u oco-
Gemo V mpH HEBKAX W yMepPeHHHIX cpejaux xapakrepmnl ans Pb Bo Beex
permonax, Mo B Kysnenxom Amaray, W B Iopmom Axrae u B Tyre, Mo u
Be 8 Tyse.

B Emeanix ByakanmTax seicokue cpegmme umeior Hg, As, Cu, Cr, Ni m
Mo B Toprom Axrae, Pb u Cr — B Kysmenkom Amaray m Guc Zn —» Tyze.
Becoya Bricorme u BeicoKme Reamgunsl D u ocofemno V nmpu HUSKIX cpejHIX
ormeuens must Hg, Sb m Mo » Kysmenrom Anaray m Tyse, maa Co m W —
B Tyse, naa Be — 8 Hysumeukom Amaray.

Cyjil 10 COOTHOCHTEALHHM BeJMImHaM CPEHUX IUCIepeuii i BapHaImil
B «0eapy/HBEIX) BYJIKAUUTAX OCHOBHOTO W CPE/HEro COCTaBa MOHO BHICIUTH
pan aneserToB-nHuKaropos: B Lopuom Anrae — Tlg, W nn Be, B Ryauernkom
Axaray — Mo, Cu, Ni u Cr, 3 Tyse — Cu, Pb, Zn u Hg. Pryrs, cypsrma
U MEIIBAK, & TAK/Ke ¥ MeIb B «PY/IHLIXY I JACThO B «Oe3PYAHBIXY By AKAHUTAX
ABIAIOTCH (CKBOZHBEIMIT METAJIIAMII, YTO YKA3elBAeT Ha NX IIMPOKOe pacmpo-
crpanenne B ACO.

B «Gespynupix» BYJIKaHOTAX DiIeMeHTaMUl — HHIIKATOpaMum B HOCJe-
ZOBATEIBHO yOMBalOmEM PAAY OOH{MME A OCHOBHBIX I KHCIBIX BY/JIRAHUTOB
apasiores: 8 Topaom Anrae — Hg, Cu, As > Be, W = Mo, 7n, Pb; HKys-
meniom Amaray — Hg, Sb, Mo, Cu > Cr, Ni, Be, As; Tyse — Hg, Cu,
Mo, Zn, Co > W, Pb, Be, Ni, As. Ecan n3 yKasaunslX PAROB MCK/IIUUTH
¢CKBO3HBIEY METQJIibi, He ONpeJe/sionHe CHerm(uky PyJHBIX PailoHOB, TO
HpoQIIMPYIONMMA METAaTIaM!, OUeBHAHO, ciejyer cuntath: B TopHom Au-
rae — Be n W, Kysmenxom Anaray — Mo, Cu, Ni, Tyse — Co, Mo n W.
W3 noanverantor mpepnoururensus fis Topuoro Aatan Zn u Pb, gaa Rys-
merroro Amaray — Cu n aas Tysm — ses rpmaga (Cu, Zn:-w Ph).

Koagdumment xoppeaanmm B «0e3pymHBIX» BYJIKaHATaX TIOKa3RIBACT,
9710, KAk U B (PyAHHIX», yeToiumpa HafgeskHas crash Hg ¢ Cu n As, Cu ¢ Mo
8 Toprom Anrae, Pb ¢ Ag m Mo ¢ Cu — Topmom Anrae n Hysmenrom Asaray,
Cre Timw Ni u Ni ¢ Cu— Bo scex permomax. B kucamx mo cocrasy BYII-
gamarax Mo mocrosmmo ceszam ¢ Cu m ato me caygaiigo: B ACO mmporo
pacIpocTpaneHi TPHBHARE — MeHO-MOJIHOAEHOBOIO  OPYNeHeHns. O6braHa
csass Be ¢ W Bo Bcex permomax, IpHCYmas OOBYHO BYIKAHHTAM TPaxi-
TOHIHOTO COCTABA.

TakuMm o6pazoM, KOPPeIANNOHHEE CBASH META/UIOB B BYIKAHOTEHHLIX
B cyOBYJKAHNTeCKMX 0OPABOBAHMAX OMpPENeNeHHO YKa3HBAWT Ha BO3MO-
HOCTH BHABJIEHNA PYIHHX O0BEKTOB MeJIHO-MOTNOJEHOBOTO, MeHO-HUKese-
BOTO, PTYTHO-TIOMHCYIBGETHOTO ¥ CYIBOUIHO-PE/IKOMETATIBHOTO THIIOB (Op-
Mmanmit. Kak B ¢pymIHEIX», TaK ¥ B «Ge3PyIHLIXY BYIKAHUTAX OTMETAETCA YC-
Toiraupag cnasb Be ¢ W n Li, Ho B mocaepaux Gojee 9eTKO IPOCTIEHIBACTCH
essizh MeraymmoB B psny Mo — Cu — As — Ni, memern Mo — W —
Be — Cu.

HecKoIbKO CI0OB 0 COOTHOIIEHHH MECTHOTO (OHA pacceaHus MeTaLIoB
7 xnapka ux mo mamment A. II. Bmmorpamosa [1962].° Paccuurammsiii don
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METAJLUIOB 7ITA OCHOBHHX (radbpo, rabbpo-mmadasur, nuabasornie n 0asalbnT-
aHJIe3MTOBbLIC MOPOUPHTHL M AP.) U KUCAHX (KBapuessie u (eab3uToBLIE TOpP-
Qupst, despanTnl, MUKPOTPAHHTEL W AP.) AEBOHCKHUX BYJIKAHUTOB AHAJNM3T-
PyeMHIX PpaiioHOB 3HAYHTEJILHO He COBIAJAeT ¢ KIAPKAMIL DIEMEHTOB 110
A. TI. Bunorpagory [1962]. OcoGenno menmxa pasmmma nas Hg, As m Sb
B cropony 3aswimenus, a gag Cr, Ni, Zn u Co — B cropony sammkenma
(car. rabauiy). JT0 HE COOTBETCTBYET CIOYRUBINEMYCSH NPEACTABJICHIIO O TOM,
aro ACO sBiasgercsa npoeuHimeii Madugeckoii, CyIeCTBeHHO jReTe30-Mapran-
1eBOH U KOJTIeJaHHO-IOJIHMETAINYCCKOT, 00BACHACTCS, BUANMO, TeM, UTO
IOAaBJAIOIIAA 4aCTh ODPY/eHeHNA jKejlesa, Mapramila ¥ KoJuejanoB CBasama
¢ smoxoil (dopmupoBanus camamperod sereocunkanHany ACO, rtorjga Kaw
anatmaEpyembie 1poOs 0To0paHEl W3 BYJIKAHOTEHHBEIX NOPOJ OPOrEHHOIO
sTana paspuTHA ¢ 0ojlee KUCJLIM CATNTO-MaQUTOBHIM PYZHO-MATMAaTHYeCKIM
npoguiaem. Mempinas pasHHIA Me:KAY PACCYNTAHHLIM (OHOBBIM COJePHRAHMEM
Metaiana m ero kinapkoMm mo A. Il. Bunorpamosy orTmeuaercs s KmCIBIX
pasnocTeil «be3pyANEIX» BYJIKAHHTOB. SfeCh BeIUYUHLL (OHOBHIX W KIAPKO-
BHIX COTlep;KaHuii 6Jm3KN 3a MCKIodenmeM Tex ske Mertaiminos — Hg, Sb m As,
Iocaepmee M0:EHO 00BACHUTH TeM, 4TO 3HAYNTEILHAA UacTh HPos 0T6UpAIACH
HaM# B paiiomax pasBOTUA PTYTHO-PYAHHIX ToJell ¢ mpeoliamanimeil MEIIbA-
KOBO-CYPBMAHO-PTYTHON PYyZHOH dopMalimeii.

AHaJ’lHB HOJYYCHHLIX Pe3YJILTaTOB CTATHCTHYECKHX paC‘IGTOB reoxXnMm-
YECKNX TIapaMerpoB HO3BOJHAET CJeJaTh PAL BHIBOLOB: .

1) monyueHHBIE PE3YIABTATHL B I1EJOM COJIACYIOTCH ¢ PeadbHOI pymHoOi
CHOenuain3anneil PermoHoB, OIPeNeleHHON HA OCHOBE MHOTOJETHHX Te0J0TH-
YeCKUX HCCJAE0BAHHIT, MMeeTCA B BHAY Upoduie OPyJAeHeHNA, NAPAreHHoro
TOJBKO BYJKAHOTGHHBIM H CyOBYIKaHUYIECKHM KOMILUIEKCAM CPEIHEr0 Haaeo-
son: B lopmom Axarae — kofaiast u Boandpam, 8 Hysmemkom Axaray —
moaubnen, B Tyse — KoGaabT M TOAUMETAIIH

2) pryTb, cypbMa, MBIIBAK ¥ YACTBIO IIOJHMETAIIB TPHCYIIH BCEM
TpeM permoHaM, HO € TPEeIOOYTHTEILHLIM PA3BUTHEM B CJEAYIOIEM HOPAIKe:
Hg u Sb — Tysa > Topuuit Antait m Kysmenkmit Anaray; Cu — Tysa >
> Rysuenrmii Anaray > Topamit Amrait; Pb nm Zn — Typa > Topsbiii
Amraii; Ni — Hysmenkmit Anaray;

3) RoHTpacTHOE OpyleHeNHe MOKHO O/RUNATh, CyIA 10 Kpaiihe Hepas-
HOMepPHOMY pacupesenennio meramitor, aas Sh, Mo, W n As 8 Hysmenrom
Anaray; W u Zn — Toprom Aunrtae; Co, wuacreio Zn, Ni, Mo — Tyee;

4) xapakTep KOPDeJAIMOHHLIX CBA3CH DIEMEHTOB TO3BOIHET IIpesmo-
Jarate paspuTHe MoaunGmeH-MemgHOro opyienenus B lopuom Axarae u Hys-
menkoM Anaray, csuurnono-cepeGpsamoro — lopHom Anrtae u Tyse, Boand-
PaM-KoGaTbTOBOIO M MEJII0-BOIL(PPAMOBOTO ¢ HOIHCYIbOUTHEIM KOMILIEKCOM
merannos — loproM Ausrae, moancyas@uanoro Meamo-HHKeNIEBOT0 ¢ Ko0adb-
tom — Tyse 1, Bosmomno, Hysmemxom Amnaray, Memmoro — Hysmemwkou
Amaray u moammerammumueckoro — Tyse. PryTHO-cypbMAHO-MBLIILAKOBOE M
pTyTHO-HOHﬂG_\;'.TI})(I)I-IILHOB OpyneHneHne BO3MOyKHO BO BCeX Tpex aHajausamupye-
MBIX PErHOHAX, HO ¢ TPENCYTHTeILHHM pasButHeM B TyBe M0 cpaBHEHIO
¢ Topumim Anrae;

D) pacupejiesienne TPoPUINPYONEX METANI0B B PerHoHAX COMOCTABHMO
B «PYNHEIX» 1 B «De3py/iHuIX» ByJRaANTax. Bapmamuu pacipeleieHus MeTa-
0B B OCHOBHEIX ¥ KHCJKIX Pa3HOCTAX TOPOJ BHATATONBHO OTIHYIAIOTCH,
0CO0EHHO JUIS TPYIN (HOJSAPHBIN [0 FEOXHUMHUECKUM CBOHCTBAM METAIIOR,
manpumep, Be, W um Cr ¢ Ni, Kak B «pyfHbIX», Tak #H B «Be3apyIHLIX»
BYJIKaHHUTAX.

B sakmoouerne orMeruM, 9T0 reéoXmMMHYeCKHe CTATHCTHKH pacipe/eeHis
METAJUIOB B BYIKAHOIGHHBIX TOPOJAX MOTYT CIY/KATH 000CHOBAHHEM Te0XH-
MHYECKOIl CHenmmanm3aniun H3y4aeMelX pailoHoB.
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H. H. Kpacmmxos, I H. Apommuu

HEKOTOPBIE FEOXUMHUYECKWE OCOBEHHOCTI IOPO/T
OTHOI0 13 3EJEHOKAMEHHBLIX [OACOB
CTAHOBOII TPAHYJINT-3EJIEHO KAMEHHON OBJIACTH

Jinst yBemwdeHust 3aIlacoB MHUHEDAIBHEIX PECypcos GOIBITYI0 POJB
UrpaeT OTKPHTHE HOBHIX THIOB MecTopokAeHu. TakoBRIMI LI CCCP moryr
GBITH, HANDEMEP, MECTOPOMIEHUs 30J0Ta, MPHUYPOUCHHHE K pPAHHEIOKeM-
GpmitckuM 3erenokaMeHHEM ToscaM. B Gamamce MOOHUM TI0JAE3HOI0 KOMIIO-
nenra Hawmamgs, Aserpammn, Vagom m Ipyrux cTpaH dTOT THIL MeCTOPOIKIE-
Huil Wrpaer 3HATATENLHYI0 POIb.

BeeHOKAMEHEHEE TOHCA PasMelieHsl B Ipeienax TPaHAT-3eJeH0KaMeH-
HEIX ¥ TPAHYIHT-3eICHOKAMEHHBIX ofiacteil apXeiicKAX KpaToHOB [Crpoe-
mue..., 1985]. Meranioremndeckue 0Co0eHIOCTH MOACOB TPAHAT-3eIeHOKA-
MeHHHX o01acteil, MaBecTHHX HA TeppuTopun Bamrmiickoro m YRpamHCKOTO
MUTOB, HEOMHOKPATHO PACCMATPHBAIUCL B JHNTepaType. Henn macrosmeit
CTATHI — PACCMOTPEHNME HEKOTOPHIX MEeTAIIOTeNAYeCKUX ACTeKTOB Ha OCHO-
Be BHIABJIEHUA TeOXUMHIeCKOTo ¢BoeolpA3HA 3eJeHOKAMeHHLIX TMOSCOB, BHILe-
JCHHHX HeJARHO, YTO W 0GYCHOBIEBAET WHTePeC K IOXOGHOro THOA CTPYK-
rypaM. TunwuansMzm TpuMepaMi TPAaHY.IHT-3RTeHOKAMEHHBIX obmacTed s
tepprnropnu Coserckoro Cowsa cayswar Hoaneruit reodmor Danrmitckoro
mmura, Ipucagmse m Cramosas cwmanuaras cuctema Cnbuperoit maaTOPMBL.

B xawecrne mernocpercrsemnoro ofbeXTa MCCJIETOBAHMA OLLT MCHOJIB30-
BaH (hparMeHT OHOTO M3 3eJCHOKAMEHHBIX I10ACOB CramoBoit TpaHyInT-
gejeHoKaMenHoil 06IacTH, NPUYPOYEHHALIT K 30He COWIEHeHHH KOMILTEKCOSB,
PASTHIHKIX 110 COCTAaBy M 00MmEil HATPaBJICHHOCTH ITDONECCOB DHIOTEHHOIO
pazsurus. llogc mpocseniupaeTcA B BiJIe IOJOCH 3aNaa-CeBepo-3amajHOro
npoerEpanmsa mupnHoi 7o 10 KM M CI03KeN BYNTKAHOTeHHEMI 06pasoBaHmA-
mit (pue. 1), mpefcTaBIAONIMI HIGKHIEG JacTu Paspesa CyNpakpyCTAXbHBIX
TOITL.

K mopofaM $yHgaMeHTAa OTHOCHATCS BHICOKOMETaMOPQI30OBAHIHE HHTPY-
sui TaGOPOMIIOB, TECHO acCONMMPYON[Me B Bue JHHEHABIX TEOCTPYRTYP
¢ sereHoramenmeM mozcom. CramoBienme pamHux ¢as rab6poumos mpomc-
XommIo o (OopMUpPOBAMNA BYJAKAHHTOB, HA UTO0 YKa3nBaoT DPe3ynbTATH
CTPYKTYDHOr0 aHATA3a (HAMIMMe IO MeHbIIe Mepe OJ[HOIl reHepamnmu CKiaa-
[OK, TIpe/IIIecTBYIOMeii paHHel CIAHIEBATOCTH TOPO/ BYIKAHOTEHITOr0 ROMII-
gexca). CxemMa I0CJHe0BATENBIOCTH DHIOTEHHHX COOITHI TakoBa:

CHreTeMa OTEDBITHX COBEPO-IAMAIHBIX 1 CEBEPO-BOCTOMHHX CRITAIOR
8 — vy — paiikn TafépPO-THOPHTOBOTO COCTABA

Llo3apuiil IEI0THOIl MeTACOMATOs

Meaxrue TeJIa rpaHOCAeHNTOR

Warpysun IIarnorpamuTos

BeprokalbHoe paculoiusanne

My — perpeccHpHas BeTBh — PaNmHil MeTacoMaTo3  (MHSROTeMUeparyphast TPAHUTARAIMA)
CyOMCPpHEAHOHAJDLHOE CKBO3HOE PACCHAHICBANTE
CuMMETPHIHEE CKIAIKI CHRATAA 710 M30KJIHHAILHBIX

My — MeTaMopduan B YCIOBHAX [epexo/ia oT (A dIIjI0TOBHX K KYMMUHITOHITOBLM andu-
Gomaram (T = 550 °C, P = 4—5 wbap)
Vp — KOMATHHTO-TOJIEHTOBLIL I AH/131T00a3aHTOBAI BYIRAHTIZM
Oy/UmHae T HAPYIeHHe CIUTOTIHOCTI

M, — meravopduaym serenocaaniesoii darpnr (T — 350—450 °C, P = 4—4,b xbap)
0 — V; — PAHHNII OCHOBHOR — YARTPAOCHOBHOI MATMATHBM

I'paryauronsii MeTaMopduam

Mopuuposaie mopoy Gy wiamerTa (raddpomIos)

Jlpesruii mpotomaaropmennniii T1eX0 (KBapUuTsl It [IaTHOKBAPIUTE) 1 THEilCH TOLAJINTOROTO
cOCTABA
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Pue. 1. Teolormueckoe CTPOCHNE 3EACHOKAMEHHOTO TOHCA.

1—4& — HOMILICKC TOPOM (PYHIAMeHTa: 1 — KBAPIHTH, 2 — BHCOKOTIIHOIEMICTEE THEiiCHl, 3 — uaBecT-
KOBO-/€J1eBNCTHE PHefCH 11 KPUCTAILINYECKIE CIAHIL, 4 — IHeHehl TOHAIUTOBOTO cocraea, 5 — rabbpon-
OBl (@ — HOPMAJIbHBIE, § — IIEJO4HBIe); 6, 7 — BYJIKAHOTEHHLIL KOMIJIEKC: 6 — TOJENTO-KOMATHHTOBAA,
7 — anne3uTo0a3a/IbTORAA TOJIM; § — aMOUGOI-OIMOTUTORHE rueifcsl, aMmputonnTe; 9 — maliki TaGopo-
MHOPUTOBOTO cocTaBa; 10 — YHACTHH HanGoJiee WHTEHCHBHOTO NpOSABIEHNT MEeTACOMATIIECKON TPaHUTH-
8aiun; J1 — WHTPYBHY NIATNOTPAHKTOR; 12 — UHTPY3AN TPAHOCMEHUTOB; 13 — OTIOKeHUA NIATHOpMEeH-
HOTO YeXJa I0PCKOI CHCTeMEB, 14 — YYacTHM MHTEHCUBHO MOABIeHHON OGuacroMmionmTraauum; 15—-18 —
CTPYKTYPHLIE DJAEMEHThHI: 15 — CJAHIEBATOCTh DASHBIX FeHeparmif, 16 — L0J10CTATOCTh, 17 — PA3TMTHEES
BITAR JIHHEHHOCTH, 18 — HAMPABJICHIA MAPHAPOR CKIIANOK. Ha Bpeake mOKAzaHo PACTIOJIOEHNe TI0ACA
B mpenenax permoHal I — apeBHuii npoTonaarGopMeEHbii 4exo (Kpapunrel); I1 — MHTPYAUBHBI KOMI~
anexe (rabbponmst, Tonentsn); 111 — MeTaBYIKAHATH 2eIeHOKAMEHHOTO noaca, IV — 0cagouH0-BYJIKAHO~
TEHHAJ TOJIA, NPeTe peBast HOTNCTaauiiHel MeTaMopduaM (0T IpaHyIHTOBOk 7o hanun aTEMAHI{HHOBEIX
amMpuooauTon); V — maathopMeHHBIT Yexo.l 10PCKOI cicTeMer: VI — HampaBjieRud ApesHUT TJYOUIHLIX
PA3IOMOB.



Cpeiume conepskanns (X) W CTAHJAPTHLIC OTKIOHEHHA (o) conep:ranmit

ByJaxaHUTH
Paunnit marma-
TH3M, n=14 KomaTnuroBse BazamanTH, AHIesnTo(a3alb- Puonute,
Hommno- GasanbThl, n=>5 n=7 THl, N=7 n=2
HEHT
X o x5 o x a X g X G

Si0, 80,07 | 2,51 50,65 | 4,33 | 45,72 | 1,10 55,58 | 1,91 | 76,11 | 5.94
Ti0, 0,45 | 0,26 086 | 0,75 | 1,61| 1,19 0,94 10,25 | 0,21 0,70
Al,04 8,03 | 1,74 7,65 | 2,20 | 12,22 1,72 16,06 | 1,75 | 10,77 | 3,58
Fe,04 2,24 | 1,44 2,61 11,82 | 5,28 | 1,78 428 | 0,45 | 1,58 0,10
FeO T:44 | 1,73 8,54 | 3,13 | 10,50 | 3,78 530 | 1,55 | 1,341 1,09
MgO 21,92 | 1,66 16,40 | 5,37 | 12,96 | 8,17 5,23 1 0,97 | 1,46 ] 1,00
Ca0 8,75 | 1,01 10,42 | 3,37 | 8,89 | 2,64 7,37 | 4,23 | 3,23 0,03
Na,0 0,49 | 0,19 1,20 | 0,64 | 0,87 0,67 323 |-4.08 | 3590 | 1,43
K,0 0,23 | 0,18 1,04 | 0,78 | 1,78 1,3 1,85 | 1,24 | 41,80 0,03
Cu 23 22 62 151 40 42 37 23 24 | 0,06
Zn 111 20 148 93 128 61 106 44 131 | 115
Co 48 24 61 24 39 16 29 14 0 0
Ni 514 556 464 568 267 | 525 30 14 12 12
Gr 579 625 759 393 399 | 486 78 36 66 41
Mn 1873 381 | 1230 351 | 1248 | 490 | 1167 228 390 40
B 128 59 199 188 227 | 131 167 86 0 0
Ba 215 178 890 864 687 | 482 562 343 | 1223 47
Sr 206 274 328 349 723 | 598 815 349 280 36
Li 13 6 9 3 13 3 14 7 8 0
Rb 1 17 13 12 29 21 29 23 26 | 0,04
Ag 27 23 51 95 57 49 59 50 22 0
Au 4 4 23 1 3 4 4 2 ;| 0

MpuMeuanne CpeaHde cogepRaluad NOPOoAoolpasywOMUX daeMeHToB — %, Au, Ag — wr/T,
ocTalbHEIX — T/T.
Wurpysususie Tesa cinoskenst raddpo, rabbpo-Hopmramm, d¢eppo- m Jeiiko-
rabbpo, B cocTaBe KOTOPHIX IPUCYTCTBYIOT THOEPCTEH, AUOMICHI, KOPHUHCRAST
poropasg obmanka, amjgesmH. llpomeccr Meramopdmama XapawTepuayloTCH
MOABJIEHUEM 3eJeHOI Poropoil o0MaHKH, IpaHaTa M OJHUIOKIa3a B IPUCYT-
CTBHH KINHOIMHpoKceHa. Memomnsomramme rpamar-amgudonroBoro tepmodapo-
merpa [Mockosenro, 1982] mokazamo, uro JgaHHbli MeraMopduaM Iporexal
B yCIOBHAX Tepexona or aM@uboanToBOl K TPAHYIAATOROHN Qammm yMepennix
masnennit (T = 750—800 °C, P = 8—8,5 wbap).

Ilo xnmuaMmy cpegn mopon (yHZaAMeHTA BHIEJHIOTCH HOPMAJbHBIE I
miesiounse rab6po. s rabx. 1, 2 caegyer, 4To MIETOYHBE (IPEHMYHICCTBEHHO
KajHeBhle) pasHocTH oforammensl oTHocHTenbHO Hopmauabnseix Ba, V, Li, Rb
u obemuenst — Cu, Zn, Ni, Cr, Ag, Au. Ilo orHomemnito k GasanbTaM By/iKa-
HOTeHHOTO KoMmmiiekca ra6opo ¢ymnamenta oboramenst Cu, Ni, Cr, Mn, Ba,
Sr, a ® amgesmram — Cu, Cr, Mn. Copnep:ranusa 30012 OPHXOAATCA Ha ypo-
BEHb KIApPKOBHX (cM. Tabm. 3). Ormedena reoxuMudecKas CHEIMaIH3aliid
ratopo ma Cu, Ni, Mn n Cr. Tlomnmo nmeromeroca MegHO-HUKEJBOI0 OPYy/ie-
HeHuA Topojnl QyHIaMeHnTa MOKHO PAcCMaTPHUBATH B Ka4eCTBE IEePCIeKTHB-
HEIX HA IIOMCK XPOMHTOB.

B cocraBe xoMIerca BYJTKaHNUTOB BEIIEJAAIOTCA Be TONINH: HIGKHAA —
TOJIEHNTO-KOMATHATOBAA U BePXHAA — aHAe3nTodasaabTOBAA, MeRAY KOTO-
PHIMH OTCYTCTBYeT CTPYKTypHoe Hecoraacme. B mmmmeil Tonnie oTmeueHb
TEKTOHMYCCKIE JMH3bI, CJAO/KEHHEE TPOLYKTAMI PAHHEr0 YJAbLTPAOCHOBHOID —
OCHOBHOTO Marmartusma (¢ — v;) u cocrosmumu u3 aMmdudora TpeMoInT-
AKTHHOJINTOBOTO PAfa, aanbmra M He(ONbLIIOTO KOJIHIecTBa KBapia. Amdu-
fon-IIarnoKIa30oBasg [apa ¢ HCIONb30BAHHEM DA3JMYHBIX METO[MK jlala
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Ta6mnuma 1

SJeMeHTOB B NMOpPOoJax 3eJeHOKaAaMeHHOTo mosca

ByJaxaHuTh T
. aiku rag- PanHNii MeTacoMaTos IToagHmi Me-
Menoanoe | pogepo, | RO MUODE- A, meiy | TRCONATOD
n=48 n=23 Vi—g» n=13 Py, =10
X o X o X | g b a = 2 ¢ x o 573 o
52,62 3,31 [49,41| 1,22 |56,37| 1,62 | 64,16 | 7,59 | 74,75 | 2.21 | 95,96 69,32 | 5,14
2,56/ 1,02 | 1,39/0,29| 0,97)0,49| 0,58 ] 0,25 | 0,20 0,09 | 0,04 0,28 | 0,38
14,92) 1,23 (14,60] 0,35 |15,65| 0,98 | 15,89 | 1,78 | 13,35 | 0,68 | 1,53 16,43 | 1,31
4,221 0,97 | 4,36 2,22 | 2,95{0,24 | 2,95 1,47 | 0,73 | 0,44 1,02 0,49
6,63 1,58 | 8,88/2,16 | 5,53/ 0,73 | 2,94] 1,27 | 1,86 | 1,27 | 1,11 1,83 11,68
5,80 4,79 | 7,02)0,86 | 5,07[0,7¢| 3,03| 2,40 | 0,76 | 0.41 | 0,24 0,25 | 4,97
7,00] 1,43 (10,95( 0,35 | 6,54| 0,76 | 4,74 | 1,54 | 1,95| 1,58 | 0,67 2,40 | 4,74
2,32/0,25 | 2,38/0,99| 3,55[1,94( 3,80 0,70 | 4,94 1.64 [ 0,25 6,47 | 0,59
3,53| 1,45 | 0,50| 0,47 | 3,23/ 0,42 | 1,69 0,42 | 1,69 0,92 | 0,18 1,07 | 0,48

=

82| 76 [ 372 1374 | 45| 30| 21 16 9 6 19 35 13 11
128 | 32 [ 403-| 97 | 172 3 83 51 33 37 68 138 38 23
48 | 21 | 49| 21| 26| 13 9 13 1 6 1 3 0 0
259 | 472 | 325 | 616 | 43 | 39 21 16 7 15 5 12 11 11
94 | 35 [ 432 | 517 | 160 [ 160 80 90 26 32 43 44 76 K}
1603 | 359 |1591 | 798 | 844 | 454 | 502 | 364 | 205 | 250 | 188 139 | 167 849
230 | 48 | 171 | 79| 89 | 60 28 65 i 31 0 0 21 61
627 | 508 | 314 | 485 |1647 |1196 | 1052 | 558 | 580 [ 890 | 281 401 | 704 | 454
236 | 152 | 249 | 204 | 898 | 541 | 522 [ 191 [ 235 | 423 79 79 | 248 | 176
15 44 44 &G4 8 4 4 4 1 2 3 3
54| 59 | 13| 24| S4| 26 18 14 by 6 7 10 38 31
49| 24| 42| 54| 86| 75 27 17 33 32 39 41 19 26
2 1 3 2 3 2 2 1 2 2 49 | 3016 2 1

snavenna I — 350—450 °C m P = 4—4,5 w6ap [lepuyx, 1970; Ilnwocauna,
1973; Brown, 1977].

Byagaunter cocroar ma am@ubona TPeMoJIuT-aKTHHOIHTOBOTO pANA,
Gaeamo-sesenoit poroBoit ofmanKi, ommrokixasa, smugora. Cperm coaadie-
BATLIX, pejke MACCHBHBIX TEKCTYD OTMEYeHHl NPUSHAKK BYITKAHOTEHHOIO
TIPONCXOKIeHAA: JeHCTOBM/IHEIL I HTOJLYATHIl NIATHOKRIA3 CPe/IHero cocTasa,
MukpodeananToBoe BenecTso. AQMuloa-mIarmoKiasoBhie TepMobapoMerphl
nokazanu snpauenus I — 550 °C u P = 4—D5 kbap. 910 coorBeTCTBYET 00-
sactH mepexoma or Qammm HUMIOTOBHX K (aiun KyMMEHTTOHUTOBHIX amdu-
GonnmToB B 30He yMmepenunx mapmenmit. HuskEAA Tomma ciojkena MOHOTOH-
HEIME aHIe3nTo6a3aabTaMi, BO3PACT IS KOTOPHX CBHHEI[-CBMHIOBBIM METO/I0M
mno wmpxomy pmarmpyercs B 256060 mum mer (amammruk E. C. Boromo-
a08, naGoparopusa reoxpomnosorun u reoxumnn msoromos MUTT][ AH CCCP).

[lo xuMusMy B cocTaBe KOMILIEKCA BYJIKAHHTOB BRIIENAIOTCH 0asaibro-
BEIE KOMATHATH, TOJEHTH, AHAE3UTO0A3aNbTHl W PHOINTH. Paunmii Marwva-
TH3M TOSCA TPEACTaBIeH MCKIOYUTENBHO 0a3albTOBLIMH  KOMATHHTAMH
(cm. tabun. 1), B 3HAUETENBHON CTENeHH 00OTANICHHLIMI MAapraHIeM OTHOCIH-
TeNABHO OIMAKHX IO COCTABY IIOPOJ KOMINIEKCA V,, B MEHbLIIeH CTeneHn —
Ni n Li (em. taGa. 2). BasansroBhle KOMATHHTH KOMILIEKCA V, OTHOCHTEILHO
nponykrop pammero marmaruama oGoramesst Co, Cr, V, Ag u ocobenno Ba.
BuagntennHasg 00OrAEHHOCTH DBa ormeuaerca u auas OasanbTos. AHIE3UTO-
6a3a0LTH OTANIAIOTCH OTHOCHTENHHO 0A3aTBTOB IOBEIIEHHBIME CONePRaHM -
wmu Sr u noHmKeHAEIME KoHnerTpanunavu Mn. B uexom aaa mpenvymecTeeHHO
6a3UTOBOr0 BYJKAHOTEHHOTO KOMIUIEKCA OTMedeHa GapmeBas CuelinajH3amusd,
a B TPOAYKTaX pPAHHEr0 YJIbTPAOCHOBHOTO — OCHOBHOIO MAarMarmsMa —
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TaGamma 2

PesyabraTst MavemarTnyeckoit Koppemsmmn MOPOJT METOAOM HOPMIDoRanuoil pasnoeTn
Cu Zn Co Ni Cr Mn
Ilo
£ t | m | B t m g t m | tp t [ m | tg t l m | s t l m [ p
Rovarmrhi-Gasansrr, v, 3,66 G 2,45 | 3.83 9 231 | 8.3 9 2,26 | 14,35 10 223 29,59 14 2.2 152 24 2,07
Basassrsi-anjieantet, Vy 0,98 | 14 2,44 | 568| 13 216 | 482 1. 2,16 | 27,01 6 2,45 37,19 10 12,23 8,00 12 2,18
Romaruurer, v, Komarm-

THL, V. 6,83 5 2,57 | 8,11 5 2,57 | 4,75| 10 | 2,23 | 3,78| 10 2.23 14,80 12 12,48 (13,48 10 | 2,23
T'abGpo-ued. ra6opo 34,011 29 | 2,05 | 584) 47 | 2,41 | 048| 8 | 231 | 555| 10 | 2.23 281,41 | 29 (2,05 | 04| 13 | 2.23
T'a66po-Gasanster, v, 4096 | 26 | 2,06 6,9 14 | 244 | 559| 13 8- 1~a75 ) 12 2,18 3,44 11 [2,20 [33.52] 412 2,18
TaGbpo-anzieanrsr, vy 4223 24 |1 2,06 | 093] 17 241 | 14,74 | 43 2,16 154,97 25 2,06 67,38 20 12,05 (51,56 22 | 2,06
ARJIe3ATHL, vy, TaOOpO-IIO-

PHTHL, Vg 0,88 10 | 2,51 | 25,69 6 245 1,62 14 [ 214 | 5,48 14 2,14 17,13 13 1246 13545 15 [12.43
Bazanbror, Vi-s 7.13 9 2,60 [12,83] 412 248 117,083 414 2,20 | 28,20 (5] 2,45 36,64 7 |2:36 |7614| 12 2,18
Yi-3— Va 450 | 23 2,06 | 18,51 23 2,06 | 6.76 | 24 2,06 | 6,86 21 2,07 16,34 20 (2,08 |41,59] 23 2,06
Y1-KBapPIERKIC FRIJIBI 5,13 | 14 244 | 8.70| 16 2,10 0 18 2,10 | 1,24 20 2,08 6,34 20 |2,088| 2,77| 18 2,10
V4-2NCHTEL 2,98 13 2,46 4,99 18 | 228 | 1,29 9 | 2,26 2:43| 18 2,10 12,09 14 | 2,14 643| 16 | 2,13

Oromvamue Ta6a. 2

v Ba Sr Si Rb Ag Au
it
To T [ Tm [0l e Talwl [al o] 7 n[m] " [al% | 7 T=%

Romarmmrsi-Gasainet, v, 3,73 9 12,26 13,06 8 |2,31(31,37| 12 |2.18(3,50] 12 2,18 6,89 121248 | 1,46 | 8| 2,18 | 1,16 | 11 2,20
Basansrer-anesnter, v, 10,77 | 13 (246 | 11,51 | 13 |26 7,92| 13 2,46 1 0,76 | 15] 2,13 0 14/ 2,14 0,53 | 22| 2,14 | 0,41 | 10| 2,23
INomarmmrer, v, KoMaTmTh, vy 10,68 6 |2,45 | 48,61 52,57 [ 12,20 9 [2,26)3,51 | 13| 2,46 | 1,40 12 218 7,79 | 5| 2,48 | 1,68 | 15| 2,13
I'aG6po-men. radopo 17,47 11 |2,20(34,05| 10 |2,23| 1,87 18 2,31 1283 6/2,45 (12,48 6]245| 2,42 11 245 | 2,20 | 12| 248
Ta60po-GasannTer, v, 11,91 9 1226|4168 8 [7,31]49,02 712,36 (2,41 10/2,25] 8,00 10/2,23] 1,96 | 13 2,23 | 1,58 | 8| 231
I'a66po-anzesntor, v, 1,04 | 10 |2,23 (29,62 48 2,10 | 73,81 9 12,26 1,31 92,31} 7,71 | 11/2.20 1,77 | 13( 2,20. | 0,12 | 14 2,44
Aupteautrr, v,, radopo-umopu- | 17,94 | 13 | 2,16 | 80,45 | 14 244 8,04 15 |2,13(1,35 | 15{ 2,13 | 9,88 | 17 2,11 6,75 | 14| 211 | 0,32 | 14| 2,14

THI, Vg 41,22 | 10 12,23 134,97 | 12 (2,48 ]2024| 8 2,31 | 4,97 | 12248 | 5,50 | 11] 2,20 | 14,39 | 14 2,20 | 5,32 | 18] 2,40
Basanurer, y,_4 41,50 ) 18 (2,10 | 7,57 | 23 |2,06|38,39| 15 2,13°1 4,78 | 30[2,05| 5,53 | 23[2,06 | 15,99 | 16 2,06 | 6,28 | 15| 2,13
V4-KBAPHERKIe FRILTLL 3,98 9 12,26)26,70 | 16 (2,13 | 2247 21 2,07 13,87 | 18/ 2,10 3,27 20| 2,08 | 2.28 | 20 2,08 | 5,14 | 18] 242
V4-DiCHTEL 4,45 15 [2,13 (18,13 | 18 | 2,10 L3 47 [ 241 (149 48 2,101 13,50 | 11} 2,20 5,67 18[ 2,20 | 1,37 | 16 2,12
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Puc., 2. PacmpefleicHue 37TCMENTOB B MOPOAX 3eICHOKAMCHHOIO TTOACA.

BHCOKAg MapraunosucrocTh. CojlepsRagma An MPUXOAATCS HA YPOBEHb Kiap-
KOBKX, XOTS MMEIOTCH T 3HAYUTEIHHO TOBRIIICHHBE COZEP/KAHUs CPeid II0-
POIL OCHOBHOTO — YibTPAOCHOBHOTO coctaa (pme. 2). Buammenue ocoGen-
HOCTOH TAKMX BLICOKIX KOHTEHTpAIMil BeCchMa AaKTYyaJbHO, IMOCKOTNBKY Ha
paccyaTpuBaeMoil TEPPATOPHM M3MABHA W3BCCTHHI 30J0TEIE DPOCCHIH, MCTOU-
HIK NMUTAHOA KOTOPHX HAXOSUTCA B HenocpeIGTBeHHom 6U30CTH.

Hocne ofpasoBanns C/RATHX CKIANOK M CyOMepPHINOHAILHOIO CKBO3NOTO
paccraHMeBalnA METABYJIKAHUTH TIOJIBEPralTCH PeTHOHANBHO IIPOABICHILIM
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HHSKOTEMIIEPATYPHEIM METACOMATHYECKAM NPeOGPA30BAHMAM, ROTODHE MpPH-
YPOUeHH K perpeccwBHoil cragmm meramopdmama My, Ilocaepmmit XapaKTe-
PU3YeTCA HU3KOTeMIePaTypHoii amdmubouaurosoii daumeir, Giaunskoit mo yeao-
BuavM k M,. Ilponecc mawnmaerca ¢ denpammaruaarm (nazomem ee ycaoBHO
Y1), HOPOALI TPHOOPETAIT NATHUCTEIT O0INEK. Caenyomyo cragmio Xaparre-
pu3yer 3amemieHue porosoii ofMaHKH GHOTHTOM, HIHIOTOM M MATHETHTOM
¢ pacruclenneM IIarnokaasa (y,). Cocras takoii mopojst oTBewaer rpaHoIo-
putormneiicaM, Cpe KOTOPHX UPHCYTCTBYIOT MAIOMOI[HbIE (mo 0,1 M) mMexano-
KPATOBLIC TIOJI0CH, CIO;ienALe demmyecknyu KommorenTami. lo arimv ofpa-
SOBaHUAM WHTEHCHBHO Pa3BUBAETCHA IJIATHOMHIMATHIAIHA B BHIE CHCTEME
NAPALISNBIHIX WM CeRYIUX JRII aab0uT-KBapn-6moTnToBoro coctasa (y,).
Cpenm  mamnmx nopos mosBasoTes oGocobaeHms H30MeTPHIHOIT  dopmul,
TMAIarnorpaHuTHOTO cocrasa (y,), JOKATUSVIONNECT B IajbHeimeM . BUIE
FRINIBHBIX TeX B npefenax scero mosica. B mepudepmuecknx wacTax mosca
OHH MPUCYTCTBYIOT B BHUE CILIONTHEIX 30H (cM. puc. 1). TTpomecent meracoya-
TO3a 3aRAHYMBAIOTCSH JIO TPOABJICHNA JTANA BePTHRAILHOTO PACILIIONIHBAHUS
ofpasoBanmeM KBapi-KapOOHATHRIX SKUMBHBIX H TOCTOMHBIX TeT He3HATM-
TeABHOU MomuocT (1o 1,5 M). DToT MeracoMaTo3 sBIiseTCS HPOTECCOM CJI07K-
HOTO  RKHCJIOTHO-OCHOBHOTO B3aHMOEHCTBUS, MPOTEKAIOMETO INPH BHCOKOIL
AKTHBHOCTH HATDHA.

Muxkpockonmueckoe mceaemosanue MHUHEPAJI0B PYyAHON (parmuu mozso-
JIHIIO CACIATh COOTBETCTBYIONIME BHIBOAK 06 mamenennn eenwuun E, pH, ax-
THBHOCTH KHCJI0POJa M Cephl COTNACHO m3BecTHON Merommke [Mapakyuies,
1965; Mapaxymes, Besmen, 1972]. Hauanbmbie CTATMI Yy _y, TPOTEKAOINIE
B IUEJIOTHLIX YCIOBUAX TIPH BBICOKOH BeNMYMHE ORUCINTENLNOTO HOTEHIIMAA,
XapaKTePNU3YIOTCA TOCIe/0BATeNBHLIM TIEPeX0/l0M B IOABH;KHOE COCTOSIIG
Mg, Co, Ni, Cr, Mn, V, Ag, Au (em. rabm. 1,2). Ha craguu vy, samernoro
H3MEHEHNS B CONeP/KAHHH 30J10Ta HET, a HA CTAJUU Y ,_, OHO YMEHBIIAeTCA.
Cpennsis cragms y, uporexaer mpu HEHTPANBHBIX YCIOBUAX CPemsl Ha (oHe
MaKCHMATLHON (YIMTHBHOCTH KHCIOPOAA T OTMEYEHA TEPEeXOjoM B IIONBHIK-
Hoe cocronune Fe, Cu, Zn, Ba, Sr, Li, Rb. B kucaorHoii cpene GopMHpORAHNHA
KBAPI-KapOOHATHAIX JKHJI DU Pe3KOM VBEJIMTEHHN AKTHBHOCTI CepHl TPOUC-
XOIMT TMOC/Ae/IOBATENbHEI TIePexo/] B MOABW/KHOE cocTosinne K m Al HADALY
¢ Mn n V. B snx yeaosusax cpensl mneptabivMa cramosarcs Cu, Zn, Cr, Ag,
Au. Uwurepeco, uTo B JNaHEEX 00pasoBaHUAX OTMETAIOTCH IOBLIIEHHHE
KOHIEHTPAIEN 307072 (CM. pHe. 2) B psjie caydacs Ha QOHe MOTORATENBHBIX
anoMannit Ag u amrodmibnux smementos — Ba, Sr, Rb. IlogoGuas moaosii-
TeJIbHAA KOPPeNANUs ¢ JTATOPUIaMH BRPAskeHA W B LUPOAYKTAX P y, X B OT-
JeTBALIX METABYIKAHUTAX.

JlalbHeIeM HHTeHCHBHOe IIPOSIBJICHHE BEPTHKATLHOTO PACILTIONIH-
BannA M BHefpeHue KPYNHLIX WHTPY3Hil IIaTHOTPAaHUTOB OTAEIAIT DaHHNE
MeTacoMaruyeckme 1peo0pasoBaHMA OT IO3IHET0 HATPOBOTO METACOMATO3a.
Hocnennmii npossten sokaabHO B mpememax Y3KUX 30H 0JaCTOMHIOHATOB
B CeBEPHOIl TacTit y9acTKA M PasBHBAETCH TO MHPOKO HPEICTABICHHEM 36CH
WHTPYBAAM TpanocumeHuToB (cM. pue. 1). Kar u B npemsimymen cIydae, mpo-
HeCC IpoTeraeT NP BEHICOKOH aKTHBHOCTN HATPHA W HAYMHAETCH ¢ PACKHC.Ie-
HIA IJIArMORIa3a 10 HUBKOIO OJAMIOKIa3a M aasbuTa, UTO COMPOBOMKIAETCH
OOCTEMOBATEIBHEIM HEePeX0oM B INOJBIKHOE COCTOSHIE Mg, Fe, Ca, K.
B peayunrare 8 memounoii cpege Opu BO3PACTAHUM QYTHTHBHOCTH KHCI0POA
n senuunuil B B momemmnoe cocrosmme mepexomar Mn m Ag (cm. Tabm. 1)
upun mHeprHOM mnomeneHmum Zn, Co, Sr, Li, Au. Xapawrtepro Hakommtemme
B NPORXyKTax HATPOBOTO MeracoMarosa (siicmrax) amrodmaos (Ba, Rb) n
Xpoma.

B xauectee mambomee mosmmmx o0pasoBaHmil B upegerax HOACA OTMe-
UAl0TCA KPYNHEIE JaiiKOBEE Tesia TaGipo-AMOPHTOBOTO COCTABA, MACCHBHHE
€0 CPCIHeKPHCTATINIYECKUMI AHalasoBEIME crpykTypaMm. Mx xmvmaeckunii
COCTaB, a TaKe CONEPIKAHMA MANBIX DHJIEMEHTOB M (JATOPOIHEIX METaaioB
Oamsku R ammesmto6asa’braM BepxXHell ToxmE ByJAKaHATOB. XapakKTepHO
oforamenue gaiikosuix o6pasopanmii Mn n B Membmeli cremexn V.
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BbIBOJ/IbI

1. JlaHasii o6bEKT — THINYHBI 3eMeHOKAMEHHLIA TOAC TPaHyIuT-
3ejieHOKAMeHHBIX obaacteil. DB HmKRHMX cedeHEMAX KOPH XapaKTePHBI YiIbT-
paocHOBHbIE — OCHOBHBIE TODPOJALI ¢ TIPEHMYIMECTBeHHO TIOPU30OHTAJbBHBIM TH-
moM TekToHMUecKux japuykenunil. DyHIaMEHT KOMIJIEKCA IIPECTABIeH TPaHy-
auramu. MertamopdusM orTHOCHTCA K YMEPEeHHO-HU3ROTPAagMeHTHOMY THIY.
Cruis TERTOHUYECKOTO0 Y30Pa — JHHETHBI.

2. Conepskaame Au BO BMEIJAKIINX MOPOAAX (METAaBY/JIKAHUTAX) IIPUXO-
JIUTCS HA YPOBEHL KJIAPKOBOTO, XOTA IPHCYTCTBYIOT eJMHIYHBEIE BHICOKHE
KOHIeNTpannu, koppeaupyiomue ¢ takoppimu qua Mn, Li m Rb. B mexom
I8 BCeX BYJIKAHHTOB XapakrepHa dutoduibHas (fapuenas) coermaXn3anusd,
a nisa nopox ¢ymmamenta — cuuepoduannas (Fe, Ni, Cu).

3. Iopsunmennsie KomiesTpanun Au (Ha JBa IOPATKA BEITE KIAPKOBOTO)
dopMUPYIOTCH B XOj/ie METACOMATHYECKHX Ipeo0pasoBaHmil, CBA3AHHBIX TIaB-
HeM 00pasoM ¢ perpeccrpmoii BeTBbIO MeTaMop(usMa, He HPeBHIIAIONEro
yeaoBHil HE3KOTEMOepaTypHOro amduboantoBoro. ¥ sejuueHne KOHIEHTPA-
it Au ABIAETCA PesyIhTATOM W3MEHEHWSA DPABAMIHEIX IIAPAMETPOB CpPeH.

4. Ypenmuenme cojep:kanna Au B Xofle IO3IHHX CTAagMil METacoMarosa
componosjaerca KouneHrpanueir Cu, Zn, Cr, Ag. Xapaxrepma mDoJo:KH-
TeabHag Koppeasinst Au ¢ TuTodIIBHEIMIE 3TeMeHTAMHI Ha PasHBIN CTaMAX
MeTacOMaTHYCCKUX IPeodpPA30BaHMIL.

H. B xome meTacomaTrosa oTMedaercs [ABOMCTBeHHOCTh B moBegeHmH Au,
YTO BHPA/RACTCA B OJHOBPEMEHHOM IPOABIEHNN XaIbKOPHMILHEIX (MaTeMaTm-
gecku BoigBjienuas mnonoxkurenbaas roppexanus ¢ Co, Ni, Cu, Zn, Fe, Ag)
u auroduabHbx (oJgoskuTeabHEbe agomannu ¢ Ba, Sr, I'b) csoiicrs.

Hacroamaa crarba me CTOJBKO peliaer, CKOJIbKO CTABAT 3afadu AIdA
Oyayuiero M3yYCHWI TAKOTO IIOKA elme cliafo HCCaeJoRamHoro o0BerTa, Kak
cynpakpyeTaibisie (3eeHOKAMEHHBE) MOfca TPaHyInT-3¢HeHOKAMeHHbIX 00-
gacreii. OmHAKO Iajke HA OCHOBAHNII IPHBEJCHHOI0 IPHMEPA MOKHO YTBepP:R-
IaTh, 4T0 B FEOXHMHYECKHX 0COOCHHOCTAX pPasindHblX HPOAYKTOB IPOABIE-
HOSA SHIOTEHHHX MPOIECCOB KPOETes MeTajjioreHudecKoe cBoeo0pasme pac-
CMaTPHBAaEMOl Te0CTPYKTYPbL.

I. H. Iepéa,ib. M.]{Paxmmes
IEOXVMMHWYECKOE [PATOHNPOBAHUE KASAXCTAHA

Paiiomuposanne. B nacrosimee Bpems eule He BuipaloTaHel egnHAM
MeTO[HKA W UPHHIUNE TeOXHMHYECKOro paiiommposanus, ob0o0menns I
HCIIOJB30BAHAA TEOXMMUYeCKUX JAHHBIX HPH MeTALIOTeHMYeCKOM aHaIH3e
[Teoxmvmueckne wapthl..., 1979; Ilpunmuos..., 1981; IIpodaemsr..., 1983].

Ilns Gompmeit wactn Teppuropun Hasaxcrama cymecrsyior Gaaronpuar-
HEE yeaosna (o0HaReHHOCTH W JaEma@THO-TeOXUMIYECKNne) JUIH 1POBe/IeHIA
JATOXAMOYECKIX CHEMOK. JT0 00VCIOBHIJIO BeCLMA IMUPOKOE UX IIPHMEHeHHE,
a X BHCOKAaA 2eKTnBHOCTL OBUIA ITOJTBEPHAICHA OTKPEITHEM MHOIMX DY/I-
HEIX MeCTOPOKIeHUIL.

Ilpn paitommposamun teppurtopur Hazaxcrama ORI MCHOJIL30BAHEL pe-
3YALTATH IUIONIAJIHOTO OnpoboBanusa (MUIIHOHEL 1po6), ofofmeHHEe B BHJE
JUTOXMMUYECKAX KAPT PASHEIX MAacmTafoB M0 MEPBATHEM W BTOPHYHLIM 0peo-
JiaM paccegHUA, COCTABICHHBIX TCOJOTHICCHUMH OHCIETUIHAMNI Munreo
HasCCP = apyrmvu Begomcerpavu. PailonmpoBanne HaMm BRITOJHEHO HA T'eo-
TEKTOHATIECKON OCHOBE € VYETOM 3aKOHMOMEPHOCTEH MUTPalnl H KOHIEHTPA-
UM THIOBHX accommanumii pypoobpasyomux saementon (P9). Menmonsszosana
MoJeah CTYOeHdaTorTo passutus semuoil xopsl (3K) m obpasosanmsa reorerro-
‘morenor [lllepda, 1970, 1981]. Tunosse acconmanmu /A Ka:K/I0H ILIOIANK

!
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(mpoBnHmum, mosica, B0HH, yaIa) HOMYYEHH HA OCHOBE 00OGMIEHIN acconua-
muil P9, ycraHoBIeHHBIX 110 MaTepuazaM IHTOXUMEYECKAX CHEMOK M T€OXI-
OUYeCKUX [IAHHBIX TI0 TeOJOTHIeCKIM W PYAHEIM (OPMAIASAM I BHISBICHEE X
PasIHYHEIMU METOJIAMH KaK CJIO/KHBIMEH (METOJi MHOTOKDPATHOH KODPeJsIua
(GaKTOPHOro amHa/AM3A W T. JI.), TAK M TPOCTEIMI (IO KjiapKam KOHIEHTPATAN
n 1. 1.) [Pasmmes, 1983]. IIpu oroM yurens u jamnnse OPYIHX MCCIefopaTe el
[[Inromes u up., 1982].

B Hasaxcrane hjensiotes JuHeiiHEe # KAPKACHBIE T'EOTEKTOHOILSHEL
Pagpmrume reoxummvecknx noaeit (UL) m ux 30HAJBHOCTS B KayRIOM U3 WX
(Kaxk BUJIHO M3 PHCYHKA) OTAMYAIOTCHA CBOSOGPAZNEM M ABIAITCS OTPAsReHHEM
¢ponrta reoxmmmueckoit MmArpannm (muddpepernmanmn m cerperanuu) niremen-
TOB Ha YPOBHC COBPEMEHHOTO cpesa IIABHEIM ofpaszoMm (amepozoiickux sra-
mefiu spycos 3H. Menee nupdepennuposannme I'll xapakrepasr s BRICTY -
moB mopox jpokemGpma u, maobopor, Haubonee nuddepeniuponannse, obora-
MeHHEe JTHTOPUALHEIME aCCOTMALAAME, — /s 03/[HeTePIIHCKIX CTPYKTYD-
HEIX sipycos [Merammorennuecxne nposmmmun..., 1983].

B pesyaprate mposesennoro paftomumposamms Teppmropum Iasaxcrama
BEIIETTI@HBl TeOXMMIYECKHEe NPOBNHINE (COOTBETCTBYOIMAE KAPKACHHEIM Te0-
TEKTOHOTEHaM), Tmofica (IMHEHNKM TeOTeKTOHOTeHaM), BOHH, PailoNHl I aHO-
MaJbHBIE IJIOH{AH,

O6mumM puis JuNEREBIX Te0TeKTONOTEHOR ABIACTCH TO, TTO OMHOTHILE
n onxmoBospactusie I'll mpocaemmpaorcs momocamMm Bjloih TeHEPANBHOrO Ha-
IpaBIeHAA CTPYKTYPHl M pasMeNieHus reoJormaeckux dopmammit. Brijensor-
¢ 301H ¢ cuepuro-xaneropuasnoii (Fe, Ti, Cr, Ni, Co, P, V, Mn, Cu, Zn,
Pb) accommanmeii, orpasmaiomue pammmii HTam passmTHL CTPYKTYpP W pacuoo-
JATAloNMecs TPeHMYIIeCTReHHO B UX oceBoil wactm. Jtu 3oms B oxmy (Yy-
Wamiicknit) nom obe croponsr (Amraiicxumit, Rapma-Caypceruit) cvenswores
Gomee MOIOLIMIT XaabKO(MIbHEIMA (Au, Cu, Pb, Zn, Ag, As, Sb, Mo, Bi)
u mro-xaaskopuasaemu (W, Mo, Sn, Ta, Nb, Pb, Zn, Cu, Au, Ag) acconma-

Teoxnymaeckoe paiionnposanume Kazaxerama.

IImomanyn reoXuMuEecKnx accommanmit. I—7 — oxembpiiicKne mnwInn
1 — Cr—FeNiTiCo marMaTnueckasa M ocraTounsie Co- Ni,
2 — Z-PFeTiSe—NhTaTR wkapGoHaTuTOBas,
3 — FeMnVPMo—TiCuPbZnAuAg crpatndopmuasn,
4 — PbhZnCu—AsBiAgCdBaMo crparnopmHaasn,
§ — Au — PhZnCuMoSnWTFe crparndopmaas,
6 — An—AsBiMoPhZnCuAgSn'W KsapuenokniibHasg,

7 — WMoSNYBi—NDbTaPbZn('u nuyToHoreHRan crpatndopmiag, MeTaMopdoTenHan:
§—I2 — wamenoHCKMi nukx: 8—J! —paHHAA 3mMoxXa (8 — PVMoFeMnTi—PbZnCuBaW GeCd
crparedopmaasg,

9 — Cu — ZnPhBiAsAuAgMoSh koavenannas,

10 — PbZnCuAu — AsBa(dSb koJuenainas,

11 — PbZnBaCu—AsBiFeMnPVS8hMo erparndopmuan);

I2—16 —cpeaHEAA ®U0Xa (12 — Cu — PhZnAgCdMoCoAs crpaTndopmHasn,

13 — Au—AsPbZnCuBaAgBiSnMo runopyJKaHoreHHAH,

14 — Au — AsShCuPbAgBiHg HKeapneBonJIbHAH,

15 — Cu — MoPbZnAuAgBiAsSbWSn mopdmpoBas, KBapIeRo-KUIbHAA, CHADHOBASA,

16 — PbZnCu—AuAgBiAsMoSbBa TIUIOBYJIKAHOTeHHAS KBAPIEBOMUIBHAM, CHapHOBaA);

17—I19 —nmoanBHaa 00X a(17 — MoSn—BiAsPhW AuAg runosy/IKaHOTeHHASA,
18 — MoWSnBi—TaNbPbZnCuAuAgAsTRHE nnyToHOTreHHAHA,
19 — TaNDTR—WMoSnBiHeTR nayroHorexsan);
20—32 — PePUFHCENI THEN:
20—24 —paRHEAg smoxa (20 — FeMnVPMo—TiPbZnCuBaAuAgNiCoGeGa crparndbopuHan,
21 — CuZn — AuPbBaFeHgBiHgSeTeCoCdSh kougenanHasm,
22 — PbZnCuBa—AsCdSrAgMnMoBiFeV crparudopmuasn,
23 — PbZnCu—AsAuAgCdSeTeShBiMo KoJuenaHRas,
24 — Sr — PbZnCuFeMnBa crpatudopmaan);
25—30 —cpenHsiiag punoxa (25— Fe—CuAuAgZnMoPbBiAsSb crapmoBas, -
26 — Cu—JnPbReOsAgCdMoHEgAS MeanucTHe INeCYaHUKN,
27 — Cu—MoPbZnReAsSkCAdBiAgAUHE rnunoBy/Kanorennas, ODOPOWPOBAA, KBAPIEBOMMIBHAM,
28 — CuNi—CoAuPtAgPdSeTe marmaTnueckas,
29 — PbZnCuAuAg — BiAsShBaMoSnW runosyJKaHOTeHHAH,
30 — Auv—AsBiSbHgPbCuZnMo KBapIeBOMUIBHAA),
1, 32 —mosHOHAA 8noxXa (31 — WMoSnBi—TaNbPbZnCuAuAgAs niyToHOTeHHan,
32 — TaNLTRZr—En'W GaYMoPhCuZn niyToHOTeHHaA);
83 —42 — wummepuiickuii W aARM ACKNI 1UEIBI:
44 — PFeMn—VPLCuBaMoZnSr skaorenHas,
34 — Cu—FePAuAgCoBiPbZnBaMn MenucThie ITECUAHTKH,
35 — Sr—BaPbZnCuPFe runporenran, 36 — B—KMg congHble Kymoxa,
37 — TiZr poccwny, 28 — MoTR ruaporeHHasn,
39 — Au pncewniu, 40 — WSnTR pocCHIIH,
41 — rpaHmIEl  TeOTEKTOHOTCHROB, 42 — NEPEeKPHITHE TePPUTOPHH,
Hoaywypiem mpudToM BEIENCHH Begymime P,



UHEAMA, UPUHAJICRAIAMA (olee IMO3MHUM CTPYKTYPHO-HOPMAIIMOHHEIM 30-
HAM IT0CJeIYIOIAX SI0X.

ITonepeunas 30HAXBHOCTH 00YCIOBIEHA PABTAIHOR TIYOHHHOCTHIO OTa-
TOB M HBOJIONMEH MarMaTH3Ma OT PAHHEr0 MaHTHHHOTO 0a3aJbTOMHOTO ©
cHIepo-XanbKoPIALHOR acconmanmeit K I103J[HEMY BHYTPHKOPOBOMY CHAJH-
9eCKOMY € JUTO-XaJbKOPHILHOH K mepudepnn. 30HAILHOCTE dalle CHMMET-
PUYHAH, HO €CTh M acCAMMeTPHYHAH, YeTKO KOPPeIMPYercH U ¢ IJayOHHHEIM
CTPOEHHEM TIEOTeKTOHOICHOB, CTEP/RHEBHIE YACTH KOTOPHIX 00JIafal0T IOBEHI-
HmIeHHOH MomHocTEI0 MeTabasambToBoro caof. I{ Goprossiv wacTaAM Boapacraer
MOIIHOCTH METATPAHNTHOTO CJI0A. J0HAILHOCTH HOCHT 00Jee CI0MKHBIN Xa-
pakTep B cAyUae IOTHIMUIKINYHOCTH M HOCTAeAVIONIX TeKTOHMYECKHX Ha-
PYIUIeHA.

Crepisuensie 3oms B Yy-Iauiickom, YisltayiicKoM TeoTeKTOHOTEHAX 060-
ramens Fe, Mn, Ti, Cr, Ni, Co; 8 ¥pauascrom, Hlapma-Caypcrom n Terryp-
macckom — Cr, Ni, Co; B Typraiickom — Fe; B Unurms-Tapbarataiickom,
[xyarapekom, Anraiickom n Cesepo-Tausmanckom — Pb, Zn, Cu; B Ha-
patayckom — P, V, Pb, Zn, 1. e. crep:kuesast 3014, NpeICTARICHHAS [IOK 2MO-
pueM, B OCHOBHOM cujiepodpmiapHas, daHeposzoem — xaabrofuanuas. Ilocae-
ayomas xajdbkofuabaas 3oma ofpasosana PD cpejnnx W mosqmmx omox Ka-
JIEIOHCKOTC M IepIIHCKOTO INKJIOB H HanboJ/ee yeTko suijienaerca 8 Yy-Man,
sRapma-Caype n IOmmom Vpaue.

Jlaa amro-xanbkoQUALION 30HE XapakTepHA IIPeNMYIeCTBeIN0 JHTO-
¢umrpmas (W, Mo, Sn, Ta, Nb) acconmamna mo3THEX 30X KAAEL0HCKOTO K
TePIUHCKOTO IHKIOB.

CoBepHIeHHO OTYeTIAMBO BEPHCOBEIBAGTCA W pasnoBodpacrtHocTh [T,
YIACTBYIOIIX B CXeMe 30HATLHOCTH. Haonpumep, B Yy-Maniickom Cr-Ni-
-Co poremOpmiickasg  accommanma  CMEHSETCH Au-As-Bi-Sb  cpejne-
raxegoHckoit »uoxu. B Hapma-Cayperom ta e Cr-Ni-Co accommamus
cmeHgerca  y:we  Au-As-Bi-Sb cpemmerepnummckoit  snoxm.  Ofobmen-
Hasg marepalibHas (0T ocenoil wacTm K mepmepHm) M BepTUKAIbHAA (CHE3Y
BBEPX) BOHAJBHOCTH COBMENICHHHX TEOXMMIUECKOX IIRIOR I‘POTBKTOHOI‘GHOB
HMEeT CJHe[VIOmNIA B paHmsas smoxa— (1) (1,u. 3> (1. (3 ¢l, 2> (3)

Cr,Ni,Co Fe
(1,v2> (3) (1) <2,.:3> (1,5],. 3,2 2 )—»cpe:umﬂ 3110,\3—(' 1 2, .5) H](JEQM.»:D
[11¢2, 3) [1}< 2, 3>—>n03nﬁﬁﬂ 9noxa—[1]< 3 ['1]<~, [1] (2, 3)
Ph,Zn,Au,Cu  Au,As Ph Zn, Cu—>Au Agr—>8h,Ag—>

[11<2, 3> (1){2, 3>, rne 1—3 cooTneTcTBEHHO TOKEMODHIICKHI, KalegoHCKHMII,
Bi,Mo,5n, W—>Ta,Nb,Y,Yh,Sn

TepUUHCKN reoOXNMAYeCKIe UKL, CTeHeHs nposasienmoctn PI: () — man-
cumanpHas, ()— cpennas, [] — crabas.

Ilpn nocrepyiomux IUKIax, B pesyibTaTe OOTJAOMIEHNsd, pereHepallmm
paHee OTIAO;KEHHHIX acconmammit PO m HajomeHua Gojes MOJOJLIX, ¢ obmel
TeHJPHIME!l COXpPaHeHMA WMEIMeHcd 30HATLHOCTH, TOCIeTHAM eile Oojee
VCIORHASTCHS W CTAHOBHUTCA IOJTHXPOHHOM (CM. PHCYHOK).

B rapracmsix reorexromoremax TTI ofmagaror pemerTdaTiiM, JHHeiiHO-
VBJIOBEIM, HEPEIKO XA0THUYCCKUM PHCYHKOM. ['eoxuMmmuecKas 30HAIBHOCTH
NMeeT MeHee YHOPHJIOYCHHHI XapaxTep.

Cnmepo-xanpkopuabmas accomUanma BHCTYIAST B HPHIOIHATHX pPeB-
HUX OJIOKAX T PACIIONATACTCS TTOMOCAMI 0 CETYATHIM, PajIHATLHEIM, PE/(KO
NyrooOpasHEEIM 30HAM pPaHHEro 3AJM0MKeHNsA. XaTbKOQIWIBHAA ACCOIHAT(AN
3/leCh 3aWMMaeT IeHTPANBNHEe, anGo mepudepmueckme vactu. JImropHabHAA
accorianma pacupocTpaHeHa Ha IJI0MAAAX AKTHBI3UPOBAHHOMN IpeBHeN KOH-
TAHEHTAIbHOH KOPsl ¢ MHOTOKPATHEIM TPAHHTOMTHEIM MarMaTH3MOM, C YBEII-
9eHHOH MongmocTeio 3H.

Bonee mosjmasa mameosoiickas accomuanmsa OTMCYACTCH KaK B IIpejenax
ApesHNX OJMoKOB, Tak W mo ux mepudepmm. Iloatomy mameoszoiickue pero-
meranasusie '] orafimaaor ¢ samaga u cepepa mMaccunsl Rowmeray n Banxa-
ma. B BaxxamckoMm reoteékromorene PEKOMETAILTLHAS ACCOMUAINS TPAYPO-
YABAETCH K yuacTRaM ¢ (oliee MOIHON CHAJMTH3NPOBAHHON KOpOil, 10:kHee
VYemenckoro u poctroamee Uy-Wiamitckoro JMHEHHEX TeOTEKTONOTEHOR.
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Xanbro-auTouibHasd ACCONHALMA HA IUIOMATAX KAPDKACHHX Te0TeRTO-
HOCEHOB MMEeT YCTOMYMBEIL cocTas u obiaajgaer TeHAEHOUEH MOBTOPEHOA OT
JNO0XH K DIO0Xe.

ITatmonaerea gerkas mpuypodeHEHocTh amoManbHHX I'Il ® momepegmeim
(cTpy RTYpHO-QOPMAIHOEHEM 30HAM) PYIOKOHTPOJIHPYIOIAM CTPYKTypaMm. B
yaaax lepeceyeHusi CTPYRTYPHO-METANIOTeHNICCKAX 30H ¢ NOMePEYHEIMI Pas-
JIOMaMH BOZHHKIE TEOXHMAYeCKHe pailoHsl 1 aHoMaiabHhe yuacTkm. Co Bpe-
MeneM HaOMIOZaeTcA BO3PACTAHUE POJIH MONEPEYHEIX CTPYKTYDP JUIA JOKaJIm-
gapuu I'll kamemoHCKOTro M TepIUHCKOTO IMKJIOB.

B memoM reoxmmMmuecKas 30HATbHOCTH Teppuropum Hasaxcrama mmeer
JINHeHHO-MO3aWUHBIl XapaxkTep, OTPaKaeT COOTBETCTBYIONEE TeOoTeKTOHM-
YecKoe CTpoeHiie M pPasMelieHie JHHeHHO-KapRacHHX cTpykTyp 3K, ¢ pasme-
aepuem T'Il mo rpymmaMm cwepo-, XalbKo- ¥ JHTOOUIBHEIX DJIEMEHTOB. 3o0-
HadbHOCTL (oJiee YHOOPAMOUYeHA B IWHEHHHX TeoTeKToHOreHax (IuHeiiHOCTh
30H) I MeHee — B KAPKAcHHX (ceTyaTocTh, yanosartocTs). Homnerrpamus
apoManbnelx I'll cBaAzama ¢ yaraMm TepeceveHns TPOJOILHLIX H IOTePeYHRIX
pasioMmos, rpammmamu 0igoxoB. B menrpe teppuropunm HasaxcraHa mpeofura-
paor xansro-nurofursase I'TI, ma samajge — cmjepodumibHble, Ha BocTO-
Ke — XaJbRoQUIbHEE. JTa TeHICHIH ONPE/CIAETCS YPOBHEM pPasBHTOCTH
u xapaxrepoM 3H Bo Bpema obpasosamms I'Il.

Pagsurie I'll. Haxompgenne Hasaxcrana Ha CONPSKEHEAN JBYX KPYITHEIX
noacos (¥panscroro u Iasaxcramo-Oxorckoro) o0yCcIOBHIO €ro BEICOKYIO
TEKTOHOMATMATHIECKYIO AKTHBHOCTD I KAK CJEJCTBHE — BEICOKYI0 T€OXHMMA-
TECKYIO CHeIMadu3alnio TeoJoTHIecKux (opManmil, mepepacraioilylo B Me-
raminorennueckyio. Ilupoxoe passarme moaysmam I'IT Pb, Cu, Mo, Au, Ag,
As, Bi, Sb, Fe, Ba, Zn, Sr, Mn, Cr, Ni, Co, V, P, W, Sn, Nb, Ta u gp. (upn-
pejiensl 10 yOplBanIeidl pacipocTPaneHHOCTH, CM. PUCYHOK).

Ocobenmoctn  TeoxmMuueckoit »ssosormmm 3K Hasaxcrama, passurme
CTPYKTYPHBEIX SrasReil (amepososa Ha Kope KOHTHHEHTAJIBHOTO HIH IDOMERY-
TOUHOTO THIIOB M AKTMBM3AIHA TIPOLECCOB B KaJeJ0HCKHNE W TePIUHCKAN Teo-
TEeKTOHNUECKNe LKL 00ycioBman Gojee COBEPIIEHHYIO Cemapamuio dIeMeH-
TOB W PasBOTHE IMIPOKoro crextpa ckposHmx Cu, Pb, Zn, Ba, Mo, Au, Ag,
Sh, Hg, As, PO, cospaBapmux KOHIEHTPAIME B TedeHWe paAja omox. Ilpm
arom Cu, Pb, Zn, Ba, Au, Ag, Mo 1aroTel0T K ¢AIepo-XalbROPUILHEIM CHCTE-
maM, Au, Ag, Sb, Hg, Bi, Mo, As, Ba — g xaxsropuasarv, Hg, Bi, Mo —
K JIUTOPUIBLHBIM.

Cu, Pb, Zn, Ba apmaworca wepymuvu I'TI B crpykrypHOo-QopMATTHOHHEIX
30HAX PAHHNX CTANNI M PEeaJM30BANNCH IPOMEIILIEHHO HHTEDECHBIMI KOJI-
YeTaHHEIMA I CTPATH@GOPMHLIMEI MecToposRmernsamu. OHI TaKme XapaKTepHE
N A IIomameidl passuTus crparndopmubix cujepofuabHEX moxeir Fe, Mn,
V, P, s mecropompenusx Cr, Fe-Ti, Cu-Ni (marmarmuecknx Qopmarmii)
IPHCYTCTBYIOT B BAME HIEMEHTOB — IpmMeceil. B cpemHme m mosgnme amoxm
Cu, Pb, Zn, Ba me TOJBEKO COOPOBOKIAIOT PA3JIHYHEE PYSHBEIC (opMaiun
XaIbKO- M JATOPUILHEIX CHCTEM, HO H NPOABIAITICA B BU/e IHPOreHHHIX,
CKAPHOBHIX, MEIHO-TIOPOUPOBEIX H IOIAMETAIINIECKAX BYJIKAHOIeHHBIX
(hopmammii.

Mo upossiaser GuopnIbHLe CBOHCTBA, HAKANINBALCH B JTOKeMOPHICKEX
B paHHEKAJNENOHCKHX yriaepommcTax (opumamusx cosmectno ¢ V. Coocof-
mocth Mo ofpasosmsarb GTOPHIHEE W XTOPHIHEE KOMIJIEKCHBIE COeJUHEeH I
M OCAKIATHCA Cepoil TPHBOAUT K PA3BHTHIO €ro B JUTO- M XaAbKOQHILHHX
accormuanuax. B mocaegmeit maubosee s3maunMo Haromresne Mo B «mopdmpo-
BEIX» PYJAHEIX (OPMATAAX CPEHAX M IO3JAHMX JII0X KAJTeJOHCKOTO0 M TepIHmH-
CKOTO I[MKIOB.

B nuroduasmoii accormmanma Mo ¢ Bi xoHmeHTpEpyMOTCA B HaYANbLHEIC
crajun pynoofpasopanus (ITO BYJKAHOTEHHB® M ILIyTOHOTEHHEE dopMarimin)
I T0 Mepe YCHIeHHs IuToPUIBHOCTH YCTYIAoT Befymylo poas W m Sn. Jlu-
rofmisuasii Mo mamfomee xapakrepeH A JHHEHHHX Te0TeKTOHOTEHOB.

Au compoBoskaer pasamiHbie PyAHEE gopMamEm oT ApeBHEmX (rmmepba- -
sutet Au, ¢ Cr, Fe, Co, Ni, Cu) nuxiIos u 50X [0 CAMHX MOJOAHX (B HmpH-
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KOHTAKTOBHX dactAX nepmckux rpamuroe ¢ W, Sn, Mo). Xaasromrennie
TCHCHINHA TOBeJeHHA Al OTYeTINBEH B KOJUYEJAHHBIX H THIOBYJIKAHOIEHHEIX
MEJIHBIX 1 HOJNMEeTAJInIecKuX (gopManmAx, JAub0 CaMOCTOATENbHBIX (opma-
IMAX B CBABM ¢ MarMaTHTAMH CPeHEe-OCHOBHOTO M YMEDPEHHO-KHUCJIO0TO COCTa-
BOB B CPejIHE-TO3IHEKAICTOHCKOM U CPeJHe-IO3THETePIHHCKOM CTPYRTY PHBIX
sipycax. Au TarKe IMNPOKO PACHPOCTPAHEHO B YTICPOAHCTHIX (opmarunx
pasHoro Bo3pacra, 4YTO CBHJETEJbLCTBYET O COPOIMOHHEIX M OHOQHIBHBIX
CBoIfCTBAX.

As, Sh, Hg, Ag, Bi o6pasyior cBa3yiomee 3BeHO MeRI1Y XaJbKC- H JUTO-
QUIBHBIMI cHcTeMaMi B Buje nporsyxesnsix I'll, apussce Hapsapy ¢ sejpyoiu-
MH METAJJIaMH 3IeMeHTAMA-HHINKATOPAMH APYTAX THIOB OpyjAeHenusn. B cu-
JepouILHEIX CHCTEMaX OHM BeTpedalorest crmopajndeckm. loscemectnoe mn-
poxoe passuTie B reotexronorenax xaibrogmabppix (Cu, Pb, Zn, Au u gp.)
MECTOPO/KJICHUH TPUBEJIO K paccesnmio ux B cyiabdupax (XaabRomEpnTe, Ta-
Jennre, charepure, NIAPHTE U T. JI.), W TOITOMY CAMOCTOATCILHEIE MECTOPOIR-
nenna As, Sh, Hg, Ag, Bi o0pasyioTcs pejKo I TOJNBKO B JUTOPUILHEIX CHC-
remax Bi, Hg uwnorpa cramossres sepymumn P9 1 KoHUenTpupywres B npo-
MBIIIJIEHHBIX KOJM4YecTBax.

B somrepmansnmix yeaosmax romneHtpanun Hg, Sb pocrmraior smaun-
TeIbHEIX Beduynd. Ieoxumuueckue noas Hg passurel B6IH3H TayOMHHBIX pas-
JIOMOB, JIOKA HAJIBUTOBLIX ILJIACTHH, TPACCHPYEMBIX TeTaMH AJBUMHOTHIIHBIX
runep6asuros (Yapcko-T'oprocraescknit m np.). HaGmogaercs tarorenne Ag
K OJN3NoBepXHOCTHRIM BYJIKAHOT@HHERM TMOBHETCPIMHCKIM MECTOPOsKIe-
HHSAM.

Ipome cxposunx PO B reoTeKTOHOTeHAX PASBHTHL ACCOIMATINN, TATOTEIO-
mue K onpejeJenHpM CHCTEMaM.

Cr, Ni, Co upenmymecTBeHHO IIOKaAM30Banel B GoKax (eMIIYECKOTO
coctasa, csdanel ¢ runepbasuraMu, MagHUTAMH; TPOABIAINT U XAJIBKOQIIb-
Bee cpoiicra (Cu-Ni moxss B KAk 2JIeMEHTH-TIDIMECH B IOJHMETAJLJIN-
YEeCKAX MECTOPOHIeHIAX).

Fe, Mn, P, V umeor cupiepodmibnnie cBoiicTBa, CBAZAHEL ¢ OasanbT-
AHIE3MTOBLIM BYJIKAHIAMOM PAHHHX CTAJI{l PAZBUTHS U CONPOBOKIAIOT Xalb-
kopmasroe (Cu, Ph, Zn, An m ap.) opysenenne pasanunnx dopmamuii. ['ad-
opo-mepuporute HecyT Fe-Ti opyjemennme, a HA KOHTAKTAX JHOPHUT-TPaHO-
pnopnToB ¢ KapGomatcopepskamumu nopojamu — Fe ckapuosoe. ITpn mepe-
xone Fe, P, Mn B 2K30reHHBE YCJIOBUA TAKKE CO3/aBAJHCh 3HAYMTEILHEIC
KOHIeHTPaIn.

W, Sn, Mo nntoduasmoii acconuauui TACOTEIOT K BYJIKAHOIIYTOHATAM
O3/ HUX crajuii, moas Sn mo cpapmennio ¢ apyramu (W, Mo) Gomee moraim-
sopanst [[MlepGa u np., 1984]. Xanpro- m aurodmiabHLE CBOMCTBA Sn UpHBO-
IAT K IOBHINEHHOH ero KOHIEHTPAIRM B pPas3JNuHbBIX acCONManmAXx: B JHTO-
guababix — cosmectHo ¢ W, Ta m apyruMm npoHa3BoJHLIMU TPAHHTOHIOB,
B xaabkouabaeix — Au, Ag, Pb, Zn, Cu n 1p. B cBA3N ¢ ByJIKAHATAME aHJe-
3UT-IUnapuToBOil dopManuM.

Caenyer obpaTuTh BHEMaHHe HA OT/EAbHbIE CTPATHHOPMHEE XalbKO-
¢unpupe Tl ¢ Sn B Yamray, Yy-Han, pazsursie B pasnoBospacTHEIX (B
OCHOBHOM TOREMOPHHCKNX) BYJKAHOTEHHO-0CAJIOTHHIX IOPOJAN, a TAK/Ke Ha
OpHYPOYeHHOCTh Sn K jpesnnM rpasnrtongam (Howrmeray, Yawsray m jp.).

W konnentpupyercs B THTOQHUILHEIX CHCTEMaX B CBASH ¢ TPAHHTOMTAMIL
MO3/lHEKATeJIOHCKOI H ocofeHHO mosaHerepumuuckoil smox. B cnpepodmanabix
cueremax W taroreer K Fe m B mocraTouno GobIIHX KOJMYECTBAX CONCPIKATCA
B HEKOTOPHIX MarHeTHTax. Peske mpoABafioTes Xaidbkopuabnbie coiictsa W,
HanpuMep, NPH CONPOBOMICHUN CYIhfUIHOTO U 30J0T0r0 opynenenns (fap-
ma-Cayp). Mssecras koruerrpanan W B oboramaeMpix opranukoil mpociosy,
B Kopax BhiBeTpuBaHms ¢ Mn, a Takike B BYJIKaHOTeHHO-OCAI0YHEIX TOJMIAX
demnueckoro mnpodmiasn. Beigerenme crparn)OPMHLIX IHEEJIUTOBHIX MECTO-
poskiennii mobyskmaer K momckaM W B BYJIKaHOIeHHO-0CAJ0YHHIX W MeTa-
mopduueckux roamax (Yy-Ham, Korxmeray, ¥Yuuray, Tanpp-Illans) ma xom-
tTakTax ¢ Gojee MO3IHOMH WHTPYysusMu (perexeparyus).
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Nb, Ta Becbma OTPAHMYEHEL 1 PARBUTHL B IUTOPNIBLHEIX CHCTEMAX B CBSIBU
c K—Nﬂ p(‘.ﬂI{OMBTBHJ]I:HHMII rpaun’ra;\m n IMeJa0YHO-KHCIbIMI HOpO,IlElMI’[ no3/1-
HOX CTajnii.

Rb, TR, Zr, Nb TaroTeioT K MeIOTHHIM Pa3HOCTAM IPAHHTOB, HedermHO-
BLIM CHEHHMTAM H KapOoHardmraM, a Tak:iie K JIPEeBHEM TPaHHTAM.

Sr mpossaster xanbko(unnHocTh, 006pazys CaAMOCTOATENLHLIC KPYIHLIE
MECTOPORIIEHNA MM compoBoskias moamMmerannmaeckue (Yy-Mam), xapak-
TePHH W THjporennnie KoumentTpanun (Mamrsmmiak).

ITenas rpymua P9 (In, Ge, Te, Se, Cd, T1, Re, Nb, Zr, Tr u np.) penxo
obpasyoT camocrosaTenbnsie mossg u comyrersyor Il pasmmunwix acconma-
muit. Orpensusie rpynnsr atanx P9 taroretor amdo K cupepo-, amdo XalbKo-,
auf0 JAHTOQUILHEIM CHCTEMAM.

Tarum obpasos, ['ll — mMofniabHEe CcHCTEMBI, MEHAIONINE CBOK KOHPH-
rypammio, €OcTaB, KOHIEHTPALNIO TOJ BJIMANNEM HAJOKEHHBIX SHJOTEHHBIX
@ 9K30TCHHHX (aKTOPOB, TeKTOHmYecKNX mpuuni. OHK TeCHO CBA3AaHLI C COOT-
BeTCTBYIOINMII TEOMOTHICCKIME (OPMATUAME, B3AMMO3ABHCUMEL ¢ PYIHBIMM,
OTpasRaIoT TeoxnMudeckuil mpoduasr 3H Ha mannmni mepmox W MeTANIOTEHHIO
PeTMOHOB, MPUHAJIGHKAT K ONPEIeIeHHEM IMKJIAM M 3M0XaM. ¥ CTamoBJIeHbl
JaARONOMEepPHOCTH pﬂCI’IpGJlEJ’lEHHfI FH M HX 30HAJLIIOCTL B npeuenax TeoTeKTO-
HOTCHOB, BLIJICJSIOTCHA HOBBIC py}_IDHOCHI)Ie TLJTOLLA T . HOJLTBBP}‘H,‘IGHO BasiHOC
BIMAHUEC HA MHTCHCHBHOCTH KOHHEHTPBHHH P3 nonepevYHsnrx py;LOKOHTpDIIﬂ-
pyIOIIx CTPYKTYp, yeramosiennoe B Iazaxcrame eme B magane dH0-x rojos.

IlonyuenHsle [gaHHBIE TEOXHMHOYECKOTO PAHOHUPOBAHUA YITOHH TP
NPOTHO3HO-METANIOTEHNIECKIX TOCTPOCHMAX, COCTABICHAW METAJIOTCHH-
YeCKMX KAaPT M JOJRHE NCIONHL30BATHCA PN MIAHUPOBAHAN ITOMCKOBO-Pa3Be-
HoYHHIX paboT.

E. 9. Twoxosa, H. A. T'udmep

PASBUTHE THUJIPOTEPMAJIBHOT'O TIPOIIECCA
MATMATOIEHHO-PYJTHOTO ¥Y3JIA
AHO-KOJIBIMCKOI CRIATYATOI CHCTEMBI

Marmarorenno-pynusiit  yzen fluo-Homsimekoit ckiaaggaToil cmereMbl
npepcrasiaser coboit cinoykHoe obpazosanue. Pyjpustii yvaen oGbequusaer TPH 30-
J0TOPYNHEIX MectoposkiaeHust (puc. 1, A—B), nokanumsoBaHHEIX B JK30KOH-
TAKTOBOH YacTH TPAHHTOWTHOTO MAacCHBA HAM IMOJOTONOTPY:;kalomeiics ero
KpoBjiell; 0M0BOPYIHAA MUHEPAIMN3ANHAA BCTPETIeHA B HHJOKOHTAKTE TPAHATO-
MIHOTO MaccHBa; MOJNOJEHOBHE PYAONPOABISHHsA, IPHYPOYeHHEIE K cyOBYII-
KaHWYeCKUM INTOKAM TPAHUT-TIOPOUPOB, W PAX TOYEK ¢ MOJUMETA/IndecKoil
n cepebpaHoil MuHepanuzamueil o0HAPY;KEHE B MATMATHYECKNX W OCAJOTHBIX
IOPONaAX.

Yeranosneno [Arukees m p., 1976 ], 910 BMemammue mopoE 30I0TOPYI-
HHEIX MecToposRmennit A m B MetaMopm30BaHK 10 THPOKCEHOBBIX POTOBHKOB 1
3eJeHHX CMAANes, a MecToposkenna B — ronbpko senenwx ciaannes. Ilo Mmae-
pajormyecKuM JaHHBIM BHIABJIEHO BhicoKoTeMmueparypuoe (mo 700 °C) Bosmeii-
¢TBHE HA B30JI0TO-KBAPIEBHEE JKIJIE €O CTOPOHBL TPAHUTOMIHBEIX MACCHBORB
[Cropusiron, 19491, a mo reonormtdecKuM IPHUSHAKAM [OKA3aH (IOTPAHITHEINN
Boapact 3soxoropyaHHX :ruma [Pumpcos, 1958].

Ha ocnorannm meTannHBIX MITHEPATOTHYCCKUX U TePM00aporeo X nMHIECRIX
HWCCACHOBATMN PYAHHX W RIILHBIX MIHEPATOB, ¢ YIeTOM JUTePaTYPHEX JTaH-
HEIX BEIIRJEHHl TPH 9Tana THIpoTepManbHoll megTeabHOCTH, (OPMUDYOMIX
MECTOPOKACHUA CJO0KHOTO MarMaToreHHO-PYAHOTO yara.

Mz pynEeIX MUHEPANOB WCCJIENOBAJUCH APCEHONMPUT, Kak wuaubosee
yeTounBEi K SOUTeHeTHICCKAM TPeo0PAS0BAHHAM MHHEPAs, a TakKe Tuppo-
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Puc. 1. CxemMa TeoJIOTHYECKOrO CTPOCHHSA PYAHO-MaTMaTHIECHOTO yaja.

] — TPHACOBAS CWCTEMA, HIWEKHW OTHEN, WHPCKuil APYC, apTIILINTE, ATeBPOJIATH, HCCYAHMICH, 2—5 —
TepMeKas CcHMCTeMa, BEepXHNIT oTHen! 2 — HEpIOYMHCKAR TOMUlA, ApTIJITNTH, AJCBDOJINTEL, HecHanuku,
2 — aTHAHCHKAA CBWTA, apruwiiuTsl ¢ TydoreHasvm oGmoMKaMu, 4 — TAcCKAA CBHTA, BTOpad, TPeThA U
yeTBEePTAA MOACBATH, APTHILINTE, AJeBPOJNTH, IeCYABNKN, 5 — TACCKAA CBATA, IEPBAA NONICBATA, aAPritl-
JINTH ¢ JMHBAMIT NECUYAHMKON J M3BECTHOBMCTHIX AJeBpOJINTOBR; 6 — cyORy/IRamm4eckne Tesia (a) u maifkm
(6) TpABNT-NOPHUPOR W JIMTAPUTOR TOZAHEMEII0BOTO BOBPACTA; 7 — KDYIHOKPHCTAIIMECKIE PABHOMEPHO-
BePHWCTHE U NODHNPOBNIHEE IPAHNTLL [O3[HEMEJIOBOT0 BOSPACTA; § — AMJIMTOBMIIEE IPAHNTEL HO3MHE-
MeJ10B0TO BO3PACTA; 9 — I'PAHOANOPUTH NO3THEMETIOBOIO BO2PACTa; 10 — MHODUTHL HO3AHCMEJIOBOTO BO3-
pacra; 11 — Aaiiku AHOPWTOBHX NOPGWPUTOR, NHOPUTOB, CHECCAPTITOB M AHTe3NTOB HO3IHEMEJOBOTO ¥
OB HEIOLCKOTO BO3L:AcTa (HECpAacujieHeHHBe): 12 — PagpHIBHbIe HADYIMeHNA. 13 — APEAJHl PasBUTHA M-
mepajusampn I—IIT sranos. A — B MeCTOp OMICHILT.

THH M 30J0TO; W3 JKUILHEIX — KBapIl, COIeP/Kamuil (N3MKo-XIMHIECKYI0 MH-
GopMamuio o Pa3BHBAIIUXCH TEOJOTHIECKHX COOHITHAX.

CocraB apceHONMPHTA M 30JI0TA AHATMIMPOBAJICS MAKPOPEHTTeHOCHeK-
TpaJBHEIM MeTofioM Ha ycramoske «Camebax» (aHanmrukm B. . Bopxojnoes,
T'. A. Mepxyaos, CBKHUU JIBHIl AH CCCP). Pesyapratst oGpaGoraHsl
CTATHCTHYECKN € TIPEABAPHTENBHEIM OTGOPOM €COCTABOB apCceHONUPHUTA C CO-
nepsrammem Fe = 33,3 4 0,4 ar.%. OneMeHTH-IPEMecH B MUHEPAJaX OIpe-
nensames MukpocmerTpaapHevu (JIMA-1 UTul' CO AH CCCP, amannrux
C. N. Tloprasrun), atomuo-abcopOumoEEEIM Meromamm («Perkin-Elmer»,
WNT'al CO AH CCCP, apamuarag B. I'. IlumGanmcr). [lupporun mecnemosamici
PeHTreHoCTPYKTYPHEM MeTooM Ha yeramorke [[POH-2 (amammtuk T. 1. Ma-
xopxuna, CBHHUNM JIBHI[ AH CCCP). Heapn nayvancs Meroami repmoba-
poreoxuMum (rOMOTEHHBATWSA, KPHOMETPHSA, TasoBas xpomarorpadmsa) m ompe-
HesNNCh ero TepPMOJIOMUIecIeHTHEE CBOHCTBA.

B3anMooTHOIIEHNE NPOJYKTOB AEATEILHOCTH TPeX BHIEICHHHIX THIPO-
TePMAIBHHX OTANOB I103BOJAET OGHACHUTH COHAXOKICHHe NaparcHe3ucoB
PasHOTO MUHEPANBHOTO COCTABA B PA3iMUHBIX COYSTAHIAX B IPeJeNax Mecro-
poszpennii. Tak, Ha npuMepe Tpex 30M0TOPYAHEIX MEeCTOPO;K/eHNI ToKazaHo,
410 Ha ceBepo-samajiHOM (Ianre MecTOPOKIeHHA A TPOABIEHE Haparemesi-
csl, copmupopannsie o Bpems npossaerns I u 11T sramos, Ha foro-samajnom
(uaETe — mepnoro, BTOPOrO M TPETLETO; HAa MecToPoykAeHHH b ragporepymainsb-
Hee oGpasosannsa chopmuposarsr 8 I m II, ma mecropospennn B —1 =
IIT oramet (em. pme. 1).
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B mepsmiit qrorpanmTHELDY sTAaM THAPOTEPMANBHOI [eATOIBHOCTH ofpaao-
BaJUCH OCHOBHEIC 30/T0TOHOCHEIE ;KMJILHEIE B0HHE CEBEPO-3aMaTHOTO MPOCTAPA-
HHA ¢ OKOJORHUNBHOM cynanpmausanueil, okpapueBanneM u KapGoHaTH3ammeir.
Crpoenue Py ompeesseTcs cTPYRTYPHEIM TOJOMKOHEEM U BO BMEMIATOUINX
mopozax. Tax, nas mocmofimeix R (MK YUACTROB JRII) XaPaKTePHO TONOC-
HaToe CTPOeHME, TOIAa KaK KHJIaM CEeRYIIero XapaKrepa CBOHCTBEHHE GPeR-
gHeBoe CTPOEHME HHIOKOHTAKTOBLIX dYacTeil W OJHOPOAHOE KPHCTAIINYCCKT-
3ePHHCTOE MIHM ¢1al0 BHPAREHHOE IaPaJlIeTbHO-IIECTOBATOe CTPOEHIe KBAD-
na nearpassHuX gacreif. Cyandmasr (obmee wommgecrso 1—2 %) obpasyior
PacceAHHYI0 BKPAINIEHHOCTh B KBApIE, B 00JOMKAX M PEIUKTOBHX NPOCIOAX
OCAJI0YHEIX TOPOJL, & TAKKEe B HK30KOHTAKTOBHIX 4acTAX ;KmI. Paamep ornemnn-
HBIX KPHCTALIOB flocTHraer 3—5 MM u mx arperatos — 1 cm. ImapEas mapare-
HeTHYeCKad accONUAalisA HTOTO 3TAaNa — NHPPOTHH-IUPUT-APCEHOTIPATOBAS ¢
80JI0TOM, KOTOPas CMEeHseTcH cdaTepuT-raJeHnToBOM ¢ 30J0TOM ACCOMEALTEI,
HeMEHTHPYIOMEH, MHOTAA ¢ NpeaBapuTehHHIM KaTaKIa3oM, MHPPOTHE (I
OIPHAT) — aPCeHONUPATOBLIA NapareHe3ue.

Bropoit «mocnerpaHUTHELDY HTam B HPOCTPAHCTBEHHO-BPEMEHHOM OTHOMIC-
HIM CBA3AH ¢ TPAHUTOMHEIM MarMaTHsMoM. 37ech Hapajay ¢ GopMEpoBaHmeM
CaMOCTOATENBHEIX JKIJI IITOKBEPKOBOTO THUA, AKTHHOIMT-NIOICBOMITIAT-KBAD-
LNEeBEIX METACOMATHTOB M BOJJIACTOHAT-THONCHI-TPAHATOBHX CRAPHOB B 3HATN-
TeJAbHOW Mepe Guimm mepepaoTAHEI THIPOTEPMANLHEE ob6pazosamus 1 prama.
Beaencersme a1oro B 3010TOPYAHBIX RUIAX HOABIMIOTCS 30HAIBHEE, OTHOCH-
TEJIBHO KPOBIH HHTPy3mBa, upeoOpasosanma. CrpoeHue cyrshumHo-Kpapie-
BHIX (M PaBHOMEPHO-KPHCTAILIMYECKN-3eDHACTOE ¢ PaccesHH0il BRpaILIeH-
HOCTBIO cyabdunos (no 5 %, pasmep Brpamienmukos He Gosee 1 cu). Iluporo
PacIpoCTPAHEHR! JRUIEL CUMMETPIIHO-B0HANBIOTO CTPOSHMS ¢ HOJICBBLM I~
TOM B DHIIOKOHTAKTAX, MHOT/A HalJIOTAIOTCS MOCTeIeHHbIe IepeXomsl Neilko-
KPATOBHX TPaHUTOMANEX anofus B KBapueskie ;kuasl. [71aBmas maparemerm-
veckaa accommanus 11 arama — mmppormE-nenMATHT-apceHOTHPUTOBA, Ve~
TAHOBJICHA OHA KAK B Ipefegax 30J0TOPYTHHEX HiHJ, 30H CKRAPHHDOBAHHA U
CYIBQEAN3ATINT B OCATOUHLIX TMOPOJAX, TAK M B TPAHATOMIAX (B KBAPIEBHIX
TPORUIKAX, B WM3MEHEHHHX TPaHNTONfAX, B IEIMATOMTHEIX 00Pas0BANIAX).
Ilaparenesnc paHHEX MHHEPAJOB sKeIe3a ¢ ACCOIMED YIOMIMMA THOTIA MOJIIO-
ACHUTOM H KaCCHTEPHTOM Ha 3TOM JTAaIe CMEHAeTCS BHCMYTHH-TAJIEHHTOBOI ¢
B0JIOTOM M XaIXBKOIUPAT-cHATIePUT-INPPOTHHOBOM ¢ 30/I0TOM ACCOTMATIIAMIA.

III oram, ceAsamHEbii ¢ (opMUpOBAHMEM MOCTIPAHITOWHHX CYOBYITKA-
HIMIeCKHX TeJ IPaHHT-HOPPUPOB M Jaer JUOAPATOB, HMeeT (JM3IOBEPXHOCT-
HEe BYJIKAaHOTGHHEEe 9YePTH U XapaKTePH3YeTcs PasBHTHEM MOJHOIEHOBOIT,
NoJMMeTaINYecKoil 1 cepeGpsinoit MmEepaausanuu. I'maporepManbHEE 06-
PasoBaHEA TOKAIM30BaHE B CYOMMPOTHEIX CTPYKTYPAX W HUX IOJOKEHHE He
BaBHUCHUT OT XapaKrePa KPOBJIH NHTPYBUBHHX TeJ, T. €. YCTaHOBIEHH KAK B
30HaX MHTEHCHBHOTO OPOrOBHKOBAHMA, TaK W BHe ux. J[us pym xapaxrepHo
KOKap/iosoe, Operdmesoe, KapKacHO-ILIACTHHYATOE CTPOCHHE, IIMPOKO pac-
TIPOCTPAHEHBl XAIIEOHOBUIHEIN KBapI, duoopur, kapboHaTH, meoauTs. Mo-
AuOeHOBAs MUHEPAIHN3AIHsl BCTPEYAETCA B BHNE KPYIHOKPHCTALIITICCKIX
LOJEBOTINAT-KBAPTIEBHIX JKUI ¢ KPYNHOUeIIyHdaTeiM MOJINOIEHHTOM M IpPO-
ARIUTKOB KPHCTANINYCCKA-3ePHECTOT0 CAXAPOBHIHOTO KBAPIA ¢ MOJIMOIEHI-
TOM, JOKAJM3YIOIGAXCA B BUJE IMTOKBepKoB. ITpoApienma pasamuHoii MmHe-
pammsanun 111 srama mpocrpancTBeHIO COBMENIEHH TOXBKO B IPESAax 3070-
TOPYAHON 30HE, GOPMHDYA MakpomepeceveHms ¢ PAHHEME 30JI0TOHOCHBIMI
obpasopanmaMna. ['TapHas mapareHeTmiecKas accONMAINA 9Taa — MHPPOTHH-
ITMPUT-aPCeHONNPUTOBAA, KOTOPAs BIION3MEHACTCS B 3aBUCAMOCTH 0T (H3HKO-
XOMAYeCKON 0GCTAHOBKE W CMeHAETCH IOAMMETAJIHIeCKoil, CyIb(ocorbHo-
TONEMEeTAIHIeCKOH M cepeGpocoTep;RAIIMA  accoTMATHAMI.

Humke mpupemeHsr pesysbraThl J|eTaabHOro HWCCISOBAHMA MUHEDPATOB.

Keapn I srama macumen GIowiHsvMm BRIOIEHEAME, COIEPHRAMAMIT
KpoMe TasoBoil Jassl M BOJTHO-COJEBOTO pacTBopa (asy ;KMIKON YIIeKHCIOTH.
Konmueero yraexmcaors or ofimeit cyMMs razos 5o dmonge goctaramo 30 %,
a obman razomacemennocts — 900 mr na 1 kr Keapua, KOHIEHTPAMAA COJIeil
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B pactsope — 20—25 mac.% (srB. NaCl). Muunmansnan temmeparypa Kpu-
cramamsamuu (Gea mompasok Ha masienme) 280—320 °C, roapdmmment Boc-
cranosyaesHoctH Qumompa 0,008, TepmosioMuHeCIeHTHBIE cBoilcTBA KBAapPIA
IePBOTO 9TANa MPOABJICHBL ABYMs HH3KOTEMIepaTypHhMEH muramu upm 200 n
240 °C, serpevanommvuca aubo HOPO3HL, JHO0 ONHOBPEMEHHO.

Kpapr II srama comepskur Goxnbmioe pasmoobpasue (QUIIOHIHEIX BRIOYE-
pwit, XapakTepHHIMHA A KBaPIa 2TOr0 ATAlA HBIAKTCA BRINYEHUH, COep-
JRAme, IOMAMO Ta30B0i dassl M BOJHO-COIEBOTO PACTBOPA, KPUCTAJLINKE CO-
neit. B cmay srToro cosieBas KOHIEHTPAIUA pPacTBopa MOBHIIIATACh N0 20—
40 mac.% (oxs. NaCl). ¥menpmanocs copep;Ranne yIJIGKACTOTE B IasoBoil
dase mo 10 %. Obmasn rasonacsmeniocts 420 Mr/kr. MeHANCA KavuecTBeHHBIL
cocTaB pacreopa, Koaddmmument BoccranosieHHoctH cocrasaax 0,02, a rem-
neparypa KPHCTAJIM3AIMH KBapua (o JaHHEIM ToMorenmsanuu, Oes mompa-
Bok Ha pasienme) pocrurana 460 °C. TepmomoMumecnentnsie cBoilcTBa KBap-
1@ TPOABICHH OHMM BhicoRoTeMueparypusiM mmkoMm upu 300—320 °C.

Ilna wsapua 111 srama xapakrepHBI TasoBO-/RUJKHE BRIWYEHUA C MO-
3aMYHBIM CTPOCHHEM CTeHOK Bakyoseil. MosaudfHas KapTHHA aHAJOIMYHA TO,
KOTODas BO3HHKAET TPH pacKpHcTaJausanuu rejgeobpasnoro semecrsa. Mune-
pax00fpasyomue PAcTBOPH MPOMOIKEAJML OCTABATLCA KOHIEHTPUPOBAHHBIMHE
(20—23 mac. %, sxs. NaCl), Ho 3HAMNTEIBHO CHA3NIOCH COIEP/RAHAE YITEKNC-
dots (no 4 %). O6wan rasoracsmennocts 450 mr/kr. Temmeparypa kpucrair-
amsannu nogEEMagachk mo 360 “C. Rsapi obaajgaer pasaImTHbBIME TEPMOJIOMH-
HEeCIeHTHEIMH CBOMCTBAMM: JIJf KBapia ¢ MoJnGreHOBoil MuHepajiusanmei
OOHUHEL [BA OHKAa — HEaroremneparypusiit (200—220 °C) u BricoKoTeMImepa-
rypEmit (300—330 °C); cepeGpoHOCHHIT KBaPIl WMeET OJMH WHTEHCHBHBIMA
mpsKoTeMueparypusit ook (200—210 °C).

Apcenonupunr. Hpmeramms apcenonnpura I srama mveior soHanb-
Hoe, 30HaNbHO-0J0KoBoe cTpoenme. CocraB apceHONHPUTA B IEJIOM (CEePHHC-
Triiy, snements-mpamecu Co, Ni, Cu, Bi, cymmapso me npessimaior 0,1 mac. %,
upaaem ornomenne Co/Ni Beerja mebme egumammsl. ConepsiaHme 3070Ta U
cepefpa B apcenonupure JgocTHTaer 4,5 ® 2,3 Kr/T cOOTBETCTBEHHO, IPH II0-
CTOAHHOM 3HaueHun oTHomeHHA Au/Ag > 1. Hamnbosee BEICOKTE CONEPKAHAA
3051072 MMeeT TOHKO3epHHCTHA apcedHormupur. CocTaBsl apceHONMPHTA HA
KaGKIOM U3 TpeX 30J0TOPY/IHHEIX MECTOPO:KIeHHH XapaKTepusyloTca HOPMallb-
HEIM pacIpefieleHueM co CPeiHIME cocTaBaMi Fe; g00AS; 00051,000 — MECTOPOK-
nerme A, Fe;00sAS0,06151.097 — Mecroposmmenue B u Fey pyASy, 97651000 — MeC-
ropossnenue B (em. puc. 2) mas n coorserersenno 19, 33, 18; nucmepcus He mpe-
sammaer (0,000 n. CpegHme sHadenwsA cojep;kanmil MBIIBAKA H CePhl 3HATAMO
pasanuanTea MeRIY coboii.

Hpucraxnam apcemonupura Il prama mMelor opmopojHoe BHYTPeHHEE
crpoenme. Mmorma meHTpaibpHBEIE YacTH KPHUCTAJIOB apCceHONMPHTA CJIO0/KEHB
J€JUIMHTHTOM, 9TO, HO-BUJNMOMY, OTPasiaeT 3BOJIOIMI0 MuHepazoobpasyo-
mero pacTsopa Ha (oHE MOCJe0BATENLHON KPUCTALIN3ANAN, TAK KAK IPHBHA-
K PeaKIUOHHKX B3aHMOOTHONIEHWH Ha rpannnax ¢as orcyrersyior. Hambo-
Jee 9acTo BCTPEUAOTCSA CHHTEHETHIHBIe ATPeraThl apceHOMHpUTA, JIeJJIUHIATA
1 nppporuHa 0e3 NMPH3HAKOB BPEMEHHOIl IIocjefoBarTeJbHOCTH 00pasoBaHMA
Mmanepasos. IlapareHesucsl apceHOMAPATA JTOKAJM3OBAHAL 3aKOHOMEPHO B 00-
JACTH PACHpPOCTPAHENHA (IOCTETPAHNTHOTOY THApPOTepManbHOTo srama. Tax,
TpexdasHuil mapareHe3mc THPAT - aPCEHOUMPHUT -f- JCLIMHIHUT, CAMBIH HI3-
KoTeMIeparypHEI maparemesmc ¢ apcesomupurom [Hosmos m xp., 19861,
yeragoBiaen Ha paccrosnuum 350—400 M or mosoromorpyskalomieiica KPOBIH
rpaEETOMANON amoduasl, TOTAA Kak OJmke pacipocTpaneH (ojiee BHICOKOTEM-
meparypHbii naparesesuc apceHomnput - xemmmnrur [Kosxos m ap., 1986;
Kretschmar, Scott, 1976]. Apcemommpur comep/KuT He3HAUATEJIHHOE KOJI-
yectBo aaemerTos-pumeceit Co, Ni, Cu, Sb, Ag o 0, n Mac.%, B eUHEATHHIX
cayuaax comgepssanne Co mocturaer 1 mac.% (0 JaHHEIM TOKaJBHOTO MUKPO-
cmerrpanbHoro amanusa). CymMmapHOe cofep:kanme KobaapTa H HHKeNSA IO
TaHHEEIM aToMiioit abcopOmmm He upepsimaer 0, n Mac.%, mpumuem BejnUIHHA
ornomenns Co/Ni Bcerga Goapmre eguunmel. Cojepskanue 30/0Ta B apCeHOMN-
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Puc. 2. CocraB apcenomupura.

a — I (mecroposgenna A — B), 6 — II (mecropomgenna A, B) u 111 (mporasiernst Ag, Mo i1 30JI0TOPYA-
HBEIE MECTOPOMKICHILA) 9TAIR.

pure Il orama me mpessimaer 7 v/t (aToMHo-aGcopOIHOHERIL AHATE3) W BO3-
pacraet 10 30 r/T B cIydae IPOCTPAHCTBEHHOTO COBMEMIEHNUS ¢ THIPOTEPMAIit-
tamu | orana. 3uadennme 3070TOCePeGPAHONO OTHOMEHHA TPEHMYIECTBEHHO
Goxpme egunmnpl. [lasa apcenonmmpmTa 5TOr0 HTana XapakTepHA IPHMECh BHC-
myra (mo 0,2 mac.%). Cocra apceHommpHTa 110 OCHOBHBIM KOMIOHEHTAM
OXapaKTepu30BaH BHIOOPKAMU IO [BYM MecTOpOxRIeHHAM (nr = T4, n 11 = 27),
KOTODEIE ANNPOKCUMHPYIOTCS HOPMAJbHHIM 3aKOHOM W HMEIOT 3HAYMMO He-
pasnmiaiomuecs cpepnne cocTaBsl Fe; ggAS;,07650,008 T Feg 00548 07850, 024
(puc. 2). llpuannnnansio wukie guanko-xumuueckue yeaosusa LI srama dur-
CHPYIOTCA B KOPPO3uil 1 00pa3oBanud TacTHYHBIX M NOJHBIX ICeBRoMopdhoa
unpporuua IT srama o «cepuucromy» apcemomupury I srama, a Tax:xe B peax-
IHOHHOM 3aMEIIEeHUN «CePHUCTOT0» apCeHONMHPHTA MAPATEHEe3MCOM AapCeHOIH-
pur -+ genanurut. O MmBepanooGpasosanum I1 srama B yeaoBHAX BHICOKMX
remueparyp (mopaaka 500 °C) cBuETENLCTBYET COCTAB «PEIMKTOBOTOY ApCe-
nommpura | srana B sone niuanua 11, makcumym Kotoporo ma dasosoit gmar-
pamme momagmaer B y obuacte [Hosmos m mp., 1986].

Apcenonmpur I11 srama mHorga ma 90 % caaraer TPOKHIKE MODIHOCTHIO
o 3 cvm. Hpmeraaikl mMeloT TOHKO30HAILHOE BHYTPEHHEe crpoernue. Copep-
sKaHOe 30/10Ta B apCeHOOMPHTE IO TAHHBIM aTOMHOR aGcopbumm KoseOiaercs B
npefesiax 0,07—11,2, cepedpa — 0,55—640 r/r, npmuem ormomenme Au/Ag
BO Beex caydasx (7 ompenesenuii) MeHbIIe eIHHHIB. AHATOTHIHO BTOPOMY
THAPOTEPMATLHOMY 9TAly B aPC@HOIMPHUTE TPETHeT0 IPHCYTCTBYET HPHMech BH-
emyra (0,0 7 mac. % ) m ma MosuGreHOBEIX MPoABIeHEAX —KoGanbTa (0, 7 Mac. %)
¢ BennanHoi orHomenns cogep:xanuit Co/Ni > 1. Cocras apcenonnmpura B 1e-
aoM HanboJiee «cepHueThily . [[18 BeeX THIOB IposBICHH yama,T/ie BeTpedaoTe s
ruzporepmasnbasie o6pasosanus 11 arama, xapakrepno 6uMofganbHOe pacmpe-
ACTCHNe COCTABA APCEHONMPHTA, NPHYEM B KajK[AOM U3 NHKOB (CEPHHCTOCTEHY
Bospacraer B Hampasiesnd Ag, Mo, Au npossaennit. Cpegnnyu 3HaYeHTIMT
[ HePBBIX IHKOB COOTBETCTBEHHO ABIAIOTCH COCTABEL:  Fe, 001AS) 54051017
(n = 6), Fey 006As0,06551.006 (7 = 6), Fey 499A80,0205; 049 (2 = 15); mas Bro-
PrIX:  Fey g03ASg 45057 050 (7 = 7), Fey,099480,02:51,079 (B = 9), Feg,997A50,839
Stz (0 = 16). B otnensubix 00pasmax apceHONMPHUTA OTMETASTCH IIPUMECDH
cypemet 1o 0,2 mac.%. PeaknmoHHEIC B3AMMOOTHOLIEHUSI ME/KY IapareHesH-
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PN £ 1 TPerbero He VCTAHOBJIGHH: B CIY-
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24 A& al \\ ;S % Jae NOPOCTPAHCTBEHHOTO COBMEMNIe-
ARG 7L NG T T nus apcenonnpur (III araun) obpa-
60 464 468 45,2 45,6 480 FeamS6 3YyeT CaMOCTOATEJIBHHE 3epHA B Iie-
PEeRPHCTAJIIN30BAHHOM KBapie.

VYeTanopiensl Bapuanun coctapa TapareHe3HcoB MUHEPAJIOB cucreMbl Fe—
As—S. Tagr, Ha MosUOIeHOBOM TPOABIEHNN §oJiee PAHHAA OHPPOTHHOBAA ac-
COIUANUA CMEHAETCA MAPHT-aPCeHOIHMPHUTOBO M malee OHPHTOBOI; B Kap-
OoHaTHOI JuH3e ¢ cepebpo-ToamMeTaIamIecKoll MuHepaamaanmeil mpeobaa-
HaeT IMIPHUT ¢ He3HAYNTEILHHM KOJIMIeCTBOM HHPDOTHHA.

Mupporunl srama ofpasyer BRIOYCHUA B aPCEHOIMUPHTe M KCEHO-
MOP()HBIE arperaTs 3ePHHCTOTO CTPOeHUA. HOIWTecTBO DIEMEHTOB-TIPHMeceil
ve upessimaer 0,01 mac. %. Comepskanume s;remesa B THPPOTHHE XapaKTepmn-
ayercA HOPMAIbHEIM pacupefereHrEeM B matepsane 46,7—47,3 ar.% (puc. 3;
n=29). Ilmpporna 1 srana wpmecramimsopajcad B MOHORJINHHOH CHHTOHOH.

TInpporun Il srama B maparemesmce ¢ QpCeHOOIWPUTOM I JIETIHHTHATOM
IMeeT MEeJTKo3epHHCToe TPaHyAnpoBaHHoe crpoeHume. HosmdecrBo sneMeHTOB-
npumeceit He npesumaer 0,0 n mMac.%. Pacopenenerne comep:kanmil sKenesa
IOJYHHSAETCA HOPMAILHOMY 3akoHY B obmactm 47,3—47,9 ar.% (n = 15).
ITuppornu 11 srama #a paEHEX craguAXx KPHCTAJIA30BAJICH B TeKCATOHANBHOI
CHHTOHFH, K KOHIY IIpoIecca CMEHSACh MOHOKJMHHOM Mogmdmuraimei.

IImppornn B rugporepmanmtax III srama Berpewaercs B Bujge caMocTos-
TEILHLIX 000cOoDMeHnil ITacTHHYATHIX arperaTos (mo 2—3 cM) ¢ RpymHosep-
HHCTHM BHYTPEHHAM CTPOEHNEM H B CPACTAHHUI ¢ aPCeHOIMPHTOM M IHPHTOM.
Jlna mero xapaxkrepHa npmMech koGaanTa (0, 7 mac.%). [lupporun III srama
mMeeT HamQoJiee (CEPHUCTHIA) COCTAB, M COJeP;KaHNe jKejae3a XapaKTepuayer-
cf HOPMAJLHEIM PacmpepeincHueM B upegendax 46,0—46,7 ar.% (n = 14).
ITuppoTHE KPHCTANIN30BAJICA B MOHOKJINHHOW CHHTOHHM.

30I0TO paEHEr0 9Tama HCCALAOBAIOCE B 006JacTH MHHAMATBHO-
TO BAUAHAA TPAHHTOHIOB HA THAPOTePMAJLHEIC W OcagodyHhie 00pasoBaHUI:
Ha ceBepo-zamagHoM (uianre MecTopossfeHms A W Ha MecroposrpeHHE B.
HanGoxee pacnpocTpaneno memxroe 30m0710 (jio 1 MM), oTnaranomeecs mo MEKPO-
TPeNMHKAM B KBapie u cyabdunax. BuyrpeHHee cTpoeHHE 3070TA 3ePHHECTOE &
OJHOPOJHEIM MHOTJA JBOMHUKOBEIM XapPaKkTepPoM oTAeabHBIX seped. Cpeamas
npobHocTs s0JioTa HA (uaHre

Mectopo;kIeHns A cocraBiaser 7 : ¥
760, a Ha MECTOPORIEHUM 44-
B — 730 (puc. 4). 1
B obnactn MakcHMaJXBHO- 45
TO BIMAHUA HHTPY3UBA M CBA-
BAHHON ¢ HIM BTOPOU BOMHHL |
THAPOTePMAIBHOTO — Iporecca |
To peayanTataM IeoloTo-pas-

BeJIOYHBIX paGOT HaGJIIOI[ﬂeTCH
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T T
70T W BO3pPacTaeT creleHb He- a b
OJIHOPOJIHOCTH €To pacmpeneme- 707
Hus B pynax. B meaom obmee |
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cnmkaercss. Omo ormedwaercs B apcemonmpure Il orama B BEje MeIKoi
(0,0 n MM) BRpAIIeHHOCTH, PaccesHHOH mam JoKanIn30BaHHON Mo 30HAM
pocra, TPOOHOCTH €r0 COCTABIACT 800—850. B Gomee mos3MHUX BHCMYTHH-
PAIENUTOBON M XaAbKOIEPHUT-cHaiepHT-INPPOTHHOBO acconmanusixX upob-
HoeTh soiora Bospacraer mo 960. Ilpemexs: KomeGamust HPOOHOCTH 30J10Ta B
oxoxonuTpysusHOil oue 650—960 (cm. puc. 4). Haubouee BEHCOKOIPOOHOE 30I10-
TO XapaKTePUsyeTes TOMOTeHEEM CTPOGHHEM, TOTI/Ia KaK 30J0TO cpemHeil opob-
Hoetn T20—800 mMeer TpoABIeHHHE B PasHOH cremeHn AEQHYIHOHHBIE
30HH, 0GpasoBanie KOTOPHX CBABAHO € IPOIECCOM BRIHOCA cepedpa [Bomoro-
Ba 1 ap., 1982]. Ilossrenne BEHCOKONPOOHOTO 307I0TA, 3HATHTONLHAS JICTIeP-
cns TPOGHOCTH, PACTPOCTDAHEHHOCTH MIHOMOP(HHHX KDPHCTATIOR CUATAIOTCH
THABHEIME IPHSHAKAMN TeMIepaTypHOIo mpeobpasopannsa  [Monceenxo,
1977: Hukonaesa, 1978). Dra Touka 3peHmA Ra JIAHHEI 00BEKT OTPAieHA B
paGote JI. B. ®upcosa [1963]. Tlo Hamm™ jaHHEIM, WHTCHCHBHOCTD SIIrEHE-
THYECKIX TPeo0pasoBaumil 30710Ta TONUMHAETCA BOHAJIBHOCTI HPOABICHIA
BTOPOTO TMAPOTEPMATBHOTO ATama, IPH HTOM He HCKIIOUeH I TeMIepaTypHHil
(parrop BO3HEICTBHUA.

3osnoro B mpossaerrAx cobcrserHo 111 prama He ycrawomieHo, Juis HEX
xapakTepHO cepefpo B caMOpPOHOM 1 cyvasdunuaoit hopme (aramror). B 10 me
BPEMA TPH TPOCTPAHCTBEHHOM COBMEICHHN TPeTLEro THAPOTEPMAIBHOTO oTa-
na ¢ 30J10TOCO/IeP/RAIAM 00PasoBaHmAME PAHHEX HTAN0B B PyAax TOABIAIOT-
¢s so710T0 mpobHocTio 650, amemtpym (500—550), woocTemmT (170—310).
HuskonpoGHoe 801070, MIEKTPYM T KIOCTEINT HE MMEIOT IPH3HAKOB ATHTEHE-
TgecKuX npeobpasosaHnil, a 00pasyiOT TPOKAUIKA B BEHICOKOTIPOOHOM 30J10T€,
CcaMOCTOSITeNbHbE 000COBICHNS, HHOTA ¢ BRIKUYSHHAME IOCHEHEr0; MOYRO-
BUJIHEIE ATPeraTh HIEKTPYMa 1 KIOCTeINMTa HAPACTAIOT HA 30J0TO BHCOKOI
npoOH.

Takum o6pasoM, gopMEpoBaHHe MECTOPOKICHHE MATMATOTEHHO-PYIHOTO
y3ia TMPOMCXOAMJIO B TPH DTATA: HEPBEI —([OTPAHHTHEI ¥ IBA IOCJIeLYI0-
mux —¢mocaerpannTEeiey. OcHoBOIl BHENEHUA JTAMOB THAPOTEPMANBHOIO
nporecca B PaMRax yala MOCHYRIIN IIaBHEM 06pazoM WMCC/eoBaHNs mapa-
remesncon MuHepamos cucreMil Fe—As—S m (uanKo-XuUMUYECKHe YCIOBHA
ux oOpasoBaHUA.

I aram. TumoMopdHEM 2meMeHTOM (H MIHEpPasoM) ABISETCHA 30J10T0. 30-
7070, OoTHOMEenHoe B I orTam, B HOCIeNYIOMMil NePHO MOABAPTAIOCH TeMIeDa-
TYPHHIM ¥ XWMHUECKHM NpeofpasoBanmsaM, KOTOPHE IPHBENH K CYIECTBeH-
HOMY Tepepacipeleieniio ero («OTromKe») B OKOJOMHTPYSUBHOIL 30HE I HOBO-
oGpasosammam B ruaporepmarmrax II m III aramos. I'masmeii maparemesmnc
(TUpPPOTHH — THPAT — APCEHOMAPUT — 3070T0) KPUCTANANIOBAJICA B HATEP-
pame temmeparyp 280—320 °C u3 oxmcIeHHEEX QI0MA0B ¢ BEHCOKOH obmeil ra-
30HACHIDPHHOCTREI0 W IpeofiajaHueM yIJCKUCIOTEL.

I sran. Tumomopduse axements — Sn, Bi, Mo, KoTopnie opasyior ca-
MOCTOATEbHEE MUHEDPAJs (KACCHTEPUT, BUCMYTHH, Moimbiennt). Iaapmsiif
napareHesnc (MUPPOTHH — JELIMHTUT — APCEHOMUPUT) KPUCTALINBOBAICH B
unrepsaze remmeparyp 250—500 °C cormacHo TemmepaTypHOil 30HANBHOCTH
OKOJIOWHTPYSMBHOI 30HE! (I0J5) U3 BHICOKOKOHIEHTPHPOBAHHKIX PAcTBOPOB B
OTHOCHTEIHLHO BOCCTAHOBHTENBHEIX YCIOBHAX, 0 UeM CBHICTENLCTBYET NpI-
cyrereme B rasosoit gase duronmon CO, I,, GH, u, seposATno, npu HOHMKEH-
HO#t aRTHBHOCTH cepHl (reKcaromanbHEI NHPPoTHH obpasyerca Oes (assl mu-
pura). K xommy 11 arana akTueHocTs S HOBEIIAeTCA, 4T0 QUKCADYETCA B CMe-
He TCKCATOHANLHOTO MUPPOTHHA HAa MOHOKIHHHEIN,

11!l sran. Tunomopduse saemeHTH — Sb, Ag, Mo, camocroATedbHEE
MuBepanas — (Qpaiibeprur, mupaprupnTt, amadopur, OyaaHKepHT, AKAHTHT,
caMoponHoe cepeGpo, MoxuGmennr; Sn BerpevaercA B CYAB(UIHOM dopme
(cranmun), Bi m Co — B KavecTBe IPHMecH B MEHepazax. Pypm 111 srama dop-
MHEPOBAINCh B PE3KO HEPABHOBECHBIX YCJIOBHAX W3 OKMCJACHHHIX (IIOHIOB 70
remmeparyp mopsyka 350 “C. Ha pammmx crapmsx ofpasyiorcsa MommbIeHnT
1 OEPPOTHH, KOTOPHE IO3iKe CMeHAITcA nuppormH(- apCeHOTPUT)-IHPUTO-
BLIM TapareHe3mcoM I jlajee NUHPHTOM (- MapKasut), 9TO CBA3AHO, MO-BHIH-
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MOMY, ¢ BO3pacTaHHeM ARTHRHOCTH CePH K KOHIY Iporecca. AKTHBHOCTL ce-
PHL, CY/IA 110 COCTABY MAPATCHE3NCOB M OT/ICJBHEIX MAHEPAJIOB, BEPOATHO, MI-
nuManpuoil Oeita B Tewenme I arama m Makemmanzpmoir — w 111, Durronyier,
popmupyomue maparenesmest 111 srama, B orgensuse TMePHOAL OLIIM B KOJ-
JOHIABHOM COCTOAHNM, KOTOPOe CBOUCTBeHTO (AM3I0BEPXHOCTHBIM YCI0BIAM
[[lomros, 1939].

. H. Mammrosa, 10. M. Mamukos, JI. ]. Hsanosa,
A. H. Tmurpunesa, B. T'. Kumxnua

TEOXUMHNYECKHUE [OCOBEHHOCTH PA3BHUTUA
TPAHUTOUTHOTO MATMATHU3MA BOCTOYHON ITYBBI

lpeacrapnenme o BHYTPHKOPOBOM IAJMHIEHHOM BEILIABICHEE TPa-
Huronnsix MarM [Illaxos, 1956, 1960, 1966] noasonsier pacemorpers HCXOTI-
HbIe JUIA HOX CYOCTPaTH B KavdecTBe IePBOHAYAIBHONO MCTOUHHKA PY/IHOTO Be-
HeCTBa, CBA3ATh PErHOHAJLHEIE TEOXUMMIeCKHe O0COGCHHOCTH TI'PAHUTOMI0B
I UX 3BOJIONMIO, MacmTal KOHIEHTPHPOBAHNA PeIKAX 1 PYAHHY DIEMEHTOR B
npoiecce MX QOPMHUPOBAHMA ¢ IMOJOKEHHEM B 30HAX, PA3NUIAOMEXCS IO
CTPYKTYPHO-BemecTBeHHOMY npuamuny: ¢gemmuccknx — @, cuanmmueckux — C
n pemuuecku-cuanmieckux — OC [Pagkesnu, 1959; Manuxosa, 1978; Iep-
faxos u ap., 1981; Manmrosa, Anaouu, 1981]. Nsmenennsa IeTPOTEOXUMIIe-
CRUX 0COOeHHOCTEIl IPaHATOWIOB B MPOCTPANCTEE U BO BPEMEHH IIPE;CTABIA-
IoTCA HPH DTOM CTYyOeHAMH mponecca aAuddepenmumamnn Bemecrsa aurocdepst
Ha PasHBIX Jranax PasBUTHA MOABHRHEIX 00JacTeil.

Pammnii aran manbosnee nmonno mpogsmics s M-zonax IIaTHOTPAHUTHEIMI
U TOHAJTHTOBBIMU MHTPY3HAMHE. Bo BHemHNX 9acTfAX DBreoCHHRIHHAICH ¢ CO-
KPalleHHBIMI padpesaMu BYJKaHOTEHHHLIX I0PoJ 0(A3aibTOBOTO M AHIE3UTO-
0asaibTOBOr0 cocTaBa (POPMHPYIOTCA AMOPUT-TOHAIHT-TPAHOLMOPUTOBHE AC-
conmanuy, xapaxkrepasie as DOC-zomH.

Sanomennio C-30H 00BYHO IPENNIECTBYIOT NPOIECCH ocajkoofpasoBa-
HUA, TPHHIUNNATHHO YBEJHYNBAIOMINE CTeIeHh MuQ(epeHnuEpoBAHHOCTE WC-
xopuEX cyberpatos. B C-somax mpeoGranaor rpaHMTOMAH TpaHAT-IeifiKOTpa-
HUTHO GopMaruu, T. €. TPeHMYIECTBeHHO HOPMAJBHEE I CYOIe 0uHke HaT-
puii-KanmeBsle 'PAHNTH; 3aBePILAETCHA PasBHTHe TPAHHTOMIHOTO MATMATHIMA
PelKOMeTaAALHEIMA TPAHUTAMI.

Ipaauronms P-308 comepskaT MOBHINEHHbE 110 ¢PABHOHAIO ¢ KJIAPKOBHMI
[Turecian, Wedepohl, 1961] xommuecta Qemuueckux ameMeHTOB (Fe, Mg,
Ca, Na, Ti, Cr, Ni, Co) m Gosee HUZKIE — CHAJIMICCKHX oxcndmior (K, Ba,
Zr, Ta, Nb, Li, Rb), uro oramwaer ux or TPAHUTOUHOB, 00PasoBaBITAXCA HA
ocHoBe Gosee muddepenmuposannoll KoHTHHeHTaNBHOH Kope [Manukosa,
Manukos, 1983]. Merammorenus @-30H B 3HAUATEIBHON CTEIEHI oIpeJeaeT-
€A HaKOINIEHHEeM IeHTPOCTPeMHTETBHBIX U MHHAMAJLHO-IeHTPOOGEKHBIX diIe-
MEHTOB B TUOPHINBIX 30HAX I'PAHUTOMAOB W cKapHax. B Meramnoresun C-3om
BEAYUIIMH ABJIAIOTCA MO3JHHE HTanhl KPHCTANIH3ANNN IPANATOMIHBIX Pac-
IIABOB ¢ HAKOIIEHUEM, 0CO0eHHO B YYACTKAX IX [BUKEHNS, CHATOIOCKIX OK-
cufuaos [IMepGaros, 1976a, 6].

Peoxmymueckne n meramnorenmteckue ocoGenmoctn OC-30H Kak ompene-
JeHHOTO JTana B PasBUTHH HOMABHWKHBIX 00JacTeil HE MOTYT OBITH NMPOCTHIM
coyeranmem xapakrtepmernk (D- m C-gon. OHE ABIAIOTCA oTpayKeHmEM Beeit
HOCJET0BATENBHOCTH Te0JOTHIeCKNX CcoORTHE B peruone. |eoXmMuUueckas
HalIPaBJIeHHOCTh passutus rpaHurougHoro marmatmama PC-3on nokasama ma
npumepe Bocrtounoit Tyswr.

Bocrounas Tysa npegerasaser caoxuyo MC-30Hy ¢ MHOT0TATHBIM rpa-
HUTOHIHEIM MarMaTH3MOM, CONPOBO;KIAIONAMCS HA PaHHEIATe030iCKOM sTa-
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ne pynonpossiesnava Au, Cu, W [[Immyc, 1961a, 6], Ha cpenmemaneo3oii-
cxoM — Mo m W [Ilstos, Cemernos, 1982], a ma moagHenmaneosoiickoMm — paH-
HeMe3030MCKOM — aKIeccOPHOH pearoMeTajnbHOR MuHepamusanueil. I'pamm-
TOWBL PASHEIX HTANOB B 3HAYATENLION CTEIEHH IIPOCTPAHCTBEHHO Pasolmens.
Pannenaneo3oiicKkae TPAHUTOMIB «IECTPOTOY COCTABA (TAHHYOJILCKHI KOM-
mieke) o0pasyioT MPenMYIeCTBEHEHO BIENTHION, 10 OTHOUICHHIO K KeCTHHM
GrokaM Galikaxberoil Koncommnamnma (Aroiickuii, CaETIIIeHCKNIT), dacTh GaTo-
anToBOTO Tosca. OHM HpeicTaBIeHbl HHUBKOIIETOIHEIME BHCOKOHATPOBHMH
I1aTHOTPAHAT-T PAHOAXOPUT-INOPAT-TOHATUTOBOH M IHOPHAT-TOHAJATOBOIM ac-
CONMATIHNAME T YMEPeHHO IMeJ0dYHOil KaJHHATPOBOW TIPAHHT-TPAHOIHOPHTO-
poit [[[mcrawona, 1981]; mopoms miarHorpaHEETHOTO cocTaBa HpeobiagaioT B
Kaaxemcroll deMudgeckoil 3one, AHOPUT-TOHATUTOBOLO U I'PAHOAMOPHUTOBOTO —
s Dypen-OmayMcroil, a IPAHOIHOPHTOBOTO M FPAHATHOTO (/(BYMOJEBOLIIATO-
phie 1 JefikokpaTtosnie TpaHATH) — B Bocrouso-Haaxemckoil. Haxompenme
amaJoruyHLX TPAaHATOE B 00J0OMKAX CpeJHeNaleo30HCKHX BYIKANMICCKHX
MOPOJ MO3BOJSAET OTHECTH WX K mo3jHell jase TaHHYOJNLCKOTO KOMIIEKCA [Te-
aemes, 1981; Texemesn, {ucranosa, 1983].

B mamosReHHBIX cpeJHeIaie030iCKNX CTPYKTYpaxX B acCOUHALUA ¢ BYI-
KAHIMTIeCKAMH 00PA30BAHMAME CAMIHICKOI TONMHE PasBUTH JIEHKORPATOBLIE
IPAHOCHEHNTH 1 KAJMIITATOBEE TPAHUTE TPaHOCHeHuT-1efiKorpanuTHoi dop-
Maruu GPenpCKOro KOMILIeKca. AHAJOTHIHEE TPAHOCHEHHTHL B JIeHKOrPAHITH
VCTaHOBIGHBI B 30He cowieHeHnus Oafikalnmp ¥ cajaupug B CeBepo- M I0ro-
pocTounoii wacrax Bpemnckoro maccusa [Tememes, 1981; Maankona, Rocauc,
1984]. BepxmemamneoaoiicKas-paHHeMe3030HCKad IPAHAT-AIACKHAT-IRI0THO-
IPAHUTHAA ACCOIMAIIMA YJIYI-TAH3EKCKOTO KOMILIEKcA TPAypodYeHa K ob1acTi
Gaftranpekoit koucoauganun (Canrniex).

K pamgemy maneosoio oGaactuH OGallkaabCKOM KOHCO-
AT A KM OPeICTABIAMN co00il sReCTKHE Pe0aHTHRINHATILHEE PeMUIecKn-
cHaJAuecKme GJOKN, CJH0;KeHHHEe TOKeMOpuilcKEMHE ®H pupeicKuMu riayloko-
METaMOpP(PU30BAHHLMI TMOPOTAMA, HACHIIEHHEIMA MUTMATHTAME, 3HATCKTHTA-
MH#, MUrMaTUT-rpaEmTaMn n rueficorparnravu [Poros, 1967; Baomau, 1981;
Jlemeaun n ap., 1974; n nmp.].

CpaBHeHHe HEKOTOPHIX IIETPOTEOXMMHYECKHX XapPaKTePHCTHE HIGRHE-
1 BePXHEOPOTePO3ONCKUX THEHCOB, KPHCTATNMIECKHX H CJHIONHCTHX CIAHIEE,
MHTMATHTOR I anaTektutos CaHTHIeHa IoKassiBaer, 4To opMupoBanme Oaii-
KAJIM/l 3aBePIILIOCH HOsABJEHAEM TPAHUTHOTO MAaTepHasa JIOCTATOTHO BEICOKOH
CTEIEHH SPEJOCTH, AHAJOTHIHON MOCTUTHYTOH B HOKeMOpHECKHX ITopojax
Hamansr, Hoanekoro moayocTposa, KHucelickoro Kpska U APYIHX PEIrUOHOE.
IlpranakxaMn Takoli TEOXAMIYECKN 3P0 KOPHI ABJIAITCA MOBRIICHHA A MO~
HOCTH WM I'PAHNTOTHENCOBHIL COCTAB TPAHHTHO-METAMOPPUIECKOTO CJIOA, HAIH-
yne B TpaEyANT-aMPUOOINTOBEIX KOMIICKCAX BEICOKOTIMHO3EMHCTHIX THei-
¢0B, CYIIECTBEHHO KaJMeBHX IPAHATOB, BHICOKAA CHANUIHOCTE, KOTOPAA OIpe-
messieTcs He TOJTLKO HeTPOTeHHLIM COCTABOM, HO M HMOBHIIIEHHBEIM COJlePiraHmeM
PEIKNX DIEMEHTOB TPYINH CHAJIAICCKUX OKCHOUIOB (Li, Rb, Cs, Ba, U, Th
1 np.) [Homkun, 1983a-p; Homkun 1 1p., 1986]. Kooddunmenrsl neiikokpa-

Si L
&2 A1+N8+K)] mopox yseamumsamorcsa or 4—20 B
aT

(Fe - Mg -|- Ca)
rHeficax, KPUCTANIHISCKAX cIaHMax u MarMararax jo 20—65 B neifkokparto-
BEIX W ATACKHTOBHX PAHATAX, MATMATHT-TIETMATATAX U aHaTekTHTaX (pme. 1;
HCToNb30BaHK Takke rommexmum mnpod H. B. Porosa, fA. A. Hocaxnca,
A. H. Jlu6unosa, A. E. Teaemesa). Bece mopojsl o0Hapys/KuBaioT mepeHach-
mensocrs Al. Bemmuuma Al° = Al — (2Ca -+Na-K),, B poremGpuiicknx
noponax Camrmmena Mensercs B mpegeaax 25—210, gocTurag MaKCHMAaIbHELX
3HAYeHHI B HEKOTOPHX THellcax, MHTMATHTaX M aHATEKTHYECKHX IPaHUTAX.

TafnomaioTes BEICORME COMEP/RAHNISA PEIKNX JIeMeHTOB, XAPAKTePN3yio-
MUX 3HAYNTENBHYIO CTeleHb cHaImIHocTH mopod. Bommmas pmcmepcms Ha
ypoBHe GOHOBHIX COJIep/KAHMIL 2IeMEHTOB XaparTepnayer X GOIBIIYIO CTeleHb
3aBUCHMOCTH OT MCXOMHHIX ¢yGCTPaToB, PasHYO cTemneHb IepepafoTKu Hpo-
neccaMu MetamopdusMa m yabTpamMeramMopduaMa, PasjiM4HE B 00HYHO HEBEI-

TOBOCTH [K, =
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Puc. I. YDOBHH cONepsRAUMIL I OTHONICHIIT HEKOTOPEIX HETPOTCHHNX (A) I PE/IRAX 2eMeH-
T0B (B) B IIpoTepo30iickUX I paHHenATe030iCKIX OOATOMITOREX MOPOJAX M TPAHATOMLAX
TAHHYOJIBCKOTO KOMIUIEKCA.

1—6 — npoTepoaoifcrime Metamopdnieckne obpasopanus CanruiaeHa: 1 — CIIOTHCTHE CIAHUE (n = 17),
2 — THeicel (n = 13), 3 — rpaunuTorHelick (n = 11), 4 — MUrMaTuTH (n = 14), 5 — AHATEKTUTH (n —
= 44), 6 — mermarouipl (n = 14); 7, § — HOPOIR PAHHRMAJCO30ICKON IeocHHKINHAIN (110 JAHHBIM

COKHI yPOBeHb DasfejeHns U TOMOTeHH3anum semectBa. 06 9T0M ke cBHIe-
TeJABCTBYIOT 3HAUMTeIbHKE BapHanmu orHonernit K/Rb, Ba/Rb, Mg/Li; Rb/Sr.
Tax, ana K/Rb orsomennsa madmogaorca roxedanus or 200—350 mo 1200—
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aBTOPOB, ¢ YderoM MaTepramos I. B. Thrayea [1961], 9. A. Momomarosa [1973], B. B. Boxroea [19881):

7 — OCHOBHOTO coctaBsa (n = 73), & — cpeIHero w KAcIoro (n = 14); 9, 10 — rpasATONALI TAHHY O TRCKO-

T0 KOMINIEKCA! 9 — MCOJIAHOTPAHNTONUE (n = 84), 10 — ABYMOICBOMTATOBEE H JeifKOKPATOBRE TPAHITH

(n = 39). 3@eck u AANee NPUBOMATC PR3y IbTATH AHAIN308, BLITOTHeHHLIX R jafopaTopun pegxnx aie-

MEHTOB aTOMHO-a0C0pOMUOHALIM METOT0M, avauruk JI. [, MBanosa; n — KOJIMYECTBO MPOAHAIN3NPOBAH-
HBIX 11p0G., OcrajisHbie 00hACHSHUA CM. B TEKCTe,

3900, masz Ba/Rb — or 4—5 mo 60—200, mna Ba/Sr — or 1 (1 memee) mo
10—20; Rb/Sr — ofsraao azaumrensHo MeHbme | u Juns B HEKOTOPHX Ipa-
HATOTHelcax, aHaTeKTHYecKUX TpaHuTax u nermarurax Goaeme 1. Tonoscenne
cocrasor mopox Ha muarpamve Rb—Sr [Condie, 1973 ] csumerenscreyer o sHa-



Rb,r/T ok

cJQ
+ eV @\
em———— 228 A
A \\
! N !
700 g o )
~ ~ \‘§
IR N
—~ NN
20-30x 4
- <
~< —=7 XS e
/ i X
H - \
~ i
i'_' ~~ Il ¥ ,r \
! 7

104 20, g \ \
<I5KM o " \
AN \
o\
o
T T -
70 700 7000 Sryr/T

L X2 s [ 717 s s L7 [8 Je [0 ]9
[& Jw[O v @]rz][e Jr3[ e Jx| o s alr alr[a]s
(v e[V Jeo[ © Jer[ @ Jez[-"T|2a=Tzs[ x Jos[ + Jes[ e |27

Pue. 2. Cootnomenme Rb m Sr B mpoTeposoficknx B PammEETATCO30iCKAX IOPOAX paMbl
(mmarpamma K. C. Hompmm).

1—5 — HemepeMelleHABe 1N caalo nepeMmenieHHsle MeraMmopdmueckue oGpaszosanng Canrmjera (PR):
1 — Tecxemckasg Tonma (PR,) (n = 27), 2 — caarteicckaa  Todma (PRy) (n=25), 8 — Myrypckas
Toqma (PRy) (n = 19), 4 — Gaamkreirsemckan csura (PR,) (n = 10), § — 4epreiccKAA CBUTA
(PR.) (n = 12); 6—14 — panHenajeosoiickne BYJAKAHMYECKHE NOPOLL 1 rab0pommel  MOHAIBIKC-
KOTO KOMIJIexca: 6 — raG0pouin;, 2Q@¥3uBsl OCHOBHOTO (n = 36) u 7 — aHAEBHUTO-IAINTOBOTO
(n = 23) cocrasa, & — KOMaTunTOBHe Oasanbre [Taycom, 19841, 9 — oxeaHudecKue TOJEHTOBHIE
faganbrel (Tam ke), 10 — aHmesmrofazanbrel (raM me), 11 — AHACIUTHL OCTPOBHMX pnyvr [Con-
die, 19731, 12 — aHAEsNTH N3BECTKOBO-IIENIOYHEIE (TAM He), 13 — marmTel _ (raMm  e), 14 —
PHOJHTH (TaM #c); 15—25 — IeoXuMIdecKne THIH rpaanTonton [Taycon, 1977, 19841 15 — narmorpa-
HNTH TOJIENTOBOTO paxa, 16 — yabrpameramoppmyeckne, 17 — IaJIWHTeHHEIE W3RECTHOBO-MIEI0UHBIE,
18 — aujesnTOBOTO pAna, 19 — bHAepOnTH, 20 — panakuen, 21 — IpaHUTOMAR TPAHOTUOPUT-TOHAJINT-
IWIArHOTrpAHNTHON cYOPopmaimu KoabckoTo noayocrposa [Batnena u up., 19781, 22 — npeBmmit THeiico-
Bl kKoMexe Crasunenna, I0mnan Adpuka [Condie, Hunter, 19761, 23 — nepBu4HO-KOPOBEE TDAHNTH
IlenTpaneHoil IHapennn [Burorpamos, Bunorpagora, 19841, 24 — apxeiickne n nporeposoiickue r'pann-
Touak lleHTpadsHO) wacTm AnpaHckoro mmra [Pymemk, CofortoBnd, 1984], 25 — rpanurommnr J-tuna,
I0ro-Bocrounaa Ascrpasma [Collins et al., 1982; Chappell, 1984]; 26 — rpannTal S-Tuma (TaM ke);
27 — rpaunte A-tnoa [Collins et al., 1982].

TOTENLHEY Pa3IuTHAaAX TOPOJ HoKeMOpmiicKoil Kopsl (MomHocTi 17—30 ®M)
mo crtemenn wx AuddepeHOINPOBAHHOCTH B 00JacTH 3HAYEHHH OTHOITEHHUA
Rb/Sr ot 0,4 mo 1 (pue. 2).
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‘Havaunpusii otan passntua Bocrouno-TyBuHEcKo# aBTe 0-
CHHERIHHA N (Qukcupyerca ofuoInTOBHIME KoMiuiekcamu 3om Haaxem-
CKOTO T ATapgarcKoro pasigoMoB, II0 KOTOPHM cTabmiamampoBanunie OJOKH
baiikammy cownenaoTca ¢ cananpekuM Bocerouno-Tysuncknm nosicom. Odmo-
JIMTOBAA ACCOMMANNA Mo3THeTo pues — paHHeTo KeMOPHA BRJIOYaeT B cebs,
110 MHEHHIO HEKOTOPHIX TCcJeloBareiell, KOMIIEKC OCATOTHBIX H AHTHIPOM-
HEIX ByJAKaHWYecKMX 00pasoBaHmil, a Tak:ke pasHodanuaibHEE OAZUTHL 1
vasrpabasursl [HopoGefinukos u np., 1980; Mcaxos, Habum, 1986; u ap.].
Byper-OmgyMckas 30Ha orauuaercs MeHBIIEH MONIHOCTBLIO BYJIKAHOTEHHEBIX
TIOPOJi OCHOBHOTO cOCTaBa, HpeobJaJaHHeM HA CEeBEPHOM M I0skHOM (uaHrax
PHOJUTOB M JIAINTOB, OTCYTCTBHEM MO;RAJBKCKHX THOeP6asuT-0aBATORKIX
unTpysuil BOausu Bucrynos Gaiiwanny [Masmnm, 1982]. Pacnpocrpanenne mno-
PoZl 0CHOBHOTO cocTaBa Ha Goawsmmx miromaasx B Bocrogynoit Tyse xaparTe-
PU3YyeT YCTOBMA PACTAMREHNA I JecTPYRIM APeBHel KOHTUHEHTaTLHOT KOPH,
OCTATKN KOTOPOii, BUIuMo, coxpandiorcsa ma rayomme |[llmaye, 1963; TTono-
auros, Dunocodosa, 1973; Kamyernn, 1980]. Hapsany ¢ nosmrepudeiickum-
PaBHeKeMODHACKHMHM BYJKAHOT@HHBIMI TOPOJAMHI W TpegdaToJuToBEIMu Ga-
3UTAMU U yabrTpadasuTaMu OHM MOTYT CYNIECTBeHHO BIMATH HA HETPOXHMI-
JecKHe M TeOXHMHIeCKHe 0COOeHHOCTH pPaHHENAaIeo30lCKHX CHHIHBePCHOH-
HEIX TPaHUTONU0B.

Cremenp CHH;KEHHSI YDPOBHH CHAJMYHOCTH J0OATONWTORON accOLHAIIN
onpejlesAeTeA BechbMa HESKHMHI BeiamdamHaMu K,, oTpuiatenpHuiMu  3HAUeHTA-
mu Al’, ymensmienuem cpepmero cofmepskanma K,0 u npemenos ero sapuamuu,
peaxmM nagerneM K/Na, Ba/Sr n ysenmuenmem Mg/Li ormomenuii. Ilpu cy-
ImecTBeHHOM cHEzxeHnH cofepssannit Ba u Rb copepmanna Li ocrarores npu-
MepHO Ha YPOBHE COJeP:RaHHH B aHATEKTMYECKMX rpanuTtax; obmmil ypoBeHb
cofiepskannii Sr coxpausietesi, TOABAAIOTCA U GoJiee BRICOKHE €0 cOJepiRaHus
(mo 600—700 r/7). Bamskas crenens cumxenus cogepsxannit K, Ba, Rb B 1mo-
pojlax calampcKoil DBreoCHHKJIMHAIN OTpe/eAeT HedHATHTe IhHEe BapHamml
sBenmune oTHomernii K/Rb m Ba/Rb. Ha pnarpamme K. C. Komgu (em. pue. 2)
cocTasel nopojt pacmoaaranTesa B obuactu or Rh/Sr = 0,001 xo 0,1, oputnn-
sRagch B HanGojee OCHOBHHIX PAsdHOCTAX K oQHOIATAM TOJEHTOBOTO pAAA,
¢ YMeHBIIEHIEeM MOILHOCTH TPAHHTHO-MeTaMOPYUUYECKOTO ¢I05 KOHTMHEHTAIb-
Hoii Kopsl fo 13—28 kM. Cocrassr Gosee Kuciabix pasHocTeil, XapakTepHHX IIA
Byper-Omgymceroil 300H, [0 cTemeHH CHANNTHOCTH M MOI[HOCTH KOPHL COOT-
BeTCTBYIOT 9YacTH acconuaniii mopoji APeBHETO OCHOBAHUS I ONPECIAIOT C¢
obommit MC-xaparrep.

Taxum o6pazoM, K KoHIY HHKHero kem6pus Bocroumaa Tysa mpegcras-
agna coboil BechMa KOHTPACTHYIO B30HY €O 3penoil mokembpmiickoil Kopoii,
cnaraomeit CanrmieHcknit u Aroiickuil srectrue Gnokn Gailkanmm, u cazaup-
CKYI0 9BTe0CHHKINHAIL ¢ BEICOKUM YPOBHEM AKTHBHOCTH MAHTHHHEIX Iporec-
COB ¥ TENJOBOTO HOTOKA, UTO OHPEJeJNI0 PasBUTHE TJIABHEM o0paszoM B Heil
CHHUHBEPCHONHOT0 paHHeNaleo30fcKoro TPAaHNTOMINOTO MarMAaTH3Ma TaHHY-
OJIBCKOTI'0 KOMIIJIeKca.

ITerporeoxuymueckne ocoGeHHOCTH OAU3KHX K aBTOXTOHHEIM P a H H e-
HNajneos30fcKUX TPAaHATOUL OB 0ATOANTOBOM (opMalHl «IecT-
poro» cocTaBa XapaKTePU3YIOT OCHOBHEIE WePTH NEPBHYHLIX TPANHTOMIHEX
MarM peTHoHA, BIHAHIE HA IX COCTAB MCXONOTO cyOcTpara I poJibh NPOIec-
coB Auddepennuanuyr B NX CTaHOBJACHHM. XMMH3M MeJaHOTPAHUTOMIOB (CM.
puc. 1) comocTaBMM ¢ cocTaBaMil THEHCOTPAaHNTHHX NOKeMOGpuUICKUX TOJINL;
cpPaBHEHHe ¢ IEeTPOXMMIYCCKIMH OcOOEHHOCTAMH IIOPOJ] OCHOBHOTO COCTABA
nokasusaer Heobxoaumocts npuenoca K m Si. OcHosHoe otimyne nx oT puon-
TO-TANUTOR TPOABJAAETCHA B HeJOCHIIIEHHOCTH TMoclemHEX Al, torjga xaw masr
MesanorpannTonnos xapakrepusl m Al' << 0 u Al’ > 0. Ilamusie mo cojep-
samuio Ba, Rb, Sr, Li B panHemaseosofickux pHoamTo-gannTax IparTHIecK
oTcyreTBYIOT; npuseferuse B paborax I'. B. ITunyca [1961a, 6], 9. . Iomo-
aurosa u T. M. ®unocodonoit [1973] Becrma nuskne copepsxapna B Eux Ba n
ST cBHETEALCTBYIOT, BUJNMO, O TOM, UTO STH HOPOJH HE MOTII CIAYKHATE TIAB-
HEIM cyGerparoM s 06pasoBaHNA PAaHHENANE030HCKHX TPAaHHNTOMTHEIX pac-
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niaasos. llo cpasmenmmio ¢ mopomamm mnoagmepudeiickoro — pamHekeM0pHrii-
CKOTO MErakOMILICKCA B MeTaHOTPAHHTOMJAX HAOXI0AAeTCA HOBHIICHIE YpOB-
Hi conep:manmii Ba n Rb, cysxenne narepsanos sapmamun ormomenmii K/Rb,
Ba/Sr u Mg/Li; Rb/Sr — nossimatores, Ho game B jeflKorpannTongax me pu-
XOIIAT 3a TMpeJeNsl, Xapakrtepunie NaA AokemOpmiicKux mopox.

Coctannr NefiKOTPAHNTONIOB CMEIAITCH B CTOPOHY YBeIMUCHIIs comep-
AAHUIT KpemHeseMa u mexoueil m ymennmenns Al, Ca, Mg, caenys nanremie-
putosoMy Tperny; orHomenus K/Na sospacraior mo 0,9—1,3, Kooppumment
armaurtoetd — o 0,7—0,8, Al” > 0. B aeiikorparurax mossmarores cofiep-
manna Rb (30—100 r/r), Li (1,3—14 r/1), Cs (1—1,3 /1), Be (1—3 r/7), Ph
1 cHmKalores cofiepsiannd B, Sr, sennunna orsomenns B/Be. Cogepimanna F
CHTBHO BAPhUPYIOT U OOBIYHO HECKOJLKO BEIIe, 4eM B TPAHATONAAX Gomee
Bhicokoil ocHoBHOCTH. llo Bermumme K/Rb-nngexca nnddepennmanun cremens
anddepeHnupoBaHHOCTH JIelKOTPAHITOMI0B 3AMETHO IIPeBOCXOJIT YPOBeHD
1 MEeJAHOrPAHUTONNOB, U T0KeMOPHIiCKUX MOPOJ, a Hanboee BHCOKUe cojep-
sannst Rb (100 r/1) B ranHyonseknx mefikorpasnTax MoskHO NPUHATH 324 MaK-
CHMAJIBHO JIoCTHTAeMble B mpornecce AnddepeHnuamunm pacniasBos Ha paHHe-
nageo3ofickoM arare,

CrpHste Koppeasnuonnse csasu K, Rb n Ba B rannyonncrmx leiikorpa-
HUTOWIAX OTPA/KAKT 0COOCHHOCTII PACHPEICICHIA DTHX IeMEHTOR B HOpoaax
noremOpuiickoro ocHoBanus. B mopomax aeiikorpanutHoit TPYOIIB OTIETIHBO
MEHACTCH XapaKkTep pAAA KOPPeXANNOHHHIX cpAseil saementos (nas Rb—F,
Na—Be, Mg—Ca, Fe** —Co, Fe** —Ti maGaogaercsa ocsabaeHme cuin CBA3M).

Bamsanme wuexonnoro cyferpata mWa IHerporeoXmMmuecKyMe 0coGeHHOCTI
IPAHNTOMIIOR TAHHYOJIBCKOTO KOMILIEKCA ITPOCIAEHKHBACTCA IIPH CpaBHeHMH
rpanuronjion Tpex apeanos Bocroumofi Tysw: Haaxemckoro, Bypen-Omgyu-
ckoro u Boctouno-Raaxemeroro. ITo muenmio A. H. Jlucramosoit [1982 —
19841, acconmanuu mopox, XapaKTepHse I HTUX apeajios, cIeyer paccMar-
PUBATL KaK BPeMEHHOH PAX panuanbHEX THIOB, PasIHualoNAXCA 0 YCI0BH-
AM (POPMEPOBAHE, NPH 3HATATENLHON POITH NPONECCOB MATMATHUECKOTO 3~
vemenna. [lopogm Haaxemeroit upnpasioMuoil sonm XapakTepusyoTcsa Hau-
MCHBIINME  BAPHALMAME HETPOTEOXUMNUECKNX HapaMmetpos, DByper-Omzym-
CRaA — MarcuManpHBIMU, a Bocroumo-Haaxemckan sammmaer Heroropoe mpo-
MeiRyTouHOe nonokenne (puc. 3, a—d). MenanorpaEuTOUE Beex Tpex apea-
0B OTPAKAIOT HEKOTOPHE o0u{Me TeOXHMUYECKHe OCOGEHHOCTH IepBHYHBIX
pacmiasos: cofepsianua Sr, Co, Mo m Besuuunmr orHomennii K/Rb, Na/Li,
Ba/Sr, Co/Ni, Ba/Rb nossmensr, no cpasmenuo ¢ Kaaprosemu gas Ca-rpa-
uuton [Turecian, Wedenohl, 19611, a Li, Rb, Ba, Pb 1 orxomemmnii Rb/Sr,
K/Ba, Rb/Li, Cu/Mo, Pb/Zn — moummeHsr.

Peoxumuaeckne ocoGeHHOCTN MexaHO- 1 JeifKOrpannTOMIOB Bypen-On-
nymckoro u Bocrouno-Kaaxemcrkoro apeanos moxasamer na rpadmEax coymep-
RAHNI BIEMEHTOB U BeJTWINH UX OTHOIICHUIH, HOPMUPOBAHHKX IO METeOpPHT-
HoMy BemecTBY (puc. 4, a—e) [Ileptaxon, 1976a, 6]. Oaa Rb—Rb/Sr,
Rb—Rb/K, Ba—Ba/Sr xapaktepucrng MeJIaHOTPAHATONI0B HaAMeYaeTcHd TeH-
JleHIus UX yBeqnueHnsA (a gus Ba m pacmmpenne npenenos sapmanun) B By-
per-Onnymckom apeane. B rpynme neiikorpanuronnos cofepsxanus Rb m Ba
n BenuduHsel otHomennit Ba/Sr mw Rb/Sr Gomee Beicorne v Bocrowno-Kaaxem-
CKOM apeaJie.

Boaee cioxusyM siBnsterest pacmpemenenne Li m orHomenns Li/Mg B me-
JaHo- M JIeHKOTPAHHTOMJHKYX Tpynmax mopox. B memamorpanmromnax, m oco-

Puc. 3. CpaBHeHIE HEKOTOPHIX TICTPOXHMIUECKIX I TOOXHMIUCOCHIS napaMeTpos TpaHm-
Tounos KRaaxemckoro, Bypem-Omaymckoro m Bocrowmo-Kaaxemckoro apeanos.
a— Al" — Ky 6 — Kgpp — Si0.; ¢ — Ba — K/Rb; 2 — (Ba -+ 8Sr)/(Li 4+ Rb) — K/Rb; # — Be —

— K/Rb.

1—4 — Bypen-OHayMcEnif  apean: 1 — MeraHOTPAHNTONIB, 2 — KBADIEBBIE  CHCHUT-HMODPUTHL,
3 — NelROTPAHNTONAR, ¢ — JeHKOTPAHHTH 5, 6 — KaaxeMcKmii apeaj: 5 — MeJIAHOT'DAHATOMIIE,
6 — JmedRorpannTonus; 7—9 — BocTouHo-KaaxeMeruii apeaj: 7 — MeJaHOIpPAHNTOUIb, 8§ — Jaeffkorpa-
HHTOMIB, 9 — jefikorpaHnTsl; 10 —12 — HONA COCTABOR nopon, apeanoB: 10 — BYpeH-OHIYMCHOTO,
11 — HaaxeMcKoro, 12 — BOcTOUHO-KAaaxeMcKOro; 13—16 — re0XuMAYECKHe T rpanuronaos [Tay-
cod, 1977, 1984]: 13 — yaerpameramopihnaecrue TpannTei, 14 — DATHHTEHHLIC TBBECTROBO-UILJIOMHOTO

pafa, 15 — TPaHNTOnJbl AHOEBHTOBOTO pPAAA, 16 — MAAPMOLPAHOTEL TOJEHTOBOTO pAfa,

6 Saras Nt 458 81



Rb/Rb(c1)

" Bﬂflaﬂfc.’)
SV 1
00 1

a

A
B
oy
v

b

Q
W

vk Rb- Rb/K(Cﬂ

¥
.2

<
=117

A #
01 «Q\\%/%
Ba/Sr
E"!‘ S ' BﬂfST 1)

700+

70 1

2
10 100 1000
/Mg
1 T T T
o1 7 70 700
Ah/Sre
Ah/ SP(C ﬂ)

Puc. 4. CpaBuemie Tecoxmuriecknx ocofennocteii Bypen-OnayMekoil m Bocrouno-Raaxey-
CKOIT 80H (HA NPMMCpPEe HEKOTOPHX TPYOI IOPOJ)-
s — Rb—RI/K; 6 — Ba—Ba/Sr; & -— Rb—Rb/Sr: 2z — Li—Li/Mg.

1 — TOHAZINTH, £ — KBApIEBBle JNOPHTH; 4 — TPAHOAUOPHTEI, 4 — JABYMOJEBOIINATOREIC neiiro-
Kpartopsle Tpauutel. I, II — apeamst (I — BYI]PH~OI-|I;YMCHMﬁ (n = 65), JII — Bocroudo-KaaxeMmcruil
(= HIN:

COTepRanma A 1eMEHTOB 11 BETITHEL OTHOWEHNIT HOPMIDORAHLI IO YTIIHCTRIM xougpuram (C1); mo eeprn-
KAbHON OCH OTJI0HEHBI TIO10NITHET HHTEPRAJ IO COTePIKAHRNIT DJIeMeHTOB, TI0 TOPNBOHTAJALHON — TI0JIOBIHBL
HATEPRAIOR OTHOINCHUIL (B uncimrene — Gogee uenTpofekubii amement [Iepbakos, 19821).

feHHO B TPAHONMOPHTAX, TOBLIICHHLl UX yposens Habmomaercs & Bocroamo-
Kaaxemckom apease; npu Gosee BeicokoM ornomernnn Li/Mg B gsynonesonmma-
TOBHIX IPAHHTAX W TeiikorpaHmrax cojepskanme Li ocraercs Ha ypoBHe conep-
sraEnii B MexamorpaHETOMAAx. luTepBankl HaMeHeHMA JTHX Beamumd GoJee
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MHPOKNE | cpejinne cofepkanna Li seime B rpanunrax Bocrouno-Kaaxemcko-
ro apeaxa, a ornomenus Li/Mg — B Bypen-Ongymcrom.

Menanorparutonia Byper-Ongymckoro apeaja, HMEIONIETO CJOMKHBIN 1
B 1esoM Gosiee OCHOBHOI COCTAB MCXOMIHBIX TOPOT M IPAHUTOMIHBIX accomma-
1uii, XapaKkTepHaYITCH GoJee BEICOKIMI coftepsraruamu Rb, Sr mworgacrn Ba
(mo cpanmennio ¢ Bocrouno-Kaaxemcrim). Huddepernuanusa srux anementon
13 MCXO[UNKIN MAarM MposiBienHa B HuX cna®o. Kprerasamsamus Maruesnannmsrx
TEMHOTIBETHHIX MIHEPaoB, GoJjiee WHTEHCHBHO HPOSBACHHAS B FPAaHATOMIAX
Bypen-Onnymckoro apeana, we OPHBOIN/IA K HOBBLINCHHUIO cofep;kanmii Li,
B Bocrowno-Kaaxemckom apeane mx pors B Juddepenmmanun ypeaugmneaer-
C#: PE3KO NOBREIIEHHBE cojlep:kanud Li B rpanogmopmrax eMeHsmioTes momm-
FREHIBIMIL B JIBYIO/ICBOIIIATOBEIX TPAHHTAX M JeHKOIpAHNTAX.

Crenens puddepenmuanun Rb mo Rb/K UHIEKCY BO BCeX paccMaTpuBae-
MHX IpyTIIaxX IMOPOT He3HAYUTETHHA; HEKOTOPOE YBEIMICHHe 0THOLICHTIS Rb/K
OTMEYACTCA TONLKO B JIBYNOJCBOMIATOBKX TpanmTax. Pasingmnsa MERIY Hopo-
navu Bypen-OujymMekoro o Boerouno-Kaaxemexoro apeayioB 1Mo CcOepPKaAHUIO
Rb u ornomernuio Rb/K oruerausno YMEHBIIAIOTCA OT TOHAJUTOB K Jelikorpa-
HHTOWZAM NpH obmem pocre cofep:xannii Rb. Bexmumig orHomerns Rb/K
B I'PaHONHOPUTAX M JIBYHOJEBOIINATOBEIX IPAHATAX 000X apeasoB IPaKTI-
TeCKH He PasindaiTcs.

Bee ormeuennzie sakoromepmocTn CBHIETETBCTBYIOT 0 TOM, WTO M3 CIIAJ-
HCCKHX MHHePaJioB BeAyladA PoJab B NHporecce anpdepenumannm pasunx pac-
HIABOB IPUHAIIE;KATA IIATHOKIA3Y, YT0 MOATBEPIRIACTCH CYUIECTBEHHBIMIT If
BO3PACTAIOIMUME B JIeHKOrPAaHNTONAX DPA3NMIAAMH 10 OTHOMIENIAM Ba/Sr
u Rb/Sr. Kpucraxamsamus TeMHOIBETHBIX MHHEPAJIOB, U HPeRAE BCEro O1o-
THTAa, HE BRI3Ba/a CYMECTBEHHOTO ¢jiBUTA oTHOMeHHi Rb/K (mEmeKca gudie-
PeHIHALIN) B CMEHAOIMNX TPy Apyra acconuamuax mopox. Bumgnyo, Menano-
TPAHUTOMIBL 1 JIEIKOTPAHUTONIN B OCHOBHOM 00pasyioTes U3 caMOCTOATeN b-
HBIX PACIIABOB W He CBA3AHHI CJUHBIM IIPONECCOM jnddepenmmanun.

CocraBsl aeitkorparuTHoit TPynnel IOPON XapaKTepPH3YIT He3HAYNTEIb-
HYI0 crenedb Auddepenumanum nepsuamsx TPAHUTOMIHEIX PACILIABOB B CTOPO-
HY TOBBINCHIA KOHUEHTPAIMH CHAINICCKIIX orcudunos [llepGakon, 1982].
VUx maxounenme saBment raaBmum 06pasoM oT crmasmgHOCTH Beeil acCoTMaIuin
B nieaoM. Hoppensnma xmyusva Mexano- m JICHKOTPAHATON0B 10 HeTPOTEH-
HEIM JIEMEHTAM NPOABJIACTCA OTIOTIAUBO W 0 PEIKUM DIEMCHTAM. Jlarepann-
HBIC TEOXHMHYECKIE M3MEHECHMA T'PAHUTOMIOB 06YCIOBACHEL OTAMTHAMIL apea-
J0B 10 CTPYRTYPHO-TEKTOHHYECKHM H BEIICCTBEHHEM 0COGEHHOCTIM PaMbl
[Aucranosa, Mannkosa, 1986].

Heo6xonumo ormerurts, UT0, XOTA TeHICHINH B PacHpefeleHNN pPeIKAX
JTEMEHTOB B PACCMOTPEHHHX IPYNNAX I'PAHUTORIOB TAHHYOJILCKOTO KOMITIeK-
Ca NPOSIBICHE! 0CTATOUHO YeTKO, HAGMIONAIOTCH ¥ 3HAYMTEN | HE® oOuacTi mme-
PEKDPEITHS, 0cOOeHHO B ieiikorpannTomaax. To ske camoe OTHOCUTCA 1 K Jeii-
KOTPaHHTOUIAM PasHHIX KOMILIEKCOB W dopyanmonnRx THIOB. IIpoGaema mx
PasjielieHnsA ABAACTCSA BaKHOM He TOABRO B TEOPeTHYECKOM, HO I B METAIIOTe-
HigeckoM orHomenun. CocraBsl HamGojee mo3mTHmX JeHKOKPATOBHIX Judde-
PEHIHATOB NPHOIKAIOTCA K OBTERTOWIHBIM W 110 HeTPOXHUMUYeCKITM KpHTe-
PUAM HPAKTHYECKU He oTamamMul. Paccmorpenme Marepuasos mo Bocroumoit
Tyse moxrasano, 1o cocras Goxee JIPEBHUX IPAHNTOHAHBLIX KOMILTEKCOB BAPH-
HPYer 3HAYHTeNBHO HIMPe, YeM TPeAmoNaraioch paHee, Hepegko cOIMkasch
C cocTaBoM GoJiee MOIOIBIX obpasoBannit, Itum GsL10 00ycaoBIeHO, HampPIMep,
PacHmpeHnoe npejicTaBienne o6 ofbeMe M MacTabax pacnpocTpaHeHU cpe/i-
HeNare030MCKUX IPpaHHTONI0B [Texemen, 1981; Tenemes, Hucrarosa, 1983;
1 1p. |. Cpennenaeosoitckue TPaHATHL N0 PARY XapaKTepucTuR GIN3KU K Teii-
KOKPATOBEIM M GHOTHT-POrOBOOOMAHKOBEIM TPAaHUTAM IIO3IHeNAIe030iICKO-
T0 — panHeMesosoiickoro arama (I pasa yayr-ranserckoro KoMmnexca). Pasme-
JCHIe TPAHOTOMJIOB Pa3HBIX KOMITIEKCOB MOMKET CAY:KUTE LeJXsM IPOrHO3a,
TOITOMY ciefyer oGparuTh ocoboe BHEMAHIE Ha BRI6OP 1 MByUeHUE MeTPOTeo-
XMMIIECKUX KDPHTEPHEB 110 MX PacYsieHeHHIO.

DopMuposanue CPeTenaneo30icKuY TPAHNTON/IOB CBA3AHO ¢ HATALBHEIM
OePHOIOM TEeKTOHOMATMATHICCKOIL AKTHBH3AINN KOHCOJNMIUPOBABINNXCA B
6* 83



HeroTopsie METPOXAMAYECKHe A FeoXHMHIecKiHe 0coGeHHOCTH IBYNIOTEBOIINATOBRIX W Jeil

TTopoma 8i0, | K.0 | Na,.0 | K. Al K/Na Ba

Tanuyoaveruii

JisymosnesommaTopsie  Tpann-
Tol B TOAAX TAHHYOALCKIX I'pa-
HOTOHI0B 704 | 3,224 3,97 | A7.2 11 0,91 679

JleifKOKpaTOBLIC TPaHNTh {naii-
KH) B IOJSX TAHHYOILCKAX Fpa-
HUTOU0B 7499] 353 | 3,75 | 29.4 | 115 1,19 713

JBYIHOTEBOIIIATOBEE  TPaHH-
TRl CEBEpPHOIL HacTH  apeajia
L peHbeRoTo 11y TOHA 71,75 423 | 3797 | 34,8 | +52 1,00 | 563

JBYHOIeBOIIIATOBbIC TPATITH
ceBepHOIl 1T IenTpanLHoil vacteil
L penseroro ninyTona 72,35 4.2 885 | 352 | 143 1,02 688

Bpenveruil

Jleiikorpammrer 1T dasst Jlep-
AUTCKOTO IIYTOHA 74111 4,00 | 48 33,0 —8 1,34 | 150

Tpasursr apaxonbeKoro Mac-
cupa 72,6 | 4,06 | 427 | 22,0 —8 1,18 | 384

Jleitkorpannte L pemberoro
1Y TOHA 73.47| 4,21 | 4,51 | 49,8 | 130 1,20 101

Yaye-mansercruil

Buoturopme rpannter  Caii-

JIBITRCKOIO MacCHBA 73,0 | 4,47 | 4,63 | 35,8 —43 | 1,03 | 268
Buorirropsie rpanaThl X apJIbir- 71,7 | 445 | 4,06 | 22,2 —T70 112 48(1)

CHOIO Maccusa 340(2)
DbuoTironsie TPaHuTh Tapba- 7240 | 4:36:]¢3;562") 28,5 ™ -23 1,35 73(5)

ratailckoro MaccnBa 456(4)
Jleiikokparossie TpaauThl Tap-

faraTaiicKoro Maccura 770 | 417 | 3,74 | 354 | —17 1,23
Cpeanee 110 rpapguram I dasw | \

Vayr-Tan3eReKOro KOMILIZRCA 1,45 268

Mpumeuanne, SiO,, K.O0, Na,0, F — %; Ba, Sr, Rb, Li — r/1; B croOKaxX— KOIIE

Gaiika pCKIil W caJampeKMil IARIH CTPYRTYD Bocrounoit Tysu. Pesroe ycu-
JeHIe TeKTOHTIeCKOH AKTHBHOCTH HPAREIO K 00pasoBanuio Bypen-Orgymexo-
10 CBOJA U OCIOKHAIMAX ero rpafeHos M CONPOBORAANOCH o0pazopaHUeM
MATMATIMECKIX 0UATOB, PA3MeneEne KOTOPHX KOHTPOIHPOBAIOCH Pas/ioMaMi
I 30HAME COYJIEHEHHH PasHOoBO3PACTHEIX CTPYKTYD. D@dysnBHEIT 1 HHTPY-
3EBHLIT MarMaTusM (ByJIKaHOTEHHBIE IIOPOJB CcaflnBITCKOIT TOMIIM, TPaHOCHe-
HUT-IPAHATHBE MACCHBEL OPeHBCKOIO KOMIUICRCA) HA 3HAUATEIBHEIX TI0MAHAX
3ATPOHYJ YYACTKM DAHHENAT030UCKUX rPAHATON/IOB. IIpuMepoM 9TOTO MO-
et GETH CI0/RHOe cTpoeHme BPeHbCKOro MIYTOHA, MeHTPaIbHad W CEeBEPO-
samajgHas YACTH KOTOPOTO H CeBePHOe OKPYKEHe CAORCHE ABYIOJEBOIINATO-
BEIMH TPAHNTAMH, 10 IHeTporpapumiecKuM I HEKOTOPHIM TeTPOXHMUICCKAM
HPUSHAKAM AHAJOTHYHBIMH [[BYNOJEBOIIATOBEIM TPAHHTAM TAHHYOJIbLCKOIO
KoMIekca. B ceBepo- I 10ro-BOCTOYHOH 3anAIHON YacTAX MacCHBa yCTamoB-
JeHE METKME Tea CyIecTBeHHO KaIMMMTATOBEX I'PAHATOB, CXOJHEIX ¢ JeBOH-
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KokpaToBbix TrpamuToB Bocrounoii Tyssl (ma npamepe OTJAEABHBIX TPYNT IOPOj)

s | Rb | Li F | k/Rb | Rb/sr | Ba/mb | Me/mLi | Bassr s g
KOMNRAERC
361 59 | 10,9 | 0,037 452 0,16 11,6 357 1,88 8
227 61 5,4 0,025 210 0,27 11.8 148 3,15 11
140 76 2,5 412 0,54 7.4 560 4.04 11
151 62 5,6 10,019 516 0,41 11.1 357 4,55 17
Komnaexce
26 149 5,3 | 0,022 335 4,6 1.9 189 3,79 9
43 9 | 15,3 369 2,2 4,0 129 8,93 9
29 127 | 16,9 | 0,094 294 4.4 0,8 46 3,48 15
BOMRACKC
63 207 | 48(7) | 0,070 190 3,3 1,4 144 4,60 8
11(4) | 0,180
71 93 | 28 0,040 393 1,3 2,6 409 3.80 3
20(6)} 127 | 15 0,005 340 8.0 2,0 243 7.0 5—9
486(3) 0,070
80 133 | 23 0,08 274 3,3 2,0 127 3,3 38

CTBO aHaJau30B.

cknME mHTpy3usMn [lepsurckoro m HapaxoxscKoro MaccuBoOB, KOTOpPHIe GBIIN
BHIJIENIEHEl B KadecTBe MeTPOTHNA OpeHbcKoro KoMmmiaekca [Tenemes m gp.,
1976 ].

ITo pagy merporeoXuMnuecKnxX KPUTEPHUEB JIBYIOAEBOMITATOBEE TPAHITHI
Bpessekoro Maccusa M eTo HeIOCPEICTBEHHOTO OKPY/KEHUs HECKOJBLKO OT/II-
YAITCA OT TAHHYOABCKHUX (cM. tabmamny). [lasa HEX xapaxrepHs §ojee BhICO-
kasA cremeHs Jefikorparosoctu (K,;), Gomee Buicokme smagenma Al’, Ba/Sr u
Rb/Sr npu Gonee umsxux comepsramuax Sr u Li. Haubonee 6iuskn o K meii-
KOTPaHUTAM JaeK, IMPelCcTABIAIMNX caMble mo3aane aupdepeHnmaTsl rpann-
TOMAHEIX MarM paHHenajgeo3oiickoro osrama. bumskuil yposens nuddepeniiima-
IHH BceX OHTHX PasHOBHAHOCTEH MOPOJ YCTaHABIMBAeTCA IO OTHOINCHWAM
K/Rb u Ba/Rb. On xapaktepusyercsi 3HaUuTeALHO GONBINEH cTeNeHn0 Gpak-
IUOHUPOBAHHAA IJAATHOK/IA3A IO CPABHEHUIO ¢ KAJHMINIATOM: HU3KAs CTENEHB
noiBwKHOCTH K IpH Rpueraiimsaimn TocaeHETo Beler K coXpaHeHHo B pac-
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naase Bb 1 Ba, a me ® nux paspenenunio. Ilposapiserca otMeuennas pagee Jaa
TefiKOrPAHUTONIOB TAHHYOJNBCKOIO KOMILUIeKcA TeHJeHNHuA TOHHKEHAA CO-
nepskanna Li u nossimenns orHomenna Mg/Li.

O6mue ocobeHHOCTH TIPOLecca AupHepeHnmanun paccMaTPABAEMEIX TPYOI
IBYTONAEBOMIIATOBBIX TPAHUTOB CBUJETEJALCTBYIOT O IPHHALIEKHOCTH HX K
eNMHOII accoUEAIHE TOPOJI TAHHYOJILCKOTO KoMILIeKca. Bapmamuu cocraBos
onpeaendrTcd, KaK OBIJIO TIOKa3aHo BBIIIE, TIaBHBIM 061)3301\‘[ pasianynAMA
cyGeTparTa, a Takike MOTyT GHTH CIef[CTBIEM HeCKOJLKO Heo[HOPOMHOH cTeneHn
anddepennupoagsocta. K 9Toil jKe accomuanun, oYeBHIHO, NPHHAMLICHKAT 1
. 06IOMKH TPAHHTOB B [EBOHCKUX BYJIKAHHYECKHNX OPeKUHAX, KOTOPHIC TOMLe
OTJINYAIOTCA BAPHALMAMA TETPOrCOXIMIYECKAX XaPaKTePHCTHK, He T03BOI0-
MM 3a49acTyI0 TIpAMO COHNOCTABHTHL HX C TOW WM HHOﬁ pﬂ3HOBHI[HOCTBIO
JBYNOJEBOMNATOBLX T JefiKOKPATOBEIX TPaHUTOB.

TakuMm o6pazoM, YCTAHABINBAETCHA, IT0 (PAKIUOHMPOBAHNe DeAKHX 2Ie-
MEHTOB B I'PAHNTAX TAHHYOJLCKOTO KOMINIEKCA PasBHBAeTCH JIOKAILHO, TIpe-
MMYIeCTBeHHO HAa MecTe, Gea amaguTeanHoro ux nepememenna. [Ipm orom pac-
MpocTpaHEeHNe BYTOJCBOINIATOBEIX TPAHATOB HOCHT IMPOKHU ILTom@RHOM
xapakrep. llpmummas Bo BHEMaHHe, 4T0 Koofdmumuentn pacupefenedus Ba
1 Sr Me;RIY pacuaaBoM M KPHCTANIAMHE IIOJeBHIX muaTtos Goapme 1, caegyer
0/KUIATH YMeHBINeHNs WX cofep:kanuit n ornomennit Ba/Rb m Sr/Rb, ocoben-
HO Pe3koro B OPOAYKTAX KPHCTAJLIM3AIME I0c/eJHAX MOPIUil pacinana. Iro
APKO NPOABIAETCA B PE/IKOMETANIBHBIX TPaHATONZAX ArManToBOTO M ILIIOMA-
surosoro tnmos [Taycom, 1984], Ho He ycramaBImBaeTcA B rpaHUTAX JPYTHX
THNOB (B TOM 9Ncje B Iporecce KPHCTAIIN3ANAN TeiKOrPaHHTONI0B PaHHea-
neozofickoro arama rpaEnTomgHoro Marmatuama Bocrousoit Tysm). I'pann-
TOHIH TAHHYOJIBCKOTO KOMIUIEKCA COYeTaloT B cele uepTHl PasHBIX TeOXUMU-
qeckux tnnos (mo JI. B. Taycony, Tosentosoro, aHIe3UTOBOT0, H3BECTKOBO-
MEeI0YHOr0 M yabTpaMeTaMopdoreHHOro).

Xapakrep GpaknHoOAPOBAHEA PeJKIX DIEMEOHTOR B TPaAaHHUTO XX A X
OpeHBCRKOTO KOMUIJ@KCAa CYIECTBEHHO OT/IHYAeTcs OT yCTaHoB-
JIEHHOTO JIJISi [{BYIIOJIEBOIIIATOBEIX TAHHYOILCKUX TpaHETOHA0B. [lepanrckui
n Kapaxoapckuii MaccHBH, TpefcTaBisiione OpeHEbCKA KOMIIEKC B ero Ier-
pOTHIIe, PACTIONOAKEHH B 30He rayOHHHBIX PasgoMoB. ['panocmeHuTsl I dpasm
Jepsurckoro mayrtona (HavaubHHIA aram auddepenmuar BEIecTBa) OTIU-
YAIOTCA OT JABYIOAEBOINIATOBEX TPAHUTOB I'IABHLIM 00pa3oM PesKo IMOHH/KEH-
HEIM comepsxanuem Sr; B aeiikorpanntax 11 dass 1 SKINBHEX (Qeab3HTOBBIX
moppupax pesko moHmwkawTcA conepsramna Ba (1o 40 r/1) m Sr (mo 15 r/1),
yeeamaupaiores — Rb (mo 200 /1), Li (o 20 r/1), F (mo 0,200 % B ormessHEX
npofax), Be (mo 5 r/r). llaunGoaee mHEGOPMATHBHBI JJIA HX XapaKTePHCTHKA
nomkennne orsomenns K/Rb, Mg/Li m Ba/Rb, mosmmenusie — Ba/Sr,
Rb/Sr = 1. Rb maxanausaercs B Hux mo cpasmenmio ¢ K, Ba u Sr, a Li mo
cpasmermio ¢ Mg.

AHasorHYHbl TeHAeHIINH PacTpe/le/eHns PeIKAX 2JIeMeHTOB U B JeUKOTpa-
HuTax BpeHbcKOro mayroHa, Pacmoaralmuxcd B YUaCTKAX COWICHEHHA pas-
HOBOBPACTHHX CTPYKTYD, BOAM3H IayOHHHAX pasnoMoB (cv. Tabammy). B Hux
rakske Goapmyio poas nrpaer F (1o 0,130 % B otpesbHBIX npobax), pacupese-
JeHTe KOTOPOr0 BechMAa HEPABHOMEPHO. JTO BEIPAKAETCHA TAKAKEe M B yBejmde-
HUH nHTepBasios namenennd ornomenuii F/B, F/Li, F/Rb n F/Be u, seposrmo,
CBA3ANO ¢ WACTHYHOI Herasammeil pacmiasa. Beicokas cTeneHsb parnmonm-
posamms Ba u Sr (mo 40 r/T Ba u 15 — Sr) npn moBmmenun cofepsanng Rb
no 200 r/r ® ormexpumx mpobax, Li — mo 50 r/t, Be — mo 8 r/r, cHmmenun
ornomennit K/Rb o 400—180 mpubamkaior aeiikorpannrsl bpeasckoro mac-
cupa K amroii-hropucteiM assckmTaM | ¢assl yayr-raHseKCKOro KOMILIeKca.
Mosamenuse cojepranua K,O, cymyur meaoueil u oromenna K/Na oupene-
JAI0T TPAHOCHCHUTOBHIE M AXACKUTOBHI cocTas IIOPOL.

OrnuunrespEHe ocobennocTn AuddepeHIamn JeiiKorpaHATHEX Paciia-
BOB TOJUEPKHBAIOTCA XapaKTepoM NaMeHEHHA KOPPEJAIMOHHKX CBH3eI:
CHIIBHAH 1010;KATeIbHas cBasbh K—Rb cMensgerces cuiabHOM oTpHIATE]bLHOMH,
yMenpmaercs cuiaa csasuy Mg—Li, yseamumsaiorcs OTpHIATeNbHbIe CBA3N
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Ba—Rb, Rb—Sr, soamukaior nomosxmrensusie Si—F, Na—F, Bb—F, orpu-
nartesibEBe Ba—Sr, Rb—Li cramossarcs CHIBHBEIMO TOJIO/RHTEIbHBIMIH.

HuTpysnn yanyr-TaH3eKCKOTO0 KOMIOIEeKCa B BHIe He-
Gonemmx (o6maao 0,2—5 KM) THOOYHO TPENMHHKX W NMITOKOOGPA3HEIX Tem
pacnonaraiores B CanrmaeHckoM Gaoxe m 00pasyiorT IPePHLIBHCTHIE IENOYKH
BIONb cyOmmpoTHEX pasimoMos. | ¢dasa ux npencrasieHa 6HoTHTORHIME B (10-
THT-POTOBOOOMAHKOBEIMA TPAHITAMI U TPAHOCHeHUTAMH, Peske JeHKorpaHimTa-
MH ¥ QIACKHTAMH, KaK CYI[ECTBeHHO KaJWIITIATOBRMI, TAK M JIBYIOIEBOMIIA-
ToBEME pasHocTAMU. Ilpm Gamakmx K rpamntaM OpeHbcKoro Kommiekca K,
K/Na n (K,0--Na,0) Benynieit reoxnmugeckoii reagennueil upn gopmmpona-
HUW 9TAX MOPOJl ABJAETCA JaiabHeilmee yeenmuenue copep:rauuit F m gropo-
QUIBHBIX PEeKIIX HJIeMEeHTOB I yMeHbmeHIe comep:ramuit Ba m Sr (cMm. tabau-
uy). HaGaogamomunees pasnimuna B XHEMH3ME MERIY OTAETBHBIMA MaCCHBAMII,
NOBHIIEHHLIE cofep:kaHusa Ba, a uHorma m Sr B HEKOTOPHIX Pa3HOCTAX IMOPOI
CBHJIETeIBCTRYIOT O CIA0KHOM Xofie mpomecca nuddepennmammi. Bricoknit ypo-
Bens copepsrannsa Rb u mmskune ormomennsa K/Rb mpubamxaior ux x aurmii-
dropmeTHIM TPaHHTAM, KOTOpPHIE 3asepmainT QOPMEPOBAHIE CHAJUYECKIX
PVIOHOCHHX TpaBNTOMIHEIX acconmanuit |Hosamemro, 1977; Py6 u mp.,
1983 1.

ITo wooddummenram wKoppemsounm (urcupyerca IanbHelimee yMeHEIIC-
mue cmasl csasn K—DBa, monomnrensuas cnases Mg—Li emersercs orpura-
TeABHOI, HO B OCHOBHOM KOPPEJAIMOHHBIE CBASH AHAJOTHYHEL OTMEYeHHBIM
mias JediKorpanutoB Bpenbckoro maccusa.

Jllanpueiimee KoHneaTpupobanne penknx snementos m F (B 10 n Gomee
pas) mpoucxoant B rparntax Il dassr, mis KOTOPHX XapaKkTepHHl BechMa HI3-
Kne cojepaanng Ba m Sr, mommmenme otmomenmid K/Rb, Mg/Li, K/Ba,
Ba/Rb, Na/Li m Nb/Ta. Ilporpeccusnoe maxonaemne F mpw manpasiemmoit
rayOuHHON HBOMIONNN (UIIONIHEIX TOTOKOB B COYETAHNH C MHTEHCHBHBIM IPO-
ApjeHHeM SMaHANWOHHON Juddepenmuanun U JeTasaiiu OIPeIeNiIn Jalb-
HeflIyI0 KHCIOTHO-I[EIOYHYI0 DBOJIOIAI0 TPAHATHON MarMEl ¢ TMaHTeIIePHT-
KOMEHUTOBRIMII OCTATOYHRIMHI (JPARIHAME U GOPMHPOBAHEEM PEIKOMETaIh-
Ho-(hropueToro THIA meno9HHX rpararos [Rocame, 1984; Manukosa, Ilocauc,
1984 ].

Crmenumry mponecca kpucrannmsamun rpanmros 1[I dasm yayr-ran-
3EKCKOTO KOMIIeKcA XAapaKTepuayior 1PeuMYyMecTBeHHO OTPHIATeIbHEEe
KOPPeTANNOHHLE CBA3H PEIKHX HJIEMEHTOB ¢ HeTPOTeHHBIMI, IOABJIEHNE I0-
noxarensinx ceaseir Na—F, Al—F, Si—F # oueHb CHIBHEIX MOJOAATEILHEIX
ceaaeit Rb—Sr, Rh—Li, Ba—Sr, Ba—Rb. Bosxesenme B mpomecc pyjo-
ofpasoBaHus PeKEX MeTALIOR ofecrednmBaeTcs NMX IPeIBAPHUTEJNLHLIM Ha-
KOTIJIEHHEM «PYOMATEPUHCKAMEY CHCTEMAMN, YCHWINBAGTCH TOTOJHUTENbHBIM
IPUBHOCOM JIeTYy4nX, rIaBHEM oOpasom F mo rayOmmaeM pasmoMaMm u «cdo-
KYCUDPOBAHHOCTHLIO» ATHX HPOIECCOB HA OTHOCHTENbHO HEGOJBIIOM YIACTHE B
yCa0BHAX, GAarONPUATCTEYIONAX OBI;REHNI0 MATMEL H OT/EIeHHI0 JIeTYInxX
[Illaxos, 1972].

Takum oGpasoMm, dopMHpOBaHHEe TPAHATHHEX PAcILIaBOB OpPeHLCKOTO
I YJAYr-TaH3eKCKOTO KOMIIEKCOB B 30HAX TIHYOMHHHX PasiioOMOB OIpefesser
nx auddepeHNUANNI0 B ABIGKEHNH W Hambojee MoJHOe (QPaKIIOHHPOBAHME
DIIEMEHTOB.

Maygennme nuEaMUKN M3MeHEeHHS pPAJa METPOTEOXUMHTIECKUX TIApaMeTpoB
B mporecce passutus rpanutonguoro marmatusma OC-zoust Bocrounoit Tysat
NOKAa3eBaeT, 4YTo anKOMCTﬂJIJIIJHHIB nieJTOYHbIe I‘paHHTH npe,ucTaBnHIOT 3a-
BepPIIEHHE eIMHOTO PAJia ero HBOJIONME Ha PaHHe-, cPelHe- i I03THeIAaleo-
B0MCKOM — PaHHEeMe3030icKOM dTanax ¢ o0IUME TeHAeHIHAME DPasBATHA U
HaKOJEHHA B Haubojiee MO3THOX 00pasoBaHHAX CHAAMIECKOX OKCHIIOB.
Bricokas crenmens audepeHIHANHNI BemecTBa B HIX SBIACTCA CIEACTBHEM
MHOTOITATHOTO PA3BUTHA MarMaTH4eCKOH KOJMOHHBL I CO3JAET MOTEHIMAJIBHYIO
00yCHOBIGHHOCTh PelKoMeTanabpHoi MuHepaausamumn. Ot 6ojiee PaHHHX CHH-
HHBEPCHOHHBIX TPAHUTOUIOB K IPAHATOUIAM HTalda TeKTOHOMAarMaTHiecKOH
AKTHBHBAINN YBeJHIHBAETCH INIYOMHA MarMaTHYeCKHX 09aroB, PacTeT BepTH-
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Pue. 5. Coornomenne Rb i Sr B pasamunnix rpanuton/iHex accornuanuax Bocrounoii Tynu
(mmarpamva K. C. Ronan).

1—8& — paHnenasieo3ofickue YPAHHTONILE TLHHYOJLCKOTNO KOMIIIEeKca: | — maarmorpannTel (n = 20),
2 — ToHaANTH (n = 14), 3 — KBapueBble ANOPUTH (1 = 12), 4 — CYVIMECTBeHHO ILIATHOKIA30BEIE IpaHii~
Th (n = 14), 5§ — TpaHOIMOpUTH (n = 30), 6§ — nopdnpoBUAHLEe GHOTHTOBRE TpaHUTH (R = 15), 7 —
IEYIIOJEBOMMNATOREE TPAHNTHI CEREPHOTO OKPYHeRna BpeHbeKoro MaccuBa (n = 16), 8§ — ABYHOJEROmTIA-
TOBBIC TPAHUTEL BPEHBCKOTO MaccHBa (n = 17); 9— 12 — cpefHenajeosoiicine rpasuTounl, Jlepanrcriii
MACCHB: 9 — TOP(HUPOBNIAHBIC POTOBOOOMAHKOBEE IpatHocnennTel 1 haswl (n = 8), 10 — cyOmenounse neii-
KOPPAHNTHI 11 AIACKATOBbIE IPAHATEL 11 (hazbl i1 JKMJIB] MEJIKOIEPHIICTHX  AJACKNTOR 1 PesIb3uToR (n = 11),
11 — anACKUTOBBIe I'PAHUTE Hapaxoibckoro maccusa (n = 9), 12 — ATACKUTOBBIE T'PAUNTE], TPaHIT-
nopdupel, TPAHOCHEHNTH, MUAPOINTOBLIE TPAHNTE BPeHbCKOTO Macenpa (n = 253); 13, 14 — BepXHenmaaeon-
30HCKIe — HIMKHeMe3030McKIe TPAHNTON L YIYT-TAHBEKCKOTO KOMILIeKea: 13 — JefikoKpaToBeie Tpa-
Hutel I dasw (n = 30), 14 — rpanwrsl 1T Gassl vayr-TaHaeKeKOTO KOMIIIeKea (I — armantoswif (n' = 29),
11 — nAOMAsuTOMBIL (n = 54) TumB); 15—25 — THIOW TpaHuTonpor [Tayeow, 1984]: 15 — maa-
THOTPAHATE TOJAENTOBOrO paAga, 16 — vibrpameramoppudeckne, 17 — NAJTUHTeHHBEIE H3BECTHORO-
WEJ09HOT0 pAna, 18 — AHNE3NTOBOrY  paga, 19 — panakusu, 20 — ATHAUTOBBIE DPEAROMETALIb-
HBIC IPAHNTHI, 21 — TPAHWTONAL JATHTOBOIO A, 22 — INHOMA3NTOBBIE DPETKOMETATIBHEE Jefixorpa-
HuTE (PaasHas  dagus), 23 — IIIOMAasNTORLIE  PEIKOMETAJLIbHBE JedKorpannTel  (autnit-Gropucrasn
daunn), 24 — PeNHOMETAIbLHBIE TPAHNUTH WEJ0YHOTO  pafa, 25 — NAJNHIeHHBIE  TPAHUTONILI
MeJ04Hor0  paga; 26 — rpaguronas  J-tnna,  Oro-BoeTrouHad  ABCTPATTWA [Collins ~ et al.,
1982; Chappell, 1984]; 27 — rpasnTa S-Tuna (raM me); 28 — rpanntet A-runa [Collins et al,, 1982].

KaJbHAaf TPOTAAKEenHocTh Auddepennupyomeiica KoaoHRs. Ouarm Marm cue-
HAT-TPAHNT-IET0YHOTPAHATHON (opPMANUN, CYIA TIO TeoJorudecKoil cmrya-
1MW, MOTIJIM BOZHHKATH B Ipeflejax PaHHENPOTEPO30MCKOro WiIH apxefcKoro
dyugamenra [Borarukos m ap., 1986], cay:xusmiero eme B IO37HeM JOKeMO-
pum cyGerparoM Aas GOPMHDOBAHHA PEKOMETANIBHO-TIETMATHTOHOCHOM Tpa~
HOmmopUT-rpaEnTHOIl (opmaruu Canruiena.

Inomonua rpamuTonHOT0 Marmarusma Bocrounoit Tyssl mpesmctasiena
B Koopauuatax Rb—Sr (puc. 5). O6mmit nisa acconuanuii Hopo TaHHY0JIbCK0~

88



r0 KOMILIeKca TPeH] yBeaudenns cofep:xanmii Rb, Sr (m Ba) or niarmorpasn-
TOB 10 TPAHOAUOPHUTOB M MOPQYHPOBHIHHX GHOTHTOBEIX IPAHHTOB TOKA3HIBALT
nepexoy or GazannpTosoro cyberpara K cyGerpary spenoil cHATMYeCKOd KOPHI.
CocTaBsl TPAHOXWOPHTOB ¥ ABYIOJEBONIIATOBHX TPaHNTOB Bpennckoro Mac-
cUBA W Er0 OKPY/KeHMA OTPaKAOT 0COOEHHOCTH CHATWYecKoro cyberpara o
HAuANBULIEL drTanm AndQepeHrHANUE PACTIaBOB (MOBHINEHHEE COIepAaHiA
Ba m Rb, camkenne cojep/ranmi Sr; nocTuraerca BesmumHEa oTHomenus Rb/
Sr = 1). YBeamumpaercs CTeNeHb CHAJIHYHOCTH TPAHUTOHMAHBIX ACCOLMAIMIL
MOC-30HHI.

Rb-Sr Tpenuel JeiikorpanuTos GPeHHCKOTO KOMINIeKca W TpaHHTOB [
(ase  yIyr-TaH3EKCKOTO KOMIUICKCA XAPAKTEPH3YIOT 00aacTh BHICOKOTH(-
(epernuposanusix rpammros (Rb/Sr > 1). Amamormunsie usMeHeHHA COOT-
womenns Rb, Sr (m Ba) xapakrepHB AIA 3aBepmalIuX HTALOB I'PAHATOM]L-
HOTO MaTMaTH3Ma IPYrMX 30H TeKToHOMarmaTudeckoil akrmemsamnu [Cmpnro
u ap., 1984; Ceipuno, Cnupnjponosa, 1986 ].

HemocpeneTBeHHBIM TPOToTEeneM o01Mero TPeHJa accomualiil BECOKO-
nuddepennpoBaHHEIX TPARNTOB ABAAKWTCA cooTHomenus Rb u Sr B rpanntax
I1 dassr yayr-raHseKCKOro KOMIJIEKCA, COOTBETCTBYIONHE ATIAMTOBOMY Pej-
KoMerasuipHOMY Ty, Onn EKCHAPYIOT MaKCHMaJbHBIH YPOBeHH cojiepsRaHni
Rb (mo 270 v/1), nocraraemsri B mponecce muddepermmanun. J[pyras gacrs
rpanutoB 11 ¢ass cooTBETCTBYET MITIOMAZUTOBOMY PeKOMETANILHOMY THNY €
Gosee BHCOKUME cojlepskammavmu Rb u apyrax gropoduabupix 51€MeHTOB, 0T-
pa;kalMIMN JanbHeinee paspuTHe (aonIHO-MATMATHYeCKOIl cHeTeME.

HenpepuisHblil XapakTep pasBuTHs MarMaTHIeCKON KOJOHHEL IOATBEPK/IA~
eTCA OTCYTCTBHEM PasphiBa TMoJieil cocTaBa MeskAy OT/eTbHbIME TPAHATOMIHBIMI
accormuanuaMm B Koopiannatax Rb—Sr m mo gpyrum pefkuM sieMeHTaMm, OT-
pasKAIONUM BeAyIiie HeTporeHHHe mpomecck. B HTHX KOPOBHIX Tporneccax
peasmayerca (GopMHpoBaHHe TPaHUTOWI0B, 00JaJal0MUX IeoXHMHYeCKIMNA
wepTaMH pazHbX THIOB TpanuTos, BhjeaeHnsx JI. B. Tayconom [1977, 1984],
a tarske S-, J- u A-tumon [Collins et al., 1982; Chappell, White, 1974;
Chappell, 1984]. TTo yposmio kornenrpanun Rb rpamuronas Bocrounoit Ty-
B orangaores ot tunos uo JI. B. Taycony Gosee HHSKAMNI 3HAYCHIAMI, UTO0,
BHIEMO, OTpasiaer (eMmIecKu-cHAAuYecKUil Xaparrep peruoHa.

O6pamaioT Ha ceba BHEMAHNE 3HAYATENbHBC, & B HEKOTOPHIX CIyTadAx M
TPAaKTHYECKN IIOJHBEE TEPeKPHITHA MoJell coCTaBOB Pas3HBIX TPAHUTOM/IHEIX
acconnanyii. lloaroMy Heo6xonM0 MCIIONBE30BATE LA BRHICJCHAL Pa3aInIHbIX
KOMIIJIEKCOB JOCTATOYHO TIPEIcTABUTE/bHEIE BEHIOOPKH PHJiA MeTPOXAMHYCCKIX
n reoxummuecknx nupnkatopos (K, Al’, K/Na, Rb—S8r, Rb—K/Rb, Rb—
Ba/Rb, Li—Li/Mg, F, F/Rb, F/B u np.) 1 uxX Koppe/siiHOHALIC CBA3IL.

CpaBHenne oCHOBHBIX TeHTeHIWII JuddepeHnuaum B pasBuTii Ipanm-
ronamoro marmatuama MC-zons Bocrounoit Tyss ¢ ocobennoctsamu @- m C-301
nposeero mo Teoxmmuuecknm napamerpaMm Rb—Rb/K, Rb—Rb/Ba, Li—
Li/Mg, HOpMEPOBAHHEM Tlo MeTeopurHOMY Bemecty (puc. 6, a—e) [Illepba-
xos, 1976a, 6; Manukosa, 1986]. Crenens ux pupdepenmposanHocTH M0 OT-
HOIMEHNIO K cocTaBaM cy0CTPaToB, XapaKTep CMeIeHns TPaHUTOHIHBIX acco-
nmanuii ot cocrasos rpanutos M-zon k C-3oHaM orpaskaior cmenuduRy reoxn-
MHYECKOT0 PA3BHTHA IpanuToujiHoro Marmarusva Bocrounoit Tyssi.

BbIBOJILI

1. TeoxuMmuuecKie ocobeHHOCTH IpaHuTongHOT0 MarmaTuaMa Bocrou-
moit TyBHl OKA3HBAIOT €TO PA3BATHE HA OCHOBE KOPOBHIX cyGcTpaToB pasHOil
crenenn spesoct. Jlas panmenaneo3ofcKHX MelaHOIPDAHHTOHIOB 5TO IJIaB-
HeM ofpasoMm caabo nuddepeHTPOBAHHBE TTOPO/LL OCHOBHOTO COCTABA; I
JeffROTpaEITONI0B GOJNBUIYI0 POJb MIPAIOT TOPOAK MokeMOpmiickoro dyHma-
menTa. Hanboapmas 3aBECAMOCTD COCTABOB OT TeOXHMAYeCKMX XapPaKTepPHCTHR
ApenHeil cuanmyecKoil Kops Habaofgaercsd A TBYIOIEBOINIATOBHX I'PAHUTOR
Bpenbckoro MaccmBa I MX HenocpefcTBeHHOTO oKpy:kenusi. [lnpdepennumanua
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Puec. 6. Ocuopasie Tengenmmm aidepennmaniy BeIecTsa B IIpouecce I'PAHHTOUTHOTO
marvatasMa Bocrounoii Tyswr.
a— Rh(cl) — Rh/K(C”; 6 — Rh(cl) — Rh/Ba(Cl), 8 — Ll(ul) = Ll/Mg(Cl).
1—4 — TPAHUTONAB TAHHYOJILCKOIO KoMmierca (PZ,): 1— ILIArnorpatirel, XBaprcesle TUOPITE, TOHA-
JIITH, 2 — TPAHOOMODPHTH, 4 — ABYIOJCROMIATOBRE TPARNTHI, 4 — JCIiHOKDATOBBIE IPAaHUTH (Haiiku,
MaIme Tena); § — epeadenadieoaoiickne rpannronan (PZ,), ajifcKkaTs 1 TPAHOCHEHHTH Jlepa3nrcroro n
JOT0-BOCTOYHOH waeTn LpeHbBCKOTO MACCHBOB, 6, 7 — OHOTHT-POTOBOOOMAHKOBEIE U OHOTHTOBLIE T'DAHUTHL
VIAVI-TAHIEKCKROTO KouIIiekea (PZ,—MZ,) I n 11 ¢as cooTneTeTBeHHO; § — paHHenajieoszoiickpne BYIHAHI-
YecKHe Hopofibl M TaGipoNn MOMKAIHKCKOTD KOMITIEKeA; § — 12 — HelepemeleHHble win cj1abo mepeme-
mennpe MeTamopiirieckne oopasosanna Cauritena (PR): 9—recxemerasn Toama (PR,), 10 — Myryperast
Tomma (PR,), 11 — Gannkragxemcrasn ceura (PR,), 12 — vapreicckaa cBnra_ (PR.); 13, 14 — IpaHuTO=-
b CRAJNIECKNX 11 eMmuueckux 30H Ypaga n jora CuGupn [Maiukosa, 19861; 15, 16 — THIE IPAHNTOR
no K. K. Typekoany, K. X. Begenomo [1961]: 15 — Masokanuenwe, 16 — Kajmesne; 17—24 — THITH
rpauntos no J, B. Taycony [1977, 1984]: 17 —- miarmorpaHuTsl TOIEHTOBOTO PAJA, 18 -—— TPAHUTOHIEL
AHIE3UTOBOTO PAfa, 19 — TPAHNTOMAKL JATHTOBOTO PpPANA, 20 — armanTosbie PeIKOMeTANIbHBIE, 21 —
najJuHI'eHHBIE M3BECTKOBO-LICJI0UYHBIC, 22 — IJIIOMA3NTOBEe PEeNKOMEeTAJIbIbEe, 25 — NaJuHIeHHple IIe-
JIONHOTO PANA, 24 — PEIKOMETAILIBHER IUEJI0YHOTO PAAA; 25 — yibTpameramopdnueckue, 26 — rpasi-
Tounel J-tuna, I0ro-Boerounas Apcrpamua [Collins et al., 1984; Chappell, 19841, 27 — rpanutsl S-Tuma
(ram :xe); 28 — A-tuna [Collins et al., 1982].

B 9T0il TPyOIe MOPON BHPaiieHA JOKAIBHO, 3aKOHOMEPHOCTH Pacupeferenns
B Heil PeIRUX DIEMCHTOB OIPEAEJANTCS IPENMYMEecTBeHnH0 KPUCTalIn3annei
pacmIaBoB Ha MecTe.

Cpennenaseo3oiickne TpaHuTH OPEHHCKOTO T IO3THENATC030HCKHe —
paHHEeMe3030icKHEe YIYI-TaH3eKCKOT0 KOMILIEKCOB, PACMIOIaraomuecs B 30HaAX
TyGHHEEIX PA3JOMOB W YYACTKAX COWIEHEHHA PA3HOBOZPACTHEIX CTPYKTYD,
NpeicTABAAIOT ACCONMAIMI HOPOX, KPHCTAIIM3ALMA KOTOPHX IPOXOAMIA B
IBHKEHUN B YCJI0BUAX NPHBHOCA JeTydux, AuepeHENupoBanHOd MOJBH/KHO-
CTH W pasfe’eHHsa JIeMeHTOB.

2. IerporeoxmyMudecKas HBOJIOIUSA IPAHATOMIHOI0 MATMATH3MA OIpeJie-
JAfieT Pasjuunsg MOTeHINAJbHOH PYAOHOCHOCTH acCONUAIME TIPAaHHTOUJOB.
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Penxomerannpmaa MumHepanH3aisA CcONPOBOZaeT Hambosee BHICOKOLA(-
(depennupoBanHbe TPAHHTH U ABIAETCH 3aBEPIICHUEM eMHOTO PANA PasdHO-
ATANHOTO rpaHutoobpasoBanud ¢ o6meld TeHAeHOMeH HAKOIJIEHNA HA TO3IHIX
CTANAAX CHAJHIECKHX OKCHQHUIBHBIX HJIEMEHTOB.

3. PaspgereHne rpaHETOHJHEIX KOMIUIEKCOB ¢ Pa3IMuHO# PYAOHOCHOCTHIO
NOCTATAETCA MCIOJTb30BAHHEM HECKOJBKHX NeTPOXUMHIeCKIX W TeoXHMMTe-
cknx uagukatopos (K,;, Al’, K/Na, Rb—Sr, Rb—K/Rb, Rb—Ba/Rb,
Li—Mg/Li; Ba—DBa/Sr, F, F/B n ap.) n KoppersanoHHblX cBaseil Memay sie-
MeHTaMA. AHAJIH3 3aKOHOMEPHOCTEH HM3MEHEHNA MeTPOoTeoXHMMHUYCCKHX Tapa-
MeTpPOB JIaeT BO3MO;KHOCTEH NPHBICYb K (OPMANIOHHOMY H3YICHHIO TPAHHTO-
HIHOTO MarMaTtuaMa ocoOenHocTH Juddepennuannm rpaHATOMIHEIX PACIIABOB.

B. A. 3106nu

HOBEJIEHHE PAJIMOAKTHBHBLIX 3JEMEHTOB
TP ®OPMUPOBAHIIN 30JI0TOIO OPYJIEHEHWA

Boupoc o nmosefgenun pajinoakTHBHLX DIEMEHTOR IPH BOZHUKHOBEHM
30J0THIX DY OPHBIEK K cefe BHUMaHWE yyie B HadaJe TeKYIIero CTOJeTHI
cpasy mocle obHapy:KeHHIA 30JI0TOHOCHLIX KOHIVIOMEPATOR ¢ YPAHOBEIM OpY-
JemeHmeM. JTOT I Apyroe GakThl COBMEINEHNs BLICOKIX KOMICHTPAIIT 30710TA
M ypaHa MO-TIPE;KHEMY O0CTAalOTCA WHTPHTYIOMHMII U HODY/KIA0T K MONCKY
3aKOHOMEPHOCTEll, KoTophie MOTIN OB MPOJNHUTH CBET HA YCJIOBHA (OPMUPOBA-
HOA TMOJTO0GHHIX MecTOpo:KIeHmii. Buecre ¢ TemM 1o Mepe cOBepIIEHCTBOBAHIA
MeToloR 00HApPY/KeHHA PAJHOAKTHBHOCTH M PaJiHOAKTUBHEIX anementor (P3)
BCe Domee PasBUBAIOTCH MeN 00 MCHOTL30BAHMI HX YHHKAJIBHBIX HHIUKATOP-
HBIX CBOMCTB JIJIsl paciin@poBEN TEOJOTHIECKNX MPOMEcCOB, HMOPOAO- H PyIL0-
0o0pazoBaHAA W NPHMEHEHUH HX IPHU NOMCKAX PAasTWIHBIX MeCTOPOKICHMIL
MQJIeBHEIX MCKOTAeMEIX, B TOM THCJAE I 30JI0Ta.

Mecnegoranna mo MayTeHOH PATHOAKTHBHLIX BCHIECTB B 30J0TOHOCHBIX
obmnacrax Poccnn navaanen B 1909—1915 rr. [Opaos, 1915] u, cyaa no muo-
TOYUCJeHHbBIM HyGJIlIKﬂlLHHM, B TOM YHCJI¢ 1 MaTepnajgaM, mpeacTaBIeHHBEIM Ha
eAMIo3uyMe «l'eoXuMisT B JOKAJBHOM MeTA/IOTCHNYeCKOM AHAJIM3e», aTa Te-
Ma He yTParmia aKTyaJibHOCTH U B Hactosmiee spems. He crasa mepen coGoii
3ajlaud [aTh BCECTOPOHHUI 0030p HTOM CJA0KHOT TPOOIeMBl, pPasINdIHbIe
acmeKkThl KoTopoil obcy:rpanmch HeogHoKpatHo [[poce, 1954; Amonmn, 3io-
oun, 1969; Ocrposekuit n ap., 1970; Kpenmener, 1971; Kpenneaes, Iasnos,
1972; Hpenpexee u ap., 1976; Cwrpomarankons n ap., 1976; 3x0omm, 1983;
1 p.], ocTaHOBHMMCA HA PACCMOTPEHHH IVIABHLIX PE3YILTATOBR, TOIYUEHHEIX
HAMH IIPH PaJiMOTeOXTMHTECKOM H3VIeHHH PA3IUYHBIX MECTOPOIKIeHUA B Pi-
e 30JI0TOPY/AHBIX NPOBUHIME cTpaHn: ¥ pane, Ennceiickom kpa:ke, Jlemckon
n CememmruHCKOM paiioHax, Hoasime m xp.

Papnoreoxumugeckie mnccaefoBanns TPOBOMIINCE TIO0 MeTOLNKe, IIpej-
aoskennoit @. A. Kpenneaepsim u1 B. A. Bo6posuy [HKpennenes, 1971]. Cyrts
ee 3aKI0Yajach B ITMPOKOM TPHMeHEHIHN OPH NeTalbHOM pagdoTeoXumii-
YecKoM ompofoBannm H3MepeHnd ofmiell pPagHoaKTHBRHOCTH PYIOBMEI[AIIX
NOPOA M Py, YTO IO3BOJAET IKCIPECCHO B IPOIMECCe TMOJEeBHIX HaOIgeHMIT
oueHuTh o0y Kaprumy pacmnpepenenuss PJ m ¢ yuetoM ee IPOM3BECTIX
orhop paguoreoXmMmuecKHX mpoh mus mabopatopHeix amanauzos. amepemuns
o0meit pafimOAKTUBHOCTH BHIIOJHEHB OOLITHBEIMI IIOJEBBIMU PAZIOMETPAMIT
no obmenpuHATHM MeTogmkaMm (pme. 1, 2). Hoamwectro mamepenmii Bapsupo-
BaJI0 B 3aBHCHMOCTH OT XapaKTepa HuaydaeMoro Oﬁ'hBKTa, HO, KaK mpaBujao,
TIPEBHIIIANI0 Ha Ka;KIOM U3 HHX HECKOJbKO COTeH u Teicad. Mamepenus npo-
BOJMINCH B TOPHHEX BLIPaGOTKaX, B €CTECTBeHHHIX O0HAKeHHAX, a AIA IH0JY-
qeHuA 0000MEeHH0 XapaKTePUCTAKN MECTOPOKACHIHA M PN HeXOCTYIIHOCTI
PYAHBIX TEJ — IO OTBAJNAM TOPHLIX BLIPa0OTOK, BCKPHIBABIINX 30J0TOPY/I-
HEE Tela.
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B xaGopaTopHBIX YCAOBHAX IJIaBHLIM METOZOM ONpe/lesieHIns P9 Gbra
raMMA-CITeKTPOMeTPHUECKHiT ¢ OmpefenenueM ypama (1o pamgmio), Topus u
KaJWA HA YCTAHOBKE € YIYUIIeHHLIMH XaparTepucTURaMu [Go6pos, lodmamn,
1971]. Oupenesnenue komuentpaiit P KoHTPOAHPOBATOCH MHCTPYMEHTATD-
HEIM  HeTPOHHO-aAKTHBATMOHHBIM, PEHTTEHO-CIeKTPATLILIM (YPaH, Topuii),
JFOMMHECTICHTHBIM MOTOIAMH U METO[OM 3aNa3[ALIBAIONNX HEIITPOHOB (ypan),
xumpueckum (Topwii), 1wiaMeHHOH Qoromerpum (vanumit). Ilapamerpunueckie
nanuste 1ab0pPaTOPHLIX OnpefeseHuil NPHBEIEHLl B pAJe nybaukanmii [as-
wmE w ap., 1979]. Hapany ¢ ompejesnenmeyM cojep:iaHmii P9 » spmagnrenbHOM
ofneve BHIOIHEHB AHAINZL KOHUEHTPANUil 1nopofoodpasyonux dIeMeHTos,
a TAaK;Ke PYAHBIX 3JEMEHTOB I 3J1eMeHTOR-TPUMeCceil ¢ NCH0Ib30BAHNEeM aTOMHO-
aGCoPOIIMOHABIX, CIEKTPOXHMIYECKNX U CHERTPAJbHLIX AHATH3OB.

Ml 3y4yaBImmecs 30J0TOPYIbIe NPOABICHNA BechbMa PasHo0dpPasHEl MO CO-
¢Tasy PYIOBMEIAKIINX TOPOA, MHHEPATBLHOMY COCTABY 30JOTBIX Py, 1O
mopdomornn pymHbIX reda. Doapmas vacTh H3YHaBIIMXCSH MECTO POHIEHITIT
(cM. puc. 1) mpuypoueHa K MeTaMop(U30BaAHHBIM B TOIl WAW MHOI CTemeHm
0caouHO-METAMOPPUUECKIIM  TOMIAM Paaiu4ioro Bo3pacTa: KPHCTAJIN-
wecku, QUITHTOBMIHLIM, (QUIANTOBHIHO-TTHHUCTEIM CTAHIAM (CM. pHC. 1,
A— 1.4, 10; B, B, I — 2—9), opOroBUKOBAHHEIM TJIMHMCTRIM II TeCUaHO-
rauHETCTHM ocagkraM (em. puc. 1, [I — 3—5), MeramopusoBaHHEIM 0Ca0MHO-
BYJIKAHOICHHBIM TONIMAM € BYJKaHHTAMH OCHOBHOTO COCTABA (cm. pue. 1,
A — 2, 6, 7). K mOpojlaM rPaHOTOMHOTO PAga: Tabipo-[OPATAM, IMOPHTAM,
TPAHOANOPATAM, TOHAIUTAM, TLIarHorpamutam (cM. puc. 1, A—2, 5, 9, 8;
r—1; 1—1, 2).

Tlo MUHEPATBLHOMY COCTABy GOJLINAA YACTh PACCMOTPEHHBIX O00BHEKTOB
OTHOCHTCH K MECTOPOIACHIAM THIA 30J0TOHOCHMX CyAbQIIHO-KBaPIEBHIX
JKIL 1 TTPOYKIIKOB, MIHEPAIN30BAHHBIX 30H — 30H HPOKILTKOBO-BRpATLICH-
HOit cyanpuaHoil T cyaLOUIHO-KBAPIEBOil MUHePATII3aIi. Cyappuamsie -
Hepaahl IPeCTABICHL NPeUMYIEeCTReHHO APCEHOMHUPHUTOM, TUPHTOM, UHPPO-
oM. Hlomuyerasnueckas MaHepaiunsanua (xaapkonnpnr, chanepur, ramre-
pur, GAeRInie pyjabl, Cyab(ocoan) pacHpocTpaHeHa He3HATHTE]HHO. Ha or-
JeABHLIY MECTOPOKICHIAN TOABJIAITCA ANTHMOHIT I aNTIMOHUT-OPTLEPUT,
caaraonie cobcTeenno cypbmaHste pyast. llparTmdeckn JIA BCeX MECTO-
posieniii, TATOTOIOMNX K YyYacTRAM, IMOJAM PasBUTHi MArMaTHICCKHX MO-
pon (0KOJIOUHTPYBHBHAS 30HA), XaPAKTePHO OPHCYTCTRUE MOBBIIIEHHLIX KOH-
nenTpanmii poandpava, cAzaHEBX OoJbIedl FacThIO C IIEETNTOM, PeRe
BOIbHPAMUTOM.

DopyuposaHne 300TOPY/HON MAHepaIN3aiil Ha PaccMOTPEHHBIX 00BeK-
TaX TPOXOMMIO, KAK IPABIIO, JUIMTEJIBHO, MHOTOCTA/MIHO M, BO3IMOIKHO,
T HeCKOIbKo dramos. Ilpm aToM BbIENAIOTCA TPOIECCH PAHHEr0 METacoMaTH-
yeckoro mpeofpasoBaHmA PYAOBMEMAIOIIAX TOopPoj B Haubojee NPOHMIACMBIX
goHax m GoJee TOBJHIE JIbL, ITPOMKILIKI.

TuaporepManbHO-METACOMATHYECKHE M3MEHeHHs DY/ 0BMEeIAioNinx 10pon
OOBIMHO HAYMHAIOTCS ¢ OoJee AN MeHee OOMIBHON UMIperHanuu cyabQuios
(apcenomuput, HUPUT, THPPOTHH), PACTPOCTPAHAIOMIXCA 1O CAAHIEBATOCTH-
CJIOMCTOCTH, PasHOOOPABHLIM MIKPOTPeNIMHAM, a HPH YCHJICHIH HHTEHCHE-
HOCTH METACOMATHIECKNX Tporeccos — B GOPMIPOBAHNN 30H CePHIIMTH3A-
M, OKBapuepamma ¢ cynndugEoil Mmmepanusanmeii. ITo csoemy cocraBy
o111 OTHOCATCA K (opMaiun Oepe3nToB — JIMCTBeHUTOR, HI3KOTeMIepaTy PHEIX
nponmianToB. Peike BCTPeTarTCH 30HLI GuornTHaan Tuna tadanmier n KBapri-
annOmTonsie MeracoMarntii. Ha Gosee mosgumx cragnax GopMupyoTcs pas-
HOOfpasuple 10 cocTaBRy CyJab(uIHbE, CYTbQUIHO-KBAPIEBHIE, cyanhuiHo-
KBapi-KapGoHaTHHIe, KBaPI-XIOPUTORLE, ¢y IbQHIHO-KBAPI-I0IEBONITATOBLE
(kak mpaBmio, AABLOHTOBEE) T KAPOOHATHBIR KWL M IPORWIKHI C cober-
BEHHBIMI  OKOJO/KIIBHLIMI OPEOJaMH THApoTepMaipHsx uamenenmit. Tlpo-
gBIeHNil PAMOAKRTHBHON (YpaHOBOil WIN TOpui-ypaHOROT) MuHePATHIAINL
HA MIVUEHHBIX OOBEKTAX He OTMEUAT0Ch, 3a MCKIOUEHMeM eHHITHBX (CO-
BCPUICHHO HETHIMYHLIX) CJIYyYaeB.

Jra HeXapaKTepPHOCTH, HETHIHYHOCTH JJIA IM3YYaBIIHXCA 30J0TOPYIHBIX
00BEKTOB COOCTBEHHOI MEHEpaTH3alni ypaHa I TOPUA HOATBEP//IACTCH Mac-
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Puc. 1. Obmas pagnoaRTHBHOCTE OTBATOR 30J0TOPYIHEIX MecToposkacHnil YVpana (A),
Emnnceiicroro kpmka (B), Jlenckoro (B) m CeleMjGRIHCKOTO (I') soaoropynunix paiionos,
Menrpannnoii Komsiser (J1).

1—10 — cM. B TeKcre.

COBBIMH H3MepennsMu o0meil paguoakTUBHOCTH, NPOBEIEHHHMI 1A 0TRAIAX
TOPHEIX BEIPA0OTOK, BCKPHBABIIMX 30;10TOPyRHbe Tena (cM. puc. 1). Ilo mo-
JTYYeHHEIM NaHHEIM, BO BCCX CIYYasix PaJMOaKTHBHLIT (OH OTBANOB HAXOIHTCH
Ha ypOBHE BMEIAIONAX HCM3MEHEeHHHWX WIM CIa00 M3MeHeHHHX mopoi. Bo
BCOX CaydasAx STOT (oH HILKe, YeM Ha Hau(o/ee PagHOAKTHBHEIX IHOPOLAX B
U3Y9aBIIAXCA pailoHaX: HPOCIOAX W TMATKAX BRICOKOYTIEPONUCTHX CIAHIES,
00OrameHHEIX Ha KIapROBOM yposae ypamoM [3mio6um u mp., 1975; 3maobnm,
Ilapxomenko, 1984], mam wMaccuBax CyGIMETOTHHIX KATHEBEIX IPannTOn
[Bm06um, ITomomapesa, 1984], XapaKTepu3yOMAXCA HECKOIBKO TOBLIIEH-
HLIME KoHTeHTpanuaAMa Topus (no 30—40 r/r) n ypana (g0 10 r/1). HMoxy=en-
Hbe JIaHHEE 00 00mell PagHoaKTHBHOCTI 30J0TOPY/IHFIX OTBAIOB OJHOZHATHO
CBHETEIBCTBYIOT O TOM, 4TO BO BCEeX PACCMOTPEHHHIX CIYIasx mpu dopMmpo-
BaHUH 30JI0TBIX PYA He OBLIO CYMECTBEHHOI0 TIPUBHOCA PaJH0AKTHBHEIX
2JIeMEeHTORB.

ITOT BLBOJ MOJKPEILIACTCH TAKsKe N3MEPEHIAMI 06Ieil PAjinoaKTIBHOCT I
HOPOM B PY/{HEIX 30HAX: HH HA OJHOM M3 H3YYABIINXCA MECTOPOKACHIA B HOX
He HabIoganoch aHOMAXLHO MOBHIMICHHEIX 3HATCHMIT pagmoaKTuBHOro (oHa.
Jlunie B oTAENBHBIX CIyTaAX 3adEKCHPOBAHEL JIO/KHHE AHOMAIN B CTaphix
HeIPOBETPHIBAEMBIX TOPHBIX BEHIPA0OTKAX 32 CYCT HAKOIJIGHUS Pajin0aKRTIBHEIX
oMaHanuii. ORA Terso y3maoTcsa o0 HANPABICHHOMY VBOIMICHHIO PAMOAKTHE-
HOCTI OT yCTRA K 320010 TAKMX BHPaGOTOK, a TAK/Ke MO MeageKsaTHOCTH (oma
II Ie0JOTHIECKOM CATYal[Ui, COCTABY M MHHEPAIOro-meTporpaduiecKmM 0co-
OeHHOCTAM TOPHBIX IOPOJ.

HauGomee tunmunsie caywam mamenenms ofmeil pajmoakTHBHOCTE B 30-
JOTOPY/IHLIX 30HAX HOKazaul Ha pue. 2. OHE OfHO3HATYHO CBUCTEILCTBYIOT
0 TOM, 4YTO Ha BCEX HBYYABNINXCA MECTOPORACHUAX HalI0IaeTcdA pesroe
YMeHbIIeHNe PaJHOAaKTHBHOro (oma B 30J0TOPYIHLIX 30HAaX, KOTOPHE B pac-
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70 poBaHms 30J0THIX DY/l HE TPO-
0 HCXOHIO0 CYINECTBEHHOTO
204 4 4] ! npusnoca P3. [losbimennsa pa-
10 JﬂrL oyl muoaktTHeHOTOo (hoHA HA Hepu-
depan pyAHBIX 30H MoryT GHTH
L e U T e e 0o0yCaoBIEHH KaK — BRIHOCOM
i e g #s 20 <o ypama, TOpud, Rajaud M3 30H
MKp /4 oxBapieBanusl B OOKOBHIE IO~
POILH, TAK W YBOJMIeHNeM X KOHIEHTpammii B cyderpaTe mocie MOOIIN3AIIT
W 060COGIeHUA KpeMHEeseMa, He COJePIKANIEr0 PAHOAKTHBHKIX IPHMeceil.
B mepsom cayuae PD posmuel GbiTh HOABIZKHLIMIL B THAPOTEPMAILHO-META-
COMaTHIECKHAX NPOIeccax, B0 BTOPOM — HHePTHHIMI. B npmHIHIE BO3MOMKHO
1 TO, U Ipyroe moselenne '), HeomuHaKoBOe B PA3HLIX TACTAX PYAHBIX 30H.
B mMILREEMX 9acTAX MOCIeTHAX, IJe CKopee MOKHO ObLTo Obl O/KHAATH Ipe-
obmnajlanue mporeccoB MobuAM3anmu KpemHeseMa, P9, BepoATHO, OCTAIOTCH B
A3MEHeHHOM cyGerpare, a B BePXHHX, IO-BHIMMOMY, BHIHOCATCA 32 C4eT MPO-
(eCCOB WHTEHCHBHOTO OKBAapLEeBaHms — oriosennd ksapua. IloxydenHbe
TaHHEBe TI0 W3MePeHHAM 00meH paimoaKTHBHOCTH TOPOM, HECOMHEHHO, CBHIC-
TEABCTBYIOT B TOJAL3Y Tepepacupefencuuss P9 B mpomeccax (opMmpoBaBEuHA
30JI0THIX PYI, HTO MOKET OCYIIeCTBIATHCA OJHIM M3 BLINTeHA3BAHHLIX
c1ocoHoB.

MaccoBrie m3Mepenns KoHienTpammit P9 B pyHoBMEIAONIUX TOPOJax
Pa3ImIHOM CTeHeHH H3MeHeHHOCTH M KIJIAX MOATBeP:/RIaloT IIOTYYeHHYI0 10
nabaofennayM o6mell pagmoakTUBHOCTH KAPTHHY. Tak, mpe:nae Bcero cJae-
JIyeT OTMETHTH, UTO TI0 BCEM MMEIONMMCH B HAlleM paclopsaiRenni MaTepraraM
110 HA3BAHHBIM (cM. puc. 1, 2) i MHOTHM JPYTHM MECTODPORIACHUAM [BnobuH,
Ioromapayk, 1979] comepskanmsa ypaHa m Topusa B 30JTOTOHOCHHIX KBAPIEBAIX
JKIIAX GPe3BHYAINO MaIB — KAk TPABWIO0, Hilyke, IeM HOPOrH 00HAPYHEHNHA
HX TaMMa-CHeKTPOMETPHYECKHM METOIOM, COCTaBJAAKIONE MepBLIe JlecATLIe
rpamva Ha ToEREY [[asmmm u ap., 1979]. Ouennte domopbie KOHIEHTPALMN
ypaHa U TOPUA B HTNX 06PA30BAHUAN YIAIOChH JUIIL ¢ HCHOIL30BAHIEM 6o1e0
BEICOKOYYBCTBUTEIBHEX METOIOB, HATIPEME) HHTPYMEHTATHHOTO HEHTPOHHO-
axtupanmonnoro [3mo6mm, Ilomomapuyk, 1979]. Onn cocraBifAoT B CPEIHEM
He BHIIE MePBHX COTEH MIULIATPAaMMOB Ha ToHHY. [lommkensl KOHIeHTPaIHIL
PO m B MeracoMaTHUECKH OKBApPIOBAHHBEIX HOPOaX — IPOMOPINOHAILHO
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yMGHBH_[eHl{IO B HHX CO]IBp}HaHI-If:I TJIMHO3eMa M COOTBETCTBYIOIEr0 BO3pacTa-
HASA KoJHYecTBa KBapua.

B uzMeHCHHBIX IIOPOIAxX, HEMOCPEICTBEHHO IIPIUIETAINIHX K 30710T0-
KBapPLUEBBIM (BOJIOTO-Cy.TII;(bl‘lIlHO"HBapLIEBHM) JKILTaM, B0HAM OKBapIeBaHm:d
M OTAMUAION(IXCA OT TOCHCIHHX IO M3MepeHmAM o0meil panmoakTHBHOCTII
MOBHIIIEHHEM (OHOM, B HOAABIAIONEM GOJBUINHCTBE CAYYACH ONPEIeNsI0TCs
HanGoxee BeIcOKMe KoHmentparmun PO m mpeste Bcero — wramua. Haxome-
HEe TocjeqHero 00yCa0BIeHO, Kak MPaBWiIo, TPONECCAMH CepUIHTH3AIINH
PYLOBMEmAIONNY TOPO/. ’Hanm"r 00BIMHO ILPAMO BHCOKO3HATHMO ROPPeIu-
pyercs ¢ IUIHHO3eMOM H 00PATHO — C KDeMHe3eMOM I HartpueM (puc. 3). Co-
fepskamne ypaHa W TOPHA B LOZOOHEIX 00pPa3soBaHmAX HAXOJMTCH WIH HA
ypOBHE MAJTOM3MEHEHHHX IOPOX, WM BO3PACTACT NMAPALICABHO C POCTOM
Kaqus i IPYTHX IPAMO KOPPeIMPYIONMXCH ¢ HIM D/IeMEHTOB: ATIOMIAHASA, TH-
raEa, MNPKOHIA, XpOMa, BaHajiA, 010Ba, pegknx 3emexnh 1 ap. CremeHb
KOHIEHTPAI(HI ypana, TOPHA 1 BCeX MePeTHCICHHBIX IPAMO KOPPeJInpyOIux-
¢f ¢ HIMU DJAEMEHTOB IPAMEPHO OJHHAKOBA: HEe TPEeBLIIacT 0OLIYHO 2—3 pas
B cpasmeHnn ¢ doHoM. FomraecTso Kamus mo abCOMOTHON BeAUdHe 0GLIYHO
me upesocxogur 6—8 %, ypama — 10 u Topua — 22—30 r/1.

Ha rtex MecroposkaeHMAX, TJAe B PYIHHIX 30HAX BeIyNIUM IIPOIECCOM
rHAPOTEPMATHHO-METACOMATITeCKIX  M3MCHEHMIT  SBJIAOTCA  ATBOMTH3ATIA,
a raryke cysapQummsanus (aPCCHONUPHUTHSANNA, THPHTA3ANNA, THPPOTHHA-
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Puc. 3. Pacupenenennme U, Th, Au, As, Sn, Cr, Vo HEKOTOPLIX I0PO7000-
PAsYIOLIEX OKMCIOB B 3aBHCHMOCTH OT KOHICHT pANUN KaansA (IIHTeHCHBHOCTI
CePHIATH3ANNE) B PYI0BMEIIADIINX MOPOJaX (KPHCTA/INYeCKAX CJAaHIax)
B HOHTAKTE C 30J0TO-KBAPIEBHIMA KEJIAMH, JUH3AMHE, [IPOKHIKAMI HAa
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ganma) 6e3 CyMEecTBEHHOr0 OKBaPIEBAHUs, COfeP/RAHNA ypaHa i TopHA 00BIT-
HO COXDAHAIOTCS HA YPOBHE BMEIIAIONMX MATOU3MEHEHHBIX TOPOA. Ilpm arom
CceflyeT OTMeTHTb, 4TO TPAKTHIECKH BO BCEX 30J10TOPYAHLIX TPOBUHIHAX
XapaKTepHO yMeHDLIIEHMTe MHTeHCHBHOCTI METACOMATHIECKIX npeobpasopaHuil
Py/lOBMeMAIOWAX TOPOJL 110 Mepe y/AaIeHis MECTOPOKIEHUIT 0T YIACTKOB Pas-
BUTHA MATMATIMECKOMN jiefTenbHOCTH. B COOTBETCTBHIL € OTHM 0OBIYHO YMEHD-
maeTcs W CTeNeHb TepepacnpefencHus PajlOaKTABHBIX 3JCMEHTOB [3no6un,
1983]. Tak, Ha MeCTOPOAIEHHUAX, TPUYPOYEHHBIX K c1abo meraMopduzoBaH-
HEIM TOPOJAM B aMAarMATHYHBIX PafoHaX WM HAa BHATMTENLHOM YAA/ICHIM
(10 HeCKOJBEMX JeCATKOB KII0METPOB) OT TPOABIEHHI MarMaTHdecKol mes-
TerbHOCTH (00BIYHO DTO 30J0TO-CYPBMAHLIC 1 30J0TOPYAHBIC MECTOPOKICHH A
NPO;KAIKOBO-BKPANIEHHOTO THIIA ¢ HWHTCHCHBHLIM DasBUTHEAM cyanuHOIT
APCEHONN PUT-IIHPUTOBOM MUHepAJIH3aNn), Kak NpaBnio, He (UKCUPYIOTCA
HOBBIMICHHBE KOHIEHTPAIMN HI OJHOTO U3 TPeX PANNOAKTHBHHX DIEMEHTOB.
TlpuMepoM TAKHX MECTOPOKIeHMl ABIATCH, MO-BIIMMOMY, MECTOPORICHNE
Jlayrmaray B 3amaguom ¥ sdexucrane, rie, Kaxk ormeuaer @. [l. Hpennenen
¢ coasropamu [1976], pyambie 30HbL HE BLIDATREHLL B pPajnoreoXaMuIecKOM
done HI TO OJHOMY M3 eCTeCTBeHHBIX PJ. Ilpuvepni MOZOOHBIX PYAHLIX 30H
sMeroTesi Takse na Emmceiickom kpsike, Jlemckou paiioHe W MHOIPMX IpPY-
THUX permoHax.

B oramame or PD, cTemenbh KOHIEHTPalUil KOTOPHIX PEKO HPERHINACT
93, KOHLEHTPUPOBAHUE 30710TA B M3MEHEHHHIX PY/IOBMEINAIONIIX TOPOAAX "
pyaax muoro Gombime (B cpaBHeHnH € GoHOM — B THICAUN — JICCATKIL THICAT
pas). Ilpu 2TOoM 0HO KOPPeNMPYETCHA B OCHOBHOAM C MBIIIBAKOM, cepedpoM |
cyappmIHoil cepoil m He 0OHAPY/RUBACT 3HAUMMBIX cpszeit uu ¢ ogHuM us P9I.
Tagme COOTHOMEHNS JOCTATOMHO OYEBUIHH W BRITERAIOT HEe TOJILRO 13 pacuer-
HEIX JIAHHBIX, HO W W3 HemoCpejCcTBeHHBIX HaOTIOeHMIT, TIOKA3BIBAIOIMY, 9TO
B manboree 0GOTANEHHBIX 30/I0TOM KBAapUEBHIX I cyILGUIHO-KBAPIEBLIX FKH-
aax u mposkuarax PO copep:karcs B MHHHMATLHBIX RroJrgecTsax. B mamenen-
HBIX 30JI0TOHOCHBIX PYIOBMeNIAIONAX NOPOAax P9, ¢ ojiHOI CTOPOHEL, W 30JI0-
10, cepefpo—c JAPYroil, ceA3aHb, Kak HpaBilo, € PASHBIMH KOMIOHEHTAMH:
ePBbIe ¢ TAMHO3EMOM , DIEMEHTAMA-T UAPONM3ATAMIL, BTOPHIC — ¢ cyabhugaMm.
3HaunTeNBHO pedke B HETOCPENCTBeHHOM Gamaocti OT MAJIOCYIAbQUIHEIX 30-
TOTOHOCHHIX KBAPIEBHIX jKWI Ha0A0al0TCA HAa HEKOTOPHIX MECTOPORICHIAX,
nanpumep CoBerckoM, JIBIOPajo (Euncefickuit wpsix), HRymak (¥Dwnprit
Vpai), cepamuToBhie, MyCKOBUT-GHOTHTOBLIE 1 OMOTHTOBLIE MIKPOTIPOH LKL
¢ CaMOPOIHKIM 3070TOM Oe3 CKOALKO-HNOYAL CYHNECTREHHOT0 Y9acTHA CYIb-
duanoii Munepaxmzamun. OXHAKO B TEJ0M Ha cOOCTBEHHO 30JI0TOPYIHLIX
MECTOPOSRIICHIAX HTH COOTHONIEHNA HE ABJIAIOTCA onpeessoNnuMI B pac-
DPC'[IB.TICHI-‘HI 3010Ta.

Taxum 06pasoM, XOTA TOJNYICHHBIE HAMI JIAHHBIE CBUJETCABCTBYIOT O
tox, wro B Tporecce OPMUPOBAMUA B0JOTHIX PYA He IPOMCNOILMT CyIecT-
BEHHOTO HpHBHOGH panuoam*nuﬁmx HJeMeHTOB U 30J10TO HEe Of)pﬂSyET ¢ HIMH
SHAUMMBYX KOPPeJAAIIOHHKYX CBA3ei, TeM He MeHee panoTeoXIMUIeCKIHe
HCCTeNOBAHMA MOTYT CHOCOGCTBOBATH BHISBIEHHIO KAR MEPCHERTHBHBIX T10~
mageit A o0HAPYIKEHUS 3070TOPYAHBIX 00bEKTOB, TAK I PYAHBIX 30H B
npefesaX PYAHBLIX Toje. JTO CTAHOBHTCH BOSMOKRHBIM made sa cUeT Tex
CPaBHUTEILHO HE3NaYNTeTbHBIX nasemennit KormerTpanuii PO, RoTopeie onm-
camn suime. Hanonee o(QeRTHBHEL TPH HTOM METOJH [aMMa-CIEKTPOMETPIN,
1103BOIAIONITe PUKCHPOBATE € BBICOKOIl TOUHOCTLIO M3MEHCHIA ROHTEHTPA il
Beex PO u, 9To 0coOCHHO BawHO, KaJIA. Tak, cpasHeH#e 3HAYNTEIBHOTO KO-
AUMUeCTBA WAMEHCHHBIX PYAOBMEMIAIOMAX 10PO H3 mecropoaieanit Ennceii-
ckroro kpazka n Jlenckoro 30J10TOPYAHOIO paiioHa ¢ MX HEM3MCHEHHBIMIL aHA-
JoTaMm 3a Tpegesavu PYAHBIX ToJeil [3m06uu, Buomrosa, 1977] mokaswi-
BaeT, 4TO TIePBHE OTIMIAIOTCA OT BTOPHIX MPEsle BCero PE3KO BO3PACTAIMINM
TPOIEHTOM TPOS ¢ HOBHINIEHHKMI KOHIEHTPAIIIAMH HMEHHO KaIms.

Eca MCXOXUTH W3 TOTO, UTO MHTEHCHBHOCTH PAAMOTEOXHMITICCRUX AHO-
MaJI HEmoCpeiCTBeHHO OTpPEIeTAeTcs WHTEHCHBHOCTRHIO HPOTICCCOR, yuacT-
Bylonux B (OPMEPOBAHWI 30I0THIX PYyA, TO Xapawiep pacnpenesnenus P
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MOZKeT OBITH HCHO0JbL30BAH He TOJBKO JIJf AUCTAHIHOHHOTO BHIABICHUS MOCTO-
HOJ0KeHNA PYAHBIX HoJeil, PYAHBIX 30H, HO M JIIA OHEHKH BO3BMOKHBIX 1ep-
CHEKTHB TAKMX 30H M 0COOEHHO Ha KoHTpacrHue Gorateie pyas. Onmako Hau-
Gonee npdexkTHBHO MCHOMB30BaHUWE PAIHOTEOXMMUUCCKUX WCCIe0BaHMTI npu
raMMa-KapoTayke IOMCKOBHIX M PasBeloYHBIX CKBAMKHH, MPH KOTOPBIX MOTYT
ObITh 3aUKCHPOBAHBI MUHEMYMBL PA{IOAKTHBHOCTH, IPHXOAANICCA HA [EHT-
PAJIbHLIe YACTH MOTEHIUANBLHO 30JOTOHOCHBIX 30H M MAKCHUMYMBl — Ha MHX
uepadepun. ITH JTOKATbHbIE TOBLINCHAA GOHA PAIHOAKTHBHOCTI MOTYT GHIThH
OTIOTHATEIBHLIM OTANIHeM HHU3KOPAJMOAKTHBHEIX PYAHLIX 30H 0T HepyLo-
HOCHBIX TIDOCJIOEB M3BECTHAKOB, 3(pdysmsBo muam cmwnios 0azalbTOUIHOTO
cOCTaBa M, 9TO OCODEHHO BA/KHO, OT KBAPIMTO-NeCYAHNKOB, HEPEIKO TPYAHO
OTIMYUMBIX B  OCAJ0UHO-METAMOP(HYECKHAX TOJIAX OT METACOMATHICCKIX
KBApPIHTOB. ;

B cpasm ¢ paccMOTpeHHEIME MaTepHazaMu To ToBeIeHuio PD BoaHnEacT
eCTECTBEHHBI BONPOC 0 BO3MOKHOCTAX W NPHYNHAX COBMEIICHHUA WX MOBHI-
HeHHLIX KOHIEHTPAUMA ¢ 30J0TOPYNHOI MUHEepajm3amueil Ha OTIE]bHBIX
ofbexrax. T'eoxmMuIecKue NpeAmOCHIIKE A DTOrO PACCMOTPEHH B DAL pa-
bor [Amomnn, 3a06uu, 1969; Kpengenes, Iasmos, 1972]. B crere TEOPeTIH-
UeCKMX MaHHBIX U H3JO0/KEHHBIX MarepuasnoB, CBHIETENLCTRYOMUX 0 Iepe-
pacupejenennn P9, B dacTHOCTH ypaHa B npONECCAX THAPOTEPMATBHO-META-
COMATUYCCKUN MBMEHEHUA Py/0BMEITaloMuX H0Pojl, BO3HUKAKT BIOIHE Peasn-
HEI® TPeIIOCBUIKM TOTO, 4TO U3 BLICOKOPATHOAKTUBHLIX PAasHOCTEH Tocae-
HUX, HATPAMED BBHICOKOYI/ICPOIMCTRIX CJIAHIEB ¢ IOBBINCHHLIMA KOHIEHTPA-
HHAMK yPaHa, OH MOKeT ObiTh MOGHINBOBAH U IPH GIATONPUATHHIX YCIOBMSX
COB[IaTh TIOBLINICHHBIe KOHIEHTPAINI COBMECTHO ¢ 30J0ToM. ONTHMAIBHEIC
YCIOBHA JUUISL TAKOPO COBMECTHOIO OTIOKEHHA BOZHNKAIOT, NO-BHINMOMY,
B TIOJAX YCTOUTHBOCTH MAPHATA i OPraHuyeckoro semectna (rpadura). Mmenno
TaKag CHTyanuA HamboJjee XapakTepHa JiIsi 30J10TO-YPAHOBEIX CyYIbPUI0HOC-
HBIX KOHIJIOMEePATOB, COJep/RamuX TyXOauT (ypaHcojep:kamme Meramopdi-
3oBaHHble Ourymul). BaaronpusTHocTh Takoil accommammm s HAKOILTEHMs
307I0Ta I ypPaHA BRITEKAGT TARKKE M3 TeOXHMUYECKHUX MPeAIochI0K [AHoumny,
3ao6un, 1969].

lIpocrpancTienHoe coBMemeHme MOBHINEHHEX KOHIEHTpAIil ypama 1
30J10Ta MOKET OLITH TaK:kKe 00YCAOBICHO OXHOTHIHBIM MOBEJCHIEM 3THX HILC-
MEHTOB HA HO3JHUX JTamax PasBUTHA MarMarTHueCKUX CHCTeM, KOIJa BO3HII-
KaloT B TOMOXPOMHBIX PAAAX JeiKOKPATOBEIE PA3HOCTH TIOPOJN KAK PEe3K0
O0eJHeHHEIE YPAHOM, TOPHEM H 30JOTOM (ATLTHTHI, TErMATHTH), TAK W 3HAYH-
TelabHO oboramennnie umu |3aodmn, [lomomapena, 1982: [Monomapesa, 3io-
Oun, 1983]. B nepsom caywae mpomcxognr, mo-BUAUMOMY, o0oramenne
KPUCTATIHBYOMIXCH Pacmaasos (QIIONIAME, 4TO NPHUBOANT K ABICHIAM HX
«puioninoil TPOMEIBKMY M BKCTPAKIMM PYIHEIX KOMIOHEHTOB, BRIKYAS vpau
H 30JI0T0, & BO BTOPOM — OTJIO/KeHHE HKCTPATHPOBAHHBIX KOMIIOHCHTOR KAk
Ha MNO3JHHUX CTaJAMAX Mal‘.\[aTI‘l"{BCKOﬁ, TaK H HOCTI\I&TMHTII“IECEO.{I nesareb-
HOCTH B Ipefenax Marmarumyeckoil cueremul. Bo Bropom cayuae sosmuraior
HeKOTOPble PA3HOBHAHOCTH AILIATOB, MErMATHTOB ¢ NMOBBIMEHHEIME KOHICHT-
pauusivu PO, cogep:xaune MMIperHaimio 30J0TOHOCHOTO apceHOTMpNTa, 30-
JIOTOHOCHBIC APCeHONMHPUT-KBAPTIEBBIE NPOKWIKN. BechMa mmporo mopolfHEe
00pasoBaHNA PacHpPOCTPAHEHL B HEKOTOPHIX PYHBIX TOJIAX [entpaxenoii Ko-
asivbl. Hu3kopaguoakTusHbe amimTel, merMaTHTh YPe3BRIYANHO XapPaKTepPHLI
naa 3anajHoro Y abekncrawa, Eunceiickoro kpaxa, Jleneroro zomoronocHoro
pailoHa, rje OHM BCTPEYAIOTCHA B COCTABE MHOTHX MAPMATHIECKHX KOMILICKCOR
[3mo6um, IMonomapera, 1982: [Tormomapena, 3mo6ma, 1983].

B oramame ot paccMOTpPeHHIX BHIIIE ABYX THTIOR OPUPOJHKIX TPOIECCos,
KOTOphie MOTIH OBl CMOCOOCTBOBATL COBMENIEHMIO YPAHA M 3070Ta B TeHe-
THIECKN CIIMHOM THJPOTePMATBHO-METACOMATHYECKOM TIPOIECCE, BO3MOYKHO,
eCTECTBEHHO, W IPOCTPAHCTBEHHOE COBMEIIEHHE PAa3zsHOBO3PACTHON 3010TOMH 1t
VPaHOBOH MUHEPATH3aIuu, WMEIMNX PAasTWIHb rexeanc. [lonoGmeie THIE
cosMmenenna onncansl y:ke faswo [Jlmennpina, Paymonnc, 1968]. Haubomee
UIHPOKO OHM, BHJIMMO, PACHPOCTPAHEHH B TeX 30J0TOPY/AHLX IPOBHHIEAX,
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KOTOPHE XapaKRTepu3yoTcs CHORHOM MHOTOITATHOI MarMaTmiecKoi IesaTe b=
HOCTBIO, COTIPOBOIKAAIOMENACH PAZHBIMHA THIIAMEI Py B ceaam ¢ TeM, 9To pop-
MHPOBAHAE PABHOBO3PACTHHIX nposABIeHHUil THAPOTEPMANLHON JIeATeIBHOCTH
MOFKeT TIPOABTATHCA B OJIHAX H TeX jKe¢ CTPYKTYPAx, ocoGeHno B 30HAX I0JT0-
JREBYIMX PA3/IOMOB, PAANOIeOXAMHMECKHC AHHLIC MOTYT OBITH TAKIKE WCIOJb-
30BaHLl IS TIOHCKOB 30T0TOCO OPY/IeHeHU.

Hakomer, Iif Iejeil JOKaJABHOIO IPOrHO3A HeCOMHEHHBIT WHTepec Mo-
IyT UPENCTABIATH 30HbL IPOCTPAHCTBEHHOTO COBMEIIeHNsI DHIOTCHHOM — 30-
TOTOPYAHOR MUHEPAIH3ATIHI I runeprentoit — ypamosoii. BaaroupuaTcTBo-
BaTh TOMOOHOMY COBMEIEHHIO MOTYT PYJAOHOCHBIE 30HHI TOBLINIEHHOH TPeIit-
HOBATOCTH, TPOIECCHl OKHCHCHUS CYNbPUINAIPOBAHHLIX PyIOBMEINAIONHX
Topojl, 3HAYMTENbHOe pasBHTHE B 30.J0TOPY/HEX paifonax IPOIECCOB KOPO-
o0pasoBaml. PajitoaKTHBHLIEC AHOMAJLIIT nogo6HOTO THIA MOTYT OBITH MCIOTL=
30BaNHl JUIA BLIAABIEHUA PYAOHOCHBIX 30H.

OnqpnM B3 HanGosjee MHTEPECHBIX W BAKIBIX MPHMEPOD NPOCTPAHCTREH-
HOTO COBMENEHHUA B0JOTOH M YPAHOBOH MHHEPANH3ALHN [HO-TIpe;KHeMY 0C-
rAI0TCH METAJIOHOCHBE KOHTJIOMeDATHL BUTBATEPCPAHJICKOLQ TIMIA. OcoGen-
HOCTH HTOTO OPYAGHEHUS PACCMATPUBATNCEH HCOTHORPATHO ¢ Goabuioii je-
razsmocTpio [Schidlovski, 1970]. Homxydennsie INaHHELE, HEeCOMUEHHO, CBI-
[eTEIBCTRYIOT O HOJHIeHHOCTH KaK 3010TOPY/IHOIT, TAK M YPAHOBOH MWHepa-
MBAIAT B METAJLTOHOCHH X KOHTJIOMEPATaX, CBA3AMNHEIX KaK ¢ 0CaToTHO-Ce-
MEHTAIIIOHHBIMI, TAK 1 oJee MO3HAMH THAPOTE PMATHHO-METACOMATHIECKIMIT
(BePOATHO, Me'ramop:boreﬂﬂo—runpm‘epmansﬁmm{) nporeccamu. [Tpumeps 1mo-
MOGHOTO COBMEIEHNA MO-TIPEAHeMY HABIAIOTCH VHUKAJXLHBIME W BO MHOTOM
3aTaJl0THLIMH.

lTak, paccMOTpPeHHbE HAMHU MaTepHaJbl Mo HOBEeHHI0 PATHOAKTHBHLIX
GMEHTOB HA COBCTBENHO BOJOTOPYHEIX MECTOPORICHIAX 3MAYHTEJBHO OTJIH-
qa10TCS OT TeX, UTO MOJIydIeHbl HPH HCCIe0BanHH GIM3MOBEPXHOCTHHIX 30J0TO=
copedpsHbIX MECTOPORIEHMI, Jsl KOTOPHIX Xapawtepern (AaHTATOHMAM» B
pacIpeielieHHT ypaHa, TOPUA, KA [Ocrposexuit, 1973]. B paccmorpen-
HEIX HaM# TpPUMEpPax KaKOro-mubo (aHTaroHmaMar MEULy HUMH He oTMedaeT-
¢s1, HaobopoT, BCE TPH P9, xkak npasumno, 06pasyoT MEAKLY cofoil yeTOHYMBEIC
BECOKO3HATMMBIE TMOJOKATEIBHBE KOPPEIATMOHHLIE cnsan. 1lo-BOIMMOMY,
pasanuiA B HOBeIeHNi PD Ha cOGCTBEHHO 30J0TOPYAHBIX 1 GJM3IOBEPXHOCT-
HEIX 3070TOCepeOpAHEIX MEeCTOPOFRIEHHAX 06YCAOBICHEL PAZHBIMI  OKHCIIL-
TeIHHO-BOCCTAHOBMTENBHEIMI 0GCTAHOBKAMIT M COCTABOA pactsopos, Qopyu-
pyiomux Te 1 Apyruae pPyAab.

B sagmiiogenne HeoOXOAUMO eie pas MOAUePRIyTH CAORHOCTH TPOOIEME
nopejenns PO mpu dopMApoBannK 30TOTHIX pya. Tlo-mpeskHeMy HepeleHHbIMIT
0CTa0TCA BOIPOCH 00 HCTOYHMKAX METasllos, 3AKOHOMEPHOCTHX X MUT AT
1t ornoskenns. Ocobsiii mETepec MPH PacCMOTPEHHM 30J0TOPYEHBIX M YPAHO-
BEIX MECTODO/IeHHil MPefcTan/ifAeT OXHOTUIHOCTE xapakTepa THIPOTepPMATh-
HO-METACOMATHYECKHAX IIPOTECCOB, COMPOBOAIAIOMIIX opy/JeHeHue TOTO 1 APY-
rOTO THIA, CBABH ¢ OJHOTHITHBIMEA CHAPOTEPMATHHO-METACOMATHIECKIMI dop-
MALTAMII, HAmpOMep, GepesuToB-INCTBEHATOB, HH3KOTEMIepaTypHBIX MPO-
amniton. Tlomydennbie HAMI JIAHHGE CBHJIETeLCTBYIOT Tpes;KIe BCero B MOIDh-
3y CcBA3eil 9HJOTEHHHIX B0TOTAIX U YPAHOBHX DY C PasIuTHEIMIL HCTOTHIKA
MIT, ¢ PA3HEIMI MarMardaecKmMu rommiaexcaMu u GopMarEAMIL.
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A. B. Hokunn

TFEOXUMWYECKHE KPUTEPHH UCTOYHHROB BEI]IEC'I‘BA
I YCJIIOBHN OBPA30BAHUA HEKOTOPBIX
30JJO0TOPY/THBIX MECTOPOMJIEHNN

Oro-BOCTOTHON AKYTHH

Mayqanncs 3070TOPY/HBE MECTOPOKICHHS MAA0CYIbQUIHON 30.10-
TokBapuesoir Gopmamuu [[lerposckas u ap., 1976] MblmbaKOBOrO U BHCMY-
TOBOI'0 TEOXHMHYECKHX THIOB, JIOKAJN30BAHHEIE B TeDPPHTeHHOM BeDXOfH-
CHOM KOMIUIEKCe H pacloJaralpiuecad B Ipefgegax MBITLAKOBON TeoXHUMNA-
weckoii nposunmnn l0ro-Bocrounoit Axyrum [Rorum, 1984a, 6, 1985].

TEOJIOTO-TEOXUMNYECKHE OCOBEHHOCTH
30JIOTOPY/IHBLIX MECTOPORIEHUA MBIHILAKROBOI'O
TEOXUMHUYECKOTO THIIA

B ocHOBHOM OHEU cOCPEJOTOYEHHl B [03THEKApPGOH-paHHenepMeRoil
TePPUTEHHOIT YePHOCAAHIEBOI TOJIIE MOIHOCTEI0 okomxo 2100 m, mpepcras-
JeHHOH AJeBPONMJIATAME ¢ HOMIMHeHHBIM (20 %) KoJMYecTBOM MAaJOMOLHBLX
npocioes Tecuannkos. B sapmemmoctn or dannanbunix yeaosuii B Heil Mmo-
TyT mpeolaajarh rOMOTEHHbE (a7eBPOmuInTOBLIe), Jub0 rereporeHHble (mcaMm-
MITOBO-aJIEBPUTOBEIE) OCATKH.

B romoremHoM paspese (OpMUDYIOTCA HOPEIMYHIECTBEHHO CeKYI[UE Mu-
HepaJiu30BAHHEIC 30HHI M KBapiesble ;RIIn. Hak mpasuio, o npuypoaeHst
K KopoGuaThiM aHTHRKJIUHAJAAM. BMemaiomme opyjaenenue mopojisl MeTaMop-
dusoBansl 10 YPoBHA Xjoputosoil u Guorturosoil cyddanmmii pernoHaIbLIOrO
smeramopdusma. JHnrpHble MuHepansl PyAHBIX TeI HPeACTABJICHLI IIPEHMY-
IECTBEHHO KBapueM M KapOOHATOM HECKOJLKIX DPAa3HOBUIHOCTE IpU JOMI-
HIPYIOmed pojn nepBoro. Pyamas MEHEPAIU3AlMsd XapaKkrepiusyerca Hami-
upeM IMpuTa, APCEHOMHpHTa, rajlennta, cdanepdara, OIeKILIX Py, peise
AHTHMOHUTA, 30T0Ta, weennta. HoJnuecrBo cynbpHUIOB B PY/HbIX TeJgax He
Goaee 1—5 %. OcunopuuiMim pPyAOreHHEIMH DIEMEHTAMH ABJAIOTCH 30J07T0,
MEIIBAK, cepedpo, IIMHK, CBHHEIN[, pere cypbMma. Pynur  chopummposainch B
2 orama: paHuuil — JOrPAHHTOMAHGI M TOBJHUHE — [DOCIErDAHHTOMTHMIL.
Ocnopnag Macca 3070Ta 00pazoBajach B AOrPAHWTOMTHBIL ATAIl PeTHOHAb-
noro meramopduama [Cmamues, 1970, 1980].

B maubosee AMCIONMPOBAHHBIX ACTAX IeTEPOTEHHOTO paspesa JOKAJIK-
3YIOTCA TJIAaCTOBbIE, MEKIJIACTOBbLIC, CeqIOBNUOHBIC BOJIOTOKBHPI[F‘Bhle FHRIIDL,
chopmupoBanHbie B PpaHHHA — \Ie'ra\mpd)orelmo ruipoTepMalbHLIT — DTAIL.
Onu oramvalorea GoJiee MPOCTHIM MEHEPAJILHBIM COCTABOM. SHITBHbIIT MITHE DT
npefcTaRIeH HCKIUATENLHO KBapreM, OYeHb PeJKO IPUCYTCTBYeT Kapho-
Har, a pyausie (B mopsiike yOBIBAHHA) — TOHPHUTOM, apPCEHONMPITOM, TalleHH-
ToM, pesie cajiepHToM, XaIbKONMMPATOM, CAMOPOJHEIM 30J0T0M. RHomxmgectso
cyabpunos He mpesbimaer 0,50—1 %. TumomoppHEIMI DYAOTeHHBIMEI DJIEMEH-
TaMH ABIAIOTCS 30JI0TO, MBIIIBAK, peske CBHHEI.

OcnoBHLle KOHIEHTPATOPBl 30JI0Ta PACCMOTPEHHEIX CTPYKTYpPHO-MOpHO-
JOTHUCCKUX THUIOB 30J0TOPYAHEIX MECTODO/RIEHWE — INMPHUT I APCeHOIMUPHUT
[Cumnues, 1980]. 3omxoro Beerma MOJO/RUTEIBHO W HA BHICOKOM YDOBHE 3HA-
aimoct (1 %) Koppermpyer ¢ MBIIILAKOM, B MEHbIICH CTemeHI — CO CBHH-
oM, .cepeGpoM, ITMHKOM.

OugenupHoil TPOCTPAHCTBEHHON CBAZH MECTOPOKIEHMH JaHHOIO reoXmMIi-
YecKOro THoa ¢ marmMaruamoM He Habmomaercsa. B mpefemax pyIHBIX IoJIeit
0TMEeYaloTeH JAKI CpPeJHero COCTaBa ¢ HAJMOKEHHOI 30JI0TOPYAHOI MEHepaIu-
sanueil MO3OHUX CTagWil M CeKYIMX Opy/eHeHue pPaHHUX.
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Cpenmmii XuMuuecknil cocTas oTaoiennii panneil nepmn

Tlopoga (Koa-so 1poG) Si0, TiO, Al,04 Fe, 04 FeO MgO \
Caseprasn
Ilecuammkn (5) 70,4 0,54 | 1.7 3,95 | 0,10 1,04
Anesponutbt (27) I 62,61 0,68 15,43 I 6,86 0,80 I 2,33
HMenmpasvnas
TMecuanpru (7) | 70,01 0,38 15,05 I — 2,72 0,89
Anespomure (29) 63,87 | 0,68 | 15,75 0,91 | 4,25 1,40
i IOxcHas
[Mecuanurn (40) I 71,47 0,38 12,03 0,59 2,22 0,79 I
Anesponntst (76) 61,09 l 0,61 I 14,56 | 1,56 ’ 4,32 | 2,24

Ha ocnose amTosoro-reoxuMugeckoro maydennst 0 paspesoB py/o-
BMEIAonue 110 CPABHEHHI0 ¢ MONCTHIAION[AME W IePeKPLIBAIOIUME OTI0Me-
HISIMI OTJAMIAIOTCA TIIOX0H copTMpoBaHHOCTRI0 MaTtepuana ocankos. llo man-
HeiM 184 cmnmratnmx apammzos (tabsa. 1) paccamTannl COOTBETCTBYIOIIAC MO-
ayan (taba. 2) ¢ menoansosannem Meropmkm IOgosmaa [1980]. Omm xapaxk-
TepuaylorT ¢1abyio CTeneHb IuApONi3a MPOAYKTOR BHIBETPUBAHMA, BXOJANKUX
B cocTan najieoocagkos pygosmemaiomeii Toanpn. Camm ocankn cdopmmposa-
JUCh B YCJAOBMAX, OAM3KAX K JaBHHHON CeJUMEHTAIINHN JeAbTOBBIX darmii
[Jluenmmun, 1984].

Pynosmematoniue orioskennst cogepskat no 1,5 % cynsdnaHoil cepur, cBs-
sanuoil MunepanbHoit gopmoit maprasura. o 0,5 % cyapduanoii cepsr pas-
HOMEPHO PACCEsHO B MACCe ATeBPONETNTOB, MECYAHHKOB, OPraHUYecKoro Be-
mectsa. HoJIMUecTBO TOCHEAHErO 10 PA3JIUIHEIM OTeHKAM BapbUpyeT B IIpe-
menax 1,66—2,2 %.

PermonaabHbiii  reoxuMpdecKmii  GOH  PYAOBMEIIAIIINYX  OTIOMKEHILH
(tabua. 3) BHe BAMAHAA PYAHLIX ToJeil, paccunranHeil Ha ocnose 18 000 cmext-
PATLHBEIX U KOJMYECTBEHHHIX AHANMB0B, XapaKTePH3yeTcs BRICOKHMA Kmap-
KAMH KOHIEHTPAI[UM 30/0Ta, MBINIBAKA T HEROTOPHIX JMPYIMAX PYROreHHBIX
aaementon. Kme GoJiee BHICOKHe KOHIPHTPAIIMM HTUX DJIEMEHTOB yCTAHABIIM-
BAIOTCH B MapKasuTax PyJOBMEMA0meil Toamu. 30J0T0 B PYAOBMEIIAIONHX
OTJI0KEHIAX He KOPPeTHPYeT HA ¢ OHUM PYJOTeHHBIM diaementom. OmHaRO
¢ npubmKeHEHeM K DYAHBIM T0AM OOHADY/RHBAETCH TIOCTENEHHBI pOCT
HOJOKATeIBHEIX KOPPeJAAINONHWYX CBABEl €ro ¢ 2JeMeHTaMI-CHYTHHRaM”
OpyIeHeHns.

O6muit pernonaibueiii GoH (Kmapk) 3070Ta paHHel MepMm paceMaTpil-
Baemoro peruosa IOro-Boctounoit flkyrun no napseM 1054 neiiTpoHHO-aKTH-
BAI[MOHHLIX aHanamaoB cocrasaser 12 wmr/t, cepedpa — 410. OrHomenme ce-
peGpa K 30107y B PYIOBMEIIAIONINX OTI0KREHUAX paBHO 34,2 n Oauskd (38,0)
K Tofo0HOMY OTHONmEHMIO AaA Kiaapka ramameteix mopon [Turekian, We-
depohl, 19611.

AHann3 cpeiHUX CoNepsRaHMii 3010Ta BO BCEX MOPONAX MO3[AHEKAPOOH-
PAHHEIIePMCKOTO BO3PACTA MOKAZBIBAGT, ITO B TIOJIBEPIKEHHBIX PETHOHATHHOMY
metamoduamy mopopax wHabmogaeTca M3GLITOK 1O CPABHEHMIO ¢ HEMETaMOp-
¢usosanneiMu mopogamu somora — 10,8, cepeGpa — 42, csunna — 58, kKo-
anwra — 20, membaka — 19,6, megqu — 36 %. IlomoOuuiit nsdniTox osie-
MEHTOB MOMKeT OBITh CBA3aH TOJNBKO ¢ TAYOHHHBIM (MarMaTHdecKmM) MCTOY-
HITKOM.

KoGanbr-nnKeaesnie OTHOIGHAA B PYHOBMEINIAIIIX OTI0/KEHIAX Bapbhu-
pyior B npenenax (,250—0,600, cocrasans B cpegmem 0,45040,052 pas ro-
morerHoit u 0,443-+0,069 pas rereporensoit Tomm. B sasueumoctn ot darmii
pPermoHaIBLHOTO MeTaMOp(M3Ma BeJndInHA KOOATLT-HUKENIeBOrO OTHONIEHWA
yveermuusaerca or 0,250 go 0,600 B mampasiennn so3pacTaHiA CTENECHH MeTa-
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Tabamuma 1

10:kn0- BepxosHeKoro CHHRINHOPAA, %

Ca0 | MnO | Na.0| K,0 H,0 P.0; \ 80y Co, .m.a. ‘ 5
yacmo

1,88 | 0,06 | 3,99 I 1,96 0,10 0,20 0,12 I 4,01 — 100,05
1,87 | 0,06 | 3,41 | 2,95 l 0,37 I 0,17 I 0,30 2,05 l — l 100,00
yacmbv

231 l 0,06 | 5,56 l 1,2 0,14 0,20 0,33 1,42 l - 100,71
0,88 | 0,05 | 2,45 | 3,16 1 0,27 | 0,24 | 0,18 3,70 2,01 99,78
uaems

2,31 | 0,06 | 4,79 | 1,68 | He onp. l 0,24 | 0,41 3,24 - 100,02
2,75 | 0,43 I 2,89 ] 3,55 l » 0,20 0,33 | 3,13 I 1,89 I 99,90

Mopduama. Bre BausEus 30H permoHasbHOro Meramopdmama KoGamabT-HAKe-
JAeRKe OTHOIIEHUA B PYAOBMEIIAIONICH 0CaZ0IHOH TOJIIIe OMU3KH K MOPCKOM
sofe [TComemGepr, 1963].

Bremnanit GpoHT MEPBUTHEIX OPEOTOB PY/IHLIX ToJeil XapaKTepuayercs
MOHIKeHHBIMI 3HAYeHHAME KodaabT-Hukegesoro orsomernns (0,010—0,270),
B mewm oTMeuaioTest MOHHKeHHEe B 3—0 pas KOHIEHTPAIHA MEIMbAKA, 307107,
comni@a, cepedbpa. Bo suyrpennem ¢poHTe NePBHIHEIX OPEOJOB PY/AHBIX I0O-
neit kobanabT-HEKedesnie orHomenus Bospacraior mo 0,000. Bospacrawor
1 KOHIEHTPANN OCHOBHLIX PyJOTeHHHIX 3JTeMEeHTOB.

Beamumma koOaabT-HUKEIEBOTO OTHOIIEHWA B PyJax B CpegHEeM COCTaB-
ager 0,450+4-0,257. B cpemmem oma couamMepuma ¢ KoOaIbT-HHKEIERLIMUI
OTHOINEHNAMU PYIOBMEIMANIHX 0Ti0KeHuii. Byecre ¢ TeM py/Hble MUHEDAIbLy
paccessHHEIe B HMePBAYHHBIX 0PEOJIAX M KOHIEHTPHPYIOMHECH B jkuiax (MHPHT,
APCEHOIIPHAT), OTAMYAIOTCH Doliee MEPOKAM [ManasoHom sapuanmit [ayammm,
Topawes, 1983] wobanpr-mukesesoro ormomenus (0,400—1,200). Hurnane
MHUHEpaas, HA0OOPOT, XapakTepU3YIOTCSA BechMa MAalbiM 3HAYCHUeM JTOTO
orgomenusa (0,011). RoGanbpr-HnkedeBsle OTHONICHHSA IO IAJEHHI0 CEKYNIHX
PVAHEIX 30H B PACCESHHBIX (B OKOJOPYTHOM OpPEOJe) M KIIBHBIX MHPHTAX,

Taenrmma 2

TleTpoiorngeckne MOAYIN TEPPAreHHBIX PY/0BMENAININX 0TI0-
swennit [0ro- Boecrounoii AKyTun, paccunTanfbie 110 peayabTaTaM
CHJIMKATHBIX AHAIH30B

Mopona r | om | v | Em | FN | M [mMan
Cesepuas uacmo pecuoHa
IMecuanmkm Q.23 [0,07 ]0:05 0.34 1.0,51 | 041 I 7,6
AEBpPOIHTEL 0,38 |0,16 }0,04| 0,20 | 0,39 | 0,78 | 11,35
ITenmpaasnas
INecuanukn 0,28 70,05%10.0270.377 045 1048 ¥ -7.3
AZIeBPONHTHI 0,34 10,40 |0,04] 0,15 | 0,35 | 0,32 l 7,66
FOncras
[TecuaHUKI 0,21 10,05 10,03| 0,40 | 0,54 | 0,23 | 7,5
AJICBPOTHTHL 0,34 |03 |0,04( 0,20 l 0,44 | 0,40 | 9,8
IDIpumegyanne I'M = 41,0 +: T“;’io'l- Eeudi FE‘0; oM =

_ FeO + Fe,05 + Mg0 | ~Tio,  Na,O | -
- Si0, i TM =iL0. = Al;O:' HM 4+ KM =
_ K,0 4 Na,0, _ Fe +Mn, __ FeO - Fe,0, + MnO
O, 4 TRMEN === G L0, o+ Ti0,
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Cpeanne copepanns (n-1072 %, somoro — Mr/T) wamforee MWAPOKO PACHPOCTPAHEHHRIX

ITopona

(K0a-B0 1pPOG) Ti \4 co Ni Cu Zn Ga As Mo Ag

Pezuonaavnnis gorn Hxcho-

Ilecuannkn, (1628,

Au — 211) 275 | 6 0,9 1.8 1 84 9.0 | 2,6 6,0 04 | 0,03
Aaespoants (3936,
Au — 829) 243 | 7 0,9 | 2,4 | 4,7 |14 3.4 701 0,2 | 0,06

I podykmusnbie OMA0ICCHUS

TMecuannrn (200,

Au — 127) 155 | 6 0,6 2,3 31 |14 1,9 7,0 | 0,07 0,07
AneppomnTs (1500,
Au — 433) 456 | 9 0.9 1,8 57 |13 1.9 | 19 041 0,05
Konkpeyuu Maprasumos 8 paniene)McEus
1150 |6 | 4 | 4 |55 170 | 1,9 | 40 | <8.3- 10,9
Kaapru wonyenmpayui 6 nPOGYEMUEGHBT ORIAOICCHUAT
Tlecuanmkn l 12037 3 20 11,5 62 85 L6 70 14 10 |
AJIeBPOJIATE 0,99 | 0,69 | 047 0,26] 1,27] 1,37 1,0 | 77 0,04]10

apceHonMpuTax M3IMEeHATCH CHMMBTPH‘IHO—EOHBHBHO OTHOCHTEIBHO MEeHTPAIb=
HOH dYacTu MEeCTOPOIK/IeHHA:

0,4243-0,282 — 1,1814+0,834 — 0,9164-0,632.

AHalornuHo BegeT cehd W IHCHePCHA ITOTO 3HATCHMUA.
Paccunranmas mo 10. I'. [Mepbaxosy [1979, 1980] meamumma OK =
Co: Ni & 5 «

ok PYAHOI Macchl IO TaJ@HNI0 IIaBHoM PYIHOR 30HEl H3MEHACTCA
[T )

TAK/KE CHMMETPHYHO OTHOCHTENBHO IeHTpaibHOl  9acTH

LEJHKOM PacIoJaranmeicsa B HpOIYKTIBHOM TOMOTEHHOIT TOJIIEe:

MECTOPOK/ICHHA

YacTh MeC OMTIe-
i uu?p i Bepxuaa CpepHAs Dokt

Beananua OR 7,5 5,9 19,6

Baatenus O BaxomsTcA B mpejielax BeJudHHb, XapaxTepuayoIei
CTROJIOBYIO (DALII0 MECTOPORACHIA [Mlep6akos u mp., 19801

Iojo6HEM 00pasoM Beayt cebs KoOAJXbT-HUKEIEBble OTHOMCHUA B 1O
IepeduHoOM CEUeHHH ILIACTOBRIX FRILT, JIOKAMH3YIOMUXCA B TeTeporeHHOM
paspese.

Jlayuenne ra3oBoro cocTaBa PyA0BMEIMAIONIIX OTIO:KeHNIl W KBapma pyi-
HEIX Tea® OJHOTO M3 MeCTOPOsKIeHHil 10Kasaxo 6oIbII0e CXOACTBO MOy deH-
HpixX pesyasratoB. OHO BPAJ JI MOKeT OHITh CAYYAiHBIM U, CKOpee, YKasbl-
BaeT HA TECHYI0 B3aMMOCBA3DL MCTOYHHKOB IA30B B CUCTEME PyJla — BMEIIAIO®
mas nopofa. Ha mojofHyI0 CBA3H YKABHBAKT M M30TOIHLIE OTHOIIEHHA DY/~
amx ceumios [Boiirkesma, Hoxmm, 1972], Moje/bHBII BO3PACT KOTOPHIX Ya-
1e BCEro Jie;KHT B JHANA30He BO3PACTa PyAOBMEIAIONINX OTI0KEHA.

Cpejumii cocrae rasa (otH.%) B MOpOAax PYAHOTO IOMA 30JI0TOPYIHOTO
MeCTOPOsIeHNHA, IOABeP;KeHHBIX n@HaMoMmeraMopdmaMy (Has Tpex BAJTOBEIX
npo0 BHe BIAMAHMA TEPBUTHBIX OPE0JoB PYAHBIX Tex), TAKOB:

N, co cH, H, 0 €O,
4,62 0,20 1,56 1,87 92,2

* JIpoBOjMAOCH XPOMATOrpauucCREM METOA0M HA yeraposke B/l-4 KOECTDYRINHE

PTY.
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Ta6Gamma 3
3JeMeHTOB-NpaMecell B Tepparennnix mopojax  [EHO- BepXoAHCKOro CHHRINHOPHA

Ph Sn P Cr | Ge Bi B Mn Sc ir Ce La Th Au

BBPIORHCRO-’O CURRAUNHODUA

2,0] 04| 70 5 (04021 4 |28 2 30 |20 1 11 6,0

2,91 0,6 | 100 4 0,21 0,2 2 8 2 20 10 1 9 7,2
Ppanmeii nepmu
1:51052 | 70 4 0.2:1 0.3 7|34 3|30 20 1 7 10,0
29109 | 50 9 — 105 7 |60 — |20 20 1 7 12,2

onaorcenuax (27, Au — 27)

130 |02] — |4]02|65] -] —1—1— 1—1-— 1 — [300

pauneti nepuu | Turekicn, Wodepohl,1961)
2}‘ 4 . 41114 |U,21 — I 2 | 0,85] 30 1,87 l 2.2 I 0,3 | 41 4
141 1,5 de il = sl 2 1,0 331|044 | 58 ‘ 4,88

Cpennuii Tazopblii coCTaB BRJAUYEHNH B KBapiax 30I0TOPYAHOTO MeCTO-
posienns (nanusie asropa u A. C. Hypmesa mo 19 npofam m3 raasuoil pyn-
HOlt aomm) caenyomuii (orH. %):

N, co CH, Co,
4,46 0,48 0,4—3,3 94,65

VauenTenpHo GARZKUM COCTABOM OCHOBHHEIX H Hambojee PacHpoCTpamei-
HHIX Ta30B, a rTak:me Mmukpoxommonentos [Hoxmm, 1984] xapawrepusyercs
BOJA MUHEPATHLHOTO MCTOYHHMKA HTOTO SKE 30J0TOPYTHOTO MECTOPOSRIPHIIA,
KOTOPHIT BCKPHIT CKBa/KMHAME U3-TMON MepanotHoro cxos. Cpeannii cocran
rasza us BOJbI MHHEPAJIN30BAHHOTO MCTOYHUKA 30J0TOPYAHOTO MECTOPOKICHNS
(mo mamnnin E. T. Hosnosa) takos (otH. %):

co NH, co. CH, 0, H, N, Ar He

0,01 0,01 94,59 0,74 0.41 0,01 4,12 0,02 0,06

Haanume » coctase Tasa aprona B koamiecrse 0,02 % moasoaser (mpm yerxo-
BIII, UTO BeCh aprom SIBIAETCA IPONYKTOM IPeBpaIeHnsd 40K B cucreme BO-
Ia — TOPOJia) BHIMOJHATH OPHEHTHPOBOUHBLL pacder Bo3pacTa ero HaKOILIe-
HUA B paccMaTpubaemoii cmeteme mecroposnenms. exons m3 cpensero co-
cTapa rasa coBpeMeHHoil atMocgepsl, B KOTOpOil 3a BpeMsa 4-10° mer maromi-
aocs 0,930 orn.% aproma, W, YINTHIBAA TPHPOJHYI0 PacHpoOCTPAHEHHOCTH
ero M30TOMOB, HETPY/HO IOJCIMTATH Bo3pact Hakomrenmmsa — 98,2 Mam mer.
Jlanmas OleHKa BO3pAacTa YAWBHTEJNbHO OIM3KA K BO3PACTY TPAHHTONI0B M3Y-
qaeMoro permoHa I COIOCTABMMA C BEPXHIM BO3PaCTHRIM TIPEIE.I0M doparm-
poBaHHH KOWKPETHO PACCMATPHBAEMOTO 30J10TOPYIAHOTO MECTOPORJCHMA.
Béjnl ske MUHepaI30BaHHOIO HCTOYHAKA MOIYT PAcCMaTPUBATBECA B KaYecTse
«oTpaboTaHHLIXy NATeOTHIPOTePM, 3aKOHCEPBUPOBAHHLIX B CTPYKTYpPe MECTO-
POKIEHAA ¢ MOMEHTa ero ofpasopanus, Gaarofaps JHTOTOTTIECROMY dKPaHy
MormHoeThI0 450 M, ofecnednBIieMy KOHCEPBAIHIO CHCTEMBL B PY/HEIT 1 TOoCTe-
pymubiii sramer. [ocrymareabhoe (GopMupoBaHie MeP3TOTHOLO CI0A B HeT-
BePTHUHEIH Tepuox 00YCI0BIIO IPOMepP3aHie DOPOJl MO Mepe BLIX0JA MEeCTo-
poskIeHHA B 00JaCTh JCHYAAIHM.
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TEOJOTO-TEOXUMHYECKHE OCOBEHHOCTH
30JI0TOPY/IHBIX MECTOPORJEHUIT BICMYTOBOIO
TEOXHMHNYECHOTO THIIA

PaccvarpuBaemeie MECTOPO;KIACHUA JOKAJIUBYIOTCA B TePPHIeHHOM
Toame TepmoTpuaca. [IpocTpaHcTBeHHO CBA3AHBI ¢ MHTPYBHAMMI TPAHOTAOPH-
TOB paHHe-TO3[HeMeI0BoTo Bo3pacta. [lo cpaBHEeHNIO ¢ 3010TOPYIHBIME MECTO-
POYKICHUAMU MBIIIBAKOBOTO TEOXHMHHYECKOTO THIIA BCTPEYAIOTCH 3HAYHUTEABLHO
peske u mMemee Macinrabmeie. Pynmsie Tema atmx mecroposigeHnit ofipasyior
HITOKBEDKHI B 9HIO- M YK30KOHTAKTE MHTPY3Wil mo (poHTY rpeiiseHusanuu.
Hamnfonburaa KoHUEHTpamusa 300Ta B pyAax u Hambosee MmacmrabHee Te
MECTODPORICHNA, KOTOPHE OJnyke BCET0 pacmoaaraioTci K TPOIYKTHBHOM
TOJIIE, BMEN[AIONEeN 30T0TOPY/HEE MECTOPORICHNA MBIIILAKOBOIO T'e0XHMU-
geckoro rtuna. Hauporws, nposisienus, pacnoaaraionuecs B NO3THEmepPM-
CKHX 1 TPHACOBEIX OTJIOKEHHUAX, XapaKTepuaywrca OeTHBIMI PYZaMI W Mes-
KNMI MacurrafaMi TPOABJIEHNA MHHePAJM3AIHIL,

Bemecrsennsrit coctas pyauex Ten csoeobpasen. ITomimyo xBapua, Kap-
foHara B RUIBHON Macce BCTpedaloTess Myckosmt, cepunur, dawopur. Pyn-
Hble MIHEPANLl MPENCTABIEHBl HIEEJIUTOM, BOJbHPAMATOM, cyabhoTenaypuia-
MH BHCMYT&, 30J0TOM, apCeHOMMPUTOM, KOOAABTHHOM, THPPOTHHOM. 3010TO
OTMEYAETCA B TeCHedImeM CPacTaHUH ¢ CYIb(OTeTTYPUIAMI BUCMYTa, YeMm u
00BACHACTCA TOJNOKATETLHAA €T0 KOPPEJAMNA ¢ BUCMYTOM 1 Te/UIYPOM HAa
Beicokom (0,1—1,0 %) yporue smagmMocTm.

OCHOBHMMH PYAOTreHHBIMH JJeMeHTaM i MUCTOpDH\'IIeHﬂlui aTOTO TEeOXHMH-
YECKOr0 THIA CIAY;KAT BHCMYT, BOAbPpaM, 304070, KoGamxbr, Mbimbak. Ilo-
BRINIEHHBIE IIPOTHBE KJIAPKA KOHIEHTPAIUU HTHX BIEMEHTOB VCTAHAANBAKTCH
B rpaHopmopurax paccmartpusaemoil Teppuropun (tadn. 4). Hermaogenne co-
CTapJIaeT 30070, KOHIEHTPAIMHM KOTOPOro COHM3MepPHMbL C KJIapKOM OIHO-
TunHBX mopox. [locratouno Belcok KIapk KoHueHTpammm cepebpa B rpaHo-
auopurax. lloatomy, BHIUMO, MO/KHO 00bACHUTH TPOCTPAHCTBEHHYH MIPHYPO-
YeHHOCTE  cepedpo-CBUHIORO-TIMHKOBLIX MECTOPOMICHII K IepudepuitnLi
JacTAM T'PAHOAHOPHUTOB, KOTOPHEE K TOMY ke BOKPYID HHX pacnpeienaiorcs
KOHIEHTpUIecKN 30HaAbHo. Ofo0mennsit psj reoXUMIIECKOd 30HAJBHOCTI
B HANODPABIGHIH OT TPAHOMANODHTOB BBINITUT CIEIYOMMM ofpaszom: MoanH-
neH, Oepmnnuii — BoabdpaM, BHCMYT, TEIIYP, 30J0TO — MbIIIBAK, KO-
falnT — INHK, CBHHeND — cepedpo — cypbMa.

KobGanbr-unKeneBsie OTHONIEHNA IJIA PYI 1 TIEPBHYHBIX OPEOTOB MECTO-
POsKIeHUIT BUCMYTOROTO TeoXMMIIecKoro Tnma seerja Goasmre 1,0. I1o obbac-
HACTCH IIZ!GLITO‘-IHOﬁ, npoTHE HUKEJJIH, K()HL[B"TPE[I[HBﬁ KoDanbTa B cocTaBe
TPAHOIMOPHTOB, C KOTOPHIMII IPOCTPAHCTBEHHO I TTAPATrCHETHYECKIT CBA3AHBL
30JI0TOPYAHBIE MECTOPO:KIEHIA PACCMATPUBAGMOTD I'eOXHMHICCKOTO THIIA.

PesioMupys BEIDICHM3I0/KREHHOE, MOYKHO BLIJEJNTH CJeIyomee.

1. OCHOBHbI;\[ (HO HE BI_UIHCTBEHHLIM) HCTOUYHHUKOM PYyIHOTO BemecTna B
MECTOPOKACHNAX MBIMILAKOBOTO reoxumudeckoro Tuma I0ro-Boctoumnoii Ary-
THH SBIAETCA PYyAOMATEPHHCKAA OCAZOYHAA HO3AHeKapOOH-paHHEeNePMCKAas
ToImA, cGOPMIPOBABIIASACA B YCJIOBHAX JAaBUHHOH COIMMEHTAIHH JeJbTOBBIX
damnii, oboranennas BCeMH OCHOBHBIMH pyjorenHpMu sxementami. Ha ocuo-
Be 0aJaHCOBLIX PACYETOB TOJIA M3 HAJKJIAPKOBHLIX KOHIEHTpAIHi crocobHa
remepupoBarh u3 obbema pymuuix uoaeir 90 % — Au, 80 — As, 58 — Ag,
64 — Cu, 48 % — Pb. Hegocraonqmii GasaHc 5IeMEHTOB MOKeT ObITh CBA-
3aH ¢ Gosee TIYOMHHRIM MArMaTHIeCKIM HCTOYHUKOM. D oToil ¢BA3M OCHOBHLIC
YCIoBHSA (GOPMIPOBAHIA MECTOPORALHNI MLINLAKOBOTO FeOXMMHYECKOTO TH-
na JOJRHbBL OTBeYaTh MBT‘(ll\'lOpdN)[‘eHHD-l‘li}lpOTBpMﬂ.flbHOﬁ MoJeJ i1 B TTOHUMA-
mun B. A. Bypsaxa.

2. 30M0TOPYIAHLIE MECTOPOIEHUA BHCMYTOBOTO TEOXUMHUYECKOro THIA,
HA TOPSJA0K MeHee MacuitTa0Hbe T0 30J0TY MECTOPOAKIeHHI MEIMBAKOBOLO
reOXuMHYIEeCKOro THIa, JOKAJTHU3YIOTCHA B TOJAHIAX C cofepshanueM joJioTa Ha
ypoBHe KIapKOBEIX. (CHOBHBIM, HO Tak:;ke He eINHCTBeHHBIM, HCTOTHHKOM
30J10Ta CJAY/RAIN MarMaTHuecKue pygoreHepupywlompue ogarm. [Ipuaes, dem
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Tabanuma 4

CpejiHie COJCPRAHNA HEKOTOPBIX D/IEMEHTOB B rpaHoHOpHTaX
10ro-Boerounoit Axyrmm, 1-107% %

Hoa-80 . CTaHaapT- |Koogduupent | HI1aPE
DileMeHT | gagasnmzon | CPendee HOE OT- BApIALNI KOHIIPH-
KIOHEHIE TPALIITHI
Ti 446 192 234 126 0,56
A 446 3.3 2,0 60 0,37
Co 1046 1.0 0,9 90 1,42
Ni 612 0,7 1,2 171 0,46
Cu 1046 41 6.6 161 1,36
Zn 1046 a 9,5 105 1,50
Ga 446 2,9 8 37,9 1,70
As 1046 10 34 340 53,15
Mo 1046 0,2 0,2 100 2,0
Ag 1046 0,05 0,2 400 39,21
Pb 1046 1.8 3,2 178 1,2
Sn 1046 1,8 7,9 439 12
B 446 T4 82 43 14
Cr 4406 24 2,5 119 0,95
Ge 4406 0,07 0,05 71 0,46
B 446 1.7 4,0 235 1,9
Mn 440 24 40 164 0,44
Bi 612 0,4 24 525 5,0
W 1046 0,8 4,1 oi2 3.8
Au, mr/T 156 41 2.8 GS 1,0

GamsKe OHI PACIIOIATAIOTCH K PYAOMATePUHCKOI ToIme Mo3gHeKapOOH-paHHe-
IEPMCKOTO BO3PACTA, TeM MeCTOPOAJIeHHs [0 3070Ty Goaee macmrabmee.
11 maoBopor. To ects B yCaoBUAX IPOCTPAHCTBEHHOIO COBMEIIEHHA JBYX
HCTOUHMKOB PYIHOTO BemecTsa M0/KHEL GoPMUPOBATHCH Hambomee Macmrad-
HBIe 30J0TOPYIHEE 11 KOMILIEKCHBIE MECTODOHICHITH.

3. B ofonx paceMaTpuBaeMpiX —TEOXHMHYECKHX THHAX 30/0TOPYNHEIX
MECTOPOKICHNI UCTOUHNK B300TA IeTEPOTEHHBI, IT0 CBA3AH0 ¢ (UBMKO-Xu-
MHUECKHMHE T TEeOXMMHYEeCKHMII MPOLECCaMi B3aNMOAeHCTBUA DPYZOTeHEpPH-
PYIOIEX 09aroB I MeTaMopdmaMa OCAJOUHBIX TOMIY, XaPAKTePU3YIOMUMUCH
HATKIAPKOBLIMH KOHIEHTPAI[HAME 30J10TA II OCHOBHBLIX D/IEMEHTOB-CIIYTHNKOB
30J10TOTO OpyAeHeHUs.

H. H. Avummaernii, A. A. Joaryomma, O. T'. Cagyp

30HAJIBHOCTH TPAHHUTO- M PYJ00BPA30BAHNSA —
OCHOBA JIOKAJBHOTO ITPOTHO3UPOBAHITA
9HIOFEHHOTO OPYJIEHEHNA

IIpoGaemsi rpanuto- H pyfaooOpasopaHus OHIM Bcerja cpefm rias-
HEEX manpasiennii nesrvensmoctn @. H. Illaxoma [1956, 1976 m np.l. Ero
geTKME M JOTHYECKH OOOCHOBAHHBIE NpeAcTaBIeHUs o Mexammame dopmu-
poBaHHA TPAHHTOB, 0 (asax MX KPUCTAIIM3AIMN CHICKAIN MHOIHX NOKIOH-
HUKOBE U mocaenopateneii. @, H. lllaxopsM nmaydgannchk peaKoMeTa/JIOHOCHbIS
rpaantet [opiworo Ausras, ABIAIOMMEcH IPeIMETOM JIAHHOTO cooDmeHnsi.
Benen 3a HuUM MHE BeeT[a paccMaTpHBANH TPAHNTH KAK I03JHErepPIIHCKHE
m B page csoux pador oGOCHOBHIBAIN HTO TeOJOrO-TeOXHMHTECKIME U Pajuo-
JormueckuME JaHHEMO [AMomucknit, 1960, 1973, 1978 n gp. .
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HMujukaTropubie XapakTepHCTHRH daumii rayoHAEHOCTH

@auna rayeuHHoCTI,
rayonga, KM

Crpaturpaduaccriii

YDOBEHB

Ililomane mMaccnea,
KM#

I'ayfuna cpesa
MACCHBA

T'unabuccansnasn, I — 2.5 D,_3, pese S — D | 30—80 Manas

e—0 | Mo 2000-—3500 Cpennsas u riaybo-
0—S Kasd

Pt—eg Kpynuee u cpejaue | FoyGokas

KYI10Ja THeIICoB

Mesoabuccanbnas, 2,5—06

Abuccannran, 6—10

IDIpumeuaHHe, L — OpoTAKeHHOCTh PYIHEIX TeJd N0 NafeHmio.

Cpenn rpaHETOBAHHX Tea B lopHom Antae BHIIENAKTCA KPYIHEE Me30-
abuccanpusie TpanuToufEse Garonutsl [mo J0. A. Hyszeuosy, 1964] ¢ mpoc-
BEUMBAIONIEMACH CTPYKTYPaMH, MeJjiKHe THOabHccaJbHEE HHTPY3WBHBIS
TPaHUTHEE MAaCCUBH, KpPHCTAJIN30BaBIINeCA N3 pacliaBa, M, HAKOHeIl,
rpaHuUTOTHeHCOBEE Teja, pasMemalomupecs Ha Hamfojee HHU3KUX CTPATH-
rpaguuecKnx ypoBHAX. Bce OHM TeoxmMmdecKHm OJMBKH M COCTABJIAKT P
danuit TryOuHHOCTH eIUHON KOJOHHE rpamnToobpasyiomero nponecca. Pas-
HOTayOUHHBIE YIEHH €T0 TeTePOreHHE, HO CBA3AHB MOCTENCHHBIMU IEPexoa-
MH, 00YCA0BICHHKMI IICPEPACTAHHEM OJ(HOr0 MeXaHu3Ma npeodpasoBaHmA Cyo-
crpara B JApyroil. AGuccaibHbie ILIYTOHB — NPORYKT nuddysmonno obmen-
HEIX peaknuil ¢ KpaiiHe OTpaHNTeHHOH MUTrparueil BemecTBa M HHYTOALHBIM
mpusHOcoM (uriomaa, MeaoaluccalpHEe — Teda, cHOPMUPOBAHHEIE ITYyTEM
saMemenus cyGeTpaTa TPONATHBAIONMMA eT0 TPAHUTHIND YIOMUME (I0M/aMIT
(baromurnt samemenust mo 0. A. Hysmenosy n [|. C. Hop:xmackomy). I'm-
nabuccaapHBE TeJa NPeCTaBIMIOT c000if BHICTYIB KPOBIH Me30a0HCCATBHEIX
niacTo06pasHbX IIYTOHOB, T/l 33 CUeT CKOILIEHNA GOTATHIX JeTyduMu quaon-
0B IPOTYKT METACOMATO3a IlePepacTaer B PACIIIaB, cOOCOGHEIT K Tepememne-
HO0. VIBTPYsSUBHKMEI fABIAIOTCA TOIBKO IHmabHuccalbHEe Tejla, 0CTANbHBIC —
ABTOXTOHHEIE.

Inomans TrnabuccaIbHHX Tel cocraBiaser Bcero H—7 % oT Beeit mio-
maay TPaHHTHBIX ILIYTOHOB, MesoabmccarnpHele sanmManT 82—85, a aluc-
canpHue — He Ooaee 8 %. I'mmadmeccanpHble TpaHHTHRIE MACCHBEL Pacuo-
JO;KeHBl B OCHOBHOM B Ioro-ocrounoit wactm Topuoro Auaras. Cpegu Hux
maccuse Ranrytnnexunit, Tomrysexckmnit, I0craaexuit m ap. B ceBepo-zaman-
Hoil yactn Anrtasd K mHuM orHocurca CnHIOmMBHECKIN Maccus. MaccuBel ci1oskennst
rIaBHEM 00pasoM HOPQHPOBUIHEIME KPYHOHO3EPHHUCTHIMU OMOTHTOBBIME T'pa-
HUTAMM ¢ coflepskaHmeM Omotmra He Gosee H—6 %, Kpaesele M AlNKAaJ/bHBE
danum mpemcTAaBIEHB MEJKO3€PHICTRIMM TPAHHTAMI W TPaHHT-TopQEpaMu,
0 MHUHCPAALHOMY ™ XHMHYCCKOMY COCTaBY OJMM3KHMH TIOP(PIPOBHIHEIM
rparmtTaM riaasHoil (gammu. ['paHNTH XapaKTePU3YIOTCSA MOBHIIEHHON K-
JOTHOCTHIO W IenouHocThio npu otHomenun K,O/Na,0 smaunrensno Gonbine
eUHHIE, OeHbl OKHUCJAMI MATHHA U Kaapnma (cM. tabamiy). XapakrepHo
MHUPOKOe IPOABJIeHNe MUKDOJUHH3ALNN, Aalb0NTH3anuu, MYCKOBHTH3AINH,
OKBaPIEBAHNA, TYPMAaJIUHH3amuu, @uioopurusanum. B cpaBHeHHN ¢ KJIapKa-
MH 1Js KHeasx nopox mo A. II. Burorpamosy u s rpanuros, GelHEIX Kalb-
mmem o Typexary m Benenomio, rpanutsl runabuccanbHoll Ganum comep:rar
MenpIie Gapus U BaHAJMA, B TO ;K€ BPeMs oHH 000TameHE PeIKUMH IIenoda-
MH, PCIKO3CMEJLHBIME M PalHOAKTHBHBIME aneMeHtaMn. OtHomente HuoOIA
K BAHAJUI0O B HOX 3HAYUTENBHO GOJbIIEe eUHHNL. PyaHbe HjeMeHTHhl B rpa-
HUTax aroil hamum pacmpenenens Kpaiine HepaBHOMEPHO, 9T0 ((HKCHPYeTCHA 3Ha-
YNTeABHEM YBeJIndeHneM JUCHePCHii o ¢paBHEHUIO ¢ AUCHePCHAMH TPaHUTOR
mezoabuccanvuoin ganuu. Ecam ywecrs, wro ¢ sroil danumei raydmnHocTm
cBu3aHo Hambojdee KPYIHOE OPYJeHEeHHe, TO MOKHO YTBeD:KIATh, UTO YBEJH-
yeHMe JIUCHepeHy cojepskaHuil PYJHEIX 3JIeMeHTOB ABIAETCA yKasaTeleMm Ha
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PYIOHOCHOTO PPAHATOMHOTO KOMILIEKCA B Topuom AaTae

O 0, MHONKEATO PHbIEC
Cpensnue Collepisaniz, Y OTHOTIEH IS Vedbnsiii i T S
BeC salla- 4
L Ao {v%‘i ODYIeHeHIsA
Y > Nb La %
Si0, K.O0 MgO v 5C
3.5 4,5 0,40 2,68 10,0 =500 92 [uporepMaIbHbe
4 FRIIBHBLIC
69,8 3,6 0,98 0,45 5,89 | 100—300 8 ['njporepMasbibe
I CRapHOBBIE
68,8 3,2 1,18 0,26 3,85 - — TlermaTuThl

MY CTpPeMIEHHe K KOHIeHTpanunm Ha ¢oHe TOMOreHH3amUI METPOrEHHOTO
cocTaa Bo3HHKmero pacuaasa. J3 arieccopHsix MHHEPAJOB XapaKTePHEL
MEHEPATl PeAKHX N PeIKO3eMeJBHEHX JICMEHTOB — OPAHKHT, MOHAIT,
TOPHAHAT, KCCHOTHM, B 3HATHTENLHBIX KOMMYECTBAX — MJIBMEHNT, HIBMeHo-
pyTHA, WHEPKOH, (mioopnt, B PsAjle MaccHBOB (Kaarytusckmii) — MarmeTnT.

I wmesoaGuecanpHoil ganmm rayGmaHocTH oTHocuTes Gonbmias dacTh
rpannromgos Toproro Aarasg. ILayToHEl MMEIT KpYHHbE PAZMEPH I HACTO
pasMeniaoTes B AAPAX AHTHKIMHAILHBIX CTPYRTYP. XaparrtepHad ocoleH-
HOCTH ATHX TeJ — HAJIMUAe IPOCBEYNBAMUX CTPYKTYP, MOBbIIEHHAA OCHOB-
HOCTH W IPOABJIEHUs TMOPUAN3MA B KPAeBHIX 30HAX MacCHBOB. I'pasuronmnr
atoii darun nanbosee pasHooGPa3HEL IO COCTABY. B cTpoennn MaccuBoB yJacT-
BYIOT K@K KHCIBE, TAK I CPe/iHIe, & MeCTAMIl Il OCHOBHAIe TIODOJLLL. J1o Guo-
THTORHE® U OHOTHT-POTOBOOOMAHKOBHIE TDAHUTHl, IPAHOIMOPUTHL, KBaPIEBHIe
AMOPWUTH, AXAMEIHTH, TOHAJHTHE, MeCTaMi JIHOPHTHL I raGopo-THOPUTHL.
Ilo XuMUIeCKOMY cOCTaBY TPAHUTHL HTOH Panuu B CPaBHEHUH C runabuecaTb-
HOIl cojepskaT MeHBIIe IIeJovueil 1 EpeMueseMma, GoJble OKHCJOB KalbI[HA
W Marsus.

Jlnsg cpegHEX 1OPOT MesoaOueca hbHHX IIYTOHOB XapaKkTePHH HEDBTEK-
THYECKEE COOTHONIEHNA KOMIOHEHTOB, YacTo IOBLIIEHHOE COMEP/KaHne Kpem-
HesemMa, MHOMA TamHo3eMa. [IpH 3HAYNTeIBHEIX KOIMIeCTBAX OKUCION MATHIS,
KaJIbIIud, jKe1esa HaOMIOfAeTCHA MOBLINIEHHOE, HO HEPAaBHOMEPHO® COACP/RAHIC
IMeI0uei.

Tlo comep/kaHmI0 MHOTHX AKIECCOPHHIX DIEMEHTOB HTH IPaHUTHL OJIM3KI
rpaHuTaM, OeJHEM KAIBIHCM (mo Typersay m Bepemomio). B cpasnenun ¢
rpaHnTaMi TANa0uCCATbHOM Ganun B HIX MeHbIIe PEIKAX DIeMeHTOR rpaHnTo-
ugHoro pAfa (mrrpms, urrepOus, HuoGnA), PeIKEX IMexoveil, paqHoakIIBHEIX
BIEMEHTOB 7 GOJBIIE HIeMeNTOB TPYIME jkenesa (HuKess, Kodanbra, BaHA/LUA,
xpoMa, CRauusA). Orgomenne HHOOWA K BaHAAWI0O B HAX MeHBINE CJIUHHILBL.
Kak » jaa rpagmToB rumabmccanbHOll ganmi XapakTepHBL, HO B MEHDIIIX
KOJIUEeCTBAX, AKIECCOPHEe MIHEPaAbl PEJRAX M PEKO3EMEIbHBIX JJICMEHTOB,
A Takje MUHEPAJE THEBMATOJNTOBBE (TyPMaiuH, guawopur). B BecoBrx
KOJMIeCTBAX MPUCYTCTBYIOT MArHeTnT, IHPKOH, amaTur, ceH, HILMEHNT,

AfmccanpHad (anus XapakTepE3yeTcsi PasBHTHEM I[IYTOHOB AKMOJH-
TOBOIt (GOPMBI BAJMEraHM, CONMPOBOKIAIONUXCA MUTMAaTHTAME M rHeiicaMu.
Coctas Tenm HeomHopomeH. Do BHYTPEHHHX YacTsX HOABIAIOTCA TPAHUTHLIE
BHILIARKN, HepadepuilHse 30HB CJI0/KEHSl TPAHOMOPUTO-H JAMOPHTONON0HHE-
MIL TIOPOJIAMHE, Y KOTOPHIX ¢ TPAHATAMIL 0GBITHO OBIBAIOT TIOCTELHEHHBIC TePexo-
JBL T Peske geTkHe KoHTaKTH. XapakTepHo o0iime B pasHOIl cTemeHu mepepa-
GOTAHHEIX OCTAHIOB Iopof pamel. ['pammrompmst aGnccanpHoil danum pacuo-
OJKEHH B 30HAX JOKaAbHOTO Meramopdmama, CONPAKEHHBIX € rayOMHHEIMA
pasioMaMm, B YCJIOBHAX IaAyGoKOro SPO3MOHHOTO BCKPHITIL CTPYRTYPHL.
Cojiep;kaHne MHOTHX aKIECCOPHBIX DIEMEHTOB B HUX OOBIYHO HIKE KIapKOBBIX.
Cpean AKIECCOPHEIX MMHEPATOB BHAUMTENLHO PAcTPOCTPAHENHl MArHETHT,
chen m amaTuTt, UHOI/@A TPaHATHL.
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ITpm paceymoTpenRHn pacupejieieHuA TPAHUTONTHBIX MACCHBOB BO BMEMIAai0-
MUX CTPATHPUIMPOBAHHEIX IOPOJAX BHABIACTCA NOCTATOUYHO UYETKAR 3aKO-
HoMepHocTh. MacenBrl runaluccanbHoil Gaiun 3aneraioT B BEPXHHUX HaCTAX
paspeaa, o0bYHO Ha YPOBHE CpeJlHe-BEPXHEJEBOHCKNX, BHAUMTENbHO pPERe
cuaypuiickux mnopoa. Mesoafuccaabupie IAYTONB PA3MCIICHE HA YPOBHE KeM-
OpuilcKUX 1 OPJOBUKCKNX, MHOT[A CHAYPHICKNX mopoj. Afnccaabnasa danns
TPAHATO-THEICO-MUTMATHTOR cBOHcTBeHHA Hambouee rayfokuM crpaTnrpadun-
YeCKHM YPOBHAM — HU3aM KeMOpmA — mporeposo. B ¢TpykTypHOM miaHe
lFopnoro Anraa rumaGuccajbHbie Tela pa3Mema0TCsA B CHHKJIANHAJIAX W TPO-
rubax, rje coxpaunyiack BepXH#As 4acTh paspesa. MesoalHccaabHble 1N1yTOHE
3aJieralT B AJpax aHTHRJIWHOPHEB 1 AHTURJIMHAJICH Ha cpe:mefi qacTi naaeo-
sofickoro paspesa. AfuUccalbHEe TPAHUTOHIbLI BCKPBIBAIOTCH B TOPCT-AHTI-
KIWHATBHBIX CTPYKTYPax B HeNocpeacTBeHHOM OJM30CTH OT MONHEIX B30H
pasznoma u cmatna (Teperrunckoit, Hypaiicko-Temenroit, Bamkayccekoit),
Taroe conopunnenne danmit rayéuHEHOCTH TPaHNTOMAOB ¢ UX crpaTHrpadu-
vecKoll mosmnmneil ofycioBieno, oYeBHIHO, TeM, 4TO pacuTeHeHIe Toproro
Anrasg Ha TekToHmyeckmue GIOKH, IPHHMMAIOMNECH 3a CTPYKTYPHO-fopma-
HHOHHBI® B0HBI, HPOH3ONLIO TOo3Ke (QopMUpoBaHme rpamurtongoB. ['nyGmaA
JNeHYIANMHOHHOTO €Pe3a HOAHATHX OJOKOB Oyaer TcM 0DoJbINe, YeM panbie
npousomno nx nmopHATHe. Ha cesepe 'opmoro Anrtas yetanoBIeHO TeRTOHI-
uecKoe compsikenne opel Buiicko-Bapmayibekoil BOagmHb ¢ maieo30icKmMmI
roamamn Aaras. Ha Bocroxke Antas B maneosoficKOM OKPY:KeHHN HAXOJIATCH
TEKTOHUYECKHE KINHBA 10PH. lIMenHo B sTHX paifloHax ME BHIHM Ha coBpe-
MEHHOM cpese KpynHeiimme rpamgTomaHeie GATOJNNTH 3aMOIIEHUA ¢ TAYHOKHM
HX BeKpHTHEM. B Hux MHOro pygompossiaeHmii soabdpama, Ho MacmTaOH HX
BECBEMa OTPaHMICHEL.

Meaxue runadnccadbHEC TPAHUTHBIC TeXa ¢ HeGOIBIINM TeHYIA IO HERIM
BCKPHITHEM Hanbosiee MHUPOKO PacmpocTPaHEHLl B 10r0-BocToYHON Tactm [op-
Horo Auarasg. 3pecs B IOctnymexkom mpornGe m Kanryruuckoit Bmagmme, To
nanuem B. M. Borauknma [1981] n nammM HaGa01eHIAM, TOBEPXHOCTD TPe-
THYHOTO TeHeIlJleHa i1 OYpPoyTroJbHBEIE OTJIO:REHHS TOTO #i¢ BO3PACTA OKABHI-
BAIOTCA MOJHATHIMI Ha BeiCOTY §ojiee 3 KM B HOCJeNaseoreHosoe speMs. Mmen-
HO afiech 00HAPY/RUBAIOTCA MECTOPOIKIEHNA, MMEIINIe 3HAYATeTHHBIC MACII-
Tabbl M YYaCTKW, TAe PYLOHOCHBIE MACCHBH eme He BCKPHITH, HO HMEIOTCA
OPOTOBUKOBAHHEIC TOPoNbl Haj uX kymosaamu. C aroit daumeii ceasano 92 %
3amacos Boab(lpama. AfuccanbpHEIe Tena MPUypPoUeHH K Hambolee TIyGOKO
BCKPBITBIM TOPCTAHTHRJIHHOPUAM ¥ 30HAM CMATHA M NPAKTHYCCKH D3P yIHE.

Taxmm oGpasoM, HauBaKHEHMAMA KPHTEPUAMHI PYIOHOCHOCTI MACCHBOB
OJIHOTO TPAHNTONIHOTO KOMILIEKca ABAAIOTCA Ganma X rayOMHHOCTH U TUIY-
OmHa penypampmonnoro epesa. llepseiMm ompemensiorcAa ToTeHUMATBHEE KX
BO3MORHOCTH, B3aTéM — CTENeHb COXPaHHOCTH opyienenns. MunepannHblii
cocTap, MopdojoruvYeckue OcoGEHHOCTH W MECTO PasMeNeHus OpYACHeHUT
OTHOCHTEJIbHO TPAHUTHOTO TeJa, a TAKMKe MeTaJJoTreHn4decKa s crmempaansanmuda
TOCTeHero ONpefessaioTcA BemeCTBeHHEIM COCTABOM CPEeIE, CTPYKTYPHBIMH
VCJIOBHAME U CTENEHBI0 OTKPHITOCTH CHCTEMBI B MOMEHT CTAHOBICHHSA TPAaHITOB.

Hamn npepgnpnusra nonsTka yBAskE annu rayGHHEOCTH, TJIyGHHLL HPo-
BHOHHOTO cpesa m Macmraba opyjaeHeHusi rpafmdeckn (cM. pucyHor). M3 mo-
JTYYeHHOTO TPauKa BUAHO, ITO MEKIY IPOTHO3HKMI pecypeamu (P) m dammeit
rayomanoern (H) mabmopaercs GyHRImOHAIBHASN saBHCHMOCTH. llpomepka
9TOi 3aBHCHMOCTH OCYINECTR/ICHA METONOM MOA00PA 110 00IENPHHATOMY CHoco0Y
HauMenwmmx Keazgparos. ITocrpoena Momens meammeiinoit perpecenn. ITocJaesn-

—0,000648 H410 966838
HAA BHPajKeHa JKCTOHeHINAJBHEIM ypasHenmem: Py = C
€O cpemHeKBaJpaTnuHeM oTKiIoHenueM 6 = 0,424 m KoppexAMMOHHEIM OTHO-
mennem K = 0,69,

IToso:xenme Toro mik WHOTO 0OBEKTA Ha KoopAMHATE (armil TAyOHHHOCTIH
OJIHOBPEMEHHO MOKaselBaeT U IayOMHY [eHyAAIOHHOTG cpe3a. JT0 ocy-
WECTRIACTCA CHCAYIOMHUM o0pazoM. 3a HOIL — OYHKT oOTCUeTA TPHHATA
cpemHaa TayOuna rumabuecanpHOil (1,5 KM) 1 Mesdoabuccanbmoil (4 kM) danmii,
Ecnn maccus aenynumpoBaH oueHb ciafo, TO €ro cPe3 CMEIAeTCH B CTOPOHY
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rayOmH, MEHLIIUX CPeJiHero sHa- T 3aBHCHMOCTE  TIPOFHO3I-
wenna coorseTcTsylomeit dammr; 71 ggf:;t;ﬂmgiiipcon Meﬁ?g_

iy = 3 2 e £ i
ecal ke OH JeHyAUpoBaH Tiaydo poXenIt or danmii ray-
KO, TO OT CPeJHeTo 3HAYeHMHA oT- 21 OGuuHOCTT T TAYGHHEL jle-
KJIOHseTCS B cropony Gonee ray- ":-i' HY/JIAMIOHHOTO Cpeaa.

i if 6 104 I — rumo-, I1 — meso-, II11—
ooxoit pamuu. [lpnaaTeil coocod = L e s

. MECTOPOMICHUH 1 PYAOOPO-

yBsa3kn Qanun  rayOmHHOCTH W o]

TAyOHHE JleHylanun, KOHeTHO, . b

uMeeT  3HAYMTENBHYI0  YCIOB- 4: g
HOCTB, TEM He MeHee IOoJyYeH-

Hele JAHHBIe, OCHOBAHHBIE Ha ]
OlEHKEe TPOTHOBHHIX 3aIAcCOB. B 75
IeJIOM TOKa3all XOpPOomylo ¢Xo- mé‘:
JUMOCTh MeKIY OLeHKOH ofberTa 7
10 KpuBoil TpaduKa M JAHHBEIMHI, 4]

HOJYYEHHBIMI TIPH pPa3Bejlke. i

Ilo maornocTn opymemenus 5]
(KOMTMYECTBO KBAAPATHBIX KHIO- 75
METPOB, IPHXOJAMHEXCA HA OIHO 457
MECTOPO;iJIeHNe) THNafuCCaNbHAT o3
rpynma MecTOPO:KIeHni cyiecr- 0:2:
BEHHO OTIHYAeTCA OT MeBOi::l:ﬁI;‘[C.- 3 3 T 7 iz 7
caabpHoil., B runaduccalnbHoll Ha | - e T
Ka;kIoe MEeCTOPOskIeHHe TpPUxo- =1 ! i e
anTes B ocpepdeM 23—20 kwM®, Torfla Kak B MezoalnccalbHOR — COTHH KBa/-
paTHEX KmioMerpos. BepostHo, CTpeMieHHe K KOHIEHTpanun B runabue-
caJbHBIX Maccupax TPHBOINT K COKPANIEHNIO I[EHTPOB CTAWEHHA PYAHBIX
KOMIIOHEHTOB, TOTAA KaKk B Me30a0HCCAIbHBIX YCIOBHAX HOPOUCXOAAT MX pac-
cegmEme W 3aJ0jKeHIe MHOTOUHMCAeHHEIX, HO MeJKHX Io Macmraly pyao-
TposABAeHMIL.

TIlpu oleHKe TEPCHEKTHE MeCTOPOKICHNIT, 3aIeTalomux B 01arONPUATHBIX
Te0I0THIeCKAX YCI0BIAX, HeOHXOUMO 00pamaTh BHAMAHNE HA COBPEMEHHbIi
peased. Uacto py/iHbe 30HE KaK TEKTOHUTECKH OCTA0ICHHEE W HACHIIEHHEC
cyabdhuzaMn nanfoee JIeTRKO paspymaloTes, U 10 HUM 3aK/I&/IbIBAIOTCH J0Ta,
TOMMHBL PY4beB U PeK, JdefHnKossie TPorm. B BLICOKOrOPHEIX paifoHax 5TI
oTpumaTeabase GOPME penbeda TacTo yrayoasores Ha 200—300 M, mpuuem
VHAUTO;KAGTCA BEPXHAA 4acTh PYIHBIX 30H UM TeJ. Tax, pyanas sona Rapa-
KYJIBCKOTO KOMIJIEKCHOTO MeCTOPOsk/leHHs CPe3aHa JIeIHMKOBLM TPOTOM Ha
GOABIIOM TMPOTHAKEHAN W Ha rayOouny He MeHee 300 M, 4TO CYUIECTBEHHO CHIl-
JaeT ero INepeHeKTHBHI.

HeofxoqmMo Taxse MOTIePKHYTH BIMAHAC CPeJBl HA COCTAB OPYJAeHeHNS,
wTO MMeeT 3HaYeHHEe MPH ero mporHosnoi ounenke. OcoGeHHO 9TO CRA3BIBACTCS
Ha OpyAeHeHNMH, pacloJaraiiieMes 3a TpejejaM MaTePUHCKHX TPAHHTOB
(oTkpHITas cuerema). B atoM caydae B pyIHBEIX 30HAX 00pasyercd KOMIIEKCHOE
opy/eHeHHe, B KOTOPoe (Kpove, HecOMHeHHO, TPAHNTOPIIBHEIX PYAHBIX BOIb-
pama, BHCMYTA W aKIECCOPHBIX MTTPU#A, WrrepOus, jJaHTaHa, HIOOMs) moCTy-
HAI0T 33 CUET ACCHMUIAIMOHHOTO MOTJIOIIeHIA M3 BMEIAnInX IoPpoJ I mepe-
OT/0KEHNA KODANkT, HUKEeIb, XpPOM, BaHammil, menb, Kanpnmi. Boandpam
CBSZLIBACTCH ¢ KaJblMeM B BHIE IIee/nTa, I MOJAyJaloTesd KOMINERCHbIEe MelHO-
BHCMYT-K00AIbTO-BOAbGPAMOBHE MECTOPOKICHNA IeenT-cyabgoapceHnHo-
kobaneToBBIX PyA. VX ocBoeHune He MBICAUTCH WHAYE KaK KOMILIEKCHOe W3-
pIeUYeHNe M3 HOX Boab(pama, BHcMyTa, KoDanbTa M COMYTCTBYIOMIX MM die-
MeHTOB. MIMEHHO K TakuM oTHocsATCH 00BeKTH lcrhjickoil rpynms I0ro-Bo-
T0THOTO ANITas M HEKOTOPHE T3 CHIIONIMHCKON ceBepo-sanafHoii wactn AJaras.

B sakaioueHue orMerny, uto BosabppaMoBoe opyAeHeHHE, 3acayiknBaliice
punManns, B Anrae-Cagrucekoil cknaguaToil o6aacTH, KaK I B CMERHBIX Paiio-
max Hasaxcrama m Mounroaum, ¢BA3aHO ¢ MOJOJEIMH IO3JHErePIIHCKIMI
rpaanramu. Bospact rpanuTtoB, TakmM o0pasoM, ABIAETCA eme OIHHM 13
BAJKHEHIMHIX KPHTEPUEB OIEHKH MOTeHIHAJBHOM pPYIOHOCHOCTH paiioHoB,
Ha uro HeogHokpaTho ykasmaxm M. A. Ycos m @. H. Illaxos.
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PacemaTpupag Kak Hambojee BayKHOE YCIOBHe PYLOHOCHOCTH TPAHHTOB
rny6uny mx QopmmpopaHmsi (fanmio), ML CO3HAEM, UTO KOJWYCCTBOHHAS
OLEHKA €e B 3HAYUTeNLUOH Mepe ycaosHa. Mmewres BECKasslBaHuH, PesKo
OTIHYIAIONIUECH [0 OlE@HKEe WHTePBAJOB TJYOUH IHIO-, Medo- U abHecaabHOM
¢amun rpasmtousos. Bosnukaer B cBsA3um ¢ HTUM BONpoc, B UM NPHYMHA
Takux pacxoxpeHnii? He swaserca am oro caefersiieM Toro, 910 IMo TeMme-
patypHOMY pPe;RUMY pasHbIe cerMeHThl aeMHon KOPBI CYIECTBEHHO OTJIWYAJIUCH
APYL OT Apyra B 9IMOXH MarMaTHYecKOd AKTHBHOCTII, KaK OHHM OTJHYAIOTCH
u cefiwac. llpegcerapasieress, 910 B cerMeHtax, rje ObI0 AHOMAJBHO BHICOKOE
TCIIOBOR MOJIE, Kak 9To Habmojaetca ceffuac B HEKOTOPHIX paitomax Cubup,
najgenue TeMmuepaTrypsl ¢ I‘JI.\"GHIIO]'?’[ npolCcXoOH/I0 MeHee ROHTpPacTHO, YeM B
HOPMaJBHOM TEINNI0BOM IT0Je. CJIEI[CTBI‘TOM ATOTO 6YII\'T jaMellJIeHHAH KPUCTAJI-
IUBAMHA U PACTAHYTOCTh 0 rayOmHe Kawmaol ganuun ray0uHHOCTH TPaAHUTON-
108. Pemenie 1anHOro Bompoca GyIeT IMeTh GOJAbIIOE HAYYHOE I TPARTHUCCKOR
3HAYCHIIE.

B. B. Tloranbesn

HEROTOPBIE OCOBEHHOCTII IIPOIIECCA ®@CPMUPOBAHIA
PYIGHOCHOT'O MACCIIBA CYBBYJIKAHIHYECKNX PHOJINTOB
B IIEHTPAJIbHOM KAPAMA3APE

(Cpedunnwti Tano-Many)

Cybpyrranmueckne puosntonbie Kommiekcsl (CPK) Bynrammueckimx
o0aacTeil ¢ NMPOABIEHUAMH HOJUMETAIINICCKOH, cepefpo- U 30J0TOCOTEPsKa-
el MUHePaAN3aiy H3BeCTHE B ACCOIMATINAX ¢ MOPOJAMI Pa3HbLIX MarMarn-
decKHX cepuii: B Yarkamo-HypaMuneckoMm ByIKaHETECKOM IOsCe — JATHTO-
Bag U IEJ0YHasd BhICOKOKammepas cepuu, B Oxorcro-UykorckoMm — masect-
KOBO-IEJN0THAs, BO DBHyTpuKapmatcKoM — mepexogHas OT M3BECTKOBO-Ie-
JOTHOM K TOJMEHTOBOI.

Hduarpamvsr A 1 B (puc. 1) xapaxrepuayior cocrass moposy CPH m3 o6-
JacTeil ¢ NPOABICHHAMH MOJMMETAINYeCKOH cepefpocofep;kameii MmEepa-
auzanuu. HecmoTpa Ha IPHHALIEKHOCTL K PA3IHIHEIM CEPHAM, TPEHIH DBO-
JIOMHH COCTABOB NOPOJ B 000MX CIYIasAX OPHEHTHPOBAHK B CTOPOHY CHILHOTO
oforamennsa KalueM ¢ TeHjeHInell mnpokoro pazfpoca ToOYEK COCTABOB BIOJb
JUHAM KBapI, — OPTOKJIA3. B oramume ot paceMOTPeHHBIX BHIIIE TPEHIHL HBO-
monun cocraBos nopox CPH us obaaceil ¢ moamMeraindeckoil 3010T0coIep-
srameil Mmunepanusanueii (cm. puc. 1, B, T') opuenrtuposass B cTopony ofora-
IMeHNsA pacuiaasa KpemuesemMoM. [locTaTtouHo KOMmakTHas TPYyIOUPOBKa (-
TYPaTHBHEIX TOYEK COCTABOB HOpoj Ha pamarpamye (eM. pmc. 1, I) BOamam
TPOIIHOr0 MUHHMYMa oTpa;kaer cj1afo MPOSBIEHHYIO TeHACHIHIO K auddepen-
nuanun pacmiasa B CPH «0espynusix» paiioHoB.

B memom orMeuenHEIE 0cO0HHOCTH DBOJIOMAH COCTABOB ITOPOX W HAGIO-
faeMoe 00BIKHOBEHHO O4eHB CJ0;kHoe cTpoenme nuTpysusos CPH momaywaior
HamQoJee yA0BIeTOPATEIbHOe 00bACHEHNE B cBeTe maBecTHHX nneit @. M. Illa-
XOBa 0 OYJIBCANMOHHOM XapaKTepe KPHCTA/IM3ANN IPAHATHHIX MarM U pact-
BOpax ITYOHHHOTO IPOUCXOMICHNA.

Hexoropsie weprsr popmuposanns pynonocaax CPK pacemorpum na mpm-
Mepe HauCosee JleTaIbHO MBYIEHHOTO HAMM MACCHBA CYOBYJKaHHYECKHX PHO-
amroB B Ilentpansmom Hapamaszape.

Herrpanbunii Hapamasap — masectusiii pymumit paiion CpemueHOTO
Tsane-llansa. B reosoro-cTpyKTypHOM IIaHe eMy COOTBETCTBYeT ApacMaHCKAs
BYJKAHAIECKASA MyJabjla, KoTopag BXoxmT B coctas Yarkamo-Hypammuckoit
BYJIKaHHIECKOH 30HBI BepXHemajeosolickoro Beasray-IlypaMmuckoro ByIRa-
HOWIyTOoHMYecKoro mosica. DyHTaMeHTOM MYIBIH CJOY/KAT I'PDAHNTOHIEL Ka-
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Puc. 1. Coerasir mopop w Tpersst fudipepenimanam cyGByIKANITECKAX PHOIITOR B KOOP-
OUHATaX CHCTEMEl KBapl — Oprokiaas — amsdnt (Ks—O0p—Ad).

A — TleATpasibHuit Kapamasap, AfpacMaHcKas Myabga: I — caabo guddepeummposandse Tena; 2—§ —
rryGoko pudhepeHuuporatipie Teqa (2 — TIYGOKUE TOPM3OHTH — KIACTOTODHIDEL, KIACTOHEBATHTH,
4 — Te e MOpOfsl — KYHOJBHBIE Y4ACTKH, 4 — GPEHIHH BePUIHHHLIX KY0/108, § — CHITOBAIE dhagmm —
HIHAMOPATHD); 6 — TpaHnTn (1 — cpegume ua 20 a”HAIN30B; 2 — AJACKUTH, CpPegHee U3 6 AHAJINB0B);
B — OX0TcRO-YUYKOTCKMiT BYNKAHNYecKuif nosae (crpeakn — Tpesn andds2peamqnammn); B — BaYTpHikap-
narckuii; I' — OX0TCKO-TYKOTCKRIT BYIKaHUUeCKuil I05C (CBETIIBI® KPY:HKE — CPEIHUE COCTABHE TMOPOM);
M — Geapynunie moaa Haskasckux MuHepasipHuX Boj (Towusm), [[eHTpainHoro Kasaxcrama (KDYHEM),

pamasaperoro 6aromnra (C,) ¢ ocrammaMm KPOBIM W3 TeDPHTeHHHX U Kap0o-
HATHBIX TOJIOY CHIYypPa — HIRHEro kKapGoma. HoMmiexc BHmoMHeHHA MYIBAHI
(C; — P,) cocrapiAioT mOPOE YeTHPEX BYIKAHOTEHHHX GopMANUii, KOTOPHe
o6pasoBajuch B peayabraTe HeONHOKDATHHIX H3NUAHMIL JaB MOBTOPAIOMecs,
PasiaugHO pefynupoBaHHoil GasanbT-aHAE3NT-PHOINTOBON MOCISTOBATEIh-
moctm. B cocrase Rayoit mocaemyromeit QopMammm Jois KMCTHX TOpoJ,
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(nanmTE, PHOIWTH) BO3PAcTaeT 0 MOUTH MCKAKIATENHHOTO TX Pa3BHTUA
p werpeproit gopmamun. B To 5xe BpeMs COOTHOINEHME TO.ILL BHyTpH (opManui
yKasHBAeT Ha AHTHPOMHEI Xapamrep BYJIKAHMHCCKIX uspep:mennii. Bee
BYJIKAHOTEHHEE TOMIU 00HARANTCA B KOHICHTPIYCCKOH MOCAe0BATeI bHOCTH
OTHOCHTOILHO €IUHOr0 IEHTPa, PacIo/IoKeHHOTO Y 103 HOl rpaHuIL paiioHa,
¢ ofmmM najenmeM Ha cesep, CeBepo-BOCTOK M OTIACTH CeBEPO-3ANAL.

M uTpyanpHEle PHOJMTE 00HAKAIOTCA B CBOZOBHIX HACTAX UHTPY3NBHO-
KYIOMBHEX NOJRHATHIl, IOJOMKEHMe KOTOPHIX KoHTpoaupyercda cyOoMepnamo-
HaLHBIMH HAIDABIACHAAMA CKDPBITOMI flmrnabag-I'ynicaiickoil CKBO3HOM S0MH
[Toamcom u 1p., 1985]. Ilomoskenne uX pesko HECOLJIACHO © BHYTPEHHOM KOH-
HNeHTPUYECKEM CTpPOeHMeM Myanasl. DByecre ¢ 1eM MopdooTns caMAX HHTPY-
SEBHLIX Te COTJMACYeTCA ¢ DIEMEHTAMH ee CHIAIaTod CTPYKTYPH. Brixons
HHTPY3NBHKIX TOPOJ IPOCTeRUBAIOTCA OGHKHOBCHIIO B 0oJice UJIN MEHee sCHO
BHPa/KEHHOM COTJIACHH ¢ TPOCTIPAHIEA BMEIIAIoNIX BYJIRAHOTEHHBIX TOJII W
CIIO/{HO BHHCHBAIOTCSA B APa 00pasyeMuiX MMH JIOKAIBHBIX erpykryp (puc. 2).
Tunuassie (GopMEl WHTPYSHBHEHIX Ted HA YPOBHE CYNepeTpPyKTYPE — pas-
HooOpasHnie IO CIOAHOCTH MopdhoTOTHE JAKKOIUTEL, JONIOINTH 1 Ky-
NONE ¢ MHOTOYHCACHHHIMH W [OPOI0 OUYEHbH MPOTHAMCHHAHMU amodusaMu.
TlHTpysusHOe 3ajeraHue PUOJIMUTOB 060CHOBHEBASTCS IPAMBMA HadIIO@HIAMI
HaJ B3ANMOOTHOTICHHSAME TOPOR 1P HPOCJERUBAHMI KOHTARTOR TeJ ¢ BMe-
matonayu mopofamu. OT/epHEe TeTa 10 AAHABIM TOPHAIX BHIPAbOTOR He-
TIPepPHIBHO IIPOCJEKEHE J10 rayouasr 800 M, a OYypPOBEIMH CKBA;RIHAMII —
no 1200 M u Gonee. B 1iesioM HHTPY3ABHbE PHOJUTH 3AHEMAIOT CeKymee I0J0-
s;eHMe 110 OTHOIICHMIO K TOPOfiaM Beex cTPaTHdAIMPOBAHHEIX BYIRAHOTEHHEIX
roam. Bepxmme gacTd Tea CONMPOBORRAIOTCA MMPORIM PAsBATHEM II0CIOHIBIX
g cexymux amodm3, Ha IaYGORMX YPOBHAX OHH MECTaMil HEPEXOIUIT B 30HEL
SPYOTHBHOTO GPEKIHPOBAHUA M TOHKOTO HHBEIMPOBAHMA. Bospacr ux mpef-
nonaraercs B nareppane P —T;. CymvapHas MI0majb BHIXO0B cocTaBisger
e memee 1/8 mmomanm Myass. OfberHAeMELe O0MAME CTPYKTYpPaMil Ry-
DOIBHHIX TOJHATHII, A B CONMKEHHBX yJacTHaX o o0IEMT OPE0JIaMH KOHTaK-
roBoro Meramopdmsma, KRapTupyemsie Ha TMOBEPXHOCTH BHIXO/BL HHTPY3UBHBIX
PHOAMTOB TPefcTaBIAIT oGO, CKOpee BCETO, BHCTYIE eqUHOI0 KPYIHOIO
MaccmBa, COH3MePUMOTo Ha TaylHHe ¢ pasMepaMmi camoit myapier. OOpaso-
BaEEe TAKOTO KPYIHOTO MaccuBa CYOBYIRAHHTECKHX IIOPOJ CIEAYeT pac-
cMATPMBATE KaK Pe3yabTaT PAacKPUCTALIH3AINI nepudepmIecKoro Marma-
IETEeCKOTO 04ATa, TPHOAM3NBINET0CH K IMOBEPXHOCTI JeMaH, HA 3aKIIOUNTENb-
HOM HTame BYIKAHHIECKOR AeATeIbHOCTH [Mapxummn, 1964]. G srixomamu
cyOBYIKAHNYECKAX PHOIUTOB ACCONUAPYIOT MHOTOUYACAeHHEE PY/IOIPOABICHIA
TOJIEMETAJIJIOB, MEJH, CBUHNA, BHCMYTa, KOTOPEE DPAaCIOIaraiorcA 30HAJIRHO
110 OTHOLIEHHIO K AXPAM HHTPYSHBHO-KYNOJBLHEIX nogEaTuil. Ilo mammamio
KOHIEHTPOB PYIOmpPOsiBIeHNIl B aanaHON YACTH MYJBLIH, IJie MHTPY3HBHLIC
puoimTH He OOHAKEHH, MO/KHO IPEmosararh cyImecTBOBAHNE Ha FayOuHe
eIIe HeBCKPLITEIX DPO3HEIl KYIOIOR cyGBYAKAHUYECKOTO MaccuBa (CM. PIc. 2).

Jlasa BHXOJOB MacCHBA CYOBYIKAHITECKIX PHOJINTOB XapaKTepHH 00-
MEPHEHE TOJs THAPOTEPMANBHO M3MEHEHHBIX MOPOIL 0UeHb HEOIHOPONIHOe
pEyTpennee crpoerme. llocmennee 00yCIOBICHO THHPOKMM PpaspuTHeM pac-
cIAMBAHNS PACILIABA, NHTeHCHBHO PO ABICHHBIMI IPOIeCCaMit Y ALCATIOHIOMN
KPHCTAUIM3AIUA W BHYTPUKAMEDHOTO OKCILIO3NEHOTO GpexumpoBaHEA, 0CO-
feHHo APKO BEIPAKEHHLIMH B KYIIOJaX. Co cTeleHb0 FeOHOPOHOCTH CTPOe-
HHS MacCUBA PHOJHATOB KOPPEJUPyercs MHTEHCHBHOCTH CONTPOBOFRAIONIETO
ux opyneneHus. Bce 0710 yRaseBaer Ha 000TamMeNHOCT: MArMEL (IIOATaMM.
B cocTaBe KX, TOMEMO BOXH M IPHCYTCTBYIOMEN B GoNpIMAX RONIICCTBAX
CO,, Arpasm cyniecTBeHHYI0 POIb X u F.Ilopoms MaccHBa XaparTepHayioTCs
GOMBIIAMI CONEPIKAHMSIMA CYMME IIeTouei (mo 10—12 %) mpm MmMEPOKHX
BapmannAXx KaJMeBOCTH, nocraraomeii 0,95, Peako MOBHIMEHHLIMIT CONEpiia-
mmsvn F (zo 800 1/1), Rb (0 350 /1), Ba (mo 3000 r/t), Sr, Zi, Zr. Ilo nua-
rpamume A. [ITpekeiizeHa OHM OTPE/ISIADTC KAK ieogHEe (TT0/eBOINATOBEE)
PHOJHTE W PHOJATATEL
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Puc. 2. UxeMa TIONOMEHNA B CTPYETYPE My TbJIEL BLIXOIOB PY/AOIOCHOTO Maccusa ¢y6ByIKa-
HHTECKUX PUOIHITOB.

] — BHIXOUH HA TOBEPXHOCTE CYODYIRAHNYECKHX DUOJNTOBR; 2 — YCJAOBHHEIE N30MIHNN HOTDYMKEHNA

KPOBAN CYOBYJIKAHNIECKOTO MACCHBA; § — TOYWKM MUHADAIM3arun (a — MeIHO-BHCMYTOBON, 6 — ITOM-

METaJJIHYeckoil); 4 — pPasJOME; 5§ — NAJCHNE TOIOCYATOCTH M TLIACTOBGH OTHeJbHOCTI B cYOBYaIKAHIge-
CKNUX DHOJIATAX.

ITo TereTypHO-CTPYKTYPHHM 0cOGEHHOCTAM W, COOTBETCTBOHHO, YCIOBHAM
PACKPHCTANIN3ATNN, IIOPOIHE MacCHEa IONPAas[e/sIioTes Ha NrAmMOPITH,
BKCIJIO3MBHEE OpexYny, KBapr-TOJeBOINIIATOBEEe HOPPUPH I «KIacTomopdm-
pe»— cBoeoOpasuble pasnocTn oPHHDOB ¢ GONBIIAM KOJAHIECTBOM 0CKOILYA-
THX (EeHOKPHCTA/JI0B KBAPIA U KAJAHEBOTO I0JIEBOT0 IOHATA, K KOTOPHIM
NpHCOeAUHAITCA B IOTINHeHHEX KOIMIecTBaX miarnokmaas (mo Ne 40) m Gmo-
mur (Ng — 1,676), pesxe ofsrnoBennasa porosas ofmarxa. I[Topups m KIac-
ronopdupsr o0H4ubl AuA caaGo pud@epeHnupoOBanHEIX YUACTKOB MACCIBA I
Il BHYTPEHHHX, TIyO0OKO BCKDHITHIX dacTell RyHmoioB, UTHOMOPOTH —
OIA YIACTKOB HOCJOMHEIX MHBEKIWII pacruiapa B KpPaeBHIX YACTAX Maccipa,
DKCINIOBHBHEIE (PEKUHT — /i ANHKAILHKEIX BLICTYIOB KYIOJ0B W OKOHYAHMIL
amojua. Bce pasmoBEAHOCTH IOPON CRA3AHH (PAIMATLHEME IIEDPEX0LaMI.
Habnogaorea n peymue B3auMo0THONIEHIA HOPOjl, YTO YKA3HRACT B IIEI0M
HA TPEPHBHCTHII XapaxkTep PaCcKPUCTANIUN3ANUE MaccHpa. Ilo eNHNYHHIM
oupenenennsaM [Auapycenko, 1981 | monHas roMoreHum3anus pacIIaBHEIX BRIIO-
YeHHIl B KBapie m3 mopupoB M KAAcCTOMOPPHDPOB OCYUECTRISAETCS B HHTEP-
Bame 1175—1280 °C.

Ilpumewarensayio ocobenmocTsh AnpacMancxoro cyO0BYIRAHOIYECKOT0 HWH-
TPY3UBA COCTABIAEGT Cr0 BHEITHAA OPLONABHAA 30HA, B KOTOPOIl COXPaHMINCH
pasnoofpasHEe OPUBHAKHE AKTHEHOTO PA3BHTHA HPOIECCOR MATMATHIECKOTO
samemenusa. Oco0eHHO BHPA3UTEILHO OHI INPOABICHEl B HAXKYTOJLHEX
ygacTkax maTpy3mBa. llpomeccaM miuaBieHmAa BMENAONIAX BYIKAHOTCHHHIX
IIOPOJ 8/ieCh TMPEMEecTBYeT Pa3BITHE METACOMATHIECKOTO KAJIMEBOTO TOJECBO-
ro mmata. Ilo gaHELIM XUMUYECKOT0 aHANH3a KaTUeBHil moXeBoil mmar mpes-
CTABJIGH II0YTH YHCTON KAIMEROI pasHocThio, ¢ comepwkammeM Na,O oxoso
0,15 mom.%. Omr wmabGniogaercs B BUIe MATEH W JNEHTOBUIHLIX BHIEICHEH B
moporie. Ero ofpazoBanne HpoucXoqiio B o0CTAHOBKE NepeKpACTALIN3a IR
TTOPOT M YCHIABAIOMIErOCH BMKSHIA JIETYTIX, HA UTO YKA3HIBACT IIOSABICHIe
B ¢pacT aHmy ¢ KaauessM momesuM Immaroy Menrux (0,02—0,04 my) n pearmrx
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qenIyeR JAmYaTtoro 3eaexoparto-0yporo Guornra. Ha paccrosmun  20—30m
OT KOHTAKTA ¢ HHTPY3HBOM B OTJEILHBIX TOYKAX KOHTAKTOBOIO OPeO.1a Hadm-
HaeTeA TUIABJIEHNE 1 MOABJIAIOTCA MATHUCTHE BBIIEICHNA BTOPMIHOTO CTERJA.
Kpymusie (2—3 eM) BhijiejieHuA TEMHOTO, B PasINIHOIl CTemeHN OKPUCTAIIIN-
BOBAHHOTO, 71 CBETI0-3e/1CHOTO CEPHIATH3UPOBAHHOTO CTERIA HMEIOT HEPOLHLIE,
JamgaTsie OYePTAHMSA, NEPeXojiAlime B TOHKHE JRUIKOBUIHBE BETBICHIA.
06 suureHeTHIeCKOM XapAKTepe BhIIEJIeHNit CTERIA CBUILTETLCTEYIOT ero
SRITKOBIJIHEE OTBETBJICHI B OKPY:RAWOIIYI0 Maccy BMeNIAOMmel ToPOJIEL,
TeHJIGHIIN K PACIPOCTPAHENNIO BIOJL TPAHAI (PeHOKPMCTAILIOR M 00IOMKOB
mopoA B aBo0pexdusx, pesras JHCKOPIAHTHOCTH dopm BeeTennii 10 OTHO-
IIEHmI0 K AOPEKTHBHLIM ITEPBETHBIM CTPYKTYPHBIM dJeMeHTaM BMEITaomei
mOpOBl. 3aMKHYTHIT Xaparrep M H3OMETPHUCCHIe dopmbl BHeeHTH YKa3b-
BAIOT HA NCUEBHOBEHHE GLIBIIUX HA ATOM Mecte o0heMOB IepPBITHOX MOPOILEL,
T. e. Ha ee PACILIABIeHIE I 3aMEIeHNe HOBOOOPABOBAHHEIM PACILIABOM (cTer-
gom). XapakTepHa JOKAIH3aNNA IATHHCTHX BLIIEJCHHOHE CTEKTA B CPABHV-
rexpro yakux (o1 20—30 go 2—3 M) 30HAX KOHTAKTOBOTO 0OpeomTa ¢ passnTHeM
AX 10 MOPOJAM PABIMIHLX CTPATHTPAPETLCKAX TOPHIOHTOB M PACIIIPCHHEM
0GAACTI PACITPOCTPAHEHA B HAKYIOIBHLIX YIaCTRAX HHTPY3UBA. MecraMn
HaGaioaeTcs CBA3L BEUIEJIEHNT CTERIa ¢ 30HAMM KaTara1asa, IIPOC/E:el-
HBIMI Ha PACCTOAHME 0T HECKOIBKIX CAHTHMETPOB JI0 TIECATKOB MeTpOR, B Ipe-
MeIax KOTOPHIX BHIENEHHA CTeRia npuofperaior Gopmy IINPORIX, HEMpa-
BILILHEIX — BETBAIAXCHA ¥ IPEPHIBAIOIINXCA MIOT0C.

[laTHUCTEE BHIGACHHT CTEKJIA CONEPIKAT PajuaIbHO-TYdYICTHIe arperarhl
ganuesoro mosjesoro imara. OcofeHHOCTH pacHpe/eIeHns X B MAcCe CTeRIA
¢ TeH{eHI(Iell K KOHIEHTPHPOBAHMIO HA IPaHule ¢ BMeIaIeil mopogoii yKa-
BHBAIOT HA POJCTBEHHbE OTHOMICHMA KAIHNEBOI0 HMOJEBOr0 IImaTa I CTCKIA.
Io cpasHEeHmIO ¢ MCXOTHOI MOPONOIl CTEKIO XapaKTepusyercd HOHT/KeHHEBIM
coneprrarmem H,0 m ALO; (cv. radammy). [loaToMy MO:KHO AyMaTh, 4TO IO-
HUKEHHe COJleP/RaHmsl DTUX OKMC/IOB B CTEKI® CBA3AHO C MX Murpaieil B cTo-
poHY GoJjee XOJOJHOH BMEHIAOMEH TOPOIH. Copmectnas wmurpamusa H,0
¢ Al,O; ykassaer Ha gudPysmo HX B FKIULKOCTHOM COCTOAMMN [[TepwmHCOH-
Jeccnnr, 19401, a BrmajeHme KAJIUEBOTO IONEBOTO IINATA HA TPAHUIE ¢
BMemanmeil mopofgoii — Ha pesy/abTar pearmmit ux ¢ TBepjoil dazoii. [Tepe-
cuer mo Merogy A. Purmama AByX aHAuN30B CBETIO-3€ICHOT0 CTERIAa A€t
cocrasm (kBapm — 62,2 m 69,6; oprorraz — 36,1 m 30,4; amoprur — 1,7 %),
GImaKne K HBTERTMUECKOIl CMECH KBapia I KaJlueBOro IOJTeROro IImaTa B CIie-
mexe Si0,—I8AISi, 0, [Basapmmunii, CoGoues, 19611, oTamuasgch oT Hee He-
KOTOpPBIM M3GLITKOM HOPMATHBHOTO KBapra.

o Mope npaG/amKeHIA K KOHTAKTY ¢ HHTPYBUBOM JECHTOBIIHbE Cerpera-
UM MeTAcOMATHUEeCKOro KaTiCBOrO TOJEBOTO IINATA M ACCONMHPOBAMIILIE C
BEMI TATHUCTEHE BbUIEJEHHs BTOPUYHOrO CTEKJIA BCTPETAiOTCH BCe HAME,
mpupaBas LOPOJAM B Y3KOil HPUROHTAKTOBOM 30HE ¢roeoGpasHblil MTPIXOBATO-
mATHHCTEI o6auk (pue. 3).

O6nacTh HEMOCPEACTBOHHOT0 KOHNTAKTA ¢ HHTPY3UBOM MECTAMIT XapaKRTepi-
3YeTCA MACCOBHIM DPA3BHTHEM CTeR.Ia, COACPRAIIIM obmapHEe Mearme (10
1—2 Mm) ceponasl KaTmenoro IOJIEBOTO MIIATA, W IMOPOAA npuohperaer 00-
amk surpodupa. Ocofenio MHOTO TAKOTO BUTPOPUPA B YIACTRAX, IIE MHTPY-

Xumuuecruii coeTaE BYIKAHNMYECKNX HOPOJL

2 | 5i0, | TiO, | 41,04 | Fe,05 | 7¢O | MnO | MgO | CaO [Na;0 | K, | PiOy i1 F B
1 |69,02| 0,25 |14,44| 2,31 | 0,80 0,08 | 0,43 (0,42 (0,369,201 0,05 | — 0,04
92 (70,20 0,25 | 14,40 | 2,43 0,39 | 0,08 | 0,36 0,39 10,40 | 9,60 | 0,05 — —
3 78,30 0,08 [11,50| 0,82 | 0,76 0,06 | 0,20 (0,27 0,14 | 6,12 | 0,01 1,64 | —
4 79,70 | 0,06 | 10,00 1,58 | 1.37 0,07 | 0,67 0,30 | 0,04 | 4,16 | 0,02 [2.385 | 0,10
5 |6880] 0,08 |15,20| 1,95 | 1,53 | 0,07 | 0,15 [1,80 10,28 | 8,16 | 0,02 1,50 | 0,05
NMpumMedaHEWe. {, 2 — pCXOOHLIe PUOJATOBBIE JTABE M3 yhameHHoit g0Hby, 3, 4 — CBeTo-
8€JIEHOE CTCKIIO IATHHCTHIX peIesennii (ethepoaonsl 1A, IMesoro OJEROTO TITATA VIAJEHR) U3 30HLI Mar-
MATHICCKOT0 3AMEIENUs; H — CTEHI0 ¢ OB TRHAMI ciepoTounaMn KaIHEBOTO [OJEBOTO HILATA U3 yIacT-
K4 MACCOROTO passuTus BHTpodupa B NpUHOHTAKTOBONH B0HE.
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Puc. 3. Tlsrrunereie BeIGTCHEA BTOPHYHOTO CTERNA (TEMIIOL) B Macce BMON[AIOLIETO TpaXH-
PHOJITIOBOTO nondirpa.

CRPTIIBIE OKPYIINE 000cOBIeHNA B cTerde — chepouiajbisie arperaTsl KaJWeBorn TOJeBOTO INIIATA,
CBETITBIE JIMHIOBUOHBIE YHACTRI B Macce NOPUALL — CeTPerany MeTa oMaTH Ord Kaanesoro MmoJeBoro
MIIATA; OPHKOHTARTOEAA YACTh 30HBEI MATMATHICCKOIO 3aMenleHu:; Qororpadua mrypa; Har. Beid,

Puc. 4. Bona npocBeYHBAKIIUNX CTPYKTYP B OPEOTR MaTMATHYCCKOTO 3aMCU[CHIA.
TemHoe — pPeI Bl MOJ0CYATHIX NOIOT03AJETamIUiTY BMCIIAUINK pPUNTATHTORMX JaF; CBET10-CRH0R =
Sameil anouust BuwTpohun; BHIIZY, B cpeiHeid nacT puc., BUIHEL TVITHE HePecede s CTRPYHTYPAMB 3aMeme=

HITf [HO10CTATHIX Jan; HoToTpadun 00HaKCRNA, I0AELI cIo101 ropn Rusnaray.




Puc. 5. Vuymuuenmmii moTooI0cuaTOCTH PENIKTOBHI GI0K PIOJAINTOROH Napi (TeMHO=
- cepoe) B MAacce 3aMEmAIOIEro BuTpodupa; AeTaln OOHAJKeHHA HA PHC. J.

BUBHHI IPONECC PACHPCCTPAHAJNCHA BAOIL TPAHUI[ JNTOJOTHYECKN Pa3HOPOX-
gHX Toam. Mommuocts sirpodupa smech gocruraer 0,5—3,0 M. B ywacrrax
0CO0GHIO AKTHBHO IPOSBICHHLIX TIPOIECCOB MArMATHTICCKOTO 3aMEIeHAA
MeCTAMII COXPAHAITCA OGMIIIPILe, 0 HECKOJIBKUX JTecATKOB MeTPOB B MNDH-
HY 30HE IPOCBEINBAICINX cTPYRTYD (pHe. 4, 5). B Tex yuacrrax, rje npouece
MarMaTITIecKOoro 3aMemeHus PacipocTPAHAICH MO SKPAHAME IUIOTHLIX JIaB,
HOB0OOPA30BAHMLII BHTPOQUID HACTOILKO DHEPrUdHO (pasbejlaeTt) HCXONHEBI
JaBHl, 9TO OT HOX OCTAIOTCA TOALKO He(JoJbline, Ho 00mILHLIE OKPYyrane§pe-
auktH (pme. 6). 9Remmosusise OPERTHN KPAEBLIX 9acTeil PHOJIMTOBHIX KYIO-

Puc. 6. 3oHa TpOCEENUEAIONIUX CTPYRTYP B Opeoje MarMarmieckoro 3aMeIIeHnA.
TeMHOe — OKPYIIME PEJNKTH  EMCIIAICHET0 TPAaXHPHOINTOBOrO nopdupa B Imacce sameniawmero
suTpodmpa (cepoe); cBeTBIE JUHEORITIHEE NOJ0CH B TPAXHPHOJMTOKOM NOPHNpe — CeTperanmim Meras

COMATIECKOT0 KamHNeEorn NOJtEoro mmata; gorerpadud o0HameHns B palione XEBOCTOXpaHUIMILA,
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0B cofep:KaT O0MOMKN BMEMAIIX HOPOT ¢ MATHUCTHIMA M IIOJOCIATHIMIA
BEITEI€HIAMH BTOPHUHOrO CTEKJIA ¢O CHeponiaMi KaJIneBoro moIes0ro mmoara,
a Tawmke O0JOMKHN BHTPO(MPOR, UTO OJHO3HAYHO YKA3HBAeT Ha HOCTe0BA-
TeABLHOCTH  COOBITIIL.

B caMoM muTpysmBe BEJIOUSHIA BMEMIAIOMNX TOPOJ B II0JaBIAINeil
cBOSI Macce IpeCTaBIeHE ITOPOaMI TOJIL, HEIOCPeACTEEHHO IePeCeRACMLIMM
MHTPY3UBOM Ha JaHHoM yponme. [lo pacmo/loskeHHI0 PeIHKTOB MOPOJ UpH
MeTaJLEOM RAPTHPOBAHIN HE BEIXOJAIETO HAa MOBEPXHOCTh OJIHOTO U3 KYIOI0B
MaccuBa, TIYOOKO BCKPHITOr0 GYPOBHIMA CKBR/KHHAMHI B CEBEPO-BOCTOTHOI
QaCTI MYJALjbl, yAaercs TPOCIEINTH B MHTPY3HBE MOJ0KeHIe BCeX TOJI,
ornninx Ha arom Mecre mo murpysmu [[lorauses, 1986]. Ha pme. 7 npusegena
cxema crpoeHns xopomo obHamennoro yuacrra (1503100 m) npyroro Gosiee
KPYIHOr0 KYIOJa, BHIXOJSINEro Ha I0BEPXHOCTH HEHOCPECTBEHHO [aiee
K cesepy (B pafione oGorarurensroit Gabpuri). JTOT KyHmoJa HHTPY3HBA 3PO-
auposaH Tay0ike 1, 910 0co0eHHO BaskHO, 10 CPABHEHHIO C PACHOTOMRKEHHBIM
I0JKHEEee, OKA3LIBACTCS BHAUNTENLHO Oojee npujBuHyTbM BBepx. Ha momepx-
HOCTH HPO3Heil 37ech BHIBEJEHH KIacTomophupl Anepioil ¢amum WHTPY3HBA
¢ GOABIIIM KOIMIeCcTEOM KPYIHEX, 10 —0 MM ocroabuIaTeX (eHOKPUCTALIOB
BEICOKOTeMIIepaTypHoro OUIHPAMUAAABHOTO KBapila, KAaJIMEBOTO IIOIEBOro
mmaTa m Ouotnra. Ha cxeMarTmueckylo Kapry ydacika BMacmrade 1 : 200 Geinm
BHHECCHB NPARTUIECRE Bee 000MKM, 1inl05 M 0CTaHIEl TOPOJL, BR/IIOYEHHBIX
B mHTPYanE. B raasHoii Macce cBoeit OHI IPeJCTABTeHH (Jeab3nTaMil 113 TOIMIM,
npuBeleHHON 371eCh B HENOCPEICTBEHHEL KOHTAKT ¢ HMHTPY3UBOM. AHAIU3
X pasMemeHus No3BOJIseT YCTaHoBUTH caenyiomniee. OO0JOMEE Byemaomux
HmOpoJ, pasinyaioniiecs TePBEIHLIMH CTPYKTyPamu H TeRcTypamu (pic. 7),
OPOCTC/KRUBAIOTCA IIOJOCAMI, PACXOJSIMMUCH W3 CeBepo-s3amajiHoro  yria
KapTH HA i0r i I0T0-BOCTOK, YTO YKasklBaeT HA CYNIECTBOBAHUE 3/iech (10 WH-
Tpyaiin) CKIALKM WM Teda 3oHajgbHoro crpoemma. G cesepa Ha 1or HX mepe-
CeKaeT IMAPOKAfA IoJ0ca OOIOMKOB MIHAMOPHTOB — PEJUKTH BLIKIWHHBAIO-
meiica K 0ry KpymHoii amodmanl Kpaesoit wactu mHTpysupa. G BmemHei
CTOPOIH €€ COPOBORAAIOT TABIOK M OCTAHIM KATNIIIATH3HPOBANHBIX 1 (HOTH-
TH3NPOBAHHBIX BMEIIATION(AX (EIBIUTOB ¢ IOI0CIATHIMIT CTPYKTY PaMil Heperpic-
TANNZANNN T HeNPABIILHLIMI BEISICHIAMI BTOPHYHONO CTeKIa co chepon-
HaMII KAJXHMEBOTO II0JIeBOrO INIATA, XAPAKTEPHBe IJIA 30U IHATHUCTOTO
PA3BHTHS IPOIECCOB MATMATHICCKOIO 3aMEIeHIA BO BHYTPHUEIT, HeIoCpeacT-
BEHHO UPIJIeraimeii K HHTPY3NBY 4aCTi KOHTAKTOBOTO opeoa. Bee ofmzomun
NOPO/| 3aKIIUEHEl B MACCy KPYNHOMOPPEPOROro KIACTOMOPHUPA, THIITHOTO
s TayGORNEX "acteil marpysusa. Tarmu obGpasoM, rayOunHasa anus MHTPY-
3MBA MOTIOTHIA 3J0CH IOPOALL He TOILKO KOHTAKTOBOTO 0peola (B TOM dmCIe
U3 30HH MATHHCTOTO PA3BHTHA TPONECCOB MArMATHIECKOTO 3aMENieHdd),
HO 1 Kpaesoil (cwirozoit) gamnm camoro naTpysusa (aramMoputn). OuesumHO,
Kak u IIpH upomeccax ofpasosamua rpasurtHHX Kymoiosn [llaxoe m np.,
1970 ], packpmcramanaaigusa paciiaBa PUOTHTOBHX KYIIOJOB OCYMECTBIANACH
TNPepHIBHCTO, IYALCAITHOHHO. OTAOS MACCOBOTO OTAGNCHUS JeTY4HX COIPO-
BOJKIANICH PACCTANBAHEEM DPACIUIABA ¥ Br0 HIBERIUAMHE ¢ 00Pa30BaHNeM Ao~
$ua nranMOpaToB 1 Kymosaos II nopsagra (hrcurosususie Gpexdnm). Jransl pac-
TpefeeHEA KPHCTALIH3AI[HI PACIIABA CMEHAJMCH 3aTeM HTAIAMA BO30OHOR-
JeHOA MPOIEccoB MAarMaTuiecKoro 3aMOMEeHns W JaJbHeMIIero pocta Kymooda.
Ilpupenenanie HalJMIOASHAS CBHALTONLCTBYIOT O CPABHOTENBLHO NACCHBHOM
XapaxTepe IPOJIBIREHIA PACIIARA B IMPOILECCE POCTA HATPY3UBHEIX KYIOIOB.
B npornsomnoaoKEOCT BTOMY (PU3HKO-XUMUIeCKIe Peaki(Hu IIABJICHIA M 3a-
MEHIeHHA MArMoil mMOpPOX KPOBJIHN OCYIECTRIAINCE, MO-BIIUMOMY, BeChMA aK-
THBHO, UTO IOTTePKMABACTCA PE3RIMI IPAHNIAMNI WHTPY3HNBHOLO Teda ¢ BMe-
HIATOMIIMI TOPOMAMI M HAJUUHEM MEeCTAMI CPaBHUTENbHO IIHPOKNX 30H IMOPOT
¢ TATHHCTHIMH BBUIETEHHAMI BTOPHUYHOIO CreRJIa B KOHTAKTOBOM OpeoJe
MHTPY3MBA. YdacTHe B MPOMECCe MAarMaTidecKoTo 3aMEN[eHHsl TARMX CHVIBHBLIX
pearenros, kKark K o F, ® Tomy ke sHAUHTEILHO MOHIKAOIMIX TOYKY IIaBJIC-
HHES CHINKATHBIX TIOPOJ[, HECOMHEHHO, 05JIarompHATCTBOBAJIO TOMY.
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Puc. 7. PeroncTpynpoBanHOE MOMIOKEHNE TOJIN, 3aMEIEHHEIX TATPY3NBOM CcyOByIRainde-
CREX PHOJNTOB (PeKOHCTPYKIMI TPAHUI, 0 PEJAAKTAM MOPOJ), 0/KHAL 9aCTh AJPACMAHCKO-
TO Kymnojia, NJIaH.

1—3 — BMemaomue (GeJbanTel, COXPAHNBIINE TEPBHYHBIE CTPYETYPHBIE OcOGeHHOCTH (1 — MACCUBHEBIC,
¢ peikuMn (DeHOKPHCTANIIAMK IOJIeBEIX IIMIATOR, pasMepoM A0 3—A4i MM, 2 — ¢ GOnbIUM KOAHYeCTBOM
Meaknx (1o 1 MM) QeHOKPHCETAIN0B DOJIEBLIX MNATOR, § — ¢ GOJLIINM KOJHIeCTROM BEKPANJeHHHKOL NoJe-
BBHIX INIATOB U PEJANKTOB (JEHOKPHCTAINIOR LIBETHEIX MIUHEPAJI0B); 4—7 — BMeLlawmne QeTbaNTH CO CTPYH-
TYPAMH TePeKpPUCTAIHBALNIN, BRCOKOTeMIICEPATYPHOTO METACOMATO3a M MATMATHYCCKOIO 3aMPCIICHUA
(4 — ¢ yyacTHaMu BTOPHYHOIO CTEKIA 1 BTOPUYHLX c(epoaonion KaJaueporo noJiesoro mnara, 5§ — nerefib-
YATHIMN TEKCTYPaMN NeperpueTaiimaanun ¢ YEpPYIHeHneM 3¢pHa oCHOBHO Maccel NOpOnLl, 6 — HHTEeH=-
CHBHO OHOTHTHINPOBAHHBIE, 7 — ¢ KPYIHBIMH HOPEapobIacTaMy MUKPOKINHA); § — NrHHMOpUTEL 1 110-
JocuaTsie KiacTonopdupsl KpaeBoi ¢armm wHTpYanea; 9 — Gperunn Mo BMeNAompM (PesibanTas ¢ BTO-
PUTHEIM BATPOMGUPOBRIM HEeMEHTOM; 10, 11 — THAPOTEPMAILHK? UBMeHeHNA: (10 — cepenurnaanusd, 11 —
OKBAPIEBAHNE); 12— 14 — TPAHNUITHL pacnpocTpaHeHnsa mopomn (12 — (Penk3nTOR TMEePBHUHBIX CTPYHKTYPHBIX
PasnHoENIHOCTE, 13 — NCTBITABMAX MPOCPecCHBHENT METAMOPHNEM U 1TPOTECCH MATMATHUECKOTO 2aMene-
HUA, 14 — NMHTPYSUBHHIX NIrHNMOPHTOB KPaeBoif YacTi  WHTPYBWBA), 15 — ockmm. (CBeTyoe mone —
PROJUTH (¢«KIACTOHEBALNTHIY) AXepHOR hauun Kyuena ¢ GOJAbBIIMM KOJMYECTBOM KPYHHHX OCKOJLYATHIX
GeHOKPHCTAILIOR KEApPUA, HOJeBpX muaros n GnoTura.

Buime ormewamoch, 9T0 00pa3zoBaHmI0 MaccuBa CyOBYIKAHNUECKHX pHO-
aurtos B Ientpansnom Hapamasape npejiiecTsoBaan MOMHLE BYJIKAHTIOCKTE
HBBGP}HGHHH 1 HAKOIJIEHWUA TOJIT ﬂOpOI{ ‘:[(?TL[pBX BYJIRAHOTEHHBIX (IJOpMﬂI[HE[.
Pamnee mur o6parmnn eanvanne [[loranses, 1986 ] Ha ogay n3 nmpuMegaTebHBIX
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ocofemHOCTell pasBHTHA ByaKaEusMa B paiione. OmHa 3armiogaeTcs B TOM, 9TO
KIICIBIe TOPOIL 4eTBepToil Byakanorenuoit dopmanun B orindane ot GJAN3KIX
10 COJePATaHMIo KpeMHesema (PHoJiitsl, TAIUTH) TOPOJ TPex paruux GopMarni
XapaKkTepu3yIOTCH aHOMAJIbHO BHICORUMI cofgepsranusamu xanud (go 10—12 %)
M pAfa Ipyrux HexorepeatHux amementon (Ba, Rb, Sr, Li, F, Zr). Vavenennsn
XUMHYEeCKOT0 ¢coCTaBa B HUX HE IMOJUYNHAIOTCH HOPMAJbHOMY XOIY 2BOJIOIHAA
marm 0asalbT-aHie3HT-PHOJUTOBEIX CePHil: KAleBOCTh TOCTHTAeT HCR.JIIOUN-
rTenkHo BicORNMX sHawenmii (0,95) m He saBment or comep:KaHHmI B mOpomax
KpeMHeseMa, COOTHOMEeHnI kemneaa mw marung. /3 atux maGmonenunit Guur cme-
JaH BHEOT, IT0 B MePHOI M3BEP/eHNsT JaB 4eTBepToil (opMAII BO BHYTPH-
KOPOBTJI'EI MarMaTn4decKnii owar nocrymanam JIOMOJHATEIbHLIE TOTOKMN l'."[y6ﬁH—
HLIX [i).WIOIIHOIB CYIIECTBEHHO KaJdHeBOro cocrasa. OGPHBOB?.HHG CyﬁBy.‘IHHHH-
YECKOr0 MACCHBA PHOJHTOB 3ABEPILIJIO0 NIPOIece H3JIHAHHA JaB YeTEepPToi
dopmarnmm, a caM MaccuB CYOBYIRAHNIECKNX MOPOJ, KaK YiKe OTMETAIOCh,
cIeIyeT paccMaTpuBaTh KaK Pe3yJaLTaT PacKPUCTAJIN3AIAN TOXHABIIETOCHT
ene onmKe K TMOBEPXHOCTH 3eMJIIT HEpII[I}Ep!IqECHOFD MarMaTa4ecKoro odara.
]_i()pomﬂ MacCHuBa COXPaHAT Te ke TeHAeHI[MT He3aBHCHMOCTH Ralneso0cTn oT
KPeMHe2eMHUCTOCTI M yKeJIeSHCTOCTH NODPOX, NMpaBla, B HECKOILKO ocIalieH-
woym Bume. Ha tpoitmoit mmarpavuve gsapr — annbnt — oproknas (ca. pme. 1, A)
CMENeHIIe TOYeR COCTABOR MOPOJ CYOBYJNKAHHYECKOTO MACCUBA BIOJIL KO-
TeKTUYECKHX JINHNIT COOTBETCTBYET MepexoaaM oT 6OJIGB I'.HyGOHH,\' N MEHee
nnddeperinpoBaHABIX YacTeil WHTPY3HEA K ANWKAJIBHBIM Y4acTKAM KYIIOJIOB.
Jra AuarpaMMa HarlsaIHO OTPayKaer CyINecTBOBAHUE IOTOKA U3 rIyOUHEL K
ANMKANBHEIM YTACTKAM KYIOJ0B CYIECTBEHHO KammeBHX ((Top-RaameBsx)
daongor. Tor darr, 9ro mpomeccy Kopposun MPeIIoITATEILHO TOABEPralnch
deHOKpICTANIIH KBApPI@, a He KaJNeBOT0 TOJEBOTO IIMarta, MOATBep/RIAeT
menounoit xaparrep duongos. Mupornit pasdpoc Touer cocrasos BAOJL JIH-
HHH KBAapI — OPTOKIA3 CBA3aH € PACCIAUBAHUEM pACHIABA, HACTYIIHBIIUM
BCJIEICTBEE TIPEIeNbHOTO HACHINEHUA eT0 (IIONI0M, H AKTHBHO IPOIIENIINMA
METaMarMATHYCCKIMH PEAKIHAMA, COMPSKeMHLIMI ¢ HIMI TPONECCAMIT OT-
JIeJIEHHSA JIeTYYHX H IYAbCalnonnoii kpucraxansanuy. QOan ocoGenno smeprmd-
HO TPOABHINCH B AUMKAJLHEIX YIaCTKAX KYIO0/J0B, Tfe HONYIII0 PAsBUTHE
obmmpHoe sKemmosmpHOe Operunporamme. [ cBeTe HMpPUBENeHHLIX AAHHLEIX O
TPOXOAICHNN Yepe3 MarMaTWuecKnil ogar (MHTPY3HUBHYIO KaMepy) IMOTOKOB
rayouaaLEX GAION0B TOTEHIHANLHAS PYJIOHOCHOCTh M PYAHAS CIIOINATN3aTiIA
CPHK » smaunmresnnoil Mepe onpemeasioresa KoamgecTsoM (GIOAIOB 1 0cofen-
HOCTAMI HX cocrasa (em. pue. 1). Mmeiores pannsie, uro moToKH rIyOHHHBIX
dronoB MBHAYAMBHO COJEPKAAN PABHO0OPA3HEC YIAEBOAOPONE W HMEIH
BOCCTAHOBJIeHHEIT xapaktep [Maparymes, 1971; Caoboncroii, 1981 ]. Pearmnmu
B3aNMOEHCTBIA HX B HATPETOM COCTOAHILN C KICIOPOFKOM JOMRHEI GBIIM IPOTC-
xoanth co Bapesom [@Dasopexas, 1985]. Passurie obmmpHOTO HKCINIO3IMB-
HOro OPEeKINPOBAHMA M AKTUBHOE YYACTHE B MACMATUYECKIX Il THPOTEPMAlib-
HEIX NIPOIEccax YIJIEKHCIOr0 rasa, Kak yyke ormeuasoch Hamu paumee [lsan-
KnH # 1p., 1979], asasaores xaparrepHoit 9epToil ¢yOBYIRAHIIECKEX PHOIN-
TOBHIX KOMILIEKCOB (B YaCTHOCTH, I@HTPAIbHO-KAPaMa3apcKoro).

B syaramomnyrtormueckux mosicax B accormanuax ¢ GPH wacro Berpe-
gaoTcA Gnumsrme MM 1o BpemeHn ofipazosanmsa rpamutonpsl. llpomeccer o6-
Pa30BaHUA TeX H JPYIUX KOMILIEKCOB IOPOJ GEIBAIOT TECHO COMPAKEHH CTPYK-
TYPHO, BO BPEMEHH W, IMO-BHIMMOMY, T@HETHUECKU, YTO KOCBEHHO IOATBEPIK-
JlaeTCsH TPUCYTCTBMEM BO MHOTHX 30J0TOCePe0PAHBIX 1 IMOIAMETATIMYECKIX
MECTOPOEACHIAX MUHEPAJOB 0J0Ba, Bodbipama, yoaudmena, mHorpa Gepui-
aus, gHa uro obpamasan srumanne 0. T, Illep6axos [1961 ] m muorme npyrue mc-
caegoBartenu. Bumecre ¢ TeM unpsiMbie nepexoibl cyiByJIKaHNYGCKUX PUHOJIHTOB
B THIWYHEE TPAHITE He XaPaKTePHH I, HO-BUJIIMOMY, MaJOBEPOATHE, VINTH-
Bas MPHHINNHAILHLIE PABIAYNA BO (QIIOHIHOM PesRuMe TeHePaln: TeX I Ipy-
rux marm [Mesankun m gap., 1979]. Bomee ylenutennnsl gannnie 0 «HacTyIie-
Hum» nponeccoe rpaHnroobpasosanms ma CPR m accommmposammoe ¢ mmMu
opyseHenie. JT0 JORA3LIBAGTCA B PAAe PailioHOB IPAMBIME HaOMOTEHUAME
reoJ0rmuecKnx cootHomennit mopoxa. Taw, Ha ogHOM H3 CyOBYIKAHAICCKIX

! 121



pynunx nomeit Cepepo-Bocroka CCCP mavm B cmoe mpems (1974 r.) mo maxon-
KaM KOHTaKTOBLIX POTOBHKOB I HX COOTHOINEHISIM € TPOABICHIAMI PYIHOI
MEHEpanTu3anuu ObTO TPEITOJI0/KeN0 CYMEeCTBOBAHNE HA IAy0mHEe PyRHOMH
MEHepaIm3alid TPaHuTHOO Maccusna, 6HHBHOFO 0 BPEeMeH! CTAaHOBJEHUHA
K cyOBynKaHEmIeCKOMYy pyAHO-MarmarndecKoMmy mponecey. Ilposegemmniy
OyposniMm  paboTaMm 9TH HPEANONOKEHNS mogTsepammuch. Ha rayomie
1,0—1,3 ®¥M Onir BCKPRT KPYOHH TPAHATHLIN MACCHB, YCTAHOBISHO 30HATb-
HO® II0 OTHONICHHIO K HEMY PAacCIOJOKCHNe PYIHHX KOMIUIEKCOB I BMecTe G
TeM HalOyReHUe HPOIEecCOB OPOrOBHKOBANHA U CHKAPHEDPOBAHNA Ha pPaHHNE
cepedpocoep:ramue KBapu-agyasaposne napareneancs [Baprymmma, Amgpy-
cenko, 1983]. Ha pgpyrom yuacrke Oxorcro-HyxoTcroro ByIRaHAIeCKOTO
nosica — Oiftpunckom, mo mammeim P. A. Epemuua u B. II. Haii6oponmma,
BHEJPEHUE I'DAHUTOB TaK/Ke CHEL0BATO 32 B0J0TOCEPelpPAHON MuHepannsa-
nueil U CONPOBOKRIAIOCH 00pazonanuesM cKapHon m rpeiizeEo. B Bocrouno-
CuxoTmo-ANTNHCKOM BYJIRAHMYECKOM MHOSCE IOCHEe NPOABICHAA 30I0Toceped-
panoit MuHepanmsanua gurcupyiores [Hocos, 1966; Muxaiizosa, 1970] cnsa-
3anmble ¢ OAN3KUME TI0 BO3PAcTy TPAHATAMI CKAPHOBHLI I THIPOTEPMAILHBIIL
3TANEl € OTJIOKEHUAMH MOJUOAeHHTa, Kaccmrepura, moab(ipamura. B Ilen-
rparsioMm Hapamasape Maccus cyOBy/IKAHUYECKHX PUOJATOB MEPECEKAIOT
nopyiHbie JafikA cy0meroTHEX (es3UT0R, T'PAHOCHEHUT-IOPPUPOB, CHEHIT-
mopdupos u guadasos. OcHopHbe ailR1 YACTHIO BHEAPHIMCH HOBJHEe KHCABIX,
HO 4aeTo Te 1 JPYIhe BCTPeJanTeA COBMECTHO, 00pasys Teja CJOKHOT0 CTpoe-
uist., Jlafiky BXoisT B cocTa®R MpoTAMReRHoro, okoao 20 KM, ceBepo-BocTOUHOTO
npoctupanus mosica. Ho orpuizars mpomece mX ofpasoBaEuA oT Ipomecca
dopMIApOBAHIA MACCHBA CYOBYJIKAHWYECKMX PHOJUTOB HeT ocHoBaHmil., Ha
OpPOIOUKEeHNN DPYAHOH B0HB K CeBepo-BoCTORY, B Bocroumo-Hypammickom
paiione, o TaHHBIM, TOIYIeHHENM B mociaeaHee Bpems B. P. Teitaxe u B. B. [lo-
MopiessiM, Hadmogawores nrke (fomTee CI0MKHEE) COOTHOMIEHUA: TOPYIHGIE
maiixn muadazorslx nopgupuros, kak u B learpansmom Rapamasape, ceRyT BCe
BYJIHaHOTeHHBEIE N 6OJ[I:IE[YEO UACTH PHOJAATOR CyﬁByJIKaHE{'{BCKOFO KOMILJICKCA 4
HO CaMH CeRYTCA TO3THOMHE HKCILIOZHEHMMI OPeRIUAME PHOJHTOB, HA KOTODHE
HAKJIAILBAGTCA TONUMETANINTIOCKO? OPYASHEeHNe IeHTPaIbHo-KapaMasap-
croro tuna. s srux madmonennii B. P. Teitake u B. B. ITomopies jgenaior
BIOJIHE ONpeJeTeHHEI BEIBOM, YTO AOPYAHLIe Aaikm Auabaszon, Kak W acco-
OUUIPOBAHHEE € HEMH HECKOJBKO 00Jiee pPaHHIE KUCJOT0 cocTaBsa, OJM3KI
0 BPeMeHW BHEAPEHNA K CTAHOBICHAIO €IAHOI0 KPYIHOTO, CJOKHOTO II0
CTPOEHMIO, TOTO Ke COCTABA U Bospacra, uro i B llenrpansmom Hapamasape,
PY/OHOCHOTO PHOJAHTOBOTO CYOBYIKRAHUUECKOIO0 KOMIIEKCA: OHH 3aMEIRAIOTCH
B 1mpoiecce ero (GopMIpPOBATHIA.

B Henrpansmom Hapawazape B mpegenax AnpacMancroii ByIRAHNICCHOI
MYJIBbIE AACKATOBEIS I AIIMTOBIIHEIE I'DAHITEL BCTPSYAIOTCH CPeJd BYIRA-
HOTOHHBIX HOPOJ B BEAE MAJOMOIHEBIX (Z0 2—3 cM) BHBEKOHIl H 00pasyior
mefomLuIne NITOKHN B ee BOCTOYHOI WacTu. Hime gamee K BoCTOKY, yike 3a mpe-
JeaMI MYJBIH, ANACKUTOBLEIE TPaH@TH ciaaraior Kpymeeit Iafimamcknit
MacemB, B3amagHHIl KOHTAKT CyOMepanmoHAIbLHOIO IPOCTHPAHHA KOTOPOTO
pesro o0pHIBAST OTMETEHHEI BHIOIS IPOTAMCHILIA COBePO-BOCTOTHLIN TATKOBELI
mosc. Havm 2agoRyMeHTHPOBAHLI (AKTLL HEOOCPEZCTBEHHOTO CPCe3aHNA W
CTPYKTYPH 38aMEIIeHNA TPAEATAMI AaeK (eIb3NT0B, TPAHOCHEHNT- I CHEHUT-
nopdipos, mo 0coGEHHOCTAM COCTABA M CTPYRTYD COBEDPHIEHHO AHAJOIIIHBIX
TeM, UTO B HECKOJBKIX KILIOMETPAX 3almmajiee mepecexanT PHOIATE CyDByIKa-
HAYECKOr0 PYAOHOCHOTO Maccusa. HemocpemcTseHHBe KOHTAKTH ¢ HailKaMm
nuadasos me obmapyacensr. Ho gaiikn guabasos cesepo-BOCTOTHOTO IPOCTHPA-
HAA, B GOIBIIOM KOJIWIECTBe ROTOPHE IPOCILRUBAICTCA CPeIM BMEIIAION[ux
TuUPOJ BIIOTH A0 KOHTAKTA ¢ TPAHMNTAMH, BO BHYTPL TPAHHTHOrO MacCuBa HE
IPOTNKAIOT,
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BLILOJIEBI

1. Pasmoobpasiic o (opye 1 PAZMePaM BHIXOAH CyOBYIRAMITTIECKIX
puoantos B LlerTpansmo Kapamasape B mpejiesax AJlpacMaHCKOIl By/IKaHH-
TecKoil MYILAL IMPEACTABIAIOT COGOH KYTOJIBHEE BLCTYIE eANHOr0 KPYIHO-
r0 MHTPY3HBA, KOTODHIA cjeyer paccMaTpHBATL Kak Peay/ibrat packpuerasi-
Jnzannm mepudepHIecKOro MArMATHYECKOro 07ara, UPHOIMIMBIICrOCA R 110~
BePXHOCTH B3€MJIH HAa 3aKJIOYHTETHLHOM DTame BYJKAHMICCKOI JeaTebHOCTH
B paiione.

2. Poct KymodoB HHTPYSHBA W, COOTBETCTBCHHO, TlepeMerieHde BepxHeit
TPAaHMIB MATMATHYECKOTO OUATA NPOMCXOJMIN B IPOIECCE MATMATHUCCKOTO
BaMeIeHNSA BMEMAOIIX By IKkaHoreHHHX To/u. llocnejnne B DR30KOHTARTO-
BHIX ODPe0Jax KYHNOJIOB (UKCHPYIOTCH MOsBIEHHEM ILATHUCTHIX BEIIeIeHITH
BTOPITHOTO BYJARAHHYECKOTO CTEKTA; MECTAMH COXPAHACTCH 30HA HPOCHEUl-
papmux cTpykryp. Ilagany mTapienust mPeiiecTBOBAIM IIPOIECCH NEpe-
RPUCTAIIN3ANUN II0PON, KOTOPHE COBEPHIAJINCH B ofcTaHOBKe JIBILKEHHA
drop-rammensx (uOHLOE.

3. llns BeIxomoB cyOBYNKAHNYECKMX DPHOJIUTOB XapaRTCPHEL oGnompuse
1O THAPOTEPMAILHOTO M3MEHEHNS NOPOX I 04YCHb HEOLHOPOAHOE BHYTpPei-
Hee ¢TpoeHme, 00YCIOBICHHOES ITHPOKUM PA3BUTHEM PAacCIauBAHHA PacIIana,
OyJIbCAIMOHHOT KPHCTAMIU3ANHNN M DKCILIO3NBIIOTO OpexrYNpPOBAHIA, 0COHCH-
HO APKO TPOABIEHHMMH B Kymojax Maccmsa. Bee 10 ykassiBaer na obora-
MEeHHOCTh MATMBI (AIOMAAMI, B COCTaBE KOTOPHIX, HOMUMO BOJEL, IPHCYTCTEO-
BAIM B CYIECTBEHHEIX KOJIMYECTBAX COCIUHCHHS yIrIeposa 1 dropa. C BHXO0-
JaMil  CcyOBYJKAHMYECKUX  DHOJHTOB  aCCOUHMHPYIOT — MHOrOYHCISHHHIC
PYAOTIPOABICHIA HOIHMETALIMYCCKEX PY/L, MEJH M BUCMYTA, KOTOPHI@ pacTona-
FAIOTCS 30HAIBHO IO OTHOUIEHHIO K SPAM METPY3HBHO-RYIOIBHELX MOJ(HATHIL.
B npejiesiaX Xopoino M3y4eHHOTO PY/AHOTO MOJA TEHASHIUI JOKATINIAIMI DYA
onpefensaorcsa Mopdosorueil 1 0coGeHHOCTAMI BHYTPEHHEI0 CTPOCHIL KO
PyAOHOCHOTO HUHTPYSHBA.

4, TlerpoxnMmuecKie AHOMAJINH B COCTABe MOPOJ BYIKAUMIECKHX H3BCD-
JReUNil, HemocpefcTBEHHO IPemecTBoBaBmuX 06pasoBaniio Maccuna cyOByI-
RKaHMIEeCKIX PHOJNTOB, BHCOKIE COJleP/RAHIT KaINA I APy ruX HEROTEPCHTHLIX
BIEMENTOB B HOPOaX MACCHBA, HE3ABHCHMOCTH KaJHEBOCTH IOPOJL OT COZLEP-
samig B HIX KpeMHeseMa I COOTHONICHMH jKeie3a I MarHusd, TPeiouTaTe b=
Has KOPPOSIA BKPAILICHHUKOB KBapia, TPemisl Audepennmamiin cocTanon
HOpoX Ha Tpoiimoil Aumarpamme Ksapi — aanbuT — OPTOK/IA3 MHTEPIPETHPY=
0TCA KaK yKAazaHue HA TPOXOosKJIeHne CKBO3b BHYTPAKOPOBEIT MATMATITCCK I
ouar (HHTPY3UBHYIO KaMepy) HOTOKOB BOCCTAHOBICHHEIX IUIYOHHIELX Qanontos
cymiecTBeHHO Kadmenoro cocrapa. Iloremumansmass pyAomnocHocTh M PYAHAL
crenmanmaanng nnrpysneos CPH B esere aTuxX HanHbIX ofbscHAITES ocobGen-
HOCTAMH COCTABA T IHTEHCHBHOCTBIO IPOXO/KICHOA CKBO3h MATMATIMCCKMIl
ogar TayOnHHHX (aonnos.

5. Ilpomeccs rpaEuTo00pPA3OBARNS B BYJARAHOIIYTOHIICCKHX Accoiua-
LUAX, TO-BUIIMMOMY, 3aKOHOMEPHO HPOABIAIOTCH IO3KE: OUU (HACTYIAOT) Ha
cyOBYIRAHIUECKNE PHOJNTOBEE KOMIJICKCH II ACCONUMPUBANHOES ¢ HUMI OPY-
JleHeHIe, UTO JIOKAZLIBAGTCH B PANE PailoHOB MPAMLME HaliOfeENAMI Teoo-
THYEeCKIX COOTHOmENNil ToPox, B TOM uMclie B Ipefenax I{ypamMumckoil BynKa-
HIYeCKOH 30HEL
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A. C. JTanyxo, A. A. Rausrnn, B. H. Jlamun,
A. II. TMlepuesa, A. M. Hygpamor, B. B. Jlonapes

TEOXMMHUYECRUE HMHIHNKATOPLI
PYIOOBPA3YIOIMIX CHCTEM HOJUTEHHBIX
KOMYEMAHHO-MOMTHMETANINYECKIX
MECTOPORIEHUIL

ITpu onenke NUEPCIeKTHE DYAHHEX paiionos u ocolGeHHo TayOIHHOM
HPOrHO3NPOBAHAN CKPEITOTO opyletenus ocofoe 3sHaUeHNIEe IPHodpeTanT mped-
crapjaeHNA 00 00BEMIOM CTPOCHNI T BBOJIIHAN PYyToo0pasyiomnx cucreM,
cJesl KOTOPHIX QUKCHPYIOTCA B BHe ONPelelNeHHBIX CTPYKTYDPHO-BemecTheH-
pEx mapareneszon [Ymwkos, 1986G]. [lammeie Bompocnl ABIAIOTCSA Y3ITOBBIMH B
MHOTOIeTHEeI JUCKYCCHH 0 IeHe3nce IMOJHUTeHHBIX U MOMNXPOHHBIX KOJMYETaHHO-
TOANMeTATHICCKIIX MECTOPOsKIeHNIl, He yrpartusieil cBoell 0CTPOTEL M IOHE-
ne. llocxkoapKy aBropamm o0cyskianach cTPYKTYPHAA THOM3ANUA pynoodpa-
ayiomux cuerem [Jlanyxos u ap., 1986], paceMorpnM HeKoTOpHe TeoXmMirge-
CKIe AcHeKTH Janmoil mpobjeMbl Ha IPHMePe PYZHOAJATAHCKNX MecToposk/e-
Hnii, koHTpoampyemux crpykrypamu Cesepo-Bocroumoit m HMprwimcekoit son
CHATHA.

Ilox pymooGpasyiomeit cucremoit (POC) anropamm mojipasyMeBaeTcsa coBo-
KYIHOCTDL CTPYRTYPHO-BEMIECTBEHHBIX I (DIIONMOTCHHBIX HJIeMEHTOB, B3alMO-
AeiicTsie KOTOPHX B OOPeIeNeHHOM MPOCTPAHCTEE W BPeMeHH OPHBOINT K 00-
Pa30BaHMI0 MOBHIICHHKX KOHNEHTPANMI PYIHEIX KOMIOHEHTOB, IpefcTan-
JAOIEX TPOMBIIIIENHLIH THTEpec.

Tlamnoe oupenesnenue oxsarseaer see Bujsl POC — onjorennele, 2K30-
remupie W cMemaHgse, [IpmMeHuTeNBHO K KOJYE/a HHO-IIOJHMeTalIIIecKIM
MecTopPO:KIeHHAM BO3MOKHEL PasjindHbie ROMOUHANUE BYJIKAHOTeHHBIX, TIY-
TOHOTEHHEIX H MeTtaMopQorennsix MoHO- miam monmremnux POC u coorsercr-
BylOIux mM HaGopos pymuex ¢opmammii. B mpememax momoremnsix POC,
CBAZAHIEIX C ONPECHCHHBIMH IMKIAMHI TeKTOHOMarMaTHdecKoil aKTHBHOCTR,
antopamu, neaen sa . JI. Hocuemossim [1962, 1963 ], Buiensiores 30HHL 3a-
POKJICHHS PYAOHOCHBIX (IITONIOB, TPAH3ATA H PY/IOOTI0/KEHUA.

Tewm campM payraeimumn saeMentamn ’OC apisAoTea oTHOCHTEIBHO cTa-
THUeCKHNe CTPYKTYPHO-BeliecTBeHHEE Maparetessl W AWHAMHUecKle, IIOIBITH-
npie  «paongnEey HOCHTEIN PYyA000pas3ylomnx KOMIOHEHTOB B pPa3IndHoM
arperaTHOM COCTOAHAN (RUKOM, TBep/oM i Tazo00pasmoM), BKIOUad MarMa-
tmueckne pacmiasn u jmeneprutsl [locuenos, 1973]. Ilameopexoncrpyrius
CTPYKTYPHOTO W BEmECTBEHHOIO 00JMKA DPYLOBMEIAIONIAX TOJI, OOBHYHO He
BrH3mBaeT ocoOwx sarpyaHennit. Hexoropas ocsemmas reosoro-reoduamde-
ckag undopManus colepiKATeA W o TAYGHHHOMY CTPOSHHIO 3eMHOI KOpHL.
Hautoaee npobaemaruuna diongnas cocrapisiomas POC, ocobenno nx rep-
MoAMHAMIYeCKNe W XUMHAUYCCKHE MAPAMETPHl, MCTOYHOKN PyAo00pasyiomux
rommonerTos. O mapamerpax uonnmoil cocTaBiAnIell KOpHeBoil U TpaH3NUT-
moit zom POC Mo;kHO cyauTh AWML HA OCHOBAHUN cAMBEIX 00mux coolpake-
nnit: maGopy pyAHBIX, MAMATHYCCKNX I 0CATOYHEIX (opmanmil, THmoMOp hn3-
MY DJeMeHTHOr0 W MHHEepajbHOro coctasa PYH, CTPYRTYPHOMY ITOJIOMKEHMIO
PYAHLIX Y3708, PYAHLIX 10JCH N MecTOPO/KIEHUII OTHOCUTEABHO 30H TayGni-
HEIX pasgomos u T. 1. HanGonee monmada mndopmannsa colep;RUTCA MO 30HE
pasrpyskn POC, xors 1 3ech HX TaTeOPEKOHCTPYKIEA COMPAAREHA ¢ onpe/e-
JenHEMEI rpynHocTsavu. llocmenmue o0yciaoBieHB PasIHIHBIMH NPHUMHAMHA!
BO3MO;KHEIM TpocrpaHcTsenunM cosmemenueM POC pasnmumoro reHesiea,
H3MCHYMNBOCTHIO (I).F] I0UHOTIO pexsiuMa 1 HYTefE MUrpamnmn pyHOHOC-HBIX pacTBoO-
POB, CTPYKTYPH M COCTABA BMEIAOMIEH epelsl B Nepnoj (YHRIMOHIPOBAHMA
POC. B mrore cospeMeHHB® IpoOCTPAHCTBEHHLIE PAcTIPe/IeeHNA MIHEPAIbHBIX
HapareHe3ncos I XHMHUECKHX 3JeMeHTOB B Mpejie]aX y4acTKOB PYAHEX HoJed
W MecTopo:;iAeHmil, MOCTYIHEX [IJd HernocpejcTseHHoro Habmojienus, Opei-

124



cTaBIgioT co6oil HEKOTOPYI0 HHTETPANLHY KapTHHY, 00ycaoBJICHAYIO 10CJe-
[AOBATENBHO TPOTEKAIONMMHE (QIIONOTeHHEIMUI NPOLeCccaMu, a Takike fouee
HO3HAMI TeKTOHHUCCKUMHE M MeTaMOP(OreHHLIMA mpeobpasoBanMsIMUA.

TEOXMMNYECKUE MHIMKATOPLI
IIPIHITOBEPXHOCTHLIX 30H POC

Onui 13 IOAXO0B NaJie0PEeKOHCTPYRINM TPHIOBEPXHOCTHLIX yTacT-
kos POC mameueH B mporecce H3ydeHus: PyAHOIl I 0KOJOPYAHOH 30HA/IbHOCTH
Psfa PKCIYATHDYEMBIX U JeTajbHO PasdBeJlaHHBHX KOJITE[AMHO-I0AHMETA T
JAmgecKuX MecToposieHnil Pyxuoro Aartas.

Kak umasecTno, PyaHoanTailcKad MeTajlioTeHHYecKas 30HA paclofaraer-
ca MeRIY Kade[doHCKmMHE ctpykrrypamu [opsoro Aurag I Me303onjamu Jaii-
caHCKOM criajnuaroil gomsl. OHA BXoAWIAa B cOCTaB Aseificko-TepekTHHCKOTO
HOTHATHA I SBJIAIACH OKPAMHHEIM CTPYKTYPHEIM DJIEMEHTOM Beelr Anrae-
Casnckoii o6mactu. IlepecTpoiika TeOCHHK/JIHHAJILHOTO PEKIMA B ICBOHCKOE
BpeMs NpHBeaa K PasgpobaeHuio najieo30cKUX TOJIL M PasBATHIO HaNOMKeH-
HEIX TeOCHHKIMHAJIBHBEIX TPorun0oB BTOPOTO HOPAJAKA, Pas/le/JeHHBIX reoanTi-
KJINHAIBHEIMI HOHATHAMHA.

TeRTOHENYECKASN AKTHBHOCTH BHBBAJAA OYPHYIO BYJIKAHHTIECKYIO JEATENb-
HOCTH, IPHYPOYEHHYIO TIABHEIM 00pa3oM K Cenepo-BocrouHoil 3oHe CMATHA,
pasneasiiomeit Toprsiit m Pymasii Antail. 3neck copMuEpoBaNUCh TPAIL
KPYIHBX BY/JKAHATECKHUX LOCTPOCK, BEITAHYTHX B CeBePO-3anajlHOM Hampas-
aemmn. OToeapHEe MOTOKH 0asanbToBOro, pese Gojee  KHCJIOTO COCTaBa,
BYJKAHOMIKTOBAA NHPOKIAacTHKA Ha Qoue mpeo0aafaoiux Teppure HHLX
oOpasopammil sanontsan BDeicTpymmuckuil o BenoyOunckuil mporussi.

Ipramckas 30Ha, Kak Hambojee yAajeHnHasg oT pailoHa AKTMBHOTO BYJI-
KaHN3Ma, XapaKTepu3oBajach IMMPOKUM PasBUTHEM TEPPHTEHHBIX dopmanuit
[@uaaros, 1986], » pasnuamoil cremeHn MPeoHPasoBaHHBIX MeTaMoppuIecK-
MH W METAcOMATHICCKUMI IPOIeccaM.

HETeHcHBEEE THAPOTEPMANbHbE H3MEHEHHsA IOPON B BUAE XJIOPUTI3a-
A, CePHINTH3ATNN, OKBAPIeBAHNA XapaKTePHBl LA KOXIeanHO-LI0THME
TAJIIYecKNX MecTopo:kienuit. B caywae sCHO BuguMOIl mopduposoil WK
GpexumeBoii CTPYKTYDPH OTH HOPOAE BOCHPHHAMAIOTCA KaK BYIKAHITIECKIE
ofpasoBamna mium CyGBYJAKAHNYECKHE HHTPY3WH JeBOHCKOTO BY/IKAHH3MA
[lepouxon, 1952; Usamknu, 1966; Hxosies m ap., 19731, 9r0 UPHBOMIO
K MCKA;KeHHIO ImpefcTaBienuii o Macmrabe I THNE ByIKaHH3MA B paiione, reo-
JIOTUM MecTOPO/RAeHMWI M UX TeHesuce.

Illupoko paspursie >ddysuBosujinbe 00pasoBanusI mopduposoit m Gpex-
YmeBOil CTPYKTYPHI 110 MHOTHM J{AHHEIM OTIHAYAIOTCS OT [efCTBHTEbHEIX TaB0-
BEX TOoTOKO0B. MeTacoMaTudecKas HPHPOjA TAKNX BHICOKOKPEMHUCTHIX T0POL
HoJiTBeP/KAAeTCA B3aMMOOTHOIIEHHAME UX ¢ JPYIHMHI OCAZKaMIL, cmerudmTe-
CKIM IeTporpaguuecKuM 1 IeTPOXHMHYECKIM COCTABOM, dopaoit m pazmepamu
nopduponmx ten [Jlanmm, 1985]. Meracomarmieckue mOPOJILE nopduponoro
06/ITKA WBBECTHH HA GOBIIHHECTEE PYIHOANTANCKIX MECTOPOMIeHII 1 MOTYT
CAY/RATD BR/KHHM ITOMCKOBEIM TPH3HAKOM KOJUENaHHO-TIOJNNMETAIITecKROT0
OpYyJAeHeHNA.

B mpenemax Pypnoasrafickoro permona BRIIEIAIOTCA POC pynxaHnoreH-
HOTO, NJIYTOHOTEHHOIO ¥ MeTaMOP(OIeHHOTO JTATION M COOTBETCTBYIONUE I
HaGOpsl PYNHHX (OPMANMil: KonueganHas, KOTICAAHHO-TOJIAMETALINYCCRAA,
3on0TOpyAHEE U T. I. B cayuae mpocrpancTBenHO o6ocolbeHHEONO MPOABIETNA
nocseTHUX TeHeTHdecKas MHTePIPeTAamnA WX He BhIBLIBACT garpynuennit, Ma-
BECTHH, HATIPHMeP, FOPH3OHTE CIOMCTHIX IOJIMMETATINICCRIX pyn Bropoi
Puanepexoil sameski, 0caZodnse HHPATOBEIE TEJLA Bepeaoscko-Benoycosckoro
PYIHOTO IO, 30J40TOHOCHHE KBAPI-CYIb{uIHEe TeJaad cpein FUIpoTEPMATIb-
HO M3MeHCHHHIX TPAHATOM/OB, PETHOHATLHEE CHCTEMBI 30J0TOHOCHRX KBapIe-
BHIX jxua m 7. 1. OnHako B GoapEHCTRe PYAHOAITAHCKUX KoI4eAaHHO-TOII-
MeTANIHYeCKIX MecTOPO/KICHMI OTMedaloTes IPU3HAKIE HOCHEOBATE/HIOT0
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najo:xennd pasHopeMeHHHIX POC u pynusix ¢gopmanmii, onpegessionimx mx
TOIUTEeHHOCTh W TOJMXPOHHOCTL. B IPHOOBepPXHOCTHHX 30HAX CJE[El DHL0-
renusix POC nposmisioTcs B BHJAE 3aKOHOMEPHO DPAacHpPe/leleHHHX B IPOCT-
pamcTse PYAHEIX ¥ OKOJOPYIHBIX TaparemeTHIecKUX AacCOIMAImil, Ipuyem
(¢pomrauabusie 3oas POC durcupyores Hanboee DOIBH;KHEIMA, A TEIOBEE —
HANMCHEe MOJBM/KHEIMI TEOXHMHYCCKNMHI accommammaMn ajeMeHToB. Q6beM-
Hasjg PeOMCTPH3ANUA JAHHLIX MHOTOKOMIOOHEHTHOTO XHMHOTECKOTo onpoGosa-
HOs, OpOBefleHHAA aBTOPAMH Ha PsAe PYMHOAJTAHCKIX MECTOPOMKICHHH ¢ To-
MOImbBIO CHENUAJbHHX ITPOrpaMM TPeHJ-aHAJAN3a W CINIAHHEHTEPIOJAII,
TMO3BOJMIA BHEEINTE MAOT000pasHEE (OPME IPOSBICHIA KOHTPACTHOH, Ma-
JIOKOATpacTHOI, TIPePHIBUCTON, HempepHBHON, neHTPOOeHON W HeHTpocTpe-
Mureannoil pyanoit sonaasnoctu. A. C. Jlanyxoe m gp. [1986], uemonnays
npuamM uddepeHnHANBHON TOABIKHOCTH PYy/000Pa3yIONAX KOMIOHEHTOB,
yeraHosmiu rakue snemeHTH POC, Kak cHeTeMB TOJBOIAMINX, Paclpeesso-
MUX W PYZOJNOKATM3YIOIIUX CTPYKTYP, BO3MOKHBIE NIYTH MUTPAIII B HUX
dmonoB, MoMOKENNE THTOBKX M (PONTAJBLHHIX B0H, HPHBHAKH BHYTPH- I
nocaepyaHoil TpancgopManu PYJAHBIX 3ajeseil m T. 1.

ITo crpyxrypneiv npranaxkam B npepesax Hpramexoit m Cesepo-Bocrou-
HOil 30H cMATHA BoijejieHsl Tpu miasHux tuna POC: 1) B GpaxurynmoanbHeix
CTPYKTYpax; 2) B JnueiiHbX cyOiaTepalbHEX CTPYKTYpaX 3KPAHHPOBAHNS;
3) B Kpyronanaommx ocaabiieHERX 3onax. JlJis Ka/mIoro U3 HAX XapaKTepHH
cuenuduyeckine MopdoaornuecKue THIIRL PYIHLIX 3aje:keil, BepTHEKAJLHOI T
larepalikHOIl 30HANBHOCTHE PYA U OKONOPYHHEX Meracomarmror. POC B Gpa-
XUKYOOIBHHX cTpykTypax masecTHE B CeBepo-Bocrounoil sone cumsartua m
NPUIeTalomux K Heil paifonax ((dexMapeKmii THID, MecToposKAeHNA YekMapsn,
Pujnep-Coxonnuoe, Hoso-Jlenunoropekoe u 1p.). Bpaxurynonsese cTpysTy-
PBI, YCJIOsRHEHHBIC cucerTeMoii PainanbHO-KOHIECHTPHYECKHUX TPCIOWH, HOpenoi-
penmennan Meay3000pasHoe ¢cTPOGHAS PYAHEIX Balieskell ¢ 3aTyXalONAMII ¢ Tay-
Onmoil maeiihaMu TPORUAKOBO-BRPANNIEHHEX PyH. J0HAJNBHOCTH TAKNX 3a-
aesreil  menTpo0eRHO-KOHNEHTPUYeCKOT0 THIIA OCIOMAHEHA MHOT0ITAKHO-
PUTMHUYECKOIl, TOBTODAIMEHCA 30HAIBHOCTRIO.

POC B nuneitnnix cyOnaTepaibHEX CTPYKTYpPAX sKpanmpoBammsa («Geso-
yeoBekmil tamy) Komrpoanmpyerca Vipremmeroll somoit ematma. Bammmeiimme
cTpyrrypHEEe aeventsl POC maHHOTO THIA — KPyTOmamalomme pPyIomomBO-
JANHe KAHAJR U COMPsKeHHBE ¢ HUMH cyOaarepaibhHeEe pymopacupenenso-
mue NpoHHIAaeMbie 30HB B JHHeHHEX cRiaankax sosgovenus. POC «bGemoycos-
CKOTO THIA» OTIMIaiorcA KpaifiHe HeycTONYMBHIM THIPOTMHAMHUUYCCKUM PeiRi-
MOM, 06YCIOBIEHHEIM HE TOJIBKO NYILCATHOHHLIM, TPePHBHCTEM TIPOTCKANMEM
pyiooGpasyloinx MPOmeccor, HO I Iepepacipe/ielieHneM MaruncTPajbHEX DPy-
JOHOCHHEIX IIOTOKOB, BIJOTH 1O (I)OpMHpOBaHHH nounepedYHbix (I)JTHHI'OBBIX moTo-
koB. B mpegenax POC nmogo6rOTO THHA 06Pa3yioTea Y3KUe JeHTOBUAHLIC 3ae-
JRI ¢ MaJOKOBTpPacTHOH ImepeKpecTHoll 30HalbHOCTDIO.

POC B wpyromajalommux ocaadIeHHHX zoHax (¢rycagKoBCRHH THIN —
Mectoposkaenna ['yenakosekoe, Bepezoscroe, Mpraimekoe, Tumunckroe m ap.)
00yCIOBIEHB cOUETAHIEM OMHOTO WM HEeCKOJNLKUX GliHaBePTHRAILHBIX PYyIO-
TOJBOJANINX KAHAJOB W CETIATO-TPEIMUHHBIX CTPYKTYD, 30H KIAWBAKA U CJIaH-
MeBaTocTH. B 9THX YCIOBHAX PasBHBACTCA IEHTPOOLIKAAA 30HANBLHOCTD TIPeP L=
BUCTOT0 WJIH HEIPepPLIBHOIO THIIA, OCHOAIHCHHAA MHOI‘O[)TH?‘HHO-I]HTMH‘IECHOI‘Z‘[
B0OHAJBHOCTHIO Goliee BHICOKOTO TOPSIKA.

Ilpu oGbeMaoM KapTHpOBAHUE OKOJOPYOHEIX METACOMATHTOB, HAPALY
¢ TPaANIUMOHHBEIME MeTtogaMmi, BechMa dPPEKTHBHHIM 0KA3aJI0Ch IPHMeHEHHE
TaMMa-COeKTPOMECTPHE, MO3BOJIAINEH JOCTATOYHO HKCIPECCHO ONPEIeIATh
KOHMeHTpanua ypaHa (mo papmio), Topus u kamus (no 1°K) s upobax maccoit
150—200 r nefecrpyKTHBHEIM MeTofoM. B Kagecrse npuMepa Ha pume. 1 mpuse-
IeHA ¢XeMa pacupejlejeHus YIOMAHYTOH TPHAIE 2IeMeHTOB Ha paspese OJiHO-
TO U3 PYAHOAITAWCKUX MeCTOPOKISHAH «IeKMAapCKOTO THIA», IPHYPOUYEHHOTO
K OpaxuRynonanHoil cTPYKTYpe. S7ech YCTAaHOBIEHA OTIETIHBAA KOppeaAnnd
cojiepixaHuil ypana, TOpUsA M KalIHA ¢ BOHAIBHOCTBIO OKOJIOPYAHBX MeTacoMa-
THTOR W DPYIHHX sajeskeil. H HmxHell BHKINHKE ITDPORIIKOBO-BKPAIJICHHLIX
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Pue. 1. Cxeya pacnpejieflesus ypaHa, TOPIA IT Kaaus Ha paspese o[jHOTO 13 pyjsoaixTaii-
CRIX MECTOPOMKIeHHil.

A — cxemMaTHanpORAHEEIT Teomormecknil paspes; B — pacnpaneneHme Topnda, B — ypasa n I' — ramna
HA NONEePeuyHOM CEUPHUN HOTIedaHHO-N0INMEeTANINYECHOTO MECTODOHACHIA. 1 — AJeBpoInTE 0 NecyaHu-
K} 2 — H3BEeCTHOBUCTHIC AJeBPOJINTH, $—J — TIIPOTEPMATBHEI H3MEHEHIA BYJIKAHOTEHHO-0CALOUHBIX
nopon (3 — KANNMOAaTHeaidg, 4 — CepuiuTIAa 11 JI0PUTHEAINA, § — OKBADUERAHNE)] 6 — (0=
HB¢ GAPUT-TIOIHMETATIIYCCKIEe PYAULIC Te1a; 7 — MpOHITROBO-BEPAINICHIBC PYIH; § —10 — YCIORHEE
rpagannm KOHOEHTpaumit ypana, TOpud, Kajna: § — 30Hal HOHMKSHULX (200 BHIEIAYNEAHRA), § —
DOHOBHKIX M 10 — HOBLUHCHHEIX (30HBI OT/IOAEHIA) ROHIEHTpALMIl; 11 — reojoruveckue rpauniisl (@ —
TOJMI, § — PYAULIX TEJ, ¢ — 30H THAPOTEPMAIBHO NMAMCHEHHBIX HOPO); 12 — TeRTOHNYCCKOe HADYIIeHHe,

PYAHEIX Ted, coBHajamomeidl ¢ 06IacTbI0 pacmpocTPaHeRMA KaIHMIIATOBEX
METACOMATUTOB, IPUYPOUEHA OOIMMPHAS 30HA MOBHIEHHOTO (GoHA TopHeRoit
MUHepaJH3anuu. B Tpemenax mocieflHeH BRIEAAIOTCH CYOBePTHKATLHBIE
VUIAaCTKE BHIHOCA YPaHa, TPACCHPYIOIIHE II0J0KeHNe PYTONONBONAIMX IPOHN-
IlaeMHIX CTPYKTYP. SoHA OOrareiX IPOKUIKOBO-BRDAILIEHHEIX W CIJIOMHEIX
KOoT4eamno- W OApAT-IOMNMEeTANIINIecKAX PYE, OPHypovYeHHAA K KBapIil-
CePHIATOBEIM ¥ CepPHIIATOBRIM IHpoTepMainTaM, QHKCHpPYeTcH I0JeM PesKo
TOHIKReHHBIX (TOKIAPKOBHIX) cOfeP;KAHMI ypaHa, Topus u Kaaus. B maapyn-
HOIl TOJIme, HEMOCPEICTBeHHO DRPAHMPYIONeN cruinomnue cyiasdnuano-6apuro-
BHE PYAHBIE 3aJe/KW, YCTAHABINBRIOTCS TOBHImeHHme (6amskaaprosnie) co-
JlepsKaHAA ypaHa.

TeM caMBIM TraMMa-CIEKTPOMETPHUYCCKOE KADTHPOBAHUE B COTYETAHHN
¢ O0BeMHLIM AHAJM30M pYAHOH B30HAJNBHOCTH OTKPHBAeT NONMOJIHATEILHEHe
BO3MOJKHOCTH aHaimaa ocobeHHOocTell IpoTeKAHEA Pymoofpasyiomux mpoiec-
COB B HPUIOBEPXHOCTHHIX YIacTKaX 3eMHoil KopEHL.

TEOXUMHUYECHHUE HMHTURATOPLI
TJAYBHUHHLBIX 30H POC

B aome pasrpyskm POC mpoucxojdar matencnmpmag MoOnamsanmd o
mepepacupejefeHne Psajga IHTO-, XATEKO- U cHECPOOUILHEI X 2JIeMEHTOB H3
PYIOBMEITAIONIX TOJIL, COCTABHONE 9acThID KOTOPHIX SABAAOTCH W TOPH3OHTH
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cyapuEEOTO, Cyab(aTHOTO I OKUCHOIO COCTABOB, 3ATPYAHIIONNE BRIICICTIE
TAyGHEEHX meTounnKoB pyinoro semecrsa. B. . Cumpropmm [1976] seime-
NAIOTCA TPH TPYIOE HCTOYHUKOB PYAHOTO Bemecrsa: 1) 10Bemmabuas MaHTH-
Has, cBA3amHas ¢ GasanpToBOil Marmoii; 2) accHMUIANHOHHAA KOPOBAsd, CBA-
saHHAd ¢ TUPAHHTHON Marmoil; 3) BHemarmarmdeckag HHQUALTPAIHOHHAA,
CBA3AHHAS ¢ TEPMAILUBIMI PACTBOPAMII U3 PA3IMINHX YacTell KOPHL

IMpuMenureasHo K npobieMe NPOHCXO:RAEHHS KOJYelaHHO-IOIIMeTaN-
AMIeCKUX MECTOPO/KACHIII MPUBICKAINCH PA3IHYHbEC IHIOTE3E: MIYTOHOreH-
Has, ByJKaHoTeHHas, MeramMopdorensas o ux kombunanun. B mocaenunue ro-
[(bl THAPOTEPMAJIBHEE CHCTeMBl KONTeIAHHBIX MECTOPORISHNI BYJIKAHUYECKOH
AcCONMATIN PACCMATPHBAIOTCH B KAUecTBe KOHBEKTHBHON sueiiku, ofycios-
JeHHoil BaamMoeiicTEHEeM NHPKYIUPYIONUX HECXOAAUMX IOTOKOB MOPCKOI
BOJAB ¢ OCTHBAIONMME Oaszampramu. Bsammosneiictsys ¢ mocaepumvu u obora-
THBIIECH PY/HBIME KOMIOHEHTAMI, BIOJH BHBOMHEIX KaHamos o0pasyircd
30HEL PA3TPY3KA THAPOTEPMAIBHEIX cHcTeM («uepHBIe U Oeskie KYPHJIBIOITKI)).
Ilpm aToM fonycraores npeobaafanne MOPCKOHE BOJHL ¢ ydacTHeM HeH0IBIIolT
0JM METEOPHHIX, MOrpPeGeHHEX I MarMaTHYecKHX BOJ M MHOKECTBEHHEI ic-
TOTHNE METAJJIOB W CePHI 33 cUeT NOPOJl, PACIOIOAKEHHBIX cTparurpadmieckn
HIKe, MarMel, TATAONEH By IRaHI9ecKne IOPOJB,  MOPCKOM BOALL KAR MCTOY-
mnka ceps [Ppaukans u gp., 1984].

B npegenax Pyanoro Axras riasHoe MeTajIoreHuueckoe 3HATCHUE MMe-
10T cAeAYIIMe MarMarmieckue (opManmu: cHJAypP-PAHHEIEBOHCKAA IPaHNTO-
HAHEX 0ATOJUTOB IECTPOro coctapa; diipenbcko-Ppancras KoHTPacTHAA Ga-
3aIBT-PHONUT-KPEMHEUCTO-TEPPUTEHHAsA; 1103HEJeBOHCKA ra6opo-guabaso-
Bag; NO03HEeBOHCKaA TIHNA0NCCANbHBIX H CYOBYIKAHIMYECKAX TPaHUTOM/OB]
damenckas anjesuT-TANUT-TePPUreHHAS; MEPMCKAs IPAHHTOBA. ITpu srom
COBCTBEHHO KOMUeIaHOHOCHOM cUMTaercs PaHHEeIeOCHHKIMHAIbHAA 0asaibr-
PHOJAT-KPeMHICTO-TePPUreHHas dopmanus, B KoTopoil mpeob.afalor ByJ-
KaHoTemmme oOpasoamusa Kucaoro cocrasa [Pmmaros, 1986]. IIpoGaema
cBaBeill PynooOpasyionx dJIeMeHTOB ¢ KOHKPeTHBIMM MArMaTHIecKHMU I
TAYOMHRKME HCTOYHMKAMI eme JIaJeKa OT OKOHYATeJbHOTO PENIeHH:, XOTA
HaOII0/laeMble TeOXHMHUYECKNe acCOIUAIIN IBETHX 1 6JaToPO/IHEIX MeTallI0B
He NMPOTHBOPETAT KOHIEIIMH cBA3N ¢ 0aszanbTONIHBIM MaTMaTH3MOM.

OJHEM W3 TeoXUMEYECKMX HHHKATOPOB IyOMHHOT0 HCTOYHAKA PYR0os-
pasyomux QaonI0B CIYARAT N3OTOILHBIA COCTAB CEPHL. IIposenennse aBTopa-
MH HCCIeN0BAHNA H30TOMOB CePHI CYALPUIOB KOITeIaHH0-MOIIMeTaTINIeCKITX
MecToposraeHuii Bepesoncko-Beroyconckoro PyRHOTO IO B IEIOM COIACY-
JOTCA ¢ JANHBIME, TONYY4eHHEIMI 110 JIeHHATPaJCKOMY PYAHOMY pailoHy [AB-
mounu u ap., 1972].

Iupursr m muppornusl DBepesoscro-BenoycoBckoro pyaHOTO TOMA He-
CKOIBKO 000TANCHE TAMKCABIM H30TOTIOM Cephl I OTAMYAIOTCH IBYMO/IAJhHEM
pacmpeneenmem (pme. 2). llpm astoM ofmE M3 MaRCHMYMOB (0S% =6 +
+ 0,5 9/,,) oTBedaer TAK HA3LBAEMHLIM NHPHTHTAM — OCATOTHEIM nupuraM-1
BYJIKaHOTeHHO-ocafouubrx Ttomm [Msauos, 19841, a mropoit (65% = 2 +
=+ 0,5 %/,,) — mupuram-I1I rugporepyanbHOTO IPOMCXOMRICHIA. Ha wusorom-
HEIT coctaB cepsl muputa-11, mo-sumnMoMy, OKa3kIBaeT BIMAHUE Cepa, TacTH-
HO 3amMcTBOBAHHAA M3 mupurton-l. AHATOrmYHBE HBOTOMHBIE COOTHOMIEMILH
cepHl XapakTepHhnl 1 Auag Depesoscroro n Hoso-Bepesonckoro mecTopoyrieHITi
HHPPOTHHOE, KOTOPHE PasBUBAIOICA 1O nupury-1. Tlpupegennnie JaHHEB®
CBUZIOTEILCTBYIOT 00 y3KoM, OJHBKOM K METEOPHTHOMY, AHAIa3oHe BapHamuit
H30TOIHOIO COCTABA CePHl IHPOTePMAJILHEIX MUPATOB PAaccMATPUBACMOTO Py~
HOTO I0JIf1, OTBEYAIOIIET0 TPeNMYIiecTBeHHO TJAyOHHHOMY, I0JKOPOBOMY
FOMOTEHHOMY MCTOUHHKY CePhl, P0Jib KOTOPOro B GopMIPOBAHAN KOTIC/AHHO-
HOIMMEeTATINTeCKAX MecToposciennil nogueprusagach Jl. H. I'pusenxo,
B. A. T'punenxo [1967], B. B. Apgonumsin i Ip. [1972]. Bumecre ¢ TeM 3aMeT-
HOe Oﬁorameﬁue ]]HpHTOH " F[I‘lppOTHIIOB THHAReILIM U30TOIIOM CCpr, 3aIMCTBO-
BaHHOﬁ n3 Cyﬂ]ﬂi)aTHHX_ l'Upl‘IBOHTDB BMEI{alonux TOJIL, OTpaskaer JactTaanylo
ACCHMIJIATMIO KOPOBOM cepbl U3 CYIAbQUA0B M CYib(parod OCA/IOMHEIX TOJIL.
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Puc. 2. CxeME pacrpefieleHEA WB0TONOB CEPH B NAPHATAX 11 TMTHPPOTHHAX.

a — BepesoBero-BeJloycosekmit (M0 TaHABIM aBTOpoB) u 6 — JleAuHoropermt [ABmoHumH 1 op., 19721
PYAHBIe PAalOHBL. 1 — OHPHTH THIPOTEPMAILHO-METACOMATIIMECKOTO NPOMCXOMKIeHUA, 2 — 0CaAT0YHEIX
TOJINL (MUPUTHTEL), 3 — HIPPOTIHEL.

C TOYRE BpeHMA JMATHOCTHKYM TIaBHBIX rpancanoptHEX 300 POC ocofstit
HMHTEPEC NPe/ICTAaBIANT 30U HOBHINCHHKX COAeP;KaumH GeMUTeCcKIX HiIeMeH-
TOB, 00Ja/aloIUX MHHUMATBHON IOJBIRHOCTBIO, — GIATOPOINEHY MeTALIOB
M 0COGEHHO DJICMEHTOB TPYHIL TIATHHEL. B mpefenax KoIdea H0-IT0IMMeTaT-
NMYeCKNX MecToposkienmil maubolee TerannbHO H3YIEHA TEOXUMIA cepebpa
m 3oa0ta. B gacrroctu, B Ilpunpreimckom pymuom paitone aBTOpPaMH YCTaHOB-
TeHa 30J0TOCCPeGPAHAs MWHePajiM3aIusA ABYX THUOB: 1) HEIOCPeCTBeHHO
CBA3ANHAA C THAPOTEPMAJILHO-METACOMATHISCKIM KO/TIeIAHEO-TI0TIMeTA LI~
UCCKIM OPYIEHeHIEeM I HaXOJAIAACA ¢ HUM B IPAMOM Koppensnum; 2) keapr-
cyab(uIHag I KBAPIEBO-KENBHAR PYTHAL dopmanmsa. Jlanase THOH 30/10T0-
cepeOpAHON MUHEPATH3AMMT IPOABIAIOTCA KaK TPOCTPAHCTBEHHO COBMEIIEHHO,
TaKk 1 060c00IeHAO0 W ABHO CBA3AHH ¢ PA3TMIHEIME MCTOTHIKAMIL.

Cyns mo OTPEIBOYHEIM M 3a9acTyIO MPOTHBOPEYNBEIM IHTePATYPHEIM TaH-
HEIM, CONEp;RanAA INIATHHOWIOB B CYJbQHTHEIX PYAAX LHOMHMETAINIeCRIX
1 KOJYCTAHHO-TIOINMETAIINYCCKUX MeCTOPOKIe N, Kak IPaBuiIo, He3HAYH-
TCJALHL I XapaKTepH3yioTess npeobIaganneM Tadiajius Hag UIATHHON [Baga-
noe, Tepexommu, 1966; IOmro-3axaposa, 1975]. IIposenernsie aBTopavm
MCCAENOBAHNA HEKOTOPHIX KOIIE[AHHO-TOIMMETAIINIeCKIX MBCTOPOK eI
TIOKA3amId, 970 TeOXHMIIECKIe 0COOCHHOCTH HX ILIATHHOHOCHOCTH He IIPOTHBO-
PeuaT ROHIENIMH CBASH ¢ TAyOHHHEIM (aswToBEIM MarmartuamoMm [Cmupmos,
1976]. Pacmpenmenemns B HEX coNep:KaHMI MeTANIOB MIATEHOBOM TP YIITH,
HOPMaIM30BaHHEIX 110 YITHCTOMY XOHAPHTY, II0 CPABHEHMIO ¢ THIMTHEIME
MEIHO-HUKEJeBHMI MarMaTHIecKUMH MeCTOPOKNeHHsMH, XaPaKTepPH3YIOTCH
Oomee KpyThiM mpodmieM, o6yCIOBICHHHM pPeSKEM 00eTHeHTEM pyTeHmeM,
MPHAHEM W OCMIeM, H HPUOIMmEAIOTCA K MecTopokIeHuAM Tama MoRTEasM @
CrpatkoHa, a TakKe K KiIapKaM B HEKOTOPHX 0asHTOBBIX 1 YaIbTpabasuToBHX
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Pue. 3. Pacopepenenne (.Jaropo/IHEIX METaJIOB
HA OOHOM M3 KOJYeJaHHO-T0JANMeTATITHICCRIIX
MeCcTOPOK/IEHNIl (110 [laHHBLIM aBTOPOB) 1 THINY-
HBIX MeJIHO-HUKeJIeBhIX 1 XPOMIUTOBRIX MCCTODOIK-
nemmsax (no pammsiM [Haamper, 1984; Hopman
w ap., 1982]).
Cpepiune comepsanna 61aropoiibX MeTaj0n npiuBefe-
Hpl B pacdeTe Ha 100-nponeH Tl eYabhud u HopMuposa-
Hbl N0 KOHOeHTpauusam B xougpure C1 (och adermee).
B ROTUELAHHO-TOJMMETAITTHYECKNX PYIAX COLepHIaHIL
3010TA, HAJIALNA, ITATHHBL, DOMUA W HPHANA ONpege 1=
JWch HEHTPOHHO-AKTUBATIMOHHEIM (KpOoMe POLUA) 1 aToM-
Ho-a0copOIMOHHBIM (KPOMEe MPIANA), PYTEHNA- I OCMWI-
KHHETHUECKHM METOZAMU C HPCARADUTEbHBIM HKOHICHT-
PUpOBaHNEM Ha HuKeennil wreiin, AHagururn H. 1L I'o-
JoBanosa, P. J. MeasHunxosa, B. I'. llumdamncr.
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nopopax (pume. 3). Ornomenume (Pt |-
0,001 MRS A Pd)/(Ru + Ir -+ Os) pasno 13,7, wro
Os Jr RW Rh Pt Pd Au XapalkTepHO NJA MarMaTU4YeCKUX CYJib-
QUIHBIX MECTOPOsK/eHHIl, CBA3AHHHX ©
raGOponaMu, KOTOPHE PacKpPHCTAJIN30BAINCE M3 MarMm, COJeP:Ramlmx Me-
mee 12 % MgO [Haapperr, 1984]. Ilomo6uo cepeOpy u 30I0TY, 3IeMEHTHI
TPYIOOLI IIJIATUHBL Pacupe/e/ieHsl B npepeaax KOJUYeIaHHO-TIOJIIMEeTAdNMYeC KU X
MecToposi/jennil Kpaiine wepasHoMepHo. B ey UX oTpaENYeHHON TOABIKHO-
CTH 30HLI NOBHIIEHHON IAATMHOHOCHOCTH, IO-BINMOMY, JIOJKHEL TPACCHPO-
BATH NOJ0;KeHNe TIABHEX PY/IOTOABOJAMNIIX KamaloB KaK B 30HAX TPAH3UTA,
rak m paarpyskn POC. Opnako JaHHEIN BONpoc 3ac/y/KABAaeT IOCTAHOBKU
CHEeNUaIN3NpPOBAHHEIX eOXUMUYECKUX MCCIe0BaHn,

BLIBO/bI

1. OpmuM w3 BeAyIUX HHITKATOPOB NPUHOBEPXHOCTHEIX YYaCTKOB
POC MokeT cay/KHTL PY/AHAH 30HAIBHOCTH, HPOCTPANCTEEHHBII aHalu3 KOTo-
poil MO3BOJsET BLUIEJAUTH IOJOAEHNe TPAHSHTHEIX PYIOMOABOMAIKX, PyAo-
pacmpeenfomux IPOHUIAEMEIX CTPYKTYP H HaOpaBlIeHue MUTPArmin B HIX
pynoHoCHEX (IOUI0E B Hepuoj yHKIMOHHPOBAHNA NPOJYKTHBHEIX CTaXMil
MuHepaau3anum.

2. Hapangy ¢ TpajuinoHHEIMI MeTOaMH H3Y4eHNA 30HATBHOCTH OKOJO-
PYIHO-H3AMeHeHHBIX BMEIAKIHX TOPOJ], BhIIeJCHUs THIIOBEIX 1 (POHTAIBHBIX
308 POC, omenkn riyOuHE 9PO3MOHHOI0 ¢pe3a H JOKAIBHOTO NPOTHO3IMPOBA-
HHA opyjenenns BechMa apPEKTHBHLIM MOKET 0Ka3aThes IaMMa-cIeKTPoMeT-
puyecroe l{apTHPOBaHHe.

3. C rouxn apemns puarHoctTHEH TpansutHHX 30 POC u qmbdepennna-
OUA TAYOMHHRX M KOPOBHLIX MCTOYHHKOB PYA000pasyiomuX KOMIOHCHTOB
mHGOPMATHBHLIMA ABJIMIOTCA JAHHBIC IO M30TOLHA CePsl M, BO3MOYKHO, cofep-
RaHNA QeMHUCCKUX HIIEMEHTOB ¢ MUHUMA/BHOI MOJBM/AHOCTBIO — BJIEMEHTOB
IIaTHHOBOH rpynisl. [eoXuMudeckiie INPOQUIK IOCHETHHX He TPOTHBOPeUaT
KOHIEIIIE CBA3N KOJTIeaHHO-MOJINMEeTAIIHIeCKHX MecTOPO/KAeHH ¢ TiIy-
ONMHHEEIM GasuTOBHIM MATMATH3MOM.

C. M. Boiiko, B. M. I'pedenmurosa, 0. II. Tpoumnn

TEOXMMNYECKNE OCOBEHHOCTH

PYJHO-MATMATHYECKUX CHUCTEM

¢ OJJOBAHHBIM OPYIEHEHHEM

(3abaiiraave)

Boxsmas "acTh oMOBAHHHX Mecropo:uenuit Ilemrpansuoro u Bo-
CTOYHOTO Sabalikanbs CKOHIMEHTPUPOBAHA B Ipefesax 0JI0BAHHO-BOJIb(PaMo-

BOTO mosica, KoTopuil pacmomaraerca Ioskmee Momrono-Oxorckoro pasiowma,
Hepecexas CTPYKTYPHO-GOPMAIMOHHEe B0HE pasiamuHoro Bospacra. UGpaso-
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BaHNe 0JIOBAHHOTO opyAeHeHusA Jalaiikanabd, 10 MHEHHID GOJBIIMHCTBA MCCIE-
ToBaTeei, cBA3AHO ¢ IPOLECCAMH ME3030iICKOil TeKToHOMarMaTHIecKoil aKTm-
BH3AIUH PEerHoHa.

Ononopynnsie MECTOPOK/IEHIA OTHOCATCA K HErMATHTOBOM, KBapI-Kac-
CHTCPUTOBOM ¥ CHJINKaTHO-KaccuTepuroBoil dopmarumam. Mecropossnerns
TeTMATHTOBOE M KBaPI-KACCHTEPUTOBON (hopMamuil MPOCTEL 0 MUHEPATHHOMY
cOcTaBy, pacroiaraiorcd 00BYHO B I@HTPAJBHBIX HacTAX CTPYRTYPHO-Popma-
INOBHHX B30H, CHINKATHO-KACCHTEPHTOBHIC, HA000POT, CHOKHLE M HAXOLATCH
B KpaeBwX "acTAX, BOMHM3NM 30H THYOUHHEIX PA3JIOMOB. JTH MECTOPOMAICHH
Hambosee 3HAUYNMBL B IPOMBIIIICHHOM OTHOINEHHUM, MPOCTPAHCTBEHHO I I'eHeTH-
YecKH CBA3AHEL ¢ YIbBTPAKHC/JABME OHMOTHTOBHIME TPAHUTAMI KYKYIsOelickoro
1 XapaJruncKoro KOMILIeKcoB, OamskuMu 1o csoemy cocrany [Hosmos, Craj-
xosckas, 1977). Tunnunsie mpexcraBuTexlt CHINKATHO-KACCHTePUTOBON dop-
Manum — 0J0BOPYAHbIe MecToposkieHnA XamueparruHckoro u Illepmosorop-
CKOTO PVAHBIX Y3JOB.

Pynonocnsie muTpysnm, pyause 3aueRn (MECTOPOKRACHAS U PYTOLPOHB-
JeHHsA), BMEMIAIOIUe HX IOPOJBl, IMOABEPTHYTHE KOHTAKTOBO-METACOMATHYC-
CKOM H THIPOTEePMAaJIbHBEIM H3MEHEHUSM, B COBOKYITHOCTH 00pPasyIOT CJ0KHEE
pynuo-marmatngeckne cueremsr (PMC), reoxumudeckuii anajins KoTOPHX I03-
BOJIAET PACKPHITH HCTOPHUIO PA3BHTHA PACCMATPHUBAEMBIX PY/IHBIX Y3JI0B.

TFEOJIOro-CTPY KTYPHOE IIOJIOREHUE

I O6meit weproit Xanuepaurmmckoro m IllepaoBoropckoro pyaHEX
VBJI0B ABIAETCA WX DPACIOJO/KeHNe B 30HAX BIHAHAA TIYOMHHBIX Pa3aoMoB
(coorsercrserno Onos-Typuunckoro u lllepnosoropexoro). I'pamuisl pyuex
y3JI0B, KaK YCTAHOBJIEHO TPABUMETPUYECKMMH MCCICOBAHAAME, COBIIANAIOT
B IEeJ0M cO CKPHTHMHI KOHTYPaMH PYIOHOCHBIX muTpysuil. PypomocHsie Mar-
mMarnygeckue mopojnl B XamdepaHTHHCKOM pailoHe mpefcrasiennl XamaepaH-
ruHcKoil rpanuTHOl nuTpysueii, XaparyilcKIM HEKKOM KBapPHeBHX mopdupos,
spdpysusamu narurosoii cepum, B Illeprosoropckonm paitore — Illepaosorop-
CKoil rpaHnTHON HATPYyameil 1 cyGo(QysuBHLIM Te/OM KBapHOEBHX HOpHuposn
corox Boapmoit m Beicoroii.

Xanuepanrnicknii m llleproBoropeKuil MaccuBhl OYTH He BCKPHITH BPO-
SMOHHEIMHI TIporeccamu. [la momepxmoctnm ofHa:Kkawres Jnmb HeOoIbIIHe
BEICTYOE HX KpoBIM — cooTsBercTsenno Xamgepanrmuckuil u Illepmosorop-
ckmit mrokn. llo reodmsmueckum mammsiM [[lyxoncxuit u ap., 1979], Xamue-
panrnnckas u llepnosoropekas HMHIPYsHE npefcTaBisioT co00il T0BOJIHHO
KPYIHbIe IAYTOHH, saneraiomue ma rayouse (0,0—1,0 kM. Brjemxserca papx
HEBCKPBHITBIX KYyNoJos ¢ raybunoii sageramua ot 250 go 500 m.

TEOXUMUA PYJOHOCHBIX MATMATHTOB

Xamgepanrnacknit u [lepaoBoropckmil MACCHBEL COCTOAT B OCHOBHOM
u3 ABYX danuanbHeX pasHoBMJHOCTEl MOpPOj: TpaHET-HOPPUPOB U Mopdupo-
BHIHEIX TpaHHTOB. [lis1 mocienmero xapakrTepHnl, KpoMe TOTO, PABHOMEPHO-
sepHmcTHe rpannTh. Hpapuessie mopdupsl u ux Gpexunn ciaraior Xaparyii-
CKHil HeKK U JakkoauT conok Boapmoit n Bricokoit. Ipammrm Xamgepanrns-
ckoro u IllepioBoropekoro MaccHBOB TepecHINEHH KpeMHe3eMoM, o0ragaior
HOBBIMEHHOH IMEJOYHOCTHEI0 W OTHOCATCSH K YIBTPAKHCIBIM, CYOINEeI09HEM
TeldKoKpaToBRIM TpaHUTaM. ['eoxumuyeckoil 0coGeHHOCTHI0 TPAHUTHKIX I10POL
Xamuepanru u Illepiopoit [opel ABAA0TCA HOBBIIEHHKE CONEP/KAHHA peJi-
KOX, PYAHEIX U JCTYyIAX diaeMeHTOB (tabu. 1), 4To mosBoaser OoTHeCTH mX
K ITIOMa3UTOBEIM PeIKOMeTAIIbHEIM JelfKoTpaHuTaM [0 Kiaccmpuraruu
JI. B. Taycona [1977]. I'panmrasie moponsr lllepiosoit Topu mo cpaBmeRmo
¢ Xanuepanroil sameruo oGoramenst B n I' n, sujumo, He cayuaiino B npeje-
nax IlleproBoropckoro PYAHOTO Valla MHTEHCHBHO TPOABIeHA GopHas MuHe-
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TeoxnMuUeCKas XAPAKTEPHCTHRA

0I0BOHOCHBIX TpanuToB 3adaiikanbs

Tatnmumga 1

Mac. 9% r/r
Maccun I K Ba/Rb = Li+R‘h Ho-ro
i e |l |2 1538 e[ w || fo |obe|se PN 1000 BatSr | MPo0
XanuepaaruHCKMIT [paunt-nopdnpst 4,3 128 (0,25 66 | 342 9 5 40 | 30| 14 |12,4] 556 | 121 126 | 1,62 1,5 8
[Koanos, Cpagros-
crasm, 1977] Hopdmposuiasie 42129 (0,43 | 93 | 364 | 16 3| 45| 26| 14 |14,4| 545 | 130 | 115 | 1,50 2,9 7
TPAHHTHL
JleitkokpaToBLie 42 | 3,0 [0,36:| 90| 459 |-18 2 | 480 2% 12,2 | 405 | 112 91 | 0,88 3,8 4
TPAHITEL
Xaparyiickmit  [Hoz- | ®easaur-nopdmpur | 4,6 | 1,4 [0,05] 76 | 387 5 3 | 204 | 13 8,0 | 360 72 | 118 | 0,93 0,5 ]
gos, CpajroBcras,
19771 Keapnessie  mop- | 5,8 | 0,6 | 0,04 | 143 | 595 4 6 50 | 150 8,5 | 360 38 97 | 0,60 0,7 1
fupst
IfTepnoBoropekmii ['panurT-nopdupht 4,0 | 2,6 (0,44 1149 | 490 | 21 [ 15 | 190 | 126 | 120 | 6,0 | 170 44 81 | 0,28 12,5 4
IopdmpoBniabe £5 1 2.4 10,62 438 | 550/ |22 | 19 | 420°| 63 | 58| 82| 110 33 78 | 0,20 29,7 7
TPAHUTEL
PasnoMeprosep- 3,91 23|0/46)107 | 512 | 18 | 17 90 | 74| 56| 5,6| 50 15 76 | 0,10 43,8 7
HHCTHIE TPAHITLI
Conxn Bombioit Kpapresme  mop- | 3,7 | 3,0 (0,59 | 22 | 478 | 28 9 | 108 | 60 | 118 | 6,2| 73 58 76 | 0,15 22,5 5
upet
Coukn Bricokoit 3,71 3,410,810 )184 | 580 | 48 7 46 | 40 | 115 | 10,8 | 48 29 64 | 0,08 80,4 8
[L10MASATORLIE PEJIKOMETANTBHLIE TPAHITDL 3,9 280,27 ) 180 | 440 | 22 8 40| 28| 27| 88| 175 70 90 | 0,4 6,8
[Taycon, 1977]




parmsanus m opyAeHeHme rpeiizenonoro srama (¢ ywacrmem F). O Goxee ray-
Ookoil AuddepenmuposammocTn rparurTHoro pacmiasa Iepaosoit Topsr cpu-
leTensCTRYIOT M ocobennoctn pacupefienenua P39 [IpeGemmuxosa m mp.,
1984]. Or pammEnx puddepeRnmaToB K NO3JHAM PE3KO BO3PACTAET eBPOIEEBAs
aHOMaIMA, yMeHbmaercs orHomenme La/Yb, makionm kpmeoit pacupenenenms
P39 MeHserca Ha TPOTHBOMOJIOJKHELL.

KOHTAKTOBO-UBMEHEHHBIE IIOPOJIBLI
1 TEOXHMHYECKHUE ITOJIA

Brenpenne rpanmrooro pacmiasa B rumalHCCATBHEIX YCIOBHAX CO-
NPOBO;IJIATOCE THTEHCHBHOIL €T0 lerasarnueil 1 BHIHOCOM BO BMENIAION[HE TTOPO-
a5l GOJBMIOT0 KOMMIECTBA JETYINX H DPYLHHX DICMEHTOB ¢ 00Pas0BaHEEM
30HATBHOTO OKOJIOMHTDPYSHBHOTO opeona. OTOBAHHAS MUHEDAIM3arusa CHIM-
KATHO-KacCUTEPUTOROTO THIA IPOABIAETCS HA (OHE KOHTAKTOBO-H3MEHEHHHIX
HA/IHHTPYBUBHEIX MOPOJ, IpefcTaBIeHHEX OHOTHTOBHIMU POTOBHKAME, OHO-
THTH3WPOBAHHEIME U CePUINTH3ADOBAHHKIME TTOPOAME. DHIIEIS0OTCS IBe 30-
HB: BHYTPEHHAA — HOJHON NePeKPHCTANINAAIMA IOPOL ¢ oOpa3oBaHMeM
KBapi-0HOTHT-TOIEBOMIIATOBRIX POTOBHKOB U BHOIIHAS — HAUAJABHOH m3bm-
PATeJIBHOIl HEPeRPHCTAIIMBAIMA BYJIKAHOTEHHO-OCAOYAKX IOPOT. B KomH-
TAKTOBO-NBMEHEHHEIX ITIOPOfAX IO Mepe VAaJeHHA 0T TPAHUTHHX MACCHBOB
OmOTHT CMeHAeTCHA THAPOOHOTHTOM, CTUABIHOMETAHOM, & BATEM CePHITATOM.
Ofmas MomHOCTs KOHTAKTOBOTO Opeosa B HAJKHTPY3HBHOI Tomme Ileprono-
Topekoil unrpyann mocturaer 700 m.

leoxmvmaeckne oA BOKPYT PEAKOMETATIBLHKX TIPAHNTHHY WHTPYSHIL
OpeJcTaBIeHsl OKOJOUHTPYSHBHBIME TeOXMMHIECKEMH O0peojaMu W PyIHOM
MmHepasmsanueii. Bee pneMenTE mo ¢TpykType 06pasyeMoro MME 0peosaa Mo-
#KHO o0sepnunte B Tpu rpynusl [Tpommu m np., 1983]. B nepsyio Bxomar
K, Sn, F u np., ofpasywomue momoxurensHeii opeo BOKPYT HHTPY3UBHBIX
Tex. HoHnenTpamum sTHX 21eMeHTOB B mOpomax yGHBAIOT HPH YIAJEHHH OT
KomTakta mETpysun. Ilpouno ceasanmaa soma (H,0*) obpasyer orpmmarens-
HO-TIOJIORUTENBHEIL 0PeoJ ¢ 30HOH MOHMKeHHKX KOHNEHTPAIMIl BOINSN HHT-
PY3HHI M BOJHOI 000oralmenua Ha yAaJeHAH oT Hee. TpeThs IPyIHA HIEMEHTOB
(B m P) mo cTpyxType cBOHX 0PEOIOB 3aHMMAET NPOMEKYTOTHOE OJIOKEHIE.
Jlas BEX XapakTepHE DOBHIIGHHKC COJCP/KAHIA KAK BOJNBH caMoil HETPY-
31N, TAaK W Ha HEKOTOPOM PACCTOSHUM OT KOHTAKTA.

Teoxmyueckne 1o B Ipefenax 0J0BOPYIHEIX MECTOPOIKICHAI Xapak-
TEPUBYIOTCA PA3THIHEIMEI yPOBHAMEA KoHueHTparuii B m F. Ha mecroposxenn-
Ax llleprosoropcroro paifona, OTHOCAIEXCS K TYPMATAH-XI0PHTOBOMY THITY,
oTMedaeTcA BhicOKoe copepskanne B m F B 6morurossix mopomax. Ha mecro-
POEMIEHNAX XJIOPUTOBOTO THna XamdepaHTHHCKOTO paiioHa TPH OTHOCHTEIbHO
BBEICOKOH ROHNeHTpanum ¢ropa HabmogaeTcd Pesko NOHMKEHHOE cofiep;KaHue
Gopa. Tarum oGpasoM, KOHTAKTOBO-M3MeHEHHEIe IIOPOJH M TeOXHMHTECKNE
ToJiA, PasBUTEHE B Opefejax HaABHTPYSUBHHEIX TOJII, BUINMO, OTPAKAIOT
B KaKoli-T0 Mepe m XaparTep mocaefyiomeil pyaHo# MuHepagmsanuu. AHaiua
TPOCTPAHCTBEHHOTO PasMemenus cyIbPuIHO-KACCHTEPUTOBON MEHEPATH3AINN
B Ipejielax 0JI0BOPY/IHHIX Y3108 Sabaiikanba MOKA3EBAaeT, 4T0 0CHOBHOE IPO-
MBIIIIEHHOE OPYZeHeHNe pacrmojaraercs 8a IpeelaMu GHOTHTH3MPOBAHHEIX
IOpoJ, YTO OTMEYAN0Ch PaHee¢ B ONOBOPYAHHX pailomax IIpmMmopss. '

ITAITHOCTD ®OPMUPOBAHN
PYJTHO-MATMATHYECKUX CHUCTEM

Munepamoro-reoxnvugeckoe mayuenne Xamgepamrmackoil u Ilepio-
Boropckoit PMC mosBossier BEeaANTs TPH sTama pPynoo0GpasoBaHMA: HMAHA-
OWOHHENT, TpeiiacHOBEE W TujpoTepManbHEIL (ratur. 2). O9mMamHanmo HEBIT
oTanm — Hambosiee PaHHWIl, ¢ HEM CBA3aHO 00pPasoBaHMe KOHTAKTOBEIX POTO-
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Tabamma 2

Ocropubie dranst GopMupoBAHNA dHjorennoii Minepaanzanun XanuepanrugcKkoro u Tllep-
JOBOTOPCKOTO  PAiOHOB, IBOMIONN COCTABA TH/IPOTEPM, XAPAKTEPHDbIE HIAEMEHTHL PY/AHOI
MHHEDATH3AIEA H 0Peoion

dran OMaHa IO HHTIT T'peiisenonbiii TugporepmalbHbBIL

Iocnenopa- Brenpenue rpa- Iavwano =wpmerammmsa- SapepiicHue  KpIcTai-
TCIBHOCTL TCO- HUTHOTO paciniasa. | QU I'PAHHTHOTO pacivia- | JH3AMMIH TPadiTHOIO pac-
Jnormveckux co- | OGpaszosanue Kon- | Ba. PyjooOpasosamme B | naasa. OOpaszosanue ofo-
ORITHIT TAKTOBLIX POTOBM- | WHTPY3MBHLIX KVIOJAAX 1L | FAUEHHBIX JICTYIUMI py-
KOB T SMananuon- | B OJIHaIneH HAJ/ILIHTP Y- JOHOCHbIX paciiaBoB.

HBIX OpPCOJOB MHT- | 3UBHOI 30HE (opmuposanne rujporep-

pysuii MaIBLHLX PACTBOPOB U Py

O0IOBAHHO-CYIL(UIHON 11
HOATMCTALIHICCKON  CTa-
NI MARCPATH3AI NI

Hamenenne OporoBIKOBAH- I'peitsenusanis OxpapuesaHmne, TypMa-
BMCIIATOMINX Hble IMHM3anus,  XJ0pUTH3a-
TIOPOT, nuA, KapbonaTu3aius

CocraB pact- F/Cl — 0,7—5.6 F/Cl = 0,04—0,7
BOpOB Na/K = 0,7—1,0 Na/K = 1,7—3,4

—C‘T:j‘coﬂ_— 3,850 |_CLEHCO; ] ':?03 —10,2-49,0

Xaparrepnnie W, Mo, Bi, Sn, As Sn, As, Zn, Fe, Cu, Pb
DIEMEHTBL  PYJI-
HOii MHHepaJu-

AT
Xapaxrepunie F, B, Li, Cs, Sn, Be, W Sn;Zn, Ph; B, P, H,0
AIIEMEHTHL Opeo-
JOB
Hmpurarop- Be, Ta, Pb, Nb, Zr, W,| V, Ti, S¢, Jn
HbIE DJICMEHTEI- Bi
IpUMECH B MHA-
Hepamax:
RacCHTepuTe Ti/Zr= 15 Zr/Se= 3 Ti/Zr=180 Zr/Se = 0,4
canepnre I Jn, Bi, Sn, Be, W, Mn | Fe, Ag, Ni, Co, Cd, Sb
TaJIeHHTe I Sn, Bi l sh, Co
apCeHOIIPI- Sn, Bi, Be ‘ Ni, Co, Mn, Sh
Te
KBapre | Nb, Be, Li, W, Bi, Sn ISh, Mn, Zn, Pb

BUKOB, (OPMHPOBAHHE BMAHANHOHHEIX OPEOJOB, PACCEAHHON MHHEPATM3AIHN
B mopofjax, Bvmemalomunx Xamuepaurmuckuit u IllepmoBoropecrumit MaccHBEHL
OGpasoBaHnus rpeii3aeHOBOr0 HTana NMMPOKO passuBaiuch B mpepenax I'pamnt-
noro, Tapfansmkeiickoro u Illeprosoropckoro mecroposaenuii, C oM
OTAnoM CBA3AHHE TpeiliseHH3aidsa TPAHUTOB, 00pA30BAHWE PABINYHEIX THIOB
rpeiizeHoB ¢ BOIB(YPAMHTOM, APCEHONHPHUTOM, BUCMYTIHOM, a4 TAKIKE MHOTO-
YHCJEHHBIX TIPOKUIKOB IITOKBEPKOBHIX 30H. B TeueHme ruaporepMalibHOTO
aTana 0N cOPMUPOBAHE OCHOBHEIE CYIbQUIHO-KACCHATEPHTOBEE U MOJIIME-
TAJJIHIeCKAE ;KIJIR M MITOKBePKH, PACIOJAranimecs B HaIHTPY3HBHON 30-
me (XamuepaHra) WJM HECKOJABKO CMENICHHLE M COBHAJAION(He ¢ 00IACTDHIO
passnTtaa kBapreBrX nopdupos (Illepaosas I'opa). Haubosee moaro odpaso-
BAHUA THAPOTEPMAJBHOTO HTANA MPOABIINCH B Ipefesax XanuepaHTHHCKOTO
MeCTOPOsRAeHHA U conku Boapmoil. MuEepaiusaiua THIpPOTePMAaNbHOTO dTa-
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na oraaramack B HeckKoasko craamit [Omroes, 1974]: mBapn-kacemrepmr-
apcesonupuronyio (¢ rypmammuom na llleprosoit Tope), cyasdunno-raccmre-
puUT-XJI0puTOBYI0, KapGoHarHO-TasennT-chamzepuroyn. OKoJopymHbE mU3Me-
HeHUA BHpamaores B rypMaanausanun (tonsko ma Ilepaosoii I'ope), oxsap-
TeBaHuN, XJIOPUTHIANIN, KapOoHATH3AIIH.

MHHEPAJIOTO-TEOXHMHNYECKASLI 30HAJLHOCTh

Ycnosua o6pasoBaHus PYAHEIX MECTOPOKICHMIT W 3aAKROHOMEPHOCTH
IX PA3MEIeHUsA B KOHETHOM UTOre OIPEeIAITCHA PeOXMMITIecKoil muddepen-
nuanueil s1eMeHToB, 4To HAXOMUT CBOe BHpakeHHe B MUHEPANBHON W TeoXi-
mudeckoil soHaabHOCTH. B maywemmsix PMC BEmensiortes Topm3oHTAaTbHAS
30HATBHOCTE PYAHBIX Y3/I0B W DPYAHHIX [oJjell, BePTHRAJBHAS 30HAILHOCTE
MCCTOPORGHAH W PYAHBIX TeJ.

TopuzonTadbHAA B0HANBLHOCTL PYNHHIX Y3J0B HAMObOJee OTICTIHBO mpo-
apniack Ha Illepaosoit 'ope (puc. 1). KBapn-kaccurepurosoe m Kpapm-Kacen-
TepuT-cyabduAHOE opyieHenne dokaamayercs B6auan IleproBoropekoro Mac-
CHBA, pacmojarasch BHYTPH Hero (KBApPI-KACCHTEPHTOBAS MUITHepPaIn3aimms),
aub0 B OKOJIOMHTPY3UBHOH 30HE (I{BapLL-I{aCCﬂ’[‘epﬂT-Cy.TIb(I)HJIHaH). Haccure-
pur-cynbpuanoe m cyabpuaHoe opyjeHeRne HauGoee yIaieHo oT Iliepsoso-
FOPCKOTO MAcCHBa M CBA3AHO € TEJaMH KBaPIEBHIX Hopdupos.

Obmas munepansnas 3oHanbHocts IlleproBoropekoro m XamvepaHrnn-
CKOTO PYAHBIX O/EH OTHOCNTEIBHO OTHOMMEHHBIX TPAHUTHEIX IITOKOB JIeTAb-
#o omucama Jl. O. Onroesnv [1974] u BrpamaeTcs B cMene 0710Bo-peirode-
TAJIBHBIX TPeiiseHoB Cyib(UHO-KACCHTePUTOBRIMI 1 TaJaeHnT-cPayIepUTOBEI-
MH PYAaMH.

Munepasnoro-reoxnMmieckas 30HAILHOCTH TPeil3eHOBOTO Hrama Xopomo
poipa:zena Ha IllepaoBoropckoM MecropossaeHnn. Smech 30HAILHEE rpeiize-
HOBRIC Tega NPefcTaBiCHbl HECKOJABKAMH METACOMATHYCCKUMHI  (haI(msaMm:
KBaPI-CIIOJMCTOM, KBapi-ronasonoi, kBapuesoil. Ilo cpasuenmio ¢ rpann-

s W
b

7 e
%

2 kM

Puc. 1. Cxema sonamsnocti IIIepaoBoropekoro pymaHoTo paiiona.

1 — TPAHATH; 2 — KBAPIEREIE TOPGUPH; 3 — BHEITH TOA3eMHEIL KOHTYD (@ — FpaHUTHHIX MACCHBORB,
6— Tl KBAPUEBHIX HOP(HUPOB); 4 — PYTONPOARICHAA M MECTOpOAICHN BOsIbpAMa; § — 0JI0BAHHOE
OPYAEHENUEe KACCUTEPUT-KRAPL-CYILPHEHOTO (@ — MECTOPOMAEHH, 6 — PYLONPOABIEHUA), 6 — KACCH-
TEPUT-CYIBMHANOLO (@ — MEeCTOPOKICHITA, 6 — PYAOHDOARICHI) THITOB; 7 — YCTAHOBICHHRE If Npeamno=
JALAEMBIE 10 TEOXUMITTECKUM TAHHLIM 00.1aCTIT PA3BUTAA 0J10BAMION0 OPYAEHEHNA (@ — KBADPI-KACCHTE PUT-
CYIBPUIHOTO, 6 — KACCHTEPHT-CY/IBYUIHOIO THMOR); & — IIPEIIoIAraeMBIe TPaHUIBl PASBATIA OJI0RBIH-
HOTO OpYACHEHNA (a4 — KACCHTepPNT-KBAPI-CYILHAIHOT0, § — KACCHTePHT-CYIhDUIHOTO THIIOB). PHMCKue
1nper — macensn: I — Anyn-Uemouckuit; 11 — HIepoBoroperuii.
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TaMA TPeii3eHE Pe3Ko 000TAIIeHE JTeTYYAMH, PeIKUMI W PYAHBIMHI 5IeMeHTa-~
mu. Heapi-caonucThie rpeiiseHsl XapakTepUaYIOTCA MOBHIICHHKME coep:ka-
muaMu Sn, Zn, As, Pb, B. Hsapuesse u KBapu-romasosse rpeisens oborame-
mx W, Mo, Bi, B.

Mumepamoro-reoXxnMuagecKas 30HAIBHOCTh THIPOTEPMAILHOTO HTANA HAM-
60.7106 IIOJHO ONPOABUIACE HA Xaﬂ"{epaHI‘EHCKOM MEeCTOPORJIeHIHN 1 MeCTOPO&R-
nennn coukun Boasmoit. TopuzonrtansHas W BePTHRANLHAS MHUHEpaIbHAA
B0HATBHOCTS XAaMIePaHTHHCKOTO Mecroposuaemusa ommcasa [l. O. OHroesmM
[1974]. MuuepansHas TOPHBOHTANBHAS 30HAALHOCTD MECTOPOKIEHHS COIKIH
Donpmoit BHpaskaeTcAd B NPEAMYIMECTBEHHOM DPA3BHTHA KBAPI-KACCHTEPUT-
TYPMAIMHOBOM accommammu B mpeferax MepwjMoHAIBHOTO pasjioMa M Tela
Opexunii KBapueBsX HOPQHUPOB, B TO BPeMsA KaK B BOCTOYHOM 4aCcTU MECTOPOK-
IeHHs BOBPACTAET POJIb CYAbPHTHO-KACCHTEPUTOBLIX ¥ TAJeHUT-CYANCePUTOBHIX
acconmanuii. Ilocrpoerne 06BEeMHOE TeOXUMHTECKON MOTENTH MECTOPOHEICHNS
conkn Boxpmoit ¢ momMomsio IBM mokasano, 970 0I0BO ¢ BEHCOKHME COfIEP;Ka-
HuaMu oGpazyer ocHOBHOIT PYMHHIT ¢cTosnl B Tpefesax INTOKBEPKA, MPOCIEHKII-
Baomuiica 0T BepXHET0 TOPHW30HTA 0 HIGKHETo, He W3MEeHAA CBOMX Ia-
paMeTpos.

Aranns o0BeMHOI TeOXHMIIeCKOH MOMEIH ¢ YIeTOM MHOTOMEPHEIX HoJiell
pacnpememenns Sn, Zn, b moasoxser BEeANTh: B Ipefielax IMTOKBEPKA MH-
HEPATN30BAHAYI0 BECOKOKOHTPACTHYIO 30HY, MMEIONYI0 OTYCTIUBOE CEeBepo-
BOCTOYHOE CKIoHenue. DBeprukanpHas TeoXHMHOYecKas 30HAJNLHOCTL MecTo-
poskeHns conkn Bonnmoil B nupeenax 5Tof 30HH CBePXY BHU3 OLPEAEIACTCH
CMeHOH acconHanuil pyTOTeHHHX HJIeMEeHTOR I COOTHOIIEHNEM IX KOHTPACTHO-
crefi: (Snqgy-ge0 — Zny17-16 — Pby7_q5) = (Shaoo-ss0 — ZDg50-200 — Pbigg-50)
— (Snyoggs — ZNygg_100 — Pbyg_sg), TTO CBUIETEILCTBYET O CMEHE OJIOBAI-
HEIX PYI ¢ TAYOMHOHE 0JIOBATHO-IIOJINMETAIIHILCKIMM.

Mayuaa coormomenna Sn, Pb m Zn m mpepmosaras, 9ro THAPOTEPMAITL-
HBEIE PACTBOPHL ABUTAJMNCH U3 00aacTeil ¢ BHCORUM cofepsraHmeM Sn B obaactu
¢ BHCOKHMHI comep:kaEmavu Pb m Zn, MOKHO BOCCTAHOBHTH IYTH UX IBH:KE-
ong (pme. 2). Ilepememenne 0CHOBHOTO ITOTOKA JIBWKEHHS T'HPOTEPMAILHEIX
PACTBOPOB BO BPEMEHM XOPOINO O0BSCHHMO IIPU OUYCKAHHN 04arTa THUIPOTEp-
MaJBLHEX pacTBopos mo jymann MepuanoHansHOTO pasnoMa Ha Hosee rayboKue
TOPHU30HTEL.

ITo pesyasraraMm repmoMerpmdeckux mccaefosaumit [Omroes, 1974]
upepnenax lllepaosoroperoro @ XamiepaurnHCKOr0 PYJHLIX moxeil oTMegaercs
TocIeNoBaATeNIbHOE CHE/KEHNe TeMIepaTyPH Pynoo0pasyomux pPacTBOPOB OT
Hamboaee BHCOKOTeMImepaTypHoil rpeitseHosoil accommarun (520—270 °C) mo
camoll mospmeit xapGomartHo-camepur-ranernrosoir (250—200 °C), wro, Ha-
PALY ¢ IPYIEMA JAHHBIMHA, CBUJIETEIBCTBYET 0 CYNIECTBOBAHUN TeMIepaTypHO-
Iro TPajmenTa BOKPYT PYAOHOCHEX HHTDPYSHI.

O6ofmenne JaHHBIX IO COCTABY BOJHHEX BRITA;KEK CBHUIETENLCTBYET, UTO
B Xoje aponionuonHoro paspurud meysennux PMC pynooOpasylomue pacrso-
PH PTOPUAHO-KAJIMEBOTO COCTABA TPelidaeHOBOTO dTama CMEHAIOTCH CYMIeCTBeH-
HO HATPOBHMH I GHKapGOHATHO-KAIBIMEBEIMI THApoTepManpHoro. B mpomec-
ce PYH0OTIOKEHHS NIPOMCXOANT BOJAHOOOpasHOe M3MeHeHHe KHCIOTHOCTH —
meaounocT pacreopos (msmepsaancs pH cycmensuit munepasnos). B rpeiiseno-
BRI 1 B Havuajge THIPOTEPMAIbHOTO HTAlla OHM OTHOCHTENBHO Oojlee KICJble,
B cepejliHe U KOHIE THAPOTePMAILHOT0 — Oolee IeJouHbe.

Pynamsie n sxuapEme muEepanst [llepiororopekoro m XamiepaHTHHCKOTO
PYOHEIX Y3I0B IO PEIKOIEMEHTHOMY COCTABY B IJI0M GIH3KM Mem1y coboil.
Tagr, RaccUTePUTH cofep:KaT GOJABI0e YACJI0 DIIEMeHTOB-IpHEMeceil, TuooMopgd-
HEMH cpean Koropwx asusiorea Nb, Ta, Zr, Sc, W, In, Pb, garo yxe ormeqa-
aock panee E. A. Jlomomanosoit m ap. [1969]. Ha mayuemmmx mamu MecTo-
possleHsx or GoJee PAHHAX TpeilseHOBHIX accouumanuii k Golee MO3THIM
THpoTepMaNpHEIM B Kaccurepurax yomsaior comep:kamma Nb, Zr, W u pa-
cryr — Se, V (em. Taba. 2).

IloBHIMeHANe KOHOEHTPAIUi HJEMEHTOB, XapaKTePHBIX JIIA BHICOKOTEM-
mepaTypEHX MumepampHmx accommaumii (Nb, Zr, Sc, Be B raccmrepure, In
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Pue. 2. Pacupepenenue oruontennii Sn/Zn, Sn/Ph, Zn/Pb B Bepruransmoy paspese MecTo-
poskzieRnA couxn Boabmoi.
1 — MUOPUTH;, 2 — KBApHEBHe TOPPupsl; 8 — OGperduu KBapuesux mMopdupos; 4 — MepHINOHAJ LHBIH

pasmoM; § — TEeOJIOTUMECKHEe TIPAHMLE;, 6 — CKHAKAHBE, 7—9 — BHAUGHAA OTHOMEHM: 7 — > 3 MIA
Sn/Zn u Sn/Pb u > 30 mua Zn/Pb; 8 — 1—3 maa Sn/Zn u Sn/Pb n 1—30 gaa Zn/Ph; 9 — < 1.

B canepure u razesnre, Be, Y, Yb Bo duaoopure), B MuHepanxax ua rpeiize-
HOB CBHETENBCTBYIOT 0 Oolnee paHHeM HX 00pasoBaHUH, GOJbIIeH WX GII30-
CTH K MCTOYHURY rupporepM. MuHepansHue ofpazoBanns XamdepaHTHHCKOTO
MeCTOPORICHAA W CONKN Bospmoil ormaranucsk B Gojlee MO3THHE CTALHE PYI-
HOTO TIpoTecca, ¢ upeobiajaHueM B MHHEPAlaX (HESKOTeMIePATYPHHEX) die-
menton-npumeceir — Sh, Zn, Ag, Cd. llpucyrereme Pb u In Bo Beex pasmo-
BUJIHOCTAX U TeHepanmax Kaccurepmra, Bi m Sh B cyashmuax, Y, Yb u Sn
B (p0OpPHTAX MOKET CBHETEIHCTBOBATH O TEHETHYECKOM CBA3W OPY/ICHEHUS
B IpefiesaX PYIHEX Y3IOB.

KPUTEPHH N IIPOTHO3 OPYJIEHEHIA

B ocooBy omemKH TepCHeKTHBHOCTH TEPPUTOPUH HAMH IO0JOKEHEl
mpencrapienns o npuypodenmocTn PMC K KpaeBelM dacTAM CTPYKTYPHO-
dopMaMOHHKX 30H, 30HAM BJIWAHUA TAYONHHHEIX paszoMoB. I'pamnmsl pym-
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HEIX Y3710B PI 5TOM B I[eJIOM COBHIAJAIOT CO CKPBITHIME KOHTYPaAMH PyIOHOC-
HBEIX WHIPY3Hil.

YcranopieHHas BHINE CBA3L OJOBAHHOTO OPYICHOHHA B mpefiesiax Xarm-
uepanrnackoro u IllepaoBoropekoro pyAHEIX V37108 ¢ OJHOMMEHHBIMI UHTPY-
SHAME TPAHNTOMIOB HO3BOJAET CYATATH MArMAaTHYECKHIl KpuUTepHH ogHHM N3
BEYIUX IPU Onpe/iefieHNH NePCHeKTHBHOCTH paitona. OueHh BaKHEIM KpH-
TepueM B omeHKe pyjHoil mpopykrusHoctm PMC sBasercs aposvonmsri cpes.
Xamwepanrnuckasg u Illepaosoropekas mHTPYaun caabo BCKPBITH 9po3mei
(o6maskeno okomo 2 % ot obmeit mwioman TJIYTOHOB), 4 B KPYOHEHNIUX 0J0BO-
PYREEX nposuamuax mMupa (Ropmyoun, Mamaita, Hurepua m ap.) or 20 go
40 % mromanm paiioHOE c/10sKeHO TPAHMTAMM, UTO MO3BOJIHACT CIMTATH uay-
9eHibe PYIHbe Paonsl c1abo HPOMPOBAHHEIMII 1T OCHOBHBIC 3aTACH PYAHOTO
BCIECTBA €I He BCKPHITHIME HPoaneil,

Barupiii MoMenT npm reosoro-reoxmMmuecKoil omenke PMC — meTpo-
TreoXuMH4YecKas XaparTepucTuKa PYOOHOCHBIX MarMaTuToOB. HpOL[eCCBI Kpu-
CTANIMBANHOHHON 1 OMAaHAIMOHHON Anddepennumannm B IUMAGHCCANBHEIX
YCJOBHAX LHPUBEIN K BOBHUKHOBCHWIO B M3YUeHHBIX pailoHAX TmeToit cepuu
TEHETHYCCKI CBABAHHAIX MOPOX, GuIM3KNUX 0 XHMIYECKOMY COCTABY: OT TPAHM-
TOB /10 3JIbBAHOB M OHroHuTOB. l'eoXuMuueckoil 0coGeHHOCTBIO DTIHX nopox
ABIAIOTCA BHICOKMe cofepsannsa B mux F, H,0, Sn, penrux memoueit, nus-
kne — Ba u Sr. K nugmkaropabsiv sneMentam B 5Toil cepun mopox oTHOCHTCS
penkme seman. Ot pamEumx audgepenquaros K IO3ANIM, ¢ KOTOPHMHA Hemo-
CPCJICTBeHHO CBA3AHO O0JOBAHHOC OPYIEHEHNE, YMeHBHIACTCH OTHOIIEHIIE
La/Ybh, pacter eBponnesas aHOMAIHS, 4TO TO3BOJACT BHIETIATH PY/IOHOCHELE
damun cpenm MarMaTudeckmX mopos GAMBKOTO cocTaBa.

Kpurepmem pynuoit npomykrusnocts rumaGuecannubix HHTPY3HI ARIA-
°TCA BHICOKWIL YPOBeHh KOHIEHTPHPOBAHUA PYJHHX H JETYYNX KOMIOHEHTOR
KaK B caMUX I'DAHATAX, TAK I B HAAKHTPY3UBHOU TOMIOE, B CBASM ¢ IeM Baji-
HOe BHaueHme A NPOrHO3a uUpuoGpeTaeT H3ydeHne OKOJIOMHTPY3HBHOIM
somamnnocti. MacmraGr m xapakTep waMeHeHHs [OPON, BMEIAIONX DYTO-
HOCHYI0O MHTPY3WIO M COCTAB DMAHAHOHHHEIX OPE0JOB, HAXONATCA B TECHOM
CBA3W C XapaKTepoM OPYAGHEHNS, UTO L03BOJACT (olee IEeaeHATPABICHHO
OPOBOUTE ONEHKY PYAHBIX y3i0B. B Gamxaiimeil sksokoHTaKTOBOI 30HE,
OTBeYAlOIell 00JacTH Pa3BHTHA GHOTHTOBHIX POTOBHKOB H HOBHINEHHEX CO-
nepsrammit K, Al, F, pacnomaraworcs pygonpoasienuss W, Bi, Sn. Cpemas
T BHEIIHAS 30HBl U3MEHCHHEIX MOPOM, B KOTOPHX GHOTHT BHITECHSETCS THIPO-
OmotHTOM M cepumuroM, gurcupyerca opeonamm Si, Na, F, B, H,0. 3necs
o0braH0 pacmosiaraioTesa MectoposaeHms Sn, Zn, Pb.

YeraHoBnIeHNAA eIMHAN HATIPABICHHOCTH M3MEHOHHS PeKOdIeMEHTHOTO
COCTaBa MUHEPAJIOB, IapaMeTpos (MIIOMIHEIX BKIOYCHUN B HUX KaK B ILIAHE,
TAK U B BePTHKAJbHHIX Paspesax I03BOJNAET YCTAHABINBATL HANDPABICHUS
ABIFREHHSA THPOTePMANLHEIX PACTBOPOB, ONMPEIeIATs MX MCTOTHHKH (IeHTPH
OMamamuii), B MecTax KOTOPHIX BO3MO/KHO 0GHAPY/KeHHe BTOPOTO APyca opy-
Aenenns. Ilemrpamu swamammii [Pynaxsmer, 1980] B mpegenax MEeCTOPOKIe-
HIif 0GBMHO SIBISAIOTCA KPYIHBIE PYAHBE Tela, CONPSReHHHE 30HAMH INTOK-
BeproBoro opynenenusd. llo mMepe mpuGamkenns K HEM B MUHEpajzax pPacTyr
conep:xanust Nb, In, Bi, Zr, y6usawor — Sh, Cd, Ag, Ga, V, Co, YBeaudn-
BACTCA KUCJOTHOCTD (DIIOMJIHBIX BRIOYEHMIL.

O cremermnm 5poiMpPOBAHHOCTH M3BECTHHIX M 00HAPY KX PYIHBIX TeJ
MOZRHO CY[HTH 10 COJCP/KAHUI0 U IPNCYTCTBUI0 HEKOTOPHIX IEMEHTOB-IPHMe-
ceil U ocoGeHHOCTAM cocTaBa (JIIOMHEIX BRIKYCHUI B MuHepanax. Tax, BEH-
corme coziep:ranust Co u Bi xapakrepns gua cyanduion Ha HEzKHEAX TOPH30H-
Tax GRILL, Ha BePXHUX ypeamuusaerca koamuectso Sh, Cd. Opumospemenmo
¢ atnm pacrer otHomenue F/Cl B cocrase QmiongHEX BRiIOIeHMITL.
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B. I'. Monceenxo, A. ®. Muponwx

COCTAB ®JIIONJIOB,
®OPMUPOBABIINX MECTOPORIIEHUA OJIOBA
U 30JI0TA TAJBHEIO BOCTOKA

Mecropossmennss Sn m Au, cumraBmmecs J0Jroe BpeMA MHOTHMH
MCCIEe0BATENAMI dleMEeHTAMII «AHTATOHHCTAMIY, BCTPEYAIOTCSA B OTHUX H TexX
JKe MeTAIIOTeHIMIeCKHX 00JacTAX U Jajke pailoHax, HpHIeM HEPEJKOo ¢ MPOosiB-
JeHHOI JaTepanboi aonaisnocteo [Yeenko, Yeborapes, 1973; Hexopomkos,
1986; 1 1p. . 304070, XOTA H B HEBHICOKUX KOHIEHTPAUAX, OTMEYACTCH TaKKe
Ha psAjie 0JOBOPYIHBIX MEeCTOpOs;kiennii mupa. B cBAsH ¢ 9THM IpelcTaBIACT
onpefie/eHublil HTepec BrsicHenne ocofenHoCTell py1000pasyomux Qironios,
GOpMUPOBABIIAX MECTOPOKIEHUA BTAX DJIEMEHTOB, MX CXOACTB H PA3NMUM.

Ounpenenenme cocTapa (UIIOHIOB, (POPMAPOBABIILX MECTOPORJCHHA Sn
7 Au, 0CYmMEeCTRIAIOCH MeToaMi TepM0o0aporeoXIMHEN, B 0CHOBE KOTOPOIL Je-
JKHT XOPOIIO U3BECTHAS KOHICIIHA COOTBETCTBHA COCTaBA 3aKOHCEPBHPOBAa-
HHX B MHHepaTax TasoBO-KUJKHX BRIKNYEHHI cocTaBy pyAoobpasyomumx
durionnos.

OcuoBHOe BIHEMANHE B IIpolecce MCCAE0BaHuil YHeIAI0Ch H3YICHHIO
BRIKNUEHNH B MHHepajax TJAABHHIX HPOAYKTHBHBIX ACCOIMAIMI 0J0BO- M 30-
JOTOPYAHEIX MECTOPOJKCHHIl: KAaCCHTePHTaM, 30J10TY I ACCOLUUPYIOMUM € HHA-
MH KBapIaM.

Ilas meenefoBanniit oTéHpansncs MoHoppakiul KacCHTePUTOB I KBApIEB
pazmepom 0,25—0,50 v i Becom 5—10 r, 3omoTa — 3—7 T € paaMepoM 3070-
Tua Menee 1 My, llpoGul MunepaioB IMpeaBapuUTeIbHO MOJIBEPradnch JeKPem-
Taum: Ha Bakyympom jexpenutorpade BIl-3.

BekphTHe BK/IIOYEHWiT IPOH3BOJWIOCH TepMudeckmM cmocobom. Mx ra-
30BHIT cocTaB ompemensmcs ma xpomarorpade JIXM-8-MJ[ (amammrukm
C. A. IMaxpait, 0. O. CrynnnkoBa). AHAIH3 COJIEBOI COCTABISIOMEH OCY-
IeCTBIAICSA cmoco0oM Tpoitnoit BomHoit BuTsikkm. Copepmanma K*, Na®,
Ca%*, Mg?*, Li* mamepsuiuch MeTofaMu IIaMeHHON (GOTOMETPHE M ATOMHOWX

aGcopbumm; ramorenos, NO; m NHY — mortennmasomerpudeck, ¢ MCIOIB30-

pammeM momo-cesekTuBubx aaertporon; HCO; u SO3™ — ofbeMusM THTPO-
pagueM (amagutuku WM. II. Saitkmm, 10. I1. Taiineunxo).

Cocras (uiouIoB BO BRINYEHHAX B KacCUTePATAX M AacCONUHPYIOMUX
¢ HEMH KBapiax HCCIEOBAJICH HA MECTOPOKIEHHAX M PY/IOIPOABICHHAX
B pyaumx paiiomax [lannmero Boctora: Howmcomoanckom (Conneunoe, De-
cruBaxpuoe, Ilpmanoposknoe, IlepeBaapnoe), Hasameposckom (Apcemnesckoe),
Apmy-Boasmeyceypekom (lomy6oe, HArrapmoe), Xunran-Oxonofickom (Xun-
ranckoe), Jzon-fimamunckom u [lycce-Anmncrom (Meper, bacrmon 11, Co-
pyRan, HKymycyn, 9xcan), Bammannckom (IIpaBoypmmiickoe), a TakKike Ha
MecToposktennax Bamxwkywmeii, Wyaptnun u Uepkympmuckoe. M3 mmx Mmecto-
posknenna u pymronpoasiaenus [Ipasoypuuiickoe, Meper, Bactnon 11, Kymy-
cynd n Myasmnn otHocATeA K KaccmTepuTo-KBapuesoit gopmanun; Conneunoe,
ITepesansnoe, ITpupoposkuaoe, (DecTuBanbpmoe — K TypMaIHHOBOMY THOY
n Xmuuranckoe, Apcenwescroe, Hmrapuoe, Yepkyusmuckoe, Copyram —
K XJOPUTOBOMY RaccurepmTo-cmiukarnoit; 'onyboe — K KacCHTepUTO-CYIb-
duguoii. Mecroposxmenns fHnrapmoe, ITpaBoypmuiickoe, Xuuranckoe, “Yep-
KYHBHHCKOE IpHUHAMJIERKAT TPyNne ByJKaHoreHHHX. Bce MecTopo:RpeHusd,
nckaUas Gogee JETATBHO MayueHmoe XHHTraHcKoe, mpejcraBreHst 1 —
3 mpobamm.

HeoOxoamyo OTMeTHTE, 9T0 BRIOUYCHHA (UIIOUI0B B KACCHUTEPHTAX HEKO-
TOPLIX W3 IepedlcAeHHEX MEecTOPOMAeHMIl HaMp M3YyJalmch panee, OTHAKO
W3-3a TpHEMeHABMeTocs TWph oOpaboTrke Hpol yIBTPAsBYKa ONpe/eeHHblil
coctaB ()IOMI0B OKAa3aJCcA HECKOAbKO HCKA/KeHHBIM (3aHMsRenne cojepika-
nnit F).
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Puc. 1. JlmarpaMmsl cOOTHOMENIS BOJLL, CONeil i Tas0s (Mac. %) BO BRIOUenuAx (Iomion
B KaccaTepurax I 30J07e (@), KBAPHAX OTOBOPYAHBIX (6) i 30JI0TOPYAHHX (6) MECTOPO-
IeHMIT.

1—4 — KRACCHTePHTHI MecTOpOKIeHmii: 1 — KaccuTepuro-Kpapuesolt dopmamun, 2 — TYPMATHHOBOTO
1 3 — XJOPHTOBOIO THNA KACCHTE PNTO-CIIMEATHON hopMann, 4 — KacCHTepHTO-cYIb(GuIHOE Gopmartm;
&, 6 — BOJIOTO MECTOPOMALHMIA: § — TIYTOHOTEHHBIX M MCTaMOPQPOTeHHBIX, 6 — BYJIKAHOTEHHHX: 7—9 —
HKBAPIE MECTOpOMLenuit: 7 — OJOBOPYAHBIX, & — B0JIOTOPY/IHEIX BYJIHAHOTEHHHX, 9 — S0JOTOPYIHBIX
OIYTOHOTEHHEIX 1 MeTaMOp(oreHHnx. Ha gmarpavme 0G03HAYCHE] MECTOPOMICHIA M PYAOTPOABICHN A:
1 — IlpaBoypmmiickoe, 2 — Meper, 3 — Bactnont 1I, 4 — KyMYcyH, 5 — HyabTuH, § — CoaneuHoe,
7 — HepesansHoe, 8 — ITpuaopoxHoe, 9 — decrusancuoe, 10 — Dxecad, 11 — Bagbrymeir, 12 —
Apcenbencroe, 13, 14 — fAnraproe, 15 — Uepxynbnnckoe, 16 — Copyran, 17 — Touny6oe, 18—22 —
30JI0TOPYAHBIE., Bes YKasaHuA HOMEpPA — MUHEDAIEl XHMHTAHCKOTO MECTODPOMKEHI,

P YAVAYAVAV:

DaoEIOHACKHIENHOCTs MHHEDAIOB pA3HLIX MECTOPOKNCHHE 1  Jaske
HA OJHOM H TOM K€ MCCTOPO;K[EHHH 3HATHTETLHO M3MCHACTCS, HO OOETHO
me mpessimaeT 600—800 mr ma 1 kr xBapma m 300 mr ma 1 kr xaccmre-
paura. Ha Xmmramckom MecroposkjeHnn, Tje TpPoGH KacCHTepUTA OTOG-
paunl Ha BePTHKaXbHOM mHTepBade okoxo 500 M, mabmomaercs yseamde-
nne obmero oGneMa BEIOUeHul aiouioB ot 22—79 Ha HIKHEX TOPH3OHTAX
no 244 Mr/Kr Ha BepXHHX. JTO, IO-BHIUMOMY, CBA3AHO ¢ OCOOEIMH YCJIOBHIMM
MHAHEPano0Gpa3oBaHuA B GIH3IMOBEPXHOCTHON YACTH MECTOPOACHHUA C H3Me-
HAOIMUMACA JABJeHIeM U TeMIeparypoii, 4to o0yCJOBEIO POCT KPHCTAILIOB
KaccuTepura ¢ 0OJBIIAM KOJMIECTBOM HeeKTOB KpPUCTANJIMYCCKOH peleTKn
H Tas30BO-RHJKUX BHKIIOUYCHHAI.

CooTHoImeHREE BOZEI, TA30B W COJCH BO BRINYCHIAX 3HATHTEILHO KOJel-
aercs (pue. 1). Ilo comepxanmio coxeil cocras (UUoHIOB BapbupyeT oT caabo-
(4,6—12,1 %, Bepxnme TOPHBOHTH XHHTAHCKOTO MECTOPOKICHNMSA) A0 BHCOKO-
KonnenTpupopanubix (25—60 %, mecropompmenust Ilpupoposkmoe, fntapmoe
u np.). KonmuecrBo razoB or mesmagmrexsnoro (0,3—0,4 %) ypeamumpaercs
no 13,5 % Ha MecTOpOsEIeHHAX M PYAONPOABICHHUAX TI'Peif3eHOBOTO THIIA:
Ilpasoypmmiicrom, Mynerun, Kymycyn. Bricokas rasomacumennocTs (-
HJI0B OTMEYeHA TaKKe Ha pPALe MecTopo;JeHuil TypmaiuHoBoro tmma (llpm-
mopo;knoe, Jxkcal, Baxprymeir).

PynooGpasyomue ¢aongsi Bo BRIWYEHHAX B KaCCHTePHTAX HMeNIH
OnmsRmil 1m0 Ha0opy KOMIOHEHTOB COCTAB HA MECTOPOKICHHHX Pa3IMIHBIX
dopmanumii. B mux ycranmosnenn F-,Cl-, HCO;, NO;, Na®™, K*, Ca®", Mg®*,
NH}, wacro Br~, B panme cayuaes I-, SO3~. s ICPEIHCICHERX HOHOB OCTO-
Arno Betpevatores Toapko F-, Cl-, Natu K*.

Cpemu rarwonos B mapax Na — K m Ca — Mg wame upeoGiagaior Na
r Ca. HanGomee Tuununee copepsranms ammonud — 1o 10 sxB. % . OHm moBH-
maioTeA (1o 25 m pamke H0 sxB. %) Bo ¢urompax asoTHOKHCIOTO THIA (MECTO-
possjienna YepKyHBA, ApCeHBEBCKOE).
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Puc. 2. JluarpaMMil COOTHOIIEGHNA AHWOHOB BO BRIWYeHUAX (ITIOU/0B B MIHEPaTax 0J0B0-
pyaHBx (@) M 800TOPYAELIX (6) Mecropommacnunii (ans. %).
¥ea. obosH, cM. Ha prc, 1.

113 aEmoHoB Bo duronjiax B 0OJBIMAHCTRE CAyIaeB IpeodIaganT raloTeHnl,
cojiepikanAe KOTOpHXx uacTo mpernmmaer SO axB.%, a ma pymompoaBIeHmAX
xaopuTtosoro u rpeitzegoporo tunoB Copykran u Bacrmon I1 Jzon-Amanmacko-
ro paiiona omno Gosee 95 oxB.%. Bricorme (coime 85 2KB.%) copepsmanmus
TaJIOTeHOB OTMEYRITCA TaKike BO BRIYCHHAX MeCTOpo;kIeHmit XuHraHckoe,
Mectupannnoe, Bansrymeit (puc. 2). [Toutn mocToanmo BO BRIOYEHHAX B He-

Gompmux Kommuccrsax (mo 10 sxs.%) mpmeyrersyer NO;: a Ha OTHEIBHBIX
Mmectopossienusax (Apcensenckoe, Yepkynesa) om upeobaagaer. Copmepsmanme
6mrapboHaTa OT MEPBHIX MPOIEHTOB HA MECTOPOKAEHHSAX I'Peii3eHOBOrO THNA
yBeamumBaeTeA 1o 25—29 okB.% ma MECTOpPOMRAEHMAX KACCHTEPHTO-CHIMKAT-
Hoit (Conmeunoe, flnrapnoe) u kaccurepuro-cyasdunnoii (loxydoe) Gopmarmii.
CyapdaT-moH ycTanaBImBaeTcs pejiko W B KoHmeHTpanmax, memee 10 »xs. %.
MaxcmmanasrEe ero cogepskanus (24 axp. %) oTMedeHH Bo (IIOHAAX M3 Kac-
CHTEPUTOB ADPCEHBEBCKOTO MecToposkAcHusi. TakuM 00pasoM, IO AHHOHHOMY
COCTaBY XapakTep (II0H0B BO BRINUEHHAX B KACCUTePHTAX IIPEHMYIICCTBOH-
HO TaJOTeHHBI WAM IaJOTeHHO-YTIeKHCIHIl, A Ha MeCTOPOKICHHAX Apcenn-
eBCKOM I YepKYHBSI — a30THOKHCIO-TaJ0TeHHEIL.

SHATHTeIBHEIN HHTEPEC NPE/CTABIACT COOTHOMEHHEe pPA3THYHBIX TIajlo-
TenoB B cocraBe BRaogeHmil. [{o macrogmiero BpeMenm (oJBIIOe BHEMAHEE
npunasanock Toieko F 1 Cl m copepmenno ne yunrnisanues [ mw Br. PaGoravm
AmypRHUN ycranosmeno, ato cymmapusie BecoBre comep:xanns 1 m Br me-
peako comocraBuMu ¢ TakorsMu F u Cl m maske npeBsimaioT mx, a B MOIbHOM
oTHOmeHHA JoctaranoT 25—40 sxB. % (pme. 3). Poxs srux srxementor B pyno-
00pa3yoIux Impomeccax TpelyeT CHCMEAIBHLIX HcclIefoBanuit. OTHOIEHHE
F/Cl xora m mavensiercsi B o€enh IMEPOKHX IPeTeIax, HO B GOJMBIIAHCTEE
caydaes mpesanupyer F, win oH Haxoj@TeA TPHMEpPHO B OJM3KOM MOJBHOM
ornourenun ¢ Cl. CymecTBesno XJa0pmblit COCTAB TATOTEHOB OTMEUEH HA PYHO-
npoasaenun DBacrmonm I1I, mpencraBIenmoM KBapi-MyCKOBHTOBHIMH Tpeiize-
HAMII.

I'azopas cocraBmaomasn daomnnos (pme. 4) upegerasaena CO,, CO, CH,,
N,, ¢ npeobnagarmem B ux cocrase CO, (62,3—89,7 axs. %), 3a mckmogeHmeM
XHHTAHCKOT0 MECTODO;R/ICNNA U pymouposieienua Jxcar. CyMMapHOe KOIH-
gectBo GO m CH, cocranaser 8—33 sxB. %. Conmepsxamme N pegxo mpeBsIma-
er 5—8 omB. %. IHa momo Tl, B XuuranckoM MecTOPOKIEHHH IPHXOTATCA
mo 50—78 okB. %. 3maunTeanmiie comepskanus I, B razax sroro MeCTOPOEIEe-
HASA CBHAETEILCTBYIOT O TOBGLIMEHHOH BOCCTAHOBJICHHOCTH (HOPMEPOBABIIOX
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Pue. 3. JlmarpaMMBl COOTHONICHIA TATOTeHOB BO BRIIOUCHHAX (QIONI0B B MOHepalax
OIOBOPYAHLIX (@) M 30J0TOPY/AHBX (6) Mecropomzenmii (sxB. %).
Yea. obosH. ¢M. HaA puc. 1.

ero (UIIOMIOB, COTIACHO PE3YIABTATAM OKCIEPUMEHTANLILX HCCIeN0BANHIL
H. W. Rosanenko u ap. [1985], omm Graroupusrubl Ais coxpamesma Sn
B pacTBOpax B ABYyXBalenTHoii popme m mepeHoca ero Ha GOIBIINE PACCTOSHUA
B BHJe THIPOKCOXJI0p-KoMuiekcoB. llo-BupmMoMy, IMOBRIIIeHHAS BOCCTAHOBI-
TelqbHaA o0cTanoBKa B pyAoobpasywomux gurionax cnocodeTBoBaza nadaonae-
MO yeTOHYMBOCTH BeIeCTBEHHOTO COCTaBa PYJA HA BHAYATEJNHHOM BePTHKAJ b-
HOM HHTepBale Januoro Mectoposwjenus. Conepmanna H, no 20 sks. % o1-
MeUeHEl TaK:ke B Kaccurepurax mecroposjaennit [lepesansnoe, Mectnpansuoe,
Yepryspuackoe, yabpTus.

OcobeHHOCTA 30HATBHOCTH B M3MEHEHHH cocTaBa (IOHIOB MCCTEI0BA-
aueh ma mpuMepe XUATAHCKOTO MecToposkAenusi. OT HI/KHEX K BePXHHM TO-
PH30OHTAM HA BePTHKAJIBLHOM HHTepBale okojao H00 M BO BKIOUEHUAX 3aMETHO
yMmenbmaetcsa cofeps;kanne coxeit or 35—12,4 no 12,1—4,6 % u Bospacraer
OTHOIIEHUE BOAOPOJA K yTIeKHeIoMy rasy B 4—6 pas, uro cBumerenncTByeT
00 YBeJUYCHUH BOCCTANOBICHHOCTH ()IIOUIOB ¢ NpubIusKenneM K I0BepX HOCTH .
IlpramBEE 2TOTO TpefcTOMT BhiACHUTH. B pacmpemedeHHn oCTaIbHHEIX KOMIIO-
HEHTOB YeTKOH KOHTPACTHOIl 30HAJLHOCTH He 0TMEYeHO.

PAVAVAVAVAV SRR VAVAVAVAVAVAVAY
p&m&m&%ﬁ%ﬁ ANNININININNINN

20 C0+CH, HpH,S &0 60 40 20 CO+CH,

Pue. 4. JluarpaMMel COOTHOIIEHNA TA30B BO BRJIKYEHNAX (IONI0B B MIHEpAIAX 0J0BOPY/i-
HEIX (@) B 3070TOPyAHEX (0) Mecroporientmii (axm. %).
Yei, of03H, cM. HA puc. 1.
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C mensi0 comocTaBIeHHA cocTaBa (DIHHI0B, 3aKAICYJIHPOBAHORIX B Kac-
CHTEPUTAX W KBAplax, MCCIAEIOBANHCh TAK/REC KBAPIE XHHTANCKOTO MECTO-
posrpenus m pyponpossiaenma CopyKam, IpHHajie;Ramue K OAH0H ¢ Kac-
CHTEPUTAME KBapI-KaCCHTEPHTOBOM CTaJWM PYAHNOTO IpoIiecca W 0TOOpaHHbIe
u3 ONHHX 00pasmos.

Brmouennsi (rionioB B KBapiuax, B OTIHYHE 0T KAaCCHTEPHTOB, MMEIOT,
34 peJKUM MCRJIIOYeHHeM, foJiee IMOCTOAHHBIL CyaiecTBeHHO BOHIlHﬁ COCTaB.
Comepscanue coseit B nux pegxo upessimaer 10—15 % (em. pume. 1, 6).
Ilo cpaBHeHu ¢ KacCHTePHUTAMN B HUX CYIIECTBEHHO YBEIHIHBAETCH OTHOCH-
TeIbHOE KOAMYECTBO YIIeRHCIOTH (o 5 u Gomee pas, cM. pHC. 2), B 50ab-
IMHACTBE CJAY9aeB — XJ0Pa MO cpaBHenuio co dropom (cM. pue. 3), B rasosoii
daze orcyreTByer Bojopoj (eM. pue. 4) m samerno (jo 2—3 pas) yBejmuexa
TOIA  a307Ta.

W3 30M0TOPYIHEIX MECTOPORAEHHIT HCCHETOBAINACH MECTOPORIICHIA Ma-
nocynshuaHON 30/0TOKBapHeBoil fopMmanuu mwryronorenmoro (Ne 18) m me-
ramopdorennoro (Ne 19) Tumos m GaEsmOBepXHOCTHLE BylKamorenune yooro-
cyanuamoil soqoTo-KBapuesoin dgopmamum (Ne 20—22).

(Quroner, 3aKOHCEPBIPOBAHILIC B 30J0Te W3 MECTOPOMRICHUIT ILTYTOHO-
T@HHOTO M BYJKAHOTeHHOr'd THUIOB, ABJAIOTCH BMCOKOKOIIL{GHTPI‘IDOB&HHBIMH
u razonachinienusivu (em. pue. 1). Cojepikanne B HEX CoJieil HA MECTOPOK/LE-
muax Ne 18, 20, 22—40—77 %, Noe 21—17 oxs. % (rasos 9,4—32 %).
Ilo coornomenuio anuoHoOB OHM ABJAAIOTCHA TajorenusiMu (razorenoB Gosee
80 axB. %, oM. puc. 2, mecropomgenns Ne 18, 20) miau yriIeKHCIOTHO-TAM0-

renaniME (MecToposmennst Ne 21, 22, cogepswanma HCO; 25—43 axs. %).
Cpenm ranorenos B GoapmmuceTse caydaes mpeobramaer Cl (em. pue. 3). Co-
nepiamue SO; ™ 1 NO, He3HAYNTETBIOC U HH B OJIHON N3 M3YUYABIINXCA MOHO-

gparuuit we npessimaer 1,5—7,1 axs. %. CooTnomenne KATHOHOB Ha Pa3HEIX
MeCTOPOIRICHHAX PasindHoe, Ho Tamie npeobaagaior K u Mg (cooTBeTcTBEHHO
no 40,2 m 72,1 sxB. %). Comepsxanme aMMOHISA HA MECTOPOKRILHEAX BYJIKANO-
renmoro TEma pocraraer 39,5 sks. %. B rasosoil cocraBasiomeil (uiongoB
BeJlylllee TIOJOKeANe TPHHAIe:RAT BoccTaHoBIeHHbM raszam 1,5, H,, CO
(em. puc. 4). Azor npucyrerByer B Koamuectse o 7,1 axs. %, meran — 0,04—
0,04 sks. %. CyMmymapubie cojepRanus cepoBOOPOIA H BOLOPO/A COCTABIANT
33,7—72,1 oks. %. M3 uux ma mayronoremnoM Mectoposienun N 18 u Byn-
Kamorennom Ne 22 mpeoGuajaer ceporojiopoj, a Ha MectToposspenuax Ne 20
u 21, OPpUYPOYEHHBIX K sKEplaM IaJe0BYIKAIOB MAN PACHOI0;KeHHBIX BOIM3M
0T HEX, mpeobaamaeT BOZOPOT.

@urroniel BRAWYCHNH B 30I0Te MECTOPOKICHNA MeTaMOpPPOTeHHOTo THIA
Ne 19 xapakTepuayioTes Mo CpaBHEHHIO ¢ MIYTOHOTeHHLEIMA M BYJKAHOTEHHE-
Mz GoapmuM KoamuecTBoMm Bojel (85,0 %) u, cooTBeTcTBEHHO, HH3KHM CO-
nep:xanmeM coxeit (6,3 okB. %). Cpemm rasos B mmx mupeobmagaior CO,
(51,2 axB. %), CO m H,(23,3 u 22,7 asks. %). Copepsmanue H, cocraBuser
ecero 1,1 sxB. %, CH, — 0,25 ars. %.

ComocraBienue ¢ocTaBoB BKINYEHNI (DIIOHI0B B 30J10T€ U 30JI0TOHOCHBIX
KBaprax cjenano ga mpumepe Mmecroposxaenmit No 18—20, npmaem Ha MecTo-
posgiennn Ne 19 Bo BRIWOUEHMAX ONpPENENSIUCH TOILKO COOTHOMEHHS BOJBI,
razos m cojeit. Coctas (IIOHIOB B 3010Te W KBaprax 3aMeTHO Pas3Jmuyaercs
(em. puc. 1—4). ITo cpaBHenH©O ¢ 3070TOM BRIWYEHUA B KBapilax MeHee KOT-
HeHTPHpPOBaHHke (cojepsranne cojgeil He mpesmmaer 22 axs. %). llpaxTu-
JeCKH OTCYTCTBYIOT B TA30BOIl COCTABJIAIOMEN CepPOBOOPOL B BOJOPOJ (MeCTO-
posgmenme No 20) mwim orMevtanTCH B MeHBlLIeM KOJWYecTBe, YeM B 3oio0Te (Me-
cropossienne Ne 18). T'maBHEIM KOMOOHEHTOM TI'a30B ABIAETCA yIVICKUCIHII
rasz (42,1—77,3 axs. %), u mocrosHHO mpHeyTerByer asor (1,5—39,4, wame
4—10 sks. %).

Ws pacemorpeHHRX JAHHBIX 0 COCTABY BRIIOYEHHH (I0W0B B MHOIE-
pajax 0JI0BO- M 30JI0TODYJHBIX MECTOPOKICHEH BHIHO, 9T0 (BIIOMB, U3 KOTO-
PEIX BHIJEIANNCH KACCHTEPHTH M 30JI0TO, IPH ONPEEIeHHOM CXOJCTBe HMean
TAK/Ke U 3HAYHTEIbHEE Pasindus,
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OfmuMeE 13 QIOuL0B ABIAIOTCA OAH3KAN 10 Hafopy KATHOHOB U AHMOIOB
HX COJIEBOM COCTAB U IPeodIalaioniil TaJIOTe HHbliH WIH YIMeKHCI0THO-TA10IeH-
melii xapakrep. Ha MecToposkfeHmAX 0/0BA W 30I0TA, CBABAHHEIX ¢ BYJIKA-
HHTAMH, B pPsjle CIYYaeB CYIIECTEEHHYIO POJb CPelH Ta3oB IPHOGPETaeT BOJO-
pox. Paziamume 3aKI04aeTca B IIPEHMYNIECTBEHHOM HNpPeoOIafaHAN BO BRI-
YeHHAX B KaccHTepHTax ¢gropa, B 30a0Te — xiopa. Cpejam rasos Bo BRIIOTE-
HHAAX B 30JI0T€ CYIIECTBEHHAS POJIb IPHHAJIEKHAT CEPOBOOPOAY, YTO HeXa-
PAKTEPHO [JS TAKOBLIX W3 KaCCHTeDHTOB.
ey Hak B RaccHTepHTax, Tak M B 3070Te COJACP/KAHMA COJell 3HAYATENBHO
H3MEHAIOTCS, U3 Yero HAUpAIIMBAETCS BEHBOJK O BOSMOKHOCTH BEITEIEHUA 9THX
MEHEPAJIoB U3 ()IOHTOB Pa3iHIHOH KOHIEHTDPALNH.

HeobxomuMo oTMeTHTE, 9YTO HAOMOAAIOTCS CYMECTBEHHLIC pPAa3IHIUI
B COCTaBAX BRJIIOYCHWI (JIIOMIOB B PY/IHBIX MIHEpPATaX M ACCOMUUPYIOIIX
¢ HAMH KBapmax. JT0 CBHIETEABCTBYET 0 HENPABOMOYHOCTH TacTO HPHMEHA-
€MOT0 B MPAKTHKe TepMo0apore0XHEMATCCKIX HCCIe0BaHHI Hepemoca JamHbIX
0 cocraBe BRIOYeHH QIOUI0OB B KBapmax HAa TAaKOBOM acCOMHAPYIOMIEX
¢ HIMH PYIHEIX MHHEPAaIOB.

I'. B. Pyusmn, M. C. Ilnaiigep, A. A. Hluaiinep,
B. B. WMabunsix

TEOXVMMHYECKAA 9BOJIIOL NS
PYJIHO-MATMATUYECKON CHUCTEMBI
HA OJIHOM M3 OJIOBAHHO-BOJIb®PAMOBBIX

MECTOPOKJAEHUN T'PEV3EHOEOI0 THUIIA
(I punopve)

OcHOBHEI®E TePTH TeOJOTHICCKOTO CTPOCHHUS OMMCHIBAEMOIO MeCcTo-
pOsK/IeHUA OCBelleHHl B pajie crareil [MBarum, 1985; Pyurun u mp., 19861.
OHO MMeeT MHOTO OOIIHX 9epT ¢ IMPOKO M3BECTHHIME OJOBOPYIHEIMHA MECTO-
posspenuamu Pynasix l'op [Koncrantunos u 1p., 1969] 1 HeROTOPEIMU MecTO-
posspennayu CCCP [Pynaxsmer u mp., 1971; lllep6a, 1968]. Ha paccmarpm-
BAEMOM MECTOPOIK/ICHAN HHU/KHEMeJIOBEHE OCAJ0UHLIe TOJNIIH, CIaramiiuae pyni-
HOe II0Jie, TIPOPBANEL MITOKOM IO3THEMEIOBHX TPANHTOMIOB M CePUsIME Jaek
pa3IMYHOr0 COCTABA H BO3pacTa. BMemawmume HTOPOXLL OPOTOBHKOBAMKI,
GHOTHTH3MPOBAHBL, & Ha TMepU@EepHH PYAHOI0 OIS — HPOTHIATH3HDOBAHEL.

T'paHUTOMHEIL MITOK OIMCHIBAEMOr0 MECTODPO;RIEHHA, IO JAaHHLIM Teodm-
smueckuX paboT, ABIAETCS ONHAM H3 BHICTYIOB KPOBJIM CKPHLITOrO Ha Taybmme
naTpysuBa. Mopdosorna ero ocIOHHEHA PALOM KYHOALHHIX BLICTYIOB DPas-
JAWIHLIX MOPSAKOB, MTOKO- I AaiiK006pAasHHME amo@uaaMu, CTPOCHHE 30HATb-
moe. PaceMoTpum ocobennocTu cTpoernd Maloro mroka — ofHOil B3 Handomee
IeTajbHo H3yueHHEX amogus. OH OTBETBIAGTCA OT CEBEPO-BOCTOTHOTO CKIOHA
I'maBeOoro mTOKAa M mMMeeT orHocmTeabHO moxoroe (40—60°) foro-socroumoe
crmomeHme. Malnblil MTOK OCIOKHEH IeJHM PAAOM BHCTYOOB I anogus 6oiece
BEHICOKHX TOPAAKOB. ['panur-mopdupsl, caaraomue ero, B pa3imTHOM CTCHCHN
rpeiizennsupoBadsl. Co CTOPOHEL KPOBIHN U BAOJIL IONOTHX CKIOHOB IITOKA
rpaHuT-nopPEPE  06PAMIAIOTCA IPEPHBHCTOH 30HOR KPymHO- M TIHIAHTO-
3ePHUCTEIX KBaPI-TI0JEBOIIIATOBHX (CO CIIO/0i) TOPOJ HerMaTounoro obInKa
(mrokmeiiep). IemocpencTBeHHO B DHJIOKOHTAKTE INITOKA pPAasBATA Majo-
MOI[HAS HempepslBHAs 30Ha, CJIAraeMas MeJTKO- H TOHKO3eDHHCTHIMH PasHo-
CTAMH TPAHHTOHIHEIX mOpoj (enb3uTaMm, AIIATAMH, KBaPIEBHMA M KBapi(-
HOJeBOMIIIATOBHIMA TopdHupaMu, CHIEKCHTAMH), IIpejicTaBisaomas coboif, mo-
BHJIMOMY, ¢KallMy 3aKa/JKu)» MHTPY3HBA.

Pymueie 30HH MECTOPOKISHAA TATOTEIOT K KYNOJBLHKIM BEHICTYIIaM B KPOB-
se rpammromgEoro mToka. IleHTpanbpHas 3o0ma, mambosee JeTaNbBHO pasBe-
NadHas, BLITATHBAETCS B CEBEPO-3AIafHOM HampaBICHHH BJ0JIL CEBEPO-BO-
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cT09HOTO ckaona ['raBmore mroka, mmeer Kpyrtoe (710—75°) cesepo-BocTounoe
majfiesde U mpoxoauT yepes Mausti mrox. B ee mpememax BeimensAmTes geThipe
MOP({OTOTHICCKIX THIA O0J0BAHHO-BOJAB{PAMOBOIO OpYyIeHEHHHA, TECHO Te-
JIeCKONHPOBAHHEE B IpOCTpaHCTBe ApPYr ¢ Apyrom: 1) xompopmHLe (mo ormHo-
WEeHHI0 K IITOKY) 3ale;RH TIpeii3eHoB, 2) WITOKBEDKOBHIEC 30HBL, 3) MUk,
4) TpyGooGpasnoe Teio opyaeHeasx Gperunii. [locaennue Tpu Tuma ABIAIOT-
¢ JUCKOH(OPMIBIME TT0 OTHONIEHHI0 KaK K IUTOKY IPaHUT-TOPPHpPOB, Tak
U K OCATOUHBIM TOJILIAM.

I'peiizenonnie 3aneskn. OgHa us waunfo/iee 3HAYATENBHBIX 3aJe:Keil pasye-
maeTcs B aOUKAJIbHOE wactTd uosororo uarmba kposam Mamoro mrroka. Ona
HMeeT JNHH30BUAHYI0 QOpMYy, OCIO:kHeHHYI0 cepueit amodmus. ['peiizens: caa-
ralTed arperaTaMu KBapiga, Tomasa, KaJIHeBoro moJeBoro MnaTa, MEHHBaTbIATa
C BRpAIIEHHOCTBI0 W THe3JlaMH Kaccuteputa, cdaxepura, soabdpammra,
apceHonupuTa, cTaHHEHA, (IHOpHTA, pe;ke MOJHOIEHUTA, BHCMYTHHA U JIp.
K xonrakTam mToka u Ha TIYOMHY rpeideHtl NOCTENEHHO MePeXOofdAT B caabo
Tpeii3enI3NpPOBANHLIEC TPAHNT-IO0POIPEL.

TOKBePKOBBIe 30HBI. D HHX BhIEAAOTCH CuCTeMBl cyOmapaaielbHBIX
U PasHOOPUEHTHPOBAHNEX HpPOKMIKoB. CyOmapadjdeabHB e I P o-
WM JLK M padBUBalOTCA B BHJE KPYTONANAIOIINY JEATO00Pa3HbIx TeJa, OpHeH-
THPOBAHHBIX CONIACHO ¢ OOIUM HAIpaBlIeHHeM pyjuoit 30mbl. Ilpommiakm
CIaranTesA HPOTYKTHBHLIME HA OJOBO H BOJb(ppaM MuHEpPaJLHO-TApATeHeTH-
gecknmu acconmanuavu (MITA) caoaucro-KBapmesoro W Tomas-moJaeBoIIIAT-
KBapIEBOTO COCTaBA ¢ KACCHTEPHUTOM, BOJILOPAMUTOM, apCEHOIMPUTOM, CTAM-
oM 1 Jip. MommocTs mpo:xuIkoB Kosebaeres ot 1—5 my o 5, pesse 10 eum.
Homuueerso ux usmensiercss or 5 mo 50, B cpemnem cocrasiasiz 15—20 mryk
Ha 1 MOTOHHEII MeTp IOLEPeYHoro CedeHHs MTOKBEpPKOBOro rtejia. MommocTn
LITOKBEPKOBLIX TeJl Kosebaercsa oT mepBuix Metpos po 70—100 M.

PasmoopumenTHDOBAHIMEL e NPOKAIKA AMEIOT CAMYH PasHO-
00pasuyly OpHEHTHPOBKY — IPAaKTHIECKH [0 BeeM pymGaM U ¢ do060i Kpy-
T3HOM mafenns. I'1aBencTBYOMY0 POIb CPEM HAX MIPAIOT MPOKAIKE KBap-
L{eBOTO 1 KBapi(-MOJMOACHATOBOTO COCTABA, Pe/i@ cJaraeMbie IPOAYKTHBHEL-
vz MIIA.

bpexunesnsrii Tin opyjaenenna. B cpejneii wacru Ilentpansmoit pymmoit
30HH BCKDEITO KpyTomagaiomee Tpy0ooOpasHoe TeXo MHNEPATH30BAHIEX
OGpexanii, UMeIUX, To-BEIAMOMY, DKCILIO3UBHO-THAPOTePMATLHYI0 TPHPOLY.
Tesno Gperunii npopLIBACT OCATOTHEIE TOIIK W YACTHIHO 3aXBATHBACT HHTPY3UB-
Hble MOpofbl mToKa. O6a0MER B GpeKIUAX IPEJCTABICHE TPEAMYMIECTBEHHO
OPOTOBHKOBAHHEIMH, pPes/Ke¢ XJOPUTH3HPOBAHHBIMU AJE€BPOJIMTAME M TECYAHN-
Kamd, a BOJIM3M KONTAKTOB CO IITOKOM — OPY/EHeJIBIMHA T'peil3eHaMm W Tpeii-
3eHASHPOBANHLIMI IDAaHAT-TOPOUpPaMu, KBAPIEBLIMHE TOpQUpaMu, ATUTAMHA,
(Qenbsuramu, nermarougamu. B obmomrax Gperunit wacto HabmIogaoTcea Golee
panHne (Mo0peKuneBnie) TMPOKUIKA C 0JOBAHHO-BOJBLOPAMOBOl I Moamie-
HoBOW Muuepamusanueit. Ilement Gpexdmii ciaraerca arperataMm KpymHoO-
KPHCTAIIHYECKOT0, YacTO JPY30BUIHOTO KBApma ¢ IHHHBAILIUTOM, KacCH-
TePHUTOM, BOJAbHPAMHUTOM, apCEHOIMMPUTOM, CTAHHUEOM, chalepHTOM, H3peKa
POAOXPO3UTOM, (II00PUTOM, TATCHATOM, XAJIABKOIUPHTOM H JIp.

Auast B pynusix 30o6ax pegku. OcHOBHOE WX KOJIMYECTBO CKOHIEHTPHPO-
BaHo BOauan Tesa Operumit. MomuoceTs skmin koae6reresa ot 10—20 em mo 1,5—
1.8 M; mpOTAKEHHOCTD 110 MPOCTHPAHIIO U IAJEHII0 HO TPeBHIIAeT HECKOIBREX
AecATROB MeTpoB. OpuenTHpoBKa ;KU OT CeBepo-3amajHOR 10 MepPHAHOHATb-
HOii, MaJIcHne B OCHOBHOM KPYTOC B BOCTOUHEIX, PeKe B 3aIAHEIX pyMOax.
COCTaB SRV MHICHTHYCH COCTaBy 1eMenTa 3HCIIJIOBIIBllO*I‘H}Ip()TepMaJIL[I[:IX
Opexunii (¢ KOTOPHIMH MBI HX CHHXPOHHBNPYEM).

Ns ommecannuix MopororngecKux THIOB 0J0BAHHO-BOABHPAMOBOIO OPY-
neneHnA Hambodee GOraThIME ABIAITCA I'peiizenoBrre same:xn. OTHAKO OCHOB-
HHIe 3amachl 0J0BA M BoJb)paMa HA MECTODPO/KICHAT CBA3AHE ¢ OeTHEIMH

IITOKBeDKOBLRIMHA pPYyAaMH, 30HLI Pa3BHTHA ROTOPLIX HMEIOT 3HAYUTEILHEIE
=
00'bLEMEL.

10 3axas M 458 145



MHUHEPAJOTO-TEOXUMHYECKME ACHEKRTBI
@OPMIPOBAHMSL MECTOPOKIEHUHA

Onmcannsie BHING DPa3INIHEe MOPHOJOTHIECKHe THNH OPYAeHeHnms
OTpa/kaloT TeONOro-TeOXMMUYECKYI0 OBOTIONHUO JIHTENLHO PAa3BHBABIISNHCS
pymuo-Marmaruyeckoit cmeremsl (PMC), mecroposryenms (eM.  pHCYHOK).
B pyammx 30Hax, KoTophe gopMmposaiuch B TpH dTaua Ha oxe pasAMIHOL
TeoImHaMuIecKoll 1 TeMmepaTypuoii 00CTaHOBKH, HPOMCXOIMIO TCCHOE IPO-
CTPANCTBEHHOE TEAECKONMPOBaliie PA3HOBPEMEHHBIX, PABIMINLIX TI0 COCTaBY
1 Mop(OTOTHE THIIOB OPYICHEHIA.

Wetopus cramoBienus PYLHOTO TOJA OTKPEIBACTCHA, IO-BHIIMOMY, BHE-
PCHIEM Ha OTHOCHTEJIBHO Goapmux raybmEax rpanuTouHOTO KpHITOHaATONH-
Ta, 1ajl KOTOPHM BOBHUKIA KyIOJILHAA CTPYKTYpPa METacoMaTHToB ¢ 0fpaso-
BaHneM B ee HMIKHEM Apyce 301bL GIiOTHTHSElHHH, a4 B BepPXIICeM — nponuJIATH-
2aIIH  BMEIIAIONHX  0CAX0UIEIX IOPOJ, [Pasmaxmnm, Pasmaxnmna, 1975].

JlanbuHeiimee mpopsmikenne GporTa MarMel BEEPX TPUBEJIO B UTOTE K dop-
MHPOBAEMIO TITOKA TPanut-mopdupon. Cao:RHOCTL TCKTONHIECKOIT oficTaHOBR-
Ku (B yalde TIepPeceveHmsl TeKTOHNYCCKAX 30H Pas/imulibix nanpapnennit) oby-
cT0BEIA €10 MOP(OIOTHI0 — HaTmuMe MHOTOUHMCICHNBIX KYHOJI006pasmex
BLICTYTIOB B KDOBJE, MTOKO- U JlaiiKOBUAHMX anmodus.

Co cTaHoBJeNneM IITOKA IPaHuT-TOPHUPOB TeHeTHIecKn cBA3amo Gopym-
poBamme pyx mepBoro arama. B oToM pTame naMeTalnTCA WCTHPE CTAANA, B Te-
yenme KOTOPHX COOTBETCTBEHHO OTJIATANNCH KBapIeBas, MOIEOIeHIT-KBapie-
Bas, MerMATOWHAA T aBTOrpeiizemoBax MHHEPANLIO-NapareHeTIeckas acco-
maammr. Cnavana B anHKATBHLX YACTAX MarMataueckoil kKamepur (B ee Ky-
TIONBHEIX BHCTYNAX) B 00JACTH OTHOCHTEILHO NH3KHX ITajeoTemMieparyp mpo-
HCXOJAN OHCTPOe OXTa/RJleNne PacmiaBa M BOBHHKHOBCHIE Y3KOM DHACKOH-
TAKTOBOI BOHL 3aKAJIKH, CIATAEMOH TOHKO- I MeTKO3ePHUCTHIMI PasHOCTAMHA
FPANHTONIHLX TOPOX (M. pucyHOK). B OTZeTBHEIX yuacTRax nabIoaanTes
KBapIHATONO06HHE TOPOJIH — CHICKCHTH, HOABJICHNE KOTOPEIX, IO A. A. Ma-
parymery [1984], cBA3ano ¢ THKBAIMOMIBIM PACCTOCHIIEM HCXOIHOTO IPAHMT-
HOTO PACIIaBa HA TOJCBOIIIATORLIE M CYIIECTBEHHO KBApPIEBLHIC MarMbl.

B xoze pagpmeiimeil KpHCTAIIM3ANUN OT MarMaTHYeCKOTO pPAacIIaBa
HAYAAH OT/IeIATECH BLICOKOTEMIEPATYPHBIC THEEMaTOMNTO-TH/POTe pMATbHEe
pacTCopH ¥, WacHIEHHBe Buauame (B KBAPIeBYO CTaMIO, 480—365 °C)y
KpeMueseMoM, a 3ateM (B MOJUOIEHHT-KBAPHEBYIO CTajAmw, 420—300 °C) mo-
JmGIeHoM, cepoii, oTgacTi BEeMyTOM. OTIOXHBITNECS IPORUIKI (es3pyanoro
KBapIa, a IMOTOM MOJHMONEHHT-KBAPIEBOTO COCTABA YHACTEJOBAIM CHCTEMEE
AUATHPOBHIX TPEIMI I TPEI|H OTCIOCHHA, KOTODHE B 9TO BPEM GBI Ha-
nbosee TPHOTKPHTHMHE. JTOT QaKT 1 00 yCI0BHII MOBHIIEHHYI0 KOHIIGHT DAY
I KOJBIEBYIO OPHCHTHPOBKY IPO/KUIKOB NEPBOil M BTOPOIl CTammil BOKDPYT
KYTOJALHEIX BEICTYTOB HITOKA.

TloTHEe MEIKO- 1 TOHKO3ePHHCTHC TPAHHTOMAHLIC IIOPOMILI, Cjaraioiiue
DHNOKOHTAKTOBYIO B0HMY B3aKaJKH ITOKAa, B COBOKYIHOCTH € DPOrOBHKAMHI,
BOSHEKIIEME B 9K30KOHTAKTOBOIl 30He MHTPY3HUBa, CO3/1aBAIM YCIOBHA JUIA
repMeTH3annI MarMaTHYecKOil KaMephl. 3ajcunpanne THEATHPOBOI TpeUIUHO-
BATOCTH BOKPYr (GOPMUPYIOMETocs HHTPY3MBA NPOARMIKAMHU TEPBHIX [BYX
eTamiT TAKIKE CHOCOOCTBOBAIO €T0 TePMeTH3aI L. JTO IPHBEI0 K HAKOIICHAID
B KPHCTIM3YIOMEHcs MarMe B QNHKaIBHBX TaCTAX KaMephl NOBHIMIEIHHBIX
KOJMUCCTB JeTYIHX M QIIONAHHX KOMIOHEHTOR, 61ar0/lapsa qeMy 3/eCh BO3HIK

* Jnech W Jlaee XaparTep pacrsopos (pacuranoB), I3 KOTOPRIX KPUCTATIN30BAIACH
ONMCHBACMEIE MHHEPATBHO-TAPATEHETHICCKIIE ACCONNANNI, NPIBOAUTCA MO  JaHHBIM
N3YICHHA BHIOUEHM B MIHepamax. TemmepaTypsl MIHepaT00ipasylomEx pacTEOpoB
(pacmaBoB) M3YYAXHCh METOAOM JICKPEeIHTALINN mpol 13 MHHEPAILHO-TAPATCHETHYECKIX
ACCOTHALIMI H KOPPEKTHPOBAINCH B COOTBETCTBHN C IAHHBIME TOMOTCHI3AIKII BRIOYCHMI
B MIHEepajiax, BXOZAIMHUX B COCTAB COOTBETCTE YIOTIHY MITA. Teoxmurdeckinii COCTAB PACT-
ROPOB TIPUBOJUTCA 110 PE3YIBTATAM XIMHIUECKIX I CHERTPAJLHBIX AHAAN30B Npod munepa-
qoB m MITA; nAa KBApHeB H KACCHTEPHTOB I3 COOTBETCTBYIOMNX MIIA apannsHpOBANACH

TakKe BOJHLIC BBRITHARKH.
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¢B0oe0OPasSHLI THEBMATONHTOBHI «PACHIAB — PacTBOP», HACHIIIENHLIE PYLO-
TeHHHIME djIeMeHTaMu. Harommenme IerkoeTydYnmx KOMOOHEHTOB 00YCJIOBHIO
pesroe BO3pAaCTaHHe JaBICHHS, a OTCIOA M 3aMeJJIcHIe [ajleHus TeMIePaTy Phl
B Kamepe. B 9THX yCIOBHAX B KDACBLIX YACTAX KaMmepol HOCJIE IOPOJ 30HLL
SHIOKAMMEL 3aKAJTKH KPUCTANIM30BAJIAChH KPYITHO- M IHFAHTO3e PHUCTAS KBADIL-
TIOJIEBONIIATOBASL (CO CJHIOM0IT) TOPOJa MEerMaToOuAnoro ofauka (CM. PHCYHOK,
B, mermarougaas cragus mMunepaizoodpasopannsa, >>650—480 °C). llpucyrer-
BHE B «pacmiaBe — pacTBOpe» MOIMOAEHA, CepPhl, HE3HAYHTENLHBIX KOJU-
TeCTB BHCMYTA, celieHa o0yCI0BIIN HAXMIne B IMeTMAaTONAX THE3JOBEIX BEIjIe-
Jenmii MoaHOeNUTa, HHOTHA BKPAIVICHIOCTH BHCMYTHHA, N3PejKa ryaHaxya-
THTa (CejeHuja, BUCMYTa).

B HﬂﬂbﬂeﬁlﬂeM IIoJI BOHOI nerMaTou/10B HaYaJIH KPUCTATIM30BATECA I'pa-
nuT-mophuper. CoXpasABOIaAACcH HACHINEHHOCTh MATMLI BOJOi, TazaMu (B TOM
gucie F) u pynorennsvm xomuonearamu (Sn, W, Cu, Zn, Li, B nesnadnrean-
noM koamdgectse Mo m memoil rammoit momyTmmix aiaementos — Ni, Se, Ta,
In, Ag u np.) mpupana el cBoHCTBA «pacmiaBa — pacTBopay M oDyCIOBHIA
HHTEHCHBHYIO aBTOMETACOMATHYCCKYIO I‘peﬁse}maauum KpHCTaﬂﬂﬂ:inOmKXCH
rpasuT-mopdupos: peskoe 00OTAN[CHEE HX KBaphneM, TMITHBAIBIATOM, TOIA-
30M, KacCHTEPHTOM, BOJABOPAMUTOM, CTAIHNHOM, CQATEPHTOM, peske (Io0o0pH-
TOM, MOTuOeHuTOM U Ap. (eM. pucynok, B, aBrorpeiizenoeas cragua, >650—
300 °C).

Jlormaro mpepmono:kuTh, wTo GOpPMUPOBANNE NETMATOHWJOB M aBTOTrpeii-
3¢HO0B OLITO BO3MOKHO TOIBKO B YCIOBHAX TeKTOHHIECKOTO KHITHIIAY: B IPO-
THBHOM cJjydae He Moria OB TPOou3oiiTH TepMeTH3aIrmA MarMaTHuecKoii KaMe-
PH, He co3falnchk Obl GIATONPHUATHREE YCJOBUA JUIsA HaKOIJIEHHA B Heil raso-
00pa3HuX, (IOUIHEX U PYAOTeHHEIX KOMIIOHEHTOB.

MuneparoofpasoBanne 1IepBOro 9HTama UMEI0 ITHEBMATOJIHTO-THIPOTEp-
MaabHHI xapakrep. Temmeparypa pacTBOPOB, VIIEJHHX 34 IIPeJlejibl Marma-
THYECKOH KaMepH I OTIORUBIIMX HPOKHIKHA IEePBHIX IABYX CTaMil, Jesaa
B npegenax ot 480 mo 300 °C. Bayrpm marmaTHdecKoil KaMepsl B HOCHeIYIO-
mue CTagun Iporecca TeMmepaTypsl Ouiim Gosee Bricokue. Tak, KpEcTalinsa-
U TEerMaToOMj0B Havajack OpH TeMIeparypax, mnpesmmaiomunx 650 °C,
a saxomuurack npu 450 °C. Bo BHYTpeHHHX WacTAX MarMATHIECKOH KaMephl
HadaJlbHAA TeMIEpPaTypa (paciuiaBa — pPACTBOPA», M3 KOTOPOI0 KPHCTAJLIM-
30BAJIMCH PYHAOHOCHEE rpeiizensl, Tak;e npesmmana (650 °C; xomeunas omy-
ctuaack no 300 °C.

[Toce womcommpanuu rpasuT — TOPPUPOBOTO MTOKA HPOABHINCH TEK-
TOHHUYECKENe HOJBIGKKH. B pesyiaprate MOAHOBMILNCH IIMPOKHE CeBepo-3amaj-
HHEe KpyTomajamoliue 300E I'yeTol cybnapaiielbnoil TPeIUHOBATOCTH, HMEB-
nieit ¢KoIOBEI XapakTep. Ilpu oToM ona B 0CHOBHOM IPOABIIACE B DOTOBHKAX.
B rpammT-mopdupax, mopojax anauuTeIRHO MEéHEe XPYIRHEX, TPEITHOBATOCTh
Pe3Ko 3aryxajga, B3axXBaTeBas JUINb mepudepuuecKHe UaCcTH TejJa MITOKA.
Tpemunsl OTKRPHIIM TYTH IS UOCTYIIEHHA PAasOrPeTHIX MUHEePaIu30BaHHEIX
pPacTBOPOB M3 TIYOGHHHEIX, emie He KOHCOJIMAMPOBAHHLIX TacTeil MarMaTHde-
croro odara. C aTHM mepmoIOM CBA3aHO MHHEPAT000pa3oBaHUe BTOPOTO PY/-
HOTO dTama (CM. PHCYHOK, I'), B Teuenue KOTOPOTO OTIATATUCH TPOLYKTHBHEIE
Ha O0I0BO H BOJB(PAM CJHIOMCTO-KBAPIEBAs, A 3aTeM TONA3-IOJeBOINIIaT-
kpapmesag MIIA (320—275 °C). Munepaioobpasopanne IPOHCXO/NIO U3
IHEBMATOJATO-THAPOTEPMAIBHEIX PACTBOPOB B MuTepBate Temumeparyp or 480
mo 275 °C. [lua pacTBopoB, M3 KOTOPHX KPHCTALIN30BAINCH MEHEPAIL! CII0-
nucto-kBapresoit MIIA, xapaktepun Sn, W, As, Li, F, S, nesnauurennnnic
xonmuectea Be, Ti. B mocaeayomyio crajimio K nepeqncaenubM KOMIOHEHTaM
nobasuauce Cu u Zn.

TMocae Broporo pynmoro arama BHOBL NPOABHIACH TEKTOHHIECKAA AKTHB-
HOCTh, B PE3yIbTATe KOTOPOI Ha PYJIHOM I0Jie BO3HERIHM Y3KHE JHMHEHHBIe
OU3BIOHKTUBEL CeBepo-3alagnoii, cyOMepUIHOHATRHON M CyOIMEPOTHOH OpH-
enTHpoBKA. B TpeTnit pynnmii aran (em. pucyHOK, J) IpoABHANCH TPH CTALHN
MEHepax000pasoBaHusa, B IEpPHOX KOTOPHX cHOPMHPOBAIUCH KACCHTEPHT-
apcesomuput-kBapinesas (300—215 °C), xmopmr-cyappupmas (245—165 °C)
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Wneanusuposanaas MONeh BONIOMIN Py IHO-MATMATIECKON CHCTEMED 0JIOBSHEO-BOMBHpa-
MOBOTO MecTOpoH/ieHis. [lanusie 06 aGco10THOM BO3pAcTe TPAHNT-TOPHHPOB I OIUBHHOBLIX
OasanbToB 3amvcrsopanel y M. I. Py6 m gp. [1983].

A—B — HaYaN0 CTAHOBIEHHUA ITOKA (84 + 3 mam jier), I pynme aram, ' — II, §T — III (i®wmaisl,
NPOIKUIEN, 1eMeHT OpeRunii); E — BHEIIDEHNe TaeK 0azanbToB (2743 MaH mer), 1 — BMEmMAaiomme oca-
AouHble TOPOIK Ky (AJ1eBpoJiuTE, AeBpONeInTH, NeCYanmsEm 1 Ap.); 2 — MCXOMHBGE MarMaTHYecKnit pac-
nAaB; 5 — NOMHOKPUCTAIITHUECKUE TPAHUTH (1Y OWHHbIe thauun) pandeit pasu; 4 — MOJIHOKPHCTA /I C-
CEHMe TPaHuTH (rayGuHHbe dammm) 1osgHei; dasu; 5 — NOpoasl PHROKANMEl «3AKAJTKAY (ATTHTOBHITHLIC
I'PAHUTDI, (PeJILBUTHI, Q-nopdupsn, Q-IImn nopdupsr, CHIEKCHTHL, MecTAMH (IIongambHeie); § — MerMaTo-
mpee oGpasosannsa (Q-Thnn mopojna FUPAHTOZEPHUCTONO CTPOEHHA); 7 — NOPGAPOBATIHKE TPAHATH
& — HaftKM OJIMBUHOBRIX 6a3aJIbTOR; 9 — OPOTOBHKOBAHIE OCAMIOYHBIX IOPO, CBA3AHHOE ¢ paHHel Bazoii
BHEJIDEHIA TPAHNTHON MATMBI, 10 — OpPOTOUNKCBAHNE OCALOTHEIX TOpoJi, CBABAHHOE ¢ BHeAPEHMEM mMTOKA
TpaEnT-nop@UpoB (MOSIHAR d)aaa): 11 — GUOTUTH M OHOTUTHANDOBAHHEE Oponel; 12 — OPOMUJINTHL T
OPOTIINTASHPOBAHHBIE OPOMBL; 13 — OPOMIIKN Q n Q-Mol cocrasa (I aran); 14 — Tpeil3ensl Mo rpanuT-
nopdupam (I sram); 15 — rpeffacHnposaHARe TPAHUT-TIOPPUPEI;, 16 — 30HBL cYOOAPAIITIeIbHEX IPOOY K=
THBHEIX MPOMANIKOB (11 2ram); 17 — aHcunoalmuo—rnnp)ompma.nmlme Operunu (III sran); 18 — el
(IT1 araw).

n xapbonatHas (235—145 °C) MITA. Ouu caaraior LEMEHT KCILTO3HBHO-TH]T~
POTePMAJBHEIX OpeRImii U KWW KBapi-, XJOPUT-CYNBOUAHOTO H POTOXPO-
3UTOBOTO COCTABA.

IRCILIOBUBHO-THIPOTE pMAIBHBIE Operuun copmuposaamecs B meHTpe
PYAHOTO WOJIA B y3lie NepecedcHus JIUHEHNEX TeKTONAYCCKIX 301 Pe3JHTHOTO
nanpasnaennsa. [logoGusie Gpexunm moBONLIHO Tacto BCTpeYawTeA Ha THOa-
OHCCANLIHEIX MECTOPOIKACHAAX PasIHIHbIX METaJJIOB, B TOM YHCJIE U 0JOBO-
pyaEbix. OHE TeCHO «BIJIETAIOTCHY B OPOIEecChl PyfoodpasoBanmsas U CBH/C-
TEJALCTBYIOT O 3HAYMTENBHON dHEPIUM JBHKEHUS (IIOMIOB.

Munepanoo6pasyiomgme PACTBOPEL TPETHETO JTana MMEJN TUIPOTePMalh-
HEME Xapaktep. B mepuop KaCCHTePHUT-aPCeHOMUPUT-KBAPLEBOH CTAIMN B HHX
coflepsRamnch Sn (KoTopoe OTIArasoch B OKHCHOM dopme), W, Mi, As, S.
B nocrenyiomywo cragmo Sn oraaranocs B cyanduanoii gopme; B pacTBopax
6ot Cu, Zn, Fe, Ca, Mn, Pb, Sh, S, Mg u yraekucaora. B KapboHaTHY 0
CTALIIo PACTBOPLL XapakTepusosamuck npeodaatanuem Mn, F, K, Ca u mourn
TOTHLIM OTCYTCTBHEM PYAOTeHHLIX KOMIONeHTOB. OTHOCHTENBHO HESKUE 3HA-
UCHIA TeMIepPaTyp pacTBOPOB BO BCe CTAajMH TPeThero arama (B HHTEPBAIE
ot 300 10 145 °C) Moryr cBumeTenbCTROBATE 0 MATbLHEIIEM omycKaHum (poHTA
PACTBOPOreHEPUPYIONEro MCTOTHAKA WM O 3aMETHOM OXJIAKTCHHH MArMbl.

UOCTPY/IHO® BPeMA BHOBL HPOSABWINCH TCKTOHHUECKHE IOMBHIKKIL,
OTKPRIBUINE YT A BHeJPEHHUS JIaeK OJMBHHOBBIX (a3aibIoB (cM. PHCYHOK,
E). Ucrounnkom Gazamprosoii MarmMel Moriau OnTE Hanbosee raybokme wactio
MarMaTuieckoro ovara. OpHeHTHDOBKA 3THX [acK CeBepo-3amalHAH W cyo-
muporHan. llocae BHejpeHns gaex Ga3ajbTOB BHOBL OPOABUIACH TEKTOHI-
YECRAH aKTHBHOCTH, NPUBEAIIAA K BePTHKAJILHBIM GJOKOBBIM 1€ PEMETI[E H 1T M
OTAEJIBHLIX YACTeHl PYLHOTO MOJA 1O CHCTeMe CYOUMPOTHEIX It CeBepo-3aia/-
HHIX HapyUIenmi.

BBIBObI

Onucanvoe MecTopoKIeHmEe — OIHH T3 00'bEKTOB, T/ie OBOJIBLHO APKO
HPOABUTACH CBA3b NPONECCOB PYA000Pa30BaHNs CO CTAHOBJICHHEM I'PAHHTHOLO
uarpysusa. [lpmaem sra cesiab mo Mepe passmrus PYAHO-MArMaTHIOCKOH CHCTe-
MLl 9BOTIOLUOHNPOBAIA OT INPAMOH TeHeTHIECKOH [0 mNapareneTmIeckoii.
Passnrne PMC Guiio 1anTe bHbIM 1 npoucxonnnao Ha goHe ToCIeq0BaTeIbHOT
CMEHBI Te0/IMHaMIIecKoro it TepMobapudeckoro peskmmos. Cucrema XaparTepu-
30Bajlach BLICOKHMM HACKUNEHHEM JETY4NMH KOMIOHEHTAMH 1 3aKOHOMEPHLIM,
HampaBJIeHHLIM U3MEHEHHeM XUMHTeCKOro cocTaBa PyAoofpasyiomumx pactho-
pos. Ha mepsom pymmom arane, ocoGeHHO Ha cTamuu ABTOTpeiiseHN3aHHE PY/(0-
HOCHOM MHTPY3UIL, COCTAB PYAOreHePUPYIONMX PII0uI0B GHT HAGOTCE CITORHBIM,
49T0 npenonpeneanio OOABINOE HabOp MOJE3HHX KOMIIOHEHTOB B MPOAYKTAX
nepeoro arana — Sn, W, Mo, As, Ta Nb, Se, TOMYe PKUBAIOIIUY  PeiKOMe-
TATIBHYI0 Clelnnann3anuio MaTepPUHCKON MAarMbl.

Munepaaunsosanusie pactBopnr Goee PITYOHHHBIX, eme He KOHCOIMIIpo-
BaHHBIX YacTeil MarMaTHYeCKOil KaMepHl, OUeBWAHO, OLUIM M3HAYATLHO Te0Xil-
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MITGECKIT 00IHEeHs!, 0co0eHH0 PeIKOMeTAIBHEIME  KoMOOoHenTamu. B mocme-
AVION(Ee BTAMLl MEHEPAT000Pa3yomue PACTBOPH MCHBITHBALHN OUPEISIeHITYIO
muddepennumanmio ¢ dukcanueil JerkoJeTyINX 2IEMEHTOB, CBUHIA 1 cepedpa
B 3aKTIOYHTEIBHHIX NOPIUAX PyA. UT0 Kacaercs HETPOreHHLIX JJIeMEHTOB,
TO CHAEAyeT OTMETHTh, YTO UX HA0OP Ha BCeM IPOTSIKeHUE 3BOJIIOLMIT PMC
GLII OTHOCHTEABHO IOCTOSHHBIM, 38 MCKIUeHNCM KaIbIAA, MATHUA 1 Mapraf-
1a, 3aMKCMPOBAHHLIX T/IaBHEIM 00pasoM B MPOIYKTAX 3aKIOYUTETIBHBIX CTa-
Al mpomnecca — XJOPHT-CYIBHIHON 1T KapOOHATHOIL.

. A. Hespacos, E. H. JTnman

TEOXUMHUYECKIE KPUTEPUN OBPA30BAHIIA
PYJHBIX CTOJTBOB HA 30JI0TOPY/IHBIX MECTOPORIEHUAX

B HOTEHHBIX MEeCTOPO/KIEHHSIX, B TOM YHCI® W B 30JOTOPYAHBIX,
PYIHEE KOMIOHEHTEl 9aCTO PACHpe/ie/eHbl Kpaiine HepapHoMepHO M0 Ta/l@HI0
¥ IPOCTHPAHMIO PyRHLX Tex. Bexefcreme atoro o4pasyores yIacTKi ¢ alio-
MATHIO BBICOKOH KOHIEHTPAIIeil METANIOR, TAK HA3LIBACMbIe PY/IHbe CTOIOEL.
Ha 30X0TOPYIHBIX MECTOPO;KIEHIAX OHU MOTYT ObTh IePBHMHBIMI — JHI0-
TeHHHIMI 1l BTOPHIHEMEH — cymeprexusivu. [locaexsne BoszHURAOT B 30HAX
OKHCTenus W Bropuunoro odoramexud. Ileab HacToAmen craTbn — AHATNZ
(UBMKO-XMMIIECKIX YCIOBMiT, TPH KOTOPHX HA 30J0TOPYAHBIX MECTOPOIRAC
HEAX BO3HAKAIOT DHIOTeHHbe pyaHsie croader. Ilpobiaema mepasHOMEeDHOCTIH
pacupeneTenusi 30J0Ta B PY[AHEIX TEJAAX ICOHOKPATHO PAaCCMATPUBAIACH
COBETCKAMH M 3apyGe;xmeMm mecaeqosatenavu. OHA TmpuBJeKIa BHAMAHHIE
TAKNX WM3BECTHHIX 3apy0e:KHBIX yuensix, Kak B. Jlamarpen u A. M. Borman.
B CCCP eio smrotnyio sammvamincs H. B. Tlerposcxkas, IT. M. Bopogaescruit
u @. M. llaxos. Baraamer aTux mccaejoBareleil Ha OPHIAHLL M MEXAHM3MEL
ofpazoBanms PYAHEIX €TOJI00B HPOTHBOPETMRBLI. J10 Racaercsd IIPe;iie BCETro
PUBMKO-XHMIMECKITX YCAOBMIl BOZHNKHOBEHMS AHOMATILHO BEICOKMX KOHUEHT-
pamuit pygHOro BeecTsa.

VeragorTermne npudmi o6pa3oBamus DPYAHHX CTOIGOB MMeeT foabnIoe
alaqeHme LT TOKATHPHOTO METALIOTeHIYECKOT0 aHaIn3a. JT0 0c00eHHO Ba/KHO
[T 30JIOTOPYHBIX MECTOPOMKIeHit, Ijfle MMeeT MeCTo CMEHA OHMX CTOIN0B
JPYTHMHE TI0 TIaJ@HU0 M IPOCTHPAHMIO PYIHBIX Te. Koudurypamus pyLHbIX
croaB0B  OmpeNleAeTCs KAK CTPYKTYPHO-IHTOIOrHICCKUME 0C00EHHOCTAMIL
PYIHOTO TOJs, TAK W (PUMKO-XMMIYECKIMI HapaMeTpaMit py/000pasosani.

K 6aaronpHATHHEM CTPYKTYPaM IPUHAIEKAT YYACTKIL PE3ROTO MA/IeHIHA
Y TPOCTHPAHHS PYIAHBIX TeJ, MECTA COUJIGHEHHA MM LepPecedeHud /i, CBO-
OBHIe YACTH CKIAX0K, TOPHBOHTEL TTOPOJ, 130HPATeJbHO 3aMEIIeHHEE PYIHLIM
BemeCTBOM, pasamaHoro poga skpamst u T. 7. HauGomee pammonaspHas crere-
MATHKA JIITOMOTO-CTPYKTYPHBIX —THIOB PYAHRX  €T0100B paspaboTaHa
@. 1. TMaxosem [1964]. K comanennio, BoupocaM (GU3HKO-XUMHIECKOT0o aHa-
1132 TPHYUH BOBHWKHOBEHNA PYIHEIX CTOJ00B JI0 CHX IOP He YHeJIeHO J0J~
[HOT0 BHAMAHWA, XOTA MMeHHO (U3HKO-XHMUYeCKHe (DaKTOphHL 00yC/I0BIABAOT
paciupefeenne PyJAHOTO BeIIECTBA B HHIOTCHHHIX MECTOPOAVICHIIX.

K pammeiimud (usmko-XmMmaeckuM dakropaM OTHOCATCHA TeMmeparypa,
ABJEHAe I AKTHBHOCTH KOMOOHEHTOB B THAPOTEPMAJbHBIX PACTBOPAX. WNven-
}10 BeIWTAHA IPALMHeHTA 3THX MHTCHCHBHLIX IapaMeTpoB ONMpefelAer 30Hailb-
HOCTH PYAHBIX Tej. B wacTHoCTH yike JasHO 00pasoBaHme PyXHEIX cT0A00B-
GOHAHIES B 300TOPYAHEX MECTOPOAJICHUAX BYJIKAHOTEHHOIO THIA MCCIEA0-
BATEJNN CBASHBAIOT ¢ PE3KHUM IafeHneM TeMOepaTypsl M JaBJIeHs, BCIC/CTBIe
wero B TAKAX Y4ACTKAX PY/IHBIX TeJl Pe3KO NMOHMIKAeTCA MX PacTBOPUMOCTD,
T. 0. M3 HeJOCHIMEHHLX PACTBOPLI CTAHOBATCH HACHINIEHHBIMH I HEPEHACKIIICH -
ppiMz. M3 KCIepIMeHTAIBHEX AAHHEIX M3BECTHO, YTO PACTBOPUMOCTE 3010TA
B CHAMKATHBIX PACH/IaBax KHCJ0I0 H OCHOBHOTO COCTaBa, a TAKKe B COCYIIC-
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CTBYIOIAX ¢ HIMW PACTBOPAX BHIIIE, YeM ero COXeP/KAHNA B PEAlbHEX MPHPOI=
HEIX 06pasoBaHAAX, KOTOPEIE THM KOMIOHEHTOM HeToCcHmeHH. Tag, pacreo-
PEMOCTL 30JI0T2 B TPannTHOM 1 (asaIbTOBOM PAaCIIaBaX COCTABIART OKOIO
10-¢ — 10-* mac. % [PaGunkos u np., 1977; Humam um ap., 1979; Tmvam,
19801, B To BpeM#A Kak ero KJIapK B HOPOJaX aHAJIOIHYHOTO COCTABA Ha 2 MO-
pagka amre. ToyHo rtaxske comepswamue Au u H,0 u xmopmgmsix pacrsopax
10 BKeIepuMeHTaabHe gannsnt pasao 10-¢ — 10-7 %, 9ro mammoro muimnre,
YeM B THIPOTePMAIBHEIX HCTOYHHKAX 00.1acrTeil COBPEMEHHOTO BYJIKAHMU3MA.
Roaddmmment pasnerenna somora (KpAu), mpencraBiIaiomui OTHOIIEHA® CO-
TeP:KaHmsA DTOT0 DIeMEHTa B OTJeNHBINEMCH (IIONIe K ero COLepyRaHmI0 B OC-
TATOYHOM paciiase, oOLYHO Membime 1, T. e. JUMH MEHLIIAA TACTL METAJLIA
opn KPpUCTALAN3AalHM MarMel MOMeT GLITL SRCTParupoBa”a JeTy4YnMmn KOMIIO-
HEHTAMH, COTeP/RANIMUCA B HCXoHoM paciuiase. Hoxudectso 30014, sKeTpa-
rupyeMoro (IiomgaMu u3 PACIIABOB, BABHCHT OT MEXAHHZMA X OT/IEIeHIHH.
B ofmeMm caydae B mpmpoje BOSMOMKHBI TPH OCHOBHEIX CIOCO0A OTHEIeHUA
daonIos oT pacmiIaBa, a CIACHOBATENBHO, TPIT MEXAHE3Ma 9KCTPARINI PYIHOTO
BEINECTRA: CTANMOHAPHBIT (MeUIeHHas Jerasarnd), TyJIbCannonunii (MIoro-
CTAAMMAHEIT) 1T BAKPHITHIL OTHOCTAMNIHLIT, Peanu3yONIHACS Ha 3aBePIIAIONIeN
BTAme dBOJIONHAN MATMATIIECKOT0 OTATA.

Har noxasannm pacuernt [[{omam, 1980], ronmerrpamna 3omora m apyrux
KOMIOOHEHTOB Bo (urionjiax Gymer MakKCHMATLIOH TPH 3aKPEITOM OJHOCTAMI-
HOM MEXAHN3Me HX OTHEJEHMs OT MArMLL M MUHNMAJIBHON IPH CTANNOHAPHOM
peskume ferazanmn. Ogaaro gaske npu camonm sdderrneHOM caocobe oTHeTeHNA
(IIONTOB 0T TOTEHIHANLHO PYAOHOCHOI MATME OHH BCE JKe HeOCHIIMEHEL 3010~
TOM, W JI7If BO3HHKHOBEHNH BLICOKMX €r0 KOHIEHTPANHi (TeCATKH ¥ COTHI
TPaMMOB Ha TOHHY) B DYANLIX €T0I0AX HEoOXONNMBL DKCTPeMaAbHBIE (H3MKO-
XuMudeckue yeaosus. [las ux posicnenns nenaecoobpasHo pacemorpers 0000-
IEeHHYIO CXeMY TeMIepaTypPHON 3aBHCHUMOCTH PACTBOPHMOCTH 30J0Ta 1 Haudo-
Iee TacTo ACCOIUUPYOMUX ¢ HUM Cyiab(umEos — IHpHTA, TAJXeHATA, cpamepn-
Ta, aHTHMOMNITA, APTENTHTA I KHHOBapu. Takas cXema pacTBOPHMOCTH 30J0Ta
mpusefena na puc 1. Oua mocTpoena Ha 0CHOBE HRCOCPHMEHTAILHLIX NANHEIX
H UX Maremarnueckoil sxcerpanosasmmin [Bapanmosa u pp., 1980; JlerHukos,
Buaop, 1981; Hexpacos, Homomoxr, 1982; Henley, 1973; u nap.]. Ha meit
UYHKTUPHLIMI JUITAME TOKABAHO 3MEHEHUe PACTBOPUMOCTH B0J0TA OT TeM-
mepaTypsl 1 pe;kuMa cepsl B pactBopax. llpmuem peskmM cepnl B pacTBOpax
OILlEHEH HaMIl 13 PACTBOPUMOCTH cyabduios. Hpunwe pactsopumoctn ¢yiandu-
OB HOKA3aHbI MITPHX-IYHKTHDHLIMI JHHOSIMI, a pesram cepst (S1—S4) —
TOHKOMHO CICIOWHEIME. Bepxuas wpusaa (S1) oroOpamaer temueparypHyo
3aBUCHMOCTH PEKEMA CePbl ONpH POPMUPOBAHUI MECTOPOKIACHUIL 30JI10TOCYPb-
Mmanoit dopmanuu, a kpuesie S2, S3 u S4 — a1y ke 3aBUCHMOCTL B MECTODOIKIL-
HUAX 30710TOCepe0pPAHOH, 30JI0TOMOIIMETATIIMISCKO I  30/M0TOKOIIeTAILHOI
dopmanuit coorsercrsenno. Ha puc. 1| mpusomaTcs TarkKe H30KOHIEHTPATHL
cepsr £3%- B pacreopax (or 10-* mo 10-! Moan/a) M coOTBETCTBYIOMME UM KpIi-
Bhle pacTBopuMocTH 3oiota (Aul — Au4).

Pacreopmvocts 301012 B cyabQummsIX pacTBopax ¢ MOBHIIIEHHEM TeMie-
parypst Boapacraer (puc. 1). Opgmako ara TeHgenusa He COXPAHAETCA IOCTOSH-
HOIl BO BCEM TeMmepatypHoM mHTepBane. B gacrmoctu, mpu 1, 6amusKoii K Kpu-
Trueckoii (073 K), mMeer MecTo pesroe cHumikeHue PacTeopuMocTH AU I Beex
cyanpumon. Ilpm 773 K pacreopumocrs Au un cyapdujion 3HAYHTEIBHO YBEJIH-
gupaeTcd, n ata TengeHnua coxpagerca po 900 K. Ilpurom HaxrIoH KpHBOIX
PACTBOPHMOCTII 3aBUCHT OT TeMOeparypHO-GapHIecKoro rpajmeHTa, TpPHCYIIe-
0 BLICOKOTEMOEPATYPHBIM YUacTKAM [yTell MHOCPAIME THPOTePMAIbLHEIX
PacTBOPOB. 3aTeM POCT PACTBOPHMOCTH 30/10T4 BHOBL YMEHBIIAGTCST, M KPUBLI®
HECKOJBKO BBIIOJaKuBaoTeA, Takas clnoykmad KOHQUIypamus KPHBHEIX PacT-
BOPUMOCTH CBHJETeJBCTBYET O BO3MO;KHOM H3MeHeHHH (OpPM HaXOJIeHU
30J10Ta B PaCTBOpPAX TIPH €ro MUrPAIMH 0T HCTOYHMKA K MECTAM OTIO:KeHWMsT
pynsoro Bemecrsa. Ciaegyer oTMeTHTH, UTo IS HOCTPOEHUS BEICOKOTEMIEpa-
TypHoit obaactu (cM. pue. 1) HeT TAHHEIX 0 PacTBOPHMOCTH 3010Ta B CEPOBO-
IoponHHIX pacTeopax. IlosToMy npH mOCTpOEHMH KPHBHX pPacTBOPUMOCTH
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Puc. 1. 3aBUCAMOCTH PACTBOPHMOCTH 30J0Ta B THAPOTEPMAJbHLEX PacTBO-
Pax OT peyruMa Cephl M TeMIepaTyphl.

§1—84 — pesRHMEL Cepbl, NCTIOJIB30BAHHEIE [ITTA pacueTa pacTBOPHMOCTH 30J10Ta (Aul —
— Au4), OcTanbHBIE IOACHEHNA CM, B TEHCTE,

Ha DTOM OTpE3Ke MCIONB30BAHEL JIHIIH DKCICPHMEHTAIbHBE ¥ PacHeTHHE [aH-
mee [Jinvan, 1980; Patunkos u np., 1971, 19851, Iocaenune monydeHs: HaMu
Ha ocHOBe TepMoAmHamMmuecKoro amammsa cucremsl Au — KCl — H,0. Ilna
aToil nean OBJIA DPeIPHHATA MOMEITKA ONpefeauTh (QopMy HaXo:KIeHHA 30-
JoTa B BOIe M XJOPHIHHX PACcTBOpPaXx M KOHIEHTPAIMIO B HAX OHpeleJeHHBIX
KOMIIOHEHTOB 30J10Ta. THK KakK 0 cocrase CUBI[HHBHHE[ 30J10TA B BBICOKOTEMIIE~
parypEmx (Oosee 500 °C) pacrsopax cBelJeHHS TPAKTHYECKH OTCYTCTBYIOT,
TO MBI BBEeJM NOHATHS (UETHBHOTO 1 obobmenHoro Komiuiekcos. o dukrns-
HEIM KOMILIEKCOM IIOIPasyMeBaeTcs coejliHeHine, uJeHTHIHOe IO TepMOJHHA-
MUYeCKHM (QYHKIMAM HEU3BECTHOMY KOMILIEKCY I OTpaykaloniee ero cocras
u npupony amranma. MuarynTusHO moHsATHE ((DUKTHBHBIL KOMIICKC) HacTo
HCHOAb3YeTCs B TPaKTHKE 00paloTKU HKCIePHMEHTANbHLIX AauupX. Hanpu-
mep, T. M. Coioapx [Seward, 1973], nexons ns skenepumenTa, cHavasa mpej-
TOJORII CYIIECTBOBaHNe (UKTUBHOTO 30J0TOCYALGUINOr0 KoMILIeKca, a 3a-
TeM, OTpEAEINB ero TepMoguHaMuueckne Qymurimm, yrounwn cocras. Touno
TaK ke B IPaKTHKe JaBHO NO0Jb3YVIOTCH ImoHATHEM (‘OGOﬁ]lIBHHhIﬁ KOMIIJIEKC»
KaK COCJHHCHHEM, COCTOANMM U3 2—3 IPOCTHIX KOMILIEKCOB, COCTAB KOTOPLIX
Ha HAYAJIBHOM DTalle MCCASTOBAHUN He MosieT ObITh MASHTHQHINPOBAH,

OcnoesiBasgich Ha pabote 1. JI. PaGunkosa u ap. [1985] o npeobaaganmni
B BBHICOKOTEMIEPATYPHEIX BOMILIX PACTBOPAX HEHTPANLHLIX KOMIIGKCOB, MbI
npeanosiaraeM, yto Hauboaee sepoaTHbiMu coegunenuavn Au s H,O n  acreo-
pax KCl opn remueparype soime 500 °C moryT ObiTh QUKTHBHEEC KOMIJICKCH
tuna [Au(KCl), ] u [Au(H,0),] B coorercrsnu ¢ peakuuamu (1, 2):

Aug, + nKCl — [Au(KCl), ]; (1)
Aug, -+ H,0 — [Au(IT,0), ). @)
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TEMIICPATYPhI N XaBIEHUA.

Hoansysch mupusefeHHEbIMH B Talul. Pue. 3. TemniepatypHas 3aBHCHMOCTDL H3-
.1_5 n lI'P}"FlL\IH [F.TIIOH. XHeﬁHIlKOBa, MEHCHHA }IBGTBDPHMOCI’I{I-(EI-‘IOJ]OTQ B pact-
1980; Jlermuron, Bmaop, 1981] ak- Bopax ’
CHEePUMEHTATBHLIMEI  JAHHBIMIT, ML OI-

PeNIeILIN, 9To BeanduHa «ny B peakunnx (1, 2) 6amska 3, 1. e. naudomee Bepo-
SUTHBIMI HeHTPATBHLMI KOMILIeKcaMi 30a0Ta cay:kar  coegunenna  Au(H,0),
# Au(KCl);. Beamamua AG,, aTHX KoMTIeKcOB Tpusesiena B taba. 2. Menonn-
3y#a ee, MBI paccuuTanu pacTBOPHUMOCTL 30J10Ta B BOJle M XJIOPHAHBIX pacrsopax
(cym. Tabn. 3 m 4) npu veaosum HAXO;KIEHHs BCeIo PacTBOPeHHOro Au B BHIE
HefiTpaibHbIX KoMiulekcos. Ha ocmopammu tai. 3 u 4 moctpoenn puc. 2 um 3,
M3 KOTOPHIX BUAHO, 9T0 pactBopumocts Au 1o 883 K unrencunno soazpacraer,
a 3aTeM OCTAETCS HEeM3MEeHHOI Hin jaxe HeMHoro cHuzkaeres. Ha pue. 2 orpa-
jKeHA TeHACHIMA M3MeHeHHd PactBOPHMOCTH Au IPH OJHOBPeMeHHOM CHIKe-
HOU TEMOEepaTypsl ¥ JaBJeHns PYIOHOCHLIX PACTBOPOB.

Jlist HpoBePKN TOJYYeHHKX Pe3yJLTaTOB IO PACTBOPUMOCTH AU MOIKHO
BOCIHOJIBROBATLCA sKcmepmventaabupivu pasgsivi M. 1. Padumkosa m fp.
[1977]. Tlpm mx cpasneHunm BIJIHO, Y4TO CXOIHMOCTh PE3Y/JIbTATOB HEYAOBIeT-
popurenbuag.  CiefoBatenbito, PeaJbHBIM  COGlIHEHHEM  ABIACTCA  He
[Au(KCl);1°, a rakoii-To HHOU KOMIUIEKC. SaMEHHUB ero Ha IPYrie BO3MOKHbBIE
KOMIJIEKChI 1 IPOH3BeIdA AHaAIOTHYIHbIC pvaETh[ paCTBOp]IMOCTH, MbI I[leL[J]I/l
K BBIBOAY, 9T0 € MMEIOIMINMHCH JKCIHCPUMEHTATBHBIMI JIAHHBLIMU JIydlle BCEro
cormacyercs ododmennoe coepunenue tana [Au(KCI)[°. Ma rabx. 5 smawmo,
4TO B OTOM CJYyuae PacTBOPHMOCTH AU, IOJy4YCHHAfA PacUeTHLIM TIyTeM, Y10B-
JNeTBOPHUTEIBHO COTJACYeTCA ¢ OKCIepPHMeHTAJbHHIMH JaHHeMH. B cpasn
¢ OTHM XOTeJ0Ch ObLI OTMETHThL, YTO JAaHHHI HeHTpPaJbHBII KOMILIEKC 30J0Ta
s XJOPHAHBIX PACTBOPOB B 0OJbIIeH Mepe OTpa;kaer IPHPOAY PacTBOpuTe-
as1, wem, Hanpumep, kommaere Au(OII)?, Koropsiil THONYEH JHMIL JUIA YHCTHIX

Tabanma 1

PacTsopaMoCTh 3010Ta B XJAODHHBIX PACTBOPax (M0 JHTEPATYPHBIM JIAHHBIM)

CAyr MOIB
Komenrpanna
GJIERTpO I TA
v o) e O ) lames ] diBm Y o
0.5M KCI ‘ 1.10-% l = ‘ == ‘ e Li
3,0 M KCl | 11073 ‘ %4 ] - | = al
KCl+NaCL(t:1) | — | 40410 | 38.10% | 14110 | 1,06.10-2
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TemmepaTypHaa 3aBHCHMOCTH crofopsoli smeprun

[Au(HL051°, K/lm
g ' mk | sz | 973 l 1073 ] 1133
t ' —7066 l 7607 l —7979 ‘ — 84082 I —8793
2 | —751 l —7087 | —s0ss | —soise | —ss08
3 I —7211 | —7762 | —8174 | — 8393 I — 8068
4 | —7201 [ N | —s6os | —o0s3

BonuLX (miomzoB. OTCyTCTBIE PYAHEIX €TOIGOB B MECTOPORACHHAX, (GOpPMI-
PYyIOIAXCA B BBICOEOTBMHEP&TYPHHI{ VCaI0BUAX, CBHIETEJNLCTBYET O 3Ha49IM-
TEeJBHOI HeJOCHIMEHHOCTH PACTBOPOB 30J0TOM I 00 OTCYTCTBHI (JH3MKO-XIMII-
weckoil o6cTaHOBKY, GJATONPUATHON IS MX TCPECHIIeREA I MACCOBOTO OTJIO-
FREANA PYANEIX KOMIIOHEHTOB. JTOT BBIBOJ XODOLIO COTIACYOTCA M G TePMO-
GapomerprdeckuMn JaHHBIMI 0 P7-yerIoBnax o0pazosBaHus ;KUJILHOTO W PYIL-
HOTO BEMECTBEA B 30J0TOPYIHBIX MECTOPOJRIEHNAY, BRAUAONINX W PYIHBIE
croater [Hapcees, 1973; Monceenxo, 1977; Hoxurm, 19811]. Jlexo B Tom, uto
OCHOBHAA MAacCa B0J0TA B CPEIHErTyOHHHBIX 30T0TORBAPLUEBEIX I 30J0TOCY/Ib-
¢umapx pygax oraxaraerca mpm 450—550 K, a B MecTopomgeHHAX BYJIKaHO-
reamoro tuma mpn 420—470 K. Brime ormeuanocn, Wto ma pacmpefexenime
Au B PyIHNIX Teqax BAWAIOT He CTONBEO abcoxiorTnsie amagenns [ P-mapamer-
POB, CKOJTBKO I'Pafuent ux uamenenns. Vimenmo rpaguenrom AT oupenensercs
m3MeTeHIe PACTBOPUMOCTI B30J0TAa, & CJAECAOBATEILHO, M KOHQUIYpANIA PYyI-
HHIX ¢T0a00B.

S3aBHCUMOCTh KOHQUIYpamum PYAHLIX Cro0s OT CONepP:KAHIA  30J0Ta
B pacTBOpax M TeMIEPATYDPH Il MECTOPOKIEHHII PAsHHIX MITHEPATBHBIX
THIIOB IpefcraBiera mHa puc. 4. Houdurypaumo pyamex crombor Imemecood-
pPasno omnpeieaATh M0 OTHOWEHWIO comep:aHis Au B pyme (Pa,) B cymme

Mace BCEX KOMIOHEHTOR, caaraiomux pymuoe temo (§ 2 M;). C yuerom rpa-
amenta temueparypsl (AT) comepikanye 3o10ta B pyne P iy MO/KHO ONpPeIeaaTh
o Gopmyae

Au,, Lugoryy — Law(ri—y)

3)

PAU, == ==, : )
’E‘ZM{ ZL.MI-(T,E) = LMi_l(Ti—l)

rae L — pacreopumocts kommonentos (r/kr) mpm remmeparypax T, u T; — 1.
llayenenne pacTBOpEMOCTH CYJBQHIOB P OHpeIeJeHHOM TpPagHeHTe TeMIie-
PATYDH MOMRHO OTEHHBATL TIO
picc. 1, a ®Bapra — mo TAHHBIM
I'. Aupepcena, C. Beprmema [An-
derson, Burnham, 19651, I'. Ken-
reqn u ap. [Kennedy et al.,
1962) mam T. Mopn m . Xec-
ceanreccepa [Morey, IHesselges-
ser, 1957). s pne. 4 Bugso,
uTO 3aBepIenHas Komurypamms
pyamoro croada Mosker odpaso-
BATHCA TONBKO IIPH COMEPKAHUH
3070TA B pacTBopax IOpAAKA

Sb-Si-Au(As)
—— Si-Fe-Cu-Zn-Au(As,BL)

e}
|
I
I
|
I
L8
—— §i

-Fe-(Pb-Zn)-Au (Bi)

-LgC,[Au], mons

I
I
|
|
Q [o ]|
[

Pue. 4. 3aBucmMocTh KOH(UTYpanuix

PYIHBIX C€TOJNGOB OT PACTBOPUMOCTH

30JI0TA ¥ IpajiHeHTa TeMUepaTyphl.
q — e — CM, B TEHCTe,

200 800 800 | 10007TK
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TaGamoma 2

oppazopanist (AGY) meliTpaabHBEIX KOMIJERCOD 3010TA

[AU(KC1)3]0, kI

123 | 1273

S

3 | S o | nm |
—1g528 | —1922t | —20608 | —21200

|
S T T B e
|
|
|

w1.'1m-;u| — 15987 [ 17889

==l - g
% e =1 -

5.10-% M npir Temmeparype 723 K. B raroy pyiom ¢T010C MAKCHIMAJIBHO® CO-
JeprraNIe 30T0TA J0KHO cocTapaATh 300 /T T BELIIE, ITO CPABHATETHHO PEIKO
peanmsyercs B npupone (cm. puc. 4, a). IIpn Gomee Hu3Koil PacTBOPHMOCTH
sonora (oxomo 1-107% M) momker chopMupoBaTLCA TOTBRO VCCUeHHEIN P yIHbLT
©10a0 ¢ Pe3KUM TajenneyM cofep/ramma Au B ero HIRHEi (KOPHEeBOii) JacTn
(cx. pue. 4, 6). aa dopyMuposaHHA PYAHOTO croba ¢ cojepsRammeM 30JI0Ta
nopanka 200 r/t KoHmeHTpamua Au B pacTBopax He NOJRHA OLITh HIEe O-
.10-7 M. a temmeparypa — oxoxo 410—470 K (em. pme. 4, ¢). 3oxoTo B Ta-
KOM DYIHOM CT0/10@ OOHIYHO PACTPE/e1eH0 HePABHOMCPHO, T. €. ero COpepiKka~
mme ¢ rayoumoil veeamansaercsa. Pymase cT1oa0s (cm. puc. 4, @ — ¢) TATTUYIHE
JUISL OTHOCTTEAHHO BHICOKOTEMIEPATYPHLIX 30J0TOKBAPHEBHIX, 30J0TOCYPBAMA-
HEX T PesKe B0TOTOMBILIBAKOBHIX MeCTOPOARICHHIIL. B muskoTeMme paTypHBIX
30TOTOKOMTSIAHHEX M 30J0TOMOTIMETATINICCKEX MECTOPOKICHIAX, obpa-
3YIONUXCA T3 PAcTROpoB ¢ Goee HH3KOIl PACTBOPMMOCTHIO 30J0TA, MOLYT
HOZHARATH DY/IHBIE CTOJAOL JIHITH ¢ (PACILIBIBIATHIMITY ROHTYPaMa (cm. pue. %,
d m e).

Pasmepsl PY/IIHIX CTOAGOB B BHATHTENHHOR Mepe 3aBHCAT OT TPATMCHTA
TeMmepaTypsl M fasemisi. B ofmes caydae pearoe majgeHne JaBIeHmi B PyL0-
BMEIMAIONIIX CTPYKTYPAX IPHBOAAT K MACCOBOMY OTJIOKEHMI0 30I0TA I [PYIHX
PyAHEX KoumoneHTOB. ToT ke addert mab0TaeTeA I IPI BHICOKOM IPAJHEHTE
temmeparyp. Merogamu TepMoGapoMeTpui YCTaHOBJIEHO, UTO BEeJMTIHA rpa-
JUIeHTA TeMIepPaTyphl HA 30JI0TOPYAHEIX MECTOPO/RIEHUAX MOFKET BApbUPOBATH
B BECHMA NIHPOKOM IIpenene — OT 3 10 60 °C [Monceenxo, 1977; Roxux, 19811].
Huskuit TpagMenT TeMIepaTyPEH XapakTepem JUIA PYAHLIX TeT, JORAIM30BAH-
HEIX B MOTIHKIX 30HAX TAYOHHHHIX PA3IoMoB. B aTAX ycroBUAX PYRHBIC CTOIOBE
(GOPMIPYIOTCS PeKo, KONTYPH WX PACILIEIBIATHL, HO OPOTAMEHHOCTE MOJKET
Guirh smaunrexnioi (1o 500 v u Gozee). HoMmarTHble pyjuibe ¢TOJIOBI TIOTHOTO
npodmast 06pasyloTcs JMilb B YCAOBHAX CPEHEro I BLICOROTO rpangmneHTa
remmeparyp (20—50 °C n muime Ha 100 m). Omm xapakTepHbl B OCHOBHOM
i GIUANOBePXHOCTHHX MECTOPOAIeHMIl, TeHeTHIeCKM CBABAHHBIX C BYJIKA-
HOPCHHBIMI 1 CYOBYJKAHUTECKAMH 00pasoBaHUAMM. Mx mporssKeHHOCTh MO
IJ[eHTI0 MOKeT COCTABJAATH HePBHe ECATKHI MeTPOB, peske JOoCTHraet 100—

TaGanuoma 3
Pactoopumocts Au 5 H,0 npn yeqopam HaXORIEHIs KOMILTEKCa, MOTh

[Au(H,0)5]°

s sk ] sm |0 w0 Cdorsl )
1 1,09-10°8 ' 1,80-10-% ‘ 1,29.10°5 i 6,92-10-% l 7,07-1070
2 4,1.10-8 | 5,42-107% 5,01-1078 | 2,38-107% ' 2454075
3 | 10410 | | 550 | as20°
| | |

3 I 3,62-107° 1,53-1074



Tabnmoga 4
Pacuernas pacrsopiumoers 3omora B KCI upn P o = 2 k/UK npH yeaoBHMH HaXoK emnsm
KOMIACKCa, MOIb

Xcl, LANRGD.]
Pl x| sm | e | ot | uss | nms | 12 | m
0,5 l 1,87-10-3 1,07-104 2,98-1()’*’ 4,95-1“"*} 7,05-1074 1,18-10-4 ‘2‘18-1!'_“ ’ 5,3-10-%

1,0 | 473, uraf 2.13-1{_r4| 5,95.10-4

ELS)U-IU“’ 1,41-10-3] 2,26.10-3 | 4,36.10-3 |i.0t—3-1[)’2

2,12.10-2

2.0 |7,4—i-1£l’5l 4,:7.11_)-*] 1.13-|u—=‘| l.t-ax.lu-:*l z.sz-m-:-'! 452109 |8.73-1:J**

3.0 | 1,12.10—4| 6,4(1-10*41 1,79-10*!‘ 2197.10-3‘4,23-40**} 6,78-10-3 | 1,31-10-2 ] 3,18-10-2

40 | 1,49-1079)8,54- 104 |2,38.10-3 [3,96. 109 [5.64-102 J9,05. 109 |1,75.102 l4,24-10-2

250 M. Houurypamus ojgmoro us tarmx «rpybuarThix» DYIHBIX cTOI0O0B, Xa-
PAKTEPHBIX JUIA M3YYEHHOTO HAMM 30J0TODY/HOIO MECTOPOIKACHUN BYIKAHO-
TEHTOT0 THTA, NpuBeReHa Ha prc. 5. [Ipm cpasanTenbHO HeGOIbIIONM auamerpe
(20—50 M) Takme TpyGuaThie cTOIAGH, CIOKEHHBIE BYJIKAHOTeHHOII Operuuneit
C XaJLeOHOBU/IHLIM KBapIeM U ofuianeM cyabduion u cyanpocoaeii Cu, Sh,
Ag u Bi, mpocaesxusaores 1o roayounn 250 M. Ojmako ¢ ray6nmoit conepsra-
HEe Au B HEX 3ameTHo cHHkaercs. Hak mokasauo BEHIIIE, PasMepsl Py (HHX
cT000B 3ABHCAT OT CTCNEHH HACHIIICHWA pPacTBOpoB 3odorom. Year Brme
CTeTIeHE HACHIMEHUA PACTBOPOB 3070TOM, TeM 0OJbIIe TPOTAMKEHHOCH thop-
MUDYVIOIUXCA W3 HAX PyAEEX croxbos. HecommenHBIM sBiasercs m  ror
(arr, wTo oGpazoBaune PyAHLIX cTOJAGOB 3ABHCHT OT COCTABA pacteopoB. Ha-
HOoJee GIArOnPUATHLL JTA BO3HUKHOBEHUH PYOHBIX cToa00B moJIHMeTAN -
MEI0YHO-KPeMHeKUCIOTHREe PacTBopsl, oGoramenare Sh, As u Bi, ¢ KOTOPLI-
MIT 30.10T0 BCTYTIAeT B PEAKIHIO ¢ 00pa3oBaHUEM reTepono e pHbIX KOMIIIO K-
coe. Ilpm srom ero pacreopumocts Boapacraer Goaee, wem Ha 2 mopska [Ile-
kpacon, Komomoxr, 1982]. He ymnpmrensuo, uto mantosiee Gorarie pynHEbIe
croabni Gonee THIWYHEL A 30J0TOAHTHMOHHTOBHIX, 30JIOTOAPCCHOMAPUTO-
BELX, 30J10TOCY/IbYOCONBHBIX MECTOPOANACHUIT, TeM s 30J0TOHOCHHX Gec-
CyabGuILIX KBapuesn X Rud. JoGomstHo, yTo B PYAHBIX cTONOAX MATIOCYIIL-
GUAHBIX 30JI0TOKBAPUEBBIX KUA HAGHIOLACTCSH TIOBKIIEHHOE KOJIHYCCTRO CYJIh-
Pugos u cyandoconeit As, Sh u Bi. Baaronpusrustii dakrop muas olipazoBanus
CTONO0B-HOHAHIEB — UEPEXO MCTHHHLIX, Pe3K0 Hejlochmennsix Au pacteo-
POB B ROJIOUJNBIE, TAK KAK IPH DTOM KOHIEHTPalus Au B TesIeBHInoil gacTiy

Tabamma >
Pacuernas koHUEHTpanms 30;10Ta B pactropax KCl, maxopsmeroes B Buje [Au(KCl), ]

LAU(KC])' MO

LKCIv M
MK | 873 013 | 1023 | 1073 | . 123 | 123

0,5 ) 49. m-ﬂ‘ 1,39-10- 1,_.3:;.-10—4/ -l,ez-ur*‘ 1,74- 1(:4] -1,8040“" 2,05-10-4

1.0 |3.93.urf=f 1,11-10-9 1.24-10—"‘ 1.30-1(r=‘| 1,37-10- -1,44-10-=‘| 1,64-10-3

3.0 | 1.uu.ur==| 2.99-10-2 3.34.1wl 3,5-1(r2l 3.70-10-2! 3,89 lu-2|4,34-10*'-"

4,0 I 2.51.10-"‘ 7,1-1(1*1, 7,94-10-2 8.3. m-f| 8,77 m*‘] 9.21—10-2] 1,03-10-1

KCl |- NaCl _

(1:1) — [361-10-%  —  |343-10% — |3,20-10-1]1,48.10-4

IIpumewanne Bee pacucTHRE TaHARE TOIYTCHB upn P g = 3 KOap, a uECHePUMEHTAIb=

Hule nanusie 1. JI. Patuukona u ap. [1977] — npn 1,5 x6ap. Jlan ynodeTBa UX cONOCTABICHNA BBEIeHb
DONpPAaBKM HA JaBleHne, T. €. OHH HEPeCUNTaHB Ha Py o = 2 koap.
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Puc. 5. Cxema crpoerus pymmoro croada
«Tpy69aTOro THIIAY B 30J0TOPYIIHEX MECTO-
POIKIIEHUAX BYIKAHOTCHHOI (o pMarmii.

1 — pyaHasn Operund ¢ XaIueToHOBIIHEIM KBAD-
nem, cyaspoconavu Bi, Sb, Cu, A7 u cyasduaa-
Mp Cu, Fe (XaapkomupuTOM M OUPATOM) (AU B
pynax — 300—5000 r/1); 2 — Ta We pymHaAg
Operuns ¢ MEHLINM KOJTHYECTBOM €VILENIoR n
cyasbocoaeit (Meree 30 %): 3 — JKCHIIOZUBHAA
Opevuna; 4 — vyder o TyQoNarn  aHIEZNTOB,

PacTBOPOEB PE3KO BO3PACTAET, a Tpe-
ofimafaloT  KoJloujHNe ofpasosa-
HIA 30Jg0Ta.

Howneano, mecmorpa na macco-
BO@ OTJOeHne AU B PYIHEIX CTOJ-
0ax, BHAYNTENLHAS €ro TaACTh Bhl-
HOCWUTCA MMEJO0OYHBIMU paCTBOpaM"
Bo pmemaiongie mopons! [Weissberg, v
1969]. Toaromy B OKOIORWIBHBIX m; E_12 Dl 75
ofpasoBaHHAX pPe3KO BoOZpacTaer
COTep:RaHie He TOABKO Al, HO M CONYTCTBYION[MX PYAHBX KOMIOHeH-
To8 (As, Sh, Hg, Bi n 1p.). B mopomax, 3azeraiongux Hax pyIasiMm cTox0a-
MH, OX coJepaHue ypequndnsaerca B 2—3 pasa m Gosiee mo cpaspenuo ¢ ¢o-
nosuM. llosromy As, Sb, Bi u Hg, comepsamue KamtmeBsle MeTacoMaTHTLL,
MOTYT CHAYKUTh HAAEKHBIM KpUTepHeM HaXO:KICHAS PYAHHIX ¢T0a00B B 30.70-
TOPY AHLIX MECTOPOYKICHUAX.

Mer maneescs, uTo KpaTkmii amanua GUaHKO-XUMIYECKHX YCIOBMIT MATPa-
A T OTJ0;KeHHS 301074 HO3BOJUT NPHOINZATECA K NOHHMANHIO CI0KHOTO
MexaHuaMa QOPMUPOBANNA PYIHBIX CTOAGOB Ha 30J0TOPYAHBIX MECTOPOIKe-
HHAX, 9TO B CBOK ouepeab OYIeT ciocofeTBOBATH PaspaboTKe HAYIHBIX OCHOB
HX TIPOrHO3BWPOBaHHA.

M. C. Caxaposa, H. H. Kpusunras, C. K. Paxoeeran

ROHIOEHTPUPOBAHUWE 30JI0OTA

BRPAILIEHHBIMHI CYJILOUIAMU

IPH THAPOTEPMAJIBHLIX TTPOTIECCAX PY/I00BPA30BAHUA
B TEPPUTEHHO-OCAJIOYHLIX TOJIHIAX

(no npupodnsin u akcmepuUMEHMAALHBM Daribli)

HRounenrpuposanme Au npm dgopMuposamnm THIPOTePMAIBHO-METa-
COMATHYICCKOTO MPOKILIKOBO-BKPAINICHHOr0 OPYAEHEHNS B TEPPHUIEHHO-0CA-
JIOUHBIX  TOMMMAX, 000TalleHHHX YIACPONHCTHIM BEIIECTBOM, IPEIcTaBIACT
co0oil UIMTe BB IpoTece HAKOIIICHWs W TIePerpyNINpPOBKE Au H comyrer-
BYIOIMUX KoMmuonentoB. I'TaBHyI0 poan npm 5ToM B HaKoIIeHAH Au HrpaoT
TOHKOBKPaIlJIEHHBIE CYTLOHIE — apCeHONUPUT B TUPUT IPA MaKCHMATLHOI
S0JI0TOHOCHOCTH TOHKOKPUCTAIIMIecKoro apceHonuputa [flmosexmii, Copo-
xnn, 1974; Bypak, 1982; Typeitknn m gp., 1982].

Bompoc maywameca Ha mpuMepe 3010TO-MEITBAKOBO-CYPBMSIHOTO MECTO-
POKICHUA TIPORATKOBO-BKPAILIEHHOTO TUIA, TMPAYPOYCHHOTO K TEePPUTreHHO-
ocagours mopopam Tpuaca (Cesepo-Bocrox CCCP). Mecroposnenne cdiop-
MUPOBAHO B JBa 9Tala — PEIKOMETANNLHEIA T 30J0TOHOCHKIL. B Teuenwe
nocyegHero o6pasoBaNNch IPOJYKTHBHEE ACCOTUAIINHA: PAHHAH 30/10TO-ITAPHT-
APCEHOMHUPATOBAS ¢ TOHKOAUCIEPCHBIM 30J0TOM H TOHKOKPHCTANIAYECKIMA
cyapdugavMu U IOBTHAA B30J0TO-KBAPH-aHTHAMOHITOBAA ¢ BHIUMBIM 30J0TOM,
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(qopMEpOBanUEe 30J0TOPYIAHHIX MECTOPO/ICHMU B TEPPHTEHHLIX TOMIMAX C€O-
OPOBOKIAETCA CHOKHRIMI IIPOTEccaMn HAKOINIEHNA 1 IeperpyInHpOBKIE
pemecra [Caxaposa u fAp., 1972] n mMeracoMaTHYeCKNMI H3MEHEHISIMI BMe-
maomux mopoy, (oKBapmesamme, CePHNUTH3AIEA I IP.). O6oramenue Au
BKPAILIEHERX DY W 06pasoBaHne TOHKOMMCHEPCHOTo Au 00ycroBIeHO M-
CYTCTBHEM Ba;KHEHIIMX ero KOHNEHTPATOPOB — APCeHONHPHUTA Il THPUTA.
HanGonnmeil 3010TOHOCHOCTHIO (IECATKM — COTHH TPAMMOB HA TOHHY) 06ma-
naeT TOHKOMIOJBYATHI aPCEHONMPHUT I3 WHTEHCHBHO H3MEHeHHBIX aJeBpOJIL-
ToB. Bropoit Bammmii HocuTeZb AU — MEIKO3CPHHCTHI INPHT — Xapakre-
puayercsi MAKCHMAJLHOH 3070TOHOCHOCTBIO (AECATKI TPaMMOB Ha TOHHY)
B ACCONUALAM ¢ B0JOTOHOCHBIM apceHommputoM. CpexHss 30710T0OHOCHOCTE.
IIPATA M3 TPOKEIAKOBO-BKPAILIEHABIX Pyl — HePBbie TPAaMMBl HAa TOHHY.
HKpyorokpucTapamgeckue BEIeTenus 00OHX MHHEDAJIOB Mal03010TOHOCHSL
(0,n mo 2—3 /7). Jlast cpaBHeHMsi UPUBJIEICHbl MATEPUAIH IO IUPUTY I
APCEHONMPHTY M3  80I0TO-CYIbYUIHO-CYABHOCOIEBOTO  THIPOTEPMAIBIOTO
MECTOPOMKIEHNA SKUIBHOTO THIA, TPUYPOUCHHOTO K TPAHOJMOPHTAM M rao-
opomnanm (Bocrounoe 3afaiikanne), a Takike W3 8010TOCePEGDAHOTO I cepebpo-
moammeramaecknx Mecropo:unennii Cesepo-Bocroka CCCP. Ilposkmiakoso-
BKPAIJIeHHO® T JKUJABHOE B0J0TOPYJIHEIE MECTOPO/ICHIA XapakTepusynrcd
o0IIMII 3AKOHOMEPHOCTAME HAKOIJIEHAA Au IpH Pa3ImIum IeoJ0ro-CTPYK-
TypHOil mo3BEIEN 1 ocofeHHOCTEl MHHEPATIBLHOIO COCTaBa: OTYETIHBO HPOAB-
JIeHHON CBA3LIO 30J10Ta ¢ CYALQUIAMI, B HePBYH oUepelb ¢ apCceHOMIPUTOM
i IHPHTOM, TPHCYTCTBHEM PAHHIX AcCOMUANU ¢ TOHKOINCIECPCHEIM 30J10TOM,
caMoponHoil opMoil 3070Ta IBYX TeHeparuil. Hounenrpuposammio Au Graro-
IDPUATCTBYET MeJKHil pasMe] BEIeNeHUIl CYIbPuI0B.

Cojiep;xagne 3071012 (I/T) B PAsaMTHHX QPAKIUAX COOTBETCTEEHHO apee-
wonupnra (mpo6m 1—3) m nupura (upobnt 1—-3) 3010T0-CYILPUIHO-CYIALHO-
COJIeBOTO MECTOPOKACHIA TAKOBO!

dpaxnua cyIbOUAOB, 1 & 3 1 P 3
MM # &
-+0.25+——0,5 % 45,0 200,0 1532,0 38,0 102,5 6000
-+0,50+—1,00 16.0 90,0 204,0 17,0 440  600,0
-+-1,00--—2,00 24,0 78,0 138,0 2,2 23.0  500,0
=2,00 He He 72,0 1,2 Heonp. 38,0
omp. oup.

ApCeHONHEpPUT W TMPHT H3YIAEMBIX MECTOPOCHHII HCCIeNoBAH ¢ IO-
MOIBI0 TPHGIMKeHHO-KOAMIeCTBeHHOT0 MAKPOCIEKTPAILHOTO JIA36PHOTO aHa~
amsa. C 1e1bI0 BHABIEHHA TeOXHMHYECKNX 0cofeHHOCTEll 1 IPIBHAKOB HAM-
Gosee BOJIOTOHOCHHX CYIBQUIOB NAHHEE II0 3HAUCHUAM KOHIEHTPAaLHil sie-
MeHTOB-TIpHMeceil B mmpure (268 am.) m apceHOTHMpUTE (243 am.) obpaborTams
MaTeMaTmYecKd. LIpm cuereMaTH3anUH AHATHTHYECKOX JIAHHBIX ICIOIB30-
Bajcs OBPHCTHUECKWIl IOJX0J ATJIOMEDAINN MHOTOMEPHOI reoXmMIIecKoil
ungopmamun [A6pamos m xp., 1984]. B ocmoBy amropurva HOIOREH IONIA-
FOBHI arJOMePaNMOHHKI IPHHINI, COCTOANMI B IOCHETOBATEIBHOM CIYIe-
HIE TOYEK B MHOTOMEPHOM HDOCTPAHCTBE, KOOPJUHATAMH IIPH ITOM CIHY/KAT
conepikaEmA diemenros-mpmmeceif. Ha xamgoMm mare arioMepar(i BEITO.-
HAIOTCA CJeIYIONEe YCTOBHs JOOYCTUMOCTH BXOJK/JICHHA TOUeR B KIacTep

rpyuny): min Lpeg << Ly, =3 Lper << Lpeq TH€ Lp=p — paccTosiHle ToYeK
P ¥ =R PcR Q

P B raacrepe R, Lps'fa‘— paccrogmue Todek £ 10 TOTEK B JIOHOIHENHH R

10 N (Besa BeGopra); Lpepr — cpPe/iHee PAacCTOAHIE TOYKH P » raacrepe R
mepBoro miara obbepuHeHHsA, Lpzqg— CPe/lHE® PACCTOAHME IENTpa TAMKECTI
kaacrepa R B xaacrepe () caeaylomero mara 00bejlHEHIA, B cooTBercTBHIL
¢ YKasamHHIMIl UPHHEIUNAMI aTJIOMePArdA MCXO/HEIX JamHbIX ymer upome-
XOIUTH T0 CTENeHH Koppeianuonnoil Gau30cTH MCXOJHEIX TOYCK. Torpa
B OIHH KJacTep IOImAA0T TOUKH ¢ HAMOOJBIIIM roaaEmenToM Koppemus-
UE TpH3HakoB. [l1a ycTpaHeHus BIMAHIA HEOTNMHAKOBOH TpeJcTaBATeIb~
HOCTH JNANHHX II0 IPHMECHHM XaPaKTePUCTHKAM CYAb(IIOB juiA DPasHBIX
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Puc. 1. Tucrorpamua pacnpejlefienns RIacTepos apce- a

HOMHPHTA W MAPHATA HA MECTOPOKIEHNAX Pa3HOTO THIIA. 60 Apcedonupum ] Mupurm
a — B0JI0TO-MBIITLAKOBO-CYPBMAHOE! i — gosoTo-cyabdMIHO- =4
cyabocoienoe; 8 — 30J0TOCEPedPANOe, 2 — ZOJOTONOIMMETAI=

JHHecKoe. 20 4

I\IBCTOPOH{I{BHHﬁ nposefieHa HOPMHUPOBKaA CcJe-
AT L

7 YK

o 0 o o Z VA

aywomero suaa: Px = SNZ EN%, tne Pk —ua-
Sl

CTOTA BCTPEYaeMocTH TodeK Kiaactepa /A B 30-
me Z, N% — xommgecteo ToueR rnactepa K B
some Z.

IIpumenenne KiacTepHOTO aHANH3A TO3BO-
JHI0 mo upeobiajanomeil oTHOCHTCIBHON poJim
9JIEMEHTOB-IPHEMeceil  BhIEANTH  CAeYIONe
rpynosl apceBHoummputTa: 1) Cu — Ag;
2) Au — Cu ¢ MaKCHMaJBLHBIM CONEP/RAHIEM
Cu; 3) Ni — Cu ¢ MarcuMaibLHBIM comep:Ka-
mueMm Ni; 4) Ag — Au; 5) Co — Sn ¢ Maken- w0
ManpHbM cosiepsranmeMm Co; 0) ¢ MakcHManh-
HEM cofiepsxaruesM Sn. HauGomee somororocHE
2—4% rpynost (pue. 1). Anaana pacmpocTpameH-
HOCTH BEIETEHHEIX THIOB APCCHOIMPUTA CBH- ] 1
HeTeqBCTBYeT, 9TO CPefH HUX npucyrcrsyior &0+ W
KaK ¢CKBO3HbIe», o6mme OJad BCeX H3VICHHBIX
MecTopos[eHnli, Tak M cTporo cremuduIHEe, £ J“Mr FEIAB A7
npuCyIme TOALKO ofHOMY u3 mux. Tax, ap- 'y
CeHONHPHT, oTBevalommii 1 Kaacrepy, XapakTepuayoIEMycs CpeIHAME
Coliep/RaHmAMI BceX IpuMecell NPH NOBHIMEHHHX Koumearpammax Cu m Ag,
oGpeuHEADIEMY MaKcuMansnoe umeso mpob (127), passur ma Bcex paccMart-
pHBaeMEIX MecToposkiennax. Ha MecTopommIeEAN IPOKIIKOBO-BKPAIICHIOTO
THOA B ATy TIPYINY MOWAfal0oT MPaKTHIeCKH Bech KPYOHOKPMCTAXIMYecKmit
4PCeHONNPHT M YacTh TOHKOKPHCTAIIMICCKOTO U3 AJEBPOJHTOE, HA MECTO-
POKIeHHH ;KHJILHOTO — apPCeHONNPHUT IBYX pamHux remeparumit. Hpome toro,
apcedonmpnr 1 Ipynmel passuT W B IPYTHX THOAX MeCTOPOKIeHHH, T. e.
AprAerca «ckpo3unMy. ComepsraHue »IeMeHTOB-IPHMEcCil, 34 HCKIIOYeHTEeM
Cu m Ag, no cpasmenmio ¢ APYTHME IpynuaMu — cpefnee. Takoe nmpesupo-
BaHEe KOHIEHTPANIHil IPHMECHLIX KOMIOHEHTOB, BEDPOATHO, MOKET OHITH
00'BACHEHO COBMENIEHICM PAsHOBPEMEHHKX acCOIUWANAI N BoameiicTBHeM Goiee
mO3/lHAX PAcTBOPOB Ha paHee BHIICAMBINNECS MUHEPAJBLHEE aTPerarth.

Apcesonmpur Ni-Cu m Au-Cu rpynm mpueym ToAbKO NPOKHIKOBO-
BEPAIVIEHHOMY OPV/EHEeHNI0. JT0 TOHKOUTOJBYATHIT aPCeHOMNPHT, ¢ KOTOPHIM
HA MeCTOPO/HIEHNH CBA3aHA MAKCHMAJbhHAA B30J0TOHOCHOCTh. APCeHONHPHT
Ni-Cu rpynonsl pasBuT mpemMymecTBeHHO B AJeBPOJUTAX I B MeHbIIeH cTe-
IIeHN — B X OKBapPIOBAHHHX yyacTKax. Apcemonmmpur Au-Cu rpymos xapak-
Tepu3yeT HWHTEHCHBHO OKBAPIOBAHHEE AJCeBPOJUTH, KBapPIEBHE IPOKHIRI
B HHX, 9acTo BOIMBN KBAPI-aHTHMOHHTOBLIX JKHJ ¢ BIJAMHEM 30I10ToM. Ilo:
cpasHeHnI0 ¢ apcepommpmroM Ni-Cu rpynust B HeM yBeamumBaeTcA KOHIEH-
rpanma Au, Ag, Cu npn ymemsmennn Ni, Co, Sn m Sh, Bee a710 cBuiereaner-
BYeT 0 cyIIecTBeHHOM Iepepacupenesennn Au I OPYIUX 5IeMEHTOB B Pe3yib-
TaTe TUAPOTEPMAILHO-METACOMATHYECKNX IIPOIeccoB B axeBpoamrax. Ag-Au
Tpyunna, mpefcrapieHHAs HO3THHIM APCEHONHPHTOM, Pa3BHTA HE3HAUHTEILHO.
Apcesommpur Co-Sn m Sn crmenmmanuzangn oTMedeH B pyaax o0omx 30J0TO-
PYIHHEX MECTOPOKICHUI, NPHIeM Ha MeCTOPO;KACHHN KHJLHOTO THIA OH
pacmpoctpaned 0oaee MMPOKO W IPELCTABIEH KPYIHOKPHCTALIHICCKIMHE
BHII@JTeHASMI W3 PAHHUX BEICOKOTEMIEePATYDPHHX aCCONUAINE KBaPI-IHPHT-
aPCeHONOPHATOBOLO COCTABA.

R B

=
e

Yacmoma ecmpevaesmocmu, %
8
-
1

159



B mexoM mposefileHHBI aHANNZ MO3BOIHI BHIEINTH OOHINE 4ePTH TPh-
MEeCHBIX XapPaKTePHCTHE APCeHONMPHTA PABIHIHBIX THIOB MecTOPOYKIeHIIT,
HAMETHTH cyry6o cmermumdudeckme ocoGeHHOCTH APCEHONHPHTA A KarkEOTo
MECTOPOSK/IEHNA W Pa3HBIX MHHEPAIBHHIX acCONMHANMI BHYTPH HHUX. ¥YcTa-
HOBJEHO, 49TO TOoAbKO apceHommpur Cu-Ag rpynmel xapakrepeH Kak [Is
30JI0TOPYJAHBIX, TAK M IS JPYIHX TUIOB MECTOPOJEHN, ocTaibHEE ero
TPYNIE PAadBATE TOJLKO HA 30j0TopyAHEX, a apcemorumput Au-Cu nm Cu-Ni
TEOXMMHUYECKOT clenuainaaniny XapakTepeH JHib JUIS TeppPUreHHo-0cafou-
Hoit Tommu. llokasano, 4ro 0JoBsIHHBIE IPYNOH apceHonupura caabo 3070-
TorocHEl. ComoctaBienmne ocofeHHOCTEH TeoXMMMIeCKOH CIEHAIH3AIHA ap-
CeHONMPUTA PABHKX TPYOD W ero 30J0TOHOCHOCTH TO3ROJISAET BHJIEIATH
Mellb- M HUKEJCHOCHEE THIL TOTO MEHEepajaa Kak Hambolee o0OrameHmse
son0ToM. XapaKTepHO, UTO Me[b ABIAETCA THOHYHON HPAMECHID 30JI0TOHOC-
HOr0 apceHONMPUTA PAa3HEIX MECTOPOsKIeHMI, Torma Kak oforameHne HIKe-
JeM — cuenuduyeckas yepra opyjeHeHus B ocajodHmx tommax. [Ipmeyrer-
sue Cu n Ni B cocTaBe apceHonMpuTa MOYKHO WCIIOIBL30BATH B KayecTBe MOMC-
KOBOTO TPU3HAKA HA 30J0TO HPH JOKAILHOM TeOXHMHYCCKOM INPOTHO3MPO-
BammMm,

B pesyarrare o06pafoTKEH [JAHHEIX JIa3€PHOTO MHKPOCIEKTPAIBHOTO
aHanM3a, MPOBEJEHHOH MIf M H P H T & BHIIe YKA3AHHEIX MECTOPOKIEHMIT,
BEJICJEHO BoceMb Tpynm (mo Haopy M KOHIEHTPALNH dJIeMeHTOB-IIPUMeceil):
1) Cu — Ag; 2) ¢ MEONMaIbUBIMI CONEP/RAHNAMI IIPUMeceil TPH MOBHIMeHHO
woHOenTparmn Mn; 3) ¢ Beicoko#l kommeurpanmeir Ni npm MuHIMATBLHON
wonmenrpannun Ag; 4) Cu — Mn — Ag ¢ MakcuMaJbHBIM cofepskanueM Mn;
5) muicokoMumbAKoBHcTOH; 6) Sb — Cu — Ag ¢ As; 7) Sn ¢ HOBHIMIEHHEIM
cogep:rammem Co m Cu; 8) Sn — Ni — Co ¢ Mn. MakenmMaapHO 30710TOHOCHEL
ImepEEe TPU TPYHIAL.

Cpenu rpynn nupoTa cyIecTBYIOT KaK IMHPOKO DPA3BHTHE B PA3IWIHBIX
THIIAX MECTOPO;RAEHMH, Tak ® cHenuuUIHBEe JId OTHOTO-IBYX HX THIIOB.
Tlupur Cu-Ag rpynnsl IMHEPOKO paclpocTpamed Ha MECTOPOMKICHMH IPOHIHII-
KOBO-BKPAIJIEHHOTO THIA, TAe OH BCTPEYAeTCA B OCHOBHOM B ajeBpPOJHTAX,
peske B KHMIAX B CPACTAaHUH ¢ KPYIHO3EPHHUCTHIM aAPCEHOIMPHUTOM, CIOPALU-
4ecKU IPOABJIEH B JPYIUX THIAX, KPOMe 30J0T0cePedPAHOT0 MecToPosKIeHsq.
Tlupar ¢ ToBHIEeHHOR KoHmeHTpamueidl Mn Hpm HUBKUX KOHIEHTPAIHAX
npounx mnpuMeceil Hambojee PA3BAT B IPOYREIKOBO-BKPAILIEHHHIX PyIax,
BCTPEUEH HA 30J0TOoCePeOPAHOM MecTOPOKASHAN I OTCYTCTBYET Ha OCTATLHBIX,
Bosmo;kHO, TOBHIIEHHAA MapraHOOBHCTOCTh WUHPHUTA IPH HI3KNX KOHICH-
Tpanmax OPYTHX OpuMecell ABiadercA cHemunueckoil ocofeHHOCTHIO permo-
HAJABHOTO IJjaHa, ando ¢BUALTENLCTBYET 00 M3HAYAILHO 0CALOTHOM IeHe3nce
UAPATA. DBHCOKOHUKeJEBHII MHPHT, AHAJOTHIHO TAKOMY ke apCceHOImpPHTY,
cuenu(UUIeH I TPO;KIIKOBO-BKPAIICEHHOTO ODPYICHEHNsA, CBUJETCILCTBYET
0 TeHeTHUECKO# cBasm oTHX ABYX cyasduaon. Ilmpur Cu-Mn-Ag rpynoer
TUNHYEH MJIA 30d0Tocepelpsanoro M cepe0poOmOINMeTaIaInIecKoT0 MECTOPOH-
meHil, MOJHOCTHIO OTCYTCTBYeT B IPO/KIIKOBO-BKPAIIEHHEIX pyAax, AId
KOTOPBIX XapaKTepPeH BHCOKOMBIMLAKOBHCTHIT mHpHT. HpyIHORpHCTAIIH-
gecKHUe BEIENEHHS I[IOCJeEHET0 PA3BUTHL B JKIJIAX B ACCONHANNN ¢ KPYIHO-
KpHCTAJAMYeCKNM apceHommpuroM. llmpmr ¢ moBEImeHHOH KoHMeHTpamueil
Sn passaT B PYAAX CIOMKHOTO CYIbOUAHO-CYIB(HOCOIEBOTO MECTOPOK/eHIA
B cOcTase PAHHHX acconumammid. [[ia Mo3{HUX reHepammili MHPATA MecTOPO-
nenusi aroro Thma Xapakrtepen Sb-Cu-Ag cocras upumeceil.

TaxpM o00pasoM, MeToj KJACTEPHOr0 AHAIU3A BEABHI (0Jee TeTKYIO
TeOXAMUYECKYIO CICIHAJH3ANNI0 APCEHOOIUPHTA IO CPABHEHWID ¢ THPUTOM,
9YTO, BEPOATHO, ¢BA3aHO ¢ Gojee TIyOOKUMI TIIPOTePMAILHHEIME Hpeobpaso-
BAHAAME TOCIETHETo. JT0 IPHBEJI0 K YACTHYHOMY COBMCHNIEHHIO ero mep-
BUYHEIX U OpHOOpPeTeHHHX TeoXuMudeckux ocobeHHocteil. ComocraBmenne
TEOXHMUURCKIX XapaKTepPUCTHK THPHTA M APCEHONNPHTA [OKA3EIBAET, €TO
WHOTJA OHM WMET o0Iue TeoXnMuIecKne 4eprel. Tak, B Ipo/KIIKOBO-BKpAILl-
JeHHOM THIIC IHPHT M apcenonuput neppsix rpymo (Cu-Ag), a Tarike TOHKO-
uroapuarsiit apcemonmput Cu-Ni Ipynnel W BRICOKOHHKEJIEBHI IHPHT reHe-
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THYECKH CBSI3aHBL MewAy coloil. DB pynax caomuoro cyapdugaO-cyan(o-
COMBHOTO COCTABA MUPUT M APCEHONMUPHT ¢ BRICOKUMT cofep:mammavu Co m Sn
oTMEeYeHH B OHHX M TeX ke accorpmanmax. Ilo-smgmvomy, mpm noransmoMm
DPOTHOSHPOBAHHHM, KPoMe DeOXHMAYECKOH crneruduKi oJHOr0 M3 cyab(umzos,
MO7{HO HCIOOIL30BATh WX o0mme reoxmuMuueckue ocobGennocru. Hampnmep,
BhICOKTE cofepsRamnsa Ni B IHpPHATE U apceHONUPITE MECTOPOKICHII B ocagoT-
HEIX TOJMAX CBHIETEIbCTBYIOT O TEPCIeRTHBHOCTH 9THX cyabfumos ma Au,
a Co m Sn — 0 WX HH3KOH 30J0TOHOCHOCTH.

C 1eapio BHACHEHUA 3ABHCUMOCTH OCAMACHUS 3070TA OT (UANKO-XIIMU-
YecKHX HAPAMETDOB — TeMIEpaTYpPhl, COCTABA, & TAKJ(E ArperaTuoro CoCTosi-
HIA MHUHEPAIa-ocagnTens OBUIM TPOBEIEHE 9KCIEPUMEHTAJBLHBIE HMCCTeJoRa-
HHA OTIHOMeHUA 30J0Ta Ha HPCBHOHUPHTG 1 mHpure.

Heesneposanus npoBofuimch HA HPHPOJAHBIX KPHCTALIAX NHPHTA I
APCeHONMPHTA, W3 KOTOPHX BHIIIHBAJINCH IJIACTIHBL OJHHAKOBOI TIIONIAIN,
s BHsicHeHHA 0COGEHHOCTEH OT/IO/KEHIST 30J10TA HA IOBEPXHOCTH apPCeHO-
NUpPUTa MCHONb30BATMCH DPHPONHEIC KPHCTALILL, a TaKie o0pasibl, mpeana-
puteasno nporpasiennwe 0,1N HNO,. Onsirer mpoBoguauce B pacTBopax
107* m 107*N HAuCl, B marepsane temneparyp 20—150 °C mo aBrornasHoit
Merojnke. HoanuecTso ocajkIeHHOr0 B OIBITE 30J0TA OLPEIedaIoch OTOKO-
JOPUMETPHPOBAHHEM PACTBOPOB 10 M Tmocie ombeTos. Pacmpemenenme m mop-
dosornueckie 0co0eHHOCTH 30JI0TA MCCJAENOBAINCH METOINOM PacTPoBOIl
9JIEKTPOHHOI MHKPOCKOIHMH HA CKAHHPYIONEM HJCKTPOHHOM MHKPOCKOIe
Camscan-4 (anaznTux M. A. Hoposkmum).

Wcenenopannsa mokasanm, uro ofa cyapuma SARIAIOTCH AKTHBHLIMHI
ocaJuTe/IAMA 30JI0TA M IOBBINEHHE TeMIEPATYPH YCHIUBaeT MPOLECC 0Cani-
nmenns. B pesyaprare cpaBHEHHA OCA/RAANMENR croco0HOCTH apceHONMpHTA
M THMPHUTA TPY PA3IMYHBEIX TEMOepParypax YCTAaHOBJIEHO, YTO HAKOIICHHE
Au B apceHOINpPUTE BO BCEM M3YIPHHOM UHTEPBAJE TeMIEpaTyp BEINE, HeM
B nupure. CHGKeHHEe TeMIepPaTypsl yeeiamdusaer sri pasamuus. Ipu 150 °C
apceHonupur oca;naer B 1,2 pasa Goxapme somora, wem mupur, upu 80 °C —
B 10, a mpm 20 °C — B 15 pas.

Huae mpumpogmresa ocaskAeHHe 30J0Ta HA CyAbhQUIAX keaesa NP pas-
HEIX Temmeparypax, 107! mr/em® (B croOKax ajgech U jgajee — KOJHIECTBO
aAHAJIN3BOR):

Mutepa:t 20 °C; 48 4 80 °C, 6 u 150 °C; 8%
Apcenorpur 32:2 (3) a22,0.(4) 134 (2) TMOIH0C
OCAIRICHIIC
ITupur 2,4 (4) 524 9144

Mayyena 3aBuUCHMOCTB OCA/KACHUA 30JI0TA HA APCEHOMHPUTE 01 €0 CO-
cTaBa — BeJIMYHHBL CEPHO-MEINLAKOBOTO oTHomeHusA. ( yBejmueHneMm co-
fep:raHuA As ocanmiIalomas cnocoGHOCTH apcenommpuTra pacrer. Koamuecrso
OCaKIEHHOTO 3o0J0Ta HAa apcesonmpure (107! mr/em®) Takoso:

S/As 6 u 94

084 17,220 20,602
0,95 9.6(2)  10,3(2)
1,12 3.8(4) 6,2(4)
1,17 2,4(4) 4,0(4)

Ocasaomas  cnoco0HOCTh APCEHONMNPHTA U3 IPOKHIKOBO-BKPAILICHHOTO
U JRIVIBHOTO THIIOB MECTOPOKICGHHI MOKeT TaKse pasiaudathes. Tar, Goab-
moe KonmdecTso Au G0 orMeveno s Goratoro Cu m Ni apcemommpura
OPOKWIROBO-BKPAIIIEHHEIX DY,

Naydenue B3anMOCBA3H B30JOTOHOCHOCTH APCEHONHPHTA ¢ KPYIHOCTHIO
ero BHJIEJeHNI II0Kasalo, 9T0 KPYNHORPUCTAIINIeCKHI APCeHOIUPUT Me-
CTOPOMICHI IPOKUIKOBO-BRPAIIeHHOT0 THHA ocadjaer B 1,4 pasa Merpiie
30J107Td, YeM ero TOHKOMIOJBIATHe PasHocTH. JT0 00bAcHACTCA M3MeHEeHHEM
YAEAbHOH NOBEPXHOCTH MHUHepaJa-oCALUTe/]Nsd, Kak OLJI0 TORKA3aHO paHee

11 3akas N 438 161



[Caxaposa m nip., 1972, 1987]. OxEaxo B MPeMIECTBYIONIX OILITAX He OHLIO
CHSTO BIMANME XHMH3MA CaMOro apceHOIMPHTA, ero IPIMeCcHHX ocobenno-
creif, MO KOTOPHM TOHKOMTOJILUATHIl M KPYIHOKPUCTALINICCKHIT apceHo-
NAPUTH Pesko pasamdHe., B cBAsm ¢ 5TAM OB TPOBEIEHBl OMBITH 110 0CAMK-
[eHNUI0 3070TA HA KPHCTAJIAX APCCHOMMPHUTA OHOII TPYIIIH, PasapobaennsxX
10 Pa3TNUHEIX GpaKiumil KpyHmHOCTI. OnBITH IO 0Ca;ASHNIO 30JI0Ta MOKA3AIH
3aKOHOMEPHO® YBEIHUeHIe KOJNYCCTBA OTAOKCHHOI0 METAal1a ¢ yMEHBIICHM-
eM pasMepa sepeH apceHommpura. B pesyibrate CONMOCTABIGHIL OCAICHIA
3071012 TOHKROKpHeTamImIeckuM (== 0,2 MM) M KPYNHO3EPHHCTRM (=5 mm)
APCEHONMPUTAME YCTAHOBJICHO, UTO 4epes 24 w wommuecTBO Au B IepBoM
cayuae Goneme B 1,5 pasa. Ojmaxo ¢ TedeHHEM BPEMEH (48 1) pasnuuma
B ocaskaomeii cIocoGHOCTH apceHONUpHTa PasHOl KPYNHOCTH YMCHBIIAOTCA
n cocrapagior 10—15 %. HoumecTso 0TIO;KEHHOTO 30710Ta 13 PacTbopa

10-3N HAuCl, mpu 20 °C raxropo:

Beln4ynHA i
sepiia, MM 2 48 4
~5 11,6(2) 17,6(2) 32,2(3)
~2 12.2(2) 17.9(2)
~1 13.3(2) 18,4(2)
~0.4 15,0(2) 18.7(2)
~0,2 17,9(2) 21,0(2) 46,4(2)

Cpapuenme paHee IONYICHHEX 1 HPABEJEHHLIX BHIIIE JAHHBIX IO ocakIe HIIO
Au apcemOTMPHTOM PA3HON KPYIHOCTH M3 PA3HBIX (mocaenmiii  ¢ToabHK)
1 ofHOM 1 Toil ke (IpeAmociIexHMi cToJ0MK) TEOXHMHYECKHX IPYLI HOKA3HI-
Baer, 9T0 HTH [Ba (arTopa, AeficTBYA COBMECTHO, MOIYT YBEJMUUTD 3HAUCHUS
apceHONMpPATA KaK OCauTeNA. Kpymuocrb BhjlejieHnil MnmHepaia Mrpaer
BA;XAYI0 POTH B HAKOIVIEHAH AU KaK HPH COKPUCTATIM3ANUL €TI0 C apceHo-
NEpPHTOM, TAK H IPHM IIOCIE/YIOHEM HAJOKEHHH 30JOTOHOCHHIX PacTBOPOB
Ha panee o0pasoBapmmiics MHHepal.

Hapsany ¢ BOIpocaMI ROJIWYECTBEHHBIX ocoOeHHOCTEl HAKOMJICHHA 30J10-
Ta cyab(upaMum jkenesa OnaM M3YUCHB HEKOTOPEIC 3aKOHOMEPHOCTH IIPOCT=
PAHCTBEHHOTO Pacupefielenus 3apojbIIeBLX KPHCTa IIHKOB 30J10TA B HAYJIb-
HEIe cTaqunm mX obOpasopanus. [la mpegsapurenno MPOTPABJIEHHLIX ofpasnax
ApPCeHOIHPATA OTIOKEHIE MeTajia TepBOHAYaThHO TPOHCXOLIT mo nambouee
BHTPABJICHHNM YYacTKaM, HOBTOPAA UX OYePTaHMSI (pme. 2), a Tak;Ke MOMKET
OTBEYATH KAK BOHAM POCTA, MAKPOUBMEHeHUAM COCTABA, TAK M HALPABICHHIM
nucaokanuii m 7. 4. Ha puc. 3 xopomo BIAHO auHeilHoe pachollosKenne 3a-
ponmmreBsx cdepomios 3010Ta, MAPKAPYIOMIUX, mo-BHAMMOMY, Hamboiee
AKTHBHEE, DHEPTETHUCCKH BHITO/(HEIE HaNpPaBICHMsI. Cepusi OOHTOB IO OTIO-
JKEHMIO 30J0TA HA KPHMCTAIIaX APCeHONMPHTA BhIABNIA, YTO €T0 KpHCTaIi-
zamusl HAUMHAeTCs TUIABHEIM 00pasoM fama pebep, BepUIHH, TO CTYIeHAM
pocra, T. e. Ha Haubojiee AKTHBHEIX yYACTKAX IOBEPXHOCTH (pume. 4).

B remoM 9KCHePUMEHTH IIOKA3ajd, 4TO NePBOHAYAILHO 30J10TO HaKal-
AMBaeTCH B BUAE 3apPOJBIIEBLIX KPHCTAJNIHTOB HA DPASIMIHBEIX naunboee
SHEPTETMYECKN BHITOJHEIX, AKTHBHEIX Y4acTKax HOBEPXHOCTH MHEHEpaJa.
BoaMmo;kHO, 910 B TIpomecce KPHCTAJJIHMSAIUM APCeNomMpura HpPOUCXOANT
3axpaT MOKPOYACTHI[ 30J10Ta AKTHBHBIMEM YIacTRAMH PacTyIuxX KPHCTAIIOB,
qro M MoKeT 0O0YC/HOBIHBATL HATHYME TOHKOMUCIEPCHOTO 30/10Ta B CYiIb-
dupax.

TakuM 06pasoM, M3ydeHHe OPHPOHEIX MATePHANOB M HKCHEPHMEHTAIL-
HHX JAHHHX T03BOJSET CAETATh CJeYION(He BRIBOIEL

1. HommeurpmponaHmio Au B NPO/KILIKOBO-BKDAIIEHHEX PYyJaxX cmocof-
CTBYeT PasBHTHE TOHKOKPHCTRLINIECKIX cynnL(UIOB, Dpesne BCETo apceHo-
OHpUTA W TIHPHUTA.

2. C noMompbio MaTeMaTHueckoil oO6pafoTKH aHmalUTHICCKHIX NaHHBIX IO
NpHUMEeCHEIM XapakTePHCTHKAM APCeHONMPHTA M THPITA oXapaKTepu30BaHa
reoXmMEYgccKad cIenuagHsands MUHepaloB PasHuX THIIOB MecTopOsKAeHNI.
VeramosieHo, 9T0 Hamboiee MEPOPMATHBEH APCEHONHDHT, B TO BPEMA Kak
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Puc. 2. 3omanbHoe OCAMKACHIE B30JI0TA HA TPOTPABISHHOM AapCeHOMIIPHTE
(mo 30 mmm — rpasurexas 0,ANHNO;, mnociae 30 — 10-*NITAuCl,).

a — MEeTHOKPHCTAIIMMEeCKnii, VB, 290, 6 — KpyOHORpueTa imdecknii, i, 178.

NUPHT oTau4aeTcs (ojce MITPOKNM HAGOPOM I COUCTAHTEM JJIeMEHTOB, 9TO
YCIO/KHAST HMHTEPIIPETAIII0 JIANHHIX,

3. llorazano, 4To HPH JOKAILIOM TPOTHOBNPOBAIINT 30J0TOTO OPY/ACHE-
HHUA IOMCKOBEIM KDPHTEPHEM MOKeT CJOY/KITh HOSHIICHHAA KOHICHTPATLAS
Cu, Ag n Ni B cocrase apceHonupura it B Menneii crenenn — mupura. [lo-
Bhnenueie Konmentpamun Co u Sn 8 odonx cyandugax npucynyn Malosoro-
TOHOCHBIM ACCOTIHATIIAM.

4. DKcnepuMenTanbHO MOKA3AHO, UTO NP OTIOKEHHNH Au ma pPacTBOPOB
apcemounpur Gosee AKTHBHO €r0 KOHNEHTPHPYET, WeM LHDHT TPH BajKHOM
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Puc. 3. Jluneiinoe pacnono/Renie MIKpochHeponsion 30J10Ta Ha TPOTPaBIeHHOI
nopepxnocTa apceHounpuTa. CHATO HA PACTPOBOM BIEKTPOHHOM MUKPOCKOE,
yB. 3800.

Puec. 4. Iipucranansanna zapojsimeil somora Ha pefpax I Bepuimaax IIpi-
I el
pojHLX  Kpueramaon apcenonmpura. CHATO Ha PacTPOBOM  DJIEKTPOHHOM
MUKpockone, ysB. 178,

poan ofonx cyanduios B nakomwresnn Au. Ilopuimenne TeMneparypsl yemin-
BaeT ocazienne Au mHa ofoux cyabdugax. Drissieno, uto yBejqmdeHne co-
nep:anmus As B apceHonupure (yMeHbIIeHNe CePHO-MLIILAKOBOTO OTHOIIE-
uEa) cnocofersyer oriosenmio Au ma srom MmuHepase. Haxommenmio Au
B cynanduuax GiaronpuATCTBYET YMEHBIICHHE Pa3MepoB X BhUleJTeHHUIL.
TMokasano, 4yT0 MePBOHATAILHO KPHCTANIMAIMA 30J0Ta MPOTEKAeT Ha HAMDO-
Jee aKTUBHBLIX yuacTKaX noeepxtoctu (3oHa pocra, pebpa, BepIIUHbL, ¢TYIEHI
pocra, IUCIORAININ).
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H. B. Pocasmosa, A. C. Bopucenxro, H. 10. Ocoprun,
H. E. Pagocresa, B. T. Ilumaauer, H. A. llyryposa

METAJLJIBI BO @JI{ONIHBIX BRIIOYEHNAX
30JI0TOPYIHBIX MECTOPOK/IEH IIT

Jlast mporHOsHON oOTEeHKN opyAeHEHHS (MECTOPOMKICHWH, PYIHOTO
Tela, PYAHOTO ¢TO0A) BAsKHO BHATH NIPHYNHEL U CHOCOGH KOHIEHTPHPOBAHISL
pyjoreHnnx aaementos. B ofpasoBaHHN 30710TOPYIHBIX MECTOPOKJIEHHIT OT-
PoMHasi poib npuHajnesRnT GopMupyoomel ux repMornipocncTeme. Bansmme
CHCTEMBI IIpOCJe;RUBaeTCs BO BeeM ofbeMe mopon, momasmmux B cdepy ce
feficTBHA, B BUJle TeX WM HHBIX MUHePaibHBIX Hpespamennit, O camom mpo-
mecce CYAUM HAa OCHOBAHHH H3Y4eHHs 3aQUKCHPOBAHHBIX K HACTOANEMY
BPeMeHII MIHePaJIbHHX IaPATEHE3NCOB ¢ XapPaKTePHBIMH IS HHX COep:Ka-
HUAMH AU I CONYTCTBYIOMMX MY DJIeMEHTOB B HOCJHe0BATeTHHOCTI PasBHTIS
npoiecca.

Ilpn mccnefoBannu 3010TOPYAHEIX MeCTOPORASHHI PA3TMIHEIX PYIHBIX
fopmamnmit, a caegorareanHo, n Qammit dopMupoBaBIIAY HX TePMOTHIPOCHC-
TeM, 00pasoBaHHBIX B METa/JJIOTEHHYECKHe SHOXH 0T HIKHENane030iicKoH 0
KaliHo30licKoil B TIOPOlaX Pas3HOTO COCTaBA, YCTAHOBACHO, YTO AU KOHIEHT-
pupyercs B Pyjibl TyTeM MHOTOKPATHOIO €ro TepepacnpelefeHHA OT dTafna
K aTamy, or eTafuu K cTajnn pasBUIHA PyAocoOpasyionell cmeTeMBl: cHAauaga
BO BeeM ofbeMe HOPOJ, HOJBEP;KEHHHX BOBJCHCTBHI0 TePMOTHIPOCICTEMS,
UTO HPHBOAUT K HOBHINIEHMIO cofiepsRanua Au B mopogax pyAHOTO HONS B
cpeanem B 2—10 pas (mo cpaBHeHMIO ¢ MCXOZHBEIMU) 3a CUeT €r0 HEPETOHKIL
M3 HOJCTHARIONNX I MEHDIIe I3 OKPY/KaloNUX PYAHOe Hoje MOPOMd, a TaKike
OT/leJIEHUSI 13 MarMaTuueckoro o04ara; HOCJCAYIONHe UMIYIbCH Bee 00/1ee
JORANBHOTO JeficTBUS TePMOTHAPOCHCTEMEl Yike BHYTPH IOPOJ, PYAHOTO 1015
Tiepepacmpene/sioT B 0CHOBHOM 3TO 30JI0T0, 00Pas3ysa BOHB BHIHOCA W ¢ Kajli-
ApiM pasoM oforaman sonsl ero oraokenna (raba. 1) [Pocasnkosa, Pocaskon,
1975; Pocaskosa, 1976; lllep6akos, Pocasrosa, 1983).

Mexanusm neperpynnupoBKH BeEcTBA MCCIACNOBANCA ¢ MCHOAb30BATMCM
HCHTPOHHO-aKTHBAIIMOHHOTO aBTOpaguorpaguieckoro MeTojia T T0 TazoBo-
AHAKNM BEIOUeHuAM. Mul paceMatpuBaeM pes3yJIbTaTsl H3YYCHUS pacrpefe-
JeHUs MeTAJIOB B PACTBOPAX BRIOYEHH 13 KBADPIEB 30J0TOPYAHBIX MeCTO-
POSLTIEHNH Kak pelmKTax B pasmoii crenenu orpafoTannoro pyaoostpasyiomero
darompa. Ilpn m3BeCTHHX PACXOMIEHIAX B COCTABE CONEPKHMOTO BAKYO-
geit m3 3oa0ota u keapua [llerposeras u np., 1975; Mouceenko, Muponiox,
nacrosumil cOopunk ] maydemme cocrasa sraouenmii B CasampcKoM Mecto-
POJJICHHI ¢ LOMOINBIO Ta3oBoTo XpoMartorpada BHABHIO CPABHETENbHO
Oanskne coormowenna v nux H,0 u CO, (8 xnapue 1,15, B sonote 0,9). La-
soBasz (asza MHIUBUIYAJILHEIX BRIWYenuii B somore na 94 % cocromr us
CO,, a 6 % npuxoaurecsa Ha asor u pepkme rassl. BB soxoromocHoM KBapiie
9TH KOMIIOHEHTHI coctapiaior 95 m 5 % coorsercrsenno. ITockoabky Kpapig
ABJIACTCA CKBO3HBIM MIHEPaJIOM PyA000pa3oBaHUsA, 3aKOHCeDBHPOBAHHBIC
B HeM pacTBopel yAoOHe u nanmboiee UHGOPMATHUBHEL s CPaBHUTEIBHOTO
anaiusa naMeHeHmii cocrana (AOMWIOB mo Xoay mpomecca (GOPMHPOBAHI
pyi. ABaausuposainch 0 0OOGIIEHIBECTHON METONNKE BOJHBIE BBITH/KKH 113
4 rpavMOBHX HaBeCOK KBAapIeB PasuuX craumii Bepukyaberoro MECTOPOiIi-
nennsi.  ROHIEHTPANNA pPacTBOPOB BKAIOWOHHI, 10 JAHHBEM KPHOMETPHIL
[Basapos, Moropuna, 1970], or << 10 % = BEICOKOTEMIIEDATYPHBIE CTaHH
Bo3pacraer B mpoayktusuyl mo 23—30 % [Pocaarora, 1976]. Bmavenns
KoHIeHTpauuu, saMepenusie 1o ymeroguke A. C. Dopmcernro [1982], Gnusnn
noayueHHRM panee (ra®u. 2). Onpegenns ofulyio MHHEPAJIHZANUIO BOAHLIX
BHITARER, MBI YCTAHOBHJH CTelleHb pa3baBieHHsA PAcTBOPOB BKJIKUEHWid 1pu
ux uaniedenmu. Ronmenrpauus sosota B pacTBopax BRITIOUMeHTIT oIpee.is-
JaCh YBCJUYCHNEM I0JYIeHHBIX CHEKTPOXTIMIIECKHIM aHAJIU30M copep kaHuil
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Ta6auma 1

HaMenenme XUMIUecKoro COCTABA ANJE3NTOBLIX MopdupnTOD Be-
PHKYJBCKOTO PYAHOTO M B NPONECCE FHAPOTEPMAILIOTO meTa-

Mopduama
111
HenameneHHBIE l e I i pEes
nopdnpuTh 2oHa
DileMeHT xp. AJdatara
[AaaGui, OTII0Me- OTITO-
1968] T BBIHOCA |ygepup |BBIHOCA
Au 2.8 5.7 2.7 519 9.2
Si0, 50,39 48,63 50,92 | 47,99 | 46,25
TiO, 1:37 0,81 0.97 110 | 4,05
Al,O4 17.32 17.85 16,10° 11737 | 16:30
1e,04 3,89 3,67 2,62 2,34 1,96
FeO 5.97 6,35 5,69 6,08| 5,49
MnO 0,12 0,20 014 04| 0,13
MgO 4,55 5,32 7.36 5,41 4,59
Ca0 9,05 9,20 9,04 9.04| 9,92
Na,0 3.8 4,06 3A7 259 1,09
K0 0,98 1,46 1,70 2,11 3.00
P.O. 0,41 0.38 0,23 | 0,37 0,38
Co, 0,40 0,52 | 2,95 | 585
P 3 0,05 0,05 0,07 0,08
& 0,08 0,12 0,47 | 0,52
Seyabgun 0,18 0,09 044') 0,28
Ho0 1,60 130 | 2,25| 2.94
IL. 1. 1.
% 100,24 100,02 | 99,89 | 99,83
1{01-B0 aHATHB0B 10 29 65 34
i B3 8 | 18
NMpumewanwne. CoaepiaHue Au -— Mr/T, TETPOTCHHBEIX AJe-
MEHTOB — % B SHCIHHTE e — AHAIM3E AU, 3HAMEHATEIe — OCTAJIBHLIX
KOMIIOHEHTOB.

B BOJHHX BHTS/KKAX B UWCJI0 Pad, COOTBETCTBYIOMICE pastasmenuio. Cpesnee
cofiep;Kanue 30J10Ta BO (QIIOMANLIX BARy0JIX KasR[0#l mocaeayonieil crannm
OKA3a;10Ch BEIIIE, HeM TPeABAYIeH, 1o NPOAYKTUBHON BRIIOYATEILHO, T8
0HO XapaKTepusyercs MAKCHMAILHOIL Aucnepeneii: 0T AecATHX Jojeil Mu/IH-
rpaMMa Ha JUTD [0 1,6 r/a.

Yen e obycaosaen Goapmoil pasdpoc cojlep;RaHMil daeMeHTa [AMe
B npefexax OIHOH CTailH wvunepazoofpazonamia? Cynecrsyer Jau 31ech
Karas-nu0bo HanpaBIeHHOCTH B WX pacnpesenernmn? [le obbacuserca JH
pricokoe cofepskamue (1,6 r/a) sarpAsHeHNeM BHTAKEK, HOCKOIbRY JKeTparu-
poBamne pacTBOPOsB M3 BRJIIOYeHTT TPOBOANIOCH B Tedenue 15 MUH ¢ HOMOIBIO
MATHIITHOH MeniajJKu TOpH HATPCBAHIIT 10 60 °C? Orper ma mocTaBJICHHBI®
BOBPOCH .le‘IU.Ie BCero MorJam JaaThb nceaeJopanmuAa HHI[T[B]IH}’RJIBHHX BRIIOYE-
guit, 1 cocaeHuio, B 30J0TLIX Pylax BAKyoJd, MPUTO/HEIE LA TaRoil 1eNH
mo pasMepam (Hme MeHee JeCATBIX noseii yMminMerpa), ovenn penkm. Ilpmm-
J0Ch TOAOmpaTh MaTepuaT Tar, yTOOB MOjHO OBIJIO M3BJICKarTh Ha KaskIBIH
OTAeNLHHEIT aHalus cojepsRiuMoe TPYOne pRaOTeHHIE ¢ 6an3Koil Temmeparty-
poil roMOTeHU3AINH. HanGoee undopMaTuBHBL JLI5 TocTaBJeHHol 3a7adn
wryQEl CTPOrO YCTAHOBICHHOI BO3PACTIOI IPHHAIIEKHOCTH TP MIHEPAI0-
TO-CTPYKTYPHOM KapTHPOBaHHI PYIHBIN Tel, oco0eHIO M3 YJACTHOB OTYeT-
JUERX PasHOCTAMHHEIX nepeceuenmii. Ho B rakux ofpasnax, Kak TPaBILIO,
HPOCTPHHGTBOHHO TeCcHo COBMEICHBI BRJAKWYICHH ‘pasﬂmx TEMHBP&TYP, OTpa-
ARAIOUEX BCIO McTOpHIO ofpazoBamusi BemecTsa: HapAdy ¢ BRIIIOYEHT AMA
JAHHON cTajMil B H300ILIHH HPHCYTCTBYIOT I Gomee 1o3jHHe KaK pPe3yInLTaT
BaamMoOeiicTBUA KauIoil MOPLHI PACTBOPOB € paree OTIOAENHEIM MaTepua-
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Tabammoa 2

OHUENTPAIHA PACTEOPOB BRAKWMEHNIl 10 eTajimaM pyoo0pa3oBanmsa o Tem-
[epATypaM roMorenuaanu (mo JIANABIM KPHOMEeTPHI)

TemmepatTypa, "C

] Kouuen-
5 |romorenn- - HJIAREC HIS CucTema ThamE,
5 aaTni OBTERTHHEH nbaa Mmac. %
Honpodyrmuenwlii keapy
llepBHYHB e BRIAWYCHE A
1I 315 —22.8 —6 NaCl—C0,—H,0 8.8
310 —24,0 —10 NaCl—CO0,—H,0 13,5
310 —23.8 —10 NaCl—CO,—H,0 13,5
Broprdanbe BRIWYSGHNA
II | 285—280] —23,3 | —7 |NaCl—CO,—H,0 [ 10,5
lleppudube BRIANYCHN A
II1 260 —49,0 —3 NaCl—CaCl,—H,0 5,0
260 —49,0 —2 NaCl—CaCl,—H,0 5,0
260—250 - —13 NaCl—I1,0 16,8
Bropudane BRIMIEHUTA
230 —23,2 —12,2 | NaCl-H,0 16,0
230 —23,0 —13,0 | NaCl—11,0 16,8
220 —50,6 —35 NaCl—CaCl,—H,0 8.5
220 —30,6 —4 NaCl—CaCl,—H,0 6,6
I podyrmugnmil keapy
[MepBuaHbe BRAIKWYCHTA
v 220 —22,8 —8,0 | NaCl—H,0 12,0
220 —22,6 —9,2 | NaCl—H,0 13,0
—22.3
180 —22,4 —A3.8 NaCl—1,0 17,5
—23,
170 —49,0 —22 NaCl—CaCl,—H,0 23,0
170 —51,2 —20 NaCl—CaCl,—H,0 22,0
150 —23.1 —11 NaCl—H.,0 14.8
150 —22.9 —13 NaCl—H,0 19,0
150 —a1,0 —12 NaCl—CaCl,—11,0 15,6

aom. CaMBIMI TIONXOAANMMU 1A MCCIEA0BAHMSA OKa3ajuch MOIHPOBAHHEIE
MIACTUHOYKM KBapna BecoM 1—2 MI ¢ AMama3oHOM TeMIepaTyp roMoTeHH3a-
i He Gonee 20—40 °C, a xorma »10 OBIIO HEBO3MOKHO, JAHANa30H pac-
IIHpPICH.

ITocKoNBRY JHTEpATYPHBe CBEICHHA 0 COJEP:KAHUAX MeTasioB (1 oco-
GeHHO 30J10Ta) B PACTBOPAX BKJIKNYEHHH MajoYMCTeHHL M He BCIJa coBmaja-
JOT ¢ TEOPeTHICCKMMH TPE/ICTABJICHIAMM I DKCHePHIMEHTAJNbHEIMI J[aHHEIMMI,
H07po6HEe OCTAHOBMMCS Ha OIpPeTeNeHNI HAMIL OTHX COJleP:Kammil, faln wu-
TATEJE €CAM MOT CY[AMTh O CTEHEeHH HX JI0OCTOBePHOCTH.

METOLI UCCJAENOBAHMA 11 PE3Y/ILTATLHI

B cBAsu ¢ ogenns MaamM 00BEMOM PACTBOPOB, BKIIOUEHHEIX B NJIACTH-
HOUKY Becom 1—3 mr, paspaforaHa cOenUAJXpHAS MeTONHKA ONpeleleHNs
X KATHOHHOIO  COCTaBa ATOMHO-A0COPOIHMOHHLIM — METOJOM € BIeKTPO-
TepMmaeckoil atoMmsaumeil Ha cmerrpodoromerpe lleprmm-damep-503 [Lly-
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Tabamua 3

Copepsanpa Au 11 AZ B BRITIKKAX pPacTBOPOB BRIOYEHIT 11 KBapoax
nocae nasaeueinnii m3 aux pacrsopos, 1077 Mr na 1 mr ksapia

i L)

S Burmia | Heapn nocae j 2 Burmka | HBapn nocie
= ONBITA e QIBITA

= Au Ag Au Ag | B8 Au Ag Au Ag
37 — 9,34 — - 43 - - 1,58 1110.9
25 1.01 | 851 | 814 | 136 75 | 0,256 [ 4,9 [ 384 | —
Hb 0,61 | L44d | — — 48 2401 824 | 35,9
52 0,11 — 708 | — 45 — | 0,34 | 4,46 | 26,0t
78 0.72 | 0,36 | — — | 76 | 046] 035 | — 0.81

rypora, [umbaaner, 1985]. Heeaeponannsa Ha DTAJOHHEIX PacTBOpax  pacr-
BOPAX BRJIOMEHIH BLsiBIIL Hanbojdee ONTHMANLHBI X0I anajiusa: 1) 2-mm-
AUMETPOBLe KBAPHEBHE HPOOHPKN €O MINQHBIMU TPOGKaMHU Hocie TIaTe/ b
HOil POMBIBKH 1 00PaGOTKN alETOROM, BOAOH, CBERENPUTOTOBIEHTON Tap-
cKOIl BOAKON ¢ I1I0JIOTPEBOM HPONOJNACKUBAINCE BOAOH M TPHIAMCTHIATOM
1 mpocymmBaanch. B Kamjayo m3 HUX HaTHBAJIHCH 10 0,3 mx 1 M HCI Bo
NaGekanne OCAKICHNs METAa/JoB Ha UX cTenkax; 2) 1—3-ummaanrpamvonas
TINACTHHOYKA ¢ MCCHeYeMpIMI BRJIIOUEHIIAMH paslaBIBanach B CIeIMaTnHoM
npecee, Gyayum npeasapurenpHo saanrtoii 0,1 Mx TpEaMCTHIIATA. ITporpa-
JAVHPOBaHHOI MUKpouunerkoii GoJbluasg YacTh TPHAMCTIIITA © PACTBOPCH-
HBEIM COZIePsRMMBIM BRJIIOYCHNIl U3 Tpecca cpasy ke NepeHocnaach B IHOIrO-
ropaennyio npooupky ¢ I1Cl. Boamosknocts copOmuu MeTanToB Ha pasian-
JeHHOM KBapile mpm oToil npoienype Oblia TpoBepeHa OmpejeacHIeM cojep-
smamng Au u Ag B mocaegneM nocae onpira (taba. 3). Jlaa ymenbuenns nepo-
ATHOCTH COPOIA, PaBHO KAaK M BOZMO;KHOCTH HM3BjIeUeHHs METANIOB HE TOJb-
KO 13 BCKPHITHIX BKJIO4eHNIl (T. ¢. 3aBEIIICHNE PesyabTATOR), MNIHTEIHHOCTE
upoienyps e npessinaer 20—30 ¢; 3) B oti npobupkn gobaniasioch 1O
0.1 3 0,1 M pacrsopa O-nsonponin— N-MeTwiITHoKapSaMuHATA B TOJNYVO1e LA
SKCTPAKIINE 30J10Ta I cepedpa, ¢ I-MIHYTHLIM HePeMeIIBAHIeM; 4)mocae pac-
crauBanuds B OpraEmueckoii pase onpeeasanch Aun Ag, B BOJHOM — conyTeT-
ByIOUIMe HM adeMenThl. HeeMoTps Ha BHCORYIO TyBCTBATETHHOCT METO/A (Ag —
1.10-1°, Aum Cd — 5-10-1°, Pb nn Ni —1-10-?, Co — 2-10~*, Te —5-1077, Se —
7.10-°, Bi — 1-10-% 1), mpejiessi ofHAPY/ReHMA B yeIORHAX amanmaa: Ag —
1.10-%, Aun Cd — 5-10~%, Ni — 2,5-10-3%, Pb u Co — 5-1073, Bi — 11073,
Te — 2,5-1072, Se — 3,5-1072 mr/a. Ilpn mepecdere aHATH3UPOBABLHINXCH
BEITS/KOK HA PACTBOPH CAMHX BRJIIOWCHNIl IOCIeJHWE, ecTeCTBeHHO, ORAZhl-
palorcsa eme Himke: Ag u Au — 1; Cd, Ni, Co — 10; Pb m Te — 50; Bi —
200; Se — 400 wmr/m.

He smag wpaTtnoctin pasy0oskNBAHAA PAcTBOPOB BKJIIOUEHIH TP X
W3BJITEHNN, MB B pesyJabTaTe HPOBeIeHHOTO AHANM3A MMeeM JHb CoAep ka-
HItsT saeMenTor B 1 MT mecaegopanmoro kpapuna. ONHAKO 5TO MPeKPACHEHIL i
NOCTATOMHEI MaTepuasi Ui CpPaBHeHNsA PACTBOPOB PAasHBIX TeMmepatyp
Me;EAY 06010, T. €. LIS CY/RIeHNsA 0 TIOBeJleHIH MeTajios B pygoobpasyones
npoiecce, ecan BBECTH B HIX MONPaBKH HA KOJTUYECTBO paxyoaeit. llockonbry
HOCJHeTHTe B KBADIE PAacTpesiensiioTess HepanHoMepHo, OBLI TIpoBefeH Mx
NOIcUeT B ATAJOHHEX ILIACTHHOYKAX ¢ MOMOIHI0 MHTETPALTOHHOTO CTOMMKA.
Hak mpasmjio, KOJHTIECTBO BKJIIOYEHII B HUX M3MEHACTCH OT 5 mo 20 06. %.
JltA AUBCIUPOBRI BAWSAHNA JIAHHOTO TAapaMerpa CoOJACP/IAamHsd MeTajlIon u3
1 Mr xBapia ¢ 5 % maxyoneil Osim mpumsitel 3a 1, a ¢ 10, 15, 20 % yMmeHb-
mensl B 2—4 pasa cooTserctseHHO. B Gonpmieit wacti IMITACTHHOR ONEHRA
HACHIIEHHOCTH NX BKJIIOUCHHAMI TIPOU3BOAUIACH BA3YANBNO II0 AHATOIII
¢ HTANOHHEIMA KOJMUCCTBEHHBIMIT MOJICYeTaMH, TO0ATOMY omuOKa Tpn BBeje-
HEE ToTipaBouHoro Koaddmimenta mosker mpessicnts o0 % (raba. 4—0).

Jlas onpepesenns HanGonee OJUBKAX K HCTHHHEIM cogep/Rannii MeTan-
a0B RO GaONgax BRJIKMEHNH 3aMepAIoch KONNUeCTBO BOJEL, BHIICAHIONIEHC A
LU BCKPBITHE BKIOUEHNIT myTeM IpoTrpesa Ha Ta30BOM xpomatorpade JIXM-80
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Tabanma 4
Cogepiranne MOTANIOB B PACTROpax BRA0TenNil N3 kpapues CaaanpeEoro secTopokjIenns

PasGaniicHie pacTno=
Au Az Pb Ni Co POB BEJIOYCHRE npR
aacTnu- |[TeMIepaTYpa ro- ) ! BEITHHEe, 107
ra MOPERIEA T
nronennit, G
1 2 3 i 2 3 ] 2 3 | 2 3 1 2 3 no Au no H,0

Honpodyrmuanmii keiapy

L& avg ma

3 550 —480 e obm. 034 9.34] 2278 | 184 | 184 | 44880 | 147 | 147 | 35850 5 5 | 1220 | 299,7(Ag) | 2941
G8 440—420 0,21 | 0,21 51 He odu. He onp. He onp. e onp. 196,2 195,4
67 410 0,08 [ 0,08 19 | 1,20 1.20] 293 » » » 95,0 97,8
IT ctanuna
38 400 —325 e o, 10,90 | 10,90 ] 2666 | 282 | 282 | 68 780 A7 | 47 | 11460 e obm. 222,2 (Ag) |222,2
656 300—265 0.17 \ 0,08 41 5,62 | 2,81 | 1370 He onp. He onp. He omp. 16,4 16,3
G4 270—245 0,56 | 0,40 [ 136 1,55 | Loo| 378 » » » 113,83 114,5
I crajug (BTopuYHHE BRJIYEHNN)
3 220—140 | He ofn. ‘ 0,34 l 0,34 l 83 He oup. l He onp. | e oup. 103.8 (Ag) |104,6
4 170—150 0,07 10031 17 1] 0,50 | 0,471 124 » » » 106,9 113,3
Hpodyrniuensii geapiy
III cragua
39 300170 037 1 0337 090 |42,4 | 12,4 | 2956 | 142" | 142 34 630 81 1 81 1 19760 He ofin. 250,0 246,4
" 245—140
65 270—250 0,23 | 0,08 56 | 0.67| 0,23] 163 e onp. He oup. He omp. 2240 221.3
25 270—230 1,01 | 0,25 | 246 | 8,51 | 2,10 | 2075 | 200 50 48780 | 132 33 | 32195 4 1 975 | 168,5 168,9
24 220—210 0,65 | 0,65 | 158 | 11,95 11,95 | 2914 | 805 | 805 | 196 340 | 350 | 350 | 85370 2 2 490 | 316,0 317,8
He odu. — 246 He obm. — 2056 | 34630—196340 11460—85370 He oom, — 1220
68 1275 73680 36930 940

MTpumewanne. 3mech u B radia. 5, 6 rpada | — samepeHnble COIeKAHMA, 10— 7mr na | Mr kBapua; 2— cofieprkanne ¢ YYeTOM NONMPABKH HAa KOINUECTHO BRIIOYEHHiT,
- 10— 7wr na 1 Mr Kuapla, 3 — mr/a; Zn, Cd, Cu, Se, Bi He onpegenaiuce; (Ag) — OpPi OTCYTCTBHN 30J10Ta pasfarjieHne paccYuThBaI0Ch 110 cepebpy; B uucaAnTeNIE — OT — [0, B 3HA=-
% MeHATe/le — CpemHee,



0Ly

Copepucanne metadaon B pacreopax prmouennii I'ABPIIOBCKOr0 MECTOPOIKCHIS

Tabtnuma 5

PaasbapJleHHC pacTBo-

Au Ag Ph Ni Co POB BRJIIOYeHMiT MpH
Tlaactun- |Temieparypa ro- BHITSHKe, 109
Ka Mfll"ﬁlll.lﬁa[[]'l]!
RRJI0OYeHu, "C
1 I 2 ( 3 1 [ 2 3 1 2 3 1 | 2 3 1 I 2 \ 3 no Au no H,0
Honpodyrmusnnii keapy
I cragnn
16 410 He o0n. 0,76 | 0,76 | 43,4 | He omnp. He onp. He onp. | 21,7 (Ag) | 21,6
Il cragusa

3N 360—335 0,53 1 0,55 | o1 2,89] 2,89| 280 | 143 | 413 | 10970 4 | 44 | 4270 3 | 3 | 29 46,4 47,5

6 340—310 0,28 | 0,00 | 21 1,28 | 0,43 99 e onp. He omp. He onp. 278 28,2
11 320 0,43 | 0,43 | 33.3| 0,34| 0,34 26 » » »
21 325+=270-4-435 | 019 | 0,19 | 18,4| 5,64 | 5,64| 548 94 [ 94 I 9130 959 | 0959 l 93 100 2 | 2 I 194 46,0 45,6

IIT erapgnmsa (BropuvuHbse BKJIKYCHIA)

17 260—215 0,89 | 0,40 | 50 1,021 0,50 58 He onp. He onp. He onp. 23,8 234
30 245 0,34 | 0,34 | 33 5,8 5,80| 563 | 151 | 151 14 660 290 | 290 28 155 » 52,4 521
22 220 1,04 | 1,04 | 101 8,49 8,49 | 824 | 354 | 354 | 34370 275 | 275 26 700 2 2 194 59,4 59,3
27 220—190 0,26 | 0,26 | 25,2251 [25,4 | 2435 | 215 | 215 | 20870 53 | 53 5 140 3 3 201 76,4 74,5
62 220--195 0,66 | 0,66 | G4 35| 3456 305 He oup. He onp. He onp. 45,7 45,6
63 220170 0,73 | 073 | 71 237 287 230 » » » 395 39.6
29 200 0,26 | 0,26 | 25 2.4 |424 | 1475 106 | 106 10 290 7T | T 7 475 4 4 388 92,6 93.5
28 200—170 0,09 | 0,09 8 4,46 | 4,46 | 433 61 61 5920 39|39 3 780 2 2 194 47,0 54,1
26 150—130 0,66 | 0,66 | G4 9,8 9,8 951 | 470 | 470 | 450630 161 | 161 15 630 He odu. 50,2 T |




|74

ITpodysmusnmii keapy

IMT crapgusA

18 210—200 e ofm. 18,4 | 1841 103 He ormp. He omp. He omp. 64,4 (Ag) | 64,8
15 200—180 0,86 | 0,86 | 41 0,84 0,84 40 » » » 16,8 16,8
2 200—155 | 0,10 l 0,10 ‘ s | 044 044] 7 » » » 10,8 12,5
12 190 He o0, 04| 0,14 7 » » » 15,6 (Ag) 14,4
33 170—110 He o6u. 530 3,31 253 207 | 138 | 9 900 248 | 165 | 11860 6 | 4 | 287 32,9 (Ag) 33,0
8 165 0,00 0,06 4 048] 0,34 22 He omp. He onp. e onp. 22,4 25,7
14 165 e of. 0,99 0,66 47 » » » 16,8 17,0
32 165 0,41 | 0,20 | 19 2905 | 14,8 | 1411 | 4717 | 858 | 4l 050 205 102 | 10000 4~ & | 49 30,2 31,6
7 165—145 0,10 \ 0,10 4 1,45 1,15 55 e oup. He orp. e onip. 26,0 30,5
9 165—145 He ofir. 0.3 0,2 14 » » » 17,5 18,1
B 165—145 025 | 042 | 49 1,421 0,11 110 » » » 60,7 60.8
10 145 0,16 | 0,16 l 12 0,41 0,41 S | » » » a7.9 39,5
34 130 ITe oG 1.5 41,35 65 417 l 417 I 19 950 148 | 148 I 7 (80 | I 1 l 4T 16,3 16,1
Bropuunnie PRIWYEHIH
19 100 e obu. 1,421 0,95 81 He oup. e onp. He onp. 32,4 324
30 100—89 0,16 | 0,00 8 5A 1,26 | 244 391 98 18 710 92 23 4 400 He o0u. 19,5 18,4
36 100—70 0,21 | 0,05 | 10 4411 1,06 196 369 92 17655 42 \ 10,5 2 000 » 16,7 17,0

He oon. — 101

225

72435
353

5922 —45630
19090

200093100
168490

He ofin. — 388
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Conepikanne MeTalI0B B pacTrOPAX BEIOYCHNIT

« | Temuepa- Au Ag Pb Cd

= TYpa ro-

£ |IMoreunaa-

B numn, "C

Qo

£ 1 2 3 |1 \ 2 3 1 2 3 1 ) 2 3

=

| 2 |.,&I.Ih|7|ﬂ|nllﬂ|lfl1_’|1J|M

[l crajxnasn
21a 350 1,31 1.31 ] 90 | 0,53 3| 37 He omp. He ofn.
19a 350340 | 0,50] 0,50 | 34 | 0,07 0,07 5 12| 12 085 0,2 0,2 | 0,01
18a [340—325 | 0,48[0.06 | 12 He ofu. 37 12 26 | 11| 0,34 0,08
d9a (315310 | 0211042 | 14 | 0,301 0,471 20 | 473 | 279 | 32.6 [39.3 23,4 | 2.7
17a  [305—280 | 5,10( 2,60 | 359 | 3.40[ 1,70 | 239 406 23 33108 0,4 0,06
40a  |300—260 | 0,07] 0,04 41 0,03] 0,02 2|1 765 | 450 | 53,9 [30,5 | 18,0 | 2,15
16a |290—285 | 0,16] 0.11 11 | 1,64| 1,10 | 113 3 20 24 ] 0,41] 0,27] 0,03
15a  [280—270 He obu. 2,33[2,33 | 164 | 65| 65 45 | 1,35] 1,35 | 0,40
14a  [280—270 | 8,70] 8,70 | GO0 | 1,74[ 1,74 | 120 | 32| 32 221 0,841 0,84 0,06
46 270 He obm. 0,72 0,30 | 49| 11 51 076 He omnp
13a  (260—245 | 240) 1,40 | 144 | 0.25[ 047 17| 21 14 1,41 03] 0,2 | 0,02
42a (260245 | 0.48/0.06 | 12 [ 0,92/ 0,31 | 63 [1541 | 514 |106,2 56,9 |19 3,92
12a 1250240 | 1,57| 4,57 | 110 | 1,76/ 1,76 | 124 | 56 | 56 | 4,0 | 1,45 1,45 0,10
IVcranna

47a  |245—220 He otu. 0,43] ()._d 30 512 | 256 | 36,0 15,7 | 7.85| 1,10
22a 240 027 T27 | 510 He obm. lio onp. He oGu.
f0a 1240220 | 6,87 6,87 | 484 | 1.65 1,65 [ 116 | 151 | 151 | 10,6 | 16 | 16 | 1,11
23a  |240—220 | 0.,55) 036 38| 0.23[ 046 | 16 He omnp. He o6,
20a |240—220 2.-‘5(] 1,40 ihq 1,56) 0,88 | 109 » 15,6 S:7h. 240
43a 230 0,04] 0,02 0,51} 0,25 35 | 442 | 221 17311 [29.7 |15 2,09
25a |230—220 | 0,26/ 0,13 18 0,151 0,07 | 10 He onp. 21,8 (10,9 1.53
Sa 1230220 | 6,14] 3,40 | 432 | 1,34 0.70 | 94 (1844 |1024 (1208 [12.8 | 7.1 0,90
Sa 220210 | 4,44 2,47 [ 312 | 1,23/ 0.68] 86| 71| 39 5,0 | 178 1 98,9 |12,5
28a 1220210 | 0,48/ 0,24 33| 0,70'0.35 ' 49 He oirp. 16,2 | 8,1 1,14
26a 1220210 [ 0,36] 0,21 | 25 He o, » R o O (I )
27a |220—210 | 2,30| 1,45 | 158 | 0,65/ 0,33 44 » 2.0 0.5 | 1,45
4da |220—200 | 0,09} 0,03 6 0,45{ 0,051 10| 266 | 89| 18,3 13,5 | 4,5 | 0,93
48a  [220—195 He o6 0,44 0,22 | 30 | 380 | 190 | 26,7 [17.8 | 8.9 | 1.25
29a 2400 » [ie obmu. He omp. 14,9 '10.6 1,05
ala 200 0,271.0,45 19 » » He odn.
3a 200 0.281 0,14 19 » » »
32a 200190 | 2.38| 1.19 ] 167 | 1,09 0.54] 76 » 54,6 |27,3 | 3,84
33a  200—160 He ofu. 0.16) 0,08 11 » 23.8° [44.8 1,66
ba |195—170 0,35 711 0,78/ 0.26 | 53 ST | 19 |1 39| 119 0.4 0,08
34a 180 0.43 30 He ofu. IIp mlp 4,131 2,07 0,29
50 190—170 e otu. 2.371 0,58 1 166 9 23 6.4 IHe onp.
50a  [190—150 | 0,05] 0.03 31043022 29 655 | 327 I 45,2 |21,2 | 10,6 | 1,46
4] 170 (5.8 (7,9 [1090 (15,5 |7,75 (1070 He oup. He oup.

5a 170 3,201 1.6 | 225 | 0,84/ 0,42 59| 56| 28| 3,9 0,79 0,05
35a 170 3,53 2,2 | 248 | 2,07[ 1,29 | 145 He onp. 14,7 | 9,2 | 1,03
37a 155 0,191 0.1 13 | 0,07] 0,04 4 » He ofiu.
36a |155—145 He obn. He obu. » »
4a (155—145 | 3651 2,61 257 | 0,811 0.58] 57| 57 | 40 ] 4,0 9,74 6,96 0,68
2 155125 | 4,6 (2,3 | 317 | 5.7 | 2.85 | 390 He onp. He onp.
4 155—115 |15,5 | 7, 70 (1070 | 5,5 | 2.75 | 380 » »
51a 150 He ofn. 0,32/ 0,46 | 22 | 470 |1 235 | 32.4 e oOu.
52a 145 0.12] 0,07 8| 0,35 0,21 24 1363 | 214 | 25,5 42 | 24,8 2,96
Sa  |140—135 | 12,3 6,2 | 866 | 0,68] 0.34 | 47 54 27 3,8 | 1,36 U,US’ 0,095

IV—V crapgun

5 |140—115 | 4,9 | 2,45 ) 337 | 2,04] 1,02 | 140 I[Te oup. He oup.
2a |135—125 | 4.34| 2.4 305 ‘ 0,721 0,40 | 50| 53| 38 r 3.7 | 0,48 0.27] 0,03
03a  [135—110 | 0,34/ 0,08 23 2,201 0,55 | 151 [3000 | 750 [206,9 | 175 | 44 12,1 |
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113 KBapiges Beplmy:mcxoro MeCTOPOIRIeHA

Tabamoga 6

PazhaBleHile
Ni Co Bi Se BH.‘?IT)EIFIEI:I(:I!I}'[‘:BIU’
t | &%) # N 1 ‘ 2 ‘ 3 1 ‘ 2 | 8| nodun.|5h
15 |16 |47 |18 [ 1o [ 20 | 20 |22 | 2 | o |2 [u| 2r | o
IIT crTagnsxn
70,8 70,8 | 4.88| 3,81 | 3,81 | 266 He obir. e onp. 37,5 a7.6
2,01 2,01 014 He obn. He oup. 1ie 00H. 17,0 17,4
401 1.3 0,28 0,74]|0,25] 50 » » 24,0 25.3
49,5 1294 | 3,41 He otu. 748 | 440 | 51.6 He oup. — 29,2
181901 427 22 114 1 150 He oup. T2 | e A0 BT 21.8
He ofn. e obn. 736 | 432 | 518 He onp - -
0.7 | 04 | 0,05{08 10,3 | 50 He onrp. 148 | 95 |1,0]13,8 14,2
37 337020 He obn. » He obu. 32.8:(Ag)| 32,8
9,6 | 9.6 | 0,66{1,161,46] 80 » » 200, 20,0
He ofu. He oon. » He onp. 18,1 18,2
2H 131 1032 » » 9.7 64 10,7288 201
42,8 (14,3 1| 2,95 » 13151438 | 90,7 Te onp. 431
40 0 | 2,79| 3,65 I 3,65 | 260 He onp. 54,7 l 54,7 13,8 44,0 44,3
IV crangmn
He obu. He obu. 514 (| 257 36,2 He onp. — -
11,4 11,4 | 0,80 » 77,9 77,9 55 » 36,4 36,6
103 | 403.[ 7,95 » ITe op. 400 |40 [2,8]48.4 48.4
28.8 18,1 2,03 3.9 | pi il B 7 § 25.6 2.9 ‘He onp. 38,0 39,0
4/62| 2:6 | '0,32]14,2 {2,347 2901 6,6 37 0,56 » 4272 42,3
4.8 T4 1,04 He ofn. 707 | 353 49,8 » - 22,2
b4 412,22 | 1, » 33,8/ 169 24 » 36,0 36,6
1285 | 714 190,5 | 3,85 | 2,14 | 270 He onp. 51,4 I28,G 3.6 1 39,3 39,3
28 (15,6 11,97 | 3,0611,7 |210 » 1244 6897109 312 oy )
6,96] 3.48] 0,49 He o6u. e obu. Ie onp. 39.7 40,8
371 |121.3 | 2,61 » » » 50,0 50.3
26,0 (13,0 | 1,8 » 50 | 25 3.4 » 34,3 34,5
2,14 0,71 0,45 » 199 | 66,4 13,7 » — 21,6
He o6u. » 380 | 190 26,7 » S .
0.2 7,26 0,71 » Ie obn. » 47,7 (Ni) | 47,7
5,45| 3,03 0,38] 3,48 1,77 | 220 » » 5§ 32,0
2604 125 o A3 He ofm. 104 9.2 0,7 » 4.7 33,4
104 52 | 7,34 » He obm. » 34,7 34.9
35,8 17,9 | 2,52 » » » oA 787,38
A R ) (R B 1 » He onp. He os. 8515 35.8
7.0 | 3,48] 0,49 » He obu. He oup. 30,0 30,6
21 | 4,3 | 1,48/0,25| 0,0('1 | 20 He onp. » — -
15,7 | 7,85 1,08 He obn. 369 | 184 | 25,4 » — 27,6
He onp. He onp He onp. » 15,6 27,8
8.9 | 4,56 | 0,63|5,14'| 2, 51 l 360 » He obu. 33.1 32,9
29.3 llS 3 \ 2,06 He odm. » » 46.8 46,9
He obn. 2,62 | 1,46 | 180 (41,4 20,6] 2,9 e oup. 26,0 26,3
3.3.1. 1.9 1 0:.23].2.55 180 | 23,7 | 14,0 1,7 » = o
18,7 13,3 1,32 He 0611 ITe oup. 6.2 | 411.6 “|"1,;2'|'B8)5 28,5
He onp He oup. » He omp. 8.8 26,0
» » » » 124 44,2
He odH. Ie obu. e obu. » - 45,4
63,4 37,3 | 4,46 » » » -
He ofin. » He omp. He odn 321 32,0
IV—V cragunn

He ormrp. He omp. He omnp. He omp. 10,9 26,0
He 00n. He obn. » 19,3 | 16,7 | 1,4 33,9 33,9

530 | 133 |36,5 » He ofu. He omp. - e




V craagmsa

54a [125—100 ] 0.05 10,01 310521043 351239 60| 16.5 He olm.
55a [110—100 | 0,06 | 0,03 410831050 58 -m.')l n?‘ 11,6 »
38a [110—90 0,26 | 0,14 18 | 1.10 | 0,61 77 He omp. »
56a | 85—75 | 0,04 0,01 J|1.0201026] 70 | 195 49 43,7 13,0 3.2 0.9
57a | 80—70 | 0,06 | 0,02 4 11,7 0,6 | 119 [ 242 Go | 17,0 He o0n.
Tle 06u. — 1090 | He o6, — 1070 0.76—206.9 He obn. — 12,53
161 89 26,3 1,34

IIpumeuanune Pb, Cd, Ni,Bi, Se(3) —r/m; (Ni)— paccunrano mo Ni; ocTa/bHEIE

B mueprHoil cpeme (reamil) ¢ MCIONB30BAHHEM CTEKIAHHEIX KOJOHOK M-
noit 1 M, 3amosHEeHHHX moaucopbom-1. B ¢BA3M ¢ TeM, 9TO BCKPHITIE BRIKTE-
HEU OPOHCXONHT OPH 3HayuTenbHo Oojiee BEICOKMX TeMmiieparypax, deM TOMO-
reEmsanusa (o nammM 3amepam npeswmenue cocrasasger o 100 °C u Goxee),
PAaBjeNHuTh [OCTOBEPHO BOAY Aaske IO CTagMAM, a TeM Oonee m0 He{oabIMM
TeMIepPaTyPHHM WMHTepBanaM, He MIPefCTABMIOCH BO3MOKHOCTH. ¥ CTAHABIN-
BAJIOCH CYMMapHOe co/iep;kaHHe BOIE M3 BCeX BakyoJell KBapuenoil Hapec-
km — 500 wmr. Ilpm amanmse JeKpenTorpaMM HecleJoBaBIINXCA 00pasmoB
(B0 BHABIEHO, YTO TA30BHJeJeHNE, CBA3AHHOE ¢ BCKPHTHEM BRIOYeHU
ncex remeparmit (kpome romoremusupyomuxes npu Goxee 400 °C), saramum-
paercs okoxo HH0 °C. Mexomsa u3 Toro TeMmeparypa mporpesa obpasma Onlia
npuaara 550 °C. Crawana ofpasen Bhylep;kuBajcs 15 MHH IpH TeMmepatype
130 °C ¢ mpoayBKoil TeimeM IJIA YCTPAHEHHs BOSMOKHO cOPOMPOBAHHOM BOMIH
Ha II0BEPXHOCTH 3ePeH W CAMBIX HM3KOTEMIepaTypHuX BRialouennii. Ecrecr-
BeHHO, OPH 5TOM BCKPHBAJAch YACTh MHTePeCYIONMX HAC BKJIOUEHNI mocT-
pyRHOE cragmm, ocolemmo ¢ Temmeparypoit romoremmaarmum 100—70 °C.
3areM peakTOp TrepMeTusuposancs H obpaser; sejlepuBagxca 10 mum mpm
remmeparype 550 °C, mocae uero mpomssojmicsi amanua. OTHocHTenbHAs
ommbKa ompejiesenns BoAH ¢ Haje:xuocthio 0,95 pasma 9,4 %.

OBCYKJIEHIIE PE3YI/IBTATOB

M3 7adn. 7 BujaHo, gwro mpoOBl BHCOKOTeMIEePATYPHEIX KBaPLEB,
B KOTOPHX npeofIajial0T BKJIOYEHHA ¢ TeMIepaTypoil ToMOTeHM3amnu 400 °C
U BHINE, OTIAWIAIOTCH 3AMETHO MOHKEHHEIM cofeD;KaHueM BOJIb, 9T0, BOBMOK-
HO, ¢BSI3aHO C HeJOBCKPHTHEM BaKyoueil I moToMy Tpefyer JOHOJHHTEILHOTO
HayueHAA. PeayjbTaTH 0T KoHTpoabHoro mporpesa kpapues 2H m 539-3-1
Ho ABYM TemmepaTypmeM maTepBazam: ot 130 mo 400 °C (0,00018 m 0,00063
cootsercteenno) m or 400 mo 550 °C (0,00022 m 0,00076 COOTEETCTBEHHO)
B cyMMe OYeHb (JH3KI BHAYEHUAM BOJK NPH IPOTPeBe MX B OJIMH IpIeM OT
130 no 550 °C (em. Ta6a. 7). HeGonpmoit pasGpoc 3Havenmii (vacto B mpene-
7aX omuOKM aHAIH3a) MO HApadJeJbHBM IpofaM H03BOJIsET 3aKINOYATE,
4TO YCTAHOBIEHHEE KOJMYECTBA BOJK HA [UHHIY Beca KBapia B JHATa30He
remmeparyp romoremmsanmm ot 400°n0 100 °C  mocromepmmr (rada. 8). Omm
GomsKm peayibTaTaM OUpejieacHEil Apyrmx uccaeposareneil [I'pymum,
Ilpuxonsko, 1952; Momceenxo, Mupomiok, macTosmmil ¢GOPHEK; M ap. 1.
OTHoCH KOJMIECTBO METAJIA K KOJANYECTBY BOJEL B eJMHMIE BECAa KBApIa
(mampusmep, B 1 MT), MBI IOITYCKaeM, 4TO UMEHHO TAKOE KOIMYECTBO BOIG MPI-
HANMC/KAT BRJIOUEHHAM, W3 KOTOPHIX NaBjeKaauch MerTamasr (em. tadm. 7).
He merazkaeM Ju MEL TeM CaMbIM HCTOHHEIE KOJMYeCTBA MeTAlIJI0B B PacTBOPax
progennii? Ilo TaEHBIM MUKPOCKOTMYECKOro IPOCMOTPa IJIACTHHOK KBapra
pasmepoM 0Kodo 4X 2 c¢M ydacTKn 0e3 BRIIOUEHHI JOBOJTBHO PEJIKil, H03TOMY
IPUHATHE HaMI KoaudecTea Bakyodeii O o6. % oT Maccel KBapma 3a ejn-
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Oxonuwanne Tabm B

s |16 | 17 | 18 |19 [20 [20 |22 |23 |2 |25 |28] 21 o8
V craagnsa
23.5 8 | 482 He o6m. e ofm. 1Te onp. — 32,4
18,4 {10,8 | 1,28 » » » — g
He o0n. 3,671_1 2,04 | 260 » » 36.0 37,0
» e 00u. » » — 30,5
» » He omp. » e e
He o6r. — 90,5 | He obu. — 360 He obu. — 90,7 He ofn. — 3,8
3,82 60 14,7 0,9

cM, Taba. 4.

HiLy, K KOTOPOH MBI TIPNBEJN BCe 3HATCHMA METALIOB (cM. Tadm. 4—6, rpa-
da 2), B HEKOTOPEIX CJyYasX MOTYT 3aHH3UTH IOCIEHHE. 3aCay/KUBAeT BHH-
MaHUA B TOM OTHOIICHHI paccroenne npob Ksapumer 539-3 u 659 B smujgro-
CTH ¢ KBapIEBHIM yjeabHEM BecoM. Hwmmmamii, Goxee «rTssKenntiiy cioil comep-
JRIT BOJE 3AMETHO MeHbIIe, YeM BepxHmit, Ooiee wierkuii» (cM. Tabx. 8).
Muxpockonnueckoe H3yIeHHE KBAPIEB W3 BTHX CJI0€B BBIABHIO, YTO IIPH
GIM3KOM KOJMYECTBEHHOM COOTHOLIEHUU BRIOUEHUIl B WIErKOM» KBapme Doace
9acTHl BAKYO.IH OTHOCHTeaAbHO Goasmux pasmepos. (uegosatennpHo, B m3y-
YABIIMXCHA ITACTHHOUKAX BO3MO/KHO OTKJIOHEHHe COAeP:KAHMA BOALL OT CPe-
mero Ha —+50 % (em. radx. 7,8). Ecaum momycTaTh, 4TO IMOJOBHHA HBYTaB-
merocs Ksapia BooGIIe He HeceT BAKYOJei, I modToMy B 2 pasda YMEHLIIHThH
1oJIyueHHbIe BHATCHAA KOHIEHTPALNI MeTA/IOB B PACTBOPAX, & TAK/Ke yYecThb

Ta6bauma 7

Copepsxanne .0 BO BRIIOYEHINIX W3 KBapues 30I0TOPYIHBIX MECTOPOK/IeHHIl IpH Ipo-

rpese ogpasnos or 130 mo 550 °C, MI/MP KBapia

MecTopomaense Obpasen T*”“;E:E},’Ii" ‘1‘&““9’ H.0 Meeaenopantble NJACTHHKI
Canampckoe 2-T1 475—300 0,00041 | 3, 4, 24, 25, 37—39, 64—
102C =400--295—80 | 0,00042 6

0,00040
TaspunoscKroe 10500 435—170 0,00103 | 21, 22, 26—31, 62, 63
10710 270—70 0,00209 |2, 5, 7—10, 12, 14, 15,
19, 32—36
246T 300—140 0,00215
i 340—140 0,00129 | 6
2361 280—140 0,00175 | 16—19
Depuryrncroe 706 S00—425 0,00011 | 51—53
562a 500—400 0,00023
528-1} 0,00056 | 57, 58, 72
528-2 495—400 0,00042
5616 =400 0,00037 | 54, 55, 69
659 380—75 0,00150
668 350—75 0,00142 | 48, 50, 74, 3a—>5a, 8a—
(mpeofnanaer 280— 12a, 15a, 17a, 18a, 20a,
145) 22a—26a, 28a—38a,
40a, 43a, 47a, 48a, H2a,
53a, 57a
668-1 0,00137
539-2 350—75 0,00116
539-3 } (upeobnajaer 280—| 0,00112
539-3-1 140) 0,00145 | 2, 4—6, 45, 46, 76, 6a,
13a, 14a, 16a, 19a, 21a,
27a, 39a, 42a, 45a, 50a,
51a, 53a, d4a, H6a
676 130—60 0,00086
676-2 135—75 0,00097 | 43, 44
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TaGauma 8

Copepikaniie H,0 B pacTsopax BRAIOYENHET U3 KBapieB, Pasinvuaiuuxes 1no
YASALHOMY BECY, MI'MI' EBADIA

. £ Copgeprsanne
Kpapi OGpasel I\]?L'::i—;“
oT no cpepHes
Of it 539-3 | 000112
«Jlerruiiy 539-3-1 . 3 0,00145 | 0.00193 0,00174%
«T stenniiin 539-3-2 3 0.00055 | 0,00060 0,00057
Obuguit 659 5] 0,00150 | 0,00161 0,00155
«llerruiiy 659-1 1 0,00151
«T sissesn st (659-2 1 0,00087
TMIpumeyanne OOGpasip NPOTPeBAICE OT 130 mo 550 °Cs

COEBYIO COCTABIISIONTYI0 (AONTOB, TMOPALOK mup TPAKTHYECKI OCTAHeT-
€A TOT IHE.

Jlast MOMONHUTENBHOTO KOHTPOJA TPHBEJeHHAIX wup ObUI0  COMOCTAB-
feno pasbapiente PACTBOPOB BKIIOUEHMIT NP IX H3BICTCHITI, PACCUNTAHHOS
110 BoTe (KOAUYECTBO TPWIMCTII/IATA, KOTOPEIM 3aMUBAGTCA MIACTHHOTRA npH
BCKPBITHIT BRJIIOYEHI , JIOTNTCA HA COfEP/anie BOIBI 1 neii cornacuo Tabi. 7)
1 10 OTHOMIEHWIO COJepsRaHuil MeTailos B pacrTBopax BRIIOYEHNH K UX CO-
JepIKAHUAM B AHANH3NPOBABINMXCA BHITAKKAX. Bo Bcex cayuasx pasbasie-
HITe T0 MeTAJ/IAM OKA3aJI0Ch TPHUMEPHO PABHBIM I (pesie) MEHBLIIIM, HYeM
no sose (cm. Tafm. 4—06). Bee Bnmenpusefiennoe No3BOJMALT CLATATD anaans
KOPPEKTHBIM I TMOJYYeHHLE CONP/RANMA MeTa/lI08 B PacTsopax BRI I09CH L
Gamaruym K jpeiicrsurensann. @, A. Jlernukos u H. B. Bumop [1981] axe-
HepUMeHTa IbHO YCTAHOBILIN, 4TO B Gupnernanare npu 200—400 °C ® 1oBHI-
HIeHHBIX JAABICHUAX COJAEP/RAHIE 3010Ta JIOCTATALT JIeCATHIX ToJei MILIHTPaM-
Ma Ha JUTP. AHAIOIHYHbIE PE3YIbTAThl MOTYTEHbI M. JI. PsOankoBbiM I Ap.
[1985] mas 750 °C m 1500 arm. Mopemmposanues Ha ABM cmerembr Au—
Cl—S—Na—H,0 H. H. Bapanosoii n B. H. Poorenkxo [1981] morasamo,
4TO CofepiRanve 30J0Ta B PACTBOPAX (IIOMIHBIN BRJIICICHAIT B KBapmax 30-
JOTOPY/AHBIX MECTOPO NIl xoxe6aercs or 0,2 go 200 mr/x mpn T = 300 °C
u pH = 6—8. Tepmopnmamuueckue pacuerhl cocTasa pPaCTBOPOB, pasBHOBEC-
HBIX € THPHT-THPPOTHH-MATHETHTOBOI accolalneil 1 MeTAITIIeCKIM 30-
norom, nposenennsie B. . Beaesannessiy 1 p. [1982], moxasamin KOHIEHT-
pammo B HAX 30J0Ta [I0 TPAMMOB HA JHTP HpH T = 300 °C n pH = 6—8.
BoaMoskeH 1 HEPeHoc THAPOTePMATBHEIMIL PACTBOPAMH MeTaL10B B Takux
KOMMIECTBAX Ha OOJbIIAE PACCTOAHHHA — DTO HECKOJBRO APYroil BOMPOC.
I st 9T0ro eaydas, BO3MOGKHO, IIPABHJILHBIM Gyner ypoBeHnb KOHIEHTPAL{NU
somora mopsaaka 10-°—10-* r/n, o KoTopoM TOBOPAT H. H. Bapasosa ®u
A. B. Koasuos [19861, M. fI. Hexpacos n E. H. Jlman (macrosmuit cbop-
muK). B BARY0IsX ke KOHCEPBNPYIOTCA PACTBOPHL, COOTBETCTBYIONINE MOMEHTY
dopympoBaHUs PYAHOTO TEJa.

MaydeHHse HAMH PACTBOPH! BRIIOUEHIT Jlaske M0 OAHOMY MECTOPOIKIeHIIO
XapPAKTEPH3YIOTCA BHAUCHUAMI, TOTHOCTHIO NEPEKPHBAIOIIIMI BCE OTMEdae-
Mple B JpTEpaType pasinduia KaK Memiy pasuoOPMATHOHHBIME B0I0TOPY/-
mauvu mectoposiennamu  [Pocasirosa, 1976], Tar u MesmAy OOJBIIHHCTBOM
AKCIePUMEHTANBHBIX CHCTEM PAasHoro cocrasa [Bapanosa, Roabnos, 1986 1.
PasmoTemMuepaTypHie BKIIOUCHWS HeCyT PasHble KOIHTECTBA METAII0B, KO-
e GIronXes 0T HeoGHaPYAMBACMBIX JAHHOIM MeTofuKoil o Gomee wem 1 r/x
Auu Co, 1o 4 — AguSe, 12 — Cd, 90 — Ni u Bi u or 0,7 mo 200 r/a —Pb.
Teanyp ompepeasiaca B 18 mracTmHKax, HO YCTAHOBICH aums B o0p. 12a
(0,2 t/m) n 8a (0,15 r/a).

Taxum 06PazoM, BHCOKNE CONEPRAHUA 30.10Ta B PACTBOPAX BRIIOTEHIIT
MOJYYeHHl 110 JBYM HEe3aBHCHMEIM CEPHSM aHaIA30B [Pocasrosa, 1976; u
pacrosmast paGoral W B IeJOM He HPOTHBOPeYAT TEOPETHHIECKUM W aKCIIe-
PUMEHTATBHEIM J{AHHBIM.
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Yem sxe ompemesifieTcs BHIABICHHAA MO3aMYHOCTH B DPACHpPeeJeHHH 30-
J0Ta W APYraX MeTajnoB Bo (uoMAHHX BRIOIeHAAX? B rabm. 4 mpmeemeHH
pe3yIbTaTH OHpefeNeHIil 13 oiHOoro o0pasija, rje Ha PaHHMAN BHICOKOTEMIIe-
parypusiit  (550—400 °C) kpapi[ HaxokeH KBapr TPOLYKTHBHOM CTALMH
(300—140 °C). B paumem, HOIpOXYKTHBHOM, KBapie oOHADY:KeHE HAIO/KCH-
upe sraovenns 1L (400—240 °C), TIT (mpomykrusmoit) u IV (mocrpynmoir)
crajuii. Sech IUPUMEUATENBHO, UTO BRINYEHUI B BHICOKOTEMIEDATYDPHOM
KBapue, o0pasoBaHHLe B PesyJbTare BO3JACCTBHA HA HErO PACTBOPA TPOTYK-
THBHOH cTagmu (IIacTHHRE 3 i 4), XapaKTepusyloTcA 3aMEeTHO LOHUKeHHHIM
KOTHYecTBAMI  OJIarOPOAHLIX METAJIOB 110 CPABHEHHIO € CHHCEHeTHIHLIME
BHICOKOTEeMIIEPAaTypHOMY KBapry. DB KBapiue ke NpomiyKTHBHOH crammi, me-
peceKaiomeM PaHHUI, OHH COOTBETCTBEHHO MOBHIMNARTCH. MakcuMyM B Ipo-
ayKTuBHOM Kpapue mpuxopmresa Ha 240—210 °C, a, cyma mo 39 mmactmake,
Hecyneil BRaoYenns seeit cragmm, cpegHee (90 Mr/in) MOsKeT CIyHRATH HOKa3a-
TeqeM HHUSKHX CofepyRanmii MetaamoB B pacrsope npm 300—270 °C.

B raba. 5 pacemorpen ciywail, Korga BhICOKOTeMIIepaTypHEHIE (mompo-
MYKTHBHBIT) KBapPIl M KBapi[ NPOIYKTHBHOH CTajMil HPOCTPAHCTBOHHO pAas-
obmenn, Tepecedenne ux orcrout B 2 M. IlpumveuarensHo, 4ro 3pech BTOpHI-
HBIe BRIOICHHA, COOTBETCTBYIOMME HPOJYKTHBHOI CTaiui, B PaHHeM KBapie
nauboaee Gorarsr Au, Ag m Pb, a duonns kBapma mpoxykrusHOi cragmm,
OTJIOKUBIIErOCs BHe 00Pa30BAHUI PAaHHUX CTAAWi MUHEPAJIU3AIHH, BHAYM-
renbHo Oepnee umu. Ofa mpuMepa MOKASHIBAIOT, KAK BJAMAET B3ANMOENHCTBUE
HOCTYIIBIIEr0 B 80HY DY/I0OTJI0/REHHA PacTBOPA ¢ PaHee OTI0/KEHHBIM Be-
IMEeCTBOM HA COLEeP/KAHME B HEM MeTAJJIOB.

Hax mspectno, mauGomee Gorarsie pyjasl NPAYPOTEHB K YUaCTKAM CO-
BMEUIEHHOTO TPOABJICHIA HE’[I[GOHT}I{IGI‘O TicJa CTHI[MI'& MHHGpaﬂOOﬁpaﬁOBa—
HEA, Tl KBapPIbl PA3HLIX FeHepAiiii OTeHb CI0KHO U TECHO IPOCTPAHCTBEHHO
cpacraioreda. Jas aToro ciaydas HaM He YHAI0Ch PAasfequTh MaTepHan IO
CTAJIUANM ¥, B TACTHOCTH, OTACJNUTH (UIIOUIHLE BRIOYEHHS HPOLYyKTHBHOTO
kBapia (240—130 °C) oT CHHXDOHHBIX ¢ HUMH BTOPUTHHIX B KBAapIE Ipei-
mecrsyomux renepanmit (350—300 u 290—240 °C) 111 cragmm, 1. e. peayiib-
rarel agaanzos (em. taba. 6, IV cragmsa) oxsarmBaoT Kak o0eHEHHHE Me-
TALIAME BTOPHYHKIE BKIOUCHAA U3 TOOPONYKTUBHEIX KBAPIEB, TAK H PeJMK-
Tol pacteopos IV cragmu, B pasmoil cremenu oforarupumxcs 3a cueT paHee
OTJIO/MCHIIOTO MaTepua/ia HJIH YiKe OTpa50TaHHHX. OCHOIthBHHCL Ha mTpH-
BEJICHHBIX JaHHuX (cM. Taba. 4, D), MOKHO JyMaTh, 9T0 HU3KHEe CONEP/KAHMA,
ocoberno npu 220—170 °C, mpueyimu BLILETOYCHHEM BRIOUEHUAM U3 [10-
OPOAYRTUEHOIO KBapia, 3a cUeT KOTOPHIX oforamaiunch pymgoodpasyiomnime
PACTBOPHI MPONYKTHBHOI cTajnn. B ramayo craguio dopmuposamusa 3010T0T0
MeCTOPOKICHEA pynooGpasyiomjie PACTBOPH TOCTYHAIOT B 30HY pPyao000pa-
B0BAHNA C «PANOBHIMID (70 COTBIX I, BOZMOKHO, IeCATHX 0Jeif MILIATpaMMa
Ha JTP) COAeP/RAHEAME 3071072 M 00Oramaiorcs WM TPH B3aUMOJelcTBHH
¢ BMemaiomeil cpeqoit, OyAb To KBapd, cyabdumsl uam moponsl. llo maHHLM
I'. H. Apommua u P. Jl. Meabzukosoii [1981], comep:xanne 30.101a B KOH-
JleHCATaX MarMaTH4ecKux I (yMapoabHBIX razos DBoabmoro Tpeuj@aHOrO
Tonbauunckoro nssepskenns 1975—1976 rr. cocrasmser 0,001—0,087 wmr/a
(cpepmee — 0,0148) u B rasax — go 0,193 wmr/»® (upu cpegmem 0,034) mo
12 aHammsam.

M. C. Caxaposa m up. [1972], B. I'. Mouceenxo [1977] m mpyrume mc-
caenoBaTelin JKCHEPUMEHTAJNBHO TTOKa3aJIld BO3MOYKHOCTH nepepacnpeneiennda
30/10Ta B TEINIOBOM IIoJie ¢ rpajpuenrom Temmeparyp. llpm obmem Bepruramnb-
HOM HATPaBIeHAH TEIIOBOI0 HOTOKA B PY/HOM TOJIe NMEeT MecTo U ropPH30H-
TANBHOE 0T Hambonee HATPAMKEHHEIX U, CJe0BATeJLHO, HamboIee MPOHAIae-
MEX yuacTkos. [fa dome satyxamua Temmosoro moToka TpeNMECTBYIOMETO
prama (Wru craguu) HOBEIT umeer Gomee yakmit gponT NBMsKeHUS. BHOBD BO3-
HUKIIOI IPagueHT reMueparyp y:Ke caMm Io cefe MoKeT BecTH K CTATHBAHHIO
3osiota B Hanbomee mporpersie 3oun. Ha mepmpepnmu TOro TEIIOBOro MOTOKA
BO3HUKAOT 30HEI ¢ HOHIGKEHHBIM COJEp;KaHmeM MeTajaa. Bosabmas pucuep-
cus Cofep/Ranmil 30707a B HOPOJAX PYAHOIO HOJA, YCUIABAIOMANCH K PY/IHbM
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TeIaM, BO3MOKHO, OOYCIOBIUBAETCH BOSHHKHOBeHMEM HA (OHE OCHOBHOTO
HATPABJICHUA TETMJIOBOI0 IOTOKA PABHOHANPABICHHHX BTOPOCTENEHHKIX 10-
ToKoB, cBOETO poja Mosamumoctm temma. A. H. Jlymapes m up. [1976] ma
OCHOBAHUN HKCIHEPAMEHTAILION0 MAYHeHHH Temnopusmiecknx u JHepreTn-
9eCKNX CBOMCTB HPOAYKTOB METACOMATHYECKMX I[PONECCOB TOKa3anm, 9TO
MeTAacOMATHTH PABMHYABIX GalHil OTIANYAIOTCS TEIIOCO/ePiKAHIeM, TeMIe-
parypoit M APYTAMI TEIUIOBEIMI CBOJCTBaMu, KOTOpLIe HPHUBOIAT K oHepre-
THYCCKOMY O0OMeHy ME;RIY PAasHOCTAMH TOPOA M 3HATUTEIBHO OCJIOKHAIT
Temionepefady HSHIOTEHHOTO ITPOLEcca.

ME paccMoOTpean TOMLKO OHO CBOWCTBEO TEPMOTHAPOCHCTEMbI — TeMIe-
patypy. Jlpyroe BaskHoe ee CBOHCTBO — HOCTOAHHOE CTPeMIEHHe K BHpaB-
HUBAHMIO COCTABA pacTBOpa Bo Beem obbeme B Kauwisie AT (Bpemst). B wa-
yecTse BapHANTA MEXAHH3MA IePEPACIIPENeeHisl 30710Ta Tpu 00PasoBaHmI
30JI0TOPYAHBIX TeJ MOKHO PACCMATPHBATEL NPE/IOAReHHYIO I0. A. JonrosoM
na Beecoosmom cummoanyme «['eoxmyvus B JTOKAIBHOM METANJI0reHHIECKOM
amammnser (IHosocubmper, 1986 r.) cxemy murpanmm pacTBOPOB TPH ajiua-
faTmuecKoM pacmmperui, O0eCHeUHBAIONYI0 TyJbCAMOHHOe H3MeHeHue B
mux xounenTpammn CO, KaK peryaaTopa PacTBOPeHHs — OTIOREHHA 30JOTA.
Ona saknouaetcs B caefyiomenm: 1) mexaEmdeckoe HapyllleHne TOPHOM IOPO-
B, 2) CBA3AHHOE ¢ HUM TePeMenenie HOPoBLX (uionios B 06aacTi HOHMAKRH-
HOro mapieHmsi (1 TeMmeparTyphl), 3) cemapaius (UIIONI0B Ha OCHOBe JIeTy-
YeeTH IPH MHPOKOM PACIPOCTPAHEHHEH B MPUPOJE BHCOKOJICTYeil CO,, 4) npu
pricokoM comepsmanun CO, B IojocTH-aKIeNTOpe TOHHKASTCA PACTBOPH-
MOCTE 30J107a T HAYHHABSTCH €r0 OCaykIeHWe, D) NpH JOCTHREHNN PABHOBECHHA
110 TABIEHHMIO CHCTEMA (TOPOBHIE PACTBOPH — BMellafomas mopopa (ksapi,
CYAB(IB) — MOJOCTH-AKIENTOPE OKahipaered PpasdaiaHCHPOBAHHON 110
CO,, wro BuzbBaeT o0paTHyo IHGPy3NI0: U3 MOJOCTH B IOPOBEE PACTBOPSI;
mpoucxopsr yvenvinenue CO, B mojocrTu-akmentope u MPHOCTAHOBKA B OT-
JOYReHHH 30JI0TA, 0CAsKIAeTCA cepedpo.

@®. H. Ulaxos [1964] mojueprusam, 9T0 TUINYHBEE AJALIMICKIE FRUIH
MOSKHO PACCMATPUBATH KAK HAYAJIBHYI0 CTAAmio o0pasoBamus O0LKHOBEHHEIX
sk, Bompoc 00 OJHOAKTHOCTH MM MHOTOAKTHOCTH HOCTYINIEHHA BEMECTBA
B OpeJedl PYAHBIX Ted TPOXOJIAKAST [MCKYTHPOBATHCH, HO HePHOJNYECKOe
feficTnie TEKTOHMYCCKNX HALPAKCHMIl 1 TeMmepaTypsl Ha BeIIeCTBO PYAHLIX
TeN HEOCHOPUMO BHIPA/KACTCA B TOCJCIOBATETHHOM (CTAMUIHOM) OTI0/KeHUH
PaBIMYHBIX MIHEPAILHLIX ACCONMAINIL B TITPOKOM TIPOABICHAN TIepPeKpucTal-
JMBAINIT, TIePEOTJI0KENIA 1 Lepepacupejenenus semectsa. B macrosmee
EpeMs O0IEM3BECTHO, IO OJHOCTAAWiiHLe PyAHbE Tena ¢1a6030T0TOHOCHEL.

B peayibrate aHaanaa Cofep/KaHuii METATNOB B PACTBOPAX BKIOYEHHIT
tpex mecroposkmennii (Bepukyrneroro, laspmionckoro u Canaupcroro) BhI-
sBjeHa OTUETIMBAs mX pasmmma: Au — 7,3:1:3,6; Ag—1:4:14; Pb —
13454 04y Nt dyd s 405 Con—1 2 2,7+ 9 Ag : Au = 0,55, 16, 19;
Ni: Co = 64, 105, 68 coorsercrBerno. IlpnseneHAENe COOTHOMIEHHA OTPa-
SRAIOT 0COBEHHOCTH COCTABA W [EHHOCTH DY/, KOTOpPbie MOryT OuiTh VCIEIIHO
MCIOMH30BAHL. TPH UX IPOTHO3HOH OlLEHKe.

W3 Bcero BLIEH3I0KETHOr0 BLITERAET, YTO OMeHKA 30J0TOPYAHOLO
00BeKTa LPEIe BCEIO BaKTIOUACTCH B YCTAHOBJIEHIN GArOUPUATHON eTro
reoJ0ro-cTPYKTYpHOi moauiun: a) OoabIIasg MOIHOCTH PYROBMEHIAIOTIHX
IOPOJ, XapaKTepUaYIOMUXCA MCXOAHBIM JUIH pya000pasyomero npomecca
noBHMenAnM cofepsranuem soxota (6—10, mroraa o 100 mMr/T u foaee) nan
mofcTHAAGMBIX TaRmM cybcrparowm; 0) Hapmdmne OJTOeeTRYI0HIero Trenepa-
Topa smeprum (MarmMaTH4ecKmWil ouar, rAyOHHNBIL PAasIOM M Ap.), KOTOPBHIiL
OpUBes K COBTANNMIO PY/; B) Hajuune HPOHATIACMEIX CTPYRTYD, crocobeTBy0-
MIWX JUITHTeIBHOMY TPOHIKHOBEHHIO PyA000pasyiomux ¢rouios, «nponapm-
BaHUIOy MOPOA B GoabmIoM o0HeMe; T) PasBuTHE PYZOBMCIAIOMUX CTPYKTYD
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ma sHauprenbnyo ray6umy. Uem caabee pripajiena BepTHRaNIbLHAS MUHEPaTb-
HAf 30HAJBHOCTH PYJ U BMENAOMUX METACOMATHTOB WM 9YeM HHKe Temmepa-
TYPHEI rpamueHT NX QopMuposaHuA, Tem (olee BePOATHA IPOTAREHHOCTH
pya ma ray6mmy [[lepbakos, Pocaaxona, 1970], roropas Momer OLITH YTOY-
HeHA N0 CACAYIOIINM Te0XHMIIeCKHM KPHUTePHAM.

1. Boaee mmpoxnii cpasHATENBHO ¢ OETHBIMI MECTOPORICHHAMYI CIEKTD
pelKNX TMOABH/KHBIX TIeTepPOUALHBIX DIeMEeHTOB (Te, Bi, Pb, Hg um ap.)s
pydax M OKOJOPYIHBIX TOPOJAaX B HOBLINCHHLIX (ma 1—2 mopamka mpoTus
KIAPKOBBLIX) COMEPRAHMAX CJAY;KUT HPU3HAKOM IIEPCHEeKTHBHOCTH o0berTa.

2. Yenm BuIme cpejpHee cofpepsRaine M Jucoepens pacupefenenis 30710Ta
U CONYTCTBYIONMX €My HIEMEHTOB, a4 TAK/Ke JeTyuuX KOMIOHCHTOB LB B
S, Cl, C u fp.) BO BMEIAIOINX THAPOTEPMAIBHO N3MEHEHIKX HOPOTAaxX W 4eM
foabimmii 00BeM TOPOJ XaAPAKTEPU3YETCH ATHMI IHapaMeTPaMi, TeM (npm mpo-
WX PaBHHX yeaosuax) Gorade pymsr m Goabme ux sanacw [Pocaskosa, Poc-
askos, 1975; I'yupooun, 1983; Ilyasanos, 1983; I'ymnedun, llerposekas, 1986 1.

3. lloBmimennio pecypcoB MeCTOPO:KIEHII COOTBETCTBYET YBEJIITCHNe
muanasona xoadduiguentos ornocureanroii Komnenrparun (OR) [IMlepbaxos,
1979] map reoxuMmuecK: POICTBEHHHIX HJIEMEHTOB BO BMEIAOIMX IOPOJAX
13 wneaa raaBHEX pygoobpasyomux: Ag/Au, Cu/Au, Pb/Cu, Mo/Cu m np.,
YTO XapakrepuayeT ycmienne cremeHu AuddepeHinpoBaHHOCTH BemecTsa 10~
pOI B pesyabTaTe WX THApOTePMAALHOTo Meramopdusma, Hambomee WHTeH-
CHBHO IPOABJCHHOTO B Jlo- U Hpepyusii nepuoan [Pocankopa m ap., 1983 1.

4. llpossjennme B rUAPOTEPMANBHO H3MEHEHHHX MOPOJAX TaKk HaseBac-
MOl HAXPYAHOM ACCOIHAITH HJIEMEHTOB MOKaspiBaer, 4T0 PyjiHOe Texo mnot-
HOCTBIO PacIIoIaraeTcsa ray0ske MCCISOBAHHOIO TOPU3ONTA, HO O BEPTHRAIb-
HOIl ero MPOTAYKEHHOCTH MORHO CYAHTEH M0 PacipeiesieHuio JHMb OKOIOPYL-
HEX DJAeMeHTHHX accoluarnmii. Ycroffansocts win 063 BbiPAKEHION HAOPaB-
JeHHOCTH M3MEHeHNe 110 BePTHKAJM COCTABA HIEMEeHTOB B OKOJOPYAHLIX Opeo-
Jdax u uxX cojep:saHmil (mpesie Beero Au), a TAKiKe BHAYCHUI HX
CBUJIETEBCTBYIOT O pacHpefenennu OpyleHeHms Ha TayObuny, 3HATATENHHO
IpeBHIAIY0 Hccaeonannyio. Yes Mempme UPOTAKEHHOCTh 00BEKTA HA
rayOuHYy, TeM pesue BHPasKeHLl OHOHATIPABJICHHLE M3MEHCHUS Ha3BAMHLIX
napamerpos m K/Na [Pocasnkosa u np., 1983; LymmoOnm, 1983 1. Ipm atom
Imepexosl 0T HAAPYAHLIX OPEoJNOB K opeojaM Ha ypoBHe PyAHBIX TeJ B pacuer
He TPHHUMACTCH.

5. Borarsle pygabe Teda OTJHYAIOTCA BHICOKOI KOHTPACTHOCTBIO Ope-
OJBHLIX 30H 30JI0TA 1 APYTUX HJCMEHTOB, THHOMOP(QHLIX JiIA JTAHHOTO THIA
PYA, 3HAYATENBHON MX HIPUHOL (J0 coTeH METPOB, B 3aBHCHMOCTH OT coCTana
BMEIAIOMUX TOpoj). 3aryXaHue KOHTPACTHOCTH OTHX B0H H HX Cy:KeHHE
MOKa3BIBAKT HECOMHEHHOE BLRIKJIMHNBaAHUE Opyﬂ,eﬂb‘l[l[ﬂ.

6. TTe MeHee BAa;KHEIM TOKazaTeneM OOIBLIOH BePTHKAILHOA HPOTAKEH-
HOCTH PyJi CJAY/KHT YCTOHUMBOCTH HA DAyOmIy cocraBa I COJICP/KAHMIL dire-
MEHTOB-IIpHMeceil B Mmuepajax pyl H OKOJOPY/IHBLIX METACOMATHTOB.

7. Ilepeuncenasie TeoXuMuuecKne Kputepun (coctan piIeMEHTOB B OKO-
JOPYAHLIX OPeoJax; MHCHepcust HX cojlep:Ranuil u OHK, ®omrpacTmoCTh U
IIIPHHA 0PE0I0B, & Tak:ke 0oabIoil pasdpoc conepaanmii Au, Ag, Pb, Zn,
Cu B pacrsopax BR/IIOUEHHIl, M3BJICYCHHEIX H3 JKUILHBIX MIHEPAJIOB, JydIIe
BCEr0 M3 KBAPIEB) ABIAIOTCH HALCHSHBIMI T B CJIYYadx TOACeueHHs GeIHAIX
VUACTKOB PYJHBIX Teld H jlaske MX IePeRIMOB, Korjga OoraTeie PyABL y/a/IeHbI
o 50 M, a Mo cocTaBy DJCMEHTOB-IIPUMEceil B MUHepazax n OTHeIhHEIX Pppax-
musx meracomaruros — no 200 m [Pocankos, 3warum, 1972 nmo maTepanau
10 BEPTUKAJIN.

Bee ckazamHoe B paBHoil Mepe OTHOCHTCH U K MECTOPO/JICHMIO B 11eJ0M,
N K OTAeJbHHM ero pyaumM Tesam. Ecam mecroposiieime npecraBieno Ky-
micooGpasHo M HUIEJOHMPOBAHHO PACTOJO/KEHHBIME PYAHBIMI TeJaMit, TO
IpH TPOrHO3HPOBAHHUEM €ro Ha IAyOmHy CPABHUBATDL CJeLyeT IPUMEPHO O1d-
HAKOBbIe YPOBHH (Bepxmuii, CpeHMN, HIGKHMIT) HHIHBIIYATbHBIX DYAHBIX TEJ.
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B. H. Cnaaes

ITAPAJTNTMA TJIOBAJIBHON

TEOXUMNYECKON MUOOEPEHIMAIIMU U HNEPCOERTHBLI
MMHEPAJIOTO-TEOXEMHYECKEIX MCCIEIOBAHMIL
PYJIOHOCHOCTH

ITporpece B METAIIOTEHUTECKUX HCCICMOBAHUAX B 3HAUMTEIBHON
CTEHEHN BAaBUCHUT OT PasBuTHsA (yAIaMeHTANBHHX Kiaccn(uranmi xummnye-
CKHX DJeMEHTOB, (PAKTHUECKH YYUTHIBAIOMHIX TeOJOTHMICCKY0 cremudury
reoxmmuueckolt nuddepernnamimmn. OnpenesecHuEl yemex B 5TOM OTHOMEHMH
MOKeT ObiTh CBA3AH C HCHONBBOBAHHEM CHCTOME COMIACOBAHHHIX Kiaccudil-
Karuii xuvmueckux saementos 0. I'. lllepGarosa [llepGaros, 1965, 1976a, 6],
fasupyonuxcs Ha HapajgurMe HeoOpPATHMOH  TeoXHMHYeCKoit ABOJIOTNH
demmn. Coranacro pacueram I0. I'. IllepGakosa, pacmpemenenne xmmueckmx
2IeMEHTOB B 3emle ABAseTCA 3aKOHOMepHO Anddepenmuposanmrm. 1lo npu-
3HAKY NPENMYMEeCTBEHHOIO HAKOTJICHWA B PABNMYHLIX ITAHETADHLIX BOHAX
BBIICJSIOTCS TATH TPYON XHMHYECKHX DJICMEHTOB, XapaKTePU3YIOIIXCA KOHT-
pactaeivMu ¢nentpobeskio-nerTpoctTpemurenbunmy (L[LIC) crofctBamu: ment-
pocrpemutenbusie (Il;), makamameaoouecss B HeHTpe SeMIH; MEHHMAIBLHO-
nentpobeskasie (L,), KomnenTpupyomuecs B 3eMuol Kope, HO pacmpegener-
HbIE PaBHOMEDPHO Me:KAY 0a3albTOBHIM M OCATOYHO-TPDAHATHBIM  CJHOAMI;
medunurro-nientpodeskuee (L;), npenmymecrsenno makammBaomuecs » oca-
MOYHO-TPAHUTHOM c:10e; 1entpobesusie (I1,), comepxanne KoTOpPHX BoadpacTa-
eT K BEDPXHHUM CJIOSM 3eMHOH Rophl; Makcmvanbmo-rmerTpodesknsie (I1;), xon-
TeHTPHPYWIINECS B MOJBWKHHEX (BOTHONE u Bosuyumoil) ofosourax Semn.
B nacroamee Bpema mocrarouno yO0egHTeNIbHO NOKA3AHO, 4YTO TI00ATBHAs
reoxnMmieckas AnddepeHNuaNng HAXOLUT CBOE BHPAKEHHE B AHATIMBIX
pasnuyuAx PYAHEIX QopMaliii ¥ Ha YPORHe obNmX MeTATTOTeHNYeCKNY 3a-
ronomepnocreit [Illep6aros, 1976a, 6. Ha aroii ocrose paspaforana cncrema
METOZIOB OLPEe/IeJeHIA TeOXTMIIECKIX KOODANHAT Pyaabx dopManmii, cremeny
pasobImeHnss MecTOpo:IeHni I HCTOYHMKOB WX BeMeCTBA, TJIYOUHIOCTH |
xapakrepa pyporenepupylomux ogaros [Ilepoaxon, 1983, 1984].

Topaspo mpoGaevarnunee, ma TepBsii B3IVIAJA, BHIMATAT BOHPOC Te0-
xumudeckoit indgepentuanun wo 0. I'. IlepGakosy B wacmrabax pymHbix
paiioHOB, ToJei, MecTopoRAHIH U py/iex Tea. OIHAKO aHANN3 HAKOILICH-
Heix Marepuanon [@emopuyk, Hurndopos, 1958; Osunnumkosn, 1964; Os-
YHHHOKOB U 7p., 1974; Bapceykor m np., 1981 ] npusomnt ¥ y6emuennio, uto
ocHOBHag TeHHeHIMA AudepeHImamul XUMHTECKIX DIEMEHTOB B MacinTabe
KOHKDETHBIX PYAHBIX 0OBEKTOB coTaacyercs ¢ raobajabioil 3aKOHOMEPHOCTHIO
Xummngeckoi reopuddepeHnmanuin. JTOT BHBOJ BHTEKAGT W3 CJCYIONIX
IOCBIIIOK.

lopmaonranpHas 1 BepTHKAAbHAS TeOXUMTUECKAS B0HAIBHOCTD, YCTA-
HaBIMBAeMasg PA3IMYHEIMHA ABTODAMI HA DPABHOOOPAZHEIX PYHBIX MECTOPOIK-
AleHUAX, TPAKTHYECKN BCErjla CBOAUTCA K GoJee mianm Memee geTkoii audipepen-
nuanun saemenTos no upusuaky ux I[I[C. B manpasrennn BekTopa mnpsoit
BOHAJNBHOCTH, KaK TMPaBUIo0, HalJ0jaeTcA TPEHT 0T diementon Golee 1meHTpo-
CTpeMHTeNbHBIX K Gosee nentpobesxaniv. Tax, B cyanduaabX MecToposKIeHN-
ax [Jlanyxos, 1976] remepannmmit pap HPAMOH 30HATBHOCTH MMEeT 00LITHO
crepyrommit Bup (B ckofkax — IILC sxementon): Cu (II;) — Zn(IT,) — Pb
(I1;) — Ba (IT,).

Tax naspBaemeie Koadduinuents somanbHOCTH, M30GpPETAGMEE 110 Kaik-
IOMY 4aCTHOMY HOBOAY, OKa3bIBAIOTCH TeM MOJe3Hee J[IA BHABICHHA CEPHITOIL
HEOTTHOPOJIHOCTIL MECTODOMKICHMIT M TeOXNMHTECKIX OPe0JOB, 9eM KOHTDPaCT-
mee mo npusnary IIIC axemeHTH crpynnupoBaHEl B wmciauTess W 3HAMEIIA-
tenb. llpu arom Bce apmdmerndeckue nponeyps, BEGUPAEMbIe JIH PACTETA
K02 punuentos (apiuTHBHEIX, MYIBTHILIMKATHBHLIX), OTPAsKAIOT, B CYIIHO-
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Puc. 1. Jlmbdepennnanis 5IeMEHTOB 110 WX
uenTpoﬁeH{Ho—uem‘pompemrreﬂmeM CBOMCTBAM
(LLLC) B pATy 30HATBHOCTH HEPBHYHBIX TEOXH-
MHIICCKHUX opeosion.
Tnenenne paga pamo mo JI. H. OsunwHAnKOBY [19761,
KPHMBBIMHM IOFa3aHbB YACTOTH BCTPEYAEMOCTH B Ope0Jiax
9J€MEeHTOB, OTHOCAIMXCA K PPYNIaM UeHTPOCTPeMITTE b=
HEIX (TpeyYToJIBHUEKNR), MUHIMAJBHO-LEHTPOOeIKHBIX
(KBampartnl), AePUITUTHO-TIEHTPOGEeHHLX (pomMOM), LEHT-
pobGeHHRX (KPYHEMR).

Opeons

Hadoydrond

CTII, WHTYOTHBHOE CTPEMJIEHNE aBTOPOB
yeuanth (GaKToOp DPAsINIUA  HAEMEHTOB-
unpnkatopos mo ux I[EHIC.

B cesusum ¢ 9TuM 3HAYUTENBHEIN MH-
Tepec LpejcTaBiser o0030p W30OpeTeHmii
B obmactn crnocobOB TeoXHMUYeCKHX II0-
nckor. llpmeenem nmBa mpmmepa.

1. «Cooco6 ompefenenns ypoBHI cpe-
33 OPCOJIOB 30J0TOPYMAHBIX MECTOPOIKIE-
Huiiy. Asrops npejraraior Koaddumuent
30HAJLHOCTH Ag(Il;)- Ph(IL,)- Sh(IT,)/
[Cu*(1])As(IL;),  Beamunna KOTOPOTO
YMEHBIIACTCA B HAIIPABICHUN CBEPXY BHI3
mo umagenno pyjannx tex. OgesmgrO, uTO
«paboray aroro Koaddunmenta ofycrosrena xourpacraocrsio mo [[LC amemen-
TOB, CBeJIeHHBIX B unciautenn (Domee merTpobeskHble) u 3uamenaTendb (Ooaee
nenrpocrpemurenbusie). OGpaniaer Ha cefd BHUMAHUE BO3BEJCHHE B CTENCHD
CONeP/RATNA MeIH — CAMOI0 I[eHTPOCTPEMUTeILHOr0 diaeMeHTa B Kod{du-
LuenTe, 4To, HeCOMHEHHO, YCHIJIWIO YyBCTBHTEIBLHOCTH Koadduimenra.

2. «Cnoco® reoXHMHYECKHX IOUCKOB CKPHITHIX KOHTAKTOBO-METACOMATII-
JeCKUX FRETe30PY/AHEIX MECTOPOKIEHMID, Tark:Kke 0asupYIOMIicad HA HCIOIb-
30BAHHHU MYJbTUILIHKATHBHOTO KOdPHIHEHTa 30HAIBLHOCTI

Ti(IT,)- V(ITy)- Cr(LL,)- B(LL,)- Ba(IT,)- Sr(IT,) - Se(Ll,)- Zr(LL,) - Mn(1T,) X
% Co(TTy)- Ni(IT,)- Zn(I1,)- Cu(Ily)- Ph(IT,)- Ag(ll,)- Mo(1L,).

3nech yIaBIUBAETCH ONPEeJeHHOe pA30OmeHUe DJeMEeHTOB WHCAUTeNs I
snamenatens mo unx LIIC, no menee xourpacrtmoe. 11 kak pesyanrar Memee
VAQ4HOM, 4YeM B IPeABAYIeM cJaydae, ¢KOHCTPYRIuu» kKoaddunmenta omu
OKa3a/ICH MeHee TYBCTBHTEIBHLIM K BePTHKAILHOH B30HAIBHOCTH.

Taxnym ofpasoM, mpHBeIEHHEE IPAMEPH, YHCTO KOTOPHX MOJKET OBITh
Kak yroxuo sennko [Haprmon, Manaxos, 1973; Hpasuemko, 1975; Caunn,
Toraper, 1977; Tpuropsan, Osunnrnkos, 19831, nokaswmsaor, 4To B OCHOBE
BHIBOJIa WHIHKATOPOB IeOXHMHYECKOHd 30HAIBHOCTH JesunT Auddepenmuarisa
B IIPOCTPAHCTBE XHMUYECKNX HIeMeHTOB 1o mpusnaxky ux IIIC.

Haxomer;, o6o0uiennsiii psji 30HAIBHOCTH TEOXNMUTECKHX OPEOTOB, BLI-
sefennsii C. B. Ppuropanom n JI. H. Opunnausosunm [1983] n zaperucrpu-
POBAHHLII, KaK HU3BECTHO, B RKATECTBe HAYUHOTO OTKPHITHA, OTITIHBO WII-
JIOCTPUPYeT COBMeIeHNe TeH[eHIIHI CMeHH MeHTPOCTPeMUTeTBHLIX 2TeMEeHTOB
Goznee nenTpoGesKULIME B HAIDABICHUH CHU3Y BBEPX U B CTOPOHBI OT PYJHHIX
tex (puc. 1). Ham mpexcrasasercs, 4T0 OTKPHTAs W XOPOIIO 0GOCHOBAMNHAS
JI. H. Opusmnnkoswim u C. B. I'puropssom 3aK0HOMEPHOCTH — 4aCTHOE
Beipaskenue Gosee obmero sakoHa TI00ANABHONE IeoXMMHUECKOH DBOJIONHM.

Ouennpabe HpUsHAKE HAUPABICHHOHE reoxmmuueckoit jmddepemmuarnm
OJIEMEHTOB B PYIHLIX MECTOPOAJICHHAX IPHBOMAT K Hee ee CO3HATeILHOTO
UCHOJIB3OBANNSA IPU TOMOTEOXIMHYCCKNX I TOMOMHHEDPATOTHYCCRUX ICCIe0-
paHuax [Cmmaes, 19826]. OgHako npm 5TOM BO3EHKAeT HECKOJBKO METOMN-
YeCKHUX BOIPOCOB.

Bo-mepsrix, BeTaer Bompoc 0 HEMOCPENCTBEHHBIX OOHLEKTAX ICCIEI0BA-
Huii. Bech omeT reoXumMuyeckux HCCAeLOBAHMII IOKazhBaeT, 4To 0fa BapHaH-

oKko9py dnbId

no8oydnend

OOCIOCESCEHOEOOO®
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Ta — mopoAHslil (pyAHLII) W MHHEPAJIBHBII — B NPUHOHUNE NPUEMIEMbI, HO
mocaenHMil faer, pasymeercs, Gojiee KOHTPACTHBIE Pe3yNbTaThl M IMOJTOMY
Gomee mpennoutnTesien. Hamfosdee OTIETINBO HPEeMMYMIECTBO MHHEPAIOTO-
TEOXHMUYECKOTO BAPHAHTA MCCJAEMOBAHMII BRICTYHAeT NPH M3YYEHHH JOKATb-
HBIX BAKOHOMEDHOCTeil B YCJIOBHUSIX MAaJILIX TPAfNEHTOB H3MEHIMBOCTM.

Bo-BTOPHIX, WCIIONb30BAHAE MUHEPANOB KaK HOCHTeNTedl TeoXHMHYeCKOi
nadopManun Tpedyer pazpaboTKu BOIpoca TPHAPOAB X MATBIX HJIEMEHTOB.
Hama mozumma B 5TOM BOIPOCE CBOJNTCA K ciuepylomeMy. B macroamee Bpe-
MA TPAMEIMI H KOCBEHHSIME METOJAMH YCTAHOBJIGHO, YUTO MOIABIIAIONAML
qacTh HIEMEHTOB-TIPHMeceil ABAAETCA HECTPYKTYPHOIT, T. e. 00yCloBIeHHOM
BXOMRIEHNEM B MUHEPAJI-X03AHH MIHEPATOB-Y3HUKOB B BH/Ie MUKDPO- U yIBTPa-
prmouennit [Banamor, Hosapennmx, 1967 ]. K wucay npaMeix fokasaTeabers
MOZKHO OTHECTH JAHHBE PeHTIeHOCTPYKTYPHOTO AHAJIN3A, DIEKTPOHHON MHK-
POCKOTINI, PAZHOCTIEKTPOCKONNH, CeJeKTHBHOTO pacrsopenus. B wauectse
KOCBeHHEIX TPH3HAKOB HECTPYRTYPHOTO BXOJKACHHS dJICMEHTOB-TIPHMeceii B
MEHEPaThl BHICTYIAIOT, B YACTHOCTH, Xapakrep KOPPeJIAlUOHHBIX COOTHOIIE-
HUit MeKIY PAeMeHTaMd, MPACYTCTBHE B MOPOJAX W Pyfax coOCTBEHHBIX M-
HepPAIOB, OTBEUYAIONMX OICMEHTAM-TIPHMECHM, KPHCTALIOXHMIUecKne c000-
pakenna. Jlaas o6myl0 ONEHKY XapaKTepa MHHEPAIOT0-TeoXHMHYeCKOil
paQOpPMAIN, ME TPHXOIMM K BBIBOAY O TOM, YTO, HOCKOJBKY COJlep/Ranie
DJIeMEHTOB-TIpIMeceil B MIHEpajax ONpefedfeTci B OCHOBHOM BKIIOYeHHAMH
CMUKPOMUHEPAIOB), TO BRISBISIONIECS 10 MAJBIM dIeMOHTAM 3aKOHOMEPHOCTH
npefcTaBAsioT cobolf 3aKOHOMEDHOCTH MHKPO- M YIbTPaMUHEPAJTOTHYECKHe.
Wceaenopanmne HOCTeAHNX «...0TKPHIBAET OTPOMHBIE BO3MOKHOCTH HE TOJBKO
Ui TOHMMAHNA TeHeanca MHHEPAloB, HO W JJIA OIpeleleHudA HCTOPHH HX
Pas3BUTHA, AJaA YCTAHOBJEHHsA BaKOHOMEpPHOCTeil pacmpejiesieHnsi MHKpPOIpPH-
Meceil, A AHATHOCTHKN Treojormdeckux npoueccosy [Cmpopenxo, 1977,
c. 131]. Ormernm Takske, 9To B IMOCJTEIHNE TOIB M3ydeHHe MUKPOMHHEDPAJIO-
rum HaupHaer OQOPMJAATHECA B CAMOCTOATENBHOE M BeChbMa MPOJYKTHBHOE
mayanoe manpasienne [YeGorapes, Homeesa, 1985].

B-Tpersnx, Mumepamoro-re0OXmMUYECKHe HMCCJAe0BAHAA — BOTPOC Te0-
xuvmgecknx maamkatopos. I0. I'. Illep6axoBeiM B KavecTBe TAKHX MHIAKA-
TOPOB MPeI0KeHB KodPOUIHEeHTH OTHOCHTEIBHON KOHIEHTPAIINT (OR) —
OTHOIEHHS KoHMeHTparuit oTneabHux (o6siuHo Gansknx mo LILC) sxemenTos
B mceaefyeMbX o0beKTaX, HOPMHPOBAHHEE TO COOTBETCTBYION{MM OTHONIRHI-
AM B MeTeoputax m Gasamprompax. B npuinokennnm K pymEnM (opMmarmmaM
M METANJOTeHMYECKUM KOMIUIEKCAM, XapaKTePH3YIOMUMCA 3HAYNTeIbHLIMI
rpaMeHTaMH TeOXMMHYECKNX pa3andmii, Takme WHAUKATOPHl dQHeKTHBHEL.
Ho npm mepexose k obbexram Golee JOKAJXbHBIM, BINIOTH [0 PYRHEIX Tel,
rPajiHeHTsl N3MEeHUYMBOCTU COKPANIAIOTCS, BO3PacTtaeT PoJb (IIyMOB», BHOCH-
MBIX JIeTAJAMI TeoJormueckoil curyamum o0beKTOB, M KOHTPACTHOCTH PasIIU-
ynit mo npusnaky OH ymemsmraerca. Hamr onmwiT mokassiBaer, 4TO 4eM MeHee
 KOHTPACTHEI CHCTeMAaTHUYeCKHe PasIudia, 9YeM JoKadbHee 3aKOHOMEepPHOCTH,
TojBepraeMele aHAAM3y, TeM Gojiee ABHO BHCTYIAeT NpenMyliecTBo 0O00ueH-
HBIX KpUTEpHeB IPH H3yUeHNN reHepasbHHIX TemjeHnuii. B rauecrse Tammx
KpUTepHeB MBI Tpe[jaraeM WCH0Jb30BaTh IIPH MHUHEDAIOT0-Te0 XHMIIeCKUX
HCCIeIOBAHNAX TPYNIOBLIE COMEPIKAHIA MAIBIX DJIEMEHTOB, KOHTPACTHRIX
no IIIC, npunnvas 3a ocHoy kaaccmpukammo daementos mo [O. I'. Illep-
Gakopy (rpymme 11, — I1,).

B-uerBepThX — pacuer WHAMKATOPHLIX TEOXHMHUECKHX IOKasaTeei.
TlockonbKy afcomoTHEe KOHIEHTPAIIHE 3/1eMEHTOB-IpUMeceil CHIIbHO 3aBUCAT
0T YACTHOCTEH TeoI0rmueckoil CHTyamui, MBI TIpejjaraeM oOmepuposarTh HX
OTHOCHTEJBHBIMY KOHIHTPAIMAME, T. €. a0COJIOTHHMH TPYNHOBHIMH KOH-
HEeHTPAIMAME HJIEMEHTOB, HOPMHPOBAHHEIMEU 1O obIeil KoHIEHTPaIML die-
MEHTOB-IIpUMecell B mccaexyeMbix MuHepanax mim mopomax (pyaax). Cae-
JOBATEIBHO, NpeJIaraeTca TepeiTH K MPOmOpIUAM, T. €. KOHCTHTYIIHOHHBIM
(BemecTBeHHO-CTPYKTYPHBIM) TEOXMMHUYECKHM I[1apaMeTpaM.

CyMMupysi Bce M3JI07KeHHOE, Mbl BHIHOCHM Ha 0OCYiKIeHHEe CHCTeMy MH-
HEPAJOT0-TeOXUMHUECKHX TPONEAYP, BRIWUaomylo B celsa onpejeseHue B
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pum(48)

Xamxonupum
(428)

u2+3 ”.4

Pue. 2. Tumomopdusm ocHoBHEX pyaasx Mmuaepanos o I[IIC smemenros-npumeceii.

B croOKAX — "HUCI0 AHAJIM30DB; CTPEJIKOH MOKA3AHA TeHAEHIU BOBPACTAHNA MEHTPOOEHHOCTH MUHE-
pPAaJIOB,

MiuHepagax abcoMTHBEIX KOHIEHTPaIWil aJeMeHTOB-TIpAMeceii, pacder rpymn-
MOBHIX NX KOHIEHTpamnuii (mo rpynmam 1entpode;KHOCTH — MeHTPOCTPeMi-
TeNLHOCTH), TepecdyerT TPYNHOBHIX abCONIOTHEIX KOHIEHTPAIME HA OTHOCH-
TeJILHBIE W TeQJOTHYCCKHIT AHANU3 [OJYYeHHEIX JAHHEIX ¢ HO3HIUH IEHTPO-
feswHo-TieHTpOCTpeMuTebHON auddepeHnIHAINN 5JIeMEHTOB B NTPOCTPAHCTBE
pynonocHEX 00berTOB. llOCKONBLKY mpemmaraeMas cmcTeMa YHHBepCaabHa
U npreMmjieMa K M3YYeHHIO PYIHHIX 00LEKTOB PA3INYHOr0 COCTaBa, CTPOCHUS,
reHges3nca, a TaKyke HezaBucuMa OT YaCTHBIX HHGOPOB XUMHAYEeCHHUX 3JIeMeHTOB
B KOHKPETHLIX MHUHEpAaJIax u MHHEPAJAbHBX 00pAa30BAHUAX, MBI Ha3HIBaeM ee
YVHUBEPCAJbBHHM MUHEPAJIOTO-TEOXUMHICCKHEM M e-
T 0 1 oM Hccaemosanns pymonocaocTn (YMI-merton). Pesyasratusaocts me-
NOIL30BaHUA yl\([F-MET()I[ﬂ WINCTPUPYETCsS HUKe MaTepuaaMu TOIDOMHA-
HEpaJOTHYeCKUX mecsaenosannit ¥ panbcko-Hososemenbckoit criaaggaroit 06-
Jactu um Jp.

Tunoxnmuam manepaitop no npuzaary I{I[C saemenToB-npnmeceii. lccie-
JIOBAHUS, UPOBEJEHHBIE HA MECTOPOKISHHUAX MEIHO-MOIHOIEHOBOH, KOITe-
maHHO-, GapUI-MIOMUMeTANINIecKod, B30J0TOCYIb(uaHol, crTparndopMHOl
(cBUHIOBO-IIMEKOEBOII B RapOOHATHHX (POPMANHUAX W MEJUCTHIX MeCUAHUKOB)
pyaHsx dopManuii, CBHIETEJIBCTBYIOT O CTATHCTHYECKM 3aKOHOMEPHOM Xa-
paKTepe accolmaIuii dJIEMEHTOB-TIPUMeceil B pPyJAHHX MuHepamax (puc. 2).
YeranapauBaercs, Yr0 B PAAY HHPUT-XaAbKoONHPuT-00pHAT - cdazepur -
APCEHONMPUT-TAMEHAT-XAJAbKO3UH-0apuT (QUKCHPYETCA TEHIeHI(s YyMeHblle-
HUA OTHOCHTBJIBHOﬁ KOHIEHTPAINH IEeHTPOCTPEMHUTEJIbHBIX 3JeMeHTOB U yBe-
nuueHWsE KOHIEHTpamun reHrpodeskueix. Ecmm ws mpmsegennoro psjga BbI-
wWieHnTh Hanbo/ee 4acTo BCTPEUAIOIMECHs MHHEPAJbl, TO MEI HepeiiieM K cie-
IAVIOMEMY BapHaHTY TMOCIeI0BATEIBLHOCTH BO3PACTAHNIA IEHTPOOE/RHOCTH dlie-
MEHTOB-IIpAMeceil B MHHepalax: MTHPHT-XaIbKOTUPHT-cazepuT-ranennt-ta-
pur. OueBmmgHo, BTOpas MOCAEIOBATEILHOCTH TOTHOCTLIO COBHALACT ¢ BEKTO-
POM KJIACCHIeCKO MPAMOil 30HaIBLHOCTH B PYAHLIX Mectopossuenusnx. Orciona
CJIe/IYyeT, UTO COCTaB HIEMEeHTOB-IIPUMeceil B PYJHLIX MUHEpajaax olpejejaeHHO
CBABAH ¢ 3AKOHOMEDHEIM 000CODJeHHMEM CAMHX MUHEPAJOB B [POCTPAHCTBE
U OTpaskaer B0HANBHOCTH PyAHLIX 0o0bexToB. OO0Hapy;ruBaeMas KODPPeIAMNA
IeHTPOoOeKHOCTH-TIeHT POCTPEMUTEIBHOCTH MAHEPATIOB H ACCOIUAINE HX 3ie-
MEHTOB-TIPEMecell ompefendeTcd HAMH KaKk TNPDWHI AN COOTBET-
¢ mBuit g 11C:

Taxkum ofpasom, He TOJLKO TpocTpaHcTBeHHAsA uddepeHnuanus pya-
HEIX MHHEPAJoOB, HO u AuddepeHimanus UX HIeMEHTOB-IPIMeceil sBIAOTCA
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fpam (421) Xamswonupum (428)

Uzez P

Fanenum (507) Cpanepum (671)

U.213 U'4 u2+3 u(
Puc. 3. Jlmarnocrara pyjasix dopmanmit wo L[I[C snementoB-mpiuseceil B CKBO3HBIX
MEHEPATAX.,

B cro0KAX — "0 apajmaon; pymuwe gopmammm:  woadegaduas (KO), memxHo-MoandgeHonan

(MM), wosueganuo-noaumera;mmdeckas (RIT), oapur-nojanverajumdeckasn (BIT), erparndopmaasn
(CT); 1—5 — sMmHepasbHLe THIBI 00'BEKTOR,

pesyapratoM ofbueii reoxmMmueckoll muddepenmmanmm, Iro obecmeunmBaeT
BHICOKYI0 B(QHERTHBHOCTh HCHOJIB30BAHNA MAJEIX HIEMEHTOB HPH M3YYeHUH
PYIHBIX MECTOPO;RAEHIIT.

(anmauummh]e pasiangusn py}l]lblx MECTOPOWREHHIUI Ha 0CHOBe MHHEpaaoro-
reoxnmnuecknx kpurepres. OObeRTaMn NCCATOBAHHIT MOCTY/RIIN MECTOPOIR-
AeHmA caefylomux pyannx gopmanunit: konuenansod (HOxmwrt Ypax)*, men-
HO-MOJMOICHOBOM, KoguefaHno-, Oapur-nmoaumerasiuudeckoi  ([lomapmwrit
¥pax), crparudopmMuOil ¢BHHIOBO-IUHKOBOE (3amagHoypanncko-Baiirauckunit
permon). IlonyueHHREe JaHHBE NPHBOIAT K BHBOAY O TOM, YTO OOBEKTH M3Y-
geHHanx pyAEEX gopmanmit mo LII[C anemenTop-npuMeceil B CKRO3HBIX MHHE-
pazax ompejeseHHO pasiudanTcs (pme. 3).

llo mmpuTy manGosee TEHTPOCTPEMATEIBHON aCCOMATHell MAIBIX DIeMer-
TOB XapakTepuayerca Komuepanuas gopmanus. C nepexogoMm or aroii dopma-
IMA K JPVIEM TeHTPoOCIKHOCTh ACCOMUANNE IMoBemaercsa. MoKHO BHIIEINTH
npe nuanm nopemenns neatpobexuocT: KO —MM—CT (oGoramenne mupura
I,- m Ily-oaemenramu mpm crabuabHO oTHOCHTENbHOH KoHmeHTparmm I[,-
snementor) m HO—HII—BII (Rospacranme OTHOCHTENBHOH KOHIEHTPAIUH
I[,-omemenToB m B Menpmeii cremenn Il,- m Il;-anemeHT0B, BHIEPHAHHOCTH
npumepuoro Gamanca IT, + Iy = II,). B npenenax pysEex dopmanmii Ha-
OmonaloTesas TaK/Ke HOKOTOPHEe TeoXHMHYecKNe DPABINTIHA MHHePajJorHIecKHuX
TunoB mecroposkaennit. Tak, B MegHO-MonmOIeHOBOH QopManmul 1eHTPoOeK-
HOCTH MAJLIX HJIeMeHTOB NHPUTAa BO3PACTAET B HANPABICHHN OT MOIUOIeHMT-
xagpkonupuT-nuputosux  (I) ofBeKToB K mHpPHT-XaabKonupuroBEM  (2),
a B crparudopmuoit 810 e mabiuogaeTcAs B PANY NNPHT-XaJIbKOIHPUTOBbLIE
(1) — chanepmr-xanpronmpur-nuputossie (2) — nupur-cdhanepuronnie (3) —
nnpuT-razennT-chansepurosse (4) u nupur-Gapur-rasenut-chanepurosse (5).

Mo xampkomuputy mwanboJee MEHTPOCTPEMUTEILHOM accolualiei smemMen-
TOB-TIPEMECei OTIMYaeTcH MCIHO-MoAubIeHoBas GopManus (ocobeHHO MeCTo-

* MaTepmadel 0 KoadenaHHOil (opmanuu npepcrTapicnul mam B. II. Dacnienxo.
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PosKiCHUA MOIUOIeHAT-XaJdbKoNHpHT-nupuTosoro tuma). C mepexomoM ot
oroil opMamuM K Kosdeganmoil u cTpatadopMHON XaapKomEPHT oforamaeres
anemenTamMm rpynn I, m Il;, a K KomdyenaHHO-IOJMMETAIHYECKOR — I1,.

Tlo epanepury dopmanuu oGpasyior no npusnaky L{I{C snemenrtos-mpume-
ceit pan RO — CT — KII, B kotopom aToT Munepan cymectsenno oforamaer-
ca neatpobeninbiMpn onemenTamu. Ilo razemmTy aHajgOrmuHB pAj) MMeeT Bux
CT — RII + BII.

CyMMuEpyAa npHUBeJeHHBIE JAHHKIC, MO;KHO BEICKABATHCH caenyomum 06-
pasom. Comoctasienme pyaHnX Qopmammit mo umpmauaky IIIC snemenToB-
npupMeceil B CKBOBHEIX MHHEPAJaxX HOKA3BBAET, UT0 HamG0.ee MeHTPOCTPeMH-
TEJBHEIM XapPAaKTePOM acCONUMANUH 3JIeMEHTOB OTIMYAIOTCSH MHUHEPAJE MECTO-
POKIEHAN KoMdelaHHOM PyAHON (QopMalH|, THNNYHES I dBre0CHHKIMHA b-
Hoil 30HEI Ypana. Mopmain MUOTeOCHHRINHANBHOR BOHH B HANPABICHHH
BO3pacTaHUA LEHTPOOEKHOCTH DJIEMEHTOB-IPHMecell B CKBOSHEIX MHHepaiax
MMEIOT TeH[eHNN0 K BeicTpauBanuio B8 pag MM—RII—BII, 1. e. 8 manpagie-
HUM yBeJNYCHIA Pas3oONeHHoCTH MAHEPAIN3AT(HA ¢ HCTOYHHKAME PYIOHOCHBIX
daromos. MNurepecHnii peayibprar HonydieH B OTHOMEHHH MECTOPOIeHHIL
crparudopmHoil pyaHO#l dopmanum, maTeoTERTOHHYECKAA NO3UIHS KOTOPBIX
OTBeYaeT MepHKPATOHHOH 30He Y panncko-Iososemensckoil o6xacru. Cormac-
Ho IIIC anemenTos-npumMeceil 0CHOBHHIX MHHEPAa0B aTa GOPMALNA SBISETCH
MeHee pasoOmeHHold ¢ MCTOYHMKAMA PYAOHOCHBIX (IIIOHMI0B, 4eM KoJIIeqaHHo-
n Gapur-noanmerasnnuveckas. Ilocmennee corsacyerca ¢ pamee ycraHOBIeH-
EeMu [Canaes, 1982a] B nccaeayeMuiX MeCTOPOsKAGHNAX TPH3HAKAME TacTHI-
HOI1, J0BeHHILHOCTH PYAHOTO BEINecTBa,

'Cnenyer moGamuth, uto muddeperpmains 3JIEMEHTOB-IIPHMeceil 1Mo mx
II[C maGaoaercs u B pagax Ganuil PyAHEX MeCTOPOKICHMI, 0503HAYCHHEIX
Ha pHc. 3 Kak MuHepajbHbie THOH. B pamkax pymmsix gopwanmmit (MegHO-
moaubnenoBoii m crpaTndopMHOil) MEHTPOGEKHOCTh ACCOMUANHE MAIBIX DiIe-
MEHTOB BO3PAacTaeT B HANPAaBJEHHN OT CTBOJOBHIX (anmit K anmraJbHEIM.

daeMenTHI-IpHMECH KAK WHANKATOPBI PYAHO-MUHEPATOTHYECKOil 30HALb-
nocti. [IpoBejiennnie namMu MCCTO10BARNSA TOKASHIBAIOT, YT0 AHAIH3 MPOCTPAH-
CTBEHHOTO pacupefleJieHns HJIeMeHTOB-IPAMeceil ¢ Mo3Unuu uxX MeHTPoGestHo-
IEHTPOCTPeMUTeNbHOH NuddepeHnaiin He ToJAbKO IPHBOIHT K BHISABICHIIO
CKEPHITEIX BapUAHTOB MHHEPAI0TO-TEOXUMNYECKOIl 30HAILHOCTH, HO WM CYyIIe-
CTBEHHO PAaCHIMPseT BO3MOKHOCTH TeHeTHHeCKOH WHTePHpeTamin 30HaIbHO-
cri. B Kauectse mpumepa paccMOTDHM MaTepHANB O HEKOTOPHIM | YUHEIM
palioHaM T MECTOPORACHIAM.

Caypefi-lekmurannbeiicknili pyamsil ysex BRI0O9aeT 005-
CKTH MEHO-MOIHONeHOBOI, KoJYeaHHO- U 0apuT-ToIHMeTa I InIecKol Pyn-
X ¢opmammii, pacupefeleHHHE 110 pa3pesy B JHANA30HE OT pudeiicknx
TePPUIeHHO-BYIKAHOTCHNEIX /10 BEPXHEODJIOBUKCKHX TePPUTEHHO-KapGOHAT-
HeX ornoskenuit [Cunaer, 19826]. Ilo MmuepanbpmOMY cocraBy MECTOPORIe-
HUA 1 PYAOUPOABICHUA HOAPA3ACIAIOTCA BIeCh HA OATH THIOB: MOJHGICHHT-
XaJbKONUPUT-THPHTOBEIH, c(aTepuT-Xa bKOINPUT-IHPHTOBHIL, THpHT-cdhase-
PHTOBHIl, UMPHT-TAJIEHUT-CYANCPHTOBEIL N nupuT-6apur-cfasepuT-rageH-
TOBBIH.

Ananms pasMemeHHa 0o0BEKTOB IO IIOMAJN VKa3niBaeT Ha oIpe/eaeH-
HYI0 3aKOHOMEPHOCTDH: MOJHOAEHUT-XaTbRONUPUT-IMPHYOBHE I IHPUT-Xalb-
KONMPUTOBEE TATOTeIOT K BHYTPEHHEH JacTu ysaa, cdaiepur-XajibKONMpHT-
IMPHTOBBIE M DHPUT-CHAALPUTOBHE PACTONATAIOTCA 1 €T0 IPOMEKYTOUHO
UacT, a NMPUT-TAJNCHAT-CHATCPHTOBBIE M TNPHT-0apuT-chanepnT-raaeHnTo-
BEIe HAXOAATCS BO BHemHeM oOpamienuu. B paMKax mcciegyemoro yaiaa Be-
ABIACTCA TeHePaJbHAsA MHHEPATOTHIECKAA 30HATBHOCTE, 00HAPY/KHBAIOMALCH
3aKOHOMEDPHEIM pachpele/eHIeM OCHOBHBIX DPYIHBIX MIIHEDATOB M H3MEHOHIOM
MHOTHX HX cBoiicTB (pme. 4).

Wccnenosanne TunOXHMHEMA CKBOBHBIX MHHEDAJIOB PYIHOLO Y31a MOKa-
3EIBAeT, UTO B HANPABJIECHNN OT LEHTPA pacxojameiics (npamoit) 3oHaIbHOCTH
K mepnepun oTHOCHTENbHAA KOHIEHTPAIHA MAHEMATLHO-IEHTPOOC/KHEX W
HEHTPOCTPeMHUTEILHEIX JJIeMEHTOB CHIKACTCA, a JeHIUTHO-IeHTPOOEKHEIX &
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nenTpobe;kumx Bospacraer. OGpamaer Ha ce0A BHOIMAaHHE, YTO KOHTPACTHOCTD
pacupeieleHiA AJIeMCHTOB-TIPUMEcel PA3JIHTHEX TPYII ABHO KOpPpeInpyer
¢ nenTpobeskHocThIo canux muHepasgor. Tak, B mupnre nanfosee 3aK0HOMEDPHO
u3MeHsercs conep;kanne siaementon rpymmel I, B xamerommpmre — LI,
Il,, chanepure — II,, I, n I[,, B Gapure — Il u Il;. CnemosatenbHO, pPOIBL
NeHTPOo0e;KHEX BIEeMeHTOB B KOJMYCCTBEHHOM H MHPOPMAIMOHHOM OTHOMICHH-
AX IOBHIIAETCA ¢ POCTOM TeHTPoOeKHOCTH caMmIX MEHepatos. B mesom pac-
mpefieJenne HIeMEHTOB-TIPHMeceil B CKBO3SHEIX MHHepaldax OTYCTINBO [CKOPH-
PyeT TeHepambHylo 30HAJIBHOCTH PYAHOTO y3ia.

@®paiibeprckoe NOINMETAIMICCKOE MECTOPOKICHNE, TI0 TaHHEIM
JI. BaymanHa, XapaKkTepHmayercs CKPEITOH 30HAIBHOCTBIO, MHIMKATOPOM Ko-
TOpPOHl COYKHT pacmpenesnenne sieMeHroB-lpuMeceit B chamepure (puc. 5, I).
B paMrax 30HanbLHOCTH MECTOPO;KIEHUS BHAGIHAIOTCA TPH 30HH, cdamepur
KOTOPHLIX B HAUPaBJeHUH OT BHyTPeHHeil K suemsell mocjefoBaTenbHo oGora-
maercsi (In -~ Co -+ Cu) — Sn — (Ge -+ Te -- Ag). Yumrmsaa IIIC mpu-
BeIeHHBIX DJIeMEHTOB, MO/KHO YTBEP;KAaTh, 9T0 B HANpaBIeHWH BeKTOpa 30-

186



Pue. 4. TlomumepaTbHme KapTH-

Xanskonupum boprum cxemnl Caypeii-Jleksarannbeiickoro

PY/IHOTO y3Jia © 3JIeMEeHTAMH IeHe-

PajabHOIl  MHHEPAJOrmvYecKoit  30-
HAJTLHOCTH,

@) 1—3 — OTHOCHTEJIbHBIE CONEPIKAHIIA MH~

HepanoB (0TH. %) B ofmerrax: OoJec
10 (1),'1—10 12), menee 1 (3); 4 — BeKTO~
PH YBEIHYEHUA KOHCTHTYUMOHHBIX XapaK-
TEPHCTHE CKBO3HBIX MMHEPAJIOB, j—8 —
OTHOCHTE ThHBIE KOHICHTPATIMI TPVt
AIEMEHTOB-IpUMeceil B munepastax: 11, (5),

0, (6), 1y (7), 1, (8).

HaIBHOCTH MEeCTOPO:KIeHUS
NPONCXONUT TPEHJI OT DIEMEeH-
ToB 00Jee IEHTPOCTPEMUTEIb-
HEIX K Gomee nedTpobe;RHEIM.
0 CaenosatensHo, 37eCh Mbl HMe-
M CoNLCr ] €M [eJj0 ¢ MaJOKOHTPacTHOI
— "W 30HAIBHOCTHIO PACXONAIIETOCH

THIIA, B PAMKAX KOTOPOil BHYT-

. PeHHAA 30HA COOTBETCTBYET

Maznemum remamum ANAPY MECTOPOIKIeHNsI, a4 BHOMI-

Hif — ero mepudepuu.
CsuHIoBO-UHKOBO-(.1I0-

CLNNGFalr 2> OpHTOBAxH MHIHepaJH3ar s
: Ilomoansckxoro Ilpm-
nunectpoBbsa [Heuaes,
1972] umeer 3omanbHOE CTpOE-
HHE 110 TIPOCTPAHCTBEHHOMY
pacmpepiesenuio  cdamepuro-
BHIX, TAJIEHUTOBLX U (uoopn-
TOBBIX TIPOABIEHHN (cM. puc.
9, II). B nampaBieHuH Bek-
TOPa 30HATBHOCTH MPOMCXO0-
aut cmMeHa cdarepuToBoil Mu-
HepPaJIU3alNM TaJeHHTOBOH u
: . g e Cr ] nanee dguwoopurosoil. Jlanmee
m": 'ﬁi IIo BJIEM(,‘HTHM-]]I) HMecAM B
0,5, Mo,5n | casepure, cKBo3HOM MUHEpa-
Je palloHa, IIOKA3HBAKOT, 4YTO
B HANDPABJEHHH BeKTOpa 30-
‘@7 3 HaJII:H(:)pCTI’[ B cdaa.nepmlé CHH-
JHaeTcA KOHIeHTDAIMWsA I[eH-
TPOCTPEMHUTENLHBIX W MHHIMAJIbHO-TeHTpoOe;RHHX sinementos (Cu, Co, Ni,
Ti, Fe) w nossimaerca pedunuraO-IeHTPOOEKHEX 1 1eHTpobekHEX (Ag,
Pb). Taknm oGpasoM, siBHO ycraHABIAWBaeTcA, 4To MuHepasmaamnsa Ilomoxas-
ckoro Ilpuanectposna ofmamaer seepoobpasHo pacxomusueiics 30HaTHHOCTHIO
C IeHTPOM, BRIDaREHHBIM 30HOH chaJepuToOBRIX PYIONPOSBICHMII,

Paiior rujporepManbHOil mogmM2TajamuecKoil MuHepanuszanuu C I o-
KeH-HeMu, corracHo pesyabraTtaM TpeHI-aHA/IU3a pacHpefiejieHus ajie-
MEHTOB-IIPHMeceil B CKBO3HBIX MHHepamaX, BumoxHenmoro H. CmaK;aiipom,
UMeeT KOHIeHTPHYECKYK B0HAJNBHOCTHL. MHJmkaTtopaMiu 30HAIBHOCTH CJAV/KAT
KOHIEeHTpanuu cepefpa B rajJeHnre, MHITbAKA B HHPHTE, 0Ji0Ba B cdaaepure,
BO3pacralnMe B HATPABIGHNH oT nepHdepuu pailoHA K ero IeHTpy
(cm. pme. 3, [I1). Bee Tpu HHAUKATOPHBIX 2JI6MEHTA OTHOCATCA K neduiurTHo-
neHTpobe;REEIM, a MEEepausl (unput, chagepnt, ramxenut) mo [[I1C asHo KoHT-
pactael. Hama wuurepmperanus HaGIOOA0IENRCHS S0HAJILHOCTH CBOAUTCH
K caegyiomemy. Oforamenne muputa u cdajiepura, MEHEPAJOB OTHOCHTEIHHO
TeHTPOCTPEMUTENBHBIX 110 CPABHEHIIO ¢ TAJEHUTOM, AedHIUTHO-T{EHTPO 0 K-
MI 2jIeMEHTAMH B HANPaBICHUN K IEHTPY PYAHOTO PailoHA CBUAETEIBCTBYET
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Puc. 5. Buspienme CEPETOH

J0HAJLHOCTH PY/IHBIX paiioH0B

no ITUC cBoiicTBaM dJIEMEHTOB~

npuMeceil B CKBO3HLIX MHMHEpa-
Jax.

Paitous: I — Mpaiibeprernit; IT —
Ilopoabekoe ITpupnecTposbe; ITT —
Cnoken-Hemm, 1—3 — pyRonpoABje-
uuA chaseputossie (1), TAIEHATORLIE
(2), dawopnTosbie (3); 4 — BEKTOP
YREJIMYEHIA CONEPHAHIA dJICMEHTOB=
npumeceit B chasiepure; 5 — BRIXOBI
KpUCTAIIMYeckoTo gynnamenra; 6 —
0CATOYHBI YeX0, CTPeJIKH — BEeKTO=
pBl  IPAMOil  BOHAJBHOCTH.

0 TOM, UTO €ro TeHepajb-
Haf 30HANBHOCTH SBJIAETCH
cxopsameiics  (oOpaTHOI).
B cBasm ¢ STHEM  BecbMa
MOoKA3ATeJLHEL OIEHKHN Tpa-
MMEHTOB B30HAJLHOCTH, Pac-
cunTaHABIC HAMU JUIf Beex
Tpex CKBO3HBIX MHHEPAJIOB:
MBIIBAK B HUpHTe—0I,48,
onoso B chamepure —3,07,
cepefpo B  Tajenare —
0,01 9/,,/kmM. Taknm ofpasoM, TPaHEHTH 30HAILHOCTH ABHO KOPpemupymnT ¢
KoHTpacTHOCTHIO pasamanii mo [ILLC munepaios m ux naeMeHTOB-TIpHMeceii: geM
KOHTpAacTHee 9TH Pa3JIudms, TeM BEIIIe IPafuenT, TeM 0TIeTIHEee TIPOSABIACTCH
MEHepasioro-reoxuMmIeckas 3onaabocts. Caexyer, HaKOHEM, OTMETHTD, 910
XapakTep TeHepajbHOH BOHATLHOCTH paidoHa Cnoken-HeMn maer ocHOBAaHUE
ONpEIeUTh €ro KAK 30Hy MIHEDAJOTeHeTHTIecKoi uutepdepennmn [Crraes,
19841. TTociieiHee TPUBOJAT K BEIBOJLY, UTO MCCLYeMEIH paiton mpefcTaBisierT
cofoil JMIIb BJeMEeHT TATAHTCKON MHOT00YaroBoi rUPOTePMANBHOI MameocHe-
templ. HayuHoe ¥ IpakTHYecKoe 3HAYCHHE DTOTO 3AKMIOUEHNA OTEBUJLHO.

OnucaHHBe BhIe IPHMepPHl BHOCAT, KAK MB HajeeMcsd, HEROTOPYIO sC-
pocts B Bompoc sddextmsmoctr YMI-meroma. HeoOxomumo HONMEPRHYTD,
9TO JCIONB3OBAHMe HTOTO MeToia B orHomermm paitonos I[logoancroro Mpu-
nuectposba n Cioren-Hemn npuseso kK HOBBIM BHIBOJAM.

30HANBHOCTE PYJAHBIX MECTOPOsKICHHUIL, OTPA/KAIONLYIOCH B pacipejieieHIR
ajleMenToB-IpIMeceii, paceMoTpuy Ha npuvepe Jle kmH T A T b OeicKo-
To  MOJAIGIEHUT-XaJbKONMPHUT-IHPUTOBOTO  MECTOPORAEHIA (MomAp b
Vpaa). Ono npefcrasiaAer cofoil efANYI0 COTIACHYIO 30HY cyOGMepuIHOHA b=
HOTO TPOCTHPAHHNA, MPOTATHBAIIIYIOCHA ¢ ceBepa Ha I0T Ha 4.5—5 kM. Pyno-
BMEMAION[HEe TOPOJIH OTHOCATCA K OTJIO0KEHHsAM pudeiickoro Bospacta n npen-
CTaBIeHs THIPOTEePMAaJIbHO M3MEHEHHBIM CepPHIINT-XA0PHT-AMB0HT-KRBAPEBLIMU
THeifcaME 1 cJAAHOAM¥. BHABIeHA MaToOKOHTPACTHAHA 30HAIBHOCTDH pacopefe-
gemus THHOB PyA. MoaubmeHnT-GOPHUT-XANBKOTMPUTOBLE I MoJHOgeHIT-
MAPHTOBEIEC PYALl TATOTEOT K [eHTPaIbHOI YacTH MecTOPORACHHA, a B Ha-
I[PABICHAN K ceBEPY M IOry IIPOECXOJHT MOCTeMoBaTeJIbHASL CMEHA MoaudIe-
HAT-00PHUT-XaILKOTMPUTOBEX PYA XaJbKOMHPAT-TIHPHTOBEIMH, XaJbKOTH-
prT-chaTePUT-IHPATOBHIME H  THPATGBHIMIL. OrveueHHag B0HAIBHOCTH
HOJgepKUBaeTCA 3aKOHOMEPHLIMIL BapWaruAMA cocTapa W CBOMCTE TMPUTA
(puc. 6). B pamrax MEHEPAI0THIeCKON 30HANBHOCTY Ha MecTOPOK/eHHT BhIIe-
JIeHE TEHTPATBHAA MOTNO/ICHATOBAA M MOCIE0BATETHHO CMEHAIONLIE ee K ce-
BePY W 10Ty XaJpKomMpuToBag M cfasepuT-XaibROMUPUTOBAL 30HBI.

Onuum 73 2PQeKTUBHEIX MHIAUKATOPOB MEHepaIOrHuecKod 30HATLHOCTI
Jexsaransbeilckoro MecTOPOsKIEHAA CAY/KHAT COCTAB aJIeMeHTOB-IpuMecell B
mupure. MecieloBannsa MOKasanm, YT0 B HANPABIeHHU OT MoOAIOeHATOBOM
30HH K XaJbKONHPUTOBOH W pamee c@anepnT—xanLKonﬂpuTOBoﬁ B OAPUTE
Bo3pacTaeT OTHOCHTENbHA] KoHmentpanua Oouee MEeHTPO0E/KHBIX DJIEMEHTOB
i cokpamaercd Goxee IEHTPOCTPEMHTEILHBIX. TlokazaTeaeM TPOCTPAHCTEEH-
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Puc. 6. IlposBaenne MAREPATOTHICCKONH 30HAILHOCTH JlekrETanb0CHCKOT0 MOAROIEHNAT -
XaTBKOMUPHT-IAPATOBOTO MECTOPOKIGHMA B CBOICTBAX IHPHTA.

MumepanbHBE 30HE: MOJmGEeHHTOBAaA (M), Xajbrommpurosas (Xm), chamepur-xansronupnrosas (Cd-
Xn). KpyroBee IUarpaMMbl NOKA3BIBAIOT OTHOCHTEIbHbIE KOHIEHTPATAN IPYIL 2J1eMeHTOB-II IMecei -
puta (cM. Yeia. o003, Ha puc. 4), mudpa Ha InarpaMMax — OTHOLICHUE 10,/10.

Hoit nmddepeHnUanUy HIeMEHTOB-TIPUMECeil 110 HPU3HARY UX NIC caymur
orgomerne I1,/1T,, uamensiomeecsa B ToM ke Hamparzenun ot 0,06 go 1,31—
1,41.

BBIBOJIbI

VeranosneHras Temienmusa K Anddepenmmanun mo mpmsmary I[IIIC
MATHX DICMEHTOB B PYAHBX MeCTOPO/KIEHMAX COFJIACYeTCA ¢ TeHJeH[Hen
raobanpHoi reoxummgeckoit osomorma mo 0. T'. lllep6akoBy, uto jgaer ocHO-
BaHMe PaccMaTPHBATH MUHEPAJI0-TeOXHMHICCKYIO MuddepeHnuannio B Ipomnec-
cax pyfoo06pazoBanus Kak COCTaBHOM bieMeHT HeoGpaTmmoil reoXIMAYeCKO M
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spodonun Jeman. Pasolmenwe saeMeHTOB-IPHMecell MHHEPaJoB H Py Ha-
Gai0laeTes B MeC10POK/IEHHAX PA3JHYHBIX PY/AHBIX (GOpManAil I IPOABAAETCH
B 0IHO0OPAa3HOM HOHUW;KeHUH POJIM LEHTPOCTPEMHTE IbHEIX DJEMEHTOR M BO3pa-
CcTaHNH TeHTpPoGe;RHEIX B HANPABIEHUN BeKTOPA NPAMOH 30HaJAbHOCTH. Ilpnm
aTOM MacmTal M KOHTPACcTHOCTH AuPepeHnuaniu, XapakTepu3yuIliHe MecTo-
POsKJICHAS PASHEIX (opManuil, cymecTseHHo pasiaundaiorcesa. Mo:kHO mpegmosa-
rath, 49T0 I@HTPOOEKHOCTh ACCONMAIMA DJEeMEHTOB-IPHUMeceil oTpa;kaer cre-
IeHb PAa30o0IeHHOCTH MECTOPOKOeHNH ¢ HCTOYHUKAMH PYAHOIO BRIIECTBA H
o0muit yposeHs JefasupHKanuu MeTaJIONPORYNEPYIOmEro cybcrpara.

Ha ¢ome reoxmmmaeckoit muddepenumannn, HabIIOAOMERCS Ha YPOBHE
pyaumx gopmanmii, odHapy:RABaeTCA TaK:Ke Pas3/lelieHAe BJIeMeHTOB-IPHMeCceil
no ux HIC sa dpanmaasuom yposue. ITocaennee nposisnsier ceGa B Hampas-
JIEHHOM W3MeHeHHH THIHOXMMH3MA MOHEDAJOB B MECTOPOKACHMAX PAa3HHX
MHUHepaabHHX THOOB. VMenno sta (Gosee wacrHas) guddepeHnuanus npuso-
AUT K QOPMUPOBAHUI0O MUHEPATOTO-Te0XUMHICCKON 30HAIBHOCTH PYAHBIX paii-
OHOB M noJjiell. AHAJM3 COOTBETCTBYIOIMX MaTepuaionr yOe:knaer, 4ro mepe-
pacupefiejieHHe MAaJHX DJIEMEHTOB B TOJB3Y MEHTPOOE/KHBIX NPONCXOJUT B
HATIPaBIEHAN BEKTOPA NPAMOH 30HAIBHOCTH KAK CJAEJCTBHS OIPOTPECCHP YIOMeR
TeOXUMHYECKOH HBOJIONUH THAPOTePMAIBHHX IIalIe0CHCTEM.

Haxouem, mpm mepexofe K MECTOPORACHHAM ME CTAIKHBAEMCH C eIne .
Oonee JIOKAABHBIM BapHAHTOM TeOXMMHUYeCKOH smomionuun, ofmas HampasJjeH-
HOCTH KOTOPOM, CY[If 10 MMEIONMMCSH y HAac JAHHBIM, OCTAETCH TOM e caMoil,
T. €. CBOANTCA K Iepepacmpeie/ieHAI0 DIeMEHTOB-IpAMecell B moab3y Oolee
UEeHTPOOeKHBIX.

YHnrBepcaJnbHOCTh TeHAEHIUHE 060co0IHNA 3AEMEHTOB, PasaHYAIONAXCH
mo IIIC, Tpebyer nocramoskm Bompoca of o0meil mpuunme Habaomawmeiics
aguddepenpuanuu. He nperenjiys Ha pemeHue 9Toro Bompoca, MH o0pamaem
BHUMAaHHEe Ha ciaefyiouee o0cToaTenbcTBo. AHANN3 cOCTaABA IPYyII IeHTpobe:-
HOCTH — IEHTPOCTPEMHTENLHOCTH TIOKaskBaeT, 4T0 IPYyNOIa LeHTPOCTPeMH-
TeJNbHEIX HJIEMEHTOB KOHIEHTPUPYET cHACPOPUIE, MAHIMAILHO- B TeHIATHO-
1eHTPoOeKHBX — XaJabKoQuabl, UEeHTPOOeKHMX — autofuianl, Taxum 06-
pasoM, obHapy:smBaercs, uro pasgenenme amementos mo IIIIC mpomexonmmt
B COOTBETCTBHHI ¢ UX CKJIOHHOCTBI0O K CAMOPOIHOMY COCTOAHUIO, CPONCTBOM
K cepe m Kncaopony. Ha ocHoBaHHM 5TOr0 MEI IpegmosaraeMm, 9T0 OJHHM H3
Beymux (akTopoB reoxmMmiecKoidl aupdepeHIHANNA BHICTYIAET IBOIIOIMA
OKHCJIUTeNbHO-BOCCTAHOBHTRIBHOTO TOTEeHNHAIA. JVIMEHHO YHHBEPCAJBHOCTH
OBOJIOIUH OKHCIATEILHO-BOCCTAHOBATEILHBIX YCIOBHHE MIHepanioo6pasoBaHusd
B 3eMHOH 00CTaHOBKE NPHUBOJMT K BOCIPOM3BOAUMOCTH TeHAeHIHH oGocobie-
HUA 31eMeHTOB B MUHEPAJBHBIX CHCTEMAX PABJIHYHOTO Macmirada.

B sarkmouenne orMernM, 4o SCHHE KOHIEOTYAJIbHO W MPOCTOH M0 BOIJIO-
mennio Y MI'-Meton naer Bo3MOMRHOCTH ONEPATHBHO W OCO3HAHHO BecTH obpa-
GOTRY MAaCCOBBIX TI'COXMMHYECKUX JJaHHBIX. BHG}IPGHHB ero B reOXMMHYCCKYIO
OPAKTHKY Pe3K0 YIPOCTUT B YcKopuT 00paboTKy reoxmMuuecKoil meHpOpMAa-
1M, CBA3AHHON ¢ ompeeseHHmeM Kpurepues (KoadduumeHToB) 30HAIBHOCTH
U NepCIeKTHBHON omeHKoM aHomanmil, moMo;keT YHHQUIUPOBATE BCIO HpOIE-
IYPY PYTHHHEIX TeOXHMHUYECKHX PACUCTOB.

10. I'. IMlepbaros
IFEOXUMUA B METAJJIOTEHTYECKOM AHAJU3E

SaBHCHMOCTh 3aKOHOMEDHOCTEH COCTABA M PA3SMEMEHHS PYMHHIX MECTO-
POACHUE OT CBOHMCTB XHMHYECKHX BJIEMEHTOB M3y4aeTCA [aBHO, HO CTPOTHX
KOJWMYECTBEHHBX BHPA/REHUI 9TOH 3aBHCHMOCTH [0 cuX mop Mauo. HeobGxo-
IUMOCTH CHCTEMATHYECKHX HCCASJOBAHUI TEOXHMHUHM OTAeJAbHBIX 3JIEMEHTOB,
PYAHBIX MECTODO;KIAEHHEA ¥ PafloHOB [IA BHABJICHAA (yHIAMEHTATBHBIX
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BAKOHOMEPHOCTER uX ¢BA3N ObIa oveBUMHA Aus kpyunseimero B Cubupm sma-
Toka pynHoil reoqornn @Pennxca Huronaesmua Ilaxosa. Omue na ocHOBHHIX
BHIBOIOB, K KOTOPHIM OH IIPHIIeN,— YCTAHOBJICHHE COCTABA IOPOJ, 3a CUeT
KOTOpHX (opMuEpyeTcA GOMBUIMHCTBO TPAHUTOMIHHIX MACCHBOB H B KOTOPHIX
LUPKYJIADPYIOT TOPAYHE PACTBOPHL PA3HOT0 HPOHMCXO;KACHHA B KadecTBe IJIaB-
HOro (axTopa, ONpejIe/IAINEero COCTAB CBA3AHHOIO ¢ TEMH M JIPYTAMH Opye-
segna [Ilaxos, 1966]. Dror BHBOL mpoTHBOMOCTABIAICH TPEJICTABICHIIO
00 MCKIOYATENIBHO PIyOMHHOH METAJIOTeHHTIECKOH (CIeIMalu3aluiy rpa-
HHATOUJO0B B OPHeHTHPOBAJ Te0JiOrOB HA W3yYeHHEe CONepRaHHUl pynoobpasyio-
HAX MeTaJJioB — 30JI0Ta, MeJH, CBUHIA, IMHKA, OePHIAIHA, /kelesa, ypaHa
i JIPYyruX B BYJKAHWYECKAX M OCANOYHEIX NOPONAX, BMEIAINUX W TOICTH-
JALEX MecTopo;KieAnsa. PassuBannch IPHHNUOE H METONE Fe€OXHMHICCKOTO
KapTHPOBAHMA B pasHeX MacmrTabax, MOABIAIACE HoBag wuHGOpPMamus 00
yeaoBusax o0pasoBaHUsA PasHOrO THIA W Pa3INYHOR TEOJOTHYECKOH TOSHITHH
pyAHEIX MecTOpos;kaennit. 1lo Mepe HakomIeHus reOXHMMHYECKHX JAaHHBIX BCE
Gomee aKkTyalbHBIM CTAHOBHJCH BHIOOpP cpeacTs W TpueMos ux obpaborkm
B comocTaBieHud. [eoxumuknm H0—60-x romos, HCHmOIB3YH METOOE MaTeMa-
THUCCKOH CTATHCTUKM, OXAPAKTEPH30BAJN OCHOBHLIE TeHIEHIIHM pacipee-
JIGHHA BJIEMEHTOB B pYJOreHepHPYIOIUX # PyAo00pasymomux CHCTEMAX,
YCTAHOBHJIM HX TIOJHMOJANBHOCTE W Bece (oJiee JOTHOPMAJbHBIH THT 110 Mepe
YVBeAWYeHHA PYOHHIX KoHHeHTpanmit. Opuako ycranosieHmio Gosee TiyboKHX
3aKoHOMEepHOCTeil pymoobpasoBaHHA (B TOM 4YHCIE PErHOHANBHEIX, oToGpa-
JHAeMBIX Ha MEJKOMacmTa0HBIX MeTAlJIOTeHMIeCKHX Kaprax) M CBA3ed mux
€ TeMH MJIH HHBIMU CBOMCTBAMH HJIEMEHTOB MPENATCTBOBAJIA HOCONOCTABIMOCTD
KAacCHQHKANHi M KIacCHQUKAUMOHHBX OCHOBAHWI YAEHEHHHA XHMHYGCKHX
DIEMEHTOB, TOPHHIX IIOPON, PYAHBIX MECTOPOMACHWIl, CTPYKTypHO-PopMa-
IEOHHEIX 30H M T. JI.

PaspabaTHBas reoXuMHUYCCKYI0 CHCTEMATHKY He TOJBLKO DIeMeHTOB, HO
1 00beKToB Gojlee BHICOKHX YDOBHEH OpPraHUSANMH BENIECTBA — MUIHEPAJIOR,
MOpOJ, TeoJOTHYeCKHX (B TOM YHCIe pPYAHEIX) dopManmil W IIPOBWHITHIA,
10. T, Illiepbaros [1965] B KagecTBe MCXOMHHIX MapaMeTpPOB MCHOJb30BAJI OT-
HOUIEHMA CPEJHUX COMeP;KAHWH HJeMeHT0B B TJIaBHEMMNX, PENepPHBIX, JMIIb
09eHb OT[JAJeHHO CBA3SAHHBIX IPHPOIHBIX CHCTEMAX — METeOpHuTax, 6asaiabTon-
Hax H INIMHHCTHIX CIAHNAX, OTPAIRAIMAX IPNOIHIKEHHO COCTABHI COOTBETCT-
BEHHO TPOTOILIAHETHOTO BEMIECTBA, MEPBUYHOH OKEAHMYECKOH W KOHTHHEH-
TaaLHOH 0CaZ0YHO-TPAHHTOUTHON 3eMHON Kopsl. Pexomenjays k onybGamkona-
HHIO 9Ty TMepPBYI0 IOMBITKY CHCTEMATHKU JJIEMEHTOB IO OOIUM BbIPAHKEHHbBIM
KOJMYeCTBEHHO Tao00anbHbiM TeHpennuaM pacnpepeaenns, @. H. lllaxos
OTMeTHJI, 9TO OHA «...]aeT OPUIMHAJLHOE TeOXHMHIecKoe 000CHOBAHHME WAL
3aBUCHMOCTH COCTABA PYAHLIX KOHIEHTPAIMEA OT COCTABA MATEPHHCKUX Marmy,
W Nojena;, 9YToOH TOKA OYeHb JAaKOHHYIHO CHOpPMYIHPOBAHHBIE LPHH-
nunel ObUIH  Pa3BepHYTH aBTOPOM B JaabHedmmx paborax *. I1o «pas-
BepreiBaHWe» mpojomkaerca yme Gomaee 20 mer. [lockoanky oHO opmeHTHpO-
BAHO HA BBIAB/ICHIE BO3MOMKHOCTEH NCIIOJb30BAHNA MHOOPMAIHHE O COIEPHKa-
HEAX M COOTHOIIEHHAX METAJ0B B IOPOAAX W pyHax Aafd o0bACHeHHA 3aKO-
HOMepHOCTeill pynoo0pasoBaHnA BO BPeMEHH M IPOCTPAHCTBE, 37IeCh YMECTHO
TOBECTH HMTOT BHIIOJHEHHBEIM B 3TOM HANPABIeHWH W He IPETEHAYIONUM HA
TOJIHYI0 3aBEPIIEHHOCTh UCCHeTOBAHHAM. [NIaBHELL UX peaynbTar, MMOKATYIL,
oupejieJieHne W TPAKTHIECKOe NPUMeHeHHe 1A TeHeTHIeCKUX KOHCTPYKIIH
M TPOrHO3MPOBAHWA (yHZAMEHTAJBHOTO, HA HAUI B3TJIAM, TeOXHMAYECKOTO
cBoiicTBA »iemeHTOB u 0oJiee CJIOMKHO OPraHW30BAHHBIX HPUPOJHBIX CHCTEM
(MuHepanoB, DOPON, TEOJOTHYECKUX, B TOM 9YuCJE PYAHHEX, (opMaimii, Ipo-
BUHIAH ® reocep)— UX MEHTPOOCKHOCTH — HEHTPOCTPEMUTEILHOCTH B3a-
UMHOTO IPOCTPAHCTBEHHOTO COOTHOINEHW,

* Apxus @. H. Illaxosa 8 Cubupcerom otjaenenna AH CCCP, r. HosocuGupek, pyko-
nuch Ne 7 «O reoxmmmueckoil kraccuuraunn sjeMenTos, npeproxensoi [0, I', Mepbaro-
BLIM», natuposanHad 14.12.64.
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B peayabrare pasmeseHms B CHIOBEIX TOXAX 3eMIN BCeX MONBMHHHX
COCJIMHEHNA HJIEMEeHTOB, PAasHHX B KaI0OM TeoJOrHYecKoM Nporecce; HX
accoruannit TpoucxoanT pazolineHne, IPH KOTOPOM NEHTPOOeKHbIE 'DIeMEHTH,
MUHEPAJbl, TOPOJbl HAKAIIMBAIOTCSA BO BHENIHHX, mepudepuuecknx gparmen-
TaX DHA0- W DKB0TEHHHX IDPHPOJHEIX CHCTEM, & IeHTPOCTPEMHUTEIBHBIE —
BO BHYTPEHHIIX, KODHEBBIX, IeHTpPanbHEX. Mmoroofpasme mpmpomganix mpo-
neccoB n (GopM HAXORAEHUA B HOX TMOJABMKHBIX COSJUHEHWH IPHBOIHT K pes-
KOMY HECOOTBETCTBHIO TEHACHINI PeajabHOrO pacupeiesieHusa JIeMeHTon, a
BCJIe[l 3a HUMH — MHHEPAJOB I IOPOJl B TPABHTANMOHHBIX IOJAX CHCTEM HX
COOCTBeHHBIM YMEIBHHEIM BECAM W HWHBIM OTHEIbHO B3ATHM (H3NTECKHM UIH
XxuMuIecKnM cBoiictBaMm. Jlma mpeomoneHmsa mogoOHBIX CIOMRHOCTE HEYHUTH-
BAEMOT0 U MepPeMeHHOTO COYeTAaH!d I BO3ACHCTBAA KajKI0T0 (M3NYeCKOT0! HIH
XUMHUYECKOTO CBOHCTRBA DIIEMEHTA Ha ero riaobajibHble, PEIMOHAJbHbBIE W JIO-
KaJabHbe TEeHACHINH IPOCTPAHCTBEHHOTO pacipefeleHHA MBI uadpanm' myTh
NpPAMOHl KOJMYECTBEHHOH PETHCTPANNH ‘I CONOCTABICHMSA WX COJeP/RaHnE
B MCXOIHOM IIPOTOIIAHETHOM METEOPHTHOM BemecTse 3eMId ([L) 1 TIHHHCTHX
caaHmax (c¢), orpasKanmux Oojee JAPYIUX TOPOJ CpefHWil cocTas Hanboaee
PasBHTON reOXEMHYECKH 3eMHOH KODH KOHTHHeHTalXbHOTO Tnna. Tawknmm of-
pasoM, A 2JEMEHTOB ¢ HH3KMMH 3HAYEHHAMH OTHOIMeHuA c¢/it (ocoGeHHO
COCTaBIAIONIME COTHIE M THICAYHBIE J(0JM) XAPAKTePHHl 1[@HTPOCTPeMUTeIbHER
TeHICHINN pacrpele/leHna B Jemie, a JIIA HIeMEHTOB, HAKAITHBAIOIUXCH
B 3eMHOII KOpe OTHOCWTEIBHO HCXOMHOTO BEMIeCTBA — IeHTPOoOe;KRHLIe CBOIICT-
Ba. [lenrpobesRHOCTE — TEHTPOCTPEMATETLHOCTE DICMEHTOR, CJACLOBATEILHO,
Ipe/ICTaBI LT co00il CTATHCTHYECKIT YCTAHOBJEHHOE HX CTEPeoreoXMMUuecKoe
CBOMCTBO NPEMMYMECTBEHHOT0 HAKOTUICHHS COOTBETCTROHHO B KOHTHHEHTAlb-
Hoil Kope 3emin i B ee Oosiee TayOMHHBIX 30HAX.

TMockonery rayOumHHEE U TPOTEKAIIING Ha 3eMHOIT IlOBEp\HOCTlI npoiec-
cH AupdepeHINANAN BEMECTBA CYMECTBEHHO OTaWYaoicd, a ofpasosanue
3eMHOH KODPH KOHTHHCHTAJILHOTO THIA 00fA3aHO cOYeTaHN0 TexX H ApYrux,
HaMI PacCMOTPEHHl TAaK/Ke JIIS BCEX OJIEMEHTOB OTHOIIEHHA Vv/jL M ¢/v, IIe
v — cpejHee COIepRANIE IeMeHTa B 06a3albTONAAX OKeAHITeCKOH KODHL.
OtHomenne v/ orpaskaer peaylIbTaT Me PBH Y H 0 i nugdepennmanan
NPOTOILTAHETHOTO BEMECTBA 1 XAapaKTepHayer HadvaabHY 0, Wi 3 H-
T OoTeHHY o, nearpobe;sHocTh (Opm v/u > 1) omemenTon, Kotopas) Kak
oKazazachk B OOJBIDHHCTBE ciaydaer, Oojice BCEro TIPSAMO TPONOPIHOHATBHA
HX CPOJCTBY C KHCIOPOXOM, TIOTOMY OTHOIIEHWe Vv/[L BIeMEeHTOB B KaKOi-TO
Mepe MO/KHO PacCcMaTpmBaTh B KAdyecTBe CTATHCTHYECKOTO IOKasaTend’ OX
oTHocuTenLHOM oxcuduaprocT, OTHOIIEHWe ¢/V OTPA/KACT TNpPenMyHiecT-
BEHITOE CPOJICTBO DJIEMEHTOB € KpeMHHeM ¥ amoMmemeM (opu c¢/v > 1)
nin ¢ sRele30M u MarHEmeM (npm ¢/v << 1). duementsl ¢ ¢/v > | HaspaHH C00T-
BETCTBEHHO CMaJdHuecKumu (s), ubo HakammmpaoTca onu Goxee B
KOHTHHEHTAJIBLHON KOpe CHAJNYECKOTr0 THOA, B TIPOTHBOMOIOKHOCTH' DJie-
menrtam gemmgeckum (f) (e/v << 1), T. e. comep;RaHMA KOTOPHIX B KOHTHHEHTA b~
HOIl KOpe He BO3PACTAIOT CPABHATEIHHO ¢ KOO OKeaHMIeCcKoit. JT0 OTHOIICHIE
c/v, paHee HAa3BaHHOE HAMH (KOPOBOi» IeHTPOOEKHOCTBIO, MOKANYH, Tydme
UMEHOBATH «YK30TEHHEIM», TAK KAK OHO OmpeJeideTcsd B 3HAUNTENLHON Mepe
$paknMOHNPOBAHEEM BEmEcTBA B HK30IeHHHX Nporeccax. llpomasenenme
9THX [ABYX KoaQPUIEEHTOB TEHTPOOEKHOCTH (CHAJINIHOCTH — (HeMUIHOCTH)
v/p-c/v = ¢/p  xapakrepuayer cremeHb o0medl IEHTPOOEIKHOCTH Ka:KAOro
aiementa. Pasubie COOTHOHMIEHNA KOA(POUIIHEHTOB MO3BOJISIOT BHIEIHTH IPO-
ME;KyTOUHBIE (BO MHOTOM CBOeOGpasHBIE) MO CBOMM OCODEHHOCTAM pacupejie-
JeHns B NPHPONHHIX CHCTEMAX TPYHIL MUHAMATBHO- I JeQHIATHO-IEHTPO-
He;RHEIX DJICMCHTOB, UTO B XNMUYECKOM acheKTe Gojee BCETO COOTBETCTBYET
demmuecknM okcmduiaam u cmammueckmym rterepodmiam [lllepGakros, 1982].
Kazapiii n3 BRJIEIEHHEX TeTHIPeX KIAacCOB DJIeMEHTOB IOJpasielieH Ha T'pPym-
nn Golee M MeHee MONBHKHBLIX B 3aBHCHMOCTH OT CTATHCTHUeCKN OGoabmreit
MIM MeHBIIeH pasofmeHHOCTH MX KOHIEHTPAanuil ¢ HMCTOYHHKAMM BHIHOCA.
Hamnas M3 BLHIeJeHHHX TPYIHI AJeMeHToB oforamaeT miam obefHAET KOH-
KPEeTHEIE TPUPOTHBIE CHCTEMBI.
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Jlas MeTaJJoTeHHYECKOr0 AHAJN3a, TPOBOJUMOTO B DPA3JIMYHEIX Mac-
mrabax W ¢ PA3IMTHHIMHM 3aJaUaMi, CYNIECTBeHHHl BCe OTMEYEHHEE CBOHCTBA
DIEMEHTOB, & TAK/KE MHHEDAN0B, TOPHHIX HOPOJ, PYAHBIX MECTOPORIEHMil W
NpOBMENE — WX (EMEYHOCTH — CHAIMIHOCT, TEHTPOGEIKHOCTE — IEHTPO-
CTPEMATEILHOCTh, B TOM UUCIEe DHJOTeHHAf, dK30TeHHAS M OOmasd. .

JI7A XApAKTEPHCTHKH OCHOBHBIX 3aKOHOMEPHOCTeH MeTaTTOTeHHIeCKOTro
PA3BUTHA TEPEUNCIEHHEX TNPHPOJHBIX CHCTEM MOKHO HCHONbL3OBATH ITH
reoxmMuuecKne cpoiicTsa. Tak, rmo0anbHAas 30HAIBHOCTL M IOC]AEKOBATEID-
HOCTH M3MEHEHWS COCTABA PYJAHBIX MECTOPOKICHUI O Mepe PasBuTHA 3eMHOM
KOPHL (C paHHero apxed) COCTONT B PACIIHPEHHH CHEKTPa MX COCTAaBA OT IIEHT-
POCTPEMATEILHEIX —accomuanmii  demudeckux rerepoduios cpefHeill YaCTH
[lepnonnueckoit cmeremur JI. M. Menneneena Fe, Ni, Cr, Pt, Mg, Au u gp.
npu HanMeHpmAx snadenusax uX OK 0 MAaKCHMATLHO-TEHTPOOESKHBIX JETYIHX
H, C, Cl n nanGosiee MOABW/KHLIX CHAJUYECKHX OKCHPHUIOB Lif R, Bby U
U 1p., Gonee BCEro KOHIEHTPHPYIONUXCH. B_3aBepPIIAIOMHAX TEKTOHHYECKHE
NERIB TIaTGOPMEHEHIX TeXJIaX ¥ NapareoCHHKIMHAIAX. T0 TIaBHEM 00pasoM
anemenTH  camoii mepmpepun rabanmsr llepmojmdeckoii cmeTeMB. JBOXONE-
OHHAS CHAJM3ANAA TepBUYHO-PeMITeCKOl KOPHI IOCIeI0BAaTeNbHO PaCIIHpA-
6T CHEKTD HIEMEHTOB JNNTEHETHIeCKNX MECTOPOKICHHl MIOTeoCHHKINHAT
crepsa cuammzeckmyu okendunaym (Ta, Nb, W, Th u ap.), a sarem retepo-
¢maamu (Mo, Sb, As, Ag u np.), nanbosee NOABHRHLIC M3 KOTOPHIX Xapak-
TePHE A 30H TEKTOHOMATMATHYECKOH AKTHBH3aIMu U HEePelKo CBA3AHLL
¢ MEeJOYHHIMH (B TOM WUHCTE JATHTOBBHIMI) KOMINIEKCAMIL. Tarmm obGpasom,
SBOJIOIUA COCTABOB TIPHPOJHRIX CHCTEM M WX B30HAILHOCTH NPOABIAKTCA
B HAKOIJIEHUH 00jiee NOABIKHEIX B KajKIOM IIPONecce, a B CPeIHeM CTaTHCTH-
YeCKH OTHOCHTEABHO (ojee HeHTPoGe;KHBIX BHIeMEHTOB, T. €. co Bce Oomee
BHICOKMM 3HadeHneM ¢/|L Ha nepudepuy TPaBATAIMOHHBIX 0 JaIle BCEro TeIIo-
BHIX ToJeif, a IeHTPOCTPEMUTEIBHEX — K HX IEHTPY, K HX «CTepP;RHeBEIM»
30HAM.

Hamp orMewanack NepuogHIecKas 3aBHCHMOCTh BCEX YHOMAHYTEIX TeH-
JeHIuil TPOCTPAHCTBEHHOTO W BPEMEHHOr0 pacumpefiefieHns HIeMeHTOB OT
3APANA WX A7ep W, CIeJoBATeNbHO, OT mojckeHna nx B [lepnomuieckod cuc-
Teme. 9Ta 3aBHCHMOCTh HalalogaeTcs B ACHMMETPHMYHOM NOBBINEHHN I[EHTPO-
Oe/RHOCTH DIEMEHTOB K mepudepuu TaOIHILI, B ee PassepTEe IO JIIMHHLIM
HepuojaM 0T 3AHMMAIONIX MEATPaJbHOe B Heil mojoeHHe Hamboiee IEHTPO-
CTpeMUTeNBHEX TIIaThHOmAos. CTepeorcoxmvmueckas, TaKnM 00pasoM, 80-
HAJXBHOCTH SeMIN oTpaskena B 3oHanbLHoCTH llepmommueckoii cmeremst. Ilpo-
HOMGRATENHHOCTh TMKJI0B 3IeMeHTOR JiJIf KOTODHIX OHA OLpefieeHa, TaKKe
YMEHBIIAGTCH K HAUALY T KOHIY IIePHOIOB I TeM. CaMbiM IPOABIAET 06paTHO
HPONOPUHOHATEHYIO CBA3b ¢ NX 1eHTpodeskHoCcThI0. [lasa cobeTBenHo Marsa-
THYECKHX CHCTEM W CBS3AHHBIX ¢ HIOMH PYJAHBIX MeCTOpPO;kJeHnii nomo6HOrO
poja 3aBUCAMOCTH, 30HAJIBHOCTH COCTABOB M IIOCHEOBATEJBHOCTE TIPOAB-
JeHHA B TEOJOTHUYCCKOH HCTOPHN 3eMHOiT KOPH mpociaesmsaiores B Tadm. 1,
oTpaskafonieil reHeTmYecKoe I IIPOCTPAHCTBEHHOE, BEPHEee . CTePeoreoXuMmie-
CKOe COOTHOMeHme Hambojee MOJHO W TOYHO ATTECTOBAHHBIX TEOCTAHIAPTOB
rJaBHEIX THIIOB HOPOX M OJH30CTH MX K TOXHMHYECKHM THIAM IPaHUTOHIO0B
n Gasuros, semexenmsy JI. B. Taycomom [1977, 1984]. Ilpmummn smbopa
HHIMKATOPOB TPH cocrasieHnn Taba. 1 onpejeisiics OCHOBHON 3aKOHOMeP-
HOCTHI0 TEOXHMWYECKOT0 PABBHTHA TPUPOJAHBIX CHCTEM, ¢ Hpeobiagarommy
HAKOIUIOHMEM TIeHTPOGE;KHEIX — BJIEeMEHTOB B anmKaJbHBIX dparMenTax,
a IeHTPOCTPEeMHUTEIBHEX — B KODHEBEIX, IEHTPAJIbHAIX.

HauGomee ofmEM T MHTEIPAJBHEIM WHANKATOPOM cTemeHn d¢paxnumonHu-
POBAHHA BeImMECTBA W NPHHALIEKHOCTH aI000r0 o0fBeKTa (HOPOAEHI, DY)
K TeM WM HHHM (QPArMeHTaM CHCTeM 0.KHBI CTATh OTHOIIEHUs JO0JIel Mace
HEeHTPOOeKHEX 1 1(eHTPOCTPEMATeNLHBIX B - HEM 3JIeMEHTOB CPaBHATEJIBHO
¢ WX COOTHOIIEHMEM B WCXOXHOI cpere. B KauecTBe MHAMKATOPA LEHTPOOE-
HOCTH HAMH HMCIIOIL30BAH TMPOIEHT JI0JH HEHTPOOE;KHBIX 3JIeMeHTOB B JIAHHOI
npofe u COOTBETCTBEHHO B JAHHOM y4acTKe M3y4aeMoro oGbeKTa OTHOCHTEeNIb-
HO CyMMBI COlep/KaHmil Bcex pemepHeix amementos. OHH He IpuHAjIeHaT HU
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S61

TaG6awma 1

IIpamepsl cTepeoreoXuMMYECKOil THNHAANMM TEOCTAHJAPTOR M YACTHBIX KJIAPKOB 110POJ M Pyl 10 HHAHKATOPAM NEHTPODEKHOCTH, CHAIMMHOCTH M Jp.
SnemenTH 1 2 3 & b 6 7 8 9 | 10
Demuneckue nopodn u pydn
RapGonars ryGoko- | T. W. 2742 61,1 53 6,3 8.4 0,5 154,9 BT
BOJIHBIE

Ientpo- | Mmmna rayGokososran | T. W, 1944 59 5.5 6.9 9.8 i | 196,8 87,5

Oeskubie | YepHbiii ciaunen TS-ZGI 2453.8 59.7 214.8 10 5,16 4.4 — -
T'abopo SGD-A, 1GI 1204.4 731 01,3 4.8 0,42 16,33 367,5 68,2
Basannr BCR-1, USGS 1046,3 19,7 37,9 4.8 1,28 62,5 486,6 28,5
Mopcroii ocanok SDO-1-3, 1GI 376—1200 | 33—41 | 18,5—25,7 44—T71 — 0,4—8,2 53215 —
['ab6po-tnataa-Oa- BR-CRPG, BIR-1,| 1117—1807 | 26—55 9,7—33,6 21 0,05—1,8 0,04—57 1—43 4,5-—-222

Pasno- 3a71bT BHVC-1, IB-1,
BECHBIC 2-GSJ, W-1-2,
USGS
Cpejiuanii Gasaner . Ws 1109,3 51,3 261 4.7 1,6 49 22 23,6
V. 1128,8 40,2 20,4 5,0 13 6,0 17 30
@ HRenesopynas  gop-
2 MAaiis FeR-1-3, CCRMP 86—8973 | 5937 58—-27,9 4,7--5,0 — MN—4 14,5—0,5 —
8 Cynuduanas pyna ASK-3, ASK 115 618 19,1 19,1 — 0,02 48,8 178 30
g Cu-Zn pyaa PYC-1-3 46 245— 1,3—11,5 1,3—11,5 - - —_ —
E 160 900
g uuepbasurl 2 3015 2 1.3 3.9 2,7 16 1.10-8 21,4
g V. 4 330 1.8 0,8 3,4 0,9 231 8104 22,7
=3 MepmjioTar PCC-1, USGS 2 915 2.8 1.5 0.6 — 0,99 1.40-4 2.5
3 Jlynut DTS-1, USGS 6 782 1,4 1,2 0,56 3,74 1,25 - -
= Cu-Ni pyna NOR 6 291 2.8 0,25 - 0,19 1,2 — - -
= Fe-Ni pyja NOR 2333—8311 0,25 04—141 — 0,57 1,7—9,7 — —
Depunecku-cuaiuneckue nopoiu

Hapectaak KH-ZGI 274 75,6 65 11 - 4,29 — —

Cpenane kapGonathl T. W, 169 67,4 55 14.3 9, 01 5 4,3

CHeHHTE SY-2, 3, CCRMP | 2168—T7077 | 87—96 84—95 1,2—1,1 11,3—3,0 20—23 | 1242—1223 | 2171—2690

_ | TpamonmopmTit 1G-1, GST, GSP1, | 674—1814 | 84— 79—87 4,0—1,9 17,8 13—14 350—208 [ 3068 —664,5

[MenTtpo USGS ) )

Besxuste Ksapnessie marutet | QLO-1, USGS 649 83.4 72,6 1,83 1,86 30 3 430 15,5
Cpejiane cnennth T. W. 1097 87 84 14,2 10,9 5.4 14 400 92
Anespomnr SA-1, I1GI 1002 66,2 47 1.1 - 6,8 213 —
I'nummeTenii cmanen TB, ZGI 1 064 T4.4 63 1.0 7.9 243 237
I'pamaromgs ¢ mo- [T. W, 705 81 66,5 18,9 3,0 10,0 586 81

Pasho- BBIIICHHLIM  COJIEp-
sKanmeM Ca
BOCHME | Tuopnu V. 734 | 69,8 55,8 7.9 23 3.9 317 M
DR-N, ANRT 941 69,4 425 6,5 — 43,7 190,8 67,1
Awnjteant IA-1, GSI 464.,9 64,1 35,8 11 0,4 125 155,9 6.8
AGV-1, USGS 842.8 174 61,1 10 0,96 18,8 1 562 17,6

Ienrpo- ]‘\‘;;él;(;::l;llfmeckﬂii ASK-2, ASK 1434 57,4 42,2 9.4 9.3 7.9 1 485 30

meprrt | Tpamar GR, CRPG 1 204 51.8 45,9 19,5 1,0 3,71 7% =
Anoproant MOG, IGEM 435,1 58 22.8 19,8 2.9 494 ™7

AN-GSIT, IWG 274,71 45,8 16,6 33,0 EN 15,3 6,5 15,2
Cuaauueckue nopods u pydu
I'peiizen GnA, ZGI 7 189 08,7 98,7 14,6 501 — — >2:.10°
Lentpo- Cpepume rpamuth ¢ | T. W. 730,7 92 85 43,6 11,8 4.8 4 H78 180,9
e HH3KEM  CcOJlepika-
HueMm Ca
I'pannTh G-1-2, USGS 457—782 | 93—95 90—94 44—30,7 116—4.7" |- -—33,3 — 9259 125103
Ianaw u cpeanne T. W.-V. 803—1130 | 93—69 75—56 2,8—12.8 5,3—3,2 6—4,5 145—146 | 173—104

Pagno- CJIaHIBL

BeCHRIE Cpejine rpannTh V. 848.,9 86,1 81 21,4 4,0 13,4 1 144 170
I'paunri GA, GH, CRPG 785, 1021 5,89 | 79; 88,7 29; 67 41 10—14 140 47 578
llecuanmxn oW 551,6 88,7 84,9 67 1.8 3,2 34,7 168,8

Ilpumeaanne. 1 — HasRanAue OGTEKRTOB; 2 — MX WHACKCH; 3 — CYMMApHBIE COACPISAHNA UHAHKATODHEIX ICMEHTOB,

r/T;
(T. €. OPOUEHT CONePKAHNI LCHTPOGEHHBIX HIEMEHTOR 0T CYMMB! BCeX WHIMKATODHHX), h — KOSHOUUMEATH HX CHAJWYHOCTH (T. €. NPOLEHT CONePHKAHMA CHATHYECKUX WHIMKATOD-

HBIX B7EMEHTOR OT 06Ul MX CYMMBI); 6—8 — KOO(dULMEHTE OTHOCHTENLHON KouUenTpauuy (OK) uap oneMeHTON, HOPMUPOBAMHBE 1O Ymu(l:)'rmm xougpuram (6 — mua Si/Fe,7 —
Mo/Cu, 8 — Co/Ni); 9, 10 — unmnkatops JI. B, Tayeona (9 — st GASAIRTONIOB: —wlgu(—-—?\aais; ) 10 — man rpanuroiion: —'""—ML]I;:P +RS,).' )

HasBaane cTanNapToB W JaHHLIE N0 HIM TIPUBETeHE! i nepecuntansl 110 [Geostandards..., 1'.18&].[{ OMHHEM CTAHIApTOR chenyicmue: ANRT — Association Nationale de la
Reche;che Techmque_; ASK — Analytisk Sporelement Komite, Norway; CCRMP — Canadian Certifled Reference Materials Projecl; CRPG — Centre de Recherches Petro-
graphiques et Geochimiques: GSJ — Geological Survey of Japan; 1GEM — Institute of Geology of Ore deposits, Petrology, Mineralogy and Geochemistry, Moscow; 1GT —
Institute of Geochemistry, Irkutsk (USSR); IW G — International Working Group; USGS — United States Geological Survey, Reston; ZGI — Zentrales Geolorisches Institut,
Berlin, DDR; T. W. — nammsie K. Typekbsina, K. Begenona [Turecian, Wedepohl, 19611; V.— manuwe A. 11, Bunorpagosa [1962]; NOR — mamuse M. IH. Topiesckoro (1939);
PYC — mannse H. B. Apnayrosa (1987); Fe-Ni — QauHbe 110 COCTARY CKOIZIEHMI CaMOPOIHOT0 HWKeINCTOIO #edesa B Hopuabekoft muTpyaum (PaGos, 1985),

h — koadduumenTE UX HeHTpobeKHOCTH



K UACAy IJIaBHBIX NETPOTEHHBIX, MEHee TyBCTBHTEALHBIX K M3MEHEHWAM CAJIO-
BHIX ¥ CBS3aHHEIX ¢ HUMH TEOXHMHUECKHX Iojeill, nu K Haubolee peIKMM,
TpyIHee ONpejleJsieMbiM ¥ MeHee BIMAKNIIM Ha o6muii (GalaHC 5IeMEHTOB.
Brfpans B OCHOBHOM PYyAOT€HHBIE IPEJCTABMTENN MAJOJIETYINX BIEMEeHTOB,
pasIMIAIONUXCH 10 TEHAPHIHUAM HX ra00aJbHOT0 pacmpeleqeHAsA: IEHTPO-
crpemutesnbusie rerepopman — Cr, Ni, Co, Cu, Zn, MUHAMAJIBLHO-T[EHTPO-
Gesxnpie okcmpumaw — V u Sc, pedunurHO-meHTpoGeHBIe —Terepoduasl —
Mo, Pb, Sn, Ge, Be u nenrpo6exuse — Li, Rb, Ce, La, Y, U, Th, As, Zr.
Mx cymmapHoe cpejHee COfepKaHHe B TOPOJAX 3EMHONl KODHL COCTaBIsAeT
1100—1300 r/r u sapeupyer ot 170 r/t B mseecrHakax mo 3—6 THC. T/T B
ramepGasurax, goctmras 160 teic. r/T mam 16 % B GoraThX KoaYefaHHBIX
pynax. Ilpm cmcremMaTndeckoM OIPOGOBAHMM B COYETAHMM C [PYIEMH DOKa-
3aTeIAMHE 5T CyMMa MOJKeT CKasaTh MHoroe. UpessridaiiHo HMHOOpMATHBEH
noxasarens menrtpobeuocrn. Bapsupyer on or 0,25 % B mamboxee mentpo-
CTpeMHETeNLHBIX  00pa3oBaHUAX — MejHO-HuKedesrx pynax Hopmancka —
o 98,7 % B manGoJsiee MeHTPOOEKHKX PEKOMETAIIBHEX rpeiizenax Pyjnsix
rop Caxconmm (cm. Tabm. 1). Dror mokasaremb, Takmm 0Gpa3oM, IO3BOJHET
He TPOCTO TOBOPHTH O PA3NHYAAX XHMAYECKOTO COCTaBa MAHHBIX THIIOB PYJ
u Ge3 TOro XOpOIIO W3BECTHHLIX, HO BCKPHIBACT B NMPHPOJE 3EeMHOr0 pacmperne-
JIeHUST HIEMEHTOB TJAYOOKYI0 B3aNMOCBA3L M COUDPSKEHHOCTh UX JTOKATLHLIX
1 r100adBHEX TeHIeHINil, 00bACHANINYI0 HANPABICHHOCTE PA3BUTHA BEMHOI
KODH W caM MEeXaHn3M KaK IOPOJ0- M PyN000pa3oBaHusd, TaK M MeTAII0reHH-
weckoit sromonnu. CoBMecTHO ¢ KodHPUIMEHTOM MEeHTPOOEKHOCTH BO3pacTaer
AMATHOCTHYECKAA PONb IOKaszarteleil (eMHIHOCTH — CHAXHIHOCTH — KO3(-

1 .
¢uieATa CHATTIHOCTI 5&3-100 n OR ornomenusn Si/Fe, mamomwux camoe

ofmee mpefcTanienne o «kopoBoii 3pexoctmy cmereM. Jlath ckoanko-HUGYAB
TONHBI AHAJNW3 COIOCTABJEHHs IIPHBEIeHHHX B Tabxa. 1 reoxmmnuecKux WH-
AMKATOPOB 37lech IPOCTO HEBO3MO;KHO. JTO CAMOCTOsITENbHAs M oOMHApHAL
TeMa, K KOTOpoil eme me pa3 upefcTonT obpamarnes. (OrveruM riasmoe.
TlpusejieHHBIe TPHMEPHl CTEPEOreOXHMUYCCKON THIM3ANUH TOPOJA M Py
CAMOro PagHOTO TPONMCXOsKAEHNUs TOKA3LIBAIOT IPEeske BCero ee meaecoolpas-
HOCTh KAK MHCTPYMEHTA COMOCTABICHUS OCHOBHBIX TCHRHI[MIT TeoXHMmude-
CKOTO pA3BNTHA OCAJOYHEIX, MATMATHYECKAX, Meramopduuecknx dopmanmii
il MECTO B DTOM MexaHHaMe PYJHBIX MecTopo;kAenuii. IlpusejerHbie MHIHKA-
TOPH BCKPHIBAIOT 3HAYMTEJNLHO §ojiee TOHKHE, YeM 9T0 y/IaeTcd caedaTh MeTpo-
XUMHYEeCKN, pasanuamsa cocTasoB, a TilaBHoOe — Te0JornIecKoit TO3UIAA MHO-
IUX THIOB OJHOMMEHHBIX TMOPOJ, OTJHYAIOMUXCA TeONHHAMNYCCKOIl Mo3Uiiuei
I DOTeHIHATLHBIME BOSMOKHOCTAMH B OTHOUIEHHH pymonocuocti. Comocras-
nemme mpemaoskenuwix JI. B. Taycomom mHgERatopos jis MarMaTHIeCKHX
mopo ¢ koadiduiuenTaMn 1eHTpoOe;KHOCTH, CHAJNYHOCTH U JP. TO3BOIAET
Jyume noHATh (PUAHIECKYIO CYNHOCTH TeX W APYrux m mx xapaktep. [Iposn-
asetes Gogee yHHBepCANbHBII, HO BMecTe ¢ TeM 1 Dojiee MearoMaciuTabHbii,
T. €. MeHee YyBCTBHTEIBLHBI, XapakTep PacCMOTPeHHBIX HaMm Koadduumer-
TOB, a Takyke GoJjee CIEIMAIN3UPOBAHHLIA 1A COOTBETCTBYIONUX TPV IIOPOJT
I KpynHOMacmTaOHBI XapakTep FeOXMMAYECKNX HHIHKATOPOB, ONMMCAHHBIX
JI. B. Tayconom B macroamem cOopHHKe. B wactmocTu, MONHOE «ycHacHHE
curnasnay» ssefenneM B gopmyast JI. B. Taycona muomnreneit K n F cnocober-
BYeT IOHHMAHHIO TPAPOJL ¥ IOTeHINANBHON PYIOHOCHOCTH MarMaTHYecKHX
ofpazoBanmii, HO 3aTpyJHAET COMOCTABJIEHHE MOPOJ PA3HBIX KIACCOB I BBHIAB-
IeHme WX cBA3e B X0Je PasBHTHS Kak 3eMHOE KCDBLI B IEJIOM, TaK I B TIpeje-
Jax OTHeNbHLIX PYAHO-MATMATHYECKHX CHCTeM.

Croeit koncTpyknneii o6a magukaropa JI. B. Taycona orpaskaint uasect-
HEM 00pasoM CTemeHDh IeHTPOGe;KHOCTH aHaJM3HpyeMbx o6beKTon, nbo cym-
MapHas NeHTPOoGeKHOCTH DIEMEHTOB B UHCAUTeNsAX obenx Gopmy: 3HAUHTENh-
HO TpeBHIIAeT TAKOBYI0 B 3HaMeHaTenax. Taxkum oGpasoy, coBMeCTHO® HpHMe-
HEHHEe BCEX PACCMOTPEHHEIX B Tafa. 1 MHIMKATOPOB JOMARHO c10COOCTEOBATE 00-
Jlee BCECTOPOHHEMY HNOHMMAHHWI0 M3aydaeMblx oOpasoBanuii W COOTHOUICHHA MX
B TPOCTPaHCTRe M B XOJe CaMOPA3BHTHA 3eMHoro semecrsa. llomemennsie
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p rtabr. 1 nepecuersl mpof reocTanfapToB AT HEMNOIHYI KAPTHHY BCETO
pasHoobpasus MOPOX M cOOCTBEHHO PYJI, HO BCE ;iK€ HaMedaiT CHCTeMy Hpo-
CTPAHCTBEHHO I TEHETHUYECKH CBA3AHHBIX MERIY c00G0il OCHOBHEIX OGMIMPHBIX
CTEPeOTeoXHMIYeCKNX accormuanuii uian Gopmarmii. Kasxpas 13 HUX BKJIIOYAeT
pasHnie 0 TPONCXO:RACHIIO ofpazoBaHmA, KOTOPBE POJHNUT OAM3KUIL THI
COOTHONICHMS DIEMEHTOB ¢ MPPHMYIECTBEHHBIM HAKOLWIEHACM CHAIHIECKHX
auGo deMHYeCKEX W OJHOBPEMEHHO MX CYIIECTBEHHO MeHTPOOeRHEBIX  WIH
IeHTPOCTPEMHTEIBHEIX TAParenesucos, OyIb TO 0CAXOTHHIE, MArMATHYCCKUE,
metamopmaeckue uan rugporepmaibusie. [loHATHO, 4TO FCHOCTH CTEPELOTEOXH-
MHUUYECKOIl TO3NIHI T3y4aeMblx OOBEKTOB CO3MAeT MPeJIoChIKY MX IeHeTH-
YeCKOIl XapakTepICTHKH 1 IPOTHO3HON OIeHKN.

O6paTHBIIHCH K CTATHAM HACTOAIEro cOOPHMKA, BHIMM, UTO PErHOHATDL-
Hasg, HAOpHMep MArMATHIECKAas M MeTaJJI0reHHYecKad, 3OHAIBLHOCTR OT-
pommoit vacTi THX00KEAHCKOTO NOABUKHOTO N105CA, PACCMOTPEHHAR H. A. Tu-
710 ¢ COABTOPAMM, XOPOIIO BIMCHIBAGTCH B OTMETCHHYIO 3aKOHOMEPHOCTD, KAK
I JAHHEE O TEOXHMHTECKOM H MeTAJJIOTeHHYECKOM Pa3BATHH KOHTHHEHTAIb-
woit kops, mpusenenane A. JI. Homrmnnnm, B. I1. Hosanessny, C. B. Mexs-
rynossm u 10. M. [lysankossw, a raxae M. H. n 10. W. ManuKOBBEIMHI €
‘coapropamit. HecmoTpsi Ha HMHYI0 TEPMHHOJIOIHIO U HECKOTBKO MHOH TOAXO0/
K TeoxumuuecKoMy paiformposanmio Hazaxcrama T. H. IlepGoii u B. M. Pa-
gmmiessim, Kak u . A. [llmro ¢ coaBTopamMu, yCTAHOBICHB! Pea/ibHbIe 3aKGHO-
MEpHOCTH, TI0 CYHIECTBY KOTODHe BIOJNHE COTIACYIOTCHA C HAIIUMM. C npnme-
HeHmeM HAled TePMWHOJOHH Te W Jpyrue TpuolperaioT KONMUCCTBEHHOE
pHpazkenne # 0ojee sSICHBIe TeHeTHYECKOe M WHMKATOPHOE 3HAMEHMA.

TToMHOCTEIO COBHAMAIOT ¢ HUMH H CYIIECTBEHHO JTOMOJHAIOT UX Pe3yiabTa-
e nposegeHusix B. V. Cniaessiyv TOTOTeO0XMMIIECKUX TeeJIe/lOBAHAN 30HATb-
JoCTH TOJell PABIMTHBIX PYAHHIX Qopmanuii. ITHM aBTOPOM BHIABICTO BO3-
pacTaHme CojepiRaHuE qoan HeHTPOOE;KHLIX HIEMEHTOB-IIPUMEcel B MUHepasax
pyIHOI TeHepanum K nepu@epun pyaHbix moJeii, a IEeHTPOCTPeMUTeNbHBIX —
K UX Hanboxee MPOJYKTHBHEIM PY/HBIM TexaM crepscHessix som. lIpejrosxen-
HAg WM MeTOANKa onpaspana cefd B pacmImdpoBaHuy BHYTPEHHEro CTPOGHHHA
W TepeonenKe PY/HBIX TOJei, a TAKKe PN H0MCKAX HOBHIX MECTOPORACHMIT.
Nannse, npnsefennse H. H. Asmmmcrn, A. A. Horaymunoit m O. I'. Ca-
[yp, TOATBEP/KIAOT YETKOE BO3PACTANME JOMH IEHTPOOE/KHEIX BIEMEHTOB
oT TAyOuHHKX damnii TPAHETOMIHKIX MACCHBOB K THNAOHCCATLHEIM M OT oes-
PYIHEX K peaKOMeTalIbHo-pyAoHocHEN. [lannoe ofCTOATEILCTRBO  JleJaer
H3IUIMHEAM TPOTHBOMOCTAB/ICHIE OTHMH aBTOPaMH (ACCHMUJIHIMOHHOTO» W
«rpaHuTOdIIBHOTOY HCTOUNNKOB MeTamxqoB. IIpe/toskeHAHe WMIT TOXHMI-
YecKue WHAMKATOPH TaIyOHHHOCTH 06pasoBaHus IPAHHTONIOR, a TAKHKE MACIl-
rafoB W WACTOTHL BCTPEUAEMOCTI CBA3AHHOTO C HUMH OpPY/eHEHHSA XOpouio
COTIacyioTe ¢ XaparrepuayeMmoil ofmeil 3aKOHOMEPHOCTBIO T@OXMMHIYECKOTO
PIaRUTISL T MOTYT ObITh PEROMEHIOBAHEL UIA MCHONBIOBAHIA W anpodarum
B PA3IMIHEX PYAHEX TpoBuamuaAx. To ke caegyer OTMETATE B OTHONIEHUN Ieo-
XMMAYECKHX KPATEPHeB OJOBAHHON pPYAOHOCHOCTH APYroro aTama M THIA
MarMariuecknx rommuexcos, nayuennsix C. M. Boiiko ¢ coaBropamu. Yera-
HOBJICHHAS UMH MHHEPAIOro-reOXuMuYecKasg 30HATBHOCTH KOppeaumpyer ¢
HORTLIMI ILTOTHOCTSAMI 5I€MEHTOB € YBeJIMUeHHEM WX YACHbHOM IeHTpofe-
HocTH IO XOJy Ipomecca.

B psaje coBpeMeRHKX pafor 0 MeTaJTOTeH ¢ Te0XIMIYeCKOM naEOopMa-
nmeit M JOKAJTBHOTO TPOTHO3A (KaK DTO MBI BUAHM, HampuMmep, B CTaThe
B. A. 3no06mHa) BHOBL W BHOBb IOCTY/JHPYETCS «HEPENIEHHOCTHY BOTIPOCA
006 TWCTOYHUEAX METAJJI0B, 3aKOHOMEPHOCTAX MX MHTPANUH U O1TOMCHUA.
910 10GYAMT0 HAC BO3BPATHTLCA K paHee NPUBONUBIIMMCS JAHHBIM MO COTHAM
MecToposKIenmit u pygonpossiennii Hysmeiroro Amaray, yacToTa BCTpeuae-
MOCTH W 3amachl KOTOPHIX IPAMO 3aBHCAT OT COMleP;KaHilis B HAX COOTBETCTBYIO-
X MeTaJIoB, TpaBia, PN YeTKOM HEe3aBMCHMO OT COJeP/RAHMIl yBeJIndeHIn
[OMA MECTOPOKAGHIIT B GEHBIX STIMH METAJIaMH U3BECTHAKAX WM [10J10MU-
rax. OHAKO DPAYPOUEHHOCTH HTHX OOBEKTOB, KAaK IPaBUiI0, MMEHHO K KOH-
TaKTaM KapOoHATHHIX LOPOX € TOPONAMH-KOHIEHTPATOPAMI PY/HEIX dJeMEH-
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cBA3AHHALIX ¢ HUMI pynax KRysmenroro Amaray.

POIRACHIM B PpPa3sHbpIX TOPOJIax I’\Y'i- & — ToiepGasnT, v — raGopous, B — GazamanTh,
i o o — AHIE3UTH, P — PHOJIMTBL, P — Tpanprougst (1—
Herroro AJaray. 3 thas), ne — MecUaHo-cIaHTeRsle T/, K — n3nrecT-
HAKIH, P pPyas Geausx U)ﬁn Goratex (I1) MecTopomK™
AeHif.

TOR BLIJAET COBEPIIEHHO OIPECJeHHYI0 00YCIOBJICHHOCTDL OCARACHHUA CYIb-
¢Gmugos M APYTHX PYAHRIX MAHEPAJOB B JaHHOM CJy4ae PObio KapboHATHHIX
Hopoji, Kak HeldTpaimsaTopos PyAoHOCHEIX pactsopos (puc. 1). Croan sxe
ACHO 0 HACHE0BAHUM MECTODOKIEHHAMNI METAII0B 13 BMEIAINIX HOPOJ
OpH OIHOBPEMEHHOI HBOJIOIME HX COCTaBa CBUJETEIBCTBYET 3aKOHOMEPHOE
yBeInueHne IpH H5TOM COAeP/KaHUIT MHOTHX PyR000pasylomuX MeTallIoB B
ToM ke peruone (puc. 2). Haronern, B raofaasHOM MacmTade ma 970 yKa3nBaer
HanOoNBIMIAg CTENeHb NPOTOPIHOHAJBHOCTHE MHPOBLIX 3allacOB  METaII0B
CO CcpefHMMH COJep/RaHmAMI UX He IIpOoCTO B RocMoce HJan ((CPEJIIIGI‘&)) 3eMHOI
KOpe, a MMEHHO B MOpojax — KoHreHTpaTtopax (pme. 3). Ilpm srom mpsmas
nponoprusa npumepso Ha 1—1,5 mopaaka (KaK W cIeoBalo O:RUATL) BHINE
CPABHUTEJNBLHO € OKCHQHUIAMEI A 2JEMEHTOB TeTepodmibHEX, T. e. Gomxee
He3aBMCHMBIX B CBOel KOHIOEHTPaiui 0T KPeMHEKHCJIOPOJHBIX TeTpasipos
CHJAHKATHBIX TOPO, fosee JIeTKO M3 HHAX BBIMEAYUBACMBIX W KOHIEHTpUDYC-
Meix B pygax. Cnoomom, raofanbHag, PeTHOHANLHAH W JlasKe JOKAJABHAA
NpPAMAA 3aBHCAMOCTD BOZHUKHOBEHHIA U 3aTIacCOB MECTOPO/K/ICHIIA OT COJeP/aHn A
COOTBETCTBYIONMX METAJ/J0B B IOpPoAax (cpeae pyloo0pasoBaHUA) CIy KHT
Hanonree CHJIBHLIM M yOIUTEILHEIM apryMEHTOM B II0JIb3Y OIpPENeIAKIIero
pynoofpasopanue 3aMMCTBOBAHUSA METAJJIOB M3 IIOPOJ Pa3IHIHEIMI cTocoba-
MH. DTa CBA3H 3HAYMTEIHHO BHINE IS HJIeMeHTOB HamMeHee MOIBM/KHBIX (MHO-
rOBAaJEHTHHIX, ¢ BHICOKAMI MOHHBIMHA ILIOTHOCTAME H T. .). Il 1eM ke BrBogaM
OPUBONMT WM3OTONHBIA AHANNZ PYAHLIX JJIEMEHTOB, HO, KaK NPABWIO, HE
JUTaHA0B U He GNATOPOHEIX Ta30B, HCTOPHA KOTOPHIX, CY/A IO BCEMY, B SeM-
Jde YsK OYeHb OTJMIHA OT MeTalIoB.

Yro JKeé KacaeTcdA caMIX MeXaHusMoB Iepepacnpejenenusa M oCaykJeHsa
METAJLIOB IPU DHEOTEHHOM pY/A000pa3zoBaHAM, TO B aToil Hanbojee CJ0KHOI
npobiaeme mocjefHee BpPeMA TOJYYeHbl HOBEIe IIEHHHIC [AHHEE C LIOMOIIBIO
BHICOKO TPeIU3HOHHHX TNCCJAeJOBAHMI, OTPasKeHHLIX B HameM cOopHUKe
B. I'. Mouceenro n A. ®. Muporiokosm, a Tagske I'. B. Pyukunoii, M. C. Ca-
xaposoit m H. B. Pocaskopoii ¢ coapropamu. Iiasmeilnmmi peayabrar mx
paboT — yrodmenme cocraBa pygoo0pasyiomux (IONI0E B PACKPBITHH J10-
KaJILHOCTH TepepaclpeeleHus MeTajuios Ipu pyAoobpasosamum Ha oie
JMOKATBHOTO, OYeHb BHCOKOTO TOBHINEHNs KOHIEHTPAI MeTajjioB B PacrBo-
pax mo Mepe HajleHHmA WX TeMIeparyp u BaamMojieficTiua ¢ 00orameHHBIMIT
ATHMHE MeTajiaMu mopofamu. Ilepsuunsie, Hambonee TayOWHHBIE U BHICOKO-
TeMIepaTypHEe PacTBOPH, CyMsd [0 COCTABY TAa30BO-KHAKUX BRIIOUCHMII,
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Puc. 3. 3aBucuMOCTh TOPAAKA Pa3BCJAHHEIX  py. 4. Copiepskamie (ﬁ 1epBOTO W3
MHPOBBIX 3alIACOB HEKOTOPHIX DJIEMEHTOB OT WX  wasnofi papsl baevento 1 ux OK B
cPeJIHIX CO/IePIKAHMIT B 3eMHOIT Kope (1) u mopo- rpanmuTax (y) ¥ KBapueBuX JRHTAX:
jlax — wrounentparopax (2). I, IT — coorserer- Geapyamoii (8) m somotopyaHoil (P).

BEHHO TpeHIbl retepodmios #H  OKCH(pHIOB. RS RE T i - Se
OK: 1= - L 5
3 Aug, ¢ Feqq Tigy @ 8eqy
HanOoJsee OeJlHBI 9TUMH  MeTaJdJaMu NIl 3:%; 4=—%,
3 W Ndgy: Smgy cr - They
NpaKTHYECKH HX He cojep:kar. Rb:Cs . .,  Sh:As
Haxonen, AaHANN3UPYA  3HAYCHNE $=Rbg, - Cag;  Bbgy T Ay

TeOXHMHATECKNYX HHIUKATOPOB W Kpute-
PHEB  JIOKAABHOTO IPOTHO3a IPOJAYKTHBHOCTN OHIOTEHHHIX PYAHBIX TeJl
na ray0uHy, oTMETHM 3aKOHOMEDHOe ypejudenue Aoim Oojee UeHTPOOEKHBIX
oaementoB n ON jua GonpmmucTBa map pynoodpasyoIuX MeTaLIOB OT KOP-
HEBBIX K CTBOJOBHIM M aniKalbHHIM (QammaM pynooGpasoBaHmA I, CIeL0Ba-
TEJABHO, OT HEHTPOCTPEMUTEBHEIX HHIOTEHHEX PYAHLIX (QopManuil K HeHTpo-
DesrEpM. Yem OGosee cuanuuen cocTaB BMeIMAOMUX PYIHBIE IOJH HOPOHA 1
gem Menee TayGmEEB pynEbe Texa [IlepGakor m np., 19811, rem Goaee yse-
JUYMBACTCS 0N 1EHTPoOeKHHIX diaeMeHTOB. J[lamke B Ipeferax OZHOTO
PYAHOrO Teja reoXuMudecKas 30HATLHOCTL OT/A0:KeHMA HOTYHHAETCHA o0mei
3aKOHOMEPHOCTH YBeJWUEHMsl OTHOCHUTEJLHON oMM M CYMMBL COJACPIRAHII
HeHTPOOeKHBIX HJIEMEHTOB 110 ero BOCCTAHWK, a IeHTPOCTPeMUTeNLHBIX —
no majgennmio. B «HAAPYIHLIX» opeonax pacceAmns Takme mnpeobaagaior
1eTPo6esKHLe BIIeMeHTH CPABHATENLHO ¢ PYIHEIMA TEJIaMHI, a B HOIPYAHBX —
IIEHTPOGTPEMHTEMBHTJG.

ITpn conocrarmennu cocTaBoB Py HA OTHOM TI'MIICOMETPHYCCKOM YPOBHE OT-
Medaercs yseanuenue juanazona OK gna GonpmuneCcTBa Tap DJEMEHTOB W Jaske
M30TOIIOB CBHHIA ¢ yBeanuennem nx obmeit konnenrpanmn |Illepbakos u mp.,
1980]. Osmawaer 510 UPAMYI0 3aBHCHMOCTH CTENENN KOHIEHTDATH MeTal-
J0B OT creneHn uX (pakimoHUpoBaHus npu pyfoobpazosannn. /laHHas TeH-
IeHIUA COXpaHAeTcA B OeJHBIX UAM Jazke Oe3apyIHLIX YYACTKAX KBAPIEBHIX
RIL BOAMBH OT PYAHBIX ¢T0JA00B, 4TO CJIEIYeT MCHOJIb30BATh B KAauecTBe UX
HHIWKATOPA. 9TO HEJaBHO YCTAHOBJICHHOE HAMH ABJICHHE MCKIKNIATEILHO
BA/KAO, TAK KaK MO3BOJAET BobJieuh B cepy amammsa orpoMHeHITyi0 mHbOp-
Mannio OegHHEIX U «OycTeIX» [pol, KOTOpPhie OOHIKHOBEHHO HE YUHTHIBAIOTCH
WIN, 9T0 TOTO Xyyke, BOCHPHHUMATCA KaK HEeTATHBHEIT apryMeHT Hpu Ipo-
rHozuposanun. Ilpm coxpaHeHnn HE3KOTO YPOBHA COJeP/RAHEI BCEX HCHOJIb-
30BAHHLIX JIIA aHajuaa pjieMenTonr Gosjee ncero ysesnnuensl smagenus OH B
GespyaHOM, «IycTOM» KBapie B Oamam or Goraroro 30J0TopyaHoro croiaba
(pue. 4). MuaMaabLHEB X 3HAYCHUA B HCTHHHO 0e3PYAHBIX KBAPIEBHIX JRAJIAX,
3aeraiomuX B TOM iK€ IPAHUTHOM MACCHBE, YTO H 30JOTOPY/HBIE.

YememmoeTh TpPHMEHEHUA TeoXUMHIECKAX JAHHHEX B MeTaJIOTeHTIeCKOM
aHaJM3e B 3HAYMTEJHHOH Mepe ompeaeIfercs NMPHHIMIAMH UX Tpadmuecroro
u ocobenno waprorpafmueckoro miaobpaskeHnd. JTO €CTECTBEHHO, HOCKOIBKY
10 CBOEMY OIpe/eNennio MeTAMI0TeHIYeCKuil analns nojpasyMenaer, Ope:rie
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BCETO, BHIABICHHA MPOCTPANCTBEHHBIX 3aKOHOMEPHOCTEH pasMemenus MecTo-
posKieHUl PasHOH (QopMAIMOHHOH HPHHAIERHOCTH B 3aBHCHMOCTH OT BCe-
BOAMOJKHBIX TEOJOTMYeCKHX oco0eHHOCTedl CTPOeHNS peruoHa.

B Goanmom pasHooOpasmi HblHE TPUMEIsieMbIX IIA MeTalloreHnie-
CKOTO aHa/ u3a IPUeMOB HAMMEHEe YIAuHbLMH HaM IPeJCTaBJIATCA OCHO-
BaHHbBIE Ha I'(:‘OX]{IMII‘IQCROﬁ cucTeMaTHKe HJAeMEHTOB TIO X CcHjAepo-, XalbKo-
w anto@IBHOCTH, He paccunTamHOil HA TAKOE ICHO/bIOBAHIE, nfo pac-
HpeJedeHNe N CTEUeHb KOMIEHTDAINN JJIeMEeHTOS B TeX Il HHLIX [L0poxax
1 X KOMIJIeKCAaX Memee Beero ompegensioTcs AaHHeME cpoiicrsami. [lo-
CTATOYHO BCHOMHHTH, 4TO Ccojep:kaHms Takux aurtodumos (mo B. M. loani-
wvmary), kak Mg, Cr, V, Se, P, Ti, B nopogax sce Gojee CHATHYCCKNX I
KHNCJIbIX HOHIZRAIOTCHA HAapHagy C yBeJiueHneM B HIX KOHUEHTpamnu XaJbRO-
duabnbix I’h, Mo, As, Sb co BceMy BBITEKAIONINMH OTCIOZA HECOOTBETCTBHAMMN
PeasIbHOCTI TOCTYANPYEMBIX 3aKOHOMePHOCTEl METAMIOTeHMIeCKOT0 PA3BUTHA
pyauex mposuanui. Ocaabaser BOSMORHOCTH uHTepUperamyni  reoxumn-
YeCKHUX JMaHHBLIX OHPO()OBHHIIH HepeIgroe oTHeCeHIe MUX JUIlNb K (‘(iJOHOBhIM)),
a He K THINIHBIM JJIS Ka#g[oro KOHKPETHOI0 THHA HopOI, OUeHb CHU/KART
abPeKTMBHOCTL TIPUMEHEHHH TEOXTIMHYCCKIX TAHHLIX, HOAY4eHHBIX NP JIHTO-
M METALTOMETPHYECKUX CHOMKAX, HEHCIOJAb30BaHue niau caadoe HCHOAB30-
panme oOmereosormdeckoii nudopManunm o6 MayuaeMoil TIOMAIM H MOMTH
HOJHOE OTCyTCTBUEe TaHHLIX O XMMHAYECKOM COCTase MarMarnuecKux, oCaJloYyHbIX
I APYrus HOPOJ PernoHa 10 IJTABHLIM HeTPOreHHBIM, MAJLIM I PEKNM e
MEHTaM.

YacTo HA TeOXMMITIECKIN KapraxX OTCYTCTBYIOT MHOTLHe Teojoriyeckue 11
reoduamueckne JaHHLEe, HEOOXOAMMbE LI MX JiHTEpPIpeTainu. C npyroii
CTOPOHBI, TIPH OTOM HEPeJKO MOKA3aHLL Te, KOTOPHe B JaHHOM macinrade JTHIIb
BATPYAHAIOT YTEHHE W MCH0Ab30BaHAe KapT. He mMeHee cepheaHbiM HEAOCTATKOM
rEOXMMAYECKIX ¥ METAJJM0MeHUIeCKHX KapT BCeX MCUOIb3YEeMbIX MacmTabos
CAY/KUT HECOTIACOBAHHOCTL HTPHMEHSEMbIX CHCTEMaTHK O0BEKTOB-D]IEMEHTOB,
MUHEPAJOB, TOPOJ, MECTOPOKICHMIT 1 T. M., UTO MEUIAeT CHCTEMHOMY AHAIM3Y
HeoGxoxmMoil A pemeHus 000 3agadm MHOOPMALHH.

Haxowuely, saTpyausercsi HCIOOIb30BaHUE TeOXHMUHYCCKAX JAHHLIX O
cocTaBe TOPOA, PYA M3YYAeMOil TeppPUTOPMH, BCEBO3MORHBIX METACOMATATOB
B T. Jl. B CBASN C OTCYTCTBHEM anpoOUpPOBAHHON 00meil 3aKOHOMEPHOCTH | Jlajke
[N MPOCTPAHCTBEHHOTO COOTHOMEHMS TeX MM MHBIX acCOIMAIMIL DIIEMEHTOB
(m musepamson!), 06oCHOBAHHOI CTATHCTHIECKHN M MOIYIEH CIY/ATh MPHHITH-
moM uxX 00paloTKu M HMCIOML30BAHUA JIJIA MPOTHO3A WIH IOMCKOB. Orcyrersue
TeopeTmIecKit 060CHOBAHHOrO Kiioda o0paboTEM, MHTYHTHBHO IpejnoJarae-
MOTO GONBITMHCTBOM TE0OroB, B IpaKTHYecKoil paGote mopMeHsercs Oecdmc-
JIeHHBIMH IepeGopaMi aMINpPHIeCKIX BADUAHTOB Iepecuera, 3aBepuaiomuMucH
B aydmem caydae Gojee miam Memee Y/aYHIMH QOPMyTaMi MyJbTHIIHKATHE
HHEX WIH AIIHTHBULIX KOQPHIMEHTOB, XapaKkTepUsyIOMmUX OT/Ie/IbHBEe THILbL
M oA MUHEPAJMBANUH, Tje HUX HPHMeHeHHe HLO03BONACT BHIABIATL HAIL-,
0KOJI0- WM TIOAPY/AHLIE OPeoisl, CPe3sl M Ha dTOil OCHOBE CTPOMTH IPOTHOS.

PasBuBasg MLICIH, BEICKA3AHHBIE B HAYAJE CTATbil, M MPHHUMAA BO BHUMA-
HWe TepedncJeHHbe, Ha HAII B3NN, OCHOBHHE cialnie CTOPOHBI KapTorpa-
(maeckoro orobpaseHHA u 00paloTRH aHaJNTHIECKAX [AHHBIX, C/1e1aeM
HECKOJIBKO TpeJlioskeHmil K uX npeogonenuio. Ilpexcrasisercs He00 X0 NMEIM
YeTKO PA3TPAHMINTH H OMPeJle/Th IpeciejyeMue 3ajadum 1 B COOTBETCTBUN
¢ HUMH BHOpaTh Haubosiee MOAXOTAMMI A MX pellenns MacmTad, MEeTOMIn,
OpEeMEl HCCJeoBaHmA 1 00paboTKH MHPOPMAIUIL. B rafa. 2 meMoHCTPHPYETCH
3aBUCHMOCTH MacmTaba KapTHL OT IeJIH WMCCAe[0BaHusA, a TaKKe 0CODeHHOCTH
Heo6X0/11MOii Te0IOrNIecKoil OCHOBEL 1 JIereHAH KapThi. JT0 COOTHOIIEHNAE JIJIH
manGonbueii sdpexTusHocTH mecaefosaHuA (TpOrmo3uUpOBaHuA, TOUCKOE
OUEHKH # T. [.) J0Js%HO OHTH OIpele]eH0 0YeHb CTPOTO M ONTUMATBHO. Io-
CTHYb TOTO HEBO3MOKHO 0e3 eMHCTBA W COIJIACOBAHHOCTH Kiaccmfurarum,
1. e. KiaccH(MKATHOHHEIX OCHOBAHHII 00BEKTOB, M300paskaeMBIX Ha Kapre,
W, B YACTHOCTH, PYZHBIX MECTOPOMIeHUI, AHOMAIW, BMENAKINX U IOXCTH-
JA0mMUX UX TOPON, PYAOHOCHHX CTPYKTYPHO-QOPMAIUOHHEIX 30H I T. N
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Pelmmennaurm K COiepiRani TFeoXuMHYECKNX KapT pasnbix Macirradon

Tafnama 2

Macmradg

857 I EBMEE H]

I[Mnomags KapTHPOBAHIA

Ifeasp KapTHpOBAHIA

Teo10THUYECKAA 0CHOBA

ﬂa[{ﬂble 0 MECTOPOHITEHHAX

TeoXnMuIeCKie RanHble

00630opHsIit,

1 : 10 000 000
ITporaosnwtit
1 : 1 000 000

TToncKoBLIii,
1 : 100 000

Pa3pe0vHLLL,
1: 10000

IKRCITyaTamm-
onmsiir, 1 : 1000

Besa 3emis minin KOH-
THHCHT

Pynmas npoBHumus
T J10AC

Pynmotit  ysemr man
30Ha
Pymmoe mwmm  amo-

MaJibHOE IIoJe

Mecroposkienne mig
AHOMAIH

Buasmenne raoaib-
HBIX MeTAIOTeHMIeCKIX
3aKoHOMEpHOCTE

Buiop ITOHCKOBEIX

ILIoIa/elt

Orrpeyienienye MpPoOTHO3-
HEIX PECYPCOB  PY/HBIX
Hoseii 1 MEeCTOPO/eHMIT

OmnenKa 3aTaCOB MCCTO-
pOsRIeHIIT 1 PYAONPOAB-
JIennii

JloRambHLi
Ha rryonuy

TMPOTHO3

I'nagneiinme TeKToHmI-
TeCKHE CTPYKTYPHL H 9110~
X

Teomormweckme  dop-
manun I—IIT erpykTyp-
HBIX dTaeit

CBUTH, TOPH3OHTH,
[UTYTOHBL I T. JI.

Jlmronorna m  meTpo-
rpadua mopojy W UX H3-
MEHEHM5T

JlokanroHele ocobeHno-
CTH HOPOJ ¥ CTPYRTYP

Taaepeiinme  pyjHLIe
[IPOBHHILUI, T105ICA, Paiio-
HBL X IX BO3PACT

Pynmsie yamawr, 30HL,
HOJIs, nX O3,
CTPYKTYpa, BO3pact

MecToposraemnist, pyio-
TPOSABICHAS, BOHBI U3Me-
HEHMIL

OCHOBHEIC  Pa3HOCTH
PYA M OROJMOPYJHBIX 13-
MEHEHWIT

Mopdonornsa m cocran
PYIHBIX TeJa

FeoxmMuueckre THIEL TTABAKIX CTPYK-
TYp, KOMIMICKCOB, TPOBHHNUII 110 HX
CITATTITIHOCTI — (DeMIYHOCTIH

CrepeoreoxmMmuIeckiie THITEL TEOIOTH-
UECKHX, B TOM WHCIE PYIHBIX, (opyma-
Il 1 0PeosIos, III0maspo = 5 Ku?

OcolenmocT pactpeiesienns aieMen-
TOB BO BCEX BLUIGNCHHBX HA Kapre of-
PAs0BANMAX, BRIKNYAA OPEOILL

JlamArie TEOXIMIMECKOro ompofopa-
HHST, TAPAMETPHL PACHpeCenia  ale-
menros, KILY, OK2 u ap.

Jloramnbioe pacipeielerne SIeMenTon
B pyjax I BMem@nomux nopogax MIPP,
I're. OK

NMpumeuanne KK — koodPUIHeHTH KORTEHATPANIT: OTHOMCHNT AHOMAIBHEIX coflepiannii K fony; OK — xoo(duiueHTsl 0THOCUTENBHON KOHIEHTPAIIIN Hap TeoXnMa-
YeCKH POJCTBEHHEIX HJIEMEHTOB, HOPMEDOBAHHBIX 110 X OTHOIEHMAM B Mereoputax tuna Ci; M1 — uHIuKaTop NeHTPOGeKHOCTH MOKeT OBLITh pasfedeH 110 [VIABHBIM, MaJbBM H pen-
KIM BJ1eMeHTaM, NPeNCTABIAA AT Kamkaoll 3 9TuX PPYON HOJI0 CYMMBI HEHTPODEHHEIX 9IeMEHTOB (%) OTHOCHTCJLIO CYMMBI HeHTpofesHEIX o HeHTpocTpeMaTebunx; T'T' —reo-
XUMUMecKIil TpaguenT napsl ajeMenTon — usMeHeAnd nX OK Ba rayouny 100 M OT mOBePXHOCTH,
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CyIeCTBEHAO ONPeJieiATh B JeTeHe COINOCTABMMBIe TPM3Haku 00LEeKTOB, Ha-
OpEMep X BO3pact, cocras accoimanuii (hemmieckne, QemuvecKE-cHaImIe-
CKme, CHajmdecKme), WX HEHTPOOEKHOCTH — IEHTPOCTPEMUTEILHOCTE JTHud0
PABHOBECHOCTH II0 OTHOIIEHHIO K HCXOMHBIM [OPOfaM, WUTO XapakTepusyer
IPOCTPAHCTBEHHOE COOTHOWIEHNE PYJl M MCXOJ{HOro isA Hux cybcrpara, T. e.
UX CTePeOTeOXMMHILCKYIO TToanIiio 1 AP. Bosepamascs k Tada. 1, 8 Koropoi,
[0 CYmECTBY, JHIIb HaMEYyeHa IpefcTaBisomascs Hanboldee pPeambHOil MO-
Jenb CTepeoreoXmMHUYECKOr0 COOTHOIICHHH TeO0JOrHYeCKAX M CBABAHHBIX
¢ HUMM PYJIHEX QopMmarimii, ME HoJaraeM, 4To MCIOJIb30BAHHE ee NP MeTaj-
JIOPEHUIeCKOM aHaju3e Bo BeeX Mmacirradax or o030pHOTO 10 PYAHOrO yIOPs-
J09UT OTPOMHYIO TeOXUMHIECKYH MH(OpPMALU0 1 0DJETUHT KaK IeHeTHYeCKHe
PeKOHCTPYKIMH, TAaK I IPOTHO3H, NMOUCKH, PasBejKy # PalMOHAIBHYI OT-
paboTKY OlpeJeIeHHEX THIIOB MECTOPO;KISHEI, 3aHUMAMEX CBOH IO3MINN
B DPYAHO-MAIMATHYECKHX CHCTEMaX M OTAMYAIOMNXCA COOTBETCTBYIONIMH
TeOXUMUUECKUMA THUKATOPAaMM.

IMogoGHET apanns nogpasyMenaeT HeoOXOANMOCTL 3aKpeIieHHs 3a Ha-
HOCHMBIM Ha KapThl HPHSHAKOM CBOEro eNHCTBeHHOIO, JIETKO YHTAEMOTO I
3AIOMEHAIOMEroca cpefcTBa maobpaykeHna. TaK, s reoXnMuIecKUX TPI3-
HAKOB HAa KapTaX BceX Macimra0os MBI H30pasim IBeT OoT (QHONETOBOrO JLifA
HEHTPOCTPeMUTEILHEX (JeMIIecKHX 00pa30BaHuii I 3eJeHOTO I PABHOBECHBIX
deMrgecKux Wepe3 KOPHYHEBHIL [7IA NMEPexoHBIX (eMAYCCKH-CHATMYLCKIX
J10 KPACHOTO — [Tl PABHOBECHBIX CHAJMYECKNX Il OPA/KEBOro — IeHTpodes-
HBX CHAJMUCCKHX accomuanumii (mesarmcumo oT reHesmca). VIATeHCHBHOCTLIO
OKpacKn yno0Ho 0003HAYATH CTENCHb KOHIEHTPAIIAN JIeMEHTOB COOTBETCTBY 0~
mux rpynn m tunos (o camoil cmaboii — AJaA KAApKOBOIO YPOBHA, Xapar-
TepHOTO [y (e3pyAHBIX, CPeJiHeil — i HECKOJbKO HOBBIIIEHHEIX HX COfep-
JRAHWIT W 10 APKOIl — s PY/AHBIX KOHIEHTPalmii, MecToposKACHMil, Y3JI0B).
Tenesmc mpir TOM MOKHO JABaTh B3HAKAMM, Pa3HOIl ITPHXOBKOM, HAalpaslie-
HIe KOTOPOil, M3aMeHssCh 10 TacoBOil cTpesike, ofosmaunT Bee Gosee MOIOOM
BO3pacT KOMILIeKCOB, Hopox H pyn. VmenHo comocraBienne cocraBa MecTo-
POKJICHTIT 10 CTENeHH HAKOUJICHHsA TeX HIN MHHIX 10 (eMHIHOCTH — CHAINY-
HOCTH ¥ HeHTPo6e;KRHOCTH HIeMEHTOB ¢ COCTaBOM BMENIRIOMIHX W HOJCTHIAIOMNX
HX I0POJ, BEIPAsKCHHEIX IO TOMY ke IPHHIMIY, W TO3BOJNIO CHopPMyTIpPO-
BATh caMble O0IIHe TeHJeHIHH TeoXMMWYECKOT0 MPO(HNMIA M DBOJIOMHE MeTaj-
JOTeHNUeCKHX Tmposuniuii. He mMvMes BO3MOKHOCTH 3/1eCh OCBETHTH €@ [eTalb-
Heif, OTMETHM JIHITH, 4TO OTPOMHOE 0OJBITHHECTBO MECTOPOAIEHMIL 10 TIaBHEIM
CBOUM TeOXTMHUYCCKNM MIPH3HAKAM OTBEYAeT TAKOBHIM CPEbl CBOETO 00paso-
BAHAS ¥ UTO TOCTeIeHHO YCJIOMKHAETCA HACTOAIIAA KapTHHA C NePeXofoM K
MOTOILIM METAJUIOTeHHIeCKHM DdIIoXaM, TAe Bce 0OO0abHIaf POIb TIPHHAJIe-
JRUT TERTPoOe;KHEIM PyTHEM GopManuaAM, KOTOPLe He BCeTa KOPPeanpyorca
CBOHMH COCTABAMH ¢ HeMOCPEJICTBEHHO BMENMAIONUME X ITOPOJIAMI.

Oco6oe sHauenme NOTOOHHI CTEPEOTEOXHMUUCCKWIT AaHAIN3 PYAHBIX
momeli mpmoGperaer Jis BHIABICHHS W YTOTHEHHA ACcCONMANM TOA-, Hajl-,
OHOJI0O- M BHYTPUPYJHBIX 3JIEMEHTOB M COOTBETCTBEHHO WX HMHIWKATODHBIX TH-
MHYHEIX COOTHOMEHMH AiA Kaxaoil (Garnuu, pygHOIl GopMamuu u I Ka/KIoro
nx ¢parmenra, OH, numexcoB NEeHTPOOEKHOCTH, TeOXHMHYECKHX IPaj(MeHTOB
(I'T) map saementon — nsvenerna ux OK ma 100 M yrayGaenns or xuesHoi
nmosepxHocT. Hasmauii u3 orofpajkaeMbIX Ha KapTax OCHOBHBIX IIPHM3HAKOB
hOpMALNE OPOT WAM Y MOKET OHITH 3AKO[MPOBAH TIO TIPHHIAIY Heporauda,
B KOTOPOM COYeTaHWe SHAKOB, 3aKPEIUIEHHHIX 3a CBOWCTBOM, CO3JaeT MX 06-
My KapTuny w He TpeGyer samomuHaHuA. [locTaTodmo SHATH WX TPUHIIAIELL
naMeHeHWA. B TakoM cilIydae TreoXmMmUecKas Kapra Jgioforo Macimraba ms
fosee mim MeHee yZATHOTO CPe/CcTBA XpaHenms nmopMannm, 9acTo NPHHIH-
UHATBHO HECONOCTABUMOH B CIJIY PA3HHIX OCHOBAHMNIT WIeHeHHs IIPH3HAKOB,
OpeBpamaeTcAa B CPEJCTBO CHCTEMHOTO ¢ AHAJIN3a, IT0 TO3BOJUT BHARIATEL HO-
BHe, HHOTJA WHAYe HempefcKasyeMbe 3aKOHOMEPHOCTH COCTABA, Pa3MeNeHNs,
Pa3BUTHA W BCEBOBMOKHHIX CBf3eHl MECTOPORIeHWii, PyAOHPOABICHMIT, BMe-
mMaomux WX TOPOT, MATePUHCKAX WHTPY3Wil, AHOMAIHE TeoXMMUYecKNX
n (usmUecKHX mojeil. 3aBepmad KpPaTKoe PacCMOTPeHNE JINIIb HEKOTOPHIX



ACTeKTOB TIPUMEHEHHA TeOXHMHIECKUX HCCJAeJOBAHUI B MeTajld0TeHMIecKOM
aHaju3e W OCTaBUB II0OKA B CTOPOHe APYTHe, He MeHee CyI[eCTBeHHHE (Hampm-
Mep, Te0XPOHOJOPMYeCKuil, IeoXHMUI0 CTAOHIBHLIX H30TONOB TBEPAO(pasHEIX
cuereM, I'asos, IUAPOreOXMMHYECKHWI W J(P.), TMOZYePKHEM BLIBOJ O TOM, TUTO
1IMEHHO B MeTAJIOTeHHYeCKOM AHAJN3e ICOXHMHS JANeKO BHIMIA 32 PAMKH
TeOJIOrMYecKoil MCTODHE OTACABHEIX HIEMEHTOB I riy0oKo IPOHHKIA B CIO0K-
HYI0 CYIIHOCTH TGOXHMUYECKOTO PAa3BHTHA IPHPOJHLIX CHCTEM — MHOHEPAlb-
HBIX, HOPOJHO PYAHBIX, (GopManunoHHLIX U §o0Jiee BHICOKOrO IOPAIKA.

OcnoBHOIT MOTHB TeOXHMEYECKOTO Pa3BHTUS MOYKHO BHDA3UTh Kak (pak-
IHOHUPOBAHNE BEMECTBA B IPABUTAIIONHOM Iojie ¢ HAKOILIGHHEM 00jee
IeHTPOOeHbIX HJIEMEHTOB K Hepudepuit CHCTeMB, a MeHTPOCTPEMMTEeILHEIX —
K IeHTPY, B OPAMOil Opomopiin ¢ v/W, ¢/v, wit ¢/W, IponopmuoHaibio npo-
JIOMIKATeILHOCTH IIPOIeCCOB I MAacce, YYACTBYIONIMX B HHUX aJeMeHToR. Hampn-
Mep, B xofie ofpasoBaHuA CyIbQUIHLIX Mecropossienunit nsmenenna OHK xann-
Kopujios sHaumresnbHee, yeM autodmuon. VX Bapumanmm ysenmumbalorcs mpo-
mopuroHaNnBEHO (OrarcTBY pPyJL W 3anacaM PyIEEX Ted. LlonaTe 3Hagenme sTOMH
CTATHCTHUECKH YCTAHABIMBAEMONH I'eOXHMMUYECKOH 3aKOHOMEDPHOCTH HO3BOJSET
IeOXMMHICCKOe CBOHCTBO HIeMeHTOB (MX 1eHTPOOEKHOCTH — IeHTPOCTPeMH-
TEeABHOCTD), NPUJIOKEMOE TaK/ke K MEHEPaJIaM, IoPojlaM, reoJorHgecKm gop-
Manuam 1 1. 1. OHO JlaeT BO3MOKHOCTH GoJee ajleKBaTHO ONHCATH Te0XIIMH-
YeCKYI0 30HAJBHOCTH MPUPONHEX CHCTEM, B TOM WIICJ€ SBHO W CKPHTHO pac-
CII0BHHBIX MArMaTHYECKHX IIIYTOHOB, HHIOTEHHBIX PY/IHLIX MECTOPOKIEIMIT
OCaOYHBIX LIOPOA M MOHOMHHEpPaJLHBIX apeanos, HOCJeNOBATENBHOCTL CMEHEL
I TeHeTHYeCKHe CBA3N B IPOCTPAHCTBE I BPEMEHN Te0JOrHYecKux gopmarmii.
3aKOHOMEDHOCTh DPAa3BHTUA IPHPOJHBIX CHCTEM PASIHIHOTO HOPAJKA WMeeT
ofmee 3HaveHMe — MOMOTaeT pacumudpoBaTh FeOXHMIYECKHH KOJl — COBO-
KYyOHOCTh YHOMAHYTDLIX MHINKATOPOB HOPOJHBIX U PYAHBLIX accounauuﬁ,
BCKDBIBATh HX Pasinyusg, o0C00eHHOCTH M UPOCTPAHCTBCHHO-TEHETHUECKIe
CooTHONeHNA. Bupnmo, ornajgaer HeoGXoanMoCTh (OPMYyANpPoOBATH MHOZKECTBO
YAaCTHRIX 3aKOHOB TeoXHMHUYECKOro pPas3BuTHA mopomg, PpPyA MarMaTuvdeCKHx,
OCAJIOYHEIX TIOJIN- W TeTePOTeHHHX 00pa30BAHIN, MOCKOJLKY HHIHBILYAILHLES
9ePTHl M HapaMerphl Kaxyloro W3 HEX HOBBOJAIOT ¢ NpPeToKeHHoi obmeil
oA BeceX OPUPOAHBIX 00LEKTOB IO3WIINH OUPEENNTh X MECTO B HROJIONIOH-
HOIl TOCJeNoBATEeNILHOCTH CaMOPA3BUTHA BEHIECTBA M CTEPEOTEOXIMIMECKYIO
CBA3D.

Raxmym ;xe ofpasom coorHocATes ¢ dopmyampyemoii 3jech obmeil 3aKo-
HOMEPHOCTLIO DasBHTUA BeHIeCTBA M PYA000pazoBaHUA [Ipyrue, HMEIONecH
B Jareparype, OmpeleleHAS 3aKOHOMEPHOCTe, OTHOCAUIHECH HENOCPe/lCTBeH-
HO K HPOrHO3Y PYAHLIX MECTOPOAsJIeHuid, ocobenno JowambHOoMY? OfpartmMes
K IOCIeIHUM OLPEJIEIeHNsAM ATH 3aKOHOB Py/1000pa30Banud, TPeIosKeHHbIX
JI. H. Opunarnrossy [1986]. Tlepsuii ma mux «sakon pnddepennmaapioro
HePeMeIeHnsA BellecTBa SeMIN» CBOLHTCH K MOCTYJHPOBAHMIO Iepexona Me-
TAJJ0B B X0/1e py,u;ooﬁpaaoBaHﬁﬁ OT COCTOAHUNSA paccedHusa K KOHIEHTPpAaun mu
¢CeIeKTMBHOMY OTJIO;eHHI0 MeTaJlI0B B PYIHHX Tenax». Ilo cymecTsy 1o
HOJIOKeHNe, KoHeuHo, BepHO. OHO Ha KavyecTBEHHOM YDPOBHE XapaKTepuayer
OJlHO M3 CBOHCTB CHOPMYIUPOBAHHOH HAMHU KOJIWYECTBEHHON 3aKOHOMEDHOCTH
u B cmay, moskanyii, Gomee dunocopekoro m ofmero xapakrepa npefcTaBIger
cofoit moCTyIaT, HO He BAKOH W JIazKe He 3aKOHOMEPHOCTh, N00 He COJepPIKHT
HeoOXOAMMHIX A TOTO CAMOCTOATEJNLHBIX YCTKHX €CTECTBEHHHIX XapaKTepme-
THR ABJeHwit W mx cpAseit. [laie camo momsTHe 0 PYJHBIX TEJAX MMeeT CYryoo
SKOHOMHYCCKNIA CMEICI H MO;KeT, KPOMe TOT0, OTHOCHTHCH K 06BEKTaM ¢ pac-
CeAHHEIM BXOJKJICHUEM BJIeMEHTOB B MHHEDAJILl, HATPAMED, B YJIbTPANIEI09HEIX
PeIKO3eMEeIFHEIX NapareHesncax.

HempemeEHEIM ciieficTBHeM W NPOCTPAHCTBEHHHIM OTPAKEHHEM IEPBOTO
sakoHa JI. H. OpumHHHKOB HA3BIBAET «3aKOH B0HAIBHOCTH...». JleHCTBOTEIE-
HO, TeoxmMnyeckas, MEHepDalbHAfA, PY[AHAS W APYTHE 30HAJILHOCTH TPHPOI-
HEIX 00heKTOB — JlaBHO WAyYHO ycTaHOBieHHHiT faxt. Ommako oxapakrepm-
30BaH oH 0wt Beerja Gomee DMIOEPHIECKN W JIOBOJLHO PA3IWTHO JJIA PAasHO-
ponEHX 00BeKToB, (e3 BHIABICHHA O0IEll KOJMYCCTBEHHOH TOHIEHINMN I
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reocep Bemin, 3eMHOI KOPE; BHOTEHHBIX PYAHEX moneil W 0CAZOYHEIX
o6pasopanmii. Camrars B0HATBHOCTH HENPEMEHHLM cleJICTBEEM IOCTYIaTa
v «3akoHEa AnddepeHnuaIbHOr0 NepeMemen) HeT OCHOBAHMA, uGo TmpocTo
mepeMemeHne ¥e MOJpaByMeBaer HeoOxonmvylo sonanbHOCTh. llocaenHasm
BOBHAKAST B CHJIY HEOJHODOJHOCTH CHIOBHIX IONeil, B KOTOPHIX IPOMCXOLAT
MUTPAMEA W JOKAIH3ANASA TOJBIKHLX KOMIOHEHTOB. 30HANBHOCTH, BUAUMO,
5TO MBIEHHE, 4 He 3AKOH, ABJICHNE ¢ PABIMUHEIME TTAPAMETPIICCKIMI XapaK-
TepPHCTHKAME, YCTAHABIMBACMBIMA OUBITHLM IyTeM, TPAMBIM HCCHIE[OBAHAEM 5
XapaKTePHCTHRAMM, KOTOPEe MOTYT GLITH OMMCAHHB KOJMIECTBEHHO ¢ HCHOTb-
gopammenm upegroerrsx momaTmit LG, nil, OK, I'T u np., T03BOXAIOMIX
HPOMBBOUTH TeHETHIECKNE PEKOHCTDY KIHA (opu 3HAHWNE TeQJIOTHN) M MPOTHO3-
HEE OIEHRI.

Tpernii ¢3aKOH NPAMO NPONOPIHONATLHOCTH) OUPE/Ie/IAeT TPAMYIO
3ABECAMOCTH MACIHITAG0B HAKOIICHII METAJIOB B MECTOPOKIEHMAX OT HX
PACIpOCTPAHeHHOCTH B semuoii Kope. Ecan G5l 970 COOTBETCTBOBAIO JieiiCTBUTEIb-
HOCTH, To HesaueM 010 OBl Jlaze ONMPE/eAATh KOHKPETHEI® COCDIRAIA Me-
Ta77108 B PASHEIX THNAX TOPOX PYAHHIX TPOBHHIINA. Ha npumepe 3amagHo-
Cn6upcKoTo PermoHAa MBI NOKasaju HPAMYIO 3aBHCHMOCTL KOIMIeCTBA MeCTO-
POSRIeHMit Pfa MeTani0B MMEHHO He OT BeMHHIX CPefHHuX (KIAPKOBY, a OT
PACIIPOCTPAHEHHOCTH TIABHEM 00pasoM IOPOL B PErHOHE © CyMecTBeHHO
OBHIIICHHBIMI MX CONEP/KAHMAMI 1 0T PAcHPOCTPAHEHHOCTH HOPOA — OCaAu-
reeii M KOHIEHTPATOPOB PYAHKX MIHEPANOB M3 PAaCTBOPOB, HTO YiKE COBCEM
HO MMeeT OTHONIGHWA K CPEIHMM KIAPKaM 3eMJIH WM 3eMHOH KOPH. Crasam-
HOe He MAMeHgeT obmee IMPaBWji0, ITO 3ATAChl METAJIOB 3emun, KOHETHO Ke,
HPONOPIUOHAIBHE WX 00meil PacmpocTPaHeHHOCTH. Opmmrako, 9T00K 00peCcTH
peannuniit «paboTaommin HOWCKOBHI KpuTepmii, HeoGXoMUMEL T JIPYTHE 3HA-
HOS TOJHKO WUTO YIOMAHYTHX BaKOHOMEPHOCTEH.

Baszmeiimee smauemme JI. H. OpumanunkoB [1986] mpmmaer «3aKoHy
yHEBepCAJBHOH CTAHAAPTHOCTH pymooGpasoBanmsy, COTIACHO KOTOPOMY,
HecMOTpA Ha PA3jmine MHOTHX ye10Bmil u 06CTOATENBCTE, BOSHIKAIT BECHMa
CXOJIHBIE (CTAHAPTHHICY MUHePaJbHbIe NapareHesnchl. Ilogo6noe yrBep:mIeHne
CIIPABEINBO JAUIIL B CAMOM rpyGom npubamkennn. ey feranbHel CTAHOBNAT-
¢fl AHAJNM3 TPUPONHHX O0BEKTOB, TeM Goabile BLIBIACTCHL crerupraIecKux
MUHePAIOro-Te0XUMIIeCKHX OTRIOHOHITIT. PassooGpasne OCHOBHLIX HPUPOM-
HEIX pPyano-GopMar{HoHHLX CTAHapToB jneficteuresnsHo Hepeamko. Harasan-
HYI0 TITIOCTPAIMI0 W BMeCTe C TeM ofbACHeHIe TOMY JIAeT Halla MOUbITHA
CHCTeMATH3APOBATH HX BCETO TO JIBYM (10 0GOMM reOXHMITIECKITM) IIApaMeTpaM:
deMaHOCTH — CHATMIHOCTH W OTHOCHTEILHOM IeHTPOOERIOCTH — IEHTPO-
crpemmrenbiocrn (M. Tada. 1). Rauspiit ma jeBATH BEFICJCHHELX HAMIL PHJLOB
DHTOTEHHHIX CTePEOreoXMMUYeCKHX THIOB ¢CTaHAAPTOBY obmajaer CBOMMIL
npegexamn OK, T'T, UIT u ap. Bonpoc auis B TOM, CTOMT am ofHy 13 ocoben-
HOCTell BHOPAHHOTO TNPUHIMNA KIACCHQURANME DIEMEHTOB, MIHEDATOB,
IOPOJ W PYJ O ABYM HApamMeTpaM BO3BOAUTH B Pamr CaAMOCTOATCNLHEIX 3aK0-
HOB pynooOpasoBamms. Jlymaercs, 4To He CTOUT, XOTA IPHKJIAHOE aHAYeHUC
MAHAOTO CJEJCTBHA HaM OYeBUIHO.

TIpsAMEM CJeCTBHEM (3aKOHA CTAHAAPTHOCTH) JI. H. OBuMHEHUKOB CUIi-
TAET «BAKOH KOHBEPTEHTHOCTH PYRHHX MUHEPAILHBIX HapareHesuncos, obyc-
JOBINBAIONHIL TIOIATEHAOCTH (PeTePOTeHHOCTh) TeHETHIeCKUX IPYIILL i1 KIACCOB
OHOTHIHEIX 110 COCTABY M HPOTNM Hapamerpam mecToposkmennit. fnieHne
KOHBEPIeHTHOCTH, T. €. CXOJ[CTBA BHEIMNX NPH3HAKOR MHOTHX IPUPOTHEIX
0GHLeKTOB TPH PA3IMYHOM HX TPOMCXOZRICHIN, JABHO NPUBICKACT BHAMAaHNE
mecenosateneii. OHAKO CTONT JH OTHOCHTH €r0 K CTATYCY 3AKOHOB €CIECTHO”
smanus? [Ipusemey mpumep n3 00macTH HATEPIPETATMLIL KOHBEPIeHTHEIX T'e0-
XPMUIecKnX NaHHEIX. 1aK, ToBHIIOIeHne apavenmit OH mag orHOmMEHMIL Ph:Zn,
Mo:Cu u Co:Ni B pyaax Moser OHITDL BHI3BAHO B COOTBETCTBIH ¢ dopmymoil
33KOHOMEPHOCTH TI'€OXHMUUECKOro PasBHTIA PasHEMI NPHIMHAMA: TOBLIIE-
HEeM CHATMIHOCTH HCXOHOIo JIA Pyj cyberpara, OOIEM yBeIHMHeHHEM CO-
epIRAHUI OTHX DIEMEHTOB B PY/ax, T. . GOraTcTBOM MECTOPOMEHIH 1 HAXOMR-
JeHHeM B ANUKAJIBHOH WacTH PyAHOro Tela. [pasuabnoe pemieHHe 3ajadd
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T KOpPeKTHOCTEL TporHosa TpefyoT Beerja pacHuppoBKRi nooOHoIl KoHBep-
TEHTHOCTH, YWTO JOCTHraeTcA alialm3oM I‘GOJIOI‘H‘T(‘.CIGOI"I CHUTyaIlHn OGTnﬂﬂT‘c\.
MuoskecTBeHHOCTD OpHiIuH reoXpMH4YecRoro paspuTHsa apn OIHOHATIPABJIEHHOM
ero Xapakrepe TPUBOAHT K KOHBEPTeHIIN IEOXHMITICCKHX IPU3HAKOB, He
ropops yike o wmumepasormiecknx. Ojmaxo reojormdeckas 0OCTAHOBKA 0C-
TAHeTCH eINHCTBEHHMM KITOM pacinndpoBRH ocofenno KPYHHOTO ofmexTa.
VHORATLHOCTH Ie0I0rHIecKol HeToPHi KAMKAOTO 13 HUX OKa3nBaeTCS B He-
OOBITHOCTH BCEX TeoXHMUUeckux M HanGorepuieM pasHOOOpasunm MHHEPAIoro-
nerporpaduuecknx xapakrepucruk. Ii cosepmenno mpap Ji. H. Opunnnm-
KoB (XOTH ¥ He BOBBOANUT ITO B 3AKOI), UTO ¢KAHI0e TeOTOrnIecKoe obpazoBa-
HHe, Kamkaad mopoja, csura, onactT m np. MMerT cBoe reoXnmMuuIecroe Jmio».
Hemontopny kambiil wryd mopojibi, pyabl, He TOBODPA YiK 0 MECTOPOYRICHIX
7 pyARBX nposunnaax. Hax menosropuMa niodas HCTOPAA, TAaK HEOBTOPIIMBI
1 ee nponyKTE. Ho Tem Gosee BaAHO He TOJABKO HAHTI MAHEPaIOro-TeoXuMm-
YeCKHNEe MX OTJAMYNS, HO M HOHATH MX, 4 JIJA 9T0T0 KOJNNYeCTBEHHO pasTpajiyu-
PoBaTh ROOPJAMHATHI, B TOM qucJe p‘dGHpr[!afODl]-lE OCHOBHbIe TeHJICHIIUI pa3-
purns. TAABHBIMIT H3 TEOXMMMUYECKHX CBOWCTB DieMEeHTOB HaMu M30paHEL pac-
HPOCTPAHEHHOCTD, HEHTPOOEKHOCTL — [EHTPOCTPEMHTEILHOCT e/, derma-
HOCTh — CHAAMTHOCTE ¢/v, a 13 (UBNKO-XHMHUECKHX — WOHHAA IJIOTHOCTD.

Onpemeasier yenempoeTh aHAIN3a (GeHoMeH HeHTpPode:KHOCTH — IeHTPO-
crpemurensroctn. OH HOZBOIALT ONCHITH KOAMICCTREHHO, OOBACHUTE, a 3Ha-
YT W MCIO0AL30BATEH SBJEHHe 30HAABHOCTH, PACKPLITH TIABHYIO TEH[EHIWIO
HBOJIONMN B I@J0M BCeX KOCMOTEOXMMITeCKHX M B TOM WHCJe PYIHBIX CICTeM.
B ornumune or HeOTHOKPATHO W TINETHO TPNBJIEKABIINXCA JUJIf AHAJOTHTHLIX
eseil GuaMIeCKNX cROMCTS DAeMEHTOR (X NOTEeHIHAT0B HOHA3AIN, Pa3Mepon
ATOMOB I TOHOB, V/EGJbLHLIX BECOR, TeMHEPATYyp TIaBJIeHNs H KADeHHd, Xiu-
MHUECKOTO CpOJICTBA € KHCJAOPOJIOM, Cepoil Wil CAMOPOIHBIM JKEJe30M,
TePMOJIHHAMIYECKHX KOHCTAHT ® T. J.), W3 KOTOPHX HH OHO HEe BBIABIAET
OCHOBHOII HATPARNCHHOCTH DPA3BOTHA BEHECTBA H TIyTeM KoMOMHALAHM Has-
BAHHHIX M JIPyrux CBoilCcTB, Hpolie PACKPHTH M MPOCIEAUTS B MCTOPHTCCKOM
acmeKTe, OleHUB NJABHEE H BTOPOCTCHEHHBIe IapaMeTPhl HBOIIONIN ¢ TOMOIIBIO
Kputepues uenrpobesxmocTn. llpmopurer aTore reoXMMHTECKOrO WM, Bep-
Hee, KOCMOTeOXHMITIeCKOTO CROIICTBA BOIECTRA, T. €. DIAMeNToR 1 Hoiee CI0sK-
HO IOCTPOSHHBIX CHCTEM BHICOKHX TOPHAKOB, OOBACHAEMBIX € €ro HOMOMIBIO
spjgeHIi 3oHAIBHOCTH M o0meil 3aKOHOMEPHOCTH PasBUTHA, ONPeJeIdeTCs
ero (yHIAMEHTATLHOCTHIO, HEBHBOLIMOCTLI0 HEIIOCPEICTBeHI0 U3 (H3IIeCKNX
I XHMAYECKMX CBOIICTB, €ro SMOHPHYECKUM XapaKTepoM, COTOCTABJICHHEM
COMERANNI DAEMEHTOB B MCXOJHOM NPOTOITAHETHOM BEINECTRe M IJIABHBIX
1POM3BO(HBIX PHIOTEHHOT0, DK3OIEHHOT0 M MHTErpaxbaoro. XoTs aTTecTains
HPHPOTHLIX, B TOM 9uejae PyAHLIX, ofpasopaumii ¢ HCTOTH30BAHHEM JAHHBIX
CBOHCTR BEIIECTBA TOJBKO HAUMHAETCH, X0uy B 3aKaiodeHne HeGoabmoro ob-
30pa TpPoO/ieMBl BHIPASHTL YOE/JCHHOCTH B Teneco00pasHOCTH BLIGPAHHOTO
nyTn  (HACKOJIBKO  TO3BOJAIOT CYAHTL yike [OJYIeHILe IepBHe pe-
ayapratel ero nepenertusaoctn). IlocrenemHoe HaROmIeHHE B DTOM AaCIeKTe
0aHKA TeOXHMMIECKHX [aHHBIX, ITAPAMETPOB PA3HBIX HOPOINHBLIX M PYAHBIX
ofpazopanmii m HMX ()PAarMeHTOB, HECOMHEHHO, MO3BOJNUT DPE3KO COKPATHTDL
pacXOmBl HA TOUCKM M PA3BEIRY PY/HBIX MECTOPOKACHIUIl DyTeM 3HAUNTEeNb-
HOro moppinrennst uX ddGeRTHBHOCTH.
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