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. J. Pa6uuwxoe (CCCP)

PH3NRO-XUMHUYECKI AHAJIN3 ﬁOTEHﬂHAHbHOH
PYIOHOCHOCTI TPAHUTOHNIOB

I. D. Ryabchikov (USSR)

PHYSICO-CHEMICAL ANALYSIS OF THE ORE-BEARING CAPACITY
OF GRANITIC ROCKS

High temperature mobilization of the ore metals by magmatic fluids is rineci-
pally controlled by the presence of halogene compounds. 1t is proved by thermo-
dynamic calculations and experimental data for Zn, Fe, Pb, Sn and Au.

The analysis of mineral assemblages of many rare-metallic granites testify
to high fluoric and rather dry character of the parent magmas. The possible
ways of the generation of such magma lie either in progressive melting of bio-
tite-containing rocks of the sialic crust, or in the crystallization differentiation
of more basic trachybasaltic (lattitic, monzonitic) melts. The equilibria with
hydrous minerals (biotite, amphibole) result in the parallelism in the behaviour
of fluorine and a number of the ore elements during these processes,

Chlorine behaviour at magmatic stage is primarily controlled by its trans-
fer to the separating fluid and to a lessor extent by the crystallizatioon of hydro-
xyl-bearing minerals.

The data on halogen distribution coefficients between the melt, fluid and
solid phases of the aci magmatic systems show that in the case of the fractiona-

Tecnas npocrpancreennasm u BPEMEHHAS CBASH HEKOTOPHIX PYIHEIX
MeCTOPOsKIeHniT (mpeskme Bcero IPeii3eHoro TMHa) ¢ KUCIBIMI Hn3Bep-
FREHHBIME IIOPOXAME ABJSAETCH YCTAHOBJISHHEIM phaxrom. Onmaro npu-
TUHBL TAKOI CBABYM M 0CO0OHHO MCTOYHUE PYAHOTO BemecTBa 0CTAIOTCH
TPEIMETOM BeckMa OCTPHIX juckycemit. Cpemm PAa3IHYHEIX IIOJXOMIOR,
TPUMEHAEMEX [JIA DPemeHHs 3Toit TPOGIeMBI, BUIONHE MPHMEHHMBI
METOIBI DRCHePHMEHTANBHON M (PHBWKO-X AMHYECKO IeTPOJIOTHH,

lpn  pacemorpennn pusnko-xAMmUECKNX  acmekToB npobaeMsr
CBA3H THAPOTEPMAJBHOTO PyR00GpasoBaHms c MarMaTH3MOM BO3HH-
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KaeT HeoOGXOAUMOCT OMeHKH MaKCHMAJIBHON PyAoreHepupyiomneil cio-
coBHOCTH MarMaTHIeCKUX CHCTEM, T. 6. YCTAHOBJEHHS KOJIHIECTB Me-
TaJI0B, IEPeXOMAMAX B HAAKPHTHIecKNil (o Bo BPeMs HIH HOCTe
saTpepreBanms Kucaoii marmel. OTciofla BEITEKaeT OMH U3 HeoOXoon-
MEIX, HO JaJeK0 HeJ0CTATOUHHIX KPUTePHeB [JIf PemeHHA BoUpoca
0 TPUHIHUINAILHON BOBMOKHOCTH (OPMUPOBAHMA THAPOTEPMalbHBIX
MeCTOPOsK/IeHHil B CBA3H ¢ MarMaTAYeCKAM HCTOYHMKOM DPYIHOTO Be-
mecTBa. Hpome Toro, molyuaeMas Ipu ONeHKe pyIoTeHEpHPYIOImeit
CTI0COGHOCTH MarM (M3MKO-XEMUTeCKas HHPOPMAIHS MOKeT OnThH
MCIOJB30BAHA /1A BHABJIEHAA MPH3HAKOB MOTHI[MATEHO PYLOHOCHBIX
MATMATHUECKHX CHCTEM ¥ JJIA YCTAHOBJIEHHSA YCIOBHIl PeHepamuu I0-
TeHIUATLHO PYHOHOCHHIX MarMaTHYeCKOX DPacIIaBoB.

Cocrap daionmroit a3k, COCYIIeCTBYIOMmEi ¢ KPHCTALIA3YIOmeica
MATMOil, OTHOIIeHHE JIeTyInX M ¢0Jeo0pas3yoimux KOMOIOHEHTOB B 8HA-
UnNTeNBHON Mepe ONmpefelfioT CI0COOHOCTH (JIoUIa BKCTPAarHpoBaTh
U3 MAaTME PYJIHEE MeTaJIH. B CBASH ¢ BTHM 00CY:KIEHHI0 HOBE/IeHNA
PYAHEIX MeTAJUIOB B Xofle JMCTIIIANHN MarmMaTHIecKOTO daonga
JOJKHO TPeJIecTBOBATE BHsICHEHNE Ipe/ieloB Kolebaanii KOHIEHTPa-
nuit B HeM PASIHYHHX JeTYYHX COeJHHEeHUIl.

Ilans pemeHHEs 5Toil 3aaun UMEIOTCH PasNIHbE HCTOTHNKR mHpOP-
Mammn. K ux umeny otHOCATCA: TAaHHHE 110 PABHOBECHAM MEFKIY MH-
HepadaMn u (JIIOOIOM C YYacTHEM JeTy4nX KOMIIOHeHTOB; OIEHKH
TeMmepaTyp KPHCTa/NIA3aMWH MIHEPaJI0oB, a TAKKe yJeT NOPANKa B~
JleJIenns MAHEPAJI0B M3 MATME B CPAaBHEHUH C TAHHBIMA II0 THKBHYC-
HBIM PAaBHOBECHAM B CHCTEMaX I'PaHMT—IeTyIHe; Pe3yibTaThl M3yde-
HES MEKDPOBRIKNYEHNI B MEHepajiaX rPAHHTOHIOB; JIAHHEe IO CONEP-
JKAHEAM JeTYyINX KOMIOHEHTOB B KHCIHIX BYJIKaHNYECKHX CTeRIAX.

Ha ocmoBe 0000meHNsA 3THX JAHHEX yCTaHABJIWBAETCH, 9TO IIaB-
HEMH JIeTy9nMH KOMIOOHEHTaMM KHCIBIX MarM SBIAITCA BOAA,
a Tak:Ke COeJIMHEHHA yTriepoja, XJopa, Cepsl, IPHIeM BOja Pe3ro
npeo6nagaer, a 0CTAJIBHEE KOMIOHEHTH NPUCYTCTBYIOT B KOJIHIECTBE
HECKOJBKHNX MOJBHEIX IPONEHTOB OT 00mell CyMMEL JeTy4nx COCTaB-
asomux [Paturkos, 1975]. d1r cooTHOmMEHH OmPeNeIAIOT cpenumii
COCTAB MATMaTHIECKOTO (UIIONa TPAHATONMJIOB, HO COfep/RaHUA B HEM
OTIeABLHEIX JIeTYINX KOMIIOHEHTOB MOTYT BeChMa 3aMeTHO BAPRUPOBATD
B XOJe MaTrMATAIeCKOH IHCTHILIANUA BCJIEJCTBHE MX HeoIHHAKOBOK
PacTBOPUMOCTH B TDAHHTHOM pacILIaBe.

Coenuuenns GTopa B OTIAHINE OT NEPETACICHHBIX JTYINX COCTAB-
Igomux B GOMbMeR cTeIeHN yIeP/KABAITCSA CHINKATHEIM PacIIaBoM,
a BO (UIOMA W KPMCTATLIHIECKNe MHHEDAJH OHI BXOIAT B MCHEBIIEM
KoamuecTBe. B rpaHMTHEIX MarMax ¢ HOPMaJbHBIM coflepskanueM Jropa
ero KOHOEHTPAUMA B PaHHEMAarMAaTAYecKoM (MIiomfge COCTaBIAET Be-
amanry mopsnka n-1073 moasn. %. B xone ¢paxnmonnoil KpHCTALIA-
3aMUM XUMUYECKHil moTeHMUal (gropa pacrer, I B O3 Hel MarMaTH-~
gecKoii rasoBoil (pase ero cojlep;KaHHE MOJKET [OCTHYL SHAYCHUA
n-107* mounu. %.

PactpopuMocTh GOJBIMAHCTEA PYSHEX MAHEPAJIO0B B IMCTOM BOTHOM
mape jaske OPW mapaMeTpax MarMaTHYeCKOTo mpomecca OYeHb HUBKa.
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B cBasn ¢ aaM HeoOX0AMMO PAaCCMOTPETh BJAHAHNE TPHCYTCTBYIOMAX
B MarMaTHIecKoM (uaionie aHHOHOTEHHBIX KOMIOHEHTOB HA €ro 9KCTpa-
TAPYOIYI0 CIOCOOHOCTh B OTHOIMEHMH PYIHBIX METaJlIoB.

Nayuenne pacTBOPHEMOCTH PYAHKX CYIbGUIoB M OKHCIOB NPH Ha-
pamMeTpax HH3KOTEeMIEPATYPHOTO THIPOTEPMAAbHOTO Mpolecca mMoKa-
32710, 9T0 MePeHOC PYAHHBIX METANJIO0B B HTHX YCJIOBHAX MOJKET OCY-
MECTBIAATECH B (hopMe pasHOOOPABHEIX KOMIUIOKCHBIX M MOJERYIApP-
HBIX COGJMHEHMIT — XJTOPHAHKEIX, (GropmaHex, ruapoKapOoOHATHEIX,
THAPOCYAbOUAHBIX, THIPOOKCHAHEIX 1 T. JI., 8 TaK:ke B opMe mNPOCTHX
HOHOB. AHaJIN3 AOCTYNMHO (HBMKO-XUMIYeCKOi HHGopMANI 1A Bhi-
COROTeMIIepATYPHHEIX YCIOBHIl, DPHOIMKAOIMXCA K TapaMeTpaM Mar-
MaTHYECKOTO TpoIecca, MOKa3KBAaeT, 9T0 ¢ HePeXofoM B HaJKPHTH-
gecKyio ofiacTs HaGOp COeUHEHMIT PYAHLIX METAJIIO0B ¢ AHNOHOTEH-
HBIMI KOMIIOHEHTaMu 0ojee OrpaHMYeHHBI.

TepmogumuaMuyecKmii aHAJIN3 HKCIEPUMEHTAJBHBIX JAHHEX H pac-
YeThl PABHOBECHIT MesKIy MUHEPAJBHEIMHI acCOMUATNAME TPAHATONOB
M KOMIOHEHTAMH BHICOKOTEMIEPATYPHHIX BOAHHLIX PAcTBOPOB CBHJE-
TeJABCTBYIOT, 4TO IPH TeMmepaTypax, 6aM3RIX K KOMITY MarMaTniaecKol
KpHCTAJIH3auN, BoAHAaA (a3a, paBHOBeCHAsd ¢ TPAHNTOMIAMHE, CO-
pepsxut Mosexyam CO, m H,S, a ne monwt HCO; n HS~, cmocoGunie
00pa3oBHBATE YCTOMYMBEE KOMILIEKCH CO MHOTMMH PYAHBIMH 9ie-
mentamu [PaGuukon, 1975; PaGunkos, Opnosa, 1975]. Orciona cae-
AyeT, 9T0 B KaYecTBe BasKHEHIINX areHTOB NepeHoca (IionoM PyAHEIX
METAJJI0B B MarMaTHIecKOM IpOIEcce M B BHICOKOTEMIepATYPHBIX
THAPOTEPMANBHKIX YCJAOBHAX MOTYT BHCTYHATH TOJLKO COEJHHEHHA
xmopa m ¢ropa.

ITOT BEIBOJ MOATBEP/KAAETCHA MMEIONIAMCH DKCIePUMEeHTAJILHEM Ma-
TepmajioM, KOTOphii mokasmsaer, aro Zn, Mn, Fe, Cu, Pb n Au no-
CTATOYHO HHTEHCHBHO AKCTPATHPYIOTCSA XJIOPHIHBIMU PACTBOPAME yMe-
PeHHOHl KOHIOEHTPANNH U3 KNHCJIHX CHIHKATHHX PpACIUIaBOB MJIH
u3 Teeploda3oBHX MWHEPAABHHIX ACCONMAIMIT TPAHATHOTO COCTABA
OpHu TeMmepartypax, OMHBKHX K KOHIOY KPHCTANIN3aINH CHINKATHOTO
pacmaapa B cucteMe rpaEnT—sopa [Holland, 1972; PaGunkos, Yo,
Bepuam, 1974; Pa6uukon, 1970, 1975; Patumkos m ap., 1977].
IMo-pumumomy, u npyrue xaabKoQUIBHEE METAJJH BeAyT ce(s aHa-
JOTHIHEIM 06pazoM.

Jlaa pymEeIX Metannos auTodmabHOTO cemeiicTna GoJee Xapak-
TepHa CBA3L He ¢ XJopoM, a ¢ fropom [Bapeyros, 1957, 1973; Beye,
Huxos, 1967]. Oxoro, ssasomeecs nanGoiee XapaKTePHHM PYTHBIM
BIIEMEHTOM MECTOPOKACHMUIl, TeCHO CBABAHHEIX € KHCJBIM MarMaTH3-
MOM, HPOABJAET KaK JIHTOPHIBHBE, TaK M XaJbKO(QMILHEE TeHJeH-
nun. B cooTBeTCTBHE ¢ H3J0KEHHBIM MOKHO IPeNoJaraTh, 4T0 B €TI0
MOOHIH3AaIEN M IepeHoce aKTHBHYIO POJAB MOTYT HTPATh COeJiUHeHMHA
Kak (ropa, Tak ®H XxJopa. ITH HPefIOJOKEHHA IOJATBEPKAAIOTCH
BRCIePAMEHTAJbHEIM H3yueHneM Me;k$aszoBoro pacupeeleHns oJoBa
B cucTeMax rpaHAT—rajoreBnjsi—soaa [PaGunkos, {ypacosa, Bap-
cykon, 1976; Ryabchikov e. a., 1977]. Ilpn aroM BHACHMIOCH, YTO
NPH PaBHHIX CoflePrRaHmAAX Bo duronsie ¢rop MoGnansyer 01080 ropasio
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Gomee umrencupno, wem xiaop. Taw, npu 750 °C u pm,o=1.5 xbap
koaddunment pacupepesenua onoBa Me;ny ORHOMOJIAIBHEIM XJI0-
PHAHBIM (IIOHIOM W TPAHUTHBIM PACIIABOM B NPHCYTCTBHM CHJLIN-
maunTa u ksapna pasen 0.1, B To Bpems Kak B cayuae XJOPHIHOTO
pacTBopa T0if e KOHIEHTPALNWH, HO U Hammmn B cucteme fropa,
AKTHBHOCTh COGJMHEHMIT KOTOPOTO KOHTPOJMPOBATACH TPHCYTCTBHEM
Tomasa m ¢urioopuTa (4T0 OTBEYAET COEPIKRAHNI0 Bo (Iiionme mopsIKa
n-1071 moawn. %), Koaduument pacnpesesenns sospacraer npuHIN-
suteasHo o 0.4. Pacuersr Gasanca Mace 0JIoBa B Xofle KPHCTAJJIN3a-
MU TPAHUTHON MarMBl H CONPAZREHHOTO ¢ Hell PeTporpagHoro Kuie-
HUS, IPOBEJCHHBIE ¢ YIETOM IOJYYEHHBIX DKCHePHMEHTAJIbHBIX JaH-
HBIX U B IPeII0J0KeHI, 9T0 aKTHBHOCTE firopa B cHcTEME BO3pacTaeT
K ‘KOHIly mpormecca (PaKIIOHHONT KPUCTAJIN3AIMA MATMB BILIOTH
0 MaKCHMAJBHEIX B3HAYCHUII, MOKA3aJaM, 4YTO HOCHe 3aBepIIeHHA
¢parnuonnoi kpucramansamun 1000 km® rpannTHO MarMsr, 9To OTBE-
gaer cpefHeMy pasmepy rpaHutHEX Gatomuros [Fyfe, 19731, B Boj-
et @aong goxxao mepeitn 2-10°—3-10° 1 omosa. Koumentpmpo-
paHHAA Pukcamua gaxke 1 % sroro KormecTsa mpuseer K fopMuEpoBa-
HHI KPYOHOTO IPOMBIIIEHHOTO MECTOPOKICHHA.

Basgmas poxs ropa B mepeHoce MaTMaTHICCKUMI (IIOHAME 0710BA
M pAfa APYILAX PYIHEX METAJIOB, BRIABICHHAA DKCIEPHMEHTAJ hHBIMA
HCCACIOBAHMAMIE, TIO3BOJIACT MOCTABUTH BOMPOC 00 YCJIOBUSIX reHesnca
IPaHUTHRIX MaTM, O0eCHeTMBAIOIMX ONTHMAIBHEIC YCIOBHA MOGUIIN-
samum paccMaTpmBaeMux Kommonenton. Campie ofugue coofpazkeHHA
MO3BOJNAIOT B3AKIIOYHTH, YTO TAKHE MATMEL JOJKHBL XapaKTepuso-
BATLCA HOBBINCHHBIMA coJleP:RaHUAMH ¢TOpa, HOCHTH BEICOKOTJIMHO-
3eMUCTBIT H OTHOCHTEJBHO MAJOBOXHBIE xapartep. Huskue conepika-
HHA BOXBL B POJOHAYAIBHBIX MATMaX OTPAHHIHMBAIOT BO3MOKHOCTH
KPUCTATH3AMUN BOAHKX MHHepaxoB (0motmrTos 1 amduboson), mpu-
BofAmell K 3axBaTy W paccesHmio iropa Ha MarMaTHIecKoil crajuu.
BrICOKOTAMHO3EMUCTHIIT XapaKTep cHcTeMbl ofecledupaerT MIEHAMAJb-
HEIe AKTHBHOCTH H3BECTH I MeJ04eil i, KaK CAeICTBHE, MAKCHMAIhHBIIL
rajpoaua dropcomepmamux Munepaixos ¢ Buxogom HF Bo dmon.

JlaEHEER 10 TPOCTHIM CHAMKATHEIM CHCTEMAM W Pe3yIbTaThl ILIAB-
JIEHUA eCTeCTBeHHEIX IFOPHLIX HOPOJ IMOKA3HIBAIOT, YTO CHCTEMBI ¢ PaB-
HEIMH DKBHBAJCHTHBIMH COOTHOMEHNAME TAMHO3eMa W CYMMBI IMEI0-
geit w uzsectu (T. e. paspessl, BRIKYAOMUe GUrypaTuBHbE TOYKI
TOTeBHX IIMATOB M He3rIMHO3eMICTHX MUHEPAT0B) ARIAOTCA a(deK-
THBHHIME TeMIePaTyYPHEIMHA OapbhepaMu, OPEOATCTB YIOIMMI TeHe paiui
pacmaasos ¢ Ca0-+Na,0-+-K,0 < Al,04 3a cuer KpmCcTaIIH3aIHON-
Hoit mEPPepeHuaE WK YaCTHIHOTO mIaBieHns cocrasos ¢ CaO -
+Na,04+K,0 > Al,0,.* Orciona BrTeKaer, 9ro Hamboxee BepoAT-
HBIM MeXAHH3MOM TeHCPAIHH BHICOKOTAMHO3EMHCTHIX HCXOJHBIX pac-
ILIABOB, KOTOPHe B Xofe (PAKMMOHHON KPHCTAIIM3AIEN MOTIH Ja-
BATh MATMEL THIIA OHTOHATOB — JATHIE-GTOPHCTEIX IPAHNTOB, ABJACTCS

* JlcKmouenne COCTABJIAIOT BHICOKOQTOPHCTHE CHCTEMEI, I'JIe TAKOM Iepexopn
MOKOT OCYIeCTBIATHCA B PesayibTare NHTEHCHBHOTO Bhjlenenns Quaoopura.
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9aCTHYHOE MJIABJEHHe B YCAOBUAX 3eMHON KOPH METANEINTOBOTO Ma-
TepHaja. JTOT BEBOJ HAXOMUTCA B coraacun co parasmamu JI. B, Tay-
cona (1977) o KopoBO-aHATEKTHYCCKOM TMPOUCXOKICHHUHN (ILTIOMASHTO-
BHIX PeIKOMEeTAJbHEIX)» TPAHHTOUIOB.

Ananna ycnoBuil IJIABTeHNA METATIENMTOBOT0 MaTepHaja B CBETE
MMEIONNXCH HKCIePHMEHTATBHEIX JAHHEIX TMO3BOJAET YTOYHUTE TPe-
cTapleHust 0 nyTAX GopMUPOBAHMA MOTEHIMATIBHO PYAOHOCHHKIX Tpa-
HATOB M O0BACHNTL HMX NETPOXHMHYECKNHe xapakrepucrurm. Omamm
3 BeAynmux (GaKTOPOB KOPOBOTO aHATEKCHCA SABJIAGTCH XMMWTeCKWID
moTeHOHAJ BOAK. B ycIoBHAX, KOTa COCTOAHHE CHCTEME OJHBKO
K HACHIUNEHHI0 B OTHOIEHHH YHCTOBOTO BOAHOTO (uionmaa, moiaesoit
muaT M0J:KeH BCTYNATh B PEaKOUI0 ¢ TPAHATOM WJIH KOPIMEPHTOM
MeTaneanToB, obpasya Owotur. B cBasu ¢ arum gaa ofwaHO HAOGIIO-
AaeMBIX (pa3oBEIX accomuanmii mMeramenantos amfuboamrosoil dammm,
BRJII0YAI0IINX, HATIpUMep, GnoTHT, rpaHaT, KHAHAT, KBaPIl, IIATrH0KIA3
(HO me KaameBHIl IOJXEBOIl MIAT), AKTHBHOCTH OPTOKIA30BOTO KOMIIO-
HeHTa 1PH BEIcOKOI nerygectn H,O Gymer saMerno MeHbIIe elHHMIEL.
Tax, menonsszosanme gamEEXx M. Xoamoysa um C. JIm [Holdaway,
Lee, 1977] nossoasier paccanrars artmeiocts KAISizOg mua acco-
muamui, Ooratoil aXbMaHARHOM-|-rpapar--KuaHuT--0HOTHT--KBAPII,
roropas npu fapjaennn 10 kGap m upn Temmeparype Havalia BEIUIAB-
JeHusa rpanutHON smmpkoctm (~620 °C) B mpmeyreTBHm BOJHOTO
(Qaronga okasmsaerca pasHoit ~0.1. B cayuae, ecam wactHuHOE
IUIaBJI@HHE TO jKe MIHePaJbHOI acCOMUAmHN TPOUCXOMUT B YCIOBHAX
Gosiee HUBKHX 3HAYCHUI XUMHYECKOTO NMOTEHI[HAJIA BOMK W, CJAE0BA-
TeJbHO, NP GoJlee BRICOKMX TeMIilepaTypax, aKTHBHOCTh OPTOKIA30-
BOTO KOMIOHEHTA BO3PACTAET M MOJKET JOCTHYH 3HAYEHHIl, GIMBKHX
K eguunne. Coorsercrenno n seanmannsl K/Na ornomennii B renepn-
PyeMBIX pacmiapax B 3aBHcmMocTH oT jgerydectn H,0 moryr sapem-
poBaTh MOYTH Ha MOPAOK, BOBpPACTAS MAPAJIICIBHO HETOCH MEHH0CTH
CHCTEMBI BOJIO1.

B xome amartekcmca MerameamMTOBOTO MatepHaja XHMUYeCKHIl 10-
TeHIHAJ BOoJk OyAeT KOHTPOJUPOBATHL IOBEJ[eHAE He TOJBKO KaJjusd,
HO M IPYIHX KOMIIOHEHTOB, KOHIEHTpUpyeMux Guorutom. I{ nx uncay
OTHOCHTCHA TAKOH BAasKHEI ATeHT TPAHCIOPTHPOBKH IOJE3HHIX MeTal-
JIOB B DHIOTEHHKX YCJOBHAX, KaK (TOp, a TAKKe PAJl PYAHEX KOMIIO-
HEHTOB, BRJIIOYas OJ0BO.

Ha ocnosannm n310;KeHHOTO MOJKHO TIPeIIoJararh, 4T0 Ha Ha4ajb-
HBIX CTAMAX YACTHYHOTO IUIABJIEHNS METANeJHTOBHIX TOPOJ, IpoTe-
KAIOIUX B YCJIOBUAX OTHOCHTEJBHO HUBKUX TeMICPATyp M HOBBINICH-
HEIX JIaBJeHHH BOJIBI, 00ecHednBAIONNX BHAYATENLHYI0 YCTOHIHBOCTD
Omornra, GynyT BOBHHKATH HABKOKAJIHeBHe MarMel, o0eqHeHHEIe (10~
POM, 0JI0BOM M IPYTUMH PYAHBIMH KomuoHeHTamn. IIpu manpmeimem
MOBEIIEHWH TeMIePaTypsl I (PakmuoOHHOM YAaJeHHH HU3KOIIABKHX
BRICOKOBOJHBIX PACIIABOB ILIaBJeHue GymeT IPOMCXOMATH ¢ Iapaii-
JeNbHKIM pasaokeHHeM OMoTHTa, B PeayibraTe Uero CoueprraHusd
KaJius, ropa U PyJHEIX MEeTAJJIOB B PacIUIaBe Bo3pacTyT. BoaMokHo,
YTO I'PAaHNTHEIC PACINIABEL, ¢ KOTOPEIMH CBABAHO PeJlKOMETaJIbHOe 0PY-
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fleHeHHe, MOABIAIOTCH B X0/ie TaIbHeHIIei 9B 0II0NHIN Toq06HEX HE3KO-
BOMHEIX H BBHICOKOPTOPHCTHIX Marm, BOSHMKAIONIMX HA TO3THHX CTA-
MUAX aHATeKCHca MOPOJ KOHTHHEHTAJNLHON KOPH.

Hecomnenno, 9Tto mpomeccs CeIeKTHBHOTO TIABICHHS MeTAOCA-
JlOYHOTO BEIeCTBA B CBASN C METAIJIOTeHMYECKIMH XapaKTePHCTHRAMN
BOBHUKAIOMUX MarM TPeGyioT MaixbHelmero yray6ieHHoro nayyenus.
Ilpurenennsie B macrosmeii paGore coo0pasKeHHA MO3BOJAIOT 00BIAC-
HHTH B caMoM OGJI(BM BHIe OTMEeYaeMVI0 MHOTHMH HCCJIeqoBaTeJdaAMHA
KOPpexsinuio peKOMeTaJbHONH PYIOHOCHOCTH TPAHHTHHIX PACIUIABOB
C MOBHIIEeHHBIMA COoep:RaHUAMH B HHX KaJIng.
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L. Baumann (GDR)

MINERAL ASSOCIATIONS IN THE VEINS OF THE METALLOGE NETIC
ZONES IN CENTRAL EUROPE

J. Bayman (I'IIP)

AHJIBHBIE MHHEPAJIBHBIE ACCOIMAIIME METAJUIOTEHHYECKHX
30H NEHTPAJIIBHOH EBPOITEI

Tpem rAaBHBIM reoTeKToHmYeckmM oamoxam llemTpansmoit Epponm — posapme-
CKOii, BaApHCCKOH TIeOCHHKINHAJBHO-OPOTEHHON N IOCTBAPHCCKON miatdgopmen-
HOil — COOTBETCTBYWT TPH METANJOTeHHIECKHe OJIOXH, XAPAKTEPH3YOIINECH
9acThi0 00IINM, a 9ACTHI0 CHennPHICCKAM BIEMEHTHEIM COCTABOM MUHEpAINBAIiN,

Runspoe Opy/leHeHNe CBABAHO ¢ ABYMA INEPHOJAMH MHHEPATHBATIHA —
BapuCCKAM 1 mocTBapmccknM. HemocpencTBenmsie CBASH OPYAEHEHHA YCTAaHAB-
JAHBAIOTCH ¢ BAPHCCKHM TPAHNTHHIM MarMaTHaMoM cyGcexBesTmoro Tnma. C yme-
JH9eHHeM CTeNeHN KOHCOJNNAINA KOPH BO3PACTAET TePMUIECKOe 1 BeIeCTBeHHO®
BAnsAENe BepxsHeil mamTnm. IlocTBapmeckas MHHEPAJABANUA, HANPOTHB, HEMIO-
CPeJICTBeHHO CBf3aHA ¢ TAQPOTEHMYECKNM H TePMAHOTHIHEM HPONECCAMH AKTH-
susanun Ilemrpansmo-Epponeiickoit miatgopMsr m cOnmpoBoEamuM HX me-
JIOTHEM MArMaTH3MOM.

1. The metallogenetic situation of Central Europe. The metallo-
genetic development of Central Europe and, connected with that,
the formation and range of its deposits are the immediate result
of the geologic-tectonic, the petrologic-lithologic and the meta-
morphic development. Therefore, the metallogenetic regional divi-
sion of Central Europe is deduced above all from the position and
development of its geologic-tectonic units.

The following geotectonic units can be distinguished in Central
Europe:

— a pre-Variscan basement complex (from Proterozoic to Ordo-
vician period) with a mainly geosynclinal development;

— a Variscan geosynclinal (=orogene)-stage (from Devonian
to Permian period) and

— a post-Variscan platform-stage (from Mesozoic to Caenozoic).

Resulting from the tectonic scheme of the Variscan stage of Cen-
tral and Western Europe by Kossmat [1927] and Stille [1951]
and referring to the latest tectonic theories a new tectonic zonation
for Central Europe was made up. Based upon this new tectonic zona-
tion the general metallogenetic regional division can be established
(fig. 1).

The Moldanubian zone represents within the Varis-
can zone a central massif predominantly consisting of pre-Varis-
can units. It is chiefly characterized by pre-Cambrian orogenies
and intensive metamorphic superimpositions (to granulite facies)
and anatexis.

The Saxothuringian zone extendsasa stripe which
is nearly 150 km wide in SW direction across the G.D.R. and
the F.R.G. towards France. In the E direction it stretches into
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Fig. 1. Geotectonic division of the Variscides of Central Europe [from Baumann
» e. a., 1976].

1 — Paleozoically consolidated basement rock; 2 — Variscan granites; 3 — areas with

‘Variscan metamorphosis, 4 — orogenic direction of movement; 5 — alpidic upthrust; 8

delimiting lines of the Variscan geotectonic and metallogenetic zones; I — Moldanubian

zone; II — Saxothuringian zone; IIIV— R%enolhergynian zone; IV — Sub-Variscan zone;
— Foreland.

the Sudetes (Lugikum). The Saxothuringian zone is composed
of pre-Cambrian and Paleozoic rocks which were together deformed
in the course of Variscan tectogenesis. Its position as transitional
area between the stable Moldanubian zone and the highly mobile
eugeosynclinal Rhenohercynian zone involves a lot of specific pro-
perties of its geological and metallogenetic development.

The Rhenohercynian zone follows the crystalline
zone of the Central-German ridge, originating from an intrageoanti-
cline between the Thuringian and the Rhenish trough. The Rhenoher-
cynian zone consists of thick sequences of Devonian and Carbonife-
rous rocks which were intensively folded in the Variscan. This zone
expands regionally from SW-England by the Ardenish-Rhinish-slate
mountains to the Hartz Mountains (G.D.R.). In the farther eastern
continuation we can observe a link by the Paleozoic of the subsude-
ten area to the Moravosilesicum. Great parts are superposed by youn-
ger, post-Variscan platform sediments.

The Subvariscan zone (foredeep) forms the northern
border of the Variscan orogene area. Here it is the question of a fore-
deep-like external zone of the Variscan period partly including para-
lically developed Upper Carboniferous. This external zone stretches
from S-England (Bristol—Kent) by N-France, Belgium (Calais—
Namur—Liége) to the F.R.G. (Aachen, Ruhrdistrict). In the nor-
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~ thern direction it passes into a wide, nearly undeformed foreland
- basin. In the farther NE direction we find this Subvariscan zone
- also at the territory of the G.D.R. And it can be traced back even
 farther, namely to some districts of Poland (districts of Gorny Slask
and Krakow/Poland).

The Foreland of the Central European Variscan zone
is composed of complexes which were consolidated already in the Ca-

ledonian and pre-Cambrian. Because of an intensive lapping caused

by the North German—Polish depression as an integral part
of the younger Central-European syneclise the geotectonic division
of the northern part of Central Europe couldn’t be clarified finally
and is still under discussion.

Besides this zonal division following from the position of the Va-
riscan syncline and anticline, the tectonic structure of Central Europe
i8 decisively influenced by large tectonic fault 8, linea-
ments and depth fractures. Partly in contrast
to the Variscan and pre-Variscan zones, the latter represent tectonic
elements, which can be traced back to a deeper, suberustal founda-
tion. Specific processes of the Variscan magmatism and its forma-
tions of deposits are controlled by these faults.

Whereas the acid syn- to postorogenic magmatism is still control-
led doubtlessly by the zoning of the Variscan geosynclinal (orogene)-
development and the subsequent magmatism of the orogenic transi-
tion stage makes still allowance for this zoning, at least in respect
to the spacious arrangement, the Triassic period (Zechstein subdivi-
sion) in Central Europe does begin with the post-Variscan platform
development (in the northern part of outer-Variscan Central Europe
already in Devonian). After that we can observe the beginning
of an intensive fracture tectonic stress, which represents a specific
tectonic development interstratifying the basement- and platform

stage (=tectonic activation by séeglov [1968]).

Table 1

The main elements and structures (postmagmatic) of the three
melallogenetic epochs of Central Europe

5 Main elements (cations) Prevailin deposit-forming
Epoch forming deposits s%ructures

Post-Variscan Fe, Mn; F, Ba, Ca, Mg; | Veins

(Mesozoic—Caenozoic) C_u. (_Pb.,_Zn_n, U); Co,

Ni, Bi, Ag; As, Sb, Hg

Variscan ] Au; Sn, W, Mo, Bi, Li, Veins, impregnations

(Upper Paleozoic) 1'3; WAS, (Mn, Ba, (Sgl:glsesn), metasomatites
Cu); Zn, Pb, U; Sb, Ag|(skarns)

Pre-Variscan Fe; Cu, (Zn, Pb); S;,— Stratiform lentils and
g’gé)otg;)zow—laowu Pa- (W); (Ni, Au, Mo) bodies
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By reason of new research results [Baumann, Tischendorf, 1976;
Baumann, Tischendorf, Schmidt, Jubitz, 1976, e. a.] we can group
the three geologic structural stages respectively the three main
tectonic epochs in Central Europe in correspondance to also three
adequate metallogenetic epochs. First of all these metallogenetic
epochs are characterized by structural differences. So the pre-Va-
riscan mineralizations occur as above all stratiform, massively
to disseminatedly mineralized lentils and beds, whereas the Variscan
and post-Variscan formations of deposits do occur predominantly
as epigenetic vein structures. In respect to the material composition
the three epochs are partly characterised by specific element enrich-
ments but also by a corresponding element characteristic, which
might be explained as a so-called «metallogenetic heredity» (table 1).
The fixation and formation of these elements within the distinet
mineral associations respectively paragenetic units are influenced
by quite a lot of general and specific (local) aspects of formation
(for instance the origin of the solution, the composition of the solu-
tion, the character of the country rock, the structural type of the de-
posits and the topomineral influence as well as other factors).

These different aspects of formation and the differences referring
to the afore-mentioned geotectonic position of the geologic structural
zones of Central Europe cause a heterogeneous characterization
of the individual mineral associations respectively — parageneses.
The zonation of the ore parageneses is in part relatively difficult
because it often doesn’t depend only on the above-mentioned aspects
but also on the genetic conceptions of the workers analysing the de-
posit. But nevertheless, it was tried to work out a regional arrange-
ment of the various vein mineralizations [Bernard, Baumann, 1978;
Baumann, Leeder, 1978: Bernard, 1979]. This classification gets
especially complicated in the case of an overlapping of older (pre-
Variscan, Variscan) mineralizations and younger (post-Variscan)
ones. The cation composition was used because it is the most settled
basis of comparison. In contrast to that the anions respectively
the anion complexes of the mineral associations are subjected to a very
strong alternation due to the afore-mentioned source-aspects.

2. The zonation of the Variscan and post-Variscan mineral asso-
ciations in Central Europe. The postmagmatic deposits of Central
Europe are extensively analysed and explored in respect to their
structures and mineral compositions by a lot of new scientific papers.
According to these publications most of the vein deposits appear
as mineral associations, which can be grouped into the following
paragenetic units (ore formations) — in relative age sequence:

a. Variscan mineralizations

1) quartz-Au-association (Au; au): * quartz, native gold, pyrite,
arsenopyrite; scheelite, molybdenite, various Bi- and Te-minerals;

* The data in brackets are abbreviations for mineral associations respecti-
vely ore formations of the classical deposit districts of the Bohemian Massif
(Ore Mountains etc.) by Bernard and Baumann [1978].
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2) W-Mo-(Sn)-association (W; wsn): quartz, wolframite, pyrite,
orthoclase, molybdenite, scheelite, (pyrrhotine, marcasite, chalco-
pyrite, sphalerite, galena, arsenopyrite, bismuthine, emplectite);

3) Sn-W-association (SnW; Li-snw): quartz, cassiterite, wolfra-
mite, molyhdenite, arsenopyrite, 161lingite, pyrite, hematite; topaz,
zinnwaldite, fluorite; (native bismuth, bismuthine, chalcopyrite,
sphalerite etc.);

4) quartz-polymetal-association (kb-formation; k-pol): quartz,
pyrite, arsenopyrite, pyrrhotine, marcasite, (native gold); sphalerite
(rich in Fe), chalcopyrite, tetrahedrite, stannite, bornite, chalcosine;
galena (schapbachite);

5) uranium-quartz-carbonate-association  (ugk-formation; u):
hornstone-quartz, fluorite, calcite, hematite, pitchblende, (coffinite);

6) carbonatic-polymetal Sb-Ag-association (eb-formation, dse;
pol--sb+se-ca): Fe-Mn-Mg-Ca-carbonates, galena, sphalerite (rich
in Ag), pyrite, marcasite; tetrahedrite (freibergite), selenides; miar-
gyrite, pyrargyrite, stephanite, argentite, native silver; (jamesonite,
berthierite, antimonite etc.)

b. Post-Variscan mineralizations

7) quartz-bearing iron-baryte-association (eba-formation; femn):
quartz, chalcedony, baryte; hematite, manganese oxides (pyrolusite),
Fe-Mn-Mg-Ca-carbonates, (fluorite); :

8) fluorite-baryte-association (fba-formation, partly polymetal-
lic; p-pol): baryte, fluorite, quartz, carbonate; galena, chalcopyrite,
sphalerite, schalenblende, melnikowitpyrite, marcasite;

9) Bi-Co-Ni-As-Ag (-U)-association (BiCoNiAg-formation; as-
coni): quartz (calcedony), baryte, fluorite, carbona tes; skutterudite,
niccolite, rammelsbergite, safflorite, native bismuth, native arsenic,
pitchblende, coffinite; (gersdorffite, cobaltite, millerite etc.); Pb-
Zn-sulfides, proustite, argentite, native silver, (argyrodite, cinnabar);

10) quartz-bearing Fe-Mn-association (Fe-Mn-formation): quartz
(calcedony), hematite, manganese oxides (baryte, fluorite, carbo-
nates).

These mineral associations (paragenetic units) can be found
in most of the vein districts of Central Europe, but the maximum
of intensity can vary regionally for the individual parageneses and
elements (cations) (table 2). Thus the Moldanubian zone is characteri-
zed above all by ore veins of the Au-association and also by Pb-Zn,
Ag and Sb. Sn-W- and U-associations besides constant Zn-Ph-Sh-Ag-
mineralizations are typical for the northern marginal regions
of the Bohemian Massif and the Saxothuringian zone. In the Rheno-
hercynian zone one can observe an increasing Fe-Cu-mineralization
and a further growth of Pb within the Zn-Ph-Ag-association (fig. 2).

In comparison to these relatively clearly developed regional
differences within the Variscan mineralization epoch, the post-
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Variscan mineral parageneses, predominantly bound to great fault
zones, show a by far greater regional uniformism. Especially the F-
Ba-association is distributed in NW-structures within the Molda-
nubian zone as well as in the Saxothuringian, Rhenohercynian and
partly also in the Subhercynian zone. For this the intersection areas
of the NW-structures with NNW- and NNE-fault zones are of funda-
mental significance for the local fixation of these mineralizations.
The Fe-Mn-baryte-associations are also represented with more or less
the same intensity in the Moldanubian, the Saxothuringian and
Rhenohercynian zone. In contrast to that the BiCoNiAg (U)-associa-
tion, partly with As and Hg, occurs in effect only in the veins
of the NW-marginal zones of the Moldanubian zone and above all
in the Saxothuringian zone (table 2).

3. On the genetic position of ore parageneses. Whereas one can
observe quite a uniform point of view among the workers concerning
the relative age sequence, various specialists weren’t able to clarify
the ahsolute age sequence and in connection with that also the pro-

Table 2

The distribution of mineral associations (main cations)
in the metallogenetic zones of Central Europe

Main mineralization
Geo;::;gnic (fggg!'fﬁ:l;‘:‘gc&_“ Typicg;irt%glonal
tural zone Variscan | Post-Variscan

Platform stage | Mesozoic-Cae- F—Ba, |Germanotype fault
(Post-Variscan)| nozoic platform Pb—Cu |structures (especi-
regions alIl‘y NW, NNW,
NNE) in the Hartz,
Thuringia, Schwa-
rzwald, Sudetes,
Central Massif, Bo-
hemian Massifetal.
Variscan geo- | Foreland Fe, Pb F—Ba, |In Central Europe
syncline Subhercynian (Pb—Cu) |under platform co-

(-orogene)-stage| zone ver
Rhenohercyni- | Fe—Cu; Fe—Mn, |Hartz, Rhinish
an zone Ph—_7Zn_Ag| F=Ba, Cu,|Slate Mts., Devon-

ol g (Pb—Zn) |shire
Saxothuringian |Sn, W; Fe,| Fe—Mn, [Sudetes, Ore Moun-
zone Y. 2o Pb F—Ba, [tains, Thuringia,
: ’|Cu—Pb—Zn,| N-Bretagne, Corn-

Sb, Ag BiCoNiAg, | wall

— |U, (As, Hg)

Basement com- | Moldanubian Au, Fe; Fe—Mn, |Bohemian Massif
lex Z0ne Zn_—-Pb' U Fe—Ba, |(core), Schwarz-
(Pre-Variscan) —— | (Pb—Zn— |wald, Vosges,
Sh, Ag Cu), French Central
(BiCoNiAg,| Massif, Armorican
U), As, Hg| Massif (SW-region)
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Fig. 2. The metallogenetic zoning within the Central European Variscan period.

1 — East European platform; 2 — basement complex; 3 — Variscan anticlines (with palin-
genetic m atism); 4 — limits of geotectonic and metallogenetic zones; 5 — Lineaments,
6 — main faults; 7 — delimiting line of the Alpidic orogene; I — Moldanubian zone; II3
1IT — Saxothuringian zone (II — Thuringian trough, 11 — Central-German ridge); IV —
Rhenchercyninan zone (Rhenian trough); V — Sub-Variscan zone; VI — Foreland. Geotecto-
nic units: (1) — Bohemian Massif (with Sudetes, Ore Mountains, Thuringian Forest); (2) —
Hartz Mts.; (3) — Ardenish-Rhinish slate mountains; (4) — Vosges-Schwarzwald-Massif;
(5) — French Central Massif; (6) — Armorican Massif; (7) — Cornwall Massif.

blem of the origin of the mineralizations satisfactorily. Not long
ago mineral associations were regarded as a genetic unit and as diffe-
rentiation products of the granitic magmas which intruded during
the Variscan orogenesis (Poserny, Beck, Schneiderhohn et al.). But
a lot of new investigations of the last few years led to such results
which refer in a great conformity to a temporal and genetic subdivi-
sion of the postmagmatic mineralizations in at least two mineraliza-
tion phases. Geologic-tectonic, petrologic as well as paragenetic-
geochemical and isotope-geochemical research papers [Vinogradov,
Tugarinov et al., 1959; Baumann, 1965, 1968; Borchert, 1967;
Sattran, Cadek, 1967; Legierski, Sattran, 1967; Baumann, Résler,

" 4967; Baumann, krs, 1967; Schrén, 1967; Bernard, Baumann, 1978;

Baumann, Leeder, 1978; Sattran, 1978, and others| were important
pre-conditions for that.

In a great conformity the results of these methodically very diffe-
rent research papers prove the temporal division of mineral associa-
tions for Central Europe in a Variscan mineralization phase (Upper-
Carboniferous—Permian period) and in a post-Variscan (Mesozoic-
Caenozoic) mineralization phase (Triassic—Tertiary) (table 3).

Both mineralization periods are spread over the whole Variscan
region of Central Europe, but the intensity maximums of the main
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Table 3

Criteria of the Variscan and Post-Variscan Mineralizations in Central Europe (by Baumann and Risler)

Criteria

Post-Variscan deposits

Variscan deposils

terminations

U-Pb-method

K-Ar-method
a) granite

mical criteria

Pb-Pb-method

325/34 S-ratio
a) magmatic
sulphides

b) postmagma-

18,16

0/ "O-ratio

(quartz)

3) Geochemical
criteria
Ge-contents of
and postmagma-
tic deposits

Charakteristic
succession ol
elements

Tertiary ]C retaceous Jurassic ]’I‘rinssic
T T T T T — T

1) Absoluts age de

b) postmagma-
tic deposits

2) Isotope geoche-

tic sulphides

quartz fromrocks

Permian [Carbcni(, ]Devon.[ Silur,
T T T T T T T T T T
20 100 1200 300 400 Ma
XX XXX XXXRXXXAXXKXXXXKXXXXNN X XXXXXXXXX
XXXXXXXXXNXXXX XXX X%
XXX XXX KKK X XK X X XXX XXX XXXXXXXX XXX XXX
AXXXXXXXX KKK KX KXKXX XXX X XXXKXXXXXXXXXXXXXXNXXXXX XX
T T =
1,200 1.170 1,140
206 2
pheY9 5,207
NIEK
EXXXNXAKNXEAAX XA XXX RN XXX NN XNNXXNXX XX
T T T T T T L T T T 349
- 30 - 20 -10 0 +10 §775,%0
XXXNXXXNXXX XNNNXXXXXXNX AXXXXXNX
r T T T T T v T T T T T
20 14 10 0 8'8%09%,
AXXAMXXNXXXEXKXXXXXXXXEANXX XXX XAXXXXXXXXX =
T T T T T T Y T T T T T — Ge,ppm
10 U 0
Fe, Mn, Cu, Co, Ni; F, Ba: Au; Sn, W, Mo, Li; Fe, Zn=Cu-Pb;

(Bi1, Ag, As, Ge, Hg)

U-Se; Sb-Ag



elements and the external forms of the paragenetic units can vary
regionally to quite a large extent (fig. 2). The last metallogenetic
analyses showed that direct genetic relations between Variscan gra-
nites and deposits do exist only in connection with granites rich
in fluids, bound to fault zones and which are spaciously very limi-
ted. These granites are of the so-called «minor intrusion type».
The more intensive the ore formations of these «minor intrusions»
are, the more intensively appear typical parageneses of those ele-
ments which are characteristic for differentiated mantle magmas
(alkali rock formations with F, Nb, Ta, Zr, Be, Li, trace earths,
Th—U, Cu and others). From these considerations one can conclude,
that the ability of granites to the formation of deposits is determined
essentially by thermodynamic conditions of a possible heat and
material supply from the Upper-Mantle. For this the intrusives
of the subsequent respectively the late stage of orogeny [by Smirnov,
1970] have the most favourable pre-conditions because of their
control to deep-reaching structural zones.

Due to the also very close relationship with deep-reaching struc-
tural zones the paragenetic zones of the Variscan epoch are partly
overlapped by mineral associations of the Mesozoic-Caenozoic me-
tallogenetic epoch. These mineralizations are connected especially

N\ with the taphrogenic and germanotype activation processes of

> the post-Variscan platform development of Central Europe [accord-

&\;ing to Steglov, 1968, 1970]. In respect to the material composition
these formation processes of deposits are characterized above all
by the following elements: Fe, Mn, Ba, F, Cu, (Pb, Zn) as well
as Bi, Co, Ni, Ag, As and Hg. This multistage in the metallogenetic
development explains the diversity and complexity of the element
parageneses in most of the vein deposits of Central Europe.

4, Summary. The metallogenetic development of Central Europe
is determined essentially by its geotectonic evolution. Due to the last
research results one can set in order to the three geological structural
stages respectively the three geotectonic main epochs in Central
Europe (pre-Variscan basement complex, Variscan geosyncline-
orogeny-epoch, post-Variscan platform epoch) also three correspon-
ding metallogenetic epochs. Paragenetically all the three epochs
are characterized partly by a specific elementary enrichment partly
by an identical element characterization (table 1). The different
source aspects and the differences in the geotectonic position cause
a different formation of mineral associations respectively paragene-
tic units in the various metallogenetic zones of Central Europe.
It is tried to work out a regional zonation of vein mineralizations.
Referring to individual parageneses and elements (cations) different
intensity maximums can be proved for the main structural zones
(table 2 and fig. 2).

In view of the genesis of mineral associations we can not longer
postulate the only formation within the framework of a Variscan
granitoid magmatism, a theory which was supposed till now.

2 3ar. N 789 (i




In the vein structures we can prove at least two mineralization
periods (Variscan and post-Variscan). Direct relations between
the Variscan granites and deposits can only be established in case
of the tectonically controlled subsequent magmatic rocks of the «mi-
nor intrusion» type. But with the growing consolidation of the crust
We can suppose an increasing influence of the Upper-Mantle (thermi-
cal and material). In contrast to that post-Variscan mineralizations
are to be seen in direct relationship with taphrogenic and germano-
type activation processes of the Central European platform develop-

ment and the corresponding platform magmatism (alkali rock for-
mations).
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0 JIBYX THIOAX PYJHBIX PAWOHOB, CBA3AHHBIX
C TPAHUTHBIM MATMATH3MOM

V. K. Denisenko, S. N. Isnairsky,
A. N. Melgunov, D. V. Rundquist (USSR)

ABOUT TWO TYPES OF ORE REGIONS RELATED TO GRANITIC
MAGMATISM

Based on the statistical processing of geochemical information on 393 deposits
within the USSR and the analysis of geological-geophysical data on the locali-
zation peculiarites of 49 ore fields in Kazakhstan and Transbaikal region the
presence of two contrasted types of ore regions characterized by Mo—W and
Sn—W metallogenic profile in the mineralization associated with acid magma-
tism has been substantiated. The determining role of the deep structure pecu-
liarities of the enclosing earth’s crust blocks in the generation of such regions
is shown, as well as that of the evolution of the composition of:orebearing
magmatism.

XapakTepHas 0COOEHHOCTH ODY/IeHeHHs, CBA3aHHAA C KHCIBIM
TPAaHHTOMIHEIM MArMaTH3MOM, — ITHDPOKOe pacOpOCTPaHEHHe O0J0-
BAHHHX, BOAB(PAaMOBHX W MOJHONEHOBHX MeCTOPOKAEHHE W pymc-
npossiennii. HecMoTps Ha TecHY0 HpOCTPaHCTBEHHYH H TeHETH-
UeCKY0 CBA3h € IPAaHHTAME, I0f00HOE OPYyJeHeHHe OTYETAMBO Pa3-
JlelsieTcsi HA JIBe TPYNOH, KOHTPACTHEE II0 0COGEHHOCTAM COCTABRA,
CTPOEHHA H Te0JOTHYecKoil 06CTaHOBKe NPOABJIEHUS, XaPaKTePHIYIO-
muecsa MOJHGIEH-BOABYPAMOBEM M 0A0BAHHO-BOTLOPAMOBEIM MeTa -
JOTeHHYeCKAM OpoduieM, Ha YTO paHee O0OPamAaoch BHUMAHHE
H. A. Xpymosuym n B. T. Ioramossnm [1960], IT. B. Pynakeuctom
u ap. [1971], B. C. Yepnossim, ®@. P. Anexsnmaum u ap. [Vero-
BAA obpasosanus. . ., 1979] n gp.
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CymecTBOBAHEE TAKAX IPYII, BEABIAIONMEECH DI aHAJNZE MeCTO-
poreniii, PYIHEX PaifoHOB, METANUIOTeHWYECKAX B0H W IPOBI-
T@ii, OCHOBHIBAETCA Ha MBBECTHOM aHTaroHmame Mo m Sn B pygHOM
mpornecce. Ilpu artom BoabppaM OKashBAETCH KaK OB CBA3YIOI[AM
gpernoM Me:xAy Mo m Sn, ABIAIOIIMMACA 110 OTHOIIEHHIO K HeMy OJam-
JRAMIMIAMA ¢COCEIAMIY B IIOCAEOBATEIBHOM PAAY YOBBAOIUX 3HA-
YeHWiT KIaPKOB M KIAPKOB KOHIEHTpammii amementos [[/[emmcenko,
1978] Zn—Cu—Pb—Be—Sn—W—-Mo—Sb—Hg—Bi—Au.

B rauecrse THHOBHIX IpuHMepoB obaacreir passurusa Sn—W Mu-
mepasnmsanmn ma teppuropua CCCP moryr 6mrh ykasams Bepxo-
aao-Honevekuit, Bocroumo-3abaiikanscknii, Han6a-Haprvekmit
permonst, a Mo—W wmumepanusanuun — [lentpansumit Hasaxcran,
Ypan, Sanaguoe 3abaiikaiabe. JHAUATENBHO Pe;ke YCTAHABIHBAIOTCH
(IPOME;KYTOUHEIE» II0 COCTABY MECTOPO;KAEHHS U DPYAHBIE PaloHEI
¢ MPOMBIIICHHEIMA KOHmeHTpamuamun Sn, W, Mo.

ITpn permoHaIbLHOM METAJIOTEHNYECKOM AHAJNSe YCTAHABINBACTCA,
YTO MPOBMHIAN W PYIHEE PaifloHsl ¢ MecTopo;kaenusamu Sn— W rpymms
OPHYPOYEHH K TeOCHHKIMHAJLHHIM 30HAM MHOTEOCHHKIMHAIBHOTO
mama, a ¢ Mo—W MecTopo:kIeHMAMH — K 30HAM, XapaKTepPH3yIo-
MAMCH BTeOCHHKIMHAJIBHEM Pe;RHMOM PasBUTHA, WIM K HOrpaHMI-
HHIM 9aCTAM COIPeNeJbHEIX ¢ HIMH MHOT€OCHHKJIMHAJIBHEIX BOH.
B coorserctBum co ckazammmM B paiiomax npospienus Mo—W
OPYIeHEeH A MAPOKO PACTPOCTPAHEHA IPAHATON/E! IOBEINEHHONR 0CHOB-
HOCTH [HOPHT-TPaHOMHMOPUT-ICHKOIPAHNTOBOTO PANA WHTPYSUBHBIX
gopmammit, a B obmacrax ¢ Sn—W MuHepanmsammeit — MHTPY3UH
IrPaHNT-aJdACKAT-IEI0THOTPAHNTHOTO PAIA.

Pasznmuaioress pylOHOCHBEE 30HEl B II0 JUIHTEJIBHOCTH BPEMEHHOTO
HHTEPBAJA TOCHe 3aBepmeHdns CoOOCTBEHHO IEOCHHKIWHAIBHOIM CTa-
IUH WX PasBUTHA, U IePHONXOM NPOABIEHUS PYMIOHOCHOTO MarMa-
tadma. Jlaa pynmasix paitomo ¢ Sn—W MmumEepanmsammei Takon
nepepsis, Kak mpasmiao, meabme 30—50 muH. axer, Torga Kak B paii-
omax Mo—W rpynms sror marepsai upessimaer 50—100 mam. mer.

CoenmnamocTs paccMATPUBAEMEIX TPYOI OPYAGHEHHA IOA-
YePKUBAGTCS MHOTHMH 0COOCHHOCTAMH COCTABA M CTPOGHHA CaAMHX
MECTOPO;ICHHIT: MOCHET0BATeNBHOCTEI0 M [IMTEILHOCTHI0 IIPOSB-
JIeHUS 9TANOB U CTAAMIT MUHepaso00pasoBaHnA, XapaKTePOM MeTaco-
MATHYECKH M3MEHEHHKIX IOPOJ, SKCTEHCHBHOCTBI0O M MHTEHCHBHOCTHIO
OPYIeHEHNA, ACCOTMATHENH CONYTCTBYIONUX BJIEMEHTOE PYA W JAp.
Tak, B mecropommennax Mo—W rpynns mabaionaeTcsa claefyomni
VCTOMUMBEIA PSAX MOCHETOBATEIBHOCTH MPOSBICHIS MUHEPaJN3amun
[Pynagsuer m ap., 1971 ]: momuGnenntonas — BoabppaMuTOBAST —> KOM-
miexcHasn pexromeransHas (W, Bi, Mo, Be) — cynbndupnaa — Gea-
pynaHas Ksapr-QuioopnT-KapboHaTHas. JTAOHOCTE M CTAJHIHOCTE B
rpynne Sn—W Mmectoposkiennii mpossieHa MeHee oTrderampo. [[ns
MeCTOPOKICHIIT YCTAHABIMBAETCA HECKOJIBKO Pa3iMHIHEIX CIyIaes, He
VRIAJHBAIONIAXCA B eMHYI0 THOOBYI0 CXeMY. ¥YCJIOBHO MOKeT OHITH
HaMedeH TaKoil pAJ MOCHe0BATEeALHOCTH IPOSBIEHAA JTANOB HIN
crajuiit MUEePAIH3a AN : BOJXbHPAMATOBKIL —> KACCHTePHTOBKIHE —> KOM-

20



WIeKCHEIT pefroMeranbusiit (Sn, W, Be, Li) — cyasdumusit — ksap-
dmwopurossii — keapr-Kapoonarasni. Ilpu stom gas Sn—W mecro-
PO;KIeHUWiT XapaKTepPHHl TIpPeifseHsl ¥ TYPMAaJHH-XJIOPHTOBLE, Ajlb-
ourosse MeracoMaTuTh, a B Mo—W mecroposknenusx Hapany ¢ rpei-
3eHaMHI IMHUPOKOe PasBUTHE MOXYdYaloT rymOenTsl 1 GepesuTH.

C menplo AaJdbHEHIIEr0 BHSACHEHNS Pa3Inddil MecTopoKIeHmil
IBYX paccMaTPUBAE@MHX IPYON 0 0COOEHHOCTAM COCTaBa, CTPOEHMII
M TeoJormIecKM 00CTaHOBKAM IPOABIEHAA OBIIH cOOPaHEl COOTBETCTBY-
jonme JAHHEE M0 OOXBIMHCTBY oredectseRHEx Sn—W m Mo—W
MeCTOPOKACHHI W PyIONPOABICHAH I IMPoBeJieHa HX CTATHCTHIECKA S
obpatorra. OcHoBHEE IOJYYeHHEE Pe3YJIbTATH 3TOH paboTe MOTYT
OBITE PE3IOMHPOBAHEL CJAEIYIONIEM 00pasoM.

1. Pazammame pyn MeCcTOPO:EJEHHII IO reOXHMHYECKAM [aHHBIM.
WexonasMu 118 apaJnsa ABJISAINCH TaHHEKE o0 393 MecTopoKIeHIAM
u pymompoaBiaenuam — 240 OJIOBHHHO-BOJIbd)pa\IOBHM m 153 wmo-
anbpen-poasdpamosnim. Hakmgoe ma MecToposkmeHHi GEHIIO oXapak-
tTepusosano npumepuo 80 mpmsHaRaMm, KOTOpPEE MOTyT OHTH 00DB-
OMHEHE B CJAC[YIONMUe OCHOBHEE CTPYKTYPHEIE W BENIECTBEHHEI®
TPYINE OPU3HAKOB: MAHEPAIBHEIR COCTAB PYAHBIX TeX, OKOJOPYIHO-
H3MEHeHHEIe TOPOJH, ACCONUAINMHE BeXYIINX PYAHEIX DJIEMEHTOB,
MOP(OJOTHA PYAHBIX TEX, COCTAB BMEIAIOIINX MOPOJ M PYIOHOCHEIX
MacCHBOB TPAHATOHMIOB, OCOOGHHOCTH PAaCIOJIOKeHHS MeCTOPOKIe-
HEl M0 OTHOMEHHID K KOHTaKTy MaccuBon. CrartmeTHdecKdil aHAIN3
cobparmErx mamEEX npomssommiacs ma JBM BICM-4 maparpymmo-
BEIM METOJOM KJIACTEPHOTO aHaJu3a ¢ MCIOJB30BAHHEM KOMIIIeKca
mporpaMM aBTOMATH3MPOBAHHON cucTeMKl 00paldOTKH TeoIormuecKoit
nagopmanuu, paspaboramuoir 8 VIBI[ BCETEN B. M. Mumunsm
u np. IosyyeHHEe TamHEE CBOMATCA K CIEIYIOMAM BEIBOTAM:

a) wmoaubnen-poabfpaMOBEE M OXOBAHHO-BOJAL(PPAMOBHE MeCTO-
PORICHAA CYIECTBEHHO Pa3JINIAOTCA IO ACCOMHAIMAM COMYTCTBYIO-
mux pyAEHX 2deventos. V3 pme. 1 smgEO, 9T0 IS MOTHOAEH-BOIb-
$pamoBrx MecToposeHnit xapakrepHsl (mommmo Bexymero W) Mo,
Bi, Be, Au, Cu, Sb, Hg, a nua oxosaaH0-BoIb{paMoBEX (HCKIHIAA
Sn) — Pb, Zn, Be, Bi, Cu, Li, Nb, Ta, W (Mo, Au, Co). Tpu mocnex-
HEX 03 YKasaHHHEX 9JIeMEHTOB He CIeJyeT CYATaTh XapaKTePHBIMH
COUNYTCTBYIOIAME, MOCKOABLKY OHH 3aUKCHDPOBAHHI B eIHHMIHBIX
mecropossmeruax: Mo — s gByx, Au, Co — B ogHOM H3 240 yaTeH-
HEIX MeCTOPOKIeHNII;

6) maMegaeTcs cruemuPHKA MECTOPOKICHHMN H IIO CHJIe Ie0XIMAYe-
CKOIt CBA3M DIIEMEHTOB JIPYT ¢ Apyrom. B pymax momuGuen-soabdpa-
MOBHIX MeCTOPOKICHMII yCTAHABIHBAETCA Hambojee TecHAs CBA3b
sBoabfpama ¢ Mo, Be, Bi, Cu, a 114 010BAHHO-BOIBHPAMOBEIX MECTO-
POKIeHMIT XapakTepHa reoxummdeckas ceasb oxosa ¢ Be, Ta, Nb
Li, W, Bi, Cu, Pb, Zn (cm. Bpeskm ma puc. 1);

B) P aHAIM3E BEIEJIeHHEIX ACCOMUATINIA DIEMEHTOB I1a parp yImoBEM
MeTtoioM KaactepHoro amainza 8 Mo—W um Sn—W mecropxaennax
HAMETWJIOCH II0 JBe TPYOOe 2jemeHToB: | — JIuTOQmIBHASA, BRIO-
gaomasn peascuduan (W, Sn, Be, Nb, Ta, Li u np.), T. e. anements,
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Puc. 1. Xapaxrepare aneMenTH PyR MecTopoxperEnii Mo—W u Sn—W rpymm.

Iudpsl B KPYHKAX — 9aCTOTAa BCTPEUAEMOCTH BJeMeHTa B PYAAxX MecTOpPOKHeHuit (%); MH-

TeHCHBHOCTD JIHHMII, COSMHAMMX 3JeMeHTH, COOTBETCTBYET CHJle MX CBA3H ADPYr ¢ APYIOM.

Ha Bpesrax — cXeMbl JMHelHEX KOpPPeNAIMOHHBIX cBA3ell 1 3HaYeHHMA KoadOHIMeHTOR Kop-
PEATMI MeHIy sJeMeHTaMH,

obnajalomue TeHAEHNWEH YBEIMINBATH KOHIEHTPAIUH B DAY Oa-
suTH—rparEnTe; 1] — xanbpkoduiabHAsS, BRIWYAIIAS B OCHOBHOM
roModuas, gactnyno gemapuanr (Mo, Au, Pb, Zn, Sb, Hg u np.),
T. €. dJIeMeHTH (e3 OTYeTIHBOIl CBASH ¢ ONpeJIeIeHHEMHE [0 COCTABY
MarMaTHYeCKAMH IIOPOfaMH Iau 00HADPY/KEBAKOIIAE TEHACHIHIO K ac-
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Puc. 2. Jlenpporpammsl MecToposkenmi Mo—W n Sn—W rpymn mo acconnanmaM
BAEMEHTOB ARTOPRALHON W XaapKOPAILHOR IPYII.

Pmc. 3. Jlmarpamma, WTIOCTPHPYOMAA IOJOMEHNE MeCTOPOKeHMil Mo—W
~ u Sn—W rpynn B 3aBHCHMOCTH OT MOIIHOCTH seMHOIt Kopel (M, ) W KOHTaKTa
GI0KOB 9B- W MHOTEOCHHKIHHANLHOLO THIIOB.

Bnecs n HA pne, 4—6, B Tabn. 1 mmdpamMu oGosHAYEHBI MECTOPOMHICHH Bocrouroro 3abait-
KanubA (depHble Tpeyroabuuin) u IMentpansHoro Kasaxcranma (uepHHe TOYKH),

comuamnui co cpeaeocHopHEMH naTpy3HaMu (puc. 2). Ilpm sTom amro-
$unbuas rpymma diementoB 0ozee IHPOKO (mo umcay oGBEKTOB)
npencrasiena B Sn—W MecroposkgeHMax, a XaJdbKoPUIbHASL —
B Mo—W wmecropoknennax. Hpome Toro, B mocjefHeM ciaydae Hab-
MofaeTcs W 00JNee TONHENT CHEKTP THIHIHO XalbKOPHIBHEIX die-
MEHTOB;

r) Ha OCHOBAHMH aHAJM3a JAHHHIX CBBHIIIE 200 ompepesieHmit ajie-
MEHTOB-TIPHMecei BOAbPAMATOB , IPHBOIeHHKIX B paboTax T'. H. Illep-
681, 1. U. YermpGonxoit, [[. O. Onroesa m ap., Mosker GHITEH Clejan
peBox o xapakreprocr Nb m Ta pus oasppammros mu3 Sn—W
MecTopokaenuit m Sc s poabppamvuron 13 Mo—W MEeCTOPO;KIeHMiL.

Taxum obpasom, Sn—W MecTopo;KAeHHA XapaKTePH3ylOTCA Ha-
GopoM 9IEMEHTOB, KJIAPKA KOTOPHX MAKCHMAJIBHH B OCAOTHBIX M
MHTPYSHBHEIX MOPOJAX axioMocmiImkatHoro cocrasa. Mo—W mecto-
POKJICHAAM, HANPOTHB, CBOMCTBEHHSl DJIMEHTH C MAaKCHMAJIbLHARIME
KJIapKaMm B IIOPOfaX IOBHIEeHHOi ocmosHocrd. WEeME croBamu,
pasfenenme BOXbHPAMOBEIX MeCTOPOKJICHME Ha Sn—W un Mo—W
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THIB OTPa;KaeT eCTeCTBEHHYI0 TPYNNHPOBKY MECTOPOKACHHE IO
PyRoBMemalolieit cpefie ¢ MarMaTHYeCKEMH IIOPOJaMH pPa3JIATHOTO
cocTaBsa.

2. Paznmume pyAHBIX paiioHOB 1O Treodoro-reodmamyeckuM Jan-
abiM. CpaBEETeNBHBI aHANN3 Ie0JOrHIecKHX 0GCTAHOBOK TPOSBJIE-
HEA OPYJeHeHHs IBYX PacCMaTPHBAEMBIX IPYII HPOBOMMICHA IIyTeM
cTaTUCTHIeCKOH oOpaboTknm ¢ Mcnoxs3oBanmeMm Q- u R-metomoB dak-
TOPHOTO aHAJIW3a JAaHHEIX 10 3aKOHOMEPHOCTAM DPasMeNIeHHs MecTo-
POJKICHHI B INpefejax JBYX THIOBHX perunoHos — Ilentpaabnoro
Kasaxcrana n Bocrounoro 3afaiikaibsi COOTBETCTBEHHO ¢ IPeMMYyIie-
crernsM passutneM Mo—W u Sn—W opynerennsa. ITpnmenntenbho K
KazRA0MY 13 49 YUTeHHEIX MeCTOPOKASHHI PasIMIHBIX (HOPMATHOHHBIX
THNOB OBUIM coOpaHBl Teosoro-reodusndeckume AaHHBE O TIYOGHHHOM
CTPOSHHH BMEMAomero nx 6;10Ka HoPox, 06X pasMepax n BepTHKA b
HOii MOIIHOCTH PYMOHOCHEIX T'DAHUTHHIX MACCHBOB, OTHOCHTENBHOMY
PaCIOIOKeHHI0 MECTOPOKASHHH II0 OTHOMIEHHI0 K KOHTPACTHHIM IO
Habopy ocamounmix (opmammii THmAM GI0KOB — HBre0CHHKIMHAIb-
HBIM ¥ MHOTEOCHHKJIMHAJbHEIM.

HRax masecrHo, m1s ofoWx PermoHOB XapaKTepHO HEOXHOPOIHOE
M03auYHO0-0J0KOBOE CTPOEHHE ¢ HaJMYMeM OJ0KOB HB- M MHOTEOCHH-
KINHAJNBHOTO THIOB, CJOJKeHHBIX COOTBETCTBEHHO BYJIKAHOTEHHO-
KPeMHHCTO-TePPHIeHHEIMH ¥ (IMIIONJHEMHI TePPUTreHHBEIMA (op-
ManuAMN. YKasamHee GIOKH pasingaioTcss WHTEHCHBHOCTLI) Ipa-
BUTAIIHOHHOTO ¥ MATHHETHOTO TOJIei, 9TO IO3BOJAET JOCTATOTHO
9eTKO X OKOHTypuBaTh. IIpn amanuse sakoHOMepHOCTel pasmemenns
MEeCTOPOKIEHH 10 OTHONIEHMI0 K PA3HOTHIHBIM PYI0BMeNIaiomuM
Ga0KaM GBLIM MCIONB3OBAHBI CXeMH OJI0KOBOTO CTPOGHHS PETHOHOE,
cocrapiaennsie A. A. Jlyxosckmm muas Ilemrpansroro Kazaxcrama
[Tyxonckmit m xp., 1968], T'. U. Menaxepom [1968] mas repprropun
Bocrounoro 3abaiikanesa, a tak:ke reopuamieckue naunsie A. IT1. An-
ApeeBa W JPYrUX o IIyOHHHOM cTpPoeHHM 3eMHOHE Kopm Hasaxcrama.
ITony4eHs clenyioique oCHOBHEE Pe3yJIbTATH.

1. B nepsyio owepenh, Kak BHAHO H3 PHC. 3, YCTAHABIMBAETCH
oTyeTaAnBaA npuypodennocth Mo—W mecrtopo:knennit k¥ 61okam ¢ Go-
Jlee MOIIHOM 3eMHOiT Kopoit — B cpexHeM 50 M. Kpome Toro, MoskHO
3aKII0IUTE, YT0 Sn— W MeCTOPOKICHHA JIOKAIH3YIOTCA HCKIIOIATEIEHO
B MHOT€OCHHKAMHAJBHEIX OJ0Kax, a MecToposkaeHEa Mo—W rpynms
OTYETIAMBO TATOTEIOT K KOHTAKTY OJIOKOB 3B- M MHOIe0CHHKIHHAIIb-
HOTO THIIOB, He yAaJsAsAch oT Hero maxee 15—20 .

2. llpn apann3e COOTHOIEHHS MOI[HOCTEH rpaHATHOTO H (a3aib-
TOBOTO CJI0EB PYA0BMeMAIuX (I0KOB BEABJIACTCA HHTEPeCHAA 3aKO0-
HOMEDHOCTb, 3aKINYAIIAACA B JBOMCTBEHHOCTH Te0JOTHIECKOIO
nojoxeHna Sn—W MecToposKIeHNil, KOTOPHE OKa3HBAIOTCA MPHYPO-
qeHnE 1160 K GI0KAM ¢ MOBRIMIeHHOIT, 1u60 ¢ CORPANEHHOH MOIHOCTHIO
(a3a1bTOBOTO CIOA 3eMHOM KOPH (puc. 4). AHaJOrHYHAA 3aBUCAMOCTD
HabaofaeTcs W OPH COMOCTABJIGHWH MOMHOCTeHl I'PAHHTHO-0CAN0Y-
HOli 1 puopuroBoil obomouer (pme. 5). OTMeuenHas 3aKOHOMEPHOCTH
MOKET CIY;KHTh IO/ITBeP:;KIeHHEM CYIIeCTBYIOIEll TOYKH B3PeHHSA
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Puc. 4. Jlmarpamma, XapakTepmusyomias pasuemienne Mecroposiennit Mo—W
#u Sn—W rpynm mo cOOTHOMIEHN0 MOIGHOCTEil IPaHuTHOTO {MT) 1 6az3aabLTOBOTO
(Mpg) caoes.
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Pre. 5. Jiparpamva, XapakTepHsyonlas pasmemenne mecropoismermii Mo—W
u.Sn—W Trpynn mo COOTHOIEHHIO MOIHOCTei Auopuroporo (M;) m rpasNTHO-
ocagounoro (M) cnoes.
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Puc. 6. Ilmarpamma, xapakrepusynIias pasMelleHue MecToposzenmii Mo—W
H Sn—W rpynn B 3aBACHMOCTII OT MOITHOCTH (H,), obmux pasmepos (S,g,) o cre-
TeRH 9PO8HH (S;,,,) TPAHNTHEIX MACCHBOB.

0 JBONCTBEHHOH NPHPOJE OJOBAHHOTO OPYACHeHHf, CBABAHHOTO
C OPOU3BOAHHIME (azalbTOMHOM (kacemTepUT-CHARKATHO-CYTBHHT-
HE® MEeCTOPOKACHHA) W TIPAHATOHIHOIM (kaccurepur-KBapUEBHIE)
Marm.

3. 3aBmCHMOCTH OPy/IeHEHHS PACCMATPHBAEMBIX TPYOI OT MOII-
HOCTH M 00muX pasMepoB IPAHHTHHX MACCHBOB, YCTAHABJIHMBAEMEIX
mo reoduswiecKHM AamuEM, He HaGmogaercsa (puc. 6). Mosker GuTH
OTMEYeHO JIMIIb, 4T0 IPHMEHNTENBHO K MecTopo;kaeHmam Mo—W
TPyNOEl 110 Mepe yBeIHUeHHA CTeleHH JHPOJMPOBAHHOCTH M YMeHB-
meHnA 00X PasMepoB MacCHBOB, ¢ KOTOPHIMH OHH IPOCTPAHCTBEHHO
acCoONUHPYIOT, HPOMCXOAHT BaKOHOMEDHAS CMeHA INTOKBEPKOBOTO
THIA MUHEDAIUBANUN RUJILHEIM.

4. Ilpm omeHKe MepH CXOHCTBA MERIY AHAJM3NUPOBABIIMMACH
MECTOPOKIEHHAMH ¢ MCHOJAb30BAHHEM (-MATPHIL YCTAHABIMBACTCH,
9T0 OPAKTHYECKH HE OJHO u3 MecToposiiennii Ilenrpannmoro Kazax-
CTaHa He O0HAPY/KEBAET AHAJOTMH B 0COGHHOCTAX JIOKAJIH3AINI
¢ MecTopo:kaenuavMu Bocrounoro 3abaiikanna, B ToM umcie ¢ Temm
U3 HOX, B PyAaX KOTOPHIX mpHCyTcTBYeT Moambien (rabx. 1). Kpome
TOTO, B TpefellaX KajkA0TO M3 [BYX HA3BAHHLIX PETHOHOB 110 IOJO-
FRUTEJBHBEIM BHAYCHUAM KOoo((HUIMEHTOB KODPENANHN BEEIAIOTCH
POACTBEHHEI® TPYNIEL MECTOPOMNEHMIT, HE TOJABKO OTHOCHI[HECS
K OIHOMY (hoPMATIHOHHOMY THITY, HO H XaPAaKTePH3YIOLHECH CX0CTBOM
MHOTHX NPYrux 49epT CTPOCHMA H YCIOBMI pasMelleHNsI, He ABIAIO-
IUXCA ONPeNeNAONIMA OIDH OTHeCEHIH MeCTOPOKICHHSA K TOH mim
HHOI pymHOR dopMmannm,
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oapunuentnr cxonersa (K,,) mecropomaenuii Mo—W
Menrpaabusii Kazaxeran) m Sn—W (Bocrounoe 3abaiikanane) rpynm

Kex
Pernon MecTopoKaeHu A
+0.8—1 -+0.6—0.8 +0.4—0.6
- IenTpanbmnii 1 — — 2,9
~ Hapaxcran 2 — — 18, 1
i 3 = - 14
5 — s ot
6 - — 5
7 — 21
10 - 12
11 — 13 12, 14
12 alt 10 13, 14 44
13 Ly 10, 14 12
14 — 13 TR Ll
18 — — 2
21 Al 7 e
-~ Bocrounoe 1 L —= 2
. Babaiikanne g —_ — 1
4 Sl : i
5 = = (i
6 e TR B
7 8 6 D
8 7 6 —-
9 10 — -
10 9 - —
1 — 12 —
12 — 11 —
14 19,18 i —_
156 S —_ B
16 100 47, 14 - —-
17 16, 15 14 —
18 20 21 -
19 — - 2120
20 21,18 ._ 19
21 20 18 19
22 23 - —
23 22 — —
24 26 - 25
25 — 26 24
26 24 25 —_

Tax, nanpumep, 4eTKO KOPPEINPYIOTCS APYL ¢ APYIOM MTOKBEPRO-
Bo-rpeisenossie Mo—W mecropossnenus Capan, Mwoabsckoe, Axmas,
Jskaner, JORAINBOBAHHBIE B IOPOAX KPOBJM Haj GIMBKO PacmoJio-
JREHHBIMI OT IIOBEPXHOCTH CJeNBIMH KyIOoJaMu rpaHnTos (MITOK-
BePKN «HAJKYIOJXbHOTo» THIA). Jpyryio rpynmy o6pasyioT mMTOKBep-
Kosrie Mo—W mecropomxaenus (Batsieray, Bepxnee Kajipastst u xp.),
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KOphsl s 2
snguom (;I;; " pﬂl- ﬁm::r
saapToBOTO (Mp) +1
cloeB, KM
IMeeanT-rpanaT-nHPOKCEHOBaA CKAPHOBaA M, =20 0.30
Mg =21 0.56
M, =4 0.56
Boanfpamnt-kpapnesana rpeiisenosaa M, =20 0.15
Mg=23 0.19
M, , =45 0.21
MeeanT-kBapn-nosesomnarosas ryméento- M =21 0.31
Bafg MB = 20 1.00
M, =41 0.81
I'oGuepat-cynbduano-kpapnesan  Gepesm- M, =15 0.24
TOBaf Mp=29 0.43
M, =4 0.43
MepGeput-aHTHMOHUT-XAJIEJ0HOBAA apruJi- M, =15 0.24
JINBHTOBAA Mp=28 0.27
M, =43 0.57

LA KOTOPHIX CBA3H ¢ PYAOHOCHKIMH TPAHNTAMH JIOCTOBEPHO He yCTa-
HOBJeHA (MTOKBePKM (BHEKYNOJAbHOTO» THHA). Kak Omuo mokasamo
panee [[lenucenko, 1978], Takme mecroposaennsn MOTYT OBITH BHIIE-
JEHEL B CAMOCTOATENBHYIO IIEeJHT-KBAPI-NOJeBOMIATORYI0 TyMbe-
nroByo gopmanuio. AHanormano B npegeaax Bocrounoro 3abaiikannsn
TaKKe BHIEIAIOTCA TPYINL MECTOPO;ICHHIT, CXOMHBE 10 MHOTHAM
0COGeHHOCTAM CTPOCHUA M YCAOBMIT 3aeranis, HampHMep Syu-Yuuayp-
ckoe, Bapyn-Yunypckoe, ¥ppa-Tanrauaiickoe, Jdyasnypranckoe
(taGa. 1).

OGpamaer paumanne, yro Mo—W mectoposxiennsa lenrpaasnoro
Kazaxcrama, cyis 10 OTHOCHTeNBHO HMBKHM IOJOKMTEILHEIM SHA-
UeHHAM KodPGUIHEHTOB KOpPpPeJAnMH, 0KasWBAWOTCH 0oJee MHIHBH-
AYaau3HPOBAHHBIME 10 0COOEHHOCTAM CTPOGHHS M Te0JOTHICCKHX
VCIOBHIT IPOABJIEHUAMA 110 cpapHeHm0 ¢ Sn—W mectoposkienns Boc-
Tounoro 3abaiikaaba. Ilocaexnue mepefiko MpPaKTHUECKH MOITHOCTHIO
WHAEHTHIHE IPYT APYTY IO AHAJTH3HPYeMBIM NIPHBHAKAM, HMeA Koaddn-
muenT cxojcrea 0.8—1.

5. Ilpu anannze Ha ocHone R-MaTpuis Mephl CBASH Pa3IHYHBIX P~
8HAKOB MECTOPOJKAEHHI ¢ 0COGEHHOCTAMH CTPOCHHS 3eMHOI ROPbI
(rabn. 2) ¢urcupyerca npaMmas 3aBHCHMOCTD MEKIY THIIOM MeCTO-
POGJICHHA M MOIMHOCTBIO GasanbToBoOil cocrapasiomeii 3eMu0il KOPHI
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oasg  rpex  gopmanuii — IeeaNT-KBaPI-TOAeBOMIATOBON  rymben-
TOBOH, IMeeNHT-IPAHAT-IMPOKCEHOBON CKAPHOBOH M TOGHEPHT-CYIL-
¢ugHO-KBapHEBOil Gepeanrtonoit. ITpm sToM mocaemoBaTelBLHOCTH Tie-
peunciaeHnsa ¢opManmii 0TBEYALT NOCTENEHHOMY BO3PACTAHHI0 MOII-
HOCTH 6a3aIBTOBOTO CIOA GIOKA TOPOM, B KOTOPOM OHE IIPOSABIAIOTCH.

OTvmeueHHAA BaKOHOMEPHOCTH XOPOWIO CoriacyeTcs ¢ Habarofaio-
IIUMCA Te0IOTHIecKIM aKTOPOM IPOCTPAHCTBEHHOI CBA3N MECTOPO K-
JeHni yKa3aHHEX GopManmii ¢ rpaHITONAAMHE Bee GoJiee IMOBHIIIeHHOI
OCHOBHOCTH.

Cynst mo smadenmio KoaddumueHTOB Koppeismuu, Hanbonee «Oes-
PasImYHEY K 0C06eHHOCTAM TTYOHHHOTO CTPOEHHA PYHOBMEINAIOIIETo
Omoka 3eMHOI KOPH B paccMATPHBAEGMEIX NpHMepax rpeiiseHOBEHE
MECTOPOJKICHNA, 9T0 OTPajkaeT IIHPOKOe IPOSABJIEHUe IIPONECcCoB
rpeiisernzanun Kak B rpynme Mo—W, rak m Sn—W opyaenenms.

Taxum o6Gpasom, HPOBeNeHHEN CTATHCTHYECKHII AHAIU3 MO3BO-
JIAeT BAKIIOYATH, UTO PA3IMIAA B METAJIOTeHHH paioHOB ¢ Sn—W
# W—Mo opynenenmeM, CBA3AHHHIM ¢ KHCIHMH TPAHHTOMTAMH,
HAXONATCA B ONPEJEJeHHON CBA3K € 0COOGEHHOCTAMN TIYOHHHOTO
CTPOGHHUA PYJAOBMEIIAIOMNX OIOKOB 3eMHOII KOPH U JBOJIOIMEH
cocTaBajpyOHOCHOr0 MaTMaTH3MA,
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&, Heanosa, H. B. Baadvisun (CCCP)

HHEPAJIOPH‘IECKHE RPHUTEPHH CBA3H
PEJIKOMETAJIBHOTO OPYJAEHEHHUA C KHCJABIM MATMATH3MOM

V. I. Kovalenko, V. S. Antipin, V. B. Naumov,
G. F. Ivanova, N. V. Vladykin (USSR)

MINERALOGICAL EVIDENCE ON THE RARE-METAL ORES CONNECTION
WITH THE ACID MAGMATISM

The problem of the connection of the rare-metal ores with acid magmas is con-
sidered on the base of: a) studying of the distribution coefficient of the elements
between phenocrysts and matrix (glass) of acid effusives and ongonites; b) stu-
ding of melt and fluid inclusions; c) studing of the composition and structure
of typomorphic minerals.

The increase of concentrations of Li, F, Sn, W, Ta, Nb up to economic va-
lues in the residual acid melt is shown. Be, Li, F, W can be extracted by the

fluid and can be precipitated during the hydrothermal stage (greizens and quartz
veins).

Inclusion studies of the mineral show that the temperatures of the rare-
melal ores (rare-metal granites, pegmatites, greizens, quartz veins) varies from

1000 to 50 °C., The temperature interval of the coexistence of the melts and
solutions is 750—550 °C.

B npoSieme coasu PyIHEX MECTOPOMRICHHE ¢ KHCHBIM MATMATHI-
MOM, HECMOTPA Ha MHOTOUHCICHHBIE HCC/ICTOBAHNS, OCTAGTCH elle
MHOTO CITOPHEIX I HeSICHEIX BOIIPOCOB. [las pentenns ux, no-summMomy,
HApAQY € TPAAHIMUOHHBIME Te0J0TO-MHHEPAJOTHIeCKUMI HaTPaBJIe-
HIAME 1eeco00pPa3Ho MPHBIEKATh HOBHE MOAXOLE M HOBHE METOM.
Opmum w3 nyteit pemenns 3106 npobaeMsr sipiseTcs uccie[oBanHme
RODPOUIEEHTOB PACIPeICIeHNS PasHNTHEIX DICMCHTOR MERIY MH-
Hepallavit I MarMaTmiecKuMu paciulanpaMM, MEHePaJaMH H COCYIOe-
CTBYIOIMME (IIOMZaME, KOTOPHE OTPa/KAKT 33 KOHOMEDHOCTH KOH-
HEHTPATNA T DACCeSHNA HIEMEHTOB B HPHPONHBLIX mpomeccax [Paf-
qukor, 1975].

ABanns KodpUIMEHTOE pacTPeTeTeHHsI YCAOKHACTCH B CBISH
¢ BAMAHUEM Ha UX BHAYOHHA TeMIIEDATYDH, MABIEHMS, COCTABA CIIC-
TEMBI, arperatiHoro cocrogunsa guionga m r. un. [oatoMy sHawmMocTh
K0d((UIHeHTOR pacmpesie/enus dIeMeHTOB BO3PACTaeT OPH HAJINTHT
JAAHHBIX O BajKHeHMIX GUaHKO-XUMHUeCKAX DapaMeTpax MEHEPaIo-
00pa30BaHUA B CHCTeMe TI'DAHUTHHI pacIIaB —THIPOTePMAa/ibHEIT
PACTBOP, KOTOPHIe MOTYT OBITH IMOJYYeHH, HAIPEMEp, MPH H3YYeHu
MUKPOBKIIOUeHNHE B Mumepasax. Hanmuwe takoit madopmammu 1mos-
BOJHT MCHOAB30BATH COCTAB MHHEDATOB B KadecTBe KPHTePHT CBAZM
OPYIEeHEHUH ¢ MATMATHAMOM.

B macrosmeit paGore riraBHEIME 0GBERTAME TAKOTO KOMILICKCHOTO
H3yqeHus ABHJINCH TPAHUTHL JHTHH-(QTOPUCTOTO W B MeHbIIeHl CTe-
TeHW CTAHAAPTHOTO TEOXHMUYECKNX THIIOB, JISI KOTOPBIX HMEIOTCH
AaHHBIC MO RODPPUIMEHTAM PacipeeleHus DIEMEHTOB, BRAIOUCHMIM
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MUHEPaa000pasyomux cpe u IPYruM MAHePaJOTHIeCKHM I FeoXMA-
YeCKHM XapaKTepPHCTHKAM.

KoadpummenTer pacnpejiesienns pekux 51eMeATOR # NOTEHIHAT:-
Hasg PYAOHOCHOCTH KHCABIX mopox. B imreparype mmelrcsa nammsne
no KoaddunmentaMm pacupefeseHHA HICMEHTOB B KHCHHX MATMaTH-
gecknx mopopax [PaGumkos, 1975]. Ocobmit nnTepec B oTHOmEHHH
CBABM PEKOMETANBHOTO ODPYIAeHEHHA NpeACTaBIAlT KoaddummenTsr
pacmpejieJieHNsl DIEeMEHTOB B PYAHEIX MATMATHYECKHX pacmjiaBax,
BaKaJNeHHBIMH SKBHBAJEHTAMH KOTODEIX MBJIAIOTCHA, HaUpPUMep, OH-
rorutn [B. Kosanenko, H. Kosazenxo, 1976]. OGo6mennse pesyin-
TATH 110 Koa@uumeHTaM pacupefeJeHUs pPelKUX DIeMEHTOB B OH-
roHUTax upeacrardens B tabamme. HeoGxommmo oTMeTtnTH, 4TO IO
YCPelHeHHHIM JNaHHEM KoMmOuHnpoBaHHEE KodpPUIUenTs pacmpe-
AeJieHAA TAKHX DPeIKHUX 9JEMeHTOB, KaK JIWTHil, Ieawil, Gepuiamii,
nuHE, ¢rop, Hmobmii, TaHTak, BoABPPAM M O0JOBO, SHATHTEIHHO
MeHbIIe efinHEuNs. B cBAsH ¢ aruM pakmumoEMpoBaHMe OHTOHHTOBEX
PacmiIaBoB JIOJKHO NPHBOANTE K HOCHEHOBATENBHOMY HAaKOIIEHHIO
9THX JIEMEHTOB B OCTATOYHEIX PacHjaBaX WIH HO3THHX (asax Mac-
CHBOB DPeIKOMETAJIbHEIX JUTHI-PTOPHCTHX TPaHATOB, YT0 B MeHCTBH-
TeJABHOCTH W Halaiofaerca B OGONBIIMHCTBE YHOMAHYTHX MAacCHBOB
[Kosamenxo, 1977]. Wa-sa Husknx B3HaveHmii KOMOMHUPOBAHHEIX
K02(PUIMEHTOB pacupefieJleHAsA YKa3aHHEX 9JeMEHTOB HauGoixee
BHICOKHX KOHIEHTPAImWil HX B MATMaTHYECKHX NOPOJAX CIEJYeT OKM-
zarb cpexm sddysuoB. B wactHOCTH, HM3BecTHEIe GepTpPaBHIUTOBHE
Ty, GoraThie PeIKEMH 2JIeMeHTaMH (TOPHCTHE PHOINTEI, NE3NEBHE
CTEeKJIa I IePJINTH, BOBMOKHO, ABJIAIOTCSA IPUMepaMu Takux sPdysns-
HHIX TOPOJ.

Taxum ofpasom, dakr HaNMYMA BeJMIHNHE KOdPHHIMEnTOB pac-
npejielieHUsA PeJKHUX DJIeMEHTOB MEHbINEe eJUHMIE ABJIAETCH TOKa-
3aTelieM BOBMOKHOCTH NOABICHHA DYAHBIX KOHIEHTPAanmit peaKux
BJeMEHTOB Ha Marmarmueckom arame. [lo-pmgumomy, takumM myTem
Moram o0pasoBaThCd MECTOPOKIEHHA TaHTaja W HHOOHMA B PeKoO-
METAJIbHBIX JHTHHA-PTOPHCTEIX TPAHHTAX, NOCKOABKY COJIep/KAHMS
X B OOCIHE[HHX BHINe WIN GIM3KH K CONeP/KaHMAM B pacIiaBax
(omrommrax). Hommemrpamms ¢ropa, amrus, Gepmaaus, oabdpama
U MHOTJA 0J0Ba B paciiaBax (OHPOHHTAX) BHIIE, YeM B PACKPHCTA-
amngopaHENX muX amaxorax [Homamemko, 1977]. Ilockonsky s
VKaB3aHHHIX 3JIeMEHTOB XapaKTePHLH HUSKHE BEIHYHHE KOMOWHHPO-
BaHHHX KOI(PUIHEHTOB pacupefleseHUs, 3HATATENBHOE KOIMICCTBO
HX JOJKHO HePexXofuTh BO (NIOHJ, OTAETAIIAICA TP PACKPHCTAN-
au3auum oHroHHTOBHX MarMm. Ilo-supmmomy, mHe caywaiimo mepe-
9HCIEHHLIE DJIIEMEHTH KOHIPHTPHPYIOTCA B IMOCTMATMATHYECKHX Tpeii-
3eHAX M PYAHEIX jkmjax, o0pasoBaBIIMXCA TOJ BO3JeHCTBHEM (umom-
JOB H TeHeTHYECKN CBABAHHBIX C PeIKOMeTANBHEIMH (foraThIMH pej-
KUMH DdJIeMeHTaM#) JHTHH-QTOPHCTHIME TPaHHTAMH.

Jl1a KOHKpeTH3aIMU HTOrO MOJOKeHHA KPAaTKO PaccMOTPUM He-
KOTOpHe NpefJaraBIInecsd PasJINYHEIMA WCCAETOBATENAMHE JMIHPH-
YeCKHEe KpPUTePHH NOTeHIHAJBHON PYAOHOCHOCTH KHCJIBIX MarMa-
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Hoopumen el pacnpegenenus * pejknux HJIeMEHTOB B OHMOHHTAX
[Kosaxenko n ap., 1977 a, 6, 1978; Awrunun u ap., 1978]

dnemMenT K, =%una_n K,:ﬁ K’z'ﬁﬁ%' Kyout
3.19—9.72 2.96—4.55
K kit - He omp. B Vi S He onp.
Na 0.31—1.49 1.44—2.89 sy 0.86—1.60
0.57 1.93 p- 1.19
Li 0.04—0.21 0.18—0.42 4.39—15.1 0.14—0.28
0.09 0.28 9.84 0.20
Rb 1.02—7.19 2.9-8.6 0.36—1.43
3.06 5.5 0.87
Cs 0.79—3.16 4.9—13.4 0.30—1.07
1.93 6.9 0.59
Be 0.05—0.72 0.10—4.77 0.63—8.06 0.08—2.68
0.33 0.89 2.74 0.55
¥ 0.22—0.47 1.58—3.24 0.02--0.31
~0 0.31 2.10 0.18
Nb 2.68—5.84 0.05—0.09
~0 ~0 4.10 0.07
Ta 0.84—2.85 0.02—0.04
~0 ~0 s 0.03
W 0.06—0.73 0.25—1.35 0.25—33.1 0.01—0.80
0.35 0.62 5.69 0.37
Sn 0.02—0.31 0.09—0.45 0.45—30.4 0.02—0.89
0.09 0.23 9.7 0.18
Pb 0.44—1.54 0.79—2.05 0.17—3.39 0.51—1.80
1.06 1.44 1.69 14
7n 0.10—0.72 0.15—0.80 1.16—22.0 0.20—0.81
0.40 0.37 8.44 0.40

* B ymeamTese — HMHTepBasl KoJjeGanmii, B 3HaMeHaTeje — cpe/lHee 3Ha-
yenne. Kmm, A6, Cxa, pacmias — KOHIEHTPAIlMH 3JI6MeHTOB COOTBETCTBEHHO
BO BEpalUIeHHHKAX KaJMeBOro MOJIeBOro muaTa, ajbinra, ¢TIOQH B B pac-
1;;‘31%:1&. K o — KOMOMEWpOBaHHELIT Kooppunment pacupesgenenua [Paduunkos,

Tngecknx mopox. OXHAM M3 HHEX CYATAETCH TOBBINIEHHAA KOHIEH-
TpamuA PYAHOTO DIEMeHTa B Topome («MerajiloreHHYeCKas CIeUa-
Jguzanusy), Crexyer OTMETHTH, 9TO JIJIA BCeX PYAHHX BJIEMEHTOB
9TOT KPHTePHii He BEIEP;KAJ IPOBEDKH BPeMeHeM, HO JUIA 0J0BO-
HOCHHIX JNTHii-PTOPHCTHIX TPAHHTOB ero Mo;KHO 00OCHOBATH 3aBH-
CHMOCTBI0 KOMOMHHpPoBaAHHOTO KoadduimeHTa pacmpeielleHHS 0J0Ba
oT cojlepskaHnA storo axementa B moponme (puc. 1, a). Yem nwimie

32




o
<]

(<]
D A e

1 1 l AL 1 1 1 1 1
I 100 200 Jo0 0 10 20 30 40 50 60 70 80
$n & nopode, r/1 W 8 nopede, r/1
3.0 6
2.5
2.0

1 'C’I
O W20 30 WS
Be & nopode , r/7

Puc. 1. 3aBucuMorTs KOMOMHAPOBAHEHX KOa(NIHEHTOB paclpefielleHHsa 070Ba
(a), Bonndpama (6) um Oepuiana (s) OT COJIEPRANHA BJIEMEHTOB B OHTOHATAX.

coflep/raHMe 0I0Ba, TeM HHKe 3HAUYCHHE ero KOMOMHEPOBaHHOTO
KoopumeHTa pacupefeleHHs W TeM B Oonbiieil CTeOeHH IPOUC-
XOIUT KOHIOeHTPUPOBAHHe 0J0BA B OCTaTOYHOM pacmiase. Bujumo,
3TOT KPHTEPHil MOKeT GHTH MCIOTHBOBAH A ONEHKH HOTeHI[HAILHOK
BOJIBPAMOHOCHOCTH T GepHIIHeHOCHOCTH KHCIBIX TMOPOX (pme. 1, 6,
¢), XoTA TopbmeHHHe KonmeHTpamum W m Be MOryr coxpaHHTHCA
TOJbKO B BYJTKAHAYECKAX IOPOAAaX, a M3 PACKPHCTAIIM30BAHHHIX
mIyTonmuecKux Qamuii OHE YHAXAOTCA ¢ QaroHiHON (Pasoil.

JlpyraM KpHTepHeM IOTeHIMANBHON PYXOHOCHOCTH MOFKeT OBITH
HAKOIUIEHIE DJIeMeHTOB B IMO3AHHX (aszaX HMHTPYSUBHBIX MACCHBOB.
Ecan JomycTHTH, YT0 TAKHE MAacCHBH 00pasoBajHch B pe3yabrare
KpHCTALIH3AMUONHOM Auddepenuanma, T0 9TOT KPHTePHI ABJIACTCH
crefcTeueM HEsKuX (MeHee 1) sHaueHmH KoMOWHHPOBAHHEIX Koaddpu-
UEeHTOB pacupeieleHns pyaueix sxementos. lloaromy Bmomxme mo-
HATHO, 9T0 KOHIEHTDPAIMA JHTHA, Gepmiiaus, UHKA, Topa, HEOOHA,
TaHTana, ojdoBa (cM. Ta0JIUIy) yBeJIMYUBAIOTCA B TMOPOJAX MO3AHHX
$a3 DYJOHOCHHX MAaCCHBOB JHTHH-QTOPHCTHX TPAHETOB [Hozsa-
menxo, 19771.

Koaddunuents pacopefeNeHds MHOTHX PeJKHX 5JIeMEHTOB (Oe-
pRUIINA, AATHA, PyOHAHsS, 0JM0BAa H AP.) 3aBUCAT OT ROHIEHTPALUN
¢dropa B cmcreme [Hosamemko m ap., 1977a, 1978]. Orcioma craHO-
BHTCA MOHATHON IOJMOKATEJBHAS PoJb (TOpa B TeHePAOHH PEeIKO-
METAABHOTO OpYIeHeHHsi, KOTOPasg SBIAAETCHA elle ONHMM H3 OMIH-
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Pxec. 2. BaBucnMocTs KoaddmumenTta pacupefie s 00BA MEK/Y CI0J0i W pac-
nJIaBpoM OHTOHNTA OT COfiepsKaHHA 0J0Ba B OHTOHNTE.

Puc. 3. TemmepaTypa m XapaKkTepHCTHKA MEEEPaI006pasyouux cpejl I0 JaHHEM
A3yUeHNs BKIIOYEHHIl B MHHEpajax.

1 — pacnias; 2 — paccodi; 3 — pacTBoOp.

PUYECKAX KDPHTePHeB NOTEHIWAILHON PYNOHOCHOCTH KHCJIEX Mar-
marmuecknx mopox [Taycom, 1977].

HeofxomnMo Takske yKasaTh Ha PasHbIe BeJHUYNHE KoaddnnuenTos
pacupefeJeHHd PeJIKHX BIEMEHTOB A aldb0HTa, Kalmesoro IoJje-
poro mmara n caois. Hak mpamio, manGoasmee snavenne (Goxee 1)
OHN HMeT Jif caons. Ilostomy cmoco0HOCTH CIION KOHIEHTPHPO-
BATh PEJKHE BIEeMeHTH HCIO0JL3YI0T B KauecTBe BMIMPHIECKOTO
KpHuTepus MOTeHIUAJBHOH pyfoHOcHOCTH. B obnacTm cocraBoB pac-
miasoB ¢ cofepskanmem onosa seime 100 r/r (pme. 2) rosddunuent
pacupefie/ieHHsl 0J0Ba MEAY CJAOA0H W pacnjiaBoM JOCTATOYHO
OOCTOSHEH, B CBABH ¢ 9eM B TAKMAX PYMOHOCHBIX MarMax cIiofs GymyT
IOCJae0BaTeAbHO 0foramaThesa O0J0BOM II0 Mepe HAKOILUIEHHS ero
B Marme. B To ke BpeMs, Kag cJeyer us puc. 2, cmocoGHOCTh HaKall-
nuBath (pacceMBaTh) OJOBO XapaKTePHA IS CHIO[ M3 OTHOCHTENBHO
GeHEIX O0JIOBOM IOPOJ M, CJeA0BaTelIbHO, HE MOKET CIYKATh Ha-
[esKHEIM KpPHTepHeM ITOTeHIHaJbHOM PYHIOHOCHOCTH.

Kannessle mojieBHe MIATH M aab0nTH m3-3a caaboil cnocoGHOCTH
KOHIEHTPHPOBATh OOJBIIMHCTBO PeJKHX 2aeMeHToB (cM. TaGammy)
ABIAIOTCA MeHee UeTKUMH, YeM CJIONBI, MOKA3aTeJAMH IOTeHIHAIb-
HOHI PYHOHOCHOCTH KHCJIHX MaTMaTHYeCKHX IOPOJ.

Taknm ofpasom, BelnmIEHA KoMOMHHPOBAHHOTO Koa(dumuenTta
pacupeieieHIsI DIEMEHTOB, OTPaykaloNas TeOXHMOYECKYI0 POJb MH-
HepajoB KaK KOHIEHTPATOPOB OTHX DIeMEHTOB, ABJAETCA OYeHB
BasKHBIM MHHEPAJOrMYecKAM KpHTepHeM CBA3H PeIKOMeTaJbHOTO
opyjieHeHHs (MATMAaTH9eCKOT0 M IOCTMATMATHYECKOTO) C KHCIBIM
MarMaTH3MOM.

XapakTepHCTHEA MAHEPaI000pasyIOMuX cpeji B CHCTeMe FPaBNTHbII
pacnaas—pynonocnbii ¢gumionn. Ilpm amanmse kKosddmumenTos pac-
npejileJienNns DJIeMEHTOB B CHCTEMax paciias—QIong—MAHepalkl
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HEOOXOUMO 3HAHWE Ba;RHOHMNX QUBHKO-XUMUYECKHX ITAPAMETPOB
nsygaeMsix nponeccos. Hekoropsie na mapamerpos GulIH onpeeseHst
HIPH MCCACOBAHHA IEPBUYHEIX MIKDPOBKIOYEHNIT, 00pasoBaBIINXCs
B MHUHepajgax B mpomecce nx kpucramausanun [Haymos, Vpamosa,
1975; Haymos m mp., 1971, 19771].

XapakTepucTHKa KHCJIBIX PACIIaBOB TOJAYYeHA 110 BKIIOTEHIMIM
B KBapme, romaze u ¢uioopnte M3 OHIOHHTOB U JUTHH-GTOPHCTEIX
U CTAHZAPTHBIX TpaHATOR Sabaiikanba m Monromun. Briaovenns
pacmaasoB mMeioT OJH3KHE TeMIEpPaTypsl TOMOTCHUBAIINH: IS OH-
rountToB — ot 1020 mo 580 °C, maa rpammroB — or 950 mo 600 °C
(puc. 3). Bee BRIOUEHNA NPH 3aKagKe IOCTe TOMOTCHH3ALNH 00pa-
3yl0T cTekia0. B akcmepmMeHTax 10 TepMOMETPHH OTHX BRIOYEHIIT
OTYETIANBO (UKCHPYETCA YMeHBIICHHe BAZKOCTH NPH MOHHKeHNI
TEMIIEPATYPHI, YT0 00YCI0BIEHO HAKOIJIEHHEM JeTyInx KOMIOHEHTOB
"B Gollee HUBKOTEMIEPATYPHBIX PacIIaBax.

Caemyer orTmeTnTh HOBHIT M BechMa BasKHBII, HA HAII B3TJAL,
parT oOHADY;KREHUA B PACKPHCTAIIN3OBAHHEX BRIOUYCHNSAX B KBAPIE
u gamopuTe U3 rPaAaHHTOB CAMOCTONTEJIBHOH BHCOKOILIOTHOI asst
Boftbl. Taroro ;ke THIA BKIOYEHHSA B KBapie KaMePHBIX IIeTMATHTOB
u pMemaiomux ux rpanntos Hasaxcrama m 3aGaiikaabs ogHOBpe-
menno ¢ Hamm uccaemosan O. H. Hocyxum [1978]. Bopuas dasa
BO BKIIOUYeHUAX saHmMaer 7—15 06.%. ITo temmeparypam wacrnunoit
TOMOTCHH3AIHN Ta30BO-RUIKOM COCTABJSAIONIEH BRIYEHHIA oIe-
HEHA INIOTHOCTH BOJAEL U €@ KOHIEHTPAIUSI B MATMATIIECKOM PACILIABEe
(o1 1.5 o 7.5 Bec. % B pasamumbix o6pasmax). B page caygaes wadiio-
JANHCh CHHTeHeTHIHBIC HePBUYHEE PACIUIABHEE H NePBHIHEE Ta-
BOBO-/KUJ[KUe BKIIOYEHIS, YTO CBUAETENBCTBYET 0 BCKHOAHHH pac-
IIaBOB W OTAEJEHHH OT HHX BHICOKOILIOTHHIX BOJHEIX PACTBOPOB.

Jas mermartnToB Ha OCHOBe HANMX U MHOTOYMCAEHHBIX JUTEPa-
TYPHEIX JaHHBIX @O WCCJAEMOBAHNIO MHUKPOBKIIOUEHMII B Kpapre,
Tomase, Oepuwiie, @aroopure, CHOAyMeHe YCTAHOBJIOH pPABTHYHEI
Xapakrep MuHepanoobpasyommx cpei (pacmias—paccoJ—pacTBop)
H MAKCHMAQJIBHBINA TeMIepaTypPHBIA [uanasoH KPHCTANIN3AINN MIHe-
panos — ot 750 po 250 °C. Or 750 smrors mo 550 °C kpmeramrusa-
TAA MOKeT MPOMCXOAUTE H3 PAacIIaBOB, 00OTAIEHHEIX BOJOiT, hTopom
U JpyruMu Jgeryaums; anas temmeparyp 650—400 °C xapakrepHE
BEICOKOKOHIIEHTPHPOBAHHKIE DPacTBOPH (PAaccois) ¢ KOHIEHTpammeis
comeir or 80 mo 30 mec.%.

AHATOTHIHBIT XapaKTep HBOTONAN PU3NKO-XAMAIECKIX IIapaMeT-
poB o0HAPY;KeH HAMH JJIA TPEHBEHOBHIX 06Pa30BAHUI PaBIMIHOTO
cocraBa (KBapI-TONA30BHIX, KBAPI-IEMH0IUT-TOTA30BHX, KBAPI-TO-
Oa3-IMHHBAIBANTOBHX, KBAaPI-0ePUILIOBEIX, (WII00PHT-MYCKOBHTOBHIX
H JIP.), HeCYHUX BOABHPaMOBYIO, 0JI0BAHHYIO, MOJUGICHOBYIO I Gepii-
JAeBYI0 MIHepaanaannio. J[mamazon tTeMuepaTyp roMoreHH3a Ui MuK-
POBRII0YeHNMIT B MUHepatax rpeitaenor nocturaer moarn 300 °C (or 570
210 280 °C), a xapakrep MuHepan00dpasyIOMuX CPeji IPH HTOM MEHSIETCH OT
BHICOKOKOHIEHTPUPOBAHHABIX PACCOJOB [0 PACTBOPOB OTHOCHTEIBHO
HH3KO0H KOHIEHTPAI[NH.
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Puc. 4. pT-paEEBe, NOAyYeHHHe IPH H3YTeHAH BKIOYeHHI B MHHEpaJjax.

I — MarmaTMueckHe pacnaaesl: I] — mocTMarMaTHdeckMe (umoMAB B rpaHnTax M MX MeTa-
COMATHYeCKHX AX; 111 — pactBophl, opMHpYIOIe MecTOPOMIAEHHA 0JioBa, Boab(pama
u MosmGnena; IV — JaBJeHns, OTBeYaloNue JuTocTaTiueckoil Harpyske npu ray6ume 3 u 7 g,
Crersible 0008HAYEHNA — JHTEpaTYPHbLle NaHHbE, YepPHLIE — JAaHHEE ABTOPOB,
1 — KBapn, JunapuTh THpEHAysckoro panona, Cesepubit Kankas [Haymos, Vuasmeiimmumm,
1977]; 2 — xmapu, rpaunT IOronskpcKoro MaccuBa, MoHroama; 3 — Tomas, merMaTHTHEL Bo-
abmEn [Jlemmaeiin n np., 1962); 4 — Geg:m.n, nermatHThl Waympynubix Konefl, Vpan [Basapos
u #p., 1974]; 5 — xBapn, nerMatuThl KblpiHCKoro mMaccusa, Bocrounoe 3abalikamse [Baky-
menko, Kocyxmum, 1977]; 6 — Kxpapr, mermatuthl [[enbrayckoro Maccnsa, Kasaxcram [Ko-
cyxun, 1978]; 7 — xpapiu, rpamdT 3aypYIIOHTYeBcKOro MaccwBa, Bocrounoe 3abaiikamnbe;
8§ — Gepmaut, pemkoseMelbHHE rpaHuTH, Bocrownaa CuGmps [Basapos, 1974]; 9 — wmapm,
rpannT Ilaran-Jla6mHEcKoro MaccHBa, MoHTrOJHA,

MumepajibHbBe ACCONUAINE DPYAHEX KNI, O0OKYHO CONPOBOIA-
JOIEe PeflKoMeTalbHEE TPAHATH W COAEP:;KAIHe B PAsIMYHEIX COOT-
HOMEHUAX BOJAbPPAMHT, KaccuTepur, Moambmenur, Gepmai, ¢aioo-
puT, TOmAa3 W JPYrue MUHEPAJH, TakK:ke (JOPMHPYIOTCA B IIHPOKOM
untepsaye temmepatyp (or 500 mo 250°C) m KoHNEHTpANHIl COMEBHIX
romnorentos (ot 50 mo 5 Bec.%). Hak npasmio, BmCOKoTeMmepa-
rypusie (500—350 °C) pepkoMeTalbHEE accomUamum ofpasyoTcs u3
BRICOKOKOHIEHTDUPOBAHHEX XJOPHIHKIX PAaCTBOPOB, 6ollee HH3KO-
temmepatypasie  (350—250 °C) — m3 MeHee KOHIEHTPHPOBAHHEIX.
Hepenxo npn temmeparypax 400—250 °C mmumepanooGpasoBanme mpo-
HCXOJINT M3 PACTBOPOB CO CTOJBL BHICOKOI KOHIEHTpaUMeidl yriekmc-
aota (ot 100 xo 400 r CO, ma 1000 r H,0), uro mpm koMuaTHOI Tem-
nepatrype B MEKPOBKIIOUeHHAX Habmionaerca dasa xugkoro CO,. |

Weenenopanufg MUKDOBKIIOUEHWI HOSBOJHMIN ONPENIeJUTh eIe
OflHH BAJKHEIL HapaMeTp — JaBleHHe MHUHEPaN000pasyIommux cpei.
Ha puc. 4 cBefieHn BCe MMEIOIMUECS MaHHEE IO TEMIEPaTypaM H JaB-
JIeHUAM JUIA MarMaTHYeCKHX pacIojiaBOB, HOCTMArMaTHYeCKHX q)JIlOH-
0B, (UKCHDYeMHX B KBapre rPaHUTOB M HX MeTOoCOMaTHYecKHXx dga-
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Iuii, ¥ PYAOHOCHKIX PACTBOPOB HA MECTOPOIKIEHMIX BoabpaMa, Mo-
mubpena u oxopa. M3 mpegcraBaeRHEIX JAHHEIX BHJHO, 9T0 NABJICHHE
B MarMaTHYCCKHX pacHiapax mpu (OPMHPOBAHMM TPAHITHHIX MACCH-
BOB M IIETMATHATOB MOKET JOCTHTaTh BechbMa OOJBINNX 3SHAYEHHI —
HeCKOABKNX (o 5.5) k6ap. HeoGxoammo oTMeTHTE, 4TO TOMOTeHMB3a-
nuio 0es HADyNIEHMA IePMETHYHOCTH YNAETCH OCYIIECTBHTH TOTHKO
B OYeHL Meakux (He Gomee 3—7 MKM) BEIIOYeHNMAX, a MHOTAA JIHIIE
C DPHMEHEHHEM aldapATYPH ¢ H30HITOYHEIM BHEITHAM JABJICHIEM.

Panmee mpm maywemHm pyIHEX MecTODPOKAeHHET GBI yCTAaHOBIEH
(akT NpeBHIEHNS TABIEHNA DPYNOHOCHHX DACTBOPOB HO CPaBHEHHIO
€ JHATOCTATHYECKOHl HATPY3KOil, ONEHEHHON 1O PeKOHCTPYKIMH Teo-
aormaecknx paspeaos [Tyrapmmor, Haymos, 1969; Haymos I'., Hay-
moB B., 19771, no mcrounnk nopmmeHnoro rpagueHTa JaBieHHA 0CTa-
Bancs gescusiM. Ha pue. 4 sunno, 9to mabniTounoe mapienme xapax-
TePHO BO MHOTHMX CAY9asAX He TONBKO AJNA PYHOHOCHKX PACTBOPOB,
HO M JIIA TOCTMAIMATHIECKHX (GAIONA0B I MATMATHUECKHX PACIIABOR.
CrnepopaTenbno, HamewaeTcsi 3aKOHOMEPHAS CBA3b MOBHINEHMS rpa-
AMEHTOB JaBJEHHA MEKAY MArMaTHIECKAMH PacOiIaBaMu H PYAOHOC-
HEIMH PacTBOPaMH,

Taxnm o6pasom, Ha OCHOBAHHN Pe3yTBTATOB HBYUEHHS MHKPO-
BEJIIOYeHN B MUHePaJaX PasimyHOro remesuca (pme. 3,4) ycraHos-
JeHE 06acTH CYNECTBOBAHMA CHJIUKATHEIX PACIJIaBOB KHCIOTO CO-
crapa (temmeparypa 1000—550 °C, nmapmenme 5.5—0.3 kbap) m ruj-
POTePMANBHEIX PACTBOPOB, (GOPMHPYOIUX PeAKOMETATBHOE OPY-
neneHue (temmeparypa 500—250 °C, namaemme 2.5—0.1 x6ap). llpm
Temnepatypax 750—550 °C Bo3MOKHO cymecTBOBaHIe KaK PACIIABOB,
TAK M THIPOTEPMAJBHEIX PACTBOPOB, IPH BTOM NePBHE 060TAMEHEH
JeTYUHMH KOMIOHEHTAMW, a BTOPHE — COJEBHMH. XapaKTepPHO, UTO
HIGKHAS TeMIepaTypa KPUCTAJIH3AIMHM PYNOHOCHHX (HampmMmep,
TAHTAJNOHOCHEIX) KHCJIBIX MATMATHYECKAX PACIIABOB, 110 DTHM aH-
HEIM, Oauska K 550—600 °C, 4ro coorsercTByeT TeMneparype skcme-
PHMEHTANbHO N3YIeHHOIl «IBTEeRTHKE» B emctemax rpanut—H,0—HF
u onrounT—H,0—HF [Kopanenxo, 1977]. Bummo, maxmume taxnx
HU3KOTeMIEPATYPHLIX PacHiaBoB BKIKYEHHH B MHHEPAJax KHCIBIX
MarMaTHiecKuX NOPOJ| ABJIAETCHA eIlle ONHEM KPUTepHeM CBAZH ¢ HUMH
PeIKOMeTaIBHOTO 0PYAeHEHHS.

Wrax, BHABICNHEEe 3aKOHOMEPHOCTH NPH HCCICNOBAHNT BRIIOTC-
Huii B MAHepaJax: HaJWIHe HABKOTEMIEPATYPHHX PacliaBos, 0060-
TaIeHHEX JTeTYIHMH KOMIOHEHTAMN, I COCYIECTBYIONMX ¢ HUMH BE-
COKOKOHIEHTPHPOBAHHEIX DPaCTBOPOB, NOBHIIEHHHE TPAJMEHTH AaAB-
JeHNil Kak B pacIiiaBax, Tak H B PACTBOPAX — MOKHO PACCMATPHBATE
B KayeCcTBC BO3MOKHEIX KDHTeDHEB CBASH DPeKOMEeTaJbLHOTO Opyle-
HEHHA ¢ KUCIBIMH MATMATHYCCKNMH DPacIIaBaMi.
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P. A. Hexpacosa, H. . Hexpacoas (CCCP)

MHUHEPAJIOTHYECKHME H ®OU3NKC-XUMHYECKHE KPUTEPHN CBA3K
PEJIKO3BEMEJILHOTI'O OPYJEHEHHA IPAHUTONJIAMUI
(IO TEQJIOTHYECKNM M 9KCHEPUMEHTAJBLHBIM JTAHHBIM)

R. A. Nekrasova, I. Ya. Nekrasov (USSR)

MINERALOGICAL AND PHYSICO-CHEMICAL EVIDENCE FOR THE
RELATION BETWEEN RARE-EARTH MINERALIZATION AND
GRANITOIDS

TR and Y abundances in granitoids depend rather on the proportions of rock-

forming components in magmas rather than on TR and Y original concentra-
tions in them. That is why TR minerals, rich in cerium earths occur with gra-
nitoids of increased basicity, while granitoids of enhanced alkalinity are found
with Y and yttrium TR minerals.

Type of TR mineralization depends on the composition of a fluid in equili-
brium with magmas.

Experiments show that most of TR minerals (brithelite, yttrialite, thale-
nite, Y-fluoride) may be deposidet at 800—300 °C, i. e. directly in granitoids
and low-lemperature metasomatites. This accounts for similar compositions of
rare-earths in accessory minerals in granitoids and TR minerals in ore bodies,
The stability of TR minerals in univariant equilibria may be said to depend
only on concentration of well-soluble components of the system, such as B3,
Cl-, PO}, CO, and others.

Penxosemenvube MecToposkjieHNA, TeHOTHUCCKAS CBA3H KOTOPHIX
C MarMaTHieCKHMH HOPOJaMH BHIpazkeHa JI0CTATOMHO ONpPeeJeEHo,
MOTYT acCONUMPOBATE C TPe s Ipynmamm mopoj: raGopompamm, me-
JOUHEIMH TopofaMu u rpammTompamu. C mopogamu raG6pomgmoro
PAA CBABAHK MECTOPOJKICHNA PEJIKUX 3eMeNb NPEeHMYIeCTEEHHO Te-
POBOTO COCTABA, KOHICHTPHPYIOUMXCA B OPTHTe, JABUAMTE WM Pac-
CeANHHX B cdene, anatnte, NEPOBCKUTe TPH OTICTINBOIN poin Ca
u Ti B reoxnvmgeckom nponecce. C mesounmimu nopofamm (miioanT-
YPTHTAMU, HePEIMHOBHIMA CHEHNTAMN) aCCONMHDPYIOT MECTOPOMICHNS
C CEJUCRTHBHO I|CPOBHIM COCTABOM PEAKOZEMENBHBIX HJIEMEHTOR (P. 8. 5.),
ofpasylomue cnenuduuecknii KoMIIeKe MUHEPamoB: HMOGATOB M Ti-
TanoEnoGaToR (depemur, Jomapmr), NNPKOHOCHIHKATOB, THTAHOCH-
JUKATOB 1 HHOGOTHTAHOCHINKATOR (9BAMANNT, TOBOBEDPUT, HABLIMINT,
AaMIPOQHIINT, TYHAPHT, PUHKOJINT, IOKCHOPHT, (GepCMaHUT I ap.).
B nx dgopmnposannn snauntenpmas poasn npunaaaesxut Na, Nb, Zr
u Ti. Oanaxo manGonee pasmoofpasum 1o dopme npossienns u M-
HEPATOrMIECKOMY COCTABY MECTOPOKICHIS P. 8. 9., CBABAHHEE ¢ IPa-
HATOMIAMIT.

Pepxomeranvare rpanmronim ofBNHO NPHYPOYEHH K aKTHBM3N-
POBAHHBIM yYacCTEaM IAaThopPM M CPeJIMHHEIX MACCHEOB MM K BOHAM
HX COUJeHCHUA O CRAapdarthiMn obaactamu. OHM mEPOKO pasBHTH
B CIMA (Maymten-Tlace 3 Kanndopuun, Iaii-Tluke » Koaopano),
Adpuke (Pyampa), Isenun (Urrep6u u Danyn), Ascrpasnm
(Kyuaeronra), Monrommn (Kapanre), fuonun (Mmcnka), Hapnn
(Kynaamnarra) n CCCP (Koancexuii nonyocrpos, Ilpnasosse, Cpent-
uas Asusa, Bocrownas Tysa, Cemepo-Bocrox). Momuo mmjeauts

39



IBe TIPYNIOB TPAHWUTOWIOB, ¢ KOTOPBIMH CBA3AHH PeIKO3CMeALHER
MecTOposkieHHusA: 1) aumiesuHOBHE TPAHHTHL W APyrue MOPOAH NOBHI-
MeHHOH OCHOBHOCTH (0T TPAHOAMOPHTOB 0 KBAPIEBHX JUOPHTOB)
u 2) TPAHATOMIEL MOBEINIEHHON IIEJI0YHOCTH (AAACKUTH, HTHPHHOBHE
TDAHUTH, TpaHocHeHNTH). G Ka;I0i W3 HA3BAHHEX TPYIIL CBA3AHE
Peflko3eMeIbHEe MeCTODORACHIA €O Ccuenu(uaeckKuM MUHePATBHBIM
COCTABOM M CIEKTPOM P. 3. .

Musnepamoro-reoxuMuIecKoe H3yYeHHe PeIKOMETAILHEX TPaHM-
TOWJIOB M CBA3AHHON ¢ HUMH PeIKO3eMeIbHOM MUHepaju3amui B paAge
pynunx paiionoe CCCP (IIpmasosse, Tysmnckan ACCP, Kuprusus n
Cenepo-BocTok) mo3B0IMI0 IPHATH K BEBOMY, YT0 BajKHeHMUM paKrTo-
PoM, BIHAIONIMM Ha XapPaKTep PeJK0O3eMeJbHOM MUHePalu3amuu 1 co-
OTHOIIEGHUE JerKUX M TAMKETHX JTaHTAHOHIOB, ABIACTCS COCTAR Ma-
TePHHCKNX TPAHATONIOR, TOTHEE, KOJAMIECTBEHHOR COOTHONEHNEe B HIX
mopofgooOpasyonux KoMmoHeHTOB. VM3BecTHo, 4T0 cpaBHUTENBLHO He-
0olbImoe M3MeHeHHe OTHOCHTEILHOTO KOJAMUECTBA IIeJ0deil M 1eJ0u-
HEIX 3eMeJb II0 CPABHEHMIO ¢ KPeMHUeM WIH AJTIOMAHEEM Pe3Ko MeHseT
€OCTaB IOPO000PA3YIONMX MHWHEPAJOB M COOTBETCTBEHHO IETPO-
JIOTMUECKHIT THII TIOPOJIBI. DTH ke M3MEHeHWUS B COCTaBe IPAaHUTOMIOB
OKa3hBAIOTCHA OTBETCTREHHEIMI 33 COCTAR PeIKO3eMeILHOM MIHe PaIn3a-
1M W cOeKTP P. 3. 9. B mabu. 1 npusejgens riapHeiimne TAIL TOPOJ
B pPAXax TPAHATOUIOB HOBHIMEHHOH OCHOBHOCTH M NIEM0YHOCTH, ¢ KO-
TOPHIMH ACCOMUUPYIOT MECTODOSKICHUS DPEIKUX 3EMeJb.

HaunGonee orveTTHBEM NPHBHAKOM, XaPaKTeDHHM [ TIpUBe-
OeHHBIX TUIOB TPAHHTOHUMOB IOBHINEHHONR OCHOBHOCTH, SBISCTCH Ce-
JEeKTHBHO IEPOBHEI COCTAB PEeKO3€MEIBHEIX DPYA OCHOBHOTO PHAJa
B OTIIMYME OT TPAHUTOHIOB HOBHINEHHOH Imenownoctu. B pamy nud-
depeHIEATOB OT MOHIOHUTOB K aHAe3WHOBHIM TPAaHHTAM TaKike He-
CROJIbKO IOBRIMIAETCHA CONEPs;kaHme HTTPOBHIX 3eMelb, XOTH B II€I0M
IJiA 3TOM TPYyOOE XapaKTepHAa OPTAT-MOHAIINTOBAA MHHepPaI3a-
M.

ITHPHHOBEE U 9IHPHH-aPHBeACOHNT-PUOCKATOBHE TPAHNTE, TPaHO-
CHCHHUTEL M CHeHHTHI IPEJCTABIAIOT CODOM APYIYI0 HETPOXUMUICCKYIO
BeTBh rpannroumos. OHE ofpasyiorcs jIubo OyTeM aHATCKCHCA METa-
Mopdugecknx mopox, 1ubo B xoae TuddepeHnAALAN CIOKELX rabopo-
CHEHMTOBHIX WM AHOPHT-CHEHHTOBEIX MarmMaTHiecKHX cepmit. C HuMHI
TeHeTHYCCKH aACCOMMEPYeT KOMILIEKCHASA HITPOBO-mepoBas (6purto-
JINT, YeBKAHAT, IPHODHT, MOHALHUT, Y-CHHEXH3UT, TaJOJHHAT, (ep-
TEOCOHHAT, IMPTOJHUT) WA CeJIeKTHBHO-UTTPOBas (MTTPHAIHT, Taje-
HuT, Y-Qawoopar, Y-CHEXH3AT U T. [.) MEHePaJIHA3AMA.

Dpaknmornposanmne TR npm kpucrammmsanuonnoit nuddepen-
Al TPAHETOMIHEIX MATM HAXOUTCA B COOTBETCTBUM ¢ IPHHIAIIOM
KICJIOTHO-OCHOBHOTO B3aHMOOJcHCTBHA KommoHeHToB [Hop:xumcrmii,
19591, wro mpenmonaraer mpu H3MeHEHAN AKTHBHOCTA TOPOL006Pasyio-
IMHUX OKWCIOB 3aKOHOMEPHOEe M3MEeHeHHe AKTHBHOCTH IPUMECHEIX KOM-
MOHEHTOB, B TOM YHCJIe PeIKNX 3eMedb. Tar, yBeJHdeHNe AKTHBHOCTI
rnapEEIX ocHopammit (CaO, MgO, FeO) B rpaEHTOHIHOM pacIiiase
OPUBEIeT K YBEJIHYCHHI0 AKTHBHOCTH I ADYTAX OCHOBAaHMmE (mpmmec-
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Taoaniga 1

3aBucuMocTh MHHEPAJALHOr0 CoCTaBa pajga peiKo3eMeJbHBIX Mec'ropomnelmii 0T COCTaBa rPaHUTOH]IOB

IIpepenst nsMeHeHHA COOTHOITEHNIT KOMNOHEHTOB **
I'pyn- TR(ce)
: ;Ip% E Tun nopop * MeO Me,0 Me,0 Na,0 ﬁ(_y—)_ MunnepansHuii cocraB pyji
§i0; Si0; + ALO, MeO K,0

= JMuoputet m  mommo-| 0.24—0.30 | 0.05—0.06 | 0.45—-0.38 | 1.7—2.5 85—95 | Oprut, gaBHgAT, ceH, UPKOH,
£ = | marnl (6) anataT, neposcknt, Ce-gunoo-
=8 ¥ PHT, NapH3HT

g 2 | I'panopmopurst (18) 0.18—0.20 ( 0.06—0.08 [ 0.35—0.45 | 0.8—1.2 8090 | Oprar, uweBKMHUT, cden, ana-
o THT, IWpKoOH, Momanur, Ce-
25 (moopur, napusur

£8 | Anavesurit (5) 0.16—0.18 | 0.07—-0.09 | 0.48—0.58 | 0.6—1.0 | 80—90 | Oprur, cden, momamur, mmp-
2 ; ron, Ce-awopur, napusut

= g | Ppanntm  ampesuno- | 0.08—0.14 | 0.09-0.11 | 0.60—0.80 | 0.4—0.7 | 80—90 | Oprur, Momamut, Ce—lgnmopu'r.
= BLIe (52) NHPOXJIOP, ANATHT, IAPH3HT,
2y GacTHesuT

, = | I'panocnenntn u cme-| 0.04—0.07 | 0.413—0.15 | 2.2-5.0 1.3—1.8 | 4050 | Yeskmunr, GPATONMT, 1IPHOPHT,
25 | autel  arupmu-pube- CTHIY3JUIAT, MOHAIHT, CHHXH-
2 2 | rur-apgsegconnTorne auT, 0OacTHEWT, ILMPTOJIHT,
im0 KCeHOTHM

3 g I'pasntel  armpuno- 0.03—0.04 | 0.11—0.13 22-28 s G [ 20—30 | BpurommT, MTTPHAJHT, Taje-
=g | Bue (19) anr, Y-(pmoopur, ragonusnr,
E"‘" ; (hepriocoHAT, MUPTONHT

22 | Amackari (12) 0.00—0.06 | 0.10—0.12 | 1.0—3.0 02—04 | 30—40 | Y-pmoopnr, KceHOTHM, TrajioiIH-
S & nut, ¢eprioconnr, Y-cmExu-
=E 3HT, YSPUAT

* B croGKax IokasaHo YHCJI0 ACNOJBLBOBAHHLIX aHAJINB0B rpanuTON/I0B,.
** BenmummEl B3ATH B BECOBEIX MPOI@HTAX,




HEIX OKHCIOB), mpexcne seero La, Ce m saeMeHTOB 1epeB)il rpymimbL.
CHIDKeHIe B PACIIABe AKTABHOCTH CUHTHHHX OCHOBAHMIT M yBeJmue-
He AKTHBHOCTH KACIXOTHRX KommoreHton (Si0,, TiO,, n gp.) mpasognt
% BO3PACTAHHIO AKTABHOCTH Y ¥ DPeKAX 3eMeJb HTTPOBOM TI'DYIIIL
(or Sm o Lu), apusomuxes Gomee caabrMn ocHosanuaMu, weMm La,
Ce, Nd, Pr.

B xoyie KpreTaman3amnm rpAHATOMTHAIX MATM 3HATNTEIBHAL TACTH
PeARIX 3eMeqb M30MOPPHO WIN SHIOKPHMOTHO BXOXUT B TOPoRooH-
pasyromure maaepansr Ca, Zr, Th, Fe u gp. B pacupemenenun TR na
aT0ll cTauM MATMATAYECKOTO MPOMeCCa OCHOBHAS POJIh IPHHALIEKIT
KpHcramoxnMuaeckoMy (axropy. Bememcrsume 6amsocTH HOHHEIX
pafuycoB peIKO3eMeIbHEX dIeMeHTOR U noHHmX paguycos Ca, Th, Zr,
Fe B rpammrougEsix MarMax, Goratsix aravm axementamua, TR B 3ua-
IHTABHOI CTEIeHH PACCEHBAIOTCA B IOPON006DA3YIOMIX MAHEPATAX
(ampubomax, mmpokceHax, miirmokaazax u fp.). Cmegosartennno,
peicokoe comep:ranme Ca, Fe, 1"y m Zr 8 Mmarmax mpeusrereyer oGpa-
30RIAMI0 CAMOCTOATRNBHRIX vi1depanos. [Ipm aroMm Kaabmuiicomep-
sRamue MuHepadsl 6yayr obora ma1el TR kaw neposoit, Tak m urrpooit
rpynm BeJejcTBYMe cpaBHUTe 1hHO T Gamsocta r; Ca (1.14 A), € OJTHOI CTO-
pomsr, La¥* C* (1,15 1.19A), 2 ¢ oyroit— Yb?*, Lu® (1.01 n 1.00 A)
H JIpyrAX 9JIeMeHTOB HITpoBOii rpynusl.® WHomHble pagmycs dersipex-
sapmmeix TR (Co**=0.94 A, Pr*-=0.92 A n Ip.) oueHb GaH3KA
kr; gna Th** (114 A « Ut (1.12 A), 1 mosToMy 0HA KOHIEHTPHPY-
I0TCA B TOPUTE I HEKOTOPBIX ypaHOBEIX Munepagax. Mrrpuit u TR nr-
TPOBOil IPYNIEI CRIOHHBI HAKAIINBATECA B IEI0YHBIX aMpubonax u nn-
porcenax (puGexure, apBepconurte, srupune), rjge oum maomopdHo
samemaior Fe?. Vmomamyrsie sgech exemsr maomopduama TR B mopo-
M006pasyIoNIX MHHEPAJIAX IPAHNTONIOB BRITOAHEL M DHEPreTHUeCKI,
0 4eM MOKHO CYJUTH, COIOCTABIAA moTeHnmansl nonuzamnn TR u 3a-
MeraeMbix uMn onementos [Haymos, YVuameiimsmmm, 1977].

Taxmm oGpasom, yie Ha pammeil cTajuym pasBATHS TPAHHTONHBIX
MarMaTHIecKuX 0YaroB MAeicTBYIOT (AKTOPEI, ONpeJeAIOIue pac-
CeAHNe PEIKIX B3eMeTL B IIOpOI000pasy OIInX MEHepaTax HIH HX HAKOIIIe-
HIIe B MIHEPAI000pas yIcTHX (IIonIax, a Tak/Ke pasneaeHne JaHTAHOHI0B
HA JIeTKYI0 W TspEexyio rpymust, Masecrno Gonbimoe KommuecTBo reo-
XUMUYeCKHX JIAHHBIX, ITOKA3HIBAIONINX, 4TO NOA00HEIT mpomece ud-
depennmamun peKNX seMelb HMEeT MecT0 W B O0CAJ0YHOM I[HKJIe
[Hexpacora, 1976], u mpu meramopdugeckom mpeofpasosanum ocaj-
ko [Herpacor, 1962]. O6mas ero mampaBieHHOCTh yKA3LIBAET HA
GoabITyI0 MOABHKHOCTD THAKENLIX JAHTAHOHIOB II0 CPABHEHUIO ¢ Jer-
EuMu. BakHAS poab B (1008 1 1MH B CKOPOCTH DTOTO IPHPOTHOTO
TeXHOJOTHIeCKOTo mporecca 2i:1 emedemums TR memny pacmia-

* Paamepsr aGCOMOTHEX MOHHKX PaJAYCOB BAGMEATOB ¢ KOOPAMHATIMOMHEIM
gacaom 6, a gaa Ut — ¢ KoOpaAHANMOHAKY YACAOM 7 IPABEJGHH [0 JAHHLIM
R. D. Shannon, C. T. Prewitt [1970].
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Puc. 1. 3asmcnmocts copiepskanmus 2
TR,03 BO {umionsax, paBHOBECHBIX
€ MOJJABHEIM TPAHATHBIM DPAacIIaBoM, Crg g, MORO/1
or xommentpanmin ClI- npnm 850 °C

1 1000 atm mpn goHOBOM CoOpepKAHMK
JOTONHATELHEIX AHIOHOB B PACTBOPAX.

1 —[PO,I*; 2 — F-,

BOM M (QIIOUKOM IPHHALTEIKAT
AHNOHHBEIM DPajiHKajJaM, HaKAIIN-
paomumes smecte ¢ HyO B moer-
MarMaTmieckux (uonax.

Cyns mo amammsaMm rasomo- o
JRUIKAX BKIIOYeHN T 13 MIHepaIoB AT
rPaHATONIOB, NETMATHTOR W pas- et St
JMYHEIX  PEeIKOMETAJNBLHEIX  JKHIT
(kBapma, moneBsIX mmaros, Gaoopura Ap.), cocTas GIIONI0B BAPEIPO-
BAJ B MINPOKHUX Tpefieiax. B paBHOBeCHN ¢ rPAHMTOMIHEIME MaTrMaMi
HOBHIIEHHOH OCHOBHOCTH IPeoGiIafialomyuMu ABIA0TCS Ca-thocarane
uan Ca-propumnsie gaonssr, a ¢ TPAaHUTOHIHEIMI MAaTMAMM ITOBHIICHHOT
mesnodHocT™ Na-XTopUIHO-YIIe KuCabe W Na-drop-kpemuexucisie.
G GoNbIMHCTBOM YIOMSAHYTHX PaJHKAIOB (PO, F-, CO;3,B0%~, OH-)
Pejlkie 3eMIH 06PasyioT B BOXHOM cpejie MpakTHIeCKH HEPaCTBOPUMEE
coeunennst [Hexpacos, Kamnpuesa, 1976 |. Mermouenmne COCTABIAIOT
JIAIIE PACTBOPHUMEIe XJIOPUIHEIe i GiKapGOHa THEE KOMILTEKCH, Xa PaKTe-
Pu3ylomuecs oupejielleHHEIMA 3HATeHAAMHI KOHCTAHT HecToiikocT. C mx
ABHBIM Pa3JIMTHeM JUVIS IePOBBIX M HTTPOBHIX P. 3. 9. U CBA3AHA (0JIb-
WaA MUTPATIHOHHAS CHOCOGHOCTD TAMONBIX JTAHTAHOMIOB.

Ocobast poas B MHHEPan006pasylomux (roufax TPHHALICHKAT
XJOP-HOHY, [IAIOMEMY XOPOII0 PacTBOPHMEE (OPME JIS HONABISAIO-
mero GOJNBUIMHCTBA METAJIOB [Peiiy, Baskees, 1977; Pomos u .
19671. Ira poxn rem Goxee amaumrennua, aro cam XJI0P NPaKTHYeCKH
HE YAeP;KMBACTCA B IPAHUTHEIX DaciulaBaxX, HAKAIVIHBAACH BO (Ii0-
uHol dase cosmectHo ¢ Bofoil [Ponos u ap., 1977]. OcoGenmo Basi-
HEIM 00CTOATENBCTBOM ABIACTCH CHOCOGHOCTD XJIOP-MOHA NEePeBOIuTH
B PACTBEOPAMOE COCTOAHME BEINEHA3BAHHKE (MHePTHKe» anmons (PO},
F~, COg u 1p.) m ymepsxusats ux BoO Gatonse B BUge CTOKHHIX KoMmI-
J€KCHEIX JINTaH0B, CHOCOOHHIX, B CBOI OYepefb, K AKTHBHOMY
HAKOIVIEHUIO M MEePeHOCY MeTAJIIOR.

Ha puc. 1 u B 1abn. 2 mokasamsr HKCIePUMEHTANBHEIE AHHEE
0 BauAHMM KouneaTpanmu Cl Ha pacnpenesenie KoMIOHEHTOB MeKAY
dmongHOit Pasoit m MoneabHEIM TPaHHTHBIM PaCIIaBOM, COJEPKATIIM
npumecn La u Yb. Ilpu pacemorpennn srix mammsix mosxmo clleNaTh
BBIBOJ(, 9TO paccesHde P. 3. 5. B TPAHATHOM PACIJIABe WM HX KOH-
HeHTPanusa B HOCTMATMATHYSCKAX (UIIOMIAX BABHCHT OT COOTHONICHMST
MeJLY XJIOP-MOHOM U ApyruME aHmomamu. Ha pammmx 9Taua£]pa3—
BHTHH TPAaHUTOMIHBIX 0YaroB, NMOKA KOHIEHTPAIMA XJOPHIOB LOTHO-

& . r-uon/n
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TaOamma 2

PesyavraTs omopusnix onsiros mo pacnpenerenmio TR B cuereme MojenbHoe
TPAaHHTHOE CTeRI0 *—eXokubiii pacteop ** npm 850 °C u P,0=1 xbap

Coneprsanne TR,0; B cucreme, Pacnpenemenne TR,0;
Mr MEKAY CTeHIIOM H
acTBOPOM
Hcxoaunan P ¥
I Monp/1000
@ononsiit | Howep| KoRIeET- oclle onmeITa
anwoH | onmira |Padwi CI-,

T nglli.fn Hexon- B CTEeK-
P.s.9.| "qoe |B pactBo- |me (mo| B Pac-| B eT
pe *** pas- | TBope [ crewne| Kp ——
HocTi) 10— 10! p-p
IO | 08 — La 2.25| He oba. | 2.25 s 1.38 —
0.01 N 09 — Yb 4.74 » 4.74 L 2.40 —
10 3.19 La 8.67 7.04 1.63 1. 4.32 | 1.00 2.3
11 3.94 Yb [12.94 4.92 8.02 | 2.50 | 4.07 16.3
¥= 16 — La 5.00 [ He o6n. | 5.00 — L —
0.01 N 22 — Yb 5.00 » 5.00 — 3.07 —
05 3.04 La 8.24 6.36 1.88 | 285 |'4.45 4.0
07 1.34 Yb 4.41 0.40 4.01 ) 0.20| 2.04 | 102.0

* Cocras cTekma, Bec.%: ambur — 53.1, Si0, — 36.9, TR,0, — 10;
gapecka — (.05 r.
** O6nem pacrBopa Bo Beex ecayuasx 0.5 M.
##¥ AHanna BHOOTHEH 00BeMHEIM MeToI0M, TyBersnreinmocth 0.01 Mr/o6.

curexbHo Maina, TR Moryr ofpasosmBaTh aKmeccopHYI0 MHHepPaTH-
samuio (oprar, momamur, TR-comepsraugue nupxon m amatat), mo JKoc-
TH;ReHHH ONpeJle/leHH0 KPATHIECKOil AKTHBHOCTH XJopa oGpasoBa-
HUE 9TAX MHHEPAJOB J0JKHO IPEKPATATHCA. Bolee TOTO, OHO MOJKET
CMeHHTBCHA PacTBOPeHHeM paHee 00DPa30BAHHHX PeIKO3eMeILHEIX MH-
HePaJioB B 30HAX [[eHCTBHA MOCTMATMATHYECKAX pPacTBopoB. Ecrect-
BEHHOIl NPHIMHOHE IOCTEIeHHOTO O0OTAMEHHWA XJIOP-HOHOM OTIedd-
IOMAXcs BOXHEX (as ABIsgeTcsA M3MeHeHHe Koadummenta pacmpese-
JeHHA JTOr0 KOMIOHEHTA Me:RAY (UIIOUIOM H PACILIABOM B XOJe
3BOMIONUHA MarMaTmiecKux ouaros [Pomos m ap., 1977]. Iloka mer ma-
HeKHEIX MAHHLIX O BeJHIAHe KPUTHYeCKHX KoHmemrpamnmit Cl-, xors
AHANH3H Ta30BO-;KMAKNX W PACIIABHEIX BRINIEHAH B MHOHe-
Pasax mMOKassBAIOT, UYTO CONEPIKAHME XIOPHIOB MEJodeil B MATOTHEIX
pactBopax mo:;ker jfocruratk 70 Bec.% [Psukenwo m mp., 1977; Pad-
quxon, 1975].

[IpucyrcTme Bo (uonfie MOHOB METOTHHIX METAJNIOB YBeJHIN-
BaeT BO3MOJKHOCTH KoMIIeKcooOpasopanna. Haupmwmep, mokasaHo cy-
mecTeoBanme Texcaproprommiercos tuma NalnF, [Dmeprums pas-
peBa. . ., 1971]. OgHako B rEmOreHENX ycT0BMAX 0o0Jiee BePOATHEH
¢rop-wapGorarasie opMel, a He H30AMPOBAHHKE (TOPHAHEE H GHKAD-
GonaTHEe, TIOCKOIBRY 9ncThe ropuas (proonepnt, rarapMHEAT) Cpas-
HATEeJABHO PeNKH, KAK W 4ncTHe KapGomaTs (TeHTePHT, JAHTAHAT),
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Pre. 2. CxemaTmuecKmii IUIaH pasMemeHHs PeIKO3eMeNbHO MUHEpaTH3aIum,
npuypodYeHHoll K MaccuBy srmpuHOBHX rpamnToB (Cesepo-Bocrox CCCP).

1— OMOTHT-POroBOOOMAHKOBBE WM NHPOKCEH-OMOTNT-POroBo06GMAHKOBEE KPHCTAINIECKUE
CJIAHIBI TPOTePo30i; 2 — rabbpo-TUOPHTH M IOPHOJEHAUTE; § — arupUH-pHOeKUT-apdBerco-
HUTOBHle T'DAHUTHI, 4 — KBapleBble CUEHNTH; 5 — GMOTHTOBBlE AIJTMTOBH[IHEIE T'DAHMTHI;
6—9 — MHUHepaJjioTM4ecKHe THOB DPYA: 6 — celeKTHBHO-NepoBhie (ocdatable (MomHammT),
7 — CHJMKATHBle CceJIeKTUBHO-I[epoBEle (YEBKHHWT) M  CeJeKTHBHO-UTTPOBHA (ATTPUAJNT,
rafoJMHNAT), § — KOMIUIeKcHBIe (rop-cMumkaTHble (GpurosmT), 9 — KOMILIekcHBle (rop-Gop-

cuIMKaTHBle (Gopcofeprammii OpUTOJNT, MeJAaHOIEPHT),

B To BpeMs Kak ¢rop-KapOoHaTst (GacTHE3WT, IAPHBHT, CHHXMUBHT)
o0BaHEL 1 00PasyoT KPYIHEE CKOLJISHMA. :

Bayxnoe 3Havyenue B COCTOAHHH TOCTMATMATHISCKIX PAaCTBOPOB,
TeHePHPYEMBIX TPAHHTOHIHON Marmoit, mpuHaguemkutr SiO,. IBoiio-
OUsA TAAPOTePMAIbHOTo (IOUJA B HAOPABIGHHM 00OTAmEHWS XJI0-
poM OHOBPeMeHHO O3HauaeT CHI:KeHWe KoHmeHTpammm Si0O, B pact-
pope. IIpm mocaemyomeii peakmum (I0OHAa ¢ BMEMAMUME IOPO-
NAMH U CHIGKeHUH AKTHBHOCTH XJopa woHmeHTpammsa SiO, Mmosxer
BHOBb HapacTath. Boamo:xHO, UMeHHO 9THM O0BACHAETCHA CYIECTBO-
BaHUe JBYX DOKOJAGHWH peKO36MeJbHEX CUIMKATOR: PAHHHAX aKIec-
copHHIX (opTHT, TopHT, TR-MEPKOH) ¥ MO3JHAX OETMATHTOBBIX I TH/-
poTepManbHHX (TafoJNHAT, MAJAKOH, WTTPHANAT, TAJIEHAT, OPHTO-
JUT), KOTOPHE pasfeldeHs BO BPeMeHH, a HHOTJa M B IPOCTPaHCTBE
docharamun miaum Grop-KapOOHATAMA.

Ha pmuc. 2 B KagecTBe mpuMepa TPABOIUTCS cXeMa PeIKo3eMeabHO
MUHEepaJIN3alin, TeHeTHIeCKE CBASAHHON C OHIM N3 MaCCHBOB ST MPUH-
appsencorurossix rpanntos Cesepo-Bocroka CCCP. 3nech orderamso
BHIpA;KeHO ImpocTpaHcTBeHHoe o6ocobmenume ywactkos ¢ Qocedar-
HEIME MIHepajiaMi (MOHAIHT), ¢ CIVIMKATAMH CYDIECTBEHHO I@POBOTO
cocTaBa (UeBKWHAT) W CYMECTBEHHO HTTPOBOrO (MITPHAJHUT, Tal0ad-
HAT), CMEHAIMEMHCA @rop-cuaukaTaMu (OpuTONNT) M OOPOCHIH-
KataMi (MelXaHomeput, Opmronmt). MHHepajlormieckasa 30HATLHOCTH
Ha MeCTOPOKIeHAAX mofo0HOro THHA 00ycIoBIeHA AupPepeHnnHanune
TR ma UTTPOBYIO M MEPOBYI0 HOAIPYIIEl B IOCTMATMaTHIeCKHil sTAL
JopMEpOBAHAA MENOYHHIX TPAHHTOUIOB.
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C menbio BHACHEHWS TeMIEPATYDHOH YCTOMYMBOCTH CHAMKATOB
u GOPOCHIMKATOB JAHTAHOMIOB HAMH ORLIH TPOBEeHB DKCIIEPIMEH-
TanbHble paGoTh B cuctemax tmma La,0;—Si0,—B,0,—H,0 B um-
teppane Temmeparyp 300—700 °C npn mapmemmm 1000 atv, a tamme
U3y4eHa YCTOHIMBOCTH CHIMKATOB M GOPOCHIMKATOB B XJOPHUIHEX
pacrsopax [fmmmupeknit m np., 1966; Kiline, Burnham, 1972]. ITpn
9TOM OBII0 yCTAHOBIEHO, UTO HA3BAHHEIE MUHEDAIH YCTOMUMBEL B IIH-
POKOM WHTEepPBae TeMIePaTyp BINIOTH 0 TeMIepaTyp ILIaBJIEHHS
(6pmrommT, CTMAMYDAUT) M IpPH BHCOKMX KormeaTpamusax NaCl u
NH,CI, a cmena mx maparemeswcoB mONHOCTBI0 3aBHCHT OT COOTHO-
IeHNA KOMIOHEHTOB B CHCTeME, B TOM YHCJIE OT COOTHONIOHUS 00mIero
KOMMYIeCTBA YyIaCTBYIOMHX B PeaKIUAX BEIECTB M BOJKI, KaK ATO MOKA-
8aHO HAa KOHIEHTPAUMOHHEIX JHATDAMMAX THIOA COCTAB CHCTEMEI—
coctaB TBePAKX (a3 (puc. 3). ITa B3ANMOCBABH OCYIIECTBIACTCS Te-
pe3 pacTsOpuMOCTH a3 B PaBHOBECHOM pPacTBOpPE, KOTODHIE TAK/Ke Me-
HAIOTCA B 3aBHCHMOCTH OT COOTHOMeHNUs ocHOBHEX (La, Y) 1 kmcroranx
(Si0,, B,03) romuonenTos. Ipn aToM M3GHTOK 0CHOBAHMI HaJ CTeXHO-
MeTpueil CHIIHKATOB BHIBKIBAET BhIcaskuBanme Si0, U3 pacTBOPOB, a M3~
OHTOK HAaN cTexmoMeTpheil GopaTOB BeJeT K 0CAKICHHI U3 pacTro-
por Taxxe Gopa. Jlormumo BawmownTs, ¥TO (opMEHpOBaHWe 3HAYM-
TeJABHBIX CKOIJIEHW CHIHKATOB M GOPOCHIMKATOB MOMKET HPOMCXO-
AUTH IPH PeaKIui KPeMHEKHUCIHX H (OpP-KPeMHEKHCIHX PACTBOPOB
Co mexoYHO3eMenbHEIME KoMnonenTamu (Ca, Mn, Fe) mematomux mo-
POX, 4T0 BHIBHIBAET yBeJanUeHWe 00Ieil aAKTWBHOCTH OCHOBAHMWIL. D10
TOABeP:HAaeTCA N HapareHe3NCcaMu Pe[IKO3eMeJIbHEX CHINKATOR H 60—
POCHIMKATOB ¢ MHPO(AHUTOM, STHPUHOM, CHeHOM W JPYIUMH MHHe-
paramu.

Ma xpatkoro paccMOTDeHHS TeoqOTHUECKHX W BKCOePHUMEHTA I b-
HHIX TAHHBIX 00 YCIOBHAX 00PasoBaHUs PeKO3eMeIbHON MIHEPaIH-
samuu, acCONUUPYOINeil ¢ TPAHUTOMAAMHE, MOKHO CHeJATh HEeKOTO-
PEIe BEBOAH 0 KpuTepuAx csasu TR-mecroposkuennit ¢ oroit rpynmooit
100) o100

1. PenkoseMenbHas MuHepagmsamus CYIIeCTBEHHO I1I€POBOTO CO-
CcTaBa, Kak HpaBEJIO, TeHeTHYeCHKH CBA3aHAa C HOpPMaJlbHEIMU rpanuTaMu
HIM TPAaHATONJAMH TOBBUNEHHOH OCHOBHOCTH, a WITPOBOTO /N
KOMIIJIEKCHOTO  COCTaBa — € TPAHATOHJAMH NOBHIIEHHON Ies09-
Hoctu. Ilpm aToM pemkoseMenbHAs MWHEPATH3AMEA IETMATHTOBOTO
W PaHHEro THAPOTEPMATBLHOTO dTama oGHAPY;KUBAaeT MEHEPAJo-
FMYeCKOe CXOMCTBO C AKINECCOPHOH MHUEepanmsammeil caMux rpa-
HHUTOB.

2. Ha xapakTep pejKoMeTaJIbHOH CIeNUATH3ATAN GOJBIIOE BIIH-
FIHHE OKa3EBAeT COOTHONIEHWE TIJIABHHX KOMIOHEHTOB I'DAHHTOUIOB,
meiictBylomee Ha AndQepeHNmANAI0 JaHTAHOHIOB gepes KpHCTAJII0~
XHMAYeCKH#E (aKTop.

3. Cremens oxcrpaxmun TR w3 kpmerammmayiomeiics TPARNTHOM
MarMel @ opMa MUTPAIAH HTUX IEMEHTOB 3aBUCAT OT AHMOHHOTO CO-
TaBa MOCTMATMATHYCCKHX PACTBOPOB M COOTHONICHMS B HUX KOHIEHT-
pamuii Cl, P,0;, CO,, F, B,0,, SiO,.
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Pue. 3. Pagopse cooTHOmeHAA B cucreme La;03—Si0;—B,03—H,0 npa 500 °C
m 1000 aT™.

a — OTHONIeHWe MAcCH BOMH K CyMMe Mace IPOSMX KOMIIOHEHTOB 1’ =myg 0 s mep=11.4; 6 —
: 3

%’ =79.5. /HupHble JMHNH — rpaHUIIbI moneil yeroltumBocTi: 1 — (asoBbIX peaxumii, 2 —
ocameHnsd, 3§ — HACHIIeHWA; TOHKHE — usoxouuem*ga’ru pPABHOBECHHIX pPacTBOPOB, MI/MI,
B KOHIEHCHDOBAHHOM pacTBope: 4 — B;0,, 5§ — Si0,. OGCosHaueHu: taa: I'o — La(OH),;
B — LaBO,; Bp — 6puroimt 7La,0;-95i0,; Be — 2La,0, -38i0, -B,0,; C — La,0,-28i0,;
Cr — crmaysamt 13,0, -28i0,-B,05; Kp — a-Kpucrofammr.




4. Cmena mapareHesmcoB pefiKoBeMeabHEX MuHepaaon (Pocdaros,
¢roprapGomaToB, cHAEKATOB, GOPOCHIMKATOB) ONpeeAAeTCH He
CTOJIBKO TEMIEPATYPHON YCTOHIMBOCTBI0 HTHX MHHEPAJOB, CKOJLKO
9BONIONHElf coCTaBa THMIPOTEPMANBHEIX PACTBOPOB M YCTOMIMBOCTHIO
KoMmaekcHHX (opm mepemoca TR. Pemaromyio pons B atnx mpomec-
cax HrpaeT H3MeHeHWe KOHIEHTPAIMHE XJIOPHLOB B IOCTMATMATHIE-

CKUX (uiongax.
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GOEPPODAIIHH TPAHUTOHIOB M ITAPATEHE3NCBI
FKEJE30-TUTAHOBBIX MHIHEPAJIOB

G. B. Fershtater, V. A. Tchastchukhina, N. S. Borodina (USSR)

PARAGENESES OF Fe—Ti MINERALS IN GRANITIC ROCKS OF VARIOUS
FERROFACIES

The study of Fe and Ti distribution between biotites and amphiboles on the one
hand and oxide minerals on the other as well as the composition of rock-for-
ming minerals made it possible to distinguish the following granitic rock types:
magnetite-free, magnetitic and titanomagnetitic corresponding to facies of the
same name. On the first three types possessing the same bulk Fe content its frac-
tion following on silicates drops from 80—90% in the magnetite-free facies to
10—15% in the magnetitic one with the corresponding increase in the quantity
of oxide minerals from 0.1—0.3 to 1—2%. Paragenesis is represented by the
low-titanium magnetite (TiO, < 3%) whose ammount is correlated inversely
to Fe/(Fe-+Mg) ratio in silicates. In titanomagnetitic facies the primary mag-
matic paragenesis is preserved: titanomagnetite (TiO, > 4%) and silicates
with high Fe/(Fe-}-Mg) ratio.

Pacnpenenenne ;xesesa n THTAHA ME;AY CHAMKATAME I COOCTBEH-
HBEIMII MIHEPAJTaMH DTHX HJIeMeHTOB (MarHeTHT, WIBMEHHT, cer u Ap.),
KaK M TUI DapareHeTHIeCKOil aCCOMMAINN, SIBJISETCA YOTKOM HHIH-
KaTOPOM Pe;KEMa KHCJIOPOAA M RECIOTHOCTH—INENOIHOCTH IpH (op-
MHUPOBAHUE PaBINIHEIX MATMATHYECKHIX I METapMOPPHICCKUX MOPOJ.
OcofennocTii MUHEPAJIBHOTO COCTABA, OOYCIOBICHHBIE Pa3IHUHBIM
pacupefeleHIeM skeje3a U THTAHA, NPeIaraeTcs HaswBaTh (eppo-
damuavn. @eppodanun pasiaNIHEX THIOB IOPOI—TIPaHNTONIOR, -
dysupop, mMeraMOp(duTOB — 0GIAmAIOT ONPeNeNeHHOH CcHemu@uKoii.
B macrosmem coobmenun Oyayr paccmMorpeHE (eppodamunm rpanm-
TOU0B, KOTOPHe uzygens Gomxee neransuo [Mepmrarep m np., 1978].
Wsyuenme Ganamca jxesesa B TPAHUTAX IOKA3al10, U4TO IPH GIM3KOM
BAJOBOM CONEPIKAHUM BTOTO HIeMeHTA NOJIA ero, NPUXOAAMPANCH Ha
cmnukaTh (6motnT M am@ubos), B PA3HEIX THHAX TPAHHTOB MEHSETCH
ot 10 mo 90% (puc. 1). B rpanmrax ¢ HU3KOI Modeil CHIUKATHOTO sKe-
Jie3a TJIABHEIM HOCHTEJeM jxenesa ABjigerca marsetnt. [lo pacmpepne-
JIeHWIO jKejie3a Pas3IngaioTcsi He TOJNBKO TPAHHTH, HO W APYrHe I0
COCTaBy DOPOJH, 06pasylomue ¢ HUIMI eMHEe cepuu. ['maBHas 3axo-
HOMEpPHOCTh, 00IHas A BCeX THIOB TPaHUTOHIHHIX M raGOpo-rpanm-
TOMJIHEIX CePHil, — YMeHbBIIeHNe JOIU CHANKATHOTO jKejiesa ¢ Bo3pacTta-
HEEM KPeMHeKHCIOTHOCTH TOPOJ U HapalllieIbHEM MajJeHneM o0Iero
comepskaHuA xenesa. Ilpu arom B omHux cayuasax (cepmu 14, 16—
18, 24, 25, 28, 30) paspuma B Hoje CHIMKATHOTO kejie3a B KpaiHAX
YJeHAX CePHH HEBEIHKA [ajke NPH 3HAYATEILHBIX BAPHATHAX Ba0-
BOTO COCTABA , THAMKATOPOM KOTOPOTo Ha namarpamme (pme. 1) caysmrur
obmee comepsanme yKkexesa, a B qpyrunx (cepmm 19—23, 10, 11) ona
8HaunTeJbpHO Gosabmie. B cepmAXx mepBOoro THHA BMeCTe C YMeHDIIe-
HUEeM JIONH CHIMKATHOTO jKeldeda majgaer W abcoiioTmoe copiep:kaHue
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Pmc. 1. Pacnpejenenne skeflesa B TPaEATONMIAX.

Cepuit (JUIHIM) ¥ OTHEIbHbIE PASHOBMIHOCTH TDAHUTOMIOB (KpYiiu) pasHHX dopManHOHHKIX
Tunoe [®epmrarep, Boponuna, 1975]: 1 — TPaHUTHOrO, 2 — ajaMeIHT-TPAHHTHOTO, 8 —
TOHAIMT-TPAHOHOPUTOBOr0, 4 — rafdpo-rPaHATHOTO; 5 — H30JMHME aGCOMOTHONO CONlepyka-
HUs JKeJI300KHUCHBIX MUHepasioB (DYAHOTO :Kejesa).
ITuppamu oBosHAYEHH MacCHBBI: | — Jaobik-Haparaificknit; 2 — Yecmenckuil; 3 — Amyit-
cKuii (mo nanasM A. M. I'pabeikena); 4 — Axcayrcknil; CepepHulii Hapras; 5 — f{anﬁuﬂcnmi,
Adrrail; 6 — Cabanaiickuit; 7 — CyaTaeBcKMH; § — HailipaxtuHeknil; 9§ — AxGyaakcaiickmit;
10 — CremauHcknif; 11 — Hapansckmit (mo ganusim E, T, Kamuaupa u B, II, JaBbmoBa);
12 — Basnayabckuit, Cepepubii Kasaxcram; 18 — CocHoBcEMH;, 14 — IlnacToBeKuil; 15 —
IMapramckuit (mo mamubim P. C, Kypyienxo); 16 — Bepxucerckuii; 17 — BuagumupcKo-
Hynepunnckmit; 18 — Kpacunuckuit; 19 — Hoso-BypasoBckuif; 20 — JlangasocKuit; 21 —
MacchBhl ApMIHCKOTO paifona, IleRTpambubii CHX0T3-AMHB (0 TAHABIM A, A. CTpHIKKOBOIT);
22 — I0muo-Rammbopumiicknii [Larsen, 1948, Larsen, Draisin, 1950]; 23 — Creppa-Hesam-
ckmit [Dodge e. a., 1968, 1969]); 24 — Tarmibekuii (o namssm JI, B, MaJsraxosoii); 25 — Mar-
HUTOropcKuil; 26 — KapaGyiakckuil; 27 — BepXHeypaJbcKHil, 28 — Kacceabckuii; 29 —
Hpraacknii; 30 — Ayapbaxopckuit; 31 — Toapenyncrnii, Kamadopansa [Best, 1963; Best,
Mercy, 19671; 32 — Jamxecancrknii, Mambit Kaskas (o nagasy I', B. Mycradaesa). MaccHgBH,
A7TA KOTOPHIX He YHKasaH palioH, pacmodoseH®l Ha VYpase. Tam, rfie He YKa3aHH WCTOTHHKMN
AHAJMB0B, MACCHBBl OXAPAKTEPM30BAHBl AHAIMSAMM W3 KOJUIEKIHM AaBTODOB.

JKEJIe30PYNHEIX MHHEDAJIOB, 2 B CePHAX BTOPOTO THIA, KaK HPaBUIO,
GoJiee mMo3THAE W KPeMHEKHCJEE WIGHH CePHil COXepPIKaT GoJbmIe Ke-
JIe300KHCHLIX MUHEPAJoB, YeMm GoJiee PaHHWE W OCHOBHEIE.

Homobmrim oGpaszom Beer cefsa m THTAH; MOAA THTAHA, IPHAXOMA-
masca Ha Gmotut m amdmubos, Xopomo Koppeampyercs ¢ qojeil cu-
JIMKATHOTO jKeqesa (pmc. 2).

Buapnenusie Bapuanum B pacupeieleHNH ;kele3a M THTAHA I03-
BOJIAIOT BHJENUTH TPH THNA TPAHHTOMJHEIX CePHWil: MarHETHTOBEe,
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Puc. 2. Basncumocts ey modsmm g 00~
CHIANKATHOTO Kejlesaa W THTAHA B rpa- H. -
HATONAX. g
7 € a0}
1 — GeaMarHeTHTOBBIE I'PAHMTH 2—4 — M0~ =
POJBI MATHETHTOBBIX I MATHETHTCOMEP/KANMX 3 L
cepuii: 2 — rpaHMTH, 3 — ANAMEJIINTHI, 4 — 3
TpaHnToONLbI MOBLITIEHHON OCHOBHOCTH, : 60 -
~1
§ ety
3 wf
BCE TOPOAB KOTOPHX Cofiepskar § |
Gomee 2% xemesa B PYAHOI w
dopwme, MarHeTHTCOflePrRamue a5 oy
(2—0.75%) u GeamMarHeTHTOBEI®, &
conep:xamue menee 0.75% pyn- s el S S SR R
HOTO jKeqesa. J[1s8 Ka:xmoro THIA 10 s e DR L
cep"ﬁ XﬂpaKTBpHO cTporoe Co0T- Lons Fe 6 memuvecrux cunuxamax,’

BETCTBHE MEKAY KOIMYECTBOM

IIABHOTO  jKeJe30PYIAHOTO MHUHEPajla — MAarHeTHTa — M COCTABOM
cocymecTByiomux ¢ Hum GmotntoB 1 aMPuGomoB. IT0 COOTBETCTBUE
obycioieno TteM, 4To OoJabmag 9acTh Mar€HeTMTa B IPAHHTOH/AX
ofocobasgercda mocie 3aTBepAeHNs IMOPOJ B IMOCTMArMaTHIeCKYIo CTa-
MMI0 B PeayabTaTe OKHCIGHHS NePBHYHBIX (eMAYeCKHX CHIAKATOB:™

BFe - (0;) 2 B - Opr - Mr - (H,0); (1)
ANGFe 4 Ha—+ (0;) = Awp 4 Am 4-Mr -G+ K+ (H,0).  (2)

Takoil «BTOPUYHEHI MATHETHT XapPaKTepH3yeTcd HHUIKHM COJep-
JKAHIEM THTAHA, COOTBETCTBYIOIIAM HIIBKOH TeMImepaType OTMeYeHHBIX
BHIIE IPeoOpPasoBaHMil.

B MarHeTHTOBH X CepUAX, B KOTOPHX O6IbImIag JacTh iKe-
nesa obocoGaserca B pyaHoil dopme, passuThl OMOTHTH 1 aM(QuOOIEr
¢ HHM3KOH M NOCTOAHHON M0 BEJUINHE KEJE3HCTOCTHIO B PABIMIHBIX
mo cocraBy mopomax (puc. 3). HHemeamcrocts ampuGoaa o6srano He
npessrmaer 0.4, 6nornra — 0.45. Yemora pejamdnna MeHbIIe, TeM BhIIIe
comepskamue Marnetnta. Hampumep, TOpPofsl MarHHTOTOPCKON rab-
Gpo-rpanntHoii cepun Ha I0;kmom Ypane (puc. 1, 4, cepua 25) conep-
sraT HusKoskeaesnctrit amputon (f=0.0--0.35) n manGonee BHICOKOE
KOJIMIeCTBO MaTHeTHTA, B OIN3KHX 0 COlEP;KAHMIO jKeJe3a Ioposiax
ayapbaxonckoii cepun (Ne 30) sxemesmerocts amdmbona pospacraer
mo 0.45—0.48 um cooTBETCTBEHHO BHAYMTEJILHO COKpAIiaeTcA KOJM-
yecTso Marmermra (pme. 1).

B MmarmeTuTcOLepskannX CEePHAX BeIHIHHA KejIe-
3MCTOCTH CHJIMKATOB BHINE, YeM B MATHETHTOBHIX, H YBeJIMIHBACTCH
¢ POCTOM KPeMHEKHCIOTHOCTH MOPOJ M MX KeJesmcroctn (pue. 3).

* Tlpumarne coxpamenna: B — Gmornr, Amd — amfubox, I'p — anpman-
AnHOBEHHE rpaEar, Mr — marmernt, n — musmennt, Cd — chen, Pyr — pyrua,
Iln — mapur, em — remarar, Opr — oprokmas, A — amoprar, K — kBapi,
f — memeauncroets Fe: (Fe 1+ Mg).
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Puc. 3. 3aBucmmocts sremesncroctn amduGona (a) n Guornra (6) or ;enesmcToCTH
TIOPOJEL B MAarHeTHTOBHX (), MarmeTmTCOfepsKaIuxX (2) m GeaMaTHETHTOBEIX (3)
TpaHATONAHMX cepuaAx. Homepa cepmii cM. ma pme. 1.

Bemmamna atoro mapamerpa y Omormra mocrmraer 0.6, B oTHembHEIX
caydasx 0.8, a y porosoii oGmankn o6srano we mpessmaer 0.5.

B GeamarmerumTos X cepusx, eCTeCTBeHHO, TAK:Ke IMPO-
HCXOUT HaPaIeAbHOE HBMEHEHNS ReJIe3NCTOCTH HOPO B (PeMIIeCKIX
CHINKATOB, M YHCAEHHOe 3HAYeHHe OTHX BeIMINH Oau3Ko. Keme-
BHCTOCTD TPe0bIajalomero B MOPoOJax TAKHX CepHil GHOTHTA olpeTe -
€TCA cocTaBoM cyGeTpaTa, W3 KOTOPOTO BHILTABJIANTCA TPAHATOMIH.

Wsmnosennsle COOTHOMEHMA MesKIY 7KETE3UCTOCTHI0 CHIMKATOB
H ROIMYECTBOM MATHETHTa, KaK W COCTAB CAMOT0 MAaTHETHTA, IIOJ-
TBEPHIAIOT Te3HC 00 oGpasosammn Goubmeii YacTn ero B peayabraTe
pearnmii (1) i (2). Pasrosecne (1) 6Euro sKcmepmMeRTATBHO H3YIeHO
H. Yoncom u X. IOrcrepom [Wones, Eugster, 1965], pasmosecme
(2) — P. Ilonmou ¢ coasropamm [Poppe. a., 1977]. Pesyabrater aTmx
HCCIeIOBAHMII B COBOKYIHOCTH ¢ NPHBE[eHHBIMH BEINE TAHHEIMH 10
FKEJIe3UCTOCTH CHINKATOB B CEPHAX C DAasHEIM CONeP/KAHHEM MAaTHe-
THTA MO3BONAOT Ha Auarpamme fo,—T' (pumc. 4) BEgennrs moas yeroi-
auBocTH Gmorura m amduboma pasHoi FREIIe3NUCTOCTH, PAaBHOBECHEIX
C MATHETHTOM, OTBEYAIOI[HE COOTBETCTBYIOM{UM deppodamumam — Mar-
HETHTOBOM, MarHeTHTCOAEP:RAIEH W Ge3MaTHeTHTOBOIL.

B coorsercTRmE ¢ IPHPONHEIME JAHHHME 33 HIRHIOD TPaHAIY
MarHeTHTOBOH (amunm OpHHATA KedeamcTocTh Gmornta 0.5. I10 03HA-
9aer, 9T0 Golee BHICOKOKEIe3MCTHE GHOTHTE I TeM Go.ee aM$pudoan
B 9T0il Jamuu HEYCTONIMBEL M PA3IaraoTes ¢ BEIJIeJIEHAEeM MATHeTHTA.
[lepsuunoe snavenne f Gmorura u amubora B mopomax pasHoro Co-
cTaBa OBLTO HEOMHAKOBEIM — (0JIee BEICOKIM B nopojax, OraTHX Kpem-
HeaemoM. OfHaKo B mpomecce OXTaKICHAS B YCIOBHAX MATHOTHTOBOT
(eppodammn kexesmCTOCTH ITHX MUHEPATOR B PasIMYHEIX MOPOIAax
BEIDABHUBACTCH, NPHOIMKAACH K COCTABY, CTAOHIBHOMY IIpH fo,—
T ycnosusax pmammoit pamumm. [Ipu atom BO3pacTaHWe JOJH PyIHOTO
Kelde3a B Gosee KPEMHOKHCIEIX IOPofax Cepuil Xopomro coraacyercs
¢ 00BIYHO HOBHIIEHHOI ;KeTEBHCTOCTHI0 HX (eMHIeCKIX CHIMKATOB.
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Pue. 4. Cxema ¢eppodanmii rpaHATOAOB.

IMoxnsa deppodammii: I — THTAHOMATHETHTOBAA, 2 — MarHeTHTOBaf, 3 — MarHeTHTCOZEpHKa-

mas, 4 — GeaMarHeTNTOBadA; § — MOHOBapMaHTHBIE «0Oy(depHbie» PaBHOBECH [Eugster, Wo-

nes, 1962]; 6 — noaA yeroiftMBocTH OMoTHTa paamHoil ikedeancroctin [Wones, Eugster, 19651];

7 — To e, ampubona [Popp e. a., 1977], IIudpH y HHIEKCOB MHHEPAJIOB — 3KeJe3NCTOCTb.

AB — IMHHA FPAHATHOTO COJMAYCA, CD — rpaHMa oA YCTOHIHBOCTH clleccapTHH-aIbMAaH-
auEOBOrO rpaHara [Hsu, 1968].

PaseuTne Oojee BHCOKO/KEIE3UCTHIX CHJINKATOB B MAarHETHTCO-
meps;kamieit fanuu o3HaUaer, 4TO 00IACTH COCTABOB (eMHYECKHX MH-
HEPaJ0B, KOTOPHE MOTYT CIY;KHTH MCTOYHHKOM MAarHeTTa, COKpa-
maeTcsa. JTaM o0BACHAETCS MeHbIIee COfeP;KaHMe MaTHeTHTa B JaH-
HOI (armuu M0 CPABHEHHIO ¢ MATHETHTOBOI.

B GesmarmermroBoil ammm «pecypchl» (PeMHUYECKHX CHINKATOB
KaK HMCTOYHMKOB MAaTHETHTA NIPAKTHYeCKH OKA3HBAIOTCA HCUePIaH-
HHIMH, 1 9TOT MIHepaJ B gauHoil gamun He obpasyerca. [Ipmmaniesxa-
mie K Heil MOPOJH ABJAKTCA M3HAYAJIBHO Oe3MAarHEeTHTOBEIMH. Boisb-
IIeii 9acThi0 3TO MAJHHTeHHHE PAHATH BOXHONR IIYyTOHHIECKOIl acco-
mnamun [Mepmratep, Bopoguna, 1975].

Jlis TPAaHATOMIOB OCTAJBHKIX (Pamuii GEIO BasKHO BEACHATH, COX-
PaHATCA JU B HEX PeJHKTH NepBHYHOTO NapareHesmca. IHecom-
HeHHO, YTO 9acTh MAaTHETHTA BHEIEIAETCHA B MAarMaTHYecKyH
¢Tajiiio, 0 9eM CBUIETeJbCTBYET, HAIPHMEeD, HaJuIne 3TOr0 MHHEepala
BO BEpaIVIeHHUKaxX Kucabix sPdysusos. Opmako MarMaTmiecKHi
MaTHETHT Pe3Ko OTIAYaeTcd OT TOT0, KOTOPHII HabXiofaeTca B Tpa-
HOTOWIAX, MOBHIMEHHHEM comeps;kammeM taTaHa. ClegosaTelnbHO, 3a-
mada CBOJAATCA K BHIABJIEHNIO B TPAHUTOMJAX BEICOKOTHTAHMCTOLO Mar-
HETATA.

B pesyibraTe mccaenosaHmii Ha MuKpoaHanusatope JXA-5 (ama-
antak B. JI. Baropos) pequKTH HepBHYHOr0 THTAHOMATHETHTA OBLIH
o0HaPY:KeHH BO MHOTHX TPAHATOMIAX MATHETHTOBOH W MarHETHTCO-
nepxameit dammit. Tax, B rpamocmennTe m3 HapaGymakckoro mac-
cua (IOskmmiit Ypan), npusajgieskamero MarHeTATOBO# (amum, GwLT
OIpeNeeH COCTaB NPOAYKTOB IMOCIEJ0BATENBHOr0 HpeobpasoBaHHSA
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Pmc. 5. 3aBucumocts copep:ranua TiO, B MarmeTnTe oT JKeJIe3HCTOCTH COCYIecT—
BylOmux ¢ HuM Omornra u ampubona.

®eppodammu: 1, 2 — Marneruronas, 3, 4 — MarfeTnTcojepkamnias, 5 — GesMarHeTHTOBAA,
6, 7 — THTAaHOMAarHETNTOBAA (6 — THTAHOMATHETHT, 7 — TUTAHOMATHETHT &B ACCOIMAIIHIT
€ MAJOTHTAHMCTBIM MATHETHTOM), CHIMKATH: 1, 3, 5 — GHoTHT; 2, 4, 6, 7]— amduGoar,

OePBHYHOTO THTAHOMATHETHTAa. DBEIN BEABIEHH Cle[ylOIHe THIE:
eIUHIYHEE 3epHA ofHOpoAHOTO THTaHOMarHeTHTa (Ti0,=6.25%),
Mn0=2.9%), taraHOMATHETHT € WIBMEHHTOBHIMH JaMeJJIAMH (Ba-
nosoe copepskanme TiO0,=4.8%, MnO=1.6%) n, makomem, opHO-
POMHEIT MATOTHTAHHCTHI MATHETHT, PasBHTHIE HanGolee MHPOKO
(Ti03=1.45%, MnO=1.02%). Hapsany ¢ npeobaamaiomeit cnermo-
3eqenoii porosoii obmamukoii (f=0.35) BmABIeHH 3epma Gyposato-
3eqeHoil Gojee BHICOKOKNE3NCTOM PABHOCTH, KOTOPAS ABIACTCH Tep-
BHYHOH [0 OTHONIEHHI0O K CBeTio-3eleHoii. IlpmBemeHHEe Manmne
BHIOpaHL 13 60ABmMOTOo YHCAa T000HEIX HaGII0leRNiT I ABNAIOTCA TPA-
MBIM JI0Ka3aTeJbCTBOM BTOPHYHOII TPHpomsl Goabmeit wacTm Marme-
THTA ¥ COCYNIECTBYIOMIX ¢ HEM (eMUIeCKUX CHIMKATOB.

B To sxe mpems Obura Bmenena rpymma rpaHUTOMIOB, 0Gaamaio-
IUX onpefieleHHON CcHeniPuKoil reoJOrmIecKoro IMOJ0eHns (OHM
OTHOCATCA JH00 K cCAMBIM PAHHAM IPOABICHAAM I'PAHNTOMIHOTO MAT-
MaTH3Ma, CAeAYIOIAM 3a 0QHONMTORKIME KOMIVIEKCAMH, JH00 K CyO-
mIaToPMeHHEIM 06Pa30BaHUAM, 3aBePIIAIONINM PABBHTHE TOJBHKHOTO
mosica), B KOTOPHIX MIMPOKO PasBHT BHCOKOTHTAHMCTHIL MaTIHETHT.
[lapareneancsr dTHX TPAHHTONJIOB ABIAIOTCH TMEPBHTHO MATMATHYEC-
Kumu. B moaHoM coorBeTcTBNn ¢ KOHIENMue i deppodanmit THTAHOMAT-
HEeTHT B HUX BCeT/la acconuupyer ¢ spcokokenesncTamu (f > 0.6) cuun-
katamu (pue. 5). MamormraHHCTHIT BTOpHUHHII MarHeTHT u o00pa-
aylompecs mpu ero 000CoGIeHHN HUBKOKeJe3NCTHe CHIMKATHL IS
TAKUX Topoj He XxapakTepusel. M3 sroro gaxra MoskHO, B YacTHOCTH,
3ARIIOYATH, 4YTO IEPBHYHAA jKeJe3ncrocTh OmoruTa m amdubosna B
rparnTax Opra Bame 0.6 m ToxbKo B Golee OCHOBHEIX PABHOCTAX —
AMOPHTAX, TOHAJHTAX, TPaHONMOpHTAX — oHa magaer no 0.5,

[Taparenesmc THTaHOMATHETHTA € BHICOKOJKeNE3MCTEIMH CHIMKA-
TaMH OTBeYaeT THTaHOMAarHeTHTOROI (eppodammn. CoxpannocTs sTOrO
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mapareHeanca ofecnednBaeTca B TOM cIydae, Korja HDOCTMATMATHIECKAS
IBONIONAA TPOHCXOANT NPH OHICTPOM OXJA;KICHAN B YCIOBHAX 06e3-
MATHETATOBOH (amuu, B KOTOPOil BTOPMYHEIT MAaJOTHTAHMCTEIA Mar-
HetHT He obpasyercs.

B rtATaHOMarHeTMTOBHIX TI'PAHATOHMAAX, KaK HPaBAIO, KEJE3MHC-
TocTh aMmpubona Brme, em 6moruta. Pamee [Mepmrarep, Bopoxuna,
1975] mamm GBT0 MOKa3aHO, YTO B HAPATeHE3MCe ¢ MATHETHTOM B aC-
commanun O6mornT—aMmpubon upu skeaesmcroctm upmvepmo 0.6 or-
MedaeTcs 9IKCTpeMyM: B 00MacTH HHU3IKOM KeXe3UCTOCTH fg > faugp,
a mpW BHICOKOIT ;Keae3ucrocta, Haobopor, fg < fawp. Har caemyer
u3 puc. 4, ampuGox memee ycroifams K pocTy QYrHTHBHOCTH KHCIO-
Pojia | Jierde pasjaraercd ¢ BEAEJIEHIEM MATHeTATAa, HpEoOperas IpH
9TOM MEHBIIYIO B CPaBHEHHH ¢ OHOTHTOM KeJe3MCTOCTh. JTHM 06CTOA-
TeABCTBOM 00YCAOBJICHA MOHMKEHHAA jReJe3ncTocTh aMpubonra mo
CPaBHEHMIO ¢ OHOTHTOM B YCIOBUAX MATHETHTOBOH W MATHETHTCO-
nepskameit dammit. B TuramoMaraernuToBoit dgamumm, T. e. mpEm MarMa-
THIeCKOIl KPHCTANJAM3alAH, MOBHIIEHHAA JKEJIE3HCTOCTh amdubomna
ofecmegnsaerca ero Goabmeir (eppoPHIBLHOCTHIO, KAK 3T0 MOKA3AHO
B page pator JI. C. HopmuacKoro.

Onucanaste Brme dgeppodanun He BIIOIHE 0TBETAIOT CTPOTHM TPe-
GoBaHHAM DapareHeTHYECKOro AHAJM3A, TAK KAK BEUIGJEHH (32 MCKIIO-
9eHMeM THTAHOMATHeTHTOBOM (AMAN) HA OCHOBAHUH Te0XAMHIECKHX
NPU3HAKOB, 4 AMEHHO PasdMYHOr0 PacHpeIeldeHus xejlesa MeK1ly CH-
JuKRaTaMil #H okmcaamm. OgHako GU3HKO-XUMHIeCKHe YCIOBHSA, CBOIi-
CTBeHHEI® BRIIGACHHEIM dQeppodamusay, ompefessioT COemUOUKY HX
MHHEePAJbHOTO COCTABA HE TOABKO B OTHOIMEHAN MATHETHTA W COCYIe-
CTBYIOIAX (PeMHTSCKAX CHIHKATOB, HO M NapareHesnc BCeX JPYTHX
JKeIe30-THTAHOBEIX MMUHEPATIOB. 9T0 I03BOJAAET B paMKax Mar-
HEeTHTOBOI M MAarHeTHTCOJep;Kameil (ammit, ¢ OXHOH CTOPOHH, H
OeaMarHeTMTOBOX — ¢ JPYroil, BEEAHTH MHHepPaJbHEe cyOda-
HHA.

XapakTepHEIM MEHepagoMm Oe3MarseTaToBoit deppodamum asia-
eTCA AJMbMAHAHHOBHIE rpaHaT, COCYMECTBYOIANR ¢ OHOTHTOM, HIb-
MeautoM mam mapatoM. [lome ycroduBOCTH AXBMAHIMHOBOTO M
creccapTHH-adbMaHAHHOBOro rpaHata [Hsu, 1968] mpakrmuecknm
coBmajaerT ¢ moieM OGes3MarHeTHTOBOH Qamui, HAMEYCHHHIM HAMMU
[@epmratep u xp., 1978] mo cocray pemmuecknx cmamxatoB Ges
OOJHOTO aHaJXnM3a Bcero maparemeamca. Ha pue. 4 Bepxmas rpammma
0e3aMarHeTHTOBON (amuM OpPoBEleHA ¢ YIeTOM BKCIePHMEeHTATBHEIX
napuux JI. Xcy. B aroit ganuu sumeasorca nse cyGpamum — miIb-
meantosag B—Tp—Wxa (puc. 6) m nupurosas B—I'p—IIn (puc. 6, 6),
a B GearpamatoBux paszHoctax B—Cd—Ila (puc. 6, 6). B obenx cyo-
$anmuAx HeycTORIAB MATHETHT, @ B MHPUTOBOI cyGdanun n HIbMeHHT,
KOTOPHIl B yCA0BHAX MOBHINIEHHOH KUCIOTHOCTH 3aMemaeTrcs MHPH-
TOM B acCOMMAAN ¢ pyriaaoM mian cherom. Takoit maparenesnc xapax-
TePeH VI MHOTAX MetaMop(pH30BaHHKX TPAHUTOHIOB, B 0COGHHOCTH
HATPOBOr0 HPOPHIA.
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Ocaosroi peaxmueii, ceaswBalomeii napareHe3mncs OesmarHeTn-
TOBOM I MarHCTHTOBOM (aiuii, spasgercs CHeIYIONasM:

I'p+ Kz + (K,0 + H,0 + 0,) = B 4 Opr -+ Mr.

I'pamar nus mocaenmeit me xapaKTepen i MOABIALTCS TOABKO B ViIb-
TPARHUCABIX JeHKOKPATOBHIX PA3HOCTAX THIA AILTHTOR.

B pamrax marmermtonoii u MarHeTuTCo/lepsrameil gammii rakke
MOTYT GHITH BHIGTCHE ABe CyGMAIII: HIbMeHIT-MaTHOTHTOBAS I chen-
Marnerutosas. [las mepsoit xapakrepen naparenesnc b —Am$p—Mr—
W (puc. 6, 2). Cyma mo Habopy BERpamieHHHKORB B addysuBax, s1oT
Haparenesuc spJseTcA BeAVIIMM I Ha MATMATHYCCKOM cTanmn dopmupo-
samns. Ilaparenesnc chen-marmernroroii cybdamun B—Amdp—Mr—C
(puc. 6, d) apasercs BTOPHYHBIM II0 OTHOMIEHHI0 K HIBMEHUT-MATHE-
tatoBomy. Cien samemaer miabMeHmT WaIH HIBMEHUTOBYIO COCTABIIA-
IOMyIo TUTAHOMATHETHTA M COCYIIECTBYET TOABKO € MAJOTHTAHICTRIM
Margernrom. as tmraHoMarEeTHTOBOIR deppodanun cden ne xapax-
TEPEH, W ee NMapareHesnc OTBEYaeT WIBMEHHT-MATHETHTOBOIL cyoda-
IH,

Brutenennsie cybdanmu smasiores YYTKAMN MHITKATOPaAMHI H3Me-
HEHIIT YCTOBUIE KHCIOTHOCTH —METOYHOCTH Ha PaBHEX craguax gop-
MHPOBAHUA mopox. B mopanke Bospacramms mexogmocTn omu obpa-
3YIOT CHeNYIOIME PAA: MHPHTOBAA, WIBMEHUTOBAS, MABMEHIT-MA He-
THTOBAsA, CheH-MarHeTHTORA.

3mech He GyAyT pacCMOTPeHH COCTABHL BCex FKeJIeB0-TUTAHOBEIX
MuHEepanoB. ToJbKo KpPaTKO OCTAHOBMMCHA HA OXHOM M3 HUX — IIh-
MeHHTe, IO COCTaBy KOTOPOrO HAKOIVIEH GoJBIION aHaIITHYECKMii
Matepnax. B rpamuromgax aror Mumepax omrmgaercs TIOBBIOIEHHO
MapranmoBUCTOCTRIO 10 CPABHEHMIO ¢ MIBMEHNTOM H3 GAH3KAX II0 Co-
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Puc. 7. 3aBmenMocTh MEEAY CTENEHBI0 OKHMCAGHHS Keje3a B INIBMEHHTEe I CO-
cymecteylomux Gunornre (1) n amfpnbone (2).

Puc. 8. 3asmcnymocts orHOmenna Mn/Fe B WIBMEHHTe I COCYMIECTBYIIIAX ¢ HIM
omotnre (7) n amdubone (2).

crany adysusHnx m Mmetamopduueckux mopojp. Comep:ramme Map-
Tanna B HIBMEHHTE CHJIBHO BaPBUPYyeT, KOPPEJIMPYSACH ¢ COCTABOM
nopox. B romoxposuonm psagy or raG6po mo rpammTta Koamgectso Mn
B HibMeHHTe BoapacTtaeT B 5—10 pas. VeKIiodenne cocTaBagioT HeKO-
TOPHIC INIATHOTPAHUTEL, JJIA KOTOPHX XaPAKTePHH WJILMEHUTH ¢ HU3-
KUM cojiep:kamEmeM Mn.

Crenenns oxmeaenns ;kexesa B wabmennte Fe®*/Fe, a takke oTmo-
merne Mn/Fe koppeanpyiores ¢ amaJOTMIHEIME IapaMeTpaMu B CO-
cymecrsyiomux Gmornrax m amfubosax (pmec. 7, 8). Pacmpenmene-
Hie Mn Me;i1y 9THME MUHepaJaMi 0TBeYaeT Koad@umuenTy pacipese-
aemna Kp=(Mn/Fe)u, : (Mn/Fe)g, pasmomy npumepuo 6+2, Gea ka-
KnX-160 3aKOHOMEPHEIX BaPHANHIT B PA3JMYHEIX THIAX IPAHATONIOB.
Ha sTom ocHOBaHHE MOKHO 3aRIKUATEH, 4T0o pacmpegenenme Mn kon-
TPOJMPYETCA B IEPBYIO oYePelh KPHCTAIIOXIMIYeCKHME (GaKkTOPa M.

Boasmoe smaverne 1y nonuManus TPAPOAN PaBHOBECHIT, PUKCH-
PYeMbIX B 7ReJIe30-THTAHOBHIX MHHEPAJaXx, HMEIOT IAHHKE [0 COCTARY
HABMEHHTa, 060COOMEHHOT0 B BUAe OTAGABHBIX 3ePeH WM JaMe/lei
B pacmasimeMcsa TAtaHoMarHeTnte. Hamm mcenemopamms moxasanm,
YT0 comep:kanue Mn B pasHeIX 10 (opMe BHIIENEHHAX WIBMEHHTA
M3 ofHOrO H Toro ke oGpasuma Oausko [Mepmrarep, Yamyxmuna,
1979]. B tex caywasx, korfa oGocoGaennbe 3epHA IIBMEHITA HMEIOT
3oHaJdbHOE cTPoeHue (cofgep:xamme Mn K Kpao 3epHA HOBHIIIAETCS
Ha 1—2%), xoanentpanus Mn B TaMelLIAX TaKas jke, KAK B KPAGBHIX
JaCTAX ITHX 3ePEeH.

B marmetunte, cocymecrsyiomem ¢ WIbMEHRTOM, HAGIIOTACTCH IPS-
Mafg Koppeaanusa mMexay cogepsramusamu Mn n Ti (puc. 9). B mex cay-
9afax, KOrja B IOPOJe OTMedYaeTcd THTAHOMATHETHT ¢ PasHBIM cojep-
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Puc. 9. BaBucumocts copepywanmit TiO, 1 MnO B marmermre TIpPaENTOMJIOB.

1 — nAarnorpapNToNbl; 2 — rPaRNTONIb KaNWHATPOBOTO PANA; 3 — TFPAHNTE NOBNMEREOi
menovHocTH. CojomubiMp JNNNAME NOKagano cooTHomenne MnO n TiU, B merveinie npn
pacTBOpeHMH B HEM NJAbMEHHTA ¢ PasHBEIM cofepxanmem MnO.

skaanem Ti m nasMennT, GUrypaTnBHEE TOYKH COCTaBOB MHHEPAJOB
B xoopmuuaTax Ti—Mn naesmxar ma omgmoit ammmnn. M3 muelommxcs
MHOTOYHCJIEHHKNX JaHHBX COMJIeMCH Ha yie YIOMHHABINUWiicA rpaHo-
cuennt u3 HapaGyiakckoro Maccnsa, B KOTOPOM MIBMEHHT COAEPHMT
or 15 mo 16% MnO (koamuectno MnO B cocymecTBYIONUX ¢ WIBMEe-
HHOTOM PABIHYHEIX MarHeTnTax npmeepeno pumme). C yuerom orTcyT-
CTBHs YALBOIINIHNHENIN B CTPYKTypax pacmaja THTAHOMATHETHTA
U3 IPAHUTOHIOB HTH JAHHEE, MO-BHANMOMY, YKasHBaloT HA TO, 4TO
B TPaHHUTOBaX B oTamume oT 0ojiee OCHOBHEIX IO COCTABY TOPOJ
THTAHOMATHETHT TIePBOHAYAIBHO TPEACTABISI cof0l TBEPALI PacTBOP
MarHEeTHTA W MAPTaHIOBUCTOTO WIBMEHWTA, a He YILBOINNUHENIH.
B arom cayuae npsamas Koppeaaiusa copepsamnii Mn u Ti 8 turano-
Margernte ofbAcCHsAETCA NpocTo: yeM OoJibIle B HEM PACTBOPEHO MIb-
MeHHTa, TeM BHIIe cofep:kanme Mn. Bepostmo, 9T0 BXOMAEHHIO TH-
TAHA B MATHETHT B BOJIE HIbMEHNTA CI0COGCTBYeT HOBHIEHHBII KICT0-
PONHEIN TOTEHIHAT, TPH KOTOPOM (GOPMHPYIOTCA TIPAHMTOMJIEL.
PaspabGorka yuemust o geppodanuax rpaHHTONIOB W MeTaMopQu-
YeCKNX HOPOJ npefcTapiaseT co6oii HODETKY CBA3ATH NETPOJIOTHYCCKIE
HCCHEOBAHNA ¢ M3YYCHHEM MeTaJJIOTeHNYeCKOo# CHemuajmnsamnn u
NOTeHIUAJIBHONH PYJIOHOCHOCTH COOTBETCTRYIOMAX KOMIIEKCOB IOPOJI.
ITo cymecrsy, B ocnone ananusa gieppodannii JeKuT U3ydenne pPya-
HOTO mpoiecca, TPOAYKTH KOTOPOTO (MATHeTHT, WIBMEHNT M JpyTne
JKeTe30-THTAHOBBIC MUHEPaJdbl) paccesns B nopomax. Vaioskennsie
BHIINE TPENCTABICHNSA TMO3BOJAT Taylske TOHATH CBABL CKAPHOBO-
MarHeTHTOBEX MECTOPOJRICHIN ¢ MATHETHTOBEIMI CEPUAMM TPAHNTON-
JOB, KOTOPasi HAZE3KHO YCTAHOBJEHA Ha ypaje W B JPYIUX PernoHax
CCCP [Opunnmnkon, 1960; IlreiinGepr, 1955; XampaGaes, 1970].
Buepipenne mHTpYsmBa Cco3flaer B Opeosie ero BANAHAsA (QUBHKO-XN-
MudecKyio ofcTanoBKy MarHeTHToBoil dgeppodanum, YTO NPHBOANT
K MACcCOBOMY MarHeTHTO00pPasoBaHMI0 3a cueT eMUIECKAX CHIANKATOB
KaK B CaMOM WHTDPY3MBe, TaK M BO BMem@almux (ero Nopojax.
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B tex cayuasx, Korja peaiunsyioTcs yCJA0BUA I Tepexoaa MarHeTHTA
B TMOJBH;KHOE COCTOAHMC, OH MOKCT IIEPEOTIATATLCH B PYNLHEE Tewa.
SOHBI BHIHOCA MarHeTHTa (HKCHPYIOTCH IEJOYHRIMH MeTacOMaTHTAMI,
TaK HA3BIBAGMEIMU (OCBETICHHBIMUY IOPOJAMH, CTOIhL XapPaKTePHHIMA
JUIST CKAPHOBO-MATHETHTOBBIX MecTopo:kmenuit [Opunmnuror, 1960;
Baknaes, 1973]. [Ipm gopmmposanmm dTHX IOPOJ THTAH OCTACTCH
HHeDTHHIM H (ukcupyerca B cdene. Pazamanoe mosemenme Fe m Ti
COCTABJAART XapaKTePHYI0 0coDeHHOCTh HAadaja PYAHOTO IIPOIecea.
ITpn paccessHEOM MarHETHTOOOPABOBAHAN B CAMHX TPAHUTONIAX W BMe-
MAOITUX Topojgax 0ba HTHX sIeMeHTa BeXyT cels WHePTHO U BO MHOTOM
cxoauno (cM., Hampumep, puc. 2).

He menee ouenugaa ¢BA36 ¢ PeppodamlaMi FPAHATOMAOB I P YIHX
pyAusix Mecroposgennii. Tak, 00abmIas 9acTh 30X0TOPYIHEIX MECTO-
POKIEHUIT ACCOIHAPYeT ¢ TPAHUTOMAAMI MarHeTHTCOMepP:Raimeil da-
I, 0JOBOPYAHLIX W HEKOTOPHX THIOB PeIKOMeTaTbHBIX MECTOPOKIe-
HIil — ¢ rpamuromiaMa OesmargetuToBoil dgamum. B mocaemmenm cay-
qae ocoboe 3mavenue HPHOOPETAET COBMECTHOE PACCMOTPEHIE Teo-
xumuu Fe u Ti, tak Kak MHOrMe MHUHepPAIH IOCIeTHEI0 ABJIAKTCH
KOHIEHTPATOPAMH DEJIKMX DICMEHTOR.

MerammoreHndeckne IPHIOKEHNs Pe3yanTaToB M3ydeHns ¢eppo-
damuit Tpefyior cuenmanabHeXx uccaegonanuii. TpymHOCTH Ha 2TOM
TIyTH OYeBUTHBL. ABTOPH HAICIOTCH, UTo NalpaHHOe UMY HATIPABIeHNE
MCCIeJOBAHNH OKA:KeTCS OPOXYKTHBHBIM.
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P. R. Simpson,{G. C. Broun, J. Plant (GREAT BRITAIN)

ORIGIN OF URANIUM MINERALIZATION ASSOCIATED WITH 'SOME
GRANITES IN THE BRITISH ISLES

II. P. Cunncon, I. C. Bpoysnu, J[. Hasnm (BennkoGpmranms)

YPAHOBAA MWHEPAJIU3AIIMA M TPAHUTHBI MATMATH3M
B BEJIUKOEPUTAHUU

Pacnpenenenme ypama B rpaEmTax kamejoHCKOIT, TePUUHCKOIl U TPeTHYHOH mpo-
BHHNnil BennroOpnranun paccmarpubaercs B CBABH ¢ MUHepPATusammei, BO3pa-
CTOM Il CTPYKTYPHEIM IoXozkeHner. Coflepskanne ypama HOJOKATENBHO KOPPEIIH-
PyeTcA € WHTDY3WAMM, XADAKTePHBYIOIAMUCA BEICOKHMH KOHIGHTPAIAAMH
HEKOTCPEHTHEIX BJIEMEHTOB, HU3KHUM oTHOmenueM K/Rb, Emaxnm obmum comep-
JRaHAEM Sr, HEBKUM HATaNLHEM OTHOMEHReM Sr87/Sr8 u pmenpenuen B YCIOBAAX
BEHICOKNX TE0TePMHICCKHX IpafineHros. Msyuemnme ciefiop pacmajia HOKABEEBaer,
ITO BHICOKOE «(OHOBOE) COZEPiiaHNe ypaHa B IPAHUTAX BHE 30H MUHEDPAJIN3ALAN
BLIBBAHO YPAHOM, NPUCYTCTBYIONIUM B YCTOHURBHX HaJalbHEX (asax.

Ofcy:rpaercs sHavemue paspPyMIEHMs ¢aoromuTa ypaHOHOCHHX TI'DAHUTOB
opu GOPMAPOBAHNYN MArM LYTEM YacTHYHOTO IVIABICHUA OKeaHHYecKOil KOPH
1 BepXHell MAHTHN B BADHAHTAX OTKPEITEX M 3AKPHTHX CHCTEM. ITpepmonaraercs,
qT0 0GOTaLleHNe YPAHOM [I0CTHTAT0CE 32 CIeT BRIHOCA £TO N3 cy0OKOETHHERTAIbHOR
IATOCHepE, 4 BIMAHAE IPOTECCOB ACCHMUIANNE H3 BMEIIAKIIHX nopop OwI0
He3HAYHTeJbHEIM,

1. Introduction. In recent years models for ore genesis have
been developed on the basis of plate tectonic theories for several
types of mineralization associated with acid igneous rocks, which
include porphyry copper-molybdenum deposits and tin-tungsten-
fluorite mineralization [Mitchell, Garson, 1972; Sillitoe, 1972, 1974].
This type of study has recently been extended to uranium minerali-
zation by Simpson, Brown, Plant and Ostle [1979] as the association
with granites is very strong. A large number of detailed studies
on uranium mineralization, particularly in the Hercynian provinces
of Central Europe and France have shown that uranium enrichment
is associated with ‘two mica granites’. Characteristically such intru-
sives contain unusually high concentrations of uranium thought
to be predominantly in uraninite, tend toward soda enrichment
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and are accompanied by aureoles of tin-tungsten veins. Uranium
mineralization is generally 50 Ma younger (250 Ma) than related
granite intrusives (300 Ma) and occurs in veins or fractures within
a few hundred meters of the weathering surface [Gangloff, 1970;
Geffroy, 1971; Sarcia e. a., 1958].

The genesis of ‘two mica’ granites is attributed to palingene-
sis/anatexis in areas of thickened sial in geosyneclines by continental
authors such as Tischendorf [1973] and Moreau [1976] who distin-
guish them from calc alkaline granites which are attributed to mel-
ting beneath destructive continental plate margins [Moreau, 1976].
A model for uranium mineralization in the two mica granites as
‘per descensum’ whereby primary uraninite is oxidised on weathe-
ring to give highly soluble uranyl complexes which are carried down
by percolating groundwaters to form pitchblende in veins is favoured
by some authors [Moreau, 1976; Barbier, 1974], although others
advocate a hydrothermal magmatic model [Gangloff, 1970; Geffroy,
1971]. Moreau [1976] has suggested that mineralising fluids origi-
nate along with the two mica granite magma from crustal anatexis.
Several difficulties are encountered in applying these concepts
to uraniferous granites in a more general way. For example the Hercy-
nian granites occur in areas of high temperature —low pressure meta-
morphism [Lorenz, Nicholls, 1976; Lorenz, 1976; Zwart, 1969] indi-
cating an unusually high geothermal gradient in a thin crust, and
outside the Hercynian province there is little association between
areas of thickened sialic crust in ‘geosynclines’ and tin, tungsten,
fluorine and uranium mineralization.

In the British Isles, late Precambrian, Caledonian, Hercynian
and Tertiary granites occur and the association between uranium
and granite in several tectonic settings has been studied by Simpson
e. a. [1979], Simpson, Plant and Cope [1976] and Brown and Hen-
nessy [1978] indicating variations in iranium concentration related
to differences in tectonic, structural setting and age distribution
within each province. The relative ages and structural relations
of the granites studied are as follows:

1) Late Precambrian or Caledonian precursor intrusive suites
of Southern Britain whose origin is thought to be related to subduc-
tion of oceanic lithosphere at an Andean-type destructive plate
margin.

2) Caledonian granites generated during an early Paleozoic oro-
genic episode in Northern Scotland by partial melting of existing
sialic material.

3) Caledonian granites of Lower Devonian age with a dominantly
sub-crustal origin as in (1).

4) Hercynian granites emplaced in conditions of high geothermal
gradients in a continent (microplate)—continent collision setting.

9) Tertiary granites of the Western British igneous provinces
thought to be related to a constructive plate margin initiated beneath
continental crust.
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2. British granites, uranium contents and mineralization.

a. Caledonian Granites. These intrusions were di-
vided by Read [1961] into two groups: the older granites and the ne-
wer, post tectonic granites consisting of a suite of forceful intrusions,
and a later suite of permitted granites. Watson and Plant [1979]
have suggested that in northern Scotland the principal geochemical
and geophysical distinction is between older and newer forceful
Pre-Devonian granites on the one hand, and newer permitted Devo-
nian granites on the other. Granites were allocated by Simpson
e. a. [1969] to the Pre-Devonian and to the Devonian on the basis
of reliable Rb-Sr dates whereas possible [O’Connor, Brown, Max,
19791, the division being placed at about 410 Ma. Where Rb-Sr data
are lacking, intrusions are classified on the basis of structural, geo-
physical and petrographic criteria. An important feature of the Bri-
tish Caledonian is the contrast in metamorphic style between northern
Scotland and regions to the south. In the northern province magmas
were emplaced in Moinian or Dalradian meta-sediments of greenschist
or higher metamorphic grade over a presumed northerly dipping
subduction zone whereas, in the southern province, magmas were
emplaced into slightly metamorphosed Lower Paleozoic sequence
of the southern Uplands, Lake District, Wales and southern Ireland.
A southerly dipping subduction zone under the southern Caledonian
is inferred [for example Phillips e. a., 1976] and a major structural
break between the two provinces has been identified seismically
at Moho depths [Bamford, Prodehl, 1977]. This has been correlated
with a continent suturing event as the Proto-Atlantic or Iapetus
ocean closed [Dewey, 1974; Phillips e. a., 1976]. Paleomagnetic
data suggest little post-Ordovician closure [Morris, 1976] so that
this suturing event apparently preceded newer granite formation.

1. Pre-Devonian Granites. Simpson e. a. [1979] summarised
the Pre-Devonian granites of the Northern Province as having back-
ground uranium values and characteristics of derivation by crustal
ultra metamorphism and partial melting.

Recent studies by Pidgeon and Aftalion [1978] of U—Pb systems
in Caledonian granites have demonstrated that 13 of the 15 granites
they studied, classified as Pre-Devonian by Simpson et al. have
significant amounts of inherited ‘old’ zircon. The exceptions are
Strontian and the Distinkhovn granites where inherited ‘old’ zircon
was not detected. This lends further support to the suggestion
by Simpson e. a. that this suite of granites, with low uranium con-
tents has a crustal source.

2. Lower Devonian Granites. The Lower Devonian (permitted)
intrusions are post tectonic, of batholithic proportions, and
in the Northern Province the Cairngorm—Aberdeen line of granites
are anomalously enriched in uranium and other incompatible ele-
ments [Simpson e. a., 1979]. In the Lake District, significant ura-
nium anomalies occur (e. g. Shap, Skiddaw) whereas in southern
Ireland little uranium enrichment has been noted in the poorly
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exposed Leinster granite [Bruck, O’Connor, 1977; Brown, Cassidy,
Hennessy, 19771, Nine of the granites studied by Pidgeon and Afta-
iion 11978] are in the Lower Devonian suite of Simpson e. a. [1979]
and inherited ‘old’ zircon occured as a trace in only 4 of these grani-
tes (Ben Cruachan, Lochnagar, Hill of Jane, and Eskdale). This new
evidence gives further weight to the suggestion of Simpson e. a.
[1979] that the Lower Devonian suite of granites is derived from
sub-crustal levels at active or recently active margins where metal-
enriched juvenile crust formed beneath refractory basement as a re-
sult of dehydration reactions during subduction of oceanic crust
involving breakdown of phlogopite.

b. Hercynian granites. The Permian post-tectonic
two mica granites of south-west England and their associated
tin-tungsten-fluorite wuranium mineralization are characteristic
of the Hercynian province which extends through the Erzgebirge
to central Europe. A model for the granites and metalliferous minera-
lization must be generally applicable to the European Hercynian
province.

The model used by Simpson e. a. [1979] is based on those of De-
wey e. a. [1973], Badham and Halls [1975], and Badham [1976].
During the Lower Paleozoic, south-west England was part of the sta-
bilised South Europe plate. Subduction of Tethyan oceanic crust
probably began in the Lower Devonian following closure of the
‘Caledonian seaway’ [Badham, Halls, 1975]. Various major strike
slip faults were initiated at this time which divided the south Europe
Brioverian-Cadomian craton into a series of independent micropla-
tes. As the ocean between the North America—Europe plate and
the South Europe plate was consumed along a southerly dipping
Benioff zone the microplates were rotated and displaced, perhaps
partly as a result of a component of lateral movement between
the two major plates [Badham, Halls, 1975; Badham, 1976].

The microplates are thought to have impacted with the North
American craton, an event which had a similar style and timing
from Cornwall to Spain and Bohemia and was followed by emplace-
ment of closely similar granites and their associated mineraliza-
tion. The general dependence of the distribution of the late Variscan
tin-tungsten (uranium) bearing granites on Pre-Cambrian structures
of the European Variscides has been indicated by Zoubek [1977].

Mean uranium contents for the granite plutons (Table) range
between 11.3 and 24.2 ppm. The overall mean for the Cornubian
batholith is 14.0 ppm. These values are high compared with publi-
shed values of the average concentration of uranium in granite
[Peterman, 19631. :

The mineralization is spatially associated with the granites
[Dines, 1956; Dangerfield, Hawkes, 1969] and includes tin and
copper with arsenic, tungsten, molybdenum and fluorite in east-west
veins and cobalt-nickel-uranium mineralization in younger north-
south veins. Uranium mineralization is sporadic and pitchblende
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Arithmetic Logbase 10
Noof [ Method | Rage-

ko O B2 ) R 7o R PO
Caledonian Foyers 65 dnm [3] 1.49 0.07 3.50—0.50| 0.54 1.41 [0S
Pre-Devonian | Skene Complex * 32 » 4. 5] 2.89 0.22 6.60—1.50| 1.22 2.69 | .48
Threlkeld 4 » [5] 3.16 0.62 4.63—1.89| 1.08 2.95 |1.48

Peterhead 10 » [4, 9] 3.9% 0.48 6.40—1.40| 1.73 3.63 1.62

Ballachulish 10 » 5] 4.76 0.63 9.12—2.82| 1.87 4.46 | 1.45

Helmsdale 29 » 1] 7.54 0.67 18.1—3.60| 3.61 6.92 1.58

Strontian 17 » 5] 8.72 1.00 15.9—24 | 4.14 7.89 9

Devonian Leinster 42 » 5] 3.70 0.29 9.19—1.24] 1.83 3.31 1.59
Ardara 4 » o 4.56 0.60 8.0—-2.0 | 1.70 4.27 1.51

Fleet 29 » D 4.87 0.37 9.74—2.14| 1.97 4.57 | 1.48

Loeh Doon 36 » 5 5.04 0.37 [12.00—0.20| 2.22 4.36 [1.95

Balmoral 1 » 9] 5.23 1.01 12.4—2.42] 3.30 4.7 |1.70

Hosses 4 » 5 5.75 1.42 12.0—1.0 | 2.43 3.98 | 2.95

Skiddaw 6 » 5 8.70 249 [15.54—1.15| 4.90 6.61 | 2.57

Shap 17 » 5 9.68 0.74 [16.94—5.90| 2.96 9.33 ‘[ 1,38

Cairngorm 24 » & 12.66 1.22 SB.8—8.3 | 508 4. 75 | {4

Weardale 6 » 5 12.89 1.65 |20.05—8.24| 3.69| 12.30 1.35

Etive 3 » [5 17.20 5.55 | 24.0—6.28| 7.85| 14.80 | 2.09

Hercynian Dartmoor 56 » [1] 188 0.81 35.5—3.2 | 6.08| 10.00 | 1.62
Carn Brea 34 » [2] 13.86 0.89 32.2—6.5 5.18] - 13.18 1.41

Lands End 52 » [2] 16.62 1.04 | 38.2—2.6 | 7.49| 14.45 | 1.78

St Austell 9 » 121 24.16 5.89 66.6—9.50(17.67| 20.40 1.82

St Austell (all samples) 30 » [2] 16.93 2.66 66.6—0.60(44.95] 10.96 | 2.95

Cligga 14 » [2] 24.98 212 35.8—8.0 T.92] 28.4 1.48

Tertiary Skye [1] 8 -ray [6] 14 0.08 1.3—0.5 | 0.23 1.26 | 1.35
Skye [2] 13 dnm (7] 1.43 041 | 2.14—1.08| 0.39 2

Lundy 2 -ray [6] 8.2 0.2 8.4—8.0 | 0.2 — —

Mourne Mts 10 » [6] 112 1.55 21.4—5.2 4.65| 10.23 1299

N. B.* All of the specimens, except one, are from the Pre-Lower Devonian intrusive phase. The Hill of Fare gra-
nite mapped by Bisset [1933, 51 83] consists of an ‘earlier Caledonian’ Skene complex of dominantly grey granites and
a ‘later Caledonian’ permitted red granite which forms the Hill of Fare. One sample of this granite was obtained from
Craigton quarry and contains the highest value (6.6 ppm U) obtained from all the Hill of Fare granites studied
by Bowie, Simpson and Rice [1973].

References: [1] — Simpson, Plant, Cope [1976]; [2] — Simpson, Plant, Green [1977]; [3] — Simpson, Plant, Willi-
ams [1977]; [4] — Bowie, Simpson, Rice [1973]; [5] — Brown, Cassidy, Hennessy [1977]; [6] — Tammemagi [1976];
[7] — Moorbatt  Welke [1969].

Table r ied from Simpson, Brown, Plant and Ostle [1979].
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is found with secondary minerals such as autunite, torbernite and
zippeite in lenses principally at the intersections of cross fractures
[Dines, 1956]. At least three periods of uranium mineralization
have been proposed on the basis of the U-Ph method; at 290 Ma
contemporaneous with emplacement of the granites, at 225 Ma,
and at 50 Ma coinciding with emplacement of the Tertiary Lundy
Island granite [Darnley e. a., 1965]. Although interpretation
of the isotopic data is controversial, field and other evidence indica-
te several phases of introduction of mineralization and there is some
indication that this continued after unroofing of the granites in Per-
mian times [Dangerfield, Hawkes, 1969].

¢c. Tertiary granites. Tertiary intrusive activity
in NW Britain was initiated in the preliminary stages of sea floor
spreading as America rifted from Europe, commencing some 70 Ma
ago, and took place within the outer margin of sialic continental
crust.

Two principal possibilities for the production of granitic liquids
in the Tertiary have been considered: fractional ecrystallization
of large volumes of basic magma, or partial melting of sialic conti-
nental crust due to high heat flow from the mantle [Gass, Thorpe,
1976 1.

The Mourne granite is enriched in uranium compared with
the Lundy granite where the uranium content is background and
Skye where the uranium content is very low (table). Rare earth data
for Skye and the Mournes [Meighan, Gamble, 1974; Thorpe, Potts,
Sarre, 1977 | suggest that both acid magma suites originated by frac-
tional crystallization of basic magma which might have been con-
taminated by crustal material.

3. Source of uranium in granites. Simpson e. a. [1979] cited
evidence from three localities (Cairngorm, Loch Doon and the Lands
End granite) which indicated that uranium is held in zircon as a pri-
mary magmatic phase. U-rich granites, such as Cairngorm and
the Cornubian batholith appear to have been intruded rapidly along
deep faults during brittle fractures late in the orogenic cycle sugge-
sting that the U comes from depth. The U is therefore probably deri-
ved from a lower crustal/upper mantle source region and not by con-
tamination from sediments intruded by the granites, since high
initial 87Sr/%%Sr ratios would also occur.

Furthermore, the studies of Pidgeon and Aftalion [1978] indicate
that zircon and its contained uranium, in the Pre-Devonian granites,
is derived from erystal rocks formed 1600 Ma ago, probably Scourian
crust completely reworked during Laxfordian times. In the Lower
Devonian granites cogenetic zircon is probably derived from sub-
crustally accreted ‘new’ mantle derived granitic material. Traces
of ‘old’ inherited zircons occur in only four of these granites.

It is most likely therefore that the uranium is pre-concentrated
at the base of the crust prior to its incorporation in ‘new’ cogenelic
zircons and is not subsequently introduced. The relative homogeneity
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of the uranium content of zircon in individual plutons [cf. Pidgeon,
Aftalion, 1978] further testifies to this.

Simpson e. a. [1979] proposed that a metal enriched juvenile
crust is formed as the result of dehydration reactions in the mantle
involving breakdown of phlogopite in subducted oceanic crust
in the vicinity of a destructive plate margin. The formation of this
crust is most favoured during the compressive phases of orogenesis
and subsequently released during a tensional phase to form metal
enriched granites.

The concentration of Sn, U and the low K/Rb ratios in the granite
magmas are attributed to scavenging during the ascent of fluorine-
rich volatiles following the breakdown of phlogopite. This occurs
in the range 1000—1200 °C [Kushiro, 1969] and at a maximum
thermal gradient of 10 °C/km [Oxburgh, Turcotte, 1970] implies
a minimum distance of 100 km from the margin for a 45° subduction
zone.

4. Uranium redistribution and mineralization. In the crust,
Simpson e. a. [1979] proposed that mineralization occurs by the inte-
raction of epizonal meteoric water with uranium and volatile (fluo-
rine)-rich magma; petrographical changes also occur to produce
large quantities of ‘two mica’ granite. The high concentrations
of uranium, thorium and potassium which produce hot rock regions
may maintain hydrothermal mineralizing systems whereby ground-
walers leach metals and volatiles from granite after emplacement
and unroofing particularly during periods of higher average heat
flow from the mantle such as the Tertiary. An extensive system
of channels for heating and circulating water is required and faults
in the granite would be particularly favourable.

5. Conclusions. This model for uranium mineralization asso-
ciated with granites has considerable application to exploration
at a regional and a local scale. For example, using geochemical maps,
subcrustal subduction-related granites can be readily distinguished
from barren granites by their contents of uranium, incompatible
elements, or K/Rb, Rb/Sr ratios or total Sr contents. Alternatively
analysis of fresh granite samples can distinguish between relatively
barren crustal granites and subcrustal granites which may be asso-
ciated with mineralization. Preliminary data from Scotland (Rachel
Williams, pers. comm. to JAP) suggests that the simple and inexpen-
sive determination of fluorine in water using a specific ion electrode
could be used by exploration field workers to distinguish these two
types of granite.

At a more local level whole rock uranium analysis or gamma
spectrometry may provide genetic information. Where this is comple-
mented by mineralogical studies using fussion track methods for ura-
nium it should be possible to identify from mineralogical changes
the precise position of the sample in respect to the hydrothermal
system. In this way a high degree of control of drilling for minerali-
sation is possible.
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The complex inter-relationship between ancient geotherm, mo-
dern geothermal systems, and uranium enrichment and mineraliza-
tion is apparent. The most significant features of the model for ura-
nium mineralization associated with granites are, firstly, that
it explains the association of mineralization with tectonism and
magnetism over a long period of time in the same area, and secondary
why in an area containing uraniferous granite, local geothermal
anomalies may be capable of maintaining hydrothermal convective
systems which can produce mineralization long after initial empla-
cement of the magma.
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J. Saavedra (SPAIN)

SOME MINERALOGICAL AND GEOLOGICAL ASPECTS
OF BIOTITIC AND TWO MICA GRANITES OF CENTRAL
EXTREMADURA (WESTERN SPAIN)

X. Caasedpa (Mcnamns)

HEKOTOPBIE MWHEPAJOT'MYECKHME MW TEOJOTHYECHHE YEPTEI
BHOTUTOBBIX M OBYCJIIOJAAHBIX TPAHHUTOB HIEHTPAJILHOI
ACTPEMAJIYPBI (3AITAJITHAA MCIIAHIA)

PaccMaTpHBaeMHe ILTYTOHEL CIIOFKEHE! TEDPECHICHHEIME [ANHO3eMOM, cyOmmenot-
HHEIMH [IBYCHIOfAHKMI TPAHUTAMA TepHuHCcKoro (285—335 MuaH. Jer) BOBpacTa.
B cocrage WETpyamii npeobiajaior rpammronjsl, ofenmenmmme Fe, Mg, Ti, Ca
u oboramennre Na, K (Na,0---K,0=8%), Rb, Cs, Sn, W, Nb. Tpaunrs comep-
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JKaT aKIeccOpPHHIE KOPANEPHAT, AHNAJYSHT, aJbMAHUH, CHIJHMAHAT, TYPMaInH,
ronas. MopMupoBaHHe IAYTOHOB ¢ IPHBHAKAME Kymoa0006pasoBaHust IPOHCXO-
AHIO B 037ENE assl repIHHCKOr0 OPOTEHE3a MO/ BIAXAHAEM IIyGHHHEIX IIPOLEC-
con. Pacmomoskenne Gosee Monofnix danmii 06ycao0BIeH0 MOMHEKME TPONECCAMMA
(BEIMMAHHA» WIH KaJbJepHOr0 OIMyCKaHusA.

IIpegmonaraercsa, 9T0 IpaHATH AMET TMYOHHHOE MPOHCXOKIEHNE, TeHEPA-
A ux HpOHCXO,IIHJIﬂ nyTeM ILIaBJICHHA HIKHEH KOHTHHeHTAJIbHOM KOpI:I mop
BIIAAHAEM HO}IKO]JOBHX npoueccos, BOBMOM{HO, IIPH CMEIIeHNHN C HeGOIBIIIM KO-
JAYECTBOM MAaHTHITHOTO MaTepuana. Marmst MOJHUMAJINCH 110 JIPeBHIM I‘JIyﬁﬂH'Eb‘lM
pazaomam.

The considered granites (in Badajoz and Céceres provinces),
with a surface of more than 30 km? for each (40 to 800 km?), are non-
- oriented, Hercynian, shallowly emplaced into epimetamorphic Pre-
cambrian or Paleozoic sediment, with well defined contact aureoles
surrounding them. Their geochronologic ages are ranged from 335
to 285 m. y. [Mendes, 1968; Leutwein e. a., 1970; Penha, Arribas,
1974; Rossi, 19751, figure. They are discordant to the main Hercy-
nian folds.

The granitic plutons are hyperaluminous, dominantly coarsegrai-
ned or porphyritic, with a typical mineralogy: albite or oligoclase,
biotite (rich in Fe), muscovite, K-feldspar, and quartz. The main
accessory minerals are: cordierite (at times, it is an essential mineral),
andalusite, sillimanite, almandine (sporadically), apatite, zircon
and, often, turmaline and topaz. Chemically, the main varieties
are alkaline granodiorites, poor in Fe, Mg, Ti, Ca and rich in Na, K,
Rb, Cs, Sn, Nb. Summaries and features of the mineralogy, petrology
and geology of these massifs have been given by Corretgé [1971],
Penha [1973], Bea [1975] and Saavedra, Garcia Séanchez [1976].
The plutons do not appear to have a clear place in the proposed
schemes [Capdevila e. a., 1973].

The regional gravity data, compiled by the Institutos Geogréaficos
y Catastrales de Espana y Portugal [1972] are few. Nevertheless,
they allow coherently to characterize the area, figure. Northwards,
a block of accused negative gravity anomalies is defined, whereas
Southwards the anemalies are positive.

The N-block boundary with the considered zone of Extremadura
have a E—W, ESE—WNW direction and a geologic significance.
Over it runs the ‘Macizo Cristalino de Toledo’ [Aparicio, 19711,
a complex unit of migmatites and plutonie rocks, around a E—W di-
rection. According to Tamain [1975], this edge is a geosuture (Tagus
geosuture) limiting distinct Hercynian structures; to N of this line
there is a development of granites and metamorphic rocks (with
regional metamorphism of medium) to high-grade, appear, but these
are absent in the Central Extremadura. About along the boundary
with Portugal, this N-block has a limit (direction NNW—SSW,
NE—SE) going through the Tormes metamorphic dome [Martinez,
1974], whose elongation is subparallel to it. The block, defined
in this way, has features that are characteristic. Their borders
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0 S0km y are marked out by diverse
RS batholiths and they separate
zones with the higher gravity
values. Also, geologic changes
are evident.

Southwards, the boundary
of the zone is the Badajoz—
Cérdoba axis, a Hercynian
fault superimposed to an older
accident; on both sides, the
Paleozoic sedimentation is
different [in: Bladier, 1974;
Laurent, 1974]. Therefore,
geophysical and geological
: arguments are superposed.

ey L A T In this zone Tamain [11915]
— S N 3O points out a geosutural cha-
—2—,7“‘8 Prﬁ?i‘(:ordoh\ag‘ﬁ racter on the basis of geo-

logical informations.
[ 11 E2/3/4 «5 0047 88 To the E there is a defi-
ned limit for this area
[Rossi, 1975]: it is a fault
(direction NE—SW), contemporary with the one that was
mentioned above. It goes through the Logrosan granite
(335 m. y.) and it flanks the ‘La Serena’ plain. Along this accident,
there are some intrusions; its prolongation towards the NE is parallel
to the boundary of the big granitoid-metamorphic rocks body
of the “Sistema Central’, in the N-block (in its NE—SW, approxima-
tely, lengthened batholiths are placed, figure). Therefore, a geologi-
cal limit NE—SW exists for the considered zone of Central Extre-
madura; then, we believe that the prolonged directions of the massifs
(or cluster of massifs) are parallel tosome of these accidents, whose
age is earlier than the granites.

Generally, the batholiths expose features of doming more or less
accused: deformations in the wall rocks, apparent absence of big
fractures as access way for the magma, and Hercynian direction
[Corretgé, 1971; Garcia de Figuerola e. a., 1971]. On the other hand,
nevertheless, the following observations may be noted:

— they have sharp and straight contacts, indeed polygonal;

— a zonation of the batholiths, with sharp contacts of facies
and xenoliths within these, exists;

— by times, enclaves of wall rocks (tens of metres!) appear
within the last facies, far from the contact (more than 3 km).

This whole of data suggests that the plutons began their emplace-
ment during the last phases of the Hercynian compression in favour
of deep-seated accidents, with some characteristics of doming mecha-
nism; the younger facies, without the late granites post-emplacement,
were seated by large-scale stopping or cauldron subsidence,
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as it was argued by Oen [1960, 1970] for granites of Northern Portu-
gal. It is interesting to show that towards the NE of this area Mendes
and others [1972] marked granites with 278, 271, and 251 m. y.;
this last is within the age of Permian distension.

This mechanism is, genetically, feasible. As Skvor [1970] has
shown for the Bohemian massif, deep-seated faults allow that
the thermal gradient increases by easy thermic transporting (across
rocks disturbed), whereas the heat transmitted crossways the blocks
that they delimit is weak (little thermal conductivity). The melting
is accelerated by cataclasis of rocks in these weakened zones, which
are also possible channels for mantelic melt; in this way, the granitic
magma can appear. It may be that some hybridization happens,
because there are very few basic xenoliths, but, overall, a magma
acid, relatively dry, arises. If there is available water during the rise
of magma, the viscosity and melting point come down and the ascent
is greater. This explains the typical mineralogical associations
of high thermic gradient in precocious facies and the relict paragene-
sis formed in environment of undersaturation that are with saturated
mineralogical associations. |

If this origin is valid, the granites might be very evolved, which
is true. The loss of total pressure and the increase in water saturation
has been shown by the following crystallization of almandine, cor-
dierite and andalusite [Saavedra, 1978].

The final consolidation of the batholiths allows to release the dis-
solved water, arising an overpressure [Burnham, 1975; Kadik e. a.,
19751 that deforms the wall rocks (then hot and, therefore, more
flexible), with emphasis over the dome character. The fluids are
dispersed about the batholith, carrying the elements taken off from
the ganite (Sn, W, U, Pb, As, S, etc) as volatile complexes, which
are deposited around the massif, according to their stability, giving
an endo- and exobatholithic zonation.

In conclusion, it is proposed that the granites are of deep origin,
generated by fusion of lower continental crust under the infracrustal
influence and, perhaps, melange with a little of mantle material.
The magma rises across older deepseated fault by a doming mecha-
nism which ended by large-scale stopping. Their specific characteri-
stics can be derived from the heterogeneous lower crust (as it has been
proposed by Soviet scientists and explained by Smithson and Brown
[1977], which, may be distinct at neighbouring blocks. If this
model is valid, it will be suitable in other Hercynian areas, with
regard to the aspects here emphasized.

References

Aparicio A. Estudio geoligico del macizo cristalino de Toledo. — Est.
Geol., 1971, Ne 27, p. 339—414.

" Bea F. Caracterizacién geoquimica y esquema petrogenético de los granitoides

hercinicos del drea Salamanca—Cdceres. Thesis, Uni. of Salamanca, 1975.

71



Bladier Y. Structure et pétrologie de la bande blastomylonitique de Ba-
dajoz-Cédoba (chaine hercynienne sud ibérique) 4 I'W d’Azuaga, Espagne.
Les roches cataclastiques-classification-interpretation. Thesis, Univ.
of Sciences and Techniques of Languedoc, Montpellier, 1974.

Burnham C. W. Water and magmas: a mixing model. — Geochim. et
Cosmochim. Acta, 1975, v. 39, p. 1077—1084.

Capdevila R, Corretgé G., Floor P. Les granitoides varisques
de la Meseta ibérique. — Bull. Soc. Géol. Fr., 1973, t. 15, p. 209—228.

Corretgé G. Estudio petroligico del batolito de Cabeza de Araya (Cdceres).
Thesis, Univ. of Salamanca, 1971.

Garcia de Figuerola L. C.,, Corretgé L. G, Suarez O.
Estudio petroligico de la formacién pluténica de Zarza la Mayor Pro-
vincia de Céceres). — Bol. Geol. Min., 1971, v. 82, p. 217—233.

Institutos Geograficos y Catastrales de Espana y Portugal. Avance del
mapa gravimétrico de la Peninsula Trérica, 1972.

Kadik A. A, Ostapenko G. T., Frenkel’ M. Ya. The steam
pressure in a magma crystallizing in a constant-volume chamber. —
Geochem. Internat., 1975, v. 12, p. 130—138.

Laurent Ph. Structure et pétrologie de la bande blastomylonitique de Ba-
dajoz—Cédrdoba (chaine hercynienne sud-ibérique) 4 I'E d’ Azuaga, Espagne.
Description et interprétation de la deformation dans les blastomylonites.
The4sis, Univ. of Sciences and Techniques of Languedoc, Montpellier,
1974.

Leutwein F.,Saupe F.,,Sonet J.,, Bouyx E. Premiére mesure
géochronologique en Sierra Morena. La granodiorite de Fontanosa (Pro-
vince de Cindad Real, Espagne). — Geol. en Mijnb., 1970, v. 49, p. 297—
304.

Martinez F. Données sur le métamorphisme regional hercynien dans le
déme du Tormes (provinces de Salamanca et Zamora, Espagne). — Geol.
Rundschau, 1977, Bd 66, S. 91—98.

Mendes F. Contribution 4 1’étude géochronologique, par la methode au
strontium, des formations cristallines du Portugal. — Bol. Mus. Lab.
Miner. Geol. Univ. Lisboa, 1968, v. 11, p. 1—150.

Mendes F.,, Fuster J.M.,Ibarrola E., Fernandez-San-
tin 8. L’dge de quelques granites de la Sierra de Guadarrama ‘Systéme
Central’ Espagnol). — Rev. Fac. Cién. Lisbhoa, 1972, v. 17, p. 345—365.

Oen I.S. The intrusion mechanism of late Hercynian post-tectonic granite
plutons of northern Portugal. — Geol. en Mijnb., 1960, v. 22, p. 257 —296.

Oen I.S. Granite intrusion, folding and metamorphism in central northern
Portugal. — Bol. Geol. Min., 1970, v. 81, p. 271—298.

Penha H. Caracteres metalogenéticos de los yacimientos intragraniticos
espanoles de Uranio. Thesis, Univ. of Salamanca, 1973.

Penha M., Arribas A. Datacién geocronoligica de algunos granitos
uraniferos espanoles. — Bol. Geol. Min., 1974, v. 85, p. 271 —273.

R ossi Ph. Géologie et gitologie du Cerro de San Cristébal, Logrosdn (Céceres,

] Espagne). Thesis, Univ. of Paris XI (Orsay), 1975.

Saavedra J. Sobre la presencia de silicatos aluminicos (cordierita, anda-
lucita, sillimanita y granate) en granitos de Extremadura Central. —
Acta Geol. Hisp., 1978.

Saavedra J.,,Garcia Sdnchez A. Geologia del granito de Albald

ol (Extremadura Central, Espana). — Teeniterrae, 1976, v. 14, p. 10—23.

Skvor V. Metamorphic processes in the Bohemian Massif. — Geol. Soc.
Amer. Bull., 1970, v. 81, p. 955—960.

Smithson S. B, Brown S. K. A model for lower continental crust. —
Earth. Plan. Sci. Lett., 1977, v. 35, p. 134—144.

Tamain G. Mégatectonique, linéaments et fracturation profonde dans la
Mezseta ibérique. — Gev. Géog. Phys. Geol. Dyn., 1975, v. 17, p. 375—
392.

72



B. J. Koaaos, J. H. Céadroecxan, JI. H, Mameeeasa (CCCP)

COCTAB BHOTHTOB, PYJIOHOCHOCTH H BONPOCHI I'EHE3HCA
TPAHUTONIOB 3ABANKAJIBS

V. D. Kozlov, L. N. Svadkovskaya, L. N. Matveeva (USSR)

BIOTITE COMPOSITION AND ORE-BEARING CAPACITY
OF TRANSBAIKALIAN GRANITOIDS

The compositions of about 250 biotites are considered of the main granitoid for-
mations in the tin-tungsten Transbaikalian belt. These granitoids are divided
into four genetic series: granite batholith, gneiss-granite, monzonite-granodiorite,
and leucogranite (rare-metal) which are of a great metallogenic importance.

The comparative potential ore-bearing capacity of granitoids is reflected
in the concentrations of granitophile rare elements in biotites. The most infor-
mative for estimating intrusions with tin-tungsten-rare metal mineralization
are the concentration levels of lithium and tin in biotites (the latter is 60 ppm
and more).

There is no strong correlation between the chemical composition and rare-
element content in biotites. This is directly connected with the genesis of initial
melts of rare-metal intrusions melting in local parts of deep-seated fault zones
under the influence of deep fluid flows.

Buornt sABaseTcs XapakTepHHIM MEHepaloMm mosjgHeil crauum
KPHCTAIABAIEN IPAHNTHEIX WHTPY3U, BpeMs o6paszoBannsa KOToporo
MOJZKHO COBTAZATE C HAYAJIOM OTHENCHMS OCTATOTHHX (JIIOWIOB, He-
HOCPeICTBEHHO ONPeJIeAI0IINX HHTeHCHBHOCTE CBABAHHOTO ¢ HHTPY-
BUAMM  TIOCTMATMATHYECKOTO DPyZooOpasoBamus.

Buorut otHOCHTCA K HanGolee HHTEHCHBHEIM TOPOT006DA3yIOL{HM
MHHePaJaM-KOHIEHTPaTopaM pPAAa TPaHUTOQUALHEIX PeJIKHX biie-
mentos [Taycon, 1961 ], penkosnementasii cocTan KOTOPOI'O OTpaskaer
CTeNeHb NOTeHIHAIBbHON pynonocHoctn mutpysuit [HKosmos, Bomo-
sukona, Gpankosekas, 1965; Kosaon, 1969; Taycon, Angnroros u p.,
1970; Anensunn, M'ius6ypr u np. 1970; l'osopos, Henamkosckmii i ap.,
1970; Py6 u np., 1975].

Marepnassi, nakonmnennsle aBropamu 1o cocrapy Gosee 250 Gmo-
THTOB TpaHuTONA0B Jabafikaibf, B COBOKYIHOCTH ¢ JINTePATYPHBIMMI
namasvn [Kosaas, HKysemum m ap., 1972] mossoasior pacemor-
perhb caexyiomue sornpock: 1) orpaskenue B cocrase GHOTHTOR TeHETH-
decKHX ocobeHHOCTell rpanmTonnon 3abaiikanba; 2) cremenn WHGOP-
MATHBHOCTH XHMHUeCKOTO M PeJKO3JIeMeHTHOTO COCTABA OHOTHTOB
B OTHOIEHUH PYIOHOCHOCTH; 3) COOTHOMEHNE (CTeNeHb 3aBUCHMOCTH)
XHMUYECKOI0 M PeIKOdIEMEHTHOI0 COCTaBa OUOTHTOB.

Pparnronysr 3abaitkanaba MoryT ORTHL TOApasieseHs Ha 9eTHpe
refernyeckne (OpPMAIHOHHEIE CePHH:

1) Garoaurosas dopmanmoHnas cepus (YHIMHCEMI BepXHeNaieo-
3oiickmii Kommiaexe Bocrounoro 3alaiikaibsa, KBIPHHCKHH HIKHEMe-
3osoiickmil kommiexe Ilentpannnoro 3abaiikanna);

2) rmeiico-rpaEnTHAast (opManmoHHAs cepuA (yPYIIOHIYeBCKuii
HIGRHeNANe030HCKNIl, NAran-ol1yeBcKuii cpefmenaneosoiickuii, Gop-
IEBOYHBI Me3030HCKHIT KOMILIeKCH)

1
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Tabammga 1
Cpenunii coeras (B ) OmoTHTOB rIaBHKIX rpaEATOMAHBIX (opmanmii IlenrTpann-
mop&;ae%ﬁimaﬂ HKomnnerc Bospacr ®asa, nopoaa S5i0,
Baronurobas YHAuHCKA N C3—P | naBmas: Tomamutsl, rpano-|35.56
JIMOPHUTHL POroBOOOMaHKOBO-
OMOTHTOBEI®
HuipuHcKmii T—Jy | I'naBraa: rpaHOAMOpUTH U |35.41
FPAHUTEL POroBO0OMAHKOBO-
OHOTHTOBEI®
3akmounTenpRaA: rpanarH | 35.50
OMOTHTOBEIE W JTeHKOKDPATO-
BEIE
Mouuonntosana | Akaryepckuii * l,—1J3 | I'maBman: monnoracopo, mon-| 37.00
IOAHOPUTH, MOHI[OHATE
AMYyKHKaHO- Ja—Js | Tmapmas: rpanmognopara n | 36.50
Cperenckuii ¥ IPAaHATEl POrOBOOOMAHKOBO-
OHOTHTOBHIE
[MaxraMaacKmin J2—J3 | I'masman: Monmora66po, Mon-| 36.77
IOHUTHI, I'DaHOSHOPHTHI
CoxonuHCKRil I;—1; | I'nasnan: pammrn 35115
3akmounTensHana: rpanuTw | 34.00
OMOTHTOBHI®
Tueiico-rpannt- | ¥ pymIioHryeBcKuit PZ, I'napnas: rpamute Guornto-| 35.51
Has BHIe, Or'HEICOBAaHHEI®
Bopmesounnit I3—1J3 | To me 34.90
Pearoverann- | Acaran-Ilymu- J1—1J5? | 'maBwan: rpamnrm Guotu- |35.04
Has Jeiikorpa- | jJoBckmil ** TOBHI® H JIeHKOKpaTOBHIEe
HUTHASA HyxkyanGeiickmii J;—J3 | [napraa: rpammTer Gmorn- |35.55
TOBEI®
Xapaaruackuii Jo—Js | Tmasmas: rpammrwr Jeiiko- |33.24
KpaToBLEIe

* Mo panmwiv 1. B. Kosama, M. W. Kyanvmma u gp. [1972].
** Ilo paGore B. J[. Kosmosa, E. M. Ilepemera, B. M. fuosckoro [1974].

3) 1ab0po-MOHIOHNT-TPAHOAMOPHTOBASL (MOHTOHITOBas) (opPMa-

IHOHHAA CepUs TPEN[MHHLIX HHTPY3UH 9Tama Me3030HCKOH TeKTOHO-
MarMaTHIeCcKoil akTuBM3amun (COXOHAMHCKMI Kommaekc Ilemtpann-
Horo 3abaiikanba, maxraMuucKuii Kommieke Ilemtpamsroro n Boc-
To9HOTO 3abaiiKambsa, aMyIKIKAHO-CPETeHCKNN M AKATYeBCKUH KOMII-
axexcel  Bocrounoro - 3abaiikanbsn);

4) popmanmoHHAA CepHA PeKOMETaNLHEIX JEHKOTPAHUTOR, npes-
CTABIAAMUX €o00fl TPeITHHHEE MHTPY3WU 30H TIYOHHHBIX Pas3ioMOB
BARIIOYATENLHOTO HTAla Me3030MCKOH TeKTOHO-MATMATHYECKONH AKTH-
BU3AINN (ACAKAH-IIYMUIOBCKAN M XapaJTHHCKHI KOMILTeKCH Ient-
panbHoro 3abaiikanbs, KykyasOeiickuit wommierc Ilentpansmoro m
Bocrounoro 3abaiikansa). NaTpysmm pekoMeradpHEX Jeiikorpa-
HUTOB ONPefleIAI0T pagvemenue B 3abaifkaabe rJIaBHOM YacTH TPOPATH-
PYWIIEro 0J0BSHHO-BOALHPAMOBOTO W PeKOMETAIBHOTO OPYIEHeHM.
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#oro n Boerounoro 3abaiikanba

L

e

R —

TiO, | AL,y | Fe,0, | FeO | MnO | MgO | GaO | Nayo | K,0 | F | H,0 ‘;gg’gc'
3.48 |15.09| 3.61 |15.04| 0.41 |12.21] 1.21 | 0.62 | 8.08 | 0.94 | 2.88 10
3.92 11355 |°3.73 [19.38 | 0401878 1,28 | 018 | 8.69 | 043 | 2.75 | 18
3.33 11307 537 | 2092 [ 0277648 085 | 0.22 | 7.4510.90 | 2.82 20
4.8 112.32| 3.97 |13.00| 0.16 |14.50| 0.88 | 0.37 | 8.87 | 0.87 | 3.68| 3%
a2.20 |12.321 5.80 [12.30] 047 |12.3811.87 | 024 | B.76 | 1.04"| 5.52 1
4.15 |14.34| 2.25 |16.90| 0.31 |11.43| 1.48 | 0.31 | 8.25 | 0.48 | 2.38 16
4.58 |13.41.3.61 | 18.81 [ 032 | 9.28} 080 | D.21 | 9.44.| 0.80 | 2.74 4
4,00 114.04) 5.30 [19.88| 051 | 7.12| 0.84 | 0.23 | 6.92 | 0.57 | 4.40 [ 14
.82 118.87 ] 2377122 57 |"043 ] 2.921 1601 053 ['7.98 11.33 | 2.91 3
3.31 |18.50| 2.86 |120.85| 0.51 | 5.44| 037 | 0.4 | B.42 | 1.06 | 3.10 | 16
208 1 T.08 1 7,08 |48.74| .0:93 | 445 | 0.76 ' 0.16 | T.36°| ©0.98"|" 381 14
3.47 |17.30| 2.49 |20.05]| 0.53 | 6.02]| 0.76 | . 0.18 | 8.44 | 1.30 | 2.96] 29
2971 17.20 | 'T.45 1 2266/ (065" | 270 0.92 ["0.51 | 487 4. 11| 5.00 6

Xummyeckuii coctaB OMOTHTOB I'DAaHATOMAOB HABBAHHHX (opma-
UMOHHEIX cepuit npusefger B Tabm. 1. OcHoBHEE 0COGEHHOCTH XUMH-
9eCKOTO COCTaBa OMOTHTOB MIIIOCTPHPYIOTCA TPEYTOJbLHON AHarpaM-
MOH COOTHOIIEHWS TVIABHHEIX KATHOHOB — QJIOMUHNSM, jKeje3a W Mar-
musa (puc. 1, a, 6). HanGonbmeit Marane3uaabHOCTRI0O W HUBKOM TIIH-
HO3eMHCTOCTBIO BRIEAANTCA GHOTHTH MOHIOTa60po W MOHIOHHTOR
aKaTyeBCKOT0 KOMIUIEKCA MOHIOHHTOBOM (hOPMANHMOHHON CepPHH, CBS-
BaHHOTO €O IMexoYHo-OaszanbrougasiMu Marmamu [Taycom, 3axapos,
1974]. IloBmmeHHO# MaTHE3WANBHOCTBI0 XaPAKTePH3YIOTCA TAaKKe
OHOTHTH aMyIKAKAHO-CPETOHCKOTO ¥ IMAXTAMHHCKOIO KOMIIEKCOB
MOHIIOHHTOBOIl CepHH, OTINYA0MHEcH 0T OMOTHTOB AKAaTYeBCKOIro
KOMIINIEKCA HEeCKOJbKO O0JbIIell TIHHO3eMUCTOCTHIO.

Buotnter fGatomnuToBoit gopManuoHHOK CepUH XapaKTePH3YIOTCH

' UePEeMEHHEIMI COOTHOIMEHWAMHE MATHUSA W KeJIe3a HPH HU3KOM U Mallo
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Puc. 1. Munansusii (a) n cpegauii (6) cocrassl 6moTuToB (GparMenT TpeyroaLHOI
zmarpammel Al—Fe—Mg).

®JI — (pnoronnr, Mer — ncronuT, AHH — anuuT, Cad — cugepoduimant,
@ — apeajsl PUrypaTrHBHBIX Touek GMoTMTOB pasHbix dopmanuii: 1 — GaroauTosas Gopmari-
OHHAMA cepHsa (KOMILICKCH YHIHHCKHN M KBIpHHCKUA), 2—4 — MOHIOHUTOBAA CEPUA (KOMI-
JIEKCHI: 2 — COXOHOMHCKMIE, § — maxTaMHHCKMIT N aMyKHKaHO-CPeTeHCKHil, 4 — akaTyes-
CcKMil); 5—7 — rHelco-TpaHNTHAA W peKOMeTAJLHAM (opMarMoHHbe cepun [KoMIIeKCH:
5 — ypymoHryesckuii, OGopumesounsiii (rueifco-rpanntble), KYHyabOeiicknil (penxomera.ih-
HEIE), 6 — acaxaH-NIyMWJIOBCKKIE (pelkoMeTanbHblL), 7 — XapadrnHckuil (pegroMeraabublii) ];
6 — 1—4 — GartonmuToBafg cepusa: 1, 2 — YHAMHCKUH KoMiuieke (I — rpaHHTHL U TpaHOIMO-
puTH raasHoit dasbl, 2 — rpaENTbl 1 JreKorpaHUTHl 3akapuuTebHON daskl); 3, 4—KbBIpUH-
cunit KoMmiexce (3 — rpaHogMOPNTHL W TrpaHMThl roaBHo#l dasbl, 4 — geifkorpaHUTH 3aKm0-
unredsHON hasbl); 5—9 — MOHIOHWTOBAA cepua [§5 — akaTyeBcKui KOMILTEKE, 6 — aMyIHU-
KaHO-CPeTeHCKUNH KOMINIeKe, 7 — MAXTAMMHCKNIE KOMILIeKE, 8, 9 — COXOHAMHCKHI KoMILIexc
(8 — mamurthl rnaBHoit (asbl, 9 — rpaHUTH 3akmouNTeNbHON dasm)]; 10—13 — ruHelico-
rpauMTHas cepua [10 — ypymoHryeBckuit KoMmmieke, 11—18 — ﬁDEH}BBD‘IHHﬁ KOMILJICKC
(11 — rpaHOOMOPUTH DHAOKOHTAKTOBEIX B0H, 12 — rpaHdTHl rjaasHol (haawl, 13 — Jneiiko-
TPAHUTEL 3aKJounTe bHON Bask)]; 14—18 — penkoMeranbuas JefikorpanutHas cepna (14—
16 — wynyasbelficknit kommaiere (14 — rpasogMopuThl, 15 — rpaHdThl OHOTHTOBBIE INIABHOI
dasel, 16 — rpaHHTBEl AMAZOHUTOBBIG BAKTIOUMTEIbBHOH (assl), 17 — acakaH-IIYMHJIOBCKMIE
KOMILIeke, 18 — XapaJruHcknit Kommiexe ],
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Puc. 2. CooTHOIEHHEe MAaTHE3MAJLHOCTI

6MOTUTOB H KPeMHEKHCAOTHOCTH TPAHHTOB. v v
‘ 0.6 - =
VYeaonnble  ofo3HaweHMA cM. Ha pue. 1, 6. . av

©
0-5 v %D

=]

0.4
MeHANEMCA COIePHaHuI  TIIMHO-
seMucToii  cocraBasiomeii. DBoxee g3l

Hep ®
D?nq@o
fﬁf@.ﬁ
o

MargeanajbHbBle OHOTHTEL Xapak- u] s
TePHE JJIA [AHoPUT-rpaHonumopuro- 0.2 0';&
BHIX PA3HOBHIHOCTEH TPAHUTOUIOB =
cepum, ;kexesucTeie OGuwornte ¢ pes- 07T ' 8
KnM mpeo0iafaHmeM JoJH aHHHTO- . €

1 1 1
BOTO MHHAJA IpeacTaBisior coboil 0 5:5 60 65 70 75 S0,

MO3MIHIe JeHKOoTPAHNTHEE Tu(depen-

muatel, Hauboaee xapakrepuoi oco-

O0eHHOCTBI0 MOCJHEIHUX HBIAETCH OTCYTCTBME B HUX BBICOKOTJIMHO3E-
MHUCTRIX OHOTHTOB, 4To BUIHO u3 puc. 1, 6 (Muddepennmanusa yKazaHa
crpeakoii). ITogoGHoe ke Bo3pacTaHue ;KeJAe3HCTOCTH OHOTHTOB II03]I-
HEX auddepenmmatop HabIOIACTCA B COXOHIUHCKOM KOMIIEKCEe MOH-
NOHUTOBOW CEePHH.

T'parnTous rHEHCO-IPAHNTHOM H PeIKOMETAIBHOME opMATMOHHBIX
cepuil XapakTepuUsyoTes, HATIPOTUE, BHICOKOTINHO3eMUCTHIMI OnoTH-
TaMm, B KOTOPHIX HpeobiagaioT cuaepodiinToBas 0 B MeHbIIeil cre-
OeHd HCTOHUTOBAs coctasiisgonme. CpejaHue coCTaBhl OMOTHTOB JTHX
cepuit ouens cxomusl (puc. 1, 6). Bmecte ¢ Tem cpexm OmoTHTOB Ha-
BBAHHBIX CepHil BeTpeualoTea W Hojlee MarHe3najbHble PAa3HOBUIHOCTH,
0 YeM MORHO CYIHTh II0 MIHPOKOMY apeajy Todek OHOTHTOB peiKoMe-
TaXbHOIl Cepuil, YaCTHUHO MePeKPHIBAIOIIEMY apealbl MOHIOHHTOBOM
n Garonmrosoil cepmit (puec. 1, a).

Boaee otuetanBo ata 0co6eHHOCTE COCTABOB OHOTHTOB PeKOMETa b~
HOHM W IHeicO-TPAHUTHOU CepHil NpoABJIAeTCA Ha JAarpaMme COOTHO-
IMeHUA MATHE3HAJLHOCTH OMOTHTOB M KPEeMHEKHCIOTHOCTH IPaHUTOB.
Boasmmacereo 6motntoB 0aToMHTOBOI M MOHIIOHATOBOM CePHil Xapak-
TePUBVIOTCH CXOMHBEIMI 3HAUYCHHAMH MATHE3HAJBHOCTH, B IIpeJeiax
0.45—0.60, mezasmcuMo 0T colep;KAHAA KPeMHEKHCJIOTH, H3MeHI0-
merocs ot H55—60 (mmoputw) g0 65—68 % (rpaHOIMOPUTE —TIPAHUTE)
(pue. 2). MarmeamanbHocTh OGmoTHTOB HO3HHEX AuPPepenmuartos Ga-
TOJMUTOBEIX (hopmanuii (GHOTHTOBBIE TPAHUTHL M JeHKOTPAHUTHL C CO-
mepaxannem Si0, 70—75%) cammaerca mo 0.4—0.2.

Mz rpaduka sugHO, 9T0 B OTIHYHE OT 0ATOJATOBO M MOHI[OHHUTO-
BOIl cepmWii THeMcO-TPAaHUTHAA M pefKkoMeTalibHasi CepHH IpeacTaB-
JeHB TOYTH HCKJIIYNTeNLHO OHMOTHTOBEIME M JeHKOKPATOBRIMH Ipa-
HATAMA W pAL nuddepeHuanin STHX IPAHUTHEIX CHCTEM II0 KpeMHe-
Kmeaote pesko cysen (comepiwamme Si0, — 70—77%). Hecmorpsa
Ha 2Ty ocofeHHOCTH, HabiiofaeTcs pe3kwuil pasbpoc 3HavyeHuii Mmarse-
suanbHocTn Gnoturon (or 0.55 mo 0.2), npaKkTHYecKH He 3aBHCANIHIE OT
CONeP KAHUA KPEeMHERUCIOTH, 34 UCKIOUYeHNeM IMo3gHux Auddepen-
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TaGauna 2

Cpepnue comepskanus peknx daeMentToB (r/T) W epejHHe KBajApaTHYHbIE OTKIOHeHHA (+) B GuoTmrax
rpasaToniasix gopmanuii Ilenrpaabuoro 3abaiikanbn

q’“”“’égg,’,‘g"“a” Homrexe Ilopona ((pasa) Li Rb Cs Be Sn w Nb Zn Pb ‘é;g’;"
Monnonunropas |MaxraMuucknii| Mornora66po, monmo- | 270 520 33 §isit - B e 60 215 1) e
HHTEI, Tpadopmopn- | +104| 4160 +29(40.7|+0.7| — — +031. +6
TH (rjaasHag gasa)
Coxonguuckuil | Jlanmrer (rnasmas| 540 740 TO:| 645 35| 2.5 Her 300 10 4
dasa) JaHHEIX
Ipasnte GmotuToBEIS | 750| 660 60 2.8 44 4.4 Her 285120 12
gaam;loumenbﬂaﬂ +175| +145| +68)4+0.8| +20( — | gpamEmx [+125]| +9
asa
BaronuToBas Hupuncknii I'pannrer m rpanojmo- b20 735 76 1.3 e | 100 380 15| 2%
putel (raapaas Qa- | +144| +150| +27|4+0.4| +25( — - +132| +7
3a)
I'panmter Guormropsie | 920 1040 145 3.6| 130 4 120 560| 38| 17
n  neiikokparosnie | 365 +315| +68]|+1.6| +66| — — +250| +29
(BaKTIOMATeIILHAA
(haza)
I'meiico-rpannt- | Bopmepounkii | [pammrer Guormronwie | 600| 850 68 [ 1.7 24| 2.0 120 540 o B
Haf (B mesom) +184| +£350| +27|+1.6] +9| — — +175) +4
Pepromerans- | HywkyanGeii- | Ipammtel Gmormropme | 1950 1420 230| 5.8 100| 7 200 s L e S
Haf CRE (ramaBHaa (Qasa) +570| +410| +140)| +3.0| +57| — — 4226 412
Jefikorpanur- | Xapanrmackuii| [panntm  seitkokpa- | 1690| 1040| 160| 20 160 | 40 Her 720] 92 9
Had TOBHIe (ryiapHas da-| +670| +560| +48|+18 | +122 — | mammmx | £145| +48

3a)
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Prec. 3. CooTHOMeRNAe cojep:Kaumit auTnsa (a) 1 00Ba (6) B OHOTHTAX M KpeMHe-

KHCIOTHOCTH TPAHATOB (CpeJiHNe JaHHEE M0 MACCHBAM; 3AMTPAXOBAHHEE SHAKHN —

CcpeJEne CofepP/RARNA 0 KOMIUIeKCaM; 3HAKH, 00Be/leHHEe KAPHEM KOHTYPOM, —
TOYKN PY/OHOCHEIX MACCHBOE).

1—4 — quann  aadbepenIHAINN, KOMILIEKCH: 1 — VHINHCKHI, 2 — KBpHHCKHH, 3§ —
maxTaMmHCKNI, 4 — OGopmeBounbii, OcTajbHble YCJIOBHBe obo3nayeHnsa cMm. Ha pue. 1, 6.

IMATOB PelIKOMeTaJbHOH cepnn (AMa30HUTOBEE IPAHNATH, COJEPRAHMe
Si0, — 76—77%), MarHe3aHaAbHOCTh CIIOJ B KOTOPHIX COKPAM[AeTCHA
mo 0.05.

Pejkoa1eMeHTHBII €OCTAaB OHOTHTOB TJIABHBHIX TDaHUTOHTHBIX
kommaexcos Ilentpansroro 3abaiikanbsa npusener B Talr. 2 (cpemune
JaHHEE).

Haunbosee HU3KAEMHE KOHIEHTPAIMAME PeIKUX 3JeMEeHTOB BHIIEIA-
j0TCA GHOTHTH MOHIOHUTOBOM cepuu (aXTaMUHCKAN I COXOHIMHCKAR
rommrekcs). HanGosee BHCOKMMH KOHIEHTPAIUAMHE BCeX PeIKHX H
PYAHHX DIeMEHTOB XapaKTepH3yoTcs OHOTHTHI pelKoMeTaNIbHOM Ce-
PHE — KYKyIb0eiickoro M XapaJrdHCKOTO KOMIUIEKCOB, 4TO IOJ-
HOCTBIO COTJIACYETCH ¢ BHICOKOM peajbHOM PYIOHOCHOCTHIO WHTPY3AH
amux rpagntoB [Hoszmos, 1969].

KoRIenTpipoBaHne PeIKAX DJIeMEHTOB 10 CPABHEHMI0 ¢ GHOTHTAMM
rPAHATOB TIABHHEX (a3 Gurcmpyerca B GHOTHTAX MOZAHAX mugpepen-
NAATOB 6AaTOMMTOBOI (KEIPHMHCKHIT KOMIIEKC) M MOHIOHATOBOMH (cO-
XOHMHCKHI KOMIITeKe) GopManmoHHBIX Cepuii. 3aKoHOMepHOe YyMe-
PeHHOe Bo3pacTaHHE COJEP;RAHUH DPEJIKHX 3JIeMeHTOB Haba0IaeTCA
TaK;ke B OMOTATAX TJAaBHHIX (a3 dTHX CePHil M0 Mepe yMeHBHIeHHA
OCHOBHOCTH TPAHATOMIOB N BO3PACTAHHSA COMEP/KAHAA B HIX KPeM-
gekucaors (puc. 3). I3 rpaduKOB Tak;Ke BHAHO, 9TO CTeIeHb HAKOILIe-
HHUA PeIKAX 2JeMeHToB B OMOTHTAX, MPEJCTABIAIOMUX cofoil HOeH-
TUYHEE N0 cocTaBy AuddepeHHaTH Pa3HBHIX KOMIUIEKCOB ojHO# dop-
MalMOHHOM CepPHH, CYMeCTBeHHO Pa3iIniHA.

Kak oTmeuajoch BHIIe, II0 CPaBHeHMI0 ¢ GaTOIAMTOBON M MOHIO-
HATOBOH (opMamumoHHEIMu cepusaMu pax Auddepennmannn WHTDPY3HR
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THe{iCO-TPAHUTHOI CePHH Pe3KO Cy/ReH M NPefCTaBIeH OHOTHTOBHIMHI
aJlaMeJIITAMI —I'PaHNTAME —Jlelikorpauntamu. B Gmoturax mocaes-
HUX MOKeT HaOJI0faThCA Pe3Koe BOZpacTaHNe KOHNEHTPAIUNIT POIKAX
aJaeMeHTOB (OTAENBHEIC MATPYSHBHEEC TeJa 3aKIIOTNTENLHON tasm),
HO Hepejlko Gukcnpyercst n peakoe majenne KoHNeHTpaumii (pue. 3, a)
[0 CpasHeHWio ¢ OHoTHTAMU TPAHUTOB raasHoil gass. B atom cayuae
mosfHue AuddepeHnNATH NMPEICTABICHB IJIACTOBEIME TEJaMH MEJIKO-
3ePHHCTHIX OHOTHTOBEIX JIEHKOTPAHHTOB, OYEBWMIHO AErasupOBAHHEL.

Buorursl untpysmii pearomeraabnoil opmanmonnoi cepuu B HOJb-
IMMHCTBE CBOEM XapaKTePH3YIOTCA IO CPaBHEHHIO ¢ OmoTHTAMM HATO-
AMTOBOIL CePHI yMePeHHO MOBHINEHHEIMHA (PEJIKO), TOBBIMECHHEMA WM
04eHb BEICOKAMH KOHIEHTPAIMAMN PeIKHX DJIeMEHTOB, He 3aRUCAITUMI
0T COJlep/KaHNsA B TPAHATAX KPeMHEKHCJIOTH M OTPasRaloN[HMMI, IO
CYIMECTBY, HHAMBHAYaIbHLIC 0CO0EHHOCTH OT[EJILHBIX HHTPY3UIl.
Kak nokasmBaer comocrasiaenne ypoHA KOHIEHTPaIuii PeJIKNX dJre-
MEHTOB B OHOTHTAX ¢ KOHKPeTHOI PYIOHOCHOCTBIO MACCHBOB, HANGOJIee
HHGOPMATHBHBIMH B  OTHOIEHHN pPenKoMeTal bHO-BOIBHPaM-0JI0B iAH-
HOTO OPyJeHeHHNA ABIAITCA CojepskaHnsa B GHOTHTAX 0J0BAa W JUTHS.
IlpakTiaeckn PyJOHOCHEIMH SBJIAITCH HHTPY3UM CO CPEJHHM CO-
Aepskannem B Onornrtax oxosa 60 v/t u perme, aurns — 1300—1500 /v
u Beime (puc. 3). YacTh MaccHBOB TPAHUTOB 3aKIIOIHTEIBHOL dassr
KEIPHHCKOTO KOMIUIekca GaToauTopoii cepmm, B GHOTHTAX KOTOPHIX
KOHINEHTPATINN 0JT0BA W JHTHs JOCTHTAIT HABBAHHHEX MpeJIeos,
ABJIANTCSA PY/IOHOCHBIMH (Ha PHC. 3 MOKA3aHB ;RUPHEIM KOHTYPOM).
To e camoe oTHOCHTCS W K OTHeABHEIM TeJaM 3aKII0UNTEIbHOI (assr
fopmeBoTHOTO KOMIUIeKca THeico-IrPaHATHOM CepuH, ¢ KOTOPBIMH CBf-
3aHBl TeTMaTHTH ¢ OefHON pegKoMeTaabHON MWHepaJusamnei.

Bonpoew: remesmea rpamwros. s upepuaymero paccMoTpeHnA
(puc. 2 m 3) oueBmMiHO, UTO CYMECTBYIOT [iBe TeHETHUECKIHE TP YIIE
OHOTHTOBEIX T JeHKOKPaTOBHIX TpaHHTOB. Ileppas W3 Hux npencTaB-
asier coGoit mosgHue nuddepeHimaTE HHTCHCHRBIO nuddepenmpoBan-
HEIX 10 KpPeMHeKNCJ0Te WHTPY3ui OaTOMHTOBOM WM B MeHbHICH CTe-
NeHI MOHIOHHTOBOI (popMALHOHHKX cepmii.

Hpyras rpynma alaMeJITTATOR-JIeHTKOTPAHUTOR NpPeIcTaBIfgeT Co-
Goit rnaBHEe (ass mETPY3Mil, B KOTOPHIX Gojlee 0CHOBHEIE PA3HOBUJI-
HOCTH TPAaHHTOW/I0B (IPAHOAMOPHTH, JAMOPUTH) HPaKTHYECKH o0TCYT-
CTBYIOT HJIH PAa3BUTHL He3HAYHTENbHO (THeHCO-TPaHWTHAS T PeIKO-
MeTanbHag rpaHuTHas (GopMamHOHHBIE Cepum).

BosnukaoBenne rHeiico-rpaEmTHBIX cepuil CBABAHO ¢ NpoOLEC-
caM# peoMop@usMa, 3akiaogaonmyucsa, mo H. T Cynosukony, B mpo-
TPECCHBHON TPAaHHTH3AIME JPEBHEro THeiicororo cyGerpata, saep-
HABIIeHicA YacTHIHBIM mIasienneM. Xopoimo M3BECTHO, 4YTO Tpa-
HUTH3AIHA 00eCHeYnBaeTCA UPHBHOCOM KPEMHEKHCIOTH, Kajaus M
BHIHOCOM DAJla ocHOBaumii. VHTeHcHBHAA KaammmaTnsamms spiaserces
XapaKTePHO# 4epPTOH MaccHBOB GOPHIEBOYHOrO KOMITERCA. IMnporo
HPOABJIEHHBIE B HUX THEHCOBHE TEKCTYPHI, MOJNOCYATOCTB, pABHAA
CTeNeHb TOMOTEHH3AINH YKa3HBAlOT Ha YacTHYHOe IUIABJeHHe Tpa-
mnToB. Taxnm obpasom, mopojaM KOMILIEKCA CBONMCTBEHHE OCHOBHEE
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‘KmouuTenbHEX $as); 4 — reeiico-rpa-

Pnc.| 4. VYenosusi  xpueramnnsa- [nuro3emMucmocme
nun OHOTHTOB 1O COOTHOIMEGHUIO WX -—
| 00Meil  JKeIeENCTOCTH H
f=ZFe 100/(XFe-+Mg) m raumHO-
semucToct  [=Al - 100/(Si+Al+
+ZIFe-+Mg) [mo B. C. MWsanony,
1970], cpepmne papHbe,

CTpenkaMu YKasaHo M3MeHeHHUe COCTAaBA
6uo™nToR B npolecce auddepennmanmm,
1 — MoHUoHNTORAA dopMalMoHHAA Ce-
pHA (aKaATYeBCKMH W aMyIKHKaHO-Cpe-
TEeHCKN  KOMIJIeKehl), 2,8 — MOHIIOHM-
TORAA (WAXTAMMHCKNIE W coXoHEMHCKHIE
KOMIJleKkchl) n GaToJuToBas cepmn (2 —
raasHble (hasel, 3 — JelKorpaHUTH 3a-

]

,
\s.l

goee

eneaucrmocme

Temnepamypa

HUTHAA W peKOMeTajlbHAA Jelikorpa-
HUTHBle cepnn, OecTajJbHBle  YeJOBHBIE
ofosHavennsa c¢M, Ha puc. 1, 6.

UWenoynacms

yepTr peomopduuecknx rpannronngos [cm. Teosormuecknii crosaps,
1973, «Peomoppuam» |. TTpoucxosienne mogo0HEX TPAHUTHEIX CHCTEM
XapaKTepudyercs Kak MaJMHTEHHO-MeTACOMATHIeCKOe IPH AKTHBHOI
poau geryunx kommonenrtos (B. A. Pynuuxk).

Ha ocuose mammpix o cocrase GHOTHTOB YCIOBHS (OPMUPOBAHIA
IPAHUTOB PABHHIX (DOPMAIMOHHKIX CePHil MOTYT OBITH IPOAHAIMBUPO-
paubl ¢ momompio auarpavvel B. C. Msawosa [1970]. Ha guarpamme
(puc. 4, cpemane HanHse) GHOTHTE THEHCO-TPAHUTHEIX CePHil MOIaal0T
B moJjie Hambojee IVIMHOSEMUCTHIX PA3HOBHIHOCTEil, KPHCTAIIN30BAB-
MIUXCA PN BEICOKOH AKTHBHOCTH BOJAB M Hambolee HU3KHX AJAA rpa-
HUTHBEIX CHCTeM TeMmIeparypax. BeaemcTsme BBICOKOH aKTHBHOCTH
KUCJIOTHBIX KOMIIOHEHTOB IIEI0YHOCTH (AKTUBHOCTH KaJus) OPH KpH-
crajaam3anui Takux OmotmToB OBIIA HU3KOM.

HauGonee BrCOKMME TeMIepaTypaMi KDHCTAIIHBAINE (HUBKON
AKTUBHOCTBIO BOJBI, BBICOKOI I[EJIOYHOCTHIO) XapaKTepPH30BaINCh
GMOTHTEL AKATYeBCKOTO KOMILIGKCA MOHIIOHHTOBOH Cepui, Hemocpep-
CTBEHHO CBABAHHOTO CO IIeJ0uH0-0OadaabronaasiMu paciiasamu. Ilo
YCAOBHAM KPHCTAIIMBANUN K HuM OJU3KHM OHOTHTH aMyIKHKAHO-
CPETEHCKOTO KOMIIJIeKcA TOH ke cepun. Buornter 6aT0MMTOBEX (popMa-
i KPHCTAIN30BAINCH TaKsKe IPH BEICOKHX TeMiepaTypax, o Gonee
HUBROI arTuBHOCTH Kaausg. Ilo mepe yMeHBINEHUs 0CHOBHOCTH IOPOJ
TeMIepaTypa KpucTaaansamun OHOTHTOB CHUYKAGTCS M OHU CTAHOBATCH
Bee Oosiee smenesnereivi (KupuHekwit kKomineke). HaubGonee nnsknmn
TeMIepATYPAMI KPHCTAIHBAINT IPH COXPAHAIONEMCA YPOBHE IHeI0d-
HOCTH (NIMHO3EMHCTOCTH) XapaKTePHBYIOTCHA BEICOKOKeIe3ncTre Omo-
THTEL JIefiKorpannToB Oartonurossx maTpysuii. Takum oGpasom, B mpo-
necce auddepenimanmn GaTOMATOBEX HHTPYBUH BBHICOKOIIMHOBEME-
creie GmortnTer He 06pasywoTCH.

Buorirsr yacTi HHTPY3UI MOHIOHATOBOM cepun (ImaxTaMuHeKuil i
COXOHIMHCKII KOMINIEKCH) IOMAaioT B HoJe 6aToIuTOBOI cepim, 94To
MOJKeT CBUIETeNLCTBOBATH O THOPHAHOM XapakKrepe HMCXOAHEIX pac-
mragors. B mponecce puddepennmanimn WHTPY3uii n3MeHeHHe COCTABOB
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SHOTHTOB ATHX KOMILIEKCOB AHAJIOTHTHO OATOMNTOBBIM HHTPY3MAM
(ma puc. 4 MOKAa3aHO CTPETKOIl).

Cpegn OHOTHTOB THeHCO-TPAHMTHON CePHH BCTPEUAIOTCA MarHe-
3WAJBHBE W HU3KOTJIMHO3eMHUCTHE PAa3HOBHIHOCTH, COCTaB KOTOPHIX
TPAKTHUECKA COOTBETCTBYET OHOTHTAM TIaBHHX (a3 OaToANTOBRIX
popmanmii. Taxme GHoTNTE B rHeiicO-TPAaHUTHON CepUm IPeICTABIAOT
€000l BHeNIHAE TPAHOMOPHTOBEE 30HE IHefiCO-TPAaHUTHRIX KYIOJOB,
COOTBETCTBYIONINX TPAHUTH3NPOBAHHOMY JPeBHEMY JHOPHT-TPaHO-
JMOPUTOBOMY MeTaMopdHueckoMy cydcTpaTy, 3a cgeT KOTOPOTO mpo-
HCXOIII0 KaK MaJHHTeHHO-MeTacoMaTHIecKoe ofpadoBaHme rHeiico-rpa-
HUTHHIX KYIDOJI0B, TAK I MaJNHreHHo-anaTekTnueckoe (mo B. A. Pyn-
HAKY) GopMHPOBAHNE MATMATHYECKIX 09aroB GaTOJNTOBHIX HHTPY3Mii.
Pazuauma cocrosia, 09eBHHO, B COOTHONIEHIH HPOTECCOB METaCOMaTH-
gecKoro mpeobpasoBaHms W aHATEKTHIECKOTO IUIaBJIeHHS cyOcrpara.
[Ipu Bexymeii PoJH MeTacOMaTHUECKUX IPOIECCOB IOJ BO3AEHCTBHEM
TAyOMHHBIX (IIOHIHEIX TOTOKOB (OPMHPOBAJINCH THEICO-IPAHHTHEIE
KYIOJBHBE CTPYKTYPH C BHICOKOTJIMHO3eMHCTEIME Omormramm. Mx
TocHaeyionee YacTHUHOe ILIaBiIeHme 7 AAddepeHHaia IPABOIIIN
K BOBHUKHOBEHNIO JOKAJBHEIX 04arT0oB HamboJee HH3KOTeMIepaTyp-
HEIX PACIUIaBoB (MerMaToHIHEE JeiKOTPAHNTEI) ¢ BRHICOKOTIHHO3EMIC-
TeME OmotHTamu (pue. 4, yKasaHO CTPeIKaMIH).

Namernenne coctaBa OHOTHTOB peflKoMeTalbHOI dopMannoHHOIT
Cepu# MPOMCXOANT TOYHO II0 TAKOH ;Ke cxeMme, KaK H HM3MeHeHNe Co-
craBa OHOTHTOB THeiico-rpanmtHBIX Qopmauumin (puc. 4). Cpepn Guo-
THTOB PEeIKOMEeTAJIBHOIl CepHH TaKs;Kke MPUCYTCTBYIOT MarHe3MalbHbIe
PasHOBHIHOCTH, & COCTAB OMOTHTOB MO3NAHHUX AuddepeHnuaTos cepun
(amaszonuTOBHE rpaHUTH) GUKCHpyeT UX Hambojee HU3ZKOTEMIepPaTyp-
HEIl XapaKTep M COOTBETCTBYeT cocTaBy OmotmToB mospgaux mudde-
peHIMaToOB rHeiico-rpannTHON cepun. OwesupHOo, HabXi0fa0madgcsa
AHAJMOTHA ABIAETCH CJHAECTBHEM CXOTHOTO TreHe3nca I'PAHHTOHIOB.
WaTpy3nn pegxkoMeTaJlbHEX JIeHKOrPAHUTOB (JOPMHPOBAINCH B 30HAX
“TeKTOHO-MATMATHICCKON aKTABH3AIAN IO BO3[eCTBMEM IOTOKOB
JleTydux rayomHEOTO HponcxoskneHns. Ot rHeiCO-TPAHHTHBEIX MacCH-
BOB OHHU OTIMYAIOTCH IPE;KIe BCEro HPAKTHYECKA MOTHOH TOMOTeHH-
3amueil caaramiInx TPaHUTOB, a Tak:Ke Oojee OrpaHMYEHHBIMH Pas-
mepamu. [eosormyeckie JaHHBE NMOKA3KBAIOT, 4TO Iporecce (GopMupo-
BAHHUA IHECO-TPAHUTHEIX MACCHBOB OBIT JIATeIbHBIM, a BO3HHK-
HOBeHHe WHTPY3WI PEIKOMETATBHEIX JTeHKOIPAHHTOB YKJIA[BIBAGTCSA
B Y3KHil BPeMEHHON WHTEPBAJI Me3030HMCKOH TeKTOHO-MarMaTHiecKoil
aKTHBu3anmun (cpenHAs—moo3gHAA opa). MoskHO moaToMy Iojarath,
qTO BHILIABJIEHHE PACIIaBOB OTMX HMHTPY3UHA HOCHIO YOHICTPeHHEII
XapakTep W IPOMCXOMIO IOJ BO3JMeHCTBHEM JOKAaJbHEIX YCHICHHBIX
notoxos deryunx. Cormacao @. A. Jlernurosy [1975], B Tex cayuanx,
KoT/a 0Jarofapd BHICOKOH KOHIEHTPAINH JeTyIHX JaBlIeHNe BOIHOI
dass B GopMupyomuxcd paciiaBaXx JOCTATaeT YPOBHA BHEIIHETO
ABJEHNA, BO3MOKeH Ilepexo]l B paciuiapsl OmoTHToB cydcTpata Ges
AX pacIiIaBJeHHs H CYMECTBEHHOTo m3MeHeHHs coctapa. Mmenno Ta-
KUe MarHesualipHele OHOTHTEL XapaKTePHBI A 4acTH PeIKOMeTalb-
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unx nETpYaHii. Coctas aTux GHOTHTOB HEPABHOBECEH € KMCIBIM COCTA-
BOM CAMHAX TPAHHTOR, M MX KCeHOTeHHas Npupoja HecomuenHa. J[py-
THM cJeICTBHEeM YCHICHHOTO MOTOKA JeTyunX npu opMUpOBAaHAN Peji-
KOMEeTaJBHHX JeHKOTPAHUTOB SABIAETCA BHICOKOE COJIepPsKaHHe B Tpa-
HHTAX W OMOTHTAX NEPEHOCHBIINXCA B COGIMHEHMAX ¢ JeTYIAMH peji-
Kux aaemenTos. ITocKOABKY HOTOKH JIeTYIHX B MEPHOJN aKTNBH3AIMH
OHIM JOKAJBHBIMH W HePABHOMEDPHBIMH, OTAeJbHBIE MHTPY3UH 3a-
METHO pasjinyaloTcd CTeleHbI0 KOHIPHTPAIMH pPeJKUX DHIeMeHTOB
B TpaHmTtax, OHOTHTAX M, KaK CIe[CTBHe, PyAoHocHOCThIO. Biaromapsa
KCeHOTEeHHOM WpHpPoAe dYacTH OHOTHTOB HEMOCPEJCTBEHHAS CBA3L
MeEIY XIUMIUeCKHM 1 PeKOIeMeHTHEIM COCTaBoM OMOTHTOB B HHTPY-
3MAX PEAKOMEeTAJBHEIX TPAHHTOBR OTCYTCTBYET.

Jlmarpamma puc. 4 OJHOSHATHO TOJTBEPIKIAET CYIECTBOBAHUE
NBYX reHeTHYecKHX rpymi jdeiikorpanntos. Ogna u3 HEX MOKeT OHTH
HasBaHa YCJI0BHO peoMopduueckoil m mpepcTaBieHa GOJBITHHCTBOM
MATPY3NI THEHCO-TPAHHTHOW M pPelKOMeTaabHoil GopManHOHHEIX Ce-
puii, ¢ BHICOKOTJIMHO3eMHCTHIMHI OHOTHTaMM, JApyras MpelcTaBieHa
JeiikorparnTaM — no3gHEME guddepenimatamu 6aTOIHTOBOH U MOH-
MOHATOBOM CEPHil ¢ BBICOKOKEJIE3MCTHIMM, YMepPeHHO IIIMHO3eMHUC-
THIMH OHOTHTAMH.

Cocras OMOTHTOB M PYIOHOCHOCTH MHTpY3HMii. B pasmoii crenenm
PYAOHOCHEIMH MOTYT OBITH MHTPY3UH o0eHX TeHeTHYecKHX TPyIm
aeiikorpannroB. HeGoraroe ogoBsinHoe opy/ieHeHHe COOPOBOJKAAET
OT/IeZIbHEIE MACCHBHL TIO3IHUX JeliKorpaHuToB GaTONNTOBOM (KBIPHH-
CKMil KOMITEKC) W Peske MOHIOHHTOBOI opMauuoHHEX cepuii. Boab-
MIAHCTBO JefKorpanuToBR »THX cepuii Gespymusr. Ilpmanaxom pymo-
HOCHOCTH TAKHX JeifKOTPAHHTOB SIBJISETCA He XUMHYCCKHI (BHICOKAA
JKeJTeBUCTOCTD), a PEJIKODJIEMEHTHBI cocTaB OHOTHTOB, B 0COOEHHOCTH
[OCTH;KeHMe CpeJiHero yposHA KoHmentpamum oxosa 60 r/r m Bmme.

IomaBasoniee GOJBIMMHCTBEO HHTPY3HH PEIKOMETAJBHBIX JeHKO-
TPAHATOB PYAOHOCHEI, MX GHOTHTH Pe3KO BHIIEAAIOTCHA IOBHIIEHHOM
DAMHO3eMHCTOCThIO. Ho TaK KaK BBHICOKOTIMHO3EeMHCTHE GHOTHTH He
MeHee XapaKkTepHBI I MAPOKO PaclpPoCTPAHEHHHIX, HO B OOIBITHH-
cTBe CcBOoeM Oe3pVAHHEIX HIN OTPaHAYeHHO-PYAOHOCHEX WHTPY3Hil
rHejico-rpaEnTHON QopManMOHHOH cepuM, XHMUYECKHil coctan Omo-
THTOB cJeJlyeT pacCcMaTpHBaTh, Kak cyry0o BCIOMOTaTeJ bHEIH MPU3HAK
IPA OLEHKE CTEIeHH PYMOHOCHOCTH IPAHATHEIX HHTPY3HIl.

IIpsaMBIM THAUKATOPOM PYNOHOCHOCTH ABJAETCA YPOBEHEL KOHIEHT-
panmm B OHOTHTAX TPAHUTOPUIBHEIX PeJKHX BJIeMEeHTOB, B IepPBYIO
oTepenp oloBa M JmTHA, HaunGosee BhCOKMil B OGmormrax Hamboiee
PVAOHOCHEIX WHTPY3Wil.
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B. M. Jauyenxo (CCCP)

ORNCJINTEJIbHO-BOCCTAHOBUTEJ/IBHBIE YCJIOBHA
DOPMUPOBAHHA TPAHHUTOHIOB U 3HJIOTEHHOE OPYJIEHEHHE
(HA IPHMEPE IOT0-3AIATHOIO OBPAMJIEHHA

CHUBHUPCRON ILIAT®OPMBI)

V. M. Datsenko (USSR)

OXIDATION-REDUCTION CONDITION FORMING GRANITOIDS AND
ENDOGENIC MINERALIZATION (ON THE S. W. SIBERIAN PLATFORM
FRAMING)

Oxidation-reduction conditions are determined by the relative quantity of po..
Oxigenous pressure affected the correlation of oxidized and reducted forms
in fluid and appearance of the magnetite and unmagnetite granites, which for-
med the long, conservative belts with the various mineralization.

MuHepaloro-reoXMMAYecK0e H3yIeHne MarMaTH3Ma 0ro-3amafHoro
obpammennsa CuOupcKoil mIaTGOPME IMO3BOJINIIO BHJIEJHTH 37eCHh JBE
TIPOTAKeHHEE 30HL, OTIMYAI[HECH YCIOBHAME IPaHnTo06pasoBaHus
[amenro, 1977]. B IlpuniardopmenHoit 30He, BRI0Ualomeii Bupio-
cuHcKyIo raaby Bocrounoro Casna, Boctounyio Tacts Aurapo-Hanckoi
rAHGE W MHOTEOCHHKINHAIBEYIO 9acTh Enuceiickoro kpsmxka (puce. 1),
B TeUeHHe [BYX TEKTOHO-MAIMATHYECKAX MHKIOB (OPMAPOBAIHCH
Ge3MATHETHTOBEE PPAHATH ¢ OHoTHTOM W aMm(ubodoM, 0 MHUHEPAJIb-
HOMY M XUMHIeCKOMY COCTABY COOTBETCTBYIOIHE I'PaHMTAM BOJHBIX
IIyTOHMYeCKAX panuii, moHsaTEe 0 KoToPHIX G510 BBemeno J1. C. Ilreii-
ubeprom u I'. B. Mepmratepom [1968 u np.], a us sapybe:xubix mer-
poioroe — A. Purmamom [1975]. Bropas soma nporsarmeaercs 3a-
magaee u otctout ot IIpunaardopmennoin Ha 20—60 km. B o6mux gep-
Tax oHa copmajgaer ¢ 3oHoil Baiikamo-Enuceiickoro rny0omHHOTO pas-
noma. C Helt cBA3aHO pa3sUTHe PA3HOBO3PACTHHIX M pPaszHo@aIialbHBIX
IPAaHUTOMIOB, OTIAYATON(UXCH IIOBLINIEHHBIM COJleP;KaHMeM MarHe-
THTA CPeIH AKIECCOPHEeB.

Ceefennss o GopManUOHHO IPHHAIE;KHOCTH M MeTPOXHMHYECKAX
0CODEHHOCTAX BRIIEJIeHHHX KOMILIEKCOB IpABeeHs B Tadanme. Buep-
BHE 3eCh BEUIEAAOTCHA TaPeBCKMil U OCHHOBCKHIl KOMILIEKCH, HeoO-
XOIMMOCTH Tero 0DOCHOBHIBAETCHA B OTHEJBHOI paGore. XapakTtepu-
CTHKA OCTAJBHEIX COlepskuTeH B crarhax u MoHorpaguax I0. A. KHys-
memosa [1941], O. A. Tmuko [1957], C. T'. Ilerposa u np., [1971],
apropa [[damemro, 1974; Hamenwo JI. M., Hamemxko B. M., 1971;
HKopues, anmenxo, Bosun, 1974] m gp. OcramosumMca Ha KpaTKoH
XapaKTepHCTHKe W OCHOBHHIX STAalaX Pa3BHTHA I'PAaHUTOMIHOIO Mar-
MaTH3Ma.

B apxee B csgsum ¢ MeraMoppu3MOM TPaHYJAATOBOH (amun
W CEeJeKTHBHHRIM aHATEeKCHCOM B YCIOBHAX HH3KOI0O NapmUHaJbHOTO
JIABJIEHHS BOJIK IpoHCXOMmiIo GopMAPOBAHHe MHTMAaTHTOB (Al ru-
MepPCTeHOBHIX THEHCOB W CBA3AHHHEIX ¢ HAMH COCKJIAaTYaThIX YapPHOKMH-
ToHOB OoOTyHaeBCcKoro Kommrekca. I[locremame ciaaraior
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Cpeqiaue coeTarsl 'PAHUTONOB oro-3anafnoro obpamienns Cuduperoii naardopym

Xumugeckni
. Mexanusm
o @opmanusa (KOMITIEKC) (GopMnpoBa-
S HRA TUTYTOHOB| " o
g O e e
A b B ) & < R =
3ona Baiikano-Exuceiickoro
AR, | Cockmaguathix uapHoHO- | Amatextn- [32 |[64.91]0.79|14.83(1.90|5.06
KUT-MUrMaTuToB (Gory-| ueckmit
HaeBCKMil)
AR, |Moagmecknagyareix uap- [Aarpysusso-| 3 [69.17]|0.89|13.56 | 2.56 | 3.02
HOKHTOB (Ky8eeBCKHil) | aHaTeKTH-
YecKHil
PR} | Aproxromneix Murmatn- | Metacoma- |39 [70.10(0.31|14.15(1.62|2.02
TOB M I'HeiicO-TPDAHATOB | THYeCKMi
(moconsHeHCKMI)
PR§ |I'panmremx  Garosnmrop | Marmaru- |11 *%(72.77]0.23(13.88(0.70|1.89
(HMRHEKAHCKWTIT) qecKuil
PR} | Ilospmecknaguateix  ka- [ Peomopgm- |22 #*(73.57(0.20]13.02(0.96(1.95
JINeBHIX FDAHHTOB (Ta-| YecKwi
peBcKmil)
PRS | Ilocroporennnix amsckm-| Marmarm- (161 |73.98(0.21(13.31|1.11|1.44
TOBEIX IDAHUTOB (TJy- | 4eCKUHl HH-
IMAXAHCKAN ) TPY3HBHEIH
PR§ | To :xe (ocmHOBCKMII) To e 4 |73.27/10.40(13.27(0.92(1.38
D; |BrereocwMHRIHNHAIBHEIX B 0n 52 |73.41[/0.35|13.36(1.97|1.39
IPaHUTOB (OPHUTCKMIL)
IIpunnardop
PR, | Cannusepcuonusix rpa-| Marmarm- |14 **[71.46]0.32|13.88)| 0.96| 2.58
HUTHEIX GaronnToB | UecKoe 2a-
(rapakcrmit) MelleHue H
BHE/PSHUS
PR2 | To e (rarapcko-aaxtna-| To e 78 **71.58(0.30(14.20| 0.74| 2.07
cEmil)

* LFeo = FeO - 0.9Fe,05.
*% YureHsl NOPOIbl TONBKO COGCTBEHHO IDAHATHOTO COCTABA I'JIABHOI MHTDY3HBHON (amuu.

orHOCHTeIbHO Mexkme (1o 300 M B momepevnnKe) cornacHbe Tela CPeIu
apxefCKUX THeHCOB W KPHCTANINIECKHUX CIAHIEB B 3aUalHON W IeHT-
paneHOT dwacTax Amrapo-Hamexoit rambei. MuHepanbHEHIT cocTas
YaPHOKHATONIOB HE OTAWIAETCS OT COCTARA BMEMAIINUX IOPOA: AHTH-
HePTATOBKIA IJIATHOKNIA3, KBAaPI[, THIePCTeH, OPTOKIAa3, rpaHaT (ajb-
MaHIMH C BBICOKHM COfeP;KaHHeM IHPOIOBO MOJNEeKyIH), OmoTHT;
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ket pams ¥ B
= B wieno | MATHE- | THTAHO- | WiIbMe-
i THT MarHeTHT HUT
E 2 Eﬂ 2 E‘ 3. g: : upos | aprer CeH | TMMOHHT
=\ = [&]
rayOMHHOTO pasaoMa
14514 — 3450
6.79|0.06|2.5913.23|12.11)|3.56| 0.14| 0.41 7 == e
21000 — 2500
5.3210.0410.4614.97|2.08(6.96]|0.12] 0.17 1 S S
13094 - 448
3.48(0.05(0.61|1.60(3.61|4.58/0.13| 054 | 6 e 930 57
4600 13 150
ok S e
252(0.05|/050(1.67(3.49|4.37|/0.46| 0.42 | 3 e 235 5
2040 — 52
2.81(0.03|0.46]0.75]|3.26|5.06| 0.15| 0.60 | 8 g i T
12 — 18
2.44(0.03/0.5110.93|2.77|4.47|0.08( 0.69 | 17 e s e
; 6460 — 85
2.2110.05(0.63|1.04|3.29|4.70(0.07( 0.60 | 2 e 6 o
1463 38 9
3.16|0.07|0.36|0.50|3.72|4.57(0.06| 0.53 | 8 8T e e
MeHHafl 30HA
3H. — 8
3.44(0.04|0.69]1.20]/2.93|5.06|0.10| 0.56 | 3** = = 5=
6 —_ 2
: 04 sk A ok iz
12.7410.06|0.57|1.66|3.44]|4.29(0.08| 0.50 | 21 * Ty 5 A

akneccopusie mpepcrasiens MarmetntoM (0.4—2%), wiasMeHHTOM
(mo 8 Kr/T), THPKOHOM H amaTHTOM.

Bomee wmosofpME ABIAIICA MO3MHECKIATYATEHIE HHTDY3HBHEIE
JapPHOKATHL Ky 3eeBCKOT 0 KOMINIeKca, o6pasyomae Kak co-
rJIacHule, TAK M CeKymiue Teaa MomHOCThI0 M0 20 M cpefnm KpHCTal-
JUYeCKAX CJHAHIEB U COCKIAgYaThix dapHorutoumos. [lo mmmepamsn-
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Puc 1. Pasmemenne rpaEATONJIOB BOJAHLIX M MAJOBOJHEIX cepmii B CTPYKTypax
10ro-3anaguoro odpamuenns Cnbupckoit mraTdopmer.

1 — Cnbupckaa maartpopma; 2 — 3anagHo-CHOHpckas nnNTA; 3 — BHETYNB  apxeiicko-
nporeposolickoro ¢ynpamenta (I — Anrapo-Kanckan rawiba, II — Kanckas rawiba, 11] —
BupwocuHckaa rabioa); 4, § — obaacts Galtkadbekofl ckiamguatoctn Emmcelickoro kpasa
(4 — 9BreOCHHKJINHANBHAA, 5§ — MHOPeOCHHKJINHAIbHAA); 6 — IPaAHMIla MO~ M OBreoCHHKIN-
Hauieil; 7 — BYJKaHOTeHHble 0TI0MEHHs cpeflHenaleosolickoro sTama arTHBH3AINN perHoHa;
§ — KpacHOUBETHO-TEPPUIeHHble OTJIOMKEHMA HaJoKeHHONH PhiGnuckoil Bnaguuel, 9 — rpa-
Hua PwiGunckoif Buaguubl, 10—I17 — MarseTHTCOAepHKAIle MaJoBOIHBIE IPAHUTOMIB B0HBI
Bankano-Eunceiickoro_ray0nuHOro pasioma: 10 — 110, PA3BHTHA apXeiicKMX 9apHOKATOB
11 — rpannToNIBl  raGGpo-IHOpPHT-IIATHOPPAHATORON cepii  Oaiikamny  (npuermcelicrkuit
KOMIIeKe), 12 — MUTMaTHT-INIYTOHBL pAdeilckoro moco/ibHEHCKOTo KOMILIeKea, 13 — pudeit-
ckle peoMopuueckie rpasuTthl (rapeBcknil kKomnuexe), 14 — pueiickie mapaaBToXTOHHBIE
TAIMHIeHHO-AHATEKTHYeCK e TPAHNTEI HIDKHEKAHCKOTO KOMIeKca, 15 — pudelickue mocTopo-
reHHble WHTPY3HBHO-AHATEKTHYECKNe TI'DAHHTH TIYHIMXHHCKOTO M OCHHOBCKOTO KOMILIEKCOB
(a — mroxn, 6 — TpemMUHHLE TeNa), 16 — NosnHenpoTeposoiickne I maleosolickie KOMIOJIEKCH



HOMY COCTABY OHWM OJNM3KH K BHIICOMHCAHHBIM, OTIAIASICH ITOBBITIEH-
HEIM COJIeP/KAHHEM OPTORIA3-NEePTHTA, KBapHa M TOABJIEHWEM MUp-
MeRUTa. XHMHUeCKIe aHaJM35l MOKA3BBAIT PE3KO BO3POCIOYI0 B HAX
poab Kamusa (cm. rtabmmiy).

Ha rpanmume cpefrero n paHHero IPoTePo30A B CBA3M ¢ KaPeIbCKIM
TeKTOTeHe30M IPOM30NLIa MoOMIH3amusa apxeiickoro cybcrpara. O6-
pasoBaBmmecs TPH 3TOM NAJWHTeHHBEe TIpaHmToNAl ciaaralor T a-
PAaKCKHNR IUIYTOH OTHOMMEHHOTO KOMILIEKCA, PacIoJI0:;KeHHBIl
8 [Ipumrardopmennoit some Aurapo-Hamckoit ramds. MopMuaposanme
€r0 MPOMCXOAII0 B YCJAOBHAX BEICOKOTO OOMIEro M BOJHOTO JaBIeHNSA
Ha abnccaabnom yposue [[lamenxo, 1976a]. [lenrpanbHas wacts ero
CI0KeHa TOoPOUPOBMIHHME OHOTHTOBEIMHI IITATHOMUKPOKJIMHOBBIMI
TPAHHTAMI ¢ MEPMEKHTOM U IPaKTHYECKH IOJHBIM OTCYTCTBHEM Mar-
HeTHTA. AKNECCOPHEIe MHHePaJdi B HHX IIPeJCTABJEHH AIaTHTOM,
NAPKOHOM, MOHAIIATOM, TPAHATOM, AHATA30M, HILMEHHTOM, PYTHIOM
n roopuToM (BeCOBBIe KOJAMYECTRA), A TAKHEe MHPHTOM, XaIbKOTIHPH-
TOM, MYAaCCOHHTOM M Jp. (exmHu4Hble 3epHa). Ilo xmMmamy ato yme-
penno Kucasie (Si0, — 71.5%) rpannTs N3BECTROBO-IEI0THOTO PAJA,
upesBHvaiiHo Gan3KHe K HamboJee PacHpPOCTpaAHEHHOMY THIY TayOmu-
HEx rpaEaTtos Ypamxa [mo JI. C. IlreituGepry u ap., 1968]. B ammo-
KOHTAKTOBBIX B0HAX OHH CMEHAIOTCHA THOPHIHEIME MaTHeTHTCOJep:Ra-
{IMI TPAHATOBBIMI IPAHHTAME M TpaHoAMopHTaMu. jRuIbHAA darus
TPEICTABICHA MAJOMOI[HBIMI ATTHTAMA ¥ IeTMaTHTAMH (IpenMyInecT-
BeHHO BHYTPH MaccuBa) W (oliee MOIIHBIMH BETBAIN[HMHCS FRIIAMA
GeJBIX amIMTO-IerMaTHToB ¢ KpymHeMu (Mo 4—6 cM) BhedeHEAMEI
aJpMaHIUHA. PagmoMeTpmvecKmii B03pacT KOMILTEKCA COCTaBJIAET
1.8—1.9 mupa. ser; oH X0poIIo COMOCTABJISAETCS ¢ KHPOBOTPA-iKH-
TOMHPCKAM KOMILIEKCOM ¥ KPAmHCKOTO KPHCTATINIECKOT0 MacCHBa
KaK II0 BO3PACTy, TaK M II0 COCTABY, 0COOPHHO B JaCTH aKIECCOPHBIX
MHUHEPaJoB.

3HaunTe N bHO 0OJbBIIe CBEeHM HMEeTCA 0 T O3 He I P o T e-
Po3o0iic KoM JTame PasBUTHS permoHa 1 GaifKaJIbCKOM TeKTOre-
Hese. B ormamume or (aHeposoiickKUX TeocHHKIHHAed OalRamXmsl
Emnuceiickoro Kpsza MouTH He UMEOT [00POTeHHEX Ta00po-rpaHATHEIX

clieHNTOB o0bellHHeHHble, 17 — BHereocMHKJIMHAJbHEE cpefHenaneozofickiie rpaHuThl OrHUT-
CKOTO KOMILIeKca; 18, 19 — GeaMarHeTHTOBble BoJHEe TpaHnTongsl ITpunaardopMenHoii 30HbI:
18 — paHHenpoTeposoiickie TapakcKoro KoMiJjlekca, 19 — pndeiickie TaTapcKo-aAXTHHCKOTO
KoMmlekca Emncefickoro Kpasa U cagHckoro (?) — Bocrousoro Caama; 20 — pasioMsl (a),
B TOM 9HcJIe NepekphiThle MaJeo30iicKIMY oTJI0HeHnAME (6); 21 — HOMepa MacCHBOB M HX rpynn
Ha kapre: 1 — OcHHoOBcKuif, 2 — Verp-IloposkanHacKNi, 3 — CpeXHeBopoToBCKMit, 4 — 3a-
xpebeTHuHckNif, 5 — Kyrykacckue, 6 — BepXHeBoporogckmii, 7 — Hcakxosekue, 8 — Thipa-
IMHCKNH, 9 — Tapesckunii, 10 — Iloaolicknii, 11 — Tpoeycoeckmii, 12 — Teiickue, 13 —
Kanamuncknii, 74 — BepXHeeHamuMuuckuii, 15 — I'ypaxtouceult, 16 — HmwHeTHCcCHMUI,
17 — KymikoBcKo-Bartcknii, 18 — CaBuncknii, 19 — IpemuxuHckuii, 20 — YnpumOnHCKuii,
21 — Koamoroposeknit, 22 — Kuiicknii, 23 — PasaHoBcknii, 24 — Kmmkefickmii, 25 —
JleHnaxcKuil, 26 — AAXTHHCKRMI, 27 — Iaymmxunckuii, 28 — YepHopedeHckmii, 29 — Hep-
HUHCKHH, 30 — ITeHuyenruHckuit (TommoBckuii), 31 — Tarapeknit, 32 — HKamencruil, 33 —
CpenneraTapckuii, 34 — IToaroseunsiii, 35 — AGanakoBckiit, 36 — CrpeakoBeruii, 37 —
Aroakunckuii, 38 — yapHOKHTORBe Teda HazauMHckoro nopora, 39 — YneToloJbCKRIH,

40 — TloconnHeHekuit, 41 — Tapakcknii, 42 — ITopoKHUHCENIT, 43 — AToMaHOBCKMIl, 44 —
HwkHeKaHCKWH, 45 — YiaanunHcknii, 46 — AXrtapMmumcknii, 47 — HimKHeTYMaHIIeTCKHIi,
48 — TaliGuacknii, 49 — Teseramcknii, 50 — Tary/ibcko-TyMmanmercknit, 51 — Munycus-

cEnii, 52 — BepxHe-Beabcknif, 53 — Taryapckuit, 54 — Bepxue-Kpacuupcknii, 55 — Mado-
Taryascknit, Ha Bpeske — soHa baiikano-Exuceiickoro ray0UHHOrO pasioMa.
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dopmannii. HesnaunTeabHBIM PA3BATHEM NOAB3YIOTCA JNINH JHOPHTH
W NJIATHOTPAHUTEL TPUEHNCEIICKOT0 KOMIZIEKCa, CTAHOBJICHNEe KOTOPBIX
CBABAHO CO CHHANTO-Kepatoduposoii rpymnmoii gopmanmii cobeTsenno
Te0CHHKJINHAJIBHOTO DTATA.

[llupe paspuTHl COCKAANYATHIE MATMATHTHL I THEHCO-TPAHNTH 11 0-
COMTBHEHCKOTO KOMIVIEKCAa, (POPMHPOBABINMECSH B YCIOBHAX
aMuboanToBoii ammm, MaccHBE KOTOPHX 06pasyior croeofpasnsie
«MaCJHAHEE IATHAY, YHACIEJOBABIINE CTPYKTYPH BMEITAIOUTNX TOJII.
Cramopienne mxX TPOMCXONHIO HA YYACTKAX TPOSABICHHA YIbTpaMe-
TaMopdusMa B peayibTaTe MeTACOMATHYCCKOH TPAHMTH3AIMH, pas-
MemeHne KoHTpoauposaioch Baiikamo-Enuceiicknm rayOunnsv pas-
aomom. Murmarnte u mopgupoGiacrnueckne THeHCO-TPAHUTH AB-
AfTea Haubonee XapaKTePHBIM KOMIOHEHTOM TPOJYKTOB Ilpmennm-
cefickoii somet omaTHaA. Illen0YnoCTs TPAHMTUBHPYIONEX PACTBOPOB
BO3pacTajla NPH Ilepexofe 30HH U3 HBIEOCHHKIHHAIN 3aanrapbs
B o0xacth apxeiickoil crabmansamun Ennceiickoro kpsma, m B co-
crase, nanpumep, Ilocomprenckoro MaccnBa HapAjy ¢ MoPOJAMH Ipa-
HITHOTO COCTABAa MMPOKO Pa3BUTEL METACOMATHYECKHE CHEHWTOMIIE.
Jasn mopox KoMmIekca XapaKTepPHB MUPOKIE BAPHAINN MHHEPATb-
HOTO M XMMHYECKOTO COCTAaBa, BO MHOIOM ONPEIEIAIONHEcT 0COo-
OeHHOCTIMM MOJBEPIINXCH FPAHNTHBATIAN BMemaonnx  toang. K tu-
UOMOPQHBIM NPU3HAKAM CJeyeT OTHeCTH TNopPupobiacTHIecKoe
pasBuTHe MHKDPOKJINHA BHICOKOH TPHKIMHHOCTH, MOCTOSHHOe MPHCYT-
cTBue GOJBMUX KOJIMYECTB MATHETHTA, a TaKse cdeHa, MIbMEHHTA,
pyTuia, amaTHTa, OPTATA M AeTPHTOBOro IupKoHa |[lanenko m ap.,
1975]. Huapmast ¢asa KoMITeKca NPEACTABICHA CJIOMOHOCHEIMI
HerMaTHTAMH,

HauGoabuee passntne B mosjmeM IpoTeposoe HMeT HPEHMYIe-
CTBEHHO KOH(POPMHBIE MACCHBB CHHMHBEDCHOHHLIX TPAHUTOB T a-
TAPCKO-AaAXTHHCKOT O KOMIVICKCA, TIPHYDPOYCHHBIE K aH-
THKIMHOPHBIM CTPyKTypaMm Oaiikaany llpunnardgopmenmoit 3omsL.
[enTpaibnbie 9aCTH HX CHOEHB TOPOUPOBUIHBEIME OHOTHTOBBIMI
(f'=54—68, peie mo 76%) miarHOMHKPOKIMHOBEIMMI rPaHATAMH,
AHATOIMYHBIMHI BHINEONHCAHHRIM TapakckuM. Boxee ocnosmre pammm
HOABJIAIOTCA Ha KOHTAKTe TIPAHATOB ¢ KapOOHATHEIMH IOPOIAMI;
rab6po-nmopater m mmoputel Tatapckoro macempa mmeorT rubpujmoe
npoucxosxiaenne [[lanenko, 19766]. Ilomonmurensnan gaza murpy-
8MH IPE/ICTABJICHA PABHOMEPHO3CPHUCTHIME JeHKOrPAHATAMI, WHOTIA
C AKNEeCCOPHEIM aJbMAHAMHOM, RIIBHAA — QIUIMTAMH | PeTKOMe-
TaapHBIMK  nerMatatamu. Hecmorpa ma  smaumrensumie pasmeps,
nocrarafomume 1200 kM, MaccuBE MMelOT ymaomerHy $opMy: riay-
OmHa 3ajeraHds WX HIGKHUX KPOMOK 10 reO(UINYeCKHM JAHHEM He
upessimaer 3—6 kv, Bospact kommiexca cocrasaser 850 460 an. mer.

B some Baiikamo-Ennceiickoro ray6manoro pasioma, BeposTHO,
CHHXPOHHO NPOMCXOAWI0 craHoBJeHue Hmknekanckoro mayrona,
TPaHUTEL KOTOPOTO OTIANYAIOTCA OT TATAPCKO-aAXTHHCKUX BHICOKMIM
conep:rammem marmeruta (1o 5.2 ®r/r) m manmenura (1o 240 r/r).
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C oporemnnim atamom Oafikaaug B sone DBaitkamo-Emuceiickoro
Pa3iIoMa CBA3AHO BHEJPEHNE KaJMEBHIX AJACKATOBHIX MarHeTHTCO-
Jep;Kanx TPAHATOB TaPeBCKOTro, TAYMHUXHUHCKOTO
M OCHHOBGCEKOTO KOMIVIEKCOB, OTIMYAIOINXCH Pa3HBIM YPOB-
HeM cTaHOBJeHNA. I'apescKue rpaHATH ABIAIOTCA Me30a0nccalIbHBIMH,
OCHHOBCKHe W TIYINIIXHHCKAe — rumaduccaibHbiMu. XapaktepHEIe
YePTH WX — MarMaTHYecKas IPHPOMA M HHTDY3MBHEII XapakTep, HIm-
PoKoe passutie MOPPUPOBHIX CTPYKTYP M MAKpPOrpaduIecKIx MUKPO-
CTPYKTYP, Pe3Ko MOHMAeHHOe ColepsKaHie IJarnoKIasa, TepTHTOBKl
xapakTep 0OecCTPYKTYPHOTO RajNIIIaTa, HOBBINIEHHOe COIepKaHue
KpeMHe3eMa, OKHCH KaXusg u penknx uexodeii. yHemesamcrocts Gumo-
tuta B HOX cocraBaser 59—78%. Heszasucumo oT rayOnHE CTaHOBJIE-
HOA BCe OHH OTHOCATCA K BYJKaHMIeCKOMY THILY TPAaHHTOB, (opmu-
PYOIIXCA 3a CIeT CYXHX H MAJOBOJHBIX TPAHHTHRIX PacIlJIaBoOB.
Ilo reopusduaeckin™M JaHHEIM HIGKHAe KPOMKH MacCHBOB TVIYIIHXUH-
CKOTO KoMmIekca ¢ukcmpyiorcs ma taybmme go 10—12 wm. Bpewms
BHEIPEHNA WX OTHOCHTCS K CAMOMY IIO3JHeMY TPOTepo3010, MmOCTe
qero 06IacTh cKIamIaToro obpamaenns Cubupekoit miathopmsr  OpLTa
KOHCOJIUNPOBAHA.

B cpemmeM maJgeo3oe IJKHAA 9acTh paccMarTpHBaeMoil
TeppuTopniu OBIA AaKTHBH3MPOBAHA, MMPOKOe DPa3BHTHE IOJYYHIIA
KOHTPACTHAA BY/JIKAHO-IIYTOHHIeCKAA (JopMATis, HHTD Y3 HBHEIE YICHbL
Kortopoit B Bocrounmom CagHe mpefcTaBIeHEl TPaHUTAMH O T H U T-
CKOT O KoMmiekca, a B HEHHceifickoM Kpsike — IODORHHHCKIMI
crennTaMi. BHereoCHHKIMHAJILHEE TPAHATH BeCbMa CBoeoOpasHbl,
TpeCcTABISHE OHU MHIEPCOTBBYC-TPAHHTAME — YIBTPAKMC/IBIMH OJHO-
HOeBONINATOBEME TTOPOAaMu T0PPUPOBOIl CTPYKTYPH M MIAPOIOBOIX
TEKCTYPH ¢ BBLICOKAM COJEP;KaHueM MArHeTHTa M COOTBETCTBEHHO
BHICOKOI maMarHmdeHHOCTHI0. (DopMupoBaHHE HX CBs3aHO ¢ JeBOH-
cKoit awrususanuein Baiikamo-Enuceiickoro pasioma.

Takum 0Gpa3oM, He3aBUCHMO OT BPEMeHH M MexaHuaMa obpasoBa-
HUS TPAHUTOUJIHBIE IUIYTOHLL BBIJEJEHHBIX 30H OTAHTAITCA THIOM
caaraonx ux rpamatonos: B Ilpummargopmennoii 30He B paHHEM
M BepXHEM poTepo3oe IOJYYHIN pasBuTHe ILIYTOHWYECKHe TIpa-
HUTH, B 30He Baitkamo-Eruceiickoro rnybuHnOro pasioma B apxee,
H03HEM NPOTepo3oe M CcpefHeM madeodoe — Byikammueckme. [lo
npejioskennoit I'. B. Mepurrateponm u ap. [1978] cxeme deppodaruit
rPAaHNTOMIOB TIepBhie OTHOCATCH K OesMarHeTHToBON, BTOPHIE —
K MarHeTHTCOJep/Kameil u MarHeTHToBOI daiusam.

Comepsanua MarHeTHTa ObUIM ONpPeJeNeHsl B IPOTOI0YKAX W3
161 mpoGst rpannronmos Becom 5—10 kr, oroGpanHsIX H3 46 TpaHATHBIX
MACCHBOB PerHoHA B MoJ0ce HPoTskeHHocThio Gomee 700 Km. AHaausml
WX TPOM3BEAEHHl B  MHHEpPaJoro-reoxmmmueckoit  sgaboparopuu
CHUMNTTuMCa JI. 1. Opaosoit n T. . Burokyposoii mo MeTojiKe
H. H. Amumackoro [1967]1. OrnocnrenbHsle KOJMYECTBA MarHeTHTA
M GHOTHTA B TPAHMTOMAAX HCIOAB30BAIECH HAMM JUIA HPAG/IKeHHOM
OIEHKH TaPIHAILHOT0 JABJICHNA KICI0POJA, KOTOPAA MOKET CAYRUTE
HoKasaTedeM OKUCINTETbHO-BOCCTAHOBUTENbHLIX YCIOBUII MHHepa-
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Pue. 2. nmarpamma FeO--0.9Fe,03—Ti0,—MgO cocrasa waproKmToB (I—2)
H TpamAToHfOB (3—I10) PasAHIHBIX KOMIUIEKCOB.

Kommiexchl: 1 — GoryHaesckuii, 2 — KyseeBCcKHil, 3 — Tapakckull, 4 — MOCOJBHEHCKWI,
§ — TaTapcKo-afXTHHCKMIT, § — HWKHeKaHCKHH, 7 — rapeBcKmil, § — rIYMHUXHHCKHI, 9 —
OCMHOBCEMIT, 10 — OPHWTCKNIL,

Puc. 3. CooTHOmEHNE cofep:KaHNil AaKNECCOPHOTO MarmetnTa (/) W BAJOBOTO iKe-
Jiesa (2) B pasHOBO3PACTHEIX IPAHNTON/IAX I0T0-3anafguoro ofpamienns CudupeKoi
raThOPMEL.

J000pasosaHns, HOCKOJALKY Pedb HIET 0 MopPoaax TPHMEPHO OJ(HOIT
HETOTHOCTH.

Jaa MarMaTHYecKHX rPAHHTOR OKMCJINTENHHO-BOCCTAHOBUTEIbHBIE
VCIOBUA CTAHOBAEHHSA OHPENENSAIOT HBOJIONHIO MATMBI, MOPATOK ee
PACKPHCTAJIN3AINI 1 XapaKTep MUHEPAJoB IepeMeHHOTO COCTABA.
Bricokoe kmenmoponHoe gaBieHue B ByJKaHndecKoM Thme (yCIoBHA
PACTSKeHN ) TPeIONPeIeqAI0T CBA3b GOMBIICH YacTH jKeIe3a ¢ KICIO0-
ponom eie o obpasopaunsa Fe—Mg-cmiukaToB, 9T0 IPHBOAUT K Ha-
KOILICHMI0 KPeMHUA B 0CTATOYHOM PACIIaBe M KPHCTAJIN3AIIHE MaJ0-
BOJHBIX BBRICOKOTEMIEPATYPHBIX IPaHUTOB. B caydvae, korga rpannTto-
o0paszoBaHine IPOMCXOIHUT B GoJiee BOCCTAHOBUTENBHBIX VCJIOBUAX TPH
BBICOKOM 0O0LEM M BOJHOM JaBjaeHHN (IIYTOHHYeCKUI THII, YCJIOBIS
C/KATHA), PAHBIINE MATHETHTa KPHCTAJIN3YIOTCA CHIUKATHBIE MIHEPAJIBI,
B TOM 9HCJIe TaKde IUApaTHbe (eMHYecKne MUHEpPalds, KaK cJII0fa,
a B OCTATOYHOM pacIliaBe HAKAILIMBAIOTCHA OKHCIE ssele3a. Ha soc-
CTAHOBHTEJLHER YCIOBUA (OPMUPOBAHHUA IIYTOHHYCCKHX TPAHUTOB
B HCCJICOBAHHOM PaifoHe YKa3LBAET HPHCYTCTBHE B HHX WHOTJA allb-
MaHJMHA MarMaTHIecKOTO IeHe3mca, MyaCCOHHTA, MHPHTAa W Ap. AHa-
a3 pp,o— ' —po, YCIOBHIl HAXOMKIEHUA COCYIECTBYIOUMX OuoTHTa
M MarHeTHTa, & TaK/Ke CTAHOBJICHHA 03MArHETHTOBBIX TPAHUTOB CO-
pep:xutea B padorax J[. Yomsa m X. Diircrepa [Wones e. a., 1965],
JI. M. Ilewepckoro m np. [Marmatuam. .., 1975], M. JI. PsaGun-
kopa [1975], T'. B. ®epmrarepa [1975], A. A. Mapaxymesa [1976]
N HOONTBeP/KAAETCA AHATATHYECKIMHU WCCJIeJOBAHHAMA W pacueTaMu
@®. A. Jleraukosa u np. [Maowmasii peskum. . ., 1977].

B wmccnemosannoM paiioHe BYJIKAHUYCCKHH W INIYTOHHYCCKHIL
THIBEI TPAHUTOB pPasanganTcAa He TOJBKO 110 COJIeP/RaNe0 MarHeTuTa.
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Pue. 4. Ocobennoctn pacupespenenns SiO, B rpa- ]
AUTONAAX BOJAHBX (YepHBIe BHAKN) N MAJIOBOJIHELX
Cepmii.

VeaoBHBIEe 0603HAYGHAA CM. Ha puc. 2.
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Ha puc. 2 nokaszano pacupejie/ienne B HUX
swestesa, Tmrana m maransg. Copmeprkanue
MATHeTHTA COBEPIIEHHO He KOPpelnpyercs
¢ BAJOBBIM COJIePs/saHMeM B HHUX jKejiesa
(puc. 3). B 1o sxe Bpems HOATBEPIKAATCH
fojee KHCIABIT XapakTep MaJdOBOJHBIX 70 : oA
IPAHUTOR ByJKaHWIeCKoro Tuma (puc. 4). 3t0, , Bec.7

Ha pumarpamve A6—Opr—HKs rpanuTs

T YTOHIYECKOTO THIIA 3aHUMAIOT 10j1e 501ee BEICOKOTO BOJHOTO JIABIeH IS
mo cpasmenmio ¢ pyixkaunuecknvu [Bexsmkuna, 1969]. 1 maxouen,
PAsIMUMA MesKY ATHMH THIAME KacaloTcs (a mo Beeil BepoATHOCTH,
oNpeNensioT) MeTaJJMOTeHHUecKol  cHermuaju3amui  TPaHUTOUJIOB.
Bona DBaiiramo-Enuceiickoro paairoma mpencrasigeT coboil mosmnme-
ragummaecknit mosic (Pb, Zn, Cu, Mo), a ¢ llpmennceiickoii cpsasaHa
peflkoMeTANbHASA M 30JOTOPYIHAA MUHepaln3anus.

Bnepsbie Ha MeTAJJIOTCHHUECKYIO CHEIMaln3al(iio TPAHUTOMIOB
B CBA3M © DMIHPUYCCKM YCTAHOBIEHHBIMU 3aKOHOMEPHOCTAMHU pac-
npegesenns B uux marmernra obparna sunmanue M. X. XampaGaes
[1970 u nmp.l. Hoxydennpie HaMH MaTepPHAJBl 3aCTABIAIOT © 0co0BIM
BHHMAHIEM OTHECTHCL K 9TOMY Bompocy, TpedyiomemMy caMoro mpH-
cranpHOro m3ydenus. ORMCINTOIBHO-BOCCTAHOBUTEIBHBIE YCIOBHA
ompeienA0T coctan (GIONAHON (Gassl rPaAaHUTHBIX MarM, UMeO{Hi
mpefeeasionee sHadeHne B (QOPMUPOBAHNI THAPOTEPMATBLHOTO OPY-
nenennsi. Hoseie JanHple o aTOMY BOIpocy cofep:kartcsa B paborax
JI. B. Taycona [1977], @. A. Jletnnkosa u up. [Dmongnsiii peskum. . .
1977] =un np.

B sakmoueHue caeayer OCTAHOBHTHCSA eIle Ha OHOM acIlleKTe,
BBITEKAIOIIEM M3 aHAJM3A PACIPeJleseHNd MarmeTuTa B rPAHHTOHIAX
permona. o nammey B. B. Jlaxosnua [1967 ], mossumennsie conepisa-
HuA Marnetnta (MPeBHINAKINE HEKOTOPBIE «IpejlelibHbe), PaBHBIES
7.5 Kr/t) ABJAAIOTCA XapaKTePHBIM NPHU3HAKOM jKeJe30HOCHHIX TIpa-
HuTOB. B mecaeopannom paiioHe cojlepsRaHAsA MArHETHTa , TIPeBLILIIAI0-
e mpeJieibHbIe, Ipueyn Yaprokntam u rpaanram [locoanuenckoro
MaccuBa, llepssie m3-3a OTPAHMYEHHOTO pPACHPOCTPAHEHUS, MAIOM
MOIHOCTH Ted 1 ocobeHuocTell PoPMUPOBAHNA HE MOTYT HPECTABIATD
ocoboro mutepeca, torjga Kak IlocombHeHCKHMIE MaccHB, cofepiKaHne
MarmeTHTa B KOTOpoM coctapaser 13 Kr/r, a B oresbHEX mpobax fo-
cruraer 28 Kr/T, sacayssupaer cmernuanabiHoro uayuenus. Hecmorps
Ha TO Wro oborameHue MOCONBHEHCKIX TPaHUTOMIOB KeIe30M IpPo-
HCXOJHI0 B Pe3ayibraTe 3aMENEHINs MU FKelIe30CoflePsKRalfunx MopoJ
cyberparta, JajbHEiinme TPOIECCH INEJ0YHOTO METACOMATO3d MOTIH
OPUBECTH K BEIHOCY BHAYHTEILHBIX KOJNMYECTB jKelesa M OTI0KeHHIO
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€ro B OJAaronpuATHONR TEKTOHMYECKON M TepMOAMHAMHYECKOil obGcra-
HOBKe, Kak 210 Obito mokasamo P. M. CaoGomcknm [1963] mas Top-
Horo Anrtas. B mociaennee BpeMs B cBA3HW ¢ oTKpeiTHEM B apeane [To-
COJBHEHCKOTO MAacCHBAa PYNIONPOABIEHHH ;KeJIe3a BOOPOC ITOT CTa-
HOBHTCA BECbMa aKTYaJbHBIM.

Beisoger. 1. B woro-sanagmonm obpamaenun Cubupekoit mmatdopysr
BBIJIEJIEHBl NPOTAREHHBIC 30HBI TPaHNTO00PA30BAHAA PA3IHIHEIX (ep-
podamuii. Marmetnrcofep:kauine rpaHnTH Hpuypodensl k¥ Baiikamo-
Enuceiickomy rayfumnomy pasiomy, OGesmarmerntoBeie — k [lpn-
maaTopMeHHOI 30He, BKIWYAIOIIEH WHBePCHOHHEIE CTPYKTYPHI pas-
JMYHEIX TeKTOHO-MAarMATHIECKHX I[UKJIOB.

2. OTHOCHTeJIBHO MOBBINIEHHBE OKMCIUTENbHBE HAM BOCCTAHOBH-
TeJbHBEIE YCIOBUA TrpaHUTo0OpazoBaHNA, (HKCHpyeMEIle II0 pacmpe-
JlelIeHHI0 MarHeTHTa, COXPAHMINCH HA HPOTSeHUN 2 MIPA. JeT U
KOHTPOJHPOBAIH PAa3HOTHIHOE OPYVIeHeHHe.,
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MHUHEPAJILHBIE ACCOITHAIITMH KACCHTEPHUTCOIEPHKANUX INETMA-
THTOB PAMOHA BACTAP

[lermaTnTsl paiioma CBA3AHE ¢ NAXNAMCKIMN AHATEKTOHMYECKHMI IDAHHTAMI
(1340 mum. ner, K/Ar garnpopanue) i IpHypoieHsl K 0CeBOil YaCTH 30HEI TPeuiu-
HOBATOCTH B OOPA30BAHNAX, NPEJCTABJICHHEIX edOPMHPOBAHHEIMI META0CHOB-
HEIMU CHJL/IAMI CPEll CePHILITOBIX KBAPIHTOR, AH/AIY3HTOBLX CIAHTICE 1T rHeii-
€OB GeHrmaAJXBCKOI IPOTEPO30ICKOI TPYNIILL.
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HermaTnTsl 30HaTBHE W HE30HAILHLE 00pasynT KyJancooGpasHie 30HH
nporsikerrocTeo or 50 g0 2500 M m mupumroit or 100 go 200 M. 3omanbHBE MHer-
MATATLL (B IEHTPe KBaplesas 30HA W JaJee JemuI0auT-aas0HT-KBapiesas, Kiese-
naEAnT-0epniIoBas, NoJesONNATOBAS I IPYTHE 30HE) OTHOCATCS K PeTKOMETAb-
momy Thmy. Haccurepnr, KomyMOAT, TARTAANT 06PABYIOTCA B JIBE LIOCIEOBATEN LHAE
daasr. Mumepammsanua nepsoit mermMaTnToBoil (asel, UpejcrapzenEas Kacemnre-
paTOM, KOIyMOGmTOM —TaHTANNTOM, TCeBOMOPpOZAMI KaceuTepmTa MO KOMYM-
OnTy—TanramnuTy, cTamEAHOM W pyTmiaoMm (?), Ipospiena B KBaprmeBoit, Jenmnio-
JUT-anbONTOBO W KAeBenaHIMTOROII 30HAX. Bropas — asTomermaTmToBasm,
HIM THApOTePMAnbHAA, (asa MpejicTaBlieHa KACCHTEPHTOM B (BANE CYXNX INIBOB)
B JeOHIOIAT-aILONTOROI 30He, TI0 TPENMHKAM B IDEI3CHOBEIX 30HAX C JETIHIOJ i~
TOM, NUHHBANLANTOM, (IIOOPHTOM, aMasOHUTOM, OGEPWIIOM 1, BO3MOKHO,
KODYHIOM.

1. Introduction. The presence of lepidolite bearing pegmatites
was recorded in the Bastar granitic complex intruding the Bengpal
metasediments, as early as 1938. But the occurrence of cassiterite
in them was discovered only recently in 1973. The area forming
the southern portion of Bastar is a hilly terrain covered by dense
forests with varied wild life. The area is under exploration by the Geo-
logical Survey of India since December, 1975 and also by the Mines
and Geology department of Madhya Pradesh.

The exploration by the Geological Survey of India includes,
regional mapping for tectonic and structural set up, location of peg-
matite outcrops etc., geochemical evaluation by stream sediment,
soil and bed rock sampling; pitting/trenching across pegmatites
and recovery of cassiterite concentrates for grade evaluation in peg-
matites, colluvial and alluvial placers, preceeded by geophysical
surveys for locating subsurface pegmatites, abandoned and buried
channels in the head water region of the streams. The initial results
are very encouraging and appear to indicate that this area would
be potential for resources of tin in India. Preliminary research work
in this project under IGCP-26 (MAWAM), has led to important fin-
dings.

2. Geological set up. The oldest metasediments comprising se-
ricite quartzites and schists, andalusite gneisses and schists and
quartzites belong to the Bengpal group of metasediments in which
metabasic sills are intrusive (figure). The basic sills are now mostly
in the form of plagioclase amphibolites, metadolerite and melta-
gabbro. This sequence is affected by at least two to three phases
of folding accompanied by intrusions and mobilizations of the gra-
nites designated as the Paliam, and Dharbha granites. Both these gra-
nites have developed a thermal aureole along the intrusive contacts
with the Bengpal metasediments and wider zones of andalusite
schists have formed up to at least 1 to 5 km away from the contact.
A zone of migmatites with presence of aplitic veins is found along
the Dharbha granite which is exposed at higher elevations in the hills.
The Paliam granites exposed in the valley at lower elevations appear
to have been denuded and from field evidences it is possible that
strata of about 1.5 to 2 km thickness have been eroded off. The bio-
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tite age of Paliam granite has been found to be 1345 +40 (minimum
age) m. y. [Balsubramanian, 1977]. In the absence of age data
for Dharbha granite, it is difficult to put the sequence of different
phases of the granite mobilizations in this area. But it appears
that this phase is younger to the Paliam granite and therefore appears
to be the remobilization of the acid magmatic activity starting
from the intrusive phase of the Paliam granite.

The Paliam granite is a nonfoliated biotite granite with quartz,
microcline and orthoclase felspars, biotite, muscovite, garnet and
magnetite. The tin content ranges from 10 to 60 ppm. The Dharbha
granite is foliated with quartz, felspar, biotite, muscovite, garnet
and magnetite. The Dharbha granite contains rosettes of muscovite.
The tin content in this granite in few samples is 120 ppm.

The satellite pegmatites genetically associated with these granite
mobilizations are represented by two different sets: 1) Ribbon pegma-
tites in the granites proper and 2) Satellite pegmatites of bigger
dimensions in the Bengpal rocks and the metabasic sills. The first
set of pegmatites have occupied fractures in the granite bodies
and two distinct generations are recognised. These pegmatites con-
tain magnetite and recrystallised biotite. The granites proper show
patches with grains of fluorite and beryl at places. The satellite
pegmatites within the Bengpal metasediments and the metabasic
sills vary in dimensions and are normally restricted to zones 100
to 200 m wide with 8 to 10 pegmatite bodies in an echelon pattern
with pinch and swell structure, extending for strike lengths of 100
to 2500 m. The major joints in basic rocks are NW—SE, NNW—SSE
and N—S and correspond with major axial plane fractures of the 1st
and 2nd phases of folding. The third phase of folding recognised
in this area appears to have affected the pegmatites but to what
extent, is yet be known. (Refer to enclosed geological map).

3. Structural control. The satellite pegmatites due to these
granite intrusions, are found to be joint controlled in the Bengpal
rocks and the intensity of their presence is more near to the metaba-
sic sills and the sericite quartzites contact, though some pegmatites
are present in the sericite quartzite domain. The pegmatites are
normally found in about 8 to 10 bodies parallel in an echelon pattern
restricted to zones varying in widths from 100 to 200 metres. The indi-
vidual widths of pegmatites vary from 1 to 8 m and average cumula-
tive width is of the order of 10 to 12 m. These zones continue in strike
for a distance of 100 to 2500 metres spread over a total area of about
100 km? in the Bengpal rocks terrain. The trend of these pegmatites
varies from NNW—SSE, WNW—ESE, N—S to N20 °E—S20 °W,
NE—SW with pinch and swell structures. The pegmatites exposed
in Govindapal, Chiurwada, Chitalnar, Mundval, Bedhanpal, Mun-
duguda, Kudripal, Marjun and Madkamiras areas are cassiterite
bearing. More areas containing tin pegmatites appear to be soil
covered. The pegmatites present incipient zoning but some appear
on the surface to be unzoned.
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4. Nature of mineralization. The cassiterite mineralization
is yet to be located in the Paliam or Dharbha granite proper though
both these granites contain pockets of fluorite and beryl at places,
indicative of pneumatolytic action. The ribbon pegmatites of two
generations traversing these granitescontainalot of magnetite which
contain tin up to 80 ppm. The mapping of these terrains is under pro-
gress. There are certain zenes of greisenization in Kudripal and
Bedhanpal areas which have analysed 30 to 50 ppm tin. These zones
of greisenization may be either the pegmatites or the tounges of gra-
nite nearer to granite contacts with the Bengpal metasediments.
Cassiterite mineralization is yet to be located in these greisenized
ZONes.

5. Mineralization in pegmatites. The pegmatites can be clas-
sified as rare metal pegmatites with cassiterite mineralization appear-
ing in two distinct phases viz. the pegmatite phase and the auto-
pegmatitic or hydrothermal phase. The pegmatitic phase is represen-
ted by discrete crystals of cassiterite with stunted pyramidal faces
grown, twinned cassiterite crystals (101 twin plane predominent)
and as grains in the zoned pegmatites, in the quartz core, in the lepi-
dolite-felspar-fluorite zone and in the cleavelandite zone, which
are incipient. At places there are small pockets of greisen with crystals
of cassiterite and tantalite as seen in Chiurwada pegmatites. Cassi-
terite pseudomorphs after tantalite-columbite, rutile (?) and stannite
are seen in the Mundval area. Varlamoffite development is seen
in Madkamiras area and may be detected in other pegmatites also
after they are exposed by trenches. Some pegmatites show secondary
silicification at depths in the form of formation of multi quartz
core pegmatites with rare development of bigger crystals of cassite-
rite. Certain pegmatites are very rich in lepidolite and beryl.
The autopegmatitic or hydrothermal phase is represented by solid
cassiterite veins occupying fractures in quartz core or in the nearby
lepidolite zone. Such veins have dimensions of 1x0.3X0.2 metres
giving about 50 to 100 kg of solid cassiterite with 60% tin, with
inclusions of ilmenite, lepidolite, zinnwaldite and muscovite. These
veins also contain columbite-tantalite in appreciable amounts.
Fractures in pegmatite at Chinzwada contain amazonstone, fluorite,
lepidolite, zinnwaldite and stringers of cassiterite and corundum (?).
Beryl of green to white colour is associated with most of the pegmati-
tes and also in thin pegmatites in appreciable amounts.

6. Mineral assemblage in pegmatites. The total mineral assemb-
lage in these raremetal pegmatites can be summarised as quartz-
smoky and white, lepidolite-pink, green, violet, cookeite-green,
zinnwaldite, beryl, cleavelandite, orthoclase, albite, graphic inter-
growths of felspars, fluorite, amblygonite, muscovite, garnet (mostly
near contacts), cassiterite, varlamoffite, tantalite-columbite, ilme-
nite, magnetite Fe-Mn phosphates (triplite) etc. Beryl crystals are
found to have strained in cleavelandite zomes. Black tourmaline
is reported from pegmatites nearer to Dharbha granite area.
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7. Paragenetic sequence. Preliminary mineragraphic studies
along with observations in the field have indicated the following
sequence in element replacements and alterations: Si—K —Na—Li—
Be—Na—F—Ta—Nb—Sn. The complete paragenetic sequence
in the pegmatites would be revealed shortly after the detailed data
is available. The mineralization appears to be hypo to mesothermal
from pegmatitic to hydrothermal alterations. The sulphide minerals
like chalcopyrite and pyrite appear to be present in a few, later
pegmatite veins that cut across these zoned pegmatites as observed
in Berycupli area. The later quartz reefs that occupy some of the frac-
tures in the Bengpal rocks have been found to contain specks of chal-
copyrite, chalcocite, covellite, pyrite etc.

8. Tin content in host rocks. The tin content in the pegmatites
and the host rocks and certain minerals in pegmatites and granites
have the following ranges, ppm:

I) Pegmatites — 50—3000, .
IT) Basic rocks near pegmatites — 30—100,
IIT) Basic rocks (more than 50 to 100 m from pegmatites — Nil,
IV) Biotite schists (near pegmatites) — 1000,
V) Sericite quartzite — 500,
VI) Lepidolite zone and greisen — 50—2500,

VII) Garnet — 30—120.

The basic rocks appear to have formed a favourable environment
for deposition of tin which has been deposited in the pegmatitic
phase by pneumatolysis. The primary dispersion of tin is not found
to penetrate in basic rocks, beyond a distance of 50 to 100 m from
the tin bearing pegmatites. The cassiterite in ‘solid cassiterite veins’
during the last stage of hydrothermal activity (autopegmatitic)
appears to be a concentration stage of the pegmatitic tin with Nb—Ta
in solid solution. Individual crystallization of columbite-tantalite
in orthorhombic crystals is also seen in Chiurwada and Mundval
areas.

The initial AAS/spectrographic analysis of the cassiterite crystals
and veins had indicated the contents of some important constituents
as follows:

Nb/Ta more than 1000 ppm; B — 10 ppm; Be — 300 to 600 ppm;
W — 10 ppm and Li — 10 to 50 ppm while As, Bi and Mo were
found to be almost absent or undetectable. Presence of rubidium
and certain rare earths in cassiterite and lepidolite samples has also
been indicated in some samples.

9. X-ray diffraction studies. The X-ray diffraction analysis
of a number of samples have indicated independent existence of cassi-
terite, varlamoffite, tantalite-columbite in the pegmatites and elu-
vial concentrates from this area. Some minerals which have been
identified from these concentrates include Pandaite (hydrated ba-
rium-strontium niobium oxide), tantalite-stannon (manganese-tan-
talum-niobium tin oxide), sterryite (lead antimony arsenic sulphide
arsenopyrite; kerst rite (copper zinc tin sulphide), fersmite (calcium
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niobium oxide) and triplite (Fe, Mn phosphate). Zoning of the tin
and rare metal minerals with respect to distance from the granite
contacts is presently also under examination.
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COEPHAHME W PACHPEJEJEHHE XJIOPA ¥ ®TOPA B MUHEPAJIAX
ME/IHO-MOJIUB/IEHOBBIX MECTOPOKIEHUN

B 3ABHCHUMOCTH OT OCOBEHHOCTEN

MHUHEPAJIOOGPA3YIOMETO MPOIECCA

V. I. Sotnikov, A. P. Berzina, E. I. Nikitina,
V. N. Korolyuk (USSR)

CHLORINE AND FLUORINE CONTENTS AND THEIR DISTRIBUTION
IN MINERALS FROM COPPER-MOLYBDENUM DEPOSITS WITH REFE"
RENCE TO THE PECULIARITIES OF MINERAL-FORMING PROCESS

Biotite, apatite, amphibole from a number of copper-molybdenum deposits
in the USSR and Mongolia have been analyzed for chlorine and fluorine by
electron microprobe methods.

Maximum concentration of chlorine and low F/Cl ratio are noted in minerals
which are formed from gaseous {luids during early high-temperature processes
(explosive brecciation; emanation effect in intrusion contact and so on). These
processes might have formed chlorine halos, where later endogenous alteration
took place. Respectively high content of chlorine has been noted in certain cases
in minerals from granitoids of ore-bearing magmatic complexes. Enhanced fluo-
rine contents and high F/CI ratios are typical of minerals observed from K-feld-
sparthic rocks and near-vein metasomatites, On the whole, comparatively high
F/Cl ratios in minerals above are characteristic of deposits with intense K-feld-
sparthization and higher molybdenum amount. When F/Cl ratios are low,
K-feldsparthization exhibits weakly but sericitization and silicilication show
the intense development and copper prevails over molybdenum.
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Ilpn mayuenmm remesmca MecTOpOMICHMIT MeXHO-MOMHOIOHOBOI
dopmamun GoJbmoe BHEMaHWe Vielasercs Xjaopy u ¢ropy, spiaso-
IIMCSH O/{HUMMI 13 BeIYIHX JIeTYIAX KOMIIOHOHTOB MUHEPaI0006pasyio-
mux pacteopoB [Bepauna w np., 1976; Kesler e. a., 1975; Parry,
Jacobs, 1975; Olades, 1977]. Yuwacrue xXmopa u Topa BO MHOTOM
ompeneasio ofmuit xapakTep SHIOTEHHOTO TPONECCA W HAXOIIIO
OTpazkeHue B JOPMUPOBAHMI OLPEeTeHHEIX THIIOB TOPO It MIHEPaJlb-
HBIX acCCOIHAIMIL.

Ha' menno-MoanGaenoBrx MecToposIenusmx NPaKTHYCeCKH eJIH-
CTBEHHBIMH MUHEpaJaMH-KOHIEHTPATOPaMH XJ0Pa M BO MHOTHX CJy-
daAx (Qropa ApaAA0OTCA OHOTHT, AmATHT W peike amubox. Asrtops
¢ IOMOIBIO PeHTIeHOCHeKTPATLHOT0 MHKPO3OHAMPOBAHNA H3Ydalld
CONlep/RaHNe 1 pacmpejeneHne Xjaopa m Topa B ITHX MHHepaIax
W3 Pa3ImiIHbIX HHIOTeHHHX 06pasoBanuil GOABIIMHCTEA MeHO-MOII-
Renossix mecropoxerniit CCCP u MHP (Kapkapan — Kaskas; Kas-
Marwp, Jlanvuee, Capu-Yexy, Koynpan — Cpemas Asus u Kasax-
cran; Copa, Kusmawix-Vsems, Umuyn — Kysuemxmit Anaray; Hu-
peken, Byrmas, Jlasenga, Illaxrama, O6roponma — Bocroumoe Ba-
Gaiikanbe, Ipmaunrynn-06o, laran-CyGypra, Xyuryr, Xapwmarraii,
Hapan-Byrak — Monroans n Ap.). Buiin mpoanaauampoBaHsl MmHe-
PaJbl M3 TOPOJL PYIOHOCHBIX MaTMaTHUCCKIX KOMILIEKCOB, CONPOBOIK-
AQTOMIX MX HRCILIO3UBHLIX OpeKumii m MertacoMaTutToB (0T paHHHX
Haunbosee BHICOKOTEMUIePATYDPHEIX KaJUIIIATOBEIX METACOMATHTOR
no Goxee MO3AHHX CePUIMTH3MPOBAHHBIX I OKBAPIOBAHHEIX IOPOJ,
Hauboaee OPUGTIGKEHHRX K HPOLECCY OCHOBHOTO PYA0OTIOKEHUA,
A TaKjKe aPTHIIN3UPOBAHHBIX H XJIOPATH3UPOBAHHEIX obpasoBanmii).
Uyscrsureasnocts onpegernenus: Cl — 0.01, F — 0.12%. Peayxn-
TATHl AHATN30B ANATHTOB W GHOTHTOB M3 PABIMTHAIX YHOTEHHBIX 00pa-
30BAHHII 10 HEKOTOPHIM MeCTOPORACHMAM NpPHBEAeHB Ha PHCYHEE.

ANATHTE BO BCEX H3YYeHHHIX 06Pa30BAHMSX npecTaBieHs ro-
PUCTEIMI PaSHOBUHOCTAMHE ¢ coflepskanmeM xaopa or 1.5% mo menee,
qeMm YYBCTBUTEJIBHOCTL aHAJN3A.

Wceaenonannse anatutst u3 maTpysupmbix MOPOA PYAOHOCHEIX
MATMATHYCCKIX KOMILIEKCOB, INPeJCTABICHHBIX  IPeMMYIECTBEHHO
HTOKO- M ailKOOOPAZHEIME TeJaMH MEeJK03ePHICTHIX rpaHATOB, rpa-
HAT-OPPUPOB, TPaHOLHOPHT-TOPPHPOB, ITPaHOCHEeHHT-TOPPUPOB N
PeiKe JHOPATOBHIX MOPOUPHTOB, OTHOCATCA K IIO3JTHEMATMATHYCCKIIM
o6pasoarnam. MuKCHPyeTcs HeKoTOpoe COKpaIeHne CoAep:RaHua
XJ0pa B anatuTe oT paHHUX GoJiee OCHOBHBIX TOPOJ K MO3AHUM Gojee
kncae. Tag, manpusvep, ma IlaxraMumcKoM MECTOPOKICHUN B ama-
Ti'Te I3 IOPHTOBKIX nOPpupuTOB 3aduKcnposano B cpemuen 0.34% Cl,
4 B alaTHTe H3 PACHOMOKeHHBIX PANOM AailkooGpasHBIX Tea cpejmee
cojiepiranne xaopa cumkaerca go 0.29 uw 0.21% coorBeTcTBeHHO.
B arom ke manpaniemmm ormewaercs oTHOCHTENBHOE BO3pacTanme
conep:kaunsa gpropa. B amature u3 Kpapressix nopupor paitona Illax-
TAMIHCKOTO MECTOPORICHIA, NPOABIAIONNXCA TaKKe B BHIAE JaeK,
HO HBJIHIOH.U{XCH, OYeBUJIHO, MeHee l‘J[yGHHHH.\-[H OGPHSOBHHHH.\!H,
cpeanee comepskanue xiaopa poapacraer ao 0.47% (mo oTaesbHBIM
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anaansaMm coflepskanme xuaopa kKoaebaerca or 0.27 go  0.67%).
Has lllaxtaMer orMedaeTcs Takie yBeJdndeHme collep;RanNA XJopa
B anatute m3 Aaiikoo0PasHBIX Tel OTHOCHTEJIHHO IITOKOB.

Eme Gonee BECOKOE coflepskanme XJI0pa yeTaHABIANBACTCH B AlIATH-
TaxX W3 HOPHUPOBLIX MOPOJI TPAHUTOMIHOTO cocTaBa KaibMaKEpPCKOTO
u KaJskapanckoro MecToposkiennii, Py/iEl KOTOPHX XapaKTePuayoTes
HOBHIIEHHEIM NpHCyTcTBHEM Mean. B amarture ma rpanoamopmr-mop-
dupossix naex Hamxapana xa0p oGmvyHO HaxXOXHTCHA Ha yposue 1.2—
1.5% npn coxpepsanmn dropa oxomxo 1.9%.

C Apyroii cTOPOHE, HMEIOTCA MECTOPOJKICHNA, AlaTHTH W3 Iopof,
PYROHOCHOTO KOMILIEKCA KOTOPHIX OTIHYAIOTCH 3aMETHO ITOHH;KEeH-
HBIMH COJlePrRaHusaAMHI Xaopa (pucyHokK, a). K uncay nopoGumx mecto-
Poknennit oTHOCATCA, B 9acTHOCTH, Copckoe (X70p B amatnTax mpak-
THYeckn He ycraHapausaetcs), Ilaran-CyGyprunckoe (comep:manme
xaopa B anaturax koaebaercs or 0.02 no 0.16 %) u orsactn Fupeken-
ckoe (amatute 00maHO BRII0vator 0.0% X10pa, HO B OTHEABHEX CiIy-
daAx ero koamgecrso soapacraer jio 0.3 %). Copcroe n jKuperenckoe
MECTOPO/K/IeHNs XaPaKTePn3yIOTCA MOBHIIEHHOH POIBI0 MoJmndena.
Omnako » pynax Ifaran-CyGyprumckoro MecTopoeHHst OTHOIIe-
ane Cu/Mo mopmumaercs po 30—40. Boxee oGumum OPUBHAKOM IS
BCeX ITHX MECTOPOKJACHHIl ABJIACTCA WHTEHCHBHOe IPOsBJIEHHE IPO-
necca Kalmmmatusanuu, ocofenno xapartepHoro jaias Copsi, Bee-
asiomeiica cpe APYTHX MECTOPORACHHH TAKMKE BHICOKOIL poasio
Gropconepskamux mumepanxos [Menmo-monubnenosan . . ., 1977].

AnaTHTHl M3 HOPOJ PYAOHOCHKIX MATMATHYECKAX KOMILICKCOB
O0BIYHO XapPaRTePU3YIOTCA BHAYNTEIBHBEIM KoJebamuenm coJiepiRamu s
XJopa, a oryacTi H ¢ropa MeEAY OTHEALHEMH 3epPHAMH MHHepala,
uro ofycaosaeno, oueBuano, GoPMUPOBAHMEM AIATHTA B IIO3IHEMAT-
MATHIECKYI0 CTa/lHI0 B NPAKTHYECKH yi;Ke PacKpHCTAJIN30BAHHOIN IOo-
pojte. i KonebanmA HanGogee OTIETINBO PUKCHPYIOTCSH 5 alaTHTA
Aaiikoo0pasHEIX Teax n cralee MPOABICHH B Caydae MTokoB. Pacupese-
JeHne XJopa B mpefelax OTAeJbHHIX 3ePeH amaTHTa 9acTo HepaBHO-
MepHoe, HHOT/IA ¢ HEKOTOPHM COKPAIIeHHeM ero KOoJIHYecTBa K TepH-
Geprin sepna (B HANDpaBICHUH CHIGKEHMS TEMIEPATYPHl MIHePao-
obpasosanus). Ilepudepniiarie 30HH B OTHEABHBIX caydasax obora-
maiorest gropom. Ilocaennee, mo-summmomy, otpaskaer ofumyie mis
paccMaTPUBAEMBIX MECTOPOKJACHHIT TeHJEHINI0 — BO3PACTAHHE POJIH
fropa B mpomecce MO3HEMATMATHYCCKOH KAJHIINATH3ATINN.

Conepsxanue xiaopa B amatute nopox Aafiko- M WTOKOOGPAZHEX
TeJl PYAOHOCHOTO MarMaTHYeCKOTO KOMILIEKCA B 1eJOoM OOBYHO Ipe-
BBIIIAET €I0 KOJANIECTBO B allaTHTe U3 IOPOJ HHTPY3UBHEIX MACCHBOB,
BMeIaonux a1 Texa (upu 6amsocth cocrana mopon). Taxk, mas Kan-
FHAPAHCKOTO MECTOPOKACHHUA ITH CONEPs;RAHUA COCTABISIOT COOTBOT-
crsenno 1.2—1.5 1 0.22—0.52 (pucynok, a). Bmecte ¢ Tem B mpeaenax
MECTOPOFKIEHNIT BO BMENAIONMX IOPOJax TOABJIAETCH AUATHT ¢ 3a-
MeTHO IOBHINEHHKIM coflepsKRanueM xjopa. Yame Bcero momobmstii ana-
THT YCTAHABJMBAETCA B HK30KOHTAKTOBHIX 30HAX Mailko- U INTOKO-
00pasHBIX TeX PYMOHOCHOTO KoMmiuvlekca. B wactmoern, ma Illaxrta-
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MEHCKOM MECTOPORJICHIH B DK30KOHTAKTe «CMORHOIY Haiikm (¢ mpe-
ofmajanieM TpanuT-mopQUPoB) cpell BMEMAONUX MAaXTaAMUHCKAX
TPAHNTONI0B YCTAHOBJICH HOBOOOPABOBAHHEI alaTUT C COACPIKAHUCM
0.46 % xaopa (BeTpevalonuiics 3/1eCh Hie AKIMECCOPHBIL ATATHT TPaHN-
romnon comepxEnr xaopa Ttoabko 0.21%). Ha cesepo-BocTouHOM
(ranre MECTOPOKACHHA B T0Jie MUPOKOTO PA3BUTHA AaeK MaXTaMIH-
CKIle IPAHATOMIB HAPSAY € QmaTHTOM, KOJMYECTBO XIOPa B KOTOPOM
komxeomerca B npefeaax 0.10—0.25%, uacrto cofepmat HaJI0KEHHBIT
amatut ¢ 0.40—0.56% xmopa. Ha LarancydypruacKoM MecToposie-
HHM B HK30KOHTAKTE MITOKA MOPPUPOBHIX MOPOJ CPeA BMENAIoIx
maraHCyOYPIMHCKUX CHEHHTO-JMOPATOR HHOIJA HOABJIACTCH AUATHT
¢ copepsammem xaopa go 0.20% (axueccopHsii amaTHT CHEHATO-
anopuros cogepiknt ero obmuno 0.02—0.05%). B amazoruumoii cu-
TyanEn Ha MecToposienun JpaornTynn-060 nopooGpasonanblii ana-
mur nmeer 0.36% xaopa (aKTMecCOPHBIH amaTHT BMEMIAIONIMX I'DaHO-
mmopuros — B cpearenm oxoao 0.15%). Ilosnaenrne moxo6noro BECOKO-
XJIOPHCTOTO anatHta 00YCJAOBICHO, OYCRMJIHO, BMAHATMOHHBIM ITTPO-
napuBaHEMeM» B IpoHecce Jerasamui MarMarTiHIeckux Macc.

Jlma paccMaTpHBAaeMbIX MeCTOPOZJICHHI BHICOKOE COJepsRanue
xJopa 00BYHO yCTAHABJIIBAETCA B aNaTHTAX M3 Tedl Opexunii, puKcH-
pyomux nanbolee AKTHBHBE 30HK OPeKINPOBAHHA, CBA3AHHEE
¢ KPYIHEIMU GJIH3KOPACHOIOKeMHBIMI MATMATHYCCKIMIL MacCaMi. Ta-
KOBEIM, B UaCTHOCTH, ARJIAETCHA MITOKo0Gpasnoe Teno Gpexrdmit [TaxTa-
MEHCKOTO MECTOPOICH IS, IPOCTPAHCTBEHIO ¢ KOTOPHIM acColUnpPyioT
KPYIHET MTOK TPanaT-nopGupos m MHOTOUHC/ICHHbIE naiixn. Copep-
;RAHIe XJ0Pa B ATIATHTE 13 [eMeHTa HTHX OpeKynii Bo3pacraeT 10 1.10%
(prop naxomurca B npefeIax 1.9—2.2%). B to BpeMaA Kak B aTaTHTAX
nopojx pynoHOcHoro Kommiekca F/Cl-otnomenue roxebaeTess OT O
mo 16. Buecte ¢ Tem Ha ToM ske [TTaxTaMuicKoM MECTOPOK/ICHIH B ala-
THTe M3 JKIIBHEX OpeKTHeRbix Ted, yiajdeHHsx Ha 1—1.2 KM oT mTO-
K000pasHOTO Tesa, CofePrRaHue XI0pa Pe3Ko HOHMKCHO, & KOTHYeCTBO
dropa ysemmaunaerca 1o 3.8—4.3%. 3jiech 0TMeUACTCSH ALATAT € MAK-
cuMaabHEIME Uit Mectoposaenns F/Cl-ormomenmsmu.

Ha pynmonposismenun Xyrya-Hyyp (IpmpueTcKRuil PyIHBI yael)
B KaJMIITATH3NPOBAHHEX TPAHOANOPHTAX € PEJIKOIl BRPATICHHOCTHIO
Xa/IBKOIIPHTA H IAPUTA 3aQUKCHPOBAH ATATHT ¢ COAEPIRAHHEM 3.04—
3.38% ¢ropa u 0.14—0.18 xaopa, a AKIECCOPHBIN ATTATUT HEU3MEHEH-
ppIX rpanojmopuTon cofepsrut 2.36—2.51% d¢ropa u 0.60—1.43 %
xaopa. ITpupoia TaKoro BEICOKOLO COIEP/RAHNA XT0Pa HOKA 0CTACTCH
He ACHOMN, OHAKO CIEIYeT OTMETHTH MupoKoe passurme Ha XyTyi-
Hyype sKenmosuBHeiX Gperuiii.

BrisipieHHEe [OPH WCCJACHOBANMN ANATATA 0COOEHHOCTH pacupe-
fedennst Xaopa u ropa B 3aBHCUMOCTH OT YCIOBHIL MuHepaxoodpaszo-
pamig xapakTepHsl u s 6morurta. ComepskaHme XJopa B HCCHE/0-
panHex Omotnrax kxoaebmeres or 0.4% 1o Hmke, 4eM YYBCTBHTENDb-
Hocth amaamaa, a gropa — ot 3.5 mo 0.2% (pmcyHox, 0).

B OroTnTAX Hen3MeHeHHLIX MIOoPOoJl PYOOHOCHBIX MarMaTHiIeCKEunX
KOMITZIOKCOB  GOJIBIIMHCTRA  MeIHO-MOJANOEHOBEIX — MECTOPOAYICHMIL
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F/Cl-otromenus oGuumo maxomnres B mpegenax 2—10. Comepskanue
xmopa cocrasisner 0.08—0.28, a gropa — o1 0.22 1o 1% (peaxo 1.7).
B Guotnre m3 seitkorpatoBHX rpanntToB COPCKOTO MeCTOpPOMICHMA
conieprranme Gropa yseanunsaercs o 3.5%, a xaop gacto ne oGHApy-
supaercsa (wHorga gurcnpyerca mo 0.1% xmopa). F/Cl-ormomenne
mas 6mornra Copsl Bospactaer mo 40. OTHocmTenbHOE MOHIKEHME
cofepsranus Gropa U HEKOTOPOe BO3PACTANNIe KOJHYECTBA XJOPa
(MuEEMaTBHO® cpegn GHOTHTOR MOPON F/Cl-otnomenne) xapakrtepms
maa mecroposrnennii (Ransmaxsip, Kammapan, dpmemntyun-006o)
¢ MHTeHCHBHBIM MPOABJIEHHEM IIPOIECCOB IIOMATHON CepPHIHTH3A I
(pucynox, 6). HecroIbKo NOBHIEHHEIM COJePIRAHIEM XJIOpa Xapak-
Tepuayores n Guornter mopox Ilaxramurckoro mecroposmmzenns [Cor-
HAKOB W fp., 1976].

B 6uorure, o6sryno o6mabHo 06pa3yoOIEMCS B 30HAX DRCIIOZUB-
Hex Gpexunii [llaxramer, xmop wacro gommEIpyer naj dropom (cpe-
Hee koamgectso xgopa (.22, gropa — 0.18%), a cpeanee F/Cl-otHO-
menue cocrapiger scero 0.8. Eme mmwxe F/Cl-ormomenue (0.5) »
HOB00GpPasoBaHHOM OHOTHTE B 9K30KOHTAKTOBOI 80He yike YIOMHHAB-
IHeHCH (CTOMHOI Jaiikm, Tae OB oTMeYeH U BBICOKOXJOPHCTHIA HOBO-
obpasopannmii anatur. ComepsaHme Xjopa B HocjaejneM OHOTHTE
Boapacraet o 0.35%.

Maxkcnvansroe copepmanne dropa (npm pwicoknx F/Cl-othome-
muAx — 0 50) yeranonieno B OHOTHTE KaJWIITATH3MPOBAHHBIX 10-
pox. Tax, cpemmee coftepiranne gropa B GHOTHTe KATMIIIATHZHPOBAH-
HELX MEJIKO3CPHUCTHIX IPanuToB JEPEKEHCKOr0 MEeCTOPO;KAEHHA CO-
crapiser 2.47, a xaopa — scero 0.05% (6roTnT HeM3MEHEHHBIX METKO-
3ePHHCTEIX TPAHATOB, ABJAIONMXCS 00PABOBAHUAMH PYIZOHOCHOTO
MarMaTHieckoro Kommiekca, cojep:rut B cpepuem 0.93% dropa m
0.14% xa0pa). BHOTHTH M3 Ka uuImaTH3MPOBAHHHIX METACOMATHTOR
mectoposkmennii Raapmarerp n [laabnee comepskar or 0.31 no 1.24%
¢ropa (cpepmee 0.72%) w 0.06—0.26% xaopa (cpenmee 0.19%),
TOrjla Kak B OHOTMTAX TPaHOXHOPHT-LOPHUPOBOTO MITOKA PYILOHOEC-
HOro KoMIIeKca ounpejeneno coorsercrsento 0.46—0.60 (0.53) u
0.18—0.28 (0.24). Iossimeno F/Cl-otaomenne n gas Gmorura (10.8)
30HBl KBAPI-CAHOINCTOr0 M3MEHEHNA B KOHTAKTe KBAaPI-MOIHOICHH-
ToBHIX skna [laxramsr (comepsanue dropa 1.19, xmopa 0.11%).

Porosas obmanka ma cojlepssanne xaopa u grropa mamboree me-
Tanpio uccaenosana gaa Ilaran-CyGyprusckoro mectopo;kneHus,
BMEMATOIIHE IMOPOJBL KOTOPOTO IPENCTABIEHEl POTOBOOOMANKOBEIMI
IPaHUTOMAAMH, HPOPBAHHBIMA IITOKOOODAZHBIMEH TEJaMH MeJKOo3ep-
HHUCTHIX TPAHUTOB U 0pdupoB. ITa porosas oOMaHKA B IEJI0OM Xapak-
TePHU3yeTcH 3aMeTHO HOBBINENHON POAb0 (TopPa, CONEPIKAHHE KOTO-
poro koaebaeres or 0.9 no 1.75% . Xaop cofep:gutes B He3HAYHTE b~
HEIX Koamuectsax (1o 0.08%). Caenyer momaepKHyTH, uTo B mpexesax
BCETO PYAHOTO Mo (1 0coGeHHO MECTOPOMIeHHA) IPAHUTON/E B TOMH
WJIN WHOH CTelleHun KaAMIIIaTH3UPOBAHKL.

OrHocurenbno HOBHITEHHBIE COAEP/RAHUSA XJIOPA BAQIKCHPOBAHEI
B POroBoii o0MaHKe W3 MeJIKO3ePHHCTHX IPaHUTOR M MOPPUPOB PYHO-
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g . HOCHOTO MarMaTH4YecKoro KoMmimekca. MaKcnMmaibHOe ke KOoJN4ecTBO
xaopa (0.24%) npu momoabHo HE3KoM copepsamnu ¢ropa (0.25%)

~ OBUIO yCTaHOBJIEHO B POroBoil o0MaHKe U3 TPAHATONIOB HK30KOHTAKTO-

~ BOM 30HBI NITOKA rpaHocneHUT-IOpdupor. XapakTepHo, 9uto B OmotTnTe
M3 OTHX TPAHOCHEHHT-TOPGUPOR OHPEledeH0 MAKCHMAIBHOe JIIA
TeMHOIBeTHRX MuHepaxos mopoj Ilaran-CyOypru cofepskanne xaopa
(0.61%).

B mpomnecce rugporepMaipHONE XJIOPHTH3ATNH H CePHIHTH3AINH
OmoTHTa U POroBoil 0OMAHKH oTMeUaeTcs PesKmil BEIHOC (ropa m oco-
6enno xaopa. IIpnm mHTeHCHBHOM W IMHPOKOM IpeofpasoBaHANM BMe-
AKX T0PoK, 00KYHO XapPAKTEPHOM [ MECTOPOKICHMIT MeIHO-
MOIHOIeH0BOI GopPMAIIT, KOJNIECTBO BRICBOOOKIAONINXCA M3 TEMHO-
[BETHRIX MHHEPAJZOB XJopa H (Topa Mo:;keT OnTb BHAYHTENHHEIM,
YTO OKA3HBAET CYIIECTBeHHOE BIHAHWE HA COCTAB MHHEPaloo0pasyio-
mux pacTBopon. IIpomeces cepumuTHaanui I 0co0eHHO OKBADPIEBAHNA
HPUBOAT TAK/Ke K Pe3KOMY COKPALIEHHI0 KOJINIECTBA ANATHTA B TO-
ponax.

CyMMupys B [eJOM IOJY4YeHHbIe Pe3yJIbTATHL, MO;KHO OTMETHTh,
YTO HA MeJHO-MOJNOIeHOBHIX MECTODOICHHAX (opMUpBaHHe MHHE-
Pajios ¢ OTHOCHTEJIBHO MOBHIIEHHLIM COJeP/RaHHeM XJopa (Ipm HU3-
knx F/Cl-otHomenusx) cBs3aHO NPeHMYIIECTEEHHO ¢ MPOIECCAMH Jle-
rasaljil MarMaTHYecKuX Mace (pKcILIoampHoe OGpeKdMHpoOBaHHEe, dMa-
HANMOHHOE BO3JeiicTBMe B KOHTAKTOBHIX 30HAX HHTPY3HIl H T. J.).
OTH TPONECChl MOTIN TPHBOAMTE K 06Pa30BaHMI0 B HpeflelaX MecTo-
POKIEHMIT OPeoIoB PacceAHHA XJ0pa, B KOHTYPax KOTOPHX IMPOX0-
MITH TOCJeAVIonne sHporennsie npeotpasosannsa. llogobmoe smamna-
nuoHHOe KoHmentpuposanme [mo Taycomy, 1977] m tpamcmopTupo-
paBmnxcH (oueBHaHO, B (OPME OKCOXIOPHIHBIX KOMIIEKCOB) PYAHBIX
KOMIIOHEHTOB MOIJIO OKa3bIBAThH CYI[ECTBEHHOE BJAMUANIE Ha Bech X0
pyaooGpaayioniero mporecca, B TOM 9icaIe Ha gopMupopanne PyIHBIX
KOHIeHTpaIuii.

Caepyer oTMeTHTH, UTO HOBHIICHHAA POJbL XJ0pa B rasoBoil co-
cTaBJAA0Nel MEHEePaa00GpPasyIONX PACTBOPOB B HAYAJBHBIH BHICOKO-
TeMIepaTypPHLII MePHoX HHIOTEHHOTO TPOoNecca yCTaHaBINBACTCH JUIA
MeAHO-MOJHOeHOBLIX MeCTOPO/RAeHN H 10 pesayabTaTaM H3ydYeHHd
ra3oBo-RuIKNX BKmovennit [Bepsmna u ap., 1976].

B oTmenbHHEX cayuasix MOBBIIEHHOE COfAep;kaHue XJopa (UKCH-
PyeTcHA B TeMHOI[BETHHIX MHHEepPaJIax H amaTHTe TPaHUTOMIOE PYLOHOC-
HBIX MATMATHYECKHX KOMILIeKcoB. [IpakrmuecKn moCTOAHHOE IPHCYT-
crBue xaopa (1 00BYHO B 3aMETHEIX KOJHYECTBAX) B 8THX MUHepaJax
ABIASTCA XaPAKTePHON WepPTOil yKasaHHBIX TPaHHTOMIOB B OTIHIAE
0T TPaHHTOB, ¢ KOTOPHIMH cBA3aHa MoaubjeHoBas MHHEpPaJIH3aIUA
TPeii3eHoBOTI0 THIIA.

Mexons 3 saduKCcHPOBAHHBIX KOHIEHTPAINil XJI0pa B TeMHOI[BET-
HBIX MHHepaJaX M amaturte U YYATHIBAsg TPeHMYNeCTBeHHBIl Nepexoj
ero Bo pmongnyio gazy [Bapuem, 1970; Paduuxos, 1975; Taycon,
1977, wu gp.], wmoskmo upegmojaraTth, UTO JUIA MHTPY3HUi, Co-
NPOBOKAAIIINXCH MEJHO-MOJHOCHOBRIM OPYICHEHIeM, KOHIeHTPa-
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A XJIopa B MCXOMHOM pacIjlaBe B IeJoM OBJIA OCTATOYHO BH-
COKOIi.

MaxkcumanpHoe cofepskanme ¢ropa XapakrepHo A PaccMaTpH-
BAEMBIX MUHEDPaJ0B B KaJHIMIOATA3HPOBAHHKX MOoPoJax (AOATHT B HAX
OPHCYTCTBYET PeJko) M B 30HAX OKOJOKUJIBHBIX METACOMATHTOB
(KBapU-CTIOAUCTEE MOPOJIH).

Conepsranne xJiopa I iTopa B TEMHOLBETHLIX MUHEPAIAX U ATATHTE
B ONpeJeJleHHOH CTeleHH YBA3HIBAGTCH € XaPaKTePOM IIPOHABIEeHHBIX
Ha MeIHO-MOJHOIEHOBBIX MECTOPOMIEHHAX PYIHO-METACOMATIIECKAX
oGpazopanmii. [lossimenune F/Cl-oTHomenns B aTHx MuHepazax B me-
JaoM Golee XapaKTePHEL JJI MECTOPOKIEHHI ¢ MHUPOKO ¥ HHTEHCHBHO
NPOABJIEHHON KaJlHIINMaTH3amMuell U 9acTo OTHOCHTeJIBHO MOBHINeHHON
poabio moanbaena. HaoGopor, B caydae ausknx F/Cl-otHomenwnit ka-
JUMDATH3aIHA Ha MECTOPOKICHAAX HPOABIAETCS caabo, a HHTEHCHB-
HOe pa3BuTHE MOJAYYalT HPONECCH CePHTH3AUNM N OKBADIEBAHMS;
Melb JacTo 3aMeTHO npeodiafaeT HaJ MOINOICHOM.
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B. E. Jenucenxo, I'. T. Oxyodaos (CCCP)

TEOXMMHUYECKHWE THOBLI BOJIb®PAMOBLIX MECTOPOKIEHNN
M UX CBHA3L € I'PAHNUTOMIHBIM MATMATH3MOM

TR

V. K. Denisenko, G. T. Skublov (USSR)

GEOCHEMICAL TYPES OF TUNGSTEN DEPOSITS AND THEIR CON-
NECTION WITH GRANITOID MAGMATISM

Based on the statistical processing of data on the accompanying ore elements
in 200 tungsten deposits throughout the world the element associations chara-
cteristic of the deposits of various ore formations and geochemical types have
been distinguished. The similarity between the geochemical associations of dif-
ferent ore formations and definite geochemical types of granitoids distinguished
by L. V. Tauson has been established. The correlation between the size of depo-
sits and their geochemical types is shown which can be used in the prognostic
evaluation of the mineralization scale.

BoabpaMonsie MECTOPOKAEHNS TPEICTABIAIOT co0oil MUPoOKO
pacmpocTpaHeHHK H TPOMBIILIEHHO BAJKHBIL THII OHI0TeHHOTO OPY-
JeHeHNs, TeCHO ACCOMUMPYIOMUA ¢ TPAHHTOMIHBIM MArMaTH3MOM.
Hapsty ¢ 0JOBAHEBIME MECTOPOKACHUAME OHH ABJAIOTCH OCHOBHEIMI
ofBeKTAMI WMCCAeTOBAHMIT, TPOBOMMBIX B PaMKaX MeKIyHaPOJHOHR
TPOTPAMMEL TeOJOTHYECKONH ROPPOJNSANAH MO MPOEKTY «Mwunepaansa-
[Asi, CBA3AHHASA C KHCIBIM MarMaTa3MOM» (MAWAM).

Ofmen3pecTHO HaJdMdne B BOABHPAMOBEIX MECTOPOMICHUAX pas-
JIMYBEHIX YCTONTIBEIX TOXHMITYECKNX ACCOTUATMIL PYIHBIX DICMEHTOB,
06yCIOBIHBAIONUX CYMECTBOBAHNe PABHOTHIHEIX 110 COCTABY PYI
KOMILIEKCHBX BOIXbHPaMOBHX Mectoposknenuii. HoauwdecrsenHoe co-
OTHOIIEHMe TAKHX PAZHOMETAJBHAIX THIOB IpegcTanieno s rtabix. 1,
B Kortopoit yurexmo 115 BoabppaMOBBIX M BOJBHPAMCOJICPIRAIAX Me-
CTOPOIeN N, MOKABAHAKX Ha «Hapre MOTe3HEIX MCKONAGMBIX KOH-
ruHerTon Mmupay, manamrnoit 8 CCCP » 1970 r.

Onpejesternyio HEOPMAIIHIO O TEOXAMHICCKUX CBABAX BOJbHPaMa
MOJKIO TOMAYIATH W3 aHAIN3A KIAPKOBR U KIAPKOB KOHIEHTPATIHI dile-
MEHTOB, HAUG0JIeE UACTO BCTPEUAI(UXCH B BOIbPPAMOBEIX MECTO-
pomaenasax u oOpPasyomux B COBOKYTHOCTH CHeIVIOMNil PAX, IMO-
CTPOEHHEIE B MOCIS[0BATEIBHOCTH YORBATOMIIX 3HAYCHAN UX KJIaPKOB
B 3eMHOM Kope:

Kaxapsn (no A. IT. Bn- 8.3-107% 4.7.40°8 4B M0y a0 T 25 1078
norpajosy, 1962 r.)
/1 SRS ) | — b — Be — Sn —
Kaapku woumentpa- 891 320 935 1316 2800
M| B pyaax
K;lapkn (o 1.8 40:* {4104 5.10-6 8.3.10-¢ 9.10-7 4.3.10"1
.. 11.. Bm-

HOT'pa/10By,
1962 r.)
— W T e DASOR SRR se SRR Aun
Kuapkn KoH- 6153 6368 6400 96 385 1 700 000 1628
meHTpanuu
B py/iax
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Comocraniienie MpuBeJcHHOT0 PAA ¢ PACHPOCTPAHEHHOCTHIO pas-
JUYHHIX aCCONHMAIMIA PYIHBIX DIEMEHTOB BOJbPPAMOBHIX MECTOPOKIe-
Huii (taba. 1) mo3BosAeT cesaTh BEBOM, 9T0 YeM G.MKe TI0 3HAYCHHIO
KIAPKH JIEMEHTOB K KIapKy BoJbppaMa, TeM Yaile oHH BCTPEYAIOTCH
COBMECTHO B pyHax mecroposzciennii. IIpm atom cocename ¢ Boandpa-
MOM DIEMEHTH B YKasaHHOM pafy (Sn m Mo) onpegensior maimame
aByx HaufoJee IMPOKO PacHPOCTPAHEHHBIX THIOB BOJAB{PAMOBEHIX
MecToposiienui, sujiesenaux [Pyuaksmcr, [lenncenko, 1970] 8 nne
CaMOCTOATENbHEIe TPYNNE — 0JOBAHHO-BOAB(PaMOBYI0 W MoIuGIeH-
BOABYPaMOBYIO.

Tabamuma 1
Pyausie saements: BoabpaMophix MecTopokTenmii

°/o OT ofmero
Konnaecrso qHCeIA YUTeH-
Pyauuie ameMenthi MeCTOpOmK- HbIX MeCcTO-
nenuii posIenuil
W 36 32.0
W—Sn 43 38.0
W—Mo 16 14.0
W—Bi 5 4.0
W—Sn—Ti 3 2.4
W—Sh 3 2.4
W—Au 2 1.6
W—Sn—Bi 2 1.6
W—Bi—Mo 1 0.8
W—Sn—Mo 1 0.8
W—Sn—Sb 1 0.8
W—Pb—Zn—Mo 1 0.8
W—Pb—Zn—Sn 1 0.8
Beero 115 100

Jns KoHKpeTMsammm oTMEYeHHOIR 0c00eHHOCTH, CBHICTEIBLCTBYIO-
meid 0 3aBECAMOCTH PasSHOMETAJBHEIX THIOB BOJBPPAMOBHX MecTO-
POKIIEHHI OT CTeIeHU TeOXMMHYECKOIOo POJICTBA BOIb(pama ¢ pas-
JITIHEIME DJIEMEHTAMM, W YCTAHOBJICHUA CBA3H THIOB PV ¢ TEOXHMHE-
YeCKAMHE 0COO@HHOCTAMM PYAOHOCHHX TPAHUTOMIOB OHLIA npoBeieHa
craTucTHIeCKas 06paboTKa MaHHBIX 10 ACCOHAIMAM COILYTCTB YIOMAX
pynmsix snementoB 200 Boabppamorrx mecroposmenmit mmpa (100
oredectsennsix i 100 sapyGe:xnrix). Xapakrepuctuka MecTroposkenmit
BRIIOYANMA JKUIbHBIE MHHEPAJH, BeIyIiHe DYJAHKE JJIeMEeHTH, THI
OKOJOPY/IHOM3MEHEHHLIX IIOPOJ, ¥ WMHTPY3HBHEE (GOPMAIUH Tpamu-
TOHJIOB, C KOTOPBIMU OPOCTPAHCTBEHHO ACCONMUHPYIOTCSH MECTOPOIK/Ie-
HUA. YOATHBANCA TaKKe PasMep MeCTOPOKIeHMIE 1o TPeM KaTero-
PHAM — KPYIHEE, CPefHHEe W MeJKue.

YKasaunse npusgakn Geuin BaKOJNPOBAHEL B [IBOMYHOM BHE M IO
HEM PaCCYHTRIBAMUCH FACTOTH BCTPEYAGMOCTH HIEMEHTOB M KOppe-
JANUOHHBIE MATPHIE. AHAJINE CTPYKTYPH KOPPeAAMHOHHO MaTPUIE
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OPOBOMMICH MeTOOM BeTpAmuxcs cvaseir. Ilpu nToM Bee HieMeHTH
pacrmojarainchk Ha IUIOCKOCTH 110 TPHHIMILY: TeM CHIbHee CBS3b,
treM OuHzKe OHH PACHOTOKeHB. B paAjle CIyYaeB HMCIOIB30BANCA Me-
TOA IJABHEIX KOMIOHEHTOB (akTOpHOTO amalmsa.

PaccmaTpuBaeMbie MECTOPOKICHAA OTHOCATCS K MIECTH Bodbdpa-
MOBOPYIHEM (GopPMAIHsM, BHETEHHEM B KIaCCHQUKAIAN OJIHOTO U3
asTopos mpennaraemoit craren [[lemmcenxo, 1975]. Pymuas dop-
MAAA MOHAMAETCHA KaK IPYHOHa MeCTOPOJKICHHN ¢ YCTOMIMBEIM Ha-
GOpOM OIHOTHITHEIX MHHEPAJBHHX Taparene3ncoB M rEAPOTePMaIbHO-
M3MEeHeHHLX TOPOJ, 3aKOHOMEDHO HPOABIAIONMXCA BO BPEMeHN W
mpocTpaHcTBe. B HazsaHHH (GopMaIMH OTPAKEHH BeIYIIHHA PyAHEIR
MITHE PaJT, KU/ LU T pareHesnc M THII 0KOJI0pYAHON3MeHe HHEIX TTOPOJT,
OTHECEeHHBIX K OJHON M3 MeTacoMaTHYeCKWX (opMarmii.

Vuarennwe 200 MecTopossIernii pacupefieIA0TCA TO THDAM PYIHBIX
dopmamuit caemyiommym oGpasoM, %: BoabPpaMUT-KBAPIEBaA IPeiiseno-
Basi — 49, meexmI-rpaBAT-TMpPOKceHoBa# ckapHoBag — 13, me-
eIUT-30JI0TO-KBAPIEBAA TYPMaJNH-XJOPHTOBAA — 4, MeexnT-KBaPIl-
mojesonmaropafg TryMmbemtoBas — 3.7, Ti00HePHT-CYIbPUAHO-KBAD-
mesas Oepeanrosaa — 3.3. Ocramenne 14% mnmpuxonsarcs Ha KOI0O
CHOKHBIX TOMHPOPMAIMOHHEIX MECTOPO:RAeHMH, obaajlaomux dep-
TAaMH CTPOGHUA HECKOJBKHX HPOCTHX PYAHHX (opmanmii. Crarmern-
qeCKOH AHAIN3 B3aKOHOMEPHOCTEH PACHPeJeNeHAA CONYTCTBYIOMIX
PYIHBEIX 5IEMEHTOB IO03BOJseT PasfleldTh WX II0 YacToTe BCTpedae-
MOCTH B MECTOPOKJIeHNAX pasAmaaex Gopmannii va 4 rpymmer: I— Mo,
Sn, Bi, Cu — gacto nerpevanomuecs (30—55%) B MeCTOPOKEeHUAX;
II — Be, Pb, Zn — ofsrano serpegaromuecs (15—35%); 11T — Au,
Ag — penko Berpewawonecs (5—15%); IV — Sb, Hg, Nb, Ta —
oueHB penko Berpeualoniuecs (< 5%). Ilo erpykrype KoppeasnuOHHEIX
cBA3eil, OTpaskeHHoii Ha puc. 1, a, siaeMenTH 06Pa3y0T MOCIe[0BATeIb-
muit pax: Sn—Nb—Be—Mo—Bi—Cu—Zn—Pb—Ag—Au—Sb—Hg.
B aToM psjly cocellHHe WIeHH MMEIOT CHIBHEE IOTOKMTENbHbE K09~
QUMUenTH KOPPEeJSIAH, T.e. BCTPETIAOTCA COBMECTHO, a KpaitHue
qIeHH XaPaKTePH3YHOTCH CHIABHEIMI OTPUIATONLHBIMH KOPPEIATHB-
HBIMA CB3AMH, ABIAIOTCH AHTATOHHCTAMH M B PyJax COBMECTHO He
duKcupyTcH.

[TpuBefieHHEI Psjl DIEMEHTOB B IEJIOM COOTBETCTBYET CMeHe TeM-
nepaTypPHEX YCJIOBUil PYLOOTIOKEHNSA OT HIEMEHTOR, BCTPeYaIOIAXCA
B pyjax Bmcokortemuneparypaux (Sn, Nb, Be, Mo, Bi), k cpenne-
(Cu, Pb, Zn, Ag, Au) u Huskoremueparypusv (Au, Sh, Hg) mecto-
poskmernam. OpmospeMeHHO HabaojlaeTcsi BCe MeHee TeCHAfg MPO-
CTPAHCTBEHHA s CBASH MECTOPOIK/ACHNI C MACCABAMH MATePHHCKHX Tpa-
HATOMIOB, KOTOPaf BEIPa;kaeTcs B JTOKAAH3aMUM OPYAHEHEHMHA II0
OTHOIIEHHI0 K MACCHBAM BHadYaJe B HEIOCPEICTBEHHOM HHIO- U DK30-
KONTAKTe, 3aTeM B HAJMNTPY3UBHOI 30He M, HAKOHEI[, B YJaJeHHO
30He BHe BUIAMOI CBA3M ¢ IPAHHTOHAAMH B IOJAX PasBUTHA JaeK
HmecTporo cocraBa. B mepsoM HpEOAMKeHUH YKABaWHAS TeHIeHIM
COOTBETCTBYET M YBEJIMICHUIO [JIYOMHHOCTH CTAHOBJIEHHA MacCMBOB
PYIOHOCHEIX TPAHHTOMIOB.
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Cxema BeTBAIUXCA CBA3EH CONYTCTBYININX DPYAHHX 9JIeMEHTOB BONBPAMOBHIX
MECTOPOMICHMM.

MeCTOpPO#AGHNA: a — PABTNYHBIX OPMAINIOHHBIX THNOB, 6 — rpeiiseHOBHe, & — CHapHOBBIe,
Koapduumentsl Koppeasmun: 1 — 0.50; 2 — 0.40; 3 — 0.30; 4 — 0.20; 5§ — 0.10; 6 — 0;
7 0.

AHamH3 ROPPETANMOHHEX CBA3ell Me:mxay (GopMalMOHHEM THIOM
MECTOPOACHHIT W COIYTCTBYIOI[UMA P YIHBIMI dIeMeHTAME M03B0JACT
HAMETUTH TEOXMMHYECKHe aCCONUAIMH CONYTCTBYIOIUX 3JEMEHTOB
BOJALPPaMOBOPYIHEIX (hopma yuii, orpaskenanie B atx. 2. 13 tabamms
BHJ{HO, YTO BBIEJCHHBIE aCCOIHAIINM XOPOMI0 KOPPEAUPYIOTCS Kak
€ PAfaMU MHTPY3HBHEIX OPMAIHil, ¢ KOTOPHEMH aCCONTHPYIOT BOIb-
{paMOBHIe MECTOPOKIEHAA, TAK M € TeOXMMHYCCKIMH THIAMH Tpa-
HuTOMAOB, BHjedenssix JI. B. Taycomom [1977]. B wacrmocTH,
MeCTOpO/leHHsA TpeiiseHoBoli 1 OepeanrtoBoit Qopmammit * moBce-
MECTHO 00HAPy/KUBAIOT TECHYI0 HPOCTPAHCTBEHHYIO H, IO-BHIAMOMY,
TeHe THYECKYI0 CBA3H C MACCHBAMU JeHKOKPATOBEIX M aJACKHTOBBEIX
TPaHUTOB, 00pPa3ylOU[AX B COBOKYIHOCTH T'DaHUT-IeHKOrpaHHT-aJIsc-
KATOBBIA PAX HHTPY3UBHEX (opmanmii. ITo reoxummveckoii ciemuarn-
3anUu PYIOHOCHHIE TPAHMTHL, ¢ KOTOPBIMH acCOMUHPYeT OpyIeHeHHe
rpeii3eHOBOil (opManmum, COOTBETCTBYIOT TIEeOXHMHYECKOMY THIY
IIIOMA3ATOBBIX JIEHKOrPAHATOR, a OpPyJeHeHHe OepesuToBoii hopma-
OUA — THOY PEeJKOMeTANbHKIX TPAHATOBR IEJ0YHOro paAga (mo
JI. B. Taycony). YkasaHHsle THIH TPAaHATOB IPH 00meil PeKOMe-

* 3jiecs 1 azee B TeKeTe, a TAKKE B TAGANNAX W HA PHCYHKAX HASBAHMAA Pya-
HBIX GOpMAIIIA I KPATKOCTH AHE TI0 THIY PYAOHOCHKIX METaCOMATHIECKAX (op-
Mari.,
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Tadoaunma 2

I'eoxnmmaeckne pags Boiandpamosopyansix dopmanuii m ux cpasn
€ MAarMATH3MOM
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TaJbHONH Ire0OXUMHYIeCKOM cIeia n3aii 0TANIaTesa folee BRHICOKIMMI
comepskanusavu Zn, Nb, Ta, Be B mioomasutonsix Jeifkorpasurax u
Mo, Pb, Zn B pefkomeTanbHEIX IPAHHTAX IMEJIOYHOTO PsfA. ITa Ke
0C06eHHOCTD ABIACTCA OTIAMIATENHHOM 4epToil TeoXHMMUYECKUX acco-
HUATNil COMYTCTBYIOMMX 2JIeMeHTOB MeCTOPOKAGHHN TIpeiiseHoBOH 1
GepeantoBoit pyaHBIX popmarmii.
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AHANOTHYHO TPAHATOME JUOPUT-TPAHOAUOPUT-IPAHNTOBOTO PALA
MHTPYSHBHEIX (OPManuii, ¢ KOTOPEIME ACCOIMHPYIOT MECTOPORKACHNA
rymGenToBoil M cKapHOBOi BOXB(pPaMOBOPYAHKEX dopManuii, M0 CX0/-
CTBY HX TeOXHMUYeCKOil CHeIUadn3aliuy ¢ aCCOMUAINAMEI COILYTCTR Vo~
IUX BIEMEHTOB PV MOTYT OBITH CONOCTABIEHE ¢ MAJHHTEHHBIMI I'Pa-
HATOUJAME IIEJTOYHOTO W M3BECTKOBO-INEJOYHOTO TeOXMMHYECKHX PA-
noB. PymoHocHEIMII B OTHOIIEHUE BOJXbOPAMOBOIl MUHepaan3alum
TYPMaJIMH-XJIOPUTOBOM W apruiin3uToBOM PYAHBIX (opmanmii ¢ muas-
BECTHOM [oJiell YCIOBHOCTH MOTYT PacCMaTPHUBATHCH I'PAHHTOMBI aH-
TIe3UTOBOTO M JATATOBOTO PAMOB, IpefcTapiasiomue cofoii KoHeTHEe
TIEeHE 9BOJIIAOHHOI cepuu mopoj 6a3albTOMIHOT0 PANA, OTHECEHHBIX
B Taba. 2 K rab0po-aMopHT-MOHIIOHNT-TPAHOCHEHNTOBOMY DALY HMHT-
PysuUBHHIX gopMaImii.

Hamegennsie casn Boab@paMoBOPYAHKX (GopManuit ¢ ompesesieH-
HEIMH TeOXHMUYeCKUMH THIOAMH TPAHATOMA0B TPeOyIoT AalbHeimero
YTOYHEHUS 1 KOHKPEeTN3aIim, oJfHaKo caM (aKT CyIecTBOBAHMA TaKOH
B3aNMOCBA3H HE BEIBHEBAET COMHEHWA. JT0 HMeeT BajKHOe IPaKTH-
9ecKoe 3HAYeHNMe, IOCKOJABKY II03BOJIAET pemaTh HpobieMy CBA3H
OPYJEHEHNSA ¢ MarMaTH3MOM II0 TeOXMMHYECKHM 0COOCHHOCTAM Kak
TPAHUTOMAOE, TaK ¥ AaCCOMUUPYIOMNX ¢ HAMH MeCTOPO;KICHNI.

YeranopJdeHHBe KOPPEJIAMMOHHBIM AHAJIMB0M acCOIMAIN CONYT-
CTBYIONMIUX PYAHEX 3HJAEMEHTOB MABIAITCA OCHOBOM I BEIIeJTCHUA
TeOXUMHYECKHX THIIOB MECTOPOKIeHM. B 910 MoHATHE BKIA/ILIBAGTCSH
npemcrasieHme o0 YCTOWIHBEIX AaCCOMUANMAX PYAHBEIX BIEMEHTOB,
OPUCYTCTBYIOIMMX B 3HAYMTENBHBEIX WJIH NPOMEILIEHHEIX KOHIEHTPa-
MUAX B MECTOPOKICHHAX KOHKpPeTHOro fopMammoHHOTO THma. B Ka-
JecTBE NPHMEepa PacCMOTPUM MECTOPOKIeHHS ABYX Hamboaee pac-
NPOCTPAHEHHKIX BOJAB(YPAMOBOPYAHEIX (opMaIii — TrpeiieHOBOM 1
CKapHOBOIL.

I'peiizemoBas GopMainusa xapakrepusyercsa 00JbImoi
JacToTO# BCTPeMaeMoCTH PpelKoMeTaJdbHEIX diaeMenTos (Sn, Nb, Be,
Mo, Bi) m penroctsio snementos cyabfuanoii rpymust (Pb, Zn, Cu,
Ag, Au). OcobeHHOCTBIO CTPYKTYPH KOPPeJANUNOHHBIX CBA3eH C€o-
OYTCTBYIONMUX PYNHBIX DJICMEHTOB (POPMANUN fBJIAETCA YeTKUH aHTa-
roanaM Mo--Bi mo orrOmennio K Sn 1 HaJIHYHe reoXHMHYECKOTO PAa
Sn—Nb—Be—Mo—Bi. [Ipyras oco0eHHOCTb 3aKII0YAETCA B JKECTRO-
CTH CTPYKTYPH CBsA3eil DIeMeHTOB CyIbQuIHOM Irpymnmsl, ofpasylonmx
eNHYIO TeOXMMUUECKYI0 accomuanuio (pucyHok, 6). G yderom cka-
3aHHOTO TEOXHMHUYECKHEe THIBl IPeil3eHOBEIX MECTOPOIKICHMIT Iejeco-
ofpasno o0BeUHNTE B JBEe TPYOIH — MAJOCYIbPUIHYIO T CYib-
dunHyo, B KOTOPOil mPHCYTCTBYET XOTA OBl OfUH M3 IATH dIeMeH-
toB — Pb, Zn, Cu, Ag, Au.

OcHOBHEIE DPA3IUINA MEKIY MeCTOPO;RACHUAMH OIpeJelsaioTea
CONYTCTBYIOMMME HJIEMEHTAMH PeAKOMeTANbHOH IPYONB, 10 COOT-
HOIIEHMI0 KOTOPHIX MOTYT OHITH BHIIENeHH 4 TeOXMMHYECKHX THIIA
rpeiiseHoBHX MecTopOskIAeHHI (Tabx. 3). B saBmcmMocTn or HamHUMA
WM OTCYTCTBHA B HUX DJIEMEHTOB CYIXB(QUIHOE IPyNns yKasaHHBIE
THIEL TTOJPasfennaiores Ha 8 mogTunos. M3 rabunmsr BUIHO, YTO MECTO-
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Tabauma 3

TeoXHMUUECKHE THIBI TPEHi3eHOBLIX MEeCTOPOH/IeHHil Boabdpama

TeoxXnMuuecKuii
TAT

TeoXHMAUECKHE MOLTHIB M MPUMEPH MECTODOMKACHHIl

cvaspuIHAA Tpynmna

mManocyanduanad rpynna

I (W, Bi, Mo, Be)

I (W, Bi, Sn)

Il (W, Mo, Be,
Sn)

IV (W, Sn)

IIpuMevaHHeE.
VUTCHHBIX MECTODOYIeHH U NPONEHTHOoe KOMMYECTBO HB8 HHX KPYHNHEIX U CReARAX

la (27—41)

KoRTeHKOJID,
Imuga, Byryka,
XyamaHb

lla (7—43)

CookoitHNHCKOE, Maynr-
Bamod, Cagmeaopd

Illa (12—41)

Toprosekoe, Maynr-Ilie-
sant, Hapaxomec, dmachep

IVa (9--22)

Jlepo-Hurogmnckos, Mayum,
IManamkeiipa, Mosero

Haaryrs,
Jlann-

16 (22—23)

Hypa-Tamges, [(maner, AR-
uaray, Kynazueit, Boabg-
pam-Kaun

116 (12—67)

Kapaofa, Myastum, IOrog-
8eiph, CHXyallaHb

16 (21—14)

Kapachenckoe, DKryr, 3alb-
toe, Jlocr-Pusep, lUlanten

VG (25—0)

Yepjionk, IlonapHoe,
nenGepr, Monrbeme

Ta-

B ckofKaxX y HOMCPOB Pe0XHMHYECKHX TOXTUIIOB YyKasaHO YHCNO

MeCTOo-

POMICHMI,

POKIEHES CyabQUIHOH TPYIIE 1O CPABHEHWIO ¢ MaJOCYIb(HMIHEMU
vame TPeJCTABJICHHE KPYIHEIMA M CPeIHHME II0 3amacaM pPyJAHBMH
obmexrtamn (38 m 20% coorsercrrenHo). Cpem MamOCyIBHUIHLIX Me-
CTOPOEIeHW HanbOIBIINI MHTePEC MPefCTaBIger II reoxmmuuecKmil
i, GOJMBIIMHCTEO PYIHEX 00HEKTOB KOTOPOTO 00/1a/al0T BHATHTEN b
HBIMH 3amacaMu. ;

CrapHOoBasg ¢opMamus XapaKTepH3yeTcA BRICOKOTT
wacToToit Berpedaemocti Mo, Au, MeHbmeil Bcrpedaemoctn Be, Nb,
Sn, Pb, Zn m amgraronusmoM Sn, Pb, Zn no otHOmennio K Mo, Be.
CBA3VIONEM 3BEHOM HTHX ACCOIMAIMM ABJIACTCH Bi, KoTopHIil KopP-
peanpyer Tasxe ¢ Cu, Ag, Au (pucysok, 6). Jlaa gopmanum MoKeT
GhiTh BETeNeHO A reoxmvmaecknx pama: 1 — Sn, Pb, Zn, Bi, Cu,
Ag, Au; 2 — Be, Mo, Bi, Cu, Ag, Au. Haxuame IByx PsIOB 371eMCH-
TOB OOBACHACTCS TEM, 9ITO B BHIOOPKY U3 35 MECTOPOKICHII BRIOYCHE!
Kak COOCTBEHHO CKADHOBOPYJHEE OOBEKTEH, TAK M MOJH(OPMAI[HOHHEIR
CKAPHOBO-TPEBEHOBEE MECTOPORIEHIH.

ITo xapakTepy KOPPeJAANHOHHHX CBA3EH COMYTCTBYIOMUX PYAHBIX
9JICMEHTOB MOTYT OHITL HAMETEHH 4 reOXHMAYeCKHX THIA CKAPHOBHIX
Mecroposknernit (taGa. 4). Mesxay pasMepoM MeCTOPOFR[ICHMI M Teo-
XUMHIeCKAM THIIOM YCTaHABJIHBAeTCA CHIBHAS KOpPpeJsNUOHHASA 3a-
pHemMocTs (tafa. 5): seamimpa kpurepus X* pasma 16.2, 1.e. aTa
sapmcuMocTh yeraHasimeaetcs npu 1 %-HoM ypopHe B3HATHMOCTH.
HauGoabmylo TPOMENIIEHHYIO IeHHOCTH IMEIOT NePBLIe B maunbonee
KOHTPACTHEIX TEOXUMHIECKHX THIA.
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Tabauma 4

leoxumuueckne THOB CKAPHOBBIX MeCTOPO;KAeHuii Boab(pama

MecTopoikaenne

T'eoxnmMugecKuil
THIT

ConyrerByomue 31eMeHTE

Sn

Pb

Zn

Mo

Bi

Cu|Ag

Bocerok-2
Huarnuke
Maiixypa
Vaypar
HKnsago
Yeu-Yan

Yopyx-Jlaiipor

fAorancen

Maar-Pusep

Areinka

Bpemxy
Baanckoe
Vrar
Kynxa6a
Hoitram
Kornap

Kuar-Aiimeng

CanoHr

TrpHEIAYS
Benopeuenckoe

N0
Xyaumogn

Bankancroe
Hywm6enscroe

CranoBuy

Bypanckoe

Axron
Aseryp

ITaitu-Kpur

ApRKCKO®
Jlaurap
Temnexrioit

Maranar
Hopam

Imepains —DOuun

1—W, Sn, Pb,
Zn

II—-W,
Mo, Bi

Be,

III — W, -Mo,
Cu, Au

IV—-W
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IIpumevanne, (+)— Hanuyme, (—)— OTCYTCTBHE CONYTCTBYIOIIHX DYIHHIX 3le=

MEHTOBs

Onpenenenusii UpakTHYECKUil WHTePeC NpPeCTABIAET BBEJCHNE
TaKNX MOHATHII, KAK HOJHOTA W HPEPHIBHCTOCTh PANOB COMYTCTBYIO-
IMUX 2JIeMEeHTOB PYAHEX (OPMAIHil, MOCKONIBKY MeKAY HUMH T Mac-
mTabaMu MecTopPOKIeHIIT BHABIACTCA KOPPEIAATHOHHAA 3aBUCAMOCTE.
ITox mommoToil TMOAPaByMeBAETCA KONMYECTBO CONYTCTBYIONMX dile-
MEHTOB, & II0J] HPePEIBECTOCTHI0 — WHCJIO OTCYTCTBYIOMHUX DJIEMEHTOB

MeRINY IABYMsA Kp&ﬁHPIME YJIeHaMH TeOoXHMMHYeCKOoro psaa.
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Tatamma 2

CpA3b pasMepoB M FeOXHMHYECKHX THIIOB
CKAPHOBBIX MecTopo:kgennii soandpama

Pasmep MecTOPOrsieHui

Teoxumuyeckuii T
KPYOHBIE | Ccpegnne MeJIKne

I (W, Sn, Pb, Zn)
1 (W, Be, Mo, Bi)
I (W, Mo, Cu, Au)
IV (W)

oSO D
S hok
[ Re R ol

[IpnMenuTeIbHO K CKAPHOBBIM MECTODOK/EHHAM CpefHue 3HAYTe-
HUA TapaMerpa TOJHOTH PAAa COMYTCTBYIONUX PYAHHX dIeMEHTOB
zakonomepHo ymenbmatorcst ot I k IV tamy u cocrapasior cooTBeT-
ersenno 3.6 (I tmm), 2.9 (IT), 2.1 (III) = O (IV). 9ta s3aBucmMOCTH
moATBepsKAAeTCA sHAUemmeM X®, KOTOPHIl cratmermieckn 00OCHOBAH
opn 1 %-nom yposme smaummoctHm. J[ms mapamerpa TPepPHBHCTOCTH
otMeuaetes Goxee caoskaas aasmemmocts: AaA 1T m IV reoxmmmgeckux
tunon on pasen 0, a gas 111 m IV sapsupyer ot 0 o 3. ITpm aTom s
KPYILHBIX MECTOPOMKIEHHIT TapaMeTp IPePLHBACTOCTI BCET/IA MeHbIIe 2.
Takum 0GpazoM, M0 3HATCHAAM TOJHOTH M HPEPHBUCTOCTH TOXHMH-
MeCKUX PATOB PYAHBX (OPMATN MOZKHO JETaTh BRBOJ| O BO3MOKHBIX
macmraGax BoabHPaMOBOTO OPYACHEHUS.

Wz maaoskenmoro clIegyer:

1) MecTOpOsKJICHEA DPasHHX BOJAbHPAMOBOPYAHEIX dopmanuii xa-
PAKTePU3YIOTCA PASIMIHEIMA DPAJAMA CONYTCTBYIOINX DPYAHBIX d7e-
MEHTOB, KOTOPHE II0 KOPPeJAIIOHHEIM CBA3AM DPas/elifaiorcd, B CBOIO
oYepenb, WA TEOXHMWYECKHe THIE MEeCTOPOKIeHMIL;

2) ycTaHABIMBAETCH COOTBETCTBHE MERAY BOJAbHPAMOBODPYIHEIMM
@opManEAME, WX TEOXHMUUCCKUMH THIAMH MeCTOPO/IeHHI m reo-
XHMUUeCKAMH THTaMu TpaEmTomaos, whgexenmmx JI. B. Tay-
COHOM;

3) Haba0RaeTCsH KOPPeIANNOHHAS BaBUCHMOCTE MLy PasMepaMu
MECTOPOKASHHH, NX TeOXUMIYCCKAMH THIAMH, TapaMeTPaMi IOTHOTH
H TIPePHBHUCTOCTH DPAOB CONYTCTBYIOINX PYAHBX OJICGMEHTOB, 4TO
MO;keT OHTH MCIOMB30BAHO IPH TPOTHO3HON oOImeHKe MAcmTaboB
OpyIeHeHH.

Jdureparypa

Nlemnmcernxo B. K. HKaaccnpuranmsa BoabdpaMOBHX MEeCTOPOKIeHH [aa
medeit mporHoanpopaEuA. — 3am. Bcecows. MuEepan. 0-Ba, 1975, Bum. 5,
c. 526—538.

Pyaspksuct JI. B, fleEnceHnKO B. K., Tasnosa HU. T. I'peir-
3@HOBHE MCCTODOKJEHHA (omroremez m gmuorenes). M., Hepmpa, 1970.
328 c.
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M. II. I'ae6oe, O. K. Kowecesnurxos, B. H. Hepeanes,
I'. H. Ypymosa, H. B. Kyxpunrosa (CCCP)

MHUHEPAJIOTHYECKME KPHUTEPUHM CBA3H
OJIOBAHHO-BOJIb®PAMOBOIO OPYJIEHEHUA
C PEJIKOMETAJIbHBIMH JIHTHN-®TOPHCTHIMI I'PAHHTAMN

M. P. Glebov, 0. K. Kojevnicov, V. I. Perelyaev,
G. I. Urumova, N. V. Kuchrincova (USSR)

MINERALOGIC CRITERIA FOR THE RELATIONSHIP OF Sn-W ORES
WITH THE RARE-METAL LITHIUM-FLUOR GRANITES

Granites of the Li—F geochemical type are intermediate products in the com-
pound evolutionary series of long developing special brunch of the acidic mag-
matism, beginning from the standard granites to the dike series represented
by Li—F granite-porphyries (LFGP) and ongonites with accompanying greisens
and hydrothermal ore veins. This chain of subsequent formations in equal con-
ditions of geological environment repeats in many ore-bearing provinces all
round the world.

On_ the different qualitative ratio of the quartz, albite, K-feldspar,
topaz, lithium mica, fluorite but common likeness of mineral associations
in granites, LFGP, ongonites and ore veins it is clearly seen that the later in-
herited all mineral-geochemical characteristics of composition from the first
one. In addition, the same sequence of deposition of the rock-forming, acces-
sory and ore minerals, proximity of their composition and properties in each
group of the examining chain show simply that t]gey are all members of the single
genetic row the origin of which is connected with raremetal granites of Li-F-type.

Cpenn mopox rpamuromamoro paga JHTHH-QTOPHCTRE TI'PAHNTEH
BBIIETAIOTCH KaK rayGoko cHeiualu3iMpPoBaHHLE W BECOKOPYIOHOC-
HEIe 00pasoBaHms, NPUBJICKAONHE BCe DOJBIICe BHUMAHIE nceaeno-
Batereii. Jx ocofo KoHTpacTHOE reoXHMHIECKOR WINIO) I HEPELKO CO-
HYTCTBYIOL{IE HM PYAONPOABICHASA NIMPOKOTO cieKTpa Metanios (Ta,
Nb, Be, Sn, Ag, Au u ip.) crasst a1t THI IPAHHTOB B Paspsjl HCKII0-
MHTeNBHO GJaronpHATHEIX 00BEKTOB A H3YUYCHNSA CBAZH MATMATHIMA
H  PYIOHOCHOCTH.

Jlurnii-ropucreie rpaHHTH MOryT paccMaTpPHBATHCA Kak npome-
AYTOUHBIL NPONYKT B CJHOZKHOM DBOJIOIIOHHOM DALY LIHATENLHO
Pa3sBHBAIOU[EICA BETBM KHCJIOI0 MarMaTH3Ma, HauMHAKMENRcs co
CTAHJAPTHEIX TPAHMTOB 1 B3aKaHIMBalomelcA Haiikomoil cepueit,
HpefcTaBIennoll anTuii-hropueteiu  rpaunt-nopdupamu  (JIDII)
H OHPOHHTAMH C CONIYTCTBYION[MMI MM IPeii3eHAMH U THIPOTEPMA b-
HEIMH  PYAHBIMH RHJIAMH.
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VrasaHHas [enp MocTAeoBaTeNbHEX 00pasoBaHmii B yCHOBHAX
CXOJHOI TeodoTHYecKoil 06CTAHOBKH OTMEYAeTCA B Monronuun u 3a-
Gaiikanpe. Ee mampmume, Mo onyOJIMKOBAHHBIM MaHHBIM, MOGKET MpeJ-
nomarathes ma Cesepo-Bocrore CCCP, B Cpenmeit Asmn, Pynnex ro-
pax n Kopuysmne. Hegasno 9pesssdaiino mHTEpecHas Cepusa HOPOT
aToTO PsAfa o0HAPYIKEHA ABTOPAMH B I0TO-3aMaJHOM ITpubaiikanne.
3rech OJHOBPEMEHHO PaBBUTH JMTHIl-GTOPHCTHE TPAHHTHI, MX maii-
KOBEIE 1 CYOBYIKAHUYECKIe AaHAJOTH, & TAKKe THAPOTePMATHHBIC KBAD-
HeBEe JKIIH ¢ 0JOBAHHO-BOILYPAMOBEIM OPY/IHeHEHNEM, Ha HPUMepe
KOTOPHIX M PACCMATPUBAETCSI BOIPOC O KPHTEPUAX CBASH OPYIEHEHHA
¢ peKOMeTAaTbHBIMH TPAHATAMH.

[lepeuncaenupii KOMIUIEKC HOPOJl TPHYpPoYeH K cyOmmpoTHOI
30He TEKTOHMYECKOTO paccaaHieBamns u jpuadropesa, passuBIIeHcH
110 CJIAHIAM 1 THeiicaM IpoTepo30iicKoro Bo3pacta. HanGonee mupoKo
pacmpocTpaHensl Jaiikopsle 00pasoBammA, HPeCTaBJeHHBIE JIOT'TI,
OHTOHUTAMM ¥ BCEMH MPOMEKYTOUHEIMII MEKIY HUMA PasHoCTAMM,
06pPasyIONIMI B T[eJ0M AaKOBHI MOAC MPOTAHEHHOCTHIO toaee 40 KM.
Jlaa GompmmHCTBA JAMKOBHIX Tel XapaKTePHHl OTYETIMBEIC 3OHEI
3aKaJIKN ¥ 30HAJBHOE CTPOCHHEe II0 MOIIHOCTH M ITafieHuIo, 4T0 BEIPa-
JKACTCA B 3aKOHOMEPHOIT CMeHe MEHePaJbHEIX acCOTMaLnii, CTPYKTYD,
TEKCTYpP M HANPABJICHHOM H3MEHEHUH XHMHYECKOTO COCTABA.

Taiixn JIOTTI npu mommoctn ot 4 o 30 M mPOCTEKNBAIOTCA Ha
HECKOMBKO KUJIOMETPOB I WMEIOT CENYION[Hil MUHepanbublil COCTaB!:
kBapn — 15—30, xagnensiii moseBON mMMAT (Kom) — 30—50, onmro-
rIa3 — 5—15, ansbur — 1—10, tomaz — 0—10, anTuesas ciawoaa —
mo 3, dmwopnr — 1—2. Bee mepeuncieHHEe MHHEPATbl yIacTBYIOT
B 00Pa30BaHUI KaK MEJIKOBEPHICTOH OCHOBHOI Macchl, Tak M BKpar-
memmnkon. M3 akmeccopusix munepanos B JIOI'IL yeramopiaens Kac-
CHTePUT, MeexnT, charepuT, rajeHuT, THPHT, UPKOH, CHerH, anaTuT.

Ot mepndepnn K MeHTPY MaeK IapaliellbHo CO cMeHoit aupPoBEIX
(ean3mTONONO6HBIX CTPYKTYP HA NOPHUPOBEHIE T TMOJOCUATEX TEKCTYD
Ha OJHOPOJHEC MACCHBHHE Bospacraer Koamuectso Kmm m caiof u
YMEHBIIAETCH KOIMICTBO alnbiuTa i Tonasa. B aToM ke HampasIeHii
yseamaupatorest copepsranua Si, Ti, Fe, Ca, K/ Rb, Zu, la, ¥, Th,
Zr, Nb, Cr, V u ymensmatorcs copepsanns Al, F, Na, Li, Sn, Bi,
Ag, Ga, Ge. ITo soccranmio faek 1 Giamske K MX BRIKINANBAHWIO 0=
ponsl Bee Goiee mpOGpPeTAloT (OHTOHUTOBEID Xapakrep, T. €. o6o-
ram@aoTcs axbOUTOM I TONA30M 1 10 06IMKY NpubImKa0TCa K Pean-
guram. OpHospemMenHo (QUECHPyeTcs HX IOCTEHEHHOS oforamenne
anties, (TopoM, OXOBOM M BOJILHPaMOM.

Jlaliknm OHrOHMTOB XapaKTePH3YIOTCH MEHBINEH MONHOCTRIO M
MJAMHOI, COIMPOBOMIAA B BUJIE CATEJNINTOB TeIa JIOT'TI, a unorjga u
mepecexas nx. MUHEPaAbHBI COCTAB DHIOKOHTAKTOBBIX 30H ATHX JACK
rakoit, %: wBapm — mo 20, Hnm-ansbur — 1o 70, Toma3 — OT
10—20 mo 40, ¢aroopur-rpuoant — go 6, amrueBas ciiofa — b
IlenTpaabHEe YACTH 10 COCTARY NPHOANFKAIOTCH K RPACBLIM 30HAM JIACK
JIOTII. U3 akmeccopHsx MEHEPAJOB B aiikaX OHIOHATOB OTMEUAIOTCH
KACCHTEPUT, TAHTAIHT-KOJAyMOuT, Imeexnr, IMHPUT, XaJbROMHPUT,
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MAaTHETHT, WIBMOHMT, TyPMaJuH, mupkon, anartur. 06 ocofoii poin
$Topa ma nporsikeHHm Bcero mepmola oGpPA3OBAHMA DTHX JAeK CBH-
JCTEALCTBYET HE TOJNBKO €ro BHCOKoe ofimee colep:kanme B mopoje
(10 8%), Ho u 3aKOHOMepHAS cMeHA BO BpeMeHH 1 DPOCTPAHCTBE OfI-
HUX (TOPCOePsKAIMX MHHEPAJOB JAPYIHMH B HOCAOBATEIBHOCTH
Tona3—@aooput—Kkpuoant. Kpome Toro, ma sakIOUATeIBHEX CTa-
AUAX [0 KPHOJIMTY Pa3BHBAETCA peJKafg raMMa aXioModTopPHIOB,
UPEICTABACHHAA TAXHOJUTOM, TOMCEHOIHTOM W OerruiniuToM, He
OTMeYABIIAACA paHee B HogoOHBIX o0paszoBaHMAX.

C HeHTpPOM MAKCHMAIBHOTO HACKIIEHIA TeKTOHMICCKOH 30HEI JaiiKo-
BHIMH TeJaMI COBIAlaeT BHX0/l HA IOBEPXHOCTH ANHKAJIBHOTO BHCTYIIA
JuTHii-propucTHX rpanuTos. B miame 3To oBajgBHOE Texo pasmepom
200 %200 », ¢ raybunoi, cyas mo XapakTepy rpaBHTAIHOHHOTO TOJSA,
pacmmpsiomeecs. OHO Ci0keHO OAHOPOTHEIMH JeHKOKPATORBIMI MeJI-
KO3EPHUCTEHIMI TPAaHHTAMM, KOTOPHE COCTOAT W3 amasommta (40—
45%), wBapma (25—30%), aasGura (15—20%), amrmesoit caioms
(2—4%), Tomasa (10 2%) u comepskar B AKIEeCCOPHBIX KOJMYeCTBAX
KaccaTepur, BOAbGPaMAT, MHPHT, XaAbKONHPUT, MHPPOTHH, MATHe-
THT, (II0OPHT, TYPMaIHMH, amaTHT, IHPKOH, MOHAIAT, WJIbMEHHT.
Cocras caojsl ua rpannTtos, Lis KOTOPOii 0co00 XapaKTepPHE I10BHIIEeH-
Hele conep;kanus Li, Rb u F, npusenen 8 tada. 1.

B KoHTaKTOBHIX OpEONAX IPAHMTOB M NAMKOBEIX Tea OTMEYAIOTCH
TpOUECCH OKBapueBaHusA, rpeiiseHnsanuu, GA0OPATHIAIME, THPHTH-
SalMH I TYPMaJHHUIANE, CONPOBOKAANINMECH YBeAMICHIeM COoIep-
sRaumil Bo BMemalongux mopoxax Li, Be, Sn, W, Ag, B n np.

W3 ommcammit mumepaxsHOoro cocrapa paccMaTpuBaeMoil cepum
TMOPOX M YCTAHOBJEHHKLIX 3aKOHOMEPHHIX TeHJEHIIHNA B M3MEHEHHH MX
XHMHYECKOTO COCTaBa 0T PAaHHHX YIEHOB K KOHeYHWM (taGa. 2) mpu
HAJTUYHH MEHLY HUMH HOCTEHeHHBIX CTPYKTYPHO-TOKCTYPHBIX H Mi-
HEPAJILHEIX NEPexXo/ 0B M OJMHAKOBOTO XapaKTepa KOHTAKTOBHIX Ipe-
obpasosaHuii cIefyer, 9T0 3T0 CBABAHHHE 3BEHBA OJHOIO T'eHETH-
4eCKOTo psajia.

Onosanno-BoabppaMoBoe oOpy/eHeHNe JTOKATHZOBAHO B HKIOKOH-
TAKTOBOIl 30He Maccupa JUTHI-HTOPHCTHX TPAHHTOB M TPeACTaBJICHO
PYAHBIME CBAJAMI W KOPeHHHIMH BHIXOJAMH PYAHKIX IPO/KHIKOB, KO-
TOPuIe IPOCIeRMBAIOTCA OT KOHTAKTA ANMKAJIBHOTO BHCTYNA BHH3 110
KPYTOMY CKIOHY rOPW Ha COTHH MeTpon. B Bepxmeii wactn uneiiga
npeoGaaaior 06I0MKH KBaPHEBEIX K ¢ BOAb(pasutor. FRuin MO~
HocThio /10 60 cM cioskeHK B OCHOBHOM MaCCHBHBIM KPYIHOKPHCTA-
JHUECKUM CePOBATO-GeIbIM KBApPHEM € HEMHOTOYHCACHHHIMH J(PY30-
BHIHBIMHI IyCTOTAMMH, HA CTEHKAX KOTOPHIX MHOIJIA BHIPACTAIOT MedKHe
Kpucrajaiasl Guawooputa u Boabdpamuta. B meGoasmom Koamuectse
(1—2%) mpucyrersyer Tonas ¢ paamepon seper ot 0.02 mo 0.05 M.
Cnopagmieckn oTMevaercs kaccHTepuT ¢ paamepom sepen ot .03 mo
0.2 mm. Emge peske B maax BCTPEUAIOTCA NUPHAT, XaJAbKOMHPHT, MO-
AUOACHNUT, MATHETHT, TYPMAJMH.

OCHOBHBEIM PYJIHEIM MHHEDAJOM HTHX RHJ SABIAOTCSH BoJab(pamur,
KOHUEHTPUDPYIONHIICA raaBHEIM 06pasoM B mpHaaab0aHIOBHX YACTAX.

120



B

L S e SR

RS TS i

Tadanpa |1
Coctas caiof 3 JUTHIi-DTOPHCTHIX FPAHMTOB M PYAHBIX NPOKIIKOB, Bec. )
Cmona 810, | TiO, | ALO; | Fe,05 | FeO [ MnO| MgO| CaO |Na,0| K,0 |Li,O |Rb,O| Cs,0 | H,O+ F
IlmuEBasgeauT us tonas- [42.9|0.52( 25.8 | 0.47 [14.3 | 0.88(0.22( He |0.59 9.27(2.15/0.44|0.02(1.01]2.75
coflep:Ramero  Jeiiko- obm.
rpannTa
Jlutmesrit Myckosnr mus |48.6|0.26( 28.3 [ 0.82 | 4.25(0.41(2.16| 0.24 | 0.67|10.17{0.44}0.11]0.01 2.441.75
PY/IHOTO IPOKIIIKA
Tabaunga 2
aMenenne XuMHUECKOro cocTapa Mopoj B pajay anrTuii-propuersii rpannT—onronnt (vec.%)
Cpejtnee
Ilopojia anona | 810, | TIO, | ALO, | Pe0; | FeO MnO | CaO Mgo | K,0 Na,0 | LL,O
npof
Jluruit-ropucrre 4 749 | 002 | 13.7. | 046 | 057 | 003 | 0,70 | 0.20 | 4.37 | 4.49 | 0.10
TPaHATH
J]ﬁmii—tbmpncrue 10 72.0°] 020 | 448 | 4.40| 1.80° ] 005 ]1.08°]| 024 | 4.39 | 4.32. | 003
rpasnT-nopduper
OHrouuTH 7 71.5 | 008 | 47.9 | 042 | 026 | 004 | 064 | 026 | 1.88 | 652 | 024

Mpumeyanne, Bee anaiuss, NPUBOAUMbe B pacore, BEIONHeHH B Jasoparopuax LXJI UTTY u BocrCui HHUITuMCa,




Ero xpuctauin y/ulnHeHHO-TIPA3MA THYCCKOM MM IIaCTHHYA TOi dopMEn
pasamepom o 30X20 X5 MM "gacTo 06pasyioT CPOCTKH M CKOILICHWS,
npuYeM MelIKHe KPHCTaJUIH mpopactaior Oosee kpymaue. [{ner Boan-
¢pamura depHmiil, peske KopwuHeBaTo-cephiii. ITo mammmIM peHTrenHo-
CTPYKRTYPHOTO AaHaJXW3a KPYODHOKPHCTAJIMYECKHI Boabppammr o7-
HOCHTCA K ReJe3HCTON pasHoBHEHOCTH, cofepskameit 22% rioGme-
puroroit m 78% QepGeputosoit cocraBnsONHX.

HKpome Toro, serpevaiores neGoabiime IPoceuKn MeIKO3ePHICTOTO
KBapua ¢ TOHKORPUCTAJIAYCCKAM BOJB{PAMHATOM BTOPOil reHeparnm.
Yame ot mpoceukn GopMuUpYIOTCA TO 3anpbapgaM JKMJI M HHOTIA
MPOABIEHH HACTOJBKO HHTEHCHBHO, UTO KHJB IPHOGPETAioT MOI0C-
qaTyio Tekcrypy. HaceimenmocTs KBapueBmX mma BoabHpaMHTOM
CHIILHO BapbupyeT: ot HesHaunteabHoi o 10—12%, mo wame maxo-
mares B npenexax 0.3—5%.

ITo ommoit ma swmr sroro Tama ObTa ompejefeHa TeMIepaTypa
TOMOTEHM3ATIHN ra30BO-;KIIKAX BRIOIEHHIT B IPY30BUIHOM KPHCTAILIe
KBapua pasmepom 3X1.5 ecm. Brulo ycramopiaeno, 9To BRJIWYeHHS
B OCHOBAHNHM KPHCTaJlIa TOMOTEHH3MPYIOTCA IPH TeMmepatype 322—
305 °C, u3 cpexueii ero wactu — upu 265—230 °C, u3 pepurdmsr Kpi-
cramia — opu 222—180 °C.

B cpenueit wactin pygmoro mureiiga Hapaxy ¢ BoabppaMnT-KBapIe-
BEIMH JKHJIAMHE BCTPeYaloTCA HPOKIIKH ¢ PABHEIM COOTHOMEHHEM
KaccuTepura u BoTb(paMATa, a TAK/KE YACTO KAaCCATePHT-KBADPIEBHE.
Takme TPOKHIKA IMEIOT MOTIHOCTE 710 2—3, WHOTAA 10 6 CM U OTIH-
9alTed 0T BOAbPPAMHT-KBAPIEBHIX KU TPHCYTCTBHEM O0JBIIET0
Komudectsa rtomasa. Ilposkmakm ¢ kaccurepuroM u BOABQpPaMUTOM
HMCIOT CHeAYIOIuil MHHepAaIbHHI coctas, %: ksapm — 85—90,
Tonas — 5—10, maruesasn caoga — 1—2, ¢uawopur, kKpmoant, ama-
THT, TYPMaJUH, KacCHTEPHUT, BOJAbPPaMHT, apCeHONMPHT €O CKOPO-
AMTOM, XQJABKOIUPHT, INPAT, WILMEHHT, CTPIOBEPHUT, TeMaTHT. KBapIy
B HPORIJIKAX 0OKYTHO MeIKO3ePHUCTHIl, cBeTI0-ceporo meera. Tomas
B BHJIe arperata MeJXbYaiflux KPHCTaJIO0B OKaiiMiseT 3epHa KBapra
I 060co0AACTCH B NPEPHBUCTHE MEMOYKH, KOHIEHTPHDPYACH Ipe-
MMYMECTBEHHO B 30He sHAOKoHTaKta. Haccmreput pacupejenen me-
PaBHOMEPHO H YacTo 00pasyeT CKOIUIEHWA BMeCTe C TONABOM, CIIOL0Il
H BOJABHPAMHTOM.

B mmsxmeit uacTi pyHEIX CBAJIOB KaCCHTEPHT-KBAPIEBHe IPO/KIAKM
npeoGranaior. Crexyer oTMeTHTh HX 0COGEHHOCTH — BO3POCHIEe CO-
Aepskanne (AOOPHTA, JUTHEBOH CIIONB U HOABJIEHAe KPHOYHIIHTA,
aCCOMUUPYIONET0 ¢ TONa30M U KBapreM. Hak I B BRIICOTHCAHHEIX 511~
7Max, B AKIECCOPHEIX ROIMYECTBAX 3Jech HMEIOTCHA BOAL{HpaMur,
WIBMEHHT, CTPIOBEPHT, XAaAbLKONMPHT, aDaTHT, TYPMAaJHH.

OcHosHOit pyjHENl MHHEDAX B HTHX NPOKHIKAX — KACCHTEPHT,
KOJIMYECTEO KOTOPOrO MOKeT JOCTHIATh HECKOJBKHX IPOIEHTOB.
On ofpasyer B IPO/KMIKAX Y KOHTAKTOR CIUIOMIHEIe MM IPePHBHCTEe
MEJIKO3ePHUCTEE OTOPOIKA MONIIHOCTRIO OT {oJleit o 3 MM, OPOii jaer
PacceAHNYi0 BRPAIZIEHHOCTh MM MEJKYI0 CHITb W IIeTOYKH MO Tpe-
IMAHAM B TEHTPAJTBHEIX YACTAX HPOKUIKOB.
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@dopvMa KpHCTAJIOB KaccHTePHTA MPeNMYNECTBEHHO HM30MeTPHi-
Has, QAOHpaMufiaibHas, obpasopannan rpanavu (111), maorga B Kom-
Guramuu ¢ nogumrenEva (110) n (101), pese ¢ mummaxomgom (001).
Pasmep xpuctaiixos 1o ocu ¢ ot 0.25 1o 0.7 MM, YOIuHEeHHe OHIHDPa-
mup (oTHOmEHHE ¢ : a) MeHbme 1, mpnamMoUer — 1.5. Oxpacka Kac-
cuTepHTA B 3ePHAX UepHad, TeMHO-KopmuHeBas, Kopmumesas. [lis
Hee XapaKTepHa 30HAJBHOCTH, MOJUePKMBaeMas PATMHIHON CMEHOH
y9aCTKOB, DPasINYHEIX 10 rycTote mBeTos. Haccurepnt N0BOXBHO
CHIBHO ILIEOXPOTPYET 0T KpacHo-Gyporo, Gyporo mo Ne 710 3KkelIToBaTO-
seaxeHoBaToro mo No. ¥roa 2V 6an30K K HYIIO.

MHTepecHa B 9THX IPOIKAIKAX ¥ MOPPOIOTHA KPHCTAIIOB TONA3a.
Obsrapo oHm oOpasoBaHsl TpaHAME pomOmueckoir mpusmsr (120),
(110), (021). Tlpeo6aajaooT KpmCTAIIH ¢ HeGOJNBIIEM YITHHEHHEM
(me Gomee 2.5); WacTH IIOUTH H3OMETPHYHEE KOHBEePTOOODPA3HHE KPH-
cranasl. VHOrma nIBYCTOPOHHEe orpaHeHNe KPHCTAIIOB OTCYTCTBYET
W TOTZIa OHM NMMEIOT OONHK, ONU3KHiI K CKHOeTPOBUIHOMY Ha OYeHb
KOPOTKOI HOkKe. PasMepsl KpucTaaios He mpesmaior 1 mu.

Temmeparypa  TOMOTeHM3AIMM  IA30BO-KUAKHX  BRIOUEHMI
B KBaplle M3 HTOT0 THNA TPOKHIKoB B mpefenax 300—365 °C.

B mmikHeit wacTn pyaHOTO IIIeiida MHUPOKO PACHPOCTPAHEHE! Kac-
CHTepPUTCOePsKAl(He MPORUIKH TOIAa3-TI0JEBOIIIATOBO-KBAPIEBOTO
COCTaBA MOMHOCTBIO OT HECKOJABKHX MHJIAMMeTPoB Mo 5 cM. Houm-
YecTBEHHBIE COOTHOIEHNA MUHEPAJ0B B MPOKAJIKAX BADPHPYIOT B IIH-
pokux mpesienax, %: ksapiy — ot 50 mo 90, anbdur — 5—50, Kom —
5—10, tomaz — 1—10, amrmesas caoga — 1—95, ¢awopur m Kac-
careput — no 1. Keapn Bmecre ¢ Hmm caaraioT mpemMymecTBeHHO
HeHTPaJbHbe 9aCTh NPOKIIK0B. Tonas npuypodeH K MOJIeBONINaTOBRM
y9acTKAM WM B aCCONMAIMH € MeJKOUeNmyHdyarToi CI00i M daoo-
PUTOM cIaraeT NPUKOHTAKTOBHE 0TOPoUKH. B caiofe m3 aTHX MPOKNI-
KOB, TAK jKe KaK U U3 TPAHNUTOB, PHKCHPYIOTCA MOBHIIIEHHEE KOHIEHT-
pamun Li, Rb n F (ra6x. 1).

Bce pacemoTpeHHEe PyAHHE 00pasoBaHUA CONPOBOKIAITCA OKO-
nosruabHEIMA MadoMmomueME (Mo 15—20 cM) 3omamMum H3MeHEHHBIX
nopon. Ilo Hanpapiennio K ;KMIaM CIAOANCTO-KBaPIeBEe M CIIOUCTO-
¢aoopuToBEle TPeiizeHE CMEHATCA (II00PHAT-CTIOTUCTO-TONASHEMMA .
Kpome Toro, moBceMecTHO OTMeYajoTcA ciabas TypMadMHM3ANUA M
cyabpuanzanns. B KoHeYHOM HTOTE BCe IPONECCH MPHBOJAT K MOAB-
senuio mepsmunnx opeoxos F, Li, Sn, W, Ag n Bi.

Taknv 06pa3omM, U3 TPHBEIEHHOI XaPaKTePHCTHKE PYAHHX 06paso-
BAHUIL caeqyeT, 4T0 OHE OTHOCATCA K BHICOKOTeMIePaTypHOMl Kacem-
tepuT-BoabpaMaT-KBapUeBoil Qopumarun, Hamboixee OCHUHOM A
0JIOBAHHO-BOJEQPAMOBOTO OPY/AEHEHUs, CBA3AHHOIO © aaTui-propn-
CTHIMH TPaHHTAMH.

Ha6mogasmuecs TeoloTHYECKAe B3aNMOOTHOINEHHA, OLpeJene-
HAag abCcoJIOTHOTO BO3PACTa, UeTKasd 30HAJBHOCTH B PACIOI0ZREHHI
Pa3IWYHBIX THIOB PYJ OTHOCHTEJIBHO Tela TPAHHTOB, TeOXHMHYECKUEe
XapaKTePHCTHKA HEe OCTABJIAIT COMHEHHA B TOM, 9TO PYABL I OMHCAH~
HEIe BHIIIe TOPOJB ABIAKTCA WIEHAMH eJUHOTO TeHeTHIeCcKoro pAja,
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B OCHOBE IIPOMCXOKIEHUA KOTOPOIro Je:KaT peJiKoMeTalbHbIe TPAHATH
autnii-gropucroro reoxummieckoro tma. 06 dTOM ke CBHIETENBCT-
BYIOT B MuHepajdormieckne ocobennoctn mopox m pya. HamGomxpmee
BHUMAHIE B 9TOM IUIaHe MPHBJIEKAET (CKBO3HOE» PA3BHTHe MAHePab-
HBIX ACCOIHAIMI, OUPEJeNAIIAX TeOXUMIIeCKYI0 CHeIHATH3aIHIo
MarMaTHUecKux Mopox B PYAHYIO CHRIHAIN3AIII0 TI0OCTMATMATHIeCRIX
o0pasoBaHmii M JOKa3RBAIONNX YHACIEJOBAHHOCTh DPyJAaMu Xxapak-
TePHHIX YePT COCTABA MATEPHHCKOTO MATMaTHIeCKOT0 KOMIJIEeKca.
K mepsoii m3 HHEX OTHOCATCH JIHTHEBEe CIOIE M MUHePaJs dropa —
Tomas, (IIOPHT, KPMOINT. ITH MHHEPAJIE TPOCJIEKNBAIOTCA BO BCEX
3BEHBAX TeHEeTHIECKOTD DPANa, MOJIePKUBAS €ro TIAABHYIO T'eOXHMH-
YeCKyI0 0COOEHHOCTH — JIUTHH-YTOPHCTYI0 clemuammsanumio. Bropas
ACCOMMUAIAA BRIOTAET KACCATOPHT M BOJIbPPAMHUT, KOTOPHE HapsaLy
¢ BHICOKIMI KOHIEHTPAIHAME B PyJAaX 00g3aTelbHO IPUCYTCTBYIOT
B BHJE AKNECCOPHER KAK.B CAMHUX JHTHI-PTOPHCTHX TIPAHHTAX, TaK
u B maitkossix mopogax — JIMIII ' onromurax. B uspecrnoii Mepe
cofa MOryT OBITH BRJIIOYEHEL W IIEEJIHT, XAJBROIMPAT, TajleHHT,
chamepur, Tak;Kke XapaKTepPHEe IPH He0OJBIIOM COeP;KAHHE A
BCEeX WIEHOB TEHETHYeCKOTo PHJA.

Basxmoii ocofeHHOCTHIO, yKa3HBAKONEN HA CBA3L OpYy/leHeHHA
€ KOMILIEKCOM JINTHi-OTOPHCTHIX IOPOJ, ABIAETCS 30HAIBHOCTHL pas-
MeleHnsl YKa3aHHBIX THIOMOPQHEIX MIHEPAJOB OTHOCHTEJILHO Tpa-
HATHOTO MaccuBa. OHA BHRIPA;KAETCS B TOM, 9TO IO Mepe YAAJIeHHA OT
KPOBJH MaccuBa B PYAHEIX 00pa30BaHUAX IPOHCXOAUT IOCIET0BA-
TeJabHOe YMEeHBIIeHNe KOJAMIecTBa JIHTHEBEIX CII0N, Tolasa, gaoopnra,
KaccuTepuTa H yBeJIWYeHme CofepykaHnA Boabdpammra. VHTepecno,
YTO 9TA 30HATBHOCTH COBIIAJAET C TEMIEPATYPHOI 30HAIBHOCTHIO OPY-
JIeHeHH, YCTAHABIMBAGMOI HyTeM TOMOTEHNM3AMMN Ta30BO-KUIKNX
BKIUEHHII B KBapie.

OrMedeHHEe MEHEPATOTHYCCKTe 0COOLHHOCTI IIPOABIAIOTCS BEChMA
OTYETIANBO HE TOJBKO B OMHCAHHOM Cjiydae, HO M B APYIAX paifoHaX
paspuTHA IOJOOHHEX ROMIUIEKCOB mopox u pyn. Baaromaps aromy
OHU MOTYT CJIY;KATh HAJI@KHEIMI KPUTE PAAMHE CB A3 0JOBAHHOTO U 0JI0-
BAHHO-BOILHPAMOBOTO OPYAEHEHHSA € PelKOMEeTAJIbHEIMI TPaHITaMH
JUTAA-HTOPHCTOTO THIA.

IIpu Gonee eTalbHOM H3YIEHHH, MO-BUIMOMY, MOTYT OHTEH OTpe-
AeJeHE U IPyTHe, Golee «(TOHKAE», MEHOPAIOTAYecKIe KPATePHUN CBA3N
JUTHH-QTOPHCTHIX TPAHATOB M OPYAeHeHWA, TaKue, HaupuMep, Kak
coctaB M gopMa OTHOMMEHHEIX MHHEDPaJOB B MarMaTHYecKHX M PyI-
HEIX 00pasoBamMax, HOCIEJOBATeNbHOCTH BBHIEJEHNA MHHEPATOB M
r. . OgHAKO ONMCAHHEIE BHIIIE KPUTEPHU OCTAHYTCA TIABHBIMH, TaK
KaK BHITEKAI0T M3 OCHOBHHIX ocofeHHOCTei* coctapa M mporecca Hop-
MHPOBAHAA KOMIUIEKCA JHTHH-GTOPHCTHIX TPAHHTOUIOB, KOTOPHE
OHpPEAes AT CaMy BO3MOKHOCTh BHIJEJEHIST 3TOTO KOMIUIeKca B Ka-
9eCTBE CAMOCTOMITEIBHOII BETBM KHCIOTO MarMaTH3Ma.
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" M. Stemprok, J.Volddn (CSSR)

. SOLUBILITY OF TIN DIOXIDE IN DRY SODIUM RICH GRANITE MELTS

M. lllmexnpor, A. Boadan (UCCP)

PACTBOPHMOCThL [JIBVOKHCH OJIOBA B BOTATEIX HATPHEM
TPAHUTHBIX PACILTABAX

PacTBOPHMOCTS J{BYOKICH O0BA B MPHPOJHLX H CHHTETHYECKHX I'PAHATHHX pac-
mmasax maydanach mpm armocdeprom fasiemmm m 1600 °C. Omoso f06aB/LIOCH
B dopme cTekn006pasHOTo ANCHINKATA HATPHA, COZlePKAMEro o 20 Bec.% SnO,.
PacniaBsl KpHCTAIINBOBaIHChH upH Temmeparypax 800—1300 °C rpajmeHTHEDS
METOIOM.

Veragosieno, 9ro pacmias, cofepmammit 69.9% SiO,, 11.7% AlO,,
6.0% Na,0 u 3.9% K,O, pacrsopser npuGamanrensno 10% Sn0,. C mossmerneM
cojlep/KaHms HATDHA pacTBOpmMOcTh SnO, yBeJAHIMBAeTCA NPAOIMBHTENLHO N0
20 Bec.% . Eqnacreennoii gasoii, Kpucraipayomeiica Npn KOHNEHTPannax, npe-
BEIIAIONTAX DTH TPEJIeH PACTBOPHMOCTH, ABIAETCA KACCHTEDHT, KOTOPEIL ocaz/ia-
©Tcsi M3 TOMOreHHEIX CTeKOX B Temmeparypmom mmtepsaze 1000—1300 °C.

Ilose IepBAUHOI KPHCTAJUIHBAINEN KACCHTEPATA 3aHAMAeT GOJBIIYI0 4AcTh
dasopoit EArpaMMEl CHCTEME TDAHWTHAA 9BTEKTHKA—SnO,—JNCHANKAT HAT-
pusa. OTHOCHTENBHO BHICOKAaA PacTBOPMMOCTH SnO, IPH NOBHINEHHEX TEMIEPATY-
pax IORa3HBAaeT, 9T0 BXOKEHAE 0J0BA B CHANKATHHE PACIUIABEL He B3aBHCHT
OT TpHCYTCTBHA rAnHO3eMa man HeGompmmx rommzects FeO, Fe,0; m CaO.

[Ipn marpesaHEM PACHJIABOB CHHTETHIECKOTO TPAHNTA, COAEPIRALICTO Sn0,
B ma0HTOK BOAK, IpH masrennm 1 k6ap m remmeparypax 600—680 °C kpmcran-
nmayerca Na,0-3Sn0,-98i0,, a KaccuTepaT B HTHX CAYIAAX OTCYTCTBYET.

[onydeHHEe PeayALTATH IIOKA3ANH, YTO NPEKANE IPeJNON0KeHHA O He3HA-
9YATEIHHON PACTBOPMMOCTH [BYOKHCH 0J0BA B CHUIMKATHHIX pacriaBax HeBepHEH,
MOCKOIBKY OBUIM OCHOBAHE Ha Ha0/TIOleHHAX, He yIATHBAOINX HAIKYIO CKOPOCTH
PacTBOPEHNA JIBYOKHCH OJIOBA.

Introduction. The purpose of experimental studies carried out
in cooperation between the Geological Survey of Czechoslovakia
and the State glass research institute in Hradec Krdlové was to estab-
lish the solubility of SnO, in high silica melts corresponding to gra-
nite-rhyolite compositions. This study was preceded by a study
of simple system Na,0—Sn0,—SiO, [Stemprok, Voldan, 1975]
which proved relatively large solubility of tin dioxide at 1400 °C
in silicate melts.

We consider this study as prerequisite to the investigation
of more complex granite systems containing water and other volatile
constituents at various pressures. We chose relatively high-tempera-
ture range in order to attain equilibria in shorter time.

Geological postulate of this study is the question of the origin
of primary magmatic cassiterite in ore-bearing granitoids and its
separation in the sequence of crystallization of main rock-forming
minerals. It is possible that the actual source of the ore-bearing
constituents contains ore elements in larger concentrations than
the granitoids cropping out to the surface. Thus the possible limits
of tin dioxide solubility in such a source represent a geological
problem which could have been solved by experimental studies.
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The ways of tin concentration into lodes and replacement types
of deposits [Hesp, 1971; Hesp, Rigby, 1973] suggest the possibility
of the origin of cassiterite by magmatic crystallization as well
as by its transport in postmagmatic solutions. Postmagmatic ore-
bearing solutions may be primarily enriched in tin or they may gain
its tin content in the course of the decomposition of biotite.

Previous experimental studies. No such a system was examined
to our knowledge previously. The existing data concern simple sili-
cate systems and disagree widely. Tin dioxide is commonly used
as a opacifier in the production of white glazes [Stuckert, 1939,
1941]. Cassiterite is also mentioned among those phases which re-
main undissolved from the raw materials used in glass production.
Thus the opinion prevailed that the solubility of tin dioxide in sili-
cate melts is very low at most temperatures used in glass-making.

Weyl [1954] indicated that this low solubility is not given
by the actual equilibrium solubility limits but by the low rate
of SnO, dissolution in silicate melts.

Vakhrameev and Estropev [1969] studied simple systems
of the alkali oxides-silica-tin dioxide and showed that tin dioxide
can be homogenously dissolved in 12.5% mol. in dry silicate melts.
Rogozhin e. a. [1971] confirmed this by finding glasses with about
20 wt.% of tin dioxide.

The studies by Stemprok and Voldan [1975] of the system Na,0—
Si0;—Sn0, found that the solubility range of tin dioxide increases
with raising silica content being 16% at about 40% SiO, and
up to 20% of SnO, at 60% SiO, at 1400 °C. No metastannate was
found in these ranges of silica contents as the products of crystalli-
zation of glasses.

Ryabchikov e. a. [1978] reported the solubility of tin in silicate
matrix in equilibrium with cassiterite, fluorite and topaz and with
4 modal chloride solution at 750 °C and 1500 kg/cm® to be 0.09 +
+0.04 wt. % while tin concentration in the worm-like segregations,
presumably representing the second liquid phase are an order of mag-
nitude higher.

Experimental procedure. Experiments using the pure granite
mixtures with tin dioxide showed numerous difficulties in attaining
equilibria in the runs. The products of experiments consisted of relics
of non-dissolved tin dioxide with rare crystals of newly formed
tin dioxide and abundant air bubbles which remained in the melt due
to its very high viscosity. Thus we used sodium disilicate glass.
Na,0-28i0, as a third component in dissolving SnO, in the melts.

Melting of granmites. The first runs were prepared of granite
powders and sodium disilicate glass containing 25% SnQ,. The com-
position of the glasses was as follows:

o0 wt. %/, granite Krasno+-50°/, glass D-25 (=Na,0 . 25i0, -- 25 Sn0,);
00 wt.%/, granite Piebuz |- 50% glass D-25 (=Na,0 - 2Si0, -|- 25 Sn0,).
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Chemical composition of granites used in melting experiments
and of resulting silicate glasses

Oxide . s D-25 K+D-2%5 | P4D-2
Si0, 75.56 75.18 52.77 64.55 64.48
TiO, 0.04 0.10 - 0.02 0.05
Sn0y —_ — 20.00 10.06 10.08
AlsO4 13.63 12.93 — 6.86 6.52
Fe,0, 0.07 0.24 0.03 0.12
FeO 0.28 1.2 — 0.14 0.64
MnO 0.01 0.04 - 0.01 0.02
MgO 0.095 0.14 — 0.05 0.07
CaO 0.59 0.57 — 0.30 0.29
Li,O 0.05 0.05 — 0.02 0.02
Nag0 4.10 2.96 27.23 15.76 16.24
K,0 4.00 4.72 - 2.01 - 2.38
Py0g 0.38 0.24 — 0.19 0.2
CO, 0.08 0.10 — —= =
H,0* 0.69 0.78 3 ) i
H.0- 0.06 0.10 = o =
z 99.635 99.42 100.00 100.00 100.00

The chemical composition of the granites used in the melting expe-
riments and of the resulting glasses are given in the table.

FMelting of synthetic granites. Phase equilibria in the granite
system containing the excess of sodium and tin dioxide were exami-
ned in the melts of synthetic granites to which sodium disilicate
and tin dioxide were added. We used the synthetic granite of the fol-
lowing composition:

wtS,  molY,

Si0, 77.05  83.64
Aly04 14.67 9.38

Nay0 3.46 3.64
K,0 4.82 3.34
~ 100.00 100.00

The system was examined in four compositional sections which
were prepared by mixing the granite glass, sodium disilicate glass
and tin dioxide powder. The following composition series of the melt-
ing experiments were tested:

a) 80 granite—(20—z)D—2Sn0, (given in weight %);

b) 60 granite—(40—z)D—aSn0,;

¢) 40 granite—(60—z)D—zSnO0,;

d) 20 granite—(80—z)D—azSn0,.

The procedure proposed by Schairer [1959] which starts with
the glasses of the sodium or potash compositions (Na,0-6SiO,
and K,0-6Si0,) mixed silica and alumina showed to be very lenghty
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and the glass contained abundant air bubbles. Thus we employed
the common glass-making technique to prepare silicate melts con-
taining increased contents of tin dioxide.

The following starting materials were used:

8i0, — ground quartz sand Dérentrupp (99.89% Si0,);

Al,O3 — aluminium hydroxide supplied by ZSNP Ziar nad Hro-
nom ON 651585;

Na,0 — sodium carbonate technical supplied: Spolek pro chemi-
ckou a hutni vyrobu, Nestémice;

K;0 — potassium carbonate technical supplied: Spolek pro che-

mickou a hutni vyrobu, Usti nad Labem, ON 652520;

Sn0O, — chemically powdered tin dioxide, chemically pure.

The starting materials of the series b and ¢ were melted in PtRh
crucibles in the amount of 1 kg at the temperature of 1600 °C. This
type of melts however showed a very high viscosity which prevented
efficient stirring.

On this ground we employed the technique of melting in flat PtRh
dishes of 6 ¢cm diameter with a prolonged melting during 36
to 60 hours.

The granite ground, powdered sodium disilicate or sodium di-
silicate enriched in SnO,, and tin dioxide were sieved (grain size
No 30 Mesh) and the mixture after a carefull mixing was peletized.
Pelets were sintered at 850 °C during 3 hours. Most of the experiments
were carried out in mixtures of synthetic granite powder--ground
sodium disilicate glass and powdered SnQ,.

Mixtures were melted in a supercanthalum furnace at temperatu-
res of 1600 or 1300 °C. The melts with increased sodium contents
were stirred in a crucible in the course of 90 minutes. After melting
the melts were casted on a metalic plate forming thus small plates
which were annealed at 650 °C during 1 hour. After this cooling
the furnace was turned off and its temperature was gradually lowered
to 30 °C during 18 hours.

The products of the runs were examined optically in the polariz-
ing microscope, by X ray diffraction and chemical analyses, and
by electron microscopic studies.

Transparent glasses were tested in a gradient furnace and crystal-
lization was followed in platinum envelopes in a vertical Pt quench-
ing furnace.

Results of the experiments. The experimental research of the
system granite—sodium disilicate—tin dioxide showed that the so-
lubility of tin dioxide in this silicate melt at 1600 °C depends
on the chemical composition and it may be as high as 20 wt. % SnO,.
At 1300 °C it is in the range between 5—7.5 wt.%.

After the runs we obtained transparent, slightly brown coloured
glasses and milk white or rose-white semitransparent or non transpa-
rent glasses. Optical determination found tetragonal tin dioxide
to be the only phase causing the crystallization. Electron microsco-
pic studies of the glasses (fig. 1 and 2) found the prints of tin dioxide
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Fig. 1. The electron microscopic image of the silicate melt of the composition

60 wt. % granite--23.8% sodium disilicate 4 16.2% SnO, showing the prints

of cassiterite crystals. The silicate melts does not show liquid immiscibility.
Magnified 7000 x.

Fig. 2. The electron microscopic image of the silicate melt of the some composi-
tion as fig. 1 with distinct prints of cassiterite crystal faces. Magnified 7000 X.
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Fig. 3. Cassiterite grown from the silicate melt of the composition 60 wt.%
-127.4% sodium disilicate +-12.6% (Sang at 1289°C (gradient method). Magni-
fied 440 X,

Fig. 4. Crystals of cassiterite growing from the silicate melt of the composition
40.0 wt.% granite, 42.9% sodium disilicate +17.1% SnO, at 1050°C (gradient
method). Magnified 440 X.
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Fig. 5. The isothermal section of the system granite (eutectic)—tin dioxide—
sodium disilicate at 1600°C.

The diagram shows high solubility of tin dioxide in granite melts with elevated sodium con-

tents. The 1300°C solubility isotherm is marked by dotted line showing a decrease in tin

MMMHMMMymmMWmmmnmmmM&J—deMMSn1mmm2umm-
transparent; 3§ — white glasses.

erystals and no signs of liquid immiscibility in the glass matrix.
The form of the crystals is short prismatic, occassionally twinned.
They form clusters of whiskers or long prismatic crystals arranged
is a dense network. The width of prismatic crystals is from about
0.001 to 0.013 mm (fig. 3 and 4). This form considerably differs
from that of the original powdered tin dioxide which was used
asthe starting material. The same type of crystals was obtained in the
runs producing the crystallization of tin dioxide in gradient furnace or
in platinum enveloped suspended in the quenching furnace.

Experimental results are shown in the isothermal section
of the system granite—tin dioxide—sodium disilicate (fig. 5).
The field of cassiterite primary crystallization occupies the most part
of the diagram and there is a narrow field of melts enriched in tin dio-
xide near the granite—sodium disilicate side of the diagram. The re-
sults of chemical analyses in the sodium rich part of the diagram
showed losses of Na attaining to 1.0 wt.%. Thus the position
of the solubility curve is uncertain between the d-section and the pure
sodium disilicate and SnO, side of the diagram, as indicated
by the dotted line. The temperature of the granite eutectic (975°C)
and the melting temperature of the sodium disilicate is 874°C
are far below the temperatures used in our experiments.

The crystallization in gradient furnace showed distincty that
the solubility of tin dioxide is decreasing with lowering the tempera-
ture. The limit of the tin dioxide solubility at 1300°C is shown
in fig. 5 by a dotted line.
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wt.% Fig. 6. The dependence of tin dioxide

Hel solubility in the silicate melts on
K,0 its bulk composition.

The diagram shows the closest dependence

of the raising tin dioxide solubility on in-
creasing sodium content.

7%

There is close dependence
of the tin dioxide solubility
on the increasing sodium content
at 1600°C as it is shown in
fig. 6. The graph is constructed
on the basis of the calculated
amounts of alkalies in the runs,
: 1 not corrected for the losses of
10 75 20 S0 alkalies in the high sodium

& part of the diagram.

The runs using natural granites of Krisno and Pfebuz produced
light green transparent glasses which did not shown any crystalliza-
tion of tin dioxide by crystallization in the gradient furnace
in the interval 800—1500°C.

Geological application. Our results show that tin dioxide can
enter into silicate melts of granite composition at elevated tempera-
tures in far larger amounts than are the contents of tin in normal
(3 ppm) and in ore-specialized (about 30 ppm) granites. Alumina
which is the most abundant oxide in granite-rhyolite systems as com-
pared with the simple ones far examined does not influence substan-
tially the entering of tin dioxide into the melts. Similarly small
amounts of iron present in natural granites do not influence the solu-
bility of tin dioxide.

If there exists any mechanism of concentration of tin into the dry
silicate melts of high silica composition sodium rich melts of granite
or near-granite composition are capable to dissolve large amounts
of tin at high temperatures.

This might explain the fact that the origin of tin deposits is asso-
ciated with the latest phases of magmatic activity derived probably
from the deepest sources of magmatic melts. These are in many cases
accompanied by late stage albitization.

The effect of water and of other volatile constituents will change
the character of the diagram. Data which we have so far indicate
that tin will be also combined with silicon and sodium to produce
more complex compounds of the type Na,0-3Sn0,-95i0, as found
recently by Nekrasov e. a. [1977] in hydrothermal systems.

We conclude from the present study that the primary crystalli-
zation of cassiterite starts at very high temperatures at relatively
high tin dioxide concentration. No stannates were found to be the pha-
ses precipitating from the system.

ot
T
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Evident combination of tin with silica in the presence of alkalies
may be one of the explanations that tin is associated with acid igneous
rock of granite-rhyolite composition with an average value of about
73% SiO,.
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NATURALLY OCCURRING SiO,—GeO,—Sn0, SOLID SOLUTIONS
AND THEIR EXSOLUTIONS

E. E. Xopn, I'. X. Moz (DPPT)

PACITPOCTPAHEHUE B IIPAPOOE TBEPIBIX PACTBOPOB 8i0,—Ge0,—
Sn0, H TPOJIVKTOB UX PACITAIIA

IIpoBe/ieHHEe MIHEPAIOTHIECKHE i TEOXUMITCCKNe HCCIEA0BAHNA mOKa3aJm, 9To0
PIEMEHTH TPYIIEL 4-A — repMammii, 0J0BO W CBHHEN — MOTYT BCTpeYATHCA BME-
CTe B PASJIAYHBIX THOAX PYAHBIX ormomenii. [[pocThe ORMCH i CYABHUIIL CBUHILA
[ 00BA BCTPETAKTCH KAaK NPHPOJHEIe MUHEDAJbl, TOTTA KAK LA repMagng co-
OTBETCTBYIOINX MHHEPAJIOB YCTAHOBJIEHO He 6euto. Coexrporpadnyeckoe mayde-
HEe DY/l 00BA W3 MECTODOKJEHMIl BCeX KOHTHHEHTOB MOKA3alIo, 4970 KOHTEHTpa-
[EH FepPMAHNA HePeKO COCTABIAIT HECKONBKO THICAT rPAMMOB HA TOHHY, JOCTH-
ras B otAeAsENX caydanx 1% . Msyuerne KaccuTepuToB npo6 AepeBAHACTOTO 0JI0BA
§ BAPIAMOBATA ¢ CAMBIMH BLICORHMH COJCPKaHUAMH Ge moKazamo TPACYTCTBHE
smEepaabEoil passt GeO,, oTfleAnBIIeHCA OT KACCHTEPATA papiamMoBnTa. Xapak-
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TepHOe penTreHoBckoe orpaskenne GeO, mabaojianock B pyAax 010Ba U3 pasand-
HEX MeCTOposKienmit, manpumep Xomp Axapam (Ermner), Banrka (Mmmomeans)
1 ojoBaREHOro pymEnka Hemmcasup (ABcrpanns). B CBHHIOBO-IHMHKOBHX PyAax
BO3MOHO npncyTeTBne GeS, KaK BTOPHIHOTO MPOJIyKTa pacmaza canepara B pe-
3yJAbTATE TOBHIICHAA AKTHBHOCTH CEPHL B XOJie OXJIAJK/ICHNA 1OCTe PYROOTIOMKE
HUA.

Introduction and previous studies. The 4A-group elements,
germanium, tin, and lead are believed to occur paragenetically
separated. There are only a few exceptions known, for instance:

a) Germanium and tin may occur together as members of the mi-
xed-crystal series argyrodite-canfieldite (AgsGeSg—AggSnSg);

b) Cassiterite and galena coexist in some of the complex and
hybride type of Bolivian ore deposits, and occasionally the mineral
teallite, PbSnS,, has been mined. Hochschildite, PbSnOy-nH,0,
a weathering product of teallite, is a mineralogical curiosity of some
Bolivian localities;

¢) Germanium and lead were only once reported as a rarity
from Poland; morozewiczite, Pb;GeS,, an endmember of the mixed-
crystal series morozewiczite-polkowicite (PbyGeS,—PbyFeS,).

However, the characteristic chemical properties of these elements
show many similarities and their coexistence in nature could actually
be expected more frequently. As far as lead and tin are concerned,
all simple oxides and sulfides are known as naturally occurring mi-
nerals, whereas for germanium neither the stable sulfides GeS and
GeS, nor the dioxide GeO, have been reported.

With regard to the distribution of trace elements and impurities
in cassiterites and in other tin minerals, it has been undertaken
to compare geochemical investigations of various tin ores in order
to distinguish the individual tin provinces and single occurrences,
and special attention was paid to the element germanium [Mohe. a.,
1978]. Approximately 800 specimens were selected for analytical
purposes from localities of all continents with respect to the various
types of ore formation, e. g., pegmatites, quartz veins, greisens,
hydrothermal and sulfide-bearing occurrences, placers, etc.

In the course of recent research work distinct germanium con-
centrations were recognized in the circum-Pacific tin provinces,
e. g., in deposits of Japan, Mexico, Bolivia, Argentina, and partly
in Western Australia and Tasmania. On the other hand, of the va-
rious types of analysed minerals, wood tin and varlamoffite (souxite)
are commonly characterized by the highest Ge enrichments showing
amounts from several hundred up to 10 000 ppm and more.

Solid solutions and exsolutions. Because of these findings
a systematic research program was initiated and besides the routinely
performed spectrochemical investigations [Oztunali, Traub, 1977]
microscopical and X-ray studies were undertaken of all those mine-
rals which showed Ge contents of more than 3000 ppm. This tedious
and laborious work proved quite successful; as published in a short
preliminary communication [Oztunali, Horn, 1977] some evidence
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was found for naturally occurring GeO,. In the meantime much more
material has been collected (by Moh) or ore samples have been made
available from museum collections for analytical purposes, and
the occurrence of GeO, could be proved in germanium-rich varla-
moffites from a few localities given below. All these varlamoffite
specimens are characterized by varying Ge contents ranging from se-
veral hundred ppm up to more than one per cent.

1. Numerous samples from the Sardin Tin Mine, Ewan, Kanga-
roo Hills/Queensland, were carefully investigated and a few of them
showed X-ray reflections of GeO,.

9. A white tin ore from a museum collection, labelled: Mine No. 5,
near Kampong Brang, Bangka/Indonesia, definitely contains small
amounts of exsolved GeO,.

3. Varlamoffite from Homr Akarem, Egypt, also contains finely
distributed GeO, exsolution bodies, nearly at the limit of percepti-
bility.

4. Similarly arduous was the proof of exsolved GeO, in the varla-
moffite matrix in specimens from Salukwango, Kalima/Zaire, which
partly showed Ge contents exceeding 10 000 ppm.

Still to prove is GeO, as an independent natural occurrence
in samples from a Cornish locality (England), from Perak (Malaysia),
and from some varlamoffites of Bolivian origin.

The greatest problem resides in the compositional inhomoge-
neity of varlamoffites and consequently their varying germanium
contents within distances of a few millimeters or centimeters.
The X-ray identification of the GeO, traces also becomes difficult
due to coincidence with, e. g. SiO, and SnO, reflections. Often
the gel-like or earth-textured varlamoffites appear even not yet
completely crystallized and show only a few but very weak reflec-
tions, although the high Ge concentrations analysed give hope
a proof of GeO,. Reactions and possible formations of varlamoffites
were discussed in some detail by Russell and Vincent [1952],
Hosking [1969], Kato e. a. [1970], and Moh and Hutchison [1977].

Depending on the environments, varying concentrations of hydra-
ted metasilica and metagermanium acid, as well as metal hydroxi-
des, can be dissolved in metastannic acid during ore formation;
they are common features of varlamoffite. As an alteration product
of other tin minerals, e. g., stannite, malayaite, cassiterite, initially
formed colloidal metastannic acid coagulates and converts, due
to loss of water, into supergene cassiterite or varlamoffite, respecti-
vely. With regard to the degree of (re)erystallization the ochreous
and earth-textured, still partly hydrated colloidal precipitates will
separate into mixtures of, e. g., cassiterite, guartz, and even GeO,.

As a matter of experience, approximately 1% is the maximum
solid solubility of GeO, in varlamoffite, whereas higher contents
may exsolve and become more easily detectable.

A name for the new mineral as not suggested, unless in future
more visible GeO, amounts can be found.
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A number of wood tin specimens with high germanium contents
were also carefully investigated, but so far the minerals were found
to consist of cassiterite-quartz intergrowths [cf. Moh, Hutehison,
19771. Since no GeO, exsolution bodies have been recognized yet,
the germanium content seems to be dissolved in the cassiterite
and/or in the quartz matrix of the wood tin specimens.

Naturally occurring germanium sulfide could not be reported yet.
In some lead-zinc deposits GeS, might be found as a secondary exso-
lution product of sphalerite, due to increased sulfur activity during
the cooling stages after ore deposition. However, as previous spectro-
chemical analyses show, also other metals are detectable such as Cu,
Fe, Sn, etc. That means that the sphalerites have dissolved small
amounts of briartite (Cu,FeGeS,) or stannite (Cu,FeSnS,), and under
these circumstances an exsolution of GeS, is impossible.

This research work was supported by the Deutsche Forschungs-
gemeinschaft which is greatly acknowledged.
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man JI. — B Ki,: MEHepaJormieckne KPUTEPHI CBA3N KHC/I0r0 MArMaTHaMa ¢ pyaHoit Mmme-
pammaamueit, JI., «Hayras, 1982, c. 9—19.

TpeM IJIaBHBIM TeoTeKToHNTecKUM smoxam Ifemtpaannoil Espons: mopapuceckoif, Ba-
pHceKoll  reoCHHKINHAIBHO-0POTeHHON M mocTBapHcckoil maaropmennoll — cooTneTcTBYIOT
TP MeTajJoreHNyecKie smoxm, Bapucckoe »KIJIbHOE OPY/ACHEHWE CBA3AHO ¢ PPAHATHBIM Mar-
MaTHsMON cyOcexneHTHOro THma, ITocTBapHccKan MHHepaJaM3allA HellocpeAcTBeHHO cBA3aHa
¢ radporeHHYecKIM M repMaHOTHIHBIM TIpolleccaMit axkrisiaammn  Ienrtpanbro-Esponeiickolt
naaTGopMbl M COMPOBOMIAIONIMM HX IEJOUMHBIM MarmMaTHaMoM, JInr, — 20 Hass., Wi, — 2,
Taba. — 3.

VAR 553.06 : 552.32

O JIBYX THIAX PYHBIX PAKOHOB, CBABANHBIX ¢ PPAHNTHEIM MarMaTHasoM. /lennce H kK o B. K.,
Manaupcenit C. H,Measryunos AAH,Pyaagesunct [.B.— B ku,: Muue-
pajoryyecKHe KpUTEpHn CBA3H KHCJI0r0 MarMaTHaMa ¢ pyauoil munepammsanueit. JI., «Hayka»,
1982, c. 1929,

Ha ocHose cratHeTHIecKoro o0o0MeHNAX reoXHMIYECKMX JIAHHBIX 1o npuMepro 400 me-
cropomkaeanaM CCCP ycraHoBJeHO cYUecTBOBAHNE ABYX THIOB PYAHBIX permoHoB, Xapakre-
PHAYIOUIXCA COOTBETCTBCHHO MoJMGAeH-BOJABHPAMOBHIM M OJIOBAHHO-BOJBOPAMORBIM OpYy/e-
HeHNeM, CBA3AHHBIM ¢ KHCJBIM MArMaTH3MOM M ONpele/MionuM MeTadnorenudeckult mpoduas
periionos, B dopMupoBanni permoHoB oNpeNeTAIYI0 POdb Hrpaan ocobeHHOCTH TayOHHHOTO
CTPOCHUA pyRoBMemaonmx 6/0Kon 3eMHO Kophl M DBOMOUNN PYIAOHOCHOTO MAarMaTH3Ma.
Jiur, — 7 masp., wi. — 6, rabm — 2.

YIAK 553.22 : 553.4 ; 552.32

Munepasorngecknie EpiuTepHil CBAIN PeJIKOMETAILHONO OPYAEHeHNA ¢ KNCIBIM  MATMATHIMOM,
Kopaaenko B. H., Anrnunuu B. C., Haymos B. B.,, Hsanosa I'. @,
Baaameuun H. B. — B KH.: MaHepaJorn4eckueé KPATEPHH CBA3H KHC/IOr0 MATMAaTH3MAa
¢ pyauoRt mumepaausaumeii. JI., «Haykan, 1982, ¢. 30—38,

KomOuanpopamubic koadOUIMEHTH pacipenedenna autus, $ropa, ojdopa, Boibppama,
TAHTAJA, HWOOGHA Mew Iy BKpPANJICHHHKAMH W ocHoBHoMt Maccoil cyGeyaxaHIYecKNX aHAJIOTroOB
PEAKOMETANBHBIX 'PAHNTOB — OHTOHHTOB MEHBIIE eIUHMIB, 4YTO CBHICTENBCTBYET 0 BO3IMOMH-
HOCTH TI'eHesalny PelKOMeTANBHOT0 OPYACHeHUA HeMocpPeCTReHHO B MarMaTHYecHHX CTeHJIaxX
W gpyrux noponax. Bepmumit, amruit, drop, soasdpam mepexoaaT Bo (UIONI M OCAMAANTCA
B MIIPOTePMATIBHYIO cTaimo, T1o MUKPORKIOUEHIAM TeMIepaTypHbli WHTepBas hopMUpoBaHus
pelKoMeTaANbHEX MecTopoAeHuii — ot 1000 mo 50°C, c MaMeHeHieM XapakTepa MHHEpajio-
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00pasylommx cpejl 0T PACIJIABOB Yepea PACCOME! 10 PACTBOPOB; 00JACTh COBMECTHOT'O cymecrt-
BOBAHMA PpACIIABOB M pacTBOpoB — 750—550°C. JInr, — 19 masm., wa, — 4, raGa, — 1,

YIAK 553.21 : 553.4 : 552.32

Munepajoriiecknie 1 (PUIHKO-XUMIMPACKIE KPUTEPHH  CBAZH  PETROIEMEILHONO  OpyAeHeHn
© TPAHITON/IAMM (11O PeOI0TIIeCKIM 1 BRCICPHMENTANLILIM fannniv). Hekpacona P A,
Hexpacos H. fl. — B kn.: Mmuepanormueckme KPHTCPHH CBABH KHCIOr0 MArMATHAIMA
¢ pysuoit munepanmmsanuedt, JI., «Hayras, 1982, ¢, 39—48,

Teoxumigeckasn cOCIMAINZAINA PPANNTOMI0B B OTHOMICHMI TR n Y 8 Goasmelt crenens
onpefienAeTeA NX ofmUM XHMNAMOM, YeM KoHUenTpamuaym TR u Y 5 marme, B cnfan ¢ rpanmn-
TOMAAMIl UOBHMEHHOMN OCHOBHOCTH OTMEYAIOTCA MITHepAJIH PPYIIH HepHusa, ¢ rpaHEuTOMIAMI
TOBKIMEHHOM Me0THOCT MHHePAIbl HTTPpHenoll rpyrnms, Macmral OpYleHeHHA onpefenfaeTcA
Crenenbio sxerpakmmin TR Ma MarMul, KOTopas 3aBMcHT OT COCTABA tbmonna, Crenens srcerpax=
I YMEHLIIAETCA B PANY OT XJA0PHAHLIX (IIONIOB K YrIIeKNcabiM, dropHsIM, GopHBIM W BOI-
HBEIM, JIAT, — 15 Hass., w1, — 3, Tabm, — 2,

VIK 552.18 : 552,32

@eppodparun  rpANNTONIOB M NAPAreHeaNCHl JKEAeS0-THTANOBLIX MiuHepaaons., ®epmTa-
Tep I'' B,, Tamyxuna B. A,, Bopoamuua H, C. — B xu.: Munepajgorugeckue
KPHTEPHN CBAIN KHCIOI0 MATMATHIMA ¢ PYAHOI MiTHepamaamueit, JI., «Hayra», 1982, ¢. 49—
60.

ITo MaHHEIM HaYYeHis pacupeeTeHNs Heleaa I THTAHA Meny GuorHraMm—amduGonammn
W OKMCHBIMIT MUHEDPAJIAMIT BbIJe/IeHH! GeaMarneTuTonHit, MarneTnTcofepiamuit, MarmeTnTonbil
W THTAHOMATHETHTOBBII THIIM IPAHNTONIOB, COOTBETCTBYIOUINE OnHOMMeHHBIM (eppodannnam,
B nepssix Tpex dammnx Godbmam wacTh MarHeTHTA ofpaayerci B pe3ayibTaTe PasioKeHia
Genuyeckux cumuKaTon. B THTAHOMArHeTHTOBHX IpAHUTOMIAX naparemealc THTAHOMATHETIITA
u hemirtecknx Munepason nepuigen, ITocrpoena cicrema peppodauuit rparnTonaos B Koopan-
Harax RO, T, Jinr, — {7 mass,, wig, — 9,

YIK 553.4 : 552.32 (410)

Ypanopas MIHePAIHBANA W PPANNTHENE MArMATHAM B BeankoGpurammn, Cumnecoun I, P,,
Bpoyam I'. C.,, Hasur 1. — B EKu.: Munepanornieckue KpUTCPHI CBA3H KHCIOTO
MarMaTHaMa ¢ pymHoit mmHepasmsammeit, JI., «Hayka», 1982, c. 60—68.

TloBbuteHHLle coflepMaHNA YPAHA cBONCTBEHHE rpaHNTaM, XapaxkTepHIYIOIHMCA MOBbI-
MEHABIMIT KOHIEHTPAMAMHE HeKOTePeHTHHX JIeMeHTOn, HUGKIM 3HATCHNEM K/Rb otromenns,
HHSKAM cOflepRAHNEM CTPOHIMA I BHEAPABMIIMCH B YCTOBHAX BHCOKUX reoTepMITecKIX rpa-
JAMEHTOB. YpaH B rPaHNTAX cBA3AH B yeroltuushix nepBHYHEIX MUHepaabHLX dasax. ITpexmoaa-
raercid, 4ro oforamenie IrpaniTos YpanoM SOCTHIATIOCH 34 CHET ero BHHOCA M3 cyOKOHTHHEH~-
TanpHoil mTocdepsl B nepHoN cYGAYKIDNI oKeanMdecKoi KOpH. JInT, — 44 Hase,, taba, — 1.

YIAK 552,18 : 550.85(46)

HekoTopsie MUHEPAAOIIYECKNe I Te0Jorivyeckue “epTHl GHOTHTOBKIX I ABYCIIO/A HEIX MPAINTOR
Wewrpansuolt  Derpemapypst  (3amaguasn Henanma), Caasepgpa X.—B Em.:
Munepasornyecine KpHTEpMM CBAZM KUCJIOFD MACMATHAMA ¢ pyanoit mumepasmaaumeit, JI.,
«Hayxan, 1982, ¢. 68—72.

PaccmarprpaeMile THnaGHCCANBHBE MACCHBEL CJIOIKEHE! HepecHIeHHbIMIT IJINHO3eMOM
CYOIEIOTHLIME PPAHNTAME I XAPAKTEPHIYIOTCA HECOIMACHBIM sajieranieM B amaMerasopdu-
80BANMBIX TOpofax, I'paHuTH coflep/KaT KedeancThIl GHoTHT, MYCKOBHT, IMPKOH, KOpIMEpHT,
AHAATYBUT, AJTBMAHLMM, CHJLTHMAHUT, TYPMAJNH U TONAas, oboramenst Na, K, Rb, Cs, Sn,
W, Nb. ®opmuposanne uuTpyanii ¢ upHsHakaMu KynoJoolGpasopaHHsA CBA3SANO ¢ MO3HIMME
(hasaMil TepIMHCKOro oporeHesa U UPOMCXOMILIO HOJ{ BANARMEeM PAYGHHHBIX OPOLeccoB IyTeM
IAABJIEHNA HIGKHell KoNTHHeHTAIbHOI Kops It locJeAyomero NoaseMa paciianoB 1o 3oHaM
rAyOMRREIX pasiomos, JInr, — 24 mass,, w1, — 1,
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VK 549.02 : 553,21 : 552.32 (925.16)

Cocrar OnOTHTOR, PYIOHOCHOCTH Il BONPOCH!  reneanca rpannTonion  3abaiikaann. K o a-
aom B.A.,Cpapgkopckan J. H,, Marseena J. H, — B KH.: Munepaiormye-
CEHC KPHTEDHH CBASH KHCJOMO MAPMATH3MA ¢ pYAHOI muHepasmsanmmedi. — JI,, «Haykan,
1982, c. 73—84.

PaccMoTpenst ocolenHocTt MHHAZIBHOTO cocTaba, pPaccUMTAHBl cpefHMe XUMIYecKHe
¥ peakodIeMenTHbEe cOCTaBEl GHOTHTOR TPAHMTOMIHBIX bopmawit onosAnHO-BOIBGPaMOBOTO
nosica 3abalicansn, #ecTkan aaBHCHMOCTL MY XHMIYECKHM H PeIKONICMeHTHLM COCTABOM
GioTiToB oTcyrersyer, X xusurgecknit cocras B AHaUHTEILHOM Mepe onpefeadeTca cocTaBoM
raefico-rpanntioro cyGerpata, moaseprapulerocs NAJTHHIEHHO-AHATERTHYCCKOMY ILIABJICHIIO,
PeakosteMenTubill cocras GHOTHTOB oTparKaer MOCTHrHYTHI YpoBeHb KOHIUCHTPALIOT JeTyunx
M PEIRUX HJIEMEHTOB B OCTATOMMMWX PaciuIanax i duuongax, YJacTROBABIINX B dhopMupoBannm
HocTMArMATHYeCKOTO OpYAeHennsA, Jlaa wedelt ouenxu cpanunTeabHoll MoTeHIMATBHON pyno-
HOCHOCTH I'PANNTOMIOB B OTHOWCHIH 0/10BO-BOTLPAM-PeIKOMETATBHOTO opyaeHeuns nantoaee
WHGOPMATHBHE YPOBHI KoHUeHTpaIil B GHOTHTAX JITHA 1T ojosa. JInr, — 13 naas., nia, — §,
Taba, — 2,

VAR 549.731.13 : 552.11 (571.51/52)

ORHCANTEILHO-BOCCTAHORNTEILILIE YCAOBI (HOPMUPORAII FPAIIITOIZIOR M JHI0TEHHOE Opy-
JICHeRTle  (Ha  mpuMepe  Oro-3anagHoro  obpasmienns Cubnperofit  maardopmsr). [ a-
uenko B.M. — B kH.: MUHepasornyeckmne KPUTEPHI CBA3N KHCAOr0 MATMATHAMA © pYaHON
Munepaansanmedt, JI., «Hayka», 1982, c. 85—95.

B npenesax Emnmcefickoro kpmka n Boerounoro Casxa BHUIEJICHO B¢ TpaHcpermoHa/b=-
Hbie 30HK rpanrnToobpasosanna: MTpumaarhopMeHHAR BOCTOMHAN It ITpuenncefickan sananuas.
B neppoit dopauponamics GeamarHeTHToBble TPaHUTRE, NMPOM3BOAHBIE BOJAHO-AHATERTHYECKNX
Mars, It compoBoRAAOIIee HX PeAKOMeTANIbHOE OPYAeHeH e, RO BTOPOf, Mpuennceitckoil, soue
Pa3BuTH fojlee KHCABE MAHETHTCOAEpMKANNE TPAHNTOMIL — TpomaBoanMe cyxmx m Mamgo-
BOAHKIX MarM, ORMCIUTeNBHBIL percamv rpamwroofpasonannn B ITpuenucedtckoll 3ome npea-
OUPERCTIUT  PA3BHTHe MOMMETA/LIHYECKOro opyfaeHennsa, Jlawores NeTPOTIOro-MHHEPATOr -
Meckile KpHTCPINT MPHHALTERHOCTI TPAHTONIOB COOTRETCTBEHHO It BOMAHBIM, H MATOBOJHBIM
cepuas, JIur, — 25 nase., wr. — &, Tabm, — 1.

VIR 549.01 : 553.45 (540)

Munepaasunie  accommanmm RACCHTEPUTCOCPRANNX  merMaTuTos  pailona  Bacrap.
Boae C.R.,J{lemunange M, J. — B xu.: Munepasornieckne KPUTEPHN CBAZN KHCIO0TO
MarmariaMa ¢ pyanolt munepamnaagueit. JI., «Haykan, 1982, c. 95—101.

DopMUPOBAHNE NErMATHTOB cBAZLBACTCH aapepmawomeii ctamuedl cranorenisa apesaRX
(1340 M. Jer) amATEKTNYECKHX rpaEuTOB. PefKOMETATBHBIC NerMATHTH, BOHATBHBC 1 He-
S0HATEHBE, 06pasyloT KyaHcoolpasHbie 30HH MPOTMKEHHOCTbIO 0T 50 Mo 2500 M 1 wupuHoil
ot 100 10 200 M B npoTepoaolickIX KPHCTALIHYECKHX nopoaax. Muxepaanaauns nermMatinToBoit
daas npegcraniena KaccHTepHTOM, KOJYMOUT-TAHTATHTOM, CTAHHHHOM M PYTIUTOM W HpoAD-
Jiena B kpaprenoil, Jenunoanr-anséuTosoit M KaeBeaaHANTOBOMN aonax. MuHepaaIuaamMa asTo-
nerMatiToBoit (rmaportepManbroit) Gask mpedcTaniena TOHKIMI KaccHTePHTORBIMIL TIPOFKIII-
HAMIl B Jem0.mT-a0660T0R0M 30He I rpeilaeHOBBX 30HAX © JEMUOTHTOM, IMHHBATBANTOM,
dawopurom, amaszountom, Gepuaiom, JINT. — 6 Haap., Wi, — 1,

VIR 553.4624+519.623.5

Conepxnnne n pacnpejesenne XA0pa W Propa B MUHEPAIAX MEUO-MOTNGIEHOBLIX MECTOpOMEe -
il B 3uBNERMOCTH 0T ocobennoCTel Munepasoobpasyomero nponecen, Cornnxon B, H,,
Bepanma A.IL, Huknruna E. H., K opoawer B. H. — B ku.: Musepaiorn-
HECKIIE¢ KPUTEPHM CBASN KHCAOT0 MarMaTHaMa ¢ pyanolt munepanusanmeit, JI., «Hayras, 1982,
c. 101—108.

TTpn popmitposanmm METHO-MOMOACHOBHX MECTOPOMACHNIT BEXYIUIIMI JeTY M KOMIo=
HENTAME MUHepanoo0pasyoliX pacTROpos ARIAINCE XJjop 1 $Top, KOHIEHTPHPYIOUHecH
B GuoTTaX it amaTHTAX, ¥cranosaeno, 4to cofepsanite Xaopa ot BHICOKOTEMIepaTYPHBIX K rug~
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POTEPMAJLHEIM AmATHTAM PEe3KO CHWAKAETCA, BCACNACTBHE Hero rHApOTepMaJbHble AMATHTH
XaparTepHayIOTC/ HNakiM sHavenueM F/Cl-otHomennsa. B cocymecTBYIOmMMX ¢ anaTHTaMi Gito-
THTAaX KOHIEHTPAIMA XJopa M ocolendo gropa sametHo ke, B GmoTnTax ramike mHaGmoma-
eTcA cHiKende F/Cl-oTHollleHHA 0T BHCOKOTEMIEpPAaTYPHHX K Golee HUBKOTEMITepaTyPHBIM
TeHepaiuaM, IToBuMennble 3HATEHUA OTHOMCHIA ABIFIOTCA OPH3HAKOM TPAHNTONIHEIX KOMI-
JIeKCOB, NPOAYKTHEHLIX HA MeJHO-MOJMONeHOBOe opymeHeHnwe, JIntT. — 10 Haap., w1, — 1,

VAR 550.42 : 553.463 : 552.32

TeoxuMmueckne THIEI BOALPPAMOBLIX MECTOPOMIEHINT 1T IX CBAL ¢ TPAHITONTHRIM MArMATHI-
MOM. [fenncenko B. R.,, Cky6aos I'. T. — B KH.: MuuepajorniecKne KpPHTCDHHE
CBA3H KHCIOTO MarmMaTdsMa ¢ pyauoil smmmepammsanmeif. JI., «Haywa», 1982, c. 109—118,

Vcranoenen enmuBiT pAR aleMeRTOB, ofpasylommx B BodbHpaMoBHX MecTOPOHAeHAAX
yeToilTHBLe PYHMHBE AcCOIMATIIN; Sn—Nh—-Be—-Mo—Bi—Cu—-Zn-Ph—Ag—Au—-Sh—Hg.
PAn nompaspendercs Ha vacTo, o6HYHO, PelKO M O4eHb PeIk0 BCTPeYaomMeca 3JIeMEeHTHI,
OTAEALHbE IPYIIE KOTOPHX XapaKTepHH 777 ONpefelicHHBIX TeMIepaTYpHBIX YeaoBuit pyao-
oTiioennAa, CyIlecTBYeT 3aBHCHMOCTD reoXHMIYecKOro THIIA BOJTBHPAMOBHIX MecTODPOHICHIT
OT COCTABA PAHNTONIHEIX WHTPYBHIL, ¢ KOTOPHIMII MeCTOPOKICHHA CBA3AHK NPOCTPAHCTHEHHO
H, O4eBUIHO, reHeTM4eckw, JIur, — 4 nHasse., wa, — 1, raba. — 5.

YAK 552.18 : 553.4 : 552.32

Munepanrorinseckne KPHTePHH CBASH OIOBAHI0-BOAB(IPAMOBOIO  OPYJICHEHIS € PEKOMETATE-
HEIMH Jnriii-rropucTei rpamnravi. Pae6os M I, KoK eBuH KO B O, K.,Mlepe-
asies B.U,¥Ypymopa INH.,, Kyxpuukxora H.B. — B kn.: MurHepaIornYecKue
KDPRTEPHI CBA3M KICI0r0 MarMaTHaMa ¢ pyaHoOll Munepanmaamueil. JI., «Hayka», 1982, c. 118 —
124,

Tpanntsl JMTHH-HTOPHCTOTO TeOXHMHYECKOr0 THIA ABIAIOTCS OPOMEKYTOYHEIM HIpO-
AYKTOM JUIHTEJILHO PA3BMBAIONIMXCA I'DAHUTOMIHEIX 0GpasoBaHmil, IpelCcTABIEHHMX pitoM,
HaYHHAOMUMCA CTAHIAPTHRIMI TPAHATAMH I 3aKAHYMBAIONINMCA NaltKoBoit cepHeif JauTHii-
dropucTHX rpaHRT-MOP@HUPOR I OHFOHHTOB ¢ CONYTCTBYIOMMMH rpefiagHaMH i THADPOTEPMAIH-
TaMi. XapaxTepHBIMH MHHepaJaMi HaifikoBOro KOMIIIEKca ABIHIOTCH aapbuT, KaIWOImar,
KBapi, Tonas, JUTHeBaA c0Ad, (OOPHT, KPHOJNT, KaccHTEpHT, TAHTAJIHT-KOJAYMONT, BOJB-
dpammT, XampKONMUPHT; HA caMoil saRTIOYITETBHOTT CTaM KPHCTAJLINBALMH [IOABJIACTCH IPpyIma
amoMo@TOpH0B, NpelcTABJIEHHAA TAXHOITOM, TOMCEHOMITOM It GerriaIbaNTOM, OTMeYeHHBIX
B NoXo6HBIX Nopojax Bmepsle, Ta6m, —2,

YIK 550.84 : 552.11

PacTBopuMOCTS JIBYOKHCH 0J0Ba B 60raThix HATPIEM rPAHATHEIX paciiasax, ITe Mmmp o k M.,
Boapgam . — B kn.: Munepajorndecrxue KPHTEPHH CBASH KUCIOT0 MarMaTHsMa ¢ pyIuoit
sunepannaagueii. JI., «Hayka», 1982, c. 125—133.

PacTBOPHMOCTE IBYOKHCH 0J10Ba B TIPHPOIHBIX It HCKYCCTBEHHBIX MPAHUTHBIX paciiiaBax
Haydamack B YCJIOBHAX aTMocepHoro nasmenna mpu 1600°C ¢ Kpueramimsaimeit NpH TeMIe-
parypax 800—1300°C rpaaueHTHHM MeTOIOM. Pacnnas, comepsammii 69.9% Si0,, 11.7%
Al 0y, 6.0% Na,0 n 3.9% K,O pactBopser oKomlo 10% SnO,: IpH HOBHIIEHMN KOHLEHTPAITHN
HATPHA PAacTBOPHMOCTh IABYOKHCH 0JI0Ba mocturaer 20%. Ectectsensoit KpHcTalnuaywmeiica
hasoii ApIAETCA KACCHTEPHT, OCAKAAIONIMIACA M3 TOMOTCHHBIX CTEKOJI B TeMHOEPATYPHOM HH-
TepBaie 1500—1300°C. W3 pacniaBoB MCKYCCTBEHHOIO rpaHEnTa MpH NaBiaeHui 1 kGap u Tem-
neparypax 660—680°C kpucrajdanayerca Na,0-35n0,-98i0,, KaccHTepUT OTCYTCTBYeT,
IpexAne NpeAnookennsa o HeSHAYNTEILHOMN PACTBOPHMOCTH ABYOKMCH 0JI0BA B CHUIMEATHBRIX
PaciIaBax, He Y4NTHBaBIINe HHIKYIO CKOPOCTb PACTROPEHNA, HeBepHH. JInt,— 10 Ha3B.,
ua, — 6, Tabn — 1,
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YIOK 549.01 : 545.514
PacupocTpanenie B Npupoje TBEPALIX pacTBOPOB 8i0;—Ge0,— Sn0; 1 NPOYKTOB X pacuaja.
Xopn E, E,Mox I'. X. — B ki.; Munepajoraieckie Kpurepin CBA3M KHCJIOro Marma-
uama ¢ pymmoit amnepagusammedt, JI,, «Haykan», 1082, ¢. 133136,

VeTanoBaenbl MoBHIIEHALIe 11 Bhcoke (fo 19,) KOHLEHTpallH repMaHdA B KaccuTepn-
Tax, ePeBTHUCTOM 0J0Be Il BAPJIAMOBUTE Pijla MecTopoIKIeHuit Mupa. Tlokasano, 4To MpPH CO=-
JlepHAHNN TrepMaHMA B 9THX MiHepajax cesume 3000 r/r oH cBA3aH B caMoctoATeasHOl (pase
JBYOKMCH TepManisi, o6HAPYKMBaeMoit ¢ IOMONILI0 PEeHTIeHOBCKOTO aHajgmsa. Jur, — 7 naas,
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