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YIK 553.2+553.3/.4+553.6

B macrosmem cOOpHMKE CONEDEATCA IOKJIANH, 3a4YATAHHHE I'e0-
IoraM¥ DasHHX CTPaH Ha 3aCeNaHAAX padodMX I'Dynn M KOMACCHi
MemnyraponHo#t accoudangd OO TeHE3HCY DPYLHHX MECTODPOENEHAE BO
Bpema eée YI Cmmmosmyma (6-I2 cenradps 1982 r.,r. Tommmcnm).
llmpoxn# oxpaT pa3iMYHHX CIEKTOB TeOPHM DPYLOOGDA30OBAHMA, HO-
BaflmAX NOCTHXGHHH IO META&JIOISHMA, CTDYKTyDaM DYIHHX moxe# a
MeCTOpOxIeHA!, MapareHe3WCOB MAHEPANOB, IO CKADHOBHM, dumoopnT-
GapATOEHM M MapraHIgBHM MeCTODOXIGHAAM HeJa6T HacTomum# coop-
HER MHTEPECHHM IJIA MAPOKOI'0 Kpyra CHOSIMaJMCTOB, HHTEDECYDUMXCH
IpoGneMaMi TEODHE DyH00SpasOBaHMA.
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Paznen 1

OBIIIME BOITPOCHI
TEOPUU PY/IOOBPA30BAHMA

YIK 553.2
CEOXUMUYECKAR MOIEJD OBPASOBAHMA Ti{IPOTEPMAJEBHHX MECTOPOKNIEH M

J1.H.OBUREBAKOB
MECTHTYT MHHEDSNOTHH, T'eOXHMHM M KPHCT8ANOXHMMM DEZAKMX DNEMEHTOB
AH CCCP, r. Mocksa, CCCP

B H8CTOAmME® BpPEMA CT3/10 HECOMABHHHM, 49TO DY/ABHE MEBCTODORAEEMA Tre-
HEeTHYECKW BECHMA P33H006Pa3HH NpM GONBHOM B TO X8 BPEMA OAHOOGPasHM
MEEEDANBHOrO COCT3B8 W TEKCTYPHO-CTDYKTYPHWX OCOG8HHOCTEH DYA, MOpdo-
7OFME M BEYTDEHBETO CTPOEHMA DYAHWX TEN, NPOJHX I'8OXEMHYECKHX M reo-
LOTMYBCKHX N8PSMETPOB. Pa300paThCA B 3TOM IeHETHYSCKOM DP83HOOGDE3KH M
K3K-T0 €r0 CHCTEM8TUBMDOBATE, BEPOATEO, BOBMOXHO NYyTE¥ CO3A8HHA 674U-
HOM IeHETHYECKOM MOZ6AM C BBAMMO33MBEAEMHMM OTAENBHHMEA KOHCTDYKTUBHE-
MM BIeMeHTaMU-CyOMOAe NAMH. [lONHAA e€ZMHBA I'eHETHYECKSA MOAENE PYAROrO
Mecropoxzesua (pyAHo# QopusiMM) KaKk HeneyCTPeMIEHHOR caMoOpramM3yo-
me#icA cHCTEMH ZONRES CASTaTHCA MMEHHO COBOKYNHOCTBL Y8CTHHX MOAgHed -
cyomoneneif,~nOCKONBKY OTAEABANE DYAHHE MECTODOXZEHAA MA® §opuammu on-
HOTHAHHX MECTOPORAECHMA CO378WTCA ONATONDUATCTBYDIMMA BOSMOKHOCTAME CO-—
YEeTaHMA P8SAMYENX NpPUPOAHRHX ABASHM# M npomeccoB. COOTBETCTBYOWME UM
TEHETHYECHKME MOZENM CI3TabnTCA TEM MM MHEM H860pOM u3 OCWErO, CPaBHU-
TeABHO HECONBWOr0, YHCNa cyOMozenedf COAEpPE8HMA, B3AUMO3SMEHAGMOrO B
B83BMCUMOCTHM OT D33IUYHHX TEONOrMYECKUX curyanun TOr'0 WAM MHOTO COYE~-
T3HUA PYZ000pS3YNMUX (PEKTODOB.

Jenewsomy nocTpoeEMo eZMBEOR (oOme#) MOZemM PYAHOrO MECTOpOXAEHHA
AONEHO CnocOGCTBOBATHL TO BIKHOB OGCTOATEALCTBO, YTO NpM GONBLOM Pa3HO-
00pasuM MCTOYHMKOB METANOB ¥ PECTBOPOB pPYA00GDa30B3EME KAK XHMHYEC-
KiR nmpomecc npoMCXOAMT B AOCTATOYHO CT8HA8PTHOM (MBMKO-XEMHYECKOHf 00—
CTBHOBKE, 3 CTAaHASDTHOrO DyA006pasyousro pacTBOpa,B CTAHAADTHOM AMana-
80BE TeMNepaTypH U A8BAPHHA,B YCHOBUAX CTaHASpTHOR fuauueckoft M Xumu-
YeCKOM cpefn (cRAMKATHHE TOpHHE NOPOAH, pPeXe KAPGOH3THHE TOPHHE IODOAH).
[paMEM czezcTBMEM 3TOr0 SaKOHA CTERAAPTHOCTH JCHOBME DYAOOTNOREHMS,
K8K M3BECTHO, ABIAGTCA B8KOH KOHBEPIEHTHOCTH DYAHHX MUEEP3IBHHX Napa-
T8H83UCOB, 0GycACBAMBAWMMII NONUIEEHOCT: (réTEPOr6HHOCTH) I'é HETHYECKHX
TDYON M KASCCOB OAHOTHNHEX MO COCT8BY M NPOYMM NapaMeTPaM MECTOPORAE=—
Hull. B srToff cTeaEzapTHOCTA yEE 33NOXEHA PAABHEA T'8OXHMHYECKES KOHCTDYyR—-
UHOHEAA OCHOBA €AMHOM MOAENAR PHAOTEEHOrO PYAHOTO M8CTODOEAGHMA, KOTO-
Pas M gonxsa npejcTsBAATH COGOM COBOKYREOCTH CYOMOZeneH, OnupapmKXCH
K8K B8 nepeueHHHE, TEK M IOCTOAHAHE COCTSBIADNME.



Mozenb, MOCKONBKY OHA YNpOWEHS M 38rpyGNEHS NO CPABHEHMO C NMPHUPO-
AHEMM OOBEKT8MM, OGONee HErKO noazseTcs gopmanuasnuu. Tunoswe (MOzZenb-
HHE) TEHETHYECKME (QOPMYZAH PYAHHX MECTODORAEHME, BKADYaLWWe B celA ne-
pPEMEHHHE ¥ TNOCTORHHHE KOMIOHEHTH, JONKHH COAGDXKETH B NEPBY O4Yepejb
X8paKT8PUCTUKY CAEAYOWMXAX T'I18B IeHETUYECKUX (aKTOPOB 4 NapaMeETpOB.

A. T'nyOMHHOCTh 33PORAEHMA I'EO0NOI'MYECKOr0 NpoONecca, NOPOXA3WMNETrOD

pPYyA0OOpPa80BEHMS .

B. Tun TeONOrMYECKOro nponecca, NOPOXASOWETO pPYyAO0CPaI30BAHMS.

B. lcTOYHMK DPYAHOrO BEmMECTBA.

I'. WcToYHMK DPYAOOOP33yHOmEro pacTBOPE.

[I. NcTOuRMK SHEPrMM DJAHOTO NpoHecca.

E. PyaooGpa3youmui pacTBOp:

Ep - pacTBopuTeab ;
Ex - ®mMOKoe DpacTBODEHHOE BEHECTBO ;
Er - pacTBOpeHHHH I'as.

K. Cpezna oTnomesns.

3. MexssusM OTIOKEHMA.

. 30HaNBHOCTS.

K. BasammozeilcTaue ¢ BMEWaOOMMM NOPOASMH.

JI. TepuoznBaMuueckKas OGCTAHOBKE DYAOOTNOKEHHUA.

[opoRnanipe pymooGpasoBaHMe I'e0JorAYeckne mpomeccH (A,B)

[IponeccoB, CNENUaNBHO NPUBOAAUMX TOABKO K OOP330B3HMK DYAHHX M-
CTOpORACHUH, B NpUPOZE He CymecTByeT. PyZoo0pa3oBaHMe — ABNEHME YaCcT-
HO8 ,ZI0NOAEMTENBHOE (N0G0OYHOE), CONPOBOMAAWNLEE DA3NMUYHHE INI8HETADHHE
BHAOT'GHHHE M DK30reHHHE IeONOTMYECKHE NpomeccH. Takum oGpa3oM,TeHe-—
THYecKafd (QopMyns MecTOpoEZeHMA (remorTun- I'T) Ha OZHOM M3 NepPBHX
MECT ZOJNRHE COXEDRATH NOK83aTeNb, OTBevyabmuit Ha BOmpoc O TOM, C Ka-—
KMM TUNOM I'€0NOTMYECKOr'O NpoHecca ¥ Kakoif BO3MOEHO| I'IyCMEHOCTBD €TI0
38pOXZIEHMA CBA3AHO 0CP330BAHME AAHHOTO DYAHOTO OCBEKTE.

B HBCTOAWEE BPEMA CPELA SHAOTEHBHX NpPOLECCOB, BaBHWX M MATEPECHHX
C TOYKM 3PEHMA NMONYTHOrO PYA000DP830BAaHMANO TIYOMHHOCTH 3apoxmeHusa( A)
ClelyeT paslAdyaTh OPOLECCH: BHYTDAKODOBHE (AI). MaHTHIHO-KODOBHE (Azl
Bepxneusnruitene (A;), CAYOUREO-BEPXHEMBHTUHBNE (A4).

K nnameTapHnM SHAOr@HHNM I'8 0JOTMYECKMM NpPONECCaM, NOPOXASDMAM py-
- Zoodpsaosasue ( B ), OTHOCATCA NAYTOHOTEHHAA MHTDYBMBHAA JEATENBHOCTS

xoposuit rpsuuTHuft uaruarusm (By), BepxnewmsnTuilBuld Gasanprouzpnnlt usr-
M8TU3M (52)' Iy ONHBE 0—BEDXHOMEHTANHENE e 109HOl (Bs) M menoYHO-KapGo-
HATUTOBH# MErMaTH3M ¥ MET3COMSTH3M (54)' BYNK8HOTEHH8A JIEATENBHOCTH
(35), eATENBHOCTS MBTPSTENNYpPUYECKUX DPECTBOPOB (BG). MeTaMopfuau
(Bp) m yabTpaMeTEMODOU3M (BB).

Cpean 2HIOreHHO—SK30T@HHHX NpPONECCOB BCE GONbmEe ¥ GONBNEE 3HaYE-—
HME 718 PYA0OCD330B8HMA PACKDPWBEBTCHA y BYIKSHOIEHHO-0CAZOYHOIO (Bg)

6



# TMAPOTEDMNBHO-0CE JOYHOrQ (BIO). Xap8KTEPH3YDIMXCHA COBMENEHHEM

0C8AKO000D330BARNA C OAHOBPEMEEHON 1eATENBHOCTHO I'WAPOTEDPMSNBEEX PYAC-
0Gpa3ybuux PacTBOPOB P83NMIHOrO NPOMCXORACHMA. CPeaM MOCHSARAX MH o=
166 WAM MEHEe OJHO3HAUHO HBUMHAEM OTAMYATH NOKA NPOAYKTH BYAKAHABME M
COOTBETCTBYDWME MECTOPOXAGHMA BYAKIHOIEHHO-O0C8Z0UHOro THOS. K 3Ksoren-

juy TpONECCAM NpHHalexaT 0c8kooOpsaossmme (Spp) M uarenes (By,).

ficTouHnKM pymHoro Bemecrsa ( B )

flrage TOBOPA, MCTOYHMKAMM MET3JNOB MOTYyT OMTH BEDXHAA MABTUA B
1e oM (BI), MTMaTUYBCKMI Ouar B 3eMAOH KODS (Ba) UIM BEpXHEH# MSRTHM
(33_4). 30HH PETHOH3NBHOIO MET3MOp(M3MA ¥ METSCOMATH3ME (BS). B0BH
JABTDa M6 TaMOP(U3ME (BG), okeaBMueckuit Gaccefin (Mopckas Boja) (37),291-
AOYHHE NASCTH (BSA' Bgg)s BYAKSHOrEHHNE TONLY (B9n’ Bgg)» MBTDYSUBEHE
M8 CCUBH (BIOA' BIOG)'KBK JA87N8HEHE OT MECT KOBIEHTDSMHUM (Bn)' T8K ¥
OXpyRapmie DYAHNE TEA3 (BG). E

Herounuky pymooGpasyiumx pacteopos ( I' )

Pynonscymas cpeza, riaBHefmMM 06pa3oOM HATDETaA BOAS Kak OCHOBHOR
pacTBODUTENE, TAKEE NONMreHH3, ABAAA COCOM OfHY M3 BEEHEHUMX nepeMeB-
HHX KOMIOHGBHT I'eHETMYECKOW MOAEGNH DYyAHOrO M8CTOpPORAEHMA. Ceflyac oco-
O8HHO WMPOKO CT3/I0 06psWaThCA BHMMSHME H8 TO, YTO PYA0OGPa3yDUAM paCT=-
BOPOM MOr'yT OHTH BOJH D8BAMYHOrO MPOMCXOXZABHMA M 4TO OZHMM M3 P8COpO-
CIPaHEHRNX (AaKTOPOB HENOCPEACTBEEHOIO OTAOEEHMA DYZ MOXET ABAATHCH
CMENEHUE D33HHX BOA. YCTAHOBJEHHE MCTOYHHKA D3CTBOPOB B NAEHOM CAyuae
NpeAcTsBAAeT COOOf He MEHE® BSMHYD NpoCNEMy, 9eM MCTOYHMKE DPYAHOTO BE-
mecTes.

Cpeau BOZ, MOTYWMX MTPaTh PONG B (JOPMHPOBHUM 3HJOTEHHHX MECTODOE-
ASHAR, BHIENANTCA BOAH MBTM8THYECKHE (FI). HETD8TE NNy PUYE CEHE (PZ)'
MeTamMopduueckue (Pa), METE ODHHE (r4). pE NMKTOBHE (Ps). OKE@8HUYECKKE

(ndpcxnu) (Ps). Ux coyeTaBue MOXET A8TH KOMOMHALAN D33NMYHHX CMENAaE-
HHX (Pc) BOZA.

Pynoodpazymimii pactsop ( E )

Peansnnit pynooGpaayouuft pacTBOp BCEIrZa NpejcTaBnfAeT coCoif rerepo-
TeHHYD CUCTEMY pPSCTBODUTEAS — RAAKOE P3CTBODEHHOE BEMECTBO — DEaCTBO-
DeHRE{ ras.HauGonbnee BHMUMSHME YAENAETCA M3yYeHHD COCTaBA8 M NOBEJGHMA
PaCTBOpDEHHRX BemeCcTB B XuAKOH (Qa3e, XOTA He MEHBEEE BHAYEHME ANA DYy-
A000p330BaHKMA MMENT M DPBCTBOPEHHHE I83H M CBOWCTBE CAMOTO pacTBODHTE-
I8 - BOAH.

PaGTBOQHTenL{Ep).YHEB&pG&KBHHﬁ XO0I TMAPOTaPMANBHOI'O Ipolecca,locTo-
AHCTBO n&psMeTpPOB PYAOOTHOKEHWA C HE33BMCUMOCTHED OT COCTSBA PAaCTBOPEH-
HHX BemecTB, TMNa U IeHE3MCE MECTOPOXZEHMU, KOHKDETHHX I'@ONOTHYECKHX



ycaoBuit B npounx ocofesEecTeRf pyAooCpa30BaHHA OCYCIAOBAMBSDTCH B NED=
ByO O4yepeib HSMBHEHUEM CBOHCTB €ZMHOrO DaCTBODHTENA — BOAHW. CTPYKTyp—
HHE Npeo0pa30BaEMA, NOCIESA0B3TENBHO NPOHCXOAANAE B BOAE C NMOBAXEEHEM
TeMOepaTypH, ONpPeAEAANT HANPaBASHHOCTH PEAKNEHl B I'MAPOTEPMAABEOM PYyAO-
o0pa3ayomeM pP8CTBOPE, CMEBY THUIOB M MSMEHEHHE COCT8B8 KOMINEKCHHX CO8-
AMBERMA METSNNOB, AUCCOLMSNAN SASKTPOAMTOB, XB8PaKTEP M XOF B33uMOZEH#-
CTBHA DPS8CTBOpPa C Bueuapmelt cpezoit ¥ npound ABIEEHA.

Eagxoe pAcTBOPEHHOE BEMECTBO (EILOOWBHPEBHEHO, 9TOo @INAHCTBEHHOE BO3-
MOXHOCTED BpeKTMBEOM KOBNEETPSIHM METEINOB B SHAOrEHEHX MECTODORZE-
HNAX ABAAETCHA NEPEHOC MX B BHAE KOMNNEKCHHEX MOHOB ¥ MONEKYZ.CTannapT-
HOCTH pYAOOTHONEHHH NpM yEHBEpCSAbHOM 68 30HANBHON MOCIEZO0B8TENBAO-
CTH CBf88HS MMEHHO C TeM, UTO OCSEASDWWECH METE8NIH BAXOAATCA B pacr-
BODE B BH/I8 KOMNNEKCOB C OYeHh GAMSKMME TEDMOZMESMHYECKHME CBOHCTBAMU
w crexuomgrpue# /I, 3, 97.

Oco0G0 BaXH3A pOAb B DPYAOHOCHOM DACTBOpPE NPHESANERAT I8 IOHAHHM, B
OCHOBHOM XIODUZHHM,KOMNJEGKCSM TAXENNX W WENOYHHX MET8ANOB.

Cpema ornoxenms (H)

B GonbuMHCTBE PYAOCOTHOXeHME TIPOMCXOLUT B HEPaBHOMEPHO MOpMCTOR cpe-
A6 TBEPAHX CHIAMKATHHX NOPOZ (lI), B MEHbUDEH# CTENERM NpPH 38MEMEEME K&—
DGOHE8THHX I1ODPOA (Iz). s TaxEe B Mopcko#t (osepnoft) Boze (la).

Mexannsm oTioxeHMsg ( 3 )

Pynsoe M8cTOpOXZ@EHME BKAODYSET B CeCA DPYAHOE TEHO ¥ NEpPBMYHHE reo-
XUMUYECKUM OpeOon, COCTSBAADNME IeHETUYECKM M IPOCTDPEHCTBEHHO-BDEMEHHO8
€ZMHOE IeN0e;.pa3Nuuue MEXAy HUMW AMUEL B YyPOBHE KOBN@HTDPSNUM IASBHEX
MET8NI0B. B OCHOBE PYZOOTNONEHMS N6XMT TpEUMHHHE MET3COMATO3, NpM KO-
TOPOM KOHBEKTUBHHE NEDPEHOC BEMECTBA IO TpPENMHAM COYETAETCH CO CHOXEHM
ABUREHNEM DPECTBOP3 B NOPHCTOHd cpeae. Meanesno ABMRymuAcA IUAPOTEpMENL-
BH# DBCTBOP M TPEMMHBO-TIOPOBO8 NPOCTPAaHCTBO OTNOXEHMA CO3A8DT XpOMATO-
rpaduyeckyo cHcTeMy, B KOTOPO} B yCIOBMAX CHMESOmMEH#CA TEMNEPETYPH MPO-
ABAADTCA apcoponua, AXPdysus, MOHBHY oOMeE M HEKOTOpDHE ADYI'ME IpOmEC—
CH {pakKOUOBMpYOWETO, OC3AUTENBHOI'O, THAPOAM3YOWEIO, ORKCIMTE IBHO-BOC—
CTSHOBHTENBHOI'0, KOMIOZNEKCOOOPE3yDWEro M KOMNAEKCO-pa3pymabDHEro Asitcr-
BHA. Pe3yNABTHPYDLAM CBAZETEIBCTBOM BCEX BTHX NPONECCOB ABIAAETCH B0HS-
NIBHOCTS PYAHHX TeN M OCOOBHHO IeOXMMHYSCKHX ODEONOB C B8KOHOMEDHO HO-
CNef0BaTeALHON CMEHOR OCSXAEHHHX COEAMHEHHHA METanAOB B HaNpaBIeHEH
IBMREHMA D8CTBODOB.

XpomsTorpa@uyeckoe pa3zig IEBME ABAAETCH OCOGEHHO GHATONpPHATEHM ZAASA
NpMPOABOro pyA000pa3yOUEro PACTBOPA C EI'0 MAIHME COZEDEaHHAME DaCTBO-
PEHHHX MET3NNO0B, TAK KAK STHM CNOCOGOM NpPOMCXOZMT MX BHEYMTE 1HBQ§, KOH-
UEHTDUPOBEHME NpDKM NPOXORAGEMHM OPDOMHNX OOBEMOB BOJH.
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SonanpHOCTE ( U )

OpraB¥uYBEM CBOWCTBOM DYAHOTO NMPOHECCE ABIAETCA YHMBEDCANBHAA yCToM-
quB8S 30B8NBHOCTH, NPOABAADUSACA HEM3CEXRO HA DA3HHX YPOBHAX Opr'a HA3a-
OU¥ PYAHOrO BewecTsa (NepBMYHONO reOXMMHYECKOr0 Opeons, DYAHOrO Tens,
pyAHOrO MECTODORAEHMA, PYAHOrO NONA, PYAHOrO yasas, PyAHO# NpOBMENNE).

[epBuubkil reoxXuMuiecKuli 0peon - X3paKTePHEA HEOTHEMISMAR YACTH DYyA-
HOrO MECTODOXAEHMA, HENPEMEHHAA KOMIOHEHTa AkGo#k Mozeau. Ilpm ompezge-—
neBHOff OOWHOCTM YHUBEPCAUIBHOCTH 38METHO DA3MNMYSNTCHA I'6 OXUMHYECKHE

CHEKTPH OpEOnOB MecTOpoRzeHMft murodumbnux (M), cumepoumbhmX (H,) M
xuwguuu(%)umum.

BaammoneiicTeie ¢ BMmeugouMMn nopomamm (K)

PynooOpa30BaHMe BCETAd CONPOBOXABETCA MMPOKWMM M8T8COMATHYE CKMMH
0peospa30BaEMAMM CUAMKATEHX NODPOA, 38XB3THBAOMAMA BECEM8 OONBUME WX
00BEMH, BO MHOTME COTHM M THCAYM D83 IpPEBHUADNAE O0BEMH COGCTBEHHO
PYAHHX Te€N. AKTMBHOE THMAPONMTHYECKOE P33NOKEENE CHIMKATOB NMPHBOAMT K
(opMUpOBAHNKD DPSBMMYHEX NO COCTABY B80H OKONOPYAHHX METSCOMBTHTOB,NPEA-
CTABAALOMX T0A06HO I'eOXMMHYECKMM ODEOASM TaKEEe OZHY W3 BaRrHeHuMX KOM-
ONOHEHT reHeTHYecKOR Mozenu pyzAHOil GopMamm.

JaKInYeHe

B uTOre MOXHO CK838Th, YTO HANMYME CTAHASPTHOCTE ycnopult ¥ xoms py-
JAHOrO nponecca OTKPHBEET AODPOr'y NONHTKAM KOHCTDYHPOBAHEMA IeHETUYSCKOR
MOZIE/Id MBCTODOXZIGHNA H3 OCHOBE GAMHOI'O KAPKACa C MONEDEMEHHHM BIOXE-
HMEM B HEIO KOMOHMHALMM TEX MM MEHX NEPEMEHHHX COCTSBIAADNUX, CMEHHHX
cyOmozencit, noaGMpaeMHX M3 ONMCBEHOTO BHNE NX MHOI'OOGDA3HA.

ABan43 MOZENBBEX MOK83aTenell OTZENBHHX MECTODORZEHME, DYABRX fopua-—
Ouit, X Ipynn 4 KN8CCOB B KOHEYHOM MTOré AONXEH MPUBOAMTE K CHHTESY
CaMMX 3TUX NOxa3aTenell, KOTOpH# MORET OWTH BHpaxen onpezenesHo# fop-
My7Olf reHoTuns pyAHOIO MecCTOpPOXAeHMsA, pyasoft Qopmanmuu. 3ra dopmyia B
S8BUCHMOCTM OT NMONHOTH M CTENEHM MCYEPIAHHOCTH HaUMX 3BABMA MoxeT
OHTH NONEOA mau yscrTuysoff, Tak Banpumep, POpMy/As TEBOTHIE CK8PHOBO-
MarHeTHTOBOr'O MBCTODOXAGHUA I'OPH BHcoKolt Ha Ypane OyAeT TaKOBS:

It = £ (A3, Bgy By, T By, ¥y 5, Wy, By 1) - 4, 3, 1,

8 QOpMyN8 BYNKABOTUEHHO-0CEA0YHOr0 MNONUMETENNMYECKOIO MECTODORAEHUA
Xaitpen -
I'r=1r (A5| 551 BB"FG 1-6* Exs xao mal KI) -7, 38, L
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YIK 550.41:553.2
TPHPOAHHE PYZIOOFPASYIOMME CACTEMH C [OSMIMM TEOPMM TOMMEPOB

B:C.Kopumaunus
BecéconaBHit HayuHO-MCCNE0BA T NECKNIl reonornYecKUl MECTUTYT HM.
A.Il. Kepnmackoro (BCEI'EA),r. Jeranrpanm (CCCP)

llpy MBYYEBMM COCT8BA M CTPOSHMA DYZ TMAPOTEPMENERHX MECTOPORAEHHE
OBETHHX, PeZKMX M OHArOpPOAHHX MET8ANO0OB, 8 TaKi&8 (QIOODUTE MCCIEZOBaE-
TEAM 9Y8CTO BCTPEYANTCH C OrPOMHEM pPasHOOOpasMeM TEHCTYP M CTDYKTYD
PYAHOTO BEMECTBA, KOTOPHE B DA3MMYHEX TUNAX MECTODORAGHMM NpOABAEHH
n0=-pa3HOMY. Pasnoo0pa3aue TEKCTYPHOIO PUCYHKa pPYyA OCYCHOBASHO WHPOKO
PacnpoCTPaHEHHLM SBAGHHEM NPOCTPAHCTBEHROI'® 0GOCOGAEHUA DYAHEX W He-
PYABHX MMEEDPANOB C OOP330BIHMEM MOHOMWEEDSABHHEX cerpersuuift pasamyHuX
pasMepoB H GopuMu. Tague 000COONEBMA HAOMOASWTCA NOA MUKDOCKONOM M He-
BOODYR6HHEM I'71830M B WTy(ax pyAH, @ MHOIZ]8 NPOABAADTCH B TUTGHTCKHMX
pasMepsx B BUJE T'He37, NUH3 M DYAHHX cTONGOB, Onpejenad ANfdepeEmUpoO-
BaBHNH cocTaB M CTPOSHME OTAENBHHX DYAHMX TEJ M MECTODPOXRAEHME B LeIOM.
OpBoift ¥3 npuMevaTenBBHX OCOCEeHHOCTeH AuddepeHUMpOBAHEHX NO CBOEMY CO-
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P uc. I. CuMMeTPUYHO-30H871bHA Kun8 HoOBO-IMPOKMHCKOI'O MECTOpPOXABHMA.
KpaeBsne 30HN CHOKEHH CYABJuAHHMM DyAauu. LeHTPaNBHAA Y3CTH KMAH CO-
CTOMT U3 KBADUEBO-3HKEPUTOBOH M3CCH CO CIYyCTHOBHM CTDOEHUEM

CT8BY PYA ABIAETCA MX MDUAH3ANEXHOCTH K OAHOM CTaAuM MMHEP3U33LKUM,
7.8, OTIOEGHME W3 OZHON NOpPUMK CJIOMHOI'O MHOT'OKOMIOHEHTHOI'O PYZOHOCHO-
I'0 pacTBOpP3. PacCMOTPMM 3TO ABAEHAE H8 KOHKPETHHX NMpUMEDEX.

Ha HoBo-lIMpOKMHCKOM MECTOPOXZEHMM B BocToyHOM 3aCalixanbe moanMe-
TaAAMYECKOE OpyAEHEHME DA3BUBAETCH B BUAE XU U MUHEDANU30BAHHHX 30H
ApOONEEMA B 8HAESMTAX M UX Tydax NO3ZHENPCKOIO BO3P3CT3, ['7IaBHHMA MHU-
Hepalamy¥ DyA ABAANTCA IPaleHUT, CHanepuT, NUPUT, KBEpL, SHKEPUT, AON0-
MUT ¥ TYpMs/lMH. B pynax 4ypesBHYSNHO WMPOKO pa3BUTH KOANOMOPfHHE CIy-
UTKOBHE, NATHUCTHE, CHEPONMTOBHE, PUTMUYHO-TIONOCY3THE, KOKADPZOBHE M
npoyue TexcTypH. Ha puc.l NMpezCcTaBNEHa CUMMETDMYHO-30HSNBHSA RUNE,
KP8eBLE 30HH KOTOpDOH# CHOEEHH 0/10CYaTHMM CYABJUZBLMN DYyZ8MU CO CKeJeT-
HHMM ()OpMBMU KDUCTANJOB I'afIeHAT8, KONNOMOPPHEMH 0COCOCNEHUAME I'EM3TH-
TOHOCHOI'O KBapla, (ECTOHY3THMM CKONNEHUAMN CHanepuTs, MUDPUTE, X3NBKO-
NHpUTa, ONEKAHX pyZ ¥ 8HKEpUT3. LeATpanbHasd 4acTh EWIH BRIOAHEHA Cla-
Gomuidepe HIMPOBAHHON KBBpPIEBO-aHKEPUTOBO! M8CCOM CO CI'yCTKOBHM CTPOE-
HueM, Xuzma o0pasoBalach NyTeM OAHO3KTHOI'O 38MONHEHMA OTKPHTOM TpEmUHH
KOHIEHTPUPOBaHEEM CYNB{UAHO-KPEMHUCT 0~K3a pOOB3aTHEM P8CTBOPOM C NOCABHYy-
bnei puddepernnanuell MMHEPaNBHOrO BEWECTBA H8 30HH CYWECTBEHHO CYAb-
@QMZHEOrO M KPEMHMCTO-KAPOOH8THOrO COCT8Ba. B NpEZENaX 3THX 30H TIHES
Ha0NWASNTCA NpH3HAKKM AMQEepPEHIMANNN BEWECTBA H3 NOA30HN M CTYCTKM Npa-
MMYUECTBEHHOI'O MOHOMWHEP8ABHOT'O COCTABA.

Ha Kapauncrom ¥ /{BAHOBCKOM NOJMMETANNMUYECKMX MECTOpOXAEHMAX BOcTOU-
HOT'0 3aCaiiansA pyAHWE Tena AMABHOR M TpyGooCpasHoil fopME 06pa3oBa=—
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P uec. 2. ['916HNT-8HKEPUTOBAA DYyAS8 C DUTMWYHEM 4Y8pE/0OBEHMEM ralleHMTa
(TeMEHg momocH) M sHKepura (Genwe nonocw). Mecroporzenue Kapss

I4Ch B Mo3zAHelt wpe NyTeM 38MeeBUs NPOTEPO30MCKUX M BUXHENE N€ 03 OfCKUX
ZLONOMUTOB W M3BECTHAKOB BJOAb 30H Da3pHBHEX HapymeBu#l. B cocTase pyz
9THX MECTOpOXfieHu#l Takwe npeodnazawT cdanepuT, rafcH4T, NUPAT, KBADPI U
pa3nuyHbe KapGOHATH, BO TEKCTYPH DYA BHLAAAAT COBEPUEHRO MHEYE.3A6CH
NPEMMYUECTBEHEO DA3BUTH DPUTMUYBO-TIONOCYATHE TaK H83HBIEMHE CypyHAydY-
HHE TEKCTypPH, OOYCNOBAEHBHE NDABHUIBEHM YePEZOBAHMEM NPEPHBUCTHX I'a-
NEHUTOBHX WM CPanepUTOBWX NMPOCHOEB C NPOCHOsAMM aBKepura (puc.2). Tak
BEPAAAAT STH TEKCTYPH B Cpe3ax, NEPNeHAMHYAAPHHX K OCWEMY HamnpaBleHKD
"cnoucToCcTH". B 00BEMS Re CyABUAHNE OCOCOGNEHUS MMENT GOpMY, NpUOIU-—
HIOUYOCA K CHABHO CONOWEHHHM AMCKSM MAM TSPENOYKaM, KK OH B3BEWNEHHHM
B KapOoHaTHOH Macce. AHaNOru4yHHWe TEKCTYPH HAONWABWTCA TOKEE B METaco-
M3THYECKNX 387€X8X (noOpUTa U 8TPEraTaX KHalnbLUuUTa U CEPNeHTHH3, 06paso-
BSBUMXCH NpW 3aMEUEHMA ZONOMATS. B BTHX CAYYSAX ANGQepeHIManuM U 060-
COGNEHN0 TOABEPraNTCHA TUNNYHHE HEDY/AHHE MMHEDPSIH.

Eue opsnu BaraszBuM npumepoM AnddepeBnuanuy pyAHOr'O BEWECTBE ABIA-
nTcA pyAs Banelickoro u TeCceeBCKOTO 30I0TOPYAENX MECTOpPOEAeHME BocTog-
Horo 3aalixanbs. PyAHHE Ten8 MPEACTABNEHN WTOKBEDKOMW W RUNBHHMM CH-
CTEMBMM B TeDPUTEHHHX OT/NOREHWAX HMEHErO Mena. B cocrase pyA npeodra-
Zapuyo poAb MIpPanT KPEMHEBUZHHE M X3lleZOHOBUAHHE DASHOBMAHOCTH pas-
AMYAO OKPSWEHHOrO KBADIA, NAACTHHYSTHE KapOOBATH, KOOMMHMT ¥ 8AYAAD.
HaGnbzaeTca npuMech P83IMYHHX CYABIUAOB W caMOpozHOro aomora. Ocodoe
BHUM8Hi/e NPUBNEK3ET MOBEAEHME CAMODOAHOI'O 3070T8 B X876 OHOBHAHOM
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Pnc. 3. IpoxaaxosnoEHe 0C0COCMEHAS CaMOPONHOT'O 30J0Ta B Xaulemo-  *
HOBANHOM KBapie. baneiickoe mecTopoxrmeHne. Hommp, wmd, ysan. 4

gBapue. Ha puc.3 u306paxeH Monuposansuit wang pyauw. Beawe noas Ha pu-
CyHKE NpPEACTSBAANT COGOH# no4TM YUCTHH XsNLUELOHOBUAHHM KBapL C OGTETO-
YHHMM NYCTOTaMM B NEHTPE none#t. TemHO-CepHE ¥ NOYTH YEDHHE NONA CIORE-
HH TaKMM K€ Xa8/IEJAOHOBUAHHM KBADIEM, HECHUEHHHM BKAKNYEHUAMHM TOHKOZMC—
N8PCHOT0 KOANOMASABHONO 3010Ta. BHAENANHMECH Ha TEMHOM QOHE STHX NO-
neff OeApe NenOYKU NPEACT3BIADT COGOH AEHZAPUTH CAMOPOAHOIO 301073 .QoTO-
rpa@uAa YeTHKO OTpaxkseT 33(UKCUPOBAHHHN B NMPMPOAS NPONECC MOCAEA0BaTE-
IBBOTO OYMNEHUS XaLNEAOHOBUZHOIO KBapue (BepHEE TIelid KPEMHE3EM3) OT
PacnuIeHAOT0 B HeM 30710Ta8 C OOPa30BIHUEM AEHAPUTOB 3TOI'0 METSNNS.

Hs HOBO-IlBEHOBCKOM CYpPBMAHO-BOABHPIMOBOM MECTOPORZEHUM BOCTOYHOrO
da0ailkanbeA EuNH X8NNEeZAOHOBMZHOI'O KBApU3 C aHTHMOHMTOM M (EpOEPUTOM CE-
KYT NPOTEPO30iCKUE CANZHNCTHE CASHOH. [0 KOCBEHHHM N3HHEM BOB3pacT 3Tolt
MUHEDaNU3aLUY Z8TUPYETCA PSHHUM MeJoOM. JInf pacCMaTPUBAEMHEX Py Xapak-
TEPHH CBOEOCPa3HHE CIyCTKOBHE M OpeKuMeBHE TEeKCTYpH (puc.4).Ha pucys-
K8 BUAHH OGAOMKM Xa7LEZOHOBMZHOI'O KB3pLUa, CLEMEHTUDOBAHHWE CHOWHOM
YepHOH MacCcOil MBAKOHPUCTSNNUYECKOTO fepGepuTs. BepoATHO, 3TO0 MOXHO
O0BACHATE ANQPepeBIMaNuedl KOMNAEKCHOrO DP3CTBOPA H8 KPEMHEBHH Telb M
pPacTBOp, CHenmann3upOoBaBEE{ TOABKO Ba jepOepuT.

Buue MH DP8CCMOTpPENM DP33AMYHHE BSPMaHTH AMJ@epeHUMaUNM DYyAHOIO BEUWE-
CTBa, OOp830B3BUErOCA U3 OAHOI NOPLOUKM PYAOHOCHOIO pPacTBOpa. [lpk 3TOM
M3CWTaOH 3TMX ABAEHWH B CONBUMHCTBE CAYYEEB OTDSHMUMBANUCE KYCHaMU Dy-
Ab DP383MEPOM B 4YEJIOBEYECKYO N8ZOHD MM GONEe KPYNHHMM WTyPaMu, IEIMKOM
OPEeZCTeBAANUMMY DPYyAHHE XUJIH MOLHOCTBEN 70 20 cM. OZHIKC Ipu AOKYMEHTa-
OUM ¥ KapTUPOBAHMM 3HAYMTENBHO G07IEE MOWHHX PYABEX TEA B NOA3EMHEX
TOPHHX BHPaOOTKAX MH HEDEAKO BCTpeyaeMcA ¢ aABleEdaMM Auddepe HUMamuu py-
ZHOrO BEWECTBA HA NDOTAKEHAM BCeil MHOrocTamMiiHOA MCTOPMM POPMUPOBAHUA
MECTODOXZEHMA M B TaxKuX Macuwradax, Korza o6myw xaprTuHy zubdepernuuanun
MOXHO H3GMOZATH TONBKO B NONEPEYHOM CEYEHM¥ BCEI'O PyAHOro Tena. [lpu-
MEPOM MOXET fABNATHCA pHC.5 . I'IaBHAA RuUNa QANOPUTOBOI'O MECTOPOXAEHUSA
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P u c. 4. Bpexuwa U3 OGNOMKOB XajleHNOHOBUIHOTO KBapua (Genos), cua-
MeHTHpOBaHHasa fepGepurom (dgepHoe). HOBO-IBAHOBCKOE MECTODORIGHNA .
llomup. o0p., HATyp. Bel.

G ol &1 N

1

l

P n c. 5. Crpoenne XKBaplaBO~J/m0ODATOBON RAMH MeCTODOXIEHNA lloHGDWHH

I-a cramua MAHepain3atAM: JIAmOBHE dumoopAT (Fl.l), napamokcut (P ),
meCcTOBATHE KBapl (a;,,); <-4 CTalid MAHEDaAM3alMi: Tonydoil FHMmoopAT
(F1,), Gemii KBapu (';22); 3-A cTamMd NiHeDAAM3aLdA: 3eJeHHE (UmopAT
(Flj). aHKEPUT (Ank); & = GOKOBHE MODONH, ONAHIH
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QonGpiss) (IP) 3amerger B TOAWE APEBHAX cnshues ¥ Tydos.MowHOCTE
R@IH 0OCTiBNAET 6 M. Ova cQopMmpoOBansch B 3 cTSAMM MMHEpaAM3aLuu, B
X0Zi¢ KOTODEX MOWHOCTH RUAH TOCHEZA0BATENBHO HAPAWABANACH B HENPaBAGHMA
OZHOTO ¥ TOTD Xe 83715035A8. IIPOAYKTH nepsoft cTazMM MUHEDEANIBIMA NpEA-
CTBNEHE NMAOSHM KDYNBOKDPMCTE AAMYECKMM QAOOPUTOM, PO3OBHM N&pazOKCH-
rOM K OEANM WECTOBTHM KBAPLEM. OTH MHUHEDEJIN KPMACTaNAM30Ba3NNCEH B NO-
cIeA0BAaTENBHOCTI UX nepevucaeHus. Ha pac. S BHAHO, 4YTO nAnoBu# gawo-
puT 060COOMACH B BUAE MOMHEX AGHT U KDYMHHX THE3J, 8 NapaloKCAT pacmpe-
MeJATCA  TOHKMMYM 30HKAMM H8 HEKOTODOM JAS8AEHMM OT (IOOPUTOBHX CKON-
zenuit, KaK Ob NOBTOPAA MOPJOMOTMYECKHE OCOCEHHOCTH 3TMX CKONAeHMM.Ar—
peraTH MUACBOrO (ALOPMTE ¥ NAPAZLOKCMT3 HEXOAATCA KK OH BO B3BEWEHHOM
COCTORHMM B M8CCE GenOro KBapus, KOTOPHi (MOAYEDKHEM eme pas) KpHUCTal-
A¥30BaziCA NocaeARMM.IpONyKTH BTOPO# CTamMm MUHEDaAW3ALMA - TOLySoBaTHIE
quoopuT A OeHE KBapm- Takke odoco0AeHH APYT' OT Ipyra B Bille JEHT IIpH-
yyanuBo# (QopuH., B TPETHD CTAAMD MMHEP3IM3aNuMKM OCPa30BaACA KPYNHOKDH-
crannndeckuil senenuit JADOPUT, B MACCE KOTOPOrO 33KINYEHH KPyNHHWE I'HE3—
718 8HKEepUTa. MROrZa cpeau TAKOro QALOpPUTS BCTPEUSWTCA 3HaUMTEABHHE
0060COGN8HUA XanbKonupuTa. CnesyeT OTMETUTH, YTO H3 BTOM M APYyIMX Me-
CTOPOXZEHIAX MOHOMMHEDSNEHHE 00OCOCNEeHUA AOCTUIalT ene GONBUMX pasue-—
pPOB ¥ NpOCNEXKUBINTCA C OZHOI'O 3KCNAYaTALNMOHHOI'O I'OPU3OHTAE HE ApYroif,
MeHAA CBOW (opMy, MOWEOCTE W IOJNOEEHME B NPOCTP3HCTRE.

Cpezu Aupdepe BIMPOBAHEEX DYA T'MAPOTEDMBABHHX MECTOPOXZeHHA MHOIZS
COXP3HANTCA YHMKAIBHWE PEAUKTOBHE TEKCTYPH, NO3BONANEUE I'AYGEE NOHATE
cau nponecc AudPepeHIMaUMM PYAHOIO BEWECTBA ,CONYHO CMABHO 38MACKUPO-
BAHEHIl HANOKEHHHMH ABIEHMAMA DACKDUCTAANM3SOMM W IEPEKPHCTANNM3aIuUM.
Peys uzgeT 0 YETKUX NPUBHAKAX NASCTHUECKMX AedopManuii pyAHOro BeWECTHa
Ha Toll cTazaumM pyAoOGpa3OBaHMA, KOTAS DYLOHOCHEA CUCTEME B LENOM 6MWE
H8XOAUNSCH B NONYXMAKOM DCCAOEHHOM COCTOAHMM ' M MOHOMMEEPS IBHHE CKO-
NAeBuA pas3anyBoft fopMy "niaassau" uAM HAXOAMNUCH BO B3BEWEHHOM COCTOH-
BuM. TaKue npuaHakM OwIM OCHADYKEHN B NOAUMETaAAMYECKUX pyAsX laxramms-—
CKOT'0 MECTOpOXAeHUA BOCTOYHOrO 3aCailKanbA, OTNOEMBUMXCH B OTKPHTHX Tpe-
I®HBX CpeZM IPaHMTOMZOB MO34HEWPCKOTO BO3pacTa. Cpezm aTUX pyA OwiM
BCTPBYEHH ZOBONBHO KDYyNHHE GNOKM CO CBOEOCpa3HHMM MAPOBHAHHMM 000C0OG-
AeHUAMN CQanepuTs M razieHWTa B 8HKepHTe, CaMasd NpuUMEYsTEIBHSA OCOGEH-
HOCTH 3TuX 000COONeHMit 33aKNOY8ETCA B TOM, YTO OHM COCTOAT U3 MHOKECT—
Ba MENKUX rao0yn cpanepuTs M raneBMTa pas3mepoM or 0,04 70 2-3 MM B Aua-
MeTpe. [logcyeTn nMoOKaswBapwT, 4TO0 B L e’ CYAB@UIHON MaCCH 33KIKYEHO HEe-
CHOMBKO MUNNMOHOB rA06yA /2/. OHA MMEOT pamIMYHHA COCTAB : TO
cdazepnToBHl m clazepUT-BOPTIATOBHA, TO IaJ6HMTOBHI; HO MHODLA BCTpE-
HailTca ru0CyJH cMellaHHOTO cdalepUT-TaleHATOBOrO cocTaBa. [nody-

AN, cocTofuie M3 CYABEMIOB LMHKA, OCHYHO MMEOT 30HAJBHOE CTPOEHAE
(Puc.6). lenTpanbEue MX YaCTH CHOKEHH CTEKA000pa3H0ii amMopdroit Maccol
CYNBQuUAs UuMHKA (TEeMHHE 30HH), 8 NepUfepUYBCKME - BODTUUTOM M MEAKMMH
KpucrTanmukamu c@snepura. KpoMe OZMHOYHWX I'ZIOGyN, PACCEAHHHX B Macce
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P u ¢. 6. BoHassHOe cTpoeHMe raocyn cfanepura, llaxTammHcxoe MecTO-
poxnenne, lumd Ges aHamsaropa, yBed. 25. UepHHe XOMbLA, NATHA W
CEDNOBUIHHE CETMEHTH CJOKEHH CTEeKJIOOGDasHHM CyJMbULOM LVHKA

aHKEpHTs, HaOANASDTCHA UX CKONAEHWA W8POOODPE3HON M BINMNCOMAHOR (OpMH
paauepox 70 I5-20 uu B auamerpe (puc.?). llspy COCTOAT M3 HBCKONBKAX
0G0N0YEK,CTOKEHHHX D700y AaMy CYNBJUAOB CBHHLE W LUMHK3, a AApPE 3TUX
@U3pOB BHMONHEBH TSKMM Xe 8HKEDUTOM, KAKOH OKDYX8eT 3TH CHONNAGHMA CH3-
py®#. B OTZENBHHX yYacTKAX PyAHOR MB8CCH WAPH NPE8BPALBNTCA B IANUNCOM-—
IH C H8KonneHuMeM rno6yn B "saMKax" no ANMHHOR OCH, B CBABM C YEM TON-
MBS CYABJUAHHX OGONOYEK B 3TUX MECTaX YBEeAUYMBIETCH, 8 MO KOpOTKOH
OCH BANUNCOMAS  yMeHbUaeTcHd. TaKOe ABNEBUE MOII0 UMETE MECTO TOABKO
Npn CRaTMM MINM PacTAXEHMN BEWECTB8 CYNb{MABHX O0GONOYEX Wa8POOGPS3HOH
JopMH, HaXOZMBWErOCH B NNaCTUYECKOM COCTOAHMM. B 3TUX pyZax 3afuKcu-
pOBaH ToKEE MOMEHT CMEHH NNaCcTUYecKHMX Aedopmanuil xpymxmmu. Taxum obpa-
30M, B 2TOM CIyYa@ MH OTUETAMBO H3ONNAsEM (parMEHTH AOBONBHO CAORHOI'O
NpUPOAHOrO mpouecca, KOTOPHH MpoTeKal He No OOWUHOW,MPUBHYHOM ANA Hac
CXEME PACTBOD - KDHCTall ,8 MHOU'OCTYNEHYaTO,C NpPOXORAGHUEM DYAHHM Beue-
CTBOM CT8ZuMM 8MOPJHOr'0 , CTEKN000pDa3HOr0 M KPUCTANIAMYECKOT'O COCTOAHMS.
Xapakrep nnascTu4ecKux aefopumenuit AcHO nokssuBaeT, YTO PACCHOSHHAA pPYy-
LOHOCHAA CMCTEM8 BNIOTH N0 KPUCTSNAUBBLUK 8HKEPUTS HAXOAMNSCE B 33CTOMH-
HOM COCTOAHMK.B He} AMND MECTSMM MPOMCXOAMMAM MEZANEHHNWE NNSBHHE NEPEME-—
UeHNA OTAeNBHHX yacTeill pacTeopa. O 3scTolfiHoM NMOYTH HENOZBUEHOM COCTOA-
HUX DYAOHOCHHX CHCTEM B NEPMOA PYAOOTIOKE HUA CBUAETENHCTBYDT TaKEE
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P u c. 7. lmacTrueckad JedopMalMd KOHIIEHTPHYECKH-30HANBHHX CKOIIE-
nrft Ta0oGys cjenepura ® rajNermTa. Beloe - aHKepHT. [laxTaMmHCKoe Mec-
ropoxgen¥e, lommp. odp., ymed. 5

KPYyNHHE CHEeNETHHE KDPUCTaAIN raneBuTa (puc.8), OGHApyZEBHHE B DYAaX
cepadpasHX MecTopoxzeBult Caxcomum (Mecropoxpenus [wanwrpad, Kypnpuan
W Zp.). Mo AsuesM B.A.MokueBckoro u C.H.Cemenoka /4/ cKeleTHHE QOpMH
MUHED3JIOB HauGonee NErK0 00pa3ywTcA B BA3KOW HenopBumHOU cpene.

TakuM 00pS30M, MHOI'OYMCIEHEHE (AKTHYECKME ASHHNE IO COCTaBYy M CTPO-
8HUD pPyA Pa3HOOGPa3HHX T'MAPOTEpPM3NIBHHX MECTOpOXAEHA! HaXOJATCH B pea-
KOM NpPOTHBOPEYHM C MUPOKO PACHPOCTPaHEHHHMM NPEACTSBIEHMAMM O pa3GaB=—
N@HHHX TMAPOTEpPManbHEX P3CTBOPAX ¥ MX AKOOH AKTMBHOM UMPKYNALUMA B ME—
CT8X pPyAOOTNOREHMA. HaoGOpOT, 38TM AGHHHE I'OBOPAT CKOpEE BCErO B MOAB3Y
BHCOKOKOBI@HTPUPOBAHHHX P8CTBOPOB, 06A8ZA8BUMX ocoOmuMu cBolcTBamu.Takue
NpeACcTaBIeHUA BHCKA3HB3JUCh M pPaHBUWE He TONBKO [[.3.CneppoM, NpeznoxuB-
WHM M3BECTHYW runorTeady "pyasmx marm", Bo M Ix.XeTronoM, C.Epeficnmaxom
n X,9ypne (1966 r.). Cpemu COBETCKMX YYSHHX 8H8NOTHUHHE WU78M DE3BMBA—
auch O.].Jesuukum /37, ©.B.9yXpoBHM /5/ u Apyrumu. 11 BCE Xe NPHpPOAa U
CBOilCTBa pPYAOHOCHHX PaCTBOPOB M H3 CErOAHAWHANA 7AE€EP OCT3NTCA BO MHO-
oM 38T87I10YHEMMU. ——

B nomckax OTBeTa H8 MHOI'OYMCIEHHHE HEFACHHE BOMPOCH npﬁuaccos pyno—
00pa30BaHuA NpPUIAOCH OCPATUTHECA K COBpeMeHHON xmwvin BH¢DKOMOH8KyﬂthHX

OpraHi4ecKux, ueTaﬂnoopraHuqecﬂnx H erMAHCToopraunqetRHx coazmﬁeﬂmm
i B CHELMaNbHOU JATEPaType HaWJAOCh MHOI'O J0OOMNHTHHX cauqeuﬂﬁ ﬂOTOpHB
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P uc, 8. O6muft Bug wryfa raploHaTHO-cyabdmmHOR pyIH. MecToOpOXIEeHNe
Bumskenpen (OFT), IMosmp. o6p., yeed. 2. Bemxe "Gaymu" n "BeTBR" -
TaJeHAT; CepHe arperaTH - koJuloMopfuk#t cdanepur; depHoe — KANBIHT

npeACTaBAANT HECOMHEHHHI MHTepec LA I'e0JIor0B, 33HUMAKWAXCA [DOGASMOM De-

HE3MCa BHAOPEHHHX DYAHHX MECTOPOEZEHul. [IpesJe BCETO B NPOAYKTAX BH-
COKOKOHIEHTPUPOBSHHEX NONUMEDHHX D8CTBOPOB, Y8CTMIH M CBONHCTBS KOTO-

PHX LOCTSTOYHO XOPOWO MBYYEHH, MM H8XOAMM MOYTH BCE TEHCTYPH, KOTO-
PHE CBO#CTBEHHH DYZASM 3HZOrEHHHX MECTOPOXZeHuit (cpaBBEM puc. 2-9 M
8-10).

B HayKe © NOAMMEPAX T8KUE CTPYKTYPH NPUHATO HA3HBATH HAIMONEKYJIAD-
HHMHA /I]. Osn 06pa3y0TCA B PE3yABT3TE CBEPTHBAHNA GONABWMX MOMEKYN B
KNYyOKHM MMM TACCOYAH NpU CIMAHAN OONBUMX MONEKYN B NOAOCYSTHE GOPMH
um guépunaw (puc.9). Bonbmue MONEKYAH GHaroasps CBOMM SAEKTPOM3T-
HUTHEM NOZAM CMOCOOHH CAMONPOM3BONBHO OPUEHTHPOBATHCA B PaCTBOPSX

M CO37aBaTh I'eOMETPUYECKM- IP3BUBHKE NOCTPOHKM TUNE CKENETHHX KpH-
crannos (puc.l0).

TaxuM 00pasoM, NYTH gHAAOTUY NPUBORMT HAC K BHBOAY O ToOM, YTO BCE
paccMoTpeHHNE HaMU B AOKNSZ6 HEORHODOAHOCTH, ONpEeAeNADNUE TEKCTYPHui
PUCYHOK DyZA, MORHO OTHOCUTE K HaAMONEKYAADHEM O0Gpa30BaHMAM. [lpaBo-
MOYHOCTEH TAKOI'O NOAXO0A3 ONpeZEAAETCA HE TOABKO BHEWHMM CXOZCTBOM
CTPOEHMA PYAHOrO BBUWECTBA M NPOAYKTOB MCKYCCTBEHHO CO37@HHHX 4EN0BE-
HOM TONMMEpPHHX cucTeM. CaM (AKT yCToHOBAEHMA LENHEX, CAOUCTHX, KOAB-—
08BHX, KAPDKACHHX M ADYIrHX TUNOB NpOYHeiuMx cBu3eit aTOMOB B KpPUCTEA-
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P x c. 9. PuTMmYHO-TIONOCYATAA -TeKCTYpa XJOPOIPEHOBOTO Kayuyka ( mo
B.A.Kaprmy u T.J,Crommckomy /I/)

P n c. I0, JleEnpATHaA CTPYKTypa CONOJHMMEDA NXITHJIOBOTO 5(¥pa BEHIEHOC—
@mHoBO# RMCIOTH ¢ axpmroBoft kmMcaoToft (mo B.A.Kaprmiy x T, CrOHEMCKOMY

an

IUYECHUX DEUETKAX MHODMX NODOAO- M PYyA00CPa3yoUMX MUEEPENOB OTBEYEET

OCHOBHOMy TPECOBAHMK TEODUM MONMMEDHHX BEBECTB. 9STO NO3BONABT OTHECTH
TIKME MMHEDANH K HEOPI8RMYECKAM KDUCTAANMYECKMM NONUMEDSM, 8 PaCHA8BH
U pacTBOpH, M3 KOTOPHX OHA 0OP830BANMCH, P3CCMaTDPUBATE KAK MOMUMEDHHE
CHCTEMH.
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lloaxon K PYAOHOCHHM DPacTBOPAM KAK OCOOHM NOAMMEDHHM CHCTEMSM NO-
3BOAAET yAOBJETBOPUTENBHO OOBACHUTH MHOTME CTOPOHH NpPOLECCOB SHAOI8H-
HOrO pyAOOGpas0oBaHuA: NEPEHOC CONBUMX KONMYECTB MET8ANOE B OTHOCHTE-
NBE0 BEOONBUMX 00BEMEX P8CTBOPOB, SKTUBHYD POABL PACTBOPOB B {OpMMpO-
B3HAU CTPYKTYP PYAHHX mozmeit, nmpezpyAsuil ruzpoTepManbHuil MeTamopduaM
BMEWSOWUX NOPOA, CONPOBORZBKMUME DYAOOTAOMEHME B3DHBHHE ABNEHMA, BEIH—
KOE D83HOOGP33HE TEKCTYD U CTPYKTYD PYA.

Fonee yrayGnessoe NOHMM8HME CYWECTB3 MNpOLECCOB pyZAOOGpPa3OBaHMA, HE-
COMHEHHO,OyAET CNOCOOCTBOBATH ZanbHeilmeMy pasBUTHUD HayKM O I'eHE3HCE

SHAOTEHHHX MECTODPOXRZEHMA M MCIONB30BEHUK TEOPETHYECKHX Pa3paCoOTOK B
NpaKTHYECKUX LEI1AX.
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Pasznean 2

IJIOBAJIbHASI TEKTOHHUKA
1 METAJUIOTEHNSA

YK 551.24.00I1.33+55.3.061.2:553.3.062/ 067
CHOEUMOUKA TEKTOHO-MATMATAYECKOI'O CTPOEHMA PAWCHOB KOHIEHTPALMN
PYQIHNX MECTOPOKIEHMI

B.A.Bsckuna, W.K.Bonuanckaa, M.A. ®aBOpCKaA
MBCTUTYT TeONOTAM DYAHHX MECTODOXZGHWA, NETPOrpaQuy, MMHEDPSLOTHH
¥ reoxummum AH CCCP, r. Mockma, UCCP

B craThe (MKCMDYETCA BHUMBHUE HA OCOOHX PYAOKOHIEHTPUDYLOMX ONOKSX,
KOTOPHE K3K O "BHKaNuLBAWTCA" B NpeleZax MET3NNAOrEHMYeCKHX NMOACOB M
308 DETUOHANLHEMM CHCTEMaMA D33PHBHHX H3pYWeHM# C NOBHUEHHOW MarMaTH-
YyeCKOR 8KTUBHOCTEHW. Bcnep 38 BunauerczieeM M JIOKKOM MH H83HBIEM STH
GN0KM KN8CTEpaMu, NOCKOABKY B KX NpEJAEN8X OTMEYSETCA MAKCHM8JIBHO8 CKO-
ANEHMEe MECTODORZEHMii. [[apaMeTpH KNacIepOB 38BUCAT OT p3aaMepoOB Nepece-
KabUAXCA CTPyETyp. Tak, B NpenenaX MeT8NNOreHUYECKMX NOACOB KI3CTEpH
MOTyT uMeTh nonepeuBukd oT I00 zo 200 kM, B npenensx DYAHHX 30H - 70
40-50 KM, 9TO OTBEYSET COOTBETCTBEHHO MACLT30aM PYyAHHX DaliOROB # y3-
A0B. OaH8KO 9TU NOCASARNE ABAAKTCA NOHATHAMN TJIaBHHM OCpa3OM 3KOHO-
MUYECKOrO 3Hauesusi. KnscTeph Xe NpPeACTaBIANT COOO} CHEOW)UYECKUE TEK-
TOHO-M3T'M3THUE CKME CTIDYKTYDH, BHABAEHME KOTODHX MMEET OONBWOE 3HaYEHHE
Np¥ NPOrHO3HO-METAANOIe HUYECKMX UCCEZ0BAHUAX.

Jlnf BHABNEHMA KI8CTEpPOB, KK NOKSBHBSET ONWT MCCAEAOBanuit, npope-
ZIBHEHX @8BTOpaMH, LENeC000Pa3H0 NpUMEBHEEME MOPHOCTPYKTYPHOTO 3HANMBAE,
ASUNQPUPOBEHUA KOCMMYECKMX CHHMHOB ¥ 9HAINBa 7NaTepalbHOfl HEOAHOPOZHO-
CTil MBTM8TUYECKAX 0Opa30BaHUiA.

PaccMoTpuM B Kg9ecTBe TNepBOro npumepa BocTounyo Monromumw. 3To o0-
I8CTE NPOABNEHUA TEKTOHO-MBTMBTUUECKON aKTUBM3aUMM M OpyAeHeBHMA. [Ipe-
00737aT CEBEPO-BOCTOYHNE MOACS 30MOTODPYAHOM, onosanuoabns@pamosoﬁ.
MOING7EHO-TIONNME TAAZNYE CKOR, pEZKO36ME IBHO=-CTPORNKEBOR B (ADOPUTOBOR
MMBEDa AM3a0KuM, COTN8CHHE C IISBEHMM TEKTOHMYECKMMM 2IeMEHTaMM 2ToHd 00—
ngctu (puc.l). Hapaay ¢ Hum#, 1o AasBwM B.U.COTHMKOBS , OTMEYEETCH C8=
Kymu# HanoxeBEWHE DmoOAC MEAHO-MONMGAEHOBOrO OpYyAEHEHMA, CBA3aHRHH C cH-
cremolf ceBepo-3ansAHHX HapyuweHM{., BONBUKHCTBO OTMEYEHHHX DYAHHX NOACOB
PEZKOMETa NIBRO! ¥ (ANOPUTOBOR MMHED3NM3BNUM NApPITeHETHYECKA CBASHBADT C
MEB3030MCKNUM MATMSTU3MOM U, B 98CTHOCTH, C BYAK8HO-NAYTOEMYECKUMHA 8CCO-
OUanMAMY NO37HEME3030CKOr0 BO3pacTa. ByAKaBWYeCKUM NOAC CEBEPO-BOCTO-
9HOro0 npocTUpsHMA NO3ZHEME3030HCKOrO BO3PaCTa NPOTATHBBETCA UYEpE3
Tepputopup Bceft BocToynoit Mosromusm m yxozur B Kurait. Ilosc CHOReH KOB-
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P m c. I. T'yaBHHe pyIHHe nosca MoHTo/mME
I -Sn-W; 2 - Mo-W; 3 - Cu~-Pb-Zn-Mo; 4 -F; 5 - Cu-Mo; 6 - Tr-
Nb-Zr; 7 - TpaHEIH CBOLOB; 8 - pa3pHBHHE HADYMEHHA

THHEHTaIBEEMA O0Pa30BSHUAMU CYOWENOYHOrO COCTaBa, CPEAM KOTOPHX Mpeod-
nsnapT , no AsHEeM J.[1.0pux-Xapa , Tpaxu0ssanbTH, TPaXUSHAE3HTH U Tpaxu-
NUN8PATH, 8 APYrueé DIBHOEMAHOCTH — J8THTH, TPIXATH M KOMEEZWTH - NOZ-
YiHEHN N0 0o0peMy. KNC/AHE M WE/NOYBHE Pa3HOCTM M3AWBANMCH M BHEAPAAMCH
No3%e OCHOBHHX., HaOnbAseTcA naTepP3aNbHAA HEOJHRODPOAHOCTH B CTDOBEHM M
COCT3BE MATMETMYECKMX KOMIIEKCOB B IpPEZENsX I10AC3, CBABSHHAA I'NIABHHM
00p830M C Pa3NMYBHMM YCAOBMAMM NPORMIEEMOCTH M pu@depesnuanuu. Tak,
BZONB OrO-BOCTOYHOA PPaHUNH NOACA BHTAHYT8 30Ha wMpHEO# 30-40 K, B
KoTOpo#f COCpPEZAOTOYEHH MArM3THYECKHNE KOMNNEKCH C HaWGONBWMM OTHOCHTEIb—
HHM KONMYECTBOM KACHHX M WSJIOYHHX AUPHepeBnUaT OB ( NPEUMYLECTBEHHO B
3KCTPY3UBHOM ¥ MHTPY3MBHOM 33N6r'aRMM),B TOM YWCIe NpPUNOBEDXHOCTHHX ¥
rungfuccansEEXx MHETPY3uit. K srolf 30Be npuypouesH (NOOPMTOBHE MECTOpPOX-
LeAUA ¥ OHa NONy4Yuna He3BaHME I'nasHoff PnwopHTOBON! 30HH. B HEKOTODHX y3-
n8x 37ech HapAAY ¢ (OHOBHMM, CYOWLENOYHHMM ' pACIpPOCTPEHBHH CepuM C GO-
Nee BHCOKAMM COAEPEBEMAMM KanmA. [[pyras 3088 NOBHUGHHOM MarmaTuyeckolf
NpOBULEEMOCTH CBA38HA CO CTPyKTypo#f I'msBHOro MOHTOABCKOrC NMHESMEHTS,
CHAYyRUBUET0 APEHON HEONHOKpAaTHOH aKTHBY3alMA.3AECH NMPOTATMBAETCA pEAY-
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OMpOBAEHSA BETBH BEPXHEME3030HCKOrO BYIKEHMYECKOTO Nnofca. BYIKaHMTH
88nONHANT PasolmeHBEwe rpadess wapunoi A0 5-I10 u, gaunom A0 60 kM, B
[pEABASX KOTOPHX OHM NOACTUNBNTCH ¥ NEPECABMBENTCA C OCAAOYHEMM IOpU-
30BTaMH. [0 COCTaBYy BYAKIHUTH IpaleHOB HE OTAWYELTCA OT NOPOA 8peallb-
HEX KOMNneKcoB. [lpeoGnaznawmuit BO3pacT nopoa, no K-Ar-onpexeienunM ,
190-I35 maH. neT. PAYHMCTUYECKH NOATBEPXASH HUKHE-CpEAHEWPCHMI BO3-
pacT MOACTMASOWMX W HUKHEMENOBOY  NEPEKPHBAOLUX BYIKGHMTH TOA. Pop-
MEDOB8HUE D330CUEHHHX KOMNJEKCOB HAaYMHANOCH M 33K8HUMBANOCH HEOLHOBpE-
MeHHO. lloCcNeZ0BaTENEROCTE 006pa30BaAUA TI'OMOADOMH3A, B OOWMDHHX 08331b-
TOBHX NOAAX B BEPX N0 p33pe3y yBeNMUYMBAETCH KPEMHEKHUCIOTHOCTE M WENOY-
HOCTH. Kucnue ¥ cyOwenOYHHE pPA3HOCTH, NMPOABNGHHHE NOYTH UCKIOYMTE Ib—
HO B DKCTDY3MBHOM M MHTDY3MBHOM 33NIET'3HMM, MOJOKE 0a3anbTouzoB.llopoAn
oforaweHH ONOBOM, BOABJpSMOM M (TOpDOM W CONPOBOKZANTCH pEiKOMETaNBHHM
¥ QAOOPHTOBHM OpYZEHEEHHUEM.

B npezenaX OTMBYEHHHX DYAHHX NOACOB CKONZEBMA MECTOpORZeHul npuypo-
YgEH K Ccnenu@uuecKEM CNOKaM, DACNONOXEHHHM B J318X NEPECEYEBMA Kpyl-
He#OMX NIMHESMEHTOB M CKBO3HHX 30H, X3PSKTEDHHM NpPUMEDPOM MOKET CAYEATH
Myuwyraiicknit ONOK — Knacrep, KoTopui#f pacnonoxes B npepnensx OxHO-MOHIONE~
GROI'0 0AcA PeIKOME Ta/UIBHOA MAHepalM3aLM) H8 NEePECEYSHUY 30H NOBHUEH-
HO#l MBrMaTIYEeCKO# NpOBMNAEMOCTH — I'1aBHOrO MOBIOJBCKOI'O NMHE3MEHTa M
T'zaBrO#t PnoOpUTOBOR 30HN C MEDHAMOH3ABEOH ¥ CEBEPO-38MAAHON CKBOSHHME
8omaMM (pMc.2). AKTMBM3BIEA NOCIEAHMX CBAB8HA TIgBHHM 06pas3OM C NOCT-
pyAneM Ka#Ho3OficKMM 0a38NBTOBHM MATM3TH3MOM,

B npegenax Myuwyraiickoro KascTepa paCNoONOHeEH ONHOMMEHHHE y3en ¢ ke-
1830~JT0p-peAKO3eME IBELM ODyZ€HEHUEM, DYAHuH yaen Basm Xymy u mumepa-
nua30BaBERRt Komnaexc Xeuy-Tsr (puc.3). B OTIMuMe OT OX3PaKTEDPM30BIHHHX
foroBEX mopon RocToYRO-MORTONBCROrO BYNKARWUECKOro mofca Myuyraifcknmit
KN8CTED CNOXEH II8BHHM OGD330OM TPSXMTSMM M NDAKTHYECKM HE UMEET 8HAZNO-
TOB B ApyTHX Y8CTAX MoOAca. B pYAHHX y3/18X ONOK8 PACHONOHEHH INOPOAH Ka-
niueBoRk cepuu mMenanefeMHUTOB-MENS 1EHIUTHT OB~TP8XUTOB-TPAXNIUIEDHTOB, CO-
NPOBOXASDUMECH KOMSTM3THUHHMM WE/OYHHMM, HefenVHOBHMU W HBADOEBHMU CH-
@HUTSMHA, WOHKMBMTSMM. B HEAMETDY3MBHHX 30H8X CHEHUTOB ¥ WMOHKUHUTOB U
N0 nepudepur SpyNTUBENX [EHTPOB DSCNONOKEHH B0HH ADOGNEHAA M MET3COMa-
T038 C KapOGOHS8TUTONOZOCHHMU, KAPOOHSTHHMM RUNAMM ¥ ODERUMAMHU C DEZKO-
BeMensHOff anaTuT-M8rHeTUTOBOR, @awopuT-GapuT-menecTHHOBOR MUHEpsIM3a-
Ouef#t. Boapact BepxHeNane03ofiCKAX MBBEDHEBHWX NOPOA ONOKA ,B TOM 4KC]e
PJAOHOCHHX WEZOYHO—-OCHOBHHX AMPUBPEHIMPOBSHAHX CEpuif,KoneCneTCA B Npe-
Zensx or 153-I42(raasHasa macca)mo L<7 maH.neT, T.€. COOTBETCTBYET
BamnGonee Monojoft 9acTH pa3pe3a I[O3THEMA3030MCKMil BYAKIHWYECKOI'O NOACAE.
OT peruonansHo pacnpoCTPaHEHHHX OAHOBOSPACTHHX BYNKSHUTOB MOPOZH Mywy-
rallcKoro GNOKa OTNMYE0TCA CONBHAM P33MBXOM AMQQepeHUMamuu, GOaAbuei
uenoyaccTe(puc, 5),3H3UNTENBHO GONEE BHCOKMMU KOROEHTPANMAME KamIud,
ﬁlpps. docfopa, cTpOBIOMA, DEAKMX 3EMEIB (EZO no 6-11%, P u P or meca-
THX Joael#f 4O MEpBHX IPOLEHTOB).
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P u c. 2. Cxema pasMelleHVs DeTMOHANBHHX 30H DA3DHBHHX Hapymermit, py-
IOHOCHHX KJAcTEPOB ¥ NOSIHEMEeS3030MCKNX MATMATHYECKMX moJe BoeTouHroi
MoHT oM

I - kafigosofickpe MeJOUHHe (asaibTu; -5 - IO3[HeMe303ofickue oOpa-
30BAHVA: 2 - TPAXHAHLE3HTO-CA3AMBTH, 3 — JMIADUTH, TPAXWIUIADUTH,
4 - TEnadwWccaNbHHe MHTPysuM, 5 - MynyrafickEii KOMIJNEKC KAJWEBHX me-
JIOYHHX BYJKAHWTOB; 6 — KDyNHejumMe pasjoMi; 7 - CKBO3HHE 30HH; 8 -
MeCTOpOXIeHNA (UIoOpHTa; 2 — DpEAKOMeTAJIBHHE MECTOPORIEHVSA; IC - rpa-
HUIH KJACTepOB

TagwM 06ps3oM, ONMCHB3EMHil ONOK p3CINONOKEH B OONSCTM BECEM3 LNMTE-
neHOM yH8CNEAOBAHHON TERTOHO-MATMTHYECKOW AaKTUBM38IMM M X3PaKTEPHUSY-—
gTCA TMEepecevysHUEM 30H P83DHBHHX Hapyuenuit, TP3CCUDPYOUMXCA NOSIHEODPCKA-
MA - DSHHEMEJOBHMM BYZAKIHATSMM,M MEDUAMOHANBEOTO MOACa KaftHO3oHCKHX
6838NBTOB, NPOTATMBaDUETOCHA OT Oallkanscworo pudrs A0 Jlonmsw O3ep. Mar-
MaTU3M O7I0HS DPE3KO 8HOMSJIEH B CPAaBHEHMM C QOHOBHMM [1037HEM8303OHCKMMU
BynKaHuTaMU BocTounoft Moromuu (puc.4).

Qpyro# npuMep MoZOCHOT'O TUNS NpeACTaBnAeT coloft KamanepoBo-fanbhs-
ropckuii  knascrep B IlpuMopse. OH pacronoxes B OGN8CTH NapeceyeHHAa Cu-—
xore-A/MEBECROTO KpaeBOT'O ByIK8HMYEBCKOrO MOACE WMPOTHHM W MEDUAMOHA~
NBHEM TMOACAMH CKBOBHHX HapyumeRMM, ToauRe XapaxTepM3YOWMAMACA crenafayece
KNMM YepTaMy TEKTOHO-MBTMsTH4Yacko#ft axTuBROCTM (pHc.5).
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P n c. 3. Cxema Ie0JIOTMYECKOTO CTpOeHMA Mymwyrakickoro kracrepa

I - xaftHosolicK¥e DHXJIHE OTJOREHMA; 2 - BeDXHEMeJOBHe pHXJHe OT-
JOXeHUA; 3 ~ OCAZOYHHE IOPOLH NAJE030#CKOr0 KOMIJEKcA; 4 - TpaH¥-
TOMIOH; 5 — Me3030ffcKMe WEJOUHHE BYJKAHWTH; 6 — XepJoBHe fauve meso-
B0/lCKMX KMCJHX WEJNOYHHX BYJKAHHTOB; 7 - BepXHeMeJOBHe (a3albTOBHE
nocTpofiry; 8 — IpaHMOH I'eOJOTHYECKHX Tesd; 9 - JmHeameHTH; 10 - caado
BHpaxeHHHe IpaHMIH KaftHozofickEX mempeccft

TnsBEHE M8T3ANOTeHUYECKUE 30HH CHXOTS-ANMHA BKINYSKNT ¢ BOCTOK3 HA
83087 NOANME T3 IMNYECKY, 0ZI0BOPYAHYD, ONI0BO~BONEYPAMOBYL M ADPYTME BOHH.
Merannorenus KaBanepoBo-[l8NbHETOPCKOIO KA8CTEPS OTAMYEETCH CHONNEHEEM
MECTOpOXZeHMil 010B8 W NONUMETBNNOB,8 TAKXE GOPS M PANA BIEMEHTOB,HE Xa-
ParTepHHX ANA PalioRa B MENOM. CUXOT3-ANIMHBCKMA BY IKAHMYECKUil noAC cIOXeH
BEpXHeMEIOBHMIA 1 Ma/e0reHOBHMA JAIADHT-A8/I6HATOBHEMA TOJUAMA MOWHOCTED
2-3 K. Menee PacnpoCTP8HEHH TP8XMAHAB3WTOBHE ¥ 3HZE3UTOBHE KOMNNEKCH,
noacTunapmMe AEMNEHUTH YA NEPEMEXAVMAECH C  HAME. 3aBepuapT paspesa
BYIKEHUTOB aHAE3UMTOGA3a/]BTOBHE M 08337BTOBHE, DEXE OHMONS ABHLE CEpUHU.
Basanrronny pacnpocTpaHeHH HEPABHOMEPHO, & H8 TEPDUTOPMM CpEZAHEro Cu-—
XOT9~-ANN4A HE3HIYUTBALEQ. KaBaneposo-Jla nsHeropckuit KnacTep clOXEH 0Ca-
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P » ¢. 4. Jmarpamma cocTaBa mopoXk POHOBHX Me3030{fICKEX BYJKAHUTOB M IO-
pox Jywmyraiickoro xommjaekca

I - (OHOBHE BYJKAHHTH; 2 — [OPOAH HEKOTODHX Y3JIOB IJaBHO# (moopu—
ToBOff M wMpoTHOHK 20H; 3 - Mymyraifckuil KoMmILIEKC

LOYHHMM ME30300HCKMMM NOpPoAaMil. UHM NPOPBEHH CYOBYNAKAHMUECKAMM TENgMU
MM TEPEKPHTH MB3O0K3HHO30HCKUMU BYNKaEMTaMu. [lOCNEHUE OTAMYSKHTCH CKO-
MNeHMEM D33HOBOBPACTHNX 8AINE3MTOBHX ¥ 033871BTOBHX KOMNNEKCOB, B TOM
YUC/E W TAKMX, KOTODHE H3 OCT3NBHO# TEPPUTODMM NPIKTUYECKU HE BCTPEdd-
©TCA. ITO MNpEXLE BCEr0 Me3030llcKMe AuU3083H, TPAXUAMSG83H, NHKDPUTH
TPUSCOBHE, KDCKUE, MENOBHE, NANEONEHOBWE , 3aTéM - ONMBMHOBHE CYOWEAOU-
B8 083871bTH, BHEJAPEHME M M3/MAHME KOTODHX B D8CCMATDPUBAEMHX O7OK3X
Baualoch D8HbUE (B KOBOE MEN8 — NANEONEHE), YEM B APYIMX Y8CTAX MOACS.
B JlanpHeropckoM O7I0KE, NMOMUMO 3TOro, W3BECTEH KOMOIEKC K3NMEBHX 08sa-
NETOMZ0B NO3ZHEN3NEONEHOBOr0 BO3PaCTa, HE DACNPOCTPIHEHHWX HE8 OCTalb-
#Hoft TeppuropuM CuxoTd~AnMBEA. HMCANE BYAKAHUTH 376CH MMENT TOT X8 CO-
¢cTaB, YTO M B OCT8NBHOK YacTm BYAK8HWYECKOI'O MOACE, HO,NOMMMO STHX (oO-
HOBHX paanocTelt, Tam umewrcs cneoufuueckme (puc.6) {NBTPIKaNUEBHE NO-
pons (Tuna 21bBAHMTOB). llMPOTHHE M MEpPUAMOHANBHWE NOACA AUCIOKALAit,
KOTOPHMW ONpejeNAnTCA T'DaHALN KISCTEpa, HE, NPOTAXKEHMA JECATKOB - I€PBHX
COTeH KHUJAOMETDOB O0N8/aiT TEMM e, XOTA M MEHEE DE3KO BHD8XGHHHMH OT-
TNGNAMY .

PyZOKOBOEHTpUPYUME ONOKM,MNH KIA8CTEPH ,T.€. NAOWSZAM CKONNEBUA
HauOONee KPYNHHX ¥ JHMK8NbHHX MECTODORZGHMil, ONNM BNEPBHE ONUCAHH HA
3gnage ClIA B 30-x rozasX JOKKOM ¥ BUNAMBrCHEEM C H8ABY ONDPEAEAMTH IAdb—
HHE YEpTH MX TEKTOHMYECKON noaunuu.Hs mpUMEpaX TSKMX KASCTEPOB Kar bun-
rau-llapr-Curu-TuHTUK (4 OTKDHTHII B nmocleAHee Bpeus Crmepp) umu Kngluarc-
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P m c. 5. Cxema pacmoJIOXeHHA DYAOHOCHHX KJACTEDOB I[IDMMODEA ¥ Deruo-
HAJBHHX CHCTEM DABDHBHHX HADymeHmi
I - pervoHajspHHE 30HH DA3JOMCB; 2 — CKBOBHHE CHCTEMH HapyueHwmi;
3 - KOJBIEBHE CTDYKTypH; 4, 5 - HO3JHeKaitHO30iicKAe Ga3anbTOUIH;
6, 7 - MeJ-TaJNeOTeHOBHE MATMATHYECKMe OOpA30BaHMA: 6 — OCHOBHOTO
cocraBa, 7 - KHMCJOTO CcOCTaBa; 8 — IUIOMAAM CJIOXHOTO CTPOEHMA C KOHT=-
PACTHHMY ACCOUMAIMAME MATMATHYECKMX TODPOL; 9 — moAca MHTPYSWA OCHOB—
HOro cocraBa; I0 — MHTpDY3uM T'DAHETOMIORE,
BykBH HA KapTe - HABBaHVA KOJMBIEBHX CTPYKTYD ¥ JUHEAMEHTOB.
Cxeo3une 30HH: K[|- Kapasepopo-JlansHeropcKas, B; - Bmkunckad (0®=
Had) , B, - Bukmicras (cepepras), II - Ilractyuckas, Il - MepdaroBckad.
Konpuesne CTpYKTyps: BB - Bepxue Bxwmmckas, ]| - JlansHenckas,
® - ypmanoBckad, ¥ - EypapseBckas.
[Bu: 3 - 3ananuuit, A - ApcenseBckmit, B - Bomopospensuil
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s/ 02 a3 --=2§ iivn§ m-e-f AJWHBCROTO TNOACA

Jessunn-TeH/@pCOH M AD. STUMHM MCCHEA0BATENAMH, 8 N03ke lMATOM OHAKM
ONpaZeAEHH 00uXe TEKTOHMYACKME (aKTOPH MX KOHTDOTA.

HauGonee oOuuHOlff (opuoll RAaXOXZEHMA ABAAETCA CKONJEHME ABYX-TPEX M
Gonee KDYNHWX PYAEHX y370B B GAOKE- KAaCcTepe nonepeysuxom I100-200 Ku.
PyAsbe KA8CTepH KOHTDONAPYOTCA HAWGONEE NPOTAMEHHHMA ZLOATORUBY UMMM
nmosceMu AMcnokauuit M pa3MewawTCA B ABOMHEX, TpOfHNX M CO7NEe CAOKHHX
NepeceyeHUAX ITUX MOACOB.

Takue TOACS BACAGAYOT NA3H APEBHAX JAOKEMODUHCKMX CTDPYKTYp DErMOH3,
HEOAHOKPATHO MI'PENT DPONB IPaHMI KPYyNHHX TEKTOHNYECKMX NpOBUHIOUM, mpo-
CNSXMBSNTCH NO NPAMHM ¥ KOCBEHHHM I'€0N0r0o-reofisuyecKUM NDU3HIKAM KaK
TP3HCKOHTUHEHTANBHHE NWHEAMEHTH.

TnaBBue nofca, onpejelaomUe MOBUIMO PYAHHX KAscTepoB Ha 3anage ClA,-
AyrooGpa3HHe OAM3MEDPMAMOHENIBHNE , 8 T3KHE CEBBEPO-BOCTOYHHE U CEBEPO-
38M8/HHE, 33N3aA-CEBEPO38N3AHNE, PEXe WMPOTHHE. [loCneznUe HEDPEAKO HE
NpOoABAEHN B COBpEMEBHOW reonoruyecKoff CTPyKType, ABAANTCA CHEPHTHMU
AMCAOKSIUAMM QYyHAAMEHTS.

PyAHHE y37AN P3CNONarawTCA B ONOK8X DIHHEIrO OPOrEHE38, IO IPSHUNEM
SPOAMPOBSHENX BHXOZAOB JOKEMODAA , HEOAHOKPATHO 8KTHBM3MDOBAHHHMA H3
NnepeceYe Ul WX C MONOANME (ME30KaHO30MCKMMA) AMCAOKSMUAME . YIOMARYTHE
MCCNEA0BATENN NOAYSPKMBATM, YTO ODyACHEHAE T3K X6,KIK M aCCONUMPOBAH-
HHE M3BEDESHHHWE TIODPOAH, CBA34HO C BAMHEMM MCTOYHMKSMWU TENJa M BEMECTBA,
BO3HUKS8ONMMA B nNpouecce rAYyOMHHOK nerasanuu. BONBUMHCTBO aMeDHK8HCKMX
nccnegosaTenelt pyABEX MECTODPOXAeHMil MONYEepKMBAIU OTCYTCTBHE KB8KHX-IUGO
CrnenAQuyYecKUX OTAUYMM B CTPOBHMM M COCT3BE M3BEDHEHHNWX KOMNABKCOB,C
KOTOPHMM 3CCONMHPOBAHN OTZAENBHNE KpYNHHE MECTODOXRAEHMA WMIM MX CHONAE-
BHA, N0 CP3BHEHUD C OAHOMMEHHHMM KOMNZIEKCAMM PETHOH8NIBHOTO P8CIpOCTpa-
HEHNA. JTO B 3HIYMTENBHOW Mepe cnpaBejnuBO, ECHM Or'p38 HUYMTHCH PAacCMO-
TpPEHAEM M3TM8THYECKMX TEJ], HENOCPEeACTBEHHO NpeAWECTBYOOMUX OpYAEHEHUD
A npUBaANEX3WAX K DYAOHOCHHM (QopManmusM (B Z8HHOM DETHOHE K CyOueuo-
YHHM JMEDEHHO KMCIHM CEDHAM MOHIORMTOB-TPaHOAMODMTOB). OZRSKO €cCIM
pPacCM8TPUBSTH MCTOPUD PI3BMUTHA MBTM8TM3M8 B IE/IOM, TO I'I3BHEM OTIAYM—
eM pynokonuanrpnpyumnx [OACOB M KN8CTEpPOB ABAAETCA HEBOAHOKPAaTHAA 3RK-
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TUBUBBIMA C NPOABAEHMEM HAMOONEE HATPETHX, B Y8CTHOCTU (0833/NBTOBHX M
@en09H0-0833 15T OBHX,PACNNAB0B, B TOM YuACHe W B nocrpyAsoe Bpeus. Tak,
B noace Yocay COCPEAOTOYEHH BYINK3HUYECKME KOMNNEKCH, B KOTOPHX Ba mpo-
TAKEHUM ONMTONEH8-MMOLEHA (3381BTH HEOAHOKP3ITHO YEDPEAYNTCHA C CpelHe —
KACHMA ¥ KUCNHMW BYAKGHATAMM. YKaXeM Ka/NMEBHE 0a3anbTh JpyM-Mays-
puH-KansAepy TOMBC C BO3pacTOoM 37 MiH.JET., NOAC P8HEEMMONGHOBHX (2I-
24 MNIH.NET) K8NMEBHX (33871bTOB Onua MapucBefinn, BYNKEHAYECKHE KOMOASK-
cu llano Bepae # zpyrue B8 I'psHANE ApH3OBH - KanudopEuu. Jas STOro xe no-
§C8 X8P3KTEDHA NOK3NU33NWA BEPXHEMMONEHOBHX M MMOLEH-I7eCcTOone HOBHX
(6a3anbT0B M HAMGONEEe HAUDETHX TEDMaNbHHX MCTOYHMKOB. I[locnezBMe B En&-
crepe Cnepp-llapr-CuTH CONPOBOKA3NTCA MOMHON I'e OXuMUYECKON aHOMamueit
(Gepunnuit, §rop, nuTu#, ypsR M Apyrue SIAEMEHTH).

CyuMMmMpys OTAMYUTENBHHE NPUBHAKW KNS8CTEpPOB, W6 pPA3 NOZYEPKHEM, 4TO
OHU ABAAKTCA NIOWAZAAMA MHTEHCHBEOU TEKTOHWYECKOM npOpaGOTHM,KOTOPHE
K8K OH BHKONOTH KPYNHHMM DPEI'MOH3NBLHEMM CHCTEM3MM BepyueHuil. [l0 Z8HHEM
MOPJOCTPYKTYPHOTO 8H3NNU38,dT0 cneuufuIecKne ONOKM C OCOOHM PEEMMOM
HEOTEKTOBMYECKUX 7BHEeHW{ BCNeACTBME NEPECEYEHMA DP3SHOHEANDABAEHHHX Ne-
peMeueBulf BAOND KPYNBEWX Da3NOMOB. B 33BMCMMOCTA OT CTHAA 3TOr0 PAsBU-
THA MWHED3NN33LMA DPa3AMYHOrO BO3PACT3 OK83HBAETCA BHBELEHHON Ha onpe-
AE/NEHHHE YPOBHM CPE38, KOTOPHE ABAAWTCHA AONONHATEZABHHME KDUTEDHAMU IpH
OOEHKE MEPCNEKTHEB PYAOHOCHOCTH. CAORHOCTEH CTDOGHMA MaTM8THYECKHX apes-
JIOB B NMPEAEN8X KNACTEDOB OTPSXBETCA H3 MX KOCMOPOTOMBOGpSEEHMAX, UTO
NO3BONAET DACNO3HEBATH CXOAHHE OOBEKTH NpM AeUMPPHDOBEBUU CTDYKTYPHO-
nuToMOpgEEX (QopM pensega.

Jli7 KOHTDONA DYAOKORIUGHTPUPYOWHX G/IOKOB M y3A0B NO MBIMATHYECKMM
NpU3HaKaM HAUOONEE GNATONPUATHHM ABNAETCA NEPECEYEHME MOACOB AMCHAOKE—
ouil, KOHTpOAMpy®WMX RauCONBNEE KOAXYECTBO HECTAHASPTHHX, SHOM3ABHHX MO
OTHONEHM K (OHY PABHOBUBPSCTHHX BYNIKIHWUYECKHX KOMNJEKCOB M Te€l, B
NEpBYy© OYepeAp HaUGONEe IAYOMHHEX M BHCOKOTEMIEDATYDHHX: Ma(uueCKUX,
yueTpaMajuuecKUX, HENOYHHX, BHaUOONEee OOraTHX K8/ZMEM M MUHEDSNW38TOpa-
MM KaK B 0pyABOEe,TSK M B NMOCNEpPyZAHOE BpeMA,T.6. CTPYKTYP C NpU3BaKa-
MM H3NOONEe MHOI'OKPATHHX M WHTEHCHMBHHX NpOABNEHMN NPOUECCOB TEKTOHO-
M8I'Ma THueCKO axTMBM33IMM KAK LOPYAHHX, T8K M MOCTPYyAHHX.



UDC 553.2,062/069
ON THE ORIGIN AND DISTRIBUTION OF THE METALS IN THE MAJOR ORE
DEPOSITS OF THE GLOBE

J.A.Noble
Consultant, Pasadena, California, USA

A Metal Distribution Map of the Globe -

A considerable number of proposals have been made to relate ore
occurrences of the globe to tectonic features, some small, some as
large as continents. While some of the tectonic studies are well do-
cumented and very impressive, they seem for the most part to disre-
gard the problem of the sources of the metals. An attempt was made by
me /27 to outline the sources of the common nonferrous metals in the
North American continent, and now having adequate maps for all the
continents, it is possible to extend these outlines to the entire
globe.

The outlines of metals for the North American continent nearly
coincide with parallels of latitude and were originally designated
"latitudinal belts"; it was noted, however, that there was a small but
systematic. departure from parallelism, and there were some problems
in the high latitudes. As the other continents have now been plotted by
the same technique, these aberrations continue, and the supposed la=-
titudinal belts become parts of a global spiral system.

In the Northern Hemisphere, the belts, starting at the equator,
make three laps around the globe and part of a fourth lap, finally at
about 40°C latitude splitting and turning toward the pole. The Southern
Hemisphere is & mirror image of the Northern one except that it dis-
closes only two and a half laps, the rest above 40° latitude being
missing because of the absence of continental masses. The origin is
located in the area on the equator under the present position of South
America. From this, a spiral extends in each hemisphere, clockwise in
the Northern Hemisphere, counter-clockwise in the Southern Hemisphere.

In the Northern Hemisphere, there are 390 First Order districts.
All but four, at high latitudes (3 Ni in Siberia, 1 Zn, Pb in Canada)
are included in the belts. In the Southern Hemisphere there are 106
districts; all are included in the belts.

Origin of the Global Spiral System

The origin of the spiral belts must be speculative. One possibility
will be outlined here, but better ones may be brought forth. It is
proposed that there occurred, at a late stage in the consolidation of
the globe, an accident, & one-time event of short duration. As & result
of pressure applied to & plastic partly liquid core by a contracting
mostly solid outer mantle, there was emitted a jet of material, inclu-
ding metallic constituente, at a point of weakness on the equator of
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the globe. By "unwinding", the two spiral belts can be visualized as
shown.

At first glance it is tempting to consider the two columns, one
for each of the two hemispheres, as being equivalent to lines of drill
core or drill cutiings laid out for our inspection. The analogy is not
good, however, 1f the mechanism just proposed is valid, because the
columns must represent dynamic events for which we have no analogy in
our drilling procedures. The columns represent the positions of mate-
rials in the order that escaped from the core, the first at the top,
the last at the bottom. The columns then are not cross sections of
anything.

The column for the Northern Hemisphere will be discussed first
because it is complete. The upper one-third, from the United States
to the end in the Soviet Far East, has much the greatest number of
occurrences (373) and the greatest wvariety of metals. It includes all
the Ni occurrences except one and has the No. One Ni district, Sudbu-
ry. It also includes the No. One Hg in Europe, and the No. One Cu and
the No. One Mo in the United States. The middle one-third of the co-
lumn, Mexico, China and North Africa, has 81 occurrences and includes
the‘No. One Pb, Zn and the No. One Ag in Mexico, and also the No. One
W and the No. One Sb in China,etc. The bottom one-third has only 11
occurrences, no No.Cne.

The column for the Southern Hemisphere is similar but has only a
small part of the important/upper one-third. It probably begins with
South America and has 46 occurrences, including the No.One Sn in Boli-
via. The middle one-third, consisting of South Africa and Northern
Australia, has 37 occurrences, including the No. One Au in South Afri-
ca. The bottom one-~third has 21 occurrences, no No.One.

Slide 7 shows two separate columns, which is a fact. but they ori-
ginate at a common point and for legibility have to be separated, Al-
most at the start they do separate, however, and begin to make spirals.
This presumably is due to a change in the speed of rotation of the
columns as compared with that of the globe; the former, if retarded,
will seem to move, in relation to the globe, in the direction indica-
ted, clockwise in the Northern Hemisphere, counter-clockwise in the
Southern Hemisphere.

Tectonic Controls

These pre-crustal processes do not make ore deposits, however. The
ore deposits form in the crust and require tectonic controls for em-
Placement. Some of the tectonic features are continental in size and
are related to the shapes of the continents, but most are of small
8ize. The most obvious control is in North America, where more than
one-half of the known occurrences are found in a belt only about 10
to 15 degrees wide adjacent to the Pacific Ocean. The remeining occur-
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rences in North America are scattered, and there is no notable concen-
tration along the Atlantic Coast. In Eurasia there is some concentra-
tion near the Pacific Ocean (Japan, Korea, Philippines), but less
marked than in North America and in a wider belt; the rest of the
continent has a broad distribution. In the Southern Hemisphere, South
America has more occurrences along the Pacific Coast, and to a lesser
degree so does Australia, but Africa has occurrences only in the inte-
rior.

Within the continents, in North America ENE fracture Systems are
important /2] ; in Eurasia, east-west and north-south systems control
/1] except along the Pacific Coast, where island arcs are more impor-
tant. There seem to be no general rules for the three continents of
the Southern Hemisphere.

Conclusions and Implications

The important conclusion from this study is that the positions of
the First Order metal deposits of the globe are not random but are the
result of two separate controls: first by pre-crustal spiral belts
laid down on the top of the mantle; and second by crustal controls in
the crust particular to each continent. Neither control by itself can
make an ore deposit. To find First Order deposits, we will do better
to look for them along structural controls within the limits of the
global spirals. On the other hand, if we are willing to go for smaller
deposits, we can follow the structural controls wherever they go: the
spiral belts disappear when we plot all sizes of occurrences.

Do the spiral belts exist and do they have to be pre-crustal?
These questions deserve close study, because if the answer is positive
this pretty well rules out continental drift, plate tectonics, and
associated theories. The works of Routhier /3,4/ and of Favorskaya
and Tomson /1/ in Europe, North Africa and Asia I think lead to this
same conclusion.
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REGIONAL HORIZONTAL ZONING OF THE MESOZOIC ENDOGENIC LEAD-ZINC

AND COPPER DEPOSITS IN EAST ASTA AND THEIR GEOLOGICAL BEACKGROUND

T.Miyazawa

Kokushikan University, Tokyo, Japan

Regional horizontal zoning of the Mesozoic to early 7z sndogenic
lead-zinec and cooper deposits is known in Japan and “orea.The lead-ziae
deposits are distributed on the Japan Sea side and the copper deposits
on the Pacific Ocean side in Japan. The lead-zinc deposits occupy its
northern half and the copper deposits its southern half in Korea.

Sikhote-Alin Province may belong to the lead-zinc zone.

According to the latest geological data available, it is almost
sure that similar regional horizontal zoning of the Mesozoic endogenic
lead-zinc and copper deposits will also be recognized in the southsrn
area of the'Yangtée in China. The lead-zinc deposits occupy its west-
ern part and the copper deposits its eastern part in that area.

Moreover, similar tendency may be present in Southeast Asia,
although the data available are zcarce.

In the writer's opinion, deformation of the lower part of continen-

- tal plate due to the subduction of the oceanic plate beneath the con-
‘tinental plate at each epoch is one of the most important causes for
the formation of this horizontal zoning of the ore deposits in respec-
tive area. A8 the result of this deformation, the fracturing and the
following generation of magma took place in that portion.

The lead-zinc deposits and the copper deposits were formed in close
genetical relation with the magma originated from the more acidic
upper portion and the more basic lower portion of continental plate

| respectively.

: Thus, the scheme of the regional horizontal zoning of the lead-zinc
- deposits and the copper deposits now observed in the area was accomp=-
!lished.

Generally speaking, the more gentle the inclination of the subducti-
on zone is, the more broad the copper zone tends to become. The copper
zone in China above mentioned may be one of the best examples in East
Asia. It has the width of more than 500 km. On the contrary, the incli-
nation of the subduction zone during the Mesozoic age is reported to
be large in the Burmese-Malayan peninsule and the extensive copper zone
is unknown in that area.

3. 3ak. 490 .
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CENOZOIC METALLOGENY ALONG THE SW JAPAN ARC

Ei.Horikoshi
Department of Earth Sciences, Toyama University, Japan

Introduction

The SW Japan arc facing the Philippine Sea Plate to the south exhi-
bits the zonal arrangement of Cenozoic magmatism and Mineral deposits
along the arc. The leading edge of plate subducting presently from the
Nankai trough attains now a depth of about 60 km below the central
side of the arc. This tectonic settings indicate that the present sub-
duction of Philippine Sea plate is not responsible for any Cenozoic
magmatism in the SW Japan arc.

This article concerns especially with tectonic settings of mineral
deposits associated with magnetite- and ilmenite-series granitic rocks,
respectively.

Geologic Settings

Magnetite-series granitic rocks intruded in the area along the Sea
of Japan coast in Paleogene and are genetically related to Pb-Zn and
Mo deposits. The activity of Paleogene magnetite-series granitic rocks
ceaged at about 35 m.y.b.p.

The Neogene volcanism called commonly the Green Tuff volcanism be-
gan in the same area at about 20 m.y.b.p. The volcanism is predominan-
tly dacitic and later andesitic together with a minor quantity of ba-
salt. The Kuroko-type deposits were formed at 14 m.y. ago. It is con-
sidered that Cu-Pb-Zn and Au-Ag vein-type deposits were formed alight-
ly later. Magma responsible for the present volcanism in this area be-
longs to the alkali-olivine basalt, which seems to appear first toward
the Plio-Pleistocene.

Another type of magmatism called the Outer-zone igneous rocks took
place in the outer side of SW Japan within the period of the Cenozoic
volcanism along the Sea of Japan coast. Ilmenite-series granitic rocks
contaminated by crustal materials and the formation of volcano-plutonic
complex are characteristic of the igneous activity in che area along
the Pacific Ocean coast. However, this feature changes gradually to-
ward the north and grades into monogenic volcanoces composed of magne-
sian andesite derived from mantle. Radiometric ages of the whole acti-
vity are concentrated at about 14 m.y. ago. Cu and Sn-W deposits of
vein- and skarn-type were associated with the Outer-zone magmatism.
The distance between the igneous rocks and the present Nankai trough
is less than 100 km at nearest,

Tectonic Settings
The Shimantogawa group in the outer side of SW Japan arc is distri-
buted roughly parallel to the Paleogene magnetite-series granitic rocks
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in the inner side of SW Japan and consists mainly of accretional pri-
gms of the late Jurassic to the Paleogene. It is highly probable that
the age when these strata were accreted was also Paleogene. It is sug-
gested that the Pacific plate has subducted to the north probably from
the place of the present Nankai trough until 42 m.y. ago. The Sea of
Japan was opened in the relation with the northward subduction of pla-
te within the period from 70 m.y. to 42 m.y.b.p.

Since 42 m.y. ago the Pacific plate has moved to the WNW and subduc-~
ted from the Izu-Mariana trench, resulting in the east-westward opening
of the new marginal sea, the Philippine Sea plate in the Shikoku basin,
f£rom about 30 m.y. to about 22 m.y.b.p. or little later. The present
consuming plate margin along the Nankai trough must have acted as a
transform fault during this period. It is inferred that the subducted
plate was cut off as a result of the opening of Philippine See at abo-
ut 30 m.y.b.p. and the moving-forward of a cut-off segment of the for-
merly Pacific plate is responsible for the beginning of the Neogene
volcanism at about 20 m.y. ago.

Extensional tectonic enviromments indicated by the marine transgres-
gion along the Sea of Japan coast are fading away to the south. Mono-
genic volcances are characteristic of the weak stress regime. As neut-
ral tectonic environments prevail , magma began to ascend from upper
mantle through the process of partial zone melting. Such a process ca-
uses magma contaminated highly by crustal materials and the emplace-
ment of ilmenite-series granitic rocks. Volcano-plutonic complexes
exhibit commonly the formation of Valles-type caldera and ring-dike,
which mey be indicative of neutral tectonic environments. There are,
however, many north-southerly dikes cutting through volcano-plutonic
complexes in the final stage, affected by the compressional force resu-
lted from the initiation of plate subduction from the Nankai trough at
about 12 m.y.b.p.

Tectonics of Granitic Rocks

Magnetite-series granitic rocks are the manifestation of deep-sea-
ted magma reservoir of the arc volcanism related to the plate subducti-
on. As the plate subduction from a trench ceased, the arc volcanism
related may decline. It seems that the plate subduction may be respon-
8ible not only for magma generation, but also for the formation of
channelways for the ascending magma. In the neutral stress regime, mag-
A generated once in upper mantle can ascend through partial zone mel-
ting due to its buoyancy. The process generates magma as ilmenite-se-
ries granitic rocks contaminated highly by crustel materials. The area
where the magmatic activity can take place after the cessation of pla-
¥e subduction must be restricted inside the aseismic front to which

the 10w—veloc1ty layer as an indicator of partially melted mantle
extends,
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Concluding Remarks

The description which supports the present hypothesis may be still
scarce. In Tibet, however, Zhang et al. interpreted that magnetite-
bearing grenitic rocks in the Kangdese belt resulted from the subduc-
tion of the Indian Ocean plate beneath the Eurasien plate, while ilme-
nite-bearing ones in the Lhagol Kangri and Himalaya belts was active
in the collision of both plates. Likewise, Miocene ilmenite-series
granitic rocks in the Hidaska orogenic belt, Hokkaido, may indicate al-
so the activity after the collision.

The diastribution of mineral deposits can manifest the occurrences
of both series granitic rocks. Porphyry copper and Mo depositis occur
widely along the Circum-Pacific and Yugoslavian to Iranian Alpine
mobile belts which coincide roughly with the present-day volcanic belts
active since about 50 m.y.b.p. The fact may indicate that magnetite-
series granitic rocks are eroded exposures for magma reservoir of an
arc volcanism, On the contrary, Sn-W deposits are distributed far from
the present-day volcanic belts. Sn deposits associated with Malaysian
and Hercynian granites are good examples. Hercynian granites may not
indicate the arc volcanism related to the plate convergence, but the
area below which the low-velocity layer occurred during the Caledonian
orogeny.

unc 553.3.078
GEOLOGICAL STRUCTURE AND METALLOGENESIS OF WESTERN CENTRAL EUROPE

H.W.Walther
Bundesanstalt flir Geowissenschaften und Rohstoffe, F R G

Introduction

In the Federal Republic of Germany and adjacent areas endogenic
mineral deposits were formed during at least five metallogenic epochs
(Pig. 1). Within one epoch the mineralization commonly shows distinct
regional differences. Only the Late Alpidic mineralization, which is
connected with the Late Mesozoic to Tertiary rift tectonics, shows
almost uniform development over the whole area (Fig. 2).

Pre-Variscan Metallogenic Epochs

Only a few pre-Variscan ore deposits were mined in the past. They
are situated in Eastern Bavaria in the region bordering the Bohemian
Massif /3, 4/.

During the Late Precambrian, or Assyntian, metallogenic epoch, some
massive sulfide deposits and sulfide impregnations were formed in the
area of Bodenmais and Zwiesel and near Lam in the NE part of the Bava-
rian Forest, 70 - 80 km east of Regensburg. They are polymetamorphic
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F ig. 1. Formation of endogenic mineral deposits in FRG

and of primarily volcano-sedimentary origin: they occur in Moldenubian
garnet-cordierite-sjllimanite gneisses and contain mainly pyrrhotite
and pyrite, 2.5% Zn and very little Cu end Pb /20, 27, 387.

The Bayerland deposit near Waldsassen /24/ in Upper Cambrian phylli-
tes of the Upper Palatinate Forest, 50 km east of Bayreuth, as well as
the stratiform ore deposits at Kupferberg and Wirsberg /43/ in a
Lower Ordovician shaly to phyllitic volcanosedimentary series in the
Franconian Forest, north of Bayreuth, belong to the same type of depo-
8it,
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In the Ebbe Hills, Rheinisches Schiefergebirge, 65 km ENE of Koln,
Grabert & Stadler /16/ investigated Lower Devonian oligomictic conglo-
merates locally very rich in ferruginous chert and hematite. The ore
corresponds in every aspect to that of the Lahn-Dill type. The authors
conclude that a hidden iron ore deposit which was formed during the
Caledonian metallogenic epoch exists in the pre-Devonian basement,
This is supported by the occurrence of a magnetic anomaly in the
immediate vicinity.

——————

F i g« 2. The regional distribution of mineral deposits formed during
different metallogenic epochs in FRG

pV., Pre-Variscan ore deposits (1. Zwiesel, 2. Bodenmais, 3. Lam,
4. Bayerland, 5. EKupferberg-Wirsberg, 6. Ebbe).

V1, Early Variscan ore deppsits (1. Rammelsberg, 2. Meggen,

3. Eisen,.4. Lahn syncline, 5. Dill syncline, 6, Kellerwald, 7. Sau-
erland, 8. Upper Harz, 9. Franconian Forest, 10. Laisa, ?. Iserlohn-
Schwelm).

Egj:ﬁmrly phase of Middle Variscan vein deposits (1. Siegerland,
2, Wied district, 3. Ramsbeck, 4. Bensberg, 5. Ems, 6. Holzappel,

7. Werlaum, B, Tellig, 9. Altlay).

IEZ: Late phase of Middle Variscan vein deposits (1. Velbert,

2., Lintorf and Selbeck, 3. Ruhr district, 4. Aachen-Erkelenz, 5. Up-
per Harz, 6. St. Andreasberg; Middle Variscan veins in South FRG

(1. Pochtelgebirge, 2. Goldkronach, 3. Mihring, 4. Hagendorf, 5.
Pfahl, 6. Wittichen, 7. Menzenschwand).

V3. Late Variscan ore deposits (1. Marsberg, 2. Goldhausen am
Ejsenberg, 3. Dexbach-Biedenkopf, 4. Richelsdorf Hills, 5. Bieber,
6. Spessart, ?. Arnsberg); Late Variscan veins in South FRG (1. Na-
he, 2. Obermoschel, 3. Baumholder, 4. Imspach, 5. Haslach, 6. St.
Ulrich, 7. Unterminstertal, 8. Eisenbach).

Al, Barly Mesozoic ore deposits (1. Hollental, 2. Mittenwald,

‘3. Rauschberg, 4. Jenner),

42, Late Mesozoic and Tertiary ore deposits (a. Higgel Mt. [Fe ,
Ba, (Pb-Zn)], b. Minsterland [Sr], c. Maubach [Pb-Zan, (cu)], d.
Mechernich [Pb-Zn, (Cu)], e. Bleialf [Pb, ¥], Uersfeld [Ba], g.
Wallerfangen [Cu, Pb], h. Blankenrode [Pb-Zn], i. Brilon [Ba, Pb-2Zn],
K, Dreislar [Ba], 1. Siegerland and Dill-syncline [Cu], m, Hartenrod
[Ba], n. Usingen [Pb), o. Bad Lauterberg [Ba, (F), Cu], p. Richels-
dorf Hills [Ba, Co], q. Bisber [Fe, Mn, Ba, CoJ], r. Spessart [Ba,

Pe, Mo, Co], s. Odenwald [Ba, F, Cu, Pb], t. Wiesloch [Zn-Pbj, u.
Kafersteide [F, (Ba)], v. Neubulach [Cu, Bi, Ba], w. Freudenstadt
[Cu, Bi, Ba], x. Clara [Ba, F], y: Badenweiler [Ba, Pb-Zn], z. Up-
Per Franconia district [F, Ba, Fq], a'. Erbendorf [Pb-Zn, Cu, Bal,
', Nabburg-Wslsendorf [F, Ba], c'. Sulzbach on the Danube [P, Ba])
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The Variscan (Late Paleozolc) Metallogenic Epoch

The Variscan metallogenic epoch is the most important one in Central
Europe north of the Alps. Around 75% of the lead and zinc concentrated
in the mineral deposits of F R G were depodited during
the Variscan epoch and nearly all these deposits occur in the North of
FTRG [46/. South of the "Hunsrick-Sudrand-Storung" (Hunsrick south-
ern border fault; Fig. 3) the formation of Variscan mineral deposits
was very different from that in the Iforth of FRG. This deep fault,
which is still seismically active, cuts the Moho causing a displacement
of at least 2000 m. The history of this major structural element can
be traced back to the Early Devonian /2/. During Variscan folding and
metallogenesis it represented a major boundary between different metal-
logenic provinces.
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F i g. 3. Section through the earth's crust showing the deep fault at
the Hunsriuck southern border, 30 km west of the River Rhine /2/. The
main reflectors, hypocentrel mechanisms of recent earthquekes and the
velocity- depth diagram are represented. M - liohorovicic discontinuity,
C - Conrad discontinuity, the probable position of the fault zone is
hatched, ro - Upper Rotliegendes, ru -~ Lower Rotliegendes, st + t (?)=
Carboniferous and Devonian (?), tu = Lower Devonian
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Variscan deposits in the Northern part of FRG.(Rhenohercynian 7one
and Variscan foredeep).

During the geosynclinal stage of the Variscan orogeny mainly massive
gulfide and quartz-hematite deposite of volcano-sedimentary origin were
formed. The main stage of Variscan mineralization resulted in the form-
ation of siderite veins and, within two phases of deposition, of lead-
zinc veins., During the late state of the Variscan metallogenic epoch,
copper deposits were formed in the Northern part of FRG .,

Volceno-Sedimentary Deposite in the Variscan Eugeosyncline

Between late Early Devonien times and the mid Early Carboniferous,
several types of volcano-sedimentary ore deposites originated within
the Variscan eugeosyncline.

In the Upper Harz Mountains the well-known Rammelsberg ore deposits
near Goslar occur in black shales of early Middle Devonian age. A
thin layer of ore, a fore-runner of the main ore horizons, is present
in the Lower Devonian /19/. Many acid to intermediate, probably kera-
tophyric tuff horizons occur in the rock sequence between the Lower
Devonian and the upper part of the Middle Devonian. This explosive
volcaniem reached its climax, according to the number of tuff layers
and to the thickness of individual layers, simultaneously with the
formation of the main ore bodies. The two ore bodies together contain
27 Mt of ore with an average of 19% Zn, 9% Pb, 1% Cu, 160 ppm Ag, and
1.2 ppm Au, as well as 22% BaSO4 besides of Sb, Cd, Co, Bi, Hg and
other elements. The ore is massive and finely stratified. The distribu-
tion of the main elements varies from the bottom to the top of the ore
bodies, resulting in different ore types (Fig. 4). The so-called
"kniest", occurring in a wedge-shaped zone of silification in the foot-
wall of the 0ld Orebody, is interpreted as the channel-way by which
thermal brines ascended to the discharge area on the sea floor, and
which was silicified during early diagenesis,

In the Rheinisches Schiefergebirge too, small stratiform sulfide
and/or barite ore bodies were formed during the same period from Early
to Middle Devonian /24/.

The Meggen deposit, situated 80 km ENE of Koln, is the second of the
two large sediment-hosted massive sulfide deposits in Central Europe.
It is interbedded with late Middle Devonian black shales /24/. Four
horizons of acid tuffs similar to those of the Rammelsberg area occur
in the hanging wall of the main ore horizon of the deposit. This is
8ituated near the center of the Upper Emsian keratophyric volcanics,
which represent the first phase of geosynclinal magmatism in the east-
ern Rheinisches Schiefergebirge. The sulfide orebody contains 50 Mt of
ore with 72% pyrite, 10% Zn, 1.3% Pb, 0.03% Cu, 3 ppm Ag, and 0.3 ppm
Au, It is surrounded by a zone containing 10 Mt of barite ore with

96% 33804.
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Near Eisen, in the Saarland, 40 km north of Saarbricken, & barite
orebody which is situated in the imbricate zone of the Hunsrick south-
ern border fault (Fig. 3) contains 0.25 Mt of ore with 80% 35804 and
only traces of non-ferrous metals /27/. It is probably the seme age as
the Meggen deposit.

Strata-bound pyrite-lead-zinc ores in reef limestone of late Middle
Devonian age were mined until 1922 near Schwelm and Iserlohn, south of
the Ruhr district. The genesis of these deposits is uncertain, but
some features support a primary syngenetic origin.

The formation of the red iron deposits of the Lahn-Dill type is ge-
netically connected with the second magmatic phase of the Variscan
eugeosyncline, the spilitic "Hauptgrinstein" (main greenstone) volca-
nism /30/. The volcanism is contemporaneous with the formation of the
Meggen deposit, but does not occur in the Meggen area /29/.

The iron ore bodies were formed on the top and on the slopes of
volcanic rises during explosive submarine eruptions. The ore is stra-
tiform and shows features suggesting rapid precipitation, transport,
and resedimentation. It consists mainly of quartz and hematite, but
locally magnetite, siderite, iron silicates or pyrite occur, reflect-
ing the pH and Eh conditions. There are many small scale variations
of the facies and quality of the ore. The ore deposits are small with
a maximum of 10 Mt of ore conteining 25% to 45% Fe. Quade /307 consi-
ders a differentiated and spilitized "basaltic" magma enriched in
water as & source for the iromn and silica. Iron ore deposits of this
type also occur in other areas of the eastern Rheinisches Schieferge-
birge besides the Lahn and Dill synclines, in particular in the Sauer-
land and the Kellerwald, as well as in the Harz Mountains and in the
Franconian Forest (Frankenwald).

Lese important iron mineralization of the Lahn-Dill type are conne-
cted with the third magmatic phase in the Lower Carboniferous, the
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npeckdiabas" (tover diabase) volcanism. In the northern Dill syncline,
e.ge near Laisa /327, and in the Kellerwsld, stratiform mangenese ore
deposits consisting of rhodochrosite and rhodonite occur;this is also
related to the Lower Carboniferous volcanism.

Begides the volcano-sedimentary ore deposits described above, epi-.
genetic hydrothermal nickel-copper sulfides /1] and mercury ore /8]
are connected with Lower Carboniferous picrite and diabase dykes.
These ores were once mined in the Dill and Lahn area.

- Mid-Variscan Siderite and Lead-zinc Veins

‘The siderite veins in the Siegerland-Wied district and the lead-
zinc veine in the surrounding districts of Ramsbeck Bensberg, Ems, and
Holzappel with Werlau and the Hunsriick deposits were formed during the
main stage of the Variscan orogeny /48 with extensive bibliography/.
The lead-zinc veins correspond to Schneiderhohn's Rheinish type (1944,
1962): "mesoto epithermal Pb-Zn veins with quartz and siderite" and
contain, as do the siderite veins, 0.5 to 1% chalcopyrite. The host
rocks of all these veins are of Early to Middle Devonian age. In some
pleces, veins belonging to this group are cut by diabase dykes probab-
ly of Early Carboniferous age and certainly not younger than early
Dinantain III /16, 127.

The lead-zinc veins of the Velbert disctrict, NE of Dusseldorf,
occur in Upper Devonian to Visean host rocks; those of the neighbouring
and paragenetically similar districts of Lintorf and Selbeck, north
of Dusseldorf, as well as those in the Upper Harz in Carboniferous, and
those of the Ruhr and the Aachen-Erkelenz districts only occur in
Upper Carboniferous rocks. The St. Andreasberg district in the Middle
Harz, where the ore veins occur in Lower Devonian host rocks is parage-
netically comparable with the mineralization in the Upper Harz district
£50/. With the exception of the Upper and Middle Harz districts which
belong to the Rhenohercynian zone of the Variscan orogen, the above
lead-zinc districts are situated in the folded part of the Variscan
foredeep. They belong to the second stage of Variscan vein mineraliza-
tion ip the North of FRG and correspond to Schneiderhchn's Upper Harz
type (1944, 1962): "meso- to epithermal Pb-Zn veins with quartz and
¢alcite", Tectonically, these veins show a close relationship with the
final phase of the Variscan folding [237. The Auguste Victoria vein at
Marl-Huls, Ruhr district, was together with its host rock found to be
truncated and directly overlain by transgressive Cenomanian sediments,
Thus, the mineralization must be older than Late Cretaceous,

The Zechstein is preserved in the neighbourhood and forms the basal
member of the epi-Variscan platform cover, the mineralization is there-
fore probably also older than the Zechstein tranegression /28/. In the
Upper Harz district the only mineralization in the overlying Zechstein
consists almost exclusively of barite. Here near the western border of
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the Upper Harz Mts. the veins show & throw of only some ten meters,
compared to throws of some hundreds of meters in the lead-zinc bearing
veins in the Variscan basement /39/. It appears, therefore, that the
lead-zinc mineralization here must be older that the Zechstein trans-
gression.

Wedepohl et al. /49/ measured the isotopic composition of lead from
bedded (Rammelsberd, Meggen and Kupferschiefer) and vein (Ramsbeck and
Bad Grund) ore deposits. They found no indication of radically differ-
ent sources for the lead and concluded that all the lead apparently
came from sedimentary source-material containing Precambrian detritus.
Moller et al. [42/ investigated rare-earth-element and stable-isotope
distribution in calcites from vein deposits in the Western Harz Mts.
and suggested that parts of the mineralization of these veins including
the main metals derived from a non-magmatic source.

Late Variscan Copper Mineralization

During the third metallogenic stage in the Late Variscan time,
chiefly copper mineralization occurred in the North of FRG, Deposits
are only situated in the area of the Hessian depression and the eastern-
most part of the Rheinisches Schiefergebirge, i.e. the Marsbergdeposit,
some other copper stockworks in the vicinity, and the Kupferschiefer,

At Marsberg near the northeastern corner of the Rhelnisches Schie-
fergebirge, a medium sized copper stockwork occurs in strongly tecto-
nized and finely jointed chert of Lower Carboniferous age /49/. The
mineralized fissure system is older than the Zechstein transgression
and the mineralization is thought to have taken place during the Early
Permian (Stadler, pers. comm.). Southwest of Marsberg, between Brilon
and Korbach, in the Kellerwald, near Biedenkopf in the northern Dill
syncline, and northwest of Wetzlar in the Lahn syncline there are
other small deposits which belong to the same type /9/The gold deposit of
the Eisenberg near Korbach, the source of the placer gold in the Eder
River, probably also formsa part of this group.However, it should be
mentioned that the age of these cdeposits is still under discussion and
that some authors prefer a Late Alpidic age.

The non-ferrous metal content of the Kupferschiefer which was mined
in the Richelsdorf Hills untill 1954 was reised during the Late Varis-
can magmatic activity /31/ but its deposition took place during the
transgression of the Zechstein sea. The Kupferschiefer itself forms
the first really widespread post-Variscan sediment and thus belongs to
the epi-Variscan platform cover.

The position of some antimonite mineralizations in the Lower Carbo-
niferous near Arnsberg and Nuttlar in Western Sauerland, which were
mined last century, is not clear. It is thought that they belong to
the Variscan metallogenic epoch /6/.
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Variscan Deposits in the Southern Part of FRG

Completely different conditions of ore deposition prevailed in
the South of FRG, in the Saxothuringian and Moldanubian zones during
the Variscan Era. Only two of the types of deposit developed in the
Rhenohercynian zone, the Lahn-Dill type and the Kupferschiefer, are
developed south of the Hunsrick southern border fault (Fig. 3) and its
portheasterly prolongation. Small orebodies of Lahn-Dill type occur
in the Franconian Forest and were mined up to 1922; the Kupferschiefer
occurs near Bieber and at other places in the Spessart Hills and in the
Thuringian Forest in the GDR.

The mineralization in the South of FRG is fairly similar to that
described by Baumenn /4/ in which an initial stage of mineralization
during the Late Carboniferous yielded ore veins with Sn-W (Fichtelge-
birge), U (Mahring end Menzenschwand), Au-Sb (Goldkronach), Ag-Co-As-U
(Wittichen), and quartz (Pfahl), as well as pegmatite stocks (Hagen-
dorf) (Fig. 2). Only during the second, Late Variscan metallogenic
stage of Early to Middle Permian age were some lead-zinc veins (Haslach,
St. Ulrich and Untermunstertal in the Black Fcrest) and iron-manganese-
barite (Eisenbach, SE Black Foresf) formed. However, many of the lead-
zinc bearing barite-fluorite veins, especially those in the Black

 Forest were once regarded as Variscan in age, although this age now
geems improbable /267.

The Nahe-Palatinate subprovince is an independent metallogenic
region of Permian age; here subvolcanic Cu (Nehe and Imsbach), Hg
(Obermoschel) and barite (Baumholder) vein deposits were formed in
Late Variscan time. This mineralization seems to be directly associated
with the development of the deep fault at the southern margin of the
Huneriick, Subsidence of the southern Saar-Nahe block began early in
Late Carboniferous times. The Permian magmatism was clearly caused by
this strong and continuing subsidence /2/. The mineralization is a
consequence of the increased heat flow connected with the extrusive
and intrusive magmatic activity.

The Early Mesozoic Metallogenetic Epoch in the German Alps

Two types of volcano-sedimentary ore deposits are represented in the
Germen part of the Alpine geosyncline: the Triassic lead-zinc deposits
of the Bleiberg type and the Liassic manganese-bearing shales and marls.
Lead-zinc-pyrite deposits are especially widespread in the Eastern Alps
and in the Carpathians, some of which are much more important than
those in the Southern part of FRG.

Stratiform lead-zinc deposits are widespread in the Northern Cal-
careous Alps. Facies differentiations have been found, predominant
pyrite and Fe-dolomite occurring in the north near Fussen and Pb-Zn
in the south near Mittenwald /35/. During the Alpine orogeny much lead
and zinc migrated and was concentrated in fault systems from where it
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was formerly mined e.g. at the Rauschberg Mountain, northwest of Berch~
tesgaden /347,

The Upper Liassic marls and shales of the Jenner Mountain, south
of Berchtesgaden contain 20-30% Mn /16, 17/7.

The Late Mesozoic to Tertiary Metallogenic Epoch

The' post-Variscan endogenic and epigenic mineralization in Westerm
Central Europe /47/ is associated with the Late Mesozoic to Tertiary
rift tectonics and with the deep magmatism connected with it. The de-
posits, mostly veins, contain mainly barite, fluorite and quartz with
more or less Fe, Mn; Cu, Co, Ni, and Bi minerals. Sulfides occur in
many of the veins, but in rather limited amounts, the only large depo~
8lts being the lead-zinc impregnations with subordinate copper in the
Lower Triassic of the North Eifel area near Mechernich and Maubach,
Barite ies present as a major mineral in all districts, sometimes in
quantities of several million tons. In contrast to this, fluorite is
practically absent in the Rheinisches Schiefergebirge and the Hessian
Depression. It was once mined in small quantities in the Central Harz
Mts, Fluorite only occurs as & main mineral in the South of FRG where
it forms economically importent concentrations in the Wolsendorf-Nabb-
urg district, north of Regensburg, and in the Black Forest. Several of
the more important mineral deposits are listed in the distribution
map (Fig. 2).

The existence of the above-mentioned deep magmatism in the Lower
Saxonian Block has been proved by geophysicel methods. Here the tecto-
nomagmatic development began with strong subsidence at the beginning
of the Late Jurassic and continued with inversion very early in the
Late Cretaceous /44/, and the intrusion of the Bramsche, Vlotho and
other batholiths during mid Late Cretaceous (Fig. 5). The tops of these
plutonic masses lie at a depth of about 6000 m /41, 10, 11/. Similar
events have probably taken place in other areas, e.g. in the Harz Mts.

Below the present Rhine Graben, a laccolitic body, the existence of
which has been strongly suggested by seismic methods, was formed in an
ancient zone of weakness by mantle upwelling in post-mid-Cretaceous
times. The top of this mantle bulge lies at a depth of 25 km below the
Kaiserstuhl /217; (Fig. 6). Volcanic activity began in the Rhine Graben
area at nearly the same time. This occurred about 50 Ma before the
formation of the oldest graben sediments during the Eocene (Fig. 7).
Similar mantle upwelling was described by Christie & Sclatter /137
below the central part of the North Sea,

In eastern Bavaria, the beginning of the post-Variscan tectonomag-
natic development is indicated by fault movements on the "Pfahl" fault
system during the very Early Cretaceous. In the north-western continua-
tion of this major fault system the same tectonic stresses caused
troughs and/or trenches to develope in the Cenomanian sea in which the
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8edimentary iron ores of Amberg, Sulzbach-Rosenberg and Auerbach, east
of Niurnberg, were deposited [19/7.

It has been postulated /46] that a close relationship exists between
the tectonomagmatic development in Central Europe north of the Alps,
the mineralization connected with it and the opening of the North
Atlantic on the Eurameric continent, which began in the North Sea
during the Late Triassic. The taphrogenic activity shifted from here
Southward and reached the Hague Besin during the Barly Jurassic, the
Lower Saxonian Basin during the Late Jurassic and the Rhine Graben
&rea during the mid-Cretaceous (Table T).The mineralization is regard-
ed as being a consequence of and genetically caused by this evolution.
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~ 6. The contours of the crust-mantle boundary in the area of the
Rhine Graben rift system /21/. Reproduced from Geologische Runds-
gh\gu, vol, 64, P.683, Fig. 3, 1975, by courtesy of Ferdinand Enke Ver-
lag Stuttgart

1 - contours of the crust-mantle boundary (depth in km); 2 -
Major fault zone; 3 - border of the Alpine fold belt; 4 - miocene
volcano of the Raiserstuhl; 5 - inner trough of the Rhinegraben; 6 =
{sobases of post-Middle- Eocene uplift

Amount of uplift: a - < 1000; b - -1500; ¢ - -2000; 4 - -2500;
e - » 2500 m

Late Cretaceous

Vosges = Black Forest
Drei-Ahren 100
Yordermorboch 86 85 Uhiberg-6ruppe
b %
a1 crust
X

"+ lithosphere -
. - .|++A.|a l"l .-...
¥

+H A+ A+t

PUPAPRPR T R P P Fo s R 1L i T S

Le Wiitin 65 Paleocene 65 Diesentobel

Eocene 42 Hochkapt
X 11 i |
X AW | 1 & 4
\ Al 1 | ¥ .
A 21 J Iy
1 b\ G - i

= g B i i S

]

A
L T T R R T T i i e P A e e P e 2
L R B 2 I R A B A O B A

30 Hadigny Oligocene 33 Joostal
Miocene
Kaiserstuhl-=-13-18 14-9 H
¥ LY 6. G l"-l}"'l F /i Jr 'guu

N 4t
4+ + ++ T+ 4+
PaobngPo e i Ml P F MUy SR et

Fig. 7. The distribution in time of volcanic activity in the southern
Rhine Graben area as a consequence of the formation of the mantle
bulge beneath the lower crust underneath the Rhine graben structure [5]
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Table 1: The shift of the evolution of rifting and formation of
grabene from the North Sea to Central Surope (mainly after Illies 1978,
Voigt 1962 and Ziegler 1978)

IBeginning ]Vlain phase l End/Inversion

Central Graben tr3 tr/j=-33 cl/2 / in the 8: ¢2
Hague Basin tr/j Jl-c2 (j3-c2) / End e2
Lower Saxonian Basin ja/3 33=-c1 cl/2 / e2

Rhine Graben c2 t2-t3 t4/5 / -
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Um 553.3.078.2
POSSIBLE ROLE OF THE UPPER MANTLE STRUCTURE UPON DISTRIBUTION
OF MAJOR ORE DEPOSITS AND ORE CLUSTERS

J.Kutina
Laboratory of Global Tectonics and Metallogeny, Department of
Chemistry, The American University, Washington, USA

Seismic data, particularly the contours of apparent Pn velocities
give support to the existence of a major east-west trending structural
boundary extending along the latitude of Mendocino (approx. 40°N) in
the upper mantle of the western United States. Clusters of major ore
deposits are located at or near intersections of surface projection of
the suspected upper mantle lineament and deep-seated fraoture sones of
other trends.

Vertical profile across the upper mantle of the western United
States, compiled by Archambeau et al., shows remarkable vertical chan-
ges in the upper boundary of the low velocity zone (LVZ). The ore clus-
ter of northern Utah, containing the mining districts of Bingham, Tin-
tic, Park City and others, correlates with a 40-km vertical step on the
upper boundary of the LVZ in the upper mantle.

Although a three-dimensional picture of the upper mantle is needed,
the preliminary examination suggests that the upper mantle of the wes-
tern United States has a block structure with some parts affected more
by partial melting than others. The author assumes that this block
structure results from mutual intersection of zones of tectonic weak-
ness and that corners of these blocks preferentially guide heat, as
well as the ascent of magmas, fluids, and, consequently, control some
of the metallogenic processes in the crust. The regular patterms in
the distribution of some major ore deposits and ore clusters as descri-
bed by Kutina, as well as the patterns of deep-seated control of scme
"ore knots" as -described by PFavorskaya, Tomson et al., Volchanskaya
and others, may reflect such a block structure of the upper mantle.
However, the metals of the respective ore deposits need not be always
derived from the mantle.

Among the examples from different parts of the world, in which a co-
ntrol by an upper mantle structure can be assumed, the author gives so-
me of the north-south trending,long-extending structures and lineaments
of the "eastern hemisphere":

1. The north-south trending structural boundary that extends near
the western edge of the Siberian Platform (the Near-Yenisei zone of
Musatov), close to which are located major concentrations of copper
and nickel with platinum-metals at Norilsk and Talnakh.

2. The Ninetyeasi Ridge in the Indian Ocean floor, correlating with
the longitude of the above structural boundary in Siberia (a correlati-
on noted by Kutina, recently supported by data published by Pustil'ni-
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kov et al., desoribing similarities between the N-5 structures of the
Indian Ocean floor and those in the Asiatic continent and presenting
eriteria which suggest landward extension of the oceanic structures).

3. The north-south trending zone of reactivation (a "diwa region")
of Chen Guoda separating structurally different parts of western and
eastern China with different thickness of the crust, and extending,
with some deviation, through practically the entire territory of China.

4. The §-S trending ore-controlling structures of central and eas-
tern Mongolia described by Volchanskaya et al. and Volchanskaya, which
extend down to the Mohorovicic discontinuity. Onme of these N-S zones,
the Mandal-Gobi zone, correlates with the longitude of the above-men-
tioned Chen Guoda's zone of reactivation.

JIK 553.3.0782
CUCTEMH KOHUIEHTPUYECKUX CTPYKTYP, WX TMIIH ¥ XAPAKTEP PYIOHOCHOCTH

H.H.Tomcor, H.T.Kousesa, B.C.HKpasnos
NECTUTYT TeONOTHM DYAHHX MECTOpDORZEHUU, meTporpafuu, MHEHE PaNOTHK
¥ reoxuumu AH CCCP,r. Mockma, CCCP

JleuudpupOB8EME KOCMHUECKEX CHAMKOB NOBEPXHOCTM 3eMIM W NN8HET MpH-
BIGKIO B NOCHEAHHE I'OZN BEAMM8HME WMPOKKX KDPYI'OB I'6 ON0r'0B K HOHIEGHTDH—
YECKMM CTDYKTypaM DI3ANYEHX DOHIOB.

ABTODH H8Y3NM M3yY8TH KOBOEHTPHYECKME CTPYKTYDH €U6 AO NOABIEHURA
KOCMHYECKHX CHHMKOB, ONMP8sACh H8 MOpPJOCTDPYKTYpHHHK METOZ, COCTEBIEHMUE
N8 16 0TEKTOHMYECKAX CXEM, I'eOfUSMYECKME MaTepHalH.

B zanpHefueM KOMNNEKCHAR METOAUMKA M3YyUEHHUA KOBRIEHTDPUYECKUX CTPyK-
TYyp OWI8 YyCOBEPHEHCTBOBAHA ¥ BKIOYUIA MAaTepHaNH AeWAGPAPOBEHMA HOCMHE-
Y8CKEX CHUMEOB. [[pOB8ZIEHEOE HM3JU6HHE KOBNEHTDHUSCKAX W AMHEHHHX CTpPyK—
Typ 3aGalikansa, CeBepo-Bocrord CCCP, NlpuMopss, Cpenpe#t A3um ¥ HEKOTO-
PRX 38py06XHHX TeppMTOpu#l NO3BOMUAO YyCTEHOBUTH, YTO MHOIME KOHIEHTDH-
96CKME CTPYKTYDH NpEACToBAADT COOOf HaZAOEEHEHE ODOreéHEHE NOABATHA MIM
BNAAMHH, ABAADNMECA THUIOMODPEHMM CTDYKTYPa8MM KOETUHEHTENBHOR CTaamE
pasBuTHA 36MHO# KOpH.

lleppHM ¥ BauGolee MPOCTHM HATOM K BHABNGHMD HEBHPAWEHHHX O0TYeTIMBO
H8 IreoNOrMvYeCKHX KapTaxX ODOTeHBHX CTPYyKTYD ABNAETCH W3yUEHHE CTPYKTYp-
BHX Qopu pensefa.

BecpMa BS(eKTHO COBMBCTHOS NpPUMEHERM8 KOCMUYECKMX CHMMKOB M TONO-
rpaguueckKux KapT, OIaTOA8pPHA KOTOPHM JZA8TCA PEKOHCTDPYMPOBATH COBDEMBE-—
BElt crpyKTypEE# nnaB. [102TOMY BHABIGHHNE C NOMOWBO 3THX METOAOB CTPYK-
TYyDHEHE 3N8MEHTH 7@aN€6 CONOCTABNANACEH C N8JIEOTEKTOHMYECKMMHA CXEMaMM,
COCT3BNGHHEMM A/AA SN0X TEXTOHO-MATMATHYECKOI 8 KTUBMBAELMKM W MaCCOBOIO
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pa3BMTHA OpyJeHeRWA. B GonbumHCTBE CNY4aeB MH yOBKASNACH B BHCOKOH
CTENEHM YH3CNEAOBSHHOCTM COBDEMEHHHX CTPYKTYP.

B npomecce 3THX uUCCAEAOBAHME OWAM YCTEHOBNEHHW KOHNEHTPMYECKME CTPYK-
TypH P83AMYHNX MACWUTaGOB, TUNOB M NMPOMCXORA8BMA. Cpeam RauGonee Kpyn-
HEX KOHLI@HTPUYECKHAX CTPYKTYp Npeo0AaZanT CBOAOBHE NOAHATUA, BOSHMK3B-
uMe ,BEPOATHO,38 CYET PA3YNJIOTHEHMA TAYOMHHOrO BEWECTBE M "MaHTHUHOrO
auanupuama”, Cpenu NOK3NBHHX KOBUEHTPHYECKUX CTPYKTYD WMPOKO pacnpo-
CTPaHEHH OYSTOBHE KYNONBHHE MOAHATMA U KANBAEDH, OCPS30BSHHHE B pPE3Y/Ab-
T8TE [MHSMMUUECKOrO BO3ZefiCTBHA M8T'M Ha BMEUaDUYD CPEAy.

B paMKax 3THX HONOMEHHHWX CTPYKTYD PasBKBAaAUCh SBAOre EHHE NpPOLECCH B
NEpUOAH 8KTNBM33MuM. C HMMM 33aKOHOMEDHO CBA38HW Da3NMYHHE (QaluWM MHIDY-
3MBHHX NCOPOZ ¥ BYAKaHUTOB.

YcTaBOBNEHA BamHAA PYAOKOHTPONMDYOWLSR PONb KOBLEHTPUYECKMX CTPYKTYD,
OZHaKO OHA NPOABNAETCA B OYBHEL pas3anysoff fopme, X8 M MBCWTaOW CBA33H-
HOTO C HUMM ODYZE6HEHMA TAKKE M3MEHANTCA B WAPDOKMX MNpenensx.

Caume ofmue 3aKOHOMEDHOCTM KOHTDONS OPYAGHEHMA KOHLOEHTPMYECKUMU
CTPJKTypaMyu 38KIDY3WICA B TOM, YTO KOHOEHTPHYECKNE CTPYKTYPH pa3any-
HEX MaCOTaG0B OK83HBSNTCHA "CNENM3AM3HKPOBSHHHMM" H8 pP33HHE TPYNNH Dy-
AEux gopmamu#t. Kak BHACHeHO Ha npumepe Xspraifi-Jaypckoro, BocTouso-3a-
OaltkanbcKoro, PepraBcKOro MéracsBO0A0B, C HMMHA CBA3AHH B OCHOBHOM
Ayroo6pasHHe [0dAca BNATEPMAABHON MUHEpaAA3alMM. PasvepH MeracBoA0B
COCT8BAANT B nonepedsure oT 350 KM ¥ Gones.

C noxansHEMM CBOASMM  Da3MEpOM B Nonepevysuxs orf 70 km ¥ GoJee
OCHYHO CBA3aHH DYZHHE BOHH OYEHE DA3HOOGPE3HOrO COCT3Ba Y8CTO C I'MApO-
TepManBHO) [oNMMET8ANMYECKOR , ONOBODYIHOHR, a TaKk®e MenHO#, BoAbfpa-
MOBO#i M Ip. MMHepamAsampeii.

Ouaroene CTPYyKTypH, PasMepH KOTOPHX OOHYHO HE NMpPEBHWANT B NONEped=-
HuKe 50 KM, MOryT MIpaTh pONs "KOHOEHTPaTOpPOB" OpYyZAEHEHUA PE3AUYROTO
COCT3Ba B COOTBETCTBUM C TeM, B Kaxo# merannorenmyecxoif 30He OBM pac-
NONOEBEH.

lIMpoOKO M3BECTHO T3KXE, YTO HOBNEHTDMYECKME CTDYKTYPH pa3NudYHOro
MacuTg0s COBMEUSNTCA B NPOCTDP3HCTBE MIM OKA3WB3WTCHA CIPYNNUDPOBAHHHMMA
B nuBefisne u Apyrue cucremu. Temoff cooOweHMA ABIAGTCA OOm8A X8pAKTepH-
CTHEA THNOB TAKMX CHUCTEM M BHACHEHME JCNOBHY# NOK8IM3aLMM OpYIEHERUA
B UX Npejgnax.

HauGonee MDPOCTHM THIOM CHCTEM KOHNSHTPHYECKMX CTPYKTYD ABAADTCA MX
nuHefiHHe Nofca, KOHTPONMDYOWLUECH 3O0HAMH PI3NOMOB.

NipumMepoM NOAOOBOH CHCTEMH MORET CIAYXUTH NMHEHHAA UENb M3 OMETDHYHHX
¢BOz0B Bocrownoro Cuxors-Anues. [locneznue Ounu OGH8PYKEBH ON8TOASDA
NpEMeHEEUD MOPHOCTPYKTYPHNX METOLOE M AEUAQDMPOBBRAN KOCMMYECKAX CHMM-
KOB. OTH CBOAH NpUYPOYEHH K HAaJIOKEHHOMY H8 CKA3AYETYO 06I3CTH BocTou-
HO-CHX0T3-A/MHBLCKOMY BYJKQHAYECKOMY IOACY,BHTAHYTOMY BAONB NOOEPEHBA
filnonckoro mops.

CBozoBHe noanATHA CMXOTS-ANMHA ONpeAEAANT AYIOBHE M KOHIGHTDHYECKKE
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TPYNOMPOBKA TPIHATOUAHNX Ted, KOHTPONMPYWT A3HKOBHE MOACA, 8NOJPU3N NO-
Aca BYAKanATOB. Ha §oHe oOwsit moscoBO#t MeTannOre AMYE6CKOM BOH8NBHOCTH,
oxapaxTepusosaiHoff E.A.PasikeBuy ¥ APYTUMM UCCNEL0BSTENAMM, CBOZOBHE
NOAHATUA ONpPEZENANT MET3ANOreHMYECHYD 30HANBHOCTH BTOPOr0 NOpsAxa. [o-
gle/iHAs NPOABIAETCA B TOM, YTO B NpejenaxX MHEPOKO# BopopaazenbHO# 0n0-
BO-TNONKMETA TAXIECKOR 30BH, uMenme# ofmee CeBEPO-BOCTOYHOE NPOCTHDP3HHE,
CBOZIOBHE NOAHATHA ONPEAENANT KOHNEHTPUYECKOE DICNONOKEHHE METanNOreHd-
9YECKMX 30H BTODOI'O NMOPAAKS C D8BMMYHHMU MUHEPSNBHEMM TUIAMM MECTODOX—
fenn#t. ByTpeHHME 48CTH CBOZOB WEHOrO CHXOT3-ANMHA CNELU3NM3HpPOBAEH HA
OpyZe HEHME KACCUTEPHUTO-CHIMKATHO-CYNbYuAHOH Qopmamum, 8 nepudepuyecrue-
B8 NONYMETEINMYECKOE W PTYTHOE OpyAeHeHue. [lpu 3TOM GNOKM PYAHHX palio-
HOB, B NpellenaX KOTOPHX IpyNOMpYyOTCH NPOMHUNEBBNE MECTOPORJEHMA, pac—
NONaralTCH BAONL 30H pPa3NOMOB CEBEDO-BOCTOYHOI'O NPOCTAPIHUA, B MECTAX,
I7le OHM NepecexspT AApa CBOZOB.

... OcoOuit Tvn cucTeM 00pa3ywT D83HONOPALKOBHE KOBLUBHTDUYECKUE CTPYKTY-
pH, TECHO B33MMOCBAB38HHHWE B CBOEM pacnonoxenuu. [lo cBosl KoE@uUrypammu
9T CHCTEMH HANOMUHAWT NNZHETY CO CNYyTHMUKaMM, NMOSTOMYy MH HI3HBEM HX
yonoBe0 "caTenuTHuMM". OBM 00pa3ywTcA ONSTOASPA DSCHPEENIEHMD KONBLE-
BHX CTPYKTYP NOAYMHEEHEOrO paHra BAONL KOHHEHTPHUYECKMX AUCTOKSUME OCo-
JIE€ KPYNHHX CTDYKTYP. OTH COOTHOWNEHMA MOXHO MANNCTPUPOBETH NpPHMEPOM
OpOreHBHX CTPYyKTYp Cpeaussoro Tapp-llapa. Haum Own mayuen KypamuecHal
oporenHnit cBoA, HOTODHH OCNOREEH CHUCTEMOH K3NEBAED ¥ BYIK8HO-KYyNONBHHX
CTPYKTYD.

Kypauuecknit ¢cBOA npepacTaBAAET coGOff No3zEenaneo3oficKoe OporeHHO8
NOAHATHE , UCKANINTENBHO HCHLEHHOE MAIrM8THYECKAMH KOMIIJEKCAMM 3TOr0
BO3pscTa. PopMa CBOAOBOr0 NOAHATHA OB8AbH&A. OH BHTABYT B CEBEPO-BOC—
TOYHOM HBNpPSBIEHMU.

B npezenax KypsMUHCKOrO CBOZS MNPOCNEXMBAETCHA CHCTEM8 AS8HKOBHX MOA-—
COB, KOTOPHE OKOHTYDPMBAWT MONYKONBIOM 8r0 BHYTPEHHOW Y8CTH. [IpUypOYEH=-
HOCTH AafiKOBHX HOHNGHTDPSNU{ K IPaHUNE ABYX 30H CBOZA CBUAGTENIBCTBYET
0 pssABMIOBO# ee mpupoje.

CucTeme 13{iKOBHX NMOACOB CONYTCTBYET THKEE KOHINEHTDPUYECKMAH nosc Kanb-
Aep ¥ BYAKGHO-KYNONBEHX COOpyReHMd, KOTOpDHE OWIM HAMEYEBH DaHee B pe—
ruose uccnenosasuaAMu H.Il.Jlsseposa, B.A.ApanoBa ¥ fp. K KOBKDETHHM Ka-—
ABJEpaM 3TOT0 NOACE8 NPUYPOYEHH DYAHHE paiioBH.

B cucTeéMaX KOBLE@HTDHYECKMX CTDYKTYD CATEAMTOBOIO THUN8 pYZOHOCHHMY
B OCHOBHOM HBISDTCH T8 CTPYKTYPH NMOAYMHEHHOrO M3cuUTaca, KOTOpHE Tpyn-
NUPYOTCA B KOHOEHTDHYECKOM NoAce Nno nepudepum BryTpeEBe#l 4acTu Gonee
KDYyNHOIr0 KOMBHEBOTO COOpPyREHMA.

B kauecTBe 0COOOro TMN8 CHCTEM KOHNEHTPUUBCKUX CTPYKTYD MOEHO BH7E-
MUTH WX AYrooGpasHHE N0fca, B NpefenaX KOTOPHX GONee KPYNHHE CTPYHTY-
Pi K8K Ob COEAMHEHH B EAWHWE LENA JIOK8 IPHEMM KOBLIEHTDMYECKUMM CTPYKTy—-
pawn. Tagum 0Gpa3oM, B TAKKX CUCTEM3X YEPEAYNTCA DIBHONODAAKOBHE CTPYK-
Typu. Oco0eHHOCTBN BTUX CUCTEM ABAAETCA TO, YTO NCTOPHA DIBBUTHA, MAr-

57



M8TH3M ¥ X8D3KTEP OpPyAEHEHMS KPYNHHWX KOHOGHTDHUBCKMX CTDyKTYp OTIMYa-
oTcA OT TAKOBHX B NOK8NBHWX CTPYKTYpax.

[lpumepoM NOAOGHOK CHCTEMH KOBIEHTDHYECKMX CTDYKTYP MOEST CAYRHTE
oporenBuft noac Cpezamssoro um Ceseproro Taes-llaHa. SroT oporemnuf#t mosc
B CeBepHoM TAnb-llane BO3BMK €Ue B KANEAOHCKOE BpeMA M OWN SKTHBM3MDO-
B3H B T'EDUMHCKOE BPEMA OZHOBPEMEHHO C BO3HMKHOBEHMEM M D83BHTHUEM OpO-
TEHHHX TEKTOHWYeCKMX zBumeHudt B CpesussoM TAns-llane. 9T0 B OCHOBHOM
Oenk CBOLOB, Pa3MEPH KOTOPHX MO AAMHREOE ocu cocraBadnT 200-250 ru. B
BTOT NOAC CBOAOB BXOLAT 3anazno-TanbmaHbcKAl,Monnoray-Kuprasckuil,Tep-
crafi-Kynreiickuit u Kermenckuit cogn. Kaxpaui u3 HuUX MMeeT OBS8IEBEHE OY8p-
T8HMA M OC/NOXREH MO ANMHEAOR OCKH 8CHMMETDUYRHMM I'pPaGeHO0CDS3HHMHM Bnagu-
Hamu. MeXAy KpPYNHHMY OB3/NBHHMM CBOASMM DSCNONOREEN KAK OH COEAMBADLUE
MX KOHI@HTDUYECKUWE CTPYKTYPH C Pa3MepoM B AuaMeTpe oxono IO0 km. Srm
CTPDYKTYPH B penbede BHPAXEHH Kak yMEpDeHHHE OOAHATAR OKpyraoi# fopus m
OTIMY3NTCH OYE€HH CHOXHOH M ruyOoxol pacuneHeHHOCTED. B CBOD OYEpPEAL .
OHM OCJIOXHEHH MHOTOYMC/EHHHMA GNOKOBHMM IMCHIOKSIUAMM ¥ KONBIEBHMHM CO-
OpyRGHUAMN HEGONBUAX P33MEPOB.

BOnBUMECTBO CTPYKTYp oporesHoro noaca Cpezmssoro u CesepHoro TAms-
llsea ¥meeT cnenudryeCcKOe I'e0NOrdYEeCKOs BHpaKeHMe. Ta8K, AAA KPYNHHX
CBOZ0B X8PAaKTEDHO HaNM9uUe AYrooGpas3HuX NepufepuyecKunx, 8 TAKEE NEH-
TPaNBHHX BNA8ZMH, BHOONHERHHX KOHTMHEHTANBHHMU OTNIOXEHUAMA NOBJHEIO
naneosod.

C KpyNEEMM CBOASMM CBASSHH PeJKOMETAJUIBHHE MSTHETHTOBHE, MEAHHE
PYZAONDOABIEHMA .

flpkoit yeproit MeTaNNOrgBMM NOKS8NBHEX CBOAOB ABAAETCA BHCOKSA KOH-
LeATPaNWA DYAONpOABAEHMY U OCOCEHHO NONMMET3ANMYECKOTO ¥ MEJHOTO CO-
CTaB3.

PaccMOTpe HEHE BHUE CHCTEMH KOHIGHTDMYECKUX CTDYKTYD TPEX THNOB -
nuBefinse, "carTenuTHE", "IUpAAHAOBHE"-OTAMYANTCH 3aMeTHOR cnenudukol
TEONOTrMYECKOr0 CTPOERUA B OporeHHul#t mepuos pa3BHTHA. [0 CymEcTBY OHH
COOTBETCTBYOT CTDYyKTyDHEM TUNAM ODOT8HOB, 8 CaMi CBOLOBHE M ADYIHe
KOHLEHTDPUYECKME CTDYKTYDPH ABIAAOTCH THNOMOPQHHMA fOpMAMUM 3KTHBMBBIMH
KOBTMHEHTaNbHO! KODH.
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o0 553.3.078.2

THE INFLUENCE OF THE TECTONIC FRAMEWORK OF SOUTH AFRICA ON THE
FORMATION OF HYDROTHERMAL ORE DEPOSITS

W.J. van Biljon
Rand Africans University, Johanneaburg, South Africa

The tectonic framework of South Africa is characterized by a large
number of faults. Some of these faults, or groups of faults, represent
fundamental weak zones which have been active at various stages in the
geological history of the country. They have influenced, and often
controlled, the formation of sedimentary basins and the intrusion of
igneous bodies. They have also had an influence on the movement of
fluids and thus on the formation of hydrothermal ore deposits. In some
instances, where fractures existed within sedimentary basins, eircula-
tion of fluids took place along these fractures while sediments were
deposited above them, giving rise to stratabound deposits. In such
cases the connection between the economic deposits and the fundamental
fractures is not always clear. Similarly fundamental fractures cutting
tﬁroush igneous bodies could have yielded fluide and gasses which may
have influenced the crystallization of the magma and the concentration
of economic elements within such a body. Examples of economic deposits
in South Africa where this mechanism is believed to have been in ope-
ration will be cited.

UDC 553.3.078

METALLOGENIC ANALYSIS OF PRECAMBRIAN LLANO UPLIFT REGION»TEXAS,
US A

V.W,Gobel
Department of Geology, Stephen F.Austin State University, Nacogdo-
ches, Texas,U S A

Igneous and metamorphic Precambrian basement rocks are exposed in
the domal Llano Uplift region of Central Texas. Peak of medium-grade
regional dynamothermal metamorphism was reached during the Llano oro-
geny about 1.178 billion years ago to be followed by extensive, meso-
zonal, diapiric granite intrusion activity phasing out at about 1.048
billion years.

Locally mineralized metamorphites are grouped into Valley Spring
Gneiss and Packsaddle Schist units of which the original materials
accumulated between about 1.30 and 1.20 billion years in a mobile belt,
possibly volcanic island arc-type setting. Exposed sequences of domi-
nant quartz-feldspar gneisses, augengneiss and migmatite, and graphite
and hornblende achists reach an estimated total thickness of about 12
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km and are associated with probably synkinematic granodiorite and gra-
nite gneisses, serpentinite and numerous dike rocks.

Work results of a regional metallogenic analysis led to the conclu-
gion that most ore mineralizations are strata-bound and compositional-
ly pre-metamorphic in nature including, i.e., magnetite, galena-spha-
lerite-fluorite, graphite and chromite occurrences., Field investigati-
ona, fabric features, ore microscopic observations and fluid inclusion
data support the thesis that they are genetically not related to the
postkinematic granitic and granite-pegmatitic activities but are con-
nected with the pre-metemorphic, sedimentary-diagenetic and magmatic,
petrogenetic processes characterizing the Llano mobile belt which does
probably not correlate with the Grenville mobile belt of Easterm North
America.

YOK 553.3.078+553.44
METAINOTEHNA CBUHUA ¥ IHKA B POLCICKOM CPEZMHHOM MACCUBE

B.P.Munes
MuBMCTEPCTBO META/UIyprMM W MUHEPS8ABHHX DECypPCOB,BanpaBnchue "[Ber-
H8A meTansyprua", T'. Cofma, HPE

CeuEell ¥ OWBK ONPEAEANT METAaANOreHMYECKUll o0AuK POZONCKOrO MacCH-
Ba W MMEWT GONBNOE NpPOMHWIEHHOE 3H8YEHME. Bnarozsps ycKopeHHOM pasme-—
IKe M BBOJLY B SKCIOAyaTAlMDn POAONCKUX CBMHIOBO-LMHKOBHX MECTODORZEHuUit
Bonrapus saHfna OAHO U3 NEDEJOBHX MECT B MMDE NO NIPOMBBOACTBY CBMHLE
W OMEKA. B NEpCNeKTHBE COXPaHAETCHA BEAyWaA DONMH BTUX MECTOPORIGHMMU.

llepsue Tpyas no obmeit Merannoresuy Boarapuu npurazzexat C, Iumm-
rpoBy (1959 r.) u M. Hosuesy /12/. C maBecTHO! YCNOBEOCTSD K HMM MOE-
HO OTHecTH CTaTB0 W.KocToBa no opyzeHeHK BSNK8HCKOI'O NMOAYOCTPOBA
(I943 r.) ® Bamy ZMNNOMHEyL pagory "Merannorenus Boarapum, BENOAHEH-
Hy© mnox pykosoacTBoM W.A.Bunmcusa (L1951 r.).

PerponanbiNe W OCUME METANNOTEHUYECKME WCCNENOBSHNA BHIONHEHH pas-
JMuEEMA aBTOpami: P.lumatposum m mp. (1963 r.),/. Kocromam /I3/,
L.lamnrposum /9/, I'.A.Tsardpemnse /187, B.Munesum /14,15/, B.B5or-
nanoesm /15,3/, I.baxnesoit /27, Il.Aparossm & xp. /10/, u Ip.

MeTannOre HUA CBMHIG ¥ MEKA B H3CTORWElt CTATHE DPICCMATDUBAETCH B
CBETE NPEACT3BACHUN COBETCKOM METANNOrEHAYECKON WKOIH ,(D.A.Ennwdma
/4, B.W.Curpaos /167, T.A.Tsanupenugae /I8/, A.I.Hermos /[ 19/,
n.B.Pysaksuct (1978 r.) u 7Ap.) OCHOBEHE TEPMUEH M NOHATHUR MCTONE3y T~
cA B noBuManuyu E.T.laranosa (1963 r.).

B ocHosy amamisa mosoXeHH reozoTAuecKAs Gopmamui, TeKTOHAKA,

MArMaTA3M, I'eOACTODAYECKOE Da3sBUTHE, BCE NPOMHIJEHHHS CBAHIIOBO-
LMHKOBHE MecTopoxmeHus (75). €
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MeTaANOrEéHMYECKME BSIOXKM W METANNOrEeHMYECKOE p8lioBMpOBaHME

CBMHENOBO-IVHKOBHE MECTOPOEJEHMA B POZONCKOM MSCCHBE B COOTBETCT-
Buu ¢ HoBeilummu MccienopsuuaMm /I14,3/ GODMMPOBSNMCE B TEUEHHE ABYX ME-
T3 I0TEHNYECKUX BNOX — ApeBHBaNbNuitcxolf M noazpesnsnuickoi.

IipeBHeansnniickan MET3MNOTE HAYECKAA B10Xa NPOABANSCH H3 BOCTOYHOM!
OKp8uMBE POZONCKOr0 M3CCHBA H8 rpaEMme co Cpezseropckoff CTPYKTYPHO-ME-—
rganoresudecrolt aonolt B CaxapckoM pyAHoM paitore. Bo BpeMs arolt amoxm
BO3RNKIN CBHEIOBO-IMHKOBHE MECTOPOX7eHMA YCTDEMCKOrO DyABOrO NOAA B
¢BAsK C BHeapeBueM Yyxapopo-I'paBUTOBCKO# napaumufickodft METDY3HH.

B CagapckoM pyzHoM pafioHe BHpDa®eHa YETKAA NgTEpsnbHAA 30BA NIBHOCTE.
HemocpeiCTBEHHO K T'DSHUTOMAHOU WHTPY8MM TATOTENT CK8PHOBO-TUAPO-
TEPM3NIBEHE MEJHHE DYACNDOABAGHMA, WEHEE CAEAYOT CBHHIOBO-IKHKOBHE ME-
CTODORAGEAA M CaMafd DHEH3A 30H3 38HATA TUAPOTEDM3NEHHMH CAapHTOBHME Me-
cToporneHuAMu /I5/.

CBMENOBO-IIMHEHOBHE MECTODOXZEHUA NPUYPOUYEHH K KPYTON3ZASDUMM D83no-
M8M, KOTODHE BHTABRYTH N8panNeNbHO I'DEHATOMAHON MHTPY3HMM, M3DPEMDPYDLWER
Mgpunxmit rayouunsdt pasnou (pac. I).

Nlapamuitckue T'PIHMTOXAN PECCM8TPHBAKWTCA HOMM KBK H8MOOINEEe BEPOATHHU
MCTOYHMK CBMHOA. B HMX yCTAHOBJEHH NOBHWEHHHWE COAEDR8RUA CBMHINE , IPEBH-

maoupe B 7 P33 KIApPKOBHE ( 100 r/T ).AB3NIOrMYHKNE COABPRIHUA (A0 86r/t)
OTMEYEDTCH AAA IPAHUTOMZOB NONMMETSJIIMUECKMX MECTOPORLEHU#E Pyzasoro An-
ran /16/.

llo3zreanpnuitckafd METANNOreHAYECKAA SN0Xa NONB3YyETCA NOBCEMECTHHM
pasBuTMEM., BO BpeMA 3Tolf smoX¥ 00p330B3NMCH I'I8BHHE CBHHIOBO-LMHKOBHE
MECTODOXIEGHMA .

B npoCTPSHCTBEHHOM PECHNONOKEHMA NO3AHEaNBNUUCKUX CBUHIOBO-IUHKOBHX
MECTOpDORZEcHMI HaMedaeTcH OOW3A 38KOHOMEDHOCTH, KOTOpafd BHDSESETCHA B
CIeAybLEeM: OHM PPYNNAPYOTCH ECTECTBOHEO B DYAHHX NONAX, D33MEWEHEHX,
K8K NpaBUJIO, B3 HPHABAX KPYNHHX GHTUKIMHGNEH# AOKeMOpMiCHUX MeTeMOp@u-
TOB B NAOWSJAAX, I yCTAHABAMBAETCA ONaronpuATHOE COYET3HME I'AYOMHHHX
U PErUOHS ABHEX pPA3/IOMOB C MpPOABAEHUAMM KUCIHX AEPUBATOB CYOBYIKSHUYE-—
Croff M runsCuccansHoll gamuit MHTPY3UBHO-30@y3UBHOIO KOMIZNEKCA MNPUaCOH-
ONUrONeHOBOr0 BO3pacTa.

llosgHeanbnuiickue CBAHIOBO-UMHKOBHE MECTODOXAEHMA Da3MEWEHH B TPeX
pyzEEx pafionax u 12 pyzmsx nonsx (cm. puc. I).

1. UenrpansHo-Pononckuit pyaun#t paiion — Magsnckoe, Cesepro-Pomonckoe ,
Hepenunckoe, ApauECcKOe ¥ JIgBMAKOBCKOS DYZHHE MONA;

II. BocTogHo-Pomonckuil pynHHit paiton - MazsspoBckoe, 3BE3LEACKOE,
CnaxueBcKOe u JIOBEHCKOS ;

ll. Ocorosckuit pyanu#f paiton - I'eweBckoe, Pyenckoe u Uxao-OcoromcKos,

llenTpansio-Pomoncxka# pymHuit paifion (LiP)3sHMMaeT CpPEAMHEHE Y8CTH MBC-
CMB3 B CHEAYOMUX I'PaBEMANEX:

ceBepHaR - Mapunku#t rayOupsni pasanom; sanagunss - Bpanuroso-JlocnaT-

61



9

LI? I = 4 ]2a t_f:\"%_;)}%I% l:+:+:+:3 |:“‘:~:|4 5 8
I 7 |8 s [-—---.:|ra b—o_-Jn t“‘“:‘!"?l v l:s

| ® || 0 |us| ® |uo| W |i5| A || O |




|

oKOE MOBMEERME; BOCTOYHAA - BOCTOYHO-PONONMCKAA NajleOreHOBas BIANMHA,- U
g Dry NPONONEBETCHA B8 TeppUTOpMm Ipemuu.

B cTpaTMIpafMYECHOM OTHBOWEHMM P8iion mpencTaBAAET COCOM HauGoO/IEE THy-
GOKO 3POAMPOBSHRYD 48CTH POZONCKOrO MacCMBa. 3AECH NONHOCTBD NpeACTa-
BNeH D83pe3 METaMOPHMUECKOTO KOMNAEKCS — HUKHAA U BEDXHAA CEDPUM KDU-
¢TaNNMYECKUX CINBHIEB-M BCKPHTH APeBHEuMe NMOpOAN B Hawed crpare -

GBATA MB8CCUBHHX MpaMoOpOB EpMOpeubd.

JlapamuficKuit UBTPY3UBHEY KOMNIEKC B pafone npeAcTaBleH T'DaHUT3MH
cneAyounx MATpy3uit: Cuuasnckes, 3opHuwxad U Hrosckas.

Bepxsufi, 1M TPETHIANH ,CTPYKTY pHEI STaX NMPEACTEBJEH HENOAHO. Ham-
Gonee MADOKO pA3BATH INpAaCOHCKAE KOHTJIOMEpATH, KOHTJIOMEpa-
TOOpEKYAA ¥ NPUaGOHCKME (nuuenofo0HHe OTNOReAMA. 0T BYNKSHUTQB H3 Tep-
paTOpHMM Dsilona OCH8X8WTCA pPUONMTOBHE A3dkM B MajeHCKOM DYAHOM mOzE,
cyOByAKaHMUECKME MATPY3MBHNE TEN8 M Z8fKU DUONMTOE B JlaBULKOBCKOM DyA-
HOM NOIE ¥ DUOMUTOBHE offys3uu B 38N3AHONE uyacTH.

B CTPYyKType METSMOPPUYECKOIO KOMIJIEKCS P33NMYSOTCA 7BE KPYNHHE 8H-
TURANHE M - MapaHcxo-laBuIrkoBCKad U CGBepHd-POﬂOﬂGKaH.

Boapuoe NpPOMHUNEHEOE 3H3YEHWUE B paliope U B LENOM [0 CTPSHE UMET
Managckoe ¥ CeBepHO-PONONCKOE DyIHHE MOAS.M3 pyAHMKOB, paapadaTHBaLUMX

| O T—
P u ¢. I. Meramroreruyeckoe paftonuposanve POIONCKOTO MACCHBA HA Tep-
puTOpAM BoJrapEE IO CBHHLY M IMHKY

I - kBaTepHeDp, ILIMOLEH, NAJEOTeH - OCALOYHHE ¥ OCALOYHO-IMPOKJIAC-
TUYECKNEe OTJOXEHMHA; 2 — MHTPY3MBHO-30@y3MBHHR KOMIJIEKC, NPHAGOH-0JIV-
TOUEHOBHH: a - CyOByJMAHWYECKWe DHOJHATH ¥ ITAUMTH, I'MNIACKCCANEHHE I'pa-
HUTONOp{MpH, TPAHONUCPATOBHE NOPIMPHTH, MaJHE WHTDPYSAN MOHIOHUTOB,
CHEHNTOB ! Ip., O — DUONATH, TPRXMaHIE3ATH W TpaXATH adfy3uBHHE; 3 =~
TPAHUTH, TPAHUTORIH ¥ CHEHWTH JapaMufiCKOTO KOMILJIEKca; 4 - MeTamop-
fE30BaHHHE ¥ OCANOYHHEe IIOPOIH Me3030d ¥ NalNeo=20d; 5 - TepnuHCKHK
KOMILJIEKC HSBECTKOBO-MEJOYHHX MHTDy3H# cpelHero cocTaBa; 6 — cepleH-
TEHUSKDOBAHHHE YJLTDAOCHOBHHE NMOPOIH; 7 — MeTaMopfuTH IToremopma (7);

8 - ocy aHTERIEHAJe! B meTamopiETax; 9 — rayOminHe passom (umbpu B
kKpyxxax: [ - Kocrexmuickuii, & - Crpymckali,3 - Mapnuxnit, 4 — LeHTpanbao-
Pononexnit; I0 = pymoBmenanmme pasjiomd; II - I'DAHMIH PYLHHX pafioHOB

(0 - OcoroBcruft, [P - [eurpansHo-Pononckuit, BP - Bocrouno-Pomomnckuit

C - Cawapckwii); I2 - rpanvid pyAuux noxeft; I3 - Homepa pyAHHX HoJgeft

(I - T'wewescroe, II - Pyarcroe, Wl - Uxno-Ocorosckue, LY - Cemepxo-Pomon-
ckoe, ¥ - llaBmuxoBckoa, Y1 - Mamanckoa, JII - Hemgmmuckoe,YI - Hemennrc-
roe, Yl - Apmarckoe, IX - MamxapoBckoe, X - Jlosenckoe, Xl - Ycrpemc-
Rog). 14-I7 - pynmue Gopmarmn: moAmMMe TamindecKad: l4a - DyIHHE RAJH,
146 - pymnHe ®uIH ¥ MeTacoMarTAuecKue 3ajiexu, [4B - I'TOKBEPKOBHE 30HH,
I5 - mommmeraniuuecko-mapuToBad (TpyoooGpasHHE H IJIACTOOODPASHHE 3aJeRA),
16 - KBapu-sojsoTomoZMMeTaN/MYe CKaA (pyauHe ®MuH); L7 - DOJMMeTanmuyecKas
¢ Gapurom ¥ dmoopnToMm (pymHHE MA/H)
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MECTODORAEHUR OTUX NONEH,ZA00NBAETCA OKONO 67% CBUHIOBO-LLHKOBHX DPYZA
B cTpaBe, 79% CBHHUB M 85% UMHKS 10 COMEPXGHUN B DYASX.

OCHOBEHE CBHUHIOBO-LMHKOBWE MECTOPORAEHMA Ma8A8BCKOI'O DPYAHOrO NouA
pacIonaTawnICcA Ha oro-sanagiom KpuJe MaasHCx0-[l8 BUAKOBCKOR 8HTUKAMES LN
I BMEWAWTCH B PA3NOMAX CYGMEPUAMOHSNBHOTO Mpoctupanua (320-360°).

B pa3noMaX CEBEPO-~BOCTOYHOI'O NpPOCTHPaHUA (15-60°) BKJOYEHH BTOpO-
CTENEHHHE MECTODORLEH!A.

CBHBIOBO-UMHKOBHE MECTOPORAEHNA CeBePHO-PONONCKOTO PYIHOTO IOAA NpH-
YPOUEHH K pPa3/0MaM MEDAANOHANBHOU CHCTEMH (350-209).

B nNpOCTpPaHCTBEHHEOM D3a3MEWEHMM, K8K OGOMX DYyIHHX, TaK M OCTANBHHX
noieil B palloH8, BepOATHO, pPBWALUYO POAB CHI'Dal LeHTpalbHO-PONONCKHMi
rayOunnuit pasmom ( puc. I, OyHRT 4),.

UenTpansHo-Ponomcrail TAyCMHHHA pasioM NpeACTaBiAeT coGod IpasaTamy-
OHBHY# nepexoz nepeoro Kascca (T.[loGpes,197Ir; B.lBanosa, 1982 r.).llo
BeMy. Pogonckuit MaccuB ASAUTCA HA /Ba MEralloOKa - BOCTOYHH{ M 33anajiBbit.
YcpeHeHHas MOWHOCTH 36MHOM KOpPH B 3anajnoM Omoke 50 ¥M, 8 B BOCTOY-
HOM - 35 KM. C 33m8jl@ H3 BOCTOK yMEHBWAETCH M MOLHOCTHL IPSBUTHOIO CIOf
or 25 7m0 I6 kM. B. Tepreayes (1974 r) pscCM3TPUBEET 3TOT Da3/IOM KIK
@psruesT Sreficko-llymafickoro pudra. B.Bosyes /5/ cuymraeT, YTO ITO On-
HA M3 TASBHEX AMHEMRA Da3PHBOB B POZONCKOM M8CCHMBE. H8 METaANOr@HMYECKOE
3H3UEHME STOrO Pasnous ykaswsamu L.AawuTpoB (1365 r.),I.Jparos u mp./iu/

B lenTpaneHo-PononcKoM pyLHOM palioHe pa3/My¥yawT i[Ba TANA DYIHHX Tes:
HMNIBEEE ¥ METaCOMBTHYECKHE.

HunpHBe DyZBHE TeNa BMEWSNTCA B PYAOHOCHHX pasnoMax, COXPaHAA Npo-
CTMPaHNE W N3AEHME.

MeTacoMaTHuYeCKNE DyZABHE TeA8 MMEDT QOpMy NAaCcTOOOP33HHX 3anexell u
00pas0BaNiCh 33 CYET MpPaMopoB i pexe aMPuCOAUTOB.

Mo MMHEPaNOrAYECKOMY COCTSBY MecTOpOXAeHMA Mazanckoro, CeBepHo-Po-
aonckoro, Hezeamnckoro u JlaBMAKOBCKOrO PYAHWX Noae#l OTROCATCA K NO-

' MIMBTaNAMYECKOM DyZAHO# JopMaLuM, 8 MECTODOXNERAA APAMECKOT'O DYyZAHOIO
N0nA DpAHaIEXAT K [OJMAMS TaJN98CKO=IUPUTORO! pynHON (fopmanun.

Bocrouno-Pomoncku#t pymHHil paiion(BP) no nmaowszMm COBN8ASET ¢ BocTOwHO-
Pogoncxoil NaleoreHoBof BIAIMHOM ,3aXBATHBAA ee WAHOE OCpAMIEHVE MeTAMOD-
fwueckux mopom. K wry paffos npomonmaerca Ha TeppuTopru I'perum,

Teonoruyecxoe CTPOSHKE PaiiOHa TUNMYHO ABYXATAXHOE - KPWCTAEAANYE CKUM
WYHASMEHT ¥ Ka#HO30UCKME BY/IKSHOIEHHO-CELUMEHTHHE OTJIOMEHMA.

PasueueHMe CBMHIOBO-IUBKOBHX MECTOPOMAEHMR B pailoHe KOWTDOMMpYETCH
Pa3N0usMA M PE3NAYAHMI MBIM8THUYECKNUMU TEJIBMU NMO3AHEaNBNUACKOTO BO3pa—
cTa.

[lo noBeidmMM MCCNEAOBaBMAM B,BpECKOBCKOM U ap. [6/, MazxapoBckoe pyA-
HO@ [10718 IPNYPOYEHO K MaAX8DPOBCKOI ByIKAHO-KynoxEHOM (BKCTPY3MBA0-3¢y -
suBBO#) mopdocrpyrrype. lpexnonaraercs,yTo Npu fopMUpOBaBUK OpYyNEHEHUA
peuapuyn ponk CHrPan TPBHCKOPOBHU runoressult xansn, xoropwit o6pa3osain-
CA H3 MECTE IIEPECEYEHMA TPEX CHCTEM DS3AOMOB.
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Mo muesuo B.T'eprenyess (I974 r.),0CcHOBHEA CIPYKTypa B MazAxapOBCKOM
pYAHOM MOJE 3TO MaA¥spOBCKaA KanbAcpa O0pyWeHUA.

OCHOBHOE MECTOpOXZeBue CnaxueBCKOre pyAHoro noas - Cage-npuypoyeHo
K CyGSKB3TOPUSABHOMY Pa3NOMy, KOTODHi TAHETCH BAONE WEHOTO KOHT3KTE
CHpHUOKOY MOHIOHKTOULHOK WATDY3UM. [lo ceBepHOMy KOHTAKTY 3TOi K€ MH-
TpySUH BHABNEHO HOBOE MECTOPOKASHME, KOTOPOE Ceiiyac pa3BEAYETCH.

Jllosencx0e pyAHOE Tone,no uccreposanuax B.Teprenvesa u [.[locngosa
(1974 1.),npuypoueso K nepudepur JO3cHCKOH BYIKSHOKYNONBHOM CTPYHTYDH,
B AZPE KOTODPOr0 BCHPHTO WTOKOOOPa3HOE Te/0 CYOBYAKAHAYECKHX DUOIMTOB.

‘B 3BE3zeNCKOM PYAHOM NOJE DYAEHE XUAH BHTAHYTH B CYG3KBATCPUABHOM
BANpaBAGHMAN NapalNeNbHO CYOBYAKIHAYECKUM DMOAMTSM. 3/6CH D3BBUTH W ME-
T3COM3aTHUECKUE DYZAH B OIMTOLEHOBHX M3BECTHAKAX.

Pynsne Tena 30CTOYHO-PONONCKOTO DYNHOTO DpalioHa KU/IBHHE , RUN000Pa3HHE
i NA3CTO0Cpa3HHE.
~ [lo uM¥HEEDaNOrHYECKOMY COCTEBY MECTODOKLEEMA M3azXapOBCKOrO PyAHOrO
NOAf OTHOCATCA K KB3pN-30J0TONOIAMETaMIMYecKodl pyAHORA GopManuM, 8 BCe
OCTaNbRHETK NOAMMET3ANMYECKOl pyzHoit fopManuuM. Vckaw4eEMe NpezcTaBis-
eT Mecropoxzenue Yana CnaXueBCKOT'O DYAHOIO NMOAA,KOTOPOE NO COCT3BY
3H3NOrMYHO MAZXADOBCKUM MECTODOKJEHUAM.

Ocorosckuit pyasuii psion (0) BKmwbuyaeT Gonrapckyw 4acT®: Ocoropckoit
TOpPH M Zpyrue 3emju 3anapHee p. CTpyMa, B 33N8ZHOM H3NDaBIEHUW NPOZON-
XaeTcA H8 WIOCN8BCKO{ TeppuTopuu Ao BapAspcroil 30HH /20]/. 3ror oGmui
peitor meBecTeH eme Kax Ocoroecxo-Braromarckmi (BormanoB u  mp.,

§978 r.). 7

B npeziensx pafioRS MOXHO BHAEGAMTH TDM CTPYKTYDHHX 3T3%3, Da3BUTHX B
Poponex: Humeull, cpeznudl u BepXHHE.

Huxeull cTpyKTYpHHH 3Ta® naM QYHASMEHT CIOKEH AOKEMODMICKAMM THEl-
CaMM U C7I3HI3MY, KOTODHE KOHCONMZAMPOB3HH rpaBuTamu. OH NonAb3yeTcA HaM-
007€€ WHDOKMM PaCIPOCTDIHEEMEM. -

Cpezsuif CTpPyKTypBHit 8T3® NpPEZACTABAEH NO BOCTOYHNM CKAOHaM Ocorom-
CKOJ ropu CunypuilCKuMu QUANTOMASMM ¥ T'PafnTOBHMA CASHIEMH C NpPOCAOA-
MU M3BECTHAKOB. K HEMy OTHOCATCA ¥ NOPOZH TEPOMECKOTO KOMNNEKC3 Kalb—
IHeBO-UEA0YHHX MHTPY3M# CpeZHErO COCTaBa.

Bepxuu#l CTpYKTypHui#t 2Tax GOpMUDYETCA TPETUYHHMM OC3ZOYBHME M M3BEP-
XEHAHMYU TIODOASMY.

Hanooneumee 3H3YEHNWE ZAJIA CBUHLOBO-IUMHKOBOI'O ODYAEHEHHA MMEOT THNaluc-
C3NbHHE TpPSHATHOPEUPH U TPIHOZMODMTOBHE NOpPMpuTH.MX pacnpocTpanerue
COBNAJ8ET NOAHOCTED C DPaCNpPOCTP3HEHWEM CBMHLOBO-IHEKOBHX MECTOPOHZIE-
Bufi. [lo ycnoemaAM 337sTdHUA OHM OOP83yNT HENP3BMABHHE MHTPY3MM, WUTOKH,
RUNBHHE TEN8 ¥ A3KOANTH. BnepsHe 3T# NOPOAH ONM NP3BUABHO WASHTHPANN-—
POB3HW NpH ZeTanbHo#l reonorudeckoll chreMHe MeCTOpPORAEEUA PyeH 3BTODOM,
P.Tonpakuueso#t u I'.Munesolf B 1956 r'. Panpme OHM ONMCHBANACEH Kak addysus-
HHE KBapU-nopiups ( I'.Bonues, 1906 r.)# puomutu (L.Aummrpos, 1945 r.).

CBUEIJOBO-IVYHKOBHE MECTODOHZEHMA B paiiOHe Pa3MEUEHH B 33N8AHOM KpH-
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ne Ocorosckoifl aHTUKIMBaAW B nonxoce wupunoit I0-15 kM, BHTAHYTO# B cese-

pO-3aNalHoM H8NDaBleRUMM. JT3 NMONOCE X8PaKTEPU3YETCA MHATEHCHBHOM Tex-

TOBNYECKOfl 06paCOTKO# M M8KCUMBINBHHM HACHUEHMEM IDaHAT-NOp{#poB. MecTo-
pOXZEHNA TPYyNNMDYOTCA B TPM pyAHHe nona: I'weweBCKOe, PyeHcroe W Kmno-

OcoroBckoa. (0beAMBEHME BCEX DYAHHX NONeil B OBHO NOZ MMEHEM PyeHckoe,

K8k 370 genaeT Cn.MuskoB (1974 r.),He nuueHso ocHOBaHMit.

Pyaswe Tens B I'0EWEBCKOM DYAHOM NONE NpeACT3BAEHH XMNSMMU CYOMEpUAN-
OH3NBEOr0 HANP3EBNEHUA.

Pyasue Tena B PyeHcroM M OxHo-OCOTOBCKOM PYAHHX NONAX BMEMEHH B pa3-
70M3X CYG3KBaTOPMENBHOrO NMPOCTMpaHuA. [0 MopJonoruw OHM AENATCHA H3
nuBe#lRo wrokBepKoBwe (Pyes, Manm Pyen-BeiauTe cuneu); Xua000pa3Bus,
auneuse ([anka) ; nnacTooOpa3Hue (MeTacoMaTuueckue) 3anemu (Mamm Pyen-
BennTe CHIEH).

Ha cerozssusuii 1eHb HE BHACHEHO NPOMHUNEGHHOE 3H3YEHHE MET3COM3THYE—
CKMX DyAHHX Tell, KOTODHE WMMEONT OCHOBHOE 3H8YEHHWE B COCEZHEM WI'OCNaB-—
CKOM MecTOpoxIeHAM Caca.

70 MWHEP3NBHOMY COCT3BY BCE NPOMHUNEBHHS ME8CTODORZEHMA B palioEe OT-—
HOCATCA K NOIMMETaNAMYECKOH QOpMamuM.

MeTanNOTeHNYECKOE IPOTHO3HDOBAHAS

MeTannoresuvyecKWe MCCNEAOBAaHMA B Hamedl CTpaHe HEPS3PHBHO CBA38HH
¢ MpPOTHO3MpPOB3HYEM. BHABNGHHHE 38KOHOMEDHOCTM O D33MEWEHHMHM CBMELOBO-
[MHKOBOL'O OPyLGHEeHAA OHIM MOJNOXEHH B OCHOBY IUIGHOB Da3BUTHs TI'€0JNOT0-—
pasBeloyHHX pador. [eproIidecKd NPOA3BONAIACEH ONEHKA IPOIHO3HHX 3a-
JaCOB Ha M3BECTHHX MeCTODORIEHAAX § MO HOBHM HeDa3BEJAHHHM y4acTKaM.
B 1961 r, oTa ONEHKA NPOX3BENEHA ION DYKOBOACTBOM M.idoBuema, B 1967 r.-
P.lmvmrposa n B 1974 r, — aBropa u U, HeTxoma.

Tlo Mepe yBeAMYEHAH CTENEHM D83BEJAHHOCTH UBBECTHWX DYyZBHX nuomazeit
CYRa/KCH BO3MOXHOCTM BHABIEHUA HOBHX MecTopoxzenuit. Ceifyac cramuTCA
387848 UCKSTH HOBHE MECTOPORAeBMA (83 BHXOZ3 H3 NOBEPXHOCTE M WCKATH
HOBHE DYyAHWE NONA. B CBA3M C 3THUM NN8HUDYETCA DAaCUMPEHUE MET8NAOTEHM-—
YeCKMX MccnenoBaBuii. Hak mepmoouepezHad 387sva CTIBMTCA COCTaBIEHHME
ofmeil ¥ CHenuaNBHHX METANJOI8HAYECKUX KapT Boarapum macmTala I:200000
B Onumajimue 3-4 roza. OpsoBpeMEHHO OYyAYyT COCTEBIATHCHA M AETaIBEHE ME-
TaNNOreHMIECKNE W NPOTHO3HHE KapTH OTAENBREHX DYABHX nNoaAeif.

3a nocnezeue roiau B Kouurere reonorau HPE noayyesn BECEM8 GAaronpu-
ATHHE pe3yasTaThB KmHO-OcoroBckoM pyIHOM mone. BHABAEHO M Pa3BEAYETCH
mecTopoxnenue Manu Pyen-bBemure cuneu. [lpou3BefieRa HOB3S OLEHKS NEpc-
NeKTUBHEX BO3MOEHOCTe#, B pesynsraTe arToro Ocorosckuit pyanuit paion
BHZBMHYNCA H3 NEpBOE MECTO B CTPSHE NO KOAMIECTBY NPOTHO3HHX B88N3COB.

C uenso TNOKAa33a?h 3HAUEHME M HAZEXHOCTE MET3IJOTEHUYECKOIO NPOrHO-
3a [OMHEAM, YTO H& OCHOB8 METAIJIOTEeHHIECKOTO aHanusa emg B 1956 n
1 1966 romax Hamm GHZIO BHCKA3aHO MH3HME O BHCOKOR MBDCIEKTHBHOCTH
aToff nuomsAu W O [ENecO00Da3HOCTH DACUMPEHNA T'eONOrOpa3BeAOYHHX palsor.
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Ha OCHOBE 3H8NN38 BHABIEHHHX 38KOHOMEpHOCTE! pa3MEeUeHMA NpOMHUINEH-
BHX CBMEIOBO-IMHKOBHX MECTOpOMAEHI B POXONCKOM M8CCHBE,C yyeTOM
CTENEHE Pa3BEA8HHOCTHM PA3JIMYHHX NIOWAZEH '~ MH DEKOMEHAYEM OPI3HM30BATH
creNuanbHNE KOMIJAEKCHNE NMOMCKOBWE D3GOTH H8 CBUHEN M LVHK B WEHOA Yac-
7 UCOTOBCKOT'O pynHOTO paflcHa BILIOTH A0 TOCYLADCTBEHHOY I'paHvik ¢ I'pe-
mee#t m B lleHTpaMBEHO-PONONCKOM DYOHOM paffoHe Ha MJOMALAX, PACTPOCTPAHEH-

HHX sananHee ¥ ceBepo-sanansee Marauanckoro u CepepHo-Pomonckoro pyu-
HHX Toyet.
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UDC 553.3.078.7

NATURE AND CONTROLS OF SULFIDE MINERALIZATION,
K57 OREBODY, PINE POINT Pb-Zn DISTRICT, CANADA

R.d. Kyle
Department of Geological Sciences, The University of Texas at Austin,
Austin, Texas, USA

Introduction

The Pine Point Pb-Zn districts consists of about 50 sulfide bodies
within a narrow Middle Devonian carbonate barrier reef complex that
developed along tectonic hinge zones separating contemporaneous evapo-
rite and shale basins (Fig.1). Over 50 million tons of ore averaging
3.2% Pb and 6.7% Zn have been mined since production began in 1964;
over 40 million tons of ore reserves remain. In addition to the econo-
mic importance of the district, its geological setting has been used
‘to define a widely accepted model of basinal evolution for the genesis
of carbonate-hosted Pb-Zn deposits of the Mississippi Valley type /1/.

Geologic Setting

A highly variable sequence of early Paleozoic evaporitic carbonate
and siliciclastic strata up to 100 m thick overlies the Precambrian
basement. The early Middle Devonian (Eifelian) Chinchaga Formation un-
conformably overlies the early Paleozoic units and dominantly consists
of an evaporite sequence up to 110 m thick /5/. Strata of Givetian age
host all known ore deposits in the district. Skall /7/ redefined the
Givetian stratigraphy of the Pine Point barrier complex, and facies
designated A through P replaced previous formational nomenclature
(Fig.2). The early Givetian Keg River Formation (Facies A) conformably
overlies the Chinchaga Formation. The Pine Point Group includes the
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Tig., 1. Major geologic features and orebodies of Pine Point dist-
rict, NVT. Modified after Skall /7/ and Norris /5/

1 = limit of presqu'ile dolostone; 2 - northern limit of c¢c-hori-
zon; 3 = southern liwit of buffalo river shale; 4 - northern limit
of muskeg evaporites; 5 - trace of basement fault; & - important

drill hole; 7 - ore body

middle Givetian strata (Facies B through K) that form integral parts

of the barrier complex /7/. The lower part of the barrier (Fig.2) con-
sists largely of the fine-crystalline dolostones of Facies B (Off-reef)
D (Organic Barrier), E (Fore-reef), and J (Back-reef) and of the bitu~
minous limestones of Facies F (Marine); the evaporite strata of the
Muskeg Formation are, in part, lateral equivalents of these units. Den-
droid, tabular, and massive stromataporoids and corals dominate the
framework of the Organic Barrier. The upper part of the barrier consi-
8ts of limestones of Facies B, C (Fore-reef), D, and H and I (Back-
=reef), the coarse-crystalline Presqu'ile dolostone (Facies K) diage-
netically developed from these units, and the Buffalo River Shale of
Facies G (Marine). A partial disconformity separates the upper barrier
from the late Givetian Watt Mountain Formation (PFacies L). The post-
=middle Givetian, pre-late Givetian partial disconformity is present
in the southern and central part of the Pine Point area (Figs. 1, 2)
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where the basal late Givetian Watt Mountain Formation overlies the
coarse-crystalline dolostone of the Presqu'ile Facies K or the undolo-
mitized upper barrier limestones of Facies C, D-2, H and I. North of
the coarse-crystalline dolostone development, a considerably thicker
Facies L directly overlies Facies B without apparent disconformity
(Fig. 2) [/7/. The Slave Point Formation (Facies M through P) conforma-
bly overlies Facies L and is overlain by the Upper Devonian (Frasnian)
Hay River Shale. Skell [TI documented that subtle tectonic adjustments
along three N65°E trending "hinge zones" were responsible for the ab-
rupt shifts in depositional environment resulting in the complex facies
relationships.

Nature of the Ore Deposits

The orebodies occur along two trends parallel to the tectonic hinge
zones that controlled the Givetian depositional environments and are
stratabound in several depositional facies over a 200-m section of the
dolomitized barrier (Figs. 1, 2). Orebodies vary considerably in size,
metal percentages and ratios, sulfide textures, geometry, and host
rock relationships /3/. The sulfide bodies contain as much as 15 milli-
on tons of ore with up to 20% combined Pb-Zn and variable amounts of
Fe. Orebodies can be described as "prismatic" with large vertical re-
lative to horizontal dimentions or "tabular" with large horizontal re-
lative to verticel dimensions. Individual deposits are zoned with a
high grade core of galena and sphalerite that grades outward into lower
grade materials with increased amounts of iron sulfides toward the pe-
rimeter of the sulfide body. Transition between high total sulfide ma-
terial and barren dolostone is commonly abrupt.

Most of the orebodies occur within the coarse crystalline dolostone
unit (Presqu'ile -- Facies K) that underlies the post-middle Givetian,
pre-late Givetian disconformity. Paleo-solution features related to
post-middle Givetian subaeriasl exposure of the barrier complex appear
to control the distribution of sulfides and to account for the geometry
of the orebodies /2, 3/. Numerous irregularly elliptical dolines as
much as 400 m long and 35 m deep developed through dissolution of lime-
stones by meteoric water. These dolines subsequently were filled with
erosional detritus and covered by late Givetian and younger sediments,
Caves and tabular zones of increased permeability were formed in the
upper part of the phreatic zone. The coarse crystalline dolostone may
have been created by the mixing of fresh water and seawater in the
upper barrier limestones during this period of subaerial exposure.
These paleo-solution features were aquifers and loci for sulfide depo-
Bition in the upper Pine Point barrier. Dolines host prismatic ore-
bodies, whereas caves and tabular permeable zones contain tabular
orebodies.

"



K57 Orebody

General Features

The K57 orebody provides an excellent example of the nature and
controls of mineralization in the upper part pf the Pine Point barrier.
K57 is a prismatic sulfide body with an adjacent discontinuocus tabular
sulfide zone; some intervals of essentially massive sphalerite and
galena are present with over 75% combined Pb-Zn. Preproduction ore
reserves were 1.8 million tons averaging 7.0% Pb, 5.6% Zn, and 1.2% Fe.
The high grade portion is about 150 m long and a maximum of 75 m wide;
it contains a maximum of 38.7% combined Pb-Zn over 53-m interval
(Pigs. 3, 4)

K57 occurs within the coarse crystalline Presqu'ile dolostone along
the Main Hinge Zone in the western part of the district. In this ares,

the coarse crystalline dolostone has a maximum preserved thickness of
about 45 m and may be divided into lower and upper units. The lower
unit consists of tan to light gray, coarse crystalline dolostone which
contains megafossil and uniform granular lithologic types, interpreted
to represent reefal and proximal fore-reef depositional environments,
respectively; locally, a minor amount of this interval is preserved as
limestone. An irregular, interfingering facies boundary between the
two lithologic types of the lower Presqu'ile is present to the south
of the mineralized zone (Figs. 3, 4). Direct evidence concerning the
original nature of the upper Presqu'ile unit has been largely oblite-
rated by the pervasive introduction of grey and white dolomite; isola-
ted limestone remnants lateral to this unit suggest that this material
was originally lagoonal carbonate sediments (Facies H/I).

Diagenetic Controls of Mineralization

The prismatic ore zone is superimposed over an irregularly ellipti-
cal, detritus-filled doline (Figs. 3,4) approximately 190 m long
oriented along the direction of the hinge zones (and the depositional
facies boundaries). The maximum detritus thickness is 35 m and direct-
ly overlies the fine crystalline dolostones (Facies B) of the lower
Pine Point barrier. Three stratigraphic units have been recognized in
the K57 detritus zone(see Fig.4)The stratigraphically lowest unit con-
sists of relatively clean, fine to coarse crystalline dolostone which
contains blocks of coarse crystalline dolostone, particularly near the
base. A thinner unit of laminated detritus, consisting of alternmating
bands of light and medium grey dolostone with rare green clay blebs
overlies the lower detritus unit. The upper unit consists of nonlami-
nated detritus with common small fragments of green clay and fine
crystalline dolostone. These detrital units are believed to represent
a typical sequence of events hccompanying and following the develop-
ment of fhe dolines during the post-middle Givetian period of subaeri-
al exposure. During subaerial exposure, the upper barrier limestones
were subject to chemical attack by rainwater with dissolution being
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Fig. 3. General zeologic features of the K57 area. Dots indicate lo-
cation of diamond drill holes; limestone drill holes indicate areas
of upper Pine Point Group limestone preserved within Facies X. Iso-
pach is detritus thickness in meters. 5haded area represents greater
than 10% total sulfides over a 53.3-m interval; hachures enclose zo-
pes with greater than 1% total snlfides
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Fig. 4. Geologic cross-section of the K57 area. Vertical lines repreé-
sent diamond drill holes. Shaded area contains greater than 30% total
sulfides; hachures enclose zone with greater than 2% total sulfides
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concentrated at joint intersections, generally along the northeasterly
trend of the hinge zones. After the entire limestone section had been
penetfrated and dissolution had been slowed by hydrological and chemi-
cal factors, slumping of oversteepened doline walls resulted ih a rub-
ble of large limestone blocks and finer carbonate detritus on the do-
line floor. Following the erosional period and development of the
karstified barrier, marine transgression first affected the low-lying
"nearshore" areas, and local tidel flat conditions were established.
Periodically, fine carbonate detritus was swept into the standing bo-
dy of water in the doline and sedimented in thin layers. Inundation of
the erosional surface was sporadic with several periods of transgres-
sion and minor regression. During the final closing of the erosional
period, the regolith developed on the karstified barrier was swept in-
to depressions on the surface, the largest of which were the dolines.
This erosicnal material consisted of fine carbonate detritus with
some green clay and tidal flat dolostone fragments eroded from the
ephemeral tidal flat and lacustrine deposits of initial transgression.
Marine transgression appears to have been effective in filling the
doline, and little compaction of detritus appear to have occurred du-
ring late Givetian sedimentation. Passage of the meteoric water-seawa-
ter mixing zone through the upper barrier resulted in the dolomitiza-
tion of the detritus zone and the surrounding limestones. Collapse of
late Givetian strata overlying the detritus zone may have occurred as
the result of carbonate corrosion accompanying sulfide emplacement.
The tabular ore zone in K57 and other areas of the upper barrier rep-
resent areas of porosity enhancement along the upper paleo-phreatic
zone; in the case of K57 this zone of enhanced porosity occurs within
the proximal fore-reef material near the transition with the reef in
. the lower Presqu'ile. The upper Presqu'ile does not contain sphalerite
and galena, in spite of extensive vuggy and boxwork porosity. Minor
amounts of sulfides occur in intercrystalline porosity in the fine
crystalline dolestones that directly underlie the minerslized dolines
in some deposits, and three major orebodies occur entirely within the
fine crystalline dolostones of the lower barrier.

Textural and Geochemical Nature of Mineralization

Ore textures in the K57 and other orebodies are complex. Relatively
minor amounts of paragenetically early marcasite and pyrite are follo-
wed by colloform and banded sphalerite with skeletal galena; large,
euhedral sphalerite and galena crystals are late. The highest metal
concentrations occur in the prismatic portion of the deposit with maxi=-
ma of 32.9% Pb, 14..3% Zn, and 3.7% Fe over a 53.3 m interval. The
Pb/(Pb + Zn) ratio -increases from 0.3 on the periphery of the sulfide
body to 0.7 in the center, thus reflecting the Zn-rich zone surrounding
the Pb-rich core. The contiguous tabular ore zone is only a few meters
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Fig. 5. Hand specimen of colloform sphalerite and skeletal galena
from prismatic core of the K57 orebody

thick and is Zn-rich typically with a Pb/(Fb + Zn) ratio of 0.1 or less.
The relative abundance of Fe on the perimeter of the sulfide body is
shown by oufward increase of Fe/(Pb + Zn + Fe) from less than 0.1 to
0.3. There does not appear to be a simple vertical metal zonation;
instead, zoning appears to consist of three-dimensional Fe envelope
around the Pb-rich center /3/. The high grade prismatic core of the
orebody is dominated texturally by colloform sphalerite and skeletal
galena (Pig. 5). Individual coarse sulfide crystals in secondary po-
rosity within the coarse crystalline dolostone is the dominant ore

type in the tabular zone (Fig. 6). Dolomite occurs both earlier and
later than sulfides; calcite typically is a late, porosity-occluding
mineral. A general sulfide "stratigraphy" can be correlated throughout
the K57 orebody. Fe content of sphalerite ranges from less than 1 to

as much as 5.5 wt. % with a mean of about 3 wt. %; colloform sphalerite
Appears to be enriched in Cd, with a maximum of 0.2 wt.%. Sphalerite
color ranges from light tan to dark reddish brown and does not appear
to be related to trace element composition.

Fluid inclusion data indicate that the sphalerite was precipitated
from highly saline, 60-100°C brines /6, 37/; these mineralizing fluids
are similar to the subsurface brines present in many sedimentary basi-
ns, e.g. the Gulf Coast /4/. K57 sulfides have a considerable variation
in sulfur isotopic composition with a 5'343 range from +13.1 to +23.5%
(mean +19,2%; 14 samples). The range and means for galena, sphalerite,
and pyrite/marcasite are +13.1 to +21.8% (+17.7%), +19.0 to +23.5%

75



Fig. 6. Proximal fore-reef lower Presqu'ile dolostone containing
coarse sphalerite crystals in secondary porosity; core specimens from
tabular sulfide zone east of the K57 open pit

(+20.8%), and +17.2 to +20.6% (+19.1%), respectively. There does not
appear to be a systematic variation in sulfur isotopic composition
with respect to textural type, paragenetic position, or location within
the deposit. Only minor isotopic fractiomation is indicated for two
co-precipitated sphalerite-galena pairs with A values of 1.47% and
0.59%, indicating disequilibrium precipitation at these low temperatu-
res.furthermore, the sulfur isotopic composition of K57 sulfides is
very similar to the 6‘ 348 values of Middle Devonian evaporite sulfi-
tes (+19 to +20%). Galena from the K57 and other orebodies in the Pine
Point district is not enriched in radiogenic isotopes with a consis-
tent 2OGPb/zmI"n ratio of 18.2. The lead isotopic composition approxi-
mates single-stage conditions of origin, which is compatible with de-
rivation of lead from multiply reworked siliciclastic sediments at a
time considerably later than the middle Givetian dolostone host,

Conclusions

The K57 orebody is representative of the numerous sulfide deposits
that ocour within the coarse crystalline Presqu'ile dolostone in the
upper part of the Pine Point barrier. The ore zone consists of a high
grade prismatic core with contiguous tabular sulfide concentrations
and is associated with solution features related to the post-middle



‘\;‘ givetian pericd of barrier exposure. Colloform sphalerite and skeletal
b2 galena are common in the prismatic zone and indicate rapid early sulfi-
de precipitation, while coarse sulfide crystals suggest slower rates
of precipitation for late sulfide growth. The high grade sulfide con-
centrations are localized in paleo-dolines and breccia zones because
these transgressive features were the bypasses between different aqui-
fers and acted as natural mixing sites for sedimentary-derived fluids
containing metals and reduced sulfur.
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YK 553.3.078.2:551.242.3
30HA KOHIEHTPAIMM METAJJIOB B PAMFAX TYHNMCCKOIO ATIACA

IL.Maner, B.Manera
Hayuno-uccrenoBaTeIbCKIil MHCTATYT NOJE3HHX HACKOMmaemux,r.Codnsd, HPB

PervoHanpHaA I0SHIEA

Tyumccruit ATnac Apnderca nepexomHolt oGnacTsn Mexny Caxapcmo#t m Bo-
cTovyHOIl mnaTdopMaME Ha DI'O-POCTOKe M ANEBNWiiCKOH cKAagdaToil cmerTeMoit
¢ ceeepa /8,10,4/. Ero TexToHmWYecrmil OGMWK OmpeleNAeTCH aNbIMiCKUME
CEMamIaTHMA ¥ Das3NOMEEME JedopvamyaAME P SIHINATHOPMEHHOM IIOKDOERe.

St pedopmauy® oCcoCEHHO HHEEHCHEHO NPOARIEHH B I'DAHWYHHX 9acTAX 00—
nacTd. B pamrax Tymmcckoro Arnaca BHIENINTCA TPH CAMOCTOATENLHHE TEK-
TOHWYECKNE B0HH: 30Ha JWAIWPOR, 30Ha CKAANYaTOTO SIMIATPOPMEHHOTO
OOKDORa M Tax HasHpaemad ocepaf 3oHa Cerep-lr (pwe.I).

[lpepmeToM HacTosmeit cTAaTHA ARNAETCA METANNIOTEHHA 30HH IMAINDOP
/T4/, m3pecTHoit Takke NOI HABEBAHWEM ITOX3OHH KYHONOR mam CepepHOTO
Tynucckoro Armaca. OHa OpocleimeaeTcs oT 2amyea I, TyHmca no Mepmmma-
Ha r.Awn-befifa P Ansmpe, T'Re 3aTyxaeT P Ipenenax Caxapckoro ATnaca
/I0/. C cerepa orpaHWUMEAeTCS IEpENOBEM TPOTEGOM anbIHiCcKoit MEOreo-
CHHKIMHaMA, TIyCoko Epesammeiics B ee mpemend e paftone r.Jle-Ked. Im-
Had Pe IpaHAUA C W3pPeCTHOH YCIOBHOCTED NMPOXONAT IO JIMHAW WHTEHCHEHO-
T'0 TPUACOBOTO IWAIMpM3Ma, KOTopad TpaccupyeTcs nwamupamy lfyxpa, BEm-
lleitn, lopdes, Cmmm-Hacep m Ey-Kampa.

KpaTrad reolormyeckad XapaKTepHUCTHEA

SOHa EWAOWPOR HOAHOCTED CIOXEHa OCANOYHHMA HODOJAMA, CaMiHe IpePHEe
A3 KOTOPHX OpeICTaRleHH IPANOPHTORHMA OT/AOKEHHAME TPHACOROT'O BO3pacTa
/5,9/. IpucyTcTENe B paspese DPCKEX IOPOJ IO CHX IOP HE YCTAHORNEHO.
HauymHasd c paHHero Meja IO KOHNA DoIeHA 37ech HMena MecTO HelpepHEHas
ofmnsHag cemmMeHTamEdA. CHavala HakalAmPanwchk IAYCOKOPONHHE OCAIKM, a
nosnHee, B anTe - TeppUT'eHHO-KADOOHATHHe W prmoRHe oTnoxeHMs. B nospn-
HEM Mely IOYTH BCA 30HA OXEagyeHa CHORE IVMIyOOKHM MODCKEM OaccefiHom, B
KoTopoM (opMEpORA/MCE IVIMHECTO-MEpPreNUCTHE, W3PEeCTKOEO-Mepre/mcTHe ¥
u3pecTROEHe (P KAMIAHe W MaaCTDPEXTE) OTHOREHEWA. B 9oleHe 3Hech ofpa-—
30BANUCL TepPATeHHO-KapdoHaTHHe (aumn. HeoreHoeHe M YeTRepTHYHHE Tep—
DUT'eHHHE OCAIKF PHIIONHANT HAJOREHHHE KOHTMHEHTA/AGHHA PIAIWHH.

CaMuEv OTIHYATENEHHEM IIPASHAKOM TEeKTOHEYECKOI'0 CTPOEHHA DacCMaTpHEa-—
emoil 30HN ARNAETCA HANNYME KODHEERHX IWANHPORHX TeNX CONEeHOCHOr'O TpHa-
ca, PHeNpPeHHHX B IOPOIH Meja M maneoreHa. lIpemmonaraeTrcs, 4TO 3al0Xe—
HEEe NEepEHX JWaIMPOER IPOMCXOIMNO B anTe, odyCHORAHPAA, TaKkuM oO6pasoM,
HNONHATEE NHA anTCKOro Mopa M (fopvmporaHwme pudoBHX mocTpoek. Ilo eceit
BEpPOATHOCTH, PO3SNHMAHME IJNACTHYHHX MAaTepPHalOP K 3eMHOl IORepXHOCTH
YMeNIOo MecTo elle HeCKONBKO pas. Bo3MOmHO, 9TO OHNIO OGYCIORNEHO CYWecT-
PeHHHME Das3IvdEAMA MeXIy INOTHOCTAMY TPUACORHX W IOCTTPHACOEHX OTIO-
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P uc. I. CxeMa OCHOBHHX TEKTCHMYECKUX euFHMI [[eHTDANBHOTO M Cepep-
Horo Tymwca /4]

CepepHan amemuiickad BoHa: I - TyHWCCKmit mporuG; 2 - mepeIOBOH
nporud Mensepa-Kemedra, Tysucckui Atiac; 3 - crIamuaTHit SOHMAATHODMEH—
HHT NOKpoB; 4 - 3C0HA AnamupoB ; 5 - oceBag 30Ha Cesep - Ur; 6 — Ca-
Xapckasd # BocroyHad naaTdopuH; 7 — IEPHATIACCKAE IEIIDECCUM

xenmit /17/, "o, GeccmopHO, ONpelelsaNAs pofb IJA NOKANA3AIEE TPHACO-
BHX "®KCTpysuit" OpEHALNEXUT FHTEHCHEHHM ODOTEHHHM IBEMeHWAM. IIpm
9TOM NNACTHYHHE MaTepHalH Tp¥aca PHeIDANNCEH IPeMMymMeCTEeHHO B fAnpa
SHTUKWHAa Neil.

OcHopHad TexToHEWYeckasd faza, F KoTopyk. GopMupoRajxcH CKamyaThit
o6mk ecero CepepHoro TyHmca, B TOM YAC/e ¥ 30HH IUANWpOE, OTHOCHTCA
X KoHUY soueHa /7,8,I4/. Torma onpelenmncs anbOuiickmfi CTDYRTYDHHIL
I7aH 0CajioYHHX KOMINEKCOR ¢ XapakrepHoif 03-CB opwenTaumeif cTpyxTYyD.
AcEMveTprYHOE CTDOEHWE HEKOTODHX aHTHKAMHaneil ¢ Gomee kpyTumm KB KpH-
IBSME TonTRepKIaeT KB HalpaRneHHOCTH TeKToHWYeckwX ycmmmit /2/. B sa-
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napHO# YacTH B0HH AHTHKIAHANBHHE CTPYKTYDH Yame Bcero GpaxmdopMHOTO
XapakTepa, ynopanodeHd mo ocaM BCB-303 HamparneHHA.

Cnenyomas TekTOHWYecKasd asa, IpoABRNeHHasd P PeDXHEM MHOUeHe, Ipen-
onpenennna GODPMEPOERaHME NPEMMyLeCTEEHHO NW3LHHKTHEHHX HapymeHm#t, oT-
HOCAmMXCA K TPEM OCHOPHHM cmcTeMam: mpojonbeux (CB-I08), momepewHHX
(C3-KB) m xocux (C-I0). BeposTHO, 9Ta TEKTOHHYECKAH INEATEABHOCTH AB-
nANach ODAMHM OTT'ONOCKOM WHTEHCHEHOM ansmmitckolt HaIBERTOEROR TERTOREKH,
comporoxamieifcA kwcnuM pynAxaEmamMoM B Tymmcckom mpormde. Ha dome od-
me# Pocxomsme#t TeHIEHIEHM NEEREHHE TeKTOHHYeCKAs XM3HL 30HH IPOMONEA-—
7ack ¥ B YeTEepTHYHHI mepHoj, P Hadale KOTOpOTO OJODMEAMCE HaloOXeHHHe
rpaderH C3 HampaeneHEMA, o0pasoRaluchk ClaCORHpaReHEHE CeEFepo-RepreHT-
HHe CKIaJK¥W ¥ NpOM30mAM CNOKORHe IEHXEHNA MO DasioMaM.

MeTannoresrJecKas XapaKTepHCTHRA

A. MeTannoreHmJecKkre eIWHALH

B 30He mwanmpoR E3PecTHO Colee 50 MecTopoxneHm# ¥ pyJoNpoARNeHHiE
(pwc.I), npwdeM HeKoTopHe NOROARHO KpymHHe (By-Hadep, ®emm-en-Amym,
Cumm-Amop-Cen-Canem, [®epucca,Yemsza m mp.). Jx ocodemROCTE O0CyZEmAa-—
JUCE BO MHOTHX MySHMKAIUAX DETMOHAJABHOTO XapaKTepa '[TI,IZ,IG],omaxo
IleTalbHHe WCCNeNOPaHEA ROHKDETHHX MECTODORIEHEH CpPAaFHETENBHO DEIKE
/6, 15/ . Io mrermn J.Bacmasera ® xp.(1977 r.), MECTODORIEHAA B 30HE
IMaIIpOE MOTYT OHTH 00BEIWHEHH B JIBe DPyIAHHe fopMAlEW: CEWHIOPO-IMHKO-
Eyn (ramenmT, cdanepmr) ¥ xernesopynHyn (cmmepmr). C mpyroft cTopomH,
BIeCh HEOOXONEMO BHIENATH ¥ 0apHT-PAnOpAT-CEMHIOEO-IAHKOBYD DYLHYD
fopmaump. Fe mpencTaEHTeNeM AERIAETCH KOMIJNEKCHOE MECTODOXIeHme By-
EaGep u Hecronbko pynonposenennit B 1083 wacTm 30HH. OCHOEHHe OCOGEHHO-
CTH DyIHHX Qopvaumi# oTpakeHH B Tadi.l, a IpOCTPAaHCTEEHHOE pasMemeHHe
mx OopeicraemTenei - Ha pwc.2.

B pamraX 30HH QUaIIpPOR H& COEDEMEHHOM 3Tale HaMedanTCA JEA NPOCT-
PaHCTEEHHO pA30CleHHNX DPyInHHX paftoHa: By-Madep - llzepmca m Qemx-en-
Apym - Kedym (cm.pmc.2). PynHHe MeCTODORIEHEA E IEDEOM MOTYT OHTH
o0kenWHeHH B 8, a Bo BPTOpOM B 5 pymHHX mone#f. VX rpaEETH [0 CHX IOp
He yCTAHOBNEHH, HO OHM CEBA3aHH OINHOpoAHON TekToHmYeckoft mosmume# m
IPAYPOYEHHOCTED K OmpenenieHHOE mmamdporolt cTpyxType (cM.pmc.R).

Pynuuit pafton By-ladep-lmepncca, 3aHWMaeT B3anajHyo 3JacTh 30HH I@a-
mEpoB. B Hem oOHapy®eHH Eele30DyHNHHE, CEWHUOERHE, CEWHUOBO-UWHKOBHE H
CERHLOBO~IHHKORO-DM0OPHT—-0a DATOEHE MECTODOXIEHASA, OTHOCANMECH K TDEM
caMoCTOATeNIEHEM DYIEHEM fopmatmmam (cM.pme.2, Tadn.I). HsepecTHHe Mex-
HHE W CTPOHIMEPHe DYIOUPOARNEeHHA MMEDT TOMBKO MWHepaloImJecKoe 3HA-
YeHMe. DOABIAA YacTh MECTODOXNEHEE B pymHom pafioHe JOKaImSoERaHa E
HUXHEMENOEHX PUPORHX ¥ OpPraHOI'eHHO-IEeTPHTOBHX M3PECTHARAX I Popmm-—
pyeT IpemMymecTEEHHO B3alexw, a Takxe ¥ xuaH. CrpaTmbopmHuit Xapar-
Tep AMEPT TONBKO DyIHHe Tena 2 m 4 e Ixepmcce. OpyneHeHAsS OpPOCTpaH-
CTBEHHO NPEYPOYeHH K NOSHTHEHHEM OpaxmPopMHHM CTPYKTYDAM, K DETmO-
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P u ¢. 2. MeramnmoreHvyeckan cxema 30HH IvanupoB B TyHHCCKOM ATiace
(cocraBnena ¢ MCMONBB0BAHMEM KADTH MMHEDANBHHX MecTopoxuenuit Tynuca
macmrada 1:500 000/16/)

I - rpuac (comeHocHas fanus); 2 - uuxHuf Mes: a - pujorenHas fa-
nua, 0 — TeppUreHHO-KapOoHaTHas dauua; 3 - Bepxuuit mMen - someH; 4 -
HeOTeH-KBaTePHED; 5 - DABSDHBHHE HADYWEHHA; 6 — KOHTYD B0HH AWAIWDOB;
7 - UpaHMIA MeXLy DylHEmu paitomamum By-Zadep - Ixepmcca (BJ-D) m
Denx-en-Anym - Keoym /16/; 8 - sanemu; 9 - mwmi; I0 - mHsy ® cTpa-
rupopvune Tena (pasmepd sHaxoB 8,9,I0 cooTeBeTcTBYOT MacwTady OpydeHe-
HEA: 3 - GOJbWHe, G — MAJeHBKEEe). MeCTODCANEHWA ¥ PYAONPOABIEHUA
(nmdpu Ha cxeme): pyIuHil paiton By-#Hadep - lmepmcca: I - By-lladep
{Boctox, Cenr Auroan, Ceur Bapd, Ur, Cenr Eam, Ecnepanc, lenrtp, Koax
n np), 2 - By-Kanpa, 3 - Yensa, 4 - Jlrepucca thepncca, p.T. 1-6,
Manas JIxepuccd), 5 - Caara (xeneso), 6 - Cuny Amop, 7 - llapen, 8 -

BansEaM C3 w CB pasaoMaM m OTpaHEIeHHHM ¥ME GODTaM MONOIHX IpaceHoE,
8 TaKke ¥ K KOHTAKTaM TPWACOPHX IMaINpOE.

Pynmuit paiton Penz-en-Amym - KeOym sanmmaeT UeHTDalBHEYD 9acTh 80-
HH qmamrpoR. OH OTAEMAReTCS OT MePeXONHOTO palioHa MMOUEHOPHM Nepelmo-
EHM mpormdoM, a Ha CB ero Tpanwua. He ycTaHOoRZeHa. B HeM NIPOARISTIOTC A
HCKINYATENBHO CEWHIRBO-IMHKOEHE MeCTODORIEHHI, KOTODHE OTHOCATCHA K
onnoRt pymHo#t Gopmammm (cM.pmc.2; Tadn.I). OHW MOXAaMMZ0PAHN P W3PECT—
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Caara cesep, 9 - Cumuu, I0 - Taps Axfas, II - JixedGex-ym-Exedya,

12 - Kymmar-Asuéa, I3 - Kymwar-Xampa, 14 - Kyauar-Mopaa, IS - Ea-
Tapa, 16 - Xame#tma (xesne3so), I7 - Xamefima (ummk), I8 - Cunm-Axven,
19 - JIxeGen—Caften, 20 - Ked-Cunu-Caxdm, 21 - YVen-en-Yaap, 22 - 3ar-
er-Tup, 23 - Kyma, 24 - Caxmer, 25 - ®enx-AceH, 26 - Pecac-Tyuped,
27 - Yen-ea-Koxox, 28 - HeGep; pyaunil paffon emx—en-Amym — KeGyum:
29 - denx-ex-Anym (faps Xan, Tader-es-Kedpur, Cuum Bex Kacem, ®ep-
Han, By-Kwepmma, JoTecckaa 3cHa By-llepoia, Yen Jllaxdax, Ami JiReHUH,
Tader Xaces, Awn Camn, Tymna u xp.), 30 - Jixeda (By-Tymx, Topaa, Ka-
pyéue, Hosoe, Cax, Cumm, By-Xayam, CeGa Aywier, HmxHee, Bepxueg),

31 - Cuuz Axwmern Bemaym, 32 - KeGym, 33 - MaxmemOma, 34 - Jlopdes,
35 - By-Tpms, 36 - By-Kxma, 37 - Ex-Axyar, 38 - Kyawar-Cadpa, 39 -
Kynmar-Coma; 40 - Yen-llxedc

KOBHX ¥ MepTe/MCTO-M3EECTKOPHX JAalUmIX BepXHero Mena. B HacTodee
Epems MSPeCTHO TONMBKO HECKONBKO DYNONPOARNEHMII CDeI WIDECCKHX W
ToTercimx marecTHAKoOR (Joreccras 3oua, Topaa) ¥ ONMTOUEHORO-MIOUES-
Horux nmecuanmxor (lymmar-Cadpa, IxeGa). Bce MecTODOMIEHUA pacrosa-
Taprest pOnmsw "sKCTPY3WEHOTO" Tpmaca, oropuit odpasyes donrime aua-
nupopte cTPYRTypH (Tmdap, Fom-llefin) mmm PHeIDIETGS IOCHOTHO E IOCT—
TpRacorye OT/OMEHAI.
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BE. 0 renesmce opyneHeHuit

YcTaHORNEHHHe OCOOEHHOCTH MeCTODOXRIeHmit deccnopHO IOKASBHPAKT,YTO
OHE MOTYT paccMaTpHEATBCA KAk SIMIeHETHYeCKWe IWApoTepManbHHe He-
CMOTPA Ha OTCYTCTEME MATMATHYECKHX OpOARNeHME Bo BceM TyHWCCKOM AT-
nace. Ilpg 5TOM BO3HEEKAeT IFa (yHOAMEHTANBLHHX EONpOCA: KAKOR T'eHe3NmC
TEIpoTepMaNBHHX DACTEODPOE M KAKOPR MCTCYHWK IIONE3HHX KOMIOHEHTOE.

llo HaweMmy MHERWI0, MeTalNOTeHHYECKEE OCOCEHHOCTH 3OHH IMaIMpOR

SABPA0TCA yOeIMTEeNBHHN IMpMJepoM o6pa30FaE¥A THIDOTEpPMANBHHX DPAacTEO-
POR 0e3 y4YacTHA MarMaTEYeCKWX WCTOYHEKOR. Tarad MOIen: IpPHHEMAETCS
pagom apropor /1,3,13/. Haydehme MPHepanbHHX DapareHe3HCOR "HOBOOG-
pasoparmit" /177 ® TpmacoBMx oTnomemmsax ( KBapu: WepHuft m 3enemuft,
IONCMAT, MATHE3WT, IWDPAT, T'eMATHT ¥ Jp.) NOKAa3HEAeT, YTO P ONpele-
NeHHHe IepHofH ¥ OCOOeHHO RO EpeMS OPOTeHHHX a3, SRamOpETOEHE OTIO-
KeHAA NoIBepra/jMch BHCOKHAM IAERNeHWAM. [Ipw mepexomie TWICA B AHTEIDHAT
OCHNEBHO BHIENANack Pojia. IoMOTeHHM3alld W COCTAR TpeXfaB30BHX BRANYE—
HEft B HOROOGD230BAHHOM KBaple NOKABHRANT, YTO 3Ta Boja OHIa HaTpeTa
or I50 mo 200°C, B oTmeABHHX chywaAx - Jo 270-320°C @ uTo oHa Ouna
ooramesyd NaCl , KC1, MgCl, /17/. Tlo cymecTEy 2Ta BOja IPEICTARN Ala
BHCOKOMAHEDANH30RaHEH{l cmabHO arpeccmeHHlt pacteop. Ilom ero pospeficT-
EWeM DAJl KOMIOHEHTOR, TAKWX,Kak Pb, Zn, Pe, MOT HepeiiTw P pacTRODH-
MHe KOMIJIEKCHHe COeIWHeHWd. MuTpamms STHX pacTEOpDOR K MecTaMm ¢ Gonee
HUSKUM NABNEHWEM COReplaxack 0 TEKTOHHYECKHM 30HAM OKONO KOHTAKTOR
TPHACOBHX IWaOEPOE W MONOIHX Jempeccrit, mo IDPOHWUAEMHM pasnoMaM ¥ Io
OOPHCTHM OCANOYHHM KOMINEKCaM. BlIaTonpEATHHe YCHOBHA INA OTIAOREEHA
TONe3HHX KOMIOHEHTOR: 1) XUMEYeCKW aKTWPHHe KapSoHaTHHEe mopond (of-
pasorajmchk MeTacoMaTHIECKWe B[aNleRw); 2) XpyUKWe, TDELMHOBATHE M IIO-
pEcTHe oTHOReHMA (00pa30BaNWCH NPOEANKOEO-EKpANlZieHHHe DyIH); 3) or-
KDHTHe WM B3amOJHEHHHe ODEeKYNpORAaHHHE KADOGOHaTHHM MATepWa/oM pa3loM-
HHEe WX KapCTOEHe CTPYKTYpH (o6pasopanamch: XWALHHE W JIMHB3000pasHHe
PynoEHEe Tena). PymooTnoxeHWe OCYWLECTEASLNOCH IpE Temueparype donee
HW3Koft, YeM WHWI@ANBHAA TeMIepaTypa MWHepalnSOBaHHHX pacTeRopoE (Tadm.
2Ys

Ta6mmma 2
Weenen. | Komre. |Temmeparypa romorenmsamm, °C
MecTo eHme e
o, MEepan | ofped= | wmi. | wake. | maxc.aacr.omp.
By-¥a6 BEa 5I 40 222 IS(S)— %20
- e T —

P e 570-220
By-EaGep ‘KansmaT 50 80 200 I00-I30
By-Eadep BroopHT N 85 I50 90-130
En-Axyar, Kanpmgr 22 47 I90 47-85
Senrm-en- Bapar I0 70 200 I20-130
Anym




IocnenoraTeNbHOCTE OTMOKEHNA MIHEDaNbHHX IapareHe3mCOE, ofmas
qaa Bcelt paccvaTpmeasMofl 30HH, NPNOMMBMTENBHO CHEIyXWasd: NONOMNT -
KPapll — CHIEDHT; KPapl — XANBKONEDHT; GapHT C MalHM KOMIYeCTEOM
gpapla; cfalepdT - ONPAT — ApPCEHONWPAT — TaNeHHT - OapAT — QmoopdT —
KafBIET — GapuT - KaAslMT — runc. XapaxTep pacOpeleneHMs NapareHesd-—
coER B Opelenax eceft 3oHH morasHeaeT, 4To ¢ 03 x CB cocTae TUmpoTep-
 MaABHHX PAaCTEODOR CTAHORETCA donee omoodpaaﬂsm a MEHepan@l3almd 3a-
Tpam:aaeT Bce Gomee Monomwe mopomd ( cm.tadm.I). B pymmom paftome By-
Eadep -lxepacca KOMMYECTEO aPCEHONMpHTa ¥ IMHKA yEemrumeaeTcda ¢ IB
ga C3, a ® mecropoxneHnw By-HEadep mpoAeneHa THNHYEHAS B30HANBHOCTE OT—
JOREHWs, BHpaReHHAS yRe/mdeHHmeM cfanepmTa ¥ YMeHLIEHWeM I'aleHATa,
dumopaTa ¥ CapuTa C IMyomEOH.

KocreHHHM OpW3HAKOM IaleoTuppoTepManbioll meATeNBHOCTH E Hpele—
7iaX B0HH IWAONpOR ARIANTCA TepMalbHHe MCTOYHWKN, HaXoIAIMecsd IO ee
CepepHOil TpaEwWile, a TaK®e ¥ BHCOKOMAHepalm30FaHHHe ( 8i- €1 —Na )
pepmansade (38°C) romw B pymmmke By-Eadep.

B npmmsarofi ympomeHHOM TeopeTmyeckoll Mome/m THIpoTEpManbHOR cmc-
TeMH CaMHM TDYAHHM OCTaeTcs BOIpoC o0 MCTOYHAKE MeTaANor. B Hacrod-
mee PpeMA MOXeT OHTEL BHIBWHYTO HECKOABKO IpeImonoxeHmi.

B wmene HepemeHEHX CTONT EONPOC O Eo3pacTe opyneHeHmid. B Kymmat
Cafpa ycTaHapiMBaeTCA CHHCEIMMEHTAMOHHAA CBHUHIOBAA = MWHEDaIW3a-
WA B OMETOUEH-MAOUESHOBHX W3BECTKOBHX NeCYaHmEax. B aHanormyHo#t mo-
SHIMY HaXOIWTCHA ¥ CEWHIOBOE opyleHeHMe B [xeGa, IpHYpOYeHHOE K MHO-
UeHOBHM TeDDPETEHHHM oTHoxeHEWsM. [lo Bceit BepoATHOCTE, BSTW OpyIeHEHWA
o0pas30Ranmes E -pe3yNbTaTe M3NAMAHES MAHeDaIM30BAHHHX DACTEODOE B BOIH
KOHTWHEHTaAbHHX MUOUEHORHX OacceliHor. IlpwHmMasA BO EHMMaHWe, YTO OHE
ACCOTEAPYDT IPOCTPAHCTESHHO ¥ WMeDT GIM3KA! MAHeDAaNBHHE COCTAER C OOH-
CaHHHME EHIIe SMUTeHeTHYHHMA MPHEDANWSaUdsAME, NOTMYHO IPeImoNaraTs,
9TO0 ¥ Te, W IApyIMe mMenT oCumit MCTOYHEK. B TaxoM caydae M@oleHORHH
Bo3pacT pyxn B Kymmar-Cadipa m JlxeGa DmocTaTOYHO TOYHO OUPEAEeNdeT BDe-
M 06paB0RAHAA CBAHIORO-IWHKOBHX ODYAEHEeHWHA.

B zarmoueHme HeOGXOIMMO NONYEPHHYTH, ITO 30HA DABRETHS IVAIEDH3MA
OpefcTaRndeT YeTKO WHIMPMIYAASEDPOBAHHYN MeTalloTeHNYECKYyn eIWHHIY C
OTHOCHTENEHO PHCOKO XOHUeHTpaumell meNe30pYINHHX, CEWHUIOEO-LMHKOEHX M
{moopaT-02 pPAT-CEMHIORO-IAHKOEHX OpyIeHeHwWit. HamGonee 3BaYWTenBHYL
PONL B HX JIOKAIM3AUNN AIpal TpHacOBHi ImamrpmaM. [lomoGHO IOCTODOTEH-
HOMYy MarMaTH3My OH OKa3ajl CYmecTEReHHOe BJUAHWe Ha 0GpA30PaHme, TeM-
.IepaTypHHI pexyM, TeOXUMFD ¥ TPAHCICDPT TELDOTEpMANEBHHX DACTEODOER, a
Tar®e W Ha Iefopvarmp OCafoOYHHX KOMINEKCOE.

IntTeparTrypa
I. Bapadaror B.2. Tenermueckas muHepanormd. M.: Hempa, I977., 326 c.
2. Boponne II.D. IllepexomHas 30HA CO CEAANYATOCTHD IO3LHEANBIHICKOTO
Po3pacTa. - B kH.: TexroHmka EppomH @ cuexHHX ofnacTeit — papmcim-
IH, sOmmaneo3oiickme maaTdopmu, ansomms. M.: Hayra, I978.588 c.
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YIK 553.2:551.21+553.41
3010TOCEPEGPAHOE OPYAEHEHUE 1 MATMATH3M

B.W.Tonuapos, N.H.Hornap
CeBepo-BocTouHHI KommnekcHudi HUM JIBHIL AH CCCP, r.Maranas,CCCP

lipoGneMa CBABM NpPONECCOB PYAOOOP330BaHMA C M3IMaTM3MOM H3J8BH8 NpU-
BIEKAET BHUMAEWE MCCHNEZOBATE/NEd CaMOT0 Pa3AMYHOrO npofuna. Peuesue ee
[peANPHEMME IOCE BO MHOTMX PETMOHSX H8 NpUMEDPE PB3HOOOPEBHHX MaTM8To-
reHHHX MECTODOXZEHMN C NpUMEHEHMEM BCEI'0 M3BECTHOI'O 8PCEHaN8 METOLOB
¥ CHoco60B MX IE0NOrMYecKOro maydeHnma. O@HaKO TPUMEHMTEABHO K 3070TY
u cepedpy OAHO3HAYHOIO CBMZETENHCTBA I'€HETUYECKDA CBABU 3TUX BIEMEHTOB
¢ KOHKDETHHMYM MBTM3THTSMHM T8K M HE YCT8HOBIAEBHO.

Ha Baw B3ruAj, CKONBKO-HAOYAD JCMEWHOE pelieH4e 3TOM NpoGneMH, KaK
HArZle Gonee, BOSMOKHO B NpejendX BYJAKAHOUEHHHX NOACOB, C KOTODHMU CO-
BMEHEHO M CONPA#XEHO N0 BPEMEHNM (OPMMPOBSHMA D33HOOOPS3HOE OpYJEHEHUS,
H NpeEfe BCETO 3010TOCepedpAHOe.

3onorocepeCpAHOE  OpYAEHEHKWE AOCT3TOUHO WMPOKO pP8CApPOCTDAHEHO B
PA3MMYHHX DETUOHAX MASHETH M ABNAETCA NDPUHEANERHOCTEN CNENU(MYECKUAX
r80NOrMYECKUX CTPYKTYp BYJNKAHUYECKOrO NPOUCXORAEHMA. BHAEGNANTCA TPH
KpPyNENE B D3a3NNYHOf CTEMEHM 3010TOCepeCpPOHOCHHE MEracTpyKTypH: Tuxo-
OKEaHCKOe oCpamnenue, CpeauseMmnomopckuli u Momromo-Oxorcxkuit nogca.lx
ofmuM CBOHCTBOM ABAAETCA WMPOKOE M HEOZHOKP8THOE MNpPOABAEHME NPONECCOB
TeKTOHO-MAIMATAYECKOM aKTHBRA3auAN,CONpPOBORASUMXCA OPMUDOBSEUEM 00—
OMpHEX BYIKAHWYECKMX nonell, oOpaadypuuxX NpOTAXEHHHE BY/IKAHOTEGHHHE TNOA—
€8, KOTOpLE,IOMUMO 30710TOCEPECOPAHOI0 , HECYT ONOBAHHOE, DTYTHOE, MEA-
HO-MONUGEHO0BOE, NONUMETSNNNYECKOE W pBIKOME TA/UIBHOS OpYAeHEHNA. Byaxa-
HOr8HBHE NO0ACA ABIAANTCA X3DSKTEDHHM 37eMEHTOM NN3HETSPHHX DYAOHOCHHX
CTPYKTYP NEpBOTr'0O NOpAAKa W 00pa3yo0T B UX NpPELENSX CAMOCTOATENBHHE ME-
TAANOTEHENYECKUE NpOBMHLMNA. [IpA BTOM OKDPaMHHO-KOHTUHEHTAJbHHE N0AC3 HE-
CYT CyweCcIBEHHO cepeCpAHOE, ONOBOCEpeCpAHO8, 30J0TOCEDPECDPAHO8, 30J0-
TOCEpPeCpO -IONAUMETaNNMYECKOE8, B0/0TOTEUIYyPOBOE OpYyABHEENS ; BYAKSHUUE-
CKMe (10iC8 OCTPOBHHX AYyI = 30J0TOCEpeCPOCONEpEAUM8 KONYE /A8 HHHE MECTO-
poxzenus tuna Kypoxo (fAnosus), 8 TaKEE 30JA0TOCEDPEOPO —CEJEHOBHE ME-
CTOPOXZEHMA .

Oanolft 13 mHTE pecHelffuMX MET8NNOre HUYECKUX MNPOBUHLMIA, IZe MOIyT OHTB
PelEHH MHOTME NpOGNEMEHE BONDOCH T'€ ONIOTMM DYAHHX MECTOpOXzeruil, B TOM
Yucne ¥ NpoGNeMa CBASW MATM3TA3M8 W OpyZAeHeHMA , ABAAeTCA Oxorcro-Yy-
KOTCKMIl BYyNKaHOIEeHHNA MoAC, MNpEACTaBARKMMIA COGO# ZOCTaTOYHO XOpOWO
M3YyY8HBEYD CTDPYKTYPY C YETKO BHPAREHHO# 30/0TOCEpeCpAHOME CHELMEIM3ELM—
eit. '

OnurenpHuit onHT M3y4yeHMA OXOTCKO-YYKOTCKOTO NOACS IOKS3HBAET,YTO B
NOK8NIN38LMKM 30J0TOCEepeCpAHHX MECTOPORAESHUI onpenelsQUY®D POAB WUIPanT
CTPYKTYPH BYAK8HMYECKOrO NPOMCXOKAEHMA — M3OMETDUYHHE BYIKAHO-TEKTOHM-
9YOCKME JIENPECCHN C KOMNEHCBUMOHHHMM CTDYKTYpPSMM OCDYyUEEHA U KYyNONBHH=-
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MN TOAHATMAMM, BMEUSOWAMM TUN8CACCATNBHHE W CYOBYAKAHHUYECKME WMHTDY3MBH.
STH Ke BYAKSHO-TEKTOHUYECKME ASNPECCHN ABIANTCA W I'MADONOZSOZAM LAMMA
CTPYKTypauy, ¥ OCN3CTHR P33TPy3KM MSIMBTOI'€HHHX I'MADOTEPM3NBHHX pac-
TBOpOB, Cpeoil, BMEbIE! OCHOBHOE 30JM0TOCEpECpAHO8 OpyAeHeHue. Cnezo-
B3TENBHO, €CTH BCE OCHOBAHWA PaCCMATPUBATH BYIK8HO-NJYTOHMYECKME 8CCO-
qualuu, TUADOTEPM3JBHHE MET3COMBTHTH M OpYLEHEHME B NPENENSX HOHKDPET—
HHX BYNKAHOCTDPYKTYP KK NPHUMHHO-OCYCHOBNEHHHE D33BUTUEM HETNYGOKO337NE-
raoyero mnepufepuyecKoro MarMaTHYECKOrO 04ara, CONPAKEHHO-NOCNEAOBITE~
NEHHE N0 BpEMEHM 00Da30BEHMA M COBMEWEHHHE B NMPOCTDPAHCTBE MNPOAYKTH Jef-
TENBHOCTH M3TM3TOIEHHO-IMAPOTEPMaILHHX PYA0OGpa3ymux cucTem /3/.

B reonorunyeckoff ucropunm QOPMUPOBSHNA MSTM3TOI€HHO-TUAPOTE PM8IBHHX
CUCTEM, KK BHJHO U3 H83BaHMA, MORHO BHAENNTH M8IM3TOreHHWH U THApO-
TEPM3NbHHHA 3T3NH MX DI3BUTHA.

POpMHDOB3HKE BYIK3HOIEHHHX NOACOB, YTO CAEAJET M3 OCOCHOBSHHWX TE0-
QUSMYECKUMH JI9HHHMM NOEACTaBAEHUA O CTPOGHMM BEMHOE KODH MOJ BTHMH
cTpyKTypamu 22/, DOYCHOBAEHO HaAMYMEM HENOCPEACTBEHHO NMOA HUMM Berny-
GOK038NeTaouKUX mepude puYeCKUX MarMaTHYECKUX OYaros, CBA38HHHX MaruMo-
BHBOAAUMMM KBH3N8MM C NOBEPXHOCTHW. Pa3BuTUe nepufepuyeCcKUX MaruaThye-
CHKUX 0YaroB OGYCNaBAMBIET (OPMUPOBIHME BYNKSHOCTPYKTYP, [OBEPXHOCTHHM
BHP3XEHMEM KOTODHX ABNAETCHA OOpg30BaHMAE CNOMHLX, Y3CTO KONBLEBHX M3—
BECTKOBO-NEZ0YHRX 3{Jy3UBHO-UHTPY3UBHEX KOMINEKCOB, KOHTDPOMNUDYOUNX
30/I0TOCEPEeCPAHO8 OpYLEHEHUE .

PaapuTie BYAKABOCTPYKTYD MOKHO D83AEAMTH H8 BYNK3HUYECKME M nayro-
HBUYECKNil aTanu. ByIAKSHMYECHKMI OTBEYEET NEPUOAY @OPMUPOBAHMA CTPYHTYP
0C8/3HUA U KANBJAEDHHKL HOMNJEKCOB; NAYTOHUYECKUN = Nepuozy BHEAPEHUSA
TPEBEUTOAZHEK MM B KDSGBHE 474 Me BHYTDEHHME YaCTH Zenpeccuit m MpBep-
cuit Kanszep.

Tnyoussan 0a3a/BTOBSA UarMa IpM B3BUMOZECTBUM C CUENMYECKUMU NOPO-
LaMil 3eMBOH KOPH NOA AeilCTBMEM TDPAaHCMIM3TMUYBCKOTO (NOMA8 TpaHCHOpMM=—
pyeTcs B BOAOCOAepKauyl angesurosyw [12,13/.

Ilp CyONMKBUAYCHEX TEMNEPATyPax paclnnsBa B OOCT8HOBKE BHCOKOTO
OKUC/NMTEABHOr0 NOTEHIKAN3 M H3TPOBOM X3paKTepe (rwuza nocnepsuit ofors-
maeTcs cepeOpoM, X7NO0POM U Kanuem. MarMmu, oOgAHeHHHE 3THMKA KOMIOHEHT8-
MU, ABIAKTCA DOAOHSYENBHEMW ANA 8HIE3MTOBHX NOKPOBOB, Claraiomux pyLo-
HOCHHE BYIK3HOCTDyKTYpH. Ilo Mepe OCTHBIHMA pAaCNNSBOB, CHUREHMA OKHC—
NEHHOCTH ¥ TOBHWUEHAA KUCAOTHOCTH (QawnmaHasA ¢asa 2KCTparmpyeT M3 pacnna-—
B3 30I0TO M H3TpWii. [[pOMSBOAELMM 3TMX MBI'M ABIAKTCA NJYTOHMYECKME OO-
pa3oBaHrA AMOPUT-TPSHOAMOPUTOBOTO PAAS.

BunnaBleHMe W3 TMOPOA 3eMHOfl KODH I'P8iMTOMABHX M3I'M NDPOMCXOZMT NOZ
AEKCTBUEM OCOT3ileHHHX XIOpOM, CEepelpoM ¥ 30I0TOM 3SM3aHauuil, OTZEAALLKX—
cA OT 3HAE3MTOBHX D8CNN8BOB, JBONKUUA BTUX MM B nepudepuyecKux ova-
raX OCYWECTBAAETCA B IEO0AUHIMUYECKO#l OOCTaHOBKE, NpH KOTOpo#t fanup oc-
T8eTCA B CUCTEME, ABIAACE MCTOYHMKOM 3ONOTOCEPECPAHHX TI'MAPOTEPM.

Taxum 06pa3oM, NPEANOCHAKAMA A/A (OPMUPOBSHMA KOMINJIEKCHOPO B0NOTO-



cepespPRHOr0 OpyAEHEHUA ABAAWTCA BYJNKSHO-NIYTORASM, NpoABLAvWMACA Ha
cTaAMM SBONOIUM SENE3UTOBHX M8TM,M GNSTONpPAATHAA TEOAMHEMUYECKAA 00—
CTSHOBKA, TMPENATCTBYOWAA AET333IMM KUC/HX P3CNNSBOB B MEPAJEPNUIECHUX
ouarax.

Pa3paCoTaHHas CXEM8 MATMaTOTEHEOIO 3Talla pPaaBMTUA 3010T0CEPEdpO-
HOCHHX BY7AK8HOCTDYKTYp OGOCHOB3H8 HE TONBKO HATYDHHMA HAONDASHAAMH,HO
§ CONBWHAM € TPOAOTUYECKNM,IETPOXMMAYECKAM, I'¢OXUMUYBCKUM MATEDHEIOM.

B ofueM BuAe OH3 pasBuUBdeT npeznoxessyo I.C.Kopauackum /9/ u BecKOnb-
KO BAZOM3MEHEHHYD A.A.MapskyuesuM /I6/ METEMarM8TMYECKYD THIOTE3Y HOp-
MMPOBAEMA MBBECTKOBO-HMENOYHO! CEpPUM NOPOZ M NO3BOAAET OGBACHATE MHO-
TE TeO0NOrduYeCKHe OCOCGEHEOCTH DYAOHOCHHX CTDYKTIYD.

TuApOTE M8 IbHAA AEATENBHOCTE B MpE7i 18X BY/AK8HOIEHHWX INOACOB, OT—
7IeNBANX BYIKAEMYECKAX TNO7NE# M BYAKGHOCTPYKTYP NPOABAEHE NPaKTUYECKM
NOBCEMBCTEO, CONDOBOXZ3A U 38BEpPNSA Ka#AWH M3 M8rMaTMYECKUX 3TanoB.
HaraazHuM BHPaMEHNEM €€ ABJAAGTCA INAPOKOE pPA3BUTME paHHeW permoOHaIBHOR
NPONAAMTA3SOUK TOPHEX NMOPOA NPaKTHYECKM AKGOro cocraBa. B npepenax py-
JIOEOCHHX CTPYKTJP H&8 Da3HEWE MpPONMIMTH YETKO HAJIOREHH NPOAYKTH Npomec-
COB PErPECCHBHOTO OKONODYAHOrO IMADOTEPMANBHOrO MeTaMopfuaMa. IIpn
STOM perpeccuBHBfi XapskTep MeTaMOpiusMa OTYETAMBO NPOCAERMBAGTCA KaK
B NN3HE 0O HANP3BREHWW OT BHYTPEHEMX K BHEMHAM 30HSM OTHOCHTENBHO DYyA-
HHX Ten, T8K ¥ NO BEPTUKANM, 33TyXadA C TAYOCUAON.

Kak norasanm MCCHeZOBaEMA, B NpPEAENSX COBPEMEHHEHX I'é OTEPMSIBEHX CH-
creu /17/ peruoHaNbHSS NDONUAMTH3ALMA BHBHBAETCH NPEMMYLECTBEHEO Cla-
GORMCIHMM DaCTBOPaMM,BacuuerEsMA CO, w Hy3 B mupoxoM HETEDBSNE TEM-
neparyp-or 300 mo 100°. lMponuauTe GOpMMpPYLTCH HE IENadUCCalLEOM ypOo-
BHE. [0 BpeMes:m OOpa30BaHWA OHA COOTBETCTBYNT 38KNIDYMTEIBEOMY 3TNy
(GOpuMMpOBAENA BY/AK3HOCTPYKTYP ¥ NMapareHETMYECKM (8, BOSMOXHO,H TEHETH-
YB8CKM) CBABSHH CO CTAHOBIEHMEM I'DSHATOMABNX KOMIAEKCOB.

OGpasoBalne OKOMOPYAHHX MET3COMATHTOB NPOMCXOAMT BCASACTBME NpEXZE
BCEI'0 HBNDP3BIEHHOI'O UBMEHEHMA KUCNAOTHOCTH — WENOYHOCTM TI'MAPOTEpPMANBHEX
pPacTBOpPOB, NPOABIANMEroCA B NOCAEZ0B3TenbRON cMeRe (amuit mMeTacOMaTUTOB.
KucnorsocTs ®e MCXOZHHX P3CTBODOB BCENENO 38BHCHT OT COCTABE M KOIMYE~—
CTBa OTAENAOMMXCH NETYYAX M TEMNEDPaTyPH PacnnaBoB npu HX Auddepenmna-—
OUE B NepuPepuyecKUX 0Yarax. ITO XOPOmO BMARO M3 aH3IMB88 L8REEX MO TEp-
MB8TIEHOMY DEXHMY pa#lOHOB ¢ COBpeMEHHO! aKTHBHOR BYAKSBMYECKOH AeATEAB-
HocTeo. Tak, mo AannnM J.A., Bawmapuso#t /I/, yasTparucinit xapakTep pacT-
BOPOB paHHEH BHCOKOTEMIEpSTypHolt (500-800°C) cTaZun 00pa30BaHMdA KOH-
A6HCATOB OOYCNOBAEH OCOrameHMEM WX KMCHHNMH ra3sup HC1, HP .502. 303.00-
THBEHME PICTBOPOB NPUBOAMT K JMEHBUEHMO OTHOWEHMA XIOpa K cepe, K
yBeJWUEHFD - X10pa ko dTopy. Ipu Tewmneparype 100°C meaymee momoxemme
B cOCTaB6 KOHZeHcaTa npusaxnexur CO,, pH ero ceuzserca A0 5 B pacTBO-
PH CT8HOBATCA I'MADOKSPOOHATEHMY.

Taxum 00paB8OM, NPOCAEKMBSETCA OTUETAMBAA CBASH MEXAY OCHOBHHMM (QUBH-
KO-XMMWYECHUMYM N3PaMETPaMH, ONPEZENANNUMKA COCTOARUE MATMATOI'EHHO-T'HApPO-
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TepM8 IBHHX CHCTEM, TEMNEepaTypolt M8IMaTMYECKMX DPacniaaBoB, COCTABOM HX
SMaHANUR M KMCIOTHOCTHO—INEJOYHOCTED (OpMMpyDmMXCA KOHA8HECATOB.[locnme-
Ayomee KSMEHEHME KHCIOTHOCTH—IENOYHOCTH I'WAPOTEPMANBHHX PacTBOPOB

M janMaNBEOE Pa3HOOODSSME METACOMATHTOB 33BMCHT NPEXZIE BCETO OT MCXOL-
HOr'0 COCT8BS8 BMEUWAOMUX NOPOA. Jnf PYAHHX noue#l ¢ NpeUMyuEeCTBEHHHM pas-
BATHEM KHC/IHX NOPOA X8pPSKTePHHW THADOTEPMaIbEHE 8DPTHANMTH B HaADYAHOM
80HE ; THAPOTEPMANBHHE KBAPOUTH C IMIMHACTHMA MEHEEDANaMH H 84y AADE30BAH-
HHE KapOOHET-XAODHTOBHE NPONMAMTH - HA GONee PIAyGOKUX ropuaoHTax. Ana
MECTOpOXZAeBHil, NPUYyPOUEHHHX K MOpOASM CpEZBET0-OCEOBHOI'O COCT&BA.0KO—
Z0pyABENY# METACOMBTO3 BHDaRSETCHA NPEUMYMECTBEHEO B 06DAa30BAHMM HMBKO-
TEMIEP8TYPEEX 87y AAP-KapOOHaT-2NKUAOTOBHX NPONKAMTOB M I'MAPOTEDMA ABHHX
KBapIHTOB. :

[IpaKTHYECKM OZJHOBPEMEHHO C OKONODY/AHHME METACOM8TO30M NMPOMCXOAMT
pyAooOpasoBanue. [Ipy aTOM HEOOXOAMMO OTMETUTH, YTO 3010TOcepeldpAHad
MUHEpanU3anus Hau(oNee MHTEHCHBHO NPOABIEHA B TEX BYIKaHOCTPYEKTypax,
KOTOpHE CIOEEHH NPOAYKTIMA M3BECTKOBO-HENOYHOrO MaTrMaTH3ME, NPHYEM
307I0TO OTAENAETCA HA NO3ZHMX 2T8NaX SBOIDIMM PSCONSBOB, NPH KPHCTAEN-
NIU380MN I'PSEATONAOB. 00 BTOM CBMAETENLCTBYOT ASHHHE W3YYEHHA KOPpEAA=-
NUOHEEX CBA36ll rassmedtmux nerporesssx (K A Ca = Mg ), neryuux (S,Cl1)

M pYROreéHHHX (Au »Ag ,Pb ,Fe , Co ) BIEMEHTOB B CHCTEME PSCHASEB ~qumonAI-
ruzpore pMansENf pacrsop /13/.

ARanuaupys NpomeccH pYyAOOOpa30BHMA B BYNKSHOMeHHHX OON3CTAX,HE00-
XOANMO MMETEH B BHAY, YTO 3POSMOHEHN YyDOBERS COBPEMEHEHX MECTODOXAGHAH
0TBEYAET OGNSCTH PASTPYSKH THAPOTEPMANBHHX CHCTEM, I'IyOHHS NpOABIEHUA
KOTOpo#f B NaneoyCnoBAAX OHAS HEOZUASKOBA ANA DPA3NMYHHX BYIKSBOCTDYETYD
M 83BHUCEZNA OT KOHKPETHOR reosorudyeckoff o0cTaHOBKM.

MHOroyucneHHHe SKCNEDMMEHTAABEHE M PECCYBTHHE N89HHHE CBHAGTEABCTBY-
DT O TOM, YTO B OGN3CTAX D8BTPYSKU T'MAPOTEPMAIBEHX CHCTEM DYZA00THOEE~
HUE NpOTeKaeT B HellrpaasHOM - craComenouHolt oGcT8HOBKE. STO X8 HOA-
TBADE/ASETCA M HaONDACHUAMM HSZ NpONECCEMH DPYAO00pP3a30B3RMA B 00A8CTAX
COBPEMBHHOfi TEKTOHO-M3TM8THYECKO! aKkTuBEOCTH. [l0 MHeHuD C.M.HaGoxo/18/,
OnusAeliTpanbEHe pPeCTBOPH (OPMMDYDTCA B peByAbTaTE BHAGNEHMA U3 NOAKOpO-
BHX Marm leJ0odYHO-Me Ta/IBHOI'0 XIOpUAHOro Gaouzaa, AsnbRefimas SBOADIHEA
KOTOPOr0 BH3HBAGTCH NPONECCSMH BCHKMNSHMA M A6rasaléM, CMENEHEA C IHp-
KYNUPyOuMMM ¥ TPYHTOBHMA BOZJaMHM, OKMCAGHMA 88 CUET 8TMOCHEPHOrO KMCIO-
poza.

Bonpoc o0 MCTOYHMKAX 30I0T3 M cepelps ANA MECTOPOXZEHMU BYIRaHOreR~-
HHX NOACOB pEWseTcs ¢ OOonbweld onpefensHHOCTED, 96M AIA KAaKHX-IKGO MEHX
peruosoB. [l[paKTHYECKM BCE CEpelpo M 30M0TO BY I8 HOTeHHHX paftoHOB, HECOM~
HEHHO,MMENT M3I'M8TOIEHEYD NpHPOAY. OAHaKOo, eciu GonbuWaA YacTh cepedpa
ABHO MBHTHRHOrO NPOMCXORAEHWA W CBAS3EA C NEDBAEYEHME (0a3a7bTOMAEHME
pacnnasamu /I9/, TO NpEOGNSASNUSA 9aCTH 30I0T8, NO-BHAMMOMY, 8CCHMMAR-
POBaH8 B XOAE NEPENJABNEHUA BMEWSDWHX NOPOA Npr JOPMHDOBaEEM NepHdepH-
YEeCHKHX MOTM8THYBCKMX 0498T0B. 00 9TOM CBUAETEABCTBYOT OGOrameEHOCTH CO-

90



pedpoM NEPBUIBHX 0833 NbTOMAHHX NOPOZ U YBENMYEHHWE OTHOCUTENBHOW pOMM
gonoTa B (8OMAX NMOpOA, BOSHMKALWAX B XOXE AUQDepeHNMSNUM DSCNuaBa NpH
pesBHTAM NEPUPEPUIECKOr0 MATMATHYECKOrO 09Yara, B MEPMOA, HENOCPEACT-
BEHHO NMPEANECTBYOMMA OTAEAEBMO DYAOHOCHHX THApOTEpM /6/.

BwHOC Cepecps M, BEPOATHO, Y8CTH 3010T8 M3 MNOAKOPOBHX (M8HTHMEEX)
rayC0uB MOKHO OGBACHMTH MCXOAR U8 M3BeCTHO! xoHmenmuu [L.C.KopRUHCKOTO
J/ 8/ 06 MEQUIBTDSNMOHHNX CKBO3BMATM8THYECKMX D8CTBOpax. Ecmu B ray-
GMBEHX YJC/ADBMAX NpM BHCOKMX TEMOEP3TYP8X M A3BAEHMAX BTW PaCTBODH Npen-
cTeBIADT Cco0oft Beschoff CTPYKTYPH M cocTaBa paccesHHu#t B pacnnase Jan-
A, TO H3 YDPOBHE BCKUNSHWUA MATMH, KOTOP8A B 38BMCUMOCTM OT KDHKPATHHX
ycnoBuit, BEPOATHO,MOXET OCYMECTBAATHECA HA PE3IMYHHX I'IyOUHSX,NpOACXO-
ZAMT Ero NPeBPIWeHW8 B HSAKPUTHYECKHME BOJHHE DACTBODPH, 00pa3aypmue MH-
@unbTPSNMOHRNY NOTOK, O0OOrawsouMicA DPYAHHMA KOMIOHEHTS8MH IO MEPE Mpo-
JABHEEHXA CKBO3B DACNNABH.

Yro0s NpeACTaBMTH ceGe GONEe MOAHO TPAHCMNOPTUDYOMNS BOSMOXHOCTH
CKBO3BMATI'MA THYECKUX BOAHHX DPacTBOPOB, 8N6C006pPa3H0 OCT3HOBUTECA HE H3—
nlonee BANHWX [N IeOXMMWE M DPYZAO0OOpPa30BAHMA CBOHUCTBEX BOAH M BOXHHX
pacTBOpOB.

s patGor 0.f.Camoftnosa /20/, A.B.Konmenuosuua /7/, T.A.Kpectoma/I4/,
M.A.Kpokoea /I5/, B.B.Jlleparuna /5/ ¥ MHOPMX ZpyI'HX M3BECTHO, YTO BO-
78 8HOM3ZIEHS BO BCEX CBOMX (MBMKO-XMMUYBCHUX CBOHCcTBAxX.

3 BceX XUAKHMX BEWECTB BOAA OON3ZseT HauGonee BHCOKOHR CKpHTOM Ten-
NOTO# McNapeHnA, TeNNOEMKOCTHD M TeNAONDPOBOZHOCTHED. B BOAE paCcTBOPANT-
CA NpP3KTKHYECKHW BCE BEWECTB3 M B KOAMYECTBAX 3HAUUTENBHO GOABNAX, YeM B
ADPYTHX RUAKOCTHX. M3 BCEX HEOPI'aHUYECKUX KEZKOCTEH# Boja 06NafseT Hau-
fonee BuCOKOW cTemeHbD Aucconuanuu. Cpez¥ OZHOTUNHHX CO8jMHEHMMH (Hzo,
EZS, HZFb 3 HZSe) BOA8 00N8A3eT caMOif BHCOKOR TemnepaTypo#f NnnsBiIcEHSA,
XO0TA HMMEET HaMMEBBMNAN MOneKyaaApHH# Bec.

[losBNeHME B BOZE [OCTOPOHHMX MOZNEKYZ MIH MOHOB CYWLECTBEHHO OTPaXa—
@TCHA H3 CBOMCTBAX DPSCTBOPOB. MBMEHANTCH NONOREHME TOYKM KANEHHA, ASB-
NeEMe napa, SAeKTPONPOBOAHOCTH M T.N. BO3HUKaNmMUe B PaCTBOPSX BCAEACT—-
BME AUCCONMANMM SAGKTPONMTOB IOJADHO 3apAKEHHHE 4YACTUIH 3KPAHUDPYOTCA
ruapaTHOR 000nOUKO# M OCTaOTCA O060COGNEHEHMM HECMOTDPA H3 8KTHBHOE NpO=—
ABNEHME KYJNOHOBCKHMX CHM7 B33UMOZEHCTBHUA. YBEeNUUEHHME KOHIEHTDPANHMM coaeH
B p8CTBOPAX NOHME3ET CTENEHh AMCCONMANMM BOAH. BaXHHWM CBOCTBOM pacT-
BOpPOB ABIAETCA JMEHBNEHME OOBEMS P3aCTBOPUTENA IpPW NOABAEHMM B BOAE pa-
CTBOPEHHHX MOHOB (®NeKTDPOCTPUKINSA).

OruevyeHHHe cBO#CTBA BOAH ¥ BOZHHX DSCTBOPOB MOrYT GHTH MCIONB30BE-
HH Alf MOTHMBMDOBEHHOIO OCUBACHEHMA MHOTMX CNOKHHX ABNEBKE IMADOTEDPMAIB-
HOr'0 MMHEPBNO0OP3a30BaHMA. Hanpuumep, BHCOKAA CKPHTS8A TENJNOTa WCNOApEHUA
((ba30BOro nepexozs) MORET SBMTBCA OABOH W3 NpPHYMH, NPUBOAALMX K OXJaX-
JeHAD DSCTBOPOB K H898/ly KPUCT3AAM3aOuMM pyA. CAydaMm KM30TepPMHYECKOrO
MHHEDaZIO00pa30BEHMA B ONN3NOBEPXHOCTHWX YCMOBMAX, NO~BMAMMOMY, B On-—
pezeneHRO} M8pe CBAB8HW CO 3HAYATENHHOU TENNOEMKOCTHD BOAH M BOAHHX
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pacTBOpOB. YCTO#uMBHI TEMJO- M MaccOnepenoc, CBOWcTBEHHWH BOAHOR cpeze,
o0ecrneyuBaeT pPACCPELOTOYEHME MONE3HHX KOMIOHEHTOB B NPEJENSX 3HAYUTE=
NBHEX OGBHEMOB BMEWaOWUX NMOPOA.

07H8KO CKBO3BMAIMaTHYECKME BOZHHE D3CTBOPH €UE HE ONpejenslT I'MApO-
TEpM3NBHYD CHCTEMY, XOTA M ABIAOTICA €€ HEOOXOAMMHM M B3EHHM KOMNOHEH-
ToM. [IOMAMO CKBO3BM3TM8THYECKMX PACTBOPOB TMZPOTEPMH BYAKABOIEHHHX 00—
nacre#t cogepraT, M B 3BAYMTENBHO OONBWMX KOAMYECTBSX, PACTBOPH,BOBHUK—
m¥e Ha cTaAuM AWddepeROMANMM W KDPUCTIANU3SINMM DSCNN8BOB MNepHpepuye CKHX
M3T'M38 TUYECKEX 0Y8T0B, 8 T8KEE BHUCXOAAEME TIAYyGOKONPOHMKEDMUE MOBEPXHO-
CTHHE BOAH. I'MyCMHE NDOHAKHOBEHWR NOCHEAHMX, NO-BUAMMOMY, B CMAY ecTe-
CTBEHHHX NPUYMR OI'PSHMYMBAETCA TennOBEM (POHTOM PacnnsBOB NepH@epude-—
CKOro o4yars. BooOms,H3Z0 OTMETUTH, YTO I'IyGMH8 33DORAEBMA THUAPOTEpMA-
IBHO# CHCTEMH H8 NNOWSAAX DPASBUTHUA BYAKSHOCTDPYKTYD HE MOXeT OHTH 60AB-
W€ IAYyOMHH D83MENEHMA KYNons nepufepuYyeCcKOro MarM8TH4YECKOr'0 04ara.

0 MscumTs0sX OTAENEHMA BOAH HA p33NUYHHX 3T8NAX IBONOIMM nepudepu-
YeCKOr'0 M8I'MaTHUECKOI'0 0Y8ra MOr'YyT CBMAETENBCTBOBSTH PE3YNBTaTH M3Yy4e-
BMA pacONaBHHX BKAOUYEHMN B MUHEP3Nax BYJKSHO-IJIY TOHMYECKOH 8CCONNALAK
nopoz oxHOA W3 HaMGOIEE MBYYEHHEX B0J0TOCEPECDPOHOCHHX BYAKAHOCTDYK-
Typ OxoTcro-YyKOTCKOr0 BYAKaHOI'6@HHOI'O NOACE [3]. B pacnnaBHHX BKIDYE-
BUAX B KBEpLHE M NNACrHOKA836 U3 NOPOA PaHHEX BHCOKOTEMNEpPAaTypPEHX (83
KPUCTSNNM380MA MBIM (DUONMTH, DHOASBOUTH) BOAS He yCcTamOBIeHa.CymecT-
BEHHOE OOOrameHnue pacnnaseoB Bopo# (Ao 3,5 Bec.%) NPOMCXORMUT AUME K MO-
MEHTY KDPUCTANNA3SHOUM MO3AHMX OTHOCUTENHLHO HM3KOTEMNEpaTypHHX (a3 pac-
nasBoB (cyOuenouHHE rpaBUTH- JIGKOrPAHATH ¥ TpaHMT-nopgups). Cnexosa-
TEABHO, NOCTYNNEHWE M8TMaTOI€HHHX DPSCTBOPOB B I'MAPOTEDMANBLHYD CHCTEMY
B OCHOBHOM NPOMCXOZMT B NEPHOA KPACTANNMS8UME NMO3AEMX (83 pacCniaBOB
M8TMBTMYECKMX OYSTOB M B KONMYECTBAX, AOCTATOYHHX ANA 6€ ANMTEABHOTO
QYHKONOHUD OBEHHUA.

OmesuBag CTENEHD GCCUMMIAIMM DSCNNABOMM METSANMYECKAX KOMIOHEHTOB,
B TOM YHCZE W 30710T8, NpU B33MMOAEHCTBMM C BMENSOUMMNW TEPPUTeHEHMA MO-
POZ8ME B YCIOBMAX I'UN3CHCC3NBEEX MTM8THYECKMX @amuif rayomesoctTH,Be-
0e3HHTEPECHO OCTSHOBUTHCA H3 DE3y/NbTaT8X PECYETOB, BHNOAHEHBHX B.H.[la-
panopsM u B.C.TonyGessM /23/ npu DeUERMHM 33A84YNM AMBEAMNRE NN3BIEBARA
BMEUSOMUX NOPOA NpM KOHAYKTUBHOM MaccooOMeHE. [lo MX ZSHEEM NpONECCH
8CCHMMIANIAA BMEWSDWAX MOPOZ BHEAPEHHNMH M8TMaMu NyTeM NIA8BIEHHA, 8 TEM
gonee p3CTBOPEHWA BECHMA OIDAEMYEHH W HE NPEBHEBKT HECKOABKMX JIECATKOB
METDOB fiaXe NpM BPEMEHM BO37e#icTBMA MarMH B TeueBue 30 THC.NET.

He3HaynTeNBHN M8CHTACH BHHOCS 3010T3 M CEpeCpA M3 BMENSOUMX NOPOZ
U npy BO3ZEMWCTEMAM H8 HUX T'MAPOTEPMSNBHWX PacTBOPOB. B padorax C.M. Ha-
Goko /187 OTMEYEETCH, YTO 30J0TOCEPECDAHO8 OTHOWEHME B PYASX "oT4a-
CTH JHBCNEAYETCA OT T'UAPOTEPM M OAM3KO K TSKOMYy B KOHASHCATAX MarMaTi—
yecKoro rass". B NpOTUBHOM CAyY8Ee ITO OTHOWEHME HE BHAEDPEMBANOCH OH.

3 npuBeneHAHX PBCYETHHX MU YCTBHOBNEHHHX H3 NPUPOZHHX OOBEKTSX H8H-
HBX,K3888710Ch Oh,MOKHO CHENaTh BWBOX, YTO PONbL 30I0T8 M CEPEOPa M3TMaTO-
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Pe3ynbTsTH ONpeAelcHUs 8GCONNTHOIO BO3P3acTa TOPHNX NOPOA W DYyA 30-
10TOCEPEeCPOHOCHOM BYMK3IHOCTPYKTYDPH

]; Nopona dran gopuu- Orsomenue | Bospacr,
: pPOBaBUR 340/H40 MZIH,JIET
1 Aspeaur Lopymuuii 0,00504 83
B To ze To ze 0,00501 83
3  Jlunapurt To xa 0,00482 83
4  Apymap Pynauit 0,00370 65
5 BasansT [Tocnepyasuil 0,00331 55
6 ARfE3UTO-
0333 71BT To ze 0,00327 56
7. To xa To =e 0,00352 52

ODprame uaHHnae. Onpefenenne sunonHeno B CBKHUY [ASHL AH CCCP,

TF8HHOTO NMPOMCXOXZEHUA [0 CPIBHEHUD C 3CCHUMUAANMOHHHEM HABIAETCA BEAY-
meft. OnmEako B npunoxeHuy K OXOTCHO-UYYKOTCHOMY BYNK3HOTEAHOMY INOACY
CcNezyeT yuecTh Tako#ft HemMsnopsxumit GakTOp, KK OOCTWEHBOCTE 30MOTOM
TEDDPUTEHHHX MOpoA {yHISMEHTa, HEDPEAKO NMPEBHESKUYD KASPK AUTOCHEDPH B
100 pa3 & Gonea X

HecnoxHuft pacueT NOKI3HBSET, YTO CPABHHTENEHO HEGONBHOE HMETPY3HB-
HOE TENO ZMa8METpOM B 2 KM npy nepepadorke 100 M Tonmu BMemapWUX NOPOZ,
cozepxamux I00 Mr/T 3010T8, MOEET ACCHMUIADOBATH NopAfka 350 T Meran-
la. STOPO BIOAHE AOCTATOYHO AIA TOI'0,4TO0H Gohhmym YyacTh 301073, CBA-
38HHOrO C PA3BATHEM NEDHPEDPAYECRAX MAaTMaTHUECKMX oYaroB (CyZs HO Mac-
mTs6aM BHEOCE M DPS3MEpAM MECTODOXZSHMH#), MOXHO OWIO CYMTATH ACCHMHAA-
MUOHHOI'O NMPOMCXORABHUA.

B per¥oBsxX C HMBKMMHM COAEDESHMAME 30I0Ta B NOPOAaX (yHAAMEHTS BYyI-
K3HOTEHHHX [OACOB MEX8HM3M EI'0 HSHONJNEHMA MOMET WMMETH M WBY® NDHUDOAY,
nanpﬁuep MaBTHHBYD.

TuapoTe pM3NBHHE MPOHNECCH 33BEPWANT M CONPOBOXZ3INT MAarMa THYECKYD
LEATENBHOCTE H3 BCEX 3T3NaX €6 pa3BATHMA. O CONDAXEEHOCTH MarMaTH4eCKO#
N6ATENBHOCTM K I'UAPOTEPM3NIBHOTO PYAOOCP330B3HAA B NpeAesax KOEKDETHHX
BYIK3HOCTPYHKTYP MOTYT CBAAETENBCTBOBATEH A3aHALE ONpEJENEBHA 3C0CONNTHO-
o BO3pacTa BMENIWMUX NOpoz W pyA (radmanma).

lipuBe e B8R B Talaume uHfopMAOUA X3DaKTEPU3YET 30M0TOCYIbfOaHTEMO-
HATOBOE MECTOPOXAEHME 30JI0TOCEPEODAHONR JopuamuM, I'AE OCHOBHOE PYAOOT-
IOXEHME 3aBEPWSET DPIHHME 9TSN MarMaTH3MAa. STO BHAHO M3 CONOCTABNEHMA
3H3yenuit 86CONNTHOrO BO3pPaCcTa NOPOA.

E yn1apx nurocdeps Als 3onora 4,3 wr/T /2/.
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Jlna GONBUOMHCTB3 BYNKSHOCTPYKTYD paHHEMY M8TM3THYECKOMY 9T8Ny OTBE-
Y3ET CYPBMAHO-DPTYTHOE C cepeCpoM W HeGONBWMM KOMAYECTBOM 30710T8 M CE-
peGpo30JI0TOe OpYAEHEHME ; MO3ZAHEMY - 30A0TOCEPeOpAHOE C MOAMGABHOM,
BONB(PEMOM, ONOBOM; 30JIOTOpEAKOMETa/UIBHHE U 30J0TOCEPEGpO-N0NMME T I~
Iu4YecKoe. [IPOAYKTH BHABNEHHHX OTANOB PYAOOOP330BIHMA 06pa3YyNT KK Ca-—
MOCTOATE IbHHE MECTOPOEZEHMA, JODMUDOBAHME KOTOPHX MPOMCXOAMT B DERMME
NOBAKEHUA TEMIEDPATYD W A3BNeHUM MUHEpAaNOoOpa30B3HUA, KOBHEHTpamuit pa-
CTBOPOB OT D8HHUX CTaAMi# K NO3AHMM, T3K M CIORHHE NPOCTP3HCTBEHHO CO-
BMENEHHHE [BYX3TaNHHE MECTOPOKAEHHA C YETKO BHp3ReHHOW unBEpCHER Tep-
MOZMHIMNWYBCKUAX N3P3METPOB MUHBDP3NO00P830BaEUA M crnenuduyeckolt T8k Ha-
3nBaeMoif KceHOTEepManpHOW MMHEpanusauuei. i

MecTOpOX#eHNUs, OTBEYAWOME BY/IKIHWYECKOMY 3TANy p33BUTHA BYAKIHO-
crpynwyp,c@opnnponanu B CPEeJHE—BU3KOTEMNEPa TYPHHX YCAOBMAX (CYDEMAHO-
PTYyTHHE € 3070TOM A0 20000; 30/I0TOCEPECPAHHE C NONMMETSNNSMA Z0
36000), B perpecCUBHOM DEEHME TpPEMMYWECTBEHHO M3 IUZDPOKEpOOHS THHX
pacTBOpOB® ¢ BHCOKUMM HOHUEHTPSMMAMA K8 IuA.

C nnyTOHMYECKHUM BT3NOM CBABAHO (OPMMDOBSHME T/I8BHEM OGpPS30M BHCO-
KOTEMNEP3aTYDHEX MECTODORAEHMM 30J0TOpenKOME TannbHOE fopmamua (301070~
7€ TPaMMMT-BUCMYTOBHX, 30M0TOKOGanbTuHOBHX A0 650°C). Mumepamood-

' Pa30BaHME TPOTEKSNO TAKEE B PETPECCMBHOM DERMME, HO NpPEMMYHECTBEHAO
U3 XNOPHAHO-HATPOBHX P3CTBOPOB. /|\BYyX9TANHHE BYIKAHOI'E HHEO-IAYTOHOI'@H-
HHE MECTODOENEHMA ( 3070TOADPreHTHTOBHS, cepseCpoapreHTATORHE , 3010TO-
TNUPATOBHE MECTOPORAEHWUA 30J0TOCEpeCpaHOll fopManmuM) NpeUMymecTBEHHO
BHCOKOTEMNEPaTypPRHE (A0 400—#50°C), cOpMHDOBaHH B MHEBEPCHOEHOM DEXM-
Me. /HBEPCHOHHOCTH BHDP3K3ETCA B DE3KOM NOBHIGHAK TEMNEDP3TyPH THAPOTEp=—
M8BHOTO MMHED3N000DPa30BAMA Ha CTaUUAX,OTBEY3NNAX NAYyTOEMUECKOM) BTa-
ny @opuMupOB3IHMA MecTOpORAeHuit. TewmnepaTypHWHt NOPOr NpH 3TOM MORET A0-
crarath 200-250°. Cocras THADOTEPMANIBHEX D3CTBOPOB ANA T8KUX MECTODOR-
ZeBu#l CIOXKEeH M HENOCTOfHEH. B CONOCTaBUMHX KONMYECTBSX BCTPEYSDTCHA T'M-
LPOK3pOOHATH, cynnmasu*f XNOpUAN, 8 Takxe HaTpHil. [IpOABAANTCA HECBOH-
CTBEHHNE DSHHUM CT3JMAM BHCOKOTEMIEDSTYDHHE MUHEP3NBHHE 8CCOMMUALMK:pO-
ZAOHAT-DOLOXPOSUTOBAA, I'€NbBUH-TPAHSTOBAA, IPU3MATUYECKOrO KBApHna M Zp.
flBneHMe NOBTOPHOrO BHCOKOTEMINEDPATYPHOrO MMHEPaN00CpP830BaHMA HOCHT
H33B3HNE DEWBMHANUM. I'MApOTEpPMANBHAA DEDBUHAIMA PIHHEE YyXe OTMEUaNach
B.H.Kornspom / II / u B.U.CuupsosuM / 21 7/, HO CBASHESNSCH C TEKTOHO-
MaruMaTuyeckot axTuBM3anuUeld perunoHs nocne ANUTENBHOr'O nepepusa. [aa BYyA-
KaHOr@HHHX Xe oOnacTed Bce (83N M BTBNH M3IM8TUYECKO! WM IHUADOTEpMENB-
HOIl 7eATENBHOCTY B3SMMOCBA38HH W MPUYMHEO NCYyCNOBIEHH DPS3BAUTHEM €AMHO-
I'0 NpEepPHBUCTO-HENpPEDHBHOrO NpOUECCa BYAKAHO-NAYTOHM3Ma. M, cneposare-
N1BHO, MATM8TMYECKAA 8KTUBU3ANMA ¥ NOBTOPHOE BHCOKOTEMNEPATYPHOE T'HAPO-

% o 7oBHEM 8HANW38 BOAHKX BHTAXEK.
¥¥ Noapnenne cynsdaTos, No-BUAMMOMY , CBA38HO C OKMCIEHHEM CYIBOUA-HOHE
pacTBOPOB I'830BO-BOAHWX BKANYEHM!l B MMHED3NAX NpM MX BCKDHTHM.
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7apMBABHOE MHHEpPANOOOPa30BAEME NPEACTEBNADT coGoft aperrs oCmell, B LE-
joM HENpPEDPHBHOR NEN: reonorndeCKAX COOHTHH.
lcxona 43 MBNOKEHHOI'O, MOXHO CAE/N8TH CHeAybuuit BaxEu# BHBOZ.PyAO-

ofpa3ybuue NpONECCH,N0 KpaitHe# Mepe,ANa 3040TOCEPECPAHHX MECTOPORAE-—

Bu#l BYIKAHOI'eHHHX NOACOB OCH8DYRUBINT YCTONUMBHE I'6HETHIECKHE CBASH C
' BYAK3HO-N/yTOBMYECKUMU TPOUECCAMM B XOAE Da3BUTHA M8TM8TOrE8HHO-THAPO-
TEPMaNBHHX CUCTEM. [IpM 9TOM yCTSHABINMBAEGTCH 38BMCHMOCTE ODYZAEHEHHUA
OT MCXOZHOrO COCT3B8 I'IyOMEHHX M3I'M M CBASH 8I'0O HE C KOHKDETHHM MeTpo-
XAMMYECKMM TUNIOM MOPOA (TCpP8HMTOUAH, AUNAPUTH, ASUMTH M T.A)MAM UX fa-
OU8NBHO# DasHOBMLHOCTED (THNaGACCANBHNE W CYOBYIKaHUUECKUE MHTDY3UH,
BYAKAaRHTH), 3 B NENOM C BBOJNOHEIl MarMaTWaMa B CTPYKTYpaX.

' *epaTypa

1. Bawapuss Jl.A. ByaxeBu4eCKME I'a8H H8 p3NUYHHX CTAMAX SKTUBHOCTH
BynKanoB. Tp. n3GopaTOPUK BYAKSHONOTUA. Bum.I9. M.: ¥3m-Bo
AH CCCP, 1361, c.69-8J.

2. Bunorpazos A.II. Cpenuue COZEPKSRMA XAMMYECKMAX BJEMEHTOB B I'/l8 BHHX
TUNAX M3BEPHEHHHX TOPHHX MOpo7 3eMHOA KopH.-Teoxumna, 1962, N 7.

3. T'onvapos B.M. T'uppoTepManbHOe DYyAOOGDP330B3HUE B KPAEeBHX BYINK8HOI8H-
HHX nosacax. M.: Hayka, 1983, c.240.

4, T'osyapor B.W., Bopuenses B.B., Anbuesckuii A.B. Bozma. BO BKAKNYEHMAX
PacnnaBOB B KB3pIE M3rMaTHUYECKMX TOpPHEX mopox OxoTrcro-UYyKOTCKOTO
BYJAK8HOT@HBEOrO MnoAca.- leoxnvmnsg,1983, ¥ 8, c¢.1208-1211.

5. lccnenosanne TENNOBOTO P3CHMPEHMA CTPYKTypHO# BOXM B KB3PHEBWX Ka—
nunaApax / leparmn B.B.,Epmosa W.T.,denesuuil 5.A.,9ypaes H.8. -
LAH CCCP, 13966,170,F 4,c.876.

6. KoscrasrTusoB M.M., Komzpsrenro A.K., Kocomen T.H. TeoxuMuueckume co-
OTHOWEHMA 3070T8 M CEpEGpa B BYNKIHMUYECKUX NOpOAsX.- B KH.:l'soxumn-
YeCKad MOLEAb 3eMHOK KODH B BepXHeil MaHTUM B 30HAX N6PEX0A8 OT KOH-
THHeHTOB K Tuxomy oxeany. Marep. XIY Tuxook. Hayus. Hosrpecca. M.,
1979, c.23-24.

7. Konenuosuy A.B. O CTPyKTYPHOM A3BAEBMM BOZHHX P8CTBOPOB I/EKTPOIN~—
TOB.- LYDH.CTDYKTyp.Xuamuu,2, ® 3, I96I, c¢.279,

8. Kopansckuit [.C. [lpoGneMu neTporpsguu MaruaTUYECKAX NOPOL, CBA33H-
HHE CO CKBO3BMATMATUYECKMMM D3CTBOPSMHM M rpasuTusauneil.-B KH.:Mar-
MaTH3M M CBA3b C HUM NONE3HHX MCKomaemux. M.: Wsz-Bo AH CCCP, Ldb5,
c.220-231.

9. Kopaunckull 1.C. MeramaruaTuueckue npouecch.-isps. AH CCCP, Cep.reol.,
1973, k12, c.3-6.

I0.KopoGuuus A.B. OcoGeHHOCTM pachnpenencHUA KN8PKOBHX COmapxsHuil 3omo-
T3 B BEDXHEN3Ne 030ACKMX OT/NOREHMAX BEPXOAHCKOI'O TEPPUTEHHOIO KOMI-
NEKC3.~ B KH.: 30710TOpyAHNE JOpMaUmAM M reoxumua Bepxoaso-YyKOTcKoH
cknanysTolf o6nactu.d.:Hayra, L3975,
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YIIK 553.3:553.261
CYUECTBYOT il "KOPHU" SIMTEPMAJBHHX MECTOPOEIIEHUA?

A.A.Cupopos, 0.l.Hosoxunos
llenTpanbEEl BayYH0-UCC/E10B3 TE NBCKMUH Te0NOrOpPa3BEA0YHN] HACTUTYT
OBETHHX W G18rOpPOAHEX MET3nnoB,I'. Mocksa, CCCP

B sMepUKAHCKO! M 3a0aTHO-BpPONECKO}# I'6 0ONOrMYECKOM nMUTEpaType, PaB-—
HO K3K ¥4 B OTEYECTBEHHOH ¢ J8BHO JKODEHMNOCE MHEHWE, OCHOBB8HHOE H3 OI-
POMBOM KOMMYECTBE YMCTO SMNUPUYECKMX (JAKTOE O TOM, YTO BYKAHOrEHHHE
WM 3NMTEpPMANBHHE MECTODORZEHMA HE NEBPEXOZAT C IAYOUHOR B ME30TEpMaNb-
HHWE8 MM NAYyTOHOreHHWe. B yacTHOCTM, [',[IHEiiZepXeH BNONHE ONpeAeNEHHO
yK83HBaET H8 T0, 4TO "CYOBY/IKGHMYECKME 3ONOTHE W 30N0TOCEpPECDAHHE - ME-
CTOpOXJEHMA O0GDa3yKNT OTAENBRY TDYNNY ¥ MMENT CBOM OcoOHWE KOPHM B CyO-
BY 1K HUYECKUX M3BEDPHEHHHX TeNaX. [IepexXofoB K NIYTOHMYECKAM MECTOPOXAE-
HUAM HEe HaOnozseTcA", W IaJee OH yTOUHAET: "BHE M3BEPREHHWX NOPOA 30—
noTocepeCpAHHE pYAW OOHYLO OTCYTCTBYDT, HO XRUAH CO CBHMHIOBOCEPEOGDPAHO-
IMHKOBHMM W7M MEZHWMM DYZASMM NPOZOARapTCHA Asaswe" /9/.BuecTe ¢ TeM Go-
NBUMHCTBO KCCNEA0BaTENEH HEOAHOKPSTHO NPUBONMIO 8PIyMEHTUDOBSHHHE AO-
Ka38TeNBCTBA B NOAB3Y TI/yCUHHOI'O {IOOXOpOBOT'O) X8paKTEpPa PYAOrEHEpH-
pyOuMX MCTOYHHKOB 3010TOCEPECPAHHX MecTopoxAenu#t /3,6,8/. Ipu aToM
NOAP33yMEBaN0CE, YTO I'AyOMHHEY (Qnouz He OCTaBHA HMKBKEMX CNEZOB HA CBO-
€M NYyTH OT HAXKHEKODOBHX AO MPUNOBEPXHOCTHHX 30H, XOTHA U NPUBH3 B3 JHUCH
ANATENEHOCTE DISBUTMA BYAKSHOPEBHO-NZNY TOHOTEHHHX THAPOTE PM3NBEO~(n0-
MZAHLX CHCTEM M BHCOKWE KOHIEHTDPSLUMM 3070T38 M cepedps B PYAOHOCHOM (nno-
une, GopuupoBasueM OOH3BIOEBHE MECTOPORAEHMA.

MeTannorenuysckuit aHanu3 TUXOOKESHCKUX BYAKAHOI'eHENX IOACOB ¥ CO-
NpAXEHHHNX C HUMM MEPUBYNKSHWYECKUX 30H MOKA3HBIET, YTO 3BNUTEDM3NBHHE
PYAOCHOCHHE XUIH OCHYHO 00P3a3yPTCA HENOCDPEACTBERAO NMOCAe CT3HOBNEHAA
K8NbAep000Pa3HHX CTPYKTYP, 8 HEPEAKO, MO-BHZAUMOMY, ¥ OZBOBDEMEHHO C
BuMid. [lepUBYNKHAYECKIUE 30HH NpPEACTaBNADT COCO! CAORHWE MO CTPOSHMN
0018CTH TEKTOHO-M3IM3TUYECKOM 8KTUBMB8IHUM, NPOCTPIHCTBEHHEO M XPOHONO-
TMYECKHA TECHO CONpAXEHHEHE C QOpMMpOBaHUEM BYAKSHOUEHHHX NOACOB.CHezu
8KTUBM3AOUN B 3TUX 30H8X, DI3BUBIBUKXCA HA TeTEPOreHBEHX CHA3AYSTHX M
CKNaA4aTO-TIHOOBHX CTPYKTYPSX I'6 OCUHKAUHENBEOI'O OCHOB3HMA MOACOB, BH-
pa®snTCA B NOABNEHMM KDYNBHX 3CHMMETDUYHHX MEI'acBOZOB /4], B pa3BUTHM
NOKENBHHX BY/K310-TEKTOBMYECKUX CTDYKTYD KGK NONORMTENBHOIO, TEK M OT-
PULATENBHOrO 3HIK3 (MHIDYBMBHNX M OGE3MHTPY3UBHHX KYNONOB, BYAK3HO-TEH-
TOHAYBCKUX AENPECCHMi, NPOCIAOK U OCTATKOB DAa3MHTHX BYNKSHMYECKHUX TO-
KPOBOB) B GONBUOR HACHWLEHHOCTH A3 KOBNMMU, CYOBYAKSHUYECKHMA M SKCIAO-
SMBHHMN TE/N3M¥, SNU30H3ABHHMM M8CCHBAMYU ID3HATOMLOB, B NPOABIAEHHA CHO-
#HOW D33pPHBHOA TEKTOHMKM ¥ MHTEHCUBHOIO NpPOTPECCUBHOIO M OCOGEHHO pe-—
rPECCUBHOIO METSMOP(M3Ma. B Npejensx 30H PETHOHANBHA NUHEHHAA cKIaf-
Y3TOCTh I'€OCHMHKIMHNBHHX OTNOREHME CMEHAETCHA NpepuBUCTOR, Opaxmdopm—
HO#l, NpU STOM NOABNAKWTCA HOBHE HANDABIEHMA NAMKATHBHHX CTPYKTYp, IeHE-
THYECKU CBABIHHHX C DPI3PHBHHMM HapyueRAMAMM. QOpPMUpPYOUMECA CMHXDOHHO C
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M8I'M3TU3MOM OYSTOBHE CTDYKTYDH CONPOBOXIANTCA DP33HOOGD33HOH rUapoTep-
M3ABHO# MUHEepanuasUueit.

C BHEADEHMEM TPSEMTOMAHHX (MOBIOHMTOMAHHX) METPY3uit B NepUBY IKIHM-
YeCKMWB 30HH M nepuepmyeckUe 30HH BYIAKAHOIEHHHX NOACOB HAPAAY C 2Mu-
TepMaNBHEMYM RUNGMM NOAYYSOT WHPOKOE DasBUTUE BYAKSHOIGHAO-NAYTOHOTEH-
HHE MECTODOREAEHUA MEZHO-NODDIMPOBHX, ONOBOCEPACDAHHX [MOMMME T8 1AMYE CKUX,
8 TaKHE BKDPANAEHHHX 30N0TOCYABfMIHHX pyA. [lo-BHAMMOMY, 2TH THUNH Opy=-
NEHEHMA (OPMMPOBANUCE B CBA3M C OZHOBPEMEHHO CYWECTBOBABUYMM M NOCAE-
ZA0B8TENBHO MOAHOBAABUMMMCA TNYOM:-HHMM M NDOMERYTOYHHMM Oyaramu. Ha aro,
B YaCTHOCTHM, JK83HWBAET TECHIA NPOCTPSHCTBEHHAA M BPEMEHHSA CBA3E Onu3-
[10BEPXHOCTHHX 3070T0CePeCPAHHX HUNBHHX MACTOPORAEHUY nm OGonee ruyoun-
HHX TNpPOABAGHMH BKDSNAEHEHX CYNbQUABHX H 30I0TOCY/Nb{MIHHX PYA.

BrkpanneHEHE 30M0TOCYAbfMOHHE pPYyAH HaNOO0IEE MAPOKO Da3BATH
B TEPPUIéHHHX M TeppUreHHO—~ KapOOHATHHX TOJIAX MHROI'8@OCHHK/MHA-
ng#l; pexe OHM OTMEYANTCA CPEZAM SBréOCHAKNMBANBREHX OTNOXeHMM. MecrTopo-
HTEHUA BTOr0 TUNA M3BECTHH B POBNMYHEX IO BO3PSCTY NPOBUHOUAX = OT
nporeposofcKuX 70 KeHHO30MCKUX ,~ NPUYPOUMBAACE K TEKTOHMYECKHUM OKHAM,
CTYNEeHY3TO-NOAHATHM ONOKSM, DP33NMYHEEM OYATOBHM CTPYKTypaM B y318X ne-
pecedYeHnyi rayOMHEHEX Pa3/I0MOB. BKpSNNeHHHE 30N0TOCYJHOHIHHE DpYAH OOHY-
HO COCPEZ0T3YMBANTCA B 30HAX AMCAONUPOBABHHX NOpOZ (KAMBSX,CHaHNEB3-
TOCTh) MAM B CYONNSCTOBHX 337€X3X M X8DP3KTepPU3YDTCA DIBHOMEDHEM pac-
npeAeneHueM 30n0Ta, caadoff cepeGpPOHOCHOCTEHI (An/ﬂg; OTHOmEHME OOHUYHO
Gonbume 3) M 3HAYATEBHEM P33MAXOM MO BEDPTUKENIN.

[IupuT-apceBEONMPKUTOBAA 8CCONUANNA ABAAETCA I'AaBROZ npoAykTHBEOR ac-
conuanuefl. 3070T0 B BUAE CYOMMKDOCHONMYECKUX Y8CTHUI pasMepoOM B COTHE
M JeCATHE LONM MUKPOES O0Opa3yeT TOHKOZMCIEDCHHE BKNDYEHUS B MHWBAKOBE-—
CTOM NUPUTE W @8pcesonupuTe. PyAH YacTO CONPOBORAINTCA NDOXKMUNKSMM M RHI-
K3M#l KB3PO3 C AHTUMOHMTOM (MHOTZS C 30NOTOM), CAMOPOJHHM MHUBAKOM,KHEO=-
Baphbh, PE3NBr3apOM M JAp. OT8 MMHED3NM33NHA OOHWYHO 33BEpWAET NpPONECC
pPyA000pa30BaHMA. M3MEHUMBHE N0 COCTEBY AONPOLYKTUBHWE 3CCONUAIUK C K8C-
CUTEDUTOM, BOABQPSMMTOM, MONMOZEHUTOM, IalleHUTOM, BUCMYTOBHMM MUHEpPENA-
MU M 7p. OTPAXA0T DETMOHANBHYD CNENU8NM38OMD D8HOHS liy K&K NpPaBHNO; OT-
HOCATCA K COJNEE pDAaHHAM 5T8NaM OpPyZeHeHMA. BeckMa NpumeyaTenbHO, YTO
pPYAH, NOK3NM30B3HHNWE B D83NMYHHX IO BO3PacTy NPOBMHIMAX, NpPH 3HaYHTE-
A5HHX B3PHANMAX COCTaBa PIPHUX W MO3AHMX MAHEpPaJBHHX accougamait coO-
XpaHADT OCHOBHOW (OpMAUMOHEHY NMPUBHAK — KOHNEHTPSLUUK NOASBAADWEIO KO=—
7MYECTBA 3070T3a B BHAE TOHKOQUCIEPTrUPOBIHHNX YSCTHI B MHUIBAKOBACTOM
nupuTe ¥ (UIA) 8PCEHONMPHMTE NPOAYKTMBHOI'O MUBE D3 MBHOTO KOMONERCE.

Mo nannuM J.Xaycena u [l. Keppa /7/,orsocameecs K 3TOMy THOY MECTO—
poxzenue KapaMH BO BPEMEHHOM U DETMOHENBHO-CTPYKTYDHOM OTHOWEHMAX TEC—

“HO 8CCONMMPYBT C SNMATEPMANBHEMM (BYNKGHOTEHHWMA B HAWlEM TNOHMM3HMM) 30—
nomochpedpsnumn M CYPBMAHO-DTY THHMM MECTOpDOXAGHMAMM Bacceitnos u Xpal-
ros (Hesags, Kra, ClA). OGpausnoch TaxKke BHAMBHME HA NDUSHEKM IeHETHYE:
CKOI'O pPOACTBa MECTOPORASHME Kepaup M TeTuen ¢ TePMaNABHEMK WCTOYHMKaME
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<or-CTpUBTC, X8P3KTEDU3YDUAMACA COBPEMEHBHM DYZOOT/IOMEHAEM B npe-
ﬂ“nnanuqecnoﬂ nposusuun /10/. PeKOHCTPYKUUA IreONOTHIECKOr0 pas-
. MOMEHT DYZ00ODP330B3HUA MO3B0MMAI P.PoGepTcy ¢ CO8BTOpEMM ONpE~-
r,,cugy {OpMUPOB8EMA STOr0 MECTODOEAGHMA NpuOAU3MTENEHO B 600 M
onosepxaocTu /I13/.
irxe u B.llalinep /12/ nepBOHavanbHO NONAT8NM,YTO 30A0TOHOCHOCTH
pannesHHX PyZ MECTOpOXAEHMA Kapaus o6ycnoBneRa npemMyuecTBEH-
;g‘aan:uen 30710T00praHnyeckux coezunnenunit. OnHaKo mocneayouue MCcue-
a J.Yenca u T.Manenca /147 yOEIMTENBHO NMOK3381M, YTO OCHOBHAA
sono!a B NepBMYHEX (HEOKUCNEHBWX) PyAsX Kapmuea m pOACTBEHHOTO
MECTOpOEZERNA KOpTes MMEeT TOHKOMMCNEPCHHH X3P3KTED M 33KNLYEHS B
§X: MHUBAKOBACTOM NHMDATE M 8PCEHONUPATE. WHHMM CHOBBME, PYAH
Hapaus NPUBLMNUANBHO HE OTAMYSOTCA OT A3BHO W3BECTHHX 30M0TOCY-:
HX NpOsBleHMil BKpamneHAHWX pyA BocToyno#t Asum, Hasaxcrasna, Cpez-
iu ¥ BocTounoit CuGupu. :
¥ A3y9EHUM DI3NUYHHX MECTODOXZEHAN W NpoABNeHMH BKPaNAEHBHX 30710-
meAMIHEX DYZ OTMEYaNTCA SNEMEHTH CBOEOGPa3HON AnddeperRIMamHMM 30-
‘M cepeOpAHOfl MWHEpaNM38NMKM: CepedpAHHE M CepeCpOCcOlePRANMUE MU-
B MPEMMYUECTBEHHO NOK3NM3YNTCA B NDOKMAKOBHX M RUNBHEX 06paso-—
s DONB KOTOPHX B OOGBEME8 BKDSNJIEHHHX DPYyZ OCHYHO HEBHAIUMTEIBHA.B
X NOAAX BOCTOYHO-33U8TCKUX BYNK8HOTEHHHX MOACOB U CEBEPOIMEPHKAH—
OBUMHIMY OacceflHOB ¥ XpeOTOB 387ERM BKPANNEBHHHX B3010TOCYaAbfMI-
CONPOBOXABNTCA KMN3MM ¥ 30HaMM Opexunit ¢ 3070TOCepeCpsAHOH MK
BEHHO cepeOpAnofi mubepsaussuueii /5, I11/. HKORTDOA® OpyAEHEHMA
TBAAETCA CHAOXHHM COYET3HMEM MNpPOABAEBN# KPUNTOBYIKaHU3M3, CYOBYI-
CKMX MBTDY3uil M nZo#iKOBHX KOMNJIEKCOB KOHTPACTHOTO COCT3B3 (TPaHAT-
)H, 8HNE3UTOCARATLTH, MASMIDOLUPH), 8 TAHEE KYNONBHWMU CTDYKTYpPaMU
IEHT3MM CKN8ZYaTHX AMCNOKaOMi. Hepeako aTH CTDYKIYpH QUKCHpyLOTCA
 TEPMSIBHNE QHTMKIMHANM, YTO CBHASTENABCTBYET O (QOPMUPOBEHMM UX
OBUAX JCTOWUMBHX TENNOBHX NMOTOKOB, OGYCHAOBMBUMX MOBHWEHHYO NNa-
CTh TEPPUIEHHHX M TEPPUrEHHO-KaDOOHSTHHX TONL ¥ NOCHEAYOUEE pa3-
B HUX ZWHSMOMETaMODEM3Ma8 M DAZLS NPU3BGKOB TEKTOHO-MATM3THYECKO}
Ba0uM. PynnHe Tena uMEDT GOpMY NMHERBHX 30H MM CIOEKHHX IONO-
Il KDYy Tonaasouux, HEpENKO CYONN8CTOBWX 3anexeil, NpeicTsBIEHHHX
BAHHHMU M TPEUWHHOBATHMM MET3COMSTHUECKM . M3MEHEHHHME NOpPOZ3-—
KO CynBUMLHO# BKPaNNEHHOCTHO. MeHEE DYAOHOCHHE U TPaKTUUECKH
OpeKuneBHe OGP330BSKMA, 8 THKEE RAAH BHIONHEHMA 337ETANT B
X, AadiK8ex, MHTPY3MBEX W APYTUX NOPOASX, MEHEE NOJBEDKEHHHX
; nefopManmav, Opy e HeANe BKDANNEHHOTO THNA P3CHPOCTPSHAS TC
HY 70 1000 M m Gonee, TOTNa KaK RUNLHHE M OPEKUMEBHE OG-
BHKIMHNBaNTCA B npénanax NEPBHX COTEH METPOB. [N 7NOKaAU38-
‘HEHNA B ofmeM cnyyae GASTONpMATHO GAM3COrASCHOE ¢ HANNSCTOBI-
,.'HOIaﬂue PyAOBMEHBWUMX CTPYKTYDP: 30H paCCH8HUEB8HUA, NPUPI3—

79



TIOMHOT'O OyAMHSXS, MUNOHWUTM3SLUUKM, 8 TOKKE OCEft MENKHMX CKIASAOK W Ji8eK
pasnMIHOr0 COCTSBA.

A.A.Cuzopos u  7p./5/ 00BEAMHADT NPOABAEHAA BKP3NIEHHHX 30N0TOCY-
NBRABEX pYyZA B Npefensx BOCTOYHO-33M3TCKUX BYNKIHOIEe HHHX MOACOB U UX
NepuBYy IKIHUYECKUX B0H B OTAENBAYD DyAHYD Qopmamun, 00pa3yoUyD COBMECT-
HO C 30N0TOCEPECPAHHMM M APYTMMU BY/IK8HOIGHHHMM QOpManOusMM eAUHHER rg-
nerTuyeckult paz. CeaAss npoaBnerull 30M0TOCYABEMIHHX BKDP3NAEHHHX DYZ C
MECTOpORZEHUAMU 30N0TOCEpaCpAHoil QopMaLUNKM ONpeAeNAETCHA OIHOBPEMEHHO-
CThD OpMUDOBEHMA, ONHOTUNHOCTED CYOBYNKAHWYECKMX TEN, DPYAOKOHTPOMMDY-
OOUX CTPYKTYP ¥ TUAPOTEDPMBNBHNX MET3COM3TUTOB, GNM30CTHO COCT8BA 70~
NPOAYKTUBHEX ¥ NOCJNENPOAYKTUBHHX MUHED3NBAHX 3CCOOUINuit.

Bume yEe OTMEY3NOCH, YTO B 30A0TOCYNBMIHHX  BEP3NASHHHX DYASX
P83HHX NPOBMHOME HapAZY C JCTOWYMBOCTEO CBOHCTB OCHOBHOH NPOAYKTUBHOM
aCcCONMaIMN NMOCTOAHHO MEHAETCH COCT8B NOCHAENPOAYKTUMBHHX 3CCOLMaUMiA.ITs
O0COOBEHOCTH, YK33HBAWWNSA H8 DI3NUYHHE TAYOUHHNE yDPOBHM (GOPMHPOB3HMA
.OpPYZAGHEBMHA, NOATBEPALSETCA TIKXKE COOTBETCTBYOWEH U3MEHUMBOCTED I'8OXK-
MM M NETPOXUMMM OKONMOPYAHHX METaCOM3TUTOB, 00pasywuux paj OT Oepeaun-
TOB A0 8PTUANU3UTOB.

EuneHas M NPOXMIKOBAA MUHEDANU33UUA ONUSNOBEDXHOCTHHX Qanuit aomoro-
CYABPUAHOTO ODPYAEHEHMA CXOZH3 MO COCT3BY C MUAEpaNu3anuelt xUn 3omoro-
cepeCpAHEX MecTOporaeHuit, MpUypOYEHEHX HEPEAKO K ONHAM A TeM Xe py—
AOKOHTDPOMMPYOMUM CTPYHTYpaM. TepMOGapOreOXMMUUECKHE HCCTEJIOBAHMA KBap=-
Ila M3 30H BKPaNAEHHEX DYA NOK3a33/M¥, 4YTO PYyAOOTAOREHME NPOTEKANO NpH A0~
CTSTOYHO BHCOKMX TeMnepaTypax ( 320-I100 °C) u maBnemmax (800-I70 amu).
Nopo6use PT-ycaoBmg ¥ KOHNEHTDSUMM DYA0OGDP83ylmAX pacTsopos (1o I5%)
X8PaKTEDHE ANA CAMHX HURHUX KODHEBHX 9acTell BYNKSHOIEeHHHX MECTOpOR-
AEHUH 3omoTOCEpeCpAHHX (Qopuamult /2/.

Ha OCHOB3HMM W3NOREHHOI'O MOEHO NPEANOAOEUTH, YTO 33NEEM TOHKOBKD3N-
NEHHHX 3010TOCYJABIUIOHHX pYyA, MMEQOMX BECHM3 3HAUMTENLHYD NMPOTAREH-
HOCTH H8 TAYOURY, QUKCHPYOT NyTH ABMXEHWA IAYOMBEEOrO DPYAOHOCHOrO (QaoM-
A8 4epe3 TEPPUreHHHE WM TePPUreHHO-H8PGOHATHHE TONWM K MECTy ero pas-
Tpy3KY B 30HE TNPUIOBEPXHOCTHO# TpEWXHOBITOCTH.

B aTo#f NpUnoBEPXHOCTHON 30HE NMPOMCXOAMT MHTEHCHMBEOE SMUTEPM3NBHOE
RIN000pa3083HME. POPMUPOBIHUE HUABHHX 3010TOCEPECDAHHX NpOABREHUH
NpeicTaBNAETCA 3HAUMTENBERO 0ONEE KP3THKOBPEMEHHHM NpPONECCOM, YEM pa3BU-
THE PyA B TPSH3UTHON 30HE CPEZN TEPPUTEHHNX W TEPPUTEHHO-K3pGORA THHX
TONW, PUABTPYOUUX TAYOMEHER pyzaoROcHEH Qnwuz.

Cnezyer 3sMeTUTB, YTO DPYAHOLODMAUMOHEOE POACTBO MEXAY 30TONOTOCEDE-
OpAHEMA 4 30N0TOCYAb(ANHHMA BKDaNAGHHHMNM MECTODOEZESHMAMM MONET I10K3=
338THCA NPOGNEM3THYHHM H3-38 HM3KOH CepeCpPUCTOCTM BKpanneHHWX pyAa.0aHs-—
KO 3T38 OCOGEHHOCTH CBA38HA, MO BCEH BEPOATHOCTH, C DA3MMYHEMH KPUCTBI~
noxuunueckmuu /L/ u Ipyravm (i13MKO-XAMIYECKAMA caoficTBaMA 30/0-

Ta U cepedpa. llo kpaliHeil Mepe. BMIMDAYECKM CUATASTCA IABHO YyCTAHOB-
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| gro TUNACACCANBHHE YCAOBAA DyNOOTIOKEHAA XapaKTepABYOTCA
haBUN0, BHCOKOM! Auddepennuanuelt sonora u cepedpa.

06pa3oM, MO HAWMM NPeACTEBIEHUAM 337N€XU TOHKOBKD3IJEHHEX 30-
agHX  DYA HE TONBKO BXOZAT B OAMH DYAHOPOPMSIMOHEEH pAA C
gOpAHHMA ~ MECTODOXAEHAAMMA, HO U MOTYT D3CCMATPMBATECA B Ka-
opBeBuX" 00p830BaHUHI MO OTHOUEHUO K PYARHM NOJAM SMUTEPM3IE-

Au3aqun.

'epaTypa

P.A., Bepuan 0.C., Nnewsxos A.Ml. llpudnuxennss OMEHKE KO3g-
§T8 pacnpeneneRus Cepecpa MeXAy KpUCTaINSMH CAMODOAHOT'O 3010-
TUAPOTEDMANBHEMA pacTsOpaMM. - [JAH CCCP, I980,1.250,% 4.

poB B.ll., Cuzopos A.A. TepmoGaporeoXumus BYIAK8HOIEHHOI'O pyAO—
oBagmA. M.: Hayka, 1979.

rpes B. Mubepanbeuwe Mecropomzienma. M.; J.: OHTH, I934-I1935.
aes P.B., Canomczuit [I.M., Camopos A.A., CmapuoB B.H.OcHoBHHGE
TpOGHAA M MmeTaznorenuu Oxorcko-UyKorckoil odnactH - CoB.
YREOBI B 9,

X (OpMaIMAX NEPHBYAKAHMYIECKAX 30H THXOOKEAHCKMX KOHTHHEH-
BY/AKAHOT'@HHHX mosAcoB/ CunmopoB A.A.,Epemmn P.A.,HailGopomun
uiaenxo 3.0., Anmpees 5.C. - JAH CCCP,1978,238,% 6,

9. CBA3H ODYNEHSHNA C KyHOJAbHHMM CTDYKTypami B CeBepo-Ame-
nX KopaunsepaxX.-B kKH.: [IpoGieMy 2HIOI'EHHNX MECTOPOXAEHMI.
iy 1964,

A.Ji., Kepp O.®. MecTopoxzende TORKOAMCNEPCHOrO 301073 KapiMH-
‘HeBans.-B kH.: Pyznue mecropoxzenus CHA. T,2. M.: Mup,I973,

Cupopor A.A. MuHepsnOrMYECKME M TEHETHYBCKUE OCOGEHHO-
OPYAHHX MEeCTOpOXAcHMHA.-B KH.: MWBEpaZnorma M IeOXUMHA pyn-
Topoxzenuil Cesepo-BocrToxka CCCP. Marazsm, 1978.

Xes T'. Pyzsue mecropoxpesus. M., :43n-Bo MEOCTp.JAT., 1958.

2 P. The ocourrence of gold at the Getchell Mine, Nevada.-
1.,vol.46, 1951,

00k to mineral deposits of southwestern Utah, Snowbird, Utah,
9?8.

A.S., Scheiner B.J. Studies of hydrothermal gold deposition;
' 80ld deposit, Nevada. The role of carbonaceous materials in
osition} Econ.Geol.,vo0l.65, 1970.

ting deposits in north-central Nevada and Southwestern

/ Reberts R,S,, Radtke A.S., Cpats R.R., Silbermen i L.,

H, ~ Econ.Geol., vol. 66, 1971,

Mullens E. Gold-bearing arsenian pyrite determined by
Analysis, Cortez and Carlin gold Mines, Nevada.-Ecen.
*eV01.68, 1973.

80 &

101



JIK. 553.3.078.2
SBO:CLUMA PYA00BPASYOINX CUCTEM YKPAMHCKOTO LUTA

N.C.Tanenxnit, A.l.3apunkuft, B.B. YepHUOHE
MunucrepcTso reonorus YCCP,r. Kmem, CCCP

Yxpanuckui wur (Y) orBeyseT KPYNHOMY I'EOCTPYKTYPHOMY SNEMEHTY Bo-
cToys0-EBponefickolf nnaTdopun, WCNIHTABUEMY I'eOCUHKNIMHANBHHE U NABT{OpP-
MEHHNE YCTIOBMA D33BUTUA H3 NPOTARERMN ANATENBHOIO BPEMEHU (apxefi~-kait-
HO30#). BO3MOHHOCTE NpOCHEAUTH YCNOBUA (ODMU)OBEHUMA MECTOPOXZAEHME 3T0-
IO DPErMOH B OTPOMHOM AuanasoHe BpeMmenu (Gonee 3 MApA.NeT) N03BOAAET
BHACHUTH X3DIKTED MSMEHEHMH MCTOUHMKOB, NyTe# Murpauuu U GaKTOpOB 70—
K3NU3a0Uu DYAHOr0 BEWECTBA HA DA3HHX CTEANAX Da3BUTUA 36MHOH KOPH.

YrkpauBCKUfl WAT OTNIMYAETCA D3SHOOODP33MEM MET3NAOTEHMH: 37ECH HapAZLY
C X8pIKTEpDHHMM AR AOKeMOpulicknx o6nscTeff MECTODPORAEHMAMM REJIE33,M3D-
raHnoa, TWTaHa, HUKENA, MEAM, XpoOMUTa, IrpaQuTa, NKDOJUAAAT3, CHANMMEHA-
Ta [DUPOKO PACHpPOCTPSHEHO OpyZAeHEHUE DEJKUX MET3nNO0B, 010Ba, BOIBJpa-
M3, MONMGAeHa, anaTuTa, QAOOPUTa. STH OCOOBHHOCTM OCJCNOBJEHH MHOI'00C-
P83MeM IeO0NOTOCTPYKTYPHHX CCCTAHOBOK U TEKTOHMYECKUX DERMMOB DYZOOGDS-—
30B3HMA: MPO- ¥ NPOTOreOCUHKAWHENBHNX, OPOTEHHHX, IN8TQOPMEHHHX, 3KTHM-
BU33OUM ¥ puUfTOreHE33.

B moxemGpuficko#t ucropuu GopMUpOBEHUA DETMOH3, OTBEYAWWLEN MEPHOAY B
3500-600 MnH.neT,BHZAENANTCA TPU OCHOBHHX 3Tanad: apxeiickuii-npo- u
[POTOre OCURKNMHE3NEERM ; pAHHENIPOTE DO3 OfiCKMi—-Te OCMHK MRS IBHEA ; TIO3ARENIPO-
rTepo3ofickuli-maarfopMeHEHE C NEPUOZ3MY -3 KTUBU33IUNA.

Apxefickafd MeT3NNOre HMYECKaA 3N0Xa X3apaKTepU3yeTCA O0COOHM II3HIE OCHH-
KIMHANIBHEM DEXMMOM B YC/IOBUAX Hadyana (opMUpOBIHUA 3eMHOH, KOpH. JHWB B
N037lHEM 3pXee H3UUHEGBTCA O0C0COONEBME NUHEMHHX CUHEKAUH3NBHHX CTDYKTYD,
Bnazud (Benouepxosckad, [HeNpOneTpOBCK3A OGN8CTH), 337OKEHUE 30H IAy-
OnHHENX pasnomMoB (TeTepoBCKOM, XmMensEMKCKOH, Kuposcxo-Koueposckoi,llep-
BOMa#icK0-Bo3HECEHCKOM), 00yCHAOBMBWLMX IepPBUYHO-G/OKOBOE pacCUlEHEHHE
3eMHOH KOpH. [IpOMCXOZAT CKNS8ZYATHE ABMUEREHMA, CONPOBORASWHUECH UHTEHCHB-
HHM MET8MOpPJUYeCKUM TpeoCpa30BanMEM NOpon. Apxellckad amoxXa XapaKTepn-
3yeTCA H3KONZERMEM OTrDOMHHX M3CC KE/e33a B 0C3[0YHO-BYIKSHOT8HHHX 00pa-
30B3HUAX, 8 TAKKE QOPMHPOBSHUEM YIIEDOACOAEPXESNUX M BHCOKOTIUHO3EMU-
CTHX TOAN B ADEBHUX I'eOCHBKAMEENAX. DAarompAATHOE OpeImocHAKON miag
3T0ro OHAO WMPOKOE PaCHPOCTPSHEHME OCHOBHHX M YNBTP3OCHOBHHX TOPOZ,
CBOWCTBEHHHX DAHHAM CT3ZMAM JOpMMPOBIHUA 3EMHOA KOpH. ITO OCYCAOBHUIO
(QopMuMpOBaHME B DSHHEM 3DXEe MECTODORZeHUMt Reneas, rpafuTa, CHANMMARM-
T4, I'PaHaTa 0CaZOYHO-METaMOPJUUECKOTO THUNa B CBA3K CO CTpPaTUHUIMPOBIH—
HHMM KDEMHUCTO-RE/1€3UCTO# M YriepORUCTO-KPEMHUCTOR (OpMAaTMAMA.

B noszHeM apxee OpyAEHEHME CTaHOBUTCA 0076e D33BOO6DA3HHM:BAapALY C
NASCTOBHMI MECTODOXRZIEHUAMU XEeJIE338 KPEMHMCTO-Eene3ucTOo# gopManuu noa-
BIADTCA MSTMaTHYECKHE MECTODOXZAEHAA XDOMHTOB B IMNEpGasuTax, CHH- H
SMUIeHEeTUYECKOE MEAHO-HUKEJNIEBOE OpyZEeHEHN8 BKPSNNEHHOI'O ¥ WTOKBEDKO-
EMABHOTO THMOB B CBABM C I'aGOpO-NEpUAOTHTAMN,MEIHO-MONUCNEHOBOE OpyAE~

102



HEeHME NPOXUNKOBO~BKDANNEHHOTrO TUN8 B KOHTDACTHHWX CIMIMT—KEPaTopuUpo-
BHX BYNHAHUTAX.

TaxuM 00pa30M,B 3pPXEE B YCNOBMAX 33 POKAEHMA SEMHON KOPH MCTOYHAKMA
pYAHOTO BEUECTBA PaCNOASTANUCE HENOCDEACTBEHHO B MPENENSX M8TEPUHCKAX
@opuanuit B3 HeGOABUWOM rAyOUHE, NPOTAKEHHOCTE NyTel MATpanud pyAHOTO
BEWECTB3 K MECTy OCpa30BaHMA MECTOPORAEeHWY Onna HE3HayUTE/IBHAE.

PaHHENpPOTEPO30ficKaA 2n0Xa OT/AMYaeTCA COMbmel Aug{epEHOINDOBIHHOCTED
GTPYKTYPHO-(OPMAUMOHHEX 30H NpPEUMYWECTBEHHO CYOMEDUANOHANEROTD U CEBE-
pO0-38M3LEOr0 H3NpaBREHMit ¥ UX NOKeMM3snueid. BOIHMKEWT NMOLBARENE 30HH,
¢OCTOALUE M3 PasBOro poxa nporudos (KpusBopoxcko-KpeMeRYyTcHas,lHTyno-
Wrryneukss Kuposckc-KoyepoBCcKaA U ApD.), B KOTOPHX paspuBabTcsA Audhepes-
UMpPOBSHHHE O06D330BaHUA I'eOCMHKAME3NBHOIO ¥ OPOrEHHOTO 3T3N0B. B HMBAX
npoTepo3ofickMX paspe30B 387EralT BYNKAHUYECKNE QOPMOLNM 8HAEBUT-MNE~—
PQUTOBOrO TUN8, BwUE PECNONSTANTCA @AMUOMAHNE W MON3CCOMAHHE (OPMALUK.
B OporesBnli 3Tan NPOACXOLAT WHBEPCUA TEOCHMHKIUAENBHHX OGnacTell,CKnapg-
KOO0Opa30BaKNe, METSMOP(U3M M MOWLHSA TI'D3aHUTU33UNA BYJKS8HOTEHHO-0CAZ04Y-
HBEX nopog. [lpm 3TOM NpOMCXOAUT FKTMBHOE HOPAMUBAHUE KOHTMHEHTaNBHOM
seMAO# Kopw (70 60-62 KM)B NpPEAENSX OCHOBHHX I'8OCUHKNNHSNBHEX 30H-
Tporos {KpuBopoxcxo-Kpemenuyrckoit, Benomeproscko-Ozecckoli). B BHux xe
NPOMCXOANT T'PIHANO3HAA HOHOEHTDIUUA XEJE33 B AHECHUAMTOBOH Gopmammu c
00pa30BgHMEM KpyNHe{uuX MecTOpPORZEHMHl Xele3UCTHX KB3PUUTOB M OOraTHX
EeNEe3HRX DYZ NNaCTOBOI'0 OC37L0YHO=-METSMOPJM3MPpOBSHAOrO K MeTaMopfuuec-
KOro TUNOB. B cBASKM ¢ OpOreHHEMM Na-K M K rpspuTaMu WMpOROE D3a3BUTUE
nony4yanT cnmnucro—xepaunqecﬁue M DEJKOM8Ta/UIbHHE NerMaTATH, pa3BaBal-
mMeCA B lpenenax nuseftsnx Tporos (COPOKMACHBA 30HA), SK30- W 3BAOKOH-
TAKTOB M3CCHBOB cyOuenoyswx rpanntos (Hosorpsa-Bonueckoe, KopocTHueB-
CKOE nons). B noapgseoporesnuit 1 npoTOSKTMBAOMOHHEHNE 3TaNH WAPOKOE pac—
NpoCTpaHEHUE NMONYY8T WEAOYHHE MET3COM3THTH (8NBCUTUTH),00p83ylumne ce-
PUHM RMNONOAOOHEX TEZN B NPEAENSX IMHEAHHX 30H TEKTOHO-MET3COM3THYECKOM
aKTUBU3LLIMY .

XapaxTepHHMM YepTamMd DBHHENDOTEpPO3ORCKOM 3MO0XM ABHNMCE MNOABIEHME
UBMBAZY3 1M3UDOBAHHLX ONOKOB ¥ Da3AeNAOMUX UX WOBHHX 30H, pa3Hoo0pa3aue
DPYZAHNX QopManuit (HapAALY C NASCTOBHMM, METAMODJM3OBIHHHMM K EUJIBHHE NEDr-
MaTHTOBHE , MET3COM3TMYECKME), NMPEMMYUECTBEHHO BHYTDMKOPOBHE MCTOYHH-
KW pyZAHOro BEmECTBE.

[losazBenpoTepo3oiickan 5M0X8 X8p3KTepU3yeTCA NA3THOPMEHHHM DEEMMOM C
nepuozaMy sKTUBU3EUMM. Bezyuum TANOM TEKTOHAYECKUX nedopmanuft B arToT
Nepuos ABANUCE PSCKONN (JyH7ASMEHT3 M I'ANCOBO-ONOKOBHE TNOJABMEKM,CBA33H-
HHE C nponeccaMy aKTUBM3SNMKM KOHCOMMAMPOBAHHWX CTPyKTyp. Hauanemaa cTa-
Anf dToro arsna (cyOnnsT{OPMEHH8A) X8P3KTEDPM30BANACH DEEMMOM OTHOCHTE-
ABHO NoABMEAON NNaTHoOpMB C HEPIBHOMEDHON M HEOZHOBPEMEHHOH CTaOMAN33-—
Ouelt ormenpHNX GNOKOB M P33BMTUEM 6ONEEe AKTMBAWX 30H M o6zacredt. Tek,
B ceBepo-3anazHoil yacTu mUTa B 3TO BpeMA GopmmpyeTcA Kpyneaa OcHUOKEA
NOABURHA3A 30H8 CEBEDPO-BOCTOYHOI'O MPOCTUPSHUA, CHOKEHH3A MOMHLMM OC87A0-
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YHO-BY/IKBHAYE CKUMM TONWSMA 03381bT-3HAE3UT=IMNSPUTOBOTO DAL M TUOPUA-
HO-MHETDYSHMBHEMM 00p330BaHMAMN TIaGOpO-AMOPUT-TPIHOAMOPUTOB0M GopMauy.
B npezensx cpeiuBHNX M3CCMBOB (GIOKOB) NMPOMCXOZMAO QODMMPOBAHUE KpyM-—
HHX OYS8TOBHX CTPYyKTyp — KopocTesckoro, HopcyHb-HOBOMUPIOBOACKOI'O NIy=—
TOHOB, MPEACTABAGHHHX cnenufuueckuMy QGopMaOmuAMM  8HODPTO3UTOB W IpaHM-
TOB pP8NaKUBH.

Bo sropyo cTazup  ycrofluupoit nnaT@opMH HauGONee MHTEHCHBHO NpOf-
BUIMCH NPOUECCH PUPTOreHe3a, TEKTOHO-M8I'M8TUYECKOH M TEHTOHO-METECO-
M3TUYECKOR BKTUBM3ANNKM. B nuHeMHHX TEeKTOHMYECKMX B30HAX 06pasywTca CyO-
UeNOoYHHE M WEeNOYHHE nopoAn QopMauuii: ynsTpaocHoBHO! wenousoli,Redeuuo-
BHX M WENOYHHX CHEHHTOB, CPAHMTOMIOHOR WENOYHOK. BOBHMKEOT X3PSKTEPHHE
ANA STOr0 BPEMEHM peNKOMETa/ULHHE mejZIoYBHE MET3COM8TUTH. Popumpyorcs
CTPYyKTYpH TMN3 HaNOREHHHX BnazuB (OBpydYCKas), BHNONHE HEHX HEME TaMOpHu-
3MPOBAHHHMM BYIK8HOIE€HHO-TEPPUIEHHHMU OOpa30BaHuAMU.XapakTeper Hailko-

BHif KOMIZIEKC NECTPOr0 COCT3BA.
B Nmo3ZHENpOTEpO30fCKyD 3N0XYy BOBHMKAWT CHEUUJUYHHE DYLOHOCHHE Qop-

M8IMA: T860p0o-aHOPTOSUTOBAA, PANSKNBM, I'DaHUTOMAHAA WENOYRAA ,HEHE MHHO~
BHX CMEHMTOB, YABTPAOCHOBHAA WENOYHBA. Upe3BHYa#HO WMpOLOE Da3BUTHE NO-
Ny4yaoT MeTACOMaTHYECKAE OCp330BIHMA, BHANYAA MX DSTHOHANBHHE M NIOKEJb-
BHe (anuu. [ns 2TO# SNOXM X8PIKTEPHH 8NATHT-MIBMEHWTOBOE ODYAEHEHHE B
ra66po-8HOPTO3UTEX, HAMEDHHE NETM3TUTH CpPEAM I'DIHUTOB PaNsKnBM,PEIKOME -
TaJNBHOS OpPYAEHEHME B METSCOMATMTSX (NpEMMYyWECTBEHHO WENOYHHX), 8 TAK-
xe QaoopuT, AucTeH, nupofunnaur. C npomeccamd 8KTUBMBELMM CBA3EHO Hop-
MHDOBAHME X4PAKTEDHHX TUNOB DYAOHOCHHX CTPYKTYypP: OY8TOBHX, NUHEHHHX
TEKTOHUYECKUX B0H, POPCTOB @ HBJOKEHHHX BNaIUH.

TaruM 06pa30M,N03LHENPOTEPO30ACKSA BSMOX3 OTINAYBETCA D33BATMEM MU-
He#lBEX ¥ OYSTOBHX pPYZAOHOCHHX CTPYKTYP B OCHOBHOM TIyGMBHOPO THUIE,yBE-
NMYEHMEM TAYOMH UCTOYRKKOB DYAHOT'O BEMECTB3 (KOPOMAHTMMHHX ) ¥ MX yAa-
NEeHMEM OT MECT HOHUBHTpaLuA, IAYOOKOX AWQQepesuMaluMeid pyAHOIO BEWECT-
B8 ¥ (QOpMMDOBIHMEM XMIBHOI'0, NPORUNKOBO~BKDPSNAS8HHOrO, WTOKBEPKOBOI'O
OpyZAEHEHUA M3TM38TUYECKOI'O ¥ MET3COMATUYECKOIO TUINOB.

Pudeit-BeacKan (OsfKanbCHEA) 3N0X8  OTBEYAET NEPUOAY CTAaGHAMB3OUM
KPHCTANAAYECKOI'0 OCHOB3HMA WUT8 ¥ (OPMMPOBAHUA OC3ZOYHOI'O NOKPOBE NpE-—
76 BCEI'0 H8 CHAOHS8X mAT3. [IpoucXomAT 0GocofneHue YKPSMHCKOr'O muTa B
npeaensx Bocroyno-EBponfickoli naaTdopun, GopMUpOBSEME OKDYR3OWUX ETO
Bnagaue pudroresnoro Tuns (JHenpoBcKo-JloBeUKas, [punaTckuit nporud) u
OC3Z0YHOr0 Yexna. B MOMEHTH 8KTHBM33NOUA B 30HAX T'AYOUEHEX DPa3jOMOB,
OCOOEHHO B KP3aeBHX ¥ MNOrpaHAYHHX JY8CTK3X MUTE C OKPYXINOWAMM €TI0 BNa-
nunaun (Moponsckas, Kxno-JloRGaccKas 30HW M Ap.), NPOMCXOLAT JOPMUPOBA=
HME TPAaNNOBHX M QOMANTOBHX (opmanmmit, BHEZADEHME H3EK.

K nopozasu TpasnnoBoif Jopusnuy NpuypOYEHO NPOXUAKOBO-BKPSNIIEHHOE MEJ-
HO8 OpyZeHEeHUE. B TEPPUIEHHHX CYOKOHTUHEHTSNBHHX 0CGPS830BAHUAX PE3BUTO
cTpaTudopMHOe ¥ SNUTEHETUYECKOE BKPaNAEHHOE M NPORMIKOBO-XMIBHOE OpYy-—
AeH8HME CBUEUA W NMHKA, fnwopura u Gapurs (llogonsckan 3o0Hs). C npudpe-
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HHO-MODCKUMY TEPPUIEHHHMM OTIOKeHMAMN 08 nTuiickolt ¥ Banmalickoil cepuit
¢BA33HH JOCQOpUTH.

CnenoBaTeIBHO, B 9Ty BNO0XYy BO3HUAKEOT YCAOBUA ANA QOPMUDOBOHHA KK
yAANEHBHX OT TNEPBOUCTOYHUKOB TENETEPMABNBHEX DYRHEX Qopuanuit, Tak u
CcTpaTU{OpMBEOrO, @ T3KHE DK3OPEHHOI'O ODYAEHEHUHA.

C OpAOBHMKG H8YMHBETCA HOBHE 2T8N TEKTOHMYECKOTO U MET3NNOTEHHYECKO-
ro passuTUA DETMOHA, KOTOPHH X8paKTepM3yeTcA OCOCHMM YEpTaMM pyZAOOOpa
30BaHAA, OTNNYSOWUMACA OT TSKOBHX B 3pXEiCKYyR ¥ NPOTEPO3OHCKYO SNOXM.
K aToMy BpeMmeHu 6ONBISN Y8CTH TEPPUTOPAM YKPBUHH NpPEACTABAANS COOOM
enunnit CapuarTcruft wuT c cyOMepUAWOHANBEHOY OPUMEHTMPOBKON OCHOBHWX DYAO
KOHTPONUDYOUAX CTPYKTYp. B paHHEM M CpeiHEM NaJE0308 H3 WWUTE NMPOABIA
OTCHA AECTPYyKTUBHWE MNPONECCH, NpH KOTOPHX BO3HAK8OT UAM IOTHOBAADTCH
P8CKONH 3e8MHOIl KODH CEBEpPO-33M8JAHOIO M CEBEP-CEBEPO-38MaJAHOr0 MpOCTH-
paEus, cyOnapannenbHHE NpUAETaOUEMY MATEPBany CpeAnseMHOMOPCKOrO noa-
BUXHOTO nofca. [IpMMEpaMn TaKMX CTDYKTYP ABNANTCHA TNYOHMEHHE DP33NOMH,
OrpaBMuINBabmiHe QOpMMpOBaBONACA B ABBOHCKYD anoxy rpaded Joso-[lHenpoB-
cKoro nporuta, llogonscran 30Ha B Wro-sanazHoif wacru YUl u ap. Cyas no
reofuanyecKiM J3HHHM, 8 TAKXE JYUTHBAA CHUINTOLAA0A30BHE XSPAKTED Ma-
TMa8TH3M8 B 30HE pa3NOMOB [OHO~-[[HEMPOBCKOr'O Nporu6a M yABTPAOCHOBHHE
TNOPOAE WEHOTO OrpaEMYeBMA JOHG3CCa, 3TH P337OMH NPOHUK3NM B BEPXHOO
MaaTM0. OHE ABUNMCH OCHOBHEMM DY7OKOHTDONMDYOWAMM CTPYKTYPAMM AAA ma-
ne030HCKNX MECTODORIEHME.

B naneosolickyw anoxy Ha Teppuropuy YIl m ero ofpsunesua cfopmupoBa-
NUCH MECTODORZEHUA ¥ pPYAONPOABIEHMA CBMHUS, ONHKE, DTYTHU, MEZAM, Quowo-
puTa, MONUOLEHS, MHUBAKS ¥ HEKOTOPHX ADYyIMX MET3NN0B, YTO NOK33HBAET
KOPEHHOE W3MEHeBHME R30O0pP8 TUNOMOPPHHX SNEMEHTOB MO CPIBHEHMK C NpOTE-
po3oeM.

HauGonee ApeBRUMM ANA M8NE030HCKOrO 3T8NM8 MET3 NNMOI'E8HUYECKOTO DIBBA—
THA ABNANTCHA CBUHIOBO-IUHKOBHE, (QNWOPUT-NONMUMET8NMYECKNE MHOTA3 C Ku-
HOB3pBI pYAONPOABNEHUA, 00pa3ymmiue 30HY CEBEpP-CEBEPO-33MaAHOr0 MPOCTH-
paEns y wro-sanaznoit kpomxu Yil. XapakTep BeUWeCTB3, CASTAKWEIO DYAHHE
RNJH, BKPaNNeHHOCTH M OKONOPYAHO M3MEHEHHHS MOPOZAH YKa3wWB3aNT H3 TO,YTO
nponeccH ero o06pa30BaEUA OHAM HUBKOTEMNEPATyPHHMH,

llpennonaraeTcs, 4TO M8TaNAOreHes pufeiicKoro, BEHACKOrO W HUEHENAZEO-
80HCKOr0 BpeMenH NPOHCXOZUN B yCAOBMAX NA8THODPMH, BO3SMOXHO,B OKDPSMHHOH
68 YacTH.

Heckonsro mos®e, B CPEZAHEM ¥ BE)XHEM AEBOHE, [PEACTSBIEHHOM B JIOHO-
JlBenpoBcKOl BNaiMHEE BYNKBRATAMUM OCHOBHOIO COCTSBS W OCS/0YHHMM TIOPOAS-
Mi, gopuMpynTCA MEJHHE MECTODOXLEHMA HONYEASHHOI'O TUNS,CKDHTHE HA Iay-
OMHe. 30H8 3TMX PYAHHX 00pPa30BaH:il NpPOTATMBAETCA BAOME Tpalesa JLOHO-
lsenposeroro asnskoresa. B J8BOBCKMX OCAAKAX BCTPEYEHH 00pasOBaHMA TH-
N8 MezucTHX MECYaHMKOB.

B noszgnes gapCoHe ¥ nepuu, 33XBATHBAA M Haualo Me3030ifckoi 3pH,c@op-
MHDOBA IMCH CBHENOBO-IMHKOBHE MECTOPOXZASHMA M DYAONPOABNEHMA B Haroas-

HOM KpAXe, MO CEBEDHOMY M DEHOMY Orpanuuesmp JlosGacca, 8 TaKxe pryT=-
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Bue MecTOpoRZeHmA B [emTpancHom Jlondacce. Haxopku pryTHO#, CYPBMAHOH
A CBHEIOBO-IMBKOBOM MMHE D8IM38MHKK CAEN8HH M B OPaXMCTDYKTypax JlHempo-
BO-JloHeNKO# BONaAMBH. YK938HHHE MECTODORZEHMA ABNALTCA TUNMYHHMN TEle-
TEPM3NbHEME OGpPa30B3RMAMA, HE OCHADYXMBADMMMA CBA3M C MATrMaTHYECHEMH
NOpOZaMH ¥ NPHYPOUYEBBHMM K 30HE IIYOMHEHX Pa3noMOB. TaRUM Da3N0MOM
Ana HakmTOBCHOr0, KOBCTEHTHHOBCKOrO, B8pOBCKOro, HarolsusHCKOTO ME-
cropoxesuit aBaneTcA [lenTpsabenit paszom, yxopauuk B gyezamenT JHenpo-
Bo-Jlosenkofl BrMazuMEN. B KaYecTBE DYZONOK3AM3YOUUX CTPYKTYP BHCTYNADT
376Ch RAZPI3NOMHHE AHTHKIMBSAK M OONBE MEIKME OpaXMCKASAKH.

B crTpoeBmm nmopepxsocTel 3emHoM KODHW M MAHTHM B 3TOff 30HE TAKEXE HE-
GIOASDTCHE SHOMA8JWM B BHE SBTHRIMHANBHEON NPANOAHATOCTE NOBEPXEOCTH
Moxo, BHTArMBSDWe#cCA NO OCH A&BI3KOTEHA.

MeTannoreBMI8CKE SKTHBHHMA OK833IKCH B CPEZRGM-TIO37IHEM M87E0308 H
CTPYKTyPH, OrpaBWumBapmue JloHO-JBenpoBCKEYt aBASKOreH ¢ CEBEPa H kra.
He noBepxHOCTH OBEM BHDSX6HH K8K Da3A0MaMH, T3K M CEDHAMM CKISAOK, Ha
TAyOKBEE 346CH NpPEANON3rasTCA CEDHA CTYyNEBYaTHX COpOCOB. B aTuX 30HAX
ABBECTHH DYyAONPOABACHMA PTyTH, CBHMEHNOS, OABKA3, (Qapopara. [[pocTpaRCTBEE-
HO OHM 3CCONMHDYRTCA C KOMNAEKCAMM JABTP8OCBOBHHX, TaCOpDOAZHEX X mWe-
NOYHNX NOPOA. SAECH X8 PBCNPOCTPAHEHH NOPOAH NEPMCKOrO BO3pacTa, OTHO-
CHMHE K raG6pO-MOBIOBMT-CHEBUTOBON (opMammu,u aHAS3HT-TDP8XU3HAE3UTOBAA
paHHETpUACOBA8A (Gopuanus.

Ina reppuropmu Yil(u ero oSpamnesms), BoTynEBme# B nansosoifckuit aran
Pa3BHTHA K8K NOAHOCTHD KOHCONMAMPOBE8HRSA OGMACTH, OHMM XADAKTEDHH °

TEKTOHO-M8IM8 THY6CKSA SKTHBHAALWA C BO3HMKHOBEHMEM CTDYKTYp cpe-
JAMSEMHOMODPCKOI'0 HaNpaBIGREA ;

W3MEHEHEME COCTSB8 TUNOMODJHHX METANANOB; MMM CT8IWM CBHHEN, LHMEK,
pTyTH, ME8AB,B DAZE CAyY88B 8CCONMHMPOBABUMECHA C @TODOM, MX MECTOPOXAE-
HHA HE OCHOPYAMBANT CBABM C MBTMATHIMOM;

TOnmM BepXHell vacTH 3eMBO{ KOpH HE NIpeTepNeBSNM CYWECTBEHHNX (u3u-
KO-XHMUUECKHX M3MEHGHHMY, K3K MCTOYHMK DYZAHOrO BOWECTBA OHH BHCTYNAAH B
NacCHBEO# ponm, A3BAA M8TEPHAN AAA POCCHNE# MAM OCAJ0YBEHX MECTODOXAEHHI:

PYZAOKOHTDOAAPYDIMMA ABUIACH NMPOTAXEHHHS TLYOMBHHE CTPJKTYDH CeBE-—
pO-38M3ZHOr0 NPOCTUPIHUA;

HMCTOYHHK M@T8NNOB ANA CONBAMHECTES U3 MECTOPORAEHME oOkazanca "3a-
rayoaes" B HMEHWE 30HH 3eMHOM KODH H,BO3MOXHO,B MSRTHD. !

PaccMaTpusan SBOADUED PyAooGpasyomux cucreM Yl » ero oSpaMueEMs B
O8N0M, MOERHO CYATATh I'JaBEHMM €8 (JAKTOP3MM HANPEBIEHHOE DPAa3BUTHE 3EM-—
HO# KOpH - H3pamuBaHWMe MomsocTd (70 40-60 KM), pP83BHTHE I'DaHATHOTO M
0CaZoYHOro CHoA, cTaduansamap A mafdepeHumannn OnOox0B. HampasneBEHi
nponecc OZHOBPEMSHHO HOCHA W SAEMEBTH HUKNMYHOCTH C NPOABNEHHEM SKTHBM-
3anuM. C apxXes Mo HEOTeH YCNOXHAJACA HAaOOp GopMMpyOMMXCA MECTOPOXACHMH,
yBOAMYABAINCEH I'AYOMAH MCTOYHMKOB METSNAOB, ADYE BHpAXAIACH NWHERROCTSE
M NOKANLBOCTH PYAOKOHTPOAMPYOUMX CTPYKTyp. Tak, B apxelfickyo anoxy B
YCHOBAAX M8JNHX MOMHOCTSM 3eMBO# KOPH, N8BI'e OCHHKIWHANBRHX CHCTEM HE-
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jMHefiHOro ThOa, JyABTPAa0a3MTOBOrO U G33UTOBOI'D M3TMATH3MS B 0C3Z40YBO-
BYAKAROreHHEX (QOPMSNMAX H8KANIMBANMCEH EeNe30, BaH8ZUY, M3Pranel,Meb,
HUKE 1B, XDOM.

‘B paBHENpPOTEDO3OACKYD 2MO0XY BO3HUKANT TM{PepEHIMDOBAHHHA CTPYKTYPHO-
$OpPMBIMOEEHE 30HH, B KOTODHX MPOMCXOAAT KOHIEETPSUMHA XeNE3HHX M Tpagu-
rOBHX DYyL, BUKENR, TUTaHA, ocdops.

B no3zHEnpoTeposolickyD SN0Xy NPH KOHCOAKWASIME 3eMHON KOpH pyA00G-
p830BaHME MPOMCXOANT B YCHOBUAX PINGOBO-GNOKOBHX ABHECHHN, NOABASHUA
naHefEHX M 0Y48IOBHX CTPYKTYp pufToresesa ¥ gKTUBHBANAH.

B JiaHEpO30E NpM SKTHBMISNUU IMHEHEHX 308 M P337OMOB, NPOHAKADEMX B
MSHTHD, (OpMMpYOTCH MECTODORJEHMA MEAM, CBMBLS, OHHK3, PTYTH, QADOpHTE.

B oTOM Xe HA8NDPSBIEHMM MPOMCXOZMT M3MEHEBNME X3DaKTepa pYyA000pasyomux
CcHCTEM: OT DETMOHANBHHX HEYBTHKAX, OCyCAOBANBIDWMX HEKOHNERTPUPOBAEHOS
HGKONNEHNA DYZHOTO BEWECTBA 5 A0 NOKSNBHNX OTHOCHTEIBHO 35MKHYTHX py-
ZOKOBNBHTDHPYDUKX. YBEAMIMBEOTCA NPOTAXEHHOCTE DYA0O0ODa3yOHUX CHCTEM
[i0 BEPTUKANM ¥ yAANEHHOCTH MECTOPORAEHAR OT NEpPBOMCTOYHMKOB PYAHOTO BE-
@mecTBa. B pgHEMX SNOX3X BOBHMK3NT MECTOPOXAEHMA DAEMEHTOB, ANA DYABHX
cxonaeBu# KOTOpHX TpedyeTcH HeOGONbWNOS YyBENMYEHAE KOHOEHTDAOUM MO Cpas-
HeBMD ¢ QOHOBHMH 3BayeHuAMm ( Fe, Mn | Ti Al), 3 B mO3ZBAX - DEAKHX
9NEMEHTOB, [IA KOBOEHTDPSOEA KOTOPHX HEOOXOAUME 00768 CHORHHE JNMTENBHHE
‘M MHOTO03T8NHHE nNyTH ZuddepeBunanny BemecTBs. N3MEHADTCA ¥ BeAymue reHE-
THYECKUE THUNH DYABHX OGP3BOBSHMM: 0T BYAK3HOreHHO-0CEAOYHHX,METEMOPHH-
98 CKNX,MaTrM3aTHYECKEX Z0 MET3COMaTHYECKHMX M TAADOTE M3 IBHO-EMIBHEX. B
aroft ®e mMoc/EeAOB3ITENBHOCTH BO3PSCTANT cTenens AuddepeHOIMPOBAHHOCTH pyA-
HEX Qopmanuil, paspoofpaaKe KAUECTBEHHOI'O M KONUYECTBEHHOI'O COCTABA DYI-
HHX MMHepanoB (0T OFMHOUHHX MEHEpDANOB Fe, Ti, Cr Mn A1 C 710 MHO-
THX ZECATKOB MUHEP8NBHHX BUI0B, COZEDRIWMX DELKME W NETYUYAS SAEMEHTH),
CTEN8HE KOENEHTPAOMH PYAHOI'O BEWECTBA.

OcoGoe 3RauUeHME MMEET NMOABIACHAE CTPYKTYp oOGnacTeit W 30 aKTHBH3ELUM.
B ofcTaBOBKE TBKMX CTPYKTYP BO3HMEaNT OTHOCHTENBHO 33MKHYTHE NOK3IBHHE
PYAOHOCHHE CHCTEMH, HaMOONEE GIA3TONDMATHHE LJA D3a3BATHA MBETEHCHBROIOC M
AuQde peHIMPOBAHHOTO PyA000Pa30BanKA. BeAywad pOLB NPUEAANEHUT OYArOBHM
CTPYKTYpaM ¥ rayOuBHEM pasnouaM. Osu OOYCNOBIMBEDT I'ANGOBO-GNO0KOBHE NO-
ABAXKN 36MHO{ KOpH, NMOBHUEHHYD METAMODJHMUECKYD M MATMSTHYECKYD SKTHB-—
HOCTH, MOCTYNIEHHE N0 CKBO3HHM RaRAN3M KNBEHHMIBHOrO BEMECTB3, NDEXAE BCS-—
o menodeff, NETYYHX M DYAHHX HOMOOREHTOB.

T'ING0oB0~-0N0KOBHE CTPYKTYypH oOnacrTeff aKTUBM3SNIUM ABIAOTCHA YpE3BHYalRHO
Bonroxusyuumu (Gonee munauapzas neT). 0uarosne CTPYKTYpH, CKBO3HHE M
NonepeynHe TOKTOBUYECKHME B0HH IAYyOMEEOrO 3370K€HUA OKA3HBEIM BO37gftcT-
BUE H3 00pas0BaHNE BEDXHUX I'OPMSOHTOB 3EMHOHM HODH pas3IMYHEX ST3NOB pas-—
BuTus. Tagas OOCTBHOBKS OOECNEYMBAET CT3GUABHOCTE DYZLOOOGDPS3yDUUX CUCTEM,
LANTENEHOCTE ¥ NOAHOTY DP383BUTHA pYA00OpPa3yomMX NpONECCOB, TAYGOKYD ZAMG-
@apesnuaunn BEMECTES C HeOZHOKDPATHHMM MOGMAu33UMel, nepepschpemenenm-
M ¥ KORUBHTDSOEEH DYyAHHX KOMIIOEEHTOB.
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JIK 553.462
LOW TEMPERATURE MOLYBDENUM ACCUMULATIONS IN THE BOHEMIAN
CRETACEQUS BASIN (CZECHOSLUVAKIA)

J.Pokorui
Geological Survey, Prague, Czechoslovakia

Introduction

Numerous geochemical anomalies of molybdenum have been found in
sedimentary rocks of the Bohemian Cretaceous Basin. Investigated rock
samples were taken mostly from the cores of deep drill holes situated
for structural or hydrogeological studies. Geochemical anomalies cont-
rasting more or less with the molybdenum content of the geological
environment have not yet been studied mineralogically in detail., They
originated epigenetically from underground circulating waters bringing
molybdenum from exposed surrounding or hidden underlying crystalline
rocks,

Geochemistry of Molybdenum in Cretaceous Rocks

The distribution of molybdenum within the unmineralized Cretaceous
sediments has been studied by Gadkovd /3/ and obtained main results
are summarized in Table 1. The concentration range is 1 - 8 ppm Mo,
i.e. higher than the molybdenum abundances in the Eerth crust /197,
The highest values have been found in clastic rocks of the fresh -
water and brackish Cenomanien (5 - 8 ppm). Taking into account the
average Mo concentrations in sandstones of 0.2 ppm /207, the coeffi-
cients of concentration reach the values 25 - 40.

Samples of unweathered rocks taken from drill cores /13/ showed
elevated concentrations of Mo in 222 samples from the total emount of
1081 samples. The greater part of the studied semples were represented
by sandstones and pelitic rocks containing black coal matter and asso-
cilated pyrite. The highest value of 202 ppm Mo showed a sample of coal
claystone containing pyrite. The rocks belongs stratigraphicelly to
the fresh - water Cenomanian as well as Lower and Middle Turonian.

Very remarkable anomalous concentration of molybdenum has been dis-
covered in the area of uranium - zirconium ore deposits. A close corre-
lation between U and Mo does not gxiat here, but analyses so far made
give reasons for systematic studies of molybdenum distribution within
this area. Uranum oxides from the locality contained 10,000 to 30,000
ppm Mo and two other ore samples from another locality 165 and 1025
ppm Mo,

Molybdenum in Underground and Mineral Waters

zika [21/ enalysed 233 samples of evaporation residues of mineral
waters by qualitative spectrochemical analysis, with detection 1limit
of 10 ppm. From the total number of 19 localities of mineral waters
containing molybdenum more than one half belong to the area of the
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Table 1

Average molybdenum contents in the sediments of the Bohemian
Cretaceous Basin (from Cadkove 1978)

Lithostratigraphic unit Rock type I- ppm Mo K
conglomerates 8 By3
Fresh-water and brackish sandstones 5 3,3
| cowm pelitic rocks 6 4,0
Marine Cenomanian sandstones 3 2,0
sandstones 3 2,0
furonian - Coniacian siltstones < 1 £ 0,7
marlstones 2 1,3

K = coefficient of concentration (average Mo content in rock divided
by the average Mo content in the Earth cruet by Taylor 1964)

Bohemian Cretaceous Basin, On the besis of that the author delineated
8 "molybdenum province™ in the eastern part of the Basin.

Several mineral waters have been analysed quantitatively and the
ranges of Mo concentrations in water samples were 0.45 =- 75.00,ug 1"1
Mo /11, 6, 10, T/.

Extremely high molybdenum contents have been found in pit waters
from the uranium deposit near Hamr /12/., Water samples of blue colour
showed more than 100 mg 1°1 Mo (maximum 318 mg §=1 Mo).

Molybdenum in other geological unitas of the platform cover

The rocks of the Bohemian Cretaceous Basin are not only platform
sediments of the Bohemian Massif. Older unit is represented by sedi-
mente of Upper Carboniferous and Permian basins partly underlying the
Cretaceous and partly exposed in rather extensive areas, In the north
= west section of the area important coal - bearing Tertiary besins
occur and the central part of the Cretaceous basin is covered by thick
Quaternary deposits.

Permian and Carboniferous clastic rocks contain in average 2 - 3
Ppm Mo /2/. Elevated Mo concentration have been found in a coal layer
(40 ppm), in grey sandstones and red - brown pelitic rocks sometimes
With grey - green reduction stains (23 - 35 ppm Mo).

Younger Tertiaty sediments of the North Bohemian Basin contain in
8verage 2 ppm Mo. The highest values of anomalous concentrations reach-
&d about 10 ppm /[47.

Molybdenum in Underlying and Neighbouring Crystalline Complexes

Severel molybdenite occurrences have been discovered (Fig. 1) in
the crystalline units adjacent to the Bohemian Cretaceous Basin. In
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the area of Cinovec (Saxothuringian zone) rare molybdenite is present
in granite greisens and associated quartz veins. Molybdenite is not
‘rare on joints of granitoide plutons, in aplites and pegmatites. The
accumulations of molybdenite in a quartz zone of a pegmatite near
Krupka was mined for several years. Most important molybdenite occurr-
ence was discovered several years ago in a zone of fenites in the gra-
nodiorite body near C1std,

Sattran and Klominskﬁ /117/ analysing the petrometallogenetic series
of megmatites in the Bohemian Massif characterized the Mo - W and Mo -
Au transitional genetic series. Greater part of intrusive granite and
granodiorite bodies around the Bohemian Cretaceous Basin belong to
them.

Two interesting molybdenite occurrences are known from deep drill
holes (Fig. 1). The first one lies about 10 km NW of Hradec Krdlove.
Under a thick Cretaceous cover (530 m) the series of metamorphosed and
hydrothermally altered volcanic - sedimentary rocks have been found
(chlorite - sericite schists, granosyenite porphyries and felsic rocks)
containing dispersed molybdenite impregnations., It is about 400 m
thick in the whole drill section, changing in intensity along the
drill core. Another occurrence about 30 km ESE of Usti n.L. represents
sulphide impregnation (chalcopyrite, pyrite, molybdenite, tetrahedra)
in mylonitized granodiorites. Samples from several other drill holes
also contained elevated Mo concentrations.

Discussion

On the basis of available geochemical data the following genetic
processes have been proposed for molybdenum accumulations in the Bohe-
mian Cretaceous Basin.

One part of the total amount of Mo has been brought into Young
Paleozoic and Upper Cretaceous basins by continental streams. The Mo

——

Fig. 1. Distribution of molybdenum in the Bohemian Cretaceous Basin

1 - Bohemian Cretaceous Basin; 2 - Adjacent geological units; 3 -
Zones of elevated ilo concentrations in Carboniferous rocks wmostly
underlying Cretaceous strata; 4 - Zones of elevated Mo concentration
in Cretaceous and Tertiary rocks; 5 - Molybdenite occurrences in
neighbouring crystalline units; 6 - Molybdenite in underlying units
found in drill holes; 7 - Molybdenum in mineral waters (guantitative
determinations); 8 - Molybdenum in mineral waters (gqualitative deter-
mination); 9 - Directions of the underground-water flow in basal
Cretaceous sediments; 10 - Important drill holes; 11 - Boundary of
the Bohemial Cretaceous Basin; 12 - Important anomalies in Cretaceous
Sediments with sywbols of chemical elements
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Table 2

Types of Mo anomalies, found in the drill holes within the
investigated area

Geological Anomalous concentrations Measured or estimated
environment of Mo Mo contents in
anemalies (ppm)
e Primary elevated Mo contents
fj§ éa in sedimentary rocks 10 =806 £T)
b= Anomalies of the "third order"
325:?: 1 without evident relations to
ﬁgﬁ 25 the Mo source 10 - 200
L} a4
5 g g g Molybdenum accumulations on 1,000
M od+ the geochemical barriers locally 30,000
. Residual overburden 3 -5
o A
5 a Specialized rocks with elevat- 35
"é. g ed Mo content
8 é Zones of molybdenite accumula- 1,000
o1, tion ("ore zones")
o ®
" E Local mineralogical 7,000
o o
o accumulations
@ o
w o Primary haloes accompanying
_§ § the molybdenite mineraliza- 100
'_Es % tion
et~ Zones of molybdenum enrich- 10 - 50
g 5 ment of unknown origin

concentration in continental streams could be higher than the average
of 0.0013 mg 1"1 (zika 1972) since the exposed crystalline rocks con-
tained 1.5 to 3.5 ppm Mo (the highest values coming from tin - bearing
granites of the Krusné hory Mts.). The estimated Mo content in the
waters of the Cretaceous Basin is about 5 ng 1'1. Cretaceous pediments
deposited in such environment were in average slightly enriched in Mo
(2 ppm Mo and more; Cadkivé 1978).

The character of the molybdenum distribution changed significantly
during the following geological period. The crucial point of the his-
tory could be the Saxonian tectogenesis /14/. The northern blocks of
the Bohemian Massif was lifted up and suitable conditions for inten-
sive erosion and metal transportation in surface waters started. These
waters infiltrated Cretaceous rocks where conditions exiasted for moly-
bdenum accumulatione on geochemical barriers.

The geochemical character of Mo distribution in Cretaceous rocks
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Fig. 2. Simplified two-stage model of geochemical inheritance of heavy
metal contents of Bohemian Kassif and Bohemian Cretaceous Basin

a - upper cretaceous; b - tertiary. 1 - Crystalline complexes;
2 - Bohemian Cretaceous Basin; 3 - Cretaceous sediments; 4 - Migra-
tion in solutions; 5 - Migration of clastics

as well as neighbouring and underlying crystalline rocks were summariz-
ed in Table 2,

The highest molybdenum accumulation (10,000 - 30,000 ppm) within
the Cretaceous rocks are those connected with uranium - zinconium
mineralization. They occur both in the same area but without any
strong correlation between U and Mo. Cadek et al. /17 came to the
conclusion that the ore-bearing solutions were mildly oxidizing to
reducing, of pH 5 - 7 and with relatively high content of fluorine
(107> to 10~% M). Uranium, zirconium and’ titenium were apparently
transported in the form of complexes with F. According to the research
and model calculations of Majer (1975) the transport of Mo existed
mostly as anion Iaof' in a dissociationdegree depending on pH values.
Molybdenum precipitated as HoS2 in & reduction environment (jordi-
site 7).

The main source of the clastic material supplied into the Bohemian
Cretaceous Basin was the adjacent NE crystalline complex of the Giant
Mountains and Jizeské hory Mts 197. The infiltrating underground
waters have in the main zones of metal accumuletion a direction from
NE to SW /T, 147.

There is not excluded that some Mo enrichment of Cretaceous sedi-
ments should be caused by the sources in the underlying crystalline
basement and its Pre-Cretaceous weathering surface (e.g. anomaly near
ﬁradec Krélove in Pig. 1). The formation of such anomalies is not
Clear and anomalies found in Cretaceous cannot be practically taken as
guides- for underlying ores.

Elevated molybdenum concemtration in Cretaceous rocks may be regard-
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ed as geochemical inheritance of crystalline basement in the sense
of Samama /16/. A two-stage model may be applied (Fig. 2) which extend
the Samama's concept.

Conclusions

The interpretation of geochemical data showed that the area of the
Bohemian Cretaceous Basin is enomalous in Mo. This concerns not only
the average molybdenum concentrations which are slightly elevated in
comparison with known averages for the same types of rocks, but also
local anomalies. This menifests relationships between the basement and
sedimentary basin, The concept of geochemical inheritance of heavy
metal contents of basement areas and of sedimentary basins described
by Semema /167 is applicable to the period of sedimentation in the
basin as well as to the following period of geochemical development
when the precipitation of metals from infiltrated underground waters
took place.
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JIK 553.3.078.4:553.31.6
CIEUMATMSALMA PYLOOEPASYOIMX NPOLECCOB T'MAPOTEPMAIBHHX OFPASOBAHMA
TAHB-1AHA

X.H.Batuyxamezos, T.3.3akupos, 0.T.Tepnenxuit
Axagmemus BayK M MumucrepcrBo reoamoruu YsCCP,r. Taurenr, CCCP

SHzOreHA08 OpyAeHesMe Cpeamssoro, Kmsoro m Nro-3anazroro Tamb-llsna
NpeACTaBNEHO PYAHHMH (ODMSOMAMYM CIEAyOWMX OCHOBHWX 3JEMERTOB: 1) BOIB-
(paMa, OmoB8; 2) LMHKS, CBHHLG; 3) Mezu, MOnUGZeHa; 4) PEARHX M8T8N10B
5) XpoMa, BMKeNA, KOOannTs, TMTaRA, Xenesa; 6)sucMyTa; 7) pryTM, CYpPhH-
MH; 8) ¢rops m Apyrux. ST QopMeuMM TPYNNHDPYRTCH B crenyomus IEHETH -
Y8CKME THUNH: COOCTBEHHO Ma3ruaTH4eCKM,nerusTuToBmlt, cKapHOBH#, &NBOH~
TUTOBRH#, rpeilizeBoBu#l, I'HAPOTEDMaNBEHH.

Ha npumepe Tamrp-llaBs npeAcTaBIAETCH BO3MORHHM NOK838Th P83HOOCPasHe
Te0AMBSMAYECKMX M DYA0OOpasypmux OGCT8HOBOK B CHCTEMSX OBI'6 OCEEKAMHBA I -
MAOTe OCAHKJIMHANL - KpaaBoi MacchB (OKeaH - OCTDOBHaA Iyra, KpaeBoa
MOp8 - KOHTAHEHTA/NBHHA CKJAOH — KOHTHHEHT).

TeppuTopuu TARB-WAHA NPUCYUM CAEAYDEME THIH Me'T8 INOrGHMYBCKOH 30HAE-
NIBHOCTH: KOHKOPASHETBO-NOACOBHY (I'eOCHHKNMEBNBHEYA 2T8MN); KAPK3CHO-Yy3710-
BO# M KOBIEHTPMYECKH-30BBABENE (OpOreHEWil 3Tan); AMCKOPASHTEHE M AMC-
KOPAAHTHO-N0ACOBEH (NMOBAHEOPOreHHaA M NocTOporessas craman) /57.Mroro-
BAA METANNOreHMYECKS8H 30HSNBHOCTH NpPEACTSRIAET pe3yarTaT "unrepdepen-
nua" 30H8NBHOCTEH pa3NUYENX ITANOB I'e ONOTMYECKOro psasuTua. Hepapxuye-
CKA8fA NOCNEeZO0BATENBHOCTE DYAOHOCHHX 6/JMHMN 'X8DaKTEPHUBYeMOH TeppATOpME
Tapp-llaBf ¢ yYeTOM MX MABCHTEGOB M MOPHONMOrME BHLAAZMT -CJE 1Y DWMAM odpa-
sou /4/.

B npeznenax Tanp-llanbcrof AnEe#E0#f re OCUBKAIMHANBHO-CKASANAaTON MeTaA-
NOTeEMYeCcKOM 00NaCTH BHAEAANTCH CAEAYDEAE MET3ANOréBMYECKME NPOBAHITHM:
Cpeaunso-TAnblSHBECKEA , ORHO-TAHBOAHBCKAA H Oro-3anaguo-Tanbnansckas. C
HexoTopoit Aone#t ycmopHocTM B 0COGYD CYONPOBMEIMD, NEPEXOAHYD K Ypanb-
CKolt, MOryT OuTh BHAeneEH Cynramymagar m [lpuapanse. Bce nepevHCNeHEHE
NPOBUEMMM NONMIMKINYHEEE, OAHSKO B MX METaANOTEHUM ONpEJEAADEUM ABAAGT-
CA repUMHCKME OUKX.

Taxoft TMn pYAOROCHHEX TEPPHTOPH#, KK CEKTODH MET8INOré AAYECKMX NpO-
BuBnuft Tasp-llansa, v3y4es c pa3muysoll A0cTOBEPHOCTHD. [lonepevHas MeTal-
IOreHMY6CKaR S3O0HSABHOCTE MEraOnokoB ormevaerca Aaa Dxsoro Tams-llansa,
ofpasys Takue CeKTOps: Kuswaxyuckuil (3omoro); HyparTusckult (3010T0+BOLB-
(pau) ; Kypsumuro-I'nccapckuii (cBmEenm, OUBEK, Me8Ab, MomuGzes, soloro,drop);
Bapafuaro-Tmccapckuit (pryrs, cypsua, 0AOBO, 301070, frop). Merammors-
HHYBCKSA CHNeNU(HAKE S9THX DPyA NpPOABAAETCA NPEMMYNECTBEEHHO B OpOreHEHi
8T8Mn, OnpeAenAsch, C OAHO# CTOPOBN,COCTSBOM rAYOMHHHX 308, C Apyro#t -
TPSHCBOHSNBHHMH D33NOMAMH, GIOKOBHM CTDPOSHMEM, OYSTOBHMM 8DPE8IBHHME
CTPYKTYDP3MH.

MeTannoresMuecKMe 30HH M 30HH MEXBOH8NBHHX I'AYOUHHEX Pa83/OMOB COMO-
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@T8BIANTCA CO CTPYKTYPHO-QOPMANMOEELMA 30HAMH. OE# B OCHOBHOM OTp8—
%30T NOTEHIA3ABHHE BOBMOXHOCTA DYAOHOCHOCTH H8UaNBHHX CTaAult pa3mm-
puf, Peanusyomuecs B BAAE KOBKDETHWX MECTODORZ6HHN H3 mOCHAEZyDmEX
arenax. BHIE/AANTCA METSINOTEHUYECKHE 30HH NUTOPUABHO-X81bKOQUABEOrO,
g npKofuUABHO-INT 0PUNBEOT 0, NATOPMABHO=X8 ALK OPHABHO~CHABPOPUABHOTO,
AUTOdUNEHO0-CHAE POJUNBH 0~Xa IbKOQUABEOr0 M CHAE DOJMIBH 0-X8 IbKOPUABA 0=
ro npojunett /3/.

PgaHoo0pasus NPOAYKTOB PyA0OCDPa3YOMMX MPOMECCOB BHWENEPEYHCIEHHEHX
gAME4L S3BHCHT OT MX MET4NIOreHAYECKON cnenuannssnnu.llocnearas olycraap—
JMBEETCA : a) CBOeOOpa3MEM BMemabme# reonormueckoit cpepm; 6) rayounoft
§ TeMnepsTypoft o6pa3OBAHUA M Pa3rpysKM PYyAOOGPI3yOWMX DPACNNSBOB M pa-
CTBOPOB; T) OCOGEHHOCTAMN THIOB 3eMHO{ KOPH PYZOHOCHWX TeppuTopult;

&) ucTOpreHd MX IeONOrMYECKOr0 M MET8ANOreHMYSCKOI'O PS3BMTHA M CTaHOB-
nesus /2,47.

BaaronpuATE3A AAA PYyA00CPa30BaHMA CpPEZA8 BO3HAKAET MDA COYETSHHE
Onpefie NIeEHHX T'OPHHX MOPOA C P33NMYHHMU TUNSMM CTPYKTYD. BuMemsomme pya-
HHE MECTOpOXZSHMA Nopoad TAsp-[laBs N0 BeweCTBEHHO-NETPOIPsdHdIeCKOMY
COCTABY NOApPa3ZENADTCH H8 4YeTHpE rpynnm: 1) alOMOCUNMKATHEA (IpPamATO-
HAH, KMcnHe 3(QQy3uUBH, NECUSHO-CNAHIEBHE NOPOAH ¥ HX METSMOPJRN30BSHHHLE
pasEocTH) ; 2) XajesoMarHe3:danbHad (yABTPAOCHOBEHE M OCHOBHHE NOPOAH,
ZIONOMHTH, TAILKOBHE, XIODHTOBHE, GMOTHTOBHE CIAHOH M MX MeTamopduso-
B8HEHE Da3HOCTH) ; 3) KAPOOHaTHAA (UBBECTHAKE H MDAMODH); 4) NOPOAN CJOX-
HOrO COCT8Ba (MEDrelAM M Apyrae). B peaynbrTaTe B3auMone#icTBMA pPYyAOHOC—
HHX pacTBOPOB ¢ GnaronpuaTBoff reonorugeckolt cpezolt o6pasywTca ps3aNd=
HHE QopMamEM pYABHX MECTODOXzeHUM, X8DaRTEDH3YWMHECHA OMNpEJENEHHEMHE MA-
HEPaNbHEMEA 11 DSTEHE3MCAMHE, COCT3BOM EMABAHX A MET8COM3THYECKMX HOBOOO-
pasopanui, Mopfomormedl pyAHHX TEN M BEAYMMMH DYA006PaSYDMUMA KOMIOHEH-
TaMA MecTopoxzenuit. Poas reomormyecKofl cpefn HATDCTDPUDYBTCA Da3MEmE-—
HHEM pa3BOOGpS3HNX I'MZPOTEpPMAINBHHX MECTOpOEAenuit B pS3MMYHHX rpynnax
NopoA: B KapGOBITHHX OCpP33yDTCA CKAPHOBO-ONOBAHHO-IIONMME T3 ANKYE CKHE ,
K8pGoHaTHO-KACCUTE PHTOBNE , KAPOOHS THO-KHHOBAPAHE (JOpMANMM; B aIOMOCH-
AMKaTHHX - rpefise E0BO-MOMMGAEHOBHE, MEEIMTOBHE, TONA30BHE,KBApHEBO=
K8CCHTEPMTOBHE,, KBAapNeBO-30N0TOPYAHHE, KBAPNEBO-BONBJpaMOBHE, KBapHa-
BO-NOAMME T3 NINHYE6CKHE (QODMANEKM H T.7.

lipe oGpasopssmm gopuanuit Mecropoxpssuft BaGADAIETCH TECHSA B33MMO-
CBFSE I'eONOTHYECKOM cpefn, TeMnepaTypHHX YCAOBHHE W rayOMEN NpPOTEKABMA
PyAocoGpasyomux Nponsccos. BO MHOPMX CIYyYagX I'AyOMBES NPOTEKAHMA STHX
nponeccos onpezenAeTcHd r'AyOMBoff CTAHOBNEHHA MBI'MSTHYECKMX owaros.llo
PIyOmHe 00pa30BaBMA SHAOrsHEHE MecTopoxneEns Tass-llaRas pasjenADTCA
/2] na oOTHOCHTEABHO rnyomEEne (8-=4 KM, DeIKOMETAUIBHHE NETMaTUTH) ;
MazornyOusene (4-1 KM, CK8DHOBO~MATHETHTOBHE, CK8DHOBO-HAEAMTOBHE,
CH8 PHOBO-MEIHO-30N0TOPYAHHE , CKAPHOBO-NONMMETSNNMYIECKME ¥ HEKOTOPHE
THApOTEDMA IBHHE MECTOPORAEHMA) ; nMpunosepxsocTHee (I KM M Memes; Gons-
38 9acTs BYLKSHOIeHHO-TMAPOTEPM8IBEHX MECTOpORZAeRKi). [logobras danua

117



IBHOCTH MECTODORAGHUYl 38BMUCHT OT 8CCONMMDOBAHHOCTH C NIYTORMYECKOM,
BYAEKaHO-NAYTOBM98CKOM, BYNKIHAYECKOR JOPMEMM NPOABNEHHA M3TMaTH3M8 B
X0/l PEesNM38MuM eAMHEOrO PYAOHOCHOrO MMNYABCS WNM B8 NPOTAXEHAH HECKO-
IBKMX CT3Auil TEKTOHO-MaIM8THYECKOrO DPa3BHTHA QopumpynTcs paan (cemeli-
CTBA) DOACTBEHHHX DYAEHX (Jopmanuil, cnenuaIUM3upPOBSHEHX HB OZMH MIM HE—
CKONBKO BEAYUHMX SNEMEHTOB.

C yvueToM KOHTDPACTHOTO XapakTepa rEOAMHAMHYECKHX M METanIOreHHYe-
CEMX 0OCTaHOBOK ANA TeppuTopu TAeb-llaHA HaMeYeHH 7B8 I'JIaBHHX MCTOYBRM-
K8 DYAHOrO BEWECTBA: WBEHMABHHH, MaHTiHO-GasanbToMABuil (Zeneso,Xpou,
HUKENH, M8, IMHK,CBHHEI, KHHOB8DH, B0N0TO)M KOPOBO-8CCHMMUIANMORHNA-
rpasuTEsft (0n0BO, BOMB(paM, MONMCZEH, DEAKAE 36MIM,CBUREN, BHCMYT)/7/.

Ins OCHOBHHWX DyAHWX J310B, COOTBETCTByOUMX "y3naMm NOBWUEEHBOH M Ama-
reabHo#f @EAOreHBEOR sRTHBEOCTH" [IQZ rAe OpYAEHEHHE AOCTHraeT HaMBHC—
mef#t KOBIEHTDPANUWM, X8PAKTEPHH FeTEPOrSHHNE MBI'M3THYSCKME (opMamuu,o00y-
CHOBNGBEEHE ZHelflcTBMEM DS3HOrAYOMHEHX 04aroB ME8HTMAHEOTO H KOPOBOTO ypOB-—
ne##. Opyzaesesme B TaKUX y8NaX PegaMsyeTCA NO IAyOMHEEM DYAOKOHTDOAMDY-
DWUM CHCTEMaM, NPEACTABIAA AMTOPUNBHYO, X8ABKOJUABAYD U PeMOPUIBHYD
rpyons /17

Teospruxausansane cucreMy (Cpezussnlt u Oro-Ssnagnnit Tans-llass) 3s-
LOKMIMACH HA 3PeNOR KOpe CMaNMYECKOrO NPOYMAA C SHAEBMTOBHM (ZAMOPUT—
IPSHYAMTOBHM) COCTeBOM "GaaurToBorotcnos.OHM mpomwnm onepexzapmee (mo cps-
BHERUD ¢ DxBuM TABRb-laHeM) pa3BHTHE M CT8HOBIEHME KOHTHMHEHTS8NBHOH KOpH,
0 YeM CBHUAETENBCTBYWT HANAUEE AOKEMODHHCKMX M KaNE6ZOHCKHMX I'DaHMUTOMAHHX
KOMNJEKCOB, OTCYTCTBHE JOCTOBEPHHX MNpPOABNEHMH MAMIMEIBFEOrO METMBTH3MAE,
p83BUTHE KOHTPSCTHHX BYZAKAHO-NNYTOHAMYECKUX accomusnuit /4/. Nuopur-rpa-
ByNKTOBHH# cnolt oforauweH B CpaBHEHMH C THNMYHHEM COCTaBOM "GasansToBOrO"
CNOA CBHHIIOM, ONOBOM, MOMMOZeHOM, cepo#t, §TopoM ¥ ofezBeH OKHKOM.[ ps-
"HATOMAHHE KOMNAEKCH 3THX TeppUTOpUi OTAMYSNTCA NOBHUEHHO# KalIMEBOCTEHD,
GTOpOHOCHOCTED M DEIKOMETANIBHOCTED. CyHECTBEHH0 cnanndeckuih (Tousee
feunuecro-cuanuueckut) cocTaB PyHASMEHTS M BYAK8HO-NAYTOHHIECKUM
X8pPaKTEeD OSBOMOIIAM INpeloNpele/juid XaAbBKOQANBHYO M AATOLUABHYD aB-
TOXTOHHYD METANNOTeBMYECKYD CHENOWANMBSOMD NpOBMBOMA (monMMeTsn/H, BHC—
MJT, peZiKMe MeTannH, §anopar). Bonee CHOXHHM NPEeACTSBAAETCH I'EHEBMO
"ann0XTOREOrO"™ OpyZEHEHMA: MECTODOEAEHMA MeZHO-nopjmposoro (¢ 30n0OTOM)
THNa, 3010T0CApeCpAHHG, MATHETHTOBHE M CTPBTHHODMHNE CBUBLNOBO-IMEKO-
BHE.

TeocHsknuHaNIbHAA cHcTeM8 Kxuoro Tamb-llans ps3BUBaNSsCh HA MeHee 8pE-—
no#t (c 3BONNOHOBEHOM TOYKM SPEHEA) KOPE C CYyWECTBEHHO G33KHTOBHM COCTA—
BOM "G88315T0BOro" cA0H. POPMAPOB3HHE I'DaEWTOTHEHCOBOrO CHOA 3AECH 38~
BEPUSNOCH B MO3ZHEM N3N80308., ITO NpPEAONPENEAMAO NDOABIEHME 34ECH BA
D8HHMX 9T8MEX PasBUTHA 083a8NLTOMAHOrO BYIAKEHM3MA, THNEpGasUTOB, TPay-
BAKKOBHX H KDEMHHMCTO-IECY8HO-CLBHUBBHX TONW, NpeoOAsnapuuil K3NUESTDO—
BHl npoduAs OPOreHHOrO I'paHMTOMAROrO MATMaTH3Ma. MensmrokpsToBuit Xapsr-
TEP HHEHE! EOpDH ONpeAENAsT OCOGBHHOCTH DHIOTEeHBON MeTSMNOTEHUM C BAZLY~
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me#l pomBD 301073, BONB{PaM3, PIYTH NpPHM HIAWIMM MHAMKETOPHON XpOMMTO-
poft ¥ MEJHO-KONYEZ3 HHO| MUHEDSNMB3IHA.

CrnenusAuaanusg ¥ MCTOYHAKA DYAO0OODPS3yOmMX TMAPOTEpPM3NBHHX P8CTBOPOB
BUAOMBMEHANUCE B XOAE TEONOrO-TEKTOHMYECKOTO 4 METAANOreHMYECKOI'O Pas-
BT TaApp-laBfd OT PaHHETEOCHHKAMH3NBHHX BT8NOB 70 NEPUOZAOB NMOCTHOH-
CONMZASNMOBKON axTNBUSSUMKE (OKESHMYECKSA CTAAMA — NEDPEXOAHAA CTAUA —
KOHTMHE HT8NbRAA CT3AMUA). Bce pasnooCpasué 3HAOI8HHHWX DEXMMOB MOXET
OHTH CBOZEHO K YEpPEZOBAHMD BNOX DACTANEHMA M CRAaTUA 3eMHOf KOpH, Npu-
BOZAMMM K Da3NUYHOU CTEneHM €8 NPOHMOAEMOCTH. [[ONHTKA PEKOHCTDYKIMK
r'eOMHIMUYE CKAX 06CTaHOBOK (aHepO30sd MOATBEPRAAEET NPeLNONOKEHHAE O (Hop-
MEpOBaHEM CoJbmel dacTM Teppuropdr TAHBb-liaHA Ha MolmHOR cyammvecko? Ko-
pe KOHTHHEHTAJBHOTO (peXe NEPeXOZHOTO) THIA M O MHPOKO ¥ HEOLHOKPATHO
NPOABJEHHHX Mpoleccax TeKTOHO-MaliMoMme TalloreHAYecKoil ¥ TeKTOHO-Me-
rannorennyeckolt /6/axTupmsanyn,Ecam adcTpar¥poBaTECA OT TePMEHOJOTHYEe-
CKEX pasyuduit,CBOCTBEHHHX MHOT'OYHCJIEHHHM OIpeLeNeHHMAM aKTHBHBAINM, TO
OCHOBHHM,II0 MHEHFD aBTODOB,COLEDXAHMEM IIpOLleCCa OCTAHYTCA IBA MOMEHTAa:
PexEM Ipeodasanmero PAcTAKeHMA (IeCTDYKUNY )KOHTHHeHTANbHO! 3eMHOE KO-
pH; Oasu{axauid 3eMHOH KODH B pPa3/MUYHHX MmacuTadax # fopmax [1, g/.
Yepe0BaHME CEATHA ¥ DaCTAXEHMA NPOMUCXOAAT Ha (oHe HEOOpaTUMOTO pPa3BH-
THA 38MEOW KODH B H8MPABIAEGHHM BO3P3CTIHHA 66 KOHCONMASIMM, CHaNMB3IHH,
TPaHUTH38NNE. B RaxAni nOBHft 2Tan sxKTHBM3aNMUM TPeGYNTCA BCE COMBIAE
JCHMANA ANA B3NaMHBAHMA TAKOr0 "NaHOUpPA", BCEe (ONEEe MOMEHE HCTOYHMKH
9HEDIMA, B NOMCKEX KOTOPHX MH HEM30ERHO OOpamaeMca KO Bce Oomee rayOma-
BHM MaBTHUHEM ypOBHAM. B0O3pacT CTaHOBIGHMA KOHTAHEATSNBHON 3eMHOK KODH
Ana orae AbHHX pafioEoB TAnb-llaRf pasAnWYeH M COOTBETCTBYAT OCHOBHHM TER-
TOHO-M8TMO-ME T3 INOTEHHYECKUM MUKASM: Oa#K8NBECKOMY, K3N8AOHCKOMY, Tep-
ORBCKOMY. COOTBETCTBEHHO, NPEAEECTBYA DHQED, ASBOHy, DaHHEMy - CpejHE-
My KapGOHY, QMUKCHDYDTCH OKE3EMYECK3s M NAPEXO0AHAA (I'eOCHMHKAUHANBHAA)
crazuu /9/. Bo3poEjieHMe OKeaBMYUSCKOH CT3ZMM DEKOBCTDYMDYBTCH B DaHHEM
Kap6one ama I'MccapckOil 30HE IO KOMOZEKCAM MEIAHOKDATOBOI'O (YHASMEHTE M
OKEaHWYBCKOrO0 Yexna. B TEKOE ®e mocaegO0BaTENBHOCTH (JOPMMPYDTCA BO Bpe-
MEHM ¥ D33MENBOTCA B NPOCTDAHCTBE (OMONAXMBAACE C CEBEPA H8 DI') NMpef-
CT8BMTENM BSHAOreHHHNX DJAHHX Qopuanmuii. Tak,sa 3HAUNTENBLHOU yacTH Teppu-
Topuu 0ro-3anaznoro TAHB-UlaHA NPUCYTCTBYNT ASXE DYAONPOABIERUA KUMME-—
puitcko-anpnuiickoft MeTanmoresnusckoft snoxm (CBMEEN, OMHEK; pPTyTh, CYPHMA;
@awopuT) , UTO ABNAESTCA OTTOAOCKOM PEOIAHAVAYECKAX M DPYIOOGDA3YOIMX
CcoOHTHit Ha ceBepHOM (JaHre oxegHa TeTnc.

OnenuBan cnenuduky MarMaTusMa ¥ MmeTannoreuum TaApb-llaEfg B CBASK C 3BO-
IoInue#t KOECONMAMPOBAHHON KOpH, LE@N8cO0CpPa3HO YyYNTHBATH M 0COOYyD DOIb
CIPYHTYp THNa naneosofd BeRbofa-3aBapulKOro, NPUYPOYEHBHX K IPaHANSM
nurocdepunx naur. OrpensAwe yacTd TAEb-laHA MOTYT OWTH NPEACTABIEHH B
BAe MuxponauT. TIKOBHMH MOKHO CuMTaTh Cpeaumbpnit, Ommuit m Wro-Banazauit
Tass-llans. K umcny 308 Bensofs, aKTUBHHX B NO3JHEM AOKeMOpNMM - NO3AHEM
naneosoe, RIUGONEE yBEPEHHO MOEBO OTHOCHTEH CHCTEMy Bykanray - OxHo-lep-
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TaHCKMX TAYOHHHHX Da3/OMOB,TPaCcCHPYDmMX rpaeumy Cpeausnoro u DEHOrO
Taub-lsHA. VX BIMAENEM MOEHO OOBACHATE "CKBO3HYD" radlpo-CHeHHTOBYD
cnenmpury AmManuEcxoro 6noxs Hypaums, NMPOABAEHHe B HEM MONHGZEHOBO-MEN-
ot (c 30MOTOM) MMBEEDBNKBENMA, BOSHMKHOBEHME "MaTHeTUTOBOrO" mMoAca,Ha-
nuque CTPaTHHOPMEOrO CBHENOBO-HMHKOBOrO OpyreHenus (XanGanpuray).lla-
ne030BH BeBpsofa paHBEKAapPOOHOBOr'O 88MOXKEHMA YXOAAT C rpaEMOy DxHOro H
Pro-3anagsoro Tanp-lless nox Baftcyscruit Onox Kapakymo-TafARMKCKOrO Mac-
cuBa. [Ipu Tagoff MuBTepOpeTAOUM XOpONO OOBACHANTCA NETDPOXUMHYECKSH 30—
BAalbHOCTE HUXAEKAMEHHOYI'ONBHHX BYyAKanuTOB KmHOro I'mccaps u FaficyHa,Bs-
nnYMe MONUOASHOBO~MEZHOY (C 30ZMOTHM) M KONYEJSHEO-NONAME TNANYECKOY
fopuanuil.

XspagTep M CTENEHB NPOHUIGEMOCTH 3eMHO{l KOpH OnpezenunM IeHEpa M-
30BaBHER} reoxuMuqeckull npojuns marko—- M pynoo0pssyLEMX NPONECCOB perH-
oHa. Cnemmmea Bcex (opumamuit BO MHOTOM ONpeAeNseTCA 8CCOMDTHHM KOMHYE-
CTBOM M COOTHOmE HAAMM WEn0Yeit BaTpHA M KAIMA, JYSCTBYyOMMX B GopmEpoBa-—
HAM MMBED3 IBHHX NaparesesuMcoB. "HaTpueBw#" unm "xanueBuit" oOmME TER-
T OHO-M4 TMO~ME T8 1I0Te HUYE CKUX NPONECCOB HAXOAMTCA B NDAMONA 38BHCHMOCTH
0T CTEeNeHM NPOBMIEEMOCTH 38MHO! KOpDH. PexuM DacTAREHHA ¥ MaBTuliHuM]
("BaTpoBui") oGIMK DyA00CPa3yoOWAX NPONECCOB XaPAKTEPEH ANAA NpPEAOPOreH—
HHX 3T8NO0B, pPEXUM CX8TUA M KoposuM ("Kanuesui") npoduns - 418 OPOreH-
BHX 2T3N0B, CMEmSEHH{t OOMMK C NMOBTOpPEHMEM YCNOBHH pacTAXeHMA - AXA
3T8N0B NOCTHORCOMMASIUOBEO! TEKTOHO - MET@NNOreRKUECKON aKTUBHBaNMR/,1/ .

Pexumau CRaTHA M DaCTAXERMA (AECTDYKUME) 3eMEOH KOpDH C JYETOM Kpyi-
HHX TOPH3OHTANBHHX NepeMeueBuil NpU 38KPHTHUM N8NEOOKE3EMYECKHX CTPYR-
TyP H 8ANOXTOHHOM HADANMBAHUM KOATUHEHTaILHOR KODH JONXHH COOTBETCT-—
BOB8TH PAAH I'6ONOTHYECKHMX M DyAEMX Qopmanuit, HepocTawmME YNSEH KOTO-
PHX MOT'yT NMPOrHOBHPOBSTHCA NPH TWATENBHOJ} DEKOHCTPYKIMM I'eOfMHAMUYE -
CKMX OOCTS8HOBOK AnA Teppuropur Taer-Nans.

Inzeparyps

I. baitmyxamezos X.K., Barupos T.3., Tepnaenkult O.I's TeKTOHO-MaIM3THYE~
CrHM pexmuM, MET8NAOT€HAYECKHES OCOOEHROCTH M TeOxuMudeckmit npofuns
PyAOOCpPEsyoMAX NpPONECCOB XECTKMX M3CCHBOB (Ha mpumepe Nro-3anagao-
ro Tase-llapa).- Yad.reon.xyps.,1962, k 2.

2. Bafimyxamezos X.H. OcHOBHHE 98pTH METaANOreBMYecKOfl cnenuanuaaluu
PyA00OGpPS3yoMUX NpPOHECCOB.~B KH.:COBpEMEHHOE COCTOAHME Y4YEHUA O ME-—
CTODOR/IEHHAX MOAE3HHX MCKOnaeMux .Taumxenr:dan, -1975,

3. NBasoB B.B. HexoTOpHE peruOHaNBHO-I'eé OXMMHYECKWE BONPOCH M6 T8 ANIOrs-
HUYECKUX MccnenDBaHMH#.-B KH.: OcBOBHHE NPOGNEMH MeT3NNOreHuUM TARB-
llana. ®pymse: Wmum, 1971,

4, OcBOBHHE 4ePTH METaNNOreHEE YaOerucrasa/ ['appxosen B.I.,Mymkus U.B.
B Ap. TamkeHnT: ®am, 1979.

5. OCHOBHHE YE8PTH METSLNOTEHMHM Dro-sanszsoro Tasb-llsas / 3axu-
pos T.3.,Baltuyxsuenos X.H., Tepnenxuft 0.I'., Onasmer A.3.-B KH.:3aKo-
BOMEDHOCTH D33MEUEHMA NONEBAWX ucKonsemux. T.XIW.M.:Hsyka ,I98I.

120



6. [103ZHETEPIMACKAA M NOCNETEPUMHCKEA S8KTMBMBAaNHMA Kro-3amspsoro I'mc-
capa / BaitvyxamenoB X.H.,Typcynos M.XL. m gp. - Y3G6.reon.KypH. ,
1974, Kk 4.

7. CuupsoB B.ll. T'eonoro-ucTopuyecKue NpoGAEMH MCTOYBMKOB DYAHOIO Be-
leCcTBa HHIOTEHHHX PYIHHX MECTODPOXZeHMif. - I'e0JorMA pyH. MECTODORIS—
Huit, 1375, k 4.

8. Tpamupesnnse I.A.,lUxaHemun3e T.8.lleTponorudeckde KPATEpPAM DYyIO=
HOCHOCTH MarmaThueckux mopon - Cos.reonorusi, [98L, § LI,

9. Texronura CesepHoli Empasuu/ [lon pea. A.B.leltse, I.J.fABuouBs. M.:
Hayka, 1980.

I0. ®aBopckasa M.A.,llaxosuy B.B. CoBpeMEeHEHE 3CNEKTH NpOGNEMH CBA3M OpY-
AGHERMA M MarmaTUaMa. - bion. MOAI.Orm. reon,I977,7.32(I).

JIK 553.3.078:2+55I.242.4
PYTHHE QOPMAITLIM POILCICKOIO CPEIVHHOIO MACCHBA

P.limmTpor, B.Konexorcxu , C.lMaHroE
HayuHo-1ccnenoraTeILCKA AHCTUTYT NONEBHHX HCKomaewmux, ['opHO-
reonormyeckudt mHeTHTYT, Cofuilckuit ymweepcmreT, r.Cofma, HPB

B Pomomckom maccHee Ha TeppuTopmy Doirapmm ycTaHOBNEHH pasHoodpa-—
3HHe Mo/Ie3HHE HCKomaemue. Bompocy ux (opMalMoOHHOI CeMaHTHKM NMOCEMANeHH
padoTd paxa wccaelopareneit / I1,2,7,8/. B HeKOTODHX W3 HMX paccMaTpy-
PapTCs B OCHOBHOM IPOMHIIIEHHHE MECTODPOXNEeHWd, a B IPYyTHX — BCe Opyme-
HEeHHA, HO TOABKO E OTHENBHHX palioHax maccuea. B HacTommel# padoTe cne-
JlaHa TONHTKA CHCTeMAaTHSHPORaTh Ha -HOpMAUMOHHOH OCHOEe KAk IPOMHUIAEH-
HHe, Tak ¥ HeIpOMHIIEHHHe OpyZeHeHms Bcero Pomomckoro maccuea. Ilpm
STOM IPUHAT CHeNYyXUMII PAHTOPHIl DAN: Cepua DPYIHHX (dopuarmil — pymHuii
KOMIONEeKC — pymHasd (opmaimsa. B ceprm CrpYyIOMPORaHH DyIHHE (PopMammd,o-—
Pa30BaBIMecH B TeUYeHWEe ONpeNeNeHHOH CTajUX Te0TeKTOHMYECKOTO Da3EATHR
OIpeleNeHHOTO peTwoHa,P IaHHOM clydae Pomonckoro mMaccupa. PynHHe xoMI-
NIeKCH OXBaTHBaWT DynHHe (opMalyHd,CBASaHHHE C ONHOH @ Toil Re Teonorm-—
geckoli (mMarmMaTudeckoit) fopuaumell uI¥ ¢ oupeJieNCHHIM KOMIJIEKCOM T'ODHHX
mopon. Pymmaa dopwamud, B COOTRETCTEBHE C TOVYKOM 3peHmsa B.A.IKysHelo-
Fa fﬁ] u P.M.KoncrarTmHora /6&/, paccMaTpMEABTCA KaK COPOKYIHOCTE Me—
CTOPOXTEHN CO CXOUHHME IIO COCTARy YCTOHNMPLMY MAHEDAALHHME Napare—
Hesucamu,00pa30rarIMMICA P GAMSKEX TeoNOTHYECKWX YCloruaAX. Hasranue
QopMaiil COOTEETCTEYeT TeM DYIHHM W HepYZEHM MUHepaznaM, KOTOpHe ARMi-
NTCA OCHOBHMME MM THIOMODPOHEMM BO PCeX MeCTOPOXIEHMAX IaHHol dopua-
. CoxpaHeHH, OIHAKO, HEKOTODHe TPAIMIMOHHHE, XOTA H HeMUHepaloTH-—
YeCKMe, Ha3PaHud,TaKkue,Kak MeRHO-MOIMOIeHOBO-IOpJMPORaA HopMalmd o
Ap. B Tex cnydasx, KOIWia JaHHad pynHad Qopmaima odpasyeTcs B CEASH C
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IEYMA ¥ Gollee MATMATHIECKUME (OpMAUMAME, BHOENINTCA Cou.BETCTEYRIMe
dupMatMOHEHE THIY.

Ha ocHOPe yKaB3aHHHX KDUTEpHEE oGocolneHH 6 cepwil DYHHHX QopMaimmit,
IT pyIHHX KOMIZEKCOE W 45 pymHHX (Hopmatmmii.

YeraHorseHHHe (PopMaty NpUHAZIexaT K 4 MeTall0TeHMYEeCKUM 3I0Xan:
npoTeposoitcroit, KanenoHO-TepIMHCKOH, paHHeanbIMiicKolt W Mo3mHeaNBIuii~
croit. HexoTopHe 3 HUX MMENT aHTPONOTEHOEWHt BO3pacT.

[lpoTeposoiickue pynHHe opvaluuy, KAk X BO MHOTMX IDYTHX pailoHax
MEpa , ARNANTCA B OCHOEHOM MeTaMopdoreHHHMT.IIpEM STOM WX IDPOTOreHEZHC
OCAJIOYHHH , BYIKaHOT eHHO-TMAPOTEPMATBHEE ¥ MaTMaTUIeCKHi, peke BYAKAHO-
TeHHO-0CaLoYHHIl. CpDAEHUTENEHO XOPOWO IPeNCTARNEHH Takke ¥ QOpMALMN Ier-
MaTETOROT'0 THIA:IIpoTeposolickye pymHHe (opMAUMH JOKANW30BAHH B JDeEHel
KpecTanIMyeckoM QyHNIaMeHTe MaccHUBa,lpelcTaBAeHHCOM IHejicaMy,TpDaHETO-
THeficaMr ¥ MWTMaTHTaME,FHOI'IA IPW BHAYMTENBHOM YyYacTHH CHAHUIEE,MpaMo-
POE ¥ amimGomuToR(E TOM YHCAEe M apToaMinmGonuTor).OCHOEHOe 3HaYeHHe
cpen® npoTepo3oiickmx fopMatmit IMENT MYCKOEMT-KEADU~ONATOKIa30Ead(My-
CKOPHTOBHE IEeTMAaTHTH), KEapU-0IATOKAA3-MIKDOKIMHOEAA (KepaMmyeckue
TerMaTHTH) ¥ KPapu-I'paHaT-KUaHUTORAS.

Bo BpeMA IPOTEpO30A YCIOBAA PymooGpaBoPAHUA, IO-EUINMOMY, GHIN
CXOIHHME BO ECceM Maccuee. I[lo9Towy TPYIHO T'ORODUTE O Kaxoli-mmGo oTyerT-
nueoff 30HAABHOCTH B pacHpelelleEMM OTIENbHEX (opMammit. Bce-Taku Hame—
yaeTcA TEHIEHUWA K HX JoKanusamme B BocToyHopomomcroM ¥ OCOT'OBCKOM
Onorax.

Pynuue Jopmaimy KaleNoHO-TepPUMHCKON SIOXM CEABaHH, C ONHOE CTOpO-
HH, C yAbTPataZWTOBHM H OaSHTOEHM I'eOCHHEIMHAABHHM MarmaTH3MOM, a
¢ Ipyroit — ¢ OpPOT'eHHHM I'DAHMTOMIHHM, I'VIAEHEM o0pasoM 0aTOAUTORHM
marmaTH3MoM. OCHOBHHME CpeI¥ NepEHX ARIANTCA XpOMATOEad, aclecToRad
¥ TansKoBaf fopmvamy. MecTopoxneHus 9THX GopMalmil DACIONOXEHH Iped-—
MymeCTEEeHHO IO IepEPeprH MaccHBa, OyIy4YH CEABSHH ¢ HeOOABIMMY MacCH-—
BAMA yABTPaGasSUTOR, CHOPMUPOBAEUMXCH B 30HAX TAYOEWHHHEX pasaomMor/3/.
Copma oTHOCATCA ¥ HeKOTOpHe opMalyy, CRA3aHHHE C Iuala3—fHIdTOHIHHM
RommiexcoM (amaTaTopas, rpafWToBad, READU-MATHETHTORafA) W 04 3MTORHME
Pa3HOBMIHOCTAME TaGGpo-nnarmorpaHuToBoit (CTpyMcroil mmopwroroit) dop-
Meip® (MaTHeTHT-AABMEHATORAA). QopMalE BETOPOTO THIA DASEMTH B OCHOB-
HOM B UeHTpaznbHOl YacTE maccmea (3amamHopogmomckmit GAOK), Tole OHE I0—
KaMM30BaHH NPEMMYMECTEeHHO B TDAHMTOHOHHX HHTDy3MBax. M3 smx dopma-
it Hambonee BaxHOe SHaYeHWe HMENT KBapi-lee/MTOBaA, KEapI-MOAHGLE-
HATOBAA ¥ KEApU-aABOHT-MAKDOKAWHORAA ( pelRoMe T&/IBHHE MeTMATATH ).

Panneanenuiickue pyAHwe QOpMaLUNM MUMEWT OY6HBH OrP3HMYEHHOE DBCIpOCT-
paHeHHe, BCTPEY8Ach B OCHOBHOM B [leHTpanbBuX Pozonax. OHM CBA38HW C
TP3HUTOUASMY, O0Da80BaBUMMUCH, MO BCE# BEPOATHOCTH, OAHOBPEMEHHO C 78—
paMuiickuMu MHTDY3uAMM CpejHeropckoif 30HH, D3CNONOREHHOM HenocpezxcTBEBE-
HO K ceBepy or Poponckoro uaccuBa (OTpakeBH8s SKTHBM3aUuA). Cpepu par-
Heanenuifckmx Qopuanuit H8MCONBNMY MATEPEC NMPBACTABAAET KBApPI-CYABYUAHO-
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sT ameHRol oy

o s
MeTannorern- BozpacT PyzmoHocHas dopmamma, Eym!aa ‘Popuarma Tipmeps b
YecKad 3M0Xa pynoEMemammas Hopma-—
s (rommuexc)
1 2 3 4 5
YeTeepTEYHHE - AmocepmeHTWHHTORAdA kopa 1. AcGonaH-MAaTHESHTORHE KoOMI-
IONAaNeOTeHOEH!! BHBETDUEAHNSA NeKC
I. AcGonaE-mamMoHuTOPAS (TM) Janeeo
2 Maraeanmnaﬂ TopHOCTHAE
= H;mouea - Tpemanneamoaaa, I, Cypmo—@nnopmowﬁ
- naeficTouen GasanbroBas KOMIIEKC
> 3. AparoHur-raasmmTORad (ET) Komyx
st 4, Impmr-vaprasuTopas (ET) KapuepaTta
= 5. ®moopmrT-Keapueras (Er) Mwxanxoeo,Caaeanxa
: 6. ArTEMOHMT-KPapueras (ET) Yepumeero , PUGHORO
o PromaTorad: cyOEyika- 7. Anyswr-xpapueras(rpaEnTo- Cromaroro
@ i Hryecxue promuTh(llenT— funeEnit PopMatmORHHIE THI)
o = panbHHe PolomH) ¥ naj- . CPHHUORO-UMHKOPHE KOMINEKC
Z E nernr-nopjupu(Ocoroso), 8. OnTWYHoRampuuTORas (mr?) Cperyixa
e B = BepOATHO , CEASAHHHE C 9. CdanepuT-TaneHuT-KEaApIe— Mananckoe , ApouHeroe,
= =g HEBCKDHTHMA Iy TOHAMH pag (nr?) JlarmnroRCKoe , JHKHH-
= E g ; CKOE DYMHHe mond -
2 llenT. Pomonu ; Pyerckoe

pynHoe mone - Oco-
T'ORO
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[Iponc/oreve TaCJAIH

I 2 | 3 4 5
& I0.lleem T-MoMuG e HAT-KEA pPHE - CenagmmreTo
% paa (mr)
E II.CrapHOBO-XeNe300KHCHAA(CK ) Ban useop,31aTaHCKH
o .E_,‘r Ion
.S JImopET-MOHTOCHEHUTO— I2.TanennT-cdanepaT-Keapue— Manzapoeckoe , S3pes-
E g Pas pag (Er) Ienbckoe ,Cnaxmercroe,
) JloseHcroe pymHHE IO-
; na
Cepma pynmux Gopmamuit mempecCHOHHOM cTaj Wy aRTOHOMHON axkTHERM3aIHMN
llpmaGon - cpen~ PrommT-TpaxwaHIesuT- 1Y . MOHTMODHANOHUT-1€0MUTORHI
HEil onATOUEH aHIesnTORad KOMIIEKC
13.1llesmeBoCcHO-TIe pIUTORAA BocTouHHe Pomomu
(m,2r)
w I4.AnysuT-rEapuerad(anne 3uTo—- Magnzaporo,Cnaxuero
g (mreHLE GopMalmORHNE Tum
E (mr)
g I5.Araroras (er) Tnenxa
o I6.ImponpsnT-XanuenoHorad(er) Kovam
E I7 .MonT™MOpHAIOHATORAA( GEHTO— Kupnxanm , [uvATpOR-
g HuTORaA) (BT, EBO) rpan
I8.lleomaTorasa (ro) Bemu nnact
I9.%ocdopuroras (ro) Bparoro
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I 2 [ 3 4 5
Cepust pynHix Jopwaimii oTpaxeHHOl aKTHER33LEH
Bepxum#t Men - IpaHommopuT-rpanuToras ¥ .[lonmmeTanbHO—DIMDOPATORHIE
w naneoueH (Manxe WHTDYSHE) KOMIZEKC
2 20. Kpapu-cynsiumno-pmoopuTorasa(nr) Kroro
= 21.CPanepur-rancHuT-keapuepad(nr) Ilepcenk
E 22. Momonenoro-nopdmporasn (mr) ropcry paskiIoH
3 23.lleemrr-xpapieras (nr) Hapeuen
| 24, AT56UT-Ka IMIma T-KEa plieras Paffon r.Apmmo
& (xamepnie merwaTuTd)(m)
Cepua pynsex dopmaimili WHEeDCHMOHHOH CTa N TeOCUHKANHAABHOI'O DdS3EUTHS
[laneosoit TI'panommopaT-TpaHUTO- YI.Tonerouma r-MonucieH—roasdpa—
raa(CarommToran) MOEHE KOMIIEKC
25.Canepur-ranemmr-keapuerasa(nr)  Penoro
26. BomoTocyneimaHo—Kkrapueras(nr) CpeGpeH
27 MommOneHnT-KBapuerada(nr) Badax
& 28.lleemrT-kpapueras(nr) T'punyapuua
g 29.Kaccurepur-keapueras(?)(rp) UpHraa
E 30. CrapHORO-MONHOLEeHNTORAA( CKR ) llycornmTe
2 3I.CrapHoRo-eemmTorai(cK ) Cememre puaciy
$. esepa
e 32.CrapHOEO-Xe/e300KuCHas(CcK ) JleGpen
% 33, Kpapu-a1b0H T-MAKPOKITHORAS BlmTe pyma
E (penxoMeTanbHHe TeTMaTHTH(II)

34.1Inarwoxna 3uTorasd ( CUIHITPOEaH~
HHe mermMaTHTH(I)

Ypmuny esepa
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OxcHYyaHWe TaCIVIH

I 2 i 3 4 i 5
CepneHTHHETORAA Y1I.Tanskoro-acGeCTORHI KOMIINEKC
35.Tansrorasa (mr) Imeden
36.BepvmrymToras (ur) Anpen
37.AcGecroras (ur) fIxorwna,lHnTH Yan
Cepua pyzHux Qopwalmii paHHel CTaIVW I'€OCHHKANHALBHOI'O DAa3BUTHUA
Tad6poras Y Eene30XpoMOBHE KOMINEKC
& 38.Marse tuT-unrMeRnTORas(M) BoGomwero
% llepunoTRTORAA 39. XanBKOMAPU T-TI€H TAaH I T~ PPO TH— Sporoin
E Homaz (M)
= 40.XpovmToraa (M) ToGpovmpui, Tonsio
T Kamenane
o IX. Anamur-rpafmroruil KoMIIexc
3 Cmmmrr-mwadasoeraa  4I.I{papu-MarHeTuTORaa(Bo-M3) KpemocT
g 42.AmaTturorana (M3) Topuo YiiHo
& 43,Tpaduroras (mM3) Magmre
Cepnsi pyIHHX Qopuaumii MeTamMopimdeckoro (yHIaMeHTa
MurmaTuToRas X. MyCKOBMT-IIONEROINIA TORHE KOMINEKC
44  MycROBRHT-KEADU—O/ITOKIa 30BaA lionen, Kamunexy non,
& (cnonoHocHHe mervaTuTH) (1) JeHnure
g 45, Kra pr-MyE POK/INE -0 INTOKIIA BORAA
?3] =§ (repammyeckue nermaTHTH) (1)
g 2, OproamfucomiTorad  XI1.iene30THTAHOEHII KOMINEKC
§ & leTaraddpo 46, MarneTaT-EasMeRETORAA (M-M3 ) Ingya
oy §* lMeTammada sy 47 .Pytuanoraa (1) Tonsms Jlepucui,

deporo (x.PyeH)
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48. XalbKONMAPHT-IAPPOTHHORAA Ionno, Jykoro

(Br-M3)
49, Impur-mmppoTEHOEas (Er-w3)  Mormaen (Ilomcko)
50. FeneswcTo-KPapuUUTCoRasg Opewe, Tonsm llepn-
(po-m3) : cun
CmoneHOCHO-CNAHIEBasd 5I. Hpapu-rpaHaT-KHaHUTORAA
(nam)
52. T'padmroraa (mm) Anmrumenus
MpanopH 53. Kopyemoraa (mm) lbmeecko

liprmevamwsi: I. B ckofkax mocile DYIHHX Qopwalprii yrkasaH WX TeHeB3HC: M - MarMaTYecKwWi,
I - OerMaTHTORHIt, CK - CHapHOBHI, I'p - rpeiiseHopiil, OI - IIYTOEOTeHHO-THIPOTEpPMANBHLIL,
BT — PYIKAQHOTEHHO-ITIPOTEDPMENEHHI, B0 — BYIKAHOTEHHO-0CANOWHHII, T — TWOepreHHuil,

M3 - MeTamopd{HBsoPaHHHIl, MM — MeTaMop(wyeckuit. 2. Amfudon B TalBKOEROIl fopMalmy Ipem-
cTAapNeH aHTOTHAMUTOM, TPEMOJMTOM M AXTUHOMMTOM. 3. B MecTopoxmeHm: IcpHOCHAE, Kpo-—
Me TEIepreHHOTro, HPUCYTCTEYET B HESHAUMTEeNBHOM KOMMYEeCTEe M TUApOTepManbHHI MarHe-

3uT. 4. lHepanH E HA3BaHUAX PYOHHX Qopwatmi H3HH IO CTENeHW YEe/INYCHHA HX KOANdecT-
Pa.
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@aoopur0Ban. CA3 YCIOBHO MOKHO OTHECTH M MECTODOKAEHUE [lepceHK B Ka-
4yeCTBE NPENCTEBUTENA CHanepUT-TaNeHnT-KB3pUCBOR Hopuanun.
NoszHeanbnuiicxue pyAsHe gopManuu paszenNdoTCA Ha LBE BO3DGCTHHE Ipyn-
OH: ONUIOLEH-MHMOUEHOBY® W Nauones-naeficrouenosyw. M3 HUX Haubonee wu-
[OKO8 P8CNPOCTPAHEHNE MMEOT ONUIOLEH-MUONEHOBHE (OPMBLMN, KAK H8NpU-
MED, MOHTMODUINIOHMTOB3HA, LEONMTOBEA M OCOOEHHO C({anepuT-raneHuT-KBsp=-
HeBad, KOTOPSA B CYWHOCTM M ONpejenseT MeTannoTeHndYecKuil o6auk Pogon-
CKOrO MaCCHMBa. OTM (QOPMSLMM CBA3GHH KAK C pnoﬁur-rpaxwaﬂneénr-aHnean-

T
Pw c. I. Pacnpenmenenue Qopmaumu IolesHHX HCKOIaeMux Pomomckoro
Maccuea

I-I4 - Jopuausn DaHHMX CTaIMii TeOCHHK/MHANBHOTO paseMTmA: I - mar-
HEeTE T-WIBMEHUTOPAA, 2 - XaIBKOIMPUT-IEHTASHIMT-IMPPOTAHORAA, 3 — Xpo-
MuTORaA, 4 - Kpapu-MaTHeTHToORad, 5 - amaTuToPad, 6 - rpadmTorasa,
7 - MyCKORHT-KBaDU-OMMTOKAA30EadA, 8 — KEapU-MIKDORMMH-OIATOKIa30Bas,
9 - pymunopasd, I0 - XalBKOMMDHUT-MMpPOTHHORAsA, II - MMPHT-IWPPOTHHO-
paf, I2 - ®enesmcTo-KRapIMTORad, 13 - KEapU-TpaHaT-KHawuToRad, 14 -
KopyHmoras; I5-27 - jopvandil HHEEDPCHOHHHX CTam¥ii reoCHHKMTHANBHOIO
pasemtna: IS5 - canepur-raneHMT-kpapuerad, I6 - 30M0TOCYNBIMIHO-KRAD-
uepad, 17 - MOMMOLEHWT-KRapuerasd, I8 — mamveHAT-Krapuepasd, 19 - kac-
cuTepuT-Keapuerad, 20 - CKapHOBO-MOMMOIEHHTORasd, 21 - CrapHORO-leemm—
TOPas, 22 - CHADHOBRO-EENe300KUCHadA, 23 - KPapu-anbOuT-MUKDOKNVHOEAHA,
24 - mparwornas3orad, 25 - TalBKoRad, 26 - PepMEUKymMTORad, 27 - aclec-
Topafd; 28-30 - dopMauMt CTamw® OTPAaXeHHOW aRTHEM3almm: 28 - Keapu-
cyasfunHo-dnoopnTorad, 29 - canepur-raneHNT-KEapuerad, 30 - Momdne-—
Horo-nopdmporpas; 3I1-46 - fopmauuin CTamuE aEToHOMHON axTueusatm: 31 -
acdonas-IEMOHNTOBas, 32 - MarHe3uToPad, 33 - aparoHUT-KaAbLLMTORadA,
34 - mupuT-MapkasuToRas, 35 - QmoopuT-KPapuerad, 36 — aHTUMOHNT-KBap-
uerad, 37 - anyHmT-KPapuerad, 38 - oNTHYHOKAneuMTORad, 39 - meenHT-—
MonMmGneHnT-Kpapueras, 40 - ranemur-chanepur-xeapueras, 4I - teswonoc-
Ho-epmaToBad, 42 - araTopad, 43 - MAPOMD3NT-XanueloHorasd, 44 - MOHT-

. MopuanoHMTORad, 45 - ueonmrorad, 46 - QocPopuToras; 47-57 - renazuc

MecToporueHuit: 47 - marmaTudeckwii, 48 - mermaTmToRuit, 49 - crapHoruii,
50 - rpeiiseHopnii, S5I - OAYTOHOTE€HHO-THLDOTEDHANEHMIT, 52 - PyIKAHOTEH-
HO-THIpoTepManbHuii, 53 — ByMKaHOTeHHO-TUIpOTepMalbHIIl I BYIKAHOTEHHO-
ocafoyHHii, 54 - ByIKAGHOTeHHO-OCANOYHHIi, 55 — runeprenHuii, 56 - meTa-

MopimsopaHHHil, 57 - meramopdwmyeckmii; 58-63 - MeTa/UIOIGHIYECKHe BSI0XH:
58 - amTpomorenorad, 59 - mosmHeaabmmiickas , 60 - paHHeansmmiickasd,

6I - npenpamHeansmmiickad, 62 - KalefoHO-TepIMHCKag, 63 — mpoTepo3oii-

CKafd; 64 — IpaHuIH TEKTOHO-MarMaTHYeCKNX OMoKOE (umdpu ¢ EpyXeax):

I - Crpymckas, 2 - Mapmuxas, 3 - lleHTpaasHopomonckad, 4 - BocTowHOpo-
Jonckad; 65 - morepxHocTh loxo (B KM); 66 — rpaEEMATHUTHHE aHOMalMH:

8 - nonoxuTenAbHHe, 0 - OTpUUATENBHHE
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TO3HM BYAKIHUBMOM, T8K M C HEJIeHMT-NOpjapamii, CYOByAXaHAYECKHMA DO~
T3MHA W BYAKSBO-INYTOHNYECKUMU KOMIJIEKC3MM, COCT3B/EHHHMA B OCHOBHOM

M3 8HLE3WTOB , TPSXHARAE3MTOB ¥ MOHIOHMTOMZAOB MANM U3 PUONUTOE M AMO-=
DUTOBHX NOPHUPUTOB.

PyaHse (OpMaNuMm NMAuoUeH-NneifcTONeHOBOIO BO3P3CTa MMENT OTPIHMYEH—
HOE pacnpocTpaHeHue, HO OTHOCUTENBHO GOABUEe, UeM D3HHEanbnuitckue.Xs-
P3KTEPHEMA ABAANTCA SHTUMOHMT-KBEDUEBAA U (NOOPUT-KBApPUEBa~ Qopmanuu,
CBA38HHHE C 083UTOBHM RJM C CYCWENOYHHM CPEAHMM M3TM8TH3MOM.

lloaxneansnuiickue pyARHe (OpMAUNMM X3P3KTEPU3YOTCA ACHO BHP3XEHHEM
30H&IBHEM PSCIpEjeNeBleM, CBABSHHHM C XOpOWO NPOABIEHHHM B 9T0 BPEMA
pacuneHenueM PojONCKOrO MB8CCHB3 H8 Tpu Onoks (cu. puc.l): I. Bocrouno-
DONONCKAE CO CPABHUTENBHO TOHKMM -TPSHUTHHM CH0eM, 033ufuUupOBSHHOR 36—
MAOl KOpO# M MpeMMyWECTBEHHO CO CPEZBAM M3TMaTH3MOM; 2. 3ansjfHopozon-
CKUft ¢ MOWHEM TPIHMTHHM CAOEM ¥ KUCTHM M8IMaTmamoM; 3. Ocorosckuii(fap-
AaHcknit, CepGcko-MaKeAOHCKUH) ¢ MpPOMEXRYTOYHHMY OCOGEHHOCTAMW 3eMHOM
KOPH M CMEWAHHHM M3TM3TM3MOM - KAC/AmM (B3 Teppuropua Boarapuu),cpes-
HAM ¥ KucAuM (Ha Teppuropum lOrocnasun). [loaaHseansnuiickne pyasne dopua-
UK H8 TeppuTopuu Boarapum 7nOKaNM30BaHH B OCHOBHOM B BOCTOUHOpOAOICKOM
1 OcorosckOM G/0K8X. [Ipu 2TOM Gonee paHHME QOpMaLMM DSCHONOKEHH MO NE-
pugepuan mMaccuBa. [lofo6HOe pachonoxesue OCH3PYKMBAETCHA U CpPEZM CBUELO-
BO-IUHKOBHX MECTOpOXAeHuit — Gonee gpesnme U3 Hux (45-50 MAH.NET) 7NOKa-
TH30B8HE B BOCTOYHOpDOAONCKOM, 8 Gonee Monogaus (35-40 man.zer) - B Len-
TpPaNbHOPOAOICKOM DYAHOM pailOHE. MHHMM C/0BaMM, NO3ZHES8NBNUCKSA aBTO-
HOMH8A TEKTOHO-MOTM3THYECK8A 3KTMBM38LINA POZONCKOr0 MACCKBAa HBUMHBEETCH
C BOCTOYHHX M 33N3JHHX (JIGRTOB M HaCTynNaeT K LEHTPAaNbHO{ ero uacTH.

JaKaHYMBaA KpaTKMi ©030p pyAHHX Qopmauuii Pononckoro MaccuBa, MORHO
OTMETUTH, YTO NPOAYKTUBHOCTH OT/AE/ABHHX METSNNOTEHMYECKAX BMOX yCuanBa-
8TCA OT OONEe APEeBHMX K GONEE MONOAHM K METaNNOreHMYECKM#t oOAMK MaccH-
B3 ONpefensdeTCA TINaBHEM 00pasoM No3zHeanbnuilckoif snoxoffi. B aToM ®e Ha-
NpaBAEHUM NPOMCXOZUT M CMEH3 OCHOBHHX METa/N0B B CHEAYOWLEM NOPAAKE:
Al+Fe (mporTeposofi) —- Cr, U, Mo (mazeosoit) — Pb, Zm, F, Ab, Sb
(raitHosoit). Taxum oOpasoM, ycTaHoeleHRas Pynaremcrtom /I1I/ merammore-
HMYeCKasd SBOANIMA 3eMHOM KODH HAXOIWT CEOe yOemuTenbHOE LOATEEPKIEHHE
¥ Ha npmvepe PofoIICKOT'O MaccCHEA.
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I. Tepremser B.H. Benexxw mo JBTOYHODONONCKHTE DYIHM QODMAIMH ¥ IIO
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YAK 553.3.078.2

THE RELATIONSHIP OF THE STRUCTURE AND METALLOGENY OF NORTHERN
HUNGARY

Cs. Baksa, Cseh Németh, J.Csillag, J.Foldessy, T.Zelenka
National Ore - and Mineral Mining Co., Budapest
Hungary

Several megascopic structural units are known in Northern Hungary.
These incorporate both pre-Tertiary and Tertiary formations are
characterized by distinct geological features. The mineralizations,
which are associated with these formations, differ in the time and
mode of their genesis. These different metallogenic units were inter-
preted in the earlier non-mobilistic evolution models in the context
of subsequent tectono-magmatic activations.

The intense geological and geophysical research in the last decade
has resulted in the better understanding of the regional structural
characteristics. It has been revealed that the so-called "Pannonian
median-mass" was formed as late as the Upper-Miocene period, and its
Paleo-Mesozoic and Tertiary sequences are composed of mixtures of
oceanic and continental plate-fragments, thus making the stratigraphi-
cal and tectonic interpretations rather difficult. Using the recent
s8tructural interpretations we have attempted to reevaluate the charac-
ters of metallogeny and mineralizations in Northern Hungary.
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. The main geographical feature of this area is the so-called North-
ern Mountain Range, which incorporates Neogene calcalkaline volcanic
units (Borzsony, Cserhat, Matra, Tokaj) and Palaeo-Mesozoic units
(Rudabénya. Aggtelek, Uppony, Szendro). The surrounded basins are fil-
led by Paleogene and Neogene molasse sediments (clays, silts, sandsto-
nes). The Uppony and Szendré as well as the eastern edge of the Tokaj
consist of plarform-type Palaeozoic formations. The Bikk and Rudab&-
nya units are built up from Mesozoic carbonate, evaporite platform-
-type sequences, overlain by an overthrusted nappe consisting of oce-
anic formations, i.e. shales, cherts, limestone and basic volcanics.

The Range is intersected by well-identified fault zones, which se-
parate these units from each other. The most characteristic ones of
these are the Darnd-zone and the Herndd-fault as well as the Szamos,
Sajé, Tarna and Zagyyva transverse-faults (Fig.1).

The Structures and the Ore-Deposits

In Northern Hungary several ore-occurrences have been known for cen-
turies. These were long considered as isolated and unique spots beca-
use of their uncertain regional connections. The metallogenetic rela-
tionships were largely obscured by the heterogenous characteristics of
ore-deposition and paragenesis. Analogies were sought with remcte oc-

currences (i.e. Gyongyosoroszi-Banska Stiavnica, Recsk-Bor, Rudabanya-
- Eisenerz).

At Rudabanya metasomatic ores are known in “eruiazn-Triassic shales
and carbonates. A three-phase ore deposition is eacountered here:
(1) hematite-siderite-chalcopyrite; (2) siderite; (3) barite-chalcopy-
rite-galena (with Ag and Hg). The late stage mineralizations were su-
perposed on the earlier ones. The mineralization is controlled by
earlier tectonic elements. The deposit was evaluated as of metasomatic
origin related to the Triassic Kimmerian orogeny but its magmatic
source was not known. Early-Triassic quartz-porphyry volcanics were
long known in the area. These show slight Fe, Mn, Cu enrichment, Syn-
genetic stratiform siderite mineralization was found in the Seizian
sandstone. The association of quartz-porphyries and these Permian-Tri-
agsic detrital sediments and evaporites has been proved, reflecting a
continental platform-type environment for the deposition of this se-
ries. It is therefore suggested, that the metasomatism was a late se-
condary alteration process. The mineralization had been formed by vol-
canogenic processes related to the quartz-porphyry, resulting volcano-

——
F i g. 1. Geological and structural map of N.Hungary

1 - Neogene basalts, 2 - Neogene sediments, 3> - Neogene andesite,
rhyolite, 4 - Paleogene andesite, 5 — Paleogene sediments, 6 - Meso-
Zoic sediments and ophiolites, 7 - Paleozoic sediments, 8 - Faults
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genic stratiform ores in the associated sediments. A close analogy of
this occurrenceis found in Slovakia, Sankovce /5/.

Similar occurrences are known in the Bukk. This structural unit is
composed of a lower, Permian-Triassic platform facies, probably of
Gemerid-type, and an upper nappe-structure with tholeitic igneous ro-
cks, flysh-like sediments and oceanic sedimentary formations /6/. The
stratiform ore indications are connected with the lower, platform fa-
cies. At the Darnéﬂhegy black-shales are associated with siltstones
and evaporites. These contain syngenetic sulfide enrichmenta(chalcopy~
rite and pyrite), there lithology and ore mineralogy suggest a similar
origin to that of the Kupferschiefer /12/. Different mineralizations
are connected with the upper nappe-structure. The tholeitic igneous
rocks (spilite, diabase, gabbro and ultrabasic differenciates) indi-
cate progressive continental rifting and spreading since the Triassic,
and reflect ophiolitic character /7/. Low-grade Cu enrichments and
local Fe-Mn exhalative ores are associated with the diabases and spi-
lites. Native copper ores are found in the supergene zone of these
Cu-enrichments (Darnc-hegy) (Fig.2). A special differentiated variety
of the gabbro intrusives at Szarvaskd is the wehrlite, with subecono-
mic Fe-Ti-V content.

The closure of the oceanic basin, the subduction of the oceanic
plate and the collision of isolated microplates is connected with the
Paleogene andesitic island arc. This forms a volcanic range in SW-NE
direction across the Carpathian basin. Several occurrencesare known in
this range, the Recsk porphyry Cu-Mo,skarn Cu-Fe-Zn and hydrothermal
Cu-Pb-Zn-As-Au-Ag ores represent the most significant mineralized
complex /12/. The chemistry of the igneocus rocks indicate 120 km depth
for the partial melting, though the rate and direction of the subducti-
on is not accurately known since several features of this volcanie
range is obscured by later tectonic and magmatic effects.

In Northern Hungary the youngest mineralizations are related to the
Inner Carpathian Neogene volcanic arc. (Borzsony, Métra, Tfokaj). The
age of the volcanism and mineralization is gradually younger in east-
ward direction.Andesites are dominant in the Borzsony and Mdtra, rhy-
olites in the Tokaj. No mineralization has been recorded yet in con-
nection with the andesite dykes of the Cserhdt between the Borzsony
and the Matra.

Two mineralized centres were recognized in the Borzsony. Here dio-
rite-porphyries and subvolcanic andesite bodies are the host-rocks of .
the disseminated Cu~-Fe mineralization, stratovolcanic andesites of the
Cu-Fe-As-Bi-Au-Ag hydrothermal veins and stockworks. Molybdenum is al-
so found in traces.

Gyongyosoroszi is a well-known occurrenceof the mesothermal base-
metal vein-type mineralization in the Badenian volcanics of the Matra.
Parddsasvar is a similar though smallqr occurrence. Coppet, lead and
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Fig. 2. Location map of ore deposits of WNorthern Hungary

zinc are the main components, with Au, Ag, Cd, Sb, Hg accessories,
forming a very rich mineral paragenesis. Barite, Sb- and Hg ores are
associated with intense epithermal silicification at Asztagkd, provi-
ding further perspectives for exploration (Fig.2). Deeper intrusive
diorite-porphyry bodies and dykes were found at Gyongyosoroszi by se-
veral drill-holes, indicating a possibility of search for porphyry
mineralization.

A poorly-known region of the Neogene volcanic range is the Tokaj.
Here Badenian-Sarmatian andesites and alkali trachytes are associated
with Au-quartz veins and Pb-Zn stockwork ores. Hg traces are known in
epithermal quartzites at Sdrospatak. The deeper parts of these minera-
lizations sre not yet known, and a more accurate knowledge of their
chronology and genesis is necessary (Fig.2).

Conclusions

The heterogenity of the geclogy of North Hungary reflects a comple-
xity of plate movements in the subsequent geological epochs from the
Paleozoic. The majority of the pre-Pliocene structural units is in
allochtonous position, the present structural relationships were for-
med only at the end of the Miocene. The mineralizations are connected
to certain parts and certain lithological types of the formations com-
Prising these structural units. Their characteristics reflect the ori-
ginal environment of formation. Thus in places, where different struc-
tural units are in contact with each other, several types of minerali-

135



zation might occur, which are not necessarily related to each other
in time or genesis.

The following metal ogenic types can thus be encountered in Nor-
thern Hungary:

- Permo-Triassic platform, with Kupferschiefer type mineralization;

- Permo-Triassic quartz-porphyry volcanism with volcanogenic-sedi-
mentary and stockwork Fe, Cu, Ph, Hgz, Ba ores;

- Triassic Continental rifting with tholeitic igneous rocks, Cu-Fe
mineralization, Fe-Ti-V enrichment in gabbros;

- Paleogene plate collisions, subduction and andesitic island arc
volcanism with porphyry and skarn copper, Cu-Zn ores, metasomatic
Pv-Zn, volcanogenic stockwork and exhalative Cu-Au-Ag ores;

- Neogene volcanic are, andesite dacite, trachyte, rhyolites with
porphyric are indications, Cu-Pb-Zn, As-Bi-Hg, Au, Ag hydrothermal
veine and stockworks.
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YIK 55I.243:553.041
XAPAKTEPHHE YEPTH OPTOTOHAJBHAY 1iAD JAMKO- i PYZOBMEILADINIY
HAPYIEHV# POZON B CBETE PUOTCBOM TEKTOHKKN

B.H.Teprenues, B.Komroeckz, M.Croitora, r. Cogusa, HPb

33 mocnezHME IB3 NECATMAETVS B PEe3yNBTTE LET3NBHOrO CIPYKIYPHOrO
43y4eHNA CBUMENOBO-LMHKOBHX noneit 1 MecropoxacHni BocTOUHHX M UeHTpanb-—
HEX POZon LenmM DAZOM MCCleZ0BaTeleit OHJI8 CO3A8HA mepBaf OOWEPOZON-—
CKAA CHCTEMaTMKAa 78iiKo- U DyAOBMEuswuux Hapyuenudk /I, 2, 4 u #p./.

JeTanpHue CTETUCTMUECKNE M KOMNJIEKCHHE MET8ANOreHHYECKUE U CTPYK-
TYPHHE MCCNEZ0B3HMA MENKOSMIAMTYZAHHX DYAOBMEUSOUMX HapyweHU# W TPEUWME,
CyOBYIKS8HMYECKNX A8EK Pa3AMYHOro COCTaB3, 3 MECTaMM MUHEDEIM30BaHHHX
WHTPY3UBHHX KOHTSKTOB INO3BOAUIM BHAEAUTE HaMM4YME JBYX OCHOBHHX H
JABYX BTODPOCTENEHHHX OPTOrCHANBHHX Nap A8iKO- ¥ PYAOBMEW3KWUAX H3pyue-
HMil ¥ TpewWME, YYUTHBAA MX PONBb OCOCEHHO Npu pyAooCpa3oBaBum: I1- CCB
(10-35°) ¢ 3¢3 (280-305%), I~ CC3(320-345°) ¢ BCB (55-759), i~ C3
(305-320°) ¢ CB(35-55°) m 1¥-Ci}(350-5°) ¢ B3(26u-280°), mokasanmoe Ha
puc.I. Yacro HAGNOABKTCA OOCWUE MSKCHMYMH MEXAY OTZEIBHHMIU H3NPaBAEHU~
AMU OpPTOrOHS ABHHX N8p, MHOIZE BTODOCTENEHHHE NAapH NMENT GONBOHE M3K-
CUMyMH, YTO CBA33HO C D33BUTHEM OPTOTOHANBLHHX N3P OKOJNO CTPYKTYPHHX
JBI0B 30H r'NyGUHHHX pP337IOMOB C YETKO BHDSHEHHHM CETMEHTHDOB3HHUEM.

I'laBHNEe KpuTepUM BHAGNEHHA ODTOTOHAZBHHX N8P 33KANYANTCA B CHEAYH=
meM: o003 BanpaBleHUA A@iKOo=— ¥ DYZOBMELSDIUMX MENKO3MNAMUTYAHHX Hapyue-
BUf ¥ TpeuwuH conpsAReHN WM NEPECEK3WTCA; OBK 8HANOTMYHH IO PEHETHYS-
CKOMY Tunmy- OpeosaamanT COPOCH MAKM CLBUIO-COPOCH, PYAOBMENAbmAE Hapy-
WEHWA B38NOZIREHN OZBMMH W TEMM Xe MUHEDANbHEMM 3CCOUMBIUAMM, A8iiKOBME-
U3pWNe HapyweHRAA ¥ TPENMEN 33N0NHEHH OTHAMA A TeMd X6 HOPLASMHA MaTrMaTH-
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P n ¢, I, Pozu-mmarpam Oafiko- B DPyLOBMeUANEX HapymeHui

I - nua CCB 30HH Mam®epoBo: a —aHme3WTOBHA maiikm, ¢ - TpaxuaHiesu-
TOBHE [Haiigy, 5— DPyAHie HmE;il - nag 303 30HH Mail#apoBO:l’ — DYIHHE Xi-
JH, I -3HIe3kTOBHE Nailkn, € — TpaxmaHmusurosHe maiigkmy Il - mog CC3 30H
PYLHHX Y3JIOB: X — SHO8BUTOBHE Halixyu,CrnaxmeBo, 3 — DPAONUTOBHE H DHROTALA—
TOBHG maiixm,ClaxieBo,d - IOJOCH THAPOTEPMANBLHHX MeTacoMaTHToB,Cnaxueso,
¥ - DyZOHOCHHX HapyweHul ,JaBHIKOBO, J = DYIHHE RUJIH,JIHKNA,M - DYLHHE Xi-
Ja - Mowvuara oHaky 1Y - gaa CC3 30H DyOHHX yB8JOB: H — DYACHOCHHX HHTDY-
SMBHHX KOHTAKTOB,CnaxyeBo, O — NOJOCH T'UIPOTEPMANBHHX MeTACOMATHTOB,
CnaxmeBo, I - PyLOHOCHHE HapyuweHns ,JaBUIKOBO, P — DyIHHE RuiH, JHxu

U8CKOI'0 pacnnaBa,/IoKali3alfd DYIHNX CTONGOB RUIBHOTOM MATACOMATAYECKOTO
OPyAGHEHA H8 YYSCTKX CONPAXEHMA p33/IOMOB 10 HANpPSBAEHAN CABUIOB.
UCHO5H3A 38KOHOMEDHOCTD D33MEUEHHA OPTOTOHSABHHX N8P MEAKOAMIAUTYL—
HEX Hapyuenull 38KAOYEETCA B YETKON NPMYypPOYEHEOCTM UX TASBANX TUIOB K
SOHSM I'1yOMHHNX D33JOMOB B NpeensaX PyAHNX yamos Popon /47 .Hanpssnenue
M MHTEHCHBHOCTH PAasBUTHUA NA8KKO= U PyACBMEWaunX RapyuweHut opToronans-
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HHK T8p OnpefenseTcs OPMEHTMPOBKOA CTPYKTYPOOOP83yRWMX 30H I'AYGUHHHX
pasNoMOB, TIpUYEM B 3TMX e 30H8X BHE yYaCTK3 WX CONPAREHMA B OpPTOro-
H8ABHHX 118p3X NPEoGN3AsiT COrN3CHHE C HUMM DYZAOBMEWalWUEe HapyweBMsA,no
uepé NpPNGNUAEHMA K NEPEKPEWMBIHKD 30H yBE/MYMBIETCA MHTEHCHBHOCTH NO-
[epeusnX HapyweHalt, 38 B UEHTDINBHHX Y3CTAX DYAHHX y3/10B P33BMBANTCH KakK
OCHOBHBE, T8K M BTODOCTENEHHHE OPTOrOH3JbHHE NapH. [lOC]ejHME YacTO Ha-
JIOKEHH APYT K8 Apyra ¥ (QOpMMPYOT CJIOMHHE MUIBHHE y3/H 3BE3Z005Pa3HOr0
TUNa, KK 9TO YETKO BHPIXEHO HA MECTOpOAZeHUM KpwcTaTuus B [aBUAKOBO.

I napa pafiko- ¥ pyAOBMEWSNWMX MEJIKOSMNNATYAHHX HAapylerudt nosceme-
CTHO pacnpocTpsHena B Poponsx, NpevMyWeCTBEHHO B 30HAX IYyGUHHHX p83—
aoMoB CCB opmeHTUPOBKM, MaKCuMBNbHOR NPOAYKTUBHOCTHM OH3 ZOCTUIraeT B Bo-
¢ToYRHX Pozonsx. B TpeTuyHOM CTPYKTYPHOM 3T8Ee 3T3 CUCTEM3 NDOABAAETCH
B OCEBWX NONOCaX 30H I'lyCMHHHEX Pa3/OMOB C NpeoGiszabLiM pacnpoCcTpaHe=-
gueMm CCB cucTeuMH; B MEDUZMOHAABHO YANMHEHHWX CBOZOBO-KYNONBHHX MarMa-
TOPEHHLX MOAHATUAX NpeuUMyWecTBOM NONB3yeTcH nonepedsas 3C3 cumcTeMa,a
B N3O0METDUYECKUX KYNONBEHX W K8NBLEPHHX CTPYKTYPaX MarMaTUYeCKOro 0Ya-
ra /5/ ofe cucTeMy AS{iKO- M DPYAOBMEWSNWMX HapyueHu# MMEOT OAUHEKOBYK
MHTEHCHMBHOCTE W NPOAYKTUBHOCTH. B 70KeMOpUICKOM CTPYKTYPHOM 3T3Xe Hau-
Gonpmee pacnpocTpaHeHiue uMeeT CCB cucTeMa MeIKOSMNAUTYAHHX DYZAOHOCHHX,
HapyueHu#t, COrnacHas C NpPOCTUPIHMEM 30H I'AYOUHHHX pas3noMoB.OHs HauGo-
7€ NPOAYKTUBHE B PYAHWX y34sX u monax Juku, loncko, TuATABE M Ap.,
H8PAAY C OTHUM OYEHE NMEPCNEKTUBHA ANA NOUCKOB CKPHTOrO OPyAEHEHMA MOZA
TPETHYHHM ST8XOM. HauGonee NEpPCNEKTUBHH ANA NOUCKOB GOraToro OpPYyAEHE—
B4A yY8CTKN HAaNOKREHUA DYZAOBMeusnuuX HapyweHu#t I napn HA 23 KOBMEN30WUE
pa3noMH 3TO# Me N8pH, KAK y kuUNW L4 Ha MecToporienmm [4ernoaz.

[l naps 0proroH8ibHNX A3MKO- M DYZOBMEN3OLKX HADPYUEHAU MOBCEMECTHO
pacnpocTpasera B 3083X CC3 rayOMBHWX D3a3nOMOB; M8KCHMAIBHSA KOHUEHTpa-
OUA ¥ NPOAYKTWBHOCTE OpyAEHEHWA OTMevaeTcA B !leHTpanbHuX Pojonax, rae
CC3 30HH MrpswT I'A8BHYW ponb. 37ech [l OPTOrOHaNBHER N8pa Pa3BUTIA
TI8BHEEM OCpPasOM B AOKEMODUHCKOM CTPYKTYDHOM 3Take, 8 B TPETUYHOM 3Ta-
EE P8CNpOCTpPaHEHa cnadee, TONBKO B DYyAHWX y3nsxX CnaxueBo U 3Be3jsl-
Ipymue-fluenoan, rae pa3BUTH YETKO 006 CUCTEMH 3TOH NapH B OCEBHX IO-
70cax 30H I'AYyOMHHHX pa37OMOB. AHapjorddyso 1 nape, B QyHaaMeHTe HauGo-
Nge pa3BuUTa 4 npopyrTuBH8 CC3 cUCTEME MENKOSMINUTYAHWX HADYuweHu#,co-
TI3CHBA C B30HAMH T'IyOMHHHX D83JIOMOB TOr0 Xe H8ILDABAEHUA, T8K B DYA-
HEX yansx JlsBuzKOBO M Mazana, B UEHTP3ABHOR YyacTH yBEAMYMBAETCA DOAB
BCB mapyuwssuft Bo Il nape.

XapakTepHum fAna Il oproronanbHoil ngpH ABAAETCH TO, YTO OH8 HE MMEeT
CBMOCTOATENEHOrO PE3BUTUA, 8 BeTpevaeTcA BMecTe ¢ 1 u [I nepsuu B CCB,
CC3 ¥ yscrnyso B 3C3 30H8X TIyOMHHWX pPa3noMOB. B pyAsEx ysamsx C3 cu-
crTeMa nepexonuT B CC3 (MECTOPOXAGHMA Baxrepuna-KaTpanaxuka B JaBui-
KoBo) unu B 3C3 cucremy (mecropoxsenue Caze B Cnaxueso), a CB cmcre-
M8 - 3 BCB (mecropoxaesne Mocrens B JaBuakoBO). UX BuaeZeHue B 0apy
CT8HOBUTCA OYEBMAHEM, TaK KaK OHA CUABHO p83AMYaTCA NO XapaKTepy
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P ¥ ¢, 2, [IpeacraBuTeny OPTOTOHANBHHX MAap

I napa: a - xwiH 3 ¥ 6,Magxaporo; 6 — xwm 2 ¥ 14 ¢ PyAOHOCHHM Ha-
pymenvem B Zaftxe, Jema-Spesfies-TajeHuT; B — X 2 ¥ 4 ¢ xwamu I 2 5,
Kenan mepe B JuE®; ©' — Xk I ¥ 2 C NONEpPeYHHMY DPyAOHOCHHMM HaDyUEeHHA-
mu, Bener mon B JaBumkoBo. Il mapa: o - ®xwiw I u 2, Baxrepmna, Karpaun-
xyxa ¢ xunoft 3, Crupurna B JapmukoBo; € — ®xwH I ¥ I0 ¢ nomepevHEMA
pasnomamy, l[mmieHsoBo B JABROKOBO; X — RWH 2 ¥ 3 ¢ xuioft 22, Crynenen
B Juku; 3 - xwH I ¥ 2 ¢ monepevHHMA Hapymenwswu, Kxsas [leTposmua B
Mamane, Il mapa: ¥ - xuia I ¢ monepednumd pasiomamu, Caxe B Cnaxwero.
IV napa: x - xwia I ¢ momepevyHHMy HapymesEsm#, Kpucrarmna B JlaBEIKOBO;
J - monepevyHoe cermeHTMpoBanme xmn I ¥ 3, Jecwde B JlaBHIKOBO




OIBATOBHX TNOABMEEK, 8 T8KHE N0 PONM ANA OpyAeHenuA. CO u B3 cucreMu
1Y OpTOTOH3/BHO! N@PH PYAOHOCHWX HapymeBMd (OPMUPYIOTCA TOABKO B pYA-
BHX Yy878X WMAM NPW NEPEecedYsHMM pSAUSABEHX M KOHUEHTDMYECKHX TPEUMUH,
IMG0, HAKOHEL, MPOZOABHHX M MONBPEYHHX MENKOSMNAMTYAHHX HapymeHuH M
TpEWMAH B M3OMETPUYECKUX MIM YANUHEHHWX CBOZOBO~KYNONBHWX CTPyKTYpax.
QOHYHO CUCTEMH BTOH NapH BHAENAANTCA CAMOCTOATELBHHMU M3HKCHUMYMSMW,48C-
r0 00ps3ywT BeepooGpa3HHWE arpersTH B OCEBHX nonocaXx CCB 30H rayCMHENX
pasloMOB, 3BE3A000PS3HHE ASHKOBHE M KMIBHHE 00DP830BaHMA(K8K HE MECTO-
poxzesun Kpucratuna B JlaBUAKOBO ).

Ponr OPTOrOH3NBHHX Nap Aaflko— ¥ PYAOBMEUADWAX HapyuweHM# npu QGopuu-—
POB3HHMM DYAHHX CTONGOB OYEHb X8DIKTEPHS, T8K KK H3 YU8CTKE CONPAXE-
HMA MIM NepecedeHdds 0Opa3ywTCA OGOTdNEHHHE JYACTKM NO OAHQHA CHCTEME,8
B NEPEKPECTHAX DYAHHX y3/M0B N0 ABYM cucTemam I u [l napu, Zaze M no
onsoit cucreme I u IY oproroEaabEEX nap. CTaTUCTHYECKHME MCCHEZOBABHA
Haudonee NPUOTKDHTHX M OOOrameHHHX yY3CTKOB B pYyAHEX Eunax I u T opro-
POH8NLHEX N8p NOK83871¥, 49T0 GONBWNME MOWHOCTH M COAEPREHMA NpPUYpPOYEHH
K8K K TIaBHEM, TaK M K OTZE/BHHM CHCTEMSM BTOPOCTENEHHWX map, 4T0 CBA-
88H0,N10 BCE# BBPOATHOCTH,C ABYCTODORAMM D3CTAREHMEM.

Taxine XapsKTepPHHWE OCOCEHHOCTM I'I3BHNX M BTODOCTENEHHHX nap Aalko-

i pyAOBMEmMaNmUX Hapyuesuil Pozon,KaK NOmepevysos Mx NpOCTUpP8HME, OAHO-
BPEMEHHOE W NOCIEA0BATENBHOE MX 3870NEHME CO CMENEHMEM, Da3MEWEHHE B
BMX DYAHHX HM] MAM AEEK OAHOrO COCTaBa, 00pa3yLWUXCHA B YCAOBHAX ABY—-
CTOPORHET'0 DaCTAXEHUA ,ABAANTCA TUNMYHHEME AAA PUPTOBHX P33AOMOB SKTHB-
HHX KOHTMHEHTANBHHX DAJTOB BalK8HCKOTO NMOMYyOCTPOB3, ONMCAHHHE MOAPOG-
Bo eue B 1974 r. Taxue OCHOBHNWE NPHUBHAIKM,K8K BCEOOWAA OPTOI'0H8ABHOCTH
H8UMHAA C TJAYOMHHHX Da3/iOMOB 4epe3 KDYNHOAMIUIATYLHHE OO MeJIKOaMIJIA-
TYAHHX HBpyUWeHU# ¥ TpewuH, npeo6nszaowait cOpocoBHl xapaKTep ORHOH cHM-
CTEMH Pa337IOMOB M CABMI'O-COPOCOBHY 70 CABMI'OBOr'O €€ NONEPEYHOR CHCTEMH M
0C00EHHO Y8CTO ¥ YETHO BHP3EEHHOE CEIMEHTHPOBaHME ASHKO- M DYJLOBME WS-
WMX pP33PHBHHX H3PYUEeHUE ¥ TPEeWAH AOPYAHHMMU, BRYTDUDYZHHMM M [OCHEDPYA-
HHM{ p33pHB8MM, C NEPEeMEHO{ NMpPOCTUPIHMA CEIMEHTMPOBSHHHX MHTEPBALOB
(puc.3) MOEHO C ZOCTETOUHON yBEDEHHOCTHD CBA3HWBATH C OCOCEHHOCTAMM pud-
TOBOK pa3noMHOl TEHTORMKM [5,7/.

BuABigHUE OPTOrOH3ABHHX NAp AalKO- W DYAOBMEWS DUMX HBPywWeRUH pozou—
CKMX DyAHHX y3710B, NONE# U MECTODORAEHMA M MX NOKS8IBHHX 38 KOHOMEDHO=
creft B cpAsy ¢ JopMMpOBSHMEM B HMX DYAHHX CTOAGOB NPUBEJAET K BCKPHTHE
HOBHX DyAHHX MECTODORJEHUHA M OOOraweHHWX J4Y8CTHKOB M NpPEXZE BCEI'0 B HEH—

‘TP8IBHHX Y8CTAX DPOAONCKAX DPYAHHX Yy3A0B H OpPTOrOH8ABHHX Nap.
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UDC 553.3.078.2
POLYGENETIC COMPOUND ORE DEPOSITS AND THEIR ORIGIN IN THE
CONTEXT OF REGULARITIES IN CRUSTAL EVOLUTION

Ch.Guoda
Changsha Institute of Geotectonics, Academia Sinica, China

SOME EXAMPLES OF MINERAL DEPOSITS

The Bayan Obo Iron Deposit in Inner Mongolia

This important mineral deposit was considered to be endogenic origin
since it was discovered at the turn of the century. In the 1950s, So-
viet geologists regarded it as a specific type of high temperature
hydrothermal deposit. Later, Xiejiarong treated it as a sedimentary
deposit, but his view was not accepted at that time. Recently many geo-
logists stand for sedimentary origin.

According to his own fileld investigation, in combination with the
studies of many other geologists, the author thinks that the followipg
convincing evidence supports the sedimentary origin.

1. The ore occurs in a definite stratigraphic horizon. H, of the
Bayan Obo Group is a principal ore-bearing bed (Fig. 1). The ore-bea-
ring bed in the Chief and East mines (the Bayan Obo ore district is
divided into Chief, East, West, Dongjielingelei and Doulahala Mines)
occurs in the transition zone from carbonate reck to slate in confor-
mity with the enclosing rocks. In addition, iron-tearing rocks are
found in other horisons. For example, H10 of the North orebody 1s a
iron-bearing slate, which contains up to 29 per cent iron.

2. Bedding relict (albeit metamorphosed) is frequently seen in ore=-
bodies. The North orebody contains stripped iron ore composed of inter-
calating bands of silica and iron oxides. The stripped iron ore is
widespread in the whole ore district.

3. The Pb isotope age of magnetite is determined as 1400-1500 m.y.,
and the isotope age of the enclosing dolomite is also 1400-1500. This
suggests that the banded iron ores are contemporaneous with the iron-
bearing bed.

At the West Mine, formely only 16 exposed small orebodies were
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F ig. 1. Geologic map of the Bayan Obo iron ore district, Inner Mongolia Autonomous Region, China
(after Bayan Obo Mine)

1 - quartzite and slate; 2 - argillaceous limestone; 3 - siliceous limestone alterpating with
quartzite; 4 - light-coloured quartzite; 5 = dark-coloured slate; 6 - dark-coloured quartzite; 7 -
dark-coloured slate; 8 - white quartzite; 9 - black slate and coarse-grained quartzite; 10 - migma-

tite; 11 - iron ore; 12 - granite; 13 -.diorite; 14 - fault inferred from geophysical prospecting;
15 - profile and the number of drill hole
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Fig. 2.Geologic-geophysical synthetic map along the profile No 30 in
the Bayan Obo iron ore district, Inner Mongolia, China (after Bayan
Obo Mine)

1 - iron ore; 2 - mineralized dolomite; 3 - dolomite; 4 - sedimentary
cover; 5 - orebody controlled by drill holes; 6 - orebody inferred
from geophysical prospecting; 7 - inferred fault

known. They are divided into two sets, northern and southern, and
trend E-W. In the spring of 1979 it was known that iron ore bands
also exist in the unexposed area between the small orebodies, which
turned out to be connected. It was also known that the area between
the northern and southern sets of orebodies is a syncline, in the
trough of which ore bands also exist (Fig.2). Therefore, the reserves
were greatly increased, and the view of sedimentary origin not only
is proved, but also is effective in practice.

On the other hand, however, the Bayan Obo iron-rare earth-niobium
deposit also possesses evidences for hydrothermal origin, at least for
hydrothermal participation. The evidence is as follows.

1. Fluor-natrium metasomatism spreads widely, forming closely asso-
ciated iron, rare earths and rare elements. Among them, iron minerals
include magnetite, hematite, etc., totalling 5; rare earth minerals in-
clude hamartite, monazite, etc., totalling 13; niobium minerals inclu-
de columbite, ilmenorutile, aeschynite, etc., totalling 12. They con-
stitute many ore types, differing from each other in different areas.
According to Liuliu, the Chief Mine consists predominantly of fluorite-
type iron-rare earth-niobium ores, rarely of aegirine-and riebeckite-
type ones. The East Mine consists chiefly of aegirine-and riebeckite-
type iron-rare earth-niobium ores, rarely of fluorite-type ones. The
West Mine consists mainly of dolomite-type iron-rare earth-niobium ores,
rarely of biotite and riebeckite-type ones. The Doulahala Mine consists
chiefly of dolomite-~-type niobium-rare earth ores, and of skarn ones in
small amounts.
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2. The iron content in the whole ore field varies greatly. TFe-20-
50%, and is in direct proportion to rare earth and niobium. For exam-
ple, the Chief and East Mines are the segments of the most intense
fluor-natrium mineralization and also the segments of the most intense
iron mineralization. The iron content related to the rare earths and
niobium contents in some important mines is as follows.

Chief Mine East Mine West Mine
TFe average content 35.83 33.51 31.34
R3203 average content 6.19 0 1.09-1.44
nb205 average content 0.141 0.126  0.068-0.088

3. The ore field is in close contact with the granite bodies lying
gouth of it. There are magnesian skarn zones in the contact zone. The
country rocks near the contact zone have also been altered. Moreover,
the grade of alteration is in inverse proportion to the distance, in-
dicating that the alteration is caused by the action of hydrothermal

solutions.
4. There exist evidences for polystage hydrothermal mineralizations

in ore bodies. For example, magnetite and pyrite veins intersect for-
merly originated orebodies. This phenomenon spreads widely at the
Chief and West Mines. Moreover, mineralization takes place at a lower
and lower temperature with time passing.

5. At the hillside near the Dongjielingelei pit, cracks in dolomi-
tes are filled with the association of magnetite and riebeckite, which
forms lens-like, massive, irregularly striped and spotted orebodies or
mineralizations.

6. In the cross-section of the Chief Mine, the crystal size and
ore texture of magnetite and the associated minerals in ores of vari-
ous types are extremely different, depending upon ore type and the
place of its formation. Big crystals often occur in fine-grained and
compact massive magnetite ores. This suggests that in the locality
with more gases, the process of crystallization of ore-forming liquid
takes place slowly and big crystals can be generated. Sometimes geodes
and crystal glands can also be formed. It is characteristic of pneuma-
to-hydratogenic wmineralization.

The Shilu iron Deposit in Hainan Island, Guangdong Province

Before the 19608, the deposit had been considered to be contact-
metasomatic. From the early 19708 on, many views have appeared, inclu-
ding sedimentary-metamorphic type, volcanogeno-sedimentary-metamorphic
type, iron-bacteria type. Among them, the sedimentary-metamorphic oxi-
g€ln is most popular. According to available data and the field investi-
gation of the author /1/ it is obvious that both the azbove-mentioned
Views have their own reasons. Let's examine the evidences for sedimen-
tary-metamorphic origin first.
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Fig. 3.FPlane figure and cross-section across the Shilu iron ore dist-
rict, Hainan Island, Guangdong Province, China

1 - coppér orebody; 2 - iron orebody; 3 - sericitic quartz schist;

4 - dolomite; tremolite-diopside rock interbedded with sandstone,
schist and hematite

1. Orebodies are confined to a definite stratigraphic position
(Fig. 3).

2. Orebodies occur in sedimentary (already metamorphosed) rocks.

As seen in the lowermost part of the SLG bed, there is a gradational
transition from iron-bearing sediments to orebodies (Fig. 4). Thus the
iron content is relatively high in the central part of the orebodies,
but becomes low towards the top and the bottom.

3. Leng Shenggiang et al. /b have investigated the physico-chemi-
cal conditions of formation of rich ores in the Shilu iron ore dist-
rict. Based on the temperature, pressure and silica content in liquid
after experiment, they concluded that this iron deposit is of sedimen-
tary-metamorphic origin.

4. The geochronclogical study of the medium-weakly metamorphosed
series in the Shilu Group by rubidium-strontium method has proved that
the absolute age of this series is 541-588 m.y., i.e., early-medial
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Fig. 4.Transition relationship of the lowermost iron ore bed in SL3
to the ore-bearing deposits in the Shilu iron ore district f27

1 - ferriferous phyllite; 2 - ferriferous sandstone; 3 - siliceous
iron ore; 4 - hematite

Cambrian. The iron deposit was generated approximately at the same
time, and suffered metamorphism simultaneously with the enclosing se-
diments.

On the other hand, evidences for hydrothermal origin also cannot
be neglected.

1. In the large and rich iron orebodies, as well as in the iron-
bearing sedimentary rocks at the North Mine, there are a huge amount
of pneumato-hyiratozenic metasomatic products composed of hedenbergite,
diopside, wollastonite, tremolite, andradite, etc. Sometimes skarns
can be seen.

2. In some orebodies hematite is replaced or intersected by magne-
tite. Skarns are also replaced by iron ores.

3. At the pit 377 near the bottom of the principal orebody of SLG,
when epidote veins cut across hematite the latter has been transformed
into magnetite and the iron content has been increased.

4, At the top and bottom of the SL6 ore bed, impure dolomite and
dolomitic limestone are often tremolitized and diopsidized. The origin
of these metamorphic rocks may be interpreted differently. It is pro-
bable that they are products of regional metamorphism. But the condi-
tions of their formation are not quite consistent with the degree of
metamorphism of the enclosing rocks. The main rocks of the Shilu Group
are slate, phyllite, dolomite, rarely greenschist. Therefore, regional
metamorphism generally only reaches greenschist facies. It is accepted
that metamorphism in greenschist stage only needs a temperature of
about 300°, but tremolite and diopside are produced at temperatures of
400-500°, It is difficult to suppose that they are only products of
Tregional metamorphism without the participation of magmatic and pneu-
mato-hydatogenic processes.
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A NEW STAGE OF CRUSTAL EVOLUTION AND ITS METALLOGENESIS

Mineral deposits discussed above occupy an important position in
the problem on the genesis of the mineral deposits. From the viewpoint
of metallogeny, this phenomenon bears an intimate genetic relation to
the complexity of China's crustal evolution. Therefore, it is necessary
to start with the study of the tectonics of China.

Theories regarding crustal evolution are numerous. Among them the
geosyncline-platform theory is most popular and has come into being
gradually because of the discovering and expounding of geosynclinal
and platform regions. The main points of the theory may be summariszed
as follows: (1) The crust is divided into two tectonic elements, the
geosyncline and the platform. (2) Crustal evolution is divided into
two stages, the geosynclinal stage and the platform stage. In other
words, in the process of crustal evolution of a certain region a geo-
syncline dies out gradually, giving place to a platform, which origi-
nates and develops on the base of the geosyncline.

The geosyncline-platform theory has some defects. These lie in the
fact that, restricted to geologic data and to the development level of
related sciences, tectonic zoning of the earth's crust has not went
deep yet, and the knowledge about the process of crustal evolution was
limited, so that it was unable to explain many problems when applied
to such an area as China.

(1) Diwa Regions and the New Stage in Crustal Evolution

In Chinese territory, especially in its eastern part, in mid-Meso-
zoic time occurred intense crustal movement with accompanying magmatic
activity carrying important minerals. In 1927 Weng Wenhao named it
Yanshanian movement. Since the birth of the geosyncline-platform the-
ory China has been regarded as a platform region called "Chinese shi-
eld", "Chinese plate™ or "Chinese platform". The Yanshanian movement
reflects many facts contrary to the characteristic features of plat-
form regions, indicating that the Chinese platform, though really exi-
sted before mid-Mesozoic time. showed at that time phenomena not coin-
cident with platform view.

According to the author'(1956, 1959), the east China region now has
been developed into a post-platform stage and become a new-type mobile
region. This new tectonic element possesses not only the generality of
mobile regions, but also its own particularity. Though it has been in-
herited from and historic-genetically related to a geosynclinal region,
itas characteristic features are evidently not identical with those of
the latter. Here large-amplitude uplifting has replaced subsidence:
short-strip-shaped plateaux or mountains alternating with continental
basins have taken the place of island chain and troughs lying between
them; piedmont, intermauntane fluvial and limnetic sediments have sub-
stituted for marine sediments; block-faulting and open folds appear to
be the dominant types of structural deformations. In addition, this
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new ‘tectonic element has its own specific magmatism, metamorphism and
metallogenesis. It is a mobile region generated in the evolution of
continental crust, but by no means is the simple repetition of a geo-
gynclinal region or its "reversible regeneration". Generally speaking,
it has been inherited from a platform region. In order to reflect the
fact that it has been transformed from a platform region ("activation
of platform" for short as understood by the author) the term activated
region has been proposed by the author (1956). Moreover, as its stri-
king feature is the existence of tectonic basins named diwa (geodepres-
sion) and developed in continental environments, the term was renamed
diwa region (1959) to distinquish it from geosynclinal region, The di-
wa region and its differences from other main tectonic elements have
been described in detail in the previous publications [2,3,5,67.

Diwa regions are most typical in China, where they were first re-
cognized and expounded, but their existence is not restricted to China.
Beginning from the 1960s, this new type mobile region, with China as
its comparison criterion, has been recognized successively by the au-
thor and other geologists in other parts of Asia {(Korea, USSR, Vietnam,
and India) as well as in North and South America, Western Europe, Afri-
ca, Australia, and in Antarctica.

The nature and extensive distribution of diwe.regions give us a
new understanding of the process of crustal evolution: the general
trend of crustal evolution is the reciprocal transformation, mutual
replacement and continual advance of mobile and "stable" regions, de-
veloping in spirals and in the light of "negation of negation". The
regularities in crustal evolution directly determine the regularities
in metallogenic evolution.

(2) The Metallogenic Importance of the New Stage in Crustal Evolu-
tion

Diwa regions possess their own sedimentary, magmatic, metamorphic,
structural and petro-geochemical features. Therefore, their metalloge-
nesis and mineral deposits also differ from those in geosynclinal and
platform regions. We may see that on the example of diwa regions in
East China, endogenic ores are plentiful, which is rarely seen in other
tectonic elements. Magmatism in diwa regions is characterized by the
formation of alkali-rich rocks and, therefore, non-ferrous, rare, rare-
earth, disseminated and precious metals form important mineral deposits.
In this respect diwa regions prevail over geosynclines, still less
platforms. Deposits of W, Sn, Mo, Bi, Cu, Pb, Zn, As,B, Li, Cd, In, Ga,
Ge, Nb, Ta, Tn, U, Be, Se, Yt are most common. As is calculated, more
than 85% Mo in the world occur in the Mesozoic-Cenozoic, more than
80% W in the Mesozoic, 50% Sn at the end of the Mesozoic, less than
40% Cu in the Cenozoic. Gold was well-developed in the Mesozoic. Dia-
mond occurred at its peak in the Mesozoic. The absolute age of many

149



important uranium deposits is rarely in excess of 150 m.y. All these
facts are apparently related to the wide appearance of diwa region in
the world.

The more important feature of diwa metallogenesis is the comprehen-
giveness, multiformity and complexity of ores and its influence on,
reworking of and superimposition upon pre-existing ores. It is expres-
sed mainly in the following.

Any tectonic element not only possesses its own metallogenic speci-
alization, but also can inherit the remains of the ore deposits of its
predecessors.

In the history of crustal evolution, a post-existing tectonic ele-
ment can inherit the remains of the ores of a pre-existing tectonic
element: this is called the inheritance of minerals. Therefore, the
later 4 tectonic element appears, the more geotectonic types and
the more mineral kinds it inherits., This is called progression of metal-
logenesis. The diwa region is the latest developed one of the present-
ly known tectonic elements. It is reasonable, therefore, that the ores
inherited by it appear to be the richest in mineral kinds, the most
complicated and the most comprehensive.

As the diwa region possesses the above-mentioned metallogenic cha-
racteristics, superimposition of metallogenesis, of course, can take
place, that is to say, ores of various stages of development may at
the same time appear within a diwa region or its subregion, and someti-
mes even different ore deposits of the same mineral kind may be close-
ly associated. To take the iron deposits in south-central Hunan Pro-
vince as an example, we may see that there exist not only sedimentary-
metamorphic iron deposits of Jiangkou type formed at the geosynclinal
stage, but also iron deposits of skarn type formed af the diwa stage.

In the process of diwa development, magmatic, tectonic and metamor-
phic processes strongly take place, acting on pre-existing ores to a
great extent. Their action may be carried out alone, but in most cases
comprehensively. The result of the action may be either destructive or
constructive. The constructive result is expressed chiefly in transfor-
mation and superimposition.

(1) Diwa magmatic activity remakes or reconstructs and richens or
enriches pre-existing ore beds or orebodies, transforming them into
more valuable, or concentrates ore-forming materials scattered in sour-
ce beds, forming ore deposits.

(2) Folding, faulting and other tectonic processes render pre-exis-
ting ore beds or orebodies soft and plastic to permit them to flow to
a certain favourable structural space, enlarging or/and enriching them,

or concentrates ore-forming materials scattered in source beds to a
a certain structural position, forming an economically valuable ore

deposit.
(3) Metamorphiec processes make pre-existing ore beds or orebodies
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m.tqmorphosed and enriched, or by means of metamorphic hot soclution
redistributes ore-forming materials scattered in source beds to be
econcentrated into an economically valuable ore deposit.

(4) Underground water solutions or hot aqueous solutions remake and
enrich pre-existing ore beds or orebodies, or redistribute ore-forming
materials scattered in source beds to be concentrated in a favourable
gtratigraphic or structural position to form an ore deposit.

Diwa-type magmatic activity, metamorphic hot solutions and under=-
ground water carry new ore-forming materials and superimpose them on
a pre-existing ore deposit, forming jointly & new ore deposit.

The above-mentioned two groups of metallogenic processes sometimes
act alone, but more often jointly. Their joint action usually makes the
features of an original ore deposit very complicated, that is to say,
the ore deposit not only preserves the features of initial mineralfza-
tion, but also gets additional features of the subsequent mineralizati-
ons. Ore deposits of this kind may be either stratiform or vein-like
and irregular; sometimes orebodies of many forms coexlst or show cross-
cutting relationships.

POLYGENETIC COMPOUND ORE DEPOSITS

Various ore deposits in the crust have underwent changes and tran-
sformation in varying degree after their formation. Polygenetic compou-
nd ore deposits as defined by the author [@] here indicate those ore
deposits which evidently possess many-sided genetic characteristics as
a comprehensive result of more than one mineralizations. They can be
ascribed to neither endogenic nor exogenic ore deposits. Only by dis-
tinguishing them as a third genetic type of ore deposits can we under-
stand and expound the mechanism of their formation.

Polygenetic compound ore deposits are formed through many minerali-
zation stages, from many material sources, and of many genetic types.

Polygenetic compound ore deposits vary greatly in many respects, de-
Pending on the concrete history of geotectonic development and conditi-
ons of ore formation. Based on available data, they may be divided in-
to three models according to their common genetic characteristics, i.e.,
Superimposition-richening, transformation-richening, and reconstructi-
on-concentration.

1. Polygenetic Compound Ore Deposits of Superimposition-Richening
Type

Polygenetic compound ore deposits of this type have underwent two
Or more geotectonic-metsllogenic stages. Magmatic, metamorphic and
other ore-forming processes alone or jointly carry new ore materials
or form a new ore deposit, superimposing on an older deposit as a base
formed at an earlier stage (generally with transformation). Ore depo-
8its of this type have often become most complicated with a tenor high-
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er than that for original ones. Such ore deposits are formed in the
following ways:

(a) sedimentary + hydrothermal or/and contact-metasomatic;

(b) metasedimentary + hydrothermal or/and contact metasomatic;

(¢)volcanosenic-sedimentary or volcanogenic-metasedimentary + hydro-
thermal or/and contact-metasomatic;

2. Polygenetic Compound Ore Deposits of Transforming-Richening Type

By this type we mean a polygenetic compound ore deposit formed by
the individual or joint action of magmatic hydrothermal solutions, sub-
surface water solutions and tectonic processes which have strongly re-
made & pre-existing deposit (sometimes with superimposition to some
extent). The pre-existing deposit can be improved in quality by means
of transformation (chiefly transformation, but also superimposition)
or by plastic flow migrates to a favourable stratigraphic or structu-
ral position, forming a more valuable, vein-like stratiform, stratoid
or chambered ore deposit. They have the following three ways of forma-
tion:

(a) magmatic hydrothermal transformation-richening type. Under this
type we understand those polygenetic compound ore deposits transforma-
tion of which is due to magmatic hydrothermal solutions. Here can be
distinguished:

1) sedimentary + hydrothermal transformation type;

2) metasedimentary + hydrothermal transformation type;

3)volcanogenic-sedimentary + hydrothermal transformation type.

(b) structural transformation-richening type. Polygenetic compound
ore depogits of this type are formed as a result of transformation of
pre-existing deposits by folding, faulting and other deformations.
Such deformations may be accompanied by hydrothermal solutions, heated
water and metamorphism. This type also can be enriched in ore grade.
As a consequence, orebodies are often deformed and plastically flow to
be concentrated in a favourable structural position, forming an ore

pillar or ore shoot. The common modes of formation include folding-tran=
sformation type and fracture-transformation type, which can appear indi-

vidually or in association.

(¢) underground water transformation-richening type. Polygenetic
compound ore deposits of this type are formed as a result of transfor-
mation of pre-existing deposits by underground water solutions, parti-
culerly by underground water containing CO,. One of examples is the
Huangmei siderite deposit (Fig. 5).

3. Polygenetic Compound Ore Deposits of Reconstruction-Enrichment

-
TypBy this type we mean polygeneiic compound ore deposits whose ore-
forming materials originally were scattered in source beds, but later
due to the action of underground water or hot aqueous solutions and
magmatic hydrothermal or metamorphic hot solutions it migrated and
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Fig. 5.Cross-section across the Huangmei siderite deposit in Hubei
Province (After Hubei Metalluro-Geological Bureau)

1 - sandstone and shale of the Pugli Group and limestone of the Daye
Formation; 2 - shale and marbl of the Longtan Formation; 3 - siliceous
rock and flint limestone of the laokou and Qixia Formations; 4 - lime-
ptone and dolomite of the Huanglong Formation; 5 - sandstone of the
Wutong Formation; 6 - sandstone and shale of the Shamas Formation;

7 - limonite and siderite

concentrated into a favourable stratigraphic or structural position to
form a deposit of economic value. The formation of the deposits may be
accompanied by structural deformations. The modes of their formation

. are as follows:

(a) underground water reconstruction-enrichment type. Many deposits
of uranium, lead, zinc, antimony, mercury and barite in Hunan, Guangxi,
and Guizhou Provinces belong to this type.

According to Yao Zhenkai (1980), a certain uranium deposit in China
occurs in strate of various ages, from Sinian to Cenozoic, but the age
of mineralization without any exception is late Mesozoic-Cenozoic
(Fig. 6). Meanwhile, the intensity of uranium mineralization is in di-
rect proportion to the density of cracks. In the cracks and their clo-
8¢ vicinity, the intensity of uranium mineralization has been distin-
ctly increased.Moreover, contrelled by faults and cracks, ureanium mi-
neralisatien may cut across several herizens (Fig. 7). Such strata-be-
und and structure-bound phenemenon cannot be explained, unless it re-
8ults from the subsequent reconstruction-enrichment. It is clear that
the fermation of the deposit can be explained in terms ef mebilization
and redistribution of the primary contents ef uranium in the seurce
beds by circulation of hot aqueous solutions formed by dynamic meta-
merphism.

(b) metamorphic-hydrothermal enrichment type. The Hongtoushan cep-
Per-ginc deposit in Liaoning Province eccurs in copper-bearing meta-
Morphic rocks (2100 m.y.) composed of pre-Sinian interbeded biotite
Plagioclase-gneiss, sillimanite-gneiss and garnet-biotite-hormblende
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gneiss. The form of orebodies varies from prismatic, vein-like, stra-
toid to chambered. They are in jigsaw-like contact with enclosing
rocks and subjected to clear metasomatism. At the same time, however,
they are confined to a definite stratigraphic position, occur in con-
formity with the schistosity of the enclbsing rocks and only few veins
diagonally cut the schistosity.

The geotectonic settings of formation of polygenetic compound ore
deposits of the above-mentioned various models are diverse and may be
different either between the ore deposits of various models or between
the various ore deposits of the same model. According to the geotecto-

nic characteristics of China, they may be briefly summarized as fol-
lows.
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1. A geosynclinal ( or pre-geosynclinal) ore deposit on which a diwa
ore depoeit is superimposed.

Polygenetic compound ore deposits formed under such a geotectonic
condition are mostly seen in diwa regions. Its base deposit is general-
ly a metasedimentary or volcanogenic-metasedimentary (regional metamor-
. phism in all cases) one formed at a geosynclinal or pre-geosynclinal
gtage. Later, during a diwa stage, because of the introduction of ore-
forming materials carried by magmatic processes the base deposit is
transformed into a new and more complicated deposit. Here we take iron
deposits as an example. Iron deposits of geosynclinal (or pre-geosync-
linal) type may be of large dimensions. Though originally the iron con-
tent is only 20-30%, it can be considerably increased and the deposit
can change into a big and rich one, if on it a deposit of diwa type is
guperimposed later.

2. A platform ore deposit on which a diwa ore deposit is superimpo-
sed

Polygenetic compound ore deposit of this type refers to what is
based on a sedimentary deposit formed during a platform stage and en-
riched by a diwa ore deposit carried mostly by magmatic activity.

3. A platform ore deposit changed and enriched by diwa tectonism

Polygenetic compound ore deposits of this type in most cases are
‘originally platform-type sedimentary deposits, changed (or chiefly
changed) and enriched-later, during a diwa stage, by the action of he-
ated water, magmatic processes and structural deformations.

4. A diwa ore deposit changed and enriched by diwa tectonism

The process of diwa development may be divided into three periods,
namely, the initial-mobility period, maximum-mobility period and resi-
dual-mobility period. The moet intense megmatism, tectonism and meta-
morphism appear in the maximum-mobility period. Sedimentary of volca-
nogenic-sedimentary ore deposits formed in the initial-mobility period
may be changed and sometimes enriched later, particularlyin the maxi-
mum-mobility period.

5. A pre-diwa ore deposit reconstructed and enriched by diwa tecto-
nism

Polygenetic compound ore deposit under such a geotectonic condition
are formed by the action of hypogene heated water generated during a
diwa stage. The heated water mobilizates ore substances dispersed in
8tructural levels representing various pre-diwa stages and enrich them
to form an economically valuable deposit. These ore deposits mainly
developed in diwa-regions. They are mainly based on strata bound
(i.e., sedimentary or volcanogenic-sedimentary, wmetasediumentary or ne-
tavolcanogenic-sedimentary) deposits,or original deposits (or source
beds) are confined to a definite stratigraphic position. Therefore, af-
ter superimposition, transformation and reconstruction by later minera-
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lizations, polygenetic ore deposits as we see them today still preser-
ve the features of strata-bound deposits.

Moreover, subsequent superimposed deposits or enriching and concen-
tration caused by later mineralizations can also be stratigraphically
controlled. For example, contact-metasomatic superimposed deposits gé-
nerated by later magmatic processes often possess the characteristics
of gelective replacement, thus being confined to a definite stratigra-
phic position.

For the superimposed-enriched or transformed-enriched ore deposits
formed by later magmatic intrusion (or eruption), besides stratigraphic
control (if any) of the original ore deposits, it is necessary to con-
sider a magmatic control at the same time. As the subsequent minerali-
zations guperimposing on or transferming the original ore deposits re-
sult from magmatism, they are inevitably controlled by the petrochemi-
cal composition, position, morphology, trend, regularities in distribu-
tion and contact zone of the related igneous body.

Structural deformations often participate in the formation of poly-
genetic compound ore deposits. Therefore, when we search for this type
of mineral deposits associated with structures, it is also reasonable
to study the regularities in structural control. This is true, of cour-
se, for those polygenetic compound ore deposita-whoae original deposits
or source beds are directly or indirectly controlled or influenced by
structures (e.g. volcanogenic-sedimentary and sedimentary ore deposits
in various basins) or whose later transformation and reconstruction are
directly caused by tectonic movements. Even if for those polygenetic
compound ore deposits whose late superimposition, transformation and
reconstruction are caused by magmatism and the action of underground
water, it is also nesessary %o pay attention to structural control, be-
cause magmatism and underground water are often controlled by structu-
res, too. In this case structural control is an indirect factor for
the formation of these ore deposits.

Theoretical and Practical Significance of the Study of Polygenetic

Compound Ore Deposits

1. Theoretical Significance

(a) In classifying the genetic types of mineral deposits.According
to traditional genetic concepts, mineral deposits are divided only in-
to endogenic and exogenic.

After a thorough study, however, many ore deposits are found to be
gimilar both to endogenic and exogenic ones, with the result of diffi-
culty in making a clear distinction between them. Frequently they are
fit to be included in neither endogenic nor exogenic category. The rea-
son is that these ore deposits are by no means monogenefic. Therefore,
the presentation and expounding of polygenetic compound ore deposits
can help us to solve such a difficult problem.

(b) In defining the directions for prospecting. Previous theories
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%f concern1ng defining the direction for prospecting were based on conce-
pts of -monogenetic ore deposits. For example, in regard to endogenic
ore deposits, one often devotes much attention to chemical composition
of magmatic rocks, structure of intrusions, regularities in their dis-
¢ribution and, finally, wall rock conditions. In regard to exogenic ore
deposits, one frequently attaches primary importance to ore-bearing
gtratigraphic horizons and features of sedimentary formations. These
theories in most cases have encountered difficulties in such areas as
China with complicated geotectonic features and genesis of mineral de-
posits. The study of polygenetic compound ore deposits enables us to
open up & new domain in the theoretical study of the directions for
prospecting. According to a preliminary analysis, at least the follo-
wing point®s need to be paid attention to.

1) Necessity of Comprehensive Study and Analysis

Based on the complex nature of the factors controlling the formati-
on of polygenetic compound ore deposits, in studying the regularities
in distribution of these deposits and the directions for their prospec-
ting, we shouldn't overemphasize one regularity in ore control at the
expense of the others. In other words, we shouldn't study them accor-
ding to the prospecting concepts of monogenetic ore deposits and
experience regularities, but ought to link stratigraphic control, mag-
matic control and structural control together, comprehensively study
and consider them. The above-mentioned comprehensive control of the
Shilu iron dep©sit is enough to illustrate this,

2) Making a Concrete Analysis of Concrete Conditions

Polygenetic comnound ore deposits are varied. As mentioned above,
there are many models and types of metallogenesis as well as various
geotectonic conditions of ore formation. Therefore, in search for mi-
nerals we must deal with different mineral deposits in different ways,
in accordance with the history of metallogenic development, geotecto-
nic setting and the conditions of formation of concrete mineral depo-
8its, and explore the directions for prospecting and ore indications
corresponding to the reality.

Practical Significance

The study of polygenetic compound ore deposits is of great economic
importance. The principal reasons are as follows.

(a) being increased in the tenor of ore, these ore deposits are of-
ten of larger economic value than their original deposits. As for sour-
ce beds, they may become econocmically valuable from the concentration
of originally dispersed ore-forming elements. Therefore, such ore depo-
8its can be regarded as important targets for search for rich ore de-
PoBits. The study of the process of their formation, peculiarities of
their occurrence and ore indications will contribute to search for
Tich ores with greater, faster, better and more economical resulis.

e 157

‘I‘iE



(b) they are mostly formed in a tectonic region, the diwa region,
with such complex geologic history as in China, and abundantly occur
in 1t. Diwa regions spread widely in the world. Therefore, polygenetic
compound ore deposits are plentiful. Diwa regions in China occupy more
than two thirds of the whole country's area. Clearly, the study of the
metallogeny and distribution of these ore deposits will contribute to
accelerating the prospecting and prognosis of mineral resources needed
for the realization of "four modernizations™ in our country.

By the above-mentioned reasons, in the lagt years polygenetic com-
pound ore deposits have attracted the high attention of many investi-
gators in the fields of economic geology, geochemistry, and particular-
ly matallogeny, both at home and abroad. Much attention should be devo-
ted to metallogenic investigations.

Metallogeny, as is defined here, deals with the process of formation
of mineral deposits and the regularities in their distribution from
the geotectonic point of view. It combines economic geology, the rela-
tively narrow discipline, with geotectonics to explore metallogenic
theories. The above-mentioned polygenetic compound ore deposits, gene-
sis of which is long debated and the directions for their prospecting
are difficult to define, can be understood fully, if we use the metal-
logenic methods of investigation, carry out a comprehensive study on
the basis of the new geotectonic theory, probe them from the viewpoint
of their development and connection, and, finally, make a concrete ana-
lysis of concrete conditions.
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Pasznen 3
TEKTOHHUKA PY/IHBIX MECTOPOX/IEHUN

YIK 553.3.078.2
METONONOTUYECKME OCHOBH WSYYEHUA CTPYKTYP PYIHHX MOJIER

MECTOPOXJIEHWA B CCCP

0.I'.Cagonos, I'.T.KpaByenko, I.M.lyxus, E.I.Manusosckuft,B.®.YepHuues
MHCTHTYT I8 ONOrMM PYAHHX MeCTOPOXAeHUft,NeTporpadmu,Musepaioran
reoxumur AH CCCP, r.Mockma, CCCP

HecneaoBanue CTPYKTYD DYARHX mone# m MECTOPOXAEHH{ 1eneBanpsBIeH-
B0 npoBoxurcA B CCCP B TevueEue nonysexa. OHO 3apozunock GHSrofapsa Tpy-
neu A.B.Hoponesa, B.M.Kpeitrepa, A.B.llaga, ®.H.Bonsgcosa,H.l.Boponaes-
CKOTO M Ap. ¥ P33BMB3ETCH WX MHOI'OUMCIEHHHMH NOCNEZAOBATONAMA ¥ y9EHM—-
KaMH.

WayusBue reonoruw MecToporaenuif, BHABIEHWE JCAOBAH 3aneraHus pyA
H378BEA OHNO NMpeAMETOM NO3HSHMA H3 BCEX CTAAMAX DPB3BUTUA I'OPHOrO zE-
I8 ¥ p33palOTHM YUEHHA O DYAHHX MECTODOEAEHMAX. OXHAKO NMUmH B HBUSNE
HBWEr0 CTONETHA ONMCBEMA CTPYETYp MecTOPOEASHUN ¥ pyzBEEX nome#t craam
CONpOBOXA8THCA AET3NbHLM M3yUeHMEM yJCAOBM# HOPMMDOBARMA M JOKE MMBALHUA
OpyAeHeHWAa. B Hameil cTpaHe ®TO NpUBENO K OfOpMIEHHD MCCNeZOBaHAE CTPYK-
TYDP DpYABHX noAeft n MECTOpOXAEHME B CaMOCTOATEABHOE HAaYYBOE HaNpaBie-
HHE JUEHHA O DYAHWX MECTODOXAEHMAX, ONMPSOUEECH HS ONpeAeNEHEYD TEOpe-
THYBCKYD 083) M MMEDNEe CBOW METOZONOTMYECKYD OCHOBY.

I'nasnolf TeopeTuusckoil Gasoit coBeTcxofi mKomW MCCNEZOBETENEM CTPYK-
TYP PYAHEEX moneyt ¥ MecTopoxRieBu#t ARAAWTCA I'eOAOrO-MCTOpMYECHUM nmozxon
K H3yYeHMD 33KOHOMEDHOCTEH NOKAaNM3aUMM OPYASHEHWA, KOMIJEKCHOE paccMo-
TpeHMe pa3nuuYHEX (8KTOPOB pyAOOOpa30BaHMA HA peanbHOf reonoruveckoit oc-
HOBE, NpeXZe BCEr0 H3 JSHHHX I'6ONOTMYECKOr0 KaPTUPOBAHMA DOBHHX MacHmTa-
60B. [lpu uByYEBMM CTPYKTYPH MECTOPOXZEHAA BHABIAGTCH NOCHEAOBATENE-
HOCTH 66 D33BHTHA C YCTSHOBNGHMEM DOAM ¥ 3HAUEHMA TEKTOHHUECKHMX JIBHAEE—
BUR B u3BMEHEHMS COCTOAHMA M CBOiCTB pynAOBMERSPOWE! CpeAN B mpomecce
PYROOTNOXGHMS .

Camne ofmp¥e 38KOHOMEDHOCTH NOKANW33[MM MECTOPORJASHME Da3NMYEHX Tre-
HETHYECKMX KNaCCOB OCYCHOBAMBANTCH MX NPUYDOYEHHOCTHO K TOMY MAM MHO-
My CTPYKTYPHOMY 9T8Xy NpH HEOANHAKOBHX COOTHOWNE HUAX TEKTOHAYECKMX,
M3rMa THYECKNX M NeTPOPU3MYECKAX PaKTOPOB KOBTDPOMA OpYAEHEHHHA.

lpezncTaBneHna 0 CTPYKTYPEHX DTSR8X K8K 0CPa30BEEMAX, OTPAXADIEX On-
PezeneHENE KDYNHHE 3T8NH MeONOI'MYECKOr'0 pPasSBHTWA ABHHONO DETUORE , HA-
HenuBanT Ha 00AB4TENBHOE MCCHEZI0OBSHME MCTODMM (QODMUDOBAHWA CTDYKTYDH
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MecTOpOXZeHult B BENOCPEAC TBEHHON CBA3M C M3yYeHMeM ocoCgHmocTel reono-
Ir'd98CKOP0 Da3BHTHA PYAOHOCHNX TepphTOpuit. Haubonee 4eTKO 33BUCHMOCTD
CTPYKTYPH DYABHX modell ¥ MecTopoxZesuit or ocolerrocTell BMemawmero
CTPYKTYPHOrO 8T8XA NDOABAAETCA B CKIAZYATHX OONaCTAX M HE SKTUBM3HPO-
BSHAEHX nnardopuax. CBOBOODPEBHH CTPYKTYPH MECTOPORAEHMM, NMPUYPOYEBHHHX
K BYNK8HKYECKMM TONNMAM, NPEACTIBIAADNMM BEDPXHHR APYC I'eOCHRKNNHANBHOIO
BT3E8 MO0 CnemufuyecKMe O0Cpa30BaHAA OPOIEHAOro 3Tana. B nocnegRuMx
CNy4YaAX BHEYUTEABHYD DOAB B KOETDONE OPYAEHERMA NpUOCPETaNT yH3CAEZO-
BSHBHE CTPyKTypHEHe §OpMH, BOBEMKEAE B MpPEANECTBYONAE DTaNOH Pa3BMTHA
TE@DPUTOPUA -B BTSN CKNSAYETOCTH M  MNNaTGopMeHHHH aTam.

B o6mscTaX TEKTOHO-M3IrMaTHY6CKO# SKTMBMABSOMM ODyABHEHME NOKaIM3yeT-
CH K8K B JHacIEZLOBSHHHX, T8K M BO BHOBh 00D830BEHHHX CTDPYKTYDBHX (Qop-
Max 3eMBOf Kopu. Baxpeilimss ponb NpeANCTOPMUN DASBUTHA DYAOROCHHX TEp-
puropu#t u ocoGeRHO faKTOpa JHACNEZOBSHHOCTH B (JOPMMDOBSHMM CTDYKTYD
PYABRHX nonel u mecropoxzeR4f onpeAeneBHO BHpaxaeTCHs B NocIeAHe8 Bpe-
M7 M B o0me#t TMnusammm CTPyKTyp. HapAZdy ¢ TPSAMIMOHHO BHAENAGMHMH Ie-—
HETUYECKMMA TUNAMM AOKS IBHHEX DYAOKOHTDOAMPYOMMX CTPYRTYP: MarMaTHdUe-—
CKUMA (MHTDYSMBHHMH), TEKTOHMYECKAMA (CHN8AYATHMM, DE3DHBHHMH),-B HE—
CTOAMEE BPEMA Y8CTO MCINOAB3YDTCA NOHATHA O BYIKSHOT'8HHHX, BYIK8HO-TEK-
TOBMYECKMX, NAYTOHOI@HBO-TEKTOHNYECKMX (MHTPYBUBHO-TEKTORNYECKIX)CTPYK-
TypPax MecTOpoRzeHA(.

B Teopum QOPMHpPOB3HMA CTDYyKTYD M8TMaTHYECKHEX MECTODORAEHHME NMOKa eme
HEZOCTSTOYHO PSCHKPHTH (U3MYACKME M NPOCTPSHCTBEHENE 38KOHOMEDHOCTM pas-—
BATAA ABAeHMEt rpaBurTanuOHnON ZAMDHEpeBOMAgHMM, KPACTBANN3SLMOEHOTO pac-
CHOEHMA MAIMH, NAKBAIMM, NEDUOAMYHOCTH M NmyTell mocTynaeHMs DYABO-CHUAK-
KaTHHX pacNIaBOB.

B nocneasee BpEMA HEO/HO3HAYHO TPaKTYHOTCA OOmHE YyCAOBMA (opMmpoBa-
HUf DYAOHOCHHX MaCCHBOB yABTP3OCHOBHHX HOPOA. [IpeanonsarseTca, 9T0 Xpo-
MATOHOCHHE M HEKOTODWE APYTME MHTDY3MBH B CHASAYATHX OGN8CTAX BHBEZACHH
B BEDXHHE BOHH 36MHOM KODH B pe3yNbTaT8 KPYNHOBMIVIATYOHHX WAPBAREHX
nepeMenesElt ¥ nocpeACTBOM NMPOTPY3MBHOI'O MEXB8HM3MA.

OneT AeT8NBENX TEONOTO-CTPYKTYPHHX MCCHENOBAHMIA COBETCKHX I'60LOrOB
IOK&3HBaeT , YTO CTAHOBIEHME M OCOGEHHOCTH M8TM3THYECKHX MECTOpOR—
7eBd# B OCHOBHOM ONpPEABNANACH MHTDPYSUBHHMH NPONECCAMA, NPOTEKABNMMA B
CHRISZYETHX M NA3THOPMEHHHX OCISCTAX B Pa3NMYHNX BHENBMX TEKTOHMYECKMX
JcnoBHAX. B CBABKM C STUM ANA YCToHOBIEHHA YCIOBA# 3aneranus pPYABWX Tel
NpeACTaBAASTCA OCOCHOBAHHOM HANMENEHHOCTH H8 MCCIENOBAHME NPORAE BCETO
JCNOBEM PaCKPHCTANIM3SNMA DYAHO-CHAMKATHHX DSCNA3BOB, H8 BHABIEHWE CTPY-
KTYPEHX B/EMEHTOB 3TOr'0 NEPMOAA. A

B uccnenoBanuM CTPYKTYDP Pa3HO0OPA3AWX NOCTMATMATHYECKHX MECTODORAE—
Huit B Hawelt cTpaHe TPAAMOMOREO COXPAHAETCA MCTOPMUSCKEE moaxox. Ipm
M3y4eHMM CKAPHOBHX MECTOPORAERUH OCHOBHOE BHMMBEME yAenfeTcH MopHono-
I'MM KOHT8KTOBHX TNOBEPXHOCTEN x8pGOHATHHX M & NOMOCMJANKATHHX MOPOA, KO-
TOPHMH KOHTDONMDYOTCH CKAPHOBO-DYIHHE T6J8.BHABAAETCA pPOJb B DPYLOOTI0-
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geRWA N7A3CTHIECKNX AedopMsnm# RapGOHSTHNX TOANW ¥ PS3BATHA DP33PHBHENX
papyueHul.

lccnenoBaHMA CTPYKTYP Tpefl3eHOBHX M BHCOKOTEMIEP3TYPHHEX TMAPOTEP=
MaZBHHX MECTODOEZeHuit, OOHYHO NpUYpPOYEHHHX K I'Da HUTOMAHNM MaCCUBaM,
NpOBOAATCH HA OCHOBE M3Y4EHMA WCTODUN CT3HOBIGHMA BTUX uaccuzsos.llpu
9TOM BHABIAKTCA CTPYKTYPHHE 2UEMEHTH KOHTDAKOHOHHOTO NPOMCXORAEHUA,
H3N0REHENE DO3DHBHHE HIpyWEeHAA ¥ DONB TEX M JPYTHX B /IOKaAU3sOUM 0Dy -
geHeHus. [Ipy WX 8HANMBE MCCHEL0BIHME DYAOBMEUADMUX CTDYKTYPHHX SIEMEH—
70B OGNYHO CONPOBOXASETCA M3YYEHUEM DETMOHENBHHX CTPYKTYp. JAA 3THX
PyABHX noneil ¥ MECTOPOXAEHWA X3PSKTEDHO COYETSHME CTPJKTYPHHX BISMEH-
0B "NIYTOHOrEHHEOro" (MHTDYSUMBHOIO, KOHTPAKOUOHHOTO M MHOI'O) NPOMCXO-
X7EHUA C TEKTOBMYECKMMM. COBMECTHOE NpPOABAGEHME Da3HOPOAHHX PYAOKORTPO-
ZUPYDLAX CTPYKTYPHHX fOpM ¥ BNEMEHTOB X8DSKTEDH3YET MHOLHE MECTODORZAE-
HUA, PasMEl@nUMEcH B OCNSCTAX aKTMBHOT'O NaNEOByAKaHMBMA. OZHERKO B STHX
067aCTAX MHOTHE MECTODORAEHMA (NONMMETBNAMYECKHE, 30M0TOCEDEODAHHS M
AP.) KOHTDOAMPYLTCH IMLB TEKTOHWIECKUMM CTPYKTYDHHME 3SNEMEHTIMH.

TeKTOHUYECKHE CK/I8I4YaTHE, CKJ8I4YATO-Pa3PHBHHE WU Da3spHBHHE CTOYH-
TYPH CBOHCTBEHHN BONBJPEMMTOBHM, CBHANOBO-NMHKOBHM, MEJHKM,3070TO0PYZA-
BHM, CYDBMAHO-DTYTHHM H MHHM TUZDOTEPMaABHEM MECTODOXAGHUAM. [IpM MX
ACCAS/0BaHAA, KK ¥ NpM UBYUYEHHN BHIEOTMEYEHEHX DYABHX none#l m mecTo-
pOEZeEuit, COBETCKME IeONOr'M ONMPANTCHA H8 TEODUD CONPOTUBIEHMA M Paspy-
EWEEMA M3TEpPMalIOB, B3 JOCTUEEHUA CNENUSNBHON OON3CTH TEONOT'MYECRUX HC—
cnenoBapuil - TexTOHOQM3MKKM. LIMDOKO OCYWECTBIADTCH MOZENUPOBIENE W BHC—
NEPUMEHTE/IBHOE M3YUEHHME NDUDOABHX TEETOHMYECKMX NpPONECCOB. T8KTOHO-fu-
8MYECKME METONMKA MCCHeZoBaBuit Bce Gonbme MCHOONB3JOTCH NPH U3YUEHMAH
CTDYKTYD DPYAHEX Noneil H8pPAAY C TP3AUINOHEHMM METOASMM 3HSNM33 CKI8AUS-—
TOCTH, D33AOMOB, TPEWMH, MEKPOCTDYKTYDHHM M3yYeHUEM NOPOA ¥ T.A. Hcenme-
AOBaRMEe (PBKTOPOB CTPYKTYPEOrO KOHTpOAR SHAOTEHHOrO OpyZAeHeHUA B Hamed
CTP3HE MpPOBOZMTCA B KOMIOJIEKCS C M3YYEHMEM BIMAHEA (QU3MKO-MEXaHUYECEAX
CBOfiCTB NOpOZ Ha NOKANM33NUD pyznHOX MuHepanuasmuud. B noclnezHee BpeMd
T3K0E KOMNJIeKCMPOBRSHME BHAUUTENBHO JCHAMAOCHE. STO NO3BONAET PEKOBCTPY=—
MpOBATE pesAbHHE NONA I8NEOBSIpA%eHNl , CyUECTBOBABUKE B NEDUOZ PYyAO-
00pas0BanuA , Pa3pa(aTHBATH ONPEASNEEHHE MOAGNM TMADPONUREMUUECKEX CHC-
T8M pyR006p330BaBMA. B KOHEYHOM MTOré yASETCH NMOIyYaTh OAEE MONHOE
NpeACTaBNEHUE O T'€ONOTO-CTDPYKTYPEHX M NETPOfH3MYECKAX YCAOBAAX PYAO0O-
P330BIBMA K MX COOTHOWEHMAX C QUBMKO-XMMAUECKNME (8KTOpPSMEK DYAOOTIOKE-
HUf. BuABNEHMD 3TUX COOTBOmeHM#t, OnpeseAsApmAX HE TOABKO NPOCTPSHCTBEH-
HOE pa3MemeBMEe OpyASHEHMA, HO B 3HSUMTEIBHOM MEpe ¥ €r0 MHTEHCHBHOCTH,
CNocoGeTByNT OOmUe TEODETUYECKHE DE3PaCOTKM B O0NacCTH CTPJKIYPHEX yC-
NOBME pynmooOpa30BabKMA. K MX 49MCny MOEHO OTHECTU WCCAEZOBIBKE ponu Jak-
T0p3 ray0MEHOCTH B Pa3BUTUM CTPYKTYD M B DYyA00GDPa30BaHMK BoOOWE,M3yye-
EMe o6mux cBoiicTB CpeAl PyAOOCD330BSHMA, €€ XMMHIECKMX M (QU3MYECKMX X3-
PaKTe pucTAK, BHABNGHWE BO3MOEHOTO NOJCEEHHMA MCTOYHMKOB DYABHX BEMECTS,
TUNA ¥ NONOXEHMA DYAONOABOARWLMX K8HANOB. JIIA WSYUYEHWA YCNOBHE THApOTEp-
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MaNBHOrO PYA000pa30BaRAA NONE3HOU MpeACTaBIAETCA ONeHK OOmed mponunae-
MOCTH CpefH, OnpeAenAeMoif CTPYKTypOil DYyAOBMEWSNWMX TONM, Juanko-ue-
XSHMYECKUMU CBOMCTBaMM MOPOA, I'eOAMHaMUuecKOE OOcTsHOBKOH, 4TO B He-
ZIOM OXBSTHBSETCH NOHATHEM O CTPYKTYPHOE OTKPHTOCTH-B8KPHTOCTH CDEAN
PYAOOTNOREHUA .

Ha OocEOBE 3TOr'0 NOHATMA NpPEACTaBAAETCA BO3MOXHEM NOAOHTH K BHACHE—
BMD OOmMX B38MMOCBA36# MEXZY I'eONOrO-CTPYKTYPHEMH ¥ (QHBMKO-XMMUIECKA-
MM JCIOBHAMM IMAPOTEDMANBHOIO PYA006pa30BaHuA. lMenmuecA ASHHHE IO
CKADHOBHM, NO pPAAY THNUYHHX THADOTE PM3ABHHX - BONBYPAMMTOBHX K 3010TO-
PYABHX-MECTODPORZEHUA NOK8BHBINT, YTO ONTUMSNBHHE YCAOBUA ANA PYAOOT-
NOXEHMA BO3HMKADT NP ONPEASNEHANX GAarONDUATHHX COYETAHMAX OTKPHTO-
CTH CTPYyKTYPHOX OOCCTAHOBKA M (MBUKO-XMMUYECKOI'0O COCTOAHNMA' DPYyAOBOC—
HBHX PBCTBOPOB B COOTBETCTBMM C MX ofmeil aBonouMedl B HOCTM3I'M8 THYECHOM
nponscce.

Haxannupaouyecs AsHHNE BCE B Conbueii Mepe yKasHBSWT HE HEOOXOAH-
MOCTH M3YyYEHUA CNENHEMYECKHX yCNOBUHA TeKTOHO-QU3MYECKOrO DP83BHTHA M0-
K8 IBHHX DYZOBMENAWMMX GIOKOB 36MHO{ KOpH, ONpeAelASMHX MX 33 BUCHMOCTHD
0T rayGuBEHHX mponeccoB. TaKol MOZXOZ K M3y4YeRMD ycnoBuit pysooG6paaopa-—
HNA H8MEYSEeTCA B JAHHHX O DYQHO-MarMaTMYECKMAX CUCTeMmax. lipemcraB-
NAETCA HEOOXOZMMEM ET'0 JrayOleHMe ¢ YyYeTOM MEOTOfiaKTODHHX 38BHCHMO-
creft pyaooGpssosanmsa ¥ caoxHocTe# reonoruyeckot oGcTaHOBKH.

B o0meM yCUNBHMM KOMNAEKCHOCTH M3YyYEHMA DYAENX noaelt u Mecropomze-—
HEfl, BHABNIEHMM BE TONBKO KAYECTBEHHHX, BO M KOINYECTBEHHHX XapaKTepH-—
CTHK I'eOAOr0-CTPYKTYPHHX yCIOBUH DpyZ00OOpa30BaBMA BUAATCA AanbHeiimne
NEPCNEKTUBL D33BUTHA MCCNEAOBIHME CTPYKTYD DYAHWX noneit ¥ MecTopoxze-
Huil, BO3pacTaEME WX DONM B DEWeBHMM BCE YCHOEHADMMXCHA 387484 pyzxHOHt
TpaKTHEA.

CoorBeTcTBEHHO NOTPeOyeTCA U COBEDUEHCTBOBaHME METOAMYECKOTO 008C—
NEYeHHA HCCHEAOBEHMI BO BCEM UX UMDOKOM IMaNa3OHE — 0T 33POKOCMHUUECKO-
I'0 MBYYEHNA 3EMHO{ MOBEDPXROCTH A0 MUEPOCTPYKTYPHOT'O 8HANU3E C OCOOHM

BHUMBHWEM K DECT3BpaOMM reonoruueckoff o6cTaHOBEM ycaoBu#t pymooGpaso-
BaHUA.

162



| i

yIK 553 3.:553.261+553.41
ZONED FRECIOUS METAL VEIN SYSTEMS IN THE NATIONAL DISTRICT
HUMBOLDT COUNTY , NEVADA, U S A

P.G.Vikre
ASARCO Incorporated
Great Basin Exploration Division, Plumb Lane, Reno, USA

The National district, 33 kilometers (20 miles) southeast of McDer-
mitt, Nevada, United States of America, produced 6.800 kilograms
(200,000 ounces) of gold end 25,500 kilograms (750,000 ounces) of sil-
ver during the period 1906-1941 (Fig. 1). Mineralization occurs as
quartz-sulfide-silicate veins within & 900 meter (3000 feet) thick
sequence of eruptive and intrusive Miocene volcanic rocks which vary
in composition from basalt to rhyolite (Fig. 2). Veins formed about
15.6 million years ago. Associated rhyolites, 21 to 15 million years
old, are partly correlative with rocks of the McDermitt caldera 17 ki-
lometers (10 miles) to the west, although styles of volcanism differ.
The volcanic pile at National is highly faulted and deposits are loca-
lized within an orthogonal set that coincides with major upper crustal
gtructures in the northern Great Basin. Intrusive rhyolite and erupti-
ve centres spatially related to National mineralization partly define
the Goosey Lake depression, a subsidence basin situated on the western
edge of the Owyhee volcanic plateau (Fig. 3).

Wallrock at National is progressively hydrolyzed toward veins to
assemblages dominated by chlorite+calcite, illite/montmorillonite+
quartz+pyrite, and kaclinite+quartz+pyrite. Assemblages exposed by
exploration on Buckskin Mountain are complete to the paleosurface.
Planar, open-space filled veins disperse upwerd into structurally un-
confined, flat-lying zones of kaolinite+quartz, quartz+alunite, and
chalcedonic silica+quartz-altered rhyolite, the paleosurface assembla-
ge (Fig. 4). Metals in the system also display strong vertical zoning
with mercury abundances highest 0 to 250 meters (0 to 800 feet), anti-
mony 150 to 450 meters (500 to 1500 feet), and gold-silver 250 to 750
meters (750 to 2500 feet) below the paleosurface. Metallic minerals
in four nested and coalescing steges of vein mineralization include
cinnabar, stibnite, electrum, silver sulfosalts and selenides, :and
base metal sulfides. Vein silicates are quartz, kaolinite, illite and,
&t depth, muscovite (Pigs, 54, 5B).

The spatial distributipn of hydrothermal sulfides and silicates
throughout Buckskin Mountain is strongly influenced by physicel proper-
ties of premineralization volcanic rocks. Porous and permeable rhyolite
turs capping Buckskin Mountain is pervasively hydrolyzed to laterally
€xtensive silica, alunite, and kaolinite-bearing assemblages which lack
Tecognizable tabular zones of open-space filling. Underlying dense and
brittle rhyolite flows that break with sharp, linear fractures confine
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Fig. 1. Index map showing location of the National District, Hum-
boldt County, Nevada, USA

hydrothermal mineralization to a relatively few planar conduits flank-
ed by parallel, coalescing selvedges of progressively hydrolyzed wall
rock.

Fluid inclusion studies show that during mineralization at Buckskin
Mountein solutions boiled in the upper parts of the system. Hydrother-
mal assemblages were deposited from low salinity (1 to 2 weight per-
cent NaCl) fluids in the temperature range 150°C to 295°C. Precious
metal precipitation occurred at about 250°C, in part from non-boiling
solution (Fig. 6). Periodic restrictions to convective heat loss re-
sulting from silica deposition and episodic fluid circulation, and
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Fig. 3. Geology and structure of the Goosey Lake depression

1 - guaternary alluvium; 2 - miocene eruptive rocks; 3 - miocene
zhyolitag(—andesite eruptive centers; 4 - mesozoic rocks; 5 - topog-
raphic rim of depression

dissolved gases, cause observed temperature and pressure data to dev-
iate somewhat from an idesl hydrostatic model. The vertical temperatu-
re gradient permits a water-saturated melt of granitic composition
about 3000 meters (9,900 feet) below the paleosurface during minerali-
zation. Condensation of isotherms below 200°C reflects peleosurface
.proximity (cooling by conduction and steam loss) as well as accelerat-
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ed convective cooling of fluid circulating through permeable rhyolite
tuff.

Vein electrum and sphalerite compositions are strongly controlled
by elevation. Mole percent silver in electrum decreases from 0.50 at
depth to 0.38 at the upper limit of precious metal deposition, a ver-
tical distence exceeding 500 meters (1,650 feet). Mole percent FeS in
coexisting sphalerite decreases from more than 20 to about 2 within
the same interval (Fig. 7). These trends correlate with decreasing
temperature and slightly increasing £S5, and pH during mineralization
(Fig. 8). Chalcedonic silica, cinnabar and alunite were deposited at
temperafures less than about 180°C, while most stibnite and kaolinite
precipitated in the temperature range 180°C to 250°C. The formation
of slunite probably raised pH and promoted cinnabar (and stibnite)
precipitation by consuming H*. In addition to temperature, proximity
to the paleosurface and permeabilities and tensile properties of host
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Fig. 7. Elevation and mole per-
cent silver in electrum plotted
against mole percent eS in coe=
xisting sphalerite from Nationmal
district vein mineralization

Fig. 8. Temperature-sulfur fu-
gacity summary for the National
district hydrothermal systeu.
Stages 1, 2, 3, and 4 refer to
vein assemblages in Buckskin
Msuntain
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Fig. 9. Proposed T-f3, summary for the Goldfield-Summitville hydro-
thermal system

rocks greatly influenced the distribution of kaolinite, alunite, stib-
nite, cinnabar and chalcedonic silica in Buckskin Mountain.
Sulfide-silicate zoning at Buckskin Mountain is analogous in many
regpects to that recorded for several Recent thermal systems, Steam-
boat Springs, Nevada, and Roosevelt Hot Springs, Utah, although Buck-
skin assemblages are volumetrically larger and more chemically equili~
brated. Comparison of the National district to other precious metal
deposits with zoned silica-alunite-kaolinite alteration, such as Gold-
field, Nevada, and Summitville, Colorado, reveals marked differences
in lithotectonic environments and hydrothermal evolution. Assemblages
at Goldfield and Summitville indicate that mineralization took place
in an extreme sulfidation gradient at higher temperatures (Fig. 9),
possibly within a confined hydrologic reservoir.

171



YIK 551.243.8:553.3.078.2
POIb KONBUEBHX CTPYKTYP U IMHEAMEHTOB,QUKCHPYEMHX U3 KOCMOCA,B
JTOKATUSAINKA OPYAEHEHWA B CHAAZYATHX NOACAX M OBIACTAX TEKTCHO-
MATMATHYECKOR AKTHBUSAIMMA

B.H.Bpoxasos, B.C.Kores, HI.M.Haranos, A.J.CraBmes, H.A.fGnoHCKanA
O6seaunende "Asporsomnorus” Mummcrepcrss reomoruu CCCP,r.Mocksa,CCCP

CBOficTBEEBSA KOCMWYECKAM CHMMK3M BHCOK8 0030DHOCTH M 8CTECTBEH-
H8A TeHeDANM38NAA I'e ONOTMYECKUX OOBEKTOB 38 CUET MHTEIDSNMM MENKHX Je-
rane# naBAmafTs NMOSBONADT BHABIATE I'ZISBHHE CTPYKTYDHHE BNEMEHTH, Onpe-
A6 NADWAE CTPOSHME 3eMHOfft ROpH. HepezKO 8TH OCHOBHHE CTDYKTYPH HE BHAE-
NADTCA NPH HABEMHOM TeONOTHYECKOM K8PTHDOBAHMM X HE JuKRCHpyOTCA Ha
KpynHoMacuTaOHEX 83p0ofoTOCHUMKAX. CTPYKTYPHHE KOHTDONEL ABAABTCHA OXHMM
U3 BaxHeHUMX B QOpMMpOBSHMM DYAHHX MeCTOpoxfieBHMil. TloaToMy o0BEKTUBHSH
ONEHKA CTPJKTYPHHX ocolerEocTel Tofl uaM MHOH TEpPPETODHMM HMeeT GOABLOE
3H8YEHME ZANAA NPaBUABLHOIrO NMOHMMAEMA 33KOHOMEDHOCTEH MpPOCTP3HCTBEHHOIO
pasMemenns opyzesenus. CTPYKTypHAA MHJOPMSIMA, COAEDE3WBACA B KOCMUYE-
CHUX CHUMKAX, ONpeZeNAeT BHCOKYD 3QPEKTHBHOCTE WX MCIONE30BAHMA NpH
M3y4YeHMM ycNOBMIt NOKANMM33MMM DYAHOrO BEWECTBE. BMECTE C TEM TOKRE HE
HCKNDYEHd BO3MOXHOCTH JTOYBEHMA N0 KOCMHYECKMM CHAMKaM T'DaHMI pacnpo-
CTpDaHEHHA DYAOHOCHHX BENECTBEHHHX KOMINEKCOB, OGHSDYREHWS DAaHee HEMa—
BBCTHHX I'eONOTHYECKUX TN, BMBWSOUMX OpyAeHeHMe. HauGonee BEpOATHO 3TO
B MaJOMSyUeHHHX M cnafoo0Ha BeHHHX palfoBsX. B pAle CIy4YaeB H8 KOCMM-
YeCKMX CHUMKAX Y/8€TCA yCTHOBAMBATH HE BCKpPHTHe B5p0O3ued uau norpeGes-
HHE TOZ MONOAHMM OCP830BAHMAMM OOBEKTH, B YACTHOCTHM ' M8CCUBH MHTDYSMB-
HHX TIOpOZ, KOTOPHWE MOU'yT MrPaTh CYWECTBEHHYD DOABL B Da3MeWeHUM OpyAe—
HEHMA. i

YuuTHBIA I'EONOTMYECKYD M3Y48HHOCTH TEPDUTOPHM CTPAHH, B HACTOAWES
BpeMA OOBEKTEMH NPOTHO3RO-TIOMCKOBHX MCCNEZOB8HMIl MOrYyT OHTH MECTODORJAE-
HAA, DYAHHE MONA ¥ Yy3/1H; BHABJEHME HOBHX SHAYMTEABHHX 10 D33MepaM DYA-
HHX pailOHOB, 80H, 8 TeM 0O7Nee NMPOBMELMA NpPEACTIBAAETCA MBNOBEDPOATHHM.
Mcxoma m3 aroro, B MOMCKOBOM OTHONEHHMM H8MGONBmMH MHTEDEC NpezACTaBAADT
CTPYKTYPH MM MX (paTMEHTH, I'ZA6 GLITONDUATHNE (C TOUKM 3PEHMA NOKANU33—
OUM OPYAEHEHMA) I'EOAOr0-Te OfU3MYECKME, I'6 OXMMUYEBCKUE M Apyrue 0GCTaHOB-
KU peanusyonTcs B8 HeConbuux nnaomsisx (se Gomee 300-400 KMB)' copas-
MBDHHX € DyAHHMM y3/18MHM, TONAAMA MM MECTODORAEHMAMA. [IpM 3TOM CaAeAyeT
UMeTEH B BHAY, 9TO OOBEKTH, MB8YYaEMHE NpM NOUCKEX CTPaTHHOPMENX, mopdu-
DOBHX ¥ HEKOTODHX ADYTHX DpYA, B NPHEOANE MMEOT CONBEME DABMEPH, HEEENK
XUIBHHE MM NETM8TUTOBHE MECTODOERAEHUA DEAKHX,HBETHHX M GNSIOPOAHHX ME=—
T8NNO0B.

HamGonee MHTEPECHHE /BHHHE NpPU BU3Ya/NbHOM ASWMEDUPOBIEMM KOCMHUYECKMX
CHMMKOB NONYYEHH B OTHONEHHM NMHESMEHTOB M CTPYKTYD HERTP8ABHOrO THNE,
C KOTODHMU B CKASAY8THX COOPYREHUAX M OCN8CTAX TEKTOHO-MAI'MBTHYECKOH
S8KTUBN3BLMK CBA38HH P83HOOGPEBHHE DHJIOTEHHHE DYAH.
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PYAOHOCEHE KOABNEBHE CTPYKTYPH MOAPA3ZENADICA HA 5 OCHOBHHX TI'pynN:
S5DEKTMBENE (KOABNSBHE PA3NOMH) NNMKATMBEME (KYNONOBMAHNE),BYAKEHO-

PeHENE, NIYTOHOTEHHHE M MOTAMODHOTEHHNE.

JoraBaBAMBaBTCH 38KOHOMEDBAA CBA3h TEX MAM MHNX MECTOpPORASHMY c pa3-
JYHHMA < TANSMM KOABIEBHX CTpPyKTYp. Tak, OnsronpuATHO# npeznocHaxoi

. AMA PTYTHO-CYPBMAHOr'O OpYZGHEHMR ABIASTCA HOIMYEE NAMKATHBEEX KYNOLO-

. BHABHX KOZBUEBHX CTPYKTYD B OCNBCTAX Me30-KallHO3O#CKOHK AKTUBRSATME AN

. ¢epe0poNo/MMeTa/IAYECKOT0 OPYAGHOHMA - AWSBORKTHBHHEX H BYIKaHOI'@HHEX

~ CIPYKRTYDP, ANA MEAHO-MONKGAEHOBOTO — NIYTOHOrEHHHX,NPEMMYHECTBEBHO CBH-
 38BHHX O CYOBYIKGHMYECKUMA T'DSEMTOMISMH,NAS DEIXOME TALIBHOrO (B NEIMETH=
. 78X) - NAYTOHOreHEHX HAM MeTAMOPHOreHEHX (rpaHMTOrHEHCOBHX).

IvReaMeHTH, JCTOHOBAEHHNE HA KOCMOCHHMMKAX, NOADESASEANTCH HE DasuH-

. gHHE THIN B 38BHCHMOCTH OT KX KOHKPETHOTO BHpDAXeHMA B e ONOrHYSCKOl

CTPYKType ¥ (W3M4eCKMX noasx. TaK,BHAENADTCA NPOTAXEHEHE BO0HH PA3NOMOB

. paaamyuHOfl rayOMEHOCTH (KOPOBHE, KOPOBO-ManTUiiHHG, ManTHAENE),MOpPONO-

" ruu(npaMONMAE RENE/ 3BA/MCTHE , [yTOBHE ,B TOM WACHe BETBAIMACH,KYINC006pas-
. BHE ¥ np.), KuBemaTMxu (COpOCH, CABUI'M, BA/IBUPM, COPOCOCIBATH M T.A.).
~ B8YacTy® OHM KOHTDOMMPYDT NOAOXGHHE OTAEABHNX BYIKGHWYECKAX MOCTDOSK M
. PHTDY3UBHHX Teka (B ToM WMcAe OCYCIABAHBEDIEX JORAJA3ELMD MEJKAX

" RONBIEBHX CTDYKTYD), CTPYKTYPHO~PODMALMOHHHX 30H, 36J6HOKaMEHHHX
. [OACOB X T.JQ., 8 TakXe COMYTCTBYOUAX MM PA3HOOODASHHX DYNHHX MECTO-

3
E

. poxmenai.

AB87¥3 NPOCTPABCTEGHAEOrO pa3MEWeRis DYZRHX MECTODOXAeHH¥ B paAZe pait-
oB0B CCCP nosBoaseT, MCXOAA U8 MX NPUYPOYEHEOCTH K YNOMAHYTHM BHEE
CTDYKTYDHLM SNEMERTAM, HOMETATH CIELYOMAE TDM TPYMHIH.

I. Mecropoxzesus, NPOCTPSRCTBEAHO CBASAHHHE C KOABOEBHMH CTPYKTypa-
MH 0PN NOJYMEEEHOU PONM NMHESMEHTOB , DTYTHHE, QIDOPHTOBHE, OAOBAHHHE,
3010T0C8pPaCPAHHE,, CePECPONOIMME TRIUIAYE CRAE , MB/HO-MONUOAEHOBHE W ZDY-
T8, NMPAYPOYEHHNE K KOABLEBHM CTPYKTYPAM BYAK8HOTEHHOI'0, NLYTOHOTEHHO-
IO MIM NAMKATHBHOTO THNA, OCIOREHHHM DaZMaNBEHMM M ADYTUMH NUHE3MEE-—

~ Tamu, [Ipe#MymecTBEHHO DA3BAUTH B O0NaCTAX ME30-KallHoaofickolf axTMBH3amEM,

NpOABAGHHO} B mpezZensxX ApPEBHMX WATOB, NAMT M CKAaZAYSTHX oOnacreit,s Tak-
Xe B BYAKGHMYECKUX NofcsxX. [IpUMEpOM MECTODORZEHMI 3TOrO THNE CAYX3T ME-
UBAKOBO-PTYTHO-CYPEMABOE OpyAeHesue KmBoro Tanb-llaBs, YyxoTkU M Crano-
BOro xpe6Ts, BEKOTOpHE MECTOpOxZeH4s (¢noopura B 3alailkanre, cepebpo-
NonuMeTa 1N1MY6CKME DYyAH [puoxorTsa. MeCTODOXZEHHMS 9aCTO NPEACTABLGEMN Te-
A8MKE HENpABHABHOW (GOpMH, UTOKBEDKSMA MIM DASNMYHC OPHEHTUDOBAHHHME XH~-
AaMK .

Tunu4eeMY NPEACTOBUTEAAMA STOH rpPynnH SBAADTCH CYPEMAHO-DTYTHHE ME-
Cropoxzenna lmuoro Tams-llasn — Xalnapkan, Kanamwait, Yaysait. Opynenenue
KOHNGHTPUPYETCA B KYNONOBUAHHX CHI8AKSX, AMBMETD KOTOPHX KoneGaeTcsa OT
I 20 3 kM. PyzEse Tens NOKSLMBYODTCH B Nane030HCKMX H3BECTHAKAX HS KOH-
TaKTe ¢ Teppurennoff ronmei, urpaome#t ponr sxpsEa. OBM EMEDT pa3HOO0-
passyn opMy: BCTpPEYawTCHd CYONASCTOBLE 3816XH, IMH3H, Téla HENPaBHNB—
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polt fopMu, pyAEHe CcTonCH. KyNONOBMAENE CKISAKM M DYZOEOHTDOLIPYDEAE
pa3noMs EMeoT Momozol (wHoanbnuitckEil) BO3pacT, NMOCKOABKY NPOCAGXMBA-
pTCA BE TOABKO B NaneoaoffCKMX,HO M B Me3030d-KaliHO30HCRAX. (BIJIOTE 1O
YeTBEPTHYHRNX) OTAOXEHMAX. KynoZoBMjENe CKISAKM BHD8XEHH B penbefe u
NOSTOMy OTYETAMBO AGUMPPUPYNTCA HA KOCMEYECKHX CHMMKSX. 9TO NO3BOMMAQ
HOMATHTH NOTEHUM8NBHO DPYAOHOCHNWE CTPYKTYpH HA TAyOMHE — NOJ SKPaHAPY -
meft Teppuressof Tomme# unm vexnoM Me3030HCEO-Ka#HOBOMCKMX OTHOREEHHH.

2. MecTOpoXAeHMA, NDPOCTPAHCTBEEHO CBASBHAHE C IMHEAMEHTSMM,DEXE C
NPUYyPOYEHERMM K HUM IOK8NBHHMH KONBOSBHMM CTDPYRTYDSMH BYIK3aBOI8HHOI'O
¥ OIyTOHOT@HHOT'O !uns,peﬂKOMETannSHHa.MBHHO-KonqanaHHHG.MenHo—noanG-
TANNRYECKHEE, THTSHOMATHETATOBHE, XDPOMHTOBHE, HAKOTODHE 30M0THE H Ap.
[lpeMMymeCcTBEHBEO Da3BHTH B MNpPEASNsX CKASAYSTHX NOAcos. K ocoboMy THIY
IMHESMEHETOB OTHOCATCA MPOTAXEHHHE 30HH DPAa3lOMOB M yemyivyaTO-HIABHIO-
BHE AYTOBHE SOHNW, C KOTODHMM CBHS8aHO CTpaTUdOpMHOE OpyZeHeEme (xeme-
30, M8JB, CBHHEN, OUBEK, QADOPMT M Ap.). OTMEYSOTCA KAK B CKI374YaTHX
06n8cTAX, TSK M B 8KTUBM3HMPOBAHEWX 93CTAX nasrdopu.

JTa rpynna npeACTEBNGHS M6eIHO-IOJAME TA/IAYECKAMA M MeTHO-KOI46 TaHHH-
MM MECTODORZEHMAMM Ypsns, KaBkasa u KasaxcTaHa, THTAHOMATHETHTOBHMI
¥ XDOMUTOBHMM DyZAaM¥ H8 Ypsne, pas3NMYHHMM KBAPNEBO-ZUABHHME MECTODOR-
AeHAAMM B 3Jaldaifixanse. [lpeoOnazamwT CYyONN8CTOBHE S37NEXM, XWJIH M NPOXMI—
KOBO-BKDaNNEHBEHE 30HH, KOHTPOMMDYEMHE NMHeMHHMM CTDPYKTypsMM (HADPALY
C KOTODHMM OTMEYANTCH M DYZAHNE TEN8, HE MMEOWME CHCTEMATHYECKON nmHeH-
HOl OpMEHTMDOBKM, 8 T4KNE WTOKBEPKH). S8KOHOMEDHSA AMBE#BESA OpHEHTH-
POBK8 TOKEE XapaKTepHA ANA DPYARHX Tel CTpaTHOpMHOT'O OCNHKS — ARECNHA-
nuToB (Aagamckuft mmT), mezMcTmX necuysBuKoB (3anazsoe Npmypanse, BaGali-
Kanbe, [lpuaErapse), noAuMeTanAuqyecKnx pyA (Bansznoe Mpudsiikanse ,lixsoe
BepXofHEE).

Hsyuesue KOCMMYSCKUX CHUMKOB KXHOro Ypans noxassno, 4To GONBNHHCTBO
M3BECTHHX Mo JHO-KO/I9aIaHHNX MecTopoxneEult (Cudaftckoe, T'afickos,50-n1e-
rufg OKTAGDA M Ap.) pBCTNONST8ETCA B y3A8X NEPECEYSHMA KPYNHHX DA3IOMOB
M8DHAHOBA ABHOI'O ¥ CEBEDO-83MN8AHOr0 HanpsBlenus. [Ipu 3TOM mNOCNeZEME
BNEDBHE YCTSHOBAGEH IPH M3JY6HMH KOCMHUECKEX CHMMKOB.PyZHHEe Tena NOK&-
IM3yDTCA B BYNKSHOTe BHHX TOAMAX OCHOBHOI'O COCTeB8. HauGonee pacmpocTpa-
H8EH NHMB6F0 BHTAHYTHE COTJIACHHA H CEKYWME, 498CTO NEHTOOCDA3HHE 387EXH.

3, MecTOpOXA8HMA, NMPOCTPAHCTBEHHO CBABSHHHE KAK C KOIBLEBHMH CTDYK-
TYDSMH, T3K M NIHHEAMEHTSME, Y8CTO DACHONSTaDWUECH HA HMX NEDECOYEHMH',
MONUGAGHEOBHE , M8 /H 0~MO M 076 HOBHE ,Me [HO-TOPMpPOBHE , BOAB{PaMOBHE , 0L OBAR~
HH8, NONAMETANNMYECKHEE, 30N0OTHE M APYrae, NPAYPOYSHHHE K KONBLEBHM
CTPYKTYpaM NNYTOHOT8HEOr0, NIKKETUBHOrO MNM AWSBOAKTHBHOI'O THNA,KOHTDPO-
AUpYEMHM TIDOTAXOHHHMHM NMESaMEHTaMM. [IpeuMmymecTBeHBEON NpHUYpPOYEHHOCTH K
KaRMM-1#G0 OnpefeNeHENM I'S0T8KTOHMYECKAM OGNACTAM HE OGHADYXREHO.

[lpeacraBuTe AAME BTO{ PPYNNN MOrYT CHYEMTH MONMOAEHOBWE M BONBHpPaMO-
BHE MecTOpOoxAenMA Salailkanes m CTaHOBOrO XpedTs, ONOBRHHOS ODYAGHEHME
[Ipamopssa,[Ipnauypsa ¥ BepXOAHBA, NOLMME T8 ANMYECKHE pyAH lIeRTpanbHOrO
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KasaxcTana, HaBKa3s. Hapazy cO NTOKBEPKAMU OTMEUSDTCH MHOTOYHCIEHBHE
g@AOBHHE 30HH, 33168XM M NPOXNAKOBO-BKPSNNEHHHE DY7AH, NDPUYPOYEHHHE K Iu-
geliEM CTDYKTypaM.

B K8uecTBE NMpUMEDS MORHO TDMUBECTH ONOBAHHOE OpjAeHEHM® BepPXOAHBA.
QB0 MPUYPOYEEO K CHPHTHM 30HAM P837OMOB,NONEPEYHHM K NMPOCTHMPSHEN CKAaA-
gaTHX CTDYKTyp. [Ipw aToM pyZAHHE Yy3/IH PAcnonarapICA HaJA HEBCKDHTHME
MACCHMBSMM I'DaRUTOMZ0B. [IpOCTDEHCTBEHHOE IONOKEHHE NOCNMEAHMX KORTPOIH-
pyeTCHA NepecevyeHNAMA CKPHTHX NONEPEYHHX Pa37IOMOB M KDJIHHX ANATOHANB-
HBEX D83pHBHHX Hapyuwenmit., OCe cMCTEMH P337O0MOB OTYETIAMBO AewMpupywrCa
H3 KOCMMUECHMX CHMMK8X. VMHOrZ3 HEBCKPHTHE M8CCHBE I'D3HMTOHMZOB QMKCHDY-—
pTCA HA CHUMKAX KONBIEBEMM CTDYKTypaMu. PyABENE TENa8 NpeACTaBNEHH DP83—
AWYHO ODMEHTHDOBSHHHMH XHISMH.

Kak oTMevanock, HOBaA WEPOpMamus, NOAYy46BHAA M3 ONNKRETO KOCMOCE,
BOCHT NPEeMMYWECTBEHHO CTDPYKTYPHH#f Xapskrep. B peaynpTaTe BEPOATHOCTH
BHABNGHUA MECTODOXZEHMM,KOHTPONMPYEMEX CTDYKTYPHHMM (aKTODOMH, B LENOM
3HOYUTEERO BLIE, HEXENH BEPOATHOCTH BHABNEHHMA KPYNHOOOBEMHHX MECTO-
poxze uft,CBA38HANX - B NepPBYD 04epezns C (OPMBNMOEHHM COCT3BOM NOPOJ
(EeneancTHe KBIPUMTH, MEANCTHE NECYSHWUKA, MEAHO-HAKENEBHE DYAH B CTpa-
THEMIMPOBIHENX NMAYTOHSX M T.M.). BMECTe ¢ Tek B OTHOCUTENBHO MEHEE M3y~
yeHHENX pafioHaX, K8K ¥ B HEKOTODHX OCBOEHHHX,MMEDTCH ONpeZe/eHHHE MNpez-
NOCHAKM ZANA BHABLEHUA TOHMX MecToporjenuit, B nepsyw ouepens mnopdupo-
BHX pYZ MeZau,BOIb(QpaMa, cepedpa M Ap. BaxBy® polbk B 3TOM MOLYT CHIP8Th
Aemu@pupoBaEMe MHOrO30BIBEHX KOCMHYECKUX CHMMKOB M 006paCoTks u300pa-
EeHMll c MCNONBE30BAHMEM 3NEKTPOHHO-BHUMCNMTEIBHNX M8 WWH., )

N3BecTRO,9T0 GONBUKACTBO YHUKAABEHX MECTODOXAEHM# HaXOomATCH HECKO-
NBKO B CTOPOHE OT OCHOBHHX MET3NNOT'eHWYECKAX 30H M 79%xe NPOBHHOUR,KSK
OH 00p33yA CAMOCTOAT8NBHWE DyIHHE y3aH (YroxaHckoe, Kpunn-Kpmk M Zp.).
ToaxnM 06pa3oM, reONOrM4eCKHAE BAEMEHTH,NPEZONDE/EANBONE TOKS IU3IUD
9THX KpynHeMmMX py7AHHX 8HOM8AH{,CyHECTBEHBO MHHE, HERONM ANA 38YDPANHHX
uMecropoxzenuit. C aTUX nosuuuit npeAcTIBAAETCA HEOOXOAMMEM TpDU HX M3yd98—
HiIM MO KOCMMYECKMM CHHMKSM MDHBIEKETH M3aTEDU3NH MO OGUMPHEHM TEPPMUTOPH-
AM, BHXOZAWMM 38 NpEJENH U3BECTHHX MET8JJIOIE HAYECKHX 30H.

B menoM KOCMMUECKME CHUMKM COZAE[EAT IEHHYO TEONOTMYECKYD MBJopuMa-
OHD, MCMONB30B3HHE KOTOPO# B H3CTORNEE BPEMA [96T BOSMOKHOCTH HAMETHTH
HOBHE 33KOHOMEPHOCTH CTDYKTYPHOW NOKaNU3BIMM 2HZOTreHHHX DPYAHHNX MECTOPO-
EJGHUA ¥ TeM C3MHM BHABATH HOBHE NZIOWBAM, NEPCMNEKTHBHHE B OTHOWEHAM
Opyze veHMA. OOHapyXeHME HA KOCMMYECKUX CHAMKAX NOTEHOMANBHO PYZAOHOCHHX
CTDYKTYD M WX H338MHAA TNPOBEDK3 NPUBENM K OTKDPHTHO DYAHHX OCBEKTOB B
Bepxosnse, 3a6aitkanse, Npuoxorse, Kunom Tans-llane, #8 Yykorke m Crano-
BOM XxpeOTa.
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YIK 553.3.078.2:551.22
OCOBEHHOCTH CTPYKTYP SHAOTEHHMX PYIHHX MOJEJ AKYTUM B PAWHCHAX
PASBUTHA TPAHNTOUZHOI'O MATMATUSMA

B.0.0yp, B.A.Bunanesko
fIkyTcKo8 MPOM3BOICTBEHHOE T'@0JOTMYECKO8 00HE8IMHEHUS
Muereo PCOCP, r.fixyrck, CCCP

OHZOreHHNE DYZEHE NONA AKyTUM, Ha PaBMENEHNME KOTOPHX CYymeCTBEHHOE
BIHAHNE OK8BHBBET (JaKTOP MSTMATHMYECKOT'O KOHTPOMR, MOTYT OWTH OOBEAH-
B8HH B HECKOABKO rpynn, B xaxfoff M3 KOTODHX BHAENANTCA CTPYKIyPHHE THU-
nH PyABNX noZed u MecTODORAEHWA - BHYTPHMMETDY3UBEHE, KOHTBKTOBHE, C8-
KyWMe, CKNBAYSTHE M KOMOMAMpOBAHHHE /3,47.

Ilns BHYTDPMUHTPY3UBHHX DYAHEX nonell XapaKTepHH Y8CTafA 8CCHMMAALHKA
00pOA KDPOBIM, 8 TaKXe TEKTOHWYECKHE AefopuMannd, NMpUBOZAUME K ApoGne-
HMD TNOPOZ B 9HAO- B YK3OHOHTBKTOBHX Y3aCTAX MACCHBOB M OOHOBIEHHD MpO-
TOTEKTOHMUECKUX BNEMEHTOB BHYTPEHHEH CTPYKTypH. CTPYKTypHHE THNH DyA-
HEX ro;e#t m mecropoxzesuit aToff rpynmoy BeckM8 pa3HO006p83HN ~ (KBApLEBO-
AMNbHEE ¥ KNANBHO-TpPE}i3EHOBHE, WTOKBEPKOBHE, WTOKBEPKOBO-KHUABHLE,Tpeii-
S6HOBHE, TPYGOOODP33HHE M Zp.); TAKAE Da3HOOGPS3HH M NONE3HHE MCKOMEE-
uue aToff rpynne. BeAywas ponr B MX pasMemEBMM NDUHAANERMT SIEMEHTAM
BHYTPEHBEI'O CTPOGBUA M3CCHBOB.

T'pynns KOHTAKTOBHX MEBCTOPORAEHMH NOAPA3NENAETCA HB ABS CTDYKTYPHHX
T¥na. llepBuit -~ 8T0 TMMMYHHE KPyTHE i NONOTME CHKBDHOBHE BaNEXM CLOXR-
ot MopfonorMM HS KOHTSKTAX KSDOOHATHHX M TEPDPUIEBHO-KapOOHaTHHX HO-
poOZ C TPOHMTOMZBHEMUM MSCCHBAMU, B 3aBUCUMOCTH OT 37IEMEHTOB 38NeT'3HUA
KOHTS8KTOB DYZHHE MNONA MOI'YT ¥MMETH GONBEME NAOWSZAM NPH MOAOIEX Naje-
HHAX unM COonbmoOf BEPTMKANBEHE Da3M8X NpM KPYTHX. BnaronpuaTHHM TIe0a0-
PHYECKMM (JAKTOpDOM ANA NOKSNU33MUM OpPYAEHEHAA JSTOr0 TUN3 ABAAETCA Ha-
AM9ME CYuEeCTBEHHO KapOOHAaTHHX Qemuit nmopox CpeaM 8NKMOCHAMKATEHX B 30-
He BO3Ac#CTBUA ruNgOUCCANBHNX MHTPYSMBOBR I'DAHATOMIHEX NOpPOR. JnA npu-
KOHT3KTOBHX 33716Xell BaXHH CNEAYWNUE X8DSKTEDUCTUHM: 8) 3HOUMTENBHHE 1O
NIOmaA¥ NONOr038NErabuie NOBEPXHOCTH CONPAKOCHOBEHMA TD3HATOMAOB K
M3BECTHAKOB; §) NMDHYPOYEHBOCTE CKAPHOBHX B3NEREl K OTPUUSTENBHHM 3NE-
MEHTS8M HEDOBHOCTEH! KOHTaKTOBOW NMOBEDXHOCTHM, 8 TAKKE HSDYyUSHHOCTE KOH-
ragrs /1/.

Crapst BTOPOr'O TUNa NpPAMO HE CBA3SHH C TENAMUM TPIHUTOMAHHX TIYTOHOB.
[lonoxenue CHIPHOB KOHTDOMMPYETCH NASCTIME MP3aMODPU3OBABEHX CK8DHHDOBAH-
HHX W3BECTHAKOB CPEZAM CNAHOEB B NMONOIMX SHTUKAMESNBHHX CHN8AKSX HAI
HEBCKDHTHM MHTDY3MBHHM M8CCHMBOM, B 30H8X X0pOWO NPOPSGOTSHHHX TERTOHWU-
YECKHX HapyueHaR. PyAHWe Tena — NuacTOOCP33HHE 38NEEM CKEPHMUPOBIHHHX
W3BECTHAKOB — X8D8KTEPHU3YNTCA GONBWOI NPOTAREHHOCTHD M HEBHOYMTE NBHH-
MM B3DHSIMAMM MOWHOCTM pyAHOroO Tena.

Cexymue pYAHHG NMONA - HAMOONEE WMPOKO DPA3BUTEA B Npeaensx AKYyTUH
rpynna pyAREX NOME#R M MmecTopoxzenmit. PyAHHE MONA 3TOrO TUNA P8CNOAAra-
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';gca OCHYHO B H8AUHTDY3UBHON 30HE ; PIBMEMEBME HX KOHTPOJMPYETCA pas-—
| pHBHHMM HADymeHMAMA. PymHHe mojifg mpejCTaBNAeHH B GOJBUMHCTBE CAYY88B MA-
gP8NHM30BAHHEMM BOHGMM [APOCHEHAR W CMATUA, RUTIAMA npocrolf u cnoxHok
oponoruu, WTOKBEDKAMA M WTOKBEPKONOXZOOHHMM PYAHHMM TeNaMu.B KavecT—
 pe npumepa nozeft aToro TMNa MOXHO DACCMSTDUBATH MECTOPOXAEHMA LEBHTPE-
. ppHoft uactu Bepxoaso-KoauMCKOM CKUBAYSTOU CHCTEMH, D3CIONOREHHHE B TEp-
| pUrEHBHX NECYaHO-CASHUEBHX NOPOASX. JAAf PYAHHX nonell X8psKTepHH KYMu-

. ¢000p83HOE paCOONOKEHME DYAHHX Tel NO NPOCTUP3HMD W NAAEHMD, HANUUKE
| MHOTOYMCTIEHHHX anojmus, CNOXHHE KOMOMBAUHM DA3MMYHHX CTPYKTYPHO-MOpHo-
. JOTHYECKHX THUNOB DYAHWX TEXl B MPefensX PyAHOro NOAA WAHW A8EE OTAENE-
. BOrO MECTOpPOEZeHMA. OCHOBHHE DYAHHE TEN3 STUX MECTODORAEHMH npuypoye-
" §W X B36DOCOCIBATAM, (QOPMADOBAHME KOTODHX NPOMCKOAMNO B ycnonnnx TO-
. ro Xe NonA HaNpAXeHMA, 4YTO ¥ CKISAOK.
. OTAEIBHHE MECTOPORAEHUA STOPO TUN3 NOKANU3YNTCA B TPEMME3X OTPHBA
W CKONS B ONOKEX MEEAY cyGNapanneNbHHME DP337OMaMu.Ysme BCErO 3TH Tpe-
 @MBH ODMEHTMDOBSHH MepNEeHAMKYAAPHO (M7 AMBTOHSNBHO) K OrpaHMYMB3DHUM
- pasnomaM, 00pasys CTPYKTYpPH, ONM3KME K WUTOKBEPKONOZOOHWM ONOKoM. B
. KNAMBOBMABEX GNOKAX METEHCHMBEOCTH TPEWWHOBBTOCTM yBENMYUBIETCA H8 J4a-
. CTHBX COUYZIEHEBUA OrpaHMYMB3OMUX DYAHOE MOJNE PA3JIOMOB.
~ Ha TeppuTopuu AKYTMM WBBECTHH PYAONPOABNEHMA CYABEUZHOrO NPORMIKOBO-
. BKD8BNNEHHOIO Tumna. BKpanieHHMKM, THE3AS M IYCT8d CBIE CYABEMUAHHX NpO-
MAKOB 00pa3ynT GNOKM MMBEDP3ANBO0BSHHHX MOPOA. B ApyrMx cuydsax npo-
EMAKOBO-BKDSNIEHHOE OPYASHEHWE HOHTDONMPYETCH AMHEHHHMM 30HSMM MHTEH-
~ CHBHO TpPeWMHOBSTHX MOPOX.
_ CrnszyaThe pyZAHHE MONA DACNONSI'a0TCA T8KEE B HAZMHTDY3MBHON 30HE
i&cpenn 4YgCcTOro NEpPEeCcA3MBaHMA TOPU3OHTOB NOPOZ C KOHTP3CTHHMN X3 pPaKTEDH-
. CTUKSMM COCT3Ba M (M3MKO-MEXaHMYECKUX CBOMCTB. CKIaZusTHE DyAHHE MOMNA
PELCTaBNEHH CTP3TUHOPMHEMU ¥ CTDPATUJUOUDOBIHHHMK 337EHMOMM, 33HMMSOUU-
I KH3I'uOb, MyABAH, CBOAH CKASZAOK M MOHOKIMHEIM,
Kax noxassnu reonorvYeCKME MCCHELOBSHMA, NpOBEAEHHHE Hamu /57,8
- TBKAE 3HOMM3 TEONOrO-CTPYKTYPHHEX OCOGeHHOCTE! D38HEE BHABIEHHHX DHAO-
;fgnaux MecTOpORneHuUM, H3 TeppPUTOPUE FAKYTAKX UKPOKO DACNPOCTPAHEHH PYAHHS
;iona C KOMOMHMDOBSHHHEM THUMOM CTPYKTYp, KOTODHE J/IOK8NM3YWTCH OOWYHO B
OnusunTpysusHO# 30He. DTM DYAHWE NMOAA NPeiCTABAANT COGOH COYETSHME CYO-
DN8CTOBHX M KDYTONSA3WWUX CEKYWUMX MECTOPOEAEHMHE W PYynHWX Ten. Cyonns-
 CTOBHE pyAHNE TeNs MOTYT ONTH KN3CCHQMIEDOBAHH KaK DYAHNE Tela, CBA3SH-
. HHE ¢ MEXnIaCTOBHMM M BHYTDUNN3CTOBHMU CDHBSMM, W30UDATENBHHM ApOGIE-
M U opyzeHeHMEM OTAENBHNX MASCTOB B CKA3AKAX,M OCHYHO NOKAAABYRTCH
noponsx, 00N8A80UMX BwCOKOM NMEPBMYHOM MOPUCTOCTHO M NMPOHMISEMOCTEN.
OCTeAnAA NOBHUIAETCA 33 CYeT 0CPA30BAHMA TPEWME M MEAKAX NyCTOT. B 01—
ABHEX NNacTax, 0073480MMX 7A0CT3TOYHOM XUMMYECKO! 8KTMBHOCTHED, P83BH-—
id0TCA METACOM3TMYECKME 337EXKM, HO M B ITOM CHY4Y3de M30MPaTENABHOE 3aME-
Bue BMEWBWWMX TNOPOA PYAHHMA MMHEpDansMu B 3HSYMTENBHOM cTemesm 00yCnO-
I8HO zefopManuAMu. CyOnNnacTOBHE DYAHNE TeNa BHMOJHADT MONOCTH MEXNN3-—
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CTOBHX CPHBOB M OTCHOEHHMA 0O6Pa30BIBUMXCH H8 KOHT8KT8X TOICTOCHOMCTHX
¥ TOHKOCHOMCTHX W3BECTHAKOB, U3BECTHAKOB M TAMHHUCTHX CN8HOEB, 8NEBPO-
JIMTOB M NMECYSHAKOB H8 KPHNBAX S8HTHKNMH3ABEHX CKN370K. B MOMEBHTH 06pa-
30B3HUA CKASZLOK KOMNETEHTHEHE (BNOCHECTBAE DYAONOKaNM3YDWNHE) NNACTH
KCNHTHBSNM MEXCNOBBOE APOCAEHME A0 KPYNHO-H CPEHE3EDHUCTOrO OpEKYH-—
poBaEuA. BoNee TOHKO3EDHUCTHE TAMBACTHE MOPOAH MTpPaIM pONB "HECYMEX
cnoeB". Bo BCEX CAydYasX MOpOAn, BMEm3OUUE ODYZEHEHME; 33METHO OTAMYE—
OTCA N0 QH3MKO-MEX3EMYBCKMM cBollcTBaM (MOpPHCTOCTH, NPOHHN3EMOCTE,XpyN-
KOCTH, NA3CTHYHOCTE M 7AP.) OT OCT8NBHHX NOpOXL pYABHX nonei. Ceryumue
PyZAHHE Tens, NPUYPOYEHHEHE K KPYTON3/A8DOUM DP33PHBEHM H3PyUEHHAM,ABAADT-
CH TUNAYHHME TPEZCTABUTENAMM MODHONOTMYECKOrO THINA DYAHHX noaelt B pas-
DHBEX, CEKYOMX cloucTHe Tonuu. QPODMMDOBOHME DYAHHX nNone#l NMPOACXOAMNO
B HECHONBKO 3T3IOB.

llepeyrcne HEHE BHOE TPYNNH NMPUGAMEEHHO OTPSESNOT DI3AUYHOE TMONOEEHME
MECTODOEZAGHMA COOTBETCTBEHHO B MBTpyauBHO# (BHYTpMUBHTPY3uBEufE Tun),
OKOIOMHTDY3uBHOK (KOHTAKTOBHM TUN), HAAUHTDYy3uBHOR (ceryuuit W cruagus-
Tuit TMOH) W GAMSMHTPYSMBHOH (HOMOMBMDOBAHEHH TUN) 30HS8X (BHAEHEHME 30H
no/f2/, a TaKKe HEPEAKO CTDYKTYPHOE OTAMYME (QODMSOMOHHOIO DAZ3 MECTO-
poxzenuit. Tlocnezree HanCONEE OTYETAUBO NDPOCAEEUB3ETCA H38 ONOBODYZAHHX
MECTODOENEHMAX, OCpasypmux cieryouuft nocnefoBaTeNbHHM DAZ MECTODOEZE-
Ruit, PacnoNOREHBEHX 30H3/BHO OTHOCHTENBRO I'PIHMTOMIHHX MaCCHBOB: ONOBO-
HOCHHE M8IM3TATH — = I'PE#3€H0BNE, KBapHNEBO-ENNBHHE W UTOKBEDKOBHE
MECTODOXASHUA KAaCCHUTEDUT-KBEpHEBOE (PopuManuum ——— ONOBOHOCHHE CKApEH
MECTODORNEBHMA K3CCHTEDAT-CHIMH3THOR dopmsmmm MECTOpORZE HUA Kac-
CHTEpUT-CYABPUABOR QopuMamuu.

[locnenoBaTe BB CMEHS TEHETWHUBCKUX THNOB B BEDTUKAIBHOM D83pe3e Xa-
P8KTEDH3 AJNA BCEX ONOBODYAHHX paiiOEOB fAKYTMH, B CBf3M C YEM 3TH 38—
KOHOMEDHOCTHM MOTYT OHTH MCNOAB30BSHH NPH NpPOI'B03HO-MET3ANO0re HUYE CKUX
uCcCNeA0BaBUAX.
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NOTES ON THE ORIGIN OF GOLD IN EARLY PRECAMBRIAN GOLD VEIN
DEPOSITS OF SOUTHERN AFPRICA

R. Saager, M lMeyer

Mineralogisch-Petrographisches Institut

Universitat zu Koln, BRD

Detailed mapping and geochemical and mineralogical studies of ma-
fic and ultramafic volcanics have been carried out in the Eersteling
and Steynsdorp goldfields of South Africa. Both goldfields lie in ear-
1y Precambrian greenstone terraines, the Pletersburg Belt and the Bar-
perton Mountain Land, respectively, which suffered a mild metamorphic
overprint. Generally, the gold deposits occur in discordant quartz.
veins which are typically localized in structurally more competent
rocks, i.e. tholeiites and ferruginous cherts. The veins are thought
to have formed by metamorphic secretion processes invoked by intru-
ding granites.

The abundance of Mg, Al, Cr, Fe, Co, Ni, and Au was studied in a
large number of samples originating from the two greenstone terraines.
The analyses were carried out by XRF, AAS, and NAA. The date was eva-
luated by statistical methods and revealed:

- no differences in the gold contents of tholeiitic and komatiitic
volcanics,

- the absence of a differentiation trend of gold in the investigated
ultramafic to mafic range,

- no correlation between gold and the studied major and trace elements,

- the existence of regional differences in gold abundance.

It is suggested that in volcanic rocks accessory sulphide minerals
are the principal gold carriers, and that the ultramafic and mafic
volcanics, which in both studied goldfields form the country rocks of
the deposits, constitute the source of gold.

Metamorphic overprinting of the volcanic rocks and not their gold
level is considered to be the most important metallogenic factor for
the formation of the gold veins by secretion processes. The extensive
occurrence of epigenetic gold veins in Archaean granite-greenstone
terraines is attributed to the unique evolution of such terraines.It
resulted in the preserved synchronous occurrence of source rocks for
gold, of granitic intrusions which generated the metamorphic secreti-
on processes, and of dilatant structures suitable for ore deposition
in spatially restricted areas.
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YIK 553.3.078.2:553.41
[TPUHIONNL CTEOUAASAPOBAHHON TUMMSAIMM PYAOHOCHHX TEOZOTWYECKUX
CTPYKTYP

B.T.Xouuq

llanrHeBocTOUHHE reomorudeckuft mucraryr IBHI AH CCCP,r.BrammBocTok,

CccP

[pn cuCTEMBTHKE KPYNHHX CJOHHO NOCTPOEHENX "...pYAHWX moneft BcTpe-
YgeTCA OYEHB MHOrO TpPYABOCTEH# BCAEACTBME HANWYMA NPEUMYNMECTBEHHO KOM-—
OMEMDOBAEEHX CTPyETyp" /6/. OnnT 8BTOpS MOATBEDEASET,YTO B ORHOM DyA-
HOM TNONE MOXHO BCTPETHTH TEKTOHO-METIMODPPOreHHHE, TEKTOHO-Ma8I'M8TOT'8H-
BHE, TEKTOHOTEHHHE, TEKTOHO-3K30reHHNe (KOHCEAMMEHTAHMMOHEHE W T.0.)
[16]’ cepyrTypEHE 00pa30B3HWA, BAMARNAE H3 NOK3NM3aUUD OpyAeHeEMa [97.
llpn COBEpEEHCTBOBSHMM CYWECTBYOWMX, CO3A3EMM HOBHX KNaCCHQUKaLUUA HC-
CNeAOB3TENM CTPEMATCH M3HAYANBHO YYECTH PeaNbBROCTH WHPOKOrO pacrnpo-
CTPSHEHMA KOMOMEMDOBAHHHX I'€ OIOTMYECKHX CTDYKTYD MOAMTEHEOrO NPOMCXO-
A7EHUA.

He 00XOAMMOCTH P33YyMHOI'0 COYETSHMA DA3NWYHHX NOAXOZAOB K M3YYEHHD
CTPYKTYDHHX YCHIOBRH 70Ka/NM380MM OPYACHEHMA , KK B3SMMOAONONHADEMX M
CnoCOGCTEYEMX NOBHUEHMD 3(PSKTMBHOCTH I'eONOI'MYECKUX MCCAEAOB3EMY B
OenoM [NpU3BAETCH MHOTMMM IeoIOraMi. [[02TOMy BO MHOTMX CHENHU3ABHHX
KNaCCHUKaMMAX YUMTHBADTCA K MOpHONOrMYECKME TMNH DPYAHHX Tel,d reme-
THYECKME THUNH CTPYKTyp Mecropoxzaenu#t (B.B.ABaonus, H.N.Eoponsescruii,
A.B.llpyrueuB, .®. UBankud, M.M.Koncrantusos, H.ll.Jlasepos, E.Il.Mamu-
sosckutt, E.M.Hexpacor, B.W.CrapocTus u ap.).

CymecTBybmME CHCTEM8THMKA DYAEWX noneit ¥ MecTOpoxzeBmit He KMCYADPIH-
B3NT 33NDPOCOB HAYKM M TNpPaKTHHHM. Hadpens HeoOXOAWMOCTH CO3A3HMA Cnedu-
8NMBMPOBIHAKX KASCCHJMKSOMM ANA KPYNHOMBCWTACHHX NpOrHO3HO-ME T3 ANO0TE -
HUYecKNX uccaegopaBuil. Kounnexc moxs3aTeneit, No KOTOpLM IIpU3BaETCA Le-
18C000Pa3HLM NMPOBOAUTH CPABHEHME PYAOHOCHHX T'6 ONIOIMYECKUX CTDYKTYD,
BUZIOM3MEHANCA B NPOLECCE MHOUONETHMX TOMCKOB NPHEMIIAMHX BSDUSHTOB CH-
CTEMATUKK ycloBME noxkanuaamuu opyzeHenusa. M.A.Ycos, Il.Hurrau,T.lsefi-
nepxes, B.H.Kornap, B.W.CuMupEOB M Zp. OGOCHOBa/IM BAOXHOCTH JUET8 OTHO-
meBMA ODYAEHEHMA HE TONBKO K MBTMATH3M) BOOOWNE, HO i K BYJAKAHOT'8HHHM,
NAYyTOROTEHEEM M T.N. 00pa30BaHUAM. MHOTME HKpPUTEDHM BNEpBHE OHMM cdop-—
MymupoBasy ®.M.Bonsfconon u J.M.Jykunsm /27. H.II.JMeBepor u A.E.Tonxy-
AO0B /7/ NpeANOXMIM YYMTHBATH OCOGEHHOCTM I'eOTEKTORWYECKOrO MOMOKEHUA
DYZOHOCHHX 00pa3oBaHuil, JOpMUDOBIBUUXCA B I'e OCHMHEKNMHANBHHX, SMNHUI'EOCHE-
KNXBS IBEEX (ODOTERHHX) BKTUBM3MPOBAHEHX M NAsTHOPMEHEWX oGnacTax.llpes-
CT3BAAETCA NENECO0CP3SEHM NONONAEMTE PAZ KPUTEPHEB HE TONBKO LBHEEMA O
(dopuMpOBSEUM OpDYAEHEEUR B ONpeZieNeHHH{l TEKTOHO-M8TM3THYSCKUM HUKA pas-—
BUTUA NOJABHXHHX oOm3acTeit, HO M BO3pacTe, OCOCEHHOCTAX CTPOEHMA CETDYK-
TYPHO-JOPMANMORHEX 30H /13/; ANMTENBHOCTM M YHSCNENOBSHROCTY Da3BUTHA
MUBED3NU3OBaHENX NuomsAe# /3,117, YToOH KOMNEHCHPOB3TH M3BECTHYD
y30CTh I'eHETUYECKNX W MODPONOrMYECKHX CHCTEMSTHUK, YyBA33TEH BOEAWMHO 118 4~
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[0 MECTODOXAEHdAM, DyAHHM TOMAM, y37MaM M pailoHaM, HEOOXORUM yduer
¢ P8BMEPOB U 0COOeHEOCTEM IeONOTMIECKON NOBMIMM.04eBHAHO, TO KOMI~
@KCy HO3BAHHWX TPeCOBaHMI MOryT OTBEYATH CHCTEMATHKN, CHEUM3NM3APO-
gEEBE B3 ONpe/eNeHENE MONE3HHE MCKONAEMue W Asxe (0N6e - H3 OTAE b~
f (OpM8TMORENE TpYNNH npoABnenuit. Hume Ha nmpumepe OAHOH Takoil rpym-
- 3010TOCepeCpAHOA - NMOKA3aHa NPMMEHMMOCIH KOMNZNEKCE KPUTEDMEB
ANE3a0HA, DYAOHOCHHX T'eONOTHYECKUX CTPYKTYD.

BonoTocepedpAHos OpPYAEHEHHME Npucyme CyOaspalbREM BY IK3HOIEHENM
'§;oau.¢dplnpozanne KOTOpHX CBA33HO C 0GOCOGAEHHHM — OpOreHHO-3KTMBH=
-'L OHEHM - IMKIOM P83BUTHA NOABUEHHX o0zacTeif. Oporesmnit (oporaqno-
ETUBMSNMOBEL]) 3RZOreBENi pERMM P3BBATUA MATEDHKOB CONOCTABMUM MO
QUMOCTH C DHTOBHM, I8OCHBKANHSNBEEM M Nn8TdopuMeHBsM /I1/.BO3HAKHO-
M8 3010ToCepaCpAHOR MUHEDPANU3BNMM TECHO CONpPAKEHO C TEKTOHO-Mar-
MATMUECKUMY DTSNAMM W CTS/MAMM DA3BATAA KOHTMHEHTEABHHX BYIKSHOTEH-
noAcoB M 30H /14/. Mecropoxzenus GopMUpOBaNMCH NPHGAMBHUTENABHO B
MHE KOBWX JCHOBAAX, NpEAONDEZAENEHHHX OCOOEHHOCTAMM OpOT'@HHO=-8KTHBA-
OHOBHOIO SHAOIEHHOTO pEXWMa D83BUTHA BYNKAHOT@HOB. CXOACTBO yCHO-

## oG6ycnosuzo cnadyo A¥dGepeHUMPOBEHAOCTH DPAZA NPUBHBKOB, M0 KOTODHM
KOMEHZyeTCA /2/ NPOBOAKTE CPaBHERME CTPYKTJPHHX THNOB PYAHHX mnozxeft

% mecropoxzenuit. MuewTCcA B BHAY ToKME NOKa33TEMM,KaK IAyOnEa GopMupo-
B8HMA MECTODOXAECEME OT NaZeOnOBEPXHOCTH NEPMOA3 PYACOGDA30BaHMA,BEPTH-
K8IBEEY pasMaxX OpYAGHEHMA, CNOCOOH BHKIMBMBSHHS DYAHHX TE€I.
MBOrooGpasie CTPYKTYpPHO-HOPMANKMORERX B0H, B KOTOPHX BHABAEHH NpOs-
BJiE s sonorocepeCpaHoff MMBEp3nM3aOKMM, MCXOAR M3 0coOeHROCTEi# pasue-
HHA B MX nﬁénenax BYAKSHOTEHENX, MHTDY3MBHHX 00pssoBaHuft u nopoza
BASMEBT8, CBOAKTCA 15/ K TpEM THIOSM: BYLKSHOTEHHOMY, BYIK8HOIEHHO-
DYBHBHOMY , MHTDPYy3MBHOMY (KapracHOMY). Cpeau NoOpox BYAKS8HOI'EEHOTO
DYKTYpPBOT'O 3T3X8 MECTOPORZEHUA DPAcHONarawTcA I'IaBHEEM OCpa3oM B yua-
'K8X HernyGoKOro 3anersBus QynzaumenTa.

. SBaveHMe TEKTOHMYECKHAX (8KTOPOB DA3HOI'O NOPAAKE B NOKEMU38LEM ODY-
HEHMA BHABAAETCA NO DPa3ANMYMAM B COOTHONEHHAX PABPHBHHX [IIMKSTHBHHX
IDYKTYD, MHOrOOGD33MD KX coveTabuit (ROMOuESDMH) = K8K Mexay codoit,
18K M C BYIKGHOT@HBRHMM, NAYTOHOTS8HEHMM CTDYKTypamu. He cayuaitso cTpyk-
PHO-BEMECTBERENE KOMIJEKCH MHOTHMX DyAHEX NoAeYd ABAADTCA MNOAMTEHHHMA.
OPOM OTMEYaHO, YTO YH3CAEZOB3HHOCTE APEBHMX CTPYKRTYPAHX GOpPM MOnO-
'» PABHO K8K M NusH3 pefopmanuit pyAOHOCHHX NAOW8fe# B MEPHOA MUHE-
P81000pa3 083 HMAl (BHpaxspmaACH B HACNE/0BAEMK GNOKOBHX CKAAZYATHX HopM
‘BanpaBneRu#t OTAENBHHX D8SPHBOB M X CHCTEM), oOcnadeBaeT OT pa8HRMX 006-
80BaEMH K noa3jnuM /I13/. B 5TOM Xe HaNpPSBIEHAM BO3PACTA8T DONB HOBO-

AHNE8 TEKTORO-NNYTOHOTeHHHX CTPYKTYDP AAA PSHHMX CTaAu#t pasBATHA OpO-
HEO-aKTUBMSMPOBAHHEX o0nacTeff, 8 TEKTOHO-BYJKaHOTEGHHHX - ANA MO37-

X cTazmit (B npejensx BYIAKSHOIEHHEOrO 3T8%aE).

Illpr cucremsTMke JCAOBAM AOK3AMSENMM 3010TOCEPACDAHOT'O OPYAEHEHMA

!
£ o
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B NpeAenax CTPYKTYDPHO-JOPMANMOHHHX 30H BEXHO YUMTHBETH B33UMOOCyCAO-
BIEHHOCTH ¥ B3AUMOCONPAKEHHOCTH (BIOXEHHOCTH) MOBUTUBHEX W HET'3TUBHHX
fopM P83BOro MacmTa0a, OGDPa3yoWMX B COBOKYNMHOCTY MOCAEA0BATENBRHN DAz
TUNE MET3CBOA — = NMporud (ZAENpecCMOHHAs 30H8 )— = BaN00GP33HOE NOA-
HATUE —» NEMPECCUA —= FOPCT-8HTUKANHEND —s—BNAaAMEE (K8NBAEDPE) —- KY—
NON— NpPOCBAKS ¥ T.A. 33MHK8OT BTOT PAA BHBOZHHE HAHA3NH T37EOBY/KE =
HOB (IeHTPaNBHHE, DKCIEHTPUUECKME, N3TEPANBHHE) M KPUITOBYIK3HUYECKHUX
coopyxenuit (TpyOKu BIPHBA, AUBTPEMH M T.N.), PONb KOTOPHX B JIOK8/IU38-
UMM DY 9pe3BHYaiino Be/uxs. KeHanIH 3Ti pacnonarspicA B EepnoBod - npu-
EEpNOBO/ 30HE N8JEOBYNKEHOB YgCTO MCNOAB3YOTCA M K8K NMYyTH JIBUEEHNA,
4 K3K MeCT38 pa3rpy3Kkd THUADOTEDM.

Kpome nepeyucneHHEX (aKTODOB, Ha NOKSAMB3LMO OpYZEHEHUA CYWECTBEH-
HO BAWANM CAOKHOCTH CTPOEHMA P33PEBOB DYAOBMEWSOMUX TONN, KOHTPACT=—
HOCTH (M3MKO-MEX8HMYECKUX (OCOCEHHO yMpYyTMX) CBOWCTB MOPOA, NMPUBO-
ANBUAA K BOSHMKHOBEHMD COOTBETCTBYOUMX ( XPYNKUX UAM NNS8CTUYHHX)JO-
K81433TOPOB TPENMMHOBSTOCTH, MEK~ W BHYTDUN/IACTOBEM CPHBAM U T.Z. 33—
METHOE BIUAHME H3 DPa3MelEcHME DYA OKA3WBANM pPa3MUYHOrO pOA8 BKPaAHH,
M870- M NONYNPOHMLSEMHE TOPU3OHTH, [0NOI'ME H3PYWEHMA, COMpPOBOXA3EMHE
TEKTOHAYECKUMM Tumbkamu /127, Jlnd MecTOpORZcHuil, NPUYPOYBHHHX K KOD-
HEBHM Y3CTAM BYAK3aHUYECHUX 3NN3paTOB, X3PIKTEDHH NOKaNIU33TOPH Tpeun-
HOBATOCTY PA3JUYHOrO TUN3, PONE KOTODHX 4Y3CTO INPUHSANERUT ZLODYZAHHM
naifkaM, HEKKAM, OTOKAM.

3onorocepedpAHad MUHEpPANA33UAA NOK3NMBYETCH, KAK M3BECTHO,HE TOJb-
KO cpezu 00pa30B3HMI ByAKGHOIEHHOr'O BT8%3, HO ¥ NOACTUIAWUUX NOPOZL
ero OcHOB3HMA ((ysmaMesTa). Eme B.IMHATDEH OTMEYAN, YTO 3NUTEPM3NBHHE
MECTODOXZEHNA 3071078 W cepelpa "... 0OHYHO 8aneranT B 3{Qy3MBEHEX MOPO-
J8X, 4Y8We BCEr'O B 3HAL3HUTE, N3TUTE, TPSXMTE M DUOANTE. PEAKO MORHO BU-
I8Th MX B 08331BT8X, HO YacTO MMEET MECTO JIOK3AM3AIUA 3TOr0 THNa
OpyAeHeHUA B Huxenexauux Qopusnusx" /B7.B npepenax "Huzenexaumx Gop-
Manuit" opyzneHeHME BCTPEYBETCA B MHTPY3UBHHX NOPOASX, METaMOPHMUECKUX
KOMNNEKCaX, TEPPUIEHHHX M KapOOHATHHX TOAMaX. OONUHO B HMX Da3BHTH
TpPBNUMEAHE TEJA8, HO BCTPEYSOTCA TSKEE KOMOMHMDOBSHHNE W NN8CTOBHE EAMH,
BUJEHO~ME TACOMBTNYECKIE , NP OXUIKOBO~BKPAN/AEHHHNE 30HH, 387N6T8MEUE CO-
I'I3CHO C 3NEMEHTSMH BHYTPEHHMX HEOAHOpOAHOCTEf KOMNNEKCOB Hanogooue
T6X, YTO BHABJNEHH HA MeCTOpoxzeBuAX Hoprem, Kspmus (CHA), Kypsnax
(CCCP) u np. Cpezmm CAOMCTHX NMOPOA COrISCHHE TENS, NPUYPOYBHHHWE K BHY-
TpH—- 4 MEXN/ZSCTOBHM CpPHB8M, BCTDEY3WTCHA 4Yawe. B Takofl cpezne rassHas
ponk B NOK8NM38LHUM OPY/EHEHMA YaCTO MPUHOANERMT CKIZAUSTHM CTPYK-—
TypaM. B MHTPY3MBHHX M8CCUBEX pYAHHE TeNa TArLOTEWT K NEPBMYHHM HEOA-
HOPOAHOCTAM MHTPY3HWBOB, 3UEMEHTSM NPOTOTEKTOHMKM 4 HBIOREHHHM TEKTO-
HnyeckuM TpemunaM (Banefl, CCCP ;Kpunn=Kpmx, CHA M zp.).

YyuTwBsA NEpPEMEHHYD DONB TEKTOHUYECKUX (KTOPOB B JOKS IM33LMK Pas-
HOBO3P3CTHOrO OpyAEHEHMA (MMEETCA B BMAY JCUIEHHE 3HOYEHHA NAUKSTHEB-
HBEX CTDYKTYpHHX (OPM B D33MEWEHdM Bce GojNed ApPEeBHMX DYZA - OT kaliHO30HK-
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GKHX K M830-, Naneo- ,NpOTepO30HCKUM M apxefickuM), XOTenoch Ob BBECTH
p KN8CCHQMKANMD X YeTBEDTO8 M3MEPEHME - BpeMA. HO MOCKOABKY BPEMEHHOH
{$BKTOpP NpPUONMBUTENBHO ORMHBKOBO CK8BHWBANACA H8 YCIOBUAX JOKANM3ATMM
BCeX OZHOBO3PaCTHHWX MBCTODORZEHMN KAXZOH CTPYKTYPHO-JOPMBOMORHON 30-
g, €70, TNO-BHAMMOMY, MORHO y496CTE 0c000, HE BBOAA B CXEMy. B TO Xe
BpEMA BCEIZ8 HEOOXOZMMO NOMEUTE, UTO CPEXM OAHOTUNHEX (KO0 pPa3ROBO3pa-—
crBEx!) MecTopoxZeHuRt BIMARKE AeQOPMBLMOHHNX CTPYKTYD MOEET OwTh OO-
7166 CYWUECTBEHEHM B3 APEBHMX OOBEKTSX MO CPEBHEHMO C OTHOCUTENBHO MONO-
JHMU .

KpaTkult 8Hanus NPUHLUNOB CNELU8 NUBMDOBEHHON TUNHUBSLUUKM DYLOHOCHHX
re0N0TAYE CRAX CTPYKTYP ANA NPOrHO3HO-NOUCKOBHX M ONEHOYHHX mene# mo-
Ka3HBAET, YTO B TEKOI'O TUNA CUCTEMATUKE MOKHO YUECTh BEMECTBEHHHM]

- (MuBepanbRbil, XUMHYECKUR) cocTaB NposBNeRdlt ¥ X8paKTep METACOMATHYE-—

f CHUX NpeoCpa3oBaBull BMewaouwux NOpOR; I'AYOMHY QOPMMPOBAHMA M pacnpo-
CTPaHEHUA DYA; MPUYPOYEHHOCTE K ONPENEZIEHHHM CTPYKTYDHHM 3TXSM,ApYy-
caM W NOABApPycaM (BHABIAA ACCONMaTHBHHE CBA3M C TEKTOHO-M3aTMaTHYeCHA-
MM IpoleccaMKM OnpezeIeRHHX OUKIOB D33BUTUA NOZBAKHEX o0nacTeit, ux 2Ta-
NaMm ¥ CTAZMAMM) ; NPOCTPAHCTBEHHOE NOJOEEHUE OTHOCHTEIBHO D83IUYHHX
9gcTeit ByAKSHOre HHHX (MNM MHHX) MOACOB M MX 3BEHBEB (M3yusfd COOTHO-
meHus Mexny 3(fy3MBHO-3KCTDY3MBHLMM, CYOBY/IKSHMYECKAMU, MHTDY3MBHHMU

06p830BaHAAMKA M TOPOZGMA OCHOB3HMA) ; NMPUYPOYEHBOCTH K ONpEAENEHHHM
E CTDYKTYpDEHM GopMauM (MCNONB3YA NSHEHE O BAMARME CHI8748T0-GIOKOBHX
€ CIPDYKTYD (QyHZaMEHT8 H8 DasMemeHMe OpYNEHEHMA, 8 TSHEE CYUECTBOBIHUE
]
;

B

P

¥

NOCNEeAO0B8 TEABHOIO PAA3 B33MMOCONDAREHHHX NMOSMTHBHHX M HETaTMBHHX COOpy-
2eBuft B npezenax BYAKSHOTEHBONO 3T8X8) M BWBOZHEM KSHB8ZIaM NaJEOBYAKa-
HOB, KDUNTOBY/IK8HMYECKUM OGDS30BOHUAM; IEHETUYECKME ¥ Mopdonorunyeckue
. TENH DYZAHWX TEeN ¥ XKMNBHHX 30H (8HSNU3UPYA pONG Ae@OPMBLMOHHHX CTDYK-
~ Typ B MOKAZNM3aUMM pPYA, 3 TOKKE DS83MMYHHX NMATONOIMYECKUX, DELMENBHHX
~ OcofensocTeff pynoBMewswumMX 0OpasoB3BMit) W, HAKOHEN, NpeOCN3ASOUUE TH—
E OH TeO0NOTHYECKUX CTPYHTYP OOBEKTOB, NOAKPEN/IEHHWE NPMMEPSMH M3BECTHHX
E’iecroponnesun U DyAHHX moned 43 pas3NUYHNX NPOBMHUIUK Mupa. STuM Tpedo-
. B3HUAM OTBEYSET DPAJ CONOAYMHEEHOCTH KDUTEDUEB CNEUUSAUBMDOBAHEON CHM-
 CTEM3TUKM DYLOHOCHHX IEONOTMYEBCKMX CTPYKTYp, NpUBBLEHHWHE B TaCnuue.
i B sgknwyeBve ReOGXOZMMO CASN3TH HECKOABKO 33MEYSHMH NO NMOBOLY OUEH-
~ KM pa3amepoB pyHOHOCHHX nnouggeit (paftosos, ysaos, noxefd), 8 Takwe oco-
- OeBHOCTE!d CTDOBHMA MX COCTSBHWX YacTelt: MecTopoxAeHki, DYAOHOCHHX yus-
- CTROB, HUNBAHX, UTOKBEPKOBHX 30H; PaCNpOCTDPaBEHRHOCTH B NpeAensx nocae-
-,A!lx P83IMYHHX CTPYKTYPHHX ¥ MOPPONOrUYECKMX TUNOB DYyAHEX Ten.llpeacra-
i BRerus D.A. Kocuruns/4,5/ u E.T.laranose = / I0/ o BamHOCTH
l KONUYe cTEEHH Off OLEHKM I'€0NOrHYeCKUX 06533103 (NpUMEEMTENBEO K KOH-
KDeTHHM 3a7ayaM uccnezoBanuil) KK HeNbas GONee NPUAOEAMH K NpOGNEME TH-
,Flsaunn CTPYKTYDP PYAHHX mone#t, MecTopoxzesuil ¥ yuscTKOB B UX MNpejensx.
f:llnye: 83METHTH, YTO 70 HICTOAWErO BpeMeHW 8CCONNTHHE pasMepH (nmao-
#8725, o0pEM) NOCNEARMX HE JYMTHBAMACH, YTO NPUBOAUNO K OYEBHIAHEM TE-
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PAZ COMOAYMBEHBOCTH KDUTEPUEB CNELUA8NM3MPOBAHHOA CHCTEMBTHKM DYAO-
HOCHHX T€ONOTMYECHAX CTDYKTYD

KeTeropuu X
CHOTEMATUEE PUTEPUM BHIENEHUA
Knacce JODMAPOBAENE B ONPEAE/NEHAHE TEKTOHO-MaIM8THUECKAE OUK—

IH DP83BUTHA DPErUOHOB ( PAQTOTSHHOIO,I€ OCHKIMHAIBHO-
T0,0pOre HHO—aK TUBA 3aIMOHHOT0, MAATHOPMEHHOT'O) B CBA3H
C BHOOTEHHHMA M (MM) SK3ONEHHHMA MpOLIE CCaMA

Cepua [IpeoGnanswnue THOH nponeccoB (meTamopdorennuit,Maruaro-
TeHHER # T.n.), TPEZONpPEZENUBUME BO3HUKHOBEHME DYAOHOC-
HHX T'eONOTUYECHUX CTPYKTYD

T'pynns Oco0eHHOCTH TEKTOHMYECKMX (NAMKSTUBHEX, AM3BOHKTUBHEX),
M8TM3TUYECKUX (NMIYTOHOPEHHHX, BYIKSBOIEHHHX),METaMOpHU-
Y8CKUX,CEAUMEHTAUOBHNX, AEHYASUUOHHEX MM MHEX Mnpouec-
COB¢O0yCNOBMBIKE D33HOOGDS3UE CTPYKTYD

llogrpynna Mopjonorua ( nuHe#BENE , W3 OMETPUUHHE ,HENDABANEHOR JOPMH)
PYAOBOCHHX TEONOrMYECKMX CTPYKTYpP, NpPeAONpEeAENeHHASA MH-
TEHCUBHOCTBD, OpMEHTMpPOBKO{ moneit HanpraEeHuil, MoNOEEHM-
€M B NPOCTPaHCTBE

Tun Mopforese TM9eckUe OCOGEHHOCTM M 3HAK (MOBMUTUBHWE, HETE-
THBHHE, MHNE) DYZOKOHTPONMPYOWAX CTPYKTYDHEX GopM
Hoarnn [lo3uouA OTHOCHTENHHO OEHTPOB, NuBME (KOHTSKTOB) 3HAOPEH-

HOlt sKTMBHOCTM (nangORepn, TPYyOOK B3PHB3, KOHTEKTOB CyO-
BYIKGHNYECKNX, WHTPY3BMBHEX TE€N M T.n.), reomopforesess
(nmBnit psszens AeHYASUMOHENX, SPOBMOHHHX, SKKYMYIATUB-
HHX Qopm penseda u T.nm.) B T.7A.

Buzn Mopponoruyeckue OCOOEHHOCTH DYAHHX TN, OCYCAOBAEHHHE
NUTONOr0~C TIP3 TIP3 (YUIE CKUMM, NE8TPONOTUYECKUMU, fanuanb-
BHMM, (QMBHMKO-MEXS8HHYECKMMM M T.Il. CBOMCTBAMH NOPOX,CHE-
OUQUKO! CTPOEHMA pPA3pe30B, NEPBUYHNX HEOMHODOAROCTEM WA~
TPy3uBOB, 3(Qy3MBHHX NOTOKOB M T.A.

Neph OUMOKSM : 4Y8CTO CONOCTSBAANNCH, CPIBEHUBANMUCE OOBEKTH PasHOIO paH-
ra (nopanxs). Tek, BanpUMEp, NPAKTHYECKM BO BCEX KNACCHMHAUMAX yNOMHU-
naerca "pyanoe none Teanypua-CunseprTon". Ero naowazp npesswser 1000
(48+24) um“. TeM He MEHEES OHO NpPUPSBHUBANOCH K OOBEKTAM,NNOWBAB KO-
TOpHX H8 NOpAZAOK Menbme (puc.I). M3 pUCYHK3 HArNAAHO BUZHO, YTO PYA-
HHE TONA M MECTODOXAEHMA NO PB3MEDEM COOTBETCTBYOT Te/aM ¥ NOPAZKE B
TpgkTOBKe K.A.Hocwruns /5/, nocKOABKY MX NNOW3Ab KONEGNETCA B Npeas-
nax 10°-10° ww® . Pymomocase CTPYKTYPH NAOUSABD cBume 100 & (7.¢-
DyAHHE y3NH W pallOBH) OTHOCATCH K OOBEKTaM 1Y NOpAzKa (102—104 sz ).
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g6perT™H Y1 nopaxka naousApD ueHes I P , BO fonee 0,01 xu% no-
 BUAMMOMY, OyZET NpPIBMUNGHLM H83HBBTH YUACTKAMM, XKMNEEHMM S0HOMH M T.0.
:n TGKOM Cny4Yae K 6m6 00lNee BHCOKMM DAHraM NPMHAZNEXET COGCTBEHHO DYA-
‘gue Tena (YI) u oGoraueHAne yYyscTKM B HMX (YI) M T.A. Bujuenenue Ieo-
;goruqeonux ren YlI-JI nopaixoB He OGXOAUMO HE TONBKO IOTOMY, YTO OBM
MpEACT8BIADT CAMOCTOATEIBHHE OUBEKTH M3YyYeHWA ANA reONCrOB, BO TAKHE
ANA YCTPBHEBMA NPOTKBOPEYMBOCTH TO# uYaCTH CymecTByOmMX KAaccuduxamuit,
B KOTOPHX OZHO M TO X6 MECTOPOXZGHME JNOMMHESSTCA B D3a3HHX Pa3ASIaX
cXeM 70 6-7 pa3. B 9TOM OTHOWGHMM CONBUE APYTEX "NOBE3NO" MECTGPOKAE-—
‘Bup Kpunn=Kpuk, KOTOPOE YacTO NMPUBOAMTCA B KAY8CTBE NDUMEPE NPUYPOYBE—
HOCTH K E6pPLY C KanbAepodl ocexaBuA, K EEDAY 663 KaNBAEPH OCEASHMSA,
BSMEMEEMA DYAEHX TE7N BO BHYTPM~ M OKOJOKANBIEDHHX /MHEMHHX, HTOK-
BEPROBHX 30B8X, BapyUEHMAX Da3NWYHON OPMEHTHPOBKM M T.ZA. B cymEocTH
'E@ DEYb MAET O COCTABHHX YACTAX KPYOHOrO 00BEKTS. BEDOATHO, UMEET
'OMHCZ TONBKO B TGKOM K8YECTBE M DSCCM3TDMBATEH WX B AsnbEeidmeMm. Tem Go-
‘JIe8,4YT0 NOABAAETCA BDSMOXHOCTH MCNONB30BSTH DA3HOOCDa3ME CTPYKTYPHHX

¥ MOPJONOTMYBCKUX THUNOB PYAHHX TEN I YYaCTKOB B NpEZEASX MECTOPORZE-—
BMit B ®8yecTBE 0YEHD MEPODMATUBHOI'O OHEHOYHOTO NDPUBHAKE.

e ‘/a

40

;3 m ¢ . I, Pacnpenenenne muomaned, _
BaHATHX 30J0TOCEpeCpAHHUMY DyLHHEMA 20
JIOJIAMY N MeCTODOXIEHMAMI B passvi-

CHHX persoHax mMpa

& 10 20 30 40 50 &0 70 80 30 Iﬂg

xm

- (CoszssMe HE OCHOBE MNpPEAJIOEEHHHX MPUHIUNOB CIENUS8IM3MDOBSHAHX CHCTE-
M3TAK PYZAOHOCHHX I'éONOTMYECKUX CTPYKTYP GYAET CNOCOGCTBOBATE, NO MHE-

CKHX paGoT.
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WALL-ROCK ALTERATION ASSOCIATED WITH THE BRUNSWICK NO.12 Zn-Pb-Cu
VOLCANOGENIC MASSIVE SULPHIDE DEPOSIT, NEW BRUNSWICK, CANADA

W.D.Goodfellow
Geological Survey of Canada, Ottawa, Canada

The Brunswick No.12 deposit is located in northern New Brunswick
within the Tetagouche Group of volcanic and sedimentary rocks. The
volcanic rocks are composed of a bimodal suite of felsic and mafic
flows and pyroclastic rocks that have been subjected to polyphase de-
formation and low grade regional metamorphism during the Taconian and
Acadian orogenies.

The stratigraphy near the deposit from older to younger rocks is
composed of metasedimentary rocks; quartz-feldspar porphyry and lapi-
111 and fine-grained tuffs; footwall volcaniclastic sedimentary rocks.

- massive sulphides; siderite-magnetite iron formation; hanging wall
" epiclastic and quartz-feldspar porphyry dike cuts the felsic volcanic
and sedimentary rocks.

Most of the sulphides are contained within three lens-shaped stra-
tabound ore zones - the main, west and east ore zones. The current
reserves have been set at 109 million tomns of 9.18% Zn, 3.76% Pb.
0.32% Cu and 2.81 oz/ton Ag.

The main sulphide minerals are pyrite, sphalerite, galena, pyrrho-
tite and chalcopyrite.

Each ore body is zoned stratigraphically and laterally. The base

- and south end of each zone is characterized by massive often breccia-
- ted pyrite, pyrrhotite, chalcopyrite and minor sphalerite and galena
- while the top and north end is composed of banded pyrite, sphalerite
and galena with minor chalcopyrite.
A funnel-shaped feeder zone composed of stringers, veinlets and
~ dissemination of pyrite, pyrrhotite, chalcopyrite and minor sphalerite
and galena intersects sedimentary and volcanic rocks below the Cu-
=rich portion of the west ore zone. However, because of the intense
deformation, the feeder zone is distored and often displaced by low
angle faulting. Within the stringer zone, both the sedimentary and
volcanic rocks are silicified and the plagioclase and feldsper which
are recognizable in less altered rocks have been completely altered
to chlorite and sericite, respectively. Surrounding the feeder zone
is an envelope of less altered rocks che-acterized by fewer sulphides,
Tremanent ragged K-feldspars that have hzen partly altered to sericite
~ and chlorite derived from the breakdown of plagioclase. The increased
: content of chlorite towards the center of alteration accompanied by a
Progressive increase in the Fe/Mg ratio of chlorite.

X
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The geochemical distribution of elements in the felsic volcanic
rocks reflects the alteration assemblages with Na, Ca and Sr decrea-

sing and Mg, Fe, Zn, Cu, Co, Hg and As increasing towards the center
of alteration.

The hanging wall mafic volcanic rocks, on the other hand, have been
altered to magnetite, albite and apatite in a large hemispherically-
-shaped halo of 300 metre radius overlying the deposit. Compared to
relatively unaltered mafic volcanic rocks remote from mineralization,
the rocks in this alteration zone are enriched in P, Na, Fe and Zn
and depleted in Cu and Ni.

Interpretation of the local stratigraphy, footwall alteration as-
semblages and zoning within the minerslization indicate that Brunswick
No.12 deposit formed on the seafloor from hot metallifercus fluids
expelled through discharge vents intersecting the underlying sedimen-
tary and volcanic rocks. The alteration zone observed in the hanging
wall mafic volcanic, however, is interpretated to have resulted from
the interaction of unaltered basaltic rocks with heated and chemically
charged connate water that was expelled from the sulphide deposit by
compaction during burial of the deposit.

YIK 553.2.065:553.44
HEHOTOPHE OCOBEHHOCTH TI'EOJOIWW W T'EHE3MCA TEJAETEPMAJBHHX CBUHIOBO-
OWHKOBHX MECTOPOKZIEHMA

®.1.Bonsficon, B.B.ApxaHTenbCKaA
HBCTHTYT reONOrMM DYABHX MECTOPORAEBuMi,neTpOrpaduM,MUBEepaIOTUE M
reoxummm AH CCCP, r.Mocksa, CCCP

PyZoBOCHHE NPOBMHIOAM TeleTEPMaJbHHX MECTODOXJSHME pPa3BUBANTCHA B CE-
TMEHTSX KOHTMREHTANBHOK 3eMHOE KOpH, oOnafapmell MOmEOCTED 35-45 KM, B
KOTOpol rpsnuTHE# cnolt cocraBmseT I15-18 KM, 8 0a3anbTOBHE - 20-23 KM.
OBM X8paKTEPU3YWTCA CIOXHHM SDO3MOHHO-TEKTOHMYECKUM pensedoMm gysmaMer-
T3, 3 TOKAE CJHOKHO NMOCTDOSHAHMM NOBEDPXHOCTAMU KompazZa u Moxoposuumua C
3aMETHHEMM NOBHUEHUAMM MOLHOCTE# IDSEMTHOrO CNOA HE NOABATUAX W NOBHMXE-—
HUEM €€ B OKDYX4OWMX BTH NOABATHUA NPOrMO8X.JINA HMX X8PSKTEDHO ABYX3T8X-
HOe cTpocHne. HuRBEM# CTPYKTYpHHE ST8X CIOXEH DA3HOOGDASHHMM ZpEBHUMM
KOHCONMAMPOBIREEMM U MeTaMODP(M3OBEHEEMU NOPOZSMM.BEpXHNE CTPYKTYPHHE
3T8XM NpPOBUHUUYE OTBEYawT N8 TEOPMEHHEM M CYONNS8TPODMEHRHM OC8IOYHHM
YeX7aM ¥ XapPsKTepUBYHTCA OTHOCHTE NBHO MAZHMM MOunocTaMm (or O zo 2,5HM)
OOHYHO HEMETAMOPIM30BAHHHX TEDPUI'EHHO-OCEI0YHHX, XEMOTEHBHO-GMOTEH-
HHX ¥ B MeHbBue# Mepe 2@dysuBHO-OCBZOYHNX MOPOZ.
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~ [IpOBMHUUM M3BECTHH H& NIAaTJOpMaX, B CKN8AYSTHX OONSCTAX M B 30HIX
 PEKTOHO-MaIMaTMYECKUX 8KTUBU3annii. Ha zpeBHux nnaTdopmax OBM copmupo-
“;gannch #e naurax (MuzxomTMHERT, Boamno-llogonsckas), 8 8BTexnMaax (Bo-
?gponazcxaﬁ Enyceficknit KpAx), NepuUKpsTOHHHX nporudax (Kzomo-Malicruit u
ffgp.), puPTOreBEEX CTPYKTYpax (BaXMyTCK8A KOTNOBMHA)j; HA MONOZHX MI8T-
. opMaX - H3 CKIOH8X W BO BHYTDEHHMX NPOTHO8X 8HTEKIM3 C BHXOAAUMMM B

. jX NEHTDANBHHX U8CTAX APeBH/MU Afpamu dysmamsnTa (!lenrpanshas Espons);
. B anMNnaTHOpMEHEHX OPOTEHHHX NOACAX — B3 CKOH3X ¥ BHYTPEHHAX MpOTMO3X
" popnATufl gynzamenrs (niasrto Komopamo, Cerre-JlaGas u zp.). OcoOuit maTE-
. pec MpPeACTaBNADT OON3CTH CTHKS KOHTMHEHT3NBHHX M OHESBHYECKAX NIMT C

. TUTB8HTCKAMA KYNON00GDP33HHMM NOARATMAMM GyHZGMEHTa M Da3BUTHMM B HHMX
jfpn@roreﬂauuu rIyOGUHHEHMUM CTDYKTYPSMU, B KOTODHX H8DAZLY C BIUIeHETAYE-

. CHMM PyZO0OGD330EB3HMEM CO3A3KWTCA YCHOBHA ANA CUHCEAMMEHTSNWOBHOTO DYyAC—
. OTAOREHWS B TNyGOKOBOZHHX BNAZMBAX (KpacHomopcxuit prdT).B 8nure OCUHKIM-
 BNBHHEX MOACAX TENETEPMINBHHE TPOBMHIUM PSSBUBBKTCA B KPIEBHX M TEDH-
| RAMBE3NBEHX 93CTHX SBIE OCMHKAMHANBHNX NpOTUGoB (oro-ssnagnuii cknon Bonk-
;'uoro KaBKasa, CesepHuft Ypan), B MUOTeEOCHHKMMHANBHEX Nporutsx (Bonbumoi
 Ksparay, Dmenit Ksssxcran), B cpexusEuX uaccusaX (Kaccamckmit, Kommmckuit
o Ap.), B NPEATOPHHX nporu6ex (BEeuEMx - [IpezkapnaTcruit, [Ipexypanscrni
E n BHYTPEBENX - 3akapnaTcruit), HanoxeHEEX Bnazmnax (llpucanxauckoit,lxep-
. P8NSHCKOM).

ByZyyu CBA33HHEMM C [718HETA DHEMU DYZHHMU [OSCAMA DACCM3TDUBAEMHE

| IPOBMHUMN TPEZCTIBAAOT COOOH 33KOHOMEDHHE 3BEHBA WX METaNNOreBMYacKOlt
- 30HaNBHOCTH. [[DOBUHIUM XapaKTEpPU3YWTCH NPOABAEHHEM NCKIDYUTENBEO NMOA-
. KOPOBOrO 0338NBTONZHOTO M3TM3TH3M3.

: Teonoruueckie ycnosuaA GOpMUPOBaBMA DYABHX pajfioHOB W none# B npege-
78X npoBMALMYE OnpeneNANTCA NPUYPOUYEHHOCTHED MX K HIWGONEE NPOHUIZEMHM
ﬁkoponuu COOpYXEeHMAM - D83HOMACUTAIGHHM CBOJOBO-TAHCOBHM TEKTOHAYECHUM
;nonnarnau GysnasMeHTa, ANWTENBHO ¥ MKKANUHO BO3AHM3ONUMCA BAONB TIYOUH-
{hux pa3noMoB, cumemsbuux nosepxsocTu Kospaza u Moxo u nporukswmux B

. BEDXHOD MBEHTHK.BCNEACTBME CNOKHOGNOKOBONO CTPOEHMA STMX TANC u Audde-
EHIMPOBSHROTO BO3ZHMAHAA CAST3NOUX TOAHATHA OONEE MEAHMX TEKTOHMYE-
j#xux ONOKOB TONMM OCBAOYHOTO YEX73 HAJA HUMM LedopmupywTcs ¢ 06pa3o-

- BAHWMEM K3K NONORATENBHHX, T&K M OTPUL3TE/BHHX LASTEOPMEHERX U CyOnaaT-
(OPMEHHHX [NMK3TUBHHEX (OpM,OCHOXBADUKXCA cepuell COCKNEAYSTHX DE83DPHEOE.
- OcROBEEMM PYZOKOHTDONMDYWWUMK BSTEMEHTSMU ITHX CKBOBHEWX CTDPYKRTYp ABAA-~
- OTcA 30HH rAYOMHEHEX pa3noMoB. OOWell 3aKOHOMEDHOCTHK P33MEWEHUA DYAHHX
pajtoroB, mozneit ¥ MecTODORZERME ABAAETCA NPUYPOYEHAOCTDL MX K y37aM ne-—
ceyenuit, counenenuft, UCKPUBNEHAN M COAMEEHME DI3NMOMOB.

OcHoBHEA M8CC8 MECTOPOXAEHME M pYZAONDOABIEHUHt XaPaKTEPU3yEMOrO TH-

'N8 OTHOCUTCH K TUNMYHEM BNUPEHETUYSCKUM OOPS30BSHMAM, NpOSBHBUMMCH
BHIUMTENBHO NO3RE NATUIUKALMM NOPOZ. B OTNOREHUEX OC8LOYHOTO YEX78
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OHM TATOTEDT K T'PIHUNEM CTDYKTYPHHX B8T8Xelt ¥ CTPYKTyPHHX ApPJCOB,CHOE-
HO MOCTPOEHHHE MOBEPXHOCTH KOTOPHX, OCHOEHEHHHE DPETMOHSBHHMU W MHO-
TOYNCNEHHEMN NOK8NBHHMH HECOTNSCHAMU, CAYKST MECTOM MAKCHMAIBHOIO pas-
BUTUA MHTEHCUBHOU 70— ¥ BHYTPUPYZAHOH# TPEWMHOBITOCTM » COTIBCHON M ce-
Kyme# CcnoucToCTH, 30HH NPOABIEHMA KOTOPOJ HEPEAKO PSCNON3TENTCH MHO-
roapycno. HauGonee NpOAYKTMBHEMM OK33LBSNTCA 30BH NOBEpPXBOCTeit Heco-
rnacuit, paszenApNMX CTDYKTYDPHHE 3T8EM, OCOOEHHO NPOCAEXMBADIMUECH NO
rpanune QyHnSMEHTS M OCAA0YHOrO 4YEX/s. KDyNHEMM DY70pacrpele NApmuMA
P83PHBHEMM HEPYWERUAMM OC8Z0YRHX 4YEXJOB ABAANTCA TAKKE DPETrMOHSIBHHE
TONIOr#e H3ABMTM NAM NMOKPOBH, MOAYYMBUKE D33BUTUE B OPOreHEWE TEPHOAN
B KP8@BHX Y8CTAX CKN3LUY3THX MOACOB HA CTHKE MX C [NaTHOpMAMM.

JloKaIM3YACH BAONH TPBHAN CTPYKTYPHHX 3T8Xeil u Apycos, 8 TKXE BAONE
MONOruX WaphAXE# ¥ NOAYMBAACH KOBTPONO TIIyCMHHHX DETUOHANBHHX KDYy-—
TONSASNMAX DA3JIOMOB, . DYAHHE NOAA W MECTODOXAEHMA NPMYPOYNBINTCA K
Pa3HOOGPa3HEM AODYAHEM GTPYKTYDHHM NOBYUKSM, NpPeAcTaBlA0mMM coCoi
CLOHENE N0 (opMe M BHYTPEHHEMY CTPOEHMUD COODYKERWMSA, OCJORHEHHHE CHCTE-
M3MIl JIOMMEE D3AUB8UMOHEO/l TPEUMBROBETOCTH. B HURHEM CTDYKTYPHOM 3TaRe
npoBuBnu#t ApeBEMX NAsTHOpM, NpPEACTEBAEHHOM METaMODJU3O0BAHEHMKM U I'pa-—
BUTH3UPOBIBREMMA NOPOASMM, BTH NOBYWKA  BHDAXEHH TJIABHHM oGpa3om
30HaM# TPEUMHOBATOCTH B MEXOJOKOBHX TEKTOHAYECKMX HapyleHWdX, pa3BUBaB-
MAXCHA B YUSCTHAX M3BMEHEHNA MX DJIEMEHTOB 337ersBuf. B Gonmee MONOAHX
NPOBABIOMAX, I'Ze HUXHUR CTPYKTYDHWA 2TaX CHOEeH I'eOCHHK/MHS IEHHME 00-
pP830BaAUAMM, COGDIHHHMU B CHOSJKM, OMONOREHHHE BSJEMEHTH ITHX CTDYK-
TYD MOTYT TSKRE CAYXUTH CTPYKTYPHHMKM NOByWKaMu (Cmiescro-{paKkoBCKAi
paiton).

B ocajoudux 4exXnax TAsBHEfWMMM DYZONOKAMMIYOUMMKU BNEMEHTSMM ABAA-
0TCH D38HOOGDaSHHE CHASAKA, 8 TSKXE KOHCEZMMEHTSIMOHHHE COODYXEHHUS,
JOK3NU3yMye DYAHYO MUREP3NMBSOUID B CAyYSAX, BCHNM OHM TATOTENT K 30—
H3M DYAOKOBTDONUDYOUUX PA37OMOB M OCNOKHEHH ZOPyLHHMA D83PHBaMM ~ MEX -
nN8CTOBHMA, MEX(HOPMAUMOHHEMM, BHYTDHUNNSCTOBHMM,-DI3BUBUMMUCH T1PEUMY-
LECTBEHHO MO KOHT8KTAM NOPOA C Pa3nMuYBHMU (QMBMKO-MEX8HMYECKUMHU CBOM-
CTB3MM, & TAHEE CEKYWAMN CHOACTOCTE.

TeneTepMaNbAHE MECTODORLEHHMA, K3K MPAaBANO, BOBHMKANT K KOHOY TEK-
TOHO-M8 M3 THYECKMX LMKAOB B 30B8X TEKTOHMYECKOH aRTMBM3aOMM MIM B NO-
CTODOTEHRH} NEpUOZ P83BHTHA TEOCHMHKAMHANEH BCNEZ 38 NpPOABIEHWEM 33—
KNDYuTe TBBO0# dasy 0a3ansTOMZBOrO MarMaTuaMa. [l0 cTeneHM NpOABIEHUA
TP3NNOBOTO M8TMATM3M8 DYLOROCHHE MDOBMAROMM AgNATCH H8 TPW TPYNNH: C
HHTEHCMBHHEM €I'0 npoaBienueM (paitos [lopxauennoll TYHLYCKKM), C yMEPEH-
HEM (paitoBn Mozonscko-llpunnecTpoBCKuit, Muccucunu-Muccypu) n 6e3 npos-
BleHMA MBTMBTUSMa ([keske3ranckuil pafton). B nepBHX ABYX IPYNnax npos-
BNAETCA I8OXUMHYECKSA, CTDYKTYDHAA M BPEMEHH8A CBA3EL ODYZEHEHMA C Mar-
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MaTUSMOM. B TparTeeil rpymme noasaaprca Fe, Co,Ni , B , P4 ,Cr , yro
yKa8HBAET H3 T/yOMHHNE WMCTOYHMKA PYAOTEHBHX 3NEMEHTOB.

OcOGeHHOCTH METa8/J0Ie HUUECKO} CreUusAM3aLun NPOBUHINY 88 KINYSOTCH
B UMPOKOM D33BUTHM HU3KO-CpPEIHETEMNEP3TYPHHX TUADPOTEpMansHux Fb - Zn
MECTOPORAERN, OTHOCAWMXCA K CHEeAyOmMM pyAHuM GopMsumAm: Fe-Mn-Pb-Zn,
Cu-Pb-Zn, Pb-Zn, Sb-Pb-Zn, Hg~-Pb-In, As-Pb-Zn, S-FPb-Zn, Fe-Pb-In,
Pb-Zn -OMTymMHO# (030KEpUTOBO#). I'eHETUYECKOE POACTBO MECTOPOXIEHMH
pasBEX @opuanuil onpefeNAeTCcA HE TOABKO NPOCTPAIHCTBEHHEHMA ¥ BPEMEHBHMU

¢pA3AMun.0HO B NMEPBYO OYEPEAB BHPIRIETCHA B TEOXUMUYECKOM DOACTBE, B
YyacTHOCTU, B TOM, YTO A7lA PyA STUX MECTOPOXAEHMI X3PBKTEDPHH KOHUEHTP3-
UK OZEAX ¥ TEX XE METANMYECKAX M HEMET3/INNYECKUX BNEMOHTOB, 06p3asyD-
myxX GNUBKME XUMUUECKHE COEAMHEHMA, KOTOPHE IPYNNMDYOTCA B OABM M TE Xe
NapeTeHETMYECKUE MUHEDANBHHE 8CCOUMANMM, HOPMUpYWEAECH B OAMHAKOBOM
NOCNEL0BaTENBHOCTH, [/ 8HANOIMYHHX MUHE D3NBHHX 8CCONMBUUA X3D8KTEDHH
NPSKTHUECKM OFHM W T€ Ee TPYNNH DPEAKMX M DICCEAHHNX BNEMEHTOB. Jns pPyz
BCEX (OpMaUMii X3PaKTEDHH WMAEHTWYHHE MO COCT8BY TBApDIHE, HUAKUE M Ta-
3000pa3HKE YyTIEBOLOPOAHHE COEZMHEHMA. CaMU HE MECTOPOXABHMA ,OTHOCHUUE -
¢l K pa3nuyHuM QOpMBIURM, OTAUYSKHTCA KONMYESCTBEHHHMM BSPUALUAME OCHOB-
HHX METANNOB U 3NEMEHTOB-IpUMEcet, BXOZAWMX B COCTSB CHArsbOUX MX MH-
HEP8NBHEX 8CCONUaUMit. Pa3MUY8NTCA OHM M KONWYECTBEHHHMA TPOABNEHUAMNA
HEDYAHHX MWUHED3JOB, K8K RMABHHX, TAHK M BXOZAWMX B COCTAB OKOMOPYAHWX
MBT3COM3 THTOB.

W

Ethde:

k

MecToOpokAeHUs, OTHOCAWMECA K TNEPEYNCAEHAHM DYIHEM (OpMABNUAM, COCTS-
BAADT 33KOHOMEDHHE TeHEeTUYECKUE DAZAH, CBA3SHHHE EAMHCTBOM IPOLNECCOB
MUHBPanoOGpa30BaHMA. [lpu BTOM MPOABNAETCA 33BHCHMOCTH COYETEHMH DYAHEX
dopManuit 0T cTenesn TeKTOHMYACKON MOABMKHOCTH NpOBURNUE. OCOGEHHO BH-
ZAENANTCA NpPOBMHNMM, QOPMMDYOWUMECH B OTHOCATENBHO GONEE TEKTOBWYECKH
NOABUEEEX ¥ NDPOPPETHX O0ON3CTAX, X3DP3KTEPUBYDIUXCH GONBUMMA MOUHOCTAMA
KODPH ¥ TpSHUTHOTO CNOR, 8 TOKXE NpPOABNEHKEM NOPYAHNWX YNBTPSOCHOBHHX MO-
pox (runepGasuT) ¥ AuddepeHUMPOBAHHOIO KOMNJEKC3 ZAOPYAHHX MHTDY3UB-
HHX oOpasoBanuit. COCT8B MOCHEAHMX KONEOGNETCHA OT OCHOBHOIO A0 KMCIOI'O
n menoynoro (8HnIE3uTE, TPAXUTH). B DyASX MECTOPOKAEHMH 3TMX NpOBUEOUH
8H3YMTENBHO yBENMYMBAWTCA KOoiAMyecTB3 Sb ,Hg ,Cd ,Co , Ag , NOABIA-
OTCA COEZMHEHMA Mo , Bi , Te, Se , CaMOPOZHOE Au M Ap. B 3aTUX ycno-
BUAX npofsnesd Fe -Pb  -Zn  (opmauuy (MecTOpoxzeHus IKYHI8pCKOTO
Anaray wu #p.),Sb -Pb -Zn ,Cu -Pb -Zn (pro-sangzibe CKIOHH
3’Henrpansnoro‘Lpaﬂnyacnoro M8CCHBE ¥ Zp.). B NpPOBUHIMAX, CHOPMHUDOBEHHHX
B MEHee NOABMEEHX O0GN8CTAX, H8NPMMED HS8 JHTHUBU3MDOBSHHEX N3 THOpM3X,
X8paKTepU3YILNXCA yMEDEHHWM MpPOABIAEHMEM G338 ABTOUZHOI'O TONEUTOBOTO
M3rMaTH3M3, HoMOONBUMM ps3BUTUEM Nons3ywrcs CaFp- Pb-Zn , Cu - Pb<n
Qopuamum (B TOM YMCHE M TMN3 MEAUCTHX NECYSHUKOB), K TEKUM TpOBUHIUAM
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ornocATCA MuAkOHTHHEHT, Bonuso-llononbckas naurs. B MeRee NOABMXHEX
N)OBUHLMAKX, TAE 0838N5TOMAHNH MATMATH3M He NpOABAAETCH, HaMCONBMAM
pa3BMTHEM nonsaybrcg Pb -Zn yCu -Fb -Zn  (Tuna MeAMCTHX MeEc-
YSBMKOB M CN8HUEB). [lpMMEpaMM TSKUX TNPOBMBUMA MOTYT CAYEMTH 8HTEKIN-
3y 3anaano-EBponeiickoif nnardopuw, I'spna, CyaeT W Ap.,BHYTPEHHAE Bla-
AMBN CpPENMHHEX M8CCMBOB (JI283K83TgHCKAA BN&AWHS). B NOABMEHHX NpPOBHA-
nuAxX, GOpMUPYLUMAXCA B JCHOBMUAX MHTEHCUBHOIrO CE3THA (OKS8NBHEX 30H,pas-
BUB3ETCA MHTEPECHHI pazx pyarux Gopuanuit, Brnwyaomnl Fe - Pb - Zm ,
Sb-Pb -2Z2n ,Cu -Pb -Zn ({opMauuu C TBEpPALMH CHMTYMBMU , TI8BHHM
00p330M C O030KEPATOM, OCPa3yLUXM NpOMHUAEHHWE CKONNEHMA. B TUOMYBNX
n13 THOPMEHHNX 3BN8KOTEHAX, JOPMMpyOWMXCA Oe3 OKEaHM33IMM 3EMHOW KODH,
HauOONEe WWPOKMM Pa3BATHEM H3 npuMepe JIHENPOBCKO-JOHELKOI'0 8BASKOre-
B8 mompsyoTcs Cu - Pb - Zn (ME8ZMCTHE NECYsHMKH) , Sb - Pb - Zo,

¢ OGuTyMHOM MuHepanussnuelt, Pb - Zn .B pugroresssx cTpyxTypax,dop-
MUDYOOUXCA H8 NEPEXOAHON OT KOHTMHEHTANBHOR K OKE3HMYECKOA 3EMHOM Ho-
pé, WMPOKUM D3a3BUTMEM NONE3yeTcAd Fe —Mn -Zn - Pb ~Cu  Qopmanua
MECTODORAEHAN, NpUMEPOM KOTOPOX MOrYT CAYEUTH (opMUpyOmMECH MECTODOX-
JEeHNA KDACHOMODCRHX BlajiuH, 3 T8KEE,BUAMMO, ¥ M3BECTHHE Kas3aXCTaHCKMe
M8CTOpORJIE HUA aracyiickoro Tuna, o6pa3ybu4ecs B AB3 3T8N8 -  DIHHME ,
CHHCEAMMEHTBLUOHEEMA, M CONee No3zHult , NMOCNEMHBEPCUOHHWH. B nepukpa-
TOHHWX BNazuHax Tuna [Ipuacnuiickoid, rae pyAOHOCEWE NPOBMHLMKM GOpMHpYy-
OTCA TKHME H8 KODPE NEPEXOAHOrO TWI8, OCH8PYRUBENTCA CYUECTBEHHO Pb

U Cu -Pp pyAHEE (OpMBOMM B COAAHOKYNONBHEX CTPyKTypaxX.

ManokeHHne MaTep4aNH CBUAETEABCTBYOT O TOM, 4YTO 0C 008 HHOCTY MET8II-
JOCEHNYECKOM CNENUaNN3aLMM TENETEPMaIBHEX CBUELOBO-LUKUHKOBHX NpPOBUHIUIE,
K8K ¥ OCHOBHHE WX TEONOIMYECKME X8PSKTEpPUCTUKWM, OGYCAOBAEHH P33NUYHOH
MHTEHCUBHOCTED SHZAOTEHHHX MpouUeccOoB. QOpMUPOBaHME MECTODOXAeHMH CBA-
33HO C NMpOABNEHMEM MHTEHCHMBHHX TEKTOHAYECKUX ABMEEeHM#, OCYCHOBIEHHHX
nponeccamyu, NPOMCXOAAWMMM B NOAZKOPOBHX reocfepax. ITH NEPUOZH CBA33HH
C BHNZSBKON B M8HTUM 08387NbTOUAHEX MBIM, C IIOZHOBAEHUEM MAI'MOBHBOZA-
WX CEKyWMX KOPY ¥ NPOHJK3WMUX TIYyOOKO B MBHTMO D831I0MOB, C DE3KUMU
M3MEHEHUAMM HABNPAREHHOrO COCTOAHMA KOPH: CO3Z3BMEM NpeoGaazswmsit peru-
OH8NBHOK O0CT3HOBKM pP3CTAKEHMA, CONPOBOKASLUEHCH MOOEOMOM M3rM W CME-
HOit BToi OGCTAHOBKM DETMOH3NBHHM CK3THMEM, NpPU KOTOPOM P337IOMH CT8HO-
BATCA NpPOH.M8EMLMA TONBKO ZAJNA O0A6e MOOMABHEX I'830BHX W T330B0-BOZA-
HHX PNYOMHHHX M8CC.

OTM PaKTH CBUAETENLCTBYOT O TOM, YTO AONA DPErMOHE IBHO-METaMOpdo-
TEHHEX NpONECCOB ¥ COOTBETCTBEHHO METaMOPfOreHHHX KOPOBHX MCTOUYHMKOB
PYAOTEeHRHX BEMECTB B (JOPMMPOBIHUM MECTOPOXRAEHMH DPCCM3TPMBSEMOTO KI8C-
Ca8 HE3HAYUTE/BHE N0 CPIBHEHWUD C NMOLKOPDOBHMM MCTOYHMKEMMN.
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553.2. 065
 MOTETb XIEHOTO TWIPOTEPMANEOTO PYIOOEPASOBAHIS B
. BYIKAHO-TIYTOHMYECKUX CTPYKTYPAX

~ [I.H.lonos
~ Bucmu#t ropro-reonorudeckuif mscruaryr, r.Cofus, HPB

. ByNKGHO-NAYTOHMYECKME CTDYKTYDH ABIANICA OBHMM M3 BaRHeHWMX KOH-
[gHTPATOPOB I'dAPOTE PMANBHEX PYABHX NONEH RMABHOTO TMNa. STH CTPYKTYDH
_ﬂuqno X8paKTepU3YNTCA DPS3BATUEM D3AUSNLHO-KOBNEBTPHUYECKUX P33IOMOB,
Ipee NADNMX DPE3MENEHNE U MOPPONOrMD NOCTMATMATHYECKMX PYAHHX TEI,H
[peZcT8BNANT COOO# CHORHHE DYAHO-MBIMATHYECKME CUCTEMH. B BacToAame#
yPaTHhE NpEANAraeTCA BO3MOXHAA MOAENb QOpDMMPOBSHMA NOCTMATMaTHYECKAX
UABHHX DYAHHX MoOneid B B8TUX CTPYKTYpax NeHTPalbHEOro Tuna.Mozens paspa-
‘(0T3Ha H3 NpPMMEPE KBAPO-TIONMME T8 ANINYECKO-MEIHOT'O RHJIBHOI'O OpYLEHSHHSA
5ypraccKoro pyAnoro paitona. O H8XORATCA Ha Teppuropuw HPE B BOG-
YyHOM uydcTu BaraTo-Cpepseropckoro pudTs M npeAcTsBAseT codoff Gomemyn
BYAKIHO-TEKTOHUYECKYK AENPACCUD, 33MONHEHHYD BEPXHEMENOBHMU BYIK8HMYE=—
MMY M OC8L0YHEMU NMOPOASMM MOWHOCTEW BHWE 6000 M. 37€cCH YCTaHOBIAGHO
7ee NATHIAUNSTY MEHTPSABHHX BYJKSEWUYBCKMX M BYIKAHO-NAYTOHMYE CHUX
CEPYKTYD, ONpefelAnmUX MECTONONOREHW8 POCEHCKOrO0, BHPIUODAKCKOIO,3u—
poBcKOro, TaMapMHCKOrO.M ApD. PYAHNX nozeff. B pa3BuTuMm paccuMaTpunBae-—
X DYyAOKOHTDONMDYOUMAX TEKTOHO-M8TMBTUYECKMX CTDYKTYP H8MEUSNTCA NATH
8T3N0B, OTAMYSLUMXCA OCOCEHHOCTAMH CTPYHTYPOOODP330B3TENBHHX NPONECCOB:
pudrorennuit, BynKaHuuecKuit, BYIK3BO-TEKTORUYEeCKult, MHTPY3uBHu M pyzrO-
00pas0BaTe ABHLM.
. PujrooSpssopasue B CpeZHEropbe OTAMY3ETCA SNUKOHTUHEHTANBEHM X3DaK-
TEpOM 1 CyGmAPOTHHEM npocTUpaHueM. OHO CONpPAXEHO C BHEAPEHMEM a8C—
‘TEHOCQEpHHX ZMaNUPOB C 30HOH YBCTUYHOI'O NMASBIEHHA B GONEE BHCOKUX CTO-
TEKTOBOCHE PN, NMPUBOAAWMM K $OPMHDOBAHMK TEMNEDPATYDPHHX aHoManME (T.H.
TOPAYMX TOYEK). [IONDESHME BTMX AMANMPOB OTMEYAETCA NONORMTENBHEMH I'pa—
TAUMOHHEMY M MATHATHHMM 3HOM3NMAMM. BclezncTBue NOBRMEEHMA 78 BIBHMA
OUCXORAT MHTEHCHBHOE OOpD3a30B3HME MAaTMaTMUYECKMX 04Yaros. IIpM NnocTenen-
OM NPOHUKHOBEHMA PUJTOOGPa3yluMX pPea3NOMOB H8 IAYOMEE NPOMCXOAMUT MOCIHE-
A0B3aTeNBHO8 (OpPMUPOBEHME K87BUUEBO~WENOYHHX, TONGKUTOBHX,WUENOYHHX # CY-
TEpuUeNOYHHX MBCMATHUECKUX pacnnasoB /6/. PasnoMh OTIUY8NTCA BOCTOK-OI0-
BocTounsM (120°) ¥ BOCTOR-CEBEDO—~BOCTHUHENY (60° )npocTapanseM X CIBArO—
COpOCOBHMY [BMREHMAMU. IJTO JKI3HBEET H8 CYOMEpUAMOHE IBHYD OPHEHTALMD
8Are6p3udeCcKY MAKCUMANBHOTO (pacTarmBanuero) ( ©; ), CYGBEPTHKAABHOIO
Ccpeanero ( G, ) M CyOGUAPOTHOTO MHHMMSNBHOTO ( G5 ) TEKTOHAuEe-
CKOro Hanpasenuna. OYeBUZHO,3TH P33NOME QOPMUpOB8NNCE B DPE3yABT8TE Xpyn-
KOro paspuBs QyHASMEHNT3 B YCAOBMAX TONEPEYHOTO pacTAxenuns. OHU Dmpeze-
AS0T NepBUYHHE NYTH A1A LBAXKEHUA TAYORAAHEX (N0UZO0B.
Bynxanuueckulft aran oTmeyseTcA (QOPMHPOBBHUEM LEHTPENBHHX CTP3TOBYI-
KaHOB, NONOREHME KOTODHX ONpefe/AETCA NPEMMYUECTBEHHO yYSCTKAMM Tepe-
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ceyeHns pa3NoMOB (yHAsMeHT3. ByNKAHMYECKME CTPYKTYDPH B OCHOBHOM mpez-
CT3BNEHH SKKYMYNATUBHHMM BYIKIHMYECKMMH KOHYCS8MM, KOTODHE COCTABNEHH
43 YepelyouuXcA N8BOBHX NOKPOBOB M NOTOKOB, 8 T3KEe M3 HECOPTHPOBAHEHX
aIrNOMEDSTOBHX W GNOKOBHWX, pexe nennoswX TyJos. OHM X8paKTEpPU3YWTCA
KOHIEHTPUYECKMM DSCNONORE HMEM CHIOEB OKONO HEHTPa8NBBHX 48CTell CTIPYKTYp
4 nafesreM UX K nepufepum. B LEHTpPax HAONNL8DTCA BYIKSHMYECKUE HEKKH,
KOTOpHE NpEeACTaBAANT coGoff KpyTONajswUlie, MHOrAa CJOKHO COCT3BIEHHHE,
LANCKOPA3HTHEE MO OTHOWEHWI K CTPaTUQUKAUMW TENa, B GONBUMHCTEE CHyYaes
YyANMHEHHNE B HAND3BNEHAN M3TMONDOBOAAWMX D33NOMOB. ITHM BYNK3AMYECKUE
¥Hepns UrpanT ponb BTOPMYHHX NMPOBOAHAKOB M3IM3THYECKMX M NOCTMITMATHYE-
CKNX @nouzoB.

By nK8HO-TEKTOHUYSCKUR 3TN ABNAETCA CaMHM CYWECTBEHHHM B opMUpOB3-
HMM OCGNMUKA DACCMAaTPUBEMHX IEHTpaNBHNX CTPYKTYD. X8DAKTEPHOE ANA HUX
P3NNa NbHO-KOHUE HTPUYECKOE DB373MEBAHNE OTPIX3ET OCWHOCTE NMPOUCKOKAEHUSA,
CBA38HHOTO C zeiicTBHEM BEDTUKANBHOI oceCHMME TPDMYHO!  HAI'py8KM,BH3-
BAHHOH BO3neiicTBMEM BHEZAPAOWETOCA M8TM3THUYECKOrO pacnnaBa. [lepBasd Mo-
[IEeNb MEXSHHWYECKHX YCNOBMi 0Opa30BaBMA 3TMX CTDYKTYP B M3OTDPONHOHR cpe-
Le, OTDPSkapmad TONABKO BO3ZEicTBME MAIrM8TUUECKOI'O 04Y4aIr's, MOpeNCTAaBJAEHA
Aunepconom/d/ losmnee One/5/, PoGcon n Bap/8/, Podepre/7/ Jlywanxat a
Bonzapenko /3/ ofparwim BHMM3BWE M B3 BAnAEWe BHeunel marpysku. Ha oc-
HOB3HMA 3TUX PE3yNBTATOB W COOCTBEHHHX MCCHNEAOBaHME COCTABNEHH NOKA—
3gBHEe H3 pmc.l npumepsne Mozemi. OBYM OTPARSWT PACNpPOCTPIHEHNME TPIGK-
TOpNii MAKCHM3NBHHEX KACAaTEJBHHX HaNpAXeHA{ OKONO P33HOOPUEHTMPOBIHHOM
SNNUNTKEYECKOA MaTMaTMYEeCKON KaMEpH, K3K W NONOKEHME BOBMOXHHX TpENMH
OTpnB3. Mozenmu BHBEJEHH TIDH Z3BAEHMM M3TMH P, M IBYXMEDHO{ TEKTOHM-
YecKo#t HarpysKe, npu YCHOBUM PEB’P2:>P1 (B nepsom cayuae P{=P2). Ha
MOIENAX BUJHO, YTO,E€C/IN BHEWHAS HB8TDPY3HA OAUHSKOBA BO BCEX HANpaBle-
Huax (puc.i,a), T.e. Npm geidcTBUM TONBKO NMTOCTATHYECKOTO ASBAEHMA,
TP3EKTOPUKM HINpAREHNl PaCNpeEnEeNANTCA DPIBHOMEDHO OKONO KaMepH. [IpuToM
HENOCDEZNCTBEHRO OKONO KOHT3KTa, B CBASWM C €68 pacuupenueM, Gopumpyorcs
NepneHAMKY IAPHHE TpPemMHH OTPHB8, & HA OTHAJeHUA BO3MORHH ¥ TpPEWWHH CK3-
NHBIHMA .

llpr BO3AEitcTBUN BHEWHETO TEKTOHUYECKOI'O HATDAHEHEA (P2 > RI) H opu-
GHTAOMM AANHHOW OCHM MBTM3TMYBCKOR KAMEDH NO HANPABAEHUD PI unn P2 pac-
NIpOCTP3HEHNE HATPAKE HUM HE DPABHOMEDHO,HO CHMMETDAYHO. BAOND KOHTEKTS
CO CTODPOHH ME8HBUEI0 BHEWHEIO A3BACHUA GOpPMMDYWTCA TPEeNUHH OTDHBA, 8 CO
CTOPOHH GONBWETO - CkaAwBauuA (puc. 1, 6,B). Ha ONpEZieIGHHOM PAacCTOfA—
HAM OT HaMEDH IO HaNpP3BNEBUN PI OTMEY8UTCA NM3O0TPONHKE YyYaCTHU, DAE
rNI8BHNE HODM8JBHHE HATpPAHEHUA OAMHAKOBH No Benuumse /5,7,3/.

Ecn¥ AnWHHSA OCH KAMEDH ODMEHTHPOBAHA AMATOHSNBHO IO OTHOWEHMD HE-—
npasnenuit PI " Pz, K8pTUHA pacOpeNeJIeHnA  HanpAxeHuit ycnoxmfeTes
(puc.1,r). B aTOM Cnyyse TpPewMHH OTPHBE CO CTOPOHH MUHMMBALHOT'O AGBAE~
HUA QOpumpyRTCA BAON AMUBEHON CTOPOHH KOHTAKTa.OKONO JANMHEHHHX yugcT=
KOB KaMepH BEINYMHI K8CBTENBHHX HanpAxeHuil camaa Conbuaa. 3xech Qopmu-
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b; % ¢. I. Momesw pasBETHA TPeUMHH OTPHBA M CKAJIHBAHUA ( MARCHMATTBHEX
pATENBHHX HATIDAXEHNH) OKOJO PA3HOOPMEHTHDOBAHHOH SJUIANTVYECKO} MAT-
MATEuUeCKOll KamepH: a - P3> P2 = Pqi 6, B, T - P3> Py > Pr.

I - TpeWWHH OTPHBA; 2 - TPEUMHH CKAJHBAHUA; 3 - HanpaBJIeHNA LBUXE-

'CA TPElMHH CXATHBAHKA, HAMeYablMe laJbHeflee pasBETHE MATMONDOBOLA-
8T'0 paslIoOMA I CONPAREHHHX C HUM DABJIOMOB.

- B ofuem MOXHO CKa3aTh, YTO BCJELCTBHE Ha/OREHMA PETHOHAJBHOTO
KTOHNYECKOTO IOJS HATDARGHWY ¥ HANDAXKEHES, BHSBAHHOTO NARJIEHHEM MATMH,
JIO MATMATHYECKO# KamepH DABBHBANTCA 60Jee FHTEHCHBHO DABJIOMH, KOTO-
PHE KODDECHOHLMPYIT ¢ DETHOHAJTBHHM MOJEM,

B ciayuasx, KOTHA BHYTDEHHEe NABNEHME MATMATHYECKO! KamepH MeHsle
MHEeT0, KADTHHH DACTIPOCTPAHEHMA TJIABHHX HODMAJBHHX N KACATENLHHX HA-
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NpAReHE! AHAJOTMYHH. KpOMe 9TOro, TPEllVEH OTpHBA y*e ODMEHTMDOBAHH He
NepreHI¥KyAAPHO, 4 NApaJIesLiIo KOHTAKTY KaMmepH.

B 33BUCUMOCTM OT M3MEHEHUA MATMaTHYECKOT'O ASBAEHWA WHOTAS B CTIDYK-
TypoO6pa30Ba TEALBHX TpPOLECCaX 3TOr0 3TaNg HaMEeyawTcA 7iBa nozsrana.llep-
Buff, KOrZ8 MarMgTHYecKOe 7@BAGHME MAKCUM3NBHO, XapaxTepuayercs opmu-
POBSHMEM BYAX8HO-TEKTOHUYECKUX KYNONOOGPE3HHX U OpPIXUSHTUKIMEENENOR0G~
HHX CTPyKTyp. Bropoit, npu MMBMMS8NBHOM MB8TM8THYECHKOM ASBNEHMH,OTNNYEET-
CA Ka8NBZep006pa3oBsHMeM. OCWYHO 3TO D33/N8MHBIHAE CONpPAXEHO C BHEApE-—
HAEM MHOTOYMUCIEHHHX CYOBYZK3aAMYECKAX 7IGEK.

MBTpy3uBEKit 9Tan XapaKTepuayeTcA (OpMMHpOBARKEM MOAU(83HHX HHTDY3U-
BOB, 00p330B3BUUXCA B DPE3YNBTATE MHOT'OKPATHOIO  BHEADEHMA M3IMaTu-
YBCKUX PaCNNaBOB, ABAANUAXCA KOMTM3TMYECKUMU OTHOCATENBHO BYIK8HWYE-
CKMX TIOPOX. 3ri MATPY3MBH OOHYHO OTHOCATCA K IEHTPANBHOMY TMILY A Npef-
CT3BIEHH WTOKOOOP33HHMU, AYIOOOD33HEMU, KONBIEOODS3HHMHU, DEXE KOHMUYE-
CKUMM M D3ZAM3NBHHMM Tenamu. ORM BHEAPANMCE B IEHTP3ABHHX YyU3CTKEX BYI-
K8HVYECKUX CTDYKTYpP, 8 MHOTAS ¥ 1O NPOTAKEHUD KONBIEBHX KAJBAEDPOOGp3-
3ybuux paanomMoB. YacTo HAaGNOZ3OTCA W anodusn, Da3BUTHE BAOAL M3aIMONpO-
BOZAWMX MNYU DAZUBNBHHX W KONBUEBHX P33/NOMOB. TeKTOHO@M3MYECKHME YCNOBUA
BO BpeMA 3TOr0 3T8N8 B OOWEM OXWHAKOBH C NpPEANAYHEM. 3TO OCYCNOBAMEEET
HOBOE D33BUTME D3N8 NBHD-KORNEHTPUYECKOI'O P3BNISMHBIHNMSA M BHELDBHRUE CHH-
1 NOCTAHTDYSWBHHX 738K IMnaduccaNbHOTO OGAKUK3. B pe3aynpTaTe MHOrAS
CETHh DaAMaJNbHO~KOHIEHTPUYECKNX DI3NOMOB yCNOKHAETCA, OCOOEHHO €CAM HA
A8HHOM TUTICOMETPMYECKOM YPOBHE (OpMMPOBANMACH pP83JOMH,X3DIKTEDHNE ZANA
DP83MMYHHX YYSCTKOB JKI33HHEX MOZeneil.

Pyn0006pas0oBaTEAbHL# BTaN NPOABAAETCHA NOCJE 33BEPHERMA 3KTMBHON Mar-
M3 TUYECKO# J8ATENBHOCTH. BCIEACTBME NPEKPBWEHAA CANOBOTO BO3ZelicTBuA
M3TrMa TUYECKNMX DaCNA3BOB CTPYKTYPOOOPa30B3TENBHLHE MPONECCH OCYWECTBIA=-
OTCA TONBKO B PE3y/bTaTe AE{CTBAA DETMOH3NBHOTO NONA TEKTOHUYECKMX HI=
npaxenufl. OBM X8DAKTEPM3YNTCA OOHYHO GOPMMPOBIHUEM CODOCO-CABUIOBHX
RUCTIOKaIMiA. BCIEACTBME GHABOTDONMH, CO3Z3HHOM H NpPEeAHAYUEM STane,pas-
N8MHB3HIE OCYUECTBAAETCA MYTEM BO30CHOBNBHMA TEX M3 D3AMANBHHX UK KOH-
OEHTPMYECKUX PI3/NOMOB, KOTODHE OpUEHTUPOBAHH CYONapanaeNBHO M3KCUM3Ib-
HHM K8C3TE7bHHM HanpAxennAM. O46HB Y8CTO NpPM BO30OCHOBASHMM AEBMXEHMA NO
P93I0MaM C p33HO{ OpMEHTIMMEH MEXAY BUMM OCYUECTBIANTCH CBA3W, H8MOMU-
Hapmue B3gMMOOTHOWEHHA MEXJYy INOBEHMK M BTOPUYHHMYU {ONEDADMMMHA) CTpYEK-
Typaun. Bce 9THM PS3MOMH ABAANTCA XOpOmMME (ADMAONPOBOAHMKSMU, NO KOTO-
PuM APEHHDYOTCA DPYAOHOCHEE PECTBOPH M B NpPEAENdX KOTODEX (OpMUPYOTCA
PyABHE EMNN. YHACNENOBSHAE OONEEe IPEBHAX DE3NOMOB HOBHM CTPYKTYDHEM
nnagouM OGYyCNOBAXBAET CIORHOE CTPOEHUE DYAHHX EUA M OYEHD HEDSBHOMEDHOE
pacnpeenesme TUAPOTEPMANEHON MHUHEpanu3anuu.OHM ONPEABNANTCA KAK MOpP-
Gonorueit pa3anomos, XapaKTEDHOH ANA yCNOBMA UX BOSHUKHOBEHMA, TEK M HA-
NpaBleHUEM HOBWX MOABUXEK.

Ha OCHOBSHMW PEB3YABTATOB MCCHNEZO0BIHUA NaNEOTeMnepaTyp /2,1/ MOXHO
CK833Th, 4TO PyA00ODPa30BATENBEKNA NMPOLECE NPOMCXOAMA MO MOJAHOI'O OCTHBE-
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HETPY3MBOB. OKONO HMX TEMIEPSTYPHOE NONE X&DPS8KTEPUBOBENOCH BHCO-
uy SHAUSHNAMA, 8 NpW YyASNEHMM OT KOHTAKT8 — Conee HM3KMMHM. OfHAaKO
)cneZEHE OHNM BCE e AOCTZTOYHO BHCOKWMHU ANA DYAOOTNOREHMf, BEPORT-
"ggg 88 CYET COXPAHEHWMA 4YaCTi TEMNEP3TypH N8BOBHX NMOKPOBOB, T8K M
gZCTBHE NPUBHOCA TENZa MO3AHUMK {MOAZSMNA. STO TEMnepaTypHOE Nonle
CIOBIMBAET DA3MENEBME G0NE8 BHCOKOTEMNEpaTypHO# pyaHO#l MUHEDpaNM38-—
B PaAM8NEHHX DA3NOM3X BOAN3M UHTPYBMBOB. B AYyrooGps3HuX pPaaloMax,
OpHe CYONapsnNenbHH M GIM3KA K MHTPYBUBHEM KOHTSKT3M, H8MEYIOTCH
pI3ds BHIEDEAHHOCTE Ha IAYOMHE M HMYTOXRHY nepenaz TemMnepaTypH B

31 C TENNOBHM BO3AciCTBMEM NAYTOHOB., WNHOrZAs B pajManbHEX XUN8X Ha-
geTCA 00paTHAA 30BE/BHOCTH ,0TMEY3DW3ACHA PACNONOEEeHMEM OONEE MO3Z4-
! HM3KOTSMNEps TYPHHX MMUHEPanM3sUuit GNMEE K WHTPYy3UBY,YTO CBASAHO,
BEPOATHO,C OCTHBAHMEM MOCHEAHErO. B Npenensx MHTDYSUBOB M3-38 BHCO-
TEMNEpPaTyp, KaK NpaBMNO, NPOMHUJEHHEA MWBEP3NM33IMA OTCYyTCTBYET.

~ Busozs

- 1. PaccMaTpUBSEMHE XMIBHHE DYAHHE TMONA NPEACTSBARANT COGOK CHOXHWE
AMMTENABHO Da3BUBABUMECH LEHTD3NBHHE DYAHO-MSTM3THYECKHUE CUCTEMH.
2. PyROKORTpOMMpYOEME ¥ DYAOBMEWSOUME CTDYKTYDH aTMX nonait gopum-—
JOTCA H3 DIHEMX M CPEAHMX CT3AWAX D83BUTUA, 8 CTAHOBNEHUE DYABHX TeIl
CXOAUT H8 NO3AHMX CT3AMAX NPM MHOM CTDYKTYDHOM INNAHE.

- 3. InA pa3BUTUA OTUX UEHTDPSABHHX CTPYKTYP HeoOXomuM Moumuwi#t cuoi
IKBHAYECKUX ¥ OC8L0YHNX NOPOZ, MPHODUDYOWMX BO3ZEUCTEME CTDPYKTYDH
HIABMEHTA.

4, llenTpanbHue TUNaOMCCANBHEE MHTPY3MM GA8TONDUATCTBYOT NPOTEK3HMO
1006033083 TE NPHOT'0 NPOUECCA, OKI3HBIHMA BNUAHME H8 TEMIEP3TYDHWE NO-
if. B aTOoM OTHOWEHMH HEAO MMETH B BMAY M OCTBTOYHYO TEMUEP3TYpy BYIKE-
JYECKAX NOPOR, 8 TaKKe SNUARAE TenaAofNonAONpOBOARNKOB .

5. YEs3auHHE B3GUMOOTHOWEHUA H8NO WMETh B BALY DM M3YYeHAR CTDPYK—
P RMAIBHHX DPYAHEEX Moneil UeHTPsABHOTO TUNG U NPY NpPOrBO3MPOBAHMW NEDPC—
MBHHX B NPOMHUNEBHOM OTHOWEEMM YUYBCTKOB.
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YIK 553.444
XONONHAHCKOE KOTYENAHHO-TIOMMETALIYECKOE MECTOPOXIEHUE B JOKBMEPUY
BOCTOYHOI CHBAPH

3.T.Jlucragos, K.P.HoBanes
lecTuTyT reonoruu U reofusuku CUGUPCKOTO OTAENEHNA AKSZEMMM HAYK
¢ccp, r.Hosocudupck, CCCP

X0onOAKMHECKOE MECTOPORAECHNE - TUNHYHHE NpEjCTIBUTENH MeTaMOP{M30BaH-
HHX TUADOTEDM3NBHO-0C3A0YBHX KOMYEA3HHO-TIONNME T8 11IMYE CHUX MECTOPOXIE—
Bnlt. OHO pacnonOeHO B CTDYKIYPaxX AOKEMOpPMACKOTO CKI8ZYS8TOrO O0paMie-
Husa Cudupckoft naaTdopun K ceBepy or o3. bBafikan. MecropoxaeHue npu-
YPOYEHO K WIO-BOCTOYHOMY KpHAY ONOKMTCKOI'O CUHKINHOPWHA, KOTOpH# mpen-
CT3BNAET COGO} BHYTPUIEOSHTUKNWHANBHEA NpPOrM0 HA CKNSZAUYSTOM (QYHASMEH-
T€ Kapeauj B npepenax Balikano-BuATUMCKOro mopHATUA. QPOpMUPOBaHUE NpO-
ruGa nNpou3owlo B BEpPXHEM NPOTEpPO30e BAOLL 30H PS3JIOMOB CEBEDPO-BOCTOY-
HOrO (063HKaABCKOr0) NpPOCTUPSHUA. AMQQEDEHIAPOBIHENE GNOKOBHE ABUKE-
HUA [pUBENM X O6P330B3HUN creUufuuHOif MEeXpa3/NOMHON# TpPOrosOofl NoZBMKHOM
30HH C PEOCHHKNNHENEBHEM X8PSKTEPOM BYJIKGHOTEHHOIO M TEPDUTEHHOI'O ocal-
KOHAKOIUIGHAA W MarmaTuaMa /4] .

OnoxuTCKuii CUHKIMHOPUIA OrPSHWYEH C CEBEpO0-33Nans AGUSLCKEM, 8 C
OI'0-BOCTOK8 — XONOAHMHCKUM TIyOMHHHMA Das3/ioMamu,MMEET wMpkBy 0T 25-30
A0 60-65 kM, pacuuMpAfchk K CEBEPO-BOCTOKY, u nporsrupseTcAa Ha 200 kM.
BynKaHUYECKNUE TPONECCH HauGojee OTYETNMBO NPOABMNNCE H8 paHHEH WM mo3n-
Heil crezmAx (OpPMUPOBAHKA I8 OCHHKIAMHBABHOTO TPOra, NMPEUMyUECTBEEHO B
jHopme cnadoxugdepeHUIMPOBAHKOIO G438 NBTOUAKOTO BYNKSHM3ME TONEMTOBOID
paza /2/. OTnOREHWE BYNKBHOISHHO-TEPPUI'EHBHX NOPOZ HM30B p83pE38 BEDX-
HET'O NpOTEp030A (ONOKUTCK3A CEPUA ) CMEHMIOCH HAKONINEHRUEM UEDHOCTaH-
IeBHX K3DGOH3THO-TEPPUIEeBBHX TONL (OHLOKCKSA CBUTS), MBBECTHAKOB M U3-
NMSHAEM OCHOBHHX 9(Qy3MBOB (CHHHHDCKH3A CBHT3). MONHOCTE BYJIKAHOTEHHO-
OC37Z0YHHX ¥ TEePPUTeHHO-K3POOH3 THHX OTNOKEHMN BEPXHErO NMpPOTEpO30A A0-
crurger 5500-7500 M. I'BOCHMHKAMHEMBEHY BTAN OCSAKOHSKOMNEHHA B BEPXHEM
NpOTEPO30€ 38BEPWHIICA BHEZPEHMEM MHTPYBMIA OCHOBHOI'O U YABTPEOCHOBHOI'O
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' gOCT8B3, CKI3AKO00Pa30BIHUEM 03/K3NBCKOrO OPOreéHE33 M 0GPa30BIHUEM

;épsgnronnon GapTy3MHCKOr0 MHTPY3HBHOTO KOMIZEKCA.

i XonoAHEMHCKOE MECTODOXJEHME D3CNONOKEHO B WI'O~BOCTOYHOM Kpuzae Omo-

i}-jntcuoro CUHKNMHODMA CpPEZAM OTNOREHMH yepsOcnanueBO# K8pOOHETHO-TEpPPH—
renBoli opMaOuM BeDXHETO N,0TEPO30A {OHAOKCKAA CBUTE), MeTaMOpduU30BIH-

3' HBX B 9NMAOT-IMPUOONMTOBON qanuu MeTsMOp{u3Ma. MecTOpOXAEHUE 33nEragT

B npenenax XoNnoAHMHCKO! CHULEKNMHANM, HACAEAybwWe#t CTPYKTYpPy NpUPa3nOM-

HOit ;enpeccun, NPOCTPSHCTBEHHO TATOTewmE® kK 30He XOMOZBMHCKOrO TAYOHH-

~ goro pa3noma. Paamepu ee 10+ 2,5 kM. C ceBepo-3anaza M Oro-BOCTOK3 pyA-—

f Hoe none orpanideHo THHCkUM ¥ ABKMTCKMM DS37IOMaMYU, ONEDADLMMEA XONOZRMA-

fl cxult rayOusBuY pa3moM. PyAOBMEUgpWAA TOANS NPEACT3BIEHS IPAa@UTUCTH-

3 Midl IOMOMATOEHMM ¥ H3BECTHOBMCTHMI 8/€BDONENMTSMN, KB3PUATIMM,TDP3UTH-

CTHMM KB3DIEBO-CANIAENMY C.i8BNaMu. llnpOKUM pacrpoCTPSHEHMEM TMONB3YHTCH

. cyOnnscTOBHE TENa MOPEUpOGAaCTHYECKUX NOPOA 1178 TUOKN83-aMfuGon0BOro,

~ guEMGON-rPaRaT-CMOTHTOBOTO M I'P3HAT-0MOTATOBOTO COCT3B&,00Da30BAHHHE

B NpPONECCE PEerMOH3NBHOrO MeTaMOp{MaMa. Hanuyue cpeaw MOpOXL pyAOBMEUWA-

- pue# Tonmm MeTsMODP(M30BSHHHX BYNKAHOTEHHHX 00pa3oBaBUit MpOGNEM8TUYHO,

. XOTA ¥ NPU3HSETCH MHOIMMU KCCIeAOBaTENAMHA. B CTPOEHMM DYAHOTO MOAA Cy-—

. NECTBEHHYO pONb MIPAnT MeTaMODN3OBaBHHE WHTPY3UBHHE OGDA30BAHMUA,NpeZ-

: cTaBnenpne amduoonuTamMu, aMEmGONU3UpPOBERREMU TaCGGDOMIEMI , HE G ONBIIMN

M3CCMBAMU THNEDOa3MTOB BEPXHENDOTEPO30HCKOTO BO3pacTa (A OBHPEHCKUi

wounnexc). OTMEY3WTCA OTZAENBHHE MAJNOMOWHHE A8iiKM Me3030lcKMX AsMmpo-

~ Gupos. ,

: TlopoaL PYAHOTO MOMA AUCTOUMPOBAHHW B MBOKNMHANBHNE CKIBAKM. XOMOA-

| BUHCKSR CMHKAWHA TBHAA CTDYKTypa, B OEHOM KDHIE KOTOpPOR pacrnolokeRH

. OCHOBBHE DYAHHE 337ME€XM, 33NPOKMAYTA H3 WIFO-BOCTOK M K3K B KDHIBAX,

 T9K M B ANEPHOA YsCTM OCNOKHEHS CKNASAKAMM GONEE BHCOKMX NOPHIKOB.Nro-

~ BOCTOYHOE KpuAO XOMORHMHCKOH CHMHKNNKaNM, OTDE33aHHOE OT €€ 33MKOBOR

- 98CTH ll@HTDSNBHEM P33NOMOM, UMBET CHOKHOE CTDOEHAE, BHPGXEHHOE B ue-

. DEBAOBSHMM YBHMX 7MHEHHHX CUHKNMHSTGEBHX M GHTUKAMHANBHHX CKISAOK BTO-

- POI0 nopAzKd C KPYTOHSKNOHEHHHMM H3 CEBEDO-38Maj NOL yILaAoM 70-80° oce-

.fﬁﬂun naockocTAMA. lapHApE KX CKIOHAOTCA HA Wro-3amaf mon yrasum 20-50°.

: CrnaguaThe CTPYKTYPH DYAHOTO MOAA OCNOKHEHH CEBPUEH NpOJONBHEX paz-
~ PbBHWX Hapyuwesuit B3GPOCOBDrO X3psKTepa. B MeHBUEH CTeNeHM NpPOABNEHH

- NOnepeynHe CTPYKTYPH CEBEDO-33M8AHOIC W CEBEPO-BOCTOYHOIO NpocTUPSRUH.
‘,cknanuamue CTPYKTYDPH DYAHOI'O NOAA ¥ CETH P33PHBHHX H3apyWEHHH MMERNT

- OJHON7I@HOEH} X8paKTEp, O06PI3yLT EAMHYO CHCTEMY NANKSTHBHHX M IHSBOHK-
}itnnaux Aucnoxauuit u cGopMuMpoEsNMCE B YyCIOBUAX HANPAREHHOTO CTPECC3 C

- Hazsuranmem (B3CpacHB3HUMEM) CEBEpPO-33NAZAHNX ONOKOB NO OTHOWEHWO K OIO-
,Llocruqnuu. JT0 NpUBENO K 06pPS30B3HMK CMABHO CK3TOH ONpOKMEYTO# Ha Lro-
“ BOCTOK M30KIUHANBHON CKN3AyaTOCTH, QODPMMPOBAHME KPYNHHX NPOAONBHEX
?ﬂﬁpocoa W cucTeMH compAReHHOW TpemmHOBATOCTH.BONbUSs BSNPAKEHHOCTH
T8KTORugecKuX nefopMaunii ocOGEHHO NPOSBUAACE B MHOIONOPAZKOBOCTH CKI3Z-
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YyaTHX CTPYKTYP, CAOKHOM CTPOEHMM B8MKOB CHNI8AOK, WADOKOM NpOfBIEHMM
NpUBHEKOB TEKTOHKYECKOTO Pa88nMH30B8BMA (OyAuBaka). TEKTOHMYECKOE paa—
N¥HE30BOEME OCOGEHHO WMPOKO MPOABIEHO B CAOEHO NMOCTPOSHHOH pyAHO# 30RE

C YaCTHM NepecloMBAHMEM NOPOA ¥ PYA pa3Auynoifl KOMNETEHTHOCTM M B DPaa3AMy-
Boff cTeneHM OCOr8NeHHNX Ipa@UTOM @ CJ/ONACTHMHA MUHEDAJSaMA .

Mopjonorua pyAHHX 38/exeil MeCTODPOM/AEHMA ONPEAENAECTCA TECHOK 8cCOmU-
anmEef#t ux co cnoucToli pyaoBMemanmeit Toame#. OCHOBHHE PyAHHE TEnNs Npen-
CTaBNANT COCO0H COrNaCHHE C BMEUIRMUMA NMOPOASMW KPYTONaAsomme MNaCTOBHE
3376XM, MMENOUE 3HYMTENBHHE MOWHOCTY ¥ NPOTAREHHOCTE A0 HECKONBKHX
KunoMeTpos. OHM 3371erapT B Pa3pe3e MHOTOAPYCHO, B BUAE CEpUM CONMEEH-
HHX Tell, pa3Ze/leHHHX NPOCNOAMM ¥ TODMBOHTSMM CAaCOMUHEPSNN3OBIHHHX NO-
pOZ, M MpH KPYTOM 38NEr8BUM 00pasynT 48TKO BHPBHEHHWE DyAHHE 30HH. U3-
MEHEHUE 38NEraHUA PYAHHX TeN 33BMCKUT OT CKN8AYS8TOCTH BMEWSWLUX NOPOZA
M GNOKOBOrO CTDPOEHMA MECTOPOXAeHus. OTMEYSETCA YBEAMYEHNHE MOWBOCTEH
pYZHEX TEJN B NPUUSPHMDHNX AZEDPHHK Y8CTAX GHTUKNMESABHEX CTDYKTyD. B
308X TEKTOHAYECKUX CPHBOB, P3CCNAHLEBSHMA U OyAMHAXS DI3BHB3ETCA DE-
TEHEPUPOBABRAA NPOKMAKOBEA CYNB{MUAHEA MUHE P ANBEIUA.

Pynnas muHepajM3aims NpeLCTABAEHA TpeMA OCHOBHHMA TEKCTYPHO-TeHE—
TUYSCKAMA TUmaMi: 1) CTpPaTMMIMDOBAHHHMA DEJIAKTOBO—-CJIOACTHMA M6ETaMOp-
(LA30BEHHHMI KDPEMHAGTO-CY/IB(MIHEMI DyIaMi; <) MACCHBHHMA I8DEKDHCTaUI-
30BaHHHMA KBapL=-XaJbKOMUPAT-IMPATOBHMA pydamd; 3)pereHePUPOBAHHEM MPO-
HUJKOBHM M THE3[LOBHM CYABJMIHHM OpyLeHeHUeM.leDBHil TUN Dyn ABAAETCH
opeoGnrananiiM 1 OpenCcTaBAdeT OCHOBHYO MacCy CBHUHIOBO-LMHKOBHX DYyI MeC-
TOPOKNEHAA. PymH BTOPOr0 TANA ClaraoT LEHTPaZBHYW dacTh llepmoil pymHoil
30HH (HOIro-BOCTOYHHIl (UIHT MeCTODOMIEHWA)B fANpe SHTUKIMHAJBHON CHISLKH.
Tperu#l Tun pereHepPUpOBSHHHX NPORUAKOBO-BKPANAEHHHX DYA WMPOKO pacmpo-
CTpaHeH B npejenax Bropoil pyAHOod 30HH, NpuYpOYEHHOHR K 30He LeHTpaab-
HOTO p33noMa.

OcHOBHHE pYAHHE MUHEP8NH — MUPUT, CanepuT, raleHAT, XaABKOMUDPUT;
pPenKne — ONEKNHE DYyAM, 8PCEHONUPMT, NEANMHTUT, CYIBHOCONM CBHHUS ,HAB-
MEHUT, pyTua. JlonA pyAHWX MUHED3NOB B ofumelt Macce pyan KomeGaeTcA OT
40 7o 60%. N3 RepynHHX MMHED3TNOB OCHOBHHMM ABNAKTCA KBAPIL, K8JIBLUMUT,
AONOMAT, rpaguT, MyCKOBAT, 3 T3KHE NN3TMOKNa3H, aMGuCGONH, GUOTHT,LOK-
3UT, KIAMHOLOW3UT, I'D8H8T, CT3BPONAT, BNHAOT, AUCTEH, XJIODUT, XAOpU-
TOWZ, TaHUT. OCHOBHHEMU DYZHHMM HOMINOHEHTEMU fABNANTCA CBHHEN M IMHK.
[lonyTHue none3HHE KOMIOHEHTH - MeZAb, CEps, KaIMuit, cepedpo.Cpeznsee oT-
HOLEHME CBHMBIE K LUMHKY B KONYEZSHHO-NOAMME T3AAMYECKAX pymax I: 6,7.

B crpoenuu HauOonee AeTaNBHO MSyueBHON [lepBoit pyAHOH 30HH yCT8HAB-
NYBSETCA NEPBAYHSSH 30HANBHOCTH, BHPBKEHH8A B NPEOOCNSASHMA CapHO~KOIIE—
ABHHHX M M8IHO-KOJNYEINEHHHX PyA B OCHOBSHMM DYAHOr'O I'OPUBOET8 M CBUHIIO-
BO-UMHKOBHX DPYA B BEDXHMX €ro0 yacTaX. [lepBHYHBH 3O0HENBHOCTH OC/OKHE=
H8 CKN8AY3TOCTHN M NPONECCAMM DBIEHEpPSUNMM DYIX.

Konyezaupo-noanne TanaMueCKUE DYAH MECTODORASHAA, KAK I BMEUSOLUE
[1oponN, NOABEPrAiCh PErHOH3NBHOMY ME TaMOpEWaMy. BMECTE C TEM ORM CO-
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XpaHMIM NA8CTOBYD JOpMY 387€r8HMA, CTPOTO NOAUMHADTICA CTP3TUPUKALIMM
" g B GONBUMHCTBE CBOEM WMENT PENUKTOBO-CIOMCTOE CTpoerus. HauGonee Me-
‘iialopmﬂaoBBHHHB Pa3HOCTH pYyA HMMeDT nopfupoBoe, GpeKuMeBUIHOE ,rHefico-
. BMAHO-TIONOCY8TOE, NMOAOCYATOE M M3CCHUBHOE CTPOSHME.MBTEHCHBREOCTH METa-

ygTHX CTDYKTyp. JloMETaMOpPJMYECKEX OKOMODYAHHX M3MEHEHMU BMEwaLmUX mo-
" pOA B 381B03BA8X DYAHHX Tel, BHYTPMPYAHHX NPOCAOAX M HePyAHOH TEPPATeH-
i;'noﬂ cocTaBIANNENR pyA He OTMBYgeTcA. B mpegensx pyAHuX 3anexelt oTme-
- ggeTcA NOBHIEHHO8 KONMYECTBO CUHTEHETUYHOTO KPEMHE3EM8.

i Ilo renerTudecroMy Tuny XoNOZHUHCKOE MECTODORAEHME OTHOCHTCH K METa-
. MOpPOU30B3HAHM I'MAPOTEDPMAJIBHO-0C3A0YHHEM MECTOPOXAERMRMY U CHODMUPOBSIOCH
B mpoUecCe NOCTBYAKAHMYECKOR NOZBOAHOM T'MApOTEPMaNBHOM A8ATEABAOCTY.B
.V 00pa30Baluy MECTODORAGHMA BHIENAWTCH AB3 3T8Na: T'iApPOTEPMANBHO-0CAZ0U-
. Buit u MeTaMopjuueckuli. Ha pasHEM 3TaNe CHHXDOHHO C HAKONJIGHMEM BMEWS-
pmux Tonn chopMMpOBaNMCE NMPOTAREHAWE COr/ISCHHE TEN8 M3CCHUBHHX M CIOM—
. CTHX raneBuT—c(QaNepUT-NMPUTOBHX PyA K8K pe3ynpTaT AEATENBHOCTH NOA-
. BOAHHX I'MADOTEPMANBHHX CUCTeM. PymooTnoxesue npoucxopuno Ha fome gop-
. MEPOBAHMA (MMWOMAHKX TEPPUIEHHO-KPEMHACTO-K3PGOH8THHX NDPOA C NMPUMECHD
. JrIepoAMCTOrO BEWECTBA NpDM BECEHM3 OTPaHMYEHHOM D33BMUTMM MPONECCOB ByI-
~ K8BMBM3. [lpennonsrabTcs yAsNeHHWE QOPMH CBA3M 0a38NMBTOMAHOTO TONEMUTO-
- BOTO BYNKS8HNA3M8 ¥ OPYAEHEHMA U 3H3UUTEBHAA I'IyOuMHa (HOPMMUPOBEHMA I'MADPO-
- TEPMBNBHHX CHCTEM.
: o 3oTonEEM OTHOMEHUAM CBMHIOH CJOMCTHX U PEPEHEPUPOBSHHHX PYA Me-
~ CTODPOXZEHNMA OTHOCATCA K HODMBIBHHM, 8 NO MOAENBHOM) BO3pacTy (OKOMO
~ I mapz.neT) COOTBETCTBYNT NPEANONSISEMOMY TI'eONOUMYEBCKOMY BO3PECTY ME-—
- cropoxzesss /I7. Yraxenenuwil u3oTonewl cocTsB cepH cyanfuzos (cpejmee
_i 8§ 34 Ccynb@uAoB pyAa +12,3 %.) QTpaH3eT YCAOBUA NEPBAYHOrC NMOABOA-
. HO-PH7POTEPMANBEONO OTMOREHUA DYZ.
B meramopfuyeckuit 8Tan pyAH ¥ BMEWSOWME NOPOAH OHAM CMATH B GHOK—
HHE M3O0KNAHINBHHE CKNSZAKKM M METSMOD(M30B3HN B 3aNUAOT-aMfuconuToBOHR
(@anuu. YcnoBuA METAMOPJM3M8 NOPOJ W Py W3YYSNMCh METOAAMM TepMOGapo-
TEOXMMUN MO I'830BO-XUAKMM BHIWYEHWAM B MUHEDS7N8X, I'60TEeDMOMETPHUM IO
~ COCT8BY COCYWECTBYONMUX MHHEP3NOB, MO rpaQuTOBOMY IeoTepMoMeTpy /67.
. Cpeaane napaueTps MeTaMOpfuaMa - TeunepaTypa A0 550-600°C m maBueBMe

~ 5-6 KGap. s

3 [Iponecc MeTaMOpEM3M3 NPUBENM K NEPEKPUCTANNM3ALUM PYA M Y8CTMYHO-
't My TepepacHpEnsTIEHN® DYAHOrO BewecTsa. XapsKxTepHO# uepToH MeTamopdus-
- M3 [opoj pyAHOrO NOAA ABAAETCH WKPOKOE Da3BUTHE METSCOM3THIECKUX MpPO-
- HeCcoB kak H8 mporpeccusHolf, T8K M H8 perpeccuBHOll ero crazmax. OTmMe-
‘U8ETCA BXOKJEHME DYLHHX BNEMEHTOB B COCTAB NOPOAOOGPA3YONMX MUHEDSTOB
| METSMOD(NYECKAX 8CCOUMANMY (P8HAT, NMHKOBHI CTABPOMMT M 1p.)/5]. '
Ha arane nporpeccuBioro neTaMop{uaMs 33 cCYET NpPOUECCOB GHMETSCOM3-
- 7033 Mexny OPTONOPONSMM M BMEUSOLMME CASHISMA W B YCHOBUAX M30XUMAYE-
CHOro MeToMOp(M3M8 TEpPUTeHHO-K3DOOHATHHX 8NEBPONEMMTOBHX NOPOZ 06pa-—
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30BanMCh NOpIMPOGASCTHYECKME MODPOAH Pa3NMMYHOrO COCT3B3. PYIAH B ITUX
JCHOBMAX NMpeTepnend ofuyp NepeKpUCTAaNNM33OMD C HE3H3YMTEIBHHM M3MEHE-
HUEM TEHRCTYPHOrO DPHCYHKS W MUHEP3NBHOrO COCTAB3.

Ha BHCOKOTEeMNepsTypROR perpeccMBHEON cTazuM MeT3MOPJU3Ma8 BAONB JIOKa-
NBHHX TEKTOHMYECKHUX 30H QOPMMDOBENMCH KB3PI-MyCHOBUTOBHE, I'paH3T-My-
CKOBUTOBHE , NMI8TUOKN83-TOM3NT~MyCKOBUTOBHE MET3COMaTUTH. K 9TUM 30HaM
NpeuMyuecTBOHEO NPUYPOUEHH NUHKCOAEPRAMUE CT8BPOMMT M T'aHMT. Ilponeccu
nua@Topesa B mpezensX DyAHOR ToXuM DA3BUTH CN8G0. C MET3MODJUUECKMUM
9TENOM CBA38HO (QOPMUPOBAHME DETEHEPMPOBSHHON NpPORMIKOBO-BKPENNEHHOH!
cyns@uABOl MUHEDANBUUK.

B nesiom no creneHy Metamopdmueckmx mpeodpasopaxuit pya XOJOZHWHCKOE
MECTODOXZEHVMEe MOXeT OHTH OTHECEeHO K KJaccy napameTramopdudeckux. Illepe-
KPHCTSNIM380UA NMEPBUUBEEX CHMHTEHETHYHHX C BMEUOUMMM NODOASMH DYA NpO-
MCXOAMT B OCHOBHOM B MNPENE/I8X MCXOAHHX KOHTYpPOB PYAHHX Te€N C JNOKa8Nb-
HHM NepepaclpezigneHMEM pPYAHHX KOMIOOHE6HTOB B NpOIECCAX CKA8AYATHX M
Pa3pHBHHX AMCJIOKANMH M HE3HIUMTENBHEM M3MeHeHMEeM OOWEr0 MUHEPBABHOTO
COCT8B3 PYA.
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553.3.078.2:553.463
TUrH PYZHWX TEJ U TOIEQR MECTOPOEIEHI BONBPAMA I MOIMBIEHA ™
PA3JIYHHX PYLHHX MPOBUHIUAX

M.M.ToBunafiTue
JBCTUTYT TeONOT¥U DY7AHEX MECTODOXRAEHUM, NMEeTporpaguu, MUBEPaNOTUK

u reoxumuu AH CCCP, r.Mocksa, CCCP

CTPYKTYDPH DYAHHX TE€N M NONell MECTOPOXZEHUI BOMB(HPEM3 U MOTHGAEHE ®

 HEPEAKO 3aBUCAT OT TUNOB DYLHHX NpOBKHUMA, MBTPUYHAA CUCTEMATHKA KO-
70pHX pa3pacoTaHs psHee. OXHa KOOPAMHST3 CHCTEMBTHUHM OTPAKBET 3 8CCO-
MUBNMYM CHHXDOHHHX OpPYASHEHHD M8T'M8TUYECKMX Hopuanuil (niyToHuvecKyw,
. BYAKBHO-TIAYTOHKYECKYW, BYAKBHMUECKYD), APYrad - 4 8CCOMNMSLMN JMTONOTU—
. geckux gopmauuii (0C8Z0YHO-0PUONMTOBYD, CYO033P3NbHEX BYINK8HUTOB, TEDPPH-
- TEHHYD, KgpOcHaTHYW). CUCTEM3TMKA BKIWYSET IZ2 TUNOB NpOBMHLUKA, NOAPa3—
. ZenAeMHX 78Nee N0 (OpMANUAM.

B [L1yTOHUYECKUX NPOBUBIMAX TUNH DYAEHX Ten (BOSpacTHAA CepUA) CHE-
- Ayoume. 1. li3oueTpuusue {cjepoupaneene), 2-4. luseiinwe (TpyOKu): Tena,
~ c(opuMMpPOBBHHHE 33MONHEHMEM TMoOnAOCTel B IDSHUTEX, TONOTHE, KOHJOPMHHE
. KOHT8KTy NAYTOH3 (2), CQOPMUPOBSHEHE NyTEM 3aMEUEHAA  KpPYTONaAawuue
- (3), BHNOZ3RMBAOUAECH M CAKB3MWASCA 1O H3NP3BAEHUD BHU3,337NETr80UKE B
: rpaBuTax (4). 5,6. lTOKBEPKM NPOKMNKOB: B KOHTPSKUMOHRHHWX TPEUMHBX B
. rpanuTax (5), Ha MEPECEYEHMAX DETMOHANBHHX D8370MOB B BK3O0KOHTAKTAX(6).
; 7,8. llnacroolpasnye TEna. SOHH METACOM3TUTOB (o6uyno rpefi3eH0B) BAOIB
* NMOZOTMX I KDPYTON3L3wUMX TPEWHH KOBTPaKUMM (7) wam CKOMOBHX Tpeuus (8).
'3 9-I1. Eunu: B TpewuH3X OTPHBA, N3A8MUUX COTIAaCHO C IONOTAM KOHT3KTOM
. OAyTOHa MM KpyTo (9), B MONOTMX KNM KPYTHX TPENMHAX CKON3, IPMOTKPH-
~ B3BUMXCA BO BPEMA DYAOCOT/OKEHMA 063 NPOLOABHOIO CMEWSHWA CTEHOK TPEUWME
~ {I0)B nonorux unM KPYyTHX TPEWHHBX CKON8, CTEHKM KOTODHX BO BpEMA pyZO-
" OTNIOKEeHUA MCMHTHBAMM NpofonbHHe nepemeunenns (II).I2. Y4aCTKM IPAHETHHX
~ TeN ¢ SKUEGCODHHMM MuHEpanamnm Bonbfpams, I3,I14. PYNOHOCHHE DUTMIYHO-30-
. BanpHue Aalfixu annuToB (I3) M Gpekumesue 30HH (I4) WCKINYMTENBHO DEZAKH.
3 B BynHaHO-IIYTOHNYECHUX NPOBMHUMAX DYAHAA MUHED8MM38LNA 3GCOLUMPYET
~ €O WTOKaMM, DTMONMTAMA, HEKK3MM, ASiKAMA KMCHAHX NOPOA. TUNH DYAHHX Tl
. (BospacrHO# pas) TakoBH. 1,2. lluHeiiEwe Tena, 0OPa30B3HHWE NyTEM B33NON-
- Benua noznocreit: Tpyokm (I), sopomku (2), 3-II. IllacrooGpasHue Tena. 3-5.
- llroxBeprn: rpuGoBMAHHE, C HE33KOHOMEDHOZ OpPUEHTUDOBKOM KpyToOlaZgnuux
. NpouunkoB (3), ¢ KOHIEHTDUYECKMMH W D3AMB7ILHEME Tpoxunxamm (4), nusei-
. BHE cHCTEMH cyO6napannenAbENX NPOXuAKOB (5). 6-II. AuAH: B NMOMOrUMX Kpae-—
~ BHX HgzBurax (6), B KPYTON8ZsOWMX TPSUMHSX OTPHBE  000COGNEHHHX (7)
ﬁ.lnn onepsoumx cxonk (8), B ZOMHTPYBMBHHX TPEHMESX CHONS: KDYTON3A3w-
- Wux (9), BHNON3EMBAOWWXCA N0 HanpaBieHuk BEu3 (I0), MOCTUHTDY3UBHHX
- Bunonampsgounxca Beepx (I1). [HOrA8 BCTPEY3NTCH DUTMUYHO=30HBNHHHE

3 wonu6ze HOBHX DP8CCMaTPUBBKWTCA TONBKO MECTOPOKNEBUA MOAUGAEH-BONB-
(¢paumosoif {opuamuu.

203



PpaHUT-NOPEUPOBHE WTORM UM AsikM - 12, MeNKME M3OMETPUYHHE MAM HUIO-
nozo0sHe TEen8 BKPANASHHHX DYyA B METACOM3TUT8X (xanuunarurax ) = I13.

B BYNK8HMYECKUX NPOBMHIMAX DyIHHE TeN3 He 8CCOLMMPYNT C M3TMBTHUUE—
CKUMHA, WAOIZA OHM 8CCOLMMPYWT C 7IBOBHMM TNOKPOBAMM UAN C NAT3OUUMM MX
naftkaMy (MarMaTHYECKME KOMIZIEKCH 0a331BTONAHHE, KOHTPACTHO AnQPepsn-
NMpOBSHHHE). PyAHHE TEna 0GPa30BSHH NyTeM 38NOAHEHUA NonocTEH. Tunu
PYABHX TEN TAKOBH:30HH MUHEpaNAA30BaHHOX GpeKYAM B TpeUMHAaX CKOJa,00HYHO
KpyTonazsimix (1), MHOIA3 NMONOTMX, RUJH B ONEPAOUMX MX TPEWNHAX OTPH-
Ba (2), CTpaTMPOPMHHE Tena BKpaNAEHEHX pyA (3), 0OpPa30BHHHE NYTEM 38—
MEUEHNA ; MCHADYATENBHO PEAKM WTOKBEDKU (4).

QopMMpDOBIHNE DYNOBMEWUSHUNX CTPYKTYpP OOYCHOBNEHO H8 DAHHUX CT8AUAX
B MEPBOM CAyY3€ KOHTPAKIUEil, BO BTODOM CAyY3e  AMHBMMYECKON 8KTUBHO-
CTBO M3TMh, HO TO3AHWX CTSAMAX  OKTHUBM3SLMEN ABUXEHME BAONE IIYCUHEHX
pa3NOMOB. B TpeTheM CNyYyae DYZOBMEWL3DUAMU CTPYKTYPIMM ABIANTCA 30HH
OpeKYMr B TpeWMHAX, CONDPAXEHHWX C TAYOMHEHMM D337IOMMM, W ONEpALLUE
X TpPEWUHH OTpHBA.

OZHOTHNEHE DYZHHE TEN8 3TUX NPOBMHUKE CYUECTBEHHO pa3nuyHu. TaK,
TpYyOKA, 0CPS30B3HHHE NyTEM 33NOAHEHHUA NONOCTER B NAYTOHUYECKUX NPOBUH-
IMAX BHABNEGHH TOABKO B NAYyTOHaX. OHM MBOT'OYMCJEHHH B K8XJ0M DYyAHOM NO-
16, NPUXOTINBO M3OTHYTH W COEAMHANTCA B CHCTeMH., [IX ANMHA U JUSMETD
MoryT zAocraraTk zo 180 m I8 M cooTBeTCTBEHHO. /X 3a8MONHEHME MACCUB-
HOE UnM 7pY30BOE, 38N8CH DYAH M3NH, cozepxgnua W u Mo Bucoxue.lnuas
PYLHHX MHTEpBa7OB A0 AECATHOB METPOB, 30BANBHOCTEL KOHTDACTHaA. PYZABHE
TPyOKM, €CNH OHM NDUCYTCTBYOT B BYNKIHO-NAYTOHMYECKUX NPOBMHBIMAX,BCTPE-
Y3OTCA B PYAHHX NONAAX EAMBMIOSMN, MX AANEA ¥ LH3METP MOrYT AOCTUr3Th
THCAY M NEPBHX COTEH METPOB COOTBETCTBEHHO, ORM NpAMOAMHE#EN, WX naze-
HME KpyTOe, UX CcHoReHue OpexuueBoe, 3anacu W u Mo 3psuMTensHH, HO UX
COAGDHAHMA MAIH, NMPOTAXEHHOCTH DYAHHX MHTEDBAJIOB MOXET HOCTUI3TH GO-
TEH ME8TDPOB, 30H3NBHOCTH OPYLEHEHUA HE KOBTDP3CTHAA,

Tuny pyZAHWX TEN 33BUCAT TAKKE OT COCTABA MAIMATUYECKHHX KOMIOIEKCOB,

C KOTOpPHMM OpYyAEHEHME 3CCONMMDYET BO BpeMeHU. Hanpumep, pyasue cgepo-
UAH ¥ TpyOKM, OOpP330BIHHHE NYTEM 33NONHEHMA nonocreit, BCTpeuswTCH B
TPGHONMOPUTOBHX ¥ TI'DIHATHHX MAYTOHIX, rpeil3eHOBHE DYAHHE TEN3 aCCOUMM-
UPYWT TONBKO C NAYTOHSMM JNENKOrDIHMTOB; DYAHHE TEJd ITUX TUNOB HUKOI-
78 He 8CCOLMMPYOT C NAYyTOH3MU, CHOHEHHHMHM TOPOZ8MM raG6pO-NA3THOTPaHUT-
HHX M TA3THOTD3HMTHEX KOMNIEKCOB.

MunepsnsHuil coCcTSB pYyZ4, OT/NOMEHHHX H8 DP33HHX CTAAUAX D833UTHA He(op-—
MM}l B NDPOLECCE BHEEAPERNA ¥ OCTHBAHUA METPY3UBHHX TeJ 33KOHOMEDHO U3-—
MeHAEeTCA OT acconuanuit, GeAnuX cyns@uzaMu (UnM ¢ cynbPuAsMU MONACHEHS
M Keness), A0 acconuanuit, GOraTHX CYNBUMASMUM HE TONBKO KENE33, HO TaK-
8 MeZAM, UUBK3, CBUEHNA. JTO OCYCNOBAEHO P83JUUYMEM KATUOHHOTO M SHMOH—
HOr'O COCT3B3 DPYAOHOCHHX PSCTBOPOB, NOCTYyNaoWMX B CTPYKIYPH, . CA8TONPUAT-
HHE ANA DYAOOT/NOREHWS, WBMEHEHUAMH TemmepaTypH, AaBleHMdA, pH u Eh ,Hs
NO3ZHMX CTBAMAX  CMEUEHMEM OBEHMNBHHEX DS8CTBOPOB (MX HMCTOYHMK B NEPBHX
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¢ly48AX — TPaHUTHAA MITU3, MHOTAS ABNAKUAACH auggepeHIMaTOM Oa—
oBoft) C BAZO30BHMI BOASMM. BYy/NKAHOreHHOE OpyAEHEHAE MNDELCT8BAE—
3 gcconManKeil MuHepsNoB BOAB(PAM8 C TENAYPUASMMA 30N0TS, TEILYPUABMA,
75hqunpun ¥ CYNB{OSHTUMCOHEZAMN CEpelpa; MCTOYHMK DYAHOT'O BEWECTBE GO-
s Ty OMEHH.
. Pg3nMyHs U A0KANMNB3LMA OpyAEHEHUA. [INYTOHOrEHHOE OpPYZAEHEHUE Daa3Me-
HO H3 ApEBHMX nasTgopMsx (B MX (yHASMEHTE) W B OOPAMIAWUKX UX CHABA-
X CHCTEM3X, I'Zle 006p830BaHO Haj 30HBMM BeHpOj)a B CUMH- M NOCTUHBED-
Hil 3TanNH PS3BUTMA I'eOCHBKIMHANE! UMM B 3Tank TEKTOHO-MEIMaTHUE-
8HTMBM33LKMA. BYIK8HO-NNYyTOHOTEHHOE OpYyAEHEHUE 00pa30BaNOCh B IIO-
BHEX TIOABMAHHX N0ACAX (3HepO30fA, B OCHOBHOM B YyCNOBMAX TEKTOHO-MaI-
PUYECKOll SKTUBM3BUUM, MHOTZS B 30H8X KOHTMHEET3ABHOrO pUQTHHIa.Bya-
OreHHOE OpYZEHEHME CEOPMMPOBSHO B TEX K€ NOABAXHHX NOACSX B 978l
ABUBAIMA CTPYKTYP M MEOPAS (CTpaTMdOPMHHE 387ERM BKPANIEHHHX DY),
0XHO, B I'eOCHMHKANHAIBHHY 3TaN :0HO.M3peNKa BCTpedaeTcA B (yHIaMeHTE
BHUX TN8THOPM.
'Tgﬂﬂpequcnenﬂue BHUE TUNH DYAHRX TeJl NpUCYWM NpPOBUHUUAM, CJIOMEHHHM B
OBHOM 8/OMOCHJIUMKS THEMU TODOZAMM ; IIPM H3AUYUM K8POOHATHHX NOPOJ
Ch MORHO BCTDETUTH U CK8DHH, HO OHM HE ONPEAEeNANT METaNLOreHUYe-
/i OOMMK NpOBMEOMI. KeakAoMy TUNy M NOATUNY NDOBMBIWI, BHAENEHHOMY IO
LAT OZIOTHYE CKUM fopuManuAM, NpUCYUY CBOM HBGOPH THUNOB DYAHHX Ten u noneit,
3BOM OCOGEBHOCTH UX pa3MeweHya. [lpocneauM 3TH DPI3NMUYUA H3 NpPUMEDE NIy-
MYECKUX NpPOBMEUMII. [IpOBMHLMAM C WMPOKMM PacnpocTpaHenneM Qopusnuil
ZOYHC-OPMOANTOBO0 gCCOUMaNMM NPACYUM HE TOABKO K8MMEBHE, HO ¥ M-
OPP8HKTH. 3ZECH AOMMHUPYWT HB3DLEBHE XUJH B KDyTON2A8DWUMX OTPHBAX
CLON8X W WTOHBEPKA. B NPOBUHLUMAX, TAE PASBATH KKCIAHE CYG82panbHLE
IK8HUTE (00N8CTH TEKTOHO-M3TL3 TMYECHO) 8KTUBM3SIMKN), OOLYHH HUTH,
#BEHH, WLTOKBEPKM, WUBPEAKS BCTPEYAWTCA CHEDOMAH M TPYOHM, BO3HUKWUE
TeM 38noAHeHMA nonocTeit. CPepoMAn U TpyOKKM BCTPEYaWTICH M B TEPPUTEH-
. IPOBHHONWAX, D6 OHM TaKEe DefKu, 8 WUPOKO PACNPOCTPIHEHH XMAH B
THX OTPHB3X, /I0K38NN30BIHHHE BAONb MIK NONEPEK PETMOHENBHOH CKI8AUS-
TH, W3PEAKa B P3AMBABHEX M KOHUEHTPDNYECKUX OTDPHBAX B OpaXUaHTU-
HBNAX, OOJAEKaWWAX TPSHUTHHE KyNons. [AnA NPOBMHUKE C WHPOKKM pacmnpo-
CTDsHeRAEM KAPOOHSTHHX (JopMaluii TUIMYHE M HAKOOJEE PaCNPOCTPAHEHH W
WHH 33716XM CK3pHOB, YTO O0yCNOBIEHO OCOGEHHOCTAMYM COCT8BS8 W CBOMCTB
DOOHETHHX NOPOA. SAEGCH MMEOTCA 337€HXH CKAPHOB BAOAB MONOTUX WMAK Kpy-
X HOHTSKTOB K8DOOHITHHX OTAOKEHM{ M NAYTOHOB I'PAHUTOMZOE, Hénﬁpymﬁﬂ—
X (I) unu HAPYUEHBHX COPNSCHHME C KOHT3KTOM crolaMm (2), rnocnoiisue
887eRN BAONB KOHTBKTOBOM [IOBEPXHOCT! K3pPOOH3THEHX M TEPPUI'EHHHX NOpOJ
;F), CeKyuue 33/MeXu B 3K30- (4) ¥ 3BAOKOHTAKTOBHX (5) 30H3X; DENKO
BCTpeyaoTCA ¥ WMEOT HEGONBWOE NPOMHUNEHHOE 3HOYEHUE TPYOKM (6) M M30-
MeTpuynne Tens (7) CKAPHOB, pyAHue Xuiw (8), wroxsepku (9). Ipnm cKapHO-
00p8308aHUY BIHHYK PONB UTPINT, NO ASHHLM UCCHEAOB3TENell, NNacTUYECKUE
AeQopuanui nopoa.
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B mcrTopnd 3eMIM TpPOABNEHS TEHASHIWA CMERH NAYTOHOTEHHOIO OpPYyAEHE-
BEA BYNKAHO-NAYTOHOTEHHHM W 38TEM BYIK8HOTGHHNEM. [IpM conocTasieHun
mecropoxzenuit onnolt gopuanum, PaCHONOKEHEWX B NPOBMEUMAX DA3HOr0 BO3-
pacTa, T8KEE BHABAAKNTCA DA3AMYMA TUNOB DYAHHWX TEN, WX OTHOCUTEIBHOI'O
pacnpocTpsHEHMA, M3cuUT800B OpyAeHeHus. Tak, HauOOnee BakHHE CKAPHOBO-
PYZEHE 33nexyM MecTopoxzeHuit MonuGneR-BONBPPaMOBO# GopManMu B AOKEM-
OpufCKMX ¥ HEKOTODHEX KA8NEAOHCKMX DYAHHX NPOBMENMAX CTPaTHJOPMEHE,CO-
T7I3CHHE C HaNN3CTOBaHMEM. B ZIpYyIMX KaNEAOHCKUX, I'éPOMACKUX M HEHOTO-
PHX @7BNKACKAX NPOBMHIMAX 3376XH B OCHOBHOM KOHTS8KTOBHE. B HEKOTODHX
8NBNUACKUX NPOBUHOMAX C OONEE MOJOAHM OpPyZAEHBHMEM pYJAHHE 38JIERM CO-
PI3CHHE UAM CeKymue. COOTBETCTBEHHO U3MEHADTCA N8PaMETDH pDYAHBX TElX,
NX 7IOK8NU38LMA, 8CCONMALNN MUHEPSIIOB.

ll3oMeTpAYENE DyZABHE TEN8, BOBHMKLAE B AOKEMODWM M Naneosoe, M3pef-
KA AMENT CAMOCTOATeNBHOE 3HAueHMs (MacTopomneHde Kuoyke, Afpuka),
o0pasoBaBlFeCAd B Me3030e - JIMIIE NONMOJHUTENBHH]t MCTOYHMK BOJbHpama HapA-
Iy C TNaBHEMK — EMABHHMM. B K8{iB0308 TAKME TEN3 HE OPMUPOBANCEH.CHOR-
HHE XJM/IBHHE CUCTEMH B CONPANEHHHX CKON8X M OTPHB3X, TPYOKA ¥ BODOHKH
Opexkumft @OpPMMPOB3NMCE HIYMHIA C ME30308, OpPYJEHENHE 30HH Opekumit -
TOINBKO B HAHHO308. B COOTBETCTBMKM C BO3P3CTOM CKA3AYSTHX CHCTEM OpYAE-
HEHME D33HOr0 BO3paCcTa MOXET OWTH BHPAKEHO DYAHHMU TESN3MM D33HHX MOpP-—
JOCTPYHTYDPHHX THIOB.

B 0618CTAX NOAMOMKAMYECKNX I'eOCHHKIAMHANBLHOIO P33BUTHUA WUAKM TEKTOHO-
M8TM3THYECKO! SKTMBU38UUNM HEPEJKNM DYAHHE TNMPOBUHLAM DI3HHX BO3PACTOB.
3zech OXHM TUNH DYZHHX TEJ MOIYyT OHTH BCTPEYeHH B ¢yHASMEHTE,lZE CQOp-
MUDOB3HE B TEOCUHBKIMHSNBHYK CT3AUO, APYyrMe TUNH = B I'6 OCUHKAMES IBHOM
BTaHe unmM 4yexne. Tak, B HEKOTOPHX BNBNUICKUX CKI8AYSTHX CUCTEM8X B HH-
TP3TE08HTUKAMESIAX ¥ CDEAMHHHX MaCCMBAX B OTNOKEHMAX K37ELOHCKOI'O CTDYK-
TYDHOT'O 3T3%8 OpYyAEHEHME BHDSXEHO CTPaTUHOPMHHMN 33IEX3MU, 3 B OT/0-
KEeHUAX 8ABHUMCHOrO I'e OCMHK/MH3NBHOIO BT8K3, 33MOJNHUBUMX TPOT'M I'eOCKH-
Kausane#, =— 30HAMM OPSKUMi M ONEPROWMMA WX HKUNBMH. ITO OGYCIOBIEHO
BO3DPACTARMEM KOHCONKA3IMK 3E€MHON KODH BO BPEMEHM, M3MEHEHNMEM COCT3Ba
PDYZOHOCHHX M3I'M, M P8CTBOPOB, BO3P8CTIHMEM T'YOMHH W M3MEHERMEM TIeOfu—
HaMHYeCKO#l OOCT3HOBKM MX 33apOKIAEHUA, CTPYKTYPHO! 0GCTEHOBHU CT3HOBIE-
HUA M3TMATHYECKUX TEN M DYACOTNOHEHMA (MHOIAS BCHE/ACTBME W3MEHEHNA CO-
CT3B8 W (M3MKO-MEXSHUYECKUX CBOMCTB NOpoz). :

Tunuaalna PyLHEX NPOBMAIME OGNEryseT CpaBHEHWE MECTODOXRAEHMi.Tak,B
BYNK8HO-TIJIy TOHYYECKUX NPOBUHIMAX IDOCPEXEHS CEDMA TUNOB PYAHHX TeN,O0T-
DP3X3WSA NMEPEXOAH OT M3TM3TUYECKKX K I10CTM8TM3TUYECKHMM. MaTMaTHMUBCKHE
MONNCZEHOBOPYAHEE TENG — BTO PUTMIYHO-3OH3NIBHHE WTOKM UMM A3HKM I'paHMT-
nopjupos, BanpuMep B MecTopoxzenny KHapodu ( Ranuaa).B HEKOTOPHX MECTO-
poxaeHunx (Tenzepcon, CIA) pUTMNYHO-30HSNBHNE TEN8 BKANYSNT ANUB YaCTh
Monu0OneH8, 8 TN8BHOE, NOCTMAaIM3TUYECKOE ODYNEHEHUE 38KANYEHO B WTOK-
BepKax. [locnezHue MHOPAS (QOPMUPOB3NMUCH B PYABHX NMONAX MHOTOKDSTHO =
BCNEJ] 33 KaXAHM BHEJPEHMEM M3IMH, BCE Gonee 0GOrsuyasfch BONBEDAMOM
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(KnaltMaKe, CliA) . Toake MONUGAEHOBOPYAHHX MOIrAX (GOpPMMDOBS8THECA BOABJpPa-
\WoBOpYAHHE TEId (llgnza, 3alsiikanse). [lpuBeieHHas CEDUA DYAHHX Tel,
papAny © fpyruMm @8KTaMu, CBHZETENBCTBYET O TeHETHYECKOW CBA3M OpyHAeE-
geHAA C KMCIEMM MaTMaMA.

U Tyns PYAHHX mo7eit BHAE/ANTCA HaMM 10 MOPQOCTPYKTYPHEM THUNgM PyA-
:Lj.r T/ MIA KX COUETSHUAM C YUYETOM WX I'6ONOrO-CTPYKTYPHOH# no3umuu.Pyz-
~ pue HONA CMOKHOTO CTPOERMA OCOCEHHO X8PBKTEPHH ANA NMONMPOPMBLMOHEHX

. MECTODORZIEHWH, BHAOYGOUEX ZABE WM Colee CHCTEMH DyAHuX Tenl.llocnensue

. yoryT OHTH NOKANM30B33HH B PB3NMYHHX JY8CTHEX PYAHOTO NOAA, B P3BHHX

- gpycax uanm OWTH HENOKEHHHMA OAHO Ha ApYyroe. I'e0NOro-cTPyKTypHAA NO3U-
. [guA PYAHWX NOAE! B NAYTOHMUECKMX NPOBUBNMAX Baphupyer. Obu BCTpEvakwT-
. gf B 9HAO- UM SK3OKOBTAKTAX TPIHNTHHX MAYTOHOB, B B0HIX WX HODMANBHEX
AAK TEKTOHMYECKMX, MONMOTHMX MAM KPYTONSA8OUUX KOHTIKTOB, B UX n3ruosx,
. BHCTYNANOMX MAN BXOAAWMX YTASX, JOro0Gpa3HHX NOHMHEHMRX, KCEHONUTAX,B
~:uecwax M3MEHEHNA 3a8NeTaHUA Pa3A0MOB (USTUOHW, BETBIEEMA, BHKNUBUBIRMA)
. §oM CKnapuaTocTM (MBrMGH, pacnaj-Ha GONEe MENKUe CKI3AKK, HaNNYue

. CKA3ZAY8TOCTM GONEe BHCOKMX NMOPALKOB, OpaxuavTuknunaneit, Hapymerui
pasnoMamu), B AAP8X, H3 KPHABAX, NEPUKNNHENBHHX MOTPYHEHUAX WIM Nepe-
’hlﬁax W8PHIPOB CKNAZJO0K, B HABNOKEHHHX NpOrH0aXx, rpaleHax, KaNbAepax, B
'Taonax WM BOAW3M DETWOR3NBHHX Pa3NOMOB, B y3NaX MX COYNEHBEHAR MAM NE-
ﬂpacﬂqeﬂuﬂ. PAZ4 CK8PHOBHX MECTODOXZEHWE HaXoauTCA BOAM3M IPSHMTO-THel-
. COBHK KyNONOB. B BYAKAHO-N7YTOHUYECKUX NPOBUHLUAX DYAHHE MOAR NPUypO-
‘YeHH K MONAM 748EK, UTOKAM, STMONMTAM, HEKK8M WAM HAXOAATCHA BOAUSH HUX,
B B0H8X TIAYOUHHEX P8BNIOMOB, JBJ18X MX COYNEHEHUA WAM Nepeceyesus. B
 BYAKGAMYECKUX NDOBMHIKAX DYZABHE NONA HIXOAATCH B B0HSX IJYOGUHHHX pas-
,;;ouon (B CH/IBHO pP83CUTHX PEBHOOPUEHTMDOBEHHHMM pPB3J0OMEMM JAPEBHMX WUH-
EPy3uUBSX UMM S8HTHKANHAZAX).

A Tunk pyaHsX nojeit, pscnoNOXEHHHX B DE3HOTUNBHX PYAHHX MNpOBUHIUAX,

. TgK#e pa3nuyHH. Tak, TOINBKO B NAYTOHAYECKAX DYAHHX NPOBUHOMAX BCTpEYd-
- DTcH pyAHHE NOAA, NDEACT3BIASHHHE COYBTSHUEM MONOTMX 30H PYZAOHOCHHX
PpeitseHOB M BMJ, NPUYPOYSHHBX K OTPHBAM, TOABKO B BY/K8HO-IINYTOHHYE-

~ CHUX NMpOBUHIUAX UMEWTCA pYAHHE NONf, B KOTOPHWX HIXOAATCA W TpuloBUp-—
HHE WTOXBEDKU,A XHJW 3 CONDAHEHHHX CKON8X M OTPHBAX, TONBKO B ByAK3HA-
" YECKMX NpOBUHIUAX BHABIEHN COYETSHUA HPYTONSASHUMKX 30H OpYREHENOH GpeK-
YMM M KBSPUEBOPYAHHX EUIl B ONEPAOWMX 3TH 30HH TPEWMHAX OTPHBA.

Tun pyaHoro NOAA HEPELKO ONpeAenAeT MBCUTA0H, BEDPTUKAABHHE MHTED-

' B8N, X8paKTED 3O0HANBHOCTU OPYAEHEHUA.

. BuABnGHME TUNOB DYAHHX TEN M NONeil, 8 TKKE MX NPUYDPOUYEHHOCTH K

. OnpezieneAHEM TWN3M DYAHHX NPOBMHON ¥ K CTPYKTYDHHM 37EMEHTAM 3eMHOI

- KOpH paskoii CcTeNesM KOHCONMABLMM W D83HOTO BO3P3CTa KOHCOMMASINM,CHO-
- CO6cTBYeT COBEDWEHCTEOBAHWK METOZOB NpPOrH033, NMOUCKOB M OLEHKM ODYZAE-
- Henma, Ilo THmaM DYIOHHX TeJ MOXHO KJIaccWMPHIMpOBATE MECTODORIEHHA.
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Paznen 4
ITAPAI'EHE3UCBI MUHEPAJIOB

JIK 549.905.3:553.2.065
NAPATEHETUYECKUE ACCOUUAINI MUHEPAJIOB T'MIPOTEPMAJIBHHX PYIHRX
MECTOPOAIEHUR 11 KPUTEPMM WX BHJEJNEHUA

A.l.Tenkun, M.T.Jlo6poBonsckaf, B.A.KoBaneskep, H.B.IleTposckas,
T.H.llazanyn

UHCTUTYT reonoruM pyAHHX MECTOpOXAEBuil, meTporps@uu, MUHEDSNOTUU
u reoxumuu AH CCCP, r.Mockma, CCCP

NonaTna "naparedesnc™ u "NepsreHeTUYECKSA 8CCOMUSLMA MHHEPBNOB" B
HACTOAWEE BpEMA WMPOKO UCNONB3YWTCA B I'@ONOIMYECHON NUTEepsType,OAH8KO
OHW HEDEAKO TPSKTYWTCH HEOAHO3HAYHO. B CBOEM COOCWEHWM MH XOTENU NpPH-
BNEYH BHUMBHAE K BHPAGOTAHEOMY KOANEKTWBOM 3BTOPOB ONpEZENEHMO "mapa-
reHeTUYECK3A MUHEDSNBHAA accouusuua™, a8 TIKKE K KDPUTEPUAM BRAENEHUA
MUHEe P8 IBHEX N303TEHE3MCOS B DYAHHX MECTOPOXZEHMAX. CnepyeT NMoOAYEpH-
HYTh, YTO MOHATUA "napareHeTUYECKaA scconuauus MuBepanos" u "naparene-
3MC MMHEpaNOB" p3CCMaTPUBSWTCA 3BTODAMM KK DaBHO3HAUHHE.

B ucrTopuu pasBUTHA npejcTaBAeHMIl O MapareHeTHYECHUX 8CCOUMAOUAX Mu-—
HEpajoB, KOTODHE HEONHIXPATHO OCBEUAMACH B jJaTepaType. /I- 5/, BEmena-
JIOCH HECKONBKO NMEDUOAOB. BechMa BaXHLM ObA TOT NMEPHUOA, KOIA8 HOBOE (u-
3LHO~XWMMYECKOE HBNpP3BAEHNE MCC/EAO0B3HMA TOpHEX nopoh (B.M.lonppumuir,
N.3ckons, 1.C.Kopanncruil) npuseno K HeOOXOZUMOCTH D83NKUYSTH HE TOMBKO
2CCOUMAUMY MUHEDSNOB NpPOCTPIHCTBEHHC ONN3KKUX, HO W OGNM3KNX NO BPEMERY
# yCnOBUAM OGPa30B8HUA. STO NO3BONUNO YTOYHUTE W JLAYOUTH ONpefeneHUeE
TIOHATNA "N8parene3uc MUHEpaNos", NpezNOKeHHOE, K3K W3BECTHO, B 1849 T
A. BpefiTraynToM. HanoumsuM, 4TO GAM3KOE NOHATUE "CMEXHOCTH MUHEps/NOB"
Gun0 BHABMHYTO Takke B XY B. pycckuM yuyeHuM B.M.CeBepruBHM.

BonbuuM BKN8AOM B P33pg0OTKY OCHOB YYEHHA O N3PaTEHE3UCAX ABUIUCE
nccnenosanua A.I'.BeTexXTHHa, YJKA33BUETO Ha CBA3H MUHEPANBHHX NMapaTeHE-
3UCOB CO CTSAMAMU MWHEDENOOODP330BAHMA M H8 BO3MOEHOCTH (ODMMDOBSHUA
NapsTeHE3UCOB He TONBKO Npu KPUCTENAM3BNUM U3 PICTBOPOB, HO M B MPONEC-
C8 MeT8CcoM3aTO038 M METIMOP(KM3MA DPIHEE CYWECTBOBABUMX MUHEDSHLHHX 8TpEra-
TOB.

I.C.KopruBcKuit, npunsBunit B padore 1940 r. onpeneneune'hapareﬂe-
3MC MMHEDaNOB"KAK UX COHAXORIEHMAS, OGYCNOBIGHHOS OZHOBPEMEHHHM 06D~
sosasueM, B 1973 r, npHwWeN K BWBOZY, YTO ANA Hened PU3NKO-XMMHUECHO~
F0 8HENMB8 MMHED3/BHHX 8CCONUAMUMHA HeOGXOAUMO MCTIOAB3O0BAHKE IIOHATHA
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p,rgneauc“ B Gofmee y3KOM 3H3YEHMH - KaKk "accomaauad CoCymecTBYOmaxX
,38MMEO DABHOBECHHX MMHEpAanoB".
H.B.lleTpoBCHaA /5]. npuasBsA §aKTOpy pPaBHOBECHA OGONBUOE 3HAYEHME,
GCMBTDUBSET NBP3TEHETNUBCKYD 3CCONMANUD MUHEDENOB K8K DABHOBECHYD
. TEMY , TPM QOPMUDOBSHMM KOTOPOR MMHEDP3NH MOIAM BO3HMKATH HE TONBKO
OIHOCTEN ONHOBPAMEHHO, HO W Y3CTUYHO IOCNEBAOB3TENBHO.
BHACHEHAE PBBHOBECHHX COOTHOWEHAN MUHED3ZOB, OTHOCAWAXCA K OAHOM
pare HETHUECKO! acconuamnuu, ABAAETCA BECHMS CAORHEM. TeM HE MSHEE
gpUMEHTa/bHNE MCCNEAOBIEAA B 06nacTH (830BWX P8BHOBECHII B pasauy-
CYABQUAHEX CHCTEM8X NO3BOMANT CYAUTE OG JCAOBMAX, MDA KOTOPHX MO-
ifdurb B D3BHOBECHHM T€ MJIM WHHE COCYUECTByDUWE MUHED3NH.PaBHOBEC-
HE COOTHOWEHMs CYAbGUAOB (C@anepuT-raleHdT, CTaHHMH-cHanepur, chane-
;anpn!-nappomun 4 7p.) HCRONB3YWTCHA ANA IEOTEPMOMEBTDMM M IeoGapo-
TPUK.
~ [IpuBe/eHAHE BhllE A3HHHE NMO3BOMANT ONpefeNUTs MNapareHeTUYECKYD
“.epsnsﬂyn gCCONUANMID NPUMEHUTEEA0 K THADOTEPMSIBHEM DYZISM ' KaK CO-
JNHOCTH MUHEpPAaNOB, BOBHUKMMX, CYAA IO MX CPACTOHHMAM MM ADYTMM CO-
BOWEHMAM B DYA8X, OZHOBDEMEHHO MNM NMOCHEAOBaTEABHO B MHTepBane Onus
REX (U3MKO-XMMMYECKMX yCAOBMil, ONpefeIMBUMX MX 00Pa30BaHUME 083 PE3KO
BHDSXEBHHX NPH3HAKOB HEDaBHOBECHOCTH.
B oTaMuMe OT YaCTO MCNOAB3YEMOrOo B MMPOBOR AMTEPaType NOBATHA O
NapareHESHCE KIK O MHHEDSNIBHOM COCTSBE PyA B LENOM MAM K3K NMOCHEN0BE-
g ABHOCTH OCpPa30BaHAA MMHEPSNOB HA MECTODOXJEHMM, 8 MHOLZA 'B HIKOM-
A0 perMOHE [A8HEOE ONpeaejeHEue ABAAETCH (ON6E KOHKPETHHM, B GOnbmeit
'ps COOTBETCTBYBT MNEPBOHAYENBHOMY CMHCNY CaMOro TepMUES X MMEET reHe-
YECKOE 3HIYEBHME.
" KpuTepuu BufeNeHMA PaBHOBO3PAaCTHHX NADSTEHETHYECKAX SCCONMALUE B
JI8X MOEHO CTPYNNUPOBATH B TDPW T'PYNNH: T'eONOTMYECKUE, TEKCTYPHO-CTPYK-
PypENe ¥ reoxumuveckme (radx. I).
. Teonoruyeckue KpMTEpUM BHAENEHWA MUHED3NBHHX NapaTeHE3KCOB ONU3KE K
KpurepusM CcTaAMBHOCTM MUHEPENO00p830B8RAA. I'I8BHHM M3 HUX ABNAETCH 33-
KOHOMEDHSA NPOCTPSHCTBEHHSH 060COGNEHHOCTH P83MMYHHX MO COCTIBY MUHE—
81BHHX 8rperaTos, KOTOpP3A BHABAAGTCA B MpPONECCE NNONSAHOTO MUEEDP3AO-
ECKOr0 KapTUPOBSHMA. BakHO8 3HaYEHUE B 3TOH 33KOHOMEDHOCTH MMEET
PYKTYyPHO-TEKTORMYECKUNt faKTOp, NMpenoOnNpezeAAuMi NpPMUYPOUYEHROCTE pas—
BPEMEHAHX N8pareHe3UCOB K 30H8M KOHTSKTOB DYAHHX TEJN MM TDEUWUHAM,
HUKSBOMM ¥ NONHOBAABUMMCA B pasHoe BpeMa. TaK, HSIpUMED, B OZHOM
YyuacTKOE JIspaCyHCKOTO 30J0TOCYIBHMAHOrO MECTOPORAEHUA TOHKUE EWIH
Il NPORMAKK, CHOEEHHAHE MUHEDAZNaMHU NO3ZHE# cynbPOsHTHMORMT-CYAB{H8T-Kap-
JHATHOH 8CCONUAILMM NOA HEGONBUUM JTIOM CEKYT MUHEDSNBHHE CHONNEBUS
5*nee panEedt GypHOHMT-TanenuT-cPanepurosoli accouuauuu (puc.I). Eue Go-
8@ pannmii, yem OypHOHUT-raneHUT-canepuTOBHH,KBapPI—-aPCEHONUPUTOBRIM
fl8paTeseauc NOK3NU3YETCA J APYroro KOHTAKTS XMJH; HEDOBHAA IPaHULS
IEX7y ZBYMA MMHEDaNBHEMNW STDET8TSMU, NPUSHOKM APOGNEHAA M B38MEUEHUSA
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Tagnuusa 1
KpuTepuy BuIeNEHNA PS3HOBDPEMEHHEX MMHED3NBHHX NapareHE3UCOB

['e ONOI'MYECKIE CTpyKTYpPHO-TEKCTYPHHE TeoxyMuyecrue
[IpocTpaHCTBEHHEA EpexuyupopaBue ,ZpoCN8HMUE 38 KOHOMEDHOE D33MUYKe
060C06Ne BHOCTE POHEMX MUHEPANbLHHX arpe- XMMUYECKOT'O COCTaBa
MNHEpaNBEHX arpe- TI3TOB, 00pP3CT3HME OLHUX MUHEDSNOB B D33BHX

raToB pPa33INYHOTO MWHE D3 NBHEX 3TPDET'STOB ApPYy- 8CCOOMaOMUAX, KOMUYECT~
COCTaB3 3 MX NpPUYPO- TUMKU, OTNAY3aOMUMMUCA MO CO- BEHHOE M K8YECTBEH-

YEHHOCTD: K B30H3M CTaBy,; IEMEHT3UMA, NMEPECE— HOE M3MEHEHME BSNEMEH-
TPENMHOB3TOCTH, YeHME C NpPU3HAK3MU KOPpPO— TOB-NpP4MECEH B Pa3HHX
BO3BNK3IBUUM MU 3WN,33MEWERNA ; DS3NIOKEHNE, TEHEPSUURX OZHAX U
NOAHOBAABUMMCH B pP3CTBOPEHME GOAEE DPIHHMUX TeX Xe MWHED3NOB;yHa-
nepuox pyaoodpa- MUHED8NOB, NEPEOTNOREHNUE, C/IEeZ0B3HNE BIEMBHTOE,
30BaHMA 00p3g30BIHMUE HOBHX MUHED3— NpHCYUUX DPIHHUM MMHE-
N0B ¥ MUHEPSNBHHX aTpEra—- panam, NO3ZHAMM ;pa3-
TOB H3 MECTE D3aBHMX W ne- INYKHE BENEHTHOr'O CO-
PEKPUCTENINABEUUA NOCNELHUX, CTOAHMA OAHOTO U TO-
perenepanusa (aopacraHue, IO XKE S/NEMEHT3 B paH-
BOCCT8HOBJIE HAE ) HADY W8 HHHX HUX ¥ TNO3ZHUX MUHEpa-
3EPEH M KDPUCTANIOB MHHEpS&-  7N3X,M3MEHEHME COOTHO-
70B meHui#t M30TONOB CEpH

W yrnepoxs, pas3naAyus
KoaddnireHTOR pacnpe-
IENEHNA NPHUMECHHX 2Ie-
MEHTOB B COCYLECTBYW-
OUX Napsx MUHEDPANOB I
O0BEMHHEX COOTHOWE HMi
ra3 - RUAKOCTE BO (Qap-
ANHHEX BKNNYEHUAX

PaHBNX MUHEDENOB NOATBEDKAINT P83HOBPEMEHHOE 06pP330BaHME acconuannii.
CTPYHTYPHO-TEKCTYPHHE KPUTEPUN EAMHOAYWHO NMPUSHAWOTCA I'ASBHHMHA, 8
WHOTZl8 ¥ eAMHCTBEHHHMM TPM BHAENEHUN D33HOBPEMEHHHX N8paTeHETHYECKHUX
acconquanuit B pyzmex /6/. B pyAax CBMHIOBO-UMHKOBHX MECTOpoxZeHuit Boc-
TOYROrO 3308#KaNBA Y3CTO HAGMOASETCA MPOCTPSHCTBEHHOE 060COGAEHME M-
puT-caNE PUTOBHX, UHOTAS C DAHHUM 3PCEHONMDUTOM, U I'afie HUT—OY N3HEEPU-
TOBWX MWHED3NBHWX 8TPEraTOB. B CIyuae MX COBMEWEHMS NOABAANTCH HOBOOO-
P830BSHMA NPOXMNKOBUAHHX BHZIENEHKH 3DPCEHOMNMPAT-NUDUTOBOrO COCTaBE Cpe-
mn chanepuTa (puMc.2), BO3HUKOME B Pe3y/NBTaTE NEpPEpACNpefe/eHUA Xe7e33
i MHUBAKS 1O BO3AEHCTBHEM CBAHEN- U CYPBMYyCON@DRAUMX DaCTBOPOB HE pa-
HEe CHOpPMMPOBSHEHE DYAHHE 8TrperaTH. [lpuanaku "ouuuenua"c@anzeputa oOT
X€71€38, OOPg30B3HME B HEM MENKMX MET3KPHUCTS8MNNOB NMUDUT3, KODPO3UA MHUpU-
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P n c. I. CoOTHONEHUA MMHEDATBHHX NApareHeSHCOB B WTYPHOM olpaszue n3
~ Mecropoxzerus Jlapacyn, Bocrownoe Sadafixanmse
_:  I - KBapI+apCeHONMpHT; 2 — case puT+ raneEUT+ GYyPHOHRT; 3 - cyasfo-
- AHTMMOHNTH CBMHIA C KapSoHaToMm, HaTyp. Bel.

i 78 1 cfanepuTs raneHATOM M Oy/N8HEEDUTOM, NEPEOTNOKEHME CYABPUAOB Kene-
88 M OMHK8 — BCE 9T0 YKA3HBAET HA PAHHEE 00P330BAHKME MUHEP3NOB NUPHT-
- cazepuroBoit mapereseTHYECKOd ACCONMALMM W GOnee MO3AHEe raneHMT-Gy -
AAHXEPHTOBOr0 MapareHesnuca. [[POXUNKOBEAHHE BHACNEHMA APCEHOMHPUT-IUPU-
- TOBOro cocraBa BOBHMKAAM 83 CYeT BHYTPUPYAHWX NpeoCpasoBaHMil pAHHAX
- cymnduzos.

B pymax CeBepo-AKaTyeBCKOT'Q MECTODOXJEHUA P33BUTH CKONMJNEHMA 8PCEHO-
Nupurs B Macce cdanepuara. [lo nepBOMy BNEYBTNEHMD MORHO MpPEANONOEUTS,
| 9T0 3epHa 8PCEHOMMPHTA NEMEHTUPYDTCA CQenepuTOM M BaMeuawrcs uM.0ABRa-
KO [pM MMKDOCKONMYECKOM HAG/ONGHAM BHACHAETCA, YTO aPCEHONMPUT TAK Xe,
Kak u kBapnm, o6pasyeT B Macce cdanepuTa METIKPUCTANNN CKEZNETHOH FOPMH
U saueuger c@anepur (puc.3,4).
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P m c. 2, PasBUTHe TOHKEX METACOMATHYECKEX NDPORKIKOB IHMDPHT-APCEHO-
O¥PETOBOIO COCTABa B yYacTRaX BaMelleHHd MUHEePAJBHHX arperaToB paHHeh
apCeHONUPET-NRPUT-CcanepuToBoft acconmanun nosnHe#t CyrbHoaHTHMOHRT-Ta~
nesuToBOft (Cesoe, OTHeNbHHE CKOMNEeHMA)., BIATONATCKOE MECTODORIEHEE.

Toswp, wryd. Haryp. Bed.

P 7 c. 3. Bameumense cpanepura (cepoe) xpapuem (TemHoe) m apceHommpu-
tom (Gesoe). CeBepo-AraTyeBckoe MECTOPORIEHEe, [[poTpaBJeHO, MOJWD.
wrmnd, yeex. 90
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‘P ¥ c. 4, MeraxpcTamH KBapua (49epHOe) E apCEHOTMpUTA (Gemoe) B cha-
epute (cepoe). CeBepO-ARATyEBCKOE MECTODORNEHHE. Noawp., wmd, yeed.

P m ¢, 5. Passomenue ONeRJOA PyAH M 00pasoBaHEe HOBOTO NapareHesmca:
- apceHonnpuT( 1 )+xamsronrpnT(2)+cdanepur(3)+6reknan pyna(4). XoromHmEHC-
‘ROe MecTopoxuenre, CemepHoe IlpuGaltranre. Moamp. mmap, ysex. 320
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[lpuMepoM 0Gpa30BaBMA ABYX D83HOBDEMEHHHX M8PETEHESMCOB, BH3BAHHOTO
M3MEHe HMEM (MBHKO-XMMUYECKUX TapPaMETPOB CPEAH, CAYAMT HaONLAIWIE8CA B
HEKOTOPHX METAMOPPU30BAHHNX KONYEZAHHHX M ADYTMX CYABJUAHHX MECTOPOX-
JEeHNAX DAa3NOXeHUEe MENKMX BHIENEHHAN MHUBAKOBO-CYPBMAHON ONEeKnoi pyzu,
cozepxameil vWaoMopHHe TMNpHMECH menesa W LMHEKA; NP BTOM BO3HHKAET HO-
BHIi MUHEpANBHHA NAapareHesdc COCTABA APCEHOMADAT+cPanepuT+XanbKONUpPUT+
onexnasa pyaa (puc.5). K nmozoGHOro pozna ABAGHUAM OTHOCATCA  BO3 -
HAKHOBEHWE HOBOI'O IapareHesuca 38 Cc4eT pasJokeHAd NUPPOTHHE
¢ 006pazoBaHMEM aTperarTs nupur  (MapK3SMT)+MBIHETUT+KAPGOHAT (KANB-
ouT, cuzepuT). Ecnu GH He yZAaNOCH HAGNWAATH HEYSNBHHX CT3azZuil saToro
NpoNEcca, NPOABAAWWEIOCA B 00pAa30BSHMM NMPORUNKOB (K3EMOK) M8THETATE I
NUpUT8 ¢ KApOOHSTOM NO Nepupepuyu BHABNEHM| NUPPOTMHE, TO TPYAHO OHAO
Oh NMOHATH NOABJNEHAE B HEKOTOPDHX pYyAaX, COCTOAWMX B OCHOBHOM U3 NUpK-
Ta, OYBHb TOHKMX cpacTaHMP yKa3aHHHX TPEX MWHEDaJOB.

T'e OXUMMYECKNME KpUTEpUM C33MPYKNTCA I8BEEM 00pa3OM H8 3H8NUTMYE-—
CHMX 1 SKCHEPUMMEHTANBHHX N8HHHX, MOKS83HBAOWMX P33NUYNE XMMAYECKOTO CO-
CT3Ba OJHOT'O W TOrO € MMUHEDP3J3, YYaCTBYOWEr0 B Pa3HHX N3pareHE3ncax.

B pAze cnyyseB He0o0XOAMMO CpP3BHUTEABHOE M3yueHME CBOMCTE pasHOBpE-
MEHHHX BHOeneHu#t MuBEepanoB. Ha CBUHNOBO-NMHKOBOM MECTOpOXzcnuM Cappod
B COCT3B DPBHEMX MHBED3/NbHEX 06pa30BaHMil M CEKYWHMX MX NPORMIKOB BXOAAT
OZHM W TE K68 MWHEDAAH: NuUpuT, cdanepuT, XanbBKONMPUT, T3AEHUT, HO B pa3-
AAYHEX KOAMYECTBEHHHX COOTHOWEHMAX. ['7I8BHEM DPYZ006DP33yDMMM MUHEP3IOM
fABnfAeTcA c@anepur, COCTAB HOTOPOrO U3MEHAETCH OT D8HHUX MMHEDP8BHHX
N8P3TEHE3NUCOB K NO3LHMM: YMEHBUAETCA KOMUYECTBO REN838 M M3PraHOa U
YBENNYNBAEBTCA COAEpPRIHME KafAMMA. Kak mnpsBuno, OONEE NO37AHWE KapOOHaTH
B pAZE CBUHIOBO-UMHKOBHX MecTOpomZeHuit (SamGapsk, Cazon, 3ruz, Muxait-
noBcKoe, CeBepO~AKATYyEBCKOE) COZEPKaT GONBWE MAPIraBNa N0 CPSBHEHUD C
JaHHUMH .

B pyzAsx cBMBOOBO-IUHKOBHX MECTOpORAeHM#l BocTouHoro 3alaitkansa B
PBHHEM TN3P3TEHE3NUCE C ZO/NOMUTOM, NUPUTOM M SPCEHONUPUTOM KPUCTANMSO0-
BancA xenesuctuit cganepur (zo I2 Bec.% Fe) ¢ 3aMETHOH NpUMECHO MEAM,
WHAWA, ONOB3; B NO3ZAHEM  K3POOHST-CYNbHO8HTHUMOHNUT-T37Ie HUTOBOM apareHe -
3uce - cdaneput mMenoxenesucTut (I-3 Bec.% Fe) MIM NONHOCTHE NNUEHHHY
XeNess ¥ ApYyrux npumecei,0TmMdapupmiica oT paHRero c@anepuTa @OopMaMM BH-
AeneHnit, QuanYecKUMU M OITHYECKUMM CBOKCTBaMM. ['8/1eHUT B DAHHEM Tapa-
TeHe3UCE B ACCONMALKM CO cfanepuToM oGOrsueH cepedpom, B NO3AHEM,3CCO-
QUAPYOLEM C CYNHJO3HTUMOBMTIMM CBUHIE, COAEPEMT NPUMECH CYpBMH, OJIOB3,
T3NNNA .

BuzeneHuw MUHEP3BHHX N3PaTEHE3MCOB NOMOTSNT J3HHHE M3OTONHHX 3H3-
I¥30B CEpH, YINepoAs, KUCNOPOAS KK B OTAENBHHX MUHEpsnaX, TaK U B ra-
30BO-RUAKHUX BKINOYEHUAX, COAEDHAWMXCA B HUX. M3yuYeHHE Ia30BO-RUIKUX
BKIWYEHU! B RMABHHX, MHOIZ8 pDYAHHX MMUHEDPaNax, OTHOCAWMXCA K P83HOBO3-~
pPacTHHM NM8pareHe3MCcaM, NOK333710, YTO OGBEMHHE COOTHOWEHWUA Ia338 M RUIKO-
CTH B HUX M COOTBETCTBEHHO TEMNEDPSTYpPH I'OMOI'eHU3AUMM MEHAWTCA OT PIH-
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napareHE3UCOB K NOBAHMM B CTODOHY YBENUuEHWA OOBEM3 EUAKON (a3m M
!btnemcrnanﬂo CHUKEHMA TEMNEPaTyp MUHED3Au38luu. Hanpuumep, B pyAax
AHIOBO-UMHKOBOTO MECTODORAeHMA llymaueBcKull pon (MagaHckuit pyauu#t paii-
HPE), 1O TEMNEp8TypaM TOMOreRM33MUM Ia30BO-KMAKMX BKIDUEHMH OuIO
HOBNEHO, 4TO HaUOONEE BHCOKOTEMNEPSTypHER KBADPIO (320—36000) acco-
ﬁyem C/CYNBQUASMI XENea33 4 4PCEHONMPHTOM, CDEAHETEMNEPATypHRHl KBapl
0-310°C) naxomurcs B napsremeamce co cdanepuroM. KBapm M K8MBUKT B
qoit acconualum ¢ I'aJIEeHMTOM OT/AraNUcCh NpM OGONee HUBKUX TEMIEPaTy-
.‘(120-240°C). ARAGNOTMYHHE JI3BHHE MMEWTCA M NO PAZAY MECTOpOKZEHMit
10Ba, BONb(pamMa, 30M0Ta W APYTHUX METaJNOB.

" B 33BMCMMOCTM OT CNOCO08 OOD330B3HMA MUHED3NbENE NADATEHEBUCH MO-
BO3HMKATE: 1) NpyM OTNOKEHAM B CBOGOLHHX TONOCTAX;2) NPH 33MEWLEHMM
1aoLUX NOpPOA C NOCAEZ0BaTEIBHEM BHAENEHAEM MHHEDP3NOB, CAsTapuuX ma-
areHe3NUC, UM OZAEOBPEMEHHOJ KDUCTANIM3auMeidl BCAEACTBME BHE3ANHOPO pas-

M3MEHEHUA OLHOT'O MAM BCEX N8PaMETDPOB DYA00GDa30BaHuUA;3) npu Xu-
gECKNX DEaKIUAX PSCTBOPOB C paHee OCPI3OBIHHEMM MUHEDaNaMM C 38MEue-
M A7 PS3NOREHMEM INOCAEAHMX U 33UMCTBOBIHMEM NO3ZHUMM MUHE P8 NI8MU

3 KOMIOHEHTOB DSHHMX MUHEYBJNIOB; 4) Npi DP3CKPUCTINNANS3LUN CIORHHX

effi; 5) mpu pacnage TBEPAHX PICTBOPOB C OAHOBPEMEHHHM BHAETEHMEM MM-—
epaNoB; 6) NpM MeTaMOPPUYECKMX MpPE0CpPa30BaHMAX PYA C pasanunolt cre-

B0 U3MEHEBNA XUMAYECKOrO COCTSB3 M CpPacTanuit MUHEDAZNOB BCAEACTBUE
nepepacnpenenesna BEWECTEE.

N3yuenne MUHEDPINBHEX NEPITEHEBUCOB B COYETSHUM C I'EONOrO-CTPYKTYpP-—

I A3HHEMM B II6JIOM N0 MECTODOMACHUD M MUHEDANOTKYECKUM K3DTUDOB3BUEM
g00X07MMO HE TOABKO ANA TOBHAHMA NpPOLECCOB MUHED8NO0GDa3083HMUA ,BHACHE -
AA yCnoOBKi (QOPMMPOBAHAA MECTOPORAECHMN, HO W ANA DEWEHMA DALE NMpP3KTUYE-
X 837484: BHABACHUA B0H3/NBHOCTM M BEPTUK3NBHOTO Da3M3X8 OpYAEHEHHA,
CKOB CHKDHTOrO H3 IPAyOuHe OpPYAEHEHHMA.

Inreparypa

BerexTun A.I'. TloHATME O mapareHesnce ManepanoB.—Uas. AH CCCP.Cep.

reon.,I949, k 2, ¢.I15-20.

Berextun A.T. [lapareHeTuHyeCcKMe COOTHOWEHMA U NOCNELOBSTEALHOCTE OG-

P830B83AMA MUHEp3aNOB.—3an. Bcecows .MuAepan.o-sa, 1951, N 2,c.94-107.

Kopmuncknit 1.C. QaxTopy MUHEDANBHWX D8BHOBECHA U MMHED3NOTMYECKUE

(Qanun rnycmunsoctu.-Tp MTH AH CCCP. Cep.reon.,IS40, ¥ 5, Bun.2,I00c.

Kopauncruit 1.C. TeopeTMyeCKHe OCHOBH GHANN38 N8DPITEHEBMCOB MMHEPa-

noe. M.: Hayka,1973. 288 c.

5. Nerposcras H.B. O nmosaruy "NapaTeHETUYECKAA MUHEDANBHAA acconusuua"
- Teon. pyn. mecropoxmenmit, 1367, ¥ 2,c.27-38,

6. lagnyn T.H., JoGpoBolbckan M.T. KpaTepun BHAENEHMA MHUHEpPa/ABHHX Tapa-

TEHE3HCOB I MCNONB30OBIHME WX NPU M3YYEHNM NOCNEAOBATEABHOCTH PYAO-

OTNOKeRMA.~B KH.: [IpoGNeMy SHZOTEHHOrO PYAO0Gpa30BanuA. M.: Hayka,

1974, c.10I-116.
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JIK 549.905.3
0 COOTHOUWEHMM TAPATEHESUCOB ¥ CTAZUR MUHEPAMMSAIUN

W.B.MenEEUKOB
JHCTUTYT reonOrdM DPYAHHX MECTOPOEZEHMY, MMHEp3anNOrMd, neTporpaduu
u reoxummu AH CCCP, r.Mocrma, CCCP

Kax noxasano umporumu mccnezosarTensmu (C.C.CuupHoBhM, A.T.BeTexrn-
BuM, T.H.lsanys, A.l.TeBxuBuM, H.B.TleTpoBcko#t u Ap.), npomecc Gopuupo-
B8HHA THUAPOTEDMS/BHHX MECTOPORAeHMM, KsK NpaBUNO, PaBBUBAETCA HANpPaB-
78HHO, 3BOJVLMOHHO-NYABCSOUORHO (CTaANIE0). DBONDIMOEHAS COCTABIAADLAR
P83BUTUA MMHEDaNOOOpasypuero npomneccs, KaK NMOKABHBSET MBYUBHHE M3ME-—
HEHMd TEMNEDATYDH ¥ COCT8B3 TMAPOTEPM3NBHHX PECTBOPOB [0 I'a30BO-KAL-
KM BKIDYEHMAM B MMHEP3nax, OCyCNOBNEH3 COYET3IHMEM M3MEHEHMA COCTABA
@noMA8 B MCTOYHAKE M TEMNEP3TYPHOIO M3MEHEHUA KOBCTAHT ZAMCCOLUALMAM
31eKTPONANTOB. [lOC/NE8LHEE XOpOWO NMOKa33HO B ZAoKnaze I'.B.Hayumoss u
WH.JI. XomaxoBckoro Ha I MemmyHapoImHOM I'é OXMMAYECKOM KOHIDEcCE.

[IpMYMBH NYABCAUMOHHOrO W3MEHEHMA COCT3B3 W CBOMCTB I'MAPOTEpPMENBHHX
pacTBOPOB, 8 OTCWAS ¥ PE3KOr0 M3MEHEHMA MUHED8NBHOI'O COCT3Ba T'MAPOTED-
M8NBHEX 00pa3o0Banuit, TpeOywT ewWe CBOBr'O BHACHEHMA. [[0-BAZLMMOMY, BTOT
BONPOC HEAB3A Pa3pewiTh (063 ZieT8NIBHHX MCCNEAOBaHM{ COCT3B8 MUEEDPA3INOB,
MX N8pareHeTHYECKUX BBIUMOOTHOWEHMIH, 8 TAKEE COCT3B3 U CBOWCTB pacT-
BOPOB, 38KNOWUEHHHX B BUJE TA30BO-RAIKAX BK/pyeHu#t ( I'EB ) B aTéx muBe-
pansx. TaKME MCCNEAOBAHMA B TEYBHUE AAUTENBHOIO BPEMEHM NpPOBOAMJIACE
KONNEKTWBOM MUHEP8NOrOB-TEOXMMUKOB, B YNCJIE KOTOPHWX OWN M ABTOpD H8CTOA-
mero coofuerng. /3yYaauck NOBOABHO MHTEDECHUE B IeHETUYECKOM OTHOWEHNH
MeCTOPORIeHuA U -Mo DyIHOU dopmauiad.

Ha MHOPMX TUN8X TUAPOTEPMS8ABHNX MECTOpOXAeHul (CKSPHOBO-NONUMETEN-
NUYECKNX, IpelisenosHX, ONOBAHHO-BONBJpPSMOBHX, MOIMGABHOBRX M ZAp.) XO-
pOWO P88BUT3 BHCOKOTEMNEDP3TYDPHARA Y3CTH MMUHEPAZN00GPa3yowero npouecca,a
0o07le€ HUBKOTEMNEpP3TyPHAA 4a8CTh, HE HECYJWSA MDOMHWIEHHC BaEHHX KOMIOHS-
HTOB, TNONYy4Ynna HEeGONBWOE P3a3BUTAE ¥ NMOTOMY M3YyYEHa C MEHBWEH ZeTanbHO-
CTBO.

JpaH-MONNGAEHOBHE MECTODOKAEBUA NMUEHH 3TOr0 HEZOCT3TKS, NpPONECC MX
gopunpoBanua AOCTATOYHO ANUTENEH, XAP3KTEPU3YETCHA MUHED3IBHNMM KOMIIEK-
CaMi, O0p830BABUMMWMCA K@K MpPM OTHOCMUTEIBHO BHCOKHMX TEMHEP3TYypax B paB-
HOD 4YacTh NpoUecca, T8K M NIpPH CPEAHE-HM3KOTEMINEpP3TYPHHX JCNOBMEX B 60 -
nee noszHue ero yactTu. Bropoif ‘BaxHoOl ocoGennocTsn U —Mo MECTOpPORJE~
Huft ABNAETCA TO, YTO OHM QOPMMPOBEAUCH TUAPOTEPMANBHHMM MNpOLECCaMu,38-
METHO P33/1MYanUMUMUCH NO COCTABY PICTBOPOB B MX DAHHME Y8CTH U BHPSB-
HUBapuuecqd O/ANKEe K CEpeiMHEe U KOBNY nponecca. Tek, masecTsw U-Mo me-
CTOPOXAEHMA, Pa3NUYONUECH N0 COCTIBY KUCJOTHHX METACOMSTHTOB,NpazmNE=
CTBYOWMX OpyAcHEHMD (G8pEsSMTH, THAPOCIDAUSUTH, 3PTAANMBUTH) M chopmu-
pPOB8BUMX WX PIcTBOPOB (COOTBETCTBEHHO GMKApPOOHSTHO-XNOPHAHHX, XZIOpUI~
AO=(TOpUAHO~0MKE POOHATHHX, OGUKADOOH8THHEX), X8PAaKTEpPU3YDUAXCA OAMHAKOBO
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H"npannsanuu pPa3BATHEM Npouscca, NPUBOAAMMM K Gau3xoMy (OuKapCOHATHO-
) cOCT8By pACTBOPOB M 8HANOTHYHHM N8PITEHEBUCEM B CT8AMD fopmupo-
gEuA PYA.
Ha puc. I npeacrasness 0000mEHHSA CXeM8 MMHepanooOpaaoBanua U-Mo
yecTOpEIeHMil. Hak cmeayeT M3 3TOH CXeMb, NMpPOHNECC MMHEP8NO06DAES OBABUA
poTeKan OOWYEO B 5 CTaAMil, H8 HEKOTOPHX MECTODORAEHUAX B 7 cTapuil mu-
pannasnuu. Kegzasa u3 cTaguil BKIOYEET B CA0f HECKONBKO NapP8TEHEBHCOB
M OTASJBHHX MMHEpanoB. MuHepsih He BCEIA8 IPYyNNEDPYOTCH B BHAE Napa-
 peHesucos. Hepezko o6ps3yoTCA AMEE OT/E NTHHHE MMHE paIH.
. [lpu3BaKaMu, NMO3BONADLAME OTHOCHTH MUHEDANH K OZHOMY NapareHesucy,
ABAADTCA,NO HaweMy MEEHMO: I)H8NMUME MHAYKOUOHHNX TPBHML COBMECTHOrO
'pocTa; 2) 06pa30B3HME MWHEDSJIOB B 30HAX POCT8 KPUCT3NNOB APYIHMX MUHE-
gN10B (63 ABAEHM# KOPpPOAMPOB3EMA U NEPECEYEHNA; 3) NOCHEAOBATEIBHOS
. H8pPaCTEHUE KPUCTANNOB MAM arperaToB OAHOTO MUHepazna Ha ZApyroit Gea saB-
mesuit nepecevenun q?n KOpPpOAMpPOBSHUA OAHOI'O MUHEp3N8 APYruM. A
TPETHEr0 NPU3HAKS HEOOXONAMO €We OAHO YCHOBME - NOCTOAHHOE COBMECTHOE
'H8XOMJEHME MUHED3N0B, MCKANYSOWEE BKIUYEHME B OAMH NSPITEHE3MUC PasHO-
- BO3PACTHHX MAHEDAZOB. [IpHMEPH BHEENPUBEAEHHHX N3PareHETHYECKMX B33UMO-
fnruomennﬁ NOK83aHH H8 DMC. 2-4. Eme omHEM,4-M,pU3HGKOM OTHECEHMA MU-
| HEPBNIOB K OZHOMY NAPBTEHE3NCY ABAAETCA NOCTORHHOE METACOM3THYECKOE
jpaaan!me K8KO['0-HACOYLh MUHEPAZ3 B OKONOTPORMNKOBOM OPEO7E H3 KOHTAK-
968 C KSKAM-IMGO MWHEDSAOM NDORAIKS. Hanpumep, B8 pHUC.5 NMOK833HO MOCTO-
L%lan BB0NOABEMOE 33MENEHHWE HANEJIO 3ABOMTUSMPOBIHEOrO KANMWUNAT3 Xene-
MCTHM XIODATOM H3 KOHTSKTE C NMPOXMIAKOM, MO 387NBG3HASM KOTOPOr0 BHAE-
. IAETCA HBCTypaR 3-#f remepan#E. JIIA MeTOCOMATHYECKE CHOPMEDOBAHHHX
| MMHEpa 108, PA3BMBANWMXCA NO Da3BHM CONee DaREMM MUHEDAnaM, AONOIHMTE-
: 3&auu NpPUBHAKOM Nap3reHHOCTH ABAAETCA OLMHAKOBO HANDPABJIEHHOE M3MEHE-
BH8 WMENOYHOCTH MMM KHCHOTHOCTM (TNOZAWENSYMBBHWE WAM NMOZKACNEHME) DACT-
. BOPOB B De3yNbT3TE8 DEAKINWM 33MENEHWA. PE3KUMM DP3CCUMTHBANTCA C 00A3a-
- TEABHHM JYeTOM MONBHHX OCBEMOB 33MEWLEEMOTO M 33MEUaDWEI0 MUHEPSAa B Hep—
}monauansuoﬁ 1 BOBHUKADWEH BTOpMYHOM mopucTocTH. Tam, rze OHN3 BO3MOE-
~ HOCTH, NpPOMBBOAMIOCH TEpPMONMHAMUYECKOE MOAENUPOBAHUE 1O NPOrpIMMeE MU~
‘lnunaaumu CBOOOZHOK 2HepruM ¢ nomousi SBM 77A BHABIEHMA P8BHOBECHHX
1 uuuapanos. [lo peaynpTaTaM BTOr'0 MOZENNDOBIHMA CTDOWINCH JMATDAMMH 10—
i ﬁeﬂ npeoGnazgsna MuEEpPanoB. Taxoe MOAEAUPOBAHHE NOK3 EWE HE BCETA3 MO-
JNHOCTHEO COOTBETCTBYOT NPUPOAHHM YCHOBUAM, TaK Kak yUATHBAET He
KOHKDSTHH, a /WP MONEJBHHE cOCTaB MAHepaioB. ABTOD OTHaeT cede
. OTYeT B TOM, YTO HE BCE NPU3BHIKM NapsTEHE3MCOB ABAAKTCA AOCTATOUHO
- CTporuMM ¥ pPIBHOBH3UHHMM, T8K, OTHECEHME K OJHOMY N8pSTEHE3NCY PaBHO-
BECHHX MWHED3NOB, MOCNE/0BTEABHO HBPACTANWUX OMME H& IDYrOk, HOCAT
B/EMEHT YCNOBHOCTHM, MOO B 3TOM clyyae (QOPDMHDOBAHME MHMHEDPANOB, BXOAA-
WUX B OAHYy M Ty K€ NapsreHETUYECKYO 8CCONUBNNAK,HE ABAAETCA CTPOTO OX-
HOBpEMEHHLM,3 YCNOBAA DSBHOBECHA MEXJY MUAGDaNSMM ONpPEASAANTCH CNOCO0-
HOCTHi GONee DAHHMX MHHEDa/O0B NPOTHBOCTOATE D3CTBOPEHAD MNpA 06pa30Ba-
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Em.—'f . CBOZHAA cxema MMHeDAnOOGPAa30BAHMA YDPAH-MOJUGLEHOBHX MECTO-

4 poxAeHt

' I -5 - vuHspam : I - mupeko-,2 - cpelHepacnpoOCTpaHeHHHe, 3 — pac-
[pocTPaHeHHHe, 4 - MATO PACNPOCTPAHEHHHe, 5 - DEAKO BCTpEvabIecs;
6 - 8 — cramun, xapakTepHHe TOJBKO IJIA Ipolecca: 6 — GePes:T —CyMbIMIHO-
10, 7 - THUIPOCIOAMSHTOBOrG, 8 - APrELIHSATOROTO; 9 - NepeoTIOReHHHE
MUHE PATH

—

 gum O0Onee MNO3ZHMX MUHEpP8noB.TaKUM OCPasOM,N8pareseTUYECKAA 8CCOLMALINA

HE BCEI'Za OTpagaeT MCTMHHOE (MBUKO-XMMMUUYECKOE DaBHOBECHE. B paze cmy-
yaeB 9TO0 MHHEpPSNBHOE pPAaBHOBECHE OAM3KUX NO BPEMEHM 00p330BSHUA MHUEE-
panos.

HaGaozesus H3Z W3MEHEHWEM BO BPEMEH! COCT8B3 I3pPareHEe3UCOB Ha U=-Mo
MECTOpPORZEHUAX, CPOPMMPOBIHHEX B P33HHX NO COCTEBY MOPOASX (HKWCIHX,
CpelHAX ! OCHOBHHX), NO3BOAMAN BHABHUTHL BaXAyD OCOGEHHOCTH, NOBTOPAN-
mywncsa OT MECTOPORACHMA K MECTOPOXZAEHUD. 9T8 OCOOBHHOCT:E OTYETIMBO 38—
METHE H8 MECTOPORAEHMAX C MPOXMIKOBO—-BKDSNAEHHHM TUIOM I'MADPOTEPM3ABEBX
00pa30BaHNil 1 HECKOJBKO MEHEE DESKO BHDAREHd H3 MOCTODORAECHUAX C BKDPa-—
TNJEHBERMA DYZASMU . OHa 3aKNOYBATCA B LUKINYECKOM gepefOBaHNKM CYWECTBEH-

P u c. 2. HacTypaH-MonnGIeHUTORHE ciepomuTH: Genoe - MONMGIEHAT, TeM=—
HO-cepoe - Hacrypad. losup, mmd, ysex. 4I0 (mo B.M.Pexapckomy)
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P u c. 3. BpocTkr nxpura (JepHoe) IO 30HaM pocra KOpoX (umopHTa
(Gesoe) . Tpospaunu# wind, ysea. 90, Ges anamusaTopa

HO KBApUEBHX UMM BNOMOCHAUK3THHX N3pPareHE3UCOB C K3apOOHATHHMN Napare-
HesaucaMu. Ha MECTOPOXAEHUAX C NPEUMYWECTBEHHO NPORMIKOBHM TUMNOM TMADO=
TEPM8NBHEX 00P330BaHUil OnNO 33MEYEHO, YTO NOCJEe KapOOHAaTHHEX NapareHe-
3MCCB U NMEpPeZ 3NKOMOCHIMKS THHMN N8PaTeHE3MCaMU B OAHMX TEKTOHMYECKMX
CTPYKTYP8X NPOABUAMCE NPUOTKPHBAHWUA TpPEUUH, NPUBOJAWUE HEPEAKO K 00pa-
30BaHMI0 OpeHYMil, B APYIrMX CTPYKTYpPaX B 3TOT NEPUOZ NPOMCXOAWAM CABUIO-
BHE WM COPOCOCZABHATOBHE NepeMeweHuA. llepes KapOoHATHHEMN I8pareHeauca-
MIi TSKMX NEPEMENEHHH ¥ NPUOTKPWBaEUH He OnNO. Ha MECTODORZEHUAX C BKpa-
N7CHHHM THIIOM OpPYyAEHEHWA TAKOE COBNAZgHNE [0 BPEMEHWU HBUGONEE KPYNBHX
BHYTPUMMHE p3 INB8LNOHEEX NOABUXEK C O0Pa30B3HUEM 37TKMOCUIMKATHHX N8paTE-
HE3UCOB NPOABIAETCHA HE BCEIJa.

W3yyeHUe MMHEPBTBHHX 33MEWEHMA NPU OTNONMEHMN KBIPHEBHX W 8MDMOCUAM-
K8 THEX NapareHe3ucOB IOKa3ano, 4T0 OHM (OPMMDOBAANCE M3 OTHOCUTEJBHO
KUC/NX P3CTBOPOB H3 (JOHE NOAWENSYMBAHWUA NOCNEZHMX B PE3YABTATE NEPEXO-
A8 B HUX U3 BMEUAOWX NOpPOZA weioyed M WENOYHWX 3eMenb M OCEJHEHMA pacT-
BOp8 KpemHeseMoM. QOpPMApPOBAHME TS8KUX M8PATEHE3MCOB CONpOBOKIANOCH
OKONONpPOXMAKOBEM OKB8DLEBoHMEM, CEpUIUTH3aluel Cnadou3MeHEHHHX BMeua-
PO¥X TMOpOA MAM XapakTepA30BaJOCH PS8BHOBECHEM C DaHEE OKBApPIOBSHHEMM,
TUADOCINAM3MPOBS HHEMMA, SPTUANNSUDOBSEHEMN B PE3YNBT3TE GONEE DIHHETOD
KMCNOTHOrO BHuEnsuuBains (no [.C.KOpEMHECKOMY) NMOpOASMM.

llpy 06pa30oBaHuM KaPOOHaTHHX NAapareHE3MCOB B COCT3BE NPORMIKOB M
XWUNl, K8K NpPaBUN0 MNpPOABNEHHHX B NOPOA3X OCEOBHOIO MAM CpPeXHETO COCTa-
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Pz c. 4. Jlengpute HacTypasa (I), odpocmme TOHKOYewmyHuaTHM MoMMOLeHHTOM (2).
lommp., miud, yses, 6000, mpoTpaBleHO MOHHHM IYYKOM APIOHA. OJEKTPOHHO-MIK—
POCKONMMYECKHH CHEMOK, OBYXCTyNeHYaTad peILIMKa
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P m ¢c. 5. VadupaTenpHoe samemenne anbouta (5) KeJeBHCTHM XJOPUTOM (I)
A KOHTAaKTe ¢ HacTypaH () - kmapm (3)- rmmpocmonucTsM (4) IPOXMIKOM.
Mpospaunuit wmp, yeex. 70, Ges aHarwsaropa

B, HaONOASNTCS KEPOOHATH38IUA BMOWAWEUX NOPOZ, X38PSKTEPU3YyDUAACA He-
ycToffuMBOCTED KBapUa, 8 TAaKKe DA/JAS aIDMOCHAMKATHWX MUBED3LOB,H 33ME-
ueHde WX KapGoHaTamu. CnezyeT OTMETHTH, 49TO DAA APYPMX MUHED3NBHHX 38-
MemeHuli, TAKHX,KaK 88MENEHME NUPHTA ¥ T'eMaTHTa MAUHETMTOM, SHKEDUTA
H8CTYPSBOM, NUPHT8 MAM cfalepuTs XeNe3UCTHM MONUGAEHUTOM, SHEEDPUTS
dnoopuToM U Ip., NPOXOZWUT B OTHOCUTENBHO KMCIHX PaCTBOPSX C INOMuesa-
9MBaHMEM MNOC/EAHMX B pE3YABTaTe DEaKNMM. Hapazy ¢ STUM 3aMEemEHUA
CHAGPUTE  3HKEDHTOM MANM K3ABINTOM, KBApI8  JONOMHTOM, MUPHTE  Xanb-
HKONMMPUTOM, SPCEHONMPHUTE, NUPUT3, HKEAE3UCTOrO MOAMOZEHMUTA W IaleHHUTa
H3CTYPSHOM, @ TAKREE 8NBOMTA  Xele3UCTHM XJODMTOM NpPOXOZMT B JMEPEHHO
menoyHolt cpese ¢ MOAKMCAEHMEM paCTBOPE B Pe3yAbTaTe peakumu. Or Haua-
73 MUHEDPaNOOGpPa3yRWEr0 NPOLECC8 K 8I'0 KOBNY NpOMCXOAAT HAPSCTaBME BK-
CTEHCHMBHOCTA MMHED3ABHHX B88MemeHHM,0TMEUSNIMXCH B OTHOCHTENBHO w@JI0YHOR
cpele,d yMEHBIIGHAE SKCTEHCMBHOCTH 3aMeleHUM,XapakTepHHX OIS OTHOCUTEIb-
HO KACJHX peakumil. B CBA3M C 9THM K KOHIY IPOIACCA yBEMYMBAETCS KOJM-
9eCTBO "MENOYHHX" IMapareHEe3HCOB M JMEHBINAATCH KOMMIECTBO "KMCJOTHHX".
Wccnenosanue cOCTaBa M CBOHCTB rasoBo-xumrmx BKIwuenuit (TEB), npose-
IesB08 HG U - Mo MOCTODORAEHMAX, IOK8837N0, YTO NPHA NEpeXons OT "Huc-
NOTHHX" K "wmenoyHHM" Napal'eHE3MCaM TEMIEpaTyps rodMoreHusanuu I'EB o6nu-
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P u c., 6. VaveHeHve TemuepaTypH NpH PopMUpPOBaHKE MECTODOXAEHM HACTy-
ga (no E.U.Korosy)

fo YMEHBUSETCA, 8 OT "WENOYHHX" ¢ "KACAOTEHM" - CK3YKOOOpa3HO BO3pa-
craer (puc.6). CocTas pacTBOpoB I'KB B MMHEDanaxX of Haysns U - Mo ruz-
'POTEPM8NBHOTO NMpPONECCE K Er'0 KOHUY HE33BMCMMO OT 80 THN8 OAHOHANDPAB-
I8HO U3MEHAETCH DT DBCTBOPOB, OTHOCUTE/IBHO OCOr8mMEHHHX ME/O0YSMM M XIOp-
HMOHOM,K pacTBOpSM, OCOrameHHEM WEAOYHHMKM 3eMIAMM (OOGHYHO KaNBIWEM) M
_f-npbxapdona:-uonon. BMecTe ¢ TeM HANDSBAEHHOCTH B WM3MEHEHMM COCT3B3
‘PaCTBOPOB OCJIOXHEHA MHBEDCHAMY B COOTHOWEHMAX MEXZAY KOMIOHEHTSMM B pP8C-
TBOpax. Ha puc.7,K0Topuii x&pakTepAsyeT W3MeHeHne COOTHOMEHMA MEXNYy Ka=
' THOHAMM | SHMOHAMHA B DPAcTBOpax, OTUETAMBO BANHH WHBEDCHOHHLE II€peIalH
"B OTHOCUTENBEHX COREPXSHUAX MOHOB Ce2¥, Mg2*, Wa*, K% | a mexxe c17;
cho;, NpONCXOAANME TNPM NEPEXOZE OT N3P3TE8HE3UCOB, QOPMUPYHWWMUXCA B OT-
HOCHTE IBHO MENOYHHX JCHOBMAX ("WEMOUHHX‘NapareHesMCOB ) K NapsreHeau—
‘pau, ofpa3ynuwAMcAd ©3 OTHOCUTENBHO KUCHOTHHX DICTBOPOB ("KACHOTHEM"
‘D8parexesucaM ). BMecTe C TEM 38METHO GONEE NNI8BHOE U3MEHEHNE COOTHO-
‘WeHu# KOMIOHEHTOB OT "KHUCAOTHHX" napareHesucos K "mesounum". [lpu aTOM
 NPOMCXOZMT YMEHBWEHME OTHOCMTENBHHX KOHUEHTpSUMA wenoyed, XnOp-HOHE M
BOBpacTaHNe OTHOCHTENBHHX KOHHEHTPaUMi wenoyHwX 3€MeAR U I'MAPOKAPOOHET-
MORa. KOHNGHTPAOMA CYMM8DHO! yINEKUCIOTH (pﬂc.S) yueHbUWAETCA 0T "Kuc-
fﬂornux" K "uenoyHHM" N8paTeHE3MCAM W WCNHTHBAET MHBEPCHD MEXAY "wWenou-
HHMK" ¥ "KHCTOTHHMU" NapP3TEHE3UCIMH. .

llpuBee HHHE [SHEHE NO3BOAABOT, K3K MPEACTEBAASTCA aBTOPY,l'0OBOPUTE O
CyuecTBOBaBMKM B npouecce (OPMMPOBAHMA IMAPOTEPMS8NBERX U - Mo MECTOPOX-—
Aenuit muknuyeckux uaMensBull cocrTaBs pacTBOpOB(pHC. 8),a BMECTE C HUMM M
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P c. 7. V3BMEHEeHNWA B TpONecce MHHEPAJNOOGDABOBAHMA OTHOCHTEJNBHHX KOH-
IeHTpauFil KOMIOHEHTOB B TVADOTEPMANBHOM DacTBODE

cocTaBa napareHe3UCOB,JIJIA TAKKMX IIMKJOEB,INO-BHIHMOMY ,CJelyeT OCTABUTE Ha-
3BIRME CTazault muHepanuaalumM, TaK KAK MHOTHME ABAEGHMA, BO3HUKALUHUE EHA
TPaRMIAX MUKNOB, TAKUE, KAK HBWOONEE MHTEHCUBHOE ZpOGNEHME MUHEP3Nb-
HHX 8rperaTos, BOSHMKHOBEHWE OpeKYU#l B pe3ynAbTaTE NPUOTKPHBAHMA W IOA~
HOBNEHAA TPEeWUH, AEUCTBUTENBHO HAGNNAINTCHA H8 MHOIMX MECTODORAEHMAX.
BuecTs ¢ TeM, NO-BMAMMOMY, HEAB3A 86CONOTU3MPOBATH MBKCHM37ABHOE BHYTPA™
MUHED3NN38IMOHK08 7DOCNEHHS B Ka4eCTBE I'N3BHENAUWETO NPUSHAKS AN BHAB—
NeHuA cTaAuil MAREpPanoOCpa30B3RMA, TAK KAK OHO NpPOABAGHO H3 TIPaHMANAX
IJIKJIOB HE BCeT/a, bOoJee HalgxHHM NPASHAKOM ABJSETCHA nepexon or "me-
NOYHEX" K "KMCNOTHHM" N3paTeHe3MCaM B COUETS8HMM C MHBepcuell Temnepary-
pPH TOMOI'SHM38IMK M COCT3B8 P3CTBODOB B I'a30BO-RAIKHX BEADYEHUAX.

Opsoft M3 IISBEHEX NPMYME LMAKNMYBOTO WBMEHERNA COCT3BA N3pareHe3UCOB
H8 U-Mo MECTODORAEHMAX, ABAAETCA 4 BEPOATHO,3BONNLKOEEO-NYIECANAOHH 0B
MBMEHEHME8 KOHNEHTDANMM CyMMapHolft yTNEKWGNOTH, HE CBA33HHOE C BMemakued
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¥ c. 8. VameHenue cymMapHO! KOHIEHTDALEM YIJIEKUCJOTH B Ipouecce Mi-
Hepasioo6pa3oBaHus

ﬁpanoﬂ. Kaxsa u3 cTaamil KUCHOTHOrO BHWENSYKBIHMA COOTBETCTBYET TOH
tﬂoru MUHEDPaNO0OOpa3ybuero mnpouecca, B TEYeHWE KOoTopolf gopumpyeTca of—
H8 METACOM3TUYBCKAR KONOHKA. OTW NMDM3HAKM BHAENEHMA CTaAuil MuHepamaa-
ZIONEBK OHTH NpPOBEPEHH MCCHEAOB3HUAMA H3 APYTMX THISX MECTOPORZEHHM.

K 549.905.3:553.45
[IAPATEHE3UCH MAHEPAJOB KAK HANIEXHAA QAKTWUECKAA OCHOBA IiA
®OPMAUVOHHOTO AHAIMBA ONOBOPYAHHX MECTOPOMIEHWM

O.ll.liBanoB
lenTpanshuft HAyUHO-UCCNEZOB3 TENBCKUI MBECTUTYT ONOBAHHO! NpOMHUAEH-
Hocru, r.Hosocmdmpck, CCCP

[lo Mepe pa3psGoTku NOHATHE "MUHED3NBHH{ naparexeauc™ u "reonoruye-
K87 (B Y3CTHOM CAyYse pYAHSA) WOPMAUMA" CTEHOBUTCH BCE OONEE OUEBHA-
M, YTO OHM MMEOT TeCHe{luyw B39MMOCBA3b. OTO NPORBAAETCA KIK B UX CO-
YUHEHHOCTH, T3K M B H8MMYMM OOWEr0 ANA HUX CYWECTBEHHOIO NPUBHEKS,
HMEHHO 33KOHOMEpPHO# ycToiymsoil mosropaemocTn /I4/.

B TpaKTOBKE NOHATMA "napsreHETHYECKAA MUHEDSNBHEA accouﬂaums" napa-
PEHEsuc” HauGONee NOTMYBEM NDEACTABIAETCA HANpaBIEHME, CHODMYIMPOBAH-
08 A.T.BerextuseM /I/ u passatoe H.B. NlerpoBckoft /II/. Ecuu cpexm
IDE/IOXE HHHX VMV NPHU3HOKOB AS8HHOI'O MOHATUA ONYCTUTEH HECYWECTBEHHHE MIU
i€Nozansouuecs OCBEKTUBHON NMpOBEpKE, TO "napsrene3mc” MOXHO ONMCATH KIK
ICTOilunBy0 rpynny MHHEpP3NOB, CBASARHHX MEEZLY COGO}, CyAA NO COBOKyMBO-

. Jax. 490 225



CTA CTPYKTYpPHO-TEKCTYPHHX HPU3HAKOB, HEKOTODHMU NEPUOZEMH COBMECTRQ,
pocra.
llofpo0ras apryMmeHTanuA Takolft TPaKTOBKM OwN3 A3H3 aBTOpOM DaHeg /&
Heo0XozuMo nMUB NOACHATR B CBA3M C KPUTMYECKMMM 33MEYSHMAMM B,A, u 3
B.i.Monosux /I2/ u B.B.Bpoamna /2/, 4T0, KOrZ8 Pevb UAST o CORMSoRp,
06pa30Ba HHEX MMHEPaNaX, TO NOZ CAOBOM "COBMECTHO" NOADA3YMEBaEeTCy g
OOCTOATENBCTBO MECTa WM BPEMEHU, 8 OGCTOATENBCTBO 0OOpaaa Zeftcraug,
Yro0H NPUHBAZERATH K ONHOMY NapareHe3UCy, MUHEPANN NONERH GHTH cpgas
BH (NpPAMO MM KOCBEHHO) NPU3HAKEMA TOr'0, YTO OHM HEROTOPOE Bpemg poc
BMECTE. B TO ®e BpeMsa ANA STOr0 He TpaOYyeTCA HU UX HENOCPEACTBEREOPg
COH3XORZEHUA, HW NOJHO# CHBXDOHHOCTM MX OGD330BaHHA.
CTPYKTYPHO-TEKCTYDHHE KDUTEDUM NapaTEHHOCTH MUHEPANIOB, D33DaGoTanm
wxono# A.I'.BeTeXTUHs M CYUECTBEHHO JTOYHEHHHE OHTOTEHMYECKUMYE HaGapm
BUAMK, NO3BONANT BHLEAATH NM3pPAaT€HE3UCH OOBEKTMBHO M HBJEXHO, non:;g?
KIAEHMEM ITOTO MOXET CAYXUTH TO, YTO TEOJOrM, NPUAEDRABANNUECHE DasH
. HHX BST/AZI0B H& TEHEBUC ONOBOPYAHNX MECTODORAGHMA ARYTHM ¥ UyKOTHM,y)
T8H8B/AMBENT H8 HMX NpPUHALUNUEIBHO CXOXHWE H3GODH W BO3PSCTHYH TOCHSN
B3TENRHOCTH NMapareneaucos /I10,I3/. :
BuecTe C TeM, K8K CNpaBeAaMBO OTMEdaeT E.B. Bpomun /2/, npusnsmm,
_ OnpeenAnNMEe NapaTeHE3NC, He A80T BO3MOKHOCTHM AOCTOBEDHO OUSHABATH B
 MEHHYD NpPONONKMTENBHOCTH MNpOUECCa €T0 GOpPMUPOBABUA. Hoarouy, H3 Ham
B3T'AZ, KN3CCHQUIMPOB3TH NapareHe3HCH MO NMPOAONKMTENBHOCTH BPEMERN I
06p330BaHNA HENENec000pa3no. [10406HaA ONEpanuA BCETAS OJAET X8DSKT
30B3THCA 3HAYATENIBHON HEONpPEAENEBHOCTHN. [[apareHe3NC MMHE P3N0OB
BETCTBYAT ONpeAeNEHHOMY YPOBHO WEPapXuUYeCHOR CHCTEMH OpPraHM3aLuy I
POAHOr'O BEWECTB3 /3/. PaculleHEHUE EAMHOrO NapareHE3WCa H3 4YacTH
ygeT Nepexoj] Ha Oonee BU3KKE ypoBess (YypPOBEHD MUBEDSTIOB),00BENMHE
6 N8PaTEHEBMCOB — MEPEXO7 HA GONee BHCOKME yposesh (ypomeEs (HOpME]
[IpUMEHATENBHO K T'MAPOTEDMAaNBHEM OOpa30BSHUAM N3paTEeHE3UC ABIA
BEWECTBEHHHM SKBMBANECHTOM CTAaZUN MUHED3AUBSIMM, MNPUMEHMTENBHO K
TUYECKKM COOTBETCTBYET CAMOCTOATENEBHOH (ase BHezpesus. "Camumd YOI
YMBHMM ¥ DSCNPOCTP3HEHHHMM MUHEDANBHHMA N3DaTeHE3MCIMM ABIANTCA HO
au" /14/. TloaToMy Henb3s HCKYCCTBEHHO Da3pHBaTh, K8K ST0 HEPEAKO
8TCH, THAPOTBDM3INBHHE U MBTMATUYECKNE Naparene3ncH. TeM CONEE, "g
NOK33HBAWOT MHOTOYMCAE BHHE (8KTH, OHM, BO-NEPBHX, HEPEAKO NepEMEHEN
BO Bpemend (puc.I), 8, BO=BTOPHX, CJUECTBYOT NapareHe3MCH NpOMEEYT
HOr'O MPOMCXOKAeHMs (NPOAYKTH KPMCTSAAM3BLMK "pyAnux Marm™) /2y 6/
Baxneilueif 06N8CTHI NMPUMEHEHUA NOHATHA "napsrenesuc" ABAACTCA P
dopusnuonnuit snamma”". OauH us ero coszsrenefl B.A.KysHEU OB [ P‘°g
TpUBSET DyAHHE (JOPMBIMA KK C8MOCTOATENBEHH KAacc reonoraYecKuX &
uMii. "Ecnu MUHED8NH - N8PSTEHEBH B/IEMEHTOB, T'OpHHE MOPOAH - napa
MUHEDSNO0B, TO T'eONOTHYGCKHE QOPMANMN - Napareness TOPHEX NDPOA"
CneznoBaTeIbHO, NOHATAE "DyAHSA QopMaluA" MORHO TpaHTOBATH KBK 5‘
MEpPHO NMOBTOpPABLNYOCA JCTORUUBYD COBOKRYNHOCTH MUHED3IBHHX naparese

MMEDUYD NPOMHUJAEHAYD LEHHOCTE. N
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[pUMEPAMU T3KHX fopusnuit MOTyT CILYRUTH ONOBOpYyAHNE (op-
, u UyKOTKM, CDEZM KOTOPHX MM Da3iuuaeM caeiyouue: Qopuaumo
AACKATOB ; KECCUTEPUT-KBADUEBYO; KACCUTEPUT~CUIMKETHO-CYNB-
ocyABUAHYD C BTODUYHHM KCCUTEPUTOM.
p MEHHOCTR B NPOMHUNEHHOM OTHOWEHMM UMEOT K8CCHTEpHT-KBAD~
cuTe pUT-CHUNKE THO-Cy nbQuanan Qopmanun. Cocrad nepsolt ua
qgTCA OAHUM N8P3TeHE3MCOM (KACCHTEPUT-KBSPNEBHM),COCTAB BTO-
quBHM COYETBHUEM TDEX Naparess3HCOB ( KBapL~-TypMaINEOBOTO,
BapueBoro u cynsfuznEoro).
napHEX 387489 DyAHOPOPMSNMOHAOTO 8H3NNB3A,TIKNX, KK BHACHE=
procTéil B38MMONEDPEXONa MEELY DYAHHMU fopManuAMY , BHTE IEHUE
HEEX TPYON W DAAOB, OCHaDYREHUe CBASEH MEXAY DYAHHMA U MaT-
4 QopMauuAMU ¥ T.Il.,BO MHOT'OM ONDEAEAASICH AOCTOBEPHOCIBN
it 0 cocTaBé, BO3PECTHOU NOCAEAOBETENBHOCTH U TEPPUTOPMEIE-
MM OCHOBHHX TMADOTEDMANBHHX M MaI'MaTHYECKMX TNapareHE3McOB,
: B NpeAeNaxX M3YUYseMHX DYyAREX pailOHOB M mpomyHImi,
xofft OocHOBO# [NA pelleHMs 334849 A3HHOT'O TWM8 MOT'YT HAZEEHO
HHE BO3pPSCTHHE KOJOHKM 3HZOreHBHX NapareHe3UCOB,COCTaBIEH-
joro pyAHOro paiiona. lizes mocTpoeHMA EAMHOM KONOHKM mapare-
K oTpaxeHuA "NONHO! KapPTHHH DYAHOrO Npomecca, TUNNYROTO AAR
"  Guna BHCKA3aH& C.C.CMupHOBHM /B/ K pesnusOBsHa HoMU AIA
. onoBOpyAHnX paitonos Cesepo-Bocroka CCCP (pue.I).
POEHMN KBXZO0H KOJOHKNM ZAEN8AMCEH CHEMYWOWAE Z0CTaTOYHO KOPPeK-
8 HUA .
TepManpHaA ¥  MBI'MaTHYECKAad LEATENBHOCTH NPOABAANACE B pPas-
PUOZN D33BMTUA DYAHOTO palioHa, M B BTOM CMHCZAE OH3 HENPEPHB-
'C TeM OH3 pA8CNAZANach HA DAJZ C8MOCTOATE NBHHX M OTHOCHTE 1b—
@MEHHNX NpONECCOB MUHED3NO0GDa30BAENA, T.6. B TO X BPEMA
THa.
€Nax pyzHOro DBHOHS KIRAH} NMPONECC M8IMaTOTEHHOT'O MUHEDANO-
i NpoABAANCA AOCT8TOYHO WHPOKO, COXPAHAH NpU TOM CBOM Xapak-—
8PTH,
| PIyOUHENX P33AOMOB M OCOGEHHO JYBCTKA MX COYNEHEHUA CO378B3-
88 OnsronpuATHHE JCNOBMA ANA MHOTOKP3THOTO NpOABNEHMA MAaTMa-—
. TUZpOTEpPMBABHON AEeATENBHOCTH.

THHE M3TM8TUUECKNME M IUAPOTEpM8BHEE OCp330B8HUA. [IpMueM,
He ABnNAETCA AOKABSTENLCTBOM BOBHUKHOBEHUA MOCHELHMX N3 Of=

J MBrMaTOreHHOMY NpOfBAGHMO, OCH8DYKEHHOMY BHE B0H I'JIyOMH—
MOB, kak npaBUNO, MOMET OHTH H3lZAEH 8HANOI B MX SHTUBHHX

nlﬂaﬁLHO CXOJAHHE IO COCT8BY M8PEI'6éHE3NCH CYUTBHWTCA CUBXDOH-
t Hen NpAMEX WM KOCBEHHHX NPU3H8KOB MX Pa3HOBO3PSCTHOCTH.
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Tlpn BCEH KOHTPECTHOCTK CMEXHHX 1O BO3DACTY N8PSTEHE3UCOB COCTAB
igaggoro M3 HUX B Npejenax paifoHa BNONHE ycTouuB. OCOOEHHO 3TO KacaeT-
. g KaCCMTEPUT-KBApPHNEBOIO Napareneduca. OH ABIAAETCA BELYWAM NpPOAYKTUB-
| HEM N8P3TEHE3UCOM AMNA MECTOPOXJEHME M K8CCUTEpUT-KBapUeBoOif, ¥ Kaccure-
| pUT-CUMMKS THO-CY IBPuAHOR QopManufl. Xk OnW CMABHO HA pa3muusncs oGmult

. MEBED8NBHHI COCT3B BTUX (Qopmanuit, X3apaKTep MPOAYKTUBHOTO NapareResuca
COXPBRAETCA NPBKTHYECKH HEM3MEHHHM. K8CCHTEDHTH M3 STHX I'IaBEHX ONOBO-
- pyAREX (opusuM# HE PBBNMYALTCHA CYWECTBEHHO HM MO COCTIBY ¥ COMEPEAHUD
- snemenToB-npumeceit /107, Bu mo repmoGaponapamerpam /[4/.

Hakonen, NpAMOe a0CONOTHOE A8THPOBAHUE KACCHTEDUT-KBAPNEBOrO Naps-
TEHE3HMCE8 B MECTODPORAEHMAX Pa3NMYHOR (OPMaUMOHHOR NDUBAZANERHOCTH,BHNION~
HeHHOe Ans CeBsepo-Bocroxa CCCP I.B. $upcoBuM Ha GONBWOM KOMMYECTBE Of-
pasuoB (B TOM yMCIe ' HaWMX), A8NO0 ONMBKME De3yNBTaTH. BCe 3TO NOSBONA-
€T 38KN0YATE, YTO KAaCCUTEPUT-KBAPLEBHA NapareHesuc B ONOBODYABHX (Hop-
. ManuAX BToll MeTSNNOTeHAYECKOM NPOBMELUM CHMBXDOHEH M I'€ HETHUECKH e1MH,
| 8 I'I8BHHE U3 HUX-K8CCMTEPAT-KBADUEBAA U K8CCUTEPUT-CUAUKE THO~CY NBJU A~
. B8A-NDUHAANERST K OAHOMY TODM3OHTAABHOMY DAAY DPYABHX (fopMammit Bepxog-
- Ho-UyKoTCKOWl METanNNOrennyeckoll npoBMALMM.

ConocraBneHAE KONOHOK BO3DaCTHOM NOC/NE/N0BATENBHOCTH DHAOTEHHHK N8—
PBTEHE3NCOB, NOCTPOEHHHX ANA HECKONBKUX ONOBODYAHHX D3i0HOB AKYyTHM M
| YYyKOTKM, NOKA3HBABT, YTO ITH KONOHKA OCN3ZS0T GONBNAM CXOZCTBOM. OBHM
. MMEDT NOYTH OAUH3KOBNE HACODH MApsreHesncoB. [IpuueM, Kaxawl w3 napare-

| ——

P n c. I. BospacTHHe COOTHONEHMA MATMATWYECKNMX (JeBafd CTOPOHA KONO-
HOK) ¥ THOPOTEDMANHHHX (IpaBasd CTOpOHA KOJOHOK) NapareHesMCOB B OJO-
BODyAHHX paftoHax ® yajax fxyrum # TyKoTKE

4 Paftorn: B - Ano-Bopynaxckeft; CH - Capranr-Heasrexunckmit; BY -

- Bypuasmu-Uandunckutt; I - Jenyrarckmit; IP - IeAxTepraxckuit, Yaum:

IBK - MeBexckult; IPK - [upraxaftcxmht; WV - WymsrrHckud,

\ Mlaparexesucy (OT paHHMX K mo3gHmm): I - muopmroewit mopdupmr; 2 -

. ImopmT-mopfup; 3 - MOHIO-TDAHOLMODAT ¥ I'DAHMT (DOTOBMK, CHADHOMI);

4 - Jyef'xOTpaHMT, AIUAT, NMOJEBONNAT-KBapueBu#t mermaTuT; 5 - mrarmorpa-
HET-noppmp; 6 - aHKepUT+KBapll; 7 - KAJNBUET+KBapH; 8 - rpaHmT, anavel-
JAT (pOIOBMK, CKAapHOWL); 9 - JeflKOTpaHWT, AIIAT, MOJeBONNAT-KBapleBHf
nermater; 10 - mopdupur; II - rpasuwr-nopdwp, kBapueBwit nopdup; I2 -
TYPMAJNVHOBHE T'PSHAT ¥ AIIAT; 13 - TypMANMH+KBapm; 14 - Jsamupodup;

- IS5 - anackEToBH#t TpaHmT; 16 - KaccETeprT+kpapu; 17 - nwadasoBuit mop-
. @mpur, sammpodrp, Gasanpr; I8 - rpaxmr; I9 - momuonuT; 20 - ambOET+

. XJOpET; 2] - NMUPPOTHMH+MAapMaTAT; 22 — KapOOHATH+TaNeHHT+chasepuT;

23 - ra¢Opo-LONEDHT, MOHUEKAT; 24 — AHTMMOHAT+KBApL; 25 - NMMPAT+KATb-
OMT, HempepHBHHMA CTDEJKaM# MOKA3aHa BO3PACTHAA NOCJAENOBATENBHOCTE,

. JCTaHOBJeHHAA HA OCHOBAHME HEIOCPeICTBEHHEX HepecedeHuit I'eONOTHYECKNX
Tex; NpePHBUCTHMM - NpeANoJaTaeMas N0 KOCBEHHHM JAHHHM
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HE3KCOB X3p3KTepU3yeTCcA CTPOrO ONpefe/ieHHHMA MECTOM M MOC/IEA0BATE/BHO-
CTBHO B 3TUX KONOHKAX, 8 OZHOTUIIHWE NapaTeHE3UCH — 3H8UMTENBHOE BHAED-
E3HHOCTBN B COCTABE.

Bce 3TO NMOK33WBaET, YTO NpPOLECC CT3HOBAEHMA KAxAOH onosopyzHolt gop-
MaIMM OHN TEHETHYECKM E€AMH He H8 YPOBHE MECTODOXAcHMit, a Ha ypOBHE
pyAHEX paftosos. [lo BCeit BEPOATHOCTU, HE33BUCUMO OT OCOGEHHOCTEHf TEKTO-
HAYECKOTO D83BUTUA OTZENBHEX YacTeil paccMaTPUBAEMOT'O DETMOHE B EI'0 ME-
30-gallno3ofickolft cTODMM MMENA MECTO OOmMUE CHHXPOHHHE BCMHIEKM SHAOTEH—
HOIl aKTUBHOCTM.KaX7ga TAKaA BCOHUK3 IOPOEZANS OLHOTUIHHE N3PaTEHESUCH.
Pa3HOBPEMEHHHE NAP3TEHE3UCH DPB3MEWSNNCEH B LEJOM HE38BUCHMO OIMH OT IPYLO
r'o. HO TMOCHONBKY B CBOEM NPOCTP3HCTBEHHOM PACNpEZE/NEHMM OHM MOAYMHA-
MMCH NpPEEAE BCETO 30HAM AOATORMBYUMX TAYOMHAKX DI3NOMOB, TO AOBOABHO
YacThMU ABAAKTCA CAYyY8M MX COBMEUeHMA. CMEXHHE 1O BPeMEHM N8DPareHe3MUCH
HEe O0BEAMHANTCH, KAK NpP3BHUNO, OOWLHOCTHO O4ara. B cBoeldl ke cOBOKyNHO-
CTH OHM OTPSXBWT XOZ EAMHOrO (B MacuTs0aX pPETMOHE) NPOLECCE I'e OXUMUYUE-
cxoif sBOMDIMM T'NYCHHHOIO BEWLECTBA.
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YiK 549.905.3.553.495
MAPATEHETVYECKUE ACCOUVADVN HACTYPAHA HA MECTOPOXIEHMN YPAH-
MOIMELEHOBO# QOPMALMY

B.A.CTpensnoB
MHCTHUTYT I'€ONOrUM DPYAHHX MECTOPOXZEHMi, NneTporpsduu, MMHEDPaNIOTHM
n reoxummu AH CCCP, r.Mocksa, CCCP

OzsuM u3 pacnpocTpadeHHHX B CoBeTckoM COb3€ THNOB yP3HOBHX MECTO-
pOXAeEuit ABNAETCA ypaH-MONMOXEeHOBHit. HeCMOTDA H3 AET8/NBHYO MMHEDaNO-
Id96CKY0 U3YYEHHOCTS ITHX MECTODORAEHMII NapareHETHYECKNE 8CCONUaLAy
HacTypaHa OCBEMEHH B AUTEP3Type HEAOCTaTOYHO wmpoko. [loaToMy co-

- OCWeBMe M TOCBALEHO CTPYHTYPEO-TEKCTYDHHEM COOTHOWEHMAM HACTYPSHA C
ADYTUMM MUHEDSN3MU M EI0 N8p3reBeTUYECKUM 3CCOUM3NUAM. BHAENEHHHE HA
OZHOM MECTODOKZEHMM BTU NIpPaTeHE3MCH HACTYDPaHa X8P3KTEPHH W ANA pA-
A8 38H3NOrMYHHX MECTOPOXZAEHMit.

Ha xspakTepusyemoM MeCTODPOKAEHMM HECTYDPSH BCTPEYEETCH BMECTE C Xe-
| mesucTuM MonuGzenuToM (mopamaarou) /27, cdanepurTom, raneHATOM, X3ABKO-
| DipuroM, nupuTOM, THAPOCHOAOE M KAZBUUTOM. XOTA B NPORMAKEX CYIBEUALH
| TonMMe Tannos 94aCcTO ABAANTCA BEAYWUMA MUHED3NSME, OZAHGKO KONKYECTBEH-

E HHE cOOTHOWEHMA K3RZOrO M3 HUX C HBCTYPAHOM KpailHe He MOCTOAHHH.II03TO-
MY, KpOME H3CTyPaH-CYNBYMAHNX TPOMUIKOE, B KOTOPHX NPHCYTCTBYOT BCE Cy-
ABQUAL C xaABUKTOM MAM O63 HETO, UMEDTCA M BACTypaH-CaNepPUTOBHE, HA-
CTypan-raie T OBNE , HACTY P8H~X8 IBKONUPUTOBHE , @ TAKKE HACTYpPaH—-Ka IbLU—
TOBHe pa3HOBMAHOCTH. [lpu BCEM P33HOOOPa3MM COCTABA TAKUX IPOKMIKOB
NOCTOARRO HACTYPaH BCCOLMMPYET TOMBKO C MOPAMBUTOM U TUADOCIOLOH MIM
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CaoitcTBa HacTypaHa

Acconpamas 2T%?zg:%giiaﬂ gggﬁggsraggo- 00,3005 Kacnopomusit
noc B

HaCTypaHa (2 =540—620§u) L0CTE , KT/ MU° K03{@nnue T

HactTypan+

NORRRONTS 15,6-14,5 518-480 2,13 2,31

TUAPOC10AS

Hactypan+

CKEIETHHE

KPUCTa 1IH

ri— 15,2-13,9 680-639 1,64 2,36

¢ I'8NIEHATOM, NpeACTSBAEHEHEM' CKEN8THHMN KDUCT8NNaMU B BacTypame. OCe
DPaBHOBUAHOCTU H3CTYPSH3 BCTPEYANTCHA KIK OTZAENBHO OgHA OT Ipyroif,Tak u
BMECTEe B COCT8BE OfHOrO NMPORMIKS, HO OTAMY3NWTCH DAZOM CBOHCTB. Hak
BUIHO M3 TAG/MAIN,HCTYPaH, 8CCOUMMPYOUMR C MOPAMBMTOM W TMAPOCANZLON,
OTANY3EeTCHA 00NEe BHCOKOH OTpaxaTensHO#l CrnoOCOOHOCTEBO, HO (GONEE HM3KOM
a6CONOTHO} TBEDPAOCTED, MMEET GO7e@ BHCOKOE OTHOUEHME B3KUCH JPaHS K
OKMCM ¥ COOTBETCTBEHHO GConee HUSKUE HUCAOPOAHWE KOBQEUIUEHT.

B Hacrypaaonﬂi MPORMIKEX C MOPAMBMTOM K THAPOCINAOH CTEHKH TDEWXH
NOKPHTH NOYKOBAAHHMY KODKaMU DYAHHX MUHEDABJOB, 8 HEHTD3NBHAA 48CTH BH-
nonseHsa rugpocmpzoffl (puc.l). KOpEM MMEKT pPUTMUYHO-NONOCYSTOE CTDPOEHUE.
OcrOBaEME KODKA C/OX#EHO TNOnOCO#t HacTypssa, H8 KOTOPYW HapacTaaT NOAO-
ca c@eponuToB MOPAU3KUT3. Jla7lee BHOBL CAEAYET NMONOCA HACTypaHs, CMEHAe-
M3f TONOCO#, CIOMEHHO! HaCTYPIHOM M TOHKOYBNYHYaTHM MOpAU3UTOM. B
3Tolf NONOCE BHAYSIE npe o0nafeeT H3CTYpaH, 8 38TeM WOPAUBUT. BHeWHARA
NON0C3 KOPKM C/IOREH3 TONBKO HACTypaHOM (puc.2). [IOBEDXHOCTH OTZAE ABHHX
nonoc, KaKk ¥ NOBEPXHOCTE BCEH Kopku, c@epuueckasd. CTpoesme u mopdomo-
T'MA KODKM JK3B3HWBAWT HA TO, YTO NpPONECC OTIOREHMA DYAHHX MHAEDSINOB NpO-
TEK3N B OTKDPHTO{ NONOCTY HENPEPHBHO: BHaUSNE NOCNEZOBATEJIBHO, 33TEM
OZIHOBDEMEHHO, @ B KOHIE BHOBb NOCAEJ0OBaTENBHO. OKOBYSHUME §OPMUDOB3HMA

TAKAX KOPOK 663 NépPepHBA CMEHMZIOCH OTHNOKREHNEM TUZADOCLOAH.BHNONHAA npo-
CTPEHCTBO MEXJY KODKGMU,O0HE8 HE 00pa3yeT B HMX MUKDONDORMIKHA,HE8 MEMEE-—
TADYST MX OCNOMKN,HE KODPOAMPYST DYAHHE MUHED37NH.B KOHTARTaX MODAM3MT-
H3CTYyPaHOBHX NMPOXMUIKOB BKPANAEHHUKM NJSTUOKNS38 I'PIHMT-NOpJupa SaMeue-
HH THZpOCINAOf, 8 BKpaleHEMKA OPTOKIS838 M NOAGBHE WnaTH OCHOBHOM mac-
CH NMCMERTHPOBIEN TOHKOZUCMEDCHHEMU OKCHZ8MHU Xene38 (IOKPaCHEHNE).
Hepeako B H8CTYDAHOBHX NPORMAKAEX C MODAMBATOM M TIUApPOCHZO# MMKpO-
Tpelj¥Eh BHIOJNHEHH TIKKE HBCTYPIHOM C BKPANJNGHUAMM CHENETHHX KpU-
CcTaNM0B raneEuTa. TaRKWe MHUKDONDORMZAKM NEPECEKaNT TMAPOCANAY K NoY-
KOBUJlEEE KODKM WOpAUBUT-HACTYDPAHOBOT'O COCTaBA. B OZHOM M3 NOZO0HHX
CNy48€B T3NEHUT-HACTYDSHOBAA KODKA HAPCT8aT HA CPE38HHYH NOZ KOCHM
yraOM 10BEDPXHOCTH MODPAMBUT-HECTYDSHOBON KODKM (cm. pUC.Z2) 3T TEKCTYD-
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P nm ¢c. I. CrpoeHye HACTYPAHOBHX NMPORMIKOB. B samplaniax KOpKa DYIHHX
MPHepaJoB (4epHoe), B LeHTpaipHOff gacTH - rmipocymona (Gesnoe). Ipos-
pagnuit mand, yses. 46, HVKOJNE NapasneNbHH

e i g

Py ¢, 2. PrrMuuyHO-nONIOCYATAA HODAMBHT-HACTYpAHOBAA KODKA TNepecexa—
€TCA raJleHMT-HacTypaHoBo#t xopxoff, Ioswmp., wind, ysex, I65




P # c. 3. Odnomox Kopkm cfanepwra (cBeTJaO-Ccepoe) NepecedeH MMKPOIpPC—
ERIKOM HacTypaHa (cepoe) W ClemeHTHpOBaH TIuipocsogoft (ueproe), Io-
aep. wmd, yeeda. I65. [porpaBneHo mapamu "Uapcroi" BOOXM

HHB COOTHOWEH4SA IIOYKOBMAHHX KODOK HACTypaHa CBUABTENBCTBYNT O
IepepHBe BO BpEMA  MX pocTa. [IpUHMM3A BO BHUM3HXE D83/MyuA CBOHCTB
HACTyP8HA [BYX P83HOBO3P8CTHHX KOPOHK, MX CAEAYET CYUTETH DPE3HLMM I'e-—
Hepaumsamu. HacTypan, 00pa3oBaBuniics OZHOBPEMEHHO C MODAWSMTOM, CHEAY-
€T OTHOCHIP K OGONee paHHeil, nepBoil renepaluuu, 8 HICTypas, OOpPa30BEB-
ouiics €O CHeNeTHHM IaleHdATOM, — K OONee MO3jHEel, BTOpO# renepsuuu. B
KOHT3KTGX C TAKUMU I'8NEeHUT—HACTYPAaHOBHMU NMPOMAAKSMM BKDANNEGHHUKA OpPTO-
KNng3a I'paBUT-nopfups 3sMewWswTCHA 8NLONTOM M NOPOAS TEKEE KDPSCHEET 33
CYET MUIMEHTALMM NOAEBHX WIBTOB TOHKOAMCIEDCHLMM OKCHAIMM XE7E38.

B Cyns@uABREX NPORKUAKSX 03 HBCTYDPSHA CTEHKM TPEWMH NOKPHTH KPUCTaN-
NaMii KB8pLU8, H8 KOTOPHE HPOCAN KORIEHTDPUYECKU-3OHBIBHHE ROpKU cdazne-
OUT3 C BMYNBCUOHHOH BKPAMJAEHHOCTHO X3NBHONMPUTE UM EAMHAYHLIMA KOHLEB-
TpUYECKUMM BOHSMW IaNeHUTa. LleHTPSnBHAA 4aCTH NPORNUIKOB BHNONHEHA NE-
QEMEHHHMU, HO OCLYHO NMOAYMHEHHHMYU KOAUYECTBSMM P3NERUTE K Xa8NBROMUDH-
T8. OfHaKO MHOTZa OXMH U3 3TUX MUHEDPSNOB pE3KO Npeo0n3f3eT Haj ocTa-
NBHEMW. i TOIZ3 MPOKUNKM MMENT CYUECTBEHHO I'sNeHUTOBLH WANW X8NBKOMUPU-
TOBHl cocTaB. lIaMEHEHUE TPaHUT-TOPMpS B KOHTAKTAX CYABEUAHHKX IpORUI-
KOB BHP3E3ETCA B DI3BUTHUM BHKPINNEHHOCTH CYNBENA0B, 38MEWEHUN BKPaNJEH-
HUKOB OPTOK/a38 8/1bOMTOM W HKEDUTOM, BKDAIJEHHMKOB NNSIMOKNA38 - I'd-
APOCIA0H W 3HKEPUTOM.

B HacTypaH-CYNBEUAEEX NDOMUNKEX CYALYUIH NOANMETSENNOE B GONBUKHCT -
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P n c. 4. B nposunke HacTypaHa (cepoe) KOpDPOLWPOBAHHHE DEJMKTH NpO-
RUMKa xanpkonupmra (Gesoe), [oamp. uwiwd, yeed. I65

P v c. 5. OGaomkn cynsdMLHOTO MPOKKIKA, CJOREHHOTO TaJieHyToM {Genoe),
NepeCeKalnTCA HACTYpaHOM (cepoe) ¥ IeMeHTHpyowTcA Tmupocymonoft (uepnoe).
Tloswp, wnd, ymex. 165
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P c. 6. OGJIOMOK CyTBPUIHOTO NMPOXWIKA, CJIOXeHHOTo cdanrepurom (ce-
poe) ¥ ranemnrom (Gesoe), ClLEMEHTEDOBAH HACTYDHOM (cepoe) ¢ mennpu-
Tavm raneEmTa (Genoe), Hoamp., mwmdp, ysea. 165

BE CNyyseB pas3npolnsHH. OGAOMKM NMOYKOBUAHHX KOPOK c{anepuTs ,MeNK038p=-
HACTHX 8IpEr8TOB X8NBKONKPMTS8 ¥ IgJ/IEHATS NEPECEYEHH MUKDONDORM/KAMA
H3CTYypPaHS8 W CLEMBHTMpPOBaBRH Tuzpocanzo#t (puc.3, 4, 5). Pexe 06NOMHM
CyAB{MAREX NPORKAKOB CLEMEHTHPOBAHH HacTypsHoM (puc.6).B yUaCTKAX MEHE-
we it pasnpodneHEOCTA CyABNIOB, B 48CTHOCTH cQanepuTa, NMOYKOBAZAHHE KOp-
KN H8CTYP8HE HAPOCHM H3 ero KOpPKA (puc.7). AB3nN3 MOPQONOTMA KOHTSKTH
pyOUUX OmmH C IPYyTMM CPepoauTOB CHazepuTa U H8CTYDSHA NOKE3HBAET,
YTO OCM BpPAUEHMA TSKMX CHEepOAMTOB HE 7NEX3T Ha OfHOW npAMoll nmumm, a
CaM¥ CHPeponuTH He MMEWT Qopd QUryp BpaweHusA. CaezaoBaTenbHO, HE COGAR-
A8eTCA OCHOBHOE NP3aBUNO COBMECTHOIO ¥ OZHOBDEMEHROr'O DPOCT8 CHEepONMTOB
ABYX uuBepanos /1/. Kpowse Toro, oTAenBENE B0HH T8AEHMTE M3 cdepommMToB
cfanepurs He NpORONRBNTCH B CPEpOAMTEX H3CTYpaH8, 8 30HH MODAM3UTS OT-
CYTCTBYNT B ceponurax cfanepuTa. Bce 9TO NO3BOAAET CUUTATH,4YTO POCT
MOPAMBHT-HECTYyPAaHOBHX CHEPONUTOB NPOMCXOAUL He OAHOBDPEMEHHO, 8 TO3ZE
cfeponuToR canepuTs M CONPOBOXASACHA MX DP3CTBOPEHMEM W YMEHBUEHHEM CO-
LEDESHMA B MUBEDAJe XeNe38 70 ZeCATHX Aonell MpomeHTa.

BeTpevanmuilcs B KOHTSKTAX NpPOKMAKOB NMUDUT KOPPOAMDYETCH BCEMM CYIB-—
@unamm, BKINYAS MODPAWSHT, 3 TEKRE HACTypsHOM 083 OCpa30BaHMA TIeMaTHTa.
®3KT KOPpOSHMM MUPUTA NOKSBHBAAT, YTO OH 06PS30BHBANCA DAaRbUE He TOLB-
KO H8CTypaHs M MODAM3MTE ,HO M CYABJMAOB I ONNME TENJIOB.

236



P m c. 7. CrpoeHre HacTypaE—c{a/epATOBOT0 NDOXAJKA. HOpmESAT-HACTY-
. paHoBHE CPepONATH HapacTaoT Ha cPepoJATH cPasepaTa A 3aMeManT HX.
HDomap, mmd, ysex. 165

KaneuuT 0OWYHO BCTPEYSETCA B HACTYPAH-CY/ABJMAHNX ¥ HACTYyPAHOBHX NpO-

. EHM7IKAX TaM, IAE OBM NEPECEKAKWTCHA KAJBIATOBHMN NpORANKAMM.KansOUT 00~

. P83yeT Cpsend DYyAHHX MUHEDAZOB NUHBH, THE3Z8 MAM IEMEHTMDPYET OCIOMKK

. WX 8rperaTos i 38MONEAET MAKDOTPEMUEH B OGNOMKaX (puc.8). Hemapamnens-

. HOCTH CTBHOK MMKDPOTDEWME B OONOMKS8X H8CTypaH3 NO3BONAET CYMTATH, YTO

. OTNOREHME KANBLATS CONPOBOXZANOCH YS8CTMUEHM D8CTBODEBHUEM HACTYDPaHE.

! TaxuM 00pa30MyM3YYEHHE CTPYKTYPHO-TEKCTYDHHX COOTHOWEHUH MUHEPA7IOB

' NOK838710, YTO BACTYyPaH B NpOLECCE MHUHEDPANO06PaB30BaHUA OT/NarsiAcA ABA pa-
83. C ero nepsoif resepanueil ofHOBPEMEHHO M NOCIEZ0B3TENEHO, HO (83 ne-
PEPHBOB 1 HapyUWeHMA MUHEPS8ABHOI'O D8BHOBECHUA OT/ASI3NUCE UOPAM3MT U THO-
pocmona, & co 2-ii TeHepauneil IpA COXpaHeHAM TeX ®e YCAOBAR BHIEAANACE -
CKeJI8TH Ta/JeHATA. B COOTBEeTCTBAE C OpelcTaBleHAAMA axan. A.I'. BerTexTmHa
[6/ u ero nocnenosatene#t /3,4/, nacrypad I resepsmuM,MOPAMSHT M THAPO-
caona O6BeAMHEHH B OZHY, 00/N68 paHHWO, 8 HacTypaH [ IreHepanuM ¥ CKelE-
TH rajJleHATa - BO BTOPYW [8p3reHeTHYECKYW 3CCONU3NMEN MMWHEDP3NOB.BKINUATH
OCT3NbHHE CYMBYUAN W KAABOUT BMECTE C HACTYPIHOM B OZHY NapareHeTHYE—
CKY0 aCCONMALMID MUHEDANIOB HENB3A, NOCKOABKY K8IBIHUT NEPECEK3AT,ll8BMEHTH~
PyeT M KOPPOAMPYET HECTYPSH M N3PATBHHHE EMY MMHEDAJW, 8 IOCHEzHMe
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P & c. 8. OGIOMOK HODOJH C BKpamNeHHOCTED mepara (Oexoe), odpocmmit
HacTypaHoM (CBETIO-CEDOE), MEMEHTEDYETCH KaXBIATOM (cepoe). Kamemar
BHOOJHAET MAKDOTDONEMEH B OCIOMKAX A KODPOAHPYeT HACTYpaH. [lomp.
wad, ysex. 40

NepeceKanT, LEMEHTUDYOT ¥ KOPPOAADYDT CyABQUAH. [l03TOMy BCO COBOKyN-
HOCTh MNEpPEYMCIHEHHHX  MUHEDANOB HAEA0 pAaCCMATPMBATH K3K MUHE P NBHYD
acconManEn, [IpUEMMAA BO BHVMAHME D33/ MuYMA B MUBEEDaIBHOM COCT3BE OKOAO-
NpOXANKOBEX W3MEHERu#, MOXHO CUMTaTh, YTO B3T3 HACTYPSH-CYNBQHAHAA MURE-
panbHasA 8CCONMSIMA CIOEEH3 MMEEDSEAaMi cynsgunEof,sacTypsroBoft U Kalb-
muroBoll cramEf MuHepanoofpa3oBaHUA. ITH U 3HETIOTUYHHE UM naGuone sua /57
MOSBOAMIM B paMxex mpeicrapleHnit akanm. A.I'.bBeTexTmHa maTs cierypuyn
GopMynupOBKY NMapaTeHETUUECKO! 8CCONUANMM MUEE)ANOB: NMapaTeHETHYECKAA
accouvanyug MUHEPa7I0B — 3TO COBOKYNHOCTH MUHEP37NOB, O0D330B3HHNX ORHO-
BpPEMeHHO UNU NOCIEZ0BaTENLE0 083 ABNEHUH B33MMHOLO NEPECEYEHHA,EMEH-
TOOUM M METSCOMATHYBCHOTO 35MEUEHKA DSHHMX MMHEDANOB NO3JHMMU.

B MBOroumucnie HHHX NYyOAUKaUMAX, H8CSNOUXCA NEPEIeHe3MC3 MUHEPSAOB, %
YaCTO BHPAKEHWE "NAP3TEHETHYECKadA 8CCONUAUWA MMHEDSNOB" 38MeHAETCH
TORZECTBEAHHM €My BHP3XEHMEM "NapaTeHETHYECKAd MUHEDPSNBHSA accouuannal
NMoCKONEKY "NapareHeTMYECK3A MUHEDANbHAA acconuanusa" ¥ "MUHepanbHaA ac-
conuanma" GAM3KM N0 3BYY8HMO, HO DPS3HHE N0 CMHCIY NOHATHUA, NPELCTaB—
NAETCHA LENECO00Pa3HNM OTK33aThCA OT BHDAXEHKA "N3pPaTeHETUYECKAA MUHE-
paNBHAA 3cCCONMAUMA™ @ YNOTPeONATH BHpPAREHHME "NapareHeTMYECKAIA aCCOmua-
oA MUBepanoB" WaM ero CHHOHMM "n8pareHE3UC MUHEDaIoOR".
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QTcyTCTBUE B NapareHe3UCE C HACTYPAHOM CYABJUAOB NOMMMETSANOB NO3BO—
270 CAGNATS CIEAYOWHE BHBORH.

A 1. IupoKO pacnpoCTpPaHEHHOE COHAXOXZeHUE HACTYPsHA U MODAMBMTA C CYy-
f}5¢nnauu NONUMETENNOB NPKU GONEE PSBEHEM OCP330B3HMA MOCAEAHUX M MX XU-
MMYECKOM HED3BHOBECHE C MUASD3N3MN H3CTYP3HOBHX M3PaTEHESUCOB MO3BOLA-
. gT NpeAnonsraTh, YTO CYNBQUZH BHNONHWAM DOAB BOCCTaHOBMTENE# ypana.Cnme-
-'gonswenhﬂo, HamGonge BEPOATHON @opMoff ero mepeHoca OHIa WECTUB3NEHTHAA.
2. Pons BoccTanoBuTenA U (YI) urpana cyAbJUAH3S CEpa, a8 HE KATHOHH
NepeMEnnofl BaNEHTHOCTH, HINPUMED KEE7E30,MEZB, O 9BM MOKHO CYAMTH IO OT=—
CYICTBUD B NapareHe3UC8X HACTYDPsH8 OKCUAOB Fe (1) u Cu(Il) , r.e. re-
. MaTHT3 U TEHODUT3.

3. Xumuuecksn HeycTofuMBOCTE CYABIMAOB MONMMETAIIOB B TEDUON FODMA-
. DOBSEUA TN3pP3TEHE3MCOB HGCTYPaH3 CBUJETENRCTBYET O HU3KOH SHTUBHOCTH

- poRoBZn ,Cu y Fe B ypaHOHOCHOM P3CTBOPE.

4, OrcyTcTBUE B NapareHE3MC3X HICTYPaRa KapOOHATOB HE IO3BONAET

0e3 ZOnONEMTE/NBHHX 7OK338Te/NBCTB NPUHMM3TH K3pOOBSTHYD QopMy mepeHoca
U (YI) B ypoaHUNBHHX KOMNNEKCAX.

lurTepaTypa

1. ZuugoB D.M. Ops0BpeMenHn#i COBMECTHE{ pocT BuAeneHuil RHacTypaHs U CoO-
NPOBOXLS0IMX 60 MUHEDSNOB.-3s0. Bcecons.mmHepan.o-pa, 1962, mum.3,
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UDC 549.905.3:553.462:553.446

A PARAGENETIC STUDY OF Mo-W-Zn MINERALIZATIONS AND ASSOCIATED
HYDROTHERMAL ALTERATIONS IN LOWER PALEOZOIC METASEDIMENTS OF
MISTBERGET AREA,O0SLO REGION,SOUTH NORWAY

P.M.Ihlen
Universitetet i Trondheim, Trondheim, Norway

The Mistberget area is situated on the northeastern mergin of the
Permian Oslo Rift. The area comprises Cambro-Silurian metasediments
which border on to the alkaline igneous complex to the west and on to
Precambrian gneisses to the east. The contact-metamorphic sediments
are developed as alternating layers of biotite- and diopside hornfel-
ses with interlayered thicker units of quatzite, nodular limestone and
magsive limestone. They are strongly faulted and have partly subsided
into the underlying plutonic rocks which include biotite syenites and
alkali granites.

Strong calcsilicate or skarn alteration has been recognized within
all the lithological units except the massive limestones. The altera-
tion is strongly related to fractures which often show a stockwork pat-
tern, The mineral-assemblages encountered among the metasomatic veins
or fracture fillings are clinbpyroxene + plagioclase, garnet + clinopy-
roxene, scapolite z garnet s epidote, epidote + amphibole and quartz +
calcite + fluorite. The clinopyroxene- and garnet-dominated veins car-
ry & bleached envelope when occurring within biotite hornfelses, due to
alteration of biotite to clinopyroxene and/or K-feldspar. The fracture-
related alterations occur within an area of 2 km~ but show no distinct
paragenetic zonation on a regional scale. Within the same area, however,
mineral parageneses of pervasively skarn-altered limestones show a
well-defined pattern with a central garnet + clinopyroxene zone cove-
ring an area of about 1.5 km2 and with a peripheral zone of epidote +
amphibole I garnet alteration.

The central zone carries an axial belt of felsic dykes including se-
veral types of quartz and/or feldspar porphyries. In addition, & well-
delineated areas of weak molybdenite, scheelite and/or spalerite mine-
ralization has been encountered within this zone. The mineralization
occurs both as stockworks and as disseminations with varying amounts
of associated pyrite.

The central Mo-W-Zn zone is surrounded by polymetallic minersliza-
tione comprising elements like Zn, Pb, Cu, Bi, Te, Ni and Co.

The whole sequence of alteration and ore deposition events have later
been overprinted by a pervasive argillic alteration which is strongly
controlled by large scale tectonic structures.

The parageneses of hydrothermal alterations in different lithologies
the spatial and temporal relationship between different alteration
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Ei;ill be outlined, together with their geochemical features. Finally

s

I T

types and ore mineralization will be outlined and compared with the
general model for porphyry molybdenum deposits.

UDC 552.321.1:553.446
UTILIZATION OF GAHNITE-BEARING ROCKS AS AN ORE FOR ZINC

P.E.Ney, A.Mashan
Universitdt zu Koln, Koln. BRD

The paragenesis and crystal chemistry of gahnite in pegmatites,
metamorphites, placers, and industrial slags is reviewed shortly. The
mineralogy of two major occurrences (Wolseley district near Broken
Hill, N.S.W., Australia and Cinderella Mine, Chaffee Co., Col., U S A )
is described. Zeta potential measurements proved to be useful for the
estimation of the behaviour of the minerals involved on flotation. Flo-
tation of ores of the deposits mentioned with an anionic collector in
an acid circuit yielded quite satisfying recoveries. The concentrates
were cleaned by magnetic separation.

A high recovery of zinc from finely ground gahnite concentrates was
achived by evaporation (in nitrogen) at temperatures above 1200°C, if
those concentrates were mixed with carbon (coke) and burned lime in
the proportion of 1:1:3 resp. Lower addition of lime gave worse re-
sults and no zinc was got without lime. The residue of this metallur-
gical process may be used as & hydraulic binder, owing to its high
content of JCaO.Alzoj.

Gahnite may be considered as a potential ore of zinc without any
restriction.

YAK 549.905.3:553.497.2
PEAKINOHHHE U METACTABUJIBHHE MAPATEHE3KCH MUHEPAIOB 30I0TO-
CYPHMAHHX OEPA30BAHUM

I'.H.Tausnun, N.A. Hexpacos, D.fl. Xpsuos, H.B.Jleckosa
Wucraryr reonoram AP CO AH CCCP,r.Axyrck,CCCP;MHCTATYT sKCIepAMEH-
ransHoit mMaHepanoraun AH CCCP,moc.Yepuoronoska Mockosexoir o6in., CCCP

B MECTOpCKAEHMAX BOCTOYHON AKyTMM, KGK BOPOYEM M BO MHOTMX JApPYyrux
DPYAHHX palionax mupa /I/, 3010TOPYARSA MMHEpPSAU3ZNUA 4Y8CTO CONPOBOR-
JaeTcA CypeMAHOfi, KOTOPaf NPOABAAETCA B BHUAE SHTUMOHMTS UM CYyNBJoaH-
TUMOHUTOB CBUROA ¥ M8JM. AHTUMOHAT,C OZHO# CTODOHH,CN8IagT NOCTNPOAY-
KTHBHHE 8CCONMALNMM, ABIAACEH "XBOCTOM" 30I0TODYIHOI'O NpPOLECCayM TO
O0BEMy yCTyNaeT MaTepMany 30JOTOKBApLUEBOr'0 3Tsna. C zpyroif cropomH,
B MUHED3/NU30BAHHHX B0HSX AONTOXMBYUMX I'IYCGHHHHX Pa370MOB OGBEM SHTU-
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MOHATA P3BHO3HAYEH MIM NPEBHUAET OCBEM MUHE A IBHHX 8CCOLMALUHA 30710TO=
KBapOSBOr0 3T8N3. B TAKMX DYAHHX TEN3X UMEKWTCA OTYET/MBHE NPU3HIKH
NPOCTPSHCTBERHOIO0 COBMEMNEHRNA MUHEDANBHHX acconuanuit pasaudnoll fopma-—
UNOHHON TpuBaznexsoctn /27/. OBM BHDSXAWTCA B PESKIMOHHEX B33HUMOOTHO-
NeHWAX M O06pa30BSHUM METACTSCMABHHX MMHEDAJIOB B HEP8 BHOBECHHX YCIOBU-
AX.

OTnokeHME MMHEDANBHHX 8CCOUMAaLMI psHRef 3onorokBapuesoil Jopmarnun
OCYUEeCTBAANOCE B CAeAyomeit nocnef0BaTeNBHOCTH: KB3pU+NUPUT+3PCEHONN—
PUT --% KBADL+X3AbKONUPUT+CHane puT+IaAeHUT ——> KBapLU+8/1b0MT+KaPOOHAT+
+CynbfoanTUMOHNTH (ONEKA8A DyA3, OYDHOHUT, X8NBKOCTHOUT, GEPTHEPUT,
LREMCOHUT, Oy/N8HKEDUT, LUMHKEHUT U Zp.) =--% KB3pU+KansuurT. OHO CONpOBO-
X7370Ck 00p830BGHNEM OKONOXKWU/JBHHX M3MEHEHHHX NOPOA OTYET/NIMBO 3O0HSNB-
HOT'O CTDOEHMA: MOHOKBADLEBAA —- KBEPU-TUADPOCAKLANCTES —-» KBaPO-TUADO-
CNOAACTO-aNE0UT0BaA =—» KBapU-3Nb0AT-KaPOOHSTHEA —-» K8POOHSTHO-XNOpU-
TOB3A 30HH. B ZBYX MNEPEHX 30H8X MHTEHCMBHO P33BMTH METS8KPUCT3JINH NUPU-
T8 K 3DCEHONMpPUTA C WECTOBATHMH OTOPOUKaMM (pyOawWKsMH) KBapOa, TUApO—
CIOAH WAM 8rPEraToOB, COCTOAWUX M3 KBapna, TMADOCIOAN M KapGonaTs. C
no3zHeit apTMMOHMTOBO} MUHEDa/NN33UMe# B OKOMORMABHHX MOPOASX CBASBHO
OTJIOHEHNE K8ONMHMTA, NUPOPUANMTS, SNMAOTS U BHCOKOKEJAE3HCTOrO XJIOPMTE.
HepaBHOBECHOCTE P3HHMX MMHED3ZIOB OKONOEMABHHEX TOPOZ NpM MX B3aumozeit-
CTBUM C CYDBMAHMCTHMM D8CTBOPSMM BHDSHBETCA B T'MNOIeHHOM BHUEN3YNB3HUM
MET8KDPUCTENNOB CYyNABYUAOB, TMADPOCHINAH ¥ K3apOOHaTa M B OT/OXKEHUM Ba MX
MECTE SHTHMOHMTA (MIM GEPTHEDPUTE), K3OAUHMTE, NUPOPUANMTS, MHOPA3 Bh-
COKOKENe3MCTOr0 XN0pUTa M anuAoTa. HauGonee METEHCHBHO NPOLECC pPeaKIM-
OHHOT'O B33MMOAEUCTBUA DIHHEMX MUHED3ABHHX 3CCOOUSLME C CYDBEMAHMUCTHMU
pPacTBOPSMM NPOACKOZUT B PYyAHHX Tenax, Te AMEDT MECTO WHTEHCHBHAR HOp-
PO3US M MET3COMATMYECKOS 33MEUEHME KB3PUA SHTUMOHATOM. Hepezko 3pecs
HBO0NNA8ETCA M DETeHED3LMA KB3pHS € 0GDa30BaHMEM DUCOBULHHX 8TPETATOB,
COCTOAWMX M3 MBTKUX NpU3M3TUYECKU-AUNUPEMUASNBENX HBAUBUAOB SbyS, .Kop-
po3uy ¥ NEPEOTNOKEHMK [OZABEPTEWTCA W DSHHME NUPUT ¥ SpceHONUPUT.OOIMMK
X KPACT3NNOB M XMMMYECKHH cOCTaB TNpu STOM U3MEHANTCA. B oTamyme o1
NEPBMYHOrO KPYNHOrO Npn3MaTHYECKOI'0 3DCEHONMPAT €I'0 PET6HEPUPOBIHHASA
P33HOBUAHOCTE X3PAKTEPU3YETCHA DOMOOBHAHON (ODMOR ¥ MENKMMU D33MEpaMy
ckenaTHux (0,1 MM) KpuUCTBNNOB (pmc.Lg). BuecTo KYyGMYECHOIO MMUPUTE NpPU
PETEHBP3INM 00P33YyWTCH IIEHT3IOH-70AE K3 3PUYECKIE KPUCTSNAH.

Bo BHOB® 06pa30BAHEHX CYABJuA8X (OMPUTE W 8PCEHOMNMPUTE) DPE3KO BOB-
pacrTaeT COZEpESHHMe Sb u Ni , MeTakpuCTanAW NUpUTa paHBEE# resepanun
00uYHO NuweHH N1 .1 coZep®aT nMWB HEGONBUME KOAMYECTBA NPUMECHHX Sb
u As (an.2, Ta6n.1). PereHepupoBaBHH{i NUpuT, 0Opasyomuiica 143 Cyph-
MAHMCTHX P3aCTBOPOB, OCorawaeTca aTumy saemenTamu(an.l m 3,cM. Tadmang).
ToyHo Tak#e CYPBMAHMCTHM CTAHOBUTCA DETEHEPUPOBAHHHHE apceHOnUpUT (8H.
6,CcM, TAOIALY ). B NOKANBHEX yYECTHAX DYOHHX TEJH, XapaKkTeDA3YDIUXCHA BO
BpeMs MMHEPBNI000DP330B3HUA IOBHOEHHOR HUKENEHOCHOCTHI CYpPBMAHMCIHX DPa-
CTBOPOB » NOABAANTCA HE TONBKO PETEHEDPUYOBSHHHE HUKENEHOCHHE CTUOKOMM-
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PesynsTaTH MUKPO3OHZOBOI'O 8H3NN33 MHUHEDSTIOB

% Romy
# |Munepan 5
aHa aHamm [IpuMeyaHne
nxsj i { Fe |Cu Ni | Co As | Sb S |Ag |Au Cymma P
I [mpar 16 46,49 - 0,10. = T30 = 52,21 - = 100,50 1 renepsuua M3 BMEWSKWMMX [OPOZ
2 Impur § 45,69 - - - 0,38 - 53,14 99,21 1 resHepsnuA M3 DYAHNX TN
3 Iumpar 3 32,24 - 1,32 = 4,38 4,87 51,86 - - 101,67 II renepanuf,nepeoTNOREHAR
4 ApceHo-
. Egpnr 21 34,48 - 0,I8 - 43,19 - 2Y A=t o 99,02 I reHepslif 43 BMEWSWOUX NOPOZ
CeHO-
2 Rgpnr 5 34,06 - - - 42,98 - 20,98 - =~ 98,02 1l resepanus W3 PYAHHEX NOPOR
pCaHO—
OApuT 3 335,12 = 0,30 - 42,21 0,8 19,62 - - 96,08 [ renepsuus, IepeOTICKEHHASN
7 XaJbKO-
mapar 2 29,46 36,39 - - - - 34,07 - - 100,22 1 renspsnus
8§ XalbpKO-
OUPAT 3 29,48 35,06 - - - 0,21 34,13 - = 98,88 11 reHepsiuA MO X8ABKOCTUOUIY
9 bepree-
Bg; 5 11,74 - - - - 54,92 32,11 - = 98,77 -
10 BKO- ;
CTACHT 12 - 25,5 = - 0,40 47,36 26,47 = = 99. 77 =
1I Yaema-
HAT 4 - - 26,04 0,65 5,75 55,17 15,12 = = 100,71 B cyOrpsduyecxKoM cCpacTaHUM C 30—
TLOT OM
12 Qama-
g i:HHT 2 - 40,26 - - 0,44 29,23 28,50 - = 98,43 1o xanBKOCTUOUTY
TA—
MOHAT 4 - - - - - 71,58 28,40 - - 99,98 BuNOAHSHMA
b ﬁg:g; 3 0,05 0,I5 = = 0,06 7I,46 28,50 - = 100,22 go GepTHE PUTY ,NUPUTY , X8 IBKOCTH =
UT
15 éﬁgﬁr I = - = - 55,29 — - 44,36 99,65 - .
16 3omoro 52 T~ - - T = =~ o 3,5 95,40 98,90 Pannee MacCUBHOE
I7 gonoro 130 % = . ™ - i - % I 99,0 100,00 TIyGuatoe nO MaCCHBHOMY
08H—
I8 SIredt—.a - - - - - 36,69 - - 52,36 100,69 0, =II,64




PUT W BPCEHONMPUT, HO W HOBOOGD33OB3HMA Y/NBM8HMTE, KOTOPHU,B CBOW QUE-—
penﬁ,oﬁorameﬂ As (an,II,cM. Tabanuy). JnGOMHTHO, YTO AHTUMOHAT, KOPPOIN -
pyouii# TMPAT ¥ apceHOmPAT, B CBOW OYepelb, OCOTraligeTCHd Fe y AS (au.l4,
CM. Tadauiy). Bo BHewHeM NPORAJKOBOM ODE0/i€ AHTHMOHMTOBHX DPYIHHX Tel
4acTo OTAArSNTCH MHIBAKOBUCTHE OepTBEpAT M XanbKocTuouTt, UeHTpanb-
H8A Y3CTH TKMX NPOMMIKOB OGHYHO BHNOJNHEHS BHTUMOHMTOM, 3 3871b0aHIH —
0epTHEPUTOM W X3NBKOCTUOMTOM, YTO CBUASTENBCTBYET OO yBEAWYEHMNA 8KTHUB-
HOCTM Cu ¥ Fe B CYDBMAHUCTHX DACTBOPSX TpM KX B38UMOASCTBMM C BMS-
maomuMd noponamu. OIHAKO yBeMMYeHWHE r32 Ope JanpHeimeil ssomonuM pac-
TBOPOB HPABONAT K 3aMelEHAn Geprhepura M XaabkocTadura (ad.9 n 10,cwM.
TaGMALY) accomMaiyell aHTUMOHAT+XANbKONUPATHIAPAT.IHOTIa 0 X&aJbKOCTH~
omTy pasBuBgeTcA famaTuHuT (aH.[2,cM.Tadmmuy).BeckMa cBOeoGpasHH HOBO-
06pas3oBaHia KapOoHaTa mo Gepreepaty(pac.l,0). IT0 arperars POMOOBMIHEHX
3epeH, OpPUBHTMPOBAHHNX BLONE cnaftsocTu GepreepuTa. [0 cOCTaBY MO3ZAHUi
KapGOHaT, 3sMeusbmuil GepThePAT4CYUECTBERHO OTIHYEETCA OT panHero ( Feo
6,07; wg0 16,56 m Ca0 29,85%), KODPOAMPYEMOTO 8HTUMORMTOM,DE3KO
NOBHUEHHEM CcozepxanueM Fe ( FeO 60,3; Mg0 3,76 u Ca0 0,32 Bec.% ).
I (8KTH CBMAETBINBCTBYNT HE TONBKO O0 YBEIMYEHUM 8pe2+ , HO U “COE
(“n“'ﬂno ) B NOPOBHX pP3CTBOPAX IO MEpe WX B3gMMOAEHCTBUA C IOPOA3MHU.
Sauewenne GeDPTHEPUTE M X8NBKOCTUOUTE SHTUMOHATOM, NMDUTOM, X8NBKOMNUDH-
TOM M K8PGOHAaTOM HBYMHAETCHA OT NPU38NE0aHAOBHX JUYaCTKOB, 8 HE OT HEH-
TpaABHOI YacTH NPOEMIKOB, T.€. NpPONECC OCYWECTBAAETCH B yCIOBUAX Me-
TACTaOMABHOR CUCTEMH.

B pyzex uecTOpoEAeHUll 30I0TOCYPEMAHOrO TUNA HaUGONEE pa3HOOOPS3HH
4 CJOEHH B38MMOOTHOWEHNAA 3010T3 ¥ gHTUMOHMTA. B KBAapHBBO-MUNBHHX O0pa-
30B8HMAX, HE B9TPOHYTHX SHTMMOHMTOBON MUHED8IU3anuelt, 3010T0 OGHYHO
oTHocHTENBHO Kpynaoe (Ao I um). OHO accOUMMpYET ¢ MUDHTOM, SPCEHONM-
pUTOM, c(anepuTOM, PEAKO C X3/NBKONMPMTOM. B KBapHEBO-3HTHMOHMTOBHX M
M3CCHBHHX SHTUMOHMTOBHX PYZA8X OTMEY8ETCHA 4 DAas3HOBMAHOCTM 30710Ta: 1) pe-—
AMKTOBOE B 8CCONMAUMK C JNOMARYTHMA MUHEDSJNaMM 30N0TOKBapueroft 8CCO-
umemun; 2) menxoe (< 0,1 M), MUKDOKDMCT3 IAMYeCkoe; 3) ryGuaToe(mopu-
CTOE) M 4) Topuuysoe (NO UBETY),C NpPM3HAKAMM KONNOUAHOINO OGD830BaHMA.
T'yGuaToe ¥ rOpYMYHOE 30A0TO UHOIZS OOPE3YWT KBEMYATOE olpamieHWe Ha
MaccuBHOM 3o0n0Te.llocnezHEe MO COCTaBYy ABNAAATCHA IETEPOrEHHEM. B 30710TH-
Hax, AMeomux B m8Jom mpodHocTs 900-580 (aH.l6,cy.radmuny) BcTpedawTed -
MEX38DHOBHE BHIEJEHMS HA3KONDOOGHOTO 3010Ta C COTEPRAHNEM Ag BUOJIOTH IO
40 Bec.% .3010T0 BTOPOHi M TPETHEN PISHOBMAHOCTE NPIKTMYECKN BE COAEDP-
gur Ag (mesee Iec.% ).luup m3peska B TyOuaTOM 3070TE BCTDEYSWTCH
Menpyailmue RUSKONpOOHHE yuacTku ( Ag A0 20B8c.%). 'Opuyn9HOe 3070TO
X8paKTepU3yeTCA HU3KHUM OTpameHueM ( R =I17-24%) ¥ 30HAIBHO-KOHUIEHTDH-
YECKUM CTDOEHMEM 3TPEraTOB, UHOPA3 C TPEWMHKBMM yCHXaHun. lHorzs B HeM
COnepEMTCH 10 3,588C.% Sb . IlpM AETANBHOM M3YYEHMM TAKMX BHCOKOCYDBH-
MAHMCTHX 8TperaToB OK338/0Ch, 4TO OHM ZABYXJa3HHW K NPEACTIBIADT coColf
CMECh CAMODOZHOTO 30/I0T8 M 8yPOSHTUMOHBTE.
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P » ¢, I. MeracTradurbHHe MMHEDAJH ¥ MIWHepaJbHHE ACCOLMALNY 30JOTOCYDPBMAHHX MeCTOpPORIeHMit

a4 - CKeJeTHHE KDHCTAJUH DereHepMpOBAHHOTO apceHomupmta (I), 2 - CepreepuT, 3 - AHTHUMOHMT. JOTO
anmmpa, ysex, 300; 0 - HOBoOGpasopanua KapboHara (I) mo deprrepury (2), 3 - amTemonuT., DOTO AHI-
mmpa, yeen. 300; B - kaemka aypoctuduta (I) Bokpyr sonora (2). ®oro amwmda, yeen, 300; T - cyd-
rpafuYeckad CTPYKTypa arperaTra 30JI0TO — aHTMMOHMT IO aypocTHOKTy. ®oro anmwmida, ysesa. 500



AypOSHTMMOHAT ABAAETCH ABHO MET3CTACANBHNM MUHEDANOM. B IULOreHHHX
JCNOBMAX OH MOXET OODA30BHBATHCA 10 DEaKIM

2au + 5bp03 + 3/20; = 2 AuSbO;, (1)

KOTOp3A TNpPOTEK3ET H3 (JOHE PE3KOrO JBE NUUEHUA f02 B cucTeme. Jleit-
CTBUTENBHOyB 30N0TOCYDbWFEHHX pYASX BOCTOYHOR fIKyTMM BCTpEY8OTCH 8T-
pET8TH, B KOTOPHX H@DAAY C 8YPO3HTUMOHATOM COEDH3TCA 30/0TO ¥ OKMCTH
cyp bMu. [lpn 2TOM 30N0TO CABTEET KIPKAC TAKUX TyOu8TO-AYEMCTHX 00pa3o-
BaHMit, 3 ORUCIH CYDBMH 38IHOAHANT ero myeiiku. Peaxuma (1), Kak  NOK3-
3HBANT HaW{ SKCMNEDUMEHTAJIBHHE ASHHHE, MOKET OCyuecTsnaaThCA mpu 200-
SOOOC, 8CTH f02 B CHCTEME MPEBHCUT 10'24-10'20 Ila cOOTBETCTBEHHO,

MeT3CTaGUABHEM B STUX PYASX YSCTO OK83HBAETCA M sypocTuour (AuSbp),
KOTOpHif oGpaayeTcs M YCTOUYMB B CYryoo BOCCT3HOBATENBRHX YCIOBUAX NpH
B38MMOZEMCTBUM CYPBMARMCTHX DECTBOPOB C 30/M0TOM PSHAEH B0NOTOKBAPUE -
Bo#t sccomuanuu. Jinfg HEro X8paxTepHH KaeMKM (puc.LB) sBCTPEYSNTCA U NCE-
BZOMOP{0O3H 3yP0CTUOMTA MO 30240TYy. (OGpa30BaHuE 3ypOCTUOMTE MO 30LOTY
NPOWCXOAUT B HaYaJe 30/0T0CYPBMAKOT0. 9T3N8 MUHEDP3N000ps30BaHMA. B fans-
pelfueM Ha (oOHE NOBHUEHMA f52 '] fOEBypOCTHGHT CT3HOBUTCA KecTACUIB-
HEM. B JCIOBMAX NOBHWEHHOR fg, OH p33n8T8ETCA H3 30M0TO U AHTUMOHMUT,
KOTOpHE 00pa3ywT XapaKTepHwe cyOrpaguueckue cIpykTyps (puc.Lr), noso6-
HHE CTDYKTypaMm ryoyaroro 30710T3. [lOBHWEHME fo2 B DACTBOPAX [PUBOAKUT
K 33MEWLEHND 8yPOCTUOUTS 3rpersTOM 3071078 U OKWUCJ]OB CYDEMH TUNE CEHap-
MOHTHUT3 WA¥ W3QapUUKUTa. 3aMEWeBMe 3010T3 3ypPOCTUOUTOM OOHYHO COMPOBO-
®A3€TCA BHHOCOM M3 HET'O Cepelpa M MEPEOTAOKEHMEM €TI0 B BUAE MM3pIMpu-—
T8 WAW D3CCEMBIHMEM B SHTUMOHUTE.

13 paccMOTpEBHOrO CHEAYET, YTO B 30A0TOCYLBMAHHX MECTODOEAEHMAX
METaCT30MNBHHE MMHEP3AH OOpPa3ywTCA B PE3yAbTaTe NPOCTPAHCTBEHHOT'O COB-
MemeHus accouuanuit ps3noif fopmsumonHoif npmuaanexHoctu. OHM ABIADTCH
NPOAYKTEMYU B3auMOneflcTBUA CYPBMAHUCTHX PACTBOPOB C MUHEP3N8MH 3070TO-
KB PUEBHX XM/ M OKONOKMABHHX MOPOZ. PeaKUUOHHOE B33uMOAE{icTBUE CYpPBMA-
HUCTHX D3CTBOPOB C MUHED3NBHHMU 38CCONUAUMEMU 3010TOKBAPLEROrO 3T3Na
TIPOMCXONMT B YCAOBUAX HEDP3BHOBECHOM CuCTEMu. [IpM 2TOM MBMEHAKWTCHA HE
TONBKO MUHE8IBHH{l cOCTaB NOpoOA U pPYyAZ,HO M COCTEB pPacTBOpa BC/AELCTBUE
6I'0 HECHUEHUA KOMMOHEHTIMN 33MEWIEMHX MUHED3J0B, KOHAEHCOUUM JIETyUNX
KOMIIOHEHTOB N OT/IOXEHMA HOBHX MWHEpanOB. Kak cnejcTBue 3TOro B BHCOKO-
CGDHACTHX X BHCOKOCYDBMAHMCTHX DAcTBOpaX B Havale CTATall NOCTENSHHO
BO3pacTaeT &g, »*HCO3F » FF92+ u T.A.,4T0 ABAAEGTCA NpUYMHOR 33KOHOMEpPHOM
CMeHH OIHUX MUHEDANBBHX gcconouanuil Apyruun. Pe3koe yBeNUYeHUE fSE n
8543+ B HgU3Ne KBAPIEBO-8HTUMOHMTOBOI'0 DT8N8 NPUBOAAT K PaCTROPEHUB
METSKPUCT3NNO0B NMUPHTE W 3PCEHONUPUTE U 38MEUEHMO UX CTUCMONMpATOM U
Ni-a8pCeHOmAPUTOM, 8 KBapua - aHTWMOHATOM, Ha §OHE BO3pacTaHus £y, DpaB-
Hee 30N10TO 33MEWIETCA 3ypPOCTMONTOM. Pe3KOe yBenuyenue f,, B cucTeme
BIIEYET 33 COGOH pacnajp aypocTMOMTS H3 3070TO M OKNCHH CYyPBbMH, KOTOpHE,
BCTyNas BO BagumozelicTBuMe,MOryT MpeBpaTATECA B aypoaHTAMOHAT. ToYHO TaK
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‘g8 TOBHUEHMEM Bpe2+ 06yCNOBNEHO 33MENEHNE SHTUMOHMTE GEpTHEDUTOM, 3

yBeAYE HAEM 80yt - 06p330BaHME TIO CGEepTBEPUTY XAABKOCTUOMTS. Hakomen,
npst BO3PaCTaHMM ancos B CHCTEME METSCTIOUNBHHMM CTSHOBRTCH X87BKO-
nupuT 1 GEPTHEPAT, KOTOPHE MHTEHCMBHO B3MEWSWTCH KIPGOHATOM M (aMaTy-
puTOM. I3 NpUBBEHHHX N8HBHX MOMHO CHENSTH BHBOZ, 9T0 B IENOM npouece

PYA0OGPa30B3HMA B 30I0TOCYDEMSHHX pYABHX TENAX EBAAETCH HEP3BHOBE CHHM.
AnrTeparTypa

I. Beprep B.ll. CyppuasHe MECTODOXAEHMA. 33KOHOMEPHOCTM D33MEUEHUA U
KpuTepuM nporsosuposabuA. J.: Hezpa, 1975. 296 e,

2. Uspones I.H., HpsnoB 0.f., Cynnemos B.M. Cypruanoe OpyAcHesue Bep-
xoaHno-KonumMcko#f mposupuuu. M.: Hayka, 1980. 235 c.

upc 549.905.3:549.01.001.5
COEXISTING SULPHIDES AS INDICATORS OF PHYSICO-CHEMICAL CONDITIORS
OF ORE FORMATION, BASED ON EXPERIMENTAL AND NATURAL DATA

S.D.Scott
University of Toronto, Toronto, Canada

Sulphide minerals can provide useful information on T, P and acti-
vities of components during ore formation or subsequent metamorphism
only if they are sufficiently refractory to preserve their equilibrium
compositions during cooling. Of the common sulphides, sphalerite and
arsenopyrite are the most reliable. Equilibrium compositions of these
minerals seem to be preserved from hydrothermal vein deposits because
they cool relatively rapidly. However, equilibrium may not always be
preserved, particularly for sphalerite, from regionally metamorphosed
sulphides which cool much more slowly. In such cases, retrograde reac-
tions must be recognized and taken into account when interpreting ana-
lytical data. In view of this importance of the kinetics of sulphide
reactions, we are determining the self-diffusion coefficients for Zn
and Fe in sphalerite by a radiotracer technique. Our preliminary re-
sults for Zn give D_ = 1.25 x 107° cn’/sec and Q = 21.9. keal/mole whe-
re D = D0 exp (-Q/RT). Values for Pe are similar and confirm that
sphalerite is indeed a refractory mineral in geological processes which
are diffusion controlled. However, during non-diffusive processes such
88 hydrothermal recrystallization, resetting of sphalerite composition
is probable.

The Fe3 content of zinc sulphide coexisting with either pyrite or
pyrrhotite is a sensitive indicator of sulfur activity (or fugacity)
&t a given T and P, For example, analyses by Styrt et al. (of zinec

- sulphide (actually wurtzite) from hydrothermal vents at 21% of the
 East Pacific Rise give variable iron contents but reasonably constant
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log fs of 11.0 + 0.5 (atm), consistent with Fe-Zn-S phase relations
and cogxiating sulphide minerals. In another application of their data
the ZnS content (1.4 - 3.2 mole %) of Cu-Fe-S intermediate solid solu-
tion (1ss) gives temperatures of equilibration of 343° to 440° using
the experimental curves of Hutchison and Scott. This 1s only in fair
agreement with the 350°C expected from actual measurement of the fuma-
roles and is probably a consequence of the nonrefractory nature ofiiss.

A better estimator of temperature is the As content of arsenopyrite,
provided fsa is either buffered by coexisting Fe-As-S phases or is
known., This problem can be overcome, in the case of coexisting sphalerit
and arsenopyrite, by superimposing contours of mole % FeS in sphalerite
on axes of T and arsenopyrite composition.Such diagram will also unam-
biguously reveal disequilibrium between the two phases which is often
the case even in vein deposits.

The FeS content of sphalerite buffered by pyrite + pyrrhotite is
a function only of P over a large T range and has been celibrated
experimentally to 10 kb. This geobarometer has had wide applications,
gsome successful and some not. Among the former are predominantly vein
deposits which probably cooled quickly. In such cases it is not unusu-
al to obtain reliable pressures to a precision of ¥ 0.5 kb or better.
The main lacks of success have been with metamorphosed ores, particu-
larly those which contain chalcopyrite in contact with sphalerite. Des-
pite considerable effort, Hutchison and Scott were not able to deter-
mine why Cu upsets the Fe-Zn-S phase relations, particularly in view
of the very low solubility of Cu in sphalerite coexisting with pyrite
+ pyrrhotite. In fact, this solubility is so low, they concluded that
chalcopyrite blebs in many sphalerites are probably not products of
exsolution. Instead, they may be an annealed original two-phase inter-
growth such as the "chalcopyrite disease" described by Barton from
Creede, Colorado and from Kuroko deposits and also seen from the 21°N
hydrothermal vents. Despite these difficulties, Hutchison and Scott,
in a detailed textural study of some metamorphosed sulphide ores, fo-
und that sphalerites which are totally encapsulated within metablastic
pyrites represent preserved high P-T equilibrium compositions. These
sphalerites have been isolated from further reaction during subsequent
retrograde conditions by the inert incapsulating pyrite.
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TAPAFEHESUCH KAK MHIWKATOPH @UBLKKO-XUMIYECKIX MAPAMETPOB PACTBCPOB
(HA TIPYMEPE OJICBOPYZAHBX MECTOPOAIEHNY CEBEPO-BOCTOKA CCCP)

B.Jl.¢népos
HecraTyT reonoruu fAkyTcroro gumans CO AH CCCP, T.dAKyTCK, CCCP

liayuenne pa3rOOGP33HHX MO COCT3BY PYA ¥ OKONOPYAHHX MET3COMaTHTOB
0710BO0YAHHX MECTOPOAASHUl NMpPEACTEBAAET 3HIUMTENBHHY KHTEPEC ANA BHAC-
HeRHA N3pIuMeTPOB PACTBODOB, 0Opa3yDOMX MECTODONAeHMA MeTanno0B. COCT3B
# X3P3KTEe) pPSCTBOPOB B METEPBENE TEMNEP3TYPH MX (OPMUDOB3IHUA CYUECT-
BEHHO A3MEHANMCE. KK BHpaXeHUE 3TOr0 Y3MEHEHAA DaCCM8TPUBEWTCH CMEHA-
puue ApYT APYyra NapaleHE3UCH — NOK333TEAM YH3MKO-XNMUUECKUX N3paMeT-—
pOB PSCTBOPOB, MHEDPTHOCTH-TIOABMAHOCTH KOMTIOHEHTOB M NPEDHBUCTOCTH PyA-
HOr'O NpOLECC3.

Nlox naparenesuncamu, corascuo H.B.IleTpoBCKOM [3].n05uusercﬂ KOMIZIEKC
MUHED3NO0B, 06D33033BUMXCA COBMECTHO KK DIBHOBECHSH MUHED3NBHAA CHCTE-
M3. HO napaMeTpu pPaCcTBOPOB B TEYEHME OZIHOM CTYyMEHHM MUHEDP3NBHOI'O PaBHO-
BECUA BCNEACTBME M3AEHUA TEMNEP3TypH, NOCAEL0B3TENBHOE KpPHCT3NANS3ONK
MUHEPSTIO03 W KONEeGaHMit DABHOBECMA MERAY HuUMU, 8 T3KAE ONaTOA8pA 4YacTUY-
HOJl MEepeKpUCTS AAK33LMN MMHED3ZNOB 00NEe DPSHHUX NApsTEHE3NCOB He 0CT3a-
0TCA HEU3MEHHLMU.

0O K34YEeCTLEHHOM M3MEHEHBMM [8PSMETPOB PSCTBOPOB IIPU CMEHE MapareHe-
3HCOB MH MOEEM CYZMTH NO NpUGNMXeHHHM (QopuynsM peaxuuil saMeuchHun, 8
TIKKE N0 NOJOXEHWD K3TUOHOB, YYaCTBYOWMX B PE3KUNAX, B DAAY BO3PacTaw-
meli SNEKTPOOTPHIBTENEHOCTH /27, ONeMeHTH KONMYECTBEHHOW ONSEKA napaMe-—
TPOB ¥ CP3BHATENBHAA BEDOATHOCTH DE3KUUil yTOYHAWTICA C NPHBIEYEHUEM
A3HHEX 3HANU30B MVHEDP3NOB M TEDPMOOG3 pOreOXMMAN,DPE3YNBTATOB SKCIEDPUMEH-
TOB U TEDPMOIZARSMHYECKMX D8CYETORB.

COBOKYNHOCTH N3parcHE3LCOB HA uecropomneuaax XapPSKTEPU3JET COCT3B
DPYR00O6Pa3yHUMX P3CTBOPOB M CAYXUT KPUTEDUEM NpPU ONPEZENEHMH MX QOpM3-—
LUMOHHOf MpMHAANERHOCTH ¥ P33JENEHMM H3 MUHEDaNBHHE THNH. H3 MECTOPOX-
ZEeHUAX BCEX ONOBODYZAHHX (OpMaLUUi yCT3HABINB3ETCA EAVHHI NOPAZOK CMEHH
napsreseaucos f47/. HaGop mx HauGonee MONHO NPEACTIBAEH H3 MECTOPOMAE-
HUAX TypuaNNEOBOTO TUNd K3CCHTEpAT-CyABguAEOR Qopuaumm (radmuua), Xora
NapareHe3.CH PaHHEUENOYROM CTaAuM TNPeACTaBICHH H3 HuUX cnado.

Pannue (Xn0pUT-3NE0UTOBRM 1 Haccnrepmr—opwoxnaaozuﬁ)napareﬂe3mcu Xx3—
P3KTEPH3YONTCA BHCOKO{ 3KTUBHOCTEHN K3alWs N H3TPUA, 33MENEHMEM KB3pN3
OKONOPYAHHX TOPOZ TOJEBHMM WN3TIMM M 3cconualueil ¢ HuMM KaccuTepura.OT-
NNYNTEABHON YEPTO} MYCHOBUT-KB3DLUEBOI0, KBADU-TYPM3NUHOBOI'O W HCCUTE—
PUT-KB3PIEBOr0 N3apaTeHE3NCOB ABIAETCA 33MEWEHUE NONEBHX WIATOB MYCHO-
BUTOM, KB3DUEM U TYDPM3ANHOM, YTO COOTBETCTBYET yBEAWWYEHUO KUCIOTHOCTH
# TOBHUWEHMO OKUCANTEARHOIO MOTEHUN3N3 pPaCTBOPOB NPU BHCOKOW 8KTHBHOCTH
HC1 ,Gopa u xpeuBua. KaccHmTepUT 3CCOUMMPYET C KBAPUEM M P3HAUMM CYNb—
Juasuy- gPCEHONKPUTON, NUDUTOM U DEXE X3NBKONMPKTOM, INYU4eEM CEpa, No-
BUAMMOMY, NpUBHOCAN3CE B Buae SO0,.
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Paz nocnej0BaTeNBEHX N3p3reHE3HCOB H3 MECTODPOXAEHUAX K3CCUTEpPUT-
CyNBgUAHOR (OpMAIIKH

KaTnonH, yuacr-

NMocnenosarenshue | XapakTep- [ XapaKTepHhe
Napare e 3UCH HHE MHHE—- | DEBKILMM 3aMe- ByOIMe B DESRLAK
PER nenua
Xnopur-gnp0uTossil  AG, Xn,Kn  AR—AG+Kn Nat
Ke KB—AC
Br—Xn+A6
KaGGMTegmm—opTo— Op, Ke A6—0p A
K/1330BH Ks—0p
MycrosuT-KBapUEBEE KB, My Op—=My+KB HCL
My—is
KBapu-rypmaauso- Ty, Ks,Ke Op—-Ty Bog“
BRIt iy =Ty .
Kaccurepur-xBap-  Ks,llu,Ap Ty—Ks S1(OH),
il Kc, Bg My—~Ks
ggggggf PR Mo, Cg,Xn  Eallo ae
Cr,Ta °* Bi—Xn
Kc—=Cr
[lizpuT=gapOOHE T~ 2
HuT Mup,Ca, ¥ To--lu+Ca+MT 003
U KB—-Cz
Bf—LlnT
KapGona T=nomu - Cz,Xn,Cd KB—In HS™
CYnBENARNY Ap,Tn,Tn  Ke—Ta
Cr Ca-=Xn
TaneHuT-Cyilb= Ku.Ks,I'n  C@ + Ca+Bax SbSp
%gaaﬂwmmoamwo- Tpa, B Xn—Ka
Kc @pk Ca—-Ks
OKuCNO=Ka B~ 5
TO3Hi Ko, KB, llu  Co—Iin OH
I'm,Kp,I'm Cr—=Xn+ic 02
Xn.Ke Tn—-Ta+Ke

IprnwmedaHn e, AG- aas0ur,As - anoprur,Ap - apceHOmApAT,Br-Grorat,
bnx - Gynamseput, By - BOoasgpamur, I'nm - ranesur, I't - reTtur, I'm - Dunc,
Ku - xansuur, Kc - xaccurepur, KB - ksapm, Kp - kposcreprur, MT - Mar-
nerur, My - myckosur, Op - oproxnass, Mu - nupur, llo - nupporus, Cz -
cugepur, Cr — CT@HRUH, C§ - cdanepur, Tpx - Terpasgpur, Tn - TUARAT,
Ty - Typuanus, Ppx - dpanxemr, Xn - xaapkonupur, Xn - xnopur, lnr- we=

€JNAT.

250



C nazeHuEM TEMIEep3TyPH PaCTBOPOB HURE 360-400°C maumnanschk xpucTai-
gIUA MMHEDBNOB NEPBOTO CYABJUAHOIO N3DETEHESMCA C 33MEUEHMEM KBAD-
apCEHONMPHT3 NUPPOTMHOM, KACCHTEPUTS CTBHHMHOM M TH/INTOM,BONB-
MAT8  X@NBKONUDATOM, 4TO OCYCICBNEHO YBENMUEHASM S8KTUBHOCTH CYAb-
roft CepH,MaTannos ¥ pH P3CTBOPOB 1 YMEHBUEHMEM WX OKMUCIUTEBHOI'O
RUUS 3. s
flanbHeiiuee CBUMEHUE TEMNEDPSTyPH NMDUBENO K 3KTUBU33LMM MOHS CO%',
pmesyo pH ¥ Eh pacTBOpa M 33MEMEHMO MAPPOTHHE W X3ABKONMPUTA NH-
. pHTOM,CHAEDMTOM ! MBTHETHTOM, BONB{DEMUTA . [IEENUTOM, KB3pUS CHAEPUTOM.
Jﬁﬁpu!-ﬁ&pﬁOHaTEHﬁ N3p8TEHE3KC CMEHUICA NAaP3TEHE3UCOM CYABJMAOB BT OpOi
§iaepauun, B KOTOpO} CQanepuT, T'8N€HUT, X3ABKOMMPUT W CT3HHMH Npe0ol-—
. 18Z3T HAX nnppomaﬂou’ NpH SKTUBU33UMM THAPOCYABEUAHOIO MOH8 M EEKOTO-
"ﬁou noRuxenud pH ¥ Eh pacTBOpPOB.
KpicTa ANM380UA T8AEELT=CYNB{0aRTUMOHATOBOr0 N8PSTEHE3NCE, NPOUCKO-
f AMBUSA NDPUM TEMNEDP3TypE 180—14000, X8PIKTEPN3YETCA @KTUBHOCTBD MOHOB
;'sbsz,aaueueaneu CyABJULOB U CUAEPATS KBIpUEM (puc.I) ¥ cyasGOCOonAMM
B ycnosuAx nosHuenus pH u Eh, 13- MHHED3ZOB ON0B3 yCTOWUMBH K3CCATE-
f puT ¥ gpanKeuT. OKMCNO-KaNBNUTOBHH Naparese3uc B HauGolee MONHOM BHIE
" REOMOZSNCH Haumu Ha JleNyTITCKOM MECTODOXAEEHM, PR OH NPEZCT3BIEH Kaub-
. OUTOM, KBAPUEM, NUDUTOM, TETMTOM N KPOHGIEATATOM. On orpaxgeT yBeIUUYE-
- Hse En u pH pacTBODOB K KOHLY PYAHOrO Ipomecca, KOTOPOE CAEN8NO BO3-—
. MOEHHM Da3NOEEHME CTSHHWHA, TUNAUTS ¥ GpsEKenTa. Ha mecTOpoRAeEME Jlan-
nsrys ®.T3pHep HAGIOA3N TaKKe NapaTeHE3UC BOLHHX (QOC{ATOB,KPUCTENAN30-
BaBIMXCA Npu TEMNEDP3TypE IGOOC il HHHE.
Ha ofmem §OHE CMEHH DEXMM3 D3CTBODOB OT DAHHEWENOYHHX K KHCIOTHHM
1 A3Nee NO3LHELEAOYHHM /2] HaGNOZsKTCH Y8CTHHE KoneGsHuMA. T3k, OT My-
CKOBUT-KBAPIEBOr0 NAP4TEHA3UCA K KBSDPI-TJDM3NMHOBOMY NPOUCXOAMAO yBE-
nuuesue pH pacTsOpa, a8 BTOPO# CyNp{uUAHuN NMapareHE3UC NOK33HB3ET yMEHB~
menve pH m Eh, llepeuil cyspduunuit nmapareHeswc HAYPMHAETCA C BaMelleHEA
KBaplla ¥ ADCEHONEPHTA IWPPOTAHOM (prc. 2). Il03Ke OHM CTAMM DABHOBEC-
HEMW, 3aTpaTa MOHOE S° Ha 06pa30BanMe MMPPOTHHA BH3BAJA YBeJWIEHTE
KoHnenTpanmm #oHoB H' B pacTsOpe, X cTANa BO3MOXHOM Peakinda 3aveme-—
HEA KACCHTEDMTA CTAHHMHOM, B OKOJOIMILHHX IOPONAX XJODUATA CEPAIUTOM.
OmvH ¥ TOT Xe DapareHe3nC MOXeT NOABETELCA B De3yJbTaTe yBeInde-—
HAAZ WIR yMeHbWeHMs pH pacTBOpa: HANpUMED, KBapH-TyPMAJIMHOBHI IDK
CMEHE KACCHTEDET-ODTOKJA30BOTO 0O3HAYAEeT NOKWCJIeHVe pacTBOpa, ecty
Xe OH CcJelyeT NOCJEe MyCKOBMT-KBAPIEBOTO C 3aMEllEHMeM KBapua TypMAJH-
HOM, 9TO CBHINETENLCTBYET 00 yMEHBNEGHHNA €T0 KYCNOTHOCTH.
/HEPTHOCTE WIN TONBHREOCTE KOMIOHEHTOB DACTEODA ONpEeReNaoTCs Iy-
TeM IprMeHeHUA npaemaa I'méGca-Koprunckoro. Tak, cepa BIOJHE NOIBRR-—
Ha B canepMT-MEPPOTEHOBOM NapareHesMce IPM MHEDTHHX XeJese W IIMH-

Ke. [IpM 33MeueHMYM NUDPOTMH3 NMDMTOM ¥ CHUAEDUTOM OH3 MHEPTHa. Ecam xe
C BUMM 3CCONMMPYET MTHETMT, TO MBEPTER M KHCHIOPOA. lIHEPTHOCTR KpeMm-
HUA TpY 35MEUSHUM ET0 K3DGOHSTOM AOK33HB3ETCA NEPEOTNOXEHMEM KB3pU3
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P m c. I. Merakpmcraswm kxpapua (KB) B xansrommpyre (Xu) ¢ HesameleH-
HHME CKeJeTHHME BpocTKamy cdanepara (Cd); vepHoe — medexTH moampon-
kM. MecTopoxuenme Bampxymeft, Nosmp., mmd, ysea. 80

P # c. 2, UsdmparemsHoe 3amemeHue KBapua (KB) mmpporseom (do). Typ-
Mame (Ty) m kaccmrepar (Kc) ocramrcs HesamMemeHHEMA. [JemyTaTcKos
mecTopoxneHue, [ommp. mumd, ymex. 250

BMEUSDMAX NMOPOZ B NpORMIKE (PHC.3). YBEAMUEHME OOBEMS NpU 33MEUEHMH
KS8CCHATEDUT8 CTSHEMHOM OCBACHAETCA MHEDTHOCTBHD ONOBS M MOABMXHOCTHD
CepH M KHCIOPOZAS8.

NpoBEPKA BO3MOKHOCTM DESKIMM 1O 3HAKY M BENMYMHE NpUPANEHUA U3008D-
HOT'O NMOTBHOINA78 NMOKA3WBEAET, YTO 3aMEWEHWE KBApLUeM CYNBEUIOB M pa3nOxe-
HME CT3HHMEA, TUNAUTE M QPSHKEMTS B KOHIE DPYZHOI'O MPONECCS BO3MOXHH
TONLBKO NpU TNOABUXHON cepe, BHHECEHHOH B BUAe cynbfaT-MOHS ,KOTOPHI HA
JenyTaTcKoOM MECTODOXJEHMM (UKCHDOBANCA B TUICE.

llpy coxpaHen4m oOwWe# HaNPaBNEHBOCTH NpPONECCa B YaCTHHX CAYyY8AX HA™
OIDASNTCA OTCYTCTBHE, PAa3LeNeHHE MAW YCNOKHEHHE "CT3HABDTHHX" napsre-
He3WCOB, HaIpEMep, NapareHe3HC KaCCHTEDUTR C MOHOCYJnfmuamm, KoTopHH
nonTeeprier M.f.HexpacoBEM 3KCNEpUMEHTANBHO. AJNBOMT, ODTOKJAS WX
MyCKOBHT, CEOJCTBEHHHE DaHHEM NapareHesncaM, B De3yJbTATe KH3MeHEeHMA
napaMeTpPoB PACTBODOB NpM B3aEMOLefCTEMM MX ¢ BMeNANMME ITOPOLAMA MO-=

TyT NOABMTHCT M NOCJE KACCHTEDHT-KBAPIEBOTO NAapareHesHca.
$OpMUDOBAHAE MeCTOPOXIEHM! OJOBOHOCHHX CKAPHOB MATHESMANBHOTO TANA
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P u c. 3. PerenepnpoBaHHye KprcTa/UH kBapua (KB) HapacTanT Ha Baib-
oy mvprT(lIn)-kapdonatHoro(Ko) npoxmixa.Ty - KPHCTAMIH TYDMAIMHA B
pre ¥ xaploHaTe, 3aMecTHBlieM KBapl Bmeumanmeft nopomw. Mecropoxne-
pe Bamexymel. Moxwp. mmud, yeex. 80

% c. 4. dpefideprur (Ppd), xampromupET (Xn) E kapdoHaT B pasnyBe
pueBoro mpoxwika (wepsoe), cexymero raxemmt (I'x). Mecropoxienne
onapHoe, lommp, mand, ysen,40

a:-n ZIeficTBEeM DACTBODOB DaHHEUWeJOYHO! CTANMM, DeLyLMPOBAHHO! B KaccH-
epuT-cyapfuiHolt fopmaimm, Havanock ¢ NapareHesMcoB (e3BONHHX MIHepa-
MeTacoMATMYEeCKOl KOJIOHKK. MiHepaJH ¥MX BHCOKOTEMIepPATYDHOI'0 IOCT-—
MATMATHYECKOT0 IpeodpasoBaHua (Kak, HAalpWMeD, JIOZBATET, COXeprauurt
TPeXBANEHTHOE XeJe30 M UYeTHpeXBateHTHoe oJaoBo /1/) cBHIeTeNbCTBYOT O
@CTBEHHO BOIOHHX DacTBOpAX, CHmXeHME DH ¥ noBumenw® Eh, Ho mesou-
OCTH pacTBOPOB OHJa elle BeJMKa ¥ KacCHATEDMT B NapareHesnce OTCYTCT-—
eT. [losgH¥Me nNapareHe3MCH CKADHOBHX MeCTODOXIEHEH 0JOBa Napaleln3y-—
A ¢ napareHesWCaME T'MADOTeDMAJBHHX MeCTODORIeHH:.

KoMN7gKC TMapareHe3ucoB ManocyAB(UAHO) KaCCHTEPUT-CHIMKBTHON U KaC-
CHTe pur-KBapuesoll fopuanuit NO3BOAAET I'OBOPUTH O MAOM COZEDEBEAK CEDPH
B 0CO0GeRHO CYpPBMH B P3CTBOPaX. B KBSPI-NONEBOUNSTOBOM TUNE K3CCUTEPUT-
KBapnesoff gopuMamum NMpomecC MuBEPSNMBALMM HIUMHBETCA C M8PATEHE3UCAE
R8CCHTEPUTS C MONEBHMA NN8TSMA, 8 B MECTOPORAEHMAX KBAPUEBOI'O M rpefi-
88H0BOrO TANOB - C BHUEN3YUBABKA OKONOAM/ABHHX NMOPOJ BONHOR KMCAOTHHX
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HOMMNOHEHTOB W OOP330BAHMA MYCHOBAT-KBAPIEBOI'O M TOM83-KBapLEBOI'O Napg-
reseancos. Keccurepur-KBapueswil napsrenesmc, No-BAAMMOMY, 0Gp330BaH
38na37uBabNe BOMHOK pPacTBOPOB MOHUMEHHOW KUCAOTHOCTM. [[037HEWE MOYHMIM
OTPE30K TPOLECcCs NpPeACTaBIEH N3D8TEHE3MCEMUN: K8DOOH8THO-CYNBJUAHEM C
cynbPoconAMA CBUHIS ¥ BUCMYT3, CYAbJOSHTMMOHMT-KBADUEBEM (DMC.4) M nu-
pPUT-(A00pUT—~KB3PLEBHM .

Ha MecTOpOKAEHMAX XNOPUTOBOT'O TUNE KACCUTePUT-CYNBQUAHOR dopmamuu
XI0PUTU331IMA OKONOKMABEHX NMOPOJA YKa3WBAET H8 CNaG0€ NMpOABNEHWE CTaANU
KUCTIOTHOI'O BHUENAYMBSHMA W BHCOKYD S8KTHBHOCTH XEN638. VlHOrZAs HaOapas-
@TCA Da8HEMI MapareHe3Nc CHIepOPUANMTS C Oprokas3oM [4/. B ranesdT-cga-
NepMTOBOM TUNE DEAYUMPOB3HH P3HHME N3PITEHE3UCH W WMPE PI3BUTH MO3AHUE
CYNBYUAH, CYPBMAHUCTHE M CEPECPAHHE CYNBHOCONM .

Nlocne0BaTe NIBHOCTH N8P3TEeHE3MCOE MOKET HBPYU3THCA 38KPHTUEM DPYAO-
NOABOAAWAX TPEWMH. [IpM BTOM KBXASA CTSAMA MMHED3MN38UuM (B NOHMM3BUN

C.C.CunMpHOBa) MORET OWTH NPEACTABIEHA HECKONBKUMM IapareHE3UCAMM C
NOBTOPEHNEM Y8CTH NA8pPETEHE3UCOB NpeIuAYWEHR CTaAMKM M CKaYKOOODE BHEM
NOBHUEHHEM TEMNEpPaTYypH B 66 Hauane. [lepsuil napareseauc CTHAMA OTIU-
ygerTcd aKTMBHOCTEN, 8 TMO3AHME 0CpasywWTCHA YKE K3 OCTHBADWMX PACTBOPOB,
HE CIIOCOGHHX K 3aMEUEHMD DAHHUX MUHED3NOB B YCHOBUAX NMONY33KPHTOH Ju-
3uKo-XuMnyecKolf cucremMd, CMeH3 I'I8BHHX NapareHe3ucoB cTapull orpaxasT
3BOJNIMD COCT3B8 P3CTBOPOB, IEHBDMDYBMHX MBTMOH, BO BPEMEHM.

[locnez0B8 TEMBHOCTH N3PaTEHE3UCOB BO BpPEeMeHM, KaK oTmevan eme Y.llapk
/5], NOBTOpPAETCH B NPOCTPSHCTBE B BULE BEPTMK3ABHOA 30HINBHOCTH OTHO-
ReHUA, 49TO CBHAETENHCTBYET 00 M3MEHEHUM CTPYKTYDH PaCTBOPOB MO BOCCTE-
HUD pYZHBX Ten. [IOpPA7ZIOK CMEHW NapareHE3UCOB WM M3MEHEHWE COJEDE3HUA
npuMeceil B MUHEpaN8X B DTOM H8NP8BAGHUHM ONDEZENANTCA M3HAYANDBHOMR we-
NOYHOCTEN MM KUCAOTHOCTEED DP3CTBOPOB M COOTBETCTBEHHO POJOM B0H3NEBHO-
CTH.

OzmBaxoBHil NMOPAZOK CMEHN I'I3BHHX [8pareHE3MCOB N OCHE[0BATENBHEX
cTasuil MMHEDPBNNMBSIKM, NAapPITEHE3NCOB N0 X0y ABMEEHWA D3CTBOPOB M B
KaXZlOM CEYEHMH DYAHOTO TeN3 ZONKEH OCBACHATHECH 33BUCUMOCTH SKTHUBHO-
CTHM KHOMIOHEHTOB D3CTBOPS BO BCEX TPEX CNYYSAX OT OGWErO IAIBHOrO (fax-
TOpa, KOTODHM, NO-BUAMMOMY, ABIAETCH N3ZEAUE TEMNEDPATYPH. 37ECH JMECT-—
HO BCNOMHMTH BHCH83HBaHME C.C.CMMpPHOBA, YTO GONBUMHCTBO PYIHHX NIPORB-
nenuit co37aHO yCKOPEE BCETO0,110 SAUHOMY MASHY.
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MICROSTRUCTURES FROM A Cu-MINERALIZATION IN SOUTH GREENLAND

H.K.Schonwandt
Department of Geology, Aarhus University, DK-8000 Aarhus C,
Denmark

Introduction

"Frederik VII's Mine" is a small Cu-mineralization which occurs in
a quartz cemented breccia in Precambrian Ketilidian granite in South
Greenland. The sulphides are disseminated in the breccia and constitu-
te only a few per cent of the breccia, which has a diameter of about
15 m. The sulphide occurs as patches interstitial to the quartz.

In the sulphide patches main individuasls of (1) lamellar chalcocite
(2) bornite and (3) clauasthalite make up a grenuler intergrowth, The
main individuals form anhedral, equidimensional grains (Figs. 1 and 2).

The sulphide patches show an approximately equivalent bulk chemical
composition for each of the particular types of main individual. How-
ever, when viewed in relation to the breccia as a whole, the chemical
composition of the main individuals varies from sulphide patch to
sulphide patch making it possible to distinguish four types of sulphi-
de patches (Type A to D, Table 1). This subdivision is, however, arti-
ficial because overlap exists between the four types.

In the following the main individuals with their changing chemical
composition from type A to D will be described separately.

The lamellar chalcocite main individusls vary considerably in com-
position throughout the breccia. Type A represents one extreme and is
composed of lamellar chalcocite with about 5 vol% bornite and minor
digenite. Type B shows an intermediate composition defined by lamellar
chalcocite with approximately equal amounts of chalcocite and grey di-
genite (seleneous digenite) plus up to 1 vol% bornite. Types C and D
represent the other extreme being composed of lameller chalcocite do-
minated by grey digenite and only very minor chalcocite (Table 1),

This variation in the Cu-sulphides is overprinted by a veriation in
the relative amounts of inclusions of clausthalite (PbSe) and bohda-
nowiczyte (AgBiSea) (Table 1). In general the amount of selenide inclu-
8ions increaseswith increasing content of digenite in the lamellar
chalcocite.
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¥ig. 1. Schematic diagram of microstructure showing examples of types
A and B in a single sulphide patch

1 - LAMELLAR CHAICOCITE #AIN INDIVIDUAL; 2 - clausthalite; 3 - chal-
cocite lamellae; 4 — grey digenite; 5 — BORNITE WAIN INDIVIDUAL with
eucairite inclusions

Pig. 2. 3chematic diagram of microstructure showing examples of types
¢ and D in a single sulphide patch

1 - BORNITE MAIN INDIVIDJAL with eucairite inclusions; 2 - CLAUSTHA-
LITE MAIN INDIVIDUAL with grey digenite inclusions; 3 - HESSITE EUCAL-
RITE; 4 - LAMSLLAR CHALCOCITE MAIN INDIVIDUAL with bohdanowiczyte inc-—
lusions; 5 = chalcocite lamellae; 6 - grey digemite; 7 - LAMELLAR
CHAICOCITS MAIN TIDIVIDUAL with clausthalite+ bohdanowiczyte inclusi-
ons; 8 - chalcocite lamellae; 9 - grey digenite; 10 - BORNITE MAIN
INDIVIDUAL with clausthalite inclusions
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In the type D sulphide patches two types of main individuals of la-~
mellar chalcocite occur, one characterized by clausthalite inclusions,
the other by bohdanowiczyte inclusions (Fig. 2 and Table 1), Both
typee of inclusions make up approximately 10 vol% of the lamellar
chalcocite. The lamellar chalcocite with clausthalite inclusions fur-
ther contains more grey digenite and less bornite tham the lamellar
chalcocite with the bohdanowiczyte inclusions.

The main individuals of bornite, which form granular intergrowth
with lamellar chalcocite, show an increasing complexity in mineralogi-
cal composition from type A to type D sulphide patches. From a bornite
sensu stricto in type A, the bornite changes to myrmekitic intergrowth
of bornite and eucairite (AgCuSe). In type C and D patches, in which
eucairite constitutes up to 30-40 vol% of the main individuals (Table
1), minor bohdanowiczyte and clausthaelite are in general present in
the bornite dominated main individuals. As for lemellar chalcocite,
two~types of bornite dominated grains are distinquished in types C and
D (Fig. 2 and Table 1). One of these types is characterized by the
above mentioned eucairite inclusions, while the other contains claus-
thalite inclusions. The bornite-clausthalite type is characterized by
myrmekitic intergrowth of the two minerals although bornite grains with
rounded clausthalite inclusions have been noted. Both types occur to-
gether and separately in granular intergrowths with lamellar chalcocite.

Clausthalite main individuals occur only in type C sulphide patches
and are characterized by approximately 5 vol% grey digenite inclusions
(Pig. 2). The digenite inclusions are always euhedral and generally
with one crystal face parallel to (100) in clausthalite. In fact some
of the inclusions are a digenite dominated lamellar chalcocite. In type
D, clausthalite also forms part of the granular intergrowths but occurs
in these sulphide patches as pure clausthalite grains.

Minor congtituents only form part of the granular intergrowth in
type C and D patches. In type C hessite (AgaTe) and eucairite, and in
type D clausthalite, hessite, eucairite, bohdanowiczyte and mineral A
(Agase’.lle?) and B (CuAgBSe?) occur as accessory minerals in the granu-
lar intergrowth (Table 1). Clausthalite and bohdanowiczyte make up a
few per cent each of the sulphide patches, whereas the remaining acce-

ssory minerals occur in trace amount. Generally the minerals occurring
in trace amounte occur in close connection with clausthalite. However,
minerals A and B are always found grown together with hessite.
Relationship between types A to D, The individual sulphide patches
are generally homogeneous in composition, however in a few sulphide
patches variation occurs. From the rim towards the interior of the
sulphide patches, and the depositional sequence was probably from rim
towards interior, the following change in composition has been noted.
Lamellar chalcocite shows a decrease in bornite content whereas the
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. pornite main individuals show an increase in eucairite inclusions.
This probably indicates a paragenetic development from type A to D.
Lamellar chalcocite is generally accepted as a microstructure caus-
ed by exsolution of chalcocite lamellae along (111) from a high tempe-
rature cubic phase. However, the same microstructure can form by re-
placement of bormite or digemite along (111) by lamellae of chalcocita,
Ramdohr /5/ pointed out that lamellae chalcocite formed by exsolution
would show & uniform distribution of chalcocite lamellae in the main
individuals, whereas a replacement origin would result in quite a va-
riable distribution of the chalcocite lamellae.All lamellar chalcocite
phowse a uniform distribution of chalcocite lamellae and is consequent-
ly interpreted as an exsolution.
The cubic phase from which chalcocite lamellae have been exsolved,
has been referred to as chalcocite solid solution /4/, bornite solid
~ polution /77, neodigenite /5/ and the fcc-phase /6/. The designation
by Skinner /6/ refers to the type of packing adopted by the sulphur
atoms in the high temperature cubic phase, i.e. face centred cubic
lattice., Skinner's (op. cit.) designation of the high temperature po-
lymorph, which is without relation to mineral name®, is preferred here
~ because the extensive composition range of the fcc-phase at high tem-
- perature covers the stoichiometric composition of the low temperature
. phases, chalcocite, digenite and bornite /77.
g The chalcocite lamellae of lamellar chalcocite according to Brett
[1] are coherent, whereas clausthalite and bohdanowiczyte appear as
non-coherent or rounded (spheroidal) inclusions. Brett (op. cit.) has
~ also shown that non-coherent and spheroidal inclusions can form by
~ exsolution. The uniform distribution of clausthalite and bohdanowiczyte
in the various types of lamellar chalcocite indicates that clausthalite
and bohdanowiczyte were exsolved from & Pb-bearing seleneous fcc-phase
and an Ag-Bi-bearing seleneous fcc-phase respectively.
k Bornite main individuals. The myrmekitic intergrowth of the bormnite
- main individuals are characterized by (i) the bornite main individuals
occur as well defined grains; (ii) within the individual sulphide patch-
e8 the bornite main individuals show only a slight variation in compo-
~ 8ition and the inclusions are uniformly distributed in the main indi-
. viduals. In an interpretation of the bornite main individuals, the
- following features also have to be taken into consideration. Two types
~ of bornite main individusls occur and in the bornite-euceirite main.
individuals the amount of eucairite inclusions increases from type
aito D,
; Exsolution seems to give a simple explanation to the above mention-
ed features. Exsolution implies that two types of main individuals of
bornite were formed as homogeneous seleneous sulphide phases, and that
flt least one of them (the bornite-ecucairite main individual) changed
ite composition during the paragenetic development (Table 1),
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Clausthalite Main Individual. The euhedral grey digenite/lamellar
chalcocite inclusions are crystallographically oriented in the claus-
thalite with one of their crystal faces parallel to (100) in claus-
thalite, This oriented intergrowth excludes the possibility of descri-
bing this microstructure as poikilitic.

Two modes of formation seem probable for this microstructure: Exso-
lution or epitaxial growth. Kleber /3/ has pointed out that epitaxiel
growth, apart from being dependent on similarities in the lattice di-
mensions of the substrate (clsusthalite in this cese) and the new
phase, is also in some cases controlled by statistical factors, i.e.
the new phase may not be just randomly distributed on the substrate.

Therefore it is not always possible to distinguish microstructural-
ly between exsolution of euhedral grains and'epitactic growth. The
present author prefers the exsolution theory to explain the origin of
the clausthalite-digenite main individuals, because these types of
grains occur in the type C sulphide patches exclusively. The absence
of this grain type in the final part of the paragenetic development,
i.e. in the type D sulphide patches, can be explained by a lower tem-
perature of formation and thereby & decrease in solubility of grey
digenite in the clausthalite, whereas the absent epitaxial growth in
type D sulphide patchees is more difficult to explain because claustha-
lite and grey digenite (lamellar chalcocite) with approximately the
same composition and therefore the same lattice dimensions occur in
both type C and D sulphide patches.

Conclusion

A1]1 main individuels occurring are interpreted as resulting from
exsolution., At the temperature which prevailed during formation, these
phases probably all had a face centred cubic (fcc) sublattice of sul-
phur-selenium atoms or a slightly deformed derivative of that array.
This assumption is based on the fact that all the involved cubic mine-
rals have a fcc sublattice and that the non-cubic compounds have a
high temperature polymorph with a fcc sulphur/selenium lattice /6, 2/.
However in the case of eucairite, this is based on the structural
similarity between eucairite and stromeyerite.
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YIK 553.439:549.01
ME[HHE PYIb YIOKAHCKOI'O XPEBTA I X I'EHESIC

@.J1.Hpenaenes
YuTUHCKUA MHCTATYT Npupoisux pecypcos CO AH CCCP, r.4uTa,GCCP

Yrokasckuil xpeGeT pacnonargeTcs B WHHON yacTu Kozapo-YAOKaHCHOH
CTPYKTYpHOW 30HW ONM3 8¢ TEKTOHUYECKOIO KOHTIKI8 C 8PXEHCKUM OCHOB3-
HAEM, B COCT3BE KOTOpDOIrO Npeo0nafAsiT THelicw, KPUCTaNNM4YeCKNE CngHIH,
MpaMODH, TPSHUTOTHENCH M MUIMaTUTH. XpeOeT CH8raeTCA OCOZAOYHHMM U ME-
TaMOPEUYE CHUMU NOPOX3MM NATH BEDPXHUX CBUT YZAOKGHCKOH CEpUM HUXHETO
. NpoTepo30A. JIpeBHEitwNE W3BEPHEHHHE NODPOAH DETMOH8 — BTO PECCAOEHHHE
Ta60po-nopuTH YuHelickoli nATpysuu U gafiky GssurToB (Hanapckuti ssopTo3U-
TOBHIf KOMN/ZEKC OCpPSMAEHMUS ANASHCKOrO wuTa). I'OPU3OHTH MEAMCTHX Necya-
~ HUKOB YZOK8HCKOI'O PYAHOrO IOAA NEPECEKANTCA ITMMUA NOPOAaMH.CHOM MOPOA
:'anoxancxon CEPUM CMATH COBMECTHO C BMEUZHUMMU TOPOASUU,00pa3ys 4acTh
. KpYnHO# cuHKAMHIM HaMuHra, 38K3TOl MEXAY IBYMA T'DIHMTHHMM 03TOMMTEMHU
( Hamexcxum 1 MHramaxuTcxum), GONEe MOMOAHMU,YeM IaGCpO-BOPUTH U PYA-
. HH@ TOpu3oHTH. 068 G8TONMTS NOCTPYJAHHE, OHU NPOPHBEMT TONLKO CBOZOBHE
T,nscrn CKnazok. AGconwTHE{ BO3pacT HemeHCKOro GaTonuTs paseR 980-II00
. Mnn.7meT (no ASHEEM K-Ar MeTOZ8). |l G8TONMTH, U BMELSOUME MX TOAWM TeE-
- DEKDHTH ¢ yTIOBHM HECOTNSCHMEM K8DGOHATHHMU CIOAMY KeMODUA.

B onucuBsemoit eauBoif CTPYKTypE BHABNEHH AB8 TUng pya: I) meaucTe

- NIECYSHUKA YZOKGHCKOIO MECTOPOXAEHHMA; 2) CYAbIMZHNE MEZHHE DYyIAH B SK30-
'KOHT8kTe Unmelickolf MBTpY3HM.

- Mepucrhe necusHMKM 337€I80T B BEDXHEH TpPeTH Daspess BEPXHECAKYKoH-
- CRoit NOACBUTH YZOKHCKON CEpUM,d TIHEE B YUTKAHLUHCKOH, 8NEKCIHZpPOB-
Off, GyTYHCKOU M HaMMBTCKOW CBHUTSX TOJ ®e CEDUM U 33HMMENT CTPOrO
Pe eI HE O CTpPaTUIpadnyecrOe MONOREHNE HA OCWUPHEX NPOCTPaHCTBEX,Aa~
8 B DXHOM ONpOKMHYTOM KpHJZE CHHKNUHSNNM HaMUHTS.

Mlo manpasnenuw ¢ CEBEPO-BOCTOKA H3 WIr0O-33M81,T.C. OT ANNAHCKOIO -
K O#HOMY (8Cy XpeOTa YAOKaH, TdK %EyH8K CBEPXYy BHM3 NO pa3pesy,3a-
HOME pHO yMeHBwWAWTCA: 1) MOWHOCTE Kaxmolt cBUTH; 2) MOWHOCTEL KaxIOTO
HOCHOI'O T'OPH30HTA; 3) MOWHOCTH DYNOHOCHOK TOJUWM BepxHeif OOJCBATH}
) CpenHee colepwaHme Memu; 5) 36PHUCTOCTH TAPPUTEHHHX 110POX. La-
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OM8IBbHHI KORTDONB ACHO MPOABAAETCHA B pailoHe YZAOK8HCKOT'O MECTODORAEHMA.
MeancTHe NecYsHMEN NPUYPOYEHH K MOZBOZHON YSCTM 8BEHAENBTH,HallUnm KOTO-
. polt coOTBETCTBYNT OOPa30BAEMK KPaCHOUBETOB. inA BTux @auuit u nopoz xa-
PaKTepHH TOHK8A DHTMMYHEA CHOMCTOCTEH, NEPECASMBIHUE, NDOTHAREHHHE NSUKY
NOpOZ, N8YKM CEPHX W M8JEBHX MECYSEUKOB C KOCON cloMCTOCTEW, BOMHONpPH-

COMHEMM BHaKAMM, ONON3HEBHMM TEKCTYDSMH, 3HAKAMM DACH U TEYEHUA,TPEUM-.

HH BHCHX8HMA. BECBM3 BEPOATHO, YTO MUHED8AM38IAA NDOMCXOAUNS B B0HE
CMENMBAHUA NMPECHHX BOZ NBJNEODPEK M CONBHWX BOZ MOPH MM N8T'yH .Pyanue
NpocAoOKM He MEpPEeCceKanT IPSHUL CNOEB, COBNSLSNT C HACIOBHUAMU.

llpocnoitkd CynBUAOB MAM OCOraleHUA CyABGUASMM OCpa3yOT Te Xe CTDPYK-
TypH, YT0 ¥ BMENADMME NODOAN, HE OTANYSDTCH OT NOCHEAHMX MO  MUHE-
DAAbHOMY, XUMUYECHOMY COCT3BY M I'8 OXUMWYECKMM X8PSKTEPUCTHUKAM, KDOME
TIOBHUEHHNX KOMMYECTB CYIbJuA0B Cu u Fe. [locnejHue BCTPEYSWICHA B I'IM-
HHCTOM IIEMEHTE DA3HHX OC3AKOB, B 33MONHEHMM TPEWMH BHCHXSHUA M 3HAKOB
pAdu, 8 TaKXe BMECTE C NpocnoiixaMy MMHEDPSJNOB THARENO# (PSKINMM BO BCEX
CBUTAX M NOZACBUTAX.

TpsBMOH MNpPOMHUNEHHHX DJZA NOCTEN@HHHE, HEDPA3KHE W ONpEAEAANTCH
SKOHOMMYECKNMY pACYETSMY DEe3yNBTETOB ONpPOGOBIHUA.

MuHED8IOPMYECKEA 30HABHOCTE BO BCEX DYAONPOABAEHUAX YZAOH3HCKOI'O
PYABOrO MOAA TUNMYHAE AAA BCEX O0CAZ0YHHX MECTOpOXAEHUA Mupa. Cynsfuzan
PYA DE3KO BNUreHETUYHH, YTO OGYCIOBIEHO AUAIeHETHYECKNUMU UBMEHEHAAMM,
PETMOHANBEHEM, KOHT3KTOBHM MM I'MADPOTEDM3NBHHM METaMODQU3MOM.

Yupefickas pacCIOgHHAA WHTPYSUA MMEET DAMMNTHYECKYD QopMy B NiaHe
npu naowsA¥ OKONLO 150'KM3 , OYEHb CIOEH8, HEOZHODOZHA M (ONEe BCEIO
H3NOMMEEET KOBQOKaIbHWH Aonoaur. MBTpyaus (PRB) CEYET NOpOAH yAOKaH-
CrOlf cepum U cama cpe3deTcs IPAHUTOUASMN HraMaKuTcKO#f WHTpy3uu.llo-
BEDXHOCTH pacclOeBuA B OCWMEM MNapannelbHH KOHTOKTY KHTDY3MM B €€ 33naz-
HOM KpuZe. OHM BAKNOHEHH K NEHTPY METPY3MM ¥ NaASKT NOZ HEE TMOA yriaa-
un 20-30°; 8 B ceBepHoM Kpuae - nox yrasuu 50-70°. Ceseproe Kpwao A0-
nonuTa 00pe3aeTCA KPYNHHM DPETMOH3NHHEM Da83/OMOM. [IOZOWB8 MHTDY3uMM OpU-
S6HTUPOBSHE NapaANENBHO PAaCcCNO8HMO. [IPOCTMPIHME DPBCCIOEHHOCTH Hapaje/ib-
HO - OCM CHMBKIMH8AM HaMupra u ONM3KO K WAPOTHOMY. MIRTpya3us paaduTa
MHOXECTBOM H8pyWeHmit. OOW8A MOUHOCTH @6 OLgHMBaETcA B 2,5-3,0 KM /3/.

9.T.KonEUKOB /2] BHAGNAET 6 TNaBHHX 30H B MATDYBMM:

1) GasanpHad 30H8 76MKOKDaTOBHX, 7€O0N8pAOBHX (NATHMCTHX) Ia6epo;

2) B30H3 MEBOKPaTOBHX ras0po W raGOpO-HODPHUTOB;

3) 30ma nepecnamBasuA raG0opo, BHEIANYSA DYAHEHE I'aG0po M "mmacTh"cnuo-
OHNX TUTSHOMATHETATOBHX pyA (Momsocts 0,5-1,0 M);

4) cpezsAs B0HE IaGO0pO-HOPUTOB; y

5) BepxsfisA PacclOeHHAA 30H8, T3KAA HE,K3K 30H3 3;

6) 8aBepuanuads 30H8 IaCGGpPO~HOPUTOB.

[lo HBMP3BAEGHND K SHIOKOHTAKTY MHTPY3uUM raGOpO-HOPUTH BaMEWSOTCH
r360po-1uOpMNTaMN, KB3DUEBHMU AMODUTAMN, MOHIIOHMTSMM, CHEHMTIMM, HACH—
NEHHEMM KCEHONMTSMMA BMEUALWUKX NOPOA.. "MnscTH" TUTSHOMATHETATOBHX PYA
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HaCABLYOT NONOKEHME AONOMUTOB CYTYHCKOH CBUTH M NOZYEDKUBANT DEANKTH
| cRISAYATHX CTPYKTYD OOPSMIEHNA.
.~ I13BecTHO, YTO ANA DPBCCJOEHHHX MHTDY3UHi X8PSKTEPHH K8K MHUHKMYM TDH
puns CcyABGUAENX pyA [5]: 1) 3oHa "BUCAUMX"BKDSNAEHHNX CYABPUAOB;2) Cce-
[PEranuoHHEE CKOMIEHUA cyasfunos B "nmpuzonBEX"CNOAX; 3) NMHB006P3BHHE
 pend, 387ERM, NPORMIKK M UTOKBEDHM CYNBIUZOB B DK30KOHTEKTE WUHTPY3Uil.
L'B JHOHEHCKOM paiioHe OCH3pY®EH NOK8 TOMBKO TPETHil Tun. UnHEUCKam MHTDY—
?9gaa OTAMY3ETCA OT APYTMX DPSCCHOEHEHX MHTPYysuft Haznuuuem "nascToB" TuTa=—
| HOMATCHeTATOBHX pYA # OTCyTCTBUEM GOPaTHX DymHHX OPEKUMil B SK30KOHTaK-
If,ge, AMHBOBAZHKX 387N6€Ke} MOZ NMONOMATOM ¥ XPOMUTOBHX pyA Tuna puda Meper-—
~ cKoro.
B cocTaBe OyTyHOKO# CBMTH M3BECTEH T'OPM3OHT MEJMCTHX NMECYIHMKOB,

. @aneraouuit NapaANENnBHO M PAZOM C I'ODU3OHTOM [ 0NOMUTOB, M OYEHD BAKHO
- HallTM PENMKTH 3TOr0 I'OPMBOHTS B KOHTYPE WMHTDY3UM T860p0-HOPKTOB.
- T'naBHWi BOMpPOC: 6AMHNM /M OB MCTOYHMK CYABQMAOB MEAM ANA NecYanu-
_?tem JIOKSHCKOTO MECTOPOHZEHMA U ZANA SK3O0KOHTaKTOB YuHelickoll wATPy3um
" ¥ K8KOBH CBA3M MEKL) HUMM.
3 CocTaB OGNOMOYHOI'O ¥ DYAHOI'O M8TEDHAZNd B NOPOASX YAOK3HCKOR cepuu
| yK83HBAET, UTO HMGONEE BEPOATHHM MCTOYRMKOM MOPZAM OHTH NOPOAH Men-
. rpoxolt cepuu (A) AnZ8HCKOrO WuTa, 4acTH Yspcroro GnOKs U CTAHOBOTO.
_jﬂeponﬂ 3TUX PETMOHOB COZEPXaT MHOI'O MBIHeTMTd, I'eM3THUT3, CYAbJULOB U
. MEJIEHOCHHX TpOCc7/0es. YaCTh CYABYUAOB ¥ OKWCIOB MOT'IS TPAHCIODTUPOBE-
| THCA MEXSHWYECKHM TNYTEM B BUZAE OGNOMOYHOI'O MaTEpuanls, a TAKEE B BAZE
| BRMOYEHN! B 3EDHAX KBADPNA, MUKDOKBAPIMTS, TAKENHX MUHEDAACB M T.N.
Jpyras yscThr MOr'I3 [EPEHOCHTHCHA B [OpME OCHOBHHX CYAb()8T0B, K3pGOH3T-
“BuX B3Beceil (I) u, BUAUMO, XAOPMAOB MEZM. B NOABOAHOH AENBTE 3TH COE-
EHUA NEPEXOAUNM B HEpacTHOpMMYO $OpMYy ¥ OCa®A3NUCH BMECTE CO B3BE-
WEHHHM B NOTOKE M3TEpUaNOM.
. Teneauc CYyABQUAHOI'O OPYAEHEHMA B CBABM C Yunefickoldl uHTpy3mell npoas-
8H eue HeweTkO. [IOK8 ACHO, YTO HET YETKWUX CAEA0B BO3AEHCTBUA MHTDY3UK
BMEUWG WME MOPOAN (OTCYTCTBYET KOHTSKTOBHI OpEON, HET NPUUHTPY3IUBHHX
KI870K, D33/ABUHEHMA TPEWMH, PECKAMHUBIRMA NASCTOB W T.N.). [lpeAcras-
TCA, YTO COKOBHE NOPOAH PaCTBOPEHH Ia0GpPO-HOPUTAMU, HO DEJIAKTH
DYKTYD BMEWLAOWUX NOPOZ COXPaHAWICH.
~ CaoucrocTs BMEWSWHUX NOPOZL B KCEHOMMTAX TAKRE COXpaHAeTcA. Coapser-
CA BNEY3TINEHME, YTO MSTM8 HE NEPEMEWSNAECH. KCEROMMTH NEpPECEeKawTCH Npo-
WIK8MU NOSZHUX NPOMBBORHHX Ta0CPOMAOB. ARSIN3 MUHEDAJbHHX NM8pareHE30B
88uBaeT, 4TO Si, Al, Fe , uaCTUuHEO Mg M Ti NPUBHOCATCA B NpOUEC-
| 88MEUEHNA KapOOHATHHX NOPOR, 8 Ca BHHOCMTCA. [le/IOYHHE DINEMEBHTH M
“8 BHHOCATCA ! NpN 33MENEHAN TEPPUTEHHHX NOPOZ, 8 npuBHOCATCA Si n Mg.

DREOM KpHZE CUHKNUHGMM HAMUEIS Ope O MUKDOKAMAW3SLMN CHOpPMUpOBAINCA
;;IOHHHun pacTBOpaMuM, 9TH PacTBOPH BHUENAUMBAAM Cu M3 BMEU3WUUX NMOPOT
* OpozBuranm ee-nepes (POHTOM MOTMBTMA3UMN. BAarozapa STuM pacTBOpaM
O3HuKanu xonuenrpsuuu Cu , Fe ¥ CHORHHX CYyABJMAOB, OGOramsbmuMX BME-
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WaouMe MOpoZN B 30HE BKBOKOHTAKTd raGOpO-HOPUTOB 33 CYET 3KCTPAarupoOBI-
HUA MET8NIOB M3 NODPOJ YAOKAHCKOH# cepum, uU3HaYanNBHO oCorawesHHX Cu U
Fe . CXOAHHi{l NpoUECC NPOMCXOZAT U B 30HE KOHTSKTOBHX Z3eK, HO WUPUH3
OpeO0N0B 3LECH OYEHB M3NEHBKAEA.

[lpenc.sBAfAETCA, 4T0 CYWECTBYOT ABA HE38BUCUMHX WCTOYHUKS OpYLEHEHU:.
llcTouHMKOM MeZAM ANA CYNBYUAHHX pPYA B cBA3K C YuHelicxol unTpysueit Gum
BME[aOLMe TNOpPOAH YAOKAHBCKOM cepuM. JICTOYHUKOM D3CTBOPOB, NOABUBIUXCH
B 30HAX 3K30KOHTAKTA, OHAM NPOLECCH METMATU3MA, 33DOXISOLUECH B I'IYOGME-
HHX 30H3X. QODMUPOB3HMK PACCNOEHHHX MHTPY3Mil NMpejUecTBOB3aNO 00OraleHue
4acT¥ NMOPOZA, M3HZYSNBHO yXe OCOraui@HHHX MEABW. JT3 MOZENH X0pPOWO COr'ja-
cyerca ¢ moaenso P.H.laxosa /4. OTcoas HCHO, YTO OXMABEMHE 387TaCH
CYNBfUAHEX DPYZ B 3K30KOHTAKTE YnHelfickoll MATPYy3MM MOr'yT OHTH BECHM3
KDYNHEMK, MOCKONBKY OGBEM MHTDY3MM MDUMEDHO B 5 p3s Gonbme OGBEM3 Me-
JEHOCHHX NOPOGA B KOHT3KTE CHMHKAMHANN HoaMMHIE.
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YIK 549.3:550.41:553.43/44(235.222)
TEPMOMUHAKNYECKUE AHANM3 PYLOOEPA30BAHVA HUKCTIAEBCKOI'O
BCTOPOKJILHIA HA PYLHOM ANTAE B KOOPAKHATAX "“JIETYYECTH CEPH -
TEMIIEPATYPA"

H.ll.Epeuun, H.E.Cepreesa, T.A.Pumnunsa
MockoBCKMil TOCyAapcTBEHHNt yEuBepcurer, Tr.docksa, CCCP

CnaGoe MpoABNEHUE METAMOPQU3M3 Ha HMKONGEBCKOM MBCTODOXAEHHMM NO3BO-
AAET paccuaTpPUBaTh STOT OOBEKT B KAYECTBE GASTONDUATHOrO AAA U3yYeHUd
KONYE A8 HHO-TIOMNME TE IZIMYECKOI'O PYyA000pa30BanMA Ha Pynsom Anrae.

CpaBHUTENBHO NPOCT3A NMH3OBUAHSA (ODM8 DYAHOK B3NEEM, NPUYPOYEH-
HOCTP 86 K CKIOHYy SKCTPY3UBHOI'O KYNONa NMNEPUTOBHX NOPIUpOE, MHTEACH—
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pBaA TMADOTEPMaNBHO-MET3COMaTUYECKAA NEPePalioTKa NOPOA JEX89Er0 GOKa

¢ pa3BUTUEM TaM NpORMAKOBO-BHKPSNNEHHHX DyA, HANWYME NEPBUYHOR MMHEps-

faornqecxon 30HB8/NBHOCTY, BHPaRADUEiiCA B CMEHE BBEpPX o paspe3y MeIHO-

KONYELaHBEX 0 MEJHO-LUMHKOBO-KONYEA3HHNX DYZ KOMYEZS HHO-NOANME TANAUYE~

CHUMU, WADOKOS P33BUTHME B PyA8X KOANOMOPQHHX CTPYKTYp, NOABNEHUE CPEAM
PEAKMX MNHEP3JNOB DYZA Pa3NMYHHX CYNBYOCONEH U OKUCNOB - BCE 3TH NpUBHA-
KM COMNksiT HUKON3EBCKOE MBCTODORJGHUME C BCEMMPHO MB3BECTHHMM BY7K8HO-

TEeHHO-0C8A0YELMI MAOLEHOBHMI MECTOPOXZEHUAMU Hypoxo B fimomuu.

B HacTOfuE# pa0oTE CAENIB3 NONHTHE MO MMEWUMCA MIHEP3JTIOTHYECKUM

. paBBbM (BKNOYSA NONYYEHHEE 3BTOPSMH C NOMOWLBD MHKDOBHANUBS M BNEKTPOH—
“noﬂ MHKDOCKONKM) OUEHWTH NPOUBCC DPYZOOODP830BAHAA H8 MECTODORAEHUM B
KOOPANH3 78X BIRHEHUNX MHTEHCHBHNX NAPSMETPOB - "N6TYYeCTH CEDH — TeMIE—
parypu".llpu arTom, JUUTHB3A OTMEUEHHOE CXOACTBO C MECTODOKAE HUAMM Kypo-
. KO, OH7I8 NMDUHATE MONENB OCAXJAEHUA CYNBIMAOB U3 BOCXOAAWMX TUAPOTEpME=—
. IBHHX paCTBOPOB NpY CMEWEHWM NGCHEAHMX C MODCHO# BOZOff 67M3 mOBEPXHO-
CTH MODCKOI'O JH8.

Ha npusrpsume "jeTydecTh COPH — TeMmepaTypa" B WHDOKOM TEMIED3TYyDHOM
MHTEpB3JIe HAOHECEHH JMBMM MOHOB3PM3HTHHX paBHOBecuMli peskuult cynb{uansa-
- Oud C yu4sCTHEM ra3080ii CEPpH Sp , @ T3KEE CYMNBYMAOB, CYABYOCONEH M
HEKOTOpPHX OKNCJIOB Kene3a, NPUCYTCTBYNUMX B pyAsX (puc.I). [laBHHE 00 u3-
~ MEHEHNN BENMYMHN CBOGOANOH SHEPTMM STUX PeaKUuii OWIM 38MMCTBOBIHE U3
pador I.Baprona /27, Ix.Kpeitra u Il.Baprona /3/.

[lo B3auMHOMY IIO/IOXEHMO 3TUX JMAHWH, OrJgHAYUBaOUMX OONACTH yCTOkun-
BOCTY ONpEjelleHHEX MUHEpP8AbEHX ()83, BUAHC, YTO BCE MHOT'000p33uUe pyac-
00pasyounx MHHEP3N0B, M3BECTHHX H3 MECTODORAEHUN, HE MOKET OHTB OOL—
EIMHEHO B EAUHYK N3pPaTEHETHYECKYD SCCONUINNL, OTPIRANLUYH MX COBMECTHOE
00pa3oBanue. TaK, NpPU TEMNEDPATYPaX HUKE 300°C cosmecTHO C NMPPOTIHOM
?(panxmﬁ MUHEpPaN, YCTAHOBNEHHL{I B BEPXHEH! uacTM "KPUCTSANIMYECKOTO" IO-
PUBOHTS DyZHOU 387eAN) CHEAYET OKKAGLE HOABIEHUA CSMOPOAHOIO BUCMYTA
:(n PYAaX HE YCTAHOBIEH), 8 He BUCMYTHTA, HuKe TemneparTypu 280°C ¢ mmp-
YOTHHOM HE MOXET COCYWECTBOB3TH NMUPAPTMPUT, HMHE 200% - Oy I8 HKEPUT,
Bake 170°C - nxemconur, naxe I50°C - Gypmosmr. CoBuecTHOE 06pasosa-
~ HUE NUPPOTHAS M XENe3UCTOTO CP3NepuTs C SHEPIUTOM MCK/NYEHO LaXe MNpH
. BECEM8 BLHCOKMX TENNEpaTypaX, @ NapareHe3uC JHGPTUT8 C MaJIOME NE3MCTHM
- cyanmepurom (1,67 MON.% FeS - MUHAMSNBHAA KENE3HMCTOCTH 3TOr0 MUHE-

- pams B pyzeX MECTOPOXZIEHMA) BOSMOXKGH JIMUb NYU TEMNEPaTYypPax CBHUE 350°C.
*  Memzy TeM BHCMYTHH, NUP3DTUDHT, OYI8HKEDUT, AREMCOHMT,CyPHOHUT U
BHEPIrUT (UKCHPYOTCA B KaueCTBE PEAKMX MHHEDATOB NMPEMMyWECTBEHHO B CO-
craBe "meTagOANOUAREK" pyA /I7. HeBO3MOXHOCTE ONpeAEleHdAs E€ZUHOTO NO-
17 ycrofluuBOCTH DYLOOOPE3youuX MUHEDP3NOB MECTODORASHMA H3 AN3TpaMMe
JIeTYyYecTh CEpDH - TEMNEPaTyps MNOATBEDENAET AUCKYCCHOHHHN BHBORO TOM,
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P r c. I. ImarpaMva "JeTydecTs CepH - TemmepaTypa". [IYHKTHDPOM NOKa-
3aHH BeKTODH KoJuemanuoro (I) ¥ KosdemaHHO-TOJ¥METAJLIIECKOTO ' 2)
opyZLeHeHnsa HUKOJAEBCKOTO MECTODOXIEHHS Ha PyInHOM AnTae
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fggo-npouecc PYyAOOOP830BaHNA pacyneHAeTCcA,N0 Kpailreli mepe,Hs nBa 3T8nN3
(c:annu): KONueZ8HHHA ¥ KONYEZSHHO-II0NNME T8 ANMYECKUE .

T'78BHEHMU MUHEDANISMH KOJNYEZSHHOIO 3Tana ABAANTCA NUPUT N X3ABKONM-
puT, BepXHed rpaHMUed COBMECTHOH yCTOWYMBCCTH KOTOPHX H8 ZMAarpaMue
ABAAETCH NMHUA DSBHOBECHA GODHAT, NUPUT - XAABKONMPAT (OTMETHM, YTO
TUNOTE HHWil OOpHAT B pPYZaX He YCT8HBBIUBAETCA). JT8 I'PaHMUS CYWECTBEH-
HO MOHUKSETCA, OPHHMUMAA BO BHUMBHME HaUYUe B pyAax "KpucTaanuyecxoro"
FOPM3OHTS DEAKUX MUHEDAZOB — M3THETUT2, PEMTUTS B 3CCOUMALMUA C NUpH-
. roM. COBMECTHOE OOD330BIHME BTUX TPEX MUHEDPSJIOB BO3MORHO ZUWE BAOABL
AMHAYM WX DSBHOBECUA TNMDUT,M8MATUT — METHETAT , KOTOpad M MO#ET OHTH
NpUHATS B KAYECTBE BEDXHEI'O OTPSHNYEHMA OCN3CTY KONYEZAHBOT'O OPyAE-
~ HeHus Ba AMarpsMMe. HaXOXKM eAUBAYHHX 3€pEH NUPPOTHHS B KPOBAE "Kpu-
~ CT3NAYYECKOrO" T'OPM3OHTE 337IERM [IO3BOMAANT D3CCMATPUBATH MHMD PIBHOBE-
., cHE [HMDPUT - NMPPOTHH K3K HMXHEE OTPIRNYEBME D3CCMATDPUBEMOH 06M8CTH.

[1ana30H TEMNEpP3Typ, ONPEAENERHEX NO PaClpejclieHnod KOO8NBTa B Nape
NDAPUT = X3NBHONMPUT M3 KPUCT3 INMYECKUX'  DPYA COCTEBAAET 187-80°C.
- OpH8KO B NUDUTHHX 36PHSX NPOKMIKOBO-BKPANAEHHLX DYZ NEXS8YEro OOKa 33—
| JIeXM CONEpX3IHUA KOG3NBT3 ABAAKTCA 3HEYMTE/BHO GONEE BHCOKMMM, YEM B
. BTOM EE MWHEP3Ne CPEeAM MACCHUBHHX DYA. [IDMHEMAA BO BHMMBHUE, YTO OCHOB-
. H8A M8CC8 NAPMTI8 B NPOKWIKOBO-BKDPSNAEHHHX PYASX AEKIUET0 OOK3 CYOpuyi-
| POB8N8CH B XOAE KONAYEASHHOPO DYAOOGPS3OB3HHA U UMEA B BUAY, YTO NOBH-
. [MEHME CONSDEAHNA KOOSABTS B STOM MMHEDSNE OOWYHO CBUAETENBCTBYET O Er0
. 00Jlee BHCOKOTEMIEDAaTYpHOM OGP830B8HMUM, CHAEAYET CYUTATH, YTO ZAeitcTBuTe-
- nbHaA BBPXHAA TEMNEPATYyPHAR TOYKE KONYEASHHOIO ODYAEHEHUA OyAET ONpe=-
AENBHHO BHWe. Ha AuarpaMme JETy4YeCcTh CEpH - TEMNEPaTypa 9T3 TOUKA
' MOX8T OWTH NPMHATE H3 NEPECEYEHMY NWHMH DIBHOBECHMA NUPAUT, TEMITHT -
- MarHe™MT ¥ I Mon.% pes B cfanepure (uMMHMMANBHOE comepxanme Fed 3
- cfanepuTe, N0 ASHHHM DEHTTGHOGNEKTDSABEOTO MMKDOSHSM3E,COCTABNAET
1,67 mon.%, OAHSKO NMOA 9AEKTDOHHHM MMKDOCKONOM B MUHEDSNE NMOCTOAHHO
KCHDYBTCA 33METHOE KONMYECTBO MEIKMX BKAWYEeHul cynpfuzoB xeness,
9T0 N03BONAET CYMT3TH, YTO LelicTBUTE IBHAA MUHUMBNERSA MENE3UCTOCTE
Hepajia, yCHAOBHO IpuHAMaeMas B 1 Mon.7 Pes , OUIpPEIEJEHHO HUXE yKa-
 BaHHO! pe/MuMHH.KoOpIMHATE TOUYKA NEPECEYeHAs YKa3AHHHX JMHHI IO OCH
unepsTyp cocrasaser 350°C.
~ Mcxopa u3 npezcToBNEHM O CHMKEHMM TEMNEDSTYPH B NpOUECCE DYAOOTNO-
BEEMA (uTC Heu3OERHO CHEAYET M3 MOREMM CMEUEHUA BOCXOZAWAX METSMNOHOC-
X QIOUA0B C MOPCKOl BOZOH) HI3HH8A TOYK3 MOKET OHTH NPUHATE B K8YE—
BE HAYyanpHOoil. HoBEuHam TOYKAE KOMYERIHHOIO pynoodpaaosaﬂuﬂ XapaKTepu-
8TCA TeunepaTypol 80°C . NMEEMT HA NMUBMM D3 BHOBECUS OMDAT — OAPPOTHH .
MHUYEHE BaXOAKYM NUDPPOTMBA NPUYDPOYEHH K BEPXHEW 94acTM KPMCTAZANYECKO-
- TODM30BTS 33NeXM, NpUYeM B WIMJaX STOT MMHEpPSN OCHAapyRMBaeT Gonee
037lHee 06pa3oBaBuE, KOPpOAMpYR MUpuT. [[18BHAA KpMBafA, COCAMHADWAS Ha—
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P u c. 2. Basomas HeomHOpomEOCcTh B cdanepmre. OGp. ¥ HIOIT, yroabHas
PeILINKA

qanbﬂgm (¢ =350°C, fsz =10701° 8TM) ©n KoHeunyo ( 1 =g0%¢, £y =
=IO'2 3TM) TOUKM H8 [u3TPaMME 7IETy4YeCLh CEpH - TEMNEPaTypa ,ABIAAET-
CA BEKTOpOM, OTP3XgOWUM 3BONNLUO KONYEASHHOI'O ODyAEHEHUA.

TaKOe NONOEEHNE BEHTOPS KOMYEN3HHOIO pyZA00Cpa30B3IHUA ALONEHO BHpa-
KATHCA HAAMYMEM B KPUCT8ANMYECKUX PYLSX CKPHTONl MUHED3JOI0-Te OXUMUYE-
CKOif 30H@NBHOCTA, CBA38HHOW C yBENMYEHMEM HEJNE3UCTOCTU caNepiTa B
H8Np3BAEHMU KPOBAM KpACT8NIAUYECKOTO TODH3OHTA, YEro, OAHIHO, HE Ha-
OnwppaeTca. [locneaHee MOXET OCBACHATBCA TEM, YTO KPHCT8ANAYECKUE DYAH
KCOHTHBE M Npe0Gpa30B8H:u€ B X048 O0NEE TMO3ZHEr0 KOAYE3HEO-TIOMLME T8 71=
NUYECKOI0 OpyAEHEHUA, C KOTODHM CBA3aHO OGP330BaHNE OCHOBHOH M8CCH
c@anepura (B TOM UKC/IE 1 NPUCYTCTBYOWETO B COCTIBE KPMCTANMUYECKMX
pya).

06n3CTH KONYEABHEO-TIOAMMET3INUYECKOr O ODyAEHEHUA H8 IuarpsMMe Ie-
TYYECTh CEpPH — TEMNEDATYPs 3BKIOYEHZ MEXAY NEDECEKINLUMUCA NUHMAMA

I mon.% PeS B cQanepure (NpeAnclarseMans MuBUMANBHAA KENE3MCTOCTH
MUHEDPSNS B KONYEZS HHO-TIONMME TANNMYECKUX PYAAX) M BUCMYTHH — CBMOPOA-
swit BucMyT (NpM B3AMYUM BMCMYTHES C3MODOZHEH EMCMYyT B pPYISX HE yCra-—
HaBIuBSETCH). llepeceyane STUX JUHUK COOTBETCTBYET KOHEUHON TOYKE KO-
YE7I8HHO-TIONMME TAAMMYECKOT0 PYAOOGP330B3HMA ; ET'0 H3U8/ABHAA TOYKa ONpe-
ABAAETCA nepeceven.eM AuHMid 1 mon.% FeS B cyanepuTe U BHAPTUT -
TeHHaHTUT (pearull MEHeDan BHAPIUT ABAACTCH OLHLM W3 HINCONEE DAHEUX
NP KONYEA8HHO-[IONAME TNIINYECKOM OpyAcHeHnu). B aroit o6aacTu,noMuMo
TI8BHEX PYA000Pa3yWUKX CYNBIULOB - LUPUTE, X3ABKONMDPUTE, CPaNEepuTs U
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P n ¢, 3, Bowanewan Gnexnas pyma. O6p. % I088/3, ysem, 300: a - B
00paTHO~pACCEAHHNX BJEeKTPOHaX (COCTAB); B DEHTIEHOBCKEX Nyuax: O -
SbL,, B - AsKy

269



TEHHBHTUTE ,~ CTEONILHE TAKME AKEMCOHWUT, OYyNSHME)UT, BUCMYyTHH U IUPap-
TUPHT, MPHCYTCTBYyWHNME B KIYECTBE DEAKUX MUHED3NOB B PyAadX.

BeKTOp KONYEZS HHO-NONVMETEANUYECKOr0 OpyAEHEHA, TaKUM 0Gpa3oM, CO-
BnazseT ¢ orpe3xoM naueuu I mon.% FeS B cganepnre y OPD8HMYEHHHM
yKazanuuMu HauameHol ( t =330°C, f52=10_7’ 8TM) i KoHewynoit ( t =
=IZO°C. fso =10 1 8TM) TOYKAMU. YCTIHSBAMBAEMAA SNEKTPOHHO-30HZOBHM
MUKDOSHANM30M OONEE -BHCOKAA HKENAE3MCTOCTh C{alepuTa B METSKOALOMZAHHX
pyAaxX oCyCAOBAEHE OCJANMEM MEIBYafimux BRJIOYE HILlh CYAB(MAOB Xe/E38 B Z3H-
HOM MMHEp3NE, OOHaYHMBIEMHM MOZ DNEKTDOHHHM MUKDOCKONOM (puc.2).

Bumeyks3sHELY TemMnepaTypHH AMANA30H KONYEAS HHO-TIONMME T8NNANYECKOTO
ODyAEHEHMA HECKOMBKO OTANYSETCA OT MHTEPBANS TEMNEpaTyp, MOAYYEHHHX
no pacnpeneneHun KOO3ZNBTa MERAY NUPUTOM M XaAbKOmupATOoM B "ROAnomopd-
BHX" pyzAsx: 259-?8°C.~q!o,no—nnnnu0uy,caaaaao C MENKMM D3SMEpOM 8H5-—
NU3MPYEMHX 36DEH Xa8NBKOMMpUTa B NMUPUTHOW Macce, KOIZ8 B 30Hy BO3zelicT-
BUA N883ePHOr0 JIy4Ya NpW 8HANM3E NON3Z3eT BEKOTOPOE KONMYECTBO NUPUTS.
[locnenHee NpUBOZUT K BaBHUGHUO COZEPE3HUM KOG8NBTAa B XaNBKONMDUTE,
4YT0,B CBOD OYEpeAb, CHUXSET DACYETHYO BENUYMAHY TeMnepaTypH. OTMeTHM,
9T0 NO A8HHEM E.A.ABKMHOBMY SHSYEHMA TEMNEPaTyp T'OMOIEHM38IMUM CTPYK-
TYyp pacnaja TBEPANWX DPaCTBOPOB BOPTHUT-X8NBKONMPUT K cQanepuT-Xxaib-
KONMpUT B 3THUX pYA8X COCTABAAET 300°% m 160°C coorsercrsenno.

BONBUSA 98CTH BEKTOPA KONYE/S HHO-NONMMETA NNMYECKOTO OpYAEHEHUA HA-
XOAMTCA HHMKE NOAA JCTOHYMBOCTH TETP8dAPUTE. JTO XOPOWO COruscyercd C
faKTOM OCHapyReHuA BOH8NBHOH Gnexnoi pyaH B pyAex "MeTaKOAZMOMAHOTO"
TrOPM30HTS, KOUZA3 CYWECTBEHHO TETPSdZPKTOBAA 30H8 B LEBTpPAaABHOH 4aCTH
36DH3 CMEHseTCA K nepufepuu TesHaHTMTOBOM (puc.3): mpomecc kpucTanAE”
35UMM 9TOr0 3€pHS M3 PBCTBOPOB, COAEDESUMX MOHH CYDBMH M MHUBAKE, HE™
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j‘ancn B JCNOBMAX ycToluuBocTu TeTpaszpuToBoft G88H, 8 NpPOAONRANCH B
:;JGHOBHHX. KOIZ8 MOHH CYDBMH CT8MM CBABHBETHCA B (OPME ANMEMCOHUTS, NUD-
. gprupaTa u OynsBREPUTE, NPUCYTCTBYOWAX B PYI8X.

R [Tonoxe Hue BEKTOpPOB KOﬂqenéHHOI‘O I KONYEAIHHBO-NONUME TaNNINYECKOr0
ibpyneﬂeﬂﬂﬂ [I0K33HB3EBT, YTO B NMEPBOM CAYY3€ MNPOMCXOAUNO CHUKEHME IOTEH-
guana cepn (BEKTOP CMEWSETCH B CTOPOHY JMHEY MOHOBADMAHTHHX paBHOBecH
‘iu Ju8CTiHEM MEHEE CEPHUCTHX CyABYUAOB), BO BTOPOM - MOTEHUM8N CEPH OC-
- TgBaNCH NPBKTHUYEECKN HEW3MEHHHM. CBuXeHME NOTeHIMana CEpH IpHM KONYensH-
~ HOM OpYZEHEHUM, BEPOATHO, OTPSXAET (aKT M3CCOBOrO BHN3ZEHUA CYABHULOB
 ¥e7es8 | MeAM U3 PACTBOPOB C OGeAHEHMEM OCHEAHNX P3CTBOPeBHOM cepoif.
iju KON4YEe 13 HH O-Ti OIMME T8 AIMYECKOM ODyZEHEHUM ZOIA CYAbQUZOB B OCAZKe
hacuonhxo CHAMEHa: ceps M3 pPaCTBOPOB, CBA3HBABESACH B OCIJKE, KOMIEH-
CMpOB8NSCH [PU NMOCTOAHHOM CMEWEHAM NOCHEAHMX C MOPCKOM BOZOH.

iB BaK09EHINE MOXHO CIEJIaTh CHAEeLyHue BHBOIH.

. Bauskuil reoNOro-MuHE paNOrudYeCKuid 00NMK HMKONBEBCKOTO MECTOPOXASHHAA

C BYNK8HOIre HHO-OC8Z0YHHMM MECTODOXZEENANMM KYypoxo B fiNOHMKM MO3BONAET
paccMaTpUBaTh €ro OOCP330BIENE NO 3HSNOTMYHON MOZENM OTNOREHUA CYAB—
@UAO0B 13 BOCXOAAWMX THAPOTEPM3JNBHHX DPSCTBOPOB GNM3 NOBEPXHOCTH MOp-
CKOr'o 7H3.

Te pMOAMHBMUYECKN 3HaNN3 MWHEDP3NLHNX NapPSsTEHE3UCOB DYyA CBUZAETEAB-
CTByEeT O PaCYJIEHEBMM NPOLECC3 pPYAOOODP830BaHMA HUKONSEBCKOI'O MECTO-
DPORZEHNA H3 7Ba 2Tana (CTOAKK): KONMUYEZSHHHH M KONYE8HHO-TIONMMETE NI~
. amveckuit.

Fenu TeMnepaTypHHE MHTEDPBA/H KOMYEZABHOTO M KOMYEJ8HHO-I0/UME Ta INl—
YeCKOro 8TaNo0B B33MMHO IEpPEXPHBA/MNCE, TO PEKMM CEDH ANA HWX OWA pas-
'AMYHBM: B NEDPBOM CAYY8€ NOTEHLWAZ CEPH CHUKANCA, 8 BO BTOPOM - ocTa-
B8/ICA NPaKTUYECKN HEUBMEBHHEHM.

dureparTypa
Avgusosuy C.T., ABkuHoBuY E.A., Haymos B.A. 'e0ONOrHY8CKAA CTDPYH-
TYpa, MMHEpPAnoruA U rere3uc pyA Huxonsesckoro mecropoxzenus (Pya-
Bult Anrail).~B xH.: Teomorus .Anms-Ata,l1976, c¢.50-73.
- bapron II.B., Crussep B.l®. YCTOHYUBOCTS CYABQUAHHX MMHEDBIOB.-3 KH.,:
- Teoxumua ruzpoTepusABBHX DYAHEX MeCTOpORAenuit. M.: Mup,1970,c.2II-
. 285,
. Craig J.R., Barton P.B.,Jr. Thermochemical approximations for sulfo-
- salts.~Econ. geol.,1973,vol.68, P-493-506.
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YIK 549.905.3:549.01:553.2.065
ACCOUVAINY PYJHHX MUHEPAZIOB HAK MHAUKATOPH QUSMKO-XUMUYECKUX
YCIIOBW OEPASOBAHUA I'MIPOTEPMANBHKX MECTOPOXIEHMMN

W.f.Hergpacos, H.C.BOPTHMKOB
MHCTATYT sxcnepmmeHTanbHO# muHepasoran AH CCCP, moc.YepHOTO0JIOBKA;

VIHCTHTYT TeojIorME DYIHHY MeCTopoxmeBult, meTporpadmu, MMHEpAJOIWH
n reoxummm AH CCCP, r., Mockma, CCCP

[ipy MCNONB30B8HMA DKCNEPAMBHTINBHHEX ZAHHHX ANA OOBACHERUA YCAOBUH
06pa3088HMA I'MADOTE pMANBHHEX MECTODPOXZEHUl OZHMM M3 OCHOBHWX TpEGOBE-
HUft ABAAGTCA NOCTMHMEBKS DSBHOBECHA B CHCTEME D3CTBOp — TBEDJAHE (83H.
OnBaKO CTPYHTYPHO-TEKCTYPHHE COOTHOUEHUA MMHEPSNOB B DYZA8X CKOpDEE CBM-
7NeTENBCTBYOT O HEP8BHOBECHOCTH MpPOLUECCE MUHEpP3N000pa3oBaHuA. TONBKO
H8 TpP3HALE MEXJYy KDS8eBHMA 30HSMY MUHED3NIOB 4 PBCTBOPOM D3BHOBECHE Z0-
CTUI'88TCH LOBONBHO OHCTPO. OTO NOATHEPEASETCA DIBHOMEDHHM Dacnpezene-
HiAeM BJIEMEHTOB-IpUMECEil M M30TONOB MORAY cocyumecTByouuMu Gssamu. [lo-
3TOMy B IIENOM B HEDSBHOBECHWX DYZHEX O0D830BAHUAX MOrYT OHTH Ha#AEHH
yuacTKU, OTBEUADNME YNOMAHYTOMYy TpPeGOBSHMD, 8 CNEAOBaTENBHO, AlA OO-
pefenenna QA3UKO-XMMMYECKHX N3PAMETDPOB KPUCTNAM3ANMYM MUHEDSNIOB MOXET
OHTH WCNONB30BAH aNNapaT pPaBHOBECHON TEPMOZMHAMUERM.

MHOTOUMC/IEHHHE 3KCNEPUMEHT3 IBHHE ZAGHHWE, NOJNYYEHHHA IpPU KM3YYEHMU
$a30BHX OTHOHEHM! B DPYAHHX CHCTEMAX,NO03BONANT C AOCTATOYHO BHCOKOH
TOYHOCTHED ONDPEZENATH T3KME BIEHHE NapaMeTPH DYZA00GpPa3OBAHMA,K3K TeMIE-
paTypy, OKMCHMTENBHO-BOCCTSBOBMTENBHKI noresuoman, (yTETABHOCH CEDH M
KMCAOPORa. OZH8KO ANA OUEHKM HEKOTOPHX N8PAMETPOB, B YACTHOCTH KUCHIOT-
HOCTHM-WENOYHOCTH pynooGpa3ybuell cpezn, BCE EME CYNECTBYONT 3H3UUTENBHHE
TPYAHOCTH TEXHUYACKOrO M METOAMYECKOrO NMAgHa. JleN0 B TOM, YTO BEJNYUHE
pH pacTBOPOB MOXET OWTH WMSMEDEHS8 NHUUB NpPA CPIBHVTENBHO HEBHCOKOH TeM-
nepaType, nopapka 175°. B arom nnsne fe3ycnemELMA OK&33UCEH IONHTRU
OIEHMBATE BTOT NapaMeTp MyTeM TEPMOAMHSMUYECKMX DCUYETOB, OCHOBSHHHX
HA 33BMCAMOCTA MEXAY TEMNEpaTypoilt u CBOGOAHOW 3Heprusit oO6pa3OBaBMA
MUHEPANOB U3 KATHOHOB ¥ NPOTOHA UAM C NMOMOWBD CPeZHMX NOTEHIKUANOB HOHU-
380MM DNEMEHTOB, CA8T8UMX MUHEPA]H. ITH KOCBEHHHE METOAH ABHO BE OTO-
Opa®apT PEanbHy® BENMYMHY PH Cpezw, NMOCKHONBKY B YyP8BHEHWE BBOAATCA TEp-—
MOXMMHYECKHE CBOHCTBa TONBKO TEX 37NEMEHTOB, KOTOPHE CHATENT NASHHEHU MU-
HEPSN W HE YUMTHBANT CBOHCTBS APYIMX BNAEMEHTOB, CONEDESUMXCA B MOMMEOM-
NOHEHTHHX DSCTBOpaX.

lloaToMy €MHCTBEHHO HAZIEXHHM MOXET CIYXUTH MeTOZ oueHKM pH pymooGpa-
aypueft cucTeMH N0 P3CTBOPUMOCTH MWUHEDSNBHHX 3cconuamuft B psacTBOpax M 1o
JCTOMUMBOCTH B HMX MMHEDSJOB, BXOJANMX B 3TH BCCONUALMAU. [IpenmyuecTso
ACMNONB30B3RMA 7A STOH LENM MMBEDANBHHX 8CCONMALMI, 8 HE OTAENBHHX MU-
HEPanoB OYEBMAHO, ECHH y4€CTh, YTO PH NOOWX PACTBOPOS 33BUCMT OT CYM-
MapHOY DPAaCTBOPMMOCTH COEAMHEHME B cUCTEME, XOTA ¥ KOHTDPOAMDYETCH HAuGO-
nee pacTeOpuMOil fasoit. OTO MOMHO NMOKA33TH H3 NpuUMEpPE cHCTEMH Hg-Sb- S -
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H,O /17. Benuuuna pH pacTBOpPOB, HaCHUEHHWX HgS U SbpS3 , 38BUCHT
0T PGCTBODUMOCTH BTHX (83, HO KOBTDONMDYETCHA B OCHOBHOM Sb,g KaK
HANGONMEE DACTBODUMEM COBIMBEHMEM. H8CHWEeHME PACTBOPS CYABPUAOM SbpS,
CHUXAET BenMuMHy 6ro pH no cpaBHeHuio ¢ pH pacTBOpa, HSCHUEHHOrO TOIb-
| ko Hgs , 4T0,B CBOD OYEDE/b,JMEHBUSET DICTBOPUMOCTH HgS M NPUBOLMT

? K M3CCOBOMY OTNOXEHMO KMHOB8DM TMOCNE 3ATUMORMTE. CNEZOBATENBHO,8CCO-

| [UBLKMA KMBOBADB+3HTUMOHUT OLHOBH3YHO X8P3KTepusyeT pH PYAOHOCHHX pa=
crsopoB {nopsixa 5-5,3 npu 200°C). B TO BPEMA KK K8EAHH# M3 3TUX MH-
HEPaNoB MOXET OwWTH YCTOHYMB M B OOAEE WMPOKOM /M8MNE30HE KUCAOTHOCTH-
@eMOYHOCTM pacTBOpOB (OT 4 Zo J,5-L0 pH). B nanbreffueM, ucnonbayd
($830BHE AU8TDEMMH DYILOHOCHHX CMCTEM C YYaCTHEM BOAH M YYMTHBAA CHEOU-
QUKY XAMHYECKOrO B33UMOASHCTBUA (a3 C pPACTBOPOM,MORHO CYZAET CO3A8TH
HZIcXHHE MHAUKATODH KUCNOTHOCTU=-UENOYHOCTH. B. Z8HHHH MOMEHT B K8yecr-—
~ BE MWHAMK3TOpOB DH pyAo0Gpa3ywmeil Cpehn MOXHO MCNONB30BaTH NUUL T8 MU~
[ HEpPaNH WIM MUHEDSTIBHHE B8CCOLUMALUKM, NO YyCTOHUYMBOCTH KOTOPHX B pacTEO-
pax yxe MMEWTCH AOCTOBEPHHE ANCNEDUMEHTAABENE AsHENe (Tadn.l’).Hanpumep,
CMEHS NapsreHe3uca MUHEDSNOS C yyacTUeM cynbHOCTSHHATOB CBMHIE THl-
NUTa, QpPaHKEUTa W UUAMHADHUTE K3CCHUTEPUTCOAEDPRIWUMMYU 8CCOUNMBLUMAMM C Ia-
JIEHUTOM U GYy/Z8HESDHUTOM - CBUAETENBCTBYET O NOBHUEHuUM pH pacTsopos. [pn
ONEHKE KUCIOTHOCTU-WENOYHOCTH Mo GOPMMDOBIHMM MECTODORZeHME rpeitseso-
BOI'O MJM CH8DHOBOIO TUIOB B K8YECTBE WHAMK3TODOB CIEAYET MCNONB30BETH
8CCONMUBINMA NOPOLO0OGPa3yNUMX MUHEPANOB. Hanpumep, 8CCOUMBLNA TONB3+MY—
CKOBUT ABHO CBMZETENBCTBYET O HM3KOM KMCAOTHOCTM PYLOHOCHHX Da8CTBODOB
pH 3-4. Benuuuna pH, npa XKoTopoil QOpMUPYOTCA penxoMe TA/JIbHHE MECTOP 0K~
AEHMA B WENOYHHX MET8COM3TUTIX, MOXET OWTEH OLEHEH3 MO 3CCOMMALMM 3TA-
PHHE + DMOEKWT + OKUCAH W CUAMK8TH DELKMX 3EME/Nb, TAHT3N3, HUOOMA, OUp-
KOHMA M ZPYI'UX 3TEMEHTOB.

B cBAsu ¢ TeM, YTO CONBWAHCTBO PYAHNX MMHEPSNOB HENpPO3P34YHH, ONpE-
ABJIEHME TEMNEPATYpPH MX 00D330BAHUA C TIOMOWLBD TPSAUIKOHHOI'O METONE T'OMO-
TEHN3AIM Ta30BO—NIKAX BKANYEHUH 33TpyAHEHO.JOArME IOAN AR 3TOH menu
MCNONB30B3NINCE PYyAHHE I'€ OTEDMOMETDPH C "(MKCUpOB3HHOU" wkamoif (TO4YKM
~ NOoAuMop(HEX (a30BHX NEPEX0A0B, IJ8BIEHUA, TEMIEDPSTypH YCTORYMBOCTH
~ MMHEDSNOB U MMHED3JBHHX 3CCOOMALuil). [lpuMepH I'e 0TEDMOMETDOE T3KOIO pO=
A8 npuBefeHH B TaGn., 2. [IpyM UX UCNONB30OBAHUM BO3HUKEWT TPYAHOCTH,CBH=
S8HHHE C WU3MEHEHMEM TeMnepaTypH (a30BHX NEPEXOAZ0B WK NASBAEHMA NPHU
. BXOEZEHMM B MX KDUCTBIMMYECKYW DEmETHKY aneMeHTOB-npuMmecelt. Onpeaenen-—

HHE NCKaKEHMA B OUEHKY TEMNEP3ITYPH MOT'YT BHOCUTH M YC/AOBMA 38K4NKM No-
~ IMMOpPHLX MOAMQPUEALMi MUHE paI0B-Ie OTE PMOMETPOB. [lpuMepoM T3KOrO pOA3
CTYyX3T NUPPOTHMHOBHE DYyjH, KOTODHE NpPSKTUYECKA He COXPaHAKNT CBOMX CBOM-
CTB npu OXNasfAeHUM. [IEPCNEKTUMBHEMU IeOTepMOMETPAMK C "(QUKCUPOB3HHOMR"

- WKa7Ot ABNAOTCA 3CCONM3LMM MUHEP3/NOB, BO3HUKWME NpU PACNAJE TBEDPAHX
- PacTBopoB. K HUM NPUHBANEKST WAPOKO PACNPOCTDSHEHBWE B NpPUPOAE ACCOLMA-
- UMn c@anepur + XGNBKOMAPUT, 3NTS8UT + PaleHUT, CTEHHUH + CEANEPUT, XalAb-
‘Konupur + GopHAT. [IpM NpaBUNBHOM MCIOAB3OBSHUM OHM AS8HT BOSMORHOCTH
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TaGnuna 1
MuHe panbEHE 8CCOLUSIMHM — WMHAMKS8TOPH WEN0YHOCTH~KUCNOTHOCTH THAPO-—
TEpPMaNEHHEX MECTOpORZEHUM

pH ycroii- Teunaga- QopMaIMOHHAA NpUHAANE R~

QUBHX ac-| TYpHH
Accouuanusa comgamuit | npenen, HOGCTH MECTOpOHASHUH
0
C
AHTUZDUT=TINPAT=X3 NBKO= 6=9 600-450 KonueaasBO-N0NMME T I~
nyupUT NMYECKUE
MyCcxOBUT-T 0ONA3=KBa pIl 45 650-375 PenxoMeTantbHHe Ipeiiseny
M NErMaTHATH
KBaprn-rypMs TMR=-0A0OPAT 4=5 425-300 KaccuTepuT-CuMKs THO=
CYNEHAHHE 30M0TOPYAHHE
KBapu-xnopuT-apceHonn- 3=5 325=-250 KaccuTe pur=CUNMK3 THO-
pHUT cyneduARNE cepespaABO-
K008 IETOBHE
KBapu—-xacCUTE pUT-CTaH~ 2-5 285-200 KaccuTepur—cynsduznsne ,
HUE=-C{B 18 PAT~X8 NBKONAPUT : TNO7NAME T8 1IMKYE CKUE
KBapu-kapOonaTu~-cyasgo-  4-I10 225-150 llonuue T8 N11MYECKUE , 30—
conu 70T 0CepespAHHE
BynaHEe pUT~IKEMCORUT= 6=-10 250=-175 HaccuTe puT-CUNMKITHO-
K3 CCUTE pUT~CyAbHOCTa R~ cynpdUnEHE
HaTH
HapGona T-08 puT=CyAsduzn  5-8 175-150 [lonume TannuYe CKNE , KON~
Ye7IaHHEE

KBapu-azy nap~Te A4y puLH 6-10 375-200 30710T OCe pe OpSAHHE
! CeNEHUAH

AHTVMOBMT-0EDTHEPUT~ 2=6 250-150 30710T 0CYDEMAHHE
30710T0-3yPOCTUOUT

KnHOB3DB=-8 HTUMORNT~ 3-5 225-125 PTyTHHE X CYDBMAHHE
MNpAT

ApreHTUT-nNMpaprupuT- I-11,7 ~200-400 3onorocepedpsAHHE ,NOMK~
M3 pPTUPUT MET3JIINYE CKIE
MuaprupuT- GuaMHT- 2-11 300-450 To xe

CAENT

OLEHMBATH HUEHM{ TemmepaTypHuit npezen o6pesoBaBMA PYL. CHOEROCTE UX
NpUMEHEHMA 38KMOYSETCA B IPIBUNBHON MHTEpPrpETSUMN ADOMCXOXA6HUA "CTDYK-

Typ pacnazaa", KOTOpHE MOTYT OGDa30BHBATHCA DI3HHMU CILOCOGEMY.IIPHMEDOM
MOKET CAYRMTE peleTuaTad CTPYKTYpa Cp3CTaHMA X8NBKONUpUTA M OODHMTE,
KOTOpaaA BO3HMKAET HE TONBKO B PE3YNBTITE DPECNAaA3 I'OMOIEHAOI'O TBEDPAOLO
p3cTBOPa, HO ¥ Npu GONEe MO3ZHEM 38MEUEHHM XaNBKONUDMTS GODHMTOM.

B nocneanue TOAH YCMNUA SKCIEPUMEHTSTODOB OHAM HAND8BAEHH H8 COBZa-—
HME I'e0TEPMOMETPOB, OCHOBIHHHX HS 38BUCUMOCTK KO3(JuUNMEHTa pacnpazene-
HWA 9NEeMEHTOB-TpUMECEH M M30TONOB MEKZY ABYMA W GONee DIBHOBECHHMH (a-
38MM OT TEMNEPSTYPHE B COOTBETCTBUM C WBBECTHHMU [NPHUAIUNOM HEDHCTE M
saxosoM [espu. [pn OTCYTCTBMM ZPYTUX NPUMECHHX S/EMEHTOB ¥ HE3HAYNTE b
HOM OGBEMHOM 3f(eKTe OOMEHHO@ peaKIWM OCD330BIHMA TIKMX N8P KOSQPUOMEHT
pacnpenenesuA KaKOTO-NNO0 BNEMEHTa MEXJy MUHEDaJsMM ONpeselfeTCA TeMue-—
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. Tatnuma 2

. [IpMMEPH MHEED3ZOB U MUHEDS NBHHX 8CCONKAIMRA - MHIMKETOPOB TEMIEPSTYpH
00pas0BaHUA I'U7POTE pMA nmlaux MECTOpOXAeHM

pan uUn¥ MHHED3NbRAA T,%

Crnoco0 OMEHKM TEeMNEPSTYDH

CMyT CaMOpOAHHM 271
INYp CAMOpONHHI 430
pEM8 CaMOpOIHas 630
327
232
380
375

Epre HTUT-8K3HTUT I77
H0B8 Ph-ME TAIIUHHOOAPAT 481

pIOUT-cHane pHT 860-870
ppoTHe (MOBOKAMHHHH
KCaroHanBHu ) 295-310
: 195

172

I?75
425
- 8b- GuumHrCneaT 350

- Mupur-nupporun opuft 300-650
- IlMpuT-xanpKONMPUT OBH 300-550
- Cane pur-ra nesuToBHH 300-700
- ApceronupuToBuit 300-600
Cane puT-CTaHARHOBH 300-650-
TpaspUT—-Te HHGHTUT OBL 400-500
8 pruT—({aMs THAKT OBRit 350~500
A Y. TeoTepuoM8TpH, OCHOB3HHHE
~ Mupur-ranesurosyit 200-500
- Cganepur-rane suToBuit 200-600
- Tlupur-xa npronupuT 0BE I 150-500
- Tanesur~cdane purosuit 150600
I150-650

- KBapu-rsccurepur

1. PenepHue IeOTEpPMOMETDH IO TOUYKAM I17I8 BJE HUA

Touka nnaBnsBusA

n n
n n
" n
" "

[I. Penepswe reoTepMOMETPH 10 (330BOMY NpeBpamEHUD

d~'ﬁ-—A€as
(B -4 - HgSnpu p=I KOap)
B cncreme (Zn , Fe) S

4= A - AgySs;

o -y — Ag,SnS,

il. PenepHNe IeOTEPMOMETDH NO NpeAeaM yCTORIMBOCTU

Sepxumil npenen

IY. TeoTepMOMETDH, OCHOBSHHHE H8 paCNpezie NeHUAX
3NeMEHTOB~TIPUMECE} MERLY MUBE]DSNGMH

Mo pacnpenenennn Sn,Ni,Co
Mo pacnpezenesun, Co
Mo pacnpenenenup Mn,Cd
[lo orBOWeHa® As/S
[lo pacnpenenesuo Fe K Zn
[lo pacnpezenesun Sb u As
llo pacnpenenesno Sb u As
H8 DBCOpPENENEHMM MBOTONOB
QpaKIMOHNPOBEENE U3OTONOB S
n P L
L L1

PPIKOMORMPOBIHNE MBOTONOB yI-—
Jliepofia B I'a30BO-XUAKUX BHIWN-
YEeHMAX

Qpa KIMOANDOBa HINE M3OTONOB RUC-

n0poxa
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[pomonxeHue Tasck. 2

Munepan unm MUHEpPS NBHAA T.°% Cnocol6 OUEHKM TEMIEPaTYpH
8CCOonuanus
JI. leorepmomeTpy 4 @yroueTpu

[InpuT-nnppoTnHoBHil 300-700 llo aasucumocty £3, nupporu-
H8 OT TeMINepaTypH

HarrepuT -AUHBEMTOBHH 300-650 lio sasucumocTs £S5, OT COCTa-
B8 Vi TEMNEPaTypH

Cdane puT-KaCCATE DA TOBHI 250-600 llo saBucumMocT# ¢ M £S, OT CO-

CT3aB3 KECTEpHUTa
ApceBOnNUpPUT=NUPAT=NKD~ [lo sspucumocTe T & IS

poruoBull 300-700 or cocrapa FeAsS Feq_xS
[MppOTHE-M8 THE TUT OBH{ 300-600 Mo sasuckmocTn fOp or 82
npu 3snssHOft T

patypoli. [pumMepoM TakuX I'e0TEPMOMETPOB ABAANTCA I'éOTEPMOMSTPH, OCHOBAH-
HHE H8 DSCTpenefneBM:d KOGANBTa M HMKENH, ONOBA MEELY NMUPUTOM ¥ MADPPO-
THHOM, KaIMAA M M8praHna Mespny canepuToM M TaIEHMTOM, CB7TIEHA MEMAY I'a-—
NEHATOM ¥ CQ87EpPUTOM, I'8NEHATOM M X8JIBKOMMPHTOM, OMHKA MERZLY CT8HHUHOM
M chanepurom (T86A. 2).

MuorooGemanuyMa TPEICTABAANTCA TAKX8 DYLHHE Ie0TEPMOMETDH ,O0CHOBaH-
HHE H8 33BUCHMOCTH KOS((WIMEsTs (paKIMOBEDOBAHAA M30TONMOB KUCIODPOAS,
CepH, YyINEpOAs8 U APYTMX 3/NEMEHTOB MEXZY .COCYHNECTBYOMAMN (838MM OT TEM-—
nepsTypH. B KayecTBe NpUMEpa MOEHO NpPUBECTH BCCOLMALHMD I'anesuT+cfane-
pUT+IMDHUT, KOTOp3fA, cornacHo Jx.CMuTy ¥ coaBTOpaMm, 7A8€T BO3MOXHOCTE HO
semuquEe O S onpeAenuTs TeMnepaTypy OTACKEBMA DYZ, COAEDPKSWUX BT
acconuanuo. MROrMMM MCCNeZOB8TENAMM B LEAAX DYAHOK TEPMOMBTPMM JCIBWEHO
HCNONB3yeTCA (PPaKUMOHMPOBAHME MBOTONOB CEPH MEXZY COCYHECTBYDWAMM I'a=
neENTOM H cdanmepuToM, B MEHBOEH MEDPE INMDHTOM W X8NBKONMDATOM, MNHDPUTOM
M ranesuToM. YMCNO re0TepMOMETPOB, OCHOB3HHHWX H8 (PaKIMOHMPOBEHMM W30-
TONOB YIJEpPOZa U KUCAOPOZA MEXZY COCYHECTBYOWNAMU DYAHHMN MUHEDSI8MU,M0-
Ha HEBENMKO. B 2TOM NJ8HE OOCHAAERMBAWNME DE3YNBTATH Ounu noayders I.Il.
HocukoM IpM M3yYeBAM U3OTOMNHOI'O COCTABA JI7AEPOAS B I'a30BO~RANKAX BKLOYE~
HUAX cocgmecrnynmux ranenuTa ¥ chanepura. Ipy aToM OK83810CH, YTO BEIU-
qnEg O 1 C BO BHKADYEHMAX BTIAX MABEDSNOB M3 DAZS TUZPOTEPM8JNBHHX MECTO-
porzeruit Be npeswmeeT I,5%, T.8. DTH MEHHEDSAH KPUCTSNNMB0B8NUCE B yC-
NOBHAX,CMUBKAX K PaBHOBECHHM. MeTOZ M30TOMHOrO QpaKNMORMPOBAHHMA KHUCHO-
poza MOEET OHTH YCMNEWAO MCNONB30B8H ANA ONEEKNM TEMNEDaTypH 06pa30BaHMA
THAPOTEDMANBENX MECTOPORZeHMN, DYyZAH HOTODHX COZEDPEAT OKMCIH MET8AMNOB.

B yacTHOCTM, 3TOT M8TOZ ObN yJCNEMEO MCNOAB30BSH AJA ONpEZieIEHHMA TeMIe-—
paTypu 06pa30oBaHMA 8CCONMAlMil, colepRamMx KaccuTepur /27. Yrasanmuit
TreoTepMOMETD OKasancA 3QJeKTHBEEM B HHTEDBA N8 160-450°, Benuyusa
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( . = i X MECTODOE-
(280 xpapu 0 HﬂcchepnT) B W3JYEHHKX ONOBODYIHHX M P
gUAX BOPHUDPYET B SHAUMTENBHEX Npezenax— oT 4 no I6.

[lcnons30BaHNE COCTAB3 COCYWECTBYOUMX CYNBYUNOB B KaUBCTBE reoTepMo-

;ferpoa Ga3upyeTCA HA CAELYOWAX OCHOBHWX AONYuUEHUAX: I) cocymecTsyo=-
W#e MiHE Y3 N ABIARTCA )8 BHOBE CHEMIL 06pa305aH4aMA; 2) COCT3B MUHEDETOB
" ge U3MEHANCH CO BPEMEHM WX OT/IOKEHHA ; 3) Malue KOHUIEHTDPAUUK BNEMEHTOB-
ppuueceil He OKa3WB3MM CYWSCTBERHOrO BAUREMA H3 P3BHOBECHHE COOTHOWE-

. piA. BO3HMKSET BONPOC, HECKONBKO COCYLECTBYOWME MMEEpPalu W3 TUAPOTEp-
. M@NBHEX DYZ YAOBNETBODPAWT yKO38HHEM TDECOBEHUAM, NMOCKOMBKY NPH MX u3y-
| yeHUW, K3K NMpP3BUJNO, yCTaHSBIUBGETCHA ONpPEJENEHHEA NOC/IE/0B3TENBHOCTE
'=gpﬂcmannusannm, YTO CKOpPEe CBUAETENBCTBYET O HEPABHOBECHHX JCIOBMAX

. yx ornoxennA. OBHEKO B pAje pasdor yOezuTeNBHO NOK838HO AOCTHEEHME DaB-
. HOBECHUA MEXIY COCYEC TBYOIMMA MHHGPBHEMM:E)HHHGﬁHOG pacnpeneseHne 26—
| MOHTOB;G ) IOCTOAHCTBO K0a(dMIMEHTOR pACUpeeNeHAd — 3N6eMEHTOB-IpuMeced
T WX CONEPX8HMA MOI'YT M3MEHATHCA OT 3epHa K 3epHy). llccnepoBanuAMm
1i.A. Hexpacosa, H.li.besmena, [l. I'xou-JlacTupaps ¢ COaBTOPAMM NOKI33HO,
'gTO pacnoeieNeHue MMKPONpPMMECEH B COCywWeCTByOWMX CYABQUASX U3 ONOBO-

| DYAHHX, KONYEZASHHHX MECTOPORAEHMH yAOBNETBOPAET 3TuM TPeGOB3RMAM. JlO-
'NONBNTENBHAA CHOXHOCTH B MCMONB3OBAHUM COCTAB3 COCYWLECTBYWWMX MUHEPS-
 403 B K3YECTBE Ie0oTepMOMETDOB 33KINY3ZETCA B TOM,YTO OYEHB UACTO CYyNbdu-
‘IH BCJeN 32 IX OTJIOREHHEM IOCTUI80T HOBOI'0 PEBHOBECHOT'O COCTOSHMA.MMe—
'DICA TAKXS ASHENE, YTO NPUCYTCTBAE TPETHETO XOMIOHEHTa U3MEHAET 33BU-
' CHMOCTBH X3DaKTEpPs DaCnpeleneHds MUKDONpuMeceil Mexny mapoil cocyuecTByn-
:lnx cynefuznoB. K Takomy BuBozy npuoau [I. T'xom-JlacTUZap C CO3BTOPaMH,

- MCC/IE7T0B3BUNE DPICNpPEAENEHNE DAZS BSNEMEHTOB-NpUMECedl B NMMpUTE, MUAPPOTH-
133, XanbKONMpUTE, CHanepuTe ¥ MATHETUTE M3 MECTOPORAEHMI KaHaACKUX An-
-hanaqen,m A. Myrepaxmn, P, $uanun, usyuuBWKLE pacnpejesicHUe MEAU, HOO3Ib-
T3 U HUKENd B DyASX M BMEUSWUMX NOPOASX AOKEMODUICKOIO MECTOPOXASHUA
Nagun. lIpn MCnonB30B8HAN H8 NPaKTHKE COCTSBA COCYWLECTBYLWUX CYAb-
OB B K34YeCTBE I'eOTEpPMOMETDPOB HEOGXOAUMO COCMOZA8TE ONPEAENEHHYW Npe-
AOCTOpPORHOCTE. K COXgNEHMD, NMPOBEPKS H3 NpPIKTAKE IEOTEPMOMETPOB GONB-
; P8KTUYECHUM MATEPUANIOM ¥ MCNONB30BIHMEM ABHHWX N0 MECTOPORAEHUAM
I3HOr0 TeHE3UCs ele KpallHe HEZOCT3TOYA3. B HICTOAWEE BPEMA UMEOTCH
UMEDH YZAYHOrO NPUMEHEHMA TeOoTepuoMeTpa cO "croasaauwei wkamoli", Ta-
Oro,K8K NMPUT-NUPPOTHHOBHE, OCHOBZHHOTO HA paCNpeZeneHud KOGaNbTa U
IRENA (KONYejaHBHE MECTODOXAEHMA) MAN ON0B3 ( OJOBOPYAHHE MECTOpOXZE-
). Ho B pAze cnyuseB MCNONB30BSHUE I'80TEpMOMETPOB T3KOTO DOA3 NpU-
1710 K YPE3BHYAfiHO BHCOKWM ¥ TEOJNOTMYECKM HEZOCTOBEDHHM TEMIEDSTY-—
M. B xauecrTBe NpuMeps MORHO npusecTd padors A.J.TeEKMHS MO ompene-
SHI TemmepaTyp TCaleHdT - cdalepdAToBOil accouMandl M3 CBHHLIOBO-
KOBHX MeCTOpORZcHMH. [lo3TOMy HeM K8KETCA, YTO B3WOONEE HAZEEHO TEM—
3TYpH QOPMUPOBEHMA DYyZ MORHO ONEHHMBATH C IOMOWBD I'€ OTEpPMOMETPOB C
KCUpOB3HHOU" wkanoll. PeBHOBECHHE 8CCONUBIMM C JYSCTHEM PYAHHX MUHE—-

277



paNoB MEDEMEHHOTO COCTaB3 MOTYT YCHEWHO CAYAMTH HE TONBKO ANA ONpeae-
IEHUA TEMNEpPaTyp OOpa30BAHUA TUZDOTEPMBJBHHX MECTODORZEHMM, HO M ANA
ONeHKM NeTyyecTH (MAM SKTUBHOCTHM) AETYYMX KOMIOHEHTOB S5 ,00,, O
Zp., T.8. OHM ABIANTCH OAHOBDEMEHHO XODOUAMN I'eOTEDMOMETDAMM M MHAM-
KaTOPaMM JYyrUTMBHOCTM. JTO BOBMOEHO ONarojispd TOMy, YTO COCT8B COCY-
WeCTBYOMAX MUHEDPANOB ONpeZelAETCH TEMNEpaTypod ¥ aKTHBHOCTEN KOMIIOHEEH-
TOB ¥ B MOHOBEDM3HTHHX 8CCONUANMAX C YY8CTHUEM MUHEDPEJLOB NEPEMEHHOTO
COCTaB3 HE MOMET W3MEHATHCA HE38BUCKMO. [IpUMEpOM T8KO# napw ABAABTCH
NEPUE-NEPPOTMEOBOE PaBHOBECKE, PACNpOCTPEHEHHOCTE CY/NBEUAOE KEe7nes3a B
DPyA8X, HEOAHOKP3THOE NpPUMEHEBME NUPUT-NMDPDOTMHOBOR 8CCOUMILMM B Kau8-—
cTBe Oyjepa NETYy4eCTH B SKCNEDUMEHTSABHHX MCCNEAOBIHMAX OTKPHBENO WH-
POKHE BO3MOEHOCTHM AJlA UCNOJIB30B3EUA €€ B KYECTBE MHAMK3TOPa TEMIEpPs-—
TYpH ¥ PEXUMA CEDH B NepUOJ MUHEpsnooOpa3aoBanma. OZR3KO B fanbHefuen
GHAO yCTAHOBAEHO, YTO NpHU OXA3XAGEUM NUPPOTMH NETKO NPUXOZAUT K HOBO-
M) P3BHOBECHOMY COCTOAHMI, OCOOEHHO B OTHPHTHX MPHPOAHHX CHCTEMEX,KOI~
78 BCIEACTBUE OKMCIEHHUA NUPPOTHH3 B HEM NOBHLAETCA COZEPEaHME Ceph.Ta-
KOe fIBIeHME OwnN0 ONHCAHO A.Jl. I'EHKMHEM B HODUIBCKMX DyAS8X, KOUZS PEH-
carossbBu{t MUPPOTHH 3aMEW8JICA BAONE TPEUMH W NO IDSHMIAM 3EPEB 3CCO-
nuanue# MOHOKIMHEHHE NUDPOTHH + MSTHETHT.

XopomuM MHAMKATODOM TEMNEpPETYPH M 8KTMBHOCTH CEPH MOT'YT OK333TECHA
MHHED37IBHHE 8CCODMANMM C Y4YaCTMEM 8PCEHONMPUTE, CYABEUAOB M 8PCEHMAOB
®enesa B cucreMe Fe — As - S | JIpaKTUYECKOE HCNONB30BSHNE COCTABI
COCYWLECTBYOUMX MWUHEpPSJIOB P3CCMaTPUBSEMON CUCTEMH CT3an0 BOBMOXHEM MOCIE
padors X.Kpeumspa u C.CroTra. [IpUMEHEHUE 8PCEHOMMPUTOBOrO I'EOTEPMOMET—
P8 Ha8 NpaKTUKE A370 OCHSAERMBSOUUE PE3yNbTaTH. XOPOWEE COOTBETCTBUE
TEMNEeparTyp, ONpeZeleHHHX C er0 MOoMOnbR ANA METaMOPIM3OBSHHHX DYyA Me-—
CTOpPORIEHMA Pannnypa-ﬂapuoa( Wﬂnnﬁlﬂ CTPaTUEOPMHEX CYNBJUAHNX pyA K3
pafions MSnne@Te('CeBepHaﬂ mBeuHﬂ)n TEMNEepaTyp,ONEHEHHNX N0 MUHEDPANb-
HHM 7NI8P8TEHE3UCAM CUAAKATOB U3 PYLOBMEUSOWMX MOPOA,yCTaEO0BNEHO M.Jedox,
A.K.Barravapueit , C.Beprayuzou u T.K.SxCTpemoM.

OaHOBPEMEHHOE ONpPEZENEHME SKTUBHOCTM CEPH M TeMIEpaTypH BO3MOXHO
T3KKE MO gcCOUMBUUM CHane pUT +CT3IHHUH +KECTEpUT. PE3yNBT8TH er'0 NMpuMe-
senua E.I'.Ocazuum ¢ CO8BTOpSMM NpPU ONEHKE (PMBMKO-XMMHYSCHUX N8pPSMETDOB
CyAbfUAHO-ONOBAHELX DYA A8NM NONOEMTE IbHHE PE3ynbTaTh. B KauecTBe Oyfe-
pOB CEpH CAyXaT MHOTME gcconuanum (MoHOCYNBEUA-NONYTOPHETl CynAbduA uau
MOHOCYNBQUA ~ AMCYNBOUA MET8Ana), KOTOPHE LEJNECO00pa3HO UCNONB30BaTH AMA
OLEHKM (QYTUTMBHOCTU CEPH NpH U3BECTHOU TemnepaType. [IpUMEpH T8KMX paB-
BoBECUY A3HH B Ta0N.2, [loNOKATENAERHHE =~ ONNT MX NpPUMEHEHUA AJNA OLEHKM
ycnosnit oOps3osssuA DYA MMEETCA B pacorsx l.fl. Hexpacoss, H.C.BopTHMKO-
Ba, K.C.BopoaseBs m ap.

Hecomsenso Gonee TpyAHOH 3a373uell ABNAETCA OAHOBPEMEHHOE ONpEZENEHKE
7eTy4yecTH Ceph ¥ KACHOPOAS Npu u3BecTHOW TemneparType. B HacTOAWEE Bpe-
MA HauOO/Nee HaNEBRHHM MHIMKATODOM 3TUX NB8PEMETPOB ABAAETCH 3CCOLHME-
UMA NUPPOTHMH- METRETMT. K uMCAy APYrMX MHIMKSTOPOB TAKOTO POA8 MpUESL~
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7eX8T 8CCONUBNNM T8NEHHT + KICCUTEPUT + TUIAKT, X8NBKONUDUT + KaCCUTE-
lyn! + CTGHHMH M Zp.

Yro K8C3EeTCA OLNEHKM N8BJIEHMA, NPU KOTOpPOM O06PE30BANMCE T'MAPOTEP-
| ya/IbBEHE MECTODOMAEHMH, TO,KPOME M3BECTHOTO CNOGO08 TOMOIEHUBSLMM Ia—
. BOBO-RUAKNX BKNOUEHMi, BCE W3BECTHHE METOAH, OCHOBGHHHE H3 38BHCHMO-
. gTM COCT3BA MUHEPSJIOB M MUHEP8NBHHX 8CCONUALMA OT BTOr0 NapSMETDE »

| OK833MMCH MaN02()PEKTUBHHMM BCAEACTBUE HE3HSUMTENBHOTO OUBEMHOIO ag-
. @8KTa OOMEHHNX PESKIMil C yYaCTMEM PYARHWX MMHEDAaNOB. MHOrOKpaTHHE mMO-
. OHTKA NpUBNEYS AAA 9TOH Leam Tpex@assyw accouualmi chanepur + NUPUT+
. reKCaroOH3NbHHIl NMAPPOTHH HE NDPUBENM K XKENJEMHM DEBYNBTATSM I8 BHHM

. 00ps3oM  ¥3-33 TOr0, YTO 3Ta 8CCOUUALMA PEAKO ABIAGTCH DaBHOBECHOI.

- Kpoue TOro, COCT8B JKOBS8HHHX MUHED3NOB, OCOOEHHO c{anepuTra, MORET CJ-
| MECTBEHHO UBMEHATHCA B NPOUECCE METAMOPEUBMS NEDBUYEO~TUADOTEPMAINE-
. HWX DYA, 8 CIEAOB3TE/BbHO, MONYYEHHAA BENMYMHA ASBIEHMA B STOM CAYYaE
. ABIAETCA MCKAXEHHOH.

? M3 paccMOTPBHHOTO CHENY8T, 4TO B KUGCTBE MHAMKSTOPOB (MBMKO-XWMUYE-
~ OKMX TNapaMETpPOB 00Pa30B3HNA TUAPOTEPMENBHNX MECTOpORASHUM Gomee no-
 CTOBEDHHMM ABNANTICA HE 000COGNEHHHE MUHEpAanH, 3 MUAEP8NbHHE 8CCOURa-
OuM. B 9TOM NIGHE HAWGONEE NEPCHEKTUBHHMM CAEAYET CYNTATH ACCOLMALIMUM,
:’3 COCT3B KOTOPHX BXOZAT pPYAHHE MUHEP3Jn TEDPEMEHHOr0 COCT3B3, M03BOMA-
. DIMe OZBOBPEMEHHO ONpEeAelATh ABa IapavmeTpa M Goiee,

‘ JlureparTypa

1. Banos U.0., Toxposckuit B.A. MccnenoBaBMe OKMCAMTENHHO-BOCCTAHOBH—

TENBEOT0 B33UMOZEHCTBUA B BOZHO-MUHED3NBHHX cucTeMax.-J(oxn.AH CCCP,
982, T. 264, k1, o.212-216.

' 2. Bopuescknit 0.A., Bopucosa C.l., 3axaposa 0.0, # xp. CucTemaTika

” onoBOpyIEHX MecTopommeHuil CeBepo-BocToka CCCP mo M30TONHO-KACIODON-
HHM nauuuM.-Cos. reomorms, 1982, Ik 2, c¢.94-105.

YK 549.082: 543.422.8:537.533.35
. TMOOY3UOHHNE 30HH B MUHEPAJAX - TIOKASATENM YCHIOBUM ®OPMUPOBAHMA
PYZOOEPA3YKINX NMAPATEHESVCOB

.i.Jlemun, Har.E.Cepreesa
Mockxoscxuit rocyzapcrsensuit yauBepcurer, r.ilocksa, CCCP

~ [lupokoe npoaBnenue AMGIY3NOHHHX NPONECCOB NPM QOPMMPOBIHMM DYZOOG-
'Pa3ypUUX NapsreHe3XCOB OTMEYEHO H3 MECTODORJAEHAAX PABAMYHHX IeHe-
Tuuecxnx Tanos /2, 3/. 0COGEHHO XapaKTepHN TAKAE ABAEHHS

;ﬁnn MHOT'OCTAOUIHHX THIPOTEPMANBEHX A MeTaMOpfM30BaHHHX DPYIHHX
 00BeKTOB. [l0 MEX3HM3My NEPEHOCE BEWECTBA AMPIY3MOHRNE 30HH B MUHED3—
718X MOEHO Pa837JeNUTE HA ABa TuNa: I) BO3HMKIME B PE3yABTATE MER(a30BOMH
AuG@ysuu B TBEDLOM COCTORHMM, 2) CHOPMMPOBABUMECH MDH yYyacTHu Qmon-
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10B. Pasmeps aund@ysnoHHEX 30H OCOMX THUNOB HEBENNKM M ANA WX M3JYeHHA
HEOOXOAMMO TpAMEHEHNE NOK3NBHHX METOZOB 8H87IM38. ABTODaMM NpOBEZEH
Gonsuoit o6BEM MHKPODEHTI'EHOCTEKTPaIbHEX MCCNEZ0BaRKA, NO3BONUBIMA BH-
ABUTH ¥ 7ET3NBHO OX3DAKTEPM30BATH PAZ Pa3HOBUAHOCTAEN ANPPY3KUCHANX 30H

B NpENeNaX yKAa38HHWX ZBYX TUnoB. HacToAuWee COOCWEAMS NOCBAWNEHO PE3YIb—
T§T4M WBYYEHUA 30H NEPBOr0 TUNa, TSK KK MM 710 NOCJEZHEr0 BPEMEHM HEZO-
CTaTOYHO YZGNANOCE BHMM3HUE.

PaGOTH BHMNONHAMUCE H8 PEHTTEHOCHEKTDPANBHOM MAKPO3HanusarTope JXA-5
H3 KaQezpe MO7MEe3HHX MCKON3EMHX I'e0JOTUYSCKOT'O GarynpreTs MIY no MeTo-
LUKB , M3IOXEHHOA paHee /17. Bonbmas 9acTh 00BEME MCCAEAOBOHEN MpUXOZMT-
Cfl H3 T/8BHHE DYAOOOpP33ylWie CYNABQUAH: TNHPUT, CPanepuT, rafeHAT,Xslb-
KONUDUT ¢ ONEKAYHD DYZAY .

Mexr@a30BHe HUQJY3MOHHHE 30HH NEPBOTLO THUN@ NPOABAAKNTCA BO B33UMHOM
06Orauenny KORTAKTHDYWOUMX MUHEDANOB 06P83yHUAMA WX KOMIOHEHTAMH. B
K84YeCTBE NpUMEPS H8 pUC.] NpUBELEHH KPUBHE W3MEHEHNA COAEDXKIHUA Xene-
33 B C@anepuTe H3 KOHTIKTE ET'0 C NMUPUTOM B PYyZA3X Da3HOBO3P3CTHHX KON~
ye7ZlaHHEX MeCTOpOXAHeM#.OueBUAHO, YTO KE/AE3UCTOCTH CHanNepuTa NOCTENEH-
HO H8DPBCTAET IO MEpe MpPUOAMKEHNA K S3EDHAM NUPHTE. layyeHUS HeNE3UCTO-
CTH CyYaNEepuUTa B IJIOCKOCTYH 3BUNUGOB CBUAETENBCTBYET O TOM, YTO M30AN-
HUM COZEpHaHME #€/le3a B STOM MUHED3JIE B LE/0M NOBTOPANT KOHTYPH Kpyn-
HHX 3€pPEH GONEe BHCOKOKE/EBUCTHX MUHEP3NOB — MUDUT3, X3/ABKONMPHUTE ,M3T-
HETUT3. Ha puUc.2 NPUBEAEH3 KAPTUHI DpaclpejenleHAA %eNe3a B CanepuTe B
NIOCKOCTY 8HUAKGE MeIHO-IMHKOBEX PYZ CHETUPMXUHCKOrO MecTopoxzenua (Pyz-
Hult AnTait), nMocTpOEHHAA NO pPE3yNbTATAM 8H3NM30B, BHNONHEHHEX O CETH
I0.I0 mM. OueBHAHO, YTO NOCTPOMB IpPaMKM PaCHNpefeNeHUA COLEDEIHMN Xe-—
ne3a (CFe) 10 npoguanAM, OPHBHTMPOB3HHHM B KDPACT M3ONMHUAM, NOMYYMM KpU-
BHE,MODONOTHYECKM HAEHTUYHHE NDPUBEJEHHHM H3 puc.l. B cayuasx, Korza
nyoguan GYyAYyT NPOXOLUTE BOAU3N NUPUTE M X3NBKOMUPUTS, TEHASHIMA MOHOTOH-
HOTO WBMEHEHNA COZELKAHNA KENE33 OCHOMHANTCA OZHUM MIN HECKONBKUME INU-
KaMy Ha Ipajuxe Cne' Taxoro #e poAa NUKM MOUYT OWTH BH3BIHH 3EpHIMA
BHCOKOKENE3MCTHX MUHEDP3NOB, NEXIWUMM BHE NAOCKOCTA 3HWAMEOB.

Ha BCEX MECTOYOKAEHMAX, T'ZAE CHild NpPEZANPUHATH WCC/EA0BHAA, YCTAHOB-
JE€H0 3H3JIOMMYHOE OCOralleHMe NUPUTS MEZABKW H3 KOHTSKTE C Xa8NBKONKDPMTOM,
IUMHKOM H3 KOHT8KTE CO CHsNEepUTOM M CBMHLIOM BOMU3M TaleHUTa . HecMmoTps
H3 MeHBWMit 0GBEM MCCNSAOBaHME BapuaUuil cocTaBa GAEKAHX PYA4 B NPUKOH-
T3aHTOBHX 0ON3CTAX CYABQMUAOB Kene3a W LUHK3, MOEKHO yTBEDKA3TH, 4TO
3716Ch TAKKE COXPAHAETCA BHUEOX3P8KTeDU30BaHHAA 38KOHOMEDHOCTH 000ra-
LEHAA KOHTAKTUDYOUMX MUHEDP3NOB 00Pa3yRNUAMN MX KOMIOHEHTaMM.

TpayuryM, NpUBELEHHNE H3 puc.l, OAHOTMIHH ¥ CXOAHH C KPUBHMM, OIMCH-
BaoWMK ZMPYy3MOHHOE NEPEMENEHME BeWecTBd. [03TOMY MH NON3rdeM, 4YTO
oxapénmepmaosaﬂﬂaﬁ 33KOHOMEPHOCTE OGYCNOBNEHA BCTPEYHO# Audyameidl KoM~
NOBEHTOB. [lOCKONBKY B30HH PACCMATPMBAEMOrO TUNS8 O pasMepy He NpEBHUA~
T 100 MKM, TO MH NON3rdeM, 4TO OHW ABAANTCA DE3yABTATOM TBEDPAOPas30-
BOi Audiysuy, TaK XaK OPA ydacTuy PACTBOPOB COCT3B ANJPY3MOHHHX 30H
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IMATe IPHOCTH NPEO6P830BaHUA HEKOTOPHX TUNIOB PYZ U3 KONUELIHHHX MECTOPORZEHn# Mo napaMeTpaM Au(Iy3uOHHHX
308 Keness B CHanepuTe, KOHTSKTUPYOWETO C MUPUTOM

Mecropoxzenue | Mecromomo- | Bospacr pyzoBue- | Tum pyz gg:g;; Tun npeoGpaso- | Bpema npeod-
HEHNE walommux nopoz npeog- [BoHAA P830BaBMA,
p830Ba- MIB.NET
Hus DyA4,
7
XaHsBa finonus , Heoren (cpepsuit = KonuensHHO= 150 Peruona neHuit 17,6
0.X0HCK BEPXHUI MHONEH) T10J1I1IME T8 NI~ METEMOPEM3M
yackuft
limtoka B8 finonus,30H8  BepxHAs Wpa MeIHO=KOMua— 150 ] 43,7
Xrnawxa ZIaHEH
OKTROpPBCHOE l0xeul Ypan lleBOH n 200 1 57,3
ouneiino-Cee=  Pyzauit Cpenauit neBOH Konue gaHHO- 230 n 43,4
TUPUXKHCKOB Anrait (BepxBuit T1 O7IUIME T8 TI—-
atfens - nuxbui nuyecrult
HUBET )
Arucumon Koy u n " 230 " 39,6
llemMoHauxuncroe " Bepxu cpeppero- H 380 KorraxToBuit 0,45
H/A3H BEDXHETO Me TaMopfuam
1. BOH3
PyIuXnHCKOE " I L 330 " 7.2
Tanosckoe " " MefHO-KOMUE — 470 L 0,27
Cpezuait AeBOH AaHHHi
Tau-flpcroe loxsuit Ypan 1 " 550 L 0,85
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P c. I. UsMeHeHEe XeJe3KCTOCTHE cpalepuTa HA KOHTAKTe C NNDHTOM

I-8 - mecropoxuenma: I - TemoHamxmackoe; 2 - CrapxoBckoe; 3 -
BocTouHocTapkoBckoe; 4 - Nourelno-Crermprxunckoe; 5 — I[IOKpOBCKOe
(Bce Pymmsft Axraft); 6 - Okracpsckoe (0.¥Ypax); 7 - laxanan (fAnoumsa) ;
8 - Yanama (fAnomms)

T8KOr'0 pa3Mep3s BHP3IBHUBANCH OH 38 OUYEHE KODOTKOE BPEMA [I]. WHTeHCHB~
HOCTH M CTeNeHb NPOTEK8HWA TKOI'O NPOLECC3 3aBHCAT OT Er'0 AMMTENBHO-
CTH, BEJMYUHE KOBQPUOMEETBs ZAUQYy3MM ¥ DPI3HUUE KORNEHTPAUMM IaddyHmupy-
OUMX KOMINOHEHTOB B KOHT8KTHPYyLUMX (asax. PU3NUECKAA CYWHOCTE ABIEHUA
A7f M30TEpPMHYECKOTrO CAyussd IpafuusCKl M300paxena Ba puc.3. Cnexyer
NOZ49e PKHYTH, YTO AONyWEHME M30TEPMUYECKOrO NpOUECCS CIPIBEANUBO, TAK
K8K KOSPQUIMEHT TENNONPOBOAHOCTH DYZAHWX MUHEDANOB BECHM3 BHCOK (HE
MEHee TLO-3 oM /¢ ) , NO3TOMY CKOPOCTH BHPABHUBAHUA TEMIEPSTYP B HUX
OyZeT He MHOI'O NOPAAKOB BHUE CHOPOCTH NPOABMEEHUA Auf{ysMOBHHX (poH-
TOB. M3 Ppaguqacﬂoﬁ CXeMH fIBIGHMA CIEAYET, YTO OCHOBHHMM N8DGMETP3MH
ANPQy3MOHHOM B0HH ABNAETCA 3HIYEHME COLESPRAHME KOMOOHEHTOB H3 KOHTaK~
e munepanos (C§ ) # ux Beauumss 88 yzamemmu or kourskra (CI°Y+) u
unpnes 3088 ( I ). JInA KONMYECTBEHHOI'O DACCMOTDEHMA ABAEHMA M uUMCAEH-
HOrO 3H37MM33 NapaMeTpOB Av(PYSMOHEEX 30H TNONE3HO DBCCMOTPETH MaTeMsTH~

YyeCKyn MOZENb NpPOLECCa, M300PaXeHHOTO HA DAC.3. MaTemarTuyeckas
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P u c. 2. Pacnpesenenne comepmanmit xesesa B clasepure B IJIOCKOCTH aH-
v e MeIHO-1[MHKOBHX DyI KomneitHo-CHeIMDUXMHCKOTO MecTOpoxmeHmsa (Pyn-
Hult Axraht)

. I-5 - conmepranma xejesa B cdarepmre macc.%: I- < 0,3; 2 - < 0,3-0,5;
3 - 0,5-0,8; 4 -0,8-1,2; 5->1,2; 6 — nmpur; 7 - XAABKONNMDAT; 8 -

' ¥ c. 3. Cxema odpasoBannsa Mempa3oBux Ir(PysMOHHNX 30H B M30TepMA-
CKMX ycnopwax (s musepasnoB A, B, Op¥ t°= consh)
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MOIENs 0GPA30BaHAA MeX(a30BHX NN(QLY3NOHEHX 30H L TMIa M OCHOBHHE
COOTHOWEHNA, CASNYOIME M3 HEE, NMPUBEISHH HHNE.

a,/at = a%c,/ax”, (1)
HayanrcHHe H TpPaHMYHBEE YCNOBUA &
x=0 3 t>0; Cy=00 ; Cp=0F;
x>0 , Gy = ched
X<l Gy =0s Hau;

t = 3 2)
X=+O-;CA=CA;
o b
Ex-— 0,0Cg =C3-
Pewmenue :
Cy(x t)=CO-(GO-CHaq)erf e e 1 3
A%y A A"l G ) (3)
2
5 -x
2 T
D = t
§ & % (vt / *)
- e 3 & R
Chx(Xoy )
mpu erf (z) =1 ;
B /4DA, (5)

1-c%%/c}
rng Ci - KOHIEGHTpAILMA KOMIOHEHTa;D — Koaddumument muddysun;
X = DPOCTPaHCTBEHHAA KOOpIMHATAa; cHa%_ nayarpHad KOHIEHTPAIAS
KOMIIOHEHTA} j;rf(z) - nurerpan I'aycca .
13 coorsowesumii (5) cnexpyeT BamHHil BHBOZ, UTO NOCLONBKY Cﬁ?q' 00HYHO
CYUWECTBEHHO MEHBIE Ci , TO UX OTHOWEHAE HE MOHEST NOBAMATH H3 BEIMUUA-
HY uMCIMTENA STOrO BHPaHeHWs. CNeL0B3TENBAO,XO0 NPONECCa ONpeAenAsTed
BEAMYKAOR KOI(PUIMEHTOB AUGLY3uM KOMOOHEHTOB. LCCNEZ0BZHUE BIUAHKA
p83MUYEEX (KTOPOB HA BENUYMHY KO3@(uIuesTa AuddysuM NOK333710,4YTO HIU-
007IEE CYUWECTBEHEH TEMNEP3TYypHHI @aKTOD [I]. OKg3an0ch, YTO BENUYNHA
C% PA9BHEM 00pa30M 38BUCMT OT JPOBHA TEMIEPaTypEOTO BoazelicTsnd B3
PyIH, a JvHefiHHe pasMepH {mupuEa) S0H ONpeleJAeTCA NJUTEJBHOCTER
TePMAJBHHX IpeodpasoBakmii., STO OTKPHBAET BO3BMOXHOCTE KoJrae cTBeHHON
OIEHKY CTEeNeHE ¥ NIETEJBHOCTH MeTamoppusMa PyHAHHX MeCTODOXLEHME.

Jlake MMKDO3OHAMPOBAHWEM OMPEJENUTH Cg HEBO3MOXHO, T3K KaK HENO-—
CPEeACTBEHHO H3 KOHTKTE SOHZAOM OYyZET 33XBaTHB3THCA COCEBZHMIT MuBEpaIL.
Oznaxo Cg MOKHO ONPEZEAMTH NO 3KCNEPUMMEHTANbHEM IpafukaM pacnpenene-
HUA KOMIIOHEHTOB B Npefenax Audjy3MOHEHWX 30H, SKCTPANOADYA MX B 00-
N8CTh KOHTSKTA MWHEP3NoB. Ha puc., 4 BaHECEHH Cge chanepura HA HOHTE~
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;n. c. 4. Owmmpmuecku?t rpafuk s3aBECKMOCTH Fe
CHMAJIBHOR ResnesmcTocT cayepnra, KOH-
THpywnero c¢ nmprrom (CH,) or Temmepa-
H Npeo0pasoBaHWA pyL

I-I0 - mecropoxuenrA: I - Makanaw; 2 -
XanaBa; 3 - l6uneftno-CHermpmxmickoe; 4 —
Qxradpeckoe; 5 - CraprkoBckoe; 6 - lemo-
xmHCKOe; 7 - Tanobckoe; 8 — Tam-fipe-

3 9 - Bocrownocrapkosckoe; I0 - Xo-
HUHCKOe

N e W

N oW o oty

L 1 I
200 300 400 500 G0

¥ ¢, 5. 3aBMCHMOCTHE KOBHPMLUEEHTOB NMHHy3MH KOMIOHEHTOEB pyAO— M
POXO0CPAaSYNIMX MMHEDAJNOB OT TEMIEPATYDH. OKCIEDPMMEHTAJEHO MOJydeH-
e BeJmuMHH KoaddumaeHTa DEDOysHM Xese3a B OJMBAHE DABJNYHOTO COC—

" I-1 - omwsrH ¢ cogeprasmem Fe 40 macc.%; I-I' - ommemu ¢ comepma-
iem Pe 30 macc.%; I-I"- oxmemn ¢ comepmanvem Pe I0 macc.%; I-I%-
MH c cofepranvem Fe 5 macc.%. BaBEcmMocTs KosdfnmumenTa Infdy3m:
a2 B rasenuTe (II-II) ¥ xeaesa B marHeTtuTe (III-III) or Temnepa-
« IY-IY - npennmosaraemoe noje kosdmixenToB LRGDy3uM xenesa B
fANepuTe npR pa3AKIHHX TeMIepATyDaX
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KT€ C NMUPATOM ANA DPAZAS KONYEAGHHHWX MECTODOXAEHUM, MO KOTODHM UBBECTHL
TeMnepsTypH Npeo6pasoBaHMA DYyA. OTOT SMOMPUYECKM Ipafuk CBUZETENBCT-
ByeT 0 YeTKO# TeBZeBUAM BO3P3CTIHMA Cge 10 MEpE NOBHWEHNA JPOBHA Tep-
M8IBHOTO NpPeoGps30BaBMA DYyA. [10CTPONTE 3HANOTrWYHHE AAATPaMMB AAA ApPY-
PUX MUHEDSNOB NOKA HE YASNOCH M3-33 HENONHOTH MMEOWMXCA B HaWEM pac-
nopaxkeRudd A3BBEEX. TeM He MeHee yHe celiuac MORHO CKa3aTh OO 8HNOI'MY-
HOlf KOppenAuUn Cgu - T B ranesuTe, KOHTEKTUDYOLEM C X8NLKONUDATOM.

XoyeTcA OOpPaTUTH BHMMAHME Ha NpPUHIMNUSIBHYO BO3MOEBOCTH KONMYECT-—
BEHHO} ONMEHKM ANMTENBHOCTH METBMOPYU3M3 110 N3pPsMETpaM AU@QYy3UOHHHX
30H. JleficTBUTENBHO, ECIM 3HATH (YHKUMK 33BUCUMOCTM KOSQfUUMEHTa Auddy-
3UM OT TEMNEPAaTypH M TEMNEpPaTypy IpeoCpsa30BaHuA pyA, TO MO Ipaduxy
C = X MOXHO OHZO OH ONPEZENMTH ANUTEABHOCTE NMPOTEKgHUA AUGQYBUOHHOIC
nponecca, licnons3ys MaTEeMdTHYECHYO MOAENE NpPOLECCd U DaHee
COCT3BNGHRHYD 8BTOPaMM AMBrPaMMy (pHC. 5),MOKHO DSCCYUTETH ANUTENBHOCTEH
Npeo6p330BaHUA DYyJ pAZA MecTopoxfeHuil, KOHEYyHO, BHUMCNEHHHE TIKUM 00—
P330M BEMNYMHE HOCHAT NpeABapuTenbHui Xapaxrep. OAHAKO C TNOLYYEHUEM
3KCNepUMEHTaNbHEX 3aBucuMocTeit D (T) mozolHwe pacyeTH NO3BOAAT CTPO-
IO M ONEpP3TUBHO OUEHUBATH TaKoil CTONb BaxHHi faxTop MeTamopiusMa, Kax
ero IJNTeJBEHOCTh,.

OueBMAHO, YTO MBYYEHWE AMQGY3MOHHHX 30H ABAAETCA NONE3HHM LOMONEN-
TebHEM KDUTEDWEM B YCTSHOBIGHMA DSBHOBECHOCTH, HEP3BHOBECBOCTM, pa3-
HOBPEMEHHOCTH MMHEDaNBHEX accouuanuil. [louumo Toro,cam QaxT Cywecrsosa-
HuA AUGOY3MORHEX 30H P3NMUHOIO PeHE3UC3 TpeGyeT MOBHUEHHOH OCTOpOKHO-
CTH B MCNONE30BaHMM METO/AOB ONpPEAENEHMA TEMNEDP3TYDH U JA3BIEHAA, KOTO-
DHE OCHOBWBANTCA H8 PAcIpeeleH/N KOMIOHEHTOB MEXAY COCYWNeCTBYoWLnNMK
MUHEDSNaMU, 8 TaKEe TEpPMOAUHAMUYECHMUX AuarpaMd, Oa3upyouuxcd Ha co-
CTaBE MHWHEPANOB. CBEJEHMA O NapaMeTpax ZAnQEy3MOHHHWX 30B B TAKMX CIy-
YasgX ABAAKTCA BeOOXOAMMHMM /A NONYYEHHA HAZEXHHX ASHHHX O TepMOAu-
HaMUYECKUX YCNOBMAX (ODMUPOBAHMA DYA.
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. PETROLOGY, MINERALOGY, AND ORIGIN OF THE FERAGEN ULTRAMAFIC BODY,
 SOR-TRONDELAG. NORWAY
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1'.0.5.! 2695. s’dn.’, '.s.'. 2001. hltmi‘. I.Hultin Boks 83|
1320 Stabekk, Norway

B

el v i

3 In the southern part of the Trondheim basin there are found a large

. pumber of ultramafic bodies which crop out between Feragen in the east
"i.d Otta in the west. They are gemerally regarded as being serpentini-

§ te masses of Caledonian intrusive rocks and are located near the lower

~ poundary of the Cambro-Silurian sequences and the Eocambrian Fermation.
Some of the outcrops are partly rich in chromites.

- Detailed mapping ef the Feragen body was done by Du Rietz and Hultin.
i!ﬁ.ir data are incerporated in this article., The Feragen body has been
‘chosen for the more detailed studies, because a relatively high propor-
' tion of rocks are not completely serpentinised.

it

Geological Setting
‘:A The Feragen body is situated 25 km east of Roros and crops out over
\n area of 15 km® in fairly rugged terrain.
.~ Unfortunately exposures are poor, partly near contacts, because of
regetation and rubble cover. In the south and south-east the ultrama-
¢ rocks are in contact with late Precambrian (Eocambrian) augen-
iss. The contact is not exposed (Fig. 1). The eastern contact is
ly obscured by the lake Roragen and Quaternary deposits. The north
d north-eastern contacts are partly covered by the Devonian serpen-
nite conglomerate,

: Petrography and Mineralogy

-1 The greater part of the body has been serpentinised to & massive
ock congisting of fine-grained, platy serpentine and minor magnetite,
orite, talc, and carbonate in which no textures of the earlier mi-

) agsemblages can be recognised. Cress-cutting bands ef serpentine,
both platy and, less commonly, fibrous, are also found. The degree of
¢Lli-ent1nisation is variable and irregular but is most complete near
he contacts. In the southwest, parallel to and along the contact with
the Roros schists, a narrow zone, approximately 20 cm wide, of banded
chlorite-rich serpentinite schist has been developed. A magnetite-rich
erpentinite is found in the southeastern part of the body, near the
iontact with the augen-gneiss in which magnesite forms clusters of
:-edral crystals evenly disseminated through the serpentinite, as well
8 in cross-cutting veins.

- Towards the geographic centre of the body, east of the Storhogda
‘tugsbbroid, the degree of serpentinisation is less pronounced and
: vy silicates can be recognised. The rocks are layered (Fig, 1)

ith the layering defined by carrying proportions of the major primary
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Fig. 1. Geological map of the Feragen ultramafic body

1 - overburden; 2 - serpentinite conglomerate (devonian); 3 - dunite;,
4 - peridotite; 5 - interlayered rocks; 6 - serpentinite;7 - metagabbro;
8 - schist(Roros schist); 9 -'augan goneiss (eocambrian); T - tale; M -
wmagnesite; S - serpentine; ¥ - mine or digging; CHR - chrommalmhogda

minerals: olivine, pyroxene, and chromite. Contacts between layers tend
to be sharp and individual bands can be traced for distances up to
several hundred metres. However, it can be shown that the bands thin
out and terminate and are more correctly described as elongate, inter-
fingering lenses, In a few places the layering appears to be folded.
This is particularly evident where fine chromite bands are tightly
folded into mesoscopic folds in dunite. No structural analysis of the

288



3

' Feragen bedy has been carried out, but it is clear that there are many
~ features present which are similar to those described in deformed alpi~-
;.g-typn peridotites elsewhere. In some areas the layering is on a scale
- too fine to be mapped and such parts are termed interlayered rocks in
E Pig. 1. The layering strikes essentially northwest with vertical or
i steep dips. The more extensive chromitite layers, ranging from a few
i aillimetres to 15 cm in width, have & consistent orientation parallel
| to the overall layering but some small, cross-cutting chromitite veins
| occur and some bands bifurcate. These smaller veins have variable ori-
| entations, but most are parallel or subparallel to larger NE- and NEW-
trending jointe and faults along which serpentinisation is often locall
more intense.

Serpentine and chlorite are always present in variable amounts in
| all rocks, but if one considers the areas where the primary silicates
| dominate and excludes their alteration products, then i1t can be said
L that olivine is the dominant phase in the layered rocke. It may make
E up as much as 98% (volume) of the rock, producing dunite. In eother
~ layers olivine makes up to 50% of the primary silicates, the other
minerals being clinopyroxene, orthopyroxene, chromite and, rarely,
phlogopite. Rock types, therefore, range from lherzolite to harzburgi-
te and chromitite. The latter have relic olivine as the only recogni-
sable primary silicate, and serpentinisation is usually very severe.
The different weathering surfaces of dunite and lherzolite make it
relatively easy to distinguish these rocks in the field. Boundaries
- between different phase layers are sharp, even on the scale of a thin
: primary silicate from a magma. However, this layering has been partly
~ disrupted and tectonised, forming the lens-like bands now observed.
- Similar features have been observed in deformed layered igneous bodies
~ elsewhere /[3/.

Chrome Ores

These ocour in serpentinised dunites and consist, or comsisted, of
magsive bands of even thickness: as irregular, compact lenses, or as
. several regular, parallel chromitite layers each only millimetres thick.
Ore horizons are variable in size and have been recorded as bands up
to 280 m long, 60-80 m deep, and with & meximum width of 1.5 m
(Rodtjern-gruva), The larger chromitite layers dip at 110°-070°/50°-
~ 80° and are essentially concordant with the phase boundaries between
- dunite and peridotite. The chromitite lenses have long axes parallel
 to the strike of the bands. The maximum recorded size is 50-60 cm
long and 20-25 cm wide. Because of an apparent relationship between
3ha grain-size of the chromite and the richness of the ore, the ores
: ve been divided into four types, based on grain-size.
Coarse-grained ore (Type 1). This occurs as elongate (10-20 mm
by 5-15 mm), subhedral to euhedral chromite individuals which show &
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distinct shape-preferred orientation., Crystals are fairly densely
packed but are separated by thin layers of serpentine and chlorite.
Larger chromite crystals are euhedral but have slightly rounded edges,
A few such ores show distinctly when the interstitial silicate mate-
rial becomes substantial. These structures indicate also that chromit-
es at the base (footwall) of chromitite layers are considerably smaller
more subhedral, and have more strongly rounded grain-boundaries compa-
red with individuals elsewhere. Moreover, the ore becomes less massive
at the base. The transition between small and large individuals in the
chain-structure is sharp. Chromite grains commonly contain euhedral to
rounded olivine inclusions which ere, in most instances, partly or
completely altered to serpentine. Ore of thies type is found at
Rodtjerngruva, Lergruva and Skalgruva, among others,

Medium-grained ore (Type II). This is less massive than Type I
and consists of subhedral chromite grains, 0.5-=3.0 mm in size with ne
preferred orientation. The relic olivine and serpentine pseudomorphs
separating the chromite grains have grain boundaries which intimately
follow those of the chromites with which they are in contact, and the
chromites often have concave margins and well-rounded edges. They com-
monly contain oval to subhedral serpentinised olivine inclusions and
are surrounded by thin zones of chlorite and serpentine. As a rule the
ores of this type occur as 3-15 cm thick bande which are found in
various parts of the area, It is the common ore at GJets]Jogruva.

Fine-grained ore (Type III). This consists of rounded (ovoid)
grains of chromite, 0.05-0.5 mm in size, which have a distinct shape-
preferred orientation similar to Type I. This gives the rock a distinct
parallel structure which is readily seen in hand specimens, In situa-
tions where there are numerous parallel, millimetre-thick layers, the
interstitial matrix is exclusively serpentinised olivine. This olivine
may contain many chromite inclusions whereas olivine is seldom found
as inclusions in the chromite of the veins, Similar veins are found
throughout the whole of the Ferageh area,

'Leopard ore' (Type IV)., This type of ore (also termed nodular,
grape, bean or ghot ore) is well-known from alpine-iype ultramafic
bodies. In a quarry some 300 m east of Rodtjerngruva the remains of a
large lode of this ore type have been found. The ore consisted of
massive chromitite in a dyke-like zone trending approximately north
and dipping 70°-80° east. The remains indicate that this zone termina-
ted with the development of large drop-shaped (ellipsoidal) chromite
grains which are surrounded by olivine, serpentine, and chlorite. Moest
chromite ellipsoids are oriented such that their longest axes are
parallel to the lode strike. The dyke.has a width of 30-40 cm with
relatively large ellipsoids (35 mm by 22 mm) with very smooth and regu~
lar surfaces. The distances between individuals decrease towards the
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gentre of the 'dyke' and at the footwall of the ore body the concentra-

ted chromite forms & chain structure. The transition to this structure

~ 4s more gradual than that in Type I.Elsewhere gimilar structurees are

developed but the chromite ellipsoids are noticeably smaller (8-10 mm

by 5-6 mm), their surfaces are less regular, and they are surrounded
by numerous small chromite crystals.

A possible variant of this ore is the type of chromite concentration
found in the central part of Chrommalmhogda. Here are found numerous
parallel chromite bands, 5-10 mm thick, striking 340° and dipping
pteeply east. They consist of 1-3 mm ellipsoid chromite crystals, ori-
entated as in Types I and III, and at regular intervals they are inter-
rupted by concentrations of large ellipsoidal chromites. These are
about 14-17 cm by 7-9 cm with the distances between ellipsoids varying
f£rom 50 cm to 7O cm. The long axes of the ellipsoids are parasllel to
the strike of the layers and the transition from chromitite layers to
ellipsoidal concentrations is very sharp. The ellipsoids are less
massive than those in normal Leopard ore and they may contain highly
serpentinised olivine inclusions which form irregular, concave poly-
gons.,

Primary Mineralogy

There is very little regular variation in the minerals in rock
samples taken from the different layers along the profile A-B, nor,
indeed, in samples taken elsewhere from the Feragen body. For this
reason the minerals are dealt with individually rather than with the
agsociated rock types. Optical studies have been made on minerals from
& large number of different locations, but chemical analyses are re-
stricted to samples collected along the profile A-B, or to outcrops
very near this section, in the vicinity of Leighgruva. The refractory
magnesian silicates and chromites are considered to represent primary
phases which have crystallized from a magma. This assumption is justi-
fied by the presence of the fine-scale phase layering and by the re-
lative distribution of minerals. In some periodotite samples subhedral
orthopyroxene has been observed, and such textures are most likely to
be derived by crystallization from a magma,

Olivine. This is found as anhedral to subhedral crystals in duni-
te or as rounded or polygonal, equidimensional fractured grains in du-
nite and peridotite, which are always partially or completely altered
to serpentine along grain boundaries and fractures. Some contain inc-
lusions of euhedral chromite crystals. Most olivine grains have strain
shedows, and the development of deformation lamellae and kink-bande is
Very common. No detailed work on the orientations of these has been

3 carried out, but individual crystals may show several such bands with

kink-band boundaries approximately parallel to (100) and, to & lesser
exent, (001). Analyses (Table I) show that the olivines are highly
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Table 1 _
Analyses of primary silicate minerals

A, Olivines

Sample I JEtug | | T O A .6
810, 41.40 41,52 41,36 40,77 41,26 41.40
710, 0.00 0,00 0,00 0,00 0.00 0.00
11203 0,07 0.06 0.04 0.04 0.11 0.02
10203
Cr203 0,00 0,00 0.00 0,00 0,00 0.00
FeO T=19 x - 7,18 To54 8,94 T.04 3.91
Mg0 51.14 51450 51,07 50.52 50,93 53.92
MnO 0,00 0,10 0,13 0,16 0,14 0.07
Ca0 0,00 0.10 0,13 0,13 0.16 0.12
Fa 0 0,00 0,00 0,01 0,00 0,01 0,01
K,0 0.00 0.00 0.00 0,00 0.00 0.00
Ni0 0.23 0.26 0.21 - 0,22 0.20 0.36
SUM 100.0 100.72 100.49 100.78 99.85 99.81
Number of ions on basis of : 4 oxygens
si 1,001 0.999 0.999 0.969 1.000 0.992
Al 0.002 0,002 ‘0,001 0,001 0,003 0,001
o 0,000 0,000 0,000 0,000 0,000 0.000
Felt

1.844 1.848 1.838 1.828 1.841 1.926
Peot 0,145 0,145 0.152 0,181 0,143 0,078
Mn 0.002 0,003 0,003 0,003 0,001
Ca 0.003 0.003 0,003 0.004 0,003
Ni 0.004 0,005 0.004 0.004 0.004 0,007
Cr
Pe 92.7 92.7 92.4 91.0 92.8 96.1

N.A.: Not analysed. x Poz*/!03+ calculated to achieve charge balance.
Analyses are averages of between 3 and 13 grains per sample.

magnesian but with a limited compositional range: approximately
P°90.7-96.1' The more magnesian varieties are in the chromitite bands.
Scans across individual grains have not revealed any detectable zoning.
Pyroxenes. Both orthorhombic and monoclinic pyroxenes are present
in peridotites of the Feragen body, although it is often difficult to
distinguish between them in thin sections because of the high degree
of alteration. This makes it difficult to give accurate estimates of
the proportions of each. However, even in some severely altered samples
the clinopyroxene exsolution lamellae remain, although the orthopyro-
xene host has been completely serpentinised, and thie ellows for reco-
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A.,Olivines
ple | 7 T N [ 0 [ n | 12

40,93 40,17 41,13 41.39 41,83 41.21

0,00 0,00 0.01 0.02 0.00 0.00

i 0.10 0,15 0.05 0.10 0.15 0,11
é 19203

| or0, 0.00 0.00 0.00 0.00 0.00 0.00

| Pe0 9,15 T.23 8,22 Te31 7.99 6456

| Mgo 50.19 52,78 50.16 50.74 49.73 51436

. MmO 0.07 0.08 0.13 0.12 0.10 0.08

E ca0 0.14 0.00 0.16 0,10 0.13 0.1

| N0 0.00 0.01 0.01 0,01 - 0.63 0,00

t K,0 0,01 0,00 0.00 0.00 0.00 0.00

B 310 0.21 0.20 0.22 0.20 0.17 0.21

SUM 100,80 100,62 100.09 99.99 100,13 99.64

Number of ions on basis of : 4 oxygens

51 0.993 0.970 1.000 1.003 1.015 0.999
Al 0,003 0,004 0.001 0,003 0,004 0,003
1 0.000 0,000 0.000 0,000 0,000 0,000
Pea*

Mg 1,815 1.901 1.819 1.832 1.799 1.856
!e2+ 0.186 0.146 0,167 0.148 0,162 0,133
Mn 0,001 0,002 0.003 0.002 0,002 0,002
Ca 0.004 0.000 0.004 0.003 0.003 0.003
Ni 0.004 0.004 0,004 0,004 0,003 0.004
Cr

Po 90.7 92.9 91.6 92,5 91,7 93.3

Semple numbers refer to sample locations given in Fig. 2.

goition of the existence of former pyroxenes. This is contrary

~ to the views of Du Rietz. Contacts between lherzolite and dunite are
"Benerally sharp but in some areas a narrow zone (3-5 cm wide) is pre-
h‘ﬂeut in which relic orthopyroxene is the only pyroxene present.

Analyses of the pyroxenes (Table 2 ) indicate that they are magnesi-

'8n and contain relatively high A1,0, and Cr,0, contents (4% and 0.6%

Tespectively).

- Chromites. Although &1l chromites examined have been either parti-

1y or completely altered, those in the less serpentinised rocks re-

in their original morphology and have large areas which remain unaf-
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fected by altermation. Subhedral to euhedral crystals with very little
marginal alteration are commonly found &s inclusions within olivine

cryetals. Most chromite occurs as sub- to anhedral, discrete crystals
which have one or two narrow zones of chrome-poor, iron-rich seconda-
ry spinel minerals around a relic core zone.

These core zones are considered to represent the primary chromite
which is in chemical equilibrium with the surrounding olivine and py-
roxene. Such zones are orange-brown to deep red in transmitted 1light
and in reflected light they are dark grey to grey-brown with reddish-
brown internal reflections. They are completely isotropic.

Chemical analyses of various chromite core zones are given in Table
3. The samples from the area near Leighgruva are in close agreement
with partial anelyses bj Hultin of chromites from other localities
(including Rodtjerngruve, Gjetsjogruva, Lergruva, and Skalgruva. These
analyses indicate a range in the compoeitions of the chromites which
is not related to alteration, the modal proportion of chromite present
nor, apparently, to the associated rock type, although the chromites
found in peridotite have the lowest Cr/(Cr + Al) ratios and the high-
est aluminium contents. All chromites have low '1‘102 contents, and va-
riations in the amount of Cr203 and 1\1203 greatly exceed variations
in Pe203. These are features typical of chromites from alpine-type

peridotites /14/. Scans across individuel core zomes failed to reveal
any cryptic variation within these zones, and only in the optically
identifiable outer zones were chemicel changes recognised. Thus the
boundaries between cores and marginal zones are sharp.

Secondary Mineralogy

This section deals with minerals which have formed as a result of
alteration of the primery minerale discussed above.

Serpentine. - The greater part of the Feragen body can be described
as perpentinite. The serpentine minerals are found in essentially two
different habits: either as fine blade-like or apparently fibrous cry-
stals which pseudomorph end replace earlier minerals or else as cross-
cutting veins,

That which replaced the earlier minerals (olivine and pyroxene) was
identified by Hultin as antigorite on the basis of optical properties,
and this has been confirmed by analyses of semples from the Leighgruvs
profile (Table 4), using the chemical differences established by Whit-
taker & Wicks. In thin section most of the serpentine is grey brown
and has replaced pyroxene and olivine along grain boundaries and cle-
avages or fractures. Where the process has gone to completion, the
former texture is still recognisable as regards the specific orienta-
tion of the serpentine blades which allow one to identify the olivine
pseudomorphs between crossed polars. The outlines are commonly empha-

294



! Table 2

e

Analyses of primary silicate miﬁerala
B. Pyroxenes

Clinopyroxenes Orthopyroxenes
gample | ¢ | 7 1 3 [ 4 T 7 1)
510, 52.81 52455 52.50 54,80 54.85 54.94
. 10, 0.07 0.07 0.06 0.05 0.01 0,00
11203 4,22 4,13 4.40 4.39 3.82 3.89
].203 0.97 0.01 0.36 1.30 2,07 1.95
cr203 0.74 0.67 0.82 0.11 0.59 0.61
Fe0 1,15 1.7 1.66 4.74 3.95 4.18
Mg0 17.35 17.00 16.67 33.44 33.36 33.54
MnO 0.10 0.10 0.13 0,12 0.19 0.20
Cal 22.95 22.83 23.83 0.78 1.44 1.15
1.20 0.35 0.33 0.17 0.02 0.03 . 0.01
K;0 0,00 0,00 0,00 0.00 0,00 0.00
Nio .00 0.00 0,00 0.00 0,00 0.00
SUM 100,72 99.40 100.61 99.75 100,31 100.46
Number of ions on basis of : 6 oxygens and 4 cations
Si 1.897 1,911 1.894 1.892 1.888 1.888
Al 0.179 0.177 0.187 0.179 0.155 0.158
!13+ 0,002 0.002 0.002 0.001 0.000 0.000
Fe 0.026 0,000 0,010 0.034 0.054 0.050
I32+ 0.929 0.922 0.897 1.721 1.712 1.718
Fe 0.035 0.052 0.050 0,137 0.114 0,120
Mn 0,003 0,003 0.004 0,004 0,006 0.006
Ca 0.883 0.890 0,921 0,029 0,053 0,042
§i 0.000 0,000 0,000 0,000 0,000 0.000
Cr 0.021 0.019 0,023 0.003 0.016 0.017
En 50.3 49.5 48.0 9N.2 91.1 91.4
~ Wo 47.8 47.7 49.3 1.5 2.8 2.3

sised by smell .grains of magnetite, which is also found along the cen=-
tral zones of fractures where the serpentine has extended into the mi-
neral which has been partially replaced. A possible second generation
of individual, colourless plate-like crystals of antigorite is &also
found and these have no specific orientation relative to the former
texture. The characteristic mesh-texture of serpentinites has not been
Trecognized in these rocks.

Apart from the serpentine pseudomorphs after the primary silicate
minerals there are also numerous cross-cutting serpentinite bande and
lenges of variable size, from microscopic to several tens of metres in
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Table 3
Analyses of chromites (core zones only)

Sample L3 12 | 3 | 5 | 4
510, 0.03 0.03 0,07 0,07 0.09
710, 0.13 0,14 0.22 0.28 0.15
A1,0, 6,91 14,19 20.56 20.16 15,72
Cry04 58,52 55.49 48,73 48,26 54,07
x Fe,04 5.48 0.97 1.08 2,87 3.54
x Fe 21,10 18,85 17.51 14.86 11,08
MnO 0.66 0.7 0.47 0.41 0.48
Mg0 7.31 9.51 11,47 13.21 15,22
ca0 0,40 0.37 0.11 0,10 0.02
Ne,0 0.00 0.00 0.00 0.00 0.00
Ni0 0,10 0.13 0.20 0.22 0.22
SUM 100. 64 100,39 100.42 100. 44 100.59
Number of ions on the basis of : 4 oxygens and 3 cations
s1 0.001 0.001 0,002 0.002 0.003
™ 0.003 0.003 0.005 0,006 0.003
Al 0.276 0.542 0.755 0.733 0.574
cr 1.568 1,423 0.201 1,178 1,325
xPet 0.147 0.025 0,027 0.070 0.087
xPe’* 0.598 0,511 0,457 0.384 0.287
Mn 0.019 0.020 0.012 0.011 0.013
Mg 0.369 0.460 0.533 0.608 0.703
Ca 0.015 0.013 0.004 0.003 0,001
¥a 0.000 0.000 0.000 0000 0.000
Ni 0.003 0.003 0.005 0,005 0.005
SUM 3.000 3.001 3.001 3.001 3.001
Cr/Cr+Al 0.85 0.T2 0.61 0.62 0.70
Mg/Mg+Fe 0.38 0.47 0.54 0.61 0.7
Feot/pet
+Cr+Al 0.07 0.01 0.01 10.04 0.04

Analysis key: 1. Lizardite or chrysotile: apparently fibrous; along
fractures and olivine grain boundaries. Dunite 8. 2., Lizardite or
chrysotile: apparently fibrous; entirely within fracture in chromite.
Dunite 5. 3. Antigorite : platy, radiating crystals. Peridotite 4,

length and up to 30 cm wide. These were recognized by Du Rietz and
Hultin., Du Rietz stated that they are ‘almost certainly late in origino
and probably originated during the maximum folding of the region or
during overthrust movements towards the southeast . Hultin identified

two separate phases of faulting ‘and jointing development within the



“Sample T T S T A T T

510, 0,03 0.06 0.4 0.00 0.00
710, 0.08 0,07 0.20 0.06 0.10
A1,0, 31,10 24.16 26.06 20.70 11.06
er,0; 37.38 45.31 41,13 48.34 58.21
xPe,0, 2.16 2.26 3.68 2.20 3.00
xPe 15,70 13.91 14.37 16.79 15.38
MnoO 0.04 0.31 0.35 0.47 0.54
ug0 13,98 14.20 14.36 1.74 11.44
ce0 0,02 0.14 0.01 0.16 0423
¥a,0 0.02 0.00 0.00 0.00 0.00
§i0 0,10 N.A. 0417 0.09 0.05
SUM 100, 61 100. 42 100,48 100.55 100.01
Number of ions on the basis of - : 4 oxygens and 3 cations
81 , 0.001 0.002 0.004 0,000 0.000
™M 0,002 0.002 0.005 0.001 0.002
a 1,077 0.859 0.919 0.758 0.424
cr 0.865 1,081 0.973 1.187 1.497
xPe’t 0.050 0.054 0.087 0.054 0.077
xPet 0.386 04351 0.360 0.436 0.418
Mn 0,001 0,008 0,009 0.012 0,015
Mg 0.612 0.639 0.640 04543 04555
ca 0.001 0,005 0.000 0,005 0,008
Na 0.001 0.000 0.000 0.000 0,000
Ni 0.002 04000 0.004 0,002 0,001
SUM 3.000 3.000 3,002 2.999 2,998
Cr/Cr+Al 0.45 0.56 0.51 0.61 0.78
Mg/Mg+Fe 0.61 0.65 0.64 0.55 0.57
’.31-/!‘3-?
+Cr+Al 0.03 0,03 0.04 0,03 0.04

4, Antigorite; part of network in serpentinised dunite 11, 5., Antigo-
‘rite: outer part of cross-cutting serpentine vein. Dunite 11, 6, Li-
. zardite or chrysotile: inner zone of cross-cutting serpentine vein
;:(lee analysis 5).

~ Feragen body. These resulted in fault and joint surfaces in two almost
. mutually perpendicular directions. Along these surfaces asbestiform
~ serpentine was produced. The earlier surfaces strike 320-360° and dips
- vary from 50°E to 60°W (i.e. they have the same dips and strikes as

~ the serpentinite bands within the Gltramafic rocks). The younger de-

s
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formation produced almost vertical surfaces with essentially east-
west strike, but there are fewer dislocations in this direction then
the former. They have taken place after the development of the serpen-
tinite bande and lenses because these are often slightly displaced in
an east-west direction, as are some of the chromitite bands.

Analyses have been made of serpentine minerals making up one of the
small cross-cutting veins in a partly serpentinised dunite. This vein,
like many others, appears to be made of two components, which can be
identified optically. The analyses (Table 4) indicate that the serpen-
tine forming the outer part of the vein, as blade-like crystals elong-
ate at right angles to the vein boundary, is antigorite of a different
composition (lower Fe and Al) to that in the remainder of the rock.The
inner part of the vein, of platy crystals, is lizardite or chrysotile,

Chlorite. Chlorite forms only a small proportion of the minerals
present except for a 15-20 cm wide chlorite-rich, banded serpentinite
in the south-western part of the Feragen body, along the contact with
the metamorphosed Camro- Silurian sediments. This chlorite has been
identified optically as penninite by Hultin, who also recognized chro-
me-chlorite elsewhere in the intrusion. The chrome chlorite is found
as pseudo-hexagonal blades (up to 10 mm in cross-section) and as fibre-
like individuals in serpentinised peridotite and chromitite, Identifi-
cation was based on colour and pleochroism (: pale red; = : pale red
to colourless), refractive indices, and X-ray diffraction data. Unfor-
tunately no analyses are available.

In samples taken from the Leighgruva traverse (Fig. 2 ) chlorite
was found only in serpentinised peridotite and chromitite, never in
dunite, and typically occurs as corona-like structures around altered
chromite grains. There appear to be two varieties of chlorite present,
distinguished on the basis of their interference colours. Completely
surrounding the altered oxide and separating it from serpentine or
relic primary silicate minerals is a colourless chlorite (Chlorite A)
with very low interference colours: apparently isotropic or blue-grey
to 'Berlin Blue', This rim is of variable width, up to 1 mm, and the
wider rims occur in association with larger and/or more altered chro-
mite srains, The second variety (Chlorite B) occurs in some sections
as & partial rim between the oxide and Chlorite A with a direct con-
tact against the altered chromite, or it may be completely within the
oxide. It is colourless but has brownish-grey interference colours.
Crystals are smaller than Chlorite A and form partly radiating clust-
ers or wedgeshaped laths (length slow). Analyses of these chlorites
(Table 5) reveal that they are unexpectedly low in chrome and that
there is significant difference in the Mg, Al, and Si contents of
different samples. However, there does not appear to be a simple rela-
tionship between interference colour and chemical composition.

The textural relationships suggest that the chlorite rims developed
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Table 4
Analyses of merpentine minerals

 Anslysis 1 2 3 4 5 6
- 810, 36.95 41.58 43.13 42,71 43.74 41,24

10, 0.00 0.00 0.00 0,00 0.00 0.00

11203 0.21 0.35 1.20 1.28 0.27 0.1
Gr203 0.44 0.54 0,00 0.00 0,00 0.00
Fel 3.56 3.21 3.56 2.17 1065 3.20
MnO 0.00 0.01 0.01 0.00 0.00 0.08
Mg0 41,75 41,37 39.23 40,17 39.52 40.09
Cal 0.00 0.07 0,04 0.00 0.00 0.14
Na,0 0.00 0.02 0.00 0,01 0,00 0.00
NioO 0.00 0.00 0,00 0.00 0.05 0,12

SUM 85.91 87.16 87.18 86.35 85,23 84,98

Number of ions on the basise of: 14 oxygens

si 3.831 3.910 4,029 4,003 4,130 3.971
Ti 0.000 0.000 0,000 0,000 0.000 0.000
Al 0.024 0,039 0,132 0.141 0.030 0.012
Cr2+ 0.033 0.040 0.000 0,000 0,000 0,000
Pe 0.286 0.252 0.278 0.170 0.130 0.258
Mn 0,000 0.000 0.000 0.000 0,000 0,007
Mg 5.967 5.798 5.461 54611 5.561 5752
Ca 0,000 0,007 0,004 0,000 0,000 0,014
Na 0.000 0.004 0,000 0,000 0,000 0,000
Ni 0,000 0,000 0,000 0,000 0.004 0,009

SUM 10.140 10,052 9.905 9.927 9.855 10.023

concomitantly with serpentinisation or after it, because no serpenti-
ne veins were found cross-cutting the rims,

Magnetite and Ferritchromite. In all samples exeamined the chromi-
te grains show the presence of a rim of opaque material which may alsc
be developed on either side of irregular fractures through individual
grains. In transmitted light this is readily identified because of the
change from translucent red or orange-brown of chromite to the opaque
nature of the other oxides. 2

Hultin carried out detailed studies on the various oxides using
hardness measurements, reflectivity, X-ray powder diffraction photo-
graphs, and some partial electron microprobe analyses. This work has
shown that the opaque, high reflectance material found along fractu-
res in and as rims around relic primary chromite consists of ferrit-
chromite, chrome-magnetite and, in some rocks, magnetite, There is
commonly & zonal arrangement such that the zone poorest in chrome is
nearest to the silicate matrix. In serpentinites and in serpentinised
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Fig. 2. Profile across layers of dunite, peridotite and chromitite in
the vicinity of Leighgruva. The section A-B is given on Fig. 1.

peridotite from the Leighgruve area it is not possible to identify any
remaining primary chromite, and the zonal arrangement is best develop-
ed in partly serpentinised dunites. In chromitite layers and in the
'leopard ore' the zones are only weakly developed. Analyses of ferrit-
chromite and magnetite are given in Table 6. Similar results have been
presented by Hultin. Boundaries between the zones are relatively sharp
and easily identified in reflected light, but within any zone slight
variations in the proportions of major elements are found. In general .
there is a decrease in Gr203, A1203, and Mg0, and a large increase in
?0203 from core (chromite) through the zones to the outermost rim,
which is either chrome-magnetite or magnetite. Where electron micro-
probe traces have been made across zoned chromites, the optically dis-
tinct boundary between chromite and ferrit-chromite is shown to be
chemically distinct, especially with respect to 11203. which shows a
dramatic decrease (from approx. 20 to 4 wt %).

The development of opaque rims with higher reflectance than the
primary chromite is well established in both alpine-type and strati-
form ultramafic rocks /4/. Typically they have been regarded as the
product of hydrothermal alteration of primary chromite to produce dif-
fusion controlled chromite zoning. A similar conclusion was reached
for the ferritchromite/chrome magnetite development in the Feragen
body by Hultin.

Ulmer has indicated that another meohﬂniam for the formatiom of
ferritchromite and magnetite rims may be operative where there is a
lack of associated alumincus silicates, namely the aqueous mnbilisa-
tion of chromium during serpentinization. If the altered chromites of
Peragen are examined in the light of this work, it is apparent that
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Table 5
Analyses of chlorites associated with altered chromite

1 2 3 4
30.87 33.85 31.66 34.64
20.84 14.52 18.02 11,23
0.20 0.35 0.24 0,22
3.77 3.30 3.26 3.M
0,00 0.00 0.00 0.01
32.21 35.38 35002 36479
0.04 0.10 0.06 0.04
0.00 0.02 0.00 0.03
0.04 0.04 0.03 n.e.
87,97 87.56 88.29 86,67

.f;;mber of ions on basis of : 28 oxygens, 16(0H)
5:76)g,00 6e34)g,00  589) g,00  6:58) g,00

2.24) 1.66) 2.11) 1.42)
2.34 1.55 1.84 1.09
0.03 0.05 0.03 0,03
0.59 ° 0.51 0.50 0.58
8.96 9.88 9.71 10,41
0,01 0,02 0.01 0.01
0,00 0,01 0.00 0.01
0,01 0.01 0.00 0.00

0*Fe* : total iron calculated as FeO and P32+
'02 and Kao are below detection limits.

lysis key: 1. Chlorite B, in contact with altered chromite. Perido-
tite 4. 2. Chlorite B, enclosed entirely by altered chromite. Perido-.

types of alteration are present. The disseminated chromite graine
01 serpentinised dunites show the typical zonal arrangement described
by Hultin which is similar to that found in other elpine-type ultrama-
lc bodies. The textures and zonal arrangements are essentially the

e as those described by Ulmer in which subhedral to slightly round=
cores of chromite are surrounded by a rim of ferritchromite and an
uter rim of magnetite. Chlorite is absent. On the other hand, dissem-
lBated altered chromite in the peridotites of Feragen is typically

;f ounded by chlorite, thus conforming to the type of alteration des-
Tibed by Golding & Bayliss, Beeson & Jackson /37. It can be seen that
@ chlorites analyzed (Table 5)are low in chrome, but this may be
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because the electron beam was deliberately sited at points away from
the opaque oxide to avoid fluorescence and overlap effects. Golding &
Bayliss pointed out that chrome is lacking in chlorites aroundchro-
mite Which they examined except for a narrow width of atout 150 mn im-
mediately flanking the altered chromite. These two types of chromite
alteration suggest that botH the mechanisms of diffusion controlled
chromite zoning during hydrothermal alteration and aqueous mobilizati-
on of chrome during serpentinization may be viable and be a function
of the bulk composition of the host rock which determines the pH of the
fluids during serpentinisation.

Magnetite also occurs as discrete anhedral grains and as fine 'dust-
ings' throughout the serpentinised ultramafic rocks.

Awarutite. This natural nickel-iron alloy, also known as josephi-
nite, was identified from Feragen by Du Rietz and Hultin, who also pro-
vided chemical analyses of this mineral. It is found as small (appro-
ximately 0.05 mm) anhedral to rounded grains associated with magneti-
te, ferritchromite, chlorite, and serpentine. The awaruite may rarely
be associated with pentlandite, which partly surrounds and has repla-
ced it, but no primary sulphides have been identified, even in the re-
latively unaltered rocks. Pentlandite in the only sulphide recognized
in the Feragen body, although Du Rietz suggested pyrite may also be
found. The existence of awaruite implies strong reducing conditions
during serpentinisation, with the nickel regarded as having been deri-
ved from breakdown of primary silicate phases, especially olivine, and
the development of secondary pentlandite shows that at least some sul-
phur was introduced at a later stage. As a result of work on noble
gases and radiogenic xenon-129 from josephinite from the type locality
in Oregon, several authors have suggested that josephinite (awaruite)
may have been derived from the core or mantle rather than have been
formed by syntectonic serpentinisation /6, 7/. Downing et al./15/ sug-
gested that coarse-grained Ni-Fe alloy was transported from the mantle
as xenoliths and underwent partial melting to produce the chemically
similar flecks of josephinite found in the josephine peridotite. There
is no way to evaluate these two hypotheses with respect to the Feragen
body as no data are avallable on radiogenic noble gases. However, no
awaruite is found in the less altered rocks whereas it is relatively
common in serpentinised samples. A similar result was observed for
awaruite in New Zealand and this supports the view that the develop-
ment of awaruite-josephinite is related to serpentinisation.

Carbonate minerals. The commonest carbonate mineral found is meg-
nesite which occurs as anhedral, disseminated crystals in serpentinite
or associlated with tale, It is wost abundant near the margins
of the ultramafic body and along fractures. The textural evidence in-
dicates that it post-dates the serpentinisation and it has probably
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formed as a result of the introduction of Coz-rich ground water per-
colating along contacts and fractures and reacting with serpentine:
é 2 serpentine+3002 1 talc + magnesite + 3 water.
An average (5 samples) analysis indicates that the magnesite is essen-
tially calcium free: Mg0-43.41; Fe0-2,30; Ca0-0.03 and T102-0.01
weight percent.

In addition to magnesite, the two rare carbonate minerals landsfor-
dite (ngcoj, 5H20) have also been identified from the Feragen ultrama-
fic body. Both are found concentrated in small amounts in small cavi-
ties and along cleavage surfaces of serpentine and chlorite, such as
| one finds along fracture surfaces where chromite has been concentrat-
E ed, particularly where such fractures are nearly perpendicular to the
E gtrike of the chromitite layering. Landsfordite forms clear crystals
|

Rk At

approximately 2-4 mm in size while nesquehonite forms clear to white
E crystels up to 10 mm in size. They tend to form prismatic aggregates,
r elongate parallel to c. Identification was made using X-ray powder
patterns and a 90 mm camera with Pb(NOB)2 as an internal standard.

The results are given in Table 7.
Talc, This occurs as fibrous or blade-like aggregates and is es-
pecially abundant in the strongly serpentinised dunite forming the
f'foot-wall and hanging-wall of the ore zones at Gjetsjogruva and Rodt-
~ Jerngruva. It is also associated with magnesite-rich ereas and is
'_ found in the central parts of antigorite veins.

In all areas it is secondary and probably formed during alteration
of serpentinite. Talc has been identified on the basis of optical stu-
dies and X-ray diffraction, which also failed to reveal the presence
of brucite in any samples.

Amphibole. The pyroxenes of the peridotites always show some al-
- teration to serpentine or amphibole or both, The amphibole, found only
} in peridotites and never in dunites, occurs &s fibrous or acicular in-
~ dividuals which form radiating aggregates. These finegrained crystals
. may surround relic pyroxene as a corona or they may occur as discrete
:.aggregates. In plane polarised light they have a brownish tinge, pos-
llibly due to submicroscopic inclusions. The fine-grained nature makes
- determination of optical properties difficult,although individuals show
;inclined and undulose extinction.Some larger blades crystals were iden-
' tified on the basis of optical properties by Hultin as being tremoli-
te-actinolite, with about 5-8 mol % of the Cazre component. The two
‘best analyses are given (Table 8), because other analyses gave very
' 8imilar results but with low totale (92-94%), probably because of the
7,1ne-grain gize and fibrous nature of the amphibole. The analyses show
No clear relationship between the composition of the corona amphibole
id the relic pyroxene which it surrounds, as might have been antici-
8ted. In all cases the amphibole is premolite, even where it sur=-
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Table 6
Analyses of secondary opaque oxide minerals

Analysis | 1 ARG P B B R 5 | 6
810, 0.13 0.03 0.00 0.07 n.a. n.a.
710, 0.05 0.04 0.18 0.14 n.a. n.a.
A1,0, 2.16 2,35 0053 3.46 4,35 0.00
Cry04 0.94 1.80 0.01 25.55 42,95 8,77
xPe,0, 66.12 65.63 68.56 41,00 *45.18 90.52
xFe0 27.73 27.20 28,19 24,34 h.a, n.a.
MnO 0.04 0.12 0.16 0.51 Ne8s n.a.
Mg0 2,13 2.40 1441 5.22 1.66 0.00
cal 0.43 0.45 0.53 0.00 n.a. n.a.
Na,0 0.00 0.00 0.00 0,03 n.a. n.a.
Ni0 0.23 0.40 0.29 0.53 n.a. n.a,
SUM 99.96 100.42 99,86 100.85

Number of ions on basis of: 4 oxygens and 3 cations

si 0.005 0.001 0,000 0.002

T 0.001 0.001 0.005 0.004

Al 0.092 0,099 0.023 0.142

Cry, 0.027 0.051 0,000 0,706

Pe,, 1.890 1.863 1.988 1.135

Fe 0.837 0.815 0.863 0.711

Mn 0.001 0,004 0,005 0,015

Mg 0.115 0.128 0.077 0.272

Ca 0.017 0.017 0.021 0.000

Ni 0,007 0.012 0,009 0.015

SUM 2,990 2,991 2,990 3,004

x (102+/103* calculated to achieve charge balance)

+ (total iron quoted as 10203 for analyses 6 and T)

Analysis key: 1. Magnetite outer rim of chromite 1, Table 2. 2.Magne-
tite along fractures in chromite 2, Table 2, 3. Discrete magnetite
within veins of serpentine, sample . 4. Penultimate ferritchromite
zone in chromite 5, Table 2. 5, Partial anaslysis, ferritchromite(Hultin,
1965). 6, Partial analysis, chrome-magnetite (Hultin, 1965),

rounds orthopyroxene which ie low in Ca0O (Table 1). However, the tre-
molite associated with orthopyroxene is lower in Ca0 and has higher
alkalies than tremolite around relic clinopyroxene or that occurring
as discrete aggregates. The amphiboles are relatively rich in cr203
and could be termed chromian tremolite.
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Table T
X-ray diffraction data

Landsfordite (lgco3.5320) Nesquehonite (13603.3520).
ax | ma I I | ai B
7,165 001 W 6,482 101 w
6,116 111 w 4,138 11 v
4,547 210 X 3,853 200 8
4,265 201 L 3.223 202 M
Langstordite (H8003.5H20) Neuq&yhonite (H¢€931252924#A
] aa hkl I d A hkl I
- 3.217 220 L] 3.026 004 s
2.970 040 s
E - 2.697 020 M
- The limited number of 26 613 021 vse
reflections result from the 2,022 124 v
 instability of this carbonate 2,002 006 w
‘which dehydrates during 1.920 400 W
- analysis. 1.793 030 M
: 1.783 130 W
1.712 430 v
 Optical data

: 1,466 + 0,003

: 1,470 + 0,003

t 1,508 + 0,003

2V : 36° (calculated)

'8, = T-69A b =5.388 g, = 12.084
agsuming = 90,50° (after Strunz, 1957).
Optical data

t 1,493 + 0,005 (calculated)

t 1,505 + 0,003

: 1.519 ». 0,003
:
:

<

51¢ + 2° (Universel Stage)
relative inteneity : very weak (VW), week (W), medium (M), strong
and very strong (VS).

Chemistry

A large number of analyses of rocks from the Feragen area have been
ed out, and made available to us, by Norges geologiske undersoke-
. Some of these are presented in Table 9. Unfortunately, most lack
ace element data and determinations of nickel and chromium, Four

n analyses are also included. Because of alteration the analyses
have been recalculated to 100% volatile free to facilitate comparison
wWith analyses of other ultramafic rocks. Those from Feragen have a

i rly uniform composition, with a close. similarity to alpine-type ul-
0. 3ax, 490 . 305



tramafic rocks. The MgO/FeQ ratio is very high (average for analyses
1-8 is 9.55) but this ratio is to some extent dependent on secondary
processes which cause oxidation of Fe0. The largest variations in
these analyses are, in fact, in 520_ and F0203 contents, as indicated
by Pamic & Majer. In Table 8 the average value for the ratio Mg0/(PFeO+
P0203 x 0,8999) is 5.98 (manalysmes 1-8), with a tendency for the ratio
to increase slightly between analyses 2 to 8, across the profile A-B
(Fige 2) such that the lowest value is recorded in a peridotite near
location 13, This may indicate slight cryptic variation in the dunite-
peridotite layers, which would then be regarded as being more differ-
entiated from south to morth.

If the analyses were plotted on & diagram with Mg0 vs 3102, then
those of the ultramafic rocks (1=10) group near the olivine end of a
line linking olivine and orthopyroxene (analyses 4 and 2, Tables 1 and
2). The peridotite (6 and 8) are diesplaced slightly towards clinopyro-
xene (analysis 4, Table 2) and the chromite-rich sample (3) is displa-
ced towards lower 510, values, indicating the influence of significant
modal chromite. A similar plot emerges for A1203 ve Mg0 and these data
show the dominant influence of olivine, and to a lesser extent the py-
roxenes (especially orthopyroxene) and chromite, in determining the
bulk rock chemisiry.

Similar plots for the analyses of the Storhogda metagabbroid rocks
show much scatter, probably reflecting the considerable degree of de-
formation and associated alteration in these rocks. However, if one con-

Table 8
i s Numbers of ions on the basis
Sample 1 2
of 1 23 oxygens
3102 51.34 52+83 81 T.234 T«390
T10, 0.00 0.00 Al 0.380 0.635
11203 2.29 3.85 Cr 0.028 0,065
Cr,0, 0.25 0,59 ret 0,497 0,222
x Pe0 4,22 1.90 Mn 0.006 0.006
') 0.05 0.05 Mg 5,065 44972
Mg0 24,12  23.85 Ca 2,329 1,761
Ca0 15.43 11.75 Na 0.046 0.282
Eazo 0.17 1.04 K 0,000 0.136
K20 0,00 0.76 Sum 15,586 15.469
Nio 0.00 0.00
SUM 97.87 96.62

X FeO: Total iron as FeO Analysis key: 1.Discrete fibrous aggregate.
An essentially identical analysis was obtained from,a corona around
relic clinopyroxene, 2, Corona around orthopyroxene. Both analyses
from peridotite 4 (Fig. 2).
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giders only analyses 1%, 14, 15 and 16, of slightly less altered rocks,
then these can be shown to plot in a narrow area between clinopyroxene
and plagioclase. No analyses of plagioclase in these rocks are avail-
able and grains are typically highly altered. Optical determinations on
relic grains in sample 230 (apalysis 13) indicate a composition in the
rapnge ADEB-HE‘

Conditions of Equilibration

A pumber of geobarometers and geothermometers have been developed
in recent years, all of which depend on the equilibrium distribution
of elements between co-existing minerals, generally determined by elec-
tron microprobe. It is possible to calculate a temperature of assumed
equilibration using co-existing mineral pairs found in the Feragen ul-
tramafic rocks, but these are likely to be only estimates because ana-
lyses of spinels and pyroxenes are influenced by alteration and the py-
roxenes by the presence of very fine exsolution lamellae.

Wells derived a semi-empirical calibration of the two pyroxene geo-
thermometers /127, using most of the experimental data available at
that time. His method was applied to the pyroxene analyses given in

- Table 1, bearing in mind the potential errors in the analyses, and the

results indicate temperatures of 970°C, 966°C and 904°C for the pairs
4, 7 and 13 respectively. These results are lower by about 100°C than
results on the same pairs using the method of Wood & Banno.

Jackson's olivine-spinel geothermometer is potentially useful becZl+
se of the lack of pyroxeme in the dunites. However, application of the
method to co-existing olivine and chromite (core zones only) gave low
values for the Feragen dunites: in the range 580°C-670°C. Jackson esti-
Dated errors may be as high as +300°C using this method because of un-

~ ctertainties in the thermodynamic date. It is possible to combine the
. olivine-spinel partition relationships with the experimental data of

Medaris, relating orthopyroxene-olivine partitioning, to derive an exp-

- ression relating the partitioning of Mg and Fe2+ between orthopyroxene
. and spinel as a function of temperature /27. Using Gibbs free energy

values from Jackson the following relationship is derived:
1ok = 3418+4562¥30 /8 (10 K - 0.3754) - 1.66¥3P 4 1,09

 where Ygg = (cr/Cr + Al + Fe3+) (after Irvine 1965)

and K') = (xSPF.E,*/xﬁg) (xag"/x‘;,f‘) 1.1128 (after Jackson 1969,Medaris

- 1969)0

However, since the thermodynamic data used here are the same as
those used by Jackson this method is subject to gimilaer errors.Further,

1t should be strictly applied only to clinopyroxene-free assemblages.
f_In the Feragen rocks, only in sample 7 are analyses of co-existing or-
f thopyroxene and chromite available(elsewhere-in peridotites the chro-
.z.itB has been completely altered). Using these data and ignoring the
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Table 9
Whole rock chemistry

Analysis | 1 T B N . 2 T O
s10, 41,54 (2.33) 39,56  37.35 39.40 41.82 44.04 41,36
710, 0.01 (0.01) 0,00 0,01 0,00 0,00 0,03 0,01
41,0, 1,32 (0.72) 0.17  3.63 0420 0,56 3,04 1,43
Gr203 04,32 (O|16) 0,30 2444 0.28 0.31 0-36 0-76
Fe,0, 2,30 (1.03) 4s52 3011 0205 < 373 - - 1,62 3457
FeO 5.33 (1.05) 4.25 4.75 4.44 4,56 5.88 5.49
Mno 0.13 (0.01) 0:13 0,00 50,13 0,12 0,13 01N
Nio N.8. ( =) 0.10 n.a. 0.11 0.04 n.a, n,.a.
Mg0 48.35 (2.10) 50.74 48.28 51.13 47.30 43.53 46.94
ca0 0.53 (0.87) 0,23 Q.23 7 0:23 -1.53 1.20: 0.19
Fa,0 0,10 (0.09) 0.01 0.05 0.01 0,02 0.09 0,18
K,0 0.07 (0.02) 0.01 0L05::2 0,02 <0:i0% .. 0:0T '0:05
P05 0.00 (0.00) 0:00: | 0,01 10.00: 0400 001 0.00
SUM All analyses recalculated to 100.00 % free of Hzo+ and a CO,
azo* 8.75 (3.25) 9.90  T.88 8,55 6.49 T.22 7.40
co, 0.11 (0,07) 0.31 0.04 0,26 0.20 0,05 0.11
TOTAL® 99,34 100,54 100,31 100,08 99.96 99,16 99,75

Table 9 (cont.)

Analysis | 8 9 10 [ 11 | 12 [13.114 [ 15 [16
510, 43,79 39,00 44.24 23.56 44.0T7 45.14 42.75 55.75 48.03
T10, 0,00 0,02 0,03 6,88 1,76 2.32 1.77 1.99 0.94
A1203 2.15 2,04 1,49 12,70 11,01 18.95 15.62 17.44 10.55
Cr203 0,38 n.a. n.a, n.a. n.a, DA, N8, N.8s DNe8,
19203 3.23 5.78 64,25 14.34 1,90 8,05 2,30 2,84 2,04
Fe0 526 2.36 1.88 21.74 14.82 5.96 12.15 6.68 4,38
MnO 0.14 0,26 0,07 0,70 0,58 0,20 0,36 0.22 0,32
Kio 0,03 n.8. n.a. Ne.A, N8, N8, N,8; N,&, N.8,
Mg0 42,49 49.29 45.80 19.00 14.29 5.21 10.48 5.26 13.83
Cca0 2.42 0,98 0,03 0.85 10,09 9.68 13.22 5.53 18.34
na20 0,07 0,10 0,06 0,05 1,11 4,10 0.91 2,05 0,61
K20 0.04 0,70 0,06 0.05 0,33 0.26 0433 2,07 0.89
P205 0.00 0,07 0.09 013 0.04 0.13 0.11 0.17 0.06
SUM All anelyses recalculated to 100.00 % free of H20+ and a CO,
Hy0" 5.97 10,24 12.40 8,75 4,37 1485 3.30 3.97 2.39
co, 0,00 7.95 0,20 0,08 0,10 0,10 0,15 0.15 4.41

TOTAL®  100.35 100,11 99.04 100.39 100,44 99.62 99.72 99,63 99.90

XPOTAL: Total of analysis prior to recalculation on volatile free basis.
n.a, : Not analysed,
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to analyses: 1. Averdge gerpentinite (N = 14) from an area around
jgtsjoan, Fig. 1. Anaelysts: N.G.U, and A.C.,M. Standard deviation is
ven in paranthesis. 2. Dunite, Profile A-B, near location 1 (Figs. 1
'2). Other elements (in ppm): Co 130; V 7; Cu 7; Zm 30; Sr 0.0;

a 0,46; REE 0.78; Rb 0.,17; Cs 0,20. Analyst: A.,C.M. 3. Chromite-rich
te, Profile A-B, near location 6. Analyst: N.G.U. 4. Dunite, Pro-

' file A-B, near location 9, Other elements (in ppm): Co 130; V 10; Cu
ﬂgz; Zn 30; Sr 0,0; Ba 1.5; REE 1,29; Rb 0.00; Cs 0.02. Analyst: A.C.M.
‘5. Peridotite, Profile A-B, near location 10. Other elements (in ppm):
f;o 125; V 16; Cu 123 Zn 30; Sr 0.0; Ba 0.0; REE 0,90; Pb 0.02; Cs 0,02,
nalyst: A.C.M. 6. Peridotite, Profile A-B, near location 11, Analyst:
: .G.U. 7. Dunite, Profile A-B, near location 12 (average of two analys-
f;.). 8. Peridotite, Profile A-B, near location 13. Other elements (in
'ﬁpn}s Co 120; V 55; Cu 25; Zn 40; Sr 44; Ba 8; REE 5.41; Rb 0.46; Cs

' 0.26. Analyst: A.C.M. 9. Carbonete-rich serpentinite near contact with
" Roros schists, Gjetsjoen area (Fig. 1). Analyst: N.G.U. 10. Partly
{ihoarod serpentinite at western contaci of Feragen ultramafic body with
é’torhogda metagabbroid (Fig. 1). Analyst: N.G.U. 11. Chlorite schist
‘along eastern contact of Storhogde metagabbroid (Fig. 1). Analyst:N.G.U.
12, Actinolite-schist in Storhogde metagabbroid, near contact with ser-
pentinite. Analyst: N.G.U. 13. Metagabbroid (partly schistose, with
y?chistosity perallel to the contact with ultramafic rocks; plagioclese
2!;Vlrely paussuritized; contains epidote veins). Analyst: N.G.U. 14.
Amphibole-rich metagabbroid; Storhogda. Analysi: N.G.U. 15. Quartz-
:tich metagabbro schist; Storhogda. Analyst: N.G.U. 16. Mafic-rich meta-
ﬂhnhbrof contains relic clinopyroxene, no recognizable plagioclase and

‘ abundant carbonate veins. Storhogda. Analyst: N.G.U. Analyses by:
Eﬂbrgas geologiske undersokelse, analyst P.-R, Graf, A.C. Moore at Mi-
alogisk-geologisk museum, Oslo.

sible influence of clinopyroxene on the lg-Fea+ distribution, a
mperature of 900°C was obtained.

- Application of the Mysen & Boettcher geothermometer, using the dis-
bution of Cr and Al between co-existing pyroxenes, gave anomalouse

ts of 591°C, 1173°C, and 1126°C for the three pyroxene pairs in
ble 1, The single pyroxene geothermometer of Mercier (1976) gave te-
eratures in the range 1032-1080°C (orthopyroxenes) and 775-954°C
(elinopyroxenes). Pressure estimates by the same method indicated a
large range of between 21-31 kbar (orthopyroxenes) and 4-14 kbar (cli-
nopyroxenes)., This large degree of variation, probably reflecting the
poor quality of the enalyses as & function of alteration and exsolution,
tekes interpretation difficult. However, temperatures can be regerded

8 being approximately in the range 900-1000°C. Limits can be placed

)N pressure estimates on the basis of the petrography: all assemblages
°L primary minerals in the peridotites include olivine, clinopyroxene,
Fthopyroxene, and chromite. If a temperature of equilibration of app-
nately 1000°C is dssumed. on the basis of the above discussion, and
learing in mind that MacGregor showed that typical alpine-type perido-
iites contain plagioclase at pressures less than Bi1 kbar,then the
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pressure of equilibration for the Feragen peridotites was approximate-
ly B kbars (see also Fi&';.)f Similarly, the absence of garnet indica-
tes pressures were less than about 16 kbars, although the high R203
content of the pyroxenes coexisting with an aluminous phase (aluminium.
rich chromite) suggests that pressures were near this limit.,

On this basis it is possible to make & crude estimate for the condi.
tions of assumed equilibration of the Feragen ultramafic body, 1i,e.
900-1000°C at about 16 kbars (approx. 50 km depth).

Discussion and Genesis

The Feragen ultramafic rocks show most of the cheracteristics typic-
al of 'alpine-type' bodies, as outlined by Jackson and Theyer. In gene-
ral, there are two dominant theories to explain their origin. One pro-
poses that these rocke form by cumulus processes, either in the mantle
prior to emplacement or in a higher level, subvolcanic magma chamber
{9, 117. The other regards 'alpine-type' bodies as representing refract.
ory residua of mantle material after extraction of a basaltic liquid
L?}] or even undepleted mantle peridotite. However, as pointed out by
Davies [ill working on the Papuan ultramafic belt, both cumulate and
non-cumulate (typically tectonised)features may be seen in 'alpine-
type' ultramafic rocks, where the non-cumulate harzburgite forms a
substrate on which cumulates of peridotite and gabbro appear to have
been deposited. Similar features are recognised in the Vourinos ophio-
lite sequence. The current model is that the upper (cumulate) sequence
represents oceanic crust and the lower part represents pre-existing
depleted mantle /11/.

The greater proportion of Feragen ultramafic rocks show extreme
alteration to serpentine, which has destroyed the original textures
and mineralogy, so all interpretation is dependent on the less altered
central portion. In this area very fine phase layering has been preser-
ved although the larger interbands of dunite and peridotite are more
characteristic of tectonic layering. There is a high proportion of du-
nite and peridotite (lherzolite) rather than harzburgite, which charac-
terises the tectonised, noncumulate part of 'alpine-type' bodies., For
these reasons it is thought that the area examined has formed by cumu-
lus processes.

The compositions of olivines in the Feragen body provide further
support for a cumulate origin. Olivine in rocks regarded as being of
upper mantle origin, generally depleted but also 'fertile', are typic-
ally rich in nickel (e.g. sample PHN 1611 which has olivine, F°BB
containing 0.40%Ni0). More depleted mantle shows an increase in both
the forsterite and nickel contents of the olivine because olivine-11q-
uid distribution coefficients for both magnesium and nickel are congi-
derably greater than one. Although the olivines in the Feragen ulira-
mafic rocks are highly magnesian they are relatively low in nickel
(0.2140.02% NiO, excluding olivine in the chromitite bands). These
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yalues compare favourably with those of the Dun Mountain and Red Hills
gomplexea, New Zealand, for which Challis proposed a cumulate origin,
:tut contrast significantly with the higher values (0.38-0,48% NiO)
;iuoted for olivines from dunites and peridotites of the Red Mountain
| pody, for which a residusl origin is proposed.
The most magnesian olivine (Poae) in the Feragen sequence is found
4n the chromitite layers (sample 6, Table 1), and this also has the
highest nickel content. A similar result was recorded by Sinton
and 1indicates that the composition of the olivipe is stroong-
1y influenced by the presence of co-existing chromite, which probably
preferentially extracts iron from the local system. This becomes sig-
nificant only where relatively large modal proportions of co-existing
chromite are present.

If & cumulate origin for the Feragen ultramafic rock sequence is
; accepted, then it is possible to calculate the approximate MgO/Fe0
| ratio of the magma from which the magnesian olivines crystallized, as-
E suming crystals and melt equilibrated prior to separation. Values ran-
L ge tetween 1.9%t02.3 assuming DMgO'Feooluligiud values of 0.3 for basal-

| tic and 0.37 .ultramafic liguids/5/, considerably higher than those

. found in most basalts and imply crystallization from a highly magnesi-
- an source, such as peridotite komatiite or picritic basalt, which have
‘Mg0 contents of about 22-30 wt.%. However, it is anticipated that such
- magnesian magmas would contain a high proportion of nickel (at least
'0.1% Ni0). The distribution coefficient for nickel between olivine and
- 1iquid is a function of the magnesium content of the liquid and it is
possible to calculate the nickel content of the magma meking reasonable
‘agsumptions for the Mg0 content on the basis of the preceding discuss-
ion, The average Ni0 content of the olivine is 0.21% and Mg0 is 50.9%
Table 1, excluding 6) and if MgO contents of the magma are assumed to
e in the extreme range 15%-30% then the nickel content is between

30 and 490 ppm Ni (using exchange partition coefficients of 2.0 to
2.6), or between 290 and 825 ppm Ni (using the distribution coeffici-
ent D!i = 111,33/Mg - 1.71 derived by Smith Arndt 1977). All calculat-
values, even the extremes, indicate that the magma from which these
olivines crystallized was enriched in magnesium but depleted in nickel,
. It is difficult to envisage the process whereby such & magma could
arise, Similar arguments are applicable to the Dun Mountain and Red
i1lls complexes from where Challis presented similar data, Both these
o Zealand bodies and the Feragen ultramafic rocks are characterized
‘] the presence of awaruite, which contains up to 78% nickel., If this
i8terial is not secondary but is present in the melt, as has been sug-
ted by some authors, it could seriously affect the nickel distribu-
« As little as 0.1-0,06% (wt) of awaruite in the magma account for
=€ 8pparent depletion of nickel below the anticipated values.

-_In the 1ight of the chemicel data currently available it is not pos-
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sible to establish whether or not a genetic link exists between the
Storhogda metagabbroid and the Feragen ultramafic sequence, but in the
light of the previous discussion it seems unlikely. Field evidence sug-
geste that the juxtaposition of these two bodies is tectonic.

The overall stratabound character of the ultramafic bodies, general-
ly serpentinites, extending from Feragen to Otta, has been well estab-
lished for many years. Typically they are found in green phyllitic
schists, identified by Rui, as the Roros schists. However, there is
some disagreement as to the level and manner of emplacement of these
bodies and in the stratigraphic sequence of the rocks in which they
occur. Strand considered that the serpentinites were found in the old-
er part of the stratigraphic sequence, corresponding to the Storen and
Roros Groups, where the latter is considered to underlie the former.
Wolff, following Bugge /B/, correlated the Roros schists with the Up-
per Hovin Group (Upper Ordovician) of the Trondheim Region and he re-
garded the serpentinites to have been emplaced as relatively viscous
magma along thrust planes into rock unite of different ages.

Rui considered that the serpentinites were originally shailow int-
rusives or were extruded as ultrabasic lavas during deposition of the
upper Roros schists. In his opinion they are stratabound and occur on-
ly in the Roros schists near the base of the Hummelfjell formation. He
correlates the Roros schists with the Kjolhaugen Group of the Meraker
area, which places a Middle to Upper Ordovician age on the serpentini-
tes. In the Roros-Feragen area he regards the entire stratigraphic se-
quence as béing inverted.

Gale & Roberts suggested that the Kjolhaug Group could be a chrono-
stratigraphic equivelent of the Hovin Group (Trondheim area), They pro-
poeed thet the Trondheim Supergroup (their term) ies not a eingle eugeo-
synclinal sequence but consists of two sequences, developed in separa-
te basins, which became juxtapositioned by obduction during closure of
a proto-Atlantic ocean in the Silurian, This view is supported by Gee,
who regarded the Trondheim and Koli Supergroups as being deposited in
separate basins which became related only in the Upper Ordovician., Gee
(Table 3) regards the Roros schists as being Lower Ordovician (Llando-
verian) in age and the youngest members of the Koli Supergroup, the
chronological equivalent of the Trondheim Supergroup. In Gee's opinion
the serpentinites (uppermost Lower Ordovician) were diapirically emp-
laced into an essentiel pyroclastic sequence in a back are environment.

Recent proposals for the genesis of the Trondheim (and Koli) Super-
group involve plate tectonic models in which an ocean floor based is-
land arc complex and back-arc eugeosynclinal sequence was obducted du-
ring closure of the proto-Atlantic ocean, The present work on the Fera=
gen ultramafic body suggests that this represents a deep-seated cumu-
late sequence which cannot be regarded as a shallow intrusive, or ex-
trusive body. If tho other serpentinites between Peragen and Otta have



a similar origin, as seems likely, then a model in which these were
jiapirically or tectonically emplaced into the overlying sediments
ros schists) seems more plausible. Gronlie & Rui have shown that
serpentinite complex at Raudhammaren, 5 km west of Feragen, 1s a
n lens-like body. This type of rock-mass is more consistent with
tonically emplaced ultramafic slices than with diapiric bodies.
The age of emplacement can be regarded only as being pre-Devonian,
which time the serpentinites were exposed and eroded to give rise
conglomerates, such as are found at Feragen (Roragen) and Otta. The
of the Otta conglomerate is not fixed with certainty, but Yochel-
gon suggests a Middle Ordovician age. The ultramafic bodies are probab-
younger than Cambrian, at which time deposition of the Trondheim
and Koli Supergroups commenced and emplacement could have taken place
t any time between Cambrian and early Devonian, but the most likely
ne would be during maximum tectonic activity along the lower thrust
anes of the Trondheim Nappe which was during the Upper Ordovician
Ashgillian) to the Middle Silurian (Wenlockian).

Conclusions
. The Feragen ultramafic body represents & cumulate sequence of peri-
e, dunite, and podiform chromitite which probably crystallized at
imated pressures of about 16 kbar in a back-arc (marginal) basin
ironment. It is very similar to 'alpine-type' rocks found elsewhere
wh ch are commonly regarded as being the cumulate parts of ophiolite
omplexes, overlying depleted harzburgite and forming within a lower-
srust or upper mentle environment, If plate tectonic models of Rui,
iale & Roberts are accepted, then it seems likely that these cumulate
focks formed during the same partial melting events which gave rise to
bceanic basalts and pyroclastics of the Storen Group.
. The upwelling of mantle material beneath back-arc basins is well
ablished, although the causes for such upwelling are not known,
ing closure of the proto-Atlantic ocean and arc-craton collision,
volcano-sedimentary sequence which had developed in the back-arc
sin(s) was thrusted, together with the ocean floor, over the Precam-
brian and Eocambrian sequences to form the Trondheim Nappe. During
his deformation the ultramafic rocks could have been emplaced along
hrust zones under a tectonic stress gradient, with movement facilita-
d by marginal serpentinization, leading to the weakening of border
e8, Such emplacement would have been at relatively low temperature
900°C+), within the stability field of serpentine.
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AR 553.46:553.3.06
TUNb WINHENGIOB B YABTPABASUTAX U YCTOBUA UX OEPASOBAHMA,

M.Xenaskosa-llanattorosa, 0.C.Boponaer, l.lBunsoBa, A.Jl.Pakuees,
C.A.ledenena, M.Crefanos, J.B.Honecuukos, I'.ll.KympaBueBa
Cofuilckuit rocynspcreennuit yausepcureT, r'. Coduma, HPB; MockoBcruit
rocynspcTBEHHNRt yuupapcATAeT, I'. Mocksa, CCCP

. Ha coBpeMeHHOM 8T3Ie IeCNOrMYECKOrO NO3H3EAA, B Nepuoz CypHOrO pas-
f;nrns HOBWX I'1003/BHHX WASH YpE3BHYSHHO BOBPOC MHTEBPEC K Npo0neMa
;ljns!padaauron. Myorue reonord Ha pa3NNMYHHX MERAYHaPOAHHX (fopyMax o0-

. CYEA8LT IONOXEHME M MEXSHU3M BHBOAS MX B BEPXHUE JaCTH BEMHO# KOpH,
3 ofuonuroBoff acconuanuK, COCTSBHHM YJIEHOM KOTOpDOHl OBM 4YacTO ABIAKLT-
oA AUCKYTMpyeTCA BoNpoc 0O MX NEPBUYHOM mpupose, XspakTepe, NPUYMHAX
. § MOCNEAOBATENABHOCTH MX METaMODJU3M8 ; COMOCTABAANTCA YABTPaG33UTH p83=—
au9EON TeONOrMYecKOi MO3MIUM NO NETPONOTMYECKMM,. NETDOXUMUYECKHM U

- PEOXMMUYBCKAM OCOCEHHOCTAM M T.A. C8MHM HEOCBEUEHHHM, OH8KO, MO Hame-
‘M) MHEHMD, OCT8ETCA BONPOC 06 MX DPYZNOHOCHOCTH B C8MOM WNMDOKOM CMHCIE.
Xopouo u3BECTHO, YTO C YyABTPaG83UTIMK IPOCTPEHCTBEHHO M, HECOMHEHHRO, I'é=
 HETMYECKYU CBABAH pAZA CNeNu@uyeCKUX NONE3HHX uc&onaeuux,ae BCTpEY8n-
mUXCH M, OYEBUAHO, HE 06pPa3yOWHXCH B ZPYIMX IeONOTMYECKUX YCHOBUAX.ITO,
B Nepsyl Ouepezb,XpOMUTH, 38TEM NASTUHS UM NN8TKHOUZH, MATHE3USIbHOE
ChpBe (a8cOecTH, T8/lbK, MSTHE3MTH M MHOIAS BEDPMUKYIUTH), OCTATOUHHE M8-
fcropomneﬂuﬂ KeJe33HNKeA, KodanpTa ! IepeOT/ORSHHHE B MODCKHMX YCIOBH~
AX yABTpaGasnTOBHE JaTePUTH CXOTHOTO COCTaBa. B yasTpadasmrax, Kax

‘M B GoIEE WMPOKOM CNEKTPE NOPOA, YCTaHSBAMBAETCA EWE CYABHUAHOE ,M8IHO-
HUKEJIeBOE, M3T'HETWTOBOE WM TUTS8HOM3THETUTOBOE OpYyA8HeHHME. CaMu yABTpa-
083UTOBHE NOPOAN yHe ABAAOTCA OYEHh LEHHHEM CHPBEM. [lepedeHs 3TOT no-
 K83HBBET, KK BBKEH BONDPOC O PYAOCHOCHOCTM yABTPaGas3uToB. Boapocunit ue-
€pEC K YNBTDPaG33UT3M 33 NOCNEJAHUE HECKONBKO ASCATMAETHMII, K COXaneHuw,
48710 NOMOT YTAYGNEHU® TEOpUM NPOUCXOKAEHUS ¢ HAMA CBABSHHHX I10JI83HHX
HCKOmasMEX, OCBACHEHUPD 3aKOHOMEDHOCTeM /X pacHpoCTpaHeHMA, B 0COOEH-
'HOCTA XDOMATOBHX Dy

llens sacrofwe# psGoOTH, BHNONHEHHO# B COZPYEECTBE GONTS8DCKUMA B CO-
BETCKUMM y4YEHHMMU, 10K833Th, HACKONABKO P33HOOOP33HO TONBKO O4HO = OKUC=—
(unuBe NUA0BOE ) MUHEp8N006DP330BAHME B YNBTP3Ca3MT8X, BCKPHTHX H3
800/IEmO TeppuTOpMM BOATapMM, M CABASTH NONNTKY OOBACHUTE STO MCTODUEH
PB3BUTHA M MSTIMODIUBMOM yNBTP3G33UTOB.

YnpTpadasuTH YCTAHOBNEHH I'ISBHNM OGDS30M B KXHOHl NONOBUHE TEPPUTO-
PUK cTpann B npezensx Craponnanunckef, Cpenmeropckolt u PanoAPononcxon
CTDYKTYPHO-Me TAANOTeHAYECKUX 30H. Cpeny HUX BHIgJeHH Pomomckme momeTa-—
i0pjmuscrne (HauGonee ApeBHAME), POJONCKAE NOCTM8TaMOp@uueckme ( o= "
HOCUTENEHO CaMBE pP3CNPOCTPAaHEHEWE), CT8pONI8HMHCKAE HUEHENaneosolt-
CHME ¥ HoMOO/NEE MONOAWE CEHOHCKME YNBTPSGasuTH (rASBEHM 00pP330M BYIKS—
UTH) B Cpejseropse. lmue mzw YCTSHOBNEHH B NEPBHX ABYX DOACICKUX YNb—
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TaGnuma 1
Tpynne W pAfH WNKHENMAOB B YABTPa0aBuTaX

I. Maruarugecrue 1. Mglryo, 2.(Mg,Fe) (A1,Cr) 04
XpOMUNUHE LN (Mg,Fe)Cr,0, (Mg, Pe) (Cr,A1),0,
(Fe,Ms)Crzo4 (re,mg)(Cr,A1)204
(Pe ,lg) (Cr,Fe) 50, l
(Fe,Mg)(Cr,Al,Fe)204
. T'mapoTepma nsE0- ' (Fe M
1g) (Cr,Pe,Al) 50
MET8COM3 TUYECKIE (Fefﬂs)(Fe.cr)204 (Fe:Mg)(Fe:Cr:Al)EOQK
Qe ppode ppuxpou- Pe(Pe,Cr) 04 o yg . . L
UNuEE IH : Pa(?e,0r,A1),50
AN H Fe(Fe,CT) 0, 4
MBTHETHTH FeF2204 ol 3. (Hg,Fe)Fey0,
. (FS,MS)F3204

:

PeFe 0 M
/ 20, © Mg
Fe FezO4

4, E‘GFGEQ4
I . Meramopgo- -y
reHHHE "7e20, ¢ Cr Wi
MaI'He TUTH Fe(Fe,Cr)204 ¢ Ni

(re,ni)(ze,cr)204?*
X lloxa MUHepanl HE YCTBHOBNGBH.

¥®  [Ipeanonsrsemuil COCTaB GOr8TOr0 HUKENEM XPOMMATHeTATa (HE M3yueH).

Tpa0a3UTOBHX rpynnax. X MuUBEpasorud OYEHE GOraTa [1]. Ha nsnBOM 9Ta-
€ MBYYEHHOCTM YCTEHOBIEHO OKONO AB3AUSTH MUHEpSNBHWX BUAOB U pasHO-
BUZHOCTEi#, NMpl 3TOM 3KLUECCOpPHHE WNUHENWAH HEe W3y4yaiuch.l[puMeyaTenrHO,
YTO UNUHEJUAH CXOZHOTO COCT8B3 TPYyNNUPYOTICH ECTECTBEHHO U HA 0a3e CXO4-
CTBA yCHOBME 00pa30BaHMA. BHAENEHH CHeAyLUME TeHETMUYECKHE Ipynny (Tali.
I): I- M3rMaTHYECKWE XPOMUNMBEMAH; [I - THAPOTE DMAJEHO-ME T8COMaTUYECKUE
Weppode ppUXPOMUNNHE TMAN ¥ M3THETHUTH U lI- MeToMOpPJOreHHHE MaTHETUTH.
MarmMaTH49ecKAe XPOMUNUHSJANH BKANYANT CJ6IYDUME MAHEDANBHHE BHIH:
(Mg,Pe)Crp04 (marmoxpommr), (Mg,Fe)(Cr,Al),04  (xpommaxormt) ,
(Fe,Mg)Cry04, (Pe,Mg)(Cr,Al),0,, (Mg.Fe)(Al.Cr)204 n MgCr204.
[lepsie nBa, HamrooNee DPaCNpPOCTDAHEHHHE, CaralT DYAHHE Texa IMPOMHIUIGH-
HOro XspskTeps. MsI'HOXpOMMUTOBOE OpyZEHEHME BCET'ZAa NDOCTPSHCTBEHHO NpU-
JDPOUEHO K CEPNEHTUHU3NPOBAHHHM AYHUTSM, XPOMIMKOTUTOBOS = K CEPHEHTH-
HMBMPOBIHHEM IapUOypPruTaM.dT3 QYHKINOHANBHAA CBA3E COCT8B8 DYA0O0GDPE3Y~
OOEr0 XPOMUNMHENMAa C XB8PSKTEPOM BMEWSOUMX NOPOZL yCTSHABAMBAETCA 4Y8TKO.
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b
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' Pxzc. I, TeKCTypHHE DA3HOBMAHOCTH XPOMETOBHX DyA MecTopoxieHms Jodpo-
L mMmpL

.~ a - nATuMcTanA; O - NATHECTAA IeTePOBKpAIVeHHAfd; B - OPHEeHTHDPOBAHHO-
. NATHUCTaA}; T — OPHEHTHDOBAHHO-TUATHUCTAA T'eTepOBKDAIIEHHAA

. CTenesh UAMOMODJM3MA DYAHHX 3€PEH DA3/MYHA — BHIUE B MATHOXPOMATOBHX

. pyasx (B 0COGEHHOCTHM BO BKDANEHHHX )M BUEE B XDOMIMKOTHTOBHX, ANA KO-
TOpPHX HAuWOONEee X3pPaKTEPHA TUNUAMOMOPJHO-36PHUCTAA CTPYKTYpa. B nenom

' CTPYKTYpHWE OCOGEHHOCTH PYA MCHIWYMTENBHO Pa3HO00Op83BH. Kpoue nepBHy-—
| BHX COOTHOUEHUH DYZAEHX 3€peB MEXAY COGoff M C CHAMKATAME, HaGIDASOTCA

' €ue ABNEH4A De30pOUMA, OAHO- ¥ NONU(A30BHE 33MEWEEMA, NEPEKPACTANMM3E-
- OUM, O0YCNOBNEHBHB MUHEPAaN000D830BHMEM, CBA38HHHM C 8INnOMeTaMOpdua-

- MOM nopoz M pyA. TexCTYypH DyA T8KKE OYEHB P33HOOGPA3HH, YTO OCyCAOB-
ileuo K8K KONMYeCTBEHHHMM COOTHOUEHMAMYM XPOMUNMHEAMAOB ¥ M3THE3U8 IBHHX
| CHAMKaTOB (BHAEZEHH BKDSNNEHHNE, DYCTOBKDANNEHHNE M MACCHBHHE Da3HO-
?@nnﬂocmm), TAK U NPOCTPAHCTBEHHHMU COOTHOWEHUAMYM MemZY Humu.llocnezHue

- I03BONALT p83rpsHNYUBATE TEKCUTOBHE M 8TAKCUTOBHE, HOAYIADHHE M AD.
‘HEePBUYHHE TEKCTYPH HApAZY C TUNWYHHMM KAscTuTemu (puc. I-4).

! ABanua TeKCTYPHO-CTPYKTYPHHX COOTHOUEHMA XPOMMTOBHX PYZA B NpeAensx
'OAEOre M TOrO ¥e PYAOHOCHOI'O MBCCMB3 NO3BONAET BHAENMTH NEPBUYEHE PY-—
CErperslUMOHHOro, IMCTEPOMSIM3aTUYECKOr0 M NWKBILUWOHBEOTO Tuma, 4pes-—
'BHY8/iHO pa3HOOOpa3HHE MO COCTaBY.[l0Z00HOE  MHOr006pPa3Me T'EHETHUYECKUX
ITUNOB pyz B Npejensx HeGOMBUUX MECTODOMZAEHUH 7O0K83HBAET MMUB MCKIOYU-
TeNbHy0 YYBCTBUTENBHOCTH NMQONECCS KPUCTSNNU3SHUA DYAHOIO BEWECTBE K
aneflunM W3MEHEHMAM COCTAB3 CpeAH W TEpPMOJAMHEMUYBCKONW 0O0CTaHOBKM.Kap-
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P » c. 2. TekCcTypHHE DA3HOBMIHOCTHM XPOMHUTOBHX Dyl MeCTOpomIeHHA [o6po-
MHIDLY

a - noJocyaTas IeTepOBKpAIIEHHAd C OLHMM DE3KHM KOHTAaxTOM; € - mo-
JocHATaf TeTepPOBKpAILIEHHAA ¢ OLHVM DEe3KMM ¥ BTOPHM IOCTEIleHHO 3aTyXam-
UM KOHTAKTaMi; B — I'eTePOBKPAINJEHHAA; I' — KPYMHOHOLYJAPHAA C YOJIKHEH-
HEMA HOLYJLAMM

TUHE €We OOJee YCAOKHAETCH [OCHAEAYOWMM CTOXHEM METaMOPJUMYECKMM BO3ZEH-
cTBueM. C p83BMUTMEM IIPOLECCOB CEPNEHTUHM33LMKUK, XJAODMTU33UMM M IIp.HU3ME-
HEANTCA M XpOMUNMHENUIH. lI3MeHeHMA OYEHB 4YaCTO NPUBOAAT K BHHOCY AI, B
MeHpuelf crenenn Cr, Mg , B KOHIE KOHUOB = K OTHOCHMTE/BHOMY O00OIraWeBui
XPOMUNMHENUAS Fe (B OCUGEHEOCTH Fe3ﬂ. [lpn 3TOM OZHOPOZHOCTE PYAEHX
3epeH HapywseTcA. OOP33ywTCA HOBHWE MWHED3NbAHE $as8w MO nepufepun 38—
per M BAONB TPEWUHOK BHYyTpPM HMX. OTH ABIEHUS XOpOUO U3JYEHH M ONUCBHH.

B ewe Gonee CNOXHO MET3MOP{M3MPOBEHHEX JABTP3Ca3UTAX, HEPEAKO IOZ
BNUABMEM OOJIE€ MO3ZHMX I'PBHUTOMAHHX MHTPY3uU# ¥ uX oMmMsHauuit, Korzs mm-
POHO NPOABIAANTCHA NPOUSCCH OT3NBKOBARMA, aMPUOONU3LMUM, XAODPUTU3ALUM,
K8pOORaTM33LMM M 1P, @ NPOMCKOLUT TOJNHOE NEPepaclpejieIeHUE BEMABCTBE,
OYEBMIHO, CO3AANTCH YCNOBUA AAA OCPa30BaHMA WNMHENMZOB NYTEM ¢OoGupaTenb~
HOM KPUCTSNNM38UMM T'I8BHHM OCP330M OCBOOOLMBUMXCA OKUCNOB Cr MU Fe .
JTO yRe HOBOOODA30BAHHHE TMIPOTEPMAIBHO-ME TACOMATNAYE CKAS (IIIMHEIAIH
(ieppo@eppnxpommumnenﬂnﬂx 1 MATHETHTH).

X HapuenosaEue TpPYNNH XeNeBACTHX XPOMONUEEMRACB npeanoxexo 3 /57.
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P » ¢. 3. KoMOVHMDOBaHHHE TEKCTYDH XPOMUTOBHX DyZ MecTopoxmenusa JloGpo-

| wapmy
a - IeTesNb4aTas MAKDOTEKCTYDA B COYETAHMM C DABHOMEPHO BEpAILIEHHOM;

0 - OpPMEHTHPOBAHHO~IETEJBYATAA MHKDOTEKCTYDA B COUETAHHA C DABHOMEDHO
. BEpamsieHHOft; B - NeTeJbyYaTad B COYETAHFM C IOJOCYATOR C HEDEe3KEMM KOH-
TaKTaMi; T - [eTeNbYaTad B COYETAHMM ¢ moJjocyaTod (¢ OZHEM pesKEM KOH-
TAKTOM); L - IETelbyarTad B COYETAHWM C HEDABHOMEPHO BKpaIeHHOR; e -
NeTeNpyYaTAd B COYETAHHMM C HESACHONOJOCYATOf; X — IeTespyaTas B cOdeTa-
HEE C IOJHME YIJIMHEHHHMM HOILYJIAMEA

XpoMuTOBHE MECTODOXAEHMA BOArspmM MO pasMepsM OTHOCATCA K HEGOIBEMM,
NpE 5TOM YacTh U3 HAX HE MO®ET CURTATECHA npovHmaeHHORE, OHH IPAJNCTaBIEHH
BeGonsuMMyY DPYAHHMM TENSMM CO CKDOMHHMA 38N38C8MHM DJA. XpOMHTOHOCHHE M8C-
Agnnﬂ TOEE HeGOABMAX pasMepoB. C TOYKM 3DPEHMA M7eM TEKTOHMKA NIMT OY6HR
i!pynso peunTh,K K3KOMy TUNY NPUHEZANEE3T DYAOHOCHHE yABTPaOa3UTH :

K T.H. METAMODINYECKUM NEPUAOTATEM, C KOTODHMM CBA38HH NOAuQOPMENE EHE-
TNpaBuALHEEE TEN3 GOP8THX XDPOMHTOBHX DYA B AYHUTSX C NDM3HBKAMH MEX8HHM-
eckux zedopmanudl ( sro TonAvo Kamensne, lodpommpid, fAKOBHIA,
bpycestum m mp. ), WM K KymynaTaM, A KOTODHX XapakTeépPHH BKpa-
NEHHHE NONOCY3THE DYAH, H8NMOMMHSONME IO BHYTPERHEMY CTPOEHMD 0C3A04-
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P ¥ c. 4. BropWyHke TEKCTYpPH XPOMATOBHX Dy& MecTopoxmaeHua Jlodpomumprin
a - OpexunenaA; G - GperUMeBWOHAA; B — KATAKNACTHYECKad; I' - IUOH-
yaTasg

HHE 00pa30BaEufA. BTopoil TMn OpyneHeHus TORE NPEACTaBAEGH HapaApy ¢ "mo-
IndopMHEMA"  pyZamH, [Ips sTOM B OAHOM WM TOM Xe MacckBe (JoGpoMmpun).
CZIOKHOCTH BOMPOCE WIOCTPUPYETCA TEKCTYPHHEM Da3HOO0Pa3MEM XPOMUTOBHX
pya MecTopoxnenus LoSpomupuu (puc. I1-4) /3/,

Tuzpore pMa 15HO~ME T8 C OM3 THUE CKIE (e EDPUXDOMMNMAHE IN/H ¥ M3THETH-
IH X3P3KTEPU3YWTCA OYEHH CAOKHHM XUMMYECKUM COCT8BOM. OTIMYANTCA BH-
COKMM COfEDXaBMeM OOWero #eneaa, N3MEHANNETOCH B AOBOABHO WHDOKMX NpE-
A8N8X XpOMa, HeCONBUMM COZEPESHMEM MATHMA M NOYTH NMONHEM OTCYTCTBHEM
anoMubuA. [oxka B rpynny dgeppodeppuxpOMUNMEE M0 BKADYEHH MUHE Pa IH
cneayouux cocraBos (r80n.I): ( pe,Mg) (Pe,Cr )204, Fe(Fe.Cr)204
c Mg, Fe(Fe,Cr)204 (HauGonee pacnpocTpaHeHHHN]), PeFe 0, ¢ Cr
(o4eHB pascnpocTpsHeHHHE), (Pe,Mg) (Cr.Al,Fe)204, (Fe,Mg) (Cr,Fe,Al),04
n Fe(pe,Cr.Al)204 . llo cocTaBy K HAM OYeHEB OJM3KHM HEKOTODHE
HEe/83MCTHE YNEHH MATM8THUECKHUX XPOMUNMHENUAOB. BuAH, COZEpRBWKE B8I0-
MuEnit, O4eHb pelKuM. PeppPOPEPPUXPOMUNIMEENUAN CASTADT T'HE37a BKpaNien-
HHX JyA, KAJIOK M CTPYy# HeGOABLMX pa3MepPOB (MOWHOCTHO A0 I0-I5 cu,zmn-
HO# mo npocrtupasmi A0 I0-I5cu). XapaKTepHa BHCOKSA CTeNEHB MAMOMOpH-—
HOCTYM 3epeH. HeCMOTpPA H8 7O, YTO OKPYyEabuWus NOPOAH OYBHH CHABHO W3ME-
HeHH, BHYTPERHAA HEOZHODOAHOCTEH DYAHHX 3€DeH, GHANOTMYHAA MET3MOpdu-
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30BAHHHM M8IMSTHYECKUM XPOMUNWHENMASM, HE HBONOASETCA. YCTaHB8BIMBANTICH,
DAHSKO, B BEKOTODHX CIyyYyafaX CTPYKTYPH pacnsjis TBEPAHX pPacTBOPOB.®Peppo-
()e PPUXPOMUNMEE IMAOBHE MUHEP3NN3SLUN N300MAYOT B yNbTPadasuTax Cesepo-
3anazuoft Punn, BCTpevyawTcs B MecToporzesuax ['omAMo KsuensHne, 3a0upao,
HuaTn wan, Borypye u Ap. B ozHOM cayuae ycTaHOBAEHHW TOABKO (feppodeppu-
xpoMunudenuan (Puna), B APYTMX  OHM DeAKN, OCH8PyKMBEOTCA B BUAE MEI-
KX MUHEDanu3aUuit HEPALY C XPOMUNMEENMZSMH, CA3TspmuMu DyAEwe Tens (To-
nAM0 Hamensne).

HeoOxopuMo OTMETUTH 73766, YTO NOYTH BO BCEX yAbTpaGasurTax Bon-
rapui, TA3BHHM OCp330OM B CBA3KM C NPOABIEHUAMM EMDOKO NpPEZACTABAEHHOI'O
NpoNecca XAOPUTMBBIMA ¥ B MEHBWEM CTENGHM C APYTMMH IpONECCAMHU Ipeol-
pa30BaHuA (QOPMMpPOBENCH MTHETHUT OCHYHO B BHZAS XOPOWLO OrPaHE@HHHX M8Ta-—
KpUCTann0B., Yaue BCEr0 06pa3yWTCA 30HH C NMOBHUEHHOW BKPaNnieHHOCTEHN,TOH=
Ki8 NpPORUJKM MM M8CCMBHHE CTAREHUA HEOONBUMX DPE3MEPOB. OTM MATHETUTH
ZOBONBHO CTEPUNbHEH, XOTA MHOPAA COJEPXST NOBNIEHHHE KONMYECTBA IJIMHO36-
M8 M M3arBuA (A0 HECKONBKMX NPOLEHTOB), XPOM3, HMKEJA ¥ TUTSHA - AgcA-
THE AOMM npouesTa. OBM OTAUYaNTCA 0T Cr —COZEPHBWMX M8IHETHTOB,O0THE-
CEHHHX K (JeppOfeppuxpoMuniHe IMAsM, OTHOCHTENBHO HM3KNM COZEpPEEHMEM XpO-
a8 (< I%). [ipOMHINEHHEX KOHLEHTP&LMi (eppode pPUXpOMUNUHEAUAN HE 7,0-
CTUI'30T, HO BO3MOXHOCTEL W3BIEYEHMA MATPHETHUTE M3 XJODUTOBHX I'OPOA B
OyAymEM HE WMCKIWYaeTCH.

lieTaMODJOre HHHE MSTHETUTH TI0K8 YCTSHOBAEHH M JCAOBHO BKIDYEHH B
CaMOCTOATE ABHYD T'PyNny TOABKO B paftose rop. Apzmso (lesTpansEwe Pogo-
nH). OHM H3XOAATCA B CTahuy MCCNENOB3HKA M NPELBIPHTENBHO# DPa3BEZAKM.
MsTHETMTH C NOBHUEHHHM copepxarueM Crz03 (zo 0,65%) u Nio (mo 0,8I%)
YCT8HOBNEHE M B JNBTP50a3uTaX MeCTOpORAcHMY I'onamo Kamensne. Ha ocHo-
BAHMN M3MEHEHMA COLEDPXIHMA Cr203 n Ni0 BHEeneHEH CNEAYOWME COCTABH
(r86n.1): FePe,0,, FePepy04 ¢ Cr ¥ Ni, Fe(Pe,0r),04 ¢ Ni .Pes-
KOE NOBHWEHME KOHNEHTpaOMW Ni no nepudepus 3epeH OKUCNEHHHX DYA N0O3=-
BOAAET AomyckarTh M cocras Tuna (Fe,Ni )( Fe,Cr)y0, - CozepxaBue
Cr,03 B M3THETUTAX MBMEHABTICA B Npeienax 5-14%, a cozepxaRue Ni0 AO-
cruraer 3,50 % (N0 78HHHM DEHTTEHO-CNEKTP8NBHOTO MUKDOJHENU3E), NpU
9TOM Ni0  yCcTgHOBIER M B CONpoBOXAsouux onusuee (I,76%) M 8KTMHOINTE
(0,81 %) npu OTCYTCTBMM MOBHUWEHHOTO COZADPXEABUA Crp04 .Conepxanue cé-
DH B pyZAsX OYeHb Huskoe. $a30BHE SHANMUBH TOK333NM, YTO BAKENA CYyAbua-
HOT'O OYeHh M8NO, B OCHOBHOM OH OKMCHHI. '

ApAvHCKNWE MBTHETUTOBHE ODYZAGHEHMA YCTAHOBAEHH B NepUdeprYeCHAX KOH-
TSKTOBHX Y8CTAX HECGONBWMX YABTPAaCGa3MTOBEX TEN B OyAMHSEHHX CTDYKTYPaX
(NpuBazne®aT K IPYNNE DPOAONCKMX [OMETSMOP{MYECKUX yABTPata3uToB).Hapa-
Ay C XO0pOoUO BHPSXEHHON NONOCYETOCTHH BCTPEY3NTCA CUIBHO TOPPUPOB3H-
HHE 1 HERCHO-NONOCYATHE DYAH, 0 BREWHEMY BUAY HANOMMHE3OIME XE/NE3UCTHE
KB3puuTH. YacTh OpyJAeHEHMA NPUYPOYEB8 K NMCTBEHNTSM, D33BUTHM BAONB
KOHT8KTOB y/NBTP3083UTOB C MpaMopamu. TeKCTYPHHE OCOGEHHOCTH M HEOOH-
YalirocTs cocTaBa NMO3BOMAKT 7ONYyCTHTh DOP330B8HME WX BO BpPEMA AMHEMO-
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meTaMOpQU3M8 BHCOKMX cTeneneit (ampuConuToBoit ¢anmu), (pM yYacTUu ag-
TUBHHX TUApoTepM. MoxXeT GWTH, ®TH PHAPOTEPMS/BHHE PACTBOPH OHAM B CO-

CTOAHMM M3BNEKETH HMKEND M XPOM U3 HUKENEHSWUMX yNbTpata3uTos. Hak yze

OHIO CKAa38HO, CTENEH: WBYUYEHHOCTYU 3TOrO OPYAEHEHUA €l HEBENUKA U Ze-
naTh K8TETOpUYECKUE BHWBOAH O T'EHE3MCE DYA NpPERAEBPEMEHHO.

Conocrasnesne L8HBHX, X3DaKTEPU3YOUMX COCTBH UMMUHENUAOB B yABIpPa-—
0a3uT3X bOArapuM, NO3BONKAO BHIEIMTB B TPEX TPEHETMYECKMX PPYNNSX pPAZH
WN¥HE IMA0B, MANOCTPUDYOWAX UX DONCTBEHHHE CBASM M 33KOHOMEDHYO HaNpaB-
NEHHOCTH M3MEHERWA COCT3B8 HOBOOGD3a3yDWMXCA MUHEBD3NOB B 33BACHMMOCTH OT
ycnosuil MuMHepanooOpa30BabnA. MarMaTMyecKue WIKMHEJUAH XPOMOBOTO M 8710~
MUHAEBOr0 PAZ@ CMEHAKTCHA B YCNOBMAX DPE3KOrO NpeoOpa3OBaHMA YABTPEO83U-
TOB BO3HMKHOBEHMEM JCTOHYMBHX HOBWX MMUHED3IBHHX BHZOB Irpynna @geppo-
(e pPUXpOMUNINALE MMAOB BIONOTH A0 MaTHeTUTOB (B X7OPUTOBHX CAAHOEX).JTOT
NEpexos OT OTHOCUTENBHO MPOCTHX COCTABOB WNMHENULOB C HOPM3NBHOR wmu-
neneBo#f cTpyKTYpoOi Tuna ABZXQ, TAE A -Mg R Pe2t B OKTa8azApuue-
CHUX MO3UNWAX, 8 B -Cr , Al Feot B TEeTP33APHYE CKMX NO3ULUAX,IBO~
NOLNOHAPOB8N 4Y8PE3 OYEHD CJIOXHHE COCTSBH CMEWSHHWX CTPYKTYP @eppodep-
PUXPOMUNAHEMAOB A0 YUCTHX MSTHETMTOB - WHBEPCHHX WNUHEMMAOB TMna BABK,,
TZI€ OKTA3APUYECKNE NOSMUMA 38NONHALTCA NONOBMHOA MOHOB F I+ y 8 TETD3-
aapuyeckue - monsum Fe“t y ocranbHoil momosuuol uonos Fe i .O0pasynr-
CA, OYEBHAHO, 3T MSUHETUTH B YCNOBUAX HAMOONEE HUBKMX TEMNEpPaTyp M za-
Bnenuit.

llpy OYEHH BHCOKUX TEMNEpP3TypaX W A8BNGHMAX, YCT3HOBMBUMXCA NpM pe-
THOHSNBHOM MET8MOpP{MAME BHCOKMX cTenensil (B amfuGomuroBolff Pamumu), oka- -
33AKUCH yCTOHYMBHEMM OYEHD CBOEOOGPSSHHE MAIHETHTH, OOPaTHE HUKENEM M XpO-
MOM. MCKmounTeNsHaAs DeJKOCTH BTOrO TAMA OPYISHEHMA OGYCHOBIEHA OCOCHM
coueTaHMEM ycaoBdil o M BO BpeMA MUHADPANOOOpAa30BAHUA, &, BO3MOXHO, I
BIAFHAEM TDOIECCOB Ipeodpa30BAHAA BO BPEMA MOCTME TaMopin4YecKo#l MCTODHH.

IrrepartrTypa

L. fenssgona-llanaiiorosa M. ,iBunHoBa J. MuHepanbHHE BHIOH NMMHEANTOB N3
YAbTpaca3nToB boarapun. - I'eonoras pyx. mecropoxuenuit, 1971, W 3,
c. 7I-9U,

2. ¥enasxosa-llanaiioross M., Konuesa Kp., llBumnosa Jl. Mayuesue ynsTpa-
0a3uT0B Bonrapui ¢ NOMOWBH MATEMaTMYECKUX METOZOB. I. YnbTpaldasuTo-
BHif MarmaTMaM boirapmm. - Geologica Balcanica, 1978, 8, N 1,p.9-24.

3. llagkoR lB., Henaskosa-llgnaiiorosa M., llBuMHOB8 Jl. TeKCTYPHO-CTPYK~=
TYpPH3A OCOGEHHOCTM M MUHEPSJIEH CHCT3B H3 XPOMUTOBUTE PYAM B ME-
cropuxpehue JoOpomupnu.- ['eomorms, 1963,r. 56, kH. 2, C.219-251,

4. Coleman R.G. Ophiolites. N.Y.: Springer Verlag, 1977. Z3I p.

5. Zhelyaskova-Panayotova M. On a rational classification of the
spinel group from ultrabasic rocks.-In: IMA-IAGOD Meeting 7O,
Abstracts. Tokio-Kyoto, 1970, p.I8Y,
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NAPATEHE3ICH ¥&JE30CONEPKALMX MUHEPAJIOB,PEXUM KWUCICPOLA W PYIHAA
NPONYKTUBHOCTE I'PAHMTOMZOB

I'.B.®epuraTep

MHCTUTYT T'E€ONOIMM W T'eOXuMuy WM. A.H.33Bapunkoro YpalbCKOTO HB8YY-
pgoro nenrpa AH CCCP, r.Cmepmmomck, CCCP

. Pacnpefienenie Eene3a MERAY (EMMYECKAM M/REP3NAMM TP3HATOMAOB, C

. QHOf CTODOHH, M ORUCNAMK, CYNBUASMM ¥ APYTMMM DYAHEMN MUHEPEJAsMU~C
';pyroﬁ. T8K E,KIK I NIP3TEHE3UCH CAMUX DYAHHX MUBEP3NOB,— STO BIEHHE
WHOMK8TODH DERUME KMCIODPOAS M KMUCNOTHOCTU-UENOYHOCTHM H3 M3TMaTHYECKOMH
'§ MOCTM8TU8TUYECKO! CT8ZuM HOpUMDPOB3HMA NODPOA, T.8. MHIAKATODH @a-

- paMeTpos, KOTOpHE DEWsmuu 00p330M BIAMANT HA DYAHYO NpPOAYKTMBHOCTE

. PPSHATOMZOS.

- MccnepoBaHMA NOK33371M, YTO B I'DaHMTONA3X C ONN3KKM BaZOBHM COfEp-—
'fiﬁunen HE/NE633 PACNpPEAENEHNE ET0 MEXAY CUAMKATHHMK W DYyAHHMM MUREpans-
M} B D33HHX CEPUAX Pa3anyso. Tak, B IPEHMTIX npu OCWEM COAEPX3HUM OKU-
CNOB Xenesa 2-3% B ORHUX THNAX B OuoTMTE X sMduGone oGocobmaercs L0-
20% oT 3TOro KOMMYECTBS ene3a (OCTAABHOE NPUXOAUTCA B OCHOBHOM H3
ttﬂraemnr), B Apyrux - 70-90% (puc.Il). 9Tu OCOGEHHOCTH pacnpeze IeHuR
‘1¥snesa CBO/ICTBEHHN HE TONBKO TDSHUTSM, HO ¥ ADYI'UMM TNOPOASM, 0GPa3yi-
;§nu C HUMM E7MHY0 CEpPUO: BCE NMOPOAN TaKOil cepu, OUBEAMHEHHHE €AUHCT-
OM NpPONCXOKAEHMA M OGAM3KMMKM YCJOBMAMM (QODPMMPOB8HAA, X3DPaKTepPU3YHTCH
OZHOTUNHLM PaCINpELENEHNEM RENE38 ~ NPEMMYWUECTBEHHHM BXOXAEHUEM EI'0
CH/MKATHHE MMM DYLHHE MUHED3NH.

~ TI'neBnoft 3aKOHOMEPHOCTHO, CBOJCTBEHHO! BCEM TUNAM TPBRUTOMAHHX U
Tra00po-rpaHUTONAELEX CEDPUil, ABAAETCH YyMEHBUEHWUE ZONM CHAUKSTHOrO Hene--
NapannebEO0 C NAZEHMEM 670 OGWETO COLEPRAHUA 1 BOBPACTIHMEM KPEMHE-
cnornocTu(cM.prnc. I Mpn aToM B oxEMX cayyasx (cepmu 14, IS, 16, 21, 22,
» 25, 27) pasBuIa B AONE CUAUKATHOIO KEJNE38 B KPafiHUX UNeHaX CepUn
BEJMKE 78E€ PN BHSUNTEABHHX B8PUELMAX BINOBOIO COCT3BI, MHAMKSTO-
KOTOpOro Ha AuaTpamMe(cm,puc,)ABNAETCA OCWEE COAEPKAHWE KENE33, 8
} Apyrux (cepum I0, II, I7, I8, I9, 20) OH8 3HEUMTE/NBHO GOnbuE. B ce-—
AX NEpBOr0 TUN3@ BMECTE C yMEHBEEHHWEM NONM CUIMKSTHOTO REJE33 NafgET
80CONOTHOE COXEPE3HNE DYAHOrO Xeneds (HEe/Ne30DPJAHHX MUHEPSNoB), a B
MAX BTODOTO TUNA, KAK NPaBuno, GONEE NMO3AHAE M KPEMHEKUCNHE YJIEHH
DM CcOnepEST OONBEE XENS3O0PYIHHX MUHEDAZIOB, YeM GONEE DIHHME M OCHOB-
a.

PaccMmoTpeHHNE OCOGEHHOCTW DP3CHpEZENEHNA Ke/Ee33 ONpefefinTCH Kak
DBUYHHMU , MBTM3 TUYECKUMM, yCNIOBUAMN (QOPMUDOBIHNA TOpPOA, TAK W yCrno-
MM WX [OCTMATM3THYECKUX Npeo0pa30Babuii. Cpeldl IDSHMTOMAOB BYJIKIHO—
TPY3uBHO{ Ipynnuw, o0pasywunx cepuu An@depeAIMSTUOHHOIO NMpPOKCXORAE—~
i, HauGonee BLU3KOJ nonmeli CUNMUKBTHOTO HeNE38 XapaKTEepPU3YOTCHA Tadépo-
PP8HMTONAHNE CEDUI, NPON3BOAHHE KOHTUHEHTANBHEX W/MM OCTDOBOAYEHHX TO-
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P ¥ c. 1. PacnpeneseHue Xeje3a B T'DAHATORIAX

Cepwu (JMPHUM) ¥ OTHEJBHHE DASHOBMIHOCTH (KDYy®KM) I'DAHWTOMIOB pas-
HOTO TeHe3Kca

I - BOOHHE NAJVHTEHHHE T'DAHNTH; 2-4 - MAJOBOJHHE CEDHE BYJKAHO-
VHTDY3WBHOE rpynnu: 2 - MPOM3BOOHHE NAUTOBOH ¥ JaruToBOoff mMarmu - aua-
MEJUIMT-TPAHWTHHE ¥ MOHIOKKODMT-TDAHWTHHE CepMM, 3 - aHAe3WTOBROH# -
TOHAJKT-I'DAHONHODUTOBHE CepME, 4 — 6a3aTbTOBOf - TadGPO-TPAHMTOMIHHE
CepvE; 5 - W30JMHVM colepxaHua (Bec,%) XeJeSOOKWCHHX MEHEDAJOE (pyI-
HOTO XeJesa).

Homepa cepwit u maccmBoB: I - JImadux-Kaparaiickuit; 2 - TJecMeHCKM;
3 - Anmyfickuit; 4 - Axcayrckmit (KaBkas); 5 - Kanoumcxmt (Pyxemft Axraft);
6 - Cyaraenckmit; 7 - KaflpaxTunckmit; 8 - AkCymakcafickuft; 9 - CremdvH-
ckuit; I0 - Wrpausckuht (pauswe E,I.Kanvnuea u B,I.JlaBumoma); II -
Famnaynsckufi (Kasaxcran); I2 - CocuHobckuit; I3 - Bepx-Vcerckut; I4 -
Braguvupceko-Kynmesuunckuit; 15 - KpacHmickufi; 16 -~ HoBo-EypaHnoBckuft;
I7 - rpanuroungH ApmrHckoro paffona Cuxors-Ammua; I8 - muo-Kamrdop-
uuftckmit (3anmam CIA); I9 - Ceeppa-Hemama (3asonm ClA); 20 -~ Tarmiec-
wuft; 21 - Marmmroropckmit; 22 - KapaGymakckuit; 23 - Bepxueypanncrids
24 - Racceanckuft; 25 - Vprusckuh; 26 - Aysplaxcsckuit; 27 - Jlamxecad-
ckmht (mauuwe T'.B.MycrajaeBa). MaccuBh Ges NPEBASKE DACTOJNOXEHH HA
Ypane )
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. JIEMTOBHX M3TM, OCN3ZapuMe NPEMMyUNECTBEHHO KOHTD3CTHHM TUNOM AuddepeH-
- guauan. C yBENMYEHMEM KOMAYECTBA NOPOZA NDPOMERAYTOYHOrO COCTABA MEXAY
ra066po W IDIEATOM B CONBUMHCTBE CLyYaeB pacTeT M AOJNA Eeness, 060C00-
AADDETOCA B BUZE CUJAMKSTOB.

E PaBHA8 ($83H MOBHUEHHOW OCHOBHOCTHM B CEDUAX, MCXOAHHE M3T'MH KOTODHX
| npencTeBlEHH 3HZE3MTOBHMM, NSTUTOBHMU U JASUMT-ZMNEPUTOBHMM COCTABAMM
L (TOH8 IMT~I'DEHONMOPUT OBHE , MOHI[OAMOPUT-TPIHATHEE , a13Me INUT~TDAHATEHE )
. 00HYHO COZE[R3T E/e30 NpEUMYWSCTBEHHO B CUAMKATAON QopmMe, 8 B rpanu-
t 73X W3 3TUX cepuil OTMEYSNTCA WHMPOKME BApUALMM, HO Y3UE 70NA CHIMKSTHO-
| ro menesa He npesuuwaeT 0,4. HamGonee BHCOKOW AONEH CHMMKATHOT'O XE87E38
E OT/NMYSOTCH NMaJMHTEHRHE BOZABHE KOPOBHE I'PSHUTH NIYTOHUYECKOH TPYNNH,B
KOTOPHX OH3 COCT3BNAET OOHYHO Gonsue 0,8.

Onpe/eNeHHEAA 33BUCMMOCTD I'e OXMMMM He71633 OT IeHE3MCa Cepuu, Hago-
pa Mopon B Hei,HECOMHEHHO,0TD3RAET BIUAHUE YCNOBUI MATMATUYECKOHR cTa-
' zuu QopMMpOBaHMA MOpoA. OAHAKO 3TO BAMAHKE NPOABAAETCA ONOCPEAOBIHO
1 yape3 NepBUYBHI COCTEB CUAMKATOB, WX KEINE3MCTOCTH. Hak OyheT NOKI33aHO
. HuEE, OKOHYaTeJBHHR reoxuMuyecKull o6mmK NMOpoR onpejendeTcA Nepepscnpe-
:ABHEHHEH pAjl@ NEMEHTOB, B TOM YMCIE M XE7/E38, B IOCTMATMSTUYECKID
- cTazmb.

. C 33KOHOMEDHOCTAMUW. PACNpEAENIEAUA HENE38 MEEAY CHAMKSTHHMU M OKMC—
 HEMU MUHED37IaMW HOppPENUPYHTCA M OCOOEHHOCTM COCT3B8 XE7e30CO0AePEImUX
ég;napanoa. C BO3pacTaHAeM ZOMM DPYAHOT'O Xe7esa B IOPOAE YBEAMYUBAABTCH

- CTANEHH OKMCHEHAA HENe38 B CMOTMTEX M SMPUOONaX,yMEHBUNSETCA KX REA8—
BMCTOCTH, WU3MEHSETCH COOTHOLEHME BEJMYMH XEJNE3MCTOCTH ITUX MUBED3ITIOB
(B MarHETUTOBHX CEPMAX XEJIE3MCTOCTH OMOTUTE GONbLE, 4YeM y amgudona,s
M3THETMTOBHX — MNPUMEDPHO OAUB3KOBa, 3 npu £ > 0,6 - MeHBUE,Y8M y M-
073). 3T8 CBA3L p3ClperelieHNA HENE38 C 0COGEHHOCTAMN MUHEDENBHOIO
T3B3 NO3BOAAET HA OCHOBE 08718HCA #E7€38 BHAENUTH 0COOHHt KIacc ga-

i = QeppoQaluu, OTPaRBOWME OKACIUTENHHO-BOCCTAHOBUTEABHLE peRuM Mu-
871006p33033HMA B TPEHUTONASX H8 MSIMSTUYECKOHA M NOCTM3IM3THYE CKOM
AMAX,

I'NaBHEM MHZUKSTODPOM KMCIOPONHOIO DEEMM3 B I'DSHUTOUASX ABIAETCA MAT-
¢TUT, C COCTGBOM M KOMMYECTBOM KOTOPOrO, HAK OTHMEYSNOCH, KOPpEAUPYOT-
i BCE 0CTa/bHHE OCOGEHHOCTH MMHEDANBHOTO COCTIBA NODPOA, OTPAR3WLNE

I DEXUM, 8 TIKME M CBMO pacnpejsieHne xenesa. [loaTomy Ha3BaHua fa—
W ABJIAWNTCA NPOM3BOAHHMM OT COCT3BA M KOJNMYECTB3 M3ITHETUTE.

- TursnouarseTuTOBaA (eppogaluus X3DPBHTEDU3YET BHCOKOTEMNEDPaTYPHHE yC-
s CBOHCTBEHHWE BHZENEHND M3THETITS M3 MSTMSTMYECKOrO DACNNEB3 MM
30BAHUK E€T0 NpPY METSMOPUU3ME IPAaHYAUTOBOR cTyneHu. CYZA MO BKCHE—
SHTSIILHNM 719 HHHM M COCT8BY TUTSHOMATHETHTOBHX BKDPSNJIEHHAKOB B 3d{y-
» MUHMM8IBHOE COAEDHSHUE T102 B M8TM8THYECKOM TUTSHOMOTHETHTE CO-
BIAET 3-4%, YTO COOTBETCTBYET TEMNEpIType nopsaxa 600° NpyY BHCOKOM
SDASHAN TemaTuTOBOK cocTaBAgvued B wnpMennTE. THTAHOMSTHETUT B rpa-
A8X BCErZa 8CCOUMMPYET C BHCOKORENE3uCTmME ( £ > 0,6) OCuoTMTIMU
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P w c. 2. 3aBHCEMOCTE BeJVYMHH XeJe3MCTOCTH CHOTHTA ¥ POTOEOH 06MAH-
KH OT COINEeDPXaHMA ABVOKHCHM THTAHA B MarHETHTe

deppodanmn: I, 2 - TuTaHOMATHETHTOBaf; 3,4 - MarHeTuroBad; 5,6 -
MarHeTATCOLepRamad; 7,8 - OesmarnerrroBad, I-4 - Omortmt; 5-8 - poro-
Basg oOMaHKA

# amjudomsmm (puc.2), a 3TO0, B CBOD OUEpE]H, YKI3HBAEI, BO-IEPBHX,HA
TO, YTO B BUAE TUTIHOMETHETUT8 0GOCOCNAETCH TOT M3CHTOK HEZNE38, KOTO-
puit HE MOMET TpK AAHHHX YCIOBMAX BOITHM B CHAMKSTH, 8,BO-BTOpHX, H3 TO,
4YTO NEPBUYHAA HENE3UCTOCTE OMOTMTE M aMPUOONS B TPAHUTOUA3X BHCOK3fA,d
MEHEE K€JIe3UCTHE Pa3HOCTH, 3CCOLMMDYNUUE, KAK NpaBUMO, C M3NOTHTIHM-—
CTHM MATHETHTOM, OCp83yTCHA B pE3YABTATE D33NOXEHUA NEPBUYHHX CHAMKA-
TOB C BHJAE/NEHMEM 3TOr'0 MaTHETUTE B NPOUBCCE OXMAWAEHUA MOPoxA. OOHYBO
B TUT8HOMATHE TUTOBHX IPaHATOMZSX B DPyZAHO# dopme oGocolnAeTCH AMWB HE-
GonBWgA YaCTH KENE33 M NOAOGHHE cepuu H3 Auarpamme (cm.pnc.l) pacmonara-
0TCA B NoA6 Ge3MarHEeTATOBOR (damum.

Hak cneAyeT M8 DMC.3.,NOHMREHME TEMNEPSTYDH M NOBHWEHWE (yrATHBHO-
CTH KNCTOPOAS yMEHBUAET MOAE YCTOWYUBOCTM BHCOKORENESUCTHX CHINKATOR,
KOTOPHE pa3lsrabTcA ¢ OGp330BIHMEM MEHEE MENEe3UCTHX DAa3HOCTEH W MaTHE-=
TUTE N0 PEaKUMAM THUIA

(1+n)azngre2u313012 + 0,500, = H.KMg,  Pe, A1S1i0., + ms1308(1)
+ 3!0304 + nH,0;

(24‘n)ﬂzcazlgah3112816024 + nPeTi0, + 0,50, = H,On Mg, m?®3.a °
‘12516024 + a:h304 + ncun.zss.zoa - ncd!mios = 3118102 + uazo. (2)

9ruM OGCTOATENBCTBOM OGYCNOBIEHO CTDOTOE COOTBETCTBME MERAY KEne3U~
CTOCTHID CHAMKETOB ! KONMYECTBOM MSTHETATE, 4YTO W NMOMAOKEHO B OCHOBY BHT
nenesuA Qeppo@aumit NOCTMBTM8THYECKOH CT8AMM Pa3BUTHA N3pareHe3ucoB
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P u ¢. 3. Cxema feppodauui

A=-B - BepxHas TpaHmia ycTofUMBOCTY afbMAHAUH-CNECCAPTHHOBOTO I'pa-
pa (I8). JHmyM MOHOBapraHTHHX "Oypepux" pasroBecw? (I4, I7) &
oTaCRILHOCTH OroTHTAa pasHoft xesesmcTocTy (22) OrpaHEUMEANT MOJNA DAs-

x Peppodauuit, KOTOpPHe OCOSHAYEHH MHIeKcAMW: TiM - THTAHOMATHETHTO-
s MiH, M+I - marmetrroBas (BHNe JWHEW Big, 5) ¥ MATHETHTCOLEpRAUAT
:.mny JInAnAME A=5 1 Bi, 5), H,I - G23marHa THTORAA (Hmwe muEAR A=B);
~ THTaHOTeMATHTOBAA (Bhlle JVHIER pasroBecys M-H)., CHMMBOJH MEHSLAJOB:
0,4 - CHOTHT M €T0 XeJe3WCTOCTE (f = Fe/Fe + Mg), Tili- THTAHOMAT-
AT, M - marHeTwT, H - remMaTdT, I- WIBMEHUT, R - pyTwn, Fa- dasg-
mT, Q - xBapu. 14, I7, I8, 22 - nHomepa cepuit Ha puc. I

HHTOMZ0B. BCE OHM X3P3KTEPU3YWTCA TEM, YTO MBTHETUT B HUX NpPEACTSB-
NI8H HUBKOTEMNEPSTYPHOU MANOTATAHUCTON DA3HOBMJHOCTED.

B marneTuTOBOj Qeppodanuy pasBuTH CUOTHTH 1 8MEHGONE C HUBKOHR M no-
AHHOM Xene3uCTOCTHO, HE 38BUCAWEN OT BaMOBOrO COCT3Ba MOPOA (PUC.4).
BoRHEMHUaA OCOOEHHOCTH MUHED3NBHOTO COCTIBA MOPOZ MS8THETUTOBOK (ep-
ni. HeneancrocTh aMfuoona O0OnYHO HE npeBumseT 0,45, OMOTUTS  He-—
Konpko Buwe (Zo 0,5). Yem T8 BenMuMH3 MEHBUE, TEM BHWE CONEpPKAHME
8rHe TuT3 . Hanpumep, NOPOAH M8THUTOTODCKON IaGGDO-TpakuTouiHOM CEpHK

8 mnou Ypane (cepua 21 HA puc.I) COAEPEAT BUZKOXENEBUCTHIE amfucon

* =0,3-0,35) u HauOONEe BHCOKOE KONMYECTBO Marserurs : I-2% B Ipa-
WT8X u 7-10% B ra6Gpo. B GnusKux no BaNOBOMY COJEPESHMD KEne3a Mopo-
BX ayapCaxosckoli cepun (cepus 26 #3 puc.I) XemesucTocTh BMEMGONS BO3-
craeT 20 0,45 1 COOTBETCTBEHHO COKPAWSETCA KOANYECTBO MATHETHTS
M.prc.L).

- Buornrn v au{usonu B MarmeTuTOBO! (eppOlAUUM X8D3KTEDUIYOTCA HOM-
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Mienesucmocme napods!

P ¥ c. 4. 3aBMcEMOCTH XeJesucTocTH ampudona (a) u Oworura (6) or xze-
JeSHCTOCTE MOpoX B marHeturosux (I), marmerurcogeprammx (2) m Gesmar-
peTuToBHX (3) TpammToMHHX cepuax. Homepa cepmit Te ®e, 4To Ha puc. I

gonpmell cTENBHB OKMUCIEHMA HENE33, OTpaxgwuell NMOBHWEHHYKW QYyTUTHBHOCTE
KMCNOPOZ3 BO BpeMA (OpMMPOB3HUA HAGMNOA3EMOTO T3pP3areHe3nca.

B marseTnrTcozepsameil JallMy BENNYMHE KENE3NCTOCTH CUAMK3TOB BHUE,
YeM B MBTHETUTOBON,M YBENMUNBAETCA C POCTOM KPEMHEHMCHIOTHOCTH NOPOA W
ux o6uel menesucrocTu (puc.4). BeAMUMHE BTOrO NapsMeTpa J OGMOTHT3 A0-
cruraer 0,6-0,7, a y aMmguGona o6uYHO He npeBnwaeT 0,5 M TONBKO B mapa-
resesnce ¢ OMOTUTOM, HEJE3UCTOCTH KorToporo Gonswe 0,6, BO3PECTAET ZO
3HBYEHUl, NPEBHLBOUMX HENEBUMCTOCTH GMOTMTS. Pa3BUTUE CUIUKATOB C COnee
BHCOKO{l ®enesucTOCTHi, YEM B MBTHeTUTOBOM Qeppodsmuu, 03HAYSET, YTO
{OpMUPOBaHNE HAGNOIABEMOI'0 [ApPITEHE3UCE NPOUCKOARUIO B YyCAOBUAX NOHMMEH-
Boit xucnopozsoit gyruruskocTH (puc.3). JTUM OGCTOATENBCTBOM OGyCAOBAE—
H3 CT3aGMIBHOCTEH CUIMK3TOB, KE/EBUCTOCTH KOTODWX JAUUE HEHSMHOIO OTIN-
YgeTCA OT NEPBUYHO-M3IMaTUYECKOHl, ¥ COOTBETCTBEHHO 00P830BaHUE WX CO-
NpPOBOEZENOCH BHZIENCHMEM MEHBUEIO KONMYECTBA MarHETUTA.

B GeamarneTuToBOd geppofanuu "pecypcu" PeMMYECKHMX CUIMKATOB KAK
MCTOYHMK MSTHETUTS OK3I3HBAWTCA WCYEPNaHHHMM, M ITOT MMHEDAN B AaHHOM
deuum He 06pa3yercs.HeGONBNOE KOAMYECTBO MIZOTAT3HACTOTO MAaTHETUTA AB-
NAETCHA PE3YABT3TOM p3CNaZ3 NEPBMYHONO THTIHOMBTHETUTS WM BCETA8 HEXO0-
IUTCA B 3CCOLNUBIMM C MIABMEHMTOM B COOTBETCTBUM C pedkumeit

F°3-nTin°4 + n/602 = (3«2n)/310304 + nPoT103; (3)

Takum 06pa3om, 0e3M8THETHTOBHE CEDMH NPEACTABIEHH NNGO NOPOASMM TH-
T3HOM3THE THTOBOM feppofauun, NpPeoGps30saHHEMI B ybnonuﬁx 0Ee31aTHETUT O~
BOM, nuGO NEPBUYHO-GE3MITEETUTOBHMU.

KenesucrocTs GMOTMTS M 8aM(uGOna B Ge3MarHeTMTOBON (aluu,ecTecTBEH-
HO, KOPpEMMDYyeTCA C OOWel XeNeayucTOCTHY NOPOAH M YKCAEHHOE 3HAYEHME
9TUX BENXYMH ONM3KO, NPUMEDHO OTBEYSH NEDBMYHON HeNEe3UCTOCTH.
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XapaKTepHHM MUHEDSNOM Ge3M3THETUTOBOM feppofauuu ABNAETCH 8NBM3IH—
AMH,cOCYlecTByoLUi C GUOTHTOM, HABMEHMTOM WAM CYNBQUASMM. BepXHAA rpa-
BUII8 YCTOIiYMBOCTH TAKOTO I'D3HATA OMU3KA K /AMHMM CT3CMABHOCTH 8HHUTA
(puc.3), ueM 1 OGBACHAETCA OTCYTCTBAE 3NBMAHAMHS B MaTHETHUTOBOH Qauuu,
e DP83BUTH MeHee KENe3UCTHe CHIMKATH. OCHOBHOE peakmmeil, cBAsnBabUEH
[8pareHe3MCH OE3MaTHETUTOBOR ¥ M3THETUTOBOK (amuii, ABNAETCA CIEAYOLSA:

anbuaHnnﬂ+KBapn+(K20)+(H20)+(02)=6nomur+oproanaa+uarneTHT (4)

ll3n0RcHAHE COOTHOWEHUA MEXLY HEJE3UCTOCTEY CHIMKSTOB M KOMAYECTBOM
M3THETUTS, ZAPYr4e OCOGEHHOCTY MMHED3NBHOr'O COCTIB3 B COBOKYNHOCTU C
MMEDIAMACH SKCTEDUMESHTSNBHHMA JAHHHME NO3BOAAKT B3 U3TPaMME(CM.DIC.3)
BHIEMUTE TOJA yCTOXYMBOCTH Gnoruta® pa3noll xeneaucTocTH, pPaBHOBECHO-
TO C M3THETHTOM, OTBEYSHMUE COOTBETCTByOmuM JeppofsuuaM, THTIHOMSTHE-
ruroBoli (none PiM), MSTHeTHTOBOH M MarmerTurcozepxaueit (moma M+I u M+
H) u GesuarseruroBofft (H u I). B cOOTBETCTBMM C M3NOKEHEEMA BHUE ASH-
HEMM 38 HUXHOD IPSHALY MATHETHTOBOR @alum NpNUHATS NUHUA JCTOHYMBOCTH
groTuTas ¢ Xenesucrocrsh 0,5. 3TO 03H3Y3eT, 4TO GONEE HENE3UCTHE CHAM-
K3TH B 9TOji §anuM HeYCTOAYMBH M DP3373T30TCA C BHAENEHUEM MSTHETHTE.
llepBUUHOE 3HAUEHME EENEBUCTOCTM OMOTHT3 ¥ aMPuGO078 OHNO HEORUHS KOBHM
B NOpOZ8X p83HOIO COCTaB3, OONEE BHCOKMM B NOPOA3IX, OOI'STHX KpPEMHE3E-—
MoM. OZHSKO B NpPONECCE OXNAHACHWA XENE3KCTOCTE 3TMX MUHEPSJOB B NOPO-
713X N3HHOW CEepWUM BHpa8BHMUB3ETCA, NPUONUEIACE K COCT3BY, CT3CHUBHOMY
npu foz—T JCLOBURX ,MATHE TUTOBOK Qeppofanuu. [Ipy aTOM BO3PaCTIHUE KO-
Iu pYAHOrO Xeness B GOlee KPEMHERUCIHX mopoxax(cu.puc,]corascyercs c
005YHO0 NOBHWEBHOH XE7NE3UCTOCTEN WX (EMUYECKUX CUMUKSTOB NO CPIBHEHUD
¢ Gonee pPSHHMMM M OCHOBHHMM UYJEHSMU CEBDHM.

33 RUXHKD TPSHMIY M3THETMTCOAEPRaWe# @aumu ¥ BEDXHOD  OE3M3aTHETU—
TOBOit NpPMHATA NMEWA CTACUABHOCTH a/BM3HAMH-CIECC3PTUHOBOI0 I'DaHaTa,
NPUMEDHO COBNANZGOWAA C AMAMEH ycToHYMBOCTH 8HHUTS. B COOTBETCTBUM C
9TUM B 0e3M8TREeTUTOBOE (8UUM yJCTOHUMBH NWOHE N0 RENE3UCTOCTH GUOTHTH
W M3THETUT 33 CYET UX Da3NIOKEHHA HE 006)33j68TCH.

B meTaMOpPHUUECKHX OMOTHT-3MQUOO0/0BHX NOPOA3X 3€INEHOCH3HNEBOH, 3N~
BOT-aMfuOonnTOR0i M aM@uGonuTOoBO# Qanmit wMpOKHM D3a3BMTHEM NONB3YETCH
TUT3HOIEM3aTHT, COZEpRammil npumepno 10-I5% Ti0,. JTO NO3B0AAET BHAE-
JMUTE A7 HUX TAT3HOMSTUHETUTOBYW deppojaluk, mONe KOTODOH# Ha puc.3 obo-
3H3YeHO WHJAeKcoM H. Ecnu B molle s3rHETUTOBON M mMarneTuTcozeprsuell ga-
OWif IMEHE JCTOHYMBOCTH OMOTAT3 NpOBEJEHH N0 BKCNEPUMEHTI ABHHM A3 HHEM,
TO B NOJE TUT3HOM3THETUTOBONM (Jamuy NOJOKEHME ITUX NUHUF NOKa3aHO je-
JIOBHO i OTP3®3eT KT yMEHBUEHNUA XEN83UCTOCTM CMOTUTS B NapareHeance
C TUTZHOM3THETUTOM [0 CP3BHEHMO C MATHETHUTOBHM N3pP3I'eHE3MCOM,YTO CBU=-
IeTENHLCTBYET O COKP3USHWM, NONA CT3CHABLAOCTA BHCOKOKEIE3UCTHX GUOTHTOB.

¥ MMocKONBKY CKOTKT GOJEE YCTOIUMB K BO3DP3CTIHUK f02 N0 CU3BHEHAD C
aMfuGUN0KM, TO TN3PITEHE3UCH C NOCREAH.M (UHECUPYOT GONEE HU3HME 3HI-

YEHUA YTATUBHOCTH KUCIODOAA. 329



Pa3paGoTK8 yueHuA O QeppoalMAX IPIHUTOUAOB M METIMOPJNYECKMX NOPOZR
TIpEACTaBAAET COGOM NONHTKY CBA33TH NETPONOrMYECKME WCCNEAOBIHMA C M3Y=-
YyeHMeM MEeTaAnoresMyecKoff cneuuanuaanuym M NOTERNUaNBHOM PYAOHOCHOCTH
COOTBETCTBYyOWMX KOMNAEKCOB NMOpOA. [lo cyumecTsy B OCHOBE 3Hanusa geppo-
Jaumit neRuT M3yYEHME DYAHOTO NpoNEcca, NMPOAYKTH KOTOPOro (MarHETHT,
JANBMEHMT W ADPYyTHE KENE30TUT8HOBHE MUHEPAJH) P8CCEAHH B NOpoAsX.lano-
HeHHLE Bhlle NpEACTSBNEHUA NO3BOAANT TI'AYyOXE NOHATH, HANDPUMED, CBA3B
CHaPHOBO-M3THETUTOBHX MECTOPOXKAEHME C MBTHETMTOBHMW CEDUAMM I'DIHATOM-
0B, KOTOpafd A3BHO ¥ H3ZERHO YCTaHOBNEHA HA Ypane ¥ B APYTUX DErUOHEX
CCCP m mupa. &T7a cBA3b COYCNOBAEHA TEM, YTO BHEADEHAE WMHTPY3uUBa CO3A8-—
€T B ODEONE €r0 BAMRHAA M3MKO-XUMUYECKYD OGCT3HOBKY M3THETUTOBOH (ep-
podauuK, YTO NPUBOAAT K M3CCOBOMY MarHETMTOO0P830BaHKK 38 CUET femm-
YECKUX CMJMK3TOB K3K B CAMOM MHTDy3uBE, T8K U BO BMEWSOWLNX ErO MOPO-
Z8X. B Tex cnyysAx, KOrA3@ Peann3yoTCA YCNOBAA ANA NEPEXOJ8 MBTHETUTS
B NOABMKXHOE COCTOAHME, OH MORET TNEPEOTNSTaThCA B DYAHHE Tens. 30HA
BHHOCA M8THETHTS (MKCUPYETCA MEZOYHHMW METSCOM3THTaMu, "OCBETNEHHHMH"
Nnopojsui, CTONb X3L8KTEDHHMM AAA CKADHOBO-M3THETUTOBHX MECTODORAEHMIi.
[Ipy GOpMMPOBSHWA ITMX NOPOA TUTEH OCTIETCA UHEPTHHM ¥ (QUKCUPYETCA B
cfese. Pa3nM4uHOE NOBEAEHME RENE33 U TUT3HE COCTABAAET X8DSKTEPHYI
O0COGEHHOCTE HAYana COOCTBEHHO DYAHOrO npouecca. [lpu pacCeAHHOM MaTrHe-
TUTOOOP330BAHUM B CAMUX TPAHATOMLSX ¥ BMEUgoWMX Nopozsx o003 aTu ane-
MEHT8 BENYT CelA MHEPTHO M CXOAHO.

Kak u3BecTHO, CEpuM, NMOTEHUMANEBHO NPOAYKTUBHHE H8 CHAPHOBO-MATHE-
TUTOBOE OpyAeHeHME, 0ON373I0T HEKOTOPHMU OCOCEHHOCTAMM XIMUYECKOTO CO-—
cTaBa. OnHaxo O©CA38TE/LHHM YCIOBUEM,TO-BUAMMOMY, AlA pEanuasnuu aTok
NOTEHUMAABHON NPONYKTUBHOCTH ABAAETCA CTAHOBAEHME MHTDY3UB3 B M3THE—
TATOBOR geppogaumum. [IpUMMEpPOM MOTYT CAYXUTH AB8 YPaAbCKMUX IaG0po-rpa-
HUTOMAHHX KOMNJIEKC3, OAM3KMX MO T'E0NOrMYECKON MO3MLOMM M NETPOXUMUM M
NPUH3ANERIUNUX 10 5TUM N8paMETPSM K NMOTEHUNENBHO DYZAOHOCHHM: M3THMTO-
roperuit 1 upruackuil. [epsult U3 Hux chopMmMposanca B YCNOBUAX MSTHETU-
TOBOH (JalMu: X8paKTEpPU3YETCA WUDOKAM DPa3BUTHUEM M3NOTUTEHACTOrO MSTHE-
THT8, 8CCONMMPOBEHHOIO C HU3KOKEIE3UCTHMM aMPUOONaMu ¥ GHOTUTIMM,BhH-
cOKOlf fomeil ®eneas B pyasoit gopue(cm.puc.l) 1 CONPOBORASETCA KPYNHHMU
HENE30PYAHEMA MECTODOKZEHVAMU. MPTUBCHUY He KOMNAEKC 38KOHUMJ CBOE
(GopMMPOBAHiE B YCHOBUAX TUTAHOMBTHETHTOBOK Qeppodsnuu. B nopoasx xom-
NNeKCa TAT3aHOMTHETHT, copepxauuit 8-10% Tioz, 8CCONMMPYET C BHCOKOME=—
NE3UCTHMUA CHIMKE T3MH (f31-0.67,r~_ =0,69), 10NA DYyAHOrO XEAE38 N3HKE
B TPAHUTOMAAX COCT3BNAET MWE 35%(cM.DUC.L)HCKS DHOBO-MaTHETUTOBHE ME-
CTOPOXJEHNA B CBA3M C 3TUM KOMINEKCOM OTCYTCTBYWOT.

He MeHee oueBuzHa CBA3h C PeppofaumuamMn IPBHATOMAZOB M APYTUX PYyIHEX
MecTopoRZeHnii. Tak, GONBWAA Y8CTH 30/I0TOPYAHHX MECTOpOMAcHMit sccomu-
MPOB3HE C TPEHNTOMIAMM MBIHETUTCOZepAaueR (aumu, ONOBOPYAHHX W HEKOTO-
pHX THUNOB PeIKOME T&/UIEHHX — C T'PIHATOMASMM G83 MATHETMUTOBOK gamum. B
nocnenHeM Cny4yae OCOGOE 3HAYEHHME NPUOCDETSET COBMECTHO8 P3CCMOTpEHUE
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reOXUMUM Hene38 M TUTAHA, TAK KaK MHOIME MUHED3JH NMOCAELHErO ABIANTCA
KOBIEHTPSTOPEMY DEKUX DNEMEHTOB,

MeTsNNOTEH..YECKUE NpPUIOKEHNA pPE3YABTATOB M3yuenMa {eppodaumit Tpasu—
TOMZIOB B HACTOAUEE BPEMA YTOYHAKNTCA W NPOBEPANTCH.

JAK 549.905.3:553.3.062/.067

[APATEHESHCH MUHEPANOB M HX TUNOMOPQHHE OCOBEHHOCTH MPH
QOPMUPOBAHMM MHOT'OCTAMMMHHX SHIOTEHHHX MECTOPONIIEHMM

H.0.06T08B
HBCTHTyT I'eONOIr'ME DYAHEHX MOCTOPORZeHMH#, neTporpafmm, MAHEpPaAOIHE
® reoxummm AH CCCP, r. iMockma, CCCP

OCpasoBaEAe CONBEMHCTBA EDYNHHX SHAOIeé HHHX MECTODOXZESENM HOCHT OT-
geTauBNil ZncEpaTENil, npepuBEcTH# xapakTep. B nmpomecce EX JOpMEPOBAENA
BHAGEAETCH HECKONBKO CTAAMH MHEGDSEMSSHNMHY, B TOM YHONE DAX NPOAYE-
TEBHEHX, B T8YEHHE KOTODHX BOBHHKANT DaSHOBDEMEEHNE MHHODS8ABHHe Dapa-
FeHETHYSCEME aCCONMANNN. JIeTalbHOe H3YyY6HNS MUHEDAIBLHHX NADST6HE3HCOB

| pasauvyHHX CTaAM# M MX THNOMODYEWX OCOO8REOCTER® Mo3BONAET MOAOHTN K
POEEEED DHZA BAABHX Npo0AeM TEODHE DYA0OGDPa30BAHMA, TAKUX, K&K HCTO=
pEE B ZAMHSMEKA (ODMHDOBSHNE MOCTODOXZEHMN, DBONDOMA COCTaBA H COCTOA-
BEA PYAOHOCHEHX DACTBOPOB, B8KOHOMEDEOCTH NpPONECCOB PYAOOTHOXEHHA H
SOBANBHOIO PS3MEEEHEA MHHEDAABHHX KOMIAGECOB.

MecropoxzeEus MOANCAEEMT-CYABPHAHO~BOABPPEMUTOBOR (fopManmE BoTpe-
q98pTCH B OORACTAX TERTOHO-MSI'MATHYSCKO# SKTHBHISIME KOHCOIMAMDOBAEHHX
CTPYKTYP, NPOCTPSHCTBOHEO M IeHETHYECKM CBABAHH C I'DAHUTOUASMH NOBH-
HOHEOR KaZMeBOM WeNOYHOCTH. PaSMOMEENS MATDY3HBOB TENACUCCSNBEHX M
| Oam3noBepXBOCTHEX (snmit KORTPOAMDYDTCA T'AYOHEEHME Da3AOMSME. B 3aBHCE-
| MOGTH OT NOK8IBEHX CTPYETYPHHX QEaEKTOPOB OOPa3yDTCA MECTODOXASHER REIb—
: HOrO M WTOKBEDKOBOI'0 TENOB. [IpomeccH pyAoo0pasOBaEMA Y8CTO CONPARBHH
. BO BpEMEEM C BHEADEHMAMM BHYTDMMMHEDAAMSANMOHEHX AA6K MATNETHYECKEX
Nopox (aniETH, S8NART-NOPYEPH, MMKDOIDAEETH, IPAHET-NOPQMDH, CHEBHT—
nopgups, CHeBATH, NOPJUpH M Ap.). YCTaHOBNGHA CHEAyDEAA THNOBAA NOCHAE-
AOBaTEABHOCTS NpoaABIeBnE crazumit mmmepanmsanmm: I. lopynHas moaesomna-
ToBafg, [. iuxpox/uy-MOAMGAeAAT0BAR. [l. {Bapu-DPeIKOMe TA/LIBHO-CYALOBHC—
. MyrET-BOnBQpaMuTOBas. IY. KBapi-NommcyusdEARO-TDOREPHTOBAR; Y. WIOODAT—
. KBapn-gapOonaThas. HamGozmee NpPOAYKTHBEHMH ABAADTCH BTOpAasA, TPETHA H
- UeTBEpTAs CTAZAMM MHHGDSNMBSNEM, ONPEAGIADEAE MHEEDAALHHE THOH MECTO-
POxzennil. B MMEDOKARB-MONMCOZEEETOBYD CTSARD Bam@onee METEHCHBHO NpoA-
BEACA KaameBudl menovROR MeTacoMaTO8 (MMEDOKAMEEBaNMA [I, GHOTHTH3ANEA),
- BOTopu#t sapepumics EMCHOTEHM BWEEZauEBaEueM (rpeitsesmsamus I). B

8Ty crazup B IPSEETAX 06PASYDTCH MHOI'OYACHEHHHE WTOKBEDKOBHE NPOXHIKH,
. _
0 crazuax MMEEpANMBBNHNE M KPHTODEAX MX BHASNGBHA OM./4,6/.

TN PP T T

Chad 20 gl bt

G aLl ot Lt it
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CHAORGHEHE THNOMOPJEHMM MHEPOKAME-NHDHT-MONHCASHHTOBHM N8PSTEHESHCOM C
kBapneM, fawopuroMm u Ap. IIpH nepexoZe OpyAeBeEHHE K3 I'DSEATOB BO BME-—
mapmEs MeTSMOPJHYeCKEE CHSHOH M AHODHTH oGpasyeTcH CBOGOOpa3EH# NMEpHT-
MOIMOA8 FRT~0UOTHTOBH naparesesnc, crarapmuil MEOrOYMCIS HEHE NPOXHARH
B 30HH. B ROBNG A8 HHO# C?aZMM B IDSEHTEX BOSHHEADT KBADI-MYCKOBHTOBNE
rpeiiseHE ¢ XapSKTEDHWM NHPHAT-MONMCZAEHHT-KBAPNEBHM NAPAT6HE3HCOM B XM~
ABHOM BHNOIHGHMH. B NPOZYETHBHHE BOIB)POMOHOCHEE CTAAMA MHHEDSANSE-
OHK, CONPOBOXZ86MHE KMCHOTHHM BNmMENaYmBapueM (rpeftssnussnis, “Oepesk-
THB3NMA"), B KBAPNEBHX XMISX M NPORHAKAX OCDA3yNTCA THIOMODIHHE MEHE-
PaABHHE 8CCONMANMHE, COAGPEAWME MUREDSAH IPYNNN BOABHpEMHTS, CYABHH-
AN Ren638, MUEKA, CBHHNG, MO7ZM, BACMYT8 M cepedpa. CpeAM HeDYAEHX MH-
HEPaNoB,KPOME NpPEOGA8A8DMEr0 KBAPIA, MAPOKO DSBBHTH MYCKOBHT, (QADOpHT,
KanueBult nomeBofl mnaT M KapOOHATH.

Hemm /4] m zpyruwmu mccnepoparensmn /I,2/ moEasaHo, 94TO COCTA3 M-
HEPaABHHX N8PAr'dHEBHCOB NpPM (QOPMMPOBAHME DACCMATDHBAGMHX MECTODOXAE-—
HEH OompezenAeTCH I'aBEHM 00pPasOM COCTABOM DYAOHOCHHX DaCTBODOB gaaaux
CTafui M _npexie BCErQ KOHNGHTPANMER B HUX BOAYHHX KATHOROB Mo~
Pet 3% an 2t pp2* cult 41t 4 ammonos wof;', 52 p-, Cﬂg'n
Ap. Tak, cocTaB COCYLECTBYDMAX MMHEDANOB IPyNNH BOABLJpaMETa B ciang-
puTa 33BHCHT HE CTONBKO OT BAMAHWA BMENADEHX NODOZ, TeMNepaTypH , pK ,
CKONBKO OT COOTHONGHEA KOBNGETPAmAH inZ' m Fe2t B pacrsopsx (puc.l).
IIpr peBKOM NpsOCNaZ8EMM B HEX Cpe2t Baa Cy 2+ B accomuanuu ¢ fepGe-
purTOM OCHYHO OoCpa3ynTca GoraTuif ®enesoM c@anepuT-MapMaTHT; npu 06paT-
HOM COOTHONGHHM KOHNEHTDANHE STEX KSTHOHOB BOSHMKA8T I'DOHEDHT B Napa-
TeH8BHCE C 08BX6NEBUCTHM CHsnepUTOM-KAEHOPIHOM, WHOTZS C TPHONMTOM R
POAOXPOSKHTOM. [IPOMEXYTOYHHE COCTABH BONB{paMHTOB M cdanspuToBR 00pasy-
DTCA B JCUOBMAX OTHOCHTEABHOTO P8BEHCTBa aKTuBEOCTeR M.t M TFel¥, B
NapareHesuce C BOIBHPAMHTaMM M CfanepuTaMu 06pasyDTCE B ONHMX Cnyyafax
CYWECTBOHHO CBHHIOBO-BHCMYTOBHE CYABJOCOMA PHAAS BUCMYTME - TameHaT(/mj-
NH8HKT, KO38AHT, MaZGHOBUCMYTHT M T.A.), B ADJILUX - M6AHO-CBHEIOBO-
BHCMYTOBH® (a#KMHMT, X3MM3DHT, TN3ZMT A AP.), B TPETHHX - CepeCpo-
CBHBINOBO-BECMYTOBNE (I'yCTaBHT, MaTUABZAT M AD.), OTDAX3aOEME 0COrSmEH-
EOCTH DaCTBOPOB HADAAY C BHCMYTOM TAKXS CBAHLOM, MELBD M cepeGpoM.

Hpyrud BaxBEHM (GKTODOM, ONDPEASAANMAM TOT WAAM MBOR NAapareRESHC BOIEL~
(GpamuToB ¢ CyABQMAHHME MUHEDSNSMM,ABARETCH KORNEHTPANEA CYNbPupHOM ce-
pE (5 “7), KOTOpas OCyCIABAMBEGT BOBHAKHOBEHAS IMCO BHCOKOCEPHHCTHX
(nEpn®, BHCMYTHH H Ap.), ARGO Oe3- ¥  MaJoCEDHMCTHX (NEPPOTHH, CAMO-
popsn#i BACMYT ¥ Ap.) Naparsse3aucoB (CM. puc.l). B ycaoBmAX Bu3Koff KOB-
NeHTPANHE CEPH B DSCTBOPAX 86 HEZOCTATOK KOMOSHCHDYETCHA BXOXAEGHHEM
8HMOBES Te ©~ B CTPYKTYDH MHUHEDANOB BMECTO 52~ ¢ 0o0pasoBaBEMeM pasH0ol-
PasHuX cyarfioTenAypHAOB BMCMYTE (pHC.2). [I0STOMY B M3AOCEPHHCTHX Napa-
TEHEBMCAX B 8CCOHMANUM C NUPPOTHHOM M CAMODOZHHM BHCMYTOM OOHYHO BCTPE~
YaPTCHA PA3NMYHHE CYIBHOTEANYDHAH BACMYTA M CBHHIE.

BugcTe ¢ TeM B yCAOBMAX BHCOKOR 8HTHBHOCTH CéPH B P8CEBOpAX xen630
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P ¥ ¢, I. JlmarpamMa cocTaB - NapareHe3VCH MUHEDAJOB
B CHCTeMe Mn(MoWO, )-Fe(FeWO, )-Zn-S

T'6 - roCHepwT; B@Mh - BOJBDpAMAT MADPIraHIOBHCTHH; B¢Te - BoJmdpa-
MET meJesMcTHit; Op - feplepnT; MnS - anadaHuue; FeS, — NMDHT; FeS -
NEPPOTHH; COCTAB caneputa ZoS : ki - Kieftodan; cd - chanepnuT; M -
MapMaTHT,

TunomMopiHHEe NapareHesMcH Mumepanos (cm. Tadm. I1): I - nmpur-Kaeito-
(ar-aaGannAH~-TOOHE PHT OB (penxmit) ; I - nupur-kreffodan-TooHepuTO-
Buft: Il - mupurT-canepur-soasfpameropuft; IV - nupur—peplepuToBHi;
¥ - nmpporuE-cdasre puT-BosbhpamMuToBHi; Y1 ~ MPPOTHH- MapMaTAT-Fe pie-
puToBHi

B NOpPBYD 0Y8p6AS CBASHBAATCHA B OpME NEpUTa B 30HAX OKONOPYJABOTO METa-
COMBTO038 M DYAHHX ZMI8X, YTO NPUBOZET K O0pa 30BAHED O63- WM MajJOEe—
ABBMCTHX DYAHHX MEHEpazoB (roCHepur, Eneftofam ® Ap.), HBOrAa A8xe ana-
GaBauEa .

B menoM ¢ yueToM BCEI'0 MBNOXEBEOr'O B NPOAYKTUBEHE CTSAMM MMEEDaIM=
S8OWM MOEHO BHAGNHMTH CIHGZLYDWMe TUNOMOPJEHE MMHEDS8IBHHE N&pareBE3MCH
~ Ipm @OopMMpOBAEMM DACCMATPMBSEMHX MECTOPOXAGHME (Tadn.l). HerorTopue us
. DepevMoNeHHNX NAPeTEHESHCOB BCTPEYADTCHA BECHMS DEAKO, TAK, NHDUT-8Aa-
~ OsppuB~-gaeliofsE-roOnepuToBH napareHesuc o6pa3yeTcs B yJCHOBMAX Kpafine
BHCOKO# KOBN@HTpamuW cyAbguzEOf ceps (mOpAAKa 1072 M/71/2] , KHOTAE B
~ 8cconuanEm ¢ TYHFCTEHHTOM WS, , 9TO B NMPHPOAE DEZKO PeAAH3YETCH.
Temneparypa o0pasoBaHHMf JKa38HBEHX NBDAaTeHE3HCOB N0 XSHEEM IOMOTe-—
. BESaOuM rasoBO-XMAKMX BEIDUeEuE B wmmmEepamsx /I1,5/ BapmEpyer or mava-
- m8 K KOBNy cTazafl: MOmMGHeHHTOBOR OFf 400-380°C 70 340°C; peaxomerams-
- Bo-BonsdpamutoBoft = or 360 - 350 g0 250°C; noamcyasERARO-TOOHEPUTO-
" Bolt - or 320-300°C 70 200-I80°C. 9KCnepUMERTANBHNE M TEPMOARHAMEYE—
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P uc. 2. Lrarpamva cocTaB - IapareHe3NCH MUHEDAJOB

B CHCTeMe Fe-Bi-Te-S

Kpome mupporuna (FeS), mupnra (FeSy), BHCMyTHHA (Bizsz)' camopo-
Horo BucMyTa (Bi) ¥ DelREMX MKYHOJXTA (81483) B TeJUTyPOBHCMyTA
(BiaTeB) NOKa3aHH TaKKe cy B$OTETypUIH BHcMyTa: I - BijTe S~ Terpa-
RevuT; 2 -BijTeS, - wumknopauT; 3 - Bi,Te S - mosemr B; 4 -Bi,TeS; -
xoseMT A; 5 - BiuTeS3 - TPOHJIEHTHT; 6 - Bi,TeyS, - mmuepanx M; 7 -
BigTeS, - opysTuT. TOuKamy BhjeJieH BHCOKOCEPHWCTH mMapareHesmc IH-
DUT-BUCMyTHH-YMKJOBAUT, WTPUXOBKOE - MAJNOCEDHMCTHI mapareHesmc
N¥PPOTHH-CAMODOIHHY BHCMYT-CyJBHOTEJIyDRIH BHCMYTa

ck#e neERme /I, 2, 7/ NOKaSHBADT, YTO M8NO- B (63CEDEECTHE MUBEDSIN
{nuppoTHH, CAMODOZHHY! BUCMYT ¥ CYIbPOTEAAYDMAN M AP.) OOPABYDICA B
JCHOBMAX BOCCT3HOBMUTENBHOR CpeaH M3 cnado- M yMEPEBHOWS AOYHWX DP8CTBO-
pOB, TOrZa K8K BHCOKOCEDHHCTHE NApareHE3MCH (NHPHT, BHCMyTHH, CYAb-
(foBHCMYyTHTH Pb,Cu K Ag ) BOSHMKADT B §omee OKHCAHNTEABHOM 0GCTAHOBKE
u8 cnaGoRMCIHX M He#TP3NBHHX DacTBOPOB. Hadmpaaemasa CMEHa THHOMODH-
HHX MHHEP8NBAHX N3pPareHE3HCOB B DASNHYHHE CT3AMM MHBEDBNMS8NHE CBHEAS-
TEABCTBYET O CYHMOCTBOHHOM MBMSHEHMH NpeXze BCEI'0 K3THOEBOrO COCTBEa
PYACEOCHHX p&8CTBOPOB, OTHENNAGMHX MATMATHUYECKMAM O4YSTOM ngaanoa BpeuMsA
NpM OTHOGHTEABHO cIaCGOf BapHAIME S8HHOBHOI'O HX cocTaBa ( S, F",CO%".
OH™ ® 2p.). B mpezensx oTAeABEHX CTajui CMEHE MHHEDSNBHHX NAPATEHE3H-
COB OCYCHOBNEHA M3MEHOHMAMU TEMNEpPaTYPH, POXHAME KHCIOTHOCTH-HENOYHO-
CTH DP3CTBOPOB, OKMUCAMTENBHO-BOCCTIHOBHTENBHHX yCNOBHE & Apyrux Qar-
TOPOB.
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TunoMopdHHe MMHGDAABENE NAPSreHESMCH, OCPa3yDMMECH B MPOAYKTHBEHE CTSZME MHHGDSAUBANHM MONMGAGHET-
Cy 1b(HAH O~-BONB{PAMATOBHX MECTODORASHKE

% | Crajum mmpepa- | COOTHONEEHHA TunomopinHe MMHepaabHHE IapareHs3ncH
2 2
An3sNEH Cun2*s Cre?* BHCOKOCE PHHCTHE M3NOCE PEHCTHS
B pacTBOpaX
2 MUKDOKTAE~MO~ - I. MRRpOKAMB=NUPUT-MONHOAE BUT OBH =
NECAEeEATOBAA 2., BHOTHT-NMUPHT-MONHCAEENTOBHH =

3. KBapO-MyCKOBWT-NHDHET-MONMGHE BUT OBHHY =

| Ksapn-penkome~ Cpp 2+ > Opgl+t 1. NupaT-p8riKOME TA/UTBHO-KIElofaH=T00He PUT O~ l
TALIBHO=~CY b= BHIk ¢ BHCMYTHEOM He H8BECTHH
foBuCMyTHT~ 2. Nupur-cynspoBucuyTaToBER (alKUHAT, J
BOZBHpaMuTOBAR X8MM8PUT, TYCTABHT B 1ID.)
Cipe+ € Cpg2t 3. [#pHr-penKoms TALIBHO-C{ae PUT=BOIbIpa~ 5. NuppoTHE-claneprr—
MUTOBH# C BHOMyTHHOM BOABQPAMHTOBEE C C8M.
4, NApuT-RapGOHST=CY NBHOBACMYTATOBHE (KO- BHCMYTOM U CYEBHOTEN~

B4NHT, F8NGHOBUCMYTAT, HNAMSHAT U ZED.) AjpUASME BHCMYTA

Crpe+ & Cpe2t 6. luprr-mapusrrT-fepOepnrToBuil (pezkuit) 7. [IApPOTHH-MaPMETHT~
@epCepuToBuft ¢ camMop.
BUCMY TOM,8DCEBONUDH=
TOM M ZD.
Il Ksapn-noameyas- Cp2+ > Cp 2+ 1.Ksapu-nupur-gne fopan-roérepuropuit (Hsr)
e T e S R
TOB3A h KIHMH DyZaMu)

3.TpunauT-ponoxpoaur-roCeepuToBuft ¢ cynisdu-  —

SEE

MH
#.H: W T3 18 68 B Ay -k A6 fofia H-roo; n 171
unbraa ¢ nglepannng?e rocBEe pATOBHI ,




JlaTepanbBaA B0BANBHOCTE OPYAGHOHMA OTHOCHTEABHO DPYACHOCHHX HHTDY3H-
BOB OOyCNOBNEHA M3MEHEHMAMM CTDPYHTYDHHX YCHOBMR NOKaIM3aMMM M COCTIBa
BOCXOAAUAX PECTBOPOR pasHuxX cranmil, Cuens ¢ rayOHHOR B pYAHHX Xunax
NMPET-BECMYTUE-BOIB{paMUTOBOTO MAPAareHEBHCa NMPPOTMH- BICMYT —BONBHpa-
MATOBHM JKA3HBAGT Ha pBo3pacTaAeC TAYOHHON BOCCTSHOBHTENBHHX yCAOBME
u pH pacTeOpOB.

MecropoxzieBHA KOMNMEKCHHX PYyA PEARMX 3eMenb, Oapud, CTpOBOHA,JTOpa,
X871638 NPEMMYNECTBAHHO PA3BATH B OGNBCTAX TEKTOHO-MATMaTHYECKOM 8KTH-
BHBALME ZpeBHUX NNaTHOpM, WATOB M CKISZYaTHX 308 fameposod. [lpocTpan-
CTBEHHO ¥ I'eHETUYECKM OHH TECHO CBS3aHHN C BYAKGHO-NAYTOHMYSCRHMH M
NNyTOBMYE CKUMH CEDHAMH 0838 ABTOMAHO-WENOYHHX MAIM KanueBOro paAzs. Ilo
NeTPOXMMHYECKMM OCOCGHHOCTAM NOPOAH STHX cepHit BapBRMPYOT OT MENOYHHX
(a3HTOB 98Pe3 WENOYHHE MOPOAH K CYOWeNOYHHM IpaHMTOHASM. Xapaxre pHOM
0COOEHHOCTHD 3THX NOPOJA ABAAVTCA DPE3KOS NpPeoGNafaBEe KANMA HAX HaTpUeM,
NOBHNOHBE3A KOBOGHTPANMA peAKHX 3eMsnsk, ¢ropa, GapHa, CTPOBOMA H Qocdo-
pa, NpH STOM MAKCEM8NBHOE COXGDRSEME TEKOBHX HaGIDASETCH B M6ISHOKDS=-
TOBHX D83HOCTAX WENOYHHX MOPOA.

PasMemeHME 0a38]5TOMAHO-WSAOYHEX NOPOZA H 8CCOMEMDOBSHEHX C HHMH M6-
CTOpORAGEMI KOBTpOAMPYeTCH KPYNHHMA PA3DHBEHMA HBDYWUEHMAMM — I'IYCHEBH-
MH pasioMaMM N0 nepudepud niardopu, WMUTOB M CPEAMHHHX MBCCHBOB, NpO-
IONBHEMHA D83NOMAME 112 CTHXe CKNaAYaTHX CTDYKTYD, CEBO3BCTDYKTYDHHMH
pasnoMamu QYHASMEHTA, DHYTOBHMM M DPMQTOr6HAHMHM CTPYKTypaMH, NMHEAMEH-
TaMd 4 Ap. BoaspacT 088albTOMUAHO-USNOYHHX NOPOZA @ 8CCOMMHPOBAHEHX C HE-
MM MECTOPOXZGHME KONECNETCA OT BEPXHEIO NPOTEPO30A A0 ME3030f-KalftRO-
30A. HauOonee XapaKTepHOR IeOXuUMHYecKON OCOGEHHOCTED 3TUX MECTODOXRZE-
BEft ABAAETCA HEOOHY3fHO BHCOKAA KOENBHTDALNMA B PYAaX M OKONOPYAHHX
METSCOMBTMTAX DEZKMX 36eMenb, O8puUf, CTPOBUZA, (TOp8 X YaCTHYHO Xene-
3a ¥ Qocdopa npu OTCYTCTBAH HHOOMA, TEHTAL3 M IUPKOHMA, CTONLB XapPaK-
TEPHENX A8 KapOOHaTUTOBHX MECTOpPORAEHMIL.

BuzenAnTCcA ABE TPYNNH MECTOPOXAEHUM NO rayOmsBOCTM QOPMUDOBABMA -
ONMBN0BEPXBOCTHHE M I'MN80HCCAABHHE [37. OGpasopanue KOMINEKCEHX pea-
KO036eMe IbHEX MECTOPOXAGHME OHNO BECBMAa CAOXKHHM. OJHAOI'@ HHAA MUHE paAW3s-
OHA 9TUX MECTODOXJAGHMI NMPOMCXOAMZN3 B ABA 9TAN3d ; NO37HEMSBTMETUYECKOM
H,B3U00/I8e MHTEHCHBHO , MOCTM8I'MS8THYECKOM. B TeueBMe Kaxjoro arana
BH7ENAGTCA HECKONABKO NPOAYKTUBHHX CcTafuil Mupepanusanuit. OGoCmeHue
UMeOmUXCH AA@HHHX MO OCOGEHHOCTAM NPOABNEHM} MEHEDAAM3SMUM M MCTOPHM
GopmMupoBaHUA MECTOPOXNEHM}l NOBBONAET HAMETHUTH CHEAYDEYD CXEMy nocue-
A0BATENIBHOCTH MMHEDP3N000pa30BaHMA. A. [losABeMaruaruysckuft sTam:

I. MarseswazbnO-cKapROBAA CT8ZKA; [l. PEAKO3BMENBHO~308TUT~GPUTONUT—
THT8HOMArBeTHTOBAA. B. IlocTuarusruvecku#t sran: [. Pnoronur-amduson-
uarseruroBag; 1¥. MosanmrT-gansnuroBas; Y. QmoopurT-0apur—KapGonsT-Gact=
He3uTOBaA ; YI. Jrdpunosan. _ ¥il. Keapn-cynsguaso-rapConsTras. HamGo-
nee NpOAYKTUBHWMM cTapuAmu sABadvres 11, 0, 1Y, Y. B nponecce mocneao-
BaTENBHOr'O NPOABNGHMA STANOB M CT3XAR MEHBDSAMBAIMM CYUECTBEHEO MEHA-
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TaGnena 2
Tenomopdene MEHEGpAnBHNe HApareHesdcH Gapri-HTop-meneso-peAKOSEMOnB-
HHX M6CTODORZASHHER

granu CrazmE MMHODAAM3ANNE TrEnouopbENe NMapareH6sHCH MEEEDALOB

MmEOpE- DYAHHX Tex
ARSANEE
Ifﬁoan- I.MarsesEanbHEo- I. [epeEnas-mNEBeAB-KIREOr yMET-Z0-
geMarsa- CEApPHOBAA IOMMTOBHI
TEYECKEY 2. $n0ronAT-ZONOMET-TYMETOBHE ¢ Op—
THETOM B YOBEHEETOM
[.PenxosenensHo- 3. PeaxoseMenbHOANATET-CPHTONRT-TH-
anaTET-GpUTONRT~ TAHOMAIHOTHTOBHH
: THTAHOMArHETHTOBAA 4, THTAHOMAIHESTHT-MHEDOKIMEOBHH
B.loc™  p_onoronnr-awpGon- 5. MoOHAMET-MAarEeTHTOBHH
Marua- MATHeTHTOBHH © 6. QuoronurT-apdBescOHET-MATHETHTOBHI
":°°' docparaum TR ¢ MOBAUETOM,KCOHOTHMOM ¥ ANaTHTOM
KR
1Y .MoEaORT-RAIBIETO- 7. MOEHRUMT-KANBOATOBHA ¢ GApETOM H
BaA ANATHTOM
Y. dapoprr-Gapar- 8. ®npopHT-GapET-CEA6PHT-0ACTHE3HTO-
KapGoHaT-0acTHE— Bult ¢ NApH3ETOM, CEHXEBATOM E Ap.
8HTOBAH 9. ¢npopET-uenecTEE-KapOORAT-0acTHE-

SHTOBHH ¢ MApH3HTOM H Zp.

I0. ¢npOpHT-CTPOBNAAEAT-KAABINTOBHE R
$TopKapGOEATAME DEAKAX BE6MEIB

II. ¢noopET-GapET-KapGONepPHARTOBHI

I2. dnoopET-KANBOAT-GEHCTOERTORHA C
drroprapdonaramu TR

| YI. SrepeHOBAA I3. OrEpEHOBH{ ¢ TMO3ZEAME MOHALMTOM

5 # @roprapGoEaramn TR , TODHTOM K
SEHERTOM

i ¥l. Ksapu-cyasdua- I4, KBapu-kapGoRaTHH# c NHDATOM,XAaNE-

; HO-XapOORATHAA KONMpPHATOM,cPanepuTou

I5. ¢apopET-KBApI-KaNbOATOBHI

- 8TCH MME6pP3 NHESA (OPMA OCHOBHHX BOAYHMX 3NeMEHTOB. TaK, DEJAKHE 3EMIH B
H037neMarMe TUYECKOM 23TaNE MHHEDSNUBSUMM NPEACTABIGHH CHAMKATaMM (Op—
TAT, YeBKHEMT), CHUIMKOfocarTamu (CGDHTONMT) M pEAKOBEMEIBLHHM 8NATUTOM,
Conepzamuu zo I0-13% TP,05. B paBEMe CTafMM NOCTMAIM3aTUYECKOrQ aTana
OBM o0pasyp? §OCPaTH PEAKMX B6MENb, TA3BHHM OGPE30M MOHAIMT, B MEHB-
Belt creneHM KCEHOTHM M 8NATHT, @ B [0S HME CTSAMK NpeoGAanapT Jrop-
KapOonsTe ¥ KApPOOH8TH PEAKMX 38Men: (C8CTHESHT, NADU3UT, CHEXHBHT,
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gapOonepHAHT ® Ap.). MEEepanbBas QopuMa XeNe8a MEHASTCH OT THTSHOMSI-
HETHTA B NO3/IHOMAIMETHYECKOM 2Tale 4Y6pE3 MATHE TMT K CHAEDHTY M TeMaTH-
Ty B NO37BEWE CT8ZHM., B runaduccaibBHX MECTODOXAGHMAX B DAHEHME CTAAMH
ofpasyoTcA THTAE- W OspHiicozepzamme QAOronMTH,CHIAKATH GapHf B TUTAHS
(Gaorar, CarmcHT, CajeprHcHT [E]), 8 B ONMBNOBE PXHOCTHHX MECTOpPOXAE-
HEEX B NO3ZHHE CTajlHM EHDOKO DaSBATH cyabfars (OGapur, CapuTONEABCTHH,
O6I6CTHH) H KapGoBaTh (CTPOBNMBEMT, GEHCTOHMT M AP.) OSDEA M CTPOROEA.

TunoMopjHNe MMHEpAaNLEHE MAPSIeHE3HCH, OOpaByDNMECH B PA3NMYEHE
9T8nM H CTAZMM MHEHEDaAW3AINUM, NPUBEACHH B T8l1.2.

TepuoGaporeoxuvnyeckoa M8yYerne /5] BaxBeHUMX MMBEEDaNOB YES38HHHX
naparenesucos (pearoseMeNbHER anaTuT, GPUTONEY, MOHANMT, BADOPUTH
pasEHX renepanuit, Gapu?, NENECTHE K Ap.) NOKA3HBE6T, YTO DSHHME MHHE-
panpEHEG NApATreHE3HCH SOATHT-CDETOANT-THTAHOMATHOTHTOBOH cTAZEN o0pa-
B0BANHCH H3 CHAMKATHO-CONSBHX DACHIABOB-PACCONOB HPH BHCOKEX TeMIepa-
Typax oT 1100-900°C zo 700%C » YCHOBEAX meAOuHOM cpezu. B mocrmarsa-
THUOCKOM 5TANe OTAOXGHEEe MHHEDANOB MArHETHTOBOM cTAZME (anaTHT, MOHA-
OET ¥ AP.) OPOMCXOAMAO B8 KOHNEHTDHPOBAHEWX CONEBHX DPacTBOPOB (o0mas
KOHI@HTPALNA coel B pacyeTe Ha NaCl+KCl mopazka 50-60 Bec.®) mpx
reuneparypax or 480°C zo 350°C mpm ymepemEOE WenNOYHOCTE PAacTBODOB
( GnoronmTH3AUEA, MEEDOKIEHNSANHEA H DASBETHE MENOWHNX amduGOnOB,ap-
BeZCOHETA). B HamGonee NPOAYKTEBHYD damopmr-GapET-KapOOHAT-GACTHESH-
TOBYD CTAZHED 00paB30BAHHE MHHGDRIOB MMEA0 MECTO H3 YMEDEHHO KOHIOHTDE-
POBAHHHX KHCAHX DacTBODOB NpH TeMneparypax of 320-300°C zo 250—22000.
CONpOBOERaDNEeCcA OKBADNEBaHEEeM M QADOPHTH3ANHeH# BMEemaDmEX IOpoA. B
SPEPHHOBYD CTAZED OCPASOBAEHEe MEEEDANOB MPOMCXOAMAO H3 BHCOKONENOY-
HHX CyNeCTBOHHO HATPHOBHX DACTBOPOB. B HamGoXee MOSAHDD KBAPN-KADOOHS -
TEYD CTAZED MEHODAAMBANMA NPOHCXOAMIA H3 cIAaCGOKOHNEHTDHPOBAEHNX GRE3-
HellTpalBENX DAcCTBOPOB NpE TeMmeparypax 200°-I50°C.

TaxeM o6pasoM, B nponecce JOPMEPOBAHMA PACCMATPMBAEEMHX KOMINEECHHX
pPEAKOSEMENBENX MECTOPOEAGHHA OPOMCXOZUT OTYETIMBAA DBOADIMA BO BpeMe-
BE OT PaHHEX cTaZWil K MO3ZHAM He TOABRO cocTasa, BHO B fazoBoro cocroa-
HHA, TEMOepPATYPH M KECIOTHOCTH-NENOYHOCTH pPYyAGOGPASYDEMX CHCTEM:CHAR-
KaTHO-COA6BHEe pacnnasBu-paccoas ( II00 - 700°C) —~ BHCOKOKOHOEHTDHpO-
BAHHHE COI6BHE DacTBOPH (480—350“0) — YMEepeHHO-KOHIGHTPHPOBAHHNE
rasoBO-EHZKHEe DACTBOPH (320-220°C) — ¢ladOoKOHLEGHTPUPOBAHHENS Iaso-
BO-XMJIKHE DACTBOPH (200-15000).

Inreparypa

I. Koanosmr I'.P., Kocanc fl.A. PHBHKO-XHMHYECKHE YCNOBEA MOAMCZEH-BONB-
fpamMoBOro pyAcoCpasOBaHUMA Ha MECTOPOXZEHHAX KBapu-rpefisenosoft gop-
Mauui.-B KH.: OCHOBHHE [ADPAMOTpPH NPHPOAHHX NpPONECCOB BHAOIEHHOIrO
opyAeserua. T. I. HosocmOupck : Hayka,I979.

2. KopeEGayM C.A. PHBHKO-XMMUUECKHe YCUOBHA KDPHCTANIMBALMM MEEEDANIOB
soasfpaMa M MOIMGAGHa B PHApOTEpMAnbHEHX cpegax. M.: Hayka,1970.

338
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Paznen 5
®JIIOOPUT-BAPUTOBBIE MECTOPOXJEHUSA

YIK 549.01:536.5:553.634.12
TEMIEPATYPHME YCHIOBUA OBPASOBAEUA &IIOPHTOBOM MUHEP AJM3ALMM
BOJITAPUU

T.TonopoB, M. KpmcTena
Teonornuacrnii MHcTaTyT Boarapckoli akamgmun mayk, r.Cofmd, HPB

Ha reppuropuu BOIrgpuu U3BECTHO HECKONBKO PYyAONpPOABAeHMi QmoODUTE.
BCECTOpOHRUM MX M3yYeHHEM, B TOM YHCAE W BOMPOCAMM TEMNEpaTypH oGps-
30BAHMA, 33HUM3JNUCH MHOTME MccaeigosaTenn /I-5, 8-9, 12,I14-16, I19-24/.
1o uX 78BHEM , oénimaﬁ Y3CTH MECTODOXRASHMA (N0ODPMT3 ABIAGTCA HHU3KO= M
CpelHE TeMuepaTypHoii, C MAKCUM3NLHO{ TeMnepsTypo# KPHUCTENIU38IUK
270°C u mumamanzesod 70°C. Tomsko Ans GaoopuTa MECTOPORAcHMA balak yc-
T8HOBABES TeMnepaTypa Bhue 300°C. BuecTe ¢ TEM NO OTZENBHHM MEGTODOXK-
AEHUAM DE3IMYHHMA 8BTOPAMM NONYYEHH DE3Y/NbT3aTh, KOTOPHE D33IUYBHTICH B
3HAUMTENBHOK CTENEHM, 8 MBOrZE M TPYAHO YBASHWBAWICH. JTO NOGYAMIO Hac
NPOBECTH CUCTEMATMYECKOE M3yYEHUE TEMNEPATYPHHX JCNOBUH 00pa30BaBMA
@aoopuToBoit MnHepanmsaumu HPE. PesynpTaTh BKPaTIE D8CCMOTDEHH HHEE.

KpaTrue csezenus O (nOOPUTOBOM OpYZEeHEBUM

BaxHelfoMe MECTODORZEHMA M pyAONpoABAeHAA (noopuTa Foarapum MOXHO
OTHECTH K CHEAYOWAM THNAM: KBapO-(N0OPHTOBHM XunbHEM (CnaBABKS),
KBapO-KapOoHa T-{A0OPUTOBEM MeTacoMaTnueckuM (Muxanxoso, Jlocnart),Ccyns—
Puznro-gnoopuroBuM (Ba®aK, Bapyrue-Byi#RoBO) ¥ cynBguABO-0apuT-fawopnTo-
BHM RMABHEM (Ycrpem, Kroso) ¥ meTacoMaTnuyeckKuM (UMNpOBLM, HEKOTODHE
TeNa MecTOpORZAeHWA Kroso) /I5/. B OCHOBHOM OHM P3CNONOREHH H TEPPUTO-
pur POAONCKOTO B (epdo-MiaKeNOHCKOTO M8CCHBOB M 8BA38RH C anbnmickOil
MX 3BTOHOMHO# axTuBM3anHEH# [15,2Q]. J¥up MECTOPOEZEHEE YUNDOBUM HIXO0-
zutcd B 3anaiBuX BalKanax, rZe OpyAeHEHME CUMTAETCH repUUHCKMM /2I7.
Kpome gawopura, WMpPOKOE PacIpPOCTPaHEHME BO BCEX MECTODOXAEHMAX MME 0T
KBapO W KANBLUMT, 8 B CYABJUAHO-08PUT—DNOOPUTOBHX U CYABHUARO-PALOPUTO=
BHX - T8KE8 OG8pUT M CcYnb(UAH Xene3a, CBURLA, MUHK3, MEZM M MONMOZEHS.
B KBapO—DAKNOPUTOBHX M KBAPI-KA3POOH3 T—-HANOPUTOBHX MECTODOXAEHUAX OCHOB-
H8A Y8CTH CYNBJUAOB OTASTAA3CH DHBUE (AOODUTS M Gapura, a8 B cyapdui-
HO-08pUT~QN0OPUTOBHX U CYNBYUAHO-JIDOPUTOBEX  CYABQUAH HSNOKEHH HA
@noopuT U GapuT.

MeToauKa McCneZOBaHNA

C menep OnpeneneRMs TeMNepaTypHHX ycaosuil dopMupoBaHMs (QnwopuToBOA
MUHEPaNM381NN BauW OHAM M3JYeHH BKJOUEHMA B MUHED3NGX MeCTOpOXZAenmit
MuxankoBo, CnaBaAnka, Oroso, Ycrpesm (yuacror Bapura) m Yunposnu (yya-
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¢TOoK CTalina uyKa) u pyAoOnpoABNEHMA LOCN8T. BKNKYEHUA WCCJ]ENOBAENUCD
MeTOZSMM TOMOTEHMBaIMM M NEKPENUTAUUX. OCHOBHEM OGBEKTOM MB3Y4YEHMA OH-
Il Pa3/VYHO OKpalicHHHE KpucTalnnideCKine U 3BeDHUCTHE DAa3l0CTH thi'h-;)()]”)?i?d
§ B MeHbueil cTeneHu Kpapua, GapuTa W KanbOuT8. BHAE/IEHUE DTUX MUHEDPE-—
70B B3 GONBWUMHCTBE PaCCM3TDPUBIEMHX MECTOPOXAEHME NMpPOMCXOAUIO B Tevye-
Hi€ BCEIO NpPOLECCas MHHEPAaNO0GpasOBaHMA, BCNELCTBAE Y6T0 M3y4YeHHE X
pa3MMYHHX T'@HEPaNMil N03BONMAC ¢ LOCTaTOYHON NMOMHOTOH pacuufpoBaTh
KapTHHY M3BMEHEHMA TEMIEpaTYPHHX ycnOoBUif HOPpMUDOBAHAA (QANOPHTOHOCHHX
pyZEEX Tel. Ha Kax7oM MECTODORZIEHMY 3H3NM3MDOBANMCH BEWECTBEHHWA co-
¢T8B DYZ ¥ NapareHeTUYBCKHE 8CCONMALUNM C OE/ABH ONpEAENEHMA TéHEpaLuK
MHHEPAIOB ¥ NOCAEZLOB3aTEABHOCTY WX OTNOREHNA, 8 TAKEE NJIA MBYYEHHUA MX
npoctpancrseuﬂord pacnpenenepua. OOmee KOAMYECTBO NPOCMOTPEHHHX 00—
pasnoe npesocxoauT I00, a8 unMcnO NPOBEZSHHHX ONpefeseHuil TeMnepaTyp
romoresnusanuu - 3000.

T'oOMOTeHM38IMA TETEPOTEHENX BKAOYEHME (XMZKOCTH + Ias + TBEpZAaA (fa-
33) NpPOBOXMJSCE C NOMOWLD TepMoKamepH Tuna "Hojnepa", KOTOpas NO3BO-
AfeT H8TPEBATH MUHEDSJIBHHE NAACTHHKYM BNNOTH 70 3509, PerucTpsuua TeM-
nepaTypH HarpeBa M I'OMOTeHU33NUU OCYUECTBAANSCEH PTYTHHM TEDPMOMETDOM
€ TOYHOCTHO 3I°C. llpu padoTe mcnonsaoeasa MeToZuka H.Il.Epuakoma /[6,7/.

PerucTpauus TEMNEpSTYD AeKpENUTALMM BKIANYEHUE B MHEEPaNaX ocymecT-
BAANACH OZHOKAHANBHHM AGKDENNUTOMETPOM. McCleZOBanack MMHEDaAbHAA (pak-
oug 0,2-0,5 uM. JInA TemnepaTypH 0GDS30BaHUA MUHEDPAZNOB NPUBMMENECE
TEMIEPATYDPS HAUANA MACCOBOrO PAaCTPECKMBAHUA BKAWueruid /I10/.JaHnwe aro-
T'0 METO78 ,04H3K0,ICNOAB30BHN TONBKO ANA ONpEZEAEHMA TEMIEPaTypH Gop-
MMDPOB3BUA CBETNO-JHONETOBOrO fawopuTs Il resepanuyu U3 MECTOPOEAEHUA
CnsBAHK3, B KOTODOM BH3Y8lBHO HE OHNO JCT8HOBAEHO NPHCYTCTBUE I'830B0—,
HUAKMX BKNWYeHKH.

Tune BRNIKYEHUA B MUHEPaNSX

Bo QnoopuTe yCcTaHOBAEHO GONBWOE KONMYECTBO HEDPSBHOMEDHO pacnpeje-
INEHHHX umenxuX (B ocHOBHOM  paaumepamu 0,0I-0,05 mM) BKIkuenult, 8 KB8pl,
KanpouT W O8DUT B SHAYMUTENBHON cTenesM OeaHes MMy, llogsBnAnuee CONB-
UMHCTBO BK/NWYEHMA ra30BO-KUAKME, TOMOI'EHUBMDYOWMECA B RUAKYD (asy.
Tonbko B (uoneTOBOM (NDOPUTE M3 MECTOPORACHMA YCTPEM BCTDEYEHO HECHO-
IBKO eCATKOB TPeX(asOBHWX (ra3oBO-RUZKWE C TBepZo# fa3olft) BKawuermil.
Kpoue roro, Hapazy c AByXJ830BHMM M TPexX($a3OBHMM BCTPEY3ETCA OYEHD
MHOT'O 07HO0a30BHX EMAKAX BKNOYEHMI. CnezyeT OTMETHTH, YTO HM B OAHOI
U3 WCCNEZOBAEHEX NMDPOC HE OOHADYXEHH KDYTNHHE rasOoBO-EMAKKME BHKIOYEHUHA,
8 T3gKEE BKINYEHUA C RMAKOM yrmerucnoroit.

OcoCEHHOCTH JCT3HOBNEHHHX BKADYEHMA B MCC/EJOBSHHHX MUHEP3NSX No-
SBONADT OTHECTH MX K IDYNNaM NE8PBUYHHX, NEPBHYHO-BTOPHYHWX (MHUMOBTO-
PUYHHEX) W BTODMYHHX BKADYEHHMiA no xnaccufukanme H.I.Epmakosa /[7/.
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PesynsTaTH IOMOTeEM38I0MM M AEKPENNTANUM BKADYEHMH

PesynnTaThH NpOBEJEHHEX H8MH MMHED3ZNOrO-TePMOMETPHYECKMX MCCEN0Ba-
Bulf DOKa3HBANT cAeAYDEES.

Mecropoxzesue MmxsnkoBo. Ha mecroporzesnud T.TOROPOBHM [14] Bmzena-
HO TDW CTSAUM MMUBEDAAM38NAM: cyabupHo-kBapuesas (I), Qawopurosas ¢
TpeMA MuHepaNBEHMM naparesesucamu (il,I1-1.3) m xamsuarosas (U). Tewme-
pa8Typa IOMOTEHU38NMM NMEPBAYHNX M NEPBAYHO-BTODMYHHX I'a30BO-RUAKEX
BRIOYEHUHE B MCC/EZOBSHHHX MHHEDa7ZaX 3TOr0 MECTODOXZIEHHA OCYUleCTBAA-
nach B CHeAYDMMX TEMNEpPaTyPHHX METepBanax /16/:

1. Ksapn I renepamuu - 256-196°C, wame scero 250-220°C;

0.I. daoopur I resepanum - 243-15500. 4aue BCET'O 200-14500;
M.I. Ksepn Nl remepanum - 165°C; '

N.2. Kensuur I remepamus - 210-127°C, wsue Bcero 170-130°C;
N.2. Pnoopur Il resepanum - 195-110°C, 4swe Bcero 160-130%C;
N.2. Ksapn Il resepanum - 173-115°, uame Bcero 148-130°C;
NM.3. Bapur - 130-125°%;

N.3. Kansuur [l resepanum - IBO-IIOOC,qame BCETO IBS-IIBOC;
.3. ®noopur Il rerepaumn - 105-87°C, uaue scero I100-90°C.

Bropuuyswe BKIOYEHHAA B KanbuuTe I ¥ [l resepalUi IOMOI@HM3HPOB3NHMCEH
B TEMINEP3TYDHOM MHTEDE3IE 83-61°C. OGpa3oBaBMe ITUX BHKINYERUM MH CBA-
3HBAEM C HaNOREHMEM KanbUuUTa |l reHepaluMM H8 NEPBHE 7iBEé I'eHepalud 3TO-
TO X8 MEHEpana.

AHBNM3 NONYYEHHHX 78 HHHX NO I'OMOI'€HU3ELUA I'a30BO-XMAKMX BHIOYEHMI
BO (NOOpMTE NOKASHBAET, YTO HAMEYSETCA NOBHUNEHHE TEMNEP3TypH 6ro of-
P830BEHMA HA IAYOMHY M C NPUONUEEHUEM K OCHOBHEM PYAOKOHTPOAMDYOWMM
pasnousM (npaAMag I'ODUBOHTANBHAA W BEPTUKAABHAH TEMNEpPaTypHAA BOHEIB-
HOCTB). OZBSKO B CBA3M C TeM, YTO PA3NMYHHE CTPYKTYPHHE OHOKM B paito-
HE MECTODOXJEHMA NOABEDEEHH HEOAMHS KOBWM MOCHEDPYAHHM TEpPEeABHXKAM X
GONBUMBCTBO DKCNAYSTAMMOHEEX M DA3BEJIOYHHX POPU3OHTOB HEBOBMOXHO ONpO-
60BaTh, NMPOABNEHNE 3TOi 30HANBHOCTHM HA CETOAHAmEMY ZEHDP O4YEBH TPYAHO
H3YyYuTh B Z8TANAX.

Mecropoxzenne CnasaHka. He MECTODOMZEHMM HAMW BHASAESHH TPH CTaAMM
MMBE DaNN3aINM - CYABQUAHO-KBAapU-xanuenonosasa (1), KBapu—fnoopuToBasd C
TpeMA MUHED3NBENMM Napareneaucamu ([I,1-1.3), kBapu-xapoosathaa (Il).
TeunepaTyps rOMOTEHY38LMM NEDBHYHEX M MHUMOBTODMYHHX I'330BO-EMAKMX
BKIDYEHNA B KBapue I redepamuM ¥ gawopurTax I u Il resepamuu ciaegyowmas:

I. Ksapu I resepaumm - 272-235%C, waume scero 250-235°C;

M.I. ¢moopur I resepsmam - 220-I60°C, wame scero I90-I170°C;
0.2. ¢noopur Il renepanuu - 210—13000. yame Bcero 160-I140°C.

Bo ¢noopure I reRepalud ra30BO-RUAKMX BKAOYEHMA BMBYSABHO yCTaHO—
BUTH HE JA8MO0CH. JINA OnpeZeneHHA TeMNEpP3Typu ero 06pa30BSHMA MCHOAB30-
B3NICA METOZ AEKPenMTSUuUM - M3MeHAwmAncA B PasHuX npodax or T40 no 0090

[l0 AsHEEM DasBEZKM MECTOPOMAEHMA,NO0 MOMHOCTH M N3AEHUD PYABHX Tel
HAONDABETCA 30HANBHOE PACNPELENEHUE PABNMYHOOKPANEHHNX (AwopuTOB. IT8
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'30H8ABHOCTH BHDaEEHa NOKanusaluedn czerTao-fuonsrosoro Jawopura Il re-
‘ﬁepaunn B IEHTP3NBHHX 4Y3CTAX DYAHHX XMA ¥ H3 TAYOOKMX IOPUBOHTEX.36-
penuil gnoopur (I resepauua) pacnpocTpaHeH OOWYHO H8 BEPXHMX TOPM3OH-
‘paX ¥ OKOAO 38NB08HAOB PYyAHWX Teld. MexZy aTUMM ABYMA PABHO OX D&l HiH-
MM DP83HOCTAMU (Q/OOPUTE B NPOCTPSHCTBE ¥ BO BPEMEHM OTASI8NCA CBETILO-
genenuit 1o GecuseTHOro Qawoput [I resepanuu. Cyas 0O peayabTaTaM Io-

. MOTERM3aIIMH BKNOYEHHH, STH JIaHHWE YKasHBAOT HA NpOABIEHME TpaAMoit (no
' MOWHOCTM) W oCpaTHOH (MO NajeHuo) TeMNepaTypHOH B80H3NBHOCTH PYAHHX

~ RHI.

Mecropoxnerue Kroso. 37€ChH MPOABIEHO HECHONBKO CTafull MHHEDaNM3a-
'fnun. QnoopuT, ONHAKO, MDEACTABAEH OAHO# remepsuueii m BMecTe C Oapm-
. TOM OT/Zaraica Nociae OCpa3OBaHMA NUPUTa X MOANOZEHMTE, HO DAHBWE CYAB—
fmnnnn CBUHIA, LMHKS M MeAu.lccremoBanuch NPEUMYNECTBEHHO (QANODUT,OH—
 pamauﬂuﬂ B IyCTO-(MONETOBHE ¥ 3ENEHHE TOHS, Y3CTUYHO  K3ABUUT U3 NO-
- GNEZAHEH CTAAMKM MMHEP3NNB8LMM DYAHHX EMN. Pe3yAbTaTH IOMOTEHU38IOUNA MX

. MEPBUYHEX M MHMMOBTODMYHEHX BHINYEHMI 30T CHeAyoOUUe AGHHHE:

. gawopur guomerosmit - 267-I144°C, wsue scero 200-160°C;

ganopAT senesuii - 220-100°C, waue scero 170-130°C;

KanbDAT GecupeTHudl - I50-I30°C, uame Beero I40-I30°C.
MecTopoxzenne YcTpeu. 3hech fA0OpMT TOXE NMpOABIEH OfHOM reHepanmeit
;W BMECTE C KPYMHOKPUCTAANMYECKUM G8DUTOM OTNET3NCA DAHBUE CYABJAROB
‘W H8DOOHS THHX MUHEDSNOB. B 3THX [BYX MMHED3NaX I'OMOT@HM33IUfA I'a30BO—
| RUZIKUX BKAOYeHuH npoucxozuna B CNeAyONHX TEMNepaTyPHHX WHTEPB3NAX:
&iwovAT TycTo-guoneToBult - 250-120°C, wame Bcero 220-18000;

6apar - 240-133°C, vaue Bcero 215-170°C.

KaKk On7n0 0TMEYEHO, TOABKO BO (JINOPUTE BTOr'0 MECTOPOXAEHUA OHAM
 BCTPEYEHN P330BO-EMAKWE BKAOYERUA ¢ TBEpAOH faaoff (remr ?). Tomorenm-
§IMA STUX BKANYEAMHM NpOMCXOAMT B TEX ®E TEMNEpaTypHHX IPaHMIIX, 4TO
IBYyX(830BHX Iad0BO-EMAKMX BKINYEHMIl.

MecTopoxzesue Uunposou. ['a30B0-AUAKME BKANYEHMA BO QADOPUTE BTOI'0
ECTOPOEAEHMA I'OMOI8HU3MPYNTCHA B TEMNEPSTypHOM MHTEPB3Ne 130~90°C,qa-
me scero I30-I1I10°C. OnoopuT OCHYHO GB87ZIEH BKNNYGHMAMY.

. PymonposBnesme JlocnaT. lccneposanca MenKoaepBucTHR @uoneToBuit dan-
OpUT 5TOr0 pyAONpOABAeHAA. TeMNEpaTypa TOMOTEHASALMA I'a30BO-KMAKUX
MepBiusNX BKADYEHME cocTasaaza 160-90°C, uaume Bcero 140-90°C.

. HKpoue TOro, yCcraHOBNEHO,4YTO MHTEDB3A TEMNEpPSTYpP KPHCT3aAAM33UUM OC—
IOBHOIf M8CCH (NOOPUT3 B XUNBHHX MECTODORZEHUAX COCT3BIAGT 20-40%C- n
] 4500, 8 B MeTacoMsTMYecKux  40-90°C.

HexoTOpwe BHBOZHN

Bce resoBo-EMAKuME BHADYEHUA TOMOTEEMBMDYHTCA B XUAKYO (a3y. Mecro-
OXZieHUA (OPMUPOBANACE HE8 HEGONBUMX T7yOMHEX, B CBA3M C UEM TEMIEpPATy-—
D8 TOMOreHM3sLMM HaMM [IDHHUMBNACH 38 TEMNEP3TYypPy OODPa3OBIHMA MMHEDSAS.
8KUM 00pa30M, ANA OTAENBHNX MECTODORAEHMN MOTYT GHTH YK8B3HH CIEAYD-
IMe TeMnepsTypHWE MHTEDBANN WX OODPS30BaHMA: 272-120° ANA MECTOpOX-
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nesua CnaBAHKE, 267-70°C InA MecToporzenua Kroso, 260-80°C ana wmecro-
poxpeHuA MuxanKoBO, 250-120°C ANf MECTOpPORZEHHA JCTpEM, 160-90°C ans
pyzonpoaBneHua JlocnaT u 130-90°C A7 MECTOPORZAeHMA Yunmposmu. JInA Me-
cropoxzesuA Baoak A.JlendesuM u C.JMMMTDOBHM /4] OTMEyagTCA TeMnepa-
Typa Bume 300°C.

06pa30BaHME OTLENBHHX MUHEDaNbHHX NMAPareHe3UCOB NPOMCXOAUNO0 B Go-
7iee y3KOM MHTepBazne TemnepaTypu. Kpoue TOro, BO BCEX MECTODORAEHMAX,
H3YMHBA OT DSHHEI'O K NMO3LHMM MAP8reHE3MCaM,Ha0NNA8eTCA NOHUEEHME Teu-
NepaTyp MMHEpanooGpa3oBaEuna. B PALE CAYyYaeB, OHAKO, YCTaHaBIAMBAETCH
¥ DEKYDPPEHUMA TEeMNEpPsTypHw B Hauane Kaxpolt mocnezyomeid crTaguM MUHEDa-
AN330UK.

llonyyeHHHE HBMM ASHHHE MO TEMNEP3TyPaM IOMOTEeHM3aLUM BKAKYEHUH B
MCCIe[OBAHHHX MMHEPaNaX HaXOAATCA B TEX K€ MHTEPBANSX, KOTOPHE NDHBO-
IATCA ANA HUX DAZOM MCCNEZAOBATEZNER I'MAPOTEPMAaNBHOIO PYA0OCPA30BaHMA,B
YsCTHOCTH (MOOPUTOBHX MecTOpoxAenmit /I1,13,17,18/.loaTBePRIEHH TaKREe R
HAOJJanIy¥ecs pas3fFdéd B MHTeDBaJe TeMIepaTyp KPECTARJUIMBALAN OCHOBHHX
Macc (awopuTa B DYyAHHX TEMaX - 20-40°C u pexe 45°% ANA KANBHEX ¥ 40-
90°C zns MeTacoMaTHYECKMX MECTODORAEHMA. [IpUYMHOHN 3TOr0, KaK OTMEU3ET
1.C.Nysasos /I3], aBIReTCA TOT (aKT, YTO MPOUECC MMHEDPaN00ODPa30B3HUA
H8 METBCOM8THYECKHX MEBCTOPORAEHMAX NPOMCXOAUT 4aWe BCETO NOL I'OPU30H-
TaMM KPACTANIMYECKUX CNAHIEB, MIDIDWAX PONb SKPAHOB AAA ({TOPOHOCHHX
PaCTBOPOB, T.E. DYZAOr6HE3 MMEET MECTO B YCNOBMAX COlNee 3aKpHTOU cucre-
MH, YEeM TMpPW KPUCT3 AAM33LUM QNOOPUTE B ENABHHX CTPYKTYPaX. _

TakyM 06pa3oM, NO AGHAHM MBYyYEHUA ra30BO-RUIKMX BKAKNYEHuM,0CHOBHAA
4yacTh QawopuToBoit MuHepanuasuuu HPE o0pa3oBanack B CPEAHE— W HUBKOTEM-
NepaTypPHHX YCNOBUAX,M TONBKO (NOODUT U3 rpeii3eHOBOrO MECTOPORAEHUA
BaGax (GOpMUPOB3JNCH NDW TEMNEpaTypax BHUE 300°C. QTOPOBOCHHE TEDMH,
OYEBMAHO, NPHUHAZANERENN K CN8COKOHIEHTPUPOBAHHHM (YCTSHOBIEHH NpEUMy=
WECTBEHHO ABYX(a30BHE I'a30BO-KUAKNUE M OZHOPa30BHE HUAKME BKNOYEHMA)
MCTHHHEM BOJIHHM P3CTBOD8M (TOMOTeHW33IMA OCYLECTBAAETCHA TONBKO B EAA-
Kyo ¢a3y). OrnomeHme JnoopuTa ¥ CONyTCTBYOWUMX MMHEP3NOB NPOUCXORUNO
NpM HM3KOM ASBAEHWM M H8 HEOONBUMX IAyOMEEX (OTCYTCTBYOT BKINYEHHA C
ANZKO# yrnexucnoroft). [OBHUEHHAA KOHIEHTPALUMA MMHEDaJI000Da3yLWMX paCT=
BOpOB ObNa XapaKTepHs EIMHCTBEHHO ANA MECTOPORZEHMA YCTpeM, Izg OHMH
BCTPEYEHH, KK yX€ OTMEU3NOCh, M I'330BO-EMAKNE BKAOYEeRMs ¢ TBeprofl §a-
30it. CAeN8HHNE BHBOZW O KOHUEHTPALMW DPacTBOPOB M JABIEHHK NOATBEDEAS™
0TCA GONee TOYHNMA ASHHHMM, MOAYYEHHHMM METOZOM KDPHOMETDHM U M3ydyeRUA
COCT3Ba ras30BoOil (83w BEADYERMH /23, 247.
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YIK 553.261.553.634.12
BEPTUKAIBHAA SOHANBHOCTDH @MOOP/TOBMX MECTOPOXIEHMN IEXOCIOBAHVIM

¢.Palixuan
llenTpanbuult reonoruyeckuit uscruryr,r.lpara,YCCP

Mecropormennsa dmoopaTa M GapNTa DACIONOKEHH B fupenesnax Yewckoro mac-
cusa. MecTopommeHnsa GapuTa MvenTcs Taxke B Cnomaxun, [iaBREE mEKM Fi1o-
ODUTOBOH W TJ0OPATO-GApPUTOBOH MUHEDANN3AUNM MPOABRACA B YewcKOM mMaccnse
B [OC/IEBADUCCKOM MEPHUOLE B TEYCHME TpHAca = OPH..

QnOpUT BMECTE C O3pUTOM, KBaplUEM, DEXe C cynbfupasuMu CBUHOS ,Ke7NE-

88 (Mezu) ¥ KapOOHSTaMM OGPa3yeT I'UAPOTEDM3NBHHE MECTODORZEHMS EMAL—
HOPO ¥ NPORMIAKOBOI'O THN8. PenHO BCTpPeuseTCA MeTscomaTHyecku#t Tun (Ha-
npumep,MecTopoxzenus fABopka y BecTBMHW B Kenesswx ropax, Kpauzaew y
Jucepua, Tenaune). Ha HEKOTOPHX MECTOPOXJEHMUAX ONOBAHHO-BONBJPSMOBHX
DPyA NOKANBHO NPOgBNAGTCA BKPSNNEHHHE TN (NOODPUTOBOM MMHEDSNU33LMUM.
CrpsTudopMene OG3pUTOBHE DYAH M3BECTHH H3 MecTOpoxzesuH T'opHu#f Besewos.

B Pyauux ropax paspg03ThHBIETCHA MECTODOXAEHUE (noopuTa Monusss,nue-
0TCA T3KRE MECTOpPOXAeHMA bnaryses, I'paauuTe W BpxocnaB. PasBeznke ocy-
UecTBAAETCA H3 MeCTOpoxAeHuaX Kosapmcka, Kpaceuii Jlac, lnuvak, Tennune,
Mongasa Il u MoamaBa-Banenuna. B KpxoHOWCKMX ropax Ao6wBaeTcA Gapu-
TOBaA M (noopur-GapuTosas pyAa B EuTeickolff ropHoft cucreme, BO (awOpH-
TOBOM pPyZHOM none KpaMXeHH 38KOHYMBAETCHA A0O0HYE Jawopura. B Jyxwmuxoil
06N3CTH YENCKOrO MEJa BEAETCA AOOHY3 M D83BEJAKS B 007NaCTH Lnose-CHEE-
HuK. MecTopomzenue Kpacuwa Jluna mRaxomzuTcs B lInykHoBcKoM oTpore. B Cno-
BaKUM O3pHUTOB3A DPYA8 AOOHBIETCH HA MECTODORAEHMM PyZHAHH.

®ni00pK i OBHE MUTH KMEWT AMH3000pa3HH{t XapsKTep npu MONLHOCTH OT CaH-—
TUMETPOB A0 3 M u Conee. OBM CBABSSHH C pPa3NOMaMW, NPOXOAAWMMMA 4YaWE
BCEIO NOZL 83MMYTOM 130-150°. Bo $MmoOpUTOBHEX EUNBX MYABCUPYOLUKUE NONU-
8CHEHAGHTHHE NPOUECCH NPOXOAMNM B TEYEHHUE OTHOCMTENBHO ZOAr'Or0 Nepuo-
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[Pz c. I. MakpoTexcTypa RWJH, KBapueshfi Bai Ha MecTOpOXmeHMM I'appaxos
lpemep MEoToa30BOft MMHE pATMB3AIME
I - rpanur; 2 - mexesmcTHil KBapu; 3 - MOJOYHHE KBApI; 4 - @umoOpHT
(ranenut); 5 - Gapur; 2-3 - maparenesuc kpapua; 4-5 - napareHesHC
| mosmHEil GapHT-QNOPAT-TaleHAT

E 78 BpEMEHU C Y3CTO NMOBTOPADMMMACH TEKTOHWUYECKEMM mozpBuxkamm ( pac. I).
| Mupepsnu3anus B TEKTOHHYECKAX 30HAX MME8T cTONG00GpasEui xapakrep.He-
| PyAHWE yYaCTKM YEPEAYOTCA C MUHEPAAN30BaHHEMM. HENpPOAYKTUBHHE NAO0L3ZLH
Ir'*llul B GONBUMHECTBE (ANOPUTOBHX MeCTOpokAeAnit cocraBaawT 25-35% o6~
;Inﬂ nnomazn Ema. Crkonnesus GA0ODMTE BO3HUKSWT B PE3yNbTaTE LNUPKY AN
| PHApoTepManBEEX PSCTBOPOB HA GONBUOH raAyOuEe C BHCOKMM COZEDEAHMEM
' Nacl, Ha ocHOBE pe3yABT2TOB MCCAEA0BAHMA 31.BeHEwOBOH (LI, Mpara)
TeunepaTypHEulft MATEpPBaN 00pPs30BAaHUA TASBHHX TUNOB PyA fawopuTa Konedan-
“ea or 80°C zo 160°C.
g BeprukanbHag 30HSNBHOCTH (AOOPUTOBHX MECTOPORAEBRMM TecHO CBA33HA C
. 00muM IayCMHBEM D83BHTMEM EMI H8 MacTOpOxAeHAAX.3n. [oyda(I970 r.)oGo6-
UUn TreRepanbiHe 96PTH 00P830BAHMA DPYABHX MECTOpORAeRuMi. [IpW BTOM BaM-
Gonpuae 3B3YEHME NPUOGDETANT CHEAYOWME BONDPOCH.

I. T'ny6vHa BOBHMKHOBEHMA MOTMATHYECKUX TEIN.
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P m c. 2. MecTOpOXIeHNA ¥ DyLONDCASSIEHEs (UMODHTA ¥ Gapmra B UemCKOM
maccrpe, CocraBneHo no fA.T.Bepuapmy, Bx.Carrpany, f.Mnasckomy, K.lo-
veuxe, #.Xpry = ap.

A - MECTOPOXIEHMA ¥ DYAONDOABJNEHNA BaPHCCKOTO mepuoma: I - qumoo-
pET B pydax Sm, W, Mo, Li, 2 - OapUTOBHE DyLH C HDOJEMETANIAMM M Kap-
GoHaramu, 3 - EKBapu—fUmCpUTOBas DPyAa, 4 - GApETOBAA C TEMATHTOM U
KBapueM pyia; B - MeCTODOXINEHHS M NDOABJNEHHA IOCTEBAPHCCKOTO NEepmoja:
5 - kBapueBHe DPyAH ¢ (UIODHTOM M CapuTOoM, 6 - GapuT-fumopnToBas py-
Ia ¢ cynefumamu, 7 - Gapmr~{umopHT-kaploHaToBad pyua; C - ansmmickus,
HeOWIHHE MeCTODORINEHHA M NpoABJeHMA: 8 - KBapu-{moopHTOBas pyza, 9 -
fumcopuT-GaprTOBanA pyma

2. OTHOCHTENBRN} TpafMEHT 73BIEHMA ¥ PAyOUHE OGPI30B3HUA MECTOPOR—
nennit.
3, BaufHME TOPMCTOCTM NOPOJA H8 BEPTUKANBHWH pasumaX mecropoxaesuil.

4, TewnmepaTyps ¥ NpPEANONaraeMas IAyOMHA MCTOYHMK3 DY OKACHHX PacT-
BOPOB.

5. I'1yGMH8 2pPO3MOHHOI'O CpPEBa H3 MECTODORZIEHUAX.

llpy 0Gpas0BaHMM MECTOPORAEHME (npOpMTS CONBUYL PONb CHI'PaAM CONE-
HHE BOAH. Ha ABMEeBME (AOOPUTOHOCHHX PSCTBOPOB 3H8UMTENBHO BIASIA YPO -~
BEHb NHQUIBTPAUMOHHHX BOJ, NOPUCTOCTE GOKOBHX NOPOA M OCWEE TEKTOHU-
YgCKOe nonoxesue (30HH TEKTOBMYECKOR aKTUBM3BNUM, ONpeZeNeHEHE NpM HC-
CIEZ0BSHMAX (MOOPUTOBWX MecTopoxpenuit 3adsitxsnbsa A,J.ilersosum) MHTEPEC
HEM ABNAETCH TAKHS BIAAHUE DK3OreHHWX (AKTODOB.
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‘P c. 3. Bepraraushult pasmax mecTOpoRIeHuf fumopwmra B YCCP

, I - Kosapxcka; II - T'appaxos; [l - Mosmasa; IV - Bpxocnas; ¥ - I'pa-
" mmore; VI - Kpacuit Jec; YT - Becremna; Y - Kpacra Juna; IX - floso-
ne [I-Cuexunk y Jleuwna; X - Brarymes; XI - Kpswmauu. Tpoduns pyx: I -
dapn'ronhm 2 - dvmopmroBuft; 3 - KBapueBnii; 4 - TeMATHT-KBapUEBHit;

5 - xapGoHaTHH}l; 6 - HesCHHE; 7 - MBMEHYMBOCTH KWIBHHX MMHEDAJOE;

8 - camoe IyyGoKOe BCKDHTHE DyX; 9 - NMPOTHO3 GJATOIPUATHOTO DASBATHS
XA Ha IoyOmHy; 10 - HesicHOe NpOMONREHME WA HA TJIYOHHY

I; : g A 15 g B 2
100~ == 100+ o %
E i =71 ' —7¢ — %
f zaa—d____ 2 zaﬂ—_ /
L . 300 7
- R 0 T
4004 #ﬂﬁ—r"'

E_P ¥ ¢, 4, ConmocraBjenue cpemgHe#t IJIyCMHH DaSBHTHA KWILHHX MeCTODORIEe—
HEt B JewckoM maccuBe cO cpeidefi TuyCmHOfl 3aneraHus (UIOOPHTOBHX MeC—
TOPOXTEHH

A - usydeHHHt TIyOMHHH# pasMax MMHepaJMsalli¥ B meTpax; b - E3ydeH-
HNi ¥ npepmoyaraemuli pasMaX MMHEDANMSATEM B MeTpaX; I - CpemHaA Tay-
OMHa MPHepaJM3aly M3 BHOODKE 74 EAJTBHHX MeCTODOXAeHM!! B YemcroM mac-
" WBe; 2 - CpelHAR IVIyOEMHA MyHepasmsaury #3 II (uODMTOBHX MECTOPORIE-—
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TaGnuna I
Bansiene p33NOMHOE TEKTOHMKM H8 PAYOMHY (ADOPUTOBOTO ODPYAEHEHWA

30H8 ps3noua OpreHTHPOBOYHAA |3B8CTHAA MaKCHMAJBHAS TIyCu-
OPOTAREHHOCTE M Ha {mopnTOBO# MAHepaIM3almy,
M
KoBapxcka 5500 500
Monnasa 5000 650
T'appaxos 3000 420
TaGmuua 2

BaugHME PYAOBMEUSOLAX NOPOA H8 X8PSKTED OPJAEHEHUA HA IAyOUHE

MecTopogzeHUe dnauuecKue cBoilcTBa DyZOBMEWSKWMX NOPOA HA TAyOuHe
BnaronpuaTHLE ANA pas-— HeGnaronpuATHHE ANA pas-—
BUTUA MUHED3IM38LuuK BUTUA MUHEP3NMU38INN
I'papuure IlByXCIOAUCTHE I'PaHATH Kpucrannvyeckue CIsHOH
ilnose y Jleunna KBaplieBHE NECY3 HUKK TnnHucTHE 8pIrUNINTH U
878 BPONUTH
Bepxocnas KBapneswe nopgupu Tpannr-nopdpu

llpeacTaBnaeTea, 4T0 BIUAABKE ouocdep Ha 00p830BIHME BEKOTODPHX THIIOB
Gn0OPHTOBHX MECTODOXZEHuI B ZOCTATOYHON MEPE HE OlUEHEHO. BMECTE C TEM
BIMAHKE NEPUOLMYECKUX 8TMOCPEPHHX M3MEHEHM!l H8 NOBEPXHOCTH,HECOMHEHHU,
OTP3E36TCA B TEHCTYDPHOM CTPOEHMM (ANOPUTOBWX HUJA, HS8NpDUMED, HE HEOre-
HOBOM MECTOpORZAEHMM [mose y Jleuusa (puc.2,3),4T0 BHPIHEHO PATMUYHHEM
YEDEZIOBSHIEM OTZAE/BHHX MAKDOCKOMMYECKMX TONOC KBADNA M (PnOOpUT3 B KO-
JOMOP{HHX NONOCYETHX pyZAaX.

lio i.I.Kyunapesy (I970 r.),peanbuli BeDTMKeNBHNM AuaNa30B (n0OPLTO-
BO MMHepanu3amuu B NEpPHOZ PYAOrenesa cocrTasageT 500-3500 u. Onpezene-
BME TOYHOI'0 PaCNpOCTPSHEHUA (NOOPMTOBHX MECTODORAEHUE B8 TAYyGUHY B BI-
CTOAWEEe BpeMA 33TPYAHUTENBHO M3-338 pas3nuusofl rayOuHH SPO3MOHHOrO Cpe3d
(cm.prc.3). Cpeansa rayouns usydernoll K BOCTOANEMY BpEMEHH MUHepann3a-
Ouu M3 II QmoopxTOBHX MECTOpOXZeHMM cocrasmaer 230 M (puc.d).

®3KTOPH, BIAMAOWME HS DP33BUTHE (NDOPUTOBHX KMN HA Tayouny

Ha rayousHnoe paasurne‘@nnopnrosux MECTOPORAERNY GnaronpusiTHO BAMA~
©OT ConbwO# AMBN830H, PETHOH8NBHWE DS3NOMH C AAUTENBHON TeXTOHMYECHOR
axTuBHOCTED. [lo A.J.llernosy (I972, I976 rr),6N8ronpuATHEME AN BO3HUK=
HOBEHUA (NWOPUTOBHX MECTOPOXAEHMN ABAANTCA T.H. 30HH TEKTOHO-M3TMATH-
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7 ¢. 5. CxemMa DAaBBWTHA IepPBMYHO! BePTHKANBHCH B0HAJNBEHOCTH MECTOPO-
eqmit fumooprra B UCCP

- I - MecTOpOXIEHEA BaprCCKOTO-NO3IHEBAPHCCKOT'O Ilepuoia, & - Gapu-
T0BaA+IeMATHT-KBAPIe3ad 30Ha, O - (OKOHYAHVe MO3AHEBAPHCCKON MiHe-
ANINBANAY) KBADLU4+TeMATHT-KBApleBasd, (UOpAT+CapNTOBAA 30HH (HampiMep
croporiesna Tpagmmre, KoBapikcka); 2 — MECTODORIEHMA MOCJIE@BAPHCCKOTO
lepuosia; 3 - albnuficKue HeoreHOBHe MecTopomienus (oman); 4 - mocle-
BADHCCKME MECTODORIEHRA; S — NOCNEBADHCCKME MECTODOXUEHNHA, RUIBHOS
oJHeHMe: € - GapaToBoe, 7 - dfumcopuTcrBoe, 8 - KBapueroe, 9 - Iema-
PMT-xBapuesoe, I0 - npuOHBaHVe WM yOWBaHME RWIBHHX MUHEDAJOB

JecKoii aKTUBANMK. Yawe BCETO NMPOUCXOAMT SKKYMyAROMA fnoopura B o6ng-
THX CHpeWABAHUA TeKTOHMYecKuX muBult (radm. I). Ha paspuTde (/0ODATOBHX
R BMA0T Ju3@YRCKAA CBOWCTBA DPyLOBMemAanuMx mopox (paszad INIaC TUIHOCTh,,
I0pUCTOCTh, TekcTyra (Tadi. <).Ha rayomuy pacmpocTpaHeHUs (VIOODHUTOBHX
MECTODORIEHAH BAMACT TaKXe TeMNepaTypHHI METepBaZ 00pa30BaHMA (/OCDNTAE.
llepB¥yHaA BEPTUK3INBHAA 30HZNBHOCTH EUABHHX (ANOPUTOBHX MeCTODORIaHni
ITJA9a2 TCA Npeo0nafaHneM OapnTa BOAASM NOBEDXHOCTH, HA T/yCHHE yBeId-
B3ETCA pONb (MWOPHTa, 8 eue rAyoxe - KBapua (puc. 5).IllpeacTssinenuns
 30HZNBHOCTM RANBHHX MUHEDANOB B NEPHOZ NEPBMYHOrO PyA00C6p330BIHAA
IEN0NH08, TAK KK OHA M3MEHANECH NOJ BIMAHMEM H8IOXEHMA MOJNOAHX MUHE-
Janos (puac. 6).

BropuyHas BepPTUKANBRAA 30HANBHOCTH OTANYSETCH BHPS3WTENBHHM MONKAC-
QEHIEHTHEM NYABCHPYOMAM X8D3KTEPOM. [IpMBHOC GONee MONOAHX MMHEDPAOB
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MpOXOAWI NIOCJE TEKTOHHYECKOTO DACKDHTHA TPEWMH ¥ APOGNEHNs IepBOHAYA-

gpaofl xwibHO# MaccH (pue,. I).

BraronpEATHEME (BaKTODAM# NPOLECCOB MMHEPAJH3AIME B DAMKAX BTODMY-
HOt BEPTMKANBHOA SOHANLHOCTH ABJANTCA clefynmue: a) CONBuO# npweHOC
camoro moJozoro qumopmTa Ha Tuydmie 300 M M CoJiee KOMIEHCHDYeT yBeJHA-
yppapmeeca ¢ IuyCmHo#t comepxanme KBapia dosee npeBHEX cranuft (Hampw-
mep, Mecropoxuenwe Moynasa; puc. 3, 6); 6) mocJe.TEKTOHMYECKOTO Lpol-
JieHHA NEePBOHAYAJNEBHO! KBapneBOf RWIH NPOMCXOLMT OTJOXeHMe fumoopmra 60—
Jlee MOJIOOHX cTanuit, CapuTa ¥ cyibdrnop (HampEmep, MecTopoxiexme I'ap-
paxoB; puc. 3, 6),

HeGnaronpuATHHEMY (axkTopaMé NPOLECCOB MUMHEDANMSAIMM B DAMKAX BTODH-
gHOfl BePTHKANEHO! BOHAJNBHOCTH ABIAKTCA: 4) (WIOODUTOBOE XWILHOE BHIOM-
Henue Ha TuyOmHe IC0-300 M, mepexomsmee B KBapn (Hampumep, MeCTOPOR-
neHme Bpxocnap); ) mosguve cynbfEnH (IMpUT, peXe MAPHASHT), SaMeman-
mpe NepBOHAYAJIPHYD UOODMTOBYL WIM (UOOPHT-CADHTOBYK XWIBHYL MACCY
(sanpemep, MecTopoxLer¥Me I'panumTte); B) KapOOHATH, 3aMelapiye Ha Ty-
6rHe 100-200 M panHuft qumoopwT ¥ dapmr (Hanpumep, MecTOpOXLeHue Kpxy-
XaHH); T) NO3AHMHE GapET C HMBKEM COILepRaHWeM (UIOOpMTA, BaMemanimi
pasHuft qumoopuT ¥ OapuT Ha TuyCune (Hampumep, MecTopoxuenve I'pagmuTe).

Ha ocHOBe U3y4YeHUs BeDPTUKANBHOZ BOHANBHOCTE QNOPHTOBHX MECTODOR-
HeHr#t UexocJOBak®¥ MORHO CHENATH CHAGIYOUME BHBOIH.

I. QmoOpHTOBHE MECTODOXIEHMS MPOLOJRANTCA HA OTHOCHTENBHO COJBLyD
rayomey (500 M ¥ dojee) ¢ pasSBHTHEM NOJIMACHEHIEHTHO! BEDTHKANLHOR 30—
HaJbHOCTH.

2. BraronmprsATHWe INEPCHEKTHBH HA TJIYOMHY MMEXNT B OCHOBHOM IIOJIMI'€H-
HHE MECTODORIEHNA C KOMIIOKCHHMM Dylamy (Hanpuvep, GApMTORHE, GapuT-
@IOOPUTOBHE , (UIOOPUTOBHE WIM KBADI—~QICDHTOBHE ).

3. MecTOpORLeHVA MOHOTeHHHe (Hampmmep, JUOODHT-KBADIIEBHE) MMEXT He-
dosBmoe IyCMHHOE pacmpocTpadeHve (MecTopoXNenws Bpxocsas, Biarymes).

4, BraronprATHHE MePCNeKTHBH HA TUyowHy B YCCP MMENT MECTOPOXIEHEA
Monzasa, Kopapwckz w Tappaxos (B Nepsyp OdYepens).

-
P u c, 6., Cxeva DasBETHS BTODHYHO! BOHANBHOCTE HA HEKOTOPHX (WIOODMTO-
BHX MECTOPOXIEHMAX Ha TJIyCHHe

I - TappaxoB;Il - Mosraea; I - BpxocaaB; IV - Kpxuxanu, RWIBHOe BH-
nonHeHwe: I - GapuroBoe; 2 - {VIOOPUTOBOE; 3 - KBapuesoe; 4 - remMaTuT-
KBapuepoe; 5 - raJeHUTOBOe; 6 — KapdoHaTOBOe; 7 - NMpHCHBaHWE WIM yOH-
BaHVe KWILHHX MUHepaJioB Ha Iuyluie; 8 - camuft IuryCokml ypoBeH: REIB-

- Hoft Mumepaymsanum; 9 - MPOTHO3 GIATONPMATHOTO DASBHTEA MW HA TJIyOu-

1

]

Hy; I0 - HeAcHOe IpPONOJKEHME R Ha Tayluny; Il - odosHaueHMe nochae-
LOBATENBHOCTY OTIEJBHHX CTauuii mMuHepanuzaumu; 12 - HanpaplleHWe OTJIO-
KeHns MMHepaJoB; I3 - rpaudaT; I4 - nmopfmp; IS - dwwmTH

23. 3ak. 490 353



YIK 553,634.12.065.1
IAHHHE O XUMWYECKOW NPUPOLE @JIOOPUTOHOCHHX PACTBOPOB HA OCHOBE
VBYYEHUA OIOMAHHX BKINGEHEN (TIAZAT, BOITAPHA)

H.B.llunepos, H.l.lexnues,B.ll.3uaaposa
MHEcTUTYT oOme# ¥ HeopraBMdecKod xuuumu, T'eonoruvyeckuil MHCTUTYT
Bonrapcko#t akamemun HayK, r.Cofma, HPB

®n0OpUTOBSA MMHEDPSAMBANMUA HA MECTOpORZeHMM [lanaT, BEpPOATHO, CBA3AE-—
H8 ¢ NocTBYAKaEMYecKolt (maelicTromes) ruApOTEpMANbHON ZBATENBHOCTHD.Mu—
HepaneHH{ napareHe3uC, NOMUMO (NOOpUTS, BKIAWYAET KBIPL, KANBLUATH U HE-
KOTODHE TIIMHHCTHE MHHEPaAH. KpucTanaw (apOpUTE COZEDPEAT rasOBO-EMAKME
BKIOYEHHR C TeMmneparTypofl romMoreHusanmuu 150-180%.

JeKpenTo0apOMETPUYE CKUMM METOZAMEN MCCNeZO0BaNaCh ZEKpenuTanud.C
UEe/B0 PETMCTPANAM AEKPENUTALMM UHAUBUAYSNBHHEX BKADYeHA! MCNONB3OBaACH
npudop [IeHBMBTE M CKOpPOCTHOH# cswonucen. [lpm Barpese B Baxkyyue (raso-
Bult @HaNMB) BHAENANUCH NETYyYME, NPOSHANMBUPOBAHHNE HE8 yCTaHOBKE IImpa-
HM, B K8YECTBE 3HBNM33TOpa OCWEI'0 A8BIEHHA (HZO). ¥ MaCC~-CNEKTPOMETDH-
gecru (H8 002). Jina onpenenesda CONEHOCTH MCINONB30BERA MUKDOKDPUOMETDHS.

JcTaHOBNGHO, YTO MMHED3NO006pa3yDEUE DPaCTBOPH CI8GOMMHE DAaNM30B3EHH,
TPMHESANGXST NMpPEANONCRUTENEH0 K TUADOKADGOHSTHOMY THUNY M HACHNEHEH COZ.

YIK 553.634.12.065.3:553.2
TEPMOEAPOTEOXUMIYECKIE OCOEEHHOCTM OBPA30BAHUA ®IOOPUTOBOIO
OPYZIEHEHNA TAHB-UAHA

B.C.lonuxoBcKul
"TankeHTreonorug” ML ¥3CCP,r.Tamksur,CCCP

Tanp-llass ABAAGTCA OAHOM M3 KPYNHHX (AOOPUTOHOCHHX NPOBMHUMA Mmpa.
Ipr ¥3ydeHAR OCHOBHHX TeHETHYECKMX THUNOB (ANOPUTOBOH MMHepaaM3anuy
Tapep-llanfa, Kp8TKad X8PSKTEPHMCTHUKE KOTODHX NPUBOAMTCA HMEE, 0c0008 3HE-
YyeHUe NMpPMOGPeTanT ONpeAeNeHMA MX T€DPMOGAPOreOXMMAYECKMX XapaKTEPUCTHK
B cserTe yuenua H.l.Epuaxosa /[2/.

MarumarTnuecKH# T Wn GuoopuroBoli MHKEEpaIM3aIMM,00pa—
3ypmuiica B nponecce ZuddepeEOMAlNA ¥ KPUCTAAAMBAEMA MaTMH, NPOABAAET-
CA NPEMMYyUWECTBEHHO B MBTDY3MBHHX MOPOA3X: 8NACKUTOBHX I'DSEMTEX, I'pa-—
HATONOpIMpaX ¥ WENOYHHX I'DAHUTOMASX. Q/NOPUT COZEDEMTCA B HMX B BUME
pscCcefBBO#l BKDSNNEHBOCTM M OTHOCMTCA K 8KUECCOPHO-jAwOpMTOBOR fopma-
Oud.

BrawyenuA BO (ADODUTE M KBIpUE ASHHOI'O TUNE YKISHBSNT H8 00pas30Ba-
HME MX W3 pacnnsBoB. HaGnoAsOTCA NepPBUYHHE, NEPBUYHO-BTOPUYHHE ¥ BTO-
PHYHHE BKIWYEHMA. K MEDBUYHEM OTHOCATCA BH/AOYEHHMA , COZEpPRAWME KpH-—
CT3NAH MHUHEPANOB, OAUHOYHHE M CHMNNMECH KSNAEBMAHHE BHAENEHWA KapoO-
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. §8T8 U KBSDUEBOr0 CTEKNA, 8 TAKEE MHOIOYMC/EHHWE MHOrO(asOBHE BEIOYE—
BAA, TBEDAHE BKIWYEHMA 33BMM8NT COoABUYD 9acTh Bagyomu (70-90%), raso-
Baf cocTaBaAbusA AocTarse? I0-I5%, muzKeA ($a38 COZEPEUTCA B KONMYECT-
g8 nopaaka 10-20 %. Benouenus OOCHYHO COAEDPEST HECKONBKO 3HW3OTPONHHX
| KPUCTaANMAKOB, CBOAOBOE MDOCTPAHCTBO MEXAY KOTOPHMM 38NOAHERO I'830BOM
. (a30ii. laorzs rasosas fa3a aTUX BKIOYeHUH oGocoOneHs B 4yeTKull wspoBua-
puft unu cnerxa zefopumpoBaEBEH# nyswpek. TemMnepaTypH, NpU KOTOPHX TBEP=-
. zue (a3b BKINYEBUM NEPeXOAAT B  pacIIaB-pacTBOD , HAXOAATCA B MHTEDBA-—
" 18 600-850°C, meBmemme 0,5-1,5 RO8p.

JanpHetouMy MCcneOB8HUAMEA (AOOPUTOBOM MUHEDSAM3aLMM ASHHOIO THUIA
. MOT'yT OHTH BHABNEHH (QMOOPUTOBHE OCPa30BSHUA B CBABM C MOHIOHAT-CUEHM-
| ToMM M e fUMT-CHEeHHTAMH.
: Tasopad (asa BO BKIDYEHMAX B 3THX (noopurax He npeswwaeT I0%, uTo
. yKa3HBAaBT H3 CP8BHMUTENBHO HECONBUME JABIEHHMA,CYyLECTBOBABUNME B TMpONEC-
- C8 PaCKpUCTaAAN3aNUM pacnnaBa. TemnepaTypH 00p330BaHMA STUX (M0OPUTOB
. movamka 800-870°C. B akueccopEOM (NOOPUTE WHTPYSUBHHX MOPOZK MOTYT
. [PUCYTCTBOBATH KAK BKADYEHMA DACIIABE,TAK ¥ BHCOKOKOHLEHTPUDPOBAHHHE
'BENDYEHWA M8rMAaTOreHEHX (Qnouzop. [locnepnum cpoiicTBeBHH cnezyoume (aso-
- BHe coornoweBMA: I':E:K=T5-25):(0-I5:F5-60
Teepaue (a3 NpejicTaBAANT COGOM KPUCTALNMKN, CIAMSKME MO CBOMM ONTH-
 YECKMM CBolicTBaM K XIOpMZSM N8 M K, a TaKKe pYABHM MUHED3nSM ,
. (gaoopury ¥ Ap. I'OMOreBUS8UMA STUX BKAWYEHWN nmpomcXOZUT npu 680-720°C.
3 TlpoaBneHMA MsTMaTOreHHOr'0 fALOPUTS MOrYT OHTE TaKXe BCTPEYEHH B CBA-
| 3M C pacnnsBaMM YNBTP3OCHOBHOTO WENOYHOrO COCTEBA, KOTOPHE OCHYHO NpH-
. HAMA0T yyacTHe B (JOPMAPOBEHMM (MOOPHTOHOCHHX K8PGOHATUTOB, 8H8NLOTHY-
" HHX BCTpeueHHHEM B Bocroumsx Casnax u TysuBCKOM Bnazmse /7,8/. B ammx
. @noopuTax NpACYTCTBYOT 33TBED/EBOUS BKIDYGHWA, COZEpEauue He Goues
- 5-10% ress u uUMEPUUE TEMIEDPATYPH TOMOTEHHBNUM NOPAAKE 600—?2000, 4T0
 CBHZETEABCTBYET 00 MX MAIMaTMYECKOM NPOMCXOXZGHUM U CYCBYAKSHMYECHHX
- JCAOBMAX KPMCTAANU3ALMK PacnnaBa. [laBAeHNA, X8PBKTEPUBYWWUE JCAOBUA
'00pe30BaHAA NOCAEAYDWMX, AOCTUraDT 4-6 KO8p.
~ TlposBueHus (MOOPMTS MATM3TUYECKOTO TUNA YCTIHOBAEHH B CesepHoM,Cpe-
ZuBoM (Kypammeckmit, CapHKOmbCHuit xpedTu) u KxHom Tanp-lame (Moroaray).
- DervMaTunToBHRE Tun §@uoopuToBodl MUHEpPaNM3alUM BHABIEH
‘B Bapajmaso-TuccapckoM((munl Tans-Uass) u Yarkano-Kypauuuscrom (Cpezme-
‘Huit Taps-lass) paionax, rze GAOOPUTCOAEPRA3WME NEIMETUTH CBA38HHE C 000-
AUEHEEMM (TOPOM I'PAHMTAMM M WENOYHHMM NOPOASMU.DNOODUT 8CCOLUMMPYET C
Pasnoo0pa3BEHMM (TOPCOZEPRAWMMA MMHEDaNaMM: OMOTHTOM, TYPMSIAUHOM, 8na-
TuToM (IDSEUTHENE METMATHTH), LEAOYRHM SMQUGONOM, MMDOKCEHAMM,NENHAONA~
'TOM § peIKOMeTA/UIBHHMA MAHEpaJaMd (wWeJOYHHE NEerMaTHTH).
.~ TleruaTuTaMm cBOHCTBEHHH CIEZyoWME TUINH BKADYeHMH: TBepAwe (KpucTan-
Agyeckue ), 38TBEPAEBUME (BKAOYEHUA M8TM3THYECKOrO P3CNNaBa), MOHO- M
MONMKPUCTENAOra30BHE, MOBO~ B NOMMKDUCTANNOKUAKNE, TABOBHE (BKIOYEHHUA
"Cyxux rasos", CYWECTBEHHO I'a30BHE U I'a30BO-EMAKME) M Ruzxve (Asyxda-
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30BHE, MHOrOjasOBWE C YI'AGKUCHOTOM M CymecTBEHHO EMAKME). TeMnepaTypH
TOMOTEHM380UN BKADUGHUM 33BMCAT OT DacNOAOKEHMA MHUHEDANa-XO3AWHA B
NErMaTHTOBOM TEJ6 M OT MAHEDPANOTHYECKOrO THUNA XMABHHX NETMaTHTOB.

B macroamee BpeMa B Tasb-llaHe yCTHOBNSHO NPUCYTCTBUE BHALYEHUN BO
$710OPUTEX TOMBKO PEIKOMETA/IBHHX NETMAaTATOB.OHM XapaKTepMByOTCA HAIM-
gueM 5-I5% rasosoit, &0-55% mupkolt m 40-55% TBapmoft gas. Um csoilce-
BEHHH TEMNEPAaTypH IOMOIEHMSAIMM MOPHAAKE 550~540°C, 500-430°C u 375-
310°C.

Bonee HM3KME TEMNEPaTypPH I'OMOreHMBAIUM OHAM ONpeZeNeHE AnA {awopu-
TOB MENOYHEHX M TPAHUTHHX 30HE/BHHX NEIME8TUTOB NAMPOBOIO THNA.

BKADYGAUA B HUX ABAANTCHA OCHYHO AByX$asoBuMM (xuakocTh 57-80%, ras
20-43%) ¢ T ooy 342-285° C , BHCOKOTEMIEDaTYDHHE MHOTOJa30BHE C yria-
KUCAOTOR ¥ T oy 338-280°C m P 498 Gap ¥ CpeAHETEMNEPaTyPHHE MHOIO-
(basoBue ¢ yraexucnorTol u Troy 290-260° C = P 348 gap.

Ilo apanorus c conpezenbBEMM TAHB-IsED paitoRamm Kssaxcrana u [lamupa
B NpeAeNax K3yYyaeMOoro PeTHOH8 MOXKET OHTH BCTDOUYEH (NOOPAUT B 3aHOpHIAaX
KAM8PHHX MM3pal0BHX NEIMAaTUTOB B I'DIHMTAX.

B aToM cayyae (A0ODPATH MOIYT XapaKTEepU30BaTHCA €mE O0N6E HUSKUMM Teu-
NepaTypaMyu IOMOTEEM3AIMN BKILYEHNH (260-19500) " 78BLEHMAMM, CBOMCT-
BOHHEMH MHUHEpazoo0pad3ybmuMm pacTBOpaM AsunOH ¢asw nopagka 350-270 Oap.

B cocTaBe BK/WYeHMH BO (UIOOPUTS OKpacK! (MOJNETOBHX TOHOB M3 KamepHHX
TEerMsTATOB NPUCYTCTBYNT CAEAYOMME COlM: NaF, NaCl, KCl, CaCl,,

CaF,, MgCly, Ca(HCO3),, CaSOy¥ Na,S0 (0 pesynETaTAM SHANMBOB MHAM-
BUAYaNBEHEX BKANYEHMH! W BOZHHX BHTAXEK).

B KONKYECTBEHHOM OTHOWEHMM JCTBHOBIEHO NpPEOONIZaHME XNOPUAOB M JTO-
PUZOB Haj OuKapOOHaTaMM M CyNbPaTaMd BO BKINYEHHAX GONEE BHCOKOTEMIE-
pPaTypPHEX (QNOOPMUTOB M3 METrMBTHTOB. PNOODATSM NOSZHHX cTazui#t o6pasaosa-
HMA NMErM3THTOB, ANA KOTODHX X3paKTEeDHH CP8BHEMTENBHO (ONEE HU3KWE TEM-
nepaTypH 06p&30B3HUA,CBORCTBEHHO NpeOOGNazf8HAE CYAB8TOB W OMKapOOHETOB,
H37, TajJOTeHANaMA B COJIEBOM COCTABE BKANYEHMI.

NAEeBuUaTOAMNMTOBHMU Tun @noopuroBOi MUHED3NUBALUN
NnozpasfeIAETCH Ha 7B NOATUNA: CKapPHOBHIl M rpeilasHoBHil.

CKapHOBHN mnmoagTnn GroopuTosoll MUHEPSIUB8 NN ,UME D~
uuit xpaitHe orpsHMUEHHOE pacnpocTpaHeBve B CpenubHOM TaAnb-llane (Cesepo-
YaTkansckaa M KypaMmunckaa nozsosu) ¥ Kmsom Tass-llane (Imccapckan 30H3)
X8paKTepu3yeT cOOOH CNORHHE NOAMIEHHHE NHEBMATONMTO-TUZDOTEPMa NBHHE
00pa30BaHif, CBASSHHHE C ABNSHMAMM OUMETACOM3ITOBE, KOTOPWE DPI3BMTH NO
8TEKTOHMYECKUM TPEWMHBM OTPHBA IDAHUTOMZHOI'O UHTPY3UMBS HE HOHTEKTE C
BMENIDMMMM 6I'0 K9POOHATHHMH WM BYNKSHOTGHHHMM TODOZSMU [I,B,g?.

Nayuenne Tra30BO-EMAKMX BKADYEHMN MO KARZOMY KOHKDETHOMY MECTOPOE~
AGHUD [I3HHOTO NMOATMNS NMO3BOAAET OTAGMAATH COJCTBEHHO NHEBMATOANTOBHM
aTan 0T GONee NO3AHEIO IMAPOTEPMBIBHOIO,3T3Na MMAEPEN00OPa30BaHEA, np#
KOTOPOM BOBHMKWNME HE GONEE DIHHEM BT8NE CK3PHOBWE TENa MIpaiu pons BuE”
W3 OIUX NOPOK.
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Mypepans COGCTBEHHO (MIOOPUTCONEDRANAX CKAPHOB COZEPEST BKADYEHMA,
AnA KOTOPHX X4D8KTEDHH CyuecTBEHHOE NpeoGnazsnue rasopoll fasm, a Take
H8NNYME KPUCTS/NOra3O0BHX COCTABAANNMX KOMIOHEHTOB, B KOTODHX yIJEKHC-
mOTA Y8CTO 38HUMBET BECHM8 CyuecrseHHoe Mmecro: Iy, I >(K+K), Pfr(ﬂy+
+1), Ty> Ky,

T'oMOreAn3anus NepPBAYHNX BKIAWYEHAH NPOMCXOANT NpEMMyUECTBEHEO B ra=-
| BoByp (83y npH TeMmepaType 480-3259%,
| OcoCeHEOCTED NNABHKOBONNATOBHX DYA CKEPHOBOI'O THN8 ABNAETCH UX Oy-
| pysAyusas TexcTypa, OGYCNOBIEHHAA YepeAOBAHMEM NOAOC QADOPMT C NOAO-

CaMM, C/OXEHHHMM TUNMYHEMMA CKSDHOBHMH MUHEDANSMH.

llo aHaJorEM ¢ conpsafeHnumm paiionavu [laMups @uOOPMTOBaA MMEEDPANM33-—
OMA MOXET OHTH BCTPEYEH3 T8KEE B CBA3M C MaTHETUTOBHMM ¥ (I0OPUTOBHMM
CK8DHAMH .

CnexyeT oTMETHTH, 4TO B CpepussoM TAHb-llaHe HEDEAKC BCTPEYANTCH
CHAPHEH, cozepxanue (ANOPUTOBYN MUHEP3AM38LUMULD, CBA3SHEYW Conee mosgmel,
TANpOTEpMaJBHOl, (as30ii QopMMpOBaHMA DTUX PYAONpPOABIEHMM.

B aroM cnyyae OHa ABIAETCH CocTaBHOM uacTr cKapHOBOWl aBApazuT-
KkansourT-meemuToBOM (Yopykaaiipos, YHKacgi) M MarHeTUT-IaneHUT-cHazepu-
roBoit fopuamuit (AnTwRTONKAH, YanaTa, TaulymsK M 7AD.).

T'a30B0-KUKNE BHKINYBHMA BO (nowOpUTax, OOPa30BABUMXCA HA TUAPOTED-
 ManbpHEO! CTSAMM CKAPHOBOT'O NpPOLECCA,X8PaKTAPUBYOTCA IOMOTEHM3amuelt B
KUAKy0 @asy NpevMyuecTBEHHO MPH 235-19U°C, 8 HauOOnee 1o3nHue TNOPIUK
THAPOTEPMa IBHHX P3CTBOPOB MMEHT TEMNEP3TYPH MNOPAAKA 160-130°C.
JlaBneHUA T'MAPOTEPMANBHEX DPACTBOPOB, JYA8CTBOBIBUMX B OOpP830B3HMK
Cy nbQuAHO~{Nn0opATOBO! MEBEDANU3SIUM B CKapHAX,ONpeZENEHH B WHTEDBANG
- nopaaka 200-500 Gap.
- I'peifisenoBrHii nmopag?nn (QAOOPUTOBOA MUHEDEINU38MUK
BusBned B CpeaunnoM (Kapskwa, Olirsunr) u Kesom Tans-lsne (Poxumep,To-
- rodu-Cadax). JliAa NepBHX XAapAKTEeDHH TONAS-KBADPI-MyCKOBRT—(J0ODPETOBAA
¥ KBapl-MyCKOBHT-DEIKOME TALTEHO-(UIOOPUTOBAA, a LA NOCHEeNHMX - ToNlas--
- INVHEeb-KBapI-MyCKOBHT~CepHIM T—fumooprroBad opmarnu,
~ [lo BKIWYEHNAM MUHED8NOOOP33yOUMX PACTBOPOB, yYSCTBOBSBUMX TaK®e M
B NpeoGpa30B3HMM MMHEDANOB 8 NOMOCHAMKATHHX ¥ DERE  ADYTHMX BMeusnuux
Nopox, rpeitaeHH NpeACTaBAANT COOOH MOIMIEeHHHE W MHOTOCTAaZMMAHHE METaco-
MaTuye CKile 06pa30BsBUa, B KOTOPHX HA paHHeM aTane (Quxcupyercs zeiicTrue
T830BHX pPaCTBOpPOB, & H3 NO3ZHEM - HUAKAX TPUADOTEPM. B 33BUCHMMOCTH OT
DassuTuA cnequfuuecKolt ANA KexXAOIr0 MECTOpORZEHUA e 0NIOTO-reHe THYE CKO
06CT3HOBKM BHABNAETCA YEPEJOBAHME B NDOABAEHUAX 33KOHOMEDHOH CMEHN Ma-
JMONNOTHEX PaCTBOPOB GONEe NAOTHHMA, NMEPEXOLAWUMA HAa 3aBepuapueil pase
‘B CpeHe~- M 7ake HU3KOTEMNEDPaTYPHHE THADOTEPMH, M3 HOTODHX OTA3TanuCh
CYNBuAH, @NOOPUT W KaPOOHATH.
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CymecTBeHRO Ta30BO-KM7KME BHKADYERAA, B KOTODHX Ia30BHE KOMIOHEHTH
B 3HQUMTEABHOM cTEmEeHM npeosGnsnanT (r75:125,r70:130,r65:135.r60:140),
O0HYHO I'OMOTeHU3UPYOTCA B rasoByb a3y npu TEMNepaTypax 410-365°C,
IpUYeM MMEHHO B STHX YCJOBEAX NPOMCXOLNT ofpasoBaHWe MOJMOIEeHWTAa, BOJb-
fpamiTa, KaccHTepuTa, TONASAa M TyDPMAJIMHA.

llna MUBBpanOB, 00pasyomUXCA Ha IUApOTEepManbHOY fas3e neATENBHOCTH
rpeii3e HOBHX NHEBM8TOMMTOIMAPOTEPMaNBHEX P3CTBOPOB, X8PaKTepHA IoMOre-
HM3aOMA B RAAKYD §a3y npu TEMNEDPaTYPsX NOPAAKA 300-25096.

O6pasoBasue (NOOPUTOHOCHHX PEIXOME TA/JABHHX I'peii3eHOB NPOMCXOMMIO IIDH
YYSCTHMM NHEBMATONMTOIrMAPOTEPMAABHEX DPSCTBOPOB, KOTOPDHE H8XOAUNNCE NO7
ASBIEEMAMU nOpaAKs 400-800 Gap /5/.

TuzpoTepuansBEHRE Tun @roopurosof MUAEPSAM3ENMEA
MMeeT HauGonbuee pacnpocTpaHeBne B TARB-llane N0 CPaBHEHMD C APYIHMA
TeHETHYECKUMY THNS8MM, OX3DPaKTEPM30OBSREHMM BHuUE /37,

Oco0eHEO MHTEHCUBHO LEATENBHOCTE PADODPUTOBOCHHX I'MAPOTEPMSNBHHX pa-—
CTBOPOB NpoOsBUNachk B Kypsuunckoil, CeBepo-UYaTkanbckoih, KmBo-T'mccapcKoii
M KyrurseErckoit noasonax.

T'Z8BHEME DYyAHEMM (QopManuAMM (NOOPATOBHX MECTOpORASHMil, oOpa3oBanme
KOTOPHX MMEZO MECTO NPH YYacTl B H C O K O T E MN € pa Ty PHEX
TUZPOTEPMAABHEX PacTBOPOB (T oy 320—25000, P 450 Gap), ABAAAMCE KB8DL-
MYCKOBMT—CEpunMT~fnoopurosasa (llacpes), KBapU-CEpPUUUT-K8CCHTEPUT-(I0N0~
purosag (Koxkomepan, A6u-CapGyxckoe), KBapu-cepuuur-@noopurosan (Ta-
ro6n-CaTaXCKOE) M KB3pU-{A0OPATOBER.

CpensereMnepaTypHHM IMIPOTEPMINBELEM MECTODORAE—
BUAM (QawopuTa CBOUCTBEEHH KBapPHO-(JA0OPUTOBas, IraleHUT-c{anepuT-KBapn-
fanopuTOBaR, KBapU-CHUAEPUT-ADOPUTOBAA, OapUT-KBapL~)ALOPUTOBAA MU Oa-
PAT-Ka MBUUT-QA0OPUTOBEE MUHEPANOrUYECKNE PopManunm,. QnOOPUTOBHE DYAO-
NPOABAGEAA ASHHOI'O MOATMNE ZOKAAU3YWTCH K8K B MHTPY3UBHWX {HayrapsaH,
Tako6, Kaﬂnapa),mau 1 BYJAK8HOrEHHWX nopogax (Hayruckan, YuGaprara u
ApP.).

Ta30B0-&NKUE BKANYEHNA, XaP3KTEPU3YOUNECH COOTHOWEHAAMM P30:370,
IV 1756 onzxgo,rouoreuwaupynmcﬂ B HUZKYy0 (asy npu TeMmmepaTypax
300—~200~C; mamnenum nopaaxa 400-200 Gap.

HuaxkoTeMnepaTypHHGE TUAPOTEPM3NbAHE (ANOPUTOBHE
MECTOpOXZIEHMS X8DPaKTepU3yOTCHA COOCTBEHHO (ALOPUTOB0i, @ALOPUT-KEABIK-
TOBOM, AHTHMOHAT-KBADL-KaNBUAT~(MOOPATOBOA ¥ (ANOPUT-KE 1BUNT-KUHOBE D~
HO#f MHHEPaNOTrMYeCKUMN QOpMATMAMU.

HapAzZy c ra3oBO-RMAKUMKM BKINYEHMAMN NOBHWUEHHOR NAOTHOCTH (PIS:ISB'
T10+Eg90» r5:195). TOMOT€HHB3LMA KOTODHX BCETZ3 MPOMCXOAUT B EUZAKYD
fa3y (TI.OIl 200-9000, P 350-200 Gap),Bo (npOpPATAX 93CTO NpPUCYTICT-
BYyOT RUAKWE BKNKYEHMA, H8 COHNEpXAUAE I'a30BYy COCTABJIADMYyD, YTO CBALE-
TEeNBCTBYET O HUBKOH TeMnmepaType MUHEPENOOGPa3yLMMX PaCcTBOPOB,Y4Y8CTBO-
BaBOMX B QOpMUPOBIEMEM (NDOPMTOHOCHHX Ten Rauporo tuna (Aypaxuar,AGuup,
Kynuxonon, Xalinapkah). HM3KOTEMNepsTypHHE TMAPOTEPMAABHNE (ANODUTOBHE
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- mecropoxzerns Tanb-llasa, ANA KOTODHX JCTAHOBAGHH TEeMNEpPaTypPH TOMOrEHH-
EENGE 200-80° u nasnenusa 250-60 Gap , mpeacTaBnANT OcoOul MHTEpec B Ka-
gygeCcTBE MCTOYHMKOB MJ8BMKOBOMNATOBHX DyA,B 3HAYMTENBHO} cTEmeHnM ceobon-
HHX OT 37NEeMEHTOB-TpUMecail.

Onpeznenesusa CONEBOTO COCTaBA MUHEP3N00CPS3YDNUX PaCTBOPOB, yIaGTBO-
BABUMX B (GOPMMDOBAHMM I'MAPOTEPMANBHHX BHCOKO~ M CpEZE6TEMIEDATYPHHX
@noopMTOBHX MECTODORZEHMN, NpOBEZSHHNE METOZOM TPORHO! BOAHON BHTARKH,
[03BONANT JCTSHOBATH MX XAODUAHO-CYNbJaTHO-KapGOHaTHO~HA TPO~Ka ABIKEBO-
MarHUEBHI cocTas.

Ins Gonee nos3zEMX (ANODMTOROCHHX PECTBOPOB, yYaCTBOBIBNMX B 00paso-
BaHAM CpeJlHE- M HUBKOTEMIEP3TyPHHX MECTODOEAeHMll, CBOHCTBEHBH XAOpMA-
BO-0uMKa pGOHE THO-CYNb{a THO~KaNnbIKUe BO~Ha TP O~KaAue BHit , 0MKa pOOHS THO~XAOPUZ~
BO—-CYA5(aTHO-K3 NbLIEBO-HETPO—-Ka MMEBO-M8THUEBEA U CcynBQaTHO-OGUKAPGOHAT~
HO-X7OPWUAH0=Ha TPO-Kavlbllue BO~Ka 116 Bult COCTaB [5,@7.

KosmenTpauma come# 70 3,00 ur/I00 r odp.

g lccnenoerasua rasoBOr0 COCTABA DacTBOPOB, yYacTBOBABUMX B (opMUpOBa=—
. H@M (QAROPMTOBHX I'MAPOTEPMANBHHX MECTOPOEAeBMA, NMOSBOMMNM NPOCAEAKTH

. CABAyOWME M3MEHEHMA B COOTHONGRMAX IMIBHEX IA30BHX KOMIOHEHTOB B 3aBH-
. gUMOCTH OT cTam4it u §a3 mpoueccosB 00p330BaHMA (NDOPUTOHOCHHX DPYAONPOAB-
~ menKit,

Paunsaa §asa ., Odpasopanne KBapna (NOOPUTOHOCHHX EHMN NPK

~ TeMnepaTypax 280-200°C npOMCXOZMAO C YYSCTMEM DPACTBOPOL, B KOTOPHX

. BOAOPOZ Npeo0Asz8N HAZ 830TOM, 8 MOCAEAHME ~ HAZ YTAEKUCIHM T'a30M.

Cpennaa ¢asa OGpasopande (uOAeTOBOrO, 361EHOTO (un-
. OpuTa u GapuTa NpH TeMNepaTypax 230-100°C mueno mecTo mpE yuacTHH pa-
. CTBOPOB, X3P8KTepPU30BABUUXCH DPE3KO NOBHUEHHHM CORBPE3HMEM 830T3 IO
. CDaBHEHMD C TIKEE NPUCYTCTBYONMMU BOAOPOZOM ¥ YIAEKUCIHM I'330M.

3 HNospxgsaa ¢a3as. 00pasoBaHue GeCHBETHOIO NONYNpO3pPavHO-

- I'0 XuABHOrO §ADOPUTS, KEABUMTS ¥ KPUCTSAAOB JANOPHTE KYOMUECKOTO ra-
0UTyCE8 COOTBETCTBYET ASATEABHOCTH CUADOTEPMANBHHX PaCTBOPOB LD TEM=
- MepaTypax MuHepsn00Gpas3oBaHMs 110-90°C u COOTHOWEBMAX Ta30BHX KOMIO-

- HBHTOB, MNpuyeM COACDX8HUE B HUX BOAOPOA8 GONbME, YeM yrIEKUCHOro rasa,
- 8 mocneAHEro  COubE,4YeM a30rTa.

~ PesynsTaTH NpOBEASHHEX MCCHEAOBaHMM DEHOMEHAYOTCRA K Le/ieHaNpaBIEH-
' HOMY MCNO/Np30B8HMK NpPH TEOPETHYECKAX NOCTPOEHMAX MO O0OCHOBEHUK KpH-

- TEpUeB NOUCKE CKPHTOrO (QAOOpUTOBOrO opyAenenus B Tambp-llase.

A MTeparTypa

" I. Ipyuxun I'.I'. HexoTopne 3aKOHOMEPHOCTH 0GDa30B8BMA (QADOPUTOBHX ME-
' cropoxzenuit Yarkansckoro ¥ KypamMunckoro pyaAssx palioHoB.-I'sonorus
PyA. uecTopomzpenu#, I96I, M I.

2. Epmsxon H.[l. 3HoueHME 7@HHHX TepMOOAPOreOXUMMM ANA Pa3BUTHA TE OPUM
 BHAOI'6HHOr0 pyA0OOGpa30BaBuA.-B KH.: TepMoG8pOre OXMMMA U PYAOPEHE3.
. Bnaausocrox, I980.
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3.

4,

5-

lynnu-bBaproBckad J.A., Kemmukas B.JM., Mycun P.A. u mp. Meramrorena-
yaCcKMe OCOCBHHOCTH (VIOODATOBOI'O OpPYIBHEHMA LEHTpaabHOX dacTm CpemHei
Asun, TamgenT: ®am, 1972,

Jlasepos H.I., Jlemnn B.H, # mp. HeroTopHe OCOGEHHOCTH T'@OJIOTHM I1aJ160-
BYAKGHAYECKAX 00pasoBaHMi jmmapaToBofl fopMamdm M 66 PYNOHOCHOCTE.™
B kH. : Tsomorma nmmapaToBolt Gopmamus paitoHos Cpexmueit Asmu m Kasax-
crana. M.: Haywxa, 1972,

lNoasgoBckult B.C., Mockanok A.A. O TEMIEPSTYDHOM DEXEMME H COUEBOM
cOCTaB8 pPacTBOPOB, yYaCTBOBABUMX B 00pa30BaHuM (aoopuros Kamryrasar
B KH.: Jruepoz ¥ ero COSAMHEHMA B 3HAOr@HHHX NpPONECCAX MUHEDPALOOG-
pasossHufa. lIeBOB, 1975,

lonukosckuit B.C., 3muecos M.M. O rasoBoM cocTaBe pacTBOPOB,YyYaCTBO-
BaBUMX B 06pasoBaBul QawopuToB fErM-KaBa.— B KH.:Yruaepog u e€ro coe-
JIMHEHUA B SHZOTeHHWX IpOLECCEX MUHEpanooGpa3oBaEuf. JbBOB,1975.
llysanos NM.C. TeunepaTyph 00pa30BAHMA M TEMNEpPaTypHaA 30HANBHOCTD
@uioopuTOBOr0 OpyAeHEHMA.~'6ONOTHA DYA . MECTOPOXZEHUH, 1972,k 4,
Tonkysos A.B.,Kannsgus B.U., Maxcumosa U.I's OCOGEHHOCTH I'€ONOI'MH
(GroOpUT~NONUME T NANYECKUX MECTOPORAEHUR, CBA3GHHHX C XEDNOBHMU U
cyOByAKaHUUBCKUMK (famuamMu, Ha npumepe Cpezseldt Asuu. Qmooput. M.:
Hayka, 1976.

YIK 553.634.12:549.001.33

TEHETUYECKNE MHANKATOPH QIIOOPUTOBOIO CPYAEHEHUA

A.A.lBanozsa
BceconaHHl HAYUYHO-ACC/I6H0BATENBCRAE I'60JOIMYECKME MHCTATYT
nM. A I, Kapmuscroro,nlennarpan, CCCP

OnoopuT ¥ (NOOPUTOBNE MECTODOEAECHMA HBXOAATCA B NEHTPE BHUMBHHA

MHOormx mccnegosaTeneil. MupepanoroB u QM3MKOB @NOOPHT NpPUBAEK3ET cBOeil
Pa3HOOGpPa3HOR OKpacKoOift, pasIMYELMH NOMMEECHEHTHEMA CBOHCTBaMHA,HEO0NI-
HHMM MUHEDSNBHHMEA 8TPEraToMM M BHCOKNAMM ONTHYECHMMM KaueCTBEMH.Cnemu-
8NMCTOB B O0N8CTH NONE3HHX MCHKON8EMHX (M0OPUTOBHE MECTODORZERMA MHTE-
pecyonT K8K MCTOYHMKA BEBEHOIO NPOMHUNEHHOrO CHPBA, 8 TAKEE CBOMMN TI'é-
HETHYECKHMM OCOOEHHOCTAMM - OOD330B3HMEM B MAPOKOM AManasone (MSMKO-
XUMAY6CKHX JCNOBHE M acconuamueil ¢ MHOTMME DyZABEMA 37eMeHTaMH. MeTaln-
NOre HUCTH 00pamawT BHMMEHME Ha8 QAOOPMT KAK HB MHAMKATOpP NMpPONECCOB TOK-
TOHO-MATMAaTHYECKON ARTUBM3AIUE W CINYTHUK MECTODORZEHMH AMTOPUIBHHX
MarMaTOre HHHX M XaIBKOQUABREX CTPaTHHODMEHX uecTOpORZeHuit.

Nayvesns (NOODPUTCOLEPRAMUAX MECTOPORASHMA M MMHEDareHHM @ropa B r/aB-
HHX (A0OpUTOHOCHHX npouBOuAX CCCP ¢ npuBNeYeHMEM ONyOAMKOBSREHX A8H-
HHX ZAPYTHX MoczeznoBaTenedl noasoifAeT pacCMOTPETh NPOGAEMY I'eé HETUYECKAX
MAZIMKETOPOB fn0OpUTOBOrO OpyZEHERMA B WHPOKOM NA3HE, NMOABECTH HEKOTO-
PHE MTOrM ¥ H8METUTH HaUGOJee NepPCNeKTHBHHE HANDSBIEHWA €6 Pa3BHTHA.
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TaGanna 1
TeHEeTHYBCKAE MHAMKATODH @ANOPUTOBOrO OpPYyAEGHEHHA

XapakTepuCcTHKA CBass [lapaueTp pyAo0GpPa30BaHAA

Xuuvueckuft cocTaB MMEEpanooGpa3yn-

Bt - meit cpean, 66 H3MEHAHWE B NPOCTPEH-

JoMuHECOEHINA @noOpUT CTBE M BO BPEMEHH

Oxpacka faoopura

SneMe HTH-TIPUME CH. TeunepaTypa 00pa3OBaHmMA, ASBIEHHE
Brnouenns (pa3oBuft M xu-
muueckuft cocras, TepMo-
B GapomeTpHd)

KHCTOTHOCTE~CCHOBHOCTE CPE7H,
OKUCAUTENBHO-BOCCTAHOBHTE MBHMM]
noTeRIUan

Mopfonorus MAZUBUAOB M
arperaToe

®asoBuit cocTaR MUHEpanooGpasyomeil
cpefiH, cnocof o0pa3aOBaHEA DYZA
TaxcTypH pPyA

llapareHeTHYECKHE 8CCO=
OHaNONA MUBEDBNOB CropocTs KPHCTaINU38IHA ,

HAMpaBIeHUE ABUEEHUE (GNIOMZOB
WaueHeBEMA BME@ADWMEX NOpPOJ

Mopfonorus pyaBHX Tend,
KX OTHOWSBME K BMEmMAD-

WEN TIOpOASM MCTOYHMKE DYAHOr'O BEWECTEE
QTODOHOCHNE M8TMATAYECKHS

@opManun

Wsoronsuft cocrss PB BoapscT opyAeHeHuUR

B IPYruX 316MEHTOB

Ilns B8rAAZBOCTE IeHETHYECKME MHAMKATODH (ADOPATOBOTO OPYy/AEHEHMA
CBEAEHH B T40L. L. M ABNADTCA UCHOBHHE X8paKTEPACTMKHA {moopaTa
KaK mmHepans (OKPaCK3, ANMMHECIEBNHA, 3AEMEBETH-IDAMECHA , BKINYEHHA),
(GavopuroBsx pyz (mopdomorus srperaTos, TEKCTYPH PYA, N3PATEHETHYECKHE
acconuanue) M GnOOpHTCOZEpRAMMX MECTOPORAGHAN (MBMEHEHMS BMEmMaLMMX NO-
pox, mopfonorus pyAHWX Ten, CBASH C I'e OAOrMYECKAMH dopumanmamm). B npa-
BOll wacTH ToONMION yK83a3HH OCHOBHHE N@DAMETDH DYyA000pasoBaEEA. Crpenxa-
MR 0003HaYeHH MHAUKATODEHE CBOMCTBA X8DPEKTEDPHHX NPHUBHAKOB.

B KpaTKOM cCOOOueHAM TPYAHO B PaBEO{ MEpe DAaCCMOTDPETE BCE W3BECTHHE
B HBCTOANEE BpPEMA r'eHOTHYECKNE MHAMKETODH, MO3TOMy GOnee NOZAPOCHO OCTa-
HOBMMCA  HA TeX U3 HMX, KOTODHE MEHBWNE BCEI'0 OCBEMEHH B M3BECTHHX My-
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Gnuxanuax P.3.Apxunuyka, H.H.Bacmmnekosoft, E.l.Typoso#t, J.C.llyssHozs,
A.H.Tapaugsa, A.P.Qaiiauena, A.l.lernosa, 0.lanep, K.lmaGpam ¥ AP.

HauGonbmee 4YuCIO paGOT MOCBANEHO COCTEBYy X (MBHYECKEM CBOlicTBaM ca-
MOro (700pMTS M MX CBASAM C YCAOBMAMM OGDa30BAHMA STOrO MUHEDSNs .JCTa-
BOBNEHO, YTO OKPaCKA M JDMHAECIHEHTHHE CBOHCTBa (UOODATa YK33WB3NT HA
A87MYMEe B HeM npuMece#f peakMx 3eMenb, WX KOAMYSCTBO M BSNEHTHOCTEH, 8
TSKEE H4 CYNECTBOBAEME NEHTPOB 8KTUBINMM M AeQeKTOB B KDHCTANAMIECKOR
pemerxe /2/( 0.T.Koanoss, K.lmuOpsm, A.H.Tapamss u MEOrHE Ap.)Buecre c
TeM TOKS33HO OTCYTCTBHE NpAMHX CBA3e#t aTux cpolicTs ¢ TemnepaTypol of-
pPa30BaHMs M BO3pPACTOM MECTOpoxZcHMM /9/. BaleHTHOCTH DEZKHX 3EMENB,THN
M30MODJH3Ma B PEemeTEe (AOODMTS YKa3HBAWT HA KACAOTHOCTB- OCHOBHOCTE
QAOUZOB ¥ BEAUIMHY WX OKMCARTENBHO-BOCCTARDBUTEABEOrO NOTEHNHaNa,0T-
HOWEHES Tb/Ca-Tbh/La MCNOAB3YyNTCA B K3YECTBE HMHAMKATOPAS IeHETHYECKHEX
THNOB OpyAEHEHAS - NETMaTATOBOTO, TMADOTEPMSABROTO, Ocagognoro /II7.
loBuueHBHE COAGPRARMA TR, M Sr CBHAETENBCTBYDT O CBASH CO WENOYHH-
uu nopoxsmu /8,2/.

BecbMa 8KTHBHO BEAYTCHA MCCIeAOBaHMA BKADYEHUE EO QawopuTe, BOEPBHE
B39aTHe H.[l.EpMaxoBHM. B nOCIezHEME TOAN CLEIGHH HATEDACHHE OTKDHTHA IO
(¢330BOMY M XMMHYECKOMY HX cocTaBy. l.C.llysanoBsaM ¥ M.H.KaBAMHOBHM
/7 7. naiineHd B KapGOHATATOBHX MECTODORNEAAAX PACI/AABAECHHHE A MHOrO-
($330BHE BKADYEHUA, TOMOTERU3UpYOMUECH NDH TeMIepaType ?50—660°C, qT0
CBHEAETEABCTBYET O KPUCTIAU33NUM (NDODUTE K3 COIEBHX PSCHNSBOB-PACTBO-
poB. A.A. MoCKaNDK M3yY6E XMMAYECKHH# COCT3B BKANYEHMM METOZOM BOZHHX
BHTAZEK N3 GADODATOB Da3HHX (BM0ODMTCOAepxamux dopmamuit (MBamosa, Moc-
Kanok, 1979 r.). MaccneKTpOMeTPUUECKMM 3H3AM3OM ONPEZLE7AER COCTaB Ira-
30B 43 BiADYeBUR BO JuowopuTe BenbaeHZOPE M YCTIHOBISHO NMPUCYTCTBHE
dropyraesonoponos /127. B MecTOpPOEAEHMAX CTP3THPOPMBOR MOAMMETS AAMYE-
cru-fnwopuToBOil fopMan¥H, 83nNerapmuX B KapOOHaTHHX NOPOASX, NO ASH-
BuM H.C. Beckpossoro /I/, uacTo BCTpeuawrTcs He@Th, TBEDANE OCHTYMH H
yriaesofopofENe ras3H. Takum odpa3oM, (Gasosuit M xummgeckuit cocraB BEKID-
yeHuil, ux pH, TeMnepaTypa I'OMOTeHM3ANUM AaLT NpeACTABAEGHHE O COCTEBE
A KOHISHTDAOUR DyAOOCpa3ylmMX (NOEZOB, TEMNEpPaType M CTENEHM EUCHOT—
HOCTH-OCHOBHOCTH MMHEpanooGps3yomei cpenn. OzHskc npoGaeMa "cocTaB
n cBOMCTBE (QADODPUTS — YCIOBHA 00pa30BaBUR™ faleKa OT CBOSBI'O DENEHHS,
9T0 O0CyCAOBIEHO, C OZHO{ CTOPOEH, UMDOKMM AMAN830BOM OCpa30BamMA dap-—
opurTa (0T pacnn3BOB A0 OCBEZIGHMA U3 MODCKOH# BOAH), C aApyroff — o6ps3o-
BaHUEM (AOOPATS8 C OAMHSKOBHMA CBOHCTBAMH B Da3HHX yCHOBMAX (HanpuMep,
@uoneToBoll OKpaCKM, NPOSPaTHOCTH).

BecrMa MEQOPMS8TUBEHMN TEHETHYECKAMM X8D8KTEeDHCTHKSME (ADOPHTOBOTO
OpyZAeHEHUA ABARDTCA MOPJONOrdAs MEAMBUAOB MUBE[DSNBHHX 8T'PEraToB, 8 TAK-
E€ TEKCTypH pyA /3,6 /. UsyueHHE OHTOTEHHM (QNUODHTE X TEKCTYp PYA COB-
MECTHO ¢ B.C.HOpMHZMOHHEM H3 MECTODORAEHMAX BocTouHOro 3aGafixanba nmo-
8BO/MNO BHABATH DAZ BaXHHX NPHBUMNMEABENX OcoOeHBOCTe# QoOpMMpOBAREA
EU1 BENOLEEHHA /4/.
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Nlpexae BCEro, TPH OCHOBHHX KDMUCTS INOMOPHONOrMY6CHMX THUNE QADOpATE -
. KPYNHOKPUCTA INUYECKAN K3OMETPHYECKOrO raduryca (puc.l,a), mecrosaruit
. (puc.I,0) u gyapgoposuanuft(puc.l.,B)-yK83HBANT HA Da3AUYHYD KOHNEHTDALMD
| MMBEDSABHOIO BEMECTBA B PacTBOPE, P83HHE CROPOCTM DOCTa K Pa3NMyYBEHE
. eMnepaTyps 00pa30B8HMA. KPyNEOKPMCTAAAMYECKMR (IDOPHT CBHAETENHCTBYET
0 CHnoxO#tHOM pOCTE M3 MCTAHHO HACHWEHHHX DP8CTBOPOB NpM TEMIApaType
240-16000. Sror @mpopAT 06AaZ3eT OOHYHO APKOR gmonmerosoit mnm senenoft
oxpackoft ¥ METeRCUBHON Tepuonpumpecnennuel. MecToBaTui @noopur, CyAs
N0 COUAMD KPUCTaNAMYECKHAX 33pOAume# B OCHOBAHMM arperaToB, BOSHMKAN W3
HCTHHEHX DSCTBOPOB CO SHAYMTEABHON CTENEHBD NEpPecHmeHMA npd GONEE RUS-
KMX TEMNepaTypax 120-80°C. O umeer 0OugHO AENY3TyD, XEATOBATO-KODHI-
BEBATYN ORPACKY M BHBKYD MHTEHCHBHOCTH TeDPMONOMMBHECHEHOUM. PapHopoBup-
gu#t duoopur npezcraBafeT co6oit cMech TOHKD3epEMCTOro ¢awopura ¢ IAMHU-
CTHMM MMBHEDSISMM M 00p33ye8T MAOTHHE WMIM CHOMCTHE 3rperaTd, MHOIZA CO
CN6/8MH NEPEKPUCTAANMBEOWH B "ropoxoBHd Kamens". 9Ta OOWUHO (€nOro IBE-
T8 Pa3HOBMAHOCTE (ANOPMTA 00paayeTcA NpPH CMEWEHRMN WBSHUABENX (n0OPUTO-
00pa3yomUx pacTBOPOB C BOAO3HHMH, BHHOCANWMM NDOZYKTH MBMEHEHHA GOKO-
BHX NO0poA. TERCTypPH pPYA M H8NMYME B HAX TPEWAH A3TUAPSTAUMM YKa3HBART
H8 00p330BAHME 6T0 M3 KONAOMZEHX PSCTBOPOB B OCTATOYHHX NMOMOCTAX EHI.
[lepBue AB8 PaB8HOBUAHOCTK (AOOPHTa PACNPOCTPaHERW OYEHH WMUPOKO W CA8-
rapT OCHOBHYD M8CCY (ADOPUTOBHX MECTOPOXAeHuit 3alailkanba. JlnA HHMX Xa-
PaKTEDHH NOAOCYATHE TEKCTYPH PyA, POCT MEAMBHAOB KPUCTANNOB B HOTOPHX
NpPOMCXOANA NepHeHAUKYNAPAO CTEHKSM DYAOBMENALMMX TpPEUMBE. MOHOMMHEDENB-
HHE NONOCYSTHE arperaTH B OAHUX CIYY8AX UMENT DP33HYD OKPSCKY, B APy-
TMX CHONEHH 30HSMM D33HOH CTENMERHM KPHCTEAMMIHOCTH C BAANYMEM HOBHX
reBepanuit sspozumeft KpUCTSNNOB ¥ SOH reOMETDMYECKOrO OTGOpPS8 B OCHOB8-
HEH Raxjoff 30BH. B NMoXMMEEEPalBHEX DYASX H8OADASETCA YEpPEAOBBHHE 30H
(QaooprTs, KaneuuTa W KBapus (AGarailrylickoe mecropoxjenue) aAMGO Gavo—
pura u nupura (Kansuryiickoe mecropoxzenus). PapfoposMaBnit GADOPHT OOHY-
HO 00paayeT NMOAOCYATHE ArpPEraTH C TOPU3OHTSNBHOH CNOMCTOCTHD, NEPOBE-
AMKY IapHO# CTEHKSM Ha ZHE OCTATOYHWX MOmOcTel, ABIAACH, T3KUM OCPa3OM,
MMHED8NOrMYECKUM "ypoBBEeM". B ZpyruX cAydYaAx OH YepejyeTcs ¢ NECTOBE-
THM (ADODMTOM, OTNS8I8ACH B OCHOBHOM H3 BEDXHMX BHCTYNAX MNOYKOBHAHHX
8rperaTos, NOAYSPKMBAA TEM CAMHM BHEOC I'IMEMCTHX MMHEDSNOB M3 BMEmap-
BEX NOPOA ¥ JKASHBAA HA HUCXOAAMES /BMESGHHE MHEEPS8NOOODP33yDUMX pacT-
BOPOB B OTZ8NBEHE MOMBHTH (JODMMPOBS8HMA MecTOpoxmeRHa /107.
- Dlna mecropoxzesuil 330afiKaNBA X8paKTEPHO HANWIME MEOrAS BECHM3 3Ha-
QHTENBHHEX MO D33MEPAM OCTATOYHEX nonocreft B MEHTPANBEHX Y3CTAX KM,
B BEux o0pasynTcs KpynHHe NOYKOBHAEHE 8rPEraTH, NpPeZCTABIADMUE COOOH
~ OCpacraBMe NMONOCY3THMM QNOODUTOBHMM DyZaMW BHCTYNOB M HepOBHOCTE# cre-
HOK TpsuuHH. [I0OBEPXHOCTM TAKHX 8rPeraToB 4YacTO MOKPHTH APY38MH KyOU-
qeckux (puc.I,T) M OKT8BADHYECKUX, MHOIAS pacmennesBwx (puc.l,n)Kpu-
. CTannos. B KOBNE Npomecca MEREPSNOOGDA3OBAHMA NDH HEAOCTSTKE MUHEDE—-
. ABHOIO BEWMECTBE B P8CTBOPSX BOSHMKAOT OPATME8NBEHE $OpPMH DPOCTA KDH-
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P c. I. ManepaxpHHe arperaTs {UIDOPATOBHX M8CTOpOXNeHmlt 3adaitramss
8 - KPyNHOKpDHCTAaMAAAYaCKA#l @3omeTpHdecKu#t fumwopar, 6 - mecToBaTHH
¢mopar; B - @apfopoprmuuil GMOOPAT; I - KyCHYSCRAE KDHCTRWLIH; I -
pacmemieHHEHS OKTASNPHYECKAE KDHCTANJH; @ - CMEHA POCTA OKTasgpa I'paH-
HHMH, DPeCeDHHMM A BepHMHHHMA fopmama; % - CPepONATOBHE OGPa30BAHAA
mecTOBATOr0 (UMOpATA; 3 - CTAJaKTATH JUDOpATA; A - NEENPATH VIOOpATE

CTaNN0B - I'D8HENE, pPeCEDHNE M BEPUMEEHE (puc.l,e).Ha MecTOpOXAeRUAX
Kansnry# u AGsraiiryil Owam BCTpeYEHH CT3N3KTMTH (gmoopura (puc.l,s),KoTo-
PHE MORHO p8CCMaTpUBATH B Ka4Y8CTBE MUBEDAJOTMYECHKMX"OTBECOB" M MHAMK3-
TOPOB HMCXOAAMErO ABURERMA MUEEDaNOOGp33yoLuWMX DPacTBOpOB. XoueTca 00—
paTHTH BHAMBEME €WE H8 OfHY ODHTMR8NBHYD Jopwy pocTs KpUCTEAMOB damo-

PHTa B CTECHEHHHX JCHOBHAX - AEHADUTH B TOHUSHWMX TpemWHKAX OTAENBHO-
cra (puc.I,m), §OPMA KOTODHX TAHEKE JKS3HBAET Ha HONPABAEHME ABMNEHUA
pPacTBOPOB.

B3guMHOE P3CHONOREHME W BPEMEHHNWE COOTHOWNEHMA MUHEPANOB B pPyA8X A3~
0T NpeACT3BAEHAE O CNOCOCE KPHCTSINM3ANMM: NOAOCYATHE DYAH O noOCIE-
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Puc.I (oOxoHuYanme)
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Z0BATENBHOM BHMNAZEHMM BEWECTBS M 00 M3MEHEHMM XMMU3M8 DaCTBOPOB BO Bpe-
MEHHM, pUTMMYHO-TIONOCYATHE, NMATHACTHE M (ECTOHY3THE 8T'PEraTH ~ O COBME-
CTHO! KPUCTSNNM38IMKA DA3NMIHHX MHHEpanoB. [lceszomoposs gnwopurs nmo
NnaCTHHYSTOMY KAaNBOUTY M KDYNHEHM KDPUCT8NaM DaBHETO O8puTs Ha AOarait-
TYy8 JK83WBSHT HA BKTUBHOE B38UMOAECTBME pYAOOOpA3yOUUX PECTBOPOB C
paHEee OTNOKERHHMM MMHEDANSMM, 8 METIKDMCTaNAN @aoopuTs M KBApLUE B MO-
NOCY3THX MEBNKO3EePHMCTHX 8rperaTaXx - Ha MNpeoGpa30BaHNE MUHEDaNBHOrO BE-
WecTBa B TBEDAOM COCTORRMH.

Taxuu 06paaoM, NpHU AETANBHOM U3YYEHAMM MUHEDENBHHX 8rpersToB M TEK-
CTYP PyA MOEHO MOAYYIMTH AOCTATOYHO MHTEPECHYD KAaDTHHY QODMHDOBSHMA OT-
A ABHEX (AKOPMTOBHX XMN M MECTOpORZeH4it B menoM. B 4yaCcTHOCTM, SHIAME
TEKCTYPHHX OcoGeBHOCTe#f DyZ B MecTOpPOXZeHHAX BocrowHOro 3alaiiranea no-
3BONMA BHABATH [IMHAMUYECKHME OCOOBHHOCTM MpoONEcca 00pasOBaHAA HE KOH-
KPETHHX OCBEKTaX. PL0OPUTOOODPS30B3HME B [EAOM NPOMCXOAMNO NMPEPHBACTO
B 1Ba drana. B nepemit QopmMmpoBalMchH KB3pH-JALOPDMTOBHE, MHOIZ3 ¢ 0a-
PATOM M KalBIATOM MECTODOXAEHMA, BO BTODOX - MOHOMMHEpAIBEHE JHANODUTO-
BHE MECTODORJEHWA, MHOPAS C NMUDUTOM M MapKasurToM. Hamauit ma aranos
MHBEDaNM33NUK NPOABAAACA MHAMBHAY3NBHO H3 DA3HHX MACTOPOERAEHHMAX, NMOA-
pa3eNAACH H8 D33HOE YMC/O CTaAMNt MUHEPaNU3a0OUKM, BHYTPH KOTODHX MORHO
BHZEMUTE CTYNEHM DPABHOBECHA MW DUTMH MMEEpanooGpa30BaBug (pHc.2).Me-
Xgpu3M QOpPMMPOBAHMA KDYNHHX XMA OHA CHORHHM: H3 Kensmry#crxoM MecTOpOX-
LEHUM MPOMCXOAMAO HEOAHOKPATHOE NPEPHBUCTOE NPUOTKPHBAHME TPEMUHMH,KO—
TOpOe K8AZWY pa3 CONpOBORASNOCH M3MEHe HMEM HANpPaBIEHMA ABUKEHHA pacT-
BOPOB C BOCXOAA@Ero Ha HuCXOZAmee. OZHOBDEMBHHO C 3THM NPOMCXOAMN MOA-
CcOC ¥3 M3MEHEHBHX BMEWsOMUX NMOPOZ B XMABHYD NONOCTH TPYHTOBHX BOZ BME—
cTé C I'AMEMCTHMA MHBepanaMd. Xuumueckuit cocTa®B pacTBOPOB OCT8BANCH
A0Aroe BpeMA 0e3 maueHeHMH [iQ].

BechMs MHTEDECHHE TEKCTYPH PyA BO3HMKANT NpH MET3COMS8TO36 BMEman-
uux nopoz (puc.3). B OmEHMX CNAy4Y3AX OHA H3CABZYDT CTPYKTYPY BMEWADMUX
nopoz, Kak,HalpuMep, NoneBouwnaT-§npopuTOBHE DyAH, I'Ze @noopuT 3aMema-
eT KBapN B rpaH4TaX (pac.3,a) M CANAKCTO-JNOOPUTOBHE SNOCKSDHOBHE ME-
TICOM3TUTH, I'Zie JapopuUT 06pa3yeT nceBzoMopfo3H IO NNSCTHRYATOMY MMEE=-
pany (puc.3,6). B ApyTMX CAyYaAxX BOSHUKAWT NATHUCTHE M TOHKOMONOCYA-
THE CTPYKTYPH TONa3-(ANOPHTOBHX (puc.3,B), PHTMUYHO-NONOCYSTHE CTPYK-
TYPH CADAKCTO-QNOOPATOBHX pyA (puc.3,T') uMenmue Mano o6meTro ¢ 38MEWEH-
HHMM CTDYKTYDSMA K8pGOH3THWX MOpOA. MBydueHMe TEHCTYPHWX OCOOeHHOCTEH#
METSCOM8 THIECKHX DYZ TMO3BOAAET MOAYYUTH LONOAHMTENBEYD Xap3aKTEDHCTHKY
NponeccoB 38Meme HAA.

PaccMOTpEHHHE BHIE X3PSKTEDHCTUKM CEMOr'0 (ADOPUT3 M CTPYKTYPHO-TEK-
CTYPHHE OCOOEHHOCTH DYyA ABAANTCA TIEeHEeTUYECKUMA MHAMKATOPSMH JC/OBHH
PYAOOTNOREHUA. He MEHEE BaXHH T'eO0NOrMYECKME MHIAMKS8TODH, KOTODPHE YyKa-
3HBAKT HA8 CBA3B (NOOPATE C ADPYTMMHA: TUNEMM OpPYAEHEHMA, UCTOYHHUKM pYyZHO-
ro BeWECTBa, SNAIeHeTHYHOCTE UAM CUBTEHETHYHOCTH (QOPMMDOB3IHMA MECTOpO-
E7eHMlt MO OTHOWEHU K BMEWAWNMM NOPOASM, BOSPACT M ANATENBAOCTH (OpME-—
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P mc. 2. Cxema pasentas MAHEpaIu3alMi B Npenejax Da3/MYHHX (umoopaTo-
HOCHHX ToJe# B y370B Bocrowsnoro 3adaiixanss

A - Comoneunoe; B - Adaraitrylt; B — Kamukmackoe; I' — TypURHCKOS.
I - gmoopat: a - KpymHOKpHCTAAAMYECKRH, 6 - mecTOBaTHi, B - japgopo-
BANHHH; 2,8 - IJISCTAHYATHH MSHTQHOKAJBIET, <,0 - KPYOEOKDHCTAJIAYEC-
Kl KamsuAT; 3 - KBapu; 4 - GapuT; 5 - OEPAT @ MapkasaT; 6 - TeKTO-
HAYECRA® LONBAXKA: & - MeXCTaIAliENe, 0 - BHyTpHCTANAiHHE., PAMCKAME

madpamm oG03HausHH 9TaOH MHUHEpa/AA3aldd, apaCCKAMH — CTaIAd MUHEDaiA-
3auun

poBaBuA MecTOpomzenmit. IlposesenEuil HauMM aH3 U3 BEWECTBBHHOI'O COCT&BA
(@NOOPUTOBHX DPYZAHHX moleH MW KX reONOrMYECKHX OCOOEHHOCTEH NO3BOMAN BHA-
BATH CNEAYNNHUE TUNH GnoopuTcopepRauux gopuanmit: dn0OpMTOByD, EHABHYD

i CTPaTUPOPMAYD N ONMMETA NNNIECKU~PADOPETOBHE, DTYTHO-CYPBMARO-PADODH-
TOBYP, DEIKOMETaJTEHO-(MOOPUTOBYY, HHOCHI—DpeIKoMeTaLTEHO~(JmooPETOBYN,
¥eJe30-DeIKO3eMe IbHO~PMOOPATOBYD ¥ Zapyr#e. o cymecTBy, 3TH fopmanyy
ABJAOTCA TeHEeTHUYeCKMME cemeflcTBaMM, Kaxnoe N3 KOTODHX XapaxKTeph-—
3yeTcAd CBOPM HA0OpPOM TeHeTHYeCKMX THIOB OpyIeHeHMA, OnpeneJIeHHHMH
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P nec. 3. TekcTypH MeTacoMaTAYECKHAX Dy

a - (MDOpAT- IOJeBOMIATOBAA DYLa, BO3HMKINASA IDA 3aMEUIEHMA KBapla
quoopATOM; O — ANOCKApDHOBHE METAcOMATATH C nceBaoMopdosamd GUIOOpPHATA
o0 NMJACTEHYATOMY MEHEDANy; B - MATHACTAA B TOHKONOJIOCYATAA TOmAa3-{am-
OpuTOBaA pyla MO M3BECTHAKAM; I - DATMAYHO-IOAOCHATAasA CADIACTO-{InOpHA-
TOBad pyla C DEJMKTAMH M3BECTHAKA

THOPOTEDMANBHEMA M3MCHEHMAME MOPOL K CBA3SLK C ONpPENEeJIEHHHME MarMaTy-
yeckumu fopmarmavz /5/.

[laparennne accomuanuu ¥ TUNOMOPPHHE OCOGEHHOCTH QADOPATE P83ANYHHX
¢opmanuit (Tadn.2) nNOKA3WBENT, UTO NEPBHE YBTHDPE (QopManuu ({nwopuTOBaf,
ENIBB8A W CTPSTHHOPMHAA NONMMETANANYE CKA—-QNADOPUTOBHE , PTYTHO-CYPBMAHO-
fapopnTOBaA) BECEMa ONM3KM NO COCTABY XRUABHNX MMHEPSNOB M NO OCOGEH-
HOCTAM caMOro (QawvopaTa.PemxoMeTannbHO-@ADOPMTOBAA (OPMaOUA OTANYEET-
¢A pasHo00pa3ueM reHETHYECKHX THUNOB ODJAEHEHMA, UMDOKHM D33BUTMEM
Pa3NuYHEX CUNMKaTOB M OKHCIOB B PYyA8X, NPUCYTCTBMEM B rpeliaeHOBHX py-
A8X KODMYHEBO-KDPSCHOTO (A0OpHT3, MOBHWEHEHMH COAEDR3HMAMMU DELKHX 3e-
MENb M UTTDHA B PSHHUX TEeHEPANUAX (roopurTa.

Hrodunit-pexoseme IEHO~P/OOPUTOBAA ¥ XeJe30-PeIK03eMeTEHO~fmo0 PHTO-
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Bad  POpPMALMM XaDAKTEpWSYOTCA OTCYTCTBEEM MK CJIaCHM DA3BATHEM
kpapna, ¢uoreroBo} u TemHo-pwoseToBO} OKpackol GumoopHTa, NOBHIEH -
HEMW COZE pHEHUAMM CTDOHIMA M DEAKMX 36MENH LEPHEBOH rpynnu, MHoroja-
30BHMY BKNNYEHMAMH, 8 TSKKE BHADYEHUAMH 33CTHBIMX PSCNN3BOB B K4pOo-
H3THTOBHX (ODPM3TMEX.

B menoMm, CONOCTaBAAA IEHETHUYECKME X3PSKTSDUCTHKA BHASMEHHHX MO re-
ONIOTHYECKAM TpPU3HAKaM (NDOPUTCOAEDPXALMX QopManuif, MOKEO OTYETIMBO BH-
IEeTHh MHAMBHAY3NBHHE OCOGEHHOCTW NPONECCOR (QANOPUTOOODPa30BIHMA B Pas=~
NUYAHX T'e0NOTMYECKUX OOCTaHOBKAX. HamGonee ANUTENLHHM M P33HOO0GDPI3HLM
OHZ mponecc (OpMUpPOBaRMA DelKOME TALNEHO—(/IDODATOBHX MECTODORKIEHAK , KO~
Topuit BaYKBANCA B NEIMaTHTOBYW CTAZAMK0 M MPOAONXINCH A0 HM3KOTEMNEpa-
TypHEO# rUApOTEpPMaNBHON.

PaccMoTpeHKre NpoCneMH IeHeanca (n0OPAUTCOZEPESLHX MECTOPORAEHMH mo-
K83HB3ET, YTO OHM OHJM M OCTSNTCA BECHMA MHTEPECHHMN W IEDCHNEKTUBHHMN
O0BEKTOMM 717 PEWEHMA DAZS KAapAUHANBHHX NMpOGNEM MWHEDPSAOTMU (THNOMOD-
¢usM MuRepanoB), pyLooGpas3oBanuaA (T'AyOMHS 33pORAEHMA, NYTH MUTpaNuy
M OCOGEHHOCTH Pa3TDPY3KA HTOPCOZEPRIMUX DYAOHOCHHX CHCTEM) M METAALO-
reHMM(Me TaNNOTEHNYECKAs CNeNnanusanua oonscreit 3penoft sempoit xopw).

llanpHefinMe MCCneZOBaRMA AONXHH 033MPOBAaTHCA HA AETAaNbHOM TEONOTHIE=~
CKOM MCCNEeZ0BAHMM DYZAHHX mnoneft, MMEEDPAaNOTMYECKOM K3apTMPOBSHUM COCT3EBa
PYA ¥ MX TEKCTYDBHX oOcoGeBHOCTe#, M3YYEHMH CBABM  (0OPUTCOZEPRAWLNX
MeCTOPOXAEHKY C reonorudyecKnMd QOpMSLMAMA H8 OCHOBE TOHKUX IeOXUMUYE-
CHUX MCCnezoBaBuif, BKIOYSA M3OTONHHY 3H3NU3 CBUBENE M ADYTUX ISNEMEH-
TOB M3 DyA ¥ BMEWSHWAX NCPOA. JCNEXM M3Y4YEHMA BO MHOT'OM 33BUCAT OT
BHEADEHMA M Pa3paCOTKM JIOKANBHHX BHCOKOYYBCTEBMTEIBHNX U DHCIPECCHHX
METOLOB MCCHEZAOBaHMI MMHEDaJBHOIO BEWECTBA.
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YIK 553.634.12.064./.065
@JUOCPUTOBOE OPYZIEHEHUE W TPAHMTOMHNA MATMATUISM

B.H.Mowkus, A.A.llBaHOBa, B.B.TepHoBoOi
Bceconamuil HayYHO-ACCA8NOBATENLCKAR I'60M0TNYeCKAll MHCTATYT
am. A.ll.Kapmmucroro r. Jenuurpanm, CCCP

[lpoGnema cBA3u §ADOPUTOBOrO OPYAEHEHMA C IPBHUTOMASMHA B TOR uam
MHOI Mepe paccuaTpuBanach pasee B.lusgrpeénom, M.H.I'oBopoBuM, AJT.Co-

- nosseBuM, M.I'.Pyo6, A.B.Konaycom u J.C.lysanoBum, A.A.liBaHOBO#H, M.Y0oT-
GCOHOM, C.CBumeHOM, K.Jl.CeilEcOepm M MHOTMMW ApyruMi. O7ESKO DHAZ Bai-
He#luux acneKToOB 3TOR NPOCNEMH OCT36TCA HEACHHM UIM OCTDPOAMCKYCCMOH—
HuM.TaK,HEJOCTATOYHO 0XapaKTEPU30BaHH OCOOEHHOCTM COCTaBa, CTDOEHMA,
TEKTOHNYECKON NMOSMUMA M QOPMEUMOHHOR MpPUHAAAGEHOCTM (MOOPHUTOHOCHHX
TPaHNTOB, MECTO NPOMHUAEHHOrO @nOOpPMTOOGpa30BaHuA B 00WEM Npomecce
CT@HOBNEHMA M NpPe0Cpa30BaBMA TDSHATOBHX MHTPYSMil M BMEWaLUMX MX NOPOA,
KpUTEepuUl CBASH (QANOPMTOBHX MECTOPOKZEHUE C IPaHMTOBHMM KOMINZNEKCEMHM H
T.74.

B noxnsze, ONMPSACH H3 MATEPM3AN COOCTBEHHHX QOPMALUMOHBHX MCCAEZ0-
BaHuil B rasBHedmUX QAOOPMTOHOCHHX M HEKOTOPHX NEPCHEKTMBHHX Ha (Qawo-
pur paitonsx CCCP, a Takxe H3 3H8AW3 (PAKTUYECKOrO MATEPMAaNa OTEYECTBEH-
HHX ¥ 38py0eRHNX NYONMKaOMil, MH PaCCMOTPUM HEKOTOPHE M3 BTMUX aCNEKTOB.

Cpezu pa3MuuBHX (OPMALMOHEHX TUNOB (AWOPUTOBOrO OpyAesenus /i/ ma-
iH0onge OTYETAMBO C MAT'M3TH3MOM CBA38HH MECTODOKAEHMUA DEIKOME TA/LIBHO-
(@noopuroBoit jopuauun, BHABAEHHWE B DpAAE paitoHoB CCCP u 3apyOexHKEX
crpaH. K aTOMy TUNYy OTHOCATCA MECTODORZEHUA BO3HECEHCKOrO DYABOrO y3-
na (Mpumopre), KapsoOmuckoro (Hasaxcras) u CaprappoHckoro (YaGexucTas)
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pyAEHX noneit, Nurxapssrckoro (Kapemus), Bymseasackoro (KAP) = Cmpapp-
ckoro (Amscka) paitosoB X, OBV NpEACTSBNSHH XMABEHMYM TENSMK W METACO-
MATHYECKUMA 337€K8MM, NPHYPOYSHHHMM K BK30— M SHAOKOHTEKTEM I'DAHUTO-
BHX MACCMBOB. [10 HAMMYMD TA3BHHX NOAE3HHX KOMIOHEHTOB, XapaKTeDy MeTa-
COMaTUTOB M (OpMALMOHEEM OCOGEHHOCTAM HAMM BHAEAANTCH CHEAYOWHE THIN
P6IKOME Ta/LIEHO~(/IDOPATOBOTO 0Py I8HEHIA: 0JIOBO-P8 IKOME TA/IIIbHO~IIOJIAME Ta I~
nuuecKu—gnoopurossll (IuTKApanTa), ONOBO-DPEAKO3EMEIBHO-TONKME T NIAUYE~
cxu~pnoopurosult (Byddano m Ap.), BOmbJpaM-MonuGaeE-fnoopuroBult (Con-
neunoe, CaprapioOB),0N0BO-DPeIKOME Ta/IBHO-JnnopuToBult (Bo3HECAHCKOE,
JlocT-PuBep).

Penxoms TANABHO-{MIDOPHTOBHE DyQHHE MOJAA MPAYDPOYSHH K BHXONEM I'DaHA-
TOBHX M3CCMBOB, IPEACTSBAADUMX COGOfi NGO COMOCTOATENBLHHE MENKUE WH-
Tpy3uKM, NACO NO37HME (83N KPYNHHX MHTDYSUBHHX KOMINAEKCOB. OpyZeHeEBMe
BOBHKKEET B TIPOLECCE BHCOKOTEMNEDATYDHHX METACOMATUYECKUX WSMEHERMU
NOPOA ¥ NPOACNX3ETCA B CTAZMD TMAPOTEPMANBHOrO CPEAHE- M HMSKOTEMNEpa-
TYPHOI'O XMABHOI'O BHIOIHEeHWA. B pe3ynbTaTe BOSHUKAET CIOXHAA METaNAO-
reBMYECKAsA 8CCONUANMA, COCTOANAA U3 DISHHX I'eHETHYECKUX M MMHBDAIBHHX
TUNOB METSCOMATUTOB M OpYyJAEHEHMA, KOTOpaA CBA38HA B NPOCTPAHCTBE 30-
HaIBHOCTHN N0 OTHONEHMD K M3PMaTUYECKHM TEJaM ¥ HANpaBleHHOU mocuepo-
BATENBEOCTED (OPMMPOBSHMA OT BHCOKO- K HUBKOTEMIEPAaTYPHHM 0Cpa30BaHU-
A (or 500 7o I50°% mo zsHEEM C.M.AmeKC8HADOBA, H.H.ToBopoBa ,l.C.0y=
38HOBA M Zp.).

CxeMaTMBMPOB8HHO NOCAEZOBETE ALHOCTS MEBTACOM3THYECKMX NPONECCOB M
PyA006pas0BaHKA MOKHO NpPEACTaBHTE CHBAYDWMM 06Pa3OM:

- NerMs8 TMTO00Pa30BaHME B SHAOKOHTAKTAX TI'DEHMTHHX MACCMBOB M Jalxax-
anognsax ¢ OpMUpPOBSHMEM, KAK NPaBMNO, HEOOABWMX TEZ WANCOBHX NErMaTu-
TOB C (ANOPUTOM;

~ CKADHUPOB3AUE KADOOHBTHHX NOPOA B 9K30KOHTaKTaX MHTPY3UBOB C 00—
P330BanAeM (ADOPUT-BE3YBMEHOBHX NOPOA;

- 9IBOMTH38OMA ¥ KENUUNSTM33LUA IP3HATOB B SHAOKOHTEKTOBHX YaCTAX
MaccuBoB. C 3TUM BTaNOM CBA38HO CBOBOOPa3HOE (LOOPMUT-NOJEBOMNATOBOE
opyaeseHns KEHOro yyacrka CaprapiOHCKOrO PYAHOrO NoAsd. CXOAHHE DYyAH,
CyAs no ofpssuaM, HaXOZAwMMcA B My3ee @paiideprckoit I'opHoli akagemum
(I7IP), BCTPEd3wWTCA M B MECTODPOEJAEHMAX BymBe NBACKOI'O M8CCHBA ;

-rpeltagAu3anusA, IMPOKO Da3BUTAA KBK B NpPEAENax MHTPYy3MBOB, TaK U
B UX DK30KOHT8KTAX, B Pe3yABTATE KOTOPOH 00pas0BalMUCH CILOAMUCTO-KBap-
[EeBHE M CHOAMCTO-TONA3-KBSPIHEBHE METS8COMSTHTH M MUJAH C DPEIKOMSTAJUILHHM

X Ha npmcyTcTeMe (MHOTZNA B GONHINOM KoJMYecTBe ) (VIOODETA B pyAax
MHOTHMX PelKOMeTaJLIBHHX MeCTODOXIeHK{t, TECEO ACCOIMEDYRIMX C KUCJHMM
T'paHUTCHIAMA , yKa3HBAJM B.I.Bapeyxes, A M. Twuadypr, H.[l.3adonoTHad,
M.[l.MarepukoB u Ap./9/. OHE Xe MOXUEepKEBANM BAXHYD DOJL HTopa B me-
PEHOCe [YOHHX KOMIIOHEHTOB NOCTMATMVMATWYECKMMM (umomnamy,
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Py c. 1. Momess pemxomeTaLIEHO—-
MOOPMTOBOTO DYINHOTO NOJA B
paspese

I '~ MBBECTHAKN; 2 — I'DAHHUTH;
3 - anrbOMTE3MPOBAaHHHE I'DAHETH;

- (MIOPAT-TIONIEBONNATOBHE Me-
aCOMATHTH; O — CKapHH; 6 -
rpef3cHE3MpOBAHHNE TPAaHETH; 7 -

ﬁn ak30rpefizeHoB; 9 - cangHCTO-
' @mOpHTOBHE MeTacoMaTHTH; I0 ~
| KBapu-KapOoHAT~{M00PUTOBkHE KWK

KA [ *2[2]+[d

2 ) [N\e [ [~

 OpyAGHEHUEM B TPARMIAX, 8 TIKEE CAWAMCTO-(ANOPUTOBHE M TONE3-CIOAMCTO-
 (ADOPUTOBHE METFCOMBTHTH B KIPOOHTHHX NOPOZAX C NpPOMHUIEHHHMM COZEp-
- R@HMAMM (70OpUTE ;
f‘ - OKBApIEeBaHNUE ¥ 00Pa30BIHKE KBApU-JA0OPMTOBHX M KBapU-(A0OpPUT-Kap—
GOHATHHX I'MADOTEPMANBEHX EAL,MHOPAS C CyNBJUASMM MEAM, CBAENG M IUHKS.
IETEBCHBHOCTD TEX MAM HMHHX MpPOLECCOB M CBR33HHOI'O C HUMM OpyAeHE—
. HMA HEOANHBKOBA HA PaBHHX DYAHHX NONAX. LAA BOABHPEM-MONUCAE H-(A0ODK~
- TOBHX DYAHHX NO7EH X8PSKTEDHO HaMOUNEe WKpPOKOE DPAa3BUTHE TI'peil3eHu3anuu
¢ 00pa30Ba HUEM TON83-{ANOPUTOBHX U cnnnncmo-@nnopnroxux PY¥A B KapGo—
- BaTHEX BMEUSOWAX NOPOA3X. Ha 0J0BO-DOIKOME TANIBHO~{MOOPUTOBHX DYIHHX
NONAX WAPe NPOABAEHH CKAPHMPOBAHME H CLOAMCTO-(I0OPKTOBHE amoKapGoHaT-
HHE METSCOMSTHTH. X3PaKT6D DI3MEUEHWA DA3AMYHNX THUNOB MBT3COMATHUTOB M
CBAB8HHOIrO C HMMH OPYZAEHEEHMA NpPUBEAEH H& puc. 1. BepTuKanbHEIl pasuax
. OpyAsHenus Aocruraer 700-800 u.
: lipuBeZieHH8A CXEMa NpPOLECCOB pPYyA00GP830BaHMA X8pPaKTEPHA AAA MECTO-
poszieEu#t (X GONBUMHCTBO), IPUYPOYEHHHX B OCHOBHOM K KaPGOHATHHM TOd-
- mau (Bospecescxoe, Commeunoe, JocT-Pusep u Ap.). Heckomsko usolft xa-
PaKTED (QANOPUTOBOrO OPyZEHEHWA M3BECTEH, HSNPUMEP, H8 MECTOpORZAEHMM
Byjgano, rze npoMbuieHEHE (A0OPMTOBHE PYAW NOKAaAM30BAHN CpPEeZM NENTH-
. T0B B NpoBEcax KPOBIM. M8CCHBA ByuBENBACKUX TP8HUTOB.0TMEYBETCH 12}
METDY3UBEHA KOHTAKT TPAHUTOB C (JIOOPMTOBHMN EMJaM¥ W H8 3TOM OCHOB3-
. HaAW NONST8NT, YTO KPUCT3 AAU38LUA OCHOBHONM M8CCH (0OPUTA [POMCXOAMAS
. U3 ra3osoft jasw, oTZeAMBUENcA A0 NOAHOA KPUCTENAMBALMM T'D3HUTHOTO pac-—
NNasa.
T'pgHUTOBHE M3CCMBH, C KOTOPHMHA acCOUMMPYET (AKOPMTOBO8 OpYZAGHEBME,

BECHM3 P83HOOOpPa3HH IO OCOGEHHOCTAM CoOCTaBa, MOpJomOrMH W pasMepad Tend,
- IEONOTO-CTPYKTYPHOMY NONOKEHMD M Bo3pacty (rada. I,2 ).CoriacHo Kiac-
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TaGmnoa I

XapaKTepHCTNKa (QMDODHTOHOCHHX T'DaHUTOBHX MATDPY3MBOB bBymBeasnx, Kopocremnckoro, CaiMEHCKOTO

XapaK Te pACTHK 8

Bymse nsg

KopocTensckuil

CanmuBcKait

NleTporpsfuuecruit
COCT8B NOpPOZA

KpynaosepHUCTHE ,43CTO NOp—
(HpPOBMZAHHE, MBOT'Z8 OBOHA—

BHE OUOTUT-POrOBOOOMBHKO-
BHE ¥ OMOTMTOBHE CcyOmenoy—
HHE M Ne#KOKpaTOBHE I'DaHH-
TH, T'pOHOQMPH, 8MNIUTH,NEIr-—
MaTATH

Kpynao-cpesHe3e pHUCTHE ,98CTO
OBOMZHHE OMOTHT-DOrOBOOOM3H-
KOBHE M CUOTUTOBHE CyOmenody-—
HHE M 7nefiKOKp3TOBHE I'DIHUTH,
MHOTZ8 MOHIIOBUTH ,T'P8HET=NODP=
(upH, SNNKTH,NErMaTUTH

BuoTuT=-pOoroB00MaHKOBHE
OBOMABEHE CYOMENOYEHE H
nefiKOKpaTOBHE I'PIHUTH,
T'P8HHT-TIOPYMPH, SNAHTH

Mopfonorua Maccusa
K ero nnomsas

Crparudop:..s0e Teno I'nmaBEHX
TPIHUTOB CO WTOKSMM ¥ CUA-
NaMK MO37HUX T'PSHATOB THUNA
FoOOMABKON M XWNoMU anim-—

TOB M nermaturos, 30 ThC.

KM

llnacTMROOGPE3HOE TENO MOMHO-
CTE0 3-6 KM,OCHORHEHHOE On0-
KOBHMM MEPEMENE HUAMA, T6/8MA
ra00po-8HOPTO3UTOR M MHTPY3UA-
MHE NO037HMX (83 rpaHUTOB,

12 mue, HMZ

lnacTrEOOGPa3R08 TENO

TPSHHTOB DANIKUBA MOm—
HOCTED 2-3 KM,NpOpBaH-
HOE TEN3M¥ I'DSHUTOB

No3AHuX ¢asa, 5 THC.K

OcOOGeHHOCTH MHHE=
pPanBHOr'0 COCTABA
TDaHATOB

BucOKaA XenesucTOCTh LBET-
HHX MUREPajIOB, HECKOMBKO
TeHepaluit noneBHX MNAaTOB

¥ KBapma, WMPOKOE D83BUTHE
NEepTUTOB

OueHP BHCOK8A XEENE3UCTOCTH
UBeTHHX MuHepanos (mo I00%),
HECKONBKO TeHepanuit nmonesux
WN3TOB W KBAPIS ; WMPOKO8 DP83-
BUTHE NEPTUTOB

BHCOKaA RENEBHMCTOCTH
IBETHHX MUHEpPanos (96-
99%) , BECHONBKO I'€HBDA-—
it nomeBHX WNATOB M
KB8pLU3, NMUPOKOE DasBH-
THE 8AB0UT8 M NEPTUTOB

XapaxTepHHE 8KIEO-
CODHHE MUHEDP8NH

OnoOpuUT ,IUPKOH ,8TI9TAT ,MET—
HETHT, KACCHTEDUT

OmoopuT, MIBMEBHT, LMDKOH,
amnaTur

OmoopuT, OUPKOH, OPTHT,
M3THETHT



AapaKTe pICTURE

Byusenszn

Kopocrensckuit

CanuuBcruit

[leTpo— ¥ TI'6 OXUMH—
YECKUE OCOO8HHO-
CTH T'pPBHUTOB

810, = 72-76%,

A1,04= 12,5%,
Na,0+K,0=7,5-8, 5%,
K+Na-Ca=173-178,f = 0,85,
!ﬂﬁgé = 0,73-0,84

810, = 69-73% (  175,5%),

3102372—75%9 A1203=1 2-1 3%)

A1,04=12-14%, Ne,0+K,0=8-9%, Na,0+K,0=8,2-9,0%,

K+Na-Ca=188-206,
-0,85, Na-Ca

f = 0,72-
= 0,68-0,98

Sn = 5-150T/T

K+Na+Ca = 188-198,
f = 0,85-0,88,
EEiEE = 0,66-0,88

Or parHMX (a3 K
NO3ZHUM B8 NUYH~

- BBWTCH

F - 0,16-0,54%, Sn = 6,5=
-9,0T/T , Rb = 225-408T/T,
Ca/Sr = 130-1170

F = 0'11"0»30%.
Rb = 142-320,
Ca/Sr - 55-116

F=0,09-0,40%, Sn-4-121/T,
Rb = 214-5271/T .,
Ca/Sr = 25-178

LLE

Or panHmx ¢as k
K TO3IHAM yMeHB-
mapTea

Buemapume nopoad

Sr=40-7 /T, Ba=890-260T/T,

Sr=z165-55 r/T ,Ba=1254-500r/T, ST = 280-20T/T, Ba = 1900~
K/Rb = 180-99

K/Rb - 260-130 -791/T, K/Rb = 225-91

Pa3anToBHE NOpOAH EyuBanbaa
M 0CaZA0YHO-BY/KAHOTEHHHE
00pasoBanua rpynnu PoilGepr
(R, )

T'panuTHU33UA, OPOTOBMKOBAHUE

TreficH M MUTM3TUTH,DEXE
MpaMOpH , ra60p0-8HOPTOBM—
Ty ( AR-PR, ) ¥ 1p.

Cnspun, amfuoonuTH, KBAp-
OUTH,MBTABYIKAHUTH , KapOO—
H3THHE MOPOAH, I'PIHHTO-
ruglics ( AR,-FR, )

OHBO0KOHTS KTOBHE
U3MEHE HUA
T'eonoro-TeKToHNYE~
CK3A NO3ULKUA

T'paHuTH381IAA, OPOIOBUKOBa—
HAB, CK3DHHDOBAHME
TpaGe H-CUHKAMHSNBHAA CTPYK~—
Typa,HaNOReHA3A H8 AR-FR,

00pa30BaHAA YKPBUHCKOIO
unTa

CrkaprnpoBanue, rpeitaenu-
330UA,NPONUNUTH3EIINA
Banruiickn# wur,llsnoxcHan
MUIE OCUHKANHENBHEA 30HA

(FR4) na crure ¢ Hapens-
CHUM CPEeZMHHHM M3CCHBOM(AR)

CUHKNUHENEHAA CTPYKTYPa PaHI
(PR,), HanoxenHad Ho QymRa-
MeHT nnarfopus Kanaxapm { AR)



8LE

OxoHuannms Tadmams 1

A8DaKTE PACTRKE

ByuBsnsjg

Kopocrennckuit

CanuuBcKrH

STan pa3BUTHA
8eMHOIl KODH

TeKTOHO-MAarMaTHYECKaA AKTH—
BU3aNUA NporonnaTdopmu, PR,

(I1950-1650 MnB.neT)

TeKTOHO-M8TM8 THYBCKAA
axTuBMasmua umMrTa, R
(I715-1690 MnH.JjeT)

TeKTOHO-MaIMaTHYECKAA
gKTHBN33INA MmMTa,
PR12-PH21( 1560~
1543 mmH, 7AeT)

MecTopoxzaesua
{fnoopnTa

Byddano u 1p.

HeGonsmumue pynonpoABAEHHA

lInrkApanTa

denons3onann
METEPHENH Clenyk-
U¥X 8BTOPOB

C.A.Strauss, F.C.Truter,
R.C.Rhodes, M.D.Watson,
C.P.Snyman, D.H.Lenthall,
D.R.Hunter

N.C.Jlnuak, M.U.XBOpOB,
B.H.Mowxun,l.H.Jarenalt-
ckad, E.B.Tanommea, B.B.
IBopkuns, W.ll.Byxosuy,
N.0.KorBuuknit

I.Il.Ceupuznesxo, J.1.Top-
LueBxo, P.A.XazoB, M.T.
PyG, A.M.Jlapun, XK.J.Hu-
KONBCKAA, H.Q.lmBEKBpEB,
I.A. BenMKOCN8BUHCKMI




6LE

Ta6auna 2

XapakTepHCcTHKA (QUIDOPATOHOCHHX I'PAHATOBHX MHTDPY3ABOB BosHeceHckoro, Kapaodusckoro, Caprapmoncxoro, Jocr-Pusep

BoaHeCeHCKA

KapaoGuncrull

CaprapzoHckui

JocT-PuBep

llerporpafuuecruit
cOCT8B Nopoj

Cpe nHe—Me 1K03€ DHA—
CTHE,Y3CTO nopupo-
BUAHHE ,CHOTHTOBHE M
NpPOTONNTUOHUT OBHE
PPaHUTH, 8JACKUTH,
(2-7 ¢gaza?), neirn
nopfupuTos,sniInToB,
NerMaTUTOB

PaBAOME pHO3EDHM~
cTHE ,pEXE nopu-
pOBUZAHHE , GHOTU-
TOBHE NeHKOKPaTO—
BHE I'D8 HUTH,8MNR=
TH

[lopfuposuzasne CUOTH-
TOBHE ¥ POrOBOOGMaH—
KOBO=COMOTUTOBHE I'pa-
HUTH, D8 BHOMEDHO3EP~

HUCTHE 7efKOKpaTOBHE
TPaHUTH, TPSHUT-NOD—
fupH, 8NANTH,NETME-

TUTH

CpenHe-Me1KO3EPHACTHE ,
MHOrZA3 NnopdMpOBUARKHE
ouoruTOoBHE nelixoKpaTO-
BHE T'P3BUTH,Aslku puo-
NMUTOB, NaMNPoJuUpos,
Ana0as30B

Mopfonorua mMaccusa
W ero naowsnb-

HeGonpuue TPEUUHHEE
MHTPY3UN,, UTOKH , 3 Ii—
Kn, 710 I2 ¥

Kynmon kpynsoro

(~ 200 Kl ) y He

BHXONALETO H3 MO-

BEDXHOCTEH WMHTDY3U-
B8 IpaHuTOB,l K

llITroxoo6pa3n0e TENO
HEOAHOPOJHOTO CTPOE~-
HUA C NOCTeneHHEMA

nepexozaMm MeKAY Das-
HOBUZHOCTAMM TP3HUTOB,

2,5

l[lITox000pasHHe M KYyMNo—
nnodpagﬁue Tens, A0
56 R

OcoGeHHOCTH MWHED3—
ABHOT'0 COCTaBa I'pa-
HATOB

BHCOHKaA XENE3MCTOCTH
ouorura (no 96%) K
BHCOKNE COAEePXaHUA

B HEM F - po I,6%,
Rb - gm0 0,068%;paa—
BATHE NEPTUTOB

HeckonsKo reHepa-
uuit KBapus,mIUPOKOE
pa3BuUTHE NEPTUTOB

YMepeHHan XeNe3uc-

TocTh Suorurs (40-70%)

A DOTOBOH OOMAHKA
(46-72%) u BHCOKO®

copepkanne B HUX To-

pa (mo 2,8 u I,I%)



08€

OroHYaHES Tadmumu 2

(apaKTepuc TiKa BoaneceHckuit KapaoGuscruit Caprapaosckuit JocT -Pusep
XapaKTepHHE SKIEC- $N0OPHT ,MUPKOH ,8N8=  QNOODUT ,[IUDKOH ¢ ®noopur,cfen,rpanar, OGuoopuT,3N8TUT,DYARHE
COpHNE MAHEDTH ‘ THT,CHen,0pPTUT, 8MaTUT,M3arRETUT TUPKOH {MAPHE TUT

TYypMaNUs ,KaCCUTEPUT

lleTpo-u reoxuMuue-
CKHE OCOGEHEOCTH
TDSHUTOB

Or panBux a3 K nos-
IHMM YBEJIMYMB3OTCAHA

510, = 69-75%,
A1,04=13-19%,
Ne,0+K,0 =7,8-8,2%,
K+Na-Ca = 193-213,
£ = 0,65-0,95,
Eﬁﬁﬁ = 0,85-1,63

F 20,12-0,96,
Rb =210-1640T/T

Na-Ca
D

$10,=74,5-76, 5%,
A1203=12|5‘13 IS%I
Na,0+K,0=7,9-8,9%,
K+Na-Ca =222,f=0,75,

= 0,94

F=0,39, Ca/Sr= 50.
XapaKTeDHH BHCO-
KME KN8DHKM KOHLEH—-
rpauuit As,W,Bi,
Sn, Mo, Y, Yb

3102=70.5-75%.
A1,04=12,5-15,0%,
N320+K20=6,4~8,0%
K+Na-Ca = 136-192,

£ =C71-79,
== = 0,47-1,20

F= 0,31, Rb=235-
-360, Sn = 6-I2 1/T,

Mo = 3-22r/T,
K/Rb = 146-96,
Ca/Sr=53

510,= 74-75,7%,
A1,05 = 13,5-13,7%,
Na,0+K,0 = 8,1-8,4%,
K+Na-Ca = 200-208,

f = 0,64-0,67,

Na-Ca 1
. i v

Bueuswouve nopoau

Bynkssorenso-oca-
AOYHEE M K3pOOHAT-
Hue oTnozeHuMA (R-C)

Hucnue agdysusy u
TEPPUTEHHO-K3pOo=-

HOTHHE OTNIOXEHNA
D-C,

HapOGoHaTHRE OTAORE=—
uua ( CI )

KapGoHaTHne M Teppm-—
TEHHHE OTNOREHMA
(PO u 0)




18€

BoaneceHCKuit KapaoGuncxuit Caprapaonckuit JocT-PuBep
AapaKTepucTHKA
JK30KOHTS8KTOBHE Cxapumpopaune ,rpeii- CkapsmpoBarue,rpeii~ CrapampoBanme,rpeii- CrapEMpOBaHuME ,IpPeil-
A3MEHE HUA 36HN380MA,IPONKANTH~ SEHNB8IHUA,OPOIOBA~  BEHUBBLMUA 3e HA33MUA
3301U5 ,0DOTOEMKOBEHME KOB3HMUE

T'eOnoro-TeKT O
YECKAA MNO3UIUA

Xapxaitcxuil cpeaupunit
M3CCHUB,CKDHTHE I'Iy=—
GMHHEHE D33NOMH

Korueras-CeBepo-

Tasp-llanbCKEA 00—
NacTh KaNeLNOHCKOMR
CHA8AY8 TOCTH

Cpeauseo-Tans-llane-
CKaf 00nagTh Kane—
ZOHCKOIl CKnaz4aTo-
cTH

JCKUMOCCKUiE cpe IMHHHME
Maccus{n-oB Cebapa,
Anscra) ; KOHTPOMMPY=
KTCH pa370MaMI

OT8N pPasBATHA 3EM—
HOil KOpH

[locToporensnit aran
pas3BuTuA Oalikanup,
PZ, (482-384 MaH.JeT)

TeKTOHO-M3 M8 THYE —
CKaA 8KTUBMSSUUA
Kaneponua,P (232+
+11 M7H.J7ET)

TeKTOHO-M3IM8TUYE -
CKafA 3KTUBNBALMUA
Kanenponux, P
(242-245 MnH.7T6T)

TeKTOHO-M3T'M3 THYECKAA
SHTUBHIALMA KANEAOHU]
() B5(75,143 wns.net)

MecTopoxze HUA BO3HECEHCKOE KapaoGs,Conneynoe CaprapnoH JNlocr-Pusep, Tun-Kpuxr
JuwopuTs ¥ Ip.
AcnonraossHy MaTe— H.ll1.3aGonorRaa,M.T'. B.l.Cepux,A.A.Ly- B.l.AftsenurarT, ¢.L.Saicnsbury,
PUSTIH CIELYouux Py6,A.A.PABanles, XOBCKMii,A.A.UBaRO~ K.YpynOaes, C.M.Anexcanzpos
8BITOpOB M.I.Pasannesa, B3,B.B.TeproBOii, A.A.BsHoBa,
P.ll.Coxonos A.B.Konnyc,A.il. B.B.TepHoBoit
llantenees




cujmkanEyu, paspadoraHHoit so BCEIEHU [S]. OH¥ OTHOCATCA K Pa3JMYHHM
MATMATHYECKVM POPMAIIMAM: pANAKVBE-TrpaHuTOBOR (Cammmckuit), geftxorpa-
HETOBOR (BosHeceHckmit m Ip.) ¥ anackuroBoit (KapaoOmeckui). BmecTe c
TeM TPAHATH DPEIKOMETALTbHO-(UVIOODUTOBHX PYIHHX NoJeit o6lanamwT DAIOM
NPUHLMINAMEHO BAFHHX YeDPT CXOLCTEA.

Bo-nepBHX, ANA BCEX P3CCMATPUBIEMHX I'DHMTOMABHEX KOMNIEKCOB X8DP&K-
TEPHO PE3KOE Npe0Caaz8HUE IBYXTIONEBOWNATOBHX GMOTATCOAGPEAWUX AeHKO-
KPaTOBHX T'PGHUTOB U 7NGHKOTPEHUTOB, 3HAUEHAR CYMMH WENOYSH# KOTOPHX Ze-
Xa8T B 30HE NEPEXOA3 MEXAy HODMaNBHHMM M CYOWeAOYHHMM NOPOZaME (puMc. 2),
8 KO2(@@MIMEHTH arnauTHEOCTH (—!%f-— ) BapsupyoT B npezensx 0,75-0,90
(zo 0,99). 9tm rpanuTOMAN 0CPa3yWT AOBOABHO KOMNAKTHYO TDYONy TaKKE
N0 O0OTHOWEERMI BOPMaTMBHHX KBApOa, op!oxnaaa u anpoura (puc.3),orpa-
HUYEHHYD 3HEUCHMAME Q 30,5 or 25_33 25_4 1 70 oGueit menonuocmn
(K+Na-Ca =I70-2I0), cooTromenab meaodedt ( Né=Ce =0,65-I1,0)* u pazy
LPYTUX MeTPOXMMUYECKUX NapsMeTpoB. [AA BCEX HNMX XapakTepHH BHCOK3AA 06-
mas xemesucrocrs mopox (0,70-0,85) u nBeTHEX MuBepancs ( ao 0,90-0,98),
BHCOKOE cozepxanue ¢ropa (0,I10-0,98%) u OTUETANBSA CHELM3AM3aUUA Ha
Sn, W, Mo, Pb, Zn. YCTOHOBJGHH 38KOHOMEPHOE yBE/AMYEHUE COZEPEABHEA
F ,Rb ,Sn ,Nb ¥ HEKOTODHX JADYI'MX SNEMEHTOB M JMEHBUNEHNE COZEPEa-

HUA Ba ,Sr, 4@ TaKHe B3HaueHuit K/Rb B T'pP8HUTOMIEX no3aHux fas sTux
uATpy3nit (no CpsBHEHMD C NOPOASMHM paHHMX $83) MAM TMO3AHMX cTazuit ux
KpZACTALIM3auny, [loNoCHAA BaKOHOMEDHOCTH, CYLA NC maHHsM M,T.Py6 u apy-
rex /87, I.M. Topouenko ¥ Apyrux /6/, HAMEuUaeTCA ¥ B M3MEHEHEM KOHIEH-
Tpaumit STHX 3JEMEHTOB B GHOTHTAX K3 TDAHHTOB PACCMATDHBASMHX KOMIJIEK-
COB, BakHamR XapakTepHaf 4epTa COCTABA (UIOODHTOHOCHHX I'DAHMTOB - IIOCTO-
smroe ¥ Bucokoe ( IU0-300 r/r, wacro I0OC r/r ) comeprarme {umopwrTa,
OGHYIHO B ACCONFAIIKM C IIMPDKOHOM, ODTHTOM, aNATHTOM, MATHETETOM, HIbME-
HEMTOM, a Takk¥e NOBOJBHHO JacToe NMDPHCYTCTBME KACCHTEepHTa, BOXBbpammTa,
TaNeHuTa ¥ HEKOTOPHX IPYyIMX DPEeIKOMETAJIBHHX MYHEepaJoB. llo ofueMy MmHe-
PANBHOMY ¥ XMMPYECKOMY COCTABY ¥ HEKOTODPHM NETPOXMMWYECKEM M I'eOXMMU-
YeCKMM TapaMeTpaM, TDAHMTOMIH (UINOPMTOHOCHHX KOMILIEKCOB GJIM3EM K I'DyIIe
TAK HASHBAEMHX DPEeIKOMETAJJIBHHX IBYXNATOBHX ¥ MOHOMIATOBHX AJACKHTOB M
JeffKOKPATOBHX I'DAHETOB JETHAPTODECTOTO IEOXPMUYECKOTO TVIa, BHAeJaemol
B.J.Kopanenko /4/.

BO=-BTOpPHX,CO0CTBEHHO (MOODMTOHOCHHE I'PSHWUTH, K8K NPIBUNO, ABAANT-—
CA NUGO NO3ZHUMM ()838MM ANUTENBHO DPE3BMBAWWMXCA TPSHUTOMAHHX KOMNZIEK-
cOB (HanpuMep, TPABMTH TWnNa BoOOMAHKON B ByWBE/BACKOM KOMNJAEKCE, Tpa-
HuTH Il ¢83n B Co/MHHCKOM M3CCHBE M T.Z.), IHOO CBMOCTOATENBHHMEA ME/KM-
MM TEnaMM Ne#KOKpPaTOBOrO cocTaBa (Bo3HeCeHCKUil MaccHB M Ap.). Tens

- KoapguumesTn K+Na-Ca (M30WTOK WENO0YEHd N0 OTHOWEHMK K KaABUAD) U
!gﬁga (no cyuecTBy, KONMMUECTBEHHWE COOTHOWEHMA WENOYeH, MAyUUX HB
IOCTPOEHUE WENOYHHX [OJieBHX mnaron)paccqnmauu B 9TOMHHX KOANYECTBAX IO

meTony 3.I.Kapaeso#t /2/.
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- P ¥ c. 2. lonoxenne QUIDOPHTOHOCHHX T'DAHMTOB B MOJIX KHUCIHX IIyTOHHYE—
. CK¥X TOpOL

A-E - noxsa ceMefficTB KMCJHX MHTPY3MBHHX [CPOL: A - I'DAaHOIMODHUTOB-
TOHAJWTOB, b — KBApUEBHX CHEHWTOB, B — HHBKONEJOYHHX T'DAHHTOB, [ -
rpaHuToB, ][ - cyOmenouHux rpaHuToB, E - JjeitkorpanmroB, X - cydmesoy-
HHX JefKOrpaHuMTOE; I-8 — cpelHme COCTABH THUIWYHHX TDAHETOB CJELYHOUMX
fumooprTOHOCHHX MaccuBoB: I - KapaoGwnckmit, 2 - Caprapmosckuft, 3 - Ky-
THTAHT'CKHA MaccMB, Y3OekmcraH, 4 - BosHeceHckmit, 5 - CamvmHckmfl, 6 -
Kopocrernsckuit, 7 - Bymseasn, 8 - Jocr-PuBep, 9 - moje (UIOODMTOHOCHHX

TDAHUTOB

JTUX CPAHUTOB MMENT KYyNOMO-, WTOKO—-, I'PeCHE~ UMK CUANO0OOpa3HY0 QOPMY,
OCIOKHEBHY® 78 MKaMu-snodusamu,¥ OOHYHO CONPOBOEASWTCH ZaMKaMMU D33NUY-
HOrO0 COCT8B3. ['PAEMTOMZH AKTHBHO BO3ZAGHCTBYIT H3 BMEUSWUKE MOPOZLH,0CO-
08HHO KapOOH8THHE, NPEBPAWSA MX B CHKIPHH M CADANCTHE METSCOMaTUTH, Xa-
PAKTEPUCTHKA KOTODHX NPUBOAMAECH paHbue. CauM, PPaHATH TAaKEE NOABBDPTE-
IMCH MHTEHCMBHOMY 8BTOMETACOMaTMYECKOMY NpPeOOPS830BIHMANS KANMUNETHSE~
nuK, rpeitsesusanuy, aAsOMTH38OUK,

B-TpeThHX, BCE M3BECTHWE (GNOODHTOHOCHHE I'DIHMTOMZAE HPUYDOYSHH K OT-
BOCHUTBABHO KOHCOMUAMPOBSHENM ONOKaM KORTUHEHTaNbHOU 3eMHOif Kopw (wMTawm,
CPelMHEHM M8CCHB3M, OpDOTeHHHM OOnscTAM). Tens STHX I'PaHUTOB, KaK Hpa-
BU/0, AMCKODAGHTHH K CTPYKTYD&8M BMEUWSOWHAX NOPOZ, 8 DAa3MEWEHME UX KOH-
TPONMpyeTCA pasnoMeMu. CTaHOBNEGHAE TPSHATOB NPOMCXOAUNO NpPSUMYUECTBEH-
HO B JCHOBMAX HEOONBUMX IAyOHH.

B nonssy reneTHYECKON CBASM DeIKOME TAJNBHO-MOODATOBOIO ODYIEHEHUS
C 3TUMM TDSHATAMU CBUZETENBCTBYWT: 8) ABHAA NDUYDPOYEBHOCTH OpYASHEHHA
K BH30- U DHIOKOHTAKTAM IP3HMTOBHX TeZ M 30HANBHOE PACHONOXEHME INer-

. M3TUTOBHX, CKapHOBWX, I'pefi3eHOBHX M I'MZPOTEDPMANBHHX (GAOOPUTOHOCHNX 06—
P830B3BM{l MO OTHOUEBHD K METPY3MBaM: G) BD3pacTHAasA GAMBOCTE METpY3uit

¥ PeIKOM8 TalIbHO~{IDODATOBOI0 OPyINeHEHAA ,YCT8HABANBIEMEA H3 HEKOTODHX
 MECTODOXZEHMAX HE TOABKO IeONOrMYECKMMM, HO M P3AMOJIOTMYECKMMA METOA3-—
uu (H.ll.3aGonorsan, A.B.Konnyc, A.l.laurenees, A.M.lapun /27 ;B)pedxoms-
Ta/UIBHAR (GropoBafd reOXUMUYEBCKSA CNELNAaNM33LINA PAaCCM3TPUBAEMHX I'D3HU-
TOB M OTUYETAMBHA TPeHA An@PepeHUManUM 3TUX UHTPY3uil B cTOpOHY oGorsme-
BUA nosAEMx $83 MAM OCTETOYHWX P3CNA3BOB (ITOPOM M DEIKOME TA//IBHHX BJ8—
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P n c. 3. IlosoxeHne @PUIypaTHBHHX TOYeK (UIOOPHTOHOCHHX TI'DAHMTOB B IO~
JIAX TPAHATOBHX Popmamnuit Ha A¥arpamve HOPMATMBHOT'O cOCTaBa Ab-Q-0Or

I-8 - cpenHMe COCTaBH TI'paHuMTOB (cM. pmc. 2); 9-I3 - moJaA COCTABOB
fopmaumit: 9 - panakmpu-rpanuroroff, I0 - mesoyHo-rpaHrroBoit, II - anac-
kuToBO#t, I2 - xefikorpanwuroBoft, I3 - rpaxmroBOft

MEHTSMWA; I') 0TYETIUBEA KACCUTEPUT (MOMMOAEHUT—,BONBIPaMAT-M Do) Gano-
pPUTOBAA MMHED3NBHEA CNEUU3NUBINUA I'PIHUTOB W 38KOHOMEPHOE YBEINYEHUE
KOIMYECTBA BTUX MMHED3NOB B NMOBAHMX AMOQEpEHIUETaX narpyauﬁx s 8 TAKEE
WMPOKE# E3G0p (TOPCOZEPRILMX MUHEPSNOB B NOCTM3TM3 THUECKMX METACOME-
THUTSX.

TeneTHYECKAA CBA3D (AOOPUTOBOTO OPYAEHEHHA C T'PSHATOMAHEM KHCIHM

% [Ipu3HaKKW reHETUYECKON! CBABM peIKOME TAJUIBHOM 98CTH KOMIIEKCHOTO Opy-—
J8HEHUA C I'psBMTaMul, BHABNEHHHE pgHee padorsuu M.I.Py6, P.A. Xasasa,
A.M.Jlapuna, X.0.Huxonbckoit, N.X.lenran, A.P. XasTep ¥ ZAp. HG MECTODOK-~
ACHUAX PACCMaTPUBAEMHX DYAHHX nomeil u pailOHOB,BECOMHEHHO,ABAANTCA AO-
TIONBMTE NEHEMU [I0K833TEN5CTBAMM TaKOil Xe CBABM C rpanuTaMm GumopUTO-
BOT'O OpYAEHERHA.
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MSTM3TH3MOM TOATBEPEASETCA TOHEE TEOPETHYECKHMU DSCYETSMM M SKCHEDPHU-
MEHTSNBHHM M3yYEHHEM (TOPCOAEPESUMX CMAMKATHHX CHCcTeM (padoru H.M. m
B.l.Kosanerko, N.H.Korapro, A.A.Mepsxywesa, WU.J.Padumxoss, N.B.Tayco-
Ha 4 Op.). Ha OCHOBAHAM BHMEWBAOKEHHOTO MOKHO CHeZaTh CJAGNYLUIHAE BHBO-
IH. [omTBepENaeTCA TIeHeTAYECKad CBA3EL PEIKOMS TALIBHO~{I0OpATO-
BOIO OpYAEHEHMA PAZ8 KPYNHHX @AOOPUTOHOCHHX noneft pe3nMuHAHX DETHUOHOB
3eMAM ¢ MATPYSUAMM DANaKNWBU-TPaEMTOBOM], neftkorvsrurosofft u ansckuToBOl
dopuannit. ONOOPUTOROCHHE MHTDY3HMBH 3TUX Qopmamuif xapakTepuaywTcA pA-
7I0M B3XHHX CXOAHHX 9EDPT MMHEDAJBHOIO W XMMUYECKOI'O COCTAaB8 M I'e OXMMH-
YaCcKOro TpeHfa AMdfepeHUMaINN, 8 TAKXE TPHYPOYEHHOCTHY K OTHOCHTENBHO
KOHCONMAMPOBSHHEM KOHTMHEHTANBHHM ONOK3M 3eMHO# KOpH.

BOBHUKBOBEHME TNpPOMHUZIEHEHX KOBOERTpauUMit gnoopuTa CBA33HO C pPa3HH-
Mi CT3MAMA CTAHOBNICHMS M ABTOMETACOM3THYECKOrO npe00PasOBaHNA T'PaHA—
TOBHX MHTpy3ult M uX Bo3ZelicTBMA H3 BMENIOUME NODPOZAH.

Mecropoxzaenus (n0OOPHTS PeIKOME TLIEHO—~IDOPATOBOI0 THANE BO3HMKAIA
B D8BHHE METaNNOTEHMYECKNE BMOXW BT DaHHErO NPOTEPO30A A0 KOHN (aHE-
posos.
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M3OMOHHOA KAsccmPukanuu.-PasBesxa W OxpsHa Hemp, 1973, k 7,c.I2-18.
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Jorn. AH CCCP, 1968, T. I79, % 6, c. I1436-1439,
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YIK 553.634.12.0631.065
0 CBASW ®MOOPUTOBOM W PEIKOMETAILIEHOM MAHEPAJMSALIM MOHTOJMM
C TNO3IHEMES030HUCKIM MATMATYH3MOM

I.U.Ppux-Xap, N.K.BonuaHckas
HHCTHTYT reONOrMM DYAHHX MECTODOXKZEHHi,neTporpaduu,MuEepaNIOTHR M

reoxumms AH CCCP, r.Mockma, CCCP

®noOpUTOBA MUHEDANM38NAA HAWOONEE PACNpOCTPaHEHA HA TEPDUTODHM
Monronuu. OHa npuypoueHa K 3apeanaM, KOTODHE B CBMOM OCHEM BHZE MOTYT
OuTH onpezeneEN kax noscs. A.lN.Kenenos m P.Il. iacuu /6/ Bumemmwm Ce-
Bepo-Monronscruit, BocToyno-Morronsckuit, KxEO-MoEronsckuil GnoopuTOBHE
noAca.

TnaBHaA Macca NPOMHNAEHHEX MEBCTODOXAEHMHA COCPEZOTOYEHE B NpPEZENaX
BocToys0-MOHIONBCKOT'0 NOACA [5.67. OMOOPUT NPEACT3B/EH RANBHHMM M ME-
TICOMATHYECKNMA TEN8MM KBapI-JA0OPUTOBOr0, KBApI=-08pUT-HAo0OpUTOBOIO
¥ K8pPOOHBTHO-PANOPUTOBOrO cocTaBa /4. Kuimuw pasMewanTciA KaK B NOPOASX
J0ME 3030/iCKOr0 CKN8AYSTOr0 OCHOBAHMA M I'DSHMTOMASX NO37HEME3030HCKOr0
BO3pacT8, TaK M B 3QfyauBax No37HEME3030iCKOT0 BO3pacTa (IB-KI).Cyme-
CTBYOT NMpAMHE ZASHHHE O DAHHEMEJIOBOM BO3P3CTE MNPOABNEHMA (NOODATOBOHR
MUHED3AN33IMN HE DAZE MECTOPOEZEEMIt MOHrONMM,OCHOBaHEHE H8 HAXOAKSX
OpPI'aHMYECKAX OCT3TKOB BO BMEWM3OMUX BYNKAHOIEHHO-0C8A0YHHWX 00pa3soBa-
HMAX. IJTH Z@HBHE ZaNT OCHOB3RMA /A nNpejcTaBiaeRUit 0 reHeTHuecKO# cBA-
3¢ (nooprroBolf MMHepanAEM33UEM C NO3LBEME3030HCKAM M3TM3TH3MOM,KOTODPHX
NpHAEPEMBAETCA GONBUMHCTBO MCClef0BaTened Monronmu. JelcTmmTensHO,
Ha0npA8eTCA TECHSA NMDPOCTPAHCTBEHHAA COBMENEHHOCTH NOACOBHX 3pesloB
ME3030jicKoro MarMaTH3Ma ¥ (noopuTOBOd MUHepanusanuw Mosromum,uTo MUi-
nocTpupyeT puc.l. JleTanrHOE M3yyeHHEe CTPOEHUs NoAeld pacnpocTpaHeHUA
[087HEME3 03 0CKUX BY/IKAHUTOB NO3BOAMIO OZHOMY M3 8BTOPOB noxnaﬂa,ﬂ.ﬂ.
dpux-Xapy [f;],nunnnayrs NpeNCTaBNEHWE O MapareHeTMYECKMX 8CCOLMUALUAX
MHTDY3UBHHEX 00pa3oBaHuii pasnoff rayOuHH CT3HOBAEHMA M 20Jy3mBOEB.

B ocHOBaHMM pa3pe30B OOHYHO 387MEraNT CYOWUENOYEHE DPA3HOCTH SHAE3U-
T00a3a/bTOB, KOTOPHE B HEKOTOPHX pafioH8X NaTepsNBHO 38MEWSKTCH TPIXH-
raun (0EBRO-MOHTONBCKEA 30H3) WM POrOBOOCMSHKOBHMM 8HAE3uTaMK. Mom-
HOCTE TONLM KONGONETCA B WMDOKUX TNpEZAENsX, B CP8IHEM He npeswsmasT 300-
400 M. Hepeaxo OHM NMEpECNAMBANTCA C NEYKAMM OCS7OYHHX M TY(OreHHHX
nopoa. Kuciawe a@JysuBH, NPEACT3BASHHHE ABLUMTAMHM, TPSXMIMNEpPHUTEMM, N4~
N8pUTaMH, CBA3SHHHMM HENOCPENCTBEHHHMM NMEDPEXOZAMH C CYOBYAKARHYE CKUMH
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P n c. 2. CTpoeHre ByJKaHWYECKHX HoJeit

a

L e -
3 BE: E3sEv L 5
ERls EA7 Fde B 9

I - cexymme Tesia NUNADUTOR B Tomie Gasarsrounos (Bapxeftcxwm#t pafton); 1 - saneranme mesosofcKEX BYJKAHK-
TOB HA IpEBHUX Tpanmromiax; [-IY - mracroBee Tena JumapnToB, I - BepXHeMeJOBHe MepTeJH, TUIMHH, NeCYaHFKH
BePXHEWPCK/e~-HIXHEMeIOBe O00pA30BAHMA: 2 - JIMMAPHTH, 3 - AAUMTH, 4 - TpaxuIANSpATH , 5 - 6a3aJbTH, 6 - KOH-
TIOMEDPATH; 7 - NeCYaH¥KM, 8 - TumaduccanabHHe TPaHWTOHIH, 8 - IpaHMTOMIH nAjieosoftckoro BO3pacTa




PB3HOCTAMM NOpPOA, 3316TaNT,K8K NPaBUNO,H8 0838ABTOMASX MIM MPOPHBADT
UX 7A8MKOBHMH, MEENZACTOBHMA M CYOByAKAHMYGCHKHMMH TeNaMmu, 00pa3y0uuMM
98CTO OCTIHIOBHE KYNONOBMAHHE MA8CCUBH B COBpEMeHHOM pembede (prc.2,.).
CyOBynxamuYECKUE TeN8 W ZASHKWM KMCIOTO M mMeJOYHO-KHCAOLO COCTABA 06pa-
3y0T HenpepuBEH{l pAA C rENBCMCC3ABHHMM MHTDY3MAMM, YTO MOXHO Hemocpez-
CTBEHHO HaONDA8TH H3 npumepe Bapxalickoro GanOPATOBOrO NOAHA,pacHONET8D-
merocda B NPEA6ASX MaNeOKaNbAEDH, CAOXEHEO! RepnoOBHMM QamuMAMM KBapO-
C3HMAMBOBHX MET&MOPIMPOBHX TPaAXMIAISDATOB,IMNAaPHTOB M MX Opexuuit,rpa-
ERT-TIOPJUPOB, I'PaHOCHMEEMT-NOPJUPOB, I'PSHOCHEHNTOB W CHEHHTOB (PHC.3).

B nenoM NOpPOAH NOBHWEHHOR menoyEOCTH NpeoGasZamT HSA NOPOASMA TO-
nenToBOfl WenounO3eMeNBRO# cepuuM C ofmeld TeupeEnueR paCKMCNEEMH MaruMa-
THYECKAX NPOAYKTOB BO BpeMeHM. I'6 OXHMMYECKNE [3HHHE CBHAETEABCTBYDT
0 pOACTBE MOpPOA pasauyHoro cocrasa. [lo Gonbmeil yacTH OHM COZEPXAT
MEHBIE KI8pKOBHX KoamyecTs Co ,v , Cr, Ni ¥ NOBHNEHHHE BHaYEHHA 516-
MEHTOB nUTOJMABEOR rpymny Smn, Zn, W, Pb . CymecTBEHHO Takxe,

YTO NO37HEME3030HCKNE MATMaTHYECKHME MOPOAH Xa8PAKTEDU3YOTCH MOBHIEHHEM
conepranMeM §ropa. IIpm aToM BO dumoopmToBHX palloEax copepxasms gropa B
OCHOBHHX M CPEAHMX MOPOZSX IPEBHIAKNT TAKOBHAE B KUCJHX U WGA0YHO-KUCIHX
nopogax. B paitlossx, rae (ADOPUTOBOCHOCTEH OTCYyTCTBYET,COAEpRaHME (TO-
pa B OCHOBHHX M CDEZHMX MOpPOZ8X HECKOABKO CHMR3ETCA, 8 B KACAHX NOpoO-
A8X  yBENMYMBAETCA M ZOCTHI86T HIM [ake NPEBHNAET JPOBEHB COOTBETCT-
BYDOUX COAEDPE3HMY B OCHOBHHX M CPEZHMX NOPOASX QADOPUTOHOCHHX paitoOHOB.

OcoGeEROCTHR BEUWECTBERHOrO COCTaBa NosAEeMe3080McKoft MaruMaTuuscrolt
a4CCONHANMY ABAAETCA NMPOKO8 NPOABNEHME MPUBHAKOB NNKBSNMOHHOT'O pasfie-
NeHHds. DT NPUBHAKM — WMIPOBAA TEKCTYPS AMNADUTOB M TPSXWIAMNADATOB,8
TakEe CyOmenOuHHX 0833NbTOMJI0OB, DACCAOEHHOCTH, BHPAaReHBaA (hAMME -
NOZO0HEME BKANYEBMAMH CTEKNa B I'PaHOCHEHMT-TIOpfMpax, GAOMZS IBEOCTHD
B CTEK/N0BaTHX NMNEPHTaX X NA0X0 PACKPHCTS INM30BIHBEHX IpanHMT-nopdupax,
AMH33MM DaCKPUCTaNNM30BSHANX NOPOA B NASCTHHEX, CAOEEHHHX I1OPJHpOBHMM
M CTEKNOBATHMM DS83HOCTAMK, MMHBNMHAMA X8NINEZOHa B 0338ABTOMAAX.

0coG0 OTMETHAM JMKBALAOHHHE JIMH3H, CJOREHHHE DYIHHM BELECTBOM R
KpeMHe3eMOM. [Af KHCAHX ¥ WEeN0YHO-KUCANX MarMsTHYeCKUX o0pas3oBamuit xa-
P8KTEPHO ToKEE WMMPOKO8 NPOABIGHAE aBTOCpeKuMeBHX paanocrelf, xoTopue,
K8K NP8BANO, A8NT HENPEeDHBHEHE MEPEXOAH B MacCUBHEHE (ADHAaABEHE NODOAH
B O0BEME 6AMENWX IeONOTHYSCKEX Tel, B TOM YACHe K NA8CTOBHX. MOmEOCTH
NoC/eAHMX MOXET CHABEO D83MMY8THCA M B HEKOTODPHX CAy48fAX €Z4B8 COCTaB-
AA6T NEPBHE CIHTUMETDH - AGCATKM CAHTMMETDPOB NpPH SHAUHTEABHOR mpora-
EeHHOCTH, [l0Z00RHE TEKCTYPHHE COOTHOWEHWA CKOPES BCET'O CBMAETENBCTBY-
OT O BHCOKON CKODOCTH ABMXZEHUA ¥ HM3KOH BABKOCTH PacnnaBoB, OCYCLOB~
NeBRON MX QnoMan3anueit.

QnOOPMTOBHE MECTOPOEZEHMA MOHI'ONMM NPUYPOYEHH K TEM NIOUSZAAM pPa3BH-
THA NO37BeME3030MCKMX NOpOA, KOTOpHE XapaKTepUBYWTCH HANMUMEM MAKCHMA=—
ABHO AUQPepeRUMPOBaHENX Pa3HOCTEH C NO3JHAKMMM KMCHALMM M WENO0YHO=KWGCIHME
P33HOBHAHOCTAMM NOPOA M NPSKTHYECKM OTCYTCTBYOT TaM, I'Ae NpeolnsaswT
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P v c. 3. Bopxafickaa naneoxkaspiepa

I - pHXJHe OTJIOKSHHA; 2-8 - BeDXHEKPCKO-HUXHEMeJOBHe 00pA30BaHUA:
2 - OpexYMM JMIADHTOB, 3 — Merancpd¥poBHE TPAXMJMNADWTH, TpaXyuIally-
TH ¥ TpPAXWMAHIE3HTH, 4 - OpexuYuV MPWKPOIDAHOCHMEHMTOB, 5, 6 - dasanpTH
¥ aHjiesuTo-6asansTi (5 - NOKPOBH, 6 - CYOBYJKAHMYECKME Teda),7 - Ty-
folpexaun ¥ TyjolnecyaH¥K¥, 8 — T'DAHOCHEHMTH ¥ TPAHETH; 9 - KOMILIEKC
naneosofickoro ocHoBauma; 10 -DpaspupHile Hapyuedus 311 - aneMeHTH Tpe-
mEHOBATOCTH; 12 - mpeinosaraemue T'DAHMIIH [aNeOKaJblepH

OasansTonpu. [Ipy aToM KBIpU-(hN0OPATOBHE U KBapn-08pUT-{NoOpPUTOBHE Ku-
IH ABIADTCA HauGOonee NO3AHMMM, 33BEPUANMAMM M3TMaTHYeCKMi muKn. Bonee
TOro,B8 HEKOTOPHX MECTOPOKAEHMAX YyCTAHOBIEHA MEDPEMEX3EMOCTE 2TanoB (N0~
ODUTOBOH MUHEDPANM38UMM C (a3aMu NPOABNEHAA KMUCIOTI'O BYNKSHM3Ma. Bce 3T0
[03BONAET PaCCMAaTPUBATE KBapH-QNOOPATOBHE RWAH B €AMHOM pAAY Audfepes—
OHMATOB KUCNOH BETBWM MArM8TU3M3, CBUILETENBCTBYOMUX 00 UX MapsreHETHYE—
CHUX COOTHOWEHMAX.

OrBocuTenbHOe OOEZREeHMEe NOpOZ @TopoM B pailomax nposBaenMA ¢noopU-
TOBOTO OPyASHEHMA MOEET OHTH OGBACHEHO BHCBOGORZAEHWEM ero M3 Rucuoft
MarMH, 9T0 QMECMDYETCA HAXOZKaMU SKLECCOPHOTO (/0OPUTS B MpOTONOYKAX
KWC/IHX MOpOZ ¥ CKONJEHUAMM €I'0 B MM8DONOBHX NYCTOTaX TeX Ee IOPOA.
OGocoousumiicA B 8TOM mpouecce (TOp KOHUERTPUPOBANCHA,KAK MOEHO Npeano-
I3raTh,B KBapU~HM0OPMTOBHX EunaX (puc.4). Ha QNDOPUTOBHX MECTOPOEAE—
BEAX MOBronuu NpOABNAOTCA M NPU3HaKM NPOLECCOB NMKBSIMOHHOTO pa3feie—
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P wc. 4. OGNOMKM TDAaxXMTa, CIEeMEHTEDOBAHHHE KBAPI-UIOOPUTOBHM arpera-
roM. Hukonm cxpelerd, yBed. 35

Baf. K HAM OTHOCATCH NMH3OBMAHOE DPACMONOKEHME XUNBHHX MUBEDSNOB -
KBapna ¥ KapGOHATa, BaNMYME (HN0ODUTS B WABPOBHX BHAENEHUAX NUNADHUTOB,
NEpeMeXapmUxca ¢ (noopuTOBOd MUEEpanu3snueil. PIDOPUTOOGDPE30BAHEE CO-
NPOBOXZAETCHA NPUBHOCOM M ADYTUX KOMIOHEHTOB, KOTODHMM OCOrameHH NOPO=
AH no3zHeMs3030ilickoit acconmenur ( Pb, Zn , Sn , Mo , b ).

CTpyKTypEHY{t KOBTDONB MO3ZAHEME3030HCKOr0 MarMsTU3M8 ONpejeNAETCH
TpeuuHAOR TeKTOHMKOE. B manoM NoAC ME30B80HCKMX BYIKSHMTOB OI'DSHHYEH
PETMOH3IEHHMN 30HAMM TIYyCHMHHHX pa33n0M0B - KEBnO-XanTelfickuM M I'IaBHHM
MOEronbCEMM NMHEaMEHTOM. C 3aNaZa 8peas CNIOWNEOrO P3CNpPOCTDPaHEHHA
BYAK8HUTOB OI'PSHMYEH CEKYWIUM CEBEDPO-33naznuM MauzanroOumiickmM noscou
pa3pHBHHX Bapymesmit. Pe3pHBHHE HADYUEHUA ONDPEAENADT M BEYTPEHHDD G10-
KOByD HEOZBOPOAHOCTH nofaca. Tak, KpynAui#t ceBepo-BOCTOUHHY! NMBEBMEHT,
JcTaHOBIEHER! MOPHOCTDYKTYPHHM 3HANU30M, OrpaHHYNMBEET C Dra 00AACTH
NpoABNeRUA naomazeit ¢ Hauobonee AAGPepeHINPOBIBAHM MaTMATH3MOM C NpPOAB-
NeHMEM NOPOZ NOBHUWEHHO# KaAMeBOR WENOYHOCTH. ITH NNOWSAM TATOTEDT K
J371aM nepecedYeHNA 30HH C CEKYNWMM CEBEDO-38MaAHHMM M CYOMEDHAMOHA ABRH-
MM TOACSMA HapymeHuii. PasMsueHME NMOSZAHEME3030HCHKMX BYNKSHWTOB M BNg-
AMH KORTDONMDYETCHA TAKEE KDYMHHMU KOHIOEHTDUYECKUMU CTDYHTYpaMH, KOTO-
pHEe 00OCOOMIUCE KK CBOJOBHE HOAHATHA B KOBIOE Me3030fickoro BpeseBu.llo
A8HHHM N6UU{PMPOBSHMA KOCMHMYECKMX CHHMKOB,JCTSHOBNEHH T3KXE MHOIOYUC-
NeHHHE KONBIBBHE D33/70MH MEHBUETO IWSMETP3, OKOHTYPUBSDWNUE APEANH KHC—
INX ¥ WENOYHO-KWCANX NMOpPOZ.

Te %@ 33KOHOMEDHOCTHM DETHMOHENBHOIO CTPYKTYPHOIO KOBTPONA X3paKTEPHH
Ans ocoCeHEocTel pasmemeEus (NOOPHTOBOrO OpyAeHeHMA. C NOACOM BYNKa-
HUTOB NMONHOCTHO COBN3ZSNT TpaHMION BocToyHo-Monronsckoro nofca daoopu-
roBOl MUBEpanuaanuM /67, NpHYEM BCE NPOMHENEHBENE MECTOPOXAEHMS (M0ODH-
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T8 COCPENOTOYEHH B Npezenax Xaspasalipaxckoro, I'snmspuudckoro u Eapxaii-
CKOT'O DPYAHHX p3iloHOB, I'le OHM KOHTPONMPYNTCA HENOGPEACTBEHHO y3I8MK
nepecevennit OTMEYEHHHX BhE€ PETMOH3NBHWX cucTeM Hapyuwenuil CB, C3 u cyo-
MEDUZMOH3AIBHOT O HampapjeHuid (pmc.l). [lpu aTom K.Fajaurapas mnoxas3an,
YTO OO0NBUSA Y3CTH DYAHWX TEN, UMEOWHAX NPOMHI/EHHOE 3H3YEHME, BHIOMHAST
KpyTONazjapuue pa3puBH,OpPVeHTUPOBAHHHE B KDECT NPOCTUPAHUA CIOEB BYIK3-
HUTOB,¥ NOZYMHER3, K&K NpPSBHA0,CO0TBETCTBYUEN CUCTEME DETKOHANBHHX
CKBOBHHX B0H MuG0 C3, AMGO CYOMEpPUAMOHSABHOrO Hanpasachua /1/.
lloanueMe3030licKOe peIKOME TaNibHOE OpyneHeHue (0N0BO , BOAB{PaM,MO-
NHGNEH) TSKKE TECHO 8CCONUMDPYET C PICCMATDPUBAEMHM BYAKAHUYECKMM MOA-
COM, XOTA €r0 CBA3H C  M3TM3TM3MOM ITOI'0O BPEMEHHM MOK38 HEINOCTATOYHC
ofocHOBaHa. C ApYyroil CTOpOHH, UMEerTcH Helu# pAj QOPMALMOHHHX THUNOB
MECTOpPOXNERANii, TAE (GMOOPUT ¥ OTMEYEBHHAA TPYNN8 PEAKHX METSNNOB BCTPE—
YapTCA COBMECTHO — 9T0 MBCTOPOXZAEHuA Ipeil3eHoBOf JOPMBIMM C IIPORAIKO-
BHM (OOPUTOM M DeIKOME TANBHO~{moopiroBoi fopmarmn(Bapyn-lorro). B
Ixsoft MoHroAnM HaMu OTKPHTO Xene30-PTOp-pejKO3EMENIBHOE CO CTLOHILIEM
OpyLEHEHME, KOTOPOE TEHETUYECEN CBA33HO C fopManMed K8nueBHX WEI0YHHX
BY/IKHATOB TO3MHENPCKOTO Bo3pacTa (80c. Bo3pacT I140-I50 mnH.ner)/2,3/.

B peruorasnpHOM IIAHE TPOCIERMBANTCA CJeLyLlNe 3aKOHOMEPHOCTY IPDOCTPAH-
CTBEHHOT'O PACNONOXEHUA Naowszeid ¢ penxomeTanNNbHON U QOOPUTOBON MUHEpa-
nusanne#t (prc.5). OTMEYseTCA 30HaNBHOE P83MEWMEHHE MOACOB ONOBAHHO-
BONBOPIMOBOH, MEZAHO-TOAUME TEANNYECKOH M (ADODUTOBOM MUEEDANU33LUM TO
oTHOmeHKD K XaHTellcroMy CBOZOBOMY IOANHATHNO, AAPO KOTOPOI'O CHOREHO I'pa-—
HUTOMZAMM ME3030/CKOrO BO3pacra, 8 NepufepUyYecHsd 9gCTh — BYIKAHUYE-
CHUM TNIOACOM NO3IHEME3030iCKOr0 B0O3pacTs. B npezensx BepXHeyABASMHCKO-
ro 1 BapyRypTCKOIO CBOZLOBWX MOZHATUH Taxxe HaOmoZaeTcA 30HANBHOCTE B
pa3Me e HiM peIKoMe TaJ/IbHOTO M (IOOpUTOBOI'0 ODYZAEHEHUA NO OTHONEHMK K
APy CBOZOBOrO NOAHATUA {pPHC.5).

OGpazoBakue CBOZOB B BocTouHOi MOHIOnuMM CBA3BHBAETCA C HEDAaBHOMED-—
HHM BCI/INBSHMEM B33CTHBUMX H3 I'NyOMHE M3IM3TMYECKMX M3CC, NPOUCXOAMB-
uEM,BO BCAKOM CAy4yae,nocie QOPMMPOBaHMA MecTOpoxzenuit. STo mpuseno K
pa3NuyHEM BENUYMHAM AEHYASOMOHHOI'O CPE38 HAAOYaTOBHX TONIW, BCABACTBHE
4ero HaONpZ3aeTCA NpPOCTPIHCTBEHHAA Pa30CWEHBOCTH MECTODOXAEHMH pasHOTrO
ypOBHA (OPMUDOBSHMA.

BoapacT GonsipaMoBOli MuHepanu3dsnuu B MOHTOMMM B H3CTOANEE BpeMA
CYMT3ETCA JOBEDPXHEWPCKUM. O7HOKO 3Ta A3 TUDPOBKA ABINAETCA YyCAOBHOA M
OCHOBGHA NpPEMMYUECTBEHHO H8 CONOCT8BISHUAX ¢ 3808HK87BEM W Ha OTCYTCT-
BFM KOHT3KTOB DYAOHOCHWX MHTPY3uil ¢ noapHemezozoffickumu afdysmsamm. B
TO X6 Bp8MA BO3PacT 3TUX WHTPY3uil mo Gonbwei#t yacTy crnopeuft. KOHT3KTH
8 He MOI'yT OHTH OCHS8DYEEHW W B CHYy4Yae OTHOCMTENBHON MOAOZOCTH MHTDY3MIL,
Ta8K KaK TrAyO0MHa CTI3HOBJNEHUA MHTpY3ult M OpyjeHeHMsa 2-3 KM,u4TO 3H3UU-
TEABHO NMPEBHUNAET MOWHOCTH NAYKN MO3ZHEME3030icKNX 3QdysuBOB.

C.C.CunpeoB /9] BHCK83a! NPEXNONOKCHMA O NApPSTEHETHYECKUX COOTHOME-
Buax (QawopuToBO# M BonBfpamoBoft MuBRepanuaanuu B 3adaiikanse. OB nmomarai,
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P n c. 5. Penxomeranishie U (VDOOPATORHE 30HH BoCcTOuHOH Monrommn

1-2 - penkomeTanBHHE MeTaLIOreHWYecKHe 30HH: I - KxHo-A3HTOiCKAd,
2 - VwHorepynenckad; 3 - (MOODATOHOCHKMA NOSAC; 4 — GUINOPATOHOCHHE pyI—
HHE DSlioHH; O — DDaHALL CBOMOBHY HOTHATHH
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P m c. 6. CxemaTyWuecKkre I'eOJOTMYeCKVe paspesH paitoHOB BOJRHDAMOBHX
MecTopoxnennit Badalixanssa /77

I - OPCKEe OTJOReNNMsA; 2 — BepxHempoTeposoitckue (7) 0OCALOYHO-META-
MopdrYecKre MOpPONH; 3 - BepxXHewpckde I'DAHNTOMIH; 4 - mnaneosoffciue
TPaHUTOMIH; 5 - pasjoMH; 6 - MecTopoxiedus qumoopura, 7 — MeCTODCXIEHMA
onopa ¥ Bonbfpama; 8 - mpenncaaraeMas TpAHMIIA ZAaleTaWNero Ha IJyOuHe
MACCHBA TDAHWTOVHOB

YTO OZHM M T€ X6 MHTPYSUM ABNAKTCA OAUHAKOBO PYAOHOCHHMH B OTHOWEHMM
KaK Qawopura, Tak W BOnb@pama. [IpM 3ToM (AOOPMTOBHE MECTODORAEHMA CNeE-
LYy6T paccMaTpMBATH KK MO3ZHelduns NPOAYKTH TOro e NpONBCCS, HE PEHHMX
CTEAMAX HOTOPOrO BOSHUKAM OZIOBAHHHE M BONB{pPsMOBHE DyAH. Tlof0GHON Re
TOYKM 3PEHMA Ha 3alallkaJrcKkme MECTOpOKAeHMA npHzepzmsawrca A.T.Como-
BhEB, B.B.Uynpos [iQ], T.0. Kupunnos /77. Nocnexsu#t cuuTaer, 4TO BO-
ndpaMOBOE M (MOOPUTOB0E OPYAEHERME 3alalKaTbCKMX MECTODORAEHMM ByKyKa
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u Benyxa cBA33EH OCWHOCTBO M3rMaTHYECKOI'O 0Yara C MHTDY3UAMU KYKYABGeii-
CKHOrO KOMNZEKc3. Te M ApYI'¥e BOSHAKIN B PE3YABT3TE EAMHOIO MpOMNECCS .
B DPSHEME CT8ZAMKM KOTOpPOro CHOPMMpPOB3ANCH ONOBAHHO-BONBPDP3IMOBHE,8 B IO31-
HUE — GANOPHTOBHE MECTOpORZcHMA. Ha npumepe TypruHcroro 1 pAss APYTHX
mecTopoxzeBnit 3a0aiikanba I.M.KupunmosHM NokassHo, YTO BOABJHPAMOBHE
DYZONPOABNEHAA NMPUYPOYEHH K BHAO- U BKSOKOHTSKTOBHM 30HAM TP3HHUTO-
MIHEX MHTpy3Mil, B TO BPEMA HAK (MOOpPUTOBHE DYAH OCpP83YyWTCH HA 3HIUM-
TENBROM y73NGHMUM OT M8CCMBOB (puc.6). Ilo70GHEE COOTHOWEHUA yCT8HAB-
nuBsOTCA U AAA Mosroauu. 34ech TAKKe BOAbBJPSMOBHE MECTODORAEHUA M
PYAONpOsBACHUAA M3BECTHH AMWB B NPUKOHTBKTOBOM 30He IUNaCHCC3NBHHX MEH-
rpysull, 8 GnOOPMTOBHE NPUYPOYEHH OGHYHO K NOAAM Pa3BUTHUA 3JJy3UBEHX
Gauuil nosagHeMe3030fHCKUX METMATHTOB.

Cxa3aHHOe MO3BONAET BHCK33aThH NpEANONOKEHWE, YTO B pajicHaX (mnwo-
PUTOBHX MecTOpoxzeHuil Ha HexoTOpO# TAyOMHE P3CNONBraoTCH BONBJpPaMO-
BOE, 3 BO3MORHO,N ONOBAHHOE OpYZEHERHHA.

Kak Mb MoKassnu,B STUX D8NHOHEX,K3K NP3BUIO,NPUCYTCTBYNT HUCIHS
BYNK38BUTH. BHAB/EHHHE 38KOHOMEDHOCTH CTPOEHMA NO3AHeMe3030fcko#f mar-
MaTuueckolf accommarnmu NO3BOAANT NPEANONSTaThH HIAMYME HA HEKOTOpPOH
rny6une (2 KM) TPSBUTOMZHHX WUHTPY3Mil, KOMErMaTUYRHX KMUC/HM BY/KaHATIM.
B npuxosTakToBO# 30HE BTUX MHTDY3UMl BEPOATHO NOABNAEHUE DETKOME TALIE—
HOW MUBEpaIN33LUHU.

IJurepaTypa

1. Bansmurapas ¥., KopuToB ®.fl. O HEKOTOpPHX OGWMX YEPTAX CTPYKTYpPHOI
nosunuy (GnoOpMTOBHX MecTOpoxzeHMit Mowronmn u 3alaiikanea.-1p./Hayd.-
icciaen. reoi. nu-ta (¥nap-¥mo),1972, ¥ 2.

2. backuia B.A., Bonusnckaa M.K. HoBmil TN peZKO3EMENBHOrO OpyAEHEHUH
B ol Monroaum, cBA3gHHWi C WELOYHHMM BYiKaHWTaMU.~Jora., AH CCCP,
1976, ¥ 3, c.228,

3. Bonyanckana W.K. MopfocTpyKTypHHE 38 KOHOMEDHOCTM DI3MEWEHHA SALOTEH-
HOro opyaesenua. M.: Haywa, I98I.

4. Teonorusa Monronsckoli Haposwoil PecrmyGmmen.T, LI, [lonessse MCKONSOMHE .
M.: Hegpa, 1977.

5. Kanenos A.l. O Bo3pacTe DPYyAOHOCHWX MHTpy3uit, ONOBAHHHX M BONB{pa-
MOBHX MECTOpomzecHuii LenTpansHoil 1 BocToynoff Mowromme.-JloKkn.AH
ccee, I%7, k6, c.l76.

6. Hanenos A.Jl., Xscus P.[I. BospacT m HEKOTOpHE 38KOHOMEDPHOCTHM pa3Me-
wenus QnoopuToBoit MuBepanusauuy B BocTouyHOii Monroauu.~CoB.Ieono-
ruA, 1965, Nk 4.

7. Kupunnos I'.ll. HexoTopre 33KOHOMEPHOCTY DA3MENEHNA DYAHHX MECTODOXK—
Aehuli B BepX0BBAX Dek Typma u Tanaryit (Bocrousoe 3aCaiikanse).-U3B.
AH CCCP ., Cep. reon.,I1968, k I2.

8. Kopuros ®.fl. O cBA3M (A0OPUTOBOTO OpyAeHEHUA 38068iK8NBA U ApyTHX
NPOBAHLMA C OCHOBHHM M3TMaTU3MOM. - B kH,: Marepmamu mo reonornm U
NONE3HHM MCKOMaeMuMm byparckoit ACCF, 1971, sum. L4.

394



| 9,Cuupsos C.C.Ouepk MeTsnnoresun Bocroynoro 3aGaitkansa. M.: Tocreon-
TEXM3nsT, 1944,

I10.ConosreB A.T'., UYynpos B.B. K Bonpocy o cBasu ¢noopuToBOft MUHEpa M-
33UMM C UHTPY3MBHEMM OGD330BaHMAMM 3amajroro 3adaiikansa-Ip./BCETEM.
H.C., 1962,

11.0pux-Xap A.U., Jyuuuxss A.W. [1037HEME3030lCKUE BYNKSHATH M CBA3H-
BHE C HIMWM IUNaCucCaNbHWE MHTPy3uBH Momromum. M.: Hayka, I978.

JAK 552.41:553.2:553.634.127689.2
GUBMKO-XUMKYLCKIE YCIIOBIUA @OPMVPOBAHIA MECTOPOMJIEHMQ® BAPUTA U
QIIOPHTA

C.li.lianusun, H.E.YuameiuBunu, H.A.KypoBcKasa
VHCTUTYT reoXuMUM U SH3NUTUYECKOR xummm uMm. B.ll.Beprazckoro AH
cccp, r. Mocksa, CCCP

OUeHKS (MBUKO-XMMUYECKUX JCHOBUA 0ODP330B3HUA MECTOPORAEHMH ruapo-
TEpM8NBHOr0 PEHE3MCa CErOJHA OCHOBWBAETCA HA COUETAHMU ASHHHX MOJEBHX
HaGNOAE RN, N8HHHX O COCTSBE PaCTBOPOB M TEPMOGAPOMETPMM NO I'a30BO-
KAZKAM BKJIOYEHMAM B MUHEpa7nax M, H8KOHEL, H8 TEPMOAWHAMUYECKUX Dacye-
Tax, B OCHOBY KOTOpHX, B CBOD OYEPEAb, IONOKEHH JGHHHE B3KCIEDUMEHTENb—
HHEX MCCAENOB8HNIA. [IOCKONBKY OTAOKEHME MUHEDSJIOB B KOHEYHOM CYETE Of-
PELNENAETCA UX PSCTBOPUMOCTHO, B OCHOBE CXEMH OUEHKW /A6XUT PSCYET pacT-
BOPMMOCTYA MUHEDPBJIOE B PSCTBOPSX COJEH PE3NMNMYHHX COCTABOB M KOHIEHTPa-
Iyt npy HEKOTOPHX 3874GBHHX NapaMeTpax. PacyeT pPacTBOPUMOCTM A87BETCH
C MCNCAB30BAHAEM TEPMOAMHEMUUECKUX KOHCTAHT: NpPOM3BEAEHUH 8KTHBHOCTH
M KOHCTSHT YCTOHYMBOCTH MOHHHX 8CCDOMETOB, C JYETOM BIAMAHWA MOHROH cH-
nH (MO TEOpUM CHIBHEX BNEKTPOIMTOB). HuMe, B OCHOBHOM HA IIpMMepe Oapv-
T3 JEMOHCTPUPYETCH, K8K YK833HHHE NOAXOAH B NONHOH MEPE WAM 48CTHUY-
HO MOPYT GHTH NpPUMEHEHH K 8HAZM3Y YCHOBMIl MHHEpP3N00GPa30BIHMA.

OU3UKO-XMMAYECKME ASHHHE K O8pUT- X (ANOOPUTCOLEPKSWMM CMCTEM3M

B OCHOBY TEpPMOAMHSMUKNA CHCTEM C 0apUTOM MNONOKEHH ASHHHE DKCMEpPU-—
MEHT8IBHNX MUCCNEeZA0BaHMI DPSCTBOPUMOCTH O8pUTd B BOXE M DPACTBOPSX coneit
)83HOI'0 COCTaBa M KOHUEHTDaUHii:NaCl,CaCl, MeCl, /I6, I5, 3, 10/.06pa-
0OTKO! 2TMX ASHHHX OHIM NOAyUEHH 3HEUEHHA L°Ba804 ! KOHCT3HT HecToil-
KocTy accounarop CaSOf n MgS0, . [inm MHETEpPBAazNad TEMNEpPATyp 25-300°
TEMNEDP3TypPHAA 38BUCHMOCTH 3THX KOHCTAHT BHPAEAEeTCA ypaBHEHMAMM /4]

pL° Baso, = 4BL04T — 17,004 + 0,036115 T;

PK° CaS0; = -2-9‘*-T~I_=9§ - 11,084 + 0,02I4 T:

pk® Megso; - 2283l - 11452 + 0,0001 1.

TepMOZMHaMIYE CKUE X8D8KTEDUCTUKM BOAHO-CONEBHX PBCTBOPOB C (ANODU-
TOM COAep¥8TCA B pacorax /6,9/, B KOTOPHX MCCNEAOB8NSCH P3CTBOPUMOCTD
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papopUTE NpU TemnepaTypax of 25 o 250YC B pacrmopax CaCl, y NaCl,
COnepXamMX HCl . CMABHOKMC/SA cpeAa OwAa BHODaha 1AM NOA3BAEHMA TUApO-
33 CaF,,

llcX0zA M3 ypaBHEHWA DESKUMK DACTBOPERMA DNLOPHTE B KUCNOTE

CaF, + 2H* = calt + 2HF°,

- ¢ - 2+
U3 BHDaEeHAA ANA KOHCTEAT Kgp =0H +mF~/mHF®, Dg‘fz = mCa?*n(F P
¢ yueToM GanaHca Mace < mCa = 5 + mCaClp = mCa™",

SmF = 25 = mHF, I8 S-pacTBOpUMOCTs Cafy, g
NpUXOZUM K Bupaxeﬂnn(ICﬂleKﬁp) = (S + mCaClp) 452/ (mi*)®,
M3 KOTODOr0 2KCTpanonsuueil K BYNEBHM WOBHHM CHNSM D3CYESTHHM NMYTEM Ha
OBM no cnemmanbHO# nporpaMue, yYMTHBaWEEHd BKNAZ MOBHHX 8CCOLM8TOB
( cac1*, CaF*, HF?  u np.), Guau nonyyess 3@gyesas L°CaF, . UX Tem-
NnepaTypHad 38BUCMMOCTH 8NNPOKCUMMDOB3H3 yD8BHEHMEM
plecaF, = 5305,92/+ -I7,1486 + 0,037I625 T.
OTH 3H8UEHMA MOTYT OHTH PEHOMEHZOBSHH ANA PACYETOB MUHEDSABHHX DP3B-
HoBecuit ¢ yuacTueMm GnoopuTa.

QU3UKO-XUMUYECKUE YCTIOBUA OOD330BIHUA 03PUTA

[0 7naHHEM MCCNEenOoBaH.}t T830BO-RMAKMX BHIWYeHait B MMBEepsnaX CapumTo-
HocHuX xunl /B7, npupofHNe 03pUTOHOCHWE PacTBOPH cofepxar NaCl, CaCly,
MgCly u 002 Npyu 3H8YEHMAX MOHBHX cua oT 0,I zmo 3™ , 00pa30OBaHUE
0gpuTa NpOUCXOAUNO NpH TEMNEDP3TYpax 50-200°C. Ananu3 ycnosui#t paBHOBE-
cult GapuTs ¢ APYyTMMU MUHEDaNaMM OCHOBSH H3 DEUERNHM CHCTEM JpaBHEHuH,
O/BM W3 KOTOPHX CBA3WBAKT Y8pPE3 KOHCTAHTH DE3KLUMA KOBLUEHTP3LUM OIZE-
NBHEX DaCTBOpPEHHHX (OPM YacTull, APYI'ME BHDPAKSWT G3718HC BEUECTB B CH-
cTeme. B pacyeTaX yuMTHBaAM OOP330BsHME sccouuaTos CaS0,” | MgS0,°

CaCo05 , CaHCO§ . KoagduuueHTn 8KTUBHOCTH MOHOB B CONEBHX PaCTBOpPaX
POCCYMTHBAAK NO ypaBHeHMW JleGanA-XwKKaens B opMe BTOPOI'O NPUCAMXEHAA
1/2
Lgft=- 22+STI /_1/2.
PE3y/bTaTH aHAaNN38 8CCOLUaOu# MMHEpD3NOB, OOP33yLUMXCH B CHCTEME B&2+,
cat, sof: cog- - NO03BOAAKT CZEN8TE PAJ BHBOZOB.

[lono ycroifyMBoCcTH acconualUuu 03puT-KAABUKMT OTBEYAET WMpOKMURt MBETED-
Bal HOHNEHTpanuil ca®t (or 107052 jilo] 1072 m npy 200°C). Srum ofmA-
CHAETCH, NOYEMY YK838HHAA 3CCOLMALMUA CgMaA paclpOCTpaHEHHana B rpynne
MIHEP3NOB, CONYTCTBYyOUAX GapuTy. IloAf. YyCTOUYNBOCTM MUHEDPSIBHHX aCCO-
unauuil, coxepAsuUX BUTEPUT U 8HTUAPUT, HUILLE HE NEDPEKPHBAKWTCH,OTKYZA3
cnejyeT, YTO 9T8 3CCOLMANNA K3K DIBHOBECHAA BCTPEYSTHCH B NPHPOAE HE
MOKET. PacCMOTPEHME YCIOBUIi paBHOBECHA acconuauuit, BKIOUYBOUMX C8DUT H
8HTMADMT, JKa3WBAET H8 NPEMMYWECTBEHHYD BEDOATHOCTH 00pP830BAHMA 8HIHM-
ApUT8 npH 200° % Bume ANA KOHOeHTpanuik Ca & OTBEY3OMMX NPUPOLHEM.
Anam3 ycnoBuli DaBHOBECUA 8CCOLMALMM O3PUT-BUTEDUT yK33HBAET HA NpPHUH-
UMMM IBHYHD BO3MORHOCTDH P83BMTUA HpoLecca 00pa30BaHUA BUTEpUTA NO Gapu-
Ty, BMECTE C T@M OTHOCHTEJIBHO M8Jlafl P8CIPOCTPSHEHHOCTH 6I'0 B NDUPOA-
HEX YCAOBMAX OCBACHAGTCA KOHTDOMMDYOWAM BIMAHMEM ca’t , HUUTOKHHE
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KOHILBHTDALMM KOTODOTO NMPenATCTBYOT 006pasoBanui BATEpUTa B "OGopnde" aa
nOH co%" g

Ecam nozsscTW UTOr X8PaKTEPUCTMKE OCHOBHHX YepT 00pa30BaHMA Capura
H3 OCHOBE TEpPMOAMHAMUYECHUX ONEHOK, TO B K8YECTB8 I'I@BHOI'0 BHBOZAS Cle-
AyET OTMETUTH OnpeAelavuyo poasr Ca +. KaK peryuaTopa 3TOr0 Npolecca.
[IpM BHCOKMX KOHNEBTpaumsax Ca ., B PacTBOPaX W GOABWMX ET0 pgeypcax
B NPUPOAHHX CUCTEMAX NO CPaBHEHMR ¢ SO} 1 Tem Gomee ¢ Ba Ha BH-
COKOTEMNEDPATYPHHX CTAAMAX 9BOAWUMK G3PUTOOOPS3yPEMX PACTBOPOB NPOMCKO-
ANT CBA3HBAHME 8042' n aﬂrnnpnm 38 c4YeT HMBKO# pPacTBOPMMOCTH NOCHAEA-
HEI'O B NPUCYTCTBUA cas+ .CnenopaTensH0, MORHO Npennonarats 06paaoBa-
HUE QHTKAPUTAE KaK NPOMBEYTOYHOW BHCOKOTEMNEpaTypROW f83H, KOTOpas
npeANecTBOBans 00pa3oBanmw GapuTa. YTO 970 AeiCTBUTENBHO MOTAO0 OHTH
T8K, NOATBEDHLEHO HAXOZKAMM 8HTMAPMUTE B KBADIE D8HHUX BHCOKOTEMNEpa-
TypEEX crazmit /7/. Bapur zonEeH Owa OGpa30BHBATHCA TONBKO Ha Conee
NO3AHAX unaxqgeunaparypuux 9TaNaX 2BOAKNUNM PaCTBOPOB B PE3yAbTaTe OC—
BOGORZeHMA SOy , CBASBHHOrO PaHEE B GHTUAPUT. (IMEBHO B CHAY BTO# KOE-
Kypupyomeit pomn a2t 06pa30BaBne CapuT8 NMPUYPOYEHO K HMBKOTEMIEPaTyp-
HEM CT3ZMAM M HEXOJKNM BHCOKOTEMNEPaTYPHOrO 0apuTa OTMEY3WTCA OTHOCH-
TENBHO PELKO.

Cxema pscuerTa ycnoBuil 06ps30BaHUA MUHEPSNBHHX accouuanuit ¢ yyacru-
eM GapuTs OHZNa NpPOBEPEHA Ba BOASX PaCCONBHOrO TUNA YeleKeHCKOHR ruzipo-
TEpMaNbHOl CHCTAMH, COZEPHANMX B CBOEM COCT3BE Bazt Srzﬁ c=2+n u3BE-
CTHHX TEM, YTO NP MX BKCNAYaTaUUM H8CMWABETCHA OT/NOMEHME GBpuUTa, OHM
NO3TOMY MOT'YT P8CCMB8TPMBATHECA C M3BECTHHM NDUGAMREHMEM K3K MOZEND
NpAPOEEEX GapuToo0pasyouux cucTeM. Onesxka ycnoBuit o6pasoBanuA Cynbja-
T8 Ba , N0 ZOCTYyIHHM [AGHEHM O COCTaBE 3TUX BOZ /2/, 1OK833n8, Y4TO B CO-
OTBETCTBUM C ZIGHHHMK HAONOAEHMIl CMCTEM3 NEDPECHWEHE B OTHOWE HUAM Bas0,
M, HaNpoTUB, /37NEK3 OT HSCHUEHMA B OTHOWEHMM CynbjaTos ST y Ca |

BaxHy®w ZONONHMTENBHYD MHPOPM3UMK 00 YCNOBMAX OOPa30OBIHMA MECTODOER-
nenuil Gapura ngeT Usyd4eHUe COZEpHaBUs B OspuTe Sr , KOTOpHit nsomopdno
BXOZUT B O8puTH, COCTaBIAA B BMX oT 0,I 70 3 MOABHHX %.

PacnpezeneHine NpuMecHuX {Tr ) M OCHOBHHX {(Car) KOMIOHEHT MEXZY
TBEPAOA (asoil {cocTaB X) M pacTBOPOM (KCHIEHTpANMA T ) npM COOCABZE-
HUM NPOMCXOZUT B 33BUCKHMOCTM OT DEXMMA NO OZHO# M3 ABYX CXeM: IO T.H.
CXeMeé HOpPMaABEOro (MIM IOMOTEHHOI0) DACHPEAENSHUA mpr /TCar =
DXrr/Xcar MY No CXeue norapu@mnqecﬁoro {(um1 reTeporesHOro) pac-
Npeme ne HuA 108(mmr/m£r) =A log (wf r car). T7e MHZEKCH 1 M
£ OTHOCATCA COOTBETCTBEHHO K HAYAABHHM W KOHEYHWM COCTORHMAM Ipouec-
ca; D M A - COOTBETCTBYOWUE KOHCTAHTH.

AR87NA3 i COMNOCT8BAGHME MMBOWMXCA B AUTEPSTYPE DKCIEPUMEHTAABHHX
L8HHHX 110 COXPMCTEANM3BONM Ba # Sr B cucreme ( Ba, Sr) so4 » [OKa3hH-
B3ET, YTO DaCnpejelieneé Sr MEXAY BOAHHMM DacTBOpPSMM M TBEDPAOH (a-
30/ CMEWBHHHX CYNB(ITOB NPU UCTCAB30BIBMN METONE COOCAMJEHUA CHEAYET
LOrapuuMuuecKoMy 38KOoHy. HoajduuueHT Dpaclpezenesma Sr npyu ero cy-
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WEeCTBEHHOM D33MMYMM Y pasHmx aBropos/ II, I2, I47 (or 2,. 0 0,01 mpn
80°C) 3HOM8IPHO BHCOK N0 CPEBHEHMK C ASHHEMWU ANA APYT'MX CONEBHX CUCTEM
8 TaKie C PE3yAbTATAMM OLEHKM H8 OCHOBE DJHEpPreTMYECKON Teopum M3OMOp-
(huaMa, no3BoAApWeil NPUOIMKEHHO P3CCYMTHBATH AAA P3CCMaTPMBaEMOM cucre-
MH BEIWYMHH KO2{(UUMEHTOB HOPM8NBHOI'O 33KOH8 pacnpejencHus /97. lpuun-
HH OTMEYEHHO{ SHOMBNMM CIHEAYET CKOPEE BCETO OTHECTM 38 CYET COOTHOWE-
HUA PaCTBOPMMOCTEH COKDUCTANNU3YOUUXCA KOMIOHEHTOB: 3HAYUTENEHO MEHB-
meit pscrsopumocT xpucrannuasnra ( Ba S0, no cpssmenun ¢ coxpucran-
IU3joueiica npuMecho (Srso4 ). Taxoli xapaKTep COOTHOWEHUH paCTBOPMMO-
CTV HE TONBKO OOYCNOBAMB3ET CNEZAOBIHWE CUCTEMH B MpPONECCE COKPUCTaN-
NU33UMM  N0TapUfMUYECKOMY 33KOHY pacnpeieneHua, HO, NO-BUANMOMY, Npu-
BOOUT K SHAYMTENHHOMY MOBHIEHMO BEJMYMHE HAGIOIAEMOro KoshiurmeHTa
COKDHCTAJUIA3AINA HAX Be IMINHOR KOSHOMIAEHTA HODMANTEBEHOTO pacmpelne-
JIEHHA,

HecMoTpA H3 BEZOCTATOK COOTBETCTIBYDWEH# MHJOpM3UMM,NpUNOKEHAE ZA3EE
MMEOWMXCA A3HHHX NO COKPUCTaAMM38OUM NO3BOAAET 7AaTh CGBACHEHME HEKO-
TOpHM OCOOEHHOCTAM NOBEAEHMA Sr B Npoueccax (apuTooGpa3oBaBafd. Ha-
NnpuUMEp, PEAKAA BCTPEYEEMOCTH OapuTa ¢ COAEPKeHVAMM Sr Oonse 3% cne-
LyeT, KaK OuAO TOKa3aHo B /137, U3 CXeMH COOC3EAEHMA NO N0TapUIMMYECKO-
My 33KOHY pacnpeneneaus. C Apyroif cTOpPOHH, O ONEHKAM H3 OCHOBE 3HEp-
TeTHYECKOR TeOpMKM M30MOP{M3MS TBEPLWE P3CTBOPH Ba M Sr B CMEW3H-
HHX Cynb{aTax HeCT3OMIbEH NDPM TEMNEPAaTypaX NOPAAKA O-IOOOC, I 2T0 TO-
HE MOMET OWTH NPUUMHOHK "ouucTeu" GapuTa OT CTPOHLUMA B XOLE NOBTOPHOI
NepeKpUCTaNNU33nuu, OZHBKO B AWGOM CIy4Ya3e, NOCKONBKY KOadJMUMEHT pac-—
NpefeneluA AAA Sr  BCETAS MEHBUWE €AMHMLUE, NPHM O6pa30BaHUM GapUTOB

Sr AONKEH "OTTECHATHCA" B pacTsOp. Ha npumepe ZasHEX pacdoTH /T/ mo
GapursM BeNOPEYEHCKOTO MECTOPOKAEHMA OHJIO NOK833HO B COOTBETCTBUM C
OTMEYEHHON 33KOHOMEDHOCTH BO3PSCT8HME B MNpPEeAEnsX OfHOf reHepasuum co-
JEpHEIHMA Sr N0 #BUAE BBEPX M OT 331b03HA0B K UEHTPY. Taxkum oGpaszoM,
COZlepHaHiME CTPOHLMA B GapuUTe MOKET CAYRUTH ANA MECTODORAEHuIl He3aBM-
CUMHM MHZMK3TODOM 2BOAKLLMKM G8DUTOOCPE3YNUUX CHCTEM.

’
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STRATIFORM BARYTE AND SULPHIDE MINERALIZATION IN THE DALRADIAN
SUPERGROUP OF THE GRAMPIAN HIGHLANDS, SCOTLAND

R.C.R. Willan,
Department of Applied Geology, University of Strathclyde,
Glasgow, Scotland

Introduction

This paper summarises the available geologicel, mineralogical and
chemical information on stratiform baryte and sulphide mineralization,
recently discovered by the British Institute of Geological Sciences in
highly deformed and metamorphosed sediments of the Dalradian Supergroup
of Vendian to Cambro-Ordovician age in the Grampian Highlands of Scot-
land (Fig. 1). Minor stratiform sulphide mineralization is also known
in Dalradien metasediments in Shetland and Ireland making the Dalradi-
an an extensive terrain with great potential for future discoveries of
stratiform Ba+Zn+Pb mineralization.
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| Regional Geology

' The Dalradian Supergroup is a 20-25 km thick succession of carbona-

ceous and calcareous muds, sands, carbonates, turbidities, basaltic

tuffs and lavas (Fig. 2). Sedimentation commenced in & shallow marine

I basin situated on high grade Archaean and Lower Proterozoic gneisses

| of the stable Laurentian Shield. Palaeomagnetic evidence indicates
that the Dalradian Basin was at a low latitude ( 10° South) and there

| is confirmatory evidence of hot climatic conditions and & high seawater

! salinity, in the form of gypsum pseudomorphs and dolomites in some
Appin and Argyll Group formations. The Grampian and Appin Groups con-
gist of relatively thin and laterally extensive formations of sands,
carbonaceous mude and carbonates derived from a continental area to
the northwest. In contrast the Argyll and Southern Highland Groups
contain thick formations with rapid lateral thickness and facies chan-
ges, and evidence of the formation of fault-bounded steep unstable
slopes and deep basins, attributed to extensional tectonics in the
sialic basement. Minor intrusive and ?extrusive basaltic rocks become
increasingly common from Islay Subgroup times onwards and culminated
in the Lower Cambrian, when three kilometres of basic sills were
emplaced at shallow levels in the turbidites of the Southwest Highlands.
Finally the basic magma broke through to the surface to form two kilo-
metres of basaltic tuffs and lavas. These Tayvallich Volcanics mark
lithosphere rupture within the Dalradian Basin, by now a complex north-
eagt-southwest oriented (150km x 700km) basin, related to the opening
of the Iapetus Ocean to the southeast of the Dalradian Basin. The Dal-
radian sedimentary pile underwent complex polyphase deformation and
metamorphism during the Grampian Orogeny, (520-460 Ma), the early
phase of the Caledonian Cycle of orogenesis.

|

Stratiform Fineralization in the Dalradian of the Grampian
Highlands

Minor stratiform sulphide mineralization, long known in the Loch
Pyne-Loch Tay region (Pig. 1) was regarded, prior to 1970, as being of
metasomatic replacement or vein-controlled origin and emplaced during

| regionsl metamorphism or igneous intrusive activity. In 1973 the I.G.S.

re-examined minor localities, 4, 5, 8 and 9 (Table 1) and subsequently
the Aberfeldy Deposit and the Ben Challum Quarteite mineralization were
discovered.

-~ ————
Tig. 1. Outline geology of the central and southwest Grampian Highlands
and the location of the :tratiforu mineralization in the Argyll Group.
Numbers of localities on Figure refer to oumbers in Table 1

1 - Upper Palaeozoic; 2 - Granites; 3 - Southern Highland Group; 4 -
Argill Group; 5 - Appin Group; © - Grampian Group; 7 = Fault; 8 - Slide;
9 - dissewminated and massive pyrite; 10 - Cu rich wmineralisation; 11 -
Zn=Cu rich mineralisation; 12 -~ Zn-Pb rich mineralisation

26. 3ak. 490 401
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Pig. 2. Schematic column, approximately to scale, showing the subdivi-
gion of the Dalradian supergroup of the central and southwest Gram-

pian Highlands, Only important formations are named. P.A. TILLITIE =
Port Askaig Tillite which 1s correlated with the Vendian Glaciatien

of Scendinavis. Summarised from recent important reviews of Caledonian
and Dalradian geology given in references. Stratiform mineralization

is indicated by symbols as on Fig. 1
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Table 1

Summary information on all localities of strati

form mineralization in the Dalradian Supergroup of the

Grampian Highlande, Scotland, listed in stratigraphic order with the oldest at the bottom

Locality Location number on Fig. 1 Age Host Formation Host Lithology
(see Fig. 2)
Kilfinan 12 i Loch Tay Limestone Siliceous and Chleritle
Limestone

Clachan Pheag 11 2 Loch Tay Limeatone Siliceous Limestone

Tom na Gobhair 10 Lower Cam- Loch Tay Limestone Siliceous Limestone
briun-600la

Garth Achadh 9 Late Precam= Crinan Grit Quartzite
brian

Meall Mor £ Late Precamb- Upper Erins Epidote-rich Feldspathic
rian Quartzite Quartzite,Mica-Quartz

achist,and Metabastite

Ben Challus Horigzon i i Late Precam- Ben Challus Feldspathic Quartzite
brian Quartzite

Auchtertyre Horizon Late Precam- Ben Chsllus Feldspathic Quartzite
brian Quartzite

Pyrite Horizon 5 Late Precam- Ben Lawers Schist, Calc-Mica-Quartz Schist
trian Ardrishaig Phyllite,Phyllite and Quartzite

Upper Erins Quartzi-
te

McPhun's Cairn 4 Late Precam- Ardrishaig Phyllite Calc-Quartz-kMuscovite
brian Phyllite

Craignure 3 ?Late Precam- Ardrishaig Phyllite Calc-Chlorite-Quartz
brian Phyllite

Coillie Shraghad 2 ?Late Precam- Ardrishaig Phyliite Cale-Chlorite-Quurtz

Aberfeldy

brian

Late Precam-
brian 650~
600Ma~-620Ma?

Ben Eagach Schist

Phyllite
Graphitic Muscovite-
Quartz Schist
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Table 1 (cont.)

Locality Metamorphic Grade Shape of Orebody Mode of Aggregation| Dimensions
(Chlorite,Biotite, (Magsive,dissemina-| (thickness,

Garnet) ted or veins) along strike, [Fe Oxide/Sul-
down dip, phide
tonnage

Kilfinan - Irregular pods M; ¥V, D 1-5m TH Py
Tkm AS
Clachan Bheag - Lens 0.2m TH Py
-20 tonnes ore
Tom na Gobhair Gt Lenses M 0.6bm TH Py,Po
! 15m AS
Garbh Achadh Chl Layers M(D) 1m TH Po,Py
Meall Mor Bi/Gt Layers and veins Dy ¥ 200m TH FPy,Mt,(Po)
1.4km AS
150m DD
Ben Challus Gt Layer 10-20m TH Py
Horizon 2.5km AS
Auchtertyre Gt Layer 60-80m TH Py, (Po)
Horizon 9km AS
Pyrite Horizon Chl/Bi/Gt Layer 180m TH Py,(Po)
190km AS
10km DD(across
strike)
McPhun's Cairn Chl/Bi Layers and pods M(D) %m TH Py,Po
m AS
Craingnure Chl/Bi Layers D, (L) O0.,1m TH Po,Py
60m AS
Coillie Shraghad Chl/Bi Layers M, (D) gbin Eg Py,Po,(Mc)
-734 tonnes metal
Aberfeldy Gt Layered lenses Baryte-M 35-140m TH
Sulphides-~D Tkm AS
Barium sili- 500m DD

cates-M and D




e e S

Locality Base Metal Minerals Maximum Assays Cu:Zn:FPb Other e%ementa Commente
( ppm
Cu I Zn | Pb
Kilfinan CC,0V,py . - - 100: U3 O ast producer
i 1911-1917 Super-
gene replacement
Clachan Bheag sp,g8 tr 20 12 3:61:367 Ag 29 Trial c. 1792
Au tr Epigenetic
replacement
Tom na Gobhair (cp) tr tr - (Cu=Zn?) Showing,synsedi-
mentary
Garbh Achadh cp 13 tr - 99: 1: 07 Ni 7400 Trial 19th Cen=-
As ir tury Sedimenta-
Co tr ry
Meall Mor cp, (sp) 0.58 10.01: 0.01 .94: “ 41 2 Ag 4 Past producer c.
1800 Synsedimen-
tary and epige-
netic
Ben Challum Bp, &8, (cp) 0.03 1.00 0.13  3:86:11 Discovered 1979
Horizon
Auchtertyre 8p,Ccp 0.07 0.30 0.00° 19:81: 1 Au 0.42 Synsedimentary
Horizon
Pyrite Horizon (cp) 0.01 0.02 0.00 (42:47:11) Au 0.28 Discovered 1973
Synsedimentary
McPhun's Cairn sp,ga,(cp) 0.04 7.50 5.20 0:78:22 Au 0.75 Trial 1897 Syn-
Ag 30 sedimentary
As 700
Ni 20; %
Craignure G n T.08 - - 100:0:07 Ni 12 ast producer
< - Co 1% 1845, 1859 Syn-
sedimentary?
Coillie Bhra- cp,pn 7.00 tr tr 100:0:07? Ni 14% Past producer
Co 1% 1851-1867 Syn-
sedimentary?
Abverfeld s a,(c 0.01 0.19 0.44 0:173:27 T7-10mt Discovered in
’ £2.£8, (cp) Baryte? 1975 Future pro=-
Ag 4 ducer of baryte

Underlined Minerals

Synsedimentary

20% by volume, minerals in brackets =< 5%. cc - chalcocite, cp - chalcopyrite, cv -

covellite, ga - galena, mc - marcasite, mt - magnetite, pn - pentlandite, po - pyrrhotite, py - pyrite,
Sources: References asterisked in Reference List.

sp - sphalerite.




The largest and most important locality, the Aberfeldy Deposit, ig
composed of layers a few centimetres to tens of metres thick of (in
decreasing volumetric order):

(1) Barium-enriched graphitic and mica-carbonate-quartz schist
(Ba < 4%).

(i1) Cherty and echistose quartz-celsian rock (5 £ Ba T 25%).

(iii) Pale quartz-barian muscovite schist (Ba ¥ 4%).

(iv) Massive baryte (30<< Ba < 58%).

(v) Calcitic and dolomitic limestones with pyrite, sphalerite and
galena developed in thin stratiform layers or as a groundmass in intrag-
formational breccias,

(vi) Chlorite, biotite and hornblende-rich schists some with
barium < 4%.

Base metal sulphides together with magnetite, rutile, hyalophane
and cymrite are minor to trace constituents developed in various
lithologies,

The stratiform mineralized assemblage is developed in three sectors
near the stratigraphic top of steeply dipping graphitic mica-quartz
schists of the Ben Eagach Schist Formation. In the sector where litho-
logy (vi) is developed (basic sills, flows or tuffs?), there are three
distinct horizons of barium and base metal enrichment. The geology and
geochemistry of the deposit support a synsedimentary origin. Syndepo-
sitional faulting resulted in basin subsidence and allowed the pulsa-
tory exhalation of dense metal-bearing brines into the carbonaceous
mud environment.

Mineralogy and Textures

The Dalradian mineralization is Zn-Pb or Cu dominant, the latter
associated with high Ni and occurring in the metabasite-dominated
metasediments of the Southwest Highlands. There is no textural evi-
dence of the formation of pyrrhotite by the desulphidation of pyrite
during regional metamorphism. Instead stratiform pyrrhotite and pyrite
mineralization closely co-exist in low grade rocks and there is no
increase in pyrrhotite: pyrite with'meramorphic grade. The occurrence
of pyrrhotite is probably a sensitive indicator of a low fsa during
sedimentation and diagenesis,

The sulphides occur as disseminations and thin layers parallel to
the bedding and the textures are typical of recryetallization in green=
gchist to lower amphibolite facies terrains. Pyrite occurs as corroded
(?premetamorphic) grains, deformed synmetamorphic and euhedral post-
metamorphic porphyroblasts. The base metal sulphides have complex
interpenetrating textures and fill in fractures in pyrrhotite and py-
rite. In contrast the cross-cutting mineralization at Meell Mor, the
only locality in the Dalradian closely associated with metaigneous
rocks, and at Clachan Bheag and Kilfinan show underformed postmetamor=
phic textures. ‘
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Minor and Trace Zlements in Sulphides

Levels of Cu, Zn, Pb, As, Se, Co and Ni in pyrites from both base

. metal-rich and poor localities are low ( <500 ppm, Co < 3,000, Ni <500
d ppm). The Co:Ni of < 5:1 suggests that the pyrite formed in a low tem-
perature sedimentary environment with a volcanic/hydrothermal influen-
ce. However, there is no marked distinction between pyrite from mine-
ralized localities and unmineralized metasediment, pyrite in the latter
occasionally having Co contents of 1,000 to 3,000 ppm (Co:Ni £ 10) and
Ni § 12,000 ppm. Also the Co, Ni levels can be very variable on the
scale of a polished section indicating varied incorporation of trace
elements into growing iron sulphide greins during sedimentation/early
diagenesis and a lack of homogenisation during metamorphism.

Sphalerite geobarometry on intergrown sphelerite+pyrite+pyrrhotite
at Aberfeldy, McPhun's Cairn and the iuchtertyre Horizon indicate
reequilibration of FeS at a pressure of 6.8, 5.6 and 6.8Kb respectively
confirming a pre-Grampian Orogeny age for the mineralization.

Sulphur isotopes .

At Aberfeldy the bulk of baryte sulphur, (G S = +27 to +36% ),
was derived, during periods of rapid brine/seawater mixing, from Ven-
dian seawater enriched in ° %S as a result of bacterial sulphate re-
duction within the enclosed Dalradian Basin (G’q B canatar ™ +35% ).
During periods of brine stagnation a reletively greater amount of iso-
topically light sulphate was derived from the oxidation of exhalative
reduced sulphur (6398 < +28% ). Hence theéj* o 18 bimodel (Fig. 3)
and becomes isotopically light upwards. Sulphide within the mineraliz-
ed assemblage, (G5, = +23.6, §>' Sgp = +222, 6= Sgq = +23.1 1,653
range +18 to +28% ), originated from reduced sulphur carried in the
brines. The sulphides become isotopically lighter upwards reflecting
the change 1n63y Sfluid at the source. In contrast pyrite in the
footqall and hangingwall schists at Aberfeldy and in unmineralized
schists elsewhere in the Dalradian, (+1 to +16, X = +6.2%,), incorpo-
rates sulphur of bacteriogenic origin, thaasqsseawater-sulphide of
10 to 30%0 being typical of bacterial kinetic fractionation in an
enclosed marine basin. The minor localities of massive base metal-rich
mineralization around Loch Fyne (-4.3 t040.4% o X = -2.1% ) incorpo-
rate reduced sulphur, (and Cu, Ni), derived from the leaching of basic
rocks at depth in the sedimentary pile.

Lithogeochemistry

At Aberfeldy anomalous Ba with sporadic Zn and Pb occurs in graphi-
tic schist of the Ben Eagach Schist formation up to 1.3km from the 'ore'
lithologies and Ba alone is anomalous up to four kilometres distant
(Fig. 4). Co and K are also weakly anomalous in the Ba+Zn+Pb-enriched
graphitic schist. Although high Mn occurs in base metal-enriched carbo-
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nate (Mn0 $9%) no anomalous Mn was detected in the Ben Eagach Schist
(MnO < 0.5%).

Ba is also anomalous 250m below the mineralized assemblage ('Pre
ore phase' mineralization) and 50m above ('Post ore phase' mineraliza-
tion) indicating a lifetime for the hydrothermal system in excess of
10 Mw.

Conclusions

The geological environment and characteristice of the Dalradian
mineralization indicates an affinity with the sediment-hosted strati-
form exhalative class of deposit, in particular Aberfeldy has simila-
rities with the Rammelsberg, Meggen and Tom Ba+Zn+Pb deposits. During
the Vendian, extensional tectonics resulting in faulting, and basin
subsidence and allowed saline seawater to percolate down to depths
of 5-10 kilometres in the radiogenically heated sedimentary pile. The
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Eig. 4. Location of anowalous barium in graphitic-biotite-chlorite-muscovites-quarts schists of the Ben

Eagach schist
1 - Ben Lui Schist; 2 - Farragon Beds; % - Ben Lawers Schist; 4 - Ben Eagach Schist Carn Mairg Quart-

zite; 5 = Killiecrankie Schist; & - Slide; 7 - Fault; 8 - Lithological Contact; 9 - Ba Mineralisation

Calc Schist: 10 - Saople Traverse; 11 - Sample Site; 12 - Ba=0,4%; 13 - Ba= 0,%; 14 - Ba= 0,7%



seawater became saline (B-15 wt.% NaCl), acid (one pH unit below
neutral) and highly reduced and enriched in trace metals. The hot

(~ 400°C) metalliferous solutions then returned to the surface during
renewed fault activity and were exhaled, possibly after extensive
boiling, onto the seafloor as dense, cool (& 150°C) brines.
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