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Pe3stome: AKTyanbHOCTb paboTbl. Ha bonbwom KaBkase onucaHbl pasnuyHble MECTOPOXAEHUS U pyao-
NPOSIB/IEHNS 30/10TOr0 OPYAEHEHUS, B TOM YUCAe 1 3anuTepManbHoro. OfHako Tunn3awums 3010T0-cepebpsaHoro
3NUTEPMaNbHOr0 OPYAEHEHMS C UCNOSTb30BAHNEM (OM3NKO-XUMUYECKIX YCII0BUNIA MX (HOPMMPOBAHNS HA COBpe-
MEHHOM YpOBHe He npoBefeHa. Llenbto uccnepgoBaHus ABNAETCA NOMYYeHUE KOMNIEKCHON reosioro-MuHepa-
NOrNYECKOM N PUINKO-XUMUYECKOI XapaKTEPUCTUKN PYL U UX TUNWN3ALMUA HA COBPEMEHHOM YpoBHE. O6bEKTOM
ANA uccnefoBaHnii 661K BbIGPAHbI  3NUTEPManbHbIE MECTOPOXAEHUS W NPOSABIIEHUS 30/10TO-CEPEOPAHOr0
TUNA BO BCEX TEKTOHMYECKUX 30HaX peruoHa. Marepuanbl, UCMNONb3yeMble B CTaTbe, MONY4eHbl aBTOPOM B
npoLecce NpoBeLeHns NMOUCKOBbIX, MOUCKOBO-0LEHOUYHbIX, re0noro-cbémMoyHbix (1:50000) n cneunanuampo-
BaHHbIX METaNI0reHnyYecknx ncecnefoBaHnia, nposoammblx ¢ 1967 roga Ha bonbwom Kaekase. B 2014-2018
rogax cobpabl JOMOMHUTENbHbIE MaTepuanbl Mo aNUTEpManbHLIM cuctemam: PafyxHoi, Kosanesckon, Ke-
puro. Metoab!l uccnegosanusa. Metofibl U3y4eHNs, KPOMe reosiorm4eckoro U NeTporpacuyeckoro onucaHus
PY4 1 OKOJIOPYAHbIX METacoOMATUTOB, BKHOYAIW MOMYYEHUE KONTMYECTBEHHbIX XapakTepUCTUK OnpefesieHuns
Temneparyp KpucTtannausauumu MUHepanos, PYruTUBHOCTEA Kucnopoga u cepsl, Ph n gpyrux tepmoguHamu-
YeCKMX NapameTpoB OpyAeHeHus. OYruTUBHOCTU Cepbl, KUCIOPOAA W Tensypa nofay4eHbl U3 CTaHAAPTHbIX
rpacukoB COOTHOLIEHMA IM3NKO-XUMUYECKIX NapameTpoB. PesynbTatbl MCCNe0BaHus. B pe3ynbrate KOM-
MSIEKCHbIX UCCMef0BaHNA NMONYYeHbl HOBbIE AaHHbIE MO TUNMU3ALUU 3NUTEPMANTbHBIX 30/10TO-CEpPebPAHbIX CU-
CTEM PasfIMYHbIX TEKTOHUYECKUX OHUTOB bonbloro Kaskasa. Marmatiam, ¢ KOTOPbIM CBS3aHO OPYLEHEHUE,
XapakTepu3yeTtcs NOBbILIEHHON LWENOYHOCTLIO U aHOMAMbHLIMKU NapameTpaMu IIOUHOTO pexuma. Bee 30-
noTo-cepebpsiHble 3NUTEpMaNbHble 00LEKTblI OTHECEHbLI K HU3KOCEPHUCTOMY, NMPOMEXYTO4HO-CEPHUCTOMY K
BbICOKOCEPHMCTOMY TUMNAM, OTIMHAIOLLMMICA 0COBEHHOCTAMMW COCTABOB PYL U OKOJIOPYAHbLIX METACOMATUTOB,
Temneparypamu KpUctaninsauum npoayKTUBHbIX CTafuA MUHEpanu3aumum, 0KoopyLHbIX METacoOMaTuToB, Be-
nN4nHamMn PyrnTMBHOCTEN KMCNOPOAaA U Cepbl, Pa3nuyHbIM COOTHOLLEHWEM CENTIeHN0B 1 TeNNYpUL0B B pyaax.
CoBMeLLeHNe MeAHO-MONNGAEH-3010TO-NOPGIMPOBOr0 1 AUTEPMANbLHOMO 30/10T0-CEPe6PAHOr0 OPYLEHEHMS B
peruoHe npeacTasnfeT HaubonbLINe NepcnekTuBbl. K Yucny Takux painoOHOB OTHOCATCA: MOTEHUMANbHOE pya-
Hoe none Kepuro, a Takxxe TaHanoH-COHryTMa0H-Ka36eKCKunii pyaHbIn PanoH, rae pas3suTtbl nepudepuyeckue
4acT NOpPUPOBON CMCTEMbI, KOTOPAs MOXXET CONPOBOXAATbCS WU 3NUTEPMANbHOI 30/10TO-CEPEOPSHON MK-
Hepanusauuen.
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Abstract: Relevance. The different deposits and manifestations of gold ore mineralization on the Greater
Caucasus described and so an epithermal. Typezation of gold-silver epithermal ore mineralization with using
physic-chemical of conditions it forming on the modern level did not lead. The aim of the study is to receive
complex geology-mineralogical and physic-chemical characteristic of ores and it typezation on the modern
level. Objects of researchingwerechoose an epithermal deposits and manifestations gold-silver types in all
tectonic zones of region. Materials, using in paper, received by of author in process carrying out of prospect-
ing, prospecting-estimation, geology-survey (1:50000) and special metallogenic researching that it conducted
from 1967 year on the Greater Caucasus. The additional materials on epithermal systems of Raduzhnaya,
Kovalevskaya, Kerigo collected in 2014-2018 years. Methods. Methods of study except of geological and pe-
trographic of description of ores and metasomatic include receiving quantitative characteristic of determina-
tion of temperatures of crystallization minerals, fugacitiesoxygen, and sulfur, Ph and other thermodynamic
parameters of ore mineralization. Fugacitiesoxygen, sulfur and tellurium received from standard plots of ratio
physic-chemical parameters. Results. New data received on typezation of an epithermal gold-silver systems
of different tectonic unites of Greater Caucasus in result of complex researching. Magmatism with that con-
nected ore mineralization characterized by high alkali and anomaly parameters of fluid regime. All gold-silver
epithermal objects carry to low sulfidation, intermediate sulfidation and high sulfidation types distinguishing of
peculiarities content of ores and ore metasomatic changes, temperatures of crystallization productive stages of
mineralization, metasomatic changes, quantify fugacity asoxygen, sulfur, different ratio of selenides and tellu-
rides in ores.Reconciling of copper-molybdenum-gold-porphyry and epithermal gold-silver ore mineralization
in region present more perspective. The potential ore field Kerigo and Tanadon-Sangutidon-Kazbek ore district
where it developed periphery sites of porphyry system that it may accompany and by epithermal gold-silver
mineralization refer to such districts.

Keywords: epithermal systems, gold, silver, fugacity of sulfur and oxygen.
For citation: Gusev A.l. Typization of epithermal gold-silver systems of Greater Caucasus. Geologiya | Geo-

fizika Yuga Rossii = Geology and Geophysics of Russian South. (in Russ.). 2023. 13(2): 82-94. DOI: 10.46698/
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BesepeHme

OyHIaMeHTaIbHON MPOOJIEMOIl TeONOrHH PYIHBIX MECTOPOXKICHHM SBISETCS MPO-
THO3 U MOMCKH HOBBIX T'€0JIOTO-IIPOMBIIIJICHHBIX TUIIOB MECTOPOXKIEHUHN O1aropoHbIX
MeTaioB. K HUM OTHOCHTCS M KIIACC SMUTEPMATIbHBIX 30JI0TO-CEPEOPSIHBIX MECTOPOXK-
JICHUM, TECHO acCCOLMUPYIOUINX C BYIKAHOTEHHBIMHU pa3pe3aMH U CyOBYIKaHUYECKUMHU
o0Opa3oBaHMsSIMH. DnuTepMaibHOe Ag-Au OpyAeHEHHE 3aHUMAaeT 3HAUUTENbHBIH 00b-
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ém B moObrue cepebpa U 30510Ta, cCOCTaBiss A 30i10Ta O6onee 17,5% (6e3 mecTopoxk-
nenust ButBarepcpaunn), ans cepedpa 6omnee 6% muposoii 1o6suu [Hedenquist, 1996].
BONBIIMHCTBO TMTAHTCKUX SMUTEPMATBHBIX 30JI0TO-CEPEOPSHBIX MECTOPOXKACHUN JIO-
KaJu3yercs B OOCTaHOBKAaX MOJIOJABIX BYJIKAaHHYECKUX IYyT, TaKMX KaK MECTOpOX[e-
Hue fnakoua B HOxxHOII Amepuke u mectopoxaeHue Jluxup B Ilamya Hosoii I'Bunee
[Richards, 2013]. B cxoxkux reoquHaMA4YeCcKUX 0OCTaHOBKAX 30JI0TO-CepeOpsiHbIe 00b-
€KThl MHUPOBOTO KJIacca IO 3armacaM METauIOB OOHapyKHBAIOTCS U B Oojee APEBHUX
obpazoBanmsix [['yces, 2019; Xynemumze u ap., 2016; Holley et al., 2017; Zhong et al.,
2017].

B cBs3u ¢ pexomennanusMu [ocynapcTBEHHOM TeoI0rndeckoil ciykonl Poccuu, B
YCIIOBUSX UCTOUICHHSI MUHEPAIBLHO-CHIPbEBOM 0a3bl B M3BECTHBIX 30JIOTOPYIAHBIX paii-
oHax Poccuu, oHOHN M3 BaXXHBIX 3a/1a4, 00€CIIEUNBAIOIINX YCTOMYMBOE PA3BUTHE 30J10-
TOAOOBIBAIOIEH OTPACIH, SIBISETCS MPOBEIECHHE Ie0I0r0pa3BeA0UHBIX PabOT, OPUEHTHU-
POBAHHBIX HA BBISBICHHE KPYMHBIX MECTOPOXKACHUN C PAIOBBIMU U OETHBIMU pylaMu
[Kaparanos, 2002], T.e. KpynHO-00BEMHBIX MECTOPOXKICHUH, U Ha HOBBIX MUTomaaax. K
YUCITy TAaKMX paloHOB cienyeT oTHecTH U CeBepHblil KaBkas, rjae MMeroTCs Npeanochul-
KH BBISIBJICHHSI TIOIOOHBIX 30JI0TOPYIHBIX OOBEKTOB.

B nocnennee BpeMs npucTalibHOE BHUIMAHKUE [€0JI0r0B IPUBJIIEKAIOT pailOHbI COBME-
LICHUS SMUTEPMATIBHOTO 30JI0TO-CEPEOPSIHOTO U MEIHO-MOIUOACH-30J10TO-IOPPHPOBOTO
OpY/ACHEHUS C BbIJEJIEHUEM KOMIUIEKCHOTO MOP(GHUPOBO-3IUTEPMATBHOTO METHO-30JI0TO-
cepebpsiHoro cemeiicTBa py. Taknue KOMIUIEKCHBIE CUCTEMBbI 30HAJIBHBI U TITy0)Ke SIUTep-
MaJIbHOTO OpPYACHEHHUs JOJKHO JIOKAJIN30BaThCsl MOPPUPOBOE U, BO3SMOXKHO, CKAPHOBOE.
CoBmenieHne NOpGpUPOBOTO U SMUTEPMATBEHOTO Au-Ag OpYICHEHUsI OTMEYAETCs B pynax
MuxeeBCKOro MecTopokIeHusl Ha Ypane, Au-Ag mectopoxaeHusx Porosuk u banmka
Ha Cesepo-Bocrtoke Poccun, B AlinaomanbckoM pynHoM nosice Ha Ceepo-3anane Ku-
tas, KpacHosipckoro Au-Ag mectopokaenus Ha Antae [['yces, 2019; Zhong et al., 2017].
Bbonbmioit KaBka3 B 3TOM 11aHe MOXET CTaTh PETUOHOM, IJI€ TAKKE MOTYT COBMEILATHCSA
yKa3aHHbIE TUIbI OPYAECHEHHUS], @ 3TO 3aJI0T OTKPBHITHUS OYEHb KPYITHBIX I10 3aracam MeTall-
JIOB MECTOPOXKICHUM.

Lens uccnenoBanus. Ha 0ocCHOBE KOMITJIEKCHBIX I€0JIOTO-MUHEPATIOTHYECKUX U TEp-
MOJIMHAMUYECKUX IMapaMETPOB MPOBECTH TUIU3ALIUIO SMUTEPMATIBLHBIX 30JI0TO-cepedpsi-
HbIX cucteM bonpmioro Kaskasa.

MeToAbl NICCAEAOBOHUN

MukpoTepMOMETPUYECKHUE UCCIETO0BAHUS (DIIOUIHBIX BKIIOUEHUN MPOBOJWINUCH C
nomoisio kprorepmokamepsl THMSG600 ¢upmsr Linkam npu temneparypax ot —180
1o +300°C B AnanutuueckoM nieHrpe CO PAH r. HoBocubupcka. M3oTomnHelil cocTa
Cepbl, yriieposia u KUcioposa onpenesnél Ha mace-ciekrpomerpe MU 1201B B JlaGopa-
Topuu MHCTUTYTAa MUHEPAIOrHH, TEOXUMUU U KPUCTAIUIOXUMUU PEIKUX 3JIEMEHTOB (T.
Mockaa).

Pe3yAbTATbl PABOTHI M UX OBCYXKAEHME

OnuTepMaIbHOE 30JI0TO-CepedpsHOe OpyIAeHEHHE paclpoCcTpaHeHO Ha bombiiom
KaBka3ze B paiioHax pacnpocTpaHEHMs] paHHE-CPEIHEIOPCKUX BYJKAHOTEHHBIX pa3pe3oB
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U cyOBYJTKaHHYECKUX 00pa30BaHHI U UMEIOT C HUMHU MPOCTPAHCTBEHHO-TIapareHeTuye-
CKYIO CBSI3b. DTOT THI OPYACHEHHS pacpocTpaHeH B 30Hax [ maBHOTO Xpebdra I{eHTpans-
Horo Kagkaza (Pagyxxnoe mectopoxaenue), 3oue CeBepo-KaBka3ckoro KpaeBoro mMaccu-
Ba B oOmactu TpaHCKaBKa3CKOTO TPaHC(HOPMHOTO MOMIEPEYHOTO MOMHSATHS (IIPOSBICHUS
Kosanésckoe, Mapa, JI>xeHnapkoibsckoe, ['utueesen), nmon3one bokoBoro xpedra llen-
TpansHoro KaBkaza (mposiBnenust Kepuro, Xacnar) (puc. 1).
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Puc. 1. Cxema pazmewenus munos snumepmanbHO20 3010MO0-CepedpPAH020 OPYOeHeHUs
bonvwozco Kaskasza
1 — nuskoceprucmoiti mun (1 — Kosanesckoe, 2 — Mapa, 3 — ['umueesen),
2 — npomexcymouno-ceprucmuiti mun (4 — Padysicnoe),; 3 — 8blcoKocepHucmulii mun
(5 — Xacnam, 6 — Kepueo) /

Fig. 1. Scheme of localization types epithermal gold-silver ore mineralization
of Greater Caucasus:
1 — Low sulfidation type (1 — Kovalevskoe, 2 — Mara, 3 — Gitcheezen),;
2 — intermediate sulfidationtype
(4- Raduzhnoe); 3 — high sulfidation type (5 — Khasnat, 6 — Kerigo)

OCOo0EHHOCTH BELIECTBEHHOTO COCTaBa Py U HEKOTOPBIX MUHEPAJIOB, TEPMOIMHAMMU-
YECKUX MapaMeTPOB UTEPMATBHOTO 30JI0TO-CEPEOPSHOTO OPYACHEHUS pETHOHA TI03BO-
JSIFOT COIVIACHO COBpeMeHHbIM mperctasieHusMm [['yces, 2019; John, 2001; Hedenquist
et al., 1996; Sillitoe et al., 2003] oTHECTH HX K CJIEIYIOIIMM THUIIAM: HU3KOCEPHHUCTHIM
(Lowsulfidation) (KoBanésckoe mecTopokaeHue, mposiBjieHrne Mapa), IpoMeKyTOYHO-
cepuucteiM (Intermediatesulfidation) (PamyxHoe mectopoxnenue, Jlaypckoe mposiBiie-
Hue), BeicokocepaucThiM (Highsulfidarion) (mposiBnenus Kepuro, Xacuar). I1o ykazan-
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HBIM OOBEKTaM NPUBCACHBI JaHHBIC 00 ux cocraBe U (I)I/I3I/II(O-XI/IMI/I‘IGCKI/IM YCJI0BUSAM

(dbopmupoBanus (puc. 2).
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Puc. 2. Conocmasnenue MUHEPAIbHO20 cocmasa U HEKOmMopbsvlx zj)us*uko—xuMyquKux napamempoe

MUNO8 SNUMEPMATLHBLX 3010MOo-cepebpsinblx cucmem borvuoeo Kagkaza: munvt snumepmaibHbIX
cucmem: LS — nuzkoceprucmuiii, 1S — npomesicymounoceprnucmetii, HS — evicokocepnucmutil.
Kpacnvim yeemom nokazanwi enaguvie munepanvl. Pl — nomenyuan uonusayuu
no [XKapuxos, 1967]; f— ¢pyeumusrocmos komnonenmos /

Fig. 2. Comparison of mineral composition and some physic-chemical parameters of type an
epithermal gold-silver systems of Greater Caucasus: Types of an epithermal systems:
LS — low sulfide, IS — intermediate sulfide, HS — high sulfide. Red colour show main minerals.
PI — potential of ionization after [Zharikov, 1967]; f— fugacity of components

TeMneparypbl roOMOreHM3alMM MEPBUYHBIX I'a30BO-)KUJIKUX BKIIIOUEHUI B KBaple
[JIaBHOM MPOIYKTUBHOM CTagu# ()OPMHUPOBAHUS 30JI0TO-CEPEOPSIHOTO OPYACHEHHUS BCEX
TUNOB BapbupoBaiu oT 240 mo 290°C (tabm. 1). AHanMM3 CONOCTABUTEIHHBIX JAHHBIX
MOKAa3bIBAET, YTO THUIIBI SMTUTEPMAILHOIO 30JI0TO-CEPEOPSIHOTO OPYICHEHUS PAa3INYaI0OTCs

110 MHOTHM I1apamMeTpam.
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Tabnuya 1/ Table 1

TepMobGaporeoxumMnyeckne 1 M30TONMHbIE JaHHbIE HCCJIE0BAHNI MIHEPAJIOB
muTepPMATIbHBIX cucTeM Bosbmoro Kaskasa / Thermobarogeochemical
and isotopic data researching of minerals epithermal systems
of Greater Caucasus

MecTopoxkaenus n | T,,°C/| Coxénocrs, 84S, %o 313C, %o 8130, %o

U MUHepaJibl / Thom,’C | Mace. %o-3KB. SMOW

Depositsand minerals / Salinity,
eq.wt.% NaCl

KoBaJieBckoe /

Kovalevskoe:
kBapu 2 / quartz 2 2 | 290-285 6,5-7,5 - 15,9-16,6
kBap1l 3 / quartz 3 2 -
muput 2 / pyrite 2 2 | 220-225 4,5-3,5 (-3,9(-2,7) 16,5-17.,5
KajbIuT / calcite 2 - (-5,1)—(-4,8)

Panyxnoe /
Raduzhnoe:
KBap1l 2 / quartz 2 2 | 280-265 7,0-7,8 - 15,0-15,8
kBapn 3 / quartz 3 3 | 195-200 3, 8-4,0 17,5-18,1
nupur 2 / pyrite 2 3 -
Kanput / calcite 2 -(-5,9)—(-2,5) | (-5,0)—(-4.,9)
Kepuro /
Kerigo:
kBapn 2 / quartz 2 2 | 255-260 5,5-4,8 15,5-16,5
kBapu 3 / quartz 3 2 | 175-185 0,5-1,0 15,0-15,5
xanpkoruput / chalcopyrite | 2 (-1,5)(-5,5)

KajbIuT / calcite 2 (-5,5)—(-5,9)

Ipumeyanue: n — xonuuecmso npoo. / Note: n — quantitative of probes.

HuzkocepHHUCTHIN TUI SMUTEPMATbHOTO OPYACHEHHUsS BBISBICH B 00JaCTU Pa3BUTHUSA
BYJIKAHUTOB MapUHCKOI'O KOMIUIEKCA, XapaKTEPU3YIOIUICS MOBBIIIEHHON HIEIOUHOCTBIO.
Haubonee nzyuennsim siBiusiercss Au-Ag npossienue KoBaneBckoe, kKoTopoe pacnoso-
KEHO B BEPXOBbsX P. [loaKyMOK 1 npuypodeHO K NOJ0Cce pa3BUTHUS (PIIFOU10-IKCIUIO3UB-
HBbIX OpeKuYri, apruUIM3UTOB U IMponuiuToB. [IporHo3Hsie pecypcel o kareropuu P,
coctaBisAoT: Au— 10-15 1, Ag — 180 T. 3nech BBISIBIEHBI TPU PYAHbBIE 30HBI MOLTHOCTBIO
45-150 M, npocnexeHHsle 1o npocTupanuio Ha 640-820 M u Ha rybuny 200-250 m.
Cpennee conepxanue Au 4 1/t (Makcumansho 1o 20 1/T), conepxanus cepedpa ot 40
no 480 r/t [TazeeB u np., 2013, 2022; YoryaeB u ap., 2021]. Pasmep 3010THH 10
1-3 mm, peako 5—9 mm; mpoO6HOCTH 30510Ta BapeupyeT oT 790 10 835%0. Huskocepuucroe
MectopokaeHre KoBanéBckoe xapakTepusyeTcsi IpUCYTCTBUEM MHAUKATOPHOM accolu-
alMy MUHEPAJOB, U B IEPBYI0 O4Yepe]b, HAIUNYUEM aayJsipa, a U3 PyJHbIX MUHEPAJIOB
— apCEHOIMPUTA, M 3HAYUTEIBHOI pOJIBIO B pylax rajeHura u canepura. Cneunpuie-
ckoit yepToii KoBanéBckoro y4yactka siBIsieTCSl HAIMYME KPYCTH(PHUKALMOHHBIX TEKCTYP
B KBapue. Temrneparypa KpUCTAJUIM3alM MUHEPAJIOB MPOLYKTHBHOW CTaJuU B pynax



88 Geology and Geophysics of Russian South 13(2) 2023 T'eonorvs n reogmanka Kora Poccim

Ob1a Hanbonee Bbicokoi (290°C) u3 Bcex M3YYEHHBIX MUTEPMAIBHBIX CUCTEM Mpe-
cTaBisieMoro knacca. @yrutuBHocTH Kuciopoaa i LS o0bekToB OblLN cambie BBICO-
KHe€, a Cepbl — MUHUMAaJIbHBIE (puc. 3, 4).

1
}
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Puc. 3. Juacpamma LogfS, — memnepamypa 015 pyOHOU MUHEPATUZAYUY INUMEPMATLHOSO
3010mo-cepebpanozo opyoenenus bonvuozo Kasxaza. Hzonnemut FeS codepowcanuil 0ns
chanepuma paccyumansl ¢ uChoib308aHuem ypagrenui no [Scott et al., 1971]. Ilonoscenue
Ha ouazpamme npooOyKMUSHOU 6Mopotl CMAaoull MUHEPAIUZAYUL MECMOPONCOCHUL
U NPOsAGIEHUI, d MAKdice NPUOTUIUMETbHBIE OYeHKU (Y2UMUEHOCMU Cepbl U MeMNepamypHbie
yenosus ona: 1 — Kepueo, 2 — Paodyocnoe, 3 — Kosanesckoe,

4 — mpemvsa cmaous cex Munog SNUMePMATbHbIX CUCTeM Pe2UOHA, 5 — HanpaesieHue
CHUDICEHUSI MEMNEPAMYp KPUCMATIU3AYUY K8apya U (y2umueHOCmU cepbl Om 6Mopoil K
mpemuvetl cmaousim /

Fig. 3. Plot Log S, vs. — temperature for ore mineralization for ore mineralization of
epithermal gold-silver ore mineralization of Greater Caucasus. Isopleths of FeS content for
sphalerite are calculated using the equations after [Scott et al., 1971]. Localization on plot of
quick 2¢ stage mineralization of deposits and manifestations and so approximate valuation of
fugacity sulfur and temperature conditions for; 1 — Kerigo, 2 — Raduzhnoe, 3 — Kovalevskoe,
4 — third stage of all types epithermal systems of region, 5 — direction of decreasing
temperature crystallization of quartz
and fugacity of sulfur from second to third stages

[Torennuan noHu3anuu cauepura IBIsIeTCs 0Ka3aTeIeM KUCIOTHOCTH — OCHOBHO-
cTH cpensl pynootinoxenus [I'yces, Tabakaesa, 2019] u, B cuity, MaKCUMaJIBHBIX COZEP-
KaHUH jkene3a B cdanepure, 001agan MakCUMaIbHOM 0cHOBHOCTBIO U Ph cpenpr. Tlo co-
OTHOLICHUIO B PyAax CEJICHUIOB U TEJUTYPHIOB HU3KOCEPHHUCTHIA THUI XapaKTEPHU3YeTCs
HPUCYTCTBUEM HCKIIFOUUTEIBHO CEICHHUIOB M TI0 3TOMY IPU3HAKY MOXKET ObITh OTHECEH K

CEJICHUCTOMY THITY (HaJIMYME CEIICHUIOB: aryJlapuTa, HayMaHHHTA B PyJax B aCCOLUAIHH
¢ nmpycturom) [Choi et al., 2005].
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Puc. 4. Juacpamma LogfO,— pH 0n5 pyo snumepmanohvix Au-Ag cucmem bonvuwoeo Kaexaza. 3nauenus
pH u fO, nepsuunvix pyousix ¢nioudos mooupuyuposanet no [John, 2001]. Cmpenxoii noxazaro
UMeHeHue COCMOSIHUS PYOHBIX (PI0U006 Om HeUMpAanbHbIX K c1ab0 Kuciomuwim. Lleemom noxazanvl nons
cmabunbHoCmu 01A pasnuyHslx Mutepanos ¢ moi.% FeS e cpanepume npu T=250°C, 3§ = 0,02 mol/kg /

Fig. 4. Plot Log f O,—pH for ores of epithermal
Au-Ag systems of Greater Caucasus. Meanings pH
and fO, of essential ore fluids modify after [John, 2001]. Arrow shows the ore fluid state changing from
neutral to slightly acidic. Colour shows stability field for different minerals with mol.
% FeS in sphalerite at T=250°C, Y.S = 0.02 mol/kg

Bricokocepnuctsiii T (Highsulfidation — mposiBienue Kepuro) pacmonoxeH B Bepxo-
BbSIX OTHOMMEHHOM peku Ha rpanune [ py3un u Yeuenckoii Pecniy6nuku B o6mactu boko-
Boro xpe6ta. [IposiBiaeHne MpuypoueHo K TEKTOHUYECKOMY pa3jioMy, KOHTPOJIUPYIOIIEMY
pa3MelleHHe BYIKaHO-IITyTOHHYECKOTO LIEHTpa C pa3BUTHEM TY(OB, peKe JIaB TpaxuaH-
JI€3UTOB U CYOBYJIKAaHUYECKHUX TEJ TPAXUJALMTOBBIX TOPPHUPUTOB. 30HA MUHEPAIN3ALUU
MpECTaBIeHa OKBAaPLIOBAHHBIMU U aprHJUIM3UPOBAHHBIMU TypaMu U (IIIOUI0-3KCILIO-
3MBHBIMH OPEKYHSIMH MOIIHOCTBIO OT 3,5 110 7,9 M ¥ BUIMMOM NPOTSHKEHHOCTHIO Ooee
300 m. Hepenko oTmedaroTcsi KBapll-aJyHUTOBBIE KWIIbI U MIPOXKUIIKU C CyJIb(uraMu u
30J10TOM. XapaKTepHON 4epTOW 30HbI MUHEpan3anuu Kepuro sBisieTcst yacrast BCTpe-
4aeMOCTb HO3JpeBaTOro KBapua. PyJbl IposBIEHUS OTIMYAOTCS IPUCYTCTBUEM UHIUKA-
TOPHBIX MMHEPAJIOB BBICOKOCYIIb()UIM3UPOBAHHOTO THUIIA — YHAPTUTA U JIFOLOHUTA, a TaK-
&Ke PEe3KUM MpeodalaHueM B pyJax XadbKOIMUPUTa, OOPHUTA, TECHHAHTUTA, TETPadApUTa
U XaJbKO3WHA. DTOT TUI MaKCUMalbHOCYIbGUAHBINA (10 16%). ConepkaHus 30710Ta B
pynax BapeupyroT oT 2 10 12 1/1, cepedpa — ot 48 1o 196 r/1. Pazmeps! 30J0THH KoJte-
omorcst ot 0,5 1o 1,8 mm. [IpobHOCTH 30510Ta Bapeupyet oT 690 10 720%. I'mapoTepmbl
nposiBiieHus: Kepuro xapakTepu3oBaaich MUHUMAIbHOM (YTMTUBHOCTBIO KUCIOPOJA, U
MaKCUMaJbHOM — cepbl. Ph cpeabl kucias, a noTeHIMaa HOHU3auK cajepuTa camblil
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HU3KUH 110 BeJIMYMHE, YTO OTBEYaeT Haubosee KUCIoi 00CTaHOBKE €ro KpUCTaITU3aIH
110 CPaBHEHUIO C IPYTUMU THIaMu. L{[MHKOBast 0OMaHKa OTHOCHTCS K HU3KOXKEJIE3UCTOM
pazHOBUAHOCTU. TemmepaTypbl TOMOT€HU3AIMH T'a30BO-)KUJKUX BKJIIOUEHUH B KBaple
BTOPOU (MPOAYKTUBHOMN) CTAINH MOKA3bIBAIOT caMble HU3KKE 3HaueHus (240-260°C), u
tpetbeil cranun — 170—-180°C. Pynsl npossinenus Kepuro cogepxar MakcCUMalibHOE KO-
JMYECTBO TEJUTYPHUJIOB, TAKUX KaK aJITauT U TeTpaguMHT. U kak ciiecTBHE — B TUIPOTEP-
Max 3TOro o0beKTa ObUIN caMmble BHICOKHE ()YTMTUBHOCTHU Telutypa (puc. 5).
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Puc. 5. Jluacpamma LogfTe,— LogfS, ons pyo snumepmanvrulx cucmem pecuona. Juacpamma
NoKa3vleaem pasHogecue Medicoy meiypuoamu u cyivguoamu 01s pyo Padyscrnozo mecmopoosicoenus u
nposenenusi Kepueo npu 250°C ¢ ycrnosusix eazo602o nacviujenus no [Afifi et al., 1988]. 1 — Padyoicrnoe
Mecmopodicoenue, 2 — nposisnenue Kepueo /

Fig. 5. Plot Log f Te, vs. Log fS, for ores of epithermal systems of region. Plot shows equilibria between
tellurides and sulfides for ores of Raduzhoe deposit and manifestation Kerigo at 250°C in condition
of vapor saturation after [Afifi et al., 1988]. 1 — Raduzhnoe deposit, 2 — manifestation Kerigo

B pynax storo nposiBieHus He 3a(pUKCHpOBAaHO celneHu0B. B cyOBynkaHHMUeCKuX Te-
Jax TpaxuAalMTOBBIX HOPPUPHUTOB MposiBieHnsT Kepuro oOGHapykeHO MpOXKHUIKOBO-BKpa-
TUICHHOE MOJIMOICH-30JI0TO-TIOPGUPOBOE OPYACHEHHE C COACPXKAHUSAMU 30510Ta OT 1,5 10
3,5 r/1. [lopdupoBslii TUI OpyieHEHUS TPEOyET MPOBEICHUS TOMCKOBO-OLIEHOUYHBIX Pa0OT.

K sTOoMy e Tumy 30510TO-cepeOpSHOTO OpYyAEHEHHSI OTHOCUTCS MPOSIBIEHNE XAaCHAT,
pacmnoyoKeHHOE Ha TeppUTOpuu [ py3un B mpUrpaHudHou nonoce ¢ YeyeHnckoun Pecmy-
OnmKoit u Takke B o61acTu bokoBoro xpeOra.

SnuTepManbHOE 30J0TO-CepedpsTHOE OPYACHEHNE TPOMEXYTOUHOTO 110 CEPHUCTOCTH
tumna (Intermediatesulfidation — mectopoxaenue PamyxHoe) aeranpHo ommcaHo [Ilapa-
na, 2017]. OHO UMeeT NPOMEKYTOUHBIE XapAKTEPUCTUKU 110 MHOTUM BBILIEYKa3aHHBIM
napaMeTrpam MeXAy HU3KOCEPHUCTBIM M BBICOKOCEPHHUCTHIM SIUTEPMaIbHBIM OpYyEHE-
HHeM pernoHa. PU3nKo-XUMUYECKHE TapaMeTpbl KpUCTAIIM3ALMU Pyl OXapaKTepU30Ba-
Hbl HaMU JieTanbHOo paHee [['yces, 2018] u moka3pIBatoT IPOMEXKYTOUHBIE XapaKTEPUCTH-
K1 (PU3UKO-XUMHUUECKHX rapameTpoB [Kaiiropomosa u np., 2022].

IIpuBeneHHbIE TaHHBIE MOKA3bIBAIOT, YTO BCE ONMCAHHbBIE OOBEKTHI JEHCTBUTEIBLHO
OTHOCATCS K SMHUTEPMaJIbHBIM CHCTEMaM, pyabl KOTOPBIX ¢opmupoaiuck Huxe 300°C.
Tunuzanust UX N0 KOMIUIEKCY MPU3HAKOB MO3BOJISIET BBIACNSATH CPEAN HUX HU3KOCEPHU-
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CTbI€, YMEPEHHOCEPHHUCTBIE M BHICOKOCEPHUCTHIE, KaK 3TO U (PUKCUPYETCS IS MOJIOZBIX
ocTpoBHBIX Ayr (Muaonesus, Kamuarka, Kypuisr).

Ha TecHylo mpoCTpaHCTBEHHYIO CBS3b BCEX AMHUTEPMAIIbHBIX 30JI0TO-CEPEOPSHBIX
o0bekToB bonpioro KaBkaza ¢ MarmMaru3MoM IMOBBIIIEHHOM IMIEIOYHOCTH YKa3bIBAIOT
COOTHOUIEHMSI CTa0MIIbHBIX U30TOIOB yIIEpo/a U Kuciaopoaa. Bee Tpaccepbl ykazaHHBIX
M30TOIOB TATOTEIOT K MarMaTU4eCKOMY MCTOYHUKY.

AHaJIOTUYHBIA pe3ysbTaT MojyuyeH M B OTHOLIEHUHM MCTOYHUKA Cepbl CyIb(UI0B B
pyZax 3MUTEPMAIIBHBIX CUCTEM. 3HAYCHUSI TSXKEIOro N30TOMNA Cephl JIOKAJINU3YIOTCS B 00-
JACTH MarMaTU4eCcKOro UCTOUYHUKA cepbl. MarmMaTU4eCKUd MCTOYHUK UMEIN HE TOJIBKO
MoKa3areny CTaOMIIbHBIX H30TOIOB, HO U OJIaropoIHBIX METAJIOB.

Pa3znuuus, ykasaHHble A KaXJA0ro THIA 3MUTEPMalibHBIX cucTeM bombiioro Kas-
Ka3a, BEPOSITHO, KPOIOTCSI B OCOOCHHOCTSIX TIIYOMHHBIX 04aroB M MEXaHU3Max JeHCTBUS
TUIPOTEPMAIIBHBIX CUCTEM.

Jliia Hu3kocepHUCThIX 00bekTOB (KoBanéBckoe) MaBHBIM OTJIMYHMEM SIBISUIMCH MPO-
L[ECChI BCKUIIAHUs pa30aBICHHBIX XJIOPUIHO-YTIIEKUCIBIX (PIFOUIOB IO MEPE UX BOCXOXK-
JIEHUS K IOBEPXHOCTH Ha MIyOnHax 1-2 kM, 1€ nepecekaercs KpyuBas KUIEHHsI BOJHBIX
¢monnos. [Ipu Bckunanuu npoucxonut norepss CO,, uTo BbI3bIBAaET yBenuueHue pH,
(YTUTUBHOCTH KHCIIOPOJIa M CHIKEHUE (YyTUTUBHOCTH cepbl. B pesynbprare mpoucxoaut
C/IBUT' CTa0MJIBHOCTH MHUHEPAJI-TUAPOTEPMbI B HANIPABICHUU KPHUCTAUIM3ALUK aaylspa
(0TMEUaeMoro B acCOLMALIUU C 30JI0TOM B MPOXKHUIIKAX) U OTIOKEHHUE CEIICHUIOB.

Bricokocepaucteie cucremsl (Kepuro) xapakrepusyrorcs HU3kumMu pH, MUHMMAaITH-
HBIMU (D)YTMTUBHOCTSIMHU KHCIIOPOJa U MaKCUMAJIbHBIMU (DYTUTHUBHOCTSIMU CEpPBI U Tell-
Jqypa, YTO IPUBOAUT K CUIIBHOMY THIPOJIUTHYECKOMY BBIILETAaYMBAHHUIO C 00pa30BaHUEM
HO3/IPEBATOro KBapia U (Irona0-3KCIIO3UBHBIX OpeK4Hii. 30J0TO TECHO aCCOILMUPYET C
TEJUTypUJaMH, a TAK)KE€ C BBICOKOCEPHUCTBIMU MUHEpAJIaMU — 3HAPTUTOM, JIFOLIOHUTOM,
4acTo B MapareHe3nce ¢ MUPUTOM, TEHHAHTUT-TETPa’ApUTOM, OOPHUTOM U XaJbKO3U-
HOM. TepMoamHaMUYeCKHE YCIOBUS BBICOKOCEPHHUCTOTO THIMA MPUBOAWIA K CMEHE BBI-
LIEJIOUEHHOTO KpEMHE3EMa U MOCIIEAYIOIIEMY OTIIOKEHHUIO KBapL-aIyHUTOBBIX U KBapll-
KaOJIMHUTOBBIX aCCOIMAIIH.

[TpomekyTOUHOCEPHUCTBIN TUI SMUTEPMATBbHBIX cucTeM peruoHa (PamgyxHoe mecto-
POXIEHHE), UMes CXOICTBO U C HU3KOCEPHHUCTBIM U BEICOKOCEPHHUCTHIM TUIIAaMH, 00agaeT
MeMaHHBIMU TEPMOJMHAMUYECKIUMH MapaMeTpaMu MeXy KpallHUMU 4JIeHaMU U HEeCET
MepPEXOHbIE UEPTHI OT PaHHEHN CTaIUU BHICOKOCEPHUCTOTO TUIA K TIO3/IHEN CTaIud HU3KO-
cepHuctoro. [1o 3Toil npuuKHe B pyaax MECTOPOXKAECHUS IPUCYTCTBYIOT aIyJisip, a TAKKE
cesnieHuabl U Tesutypuipl. K HeMy npumenuma monens Tepmoanddy3un B 5KUIKON cpene
no [Hildreth, 1981; Monecke et al., 2017], oObsicHstomas ocodeHHOCTH (QIIOUAHOTO pe-
KHMMa PyIOT€HEPUPYIONINX TPAXUPHOIUT-TIOPPHUPOB XyJIaMCKOTO KOMILIEKCa B TpaHchop-
MaIMIO €ro MarMaToreHHbIX (IIIOUOB B THAPOTEPMAIIbHBIE PACTBOPHI C MpeobdIaiaHueM
Takux jeryunx komnoneHnToB kak HCI, B,0s, H,0O, CO, u SO,, yyacTBOBaBIIMX B IIEPEHO-
ce MeTaJuIoB, B TOM uucie Au u Ag. Mozens Tepmoandy3un nomoraer 00bsCHUTH BO3-
HUKHOBEHHE U (DIFOHI0-IKCIUIO3UBHBIX OpEKYnii, MPUCYTCTBYIOMINX HA MECTOPOXKICHNUH,
OOMIIbHYI0 OapUTHU3ALINIO, AAYSPU3ALMIO U KAOJTUHHU3AIMIO BMELIAOIUX TOPOI.

Canenyer orMeTuTsh, 4to bonbmoit KaBkas He orpaHn4YMBaeTCs NEPCIEKTUBAMH 3IIH-
TEPMaJILHOTO 30JI0TO-CEPEOPSIHOIO OPYAEHEHMSI FOPCKOTO CTPYKTYpPHOTrO 3Taxka. boiee
MOJIOJIO€ 30JI0TO-CepedpsHOe OpyJIeHEHHEe MOKET ObITh OOHApYKeHO B Mpenenax TaHa-
JIOHCKOTO PyIAHOIO y3ja, CBSI3aHHOIO C TEIIMHCKUM IUIMOLIEH-IIEHCTOIIEHOBBIM Marma-
TUYECKUM KoMIuiekcoM. Mimenno B atoit wactu Tanagon-Conrytuaon-Kazoekckoro pys-
HOTO paiioHa pa3BUTHI NepudpepudecKre 4acTH Nop(HUPOBOH CUCTEMBI, OIarONpPUATHOM
JUISL JIOKAJIM3aLUH SITUTEPMATIBHOTO 30J10TO-cepedpsiHoro opyaeneuus [[lapama, 2021].
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BbiBOADI

OnuTepManbHble cucTeMbl bosbimoro KaBkasza CBsi3aHBI ¢ BYJIKaHO-TDTY TOHUYECKH-
MH 00pa30BaHUSAMH MOBBIIICHHON MIENOYHOCTH, XapaKTEPU30BABLIIMMUCS PA3TUUYHBIMH
yCIOBUAMHU (OPMHUPOBAHUS CO CHENM(PUUSCKUME MapaMeTpaMu (DIIOHIHOTO peXuMa,
obecrieunBaBIIMMHU (POPMUPOBAHUE BCEX HBIHE BBIIEISAEMBIX THIIOB: HU3KOCEPHHUCTBHIX,
YMEPEHHO-CEPHUCTBIX U BBICOKOCEPHHUCTHIX. I Ka)KJ0ro TUIa 3MUTEPMaIbHbIX 30710~
TO-CepeOPSHBIX CHCTEM XapaKTepPHBI CBOM CIEUU(UIECKHE COCTaBBI Py, OKOJIOPYIHBIX
MeTacoMaTHTOB. TepMOIMHAMUYECKNE OTIINYHMS KayKI0TO U3 BBIJICIICHHBIX TUIIOB BECbMa
KOHTPACTHBI U MOTYT OBITh MCIIOJIb30BaHbI MPH JaJbHEUIIEH OLIEHKE AMUTEPMATbHOTO
30J10TO-CepEeOPSHOTO OpyAeHEeHUs. VICTOUHUK cepsl, yriepona, KHCIopoaa U MEeTaluloB
ObT MarMaTnuecknii. BecbMa nmepcrieKTHBHBIMU CHCTEMAaMH MOTYT CTaTh OOBEKTHI CO-
BMeEILeHHsI TOP(HUPOBOTO U SMUEPMAILHOTO CEMENUCTBA PY/I.

Antepartypa

1. 'azeeB B.M., I'yp6anoB A.I., lokyuyaes A.Sl., bopucosckuii C.E. 3010TOHOCHOCTh paH-
HEIOPCKUX BYJIKAaHUTOB aKTUBHOHN okpanubl Ckudckoit mmuTel. // B ¢6.: Pynoobpasyromue npo-
LECChl: OT TeHETHUECKUX KOHLEMIMH K MPOTHO3Yy M OTKPHITUIO HOBBIX PYIHBIX NMPOBUHIMU U
mectopoxaenuii. — M.: UI'EM PAH, 2013. — C. 20.

2. I'azeeB B.M., I'ypbanos A.l, lokydaeB A.f., KongpamoB M.A. PanHekuMmMepuiickue
BYJIKAaHO-IUTyTOHHUECKUE 00pa3oBaHus u3 paiioHa CaloHCKON TPyMIIbl TOJMMETAIIMYECKUX Me-
cropoxaennit CeBepHoit OceTnn: reoquHaAMHYECKas TUITU3AUs U MUHeparenud. // ['eomorus u
reodusuka FOra Poccun. —2022. — T. 12. Ne2. — C. 6-18. DOI: 10.46698/VNC.2022.77.30.001

3. I'yceB A.l. MuHepanbHBII cOCTaB U PU3NKO-XUMUIECKIE 0COOSHHOCTH dITUTEPMAIILHO-
0 30510TO-cepebpsiHoTro Pagyxuoro mectopoxaenns (bonpmioit KaBkas). // XI MexaynapoaHas
Hay4HO-TIpaKTH4YecKas KoHpepeHus «l[popeIBHBIE HAyYHbIE HCCIEIOBAHMS: TIPOOIEMbI, 3aKOHO-
MEPHOCTH, nepcrekTuBby. — Ilensa: Hayka u Ilpocsemenne, 2018. — C. 43—-47.

4. T'yces A.M. Teiaryremckasi smuTepMalibHasi MarMo-pylIHO-METacoMaTH4ecKas CHCTeMa
I0r0-BOCTOYHOM yactu ['opHoro Antas. // Teonorus u MUHEpaIbHO-CHIPhEBBIE pecypchl CHOUpH.
—2019. — Ne3(39). — C. 85-93. DOI: 10.20403/2078-0575-2019-3-85-93

5. XKapuxoB B.A. KuciaoTHO-0CHOBHBIE XapaKTEpPUCTHKH MUHEpaNIOB. // ['eoiorus pyaHbIX
MecTopoxaeHui. — 1967. — Ne5. — C. 75-89.

6. Katiroponosa E.H., Uyraes A.B., Jlebener B.A., Canaciok A.C., T'apeeB b.U., batanun
IA. Au-cyneduanoe mecropoxaenne Panyxunoe (CeepHblii KaBkas): reosorueckoe crpoeHue,
MHUHEPAJIOTHYECKUE 0COOCHHOCTH M HICTOYHUKH BellecTBa. // ['e0norus pyJHbIX MECTOPOKACHUI.
—2022. —T. 64. Ne5. — C. 423-450. DOI: 10.31857/S0016777022040037

7. Kaparanos B.B. Utoru paboTsl rocyapcTBeHHON reosiorndeckoit ciry:xosnl 3a 2001 . u
NpUOpUTETHBIE HanpaBieHus AestenbHoctd MIIP Poccun B pa3sBUTHHM MUHEpaNbHO-CHIPhEBOM
0a3e1 Poccun u ee koHTHHEHTANBHOTO 1enb(a B 2002 1. // MunepansHble pecypcsl Poccnu. Dxo-
HOMUKa U yrpasierue. — 2002, — Nel-2. — C. 4-11.

8. ITapama C.I. IlepcrieKTHUBHBIE THITHI MECTOPOXKACHUH U pyHonposBiIieHnH 301m0Ta FOra Poc-
cun. // I'eonorus u reodpusuka FOra Poccun. —2017. — Nel. — C. 57-72.

9. ITapana C.I. PynHo-Marmaruyeckue cucteMsl MeaHo-nopgupororo tuna bonsmoro Kag-
ka3za. // Teonorus u reopusuka FOra Poccun. — 2021. — T. 11. Ne3. — C. 129-147. DOI: 10.46698/
VNC.2021.73.74.011

10. Xynenmunze K.K., Konaparses FO.1., 3aanumsunu B.b., berpozos 3.C. Onenka xopen-
HBIX ¥ TEXHOTEHHBIX MecTopoxaeHni PCO-AnaHust Kak BO3MOKHBIX 0OBEKTOB IPUMEHEHHUSI TEX-
HOJIOTHH MOA3EMHOTO U KYYHOTO BhIIIENaqyiBaHusl. / YCTONUMBOE pa3BUTHE TOPHBIX TEPPUTOPHIL.
—2016.—T. 8. Nel. - C. 46-51. - DOI 10.21177/1998-4502-2016-8-1-46-51

11. Yoruaes X.O., bBypazuesa O.I", 3aanumBunu B.b. 30HupoBaHNe BHICOKOTOPHBIX TEPPH-
TOPHUHA IO T€OIKOJIOTHUECKUM Harpys3kam, oOyCIIOBICHHBIM I€OAWMHAMUYECKHUMU U KIMMaTHYe-
CKUMHU Bo3JericTBusaAMU. // I'eomorus u reodusmka FOra Poccun. —2021. — T. 11. Nel. 81-94. DOL:
10.46698/VNC.2021.15.66.007



Geology and Geophysics of Russian South 13(2) 2023 ['eonorvs u reoguanka fOra Poccim 93

12. Afifi A M., Kelly W.C., Essene E.J. Phase relations among tellurides, sulfides, and oxides;
I, Thermochemical data and calculated equilibria. / Economic Geology. — 1988. — Vol. 83. No.2.
—pp. 377-394.

13. Choi S.-G., Ryu L., Pak S.J. et al. Cretaceous epithermal gold-silver mineralization and
geodynamic environment, Korea. // Ore Geology Reviews. — 2005. — Vol. 26. — pp. 115-135.

14. John D.A. Miocene and early Pliocene epithermal gold-silver deposits in the Northern
Great basin, Western United States: characteristics, distribution, and relationship to magmatism.
/I Economic Geology. —2001. — Vol. 96. — pp. 1827-1893.

15. Hedenquist J.W., Izawa E., Arribas A., White N.C. Epithermal gold deposits: Styles, char-
acteristics, and exploration. // Resource Geology Special Publication Number 1. —Tokyo, 1996.
— 368 pp.

16. Hildreth W. Gradients in silicic magma chambers: Implications for lithospheric magma-
tism. // Journal of Geophysical Research. Solid Earth. — 1981. — Vol. 86. Iss. B11. — pp. 10153—
10192.

17. Holley E.A., Monecke T., Bissig T., Reynolds T.J. Evolution of High-Level Magmatic-
Hydrothermal Systems: New Insights from Ore Paragenesis of the Veladero High-Sulfidation
Epithermal Au-Ag Deposit, El Indio-Pascua Belt, Argentina. / Economic Geology. — 2017. —
Vol. 112(7). — pp. 1747-1771.

18. Monecke T., Bissig T., Reynolds T.J. Evolution of High-Level Magmatic-Hydrothermal
Systems: New Insights from Ore Paragenesis of the Veladero High-Sulfidation Epithermal Au-
Ag Deposit, El Indio-Pascua Belt, Argentina. / Economic Geology. — 2017. — Vol. 112(7). —
pp. 1747-1771.

19. Porter T.M. Hydrothermal iron oxide copper gold and related deposits: A global perspec-
tive . — Adelaide: PGC Publishing, 2000. — 350 pp.

20. Porter T.M. Hydrothermaliron oxide coppergold and related deposits: A global perspec-
tive. — Adelaide: PGC Publishing, 2002. — 377 pp.

21. Richards J.P. Giant ore deposits formed by optimal alignments and combinations of geo-
logical processes. // Nat. Geosci. — 2013. — Vol. 6. — pp. 911-916.

22. Scott S.D., Barnes H.L. Sphaleritegeothermometry and geobarometry. // Economic Geol-
ogy. — 1971. — Vol. 66. — pp. 653—669.

23. Sillitoe R.H., Hedenquist J.W. Linkages between volcanotectonic settings, ore-fluid com-
positions, and epithermal precious metal deposits. // Society of Economic Geologists Special
Publication. — 2003. — Vol. 10. — pp. 1-29.

24. Zhong J., Chen Y.-J., Qi J.-P., Chen J., Li J. Geology, fluid inclusion and stable isotope
study of the Yueyang Ag-Au-Cu deposit, Zijinshanorefield, Fujian Province, China. // Ore geol-
ogy reviews. — 2017. — Vol. 86. — pp. 254-270.

References

1 Gazeev V.M., Gurbanov A.G., Dokuchaev A.J., Borisovskiy S.E. Gold content of the Early
Jurassic volcanic rocks of the active margin of the Scythian Plate. In: Ore-forming processes:
from genetic concepts to the forecast and discovery of new ore provinces and deposits. Moscow.
IGEMRAN, 2013. p. 20. (In Russ.).

2. Gazeev V.M., Gurbanov A.G., Dokuchaev A.Y., Kondrashov [.A. Early Cimmerian volcano-
plutonic formations of the Sadon group of polymetallic deposits in North Ossetia: geodynamic typifi-
cation and minerageny. Geology and Geophysics of Russian South. 2022. Vol. 12. No. 2.pp. 6-18. (in
Russ.) DOI: 10.46698/VNC.2022.77.30.001

3. Gusev A.L. Mineral composition and physic-chemical peculiarity of epithermal gold-
silver Raduzhnoe deposit (Great Caucasus). XI International Scientific and Practical Conference
“Breakthrough Scientific Research: Problems, Patterns, Prospects”. Penza. Nauka i Prosvesh-
cheniye, 2018. pp. 43-47. (In Russ.)

4. Gusev A.L. The Tydtugem epithermal magma-ore-metasomatic system of the southeast of
the Gorny Altai. Geology and mineral resources of Siberia. 2019. No0.3(39). pp. 85-93. (In Russ.)
DOI: 10.20403/2078-0575-2019-3-85-93

5. Zharikov V.A. Acid-base characteristics of minerals. Geology of ore deposits.1967. No.5.
pp- 75-89. (In Russ.)


file:///C:/Users/Inspired/Desktop/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_%20%202023/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_2023/javascript:;
file:///C:/Users/Inspired/Desktop/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_%20%202023/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_2023/javascript:;
file:///C:/Users/Inspired/Desktop/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_%20%202023/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_2023/javascript:;
file:///C:/Users/Inspired/Desktop/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_%20%202023/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_2023/javascript:;
file:///C:/Users/Inspired/Desktop/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_%20%202023/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_2023/javascript:;
file:///C:/Users/Inspired/Desktop/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_%20%202023/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_2023/javascript:;
file:///C:/Users/Inspired/Desktop/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_%20%202023/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_2023/javascript:;

94 Geology and Geophysics of Russian South 13(2) 2023 T'eonorvs n reogmanka Kora Poccim

6. Kaygorodova E.N., Chugaev A.V., Lebedev V.A., Sadasjuk A.S., Gareev B.I., Batalin G.A.
Au-sulfide deposit Raduzhnoye (Northern Caucasus): geological structure, mineralogical features
and sources of matter. Geology of Ore Deposits. 2022. Vol. 64. No.5. pp. 423-450..(InRuss.) DOI:
10.31857/S0016777022040037

7. Karaganov V.V. Results of the work of the State Geological Service in 2001 and priority
areas of activity of the Ministry of Natural Resources of Russia in the development of the mineral
resource base of Russia and its continental shelf in 2002. Mineral Resources of Russia. Econom-
ics and Management. 2002. No. 1-2. pp. 4-11. (In Russ.)

8. Parada S.G. Promising types of golden deposits and ore manifestations of Russian South.
Geology and Geophysics of Russian South. 2017. No.1. pp. 57 — 72. (In Russ.)

9. Parada S.G. Ore-magmatic systems of the copper-porphyry type of the Greater Caucasus.
Geology and Geophysics of Russian South. 2021. Vol. 11. No.3. pp. 129-147. (In Russ.) DOI:
10.46698/VNC.2021.73.74.011

10. Hulelidze K.K., Kondratyev Yu.l., Betrozov Z.S., Zaalishvili V.B. Evaluation of original
and technogenic deposits of the republic of north Ossetia-Alania as possible objects of application
of underground and heap leaching technology. Sustainable Development of Mountain Territories.
2016. Vol. 8(1). pp. 46-51. (In Russ.)

11. Chotchaev Kh.O., Burdzieva, O.G., Zaalishvili, V.B. Zoning of high mountainous areas
by geoecological loads caused by geodynamic and climatic influences. Geology and Geophysics
of Russian South. 2021. Vol. 11. No.1. pp. 81-94. (In Russ.) DOI: 10.46698/VNC.2021.15.66.007

12. Afifi AM., Kelly W.C., Essene E.J. Phase relations among tellurides, sulfides, and ox-
ides; I, Thermochemical data and calculated equilibria. Economic Geology. 1988. Vol. 83. No.2.
pp- 377-394.

13. Choi S.-G., Ryu L., Pak S.J. et al. Cretaceous epithermal gold-silver mineralization and
geodynamic environment, Korea. Ore Geology Reviews. 2005. Vol. 26. pp. 115-135.

14. John D.A. Miocene and early Pliocene epithermal gold-silver deposits in the Northern
Great basin, Western United States: characteristics, distribution, and relationship to magmatism.
Economic Geology. 2001. Vol. 96. pp. 1827-1893.

15. Hedenquist J.W., Izawa E., Arribas A., White N.C. Epithermal gold deposits: Styles,
characteristics, and exploration. Resource Geology Special Publication Number 1. Tokyo, 1996.
368 pp.

16. Hildreth W. Gradients in silicic magma chambers: Implications for lithospheric magma-
tism. Journal of Geophysical Research. Solid Earth. 1981. Vol. 86. Iss. B11. pp. 10153-10192.

17. Holley E.A., Monecke T., Bissig T., Reynolds T.J. Evolution of High-Level Magmatic-
Hydrothermal Systems: New Insights from Ore Paragenesis of the Veladero High-Sulfidation Ep-
ithermal Au-Ag Deposit, El Indio-Pascua Belt, Argentina. Economic Geology. 2017. Vol. 112(7).
pp. 1747-1771.

18. Monecke T., Bissig T., Reynolds T.J. Evolution of High-Level Magmatic-Hydrothermal
Systems: New Insights from Ore Paragenesis of the Veladero High-Sulfidation Epithermal Au-Ag
Deposit, El Indio-Pascua Belt, Argentina. Economic Geology. 2017. Vol. 112(7). pp. 1747-1771.

19. Porter T.M. Hydrothermal iron oxide copper gold and related deposits: A global perspec-
tive. Adelaide: PGC Publishing, 2000. 350 pp.

20. Porter T.M. Hydrothermaliron oxide coppergold and related deposits: A global perspec-
tive. Adelaide: PGC Publishing, 2002. 377 pp.

21. Richards J.P. Giant ore deposits formed by optimal alignments and combinations of geo-
logical processes. Nat. Geosci. 2013. Vol. 6. pp. 911-916.

22. Scott S.D., Barnes H.L. Sphaleritegeothermometry and geobarometry. Economic Geol-
ogy. 1971. Vol. 66. pp. 653-669.

23. Sillitoe R.H., Hedenquist J.W. Linkages between volcanotectonic settings, ore-fluid com-
positions, and epithermal precious metal deposits. Society of Economic Geologists Special Pub-
lication. 2003. Vol. 10. pp. 1-29.

24. Zhong J., Chen Y.-J., Qi J.-P., Chen J., Li J. Geology, fluid inclusion and stable isotope
study of the Yueyang Ag-Au-Cu deposit, Zijinshanorefield, Fujian Province, China. Ore geology
reviews. 2017. Vol. 86. pp. 254-270.


https://checklink.mail.ru/proxy?es=wrsaDqYC%2BXx%2BN%2BEXDbxkiJMHa08Cx6QU1LPDAy0Bidk%3D&egid=JDncs93mdDC3AM57s0olUVio138QP3FDz6czAeFViy4%3D&url=https%3A%2F%2Fclick.mail.ru%2Fredir%3Fu%3Dhttps%253A%252F%252Fwww.scopus.com%252Fauthid%252Fdetail.uri%253FauthorId%253D57215972230%26c%3Dswm%26r%3Dhttp%26o%3Dmail%26v%3D3%26s%3Dbb6c120257b2e217&uidl=16566003550989339157&from=dzboris%40gmail.com&to=vzaal%40mail.ru&email=vzaal%40mail.ru
https://checklink.mail.ru/proxy?es=wrsaDqYC%2BXx%2BN%2BEXDbxkiJMHa08Cx6QU1LPDAy0Bidk%3D&egid=JDncs93mdDC3AM57s0olUVio138QP3FDz6czAeFViy4%3D&url=https%3A%2F%2Fclick.mail.ru%2Fredir%3Fu%3Dhttps%253A%252F%252Fwww.scopus.com%252Fauthid%252Fdetail.uri%253FauthorId%253D56830495000%26c%3Dswm%26r%3Dhttp%26o%3Dmail%26v%3D3%26s%3D4a5ddeaa34d15175&uidl=16566003550989339157&from=dzboris%40gmail.com&to=vzaal%40mail.ru&email=vzaal%40mail.ru
https://checklink.mail.ru/proxy?es=wrsaDqYC%2BXx%2BN%2BEXDbxkiJMHa08Cx6QU1LPDAy0Bidk%3D&egid=JDncs93mdDC3AM57s0olUVio138QP3FDz6czAeFViy4%3D&url=https%3A%2F%2Fclick.mail.ru%2Fredir%3Fu%3Dhttps%253A%252F%252Fwww.scopus.com%252Fauthid%252Fdetail.uri%253FauthorId%253D6508237062%26c%3Dswm%26r%3Dhttp%26o%3Dmail%26v%3D3%26s%3D1dcf2bb61e0c499e&uidl=16566003550989339157&from=dzboris%40gmail.com&to=vzaal%40mail.ru&email=vzaal%40mail.ru
https://checklink.mail.ru/proxy?es=wrsaDqYC%2BXx%2BN%2BEXDbxkiJMHa08Cx6QU1LPDAy0Bidk%3D&egid=JDncs93mdDC3AM57s0olUVio138QP3FDz6czAeFViy4%3D&url=https%3A%2F%2Fclick.mail.ru%2Fredir%3Fu%3Dhttps%253A%252F%252Fwww.scopus.com%252Frecord%252Fdisplay.uri%253Feid%253D2-s2.0-85103887698%2526origin%253Dresultslist%2526sort%253Dcp-f%26c%3Dswm%26r%3Dhttp%26o%3Dmail%26v%3D3%26s%3Db2341feeb60af2c0&uidl=16566003550989339157&from=dzboris%40gmail.com&to=vzaal%40mail.ru&email=vzaal%40mail.ru
https://checklink.mail.ru/proxy?es=wrsaDqYC%2BXx%2BN%2BEXDbxkiJMHa08Cx6QU1LPDAy0Bidk%3D&egid=JDncs93mdDC3AM57s0olUVio138QP3FDz6czAeFViy4%3D&url=https%3A%2F%2Fclick.mail.ru%2Fredir%3Fu%3Dhttps%253A%252F%252Fwww.scopus.com%252Frecord%252Fdisplay.uri%253Feid%253D2-s2.0-85103887698%2526origin%253Dresultslist%2526sort%253Dcp-f%26c%3Dswm%26r%3Dhttp%26o%3Dmail%26v%3D3%26s%3Db2341feeb60af2c0&uidl=16566003550989339157&from=dzboris%40gmail.com&to=vzaal%40mail.ru&email=vzaal%40mail.ru
file:///C:/Users/Inspired/Desktop/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_%20%202023/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_2023/javascript:;
file:///C:/Users/Inspired/Desktop/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_%20%202023/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_2023/javascript:;
file:///C:/Users/Inspired/Desktop/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_%20%202023/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_2023/javascript:;
file:///C:/Users/Inspired/Desktop/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_%20%202023/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_2023/javascript:;
file:///C:/Users/Inspired/Desktop/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_%20%202023/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_2023/javascript:;
file:///C:/Users/Inspired/Desktop/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_%20%202023/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_2023/javascript:;
file:///C:/Users/Inspired/Desktop/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_%20%202023/%d0%96%d1%83%d1%80%d0%bd%d0%b0%d0%bb%202%20_2023/javascript:;

	_Hlk100909696
	_Hlk111003517
	1-2-4
	_Hlk76417196
	_Hlk109050155



