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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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